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ALVARO CORREA ORDOREZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi caracter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado por ese Despacho dentro del término legal:

1. Objeciones del Examinador
1.1 De Ia solicitud de patente

1.1.1.  Titulo

Sugiere su Despacho modificar el titulo de la presente solicitud

teniendo en cuenta que la invencion se refiere a un titulo.
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1.1.2. Claridad de la solicitud

Considera su Despacho que la presente solicitud presenta los
LR 11

términos “primera base”, “segunda base” y “aproximadamente” los cuales no son claros y

no permiten distinguir claramente la invencion.
1.1.3.  Soporte.

Se menciona que las reivindicaciones y a 4 hacen referencia a un
rango de temperaturas de reaccion que son 200 a 56°C y 47 a 52°C pero que sin embargo no

aparecen en la memoria descriptiva y, por lo tanto, se sugiere eliminarlos.
1.1.4.  Oposicion.

Considera su Despacho que los documentos D1 y D2 presentados
en la oposictdn no desvirtiian la novedad de la solicitud, pero que, sin embargo, seran

tenidos en cuenta dentro del andlisis de nivel inventivo.
1.1.5. Nivel Inventivo

Sobre el requisito del nivel inventivo, el Examinador establece que
los documentos J. Org. Chem. 1998, 63, 8586-8543 (D1) y US 5922864 (D2) afectarian el
nivel inventivo de las reivindicaciones 1 a 4 de la presente solicitud de patente. Concluye su
Despacho que un experto podria intercambiar los solventes dados a conocer en D1 por los
solventes y bases revelados en D2 para llegar al objeto de Ia reivindicacion 1 de la presente
solicitud. De acuerdo con lo anterior, su Despacho considera que los documentos D1 y D2

afectarian el nivel inventivo de las reivindicaciones 1 a 4.

2, Argumentos a favor de la patentabilidad de la solicitud
2.1.  De la solicitud de patente.

2.1.1. Titulo
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En respuesta a su sugerencia de cambio de titulo el solicitante ha
decidido cambiar el titulo por el de: “Sintesis de (S)-6-cloro-4-ciclopropiletinil-4-

trifluorometil-1,4-dihidro-2H-3, 1-benzoxazin-2-ona®.
2.1.2. Claridad de la solicitud

Se ha atendido la observacidon de su despacho con relacion a los
términos “primera base”, “segunda base” y “aproximadamente”. En el caso de las dos
primeras se ha aclarado dicho término complementando el término con una expresion
concreta. Para el caso de “primer base” ésta se ha limitado a K,HPO, Para ¢l caso de

segunda base ésta se ha limitado a NaOH. El término “aproximadamente” se ha eliminado.
2.1.3. Soporte.

Manifiesta su Despacho que los rangos de temperaturas de 20 a
56°C y 47 a 52°C se deberian eliminar por cuanto no tienen soporte en la descripcién. El
solicitante desea manifestar que contraria a la apreciacion de su Despacho dichos rangos si
estan sustentados en la descripeidn. Mas especificamente dichos rangos se mencionan en las
paginas 3 y 4 de la descripcion (folios 9 y 10). De acuerdo con lo anterior solicito se elimina

dicha objecion.

2.2. Nivel inventivo -

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18
de la Decisién 486 y se establece cvando “si para una persona del oficio normalmente
versada en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni

se hubiese derivado de manera evidente del estado de la técnica™.
Contrario a lo que plantea el Examinador, los documentos del arte previo citados no afectan
el nivel inventivo de la presente solicitud por cuanto no es posible derivar la presente

invencion a partir de las ensefianzas presentadas en los documentos D1 y D2.

Por favor, note que de acuerdo con lo manifestado por su Despacho pareceria que se
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considera que la base descrita en D2 se podria sustituir por el acido de la segunda etapa de
D1 para llegar a la presente invencidn. Sin embargo, ésta al parecer ignora un principio
fundamental de la quimica: los dcidos y [as bases no son simplemente intercambiables COmo
reactivos quimicos. Mas aln, esta afirmacion ignora las diferencias fundamentales entre DI,
D2 y la presente invencién. Tanto en D1 como en D2 parece que en la mayoria de los casos
la segunda etapa de conversidn tiene lugar antes de que se separen las respectivas capas de
reaccidn. De hecho, D2 se refiere especificamente a una solucién o mezcla bifasica. El

compuesto final se-aisla luego de la fase organica de esta mezcla.

