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The present disclosure relates to a process for the preparation of compounds of Formula A:
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Abstract

The present disclosure relates to a process for the preparation of compounds of

Formula A:

Vi OH

o
Br™ N CO,R?
A

wherein R?is a C1-C4 alkyl. 4,6-dibromo-3-hydroxypicolinate esters are prepared from
furan-2-yl aminoacetates in one chemical step by use of a bromination-rearrangement

reaction.
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PROCESS FOR THE PREPARATION OF 3-HYDROXYPICOLINIC ACIDS

Cross Reference to Related Applications

This application claims the henefit of U.S. Provisional Patent Application Serial No.
62/021,868 filed July 8, 2014.

Field

The present disclosure concerns a process for the preparation of 4-alkoxy-3-
hydroxypicolinic acids. More particularly, the present disclosure concerns a process for the

preparation of 4-alkoxy-3-hydroxypicolinic acids from 2-substituted furans.

Background

U.S. Patent No. 6,521,622 B1 and U.S. Application Serial Numbers 61/747,723 and
14/142,183, describe inter alia certain heterocyclic aromatic amide compounds of

general Formula

OR!
(0)4
AN
P
N \Z
(0]

and their use as fungicides.

These disclosures also describe the preparation of 4-alkoxy-3-hydroxypicolinic acids
as key intermediates in the preparation of these heterocyclic aromatic amides. It would
therefore be useful to have efficient and scalable process routes to 4-alkoxy-3-

hydroxypicolinic acids from inexpensive raw materials.

Summary

The present disclosure concerns a process for the preparation of a compound of

Formula A

Date regue / Date received 2021-12-09
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Br
OH

NS
Br™ °N CO,R?

wherein R is a C;-Cy4 alkyl.

The compound of Formula A is useful in processes to prepare 4-alkoxy-3-

hydroxypicolinic acids of Formula

OR!

y [ OH
S

N7~ SCO,H

wherein R' is a C;-C5 alkyl.

The compound of Formula A is prepared in a process that comprises the following

steps:

a) creating a mixture by adding a brominating agent, a base and water to the

compound of Formula B

NH3* X
\ / CO,R?

B
wherein X is Cl or Br, and R? is a C;-Cy alkyl; and
b) isolating the compound of Formula A from the mixture.

The compound of Formula B is prepared in a process that comprises the following

steps:

a) creating a first mixture by combining together an O-alkylhydroxylamine

hydrohalide salt of thec Formula I
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o
R3” NH, HX
I

wherein X 1s Cl or Br, and Risa C-Cy alkyl;
a base, a solvent and the compound of Formula C;

o)

Cf‘\COQH

C
b) isolating a compound of Formula D from the first mixture

NOR?
o)

\ / CO,H

D
wherein R’ is a C1-Cy alkyl;

¢) mixing the compound of Formula D with an alcohol and an acid compound or acid

forming compound and then heating to form a second mixture; and
d) isolating a compound of Formula E from the second mixture

NOR3®
0.

\ / CO,R?

E

wherein R” and R’ are independently a C;-Cj alkyl;
¢) adding a reducing agent to the compound of Formula E to form a third mixture;
f) isolating a compound of Formula F from the third mixture.

NH,
o)

\ / CO,R?
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wherein R” is a C;-Cy alkyl;
g) adding a mineral acid to the compound of Formula F to form a fourth mixture; and
h) isolating the compound of Formula B from the fourth mixture.

The compound of Formula B may also be prepared in a process that comprises the

following steps:

a) creating a first mixture by combining together furan, a Lewis acid and the

compound of Formula G

wherein R is a C-C4 alkyl and R*is an acid cleavable group

selected from an allyl, a benzyl or a substituted allyl or benzy! group;

b) isolating a compound of Formula H from the first mixture

NHCO,R*
o)
\ / CO,R?

H
wherein R” and R* are as defined in a);
¢) adding a mineral acid to the compound of Formula H to form a second mixture; and

d) isolating the compound of Formula B from the second mixture. In some
embodiments the Lewis acid used in the process is boron trifluoride etherate. In some
embodiments the acid cleavable group is a benzyl group. And in some embodiments the
strong acid used in the process is at least one acid selected from the group consisting of

hydrochloric acid and hydrobromic acid.

