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NOVEL ASYMMETRIC SYNTHESIS OF R-0.-PROPYL-PTPERONYL AMINE AND
| ITS ANALOGS -
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The present invention relates generally to processes for
the preparation of R-O-propyl-piperonyl amine and its
analogs, such compounds being useful intermediates in the
preparation of elastase inhibitors, and intermediates useful
for preparation of R-o-propyl-piperonyl amine.

[S-(R*,S*]N-{1~(1, 3~-benzodioxol-5-yl)butyl] -3, 3-diethyl-
2-{4-[ (4-methyl- 1-p1peraz1nyl)carbonyl]phenoxyl]-4—oxo 1-
azetidinecarboxamide (EI) shown below:

2~
O/Du)=o Q\

-

(@)

-
. EXI

a selective, non-toxic, orally active human elastase

inhibitor, is currently being evaluated for treatment of

cystic fibrosis. Conseguently, large quantities of (EI) are

needed to support drug development studies.

Synthetic routes to compounds similar to (EI) have been
described; see for example EP 0,481,671, which suggests (EI)
could be formed by joining the substituted cyclic lactam
portion of (EI) with R-a-propyl-piperonyl via a carbonyl
linker. R-0-propyl-piperonyl amine, a chiral amine, could,
therefore, be a significant intermediate in this process if
an efficient, industrially scalable route were known.

Humphrey et al, in U.S. Patent No. 5,149,838, discuss
formation of (R)—l—(benzo[ﬁ]furan—s—yl)~l~aminobutane from 5-
bromobenzo (] furan. The process described involves as a last
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step the conversion of (S)-1-(benzo{R]furan-5-yl)-1l-butanol
to (R)-1-(benzo(f]furan-5-yl)-l-aminobutane under Mitsonobu
conditions. Unfortunately, side reactions and stereochemical
leakage predominated when a Mitsunobu process was applied to
the synthesis of R- or S-o-propyl-piperonyl amine, an
intermediate useful for making compounds like EI.

Bringmann et al, in DE 3,819,438, describe formation of
chiral amines by reacting substituted-aryl ketones with
chiral methylbenzylamine; hydrogenating the resulting imine
over Ra-Ni, at 1-200 bar and from 20 to 60°C, and removal of
the phenethyl group by hydrogenating over PAd/C at 1-200 bar
and 20 to 50°C. Bringmann et al, in Tetr. Lett. 1989, 30(3),
317, report reduction of chiral imines formed using S-a-
methylbenzylamine by hydrogenating at S bar hydrogen with Ra-
Ni in EtOH. Bringmann et al, in Synlett 1990, 253, report
reduction of chiral imines formed using S-a-methylbenzylamine
by hydrogenating at 60 bar with Pd/C or with NaBH;. In
addition, Bringmann et al, in Leibigs Ann. Chem. 1990, 795,
detail_hydrogeﬁolysis of N-{l-phenylethyl)-l-arylethylamines
using either hydrogen and palladium on carbon for three weeks
or ammonium formate and palladium on carbon. However, the
present inventors have found hydrogenolysis of (R)-N-[1-{1,3-
Benzodioxol-5-yl)butylidene]-a-methylbenzene-methanamine
using the procedures described by Bringmann et al was either .
very slow or racemization of R-0~propyl-piperonyl amine
occurred. .

Eleveld et al, J. Org. Chem 1986, 51, 3635, report the
hydrogenation of chiral imines, in particular N- (methyl (o-

- methoxy) benzylidene) -a-methylbenzyl amine. Hydrogenation

with PA/C and 3 atm hydrogen produced greater than 90% de of
the SS isomer. In comparison, the corresponding m-methoxy
imine resulted in only a 67% de. The high de obtained with
the o-methoxy compound was attributed to the steric
hinderance provided by the o-methoxy group. One readily
realizes that R- and S-a-propyl-piperonyl amines contain only
m~-alkoxy groups. Thus, the procedure of Eleveld et al would
not be expected to be of use in making R- and S-o-propyl-

piperonyl amines.
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Ukaji et al, Chem. Lett. 1991, 173, indicated the
reaction of oxime ethers with allylmagnesium bromide provided
little diastereoselectivity. If the oxime ether was
separated into its E and Z isomers, then allylmagnesium
bromide complexed with cerium chloride provided de’'s ranging
from 50-72%. Based on this report, one would probably.need
cerium chloride if a Grignard reaction was used ‘as an
intermediate step in the formation of R- or S-a-propyl-
piperonyl amine. However, cerium chloride is usually avoided
and 50-72% de is rather low.

Wu et al, J. Org. Chem 1991, 55, 1340, report
diastereoselective addition of Grignard reagents (e.g.,
methyl, ethyl and butyl) to 2-aryl-1,3-oxazolidines. Again,
cerium trichloride was indicated as enhancing the
diastereoselectivity of the Grignard addition. Addition of
methylmagnesium bromide to p-methoxyphenyl-4-phenyl-1,3-
oxazolidine provided high diasﬁereoselectivity, but only a
45% yield. Such low yields aren’t useful for industrial
purposes. _

Higashiyama et al, Chem. Pharm. Bull. 1995, 43(5), 722,
discuss Grignard addition to chiral aliphatic imines derived
from (R)~O-methylphenylglycinel. However, cerium trichloride
is used. Removal of phenylglycinol was achieved by
hydrogenating over palladium hydroxide in ethyl acetate.

Based on the above-noted articles, it would seem to be
difficult to efficiently produce R- and S-a-propyl-piperonyl
amines on large scale without using undesirable reagents. It
is thus desirable to find a new synthetic procedure for

. industrial scale production of'R—a—propyl—piperonyl amine and

its analogs.

X ..
Accordingly, one object of the present invention is to
provide a novel process for making a compound of Formula I:
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or stereoisomer or salt forms thereof.

Another object of the present invention is to provide
novel compounds of formulae IV and VII, defined below, which
are useful intermediates for making compounds of formula I.

