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Preparation of (8)-2-Amino-6,6-Dimethoxyhexanoic Acid

Methyl Ester Via Novel Dioxolanes

5 Backaround of the Inventijon

Robl in U.S. Patent 5,508,272 discloses compounds of

the formula
/X
4ffffn T

N (CHy)
A-—$ W// \\I//'
10 H 0 COOR;
wherein A can be
0
R;=—S-—{(CH3) r7(‘\—' C—
R !

Ri2

X can be S, Y can be CH2, m can be one, and n can be two as

15 possessing neutral endopeptidase and angiotensin converting
enzyme inhibition activity. Among these compounds is
[4S-[40(R*),70,10aPB] ] -octahydro-4-[ (2-mercapto-1l-oxo-3-
phenylpropyl-amino] -5-oxo-7H-pyrido{2,1-b] [1,3]thiazepine-
7-carboxylic acid which is currently undergoing clinical

20 evaluation. This compound is reported in the literature as
BMS 186,716 and as omapatrilat.

Robl discloses that the amino lactam portion of BMS
186,716, i.e. the intermediate

s_H

H3N c

o5 I COOCH;
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can be prepared by coupling (S)-2-amino-6,6-di-
methoxyhexancic acid, methyl ester with the N-protected
amino acid

S-Ps

(CHz) 2
P;— N— CH—COOH
wherein P] is an amino protecting group and P> is a sulfur

protecting group to give the dipeptide of the formula
5-p, HC—{OCH3) 2

(CH2) 5 (CHy) 3
Y y
P;——N—CH— ﬁ.‘- I}I— CH— COCCH;
O H

Removal of the P2 protecting group, followed by acid
catalyzed cyclization, and removal of the P1 protecting
group gives [4S-(4a,70,10aP)]-octahydro-
4-amino-5-oxo-7H-pyrido(2,1-b] [1,3]thiazepine-7-~
carboxylic acid, methyl ester.

Robl discloses preparing (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester by converting
N-protected L-ge-hydroxynorleucine to its methyl ester,

oxidizing to the aldehyde of the formula
HC=O0

(SHz)s
Py~ N=—CH-=COOQOCH;

then reacting with trimethyl orthoformate in the presence
of a strong acid catalyst, and removing the P3 protecting

group.
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Summary Qf The Invention
This invention is directed to an improved chemical
synthesis of (S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester and novel dioxolane intermediates from this
synthesis.
According to the process of this invention the
glycinamide of the formula

(I)
ICH3I;I OH
HZN—-CHZ—C—N—E—E—-@
Il A A
0 CH3s H

is reacted with the dioxolane of the formula

(II)

- 0
L—(CH2)3'_< ]
0

wherein L 1s a leaving group such as iodo, bromo,
alkylsulfonyloxy, or arylsulfonyloxy to give the dioxolane
of the formula

(III)

[\

o o)

T

(CHy) 5 Q

H, N~ CH=—C — N— C—

I

- N0

(111}

T

CH;

e H

The dioxolane of formula III is treated under
aqueous refluxing conditions to give the dioxolane
pentanoic acid of the formula

(IV)
[\

0 0]

(CH3) 3

H,Nmw= CH~— COOH
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The dioxolane pentanoic acid of formula IV is then
treated to exchange the dioxclane acetal with a dimethoxy
acetal and convert the carboxylic acid to the methyl ester
resulting in the desired compound
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester. This
can be achieved by reacting compound IV with thionyl
chloride in methanol or by reacting compound IV with
anhydrous HCl such as HCl gas and dimethyl sulfite in
methanol or by the in situ generation of HCl such as by
reacting compound IV with chlorotrimethylsilane or an acid
chloride such as acetyl chloride and dimethyl sulfite in
methanol.

Another aspect of this invention is the preparation
of storage stable salts of (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester of formula X. Such
salts can be converted to the free amine for ultimate
conversion to the desired product. This affords added
flexibility in scheduling production runs and enables
different stages of the reaction to be carried out at

different manufacturing facilities.
Detailed Description Of The Invention

(S)-2-Amino-6, 6-dimethoxyhexanoic acid, methyl ester
of the formula
(X)
OCH;
H C—0OCH;

(FHz)a
H,Nm== CH— COOCH;

is useful as an intermediate in the preparation of
[4S-{40(R*),70,10aP] ] -octahydro-4~[ (2-mercapto-1-
oxo-3-phenylpropyl)amino]-5-oxo-7H-pyrido(2,1-b]-
(1,3)]thiazepine-7-carboxylic acid of the formula
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(XI)

I
HS=—CH—C=—N F
g l (13 COOH
CH, H
@)

as described by Robl in U.S. Patent 5,508,272.

According to the process of this invention (S)-2-
amino-6, 6-dimethoxyhexanoic acid, methyl ester of formula X
is prepared by a chemical synthesis that avoids the need
for an oxidation reaction and for an optical resolution.

In this process, the glycinamide of formula I is reacted
with the dioxolane of formula II to give the dioxolane of
formula III. This reaction is performed in the presence of
lithium diisopropylamide in an organic solvent such as
tetrahydrofuran, which is preferred, diethoxymethane, tert-
butyl methyl ether, 2;methyl tetrahydrofuran, or diethyl
ether. The reaction is carried out at a temperature of
from about -78°C to about 0°C.

