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n is an integer from 0 and 5;

R;, R,, R; and R, are individually selected from the
group consisting of hydrogen, alkyl, cycloalkyl, sub-
stituted or unsubstituted aryl and arylalkyl the aryl
portion of which may be unsubstituted or substi-
tuted;

Rs and Ry are individually selected from the group
consisting of hydrogen, alkyl or arylalkyl the aryl
portion of which may be unsubstituted or substi-
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A process for preparing O-carbamoyl aminoalcohols repre- Ry Rs 1
sented by Formula I |
RI_C_(CHZ)n_T_R4
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N wherein n, R,, R,, R;, R, R and Ry are as defined;

RS/ ~

OCONH,
R6 . . . .
with a cyanate and an excess of an acid in an organic solvent

medium.

HIKMA PHARMACEUTICALS USA INC.  IPR2024-01418 Ex. 1006, p. 1 of 10



HIKMA PHARMACEUTICALS USA INC.

US 2005/0080268 Al

PROCESS OF PREPARING O-CARBAMOYL
COMPOUNDS IN THE PRESENCE OF ACTIVE
AMINE GROUP

FIELD OF INVENTION

[0001] The present invention relates to a novel process for
preparing O-carbamoyl aminoalcohols.

BACKGROUND OF THE INVENTION

[0002] O-carbamoyl aminoalcohols comprise a new class
of pharmaceutically useful compounds. For instance, O-car-
bamoyl-(D)-phenylalaninol hydrochloride and O-carbam-
oyl-(L)-3-hydroxymethyl-1,2,3,4-tetrahydroisoquinoline
hydrochloride are being developed for the treatment of
central nervous system (CNS) disorders, particularly as
antidepressants.

[0003] Due to the generally higher reactivity of amines in
comparison to hydroxyl groups, when the O-carbamoylated
product of an aminoalcohol is synthesized, the amine moi-
eties need to be protected prior to the carbamoylation
reaction. Hence, a lengthy sequence of (1) protection, (2)
carbamoylation reaction and (3) deprotection is typically
required for the transformation as described in Scheme 1.

[0004] An example of the reaction in accordance with
Scheme 1 would be the reaction of an aminoalcohol with
benzyl chloroformate to form the protected N-benzyloxy-
carbonyl aminoalcohol. Carbamoylation of this protected
aminoalcohol with phosgene followed by reaction with an
amine yields the O-carbamoyl-N-protected aminoalcohol.
The deprotection of this N-protected compound is achieved
by hydrogenation.

Scheme 1
X Y X Y
>Mv< Protection >N\N<
—_—
N OH N OH
-~ ~
0 g @ v
lCarbamoylation
X Y X Y

[0005] wherein W, X, Y and Z are individually selected
from the group consisting of hydrogen, alkyl, cycloalkyl,
aryl or arylalkyl; and,

[0006] R" is selected from the group consisting of hydro-
gen, alkyl or arylalkyl.

[0007] This process has been advantageously simplified in
accordance with the present invention.

SUMMARY OF THE INVENTION

[0008] The present invention provides a novel process for
preparing O-carbamoyl aminoalcohols via chemoselective
carbamoylation of hydroxyl groups therein in a single step
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using a cyanate and an excess of acid in an organic medium.
Particularly, the present invention involves the use of
sodium cyanate and methanesulfonic acid in the single step
preparation of O-carbamoyl aminoalcohols. Both small-
scale laboratory preparations and large-scale industrial
preparations are disclosed. The process is particularly
advantageous for the preparation of O-carbamoyl-D-pheny-
lalaninol, O-carbamoyl-(L)-oxymethyl-1,2,3,4-tetrahy-
droisoquinoline, and carbamic acid 2-((4-fluorobenzoyl)pi-
peridin-1-yl)-1-phenylethyl ester.

DETAILED DESCRIPTION OF THE
INVENTION

[0009] The present invention provides a novel process for
preparing O-carbamoyl aminoalcohols. The process is more
efficient in introducing the carbamoyl moiety into the start-
ing aminoalcohol than that previously known, which is
shown above in Scheme 1. As such, the present invention
can be illustrated by Scheme 2:

Scheme 2
X Y Excess Acid X Y
Cyanate
Organic Solvent
—_—
N. OH N O NH;,
Rr/ \Ru R’/ \R/r

T

[0010] wherein

[0011] X and Y are individually selected from the group
consisting of hydrogen, alkyl, cycloalkyl, aryl or arylalkyl;
wherein the aryl portion may be substituted or unsubstituted
by (X'),, as defined below; and,

[0012] R'and R" are selected from the group consisting of
hydrogen, alkyl or arylalkyl, wherein the aryl portion may
be substituted or unsubstituted by (X'),, as defined below.

