
EP 0 330172 B1 Description This is a continuation-in-part of United States
Application Serial No. 158,439, filed February 22, 1988. 5  BACKGROUND OF
THE INVENTION United States Patent 4,647,576, which is herein incorporated
by reference, discloses certain trans-6-[2-
(substituted-pyrrol-1-yl)alkyl]-pyran-2-ones. United States Patent
4,681,893, which is herein incorporated by reference, discloses certain
trans-6-[2- 10 (3- or 4-carboxamido-substituted
pyrrol-1-yl)alkyl]-4-hydroxy-pyran-2-ones. The compounds disclosed in the
above United States patents are useful as inhibitors of the enzyme 3-
hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA reductase) and are
thus useful hypolipidemic and hypocholesterolemic agents. Particularly
valuable as hypolipidemic and hypocholesterolemic agents are trans()
5-(4-fluorophenyl)-2-(1 -methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)- 15
ethyl]-1H-pyrrole-3-carboxamide   and  (2R-trans)-5-(4-fluorophenyl)-2-(1
-methylethyl)-N,4-diphenyl-1 -[2-
(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide.
The aforementioned com- pounds have been prepared by a linear synthetic
route which employed two reactions conducted at low temperatures (-78 C)
under carefully controlled conditions. The two reactions included the
addition of the dianion of ethyl acetoacetate to an aldehyde and the
reduction of the hydroxy ketone produced in this 20 reaction with sodium
borohydride and a trialkylborane. Although these reactions provide the
target compounds in high diastereomeric excess, they are difficult to
conduct on large-scale and use expensive reagents which are difficult to
handle. They also do not produce enantiomerically pure products. The
materials produced by the earlier methods can be separated into
enantiomerically pure products but the process is very expensive,
time-consuming, and results in the loss of more than 50% of the starting 26
material. The object of the present invention is an improved process for
preparing the compounds described above by using a novel synthesis.
Further, we have unexpectedly found that the particularly valuable
hypolipidemic and hypo- cholesterolemic agents
trans()5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4
-hydroxy- 30  6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide  and
(2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-
N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrro
le-3-carboxamide can be pre- pared from a novel intermediate in fewer steps
and higher yields than the previous methods. Moreover, the present method
proceeds from inexpensive starting materials and is amenable to large-scale
synthesis. 35  SUMMARY OF THE INVENTION Accordingly, a first aspect of the
present invention is an improved process for the preparation of a compound
of Formula I 40                                                     [err]
50 and a dihydroxy acid and pharmaceutically acceptable salts thereof,
corresponding to the opened lactone ring of a compound of Formula I wherein
[err] is 1 -naphthyl, 



2-naphthyl, 55     cyclohexyl, cyclohexylmethyl, norbomenyl, phenyl, 2
EP 0 330 172 B1 phenyl substituted with fluorine, chlorine, bromine, 5
hydroxyl, trifluoromethyl, alkyl of from one to four carbon atoms, alkoxy
of from one to four carbon atoms, or alkanoyloxy of from two to eight
carbon atoms, 10     benzyl, 2-, 3-, or 4-pyridinyl, or 2-, 3-, or
4-pyridinyl-N-oxide; [err] or [err] is independently hydrogen, 15     alkyl
of from one to six carbon atoms, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, 20     phenyl, phenyl substituted with fluorine, chlorine,
bromine, 25     hydroxyl, trifluoromethyl, alkyl of from one to four carbon
atoms, or alkoxy of from one to four carbon atoms, cyano, trifluoromethyl,
or  [err] where [err] and [err] are independently 



so     hydrogen, alkyl of from one to six carbon atoms, phenyl, phenyl
substituted with fluorine, 35     chlorine, bromine, cyano, or
trifluoromethyl; [err] is 40     alkyl of from one to six carbon atoms,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, or 45
trifluoromethyl; which comprises: (a) reacting 1,6-heptadien-4-ol with an
(1) alkyl lithium (2) followed by iodine and carbon dioxide and 50      (3)
treating the resulting iodocarbonate intermediate in situ with a base in an
aqueous alcohol at about [err] to about [err] to afford a compound of
Formula IX; 55 3    EP 0 330 172 B1 [err] 10 (b) treating the compound of
Formula IX with (1) an alkali cyanide at about [err] to about [err]  and
(2) reacting the resulting diol intermediate in situ with a ketal-forming
reagent in the presence of an acid to afford a compound of Formula VIII 15
[err] wherein [err] and [err] are independently hydrogen, alkyl of from one
to three carbon atoms, phenyl or [err] and [err] taken together as - [err]
wherein n is 4 or 5; 30    (c) treating the compound of Formula VIII with 



(1) ozone in an inert solvent and (2) reacting the resulting intermediate
in situ with oxygen and triphenylphosphine at about [err] to about -78 * C
to afford a compound of Formula VII 35 [err] 45 wherein [err] and [err] are
as defined above; (d) treating the compound of Formula VII with an
oxidizing reagent at about 0 * C to afford a compound of Formula VI 50 55 4
EP 0 330172 B1 [err] wherein R7 and [err] are as defined above; (e)
treating the compound of Formula VI with a compound of Formula 15 [err]
wherein Hal is halogen and [err] is alkyl of from one to eight carbon atoms
or a three- to six-membered cycloalkyl group, in the presence of a base to
afford a compound of Formula [err] 20 [err] 30 wherein R7 and [err] and
[err] are as defined above: 35    or treating the compound of Formula VI
with a compound of Formula [err] wherein [err] is tertiary butyl, tertiary
amyl, or a, a-dimethylbenzyl in the presence of an activating agent, 40
a catalytic amount of a base and an inert solvent to afford a compound of
Formula Vb [err] 50 wherein R7 and [err] and [err] are as defined above; 55
(f) treating the compound of Formula [err] with hydrogen in the presence of
a catalyst and an acid at about [err] to about [err] to afford a compound
of Formula [err] 5   



EP 0 330 172 B1 [err] 10 wherein [err] and [err] and [err] are as defined
above, or treating the compound of Formula Vb with hydrogen in the presence
of a catalyst and an acid or a catalyst and a base at about [err] to about
[err] to afford a compound of Formula IVb 15 [err] H   H 25
IVb wherein R7 and [err] and [err] are as defined above; (g) treating the
compound of Formula [err] with a compound of Formula III 30 [err] 40
wherein [err] and [err] are as defined above in an inert solvent to afford
a compound of Formula [err] [err] 55 wherein [err]  and [err] are as
defined above, or treating the compound of Formula [err] with a compound of
Formula III in in an inert solvent to afford a compound of Formula [err] 6
EP 0 330 172 B1 [err] wherein [err] and [err] are as defined above; (h) and
finally treating a compound of Formula [err] with 15     (1) an acid in the
presence of an inert solvent (2) followed by hydrolysis with a base (3)
followed by neutralization with an acid and (4) dissolution and/or heating
in an inert solvent with concomitant removal of water to give a compound of
Formula I, 20    or treating a compound of Formula [err] with (1) an acid
in the presence of an inert solvent (2) followed by addition of a base (3)
followed by neutralization with an acid and (4) dissolution and/or heating
in an inert solvent with concomitant removal of water to give a 



25      compound of Formula l; (i) and if desired converting the resulting
compound of Formula I to a dihydroxy acid corresponding to the opened
lactone ring of structural Formula I by conventional hydrolysis and
further, if desired converting the dihydroxy acid to a corresponding
pharmaceutically acceptable salt by conventional means, and if so desired
converting the corresponding pharmaceutically acceptable salt to a
dihydroxy 30    acid by conventional means, and if so desired converting
the dihydroxy acid to a compound of Formula I by heating in an inert
solvent. A second aspect of the present invention is an improved process
for the preparation of the compound of Formula [err] 35 OH [err] and the
hydroxy acid and pharmaceutically acceptable salts thereof, corresponding
to the opened lactone ring of the compound of Formula [err] which
comprises: 55 7    EP 0 330 172 B1 (a) reacting the compound of Formula
XVII [err] XVI I 15 with a compound of Formula [err] 25 wherein [err] and
[err] are independently hydrogen, alkyl of from one to three carbon atoms,
phenyl or [err] and [err] are taken together as [err] wherein n is 4 or 5
and [err] is hydrogen or 30 [err] 3S in an inert solvent and treating the
resulting intermediate with an acid to afford the compound of Formula [err]
(b) and if desired, converting the resulting compound of Formula [err] to a
hydroxy acid corresponding to the opened lactone ring of structural Formula
[err] by conventional hydrolysis and further, if desired, 40    converting
the hydroxy acid to a corresponding pharmaceutically acceptable salt by
conventional means, and if so desired, converting the hydroxy acid to a
compound of Formula [err] by dissolution and/or heating in an inert solvent
with concomitant removal of water. 



A third aspect of the present invention is an improved process for the
preparation of the compound of Formula [err] 45 50 55 8    EP 0 330 172 B1
[err] and the hydroxy acid and pharmaceutically acceptable salts thereof,
corresponding to the opened lactone ring of the compound of Formula [err]
which comprises 20    (a) reacting 4-methyl-3-oxo-N-phenylpentanamide with
benzaldehyde in the presence of a catalyst and an inert solvent to afford
the compounds of Formula XVIII [err] 30 35 (b) reacting the compounds of
Formula XVIII with 4-fluorobenzaldehyde in the presence of a catalyst, a
base, and an inert solvent to afford the compound of Formula XVII [err] 50
EP 0 330 172 B1 (c) reacting the compound of Formula XVII with a compound
of Formula [err] 10    wherein [err] and [err] are alkyl of one to eight
carbon atoms or [err] and [err] together are [err] cH3 15 [err] in the
presence of a catalyst and an inert solvent to afford a compound of Formula
XVI 20 [err] 25 35    wherein [err] and [err]  are alkyl of one to eight
carbon atoms or [err] and [err] together are [err] 



40 [err] (d) and finally converting a compound of Formula XVI in a
conventional manner to afford a compound of Formula [err] 45    (e) and if
desired, converting the resulting compound of Formula [err] to a hydroxy
acid corresponding to the opened lactone ring of structural Formula [err]
by conventional hydrolysis and further, if desired, converting the hydroxy
acid to a corresponding pharmaceutically acceptable salt by conventional
means, and if so desired, converting the hydroxy acid to a compound of
Formula [err] by dissolution and/or heating in an inert solvent with
concomitant removal of water. 50 55 10    EP 0 330172 B1 A fourth aspect of
the present invention is a novel intermediate of Formula II [err] wherein
[err] is alkyl of from one to eight carbon atoms, a three to six-membered
cycloalkyl group or [err] 15   dimethylbenzyl and [err]  and [err] are as
defined above, which is useful in the preparation of inhibitors of
cholesterol biosynthesis of Formula I. Preferred are compounds of formula
11, wherein R7 and [err] are methyl, [err] is tertiary butyl, and the two
optically active centers are R and compounds wherein [err] is alkyl of from
one to eight carbon atoms, a three-to six-membered cycloalkyl group, or
[err] 20     A fifth aspect of the present invention is a novel
intermediate of Formula XVI [err] 25 30 35 wherein Rio and [err] are alkyl
of one to eight carbon atoms or [err]  and [err] together are 40
[err] or -CH2-CH2-CH2- which is useful in the preparation of the inhibitor
of cholesterol biosynthesis of Formula 45  [err]. 50    EP 0 330 172 B1 A
sixth aspect of the present invention is a novel intermediate of Formula IV



[err] IV 15 wherein R7, [err] and [err] are as defined above, which is
useful in the preparation of a compound of Formula 11, which in turn is
useful in the preparation of inhibitors of cholesterol biosynthesis of
Formula I. A seventh aspect of the present invention is a novel
intermediate of Formula XXI 20 [err] wherein R7 and [err] are independently
hydrogen, alkyl of from one to three carbon atoms, phenyl or [err] and
[err] are taken together as [err] wherein n is 4 or 5, which is useful in
the preparation of the inhibitor of 35  cholesterol biosynthesis of Formula
[err]. An eighth aspect of the present invention is a novel intermediate of
Formula V [err] V 60 wherein R7, [err] and [err] are as defined above,
which is useful in the preparation of a compound of Formula IV, which in
turn is useful in the preparation of a compound of Formula II, which in
turn is useful in the preparation of inhibitors of cholesterol biosynthesis
of Formula I. 56 12    EP 0 330 172 B1 A ninth aspect of the present
invention is a novel intermediate of Formula VI [err] wherein [err] and
[err] are as defined above, which is useful in the preparation of a
compound of Formula V, 15  which in turn is useful in the preparation of a
compound of Formula IV, which in turn is useful in the preparation of a
compound of Formula II, which in turn is useful in the preparation of
inhibitors of cholesterol biosynthesis of Formula 1. A tenth aspect of the
present invention is a novel intermediate of Formula VII 20 [err] 30
wherein [err] and [err] are as defined above, which is useful in the
preparation of a compound of Formula VI, which in turn is useful in the
preparation of a compound of Formula V. which in turn is useful in the
preparation of a compound of Formula IV, which in turn is useful in the
preparation of a compound of Formula 11, which in turn is useful in the
preparation of inhibitors of cholesterol biosynthesis of Formula I. 35
An eleventh aspect of the present invention is a novel intermediate of
Formula VIII 



[err] 40 wherein [err] and [err] are as defined above, which is useful in
the preparation of a compound of Formula VII, 50 which in turn is useful in
the preparation of a compound of Formula VI, which in turn is useful in the
preparation of a compound of Formula V, which in turn is useful in the
preparation of a compound of Formula IV, which in turn is useful in the
preparation of a compound of Formula II, which in turn is useful in the
preparation of inhibitors of cholesterol biosynthesis of Formula I. 55 13
EP 0 330 172 B1 A twelfth aspect of the present invention is the novel
intermediate of Formula XVII [err] 10 XVI I which is useful in the
preparation of a compound of Formula XVI, which in turn is useful in the
preparation of the inhibitor of cholesterol biosynthesis of Formula [err].
A thirteenth aspect of the present invention is the novel intermediates of
Formula XVIII 20 I [err] 30 which are useful in the preparation of the
compound of Formula XVII, which, in turn, is useful in the 35  preparation
of a compound of Formula XVI, which, in turn, is useful in the preparation
of the inhibitor of cholesterol biosynthesis of Formula [err]. DETAILED
DESCRIPTION OF THE INVENTION 40    In this invention, the term "alkyl"
means a straight or branched hydrocarbon group having from one to eight
carbon atoms and includes, for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, tertiary- butyl, n-pentyl, tertiary-amyl, n-hexyl,
n-heptyl, n-octyl, and the like. "Cycloalkyl" refers to a three- to
six-membered saturated hydrocarbon ring and includes, for example,
cyclobutyl, cyclopentyl, cyclohexyl, and the like. 45     "Alkoxy" is
O-alkyl in which alkyl is as defined above. "Alkanoyloxy" is an alkyl
group, as defined above, attached to a carbonyl group and thence, through
an oxygen atom, to the parent molecular residue. "Carboalkoxy" is an alkyl
group, as defined above, attached to an oxygen atom and thence, through a
carbonyl group, to the parent molecular residue. 50     "Norbomenyl" is a
group derived by the removal of a hydrogen atom (other than at a bridgehead



carbon atom) from bicyclo[2.2.1 ]hept-2-ene. "Halogen" is iodine, bromine,
and chlorine. "Alkali metal" is a metal in Group IA of the periodic table
and includes, for example, lithium, sodium, potassium, and the like. 55
"Alkaline-earth metal" is a metal in Group IIA of the periodic table and
includes, for example, calcium, barium, strontium, and the like. "Noble
metal" is platinum, palladium, rhodium, ruthenium, and the like. 14    EP 0
330 172 B1 A preferred compound of Formula I prepared by the improved
process of the present invention is one wherein [err] is 1-naphthyl,
norbornenyl, phenyl, or phenyl substituted with fluorine, chlorine, 5
bromine, hydroxyl, trifluoromethyl, alkyl of from one to four carbon atoms,
alkoxy of from one to four carbon atoms, or 10     alkanoyloxy of from two
to eight carbon atoms. Also preferred is a compound of Formula I prepared
by the improved process of the present invention wherein [err] is alkyl of
from one to six carbon atoms, cyclopropyl, or trifluoromethyl. Particularly
preferred compounds of Formula I prepared by the improved process of the
present invention are the following: 15
trans-6-[2-[2-(4-fluorophenyl)-5-(trifluoromethyl)-1H-pyrrol-1
-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran-2- one;
trans-6[2-[2-(4-fluorophenyl)-5-methyl-1H-pyrrol-1
-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran-2-one;
trans-6-[2-[2-(4-fluorophenyl)-5-(1
-methylethyl)-1H-pyrrol-1-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran-2- one; 20
trans-6-[2-[2-cyclopropyl-5-(4-fluorophenyl)-1H-pyrrol-1
-yl]tetrahydro-4-hydroxy-2H-pyran-2-one;
trans-6-[2-[2-(1,1-dimethylethyl)-5-(4-fluorophenyl)-1H-pyrrol-1-yl]ethyl]t
etrahydro-4-hydroxy-2H-pyran-2- one;
trans-tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-methyl-1 H-pyrrol-1
-yl]ethyl]-2H-2-one;
trans-tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-(1-methylethyl)-1H-p
yrrol-1 -yl]ethyl]-2H-pyran-2- 25 one;
trans-tetrahydro-4-hydroxy-6-[2-[2-methyl-5-(1-naphthalenyl)-1H-pyrrol-1-yl
]ethyl]-2H-pyran-2-one;
trans-6-[2-(2-bicyclo[2.2.1]hept-5-en-2-yl-5-methyl-1H-pyrrol-1-yl)ethyl]te
trahydro-4-hydroxy-2H-pyran-2- 



one; trans()-5-(4-fluorophenyl)-2-(1 -methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2- 30
yl)ethyl]-1H-pyrrole-3-carboxamide; (2R)-trans)-5-(4-fluorophenyl)-2-(1
-methylethyl)-N,4-diphenyl-1 -[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl)ethyl]-1 H-pyrrole-3-carboxamide;
trans-2-(4-fluorophenyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-5- trifluoromethyl-1
H-pyrrole-3-carboxamide; 35     trans-5-(4-fluorophenyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-2- trifluoromethyl-1
H-pyrrole-3-carboxamide; and a dihydroxy acid and pharmaceutically
acceptable salts thereof, corresponding to the opened lactone ring of
compounds of structural Formula I. As previously described, the compounds
of Formula I are useful as inhibitors of the enzyme 3-hydroxy- 40
3-methylglutaryl-coenzyme A reductase (HMG CoA reductase) and are thus
useful as hypolipidemic or hypocholesterolemic agents. The process of the
present invention in its first aspect is a new, improved, economical, and
commer- cially feasible method for preparing HMG CoA reductase inhibitors
of Formula 1. The process of the present invention in its first aspect is
outlined in Scheme I: 45 50 15    EP 0 330172 B1 [err] 15 16    EP 0 330172
B1 SCHEME  I  (continued) 5 R7     R [err] A compound of Formula IX is
prepared from the known 1.6-heptadien-4-ol (XI) using the methodology
described by Bongini, A., et al, Journal of Organic Chemistry, 47, pp
4626-4633 (1982) and Majewski, M., et al, Tetrahedron Letters, 25, pp
2101-2104 (1984). Thus, the homoallylic alcohol (XI) is reacted with an
alkyl lithium such as, for example, n-butyllithium followed by iodine and
carbon dioxide to give the iodocarbonate 



45  (X) at [err] to [err] which is not isolated but treated in situ with a
base such as an alkali or alkaline-earth metal hydroxide or carbonate, for
example, sodium hydroxide, potassium hydroxide, calcium hydroxide, sodium
carbonate, potassium carbonate, calcium carbonate, and the like, in an
aqueous alcohol of from one to three carbon atoms such as, for example,
methanol, ethanol, isopropanol, and the like, at about 0 C to about 40 C,
to afford the epoxide of Formula IX. Preferably the reaction is carried out
with potassium so  carbonate in aqueous methanol at about [err] to about
[err], preferably [err]. The epoxide ring of Formula IX is opened with
either potassium or sodium cyanide in an aqueous alcohol such as, for
example, methanol, ethanol, tertiary butanol, isopropanol, and the like, at
about [err] to about [err]. Preferably the reaction is carried out with
potassium cyanide in aqueous isopropanol at about 25 C. The resulting diol
intermediate is not isolated but treated in situ with a ketal forming
reagent such as, for example, acetone, 55  dimethoxypropane,
2-methoxypropene, benzaldehyde, cyclopentane, cyclohexanone, 1,1-dimethox-
ycyclopentane, 1,1-dimethoxycyclohexane, and the like, in the presence of
an acid such as, for example, camphorsulfonic acid, para-toluenesulfonic
acid, and the like, in the presence of excess reagent or in an inert
solvent such as, for example, dichloromethane, and the like, at about [err]
to the reflux temperature of 17    EP 0 330172 B1 the reagent or solvent to
afford a compound of Formula VIII, wherein [err] and [err] are
independently hydrogen, alkyl of from one to three carbon atoms, phenyl or
R7 and [err] are taken together as [err] wherein n is 4 or 5. A compound of
Formula VIII is treated with ozone in an inert solvent such as, for
example, dichloromethane and the like, and the resulting intermediate
ozonide which is not isolated is 5  flushed in situ with oxygen to remove
the ozone and then treated with triphenylphosphine or dimethyl sulfide at
about [err] to about [err] preferably about [err], to afford a compound of
Formula VII, wherein R7 and [err] are as defined above. A compound of
Formula VII is treated with an oxidizing reagent such as, for example,
chromium trioxide-sulfuric acid-water, and the like, at about [err] to
afford a compound of Formula VI, wherein R7 and [err] are as defined above.
A compound of Formula VI is treated 10 with a compound of Formula [err]
wherein Hal is halogen such as, for example, iodine, chlorine, bromine, and
[err] is alkyl of from one to eight 15 carbon atoms, or a three- to
six-membered cycloalkyl group, preferably isopropyl, isobutyl, and the like
in the presence of a base such as, for example,
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), and the like to afford a compound
of Formula [err] wherein [err] and [err] are as defined above.
Additionally, treating the compound of Formula VI with a compound of
Formula 20 [err] wherein [err] is tertiary butyl, tertiary amyl, or
a,a-dimethylbenzyl in the presence of an activating agent such as, for
example, dicyclohexylcarbodiimide, 1,1'-carbonyldiimidazole and the like in
the presence of a base such as, for example, 4-dimethylaminopyridine and
the like in an inert solvent such as, for example, 



