TITLE SYNTHESI S OF A BENZOXAZI NONE 5 This application clains a benefit of
priority from U S. Provisional Application No. 60/606, 702, filed

Sept enber 2, 2004, the entire disclosure of which is herein incorporated
by reference. 10 Field of the Invention The present invention provides
novel nethods for the synthesis of (S)-6-chloro-4-cyclopropylethynyl-
trifluoronethyl -1, 4-di hydro-2H 3, 1- benzoxazi n-2-one which is useful as
human i mmunodefi ci ency virus (H V) revatZEE 15 transcri ptase inhibitor.
Background of the Invention Reverse transcription is a characteristic of

retrovirus replication. VirghhaRkisats O FeReBkh8snd®0 virally encoded
reverse transcriptase to geﬁéTﬁré—$§ar“17ﬂﬂ”‘_“T“TﬂT?ﬂ sequences by reverse
transcription of the viral RNA genonme. Reverse transcriptase, therefore,

is a clinscally r'elh:aa/aﬁpltla:hgabnf elaihe «heneither apyppior iy Geiomal

| nfections begAuSCaiff LNl bl RleYblaAldY soRoRnspgede AT Se

transcriptase woul a T err upt cat conpounds are
effective in ﬁﬁétﬁmbﬁﬁlﬂanﬁﬂUﬂhethanentirﬁnﬁﬂﬁﬂipﬁgreneﬁ whiels iEH V) which is
the retroviruarbhatifisRYaReAIb ?5§ég@&ékggjuctlon of the 30 human i mmune
systemw th the resultant onset of AIDS. Effective treatnent through

i nhibition of HV reverse transcrlptase I's known for both nucl eosi de based
i nhibitor$9 such as azi dot hym Bieagd : gnkaéori de based inhibitors.

Benzoxazi nones haV@h@%sfe%nqnwnéf%f&gags ABYeNUsL Rsisi e hased

inhibitors of H 'V reverse transcrlp ase h
(S) - 6- chl or o- AYEYRESIT Sy | (& nprghlgro-4 “eyclopropylethynyl-4-
trifluoromethyl-i, 4-dihydro-2H-3, 1-benzoxazin-2-one which

is useful as human immunodeficiency virus {(HIV) reverse

15 transcriptase inhibitor.

Backaround of the Invention
Reverse transcription is a characteristic of

retrovirus replication. Viral replication requires a

20 - 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

25 encoded reverse transcriptqse would interrupt viral
replication.

A number of compounds are effective in the treatment
the human immunodeficiency virus (HIV) which is the
retrovirus that causes progressive destruction of the

30 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

35 useful non-nucleoside based inhibitors of HIV reverse
transcriptase. The (S)-6-chloro-4-¢yclopropylethynyl-4-



trifluoronethyl-1,4-di hydro-2H 3, 1- benzoxazin-2-one of fornmula (111): C
F30 / I O N"-~O HS5 (Ill) also known as efavirenz, is not only a

hi ghly potent reverse transcriptase inhibitor, it is also efficacious

agai nst H 'V reverse transcriptase resistance. Due to the inportance of the
conpound (Ill)as a reverse 10 transcriptase inhibitor, econom cal and

efficient sy th o) s f s p tion need 1,0, be el oped.
The final ste B%g ?'i&ﬁé‘ f‘lﬁé %&Hﬁéﬁﬂa&?d#%) )?enzofcﬁgl ycI &%t?%n reaction
fron1conpoundfptﬁu1@|(FBI) | 15\ OH NH2 (l) This is done
commercially using phosgene to prepare efavirenz. Phosgene is a highly

toxic gas and it would be advantageous to prepare the conpound w thout the
use 20 of phosgene. U. S. Patent 5,922,864 des£ki bes a nethod for

preparing the conpound (111) by a cych; at | reaction involving al kyl and
aryl chl oroformates. However, theCt si ng al kyl chl orof ormat es
I nvol ves isolating the 25 carbanate ’Egdlate It woul d be an advant age
to have a cyclization NT X0
H
5 ] (ITII)

also known as efavirenz, is not only a highly potent
reverse transcriptase inhibitor, it is also efficacious
against HIV reverse transcriptase resistancé. Due to the
importance of the compound (III)as a reverse

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).

a. b yég/zx
&=
NH;

(I)

This is done commercially using phosgene to prepare

15

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 (IIT) by a cyclization reaction
involving alkyl and aryl chloroformates. However, the
method using alkyl chloroformates involwves isolating the

25 carbamate intermediate.

