30 August 2005 - f Internediates for Making H V-Protease |nhibitors and
Met hods of Making HI V-Protease |nhibitors |Introduction 3UAeaustea00sof

“H V-infected individuals is one of the nost pressing bionmedical problens of
recent_tinmes- A prom sing new therapy has energed as an inportant nethod
for preventing or inhibiting the rapid proliferation of the virus in hunman
tissue- H V-protease inhibitors block a key enzynmatic pathway in the virus
resulting in substantially decreased viral |oads, which slows the steady
decay of the immune systemand its resultlng deleterlous effects on human
health. The HIV-protease inhibitor nelfi'navir nesylate of formula 7
Forrmula 7 30 August 2005 _2_has been shown to be an effective treatnent
for HHV-infected individuals. Nelfinavir nesylate is disclosed in U S

Pat ent No. 5, 484, 92Atd msedBidte 21N 9 Thi t. is entirely

i ncorporated by reference |ﬁ%§ thlék"éf % ggﬁFﬁ&ﬁﬁpgﬁ’?'?Hﬁ“bresent

i nventors have di scover¥gthmds oﬁMaﬂ:agW—ﬂr@t@ﬁ@ﬁﬂﬂgﬁo 1at can be used in
several reaction schemes to make nelfinavir nesylate. The present

i nventors d di scovered neM/nethods for making nelfinavir nmesylate:

fromthefreeb i ou4The nel finavir free
base also is di si o};}géélftlﬁabhg rﬁ%‘?& wé%al%u& §98. of shemmost nrpssing

| nvent i on btonesdical podiplests offreddnitSinhey e.ﬂlt;jreﬁhnélﬁg HEW&@%W@QH%?Q@&‘QS
I nter medi-at I’e't important method for preventing or inhibiting the rapid proliferation of the virus
in human tissue. HiV-protease inhibitors block a key enzymatrc pathway in the
virus resulting in substantially decreased viral loads, which slows the steady decay
of the immune system and its resulting deleterious effects on human health The

HIV-protease inhibitor nelfinavir mesylate of formula 7

S O, NHtBu
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H

Formula 7



useful for making H V-protease inhibitors and nmethods of making H V-
protease inhibitors. Such inhibitors are useful for treapifgudl¥osnfected
individuals. In a first aspect, the invention relates to a nethod of making
a conpound of fornula 3 ct conprising?adding an acetyl group and a | eaving
group being chlorine to a conpound of formula 1 to formthe conpound of

formula 3, 30 August 2005 -2a || d t, the. i tion relates t
2 et hod BRSREETRERannCBhBELAR SFeAErPaTa Boios M R e REVRUABay ng
group - bei R@Iﬁr@ﬂr%é%aféﬁisadig@lﬁﬁt@&'w 25, PaidRiING. 5 484 68% Gedied Mrilane

conpound of formul a nathird aspect, the invention relates to a nethod
of maki ng18. 1886pdhisd petert ds martiely incorarsiedgbyl epfevema intg thiscpateotind of
formul a Sagél'é rﬁ%ﬁt ment with an aqueous or al coholic solution of an

I nor gani c éea, h aqueous or alcoholic solution of an acid, a solution of

a protic organiThetésentaivemdrd RV aRcevaedLischil iRrMKdRIeBRIpKEHGs Wi th a
pal | adi um or platinum catalyst; and addi ng the deprotected conpound of

for mul a 5thad @ncbapseddinoseyerahi¢act®ncschames tomgaite oelipvisrmesyateor m t he
conpound ﬁ'lef Bfégéln? hverforé UKE! ha98° distBvered new methods for making

neifinavir mesylate from the free base nelfinavir of formula 4:

 NHtBu
O
N

S
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H

Fornule 4
The nelfinavir free base also is disclosed in U.S. Patent No. 5,484 ,926.

Summary of the Invention

It is an object of this invention to provide compounds and intermediates
useful for making HIV-protease inhibitors and methods of making HIV-
protease inhibitors. Such inhibitors are useful for treating HiV-infected
individuals.

In a first aspect, the invention relates to'a method of making a

compound of formuia 3

CH3(0)CO
C

comprising adding an acetyl group and a leaving group being chlorine to a
compound of formula 1

O
HO.

to form the compound of formula 3.



wherein the acetal -based protecting group is renoved under aqueous or

al coholic conditions, pronoted by Lew s acids, such as t30angutizovsnet al

. halides or halides of the group 3 mtﬁ{a , or by protic organic acids, such
as p- toluenesul fonic and rel ated al kyl” and aryl sul foni c acids,
trifluoroacetic acid and rel ated organi c carboxylic acids W|th a pK of
less than 2, amglds i i

phosphoric and ni t “@gﬁgzzz‘la‘gsgeéf e ‘Q’g%’?z‘éfﬁ'ﬁgﬁ %taﬁén%}ﬁg(g%ﬁ%%wrn | 8tes to a
met hod of CREWONEC®f fospgadnd of for mul a 4 conprising conbining a compound
of formula 3 CH3(O GQ in an organic solvent wwth a conmpound of formula 6 to
obtain the conpound of fornula 4, V\!ner bin .{Phe acetal -based protecting
group is renoved under aqueatfs( » i ond|t| ons, pronoted by Lewis
acids, such as transition netal haI h4l i des of the group 3 netal s,
or by protic organic acids, such as | uenesul fonic and rel ated al kyl

and arysul.fani.c. aci rifl.uoroace ic acid.and related or ani ¢ carboxylic
aci ds w th&@%?n@% ﬁ'l%&t'%%‘ﬂ"%ﬂr% ?'ng‘%‘éﬁﬁ’@ 0@ gempound of Myl £ur i ¢,

hydr ochl ori ¢, phosphoric and nitric acids. In a fifth aspect, the i nventi on
relates to a nethod of making a formula 7 30 August 2005 -2c
HO conpri si ng depr ot ect i ngCHa () f8rmula 5 - CHsSO 4 by treanent

wi th an aqueous or al coholic sol ut| i an Pﬁbrganl c base, an aqueous or
al coholic solution of an acid, a soM.ien of a protic organic acid and an

i nor gani Ctoaf%rm’the Con‘?f)ou}fng grrr]rcl)llj sis with a palladiumor platinum

In a third aspect, the invention relates to a method of ‘making a
compound of formula 4

by treatment with an aqueous or alcoholic solution of an thorganic base, an
agueous or alcoholic solution of an acid, a solution of a protic organic acid
and an inorganic acid, or by hydrdgenolysis with a palladium or platinum

catalyst; and

‘adding the deprotected compound of formula 5 to a compound of formula 3
Q

CHz(O)CO
Ci

in an organic solvent to form the compound of formuila 4,




catal yst, and adding the deprotected conpound of formula 5 to a conpound
of formula 3 in an organic solvent to forma conpound ofgfigi foos Q
NHL- 8u Ho and converting the conpound of forrmula 4 to the conpound of
formula 7 by treatnment with nethanes@Pfonic acid in an organic sol vent,
wherein the acetal -based protecting group is renoved under aqueous or
Lew s acids, such as transition netal.

al coholic ndj tions, noted b

hal i des oﬁ"’%ﬂ?\"dglse e g’ g %emaggoupo,ls E?Wﬁf*l WNdRrgaAYeoYTi¥s, such
as p- tol ygissmkf Kk n f Qi

trifluoroaceti cbagc?Hd&tl(gr% é?niétgg B&g%‘%ﬁv% gg@ Sﬂébcggcﬁ gg'\t/{n&t%hmaetapim of

| ess t han hajidesdr haligtagooi the group S, metals msbysmrbtlmurgambmmc buch as p—
phosporic.and nitric ac ust 200 2d In S

i nvent i ont&b!?g?%lg{()ﬂ? Qnﬂeﬁqﬁ%t&go‘éﬂ EPﬂgawgulf%w&p%ﬂﬁ& kﬁ ?f%?ﬁ 3cid clr sol
conpri si ngngorEkitad rwgmem@éb@qlic%cﬁ@wwlépk SHRSthah! 21 &y fdegamie sol vent
with a conpound of fornula forma conpound of formula 4 and converting
t he corrpo@ﬁl!isoﬁuﬂbaﬁﬁuﬁuIm.thydfml@fmmxbmanh@’ic &iod pitfieagidsy treatnent with

met hanesul f oni Ci ni ¢ sol.vent tal -.based
protecting gr o%b% 5‘9&’%&%&’8%[12@‘ r"ﬁ’&ﬂhB’ﬁsre@Ies §Pc6h'6'r3ﬂh°f@8ﬁdﬁ?%"895
pronot ed kpripeind oi€dreifulaguch as transition netal halides or hali des of
the group 3 netals, or by protic orga@ acids, such as p

NHt Bu
comprising combining a compound of formula 3

. O
CH3(0)CO :
Ci

in an organic solvent with a compound of formula 6
; Y

to obtain the compound of formula 4,
wherein the acetal-based protecting group is removed under aqueous or
alcoholic conditions, promoted by Lewis acids, such as transition metal
halides or halides of the group 3 metals, or by protic organic acids, such as p-
toluenesulfonic and related alkyl and arysulfonic acids, trifluoroacetic acid and
related organic carboxylic acids with a pK of less than 2, and inorganic acids,
such as sulfuric, hydrochloric, phosphoric and nitric acids.
In a fifth aspect, the invention relates to a method of making a

~ compound of formuia 7



t 6l uenesul fonic and related al kyl and aryl sul fonic acids, trifluoroacetic
acid and related organic carboxylic acids. with a pK of3gQgfst bgs 2, and

. inorganic acids, such as sulfuric, hydrochloric, phosphoric and nitric

aci ds. 30 August 2005 -2e In one emboth%rent, the invention relates to
compounds of formula 3: wherein R, is alkyl; cycloal kyl; heterocycl oal kyl ;
aryl; heteroaryl; or a group of fornmula 8 30 August 2005 WO 98/ 09951

PCT/ US97/ 15468 -3 wherein R2 is an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, or O RS, & n R8 is an al kyl group, an aral kyl
group, or an aryl group; or further whérein R is a group of fornula 9 R3
wherein each R3 is independently anSaIkyk)grQu@ a cycl oal kyl group, a

het erocycl oal kyl group, an ary of oup §E/heteroar group; or further
wherein R is a group of for o} R4 and™® ch R i ndependent|y
are an al kyl group, a cycloa groupg 8

et'erocycl oal kyl group, an aryl
group, or a heteroaryl group; and X is O wherein R7 is al kyl or
aryl; hal ogen; pseudohal ogen; OSO02R8, wher®e

n R is alkyl or aryl;

het er oar ylcohpridig déprot@ﬂn%faecdmp@nﬁwbpmm@ma 5N hydr oxyhet erocycli ¢ bonded
t hrough the oxygen, with the proviso that when R, is --CH3, X cannot be
-OCH3 or -OH,- and when R, is -CH3C(Q X cannot be OH or a
pharmaceutically acceptabl e salt or so vate thereof. In various preferred
enbodi nents of the inventi o@ , Is - Q)\Cl—g&and/ or X is a hal ogen,
preferably, d. .

by treament with an aqueous or alcoholic solution of an inorganic base, an
aqueous or alcoholic solution of an acid, a solution of a protic organic acid
and an inorganic acid, or by hydrogenolysis with a palladium or platinum
catalyst, and adding the deprotected compound of 'fom‘lula 5 to a compound
of formula 3

and converting the compound of formula 4 to the compound 6f formula 7 by

treatment with methanesulfonic acid in an organic solvent,

wherein the acetal-based protecting group is removed under aqueous or

alcoholic conditions, promoted by Lewis acids, such as transition metal .
halides or halides of the group 3 metals, or by protic organic acids, such as p-

toluenesuifonic and related alkyl and arylsulfonic acids, triflucroacetic acid

and related organic carboxylic acids with a pK of less than 2, and inorganic

acids, such as sulfuric, hydrochloric, phosporic and nitric acids.



| n anot her enbodi nent, the invention relates to conpounds of fornula R O CH
wherein R, is a C2 to C8 alkyl group, a cycloalkyl grougg adqust 2005

het er ocycl oal kyl group, an aryl group, a heteroaryl group, “or a group of
formul a 8 SUBSTI TUTE SHEET ( RULE 2632dWD 98/ 09951 -4 30& q"MB wherein R is
a C to C alkyl group, a cycloal kyl group, a heterocycl oal kyl group, or
4-R6, wherein R is an alkyl group, an aral kyl group, or an aryl group; or
further wherein R, is a group of fornula 9 R3-Sif R3 wherein each R3

R3
i nd dent | Kk | oal kyl
rbendent ) ¢ s e TG B BRI 920 BEFARRS °0L )

group ofuhg Bm,@%f}(f}mryel n R and each R independently are an al kyl
group, a cycl oal ky group, a heterocycl oal kyl group, an aryl group, or a

het eroaryl group; or a pharmaceutically acceptable salt or solvate thereof.