' These and other objects, which will become apparent

_during the following detailed description, have been achiewved

by the inventors’ discovery that the compound of Formula T or
stereoisomer or salt forms thereof, are formed by a high
yielding, regioseiective process, comprising:

(2) contacting a compound og Formula II:

<

II
with a chiral methylbenzylamine to form a compound of Formula
III: "

IIX
or stereoisomer thereof, wherein R is selected from H, OH and
OCH3 ;
(b) hydrogenating a compound of Formula III of
stereoisomer or salt form thereof in the presenée of Ra-Ni to
form a compound of Formula IV:

v
or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:

{(bi) about 0.01-3000 psi of hydrogen at one
temperature; or

(bii) about 0.01-3000 psi of hydrogen at a first
temperature and a second temperature greater than the first
temperature; and,
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{(c) hydrogenating a compound of Formula_IV or
stereoisomer or salt form thereof to form a compound of
Formula I or stereoisomer or salt form thereof; or

(d) contacting a compound of g‘ormula v:

SON

1} v
with a chiral methylbenzylamine to form a compound of Formula
VI: -
gh
- —~—FR
<ZD/’LH
VI

or stereoisomer or salt form thereof, wherein R is H, OH, or
10 OCH;3:; _
{e) contacting the compound of Formula VI or
stereoisomer or salt form thereof with allylmagnesium bromide

to form a compound of Formula VII:

ViT
15 or diastereoisomer or salt form thereof, wherein R is H, OH;
or OCH;; and,
(f) hydrogenating a compound of Formula VII or
diastereomer or salt form thereof in the presence of
- palladium on carbon form a compound of Formula I or
20 stereoisomer or salt form thereof.

C iled e £ the I io
[1] Thus, in a first embodiment, the present invention

provides a process for the synthesis of a compound of Formula
25 I:
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or stereoisomer or salt form thereof, comprising:
(a) contacting a compound of Formula II:
0

oo

with a chiral methylbenzylamine to form a compound of‘fonmula
III: '

or stereoisomer thereof, wherein R is selected from H, OH and
OCH3;

(b) hydrogenating a compound of Formula III of
stereoisomer or salt form thereof in the presence of Ra-Ni to

form a compound of Formula IV:

v
or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:
(bi) about 0.01-10 psi of hydrogen at one _
temperature of from 0-100°C for about 2-30 hours or 10-3000
psi at one temperature of from 60 to 80°C for about 2-30

° hours; or,

(bii) about 0.01-3000 psi of hydrogen at a first
temperature for about 2-8 hours and a second temperature for
about 2-24 hours, the first temperature being from 0-35°C and
the second temperature being from 50-100°C; and,

(c) hydrogenating a compound of Formula IV or
stereoisomer or salt form thereof in the presence of
palladium on carbon and a solvent selected from an alcohol, a
carboxylic acid, a dicarboxylic acid, an aromatic carboxylic
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acid and mixtures thereof to form a compound of Formula I or
stereoisomer or salt form thereof; _

provided that the compound of Formula IV hydrogenmated in
step c is not a hydrogen bromide salt.

[2] In a preferred embodiment. in step (a), the chiral
methylbenzylamine is R-a-methylbenzylamine, in step (b) R is
H, and.in step (c) R is H and the solvent is selected from a
Ci1-3 alcohol, a C3.4 carboxylic acid, and mixtures thereof.

(3] In a more preferred_embodiment, hydrogenation step (b)
is performed under conditions (bi); and,

hydrogenation step (c) is performed in a mixture of a
Ci-3 alcohol and a Cz.4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

[4] In an even more preferred embodimgnt, hydrogenation step
(bi) is performed under 0.01-2 psi of hydrogen at a
temperature of from 20 to 60°C for from 3-24 hours; and,

in hydrogenation step (c), the alcohol is selected from
methancl and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

[5] In a further preferred embodiment, hydrogenation step

(bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C

for from 3-12 hours; and,
hydrogenation step (¢) is performed in ethanol and

. acetic acid in a ratio of from 20:1 to 8:1.

(6] In another further preferred embodiment, hydrogenation
step (bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C

for from 3-12 hours; and,
hydrogenation step (c) is performed in methanol and

acetic acid in a ratio of from 20:1 to B8:1.
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[7] In another even more preferred embodiment, in step (c)
from 1 to 4 equivalents of acid based on the amount of IV are
present.

{8] In another even more preferred embodiment, in step (c)
about 2 equivalents of acid based on the amount of IV are
present.

[9] In another even more preferred embodiment, hydrogenation

step (b) is performed under conditions (bi) under 10-1000 psi
' hydrogen at a temperature of from 60 to 80°C for from 3-24

hours.

[10) In another further preferred embodiment, hydrogenation
step (bi) is performed under 50-500 psi hydrogen.

[11] In another more preferred embodiment, hydrogenation step
(b) is performed under conditions (bii); and,

hydrogenation step {(c) is performed in a mixture of a
Ci1-3 alcohol and a C3-4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

[(12] In an even more preferred embodiment, hydrogenation step
(bii) is performed under from S0-500 psi of hydrogen at a
first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 6-18 hours; and,
 in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio

.0f alcohol to acid is from 30:1'to 1:1.

[13] In an even more preferred embodiment, hydrogenation step
(bii) is performed under from 50-500 psi of hydrogen at a
first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 10-15 hours;
and, :

in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

8
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(14] In a further preferred embodiment, hydrogenation step
{bii) is performed under from 100-300 psi of hydrogen at a
first temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from
65-75°C for about 10, 11, 12, 13, 14, or 15 hours; and,

hydrogenation step (c) is performed in ethanol and
acetic acid in a ratio of from 20:1 to 8:1.

[15]) In a further preferred embodiment, hydrogenation step
(bii) is performed under from 100-300 psi of hydrogen at a
first temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from
65-75°'C for about 10, 11, 12, 13, 14, or 15 hours; and,
hydrogenation step () is performed in methanol and

acetic acid in a ratioc of from 20:1 to 8:1.

[16] In another even more preferred embodiment, in step (c)
about 1 to 4 equivalents of acid based on the amount of IV

are present.

[17] In another even more preferred embodiment, in step (c)
about 2 equivalents of acid based on the amount of IV are

present.

[18] In a second embodiment, the present invention provides a

process for the sYnthesis of a compound of Formula I:
. gﬂz

<;‘:©""

or stereoisomer or salt thereof, comprising:
(d) contacting a compound of Formula V:

oo

. v
with a chiral methylbenzylamine to form a compound of Formula
VIi:
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‘'or stereoisomer or salt form thereof, wherein R is H, -OH, or

OCH3;
(e) contacting the compound of Formula VI or
stereocisomer or salt form thereof with allylmagnesium bromide

to form a compound of Formula VII:
Ph

| H AR
Sy —
VII

or diastereoisomer or salt form thereof, wherein R is H, OH,
or OCH3 and the diastereomeric excess obtained is at least

. 75%; and,

{f) hydrogenating a compound of Formula VII or
diastereomer or salt'form thereof in the presence of
palladium on carbon in a C;-3 alcohol and a Cz-4 carboxylic

acid to form a compound of Formula I or sterecisomer or salt

form thereof;
provided that a cerium reagent is not present in step

{e).

{19) In another preferred embodiment, the chiral
methylbenzylamine in step (d) is S-phenyl glycinol and R is

. OH in steps (e) and (f).