En contraste a lo anterior, de acuerdo con la presente invencidn, la conversidn del
compuesto final tiene lugar después de separar la capa organica. Solo en ese momento se
agrega el NaOH para completar el proceso de conversion (ver etapas (2) y (3)). (Nota: D1 se
refiere a “un procedimiento de dos etapas™ en la pagina 8539, (ltimo parrafo, y en resumen
habla acerca del “aislamiento” del intermedio de metilcarbamato. Ademas, D2 se refiere a
un procedimiento alternativo de dos etapas (ver, col. 9, renglones 58-61; ver también
columna 7) en el cual el alquilcarbamato se “aisla” y “purifica”. Estas etapas también son
diferentes del proceso reivindicado por el solicitante. También es diferente el ejemplo 2en
D2, en el cual el 4-nitrofenilcloroformiato se utiliza como un reactivo, y K,CO; se utiliza

como la primera base.).

Finalmente, durante el trdmite de la solicitud de patente en los Estado Unidos se anotd que
ni D1 ni D2 utilizan K;HPO, (fosfato de dipotasio) como la primera base. De acuerdo con el
procedimiento | en la columna 8 de la patente 402 (estadounidense) la utilizacion de

KaHPO, logrd un 75-85% de rendimiento.
Por lo tanto, ni D1 ni D2 ensefian un proceso que utilice K;HPO, y un cloroformiato de
alquilo en el cual, ademds, tiene tugar una reaccion adicional en el producto final después de

que la fase orgnica se separa y ocurre un apagado adicional con NaOH.

El solicitante presenta un nuevo capitulo reivindicatorio donde se han hecho las varias

modificaciones y limitaciones anunciadas. B

3. Solicitudes concedidas en otros paises para esta misma invencion,
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A manera informativa, pongo en conocimiento del Examinador que las patentes
estadounidense 7,205,402 y la peruana 5759 equivalentes a la presente solicitud colombiana
han sido otorgadas. Atn cuando entiendo que estas decisiones de ninguna manera obligan
al Despacho para decidir, de igual forma considero que por tratarse de una pregunta factica
la determinacidon de la existencia de nivel inventivo, las decisiones de otras oficinas de

patentes constituyen un antecedente persuasivo en la materia.
En virtud de lo anterior, solicito que se acepten las razones expuestas en ¢l presente
documento y en consecuencia, se otorgue el privilegio de patente de invencion para el

invento que se tramita en este expediente. he

Atentamente,

LD

LVARO CORREA ORDONEZ

C.C.No0.79.143.366 de Usaquén

T.P.20.281
Anexos: Capitulo reivindicatorio modificado
Copia de la atente estadounidense 7,205,402,
BOGRAC/BOGTIMS-TE0RR2-V 1 -F2007_02123-06720.DOC .-



REIVINDICACIONES

1. Un proceso para la sintesis de un compuesto de férmula (111):

F3C %
0
N/&O
H

(III)

Cl

dicho proceso comprende:

(H) poner en contacto un compuesto de formula (1):

a. 5 ,‘a\"//’/A
o
NH,
(1)

o una sal del mismo,

con cloroformiato de alquilo C;_4 en presencia de una primera base, en un solvente, a una
temperatura de 20-56°C, bajo atmdsfera ambiental, para dar un compuesto de formula (IT)

a. FcC _.-x\{’/A
&
OR

NHT

(o]

(ITI):
en donde R es alquilo Cy.4;

en donde la primera base es K;HPOy;

en donde el solvente se selecciona del grupo constituido por THF, MeTHF, acetato de
etilo, acetato de n-butilo, acetato de isopropilo, éter t-butilico de metilo (MTBE), tolueno,
xileno, acetonitrilo, acetona, metanol, etanol e isopropanol;

(2)  separar la capa orgénica y concentrada para obtener el compuesto de férmula (II)
en solucion;



{3)  poner en contacto el compuesto de formula (II) en solucion con una segunda base
NaOH a 47-52°C para obtener el compuesto de fornula (111).

2. El proceso de acuerdo con la reivindicacién 1 en donde: el cloroformiato de
alquilo es cloroformiato de metilo o cloroformiato de etilo.

3. El proceso de acuerdo con la reivindicacion 1 en donde:

el solvente es acetato de etilo.

