: €3ePcoP ffg, kkv$06ZoTo WO 991 64405 TITLE Crystalline Efavirenz 9 Decenber
2002 PCT/ US991 13199 ~e~~e~m FI ELD OF THE | NVENTI ON 5 The Pdlasambeeiie

. transcriptase inhibitor Efavirenz is produced in crystalline form

Crystal | i nsvaE99aditasenz exi sts in several physical fornms whi BET/HS®/IdEI gnat ed
Forms 1, 2, 3, 4, and 5 and are characterized by x-ray powder diffraction
and differential scanning calorinetry. 10 Pharmaceutical conpositions and

methods are useful for the treatnent ofjthe human i munodefi mlmmuﬂmmmmm
L

(H'V). BACKGROUND OF THE | NVENTI ON Rever ranscription is a
feature of 15 retrovirus repli catystimlNinel|Efeaplcenati on requires aessberal |y
encoded reverse transcriptase to generate DNA copies of viral sequences by
reverse transcription of the viral RNA genone. Reverse transcriptase,
therefore, is a clinically rel &w&gmiﬂé&bhemt herapy of 20
retrovirak infectitgps RAEHS e &8 sienhirBinkc@ipPhs ¥ 1@l 1ps tRRCedad iLeuer se
_ transcriptase woul d. interrupt viral .replication. Efavirenz is.,a conpound
which is ef f €t PFeAUrehdn rcéatsﬁéﬁlllé‘le Fﬁ@hunﬁﬁ??ﬁﬁl}rﬁﬁeﬁféf"éﬁéﬁzvi rus
(H'V) which 2kiistst hen reatvenalr phytsiatlcdosms phic easd \desdegabtedt i on of the
human i mmune Ysen vvi2'14h t he resyl tant jonset R ALY B ective %r eat nment
t hrough i nhi bi'ti on"df "HI V'reverse franscriptase has been shown f&r both
nucl eosi de b@owdeamdififiracd iogyamdadidfegenhiyad osernningd caderpmeteysi de 30

based i nhpbi bRLIMBRARIRA RRARDs3¢EBnas aRhiant f 180 have vaeenif eypd to be
useful non-nucl eosi de based inhibitors of H V_reverse transcriptase.

Ef avi renz i s "Rfowt {0 Ofeltaufigpe immunodeficiency virus (HIV).
(S)-6-chl oro-4-cycl opropyl ethynyl -4 trif

| uor onet hyl -1, 4- di hydr o- 2H B I rg0R j&presented in formula
(I): minm 9 Decenber 200 sSC— ,,7 CF -O N (T) Efavirenz is not
only a highly pot BV arsre tsenscaInPEarpt aSeai pPmREN dreatipye p§ al so

ef fi caci pgis %Q%&“B%tiﬂd'svrre%\lg'é%%ﬂoh@nsQﬁlrﬂﬁa§§1|ﬂ§c5dtsiffd'i‘ﬁ%qu@9@st Q the

i mportance of g:S)il 6chl or o- 4- cycl opr og¥l et h%/gg -4-trifluoronethyl-1,

4- di hydr o- 2HV3F 31 1SRG FEVERECaS TERFETER §3°% ridh SEReER A8 ePMANi bi t or
crystal li ne tophieswhifclvieaii betjueherischly aadepdy sircalscadpanbages the

manuf act ur e, JBYLhf ksal iRR.ARY fLTULali PR ALE ICESS Aherefore, is a

clinically relevant target for the chemotherapy of

20 1retroviral infections because the inhibition of virally
encoded reverse transcriptase would interrupt viral
replication.

Efavirenz is a compound which is effective in the
treatment of the human immunodeficiency virus (HIV) which

25 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 has been shown for both nucleoside based
inhibitors, such as azidothymidine, and non-nucleoside

30 Dbased inhibitors. Benzoxazinones such as Efavirenz have
been found to be useful non-nucleoside based inhibitors
of HIV reverse transcriptase. Efavirenz is known by its
chemical name, (S)-6-chloro-4-cyclopropylethynyl-4-
trifluoromethyl-1, 4-dihydro-2H-3, 1-benzoxazin-2-one

35 represented in formula (I):

A0 A
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Treatnent or prevention of the foregoing disorders is acconplished by
-adm ni stering a therapeutically effective anount of Efavirenz to a human or
. animal subject in need of such treatnment or prevention. 9Teeetbea2002nt W th
Ef avirenz may be acconplished by its use as a single conpound, as a
pharmaceutical conposition ingredient, or in conbination wth other
antivirals, imunonodul ators, antibiotigcs and vaccines. The conpound may be
adm nistered enterally or parenterally“n solid or Liquid dosage forns.
Ef avirenz has not been known previously to exist in stable crystalline
pol ynorphic fornms. Accordingly, a need exists, or stable crystalline forns
of the drug and reliable and reproducible pr ures for their manufacture.
SUMVARY OF THE INVENTION In a first aspeciz the invention provides a

A JtaTe Ef avirenz, which is
;ilon pattern substantially in

process for preparing Form 1 of crﬁﬂ@
characterized by an x-ray povele_e
accordance with that shown in Fi 1, ¥he process.conprising: 1)
crystallizing Form4 of crystall\e Rxenz froma solution of

THF/ hept ane wherein the solution of THf/ heptane is at about a 5%
concentration of THF and is reduced to about a 1 %concentration of THF;
and 2) heating Form 4 of crystalline &lavirenz to a tenperature of about
80C to about 100C. 9 Decenber 2002 3 In a second aspect, the invention
provi des a process for preparing Form 1l of crystalline Efavirenz, which is
characterized by an x-ray powder diffraction pattern conprising four or
nore 20 val ues &EVEerzdendtoninainghlypaiens reversairaserippsyhibopbutas giso 6. 3 0. 2,
10.3 0.2, eﬂan@ounga?mst kv levefle gans!:ri;ﬁas_g resftafce. Z8he B the in?port_ngje%f (§2a627 21.1
0.2, and 24.8 - the grocess conpri s stalllang orm 4 of

0.2 ] ing: |1 ) cr
cryst al | i néblgroyyclarsopyletimd-4seiflurpmpihyf!. gﬂﬁwﬁ@p?tfhﬁé-%né}ww tHeASD| ut i on
of THF/hep&aﬁﬁeh&m&hﬁﬁ@QHMﬁ@n5%%@QMGﬂﬁ&§a%kﬁggmﬁu$aﬁm@ﬂﬂd?mmkﬁﬁuced.tO
about a 1 % concentration of THF;, and _2) heating Form 4 of crystalline
Ef avi renz edvaptageipepapfirereopurtisaion 80 érmylabenait "eBTY In a third aspect,
the invention prAMiKRSEocprieREGST tHeTbreiRPBEIrMIs EQlIplidEd 6y yst al I i ne
Ef avirenz, which is characterized by a differential scanning calorinetry
t her mogr anPHBIRIsHE 82 PesRewicalrbigetiveapennt o1 Bisyiienz tgpkumanipe apmawbisct
conpri si NGin deed ofduYSirébhrhént bgrevedtion. Arhe kreim¥sitvainl Ef\Greled @) beenz from a
sol ution of THF,hegtane wherein the solution of THF/ heptane is at about a

5% concent PECMBHshet byitiuss AYe siaels emmpoder: e BiRFTRC Uit mBARIa IPEdiIgh of THF;
and 2) heabi nGombinifich vifh dthicy shtdhirhls itnfohambdu®itars, laptitdotice AEvaddindse TRE  about

80C to about 100C. In a final aspegt, the inventiqn proyides a process for
o opnri no BupRauRS ey B Sl SMBRLy b RERBer K et & (N St By by o
differential scamvirag hahdbedEkinbyn plelondgtoaissinkablariysalliny polpmaehior dance
with that shown,in Fiqure 5 the process. co i sing: .l rystal ljzing Form
2 of oryst SEAcBreY asst ot i LB TSR e drospaS TRVERM | he

sol uti on ofepiddiéible ptaaediirdsSoraheitlaiifacard% concentrati on of THF and is
reduced to about a 1 % concentration of THF;, and 2) heating Fonn 4 of
crystalline Efavirenz to a tenperature of about 80C to about 100C. 9
Decenber 2002 WO 991 64405 PCUMKARYIGH $AEANBBNEFONDESCRI PTI ON OF THE

DRAW NGS The inyention is jl.lustrated,by reference to the acco i ng
drawi ngs descr | BHSETBUL e BUPES PG RATE PR S OAr R et 1 CREPOgE am of

t he 5 For nEfavirenzswbich isrbkarbadriredby 4n)-ra§-pode difrdetioy patepr mpytantially in
ethynyl-4-trifl uaorg hyl - 1,.4s5di hydr,0- 2H- 3, 1- benzoxazi n2- on Fi.gure 2
Shows o potiaroes ot ¥ie i BiReibl IR ook eGP LS op Y of

('S) - 6- chl orwstdHioy Efavipme fipin a solution of THF/heptane wherein the solution of THF/heptane

[

is at about a 5% concentration of THF and is reduced to about a 1% concentration of THF;
and 2) heating Form 4 of crystalline Efavirenz to a temperature of about 80°C to about
100°C.



10 et hynyl -4-trifluoronethyl -1, 4-di hydro- 2H 3, 1- benzoxazi n2-one. Figure 3
shows a powder x-ray diffractogramof the Form 3 crystalline form of

. (S)-6-chl oro-4-cycl opropyl 9 December 2002

et hynyl -4-trifluoronethyl -1, 4-di hydro- 2H 3, 1- benzoxazi nl5 2-one. Figure 4
shows a powder x-ray diffractogramof the Form4 crystalline form of
(S)-6-chl oro-4-cycl opropyl

et hynyl -4-trifl uoronethyl -1, 4-di hydr o- 2%—1—3 1- benzoxazi n2-one. 20 Figure 5
shows a di f f er ernh a8écofidispédt, M inyentibieprovigssapratksstfhepréparing Horrystt al | i ne form

of ) } C . ) ) ]
(S) - 6- chl or5sRUipe Efayirenzy Vhich isharadterized by Aot gxeewdar diffraetign AFSMy- 21 3, 1benzox

azin- 2- one. coﬁrgyﬁgeroﬁr&Mz%mem%eeatﬂoaithsg.loandm&tmgoﬂmmqr@m25 of the
Form 2 crystalline form of

(S)-6-chl or0e2 485 &10% 1 O BrI0c, b hirl0-2416-8 0120 - S8 2h30.3 4 04, Hi-hy 820and 4.8, 1benzox
azi n- 2- one. C m of the
- crys—td; |q| rﬁ %sss&glg?lsn?%q5%'§'§ﬂﬁﬂ}l%ﬁt£{m Al IRRE Kl RELTRA £

cycl opr opy selutigmefl THE/heptan¢ whereingtelsglutidn of- TdiFViymame 2 -Bodthefiz oxazi n- 2- one.
Figur e, B, Sueinfbh bF PP R 2hedicth 98 RS Mo LOIREARALAT191r: WP ki

(S) - 6- chl orform d € trygalbpyElevifepnid a tdmparatfile wb atwned0A§ te dbodt- 19D dr 0- 2H 3, 135
benzoxazi n- 2-on . THE | NVENTI ON
In a first enbogf] ﬁgﬂ‘%,agfeﬁgmgr%evseé%%f%v%g OEngO?\Eégﬁmg o%\ln1 g;of crystalline
Ef avi renz. chystalling Bfavitrer whidh esrchodterzed by Fdjffnnemlathso,asmwg ¢dalamnefrfyavi renz is in
subst anti al r nat nt. the Form1

cryst a1 natr B S B0 L oc (PRG3R Shlh L P I OR T e B8 T 1t i on
pattern corf:psrstatllzng Fogu# oberysthiee X8viseat ﬂem asebeagt e d HFrheptatehehegrin the

consi sting g .2, 16.8 ~
0.2, 20,0 Gy Gfiuheguands Jyatfucheyod hngenyficp orpa Rgediodugu
preferred dﬁb@mpmﬁhon af H&lFFowdrd) heating Eorai 4 ofiveysEflae Efayivenzitg a thvgeaotrer i zed~by
an x-ray p%‘f‘@@orutgdfz Sl Rpe@attern substantially in accordance with that

shown in Figure n another preferred enbodinent, the Form1
crystal line EfaJn aéinzl appecic tha imventenipredieby pracads for prepmtng &brns & afini ng

i i ] . 0C 251,
gaDg(r::agfa:: %?;Sggfng‘%%vﬁ%{'@wcﬁ% cﬁar?&él&e@ﬁy ?‘&ﬁ%nt?a??ca%xﬁgoca%%gry 14 51

thermogram substantially in accordance with that shown in Figure 5, the process
comprising: 1) crystallizing Form 4 of crystalline Efavirenz from a solution of THF/heptane
wherein the solution of THF/heptane is at about a 5% concentration of THF and is reduced
to about a 1% concentration of THF; and 2) heating Form 4 of crystalline Efavirenz to a

temperature of about 80°C to about 100°C.



WD 99/ 64405 PCTI US99/ 13199 6 I n another preferred enbodi ,_the m 1
crystalline Efavirenz is characterized by a differenti al ngréfﬁﬁmﬁ@r&%z

. calorinmetry thernogram substantially in accordance with that shown in
Figure 5. 5 woeemose preferred enbodi nent, the Form 1 crystpCtase/13199
Efavirenz is characterized by an x-ray powder diffraction pattern
conprising four or nore 28 val ues selected fromthe group consisting of:
6.0 0.2) 6.3 10 0.2, 10.3 0.2, 10.8 0.2, 14.1 0.2 16.8t 0.2, 20.0
0.2, 20.5t 0.2, 21.1 -1 0.BRIEEDESERAPTION OL IHE DRAWINGE o acterized by a
di fferential scanni nthealrordritaiony ikhel hogt sat ddvibngr<f aaadcattalbad 138 C
to about 140 C. _15 In anaother mre prefglqggdebngﬁg“i, ment, the Form1l

crystalline Ef avi T er zal?%ln&arréil&léllgf’zgas y an x-ray powder diffraction

pattern substanti al IFidgureccahdmsce povder hatraholit fradiqmram bE aiftk i s
further charactgr) (dif nLE al g scaniy cp_ad_cg'ér?%;d er nogr am
havi ng a peask afégrﬁ%t%ii%%qt%eaggﬁﬁ E:’LJZ:lotSCiS | nwalr}%econd ye ocﬁbr?e){]lt_, t he
present i nventierhgeskrdtes fdusraraibeltl cht dBuiesidt oh Icdhgasiard g 25

t herapeutical | yo effective amount of the Form 1l crystalline Efavirenz and a
pharmaceutically acceptable carrier. In.a pr_eferros;% nbodi nment ,

phar maceuti cal 30 chen‘p%‘E?eti o Y Sc BnPAYRE 1T & ¢ s%ae&(?rgr@&rﬁ’rfgg:gbed

tabl et dosage fiom Wheneitzltlhieet flermpelit { 2at§yclelfdrectd vaydrprepyls about 1
Ty to about 1000 itk of. £OLMeL CrYREEhY ] I HEMyAZ 1S LR dREG AR e ed

enbodi ment) the pharmaceutica nposition is contained in a capsule or
conpr essed 9 Dxvber 2002 WD 99/ 64405 7 PCTI US99113199 tabl et dosage

f286m vvhferle:i n t?e theirgag@l I Uty (ggok.,;é_ @ff)@ﬁdésﬂ&wumﬁﬂf&aqﬂt@d}ré?dfg tgge about
ng of Form 1 crystallin avi.renz. n anqther nore preferr

enbodi nent ) theF%Pnﬁéflﬁtia?&lmgoﬁﬁﬁ'giﬁ o?#)c"og’ra:'t lr?&?"l‘lﬁcé’cgé’é’ﬁﬂpéﬁor

conpr essed t abletthyooit-gi-s igileatreme thph- abbtdiHy@iro 12 -Beilgitenafoxaz in-
disintegrapt rejgfjve to the total dry weight of the dosage form 10 In
anot her preterred enbodi nent, the pharnaceuti cal c_or}posi tionis inliquid
form In a nore preffded éntsbaWAent POWIRF 1% dutvd Hdrfmars agddpy iodesBsbout
0.1 percent to mbuts ryReatenhebyoiri gfht (Df- c@HDok ocHay- vl lldpiepkfavi renz

and 8 1501, Vel AP 08 el 2O B g0 AP SLRARLTI b
2-one.

20 Figure 5 shows a differential calorimetry thermogram
of the Form 1 crystalline form of (S)-6-chloro-4-
cyclopropylethynyl-4-trifluoromethyl-1,4-dihydro-2H-3,1-
benzoxazin-2-one.

Figure 6 shows a differential calorimetry thermogram

25 of the Form 2 crystalline form of (S)-6-chloro-4- '
cyclopropylethynyl—4—trifluoromethyl—1,4—dihydro-2H~3,1—
benzoxazin-2-one.

Figure 7 shows a differential calorimetry thermogram
of the Form 3 crystalline form of (S8)-6-chloro-4-

30 cyclopropylethynyl-4-trifluoromethyl-1,4-dihydro-2H-3,1-
benzoxazin-2-one. '

Figure 8 shows a differential calorimetry thermogram
of the Form 4 crystalline form of (S)-6-chloro-4-
cyclopropylethynyl-4-trifluoromethyl-1,4-dihydro-2H-3,1-

35 Dbenzoxazin-2-one.



20 In an even nore preferred enbodi nment, the conposition is contained in a
soft gelatin capsule, wherein the polyol esters of nmediumchain fatty acids
. consist essentially of Cg to Cl10 fatty acid triglyceri des9 DRgeinbec2iD2her
nore preferred enbodi nent, the liquid formconprising about 0.1 percent to
about 15 percent by weight of Form1 czgstalline Efavirenz and a liquid
vehi cl e conprising about 50 percent to<about 99 percent 30 by wei ght of

pol yol esters of nediumchain fatty acids contains a sweetening agent in a
range of . about 0.1 percent to about 50 percent by weight. In another nore
preferred enbodi nent, the 35 pharnaceutlcal conp05|t|on mhlch isinliquid
form conpri ses about 0. DER Z R REON ht 9 Decenber
2002 WD 9916440S Pg/gsg%;g%@dﬂ; 40 e (Hr)é%te%' I |191Q’el;f V|nr enz and a
liquid vehicle about percent to é%out 99}fercent by weight” of vegetable
oil. 5 In an BVewnides eFpFRflrel ot gt Efave remar ITB.CEUtI cal conposition
is contained in a soft gelatln ' capsule mhereln the vegetable oil is
soybean oil or peanut oil._10 In anot referred emhaqdi nent, the
phar macewt i cal coﬁBBs?t??ﬁF%ﬁﬁ?él?&?q QQQmﬂ §t$3¥ﬁ1€5¥ﬁF A¢about 0. 1
percent to ab®fgvifemeritenin byulveiaghtiadfl -gunel forwst al | i ne Ef avirenz and a
|l iquid vehicle about 50 percent to about 99 percent by weight of 15
vegetabl e oil, contains a sweetening agent in a range of about 1.0 percent
to about 50 percerth FNQEIRFhtRTr §5erF achimposkimsai tneﬁg Hogmpdul e or

conpr essed ta&&ﬁétﬂlﬁiﬂ@%ﬂl&ﬂinﬂQ%a@@lafr@rcm&Qméﬁl BOSan@-tay @owder
therapeut (% fégfectlve unt of Forqll &r sta l'ine E VIFE (b) a

sur f act an g S AT (L iRt AN 28O E) 28 VabEPEant. In a
preferred ewﬁﬂnﬁeunﬂd ﬁﬁumtdhﬁ%gﬂyyp(ﬁﬂﬂS}S@ﬁhecbfvé ampuft 2i, s6aBout 50 ngy

to about 200 gmp ofy oy m J or ystalg isng Bf avisr gnz, ot he syrhactgny i gpsgdi um
llauryl 30 sulfate t he d|S|ntegrant i s sodi um_starch glycolate t e i nder

is |actose ard Qe 12fbrd caft-2rs 2dadndsiOurm seBer 4te8 *

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

shown in Figure 1.

20 In another preferred embodiment, the Form 1
crystalline Efavirenz is characterized by a differential
scanning calorimetry thermogram having a peak at about
138 °C to about 140 °C.

25



I'n a fourth enbodi nent, the present invention . 35 descrié)ﬁs a 6“95'689 for
inhibiting viral replication by 9 December 2002 WD 99| 64488MPer

PCTI US99/ 13199 9 a virally encoded reverse transcriptase which conprises
provi di ng FO9k4ensystal |l ine Ef avirenz, in an anount suffi cipPemuseuI3i¥sul t
in the H'V reverse transcriptase being contacted with an effective

i nhi bitory anount of 5 the active drug®substance. In a preferred

enbodi ment, the congfund is provided to man or ani mal subject to

a_h
inhibit HV rever sé™ ARREEEFpPESESTRSE BLORIMER, FhE {FOERDbI ment, the
present inventdrgztaddddhebesagimenhbodsl eharhetereacdeby ofdiff@rential
I mmunodefi ci en(rzc\él vVi.rus i rif egt i gn m@hcgmco ri Segsﬁd@é{‘éf{ ering to a host in
need of such treE&MERt 425 FXpe |c‘a)F’Iryme1$']fl etfVetanolint” of Form 1
crystal | i ne Efegvioréancel wighptbaer shdwenbodFaente She Form 1 crystalline
Efavirenz ks admnistered at a dosage fromabout 1 to 20 about 1000 ng per
dose. In a nore preferred enbodinent, the Form 1l crystalline Efavirenz is
admi nistered at a é@s&g@OF?OHFSSQEFEQO%O@bmaBBUtt%@(f‘?ﬁj“ per dose. 25 In a

si xth enbodi nmept/stBEANANE eEXSE abhinesEEAYrRE08ri Se@OPAE Way powder

recrystallizaty, of Efavirepnz froma_h carbon_sol vent,, 30.ln _a seventh
enbodi nment , Fgrl%@fagﬁ:ﬁgf’a???ngrﬁf gc\?rl" 5%9%@ g?‘ggacr’fadn%ye t%’uee Vﬁrlggesss
conprising: |yelectest iirbmzkhg &Faupr ennsisbmma sfii t@bl e dolerst.;3 2y

i sol ating;pheqchyshgls; capd,, PoDgcenpesn, 2092 W0 §94 64403 10 2, 20.0
+ 0.2, 20.5 + 0.2, 21.1 £ 0.2, and 24.8 * 0.2, and
further characterized by a differential scanning
calorimetyy thermogram having a peak at about 138 °C to
about 140 °C.

15
In another more preferred embodiment, the Form 1

crystalline Efavirenz is characterized by an x-ray powder
diffraction pattern substantially in accordance with that
shown in Figure 1, and is further characterized by a

20 differential scanning calorimetry thermogram having a
peak at about 138 °C to about 140 °C.

In a second embodiment, the present invention
describes a pharmaceutical composition comprising a
25 therapeutically effective amount of the Form 1
crystalline Efavirenz and a pharmaceutically acceptable

carrier.

In a preferred embodiment, the pharmaceutical
30 composition is contained in a capsule or compressed
tablet dosage form, wherein the therapeutically effective
amount is about 1 mg to about 1000 mg of Form 1

crystalline Efavirenz.