Al so provided are nethods for TRg the conpounds of formulae 2 and 3. In
a nethod for maeking a corrpound rmula 2: 0 OH a conpound according to

formula 1, shown bel ow,
NHtBu

ﬁf(lﬁ% nsors

comprising combining a compound of formula 3

in an organic solvent with a compound of formula 6

R

to form a compound of formula 4
; NHi Eu

and converting the compound of formula 4 to the compound of formula 7 by
treatment with methanesulfonic acid in an organic solvent,

wherein the acetal-based protecting group is removed under aqueous or
alcoholic conditions, promoted by Lewis acids, such as transition metal '
halides or halides of the group 3 metals, or by protic organic acids, such as p-
toluenesulfonic and related alkyl and arylsulfonic acids, trifluoroacetic ac_:id
and related organic carboxylic acids with a pK of less than 2, and inorganic

acids, such as sulfuric, hydrochloric, phosphoric and nitric acids.



i ¢ reacted under suitable and sufficient conditions to add an R protecting
group and forma conpound of fornula 2. In this instance&p ARguss2@5C. to C

. al kyl - group; SUBSTI TUTE SHEET (RULE 26) 30 August 2005 WO 98/ 09951

PCT/ US97/ 15468 -5 a cycloal kyl group®-a heterocycl oal kyl group; an aryl
group; a heteroaryl group; or a group of fornula 8 wherein R2 is a C2 to
CO al kyl group a cycloalk a. heterocycl oal kyl  group, . or .R6,
wherein Rs is B'E/%'tqéﬁ’ Yeqtion refates, CQIW@M”‘#{?“O&PBW or R is
a group of for '%He&e@n Ri3s dﬁ%{lfcyclc%ﬁkxf“ﬂe?éﬂcﬁﬁﬁglﬁg drg hBREBERA.CGE By an

al kyl group, a cycloal kyl group, et erocycloa yl gt oup, aryl group,
or a heteroaryl group; or R 1is a grjoup % formula 10 RaRO R5 RS wherein R4
and each R5 independently areRg@_al pl 5?’ a cycl oal kyl group, a

het er ocycl oal kyl group, an aryl het eroaryl group. Another

enbodi nent includes a nethod of nH
This neth L di ng, . under s “table and sufficient conditions, a
suitabl e %g?d?gttﬁﬁgéggoup R, and a |l eaving group X to a conmpound of
formula | HOO OH




In this instance, R, is alkyl; cycloal kyl; heterocycl oal kyl; aryl;
heteroaryl; SUBSTI TUTE SHEET (RULE 26) 30 August 2005 gn AugOstapsof

formula 8 rej is an al kyl group, a cycloal kyl group, a

het erocycl\(l)gﬁl?%%fgup, or O'R6, wherein R6 is an al kyl gr S&F/USEHI46%,| Kky|
group, or an aryl group; or R is a group Qf formula 9 R3 R3-Si R3
wherein each R3 is independently an.al kyl "group, a cycl oal kyl group, a

het er ocycl oal kyl WP, an | _aroup, or et eroaryl group; or further
wherein R i s hegBRe b 88 alkliardus: shavdesidorain, e Niterecybioalkyt taum 1oy
are an al kyl gr whersin® galaay: r pé{m. an aryl
group, or a het_g‘rjsgar I g%ﬁg;ﬁaﬂﬁﬁﬁgptﬁ?%ﬁlwgé'g?lnﬁérﬁé al'Kyl or
aryl; hal ogen; pseQtBhdicsyderensRpiRE groupeeidiormaia 9 s al kyl or aryl ;

het eroaryl bonded through the heterogtom or N hydroxyheterocyclic bonded
t hrough the oxygen, with the provisojthat when R is -CH31l X cannot be
-OCH 3'0or -OH, and when R is CH RR;O-Si cannot be -OH As noted above, in
certain enbodinents, R is -C(O CH3 én /or Xis a halogen, preferably, d.
A conpound according to fornmula 3, as®defined above, also can be nade from

a conpound of I he_r | : ing a suifable 30
August 2005 - YBIHS; Gachy Ryl AREbEAReRY SHE g o7 Stodi, prup. =
i nstance, foretecodclaalind grolgs,iaredrydgrays, dbid heteroaryt group;

or further wherein R, is a group of formuta 10

RO
Rs™ R,

wherein R, and each R; independently are an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group; and

X is OH; OR,, wherein R, is alkyl or aryl; halogen; pseudohalogen; OSO,R,,
wherein R, is alkyl or aryl; heteroaryl bonded through the heteroatom; or
N-hydroxyheterocyclic bonded through the oxygen, with the proviso that when R,
is ~-CH,, X cannot be -OCH, or -OH, and when R, is CH,C{O)~, X cannot be
-OH;

or a pharmaceutically acceptable sait or solvate thereof.

In various preferred embodiments of the invention, R, is -C(O)CH, and/or

X is a halogen, preferabiy, Cl.
In another embodiment, the invention relates to compounds of formula
' 2; o

R,0
OH

wherein R, is a C, to C, alkyl group, a cycloalkyl group, a heterocycloatkyl group,
an aryl group, a heteroaryl group, or a group of formuta 8

SUBSTITUTE SHEET {(RULE 26)




wherein R is al kyl; cycloal kyl; heterocycl oal kyl; aryl; heteroaryl; or a

group of 8 O Rz wherein R2 is an al kyl group, @W y| group,
. a heteroc‘;/’tg?g@&kﬁl ‘group, or OR6, wherein R6 is an alky e

aral kyl group, or an aryl group; or further wherein RL is a group of

formula 9 R3 | R3---Si | R3 wherein each R3 is independently an al kyl

group, a cycloal kyl group, a heterocycl'&a‘l kyl group, an aryl group, or a

het eroaryl group; or further wherein R is a group of fornula 10 wherein R4
and each R independently are an al kyl grEup, a cycl oal kyl group, a

het erocycl oal kyl group, an aryl group,_o het eroaryl group. Additionally,
in this instance, X is defined as OH , Wherein R 7is alkyl or aryl;
hal ogen; pseudohal ogen; OS02R8, wherein R8 is al kyl or aryl; heteroaryl

bonded t hrough 1 .hetegroato or N-hydroxyhet erocyclic bonded through the
oxygen. In tvﬁl%e'nt%'ﬁ@ogz Wﬁw@%' greup.c-gyclealkylgrewp. it hetemycinalkybgroumd
when R i S GHECHR) wherdindRIiRRin ARyr dbup? tqré095 9l -8

PCT/ US97115468 In‘? anot her 6enb(?dfaln%n , Phlggél}%sﬂrﬁrfg% ?r\e/%ag'ﬁg?od‘prmt hods for
maki ng - H V pr ot @ad¢therwiereby B, isGagralip/opionatss® i nhi bit or produced by a
met hod ' '

Rs
R3-Sit-
Rj

wherein each R, independently is an alkyl group, a cycloalkyl group, a
heterocycioalkyl group, an aryl group, or a heteroaryl group:;
or further wherein R, is a group of formula 10

R';S% 5

wherein R, and each R. independently are an aikyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl group;

or a pharmaceutically acceptable salt or solvate thereof.

7 Also provided are methods for making the compounds of formulae 2
“and 3. In a method for making a compound of formula 2:

O

R,0
OH

a compound according to formula 1, shown below,

O

HO
OH

is reacted under suitable and sufficient conditions to add an R, protecting group
and form a compound of formula 2. In this instance, R, is a C, to C, alky! group;

SUBSTITUTE SHEET (RULE 26)



according to this invention is a' conpound of forrmula 4, illustrated bel ow -
HO In this nethod, a corrpound of fornmula 3 wherein R i %@M%Z(%C' oal kyl;

het er ocycl OM;@ heteroaryl; or a group of formula wherein
R2 is an al . a cycloal kyl group, a heterocycl oal kyl PGFESY/154:8

O -R6, wherein R is an al kyl group, an aralkyl group, or an aryl group; or
further wherein R is a group of fornula 9' R3--Si | R3 wherein each R3

i ndependent |y cIo ro het er ocyc| oal kyl
group, an ar yléé %ﬁ%‘?b@ljoggh%ﬁgﬁ;%yﬂ U%% QTB’(WQFPV\% plereand grogip; or
group of fornua grdip SHREHUMEBE SHEET (RULE 26) 30 August 2005 wherein R
and each R5 independently are an al kyl group, a cycloal kyl group, a

het erocycl oal kyl group, an aryl group, or atheteroaryl group; and X is OH
OR7* wherein R is alkyl or aryl; hal ogen;ﬁ%ﬁudohal ogen; OSO2RB, wherein
R is alkyl or aryl; heteroaryl bonded tRy t he heteroatom 'or

N hydr oxyhet erocyclic bonded through the oxygen, is reacted under suitable
and sufficient conditions to formthe conmpound of fornula 4. Again, for
one pref err ed Véigietn Reisia 6} ta 6, slkytgroupsa cydealkargmbbﬁa hBteroepsiesRyit group,

-C(O CH3 andl v ablg X re ent s e conpound according to
formul a 4, gﬁtcﬂ]ﬁ@ %8%'3 g@(gﬁgi}?gp an‘ard y' QronB or an aryl group;
or R, is a group of formula 9

R
i3

e
RS
wherein each R, is independently an atkyl group, a cycloalky! group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group;

or R, is a group of formula 10

RO
Rs

wherein R, and each R; independently are an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroary! group.
Another embodiment includes a method of making a compound
-according to formula 3

o)
RO

This method includes adding, under suitable and sufficient conditions, a suitable
protecting group R, and a [eaving group X to a compound of formula 1

O

HO
OH

In this instance, R, is alkyf; cyc_:loalkyl; heterocycloalkyl; aryl; heteroaryl;

SUBSTITUTE SHEET (RULE 26)



pr epared by deprotecting--a conpound of fornula 5 S G NHt--Bu and reacting
with it, under sufficient ‘conditions, a conpound of for#aulaggdst dodst his

. instance, the-conpound according to fornula 3 is wherein R is alkyl;

cycl oal kyl; heterocycl oal kyl ; aryl; heteroaryl; or a group of fornula 8 30
August 2005 -10 wherein R2 is an al kyl_ggroup, a cycl oal kyl group, a

het erocycl oal kyl group, or O R6, wherein R6 is an al kyl group, an aralkyl
group, orona groMp ofifdiilagr further wherein R, is. a group of formula 9 R3
R3----S R3 wherein each R independently is an al kyl group, a cycl oal kyl

group, a heterocycloal kyl group, an ar§l group, or a heteroaryl group; or
further wherein R is. a group of formula 10 wherein R4 and each R

i ndependently are an al kyl group, a Ryc | kyl group, a heterocycl oal kyl
group, an aryl group, or a heteroaryl group; and Xis OH OR, wherein R
is alkyl or aryl; hal ogen; pseudohal ogen; OS02R8, wherein R8 is al kyl or
aryl: het WheEsiD| Ry snae @leyhiasodm, areyclostieyl oo a dretedcybipdiigk ghaigraicycl ic

bonded t hxo . e iment of this invention, a

conpound Qf F%W%éﬁ?ggggn 4'@@@?@&9%‘ §E%@ﬁ,gr%'éﬁ1 YAHARPEFRP: by conbining a
conmpound of foonB} & Bgréupbefoemmlare i s al kyl; cycloal kyl; heterocycl oal kyl ;
aryl; heteroaryl; or a group of fornula 8 wherein R2 is an al kyl group,. a

cycl oal kyl group, a heter-ocycloaTekyI group, or
R Si_
5t
R3
wherein each R, is independently an alkyf group, a cycloalkyl group, a
heterocycioalky! group, an aryl group, or a heteroaryl group;

or further wherein R, is a group of formula 10
R,O
RS%RS

wherein R, and each R, independently are an alkyl group, a cycloalky! group, a
heterocycloalky! group, an aryl group, or a heteroaryl group; and ,
| Xis OH; OR,, wherein R, is alkyl or aryl; halogen; pseudohalogen; OSO,R,,
wherein R; is alkyl or aryl; heteroaryl bonded through the heteroatom: or
N -hydroxyheterocyclic bonded through the oxygen, with the proviso that when R,
is ~CH,, X cannot be -OCH ;or -OH, and when R ,is CH g)(‘O)—, X cannot be
-OH. As noted above, in certain embodimehts, R, is ~C(O)CH, and/or X is é

halogen, preferably, Cl. |
A compound according to formula 3, as defined above, also can be made

from a compound of formuia 2. The reaction proceeds by adding a suitable




-.O-R6, wherein R6 is an alkyl group, an aral kyl group, or.an aryl group; or-
further wherein R is a group of fornula 9 30 August 20@j AIQ&3b48951