The glycinamide of formula I is prepared as
described by Myers et al., Tetrahedron Lettexrs, Vol. 36, p.
4555 - 4558 (1995).

The leaving group L in the dioxolane reagent of
formula II can be an alkylsulfonyloxy such as methane
sulfonyloxy, an arylsulfonyloxy such as
p-toluenesulfonyloxy, bromo, or iodo with iodo being
preferred. Such dioxolane reagents of formula II are known
in the art or can be prepared from commercially available
compounds. For example, the dioxolane of formula II
wherein L is iodo can be prepared by reacting
2-(3-chloropropyl) -1, 3-dioxolane with sodium iodide in the
presence of sodium bicarbonate.
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The dioxolane intermediate of formula III is then
treated under aqueous refluxing conditions to give the
dioxolane pentancic acid of formula IV. The dioxolane
pentanoic acid of formula IV is then reacted to give
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester of
formula X by exchanging the dioxolane acetal with a
dimethoxy acetal and introducing the methyl ester group.
For example, the dioxolane pentancic acid of formula IV can
be reacted with thionyl chloride in methanol or reacted
with anhydrous HCl such as HCl gas and dimethyl sulfite in
methanol or reacted with HCl generated in situ such as by
reacting the compound of formula IV with
chlorotrimethylsilane or an acid chloride such as acetyl
chloride and dimethyl sulfite in methanol to give the
desired compound of formula X. These reactions can be
performed at a temperature of from about 40°C to about
45°C.

(S)-2-Amino-6, 6-dimethoxyhexanoic acid, methyl ester
can be converted to a storage stable salt. This provides
added flexibility to the overall process as the process
steps leading up to the (S)-2-amino-6,6-dimethoxyhexanoic
acid, methyl ester salt can be performed separately from
the process steps for converting (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester to the desired final
product. The term storage stable salt refers to a salt of
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester which
can be maintained for a period of at least about 30 days
under conditions of low temperature and the absence of
moisture and then converted to (S)-2-amino-6,6-dimethoxy-
hexanoic acid, methyl ester in high yields. Salts of
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester of
formula X suitable for this purpose include the oxalic acid
salts (1:1) and (2:1), the diphenylacetic acid salt (1:1),
and the phosphoric acid salt (1:1).

The salt is treated with a base such as potassium
bicarbonate to give the (S) -2-amino-6, 6-dimethoxyhexanoic
acid, methyl ester of formula X.
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As described by Robl in U.S. Patent 5,508,272,
(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl ester of
formula X can be coupled with the N-protected amino acid of
the formula

(V)
S-Ps

(CH3) 2
P;— N— CH—COOH
to give the dipeptide of the formula

(VI)
(I)CH3
(CHz) 2 (CH3) 3
Y

| 4
P;— N— CH— ﬁ—II\I—CH— COOCH;
O H

wherein P] is an amino protecting group such as
benzyloxycarbonyl or t-butoxycarbonyl or a group which
together with the N-atom forms a protecting group such as
phthalimido and P2 is a mercapto protecting group such as
acetyl or benzoyl. This coupling reaction is preferably
performed in the presence of a coupling reagent such as
benzotriazol-l-yloxytris (dimethylamino)phosphonium
hexafluorophosphate, ethyl-3-(3-dimethylamino)propyl
carbodiimide, methanesulfonyloxybenzotriazole, or
dicyclohexylcarbodiimide.

The P2 protecting group is selectively removed from
the dipeptide of formula VI such as by treatment with
sodium methoxide in methanol or by treatment with
p-toluenesulfonic acid in methanol. The resulting
mercaptan compound is then subjected to an acid catalyzed
cyclization reaction preferably by treating with a strong
acid such as trifluoroacetic acid, p-toluenesulfonic acid,
methanesulfonic acid, or a commercially available
polystyrene sulfonate polymer type ion exchange resin such
as Amberlystl5®. This cyclization reaction can be
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performed in a non-protic solvent such as methylene

chloride or chloroform to give the lactam of the formula
(VII)

H
5 0 COOCH;3

The lactam of formula VII is then treated to remove
the P] N-protecting group and then reacted with the

acylmercaptoalkanoyl sidechain of the formula

10 (VIII) o o
I (Sh)

Rg=— C~—S—CH—-C—OH

CH,

wherein Rg is methyl or phenyl giving the compound of the

formula
(IX)

COOCH;

15

This coupling reaction can be performed in an organic

solvent such as methylene chloride and in the presence of a
coupling reagent such as

l-ethyl-3- (3-dimethylaminopropyl)carbodiimide,
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dicyclohexylcarbodiimide, benzotriazol-l-yloxytris-
(dimethylamino)phosphonium hexafluorophosphate,
carbonyldiimidazole, or l-propanephosphoric acid, cyclic
anhydride. Alternatively, the acylmercaptoalkanoic acid of
formula VIII can be converted to an activated form prior to
coupling such as an acid chloride, mixed anhydride,
symmetrical anhydride, activated ester, etc.

The P) N-protecting group can be removed from the
lactam of formula VII, for example, by treatment with
hydrazine monohydrate when P] together with the N-atom
forms a phthalimido group or by treatment with

iodotrimethylsilane or palladium on carbon and hydrogen
when P1 is benzyloxycarbonyl or by treatment with

hydrochloric acid in dioxane or other strong acid when P:1
is t-butoxycarbonyl.