4, El proceso de acuerdo con la reivindicacion 1 que comprende, adem4s, la etapa
(4) obnteniendo el compuesto de formula (11T} como una solucion de (IH) en acetato de
etilo; lavar la solucién que contiene el compuesto de formula (I11) con agua, agregar
heptano(s) a la solucidn de acetato de etilo y lavar con HCL acuoso, agua, KIHCO3
acusos, y agua de nuevo; destilar el solvente y cristalizar el compuesto de férmula (111) de
los heptanos-EtOAc.

5. El proceso de acuerdo con la reivindicacion 4 en donde la cristalizacion del

compuesto de férmula (III) da la forma 1 del compuesto de formula (111).

6. Un proceso para la sintesis de Forma 1 de un compuesto de formula (I11):

FaC ‘\.\\’////A
0
N/KO
H

(ITI)

Cl

dicho proceso comprende:

(1) poner en contacto un compuesto de formula (1):

cl F3C ._.\\{/
d N.H:)_
(1)

o una sal del mismo,

con cloroformiato de alquilo C|¢en la presencia de una primera base, en un solvente, a
una temperatura de 20-56°C, bajo atmdsfera ambiental, para dar un compuesto de
formula (1I)



en donde R es alquilo Cy4

cn donde la primera base es K;HPOy;

en donde el solvente es un acetato de etilo;

(2)  separar la capa orgénica y concentrarla para obtener ¢l compuesto de formula (I1)
en solucion; y

(3) poner en contacto el compuesto de formula (11) en solucion con una segunda base
NaOH a una temperatura de 47-52°C para obtener el compuesto de formula (111).

7. El proceso de acuerdo con la reivindicacion 6 que comprende, ademads, la etapa
de:

(4) agregar agua, separar la capa de acetato de etilo, concentrar el acetato de etilo, agregar
heptanos, concentrar la solucion y cristalizar el compuesto de formula (111).

8. El proceso de acuerdo con la reivindicacidn 6 en donde: el cloroformiato de
alquilo es cloroformiato de metilo o cloroformiato de etilo.

9. El proceso de acuerdo con 1a reividicacién 7 en donde:

La cristalizacién del compuesto de féormula (I11) da la forma 1 del compuesto de férmula
().

10.  El proceso de acuerdo con la reivindicacién 1, en donde el compuesto de formula
(II7) es 1a forma 1.

11.  El proceso de acuerdo con la reivindicacién 6, en donde el compuesto de formula
(I11) es la forma 1.

RAC/BOGDMS-763224-Y 1-P2007_021230-0720.D0C
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57 ABSTRACT
The present invention provides novel methods for the syn-

thesis of (S)-6-chloro-4-cyclopropylethynyl-4-trifluoroms-
ethyl-1,4-dikydro-2H-3,1-benzoxazin-2-one of formula (I11)

A

(D

which is useful as a human immunodeficiency virs (HIV)
reverse transcriptase inhibitor.

11 Clajms, 2 Drawing Sheets
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A

1
SYNTHESIS OF A RENZOXAZINONLE

This application claims a benefit of priority from 1J.5.
Provisional Application No. 60/606,702, filed Sep. 2, 2004,
the entire disclosure of which is herein incorporated by
reference.

FIELD OF THE INVENTION

The present invention provides novel methods for the
synthesis of (8)-6-chlora-4-cyclopropylethynyl-4-trifluo-
romethyl-1,4-dihydro-2H-3,1-benzoxazin-2-one  which is
useful as human immunodeficiency vims (HIV) reverse
transcriptase inhibitor.

BACKGROUND OF THE INVENTION

Reverse transcription is a characteristic of retrovirus
replication. Viral replication requires a virally encoded
reverse transcriptase to generate DNA copies of viral
sequences by reverse transcription of the viral RNA genome.
Reverse transcriptase, therefore, is a clinically relevant
target for the chemotherapy of retroviral infections because
the inhibition of virally encoded reverse transcriptase would
interrupt viral replication.

A rumber of compounds are effective in the treatment the
human immunadeficiency virus (HMIV) which is the retrovi-
rus that causes progressive destruction of the human
immune system with the resultant onset of AIDS. Effective
treatment through inhibition of HIV reverse transcriptase is
known for both nucleoside based inhibitors, such as azidot-
hymidine, and non-nucleoside based inhibitors. Benzoxazi-
nones have been found to be useful non-nucleoside based
inhibitors of HIV reverse transcriptase. The (S)-6-chloro-4-
cyclopropylethynyl-4-tofiuoromethyl-1,4-dihydro-2H-3,1-
benzoxazin-2-one of formula (III):

m

FiC .“\\\'//,

C

N/KO

H

cl

also known as efavirenz, is not only a highly potent reverse
transcriptase inhibitor, it is also efficacious against HIV
reverse transcriptase resistance. Due to the importance of the
compound {111} as a reverse transcriptase inhibitor, economi-
cal and efficient synthetic processes for ils production need
to be developed.