‘PCTI US97115468 -11 R3 R3 | i R3 wherein each R3 independently is an al kyl
group, a cycloalkyl group, a heterocycloal kyl group, an aryl group, or a
heteroaryl group; or further wherein R is a group of fornmula 10 wherein R4
and each R5 independently are an al kyl group, a cycl oal kyl group a
‘heterocycl aah¥ et,er, rou and Xis OH
OR,, wherein R%ﬁblsgbg?m @ﬂ}é&dﬁpghﬁal Ofc%mﬁa ?edaé ik %@t@ﬁce 2 i5\Agr ei n
R is alkyl QfmeéierOWhet er oaryl bonded t hr ough t he heteroatom or N-

hydr oxyhet erocycl i ¢ bonded t hrough the oxygen, Wth a conmpound of fornula 6
H under conditions sufficient and suitjabl ejto obtain the compound of
formula 4. In another enbodi menfiOthj.e aQij.on relates to nethods of

maki ng a conpound of formula 7. In o odi fent, the conmpound of fornmula
7 SUBSTI TUTE SHEET (RULE 26) 30 Augud JO5 ONHt-Bu [) cf-{ SO3 is
produced by converting a conpound of fornmula 4 NHt-Bu

~-wherein R, is alkyl; cycloalkyt: heterocycloalkyl; aryl; heteroaryl; or a group
of formula 8

O

R

wherein R, is an alky! group, a cycloalkyl group, a heterocycloalky! group, or
O-Rs, wherein R is an alkyl group, an aralkyl group, or an aryl group;
or further wherein R, is a group of formula 9

R
‘3

R

it
R3

wherein each R, is independently an alkyl group, -a cycloalkyl group, a

heterocycloalkyl group, an ary group, or a hetéroaryl group;

or further wherein R, is a group of formula 10

R,O
R
5 R—s

wherein R, and each R independently are an alkyi group, a cyéloalkyl group, a

| heterc')cycloaikyl group, an aryl group, or a heterbéryi group. Additionally, in this
instance, X is defined as OH; OR;, wherein R ;is alkyl or aryl; halogen;
pseudohalogen; OSO,R,, wherein R, is alkyl or aryl; heteroaryl bonded through
the heteroatom; or N-hydroxyheterocyclic bonded through the oxygen. In this

method, when R, is -CH,, X cannot be ~OCH, or -OH, and when R, is CH,C({O)-,
X cannot be -OH. '



HO under sufficient and suitable conditions to the conpound of formula 7.
In this nethod, the conversion of the conpound of formygeadhsP2bdie

. conpound O'\IRZ fSﬁfog]qi}fl a 7 takes place by: (a) contacting. the. conpound of
formula 4 W& Lor gani c solvent; (b) contacting the conpdardUssiisses nul a 4

wi th nmet hanesul fonic acid under conditiops sufficient to forma conpound
of fornmula 7; and (c) spray drying the chrf)ound of formula 7. In a nore

i fi nbodi nept i : he. i | vent_is ethanol . |
Shother method f or it efHERREf HCrShARh Tl i indtBait dh Maing
formul a 4, tHdl\M-pidteadeninhibitered Gree iHIVEsoteasedinhititor tHBJRESP NG RletiRl hmJ' a

4, a suitable_solyent, and nethanesulfonic acid are conbined’to formthe
conmpound of fmﬁg ) s, InveshipB is a compasmaefformulaed, ilsiated belesv:i n
solution; 30 August 2005 WD 98/09951 -13 PCTfrTS97f 15468 (b) a first
antisolvent is added to the solution containing the conmpound of fornula 7;
(c) the conpound of forrmula 7 and the first _an{isolvent are agitated
together to forma product having a solid p and a liquid phase; and (d)
the product is filtered and washed wth a seggfid anti sol vent, the second

antisol vent ‘being the same as or different from ghe NHtEBu anti sol vent, to
obtain a solid final product according o f Ia\_?/. After the solid final

product is washed, it can beH@rjed by #ny japproprfate nethod or neans.
di | et her can be used.
t irst antisolvent.

Tetrahydrofuran can be used as t vaiit, yan
as at least one antisolvent, pref ly Hat oggs

In this method, a compound of formula 3

o)
RO

wherein R, is alkyl; cycloalkyl; heterocycloalkyi; aryt; heteroaryl; or a group
of formula 8

O

R

wherein R, is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, or
O-R,, wherein R, is an alkyl group, an aralky! group, or an aryl group;
or further wherein R, is a group of fonnulé 9 |

R
I3

wherein each R, independently is an alky! group, a cycloalkyl group, a
heterocycioalky! group, an aryl group, or a heteroaryl group;
or further wherein R, is a group of formula 10

SUBSTITUTE SHEET (RULE 26)




Yet anot her enbodi nent.- of this invention relates to a nethed of nmaking a -

conpound according to fornula 4 (as defined above) fro Q %‘%55
- according to formula 2. In this nmethod, a conpound accor mé ormula 2

is reacted under sufficient and suitable conditions to formthe conpound
of formula 4. In this instance, the conpaund of fornmula 2 is defined as
follows: ,  p OH wherein R, is alkyl; cycloal kyl; heterocycloal kyl; aryl;
heteroaryl; a group of fornmula 8 wherein R is an al kyl group, .a

cycl oal kyl group, a heterocycRdalky] group, or O R6, wherein R is an

al kyl group, an aral kyl group,R g aryl group; or further wherein R is a
group of formula 9 R3 R3 | R3 wher efn each R3 i ndependently is an al kyl
group, a cycloal kyl group,, a heterocycl oal kyl group, an aryl group, or a

het er oar yl whewip R, M{tﬁl’ﬂ]’ﬁcﬁiﬁlﬁ'ﬂe@ﬂjdla& a0)alidA ghogsisd crdORKHigBlp fAlr t her
wherein R t%: é% lﬁgyl formula 10 RS V\,her ein R4 and each R5 mdependently
are an al k 7% E)O SIRYRATSY! GFBim OF 2 heietaardarerBannd | group, an aryl

group, or a het:ﬁrs)@wbl{l,rﬂ'ﬂéreﬁ%, ;%@ihﬁ%rﬁ%é%%egao‘iﬁ?g ép&g’fﬁ?

relates to a nmet hod _of making a ound of mil'a
this net hd¥f e'@'%dﬁp@rﬂﬂ‘ﬂc@oﬁéﬂ'n@et@f@afﬁr bendeds tirough the heteroatom; or

N- hydroxyheterocyt;llc bonded through the oxygen,

is reacted under suitable and sufficient conditions to form the compound
of formuia 4. Again, for one preferre-d embodiment of this process, the variable
R, represents -C(O)CH, and/or the variable X represents CL.

The compound according to formula 4, identified above, also can be

prepared by deprotecting a compound of formula 5

o ¢S O\{NHt—BU
OJLN&” N
H OH L _KkH

and reacting with it, under sufficient conditions, a compound of formula 3. In this

instance, the compound according to formula 3 is

O
RO

- wherein R, is alkyl; cycloalky!, heterocycloalky!; aryl; heteroaryt; or a group
of formula 8 h
O

W



S'ONHt-- Bu ~[ aANN H HOHHL is deprotected. Then, the deprotected
conpound of formula 5 is reacted, under sufficient and3gwutga§1t|;_@05

. condi tions, V\/lthacorrpound of forrrulaS Formula 3, in this instance, is
defined as follows:. wherein R is alkyl; cycloal kyl; heterocycl oal kyl ;

aryl; heteroaryl; or a group of formﬂ@ 8 wherein R is an alkyl group, a
cycl oal kyl rou a het ef ocycl oal kyl grouP or OR5, wherein Rs is an

al kyl gro Redsiaf a@(ﬁbgwumra aucigaily! gFraup:a beterm}tdirmlkyl/r‘gmapngR is a

group of f I 3 each i ndependently is
an al kyl ﬁﬁ%,@é&(‘?yméﬁ% ?&%Sag €§rhe PFOWCPBQP@WRS%'PHHQ an arvyl

group, or a hemrfoféhqﬂwgemnpﬁ,os afgroupesf foaesigion R, is a group of fornula
10 wherein R4 and each R5 independently are an al kyl group, a cycl oal kyl
group, a heterocycloal kyl group,Raan aryl group, or a heteroaryl group; and
Xis OH OR, wherein R7 is aRkw s.%u aryl; hal ogen; pseudohal ogen; OSO2RB,
wherein R is alkyl or aryl; het ar vyl bonded t hrough the heteroatom or
N- hydr oxyhet erocycli c bonded t hr gh the oxygen. The reaction of conpounds

3 and 5 p S opo a_4, cri bed above. The conpound
accor di ng% @r r?%lcg p&pl }sﬁ'atg d%@ﬁn’(/e‘ﬁ ay’ Fg‘yfr%o%nﬁoﬁﬁﬁoéﬁ(ﬂ SHaupPa a7, for
_ heterocycioatkyl group, an aryl group, or a heteroaryl group;
or further wherein R, is a group of formula 10

R4O>%
R
5 R 5

wherein R, and each R; independently are an alky! group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group; and

Xis OH; OR,, wherein R; is atkyl or aryi; halbgen; pseudohalogen; OSOR,,
-wherein R, is alkyl or aryl; heteroaryl bonded through the heteroatom; or
N- hydroxyheterocyclic bonded through the oxygen. '

In another embodiment of this fnvention, a compound of formuta 4, as

identified above, can be prepared by combining a compound of formula 3:

| 0
RO

wherein R, is alkyl; cycloalkyl; heterocycloalky!; ary; heteroary!; or a group
of formula 8 '
' 0

RZ/HP<
wherein R, is an alkyl group, a cycloalkyl group, a heterocycloatkyl group, or

O-R,;, wherein R is an alkyl gfoup, an aralkyi group, or.an aryl group;
or further wherein R, is a group of formula 9




|

exanpl e, by one of the nethods described above. Detail ed Description of the

I'nvention This invention relates to conpounds and interBgdigh§Sgagef ul for

maki ng HI V-wpr ot ease i nhibitors, nmethods of making the conpounds and
i nt er medi at 329} net hods of making H V- protease. inhibit FGT/UG/15468
menti oned above, one aspect of this invention relates to conpounds that
are useful (e.g., as starting materials or tnt er nedi ates) for making
Hl V- prot ease inhibitors. One such. group of conpounds are identified in this
application by fornula 3, shown bel oWs wherein R is al kyl; cycloal kyl;
het er ocycl oal kyl ; aryl; heter oaryIR'B_esi%oup of formula 8 30 August 2005
-16 wherein R2 is an al kyl group, a oal kyl group, a heterocycl oal kyl
group, 0- R6 (wherein R6 is an al kyl™3group, an aral kyl group, or an aryl
group); a gro . formul.a 9 erein.each R3 jndependently is ap al kyl
group, a cycl ;@h%ﬁm g?%uhp,@am é)[e@%geyl’:l’Baf"ﬂy?fkﬁ&%paﬁ é%?ipaﬁ‘ry UHOUBr &
het eroaryl gr qyiterctycRalkyPgioupl ahUrfLgrduplér %@f&bﬁwr&]ﬁ each R

a

i ndependently are an al kyl group, a’ cycloal kyl group, et erocycl oal kyl
group, an aryl group,fudherwherain & iyh-groupopformaadi® is OH OR7 (wherein R7
is alkyl or aryl); hal ogen; pseudohal ogen, including azide, cyanide,

i socyanate and i sot hi ocyanat e; R8 (wherein R is alkyl or aryl);
het er oaryl bonded through the heter m or N hydroxyheterocyclic,

i ncl udi ng hydr oxysucci ni mi de or hydr oxRgenzotriazole ester, bonded through
t he oxygen, with the proviso that when R is -CH3, X cannot be -OCH3 or

