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(57) Abstract: Novel compounds of formula (I), being intermediates for the manufacture of ACE inhibitors of formula (IT); wherein
R is lower alkyl of 1-4 carbon atoms or phenyl, R! is hydrogen or lower alkyl of 1-4 carbon atoms, R? is lower alkyl of 1-4 carbon
& atoms or lower alkyl of 1-4 carbon atoms with attached amino or substituted amino group, and Z is amino acid or its derivative. Novel
& method for preparation of compounds of formula (I) and formula (IT) and preparation of lisinopril in high diastereomeric selectivity.
Compound of formula (I) is prepared either by reaction of compound of formula (IV), wherein Y is hydroxy group, R! is lower alkyl
of 1-4 carbon atoms and R, R? are as above with 2,2-dithio bis[benzthiazol]-(2)] of formula (V), or reaction of compound of formula
(IV); wherein Y is halogen and R,R!,R? are same as previous compound of formula (IV) with 2-mercaptobenzothiazole of formula

(VD).
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ALPHA-AMINO ACID BENZOTHIAZOLYLTHIO ESTER AS INTERMEDIATES FOR MANUFACTURE
OF ACE INHIBITORS AND PROCESS FOR PREPARATION THEREOF

FIELD OF THE INVENTION
The present invéntion relates to novel compounds of formula (I), being intermediates.

for the manufacture of ACE inhibitors of formula (II)
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wherein R is a lower alkyl of 1-4 carbon atoms or phenyl,
R’ is hydrogen or lower alkyl of 1-4 carbon atoms, and

15 R is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is
attached an amino or substituted amino group, and

Z is an amino acid or its derivative thereof .

This invention further provides novel method for preparation of compounds of formula
20 1 and formula II as well as the preparation of lisinopril in high diastereomeric

selectivity.

BACKGROUND OF THE INVENTION
Hypertension, since it shows few, if any symptoms has come to be regarded as the
25  “silent killer”. It is a major risk factor for other cardiovascular diseases such as stroke,

heart attacks, congestive heart failure, cardiac insufficiency etc. Hypertension is the
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most prevalent of all cardiovascular diseases in the developed as well as developing

countries, affecting 20-30% of the adult population.

Hypertension is currently treated in one of the five ways, viz. with

(a) Diuretics, which increase the elimination of sodium;

(b)  Alpha or Beta Blockers, which work through the involuntary nervous system to
lower blood pressure;

(c)  Calcium Channel Blockers or calcium antagonists, which reduce blood vessel
constriction by interfering with the effects of calcium in the vessel wall;

(d)  Vasodilators, which dilate arteries to decrease overall pressure; and

(e)  Angiotensin Converting Enzyme (ACE) Inhibitors, which reduce blood-

pressure-raising hormones.

The last mentioned i. e. the Angiotensin Converting Enzyme (ACE) Inhibitors
constitute an important class of compounds for treatment of hypertension. These class
of compounds, excepting a few, possess close structural similarities and are commonly

referred to as “Prils”.

There are more than twenty “Prils” known and available in the market today for
treatment of hypertension and other cardiovascular symptoms, out of which more than
half have the following skeleton (III) in common in the respective molecule, wherein R

is alkyl or phenyl, R, R' and R* have the same meanings as defined hereinbefore

COOR! R?
©NNT O
R H
o}

Notable amongst such “Prils”, which carry the fragment (III) are

1. Delapril, as disclosed in US Patent No. 4,385,051;

ii. Enalapril and Enalaprilat, as disclosed in US Patent No. 4,374,829,
iii. Imidapril and Imidaprilat as disclosed in US Patent No. 4,508,727,
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iv. Lisinopril, as disclosed in US Patent No. 4,374,829;

v. Moexipril and Moexiprilat, as disclosed in US Patent No. 4,344,949,

V1. Perindopril and Perindoprilat, as disclosed in US Patent No. 4,508,729;
vii.  Quinapril and Quinaprilat, as disclosed in US Patent No. 4,344,949,

viil.  Ramipril, as disclosed in US Patent No. 4,587,258;

ix. Spirapril and Spiraprilat, as disclosed in US Patent No. 4,470,972; and

X. Trandolapril and Trandolaprilat, as disclosed in US Patent No. 4,933,361.

Because of the commercial importance the “Prils” occupy today in the cardiovascular
segment there is a constant demand for new and improved methods for their
manufacture. The present invention is an attempt in this direction and thereby provides

a novel method for manufacture of the aforesaid “Prils”.

OBJECT OF THE INVENTION
It is an object of the present invention to provide novel intermediates for manufacture of

ACE inhibitors in a simple, cost-effective way and in high diastereomeric selectivity.

The present inventors have found that the ACE inhibitors of formula (II) could be
manufactured in high diastereomeric selectivity through a novel activated ester of the
carboxylic acid fragment (III), viz. 2’- benzothiazolylthio ester, which is simple and
cost-effective in comparison to the known methods for synthesis of such ACE

inhibitors.

The inventors have further found that the novel 2’- benzothiazolylthio esters, in turn can
be prepared from the respective carboxylic acid fragment (III) in a simple manner,

utilizing cheap and readily available raw materials.
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SUMMARY OF THE INVENTION

Thus the present invention relates to novel compounds of formula (I),
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O

5  wherein R is a lower alkyl of 1-4 carbon atoms or phenyl,
R' is hydrogen or lower alkyl of 1-4 carbon atoms, and
R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is

attached an amino or substituted amino group.

10 According to another aspect of the present invention, there is provided a method for

preparation of compounds of formula (I)

COOR! R?

| N
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15 wherein R is a lower alkyl of 1-4 carbon atoms or phenyl,
R'is hydrogen or lower alkyl of 1-4 carbon atoms, and
R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is

attached an amino or substituted amino group comprising either,

20 (a) reaction of compound of formula (IV),

Coor! R?
/\/k Y (Iv)
NN ®
R H
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(b)

wherein

Y is a hydroxy group (-OH),

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R! is lower alkyl of 1-4 carbon atoms, and

R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

which is attached an amino or substituted amino group

with 2,2’-dithio bis[benzthiazol] of formula (V),

O

in the presence of a tri-(lower alkyl)- or tri(aryl) phosphine or phosphite and in
the presence of an inert, non-hydroxy-containing organic solvent and optionally
in the presence of a base at a temperature ranging between —30° C to +50° C to
give compounds of formula (I), wherein R' is lower alkyl of 1-4 carbon atoms
and optionally removal of the lower alkyl ester group to give compounds of

formula (I), wherein R is hydrogen, or

reaction of compound of formula (IV),

COOR! R?
v)
R/\/(S)kN ® Y
H
o)

wherein
Y is halogen,
R is a lower alkyl of 1-4 carbon atoms or phenyl,

R is lower alkyl of 1-4 carbon atoms, and
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R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

which is attached an amino or substituted amino group

with 2-mercaptobenzothiazole of formula (VI),

N
HS_</ :@ (VD
S

in the presence of a base and in the presence of an inert, non-hydroxy-containing
organic solvent at a temperature ranging between —30° C to +50° C to give
10 compounds of formula (I), wherein R’ is lower alkyl of 1-4 carbon atoms and
optionally removal of the lower alkyl ester group to give compounds of formula

(1), wherein R' is hydrogen.

For ready reference the aforesaid reactions are shown in the Reaction Scheme I

15 shown below
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Scheme-1 : Preparation of Novel Compounds of Formula (X) As Per The Present Invention

20
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According to yet another aspect of the present invention, there is provided a process for

preparation of ACE Inhibitors of formula (II) and pharmaceutically acceptable salts

thereof,
COOR! R?
/\/(S')\N (&) Z (H)
R H
0
5
wherein

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R'is hydrogen or lower alkyl of 1-4 carbon atoms,

R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is
10 attached an amino or substituted amino group, and

Z is an amino acid selected from those given in Chart-I
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comprising reaction of the novel compounds of formula (I)

Ccoor! R

N
N e OGN
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wherein

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R' is hydrogen or lower alkyl of 1-4 carbon atoms, and

R” is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is

5  attached an amino or substituted amino group

with an amino acid derivative of formula (VII),

Z—R3 (VID)
10
wherein Z has the same meaning as defined hereinabove and R’ is hydrogen or an easily
removable carboxyl protective group in the presence of an inert, non-hydroxy-
containing organic solvent and optionally in the presence of a base at a temperature
ranging from —20° C to =5° C, with the proviso that when R? is hydrogen compounds of
15 formula (II) and their pharmaceutically acceptable salts thereof are obtained directly and
when R’ is a carboxyl protective group, removal of the said protective group give

compounds of formula (IT) and their pharmaceutically acceptable salts thereof.

For ready reference the aforesaid reaction is shown in Reaction Scheme III below

20
coor! R? . : COoor! R?
/\/'\ ) S (g@ TR ? /\/(s)k () z
R ) g (VI;) R II\,II (
le] ‘ o
) R? = Hydrogen or Protective Group (M

Scheme-III : Novel Method For Synthesis of ACE Inhibitors of Formula (I[) As Per The Present Invention

In a further aspect of the present invention, there is provided a novel method for

25 preparation of the ACE Inhibitor, lisinopril of formula (II%),
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comprising the steps of
5
1) reaction of a L-lysiné derivative of formula (IV®),
NHR*
5 (avé)
N O R
O
10 wherein R* and R’ are either hydrogen or a amino and carboxyl protective group
respectively; \
with a compound of formula (IV),
o—1]
ORS av’
™
15 ©

wherein R® is hydrogen or lower alkyl of 1-4 carbon atoms;
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the asterik (*) on the carbon bearing the (-COOR®) group is either racemic
having the (R/S) configuration or has the (R)-configuration; and

L is a leaving group,

in the presence of a base and in the presence of an inert solvent at a temperature
of between —80° C to +80° C to give a novel compound of formula (IV®),
wherein R* and R are a amino and carboxyl protective group respectively and
R’ is hydrogen or lower alkyl of 1-4 carbon atoms and the asterik (*) on the
carbon bearing the (-COOR®) group is either racemic having the (R/S)
configuration or has the (S)-configuration, and optionally removal of the

rotective group R’ to give compound of formula V),
p g p

NHR*

(Iv>)

wherein R* is an amino protective group and R’ is hydrogen, or through

reductive amination of an o-keto compound of formula (IV®),

OR®
(Iv®)

wherein R® is as defined hereinearlier, with the L-lysine derivative of formula
(IV%, in aqueous solution in the presence of sodium cyanoborohydride or
reduction of the intermediate Schiff’s base in an inert organic solvent and in the
presence of a hydrogenation catalyst and a hydrogenation agent to give a novel
compound of formula (IV®), wherein R* and R® are a aminoband carboxyl

protective group respectively and R® is hydrogen or lower alkyl of 1-4 carbon
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atoms and the asterik (*) on the carbon bearing the (~<COOR®) group is either
racemic having the (R/S) configuration or has the (S)-configuration; and
optionally removal of the protective group R’ to give compound of formula

(IV®), wherein R*is an amino protective group and R’ is hydrogen, and

reacting compound of formula (IV?),

NHR*
0 0
6~
: 5 (V)
OONNTT® OR
H
0

wherein R*is an amino protective group and R’ is hydrogen; R is hydrogen or
lower alkyl of 1-4 carbon atoms and the asterik (*) on the carbon bearing the (-
COOR®) group is either racemic having the (R/S) configuration or has the (S)-

configuration with

2,2’-dithio bis[benzthiazol] of formula (V),

Ol

in the presence of a tri-(lower alkyl)- or tri(aryl) phosphine or phosphite and in
the presence of an inert, non-hydroxy-containing organic solvent and optionally
in the presence of a base at a temperature ranging between —30° C to +50° C to

give compound of formula (I°),
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wherein R*is an amino protective group and R® is hydrogen or lower alkyl of
1-4 carbon atoms and the asterik (*) on the carbon bearing the (-COOR®) group
is either racemic having the (R/S) configuration or has the (S)-configuration or

reaction of compound of formula (IV?),

NHR*
/O (0] .
R Iv9)
: OONNTT®) X
H
0

wherein R*is an amino protective group and R’ is halogen ; R® is hydrogen or
lower alkyl of 1-4 carbon atoms and the asterik (*) on the carbon bearing the (-
COOR®) group is either racemic having the (R/S) configuration or has the (S)-

configuration and X is a halogen atom, with

with 2-mercaptobenzothiazole of formula (VI),

N
ns—( :(j (VI)
S

in the presence of a base and in the presence of an inert, non-hydroxy-containing
organic solvent at a temperature ranging between —30° C to +50° C to give

compounds of formula (I’), and
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1ii) reacting compound of formula (I°),

NHR*
72 5
OO :@ ()
H S
O

wherein R*is an amino protective group and R® is hydrogen or lower alkyl of
1-4 carbon atoms and the asterik (*) on the carbon bearing the (-COOR®) group
is either racemic having the (R/S) configuration or has the (S)-configuration,

with a L-proline derivative of formula (VII'),

[ (s; (VIIh
COOE

10 H
wherein E is a carboxyl protective group in the presence of a inert, non-hydroxy-

containing organic solvent to give protected lisinopril of formula (II?), ‘
NHR*

()

15
wherein R*is an amino protective group and R® is hydrogen or lower alkyl of
1-4 carbon atoms and the asterik (*) on the carbon bearing the (-COOR®) group

is either racemic having the (R/S) configuration or has the (S)-configuration, and

20 iv)  removal of protective groups from compound of formula (IF), and optionally

separating the diastereomers to give lisinopril of formula (II%).
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For ready reference the aforesaid reactions are shown in the Reaction Scheme II below :
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Scheme-II : Novel Method For Synthesis of Lisinopril () As Per The Present Invention

DETAILED DESCRIPTION OF THE INVENTION
Compounds of formula (I), wherein R is lower alkyl of 1-4 carbon atoms or is phenyl;
R is hydrogen or lower alkyl of 1-4 carbon atoms; R? is lower alkyl of 1-4 carbon

atoms can be prepared by reaction of the peptide derivative of formula (IV"),
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COooR! R?

(vh
/\/(S)kN ®) OH

H

R
0

which corresponds to compound of formula (IV), wherein

Y is hydroxyl;

R is lower alkyl of 1-4 carbon atoms or is phenyl;

R' is hydrogen or lower alkyl of 1-4 carbon atoms; and
R? is lower alkyl of 1-4 carbon atoms

with 2,2’-dithio bis[benzthiazol] of formula (V),

esRse I

The reaction is suitably effected in the presence of a tri-(lower alkyl)- or tri-(aryl)-
phosphine or phosphite and in the presence of an inert, non-hydroxy-containing organic
solvent and optionally in the presence of a base at a temperature ranging between —30°

C to +50° C to give compounds of formula (I), wherein R' is lower alkyl of 1-4 carbon

" atoms and optionally removal of the lower alkyl ester group to give compounds of

formula (I), wherein R is hydrogen,

Suitable tri-(lower alkyl) phosphines include trimethyl phosphine, triethylphosphine,
tri-n-propyl phosphine, triisopropyl phosphine, tri-n-butyl phosphine, tri-isobutyl
phosphine, tri-t-butyl phosphine and the like.

Suitable tri-(lower alkyl) phosphites include trimethyl phosphite, triethylphosphite, tri-
n-propyl phosphite, triisopropyl phosphite, tri-n-butyl phosphite and the like.
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Suitable tri-(aryl) phosphines include triphenyl phosphine, tri (p-methoxyphenyl)
phosphine, tri (o-chlorophenyl) phosphine, tri (p-chlorophenyl) phosphine, tri (m-tolyl)
phosphine, tri (o-tolyl) phosphine, tri (p-tolyl) phosphine, tri (m-bromophenyl)
phosphine, tri (p-bromophenyl) phosphine, tri (p-iodophenyl) phosphine, tri (p-n-
propylphenyl) phosphine, tri (p-tert-butylphenyl) phosphine, tri (p-isopropoxyphenyl)
phosphine and the like.

Suitable tri-(aryl) phosphites include triphenyl phosphite, tri (p-methoxyphenyl)
phosphite, tri (o-chlorophenyl) phosphite, tri (p-chlorophenyl) phosphite, tri (m-tolyl)
phosphite, tri (o-tolyl) phosphite, tri (p-tolyl) phosphite, tri (m-bromophenyl) phosphite,
tri (p-bromophenyl) phosphite, tri (p-iodophenyl) phosphite, tri (p-n-propylphenyl)
phosphite, tri (p-tert-butylphenyl) phosphite, tri (p-isopropoxyphenyl) phosphite and the
like.

Tri-(lower alkyl) phosphines and tri (aryl) phosphines are preferred over the tri-(lower
alkyl) phosphites and tri (aryl) phosphates. Among the tri (lower alkyl) phosphines and
the tri (aryl) phosphines, the tri (aryl) phosphines are preferred. Among the tri (alryl)
phosphines, the more preferred is triphenyl phosphine, primarily because of commercial

availability.

The tri (lower alkyl) phosphines or phosphites and the tri (aryl) phosphines or
phosphites are employed in molar proportions of 1.0 to 2.0 moles per mole of
compound of formula (IV'), in particular 1.0 to 1.50 moles per mole of compound of

formula (IV?), preferably 1.0 to 1.30 moles per mole of compound of formula avh.

The reaction can be carried out in the presence of or absence of an organic base. There
is no material difference in both sets of reactions and both give compounds of formula

(I) possessing substantially identical purity in substantially identical yield.

The organic bases that can be used are selected from triethylamine, pyridine, 2,3-

diaminopyridine,  2,4-diaminopyridine, N-methyl morpholine and the like.
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Triethylamine is preferred, primarily because of its low cost and commercial

availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (IVY), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula avh.

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” is meant to include and cover
organic solvents, which do not contain a hydroxyl (-OH) group. Such non-hydroxy-
containing organic solvents are further inert. By “inert organic solvent” is meant an
organic solvent which, under the reaction conditions does not enter into any appreciable

reaction with either the reactants or the products.

Thus, the inert, non-hydroxy-containing organic solvents that can be used for the
reaction include hydrocarbons, both aliphatic and aromatic, including pentane, hexane,
heptane, octane, cyclopentane, cyclohexane and cycloheptane, toluene, m-, o- or p-
xylene, benzene, mesitylene and the like; ethers, cyclic and acyclic such as diethyl
ether, butyl ethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane and the like; carboxylic acid esters such as ethyl acetate, methyl
formate, methyl acetate, amyl acetate, n-butyl acetate, sec-butyl acetate, tert-butyl
acetate, methyl propionate, methyl butyrate and the like; nitriles such as acetonitrile,
propionitrile, butyronitrile and the like; halogenated hydrocarbons, both aromatic and
aliphatic such as chloroform, methylene chloride, carbon tetrachloride, 1,2-
dichloroethane, 1,1,2-trichloroethane, 1,1-dibromo-2-chloroethane, 2-chloropropane, 1-
chlorobutane, chlorobenzene, fluorobenzene, dichlorobenzene and the like; nitro
compounds such as nitromethane, nitroethane, 1-or 2-nitropropane, nitrobenzene and
the like; ketonic solvents such as acetone, methyl ethyl ketone, methyl iso-butyl ketone,
cyclopentanone, cyclohexanone and the like; and polar aprotic solvents such as N,N-

dimethyl formamide, N N-dimethyl acetamide and the like.
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The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (I) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and
halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane. The
most preferred solvents are halogenated hydrocarbons, especially dichloromethane and

1,2-dichloroethane.