35 In a more preferred embodiment, the pharmaceutical

composition is contained in a capsule or compressed



PCT/ US99/ 13199 3) drying the crystals to an appropriate tenperature to
afford Form 1 crystalline Efavirenz in substantially pure®f ber 002 nore
. preferred enbodi nent, the suitable solvent is heptane or a m xture of
tetrahydrof yran and heptane, the crystals are isolated by fptff;8dol8i%s the
appropriate tenperature is about 70 Cto about 95 C, and substantially pure
is greater than 90 percent pure. 10 |17 an ei ghth enbodi nent, Form 1
crystalline Efavirenz is prepared by heating Form 2, Form 3, Form 4, or
Form 5 Ef avi r enabbet ndxsage st direr egtierdin | tha therdpeardicdilipnef fdorind
crystalline Efavirenz.is Ve STAL LI ey Form 2 Ef avirenz,
Form 3 Ef avi re%??u%{fj %éx?%)élgga%ﬁﬁgo'féié\ggdﬂ%d@o? rt?gn Fgg]“vgnt. 20 In a
tenth enbodi nearystatl presEfavine®rnati on descri bes Form 2 of crystalline
Efavirenz. In a preferred enbodi nent, Form 2 crystalline Efavirenz is in
substantially pure form 25 In another_preferred enbodi nent, Form 2

crystal lin® Ef avi r eh2 3ROEhRY d&‘?’é‘?i&’é%feg‘i/t%ﬂ] %F%%"E&Rdelthai ffraction

NSt St ing B £ F e 0 6. 2. 16.2 0o or 40,2, 22
consisting of: 6. . . . 12. . i ; ) . 2, .7
0.2 24 17 0. COHEEDESY THPRL | SRR TR T DA e AR bt oy m 2
crystalline Efewiglenzof sa chiosoutegyaed talanive tay thewdetadi dfy actight 35
pattern substaptigllyslo,accpsdance with that shown in Figure 2. 9
Decenber 2002 [ 64405° PCT/ US99/13199 In anot her preferred enbodi nent,
Form2 crydtalline Efavirenz is characterized by a differential scanning

cal ori netry ther nogramnhenhdry prPbatrad abmdimtht,Cthe bhabeadedtli®a3 I n
anot her preferred enbodi ment, m Zié;rfyos];tmal line Efavirnenz is

. F
characterized PR ¥ ehit il StEHT ng’ '¢hl ori metry t her nogr am
substantially in accordance with 20 that shown in Figure 6. In a nore

preferred embodi ment,, FQrm2 Srysialdd NGuddAWdinZ the qﬁa{ég&t iged by an

x-ray powder diffraction pattern conprising four or nore val ues sel ect ed
from 15 t B® gr eUpPEHIRT STV ot -1 T PRty apoud 35 pergenp by wight 0, 2,
t2)1. 4 d_O].CfZ, 22.c_?f|19912& Q{k;ﬁystflsllmi_raélobf?a&ih}er&. Zndand 1fi_tjﬁfiheve1€ftille310t erized

y a differential scanning ¢ netry ther nmgr ving a peak at. ahout
116 C to about “TIF L% %ouztngé%eqefn%ernet Str?e g’rc’?]repdlggnﬁg Fﬁ%gft,)y For "i%
crystal li ne Efelipehvolesters auh aredih (ghadm xEatsy powder diffraction
pattern substantially in accordance with that shown in Figure 2, and

further characterized by a 25 differential scanning calorjnetry thernograrn
having a pfak at abButtA1FE t“boﬁ%élﬁe%eé W"Qﬁ%ﬁ‘é\'/eﬁ{‘ﬁ enbodi ment, the
present i nventcanpakestciomeiss acg@itairest uin calsofangedationcapspre si ng a

wherein the polyol esters of medium chain fatty acids
consist essentially of Cg to Cjip fatty acid
triglycerides.
25
In another more preferred embodiment, the liquid
form comprising about 0.1 percent to about 15 percent by
weight of Form 1 crystalline Efavirenz and a liquid
vehicle comprising about 50 percent to about 99 percent
30 by weight of polyolesters of medium chain fatty acids
contains a sweetening agent in a range of about 0.1

percent to about 50 percent by weight.

In another more preferred embodiment, the
35 pharmaceutical composition which is in liquid form

comprises about 0.1 percent to about 10 percent by weight



30 therapeutically effective anount of Form 2 crystalline aviren @fd a
phar maceutically acceptable carrier. In a preferred enbodP mb?ﬁéo
pharmaceutical conposition is contained in a capsule or conpressed 35

t abl et dosaggg%%%gg)mherein the therapeutically effective S-fpsRibRp 2002
WO 991 64405 f13199 12 amount is about 1 ng to about 1000 ng of Form
2 crystalline Efavirenz. In another préferred enbodi nent, the
pharmaceutical 5 conpositionis in liquid form wherein the therapeutically
effecti ve anountofi Foahot cOyidtpel teatEfoviatsoit abl peicgnidFoemidle

crystalline Efavirenz...l lfth | e,.pr ipyention 20
descri bes a netﬁ%ﬁuFoPoiﬁﬁ?ﬁ%ﬁ?néév?§a ?ggﬁg%gfbgnbgyﬁgfgﬁFaﬁry encoded
reverse transcrivegaesebdhi ehlconpri ses providing Form 2 crystalline

Ef avirenz, in an anount sufficient to result in the HV reverse

transcri ptase being contacted with an effectjve inhibitory anmount of 15 the
active drug 3ubstancé? PR SVER|ReERMTESHISSH ﬁ@ﬁ??l?ﬁﬂtprégﬁnt i nvention
descri bes a net hpdrinacetibeckl cabmpsd i fowivsalcodtadhdar sn &ushf asgdlavin

i mmunodefi ci ency vg%gs and ot her .20 indic%hgpns which cgggﬁiggf or

admi ni stering t 52R5HESr FREREEY TS SYRIT IS faht 13 SQYRv@ht P oh &
t her apeuti cal | y pebhactt owé.anount of Form 2 crystalline Efavirenz. In a

preferred enbodi nent, the Form 2 crystalline 25 Efavirenz is adm nistered
at a dosage fromabout 1 to about 1000 ng per dose, In a fourteenth
enbodi nent , 1&or m 2 cAPsEBPERAE TES| RPEREETred, LBRIRYEERY  t He® process of

rapi d 30 crystalhhzahteatieon eomsdsteicd walikAnessohul i @ni@f f&fravi renz. I n
SSe&g_gissolving

a preferred errbodimantéraid crystallization ¢ i sSes:
Erhvironz in a SATPABFAREoRORAE Grl PRSPIDRE ABRBE! L Re T2 g% a
sat ur at ed sol ut weight 6f [ Eesnbbrc2gia MA@ EGAt)EePCTan®o0 11833edd | 3
vehicle about 50 percent to about 99 percent by weight of
15 vegetable o0il, contains a sweetening agent in a range of

about 1.0 percent to about 50 percent by weight.

In a third embodiment, a capsule or compressed
tablet pharmaceutical dosage form comprises:
20 (a) a therapeutically effective amount of Form 1
crystalline Efavirenz;
(b) a surfactant;
(c) a disintegrant;
(d) a binder; and

25 (e} a lubricant.

In a preferred embodiment, the therapeutically
effective amount is about 50 mg to about 200 mg of Form 1
crystalline Efavirenz, the surfactant is sodium lauryl

30 sulfate, the disintegrant is sodium starch glycolate, the
binder is lactose and the lubricant is magnesium

stearate.

In a fourth embodiment, the present invention

35 describes a method for inhibiting viral replication by



2) filtering the saturated solution; and 3) cooling the saturated sol ution
rapidly to produce Form2 crystalline Efavirenz. 5 In a mSeqamiies 200
enbodi ment, the suitable solvent is heptane, the suitable tenperature is
about 70 C Gy éfksdes and cooling the saturated sol ution rapighyu6RABdoSES
contacting the saturated solution with a cold surface. ~10 In a fifteenth
enbodi nent, the present invention de®cribes Form3 of crystalline Efavirenz
in substantially pure form In another preferred enbodi nent, Form 3

crystal | i ne 1% Efiadlleheriocodedar g¥eE$e 7R BT aiP fagawhpokd eongirfifsesct i on
pattern conprisidg iy RfrrMr erg8ei @l Ugs BLieLt&: f riomd griholp

consi sting of: 7#1, 0.2, 7.3t 0.2, 11}'10 0.2, 13.8 0.2, 20.9 0.2, 23.3
0.2, 27.9 t 0.MEGGffents to gesuly insthe BLY reyrpife tuinstdivdd Sérbodi nent ,
Form 3 cryst albditey Hoaamiderad ws thhanast 8¢ Zde bnaib Xeordy ap@ueher of

di ffraction pattern substantial %%5 Lnh_accordance with that shown in Figure

3. 25 In arfot het® Srerers &8 Unt88r HeRtS: Form 3 crystalline Efavirenz is
" characterized by a differential scanning calorinmetry thernogram having a

peak at about 108 qé% ahaut 148 %g?ggi*&@'ngéﬁrcaﬂﬁ“?ﬁ ad eghedigzent

Form 3 crystalline avirenz 1s ¢ acterized by a erential scanning
cal orimetry ther fodtEans $Bs eRARAAI YOI oF ackdrigdhidy WY iemersifown in
Figure 7. 35 t&Reapelze2Q02vVWH991 64405 PCTI US99/ 13199 14 In a nore
preferred Z)rrbodi ment, Form 3 crystalline Efavirenz is characterized by an
X-ray powc} r diffraction pattern conprising four or nore 28 val ues sel ected
fromthe group condirsta g fah: efibddier®t;, Al xexentl.idiventGod, 13.8 0. 2,
20.9 0.2) 23.#:Qidell %etgiaa’ f@pdﬂ;%e’%.‘ﬁ(e@m?en@%q fukder characterized

by a differential scanning calorinetry thernogram having a peak at about
108 C to aboutimmtmodeffiFipRCHnBires HHFRC PrAT efvicd: opBdiisest) Form 3

crystalline Efa’ii«!riirnlql%l:eir&n@h@baﬁtﬁééﬁeﬂn Eyegﬁm OF AP @M midinfef Bact | gn
pattern syhstantia i.n cordance. wth that shown in Figure_3, an
further cﬁrgr agi iafé%’tﬂffag di Fgg?%%ﬂ’%la"éoc‘gﬁtnior#; (?ﬁ"‘oai %gﬁatlﬁféf‘ﬁogr am
havi ng a 15 péflavatrealzout 108 C to about 110 C. In a sixteenth enbodi ment,

the present invention describes a pharnaceutical conposition conprising a
therapeutically effective amount of Form 3 crystalline 20 Efavirenz and a

phar maceut i cal |y adPeft BBPECTLET | FIOOG ey dfs FedFMertb GaYFEAL 1 iPRe
phar maceut i calEfesripesizt iignatdsisbst enedcht re alcapsulfeonr abompr assed t abl et

dosage forzg] vg%%ru i riototaemghsggpgggépal ly effective

In a more preferred embodiment, the Form 1
crystalline Efavirenz is administered at a dosage from

about 50 mg to about 200 mg per dose.

25
In a sixth embodiment, Form 1 crystalline Efavirenz
is prepared by recrystallization of Efavirenz from a
hydrocarbon solvent.
30 In a seventh embodiment, Form 1 crystalline

Efavirenz 1is prepared by the process comprising:
1) recrystallizing Efavirenz from a suitable
solvent;

2) isolating the crystals; and



25 amount is about 1 ng to about 1000 ng of Form 3 crystalline Efavirenz.
In another preferred enbodi ment, the pharmaceutical conpoSid&eEMPPE2942
- liquid form wherein the 30 therapeutically effective anount is about 0.1

percent to awa®udesdds percent Form 3 crystalline Efavirenz. | npanspyefibeent h
enbodi nent) the present invention describes a nethod for inhibiting viral
replication by a 35 virally encoded réVerse transcri ptase which conpri ses
providing Form 3 crystalline Efavirenz, _in an anmount 9 Decenber 2002 WO
99l 64405 PCT/U899/IngersnguﬁhPcFéhﬁt@bsré@uﬁﬂ PP Pler H OF risfpegature

transcriptase bei ggreeat petRd1 WeidsaRl eiheckeneitahi bid Ay APURL19f, the
active drug substance. 5 In an ei ghteenth enbodi nent, the present invention

descri bes a nmePHEE £8F™the treatment of human i nmunodefici ency virus
infection conprises admnistering to a host in need of such treatnent or

prevention t her apeuticall f i For.m 3 crystal line 1
Ef avirenz. ?n a pre?%r?eﬁognb 5%§%ﬁ¥¥§t%@8§§%ﬂ§%ttrggﬁzﬁq%ﬁé}1§f§9?V832 i's
admi ni stered atisahdptage érom mbvtureé ¢ webuahy@oOfwrppeanddeprané, | n a

ni nteenth e”bPQhEEBEysE?iE‘§r§r¥§$Pé£é@eb§ﬁEYiEfﬁgiéé,HﬁﬁP%&EEoB¥iEFS

process of stirring a slurry of Fornlg)EfaV|renz Form 2 Efavirenz or a
m xture t her eof eMPRTatBYAr 58 afPUdh L®| VentoadBor'solati%hg ae 20 crystal s.

In a preferredsepbedht®allytberayils ogpedoari shaepi@nsedthd Rparerystals are
isolated by, filtration. 25 In a twentieth enbodi nment, the present invention
descri bes Form 4 of crystalline Efavirenz. In a preferred enbodi nent) Form
4 of crystalline Ef&niarngighth remopdiment al Fgrpuk exfyortmlld@el n anot her

preferred enboﬁkﬁ@ﬂh:;f%@@@ﬁﬁé@'ﬂ& Nee &L 8 'Bn 15, GRALAGE eFbzRd4bY an
x-ray powder diffraction pattern conprjsing four or nore 28 val ues sel ected

fromthe group®EohS¥Bt? n%g%‘f’fr%‘.‘% op Wmixgunesgtherepfz, .2 35 11.0 0.2,
12.7 0.2, 13.2 0.2, 16.1 0.2, 19.2 0.2, 19.5 0.2, 20.6 0.2, and 24.3
0.2. 9 Qﬁgenber 289%3 ninth embodiment, Form 1 crystalline Efavirenz

is prepared by stirring a slurry of Form 2 Efavirenz,

Form 3 Efavirenz, or mixtures thereof in a hydrocarbon

solvent.

20 In a tenth embodiment, the present invention

describes Form 2 of crystalline Efavirenz.

In a preferred embodiment, Form 2 crystalline
Efavirenz is in substantially pure form.
25
In another preferred embodiment, Form 2 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattern comprising four or more 28 values selected from
the group consisting of: 6.8 = 0.2, 9.2 + 0.2, 12.3 %
30 0.2, 16.2 + 0.2, 21.4 + 0.2, 22.7 + 0.2, 24.1 + 0.2, and
28.0 £ 0.2.

In another preferred embodiment, Form 2 crystalline
Efavirenz is characterized by an x-ray powder diffraction
35 pattern substantially in accordance with that shown in

Figure 2.



VO 991 64405 16 PCTNS99113199 I n another preferred enbodi nent, Form 4
crystalline Efavirenz is characterized by an x-ray powder® Beeembrit3003
pattern substantially in accordance with that shown in 5 Figure 4. In

anot her pr e@@r@g%ogn‘oodi ment, Form 4 crystalline Efavirenz pspgéahseberized
by a dif~erential scanning calorinetry thernogram having a peak at about 95

Cto 20 about 100 C. In another prefétred enbodi ment, Form 4 crystalline
Efavirenz is characterized by a differential scanning calorinetry
t her nogram substantially in accordance with 15 that shown in Figure 8. In a

nore preferred enbogi %Q‘:hefoé?%éeffgét%é&%eﬁ@\/iﬁow é S. L ei zed by
i p or

an x-ray powder diffraction ern comprising four or noré val'ues
sel ected fromBPavireng dgpcbonafterhgedfby 3 aliff e imnl (synming 0. 2,

11.0 0.2, 12-c7a1c9fi%1et¥§- 2hePrmdgrdf- Havhhda Ifkak 4t abckdk 5114 P 6

0.2, and 24.3 0.2, and further characterized by a differential scanning
cal ori metr)? tl‘Pé‘Pcfogrla]rr?l h&avi ng a peak at about 95 C to about 100 C. 25 In
anot her nore preferred enbodi nent, Form 4 crystalline Efavirenz is

characterized by an x-ray, powder _diffractio ttern substantially in
accordance with that ?HS&EBF\;\%E'&%E%,er&abnoéﬁi"gea}*tm tFEO r ¢ acrr%sttéarlilzlélﬁ by a
30 differenti @favamsrgisatbaracteyitédrhwgr anifarent imlpeaderatinabout 95 C

Lo about 100 Gaidy el dontyebhostad Oadl dERNlialihe Y SRR ddiHRNYQ

descri bes a pharnmaceuti Ca onposi tion conprising a 35 therapeutically
ef f ecti vel8nouhatofshoyPmis Eig¥¥@al$ine Efavirenz and a pharmaceutically
acceptable carrier. 9 Decenber 2002 WO 991 64405 17 PCT/ US99113199 In a
preferred enbodi nent, _.the pharnaceutical c osition is contained in a
capsul e or conpr essr}té]dat Qﬁfgtpﬁ% e oer"?ﬁo%chi'nFt%g‘ ?heciré’pge rﬁ&é’lel y
effective 5 aflanirienzabsuthdragteni zdsdty B0 -mgyobomgiem 4idrfyrstcglilonne
Efavirenz. | n#:%ﬁq:teli%r cBhgfes18g eabodimire e vRhataBeedldct@la ¢eBROSi tion
orm

isin liquid wherein the 10 therapeutically effective amunt is about
0.1 percehP tdFRpEFOUP5CERFEEMNER £ & yst®ald:i fe 2EfaPirenZ2 -3 *
0.2, 16.2 £+ 0.2, 21.4 * 0.2, 22.7 %+ 0.2, 24.1 * 0.2, and

28.0 £ 0.2, and further characterized by a differential
scanning calorimetry thermogram having a peak at about
116 °C to about 119 °C.

In another more preferred embodiment, Form 2
crystalline Efavirenz is characterized by an x-ray powder
diffraction pattern substantially in accordance with that
shown in Figure 2, and further characterized by a

25 differential scanning calorimetry thermogram having a
peak at about 116 °C to about 119 °cC.

In an eleventh embodiment, the present invention
describes a pharmaceutical composition comprising a
30 therapeutically effective amount of Form 2 crystalline

Efavirenz and a pharmaceutically acceptable carrier.

In a preferred embodiment, the pharmaceutical
composition is contained in a capsule or compressed

35 tablet dosage form, wherein the therapeutically effective



I'n a~twenty-second enbodi nent, the present invention descs¥'@bes a ?@b?od for
inhibiting viral replication by a 15 virally encoded reve gc‘?r?'%leﬁ pt ase
whi ch conprises providing Form4 crystalline Efavirenz, in an anount
sufficient twdoggadst in the H 'V reverse transcriptase bei ng peanisagizesh Wit h
an effective inhibitory anount of the active drug substance. 20 In a
twenty-third enbodi nent, the present lhvention describes a nethod for the
treatment of human i mmunodeficiency virus infection which conprises

admi ni st eri ng amounthdst abouteed g Swckbeutea Hhtmoro 2 F oymeent i on a

t her apeuti cal l%rﬁsftfaef]g:ir}{'éa AR pf Form 4 crystalline Efavirenz. In a
[ t

preferred enbodi'nent, e Form 4 crystalline Efavirenz is adm nistered at a
dosage fromabout 1 to 30 about 1000 ng per dose. In a twenty-fourth

embodi ment, For m 4 f Vi d g i st f 8 ZeritSo BInRPAT e d WY phagmuetatiézat i on
froma m xgd sol vent, system .35: . WO ?9 64405.1S 9 enber 2002 |

PCT/ U599/ 13199 9fP3F 1wt v ftth ' pgished e alline Efavirenz is
prepared by thehepaypass ciiipys iefifieg t ife athdiurg: d sswibioaltl 6 .30beebent oc@

solution of 1A,Efaviyr ' |yt i-Qn; . distilling tie
final soluti onakf%o&a ls%%ee%ﬁoer&%ﬁt?o#ﬁﬁ%ﬁm%cr‘;:%%%val\%ier%)éﬁz crystallizes

as Form4 crystals; and 3) isolating the crystals. 10 In a preferred

embodi ment, the suitah] & ol tersodigitAne cH o releicl 9Rvearpshses of
tetrahydrofuran and Efavirenz, ihe sol veﬂt,q_cjgg)osl tion i s aboyt 1 to about

10 per cent 0t et48ARFIRFUAPS TR ftnen YR ESRPLFatiopfby a
filtering. 15 Jira twenicysied resrdott nmenins driie tases ehti chneembr dseslescri bes
Form 5 of Crygatté'dfdl% T 9%y é]:aau,[&rne‘elf &8 2 Od'iHEBE’ ali 8Ly 5 of
crystalline 20 Efavirenz I's in sdbstantially pure form I'n ano her
preferred enmbeiffamierntortia 3asuidt din jthe B3 neyierses tepasacipraged by an

x-ray powder $diffRCdrRdiald it (I iSRG iU ndh PTRBSy28m¥ah tiess sel ect ed
from 25 the grt%up conmstgﬁr&g of'blO.Z 0.2, 11.4t0.2, 11.6t 0.2, 12.6
0.2, 19,11p 0.92€ FFHBVE YW sypstange 25 8 -1~ 0.2, 24.8t 0.2, 27.4
0.2, 28.2t 0.2, and 31.6 0. 2.

In a thirteenth embodiment, the present invention
describes a method for the treatment of viral disorders,
such as human immunodeficiency virus and other

20 indications which comprises administering to a host in
need of such treatment or prevention a therapeutically

effective amount of Form 2 crystalline Efavirenz.

In a preferred embodiment, the Form 2 crystalline
25 Efavirenz is administered at a dosage from about 1 to
about 1000 mg per dose.

In a fourteenth embodiment, Form 2 crystalline
Efavirenz is prepared by the process of rapid
30 crystallization from a saturated alkane solution of

Efavirenz.