Another aspect of the present disclosure is a novel intermediate produced in the

present process, viz., the compound consisting of :
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NH, HBr

\ / CO,R?

wherein R? is a C;-Cy alkyl.

Detailed Description

RT3

The terms “isolate,” “isolating,” or “isolation” as used herein mean to partially or
completely remove the desired product from the other components of a finished chemical
process mixture using standard methods such as, but not limited to, filtration, extraction,
distillation, crystallization, centrifugation, trituration, liquid-liquid phase separation or other
methods known to those of ordinary skill in the art. The isolated product may have a purity
that ranges from <50% to > 50%, and may be purified to a higher purity level using standard
purification methods. The isolated product may also be used in a subsequent process step

with or without purification.

Cyano(furan-2-yl)methanaminium halide salts of Formula 1a have been prepared and
used as intermediates in the preparation of 3-hydroxypicolinonitriles and 3-hydroxy-

picolinoamides of Formula 1b as described in Acta Chem. Scand. 19 (1965), pg. 1147-1152,

. NH;* X R2
3
\ / CN R = OH
3 2 \N R4
R R
1a 1b

wherein X is Cl, R? is H or methyl, R® is H or 2-propyl, and R* is CN or C(O)NH,.

A. Preparation of Compound of Formula A

In the process described herein, 4,6-dibromo-3-hydroxypicolinate esters of Formula A
are prepared from alkyl 2-amino-2-(furan-2-yl)acetate hydrohalide salts of Formula B in one
chemical step by use of a bromination-rearrangement reaction. The starting furan compound
of Formula B, as cither the HCI or HBr salt and where R? represents a C;-Cy alkyl, is treated
with a suitable brominating agent such as bromine, 1,3-dibromo-5,5-dimethylhydantoin or N-
bromosuccinimide. The reaction is preferably conducted using about 4 molar equivalents of

bromine. It may be convenient to use an excess of the brominating agent such as a 5%,
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Br
o NHz HX Brz / base a OH
\ / CO,R? > ~
H,O/alcohol Br N C02R2
B

10% or 15% molar excess, to insure the reaction proceeds to completion. A base is used in
the reaction and may be selected from sodium acetate or potassium acetate and the like. The
reaction is preferably carried out in a protic solvent or reaction medium such as water, or
mixtures of water and an alcohol such as, methanol or ethanol. The temperature at which the
reaction is conducted is between about 0 °C and about 10 °C, preferably between about 0 °C
and about 5 °C. Upon completion of the addition of the brominating agent, the reaction
mixture is allowed to warm to room temperature and stir there for 15-48 hours. After the
reaction is complete, the desired product is recovered by employing standard isolation and

purification techniques.

The alkyl 2-amino-2-(furan-2-yl)acetate hydrohalide salt of Formula B may be
prepared by the two chemical processes shown in Scheme 1. In Path A, 2-(furan-2-yl)-2-
oxoacetic acid (Formula C) is first converted into the O-alkyl oxime ester of Formula E
(chemical steps ¢ and b), as described in Chemical Research in Toxicology, 24(5) 706-717
(2011) and in PCT Int. Application 2005111001 (2005), and then E is converted into the
halide salt of Formula B (chemical steps ¢ and ). In Path B, the alkyl 2-methoxy-2-(N-

carboxyalkylamino)acetate of

Scheme 1
Path A
0 NOR®
0 a, b Q.
\ /~ “coH \ /  “CoR?
c E \C‘i
NH, HX
\ / C02R2
Path B o B
NHCO,R* @ NHCO,R* /
MeO™ Noo,R? . \ / “cor?
G H
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Formula G is coupled with furan, as described in Bioorganic and Medicinal Chemistry,
20(11), 3551-3564 (2012), to produce the 2-substituted furan of Formula H (chemical step €)

which is then converted into the halide salt of Formula B (chemical step f).