The compound of formula IX is treated to remove the
acyl group R,-C(0O})- and to convert the methyl ester to the
carboxylic acid as shown in the desired final product of
formula XI. For example, when Rg is methyl, treatment with
methanolic sodium hydroxide followed by aqueous acid yields
the desired compound of formula XI.

4S-[40.(R*),7a, 10aPf] ] -Octahydro-4-

[ (2-mercapto-1l-oxo-3-phenylpropyl)amino]-5-oxo-7H-
pyrido[2,1-b][1,3]}thiazepine-7~carboxylic acid possesses
angiotensin converting enzyme and neutral endopeptidase
inhibitory activity. This compound as well as its
pharmaceutically acceptable salts are useful in treating
cardiovascular diseases such as hypertension and congestive
heart failure as note Robl U.S. Patent 5,508,272. This
compound can be administered to a mammalian host such as
man at from about 0.1 mg to about 100 mg per kg of body
weight per day, preferably from about 0.5 mg to about 25 mg
per kg of body weight per day. The compound is preferably
administered orally but parenteral routes and topical
routes can also be employed. The daily dose can be
‘administered singly or can be divided into two to four
doses administered throughout the day.
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The following examples are illustrative of the
invention.
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Example 1
[aS-TaR*{1S* 28*) 1] -0-Amino-N- (2 -hvdroxv-1-methvl-

2-phenvlethyl) -N-methvl-1,3-dioxolane-2-pentanamide

O
CHy  OH
N =
o CH
a) 2-(3-Iodopropyl)-1,3-dioxolane

Sodium bicarbonate (4.0 g, 47.6 mmol) and sodium
iodide (30.0 g, 0.20 mole, 2.4 eg.) were added to a
solution of 2-(3-chloropropyl)-1,3-
dioxolane (12.6 g, 83.66 mmol) in acetone (90 ml). The
reaction vessel was fitted with a reflux condenser/argon
inlet and briefly flushed with argon. The mixture was
heated under argon in a 59°C o0il bath. After heating for
24 hours, the resulting mixture (golden yellow solution
containing a white solid) was allowed to cool to room
temperature. The mixture was then concentrated at reduced
pressure to remove the bulk of the acetone. The residue
was partitioned between heptane (about 400 ml) and water
(about 100 ml). The organic fraction was washed with water
(1L x 50 ml), 5% sodium bisulfite (3 x 50 ml, shaken
vigorously), 1IN sodium bicarbonate (1 x 50 ml), and brine.
After drying over magnesium sulfate, the solvent was
removed at reduced pressure to give a colorless liquid
(16.76 g) which was distilled to give 16.24 g of
2-(3-iodopropyl)-1,3-dioxolane as a colorless liquid; b.p.
75°C (0.3 mm of Hg). TLC:Rf = 0.25 (silica gel,
hexane:ether, 4:1).
Anal. calc'd CgH11102:

C, 29.77; H, 4.58; I, 52.43
Found: C, 30.00; H, 4.61; I, 52.15.
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b) faS-TgR*(1S8* ,23*) 11 -0-Amino-N-{2-hyvdroxy-1-
methvl-2-phenylethvl)-N-methvl-1,3-dioxo-
lane-2-pentanamide

A 0.5 liter, 4-necked, round-bottom flask, equipped
with an overhead stirrer, thermocouple, addition funnel and
a nitrogen inlet/outlet was charged with 11.4 g of lithium
chloride (dried in vacuo at 130°C for 6 hours and then at
100°C for 18 hours prior to use), 9.1 g of diisoproylamine
and 80 ml of tetrahydrofuran. After cooling to -~-78°C, a
2.5 M solution of n-butyllithium in hexanes (35 ml) was
added over about 20 minutes while maintaining the
temperature at less than or equal to -60°C. This mixture
was allowed to stir at -78°C for 45 minutes. A
tetrahydrofuran solution of
[R-(R*,R*)]-N-(2-hydroxy-1l-methyl-2-
phenylethyl)-N-methyl-0-amincacetamide monohydrate [10 g.,
0.04 mol, prepared as described by Myers et _al.,
Tetrahedron Letters, Vol. 36, p. 4555 - 4558 (1995)] was
added over 50 minutes while maintaining the temperature at
less than or equal to -68°C. After the addition was
complete, the mixture was stirred for an additional 45
minutes. The solution was allowed to warm to about 0°C and
held at that temperature for 45 minutes. The
2-(3-iodopropyl)-1,3-dioxolane (12g) from part (a) was
added as a tetrahydrofuran (10 ml) solution in one portion.
After 3 hours reaction time at 0°C, TLC analysis indicated
no observable starting material present and water (100 ml)
was added as a quench. The tetrahydrofuran/hexane phase
was separated from the lower aqueous phase. The agueous
phase was extracted with methylene chloride (4 x 100 ml).
The methylene chloride phases were combined with the
tetrahydrofuran/hexane phase and washed with 100 ml of
brine. After drying over sodium sulfate and filtration,
concentration in vacuo (bath temperature less than or equal
to 40°C) afforded an oil (9.57g). The oil was
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chromatographed over silica gel 60 (column size: 3.5 cm X
21 cm) eluting with 5% triethylamine in methylene chloride,
collecting 100 ml fractions. Fractions number 6 through 12
were combined and concentrated in vacuo (bath temperature
less than or equal to 45°C) to afford an oil. This oil was
dissolved in toluene (100 ml) and concentrated to remove
residual triethylamine and give 4.54 g of the desired
product as an oil.
Anal. calc'd for C H,N,0,:

C, 24.92; H, 8.35; N, 7.84
Found C, 25.12; H, 8.41; N, 7.49.