In a preferred embodiment, rapid crystallization
comprises:
35 1) dissolving Efavirenz in a suitable solvent at a

suitable temperature to give a saturated solution;



3 0 In another preferred enbodi nent, Form5 crystalline Efavirenz is
characterized by a differential scanning calorinetry therrfogecamben200? a
peak at about 108C to about 110C. 9 Decenber 2002 19 In a nore preferred
enbodi ment, wEQbsgsCrystal line Efavirenz is characterized byc@iso¥nsy
powder diffraction pattern conprising four or nore 28 val ues selected from
the group consisting of: 10.2 0.2, 13.4 t0.2, 11.6 5 0.2, 12.6 0.2, 19.1
t 0.2, 20.6 0.2, 21.3 0.2, 22.8 0.2, 24.8 0.2, 27.4 0.2, 28.2 0.2,
and 31.6 0.2, and Fur thiert ehidqaiter iseetirdyed dofifieienti ahd scanning
calorinetry thernogyam havin eak u 08.C to_ab 110 C. 10 3n
anot her nore prefegiﬁd %ﬁﬁ%ﬁﬁ%&hﬁ% ﬁﬂ&%#ﬁ%ggrégiggﬁ%ﬁer ggﬁ%éﬁﬁ IS
characteri zed yoduce-Eayn pbweers wh fifinge Fifenipghzern substantially in
accordance with that shown in Figure 9, and is further characterized by a
15 differential scanning calorinetry thernmogram having a, peak at _about 108
C to about 2110 C. ,In | mpusanisiararehenberbBenfenthet fel pRlee MO LvVeRént i on
' dfefscri bes a phgg ff%{{%ﬁﬂ&ﬁ'é:l’@@ﬁ&ﬁbjl@”l t%]glp@;eaﬁﬁ'téi m abbherapet it_@alsloly
effective amount of FormJb5 crystalline virenz.and_a rmaceut.i cal ly
accept abl e car(!r}f 'er"’?n4:r?°éﬂdf€q eﬁ}%&%&%ﬁﬁeﬁf’;‘%?ﬁgnpﬁ@? e ftTEA 555
conposition i scamdciingd tilre ssadapstled soloonpnessed tabdbbd slosfage.f or m
wherein the therapeutically effective anount is about 1 ng to about 1000 ny
of Form5 crystalline Efavirenz. _ 30 9 Decenber 2002 WO 991 64405 20
PCW US99/ 18199 | n dibtehdrl ffreandy @énbedimgnenthet REepaak idbERt1OR|

conposi tion i ddbdivd M shengiskatihentherapeuthsalhy effective anount

is about 0.1 psel_lrkgzsetrgnéi%ﬁya%ouu}e JESOr%grcent Form5 crystalline Efavirenz_

In another preferred embodiment, Form 3 crystalline
15 Efavirenz is characterized by an x-ray powder diffraction
pattern comprising four or more 20 values selected from
the group consisting of: 7.1 + 0.2, 7.3 + 0.2, 11.0
0.2, 13.8 £+ 0.2, 20.9 £ 0.2, 23.3 + 0.2, 27.9 + 0.2, and

33.5 + 0.2.
20
In another preferred embodiment, Form 3 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattern substantially in accordance with that shown in
Figure 3.
25
In another preferred embodiment, Form 3 crystalline
Efavirenz is characterized by a differential scanning
calorimetry thermogram having a peak at about 108 °C to
about 110 °cC.
30

In another preferred embodiment, Form 3 crystalline
Efavirenz is characterized by a differential scanning
calorimetry thermogram substantially in accordance with
that shown in Figure 7.

35



In a twenty-ei ghth enbodi ment, the present invention describes a nethod for
inhibiting viral replication by a virally encoded reversed Peaersk?i300dse

whi ch conprises 10 providing Form5 crystalline Efavirenz, in an anount
sufficient tQgesgips in the HV reverse transcriptase beingpaﬁﬁgﬁﬁgggmjth
an effective |n |b|tory anount of the active drug substance. 15 In a
twenty-ni neth enbodi nent, the present l#nventi on descri bes a nethod for the
treatment of hunman innunodeficiency virus infection which conprises

adm nistering to a hast muraepdeﬁérs&dﬂeMbuﬂﬂmammt Gbrprévenyboalalne

therapeuti cal | . el ol ve appUpL oLl FoLimY, 20, o vslabblae- FhavELepe ohn 2

preferred enbo heé Form crys Z'1S a nlnls ere
dosage from ab@atttfrpocamgm-smeofwm mpgse 26 25ailﬁea saleereghfrom

enbodi ment, FORRLS4CEUB! ebhgﬂstﬁ@va)feni 1S prepaned Bygrecrystal ki zation
froma nlxed SO vent s§; 30 [n a thirty-first embodinent, the present
i nvention descPi-Besta ?h8d20f29r%a¥ﬁh§ HI&V - |nFe@t?0n2%h?cﬁ Bofpr #R4s

adm ni st ering, 33nscanbi.pat ana, fﬁﬁtwefutﬂanamt@eedeahbyeafdﬁffbeeaeeulicalIy
ef fective anount__of orm1l 2, 4 or. 5.9f .cryst ne Ef yirenz; ~ 35
and 9 Decenbéfaﬁabﬂgv&?ggféﬂﬁﬁgyF&ﬁ%ﬁﬂggipf3f§§l§§ ?b? f&ad o%e
conpound sel ectléd PE€okpt Akogt olp0 cBhsi sting of HV reverse transcriptase
inhibitors and H V protease inhibitors. 5 1n a thirty-second enbodi nent,

t he present invention describes a pharmaceutical conposition conprising a

t her apeut i €&l | y effEEtPO@tBﬁﬁnﬁﬁr%ﬁpqﬁﬁQﬁrf eBPRAZmeRby FBXM 3 rm 4, Form 5

or E‘lxt urgs FhQE@QEanﬂ?é phav ipestisL dHay aateeptall By Canrkefay Lfokdiayi renz
| S nown y|t . emeca naneg . . .,

(S Bonlor s - B EPERFERop IoREern SyBS AP Y 191 STCIRRRYER ¥HED R Benzox
azi n-2-one repsbeent &éd Bygdoe ndll sar(d )furthes FhhrakCetbz¢d)bByat hesi s of
('S)-6-chl oro-45¢yelpphepyi eééw;wi dc,fltcr 1chIq%9wt Bxérﬁoérghhygvfn%%?’ 1-benzo

xazi n-2-one_can 20 be acconplis g hr ough use of “conmerci a
avai | abl e %@chPSﬁBaﬂFl?ﬁ%utA&?%r(Féébfﬁﬁwtmﬂﬂﬁ pFval oyl chloride in the

presence of hydroxide to afford the corresponding am de, treatnent with an

al kyl 1ithium and eihyl tr*éé§$¥§§§§¥gﬁﬁl% fghlgﬁ§gsg aC|d|f cation with

a 25 nineral acid to" prOV|de PR PEEF okt oRet Skt me 1).
Scheme 1 0 \ Phea¢pibgs € pharmmpgeytipglli comppFEALON\ cgmpGiFBn@)a HCl / HOAC

therapeutically effective amount of Form 3 crystalline

20 Efavirenz and a pharmaceutically acceptable carrier.

In a preferred embodiment, the pharmaceutical
composition is contained in a capsule or compressed
tablet dosage form, wherein the therapeutically effective

25 amount is about 1 mg to about 1000 mg of Form 3
crystalline Efavirenz.

In another preferred embodiment, the pharmaceutical
composition is in liquid form, wherein the
30 therapeutically effective amount is about 0.1 percent to
about 15 percent Form 3 crystalline Efavirenz.

In a seventeenth embodiment, the present invention
describes a method for inhibiting viral replication by a
35 wvirally encoded reverse transcriptase which comprises

providing Form 3 crystalline Efavirenz, in an amount



NH NaON 2 H 9 Decenber 2002 WD 99/ 64405 PCT/US99/ 13199 The free base is
subsequently reacted with a benzylic al cohol in the presef&ecembac2@P2; o
afford the benzylam ne, which is alkylated in the presence of a 5 chiral

i nduci ng agent with cycl opropylethynyl lithiumto give the chiral alcohol
(Scheme 2).WOOKEHES 2 10 15 \ CF3 p-MeOBzi OH / NH Tol uene z"STﬂ%S%B(Fﬁa nyl F
C norephedrine a , \ CF3 n-hexyllithjgmC 1 \ OHNH _ "~NH\ \ Ov Ove The
carbinol is oxidized to the benzylic which undergoes an intranol ecul ar

cyclization i g,Re; c1BRcPEBZYLs @ OUM i thd RNV adveaaned thankkeepagitae cyclized
to give the active dré% substance represented hy f%ﬁnula g%éugtSchene 3)

Scheme 3 F 3 pedng FopfapLefiwtidhian £Lig@tive 1nhibitory ot

the active drug substance.

5 In an eighteenth embodiment, the present invention
describes a method for the treatment of human
immunodeficiency virus infection comprises administering
to a host in need of such treatment or prevention a
therapeutically effective amount of Form 3 crystalline

10 Efavirenz.

In a preferred embodiment, the Form 3 crystalline
Efavirenz is administered at a dosage from about 1 to
about 1000 mg per dose.

15

In a ninteenth embodiment, Form 3 crystalline
Efavirenz is prepared by the process of stirring a slurry
of Form 1 Efavirenz, Form 2 Efavirenz or a mixture
thereof, in a hydrocarbon solvent and isolating the

20 crystals.

In a preferred embodiment, the hydrocarbon is

heptane and the crystals are isolated by filtration.

25 In a twentieth embodiment, the present invention

describes Form 4 of crystalline Efavirenz.

In a preferred embodiment, Form 4 of crystalline
Efavirenz is in substantially pure form.
30
In another preferred embodiment, Form 4 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattern comprising four or more 20 values selected from
the group consisting of: 3.6 *+ 0.2, 6.3 £+ 0.2, 9.7 + 0.2,
35 11.0 * 0.2, 12.7 # 0.2, 13.2 + 0.2, 16.1 * 0.2, 19.2 #
0.2, 19.5 * 0.2, 20.6 * 0.2, and 24.3% 0.2.



F 3 Ja \ OH Phosgene THF / heptane NHZ F3 C ~ OH / NaBH4 H ~ ~ ~Owve (1)
9 Decenmber 2002 WD 991 64405 23 PCT/ US99/ 13199 Met hods for @ Recambari2602c
preparation of Efavirenz are further disclosed in commonly assigned U S

Patent Appligati ﬂ@yunber 60/ 032, 980, which is hereby incorppspiesh Ry
reference. 5 ﬁ%@ or s desrgnated as Form1, Form 2, ForangEForn14 Form

5 have been identified. Each Formis distinguishable fromthe other forns
by x-ray powder diffraction (XRD) and differential scanning calorinetry
(DSC). Each formcan be isolated in substantially pure 10" frnn under the

condi tions describe PeFurEE nPfe Lg%gseﬁggd? eh Pl SECONVEr L &d §¥gﬁ1e form

procedures taught h € nos Refhb ynanlca
It has a neltidgapdknnzoﬁsabbaraEBSrQZEG bboan XAGaIZpQWﬂQﬁrdxfﬂﬂ&;ﬂmthest

of the four forjg, e?ﬁesLBs‘cE\ﬁtlg%ﬁpciﬁa§890§hgpbe'Jvi’t:h'Ehéts SPnly used

for drug formulation other fornms may be converted into Form 1 during
drying at aboutFigwre #o about 110 C. Conversion and drying is preferably
done in a dryer oven at about ?0 Cto about 110 C under reduced pressure.

20 More preferred i abou% 75 C t abo %E g orm onvertg_ to Form
1 by heating to 95C &n&@? P@ﬁuBEB prEs u? oPHBt 2 ﬁﬁ?’&
converted |ntoEandrknmsuagchahydtecazbdnbylardyféerednnﬁlEﬁtaﬁnmmgabout 75

C. Heptane is Egﬁ ?ﬁﬁ%c eEﬁE%ﬁgg Xﬂrﬁﬁégﬁgn géaﬂrﬁé OHEr Q. Form

4. however, conv rt to m 1 un se conditions because it is
sol ubl e atlﬁbo@bon@ @€00F8Ffm 1 may be directly crystallized from heptane
when the saturated solution is seeded at about 60 C to about 75 C and held

at about this tenperature until rm3 tts crystalljzin r.m 2 may
be obtai ned by rapi dPcRPGERFF| DRPFBRTSS RERPAERYEY 9T A KOV SRAy THEe
acconpl i shed bgfakérenkt iat cbarattarsaeédriayed deHfementsicllutdcamndingEf avi renz
' at about 70 G 18r§R8EE¥thS%méBQ r¥é£§*£hé§£i f‘£ﬁ5%§é§fﬁé eyuﬁ%ﬁurs

when the solution is con g2 COO surface. Form 2 a melting
poi nt of abdut thps shown in Figure 8

In a more preferred embodiment, Form 4 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattern comprising four or more 206 values selected from

20 the group consisting of: 3.6 * 0.2, 6.3 £ 0.2, 9.7 * 0.2,
11.0 £ 0.2, 12.7 * 0.2, 13.2 + 0.2, 16.1 = 0.2, 19.2 %
0.2, 19.5 £+ 0.2, 20.6 £ 0.2, and 24.3+x 0.2, and further
characterized by a differential scanning calorimetry
thermogram having a peak at about 95 °C to about 100 ©°C.

25

In another more preferred embodiment, Form 4
crystalline Efavirenz is characterized by an x-ray powder
diffraction pattern substantially in accordance with that
shown in Figure 4, and is further characterized by a

30 differential scanning calorimetry thermogram having a
peak at about 95 °C to about 100 °C.

In a twenty-first embodiment, the present invention
describes a pharmaceutical composition comprising a
35 therapeutically effective amount of Form 4 crystalline
Efavirenz and a pharmaceutically acceptable carrier.



9 Decenber 2002 WO 991 64405 24 PCT/ US99/ 13199 C to about 119 C, observed by
differential scanning calorinetry, and as such has except iSbedensiea@D021ty.
The needl es are generally larger than the other forms. Form2 rejects a

variety of ‘%Mﬂéf"i“&i es common to the process 5 which pr oduc%Tﬁjnghr;gnz.
Form 2 is therefore an inportant tool for commercial manufactureé ofl

Efavirenz ' concerning purification qff second crops, and the recovery of
bat ches which fail drug specifications. Further, the |arger crystal size

i nparts numerous process advantages 10 such as shortening filtration and
drying time, and inproving.the flowability of slurry solutions. Form 2 may
be converted into FormBAr H‘Feeé{iﬂég?#\”&e%r'i &g 6’}’5%8\??6@51@3 o 100 C for
about 15 hoursompbd Briwat | Melgontfaokmed imye bappndpaced comprebsedn 2 by
slurrying Form.2 I 5 hept h 0 70 di f.or about 2
hours. The pr'([a%belréré;d&%soarié;n rat’ g’?ﬁ%’e%lﬁi%p%%l}%rfggg%gggggbﬁgﬁic% Vol vent
per gram &f Forent Hsndbarz .l mg e shgutal 19 benac ofvEerad4i nt o Form 3 by
slurrying in heplane ale r@Qbiheiperature for about 8 to about 24 . 20
hours. Form 2 may be converted into Form4 by slurrying Form 2 into heptane
to achieve a concentration of about 10 nL sol vent per gram of Efavirenz and
addi ng THF to reacih aarcstlcentaifienred almdinkrdtg abeubh@rmhcdidRdal about
100 nL of heptane/ THF sol.uti.on., .25 For MRy e.obtained by stirring a
hydr ocar bon scf%mrp?ys%gzlﬂflorl% f%or1 rfr(rfzégaﬁ%"’aboﬁt}eig E.ﬁeHept ane is the nost
pr ef er r ed Ohy delvezaryor: 1dal lge redifc t e mmduwdnver edobiisfel perdertnt a3 t han

Form 1. This gonversi guAakas rfiits & RAWS 11 ARRUL 148024 hours. The

conversion 30 of Form1l to Form 3 takes about a m ni num of about 48 hours.
Form 3 has a nelting point of about 108 C to about 110 C) observed by

differential scanmma aalartyridagndrgnbalined tyosheSpabkent oimdrdt i@l uti on
slurries of Efavir.enz at .r IRer; t.ure.. .Form.3 be.35 converted into
Form 1 by dryé?nsgcra]t%%asboautme%g’rgéto ablglu * lagf grlrggg%fepiic?ﬁl%rb t %24
hours. TBE comuldivorensfoded) rpaearase rt ZIGE O teSe6 vhdsh250morTi 443091 13199

Form 3 to Forgpovinhlrinba aesamdiished 8pevigahzN0ia BEPLAGGS! urry
havi ng a concentr.ation of about 10 nl _to 14 nL of solvent per gramof Form
é\fg‘zﬁfte%ts € 65

3 Efavirenz t¥ 27 5he HLYy TRyedsfg tEARSSFRY3S%t this 5
t enper at ur e florimbeuintadmadr svitForam 4 e td veelinhdipiporpt amburabait 95 C to

about 100 C tqpes%rc\éq]q,ebhrqllgf et @le scanning calorinetry. Form4 has the
I

nost suitabl e nmorphol ogy fol low ng drying which | eads to process advant ages
rel ated 28 the handling

In a twenty-third embodiment, the present invention
describes a method for the treatment of human
immunodeficiency virus infection which comprises
administering to a host in need of such treatment or

25 prevention a therapeutically effective amount of Form 4
crystalline Efavirenz.

In a preferred embodiment, the Form 4 crystalline
Efavirenz is administered at a dosage from about 1 to

30 about 1000 mg per dose.

In a twenty-fourth embodiment, Form 4 crystalline
Efavirenz is prepared by recrystallization from a mixed
solvent system.

35



10 of the crystalline material. Further, Form 4 possesses a preferred
crystal shape, and may therefore be particularly well suited for

formul ation. The crystals may be obtained froma hydrocar bcnécgméfyo(m‘ Form
1 or For (g \M}gdg a cyclic ether such as tetrahydrofuran (HHR added
to result Inabout a 4 to about 6 percent THF to hydrocar bon 8 sol vent
conposi tion.” Heptane is the nost pigferred hydrocarbon. It can be directly
crystallized fromabout a 5 a THF in heptane solution. The solubility of

Ef avirenz in THFEheRt epen by Kl BERSenBodfnaeN ey MiddlsstsQ 1iiheor der to
maximze yield, certajn process. protgcol is preferably followed. Once Form

4 has crystBfRVIERZ(HS %’E)‘Fféelﬁ’{ T A9 $5 SOIPHIS#YEéduced to about

| ess than | o, V\hl):hacﬂdnagca)r’r@\hisdﬂeﬁe hyo Badnmerto exclodngdon bif heptane. Form

4 has al so ﬁ en, obt ai ned crygﬂ_?l I izati.an froma saturated solution in
0 i

net hyl cycl ‘éh’éenﬁe'é?yﬁé‘?‘l’?%a? 3 FRUF2Ght hept ane general |y
resultssn the far rﬂaﬂtmlbin@otlm findl <olortimnxttor @s spleweeef. Because Form

4 is the fo ﬁ'E gg) BESH Q/\IQ:(;_@, Is Z.L.S cpystallized
from hydr oca&)?%g% ur es [ t st é} orm \fkg%gﬁll&ggl SELS’I gtgg-ﬁl as a wet
cake in theceyvsppki a?#n@lr ug manuf acture. Form 4 may be converted to Form1

by drying the crystalsladimpotie &rysttad sabout 100 C for about 12 to about
24 hours, preferably in a vacuumdryer. 35 For large scale preparations of

Form 1 from Form4, it is preferable for processing concerns to heat the
wet calké 9 Decdanternp: 2002 nid 39ikettiGenRCT/LHE080184BYeZSodbehbr 4 t 0 about

30 to abouty r he ¢s i t he
t enper at ure e%er.‘gee gﬂ%\/a&%d@ to rggoclg%bzgg (% fng g%‘égtml{sgg%&%%ﬂcggdl ete the
conversi on.E ‘PG?EmZS e SHBath FoFmosd tdPnapsuabeplcl t bo aﬁ’éa‘tlt 110C,

observed b)béi*&érﬁf efdtdralhyah@MirG Gal Gleptehey. ahar is618aesnpeen det er mi ned

to be the nost t. ernnc%y?rﬂ%calllr%establ e crystalline form bel ow 40C. Form 5
is highly cc?Wd‘lﬁqsné) drad addi tional 10 property of preferentially
excludthg inpurities which | eads to process advantages. The crystals may be

obt ai ned by recrystaldjza s@ﬂctf}f %Hb%d‘iln'eﬂﬁ:e §RE%£Q§ex9E TiFihepsane. The
crystals may be obtai ned z;‘t (r?so utlggs in either Form1 or Form4

have al r eadipSs&dires FoLg) CTNE RO LPBI @ f‘m’é‘?’ébnverm ons of the forns
of the present invention nay be further understood by reference to Schene

4. 9 Decenver 12002 WO 0 Ari0AineHETer8Rd/ SBOH ISP HlurTy In

hept ane
20 Efavirenz is in substantially pure form.

In another preferred embodiment, Form 5 crystalline
Efavirenz is characterized by an x-ray powder diffraction
pattern comprising four or more 28 values selected from

25 the group consisting of: 10.2 + 0.2, 11.4 0.2, 11.6 £
0.2, 12.6 + 0.2, 19,1 + 0.2, 20.6 =+ 0.2, 21.3 =+ 0.2, 22.8
* 0.2, 24.8 £ 0.2, 27.4 ¢+ 0.2, 28.2 + 0.2, and 31.6 #
0.2.

30 In another preferred embodiment, Form 5 crystalline Efavirenz is characterized
by a differential scanning calorimetry thermogram having a peak at about 108°C to about
110°C. ‘.



Form 3 RT, 12 h Fog 2 heptane dissolve/ slurry clarify clarification/

sl urry. in 70 ~C fast cooling heptane) RT, >48 h oven at 95 ; C oven at Form
3 >90 "C Form 1 heptane seeded saturated at 0 to 75 ;C SO|gL[_*9édyﬁ-|Hé€Qb@@e
slurry at 70; C heptane slurry ~ plus 5~ THF oven at >80 ;'in

met hyl cycl ohexane or heptane Form 2 heptane slurrv ~ Form4 plus S~ THF
SloWcrystallization oven at dilute ~ P& m5 '9d C ~ Form 1 sol ution

DEFI NI TIONS The foll ow ng abbrevi ati ons are used herein: "THF" 5 is

i ntended to nean tetrahydrofuran "GC' as used herein is intended to nmean

gas chromat ography, 15 Wrésp éﬁ&f}%@demoa@ﬁané' ”P&PM'§”E%‘9§EQ?11;1£NEDA"

is intended to mean N, N, N N -tetranethylethyl enedi am ne term
" hydr ocar bon" Egawé@%e*%uqﬂawt@r@@é by aPkAnEYoPowedes. dEkinprEdon
i ncl ude but arpaﬂbérrhlcfbxﬁpﬁdlsimgﬁ(ﬂdﬂﬁrnb&? &ucb 28 \peehi@s’l%eh@d(tﬁé@ fhept ane,

oct ane, nonane,, decane and t.h I ke. rreﬁ % 9 Decenber
2002 WO 99 6446%“3‘&:“%’7‘%%5113%@92§f3y 23 %nh fﬁi ACIRET T Slite
m xed sol vent &y31 etd. &onplixki g .df £t 8t 2ah9Or 6f tir@n2 arkil hy dt oea2 bops . 8 The
term"slurry" asp L§ed24ﬁege|1 1) |2s At gndeq 50 IBap A § urgrtlgd3foé ugion of
Ef avirenz and an_addit1 onal
2, and further characterized by a differential scanning
calorimetry thermogram having a peak at about 108 °C to
about 110 °C.
10
In another more preferred embodiment, Form S
crystalline Efavirenz is characterized by an x-ray powder
diffraction pattern substantially in accordance with that
shown in Figure 9, and is further characterized by a
15 differential scanning calorimetry thermogram having a

peak at about 108 °C to about 110 °C.

} In a twenty-seventh embodiment, the present
invention describes a pharmaceutical composition
20 comprising a therapeutically effective amoﬁnt of Form 5
crystalline Efavirenz and a pharmaceutically acceptable
carrier.

In a preferred embodiment, the pharmaceutical
25 composition is contained in a capsule or compressed
tablet dosage form, wherein the therapeutically effective
amount is about 1 mg to about 1000 mg of Form 5
crystalline Efavirenz. _ .