A. Preparation of Compound of Formula B — Path A

The O-alkyl oxime ester of Formula E is prepared (chemical steps ¢ and b) by first
combining together an O-alkyl-hydroxylamine hydrohalide salt, 2-(furan-2-y1)-2-oxoacetic
acid (Formula C), a basc and a solvent, and heating the resulting mixture to produce the
oxime acid of Formula D. From one to about three molar equivalents of the O-alkyl-
hydroxylamine hydrohalide salt (R*is a C;-Cy alkyl) and from about two to about six molar
equivalents of the base may be used in this reaction. Suitable bases include trialkylamines,
alkali metal carbonates such as sodium carbonate or potassium carbonate, and the like.
Suitable solvents include alcohols such as methanol, ethanol or 2-propanol. The present
reaction is typically conducted with agitation sufficient to maintain an essentially uniform

mixture of the reactants and generally requires from about 1 to about 10 hours, preferably

NOR? NOR?

o K R3ONH2 HX, base R20H, acid o}
B —
\ / CO,H a MCOZH \ / CO,R?
C

from about 1 to about 5 hours, to proceed to completion. The reaction is usually conducted at
between about 25 °C and about 85 °C, preferably between about 45 °C and about 65 °C.
After the reaction is complete, the oxime acid of Formula D is recovered by employing

standard isolation and purification techniques.

The O-alkyl oxime acid of Formula D is then converted into the ester of Formula E by
esterification in an alcohol solvent in the presence of an acid or an acid-forming compound.
Suitable alcohol solvents include C;-C,4 alcohols such as, for example, methanol, ethanol, 1-
propanol and 1-butanol. Suitable acids include strong acids such as anhydrous hydrochloric
acid, sulfuric acid or p-toluenesulfonic acid, and suitable acid-forming compounds include
carboxylic acid halides such as acctyl chloride, acetyl bromide, propionyl chloride or
propionyl bromide, and the like. From 0.01 to about 2.0 molar equivalents of the acid or acid
forming compound may be used. The reaction is usually conducted at between about 25 °C

and about 85 °C, preferably between about 45 °C and about 65 °C for a period of about 8 to
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about 48 hours, preferably for about 12 to about 24 hours. After the reaction is complete, the
oxime ester of Formula E is recovered by employing standard isolation and purification

techniques.

The O-alkyl oxime ester of Formula E is then converted to the aminoester of Formula
F by reduction with zinc dust (chemical step ¢). This reaction is normally conducted in an
alcohol solvent containing 50% aqueous formic acid. Suitable volume ratios of the alcohol
solvent to the 50% aqueous formic acid are from about 4:1 to about 1:1, preferably from
about 2:1 to about 1:1. Suitable alcohol solvents include C;-C, alcohols such as, for
example, methanol, ethanol, 1-propanol and 1-butanol, preferably, methanol may be used.
From about 2 to about 4 molar equivalents of zinc dust are normally used and the reduction is
normally run at 0-10 °C for 0.5 to about 2 hours and then at room temperature for about 12 to
about 48 hours. After the reaction is complete, the aminoester F is recovered by employing
standard isolation and purification techniques.

NOR? NH NH, HX
0 Zn / HCO,H o 2 HX o 2

2
\ /  “cor? ) > \ /7 “coRr? p >\ / COR
E F B

Aminoester F is then converted to the halide salt of Formula B by treatment with a
strong acid such as hydrochloric acid, hydrobromic acid or sulfuric acid. From about 2 to
about 6 molar equivalents of the strong acid may be used and may be added to a solution of
aminoester F in a water immiscible solvent such as diethyl ether, methyl t-butyl ether, 2-
methyl furan, dioxane, and the like. The strong acid is normally used in an anhydrous form
such as a solution in a non-aqueous solvent such as, for example, acetic acid or dioxane. The
strong acid may also be added to the process in the form of a gas or a neat liquid. The strong
acid is normally added to aminoester F at from about 0 °C to about room temperature, and the
resulting mixture then conducted for about 0.5 to about 2.0 hours at room temperature. The

halide salt B is recovered by employing standard isolation and purification techniques.