Example 2
S)-g-Amino-1,3-dioxolane-2-pentanoic acid

)

0

HoN COOH

A 250 ml flask equipped with an argon inlet,
magnetic stir bar and reflux condenser was charged with 5.9
g of the product from Example 1 and water (80 ml). The
reaction was refluxed for seven hours and then allowed to
stir overnight at room temperature. The reaction mixture
was diluted with water (120 ml) and washed with methylene
chloride (2 x 50 ml). The combined methylene chloride
layers were extracted once with water (50 ml), and the
combined agqueous layers were concentrated in vacuo. The
residue was concentrated in vacuo from 100% ethanol (2 x
100 ml) to a solid. The solid was dissolved in water (15
ml) and the solution was stirred with a magnetic stir bar
as 100% ethanol (150 ml) was added in a slow stream.
Stirring was stopped, and the mixture was allowed to stand
for one hour and then filtered. The solids were washed
with 100% ethanol (2 x 25 ml), air-dried for 15 minutes,
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and then volatiles were removed under high vacuum overnight
to give 2.0 g of the desired product as a white powder;
m.p. 224 - 226°(decomp.).
Anal. calc'd for CgHis5NO4:

C, 50.78; H, 7.99; N, 7.40
Found: C, 50.84; H, 8.18; N, 7.46.

Example 3

The product of Example 2 was also prepared according
to the following procedure.

A 0.5-1, 5-necked, round-bottom flask, equipped with
an overhead stirrer, thermocouple, addition funnel and a
nitrogen inlet/outlet was charged with diisopropylamine
(45.52 g) and tetrahydrofuran (175 ml). After cooling to
-5°C, a 2.49M solution of freshly titrated n-butyllithium
in hexanes (176.7 ml) was added while maintaining the
temperature at -5°C to 21°C. This mixture was allowed to
stir at 21°C for 45 minutes and was then cooled to -5°C.
This cooled solution was added to a tetrahydrofuran (700
ml, -5°C) slurry of
[R-(R*,R*)]-N-(2-hydroxy-l-methyl-2-phenylethyl)-
N-methyl-o-aminocacetamide monohydrate (50 g) and lithium
chloride (57.21 g, was dried in vacuo at 130°C for 6 hours
and then at 100°C for 18 hours prior to use) maintaining
the temperature in the range -7° to 7°C. After the
addition was complete, the mixture was stirred for an
additional hour at 0° to 3°C.
2- (3-Iodopropyl)-1,3-dioxolane (51.72 g) was added to the
reaction mixture as a tetrahydrofuran (50 ml) solution over
15 minutes with agitation. The reaction was stirred for 3
hours at 0°C until it was determined to be complete (HPLC
analysis). The reaction was quenched by the addition of
water (450 ml) and the tetrahydrofuran/hexane phase was
separated from the lower aqueous phase and set aside. The
bH of the aqueous phasc was adjusted from about 11 to about
8 by the addition of concentrated hydrochloric acid (10 ml)
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and then extracted with methylene chloride (2 x 250 ml).
The methylene chloride phases were combined and
concentrated in vacuo (bath temperature less than or equal
to 40°C) to afford

fas-{oR* (1S*,25*)]]~0-~amino-N- (2-hydroxy-1-methyl-
2-phenylethyl)-N-methyl-1, 3-dioxolane-2-pentanamide as an
oil (60 g). The oil was dissolved in water (300 ml) with
heating and was refluxed for 12 hours until it was judged
to be complete (HPLC analysis). After cooling, the
reaction mixture was extracted with methylene chloride (2 x
250 ml) and the rich agueous phase was concentrated in
vacuo to afford the crude product as a yellow solid. The
vellow solid was recrystallized from agqueous ethanol (water
75 ml, absolute ethanol 500 ml) and dried in vacuo to give

18.8 g of desired product as a white crystalline solid.

Example 4
S)-2-Amino-6,6-dimethoxvhexanoic acid, methyl ester

OCH;

OCH;

HoN COOCH;

A 50-ml flask equipped with a magnetic stir bar was
charged with anhydrous methanol (19 ml) and cooled to 0°C.
With rapid stirring thionyl chloride (0.63 ml) was slowly
added to the methanol. The resulting solution was allowed
to stir for 10 minutes, (S)-0-amino-1,3-dioxolane-2-
pentanoic acid (1.25 g) was added, and the reaction was
stirred to homogeneity. A reflux condenser was attached to
the reaction flask. The cold bath was removed, and the
reaction was heated at 40 - 45° for 8 hours and then
allowed to stir for an additional 12 hours at room
temperature. Triethylamine (4 ml) was added. The reaction

was concentrated on a rotary evaporator in a 20°C water
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bath to a solid. The solid was dissolved in half-saturated
sodium bicarbonate (25 ml), and the solution was extracted
with methylene chloride (6 x 8 ml). The combined methylene
chloride layers were dried with a mixture of potassium
carbonate and magnesium sulfate for 15 minutes, filtered,
and concentrated on the rotary evaporator in a 20°C water
bath (after the bulk of the solvent had been removed, the
residue was agitated on a rotary evaporator for an
additional 20 minuces). Crude product (1.25 g) was
isolated as a cloudy, yellow oil. TLC: Rf = 0.55 (silica
gel, 90% methylene chloride, 5% triethylamine, 5%
methanol) .
Anal. calc'd for CoH19NO4 « 0.06 CHgO3S « 0.02CH2Cl?p