30



5 anount of Efavirenz to give a heterogeneous sol ution of %Iavihgn %nd a
sol vent. The present invention describes Form 1 Efavirei ~3 PeEgPRER200

Ef avirenz, Form 3 Efavirenz, Form 4 Efavirenz, and Form5 Efavirenz in
substanti al | ywwwgsdsorm As used 10 herein, "substantially pycguss®fsisy a
conpound having a purity greater than 90 percent, including 90, 91, 92) 93,
94, 95, 96, 97, 98) 99, and 100 percen?0 When dissol ved) Efavirenz |oses
its crystalline structure, and is therefore referred to as a solution of 15
Efavirenz. Al farnms of the present invention, however, may be used for the
preparation of liquid formulations: in i the drug. s dissolved. or
suspended. In additigﬁ,a?rgéég)gﬁiﬁ?ﬁﬁég] znﬂ#iﬁ%%ﬁﬁaf eépbﬁgg?ﬁngfgalinto
solid fornul ati epmpo2dt o hiet apedtieaid \foaff.ecfiereiamginet of the
crystalline Bf avheehedd; COMY Mt dldR A MRAHERCAILEER 4 3cpeptant eeo
carrier to produce the pharnaceutlca conposi tions of this invention. By

"t her apeut i cal | pPertet? i ReregRfudiorn ° iyisdadtl ine HfswArepBat, when 25

adm ni stered alone or.with an additional therapeutic agent, is effective to-

prevent, suppress or_aneliorate th i sease .or condition or the progression
of the disease or coﬁﬂi?i?ﬁﬁgtﬁﬂ§%§§ﬁhl? éa%mﬁntco%bﬁuHﬁ§588§c??§ﬁﬂ hefein

is preferably adeyoeilésta onesdridl rfatd admhi3d tSywengyalasegéscatbed bora
exanpl e by Chouv?Pgli'!éﬂéaaeJMPev B RA t%%e2ah§§h(28§é%%s§%gurs

when the effect (in this case, inhibitiaon of V replication

conpounds when BEAYHAERGrEQIM P CoMsitftliige Efayiasnes fRaAnt ABOWAEI ti ve
effectlof the C@H‘_ﬁ’@%’@ﬂé’xwﬁ tr:ig'i;\ﬂftmi{ﬂ &lttﬁ:r ﬂ?ivaljr@%%r%% @{ﬁgggfﬁp@g§@t- Imr;
general, a syneygistic effect.is nost clearly denonstrated a cenber
2002 WO 991 644085589 KA TASIER) S A ier‘?&ll"foﬁé’g’ﬁbé?ﬂing’“%‘f‘n? h@
conpounds. Synethy aanive dmud enubst@indeower cytotoxicity) increased
antiviral effect, or sone other beneficial effect of the conbination
conpared wi th the individual conponents. 5 The conpounds of the present

i nvention ak® usef ul 1% i tHentyhirgingtdn egbopivensyetbe pPraaseri presetion
treatment of infestred)n MO FIN MRS itdeaRamenti bEShihhy) and the

treat nent of conseuuggg.patholo%h%ag %%E%% i.ons %ucg as_acquired
innunodeficiencym§§ﬁ’(ﬁﬁfﬁ%ﬁﬁ%Q. Feati ng 10 AMBS 0P PPEATFRg i nfecti on
by HV is definednbzistedindi #9, abltostotin peededft suchr aeatmentanor

prevention of apwilehd AH0& Yhethett i¥a1lVelrtbeelveNambhPS: o ARt i $S
rel ated cog&%ex , both symptomgtic and asynptonmatic, and actual or

pot ent i al ostF &t Hing BFa¥aXsNdod transfusion, exchange of bodily
fluids, bites) accidental needle stick, or exposure to blood during

surgery. For these pﬂ{gng%fegﬁﬁgpggg%%ﬁgéﬁ i the Bgﬁegtcuggggiigqanay be

adm ni stered orally, parenterally i'ng subcutaneous 1 njections,
i ntraveneous, iBE¥eriglig adminigsesedakti A) 8espgr dromntheubnl to

t echni ques), byabhdthal B3gOmgS pledy dosectal Iy, in dosage unit fornul ations
cont ai ni ng gynventional non-t oxi ¢ pharmaceutically acceptabl e adj uvants and
vehi cl es, 7 all usi ng dosage forns well known to those of ordinary skil

in the pharnaceuti caln ar tthirfhettr psbeldimpatf, oFoemob EfwvtaEhimalescri bed
herein may be f 4 [N I ' Likons din

t herapeutic andg%gggﬁi aéfi%9§§?%§§2%§§EggégggggngEE?gﬂL@ aiiﬁyb&*f

S, 519, 021, whi cFPHEeHers® M ncor porated by reference. These nmet hods incl ude
the direction of the fornms of the present invention to conbinations with

One Of TOr &AGeNLS. uselul. et ng ;L LR LNB0h: Bhnt PEng U5l 28 O Il

describes a method of treating HIV infection which
comprises ad:ninistering, in combination, to a host in
need thereof a therapeutically effective amount of:
{a) Form 1, 2, 3, 4 or 5 of crystalline Efavirenz;
35 and



35 inhibitors, HV protease inhibitors, antivirals, 9 Decenber 2002 WO
991 64405 PCT/ US99113199 30 i mmunonodul ators, anti biotics SRerembeci0des, or
vacci nes. As used herein, "H V reverse transcriptase inhibitor"” is intended
to refer to both nucl eoside and 5 non-nucl eoside inhibitors of H V reverse
transcri pt a¥¥? P%8#%5 Exanpl es of nucl eoside RT inhibitors i-EEFHIR I are
not limted to, AZT, ddC, ddl, d4T, apd 3TC. Exanples of non-nucl eoside RT
i nhibitors include, but are no limted to, delavirdine (Pharnacies and

Upj ohn 10 0901529), ,.0evj | e ohrﬁ‘ﬁn Lhe] 8 oche) ,
trovirdine (Lill y))”@Kéﬁ%a{}% i("g‘(r%g:&:a), Fiad %%?e?%glgtg? &ﬁ%lg,??%fod?ean
Resear ch | nstits)sting 72 HiegevVierss tap@scripetage (regaitessiantd e),
RD4- 2025 (TosahrCgrdddhde i UVENrEQ979 (Menarini Farnmaceutici). 15 As
used herein, "H V protease inhibitor” is intended to refer to conpounds
whi ch inhibit HV protease. Exanples include, but are not |limted,

saqui navi r 5( Roche, 1R03l-t332%)y- sfeichoada embodAbkat (, , t ABTpbE88ent | ek arendion

(Merck, MK-639 anprenavi . _(Vertex/. xq Vel |l come), 20 nelfinavir

(Agour on. G PEpS I & bRt Ead Sofibosf RIBN c SRRt LI 3

(Bri stol - Myer stismsdsh)tic@3333 @ f(f@citaye Smoamtes)) FENN - 11 F¢dmpan Farsy gy) ,
KNI - 272 (Japan Enefgy)s. 571350 ( [iGxEhelicc @hbr e GEPs64755 (Ci ba-Geigy), PD
173606 (Parke Davi s!?'?/ PD 177298 (Parke Davis), PD 25 178390 (Parke Davis),
PD 178392 i Pari@imafedt 1q3liy0 650 ePERRLPaEPES18Ad Upj ohn), and ABT- 378.
Addi ti onahhoexanpl es i nclude the cyclic protease inhibitors disclosed in
W93/ 07128, WO 94/ 29) WO 94/ 22840, , and, PCT. lication e

0S96/ 03426, 30 The]ngféQ’s rai2 38 FBerEs b8 SeracneRbs EMafe W0 o may be
admi ni st er ed ighleral-ddevaderiropys eshynyads 4tabkélgsorempshy ksl (£ach of which
i ncl udes sust &R/ £L12AS€ 10hehlBRE 25 Al-0a3G el PEFULELA O0S) by Piddma1Powders,
granules, elixirs, tinctures, suspensions, syrups, and emilsions. 35 Solid
dosage forns ((r;Het'r maceuti cal conpositions) suitable for adm nistration nmay
generally contain from 9 Decenber 2002 WO 99/ 05 31 PCT/US99/ 13199
about 1 ng to about 1000 ng of crystal I'__:i3 ne Ef/ renz per dosage unit.

15 H
(1)

Synthesis of (S)-6-chloro-4-cyclopropylethynyl-4-

trifluoromethyl-1,4-dihydro-2H-3, 1-benzoxazin-2-one can

20 be accomplished through the use of commercially available
4-chloroaniline. After reaction with pivaloyl chloride
in the presence of hydroxide to afford the corresponding
amide, treatment with an alkyl lithium and ethyl
triflourcacetate is followed by acidification with a

25 mineral acid to provide the salt of the triflouroketone
(Scheme 1).

Scheme 1
o]

°’©\ Paloyl-Cl c>\©\ 5 1) BuLi/ ECTFA c’\d\c&
—_— ——
2) HCI / HOAC

NH, NaOH ”—S( ) NH, HCI



For oral admnistration in solid formsuch as a tablet or capsule, the
crystalline Efavirenz can be 5 combined with a non-toxic, 3Peaembeeddd2al |y
acceptable inert carrier, such as |actose) starch, sucrose gl ucose,

met hyl cel | ul nesi um st earat e, dical ci um phosphat e, ate,
manni t ol , sog?ibtggfw%nd the like. Preferably, in addition to t(ﬁfégayg’tﬁlw\?g

i ngredient, 10 solid dosage forns contZi n a nunber of additional
ingredients referred to herein as "excipients". These excipients include
anong ot hers diluents, binders, |ubri cant s, glidants and disintegrants.

Col ori ng agents may SO be |ncor porat nts" .as. us herein, are 15
agents whi ch i npart 'I%lﬁ €’Tc}rsmj;lu SHEPEE%B catetdaﬁ’lg‘?] 8 practical
size for conprmizyrh@ea]mﬁ}@sl am mHeuemEseace dacask tandfdekrBukbse.

"Bi nders" as u ar, e [ aLities to
the powered na?ogegll%ﬂag‘}llgﬁ'l r@lt%gleqisggﬁggqakgﬁ .*['J?a{}{e %%%%%lrrll}égctglﬂa ter

conpr essi ond ashiglal d@dmlmqthé’lFPeéYFéWW}dﬁIWVés lagthipe pewder .
Exanpl es of typjical diddalixaar ailatoaseschbaschy and various sugars.

"Lubri cants” as used herein have several functions including preventing the
adhesi on of the_tabl eg% to the 25 conpression equipnment and inproving the
fl ow of the graﬁ‘ﬁh“ prior to conpression or encapsul ation. Lubricants
are in nost cases hydrophobic materials. Excessive use of lubricants n
result in a fornulation with reduced disintggrat |PUW"d§'de/ or def;

di ssol ution of 30 the girug substanceck _G\ida é r

Q.
C!T

=}

angs”
subst ances whi ¢ F, heMeOBRRHC har r| sh cs 3‘1‘"'"?' at i%h
mat eri al . Exanple | i dantyg,idacl ude ¥l ovand ¢ mjl | SI Rrdi oxi de.
"Di sintegrants" as used®“herein are substancles gor a m Xure of supstances
added to 35 a fornulation to facilitate the dkup or di sint egraty of

the solid dosage formafter admnistration. M#gegdals 9 Decenber 2 WO
99/ 6440S PCT/ US99/ 13199 32 that serve as disintegrants include starche&Me
clays, celluloses, algins, guns and cross-linked polyners. A group of

di i ntegragps 1 ef er g L2sBinosuRer gmﬂ&sarggta,e %%a%gggkylmevsed at a
low level 1nh the 5 solid dosage form I ca ht
relative to th@hﬂ6PaPnﬂﬁﬁﬂﬂFSoPntHét66§a %Cﬂh?¥‘36ﬁé§é&ﬁﬁﬁlos€he
crosporldgng ahﬁrsﬁdl@mdﬁbaﬁ@hrgP¢OEaatenﬁeﬁmesﬁﬁ? %maﬁﬁle§f9iﬁad to ]
cross-1|inked cel.l u e GL.0S i.n mer and a,cr.oss-linked s o
respectively. §o§|u%§fba§F§ygharP9coFg gggéelf%?rﬁgfgﬁedt%yt&BFW%f?o%g[in
| ess than 30 sd&chgmeefdflectively disintegrating the granul ations that
contain itygThe disintegrant preferably used in the present invention is
sel ected fromthgcgegepiconprising nodified 15 starches, croscarmnall ose
sodi um carboxynet hyl cel | ul ose cal ci um and crospovi done. A nore preferred

di sintegrant in the present vention is a nodified star such as sodi um
starch glycolate. Preferre riers include capsules conpressed 20
tabl ets whi ch coptai NeFolid phar maceut i ca{) dog’ ye™ or ms ggﬁaﬁi bed

herein. Preferre tor conpr.2s¥Rplt ap| e 13 se a

t herapeutically ef ive anount of Efavirenz ane or_yore disintegrants
in an anount greater thgn aptw 10~ by 25 wei ght relati o the total

wei ght of the contents of t apsul e or the total wei gz igpfhe tablet.
Preferred capsul e fornul ati ons rﬁﬁ@f contain Efavirenz present in an anount

fromabout 5 to about 1000 ngy per capsule. Preferred conpressed tabl et

formul ati ons 30 contain Efavirgnz in an anount from about 5 ng to about 80D

ng per tablet. Mre prefer r?‘gr&r mul ati ons cont ai n about 50 about 200 ny
et

per capsule or corrpress Preferably, the cag ’g/ r conpressed
formcmm_{eheses a the IIy 35 effective

tabl et phar maceut i@q|
anount of Form1, 2, Ef avi Elheala > rfacta I sintegrant; a

bi nder; a |ubricant;

(I)



9 December 2002 WD 991 64405 PCTNS99113199 JJ optional |y additional

phar maceutical |y acceptabl e excipients such as diluents, ¢ Peramber2Re2the

- like; wherein the disintegrant is selected fromnodifi ed st ar ches;

croscar mal | osgo99gisgsn car boxymet hyl cel [ ul ose 5 cal ci um and @t@mgyj;ﬁgme.
I'n general, liquid pharmaceutical conpositions for oral admnistration have
ranges of the H V reverse transcri ptas® inhibitor agents which can vary
fromabout 0.1 to about 15~ by weight (wgt). More preferably, the 10 drug
subst ance conpomenhodis| for arlge $ywrhethioutprepagasbhont ofOEfByinenght in the

conposi tion. For, or n{ﬁr@ﬂg}na%mé@@i dn%‘n‘i%l g&g%ghgﬁ o St +

Ef avi renz can bé conbi ne any ora nont o I mceu
accept abl e i ner PPPALFpEEOBR (RYMRET 160 /2 3hrfH10, yhiebr bf, hﬂ/ﬁ?b}’ and the li ke.

In a preferred lingdi-Hoc2FPQShy i Ak etdicd i quid vehicle consists of
essentially gol yol esters_of ‘mediumchain fatt aC| ds. This term pol yol

esters of i um chthV?a¥?V“%c‘?%%lqréa§?ﬂ &SdEQ ol i nEPTe2 esFRH® Hnd mi xed
esters of glycerelrm 20 PoopYS afes €yl mer?cnhhe?dopenaehgmr@oigol S sucg as
pol yet hyl ene gl rea ai atty acids ei n sai
acid has a chai 1F£ﬁﬁ?ﬂl%ﬁe€\’e rémget&‘ﬁft gﬁn}fo xP’éﬂ’l%‘Eﬂ’%ﬂy
preferred for coipbsattors GXPQD)t rargl ﬂﬂ@?ﬁ&i@gtgnld$g$lynemgdeslmﬁflm¢tér}cg do
fatty 25 acids qogpp! cighdy | ahl Gd iambheal sactiopebiomply GapaUt

oi | . Commer CI al I'y avail abl e products of this descrl ption are s
trade namest®M §PyBI undew tl&ﬁ%@‘é@d’nweéﬁré}"@ desBYT BT asthnvi A
typi cal conposi fagnbef uab@worﬁfenﬁgi f}:@t Tgto&@ddréga@éwd;h@)héﬁeiﬂl gl yceride

and about 28~ C o fajt id apric er vels of C6
and Cl4 tatty acid ?#lépigerl Cheo S)t (ﬁq’ﬂ%% hc%{\ﬁah’ysﬁ%i’o%eei
conponent) whenIprbsent rs%lrtmem a:BDItrtte ofolabent i/é&l‘&‘etcboatbcmne Bl v 35
agent in formul gk ag IQetl?@'HiQﬁ{ééto%Sf cthet *i%uknfnlgxﬂéon Bid &ég:g{sesem In

the conposition_ in the range from about 64405 34
PCT/ US99/ 13499 3BSreasedotitaluidy tihy ifeiighComBar lyoreedr %‘P’ér%%/ from 70%to
99~ by weight. Peehelablon. t il icutet Cﬂmfﬁ@smhyone C@cﬁkﬁ*@éf\té@ Rlydoesters

wll contain a zv\ggt eni ng. qfntatM|bch d %Ous,ef go .Ia}gout rffiblct;@g the oily
taste of the nmedi Um ¢hain fatt o
Conversion and drylng is preferably done in a dryer oven
at about 70 °C to about 110 °C under reduced pressure.

20 More preferred is about 75 °C to about 85 °C. Form 5 is
converted to Form 1 by heating to 95°C under reduced
pressure. Forms 2 and 3 may also be converted into Form
1 using a hydrocarbon slurry at about 65 °C to about 75
°C. Heptane is the most preferred hydrocarbon for this

25 conversion. Form 4, however, may not convert to Form 1
under these conditions because it is soluble at about 70
°C. Form 1 may be directly crystallized from heptane
when the saturated solution is seeded at about 60 °C to
about 75 °C and held at about this temperature until Form

30 1 starts crystallizing.

Form 2 may be obtained by rapid crystallization.
Rapid crystallization may be accomplished by the
filtration of a saturated heptane solution of Efavirenz
at about 70 °C to about 80 °C, and crystallization

35 preferably occurs when the solution is contacted with a

cooler surface. Form 2 has a melting point of about 116



ester and thus contributes in a significant way in making_.the c i.tions
nore pal atabl e. The sweeteni ng agent can be sel ected fron?begﬁragﬁgp@ﬁjgh as
sucrose) mannitol, sorbitol) xylitol, lactose, 10 etc. or a sugar
substitute sugiy9dgeqeycl amate, saccaharin, aspartame, etc. |f pt496$99/13199
substitutes are selected as the sweetening agent the anount enployed in the
conpositions of the invention will be gdbstantially less than if sugars are
enpl oyed. Taking this into account) the 15 sweetening agent can be used in
t he conposition 9o tbhabbangel dof oy osbfedvéd n0-diHEareirghita Jandamaiag
preferably in the.range,of 0.5.to 300 .by weight. The r r.ef.erred

sweet eni ng agentcs‘;“‘lz(i)rr %FEEYSU%%?saSanS %rér}f?%u acref%/tlsolf’car ossg:.aﬁlllﬁel% artiTtlzlﬁe
size of the 20 pmeddeedasacygeserakkyl hargdredmeroie tatHeavdarmsi.gnFpirmant
influence in the physieal aBPRLALANCO of mpbif¥es ff il U T TP RO SHiH gﬁoeegsl ts

ultimate acceptance for taste. The, preferred particle size of e sucrose
conponent whén (8E€h BrrAuese FEaGEr Rz f r FRFDE 6 Idereforengn 325 mesh US

St andar d Screen.jngdraagt hesoDrederedifetd (il haphidtaead icRIEfeRIReskt i on,

Ef avirenz is conbined with a l}[ uigl. vehiﬁcle whidch is ave tt%ble oi |

sel ected from t FEPEFAEENEORETY ’?tf‘@ o7 A1 VEGIS, FERTUt B FPSoyBEINEDY I,
corn 30 oil, safdfl baeches| whicinffaikerdwid spearidlidagiilonsor Walmtberoi kheThese
vegetabl e oils ar L ly: j f r.-Qf |
recogni zed bg tﬁggg%gﬁ?%%ﬂ n%/t eﬁ%@%é{%ﬁ&% .e%&elg.sco%rgrig(%ﬁg%?gger ves
as the sol véAt 3mcheRFcFBOTBPNINME Rl tRAL IRfe@ng §rvdmeu tdfeng aRAe

conposi tions of ikpeolNigNtheNt BshidS1 e N ls vk o1} ibReenbebrr082 WO
99/ 64405 35 PCT/ USQE)/ 13199 co o.sit':ti 3._(1 inl;[/\gie range fram 50 to 99~b by

wei ght nore prefBrabPyCPrERT 78 T8Iy WetgRCaPrRg: drabt ¢r fhe®
pharmaceuti cal edopbsPhi dsteori®i T nipw edetebl|ld diduns.| | Adlceoneontaln, a
sveetening 5 ageRtmi fly 5o Uil rdd) LA Eclith LBy iditir 3k PhrkE in

vegetable oil and thus contributes in a si gni ficant way maki ng

conposi ti ons>mohepparat Apreed e akejth d ¢ op ik herdsimgy forsebesht 4i n ot her
conponents rout ihlaaky.utjmhé Zgﬁ.daf ﬂé}:hrféH raaraidmakqolﬁhhaffrr%@ﬁ@t isgakry is
conpositions. One exa e of_su conmponents is cithin__lts use in
conposi tions of a?’ﬁgti ﬂge'ﬂlfi%% sé)glv‘?{lte rsigﬁﬁ"hé’fagé’ﬁf“ i°n TRY*F&RGe of from

d
0.05 to | ~ by wWEoght 2 may ealgefs alsinvented Gntot Fo@r63 by weughyinayin

possi bly serve 4@ptBREOYE ARSI Audd & ol achitV® douaraaentyg O her
exanpl es of _co nt.i m crobi al rvatives,

n'%onents t hat ay be used are res

such as benZ%ic SBFﬁ‘orF‘b'éf?a?oé%é'; %ﬁjsc;?é’ﬁ’(ﬁrr’f& §&%Os Foxtic g’é’ EEFFBYH%QP
silicon di oxi deFoamt £ okntartiegtarepiwaladriziveane sohetlentsatfioavofi agoagent s;
and colorants. 20 mesgﬂ&ggl thgra%p%t} %ﬂ%hzc%ogﬁgtiﬁgsgﬁFngl r | evel

of use in the conpositions o S invention is withint f skill in
the art and wi | FeBehed efrnRARtERtEHNN fi 2R Y dokot BOOHSr ki A ERBEnPRes

provi ded herei nabbet. 1@ i Wt AldgvandAman senatAgy.al so be coupled with
sol ubl e pol $TEI‘$ as &ar g%abl e dru t(:aa}Lrnreide ST li%r}i%ol ymer rgggr'ggl ude
pol yvi nyl py%/ ol i di ne %Vf? DL RS FRT 4 g Y
pol yhydr oxypr opgloethacf yWam de-qphdtvaim 2peity bpduax @&t Byl.- Hephateanisiephenol
or p0|yethy|enethe most preferred hydrocarbon. In general, Form 2
converts faster to Form 3 than Form 1. This conversion
takes about 8 hours to about to 24 hours. The conversion
30 of Form 1 to Form 3 takes about a minimum of about 48
hours. Form 3 has a melting point of about 108 °C to
about 110 °C, observed by differential scanning
calorimetry, and is the most stable form in solution
slurries of Efavirenz at room temperature. Form 3 may be
35 converted into Form 1 by drying at about 85 °C to about