The reaction temperature may for example be from —30° C to +50° C, in particular —10°

C to +30° C, preferably —5° C to + 20° C.

2,2’-dithio bis[benzthiazol] of formula (V), which is commercially available is
employed in molar proportions of 1.0 to 2.0 moles per mole of compound of formula
(IV"), in particular 1.0 to 1.50 moles per mole of compound of formula (IV"), preferably

1.0 to 1.30 moles per mole of compound of formula (IV").

In a typical method, the tri (lower alkyl) phosphine/phosphite or the tri (aryl)
phosphine/phosphite is dissolved in the inert, non-hydroxy-containing organic solvent,
to which is added 2,2’-dithio bis[benzthiazol] of formula (V). The reaction mixture is
agitated for 45 to 60 mns at a temperature of 20° C to 30° C. Thereafter, the reaction
mixture is cooled to —10° C to + 10° C to which is added the carboxylic acid compound
of formula (IV'), wherein R! is hydrogen or lower alkyl of 1-4 carbon atoms; R” is
lower alkyl of 1-4 carbon atoms, followed by addition of the base. The reaction mixture
is agitated at the same temperature for 45 to 60 mns and thereafter gradually increased
to 20° C t0 30°C and agitated at the same temperature for about 2 to 5 hrs. Evaporation
of the solvent gives compound of formula (T), wherein R' is lower alkyl of 1-4 carbon

atoms; R? is lower alkyl of 1-4 carbon atoms, which can be used as such for use in
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preparation of ACE inhibitors of formula (II) or can be purified by conventional

methods prior to use. A \

Alternatively, compound of formula (I) can be prepared as per the abovementioned
method, but in the absence of a base. Compounds of formula (I), wherein R' is
hydrogen; R? is lower alkyl of 1-4 carbon atoms can be prepared by removal of the
lower zﬂkyl ester groups of compounds of formula (I), wherein R is lower alkyl of 1-4
carbon atoms; R” is lower alkyl of 1-4 carbon atoms. For instance, when the group R’
in compounds of formula (I) corresponds to methyl or ethyl, such groups can be
removed under basic conditions to give the corresponding free carboxylic acid
compound, whereas when the group R' in compounds of formula (I) corresponds to tert-
butyl, such group can be removed under acidic conditions to give the corresponding free

carboxylic acid compound.

In particular, the present invention provides 2’-benzthiazolyl thioester of N-[1(S)-
ethoxycarbonyl butyl]-(S)-alanine of formula [I’, corresponding to compound of
formula (X), wherein R is methyl, R" is ethyl; R*is methyl] and a method of preparation
thereof and 2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-
alanine of formula [I?, corresponding to compound of formula (I), wherein R is phenyl,

R' is ethyl; R? is methyl] and a method of preparation thereof.

CH,
H3C\/ o) 3 N HSC\/ = CHj
—~ 1) 4
4 ) S *<
Hs () II\—II g SNNTE .
o) H

9]
I 12

Compound (I'), corresponding to compound of formula (I), wherein R is methyl, R is
ethyl and R? is methy! is useful as an intermediate for preparation of the ACE inhibitor,
Perindopril; whereas compound (I?), corresponding to compound of formula (),

wherein R is phenyl, R' is ethyl and R?is methyl is useful as an intermediate for
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preparation of the ACE inhibitors such as Delapril, Enalapril, Imidapril,, Moexipril,
Quinapril, Ramipril, Spirapril, and Trandolapril.

In a specific embodiment, 2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl butyl]- -
(S)-alanine of formula (I'), corresponding to compound of formula (I), wherein R is
methyl, R' is ethyl; R”is methyl can be prepared by dissolving triphenyl phosphine in
an inert, non-hydroxy-containing organic solvent. To the solution is added 2,2’-dithio
bis[benzthiazol] of formula (V). The reaction mixture is agitated for 45 to 60 mns at a
temperature of 20° C to 30° C. Thereafter, the reaction mixture is cooled to ~10° C to +
10° C to which is added N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine (IV"), corresponding
to compound of formula (IV), wherein R is methyl, R' is ethyl; R?is methyl followed
by addition of the base. The reaction mixture is agitated at the same temperature for 45
to 60 mns and thereafter gradually increased to 20° C to 30° C and agitated at the same
temperature for about 2 to 5 hrs. Evaporation of the solvent gives compound of formula

(1" as an oil.

The oil can be chromatographed over silica gel using a mixture of chloroform and
petroleum ether (40-60° C) in a ratio of 3:7 as eluent to give a pure product, which

exhibits the following spectral characteristics.

IR (em™) : 1728, 1666
"H NMR (CDCl3, 8) : 1.00 (t, 3H); 1.30 (t, 3H); 1.45 (d, 3H); 1.50-1.90 (m, 5H); 3.40-
3.50 (m, 2H); 4.20 (g, 2H); 7.30-7.60 (m, 2H); 7.90 (dd, 1H); 8.05 (dd, 1H)

“C NMR ((CDCls, 8) : 15.09, 19.94, 20.88. 36.73. 61.85, 62.09, 63.79. 122.01, 123.62,
126.10, 126.98, 127.38, 131.00, 175.99, 203.76.

In another specific embodiment, 2’-benzothiazolylthio ester of N-[1(S)-ethoxycarbonyl-
3-phenylpropyl]-(S)-alanine of formula [I%, corresponding to compound of formula (I),
wherein R is phenyl, R’ is ethyl; R*is methyl] can be prepared by dissolving triphenyl
phosphine in an inert, non-hydroxy-containing organic solvent. To the solution is added

2,2’-dithio bis[benzthiazol] of formula (V). The reaction mixture is agitated for 45 to 60
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mns at a temperature of 20° C to 30° C. Thereafter, the reaction mixture is cooled to —
10° C to + 10° C to which is added N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine
(IVY), corresponding to compound of formula (IV), wherein R is phenyl, R' is ethyl; R?
is methyl, followed by addition of the base. The reaction mixture is agitated at the same
temperature for 45 to 60 mns and thereafter gradually increased to 20° C to 30° C and
agitated at the same temperature for about 2 to 5 hrs. Evaporation of the solvent gives

compound of formula (%) as an oil.

The oil can be chromatographed over silica gel using a mixture of chloroform and
petroleum ether (40-60° C) in a ratio of 3:7 as eluent to give a pure product, which

exhibits the following spectral characteristics.
IR (cm™) : 1732, 1600

"H NMR (CDCl, 8) : 1.30 (t, 3H); 1.50 (d, 3H); 1.90-2.30 (m, 3E); 2.70-3.10 (m, 2H);
3.40-3.70 (m, 2H); 4.20 (q, 2H); 7.10-7.60 (m, 7E); 7.90 (dd, 1H); 8.10 (dd, 1H)

PCNMR ((CDCL, 8) : 14.74, 20.45, 27.42, 32.66, 35.93, 61.64, 63.57, 112.39, 121.66,
123.29, 124.63, 125.77, 126.54, 126.63, 127.27, 128.89, 141.57, 175.18, 203.04

The carboxylic acid compounds of formula (IV') used for preparation of compounds of
formula (I) are known and are commercially available or can be prepared by methods

known in the art.

Compounds of formula (I) can also be suitably prepared by reaction of carboxylic acid

halide of the peptide of formula (IV?),

COOR! R?
/\/k Halogen (IVZ)
R BNNT®) .
H

0
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which corresponds to compound of formula (IV), wherein
Y is halogen,; ‘

R is lower alkyl of 1-4 carbon atoms or is phenyl,

R!is hydrogen or lower alkyl of 1-4 carbon atoms; and

R” is lower alkyl of 1-4 carbon atoms,

with 2-mercaptobenzothiazole of formula (VI),

N
Hs——</ :ij (VD)
S

in the presence of a base and in the presence of an inert, non-hydroxy-containing
organic solvent at a temperature ranging between —30° C to +50° C to give compounds
of formula (I), wherein R is lower alkyl of 1-4 carbon atoms and optionally removal of

the lower alkyl ester group to give compounds of formula (I), wherein R' is hydrogen.

The reaction is suitably effected in the presence of an inert, non-hydroxy-containing

organic solvent and in the presence of a base.

In compound of formula (IV?) halogen refers to an halogen atom selected from chlorine,

bromine or iodine.

The organic bases that can be used are selected from  triethylamine, pyridine, 2,3-
diaminopyridine,  2,4-diaminopyridine, N-methyl morpholine and the like.
Triethylamine is preferred, primarily because of its low cost and commercial

availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (IV?), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (IV?).
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The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic solvents” referred
to hereinbefore in Section 1(a) can also be used herein for preparation of compounds of
formula (I) by reaction of the acid halide of formula (IV®) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (I) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —30° C to +50° C, in particular —10°
C to +30°C, preferably —5° C to +20° C.

2-mercaptobenzothiazole of formula (VI), which is commercially available is employed
in molar proportions of 1.0 to 2.0 moles per mole of compound of formula (IV?), in
particular 1.0 to 1.50 moles per mole of compound of formula (IV?), preferably 1.0 to

1.30 moles per mole of compound of formula (IV?).

In a typical method, to a solution of with 2-mercaptobenzothiazole of formula (VD),
dissolved at a temperature of 20° C to 30° C in the inert, non-hydroxy-containing

organic solvent containing the base and cooled to —10° C to + 10° C is added a solution
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of the acid halide compound (IV?), wherein R! is lower alkyl of 1-4 carbon atoms; R>
is lower alkyl of 1-4 carbon atoms, dissolved in a inert, non-hydroxy-containing organic
solvent. The reaction mixture is agitated at the same temperature for 45 to 60 mns and
thereafter gradually increased to 20° C to 30° C and agitated at the same temperature for
about 2 to 5 hrs. Evaporation of the solvent gives compound of formula (I), wherein R’
is lower alkyl of 1-4 carbon atoms; R?is lower alkyl of 1-4 carbon atoms, which can be
used as such for use in p;eparation of ACE inhibitors of formula (II) or can be purified

by conventional methods prior to use.

Compounds of formula (I), wherein R' is hydrogen; R? is lower alkyl of 1-4 carbon
atoms can be prepared by removal of the lower alkyl ester groups of compounds of
formula (I), wherein R' is lower alkyl of 1-4 carbon atoms; R? is lower alkyl of 1-4
carbon atoms. For instance, when the group R' in compounds of formula )
corresponds to methyl or ethyl, such groups can be removed under basic conditions to
give the corresponding free carboxylic acid compound, whereas when the group R' in
compounds of formula (I) corresponds to tert-butyl, such group can be removed under

acidic conditions to give the corresponding free carboxylic acid compound.

In a specific embodiment, 2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl butyl]-
(S)-alanine of formula (I"), corresponding to compound of formula (I), wherein R is
methyl, R' is ethyl, R* is methyl can be prepared by dissolving 2-
mercaptobenzothiazole of formula (VI) in a inert, non-hydroxy-containing organic
solvent and the base. The reaction mixture is agitated for 45 t0 60 mns at a temperéture
of 20° C to 30° C. Thereafter, the reaction mixture is cooled to —10° C to + 10° C to
which is added N-[1(S)-ethoxycarbony! butyl]-(S)-alanine carboxylic acid halide [IV?,
corresponding to compound of formula (IV), wherein R is phenyl, R! is ethyl; RZis
methyl]. The reaction mixture is agitated at the same temperature for 45 to 60 mns and
thereafter gradually increased to 20° C to 30°C and agitated at the same temperature for

about 2 to 5 hrs. Evaporation of the solvent gives compound of formula (I') as an oil.
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The oil can be chromatographed over silica gel using a mixture of chloroform and
petroleum ether (40-60° C) in a ratio of 3:7 as eluent to give a pure product, which

exhibits the spectral characteristics given hereinbefore in Section 1(a).

In another specific embodiment, 2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl-
3-phenylpropyl]-(S)-alanine of formula (I*), corresponding to compound of formula D,
wherein R is phenyl, R' is ethyl; R” is methyl can be prepared by dissolving 2-
mercaptobenzothiazole of formula (VI) in a inert, non-hydroxy-containing organic
solvent and the base. The reaction mixture is agitated for 45 to 60 mns at a temperature
of 20° C to 30° C. Thereafter, the reaction mixture is cooled to —10° C to + 10° C to
which is added N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine carboxylic acid
halide [IV? corresponding to compound of formula (IV), wherein R is phenyl, R’ is
ethyl; R”is methyl]. The reaction mixture is agitated at the same temperature for 45 to
60 mns and thereafter gradually increased to 20° C to 30° C and agitated at the same
temperature for about 2 to 5 hrs. Evaporation of the solvent gives compound of formula

(1%) as an oil.

The oil can be chromatographed over silica gel using a mixture of chloroform and
petroleum ether (40-60° C) in a ratio of 3:7 as eluent to give a pure product, which

exhibits the spectral characteristics given hereinbefore in Section 1(a).

The starting carboxylic acid halide compounds of formula (IVZ) used for preparation of
compounds of formula (I) can be prepared by methods known in the art, particularly by
the method disclosed in GB Patent No. 2,095,252 as well as by our pending PCT
Application No. PCT/IN03/00042, dated February 28, 2003.

As mentioned herein earlier, the present invention provides a compound of formula

av?),
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e O (0]
RS (IV9)

wherein R? and R’ are either hydrogen or a amino and carboxyl protective group
respectively;,

R® is hydrogen or lower alkyl of 1-4 carbon atoms; and

the asterik (*) on the carbon bearing the (-COOR®) group is either racemic having the
(R/S) configuration or has the (S)-configuration as an useful intermediate for
preparation of the novel compounds of formula (I), and thereby, in turn provides a novel

method for preparation of the ACE inhibitor, lisinopril of formula(II%).

Compound of formula (IV®) is an useful intermediate for preparation of the novel
compounds of formula (I), and thereby, in turn provides a novel method for preparation
of the ACE inhibitor, lisinopril of formula (I1%).

In compounds of formula (IV°) the amino protective group corresponding to group R*
that can be employed are those protective groups routinely practiced in the art, specially
those routinely used in peptide synthesis. Suitable protective groups include but are not
limited to a substituted benzyloxycarbonyl group such as a tertiary butoxycarbonyl
group, benzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group etc.; a urethane type
protective group such as isobornyloxycarbonyl group etc.; an acyl type protective group
such as trifluoroacetyl group, a formyl group, a phthaloyl group etc. Of these, in

particular, trifluoroacetyl group is preferred, since it can be removed easily with alkali.

In compounds of formula (IV°) the carboxyl protective group corresponding to group
R’ that can be employed are easily removable carboxyl protective groups routinely

utilized in organic chemistry. These include inter alia,
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those forming an alkyl ester e.g. methyl, ethyl, tert-butyl esters;

halo-lower alkyl esters e.g. 2-chloroethyl, 2,2,2 -trichloroethyl esters;

lower acyl-lower alkyl esters e.g. lower alkanoylmethyl, 2-acetylethyl, phenacyl, p-
bromophenacyl, a-benzoylbenzyl esters;

lower alkoxy-lower alkyl esters e.g. methoxymethyl ester;

lower acyloxy-lower alkyl esters e.g. acetoxymethyl, pivaloyloxymethyl, N,N-
dimethylglycyloxymethyl, benzoyloxymethyl esters;

lower  1,1-dicarbo-lower  alkoxyalkyl esters e.g  dicarbomethoxymethyl,
dicarbethoxymethyl esters;

lower aryl esters e.g. phenyl, pyridyl esters optionally substituted by an inert group e.g.
nitro, methoxy, or lower alkyl,

aralkyl esters e.g. benzyl, benzhydryl, naphthylmethyl and pyridylmethyl esters
optionally substituted by an inert group e.g. nitro, methoxy or lower alkyl;

a trialkylsilyl group e.g. atri (Ci.4)alkyl silyl, e.g. trimethylsilyl; and

other groups known to those skilled in the art.

Preferred carboxyl protective groups are trialkylsilyl, specially trimethylsilyl and

aralkyl, specially benzyl esters.

The asterik (*) on the carbon bearing the (-COOR®) group is either racemic having the
(R/S) configuration or has the preferred (S)-configuration, both of which falls within the
scope of this invention.

Compound of formula (IV®) can be prepared by any of the following methods, viz.

In the first method, a lysine derivative (IV®),
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N ® OR
6]
in which R* and R’ have the same meaning defined hereinbefore is reacted with 4-

phenyl-2-hydroxy-butyric acid derivative of formula (IV7),

01|

ORS v’
*

wherein R® is hydrogen or lower alkyl of 1-4 carbon atoms; the asterik (*) on the
carbon bearing the (-COOR®) group is either racemic having the (R/S) configuration or
has the (R)-configuration; and L is a leaving group, in the presence of a base and in the
presence of an inert solvent at a temperature between —80° C to +80° C to give
compound of formula (IV?), followed by optionally removal of the amino and carboxyl
protective groups R* and R’ to give compound of formula (IV°), in which R* and R’ are

hydrogen.

Using the process, compound of formula (IV*) can be obtained in which the center of
chirality (*) produced in the Sx2 reaction is in the (S) or (R/S) configuration, depending
on whether the center of chirality (*) in the starting material compound (IV7) is in the

(R)-configuration or is racemic i. e. (R/S)-configuration.

When the center of chiralify (*) in the starting material compound (IV”) is in the R)-

configuration, the reaction takes an unambiguous stereochemical course in giving the
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product (IV*), with complete inversion of configuration as the diastereomerically pure

(S)-isomer.

When the center of chirality (*) in the starting material compound (IV?) is racemic i. e.
in the (R/S)-configuration, the center of chirality (*) in the product obtained (IV°), is
also racemic i. e. giving the product as a diastereomeric mixture of (R)- and (S)-
isomers. The diastereomers can be separated by methods known in the art to give the

desired product (IV®), as the diastereomerically pure (S)-isomer.

The leaving group L in compound of formula (IV") are those groups amenable to easy
nucleophilic displacement. Such leaving groups include a tosyloxy or , mesyloxy group
disclosed in US Patent No. 4 350 704; a trifluoromethanesulfonyloxy group as disclosed
in US Patent No. 4 525 301; or a phenyl sulfonyloxy group or a phenyl sulfonyloxy
group, wherein the phenyl is substituted by halogen, or nitro group, as disclosed in US
Patent No. 5 066 801.