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

30 methods of the present invention for the synthesis of
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procedure using |less toxic ingredients and wi thout having to isolate
another internediate in the cyclization step. None of the above-cited
ref erences describe the 30 nmethods of the present invention for the
synthesis of -2 benzoxazinones useful as inhibitors of HV reverse
transcri ptase. Sunmary of the Invention 5 The present invention concerns

novel processes _for__the preparation of, henzoxazi conpounds which are
useful as HIV%F§§8?§51??%é%uﬁ%ﬁ§%§s8Siﬁﬂ?g?{kﬁgf ofﬂggsnggeE%%s provi de for
a novel cycli *xensarppbeeelure to formthe benzoxazi none core. The
processes of the 10 present invention provide high yields, can be conducted
on a kilogramscale, and yield stable intermedi ates. There is provided by

this invention a process for 1@8npound of formul a
(111): CI5F3 ~ / The pheddént Hnientlibh)coseerhgp meedspronpssas npr (1)

tacti : ' : 2 (I or a
gglnt a’?hlapgo?; ¢ tgﬁgygg?rg%‘ﬂ;hﬂ{o@# ?’gglr%fcgz I ﬁegacyoné)ﬂh?%agﬁ%ﬁs ?\7125% sal(t? 25

la, wherein M3&SfYlnde HARESiAVESFRC thapgyriptase inhibitors. The

processes provide for a novel cyclization procedure 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):

Cl F3 .“\\%
\G%\O
N’L§0
H

15 (ITII)

said process comprising:

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

Cl FS .u\‘/f
s
NH,

(1)

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;_g 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,
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with C1_6 alkyl chloroformate in the presence of a first base, in a first
solvent, at a tenperature of about 20- 56C, alternatively at a tenperature
of about 50-56C, -3 under anbient atnosphere, to give a conpound of
formula (I1) F3 OH NHjrOR O (Il): 5 wherein Ris CL_6 alkyl; (2)
separating organic layer and concentrating to obtain the conpound of
formula (11) in solutiqn; .10 _(3) contacting the conpound of fornula (Il) in
solution with ”éf“i SIS REe2 5%' Ptﬁe'47'-°5§%’?o o‘f)‘?“g‘ﬂmq RE EBFPBERD of
formula I'll. 168LDetail ed Description of the Invention 1In a first

enbodi nent, the present invention provides a ngvel process for the
preparation of compounds of formula (III)%K3 .0% \ NIO H 20 (I11)

sai d process conprising: (1) contactlng ound of formula (l1): OH 25
Nul~D Hz -4 (1) or a salt thereof€ @?‘0}1
NH-_ -OR
T

(II):
5 wherein R is Cqi.g alkyl;

(2) separating organic layver 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 III.

15 Detail Description of the Invention

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

20 (II1)

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

a F3 .“\\4’/&
&=
25 NH,

-4~



with C1_6 alkyl chloroformate.in the presence of a first 5 base, in a
first solvent, at a tenperature of.about 20- 56C (alternatively at 50-56C),
under anbi ent atnosphere, to give a conpound of fornmula (1) C F3C OH

NH rOR O (Il): 10 wherein Ris C1_6 alkyl; (2) separating organic |ayer
and concentrating to obtain the conpound of formula (11) in solution; 15
(3) contacting the compound of fornula (| in solution with a second base
at about 47-52C to obtain the conpound(gp formula I'l'l. In another

enbodi nent t herxpreseht themanfion provides 20 a novel process for the
preparation of compounds of formula (111), wherein the alkyl chloroformate

is methyl chloroformte _or _ethyl hl orof grmate; and 25 R is nethyl or
ethyl. In anoFﬁéL E#ﬁb&ﬂ%@ﬂtcgiﬁrﬁgﬁgﬁﬁi FﬁV&hFiBﬁeiﬁQRﬁdﬁg 2 ggkel
'tOL OCfe_ss IOE t%_sﬁteﬂﬁf?tf%@fs%mun% th%%)éz@tnﬁ&lel ?p@.éb%ut ‘?"me[ﬁ' In

e firs ase | nDno r Qg sphat e .i__carbonate, alkali
bi car bonat e, glﬁlggli kﬁ( 50 E?hgpm%@ﬁ dé‘“ﬁgéep and Ris ClL 5
al kyl), alkalhmehﬁﬁﬁrer tblgﬂﬂe ly dooppded ehdfodrerle (Idbkali is Na, K S
or Li; and the first solvent is tetrahydroij:izx(THF), 2-

a FSC .t“\/
e
OR

NH
T
{II):
10 wherein R is C;_g 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 III.