-CH - and.when 1l b R Bheh R iﬁﬁ@ﬂé’ﬁd&ﬁly’agétanaé]féy!tg()roup, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group; and
Xis OH; OR,, wherein R, is alkyl or aryl; halogen; pseudohalogen; OSO,R,,
wherein R, is alkyl or aryl, heteroaryl bonded through the heteroatom: or
N-hydroxyheterocyclic bonded through the oxygen,
with a compound of formula 6

s O_NH-Bu
H\ :
NLI/\N H
| OH

under conditions sufficient and suitable to obtain the compound of formula 4.
In another embodiment, this invention relates to methods of making a

?compound of formula 7. In one embodiment, the compound of formula 7

‘SUBSTITUTE SHEET (RULE 26)



~a cycl oal kyl group, a heteroc

Rz is alkyl, R can be

‘include esters of aronmatic and heteroafo

pharmaceutical ly aceceptable salts and solvates thereof. Preferably X is a
hal ogen, particularly, C._ The present invention al so i SOdiugast2d5t o novel

. conmpounds of fornmula 2 OH wherein R, is a C. to C8 alkyl group; a

cycl oal kyl group; a heterocycl oal kyl group; an aryl group; a heteroaryl

group; a group of fornula 8 30 August 2005 -17 wherein R2 is a C. to C$

al kyl group, a cycloal kyl group, a heterocycloal kyl group, O-R6 (wherein

R6 is an al kyl group, an aral kyl group, or an aryl group) a group of

formula 9 R3 R3---Si | R3 whergitmyeach R3 independently is an al kyl group,
kyI group, an aryl group, or a

het eroaryl group; or a group of mula 1D wherein R4 and each R5

i ndependently are an al kyl groﬁ , a cygloakk% group, a heterocycl oal kyl

group, an aryl group, orja Heteryparyl @%QG énd to pharmaceutically

acceptabl e salts ap t her eof When R group of formula 8 where

: énoate but anoat e,

pi val oate, or any rela : d carbonate with a group such

as benzyl. O her exanples of R group ' s R, is a group of formula 8 -

| ( aci ds, such as benzoate,

substituted benzoate, 1- or 2-naphthoate oOf substituted 1- or

2-napht hoate, or a substituted 5- or 6-nenbered heteroaromatic ester.

is produced by converting a compound of formula 4

NHt-Bu

é/“’@”%

- under sufficient and suitable conditions to the compound of formula 7. In t-his'
method, the conversion of the compound of formuia 4 to the compound of formula
7 takes place by: ‘

(a) contacting the compound of formula 4 with an organic solvent;

(b) contacting the compound of formula 4 with methanesulfonic acid under
condmons sufficient to form a compound of formula 7; and

(c) spray drying the compound of formula 7. In a more specific
embodiment of this method, the organic solvent is ethanol.

In ‘another method for making a compound of formula 7 from a compound :-
of formula 4, the following procedure is followed:

(a) the compound of formula 4, a suitable solvent, and methanesulfonic

acid are combined to form the compound of formula 7, the compound of formula
7 being dissolved in solution; |




Exanpl es of R groups where R, is an al kyl include nmethyl, substituted
methyl, ethyl, propyl, and butyl. Exanples of R when A klyl ether
of formula 9 include trinethylsilyl, t- butyldinmethyl s??ﬁd,gﬁﬂam%
triisopropy¥PPY#995k ri phenyl silyl, and sil yl ethers where tMEI/E$RIS468r OUPS
R are some conbination of sinple al kyl and aryl groups. Exanples of R
where R, is part of an acetal or ketal of 4$8rnula 10 include acetonide,

cycl ohexyl i dene ketal, benzylidene acetal, 2-nmethoxyethoxyethyl acetal,
and rel at ed acet al s(tﬁn@ﬁwéaailsiwﬁmnseaﬂde&trmm salution edritginingihel ahpotind of
het er ocycl oal , or heteroaryl. In certain preferred conpounds of

formul ae 2 and §m and I n pharmaceutically acceptable salts and sol vates

t her eof R, |s - C( QdPHihe alohgiaimid e lfyrmexnar 2 sm@dtheRErst AinisOVEHP aflf 2 Pﬂéf@dl a
8 is CH, 3988% 20 5 -18 The present invention is further direc

vari ous rret ho ?fQ‘at% Akt haying asglidphage and 3 liquid pbase;and r free

base), and 7 (nel fipgvi t; S er ne
pr ep?arl ng nel 1£| navi @f rﬂieeiﬁ sde&dgl)ﬁr!ltgeré%oa%ngoﬁ%ép Pﬁ‘hoﬁﬁcgegf"}}ﬁ& V§"g '@e
described in Lsesorﬁaamwmwmpbamgsme sdive a8 dRRréifl frorh ithe dirsteaitREReRt, X0

1996, which appl,icatian entirely incorporated herein by reference.
O her met hods GHRA #fi dc‘aHWZB{mﬁ@t gecordiiora faamyla £, Afterthe selid finskprodunt isP

95-248183 and Wi, PUAHEA drisavy sy a%%l‘of)ha ém%ﬂidtd[@] qae%ﬁgw‘rgggﬁg%mhﬁ ei n

by reference. As used in the pre ent I on
apply: The terqam BBkly?.e'd as tbseeblhemfemnd diethyether cahsbé tusetidagrat least one

unsubsti tuted n ouyps, preferably, having one
to eight, @%ﬁé"gp ?féﬁhtﬂ E&aﬁ'ﬂ Sé?ﬂ{' Yelthost preferably having
from one to four c*aebernoﬂié?rrémb’éhﬁneﬁt%mth%l ;r%rﬁtbhﬂeiafe%pﬁ?se?%étth%d of

straight or branched al kyl chain having fromone to six carbon
Exenplary Cl: mekingk @l cogmpapedi aetardimgmée Hermulat I4yl(as deﬁpedpyjbove)scﬁrprmmll

butyl, i SObUté’dmpé&?d aBWrdlng fo Ania 2PS4NS mOGS pentc}/mbound >éllccordmg to
Eformula 2 is reacted under sufficient and suitable conditions to form the

compound of formula 4. In this instance, the compound of formula 2 is defined
as follows: o

RO
CH

wherein R, is alkyi; cycloalkyl; heterocycloalkyl; aryl; heteroaryl; a group of
formula 8 |
0

X

2

~wherein R, is an alkyl group, a cycloalkyl group, a heterocycloalky! group, or
O-R,, wherein R, is an alkyl group, an aratkyl group, or an aryl group;
' or further wherein R, is a group of formula 9
'
it
RS
wherein each R, independently is an alkyl group, a cycloalkyl group, a

heterocycloalkyi group, an aryl group, or a heteroaryl group:

- .SUBSTITUTE SHEET (RULE 26)



i sohexyl, and the like. The term"C -C5 alkyl" includes within its
definition the term "C -C4 alkyl." The term "cycl oal kyl3p Arpeessos s a

. Substituted or ~unsubstituted, saturated or partially saturated, nono- or
pol y-carbocyclic ring, preferably having 5-14 ring carbon atons. Exenpl ary
cycl oal kyl s i nclude nmonocyclic rings hayting from3-7, preferably 3-6,
carbon atons, such as cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl oheptyl, andr further vikeerein®ial Rh¥oufy 6f Rakisid $o ar e C5- C7 cycl oal kyl's, .
whi ch are saturated hydrocarbon ring structures containing fromfive to

seven carbon atons. The term "ar YO used herein refers to an-aromati c,
monoval ent  nonocyclic, bicyclic, Ry 'F%ycl ic radical containing 6, 10,
14, or 18 carbon ring atons, which may Be unsubstituted or substituted,

and to whiwheialy Riandeach Byindepemdentig a6y @ik Wro cloal kyl
groups, Orhfé?%?o‘%{ %ﬂ)r%% I%O@?S V\:hLCh t%emsel veswﬁayl%ﬂgéjm%%ﬁﬁlﬁpédaor
subst it ut 6 by aHe B! BEYP. AR YhOEours @6 hetgeaard. arpHpust rat i ve exanpl es of
aryl groups i ncYetdsnother efAbedi | if Wi . , ht nthryl,
phenant hryl, fluoren-2-yl, i ngg}lqtgf%{%%g’r%ﬂ?ﬂera?ﬁ%& %B%%‘Eé{ ajo_
The term ‘G959 Of ikt f; deimedabaue. 1 this methodly @ GbhBoURR dceddigg The
‘term "hal @4 s5@phgsents chloro, fluoro, bromo, or iodo. The term
"carbocycl e” represents a substituted or unsubstituted aromatic or a

saturated or a partially saturated 5-14 nenbered nonocyclic- or polycyclic
ring, which is substitutedor ubstituted, such as a 5- to 7-nenbered

nmonocyclic or 7- to 1 O- er edobi &yQLé Crli Ng, wherein all the ring
menbers are carbon atons. A@hsésgr%gzgt#ogf“kyl group” is intended to nmean a

non-aromati c, nonoval ent rrmi'dp NM~picyclic, or tricyclic radical, which
i's saturated or unsaturated, Ko g 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, or 18 ring

is deprotected. Then, the deprotected compound of formuia 5 is reacted, under

sufficient and suitable conditions, with a compound of formula 3. Formula 3, in

this instance, is defined as follows:

O

wherein R, is alkyi; cycloalkyl; heterocycioalkyl; anyl; heteroaryl; or a group
of formula 8

O

e

wherein R, is an alkyl group, a cycloalkyl group, a'heterocyb!oalky! group, or
O-Re, wherein Ry is an alkyl group, an aralky} group, or an alyi-'group;
or further wherein R, is a group of formuia 9
R, '

Ra—%iﬂg—

Ry



atons, and which..includes 1, 2, 3, 4, or 5 heteroatons selected from
nitrogen, oxygen, and sul fur, wherein the radical is u? 'ﬁ%@ﬁ%tibtogd or
substituted, and to which may be fused one or nore cyc groups, aryl
groups, or het eroaryl groups, which thensel ves nay be unsubstltut ed or
"substituted- Illustrative exanples of terocyctoal kyl groups include, but
are not limted to, azetidinyl, pyrrolidyl, pi per| dyl-, piperazinyl,

mor phol i ny, wheFéBrég?{ﬁrﬁ? ﬁ%épén&é}h@rm nylr?3 %,f(@t Fargﬁcl.‘u lﬂY di hydr of uryl,

tetra hyd ropyra ny ropyr anyl oﬁ&?ﬂﬂ-,a

1, 4- di oxangéterdcyiaalieyiyjrolig,rad arylgamgxajrm ﬁéwkga@;g’ﬁ—og t hi anyl,

azabl cylo[3.2. 1 Joctyl, azabicylof3.3. nonyl , azabl cyl o[ 4. 3 0] nonyl ,
oxabi cyl of 2. 2. 1h fwr@r@“ﬁ{'ﬁl%ﬁ%ﬁqﬂ aoae 10 and the like. A
"heteroaryl group” is intended to nean an aronmatic nonoval ent nonocyclic,.
bicyclic, or tricyclic radi ca;:lpc aining 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, or 18 ring ag including 1, 2, 3, 4, or 5 heteroatons
sel ected from nitrogen, oxygen, aft sul fur, whi ch may be unsubstituted or
substituted, and to which may be fused one or nore cycl oal kyl groups,

het er ocyclwhéﬂerﬂ\ raiddSactPR, iril: enﬂbﬁﬂ are WA AR n%;'i‘&:
unsubstityted or Rgubstl t ut ed. Iélbl ustrati \r/% exlgy I e?%&ﬁa?er ia‘i}SPp'g? oups
i ncl ude, patemcycloakyl oretm @ aryl Qfﬂl@nwa hgterQaryllgroup nanthzol yl, pyrazol yI

oy i gt oK Hiast SRR o AR b foeuSiiasden: oS8 4" ™
napht ho[ 2 v@aél‘]eimlFapwraei{wlor ambﬁ@mf)blfﬁﬁydmdéaﬁrﬂﬁ%ﬁﬁwﬁh%ﬁ@f&?ﬁ%m Pr'
yl

phenoxat hi q¥ doli zi nyl, isoindolyl, indolyl, -ihdazo

i soqui nol ﬁ YCHBF%“%WOCYH!&M@. thiougdhtherygendiThel reaqhmmokgtahpuyhds
I d

qui nzol i nyj anQ@éRﬁdﬂc@éQJ +mp§9né\‘6‘3'1’§|trm%9045rdb%g%§$@cf a%y)%tz i%a‘?%%ﬁ’%

hydr oqui nol i nyl , " ci nnali ny pteridi nyl ,
phenant hr |€mcﬁ\7¢lngaf©r fcuimn@d 4 isethiemi dom"iértecpttflﬂ@éltcbrrmdumﬂ of FIMARAZ 70 Wby

i sot hi azol henot h| azin n hen . The term"aryl" represents
LLC( O) L4, %ﬁ’é’?e n°y 8NP P %F‘?éﬁ%g%aﬁﬁ” eG*Za Ve N,

Detailed Descrlptlon of the Inventlon

This invention relates to compounds and intermediates useful for making
HIV-protease inhibitors, methods of making the compounds and intermediates,
and methods of making HIV-protease inhibitors.