Of the leaving groups, the trifluoromethanesulfonyloxy group and the phenyl
sulfonyloxy group or a phenyl sulfonyloxy group, wherein the phenyl is substituted by
halogen, or nitro group are the most preferred, since unlike the tosyloxy or mesyloxy

leaving groups, they give the product, with little racemisation.

Compound of formula (IV’) is typically employed in equimolar or in slight excess of
the equimolar quantity with respect to the lysine derivative of formula (IV®) used.
Typically it is employed in a molar proportions of 1.0 to 1.20 moles per moles of

compound of formula (IV®).

Suitable bases that can be used in the reaction include inorganic salts, such as
carbonates like sodium carbonate, potassium carbonate, lithium carbonate and cesium
carbonate and organic bases, such as, for example, triethylamine, pyridine, 2 3-

diaminopyridine, 2,4-diaminopyridine, N-methyl morpholine and the like.
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The base can be used in the stoichiometric amount or in excess. Typically, the base is
employed in molar proportions of 1.0 to 5.0 moles per mole of compound of formula
(IV®), preferably in molar proportions of 1.0 to 3.0 moles per mole of compound of
formula (IV®). ‘

Suitable inert solvents are those which cannot react with the leaving group L and can be
selected from halogenated hydrocarbons such as dichloromethane, dichloroethane,
chloroform, carbon tetrachloride etc.; hydrocarbons such as hexane, toluene etc.;
alcohols such as methanol, ethanol, isopropanol etc.; nitriles such as acetonitrile,

10 propionitrile etc.; ethers such as diethyl ether, dioxane, tetrahydrofuran etc.; and amides
. such as dimethylformamide, hexamethylphosphoramide etc. The reaction in

dichloromethane, chloroform or carbon tetrachloride is particularly preferred.

In the second method, reductive amination of an ai-keto compound of formula (IV®),

15
ORS®
(IV®)
0O
wherein R® has the same meaning as defined hereinearlier with a L-lysine derivative of
formula (IV6),
20
NHR*
(IV®)
OR®

H,N” )
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wherein R* and R’ are either hydrogen or a amino and carboxyl protective group
respectively, in aqueous solution in the presence of sodium cyanoborohydride or by
reduction of the intermediate Schiff’s base in an inert organic solvent and in the
presence of a hydrogenation catalyst and a hydrogenation agent or gives compound of

formula (IV?).

The a-keto compound of formula (IV®) is reacted with the L-lysine derivative of
formula (IV®) in aqueous solution or in a suitable inert organic solvent in the presence
of sodium cyanoborohydride to give compound of formula (IV®), in which the center of
chirality (*) is racemic i. e. giving the product as a diastereomeric mixture of (R)- and
(S)-isomers. The diastereomers can be separated by methods known in the art to give

the desired product (IV*), as the diastereomerically pure (S)-isomer.

Alternatively, the intermediate Schiff’s base, enamine or aminol of the following

formula formed in the reductive amination step,

NHR* NHR*

0 0
R°0 R
p— N
OR® @/\)TORG
o} o}

may be catalytically reduced, for example, by hydrogenation in the presence of 10%
palladium on carbon or Raney Nickel to yield compound of formula (IV?), in which the
center of chirality (*) is racemic i. e. giving the product as a diastereomeric mixture of
(R)- and (S)-isomers. The diastereomers can be separated by methods known in the art

to give the desired product (IV?), as the diastereomerically pure (S)-isomer.
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Suitable inert solvents are those selected from halogenated hydrocarbons such as
dichloromethane, dichloroethane, chloroform, carbon tetrachloride etc.; hydrocarbons
such as hexane, toluene etc.; alcohols such as methanol, ethanol, isopropanol etc.;
nitriles such as acetonitrile, propionitrile etc.; ethers such as diethyl ether, dioxane,
tetrahydrofuran  etc.;  and amides such as  dimethylformamide,
hexamethylphosphoramide etc. The reaction in dichloromethane, chloroform or carbon

tetrachloride is particularly preferred.

The two methods of preparation of the novel compound of formula (IV®) has been

summarized in Scheme-IL.

In a specific embodiment,  N-[1(S)-1-ethoxycarbonyl-3-phenylpropyl]-N°-
trifluoroacetyl- L-lysine of formula (IVS’) [corresponding to compound of formula
(IV?), wherein R* is trifluoroacetyl, R* is hydrogen and R® is ethyl] and N-[1(S)-1-
ethoxycarbonyl-3-phenylpropyl]- L-lysine of formula (IV’') [corresponding to
compound of formula (IV®), wherein R* is hydrogen, R’ is hydrogen and R® is ethyl]

can be prepared by anyone of the methods enumerated hereinabove.

NHCCF3 NH

2

(0] (0] ’
CoHs C,Hs50 O

OH
S S

GYNNT®) ORSO OH

H H
© 0

(Iv®) avs")

In one of the specific embodiments, compounds of formula (IV>) and (IV>") can be

prepared the following way.
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In the first step, N°-trifluoroacetyl-S-lysine bénzyl ester of the following formula (IV®),

(Iv®)

O
5
is dissolved in a suitable inert organic solvent and treated with a base at ambient
temperature. To this is added a solution of (R)-[2-trifluoromethanesulfonyloxy]-4-
phenylbutyric acid ethyl ester of the following formula av",
OS0O,CF3
v7
S~ OC:Hs (Ivh)
0]
10

preferably in the same inert organic solvent and the reaction mixture agitated at 25-3 0’
C for 18-20 hrs, till completion of reaction. The reaction mixture is quenched with
water and after separation of the organic layer and evaporation of the solvent the N-
[1(S)-ethoxycarbonyl-3-phenylpropyl]-N°-trifluoroacetyl-L-lysine of the following

15  formula (IV') is obtained as an oil.
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I
NHCCF3
' 0
HgC\/ (IVIO)
ONNT® c—cm—@
H |
0

The oil can be purified by chromatography over silica gel using a mixture of ethyl
acetate and hexane as eluent to give a pure product having the following spectral and

physical characteristics.

Mass spectrum (m/e) : 523.5 amu

Specific rotation : -9.58° (C = 2, methanol at 25°C)

IR (cm™) : 2931,1720, 1651

"HNMR (CDCls, 8) : 1.27 (t, 5H), 1.35-1.80 (m, 7H), 1.85-2.20 (m, 4H), 2.50-2.80 (m,
2H), 3.31 (t, 4H), 4.17 (dt, 2H), 5.15 (dd, 2H), 7.05-7.50 (m, 10H)

BC NMR (CDCls, 8) : 14.62, 22.92, 28.31, 32.39, 32.98, 35.51, 39.90, 59.81, 60.03,
61.39, 67.12, 126.46, 128.83, 129.04, 136.02, 141.587, 174.89, 175.07

Removal of the benzyl protective group gives N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-
N-trifluoroacetyl-(S)-lysine of formula (IV®).

I
NHCCF3
0 '
H3C\/ (IVS)
ONNTEO>c—oH
H I
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Typically, the benzyl protective group is removed under catalytic hydrogenation

conditions known in the art in the presence of Group VIII transition metal catalysts.

The catalysts are selected from palladium on carbon, palladium on alumina, palladium
on barium carbonate, palladium on barium sulfate, palladium on calcium carbonate,
palladium on kieselguhr (diatomaceous earth), palladium on silica-alumina, palladium
on silica-gel, palladium on strontium carbonate, palladium on tin oxide, palladium on
titania, palladium hydroxide on carbon, platinum on carbon, platinum dioxide, platinum
on alumina, platinum on barium carbonate, platinum on barium sulfate, platinum on
calcium carbonate, platinum on kieselguhr (diatomaceous earth), platinum on silica-
alumina, platinum on silica-gel, platinum on strontium carbonate, platinum on tin oxide,
platinum on titania, iridium on carbon, iridium on alumina powder, rhodium on carbon,
thodium hydroxide on carbon, rhodium on alumina, rhodium on kieselguhr
(diatomaceous earth), rhodium on silica-alumina, rhodium on silica-gel, thodium on
titania, ruthenium on carbon, ruthenium on alumina, ruthenum on kieselguhr
(diatomaceous earth), ruthenium on silica-alumina, ruthenium on silica-gel, rhodium
on titania, rhenium on carbon, rhenium on alumina, rhenium on kieselguhr
(diatomaceous earth), rhenium on silica-alumina, rhenium on silica-gel, rhenium on
titania etc. The aforesaid Group VIII metal catalyst are employed either in the

inactivated form or in the activated forms. In addition, suitable forms in which the

‘catalysts are employed include powder, granules, extrudate, pellets and spheres.

The N-trifluoroacetyl protective group can be removed by suitable methods to give the

free amino compound (IV>"),

NH;

HaC~_~ avs"

ONNTES c—on
H Il
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The starting N°-trifluoroacetyl-S-lysine benzyl ester is prepared by benzylation of N°-
trifluoroacetyl-S-lysine as per the conventional methods. The N°-trifluoroacetyl-S-
lysine can in turn be prepared by reaction of L-lysine hydrochloride and an alkyl
trifluoroacetate as per the method described by T. J. Blacklock et. al., in J. Org. Chem.,
1988, 53, 836-44.

In general, the novel compounds of formula (I) can be prepared by reacting a peptide

derivative of formula (IV),

COOR! R?
/\/l\ Y V)
R ONNT®
H
0]

wherein R is a lower alkyl of 1-4 carbon atoms or phenyl; R' is hydrogen or lower
alkyl of 1-4 carbon atoms; R” is lower alkyl of 1-4 carbon atoms to which is attached

an amino or substituted amino group; Y is a hydroxy group (-OH)

with 2,2’-dithio bis[benzthiazol] of formula (V), or

setttae L

the novel compounds of formula (I) can be prepared by reacting the peptide derivative
of formula (IV),

Ccoor! R?

/\/,\ Y )
BNNT®)
0]
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wherein R is a lower alkyl of 1-4 carbon atoms or phenyl; R’ is lower alkyl of 1-4
carbon atoms; R” is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms

to which is attached an amino or substituted amino group; Y is halogen

with 2-mercaptobenzothiazole of formula (VI),

N
as—( :@ vVI)
S

The reaction is suitably effected in the presence of a tri-(lower alkyl)- or tri-(aryl)-
phosphine or phosphite and in the presence of an inert, non-hydroxy-containing organic
solvent and optionally in the presence of a base at a temperature ranging between ~30°
C to +50° C to give compounds of formula (I), wherein R' is lower alkyl of 1-4 carbon
atoms and optionally removal of the lower alkyl ester group to give compounds of

formula (), wherein R' is hydrogen,

Suitable tri-(lower alkyl) phosphines include trimethyl phosphine, triethylphosphine,
tri-n-propyl phosphine, triisopropyl phosphine, tri-n-butyl phosphine, tri-isobutyl
phosphine, tri-t-butyl phosphine and the like.

Suitable tri-(lower alkyl) phosphites include trimethyl phosphite, triethylphosphite, tri-
n-propyl phosphite, triisopropyl phosphite, tri-n-butyl phosphite and the like.

Suitable tri-(aryl) phosphines include triphenyl phosphine, tri (p-methoxyphenyl)
phosphine, tri (o-chlorophenyl) phosphine, tri (p-chlorophenyl) phosphine, tri (m-tolyl)
phosphine, tri (o-tolyl) phosphine, tri (p-tolyl) phosphine, tri (m-bromophenyl)
phosphine, tri (p-bromophenyl) phosphine, tri (p-iodophenyl) phosphine, tri (p-n-
propylphenyl) phosphine, tri (p-tert-butylphenyl) phosphine, tri (p-isopropoxyphenyl)
phosphine and the like.
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Suitable tri-(aryl) phosphites include triphenyl phosphite, tri (p-methoxyphenyl)
phosphite, tri (o-chlorophenyl) phosphite, tri (p-chlorophenyl) phosphite, tri (m-tolyl)
phosphite, tri (o-tolyl) phosphite, tri (p-tolyl) phosphite, tri (m-bromophenyl) phosphite,
tri (p-bromophenyl) phosphite, tri (p-iodophenyl) phosphite, tri (p-n-propylphenyl)
phosphite, tri (p-tert-butylphenyl) phosphite, tri (p-isopropoxyphenyl) phosphite and the
like.

Tri-(lower alkyl) phosphines and tri (aryl) phosphines are preferred over the tri—(lower
alkyl) phosphites and tri (aryl) phosphates. Among the tri (lower alkyl) phosphines and
the tri (aryl) phosphines, the tri (aryl) phosphines are preferred. Among the tri (aryl)
phosphines, the more preferred is triphenyl phosphine, primarily because of commercial

availability.

The tri (lower alkyl) phosphines or phosphites and the tri (aryl) phosphines or
phosphites are employed in molar proportions of 1.0 to 2.0 moles per mole of
compound of formula (IV?), in particular 1.0 to 1.50 moles per mole of compound of

formula (IV®), preferably 1.0 to 1.30 moles per mole of compound of formula (IV?).

The reaction can be carried out in the presence of or absence of an organic base. There
is no material difference in both sets of reactions and both give compounds of formula

(I) possessing substantially identical purity in substantially identical yield.

The organic bases that can be used are selected from triethylamine, pyridine, 2,3-
diaminopyridine, 2,4-diaminopyridine, N-methyl morpholine and. the like.
Triethylamine is preferred, primarily because of its low cost and commercial

availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (IV*), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (IV?).
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The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and 1(b) and the same “inert, non-hydroxy-containing organic solvents”
referred to hereinbefore in Section 1(a) can also be used herein for preparation of
compounds of formula (I) by reaction of the acid halide of formula (IV?) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (T)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (I) as per the presenf
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —30° C to +50° C, in particular —10°

C to +30° C, preferably —5° C to + 20° C.

2,2’-dithio bis[benzthiazol] of formula (V), which is commercially available is
employed in molar proportions of 1.0 to 2.0 moles per rhole of compound of formula
(IV®), in particular 1.0 to 1.50 moles per mole of compound of formula (IV?), preferably

1.0 to 1.30 moles per mole of compound of formula (IV?).

In a typical method, the tri (lower alkyl) phosphine/phosphite or the tri (aryl)
phosphine/phosphite is dissolved in the inert, non-hydroxy-containing organic solvent,

to which is added 2,2’-dithio bis[benzthiazol] of formula (V). The reaction mixture is
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agitated for 45 to 60 mns at a temperature of 20° C to 30° C. Thereafter, the reaction
mixture is cooled to —10° C to + 10° C to which is added the carboxylic acid compound
of formula (IV?), wherein R" is hydrogen or lower alkyl of 1-4 carbon atoms; R? is
lower alkyl of 1-4 carbon atoms to which is attached an amino or substituted amino
group, followed by addition of the base. The reaction mixture is agitated at the same
temperature for 45 to 60 mns and thereafter gradually increased to 20° C to 30° C and
agitated at the same temperature for about 2 to 5 hrs. Evaporation of the solvent gives
compound of formula (), wherein R' is lower alkyl of 1-4 carbon atoms; R is lower
alkyl of 1-4 carbon atoms to which is attached an amino or substituted amino group ,
which can be used as such for use in preparation of ACE inhibitors of formula (II) or

can be purified by conventional methods prior to use.

Alternatively, compound of formula (I) can be prepared as per the abovementioned

method, but in the absence of a base.

Compounds of formula (I), wherein R' is hydrogen; R? is lower alkyl of 1-4 carbon
atoms to which is attached an amino or substituted amino group can be prepared by
removal of the lower alkyl ester groups of compounds of formula (I), wherein R' is
lower alkyl of 1-4 carbon atoms; R’ is lower alkyl of 1-4 carbon atoms to which is
attached an amino or substituted amino group For instance, when the group R' in
compounds of formula (I) corresponds to methyl or ethyl, such groups can be removed
under basic conditions to give the corresponding free carboxylic acid compound,
whereas when the group R' in compounds of formula (I) corresponds to tert-butyl, such
group can be removed under acidic conditions to give the corresponding free carboxylic

acid compound.

The compound of formula (IV?), which has the free amino function of group R? can be
used as such for reaction with 2,2’-dithio bis[benzthiazol] of formula (V), however, it is
preferable to protect the amino function of the group R? to give compound of formula
(IV®), in which the amino function is protected prior to reaction with compound of
formula (V). Removal of the amino protective groups by suitable methods would then

give compounds of formula (I), in which the amino function is free.
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Suitable amino protective groups that can be employed are those routinely practiced in
the art, specially those routinely used in peptide synthesis. Suitable protective groups
include but are not limited to a substituted benzyloxycarbonyl group such as a tertiary
butoxycarbonyl group, benzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group etc.;
a urethane type protective group such as isobornyloxycarbonyl group etc.; an acyl type
protective group such as trifluoroacetyl group, a formyl group, a phthaloyl group etc. Of
these, in particular, trifluoroacetyl group is preferred, since it can be removed easily

with alkali.

Compounds of formula (I) can also be suitably prepared by reaction of the carbbxylic

acid derivative of carboxylic acid halide of formula (IV?),

coor! R?
4
/\)\ Halogen (IvH
R BINNT®
H
0

which corresponds to compound of formula (IV), wherein

Y is halogen,

R is lower alkyl of 1-4 carbon atoms or is phenyl,

R! is hydrogen or lower alkyl of 1-4 carbon atoms to which is attached an amino or
substituted amino group; and

R? is lower alkyl of 1-4 carbon atoms,

with 2-mercaptobenzothiazole of formula (VI),

Hs—{N:© )
S
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in the presence of a base and in the presence of an inert, non-hydroxy-containing
organic solvent at a temperature ranging between -30° C to +50° C to give compounds
of formula (I), wherein R" is lower alkyl of 1-4 carbon atoms and optionally removal of

the lower alkyl ester group to give compounds of formula (I), wherein R' is hydrogen.

The reaction is suitably effected in the presence of an inert, non-hydroxy-containing

organic solvent and in the presence of a base.

In compound of formula (IV*) halogen refers to an halogen atom selected from chlorine,

bromine or iodine.

The organic bases that can be used are selected from triethylamine, pyridine, 2,3-
diaminopyridine, 2,4-diaminopyridine, N-methyl morpholine and the like.
Triethylamine is preferred, primarily because of its low cost and commercial

availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (IV?), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (IV?).

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic'solvents” referred
to hereinbefore in Section 1(a) and 1 (b) can also be used herein for preparation of
compounds of formula (I) by reaction of the acid halide of formula (IV*) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.
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The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —3 0° C to +50° C, in particular —10°

C to +30° C, preferably —5° C to +20° C.