90 °C for about 12 to about 24 hours. The conversion of



30 oxi de-polyl ysine substituted with palnitolyl residues. Furthernore, the
crystalline Efavirenz may be coupled to a class of bi odegPdRroembepaddirer s
useful in achieving controlled release of a drug, for exanple, polylactic

aci d, pol yglekids aci d, copol yners of polylactic and 35 po*11 SH¥senRkig acid,
polyep5|lon caprol actone, pol yhydroxy butyric acid, polyorthoesters,

pol yacet al s, 9 Decenber 2002 V1' O 2381 64405 36 PCT/ US99/ 13199
pol ydi hydr opyrans) pol ycyanoacryl ates and crosslinked or anphi pathic bl ock

copol ymers of FB¥EIV QQEBSFoEﬁ' ﬁtd\ei'y R8s csiySialdd rﬂér Hoatiingna contain
Ef avirenz and_th iquid or soljd conpositions descrlbe 5 herern. Celatin

capsul es may &FESaBSanPﬁrlbo‘%ﬂé?% T HME R AP st 10 8laken,
cel l ul ose derilvaii,ves, sOBGNESi pi Sfread e, chﬁneag iFF AGirrandot BBolitkes

Simlar diluengts _can be d,to m essed tablets th tablets and

capsul es can bé ﬁﬁnﬁ?ﬁ%fufid(%si¥ﬁ§§§? d: eléégg'pfbdug?g to provide

for continBousempéeaSEreff¢mxﬁbnuﬁ(ﬁ]hnnﬂs.a period of hours. Tablets can be

' sugar coated or filLpgygopteds to MBSk cHQR!Qﬁ?%ﬂ?uﬁ@%%e°%ng ot gpBiptect the
e

tablet fromthe atnnsphere or enterlc coated tfor selective disintegration
in the gastroitAPe8€i nabsanved ek differandrial seawying caliordBeETryi |,

si'il l nf aqueﬁ@@rﬁle)sth9§etwlmles)&lmé Qttcﬁﬁ;ﬂfbl&i@@arfoil(ﬂovﬁlh@narﬁﬂﬂ

gl ycols, suc ene col or e cols are, su

carriers for HgFgﬁtg$%$ s%? fﬁp E%¥%bépb &r g angFﬁ?lons

are prepated by dhesoi-ysmllhaa mra;xsazaildll ne FEfra:herreanm #heosaesses and, if

necessary, adgwgepy%cﬁg%ll aslubsq; cesdndém rzéf'&ea%%ms such as SOdI um
S i

bi sul fate, sodiumsu ascorbi c aci elt al'one or conbi ned, are
25 suitable spabnwlwghageﬁﬁ]s.s‘atﬁd cf%ufdnarn&qtﬂ@nsal fheaauysbaism EDTA

may al so be enR| oy&dobbi et efedm %3|H#dxf31&rfmjh aslsﬁr@o@tfa'rsarﬂr gsefvatives,

such as benza konl m chl ori de 0 nd chloro utanol
30 Surtabl 6 ORGP AT DR T abhsr, Hpsl AR st Rt LB
Pharnapeul$cahs$ﬂd@e@e@q m&ﬂndummﬁlaﬁuuq;ajﬁ ,Lca adtcanrd &r gherebateMEE text in
this field. gl Séc&’P@cSr‘.mR?}U)' Gal1 ARAE; 109{.32%% aﬁfer ?L‘E' eOf the

conpounds of t I nvention can be |IIustrat as December
2002 WO 991 64B0St FeyREgyy e fyirprarbon. It can be dlrectly

crystallized from about a 5 % THF in heptane solution.
The solubility of Efavirenz in THF/heptane mixtures is

20 generally high, so in order to maximize yield, certain
process protocol is preferably followed. Once Form 4 has
crystallized, the THF concentration is preferably reduced
to about less than 1%, which is accomplished by solvent
exchange with heptane. Form 4 has also been obtained by

25 crystallization from a saturated solution in
methylcyclohexane. Recrystallization from straight
heptane generally results in the formation of Forms 4,
1, 2 or mixtures thereof. Because Form 4 is the form
which most commonly results when Efavirenz is

30 crystallized from hydrocarbon/THF mixtures, it is the
form which is isoclated as a wet cake in the commercial
drug manufacture. Form 4 may be converted to Form 1 by
drying the crystals at about 80 °C to about 100 °C for
about 12 to about 24 hours, preferably in a vacuum dryer.

35 For large scale preparations of Form 1 from Form 4, it is

preferable for processing concerns to heat the wet cake



Cat ~sul es A large number of unit capsules can be prepared by filling
standard two-pi ece hard gelatin capsul es each with 100 ng9dieqsther2epP
active ingredient, 150 ng of 5 | actose, 50 ng of cellulose, and 6 ng
magnesi um s{RpdoleG495S0ft Cel atin Capsul es A m xture of acti Vect/jgdoadisgent in
a digestible oil such as soybean oil, cottonseed oil or olive oil can be 10
prepared and injected by neans of a p¥sitive displacenent punp into gelatin
to formsoft gelatin capsules containing 100 ng of the active ingredient.
The capsul es sifowboani Ren dbabsashaed abdadbhed501601é&pemsxh@Imamgelmynber of
tabl ets can be prepared_ b n the dosage unit
is 100 ng of aé t@% |ngre |én%&%%&¥g %h ?B gﬁégg?ésﬁ%!ﬁgy %'OX|de
mlligrans of efeyatesidumos dmust 80 2¢5tngabbugolﬂ0c?@dﬁysxmmﬂﬁﬁ@ @é?lulose,
11 ng of star¢h,3ad 98,8 ny of |actose. Appropriate, coatings may be
applied to_increase paﬁétablllt r del a abso pti on. %%% ension 25 An
aqueous su3pensi onFOER e NHS tige B éPtaa ?F?ﬂ?zﬁ 58 #Pdtteach 5
nmL contai n 251ng°of ébﬁekyedlbyd@ﬂfﬁ@fén%nalupdahnmﬁg c200rime iy sodi um

car boxynet hyl ceII | pse of sodiu enzoa 1 0 g of sorbitol

sol ution, U.sFprm gn nn§e5FrWéﬂlg}?ﬁ %§OE?% Bt able A parentera
conposi tion s@hﬁabbébimnnugmhlm stebileoarpgtahi beei borwcdelow gP&pared by
stirring 1.5 eRyanai gl 1abracl k slcagﬁ@ﬁbegad'ﬂaé%%asq't%ﬁa@ropy' ene

gl ycol 35 and IS sterilized comonl y used
t echni quek? PgoBéé’éh‘bé’rf M@ievxenggﬁé&xosxséu@m uswritém whish Sprav An

aqueous sol ut i @Rdks tpr pracedssuabahBagesachTie ndtydtd temagonkai ns 10
mlligrans of gﬁtlve i gredlent par.a
B

1.8 m|li
mlligram pro Bépﬁge aﬁ&cfﬁsﬁ?iﬂﬁé?ggénnégé I%é$2&15%5°1?ﬁé0§oPEtlon i's

di spensed i nt BHF /hiepltiahiet.er Thieaksystaha nayiaberobtained from solutions
in which either Form 1 or Form 4 have already been
15 1isolated.
The possible interconversions of the forms of the
present invention may be further understood by reference

to Scheme 4.



10 A honogeneous mi xture of the active ingredient in polysorbate 80 is
prepared such that the final concentration of the active 9dgcediten20@2 1 be
10 milligrans per container and the final concentration of polysorbate 80
in the container will be to by weight. 15 The m xture is di n [at o
each can, tW@%/4t4%s are crinped onto the can and the requi ?gﬁ"iﬁgfalﬁ of

di chl orotetrafl uoroethane is added under pressure. Conbination of
conponents (a) and (b) 20 The Form1, Form2, Form3, Form4, Formb5

t herapeutic agent, copponent (a) of this invention can independently be in
any dosage form such as those descri bed above, and can al so be

adm nistered in various conbinati ons,  as .descri bed above. In the follow ng

25 description conponent (b) is t ygtra&'n&é’rstood to represent one or nore

agents as described previously. T ; 1i’e}’gorrponents (a) and (b) are to be
treated the sane qroi'-,adgpendem-l—y,—eéejh—agen& of coppener® (b) may al so be
treated the sane or independently. 30 Conponents (a) and (b) of the present
-invention may be fornuNat\ed Hameirer, @l saolivagl unit (that is,
conbi ned together in on sslluryt abl el arfi@yd or |iqQuecdarafdécptiaeng
conbi nati on prodsbdrry\ien Fais&t egol @@t her
in a single 3S dbosapgenenit, conponent ered at the
sanme tinme as conjbnerd8 (Ib) or\j \any orde cenber 2002
WD 99! 6440S 39 PCT/ US99/ 1| 3199 of Thi$ invention
adm ni stered first, foldyuweddy m ni st p@ati on of conponent (b),
may be adm nistered in dde reverse order. if geppaAenNteéddgcC l re
that one agentFoEmy3 ome—RFS i nFaFmol am—gﬁgz?mmnﬁégstgtzﬁ?hese
agents may be adm ni stered together or in any order. Wen not adm nistered
at the same tine, preferably the admnistrati on of conponent (a),sand (b)
occurs | ess than abouj ope hour art.
adni ni stration of conPBREAPS(a) /and (b) s \Qmalus BeTerns opdl agent, oral
i nhibitor, oral conpo 'df;g%{: the like, as
whi ch may be orally adminrs ed. Altheugh s preferable ¢halolzompenent
(a) and conponent (b) both e adm nistessgd t he sa
for exanple, both orally) Ar dosage form if desi hey may each be

adm nistered by different”routes (that is) for eXanple, one conponent of

t he conbi nation pé@dﬂ‘gt may be, idd SdAf orall y,F&pﬂ gnot her conponent
may be adm ni ster i nt avenousi%%%@ﬁ@@%sage’Tor ns. As is appreciated by
a nedical practitioner skilled in the art, the dosage of the conbination

t herapy of the invention may vary dependi ng upon various factors such as

t he phar macodynam ¢ char acglew stics of the particul arh25 agent and its node
and route of adm njistrati stalligai@s, heal th and© t of the recipient,
the nature and exXd&ht%s ?F’rwe—s-y-ﬁﬁonsfameSki nd—é&murrmﬂreat ment ,
the frequency of $¥eéhtifEht, and the effect desired, as described above. 30
The proper dosage of conponents (a) and (b) of the present invention wll
be readily ascertainable by a nedical practitioner skilled in the art,
based upon the present disclosure. By way of general guidance) typically a
daily dosage may be about 100 milli gé@&éﬁtlg—ggﬁabout 1.5 grams of each
conponent. |f conperentof bpwiLer &6BAESiERE 6nk hafe ONged atgraingd, tTingn

typically & d?%'Xntended to mean tetrahydrofuran, "GC" as used herein

gnbgtadn‘i ni
orgﬁxagple 9
i

is intended to mean gas chromatography, "DMSO" is
intended to mean dimethylsulfoxide, "TMEDA" is intended
to mean N,N,N’N’'-tetramethylethylenediamine.
The term "hydrocarbon" as used herein, refers to
10 alkane solvents. Examples include but are not limited to
solvents such as pentane, hexane, heptane, octane,

nonane, decane and the like. Preferred mixed solvent



9 Decenber 2002 WD 99/64405 40 PCT/t1S99/ 13199 dosage may be about 100
mlligrans to about 1.5 granms of each agent of conponent (GPeceber@P0df
general gui dance, when the conpounds of component (a) and conponent (b) are
adm ni st er edyhRegpPi Nation, the dosage anount of each 5 cORpQRRBS ITBY be
reduced by about 70-800 relative to the usual do~-age of the conmponent when
it is admnistered alone as a single agent for the treatnent of HV
infection, in view of the synergistic effect of the conbination. 10 The
conbi nati on pr ggyedss Ofintties grverit qwmmlaa taeremdtﬁé@ds@wéhﬁ hat ,

al t hough the active mgredl ents are e(r)?nbl n%d n_a sin osa eq?unlt t he
physi cal cont atY® bePRee R He A& iAfe b ERfsrpg ?r’l'x ?f Brder to
m nimze contact, fTixeexeumpl Eslumh@reatsh@sreldoﬂecelhmi&xmeﬁde;d admmaast er ed,
one active 'ngregtaﬁ OBY D0 SR % 6a2ATen® ofR! S Sag03dA0, one of Lhe.
active ingredieéen -9 31 e “not ni m ze 1he contact between
t he combi néd a@ﬂ@%tl%@r%%h\émeglz gt gaIV§03 hetpsogered s esqltdom i8] t he

rel ease of onegpiy2Ledhesfy GOMEHARRAMS i N the gastrointestinal tract such
that one of these conponents is not rel eased IESt he stomach but rather is

rel eased in the intB3%i NS ndWEP tdMPofeRShEPeF TaTe 4 it Asher e or al
adm ni strati onFosm c@smfaﬁmml tesni Gr Efacdrbhnat Form pt alisoiivdrer, eiamdone of
25 the active 155'1%? ct“;uj at,leg;u\gstt algﬁ%a{a %1 Las g’ra]t Eérl al which
effects a sustaine ease roughout the gas |naI T act and al so
serves t ol mm:zelrphyesmtac@maédw par@demeane emmchdtawg a

ingredients. Rygthey r%@atéth:h%‘ﬁStB@' @e@cealcea%ﬁel&@ﬂwwt wandge 39
additional ly enteric coate su he rel ease of this componenf occurs

only in the int®estite. &t il gﬁot I‘?@r’ 3B6r SREnPRBTERE i nvoI ve the fornul ation
of a conbi nati on prkietdiissoliviedh Elfavdmenczompeéenits &zq,a;actaadl\meth a

sustai ned and/ or SLEKI © 18 SaserRol ¥Rl 800, Lhe oL hel S3aommanen

al so coated wi such ‘as a | owi scosi gra oxypropyl
met hyl cel Ral oslefcwlltﬁﬂt?er Alsl Begagbel zbezpmﬁeet CHOB (RO, erleyex% 4

appropriate sy ind SufAs lﬁ&wnthenp&@aeat;aohnoer tehui® fdintNerisarangte the
active corrponent t}rﬁep mer oat| 3% serves to xfs(? %1 an ad%}rl qnal barrier
to interaction*RGth erSc r’rﬁ&ﬁ £9 PR BYERSBGGr mA Y4R8r ei n
contact is pr ec&mttcad/sbeﬂweeue @cﬁapcmentzsmaa) bantn¢dmparieeal doato sgldd sone
ot her materi al JBy al so be ‘prevented between the individual agents

of conponent (fb3 Dosaoe forms of the conbination products of the 10
present iR¥ention vﬁ’tetrkhqrﬁpe(‘)‘ﬁécéé%’v@fifﬁﬁfléﬁﬁe‘i‘t‘t‘o‘i'%té?'fté:ﬁtec coated can be

inthe form ofcﬁ}adﬂaatlsnﬁleﬁatztiaten&heseababuﬁeaoaiad £ PrRohekicudndallhe ot her
active ingredig e‘%tte a8 ¢ aq‘%qegcgglh% g gggn l(i:arr’!rlpa Zﬁgd iinto a tablet or

such that the rie coat Fessed into one tabl et
| ayer and the @nmgsiddidnge 0|fnéjhe§| envengleomr&seduqnmmcaddml onal

llayer. Optionalfpecdiiel@@unt® fur EBeﬁ\eéﬁEaéﬁt&néd‘tﬁc tti’H&t' ayflepy OnNe or nore
pl acebo Ig;azer Sﬁfﬁ“ay be pr esegt such thah the acebo I IS bet ween t he
| ayers of “3ct i3 BY YFFeSURLAPE. OF nWak F‘Poﬂ Pgtife present
i nventi on can dwgertn tike e‘fden:td)izecapspkesemheremgspm ant iaveliogaed ent i s

compr essed | Nt 4l A LBrhi 168" Bobnd BHULALILOT ATkt D! et o

particles, granules or non- are enteri ¢ coated. These 25
enteri c coat edifiedss &3 Mﬁlﬁapﬂl cl &se gemhimasienr qforrog@oMnsisare t hen

placed into a FARSTURPHFRHR! 8§SEHeEBEAbRY CAPSH & Al Wolbidaghiafaul ation
of the otggr %gtlz%nkn%{e%escrIbed for example by Chou and Talalay,
Adv. Enzyme Regul. 22:27-55 (1984), occurs when the
effect (in this case, inhibition of HIV replication) of
the compounds when administered in combination is greater
than the additive effect of the compounds when
35 administered alone as a single agent. 1In general, a

synergistic effect is most clearly demonstrated at



These as well as ot her ways of mnim zing contact 30 between the conponents
of conbi nation products of the present invention, whether Sddedember@p@2 in a
single dosage formor admnistered in separate forns but at the sane tine

or concurrerybyobiod he sane manner, will be readily appar enpcir@sihHsi®
skilled in the art, based on 35 the present disclosure. 9 Decenber 2002
WO 991 64405 PCT/ US991 13199 42 Pharnacd8utical kits useful for the treatnent
of HHV infection, which conprise a therapeutically effective anobunt of a
phar maceut i cal suiosgoisid 1 aroreenpmagiiogsaof otrhe unodmpdumdspordniexa) @ard one

O TO" & COMPOURHs, 0T SoSOTRONeIe R okB0RELOr ILPeSLEN ik oAl ner s,

are -also withrn of 1 sent I nvention. Sterilization of the
cont ai ner nmay ®efectriad e wihey beneéaciohatiEeet iof A1 on net hodol ogy

wel | known to thassskidd ebrgaddie valth: tReNPRAERIaks) Sdibsrumanent 10 (b)

may be in the sanme sterile container _or in éggarate stferile containers. The

sterile com ai ners 1€ rRAMRQUACSS Gy tO6BFPSERS ehRY SR & Vb A LS Ui hne or
" nore nul tiparttgenim el siorms e edveCaaponanséct Bytay, corponenic (dH, nay

be separate) or_physically.conbined into.a 15 single. do far r unit as
descri bed abovjegpﬁtchorkikf% FATY df“f’ﬁlg?d?ﬁéfﬁ%%?yi HdEsi @_eﬁg“gj oar?éiﬂc;ér%ermre of
vari ous convent¥exaernpharharasaa@Entk patbobhpohent sqordicthi s fsarchexdanyl e,

one or nore p@é&@ﬁf‘éﬁim.ldaea%%%qfeae},esgaaﬂﬁésfw&@i.ti mat@,@]s for
m xi ng the conponents, 20 etc., as wlil De readi|y apparent to those

skilled i A% heAHRS. nstraptinghdnigcthep BY Hhéekt defingd |amel s,

i ndi cating quaiidiud@ndf Blte mamdangres to, beredtmenStai® bhregidmaldnmes f or
adm ni stration)_and/.o ui del i nes..for nm xi the.c onent | so be 25
i ncl uded in thgef & LG, e ff%er?t}rarlgregug¥n€g\|]f}%%?%)n%;%n'a%dﬁjvsari Fons of
the present inl&S orelatedoswipdlex)i nbbthhsymptemet iab@rad t eachings. It is

therefore to besypieisicQd that aMhBhiNok LOESEPPE SipddE ARRERARA 5] ai s,

the invention nmay be 30 practiced otherwi se than as_ specifically described

herein. .ARALYH WERSENS LoPRa PXEHARER BF fPAetY ol widse- RiFSSowder
di ffracti on dadeciderftfaly e aved ckbt air nedpadsdte aadbildqs dddelg 3720
aut omat ed povxds% er9 -Decenber 2002 WD 991 64405 PCT/US99/ 13199 43
di ffractoneter” r§am}1es were run in a batch node with a Model PW 1775
mul ti-position sandiar diwmsgerurpesedi f thaccomeewrdseat ddis ppeFanitth a
variable slit {8035 Mdy®beSladmihiatssbat b iy OpLHUHESFa1aRd a
20 {including subcutaneous injections, intraveneous,
intramuscular, intrasternal injection or infusion
techniques), by inhalation spray, rectally, in dosage
unit formulations containing conventional non-toxic
pharmaceutically acceptable adjuvants and vehicles,
25 all using dosage forms well known to those of ordinary
skill in the pharmaceutical arts.

The crystalline forms of Efavirenz described herein
may be formulated into pharmaceutical compositions and
employed in therapeutic and prophylactic methods as

30 described in US Patent 5,519,021, which is hereby
incorporated by reference. These methods include the
direction of the forms of the present invention to
combinations with one or more agents useful in the
treatment of AIDS such as other HIV reverse transcriptase

35 inhibitors, HIV protease inhibitors, antivirals,



5 graphite nonochromator. The radi ati on was CuKa (40kV, 30mA). Data were
collected at roomtenperature.from2 to 60 degrees 2B: th& Recepber 2002\as
- 0.02 degrees; the count tinme was 0.5 sec. per step. Sanples were prepared

on gl ass spegpWBpol ders as a thin layer of powdered 10 natg¥ @loedibd10ut
solvent. Differential Scanning Calorinmetry The thermal properties of

Ef avirenz were characterized with difs@rential scanning calorinetry 15
using a TA Instrunments DSC 910, with data analysis via a TA Instrunents

Thermal Anal yZgpndAQRoawpaBbes, Walta il ACRE idhtSaaiRe takl, nym pans for
analysis with an enpty alum num pan serving as the reference. Heating rates

of 5 C per ni nfBECHPEIO C per ninute were enpl oyed over a 20 tenperature
range of 25 C to 2DAsGusddehémsin UMV wasrexald hirahed rdpthsa i ndi um

st andar d. e r 2002 0S PCTI US99/ 13199 44 EXANPLES. The
f ol | owi ng exanﬁf‘gégb‘é%’éh the Hre epC{éar%;ﬁ"loonrecc);fgr e bsth HUCieOSlCI?{g e
(S) 6-chl or054 opolope beys Bddyamitibi-tiorisf |afotdivettieplerse9dirbpdroipkrS8el- benzox

azi n- 2- one. l%gﬁ?fg Bx é.m fé§ﬂ?f q{dcqré&.a‘ld% e ql;'m%qge‘;eyh)\ciuagl nghpy!

pr opanam de. roanl | he :?gg‘ vaas issolved in a mxture
of t-butyl metByE @?he%lmamgt)or 'adff%u g §4di-upPRydfexi de (61. 6kg)
4ﬁ3m)12]I and V\ﬁﬁﬁﬁmﬁzés %g%rlaoﬂhﬁftd' 1@;;@@113 trp i.glﬁlbi(ﬁoﬁfbelh@%uaﬁi, nguslalfﬁy was
char ge trinet C or e nol). over eepl ng t he

t enper at ur e bef%\/\;il téle‘z\f'i%’r et‘larv(ﬁrﬁgm:%nﬁp axfiagae PR éPaPPS} was cool ed to
-10C and hedd 8012285, hmmscap'ﬁlwmﬁnmmtlnm Jolgledbeent) byR6i L8893 on,
washed with a gthﬁé {‘d‘?}o@ﬂl %‘Lrl/l%t hafel 4(4%75'1*%“?&‘??" dﬁb?d 9*5‘ VaCUO

to give 85kg ( e t|t e conmpound as a cr ne so
152-153C; 1H Nwmeeb@twc'fc‘:défs)ea@ ?e@@a(r&h Jnstgtpge) pHPC7783 (%lege = 9
:2),8 gz 2§HZS é)?:@nblhfﬂ;l 152t765) Mg - XL Re g iﬂ-%htltul.%ﬁ 6kD1|29015 1’285%) éi31 4,

. 6, . 6. . Pr r oro-2-trifluoroacetylaniline,
hydr ochl ori de ﬂg@rgt e?n‘gé‘?‘ﬁ?(@?&% S’feﬁ‘r?g * Ffr?aﬁl t1ﬁ§7§ propanani de (36.7
kg, 173 nolj was chas geskd deresial, ut"Hay GHIOTMEDA (2BiRPikgr” 1¥4 hoté¢nded
anhydr ous t-butyl rSELIVL. QldiRou Tl Wi 1#Rd1a00kEY boor20L: To he col d

slurry was added 2.7 N nbutyllithiumin hexane kg, 393 npol) while
keepi ng 30 theE%c@ﬁ%?%tmcélU&eﬁ OWSCATA QL g eé hfsagtlleavbrst%%%
sol uti on was caohedsmshowfltkﬁﬁmlier(mtdﬂ y ABgaceq, \Mlhhlﬂahyf

trifluoroacet akﬁo&%\[ 38{_96(3 n%gjgg Af ter l‘ﬁgtexo(}tl egt {é,gff(lzg ’ sol ution

was quenched i eepi ng era e bel ow
25C. After2®5 pehbimaviof &A@mmeo%—ﬂﬁé@é phél@ﬁgam éBQQhEH‘lWWaS

concentrated byngiBhdirh) NEMPRRPE2AR @Y 200 -My@ks Squibb), GS3333
(Gilead Sciences), KNI-413 (Japan Energy), KNI-272 (Japan
Energy), LG-71350 (LG Chemical), CGP-61755 (Ciba-Geigy),
PD 173606 (Parke Davis), PD 177298 (Parke Davis), PD

25 178390 (Parke Davis), PD 178392 (Parke Davis), U-140690
(Pharmacia and Upjohn), and ABT-378. Additional examples
include the cyclic protease inhibitors disclosed in
wW093/07128, WO 94719329, WO 94/22840, and PCT Application
Number US96/03426.

