TITLE SYNTHESI S QF A BENZOXAZI NONE This application clains a benefit of
priority fromU S. Provisional Application No. 60/606,702, filed Septenber
2 , 2004,woheoeemnbirve di scl osure of which is herein i ncorporst@d/obys4l

ref erence .

Field of the Invention The present invention provides

nmet hods for the synthesis of (S) -6-chloro-4-cyclopropylethynyl -
trifluoromethyl-1, 4-dihydro-2H 3 ,|-BeH#bxazi n-2-one which is use
human i mmunodeficiency virus (H'V) reverse transcriptase inhibitor.
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Field of the Invention

The present invention provides novel methods for the

synthesis of (s)-6-chloro-4-cyclopropylethynyl-4-

trifluoromethyl-1,4-dihydro-2H-3,1l-benzoxazin-2-one which

is useful as human immunodeficiency virus (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
clinically relevant target for the chemotherapy of
retroviral infections because the inhibition of virally
encoded reverse transcriptese would interrupt viral

replication.

a

A number of compounds are effective in the treatment

the human immunodeficiency virus (HIV) which is the
retrovirus 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 azidothymidine, and non-nucleoside
based inhibitors. Benzoxazinones have been found to be
useful non-nucleoside based inhibitors of HIV reverse

transcriptase. The (8)-6-chloro-4-cyclopropylethynyl-4-

sequences by reverse
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human i mmune systemw th the resultant onset of AIDS. Effective treatnent

through inhibition of H'V reverse transcriptase is known for both
nucl eosi awokaeadoa7ahi bi t ors, such as azi do thym di ne, amdTruseeoswsisepsi de
based i nhibitors. Benzoxazi nones have been found to be useful
non- nucl eosi de based i nhibitors of HV reverse transcr,iptase. The (S)
- 6- chl or o- 4£¥éydeFesyRHRetHTYn 4N 0 1250130 fetaF i F2F I -0 IR 0= 2H 3
, | - benzoxazipygreng afr)f.ormula (111) -, (111) also known as efavirenz

not only a highly potent reverse transcriptase inhibitor,
efficacious against H 'V reverse transcriptase resistance.

it is also
Due to the

is

econom cal and efficient synthetic processg r its production need to be

i nportance of the conmpound (Il1) as a re;:;;§4%ranscriptase i nhi bitor,

compound (I11)

cyclization reaction from conpo
phosgene to prepare efavirenz

devel oped. The final step in prgﬁariﬁg
P

is the

be advant ageous to prepare the conpound™i t®out the use of phosgene.

Pat ent 5, 922, 864 descri bes a net hod foerreparing the conpound (111) by a

cyclization reaction } (ITII)

also known as efavirenz, is not only a highly potent

reverse transcriptase inhibitor, it is also efficacious

against HIV reverse transcriptase resistance.

importance of the compound (III)as a reverse

Due to the

10 transcriptase inhibitor, economical and efficient

synthetic processes for its production need to be

developed.

The final step in preparing the compound (III) is

the cyclization reaction from compound (I).

Cl F3C _‘\\\/A
e
NH,

(I)

15

This is done commercially using phosgene to prepare

efavirenz. Phosgene is a highly toxic gas and it would

be advantageous to prepare the compound without the use

20 of phosgene.

U.S. Patent 5,922,864 describes a method for

preparing the compound (III) by a cyclization reaction

involving alkyl and aryl chloroformates. However, the

method using alkyl chloroformates involves isolating the

25 carbamate intermediate.

Tt 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

30 methods of the present invention for the synthesis of
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i nvolving al kyl and aryl chlorof ormates . However, the nethod using alkyl
chl orof ormates involves isolating the carbamate internediate. It would b e
an advantwgeoason2berve a cyclizati on procedure using | essProsiseoosngrsedi ent s
and wi thout having to isolate another internediate in the cyclization step.
None of the above-cited references describe the nethods of the present

i nventi on benzpKazipRLREsHESbibeAforBRIRINEESUSEf HILVasSVRRF i tors of HV
reverse trapsgekicptiasgse.Summary of the Invention The present invention
concerns novel processes for the preparation of benzoxazi none conpounds

whi ch are useful as HV reverse transcriptase inhibitors . The processes
provide for a novel cyclizagimnapyooéduhe TovEotiphhe benzoxazinone core.