Z-mercaptobenzothiazéle of formula (VI), which is commercially available is employed
in molar proportions of 1.0 to 2.0 moles per mole of compound of formula (IV?), in
particular 1.0 to 1.50 moles per mole of compound of formula (IV*), preferably 1.0 to

1.30 moles per mole of compound of formula, (IV?).

In a typical method, to a solution of with 2-mercaptobenzothiazole of formula (VI),
dissolved at a temperature of 20° C to 30° C in the inert, non-hydroxy-containing
organic solvent containing the base and cooled to —10° C to + 10° C is added a solution
of the acid halide compound (IV*), wherein R' is lower alkyl of 1-4 carbon atoms; R*
is lower alkyl of 1-4 carbon atoms to which is attached an amino or substituted amino
group, dissolved in a inert, non-hydroxy-containing organic solvent. The reaction
mixture is agitated at the same temperature for 45 to 60 mns and thereafter gradually
increased to 20° C to 30° C and agitated at the same temperature for about 2 to 5 hrs.
Evaporation of the solvent gives compound of formula (I), wherein R' is lower alkyl of
1-4 carbon atoms; R” is lower alkyl of 1-4 carbon atoms to which is attached an amino
or substituted amino group , which can be used as such for use in preparation of ACE

inhibitors of formula (IT) or can be purified by conventional methods prior to use.

Compounds of formula (I), wherein R' is hydrogen; R? is lower alkyl of 1-4 carbon
atoms to which is attached an amino or substituted amino group can be prepared by
removal of the lower alkyl ester groups of compounds of formula (I), wherein R' is
lower alkyl of 1-4 carbon atoms; R* is lower alkyl of 1-4 carbon atorﬁs to which is
attached an amino or substituted amino group. For instance, when the group R' in
compounds of formula (I) corresponds to methyl or ethyl, such groups can be removed

under basic conditions to give the corresponding free carboxylic acid compound,
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whereas when the group R’ in compounds of formula (I) corresponds to tert-butyl, such
group can be removed under acidic conditions to give the corresponding free carboxylic

acid compound.

The compound of formula (IV*), which has the free amino function of group R* can be
used as such for reaction with 2,2’-dithio bis[benzthiazol] of formula (V)., however, it
is preferable to protect the amino function of the group R? to give compound of formula
(IV*), in which the amino function is protected prior to reaction with compound of
formula (V). Removal of the amino protective groups by suitable methods would then

give compounds of formula ((I), in which the amino function is free.

Suitable amino protective groups that can be employed are those routinely practiced in
the art, specially those routinely used in peptide synthesis. Suitable protective groups
include but are not limited to a substituted benzyloxycarbonyl group such as a tertiary
butoxycarbonyl group, benzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group etc.;
a urethane type protective group such as isobornyloxycarbonyl group etc.; an acyl type
protective group such as trifluoroacetyl group, a formyl group, a phthaloyl group etc. Of
these, in particular, trifluoroacetyl group is preferred, since it can be removed easily

with alkali.

In a specific embodiment, the present invention provides 2’-benzthiazolyl thioester of
N-[1(8)-ethoxycarbonyl-3-phenylpropyl]-N°-trifluoroacetyl-L-Lysine of formula [I,
corresponding to compound of formula (I), wherein R is phenyl, R' is ethyl; R? is N°-
trifluoroacetyl-L-Lysine] and a method of preparation thereof and 2’-benzthiazolyl
thioester of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-L-Lysine of formula [I,
corresponding to compound of formula (I), wherein R is phenyl, R' is ethyl; R? is

lysine] and a method of preparation thereof.
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Compound (I*), and compound (I*) are useful as intermediates for preparation of the

ACE inhibitor, lisinopril.

In a specific embodiment, 2’-benzothiazolylthio ester of N-[1(S)-ethoxycarbonyl-3-
phenylpropyl]-N°-trifluoroacetyl-L-lysine of formula [I®, corresponding to compound of
formula (I), wherein R is phenyl,‘R1 is ethyl; R?is N6-triﬂuoroacetyl-L-lysine] can be
prepared by dissolving triphenyl phosphine in an inert, non-hydroxy-containing organic
solvent. To the solution is added 2,2’-dithio bis[benzthiazol] of formula (V). The
reaction mixture is agitated for 45 to 60 mns at a temperature of 20° C to 30° C.
Thereafter, the reaction mixture is cooled to —10° C to + 10° C to which is added N-
[1(S)-ethoxycarbonyl-3-phenylpropyl]- NG—triﬂuoroacetyl-L-lysine v, corresponding
to compound of formula (IV®), wherein R* is NC-trifluoroacetyl, R’ is hydrogen, and R*
is ethyl], followed by addition of the base. The reaction mixture is agitated at the same
temperature for 45 to 60 mns and thereafter gradually increased to 20° C to 30° C and
agitated at the same temperature for about 2 to 5 hrs. Evaporation of the solvent givés

compound of formula (I?) as an oil.

The oil can be chromatographed over silica gel using a mixture of ethyl acetate and

hexane as eluent 'to give a pure product, which exhibits the following spectral

characteristics.

IR (cm™): 1732, 1600, 1454
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'H NMR (CDCl, 8) : 1.30 (t, 3H), 1.55-1.89 (m, 6H), 2.05-2.35 (m, 4H), 2.70-2.95 (m,
2H), 3.30-3.60 (m, 4H), 4.20 (g, 2H), 7.00-7.60 (m, 7H), 7.90 (d, 2H).

BC NMR ((CDCl, 8) : 14.05, 22.43, 28.10, 32.00, 33.80, 39.40, 51.39, 60.10, 60.30,
128.10, 128.20, 128.30, 140.40, 174.00, 175.10, 195.60

In another specific embodiment, 2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl-
3-phenylpropyl]-N°-trifluoroacetyl-L-lysine of formula [I®, corresponding to compound
of formula (I), wherein R is phenyl, R! is ethyl; R* is N°-trifluoroacetyl-L-lysine] can
be prepared by dissolving 2-mercaptobenzothiazole of formula (VI) in a inert, non-
hydroxy-containing organic solvent and the base. The reaction mixture is agitated for
45 to 60 mns at a temperature of 20° C to 30° C. Thereafter, the reaction mixture is
cooled to —10° C to + 10° C to which is added N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-
N-trifluoroacetyl-L-lysine [IV®', corresponding to compound of formula (IV*), wherein
R* is N°-Trifluoroacetyl, R’ is hydrogen, and R* is ethyl]. The reaction mixture is
agitated at the same temperature for 45 to 60 mns and thereafter gradually increased to
20° C to 30° C and agitated at the same temperature for about 2 to 5 hrs. Evaporation

of the solvent gives compound of formula (I*) as an oil.

The oil can be chromatographed over silica gel using a mixture of ethyl acetate and

hexane as eluent to give a pure product, which exhibits the following spectral
characteristics.

IR (em™) : 1732, 1600, 1454

"H NMR (CDCl, 8) : 130 (t, 3H), 1.55-1.89 (m, 6H), 2.05-2.35 (m, 4H), 2.70-2.95 (m,
2H), 3.30-3.60 (m, 4H), 4.20 (q, 2H), 7.00-7.60 (m, 7H), 7.90 (d, 2H). '

PC NMR ((CDCls, 8) : 14.05, 22.43, 28.10, 32.00, 33.80, 39.40, 51.39, 60.10, 60.30,
128.10, 128.20, 128.30, 140.40, 174.00, 175.10, 195.60
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2’-benzthiazolyl thioester of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]- L-lysine of
formula [I%, corresponding to compound of formula (I), wherein R is phenyl, R is ethyl;
R? is L-lysine] can be prepared from N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-N°-
trifluoroacetyl-L-lysine of formula [I°, corresponding to compound of formula (I),

5  wherein R is phenyl, R' is ethyl; R” is N°-trifluoroacetyl-L-lysine] by removal of the
trifluoroacetyl group by hydrolysis with an alkali.

Advantages of compounds of formula (I)

1) The compounds of formula (), in particular 2’-benzothiazolyl thioester of N-
10 [1(S)-ethoxycarbonyl butyl]-(S)-alanine of formula (I'), corresponding to
compound of formula (I), wherein R is methyl, R' is ethyl, R?is methyl; 2’-
benzothiazolyl thioester of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine
of formula (I*), corresponding to compqund of formula (I), wherein R is
phenyl, R' is ethyl, R® is methyl; 2’-benzthiazolyl thioester of N-[1(S)-
15 ethoxycarbonyl-3-phenylpropyl]-N6-triﬂuoroacetyl-L—Lysine of formula (%),
corresponding to compound of formula (J), wherein R is phenyl, R' is ethyl, R?
is NG-triﬂuoroacetyl-L-Lysine and 2’-benzthiazolyl thioester of N-[1(S)-
ethoxycarbonyl-3-phenylpropyl]-L-Lysine of formula (I%), corresponding to

compound of formula (I), wherein R is phenyl, R" is ethyl; R?is L-lysine

HC .~ 0 CHs H
3C O CH;y
C/j S_</Nj© ~ /N
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unlike the other routinely employed reactive derivatives of  N-[1(S)-
ethoxycarbonyl  butyl]-(S)-alanine  and N-[1(S)-ethoxycarbonyl-3-
phenylpropyl]-(S)-alanine, specially the corresponding acid halides of formula
(IV?), as disclosed in GB Patent No. 2 095 252

COOR! R?
2
/\/k S Halogen (IV)
R BNNT®
H
0]

exhibit good stability on storage at a temperature ranging between 2° C to 8° C,
without any degradation, whereas, on the other hand, the acid halide derivatives
of formula (IV?) are found to degrade rapidly on storage at the same
temperature. The acid halide derivatives of formula (IV?) need to be prepared
fresh every time and used without much delay, whereas utilization of
compounds of formula (I) obviates the need for its preparation fresh every time,
thereby rendering it as an useful intermediate for preparation of ACE inhibitors

of formula (IT) on commercial scale.

For instance, 2’-benzothiazolyl thioester of N-[1(S)-ethoxycarbonyl-3-
phenylpropyl]-(S)-alanine of formula (I?), wherein R is phenyl, R' is ethyl; R?is
methyl when freshly prepared and used and when used after storage at 2-8° C for
5 days for reaction with the benzyl ester of (S)-tetrahydroisoquinoline-3-
carboxylic acid gave the corresponding benzyl ester of (3 S)-2-[(2S)-2-[[(18)-1-
(ethoxycarbonyl)butyl]Jamino]-1-oxopropyl]-1,2,3,4-tetrahydro-3-

isoquinolinecarboxylic acid i. e. quinapril benzyl ester with no appreciable
change in yields (ca. 73- 75%. On the other hand, there is a considerable drop in
yield (ca. 56%) of quinapril benzyl ester, prepared using the acid chloride of
formula (IV?), stored at 2-8° C for 5 days compared to that obtained using the
freshly prepared and used compound (ca. 90%). Data indicative of the same is

surnngarized in Table-1.
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Table-1 : Comparison of the yield of quinapril benzyl ester obtained on using
compound of formula of formula (I°), wherein R is phenyl, R' is ethyl; R’ is
methyl and compound of formula (IV), wherein halogen is chlorine, both freshly
prepared and after storage at 2-8° C for 5 days

Sr. No. Compound Nature Yield (%) of
‘ quinapril
benzyl ester
01 (1) Freshly Prepared 75.00
02 (%) Used after 5 days of storage at 2-8° 73.00
C
03 (IV?) Freshly Prepared 90.00
04 aIv? Used after 5 days of storage at 2-8’ 56.00
C

The preparation compounds of formula (I), in particular 2’-benzothiazolyl
thioester of N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine of formula (I'),
corresponding to compound of formula (T), wherein R is methyl, R? is ethyl, R?
1s methyl; 2’-benzothiazolyl thioester of N-[1(S)-ethoxycarbonyl-3-
phenylpropyl]-(S)-alanine of formula (I?), corresponding to compound of
formula (I), wherein R is phenyl, R" is ethyl, R? is methyl; 2’-benzthiazolyl
thioester ~ of N—[1(S}-ethoxycarbonyl-3-phenylpropyl]—Né-triﬁuoroacetyl—L-
Lysine of formula (I*), corresponding to compound of formula (I), wherein R is
phenyl, R' is ethyl, R? is NC-trifluoroacetyl-L-Lysine and 2’-benzthiazolyl
thioester of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-L-Lysine of formula (I*),
corresponding to compound of formula (I), wherein R is phenyl, R' is ethyl; R
is L-lysine unlike the other routinely employed reactive derivatives of N-[1(S)-
ethoxycarbonyl  butyl]-(S)-alanine  and N-[1(S)-ethoxycarbonyl-3-
phenylpropyl]-(S)-alanine, specially the or the corresponding N-carboxy
anhydrides of formula (IV?), as disclosed in EP Patent No. 1 279 665, EP Patent
No. 1201 659, and PCT Appln. No. WO 01/87858




WO 2005/010028 PCT/IN2003/000257

10

15

52

/\)\ © v
(&) )

is achieved by use of less expensive, non-toxic and readily available raw
materials of formula (V) and (VI), whereas the preparation of compounds of
formula (IV?) uses highly toxic and hazardous phosgene, which calls for capital
investment in terms of creation of an isolated and dedicated plant, elaborate and
stringent measures for safety of the operational personnel, environmental issues
in use of phosgene etc., which collectively render the process commercially

unattractive.

The novel compounds of formula (I) are therefore, useful as intermediates for

preparation of ACE inhibitors of formula (II).

Coor! R?
/\/k z (D)
O™\N (S)
R H
O

wherein R 1s a lower alkyl of 1-4 carbon atoms or phenyl,
R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to which is
attached an amino or substituted amino group, and

Z is an amino acid derivative selected from those given in Chart-I
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Chart-I

5 In particular, compounds of formula (I) are useful and provide a novel method for
manufacture of commercially valuable ACE inhibitors and their pharmaceutically
acceptable salts thereof, hereingiven below.

i Delapril, as disclosed in US Patent No. 4,385,051;
il Enalapril and Enalaprilat, as disclosed in US Patent No. 4,374,829;
10 il Imidapril and Imidaprilat as disclosed in US Patent No. 4,508,727;
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iv. Lisinopril, as disclosed in US Patent No. 4,374,829;

V. Moexipril and Moexiprilat, as disclosed in US Patent No. 4,344,949;

Vi, Perindopril and Perindoprilat, as disclosed in US Patent No. 4,508,729;
vil.  Quinapril and Quinaprilat, as disclosed in US Patent No. 4,344,949,

viil.  Ramipril, as disclosed in US Patent No. 4,587,258;

ix. Spirapril and Spiraprilat, as disclosed in US Patent No. 4,470,972; and

X, Trandolapril and Trandolaprilat, as disclosed in US Patent No. 4,933,361.

The method of manufacture of compounds of formula (II), comprises reaction of

compounds of formula (I) with an amino acid derivative of formula (VII),
Z—R3 (VID)

wherein Z has the same meaning as defined hereinabove, and R? is hydrogen or an
easily removable carboxyl protective group in the presence of an inert, non-hydroxy-
containing organ{c solvent and in the presence of a base, with the proviso that when R®
is hydrogen compounds of formula (IT) and their pharmaceutically acceptable salts
thereof are obtained directly and when R® is a carboxyl protective group, removal of the
said protective group give compounds of formula (II) and their pharmaceutically

acceptable salts thereof.

Suitable easily removable carboxyl protective groups of the amino acid fragment Z,
which fall under the scope of the group R? are those protective groups routinely utilized
in organic chemistry. These include infer alia,

those forming an alkyl ester e.g. methyl, ethyl, tert-butyl esters;

halo-lower alkyl esters e.g. 2-chloroethyl, 2,2,2 -trichloroethyl esters;

lower acyl-lower alkyl esters e.g. lower alkanoylmethyl, 2-acetylethyl, phenacyl, p-
bromophenacyl, a-benzoylbenzyl esters;

lower alkoxy-lower alkyl esters e.g. methoxymethyl ester;

lower acyloxy-lower alkyl esters e.g. acetoxymethyl, pivaloyloxymethyl, N,N-

dimethylglycyloxymethyl, benzoyloxymethyl esters;
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lower  1,1-dicarbo-lower alkoxyali(yl esters e.g.  dicarbomethoxymethyl,
dicarbethoxymethyl esters;

lower aryl esters e.g. phenyl, pyridyl esters optionally substituted by an inert group e.g.
nitro, methoxy, or lower alkyl;

aralkyl esters e.g. benzyl, benzhydryl, naphthylmethyl and pyridylmethyl esters
optionally substituted by an inert group e.g. nitro, methoxy or lower alkyl;

a trialkylsilyl group e.g. a tri (Cr.4)alkyl silyl, e.g. trimethylsilyl; and

other groups known to those skilled in the art.

Preferred carboxyl protective groups are trialkylsilyl, specially trimethylsilyl and

aralkyl, specially benzyl esters.

The method of preparation of ACE inhibitor compounds of formula (II) is further
detailed hereinbelow. However, the details given below should not to be construed as
limiting the scope of the invention only to those methods given is sub-sections 2(a),
2(b), 2(c) and 2(d) hereinbelow

In a typical experiment compound of formula (VI), wherein R® is hydrogen and Z is the
amino acid derivative given in Chart-I is dissolved in an inert, non-hydroxy-containing
organic solvent and in the presence of a base and the solution cooled to a temperature
ranging from —20 to —=5° C. To the cooled solution of compound (VII) is then added a
solution of compound (I), R is a lower alkyl of 1-4 carbon atoms or phenyl; R is
hydrogen or lower alkyl of 1-4 carbon atoms; and R? is lower alkyl of 1-4 carbon
atoms in an  inert, non-hydroxy-containing organic solvent gradually over a period of
30-60 minutes. After the addition, the reaction temperature is raised to 25-30° C and
agitated at this temperature for 12-24 hours till completion of reaction. Evaporation of

the organic solvent gives the ACE inhibitor compounds of formula (II).
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R3 = Hyd
M ydrogen an

R = Lower alkyl of 1-4 carbon atoms or phenyl
R! = Hydrogen or lower alkyl of 1-4 carbon atoms
R? = Lower alkyl of 1-4 carbon atoms

Z = Amino acid given in Chart-I

The bases that can be employed are preferably organic bases and are selected from
diethylamine,  pyridine, 2,3-diaminopyridine,  2,4-diaminopyridine, = N-methyl
morpholine and the like. Triethylamine is preferred, primarily because of its low cost

and commercial availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (VII), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (VII).

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic solvents” referred
to hereinbefore in Section 1(a)-1(c) can also be used herein for preparation of
compounds of formula (I) by reaction of the acid halide of formula (IV?) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation

of ACE inhibitors of formula (II) is not critical, however, such solvent properties like



WO 2005/010028 PCT/IN2003/000257

10

15

20

30

57

polarity, melting or boiling point, and ease of isolation of compounds of formula (T)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (II) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —20° C to -5° C, preferably —5° C to
-10°C.