B. Preparation of Compound of Formula B — Path B

Utilizing Path B (Scheme 1), the 2-methoxyaminoacid derivative of Formula G is
coupled with furan in the presence of a Lewis acid to provide the 2-substituted furan of

Formula H. The compound of Formula G, wherein R%isa C;-Cy alkyl and R*is an acid
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cleavable group selected from allyl, benzyl or a substituted allyl or benzyl group, is placed in
a solvent and then treated at room temperature with the Lewis acid, followed immediately by
the addition of furan. Suitable solvents for use in this reaction include diethyl ether, methyl t-
butyl ether, 2-methyl furan, dioxane, and the like. Suitable Lewis acids include boron
trifluoride etherate, aluminum trichloride, tin tetrachloride, and the like. Relative to
compound G, from about 1.0-2.0, preferably from about 1.2- 1.7, molar equivalents of the
Lewis acid and from about 2.0-6.0, preferably from about 3.0-5.0, molar equivalents of furan
are typically used in this coupling reaction. The reaction is typically conducted for about 10
hours to about 48 hours, preferably for about 18 to about 32 hours at room temperature. After
the reaction is complete, the 2-substituted furan of Formula H is recovered by cmploying

standard isolation and purification techniques.

o)
NHCO,R* @ o NHCO,R*
—_—
MeO™ Neo,r? e \ / “coRr?
G H

The compound of Formula H is converted to the compound of Formula B by
treatment with a strong acid, such as, hydrochloric acid, hydrobromic acid or sulfuric acid, at
room temperature in a polar, carboxylic acid solvent such as acetic acid, propionic acid, and
the like. From about 2.0 to about 7.0, preferably from about 4.0 to about 6.0, molar
equivalents of the strong acid may be used. The reaction is conducted for about 0.25 to about
5.0 hours, preferably for about 0.5 to about 2 hours at room temperature. After the reaction is
complcte, the 2-substituted furan of Formula B is recovered by cmploying standard isolation

and purification techniques.

NHCO,R* 7 NH, HX
\_/ “coRr \ /] COR?

The following examples are presented to illustrate the disclosure.

Examples
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Example 1a. Methyl 4.6-dibromo-3-hydroxypicolinate
Br

NHz HBr Br, / NaOAc Y OH
—_—
H,0 / MeOH |

o.
COzMe
\ / Br \N CO,Me

To a magnetically stirred solation of methyl 2-amino-2-(furan-2-yl)acetate
hydrobromide (0.84 g, 3.56 mmol) and sodium acetate (1.255 g, 15.30 mmol) ir 40 mi of
water at § OC was added dropwise a solution of bromine (0.788 ml, 15.30 mmol) in 1 ml of
MeOH over 30 min. Afier warming 10 room temperature for 24 hy, the reaction mixiure was
filtered through a fritted glass funnel and the white solid was washed with water. Solvent
removal gave methyl 4,6-dibromo-3-hydroxypicolinate (577 mg, 1.837 mmol, 51.6 % yield)
as a white solid; Mp 180-181 OC (recrystallized from heptane). 1H NMR (600 MHz,
Chloroform-d) 8 11.35 (s, 1H), 7.86 (s, 1H), 4.07 (s, 3H): C NMR (151 MHz, Chloroform-
d) 5 168.74, 156.02, 136.85, 130.14, 129.92, 124.67, 53.84. HRMS-ESI (m/z) calc’d for
[C7HsBrNOs]", 308.8636; found, 308.8638.