The pro esses ohp%hg res Il]éllvrelv ntlo P%E%¥E%en%bgﬁ %&%%@%se%aQ
0 a

conduct d on a yle nte i ates T ere is
provi ded byhbhpxepnmemuwonoi peoz@sQZﬂ@anh@Op@@paﬁ§tW@ﬁcbfaéeconpound of

rorma (Lksui(Hy }ut%;ﬁ%ergeo;(gee% ORISR flcngﬁbqqatr@ctl R%ea compound of

formul a (I) Oofr "a sa e comnmpoun ormul a may exist as
t he MSA sabﬂfOCI@&Saﬁh@r@NndHS}ﬁoﬂ—’s an@pwgﬁeworllémtéﬁ@cipapce ure to

form the benzoxazinone core. The processes of the
10 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 (III):

a FiCa
\T:::i%\o
N/&Y)
H
15 (ITI)

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

Ci FC ,\\\\///A
Jea
NH,

(I)

20

or a salt thereof;

(the compound of formula (I) may exist as the MSA salt,

25 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,

—3-



with C__ 5 alkyl chlorof ormate in the presence of a first base, in a
first solvent, at a tenperature of about 20- 56C, alternatively at a
t enper at Wwe 20d6/@biyat 50-56 0 C , under anbi ent at nospher eCTiUS2@50815a1
conmpound of formula (I11) (ID: wherein Ri s O-6 alkyl ; (2) separating
organi c | ayer and concentrating to obtain the conpound of_ formula (I1) in
sol ution; (Wesommiary & nd PG RuIPTIVE P AR with a
second base @ty about 47-52C to obtain the conmpound of formula Ill. Detailed
Description of the Invention In a first enbodinent, the present invention
provi des a novel process for the preparation conpounds of formula (111)
: (I'll) said process conprising: I ng a conpound of formula (1)(
or a salt thereof; with CL 6 al kst M»>Qf _ormate in the presence of a
first base, in a first solvent, at enp@?ature of about 20- 5bC
(alternatively at 50-56 0C ) , und *m';%pontnnsphere, to give a conpound
I

of formula (11) (Il) : wherein Ris Cl 6 aokyl;

(IT):

D

5 wherein R is C;_g alkyl;

(2) separating organic layer and concentrating to

obtain the compound of formula (II) in solution;
10 (3) contacting the compound of formula (II) in

solution with a second base at about 47-52°C to obtain

the compound of formula IIT.

15 Detailled Description of the Invention

In a first embodiment, the present invention
provides a novel process for the preparation of compounds
of formula (III):

20 (ITI)

said process comprising:

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

ci FC .‘\\\/A
o
NH,

—4-
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(2) separating organic |ayer and concentrating to obtain the conmpound of
formula (I1) in solution; (3) contacting the conpound of forrmula (I1) in
sol uti on wot2bho6z23@eond base at about 47-52C to obtai n t reTaS2WSOBE4DF
formula I'll. In another enbodi nent the present invention provides a novel
process for the preparation of conmpounds of fornula (111) , wherein the

al kyl chlorof ormate is nethyl chlorof (Bfmate or ethyl chlorof ormate; and
R is nethyl,,0r e chddeanot her enbodi ment the present invention provides
a novel process for the preparation of conpounds of forrmula (I11) :wherein
the first base is al kali nonohydrogenphosphate, al kali carbonate, alkali

bi car bonat g;ita kgl i alkpxi delévbeoenatthenatkexpdesesceORfaadfRrss Cl 5

al kyl) , alkali- HVDS, or alkali hydroxide, and wherein alkali is Na, K,
or Li ;5andasfe fin st Hasfemolventot radhyrd iteFheha (Utgr)oL -apout 20-

met hyl t et r ajyedy of VA, atetdyls aast atigddy buiileracet at e, i sopropyl
acetate, nethyl t-butyl ether (% , It%er%e X Ien@fI acetonitrile,

acet one, mEXHERFRRCTR h4POI9IG § Rﬂﬂ{ﬁ%lo. N herlenbodi nent t he
present invention provides a novel pr ocessf%t he preparation of conpounds

of
F3C .\\\\¢

Cl
1o

OR
T
o)
(IT) :
10 wherein R is C1_¢ alkyl;

(2) separating organic layer and concentrating to

obtain the compound of formula (II) in solution;

15 (3) contacting the compound of formula (II) in
solution with a second base at about 47-52°C to obtain

the compound of formula IIT.

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

formula (III), wherein

the alkyl chloroformate is methyl chloroformate or ethyl
chloroformate; and

25
R is methyl or ethyl.

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

30 formula (III):



formula (111) : wherein the first base is K2HPO and the second base is
NaCH, and the first solvent is ethyl acetate. In another enbodi nent the
present iwoentdmpo7provi des a novel process for the prepacattiserwsodisaponpounds
of formula (111) : wherein the solvent is ethyl acetate; and step 3 further
conpri ses obtaining the conpound of forrmula (l111) as a solution of (Il1l) in
et hyl acet afeerwmhihg £HeSSoP$E ohs cohkal hi RgReReleevperhasBraEdr nul a