[0013] It is quite surprising that the process described in
the present invention, which employs an organic solvent
system as the reaction medium, selectively produces the
O-carbamoylated species as the dominant product. It should
be noted that the reaction of aminoalcohols in aqueous
acidic medium with a cyanate produces the N-carbamoy-
lated product as the major product.

[0014] The present invention provides a novel process that
is particularly advantageous for the preparation of O-car-
bamoyl aminoalcohols represented by Formula I

Ry Ry

| |
R1—<|:—<CH2)H—C—R4

N
~
R5/ Rg

OCONH;
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[0015] wherein:

[0016] n is an integer from O to 5;

[0017] R,, R,, R; and R, are individually selected
from the group consisting of hydrogen, alkyl,
cycloalkyl, substituted or unsubstituted aryl and ary-
lalkyl wherein the aryl portion may be unsubstituted
or substituted by (X'),,,, wherein m is an integer from
0 to 4 and X' is selected from the group consisting of
hydrogen, alkyl, alkoxy, alkylthio, halogen, hydroxy,
nitro and trifluoromethyl;

[0018] Rs and R, are individually selected from the
group consisting of hydrogen, alkyl or arylalkyl
wherein the aryl portion may be substituted or
unsubstituted by (X"),,, wherein m and X' are as
defined; or

[0019] R, and Rs together with the carbon and nitro-
gen to which they are attached form an unfused or
fused heterocyclic ring having from 4 to 10 mem-
bers.

[0020] The process comprises reacting an aminoalcohol
represented by Formula IT

Ry Ry
|
Ri—C—(CHp),—C—R,

N
R5/ \R6

OH

[0021] wherein R, through R, and n are as defined above,
with a cyanate and an excess of acid, in an organic solvent
medium.

[0022] The starting aminoalcohol represented by the gen-
eral structural Formula II may be chiral or achiral. The
process described in the present invention can be used to
prepare both the racemate and optically active forms of the
desired O-carbamoyl aminoalcohol.

[0023] While specific reaction conditions may vary for
individual starting aminoalcohol, the following description
is of general conditions for the preparatory process of the
present invention.

[0024] In accordance with the present invention, an excess
of the acid is required for the protonation of the amine
moieties present in the starting alcohol prior to the desired
reaction. Typically, the amount of the acid is between about
one and about ten molar equivalents in excess of amount
required to react with the total number of amine groups
present in the starting aminoalcohol represented by formula
I1. Hence, if one amine group is present, about two to about
eleven equivalents of an acid are typically used, however,
the presence of additional equivalents of acid does not
hinder the reaction.

[0025] The acid utilized in the process of the present
invention can be an organic or inorganic acid such as, for
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example, hydrochloric acid, sulfuric acid, phosphoric acid,
acetic acid, halogenated acetic acids, arylsulfonic acids,
alkylsulfonic acids and halogenated alkylsulfonic acids.
Hydrochloric acid, halogenated acetic acids, arylsulfonic
acids and alkylsulfonic acids are preferred for the subject
synthesis. Particularly preferred acids include hydrochloric
acid, trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic acid,
ethanesulfonic acid, and trifluoromethanesulfonic acid.

[0026] The present invention utilizes a cyanate to produce
a cyanic acid in situ. Typically, the cyanate is used in about
one to about ten mole equivalents of the starting aminoal-
cohol for the present invention. Useful cyanates for the
present invention include, but are not limited to, alkali metal
cyanates, such as sodium cyanate, potassium cyanate, and
ammonium cyanate, alkaline earth cyanates, such as mag-
nesium cyanate, calcium cyanate, and the like. Alternatively,
rather than producing cyanic acid from a cyanate, purified
cyanic acid may be employed which would also produce the
desired product.

[0027] The carbamation reaction described in the present
invention can be executed in various organic solvents.
Halogenated alkanes such as dichloromethane; etheral sol-
vents, such as tetrahydrofuran; nitrile solvents, such as
acetonitrile; and aromatic solvents, such as toluene; or
mixtures thereof can be used as the reaction solvent. Pre-
ferred solvents are selected from the group consisting of
dichloromethane, chloroform, 1,2-dichloroethane, 1,1,1-
trichloroethane, tetrahydrofuran, 1,2-dimethoxyethane,
diethyl ether, acetonitrile, propionitrile, benzene, toluene,
xylene and mixtures thereof. Halogenated alkanes and nitrile
solvents including dichloromethane, 1,2-dichloroethane,
1,1,1-trichloroethane and acetonitrile are particularly pre-
ferred solvents.

[0028] The weight to volume ratio for the amount of the
aminoalcohol represented by Formula II to the amount of the
organic solvent medium is within the range from about 1:3
to about 1:100. For example, when one gram of aminoal-
cohol is employed, between about three and about one
hundred milliliters of solvent would be utilized for the
reaction.