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 chlorcformate 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):



met hyl t etrahydrofuran (MeTHF), ethyl acetate, n-butyl acetate, isopropyl
acetate, nethyl t-butyl ether (MIBE), 10 toluene, xylenes, acetonitrile,
acetone, nethanol, ethanol, or isopropanol. In another enbodi ment the
present invention provides a novel process for the preparation of
conmpounds of 15 fornula (III) mherein the first base is K2ZHPO4 and the

second base is nd first solvent is h etat.e. | n anot her
enbodi nent thew% 1395 téhe\fz ﬁ?o%fd% a%%:ﬂ?ﬁ@Pybrégﬁﬁéhﬁ%ﬁhﬁ
prepar ation ofaébﬁb@u@nﬂbqnatebon&haéi(bi¢§rbdﬂibmheaékalih@lkmxxdyn is ethyl
acetate; and $HBEraif WHd@nKeRFRET $85-ORLANIANG ot E&a QIREHd Qf Lyl a

&S

(I11) as a 30 solution of (IIl) in ethyl acetate; hing the solution
cont ai ni ng theH@BﬁpoQﬁuP%hallfbVﬁHP§;@¢IIéndmwhﬁnwaneﬂlk@hU|¥§;Nﬁapﬁanes to
the ethyl =cepateisadmtion and washing with aqueous HCl, water, aqueous
KHCO3, and water; solvent swapping the solvent 35 and crystallizing t he
conpound of fornmula (11l1) from heptanes-EtOAc. -6 | n another enbodi nent

the present inbveatfiorstpreoplivées ia heyedhyphodessnf ¢THFhe D+ eparation of
conpounds  of ﬁ@%ﬁ&dé&ﬁﬁaﬁbﬁro?u%@ﬁrﬁMQTﬁﬁF QJ%@&@E#EEQ& qusz?e conpound

of fornula (III% i ves, Form 1 e conpoun or mu 10 In
anot her enbodi 38Rt %% i5oRLeRYL Aceitfen FRtdwildésbutyl ether {

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 (IITI):

wherein the first base is K,HPO, and the second base is

NaCH; 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 (IIX):
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 KHCO;, and water; solvent swapping the solvent

35 and crystallizing the compound of formula (III) from
heptanes~EtOAc.



a novel process for the preparation of conmpounds of fornula (111): wherein
step 3 further conprises 15 adding- water, separating the ethyl acetate

| ayer, concentrating the ethyl acetate |ayer, and adding heptanes,
concentrating the solution and crystallizing the conpound of fornula
(111). 20 The invention nmay be enbodied in other specific forns w thout
departing fromthe spirit or essential attributes thereof. This invention
al so enconpasses all conbinations of aspects and/or enbodi nents of the

i nvention noted herla another semmddmentothehptesant dmdefbiah| peodiotkarent s of
the present iny n | ] her

enbodi nent tthggﬁkﬁbggﬁgﬁpgtﬁgﬁgﬂee%ﬁg%?%%ﬁ?@ﬁO f%%bgﬁggén§flnventlon
Furthernore,.@ﬁf?”&?eﬁ%ﬁ?k of an enbodi nent are neant to be conbined with
any and alb other elenments fromany of 30 the enbodinents to describe
additional e t T N f synthetl t hods ¢l ai ned
herein are Cg?&%&%ﬁgu?he nggégﬁ% g%gg gen% éﬁmﬁ§§% g PQ #@ sel ected
by one of ski {TLI) ghwearFogt lorafathe sgmngtm%ezsﬁ sfor!mila éElIith e solvents
general ly being any solvent which is substantially nonreactive with the
starting materials (reactants), the internediates, or -7 products at the
tenperatures at which the reactions are carried out, i.e., tenperatures
whi ch maylPange frém ehethsolemdndigehtethe npresmperiavention phevistdsent ' s

boi ling tenpal abues. plodbySTdr* el BRehRYabEAE Ut IRipBihaboene 5 sol vent

or a mxture of e t an one sol ven pendi ng he particul ar
reaction step ﬁbIE Ihivents for a parti cul ar reactlon step may be
sel ect ed.

wherein step 3 further comprises

15 adding water, separating the ethyl acetatellayer,
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
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"Alkyl" as used herein is intended to include both branched and straight
chain saturated aliphatic 10 hydrocarbon groups having one to twel ve carbon
atons. "Al koxy" as used herein is intended to include an alkyl group of

i ndi cated number of carbon atons attached through an oxygen bridge. The
conpounds herein descri bed may have asymetric 15 centers. Al chiral,

di ast ereoneric, gd racen1 forms are included in the present invention.