[20] In another more preferred embodiment, in step (e) the
diastereomeric excess obtained is at least 85%; and,

in step (f) the alcohol is selected from methanol and
ethanol and the acid is acetic acid and the ratio of alcohol
to acid is from 10:1 to 1:10.

[21] In another even more preferred embodiment, in step (e)
the diastereomeric excess obtained is at least 90%; and,

10
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in step (f) the alcohol is ethanol and the ratio of
alcohol to acid is from 10:1 to 1:1.

{22] In another even more preferred embodiment, in step (e)
the diastereomeric excess obtained is at least 90%; and,

in step (f) the alcohol is methanol and the ratio. of
alcohol to acid is from 10:1 to 1:1.

{231 In another more preferred embodiment, tetrahydrofuran is
used as solvent in step (e).

[24] In a third embodiment, the present invention provides

R

novel compounds of formula IV:
- 7/

H‘N/A‘Ph

Sy

v
wherein R is selected from H, OH, and OCH3, or stereoisomers
or salt forms thereof.

[25] In another preferred embodiment, R is H.

[26] In another more preferred embodiment, the compound of

formula IV is in the mandelic acid salt form.

[27] In a fourth embodiment, the present invention provides
novel compounds of formula VII:

wherein R is selected from H, OH, and OCHj, ‘or stereoisomers

or salt forms thereof.

[28] In another preferred embodiment, R is OH.

11
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[29] In another more pfeferred embodiment, the compound of
formula VII is in the tartaric acid salt form.

The reactions of the present synthetic methods are
carried out in suitable solvents, unless otherwise specified
which may be readily selected by one of skill in the art of

‘organic synthesis, said suitable solvents generally being any

solvent which is substantially nonreactive with the starting
materials (reactants), the intermediates, or products at the
temperatures at which the reactions are carried out, i.e.,
temperatures which may range from the solvent's freezing
temperature to the solvent's boiling temperature. A given
reaction may be carried out in one solvent or a mixture of

. more than one solvent. Depending on the particular reaction

step, suitable solvents for a particular reaction step may be
selected.

Suitable ether solvents include: dimethoxymethane,
tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, furan, diethyl
ether, ethylene glycol dimethyl ether, ethylene glycol
diethyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, triethylene glycol dimethyl ether, or
t-butyl methyl ether.

"Stable compound" and "stable structure" are meant to
indicate a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic
agent. L

The compounds herein described may have asymmetric

-centers. All chiral, diastereomeric, and racemic forms are

included in the present invention. Geometric isomers of
olefins, C=N double bonds, and the like can also be present
in the compounds described herein, and all such stable
isomers are contemplated in the present invention. It will
be appreciated that certain compounds of the present
invention contain an asymmetrically substituted carbon atom,
and may be isolated in optically active or racemic forms.
Also, it is realized that cis and trans geometric isomers of
the compounds of the present invention are described and may

be isolated as a mixture of isomers or as separated isomeric
- 12 .
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forms. All chiral, diastereomeric, racemic forms and all
geometric isomeric forms of a structure are'intended, unless
the specific stereochemistry or isomer form is specifically
indicated. _ '

5 Salt, as used herein, is intended to represent compounds
which have been reacted with an organic, chiral or achiral,
or inorganic acid. Chiral and achiral organic acids are well
known in the art, examples include, but are not limited to,
mandelic acid, tartaric acid, oxalic acid, and p-toluene

10 sulfonic acid. Inorganic acids are well known in the art,
examples included, but are not limited to, hydrochloric acid,
phosphoric acid, and sulfuric acid.

As used herein, an alcohol is preferably a Cj.3 alcohol
which is intended to represent methanol, ethanol, n-propanol,

15 and i-propanol, preferably methanol or ethanol. A carboxylic
acid or dicarboxylic acid is intended to represent a Cj-4
carboxylic or dicarboxylic acid; examples of which include,
but are not intended to be limited to, acetic acid, propionic
acid butyric acid, oxalic acid, malonic acid, and succinic

20 acid, preferably acetic acid. Aromatic carboxylic acid is
intended to represent carboxylic acids attached to a phenyl
ring, for example, benzoic acid.

The ratio of alcohol to acid, as used herein, is
intended to represent a volume to volume ratio. .

25 Chiral methylbenzylamine, as used herein, is intended to
represent either the R or S stereoisomer of the following
structure: :

R
Hy

NH

wherein R is H, OH, or OCH3. Examples include, but are not
30 intended to be limited to, R-o-methylbenzylamine, S-o-

methylbenzylamine, S-phenyl glycinol, and R-phenyl glycinol,
preferably, R-0-methylbenzylamine or S-phenyl glycinol.
Cerium reagent as used herein is intended to encompass
cerium compounds known to those of skill in the art to be
35 useful Lewis acid chelators in Grignard additions. Useful

13
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being defined as providing increased Grignard addition
selectivity compared with reactions not using a cerium
reagent. Such cerium reagents include inter alia cerium
chloride and also organocerium reagents.

The present invention is contemplated to be practiced on
at least a multigram scale, kilogram scale, multikilogram
scale, and industrial scale. Multigram scale, as used
herein, is preferably the scale wherein at least one startihg
material is present in 10 grams or more, more preferably at
least 50 grams or more, even more preferably at least 100
grams or more. Multikilogram scale, as used herein, is
intended to mean the scale wherein more than one kilogram of
at least one starting material is used. Industrial scale as
used herein is intended tc mean a scale which is other than a
laboratory scale and which is sufficient to supply product
sufficient for either clinical tests or distribution to
consumers.

High yield, as used herein, is intended to mean the
overall yield of product from starting material is at least
45% of theoretical, preferably S50%, more ?referably 55, and
even more preferably 60.

Synthesis
By way of example and without limitation, the present
invention may be further understood by Scheme 1 shown below.
This scheme details the general synthetic method for
preparation of the compound of Formula I or stereoisomer or
pharmaceutical salts thereof from compounds of Formulae II

.and V.

14
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For compound I, the hydrochloride salt is Ia. For
compound IV, the SR diastereomer is IVa, the mandelate salt
is IVb and the hydrochloride salt is IVe. For compound VII,
the tartrate salt is VIIa and the SS diastereomer is VIIb.

The above scheme (R=H, OH, or OCH3) and following
description relate to only R-0-propyl-piperonyl amine.
However, as one of ordinary skill in the art would readily
understand, the present invention can be used to for either
the R or S enantiomers depending upon what enantiomer of the
chiral amine is used in either step a or d. Thus, the above
scheme and following description is not intended to be

" limited to R-a-propyl-piperonyl amine, but rather is intended

to generally describe the synthesis of R and S-a-propyl-
piperonyl amine.