As mentioned above, one aspect of this invention rélates to compounds
that are useful (e.g., as starting materials or intermediates) for making
HIV-protease inhibitors. One such group of compounds are identified in this
application by formula 3, shown below:

wherein R, is alkyl; cycloaikyl heterocycloaikyl aryl; heteroaryl; a group of
formula 8 A




and further wherein L4 is preferably al kyl, am no, hydroxyl, al kexyl, or
hydrogen. The alkyl, am no, and al koxyl groups optionalzpyugas 105

. Ssubstituted. An exenplary acyl is a Cl-C4 al koxycarbonyl, which is a
straight or branched al koxyl chain having fromone to four carbon atons
attached to a carbonyl noiety. Exenplanyg. C1 -C4 al koxycarbonyl groups

i ncl ude net hoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

| sopr opoxywheretni, is dvbikyy §rup0 BYdyclatney igpSup ef‘&rq}c*}f‘d l@ry aryl
is a carbo wh_erLi n LGH?sgads??nglye bondtg?lﬁcfblézﬁ?ts a'kéx;}%%‘%r@géﬂ, or
hydr oxyl . M‘P %38 Aidrgrodpy Bniaraigy] growps) e ay keyirdraapyla Gtdup of a
singl e bor}grrﬁm% ¢4 is an amno), which is a straight or branched al kyl
chain having fromone to four carbon atons attached to the nitrogen atom
of ‘a carbanoyl noiety. Exenplary,N-(C -- C4)al kyl carbanoyl groups include
N. - -net hyl car banmoyl, N-ethyl cgrbamyl, N propyl carbanmoyl, N--

i sopropyl car banoyl, N butyl ca? bq' yl, and N-t--butyl carbanoyl, and the.

i ke. Yet another exenplary acylRsis N, N--.di (C, -C4)al kyl carbanoyl, whi ch
has two .straight or branched al kyl chains, each having fromone to four
carbon at o¥fierelit tegche Rst independientipdenant atiybfgreupasbayewhligpigbip, a

N N o et APPSR 9 531 GHRE or reaPRahgrotiione oroup o formute

met hyl propgyl carbanmoyl, N, N - ethylisopropyi carbanmoyl, N, N

but yl net hyl car banoyl, N, N-sec-butyl et hyl carbanoyl; and the |ike. Suitable
protecting groups are recogni zagle ro those skilled in the art. Exanples
of -suitabl e protecting groups ga found in T. Geen & P. Wits, ‘
Protective Groups in Organic Syhthedlss (2d ed. 1991), which is incorporated
herein by reference. The term"aral kyl" as used herein refers to any
substituted or. unsubstituted group that is sp3 hybridized at the point of
at t achmentVER& By 39 g5k EsJedepgndantlyaieian ?ﬁh’ggforlprangsloalkyrgrtdmat agr oup.

30 August h2Rgcycloaikyl group, an aryl group, or a heteroaryl group; and
X is OH; OR; (wherein R, is alkyl or aryl); halogen; pseudohalogen,
including azide, cyanide, isocyanate and isothiocyanate; OSO,R, (wherein R, is
alkyl or aryl), heteroaryl bonded through the - heteroatom; or
N-hydroxyheterocyclic, including hydroxysuccinimide or hydroxybenzotriazole
~ ester, bonded through the oxygen, with the proviso that when R, is -CH,, X
cannot be -OCHj; or -OH, and when R, is CH,C(O)-, X cannot be ~OH: and to
pharmaceuticaily acceptable salts and solvates thereof, Preferably X is a
halogen, particutarly, Cl.

The present invention also is directed to novel compounds of formula 2

O

RO
OH

wherein R, is a C, to C, alkyl group; a cycloalkyl group; a heterocycloalkyl group; |
‘an aryl group; a heteroaryt group; a group of formula 8

o




- 2i- The term "pseudohal ogen" as used herein refers to azides, cyanides,

| socyanat es, and i sothiocyanates. The terrn"N-hydroxyhe%%gﬁﬁxg{idas as used
herein refers to substituted and unsubstituted groups having an oxygen
atom at the point of attachnent that is also bonded to the nitrogen of a
nitrogen heterocyclic ring or ring syste Exanpl es of such groups

i nclude: and The term"al kyl ester" as used herein refers to ester groups

where the t e 0 erifvin en_is, an al k group. The
form " m xed naeoRal T o E2 alFabtbhh Yoo R HE R biiedey ek Hioms, « e
functi onal QrBupvi@reReR i 120 ylwheus, dRparili BoupheeasBaS §Edup) 4 ?r&}r&g& :
aryl,.or aral kyl groups. The term"ester of an aromatic or hetefroaronatic
aci d" as usfgﬁn%‘/l]@r%i n refers to carboxylic acids wherein the carboxyl group
is attached directly to a .substiguted or unsubstituted aromatic or

het eroaromatic ring, such as benzag acid or 2-furoic acid. The term
"DABCO'. as used herein refersRtoSifie reagent

1, 4-di a. zabicycl o[ 2. 2. 2] octane. Tigge term "DBN' as used herein refers to the
reagent 1, 5-di azabicycl o[ 4.3.0]non-5-ene. The term "DBU' as used herein

refers to wieresagaich Rl, Bdefendohiie is! Q{,Samyp]gmqgcak%,ﬁgpg@&i_%% 2005

-22 The term"siléﬂ_)a]ether"-as used herein refers to the gro

heterocy kyt group, an aryl group, or a heteroaryl group; or a group of formula
10 |
RO g
R Ry

wherein R, and each R; independently are an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group; and to
pharmaceutically acceptable salts and solvates thereof.

When R, is a group of formula 8 where R, is alkyl, R, can be, for example.
acetate, propanoate, butanoate, pivaloate, or any related alkyl ester or mixed
‘carbonate with a group such as benzyl. Other examples of R, groups where R,
is a group of formula 8 include esters of arematic and heteroaromatic acids, such
as benzoate, substituted benzoate, 1- or 2-naphthoate or substituted 1- or
2-naphthoate, or a substituted 5- or 6-membered .heteroaromatic ester.
Examples of R, groups where R, is an alkyl include methyl, substituted methyl,
ethyl, propyl, and butyl. Examples of R, when R, is a silyl ether of formula 9
include trimethylsilyl, t- butyldimethylsilyl, triisopropylsityl, triphenylsilyt, and silyl
ethers .where the alkyl groups R, are some combination of simple alkyt and aryl
groups. Examples of R, where R, is part of an acetal or ketal of formula 10
include acetonide, cyclohexylidene  ketal, benzylidene acetal,
2-methoxyethoxyethyl acetal, and related acetals and ketals where R,and R; are
alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl. In certain preferred
compounds of formulae 2 and 3, and in pharmaceutically acceptable salts and
solvates thereof, R, is -C(O)CH,; alternatively expressed, R; in a group of formula
8 is CH,. '



wherein R Rd,~and R independently are alkyl, aryl--or aral kyl groups. The *-
term "perfluoral kanesul fonate" as used herein refers tosaUK@ng;m@glfonate _
. esters wherein one or nore of the hydrogens are replaced by fluorines. The
term"vinyl alkyl ether” as used herein refers to ether groups where an

al kyl group and a substituted or unsubsygtuted ol efin-containing group are
bonded - to the ethereal oxygen, and the ol efin-containing group is bonded

to the ethereal Thexprgesentinventioffis tfbﬂh@éﬂ?éd’te@‘%ﬂ%oﬁ% #ﬁc]dg-r&ednaﬁ

"arylsufonic acid" as used herein refers to groups
Ar-5-OH u B‘OWH@PB@%OWOWIH@ %'u‘bs‘t(ﬁa!ﬁlwtrdremhaséjsanﬁl]’t(@d;lf&fa@ﬂ‘&hé@létb‘)‘g The
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a nolecule in a substitution rée B'@Qof
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use

al kyl sul fo d flates. Th term"arenesulfonate" a herei n
refgrsut 0 Qﬁhﬁg(ﬁ@{), f@f’l c#‘?ﬂt nm%ugstﬁgﬁ e¥hitho gPplication salsn éstentirely an
aryl sul fOﬁh@:oﬁ.ﬁirdtedTh@rélﬁrﬂi/ rkdrghoe! Bk &fi‘éth 8L 1 4F e oAz used  fer e n

refers to any rea%gl of formula Rr
i ndependerf PAntdae Zagnd 3 anekdisclosed iaf) 9@+24a1ﬁ-1-3 aed UP" OF)4@m4198dnhgr i n

herern s eokEnae LKy ibooiorated FBIGR BYSEERAR i none. “The term S THE s
used herein reffs asé@id tie priseRbbppRédtRRY tHOfNbRhg definitions apply:

The term “alkyl" as used herein refers to substituted or unsubstituted,
straight or branched chain groups, preferably, having one to eight, more preferabfy
having one to six, and most preferably having from one to four carbon atoms. The |
term "C,~C, alkyl" represents a straight or branched alkyl chain having from one
to six carbon atoms. Exempiary C,-C; alkyt groups include methyl, ethy!,
n-propyl, isopropy!, butyl, isobutyl, sec-butyl, t-butyl, pentyl, neo-pentyl, hexyl,
isohexyl, and the like. The term "C4- G, alkyl" includes within its definition the term
"C,~C, alkyl."

_ The term "cycloalkyi" represents a substituted or unsubstituted, saturated
or partially saturated, mono- or poly-carbocyclic ring, preferably having 5-14 ring
carbon atoms. Exemplary cycloalkyls include monocyclic rings having from 3-7,
preferably 3-6, carbon atoms, such as cyclopropyl, cyclobuty!, cbepentyl,
cyclohexyl, cycloheptyl, and the fike. Exemplary cycloalkyls are C.-C, cycloalkyls,
which are saturated hydrocarbon ring structures containing from five to seven
carbon atoms.

' The term “aryl" as used herein reférs to an aromatic, monovalent
| monocyclic, bicyclic, or tricyclic radical containing 6, 10, 14, or 18 carbon ring
atoms, which may be unsubstituted or substituted, and to which may be fused one
or more cycloalkyi groups, heterocycloalkyl groups, or heteroaryl groups, which |
themselves may be unsubstituted or substituted by one or more suitable
substituents. lllustrative examples of aryl groups include, but are not limited to,

phenyi, naphthyl, anthryl, phenanthryl, fluoren-2-yl, indan-5-yi, and the like.