It will be appPEEPRFER ?tha"t %é:ref%‘%‘?aélﬁﬁ?)%lﬁ“ﬁjé”}ﬂfcq kE&epredehions ment i on
contain an asymmeriedahlty, siubst,i theinpdrganben wkﬁlcm*rmagrn@laﬁgy Heor IHated in

opti cal Iy act] ¥e10knt 30 £o2f UllBerkbuts UEWndARCLD. L Tt fiow Lo

pr epare optlcall active forns, reso I'on 9 forns or
by synt hesi s, %‘?BTJWJE%-I | P &é{ve&lergegﬂ%gnamﬂeercaarsedmut ciri raale

di ast er eonesi csomemmd:rfa)rnrﬁsctaﬁd: ofll hofe Rl iohe 88TRELE,  Wbdferdirg

structure are n L3581 specific._s ochem str | Somer
formis speci ,f)l ceﬁq‘lgfpai n%]i Taréd reﬁgph%%astﬁe& elsﬁl%gﬁvﬁﬂﬁ’%ﬁ%pqo%'a i's
exchangi ng oneP2pti¢iekar sstagiionf steprmahdre sHliestied.of t en done by
concentrating or evepgiatd g dawl hBee50! 14 1197 L@RKALY ﬁﬂcdﬁpde% I%?'qh il TSt

n
Pivent ] on. by REGAISE @ptiAtd aRRE PErDR oA arRtet ShDRAY e 1 ur ther
under st oodL0 byhyéferayrize: tgroSpise heving -dheSthe nwel veREEDN RF3Gms .. ~ Et OAc F
C a 3 \ | OhbessCadtlsed 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 vcenters. 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 isclated 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.



NH2. (MSA)1.5 50 C, 3-6 h NHJrOR O lall Base EtOAc F3C 50 CC /) p
48h N H 11l 51t is the object of the present invention to provide an

i mproved process for the synthesis of benzoxazinones in nulti-kilograns
whi ch are useful as H 'V reverse transcriptase inhibitors. 10 The conpound
of formula (la) in EtOAc (ethyl acetate) was treated with ethyl
chloroformate (1.15-1.20 eq) in the presence -of aq (aqueous) potassium
hydr ogenphosphate (2.70-2.75 eq) at 55 C for 3-6 h to furnish the ethyl
carbamate (11, R=Et) solution after 15 wsckem@ 1The |atter sol ution was
treated with 50% sodi um hydroxi@de (0.5 eq) at 50 C for the cyclization
reaction. After 4-8 h, >990/%mg§rsid¥ﬁqqglef avirenz is o.bs%eu?ﬁd per HPLC
anal ysis. After a sgrie¥@Qf #shes andk@sd vent | exch e &t 0 hept anes
havi ng 2-5% Et OAc, CF MeRti on 20 wadf or ded |F6 irenz|in 78-85%
yield. Form1l efavir ould al so be—sotated fr e propyl ene

gl ycol /water crystallizati SHf¥8fHos. -5« Bg yPollynor phi ¢ (Form1, 2,
3, 4, and 5) of

oW

Ia
II

Base ///Zk
EtOAc >
50 ) s al F3C _,-\:)/
4-8h /&
N° O

H
m

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.

10 The compound of formula (Ia) in EtOAc {ethyl
acetate) was treated with ethyl chloroformate (1.15-1.20
eqg) in the presence of ag (agueous) potassium
hydrogenphosphate (2.70-2.75 eq) at 55 °C for 3-6 h to
furnish the ethyl carbamate (II, R=Et) solution after

15 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 pexr
HPLC analysis. After a series of washes and solvent
exchange into heptanes having 2-5% EtOAc, crystallization

20 afforded Form 1 efavirenz in 78-85% yield. Form 1
efavirenz could also be isolated from the propylene
glycol/water crystallization method.



efavirenz, the conpound of formula (I11), are described in U S. Patents
No. 6,673,372 which is hereby incorporated by reference. 5 Exchangi ng

met hyl chioroformate for ethyl chloroformate in the above process gave

hi gher yield, 89- 92% but storage of nmethyl chloroformate at a

manuf acturing site requires Process Safety Managenent (PSM as per OSHA
and Ri sk Managenent Process (RW) as 10 per EPA. O her al kyl ,

chl orof ormates, R= B RpPymogrhic Fepns (EQm la| Ryl 3. 24 netdr§letafyl

trichl oroet hyl efiadiBmz, wiiee cahpourdabiat@aunfler (tThe) syatdodéscibeef avi renz.