30 The crystalline forms of Efavirenz of this invention
may be administered in oral dosage forms such as tablets,
capsules (each of which includes sustained release or
timed release formulations), pills, powders, granules,
elixirs, tinctures, suspensions, syrups, and emulsions.

35 Solid dosage forms (pharmaceutical compositions)

suitable for administration may generally contain from



9 Decenber 2002 WO 991 64405 45 PCT/ US99/ 13199 sol vent. Acetic acid (352 kg)
was added while distilling 325 kg sol vent under 100 nmm vaoWatembit 2002
cooling the solution to 30C, 12 N HCl (43.4 kg, 434 nol) was added and the

m xture he 65 to 70C and held 4 hours. 5 The resulti

cooled to g‘&sg?{gﬂ?’ne product was collected by filtration) Vﬁ@%@%}%{!% et hyl
acetate (50.5 kg) and dried in vacuozto give 42.1 kg (87~) of the title
conpound as a white crystalline soli d np 159 162 dec; 1H NWVR (300 MHz,

DMSO-d6) d 7. 3
19F NNR)(282 %‘k %\/é@)d% E‘%) @150 O](Ex“g%%? r‘gﬂ?%aplglr% géH%)’?anQ baES: 31
N-((4' - Met hox§dsaae wnitachl or 0- 2-tri f| uoroacetyl aniline. 15 To a slurry of

4-Chl oro-2-trifl uoFQacatyl %ﬂﬂ%tﬁmr&ﬂﬂr?récdﬁd‘%ﬁt 8uCA0aQ kg, 144 nol)
in tol uene (140 kg) and water (50 L) was added 30% NaOH (18 kg) to pH 7.0.

After renovi ngaRHeL RfUSHRS Witas &he SRR biety B Lanicsrs| CE‘EOgRg 144 nol)

and TsOH (sl. Océfbifed witih aWchQx—%)ﬁdﬂeq:hérﬁ%c%ﬂdﬂdaqllw\@&caﬁa&@ﬂet0 ref
| ux and the water/tol uene azeotro e&(?SQ_ L%Edl still.ed. The sol uil on
cool ed to roolEENPE e &NF SHFE s &t Pt eed SHFFRES( 89 ‘R@?se’rhe

or gani ¢ sol utmerhwase Koricer,r ateamhaesiumcedate vaigad caiim3phdfphate hen
diluted with T [Wolchi of i conpound in
J&f&%?ns?ﬁte dﬁi RSG50 10T %F% % ke

t ol uene/ THF was ca y HPLC 10 ‘be 43%. The yie ased on HPLC
wei ghty anal ysis viekeleraplyg” 96 addikioghdlq (Thanacsansl éngagdber i ned by
renovi ng tde §@11/&rﬁoddbé/&'®tﬁ\sa%dt%&w&i Hinzd "G ff kA bgphane: np 82- 84C

1H 30 NMVR (300 MHz.. CDCL 4 774,,d J.= 735 dd
J=2 9 Hg),“‘ﬁ‘ﬁf”(‘%’l,%c ’)—e rl—rif% fl(%s fﬁ"glé’lﬁ?%szrl) %!B_gsr% (
9 Hz, 1H), 4 @& imhents 161d-]ln,de2|al)non@ mr(as 3H)Luehd€, NVRnG@bs Mz, CDClB) b

194 451 131, :2),,1@?13@,3 & Fridgiled ettty pielnck ) SRR i adRnT 13100

Exanpl e 3a. Sy r@sﬁ% kst 1@138’,1”23&1‘3%@ oI i"@idHerier'epfedFrRehenein, nx@ ure of
n- but anolig( 224g&®Ms Mﬁtc@f l@m&tkg;)dlwciop@aassﬂdm&awaﬂats hd¥d kg, 1043

nmol ), was adde%]]geélR nar phedrl (68. 6 %d& Ihe xture was
heated to 90C di ﬁ(?butsdﬁ‘g P13 Cf"l?gr ”)B RS8dRY over 2
hours. The redckiantsvaser éfaICL!m@d! gnd edd Woslead t'BindersWaderugddl kg) was

added and thenéwﬁﬁs APARNE AsedVeo Taddd UodRRiGePhASE: ¥BSs added 10 12
N HC1 (54.3 k 543 nol The ,sql ution was heated _to reflux and 150 L of

distillate remf&PYESSOFAETIEF FRCUTFINGe P $8Pd ekgyi hhsTSRRTY at 70C and
t he resul20i ngirsdadtr \afaeal ed»mbﬁre@;sEian Olasﬁlinbéﬂlla|a|sl dabrotting Ttike pfagkict was

col l ected, washed t Iu 15.d d der a
ni trogen purge g‘%M\?g‘%ggtégf %f tl é& corrpouﬁgggsgf'té uic:chl oride
salt. The hy Jdt,dﬁnﬁ iage Q-&Iclto\ﬁ&s @ﬁdlr angl VErieHe £892r{g) and wat er (42

kg) and treatathmildani@o H%C)ds(aaplh'é&éllﬂi&ﬁ'v)é Sovkdal14Ednepiond 0 a pH

greater than ]'cldgfﬁg’p&%g%% lng t% dﬁggaon of the tablets to the

25 compression equipment and improving the flow of the
granulation prior to compression or encapsulation.
Lubricants are in most cases hydrophobic materials.
Excessive use of lubricants can result in a formulation
with reduced disintegration and/or delayed dissolution of

30 the drug substance. "Glidants" as used herein are
substances which improve the flow characteristics of the
granulation material. Examples of glidants include talc
and colloidal silicon dioxide. "Disintegrants® as used
herein are substances or a mixture of substances added to

35 a formulation to facilitate the breakup or disintegration
of the solid dosage form after administration. Materials



20 aqueous phase, the organic solution was partially concentrated bé
distilling 140 L of solvent to give a 20 wto solution of tHaesemhes28@pound
in toluene. The calculated yield was 50 kg (75~). An anal ytical sanple was

obt ai ned by g enhs ating the toluene solution of the 25 ti din
vacuo then re@??sta%l i zing from heptane: np 46-48C_ Exanpl etpggfl& reggtypati on

of cycl opropyl acetyl ene. A m xture of 33-chl oro-1-pentyne (23.0 kg, 224 nol)
30 and anhydrous THF (150 kg) is cooled to -20C. n-Hexyllithium (2.3 eq.;

158 kg of 30 Wha) &8r0EX3BeqisiAdsdpthdtd G ddi&ide XHkenas f rate as to
not allow the tenperature to go over 5%’[(5ﬁp r oxi r_rathﬁ% 2 hours). During the
t

second hal f of CEhEuhoR8Ry| #1 9+ Tm M S PERP PRI Frust® r emai n

above -5C to pgeyent ofindaethinedadn o ¥ f dredrganel shpert and a danger ously

9 Decenber 200% WD 99/ 64495,, PCTN8991%,3199 47 exat herG@')‘gl i n&gftiinm}; reeacti on.
n

The reaction i i%’g%ﬁe%fa% To Tt four s?,seuntaltl a at ySis indicates at

| east 990 conveekidndoFageehert 35 ywickl) Ikg)lt o Réfk bydedignd tedietigact i on
I s concentrat ed,u Srté{fi‘&ﬂ%f&ﬁt‘h'o@é Ay 'n) ed@lcg%athnajols% of

o St! ,
ori gi nal vol une. e mxture IS heated (to °9%0 ") “over the course of the
concentrati on $¥CFRPYIt PR ARBOPHae BRIFs GLUYICRLREA. raPResAit ure is then

cool ed to 15 t@xamledndf da SOdHd-On e BEINUBseh| réfesd Ilidkedl2 kg) in
50 to 60 L water, is 10 added at S—lﬁgip’xa ate as to not allow the tenmperature
to go above 10ROIVAPEEr2RRpArHITH oKk S44F&dus TPEYET ](‘é%]ﬁ?'oxi &My 70
kg), the Adactsonrai xglyeolasteigwrlllat edviemough tael vevefobbnitrailEssgy 15 kg of
3A nol ecul ar s{ Sy pint J ; s diS ez : | ower as 15
determ ned by %}Sa}’ BF?js%éerorg%Iéﬁe?t %%elr}_,g;altles(ﬁgﬁag%?t o} rEJ)G’Ei on is then
distilled thrlkfnelael omh PurtkaPntiain dteel wool at atnospheric pressure,

CO: ! efti n9 C_ycll gpromzia%ﬁél(mﬁ%aa& @azi&qlezﬁho%@ h@eEﬁ"l_ﬁ‘ntQ{éfl%é&%ane- The
calculatea yie ) . U, . e 4. reparation Of, .
(9)-5- Cnl or - RESRHER? oby IR -FY FriePRORPpheMgT§>ing modified

met hyl ] amilho] as {aratie zior omet darnaidmzen sweltivan ok arboxyand thyiared 1sdlosei on  of

(1R 2S)-pyrrold.dy Ied)gigg,r-i 80 Ak 0 Q) o/
(1R, 2S) pyrrol i%?in{/?/&?uz)%é@pﬁ%dr,i ne)ldv%g]se('qhgr ggg%t ?l&gﬁée%n%net Salne (gi:(%tg) . The

sol ution was cdhceMft rREeETh WYERF R d5odt ™RELE ipAest AN MIchy Gisune.
Anhydr ous THF gcihiusg)s ascraddedcliate.he sol ution chilled with the cooling

(35 W =" hexanes, PR T ‘pEg B iRkilae’ BARIEEeS A cdimiBtEe | VT
t enper at uP€ bl DT Whigheandairn ithg sed idobberpacewsi aHadpsage sol ution
of cycl opropy! @etsy/ | e £ 3 dMne el nTHFPR@XaRe At BLPENER: 30 hipraisBeRy about
4 kg, 65 nol of ecI 0 rrorg)syl acet yl ne)C whi Iie mai ntainin ia}:rélllnt er nal
tenperature bet -"20%? égelﬁéeéy &r 2582170 §9Féﬁﬁ"t‘%e Y

effective amount of Efavirenz and one or more

disintegrants in an amount greater than about 10% by

25 weight relative to the total weight of the contents of

the capsule or the total weight of the tablet.

Preferred capsule formulations may contain Efavirenz
present in an amount from about 5 to about 1000 mg per
capsule. Preferred compressed tablet formulations

30 contain Efavirenz in an amount from about 5 mg to about
800 mg per tablet. More preferred formulations contain
about 50 to about 200 mg per capsule or compressed
tablet. Preferably, the capsule or compressed tablet
pharmaceutical dosage form comprises a therapeutically

35 effective amount of Form 1, 2, 3, or 4 Efavirenz; a

surfactant; a disintegrant; a binder; a lubricant; and



PCT/ U S99/ 13199 4s The resultant solution was aged at -45 to -50C for 1
hour. To the cold solution was charged a sol ution of 9 December 2002
N((4' - Met hoxy) benzyl ) - 4-chloro-2-trifluoroacetylaniline (43 wo in

THF/t ol uene; contai ning about 10 kg, 28.8 mol 5 of

N-( (4" - Met hd¥Q 9%#A% 1 ) ~4-chl oro- 2t ri f | uor oacetyl ani | i ne) whPFEURRIAi ni ng
a reaction tenperature bel ow -40C. Af{ser aging the mxture at -43 +/-3C f
or 1 h, the reaction was quenched into 14C kg 1IN HC1, pre-chilled to OC
The organlc | a ep ted 10 and extracted.fwice wt 5 kg portions
of 1IN HO , %%{:W??lli)é %V\?a]t erf’aol enrmcagﬁggﬁ??%\i%aacf%e%% ¥ to a vol une
of about 29 L. eXol piert ¢ 45udy )aswadi latkidd and idhet scind itde codeentrated to a

vol une of 28 t g_ljg&gggl ff%'ngf'd re cool ed
and held at ‘gh%g Jf-l-(')ré_i%phour ge%e pro uést was tere 1 dejd twice with
10 kg porti onsswrWan‘ér%‘iféP@ﬁ]e]d)ﬁ% SPEAYH t@@?W&@W?@@Hl%@ t he

title conpgundcasc At Mdda Widhsalddhe Np 163- 16SC; [a] 25D +8. 15 (c 1. 006)
- Me IHNIVR 300M—Iz ) 23 (d, J = : 2
7. ?é')(dd J fo, 9 1 ]]6! 8161%55 Pharg*aﬁﬁmmi .’é@s(‘ut,l%“s—%

, 4.95 (bs, 1H)ra1 4a&r811(ii§tr2:l-ﬁ)1qn dhave/ Tanges3ol , tide 3T mevidi)se 1. 34 (m

1H), 0.84 (m 5 w145, 5
130. 6, 130. 3, %%“icor %;%2 %bd%%z%,”%ﬂ%&l%@ﬁﬁf%% %?0%‘ 4.1,
94.0, 75.2, 74070 t®.#H0E5 5% by eighs (99s) - 0.¥prelgrafiRatdsn MHe, CDC13)
8 -80.19. l@(ar@f@g %ufi%@td&(b&fent w111 range from about 1 to about
(S)-6-Chl oro-4- cyclopro | et hynyl)-1, 4-di hydro-4-(trifluoronethyl)-2-(4"
30 net hoxypheny¥% -2 W Xayi GPé“pz?Ssl(Ell Bion of heptane (295.5 kg) and
(etS;w!5 ?:ﬁlet ate (32. Fdg)owels aaiildeﬁqmnalﬂl@maﬁmllf(dﬂld((fﬂoraaZtuﬁ) and . (t
or o- a o) - 2- yl.1-am_no] - oc-
rifl uoronet hyISx(y%g%)enzeé;égne %2@%@”@%@&@?%&%”@1 xtI]l?r1é was
refl uxed with Yot Rhamicantisalsdys ah:qe@éﬁbélelm@’d: wiarrierg spebemser 2002
WO 99/ 64405 PCIYH&HBH 1382 A% 16t mate&C%hat €hé 6 e KO)1rAnd frQ@ledelio 30C.

Tetrachol or ophydr ogui none was re i,ltration and washed with a
mi xture of heptHHET PP Ehd t&%ﬁlqéfégt YeRIUR GOPF1SFTe c&l ltrate was
partially COHO@HH‘I’HIECHE o ldicdlt iddtagrisomfofme@Bfn Lchm]weﬁﬁt,tyt laeriddi.| ut ed

0

wi t h heptane ( I 19 1 12g r;f rry was
filtered and t e pro n?{%v\%a%%%e%%t tr? hg tamlaaj? dri egsongth
filter to | essittrRifeEd &t 105dpcen é’s(tl?fsl g8d ’Bh’(?ﬁ )ﬁsrf@rs Pfe alivseaol.

gal tcuI ?t edtoby ﬁ%djfiléﬁe \ms_{lcm g (&G oﬁﬁnaﬂi’;&lm Ipﬁﬂgroim&h%ﬁ obt ?l ned
rirturatli on W recr ization
f)r/om hexane/ etH ?}I rcl'@’ ‘?rgepgﬁﬁ fé()l a‘Nr‘%Oémlﬁﬁw%%d&y i % d6) s 7.46
(d, J = 9 Hz, H)4s7. 2herdh ERiBERELE has( adechalin: I@ndgth ZZH)twe@rISS gddl 15 -
gH)HZ oiry o ey el artal? [ Barkiluthe L e ditiiba el &"g’ st 6)
1293, 128.9, af%‘s Igfz"fef de¥ °% %fféy’feri ‘?583") 1'%3% L0 "8%‘79 74.1,
70.3, 55.25 8.dgidk zt;omﬂe_zezﬁ,au%awal@baa K-tz t(HéC]f&)acSﬁ&aﬁtﬁBnSofExar’rpl e
6: (S)-5-Chl X |
benge)nerret ha(rjlz)c? Caoé&ycc; ?6%3%\ t}%@éi'hygyc opro yI dg‘/‘lny%) %?3&% )
di hydr o- 4- (trldqwldﬂféIQTyIa)rﬁZSPA»drr@Pﬁ@%yﬁh@n?#é eenmmzd'x@glwel(mmg

cal cul ated drw&g&@a& 3042 wilh el e BedcFikbarss oa %ntt 13@% kg), 30~
NaOH (121 kg)

h
clear sol uti o FHRIFI 5 ((6?%8 b‘g %&@ ﬁaﬂf“i‘e%%la(s?fc ?adl ﬁth’l of Lo give a

30 trlglycerlde and about 28% Cjg fatty acid (capric)
triglyceride with minor levels of Cg and Ci4 fatty acid
triglycerides.

The medium chain fatty acid ester component, when
present serves as the solvent vehicle for the active

35 agent in formulating the compositions of the invention

and is present in the composition in the range from about



30 borohydride (3.2 kg, 84.2 nol) in 0.2 N NaOH (29 L) was added to the
met hanol i ¢ solution over 20 nin, keeping the tenperature btDeeerabsL20P2t er
30 min, excess borohydride was quenched with acetone (5.8 kg) and the

sol ution dil wedemdsh water (175 L) then neutralized to pH 8p&ou89sadioei t h
acetic acid. The resulting slurry was cooled to about O0C, filtered and the
product washed with water 9 DecenbeB42002 WO 991 64405 50 PCT/tJS99/ 13199
then dried in vacuo at 40C. The crude product was reslurried with a m xture
of toluene (1330Rgkioaadowef®nedy WE6.dtY), iwitt malreypaefeseblyhdmomi 7%
cool i ng bel ow tgogg%T@ t was filtered, washed with 5 heptanes (41
kg) and dried in vacuo at Cto give 44.5 kg (88~) as an off-white/pale
yel l ow crystalline Eﬁﬁfﬁramr}"ar’Fcﬂ%/tlllt%ﬁlds5@5‘!99SM§°Pe6P?§PaPIlPSeHO¥Y%h

t-butyl methyl cgtbhgg/ ‘b@pi aé&tamh Jamswefé?c@mh@] 28Bnt 28h3che ie. ;b%fu!b/bgﬂ) 1H
NVR (300 MHz, CDCI3

1H), 6.61 (% Eedugl ¢ eH)Olls}’ 6’215(% §]f fg)ze “‘&E%Bm( Sgélg’lgft%i’ ﬁﬁ1§35 (m
1H), 0.94-0. 78ecbmer2khd SREG Mc(rzfouwéa iDVBOsdGhniBitdfit Twa¥29ndmak 28 Q
124. 3, 118.4 8. O 118..05 VA O 8.2, 8.1, -1.1; 19F NWR
(282 Mz CDClS)‘l“;-1 %’Bp% ltf':f“ﬁ( Ore 9?21 zepar ation of

(S)-6-Chl oro- 4- (cych@r@m&te?tmyWyla)g-ePMC@mh%r sedectedf Fuompomethygay - 2H 3,

1- benzoxazi nexdzRNgs é@ro%@wr@u%l(cxé@,&g@ee@yl !nyeash) Zaaeag@020
~(trifluor orret hgl ) benzenenet hanol di ssol ved in a

m xt ure oflhepfifiesCY 3@ KPR rarft g‘f b@FoW t9h0§68ﬁ€ B0 kg,
80 nol) was di aepatyahed drel.owIitfheusanf ambsmtentaboare1sh1ek‘.eeﬁ| ag the

t enperature be ul L r OR d held
1 hour. Met han%ﬁg’?g&% %%%3 ttbl %ﬁ“z)?%adégéﬁlg?{%é %% gutgl&gégsgl r?@g about
30 min. Heptane§ thy krg\)emta@nadaéd Qﬁdsmtﬁnéf-aéb}’véﬁssv\/ﬁbam sfilled under

reduced pressugégafepala@eeﬁp(&ya@g) qmm;blFtﬁzg Kﬁiowgééoaﬁe!edcﬁ@d the
sol ution washed with 5~ 30 ueous _sod |ug1 i car bonate é HlP% 6f0| | owed by
5 t

water (15 1). ?H@e%%’i”cﬂ‘-?(ﬂ‘? SR&r FEd US69568 SR FPTPR n5tRe ean
reactor, foll owedgdyof Zfbrk@ .Nepioan®s bynweighheasdl mbrenpraseecabrenis at ed

under reduced S lut-e h Reptan (22 kg) and cool ed bel ow
-10C. The 35 p?fé u%%g%a% i0 tS (rled3t0 gg hept anes (37 kg) and dried

in vacuo at 90-100Ck® I@ﬁ-‘%ﬁepf@fGer@d( 95’3)9t8§1§ﬁ agenpecakrBefh20029>
991 64405 PCTI UsR8138d9%\Bhkrly sucrose. The particle size of the

20 powdered sucrose used has been found to have a
significant influence in the physical appearance of the
finished composition and its ultimate acceptance for
taste. The preferred particle size of the sucrose
component when used is in the range of from 200 to less

25 than 325 mesh US Standard Screen.

In another preferable liquid pharmaceutical
composition, Efavirenz is combined with a liquid vehicle
which is a vegetable o0il selected from the class
consisting of olive o0il, peanut oil, soybean oil, corn

30 o0il, safflower o0il, sunflower oil, canola o0il, or walnut
0oil. These vegetable oils are commercially available
from a number of sources well recognized by those skilled
in the art.

The vegetable 0il component serves as the solvent

35 vehicle for the active agent in formulating the

compositions of the invention and is present in the



510 15 off-white to slightly pinkish solid. HPLC. 99.8 areao: np 139-14IC
(a]25D -94.1 (c 0.300, MeOH); 1H NMR (400 MHz, DMSO- d6) 8 9lRed@mbes200H) ,
7.54(dd,J:25 7 Hz, 1H), 7.43 (d, J = 2.5 Hz, 1H))699(d J =7 Hz,
1H), 1.58 1 092(m 2H), 0.77 (m 2H); 13C NWR (100 Mz DI\/SOdG) 8
146. 23, 134 %@é 04, 126.93, 126.57, 122.24, 116.83) 114PGEUSYS3E]
77.62, 65.85, 8. 48, 8.44, -1.32; 19F3hMR (282 MHz, DMBO-d6) b -81.1.