The compounds of formula (IT) may further be purified by methods known in the art for
obtaining the said compounds of high purity. For instance, the ACE inhibitor,
Perindopril obtained as an oily residue after evaporation of the organic solvent is
dissolved in a mixture of water and diisopropyl ether and the solution cooled to 0-5° C.
The pH of the solution is adjusted to between 8.0 and 9.0 using a 10% aqueous solution
of sodium hydroxide. The aqueous layer is separated from the organic phase and the pH
of the solution made acidic in the range of 2.0 to 2.5 by addition of 6N hydrochloric
acid. The aqueous layer is extracted with diisopropyl ether and the layers separated. The
pH of the aqueous layer is adjusted to 3.5 to 4.0 using a 10% aqueous solution of
sodium hydroxide and the product extracted into dichloromethane. Perindopril of high
purity can be isolated by evaporation of dichloromethane or by precipitation by addition
of an anti-solvent. Other ACE inhibitors, for e.g. Quinapril, Ramipril, Trandolapril and
the like can be purified by methods suitable to the product.

In a typical experiment compound of formula (VII), wherein R? is a trialkylsilyl group
and Z is the amino acid derivative given in Chart-I is dissolved in an inert, non-
hydroxy-containing organic solvent and in the presence of a base and the solution

cooled to a temperature ranging from —20 to +30° C. To the cooled solution of
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compound (VII) is then added a solution of compound (I), werein R is a lower alkyl of
1-4 carbon atoms or phenyl; R is hydrogen or lower alkyl of 1-4 carbon atoms; and R*
is lower alkyl of 1-4 carbon atoms in an inert, non-hydroxy-containing organic solvent
gradually over a period of 30-60 minutes. After the addition, the reaction mixture is
agitated at this temperature for 12-24 hours till completion of reaction. Evaporation of
the organic solvent gives the ACE inhibitor compounds of formula (IT), generally as an

oil.

coor! ¥ N coor! R?
/\)\ s— :@ + z—go Deprotestion, /\/l\ .
R ® ﬁ ® S (Vi) ofGroupR® R ® 11\1{ ®
0 ) o
@ R3 = Trialkylsilyl group a

R =Lower alkyl of 1-4 carbon atoms or phenyl
R! = Hydrogen or lower alkyl of 1-4 carbon atoms
R* = Lower alkyl of 1-4 carbon atoms

Z = Amino acid given in Chart-I

The bases that can be employed are preferably organic bases and are selected from
triethylamine,  pyridine,  2,3-diaminopyridine,  2,4-diaminopyridine, = N-methyl
morpholine and the like. Triethylamine is preferred, primarily because of its low cost

and commercial availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of

compound of formula (VII), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (VII).

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic solvents” referred

to hereinbefore in Section 1(a) can also be used herein for preparation of compounds of
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formula (I) by reaction of  the acid halide of formula (IV®) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (I) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (II) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate, ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —20° C to +30° C, in particular

between 0° C to +30° C , preferably +20° C to + 25° C.

Compounds of formula (VII), wherein R’ is a trialkylsilyl group and Z is the amino acid
derivative given in Chart-I can be prepared by methods known in the art, in particular

by the methods described in US Patent No. 6,541,635,

Compounds of formula (II), can also be prepared in one pot without isolation of
compounds of formula (VII), wherein R® is a trialkylsilyl group and Z is the amino acid
derivative given in Chart-I. In a typical experiment, to a solution of compound of
formula (VII), wherein R’ is hydrogen and Z is the amino acid derivative given in
Chart-I dissolved in an inert, non-hydroxy-containing organic solvent is added a
silylating reagent at ambient temperature and the reaction mixture heated to reflux for 3-
5 hrs. When the evolution of ammonia ceases, the reaction mixture is further cooled to

a temperature ranging from —20° C to +30° C. To the cooled solution of compound
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(VII) thus obtained, wherein R® is a trialkylsilyl group and Z is the amino acid
derivative given in Chart-I is then added a base, followed by addition of a solution of
compound (I) in an  inert, non-hydroxy-containing organic solvent gradually over a
period of 30-60 mns. After the addition, the reaction mixture is agitated at this
temperature for 12-24 hours till completion of reaction. Evaporation of the organic

solvent gives the ACE inhibitor compounds of formula (IT).

The bases, their molar proportions and the inert, non-hydroxy-containing organic

solvent that can be employed are as defined hereinbefore.

The silylating reagents that can be employed in the method for preparing compounds of
formula (VII), wherein R® is a trialkylsilyl group and Z is the amino acid derivative
given in Chart-I include, but are not restricted to hexamethyl disilazane,, bis silyl

acetamide and trimethyl chlorosilane.

The silylating reagent is normally employed in molar proportions of 1.0 to 2.0 moles
per mole of compounds of formula (VII), wherein R® is hydrogen and Z is the amino

acid derivative given in Chart-I, preferably in molar proportions of 1.0 to 1.5 moles.

The compounds of formula (II) may further be purified by methods known in the art for
obtaining the said compounds of high purity.

In a typical experiment compound of formula (VII), wherein R® is a benzyl protective
group and Z is the amino acid derivative given in Chart-I is dissolved in an inert, non-
hydroxy-containing organic solvent and in the presence of a base and the sblution
cooled to a temperature ranging from —20° C to —5° C. To the cooled solution of
compound (VII) is then added a solution of compound (I), wherein R is a lower alkyl of
1-4 carbon atoms or phenyl; R" is hydrogen or lower alkyl of 1-4 carbon atoms; and R®
is lower alkyl of 1-4 carbon atoms in an  inert, non-hydroxy-containing organic solvent
gradually over a period of 30-60 mns. After the addition, the reaction temperature is
raised to 25%30° C and agitated at this temperature for 12-24 hours till completion of

reaction. Evaporation of the organic solvent gives the benzyl ester of the ACE inhibitor
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compounds of formula (II). Further removal of the benzyl protective group gives the

ACE inhibitor compounds of formula (II).

COOR! R? COOR! R?

N
7 —_pn3 Deprotection /\/'\ ) 7
/\/(‘s,)\N<S) S<:© TR NT®
H S

(VID) of GroupR3 R H
0 (6]
) R3 = Benazyl group an

R = Lower alkyl of 1-4 carbon atoms or phenyl
R' = Hydrogen or lower alkyl of 1-4 carbon atoms
R? = Lower alkyl of 1-4 carbon atoms

Z = Amino acid given in Chart-I

The bases that can be employed are preferably organic bases and are selected from
triethylamine, pyridine, 2,3-diaminopyridine,  2,4-diaminopyridine, =~ N-methyl
morpholine and the like. Triethylamine is preferred, primarily because of its low cost

and commercial availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (VII), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (VII).

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic solvents” referred
to hereinbefore in Section 1(a) can also be used herein for preparation of compounds of
formula (I) by reaction of the acid halide of formula (IV®) with 2-

mercaptobenzothiazole of formula (VI).
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The particular inert, non-hydroxy-containing brganic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation
of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (II) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from ~20° C to -5° C, preferably —-15° C to
-5°C.

Removal of the benzyl protective group from the benzyl ester compounds thus obtained

can be carried out be conventional methods known in the art.

The compounds of formula (IT) may further be purified by methods known in the art for
obtaining the said compounds of high purity.

Typically, the ACE inhibitor compounds of formula (IT), wherein R? is lower alkyl of 1-
4 carbon atoms to which is attached an amino or substituted amino group can also be
prepared by the methods enumerated hereinearlier in sub-sections 2(a) to 2(c)
comprising reaction of compound of formula (I), wherein R* is lower alkyl of 1-4
carbon atoms to which is attached an amino or substituted amino group and compound
of formula (VII), wherein R® is hydrogen or a carboxyl protective group and Z is the

amino acid derivative given in Chart-I.
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R ) II\I{ ® S (VD) of Group R® R ® ]I\-II
) 0
o) R3 = H or a protective group (I0)

R = Lower alkyl of 1-4 carbon atoms or phenyl
R' = Hydrogen or lower alkyl of 1-4 carbon atoms
R* = Lower alkyl of 1-4 carbon atoms to which is attached an amino or substituted
amino group

Z = Amino acid given in Chart-I

While compound of formula (I), in which the amino function of group R? can be used
as such for reaction with the amino acid fragment (VII), however, it is preferable to
protect the amino function of the group R* of compound of formula (I), prior to reaction
with compound of formula (VII) to give compound of formula (II) in which the amino
function of the group R? of compound of formula (I) is protected. Removal of the

amino protective groups by suitable methods would then give compounds of formula

@

Suitable amino protective groups that can be employed are those routinely practiced in
the art, specially those routinely used in peptide synthesis. Suitable protective groups
include but are not limited to a substituted benzyloxycarbonyl group such as a tertiary
butoxycarbonyl group, benzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group etc.;
a urethane type protective group such as isobornyloxycarbonyl group etc.; an acyl type
protective group such as trifluoroacetyl group, a formyl group, a phthaloyl group etc. Of
these, in particular, trifluoroacetyl group is preferred, since it can be removed easily
with-alkali.

In a typical experiment compound of formula (VII), wherein R’ is hydrogen or a
carboxyl protective group, and Z is the amino acid derivative given in Chart-I is
dissolved in an inert, non-hydroxy-containing organic solvent and in the presence of a

base and the solution cooled to a temperature ranging from —20° C to =5° C. To the
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cooled solution of compound (VII) is then added a solution of compound (I), wherein R
is a lower alkyl of 1-4 carbon atoms or phenyl; R' is hydrogen or lower alkyl of 1-4
carbon atoms; and R” is lower alkyl of 1-4 carbon atoms to which is attached an amino
or substituted amino group in an inert, non-hydroxy-containing organic solvent
gradually over a period of 30-60 minutes. After the addition, the reaction temperature is
raised to 25°-30° C and agitated at this temperature for 12-24 hours till completion of
reaction. Evaporation of the organic solvent gives the benzyl ester of the ACE inhibitor
compounds of formula (II), wherein R? is lower alkyl of 1-4 carbon atoms to which is
an amino or a substituted amino group. Optional removal of the amino protective group
of R” and the carboxyl protective group of R® gives the ACE inhibitor compounds of
formula (II).

The bases that can be employed are preferably organic bases and are selected from
triethylamine,  pyridine,  2,3-diaminopyridine,  2,4-diaminopyridine, = N-methyl
morpholine and the like. Triethylamine is preferred, primarily because of its low cost

and commercial availability.

Typically, the base is employed in molar proportions of 1.0 to 5.0 moles per mole of
compound of formula (VII), preferably in molar proportions of 1.0 to 3.0 moles per

mole of compound of formula (VII).

The reaction is suitably effected in an inert, non-hydroxy-containing organic solvent.
The term, “a non-hydroxy-containing organic solvent” has been defined hereinearlier in
Section 1(a) and the same “inert, non-hydroxy-containing organic solvents” referred
to hereinbefore in Section 1(a) can also be used herein for preparation of compounds of
formula (I) by reaction of  the acid halide of formula (IV®) with 2-

mercaptobenzothiazole of formula (VI).

The particular inert, non-hydroxy-containing organic solvent employed as a medium for
the preparation of compounds of formula (I) or as a medium for their use in preparation

of ACE inhibitors of formula (II) is not critical, however, such solvent properties like
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polarity, melting or boiling point, and ease of isolation of compounds of formula (I)

may be considered in selecting a most suitable solvent.

Preferred solvents for the preparation of compounds of formula (II) as per the present
process described hereinbelow are hydrocarbons, especially aromatic hydrocarbons;
carboxylic acid esters, especially ethyl acetate; ether, especially tetrahydrofuran; and

halogenated hydrocarbons, especially dichloromethane and 1,2-dichloroethane.

The most preferred solvents are halogenated hydrocarbons, especially dichloromethane

and 1,2-dichloroethane.

The reaction temperature may for example be from —20° C to -5° C, preferably —15° C to
--5°C.

Removal of the amino protective group of R* and the carboxyl protective group of R

can be carried out be conventional methods known in the art.
The method mentioned hereinbefore in particular can be advantegeously used for
preparation of the therapeutically valuable ACE inhibitor, lisinopril, which is given

hereinbelow.

In a typical experiment, the thioester compound of formula (I°),

NHR*
RS Pl 0 0
N
_._</ 5
[ORNIN ) S @ )
H S
(0]

is dissolved in a suitable inert, non-hydroxy-containing organic solvent and in the

presence of a base and the solution cooled to a temperature ranging from —20° C to —5°
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C. To the cooled solution of compound (I’) is then added a solution of L-proline

carboxylic ester of formula (VI

[ (s; (VI
N COOE

o
H

5
wherein E is a carboxyl protective group in the presence of a inert, non-hydroxy-
containing organic solvent to give protected lisinopril of formula (1),
0]
10 COOE

wherein R* is an amino protective group and R® is hydrogen or lower alkyl of 1-4
carbon atoms and the asterik (*) on the carbon bearing the (-COOR®) group is either
racemic having the (R/S) configuration or has the (S)-configuration, and removal of
15  protective groups from compound of formulé (I1%), and optionally separating the

diastereomers to give lisinopril of formula (I%).

NH;
HO 0

(%)

) OIZEANG

Tz

O  cooH
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Suitable carboxyl protective groups E that can be employed are selected from those
easily removable carboxyl protective groups of the amino acid fragment Z, which fall
under the scope of the group R? are those protective groups routinely utilized in organic
chemistry. These include inter alia,

those forming an alkyl ester e.g. methyl, ethyl, tert-butyl esters;

halo-lower alkyl esters e.g. 2-chloroethyl, 2,2,2 -trichloroethyl esters;

lower acyl-lower alkyl esters e.g. lower alkanoylmethyl, 2-acetylethyl, phenacyl, p-
bromophenacyl, a-benzoylbenzyl esters;

lower alkoxy-lower alkyl esters e.g. methoxymethyl ester;

lower acyloxy-lower alkyl esters e.g. acetoxymethyl, pivaloylokymethyl, N,N-
dimethylglycyloxymethyl, benzoyloxymethyl esters;

lower  1,1-dicarbo-lower  alkoxyalkyl esters e.g.  dicarbomethoxymethyl,
dicarbethoxymethyl esters;

lower aryl esters e.g. phenyl, pyridyl esters optionally substituted by an inert group e.g.
nitro, methoxy, or lower élkyl;

aralkyl esters e.g. benzyl, benzhydryl, naphthylmethyl and pyridylmethyl esters
optionally substituted by an inert group e.g. nitro, methoxy or lower alkyl;

a trialkylsilyl group e.g. a tri (Ci.4)alkyl silyl, e.g. trimethylsilyl; and

other groups known to those skilled in the art.

Preferred carboxyl protective groups are lower alkyl, trialkylsilyl, specially
trimethylsilyl and aralkyl, specially benzyl esters. Of these, the lower alkyl esters, in
particular ethyl ester is more preferred since this carboxyl protective group can be
removed in simultaneously in one-pot along with the N°-trifluoroacetyl group and the
ethoxycarbonyl group attached to the carbon bearing the lysine fragment, which is an

added advantage of the process, thereby rendering it commercially attractive.

In a specific embodiment, N-[1(S)-1-ethoxycarbonyl-3-phenylpropyl]-N°-
trifluoroacetyl- L-lysine-2’-benzothiazolylthio ester of formula [I°, corresponding to
compound of formula (I), wherein R is phenyl, R' is ethyl and R? is N6-triﬂuoroacetyl-
L-lysine]
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NHCCF3
H3C\/O 0]
N
H S
O

is dissolved in a suitable inert, non-hydroxy-containing organic solvent and in the
5  presence of a base and the solution cooled to a temperature ranging from —20° C to -5°
C. To the cooled solution of compound (I°) is then added a solution of L-proline

carboxylic ester of formula (vIIh,

[ (81 | (virh)
N COOE

|
10 H

wherein E is a carboxyl protective group, in a suitable inert, non-hydroxy-containing
organic solvent gradually over a period of 30-60 minutes. After the addition, the
reaction temperature is raised to 25°-30° C and agitated at this temperature for 12-24
hours till completion of reaction. Evaporation of the organic solvent gives protected
15  Lisinopril 1. e. Ne-trifluoroacetyl-L-Lysine-[ 1(S)-Ethoxycarbonyl-3-phenylpropyl]-L-

proline ester of formula (II'), wherein E is as defined as hereinbefore
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T
NHCCF3 y
H3C_~
/@ (1)

COOE

Further removal of the, 1\16~triﬂuoroacetyl group, the ethoxycarbonyl group attached to
the carbon bearing the lysine fragment and the carboxyl protective group E then gives

5 lisinopril of formula (I%).