The car banat e Iy &S I n a | i
nnnohydrogenphéép%hété %ageg?gr ggl‘ygm %%%zlﬂ ?Ls %é‘%%b%bonat e, alkali

bi car bonat e, alR&PFPIrFRORVdEeEarRa¢e- al koxi de (wherein the al koxide is
-Iol-( R| WheL ei:lm Ris Cﬁx_cghan@lim! auetla Kﬁéﬁlé%mrﬁrﬁeéa%kh&ﬁgﬁi ! ?zi de}g, OL

al kal i ydr ox erein i is , or Lj, Exanples. of other
sol vents t hat %@?"’%‘2&&3“? 9 At ﬁge %60}5? Mﬁsoﬁag?%ﬁ%h%%ﬁ'e 8¢r1) are
met hyl t-butyl 92%t et (PBEYe 06t metlyrlk ofhirawfpEmBye &t et hyl THE (MeTHF)
n-butyl acet atﬁanﬁﬁ&ﬂ&@ﬁlﬁ% 8¢ BLaL-Eorh PLAUE 0 % CBE Bety ARGT erdtéhg

acet one, net haplg%‘f[ et hano and [ Sopropanol. 25 Conversion o

carbamate (11) LtFD R OSER 31 RSk ManrosmsnbePEREeHH| (R 38qual | y

wel | wi t hi0anhyelr BPA.bastbesuabkpt ¢hldd/daaSes| i RK/ Mo, AL, ,Ra-BL5 al kyl)
and BuLi. It wag,di Ve hat, _ hzati . - 301 QACc in
heptanes is a rug'ge%%%r'o%gggif oégrlﬁ%/?éﬁéecﬁl / eg%{:%nfq}%?%\}?lr gé%fgea%(il usi ve
of other forns"¢EDARS® eyaluatgdgfoy the epiehodli efasrigrana.orns (2, 3, 4
and 5 in place of Tie @atbhiat8e(IPACid ForicdCa8sngl & Os4tse RRAIR Ls

alkali monohydrogenphosphate (preferably K3HPOy4), 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, methancl, 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= Cy.5
alkyl} and BuLi.

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-



exclusively. The Form 1 polynorph is desired because it 35 is. the

pol ynor ph used for fornulation of drug product. -10 Al previous

commerci al processes required a thernmal process (at 85-95 C) to convert
fromForm4 to Form 1. Experinmental Procedures 5 Procedure 1: Preparation

of efavirenz (the compound I11) using aq NaO-l as the second base 10 To a
25 L gl ass reactor equi pped with pechani cal |tator t her nocoupl e and
addi tion funng}cll @&?S’ Fﬁm’(‘Tr‘R’gal ?rs‘)f’%’?ﬁlef gREed 2 |Shermalag KoHPOA

(prepared fromroce3dd (kg REHPHA'AINtD bomenet)fmmr FoaddddteseRoential | y at
15 25 C. Ethyl chloroformate (0.261 L, 2.165 nol) was added over 5 mn at
25 C, and the resulting biphasic mxture was heated to 50 C. After 3-6 h
of agitation, formation of || EfRerinapret PresedarespL.C. The reaction

m xture wag cooled to roomtenperature and the water |ayer was 20

separ at ed fro?thedo aﬁ_l c phase. The latter phase was washed with water
and azeot r opi o I'l ed.to give rich ethyl carbamate solution (Il, R

= Et) (10 L). 50% SOdI um hydr oxi de (0. 092 Kg, 1.15 nol) was added to 25
rich ethyl carﬂ&a%t&ﬁ%uyfo@fmm& écﬁr.gn\m Ayt LEES g 3L N9t or
ter t rea r

4-8 h for the c | zation reaction. ction mxture was cool ed
to room tenp tt&eesetcﬁé doPg5Ri ¢ phase was washed with water (5 L). The
rich efavidenz solution was diluted with an 30 equal volune of heptanes (10

L) and washed py th,8M, gi &%&%Q %% d by subsequent washes
with water (5 L) aq 1 73 %rl_% 8t |oﬁgé\ﬁd“%%fa§rlc L) at room
agitator, thermocouple and addition funnel, compound Ia
(1 kg, 2.31 mol), EtOAc (5 L) and aq K,HPO,; {prepared from