(!{Ih) with a\@%(i @Qﬂbt'@gatlf@pt@ne&%%%ig&ﬁéﬁﬁteacg_t]aagils@m@k@aeand WaSEi ng
Wi agueous , . water, aquepus , _and water; salvent s i.ng the
sol vent and(W??E?%?I?E?nﬁfkﬂﬁl %nb%uﬁ@Ro?n$0$nh?dS(ﬁlPakﬁﬁgn1ﬁ§g¥§ﬁéé

-Et CAc . I n apgg hesenbedi Menfatbei BLesehl RYe8th o R DY desna, neyel
process for the preparation of conmpounds of formula (111) : wherein the

cryst al bi za®¥ okl of @8%ke conpound of formula (111) gives Form1 of the
conpound of forrmula (I11) . In another enbodi nent the present invention

provi des a ove%_ rocess for the epar ati on of ungs of formula (I111)
© wherein s?@% l?ﬁ?tﬁ%fv%%ﬁp+?s%%érgﬁygro dran (PHFP, s
methyltetrahydrofuran (MeTHF), ethyl acetate, n-butyl
acetate, isopropyl acetate, methyl t-butyl ether (MTBE),
10 toluene, xylenes, acetonitrile, acetone, methanol,

ethanol, or isopropanol.

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

wherein the first base is Ky;HPO, and the second base is

NaOH; and
20 the first solvent is ethyl acetate.

In another embodiment the present invention provides
a novel process for the preparation of compounds of
formula (III):
25

wherein the solvent is ethyl acetate; and

step 3 further comprises
obtaining the compound of formula (III) as a
30 solution of (III) in ethyl acetate;
washing the solution containing the compound of
formula (III) with water, adding heptanes to the ethyl
acetate solution and washing with agqueous HCl, water,

agueous KHCO3, and water; solvent swapping the solvent

35 and crystallizing the compound of formula (III) from
heptanes-EtOAcC.



addi ng water, separating the ethyl acetate |ayer, concentrating the ethyl
acetate | ayer, and addi ng heptanes, concentrating the solution and

cryst al | iwpngodideo7eonpound of formula (111) . The i nventcomseey/obs4ienbodi ed
in other specific forms without departing fromthe spirit or essential
attributes thereof. This invention al so enconpasses all conbi nati ons of
aspects and/ or enbodi nents of the invention noted herein. It is understood

that any and al It eripdi@ntsnefd ke trese frd Sentipred@bbetdkened n
conjunction with any other enbodi nent to describe additional enbodi nents of
t he presen@iqﬂﬂﬁﬁiRﬁﬁcﬁﬁﬁtﬁ%ﬁﬁﬁ#éf@ﬁﬁ?%ﬂ?ﬁ%hf?ngqﬁP di'ment are neant
to be conbimedwud h(mny) and all other élenents fromany of the enbodi nents
to descgibe addi ti onal enbodi ments. The reactions of the synthetic methods
clainmed”herein are carried out in suitable solvents which may be readily
se:ected bwloneciof tshe |drystdhel zattiaf of gdn coynhesic Samikai t abl e

sol vents ge I '1y. bei Y. Sod v, i i ial onreactive
with the stgﬁ]ﬁngalln\g ‘J’e;?% S roce%ac%%ltég&?&f%% C?fln'?%%%emlagt Jeﬁsl]fﬂo'rproducts at
the tenperatures at which the reactions are carried out, i.e., tenperatures
whi ch may range fromthe solvent's freezing tenperature to the solvent's

boiling tenperature. A given reaction may be carried out, in one solvent or
a mxt&Pe of norEl tanetlre YPIEHSLL Derierent invention provides

a novel process for the preparation of compounds of

formula (IITI):

wherein step 3 further comprises .

15 adding water, separating the ethyl acetate layer,
éoncentrating the ethyl acetate layer, and adding
heptanes, concentrating the solution and crystallizing

the compound of formula (III).

20 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

25 all embodiments 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 embodiment are meant to
be combined with any and all other elements from any of

30 the embodiments to describe additional embodiments.

The reactions of the synthetic methods claimed
herein are carried out in suitable solvents which may be
readily selected by one of skill in the art of organic

35 synthesis, said suitable solvents generally being any
solvent which is substantially nonreactive with the

starting materials (reactants), the intermediates, or

-7 -



on the particular reaction step, suitable solvents for a particular
reaction step may be selected. "Al kyl" as used herein is intended to

i ncl ude bwohodwveasrbed and strai ght chain saturated ali plratrius2évg@szanr bon
groups having one to twelve carbon atons . "Al koxy" as used herein is