25 dichloromethane, tetrahydrofuran, and the like to afford a compound of
Formula Vb, wherein  [err] and [err] are as defined above. A compound of
Formula [err] is treated with hydrogen in the presence of a catalyst such
as a noble metal, for example, platinum, palladium, rhodium, ruthenium,
derivatives thereof, and the like, or Raney nickel, preferably platinum
dioxide, and an acid, such as, for example, acetic acid, propanoic acid and
the like, preferably acetic acid, at about [err] to about [err] and about 1
x [err] to about 7 x 105 Pa 30 (14 to 100 psi) pressure to afford a
compound of Formula [err] wherein [err]  and [err] are as defined above.
Additionally, a compound of Formula Vb is treated with hydrogen in the
presence of a catalyst such as a noble metal, for example, platinum,
palladium, rhodium, ruthenium, derivatives thereof, and the like, and an
acid such as, for example, acetic acid, propanoic acid and the like, or a
catalyst such as, for example, Raney nickel, Raney cobalt and the like, in
an inert solvent such as, for example, methanol, 35 ethanol, isopropanol,
tetrahydrofuran and the like, saturated with anhydrous ammonia or saturated
with aqueous ammonium hydroxide or aqueous sodium hydroxide, preferably the
reaction is carried out with Raney nickel in methanol saturated with
anhydrous ammonia at about [err] to about [err] and about 1 x 105 Pa to
about 7 x 105 Pa (about 14 to about 100 psi) pressure to afford a compound
formula [err], wherein [err]  and [err] are as defined above. Raney nickel
and Raney cobalt as described above are finely divided 40 forms of nickel
and cobalt. A compound of Formula XXI is prepared by treating a compound of
Formula VI [err] VI wherein R7 and [err] are as defined above with hydrogen
in the presence of a catalyst such as, for example, 55  Raney nickel, Raney
cobalt and the like in finely divided form, in an inert solvent such as,
for example, methanol, ethanol, isopropanol, tetrahydrofuran and the like,
saturated with anhydrous ammonia or saturated with aqueous ammonium
hydroxide solution or a catalyst such as, for example, platinum, palladium
and the like, in an inert solvent such as, for example, methanol, ethanol,
isopropanol, tetrahydrofuran and the like in 18    EP 0 330172 B1 the
presence of an acid such as, for example, acetic acid, propanoic acid and
the like, at about [err] to about [err] and about 1 x [err] to about 7 x
[err] Pa (about 14 to about 100 psi) pressure to afford a compound of
Formula XXI. A compound of Formula XXIII is prepared from a compound of
Formula XXV 5 [err] 15 XXV wherein [err] and [err] are as defined above
using the methodology previously described for preparing a 20 compound of
Formula XXI from a compound of Formula VI. A compound of Formula XXV is
prepared by 



treating a compound of Formula VI 25
[err] 35 wherein R7 and [err] are as defined above and tertiary butyl
alcohol with a coupling reagent such as, for example,
dicyclohexylcarbodiimide and the like in the presence of a base such as,
for example, 4- dimethylaminopyridine and the like in an inert solvent such
as, for example dichloromethane and the like to afford a compound of
Formula XXV. 40     An optically active (R) compound of Formula [err] is
prepared as outlined in Scheme II. The starting material
(R)-4-cyano-3-[[(1,1-dimethylethyl)dimethylsilyl]oxy]butanoic acid of
Formula XXIX is synthesized starting from isoascorbic acid using syntheses
well known to practitioners of the art. This chemistry is identical to that
disclosed in United States Patent 4,611,067 (Merck & Co. Inc.) using
ascorbic acid which is herein incorporated by reference which produces
(S)-4-cyano-3-[[(1,1-dimethylethyl)dimethylsilyl]oxy]- 45 butanoic
acid.[err] 50 55 'U.S. Patent 4,611,067 apparently incorrectly assigned the
configuration R to the product of this sequence of reactions starting with
ascorbic acid. 19    EP 0 330 172 B1 SCHEME II 5 [err] Thus, the optically
active compounds are prepared from the known isoascorbic acid using the 35
methodology described by Volante R. P. et al, in United States Patent
4,611,067 but in that case starting with ascorbic acid. This establishes
the optically active centers desired in Formula [err] and Formula [err] as
R. Thus, the (R)-4-cyano-3-[[(1,1-dimethylethyl)dimethylsilyl]oxy]butanoic
acid of Formula XXIX is treated with carbonyidiimidazole in tetrahydrofuran
at [err] to [err], preferably [err], warmed to [err] and the activated acid
derivative is not isolated but the solution is added to a suspension of a
salt of 1,1- 40 dimethylethyl malonic acid such as, for example, the
potassium salt of 1,1-dimethylethyl malonic acid (half ester, half salt)
anhydrous magnesium chloride, and an amine such as, for example,
diisopropylethylamine in acetonitrile at [err] to [err] preferably at
[err]. The mixture is poured into a mixture of 1N hydrochloric acid and
ethyl acetate to afford the (R)-1,1-dimethylethyl
6-cyano-5-[(1,1-dimethylethyl)dimethylsilyl]oxy-3- oxohexanoate of Formula
XXVIII. The ketone of Formula XXVIII is treated with fluoride ion at [err]
to [err], 45 preferably [err] to afford the (R)-1,1-dimethylethyl
6-cyano-5-hydroxy-3-oxo-hexanoate of Formula XXVII. The ketone of Formula
XXVII is treated with triethylborane and air (or methoxydiethylborane
without air) followed by sodium borohydride and methanol in tetrahydrofuran
at [err] to [err], preferably [err] to 



afford [R-(R*,R)]-1,1-dimethylethyl 6-cyano-3,5-hydroxyhexanoate of Formula
XXVI. The diol of Formula XXVI is treated with a ketal forming reagent such
as, for example, acetone, dimethoxypropane, 2- 50  methoxypropene,
benzaldehyde, cyclopentanone, cyclohexanone, 1,1-dimethoxycyclopentane,
1,1- dimethoxycyclohexane and the like, in the presence of an acid such as,
for example, camphorsulfonic acid, para-toluenesulfonic acid, and the like,
in the presence of excess reagent or in an inert solvent such as, for
example, dichloromethane, and the like, at 0  C to the reflux temperature
of the reagent or solvent to afford a compound of Formula XXVa wherein R7
and [err] are independently hydrogen, alkyl of from one to three 55  carbon
atoms, phenyl or R7 and [err] are taken together as [err], wherein n is 4
or 5. A compound of Formula XXVa is treated with hydrogen gas in an alcohol
such as methanol saturated with anhydrous ammonia or aqueous ammonium
hydroxide in the presence of a catalyst such as Raney nickel or Raney
cobalt or with a nobel metal catalyst such as platinum oxide in the
presence of an alkanoic 20    EP 0 330 172 B1 acid such as acetic acid to
afford a compound of Formula [err] wherein [err] and [err] as defined
above. Additionally, an optically active compound of Formula [err] or
Formula IVb may be prepared starting from the optically active epoxide of
Formula IX. The preparation of the optically active epoxide of Formula IX
is described by Kocienski, P. J., et al, Journal of the Chemical Society
Perkin Transaction I, pp 2183-2187 5 (1987). The process of preparing a
compound of Formula I is outlined in Scheme III: SCHEME I I I 10 [err] 25
21    EP 0330172 B1 A compound of Formula [err] or Formula [err] is reacted
with a compound of Formula III, wherein [err] is 1-naphthyl, 2-naphthyl, 6
cyclohexyl, cyclohexylmethyl, norbornenyl, phenyl, 



phenyl substituted with 10    fluorine, chlorine, bromine, hydroxyl,
trifluoromethyl, 15     alkyl of from one to four carbon atoms, alkoxy of
from one to four carbon atoms, or alkanoyloxy of from two to eight carbon
atoms, benzyl, 2-, 3-, or 4-pyridinyl, or 20     2-, 3-, or
4-pyridinyl-N-oxide; R2 or Rs is independently hydrogen alkyl of from one
to six carbon atoms, cyclopropyl, 25     cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, phenyl substituted with 30    fluorine, chlorine,
bromine, hydroxyl, trifluoromethyl, 35     alkyl of from one to four carbon
atoms, or alkoxy of from one to four carbon atoms, cyano, trifluoromethyl
or [err]  where [err] and [err] are independently hydrogen, alkyl of from
one to six carbon atoms, 40     phenyl, phenyl substituted with fluorine,
chlorine, bromine, 45     cyano, or trifluoromethyl; [err] is 



alkyl of from one to six carbon atoms, cyclopropyl, 50     cyclobutyl,
cyclopentyl, cyclohexyl, or trifluoromethyl; in an inert solvent such as,
for example, toluene, and the like, at the reflux temperature of the
solvent to 55  give a compound of Formula II,, or Formula [err] wherein
[err]  and [err] are as defined above. Finally, a compound of Formula [err]
is treated with an acid such as, for example, aqueous hydrochloric acid,
and the like, in an inert solvent such as, for example, tetrahydrofuran,
followed by hydrolysis with a base such as, for example sodium hydroxide.
The reaction is neutralized with an acid 22    EP0330172B1 such as, for
example, aqueous hydrochloric acid and dissolved and/or heated in an inert
solvent such as, for example, toluene, and the like, with concomitant
removal of water to give a compound of Formula I, wherein [err]   and [err]
are as defined above. Additionally, a compound of Formula [err] is treated
with an acid such as, for example, aqueous 5  hydrochloric acid, and the
like, in an inert solvent such as, for example, tetrahydrofuran and the
like for about 15 hours, followed by the addition of a base such as, for
example, sodium hydroxide and the like and stirred for about 30 hours. The
reaction is reacidified with an acid such as, for example, aqueous
hydrochloric acid and dissolved and/or heated in an inert solvent such as,
for example, toluene and the like, with concomitant removal of water to
give a compound of Formula I, wherein [err]   and [err] are as 10  defined
above. The process of the present invention in its second aspect is a new,
improved, economical, and commercially feasible method for preparing the
HMG CoA reductase inhibitor of Formula [err]. The process of the present
invention in its second aspect is outlined in Scheme IV: 15 20 25 30 35 40
45 50 55 23 



EP 0 330 172 B1 SCHEME IV 5 24    EP 0 330 172 B1 The compound of Formula
XVII is reacted with a compound of Formula XXI [err] wherein R7 and RN are
independently hydrogen, alkyl of from one to three carbon atoms, phenyl or
[err] and 15  [err] are taken together as [err] wherein n is 4 or 5 in the
presence of an inert solvent such as, for example, dimethyl sulfoxide and
the like for about 15 hours at about 105 C with the removal of water to
afford the intermediate derivative (XXII). Preferably the reaction is
carried out in dimethyl sulfoxide for about 15 hours at about [err]. The
intermediate derivative XXII, which is not isolated, is treated with an
acid such as, for example, concentrated hydrochloric acid and the like in
an inert solvent such as, for example, 20 ethyl acetate and the like to
afford the compound of Formula [err] Preferably, the reaction is carried
out with concentrated hydrochloric acid in ethyl acetate. Additionally, the
compound of Formula XVII is reacted with a compound of Formula XXIII 25
[err] 35 wherein [err] and [err] are independently hydrogen, alkyl or from
one to three carbon atoms, phenyl or [err] and [err] are taken together as
[err] wherein n is 4 or 5 in the presence of an inert solvent or solvents
such as, for example, hexane, toluene and the like for about 24 hours at
about the reflux temperature of the solvent 40 or solvents. The
intermediate derivative XXIV, which is not isolated, is treated with an
acid such as, for example, a 10% aqueous solution of hydrochloric acid for
about 15 hours, followed by the addition of a base such as, for example,
sodium hydroxide and the like and reacidification with an acid for about 30
hours to afford the compound of Formula [err] The process of the present
invention in its third aspect is a new, improved, economical, and 45
commercially feasible method for preparing the HMG CoA reductase inhibitor
of Formula [err]. The process of the present invention in its third aspect
is outlined in Scheme V: 50 55 25   



EP 0 330 172 B1 0 [err] 50 oxopentanoate (XX),aniline and ethylene diamine
in toluene. 4-Methyl-3-oxo-N-phenylpentanamide (XIX) is subsequently
reacted with benzaldehyde in the presence of a catalyst such as, for
example, piperidine and glacial acetic acid, ethylene diamine and glacial
acetic acid, B-alanine and glacial acetic acid, and the like in an inert
solvent such as, for example, toluene, heptane, hexane, and the like for
about 24 to about 36 hours at about [err] to about [err]   with the removal
of water to afford 4-methyl-3-oxo-N-phenyl-2-(phenyl- 55
methylene)pentanamide (XVIII). Preferably the reaction is carried out with
B-alanine and glacial acetic acid at reflux for about 24 hours in hexane.
The 4-methyl-3-oxo-N-phenyl-2-(phenylmethylene)pentanamide (XVIII) is
reacted with 4-fluorobenzaldehyde in the presence of a catalyst such as,
for example, 3-benzyl-5- (2-hydroxyethyl)-4-methylthiazolium chloride,
3,4-dimethyl-5-(2-hydroxyethyl)thiazolium iodide, 3-ethyl-5-(2- 26    EP 0
330 172 B1 hydroxyethyl)-4-methylthiazolium bromide, thiamine
hydrochloride, and the like, and a base such as, for example,
N,N-diisopropylethylamine, pyridine, N,N-dimethylaniline, triethylamine,
1,8-diazabicyclo[5.4.0]- undec-7-ene (DBU), 1,4-diazabicyclo[2.2.2]octane
(DABCO), 4-dimethylaminopyridine (DMAP), N,N,N',N'-
tetramethylethylenediamine (TMEDA) and the like, either neat or in the
presence of a solvent such as, for 5 example, tetrahydrofuran,
tertiary-butyl methyl ether, ethanol, dimethylformamide, dimethylsulfoxide,
N- methylpyrrolidone, acetonitrile, methylisobutyl ketone, ethyl acetate,
isopropanol, pyridine and the like for about 20 to about 30 hours under
anhydrous conditions at about room temperature to about the reflux
temperature of the solvent to afford the compound of Formula XVII.
Preferably the reaction is carried out in the presence of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide and triethylamine in
ethanol at about 10 [err] for about 24 hours. The compound of Formula XVII
is reacted with a compound of Formula [err] wherein Rio and [err]  are
alkyl of one to eight carbon atoms or [err]  and [err] together are 20
[err] 25 [err]  in the presence of a catalyst of Formula [err] 30  wherein
[err] is [err]para-CI- [err]    tertiary- [err] or triethylamine
hydrochloride and a solvent or mixtures thereof such as, for example,
tetrahydrofuran, hexane, toluene, ethanol, tertiary-butyl acetate, ethyl
acetate, 1,2-dichloroethane, isopropanol, dimethyl sulfoxide and the like
for about 24 to about 



48 hours at about 5 * C to about the reflux temperature of the solvent with
the removal of water to afford a 35 compound of Formula XVI. Preferably,
the reaction is carried out in the presence of pivalic acid and a mixture
of toluene and heptane at reflux for about 48 hours with the removal of
water. A compound of Formula XVI is converted in a conventional manner
using the methodology disclosed in United States Patent 4,681,893 to the
compound of Formula [err]. Certain of the compounds of Formula III are
either known or capable of being prepared by methods 40 known in the art.
The ring-opened dihydroxy acids of formula [err] 50 wherein [err]  and
[err] are as defined above may be prepared from the lactone compounds of
Formula I by conventional hydrolysis such as, for example, sodium hydroxide
in methanol, sodium hydroxide in tetrahydrofuran-water, and the like, of
the lactone compounds of Formula I. 55     The ring-opened dihydroxy acid
of Formula XII may be produced from the lactone compound of Formula [err]
by conventional hydrolysis of the lactone compound of Formula [err] In the
ring-opened dihydroxy acid form, compounds of the present invention react
to form salts with pharmaceutically acceptable metal and amine cations
formed from organic and inorganic bases. The term 27    EP0330172B1
"pharmaceutically acceptable metal salt" contemplates salts formed with the
sodium, potassium, calcium, magnesium, aluminum, iron, and zinc ions. The
term "pharmaceutically acceptable amine salt" con- templates salts with
ammonia and organic nitrogenous bases strong enough to form salts with
carboxylic acids. Bases useful for the formation of pharmaceutically
acceptable nontoxic base addition salts of the 5  compound of the present
invention form a class whose limits are readily understood by those skilled
in the art. The dihydroxy free acid form of the compounds of the invention
may be regenerated from the salt form, if desired, by contacting the salt
with a dilute aqueous solution of an acid such as hydrochloric acid. The
ring closed lactone form of the compounds of the invention may be
regenerated by dissolution of 10 the dihydroxy acid form of the compounds
of the invention in an inert solvent such as, for example, toluene,
benzene, ethyl acetate, and the like, at about [err] to about the boiling
point of the solvent usually but not necessarily with concomitant removal
of the resulting water and usually but not necessarily with strong acid
catalysis such as, for example, concentrated hydrochloric acid and the
like. The base addition salts may differ from the free acid forms of the
compounds of this invention in such 15 physical characteristics as
solubility and melting point, but are otherwise considered equivalent to
the free acid form for the purposes of this invention. The compounds of the
present invention may exist in solvated or unsolvated form and such forms
are equivalent to the unsolvated form for the purposes of this invention. 



The compounds of structural Formulas [err]  and XII above possesses two
asymmetric carbon centers, 20  one at the 4-hydroxy position of the
pyran-2-one ring, and the other at the 6-position of the pyran-2-one ring
where the alkylpyrrole group is attached. This asymmetry gives rise to four
possible isomers, two of which are the 4R,6S and 4S,6R-isomers and the
other two of which are the 4R,6R and 4S,6S-isomers. The preferred isomer in
this invention is the 4R,6R-isomer of the compounds of Formulas I, [err]
and XII above. The following nonlimiting examples illustrates the
inventors' preferred method for preparing the 25 compounds of the
invention. EXAMPLE 1 30
Trans-6-[2-(2-ethyl-5-(4-fluoropheyl)-lH-pyrrol-l-yl]-
ethyl]-tetrahydro-4-hydroxv-2H-pyran-2-one. 35    Step A:   Preparation of
(R*,R*)-a-2-propenloxirane- ethanol. 40     n-Butyllithium, 129 mL (200
mmol), is added dropwise to a [err] solution of 1,6-heptadien-4-ol, 22.4 g
(0.2 mol), in 200 mL of anhydrous tetrahydrofuran until the
triphenylmethane indicator turned red. Carbon dioxide is then bubbled in
for 30 minutes (lecture bottle carbon dioxide passed through drierite) and
the light yellow solution is stirred for 30 minutes under a balloon of
carbon dioxide. To this solution is added iodine, 101.4 g (0.4 mol),
dissolved in -200 mL of anhydrous tetrahydrofuran over 60 minutes. The
mixture 45  is allowed to warm to room temperature overnight, diluted with
ethyl acetate, washed with 10% sodium bisulfite solution, saturated
solution of sodium bicarbonate, brine, and dried (magnesium sulfate). The
crude product is dissolved in 200 mL of methanol and 20 mL of water, cooled
to 0 * C and 0.5 g of solid potassium carbonate is added. The mixture is
vigorously stirred for six hours, filtered, concentrated, and partitioned
between ethyl acetate and brine. After extracting the aqueous layer 2x with
ethyl acetate, the combined 50 organics are washed with brine and dried
(magnesium sulfate). Flash chromatography (4:1 hexane-ethyl acetate)
provides, after concentration in vacuo, 18 g of
[err]-a-2-propenyloxiraneethanol. 200 MHz NMR [err]  1.5-1.65 (m, 1H), 1.90
(dt, 1H, J = 15, 4 Hz), 2.2 (m, 3H), 2.53 (m, 1H), 2.79 (m, 1 H), 3.12 (m,
1 H), 3.94 (m, 1H), 5.19 (m, 2H), 5.80 (m, 1 H). IR (film) 3400, 3077,
2980, 2925, 1643, 1412, 1260, 918, 827 [err]. 55 28    EP 0 330 172 B1 Step
B: Preparation of ([err])-cis-2,2-dimethyl-6-(2-
propenyl)-1,3-dioxane-4-acetonitrile. 5 Potassium cyanide, 1.3 g (20 mmol),
is added to a room temperature solution of [err]-a- iraneethanol, 2.56 g
(20 mmol), in 25 mL of 4:1 isopropanol-water. The solution is stirred for
20 hours at ambient temperature, concentrated, and partitioned between
ethyl acetate and brine. The aqueous layer is 



extracted 2x with ethyl acetate and the combined ethyl acetate extracts are
washed with brine and dried 10  (magnesium sulfate). The crude product is
dissolved in 20 mL of 2,2-dimethoxypropane, camphorsulfonic acid is added
and the solution stirred for 18 hours at room temperature. Concentration
and flash chromatography provides 1.30 g of
()-cis-2,2-dimethyl-6-(2-propenyl)-1,3-dioxane-4-acetonitrile. 200 MHz NMR
[err]  1.35 (m, 1H), 1.40 (s, 3H), 1.45 (s, 3H), 1.67 (m, 1H), 2.20 (m,
1H), 2.33 (m, 1H), 2.50 (m, 2H), 3.89 (m, 1H), 4.10 (m, 1H), 5.10 (m, 2H),
5.7-5.9 (m, 1H). 15 IR (film) 2995, 2944, 2255, 1644,1334 [err]. Step  C:
Preparation  of  ([err])-cis-6-(2-oxoethyl)-2,2-
dimethyl-1,3-dioxane-4-acetonitrile. A solution of
()-cis-2,2-dimethyl-6-(2-propenyl)-1,3-dioxane-4-acetonitrile, 3 g (15.36
mmol), in 100 mL of dichloromethane is cooled to [err] under nitrogen.
Ozone (Welsbach generator, flow rate 0.1, voltage = 90V) is then passed
through a fritted gas inlet tube into the solution until the blue color of
ozone appears. 25  The current is turned off, and oxygen bubbled through
until the blue color is discharged. Triphenyl- phosphine, 4.2 g (16 mmol),
is added and the colorless solution allowed to warm to room temperature.
Flash chromatography provides, after concentration in vacuo, 2.5 g of pure
()-cis-6-(2-oxoethyl)-2,2- dimethyl-1,3-dioxane-4-acetonitrile. 200 MHz NMR
[err]  1.30 (m, 1H), 1.39 (s, 3H), 1.48 (s, 3H), 1.78 (m, 1H), 2.46-2.75
(m, 4H), 4.2 (m, 30  1H), 4.40 (m, 1H), 9.79 (t, 1H, J = 1.6 Hz). IR (film)
2250, 1720 [err]. Step D: Preparation of ([err])-cis-6-(cyanomethyl)-2,2-
35                      dimethyl-1,3-dioxane-4-acetic  acid. Jones reagent
(chromium trioxide-sulfuric acid-water), 3.8 mL (7.6 mmol), is added
dropwise to a [err] solution of
()-cis-6-(2-oxoethyl)-2,2-dimethyl-1,3-dioxane-4-acetonitrile, 1.50 g (7.6
mmol), dissolved in 50 40  mL of acetone until the orange color is not
discharged. After stirring a further 15 minutes, the mixture is poured into
300 mL of diethyl ether and washed with brine until the aqueous washes are
colorless. The diethyl ether layer is dried (magnesium sulfate), filtered,
and concentrated to provide 1.2 g of the acid which solidifies on standing.
Trituration with isopropyl ether provides
([err])-cis-6-(cyanomethyl)-2,2-dimethyl-1,3- dioxane-4-acetic acid as a
colorless solid; mp [err]. A second trituration/recrystallization from
isopropyl 45 ether provides material of mp [err]. 200 MHz NMR [err]  1.35
(M, 1H), 1.42 (s, 3H), 1.49 (s, 3H), 1.82 (m, 1H), 2.4-2.7 (m, 4H), 4.18
(m, 1 H), 4.35 (m, 1 H). [err]-NMR(ds-acetone, 50 MHz) [err] 19.95, 24.91,
30.17, 35.88, 41.34, 65.79, 66.35, 99.70,117.77, 171.83. IR (KBr) broad OH
3500-2400, 2254, 1711, 940 [err]. 50 Step E: Preparation of
([err])-cis-1-methylethyl 6-(cyano-
methyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 55 To a solution of
()-cis-6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetic acid, 0.6 g (3
mmol), in acetonitrile, 2 mL, is added 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), 0.45 mL (3 mmol), and 2- 



iodopropane, 0.33 mL (3.3 mmol). The solution is stirred overnight at room
temperature, diluted with diethyl 29    EP 0 330 172 B1 ether, washed with
brine, and dried (magnesium sulfate). Flash chromatography provides 0.55 g
of ([err])-cis-1- methylethyl
6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 90 MHz NMR [err]  1.22
(d, 6H, J = 7 Hz), 1.3 (m, 1H), 1.35 (s, 3H), 1.40 (s, 3H), 1.75 (m, 1H),
2.2-2.7 (m, 4H), 3.9-4.4 (m, 2H), 4.95 (septet, 1 H, J = 7 Hz). 5 Step F:
Preparation of ([err])-cis-1-methYlethyl 6-(2-
aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 10 A mixture of
([err])-cis-1-methylethyl
6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetate, 0.55 g, in glacial
acetic acid is hydrogenated with platinum dioxide at 3,45 x 105 Pa (50
psi). Concentration dilution with ethyl acetate and bicarbonate wash,
followed by washing with brine and drying provides 250 mg of ()-cis-1-
methylethyl 6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. MS 260.1,
244.1 200 MHz NMR [err] 15  1.25 (d, 6H, J = 7 Hz), 1.32 (m, 1H), 1.36 (s,
3H), 1.45 (s, 3H), 1.60 (m, 1H), 2.33 (dd, 1H, J = 15, 6 Hz), 2.49 (dd, 1H,
J = 15, 6 Hz), 2.85 (br t, 2H, J = 6 Hz), 3.40 (br s, 2H), 4.00 (m, 1H),
4.29 (m, 1H), 12.03 (septet, 1 H, J = 7 Hz). IR (film) 1734, 1387 [err]. 20
Step G:   Preparation of  ([err])-cis-1-methylethyl  6-[2-
[2-ethyl-5-(4-fluorophenyl)-1H-pyrrol-1-yl] ethyl]
-2,2-dimethyl-1,3-dioxane-4-acetate. 25 A solution of ()-cis-1-methylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate, 0.15 g (0.58 mmol),
and 1-(4-fluorophenyl)-1,4-hexanedione (Example A), 0.125 g (0.6 mmol), in
5 mL of toluene is stirred and heated at reflux overnight. The cooled
solution is concentrated and the highly UV active pyrrole is separated from
starting material by preparative thin layer chromatography, eluting 2x with
4:1 hexane- 30  ethyl acetate. This provides 130 mg of pure
()-cis-1-methylethyl 6-[2-[2-ethyl-5-(4-fluorophenyl)-1H-pyrrol-
1-yl]ethyl]-2,2-dimethyl-1,3-dioxane-4-acetate. 200 MHz NMR [err]  1.51 (m,
1 H), 1.23 (d, 6H, J = 6 Hz), 1.33 (m, 9H), 1.5-1.6 (m, 3H), 2.27 (dd, 1 H,
J = 15.3, 6 Hz), 2.44 (dd, 1H, J = 15.3, 6 Hz), 2.66 (g, 2H, J = 7.5 Hz),
3.62 (m, 1H), 3.8-4.2 (m, 3H), 5.03 (septet, 1H, J = 6 Hz), 5.97 (d, 1H, J
= 3.5 Hz), 6.11 (d, 1H, J = 3.5 Hz), 7.0-7.4 (m, 4H). 35     A solution of
()-cis-1-methylethyl
6-[2-2-ethyl-5-(4-fluorophenyl)-1H-pyrrol-1-yl]ethyl]-2,2-dimethyl-1,3-
dioxane-4-acetate, 0.13 g (0.3 mmol), in 12 mL of 1:2 2M hydrochloric
acid-tetrahydrofuran is stirred overnight at room temperature. To this is
added sufficient 2M sodium hydroxide to bring the pH to 10. Stirring is
continued for 30 minutes, water, 30 mL, is added and the mixture is
extracted with diethyl ether. 