1.084 RKg KyHPO, in 5 L water) were added sequentially at

15 25 °C. Ethyl chloroformate (0.261 L, 2.65 mol) was added
over S min at 25 %L and the resulting biphasic mixture
was heated to 50 °C. After 3-6 h of agitation, formation
of IT 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 HCl (5
L) at 0-5 °C followed by subsequent washes with water (5
L), aqg 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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tenperature. Rich efavirenz solution was co-distilled under vacuumw th
hept anes to get the desired Et OAc range 35 (2.5-5.0% 13-15 L/Kg). It was
heated to 65 Cto forma clear solution, which was cooled to 45-50 C,
seeded with -11 Form 1l efavirenz (5 g) and held at 45-50 Cto form an
opaque slurry 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 h _of hol di ng period at -8 to -12 C
the slurry wasF8Fit (&rBE e (Calk %nﬁéésné‘ﬁ GrTRUCcE GonEprmnmes (-8 to
-12 C, 4-6 L) opaguk isduaty 4501€2uhder'1‘h£a@:lwmt'am gwfryeiaa;ndo@léda&oForm 1,

78-85% yi el d, 9p565 G606 2¢ p r f ef z using
solid NaOH as the segoéggg base %o% Olqjﬁ i € 8\&&%@ - \é ng V)
was slurried R5°F hekdipg pestadeat 3-8 4o §1p§ms‘§$@m phosphat e

di basic (5% 2 glleéﬂednmlmezcaieeqm Vwdghed w_h./ca Wal&rlepties reshky

prepared and ch d gl r foI CF chl qr of or mat e)
(13.6 niL, 143 nf%g’ﬁ %5 QF dl’JI?g'v r%gézjt gd&f‘g‘? \('ﬂ‘fdﬂ%‘il) © #€Sbi phasi c
20 reaction mSEaNiremes aﬁaﬁm ﬂ-o %*&S%aﬁfdeﬂ.ds Gohpt@t& iRy. 2 hours. After
the phase split and water wash (5 nl/g), the %water in the carbamate

sol ution was rf ef%ﬁﬂ{ azeotropic distillation. The carbamate solution in
ethyl acet ate /2g) was cyclized using solid NaOH (2.32 25 g, 57.6

nmol , 0.50!@] equiv) at 50 Cgiving 0.46 AP Il (R=Et) after 4 hours with

et The bat ch 24/
D Lo sti 11 Efodtintiphs o pealti et it 233 RRON 38" I ShchBA cump

was conpl eted gsg ng 3% et hyl acetate. After heating at

Compound Ia (50.0 g, 115 mmol, 1.00 equiv) was slurried
15 in ethyl acetate (3-5 mL/g). Aqueous 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 (S5 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 III,
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 slurxry was
35 filtered and washed with cold heptanes (2x2 mL/g). The

-12w



30 60-65 C to obtain a honbgeneous solution, the batch was cooled to 47 C
and seeded with Form 1 of conpound II1l. The resulting slurry was held at
45 C for 2.5 hours and cooled to 25 C over two hours. The batch was cool ed
to -10 C over one hour and held two hours. The slurry was 35 filtered and
washed with cold heptanes (2x2 nL/g). The -12 wet cake was dried at 50 C

gi ving conpoun I 0. oy el d Pr ocedur 5 Preparation
of efavirenz fgolﬁ”l% ]%é(vﬂass lgﬁhﬁé %’gé’% nﬁoF"@?BW‘%aﬁ%n)"’%&dﬁtl on of
1.1 eq of anhy8feusMdaseelduch as Li & Bu, 10 NaQ Bu, KO Bu, LiKMDS, KHVDS,
NaHNDS, BuLi) in place of 50% sodi um hydroxi de in the above cyclization
reaction of corrpound (I'l') solution, furnished a 100% conversion to

Ef avirenz in 4PE°Red4rs®:70 C.. The reaction nmixture was quenched with 1.0
N AcCH to rBeutraI pH and washed with 15 water. The resulting rich ef avi renz

sol ution was | nt tanes/ 2. 5-5% Et OAg (13 L

crystallized as %%sc‘%? o oafg(?%gg L5587 ViF R A/ dHis i JfF%(lg';P ag6- 89%
yield. 20 Pr océ@lﬁr@@llzaﬁﬂ%ﬂh on of Form 1 efavirenz in the presence of

ot her Form seeds from Et OAc/ hept anes 25 A soI ution of efavirenz at 15 m/g

(2.23% et hyl a%g%%larf 1{% hept anes) and at 65 C was transferred via cannul a
to four react YR i 1759nPt AR PRECS PR ifs LiREBY seeded near
50 C and dal0so ¥Ne@tBi25 HOuBact bakMDS, KHMDS, NaHMDS, BuLi) 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

quenched with 1.0 N AcOH to neutral pH and washed with

15 water. The resulting rich efavirenz solution 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% vield.