The term "al kyl thiolates® as used herein refers to substituted or
unsubstituted conpounds that are netal salts of alkanethj;gf usthohugust
2005 -23 The term"trial kyl silyl halides" as used herein refers to
conpounds having a silicon that holds 3 al kyl groups that nmay be the sane
or different The term "hydrogenol ysis" ag used herein refers to a reaction
in which a single bond is broken and hydrogens becone bonded to the atons

that were fornmeghy ﬁ}%ﬁog g : i nts for. alkyl and aryl
i ncl ude mercapto, tﬁ?@gt 'er,@;}gﬁegéznghiéﬁfﬁ%%ngr DiARine, OKES’IdHE‘enThe ,
hydr oxyl, alekexyialo"arpresepts cldsraydlubradramg, or icies! oal kyl , and sat ur at ed

and partially satﬁé?t ed, h%}; erogg(,cl es. ampl es_of  substituents for
cycl oal kyl i ncl ude® tHBL EAYUYEF dBBFECPbY @ SHRShtutashoryngubstitiited promstic ar y|

and al kyl . Exenptabyedops pdbgkautsd 504 H?iﬁnlﬁer%ﬂgrﬁxho cii[é%?[i!{?p‘%c&ché”g

substituted, with one or nore Substituents, preferably one
subst i t uent309:i Wikshe A%l esibisfituted | erc tpdubstiuiadal sychhyadr ax$: to 7-membered. .

hol i = , jdyl . (C -C4).al b | ; hal
(C i) al iy YRy R 1o e relintc s WS A S TiiadBR iAo
car banoyl ; &bah-a@nal kyl car banoyl ; am no; C, - C4al kyl ami no;

di (C -&4)al kyl ar;&nq,;‘ or a r?up of the fornmula -(CH2)a-R where a is 1, 2,
3, or 4, and R7'i S'sigtycPalin - goul kisxyntepderody, meBnCA aldmsaroardieny |

Subst ] ¢ ut eq o puaientmooatl BRYPR, OF iitictc, BHGL NN 8 sdipeedoer
branched alWpatushtdds chalainig Br 16,@na, 809,/ 10)r1 1caRP1A) B, 465181 17 of 13 i) 0gen
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represents whigh ,{’g@gﬁ;@ fused one or more cycloalkyl groups, aryl groups, or heteroaryl
groups, which themselves may be unsubstituted or substituted.  lliustrative
examples of heterocycloalkyl groups include, but are not limited to, azetidinyl,
pyrrolidyl, piperidyl, piperazinyl, morpholinyl, tetrahydro-2H-1,4-thiazinyl,
tetrahydrofuryl, dihydrofuryl, tetrahydropyrany!, dihydropyranyl, 1,3-dioxolanyl,
1,3-dioxanyl, 1,4-dioxanyl, '1,3-oxathiolanyl, 1,3-oxathianyl, 1,3-dithianyl,
azabicylo[3.2. T]octyl, azabicylo[3.3.1}nonyl, azabicylio[4.3.0]nonyil,
oxabicylof2.2.1]heptyl, 1,5,9-triazacyclododecyl, and the like.
A "heteroaryl group” is intended to mean an arématic monovalent
monocyciic, bicyclic, or fricyclic radical containing 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, or 1A8 ring atoms, including 1, 2, 3, 4, or 5 heteroatoms selected from
nitrogen, oxygen, and sulfur, which may be unsubstituted or substituted, and to
which may be fused one or more cycloalkyl groups; heterocycloalkyl groups, or
aryl grbups, which themselves may be unsubstituted or substituted. lilustrative
examples of heteroaryl groups include, but are not fimited to, thienyl, pyreolyl,
imidazolyl, pyrazolyl, furyl, isothiazolyl, furazanyl, isoxazolyl, thiazolyl, pyridyl, |
pyrazinyl, pyrimidinyi, pyridazinyl, triazinyl, benzo[blthienyl,
naphtho[2,3-b)thianthrenyl, isobenzofuranyl, chromenyl, xantheﬁyl,
phenoxathienyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, isoquinolyl,
quinolyl, phthalazinyi, naphthyridinyl, quinoxyalinyl, quinzolinyl, benzofhiazoly!,



‘or branched al kyl chain having fromone to four carbon atons with a hydroxy

group attached to it. Exenplary . hydroxy(C, -C4)al kyl gmnoumgusimdosde

. hydroxynet hyl ,. 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxyisopropyl,

4- hydroxybutyl, and the like. Yet another substituted alkyl is C --C4

al kyl thio(C -C4)alkyl, which is a strabght or branched C -C4 al kyl group
wth a C1-C4 alkylthio group attached to it. Exenplary C -C4
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a straight; : C . chali havi ng fromone to four carbon atons
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' imted tq, 3-N-t-butyl carboxam de decahydr ol ul no?l n
g[ ﬁj_ ? ?Eu![ Iﬁm asipgls dnd L 1s ax%l amino), which is a straight or branched alkyl chain

having from one to four carbon atoms attached to the nitrogen atom of a
carbamoyl moiety.  Exemplary N-(C,~C,alkylcarbamoy! groups include
N-methylcarbamoyl, N-ethylcarbamoyl, N-propylcarbamoyi,
‘N-isopropylcarbamoyl!, N- butyicarbamoyl, and N- ¢t butylcarbamoyl, and the like.
Yet another exemplary acyl is N,N-di(C,-C,)alkylcarbamoyl, which has two
straight or branched alkyl chains, -each having from one to four carbon atoms
attached to the nitrogen atofn of a carbamoyl moiety. Exempflary
N.N-~di(C,-C alkylcarbarnoyl Qroups | include  N,N-dimethyicarbamoyl,

- N,N-ethylmethylcarbamoyl, N.N—meth.yipmpylcarb-amoyl',
N,N—ethyiisopropylcarbam'oyl‘,r N,N-butylmethylcarbamoyl,
N,N-sec-butylethylcarbamoyl, and the fike.

S_uitable protecting groups are recognizable to those skilled in the art.
Examples of suitable protecting groups can be found in T. Green & P. Wats,
Protective Groups in Organic Synthesis (2d ed. 1991), which is incorporated
herein by reference.

The term "aralkyl" as used herein refers to any substituted or unsubstituted
group that is sp® hybridized at the point of attachment that also possesses an
aromatic ring or rings with that group. -




oct ahydr o- t.hi eno[ 3, 2-c] pyri di nyl . Exanples of substituted heteroaryls
include, but are not l[imted to, 3-nethylimdazolyl, 33 hhgéxg%gidyl,
4- chl oroqui nol i nyl, 4-am not hi azol yl, 8-nethyl qui nol i nyI', d

6- chl or oqui noxal i nyl, 3-ethyl pyridyl, 6-nethox.ybenzim dazolyl,

4- hydroxyfuryl, 4-methylisoq uinolinylh21@,8-dibronaqujnoIinyI,

4, 8-di met hyl napht hy[, 2-methyl -1, 2, 3,4-tetrahydroi soqui nol i nyl,

~N-nmet hyl - qui nol iThe2tdhm T ) XWC | ¢ . 3. A--1,soquinolin-7-yl, and
the like. A "pharmaceutica ({/o acc@g{aﬁ tez'%g 10 te@ “?*4?“? Ae éﬁ'&fift'i;'t‘%yaﬁi‘é’@ﬁ- a
sol vat e t hatocyaeatésnsntheotbicglyagatesl ef f ecti veness and properties of the

bi ol ogi cal |y acti,ve cqupenents of conmpounds of formulae 2 and 3. Exanpl es

of phgr mac eﬁt i CaTIF\ei)egE C@BBgﬁqogyg%qe\g%qyggc | A isRbhensin refers tﬁ@UbslitbtﬁdaawnFo,

conpounds  pineRBEROtedSHRIMPYH Rling LFORR - ol Q

ethyl acetate, aceti cgJ acipd, _ormget hanal gm%.m %gn%]ugélg% HE%S@?&“E%"E @IXFF‘?e case

of solid f@&sfubgapdeddo the niragateoftaitregen heterobyslientingeor o Rgs, can

exi st in did r table and netastable crystalline forms
e ol Sifarlindiad A

and isotropic anor p all of which are intended to be within
the scope of the pr esentoi nvention A "pharmaceutically acceptable salt" is

intended to nmean those salts that retain the biol ogiFreal effectiveness and
properties of the free ac and bases and that '@» bi ol ogically or
ot herwi se undesi r abi-eO-EXanphes of pharmaggytical | yyac¢eptable salts

i nclude, but are not |lim to, sulfates, pyrosul fiat\es, bisuffates,

suffiftes, bisulfites, phfisphates, mnohydrog}gﬂﬁd\&qm es,
di-hydr ogenphosphat es, netaphosphates, pyrophosphates, chlorides, brom des,
i odi des, acetates, propionates, decanoates, caprylates, acrylates,

formates, isobufjeabss "af@Peefireas Rt RABRA FSferftOR Laj,es
mal onat es, succi nates, sg%erat es, sebacates, Fumar at gs,%ﬁggt@i&e%e
‘ group attached to the esterifying oxygen is an alky! group.
The term "mixed carbonate” as used -h'erei-n refers to compounds
containing the functional group

O

Jj\ ,R'b

Ra\O O

where R, and R, indgpendently are alkyl, aryl, or aralkyl groups..
The term "ester of an aromatic or heteroaromatic acid" as used herein
refers to carboxylic acids wherein the carboxyl group is attached directly to a
substituted or unsubstituted aromatic or h'eteroarbmatic ring, such as benzoic acid
or 2-furoic acid. ,
" The temi' "DABCO" as used herein refers to the reagent
~ 1,4-diazabicyclo[2.2.2]octane. ‘
The term 'DBN" as used herein refers to the reagent
1,5~diazabicyclo[4.3.0}non-5~ene. _
The term "DBU" as wused herein refers to the reagent.;
1.8-diazabicyclo{5.4.0jJundec-7-ene.



butyne- 1, 4-di oates, hexyne- 1, 6-dioates, benzoates, chl orobenzoatgs,
met hyl benzo. ates, dinitrobenzoates, hydroxybenzoates, nabhgbershsat es,

. phthal ates, sul fonates, xyl enesuffonates, phenyl acetates,

phenyl propi onates. phenyl butyrates, citrates, lactates,
y- hydroxybutyrates, glycolates, tartratgs., nethanesulfonates,
propanesul f onat es, napht hal ene- | -suffonates, ~ napht hal ene- 2-sul fonates,

‘and mandel at es Fhettéﬁni'ﬁweéﬁiev'eaQQ!@BQWeﬁﬁe?érQ?&%e%%‘ElpdeSi e

prepared by any suitablé nethod known in the art, i1ncllding, treatment of
the free base with an inorganic aci dqc such as hydrochl oric acid;

hydr obrom ¢ acid; sulfuric acid; ni ft,g.,cRd aci d; phosphoric acid; and. the
like, or with an organic acid, s d&macetic acid; maleic acid; succinic
acid; mandelic acid; fumaric acid; malonic acid; pyruvic acid; oxalic
acid, glycolic.acjd,, salicylic acid, pyranosidyl acids such as glucuronic
acid and ‘65?%?&'? Eco'ﬁ#-cafﬁfc'ic{d‘,"dgpsﬁgeﬁ%?Eﬁ@lkabiaad o§ getkylgrolpsi ¢ aci d and
tartaric aci d; TR& RPmASHEIHLSHIEL Aafd | gl utam ¢ _aci d.
aromatic acids such as _lbbenlzjoi c a[i?%&ﬁ@ﬂgféci %%Zl?ér#ic-%gg?'g; FIRTS di aikane ds
such a p- tBiligeatesesteenwvberit dneor nrkaridsaihfdopensaiciepicdd 8y Hidmhes. T t he
i nventive corrpoHtﬂg [.S. i d. the desired salt .can be prepared by any
Sui tabl 6 ot hod Ehisu Vibyf %fgyla?tb?siqf’c'i’?ﬁff herein efgrsio ether areps wheresan d wi t h
an i nor gaalkyl geouPagdaistbbittited UGS IRAeRBleNS- ddMtai or
tertiary), an 30 August 2005 -26 ,al kali netal or _ﬁ'ﬂﬁ{@’%g@%??ﬂ%é%
hydr oxi de,!odhe efhereahaxyaen ard the PleBinesentpining arbup isubomdsdbtosthktethireal ude
organi c sg i f il ids._such as glycine and arginine;
anmoni a; pri eﬁ%{t O\élggtgr%ﬁg?y?mﬁﬁoﬁg}eﬁicgfl@o%sm nes; and cyclic am nes such
as pi peridine, T feiol langsulanit ptigeasisaa heddifl rofs BRYIdupsdiironfgiat ved from
sodi um cal cium potassium mnagnesi um nanganese, iron, copper, Zzinc,
alum num and lithium Al inventiwe conpounds that contain at |east one"
chiral center can exist as Ar—§—0H

O

wherein Ar is a substituted or unsubstituted aromatic ring.

The term "leaving group” as used herein refers to any group that departs
from a molecule in a substitution reaction by breakage of a bond. Examples of
leaving groups include, but are not limited fo, halides, arenesulfonates,
alkylsulfonates, and triflates.

The term “arenesulfonate” as used herein refers to any substituted or
unsubstituted group that is an ester of an arylsulfonic acid.

The term "alkyl or aryl carbodiimides™ as used herein refers to any reagent
of formuia R-N=C=N-R_, wherein R; and R, independently are aryl, alkyl, or
aralkyl.

The term '"OMF" as used herein refers fo the solvent
N,N-dimethylformamide.

_ The term “NMP" as wused herein refers to the solvent
| N-methyl-2-pyrolidinone.

The term "THF" as used herein refers to the solvent tetrahydrofuran.