The aqueous layer is acidified with ice cold 6N hydrochloric acid and
extracted with ethyl acetate (2x). The 40 organic layer is washed with
brine and dried (magnesium sulfate). The residue which remains on
filtration and concentration is dissolved in toluene (50 mL) and heated at
reflux with azeotropic removal of water (6 hours). The cooled solution is
concentrated and flash chromatographed to provide 60 mg of trans-6-[2-[2-
ethyl-5-(4-fluorophenyl)-1H-pyrrol-1-yl]ethyl]-tetrahydro-4-hydroxy-2H-pyra
n-2-one (elution with 2:1 hexane- ethyl acetate). 45 90 MHz NMR [err]  1.25
(d, 6H, J = 7 Hz) 1.3-1.8 (m, 4H), 2.3 (br s, 1 H, -OH), 2.55 (m, 2H), 2.65
(q, 2H, J = 7Hz), 3.9-4.5 (m, 4H), 5.90 (d, 1 H, J = 3.5 Hz), 6.05 (d, 1 H,
J = 3.5 Hz), 6.9-7.4 (m, 4H). 50 55 30    EP0330172B1 EXAMPLE 2
Trans-()-5-(4-fluorophenyl)-2-(1-methylethyl )-N4- 5         diphenyl-l-
[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran- 2 -yl) ethyl]
-1H-pyrrole-3-carboxamide. 10 METHOD A Step A: Preparation of
4-Methyl-3-oxo-N-phenyl-2-(phenylmethylene)pentanamide. 15    A suspension
of 100 kg of 4-methyl-3-oxo-N-phenylpentanamide (Example B) in 660 kg of
hexanes is treated with agitation under nitrogen with 8 kg of
[err]-alanine, 47 kg of benzaldehyde, and 13 kg of glacial acetic acid. The
resulting suspension is heated to reflux with removal of water for 20
hours. An additional 396 kg of hexanes and 3 kg of glacial acetic acid is
added and reflux continued with water removal for one hour. The reaction
mixture is cooled to [err] and the product is isolated by filtration. The
product is 20  purified by slurrying in hexanes at [err], cooling, and
filtration. The product is slurried twice with water at [err], filtered,
and dried in vacuo to yield 110 kg of
4-methyl-3-oxo-N-phenyl-2-(phenylmethylene)- pentanamide, mp [err]. Vapor
Phase Chromatography (VPC): 30 meter DB 5 capillary column [err] at 15
C/min. 19.33 min, 99.7% (area). 25  Gas Chromatography/Mass Spectrometry
(GC/MC): M/Z 293 [M]+. Nuclear Magnetic Resonance (NMR): [err]  1.16 (6H,
d), 3.30 (1H, quin.), 7.09 (1H, m), 7.28 (5H, m), 7.49 (5H, m), 8.01 (1 H,
brs). Step B: Preparation of
()4-Fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,[err]-diphenylbenzenebutaneamid
e mix- 30  ture of [R-(R*,R*], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*)]
isomers. A solution of 17.5 kg of
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide in 300 L of anhydrous
ethanol is concentrated by distillation of 275 L of the ethanol. Under an
argon atmosphere, 100 kg (340 mol) 



of 4-methyl-3-oxo-N-phenyl-2-(phenylmethylene)pentanamide, 47.5 L (340 mol)
of triethylamine, and 40 L 35  (375 mol) of 4-fluorobenzaldehyde are added.
The resulting solution is stirred and heated at [err] for 23 hours. The
product begins to form as a solid after approximately 1.5 hours but
approximately 24 hours is required for essentially complete conversion. The
slurry is dissolved in 600 L of isopropanol at 80 C. The resulting solution
is slowly cooled and the
()4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylben- zenebutaneamide
mixture of [R-(R*,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*)] isomers
isolated by filtration. 40 Washing the precipitate with isopropanol and
drying in vacuo yielded 99 kg of ()4-fluoro-a-[2-methyl-1-
oxopropyl]-y-oxo-N,[err]-diphenylbenzenebutaneamide mixture of [R-(R*,R*)],
[R-(R*,S*)], [S-(R',R*)] and [S- (R,S*)] isomers; mp [err]. NMR: [err]
1.03 (3H, d), 1.22 (3H, d), 2.98 (1H, quin.), 4.91 (1H1 d, J = 11 Hz), 5.51
(1H, d, J = 11 Hz), 6.98-7.43 (12H, m), 8.17 (2H, dd), 9.41 (1H, brs). 45
High Pressure Liquid Chromatography (HPLC):
(Acetonitrile:tetrahydrofuran:water) (40:25:55) Econosil [err]  25 cm 1.0
mL/min. 254 nm 16.77 min. 99.2% (area). Step C: Preparation of
1-(3,3-Diethoxypropyl)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1H
-pyrrole- 3-carboxamide. 50 To a nitrogen purged flask equipped with a
mechanical stirrer is added 130 kg (311 mol) of ([err])4-fluoro-
a-[2-methyl-1-oxopropyl]-y-oxo-N,[err]-diphenylbenzenebutaneamide mixture
of [R-(R*,R*)], [R-(R*,S*)], [S- (R*,R*] and [S-(R*,S*)] isomers, 540 L of
heptanes and 60 L of toluene, 59 kg (400 mol) of 3-amino-1,1-
diethoxypropane, and 22.3 kg (218 mol) of pivalic acid. The mixture is
stirred and heated to reflux, removing 55 water with a Dean Stark trap. The
mixture is refluxed 32 hours and slowly cooled to [err], diluted with 500 L
of 2-propanol-water (3:2), seeded, and cooled to [err]. The product is
isolated by filtration, washed with 300 L of 2-propanol, and dried in vacuo
to yield 133.5 kg of 1-(3,3-diethoxypropyl)-5-(4-
fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1H-pyrrole-3-carboxamide; mp
[err] after recrystal- 31    EP 0 330 172 B1 lization from ethanol. HPLC:
(acetonitrile:tetrahydrofuran:water) (40:25:55) 1.5 mUmin 254 nm Econosil
[err] 5u 25 cm R.T. = 37.70 min 99.4% (area) NMR: [err]  1.04 (6H, m, t),
1.47 (6H, d), 1.82 (2H, m), 3.40 (5H, m), 3.99 (2H, m), 4.43 (1H, brt), 5
6.90-7.50 (14H, m), 8.26 (1 H. brs) In a process analogous to Step C using
appropriate starting materials, the following compounds of Formula XVI are
prepared: 1 -(3,3-Dimethoxypropyl)-5-(4-fluorophenyl)-2-(1
-methylethyl)-N,4-diphenyl-1 H-pyrrole-3-carboxamide;   mp 10 [err]
5-(4-Fluorophenyl)-1-[2-(4-methyl-1,3-dioxolan-2-yl)ethyll-2-(1
-methylethyl)-N,4-diphenyl-1 H-pyrrole-3- 



carboxamide; bp 141.5-145.9 C. 15 Step D: Preparation of
5-(4-Fluorophenyl)-2-(1- methylethyl ) -1- (3-oxopropyl ) -N. 4-diphenyl-
20                          1H-Pyrrole-3-carboxamide. To a nitrogen purged
flask fitted with an overhead stirrer, a thermometer, and a condenser is
added 20 kg (37.8 mol) of
1-(3,3-diethoxypropyl)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1H
-pyrrole-3-car- 25 boxamide along with 200 L of acetone. The solution is
stirred and 100 L of 2N hydrochloric acid solution is added. The mixture is
heated to reflux for four hours then cooled to [err] , seeded, and cooled
to [err] . The product is collected by filtration, washed with 100 L
2-propanol-water (1:1) and dried in vacuo at [err] for 64 hours to yield
16.2 kg of 5-(4-fluorophenyl)-2-(1-methylethyl)-1-(3-oxopropyl)-N,4-
diphenyl-1 H-pyrrole-3-carboxamide as an off-white solid. 30 Step E:
Preparation of 2-(4-Fluorophenyl)-[err]-hydroxy- 5-( 1-methylethyl
)-B-oxo-3-phenyl-4- [ (phenyl- 36
amino)carbonyll-lH-pyrrole-l-heptanoic  acid, methyl ester. A 22-L
three-necked flask fitted with an overhead stirrer, a low temperature
thermometer, and a 2-L 40 calibrated addition funnel is dried with a
nitrogen purge and 78 g (1.95 mol) 60% sodium hydride in mineral oil is
added, followed by 248 mL (1.76 mol) diisopropylamine and 8 L
tetrahydrofuran. The reaction is cooled to [err] to [err] a significant
nitrogen purge was introduced through the flask, and 212 mL (1.92 mol)
methyl acetoacetate is added in a slow stream over a 10 to 30-minute
period. Stirring is continued at [err] to [err] for an additional 10 to 30
minutes. After cooling to -15 to [err], 2.2 L of 1.6 M n-butyllithium in 45
hexanes is added over a 30 to 60-minute period while maintaining the
temperature below [err]. Stirring is continued for an additional 1 to 1.5
hours at [err] to [err] and the mixture cooled to [err]  to  [err]. In a
separate 5-L flask, 0.7 kg (1.54 mol)
5-(4-fluorophenyl)-2-(1-methylethyl)-1-(3-oxopropyl)-N,4- diphenyl-1
H-pyrrole-3-carboxamide is dissolved with 2.0 L of dry tetrahydrofuran,
cooled to [err] to [err], and added to the anion solution over a 30 to 45
minute period. The reaction is stirred at [err] to [err] for 30 to 50  45
minutes, then quenched by the addition of 4 L aqueous 2 N hydrochloric acid
solution over 5 to 15 seconds while stirring rapidly. After stopping the
agitation, the lower layer is separated and the remaining organic layer
washed with 4 L saturated aqueous sodium chloride. 65 32    EP 0 330 172 B1
Step F: Preparation of cis-(4-Fluorophenyl)-B,6-
dihydroxy-5-(1-methylethyl)-3-phenyl-4- 



[(Phenylamino)carbonyll-lH-pyrrole-l- heptanoic acid, methyl ester. The
reaction solution obtained from Step E contained in a 50-L jacketed glass
still is concentrated by 10  vacuum distillation to a thick oil, then
dissolved with 19 L tetrahydrofuran and cooled to [err]  under an air
atmosphere. Triethylborane, a 1 molar solution in hexanes, (3.20 L, 1.4
equivalents based on Step E) is added over a 10 minute period, the
atmosphere on the flask is switched to nitrogen, and the flask cooled to
[err] over 3.5 hours. During this period two liters of methanol are added
when the temperature reaches [err] . Powdered sodium borohydride (184 g,
4.8 mol) is added in 20 to 50-g portions over 1.5 hours, and 15  the
reaction maintained between [err] and [err] for 13 hours, then between
[err] and [err] for 10 hours. Unreacted sodium borohydride is quenched by
the addition of 750 mL (12.7 mol) acetic acid in 50- mL portions over a 45
minute period with a substantial amount of gas evolution and with a
temperature rise from [err] to [err]. Further quenching is accomplished by
the addition of a solution of 1.0 L 30% hydrogen peroxide (9.7 mol), 3.0 L
water, and 100 g dihydrogen sodium phosphate over a 15 minute period 20
and is accompanied by a temperature rise from [err] to [err]. The reaction
is allowed to warm to room temperature overnight, then the lower layer
separated off and the upper layer washed with 4.0 L of saturated aqueous
sodium chloride solution. 25 Variation of Step F: Preparation of
ci-2-(4-Fluoro- phenyl)-B,6-dihydroxy-5-(l-methylethyl)-3-
phenyl-4-(phenylamino)carbonyl-lH-pyrrole-1- 30                   heptanoic
acid,  methyl  ester. The reaction solution obtained from Step E is
concentrated under vacuum to a volume of 5 to 8 L, then dissolved in 20 L
tetrahydrofuran and 4 L methanol under a nitrogen atmosphere. This solution
is cooled to 35  [err] and 2.1 L of a 15% solution of methoxydiethylborane
in tetrahydrofuran (2.1 mol, 1.0 equivalent based on Step E) is added. The
reaction is cooled to [err] over one hour and 144 g (3.78 mol) of sodium
borohydride added in 20 to 50-g portions over 1.5 hours. The reaction is
maintained between [err] and -97 C for 13 hours and allowed to warm to room
temperature and stand for 60 hours under a nitrogen atmosphere. 40     The
reaction is quenched by the addition of 460 mL (7.9 mol) acetic acid and
concentrated by vacuum distillation to an oil. The residue is dissolved
with 8 L methanol, concentrated by vacuum distillation, redissolved with 8
L methanol, and reconcentrated by vacuum distillation to a volume of 6 L.
The solution is diluted with 8 L tetrahydrofuran, 4 L hexanes, and carried
into the next step. 45 Step G: Preparation of
trans-([err])-5-(4-Fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 50
1H-pyrrole-3-carboxamide. The crude reaction mixture of Step F is cooled to
8 C, 8.0 L of 2.0 N aqueous sodium hydroxide is added, and the reaction
stirred for 2 hours at [err] to [err]. The reaction is diluted with 12 L
water and the 



55 upper layer removed. The remaining aqueous layer is washed with 8 L
hexanes then 8 L ethyl acetate is added followed by 1 L concentrated
aqueous hydrochloric acid solution. The well-stirred mixture is allowed to
separate, the lower layer discarded, and the upper layer washed four times
with 4 L each of 2 N aqueous hydrochloric acid solution. 33    EP 0 330 172
B1 The ethyl acetate layer is concentrated to a foamy syrup by vacuum
distillation, and the residue dissolved in 8 L toluene. The toluene is
concentrated by vacuum distillation to a volume of 6 L, then allowed to
stand at room temperature for 16 hours. The resulting thick slurry is
filtered on a Buchner funnel, washed with 1 L of cool toluene, washed with
2 L of hexanes, and dried in a vacuum oven for 24 hours at room 5
temperature, resulting  in  686  g  of
trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-
(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl)-1H-pyrrole-3-carboxamide.
The filtrates are washed with 2 N aqueous hydrochloric acid solution and
concentrated in vacuo to a volume of 2 L, then allowed to stand at room
temperature for three days. The resulting solid is filtered, washed, and
dried as before, resulting in 157 g of trans-()-5-(4-fluorophenyl)-2-(1
-methylethyl)-N,4-diphenyl-1 -[2-(tetrahydro-4-hydroxy-6-oxo-2H- 10
pyran-2-yl)ethyl)-1H-pyrrole-3-carboxamide. HPLC of the solids indicates
95% trans with 1.3% cis lactone for the first crop and 95% trans with 2.3%
cis lactone for the second crop. The two crops of solid are dissolved in 8
L ethyl acetate by heating to 50 to [err], then filtered through a Buchner
funnel along with 8 L of hexanes which has been warmed to [err]. The
solution is allowed to cool to room temperature over 16 hours, the
resulting slurry filtered through a Buchner funnel, and the solid washed
with 2 L hexanes. The 15  resulting solid is dried in a vacuum oven for 24
hours at room temperature, resulting in 720 g of trans-()-5-
(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl)-1H-
pyrrole-3-carboxamide with a 98%:0.9% trans:cis HPLC assay. The second crop
obtained by concentration as before is approximately 100 g. 20  METHOD B
Step A: Preparation of ()-cis-6-(2-aminoethyl)-2,2- 25
dimethyl-1,3-dioxane-4-acetic  acid. A solution of 1.04 g (4.88 mmol) of
()-cis-6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetic acid in 100 mL of
methanol saturated with anhydrous ammonia is added to a Parr shaker bottle
containing 0.53 g of 30 water wet Raney nickel #30. The solution is heated
at 45 * C and 3,45 x 1 05 Pa (50 psig) hydrogen pressure for 17 hours. The
suspension is cooled and filtered to remove the Raney nickel through filter
aid and the precipitate washed with methanol. The filtrate is concentrated
at reduced pressure. The residue is dissolved in methanol saturated with
anhydrous ammonia treated with decolorizing charcoal, filtered through
filter aid and evaporated to give 0.56 g of
()-cis-6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetic acid, mp 165 35
with decomposition at [err]. Fourier Transform Infrared (FTIR) (KBr):
1201.1, 1399.2, 1561.2, 2924.4, 3569.9 [err]. 



[err]  200 MHz) [err] 0.84 (m, 1H), 0.96 (s, 3H), 1.11 (s, 3H), 1.2-1.5 (m,
3H), 1.84 (dd, 1H, J = 14.0 Hz, J = 6.6 Hz), 1.99 (dd, 1 H, J = 14.0 Hz, J
= 6.8 Hz), 2.68 (t, 2H, J = 7.2 Hz), 3.6-3.85 (m, 1H), 3.85- 4.15 (m, 1H).
40  13C-NMR [err] 50 MHz)  19.64, 29.32, 32.94, 35.86, 36.95, 44.73, 68.16,
68.25, 100.18, 178.56. Mass Spectrum (GC/MS), m/z 202, 198, 173, 142, 138,
120, 97, 82, 59, 43. Step B: Preparation of Trans-()-5-(4-fluorophenyl)- 45
2-(1-methylethyl)-N,4-diphenyl-l-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 1H-pyrrole-3-carboxamide. 50 A
solution of 0.26 g (1.21 mmol) of
()-cis-6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetic acid and 0.504 g
(1.20 mmol) of
()4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneamide
mix- ture of [R-(R*,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*)] isomers
in 5 mL of dimethyl sulfoxide is heated at 105 *C for 15 hours. The
solution is cooled and poured into 100 mL of diethyl ether and 50 mL of
saturated 55   ammonium chloride in water. The layers are separated and the
organic layer washed with water (2 x 50 mL) and 5% sodium hydroxide
solution (2 x 100 mL - to extract the intermediate from unreacted
diketone). The aqueous layer is acidified with dilute hydrochloric acid
solution and extracted with 30 mL of ethyl acetate. A drop of concentrated
hydrochloric acid is added to the ethyl acetate solution and allowed to
stand 18 hours. 34    EP 0 330 172 B1 The solution is concentrated in vacuo
and the concentrate is redissolved in 30 mL of ethyl acetate and treated
with one drop of concentrated hydrochloric acid. The solution is stirred
two hours, concentrated in vacuo, and dissolved in 6 mL of toluene.
Trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-
(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide
crystallizes and is isolated by 5  filtration. A total of 0.16 g of
trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro
-4- hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-pyrrole-3-carboxamide is
isolated in two crops. METHOD C 10  Step A: Preparation of either
()-(2a,4B,,6B) or
()-(2a,4a,6B)-2-phenyl-6-(2-propenyl)-1,3-dioxane-4-acetoni- trile.
Potassium cyanide, 1.3 g (20 mmol), is added to a room temperature solution
of (R*,R*)-a-2-propenylox- iraneethanol, 2.56 g (20 mmol), in 25 mL of 4:1
isopropanol:water. The solution is stirred for 20 hours at is  ambient
temperature, concentrated, and partitioned between ethyl acetate and brine.
The aqueous layer is extracted 2x with ethyl acetate and the combined ethyl
acetate extracts are washed with brine and dried (magnesium sulfate). The
crude product is dissolved in 20 mL of benzaldehyde dimethyl acetal,
camphor- sulfonic acid is added, and the solution is stirred for 18 hours
at room temperature. Concentration and flash chromatography after
concentration in vacuo provides 1.30 g of either ()-(2a,4B,6B) or
()-(2a,4a,6B)-2- 



20  phenyl-6-(2-propenyl)-1,3-dioxane-4-acetonitrile 200 MHz NMR [err]
1.48 (m, 1 H), 1.71 (m, 1 H), 2.41 (m, 2H), 2.58 (m, 2H), 3.87 (m, 1 H),
4.03 (m, 1 H), 5.1 - 5.2 (m, 2H), 5.53 (s, 1 H), 5.87 (m, 1H), 7.3 - 7.6
(m, 5H) [err]  50 MHz) [err] 24.23, 35.07, 39.79, 71.57, 75.48, 100.44,
116.37, 117.53, 125.89, 127.91, 128.61, 133.05, 137.71. 25  GC/MS m/e 243
(M+), 242, 203, 202, 120, 107,105, 79, 75, 41. FTIR (neat) 699.6, 758.7,
920.8, 1028.8, 1051.9, 1121.4, 1345.2, 1383.7, 1401.7, 2253.1, 2916.6
[err]. Step B: Preparation of either ([err])-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-oxoethyl)-2-phenyl-1,3-dioxane-4-acetoni- trile. 30 A
solution of either ()-(2a,4B,6B) or
()-(2a,4a,6a)-2-phenyl-6-(2-propenyl)1,3-dioxane-4-acetonitrile, 4.11 g
(16.89 mmol), in 100 mL of dichloromethane is cooled to [err] under
nitrogen. Ozone (Welsbach generator, flow rate 0.1, voltage = 90V) is then
passed through a fritted gas inlet tube into the solution until the blue
color of ozone appears. The current is turned off, and oxygen bubbled
through until the blue color 35  is discharged. Triphenylphosphine, 4.87 g
(18.58 mmol), is added and the colorless solution is allowed to warm to
room temperature. Flash chromatography provides after concentration in
vacuo 3.75 g of pure either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-oxoethyl)-2-phenyl-1,3-dioxane-4-acetonitrile. GC/MS m/e
245 (M+), 244, 123, 105, 95, 94, 77, 51, 41. 40  Step C: Preparation of
either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-phenyl-1,3-dioxane-4-acetic acid. Jones
reagent (chromium trioxide-sulfuric acid-water), 3.8 mL (97.6 mmol), is
added dropwise to a [err] solution of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-oxoethyl)-2-phenyl-1,3-dioxane-4-acetonitrile, 1.86 g 45
(7.6 mmol), dissolved in 50 mL of acetone until the orange color is not
discharged. After stirring a further 15 minutes, the mixture is poured into
300 mL of diethyl ether and washed with brine until the aqueous washes are
colorless. The diethyl ether layer is dried (magnesium sulfate), filtered,
and concentrated to provide 1.84 g of either ()-(2a,4a,6a) or
(t)-(2a-(2a,4B,6B)-6-(cyanomethyl)-2-phenyl-1,3-dioxane-4-acetic acid as a
yellow gum. so  200 MHz NMR [err]  1.61 (m, 1H), 2.04 (m, 1H), 2.6 - 2.8
(m, 3H) 2.82 (dd, 1H, J = 15.9 Hz, J = 7.1 Hz), 4.20 (m, 1H), 4.40 (m, 1H),
5.60 (s, 1 H), 7.2 - 7.5 (m, 5H). Step D: Preparation of either
([err])-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-aminoethyl)-2-phenyl-1,3-dioxane-4-acetic acid. 55 A
solution of 0.16 g (0.61 mmol) of either ()-(2a-4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-phenyl-1,3- dioxane-4-acetic acid in 50 mL
of methanol saturated with anhydrous ammonia is added to a Parr shaker
bottle containing 0.2 g of water wet Raney nickel #30. The solution is
heated at [err] and 3,45 x [err] Pa (50 35    



EP 0 330 172 B1 psig) hydrogen pressure for 6 hours. The suspension is
cooled and filtered to remove the Raney nickel through filter aid and the
precipitate washed with methanol. The filtrate is concentrated at reduced
pressure. The residue is dissolved in methanol saturated with anhydrous
ammonia treated with decolorizing charcoal, filtered through filter aid and
evaporated to give 0.11 g of either ()-(2a,4a,6a) or
([err])-(2a,4B,6B)-6-(2- 5 aminoethyl)-2-phenyl-1,3-dioxane-4-acetic acid;
mp  [err] with decomposition. 200 MHz NMR [err]  1.4 - 1.9 (m, 4H), 2.39
(dd, 1H, J = 14.8 Hz, J = 6.7 Hz), 2.55 (dd, 1H, J = 14.8 Hz, J = 7.4 Hz),
2.73 (t, 2H, J = 7.2 Hz) 4.11 (m, 1H), 4.33 (m, 1H), 5.70 (s, 1H), 7.4- 7.6
(m, 5H). [err]  50 MHz) [err] 39.20, 39.78, 40.83, 47.11, 78.34, 78.73,
104.06, 129.15, 131.56, 132.38, 140.51, 181.89. 10 Step E: Preparation of
Trans-([err])-5-(4-fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra- 15
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 1H-pyrrole-3-carboxamide. A
solution of 0.31 g (1.21 mmol) of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-aminoethyl)-2-phenyl-1,3- 20  dioxane-4-acetic acid and
0.504 g (1.20 mmol) of
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenyl- benzenebutaneamide
mixture of [R-(R*,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*)] isomers in
5 mL of dimethyl sulfoxide is heated at [err] for 15 hours. The solution is
cooled and poured into 100 mL of diethyl ether and 50 mL of saturated
ammonium chloride in water. The layers are separated and the organic layer
washed with water (2 x 50 mL) and 5% sodium hydroxide solution (2 x 100 mL
- to extract the 25 intermediate from unreacted diketone). The aqueous
layer is acidified with dilute hydrochloric acid solution, stirred for
three hours and extracted with 30 mL of ethyl acetate. A drop of
concentrated hydrochloric acid is added to the ethyl acetate solution, the
solution is stirred and allowed to stand 18 hours. The solution is
concentrated in vacuo and the concentrate is redissolved in 30 mL of ethyl
acetate and treated with one drop of concentrated hydrochloric acid. The
solution is stirred two hours, concentrated in vacuo, and 30  dissolved in
6 mL of toluene.
Trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro
-4- hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-pyrrole-3-carboxamide
crystallizes and is isolated by filtration. A total of 0.16 g of
trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro
-4-hydroxy-6-oxo-2H- pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide is isolated
in two crops. 35  METHOD D Step A:   Preparation of
([err])-cis-9-(2-propenyl-) -6,10- dioxaspiro (4.51 decane-7-acetonitrile.
Potassium cyanide, 1.3 g (20 mmol), is added to a room temperature solution
of (R*,R*)-a-2-propenylox- 45  iraneethanol, 2.56 g (20 mmol), in 25 mL of
4:1 isopropanol:water. The solution is stirred for 20 hours at ambient
temperature, concentrated, and partitioned between ethyl acetate and brine.
The aqueous layer is extracted 2x with ethyl acetate and the combined ethyl
acetate extracts are washed with brine and dried (magnesium sulfate). The
crude product is dissolved in 20 mL of 1,1-dimethoxycyclopentane,
camphorsul- fonic acid is added, and the solution is stirred for 18 hours
at room temperature. Concentration and flash 



50  chromatography after concentration in vacuo provides 1.40 g of
()-cis-9-(2-propenyl)-8,10-dioxaspiro[4.5- decane-7-acetonitrile. Step  B:
Preparation of  ([err])-cis-9-(2-oxoethyl)-6,10- 55
dioxaspiro[4.5]decane-7-acetonitrile. 36    EP 0 330 172 B1 A solution of
()-cis-9-(2-propenyl)-6,10-dioxaspiro[4.5]decane-7-acetonitrile, 3.4 g
(15.36 mmol), in 100 mL of dichloromethane is cooled to [err] under
nitrogen. Ozone (Welsbach generator, flow rate 0.1, voltage = 90V) is then
passed through a fritted gas inlet tube into the solution until the blue
color of ozone appears. The current is turned off, and oxygen bubbled
through until the blue color is discharged. 5  Triphenylphosphine, 4.2 g
(16 mmol), is added and the colorless solution is allowed to warm to room
temperature. Flash chromatography provides after concentration in vacuo 2.5
g of pure ()-cis-9-(2- oxoethyl)-6,1
0-dioxaspiro[4.5]decane-7-acetonitrile. 10        Step  C:   Preparation of
([err])-cis-9-(cyanomethyl)-6,10- dioxaspiro[4.51decane-7-acetic  acid.
Jones reagent (chromium trioxide-sulfuric acid-water), 3.8 mL (97.6 mmol),
is added dropwise to a [err] 15  solution of
()-cis-9-(2-oxoethyl)-6-10-dioxaspiro[4.5]decane-2-acetonitrile 1.70 (7.6
mmol), dissolved in 50 mL of acetone until the orange color is not
discharged. After stirring a further 15 minutes, the mixture is poured into
300 mL of diethyl ether and washed with brine until the aqueous washes are
colorless. The diethyl ether layer is dried (magnesium sulfate), filtered,
and concentrated to provide 1.20 g of ()-cis-9-
(cyanomethyl)-6,10-dioxaspiro[4.5]decane-7-aceticacid as a colorless solid.
20 Step D: Preparation of ([err])-cis-9-(2-aminoethyl)-
6,10-dioxaspiro[4.51decane-7-acetic  acid. 25 A solution of 1.17 g (4.88
mmol) of ()-cis-9-(cyanomethyl)-6,10-dioxaspiro[4.5]decane-7-aceticacid in
100 mL of methanol saturated with anhydrous ammonia is added to a Parr
shaker bottle containing 0.53 g of water wet Raney nickel #30. The solution
is heated at [err] and 3,45 x [err] Pa (50 psig) hydrogen pressure for 17
hours. The suspension is cooled and filtered to remove the Raney nickel
through filter aid 30  and the precipitate is washed with methanol. The
filtrate is concentrated at reduced pressure. The residue is dissolved in
methanol saturated with anhydrous ammonia treated with decolorizing
charcoal, filtered through filter aid and evaporated to give 0.56 g of
()-cis-9-(2-aminoethyl)-6,10-dioxaspiro[4.5]decane-7-acetic acid. 35
Step E: Preparation of Trans-([err])-5-(4-fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl] 40
1H-pyrrole-3-carboxamide. 