The final step in preparing the compound (I1T) is the
cyclization reaction from compound (1).

US 7,205,402 B2
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This is done commercially using phosgene to prepare
cfavirenz. Phosgene is a highly toxic gas and it would be
advantageous to prepare the compound without the use of
phosgene.

U.S. Pat. No. 5,922,864 describes a method for preparing
the compound (I1) by a cyclization reaction involving alkyl
and aryl chloroformates. However, the method using alkyl
chloroformaltes involves isolating the carbamate intermedi-
ate.

It would be an advantage to have a cyclization procedure
using less toxic ingredients and without having to isolate
another intermediate in the cyclization step.

None of the above-cited references describe the methods
of the present invention for the synthesis of benzoxazinones
useful as inhibitors of HIV reverse transcriptase.

SUMMARY OF THE INVENTION

The present invention concems novel processes for the
preparation of benzoxazinone compounds which are useful
as HIV reverse transcriptase inhibitors. The processes pro-
vide for a novel cyclization procedure o form the benzox-
azinone core. The processes of the present invention provide
high yields, can be conducted on a kilogram scale, and yield
stable intermediates.

There is provided by this invention a process for the
preparation of a compound of formula (I1I):

am

\

FiC o
Cl

said process comprising:
(1) contacting a compound of formula (I);

o
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or a salt thereof; (the compound of formula (I) may exist as
the MSA salt, Ta, wherein MSA is methanesulfonic acid)

with C,_, alkyl chloroformate in the presence of a first base,
in a first solvent, at a temperature of about 20-56° C,,
alternatively at a temperature of about 50-56° C., under
ambicnt atmosphbere, to give a compound of formula (I1)

{In:

Cl

o

wherein R is C,_ alkyl,

(2) separating organic layer and concentrating to abtain
the compound of formula (I} in solution;

(3) contacting the compound of formula (1I) in solution
with a second base at about 47-52° C. o obtain (he
compound of formuia 1]1.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated by reference to the accompa-
nying drawings described below.

FIG. 1 shows a powder x-ray diffractogram of the Form
1 crystalline form of (8)-6-clilor-4-cyclopropylethynyl-4-
trifluoromethyt-1,4-dihydro-2H-3,1-benzoxazin-2-one.

F1G. 2 shows a differential calorimetry thermogram of the
Form 1 crystalline form of (8)-6-chloro-4-cyclopropylethy-
nyl-4-trifluoromethyl-1,4-dilydro-2H-3,1 -benzoxazin-2-
onc.

DETAILED DESCRIPTION OF THE
INVENTION

In a first embodiment, the present invention provides a
novel process for the preparaticn of compounds of formula

(RHI):
/A

am

F4C,

s

s
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4
said process comprising:
(1) contacting a compound of fornla (1):

A

el “\‘

FsC
c
OH

NH,

or a salt thereof

with C, ¢ alkyl chloroformate in the presence of a [irst base,
in a first solvent, at a temperawure of about 20-56° C,
(alternatively at 50-56° C.), under ambient atmospliere, to
give a compound of forinula (11}

n:

wherein R is C, ¢ alkyl;

(2) separating organic layer and concentrating to obtain
the compound of formufa (II) in solution;

(3) contacting the compound of formula (I1) in solution
with a second base at about 47-52° C. 10 obfain the
compound of formula 111

In another embodiment the present invention provides a
novel process for the preparation of compounds of formula
(1i1), wherein

the alkyl chleroformate is methyl chiloroformate or elhyl

chilorofonnate; and

R is methyi or ethyl.

In another embodiment the present invention provides a
novel process for the prepamation of compounds of formula

()

wherein the first base is alkali monohydrogenphosphate,
alkali carbonate, alkali bicarbonate, alkali alkoxide (wherein
the alkoxide is —OR and R is C,_; alkyl), alkali-BMDS, or
alkali hydroxide, and wherein alkali is Na, K, or Li; and

the first solvent is tetrahydrofuran (THF), 2-methylictrahy-
drofuran (MeTHF}, ethy] acetate, n-buty] acetate, isopropyl
acclate, methyl t-butyl ether (MTBE), toluene, xylenes,
acetonitrile, acelone, methanol, ethanol, or isopropanol.