[0029] The subject reaction is carried out at a temperature
ranging from about -80° to about 80° C., depending upon
the solvent employed. Typically, the reaction is carried out
at temperatures ranging from about —-10° C. to about 60° C.
The reaction temperature will vary within the ranges given
depending on the starting aminoalcohol.

[0030] In a typical reaction in accordance with the present
invention, the starting aminoalcohol is placed in a reaction
vessel followed by addition of the reaction solvent. The
order of subsequent addition of the cyanate and the acid
employed typically does not produce any significantly dif-
ferent result. Preferably, the reagent addition steps are
carried out at temperatures ranging from about -10° C. to
about 5° C.
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[0031] A preferred embodiment of this invention provides
a novel process for preparing O-carbamoyl aminoalcohol
represented by Formula III

juis

\
>:

(0.9

[0032] wherein X', m, R5 and R are as defined,

[0033] The process comprises reacting an aminoalcohol
represented by Formula IV

v

\

OH
X~

[0034] wherein X', m, R and R are as defined;

[0035] with a cyanate selected from the group con-
sisting of sodium cyanate, potassium cyanate,
ammonium cyanate, magnesium cyanate, and cal-
cium cyanate;

[0036] and an excess of an acid selected from the
group consisting of hydrochloric acid, acetic acid,
trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic
acid, ethanesulfonic acid, and trifluoromethane-
sulfonic acid;

[0037] in an organic solvent medium selected from
the group consisting of dichloromethane, chloro-
form, 1,2-dichloroethane, 1,1,1-trichloroethane, tet-
rahydrofuran, 1,2-dimethoxyethane, diethyl ether,
acetonitrile, propionitrile, benzene, toluene, xylene,
and mixtures thereof.

[0038] Another preferred embodiment of this invention
provides a novel process for preparing an O-carbamoyl
aminoalcohol represented by Formula V

(¢]

X

I 0 NH,
TS

\_/
/Z

Rg

[0039] wherein X', m, and R are as defined.
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[0040] The process comprises reacting an aminoalcohol
represented by Formula VI

VI

AN OH

NG

K

Rg

[0041] wherein X', m, and Ry are as defined;

[0042] with a cyanate selected from the group con-
sisting of sodium cyanate, potassium cyanate,
ammonium cyanate, magnesium cyanate, and cal-
cium cyanate;

[0043] and an excess of an acid selected from the
group consisting of hydrochloric acid, acetic acid,
trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic
acid, ethanesulfonic acid, and trifluoromethane-
sulfonic acid,

[0044] in an organic solvent medium selected from a
group consisting of dichloromethane, chloroform,
1,2-dichloroethane, 1,1,1-trichloroethane, tetrahy-
drofuran, 1,2-dimethoxyethane, diethyl ether, aceto-
nitrile, propionitrile, benzene, toluene, xylene, and
mixtures thereof.

[0045] Still another preferred embodiment of the present
invention provides a novel process for preparing O-carbam-
oyl-D-phenylalaninol represented by Formula VII

vII

[0046] which comprises reacting D-phenylalaninol repre-
sented by Formula VIII

VIII

[0047] with a cyanate selected from the group con-
sisting of sodium cyanate, potassium cyanate,
ammonium cyanate, magnesium cyanate, and cal-
cium cyanate;

[0048] and an excess of an acid selected from the
group consisting of hydrochloric acid, acetic acid,
trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic
acid, ethanesulfonic acid, and trifluoromethane-
sulfonic acid;

[0049] in an organic solvent medium selected from
the group consisting of dichloromethane, chloro-
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form, 1,2-dichloroethane, 1,1,1-trichloroethane, tet-
rahydrofuran, 1,2-dimethoxyethane, diethyl ether,
acetonitrile, propionitrile, benzene, toluene, xylene,
and mixtures thereof.

[0050] Still another preferred embodiment of the present
invention provides a novel process for preparing O-carbam-

oyl-(L)-oxymethyl-1,2,3,4-tetrahydroisoquinoline ~ repre-
sented by Formula IX
X
o]
O)J\NHZ

[0051] which comprises reacting (L)-3-hydroxymethyl-1,
2,3,4-tetrahydroisoquinoline represented by Formula X

OH

[0052] with a cyanate selected from the group con-
sisting of sodium cyanate, potassium cyanate,
ammonium cyanate, magnesium cyanate, and cal-
cium cyanate;

[0053] and an excess of an acid selected from the
group consisting of hydrochloric acid, acetic acid,
trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic
acid, ethanesulfonic acid, and trifluoromethane-
sulfonic acid;

[0054] in an organic solvent medium selected from a
group consisting of dichloromethane, chloroform,
1,2-dichloroethane, 1,1,1-trichloroethane, tetrahy-
drofuran, 1,2-dimethoxyethane, diethyl ether, aceto-
nitrile, propionitrile, benzene, toluene, xylene and
mixtures thereof.