@\I /§ @ (112)
COOH

10 The invention is further illustrated by the following examples, which should not be

construed as limiting the scope of the invention.
Example-1

15 Preparation of N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2 - benzothiazolylthio ester
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Triphenyl phosphine (2.8 g, 0.011 moles) was dissolved in dichloromethane (30 ml) at a
temperature of 25-30° C. 2,2-Dithiobis(benzothiazole) (V, 3.5 g, 0.011 moles) was
added to the solution under stirring at the same temperature. The reaction mixture was
stirred for 45 min. to 1 hr and then cooled to 0-5° C. To this was added N-[1(S)-
ethoxycarbonyl butyl]-(S)-alanine (1.92 g, 0.0088 moles) at the same temperature and
the reaction mixture was stirred for 5-10 min. Triethyl amine (1.4 ml) was then added
and the reaction mixture stirred for 30-45 min. The temperature was raised to 25-30" C
and stirring was continued for 2-2.5 hrs. The reaction mixture was then concentrated at
35-40° C under reduced pressure to give an oily mass. The oil was chromatographed
over silica gel using a mixture of chloroform and petroleum ether (40-60° C) as eluent

(3:7) to give the pure title compound as an oil.
IR (cm™) : 1728, 1666

'H NMR (CDCls, 8) : 1.00, t, 3H; 1.30, t, 3H; 1.45, d, 3H; 1.50-1.90, m, 5H;.3.40-3.50,
m, 2H: 4.20, q, 2H: 7.30-7.60, m, 2H; 7.90, dd, 1H; 8.05, dd, 1H

BC NMR (CDCls, 8) : 15.09, 19.94, 20.88, 36.73, 61.85, 62.09, 63.79, 122.01, 123.62,
126.10, 126.98, 127.38, 131.00, 175.99, 203.76

Example-2

Preparation of N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2 - benzothiazolylthio ester
0]
H3C\C//\OI CHjs N
_</
S
Hs ) N/<'S>\( S:@

H
Triphenyl phosphine (2.8 g, 0.011 moles) was dissolved in dichloromethane (30 ml) at a
temperature of 25-30° C. 2,2'-Dithiobis(benzothiazole) (V, 3.5 g, 0.011 moles) was

added to the solution under stirring at the same temperature. The reaction mixture was

stirred for 45 min. to 1 hr and then cooled to 0-5° C. To this was added N-[1(S)-
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ethoxycarbonyl butyl]-(S)-alanine (1.92 g, 0.0088 moles) at the same temperature and
the reaction mixture was stirred for 30-45 min The temperature was raised to 25-30° C
and stirring was continued for 2-2.5 hrs. The reaction mixture was then concentrated at
35-40° C under reduced pressure to give an oily mass. The oil was chromatographed
over silica gel using a mixture of chloroform and petroleum ether (40-60° C) as eluent

(3:7) to give the pure title compound as an oil. -

IR (cm™) : 1728, 1666

"HNMR (CDCls, 8) : 1.00, t, 3H; 1.30, t, 3H; 1.45, d, 3H; 1.50-1.90, m, 5H; 3.40-3.50,

m, 2H; 4.20, q, 2H; 7.30-7.60, m, 2H; 7.90, dd, 1H; 8.05, dd, 1H

“C NMR (CDCL, §) : 15.09, 19.94, 20.88, 36.73, 61.85, 62.09, 63.79, 122.01, 123.62,
126.10, 126.98, 127.38, 131.00, 175.99, 203.76

Example-3
Preparation of N-[1(5)-e thoxycarbonyl butyl]-(S)-alanine-2 - benzothiazolylthio ester

0]
H3C\/ CH;3
N
S
H (S) N
3 H S
0

To a solution of N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine (2g, 9.21 mmoles) in
cyclohexane (15 ml) was added phosphorous pentachloride (2.4 g, 11.5 mmoles) with
simultaneous bubbling of HCI gas at 25-30° C over a period of 1 hr. The reaction
mixture containing the acid chloride hydrochloride of N-[1(S)-Ethoxycarbony! butyl]-
(S)-alanine thus obtained was filtered under an atmosphere of nitrogen . The filtered
solid was slurried in dichloromethane (25 ml). The slurry was added to a solution of 2-
mercaptobenzothiazole (VI, 1.25g, 7.48 mmoles) in dichloromethane (20 ml) containing

triethylamine (3.9 ml, 28 mmoles) at 0 to -5° C." After the addition was complete the
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reaction mixture was stirred at 25-30° C for 1 hr, till completion of the reaction as
indicated by TLC. The reaction mixture was then concentrated under reduced pressure
to afford a viscous residue., which was chromatographed over silica gel using a mixture
of chloroform and petroleum ether (40-60° C) as eluent (3:7) to give the pure title
compound (1.5 g, 44%) as an oil.

IR (cm™) : 1728, 1666

"H NMR (CDCls, 8) : 1.00, t, 3H; 1.30, t, 3H; 1.45, d, 3E; 1.50-1.90, m, 5H; 3.40-3.50,
m, 2H; 4.20, q, 2H; 7.30-7.60, m, 2H; 7.90, dd, 15 8.05, dd, 1H

PC NMR (CDCls, 8) : 15.09, 19.94, 20.88, 36.73, 61.85, 62.09, 63.79, 122.01, 123.62,
126.10, 126.98, 127.38, 131.00, 175.99, 203.76

Example-4

Preparation of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine-2 -

benzothiazolylthio ester

H3C\/ © CHs N
7 &) N
H S
O

Triphenyl phosphine (6.25 g, 0.023 moles) was dissolved in dichloromethane (60 ml) at
a temperature of 25-30° C. 2,2'-Dithiobis(benzothiazole) (V, 7.9 g, 0.023 moles) was
added to the solution under stirring at the same temperature. The reaction mixture was
stirred for 45 min. to 1 hr and then cooled to 0-5° C. To this was added N-[1(S)-
ethoxycarbonyl-3-phenylpropyl]-(S)-alanine (5.54 g, 0.0198 moles) at the same
temperature and the reaction mixture was stirred for 5-10 min. Triethylamine (3 ml) was

then added and the reaction mixture stirred for 30-45 min. The temperature was raised
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to 25-30° C and stirring was continued for 2-2.5 hrs. The reaction mixture was then
concentrated at 35-40° C under reduced pressure to give an oily mass. The oil was
chromatographed over silica gel using a mixture of chloroform and petroleum ether

(40-60° C) aseluent (3:7)to give the pure title compound as an oil.
IR (cm™) : 1732, 1600

'H NMR (CDCl, 8) : 1.30, t, 3H; 1.50, d, 3H; 1.90-2.30, m, 3H; 2.70-3.10, m, 2H;
3.40-3.70, m, 2H; 4.20, q, 2H; 7.10-7.60, m, 7H; 7.90, dd, 1H; 8.10, dd, 1H

BC NMR (CDCls, &) : 14.74, 20.45, 27.42, 32.66, 35.93, 61.64, 63.57, 112.39, 121.66,
123.29, 124.63, 125.77, 126.54, 126.63, 127.27, 128.89, 141.57, 175.18, 203.04

Example-5

Preparation of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine-2 -

benzothiazolylthio ester

O ¢,

To a solution of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine (5g, 17.9
mmoles) in cyclohexane (15 ml) was added phosphorous pentachloride (4.7 g, 22.5
mmoles) with simultaneous bubbling of HCI gas at 25-30° C over a period of 1 hr. The
reaction mixture containing the acid chloride hydrochloride of N-[1(S)-Ethoxycarbonyl-
3-phenylpropyl]-(S)-alanine thus obtained was filtered under an atmosphere of nitrogen
. The filtered solid was slurried in dichloromethane (30 ml). The slurry was added to a
solution of 2-mercaptobenzothiazole (VI, 2.7 g, 16.2 mmoles) in dichloromethane (20

ml) containing triethylamine (7.5 ml, 53.8 mmoles) at 0 to -5° C. After the addition was

)
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complete the reaction mixture was stirred at 25-30° C for 1 hr, till completion of the
reaction as indicated by TLC. The reaction mixture was then concentrated under
reduced pressure to afford a viscous residue., which was chromatographed over silica
gel using a mixture of chloroform and petroleum ether (40-60° C) as eluent (3:7) to

give the pure title compound (3.0 g, 40%) as an oil.
IR (cm™) : 1732, 1600

'H NMR (CDCl, 8) : 1.30, t, 3H; 1.50, d, 3H; 1.90-2.30, m, 3H; 2.70-3.10, m, 2H;
3.40-3.70, m, 2H; 4.20, q, 2H; 7.10-7.60, m, 7H; 7.90, dd, 1H; 8.10, dd, 1H

3C NMR (CDCl, §) : 14.74, 20.45, 27.42, 32.66, 35.93, 61.64, 63.57, 112.39, 121.66,
123.29, 124.63, 125.77, 126.54, 126.63, 127.27, 128.89, 141.57, 175.18, 203.04

Example-6

Preparation of (28, 3aS, 7aS)-1-[(25)-2-[[(1S)-1-(ethoxycarbonyl) butyl Jamino]-1-
oxopropylJoctahydro-1H-indole-2-carboxylic acid (Perindopril)

COOH
S
/
H
me” O N/(!'ﬁ‘/HN
H
0

To a suspension of (S,S,S)-Octahydroindole-2-carboxylic acid (1.5 g, 0.0088 moles) in
dichloromethane (15 ml) at 25-30°C was added triethylamine (1.34 ml, 0.0096 moles)
and the mixture stirred for 5-10 mns to get a clear solution. The solution was cooled to
-10 to -15° C and to the cooled solution was added N-[1(S)-ethoxycarbonyl butyl]-(S)-
alanine-2’- benzothiazolylthiol ester ( 3.5 g, 0.0106 moles, obtained from Examples 1
and 2), slowly over a period of 1 hr. After the addition was over the temperature was

raised to of 25-30° C and the reaction mixture stirred at this temperature for 15-16 hrs.
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The reaction mixture was then concentrated under reduced pressure at 30-35° C, to give

an oily residue.

The oil was dissolved in a mixture of water (15 ml) and diisopropyl ether (50 ml). The
solution was cooled to 0-5° C and pH of the solution adjusted to 8.3-8.6 using 10%
aqueous sodium hydroxide solution. The reaction mixture was stirred at this pH for 15-
20 mins, filtered and the organic layer was separated. The aqueous layer was again
cooled to 0-5° C and the pH adjusted to 2.2-2.5 using 6N hydrochloric acid. The
aqueous solution was extracted with diisopropyl ether (25 ml X 2). The layers were
separated and the aqueous layer was cooled to 0-5° C and the pH adjusted to 3.5-3.8
using 10% aqueous sodium hydroxide solution. Then it was extracted with
dichloromethane (50 ml X 3). The dichloromethane layer was concentrated under

reduced pressure to give : 0.4 g (20 %) of Perindopril as a viscous oil.

Example-7

Preparation of (25, 3aS, 7a8)-1-[(2S)-2-[[(1S)-1-(ethoxycarbonyl) butyl]amino]-1-
oxopropylJoctahydro-1H-indole-2-carboxylic acid (Perindopril)

COOH
ch\:\o:/(o CHs :
S
H
HsC ) NM
H

o)

A mixture of (8S,S,S)-Octahydroindole-2-carboxylic acid ( 1.5 g, 0.0088 moles) in
acetonitrile (15 ml) was stirred for 5 min. at 25-30°C. To this was added hexamethyl
disilazane (1.8 g, 0.011 moles), followed by a few drops of chlorotrimethylsilane. The
reaction mixture was heated to reflux for 3-3.5 hrs. When the evolution of ammonia gas
evolved during the reaction ceased, the reaction mixture was cooled to 25-30°C.
Dichloromethane (20 ml) was added and the mixture was further cooled to' 0-5° C.

Triethylamine (1.4 ml) was added to the cooled reaction mixture and stirred for 5-10
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min and the mixture further cooled to -10 to -20° C. To the cooled reaction mixture was
added N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2’- benzothiazolylthiol ester (3.5 g,
0.0106 moles, obtained from Examples 1 and 2), slowly over a period of 1 hr. After the
addition was over the temperature was raised to 25-30° C and the mixture stirred at this
temperature for 15-16 hrs. The reaction mixture was then concentrated under reduced

pressure at 30-35° C to give an oily residue.

The oil was dissolved in a mixture of water (15 ml) and diisopropyl ether (50 ml). The
solution was cooled to 0-5° C and pH of the solution adjusted to 8.3-8.6 using 10%
aqueous sodium hydroxide solution. The reaction mixture was stirred at this pH for 15-
20 mins, filtered and the organic layer was separated. The aqueous layer was again
cooled to 0-5° C and the pH adjusted to 2.2-2.5 using 6N hydrochloric acid. The
aqueous solution was extracted with diisopropyl ether (25 ml X 2). The layers were
separated and the aqueous layer was cooled to 0-5° C and the pH adjusted to 3.5-3.8
using 10% aqueous sodium hydroxide solution. Then it was extracted with
dichloromethane (50 ml X 3). The dichloromethane layer was concentrated under

reduced pressure to give 1.8 g (55 %) of Perindopril as a viscous oil .
Example-8

Preparation of (28, 3aS, 7aS)-1-[(25)-2-[[(1S)-1-(ethoxycarbonyl) butylJamino |- 1-
oxopropylJoctahydro-1H-indole-2-carboxylic acid (Perindopril)

_COOH
H3C\//\QIO CH; E
S
H
H;C Qi gOn
H

0]

Step-1 : Preparation of Perindopril benzyl ester

To a suspension of benzyl-(S,S,S)-octahydroindole-2-carboxylate (2.07 g, 0.0079

moles) in dichloromethane (15 ml) at 25-30°C was added triethylamine (1.34 ml,
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0.0096 moles) at the same temperature and the solution obtained was cooled to —10 to -
15° C. To the cooled solution was added N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2’-
benzothiazolylthio ester (3.2 g, 0.0095 moles, obtained in Examples land 2), slowly
over a period of 1 hr. After the addition was over the temperature was raised to 25-30°
C and the reaction mixture stirred at this temperature for 8-10 hrs. The reaction mixture
was quenched with water (10 ml). The pH of the reaction mixture was adjusted to 8.3-
8.6 using 2% aqueous sodium hydroxide solution and stirred at this pH for 15-20 min.
The organic layer was separated and washed with water (10 ml). The dichloromethane
was concentrated under reduced pressure to give 2.92 g (80 %) of Perindopril benzyl

ester.
Step-2 : Preparation of Perindopril

The Perindopril benzyl ester (2.9 g, 6.33 mmoles), obtained in Step-1 was dissolved in
ethyl alcohol (15 ml) hydrogenated using 10% Palladium on carbon (0.29 g), under 45-
50 psi hydrogen pressure for 2.5-3 hrs. The reaction was performed at 25-30°C. After
completion of the reaction, the reaction mixture was filtered to remove the catalyst and
the filtrate was concentrated under reduced pressure to afford Perindopril as a viscous

oil.
Example-9
Preparation of (35)-2-[(25)-2-[[(1S)- I-(ethoxycarbonyl)butylJamino]-1-oxopropyl]-

1,2, 3,4-tetrahydro-3-isoquinolinecarboxylic acid hydrochloride (Quinapril
hydrochloride)

COOH
O cg, -

E . HCl
® NJ(S}W
H

o)

HyC_~
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Step-1: Preparation of Quinapril benzyl ester

To a solution of benzyl ester of (S)-tetrahydroisoquinoline-3-carboxylic acid (4.8 g,
0.0179 moles) in dichloromethane (48 ml) kept at 25-30° C was added triethylamine (6
ml, 0.043 moles) and the solution cooled to —5 to -10° C. To the cooled solution was
added N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-(S)-alanine-2’-benzothiazolylthiol ester
(8.5 g, 0:0215 moles, obtained in Examples 3 and 4), slowly over a period of 1 h. After
complete addition the reaction mixture was stirred at 25-30° C for 2 hrs. The reaction
mixture was quenched by addition of water (25 ml). The pH of the reaction mixture
was adjusted to 8.5-9.0 using 2% aqueous sodium hydroxide solution. The organic layer
was separated and washed twice with water (25 ml) and concentrated under reduced

pressure to give 8 g (75%) of Quinapril benzyl ester.

Step-2 : Preparation of Quinapril hydrochloride

Quinapril benzyl ester (5 g, 9.46 mmoles), obtained in Step-1 was dissolved in ethyl
alcohol (25 ml). To the solution was added concentrated hydrochloric acid (1.5 ml) and
the reaction mixture was hydrogenated in the presence of 10% Palladium on carbon (0.5
g) under 45-50 psi hydrogen pressure at 25-30° C for 2.5-3 hrs. The reaction mixture
was then filtered to remove the catalyst and the filtrate was concentrated under reduced

pressure to afford Quinapril hydrochloride as a viscous oil.

The oil was crystallized from acetonitrile as per the method described in Example-1 of

US Patent No. 4,761,479 to give 2.25 g (50%) of the title compound as a white solid.
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Example-10

Preparation of (28, 3aS, 6aS)-1-[(25)-2-[[(15)-1-(ethoxycarbonyl) butylJamino]-1-
oxopropylJoctahydrocyclopenta[b [pyrrole-2-carboxylic acid (Ramipril)

COOH
HiC - 0 CHy =
8 H
N
SINNT )
H

0

To a stirred mixture of (28, 3aS, 6aS)-octahydrocyclopenta[b]pyrrole-2-carboxylic acid
(2.8 g, 0.018 moles) and acetonitrile (30 ml) at 25-30° C was added hexamethyl
disilazane (3.6 g, 0.023 moles), followed by a few drops of chlorotrimethylsilane. The
resultant reaction mixture was heated to reflux for 3-3.5 hrs. When the evolution of
ammonia gas evolved during the reaction ceased, the reaction mixture was cooled to 25-
30°C. Dichloromethane (20 ml) was added and the mixture was further cooled to 0-5°
C. Triethylamine (2.8 ml) was added to the cooled reaction mixture and stirred for 5-10
min and the mixture further cooled to -10 to -20° C. To the cooled reaction mixture was
added N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2’- benzothiazolylthiol ester (8.5 g,
0.0216 moles, obtained from Examples 1 and 2), slowly over a period of 1 hr. After the
addition was over the temperature was raised to 25-30° C and the mixture stirred at this
temperature for 15-16 hrs. The reaction mixture was then concentrated under reduced

pressure at 30-35° C, to give an oily residue.

The oil was dissolved in a mixture of water (25 ml) and diisopropyl ether (50 ml). The
solution was cooled to 0-5° C and pH of the solution adjusted to 8.3-8.6 using 10%
aqueous sodium hydroxide solution. The reaction mixture was stirred at this pH for 15-
20 mins, filtered and the organic layer was separated. The aqueous layer was again
cooled to 0-5° C and the pH adjusted to 2.2-2.5 using 6N hydrochloric acid. The
aqueous solution was extracted with diisopropyl ether (25 ml X 2). The layers were

separated and the aqueous layer was cooled to 0-5° C and the pH adjusted to 3.5-3.8
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using 10% aqueous sodium hydroxide solution. Then it was extracted with
dichloromethane (50 ml X 3). The dichloromethane layer was concentrated under

reduced pressure to give 2.5 g (35 %) of Ramipril as a white crystalline solid.

Example-11

Preparation of (28, 3aR, 7aS)-1-[(25)-2-[[(1S)-1-(ethoxycarbonyl) butylJamino]-1-
oxopropyl]octahydro-1H-indole-2-carboxylic acid (Trandolapril)

0

(SISNT®)
H

To a stirred mixture of (28, 3aR, 7aS)-octahydroindole-2-carboxylic acid (2.94 g, 0.017
moles) and acetonitrile (25 ml) at 25-30° C was added hexamethyl disilazane (3.52 g, °
0.021 moles), followed by a few drops of chlorotrimethylsilane. The resultant reaction
mixture was heated to reflux for 3-3.5 hrs. When the evolution of ammonia gas evolved
during the reaction ceased, the reaction mixture was cooled to 25-30° C.
Dichloromethane (20 ml) was added and the mixture was further cooled to 0-5° C.
Triethylamine (2.75 ml) was added to the cooled reaction mixture and stirred for 5-10
min and the mixture further cooled to -10 to -20° C. To the cooled reaction mixture was
added N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine-2’- benzothiazolylthiol ester (5.39 g,
0.0136 moles, obtained from Examples 1 and 2), slowly over a period of 1 hr. After the
addition was over the temperature was raised to 25-30° C and the mixture stirred at this -
temperature for 15-16 hrs. The reaction mixture was then concentrated under reduced

pressure at 30-35° C, to give an oily residue.