‘In a first embodiment, the present invention _
contemplates a pfocess for making a compound of Formula I via
steps a, b, and c shown above.

Compound II can be made by known methods from known
precursors. For example, 1,3-benzodioxole, which is
available from Aldrich Chemical Company, can be readily

15
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converted to II by reaction with butyric anhydride in -
dichloroethane in the presence of gaseous BF3.

Step a:

Imine III can be formed from ketone II by reaction of II
with a chiral methylbenzylamine in the presence of
triethylamine, titanium tetrachloride and toluene under
reflux conditions. Preferably, R-0-methylbenzylamine is ﬁéed
as the chiral amine. Those of ordinary skill in the art
would understand that to obtain III when R is OH or OCH3, the
correspondingly substituted R-t-methylbenzylamine would need
to be used. Preferably, at least a stoichiometric amount of
chiral amine, based on the amount of ketone II, is used. Aan
excess of chiral amine can be used to enhance yields or lower
reaction times. Other water removal conditions known to
those of skill in the art could be used to form Imine III
from ketone II. A mixture of E and Z isomers of III is
expected to be obtained, though the E isomer should dominate.

Step b:
Selective hydrogenation of III to IV is obtained using

‘Ra-Ni as catalyst. Preferably, from 1 to 15 wgt% of catalyst

based on the amount of III present is used, more preferably,
5 to 10 wgt%, and even more preferably about 10 wgt$%. A
number of solvents can be used for this step including, but
not limited to, tetrahydrofuran, methanol, ethanol, and
toluene. Preferably, ethanol or methanol is used as solvent.
Combinations of solvents may be used. For example, toluene

-and ethanol in a ratio of 1:9 may be used. Smaller or larger

amounts of toluene may be used, e.g., 10:1 to 1:10, but
generally the reaction slows as the amount of toluene
increases. .

Step b can be run at one temperature or at two
temperatures and the temperature can range from -78 to 150°C,
preferably 0 to 100°C. Preferably, when one temperature is
used, it is from 0 to 70'C, more preferably from 20 to 60°C,

- and even more preferably ambient temperature or 50, 51, S2,

53, 54, S5, 56, 57, S8, 59, or 60°C. If one temperature is

used, the hydrogen pressure is preferably in the range of
) ' 16
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0.01-10 psi, more preferably 0.01-2 psi, and even more
preferably 0.01-1 psi. Preferred reaction times, when one
temperature is used, are from 2-30 hours, more preferred 3-24
hours, and even more preferred 3, 4, 5, 6, 7, 8, 9, 10, 11,
or 12 hours. .

The purpose behind using low hydrogen pressure (i.e.,
<10 psi) for the one temperature reduction is that the
present inventors have found an increase in pressure causeé a
reduction in stereoselectivity. As will be further described
in Example 1 below, a diastereoselectivity of 86 was achieved
by hydrogenolysis with <1 psi of hydrogen at ambient
temperature. In contrast, if the same conditions are used,
but the hydrogen pressure is increased to 50 psi, the
diastereoselectivity drops to only 75%.

Step b can also bé run at one temperature under higher
hydrogen pressures if the temperature is from 60 to 100°C,
preferably 60 to 80°C, more preferably 60, 62, 64, 66, 68,
70, 72, 74, 76, 78, or 80°C. Hydrogen pressures of from 10-
3000 psi., preferably 10-1000 psi, and more preferably from
50-500 psi can be uséd at these temperatures. Preferred
reaction times, when one temperature is used, are from 2-30
hours, more preferred 3-24 hours, and even more preferred 3,
4, 5, 6, 7, 8, 9, 10, 11, or 12 hours. As noted above, high
pressures of hydrogen can be advantageous as the catalyst
load can be reduced compared with low pressure reactions.

When two'temperatures are used, the reaction is run in
two stages. The first stage is preferably run at 0 to 35°C,
more preferably from 20 to 30°C, and even more preferably

. ambient temperature. The first stage is preferably run for

2-8 hours, more preferably 3-6 hours, and even more
preferably from 3, 4, 5, or 6 hours. The second stage is
preferably run at from 40 to 100°C, more preferably 60 to
80°C, even more preferably from 65 to 75°C, and still more
preferably 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, or 75°C.
The second stage is preferably run for from 2-24 hours, more
preferably from 6-18 hours, even more preferably from 10-15
hours, and still more preferably 10, 11, 12, 13, 14, or 15
hours. The hydrogen pressure is preferably in the range of
0.01-3000 psi, more preferablyigﬂ—SOO psi, and even more
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preferably 100-300 psi. As one of ordinary skill in the art
would recognize, it is preferable in industry to use hydrogen
pressures greater than 10 psi. This allows for lower
catalyst loading and simpler or at least more readily
5 available apparatus, which saves money. Preferably, after
running the first step, the reaction is heated to the
temperature of the second step. Heat can be applied by
methods known to those of skill in the art:
. The present inventors have found that the high
10 diastereoselectivity obtained by the present two temberaﬁure
hydrogenation step can be attributed to the fact that the
anti-imine of III is reduced much faster than syn-imine by
- Raney-Ni/H2. As Kas and Kga are very much temperature
dependent, simply raising the temperature causes syn-imine to
15 be isomerized to anti-imine which is then rapidly reduced..
The following scheme illustrates this point.

R
R /(
/L—Ph Ph
N N
5 | Kas |
<5 anti Ksa < syn
III IIT
Kanti >> Ksyn
R &
H}I/‘Ph HN/*Ph
XY ¢
s 1
v IVa

By initially running the hydrogenoclysis reaction at near
ambient temperatures, a majdrity of the anti-imine present is
20 reduced. The temperature is then raised which promotes
interconversion of the two isomers. As anti-imine is formed,
it is rapidly reduced. Thus, high diastereoselectivity is
cbtained.
The diastereomeric excess de (RR vs SR for compounds IV
25 and IVa, respectively) obtained in step ¢ is preferably at
' 18
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least 80% (100% being the maximum), more preferably at least
85% and even more preferably at least S0%. Reaction times
will depend upon a number of variables including hydrogen
pressure, solvent, and temperature. The reaction can be
monitored by standard HPLC technigques to determine when imine
hydrogenation has been completed.

After formation of IV, its diastereomeric purity can be
enhanced by formation of a salt with an organic acid. For
example, crude or impure IV can be diasterecmerically
purified by dissolving in acetonitrile, introducing S-
mandelic acid, and collecting the precipated mandelate salt.
Other acids known to those of skill in the art including
chiral and achiral acids (e.g., oxalic acid) as well as
inorganic acids can be used as long as the resulting salt

forms crystals.