[0055] Yet still another embodiment of the present inven-
tion provides a novel process for preparing carbamic acid
2-((4-fluorobenzoyl)piperidin-1-yl)-1-phenylethyl ester rep-
resented by Formula XI:

XI
o 0
HZN)]\O
N
F
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[0056] which comprises reacting 2-(4-fluorobenzoyl)pip-
eridin-1-yl)-1-phenylethanol represented by Formula XII

XII
(o]
OH
N.
F

[0057] with a cyanate selected from the group con-
sisting of sodium cyanate, potassium cyanate,
ammonium cyanate, magnesium cyanate, and cal-
cium cyanate;

[0058] and an excess of an acid selected from the
group consisting of hydrochloric acid, acetic acid,
trifluoroacetic acid, trichloroacetic acid, benzene-
sulfonic acid, toluenesulfonic acid, methanesulfonic
acid, ethanesulfonic acid, and trifluoromethane-
sulfonic acid;

[0059] in an organic solvent medium selected from a
group consisting of dichloromethane, chloroform,
1,2-dichloroethane, 1,1,1-trichloroethane, tetrahy-
drofuran, 1,2-dimethoxyethane, diethyl ether, aceto-
nitrile, propionitrile, benzene, toluene, xylene and
mixtures thereof.

[0060] Set forth below are definitions of the radicals
covered by Formulae I to VI. As utilized herein, the term
“alkyl” means a straight- or branched-chain hydrocarbon
radical having from one to eight carbon atoms and includes,
but is not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl,
and the like, except where specifically stated otherwise.

[0061] The term “halogen” includes fluorine, chlorine,
bromine, and iodine with fluorine and chlorine being pre-
ferred.

[0062] The term “alkoxy” refers to an alkyl radical
attached to the remainder of the molecule by oxygen; this
includes, but is not limited to, methoxy, ethoxy, and propoxy
groups.

[0063] The term “alkylthio” refers to an alkyl radical
attached to the remainder of the molecule by sulfur; this
includes, but is not limited to, methylthio, ethylthio, and
propylthio groups.

[0064] The term “cycloalkyl” refers to a cyclic group of
from three to six carbon atoms; preferred cycloalkyl groups
are cyclopentyl and cyclohexyl.

[0065] The term “aryl” refers to aromatic hydrocarbons
such as phenyl, naphthyl, and the like which may be
unsubstituted or substituted with radicals selected from
alkyl, such as methyl or ethyl, alkoxy, such as methoxy or
ethoxy, alkylthio, such as methylthio, halogen, hydroxy,
nitro and trifluoromethyl.

[0066] The term “arylalkyl” is as defined above for alkyl
and for aryl. Such groups include, but are not limited to,
benzyl.
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[0067] The following examples serve to illustrate certain
embodiments of the invention, without limiting the inven-
tion to these particular embodiments. Those skilled in the art
will recognize that the invention covers all alternatives,
modifications and equivalents as may be included within the
scope of the appended claims.

EXAMPLE 1

Preparation of O-Carbamoyl-(D)-phenylalaninol

[0068] In a dry 2L three-neck round bottomed flask
equipped with a mechanical stirrer, thermometer and 250
mlL addition funnel, 838 mL of dichloromethane was
charged followed by D-phenylalaninol (100 g, 0.66 mole)
and sodium cyanate (85 g, 0.92 mole). The mixture was
stirred in an ice-bath. The addition funnel was charged with
methanesulfonic acid (222.3 g, 2.31 mol) which was slowly
added to the reaction mixture so as to maintain the tempera-
ture below 5° C. The reaction mixture thickened after the
completion of the addition. The ice-bath was removed and
the reaction mixture was stirred until D-phenylalaninol was
no longer detected by TLC analysis. To the reaction mixture,
80 grams of ice was added and the reaction mixture was
cooled in an ice bath, and a 20% aqueous solution of sodium
hydroxide was added at such a rate as to maintain the
temperature below 5° C. until the pH of the aqueous phase
was between 10 and 11 as measured by using pH paper. The
mixture was transferred to a separatory funnel and the
organic phase was separated. The aqueous phase was
extracted with two 500 mL portions of dichloromethane, and
the combined organic phase was washed with brine (350
mL) and dried over sodium sulfate (50 g) overnight. After
removal of sodium sulfate by filtration, the organic phase
was concentrated in vacuo to yield 115 g (89%) of the free
base form of the desired product O-Carbamoyl-(D)-pheny-
lalaninol as an oil.