20
Procedure 4:
Isolation of Form 1 efavirenz in the presence of other
Form seeds from EtODAc/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 °cC.

35 ©Samples were taken for Form at 32 °C, room temperature, -
5 °C, and dry cake. The samples at all temperatures for

-13-



30 tenperatures in parentheses) with Form2 (59 C, 28 C), Form3 (53 C, 25
C, and Form4 (50 C, 25 C) Form5 (45 C, 25 C), efavirenz, respectively.
Al'l seed armounts were 25 ngy. The slurries were cooled to -5 C, filtered,
washed with cold heptanes, and dried at 50 C. 35 Sanples were taken for

Format 32 C, roomterrperature - 5 C and dry cake. The sanples at all
tenperatures f " orm$ Form 3, and FQrm 4 seeding were Form 1 only
by PXRD ( XRPD), IF“o GE8ct i (AID T ChECKRBEY Ware B Matenbly Ny

6, 673, 372. Altm (KREDP)reBcﬁm‘lta iqusentpeliohast haan xdescr kbedys Spad duft
respect to spegd S G gq‘gog?é‘rents the details of these enbodi nents are not
to be construed as I'imfations Vari ous equi val ents, changes and

nmodi fi cati on nmay be2dhbeugh ithw giredepsr ﬁhmgntimnﬁdmeb&phr'&iés@cﬁﬂoé@e scope

of this inyentiien, rag ei;& {o Saritogiiphiftetulcn RANELEN o

enbodi nents ar art o hi s invention ent i nven | on

enbodi ed i n ot F&rS§p& W@ LR PREuEC ]El%r%?%ﬁtlwefir 8 %h‘él‘éfptxqrts or

essential attrWVbutiesst aenbaflermiad, chﬁﬁ@édlﬂﬂi)&nodﬂ&%ﬁ%ﬁl@ﬁ W%é‘ madade to
inventi on.

L1 Vet i ol aeanuBcacylividly itk Bhb S it HiE SR o tP0e Ehritima o
formula (111)ingengfory andditgigy B@éggsmrﬂmtnguch equivalent

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
invention.
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(1) contacting a conmpound of formula (1): F OH .NHz or a salt thereof,
with C, 6 alkyl chlonformate in the presence of a first base, in a

solvent, at a tenperature of about 20-56 C., wunder anbient atnosphere, to
give a conpound of forrmula (11) (Hy FaC H \ 1i11-OR O wherein Ris Cl1.6
al kyl; wherein the first b d 5. K2HP04, wherein the solvent is selected

fromthe group consisting gtl ﬁ%Tﬂg“ %%Pyl acetate, n-butyl acetate,

i sopro- pyl acetate, netﬁxﬁ:‘?%ﬁﬁﬁT PHEP: phoBmeudpbfegatte, xyi enes,
acetonitrile, acetone, nethanol, ethanol, and isopropanol; (2) separating
organi c |l ayer and concentrating to obtain the conpound of formula (I1) in
solution; and (3) contacting the conpound of faorrmula (ldp) in solution wth

a second base NaOH at about 47-519 C. to obtagfR the conpound of forrmula M
-15 2. A process according to claiml| wherega: the alkyl chlorofbrmate is
met hyl chl onformate or ethyl chlorof e. 3. A process according to
claim1l1 wherein: the solvent is acet at e.