In another embodiment the present invention provides a
novel process for the preparation of compounds of formula

ainy:
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5
wherein the first base is K,;HPO, and the second base is
NaOH; and

the first solvent is ethyl acetate.

In another embediment the present invention provides a
novel process for the preparation of compounds of formula
(110):

wherein the solvent is ethyl acetate; and

step 3 further comprises

obtaining the compound of formula (I11) as a solution of
(111) in ethyl acetate;

washing the solution containing the compound of formula
(1IT) with water, adding heptanes to the ethy! acetate solution
and washing with aqueous HCI, water, aqueous KHCO,, and
water; solvent swapping the solvent and crystallizing the
compound of formula {111) from heptanes-EtOAc.

In another embodiment the present invention provides a
novel process for the preparation of compounds of formula
(m):

wherein the crystallization of the compound of formula

(1) gives Form 1 of the compound of formuia (II7).

In another embodiment the present invention provides a
novel process for the preparation of compounds of formula
(1Imy:

wherein step 3 further compnses

adding water, separating the ethyl acetate layer, concen-
trating the ethyl acetate layer, and adding heptanes, concen-
trating the solution and crystallizing the compound of for-
mula (I11).

The invention may be embodied in other specific forms
without departing from the spirit or essential attributes
thereof. This invention also encompasses all combinations
of aspects and/or embodiments of the invention noted
herein. It is understood that any and all embediments of the
present invention may be taken in conjunction with any
other embodiment to describe additional embodiments of the
present invention. Furthermore, any elements of an embodi-
ment are meant to he combined with any and all other
elements from any of the embodiments to describe addi-
tional embodiments.

The reactions of the synthetic methods claimed hercin are
carried out in suitable solvents which may be readily
selected by one of skill in the art of organic synthesis, said
suitable solvents generally being any solvent which is sub-
stantially 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 fo the sol-
vent’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,

“Alkyl” as used herein is intended to include both
branched and straight chain saturated aliphatic hydrocarbon
groups having one to twelve carbon atoms. “Alkoxy” as
used herein is intended to include an alkyl group of indicated
number of carbon atoms attached through an oxygen bridge.

The compounds herein described may have asymmetric
centers. All chiri, diastereomeric, and racemic forms are
included in the present invention. It will be appreciated that
certain compounds of the present invention contain an
asymmetrically substituted carbon atom, and may be iso-
lated in optically active or racemic forms. It is well known
in the art how to prepare optically active forms, such as by
resolution of racemic forms or by synthesis, from optically
active starling materials. All chiral, diastereomeric, racemic
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6

forms and all geometric isomeric forms of a structure are
intended, unless the specific stereochemistry or isomer form
is specifically indicated.

As used herein, “solvent swapping” is exchanging one
primary solvent for another. This is often done by concen-
trating or evaporating down the solution containing the first
primary solvent and adding the second solvent.

The methods of the present invention, by way of example
and without limitation, may be further understood by refer-
cnce to Scheme 1.

Scheme 1
ROCQCI
FiC _.@\/; EtOAS
Cl S base
OH $0°C., 36 h
NHp+(MSA)) 5
Ia
Base
FC ‘\\\/// Ei0Ac
al 50° .
(0):4 4-3h
NH OR
L o A

It

It is the object of the present invention to provide an
improved process for the synthesis of benzoxazinones in
multi-kilograms which are useful as HIV reverse tran-
scriptase inhibitors,

The compound of formula (la} in EtQAc (ethy] acetate)
was treated with ethyl chloroformate (1.15-1.20 eq) in the
presence of aq (aqueous) potassium hydrogenphosphate
(2.70-2.75 eq) at 55° C. for 3-6 h to furnish the ethyl
carbamate (I, R=Et) solution after work up. The latter
solution was treated with 50% sodium hydroxide (0.5 eq) at
50° C. for the cyclization reaction. Afier 4-8 h, >99%
conversion to efavirenz is observed per HPLC analysis.
After a series of washes and solvent exchange into heptanes
having 2-5% EiOQAc, crystallization afforded Farm 1
efavirenz in 78-85% yield. Form 1 efavirenz could also be
isolated from the propylene glycol/water crystallization
method.