[0069] O-Carbamoyl-(D)-phenylalaninol hydrochloride
was prepared as follows. The crude reaction product O-Car-
bamoyl-(D)-phenylalaninol (115 g) was dissolved in 120 mL
of isopropanol and was transferred to three-neck round
bottom flask equipped with a mechanical stirrer. The mixture
was chilled in an ice bath and the dropping funnel was
charged with 100 mL of saturated HCI solution in isopro-
panol (6.5 M). The HCI solution was slowly added to the
free base solution so as to maintain the temperature below 5°
C. During the addition, precipitation of the desired product
in HCI form was observed. After the complete addition the
mixture was stirred for another hour and 660 mL of acetone
was added. The mixture was stirred for another hour and the
white precipitate was collected by filtration. The product
was washed thoroughly with ice-chilled isopropanol-ac-
etone (¥, v/v), and dried in vacuo. The product O-Carbam-
oyl-(D)-phenylalaninol hydrochloride weighed 110 gram
(71.5%) and was a white solid.

EXAMPLE 2

Preparation of
0O-Carbamoyl-(D)-3,4-dichlorophenylalaninol

[0070] In a dry 2L three-neck round bottomed flask
equipped with a mechanical stirrer, thermometer and 250
mL addition funnel, 75 mL of dichloromethane was charged
followed by (D)-3,4-dichlorophenylalaninol (4.00 g, 0.018
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mole) and sodium cyanate (1.87 g, 0.027 mole). The mixture
was stirred in an ice-bath. The addition funnel was charged
with methanesulfonic acid (4.37 g, 0.045 mol) which was
slowly added to the reaction mixture so as to maintain the
temperature below 5° C. The reaction mixture thickened
after the completion of the addition. The ice-bath was
removed and the reaction mixture was stirred until (D)-3,4-
dichlorophenylalaninol was no longer detected by TLC
analysis. A saturated aqueous solution of sodium bicarbon-
ate was added to the reaction mixture at such a rate as to
maintain the temperature below 5° C. until the pH of the
aqueous phase was between 9 and 10. The mixture was
transferred to a separatory funnel and the organic phase was
separated. The aqueous phase was extracted with two 25 mL
portions of dichloromethane, and the combined organic
phase was washed with brine (30 mL) and dried over sodium
sulfate (5 g) overnight. After removal of sodium sulfate by
filtration, the organic phase was concentrated in vacuo to
yield 4.38 g (91%) of the free base form of the desired
product O-Carbamoyl-(D)-3,4-dichlorophenylalaninol as an
oil.

[0071] O-Carbamoyl-(D)-3,4-dichlorophenylalaninol
hydrochloride was prepared as follows. The crude reaction
product O-Carbamoyl-(D)-3,4-dichlorophenylalaninol (3.27
g) was dissolved in 10 mL of tetrahydrofuran and was
transferred to three-neck round bottom flask equipped with
a mechanical stirrer. The mixture was chilled in an ice bath
and the dropping funnel was charged with 13.7 mL of 1N
HCl solution in ethyl ether (0.0137M). The HCl solution was
slowly added to the free base solution so as to maintain the
temperature below 5° C. During the addition, precipitation
of the desired product in HCI form was observed. The white
precipitate was collected by filtration. The product was
washed thoroughly with ethyl ether, and dried in vacuo. The
product O-Carbamoyl-(D)-3,4-dichlorophenylalaninol
hydrochloride weighed 3.68 gram (99%) and was a white
solid.

EXAMPLE 3

Preparation of O-Carbamoyl-(L)-3-oxymethyl-1,2,3,
4-tetrahydroisoquinoline

[0072] (L)-3-hydroxymethyl-1,2,3,4-tetrahydroisoquino-
line (194 g) was suspended in dichloromethane (1.5 L) and
the mixture was chilled in an ice-bath. To the resulting
mixture, sodium cyanate (100.4 g) was added followed by
dropwise addition of methanesulfonic acid (277.4 mL) so as
to maintain the reaction temperature below 5° C. The
addition took about 2 hours. The reaction mixture was
stirred at room temperature until the reaction was complete.
1.5 Liters of deionized water was added to the reaction
mixture. The aqueous phase was isolated and chilled in an
ice-bath. The pH of the aqueous phase was adjusted to
between 10 and 11 by adding 20% aqueous solution of
sodium hydroxide. The resulting mixture was chilled in an
ice-bath for about an hour and the product was filtered and
washed with two 100 mL portions of deionized water. The
product was dried under vacuum to yield 221.6 g (90.4%) of
the desired product.