I ntended to include an al kyl group of indicated nunber of carbon atons
attached thPoaghchA ky§ER beiegsaturRe ebnPbiRls ther sPACEESEFi BEG may have

asymetric ggpleed. obtl Ehbra|teﬁbé§5€ﬁ§@§EWh§chaﬂer@6% CfE@ﬁ”Ehére
i ncluded in the resent i nyention. It wl tEgpremate at _certain

conpounds oﬁogﬁénﬁrEsgﬁFeFﬁPQnFF8ﬁeEﬁﬁF£?nt8n yReVPREAFI §OL4BBEI t ut ed

carbon at om:eapdraByrbe laobavgﬂ k@a@ﬁﬁbﬁahhy aetbaeraédraaenuﬁ baens. |t
is well %nomn in the art are tlcaIIy a tlvg uch as by
I

1 OLAE
osorut it Py ek hore tyr e, D PR R R BhaY s B RHE | ODRRERTERE, art i ng

materi al s. AhlthblpaktlduaatereaaEnon stapen501tabﬁe andvahtsgéowearlc

someri o fopBeLulag! Lughyterate L hendsd unkessathe specific

st ereochem I'Somer formis sSpecifircally Indicated. As used herein,
"sol vent smappln@AlkyléxahangEdghéﬁélpriﬁaﬂ?t§aﬁ¢ént0f@ncéndﬁhbpthThls is

often done Bxaﬁeﬂ@angflat Erega%h%veﬂa&at gaeugawedt aqlg%»aabon containing the
first primary solvent an ding the second sol vent
10 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

15 centers. All chiral, 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 isolated in optically active or racemic

20 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 starting
materials. All chiral, diastereomeric, racemic forms and
all geometric isomeric forms of a structure are intended,

25 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
concentrating or evaporating down the solution containing

30 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 reference to Scheme 1.



The nethods of the present invention, by way of exanple and w t hout
may be further understood by reference to Schene 1 .Schene 1 la

limtation,
Il pi It wenéwen2edipect of the present
process for the synthesis of benzoxazinones in nulti
useful as HV reverse transcriptase inhibitors.

(la) in EtOAc (ethyl acetate) was treated with ethyl chlorof ormate

(1.15-1.2 0 eq) in the presence of aq

(2.70-2.75 eq) at 55 Cfor 3-6,h to furnish the ethyl carbamate (1]
solution after work up. The | er sghatdion was treated w t h/50% sodi um

hydroxide (0.5 eq) at go or t he qMBA&zatlo reac%ugn\\ftter 4-8 h f
er series o

conversion to efaw r--z observed HPLC andl
washes and sol vent ané)éil nto hep 5 nes having @. Et OB,

i nvention to provipde/tsroosmprseved
-kil ogranms which are
The conmpound of fornmula

pot assi um hydr ogenphosphat e

R=Et)

>99%

crystallization af fordedyrommd) efavirenz in ¥8-85%yihgfd. _Barm 1 efavirenz

could al so be isol ated fronlthe %rog@lén%6gly ol / wat er
met hod. The pol ynorphic Forns (Form1 , 2, 3, 4, and 5 )©of efavirenz,

cfﬂgialllzatlon

the conpound of formul 8 (111) , are described in U.STIPatents No. 6,673,372
whi ch i s hereby

10

15

20

Base
EtOAc
N4

50°C 01\<ch€<‘0
4-8h

N)§O

H

I

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
transcriptase inhibitors.

The compound of formula (Ia) in EtOAc (ethyl
acetate) was treated with ethyl chloroformate (1.15-1.20
eq) in the presence of ag (aqueous) potassium
hydrogenphosphate (2.70-2.75 eq) at 55 °C for 3-6 h to
furnish the ethyl carbamate (II, 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.
After 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% EtOAc, crystallization
afforded Form 1 efavirenz in 78-85% yield. Form 1
efavirenz could also be isolated from the propylene

glycol/water crystallization method.



I ncorporated by reference. Exchanging nethyl chlorof ormate for ethyl
chloroformate in the above process gave higher yield, 89- 92% but storage
of net hylwohbavmbpapmat e at a manufacturing site requi repCPrusc@sm3t3af ety
Managenment (PSM as per OSHA and Ri sk Managenent Process (RW) as per EPA
O her al kyl chlorof ormates, R= Pr, iPr, n-Bu, iBu, t-Bu, allyl,

2- met hoxyet hyl , ThichpéyoerbyicaRdrsa, (Rere é»safe%a|éatéadfé¥ Phe

synthesi s ofrgl,avbhenzendhgokghhagabe Ebbhuils formpd Hskngedckaseasuch as
al kal i nonohydr o enggosphate preferab%g K2HPO 4 ) | kal i carbonat e,
I

- a
al kal i bi catBoHaPe, PaFRBFF NobufoRY ded /4l WALFRalRoRPEE Y wher ei n t he
al koxi de | sinBoRovwhetednbR rer&tehcal kyl) , al kali-HVDS

(hexanet hyl di si |l azi de or_al kali droxi de, and wherein alkali is Na, K,
or Li. éganples % Cﬁ?ﬁ%?“@o@@tﬁ?i Fﬂi?rﬂégrﬂétﬁsgariﬁEEKE preparation of

t he carbamatklbrkbfoametaefihythe- Bubyk prheesEMFBER hipberahydidf uBan ( THF)
, 2-met hyl TEE, ( F n- but yl t | acetate, tol uene,

xyl enes, ace BhPEEPI%Fog%%?o%é,m%%g%gngp}bggﬁé%@%%ea%g ?sopropanol .