A solution of 0.295 g (1.21 mmol) of
()-cis-9-(2-aminoethyl)-6,10-dioxaspiro[4.5]decane-7-acetic acid and 0.504
g (1.20 mmol) of
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneamide
mixture of [R-(R*,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*] isomers in
5 mL of dimethyl sulfoxide is heated 45  at [err] for 15 hours. The
solution is cooled and poured into 100 mL of diethyl ether and 50 mL of
saturated ammonium chloride in water. The layers are separated and the
organic layer washed with water (2 x 50 mL) and 5% sodium hydroxide
solution (2 x 100 mL - to extract the intermediate protected acid from
unreacted diketone). The aqueous layer is acidified with dilute
hydrochloric acid solution, stirred for three hours and extracted with 30
mL of ethyl acetate. A drop of concentrated hydrochloric acid is added to
the so  ethyl acetate solution and allowed to stand 18 hours. The solution
is concentrated in vacuo and the concentrate is redissolved in 30 mL of
ethyl acetate and treated with one drop of concentrated hydrochloric acid.
The solution is stirred two hours, concentrated in vacuo, S and dissolved
in 6 mL of toluene. Trans-()-
5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-
pyrrole-3-carboxamide crystallizes and is isolated by filtration. A total
of 0.16 g of trans-()-5-(4- 55
fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-o
xo-2H-pyran-2-yl)ethyl]-1H- pyrrole-3-carboxamide is isolated in two crops.
37    EP 0 330 172 B1 METHOD E Step A: Preparation of
()-cis-4-(2-propenyl)-1,5- dioxaspiro[5.5]undecane-2-acetonitrile Potassium
cyanide, 1.3 g (20 mmol), is added to a room temperature solution of
(R*,R*)-a-2-propenylox- 10 iraneethanol, 2.56 g (20 mmol), in 25 mL of 4:1
isopropanol:water. The solution is stirred for 20 hours at ambient
temperature, concentrated, and partitioned between ethyl acetate and brine.
The aqueous layer is extracted 2x with ethyl acetate and the combined ethyl
acetate extracts are washed with brine and dried (magnesium sulfate). The
crude product is dissolved in 20 mL of 2,2-dimethoxycyclohexane,
camphorsul- fonic acid is added, and the solution is stirred for 18 hours
at room temperature. Concentration and flash 15  chromatography after
concentration in vacuo provides 1.50 g of
()-cis-4-(2-propenyl)-1,5-dioxaspiro[5.5]- undecane-2-acetonitrile 200 MHz
NMR [err]  1.26 (m, 1H), 1.4 - 1.7 (m, 8H), 1.87 (m, 2H), 2.1 - 2.3 (m,
2H), 2.51 (d, 2H, J = 6.05 Hz), 3.95 (m, 1H), 4.15 (m, 1H), 5.0 - 5.2 (m,
2H), 5.83 (m, 1H). [err]  50 MHz)  22.16, 24,71, 25.42, 28.20, 35.47,
38.33, 40.30, 64.08, 66.87, 98.84, 116.53, 20 116.83, 113.46. GC/MS m/e 235
(m+), 206, 192, 120, 99, 93, 79, 69, 55, 41. FTIR (film) 964.5, 1121.4,
1160.0, 2253.1, 2937.2 [er]. 25 



Step B: Preparation of ()-cis-4-(2-oxoethyl)-l,5-
dioxaspiro[5.5]undecane-2-acetonlitrile. 30     A solution of
()-cis-4-(2-propenyl)-1,5-dioxaspiro[5.5]undecane-2-acetonitrile 4.26 g
(19.42 mmol), in 100 mL of dichloromethane is cooled to [err] under
nitrogen. Ozone (Welsbach generator, flow rate 0.1, voltage = 90V) is then
passed through a fritted gas inlet tube into the solution until the blue
color of ozone appears. The current is turned off, and oxygen bubbled
through until the blue color is discharged. Triphenylphosphine, 5.6 g
(21.36 mmol), is added and the colorless solution is allowed to warm to
room 35 temperature. Flash chromatography provides after concentration in
vacuo 4.04 g of pure ()-cis-4-(2-
oxoethyl)-1,5-dioxaspiro[5.5]undecane-2-acetonitrile. 200 MHz NMR [err]
1.3 - 2.0 (m, 12H), 2.5 - 2.7 (m, 4H), 4.20 (m, 1H), 4.36 (m, 1H), 9.81 (t,
1H, J = 1.74 Hz). [err]  50 MHz) [err] 22.39, 22.44, 24.97, 25.59, 28.44,
35.82, 38.48, 49.54, 63.25, 64.17, 99.66, 40 116.57, 199.82. GC/MS m/e 237
(m+), 208, 194, 122, 94, 81, 55, 42, 41. FTIR (film) 969.6, 1069.9, 1126.5,
1160.0, 1368.3, 1386.3, 1728.4, 2934.6 [err]. 45 Step C: Preparation of
()-cis-4-(cyanomethyl)-1,5- dioxaspiro[5.5]undecane-2-acetic  acid. so
Jones reagent (chromium trioxide-sulfuric acid-water), 4.4 mL (8.85 mmol),
is added dropwise to a [err] solution of
()-cis-4-(2-oxoethyl)-1,5-dioxaspiro[5.5]undecane-2-acetonitrile, 3.62 g
(12.6 mmol), dissolved in 30 mL of acetone until the orange color is not
discharged. After stirring a further 15 minutes, the mixture is poured into
300 mL of diethyl ether and washed with brine until the aqueous washes are
colorless. The diethyl ether layer is dried (magnesium sulfate), filtered,
and concentrated to provide 3.65 g of ()-cis-4- 55
(cyanomethyl)-1,5-dioxaspiro[5.5]undecane-2-acetic acid as a yellow solid.
200 MHz NMR (Pyridine) [err] 1.2 - 2.0 (m, 12H), 2.5 - 2.9 (m, 4H), 4.19
(m, 1H), 4.50 (m, 1H). 38    EP 0 330 172 B1 Step D:   Preparation  of
()-cis-4-(2-aminoethy1)-1,5- dioxaspiro[5.5]undecane-2-acetic  acid. 5 A
solution of 0.13 g of
()-cis-4-(cyanomethyl)-1,5-dioxaspiro[5.5]undecane-2-acetic acid in 20 mL
of methanol saturated with anhydrous ammonia is added to a Parr shaker
bottle containing 0.2 g of water wet Raney nickel #30. The solution is
heated at [err] and 3,45 x 105 Pa (50 psig) hydrogen pressure for 17 hours.
The suspension is cooled and filtered to remove the Raney nickel through
filter aid and the 10 precipitate is washed with methanol. The filtrate is
concentrated at reduced pressure. The residue is dissolved in methanol
saturated with anhydrous ammonia, treated with decolorizing charcoal,
filtered 



through filter aid and evaporated to give 0.13 g of
([err])-cis-4-(2-aminoethyl)-1,5-dioxaspiro[5.5]undecane-2- acetic acid.
200 MHz NMR [err] 1.1 - 1.7 (m, 10H), 1.75 - 2.1 (m, 4H), 2.19 (dd, 1H, J =
14.6 Hz, J = 6.7 Hz), 2.31 15  (dd, 1H, J = 14.6 Hz, J = 7.3 Hz), 2.69 (t,
2H, J = 7.1 Hz), 4.09 (m, 1H), 4.34 (m, 1H). [err]  50 MHz) [err] 24.50,
24.73, 27.55, 30.80, 38.91, 39.39, 39.63, 40.48, 47.03, 69.37, 69.54,
102.74, 181.33. 20        Step E:   Preparation of
Trans-()-5-(4-fluorophenyl)- 2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyll- 1H-Pyrrole-3-carboxamide. 25 A
solution of 0.31 g (1.21 mmol) of
()-cis-4-(2-aminoethyl)-1,5-dioxaspiro[5.5]undecane-2-acetic acid and 0.504
g (1.20 mmol) of
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneamide
mixture of [R-(R*,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-(R*,S*)] isomers in
5 mL of dimethyl sulfoxide is heated so  at [err] for 15 hours. The
solution is cooled and poured into 100 mL of diethyl ether and 50 mL of
saturated ammonium chloride in water. The layers are separated and the
organic layer washed with water (2 x 50 mL) and 5% sodium hydroxide
solution (2 x 100 mL - to extract the intermediate acid from unreacted
diketone). The aqueous layer is acidified with dilute hydrochloric acid
solution, stirred for three hours and extracted with 30 mL of ethyl acetate
to remove the protecting group before lactonization. The extract is 35
concentrated and dissolved in 30 mL of ethyl acetate. A drop of
concentrated hydrochloric acid is added to the ethyl acetate solution and
allowed to stand 18 hours. The solution is concentrated in vacuo and the
concentrate is redissolved in 30 mL of ethyl acetate and treated with one
drop of concentrated hydrochloric acid. The solution is stirred two hours,
concentrated in vacuo, and dissolved in 6 mL of toluene. Trans-([err])-5-
(4-fluoro-phenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H- 40
pyrrole-3-carboxamide crystallizes and is isolated by filtration. A total
of 0.155 g of trans-([err])-5-(4-
fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-
pyrrole-3-carboxamide is isolated in two crops. METHOD F 45 [err] 50
Potassium cyanide, 1.3 g (20 mmol), is added to a room temperature solution
of [err] iraneethanol, 2.56 g (20 mmol), in 25 mL of 4:1 isopropanol:water.
The solution is stirred for 20 hours at ambient temperature, concentrated,
and partitioned between ethyl acetate and brine. The aqueous layer is 65
extracted 2x with ethyl acetate and the combined ethyl acetate extracts are
washed with brine and dried (magnesium sulfate). The crude product is
dissolved in 20 mL of dimethoxymethane, camphorsulfonic acid is added, and
the solution is stirred for 18 hours at room temperature. Concentration and
flash chromatog- raphy after concentration in vacuo provides 1.20 g of
()-cis-6-(2-propenyl)-1,3-dioxane-4-acetonitrile. 39 



EP 0 330 172 B1 Step B: Preparation of ()-cis-6-(2-oxoethyl)-1,3-
dioxane-4-acetonitrile. 5 A solution of
()-cis-6-(2-propenyl)-1,3-dioxane-4-acetonitrile, 2.57 g (15.36 mmol), in
100 mL of dichloromethane is cooled to [err] under nitrogen. Ozone
(Welsbach generator, flow rate 0.1, voltage = 90V) is then passed through a
fritted gas inlet tube into the solution until the blue color of ozone
appears. The current is turned off, and oxygen bubbled through until the
blue color is discharged. Triphenyl- 10 phosphine 4.87 g (28.58 mmol), is
added and the colorless solution is allowed to warm to room temperature.
Flash chromatography provides after concentration in vacuo 2.3 g of pure
([err])-cis-6-(2- oxoethyl)-1,3-dioxane-4-acetonitrile. 15         Step  C:
Preparation of  ([err])-cis-6-(cyanomethyl)-1,3- dioxane-4-acetic  acid.
Jones reagent (chromium trioxide-sulfuric acid-water), 3.8 mL (97.6 mmol),
is added dropwise to a [err] 20  solution of
()-cis-6-(2-oxoethyl)-1,3-dioxane-4-acetonitrile, 1.29 g (7.6 mmol),
dissolved in 50 mL of acetone until the orange color is not discharged.
After stirring a further 15 minutes, the mixture is poured into 300 mL of
diethyl ether and washed with brine until the aqueous washes are colorless.
The diethyl ether layer is dried (magnesium sulfate), filtered, and
concentrated to provide 1.2 g of ()-cis-6-(cyanomethyl)-1,3-
dioxane-4-acetic acid as a colorless solid. 25 Step D: Preparation of
([err])-cis-6-(2-aminoethyl)-1,3- dioxane-4-acetic acid. 30 A solution of
1.04 g (4.88 mmol) of ()-cis-6-(cyanomethyl)-1,3-dioxane-4-acetic acid in
100 mL of methanol saturated with anhydrous ammonia is added to a Parr
shaker bottle containing 0.53 g of water wet Raney nickel #30. The solution
is heated at [err] and 3,45 x [err] Pa (50 psig) hydrogen pressure for 17
hours. The suspension is cooled and filtered to remove the Raney nickel
through filter aid and the 35 precipitate washed with methanol. The
filtrate is concentrated at reduced pressure. The residue is dissolved in
methanol saturated with anhydrous ammonia, treated with decolorizing
charcoal, filtered through filter aid and evaporated to give 0.56 g of
()-cis-6-(2-aminoethyl)-1,3-dioxane-4-acetic acid. 40       Step  E:
Preparation of Trans-()-5-(4-fluoropheny1)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 45
1H-pyrrole-3-carboxamide. A solution of 0.26 g (1.21 mmol) of
([err])-cis-6-(2-aminoethyl)-1,3-dioxane-4-acetic acid and 0.504 g (1.20
mmol) of
([err])-4-fluoro-a-[2-methyl--oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneami
de in 5 mL of dimethyl 



sulfoxide is heated at [err]  for 15 hours. The solution is cooled and
poured into 100 mL of diethyl ether 50 and 50 mL of saturated ammonium
chloride in water. The layers are separated and the organic layer washed
with water (2 x 50 mL) and 5% sodium hydroxide solution (2 x 100 mL - to
extract the intermediate acid from unreacted diketone). The aqueous layer
is acidified with dilute hydrochloric acid solution and extracted with 30
mL of ethyl acetate. A drop of concentrated hydrochloric acid is added to
the ethyl acetate solution and allowed to stand 18 hours. The solution is
concentrated in vacuo and the concentrate is 55 redissolved in 30 mL of
ethyl acetate and treated with one drop of concentrated hydrochloric acid.
The solution is stirred two hours, concentrated in vacuo, and dissolved in
6 mL of toluene. Trans-([err])-5-(4- fluorophenyl)-2-(1
-methylethyl)-N,4diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-
pyrrole-3-carboxamide crystallizes and is isolated by filtration. A total
of 0.15 g of trans-()-5-(4- 40    EP 0 330 172 B1
fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-
pyrrole-3-carboxamide is isolated in two crops. METHOD G 5 Step A:
Preparation of either ()-(2a,4B,6B) or
()-(2a,4a,6a)-2-methyl-6-(2-propenyl)-1,3-dioxane-4-acetoni- trile.
Potassium cyanide, 1.3 g (20 mmol), is added to a room temperature solution
of (R*,R*)-a-2-propenylox- 10 iraneethanol, 2.56 g (20 mmol), in 25 mL of
4:1 isopropanol:water. The solution is stirred for 20 hours at ambient
temperature, concentrated, and partitioned between ethyl acetate and brine.
The aqueous layer is extracted 2x with ethyl acetate and the combined ethyl
acetate extracts are washed with brine and dried (magnesium sulfate). The
crude product is dissolved in 20 mL of 1,1-dimethoxyethane, camphorsulfonic
acid is added, and the solution is stirred for 18 hours at room
temperature. Concentration and flash is  chromatography after concentration
in vacuo provides 1.30 g of either ()-(2a,4B,6B) or ()-(2a,4a,6a)-2-
methyl-6-(2-propenyl)-1,3-dioxane-4-acetonitrile. Step B: Preparation of
either ()-(2a,4a,6a) or ()-(2a
,4B,6B)-2-methyl-6-(2-oxoethyl)-1,3-dioxane-4-acetoni- trile. 20 A solution
of either ()-(2a,4B,6B) or
()-(2a,4a,6a)-2-methyl-6-(2-propenyl)-1,3-dioxane-4-acetonitrile, 2.78 g
(15.36 mmol), in 100 mL of dichloromethane is cooled to -78 C under
nitrogen. Ozone (Welsbach generator, flow rate 0.1, voltage = 90V) is then
passed through a fritted gas inlet tube into the solution until the blue
color of ozone appears. The current is turned off, and oxygen bubbled
through until the blue color 25  is discharged. Triphenylphosphine, 4.2 g
(16 mmol), is added and the colorless solution is allowed to warm to room
temperature. Flash chromatography provides after concentration in vacuo 2.5
g of pure either ()- (2a,4a,6a) or
()-(2a,4B,6B)-2-methyl-6-(2-oxoethyl)-1,3-dioxane-4-acetonitrile. 



Step C: Preparation of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-methyl-1,3-dioxane-4-acetic 30  acid. Jones
reagent (chromium trioxide-sulfuric acid-water), 3.8 mL (7.6 mmol), is
added dropwise to a [err] solution of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-2-methyl-6-(2-oxoethyl)-1,3-dioxane-4-acetonitrile, 1.40 g
(7.6 mmol), dissolved in 50 mL of acetone until the orange color is not
discharged. After stirring a further 15 35  minutes, the mixture is poured
into 300 mL of diethyl ether and washed with brine until the aqueous washes
are colorless. The diethyl ether layer is dried (magnesium sulfate),
filtered, and concentrated to provide 1.01 g of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-methyl-1,3-dioxane-4-acetic acid as a
colorless solid. 40  Step D: Preparation of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-aminoethyl)-2-methyl-1,3-dioxane-4-acetic acid. A
solution of 0.97 g (4.88 mmol) of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-methyl-1,3- dioxane-4-acetic acid in 100 mL
of methanol saturated with anhydrous ammonia is added to a Parr shaker 45
bottle containing 0.53 g of water wet Raney nickel #30. The solution is
heated at [err] and 3,45 x [err] Pa (50 psig) hydrogen pressure for 17
hours. The suspension is cooled and filtered to remove the Raney nickel
through filter aid and the precipitate washed with methanol. The filtrate
is concentrated at reduced pressure. The residue is dissolved in methanol
saturated with anhydrous ammonia treated with decolorizing charcoal,
filtered through filter aid and evaporated to give 0.50 g of either
()-(2a,4a,6a) or ()-(2a,4B,6B)-6-(2- 50
aminoethyl)-2-methyl-1,3-dioxane-4-acetic acid. Step  E:   Preparation  of
Trans-()-5-(4-fluorophenyl)- 2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 1H-pyrro1e-3 -carboxamide. 41
EP 0 330 172 B1 A solution of 0.31 g of either ()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(2-aminoethyl)-2-methyl-1,3-dioxane-4- acetic acid and
0.504 g (1.20 mmol) of
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylben- zenebutaneamide
in 5 mL of dimethyl sulfoxide is heated at [err] for 15 hours. The solution
is cooled and poured into 100 mL of diethyl ether and 50 mL of saturated
ammonium chloride in water. The layers are 5 separated and the organic
layer washed with water (2 x 50 mL) and 5% sodium hydroxide solution (2 x
100 mL - to extract the intermediate acid from unreacted diketone). The
aqueous layer is acidified with dilute hydrochloric acid solution, stirred
for three hours and extracted with 30 mL of ethyl acetate. A drop of
concentrated hydrochloric acid is added to the ethyl acetate solution and
allowed to stand 18 hours. The solution is concentrated in vacuo and the
concentrate is redissolved in 30 mL of ethyl acetate and treated 10 with
one drop of concentrated hydrochloric acid. The solution is stirred two
hours, concentrated in vacuo, and  dissolved  in 6  mL of toluene.
Trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2- 



(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide
crystallizes and is isolated by filtration. A total of 0.14 g of
trans-()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro
-4- hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide is isolated
in two crops. 15 METHOD H Step A: Preparation of ()-cis-1,1 -dimethylethyl
6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 20
()-cis-6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetic acid (3.72 g,
17.44 mmol) is dissolved in 20 mL of dichloromethane, cooled to [err] and
0.2 g of 4-dimethylaminopyridine (DMAP) is added, followed by t-butyl
alcohol and followed by 4.32 g of dicyclohexylcarbodiimide (DCC). This
solution is allowed to slowly warm to room temperature over a 76.5-hour
period. Thin layer chromotography (TLC) shows mainly product, and some
slightly lower Rf by-products. The mixture is stirred one hour and 50 mL of
25 dichloromethane is added and stirring continues five hours. An
additional 100 mL of diethyl ether is added and the mixture filtered. The
precipitate is washed with diethyl ether. The filtrate is concentrated to
an oil. The crude product is chromatographed on silica gel eluting with 4:1
hexane:ethyl acetate. The eluate is concentrated to yield
([err])-cis-1,1-dimethylethyl
6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 200 MHz NMR [err]  1.36
(m, 1 H), 1.42 (s, 3H), 1.49 (s, 9H), 1.50 (s, 3H), 1.79 (dt, 1H. J = 2.5
Hz, J = 30  12.1 Hz), 2.40 (dd, 1H, J = 6.2 Hz, J = 15.4 Hz), 2.5 - 2.7 (m,
1H), 2.55 (d, 2H, J = 6.1 Hz) 4.18 (m, 1H), 4.32 (m, 1 H). [err]  50 MHz)
[err] 19.80, 25.16, 28.30, 29.94, 35.66, 42.56, 65.27, 65.87, 80.96, 99.57,
116.72, 169.83. GCMS m/e 254, 199, 198, 154,138, 59, 57, 43, 41. 35 FTIR
(neat) 954.2, 987.6, 1152.3, 1201.1, 1257.7, 1316.9, 1368.3, 1383.7,
1728.4, 2253.1, 2942.4, 2983.5 [err]. Step B: Preparation of ()-cis-1,1
-dimethylethyl 6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. 40
A solution of 6.75 g of ()-cis-1,1-dimethyl ethyl
6-(cyanomethyl)-2,2-dimethyl-1,3-dioxane-4-acetate in 80 mL of methanol
saturated with gaseous ammonia is treated with 0.7 g of Raney nickel #30
and hydrogen gas in a shaker at 3,45 x 1 05 Pa (50 psig) and [err]. After
10 hours, thin layer chromatography indicates no starting nitrile present.
The suspension is cooled, filtered through filter aid, and concentrated to
an oil. This crude oil is purified by flash chromatography on silica gel
with 30:20:1 (ethyl acetate:methanol-ammonium 45  hydroxide) as eluent to
give 5.48 g of ()-cis-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4- acetate (98.2 area %) as a
clear oil which hardens after time. 200 MHz NMR [err]  1.0 - 1.2 (m, 1H),
1.22 (s, 3H), 1.31 (s, 12H), 1.35 - 1.45 (m, 1H), 1.77 (brS, 2H), 2.15 (dd,
1H, J = 15.1 Hz, J = 6.2 Hz), 2.29 (dd, 1H, J = 15.1 Hz, J = 7.0 Hz), 2.66
(t, 2H, J = 6.6 Hz), 3.82 (m, 1H), 4.12 (m, 1H). 50 [err]  50 MHz) [err]
19.56, 27.92, 29.96, 36.43, 38.18, 39.65, 42.55, 66.03, 67.16, 80.19,
98.32, 169.80. GC/MS m/e 258, 216, 215, 202, 200, 142, 113, 100, 99, 72,
57, 43. FTIR (neat) 951.6, 1157.4, 1201.1, 1260.3, 1314.3, 1368.3, 1381.2,
1728.4, 2361.1, 2939.8, 2980.9 [err]. 55 



42    EP 0 330 172 B1 Step C:  Preparation of Trans-()-5-(4-fluorophenyl)-
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra- 5
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 1H-pyrrole-3-carboxamide. A
solution of 0.79 g (2.89 mmol) of ()-cis-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane- 10 4-acetate and  1.00 g (2.41
mmol) of ()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylben-
zenebutaneamide mixture of [R-(R*,R*], [R-(R*,S*)], [S-(R*,R*)] and
[S-(R*,S*)] isomers in 15 mL of hep- tane:toluene (9:1) is heated at reflux
for 24 hours. The solution is cooled and poured into 100 mL of
tetrahydrofuran and 50 mL of saturated ammonium chloride in water. The
layers are separated and the organic layer washed with brine. To the
organic layer is added 5 mL of 10% hydrochloric acid solution and 15 the
solution is stirred for 15 hours. To this solution is added 1.2 g of sodium
hydroxide and the mixture is stirred for 30 hours. The reaction is stopped
by adding 50 mL of water, 30 mL of hexane, and separating the layers. The
aqueous layer is acidified with dilute hydrochloric acid solution, stirred
for three hours and extracted with 50 mL of ethyl acetate. A drop of
concentrated hydrochloric acid is added to the ethyl acetate solution and
the solution is allowed to stand 18 hours. The solution is concentrated in
vacuo and the 20  concentrate is redissolved in 50 mL of ethyl acetate and
treated with one drop of concentrated hydrochloric acid. The solution is
stirred two hours, concentrated in vacuo, and dissolved in 10 mL of
toluene. Trans-()- 5-(4-fluorophenyl)-2-(1 -methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1 H-
pyrrole-3-carboxamide is isolated in two crops. 25 METHOD I Step A:
Preparation of either ()-(2a,4a,6a) or ()-(2a,4B,6B)-1,1-dimethylethyl
6-(2-cyanomethyl)-2-phenyl- 1,3-dioxane-4-acetate. 30     Either
()-(2a,4a,6a) or
()-(2a,4B,6B)-6-(cyanomethyl)-2-phenyl-1,3-dioxane-4-acetic acid (3.07 g,
11.75 mmol) is dissolved in 15 mL of dichloromethane, cooled to [err] and
0.1 g of 4-dimethylaminopyridine (DMAP) added, followed by t-butyl alcohol,
followed by 2.91 g of dicyclohexylcarbodiimide (DCC). This solution is
allowed to slowly warm to room temperature and stirred over a 16.5-hour
period. Thin layer chromatography (TLC) shows mainly product, and some
slightly lower Rf by-products. The mixture is 35  stirred one hour and 50
mL of dichloromethane is added, and stirring is continued for five hours.
An additional 100 mL of diethyl ether is added and then filtered. The
precipitate is washed with diethyl ether. The filtrate is concentrated to
an oil. The crude product is chromatographed on silica gel eluting with 4:1
hexane:ethyl acetate. The eluate is concentrated to yield either
()-(2a,4a,6a) or ()-(2a,4B,6B)-1,1- dimethylethyl
6-(2-cyanomethyl)-2-phenyl-1,3-dioxane-4-acetate. 40  GC/MS m/e 260, 244,
202, 138, 107, 105, 77, 57, 41. Step B: Preparation of either ()-(2a,4a,6a)
or ()-(2a, 4B, 6B) 1,1-dimethylethyl 6-(2-aminoethyl)-2-phenyl- 