C, 51.39; H, 9.15; N, 6.56
Found: C, 51.19; H, 9.20; N, 6.52.

Example 5
(S) -2-2Amino-6,6-dimethoxyvhexanoic acid, methvl ester

The product of Example 4 was also prepared according
to the following procedure.

Under nitrogen, chlorotrimethyl silane (28.0 g) was
added to a slurry of (S)-o-amino-1,3-dioxolane-2-pentanoic
acid (20.9 g) and dimethyl sulfite (12.0 g) in methanol
(240 ml) to afford a homogeneous solution. Following the
observation of an exotherm to 29°C, the solution was heated
to 40-45°C, stirred at that temperature for 8 hours and at
about 22°C for up to 72 hours. In-process HPLC analysis
showed that the reaction was complete (about 93 M%
conversion to product) and the resulting solution was
cooled to -5 to -10°C. With stirring, the apparent pH of
the mixture was adjusted to 11.7 to 11.9 by the slow
careful addition of 32% (or 4.45 M) methanolic potassium
methoxide solution (70 ml) maintaining the temperature in
the range of -5 to 0°C. Analysis of the product slurry
(*H-NMR) indicated that the neutralizaiton was complete.
The solvent of the product slurry was exchanged with ethyl
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acetate by first concentrating the thin slurry under vacuum
at less than 30°C to 300 ml volume followed by the addition
of ethyl acetate until the removal of methanol was
completed as judged by in-process GC analysis (less than 1
AP). Upon completion of the solvent exchange, the batch
volume was adjusted to about 400 ml with ethyl acetate and
the resulting slurry was filtered. Poly(acrylic acid
co-acrylamide), potassium salt (3.0 to 3.2 g) and water (30
- 32 ml) were added to the filtrate. The mixture was
stirred for about 35 minutes and filtered. Optionally, the
poly (acrylic acid co-acrylahide), potassium salt treatment
can be repeated on the filtrate if the quantity of ethylene
glycol exceeds 0.15 equivalents, as judged by in-process GC
analysis. Following in-process HPLC analysis, 17.4 g of
the title product was obtained as an ethyl acetate solution
in 80.8 M% yield.

Example 6
{S)1-2-Amino-6,6-dimethoxvhexanoic acid, methyl ester,

oxalic acid salt (1:1

OCH;

OCH;

. {COCH) »
HoN COOCH3

(S)-0-Amino-1, 3-dioxolane-2-pentanoic acid (50 g,
methanol (300 ml) and dimethyl sulfite (11.2 ml) were
charged to a 250 ml, three neck flask equipped with a
mechanical agitator, thermocouple, heating mantle,
condenser, nitrogen inlet and vent. Chlorotrimethylsilane
(83.9 ml) was added to the resulting slurry and the
reaction mixture was heated at 40 to 42° C for about 8
hours, followed by stirring at ambient temperature for 8
hours. Potassium bicarbonate (104.3 g) was slurried in
methanol (200 ml) contained in a 2-liter three neck flask
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and the reaction mixture containing the hydrochloride salt
of (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl ester was
neutralized by adding it to the potassium bicarbonate
slurry while maintaining the pH of the mixture above 7.
HyFlo® (12.5 g) and n-butyl acetate (400 ml) were added and
the mixture was concentrated under vacuum (76 to 180 mm of
Hg) to remove methanol while maintaining the temperature of
the mixture below 30°C. tert-Butyl methyl ether (300 ml)

was added to the slurry and after cooling to -5°C, the

salts of neutralization were removed by filtration and the
filter cake was washed with tert-butyl methyl ether (50

ml). The combined filtrates were warmed to 20 to 25°C and
a warm (approximately 27°C) methanolic (73 ml) solution of
oxalic acid dihydrate (36.7 g) was added portionwise over
about 1 hour. The resulting slurry of (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester, oxalic acid salt
(1:1) was agitated for 30 minutes and additional product
was crystallized by the slow addition of tert-butyl methyl
ether (800 ml). After stirring the product slurry for 30
minutes, it was cooled to 0 to 5°C, held for at least 1
hour and filtered. The wet-cake was washed with tert-butyl
methyl ether (2 x 300 ml) and dried under vacuum (about 200
mm Hg) at no more than 40°C. The desired product (62.5 g)
was isolated as a white, free-flowing powder.
Analytical data: HPLC: Tr = 13.5 min (UV 205 nm): Rockland
Technologies Inc., Zorbax CN 5 micron, 4.6 x 250 mm
(product # 880952.705), 85 v/v% (0.01 M potassium phosphate
solution) :15 v/v% acetonitrile, 10 microliter injection
volume eluted at 1.0 ml/min. The HPLC response was found
to be linear in the range of 0.16 to 1.5 mg/ml. Samples
were diluted with methanol or mobile phase.