Step C:

Either the free base of IV or a salt thereof, i.e., the
mandelic salt (IVc), can be used in step c. It_is noted that
certain salts limit the effectiveness of this step and should
be avoided. For example, the HBr salt of IV is difficult to
debenzylate and is preferably avoided. Since step ¢ involves
an additional hydrogenation step using a different catalyst,

but similar solvents, it can be advantageous to avoid forming.

the salt and proceed directly with step c. Such a method
allows one to minimize solvehﬁ'uéage and product loss due to
crystallization. Preferably, catalyst is removed between
each.step to allow for catalyst recycling.

Conversion of IV to I can be achieved by hydrogenating

IV, preferably at ambient temperatures, using Pd/C,

preferably 10% P4/C, as catalyst. Preferably, from 5 to 25
wgt$ of catalyst based on the amount of IV present is used,
more preferably, 10 to 20 wgt%, and even more preferably
about 15 wgt%. Hydrogen pressure is preferably in the range
of 0.01-1000 psi, more preferably 10-200 psi. As solvent,
preferably a combination of an alcohol selected from
methanol, ethanol and isopropyl alcohol and a carboxylic acid
selected from acetic acid and propionic acid is used, more

preferably ethanol and acetic acid or methanol and acetic
' 19
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acid. The alchols or acids can be used individually. The
ratio of alcchol to acid preferably is from 30:1 to 1:10,
more preferably from 30:1 to 1:1, and even more preferably
from 20:1 to 8:1. It is also preferable to have from 'l to 4
equivalents of acid present based on the amount of IV, more

-preferably, 2 equivalents of acid. As with step b, reaction

time will depend on how the above variables are chosen. The
removal of phenethane can be monitored by standard HPLC
techniques. Preferably, step ¢ will be performed from from 2
to 48 hours, more preferably, from 4 to 9 hours. The ee of I
obtained in this step is preferably at least 70%, more
preferably at least 85%. _

Upon formation of I, it can be advantageous to form its
HCl salt (Ia) to increase its ee. Compound I obtained after
hydrogenation in the presence of palladium on carbon can be
dissolved in toluene, isopropyl alcohol or a mixture thereof
and its HCl salt precipitated by addition of either aqueous
HCl or HCl in isopropyl alcohol. The enantiomeric excess
(ee}) of Ia can be further increased by reslurrying in
isopropyl alcohol and n-heptane. Preferably, 5-6 N HCl in
isopropyl alcohol is added to a solution of I in toluene

In a second embodiment, the present invention provides a
process for making a compound of Pormula I via steps d, e,
and £ shown above.

Step d;

Compound V, piperonal, is known and available from

- Aldrich Chemical Company. Formation of imine VI can be

accomplished by contacting V and an appropriate chiral amine
under water removal conditions. Preferably, the reaction is
run with S-phenyl glycinol (for when R=0H), p-toluenesulfonic
acid, and toluene under reflux conditions with a Dean-Stark
trap. Preferably, at least a stoichiometric amount of chiral
amine, based on the amount of aldehyde, is used. An excess
of chiral amine can be used to enhance yields or lower

reaction times. Those of ordinary skill in the art would
understand that to obtain VI when R is H or OCH3, the

corresponding methylbenzylamine would need to be used. Other
20 '
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water removal conditions known to those of skill in the art
could be used. As with compound III, the E isomer of V is
expected to dominate, thought both isomers are expected to be

formed.

Step e:

Using allylmagnesium chloride, which is available from
Aldrich Chemical Company or can be made by methods known to
those of skill in the art, VI can be converted to VII. This
reaction proceeded with high diastereoselectivity and high
vield (about 72-82%). The de obtained from this reaction is
preferably at least 75%, more preferably at least 85%, and
even more preferably at least 30%. At least stoichmetric_
amounts of the Grignard reagent, based on the imine, are
needed. Preferably an excess of grignard is used to promote
the reaction. For example, an excess of 1.5, 2, 2.5, 3, .3.5,
4, 4.5, 5, or more fold of grignard, preferably, 2.5 fold,
can be used. Standard Grignard solvents which are known to
those of skill in the art can be used for example, ethers as
defined previoculy, preferably, THF. The temperature
preferred for the Grignard addition is between 20 and 30°C,
more preferably near ambient conditions. Due to the nature
of Grignard additions, it may be necessary to slowly add the
Grignard reagent, cool the reaction, or both to maintain the
preferred temperature. Reaction times are preferably from 1
to 5 hours, more preferably from 2-3 hours.

Preferably, Lewis acid chelators, such as cerium
reagents (e.g., cerium chloride) are excluded from step (e).

- The present conditions allow for diastereoselective delivexy

of the allyl group without the need of Lewis acid chelators
such as ZnCl;, TiCl,, BF3-0(Et);, Cul, CuBr2-S(CH3);, and
cerium reagents (e.g., CeCli) to enhance selectivity. For
Grignard additions, cerium reagents are usually used as
chelators to enhance selectivity. Unfortunately, cerium
reagents are usually avoided in industry due to their
difficult handling. Therefore, the present addition step,
which avoids using cerium reagents, is superior to those

~described in the literature and noted in the present

21
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background section which require cerium or other Lewis acid
chelators to enhance Grignard selectivity.

Upon formation of VII, its de can be enhanced by
contacting it with an organic acid to form a salt which
precipitates and can be easily isolated. For example, VII
can be dissolved in acetonitrile, isopropyl alcohol or ethyl
acetate, preferably acetonitrile and tartaric acid, oxalic
acid or malic acid added, preferably tartaric acid.
Preferably, the tartrate of VII is formed in acetonitrile as
it readily precipitates from acetonitrile. The de of VII can
also be enhanced by crystallization of the free base,
preferably from ethyl acetate and n-heptane. _

Neither propylmagnesium chloride nor propyl lithium are
useful for this reaction. Propylmagnesium chloride resulted
in a low yield, approximately 50%. Propyl lithium provided
only about 60% de. Thus, neither of these reagents resulted
in both desirable yields and diastereoselectivities.