1,3-dioxane-4-acetate. 45     A solution of 1.72 g of either ()-(2a,4a,6a)
or ([err])-(2a, 4B, 6B)-1,1-dimethylethyl 6-(cyanomethyl)-2-
phenyl-1,3-dioxane-4-acetate in 30 mL of methanol saturated with gaseous
ammonia is treated with 0.3 g of Raney nickel #30 and hydrogen gas in a
shaker at 3,45 x 105 Pa (50 psig) and [err]. After 10 hours, thin layer
chromatography indicates no starting nitrile present. The suspension is
cooled, filtered through filter aid, and concentrated to an oil. This crude
oil is purified by flash chromatography on silica gel with 30:20:1 50
(ethyl acetate:methanol: ammonium hydroxide) as eluent to give 1.56 g of
either ()-(2a,4a,6a) or ()- (2a,4B,6B)-1,1-dimethylethyl
6-(2-aminoethyl)-2-phenyl-1,3-dioxane-4-acetate (98.2 area %) as a clear
oil which hardens after time. 200 MHz NMR [err]  1.2 - 1.9 (m, 4H) 1.44 (s,
9H), 2.03, (br.s, 2H), 2.42 (dd, 1H, J = 15.3 Hz, J = 6.3 Hz), 2.63 (dd,
1H, J = 15.3 Hz, J = 7.0 Hz), 2.89 (t, 2H, J = 6.8 Hz), 3.97 (m, 1H), 4.26
(m, 1H), 5.56 (s, 55  1 H), 7.3 - 7.4 (m, 3H), 7.4 - 7.5 (m, 2H). [err] 50
MHz) [err] 28.07, 36.57, 38.23. 39.25, 42.17. 73.47, 74.87, 80.60, 100.36,
125.82, 127.88, 128.34, 138.45, 169.73. GC/MS, m/e 321, 320, 248,
215,174,142, 105, 57. 43    EP 0 330 172 B1 FTIR (film) 699.6, 756.2,
1026.2, 1116.2, 1149.7, 1368.3, 1394.0, 1718.1, 1733.5, 2872.9, 2932.1
[err]. Step C: Preparation of Trans-()-5-(4-fluorophenyl)- 5
2-(1-methylethyl)-N,4-diphenyl-l-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]- 1H-pyrrole-3-carboxamide. 10 In
a process analogous to Method H by substituting ()-(2a,4a,6a) or
()-(2a,4B,6B) 1,1-dimethylethyl-6-
(2-aminoethyl)-2-phenyl-1,3-dioxane-4-acetate for ()-cis-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl- 1,3-dioxane-4-acetate one obtains the title
compound. 15 METHOD J Step A: Preparation of ()-cis-1,1-dimethylethyl
4-(cyanomethyl)-1,5-dioxaspiro[5.5]undecane-2-acetate.
()-cis-4-(cyanomethyl)-1,5-dioxaspirol[5.5]undecane-2-aceticacid 3.32 g
(13.12 mmol), is dissolved in 15 20  mL of dichloromethane, cooled to [err]
and 0.1 g of 4-dimethylaminopyridine (DMAP) added, followed by t- butyl
alcohol, and followed by 3.25 g of dicyclohexylcarbodiimide (DCC). This
solution is stirred and allowed to slowly warm to room temperature over a
16.5-hour period. TLC shows mainly product, and some slightly lower Rf
by-product. The mixture is stirred one hour and 50 mL of dichloromethane is
added and stirring continued four hours. One hundred mL of diethyl ether is
added and then filtered. The filtrate is 25 concentrated at reduced
pressure. This crude concentrate is chromatographed on silica gel and
eluted with 4:1 hexane:ethyl acetate to yield ()-cis-1,1-dimethylethyl
4-(cyanomethyl)-1,5-dioxaspiro[5.5]undecane-2- 



acetate. 200 MHz NMR [err]  1.1 - 2.0 (m, 12H) 1.43 (s, 9H), 2.36 (m, 2H),
2.48 (m, 2H), 4.1 - 4.4 (m, 2H). [err]  50 MHz) 22.37, 22.45, 25.08, 28.15,
28.55, 35.80, 38.57, 42.59, 64.31, 64.92, 80.76, 99.56, 30  116.65, 169.82.
GCMS m/e 309 (m+), 266, 224, 210,138, 120, 99, 57, 55. FTIR (KBr)
964.5,1149.7, 1157.4, 1332.3, 1368.3, 1712.9, 2939.8 [err]. Step B:
Preparation of ()-cis-1,1-dimethylethyl
4-(2-aminoethyl)-1,5-dioxaspiro[5.5]undecane-2-acetate. 35 A solution of
1.19 g of ()-cis-1,1-dimethylethyl
4-(cyanomethyl)-1,5-dioxaspiro[5.5]undecane-2-acetate in 30 mL of methanol
saturated with gaseous ammonia is treated with 0.3 g of Raney nickel #30
and hydrogen gas in a shaker at 3,45 x [err] Pa (50 psig) and 40 C. After
22 hours, thin layer chromatography indicates no starting nitrile present.
The suspension is cooled, filtered through filter aid, and concentrated to
40 an oil. This crude oil is purified by silica gel flash chromatography
(30:20:1; ethyl ace- tate:methanol:ammonium  hydroxide) to give 1.18 g of
()-cis-1,1 -dimethylethyl 4-(2-aminoethyl)-1,5-
dioxaspiro[5.5]undecane-2-acetate as a clear oil which solidifies upon
standing. 200 MHz NMR [err]  1.2 - 2.0 (m, 12H), 1.43 (s, 9H), 2.34, (m,
2H), 2.50 (br.s, 2H), 2.84 (t, 2H, J = 7 Hz), 3.99 (m, 1 H), 4.28 (m, 1 H).
45 GC/MS, m/e 313, 270, 214, 185, 144,142, 99. FTIR (film) 961.9,
1098.2,1154.8, 1368.3, 1725.8, 2934.6 [err]. Step C: Preparation of
Trans-([err])-5-(4-fluorophenyl)- 50
2-(1-methylethyl)-N,4-diphenyl-1-[2-(tetra-
hydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyll- 1H-pyrrole-3-carboxamide. 55 In
a process analogous to Method H by substituting ()-cis-1,1-dimethylethyl
4-(2-aminoethyl)-1,5- dioxaspiro[5.5]undecane-2-acetate for
()-cis-1,1-dimethylethyl 6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-
acetate one obtains the title compound. 44    EP 0330 172 B1 EXAMPLE 3
(2R-Trans-5- (4-fluorophenyl)-2-(1-methylethyl )-N. 4-
diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran- 2-yl
)ethyl]-1H-pyrrole-3-carboxamide. 10 METHOD A Step A: Preparation of
(R)-1,1-dimethylethyl
6-cyano-5-[[(1,1-dimethylethyl)dimethylsilyl]oxy]-3-oxohex- 



anoate. 15 (R)-4-cyano-3-[[(1,1-dimethylethyl)dimethylsilyl]oxy]butanoic
acid, 32 g (0.132 mol), is dissolved in 300 mL of tetrahydrofuran. The
solution is cooled to [err]  and carbonyldiimidazole, 27 g (0.1 65 mol), is
added. The solution is stirred and allowed to warm to [err] over two hours.
The solution is added to a slurry of potassium 1,1-dimethylethyl malonate
(half ester, half salt), 60 g (0.3 mol), anhydrous magnesium chloride, 20
27.2 g (0.246 mol), diisopropylethylamine, 53 mL (0.3 mol) in 700 mL of dry
acetonitrile. The mixture is stirred at 5 C for 18 hours and at [err] for
108 hours. The mixture is poured into a mixture of  L  of 1N hydrochloric
acid and 1 L of ethyl acetate and the resulting two-phase system is stirred
for 15 minutes. The layers are separated. The organic layer is washed with
500 mL of saturated salt solution and concentrated to yield an oil. The oil
consists of (R)-1,1-dimethylethyl
6-cyano-5-[[(1,1-dimethylethyl)dimethylsilyl]oxy]-3- 25  oxohexanoate and
some 1,1-dimethylethyl malonate (half ester, half acid) that is used
directly in Step B. The oil has acceptable NMR spectra after subtracting
the recovered malonate spectra. Step B: Preparation of
(R)-1,1-dimethylethyl 6-cyano-5-hydroxy-3-oxo-hexanoate. 30     A solution
of crude (R)-1,1-dimethylethyl
6-cyano-5-[[(1,1-dimethylethyl)dimethylsilyl]oxy]-3-oxohex- anoate,43 g
(0.126 mol) in 350 mL of tetrahydrofuran is treated with 213 mL of
tetrabutylammonium fluoride solution (1.0 M in hexane). The resulting
mixture is stirred for five hours, at [err]. The mixture is treated with
500 mL of water, 300 mL of diethyl ether is added, and the layers
separated. The organic layer is dried (magnesium sulfate) and then filtered
through a plug of silica gel with the aid of anhydrous diethyl ether. 35
The solvent is removed under a vacuum to obtain 21 g of crude
(R)-1,1-dimethylethyl 6-cyano-5-hydroxy-3- oxohexanoate with acceptable
NMR, MS and IR spectra. 200 MHz NMR [err]  1.48 (s, 9H), 2.62 (m, 2H), 2.89
(d, 2H, J = 6.1), 3.43 (s, 2H), 4.41 (pentet, 2H, J = 6.1 Hz) [err]  , 50
mHz) [err] 25.05, 27.86, 48.03, 50.81, 63.39, 82.43, 117.03, 165.84,
202.03. 40 MS (Chemical ionization) m/e 228, 200, 172, 154. FTIR (KBr)
1144.5, 1327.2, 1370.9, 1715.5, 1733.5, 2253.1, 2934.6, 2980.9, 3459.3
[err]. Step C: Preparation of [R-(R*R*]-1,1-dimethylethyl
6-cyano-3,5-dihydroxyhexanoate. 45     Crude (R)-1,1-dimethylethyl
6-cyano-5-hydroxy-3-oxohexanoate, 21 g (0.0924 mol), is dissolved in 940 mL
of tetrahydrofuran and 190 mL of methanol under a nitrogen atmosphere. This
solution is cooled to [err] and 95 mL of a 15% solution of
methoxydiethylborane in tetrahydrofuran is added. The reaction is cooled to
[err] and 6.5 g (0.172 mol) of sodium borohydride is added in 0.5 g
portions over 1.5 hours. The reaction is maintained between [err] and [err]
for 13 hours and allowed to warm to room so  temperature and stand for 60
hours under a nitrogen atmosphere. The reaction is quenched by the addition
of 25 mL (0.395 mol) acetic acid and concentrated by vacuum distillation to
an oil. The residue is dissolved with 500 mL methanol, concentrated by
vacuum distillation, redissolved with 500 mL methanol and reconcentrated by
vacuum distillation to give a dark brown oil. This oil is taken up in 500
mL of ethyl acetate and filtered through a plug of silica gel with the aid
of 250 mL of ethyl acetate. The solution is 55  evaporated to give 15 g of
crude [R-(R*,R*)]-1,1-dimethylethyl 6-cyano-3,5-dihydroxyhexanoate which is
used without further purification. 



45    EP 0 330 172 B1 Step D: Preparation of (4R-cis)-1,1-dimethylethyl
6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate. Crude
[R-(R*,R*)]-1,1-dimethylethyl 6-cyano-3,5-dihydroxyhexanoate, 15 g (61
mol), is dissolved in 150 mL of 2,2-dimethoxypropane, camphorsulfonic acid
is added, and the solution is stirred for 18 hours at 5  room temperature.
Concentration and flash chromatography after concentration in vacuo
provides 11.8 g of (4R-cis)-1,1-dimethylethyl
6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate as an off-white solid, mp
64.7- [err] with acceptable IR, NMR, C-NMR and analysis. 200 MHz NMR [err]
1.36 (m, 1 H), 1.42 (s, 3H), 1.49 (s, 9H), 1.50 (s, 3H), 1.79 (dt, 1 H. J =
2.5 Hz, J = 12.1 Hz), 2.40 (dd, 1H, J = 6.2 Hz, J = 15.4 Hz), 2.5 - 2.7 (m,
1H), 2.55 (d, 2H, J = 6.1 Hz), 4.18 (m, 1H), 10 4.32 (m, 1 H). [err]  50
MHz) [err] 19.74, 25.09, 28.24, 29.88, 35.58, 42.50, 65.20, 65.81, 80.87,
99.48, 116.68, 169.75. GC/MS m/e 254, 198, 154, 138, 120, 59, 57, 43, 41.
FTIR (KBr) 941.4, 1116.2, 1154.8, 1188.3, 1257.7, 1293.7, 1309.1, 1368.3,
1725.8, 2361.1, 2983.5, 2996.4 15   [err]. Step E: Preparation of
(4R-cis)-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate. A solution of
(4R-cis)-1,1-dimethylethyl
6-cyanomethyl-2,2-dimethyl-1,3-dioxane-4-acetate, 5.63 g (0.048 20  mol),
in 100 mL of methanol saturated with gaseous ammonia is treated with 0.5 g
of Raney nickel #30 and hydrogen gas in a shaker at 3,45 x [err] Pa (50
psi) and [err]. After 16 hours, thin layer chromatography indicates no
starting nitrile present. The suspension is cooled, filtered through filter
aid, and concentrated to an oil. This crude oil is purified by flash
chromatography on silica gel with 30:20:1 (ethyl ace-
tate:methanol:ammonium  hydroxide) as eluent to give 4.93 g of of
(4R-cis)-1,1-dimethylethyl 6-(2- 25
aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate (98.2 area %) as a clear oil
with acceptable IR, NMR, C- NMR and MS spectra. 200 MHz NMR [err] 1.0 - 1.2
(m, 1H), 1.22 (s, 3H), 1.31 (s, 12 H), 1.35 - 1.45 (m, 3H), 2.15 (dd, 1H, J
= 15.1 Hz, J = 6.2 Hz), 2.29 (dd, 1H, J = 15.1 Hz, J = 7.0 Hz), 2.66 (t,
2H, J = 6.6 Hz), 3.82 (m, 1H), 4.12 (m, 1H). 30  [err]  50 MHz) [err]
19.60, 27.96, 30.00, 36.50, 38.25, 39.79, 42.61, 66.08, 67.18, 80.21,
98.35, 169.82. GCMS m/e 202, 200, 173, 158, 142, 140, 114, 113, 100, 99,
97, 72, 57. FTIR (neat) 951.6, 1159.9, 1201.1, 1260.3, 1314.3, 1368.3,
1381.2, 1731.0, 2870.3, 2939.8, 2980.9, 3382.2 [err]. 35 Step F:
Preparation of  (4R-cis)-1,1-dimethyl ethyl  6-
[2[2-(4-fluorophenyl)-5-(1-methylethyl)-3- 



40                    phenyl-4- [(phenylamino)carbonyll-lH-pyrrol-1-
yl]ethyll-2,2-dimethy-l,3-dioxane-4-acetate. 45     A solution of
(4R-cis)-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate, 1.36 g (4.97 mol), and
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneamide
mixture of [R- (R,R*)], [R-(R*,S*)], [S-(R*,R*)] and [S-R*,S*)] isomers,
1.60 g (3.83 mol), in 50 mL of heptane:toluene (9:1) is heated at reflux
for 24 hours. The solution is cooled slightly and 15 mL of 2-propanol
added. The mixture is allowed to cool to [err] and filtered to give 1.86 g
of (4R-cis)-1,1-dimethylethyl 6-[2[2-(4-fluorophenyl)-5-(1- 50
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1
H-pyrrol-1-yl]ethyl]-2,2-dimethyl-1,3-dioxane-4-acetate as a yellow solid
with acceptable PNMR & C-NMR spectra. [err]  200 MHz) [err] 1 - 1.7 (m,
5H), 1.30 (s, 3H), 1.36 (s, 3H), 1.43 (s, 9H), 1.53 (d, 6H, J = 7.1 Hz),
2.23 (dd, 1H, J = 15.3 Hz, J = 6.3 Hz), 2.39 (dd, 1H, J = 15.3 Hz, J = 6.3
Hz), 3.5 - 3.9 (m, 3H), 4.0 - 4.2 (m, 2H), 6.8 - 7.3 (m, 14H). 55 [err]  50
MHz) [err] 19.69, 21.60, 21.74, 26.12, 27.04, 28.12, 29.95, 36.05, 38.10,
40.89, 42.54, 65.92, 66.46, 80.59, 98.61, 115.00, 115.34, 115.42, 119.52,
121.78, 123.36, 126.44, 128.21, 128.31, 128.52, 128.75, 130.43, 133.01,
133.17, 134.69, 138.38, 141.47, 159.72, 164.64, 169.96. 46    EP 0 330 172
B1 Step G: Preparation of (2R-trans)-5-(4-fluorophenyl)- 2- (1-methylethyl
)-N, 4-diphenyl-1-[2-( tetra- hydro-4-hydroxy-6-oxo-2H-pyran-2-yl )ethyl] -
1H-pyrrole-3 -carboxamide. (4R-cis)-1,1-dimethylethyl
6-[2[2-(4-fluorophenyl)-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl
]- 10 1 H-pyrrol-1-yl]ethyl]-2,2-dimethyl-1,3-dioxane-4-acetate, 4.37 g
(6.68 mol), is dissolved in 200 mL of tetrahydrofuran and 15 mL of 10%
hydrochloric acid solution is added, and the solution is stirred for 15
hours. To this solution is added sodium hydroxide (3.6 g) and the mixture
is stirred for 30 hours. The reaction is stopped by adding 150 mL of water,
90 mL of hexane, and separating the layers. The aqueous layer is acidified
with dilute hydrochloric acid solution, stirred for three hours and
extracted with 150 mL of 15 ethyl acetate. A drop of concentrated
hydrochloric acid is added to the ethyl acetate solution and the solution
is allowed to stand 18 hours. The solution is concentrated in vacuo and the
concentrate is redissolved in 50 mL of ethyl acetate and treated with one
drop of concentrated hydrochloric acid. The solution is stirred two hours,
concentrated in vacuo, and dissolved in 3.0 mL of toluene. (2R-trans)-5-(4-
fluorophenyl)-2-(1 -methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H- 20
pyrrole-3-carboxamide (3.01 g) is isolated in two crops. METHOD B A
solution of (4R-cis)-1,1-dimethylethyl
6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate 2.56 g (9.36 25  mol),
and
()-4-fluoro-a-[2-methyl-1-oxopropyl]-y-oxo-N,B-diphenylbenzenebutaneamide
mixture of [R- 



(R*,R*)], [R-(R*,S*)], [S-(R*,R*] and [S-(R*,S*)] isomers, 3.00 g (7.20
mol), in 60 mL of heptane:toluene (9:1) is heated at reflux for 24 hours.
The solution is cooled and poured into 300 mL of tetrahydrofuran and 150 mL
of saturated ammonium chloride in water. The layers are separated and the
organic layer is added to 15 mL of 10% hydrochloric acid solution and the
solution is stirred for 15 hours. To this solution is added sodium 30
hydroxide (3.6 g) and the mixture is stirred for 30 hours. The reaction is
stopped by adding 150 mL of water, 90 mL of hexane, and separating the
layers. The aqueous layer is acidified with dilute hydrochloric acid
solution, stirred for three hours and extracted with 150 mL of ethyl
acetate. A drop of concentrated hydrochloric acid is added to the ethyl
acetate solution and the solution is allowed to stand 18 hours. The
solution is concentrated in vacuo and the concentrate is redissolved in 50
mL of ethyl acetate and treated 36  with one drop of concentrated
hydrochloric acid. The solution is stirred two hours, concentrated in
vacuo, and dissolved in 3.0 mL of toluene.
(2R-trans)-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1-[2-
(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)-ethyl]-1 H-pyrrole-3-carboxamide
(2.92 g) is isolated in two crops. 40  PREPARATION OF STARTING MATERIALS
EXAMPLE A 1-(4-Fluorophenyl)1,4-hexanedione. 46 A mixture of 36.61 g (295
mmol) of 4-fluorobenzaldehyde, 25 g (297.2 mmol) of ethyl vinyl ketone, 29
mL (206.9 mmol) of triethylamine and 11.94 g (44.25 mmol) of
3-benzyl-5-(2-hydroxyethyl)-4-methyl- thiazolium chloride is stirred and
heated at [err] for six hours. The cooled solution is diluted with 2 liters
of diethylether and washed with 2 x 300 mL of water, 2 x 100 mL of 2M
hydrochloric acid, 100 mL of water, 50  200 mL of a saturated solution of
sodium bicarbonate and brine. The organic layer is separated, dried
(magnesium sulfate), filtered, and concentrated to provide 55 g of
1-(4-fluorophrnyl)-1,4-hexanedione after recrystallization from methanol;
mp [err]. 65 47    EP 0 330 172 B1 EXAMPLE B
4-Methyl-3-oxo-N-phenylpentanamide 5     A three-necked, 12-L round-bottom
flask equipped with a mechanical stirrer, a thermometer and set up for
distillation is charged with 2.6 L of toluene, 1.73 kg (12 mol) of methyl
4-methyl-3-oxopentanoate and 72 g (1.18 mol) of ethylene diamine. The
mixture is heated to [err] and charged with 0.49 kg of aniline. The mixture
is brought to reflux and distillation started. After 40 minutes a further
0.245 kg of aniline is charged and at 40 minute intervals a further two
portions of aniline (0.245 and 0.25 kg) are charged. Distillation is 10
continued for a further one to five hours until a total of 985 mL of
solvent is removed. The solution is stirred at room temperature for 16
hours and a further 550 mL of solvent is removed by vacuum distillation
(using 



approximately 2,67 x 103 Pa (20 mm Hg). The mixture is cooled and 2 L of
water is charged to provide an oil. The mixture is warmed to [err] and a
further 1.0 L of water is charged. Seven hundred milliliters of
toluene-water mixture is removed by vaccum distillation (using
approximately 2.67 x [err] Pa (20 mm Hg). 15 Two liters of water is charged
and the mixture is allowed to stand for 10 days. The product is isolated by
filtration and washed with three portions of hexane. Drying in vacuo gives
1.7 kg of 4-methyl-3-oxo-N- phenylpentanamide as a hydrate; mp [err]. HPLC:
98.8% - retention time 3.56 min. 65/35 acetonitrile/water on a dry basis.
VPC: 87.6% - retention time 12.43 min. also 10.8% aniline (decomposition).
20 Claims 1. A process for the preparation of a compound of Formula I 25
[err] 35 I and a dihydroxy acid and pharmaceutically acceptable salts
thereof, corresponding to the opened 40     lactone ring of a compound of
Formula I wherein R: is 1-naphthyl, 2-naphthyl, cyclohexyl, 45
cyclohexylmethyl, norbornenyl, phenyl, phenyl substituted with fluorine, 50
chlorine, bromine, hydroxyl, trifluoromethyl, alkyl of from one to four
carbon atoms, 55        alkoxy of from one to four carbon atoms, or
alkanoyloxy of from two to eight carbon atoms, benzyl, 2-, 3-, or
4-pyridinyl, or 48    



EXAMPLE B 4-Methyl-3-oxo-N-phenylpentanamide 5     A three-necked, 12-L
round-bottom flask equipped with a mechanical stirrer, a thermometer and
set up for distillation is charged with 2.6 L of toluene, 1.73 kg (12 mol)
of methyl 4-methyl-3-oxopentanoate and 72 g (1.18 mol) of ethylene diamine.
The mixture is heated to [err] and charged with 0.49 kg of aniline. The
mixture is brought to reflux and distillation started. After 40 minutes a
further 0.245 kg of aniline is charged and at 40 minute intervals a further
two portions of aniline (0.245 and 0.25 kg) are charged. Distillation is 10
continued for a further one to five hours until a total of 985 mL of
solvent is removed. The solution is stirred at room temperature for 16
hours and a further 550 mL of solvent is removed by vacuum distillation
(using approximately 2,67 x [err] Pa (20 mm Hg). The mixture is cooled and
2 L of water is charged to provide an oil. The mixture is warmed to [err]
and a further 1.0 L of water is charged. Seven hundred milliliters of
toluene-water mixture is removed by vaccum distillation (using
approximately 2,67 x 103 Pa (20 mm Hg). 15  Two liters of water is charged
and the mixture is allowed to stand for 10 days. The product is isolated by
filtration and washed with three portions of hexane. Drying in vacuo gives
1.7 kg of 4-methyl-3-oxo-N- phenylpentanamide as a hydrate; mp 46.5-58.8 C.
HPLC: 98.8% - retention time 3.56 min. 65/35 acetonitrile/water on a dry
basis. 20 VPC: 87.6% - retention time 12.43 min. also 10.8% aniline
(decomposition). Claims 1. A process for the preparation of a compound of
Formula I 25 OH [err] and a dihydroxy acid and pharmaceutically acceptable
salts thereof, corresponding to the opened 40     lactone ring of a
compound of Formula I wherein R: is 1-naphthyl, 2-naphthyl, cyclohexyl, 45
cyclohexylmethyl, norbomenyl, phenyl, phenyl substituted with fluorine, so
chlorine, bromine, hydroxyl, trifluoromethyl, alkyl of from one to four
carbon atoms, 55        alkoxy of from one to four carbon atoms, or 



alkanoyloxy of from two to eight carbon atoms, benzyl, 2-, 3-, or
4-pyridinyl, or 48    EP0330 172 B1 2-, 3-, or 4-pyridinyl-N-oxide; [err]
or [err] is independently hydrogen, alkyl of from one to six carbon atoms,
5         cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl, 10
phenyl substituted with fluorine, chlorine, bromine, hydroxyl, 15
trifluoromethyl, alkyl of from one to four carbon atoms, or alkoxy of from
one to four carbon atoms, cyano, trifluoromethyl, or [err] where [err] and
[err] are independently 20         hydrogen, alkyl of from one to six
carbon atoms, phenyl, phenyl substituted with fluorine, 25        chlorine,
bromine, cyano, or trifluoromethyl; [err] is 30        alkyl of from one to
six carbon atoms, cyclopropyl, 



cyclobutyl, cyclopentyl, cyclohexyl, or 35        trifluoromethyl; which
comprises: (a) reacting 1,6-heptadien-4-ol with an (1) alkyl lithium (2)
followed by iodine and carbon dioxide and 40         (3) treating the
resulting iodocarbonate intermediate in situ with a base in an aqueous
alcohol at about [err] to about [err] to afford a compound of Formula IX;
[err] (b) treating the compound of Formula IX with (1) an alkali cyanide at
about [err] to about [err] and 55         (2) reacting the resulting diol
intermediate in situ with a ketal-forming reagent in the presence of an
acid to afford a compound of Formula VIII 49    EP 0 330 172 B1 [err] 10
VIII wherein [err] and [err] are independently hydrogen, alkyl of from one
to three carbon atoms, phenyl or [err] and [err] taken together as - [err]
wherein n is 4 or 5; 15       (c) treating the compound of Formula VIII
with (1) ozone in an inert solvent and (2) reacting the resulting
intermediate in situ with oxygen and triphenylphosphine at about [err] to
about -78 * C to afford a compound of Formula VII 20 [err] VII 30 wherein
[err] and [err] are as defined above; (d) treating the compound of Formula
VII with an oxidizing reagent at about 0 C to afford a compound of Formula
VI 35 [err] 45                                                 VI wherein
[err] and [err] are as defined above; 