Conver si on mgntfisctarbagasatel rasokasi Bnoresef aafeskzMpnppEmeat be

accompl i agegﬁgﬁgggyg}gg'ﬁ{;s% ﬁaégg%igkf’ﬂéngééﬁém%u@QoéésEi. [ Kb HYES,
10 per EPA. Other alkyl chloroformates, R= Pr, 1Pr, n-Bu,
iBu, t-Bu, allyl, 2-methoxyethyl, trichloroethyl and Bn,
were also evaluated for the synthesis of efavirenz.

The carbamate (II) is formed using a base such as

alkali monohydrogenphosphate (preferably K,HPO,), alkali

15 carbonate, alkali bicarbonate, alkali t-butoxide, alkali

alkoxide (wherein the alkoxide is -O-R wherein R is C;_g

alkyl), alkali-HMDS (hexamethyldisilazide), or alkali
hydroxide, and wherein alkali is Na, K, or Li.
Examples of other solvents that may be used in the
20 preparation of the carbamate (II) are methyl t-butyl
ether (MTBE), tetrahydrofuran (THF), 2-methylTHF (MeTHF),
n-butyl acetate, isopropyl acetate, toluene, xylenes,
acetonitrile, acetone, methanol, ethanol, and
isopropanol.
25 Conversion of the carbamate (II) solution to
efavirenz (III) can be accomplished equally well with
anhydrous bases such as Li/K/NaHMDS, Li/K/Na-OR (R= Cj_s

alkyl) and BulLi.
It was discovered that crystallization from 2-5%

30 EtOAc in heptanes is a rugged process to give directly
Form 1 efavirenz exclusive of other forms (Form 2, 3, 4
and 5). Seeding with different forms (2, 3, 4 and 5 in
place of Form 1 in the reaction process affords Form 1
exclusively. The Form 1 polymorph is desired because it

35 is the polymorph used for formulation of drug product.

-10-



It was discovered that crystallization from2-5%EtQAc in heptanes is a
rugged process to give directly Form 1 efavirenz exclusive of other forns
(Form 2 ,wB2p062007d 5 ) . Seeding with different fornms @2T/132005438a0 5 in
place of Form 1l in the reaction process affords Form 1 exclusively. The
Form 1 pol ynorph is desired because it is the polynorph used for
formul ati orPb} BFEGLPESdERTNAT ¢ ipt 0T 9SS ERFMEPST AF SPrdckes®iatequired a

t her mal proﬁS@@@e&@t (86-85-63 10 @Rk elitOMricg! MoAnt @k Mokm 1.
Experimental Procedures Procedure 1 : Preparation of efavirenz (the

conmpound 111) using aqr NaCOH as the second base To a 25 L gl ass reactor
equi pped wi th nechani cal agi ExpetimehtaldPdrleduaied addi tion funnel,
conmpound la (1 kg, 2.31 nol) , EtQAc (5 L ) and ag K2ZHPO4 (prepared from
1.084 K§ K2HPO 4 in 5 L water) were added sequentially at 25 C. Ethyl

chl or of or mapeodO3A2r611L , 2.65 nol) was added over 5 mn at 25 C, and the
resulting biphasic m xture was heated to 50 C. After 3-6 h of agitation,
formation of Il was conplete as per HPLC. The reaction m xture was cool ed
t 0o room t enpeepiuseiandotfhe faat epnkayehewanpeparcat 6 )f ruamich eagp O C

phase. The trer shed with water and azeotropically distilled
to give ric%ge%ﬁﬁlggg§§gﬁgggggolution (I, R=E) (10 L ) . 50% sodi um

hydr oxilde (0.092 Kg, 1.15 nol) was added to
To a 25 L glass reactor equipped with mechanical

agitator, thermocouple and addition funnel, compound Ia

(1 kg, 2.31 mol), EtOAc (5 L) and ag KyHPO,; (prepared from
1.084 Kg KyHPO, in 5 L water) were added sequentially at
15 25 °C. Ethyl chloroformate (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 ITI was complete as per HPLC. The reaction mixture was
cooled to room temperature and the water layer was

20 separated from the organic phase. The latter phase was
washed with water and azeotropically distilled.to give
rich ethyl carbamate solution (II, R = Et) (10 L).