Step £:

Hydrogenation of VII in the presence of palladium on
carbon, preferably 10% P4/C, removes 2-phenethanol {R=0H) and
produces I. Preferably, from 5 to 25 wgt% of catalyst based
on the amount of VI present is used, more preferably, 10 to
20 wgt%, and even more preferably about 15 wgt$%. Preferably .
the hydrogen pressure used is from 0.1 to 10 psi, more
preferably from 1 to 5 psi, and even more preferably 2, 3, or
4 psi. Ambient temperature is preferred. Reaction progress
can be monitored via HPLC. Preferred hydrogenation times are

" from 24 to 48 hours. As solvent, preferably a combination of

an alcohol selected from methanol, ethanol and isopropyl
alcohol and a carboxylic acid selected from acetic acid and

" propionic acid is used, more preferably ethanol and acetic

acid or methanol and acetic acid. The ratio of alcohol to
acid preferably is from 10:1 to 1:10, more preferably from
10:1 to 1:1, and even more preferably from 8:1 to 3:1. The
olefin of the propenyl side is reduced very rapidly, leading
to "reduced"” VII which then undergoes debenzylation. '
Additional catalyst can be added to ensure complete

conversion of VII to I.
' 22
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Upon formation of I, it can be advantageous to form its
HCl salt. Compound I obtained after hydrogenation in the
presence of palladium on carbon can be dissolved in toluene,

isopropyl alcohol or a mixture thereof and its HCl salt

precipitated.by addition of either aqueous HCl or HCl in
isopropyl alcohol. The ee of I can then be increased by
recrystallization from isopropyl alcohol and n-heptane.
Preferably, 6N HCl in ispropyl alcohol is added to a solution
of I in toluene. The resulting solid is then isolated.

Other features of the invention will become apparent in

" the course of the following descriptions of exemplary

embodiments which are given for illustration fo the invention
and are not intended to be limiting thereof.

EXAMPLES

Example 1
Step a:
Preparation of (R)-N-[1-(1,3-Benzodioxol-5-yl)
butylidene] ~a~-methylbenzene-methanamine (IXII) (R=H))

A 22L reaction flask with overhead stirring, water
condenser, nitrogen inlet, 2L addition funnel, temperature
probe was charge sequentially with II (R=H) (1Kg, 5.2M),
toluene (10L), R-{+)-a-methylbenzyl amine (8l6mL, 6.35M), and
triethylamine (1836mL, 13.2M) and cooled to 5°C. A
titanium(IV) chloride solution (320mL in 1L toluene) was

. added slowly through a 2L addition funnel with vigorous

stirring, while maintaining the temperature under 15°C. The
addition tock 1-2 hr. After the addition was complete, the
reaction mass was stirred at room temperature for 1 hr and
then heated to gentle reflux (111°C) with vigorous stirring
for 4 hours. The reaction mass was cooled to rt, filtered
through celite to remove the solid (Ti02 and EtiNHCl) and the
cake was washed with toluene (4L). The toluene solution was
washed with cold 10% NaOH (1x2.5L ) and saturated NaCl
agqueous solution (2x2L).. The solution was dried over sodium

23
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sulfate and concentrated in vacuum to give an oil (1524g,
96 .2wt%, yield 95%).

Step b:
Preparation of [R-(R*, R*]-N-(1'-Phenylethyl-ca-propyl-
1,3-bénzodioxole~S-methanamine (8)-0-

hydroxybenzensacetate (IVb) (R:ﬁ)

A slurry of III (R=H) (1459g) and Ra-Ni (wet, 500g) in
10L of ethanol was hydrogenated by bubbling hydrogen through
at rt for 5-16 hr and then at 50-60°C for another Shr. The
catalyst was filtered off and washed with ethanol (1.5L).

The filtrate was concentrated by a rotovap to give IV as an
oil (1280g) which was then crystallized with S-mandelic acid
(836g, 5.5M} in 6L acetonitrile. The solid was filtered and
washed with 2L cold acetonitrile and 2L of cold heptane to
give IVb (1784g, 99.4wt%, vield 80%).

The stereoselectivity of step b was compared with
procedures uging different catalysts, temperatures, and
hydrogen pressures. Ethanol was used as solvent in all cases
except for D, wherein THF was used. The results are shown- in
Table 1. '

Table 1: Stereoselectivity of imine reduction

N~ Fh aNPh
<0 A — <o:©/'\/\
o O _
Catalysts Temp Hj de - Note
{*C) {psi)
1 Ra-Ni 25 <« 86
2 Ra-Ni 58 <1 89
3 Ra~Ni 0-25 <1 88 .
4 Ra-Ni 25 & 65 <1 94 S5h at 25 & 5h at 65°C
5 Ra-Ni 23 & 70 150 91 6h at 23 & 14h at 70°C
A Ra-Ni 25 50 : 75
B NaBHq -40-25 - 50
24
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pd/C 25 <1 67
D pPa/cC 25 <1l 67

As can be seen, hydrogenating under high pressure without
high temperature (Comparitive Example A) causes a more than
two-fold loss of diastereoselectivity compared with the
present invention. In addition, replacement of Ra-Ni with
either Pd/C (Comparative Examples C and D} or NSBH4 '
{(Comparative Example B) also resulted in loss of

(g]

diastereoselectivity.

Step b can also be performed without isolation of IV.
Avoiding isolation of IV limits loss of product due to
crystallization and also limits additional solvent needs.

£ tive 3
Preparation of (R-(R*, R*I-N-(1'-Phenylathyl—a-propyl-
1,3~-benzodioxocle-5-methanamine (Iv) (R=H)

A slurry of III (15g) and Ra-Ni (wet, 2.2g) in 140mL of
ethanol was hydrogenated under hydrogen (150psi) at rt for 6
hr and then at 70°C for another l4hr. The catalyst was
filtered off and washed with ethanol (20mL) to give a
solution of IV (12.8g, 85%) in about 150mL ethanol.

Preparation of (R)-0-Propyl-1l,3-benzodioxole~5-

methanamine hydrochloride (Ia)

A 22L reaction flask with overhead stirring, a

"dispersion tube and a thermocouple was charged sequentially

with of IV (R=H) (1776g). acetic acid (7L), PA/C(10%) (50%
water) (450g), and ethanol (7L). Hydrogen gas was bubbled

through for 24-26 hr with stirring and the cataiyst was then

filtered off. . The filtrate was concentrated in vacuum to
small volume and dissolved in toluene (10L). The toluene
solution was washed with 10%NaOH (1x10L and 1xSL) and water
(3X3L). Ag.conc.HCl (36-38%, 450mL ) was then added and a
slurry formed. Filtered the solid and washed the cake with

25
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cold toluene (2L) to give Ia (R=H) (873g, 99.4 ee%, 100wt%,
yield 96%). .

A variety of conditions for step ¢ were tested. The
results of which are shown in Table 2 below.