Example 1b. Methyl 4.6-dibromo-3-hydroxypicolinate

Br

NHCO-CHoPh 1. HBr, HOAc
\ / CO;Me 2. Bry, NaOAc B N
r N COoMe

MeOH/H,0

To magnetically stirred 33 wt % hydrogen bromide (10.00 ml, 55.2 mmol) in acetic
acid was added methyl 2-(({benzyloxy)carbonyl)amino)-2-(furan-2-yl)acetate (2.89 g, 10
mmol). After stirring at room temperature for 1 hr, 150 mL of anhydrous ether was added to
give 2.34 g of a grey solid. To a magneticaily stured solution of this grey solid and sodium
acetate (3.53 g, 43.0 mmol) in I mL of water at § °C was added dropwise of s sohution of
bromine (2.215 ml, 43.0 mmol) i 28 ml of MeOH over 30 min. After stivring at room
temmperature, the reaction mixture was filtered through a fritted 2las fusngl. The off-white
soiid was disselved in 75 ml of CHpCly, washed with 5 mi of a saturated aquecus solution
of Na35203 and 5 mL of a saturated squeons solution of NaCl, and dried (Mgh04). Solvent
removal gave methyl 4,6-dibromo-3-hydroxypicolinate (1.43 g, 4.32 mmol, 43.2 % yield) as
an off-white solid; Mp 179-180 ©C (recrystallized from heptane). 1H NMR (400 MHz,
Chloroform-d) 6 11.36 (d, ] = 0.4 Hz, 1H), 7.86 (m, 1H), 4.07 (s, 3H).

10
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Example 2a. 2-(Furan-2-yl)-2-(methoxyimino)acetic acid

o MeONH, HCI o oMe
S —

COH

L/~ “com Na,CO3/MeOH \_/ 2

A magoeticatly stivred mixture of 2-(furan-2-yl)-2-oxoacetic acid (5.0 g, 35.7 mmol),
O-methylhydroxylamine hydrochloride (5.96 g, 71.4 mmol) and Nap,CO5 (15.13 g, 143
mmol) in 138 mi. of MeOH was refluxed for 2 hr. The reaction mixiure was cooled to room
terperatyre and concentraiod HOT was added slowly wntil a pH of 2-3 was obtained. Most of
the solvent was removed on the rotary evaporator and the residue was diluted with 50 mb of
water and 190 mb of ether. Concentrated HCY was sgain added to give a pH of 2-3. The
aquecns laver was extracted with 2x5¢ mb of ether. The combined organic layers were
washed with 30 mL of a saturated solution of NaCl, dried (MgSQ4) and solvent rempoved to
give 6.58 g of crude 2-(furan-2-yl)-2-(methoxyimino)acetic acid as a viscous oil {crystals

forroed upon standing)

Example 2b. Methyl 2-(furan-2-yl)-2-(methoxyimino)acetate

NOMe NOMe
o) AcCl o)
——
COLH \ CO,Me
\_/ 2 MeOH / 2

The crude 2-(furan-2-y1)-2-(methoxyimino)acetic acid (Example 2a) was dissoived in
108 b of MeOH and was added 0 a solution of acetyl chloride (3.82 ml, 53.5 mmol) ir 50
mi of MeOH. After reffuxing for 16 hr, solvent was removed on the rotary evaporator and
the crude product was added to 100 mL EtOAc and 20 mL of water. The organic faver was
washod with 20 ral. of a saturated solution of NaCl, dried (MgS8O4) and solvent removed 1o
give methyl 2-(furan-2-yl)-2-(mcthoxyimino)acetate (6.35 g, 32.9 mmol, 92 % yicld) as a
yellow oil. The produoct is 2 41 pixture of somers by H NMR. Maijor lsomen "5 NMR (400

Mz, Chloroform-d) 86 7.53 (44, J = 1.7, 0.6 Hz, 1H), 7.31 (dd, = 3.5, 0.6 He, 1H), 6.54 {d4,

F=73.5 L8 Hz 1H), 4.15 (s, 3H), 3.94 (s, 3H); SL MNME (161 MHz, Chioroforme-d) é
162.77, 144,82, 143,80, 142,47, 119.34, 111.78, 63.95, 53.10. HRMS-ESI (m/z) calc’d for
[C3H9N04]+, 183.0532; found, 183.0539.