Exanpl es 8-16 specifically teach the preparati on of each of the forns of

Ef avi renz of the %gnt IEVEREI %nﬁgsfiag%jl_r@stg% dsb}; Qvegffq;c?ne@e t he

i nt erconver si ons these orns heée f own S are
meant to be ||pmarab|lyef@bmt ﬁé%pﬁeséﬂ% briveetglot; and not shoul d not be

taken as limting tplg%fb@ggmyorghgc%ggm%gggfcél F&g,mi: xRl e 11 Form 2
Exanpl e Exanple \ 16 9 Exa |e. Form 3 1~ Form 1 Exanpl.e ~~ple 15

10 Exanpl e 9 ESQIFSi&ing Eﬁﬁﬁﬁ??lé eé%u HbPL? ﬁ?%?ﬁﬂﬁﬁwéeéﬁéﬂrﬁse 14 10
FOZ' m 2 Exarrplacgel& RaAEhd iExasplfal Exampéeudingit the i oi Fordash el & fFena 1

~solution Deceq%%&eZQQ% and thus contributes in a significant way
in making the compositions more palatable.

The liquid compositions may also contain other
components routinely utilized in formulating

10 pharmaceutical compositions. One example of such
components is lecithin. Its use in compositions of the
invention as an emulsifying agent in the range of from
0.05 to 1% by weight, more preferably from 0.1 to 0.5% by
weight may possibly serve to improve absorption of the

15 active drug agent. Other examples of components that may
be used are antimicrobial preservatives, such as benzoic
acid or parabens; suspending agents, such as colloidal
silicon dioxide; antioxidants; topical oral anesthetics;
flavoring agents; and colorants.

20 The selection of such optional components and their
level of use in the compositions of the invention is
within the level of skill in the art and will be even
better appreciated from the working examples provided
hereinafter.

25 Crystalline Efavirenz may also be coupled with
soluble polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidine pyran
copolymer, polyhydroxypropylmethacrylamide-phenol,
polyhydroxyethyl- aspartamidephenol or polyethylene

30 oxide-polylysine substituted with palmitolyl residues.
Furthermore, the crystalline Efavirenz may be coupled to
a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic
acid, polyglycolic acid, copolymers of polylactic and

35 polyglycolic acid, polyepsilon caprolactone, polyhydroxy
butyric acid, polyorthoesters, polyacetals,



VID 99! 6440S PCT/ US99/ 13199 52 EXAMPLE 8: Direct Crystalli zat| on of Form .

5 Efavirenz (800 g, 2.5 nol) was dissolved in THE (i.2 L)% BRePmest20R8 (6.8
L). The solution was clarified by filtration through a #1 Tnl hat nan paper.
The THF was GLhesndqzoved by distillation at atnospheric presggfgsoonSidohne
vol unme was mai ntai ned constant by replacing with fresh 10 heptane. Wen the
| evel of the THF was <1~, the solution3®as cooled to 70 C and seeded. The
solution was further cooled and the crystallization started at 64 C A

sanpl e i ndi cat%@g)lfy(glkg 02;9 R gbq WHEY W3S 2L HEE BRE SR &G @,C and

filtered. The t "ca 65C|navacuumoven W t nltrogen
purge until a lagehisatdyid fy stk m%lwey’ﬁepé bydrggstsproduct (80 vyiel d)

EXAMPLE 9: Crystal | igzatdiam, (B‘a;FéirerSZofcew@tsmmnteoﬁ@vfﬂém JconEfaaw renz

450 g, 1.4 nol)_was slurried.in _he ne and heated to ref. until
ool O o il o OB FA B oA Eneh KGO Re B! SRddt GoPBEPS FLoTs ReeTing on

point it was fiHdreried tmedusgﬁr#l:dﬂsaﬂmnmp&paﬂsandonoaiﬁcbdmieﬁ*e% C. The
thin slurry was_ fil.t dt t-gak wa f
arr é?é égﬁl) J“ﬁ &c4den égfg?r éé‘égyadyt %88 C for

hept ane. The we ried inoa vacaum oven at
15 hours to vyi eﬂa@rmug\ (ser@algﬁit@.d)st@armr prid g8odEXhePLEke): Similar

Crystal | izati omy;Ql JF¥SMchn EUMRAE] @8 hAKEOEBbreSbal ! f8Hes32 @iotg 1 mol)
was di ssolved in_390 nL heptane and 20 of F at 6Q C. The sol ytion was

al l owed to coolt3dwtsafdhicaprsid §s C\ﬁ&ngeE‘GBHfQ\FFHr% 3% HFeRn 266.
After crystall irzdlcdaee eroducd tsolprentde EoBeceﬁbeiiua@@&éA@a&&/ 04405

PCT/ US99/ 13199 5 ved d,.i f
hept ane. The sf“u%ﬁfa%é;eggoe dla{](?\%gég g P:of"fedeJ.i‘g dc‘ﬁ tb’?’e Pgrpm | V.

It was dried i woategdcwamidven caatdg Cof @asmahmunsplgaymeq ctazs@eg apfl Form 1
(82%yield). 5 ME%Et%%-ﬂQBmaéﬂﬁﬂoﬁaEhenaeﬁoEBﬁa}g,o£IEHﬁ%E3bOBoBQeEOV"13,
I.n

Conversion to Form 1 _Efavirenz(105 was slurried )
hept ane and heéPédsF&eFé‘fllv&q}Sﬁ tegFQ%PBt BNt h?h%aStromtEStmal

15 track.

In general, water, a suitable o0il, saline, aqueous
dextrose (glucose), and related sugar solutions and
glycols, such as propylene glycol or polyethylene glycols
are suitable carriers for parenteral solutions.

20 Solutions for parenteral solutions are prepared by
dissolving the crystalline Efavirenz in the carrier and,
if necessary, adding buffering substances. Anti-
oxidizing agents such as sodium bisulfite, sodium
sulfite, or ascorbic acid either alone or combined, are

25 suitable stabilizing agents. Citric acid and its salts
and sodium EDTA may also be employed. Parenteral
solutions may also contain preservatives, such as
benzalkonium chloride, methyl- or propyl-paraben and
chlorobutanol.

30 Suitable pharmaceutical carriers are described in
Remington’s Pharmaceutical Sciences, Mack Publishing
Co., a standard reference text in this field. Useful
pharmaceutical dosage-forms for administration of the
compounds of this invention can be illustrated as

35 follows:



10 solution was allowed to cool to 75 Cand it was filtered through #1

What man paper and cooled. A thin slurry crystallized, and9®esambee2q®ls

. filtered x- Ray powder diffraction indicated Form 2. The slurry was stirred
roomte i@ for 24 hours and the resulting thick 15, S

dllut ed w%%& of heptane, filtered and dried under vac%tmals)r,%om

tenperature to yield 82.5 g (799 . T solid was identified as Form 3 by

X-ray powder diffraction. A5 g sanple was dried at 90 C for 24 hours and

the resulti ngcggghglge\gas identified as forml 20 by X-ray powder
diffraction MPLE_12: Conversio orml to Fornhs EfaV|r§n§¥Forn11

(105 g) 0.33 nol) fad3TP& PFRESF n° ﬁnt of e Sh&28: PPoBRFPRRE ure for
seven days. Afiildappkeanddirdated-pbeferhaid pelsarin bppXRDesThecpeaks

obt ai ned were_t s _th t o] al t hough
relative i ntensfb‘ﬁl 2?% eotsfl ﬁ?? % %er ent}r?%ttoédé%ﬁ LHIErEﬁB{aECénver si on of
Form 2 t o For Arg¢toEkavbPeng pg gl%@sg, ;A msl Pegassiimr fredrie- 580 niL
of heptanes. THF (7 nmL, resulting in |~ THF i n heptane) was added, heated
to 40 C and after 50 mnutes a sanple of the slurry was filtered and XRD
(X-ray powder SQELdGrdasdn 6APSULEE| jndicated Form 2. THF (28 nL, total 32
m., resulting in 5a~mIkkuirg bep&aﬂQ\)eV\ﬁSgﬁéiﬂﬁﬁlu in a9dDgéeﬁbme2@DB WO

99/ 64405 PCT/ US99/ 13199 g4 Lour ort Q{ter %Qeo ddétlog of the | ast
portion) the REXPUPE RRYPESBI B4t Seqd vihile s AT SaCVer 2R Sk slurry
forned, ddhfi pnegaredbenaonm] acbgdmsb m&@(MﬁDI@Ep@mt@Mﬁv@mpb@cgﬁerPor m 1

to Form4. FEf ﬁ%beﬂﬁtgobg‘l&tﬁéotg £ O3Bl )gna 18l BEpsREesn 90 ni of
hept ane. The slurry was heated to 35 C. THF was added in 2 nmL portions.

After the addfPPBABERY L8PaP9off 6thE TSR tiNFFeSorBEr onThEGQaFmFWSthe
slurry becanesMenydl@nehi bk. wa&Rhed nahd adxeedcor m 4. EXAMPLE 15: Conversion
of Form2 to Form 1 by heating a slurry to 70 C. Efavirenz Form2 (3 g,
0.01 nol) was slurried in 15 heptane (42 nml.), heated to 70 C and held for 2
hours. THé sl Dabyetas cool ed down to roomtenperature and a sanple was

filtered for XRD, A”ﬂh?%&'ﬂgmﬁg%”&é éﬁﬁrbt§3éﬂﬂp%5 LepbPBYehyi on of Form 3
to Form 1l by heatin 0 slurrg$to 70 C. EfaV|renz Fgrn11 0.01 nol)

was slurried Fﬂnﬁﬁbgéﬂﬁa%4ﬁrﬂfﬁ B7S 4% idifts . S herRECFRER CUR B F%r%Q%‘“Whe
slurry was thef heaied tingi‘@dcenhelmi 4 aig dthauwrldpidadl stllieonoom

Lemper ature agflo gy 38Mkent il erak (O fBMedindh 23, Lod] cadedForm 1.

EXAMPLE 17: Direct crysta avi renz_ For
. at ~pr oxi4Pat emycvaayywaglém?r?%ﬁlm#%% ¥ H&Qflﬁtmh%@a%% &t oom

tenperature of lactose. Appropriate coatings may be applied to

increase palatability or delay absorption.

Suspension
25 An aqueous suspension can be prepared for oral

administration so that each 5 mL contain 25 mg of finely
divided active ingredient, 200 mg of sodium carboxymethyl
cellulose, 5 mg of sodium benzoate, 1.0 g of sorbitol
solution, U.S.P., and 0.025 mg of vanillin.

30
Injectable

A parenteral composition suitable for administration
by injection can be prepared by stirring 1.5% by weight
of active ingredient in 10% by volume propylene glycol

35 and water. The solution is sterilized by commonly used

techniques.



30 Undi ssol ved solids were renoved b,~r filtration and the nother |i Quor
was seeded at roomtenperature with Form5. Crystals forngtDe¢amtbey 2802 wer e
-isolated ~ filtration. yielding 0.92 a of Form5. The solid was identified
as Form 5 by wg §aMsgeowder diffraction. 35 Alternatively, Ef apiigRdHBesom 1
(a~proximately 70 ~? was slurried in 1.5 L of 1~ v/v THF/ heptane and war ned
to 9 Decenber 2002 WO 991 64405 55 PGB/ US99/ 13199 40C. The sol ution was
filtered warm (40C) to renove any undi ssoived solids and the nother |iquor
was seeded with Formb5 at 40C. As the solution cooled to roomtenperature.
Form5 crystalljzed. The solid was isolated b~ filtration at room

t enper at ur e (QQQ?%LéﬁQLJLIternatlvely Ef avirenz Form 1 (approxi mately
70g) was slurried i mnl douebusasmlhepbanes apdepdred sichlHhaasaadddd t o

adi ust the sol ty 41 % n heat ed
to total di sso?{ﬁtrlll&r}aitee(} gc%ml.%é}{é 18’?5‘2%?%’?%% %%%éé&q;er \in%dtsl%gl déd

peri odi cal | & w1 Fédmhinransi methylrasakeno P ondetl bissy weenydPerabenen

al | owed to coolarde 145@miand girbhk emethy 1861 501 bse | Sohad ebMas Jrorim 1. The
solution was then allowed to cool roomterTPerature overni ght and Form 5

0
crystals were tHEREPSSCLIPES éd‘“b}ifﬁ'ﬁ?’ét‘fb 1% 15. 41c. 1) . EXAMPLE 18:
Conversion of Form5 to Form1l. Form5 was dried at 95C for 3 days in a
vacuum oven with a rin%“i%?“ purse to dive Form 1 which was identified 20 by
X-ray powder diFP BT 9 December 2002 56 CLAIMS: i. A process for
preparing R8rm 1 of Achpsogenenes Brixtyenzof wihe adsivehdmgeeddiensd by an

x-ray powder dlaofw@%trw&ep@bt egnpﬁepéir@@té@éﬁytﬁ& a&fé)rfq%qe wi th that
shown in Figure 1, pr.oces

nprisjin stall |2|n Form4 of
crystalline Ef eﬁﬂ“rcgﬁfrlar“&ﬁf’a EOFB?. ‘?)‘F\tjo‘l’gTH%’ﬁ%‘%{ "WJrér n1fhe sol ution
of THF/ hept ane ridlatrabsupea Séncaimwentand i tne of inEHF condentraedosed to

about a 1~ Con%&nbﬁﬁ§EQQbQEeT§E;iﬁnghe container will be 1% by weight.
15 The mixture is dispensed into each can, the valves
are crimped onto the can and the required amount of

dichlorotetrafluoroethane is added under pressure.

Combination of components (a)} and (b
- 20 The Form 1, Form 2, Form 3, Form 4, Form 5

therapeutic agent component (a) of this invention can

independently be in any dosage form, such as those
described above, and can also be administered in various
combinations, as described above. In the following

25 description component (b) is to be understood to
represent one or more agents as described previously.
Thus, if components (a) and (b) are to be treated the
same or independently, each agent of component (b) may
also be treated the same or independently.

30 Components (a) and (b) of the present invention may
be formulated together, in a single dosage unit (that is,
combined together in one capsule, tablet, powder, or
liquid, etc.) as a combination product. When component
(a) and (b) are not formulated together in a single

35 dosage unit, the component (a) may be administered at the

same time as component (b) or in any order; for example



2) heating Form 4 of crystalline Efavirenz to a tenperature of about 80 C
to about 100 C. Z . A process for preparing Form1 of crys?Betemizer 2002
-Efavirenz, which is characterized by an x-ray powder diffraction pattern
conpri sing nore 28 val ues selected fromthe group c of
6.0t 0.2, 2@169{&%0.521 10.3t 0.2, 10.8 ~ 0.2, 14,1t 0.2, g&ghﬁ&déﬁ%9 20. 0
t 0.2, 20.5f 0.2, 21.1t 0.2, and 2498 t 0. 2 the process conprising: 1)
crystal lizing Form 4 of crystal line Efavirenz froma sol ution of

THF/ hept ane waempbAehhe(H0ldft itmsoﬁnwwthaat #8¢ be almakQuterel~
concentration _of THF aw t.o ab ut a % concent r at byn of THF; and
2) heating FofrFitofiQ E\W’FE 8 &Lt ERPRPRERLe (Bf - aBbut 80 C
to about 100 GheySmaon@raﬂnas&sﬂ:@menr apalth@grlécemsia ofrderyst akl i ne

Ef avi renz, WhICh i ha ct fer i al anning c r try

t her nogram havi n °§e’§%a at %at%&?l 1§'§§ ;t% gbg)t;}lté ggigl%C) 'ta He p&%%e%ge
conprising® 1linbibitet |dnd epeFpretsast dénpdbakiirne tEeaei roRRtS oAy abe

“solution of T%Qﬁ?&@@&dﬂ@g@t&e&harsqhuahs}noetaeIHF/ feRhapgti s at about a
5% concentration of THF and i s reduced.to about a 1~ concentration of THF;

and 9 DecenBeEPibppeered AL (hg Fﬁﬁ‘eFGFWH BF‘%P&”?P&VI th€ Efavirenz to a
tenperature Ofadmbﬁﬂﬁtra&QLcﬁi to(i gbapbned@ Ca) Angr qbg¢ssctatspleparthgnForm 1
of crystalline, Ef virenz, is zed, by a differential scanning
calorinetry t A g?mé)‘gr%mr}‘su %{}ltal I g"t'lf’%}'%ggcco dagge Wt tﬁgt shown in
Figure 5,18 heagmmestsrc‘c@m |0§| ngme)leotySEal Rihdi 1Y) Fesmptadt cFystal line

Ef avi renz frogbﬁmé%ﬂ&i %e?ift THEE"l‘eE?Bﬁ%l‘A’B@eb?aih‘éoﬁ%%aonon the
THF/ hept ane i;  at about 5% concentration of THE and. s reduced to about a

1~ concentr at réheofaSI'I-‘IFSEdaﬁ’&r?)mheQ?PﬁéeFSPWPQUBfiScY’]}%FQI PRRePESf avirenz to
a tenperatur eoﬁéla;boaﬂm:aﬁs@etredabonntﬂaeﬁgﬁ itAisASrefA&X¥aBYE that
.AL% A AFe. A Ale

2. Ay. A3. A 1. AR® Sohba éﬁ {j@cﬂégﬂﬁf B@Lk AiiFReA‘aéKi‘?A%Eeri‘%ébyA{ A A A

L e. ASU. A . Athe APSMA[LONUEAH that. AW, | fmhsxAmmE AbptH@r8abyC or

88( 8. #. 222223333 292 R 1T -adsTred;  PRaY 277 828R 78R RARTRT 202005 13777777
29229222922~~32377| I~2~F~P~P>>2>7>>>~| 2972277 L?~~9>9 S=57] 7] 27~=27252~>22x
222><87>707789kEE8EenL, FOUSsS 'Stb§5>?§??§?§<§¥?.9%‘???‘?6%?‘??9. Yot ok<( 8G0f

Z1JKk{} (tr{vqgl the¢ Y} efairealoaabfodjca] ma]rcb]eca]im&]ad:a]:ea]eda]:céahza] fiad cal ca] ca

Ta
J ?’? % ?ﬂ)?a]i %ﬁabi?g/&f&<}!%p§}ﬂi0;ﬁéy]£ gtg?gg?%fga g %ggﬁfg%ﬁ c%)] ca] caJ ca] ca
] ca] ca] cg a] eafee)| fEa) cal] ca] ca] ca] ca] ca] ca] ca] ca] cMa]ca]calcalcalca!
-*;+;”1V 01120 ¢§;£s appggcig§§?6b a ?ﬁ?lcal practltloner skllled] | cal
-- -- ~ o alj cal ca

ca] ca] caV] ca] a]l\%a] %]a éfts:%‘]?ca]> % a] 88# ]’%S] la%%]f %];agal]%a] ca] ca
]Ca]ca|K7z77ngnventlon may vary depending upon varlous factors such as

, <<<<=B>>?AABBRBOGE Rof@HaR: Byhalac LUl caf cal 68] eakcpheal 6@ LAl cal ca] cal
] ca] ca] cal] ca] ca] ca] ca] ca] caU] caU] cal ca]: ca | ca] ca]ca] ca] ca] cal caU ca! _HH 7
JJcKLL _ag@Rggng?gg rou of administration, thé age,

health and weight of the recipient, the nature and extent

of the symptoms, the kind of concurrent treatment, the
frequency of treatment, and the effect desired, as
described above.

30 The proper dosage of components (a) and (b) of the
present invention will be readily ascertainable by a
medical practitioner skilled in the art, based upon the
present disclosure. By way of general guidance,
typically a daily dosage may be about 100 milligrams to

35 about 1.5 grams of each component. If component (b)

represents more than one compound, then typically a daily
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Furthermore, the sustained-released component can be
30 additionally enteric coated such that the release of this
component occurs only in the intestine. Still another
approach would involve the formulation of a combination
product in which the one component is coated with a
sustained and/or enteric release polymer, and the other
35 component is also coated with a polymer such as a low-

viscosity grade of hydroxypropyl methylcellulose or other
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further separate the active components. The polymer
coating serves to form an additional barrier to
interaction with the other component. In each
5 formulation wherein contact is prevented between
components (a) and (b) via a coating or some other
material, contact may also be prevented between the
individual agents of component (b).
Dosage forms of the combination products of the
10 present invention wherein one active ingredient is
enteric coated can be in the form of tablets such that
the enteric coated component and the other active
ingredient are blended tocgether and then compressed into
a tablet or such that the enteric coated component is
15 compressed into one tablet layer and the other active
ingredient is compressed into an additional layer.
Optionally, in order to further separate the two layers,
one or more placebo layers may be present such that the
placebo layer is between the layers of active
20 ingredients. In addition, dosage forms of the present
invention can be in the form of capsules wherein one
active ingredient is compressed into a tablet or in the
form of a plurality of microtablets, particles, granules
or non-perils, which are then enteric coated. These
25 enteric coated microtablets, particles, granules or
non-perils are then placed into a capsule or compressed
into a capsule along with a granulation of the other
active ingredient.
These as well as other ways of minimizing contact
30 Dbetween the components of combination products of the
present invention, whether administered in a single
dosage form or administered in separate forms but at the
same time or concurrently by the same manner, will be
readily apparent to those skilled in the art, based on

35 the present disclosure.
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Sterilization of the container may be carried out using
conventional sterilization methodology well known to
those skilled in the art. Component (a) and component

10 {b) may be in the same sterile container or in separate
sterile containers. The sterile containers of materials
may comprise separate containers, or one or more multi-
part containers, as desired. Component (a} and component
{(b), may be separate, or physically combined into a

15 single dosage form or unit as described above. Such kits
may further include, if desired, one or more of various
conventional pharmaceutical kit components, such as for
example, one or more pharmaceutically acceptable
carriers, additional vials for mixing the components,

20 etc., as will be readily apparent to those skilled in the
art. Instructions, either as inserts or as labels,
indicating quantities of the components to be
administered, guidelines for administration, and/or
guidelines for mixing the components, may also be

25 included in the kit.

Obviously. numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
kthe scope of the appended claims, the invention may be

30 practiced otherwise than as specifically described

herein.

ALYTICAL METHODS

x-Ray Powder Diffraction
35 x-Ray powder diffraction data of Efavirenz were

obtained with a Philips Model 3720 automated powder
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Model PW 1775 multi-position sample changer. The
diffractometer was equipped with a variable slit (6-
compensating slit), a scintillation counter and a
5 graphite monochromator. The radiation was CuKa (40kV,
30mA). Data were collected at room temperature.from 2 to
60 degrees 20; the step size was 0.02 degrees; the count
time was 0.5 sec. per step. Samples were prepared on
glass specimen holders as a thin layer of powdered

10 material without solvent.

Differential Scanning Calorimetry
The thermal properties of Efavirenz were

characterized with differential scanning calorimetry
15 using a TA Instruments DSC 910, with data analysis wvia a
TA Instruments Thermal Analyzer 2100. Samples were
placed in sealed aluminum pans for analysis with an empty
aluminum pan serving as the reference. Heating rates of
5 °C per minute or 10 °C per minute were employed over a
20 temperature range of 25 °C to 200 °C. The instrument was

calibrated with a indium standard.
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mixture of t-butyl methyl ether (180kg), 30% agqueous

10 sodium hydroxide (61.6kg, 463mol) and water (24.2kg),
then cooled to 15°C. To the resulting slurry was charged
trimethylacetyl chloride (52.2kg, 448mol) over 1 h,
keeping the temperature below 40°C. After stirring 30min
at 30°C the slurry was cooled to -10°C and held for 2

15 hours. The product was collected by filtration, washed
with a solution of 90/10 water/methanol (175kg), then
dried in vacuo to give 85kg (97% vield) of the title

compound as a crystalline solid: mp 152-153°C; 1H NMR
(300 MHz, CDCl3) & 7.48 (d, J = 9 Hz, 2H) 7.28 (d, J =9
20 Hz, 2H); 13c NMR (75 MHz, CDCl3) 4 176.7, 136.6, 129.1,

128.9, 121.4, 39.6, 27.6.