5
Table 2: Sterxreoselective Debenzylation .
By NH,
<o:©/'\/\ Pd/C(10%) <o:<j/'\/\
o 15 wt % O

Conditions Conversion % Note

1 Free base, EtOH/AcOH (8:1), 20 hr 100

2 Free base, EtOH/AcOH (3:1), 20 hr 100

3 Free base, EtOH, 20 hr 87

4 Free base, AcOH. 20 hr 82

5 Free base, AcOH/EtOH (1:1), 20 hr 93

6 Free base, propionic acid/EtOH 100
(1:1)

7 Mandelate, AcOH/EtOH (1:1), 21 hr 97.5
Free base, AcOH (2eq)/EtOH (1:1), 100
7R

A PA/C {(10%), HCO,NH4/MeOH, reflux 100 partial

racemization
B HBr salt, AcOH/EtOH (1:1), 20 hr <5
10 Comparative Examples A and B were performed using the

_ conditions described by Bringmann et al in Leibigs Ann. Chem.
1990, 795, page 799. As can be seen neither of these
procedures were very useful as the resulting product was
partially racemized (Comparative Example A) or an extremely

15 1low yield was obtained (Comparative Example B).

. Exanple 2
Preparation of (R)-0-Propyl-1l,3-benzodioxcle-~5-

methanamine hydrochloride (Ia)
20

26
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(R)-N-[1~(1, 3-Benzodioxol-5-yl)butylidene] -~
methylbenzene-methanamine prepared according to step a of
Example 1 from 500g of II (R=H) and 816 ml of R-(+)-0~
methylbenzylamine was dissolved in ethanol (6L} with Ra-Ni
(250g, wet slurry) and hydrogenated at 23°C for Shr and then
at 60-65°C for another 5 hr. The catalyst was filtered off
and washed with ethanol (0.5L). To the ethanol éolution was
added 0.5L of acetic acid and Pd/C(10%) (50% water) (250g).
The hydrogen gas was bubbled through for 23hr with stirring
and the catalyst was then filtered off. The filtrate was
concentrated in vacuum to small volume and dissolved in
toluene (5L). The toluene solution was washed with 10%NaOH
(1x3L and 1x2L) and water (2x1.5L). HCl in isopropyl alcohol
{S~6N, 0.7L) was then added and a slurry formed. Filtered
the solid and washed the cake with cold toluene (2L} to give
the crude product (97.2 %ee) which was relurried in isopropyl
alcohol (2L) and n-heptane (4L). The solid was filtered and
washed with n-heptane (2L) to give Ia (R=H) (391.1q,

99 . 1%ee).

EXAMPLE 3
step d:
Preparation of (R)-E-f-((1,3~benzodioxol-5-
ylnethylene)anino)hanzena—ethahol {VI) (R=0OR)

A solution of piperonal (2.3Kg), (p)-phenylglycinol
{2.1Kg),. and p-toluenesulfonic acid (2.5g) in toluene (13L)
was heated to reflux using a Dean-Stark trap. Water separated

-at once and continued to separate throughout the reaction

period. Once the theoretical amount of water was collected
(over three to four hours), the reaction was analyzed by 1g-
NMR. The reaction mass was cooled to about 80 to 85 °C.
Heptane (8L) was added slowly, and the resulting solution
cooled further to 5-10 °C, and aged for about 1 hour.
Precipitation was observed during the cooling period when the
temperature was around 60 °C. The product was isolated by
filtration and dried under vacuum at 50 to 55 °C to constant
weight, to provide 3.8Kg of VI (R=OH) (95%) as a highly

27
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crystalline solid. IH-NMR of this material is identical to
that of an authentic sample.

step e:
Preparation of (R)-f-(((1,3-benzodioxcl-5-yl)-3~
butenyl)amino)benzene-ethancl tartrate (VIIa) (R=OH)

A 2M solution of allylmagnesium chloride in THF (9.4L)
was added to a cold solution (10-15 9C) of VI (R=OH) (2.02Kg)
in THF (9.5L) dropwise over a period of about 2hrs. The rate
of addition was controlled to maintain the temperature below
30 9%C. The resulting mixture was aged for about 1.0 hr,
cooled to 5 to 10 °C, and quenched by slow addition to 30% ag
acetic acid (14L) while keeping the temperature below 30 °C.
The organic phase was separated and treated with 20% aq NaOH
solution, until the pH stabilized around 8. The layers were

'sepa.rated and the organic solution washed with 10% ag NaCl

solution and concentrated to an oil under reduced pressure
(89.5% de). To isolate as the tartrate salt, acetonitrile
(15L) was added followed by tartaric acid (1 eqg., 1.1Kg ).
The mixture was warmed to 50-55 9C, aged for about 1 hr., and
slowly cooled to ambient temperature over a period. of 2 to 4
hrs. After.aging for 1 to 2 hrs at this temperature, the
product was filtered, washed with acetonitrile (-10L) and
dried to constant weight under wvacuum at 45-50 9C to yield
VII-tartrate salt (R<OH) (2.6Kg, 82%) as an off-white solid
(98.8% de).

atep £:
Preparation of (R)-0-Propyl-1l,3-benzodioxole-5-
methanamine hydrochloride (Ia)

A degassed solution of VIIa {R=OH) (2.5Kg) in methanol
(9L} and acetic acid (SL) was pressure-transferred to a
slurry of "wet* 10% palladium on carbon {~50% water content,

0.8Kg) in methanol (9L} and acetic acid (4.5L). The

resulting slurry was hydrogenated at 1 to 3 psi of hydrogen
and ambient temperature for a period of 48 hrs. Samples were
withdrawn for analysis. The pgggress of the reaction is
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followed by HPLC. Once the reaction was complete, the spent
catalyst was removed by filtration and washed with methanol.
The combined filtrates were concentrated under reduced
pressure to a residue which was partitioned between toluene
(4L) and 1N ag. HCl soin.(~5L). The aqueous phase was
separated and basified to pH 13 with 30% ag. NaOH solution in .
the presence of toluene (7L). The layers were separated and
the agueous layer extracted with toluene (S5L). The combined
organic solutions were washed with 20% aqg. NaCl, clarified
through a Celite pad. The toluene solution was then cooled
to 10-15 %C and a solution of 6N HCl in isopropanol (1.1 egs.)
was added slowly at such a rate to mantain the temperature
below 20°C. The resulting slurry was aged for 1 hr at ambient
temperature and then filtered. The solid was washed with
toluene and dried in a vacuum oven at 50 to 55 OC to constant
weight to provide 2.05Kg (82% yield) of I as a white, fluffy
solid with excellent enantiomeric purity (>99.5%ee) and wt$
assay (>98% by HPLC). '

Obviously, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within the

scope of the appended claims, the invention may be practiced
otherwise that as specifically described herein.