50% sodium‘hydroxidé (0.092 Kg, 1.15 mol) was added to

25 rich ethyl carbamate solution (II, R = Et, 10 L) and
stirred at 50°C for 4-8 h for the cyclization reaction.
After the reaction mixture was cooled to room
temperature, the organic phase was washed with water (5
L). The rich efavirenz solution was diluted with an

30 equal volume of heptanes (10 L) and washed with 9M HC1 (5
L) at 0-5 °C followed by subsequent washes with water (S
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

35 (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
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rich ethyl carbamate solution (Il, R=E, 10 L ) and stirred at 50 C for
4-8 h for the cyclization reaction. After the reaction m xture was cool ed
t o room twopessaRm7e, t he organi c phase was washed w th warars2¢o5/0815¥1 . The
rich efavirenz solution was diluted with an equal volunme of heptanes (10 L
) and washed with 9OM HO (5 L ) at 0-5 OC fol | owed by subsequent washes
with water Ferp } efgyirengKHeog) (sng heid| ati Aa—aAd Q/vaHQarfC(%n 23 at room

t enper at ur egpRGH §ia¥!r§femz-l §0buw onTmasc§9sea§t ghhegyuwa@r c&S@Q@blm:W' t h
hept anes to t he desired Et QAc, range Q% 13-1

ef
heated to 630085t & 1O & ¢4 artibi® i 6h, %hljcgn fmsVEsdo eH toA£§e§0 C
seeded wit hkosm hotBaupr eaziol gt) - andohel d at, 4&[&%1&:&@ fuatsn an opaque

slurry i he stal slurr S .CO0 C_gver 24hand
SLUTEY 0 158y Do elne Al ool X URcOLEd L9120 2. Colver o2 1 and
slurry was £ibt&redi-6he) cake dwaissdveshedh Wi’ Chundled hepUameSO( g8veo -12 C ,
4-6 L ) and 0 der vagyu gi yezef avire as Form1 ,
78-85% vyi el 8958§g8ﬁ% 8% Egng?L6028u§§ 2‘{}lgg§epgr g.t%I gnkgf Réf avirenz using
solid NaOH as the second base Compound la (50.0 g , 115 mmol, 1.00 equivVv)
was slurri egrb@eé&?é' sacetate (3-5 nmb/g) . Aqueous potassium phosphate

di basic (55.2 , 317 mmol, 2.75 equiv in 5 n/g water) was freshly

pr epar edd and charged to the sl urry foll owed

Preparation of efavirenz using solid NaOH as the second

base

Compound Ia (50.0 g, 115 mmol, 1.00 equiv) was slurried
15 in ethyl acetate (3-5 mL/g). Agueous potassium phosphate
dibasic (55.2 g, 317 mmol, 2.75 equiv in 5 mL/g water)
was freshly prepared and charged to the slurry followed
by ECF (ethyl chloroformate) (13.6 mL, 143 mmol, 1.15-
1.20 equiv, corrected for potency). The biphasic
20 reaction mixture was warmed to 55 °C and was complete in
2 hours. After the phase split and water wash (5 mL/g),
the %water in the carbamate solution was reduced by
azeotropic distillation. The carbamate solution in ethyl
acetate (5-10 mL/g) was cyclized using solid NaOH (2.32
25 g, 57.6 mmol, 0.500 equiv) at 50 °C giving 0.46 AP II
(R=Et) after 4 hours with compound I 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
30 60-65 °C to obtain a homogeneous solution, the batch was
cooled to 47 °C and seeded with Form 1 of compound IIT.
The resulting slurry was held at 45 °C for 2.5 hours and
cooled to 25 °C over two hours. The batch was cooled to
~10 °C over one hour and held two hours. The slurry was

35 filtered and washed with cold heptanes (2x2 mL/g). The
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by ECF (ethyl chlorof ormate) (13.6 ni, 143 mmol, 1.15- 1.2 0 equiv,
corrected for potency) . The biphasic reaction mxture was warned to 55 0C
and was ocwopb@redi’a 2 hours. After the phase split and warars2ewasbis¢b nl/g),
the %vater in the carbamate sol ution was reduced by azeotropic
distillation. The carbanmate solution in ethyl acetate_(5-10 nl/g) was
cyclized udiely &UF¢ daairied 3 0 B7 B wry , cosvmneqii ) (3 - 509 0C gi vi ng
0.46 AP I {R=Ftys aftergp hours with compound | levels at 0.49 AP. The

bat ch was washed with water (5 nL/g) twice, distilled to -2-3 nlL/g,

hept anes were added and the sol vent swap was conpl eted gi ving 3% et hyl
acetate. Afges-hgatdng. at 60-65 0C to obtain a honogeneous sol ution, the
batch was cooled to 47 0C and seeded with Form 1 of conpound IIl. The
resultiﬁg slurry was held at 45 0C for 2.5 hours and cooled to 25 OC over

two hours. ARepHod EhoMass COLh R0z - AOoRCl DY eruoNey hoblhyancusebgséwo hours.
The slurry fas fil ered.ang washed with cold heptanes (2x2 nlL/g) . Thewet
cake was dri®d S¥CE5H7REG™i ng conmpound 111 (32.8 g, 90.1 M yi el d)
Procedure 3 : Preparation of efavirenz from(l) (using anhydrous base for