EXAMPLE 4
Large-Scale Preparation of
0O-Carbamoyl-(D)-phenylalaninol

[0073] Eighteen kilogram (18.0 kg) of D-phenylalaninol
and 477.4 kg of dichloromethane were charged into a
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300-gallon glass-lined reactor (Pfaudler, model R-01) blan-
keted with nitrogen. The solution was cooled to 4.8° C.
Sodium cyanate (10.8 kg) was then added. To this mixture
methanesulfonic acid (39.0 kg) was slowly charged over 2
hours and 42 minutes while maintaining the temperature
below 5° C. After the addition was complete, the mixture
was allowed to warm to 22.4° C. over 2 hours and 3 minutes,
and agitated at ambient temperature for 16 hours and 50
minutes, at which time a sample was submitted to quality
control for analysis by HPLC and the amount of D-pheny-
lalaninol was less than 1.0%. The reactor contents were
cooled to 4.1° C., and 100 L of a 10% solution of sodium
hydroxide (prepared by dissolving 12.0 kg sodium hydrox-
ide in 108 L water) was added while maintaining the reactor
contents at less than 5° C., so that the pH was raised from
pH 1.4 to pH 10.5. The two layers were separated. The upper
aqueous was further extracted two times by dichloromethane
(133.4 kg each), and the three organic layers were combined.
The product containing dichloromethane was washed with
100 L of a 1% solution of sodium hydroxide (prepared by
dissolving 1.2 kg of sodium hydroxide in 108 L of water),
and analyzed by HPLC. The level of late eluting impurities
was less than 0.3%. The organic layer was washed with 50
L of a 10% brine solution (prepared from dissolving 5 kg
sodium chloride in 50 L water), then with water (50 L), and
dried by adding anhydrous sodium sulfate (19 kg) and
allowing the mixture to stand for 18 hours. The sodium
sulfate was removed by vacuum filtration on a 45 cm Nutch
funnel (Baxter filter paper grade 615-20). The filter cake was
washed with dichloromethane (25 kg), and the filtrate was
concentrated to approximately 100 L on a rotary evaporator
at 25-30° C. The material was transferred to glass trays,
dried in a vacuum oven at 40° C. until a constant weight was
achieved.

EXAMPLE 5

Large-Scale Preparation of

O-Carbamoyl-(L)-3-oxymethyl-1,2,3,4-tetrahydroisoquinolin

[0074] A 300-gallon reactor was charged with acetonitrile
(236 kg) and THIC-alcohol (15 kg). The reaction mixture
was cooled to less than 5° C. and methanesulfonic acid (39.9
kg) and sodium cyanate (17.8 kg) were added. The reaction
mixture was allowed to warm to about 20° C. and held at this
temperature for about 2 hours. HPLC analysis of the reaction
mixture was performed to indicate that the reaction had gone
to completion. The reaction mixture was diluted with tolu-
ene (104 kg) and cooled to less than 5° C. for 1 hour. The
solid was isolated by filtration and the cake was washed with
about 30 L of toluene. The wet cake was added back to a
100-gallon reactor containing 10.1 kg of concentrated HCI
in 150 L of water. An in-process HPLC analysis showed that
the reaction mixture contained no impurities greater than
1%. The reaction mixture was filtered to remove particulate
matter. Then the upper toluene layer was removed and
discarded. The aqueous layer was cooled to less than 5° C.
and the pH adjusted to 10.5 by carefully adding 20%
aqueous sodium hydroxide. The mixture was stirred for 1
hour then the solid was collected by filtration. The wet cake
was slurry washed with water (50 L) and refiltered. The
product was dried in vacuo at 40° C. to yield 14.79 kg of
product, which was found to be 98.77% pure by HPLC
assay.
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EXAMPLE 6

Large-Scale Preparation of Carbamic Acid
2-((4-fluorobenzoyl)piperidin-1-yl)-1-phenylethyl
ester