29
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or stereoisomer or salt form thereof, . comprising:

(a) contacting a compound of Formula II:
0
<0

(e}
10

II ' '
with a chiral methylbenzylamine to form a compound of Formula
IIX:

III

or stereoisomer thereof, wherein R is selected from H, OH.and ..
15 OCH3;

(b) hydrogenating a compound of Formula III of

stereoisomer or salt form thereof in the presence of Ra-Ni to
form a compound of Formula IV:

20 or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:

(bi) about 0.01-10 psi of hydrogen at one
temperature of from 0-100°C for about 2-30 hours or 10-3000

pPsi at one temperature of from 60 to 80°C for about 2-30
25 hours; or,

30
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(bii) about 0.01-3000 psi of hydrogen at a first
temperature for about 2-8 hours and a second temperature for
about 2-24 hours, the first temperature being from 0-35°C and
the second temperature being from 50-100°C; and,

{c) hydrogenating a compound of Formula IV or
stereoisomer or sait form thereof in the presence of
palladium on carbon and a solvent selected from 'an alcohol, a
carboxylic acid, a dicarboxvlic acid, an aromatic carboxylic
acid and mixtures thereof to form & compound of Formula I or
stereoisomer or salt form thereof;

provided that the compound of Formula IV hydrogenated in
step c is not a hydrogen bromide salt.

2. A process according to Claim 1, wherein in step (a), the
chiral methylbenzylamine is R-0-methylbenzylamine, in step
{(b) R is H, and in step (c) R is H and the solvent is
selected from a Ci-3 alcohol, a Cz.4 carboxylic acid, and

mixtures thereof.

3. A process according to Claim 2, wherein hydrogenation
step (b) is performed under conditions (bi) under 0.01-10 psi
of hydrogen; and, '

hydrogenation step (c¢) is performed in a mixture of a Cl-
3 alcohol and a Cy.4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

4. A process according to Claim 3, wherein hydrogenation
step (bi) is performed under 0.01-2 psi of hydrogen at a

- temperature of from 20 to 60°C for from 3-24 hours; and,

in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic.acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

S. A process according to Claim 4, wherein hydrogenation
step (bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C
for from 3-12 hours; and,

hydrogenation step (c) is performed in ethanol and

acetic acid in a ratio of from 20:1 to 8:1.
31
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6. A process according to Claim 4, wherein hydrogenation
step (bi) is pérformed under 0.01-1 psi of hydrogen at a
-temperature_seleéted from ambient temperature or 50 to 60°C
for from 3-12 hours; and,

hydrogenation step (¢) is performed in methanol and
acetic acid in a ratio of from 20:1 to 8:1.

7. A process according to Claim 3, wherein in step (c) from
1 to 4 equivalents of acid based on the amount of IV are

present.

8. A process according to Claim 3, wherein in step (c) about
2 equivalents of acid based on the amount of IV are present.

9. A process according to Claim 2, wherein hydrogenation
step (b) is performed under conditions (bi) under 10-1000 psi
hydrogen at a temperature of from 60 to 80°'C for from 3-24
hours.

10. A process according to Claim 9, wherein hydrogenation
step (bi) is performed under 50-500 psi hydrogen.

11. A process according to Claim 1, wherein hydrogenation
step (b) is performed under conditions (bii); and,

hydrogenation step (c) is performéd in a mixture of a Ci-
3 alcohol and a Cz.3 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

12. A process according to Claim 11, wherein hydrogenation
step (bii) is performed under from 50-500 psi of hydrogen at
a first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 6-18 hours; and,

in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

13. A process according to Claim 12, wherein hydrogenation

_~—#~'_§§gg,jbii) is performed under from 50-500 psi of hydrogen at
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a first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 10-15 hours;
and, |

in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

14. A process aécording to Claim 13, wherein hydrogenation
step (bii) is performed under from 100-300 psi of hydrogen at
a first temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from

65-75°C for about 10, 11, 12, 13, 14, or 15 bhours; and,

hydrogenation step (¢) is performed in ethanol and
acetic acid in a ratio of from 20:1 to 8:1.

15. A process according to Claim 13, wherein hydrogenation
step (bii) is performed under from 100-300 psi of hydrogen at
a first temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from
65-75°C for about 10, 11, 12, 13, 14, or 15 hours; and,

hydrogenation step (c¢) is performed in methanol and
acetic acid in a ratio of from 20:1 to 8:1.

16. A process according to Claim 11; wherein in step (c’
about 1 to 4 equivalents of acid based on the amount of IV

are present.

17. A process according to Claim 11, wherein in step (c)

_ about 2 equivalents of acid based on the amount of IV are

present.

18. A process for the synthesis of a compound of Formula I:

NHz

S

I
or stereoisomer or salt thereof, comprising:
(d) contacting a compound of Formula V:
33
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VI:

vI
or stereoisomer or salt form thereof, wherein R is H, OH, or
OCH3;
{e) contacting the compound of Formula VI orxr
stereoisomer or salt forxﬁ thereof with allylmagnesium bromide
to form a compound of Formula VII: | '

Ph
H‘N,i\_,n

vII
or diastereocisomer or salt form thereof, wherein R is H, OH,
or OCH3z and the diastereomeric excess obtained is at least
75%; and,

' (£) hydrogenating a compound of Formula VII or
diastereomer or salt form thereof in the presence of
palladium on carbon in a Ci-3 alcchol and a Cz-4 carboxylic
acid to form a compound of Formula I or stereoisomer or salt
form thereof; .

provided that a cerium reagent is not present in step

(e).
19. A process according to Claim 18, wherein the chiral
methylbenzylamine in step (d) is S-phenyl glycinol and R is

OH in steps (e) and (£f).

20. A process according to Claim 19, wherein in step (e) the
diastereomeric excess obtained is at least 85%; and,
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in step (f) the alcohol is selected from methanol and
ethanol and the acid is acetic acid and the ratio of alcchol

~ to acid is from 10:1 to 1:10.

S 21. A process according to Claim 20, wherein in step (e) the
diastereomeric excess obtained is at least 90%; and,
in step (f) the alcochol is ethanol and the.ratio of
alcohol to acid is from 10:1 to 1:1. '

10 22. A process according to Claim 20, wherein in step (e) the
diastereomeric excess obtained is at least 90%; and,
in step (f) the alcohol is methanol and the ratio of

alcohol to acid is from 10:1 to 1:1.

15 23. A process according to Claim 19, wherein tetrahydrofurah
is used as solvent in step (e).

24. A compound of formula IV:
. R

) \

H\ N/.\Ph

_<:]©M

v
20 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.
25. A compound according to Claim 24, wherein R is H.

25 . 26. A compound according to Claim 25, wherein the compound
‘of formula IV is in the mandelic acid salt form.

27. A compound of formula VII:

VII
30 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.
35
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28. 2 compound according to Claim 27, wherein R is OH.

29. A compound according to Claim 28, wherein the compound
5 of formula VII is in the tartaric acid salt form.
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