The term "alkyl thiolates" as used herein refers to substituted or _

unsubstituted compounds that are metal salts of atkanethiols.




singl e stereoi soners, racemates, and/or m xtures of enantioners and/or .- -
di astereoners. All such single stereoi soners, racemat essog@gug{igébyres
thereof are intended to be within the scope of the present I nvention.
Preferably, the conmpounds of the present invention are used in a formthat
contains at least 90% of a single isomeny(80% enantioneric or :

di astereoneri c excess), nore preferably at |east 95% (90%e.e. or d.e_),

even nore prefer gipettedh "HiadS s hadet®22 . ; e and nost )
preferably at |east 500 (£9g(§/lgsé?]ehébé;?gdgg/. g?agg%gﬁgf‘fgsﬁgﬂwpppgas haying n as
singl e st er @dillicomehst helds ifealiy! groupe haf iaey benthe vatse vsEffeidhta form that
cont ai ns at Ieast].—h Lsoner. The inventive conpounds can be

0 f" i |
prepared by the no%gfg?rﬁePﬁ%%’bggf’&sf?e asisadehereihipiensitora regstion immehich a

descri bed i singlt Bbhd be bevkerAddi it & bEBSRE b nbg ysed to
prepare nel Ii navir free base and y[ralicgtlaslf]i navi r msy@gtggqgg@%oétgpﬁg W&ig
i nventive 'é’ fi bed bel ow. A reaction schene for the conversion of

Folt ova. b1 . BXSABRRPYF iyl ol BBl et cibers 5
nitro (NO,), amino, aryloxyl, halogen, hydroxyt, alkoxyl, and acyl, as well as aryf,
cycloalkyl, and saturated and partially saturated heterocycies. Examples of
substituents for cycloalkyl! include those listed above for alkyl and aryl, as well as
aryl and alkyl.

Exemplary substituted aryls include a phenyl or naphthyi ring substituted
with one or more substituents, preferably one to three substituents, independently
selected from halo; hydroxy; morphoiino(C,-C,)alkoxy carbonyl; pyridyi
(C-Cpalkoxycarbonyl; halo (C,-C,)alkyl; C,-C, alkyl; C,-C, alkoxy: carboxy; C,-C,
alkoxycarbonyl; carbamoyl; N-(C,-C,)alkkylcarbamoy!; amino; C,-C,alkylamino;
di(C,-C )alkylamino; or a group of the formuia -(CH,),-R” where ais 1, 2,3, 0r4,
and R’ is hydroxy, C,-C, alkoxy, carboxy, C,-C, alkoxycarbonyi, amino, carbamoyl,

C,-C, alkylamino, or di(C,-C,)alkylamino.

Another substituted alkyl is halo(C,-C)alkyt, which represents a straight or
branched alkyl chain having from one to four carbon atoms with 1-3 halogen
atoms attached to it. Exemplary halo(C,-C,)alkyl groups include chloromethyl,
2-bromoethyl, 1-chioroisopropyl, 3-fluoropropyl, 2,3-dibromobuty!,
3-chior0is.obutyl, iodo-t-butyl, trifluoromethyl, and the like.

Another substituted atkyt is hydroxy(C,-C,)alkyl, which represents a straight
or branched alkyl chain having from one to four carbon atoms with a hydroxy
group attached to it. Exemplary . hydroxy(C,-C,)akyl groups include
hydroxymethyl, 2—hy_droxyethyi, 3-hydroxypropyl, 2-hydroxyisopropyt,
4-hydroxybutyl, and the like. |

Yet another substituted alkyl is C,~-C, alkylthio(C,~-C,)alkyl, which is a
straight or branched C,-C, alkyl group with a C,~C, alkylthio group attached to it.
Exemplary C,~C, alkylthio(C,-C,)alkyl groups include methylthiomethyl,
ethyithiomethyl, propylthiopropyl, sec-butylthiomethyi, and the like.



neffinavirfree base 30 August 2005 -27 The aci-d | is commercially avail able
from Lancaster Labs and Sugai Chemical |ndustries, Ltdagiguadaisins The acid
1 also can be obtained according to the procedure described in.U.S. Patent
No. 5,484,926, for the Preparation of 9C. When R, is an acyl group or an
ester of an aromatic or heteroaromatic.g£id, R, can be installed onto

3- hydr oxy- 2- net hyl benzoic acid (Step 1) using the corresponding acyl

hal i des or anhyd’let daemenei(emptaajr sQbgiAited. aﬂl@,h‘éf?é&r&%/cl%}g,ﬁ d?%%ﬂe Sk
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These reac rer anywher e from bel ow room t e
appr oxi rrat?aﬂﬁﬂ‘iﬁﬁé'@%"%wﬁ#ﬂ 'F’%%Iyibu hand helike.i cati on can be catal yzed by
aci ds such as swbkf uhbmeatcs@stswea &ﬁﬁQS'M@“lé‘MR%dW%ﬁ Wsﬁg d“ es. Wen

. _can be installed’usi'ng*co Ions Ic? ze

R, is an ether grou

t he correstﬂé‘ﬁéfh% qnhevlg‘qf@uphwnae‘mmmme tefouir mgrigoo apymeditthah sarglgreeguent |y
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ol vonte AP 162RC EREBRAF BV E3aIE | GolRs) nttidamhensimetit.or
ot her et he?—pheny!ethyt §-¢mp)‘hh3a5pm‘;iyyl1,.ngmﬂhws ?cﬂfi/l "ﬁﬁﬁéﬂyl#gp%ﬁﬁ@ﬁghke

hal ogenat ed SOlﬁﬁlﬁgs such a hal ogenat ed ne hanes an
chl or obenzene erm%aaesforﬁxamleeb&amuammht rile -

and pr opi oniz bmesuasme@hdsae gaga&e S8R AANA. HSGRL ORGL. & put anol

and rel ated al cohol s ar org n|c so
di met hy| f @¥dnCdd;, akony; marbuxy oRi-z, athbxymtﬂstyrtw 2epapidyt ROES.C qamy,_

oonee. e b8 TR e o e v b s,

bi car bonatsesict@ed-(CH,),-R” where a.is 1, 2, 3, or 4, and R7 is hydroxy, C,-C, alkoxy,
carboxy, C,-C, alkoxycarbony!, amino, carbamoyl, C1¥C4aikylamino,' or
di{C,-C )alkylamino.

Examples of substituted heterocycloalkyls include, but are not limited to,
3-N-t-butyl carbokamide decahydroisoquinolinyl and 6-N-f-buty! carboxamide
‘octahydro-thieno[3,2-cJpyridinyl. Examples of substituted heteroaryls include, but
are not limited to, 3—methylimidazolyl, 3-methoxypyridyl, 4-chlor_bquinolinyl,

4-aminothiazolyl, 8-methylquinofinyi, 6-chloroquinoxalinyl, 3-ethyipyridyl,

6-methoxybenzimidazo!yl, 4-hydroxyfuryi, 4-methylisoquinolinyl,
6,8-dibromoquinolinyt, 4,8-dimethylnaphthyl,
2-methyl-1 ,2,3.4—tetrahydroisoquinolinyl, N-methy[—quinolin—2-y.l,

2-t-butoxycarbonyl-1,2,3,4-isoquinolin-7-yl, and the like.

A "phammaceutically acceptable solvate” is intended to mean a solvate that
retains the biological effectiveness and properties of the biologically active
components of compounds of formulae 2 and 3.

Examples of pharmaceutically acceptable solvates include, but are not
limited to, compounds prepared using water, isopropanol, ethanol, methanlol,
DMSO, ethyl acetate, acetic acid, or ethanolamine.




carbonates, or organic, such as amnes |like triethylam ne, diethylam ne,
di ethyl isopropylam ne, DABCO, or related di- or trial gglﬁam' 0E%052S wel |

as am dine bases |ike DBU and DBN. These reactions typi cauy are“run

anywhere from bel ow room tenperature to approximtely 100 C. Wen R is a
silyl ether, it can be installed using the corresponding silyl halides or
perfl uoral kanesul fonates in nost comor?8rgani ¢ sol vents such as THF,

di et hyl ether, dioxane. nethyl p-butyl ether, or other ethers; esters such
as 30 August 20 E ﬁ%%?%ﬁfhgw{é fomulgtions.si gk oydersioadatiet thel ingentied

sol vent s sumim@psurkisl een@i addiferihan aranlorobenzene, and
ot her hal ogenat ed benzenes; it esﬁﬁss'ﬁ%%hgzgﬁgﬁ'?tapﬁlrge%?ga%g‘?ﬁﬂ’lséﬁ{meri | e:
and pol ar SPEBHAB detaRit and amprabousiiforetd) diifafwhich 8, intended to be withi;]

N- et hyl - 2ty sebidi l.at.ed ami de- containing solvents. A base
usual I'y accorrpanﬂl)éeigflgﬂég%regggtr@&g °MThe bases typically are- .inorganic

bases, such as welgiarmadeoticallgaccepesideant RSntehld h‘pé)é(]?{t* b (0L gani c
bases, suc?r?t%s ﬁ]g nes like_trjet hyFam’ ne, di_e?h I a?r?ﬁe, | e%%?ls%lts that?
i sopr opy! ahf RE! gicgt effeqtivengseipnd gronarties ef thafieecacida anddidscaainani di ne
bases | i kehddBldeang b%bicm& ahe}\tﬁ'ﬁgfl%ﬁde%firaﬁlé. acetal or ketal group, R

W

can be installed by al kylat’ion ‘ e correspondi ng a-haloether in a

menner sinilar E¥aEIkes obpharmasalticely arseptibte salbaaclaBeVisut Ab i Makkye! V-

aci d- pr onot ed l;LLon of  3-hydroxy-2-mnethyl benzoic acid to the

corr-espondli(ﬁg g’ﬁ%{%’al ngosé‘ﬁﬂ ’cgl?fgﬂéateﬁse&-“’ﬁf%sebfﬁéiﬁtﬂﬂ.onsh@sphaqhes:)rmt ed

by bot h or gerichydesgnphoephatss, p.'td?hy&l’b%%ﬂgfﬁ%ﬂ)rfat d reb_%i?e& al Fél and
rela

arylsulfonic acids, trifluoroacetic acid an ed or lic
aci ds wi t hPYOpROgphateschigfidesbhroanides riodigasi acetatesiprogiststesageatdausd, ¢,

Step 2 by CORIPReSREiatEs DR bbEuREGE derealst Mebidnoates papiates | des

of fornul acgletes, ealpnafes: edcdishteg, i subegaaiC sebacates, fumarates, maleates,
butyne--1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates,
phthalates, sulfonates, xylenesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates, v-hydroxybutyrates, glycolates, tartrates,
methanesulfonates,  propanesulfonates, naphthalene- 1-sulfonates,
naphthalene- 2-suifonates, and mandelates.

If the inventive compound is a base, the desired salt can be prepared by
any suitable method known in the art, including treatment of the free base with an
inorganic acid, such as hydrochi(_jric acid; hydrobromic acid; sulfuric acid; nitric
acid; phosphoric acid; and the like, or with an organic acid, such as acetic acid;

- maleic acid; succinic acid; mandelic acid: fumaric acid, malonic acid; pyruvic acid:
oxalic acid; glycolic acid; salicylic acid; pyranosidyl acids such as glucuronic acid
and galacturonic acid; alpha-hydroxy acids such as citric acid and tartaric acid;
amino dcids such as aspartic acid and glutamic acid; aromatic acids such as
benzoic acid and cinnamic acid; sulfonic acids such a p-toluenesuifonic acid or
ethanesulfonic acid; or the like.