The oil was dissolved in a mixture of water (25 ml) and diisopropyl ether (50 ml). The
solution was cooled to 0-5° C and pH of the solution adjusted to 8.3-8.6 using 10%

aqueous sodium hydroxide solution. The reaction mixture was stirred at this pH for 15-
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20 mins, filtered and the organic layer was separated. The aqueous layer was again
cooled to 0-5° C and the pH adjusted to 2.2-2.5 using 6N hydrochloric acid. The
aqueous solution was extracted with diisopropyl ether (25 ml X 2). The layers were
separated and the aqueous layer was cooled to 0-5° C and the pH adjusted to 3.5-3.8
using 10% aqueous sodium hydroxide solution. Then it was extracted with
dichloromethane (50 ml X 3). The dichloromethane layer was concentrated under

reduced pressure to give 2.93 g (40 %) of Trandolapril as a white crystalline solid.

Example-12
Preparation of (S)—I-[N*~(1-Carboxy-3-phenylpropyl)-L-lysyl]-L-
proline dihydrate (Lisinopril dihydrate)

Step-1 : Preparation of No-trifluoroacetyl-S-lysine

NHCCF3

mN~ & cooH

To a solution of L-lysine monohydrochloride (100 g, 0.560 moles) in water (260 g),
cooled to 0-2° C was added a solution of sodium hydroxide (43.8 g, 1.10 moles) in
water (140 ml). To the solution thus obtained is added isopropyl trifluoroacetate (94 g,
0.549 moles, as prepared by the method disclosed by T. J. Blacklock et. al. in J. Org.
Chem., 1988, 53, 836-44 ) gradually over 10-15 mns at 0-2° C. After complete addition,
the reaction mixture is agitated at the same temperature for further 30 mns. The reaction
mixture is poured into saturated sodium chloride solution, and the pH adjusted to about
6.5 by addition of Conc. HCI. The filtered solid is filtered, washed with water and dried

under vacuum at 50-55° C to give 120 g (72%) of the title compound.
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Step-2 : Preparation of N'-trifluoroacetyl-S-lysine-benzylester :
0)
I

NHCCF3

o g-on- )

:
Thionyl chloride (24 ml, 0.3305 moles) was added in a drop wise manner to benzyl
alcohol (76.8 ml, 0.7424 moles) at -5 to —10°C. Then Né-trifluoroacetyl-S-lysine (20 g,
0.0826 moles, as obtained in Step-1) was added to the above reaction mixture, under an
atmosphere of nitrogen at —5 to -10° C, in five lots. After the addition was over, the
temperature was brought to 25-30° C and further raised to 35-40° C and the reaction
mixture was agitated at this temperature 6 hrs, till completion of reaction. The reaction
mixture was then added into diisopropy! ether at 25-30° C, under vigorous stirring,
wherein a solid separated out. The solid NS-trifluoroacetyl-S-lysine-benzylester

hydrochloride was collected by filtration.

The solid hydrochloride salt was dissolved in a mixture of dichloromethane (150 ml)
and water (50 ml). The pH of the solution was adjusted to 8.80 using a solution of
aqueous ammonia. The layers are separated and the organic layer is evaporated under

reduced pressure to give 16 g (58%) of the title compound as an oil.
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Step-3 : Preparation of N-[1 (S)—ethoxycarb0nyl—3—phenylpr0pyl]—N6 -trifluoroacetyl-(S)-

lysine benzyl ester

I
NHCCF3
0
H3C\/
ONNT® C—CHZ—Q
H I

To a solution of N-trifluoroacetyl-S-lysine-benzylester (10 g, 0.0301 moles, as
obtained in Step-2) in chloroform was added N-methyl morpholine (9.14 g, 0.0903
moles) at 25° C. The reaction mixture was cooled to 0-5° C and a solution of (R)-[2~
trifluoromethanesulfonyloxy]-4-phenylbutyric acid ethyl ester (12.3 g, 0.0361 moles) in
chloroform (25 ml) was added to it drop wise, maintaining the temperature in the range
of 0-5° C. The reaction mixture was then allowed to come to 25-30° C and stirred for 18
hrs, till the completion of reaction is indicated by TLC. The reaction mixture was
quenched with water (25 ml). The organic layer was separated and concentrated to
afford the title compound as a thick oil. The oil was passed through a column of silica
gel using a mixture of ethyl acetate and hexane (1:4) as the eluent to give 13 g (82.6%)
of the title compound as an oil.

Mass Spectrum (m/e) : 523.5 amu

Specific rotation : -9.58° (C = 2, methanol at 25°C)

IR (cm™) : 2931,1720, 1651

'H NMR (CDCls, 8) : 1.27 (t, 5H), 1.35-1.80 (m, 7H), 1.85-2.20 (m, 4H), 2.50-2.80 (m,
2H), 3.31 (t, 4H), 4.17 (dt, 2H), 5.15 (dd, 2H), 7.05-7.50 (m, 10H)

BC NMR (CDClL, 8) : 14.62, 22.92, 2831, 32.39, 32.98, 35.51, 39.90, 59.81, 60.03,
61.39, 67.12, 126.46, 128.83, 129.04, 136.02, 141.587, 174.89, 175.07
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Step-4 : Preparation of N-[1 (S)-ethoxycarbonyl-3-phenylpropyl /]-N°-trifluoroacetyl-(S)-

lysine

NHCCF;

H3C\/

ONNT®>c—oH
H I
0

10% Palladium on carbon (1.1 g) was carefully weighed and transferred into a
hydrogenation bottle. It Wés wetted with absolute alcohol (10 ml), under an atmosphere
of nitrogen. To this was added a solution of N-[1(S)-ethoxycarbonyl-3-phenylpropyl]- -
NC-trifluoroacetyl-(S)-lysine benzyl ester (11 g, 0.021 moles, as obtained in Step-3) in
absolute ethanol (60 ml). The reaction mixture was hydrogenated at 25-30° C under a
hydrogen pressure of 45-55 psi for 2.5 hrs, till TLC indicated completion of reaction.
The reaction mixture was filtered to remove the catalyst and the filtrate was
concentrated under reduced pressure at 40° C to afford 8.1 g (88.9%) of the title

compound as a white solid.

Melting point : 158° C

Mass spectrum (m/e) : 433.4 amu

IR spectrum (cm™) : 3440, 1743, 1705, 1620

'H NMR (CDCls, §) : 1.30 (¢, 3H), 1.50-1.90 (m, 7H), 1.90-2.30 (m, 4H), 2.60-2.90 (m,
2H), 3.20-3.50 (m, 4H), 4.20 (q, 2F), 7.00-7.40 (m, SH).

3¢ NMR (CDCls, 8) : 13.80, 22.10, 26.80, 27.80. 30.90, 31.70, 38.80, 62.80, 128.50,
139.40, 168.60, 171.70.
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Step-5 : Preparation of N-[1 (S)-ethbxycarbonyl—3-phenylpropyl]—N6-trz'ﬂuoroacetyl—(S )~

lysine-2 'benzothiazolylthio ester

]
NHCCF,
0
HgC\/
N
ONNT® c—s—{
H I S

To a solution of triphenyl phosphine (3.65 g,'0.0138 moles) in dichloromethane (15 ml)
at 27° C was added 2,2’-dithiobis(benzothiazole) (4.6 g, 0.0138 moles). The reaction
mixture was stirred at an ambient temperature for 1 hr. and then cooled to 0-5° C. N-
[l(S)-ethoxycarbony1—3-phenylpropyl]-N6-triﬂuoroacetyl-(S)-lysine (5 g, 0.0023 moles,
as obtained in Step-4) was added to it at 0-5°C. The reaction mixture was further stirred
at the same temperature for 45 min. and then triethyl amine (2 g, 0.0197 moles) was
added to it and stirred for another 15 min, till TLC indicated completion of the reaction.
The reaction mixture was concentrated under reduced pressure at 40° C to afford a
viscous oil. The oil was passed through a column of silica gel using a mixture of ethyl
acetate and hexane as eluent to afford 4.5 g (66.9%) of the title compound as a pale

yellow viscous mass.
IR (em™): 1732, 1600, 1454

'H NMR (CDCL, 6) : 1.30 (t, 3H), 1.55-1.89 (m, 6H), 2.05-2.35 (m, 4H), 2.70-2.95 (m,
2H), 3.30-3.60 (m, 4F), 4.20 (q, 2H), 7.00-7.60 (m, 7H), 7.90 (d, 2H).

BC NMR ((CDCL, 8) : 14.05, 22.43, 28.10, 32.00, 33.80, 39.40, 51.39, 60.10, 60.30,
128.10, 128.20, 128.30, 140.40, 174.00, 175.10, 195.60
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Step-6 : Preparation of (S)—I-[N°trifluoroacetyl-(1-Carboxy-3-phenylpropyl)-L-lysyl]-
L-proline ethyl ester (Protected Lisinopril)

To a solution of (S)-proline ethyl ester (0.5 g, 0.0034 moles) and triethyl amine (0.175
g, 0.0017 moles) in dichloromethane (5 ml) was added a solution of N-[1(S)-
ethoxycarbonyl—3—phenylpropyl]-N6-triﬂuoroacetyl-(S)—lysine-z’benzothiazolylthio

ester (2.43 g, 0.0041 moles, as obtained in Step-5) in dichloromethane (10 ml) at 10-
15°C, in a drop wise manner. The reaction mixture was stirred for 30 mns till TLC
indicated completion of reaction. The reaction mixture was quenched with water (10
ml). The organic layer was separated and stirred with a solution of aqueous potassium
hydroxide (10%, 25 ml), till TLC indicated complete removal of the 2-
mercaptobenzothiazole. The organic layer was separated and concentrated under

reduced pressure to afford 1.75 g (89.8 %) of the title compound as an oil.

Step-7: Preparation of (S)—1-[N°-(1-Carboxy-3-phenylpropyl)-L-lysyl]-L-proline
dihydrate (Lisinopril dihydrate) ‘

NH,
o 0
ONNTON o N\© ©OH0
H [
o
COOH

Sodium hydroxide (0.36 g, 0.009 moles) was dissolved in water (10 ml) and a solution
of protected lisinopril (1g, 0.0017 moles, as obtained in Step-6) in methanol (2 ml) was
added to it at 26° C. The reaction mixture was heated at 45-50°C for 2.5 hrs, till TLC
indicated completion of reaction. The pH of the reaction mixture was made acidic using
10% HCI and then extracted with dichloromethane (5 ml). The layers were separated
and the aqueous layer was passed through a column of Indion resin (225 H). The
column was then eluted with deionised water till the eluent showed a positive test for
chloride ions. Then the column was eluted with 2% aqueous ammonia. After complete

elution, the‘ eluent was concentrated at 40° C under reduced pressure to 25% of the
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original volume. The pH of the concentrated mass was adjusted to 5.2 with concentrated
HCI and the aqueous solution thus obtained was then further concentrated at 40°C under
50-80 mm Hg pressure till the water content of the residual mass is ~ 55%. Then 2-
propanol (15 ml) was charged into the mass and the mixture was stirred for 10 min. at

5 25° C. The precipitated solid was collected by filtration and recrystallized from ethyl
alcohol to give 0.40 g (50.5%) of lisinopril dihydrate.
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CLAIMS

A compound of formula (I),

cOOR! R’

N
AT
0

wherein

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R is hydrogen or lower alkyl of 1-4 carbon atoms, and

R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

which is attached an amino or substituted amino group.

A compound of formula (I), which is N-[1(S)-ethoxycarbonyl butyl]-(S)-alanine
2’-benzothiazolylthio ester.

A compound of formula (I), which is N-[1(S)-ethoxycarbonyl-3-phenylpropyl]-

(S)-alanine 2’-benzothiazolylthio ester.

A compound of formula (I), which is N-[1(S)-1-ethoxycarbonyl-3-
phenylpropyl]- N°-trifluoroacetyl- L-lysine-2’-benzothiazolylthio ester.

A compound of formula (I), which is N-[1(S)-1-ethoxycarbonyl-3-
phenylpropyl]- L-lysine-2’-benzothiazolylthio ester.
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A process for the preparation of compounds of formula (T)

Coor! R?

N
R/\)(SJ\IEI/(‘%‘/S%S:Q v
0

wherein

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R' is hydrogen or lower alkyl of 1-4 carbon atoms, and

R? is 1ower’alky1 of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

which is attached an amino or substituted amino group comprising

reaction of compound of formula (IV),

COOR! R?
/J@\N o) Y "
R H
O
wherein
Y is a hydroxy group,

R is a lower alkyl of 1-4 carbon atoms or pheny},
R' is lower alkyl of 1-4 carbon atoms, and
R is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms

to which is attached an amino or substituted amino group

with 2,2’-dithio bis[benzthiazol]-(2)] of compound of formula (V),
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QB0

in the presence of a tri-(lower alkyl)- or tri(aryl) phosphine or phosphite
and in the presence of an inert, non-hydroxy-containing organic solvent
5 and optionally in the presence of a base at a temperature ranging between
-30° C to +50° C to give compounds of formula (I), wherein R' is lower
alkyl of 1-4 carbon atoms and optionally removal of the lower alkyl

ester group to give compounds of formula (I), wherein R is hydrogen.

10 7. A process for the preparation of compounds of formula (I)

COOR! K N
L s—( ]i] ®
R © E/(%‘/ S
0

15
wherein
R is a lower alkyl of 1-4 carbon atoms or phenyl,
R’ is hydrogen or lower alkyl of 1-4 carbon atoms, and
R? is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

20  which is attached an amino or substituted amino group comprising

reaction of compound of formula (IV),

COOR! R?
/\/l\ Y (V)
NN (%)
R H

0]
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wherein

Y is halogen,

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R’ is hydrogen or lower alkyl of 1-4 carbon atoms, and

R” is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms

to which is attached an amino or substituted amino group

with 2-mercaptobenzothiazole of formula (VI),

N ,
Hs% j@ (VD)
S

in the presence of a base and in the presence of an inert, non-hydroxy-
containing organic solvent at a temperature ranging between -30° C to
+50° C to give compounds of formula (I), wherein R' is lower alkyl of
1-4 carbon atoms and optionally removal of the lower alkyl ester group

to give compounds of formula (I), wherein R' is hydrogen.

8. A process according to claim 6 or 7, wherein the base is selected from

triethylamine, pyridine, 2,3-diaminopyridine, 2,4-diaminopyridine, and N-

methyl morpholine.

9. A process according to any one of claims 6, 7 or 8, wherein the base is

employed in molar proportions of 1.0 to 5.0 moles per mole of compound (IV),

preferably 1.0 to 3.0 moles per mole of compound (IV).

10. A process according to claim 6 or 7, wherein the tri-(lower alkyl) phosphine is

selected from trimethyl phosphine, triethylphosphine, tri-n-propyl phosphine,

triisopropyl phosphine, tri-n-butyl phosphine, tri-isobutyl phosphine, and tri-t-

butyl phosphine.
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A process according to claim 6 or 7, wherein the tri-(lower alky!l) phosphite is
selected from trimethyl phosphite, triethylphosphite, tri-n-propyl phosphite,
triissopropyl phosphite, and tri-n-butyl phosphite.

A process according to claim 6 or 7, wherein the tri-(aryl) phosphine is selected
from tripheny! phosphine, tri (p-methoxyphenyl) phosphine, tri (o-chlorophenyl)
phosphine, tri (p-chlorophenyl) phosphine, tri (m-tolyl) phosphine, tri (o-tolyl)
phosphine, tri (p-tolyl) phosphine, tri (m-bromophenyl) phosphine, tr1 (p-
bromophenyl) phosphine, tri (p-iodophenyl) phosphine, tri (p-n-propylphenyl)
phosphine, tri (p-tert-butylphenyl) phosphine, and tri (p-isopropoxyphenyl).

A process according to claim 6 or 7, wherein the tri-(aryl) phosphite is selected
from triphenyl phosphite, tri (p-methoxyphenyl) phosphite, tri (o-chlorophenyl)
phosphite, tri (p-chlorophenyl) phosphite, tri (m-tolyl) phosphite, tri (o-tolyl)
phosphite, tri (p-tolyl) phosphite, tri (m-bromophenyl) phosphite, tri (p-
bromophenyl) phosphite, tri (p-iodophenyl) phosphite, tri (p-n-propylphenyl)
phosphite, tri (p-tert-butylphenyl) phosphite, and tri (p-isopropoxyphenyl)
phosphite.

A process according to anyone of claims 6, 7, 9, 10, 11, and 12, wherein the tri
(lower alkyl) phosphines or phosphites and the tri (aryl) phosphines or
phosphites are employed in molar proportions of 1.0 to 2.0 moles per mole of
compound of formula (IV), preferably 1.0 to 1.30 moles per mole of compound
of formula (IV).

A process according to claim 6 or 7, wherein the inert, non-hydroxy containing
solvent is selected from pentane, hexane, heptane, octane, cyclopentane,
cyclohexane, cycloheptane, toluene, m-, o- or p- xylene, benzene, mesitylene,
diethyl ether, butyl ethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, ethyl acetate, methyl formate, methyl acetate, amyl acetate, n-

butyl acetate, sec-butyl acetate, tert-butyl acetate, methyl propionate, methyl
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butyrate, acetonitrile, propionitrile, butyronitrile, chloroform, methylene
chloride, carbon tetrachloride, 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1-
dibromo-2-chloroethane, 2-chloropropane, 1-chlorobutane, chlorobenzene,
fluorobenzene, dichlorobenzene, nitromethane, nitroethane, 1-or 2-nitropropane,
nitrobenzene, acetone, methyl ethyl ketone, methyl iso-butyl ketone,
cyclopentanone, cyclohexanone, N,N-dimethyl formamide, and N,N-dimethyl

acetamide.

A process according to claim 6 or 7, wherein the temperature is between —5° C

to +20° C.

A process according to claim 6 or 7, wherein the lower alkyl group in R' in
compounds of formula (I) is removed by treatment with an acid or a base to give

compounds of formula (I), wherein R is hydrogen.