The polymorphic Forms (Form 1, 2, 3, 4, and §) of
cfavirenz, the compound of formula (IID), are described in
U.S. Pat. No. 6,673,372 which is herehy incorporated by
reference.



US 7,205,402 B2

7

Form 1 of Efavirenz has been characterized and distin-
guished from other forms of Efavirenz by differential scan-
ning calorimetry (DSC) and x-ray diflraction analysis.

In a preferred embodiment, Form 1 crystalline Efavirenz
is in subsiantially purc form.

In apother preferred embodiment, the Form 1 crystalline
Efavirenz is charucterized by an x-ray powder diflraction
pattern comprising four or more 20 values selected from the
group consisting of 6.0+0.2, 6.3+0.2, 10.3+0.2, 10,820.2,
14.1+0.2, 16.8+0.2, 20.0£0.2, 20.520.2, 21.110.2, and
24,8102

In another preferred embodiment, the Form 1 crystalline
Efavircoz is characterized by an x-ray powder diffraction
pattern substantially in accordance with that shown in FIG.
1.

In another preferred embodiment, the Form 1 crysialline
Efavirenz is characterized by a differentia) scanning calo-
rimetry thermogram having a peak at about 138° C. to about
140° C.

In another preferred embodiment, the Form 1 crystalline
Efavirenz is characterized by a differential scanning calo-
rimetry thermogram substantially in accordance with that
shown in FIG. 2.

In a more preferred embodiment, the Form 1 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattem comprising four or more 20 values selected from the
group cousisting of: 6.0:0.2, 6.320.2, 1030.2, 10.820.2,

141402, 16.8«02, 20.020.2, 205x0.2, 21.120.2, and

24.840.2, and further characterized by a differential scan-
ning calorimetry thermogram having a peak at about 138° C.
to about 140° C.

In another mere preferred embodiment, the Form 1 erys-
talline Efavirenz is characterized by an x-ray powder dif-
fraction pattern substantially in accordance with that shown
in FIG. 1, and is further characterized by a differential
scanning caloninetry thermogram having a peak at about
138° C. to about 140 ° C.

Exchanging methyl chloroformate for ethyl chlorofor-
mate in the above process gave higher yield, §9-92%, but
storage of methyl chloroformate al a manufacturing site
requires Process Safety Management (PSM) as per OSHA
and Risk Managemen! Process (RMP) as per EPA. Other
alkyl chloroformates, R=Pr, iPr, n-Bu, iBu, t-Bu, allyl,
2-methoxyethyl, trichloroethyl and Bu, were also evaluated
for the synthesis of efavirenz.

The carbamate (11) is formed using a base such as alkali
monohydrogenphosphate {preferably K,HPO,), alkali car-
bonate, alkali bicarbonate, alkali t-butoxide, alkali alkoxide
{whercin the alkoxide is —O—R wherein R is C,_; alkyl),
alkali-HMDS (hexamethyldisilazide), or aikali hydroxide,
and wherein alkali is Na, K, or Li.

Examples of other solvents that may be wsed in the
preparation of the carbamate (II) are methyl t-buiyl ether
(MTBE), tetrahydrofuran (THF), 2-methylTHF (MeTHF),

.n-buty] acetate, isopropyl acetate, toluene, xylenes, aceto-

nitrile, acetone, methanol, ethanol, and isopropanol.

Conversion of the carbamate ([1} solution to efavirenz
(11D can be accomplished egually well with anhydrous bascs
such as LiYK/NaHMDS, Li/K/Na—OR {R=C, ; alkyl) and
BuLi.

1t was discovered that crystallization from 2-5% EtQAc
in heptanes is a rugged process 1o give directly Iorm 1
elavirenz exclusive of other ferms (Form 2, 3, 4 and 5).
Seeding with differcnt forins (2, 3, 4 and 5 in place of Form
1 in the reaction process affords Fonn 1 exclusively. The
Form 1 polymarph is desired because it is the polymorph
used for formulation of drug product. All previous commer-
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cial processes required a thermal process (at 85-95° C.) to
convert from Form 4 to Form 1.