Example 2¢c. Methyl 2-amino-2-(furan-2-yl)acetate

11
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NOMe NH,

6//( Zn 0
\ COMe m
/ 2 MeOH / HCO,H L/~ “come

To & magnetically stivred solution of methyl 2-(furan-2-y1)-2-(methoxyimino)acetate
(17.50 g, 96 mmol) in 300 mL of MeOH was added 200 mL of a solution of 30% formic acid
in water, The reaction mixture was cooled to 8 “C {(ice bath) and zine dust (18.74 g, 287
mmol) was added. After stirring at room temaperature for 18 hr, the reaction mixtore was
fikered through a plug of Celite™ and the plug was washed with MeQH. Solvent was removed
on the rotary evaporator and the yellow residue was dissolved in 80 mL of water, basifed o
pH 1{} with a seturated sohution of Nas(UOy and extracted with 2x 130 mL of EtOA«, After
drying (MgS04} the organic extracts, solvent removal gave 10.2 g of methyl 2-amino-2-

(furan-2-yl)acetate as an orange liguid.

Example 2d. Methyl 2-amino-2-(furan-2-yl)acetate hydrobromide

NH, NH, HBr

\ /~ “come E60 \ / “come

The crude methyl 2-amino-2-(furan-2-yl)acetate (Example 2¢) was dissoived in 350
mb. of anhydrous cther and with rapid magnetic stirving, 10 mb of 33 S%wi HBr o acetic acid
was added slowly by syringe. After stirring for 3 min, filtration folowed by air drving gave
methyl 2-amino-2-(furan-2-yl)acetate hydrobromide (12.35 g, 51.8 mmol, 54.2 % yield) as an
off-white selid: Mp 141142 °C. 'H NMR {400 MHz, DMSO-6) 3 £.84 s, 2H), 7.81 (dd, J
=1.8, 4.7 Hz, 1H), 6.68{(d. J =33 Hz, TH), 6.56 (dd, J = 3.3, 1.9 Hz, 1H), 5.59 (s, 1H), 3.77
(s, 3H) O NMR (151 Mz, DMSO-66) 5 167.44, 145.49, 14506, 112,14, 111,70, 53.9%,
4973,

Example 2e. Methyl 2-(((benzyloxy)carbonyl)amino)-2-(furan-2-yl)acetate

O
NHCO,CH5Ph NHCO,CH5Ph
oL Ho w 0 L2
B
MeO COZMe \ / COQMG
BF;.0Et,

'I'o a magnetically stirred solution of methyl 2-(((benzyloxy)carbonyl)amino)-2-

methoxyacetate (10.89 g, 43 mmol) in 100 mL of anhydrous ether at room temperature under

12
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nitrogen was added boron trifluoride etherate (8.72 ml, 68.8 mmol) followed by the dropwise
addition of furan (12.51 ml, 172 mmol) over 2 min. After stirring at room temperature for 24
hr, the reaction mixture was slowly added to 100 mL of a cold, saturated, aqueous solution of

NaHCO3. The mixture was extracted with 3x50 mL of EtOAc, and the combined organic
layers were washed with a saturated solution of NaCl, dried (MgSO4) and solvent removed to

give 12.7 g of a colorless oil. Column chromatography on silica gel eluting with 20 %
EtOAc/hexane gave methyl 2-(((benzyloxy)carbonyl)amino)-2-(furan-2-yl)acetate (9.75 g,
33.0 mmol, 77 % yield) as a white solid; Mp 80-81 OC. 'H NMR (600 MHz, Chloroform-d)
5 7.35 (m, 6H), 6.35 (m, 2H), 5.77 (d, ] =7.4 Hz, 1H), 5.54 (d, J=8.2 Hz, 1H), 5.12(d, ] =

2.9 Hz, 2H), 3.77 (s, 3H); 13C NMR (151 MHz, Chloroform-d) 8 169.30, 155.43, 148.62,
142.92, 136.03, 128.54, 128.25, 128.16, 110.69, 108.64, 67.28, 53.08, 51.97. HRMS-ESI
(m/z) calc’d for [CisH1sNOs]", 289.0950; found, 289.0942.