Ko B L AR R Ribee R v B S S o Bt ol SRy oxt de i n ¢ he
above d&ycl iN=bi®wm, rEachionLEMDS, KHMDS, NaHMDS, BulLi) in place of

50% sodium hydroxide in the above cyclization reaction of

compound (II) solution, furnished a 100% conversion to

Efavirenz in 4-6 h at 50-70 °C. The reaction mixture was

guenched with 1.0 N AcOH to neutral pH and washed with

15 water. The resulting rich efavirenz sclution was

exchanged into heptanes/2.5-5% EtOAc (13 L/Kg) and

crystallized as described above to give efavirenz as Form

1 in 86-89% yield.

20
Procedure 4:
Isolation of Form 1 efavirenz in the presence of other
Form seeds from EtOAc/heptanes

25

A solution of efavirenz at 15 ml/g (2.23% ethyl 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

30 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.

35 Samples were taken for Form at 32 °C, room temperature, -

5 °C, and dry cake. The samples at all temperatures for
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conmpound (I1) solution, furnished a 100% conversion to Efavirenz in 4-6 h
at 50-70 OC . The reaction m xture was quenched with 1.0 N AcOH to neutral
pH and wasbedoom2pdTowat er. The resulting rich efavirenz eoruiS2@s/09eE31
exchanged into heptanes /2 .5-5%EtOAc (13 L/Kg) and crystallized as
descri bed above to %]ve efavirenz as Form1 in 86- 89% yield. Procedure 4 :
| sol ati on oFOF®r A 1Fefay Breprdi Forhe 4pEesepng wRret Herirdr aRd&edy from

Et QAc/ hept aBggapA %@b@) ,08o0f 5 etaagh&ﬁgél@h Lz vgh/eQX(q%DZ?»%é%t byl pagetate in

hept anes) and at 65 was transterred via cannula to four reaction fl asks
in 75 m al Nguofs 67¥hé73al uti ons were seeded near 50 OC and al so near 25 0OC

(actual tenper atunegolPacentiesenl Sl Ly 2oLoBAAG ae8: g6k . Form 3

(53 0C, 25 00, rmb5 45 oC
efavi rerfz, WasPerespery. tAIEP§§éé1§nﬁmﬁP§lW€ﬂé525th& d?ﬁél§5upﬁles ver e

cooled to '%h@ge:eﬁbb@ﬁh%ﬂts“@§Q6goW'EB oel dohept-angs asandmdiibed ol .50 0C .
Sanpl es were taken for Format 32 0C, roomtenperature, - 5 0C, and dry

cake. The sgﬁﬁP8§Sa@q&PWa@§ﬁﬁéraFUPé@eﬁoPFérWP?lleéFﬁP§ mayn QSFBPMEA
seedi ng wer gikaocl deplay thygPXRBm( ¥BRBDkpi rfier aaddeser kpbben o@f thig XRPD,

P B, Pat R, 8,070,372, ALt hough Lhe Py paent, LBV oBL o0 gy beer
10 embodiments 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

15 invention.
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t hese enbodi nents are not to be construed as |limtations . Various
equi val ents, changes and nodification may be nmade w t hout departing from

t he spiriwoane/goscope of this invention, and it i s urdenst@sdstshat such
equi val ent enbodi nments are part of this invention. The present invention
may be enbodied in other specific forms without departing fromthe spirit
or essenti alhadt tird bttadignachdrssof and, accordingly, reference should be made
to the appended cl ains as further |ndicating t he scope of the
invention.What is clained is : A process for t nt hesi q% a
compound of forrda & moce%%uﬁfrpr%ﬁ%%ﬁfﬁ%ﬁg ‘3“@:%‘(20?' ng a
conpound ofsdweiumy a(fdp) or a salt thereof with C __ 5 al kyl chlorof ornate
in the presence of a first base, in a first solvent, at a tenperature of

about 20- 560 C, under anbient atnosphere, gi ve a conmpound of formula
(rey (rny - wherein R is C16alkyl ((r2) aratlng organic layer and
concentrating to obtain the conpmun 6 orrrula(ll) in solution;(3)
contacting the conpound of formula i} solution with a second base at
about 47-52 0C to obtain the conpo fN mula |11
5
(III)

said process comprising:

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

o FC \/A
joa
NH,

(I)