Experiniental Procedures

Procedure 1:

Preparation of Efavirenz (the Compound 1iI) Using ag
NaOH as the Sccond Base

To a 25 L glass reactor equipped with mechanical agitatar,
thenmocouple and addition funnel, compound Ia (1 kg, 2.31
mol}, E1OAc (5 L) and aq K,HPO, (prepared from 1.084 Kg
K,HPO, in 5 L. water) were added sequentially at 25° C.
Ethyl chioroformate (0.261 L, 2.65 mol) was added over 5
min at 25° C., and the resulting biphasic mixture was heated
to 50° C. After 3-6 h of agitation, formation of II was
complete as per HPLC. The reaction mixture was cooled to
room temperature and the water layer was separated from
the organic phase. The latier phase was washed with water
and azeotropically distilled to give rich ethyl carbamate
solution (11, R=Er) (10 L).

50% sodium hydroxide (0.092 Kg, 1.15 mol) was added
to rich ethyl carbamale solution (11, R=Et, 10 L) and stirred
at 50° C. for 4-8 h for the cyclization reaction. After the
reaction mixture was cocled to room temperature, the
organic phase was washed with water (5 L). The rich
efavirenz solutien was diluted with an equal volume of
heptanes (10 L) and washed with 9M HCI (5 L)} at 0-5° C.
followed by subsequent washes with water (5 L), ag 10%
KHCO_ (5 L) solution and water (5 L) at room temperature,
Rich efavirenz solution was co-distilled under vacuum with
heptanes to get the desired EtOAc range (2.5-5.0%; 13-15
L/Kg). It was heated to 65° C. to form a clear solution, which
was cooled to 45-50° C., seeded with Form 1 efavirenz (5
g) and held at 45-50° C. to form an opaque shurry in 1-2 h.
The crystal slurry was cooled to 20-25° C. over 2-4 h and
to -8 to -12° C. over 2 h. After 2 h of holding period at -8
to -12° C,, the slurry was filtered. The cake was washed with
cold beptanes (-8 to =12° C,, 4-6 L) and dried at <50° C.
under vacuum to give efavirenz as Form 1, 78-85% yield,
0.56-0.62 Kg.

Procedure 2:

Preparation of Efavirenz Using Solid NaOH as the Sccond
Base

Compound la (50.0 g, 115 numol, 1.00 equiv) was slurried
in ethyl acetate (3-5 mL/g). Aqueous potassium phosphate
dibasic (55.2 g, 317 mumol, 2.75 equiv in 5 ml./g water) was
freshly prepared and charged to the slurry followed by ECF
{ethy] chloroformate) (13.6 mL, 143 nunol, 1.15-1.20 equiv,
corrected for potency). The biphasic reaction mixture was
warmed to 55° C. and was complcie in 2 hours. After the
phase split and watcr wash (5 mL/g), the % water in the
carbamate solution was reduced by azeotropic distillation.
The carbamate solution in ethyl acetale (5-10 mL/g) was
eyclized using solid NaQH (2.32 g, 57.6 nunol, 0.500 equiv)
al 50° C. giving 0.46 AP 1I (R=Et) after 4 hours with
compound [ levels at 0.49 AP, The batch was washed with
water (5 mL/g) twice, distilled to ~2-3 mL/g, heptanes were
added and the solvent swap was completed giving 3% ethyl
acetate. After heating at 60-65° C. to obtain a homogeneous
solution, the batch was cooled to 47° C. and secded with
Form 1 of compound 111. The resulting slurry was held at 45°
C. for 2.5 hours and cooled 10 25° C. over two hours. The
batch was cooled to -10° C. over one hour and held two
hours. The slurry was filtered and washed with cold heptanes
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(2x2 mL/g). The wet cake was dried at 50° C. giving
compound HI (32.8 g, 90.1 M % yield).

Pracedure 3:

Preparation of Efavirenz from (I) (Using Anhydrous Base
For Cyclization)

Addition of 1.1 eq of anhydrous base (such as LiQiBu,
Na(tBu, KOtBu, LIHMDS, KHMDS, NaHMDS, BuLi) in
place of 50% sodium hydroxide in the above cyclization
reaction of compound (11} solution, furnished a 100% con-
version ta Efavirenz in 4-6 h at 50-70° C. The reaction
mixture was quenched with 1.0 N AcOH to neutral pH and
washed with water. The resulting rich efavirenz solution was
exchanged into heptanes/2.5-5% BtQAc (13 L/Kg) and
crystallized as described above to give efavirenz as Form 1
in 86-89% yield.