(e) treating the compound of Formula VI with a compound of Formula 50 [err]
wherein Hal is halogen and [err] is alkyl of from one to eight carbon atoms
or a three-to six- membered cycloalkyl group, in the presence of a base to
afford a compound of Formula [err] 55 50    EP 0 330 172 B1 [err] 10
wherein R7, [err] and [err] are as defined above; or treating the compound
of Formula VI with a 15       compound of Formula [err] wherein [err] is
tertiary butyl, tertiary amyl, or a, a-dimethylbenzyl in the presence of an
activating 20        agent, a catalytic amount of a base and an inert
solvent to afford a compound of Formula Vb [err] wherein R7, [err] and
[err] are as defined above; 35       (f) treating the compound of Formula
[err] with hydrogen in the presence of a catalyst and an acid at about
[err] to about [err] to afford a compound of Formula [err] [err] 50
wherein [err] and [err] are as defined above, or treating the compound of
Formula Vb with hydrogen in the presence of a catalyst and an acid or a
catalyst and a base at about [err] to about 70 * C to afford a compound of
Formula [err] 55 51    EP 0 330 172 B1 [err] 10 wherein [err] and [err] are
as defined above; (g) treating the compound of Formula [err] with a
compound of Formula III 15 [err] 25        wherein [err] and [err] are as
defined above in an inert solvent to afford a compound of 



Formula [err] [err] 35 40 wherein [err] and [err] are as defined above, or
treating the compound of Formula [err] with a compound of Formula III in an
inert solvent to afford a compound of Formula [err] [err] 55 wherein [err]
and [err] are as defined above; (h) and finally treating a compound of
Formula [err] with 52    EP 0 330 172 B1 (1) an acid in the presence of an
inert solvent (2) followed by hydrolysis with a base (3) followed by
neutralization with an acid and (4) dissolution and/or heating in an inert
solvent with concomitant removal of water to give a 5           compound of
Formula I, or treating a compound of Formula [err] with (1) an acid in the
presence of an inert solvent (2) followed by addition of a base (3)
followed by neutralization with an acid and 10          (4) dissolution
and/or heating in an inert solvent with concomitant removal of water to
give a compound of Formula I; (i) and if desired converting the resulting
compound of Formula I to a dihydroxy acid corresponding to the opened
lactone ring of structural Formula I by conventional hydrolysis and
further, if desired converting the dihydroxy acid to a corresponding
pharmaceutically acceptable salt by conventional 15        means, and if so
desired converting the corresponding pharmaceutically acceptable salt to a
dihydroxy acid by conventional means, and if so desired converting the
dihydroxy acid to a compound of Formula I by heating in an inert solvent.
2. A process according to Claim 1 wherein the alkyl lithium in step (a) is
n-butyllithium. 20 3.  A process according to Claim 1 wherein the alkali
cyanide in step (b) is potassium cyanide. 4. A process according to Claim 1
wherein the oxidizing reagent in step (d) is chromium trioxide-sulfuric
acid-water. 25 5. A process according to Claim 1 wherein the catalyst in
step (f) for preparing a compound of Formula 



[err] is platinum dioxide. 6. A process according to Claim 1 wherein the
catalyst and base in Step (f) for preparing a compound of 30      Formula
[err] are Raney nickel and anhydrous ammonia, respectively. 7. A process
according to Claim 1 wherein the acid in step (h) is hydrochloric acid. 8.
A process according to Claim 1 wherein the base in step (h) is sodium
hydroxide. 35 9. A process according to Claim 1 wherein [err] is
1-naphthyl, norbornenyl, phenyl, or phenyl substituted with fluorine,
chlorine, bromine, hydroxyl, trifluoromethyl, alkyl of from one to four
carbon atoms, alkoxy of from one to four carbon atoms, or alkanoyloxy of
from two to eight carbon atoms. 40  10. A process according to Claim 9
wherein [err] is alkyl of from one to six carbon atoms, cyclopropyl, or
trifluoromethyl. 11. A process according to Claim 1 and for the preparation
of a compound selected from the group consisting of: 45
trans-6-[2-[2-(4-fluorophenyl)-5-(trifluoromethyl)-1 H-pyrrol-1
-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran- 2-one;
trans-6-[2-[2-(4-fluorophenyl)-5-methyl-1 H-pyrrol-1
-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran-2-one;
trans-6-[2-[2-(4-fluorophenyl)-5-(1 -methylethyl)-1H-pyrrol-1
-yl]ethyl]tetrahydro-4-hydroxy-2H-pyran- 2-one; 50
trans-6-[2-[2-cyclopropyl-5-(4-fluorophenyl)-1H-pyrrol-1-yl]ethyl]tetrahydr
o-4-hydroxy-2H-pyran-2- one; trans-6-[2-[2-(1
,1-dimethylethyl)-5-(4-fluorophenyl)-1H-pyrrol-1-yl]ethyl]tetrahydro-4-hydr
oxy-2H- pyran-2-one;
trans-tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-methyl-1H-pyrrol-1
-yl]ethyl]-2H-pyran-2- 55     one;
trans-tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-(1-methylethyl)-1
H-pyrrol-1-yl]ethyl]-2H- pyran-2-one;
trans-tetrahydro-4-hydroxy-6-[2-[2-methyl-5-(1-naphthalenyl)-1H-pyrrol-1-yl
]ethyl]-2H-pyran-2-one; 53    EP 0 330 172 B1 trans-6-[2-(2-bicyclo[2.2.1
]hept-5-en-2-yl-5-methyl-1 H-pyrrol-1-yl)ethyl]tetrahydro-4-hydroxy-2H-
pyran-2-one; trans()-5-(4-fluorophenyl)-2-(1-methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H- pyran-2-yl)ethyl]-1
H-pyrrole-3-carboxamide; 5         (2R-trans)-5-(4-fluorophenyl)-2-(1
-methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-
pyran-2-yl)ethyl]-1 H-pyrrole-3-carboxamide;
trans-2-(4-fluorophenyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-5- 



trifluoromethyl-1 H-pyrrole-3-carboxamide; and
trans-5-(4-fluorophenyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-p
yran-2-yl)ethyl]-2- 10    trifluoromethyl-1H-pyrrole-3-carboxamide. 12. A
process according to claim 1 for the preparation of the compound of Formula
[err] 15                                                          [err] and
the hydroxy acid and pharmaceutically acceptable salts thereof,
corresponding to the opened lactone ring of the compound of Formula [err]
which comprises: 35       (a) reacting the compound of Formula XVII [err]
45 XVII 50 with a compound of Formula 55 54    EP 0 330 172 B1 [err] 10
wherein [err] and [err] are independently hydrogen alkyl of from one to
three carbon atoms, phenyl or [err] and [err] are taken together as [err] n
is 4 or 5, and [err]  is hydrogen or 15
[err] in an inert solvent and treating the resulting intermediate with an
acid to afford the compound of 20       Formula la; (b) and if desired,
converting the resulting compound of Formula [err] to a hydroxy acid
corresponding to the opened lactone ring of structural Formula [err] by
conventional hydrolysis and further, if desired, converting the hydroxy
acid to a corresponding pharmaceutically acceptable salt by conventional
means, and if so desired, converting the hydroxy acid to a compound of
Formula [err] by heating in an 25       inert solvent. 13. A process
according to Claim 12 wherein the acid in Step (a) is hydrochloric acid.
14. A process according to Claim 12 and for the preparation of
(2R-trans)-5-(4-fluorophenyl)-2-(1- 30
methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)et
hyl]-1 H-pyrrole-3- carboxamide. 15. A process for the preparation of the
compound of Formula [err] [err] F 50 and the hydroxy acid and
pharmaceutically acceptable salts thereof, corresponding to the opened 



55    lactone ring of the compound of Formula [err] which comprises (a)
reacting 4-methyl-3-oxo-N-phenylpentanamide with benzaldehyde in the
presence of a catalyst and an inert solvent to afford the compound of
Formula XVIII 55    [err] 10 (b) reacting the compound of Formula XVIII
with 4-fluorobnzaldehyde in the presence of a catalyst, a base, and an
inert solvent to afford the compound of Formula XIII 30
[err] [err] 35 [err] 50       [err] or [err] in the presence of a catalyst
and an inert solvent to afford a compound of Formula XVI. 55 56    EP 0 330
172B1 [err] 15                                              xvi wherein
[err]  and [err]  are alkyl of one to eight carbon atoms or [err]  and
[err] together are 20 [err] 25       [err] or [err] (d) and finally
converting a compound of Formula XVI in a conventional manner to afford the
compound of Formula [err], (e) and if desired, converting the resulting
compound of Formula [err] to a hydroxy acid corresponding to the opened
lactone ring of structural Formula [err] by conventional hydrolysis and
further, if desired, 30       converting the hydroxy acid to a
corresponding pharmaceutically acceptable salt by conventional means, and
if so desired, converting the hydroxy acid to a compound of Formula [err]
by heating in an inert solvent. 16. A process according to Claim 15 wherein
the catalyst in step (a) is selected from the group consisting 35     of
piperidine and glacial acetic acid, ethylene diamine and glacial acetic
acid, and B-alanine and glacial acetic acid. 



17. A process according to Claim 16 wherein the catalyst is B-alanine and
glacial acetic acid. 40  18 A process according to Claim 15 wherein the
catalyst in step (b) is selected from the group consisting of
3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride,
3,4-dimethyl-5-(2-hydroxyethyl)thiazolium iodide,
3-ethyl-5-(2-hydroxyethyl)-4-methyl-thiazolium bromide and thiamine
hydrochloride. 19. A process according to Claim 18 wherein the catalyst is
3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium 45     bromide. 20. A process
according to Claim 15 wherein the catalyst in step (c) is selected from the
group consisting of [err] wherein [err] is [err] [err]    or tertiary-
[err] and 50    triethylamine hydrochloride. 21. A process according to
Claim 20 wherein the catalyst is [err]. 22. A process according to Claim 15
wherein the base in step (b) is selected from the group consisting of 55
N,N-diisopropylethylamine, pyridine, N,N-dimethylaniline, triethylamine,
1,8-diazabicyclo[5.4.0]undec-7- ene, 1,4-diazabicyclo[2.2.2]octane,
4-dimethylaminopyridine, and N,N,N',N'-tetramethylethylenediamine. 23. A
process according to Claim 22 wherein the base is triethylamine. 57    EP 0
330 172 B1 24. A process according to Claim 15 and for the preparation of
(2R-trans-5-(4-fluorophenyl)-2-(1-
methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)et
hyl]-1 H-pyrrole-3- carboxamide. 5 25. A compound of Formula II [err] 20
wherein [err]    and [err] are as defined in claim 1 and Rs is alkyl of
from one to eight carbon atoms, a three- to six-membered cycloalkyl group,
or a,a-dimethylbenzyl. 26. A compound according to Claim 25 wherein [err]
and [err] are methyl, [err] is tertiary butyl, and the two optically active
centers are R. 25 27. A compound according to Claim 25 wherein [err] is
4-fluorophenyl, [err] and [err] are hydrogen, [err] is ethyl, [err] and
[er] are methyl, and [err] is isopropyl. 28. A compound according to Claim
25 wherein [err] is 4-fluorophenyl, [err] is phenyl, [err] is [err ] 30
is isopropyl, [err] and [err] are methyl, and [err] is tertiary butyl. 29.
A compound according to Claim 28 wherein the two optically active centers
are R. 30. A compound of Formula XVI 35 [err] 50
XVI 



wherein [err] and [err]  are alkyl of one to eight carbon atoms or [err]
and [err]  together are 55                                            [err]
EP 0 330 172 B1 or [err] 31. A compound according to Claim 30 wherein [err]
and [err] are methyl or ethyl or [err] and [err] together are 5 [err] 10
32. A compound of Formula IV 15
[err] IV 25 wherein R7 and [err] are independently hydrogen, alkyl of from
one to three carbon atoms, phenyl or [err] and [err] are taken together as
[err] wherein n is 4 or 5, and [err] is alkyl of from one to eight carbon
atoms, a three- to six-membered cycloalkyl group, or a,a-dimethylbenzyl. 30
33. A compound according to Claim 32 wherein [err] is [err] 34. A compound
according to Claim 32 wherein [err] and [err] are methyl, and [err] is
isopropyl. 40 35. A compound according to Claim 32 wherein R7 and [err] are
methyl, and [err] is tertiary butyl. 36. A compound according to Claim 32
selected from the group consisting of (4R-cis)-1,1-dimethylethyl 6-
(2-aminoethyl)-2,2-dimethyl-1,3-dioxane-4-acetate;
[2R-(2a,4a,6a)]-1,1-dimethylethyl 6-(2-aminoethyl)-2- 45
phenyl-1,3-dioxane-4-acetate; [2S-(2a,4B,6B)]-1,1-dimethylethyl
6-(2-aminoethyl)-2-phenyl-1,3-dioxane- 4-acetate;
(7R-cis)-1,1-dimethylethyl
9-(2-aminoethyl)-6,10-dioxaspiro[4.5]decane-7-acetate; (2R-cis)-
1,1-dimethylethyl 4-(2-aminoethyl)-1,5-dioxaspiro[5.5]undecane-2-acetate;
(4R-cis)-1,1-dimethylethyl 4- (2-aminoethyl)-1,3-dioxane-4-acetate;
[2R-(2a,4a,6a)]-1,1-dimethylethyl 6-(2-aminoethyl)-2-methyl-1,3-
dioxane-4-acetate; and [2S-(2a,4B,6B)]-1,1-dimethylethyl
6-(2-aminoethyl)-2-methyl-1,3-dioxane-4-ace- 50     tate. 55 59    EP 0 330
172 B1 37. A compound of Formula XXI 



[err] 15     wherein [err] and [err] are independently hydrogen alkyl of
from one to three carbon atoms, phenyl or [err] and [err] are taken
together as [err] wherein n is 4 or 5. 38. A compound according to Claim 37
selected from the group consisting of (4R-cis)-6-(2-aminoethyl)-2,2-
dimethyl-1,3-dioxane-4-acetic acid; [2R-(2a, 4a,
6a)]-6-(2-aminoethyl)-2-phenyl-1, 3-dioxane-4-acetic 20    acid;
[2S-(2a,4B,6B)]-6-(2-aminoethyl)-2-phenyl-1,3-dioxane-4-acetic acid;
(7R-cis)-9-(2-aminoethyl)- 6,1 0-dioxaspiro [4.5]decane-7-acetic acid;
(2R-cis)-4-(2-aminoethyl)-1 ,5-dioxaspiro[5.5]undecane-2- acetic acid;
(4R-cis)-4-(2-aminoethyl)-1,3-dioxane-4-acetic acid;
[2R-(2a,4a,6a)]-6-(2-aminoethyl)-2- methyl-1,3-dioxane-4-acetic acid; and
[2S-(2a,4B,6B)]-6-(2-aminoethyl)-2-methyl-1,3-dioxane-4-acetic acid. 25 39.
A compound of Formula V [err] 40     wherein [ERR] and [err] are
independently hydrogen, alkyl of from one to three carbon atoms, phenyl or
[err] and [err] are taken together as [err] wherein n is 4 or 5, and [err]
is alkyl of from one to eight carbon atoms, a three- to six-membered
cycloalkyl group, or a,a-dimethylbenzyl 40. A compound according to Claim
39 wherein [err] and [err] are methyl, and [err] is isopropyl. 45 41. A
compound according to Claim 39 wherein [err] and [err] are methyl, [err] is
tertiary butyl, and the two optically active centers are R. 50 55 60    EP
0 330 172 B1 42. A compound of Formula VI [err] VI 15 wherein [err] and
[err] are independently hydrogen, alkyl of from one to three carbon atoms,
phenyl or R7 and [err] are taken together as [err] wherein n is 4 or 5. 43.
A compound according to Claim 42 wherein [err] and [err] are methyl and the
two optically active centers 20     are R. 44. A compound of Formula VII
[err] VII 35 



wherein [err] and [err] are independently hydrogen, alkyl of from one to
three carbon atoms, phenyl or R7 and [err] are taken together as [err]
wherein n is 4 or 5. 40 45. A compound according to Claim 44 wherein [err]
and [err] are methyl and the two optically active centers are R. 46. A
compound of Formula VIII [err] 55
VIII wherein [err] and [err] are independently hydrogen, alkyl of from one
to three carbon atoms, phenyl or [err]    and [err] are taken together as
[err] wherein n is 4 or 5. 47. A compound according to Claim 46 wherein
[err] and [err] are methyl and the two optically active centers are R. 5
48. A compound of Formula XVII 0              0 [err] 20 49. A mixture of
compounds of Formula XVIII [err] 30 35 XVI I I 40 PatentansprOche 1.
Verfahren zur Herstellung elner Verbindung der Formel I 4s
OH R3 50                                     HNC2^ 56
I und einer Dihydroxysaure und pharmazeutisch akzeptabler Salze hiervon,
entsprechend dem ge6ffne- 62    EP 0 330 172 B1                     J |l
|||||| |||| |||| ||||| *C   L  M   S ten Lactonring elner Verbindung der
Formel I, worin bedeuten: 



R1 1-Naphthyl; 2-Naphtyl; Cyclohexyl; Cyclohexylmethyl; Norbomenyl; Phenyl;
Phenyl, substituiert durch Fluor, Chlor, Broin, Hydroxyl, Trifluormethyl,
Alkyl mit 1 bis 4 Kohlenstoffatom(en), Alkoxy mit 1 5      bis 4
Kohlenstoffatom(en) oder Alkanoyloxy mit 2 bis 8 Kohlenstoffatomen; Benzyl;
2-, 3- oder 4- Pyridinyl odor 2-, 3- oder 4-Pyridinyl-N-oxid; R2 oder Rs
unabhingig voneinander Wasserstoff; Alkyl mit 1 bis 6 Kohlenstolfatom(en);
Cyclopropyl; Cyclobutyl; Cyclopentyl; Cyclohexyl; Phenyl; Phenyl,
substituiert durch Fluor, Chlor, Brom, Hydroxyl, Trifluormethyl, Alkyl mit
1 bis 4 Kohlenstoffatom(en) odor Alkoxy mit 1 bis 4 Kohlenstoffatom(en); 10
Cyano; Trifluormethyl oder -CONF1 R6 mit R5 und RM unabhIngig voneinander
jeweils gleich Wasser- stoff, Alkyl mit 1 bis 6 Kohlenstoffatom(en),
Phenyl, Phenyl, substituiert durch Fluor, Chlor, Brom, Cyano oder
Trifluormethyl; R4 Alkyl mit 1 bis 6 Kohlenstoffatom(en); Cyclopropyl;
Cyclobutyl; Cyclopentyl; Cyclohexyl oder Trifluormethyl; 16     durch (a)
Umsetzen von 1 ,6-Heptadien-4-ol mit einem (1) Alkyllithium und
anschliefend (2) Jod und Kohlendioxid und (3) Behandeln des gebildeten
Jodcarbonatzwischenprodukts in situ mit einer Base in einem 20
wg8rigen Alkohol bei etwa 0 * C bis etwa 40 * C zur Bildung einer
Verbindung der Formel IX O       OH 25
L;~-CH2C--CH2CHU.CH2 H   H IX 30 (b) Behandeln der Verbindung der Formel IX
mit (1) einem Alkalicyanid bei etwa 0 * C bis etwa 40 * C und (2) Umsetzen
des gebildeten Diolzwischenprodukts in situ mit einem Ketalbildner in
Gegenwart 35          elner Sdure zur Bildung einer Verbindung der Formel
VilI R7    Rs x 40                                            0      0 NC
-H2C 4-CH2CH=CH2 S     S H     H 46 VIII worin R7 und Re unabhangig
voneinander flr Wasserstoff, Alkyl mit 1 bis 3 Kohlenstoffatom(en) so
oder Phenyl oder R7 und Rs zusammen -(CH2),- mit n gleich 4 oder 5 stehen;
(c) Behandeln der Verbindung der Formel Vill mit (1) Ozon in einem inerten
Losungsmittel und 



(2) Umsetzen des gebildeten Zwischenprodukts in situ mit Sauerstoff und
Triphenylphosphin be! etwa -20 * C bis etwa -78 * C zur Bildung einer
Verbindung der Formel VIl 53 63    EP 0 330 172 B1 10
VII worm R7 und RS die zuvor angegebene Bedeutung besitzen; (d) Behandeln
der Verbindung der Formel VII mit einem Oxidationsmittel be! etwa 0 IC zur
Bildung 15        einer Verbindung der Formel VI R7   R8 J >20
0     0 NC - H2C -L       I CH2Co2H U I H     H 25 VI worin R7 und Re die
zuvor angegebene Bedeutung besitzen; i.)   30      (e) Behandeln der
Verbindung der Formel VI mit einer Verbindung der Formel: Hal-R9a worin Hal
far Halogen steht und R9s Alkyl mit 1 bis 8 Kohlenstoffatom(en) oder eine
3- bis 6- 95        gliedrige Cycloalkylgruppe bedeutet, in Gegenwart einer
Base zur Bildung einer Verbindung der Formel V. R7    Rs 40
X 0     0 NC - H2C             CH2C02R9g I     I 45
H      H Va ~a 50 worm R7, Rs und RF6 die zuvor angegebene Bedeutung
besitzen, oder Behandeln der Verbindung der Formel VI mit einer Verbindung
der Formel: HO-R9b 55 worm R9b far tert.-Butyl, tert.-Amyl oder
a,a-Dimethylbenzyl steht, in Gegenwart eines Aktivierungs- 



mittels, einer katalytischen Menge einer Base und eines inerten
Losungsmittels zur Bildung einer Verbindung der Formel Vb 64    EP 0 330
172 B1 worin R7, RF und Rob die zuvor angegebene Bedeutung besitzen; (f)
Behandeln der Verbindung der Formel V, mit Wasserstoff in Gegenwart eines
Katalysators und 15        elner Saure be! etwa 0 * C bis etwa 70 . C zur
Bildung elner Verbindung der Formel IV. R7    RS 20
c H2NCH2CH2 -C         ..CO2        Rga 25 IV worin R7, R8 und Rob die
zuvor angegebene Bedeutung besitzen, oder Behandeln der Verbindung 90
der Formel Vb mit Wasserstoff in Gegenwart eines Katalysators und einer
Saure oder eines Katalysators und einer Base bei etwa 0 * C bis etwa 70 * C
zur Bildung einer Verbindung der Formel IVb 36
XR7    R o   0 H2NCH2CH2                CH2CO22R4 40
H      H IVb tb 45        worin R7 R8 und FRb die zuvor angegebene
Bedeutung besitzen; (g) Behandeln der Verbindung der Formel IVa mit einer
Verbindung der Formel III 0           0 50
R1-C-CH-CH-C-R4 I   I R2 R3 III 55 worin R., R2, Rs und R4 die zuvor
angegebene Bedeutung besitzen, in elnsm inerten Ldsungsmittel zur Bildung
einer Verbindung der Formel 11a 65    



10 11a 15       worin R1, R2, Ra, R4, R7, R  und R9b die zuvor angegebene
Bedeutung besitzen, oder Behandeln der Verbindung der Formel IVb mit einer
Verbindung der Formel III in elnem inerten Losungsmittel zur Bildung einer
Verbindung der Formel "lb f   20
R7 R* R,~ > 2                0~~~ 0 N - CH2C  2 -      A-CH2CC2R9b 25
R3    A                  H      H R4 IIb 30 worin RI. R2, Rs, R4, R7, Rs
und ROb die zuvor angegebene Bedeutung besitzen; und (h) schlieBlich
Behandeln einer Verbindung der Formel li1 mit (1) einer Sure in Gegenwart
eines inerten L6sungsmittels, 35          (2) anschlieeende Hydrolyse mit
einer Base, (3) anschlieBende Neutralisation mit einer Slure und (4)
Auflosen und/oder Erwdrmen in einem inerten L6sungsmittel unter
gleichzeitiger Enffernung von Wasser zur Bildung einer Verbindung der
Formel I, oder Behandein einer Verbindung der Formel fib mit 40
(1) einer Saure in Gegenwart eines inerten Losungsmittels, (2)
anschlieiende Zugabe einer Base, (3) anschlie8ende Neutralisation mit einer
Saure und (4) Aufl6sen und/oder Erw~rmen in einem inerten L6sungsmittel
unter gleichzeitiger Entfernung von Wasser zur Bildung einer Verbindung der
Formel l; 45       (i) und gewtlnschtenfalls Umwandeln der erhaltenen
Verbindung der Formel I in eine Dihydroxysaure entsprechend dem ge6ffneten
Lactonring der Strukturformel I durch Ubliche Hydrolyse und ferner,
gewUnschtenfalls, Umwandeln der Dihydroxyslure in ein entsprechendes
pharmazeutisch akzepta- bles Salz in Ublicher bekannter Weise und
gewUnschtenfalls Umwandeln des entsprechenden pharmazeutisch akzeptablen
Salzes in eine Dihydroxysaure in (blicher belcannter Weise und 50
gewUnschtenfalls Umwandeln der Dihydroxyslure in eine Verbindung der Formel
I durch Erw~rmen in einem inerten Losungsmittel. 2. Verfahren nach Anspruch
1, wobei das Alkyllithium in Stufe (a) aus n-Butyllithium besteht s5 &
Verfahren nach Anspruch 1, wobei das Alkalicyanid in Stufe (b) aus
Kaliumcyanid besteht. 4. Verfahren nach Anspruch 1, wobel das
Oxidationsmittel in Stufe (d) aus Chromtrio- xid/SchwefelsdureiWasser
besteht. 66  