[0075] A 100-gallon reactor was charged with dichlo-
romethane (210.1 kg) and 2-(4-fluorobenzoyl)piperidin-1-
yI)-1-phenylethanol (15.9 kg). The mixture was stirred at
100 rpm and cooled to 5° C.+5° C. Methanesulfonic acid
(9.4 kg) was added to the solution over a twenty-minute
period while maintaining the temperature below 10° C.
Stirring was continued for 1 hour at 5° C.+5° C. Sodium
cyanate was charged in five portions (total 6.4 kg) every five
minutes while maintaining the temperature under 10° C. The
reaction mixture was stirred for thirty minutes at this tem-
perature, then stirred overnight at 25° C.+5° C. At one point,
upon warming, the temperature of the reaction mixture
briefly rose to 30.7° C. Another 0.7 kg of sodium cyanate
and 1.1 kg of methanesulfonic acid were added to the
reaction mixture and stirred at 25° C.+5° C. overnight. An
in-process HPLC test indicated that the reaction had not
gone to completion (<5% starting material). Thus, additional
sodium cyanate (1.3 kg) and methanesulfonic acid (2.6 kg)
were added to the reactor and stirred continuously for 8
hours. At this time the reaction mixture was found to contain
only 3.2% starting material. The solid was collected by
filtration. The filter cake was washed with two portions (23.0
kg, 22.5 kg) of dichloromethane. The wet cake was held
overnight under a nitrogen atmosphere. The crude product
was charged back to a 100-gallon reactor containing 140 L
of deionized water. The mixture was stirred at 90 rpm and
cooled to 5° C.=5° C. A 50% solution of sodium hydroxide
(7.6 kg) was added to the reactor while maintaining the
temperature below 10° C. The mixture was stirred at this
temperature for one hour then the solid was isolated by
filtration. The filter cake was washed with 49 L of deionized
water. The solid was charged back into a reactor containing
52.5 kg of heptane. The mixture was stirred for 15 minutes
then the solid was isolated by filtration. The solid was
washed with heptane (2.3 kg) and then dried overnight in
vacuo (27 mm) at 25° C.

[0076] The dried material (16.8 kg) was charged back to a
reactor containing 464.1 kg of dichloromethane. The mix-
ture was heated to reflux (40° C.) for one hour. The slurry
was cooled to 34° C.£5° C. and passed through a Cuno Filter
into a clean reactor. The filter was rinsed with two portions
(22.3 kg each) of warm (31° C.) dichloromethane. The
combined filtrate was reduced in volume to approximately
240 L. The slurry was cooled to 3° C.£5° C. for 2 hours and
the solid was then collected by filtration. The filter cake was
washed with 29.5 kg of dichloromethane. The solid was
dried in vacuo in a rotary cone drier at 28° C. for 46.5 hours.
The product so obtained weighted 12.2 kg, representing a
67.9% yield.

[0077] 1t is understood that various other embodiments
and modifications in the practice of the invention will be
apparent to, and can be readily made by, those skilled in the
art without departing from the scope of the invention
described above. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the exact
description set forth above, but rather that the claims be
construed as encompassing all of the features of patentable
novelty which reside in the present invention, including all
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the features and embodiments which would be treated as
equivalents thereof by those skilled in the art to which the
invention pertains.

1. A process for preparing an O-carbamoyl aminoalcohol
represented by Formula I

Ry Rj
| |
Ri—C— (CHy)s—C—Ry

N. OCONH,
~
Rs/ R¢

wherein:
n is an integer from O and 5;

R;, R,,R;and R, are individually selected from the group
consisting of hydrogen, alkyl, cycloalkyl, substituted or
unsubstituted aryl and arylalkyl wherein the aryl por-
tion of which may be unsubstituted or substituted by
(X", Wherein m is an integer from O to 4 and X' is
selected from the group consisting of hydrogen, alkyl,
alkoxy, alkylthio, halogen, hydroxy, nitro and trifluo-
romethyl;

R; and R; are individually selected from a group consist-
ing of hydrogen, alkyl and arylalkyl wherein the aryl
portion may be substituted or unsubstituted by (X'),,,
wherein m and X' are as defined; or

R, and R; together with the carbon and nitrogen to which
they are attached may form an unfused or fused het-
erocyclic ring having from 4 to 10 members;

the process comprising reacting an aminoalcohol repre-
sented by Formula II

Ry— C—(CHy);— C—Ry

OH

RS R¢

wherein n, R;, R,, R;, R, R5 and R are as defined;

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of said aminoalcohol represented by For-
mula II, and the amount of said acid is between about
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one to about ten molar equivalents in excess of the total
number of amine groups in the aminoalcohol repre-
sented by Formula II.
2-5. (canceled)
6. A process according to claim 1, wherein the cyanate is
sodium cyanate and the acid is methanesulfonic acid.
7. A process according to claim 6, wherein the organic
solvent medium is dichloromethane or acetonitrile.
8. A process according to claim 1, wherein the O-carbam-
oyl aminoalcohol is represented by Formula III

1L

wherein X', m, R5 and R are as defined,

the process comprising reacting an aminoalcohol repre-
sented by Formula IV

OH

N
~
R5/

=
X~
x

R

wherein X'm, Ry and Ry are as defined;

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of said aminoalcohol represented by For-
mula IV, and the amount of said acid is between about
one to about ten molar equivalents in excess of the total
number of amine groups in the aminoalcohol repre-
sented by Formula IV.