Analytical data: 'H-NMR: 300 MHz; CD,0OD: 8§ 1.3 - 1.6
(m, 4H), 1.8 - 2.0 (m, 2H), 3.3 (s, 6H), 3.8 (s, 3H), 4.1
(tr, 1H), 4.4 (tr, 1H) and 5.1 (br s, 3H). UC-NMR: 75 MHz;
d 21.03, 31.29, 33.06, 53.56, 53.65, 53.89, 105.74, 166.49
and 171.14.



10

15

20

25

30

19 24 July 2002

Example 7
(S)-2-Amino-6, 6-dimethoxyvhexanoic acid, methvl ester,

oxalic acid salt (2:1)

OCH;

OCH;

«  (COOH),
H,N¥ ~COOCH;

(S)-o~-Amino-1, 3-dioxolane-2-pentanoic acid (100 g),
methanol (1200 ml) and dimethyl sulfite (44.8 ml) were
charged to a 250 ml, three neck flask equipped with a
mechanical agitator, thermocouple, heating mantle,
condenser, nitrogen inlet, and vent. Chlorotrimethylsilane
(168 ml) was added to the resulting slurry and the reaction
mixture was heated at 40 to 42°C for about 8 hours,
followed by stirring at ambient temperature for 8 hours to
afford a solution of (S)-2-amino-6,6-dimethoxyhexanoic
acid, methyl ester, hydrochloride salt. Potassium
bicarbonate (208.6 g) was slurried in methanol (400 ml)
contained in a 5 liter three neck flask and the reaction
containing the hydrochloride salt of (S)-2-amino-6,6-
dimethoxyhexanoic acid, methyl ester was neutralized by
adding it to the potassium bicarbonate slurry slowly over
1.5 hours while maintaining the pH of the mixture above
6.9. The solvent of the resulting slurry was replaced with
n-butyl acetate by vacuum distillation (50 to 60 mm Hg and
30 to 40°C) maintaining a pot volume of about 2 liters.
After 2.25 liters of n-butyl acetate was distilled,
methanol (1.25 1) was added to the distillation vessel and
the distillation was continued, maintaining a pot volume of
not less than 2 liters, until the water content of the

slurry supernatant was less than 0.05 weight percent and
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the methanol level was less than 5 relative area percent by
gas chromatography. Hexane (1.5 1) was charged to the
resulting slurry and it was then cooled to -5°C. After
stirring the mixture for 1 hour, it was filtered and the
filter-cake was washed with hexane (2 x 100 ml). The
resulting hazy filtrate was polish filtered to afford a
clear filtrate. The clear filtrate was warmed to 20 to 25°
and a methanolic (1333 ml) solution of oxalic acid
dihydrate (33.3 g) was added slowly over about 2 hours.

The resulting slurry of (S)-2-amino-6,6-dimethoxy-hexanoic
acid, methyl ester, oxalic acid salt (2:1) was agitated for
18 hours at ambient temperature and the product was
collected on a filter. The product wet-cake was washed
with acetonitrile (4 x 100 ml) and dried under vacuum at
45°C to afford 103.2 g of the desired product.

Analytical data: HPLC: Tr = 10.0 min (UV 205 nm):
Rockland Technologies Inc., Zorbax stable bond CN, 5
micron, 4.6 X 250 mm, 85 v/v% (0.01 M potassium dihydrogen
phosphate solution adjusted to pH 7.5 with KOH) :15 v/v%
acetronitrile 10 microliter injection volume eluted at 1.0
mL/min. Samples were diluted with methanol or mobile
phase.

Analytical data: '‘H-NMR: 300 MHz; D,DMSO: 8 1.2 - 1.4
(m, 2H), 1.4 - 1.6 (m, 2H) 1.6 - 1.8 (m, 2H), 3.2 (s, 6H), .
3.55 (tr, 1H), 3.7 (s, 3H), 4.3 (tx, 1H) and 5.9 (br s,
4H). C-NMR: 75 MHz; 6 21.00, 31.77, 32.08, 52.04, 52.39,

52.85, 103.75, 165.01 and 173.09.
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Example 8
(SY-2-Amino-6, 6-dimethoxvhexanoic acid, methvyl ester,

diphenvlacetic acid salt (1:1

OCH3;

OCH;

+ HOCC— CH—@

HyN COOCH3

Diphenylacetic acid (6.48 g) was dissolved, under
nitrogen, in ethyl acetate (173 ml) at ambient temperature.
An ethyl acetate/tert-butyl methyl ether (1:2) (185 ml)

solution of (S)-2-amino-6,6-dimethoxyhexanoic acid, methyl
ester (6.27 g) was added to the diphenylacetic acid
solution over 1 hour with stirring. Crystals of the salt
precipitated immediately and the resulting thick slurry was
diluted with tert-butyl methyl ether (100 ml) after about
65 ml of the aminoester solution had been added. The
addition of tert-butyl methyl ether (100 ml) was repeated
after about 140 ml of the aminoester solution was added.
After addition of the aminocester solution was complete, the
resulting slurry was stirred for 1.5 hours, the product was
collected on a filter and air dried for 1 hour to afford
12.3 g of the title compound as a white crystalline solid.
Analytical data: 'H-NMR: 300 MHz; CD,OD: § 1.4 - 1.6
(m, 2H), 1.7 (44, 2H), 1.8 - 2.0 (m, 2H), 3.3 (s, 6H), 3.8
(s, 3H), 4.4 (tr, 1H), 5.0 (s, 1H) and 7.1 - 7.4 (m, 10H).
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Example 9
(S)-2-Amino-6,6-dimethoxvhexanoic acid, methvl ester,

phosphoric acid salt (1:1)
OCH;