EP 0 330 172 B1                        I I!III 111111 11111 11111 ((III * C
L   M   S * 5. Verfahren nach Anspruch 1, wobel der Katalysator in Stufe (f
zur Herstellung elner Verbindung der Formel IV, aus Platindioxid besteht. 6
Verfahren nach Anspruch 1, wobei der Katalysator bzw. die Base in Stufe (fl
zur Herstellung einer 5      Verbindung der Formel IVb aus Raney-Nickel
bzw. wasserfreiem Ammoniak besteht. 7. Verfahren nach Anspruch 1, wobei die
Saure in Stufe (h) aus Chlorwasserstoffsdure besteht. &   Verfahren nach
Anspruch 1, wobel die Base in Stufe (h) aus Natriumhydroxid besteht. 10 9.
Verfahren nach Anspruch 1, wobel R1 fOr 1-Naphthyl, Norbornenyl, Phenyl
odor Phenyl, substituiert durch Fluor, Chlor, Brom, Hydroxyl,
Trifluormethyl, Alkyl mit 1 bis 4 Kohlenstoffatom(en), Alkoxy mit 1 bis 4
Kohlenstoffatom(en) oder Alkanoyloxy mit 2 bis 8 Kohlenstoffatomen steht.
is  10. Verfahren nach Anspruch 9, wobel R4 ftr Alkyl mit 1 bis 6
Kohlenstoffatom(en), Cyclopropyl oder Trifluormethyl steht. 11. Verfahren
nach Anspruch 1 zur Herstellung einer Verbindung, ausgewghit aus der
Gruppe: trans-6-[2-(2-(4-Fluorphenyl)-5-(trifluormethyl)-1
H-pyrrol-1-yl]-ethyl]-tetrahydro-4-hydroxy-2H-pyran-2-on; 20
trans-6-12-[2-(4-Fluorphenyl)-5-methyl-1 H-pyrrol-1
-yI]-ethyl]-tetrahydro-4-hydroxy-2H-pyran-2-on;
trans-6-[2-[2-(4-Fluorphenyl)-5-(1 -methylethyl)-1 H-pyrrol-1
-yl]-ethyl]-tetrahydro-4-hydroxy-2H-pyran-2- on;
trans-6-[2-[2-Cyclopropyl-5-(4-fluorphenyl)-1 H-pyrrol-1
-yIJ-ethyl]-tetrahydro-4-hydroxy-2H-pyran-2-on; trans-6-[2-[2-(1 ,1
-Dimethylethyl)-5-(4-fluorphenyl)-1 H-pyrrol-1
-yl]-ethyl]-tetrahydro-4-hydroxy-2H-pyran- 25      2-on;
trans-Tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-methyl-1 H-pyrrol-1
-yI]-ethyl]-2H-pyran-2-on;
trans-Tetrahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-(1 -methylethyl)-1
H-pyrrol-l -yl]-ethyl]-2H-pyran- 2-on;
trans-Tetrahydro-4-hydroxy-6-[2-[2-methyl-5-(1 -naphthalenyl)-1 H-pyrrol-1
-yI]-ethyl-2H-pyran-2-on; 30     trans-6-[2-(2-Bicyclo[2.2.1
]hept-5-en-2-yl-5-methyl-1 H-pyrrol-1
-yl]-ethyl]-tetrahydro-4-hydroxy-2H-pyran- 2-on;
trans()-5-(4-Fluorphenyl)-2-(1 -methylethyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2- yl)-ethyl]-1
H-pyrrol-3-carboxamid; (2R-trans)-5-(4-Fluorphenyl)-2-(1 -methylethyl)-N
,4diphenyl-1 -[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran- 35
2-yl)-ethyl]-1 H-pyrrol-3-carboxamid;
trans-2-(4-Fluorphenyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H-py
ran-2-yl)-othyl]-5- trifluormethyl-1H-pyrrol-3-carboxamid und
trans-5-(4-Fluorphenyl)-N,4-diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)-ethyl]-5- trifluormethyl-1
H-pyrrol-3-carboxamid. 40 



45 50 S5 67    EP O 330 172 B1                            *01 IllIII  Il i
I IBMin 1111111 11111111111III 12. Verfahren nach Anspruch 1 zur
Herstellung einer Verbindung der Formal IL                      s * OH F
FsC9CN(C2) 2 - H 10                                             1(CH3) 2
NH16N Ia j20 und der Hydroxysgure und pharmazeutisch akzeptabler Salze
hiervon, entsprechend dem gedffneten Lactonring der Verbindung der Formel
I. durch: (a) Umsetzen der Verbindung der Formel XVII 25 0              0 }
C-CH-CH-C-CH (CH3) 2 -J  30
C=O bNHO 35 XVII 40        mit einer Verbindung der Formel R,    R8 45
0      0 H2NCH2CH2 C CH2CO2R' 3 I     . H   H 50 worin R7 und Rs unabhangig
voneinander fUr Wasserstoff, Alkyl mit 1 bis 3 Kohlenstoffatom(en) oder
Phenyl stehen oder R7 und Rs zusammen -(CH2),- mit n = 4 oder 5 bilden und
Rig Wasserstoff oder 55 



68    >  ^                              ~     ~~~~~~~~~EP O 330 172 B1SIlic
IL 0 I1!1 ~ CH3 -C-CH3 5
CH3 darsteilt, in einem inerten L6sungsmittel und Behandeln des gebildeten
Zwischenprodukts mit einer Saure zur Bildung einer Verbindung der Formel
Ia; (b) und gewUnschtenfalls Umwandeln der gebildeten Verbindung der Formel
I. in elne Hydroxysaure 10        entsprechend dem geoffneten Lactonring
der Strukturformel I. durch Ubliche Hydrolyse und ferner gewtnschtenfalls
Umwandeln der Hydroxysaure in ein entsprechendes pharmazeutisch akzeptables
Salz in Ublicher bekannter Weise und gewOnschtenfalls Umwandeln der
Hydroxysaure in eine Verbindung der Formel 1a durch Erwarmen in einem
inerten Losungsmittel. is 13. Verfahren nach Anspruch 12, wobei die Saure
in Stufe (a) aus Chlorwasserstoffsaure besteht. 14. Verfahren nach Anspruch
12 zur Herstellung von (2R-trans)-5-(4-Fluorphenyl)-2-(1-methylethyl)-N,4-
diphenyl-1 -[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yI)-ethyll-1
H-pyrrol-3-carboxamid. U'2    20  15. Verfahren zur Herstellung der
Verbindung der Formel 1a OH 25                               F
IF~~~~~~~~~~~ K>  30 ~~~~~~~~' ,4,~~H2 C2CH . ~ ~~~   0 NHO 30 'a Ia 40 und
der Hydroxysaure und pharmazeutisch akzeptabler Salze hiervon, entsprechend
dem geoffneten Lactonring der Verbindung der Formel I, durch (a) Umsetzen
von 4-Methyl-3-oxo-N-phenylpentanamid mit Benzaldehyd in Gegenwart eines
Kataly- sators und eines inerten L6sungsmittels zu einer Verbindung der
Formal XVIII 45 50 85 69   



* C   L   M   S 0 H.         1 '?C=C-C-C.. (CH3) 2 c=0 XVIII (b) Umsetzen
der Verbindung der Formel XVIII mit 4-Fluorbenzaldehyd in Gegenwart eines
Katalysa- tors, einer Bass und eines inerten Losungsmittels zur Bildung der
Verbindung der Formel XVII K>   20
~~~~~~~~~~~0     0 F 2CCH-0CH-C-CH(CH3)2 25
NH 30                                                 XVI I (c) Umsetzen
der Verbindung der Formel XVII mit einer Verbindung der Formel: 35 OR, 0
NH2 CH2 CH2 -CH OR,, 40 worin Rio und RI1 fUr Alkyl mit 1 bis 8
Kohlenstoffatom(en) stehen oder RIo und R1 1 zusammen 45
-CH2 OH, CH3 -CH2-CH2- oder -CH2CH2CH2- bilden, in Gegenwart eines
Katalysators und eines inerten Ldsungs- so        mittels zur Bildung einer
Verbindung der Formel XVI 55 70    i  EP
1 330 172 B11111 11  1111 11111 111111 * C   L   14  S   * F
O F -\          CH2C;- 2 - C~v   1 C   tC. 2C3 Cl~~~~~~R 15 10 ~ ~ ~    ~
~      ~     ~     ~     = NH NH 16
~~~~~~~~xvi wofin Rio und R1 1 fUr Alkyl mit 1 bis 8 Kohlenstoffatom(en)
stehen oder Rio und R1 1 zusammen 



20 -CH2-CH-. CH3 25       -CH2-CH2- oder -CH2-CH2-CH2- bilden; (d) und
schlieBlich Obliches bekanntes Umwandeln elner Verbindung der Formel XVI in
die Verbindung der Formel 1,; (e) und gewlnschtenfalls Umwandeln der
gebildeten Verbindung der Formel l, in eine Hydroxysaure entsprechend dem
geoffneten Lactonring der Strukturformel I, durch Ubliche Hydrolyse und
ferner 90        gewanschtenfalls Umwandeln der Hydroxysdure in ein
entsprechendes pharmazeutisch akzeptables Salz in liblicher bekannter Weise
und gewOnschtenfalls Umwandeln der Hydroxysaure in eine Verbindung der
Formel 1a durch Erwarmen in einem inerten LWsungsmittel. 16. Verfahren nach
Anspruch 15, wobei der Katalysator in Stufe (a) aus der Gruppe Piperidin
und Eisessig, 35     Ethylendiamin und Eisessig und P-Alanin und Elsessig
ausgew~hlt ist. 17. Verfahren nach Anspruch 16, wobei der Katalysator aus
fi-Alanin und Elsessig besteht. 18. Verfahren nach Anspruch 15, wobei der
Katalysator in Stufe (b) aus der Gruppe 3-Benzyl-5-(2- 40
hydroxyethyl)-4-methylthiazoliumchlorid,
3,4-Dimethyl-5-(2-hydroxyethyl)-thiazoliumjodid, 3-Ethyl-5-(2-
hydroxyethyl)-4-methyl-thiazoliumbromid und Thiaminhydrochlorid ausgewahit
ist. 19. Verfahren nach Anspruch 18, wobel der Katalysator aus
3-Ethyl-5-(2-hydroxyethyl)-4-methylthiazolium- bromid besteht. 45 20.
Verfahren nach Anspruch 15, wobei der Katalysator in Stufe (c) aus der
Gruppe R12C02H mit R12 gleich CH3, CFa, CICH2-, CsHsCH2CH2-, CsHsCH2-,
HO2CCH2-, HO2CCH2CH2-, CsHs-, p-CI-CsHs-, CICH2CH2-, m-H3 C-Cs H5-, p-H3
C-C6 Hs- oder tert.-C4 Hs- und Triethylaminhydrochlorid ausgewahit ist. so
21. Verfahren nach Anspruch 20, wobei der Katalysator aus tert.-CQ H9 CO2 H
besteht. 22. Verfahren nach Anspruch 15, wobei die Base in Stufe (b) aus
der Gruppe N,N-Diisopropylethylamin, Pyridin, N,N-Dimethylanilin,
Triethylamin, 1,8-Diazabicyclo[5.4.0]undec-7-en, 1,4-Diazabicyclo[2.2.2]-
octan, 4-Dimethylaminopyridin und N,N,N',N'-Tetramethylethylendiamin
ausgewahit lst. 56 23. Verfahren nach Anspruch 22, wobei die Base aus
Triethylamin besteht. 71    ,  EPO330 172 B1
Hill 11, 11 III, illi 24. Verfahren nach Anspruch 15 zur Herstellung von
(2R-trans-5-(4-Fluorphenyl)-2-(1-methylethyl)-N,4- diphenyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)-ethyl]-1
H-pyrrol-3-carboxamid. 25. Verbindung der Formel II 5 R7    Rs 



R1                X 2>                      0  0 10
N-CH2CR2 --           CH2CO2 R3                       H      H R4 15 i
~~~~~~~~~~I} worin R1, R2, RF, Rs, R7 und Rs die in Anspruch 1 angegebene
Bedeutung besitzen und RS fMr Alkyl K>   20       mit 1 bis 8
Kohlenstoffatom(en), eine 3- bis 6-gliedrige Cycloalkylgruppe oder
a,a-Dimethylbenzyl steht. 26. Verbindung nach Anspruch 25, worin R7 und Rs
flr Methyl stehen, Rg tert.-Butyl bedeutet und die beiden optisch aktiven
Zentren R sind. 25  27. Verbindung nach Anspruch 25, wobei bedeuten: R1
4-Fluorphenyl; R2 und Ra Wasserstoff; R4 Ethyl; R7 und Re Methyl und K>J
30      Rs Isopropyl. 28 Verbindung nach Anspruch 25, wobeli bedeuten: R1
4-Fluorphenyl; R2 Phenyl; 35     R CGs Hs NHCO-; R4 Isopropyl; R7 und Rs
Methyl und RF tert.-Butyl. 40  29. Verbindung nach Anspruch 28, wobei die
beiden optisch aktiven Zentren R sind. 45 50 55 72    * C   L   M S 30.
Verbindung der Formel XVI F                                   OI 5      CH2
-CH OR1 11 I     CH~(CH3) 2 10
0 C-o NHi 



is XvI 20      worin Ri o und R. 1 fUr Alkyl mit 1 bis 8
Kohlenstoffatom(en) stehen oder Ri o und RI 1 zusammen -CH2-CH- CH3 25 oder
-CH2-CH2-CH2- bilden. 31. Verbindung nach Anspruch 30, worin Rio und RI1
far Methyl oder Ethyl stehen odor Rio und R., 30      zusammen -CH2CH- CH3
35 bilden. 32. Verbindung der Formel IV 40 R-7    R8 x. o    0 F.wci ~
2CH2CO2R9 45 .~~~~2NC'112CH2 CRco2i so ~~~~~~~~~~~~~~~~~~~~~SIV worin
bedeuten: R7 und RN unabhangig voneinander Wasserstoff, Alkyl mit 1 bis 3
Kohlenstoffatom(en) oder Phenyl 55      oder R7 und Rs zusammen -(Cl-6)n-
mit n gleich 4 odor 5 und R9 Alkyl mit 1 bis 8 Kohlenstoffatom(en), eine 3-
bis 6-gliedrige Cycloalkylgruppe odor aa-Dimethyl- benzyl. 73    EP 0
330172 B1 33. Verbindung nach Anspruch 32, worin R fUr
! c   L   M IJ    i  !* CH3 5                                 ~~~~~~~-C-CH3
CH3 10     stoht. 34. Verbindung nach Anspruch 32, worin bedeuten: R7 und
Re Methyl und Rs Isopropyl. 35. Verbindung nach Anspruch 32, worin
bedeuten: R7 und Re Methyl und Re tert.-Butyl. 18 



36. Verbindung nach Anspruch 32, ausgewlhlt aus der Gruppe (4R-cis)-1,1
-Dimethylethyl-6-(2-aminoethyl)-2,2-dimethyl-1 ,3-dioxan-4-acetat;
[2R-(2a,4a,6ar)]-1l1
-Dimethylothyl-6-(2-aminoethyl)-2-phenyl-1,3-dioxan-4-acetat;
[2S-(2z,4i.O6,P)]-l,1 -Dimethylethyl-6-(2-aminoothyl)-2-phenyl-1
,3-dioxan-4-acetat; K   20      (7R-cis)-1.1
-Dimethylethyl-9-(2-aminoethyl)-6,1 0-dioxaspiro[4.5]-decan-7-acetat;
(2R-cis)-1,1 -Dimethylethyl-4-(2-aminoothyl)-1
,5-dioxaspiro[5.5]-undecan-2-acetat; (4R-cis)-1,l
-Dimethylethyl-4-(2-aminoothyl)-1 ,3-dioxan-4-acetat;
[2R-(2w,4a,6a)]-1,1-Dimothylethyl-6-(2-aminoothyl)-2-mothyl-1,3-dioxan-4-ac
etat und [2S-(2a,4fl,6p)]-1,1
-Dimethylethyl-6-(2-aminoethyl)-2-mothyl-1,3-dioxan-4-acetat. 25 37.
Verbindung der Formel XXI R.- a8 30
x 0  0 NH2 -CH'2Cf(2'}  CH2CO2H I     S 95
H      H xx' 40     worin Rl und Re unabhingig voneinander fir Wasserstoff,
Alkyl mit 1 bis 3 Kohlenstoffatom(on) oder Phenyl stehen oder R7 und Re
zusammen -(CH2)6- mit n gloich 4 odor 5 bilden. 38. Verbindung nach
Anspruch 37, ausgewihlt aus der Gruppe
(4R-cis)-6-(2-Aminoethyl)-2,2-dimethyl-1 ,3-dioxan-4-essigslure; 45
[2R-(2a,4a,Ba)]-6-(2-Aminoethyl)-2-phonyl-1,3-dioxan-4-ossigsaure;
[2S-(2a,4,$,6p)]6-(2-Aminoethyl)-2-phonyl-1 ,3-dioxan-4-essigsilure;
(7R-cis)-9-(2-Aminoethyl)-6,1 0-dioxaspiro[4.5]decan-7-essigsaure;
(2R-cis)-4-(2-Aminoothyl)-1 ,5-dioxaspiro[5.5]undecan-2-essigsaure;
(4R-cis)-4-(2-Aminoethyl)-1 ,3-dioxan-4-essigsiure; 50
[2R-(2a,4a,6a)]-6-(2-Aminoothyl)-2-methyl-1 ,3-dioxan-4-essigsdure und
[2S-(2a,4$,68)]-6-(2-Aminoethyl)-2-methyl-1 ,3-dioxan-4-essigslure. 55 74
J~ ~~~ I s                              ~~~~~~~~~EP 0 330 172 B1
EP0330172B1~ ~ ~~~~~~ ' '111111111 1111111110~ 11111 39. Verbindlung der
Formel V*-c                                                           M S *
R7X R8 



5                                             O      O NC - H2C
-CH2CO2Rq I     I H     H 10 V worin R7 und Rs unabh~ngig voneinander fOr
Wasserstoff, Alkyl mit 1 - 3 Kohlenstoffatom(en) oder 15     Phenyl stehen
oder R7 und Rs zusammen -(CH2),- mit n gleich 4 oder 5 bilden und Rs Alkyl
mit 1 bis 8 Kohlenstoffatom(en), eine 3- bis 6-gliedrige CycloalkylgruppOe
oder a,a-Dimethylbenzyl bedeutet. 40. Verbindung nach Anspruch 39, wobei
bedeuten: R7 und Rs Methyl und 20     R9 Isopropyl. 41. Verbindung nach
Anspruch 39, wobei R7 und Rs fOr Methyl stehen; Rs tert.-Butyl bedeutet und
die beiden optisch aktiven Zentren R sind. 25  42. Verbindung der Formel VI
R7    R8 30                                               00 NC H2C
CH2CO2H H   H 36 VI 40     worin R7 und Rs unabhangig voneinander fUr
Wasserstoff, Alkyl mit 1 bis 3 Kohlenstoffatom(en) odor Phenyl stehen oder
R7 und RS zusammen -(CH2),- mit n gleich 4 oder 5 bilden. 43 Verbindung
nach Anspruch 42, wobei R. und Rs fOr Methyl stehen und die beiden optisch
aktiven Zentren R sind. 48 50 55 75    EP 0 330172 B1 44. Verbindung der
Formel VAl                                                  c   L   M R7
R8 5                                                 x 0  0             II
N-C - H.2C           CH2-CIH I     S 



H   H 10 VII 16 worin R7 und Rs unabhangig voneinander far Wasserstoff,
Alkyl mit 1 bis 3 Kohlenstoffatom(en) oder Phenyl stehen oder R7 und Re
zusammen -(CH2),- mit n gleich 4 oder 5 bilden. 45. Verbindung nach
Anspruch 44, wobei R7 und Rs far Methyl stehen und die beiden optisch
aktiven K-)   20    Zentren R sind. 46. Verbindung der Formel Vill 26
R7    Re x 0     0 NC-H2 I--,  .-CH2CH=CH2 H   H 36
VI}II worin R7 und Re unabhingig voneinander fOr WasserstoNf, Alkyl mit 1
bis 3 Kohlenstoffatom(en) odor Phenyl stehen und R7 und Re zusammen
-(CH2)n- mit n gleich 4 oder 5 bilden. 40  47. Verbindung nach Anspruch 46,
wobei R7 und Re fUr Methyl stehen und die beiden optisch aktiven Zentren R
sind. 4& Verbindung der Formel XVII 45 5~~~~~~~~~~~~0 b 56 XVII 76    EP 0
330 172 B1 I~  ~ ~ilH 11110IIDII  fINDO 49. Mischung von Verbindungen der
Formel XVIII                         c   L       S 0 5
Y11 C=r-C-CH (CH3) 2 b C=O XVIII Revendlcatlons K>   20  1. Un proced6 de
preparation d'un d6riv6 de formule l: OH 



25                                       RI-CH2CHi' A       ~~-C2H;' 30 35
et d'un dihydroxyacide et des sels pharmaceutiquement acceptables de ce
dernier, correspondant au cycle lactone ouvert du d~rivd de formule 1, dans
laquelle: Ri         represente un radical 1 -naphtyle, 2-naphtyle,
cyclohexyle, cyclohexylmethyle, norbor- nenyle, ph6nyle, un radical ph6nyle
substitu6 par: un atome de fluor, de chlore, de brome, un groupe hydroxyle,
trifluoromethyle, un 40                  radical alkyle comportant de 1 & 4
atomes de carbone, un radical alcoxy comportant de 1 t 4 atomes de carbone,
ou alcanoyloxy comportant de 2 a 8 atomes de carbone, benzyle, 2-, 3-, ou
4-pyridinyle, ou 2-, 3-, ou 4-pyridinyl-N-oxyde; R2 ou R3   represente
inddpendamment un atome d'hydrogene, un radical alkyle comportant de 1 t 6
atomes de carbone, un radical cyclopropyle, cyclobutyle, cyclopentyle,
cyclohexy- 45                  le, phenyle, un radical phenyle substitue
par un atome de: fluor, chlore, brome, un groupe hydroxyle,
trifluoromethyle, un radical alkyle comportant de 1 A 4 atomes de carbone,
ou alcoxy comportant de 1 & 4 atomes de carbone, cyano, trifluoromethyle,
ou -CONRs Rs, dans lequel: so       Rs et Rs   sont independamment: un
atome d'hydrogene, un radical alkyle comportant de 1 & 6 atomes de carbone,
un radical ph6nyle, un radical ph6nyle substitu6 par un atome de fluor, de
chlore, de bromre, un groupe cyano ou un radical trifluoromethyl; R4
represente un radical alkyle comportant de 1 t 6 atomes de carbone,
cyclopropyle, cyclobutyle, cyclopentyle, cyclohexyle ou trifluoromethyle;
55     qui comprend: (a) la r6action de 1,6-heptadibne-4-ol avec: (1) un
alkyllithlum, (2) puis avec de l'iode et du dioxyde de carbone, et 77    EP
0 330172 B1                        I I       L   M   S (3) le traitement de
l'iodocarbonate intermddiaire resultant in situ avec une base dans un
alcool aqueux a environ 0 ' C A environ 40* C, de faQon A obtenir un
compose de formule IX: 5                                       0        OR
LSwuCHR2-CH2CHUCH2 9      4 HI H 10
ix 



(b) le traitement du d6riv6 de formule IX avec: (1) un cyanure alcalin &
environ 0  C a environ 40 aC, et 15         (2) la reaction du diol
intermddiaire resultant in situ avec un rdactlf formant acetal en presence
d'un acide pour conduire au deriv6 de formule Vil: 20
NC-HC j  ,,CH2CH=CH2 H     H 25 VIII dans laquelle: w 30             R7 et
Rs   repr6sentent ind6pendamment un atome d'hydrogbne, un radical alkyle
comportant de 1 A 3 atomes de carbone, un radical phenyle ou R7 et RB
forment ensemble -(CH2)r-, dans lequel: n         est egal h 4 ou 5; (c) le
traitement du ddriv6 de formule Vil avec: 35          (1) I'ozone dans un
solvant inerte, et (2) la reaction de l'intermediaire r~sultant in situ
avec de l'oxygbne et de la triphdnylphosphine a environ -20 C A -78 C pour
obtenir un derive de formule VII: 40
R7   R *               oOx o   0 NC HC            CUa2CH 45
H     H VII 50       dans laquelle: R7 et Re   sont tels que definis
ci-dessus; (d) le traitement du d~riv6 de formule VII avec un r~actif
oxydant a environ 0- C pour conduire au deriv4 de formule VI: 65 78    /
~     ~~~~~~~~~EP O 330 172 B1              lil  1I| ii il  l g EP0330172B1
~ ~~~~~I IfI11 11111)111 HllI~ 11 11 111 R7 a, x 5
NC -H2C 4CH2CO2H *     a 



H     H 10                                                  VI dans
laquelle: R7 et R     a sont tels quo dMfinis ci-dessus; (e) lI traitement
du derive de formule VI avec un d6rive de formulo: 15 Hal-R9a dans
laquelle: Hal   est un atome d'halogbne, et Ju     20           R9a   est
un radical alkyle comportant de 1 a 8 atomes de carbone, ou un groupe
cycloalkyle comportant de 3 A 6 membres, en presence d'une base pour
conduire au derive de formulo V8: 25
R7    R 0x NC-H2C-               CHIC02RD& 30 H   H Va 35 dans laquelle:
R7, R et R90   sont tels quo dMfinis ci-dessus; ou le traitement du ddriv4
de formulo VI avec un deriv6 de formulo: 40 HO-Reb dans laquolle: R9b
represente un radical butyle tertiaire, amyle tertiaire ou
aa-dimdthylbenzyle, en presence 45                 d'un agent d'activation,
d'une quantite catalytique d'une base ot d'un solvant inerte pour conduire
au derive de formuls Vb: R7x a8 o     0 NC -H2C A+,tkCH2CO2Rgb .     a H
H 55 Vb 79    