Procedure 4:

Isolation of Form 1 Efavirenz in the Presence of Other Form
Seeds from EtOAc/heptanes

A solution of efavirenz at 15 ml/g (2.23% ethy] acetate in
heptanes) and at 65° C. was transferred via cannula to four
reaction flasks in 75 ml aliquots. The solutions were seeded
near 50° C. and also near 25° C. (actual temperatures in
parentheses) with Form 2 (59° C., 28° C.), Form 3 (53° C.,
25°C.), and Form 4 (50° C., 25° C.) Form 5 (45° C., 25° C)),
efavirenz, respectively. All seed amounts were 25 mg. The
slurries were cooled to ~5° C., filtered, washed with cold
heptanes, and dried at 50° C. Samples were taken for Form
at 32° C,, room temperature, -5° C., and dry cake. The
samples at all temperatures for Form 2, Form 3, and Form
4 seeding were Form 1 only by PXRD (XRPD), for a
description of the XRPD, see U.S. Pat. No. 6,673,372,

Although the present invention has been described with
respect to specific embodiments, the details of these embodi-
ments are not to be construed as limitations. Various equiva-
lents, changes and modification may be made without
departing from the spirit and the scope of this invention, and
1t is understood that such equivalent embodimenis are part of
this invention. The present invention may be embodied in
other specific forms without departing from the spirit or
essential attributes thereof and, accordingly, reference
should be made to the appended claims as further indicating
the scope of the invention.

What is claimed is:
1. A process for the synthesis of a compound of formula

(11

am

10
said process comprising:
(1) contacting a compound of formula (T):

A

.o“\\

F3C
Ci
OH

or a salt thereof,

with C, ¢ alkyl chloroformate in the presence of a first
base, in a solvent, at a temperature of about 20-36° C.,

uader ambient atmosphere, to give a compound of
formula (1)

{1y

25

30

35
wherein R is C, ; alkyl;
wherein the first base is K,HPO,;
whercin the solvent is selected from the group consisting
of THF, MeTHF, ethyl acetate, n-butyl acetate, isopro-
pyl acetate, methyl t-butyl ether (MTBE), toluene,
xylenes, acetonitrile, acetone, methanol, ethanol, and
isopropanol;
(2) separating organic layer and concentrating to obtain
the compound of formula (1) in sclution; and
{3) contacting the compound of formula (11} in selution
with a second base NaOH at about 47-52° C. to
obtain the compound of formula I11.
2. A process according to claim 1 wherein: the alkyl

chloroformate is methyl chloroformate or ethyl chleorafor-
mate.

40

g

50

3. A process according ta claim 1 wherein:
the solvent is ethyl acetate, '

4. The process according to claim 1 which further com-
prises the step (4) obtaining the compound of formula (I11)
as a solution of(I11) in ethyl acetate; washing the solution
containing the compound of formula (I11) with water, adding
heptane(s) to the ethyl acetate solution and washing with
aqueous HCI, water, aqueous KHCO,, and water again;
distilling the solvent and crystallizing the compound of
formula (I11) from beptanes-EtCAc.

5. The process according to claim 4 wherein the crystal-

lization of the compound of formula (111) gives Form 1 of the
compound of formula (I11).
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6. A process for the synthesis a compound of formula
(1):

5
()
FyC, .a“"// 10
cl
O
ffko
15
said process comprising:
29

(1) comtacting a compound of formula (I):

o

Cl
30

or a salt thereof, 15

with C; 4 alkyl chloroformate in the presence of a first
base, in a solvent, at a temperature of abeut 20-56° C,,
uder ambient atmesphere, to give a compound of
formula (11}

12

In:

wherein R is C, 5 alkyl;

wherein the first base is K,HPQO,;

wherein the solvent is ethyl acetalc,

(2) separating organic layer and concentrating to obtain
the compound of formula (11} in solution; and

(3) contacting the compound of formula (1) in solution
with a second base NaOH at about 47-52° C. to
obtain the compound of formula III.

7. The process according o claim 6 which further com-

priscs the step of:

(4) adding waler, separating the ethyl acetate jayer, con-
centrating the ethyl acetate, adding heptanes, concen-
trating the solution and crystallizing the compound of
formula (11I).

8. The process according to claim 6 wherein:

the atky! clhiloroformate is methyl chloreformate or ethyl
chloroformate.

9. The process according to claim 7 wherein:

the crystallization of the compound of formula (111 gives
Form 1 of the compound of formula (JI1).

10. The process according to claim 1, wherein the com-

pound of formula (II1) is Form 1.
11. The process according to claim 6, wherein the com-
pound of formula (1I) is Form 1.

+ r = * %