Example 2f. Methyl 2-amino-2-(furan-2-yl)acetate hydrobromide

NHCO,CH,Ph NH, HBr
HBr (o) ’
—_—
\ / “coMe HOAG \ / “coMe

To magnetically stirred 33 wt % hydrogen bromide (2.00 ml, 11.04 mmol) in acetic
acid was added methyl 2-(((benzyloxy)carbonyl)amino)-2-(furan-2-ylacetate (579 mg, 2
mmol). After stirring at room temperature for 1 hr, 25 mL of anhydrous ether was added to
give methyl 2-amino-2-(furan-2-yl)acctate hydrobromide (468 mg, 1.983 mmol, 99 % vicld)
as a grey solid. 1H NMR (400 MHz, DMSO-d6) 6 8.93 (s, 2H), 7.81 (dd, J = 1.8, 0.8 Hz,
1H), 6.69 (m, 1H), 6.57 (dd, J=3.3, 1.9 Hz, 1H), 5.61 (s, 1H), 3.78 (s, 3H).

13
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CLAIMS:

1. A process for the preparation of the compound of Formula A

Br
OH

.
Br™ “NT TCO,R?
A

-

wherein R? is a C1-Cg4 alkyl;
which comprises the following steps:

a) creating a mixture by adding a brominating agent and water to the compound of

Formula B

NH; HX
\ J CO,R?
B
wherein X is Cl or Br, and R? is a C1-C4 alkyl; and
b) isolating the compound of Formula A from the mixture.
2. The process of Claim 1 wherein the brominating agent is bromine.
3. The process of Claim 1 further including a base.

4. A process for the preparation of the compound of Formula B

NH, HX

B
wherein X is Cl or Br, and R? is a C1-Ca alkyl;

which comprises the following steps:
14
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a) creating a first mixture by combining together an O-alkylhydroxylamine
hydrohalide salt of Formula I, a base, and a compound of Formula C and heating the first

mixture

O
R SNH, HX
|

wherein X is Cl or Br, and R? is a C;-C4 alkyl;

b) isolating a compound of Formula D from the first mixture

NOR3
(o)

\ / COxH D

wherein R? is a C1-C4 alkyl;

¢) mixing a compound of Formula D with an alcohol of the formula R*>-OH and an

acid or acid forming compound and heating to form a second mixture;

d) isolating a compound of Formula E from the second mixture

NOR?

\ / TCOR* g

wherein R? and R? are independently a C1-Cs alkyl;

¢) adding a reducing agent to the compound of Formula E to form a third mixture;

15
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f) isolating a compound of Formula F from the third mixture

NH,

\ / CO,R? F

wherein R? is a C1-Cs alkyl;

g) adding a hydrohalide acid to the compound of Formula F to form a fourth

mixture; and
h) isolating the compound of Formula B from the fourth mixture.
5. The process of Claim 4 wherein the reducing agent is zinc metal.

6. The process of Claim 4 wherein the hydrohalide acid is selected from
hydrochloric acid and hydrobromic acid.

7. A process for the preparation of the compound of Formula B
NH, HX
\ / CO,R?
B
wherein X is Cl or Br, and R? is a C;-C4 alkyl;
which comprises the following steps:

a) creating a first mixture by combining together furan, a Lewis acid and a

compound of Formula G

NHCOR*
MeO™ “co,R?
G

wherein R? is a C1-C4 alkyl and R* is an acid cleavable group selected from

an allyl, a benzyl or a substituted allyl or benzyl group;
16
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b) isolating a compound of Formula H from the first mixture

NHCO,R*
\ / CO, R?
H

wherein R? and R* are as defined in step a);

¢) adding a strong acid to the compound of Formula H to form a second mixture;

and
d) isolating the compound of Formula B from the second mixture.
8. The process of Claim 7 wherein the Lewis acid is boron trifluoride etherate.
9. The process of Claim 7 wherein the acid cleavable group is a benzyl group.

10. The process of Claim 7 wherein the strong acid is selected from hydrochloric

acid and hydrobromic acid.

11. A compound of the following gencral formula:

NH, HBr

\ CO,R?

wherein R? is a C1-C4 alkyl.

17
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