~~~~~~~~~~EP  O 330 172 B1  Ill lll il ll  il EP 0 330 172 Bi
1111111! ~~11111! 1111 11111 Il 1111 *   C   L   M   S * dans laquelle: R7,
As et Rob   sont tels quo dMfinis ci-dessus; (f) le traitement du derive de
formule Va avec de l'hydrogbne en presence d'un catalyseur et d'un acide A
environ 0 * C a environ 70 * C, pour conduire A un d6riv6 de formule IVa: 5
R7    RS oxI 10                                H2NCH2CH2
CH2C02R98 H   H 15                                                   IV a
dans laquelle: R7, s et RAga  sont tels quo ddfinis ci-dessus; j    20
ou le traitement du derive de formulo Vb avec de I'hydrogbne en presence
d'un catalyseur ot d'un acide ou d'un catalyseur et d'une base a environ 0
IC A environ 70 * C pour conduire a un d6riv6 de formule IVb: 26
R7   RS H2NCH2CH2 4k..-,A--CH2CO2Rgb J  30
H      H IVb 35 dans laquelle: R7, Rs et R~b   sont tels quo definis
ci-dessus; (g) le traitement du derive de formulo IVa avoc un derive de
formulo III: 40                                            o           o R
-C-CH-CH-C-R4 R2 R3 45 III dans laquelle: so          Ri, R2, Fas et A
sont tels quo ddfinis ci-dessus; dans un solvant inerte pour conduire au
d6rive de formulo II.: 55 80   



EP 0 330172B1 SIII  11111 111/i ii 111/ RIS                Ro7  RS R2 ~
~       R, R 4 N-CH2CH2                    CH2CO2R9a R3-               ~~H
H R4 10 IIa ?5       dans laquelle: Ri, R2, Rs, N. R7, Rs et Rs.  sont tels
que definis ci-dessus, ou lo traitement du deriv6 de formule IVb avec un
deriv6 de formule Ill dans un solvant inerte pour conduire au derivd de
formule lib: J)     20                                   RR7    R 25
)4N  ~~~~~~~~ C-H2CH2           CH2CC2 Rsb 25 R4 a4 30
b dans laquelle: Ri, R%, Re, RP, R7, Rs et Rsb  sont tels que ddfinis
ci-dessus; (h) et finalement le traitement d'un derive de formule II. avec:
35          (1) un acide en presence d'un solvant inerte, (2) suivi de
l'hydrolyse a laide d'une base, (3) suivi d'une 4tape de neutralisation
avec un acide, et (4) dissolution et/ou chauffage dans un solvant inerte
avec elmination concomitant de l'eau pour obtenir un ddriv4 de formule 1,
40       OU traitement du ddrivd de formule Ilb avec: (1) un acide on
prdsence d'un solvant inerte, (2) suivi de l'addition d'une base, (3) suivi
d'une etape de neutralisation avec un acide, et (4) dissolution et/ou
chauffage dans un solvant inerte avec elimination concomitant de lseau pour
45          obtenir un d6rivd de formule l; (i) et, si cela est n6cessaire,
la conversion du derivd de formule I resultant en un dihydroxyacide
correspondant au cycle lactone ouvert de formule structurale I par une
hydrolyse classique et de plus, si cela est necessalre, la conversion du
dihydroxyacide en un sel pharmaceutiquement acceptable correspondant par
des moyens classiques at, si cola est necessaire, la conversion du sel 50
pharmacoutiquement acceptable correspondant on un dihydroxyacide par des
techniques classiques et, si cola est n6cessaire, la conversion du
dihydroxyacide en un derive de formule I par chauffage 



dans un solvant inerte. 2. Un procddd selon la revendication 1, caract6rise
en co quo l'alkyllithium dans l'etape (a) est le n- 55     butyllithium. 3
Un procedd  selon la revendication 1, caractbris4 en co que le cyanure
alcalin dans l'dtape (b) est du cyanure de potassium. 81    c   L   M4   S
4. Un procede selon Ia revendication 1, caract~ris6 en ce que le reactif
oxydant dans l'6tape (d) est le trioxyde de chrome/acide sulfurique/eau. 5.
Un proc6d6 solon la revendication 1, caracterise en ce quo le catalyseur
dans l'etape (f) pour la 5      preparation du ddriv4 de formule IV, est du
dioxyde de platine. 6. Un procede selon la revendication 1, caractdris6 en
ce quo le catalyseur et la base dans l'etape (f) pour la preparation du
derive de formule lVb sont respectivement le nickel de Raney et l'ammoniac
anhydre. 10  7. Un proced6 solon la revendication 1, caracterise on ce quo
l'acide dans l'etape (h) est de I'acide chlorhydrique. 8  Un procede solon
la revendication 1, caracteris6 en ce quo la base dans l'6tape (h) est de
l'hydroxyde de sodium. 15 9. Un proc6de selon la revendication 1,
caracterise en ce quo Ri represente un radical 1-naphtyle, norbornenyle,
ph6nyle ou phenyle substitue par un atome de fluor, chlore, brome, un
groupe hydroxyle, trifluoromethyle, un radical alkyle comportant de 1 & 4
atomres de carbone, alcoxy comportant de I a 4 atomes de carbone, ou
alcanoyloxy comportant de 2 & 8 atomes de carbone. 20 10. Un proced6 solon
la revendication 9, caracteris4 en ce quo R4 reprdsente un radical alkyle
comportant de 1 a 6 atomes de carbone, cyclopropyle ou trifluoromethyle.
11. Un procWd4 solon la revendication 1 et pour la preparation d'un derive
selectionne dans le groupe 25      consistant en:
trans-6-[2-[2-(4-fluorophdnyl)-5-(trifluoromethyl)-1
H-pyrrol-1-yl]dthylltetrahydro-4-hydroxy-2H-pyran- 2-one;
trans-6-[2-[2-(4-fluorophenyl)-5-m~thyl-1 H-pyrrol-1
-yl]-4thyl]tetrahydro-4-hydroxy-2H-pyran-2-one;
trans--[2-[2-(4-fluorophenyl)-5-(1-methylethyl)-1
H-pyrrol-1-yl]4thyl]ttrahydro-4-hydroxy-2H-pyran- j     o30    2-one;
trans-6-12-[2-cyclopropyl-5-(4-fluorophenyl)-1
H-pyrrol-1-yl]6thyllt]trahydro-4-hydroxy-2H-pyran-2- one;
trans-6-[2-[2-(1,1 -dimethylethyl)-5-(4-fluorophenyl)-1 H-pyrrol-1
-yl]6thyl]tdtrahydro-4-hydroxy-2H- pyran-2-one; 



35         trans-t~trahydro-4-hydroxy-6-[2-[2-(2-methoxyphenyl)-5-methyl-1
H-pyrrol-1 -yl]6thyl]-2H-pyran-2- one;
trans-tdtrahydro-4-hydroxy-6-[2-[2-(2-m6thoxyphenyl)-5-(1 -m6thylethyl)-1
H-pyrrol-1 -yl]6thyl]-2H- pyran-2-one;
trans-tetrahydro-4-hydroxy-6-[2-[2-methyl-5-(1 -naphtalenyl)-1 H-pyrrol-1
-yl]4thylJ-2H-pyran-2-one; 40         trans-6-[2-(2-bicyclo[2,2,1
]hept-5B-n-2-yI-5-m6thyl-1 H-pyrrol-1 -yl)6thyl]tdtrahydro-4-hydroxy-2H-
pyran-2-one; trans-()-5-(4-fluoroph6nyl)-2-(l -methyl6thyl)-N,4-diphinyl-1
-[2-(tetrahydro-4-hydroxy-6-oxo-2H- pyran-2-yl)-4thyl]-1
H-pyrrole-3-carboxamide; (2R-trans)-5-(4-fluorophenyl)-2-(1
-m~thylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-oxo-2H- 45
pyran-2yI)6thylJ-1 H-pyrrole-3-carboxamide;
(trans)-2-(4-fluorophdnyl)-N,4-diphenyl-1
-12-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2y1)ethyl]-5- trifluoromethyl-1
H-pyrrole-3-carboxamide; et (tans)-5-(4-fluorophenyl)-N,4-diphenyl-1
-[2-(t6trahydro-4-hydroxy-6-oxo-2H-pyran-2yl)6thyl]--2- trifluoromethyl-1
H-pyrrole-3-carboxamide. 50 55 82    EP 0 330 172B1 S I
III 1111I 011 12. Un procdd6 selon la revendication 1, pour la preparation
d'un deriv6 de formule lI: OH 5 F             (CH 2) 2    - l0a
N          H O       C-C H  (CH3)2 0} "_o~~ 15
NH 20 a et I'hydroxy-acide ainsi que des sels pharmacoutiquement
acceptables de co dernier correspondant a 25     un cycle lactone ouvert du
compos6 de formule 1a. qui comprend: (a) la r~action du ddriv4 de formule
XVII: 0             0 30                             F
C-CH-CH-C-CH (CH3) 2 bNHO 35 



XVII 40 avec un ddriv6 de formuls: 45
R7    R8 0     0 H2NCH2CH2 a'.a CH2CO2RL3 S     a H     H dans laquelle: R7
ot Re   reprdsentent independamment un atome d'hydrogbne, un radical alkyle
comportant 56                      de 1 A 3 atomes de carbone, un radical
ph6nyle, ou R7 et Re forment ensemble -(CH2)1-, dans laquelle: n
est 6gal a 4 ou 5, at R1a       reprdsente un atome d'hydrogbne ou 83    EP
0 330172 B111 /~~~~~~~~~~~~~~~~~~~~~~~~~~~~~111 I*#
HII IIIIIRIIIIOIO ClH3 -C-CH3 5
CH3 dans un solvant inerte, et le traitement de l'intermediaire r6sultant
avec un acide pour conduire au d~riv6 de formule I.; 10       (b) et si
cola est ndcessaire la conversion du ddrivd de formule I, resultant en un
hydroxyacide correspondant au cycle lactone ouvert de formule structurelle
'a par hydrolyse classique et de plus, si cola est necessaire, la
conversion de l'hydroxyacide en un sel pharmacoutiquement acceptable
correspondant par les moyens classiques et, si cola est necessaire, la
conversion de l'hydroxyacide en un derive de formulo la par chauffage dans
un solvant inerte. 15 13 Un proced6 solon la revendication 12, caract6risa
en ce quo l'acide dans I'etape (a) correspond a I'acide chlorhydrique. 14.
Un procede solon la revendication 12 et pour la preparation de
(2R-trans)-5-(4-fluorophenyl)-2-(1- J     o20
methyldthyl)-N,4-diphdnyl-1
-[2-(tetrahydro-4-hydroxy-8-oxo-2H-pyran-2yl)ethyl]-1 H-pyrrole-3-
carboxamide. 15. Un procedd de preparation d'un derive de formule I,: 25 OH



F ICH2   CHCH) j 30                                                1
40 35~~~~~ cT~o N H 40 Ia la et de l'hydroxy-acide et de sels
pharmacoutiquement acceptables de co demier, correspondant au 45     cycle
lactone ouvert du derive de formule l, qui comprend: (a) la reaction du
4-methyl-3-oxo-N-ph6nylpentanamide avec du benzalddhyde on presence d'un
catalyseur et d'un solvant inerte pour conduire au derive de formula XVIII:
50 55 84    EP 0 330 172 131II  3341111  11 d<-
I*Xlll~~~~~~~~~~~~~llllll~~~~~Hll l lllllIDIIF H          0 C=C-C-CH (CH3)
2 10o XVIii (b) la rdaction du ddrivd de formule XVill avec du
4-fluorobenzalddhyde en pr~sence d'un cataly- is        sour, d'une base,
et d'un solvant inerte pour conduire au d6rivd de formule XVII: K  20
RF C-CH-CH-C-CH (CH3) 2 205 XVII 30 (c) la r6action du ddriv4 de formule
XVII avec un d~rivd de formule: ORl 35
NH2CH2CH2 -CH OR 40        dans laquelle: Rio et RI1   repr~sentent des
radicaux alkyles comportant de 1 a 8 atomes de carbone, ou Ri o et R1,
forment ensemble: 46
-CH2-CH CH3 



-CH2-CH2- ou -CH2-CH2-CH2-en pr6sence d'un catalyseur et d'un solvant
inerte 50                       pour conduire au d6riv6 de formule XVI: 55
85    EP 0 330 172B1                          / l/   *111111I1111I11 F   -
~~~1%%ORi I  jCH  (CH3) 2 10                                           N
NH 15                                                    XVI dans laquelle:
Rio et Ril   sont des radicaux alkyles comportant de 1 a 8 atomes de
carbone, ou Rio et R., forment ensemble: QJ   20 -CH2-CH CH3 2S -CH2-CH2-
ou -CH2-CH2-CH2- (d) et finalement la conversion d'un derive de formulo XVI
selon un proc6d4 classique pour conduire au derive de formule Ia; (o) et,
si cola est n6cessaire, la conversion du deriv6 de formulo 1a resultant on
un hydroxyacide 30       correspondent au cycle lactone ouvert de formulo
structurelle 1a par une hydrolyse classique, et de plus, si cola est
n6cessaire, la, conversion de lPhydroxyacide en un sel pharmaceutiquement
acceptable correspondant par des moyens classiques et, si cola est
necessaire, la conversion de l'hydroxyacide en un d6riv4 de formulo l par
chauffage dans un solvant inerte. 35  16. Un proced6 selon la revendication
15, caracterise en co quo la catalyseur dans 1'6tape (a) est selectionne
dans le groupo consistent en piperidine et acids acetique glacial,
ethylbnediamine et acido acetique glacial, of ,-alanine ot acide acetique
glacial. 17. Un procddd selon la revendication 16, caractdris4 en co quo le
catalyseur correspond a fl-alanine et a 40     I'acide ac~tique glacial. 1&
Un procdd4 selon la revendicatiori 15, caract~risd en ce quo le catalyseur
dans l'etape (b) est s~lectionn4 dans le groupo consistent en: chlorure de
3-benzyl-5-(2-hydroxydthyl)-4-mdthylthiazolium; lodure de
3,4-dimethyl-5-(2-hydroxyethyl)thiazolium; bromure de
3-6thyl-5-(2-hydroxy~thyl)-4-m~thyl- 45     thiazolium et chlorhydrateo de
thiamine. 19. Un procdd4 selon la revendication 18, caractdrisd on ce quo
le catalyseur est le bromure de 3-6thyl-5-
(2-hydroxy~thyl)-4-mrthylthiazolium. 50 20. Un procMdd selon la
revendication 15, caractbris6 en co quo le catalyseur dans l'6tape (c) est 



s~lectionn4 dans le groupe consistent en R12C02H, dans loquel R12
reprdsente CHa, CF3, CICH2-, CsH5CH2CH2-, CsHsCH2-, H02CCH2-, H02CCH2CH2-,
CsH5-, para-CI-CsHs-, CICH2CH2-, meta-H8C- Cr H5-, para-Hs C-C6 Hss-, ou
t-C4 Hs- et chlorhydrate de triXthylamine. 56  21. Un procdd4 selon la
revendication 20, caracterisd en ce quo le catalyseur est t-C41H9C002 H.
22. Un proc~dd selon la revendication 15, caractfris4 en ce quo la base
dans l'6tape (b) est sdlectionnde dans le groupe consistent en
N,N-diisopropylethylamine, pyridine, N,N-dim6thylaniline, triethylamine, 86
qy                                        EP
1111111 113011 117:2 B1Ml lilil033017il2l 1 1111 * C   L  M   S*
1,8-diaza-bicyclof5,4,0]undec-7-hne,  1,4-diazabicyclo[2,2,2]octane,
4-dim6thylaminopyridine   ot N,N,N'.N'-tetram6thylethylbnediamine. 23. Un
procedd selon la revendication 22, caracterise en ce que la base correspond
A la triethylamine. 5 24. Un procedd selon la rovendication 15, pour la
preparation de (2R-trans)-5-(4-fluorophdnyl)-2-(1-methyl6-
thyl)-N,4-diph6nyl-1 -[2-(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2y1)-6thyl]-1
H-pyrrole-3-carboxamide. 25. Un d6rive de formule II: 10 N - CH2CH2   jC
2CH2C02R9 R4             H      H 20
II dans laquelle: R, R2, l.b R4, R 7et R8   sont tols quo d6finis dens la
revendication 1, et Rs represente un radical 28
alkyle comportant de 1 & 8 atomes de carbone, un groupe cycloalkyle
comportant de 3 & 6 membres, ou un groupe aa-dimethylbenzyle. 26. Un derive
selon la revendication 25, caract~ris4 en co que A7 et RF reprdsentent un
radical methyle, RN repr6sente un radical t-butyle et les deux centres
optiquement actifs correspondent a R. 30 27. Un ddrivd selon la
revendication 25, caracteris4 en ce que R, repr6sente un radical
4-fluoroph6nyle, R2 et lb representent un atome d'hydrogbne, R4 represento
un radical 6thyle, R7 et Rs representent un radical m6thyle et Rs
represente un radical isopropyle. 35 28. Un deriv6 selon la revendication
25, caractdris6 en ce que R, represente un radical 4-fluorophenyle, R2
represente un radical ph6nyle, Re represente C5HsNHCO-, R4 represente un
radical isopropyle, R7 et R8 representent des radicaux m6thyles et 1%
represente un radical t-butyle. 29. Un d6eriv selon la revendication 28,
caract6rise en ce quo les deux centres optiquement actifs sont R. 40 30. Un
d6rive represent6 par la formule XVI: 



CH2CH2-CH"'1 N                O1 >   tCH (CH3) 2 50
C0 INH 65                                                          2 xv' 87
> . -                                                      ""'"!
Il~~~~~~~~~~~~~~~~~~~~~~~~ila 1111B 11  aIII, dans laquelle: Rio et R1,
sont des radicaux alkyles comportant de 1 a 8 atomes de carbone, ou RIo et
RII forment ensemble: 5 -CH2 CH CH3 3 10                    ou
-CH2-CH2-CH2- 31. Un ddriv4 selon la revendication 30, caract6ris4 en ce
que Rio et RI 1 reprdsentent un radical m6thyle ou dthyle, ou Ri o et RI 1
forment ensemble: 15 -CH2-CH- CH3 YJ 20 32. Un d~riv6 de formule IV: R7
R8 25                                              0     0 H2NCH2CH2
CH2CO2R9 H   H j~) 30 IV dans laquelle: S5        R7 et Rs   reprdsentent
ind~pendamment un atome d'hydrogbne, un radical alkyle comportant de 1 a 3
atomes de carbone, un radical phdnyle ou R7 et Rs forment ensemble -(CH2)n-
dans laquelle: n          est 6gal a 4 ou 5, et Rs         represente un
radical alkyle comportant de 1 & 8 atomes de carbone, un groupe 



40                   cycloalkyle comportant de 3 & 6 membres ou un groupe
aaci-dimdthylbenzyle. 33. Un dnrive selon la revendication 32, caract6ris6
en ce que Rs repr6sente: CH 45
1 3 -C-CH3 CH3 50 34. Un deriv6 selon la revendication 32, caracterise en
ce que R7 et Pe sont des radicaux mdthyles et Re est un radical isopropyle.
35. Un deriv6 selon la revendication 32, caractdrisd en ce que R7 et Re
sont des radicaux methyles et Re 56     est un radical t-butyle. 36. Un
dnriv6 selon la revendication 32, selectionn6 dans le groupe consistant en
(4R-cis)-1,1-dimethyl6-
thyl-6-(2-aminoethyl)-2,2-dim~thyl-1,3-dioxane-4-acdtate; [2R-(2a, 4a,
Ba)]-1,1-dim6thyl6thyl-6-(2-ami- 88    EP 0 330172 B1
C'l    HiIIIII11IIlliLi nogthyl)-2-phenyl-1,3-dioxane4-acotate; [2S-(2a,
4P, 6,8)]-1,1-dimethylethyl-8-(2-amino6thyl)-2-ph6nyl-
1,3-dioxane-4-ac6tate;
(7R-cis)-1,1-dimdthylethyl-9-(2-aminodthyl)-6,10-dioxaspiro[4,5]-decane-7-a
ceta- te;
(2R-cis)-1,1-dimethylethyl-4-(2-aminoethyl)-1,5-dioxaspiro[5,5]-undecane-2-
acetate; (4R-cis)-1,1-di-
mdthyl6thyl-4-(2-aminoethyl)-1,3-dioxane-4-ac6tate; [2R-(2a, 4a,
6a)]-1,1-dimethylethyl-6-(2-amino4- 5
thyl)-2-methyl-1,3-dioxane-4-ac~tate; et [2S-(2of, 4,B,
6,B)]-1,1-dimdthyldthyl-6-(2-aminodthyl)-2-mdthyl- 1 ,3-dioxane-4-ac6tate.
37. Un d~riv6 de formule )OI: 10
R7' Ra NH2-CH2CHf           4  CH2CO2H 15 H   H xx' 20 dans laquelle: R7 et
R8   repr~sentent inddpendamment un atome d'hydrogane, un radical alkyle
comportant de 1 h 3 atomes de carbone, un radical phdnyle ou R7 et Rs
torment ensemble -(CH2)n- dans lequel: 25       n          est gala4ou5.
38. Un ddriv6 selon la revendication 37, s~lectionnM dans le groupe
consistant en: acide (4R-cis)-6-(2-
amino6thyl)-2,2-dimethyl-1,3-dioxane-4-acetique; acide [2R-(2a, 4a,
6a)]-6-(2-aminoethyl)-2-phenyl-1.3- dioxane-4-acetique; acide [2S-(2a, 4,8,
6,8)]-6-(2-aminoethyl)-2-phenyl-1,3-dioxane-4-acetique; acide 



30     (7R-cis)-9-(2-amino~thyl)-6,10-dioxaspiro[4,5]d6cane-7-ac6tique;
acide  (2R-cis)-4-(2-aminoethyl)-1,5- dioxaspiro[5,5]undecane-2-ac~tique;
acide (4R-cis)-4-(2-aminoethyl)-1,3-dioxane-4-acetique; acide [2R- (2a, 4a,
Ga)]-6-(2-aminoethyl)-2-methyl-1,3-dioxane-4-acetique  et acide [2S-(2a,
4,8. 66)]-B-(2- aminoethyl)-2-methyl-1 ,3-dioxane-4-acetique. 35  39. Un
derive represente par la formule V: R7    Rs 40o0 NC-H2C
CH2CO2R9 H H 45 V dans laquelle: so        R7 et Re   reprdsentent
inddpendamment un atome d'hydrogane, un radical alkyle comportant de 1 a 3
atomes de carbone, un radical phenyle ou R7 et Re forment ensemble -(CH2)0-
dans loquel: n         est gal&4ou5,et Rs        represente un radical
alkyle comportant de 1 a 8 atomes de carbone, un groupe 55
cycloalkyle comportant de 3 h 6 membres ou un groupe aa-dim~thylbenzyle.
40. Un ddrivd selon la revendication 39, caract6risd en ce que R7 et Re
sont des radicaux methyle, et Re est un radical isopropyle. 89    EP 0
330172 B1 41. Un derive salon la revendication 39, caracterise en ce que R7
et RN sont des radicaux m6thyle, RN est un radical t-butyle et les deux
centres optiquement actifs representent R. 42. Un derive represente par la
formule VI: 5 R7    R8 O   O 10                                NC - H2C
CH2 H   H 18                                             VI dans laquelle:
R7 et Rs   representent ind6pendamment un atome d'hydrogene, un radical
alkyle comportant de I & 3 atomes de carbone, un radical ph6nyle ou R7 et
Re forment ensemble -(CH2)n- j   20                   dans loquel: n
est egal a 4 ou 5. 



43. Un derive solon la revendication 42, caracteris6 en co quo R7 et Rs
sont des radicaux methyles et les deux centres optiquement actits
representent R. 25 44. Un derive represente par la formule Vil: R7    R8
Q30                                                x 0     0          0 NC
-H2C-            CH2-CH a     I H   H 35 KJ
VII dans laquelle: 40        R7 et R8   representent ind6pendamment un
atome d'hydrogene, un radical alkyle comportant de 1 a 3 atomes de carbone,
un radical ph6nyle ou R7 et Re forment ensemble -(CH2),- dans loquel: n
est egal A 4 ou 5. 46  46. Un d6riv4 solon la revendication 44, caract6ris6
en ce quo R7 et Rs reprdsentent des radicaux m6thyles et les doux centres
optiquement actifs representent R. 60 65 90    EP O 330 172 B1
||| |||||||||| C   L   M   S 46. Un ddriv6 reprdsent6 par la formule Vil:
R7    Re X o   0 NCHZCC    CH2CH=CH2 :      : 10
~~H     H VIII 75     dans laquelle: R7 et Ra   representent ind~pendamment
un atome d'hydrogbne, un radical alkyle comportant de 1 a 3 atomes de
carbone, un radical phdnyle ou R7 et Re forment ensemble -(CH2).- dans
lequel: 



n          est egal & 4 ou 5. 20 47. Un dnriv6 selon la revendication 46,
caract&ris6 en ce que R7 et Ro sont des radicaux methyles et les deux
centres optiquement actifs correspondent & R. 48. Un deriv6 repr~sent6 par
la formule XVII: 25 0          ~~0 F 3-CH-CH-CH-CCH (CH3) 2 NH 1 35 i
~~~~~~~~XVI I 40 49. Un m6lange des derives representes par la formule
XVIII: 0 45 ~~5                                J C=C-C-CH (CH3)2 O ~NH 50
XVIII 55 91    