N~ e

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

A

a F &
OH

o

NH,

or a salt thereof,

~ with C,_; alkyl chloroformate in the presence of a first
base, in a solvent, at a temperature of about 20-56° C.,,
under ambient atmosphere, to give a compound of

formula (1)
» A

H

NH OR

T

(8]

wherein R is C,  alkyl; .
wherein the first base is K.HPO,;
wherein the solvent is selected from the group consisti
of THF, MeTHF, ethyl acetate, n-buty] acetate, isj:ﬁ s
pyl acetate, methyl t-butyl ether {MTBE), toluene,
?cylenes, acetonitrile, acetone, methanol, ethano)], and
isopropanol;
(2) separating organic layer and concentrating to obtain
the compound of formula (7I) in solution; and
3) contacnng the compound of formula (II) in solution
w;th_ a second base NaOH at about 47-52° C. 1o
obtain the compound of formula I11.
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4. The process according to claiml which further com prises the step (4)
obt ai ning the conpound of fornmula (IIl) as a solution of(Il1l) in ethyl
acetate; washing the -solution containing the conmpound of formula (I111)
with water, adding heptane(s) to the ethyl acetate solution and washi ng
wi th aqueous HCl, water, aqueous KHCO3, and water again; distilling the
sol vent and crystallizing the conpound of formula (I1l1) from

hept anes- Et OAC. 5. The 2phQeeSSRGER i i i Quabidi B Agyherein the crystal -

| ization of the corrpoaml,f&ﬁmé@mm&lamebfoaamwmcﬁmfm1 of the conpound of
formula (111). 6. A pmaecess for the synthesis a conpound of fornmula (D):
m  Ct said process COBPA prédedd Gecordihg toGRI Belieleg a conpound of formula (1):
F3C O ~ ~ OS NHs or i@ sawhtis dliyescemé., With C .6 alkyl chloroformate in the
presence of a first Dbasme plodssAcdRlny & aim flvhich Avdidi8hat ure of about 20-56
C., under anbient atpbsikeer{) dbainiigte canpoadptinddlagy fornula (I1) -16 C
FyC OR | OR wher ei nasR splatio@of{(Iff) @l sty acetaid epsbing bt ldtibd 1 st base is K=HFGCa;

wherei n the sol vent i ?“'@P‘ngq‘ corppopngogformula (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 (I1I) from heptanes-EtQAc.

5. The process according to claim 4 wherein the crystal-
lization of the compound of formula (III) gives Form 1 of the
compound of formula (I11).

6. A process for the synthesis a compound of formula

()
. ih)
/A
F, S
Cl\di
H)\"
said process comprising:
(1) contacting a compound of formula (I):
o

/A
CLﬁT”\ﬁ Z
OH

N,

c4

or a salt thereof,

with C,_¢ alkyl chloroformate in the presence of a first
base, in a solvent, at a temperature of about 20-56° C.,
under ambient aunosphere, to give a compound of
formula (II)



(2) separating organic |ayer andconceahating to obtain the conpound of
formula (I1) in solution; and (3) contacting the conmpound of formula (11)
in solution with a second base NaCH at about 47-520 C. to obtain the
conmpound of forrmula M Pn7. The the stp oc s a ng to claim6 which further
com (4) adding water, separating the ethyl acetate |ayer, con- cenhating
the ethyl acetate, addi ng heptanes, concen- trafing the solution and
crystallizing the compound of fornmula (no. R The Process according to
claim6 wherein: the alkyl cblonformate is nethyl chloroformate or ethyl
chlcroformate. 9. The process according to claim7 wherein: the
crystallization of the ®npound of fornula (111) gives Forml| of the
conpound of forrmula (I11). 10. The process agcording to claim1l, wherein
the com pound of fornmula {IIl) is Form 1. The process according to
claim6, wherein the com pound Ofﬁéoiﬂ (rrr)y is Form1. -17

a

OH

-

O

NH

wherein R is C, 4 alkyl;
Whem§n the first base is K,HPO,;
wh(;t)em the solvent is ethy] acetate; ’
2) separating organic layer and concentrati 1o obtaj
the compound of formula (1I) in sduﬁolﬁ;gan: brin
3) contacting the compound of formula (1) in solution
wnth_ a second base NaOH at about 47-52° ., to
’ m:btam the compound of formula III.
7 process according to claim j
 prises e o rding 6 which further com-
{4) adding water, separating the ethy] aceta
g A te Jayer, con-
oen!rah&g; ﬂxe] ethyl acetate, adding beptanes,y;neen-
fommngm (Ilg) ution and crystallizing the compound of
8.'Ihepmoessawordingtoclaim6whaei :
the alkyl chloroformate j e
e aorof is methyl chloroformate or ethyl
9.Thepmcessﬂcco:dingtoclaim7Whet‘ein:
the crystallization of the compound of formula (TI1) gives
IOF'?;: 1 of the compound of formula (D).
. process according to claim 1, wherein -
pound of formula (1) is Form 1. the com

11. The process ing to claj .
pmmdofformula(;ﬁc)oifmg Lﬂtmﬁ,whemmdlecom.
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