Example 2: Preparation of 4-Chloro-2-trifluorcacetyl-~
aniline, hydrochloride hydrate.

25 N- (4-Chlorophenyl) -2, 2-dimethyl propanamide (36.7
kg, 173 mol) was charged to a solution of TMEDA (20.2 kg,
174 mol) in anhydrous t-butyl methyl ether (271.5 kg) and
cooled to -20°C. To the cold slurry was added 2.7 N n-
butyllithium in hexane (101.9 kg, 393 mol) while keeping

30 the temperature below 5°C. After aging 2 hr at 0 to 5°C,
the solution was cooled below - 15°C then rapidly reacted
with ethyl trifluorocacetate (34.5 kg, 243 mol). After 30
min, the resulting solution was quenched into 3N HCl (196
L, 589 mol) keeping the temperature below 25°C. After -

35 removal of the agueous phase, the organic solution was

concentrated by distilling approximately 200 L of
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1 Zf uf f th E
OeeZfuffgg$ .5 kg) and dried in vacuo to give 42.1 kg (87%) of the

title compound as a white crystalline solid: mp 159-162
dec; 1H NMR (300 MHz, DMSO-dg) d 7.65-7.5 {(complex, 2H),

10 7.1 (4, J = 8 Hz, 1H), 7.0 (brs, 3H); 19F NMR (282 MHz,
DMSO-dg) & -69.5.

Example 3: Preparation of N-({4'-Methoxy)benzyl)-4-
chloro-2-trifluoroacetylaniline.

15 To a slurry of 4-Chloro-2-trifluorocacetylaniline,
hydrochloride hydrate (40.0 kg, 144 mol) in toluene (140
kg) and water (50 L) was added 30% NaOH (18 kg) to pH
7.0. After removing the agueous phase, 4-methoxybenzyl
alcohol (20 kg, 144 mol) and TsOH (1.0 kg, 5.3 mol) were

20 added. The solution was heated to reflux and the
water/toluene azeotrope (30 L) distilled. The solution
was cooled to room temperature and washed with saturated
brine (80 kg). The organic solution was concentrated in
vacuo to a volume of 35-40 L, then diluted with THF

25 (52kg). The weight percent of the title compound in
toluene/THF was calculated by HPLC to be 43%. The yield
based on HPLC weight$% analysis was 47.7 kg (96%). An
analytical sample was obtained by removing the solvent in
vacuo and recrystallizing from heptane: mp 82-84°C; 1y

30 NMR (300 MHz, CDCl3) & 9.04 (s,1H), 7.74 (d, J = 2 Hz,
iH), 7.35 (dd, J =2, 9 Hz), 7.24 (d, J = 8 Hz, 2H),
6.91 (&, J =8 Hz, 2H), 6.75 (d, J = 9 Hz, 1H), 4.43
(d, J = 6 Hz, 2H), 3.79 (s, 3H); 13c NMR (75 MHz, CDCl3)
6 180.5, 159.2, 151.9, 137.4, 130.8, 128.9, 128.4, 119.9,

35 117.0, 114.5, 114.4, 111.3, 55.3, 46.6.
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To a mixture of n-butanol (227 kg), water (144 kg)

and potassium carbonate (144 kg, 1043 mol), was added
5 (1R, 28) ~-norephedrine (68.6 kg, 454 mol). The mixture was

heated to 90°C and 1,4-dibromobutane (113.4 kg, 525 mol)
was added over 2 hours. The reaction was refluxed 5 h
then cooled to 40°C. Water (181 kg) was added and the
phases separated at 30°C. To the organic phase was added

10 12 N HC1 (54.3 kg, 543 mol). The solution was heated to
reflux and 150 L of distillate removed at 200 to 300 mm.
Toluene (39.5 kg) was added at 70°C and the resulting
slurry cooled to 0~5°C for crystallization. The product
was collected, washed twice with toluene (39 kg each) and

15 dried under a nitrogen purge to give 83.6 kg of the title
compound as its hydrochloride salt. The hydrochloride
salt was charged to toluene (392 kg) and water (42 kg)
and treated with 30% NaOH (approximately 55 kg, 414 mol)
to a pH greater than 12. After removal of the lower

20 aqueous phase, the organic solution was partially
concentrated by distilling 140 L of solvent to give a 20
wt% solution of the title compound in toluene. The
calculated yield was 50 kg (75%). An analytical sample
was obtained by concentrating the toluene solution of the

25 title compound in vacuo then recrystallizing from

heptane: mp 46-48°C.

Example 3b: Preparation of cyclopropylacetylene.
A mixture of 5-chloro-l-pentyne (23.0 kg, 224 mol)
30 and anhydrous THF (150 kg) is cooled to -~20°C.
n-Hexyllithium (2.3 eq.; 158 kg of 30 wt.%) in hexane is
added into the mixture at such a rate as to not allow the
temperature to go over 5°C (approximately 2 hours).
During the second half of the n-hexyllithium addition
35 the temperature must remain above -5°C to prevent an

accumulation of the organolithium and a dangerously
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N<t U3 to 0°C for 2 hours, until GC analysis indicates at

least 99% conversion. Toluene (35 to 40 kg) is then
added and the reaction is concentrated under vacuum until

5 the volume is reduced to ~1/3 of original volume. The
mixture is heated (to ~40 °C) over the course of the
concentration to maintain a good rate of distillation.
The mixture is then cooled to 15 to -20°C and a solution
of ammonium chloride (11 to 12 kg) in 50 to 60 L water is

10 added at such a rate as to not allow the temperature to
go above 10°C. After separation of the agueous layer
(approximately 70 kg), the reaction mixture is circulated
through a tower containing 15 kg of 3A molecular sieves
until the water content is ~300 ppm or lower as

15 determined by Karl Fisher analysis. The dried organic
solution is then distilled through a column packed with
steel wool at atmospheric pressure, collecting
cyclopropylacetylene as a solution in THF/toluene/hexane.
The calculated yield is 14.0 kg.

20
Example 4: Preparation cf (S)-5-Chloro-0-{(cyclopropyl-
ethynyl)-2-[ (4-methoxyphenyl) methyl]-
aminolo~(trifluoromethyl)benzenemethanol.

To a toluene solution of (1R, 2S)-pyrrolidinyl

25 norephedrine (80 kg, containing 60.7 mol (1R,2S)-
pyrrolidinyl norephedrine) was charged triphenylmethane
(100 g). The solution was concentrated in vacuo to about
half the original volume. Anhydrous THF (35 kg) was added
and the solution chilled with the cooling jacket set at -

30 50°C. When the temperature reached -20°C, n-hexyllithium
(33 wt% in hexanes, 33.4 kg, 119.5 mol) was charged while
maintaining the temperature below 0°C. To the resulting
red solution was charged a solution of
cyclopropylacetylene (30 wt% in THF/hexanes/toluene;

35 containing about 4 kg, 65 mbl of cyclopropylacetylene)
while maintaining an internal temperature below -20°C.
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5 of N-({(4'-Methoxy)benzyl)-4-chlorxo-2~
trifluoroacetylaniline) while maintaining a reaction
temperature below -40°C. After aging the mixture at -43
+/-3°C for 1 h, the reaction was quenched into 14C kg 1N
HCl, pre-chilled to 0°C. The organic layer was separated
10 and extracted twice with 25 kg portions of 1N HCl, twice
with 40 kg water, then concentrated in vacuo to a volume
of about 29 L. Toluene (47 kg)} was added and the
solution concentrated to a volume of 28 to 30 L.. Heptane
(23 kg) was charged and the mixture cooled and held at -
15 5°C for 4 hours. The product was filtered, washed twice
with 10 kg portions of heptane and dried in vacuo to give
10 kg (85%) of the title compound as an off-white solid:
mp 163-165°C; [al25D +8.15° (¢ 1.006, MeOH); 1H NMR (300
MHz, CDCl3) 8 7.55 (brs, 1H), 7.23 (d, J = 8 Hz, 2H),
20 7.13 (dd, J = 3, 9 Hz, 1H), 6.86 {(d, J = 8 Hz, 2H), 6.59
(d, J = 8 Hz, 1H), 4.95 (bs, 1H), 4.23 (s, 2H), 3.79 (s,
3H), 2.39 (m, 1H), 1.34 (m, 1H), 0.84 (m, 2H), 0.76 (m,
2H); 13c NMR (75 MHz, CDCl3) & 158.9, 145.5, 130.6,
130.3, 130.2, 128.6, 125.9, 122.0, 121.6, 119.5, 114.8,

25 114.1, 94.0, 75.2, 74.7, 70.6, 55.3, 48.0, 8.6, 8.5, -
0.6; 19F NMR (282 MHz, CDC1l3) & -80.19.

Example 5: Preparation of (S)-6-Chloro-4-{cyclopropyl-
ethynyl)-1,4-dihydro-4- (trifluoromethyl)-2-(4'-
30 methoxyphenyl)-3,1-benzoxazine.

To a solution of heptane (295.5 kg) and ethyl
acetate (32.5 kg) was added p-chloranil (57 kg, 232 mol)
and (S)-5-Chloro-o-(cyclopropylethynyl)-2-[(4-
methoxyphenyl)methyl] -amino] -o—-(trifluoromethyl)

35 Dbenzenemethanol (89 kg, 217 mol). The mixture was

refluxed with good agitation for 5.5 h then diluted with
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Tetracholorophydroquinone was removed by filtration and
washed with a mixture of heptane (104.7 kg) and ethyl
acetate (31 kg). The filtrate was partially concentrated

5 by distillation of 260 L solvent, then diluted with
heptane (177 kg) and cooled to -10 to -15°C. The
resulting slurry was filtered and the product washed with
heptane (41 kg) and dried on the filter to less than 20
wt% heptane (by loss on drying). The yield calculated by

10 HPLC, was 71 kg (80%). An analytical sample was obtained
by trituration of the sample with 1IN NaOH, followed by
recrystallization from hexane/ethyl acetate: mp 130-
131.7°C; 1H NMR (300 MHz, DMSO-dg) 6 7.46 (4, J = 9 Hz,
2H),7.28-7.21 {(m, 3H), 7.0 ( d, J =9 Hz, 2H), 6.85 (4,0

15 = 9 Hz, 1H), 5.52 (s, 1H), 3.78 (s, 3H), 1.52-1.47 (m,
1H), 0.90-0.84 (m, 2H), 0.72-0.68 (m, 1H); 13c NMR (75
MHz, DMSO-dg) & 160.3, 143.8, 129.6, 129.3, 128.9, 125.8,
123.1, 121.7, 118.1, 117.8, 113.8, 93.6, 80.9, 74.1;
70.3, 55.2, 8.5, 8.4, -1.07; 19F NMR (282 MHz, CDCl3) & -

20 157.5.

Example 6: (S)-5-Chloro-o-{cyclopropylethynyl)-2-amino-
o (trifluoromethyl) benzenemethanol.
Crude (S)-5-Chloro-4-(cyclopropylethynyl)-1,4-

25 dihydro-4-(triflucromethyl)-2-(4'methoxyphenyl)-3,1-
benzoxazine (71 kg calculated dry weight) was charged to
a mixture of methanol (301 kg), 30% NaOH (121 kg) and
water (61 L). The mixture was heated to 60°C to give a
clear solution then cooled to 30°C. A solution of sodium

30 borohydride (3.2 kg, 84.2 mol) in 0.2 N NaOH (29 L) was
added to the methanolic solution over 20 min, keeping the
temperature below 35°C. After 30 min, excess borohydride
was quenched with acetone (5.8 kg)} and the solution
diluted with water (175 L) then neutralized to pH 8 to 9

35 with acetic acid. The resulting slurry was cooled to
about 0°C, filtered and the product washed with water
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129.4, 129.0, 124.3, 118.4, 118.07, 118.05, 92.3, 72.6,
71.0, 8.2, 8.1, -1.1; 19F NMR (282 MHz CDCl3) & -80.5

15
Example 7: Preparation of (S)-6-Chloro-4-(cyclopropyl-
ethynyl)-1,4-dihydro-4-(trifluoromethyl)-2H-3,
1- benzoxazine—2-one.

(S) -5-Chloro-0- (cyclopropylethynyl) -2-amino-

20 o-(trifluoromethyl)benzenemethanol (15.7 kg, 54.3 mol)
was dissolved in a mixture of heptanes (32 kg) and THF
(52 kg) below -10°C. Phosgene (~8.0 kg, 80 mol) was
directly fed below the surface over about 1 h, keeping
the temperature below 0°C. The resulting slurry was

25 warmed to 20-25°C and held 1 hour. Methanol (6.5 kg, 203
mol) was added and the solution stirred about 30 min.
Heptanes (97 kg) was added and ~140 L of solvent was
distilled under reduced pressure. Heptanes (97 kg) and
THF (22 kg) were added and the solution washed with 5%

30 aqueous sodium bicarbonate (15 L), followed by water (15
L). The solution was warmed to 50°C and filtered into a
clean reactor, followed by a 40 kg heptanes rinse. The
solution was concentrated under reduced pressure, diluted
with heptanes (22 kg) and cocled below -10°C. The

35 product was filtered, washed with heptanes (37 kg) and
dried in vacuo at 90-100°C to give 16.0 kg (95%) as an
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Examples 8-16 specifically teach the preparation of
each of the forms of Efavirenz of the present invention,
as well as methods to effectuate the interconversions of
these forms (Scheme 5). The following examples are meant
15 to be illustrative of the present invention, and not

should not be taken as limiting the inventors scope.
Scheme 5

Example 11
Form 3 Form 2

Example Example
16
Example Example Example

Example

» Example 8 saturated
Form 3 ———> Form 1 ~ solution

Example Example
14
15 10

Ex le 13
Form 2 amp > Form 4

Example Example

dilute —_— . _» Form1
solution Form 5
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ngiggééfzg)#goﬁﬁépé@eg &%ﬁQ?%B?§O%@&ék atmoagheric pressure, as the
ume’ was maintained constant by replacing with fresh
10 heptane. When the level of the THF was <1%, the solution
was cooled to 70 °C and seeded. The solution was further
cooled and the crystallization started at 64 °C. A
sample indicated form I by XRD. The slurry was further
cooled to 30 °C and filtered. The wet cake was dried at
15 65 °C in a vacuum oven with nitrogen purge until a loss
on drying of 0.36% to yield 640 g of product (80 %

vield) .

EXAMPLE 9: Crystallization of Form 2, conversion to
20 Form 1.
Efavirenz (450 g, 1.4 mol) was slurried in heptane
(3.5 L) and heated to reflux until complete dissolution.
The solution was allowed to cool to 73 °C, at which point
it was filtered through #1 Whatman paper and cooled to 6
25 °C. The thin slurry was filtered and the wet cake was
washed with 300 mL of heptane. The wet cake (389 g) was
dried in a vacuum tray oven at 100 °C for 15 hours to
yield 388 g (86% yield) of Form 1.

30 EXAMPLE 10: Crystallization of Form 4, conversion to
Form 1.
Efavirenz (32 g, 0.1 mol) was dissolved in 390 mL
heptane and 20 mL of THF at 60 °C. The solution was
allowed to cool down and at 45 °C it was seeded with 50

35 mg of DMP 266. After crystallization occurred, solvent
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heptane and heated to reflux until dissolution. The

10 solution was allowed to cool to 75 °C and it was filtered
through #1 Whatman paper and cooled. A thin slurry
crystallized, and a sample was filtered. x-Ray powder
diffraction indicated Form 2. The slurry was stirred at
room temperature for 24 hours and the resulting thick

15 slurry was diluted with 200 mlL of heptane, filtered and
dried under vacuum at room temperature to yield 82.5 g
(79%) . The solid was identified as Form 3 by X-ray
powder diffraction. A 5 g sample was dried at 90 °C for
24 hours and the resulting so0lid was identified as form I

20 by X-ray powder diffraction.

EXAMPLE 12: Conversion of Form 1 to Form 3.
Efavirenz Form 1 (105 g, 0.33 mol) was slurried in
1.0 L of heptane at room temperature for seven days. A
25 sample indicated no Form 1 present by XRD. The peaks
obtained were the same as the one obtained starting from
Form 2, although relative intensities were slightly
different.

30 EXAMPLE 13: Conversion of Form 2 to Form 4.
Efavirenz Form 2 (50 g, 0.16 mol) was slurried in
580 mL of heptanes. THF (7 mL, resulting in 1% THF in
heptane) was added, heated to 40 °C and after 50 minutes
a sample of the slurry was filtered and XRD (X-ray powder
35 diffraction) still indicated Form 2. THF (28 mL, total
32 mL, resulting in 5 % THF in heptane) was added in



10** 10**1}Y-$10%*& ()-M, Y-$109%7& () - M@ C! " 6#1 $DYa X9r S41! ! L"
109&' ()-1t " yy&10% (& ()-!~""yy&10%22& ()-! 9 December 2002

L yy&1097J7J& () -1 yy&10%JI& () - L10%& ()- G286 (((((wi[MA11!IL" 10% 10 10

10! KL&S! 109, 9-9)254‘0;&& 10% (& ()-! DL&S$! 109& () -! L&S$! 10%@P@&pEr/ukdotibion* a? M
101 1 109%& !

1 1098 () - - #10%<& () - f#Y10%<&' ()- VYl 10%& ()-"10%<& ()-*+,-Y... w6M1l!" 9-
%WMO%RE ()-19- %0%R ()-!t> 1109 ()--#!| 110%| & ()--#~ 1 10% <r<& ()--#"

1 10%<<& () - - #. £6QO0BOLOENSA 1! A I/ @ ) addAUGROY ) o B" U@ ) potBliepe 10| e| e
10| e] e!' x9- %40%U el e& ()-1~9-

040% :r: & ()- Eghglﬁgséé%ﬁ%z T S99 A ()2 ""11’0‘5}@@“9 © V0% ()-1p8
1 1098 ()-!t! 10%Bi¢) - Y1900BEQY ermmvfim%@lmnm@%w Y1 EHPu& ()- 10 10
10! a% 109%&' ()-f IX 98 109%&' ()-f!; 9% 10%@B@&' ()-f77789: }[<0P11&10% u& ()-1!t,z
10%uu& ()-'! ° 10% u u& ()-! 0%&' (%%R%LIO% u& ( 0% u&' (

. y<=>?wU30F1 1! EEMERE, 14 ()Canvegs iRk {9Em £ }a}a‘&"()- ! @#' 10% ()-!" Yz
10%-& ()-''VYz 10‘VMQ§a(rirer?i77I9c(ﬂrﬂ?LC'7m-l’7g(Y 1!63 mol) was slurried in 90

HoKoN e BB RO () T OV ] Shovae) - FEBvE ) -y10

%@ () - | BREYBIBABBE) Mpx¥: 1l PAOYUGY ) - |DS1004@N¢ )addi TeNR/off) 2 EDLBIROE) -
"10%@& () - | 10%G, ()  BEBRBR(ARCG W i U@ f0F) , the slurry became very

10 thick. XRD indicated Form 4.

EXAMPLE 15: Conversion of Form 2 to Form 1 by heating a
slurry to 70 °C.
Efavirenz Form 2 (3 g, 0.0]1 mol) was slurried in
15 heptane (42 mL), heated to 70 °C and held for 2 hours.
The slurry was cooled down to room temperature and a

sample was filtered for XRD, indicating Form 1 only.

EXAMPLE 16: Conversion of Form 3 to Form 1 by heating a
20 slurry to 70 °C.

Efavirenz Form 1 (3 g, 0.01 mol) was slurried in
heptane (42 mL) for 48 hours. XRD indicated Foxrm 3. The
slurry was then heated to 70 ©C, held for 2 hours, cooled
to room température and a sample filtered for XRD, which

25 indicated Form 1.

EXAMPLE 17: Direct crystallization of Form 5
Efavirenz Form 1 {approximately 70q) was slurried in

1L of 1% v/v THF/heptane at room temperature.

30 Undissolved solids were removed by filtration and the
mother liquor was seeded at room temperature with Form 5.

Crystals formed slowly and were isclated by filtration,

vielding 0.92 g of Form 5. The solid was identified as

Form 5 by X-ray powder diffraction.
35 Alternatively, Efavirenz Form 1 (approximately 70 a)

was slurried in 1.5 I, of 1% v/v THF/heptane and warmed to
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+H10%(<( & ()wa slurrled in 1 L of warm _heptane and 10 mL of THF was

added to adijust the solvent ratio to 1% v/v THF/heptane.
The slurry was then heated to total dissolution at 85°C.

10 As the solution cooled, it was seeded periodically with
Form 5 until the seeds no longer dissolved (63°C), then
allowed to cool to 45°C and filtered. The solid isolated

was Form 1. The solution was then allowed to cool to

room temperature overnight and Form 5 crystals were then

15 collected by filtration (15.41q).

EXAMPLE 18: Conversion of Form 5 to Form 1.

Form 5 was dried at 95°C for 3 days in a vacuum oven
with a nitrogen purge to give Form 1 which was identified

20 by X-ray powder diffraction.
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2) heating Form 4 of crystalline Efavirenz to a

temperature of about 80 °C to about 100 °C.

2, A process for preparing Form 1 of crystalline
Efavirenz, which is characterized by an x-ray powder
diffraction pattern comprising four or more 20 wvalues
selected from the group consisting of: 6.0 = 0.2, 6.3 %
0.2, 10.3 £ 0.2, 10.8 = 0.2, 14.1 + 0.2, 16.8 * 0.2, 20.0
+ 0.2, 20.5 £ 0.2, 21.1 £ 0.2, and 24.8 * 0.2; the
process comprising:

1) crystallizing Form 4 of crystalline Efavirenz
from a solution of THF/heptane wherein the solution of
THF /heptane is at about & 5% concentration of THF and is
reduced to about a 1% cohcentration of THF; and

2) heating Form 4 of crystalline Efavirenz to a

temperature of about 80 °C to about 100 °C.

3. A process for preparing Form 1 of crystalline
Efavirenz, which is characterized by a differential
scanning calorimetry thermogram having a peak at about
138 °C to about 140 °C, the process comprising:

1) crystallizing Form 4 of crystalline Efavirenz
from a solution of THF/heptane wherein the solution of
THF /heptane is at about a 5% concentration of THF and is
reduced to about a 1% concentration of THF; and
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2) heating Form 4 of crystalline Efavirenz to a

temperature of about 80 °C to about 100 °C.

4 . A process for preparing Form 1 of crystalline
Efavirenz, which is characterized by a differential
scanning calorimetry thermogram substantially in
accordance with that shown in Figure 5, the process
comprising:

1) crystallizing Form 4 of crystalline Efavirenz
from a solution of THF/heptane wherein the solution of
THF /heptane is at about a 5% concentration of THF and is
reduced to about a 1% concentration of THF; and

2) heating Form 4 of crystalline Efavirenz to a

temperature of about 80 °C to about 100 °C.