OCH;

» H3PO4

H,N¥ “COOCH;

A solution consisting of 85% phosphoric acid (5.2
ml) dissolved in methanol (35 ml) was added to a cooled (0
to 5°C) ethyl acetate/tert-butyl methyl ether (3:2) (280
ml) solution of (S)-2-amino-6,6-dimethoxyhexanoic acid,
methyl ester (9.33 g) over 15 minutes. Crystals of the
salt precipitated immediately. The resulting slurry was
stirred for 30 minutes at 0 to 5°C, the product was
collected on a filter, washed with acetonitrile (50 ml) and
dried under vacuum for 16 hours to afford 13.6 g of the
title compound as a white crystalline solid.

.29 .-
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What is claimed:

1. The compound of the formula
(III)

O\(O
(|CH2)3|C|) (l%
C

HyNmw CH=— C == N=—

o

Qs
[“ellllll'e)

ans
w
s

2. The compound of the formula
(IV)

[\

0 0

T

(CH3) 5

H, N CH~—— COOH
10

A process for preparing the compound of the
formula

(III)

O/_\O
T

(fH2)3

X

ZI_
Qe
'(I)uuuo
@

N=—=0
Q)
s}
w0

HoN®» CH—

I
W
o H

15
which comprises reacting the compound of the formula
(1)
e
HoN—CHy~~C-=N=C— C-—@
g éH:g H
with the dioxolane of the formula

>
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(II)
0

L*-(CHﬂ3'—< :]

0

wherein L is a leaving group.

4. The process of Claim 3 wherein:
L is selected from the group consisting of iodo,
bromo, alkylsulfonyloxy, and arylsulfonyloxy.

5. The process of Claim 4 wherein:

L is iodo; and

the reaction between the glycinamide of forumula I
and the dioxolane of formula II is performed in the
presence of the lithium diisopropylamide.

6. A process for preparing the compound of the
formula

(IV)

[\

0 0]

T

(CH2) 3

HoNwe CH-— COOH
which comprises:

a) reacting the compound of the formula

(I)
cI:H;;P:i OH
HyN— CHy~ C=— N C— E—@
I A A
0 CH; H

with the dioxolane of the formula

(II)

o
L'—‘(CH2)3_< j
o)

wherein L is a leaving group to give the compound of the
formula
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(ITI)

4

N—0
i
T-—O
(91 __TaYillllsH
3 Sellll'e)
o]
[
[9)]

I3

oL
w

)
"

[*%}
v

b) treating ths product of formula III with water
under refluxing conditions to give the desired compound of
formula IV.

7. The process of Claim 6 wherein:
L is selected from the group consisting of iodo,
bromo, alkylsulfonyloxy, and arylsulfonyloxy.

8. The process of Claim 7 wherein

L is iodeo; and

the reaction between the glycinamide of formula I
and the dioxolane cof formula II is performed in the
presence of lithium diisopropylamide.

9. A process for preparing
(S)-2-amino-6, 6-dimethoxyhexancic acid, methyl ester which
comprises

a) reacting the compound of the formula

(1) _
?Hﬁ; OH
H;N—CH;—C—N-—E—E——@
I A A
0O CH3 H

with the dioxolane of the formula

(II)

0
L—(CH2)3_< j
0

wherein L 1s a leaving group to give the compound of the

formula
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(IIT)

J

O
O

__<

—a
o
N
o
-0
)
el
(9=
o

CY Ity
g

HoNww-CH——C—N—

R
i

b) treating the product of formula IIT with water
under refluxing conditions to give the compound of the
formula

(IV)
O\T/O
(fﬁz)J
H,N®=CH——CO0H  / &Rd
c) treating the compound of formula IV to exchange

the dioxclane acetal with a dimethoxy acetal and conver:

the carboxylic acid to the methyl ester.

10. The process of Claim 9 wherein:

L is selected from the group consisting of iodo,
bromo, alkylsulfonyloxy, and arylsulfonyloxy.

11+ The process of Claim 10 wherein:

L is iodo;

the reaction in step (a) between the glycinamide of
formula I and the dioxolane of formula ITI is performed in
the presence of lithium diisopropylamide; and

the reaction in step (c) comprises treating the
compound of formula IV with thionyl chloride in methanol.

12 . The process of Claim 10 wherein:
L is iodo;
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the reaction in step (a) between the glycinamide of
formula I and the dioxolane of formula II is performed in
the presence of lithium diisopropylamide; and

the reaction in step (c) comprises treating the
compound cf formula IV with chlorotrimethylsilane and
dimethyl sulfite in methanol.