9. A process according to claim 1, wherein the O-carbam-

oyl aminoalcohol is represented by Formula V

/
>:

(6.9 M T
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wherein X', m, and Ry are as defined;

the process comprising reacting an aminoalcohol repre-
sented by Formula VI VI

VI
A oH
F NG

R¢

K

wherein X', m, and R are as defined;

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of said aminoalcohol represented by For-
mula VI, and the amount of said acid is between about
one to about ten molar equivalents in excess of the total
number of amine groups in the aminoalcohol repre-
sented by Formula VI.

10. A process according to claim 1, wherein the O-car-

bamoyl aminoalcohol is represented by Formula VII

VII

the process comprising reacting D-phenylalaninol repre-
sented by Formula VIII

VIIL

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
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solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of said aminoalcohol represented by For-
mula VIII, and the amount of said acid is between about
one to about ten molar equivalents in excess of the total
number of amine groups in the aminoalcohol repre-
sented by Formula VIII.
11. (canceled)
12. A process according to claim 10, wherein the cyanate
is sodium cyanate and the acid is methanesulfonic acid.
13. A process according to claim 12, wherein the organic
solvent medium is dichloromethane.
14. A process according to claim 1, wherein the O-car-
bamoyl aminoalcohol is O-carbamoyl-(L)-oxymethyl-1,2,3,
4-tetrahydroisoquinoline represented by Formula IX

the process comprising reacting (L)-hydroxymethyl-1,2,
3,4-tetrahydroisoquinoline represented by Formula X

OH

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of (L)-hydroxymethyl-1,2,3,4-tetrahy-
droisoquinoline represented by Formula X, and the
amount of said acid is between about one to about ten
molar equivalents in excess of the total number of
amine groups in (L)-hydroxymethyl-1,2,3,4-tetrahy-
droisoquinoline represented by Formula X
15. (canceled)
16. A process according to claim 14, wherein the cyanate
is sodium cyanate and the acid is methanesulfonic acid.
17. A process according to claim 16, wherein the organic
solvent medium is dichloromethane.
18. A process according to claim 16, wherein the organic
solvent medium is acetonitrile.
19. A process according to claim 1, wherein the O-car-
bamoyl aminoalcohol is carbamic acid 2-((4-fluoroben-
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zoyl)piperidin-1-yl)-1-phenylethyl ester represented by For-
mula XI:

XI
o 0
HZN)kO
N
F

the process comprising reacting 2-((4-fluorobenzoyl)pip-
eridin-1-yl)-1-phenylethanol represented by Formula
XII

XII
O
OH
N
F

with an alkali cyanate or alkaline earth cyanate selected
from the group consisting of sodium cyanate, potas-
sium cyanate, ammonium cyanate, magnesium cyan-
ate, and calcium cyanate and an excess of an acid
selected from the group consisting of hydrochloric
acid, sulfuric acid, phosphoric acid, acetic acid, halo-
genated acetic acids, arylsulfonic acids, alkylsulfonic
acids and halogenated alkylsulfonic acids in an organic
solvent medium selected from the group consisting of
halogenated alkanes solvents, ethereal solvents, nitrile
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solvents, aromatic solvents; and mixtures thereof,
wherein the amount of said alkali cyanate or alkaline
earth cyanate is from about one to about ten mole
equivalents of 2-((4-fluorobenzoyl)piperidin-1-yl)-1-
phenylethanol represented by Formula XII, and the
amount of said acid is between about one to about ten
molar equivalents in excess of the total number of
amine groups in 2-((4-fluorobenzoyl)piperidin-1-yl)-1-
phenylethanol represented by Formula XII.

20. (canceled)

21. A process according to claim 19, wherein the cyanate
is sodium cyanate and the acid is methanesulfonic acid.

22. A process according to claim 21, wherein the organic
solvent medium is dichloromethane.

23-24. (canceled)

25. A process according to claim 1, wherein the weight to
volume ratio of the amount of the aminoalcohol represented
by Formula II to the amount of the organic solvent medium
is within the range of from about 1:3 to about 1:100.

26. A process according to claim 1, wherein the reaction
is carried out at a temperature ranging from about -80° C.
to about 80° C.

27. A process according to claim 26, wherein the reaction
is carried out at a temperature ranging from about -10° C.
to about 60° C.

28. A process according to claim 1, wherein the O-car-
bamoyl aminoalcohol represented by Formula I and ami-
noalcohol represented by Formula II are in the racemic form.

29. A process according to claim 1, wherein the O-car-
bamoyl aminoalcohol represented by Formula I and ami-
noalcohol represented by Formula II are in optically active
form.

30. A process according to claim 29, wherein the O-car-
bamoyl aminoalcohol represented by Formula I and ami-
noalcohol represented by Formula II are in are in the S-form.

31. A process according to claim 29, wherein the O-car-
bamoyl aminoalcohol represented by Formula I and ami-
noalcohol represented by Formula II are in the R-form.
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