10

or a salt thereof

15 with C;_g alkyl chloroformate in the presence of a first

base, in a first solvent, at a temperature of about 20-
56°C, under ambient atmosphere, to give a compound of

formula (II)

\\//

o FiCae
o
OR

NH\ﬂ/

0
20 (II) :
wherein R is Ci_g alkyl;

(2) separating organic layer and concentrating to
obtain the compound of formula (II) in solution;
25
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2 . A process according to Claiml for the preparation of a conpound of
formula (111) , wherein: the alkyl chlorof ormate is nethyl chlorof ormate
or et hyl wblwoeshoopmate; and R is nethyl or ethyl . 3 . pATArse@ss®sisaccor di ng
to daim2 for the preparation of a conpound of formula (I11) : wherein the

first base is alkali rmnohgdr ogenphosphat e, al kal i car bonat e, al kal i
bi carbonat e, al kdPF) SPR&RCIETIaRS icomaopsd Gf dorgml ahy‘&rjdxﬂ@e and

wherein al k@ldldtio&dawikih aorsel:bndamStehatf lalsetu ts al7vente cThb, JMrEHn, et hyl
acetate, n- l% acetate ogr 2%‘ getate met hyl t-butyl ether (MIBE) |,
t ol uene, xyl $OMPOREGN P tfrl MUgCeth met hanol , et hanol, or isopropanol.
4 . A process accordl ng to Caiml for the preparation of a conpound of
formula £111) , wherein: the first base is K2ZHPO and the second base is
NaOH, and the first solvent is ethyl acetate. 5 . A process according to
Caim2 for the prepaPaproness accomidmad tof Cflermulla foir It)he wherein: step

(3) further &Jas:%abb@ i @gmbla% t@ﬁmmf%@m%flaf QrRtha (il %eh%S a sol ution

of (Ill) in et yl acetate; washing e solution contalnlng e ‘conpound of
formula (111) with water, adding heptanes to the ethyl

the alkyl chloroformate is methyl chloroformate or ethyl
10 chloroformate; and

R is methyl or ethyl.

3. A process according to Claim 2 for the
preparation of a compound of formula (III):
15
wherein the first base is alkali monohydrogenphosphate,
alkalli carbonate, alkali bicarbonate, alkali alkoxide,
alkali-HMDS, or alkali hydroxide, and wherein alkali is
Na, K, or Li; and
20
the first solvent THF, MeTHF, ethyl acetate, n-butyl
acetate, isopropyl acetate, methyl t-butyl ether (MTBE),
toluene, xylenes, acetonitrile, acetone, methanol,
ethanol, or isopropanol.
25
4. A process according to Claim 1 for the

preparation of a compound of formula (III), wherein:

the first base is KyHPO, and the second base is NaOH; and
30

the first solvent is ethyl acetate.

5. A process according to Claim 2 for the
preparation of a compound of formula (III), wherein:
35

step (3) further comprises
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acetate solution and washing with aqueous HC , water, aqueous KHCO 3 , and

water; distilling the solvent and crystallizing the conpound of formula

(rrr) frowmoheptemes -Et OAc . 6 . A process accordi ng t opCraisaeo5/081n1t he

preparation of a conmpound of formula (I11), wherein: the crystallization of

the conmpound of formula (I111) gives Form1 of the conpound of formula (I11)
7 . A procksaimirdr dity ¢enedanth of f bermnka pfEpht a?F of BPlatEedpelind of

For mul a (1T rTvhes ek BtePeBafyr t her conprises adding water, separating
the ethyl acetate |layer, concentrating the, et h%IT_acet at e, andﬂgddi ng
I

hept anes, concent®Rig the Solution artiysrdl Firsi ng™phendofpound of
formula (I ]Icf%rmuﬁ?. (A DY qggsv\llﬁ @@@@fﬂiﬁ@di@g@l@ﬂ)mﬂeéotothﬁepé’emlati on of a
conmpound. o or mul a | ecein: the crystallizati of the compound of
ol ad 1175 SEAb S e an ot SR reiatos RV Ssr &R LACH T yRlEe!
agueous KHCO;, and water; distilling the solvent and
crystallizing the compound of formula (III) from

heptanes-EtOAcC.

10 6. A process according to Claim 5 for the

preparation -of a compound of formula (III), wherein:

the crystallization of the compound of formula (III)
gives Form 1 of the compound of formula (III).
15

7. A process according to claim 2 for the

preparation of a compound of Formula (III), wherein:

20 step 3 further comprises
adding water, separating the ethyl acetate layer,
concentrating the ethyl acetate, and adding heptanes,
concentrating the solution and crystallizing the compound
of formula (IIT).
25 '
8. A process according to Claim 7 for the

preparation of a compound of formula (III), wherein:

the crystallization of the compound of formula (IITI)

30 gives Form 1 of the compound of formula (III).
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