A process for preparation of ACE Inhibitors of formula (II) and

pharmaceutically acceptable salts thereof,

COOR! R
/\/k () z (H)
NN
R H
o)

wherein

R is a lower alkyl of 1-4 carbon atoms or phenyl,

R' is hydrogen or lower alkyl of 1-4 carbon atorns,

R’ is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to
which is attached an amino or substituted amino group lower alkyl of 1-4 carbon
atoms which is substituted by amino, and

Z is an amino acid selected from
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WCOOH

)

HOOC,, OCH;
/I\C©i

OCH3
HOOC//,“
~ m
S S
N
g COOH
gOOH
il H

comprising reaction of compounds of formula (I)

COOR! R*

N.
—<
S
0O

wherein

@
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R is a lower alkyl of 1-4 carbon atoms or phenyl,
R' is hydrogen or lower alkyl of 1-4 carbon atoms, and
R’ is lower alkyl of 1-4 carbon atoms or lower alkyl of 1-4 carbon atoms to

which is attached an amino or substituted amino group

with an amino acid derivative of formula (VII),

Z—R3 (VII)

wherein Z has the same meaning as defined hereinabove and R is hydrogen or
an easily removable carboxyl protective group in the presence of an inert, non-
hydroxy-containing organic solvent and optionally in the presence of a base at a
temperature ranging from —20° C to —5° C, with the proviso that when R® is
hydrogen compounds of formula (II) and their pharmaceutically acceptable salts
thereof are obtained directly and when R® is a carboxyl protective group,
removal of the said protective group give compounds of formula (II) and their

pharmaceutically acceptable salts thereof.

A process according to claim 18, wherein the carboxyl protective group
representing R’ is selected from the group of alkyl esters, such as methyl, ethyl,
tert-butyl esters; methyl, halo-lower alkyl esters, such as 2-chloroethyl, 2,2,2, -
trichloroethyl ester; lower acyl-lower alkyl esters, such as lower alkanoylmethyl,
2-acetylethyl, phenacyl, p-bromophenacyl, o-benzoylbenzyl esters; lower
alkoxy-lower alkyl esters, such as methoxymethyl ester; lower acyloxy-lower
alkyl esters, such as acetoxymethyl, pivaloyloxymethyl, N N-
dimethylglycyloxymethyl, benzoyloxymethyl esters; lower 1,1-dicarbo-lower
alkoxyalkyl esters, such as dicarbomethoxymethyl, dicarbethoxymethyl esters;
lower aryl esters, such as phenyl, pyridyl esters optionally substituted by an inert
group like nitro, methoxy, or lower alkyl; aralkyl esters, such as benzyl,

benzhydryl, naphthylmethyl and pyridylmethyl esters optionally substituted by
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an inert group like nitro, methoxy or lower alkyl; or a trialkylsilyl group, such as

a tri (Crq)alkyl silyl group like trimethylsilyl.

A process according to claim 18, wherein the base is selected from
triethylamine, pyridine, 2,3-diaminopyridine, 2,4-diaminopyridine, and N-

methyl morpholine.

A process according to any one of claims 18 and 20, wherein the base is
employed in molar proportions of 1.0 to 5.0 moles per mole of compound (I),

preferably 1.0 to 3.0 moles per mole of compound (I).

A process according to claim 18, wherein the inert, non-hydroxy containing
solvent is selected from pentane, hexane, heptane, octane, cyclopentane,
cyclohexane, cycloheptane, toluene, m-, 0- or p- xylene, benzene, mesitylene,
diethyl ether, butyl ethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, ethyl acetate, methyl formate, methyl acetate, amyl acetate, n-
butyl acetate, sec-butyl acetate, tert-butyl acetate, methyl propionate, methyl
butyrate, acetonitrile, propionitrile, butyronitrile, chloroform, methylene
chloride, carbon tetrachloride, 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1-
dibromo-2-chloroethane, 2-chloropropane, 1-chlorobutane, chlorobenzene,
fluorobenzene, dichlorobenzene, nitromethane, nitroethane, 1-or 2-nitropropane,
nitrobenzene, acetone, methyl ethyl ketone, methyl iso-butyl ketone,
cyclopentanone, cyclohexanone, N,N-dimethyl formamide, and N,N-dimethy!

acetamide.

A process according to claim 18, wherein the temperature is between —10° C to -
5°C.

A process according to claim 18, wherein the compound of formula (II) and its

pharmaceutically acceptable salts is any one of
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N-[(18)-1-(Ethoxycarbonyl)-3-phenylpropyl]-L-alanyl-N-(2,3-dihydro,-
1H-inden-2-yl)-glycine i. e. Delapril and its monohydrochloride,
N-[(1S)-1-(Ethoxycarbonyl)-3-phenylpropyl]-L-alanyl-L-proline 1. .

_ Enalapril and its maleate salt,

N-[(1S)-1-Carboxy-3-phenylpropyl]-L-alanyl-L-proline i. . Enalaprilat
(45)-3-[(25)-2-[[(1S)-1-(Ethoxycarbonyl)-3-phenylpropyl]amino]-1-
oxopropyl]-1-methyl-2-oxo-4-imidazolidinecarboxylic ~ acid 1.  e.
Imidapril and its monohydrochioride,
(4S)-3-[(2S)-2-[[(18S)-1-Carboxy-3-phenylpropyl]amino]-1-oxopropyl]-
[-methyl-2-0x0-4-imidazolidinecarboxylic acid i. e. Imidaprilat,
(35)-2-[(28)-2-[[(1S)-1-(Ethoxycarbonyl)-3-phenylpropylamino]-1-
oxopropyl]-1-2,3,4-tetrahydro-6,7-dimethoxy-3-isoquinolinecarboxylic
acid i. e. Moexipril and its hydrochloride,
(39)-2-[(28)-2-[[(1S)-1-Carboxy-3-phenylpropylamino]-1-oxopropyl]-1-
2,3,4-tetrahydro-6,7-dimethoxy-3-isoquinolinecarboxylic acid i .
Moexiprilat and its hydrochloride,

(2S, 3aS, 7aS)-1-[(28)-2-[[(18)-1-(Ethoxycarbonyl)butyl]amino]-1-
oxopropyljoctahydro-1H-indole-2-carboxylic acid i. e. Perindopril and
its erbumine salt,

28, 3a8, 7aS)-1-[(2S)-2-[[(1S)-1-Carboxybutyl]amino]-1-
oxopropyl]octahydro-1H-indole-2-carboxylic acid i. e. Perindoprilat,
(35)-2-[(2S)-2-[[(1S)-  1~(Ethoxycarbonyl)butyl]amino]-1-oxopropyl]-
1,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid i. e. Quinapril and its
hydrochloride,
(3S)-2-[(2S)-2-[[(1S)-1-(Carboxybutyl]amino}-1-oxopropyl]-1,2,3,4-
tetrahydro-3-isoquinolinecarboxylic acid i. e. Quinaprilat,

(28, 3aS, 6aS)-1-[(2S)-2-[[(1S)-1-(Ethoxycarbonyl)butyl]amino]-1-
oxopropyl]octahydrocyclopenta[b]pyrrole-2-carboxylic  acid 1 e,
Ramipril,
(8S)-7-[(28)-2-[[(1S)-1-(Ethoxycarbonyl)butyl]amino]-1-oxopropyl]-

1,4-dithia-7-azaspiro[4.4]nonane-8-carboxylic acid i. e. Spirapril,
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Xiv) (88)-7-[(28)-2-[[(1S)-1-Carboxy5uty1]amino]-l-oxopropyl]-1,4-dithia—
7-azaspiro[4.4]nonane-8-carboxylic acid 1. e. Spiraprilat,

xvi) (25, 3aR, 7aS)-1-[(ZS)-2-[[(1S)-1-(Ethoxycarbonyl)butyl]:amino]-1—
oxopropyl]octahydro-1H-indole-2-carboxylic acid i. e. Trandolapril.

5
25. A process for preparation of lisinopril of formula (I1%),
COOH
10
comprising the steps of
i) reaction of a L-lysine derivative of formula avo),
NHR*
5 (V)
HoN” ® OR
15 0

wherein R* and R’ are either hydrogen or a amino and carboxyl

protective group respectively;

20 with a compound of formula (IV”),
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o]

ORS av’
™

wherein R® is hydrogen or lower alkyl of 1-4 carbon atoms;
the asterik (*) on the carbon bearing the (-COOR®) group is either
5 racemic having the (R/S) configuration or has the (R)-configuration; and

L is a leaving group,

in the presence of a base and in the presence of an inert solvent at a

temperature of between —80° C to +80° C to give a novel compound of

formula (IV°), wherein R* and R’ are a amino and carboxyl protective
10 group respectively and R is hydrogen or lower alkyl of 1-4 carbon

atoms and the asterik (*) on the carbon bearing the (-COOR®) group is

either racemic having the (R/S) configuration or has the (S)-

configuration; and optionally removal of the protective group R’ to give

compound of formula (IV°),

NHR*

RS - 0 0 ,
5 av9)
NN ) OR

15

wherein R* is an amino protective group and R’ is hydrogen, or through

reductive amination of an a-keto compound of formula (IV®),

OR®
(IV®)

20
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wherein R® is hydrogen or a lower alkyl of 1-4 carbon atoms with the
L-lysine derivative of formula (IV®), in aqueous solution in the presence
of sodium cyanoborohydride or reduction of the intermediate Schiff’s
base in an inert organic solvent and in the presence of a hydrogenation
catalyst and a hydrogenation agent to give compound of formula av?),

and

reacting compound of formula (IV°), with 2,2’-dithio bis[benzthiazol] of
formula (V),

essse I

in the presence of a tri-(lower alkyl)- or tri(aryl) phosphine or phosphite
and in the presence of an inert, non-hydroxy-containing organic solvent
and optionally in the presence of a base at a temperature ranging between

—30° C to +50° C to give compound of formula (I°),

NHR*
R6/O 0]
N
74 5
@AI L~ e
o \ S
O

wherein R*is an amino protective group and R® is hydrogen or lower
alkyl of 1-4 carbon atoms and the asterik (*) on the carbon bearing the (-
COOR®) group is either racemic having the (R/S) configuration or has

the (S)-configuration or reaction of compound of formula (IV?),
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(0] 0]
R v

HSNT G

wherein R* is an amino protective group and R’ is halogen ; R® is
hydrogen or lower alkyl of 1-4 carbon atoms and the asterik (*) on the
5 carbon bearing the (-COOR®) group is either racemic having the (R/S)
configuration or has the (S)-configuration and X is a halogen atom, with

2-mercaptobenzothiazole of formula (VI),

N
us— :@ VD)
10 S

in the presence of a base and in the presence of an inert, non-hydroxy-
containing organic solvent at a temperature ranging between —30° C to

+50° C to give compounds of formula (1), and

15
iiiy reacting compound of formula (I’) with a L-proline derivative of formula
(v,
[ (s;l 210)
N COOE
b
20 wherein E is a carboxyl protective group in the presence of a inert, non-

hydroxy-containing organic solvent to give protected lisinopril of
formula (I),
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NHR*
RS~ 0
(IP)
CNNILE) N®
H
O CoOE

wherein R”is an amino protective group and R® is hydrogen or lower

5 alkyl of 1-4 carbon atoms and the asterik (*) on the carbon bearing the (-
COOR®) group is either racemic having the (R/S) configuration or has
the (S)-configuration, and

1v) removal of protective groups from compound of formula (I%), and
10 optionally separating the diastereomers to give lisinopril of formula (1.
NH,
HO 0O
(I?)
N~ ® N@®
H
O coon
15
26. A process according to claim 25, wherein amino protective group corresponding
to group R* in compounds of formula (IV®) are selected from a substituted
benzyloxycarbonyl group such as a ftertiary butoxycarbonyl group;
20 benzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group; urethane type

protective groups such as isobornyloxycarbonyl; an acyl type protective group

such as trifluoroacetyl; a formyl group; and a phthaloyl group.
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A process according to claim 25, wherein the carboxyl protective group
corresponding to group R’ in compounds of formula (IV°) is selected from the
group of alkyl esters, such as methyl, ethyl, tert-butyl esters, methyl, halo-lower
alkyl esters, such as 2-chloroethyl, 2,2,2 -trichloroethyl ester; lower acyl-lower
alkyl esters, such as lower alkanoylmethyl, 2-acetylethyl, phenacyl, p-
bromophenacyl, o-benzoylbenzyl esters; lower alkoxy-lower alkyl esters, such
as  methoxymethyl ester; lower - acyloxy-lower alkyl esters, such as
acetoxymethyl, pivaloyloxymethyl, N,N-dimethylglycyloxymethyl,
benzoyloxymethyl esters; lower 1,1-dicarbo-lower alkoxyalkyl esters, such as
dicarbomethoxymethyl, dicarbethoxymethyl esters; lower aryl esters, such as
phenyl, pyridyl esters optionally substituted by an inert group like nitro,
methoxy, or lower alkyl, aralkyl esters, such as benzyl, benzhydryl,
naphthylmethyl and pyridylmethyl esters optionally substituted by an inert group
like nitro, methoxy or lower alkyl; or a trialkylsilyl group, such as a tri (C;.

s)alkyl silyl group like trimethylsilyl.

A process according to claim 25, wherein the leaving group L in compound of
formula (IV7) is selected from tosyloxy, mesyloxy trifluoromethanesulfonyloxy,
a phenyl sulfonyloxy group or a phenyl sulfonyloxy group, wherein the phenyl

is substituted by halogen, or nitro group.

A process according to claim 25, wherein the compound of formula (IV?) is
employed molar proportions of 1.0 to 1.20 moles per moles of compound of

formula (IV®).

A process according to claim 25, wherein the inert organic solvent is selected
from halogenated hydrocarbons, such as dichloromethane, dichloroethane,
chloroform and carbon tetrachloride; hydrocarbons, such as hexane and
toluene; alcohols, such as methanol, ethanol, and isopropanol; nitriles, such as

acetonitrile and propionitrile; ethers, such as diethyl ether, dioxane, and

* tetrahydrofuran, and amides such as dimethylformamide and

hexamethylphosphoramide.
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A process according to claim 25, wherein the base is selected from inorganic
salts, such as carbonates like sodium carbonate, potassium carbonate, lithium
carbonate and cesium parbonate or organic bases, such as, for example,
triethylamine, pyridine, 2,3-diaminopyridine, 2,4-diaminopyridine, and N-

methyl morpholine.

A process according to anyone of claims 25 and 31, wherein the base is
employed in molar proportions of 1.0 to 5.0 moles per mole of compound of
formula (IV®), preferably in molar proportions of 1.0 to 3.0 moles per mole of

compound of formula (IV®).

A process according to claim 25, wherein the hydrogenation catalyst is selected

from palladium on carbon or Raney Nickel.

A process according to claim 25, wherein the carboxyl protective group
corresponding to group E in compounds of formula (VII') is selected from the
group of alkyl esters, such as methyl, ethyl, tert-butyl esters; methyl, halo-lower
alkyl esters, such as 2-chloroethyl, 2,2,2 -trichloroethyl ester; lower acyl-lower
alkyl esters, such as lower alkanoylmethyl, 2-acetylethyl, phenacyl, p-
bromophenacyl, a-benzoylbenzy! esters; lower alkoxy-lower alky!l esters, such
as  methoxymethyl ester; lower acyloxy-lower alkyl esters, such as
acetoxymethyl, pivaloyloxymethyl, N,N-dimethylglycyloxymethyl,
benzoyloxymethyl esters; lower 1,1-dicarbo-lower alkoxyalkyl esters, such as
dicarbomethoxymethyl, dicarbethoxymethyl esters; lower aryl esters, such as
phenyl, pyridyl esters optionally substituted by an inert group like nitro,
methoxy, or lower alkyl, aralkyl esters, such as  benzyl, benzhydryl,
naphthylmethyl and pyridylmethyl esters optionally substituted by an inert group
like nitro, methoxy or lower alkyl; or a trialkylsilyl group, such as a tri (C;.4)

alkyl silyl group like trimethylsilyl.
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A process according to claim 25, wherein the reaction of compound of formula
(I*) and (VII") is carried out in an inert, non-hydroxy-containing organic solvent
selected from pentane, hexane, heptane, octane, cyclopentane, cyclohexane,
cycloheptane, toluene, m-, o- or p- Xylene, benzene, mesitylene, diethyl ether, -
butyl ethyl ether, diisopropyl ether, tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, ethyl acetate, methyl formate, methyl acetate, amyl acetate, n-
butyl acetate, sec-butyl acetate, tert-butyl acetate, methyl propionate, methyl
butyrate, acetonitrile, propionitrile, butyronitrile, chloroform, methylene
chloride, carbon tetrachloride, 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1-
dibromo-2-chloroethane, 2-chloropropane, 1-chlorobutane, chlorobenzene,
fluorobenzene, dichlorobenzene, nitromethane, nitroethane, 1-or 2-nitropropane,
nitrobenzene, acetone, methyl ethyl ketone, methyl iso-butyl ketone,
cyclopentanone, cyclohexanone, N,N-dimethyl formamide, and N,N-dimethyl

acetamide.



INTERNATIONAL SEARCH REPORT

International . ition No

PCT/IN ussu0257

A, CLASSIFICATION OF SUBJECT MATTER

IPC 7 CO7K5/02 CO7K5/06

C07D277/74

According to International Patent Classification (IPG) or o both national classification and IPC

B. FIELDS SEARCHED

IPC 7 CO07K CO7D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

CHEM ABS Data, EPO-Internal, WPI Data, BEILSTEIN Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ® | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

11 July 1989 (1989-07-11)

claims 1-20; examples 1-4

X US 4 847 384 A (KAPA, PRASAD K. ET AL) 1-35

X example 1 1,3,6,8,
10,11,
15,16
X examples 2-4 18-23
X AT 394 726 B (KRKA, TOVARNA ZDRAVIL N. 1-35
SOL. 0., YUGOSLAVIA)
10 June 1992 (1992-06-10)
claim 1; example 2
X example 2 1,3,6,
15,16,
18,19,
22-24

I:I Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

*A* document defining the general state of the ar which is not
consldered to be of particular relevance
* earlier document but published on or after the international
filing date
*'L* document which may throw doubis on priority claim(s) or
which is cited lo establish the publication date of another
citation or other special reason (as specified)
*O* document referring 1o an oral disclosure, use, exhibition or
other means

*P* document published prior to the internatlonal filing date but
later than the priority date claimed

m

*T* later document published after the international filing date
or priority date and not in confiict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
mtmts, ﬁuch combination being obvious to a person skilled
in the art.

& document member of the same patent family

Date of the actual completion of the intemational search

26 January 2004

Date of mailing of the international search report

03/02/2004

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel, (+31-~70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Traegler-Goeldel, M

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

InformaliSh on patent family members

International /

ition No

PCT/IN 03/00257

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 4847384 A 11-07-1989  NONE

AT 394726 B 10-06-1992 YU 135588 Al 28-02-1990
AT 168189 A 15-11-1991
DD 284028 B5 08-08-1996
ES 2015723 A6 01-09-1990
HR 931139 Al 31-08-1996
JP 2072195 A 12-03-1990
JP 2714447 B2 16-02-1998
LT 2188 R3 15-10-1993
LV 5528 A3 10-03-1994
NO 892813 A ,B, 15-01-1990
PL 280526 Al 05-02-1990
SI 8811355 A 30-04-1995
Su 1757471 A3 23-08-1992

Form PCT/ISA/210 (paient family annex) (July 1962}




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