13, A process for preparing
[45-[4a(R*),7¢,10aB] ) -octahydro-4-[ (2-mercapto-
l-oxo-3-phenylpropyl)amino] ~5-oxo-7H-pyrido-
[2,l~b]tl,3]thiazepine—7-carboxylic acid which comprises:

a) reacting the compound of the formula

(I)
Ic:»zy‘:i OH
HyN— CHa=~ C—N— C— E——-@
Il A A
0 CH; H

with the dioxolane of the formula

(II)

®)
L"“(CHz)g < j
O

wherein L is a leaving group to give the compound of the
formula

(III)

o

9] To¥iitles
eI

Hy N CH ~—— C ~ N

I
&
asd

b) treating the product of formula III with water
under refluxing conditions to give the compound of the
formula
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[\
O\T/O
(?H2)3

Hy N CE —— COOH ;

c) treating the compound of formula IV to exchange
the dioxolane acetal with a dimethoxy acetal and convert
the carboxylic acid to the methyl ester to give
(S)-2-amino-6, 6~dimethoxyhexanoic acid, methyl ester;

d) coupling (S)~2-amino-6,6-dimethoxyvhexanoic acid,
methyl ester with the N-protected amino acid of the formula

(V)
S-P,

(CH;) 2

Py—N-—CH—COOH
wherein P71 is an amino protecting group and Py is a

mercapto protecting group to give the dipeptide cf the
formula

(VI)
?CH3
IS-Pz HT— OCHj;
{CH2) 2 (CHa) 3
Y | 4

P{— N— CH— ﬁ— N— CH— COOCH;
0 H

e) removing the Pp mercapto protecting group from
the dipeptide of formula VI followed by acid catalvzed

cyclization to give the lactam cf the formula



29 24 July 2002

(VII)

P1-N

l

COOCH;

O

f) removing the P} amino protecting group from the
lactam of formula VII follcwed by ccoupling with the
acylmercaptoalkancic acid of the formula
(VIII)

0 0
I (S) ]

5——C——S—*$H—G—OH

CH,

wherein Rg is methyl or phenyl to give the ccocmpound of the
formula
(IX)

Q 0
Il i

Rg== C~—5=—CH— C—-Il\I

= COQCH;,
C—ZHZ H O ; and

g) treating the compound of formula IX to remove the
Rg-C(0) - group and convert the methyl ester to the

carboxylic acid and yield the desired product.
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14 . A process for preparing
(45-[4a(R*),7¢,10afB] ] ~octahydro-4-( (2-mercapto-

l-oxo-3-phenylpropyl)amino] -5-oxo-7H-pyrido-
[2,1-b](1,3]thiazepine-7-carboxylic acid which comprises:
a) treating the compound of the formula

OTO
(sz)s
H, N CH—— COOH ;

(IV)

to exchange the dioxolane acetal with a dimethoxy
acetal and convert the carboxylic acid to the methyl ester
to give (S)-2-amino-6,6-di-methoxyhexancic acid, methyl
ester;

b) coupling (S)-2-amino-6, 6-dimethoxyhexanoic acid,
methyl ester with the N-protected amino acid of the formula

(V)
S-p;

|

(CHz) 2

Y

P, — N— CH~ COCH
wherein P] 1s an amino protecting group and P2 is a

mercapto protecting group to give the dipeptide of the

formula
(VI)
?CH:;
S-P, HT“ CCH;
(CHQ, ) 2 (CHz ) 3
y

Py=— N—CH— ‘Cf'- Il\I— CH—COOCH;
O H

c) removing the P) mercapto protecting group from
the dipeptide of formula VI followed by acid catalyzed

cyclization to give the lactam of the feormula
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(VII) 31 y

P1~N c
|(|) COOCH;

removing the P; amino protecting group from the

d)
lactam of formula VII followed by coupling with the

acylmercaptoalkanoic acid of the formula

(VIII) o
O
I (S)]
Rg— C—S— CIZH—C--OH
CH,

O

wherein Rg is methyl or phenyl to give the compound of the

formula
{IX)

n

———(m:r:
B

N

Rg— C—S=—CH—C—N
COOCH;
; and

!

e) treating the compound of formula IX to remove the
Rg-C(0)~ group and convert the methyl ester to the
carboxylic acid and yield the desired product.

(S)-2-amino-6, 6~

15. A storage stable salt of

dimethoxyhexanoic acid, methyl ester.
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16 - The storage stable salt of Claim 15 szelected
from the group consisting of:

(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, oxalic acid salt (1:1);

(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, oxalic acid salt (2:1);

(S) -2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, diphenylacetic acid salt (1:1); and

(S)-2-amino-6, 6-dimethoxyhexanoic acid, methyl
ester, phosphoric acid salt (1:1).

17. Apracess for preparing (S)-2-amino-8,6-dimethoxyhexancic acid, methyl estar
which comprises reacting the compeund cof the formula

[/,
/o

o] C

\/

|
(CHa23

HzN e CH-—CCOH
with thionyl chleride in methancl to give the desired product.

18 - A process for preparing (S)-2-amino-8,6-dimethexyhexanaic acid, methy! estar
which comprises reacting the compound cf the fermula

—

@) (e}

(CH2)3
HaoNIw- cH—CO0H

with anhydreus HCI and dimethy! sulfite in methanol or with HCl generated in sifu and
dimethyl'sulfite in methanct o give the desired product.