If the inventive compound is an acid, the desired salt can be prepared by
any suitabie method known in the art, including treatment of the free acid with an

inorganic or organic base, such as an amine (primary, secondary, or tertiary}, an



hal ogenating agents such as thienyl chloride or brom de, phosphorus -~
trichlori-de - or -brom de, phosphorus pentachloride or breMudast Zos0r gani ¢

. agents such as oxalyl chloride or trichlorisocyanuric acid.” This process
can be catalyzed by DW. or a related alkyl amde. Esters of formula 3 can
be prepared in a variety of ways starting fromthe acid chloride
(conpounds of formula 3) by combination with the desired al cohol in. the

presence ofy nﬁlﬁ;@ a VI ati eI Y,
t he ester (?aiﬁdhbrgé%?gfﬁ]é(gr %)@/82@% pr o xﬁlte E){3er| 'ﬁ'?’%‘héfPﬁA%’{?@E@ nce
of the desuitabiesaitsintluda ba;anui fs@itmﬂersvaa‘sﬁlahlarmm@dwmdlws g@@iﬂeoéh@f t he

carboxylic cid derivatives ounsof formula 2) with al kyl
aryl sul f onﬁr&@meorq"a@?n% pﬂ%é o?n%ge%?@'a‘ﬁ’"g‘e&frﬁﬁé O(Y& aﬁ‘ﬂ@‘ﬁs as
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pseudohal ogen_derivatives generally are nade romt e aC|
- (conpounds SSﬂ'%r RRCUD) PRiapEiNeY.| HIRANesiiMnJNgaganess) mguspreOSzme)

pseudohal i dg; ﬁ‘ufﬂlpea e of a base. The heteroaryl derivatives
(conpounds for rﬁgﬁgml so are made fromthe acid halides of formula 3

utilizing the syfdbnmrmvemmcnmqsl thaboqaindat ieadtlvaehhabosdeodarpaxisiag e
base in a non- r solvent. hgdr xyheterocyclic derivatives can be

made from CHE! c'ls rﬁg{p?@\ggs,ofacqrgp RARE” aidyEes R epantipmsryeandiaer at ed
using al kYH:é&el@oYﬁergaWPélkdﬁ%lﬁ% st@ﬂSb@&n@F@ M5cdAs saﬁnﬁ‘?ﬂqgﬂéé 'ﬂger@gf" nts.

The coupling of conpound 3 to amne 6 (Step 3) can- carried out
vari et y of argyrtendeddadie gvithin tihe spdpatofttyeqires’ennmuenmﬁré&efeaablgi thia used

X = f. d d b hod
i 1121 ny RAPoGPOE eI ARERR lERITLoR eS| 8% PlodRet e gl oot 85 °°°
di cycl ohexyf Q@ir@@isdm@te(ao% ehahtiiragriclbr @bkt@r@@h@ﬁ@'ékéﬁs@?ﬁno%%r%fé%ﬁ s of
1-(3--dinet hi‘/?@ m nopro )-3-et h;/n carbodiimde) or relatéd water sol uble

reagents aPBblegshPbw @l@ ?g%rﬂf g-ahisvengnge preferabiratdeasd 97 5% (99%re-e. such as:
d.e.}, and most preferably at least 99% (98% e.e. ord.e.). Compounds identified

herein as single sterecisomers are meant to describe compounds used in a form
that contains at least 80% of a singie isomer. _

The inventive compounds can be prepared by the novel methods of the
present invention, which are descn’bed in detail below. Additionaliy, these
compounds can be used to prepare nelfinavir free base and neffinavir mesylate
according to the inventive methods described below.

A reaction scheme for the conversion of 3-hydroxy-2-methylbenzoic acid

derivatives to nelfinavir free base is as follows:

HO O Sup t : O " Sep2 O
| 1 2 ' 3

o ' ] NHt-Bu ' o NH:-Bu
RO $ pr3
X » HzN couphng
reacfion

neffinavirfree _base



di oxane, DMF, NWMP, and acetonitrile in the.presence of an N '

hydr oxyhet erocyclic including hydroxysucci ni m de or N-Qgghgéégﬁﬁéotriazole
ester. Wien X is a hal ogen or pseudohal ogen, the coupl 'ng €an be perforned.
in nost common organi c solvents such as THF; diethyl ether, dioxane,

met hyl t-butyl ether, or other ethers;oacetone, cycl ohexanone, nethyl

| sobut yl ket one and ot her ketones; esters such as ethyl, nethyl, and
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30 August 2005 -30 ter:r%eratu_res up to 100 C thers afe prote si ng
bor on- bas dGeR@INe, digthyiagnpodieliayl aepropsTapsine, BABCET) 8r relhied di-he! at es,

or trial kygiaidvidminaki 4 ' ether of ¢ na rotecting groups that
cont ai n benz_yly grpoup’s ﬁivr? le tgﬂ%lﬁgt%%east %kr?séggﬁa'ﬁ‘i%n sgyeactions
hydr ogenol tygicglivwiettua appivhadi foomdrelgl abomusmpeaitalets bpp@ﬁﬁéﬂe&bf’@@%_

Cond t1 ond IRERE Eelie, SyEy SUas: G Baciv as<39 ANSidoRotbaslsulitk itk or
hal i des ofwhdiPuSE@UPCEIRERSwitkarYdRESL] C organi ¢ acids (such as
When R, is an ether group, R, can be installed using conditions that utilize
the corresponding R, group bonded to a leaving group, which is subéequently
displaced. These reactions generally are performed in most common organic
solvents such as THF, diethyl ether, dioz_(ane, methyl t-butyl ether, or other ethers;
esters such as ethyl, methyl, and isopropyl acetate; halogenated solvents such as
halogenated methanes and ethanes, chlorobenzene, and other halogenated
benzenes; nitriles such acetonitrile and propionitrile; lower alcohols such .as
ethanol, isopropanol, t-butanol, and related alcohols; and polar brganic solvents
. such as dimethylformamide, dimethylsulfoxide, N-methyl-2-pyrolidinone, and
related amide- containing soivents. A base usually accompanies such a process.
The bases typically are inorganic, such as metal hydroxides, bicarbonates, and
carbonates, or organic, such as amines like triethylamine, diethylamine, diethyl
tsopropylamine, DABCO, or refated di- or trialkylamines, as well as amidine bases
like DBU and DBN. These reactions typically are run anywhere from below room
temperature to approximately 100 °C.
When R, is a silyl ether, it can be installed using the corresponding sifyl
halides or perfluoralkanesulfonates in most common organic solvents such as

THF, diethyl ether, dioxane, methyl t- butyl ether, or other ethers: esters such as |



p-tol uenesul fonic-and rel ated al kyl and aryl sul fonic aecids, trifluoroacetic
acid and related organic carboxylic acids with a pK of 3basgudtlP@os2) and
_inorganic acids (such as sulfuric, hydrochloric, phosphoric, and nitric
acids). Silylether protecting group renoval can be acconplished by aqueous
or alcoholic acid or base or by fluori-#8-ion pronoted desilylation by use
of inorganic, fluoride sources such as potassiumor cesiumfluoride or by
tetral kyl arfifByi methyluand isopseny! scetedef halagenateesydhasies eash BS ha Hfdgfrom

3- acet oxy- ch rlde Cld hl oride). The acid ch orlde can
be prepare ?ﬁ%&&%%ﬁﬁ%@%{é 5% h?ﬂ& hﬁ?o-gef?ﬁ@ﬂ/bwscmtmesl in
the foll ovmsm@ht \wetdrafile pARE e n,trmg) dndPChoi S a: 7170
----- ~AcO G, HOAE/I'—E% e ansheantal) o ?9{02%"%1}? o, s

3- acet oxy ?'Wﬁf’lﬂf"ﬁ@ﬁ%‘?‘? Na@nethehBrpdeolidinartes m@dﬂatecbmnﬂﬁa*étﬂmtamlﬁb
it or 1 0e, ) BeRf. dalbalsS RHANP EEEAbAnidiS AT BideelS! Jnel a3 TRAN, oo

formula 2), which is treate |ony

3- acet oxy- MergaRd bemwuotlhm)meial hydigaidbsy ivitadboliesaahd (,Cah!,(g{étgg Lpen

can be coup] 0 am ne 6 under classical conditions
%r&ng bas Suth as'irmineS’ ke tr?ethylamme diethylamine, diethyl

isopropylamine, DABCO, or refated di- or trialkylamines, as well as amidine bases
like DBU and DBN.

When R, is part of an acetal or ketal group, R, can be installed by alkylation
with the corresponding o-haloether in a manner similar to other alky! halides as
described above. Alternatively, | acid-promoted addition of
3-hydroxy-2-methylbenzoic acid to the corresponding vinyl alkyf ether can be
used. These reactions are promoted by both organic acids (such as
p-toluenesuifonic and related alkyl and arylsuffonic acids, triflucroacetic acid and
related organic carboxylic acids with a pK of less than 2) and inorganic acids
(such as sulfuric, hydrachloric, phosphoric, and nitric acids)..

The group X is installed in Step 2 by reaction of the carboxyhc acid
denvatlve 2. The acyl halides of formula 3 can be prepared using inorganic
‘halogenatmg agents such as thionyl chloride or bromide, phosphorus trichloride
or ~bromide, phosphorus pentachioride_or bromide, or organic agents such as
oxalyl chioride or trichlorisocyanuric acid. This process can be catalyzed by DMF.
or a related alky! amide.

- Esters of formula 3 can be prepared in a vanety of ways starting from the
acid chlonde (compounds of formula 3) by combination with the desired alcohol

‘in the presence of an organic or inorganic base stated previously. Alternatively,
the ester can be produced by acid-promoted esterification in the presence of the

. desired alcohol. The sulfonates usually are made by reaction of the carboxylic
acid derivatives (compounds of formula 2) with alkyl or aryisuffonyl chlorides in the
presence of an organic amine base such as triethylamine in a non-polar solvent
at temperatures below 0 °C. The pseudohalogen derivatives generally are made

from the acid halides (compounds of formula 3) by reaction with inorganic




resulting in the production of nelfinavir free base as follows: 0.T Oouoing
Aco. J. | + ci 3-acet Oxy-2-net hyl benzoyl chloide OH nebhi r&avitr B ee base
30 August 2005 -31 The acid chloride is treated with .. é\gﬁ?rgg in the
presence of triethylamne in THE at anbient tenperature for 30 m nutes
foll owed by an aqueous basic .hydrol ysiss of the acetate group to give
nel finavir free base. The free base can be converted to nelfinavir

nesyl at e bysemidhatide detherprosehddlof@basaeThe hehabat dBF fd |
Nel fi navir Free Base frorr? 3- Acet oxy- 2- Met hy. | bemi C I%}F’%?i(gg& Sﬁrﬁr%gﬁy of
the Proces@f fapoui 2 @sonip made fmg) therpaiy halidgs of forgrula Saitiiringtteespeaifivr €~ 30
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slurried i Thadethydrazyhibterddpclic deiivativelsyctin e madd feomh ahy tdcd srlifes i aci d.

Acetyl ati Of%'rr%]:ﬂat I3] %sha}i)%ﬂrgxa}/nagcr;gnugls\gabse ggrrlrgrla%deuyﬁé rallilkr;(l or aryt carbodiimides
and an amine base as condensing agents.

The coupling of compound 3 to amine & (Step 3) can be carried out in a
variety of ways, depending on the identity of X. When a free acid is used (X=
OH}), the coupling can be performed using carbodiimide based mefhods utilizing
any of the common reagents of this class including dicyclohexylcarbodiimide or
related dialkylcarbodiimides, EDC (satlts of
1-{3-dimethylaminopropyl)- 3- ethylcarbodiimide) or related water soluble
reagents along with an organic amine base in polar organic solvents such as
dioxane, DMF, NMP, and acetonitrile in the presence of an N- hydroxyheterocyclic
including hydroxysuccinimide or N-hydroxybenzotriazole ester. When X is a
halogen or pseudohalogen, the coupling can be performed in most common
organic solvents such as THF; diethy! ether, dioxane, methyl t-butyl ether, or
other ethers; acetone, cyclohexanone, methyl isobutylketone and other ketones:
esters such as ethyl, methyl, and iSOprobyI acetate; halogenated solvents such as
halogenated methanes and ethanes; chlorobenzene and other halogenated
benzenes; nitriles such acetonitrile and propionitrile; lower alcohols such as
ethariol, isopropanol, t-butanol, and related alcohols; and polar organic solvents
such as dimeihylformamide, dimethylsulfoxide, Nwmethyl—Zmbyrolidinone, and
related amide- containing solvents. A base frequently is used and can be any of
a number of inorganic bases (such as metal hydroxides, bicarbonates, and
carbonates) or organic bases (such as amines like triethylamine, diethylamine,
diethyl isopropylamine, DABCO, or related di- or trialkylamines, as well as
amidine bases like DBU and DBN).
Protecting group removal is accomplished using any of the standard

methods for deprotecting a particular class of protecting group. Esters and
carbonates usually are removed with aqueous or alcoholic solutions of inorganic

bases, such as metal hydroxides, carbonates, and bicarbonates, at ambient



twohours at anbient tenperature. After -conplete reéction, the resulting-
slurry was poured into water, and the product was isol ghegghst dopht r ati on-
. The wet cake was reslurried in water, isolated by filtration, and dried
under vacuum Product was obtained in 80-90 %yield with an apparent
purity of 89-92% by HPLC. Crude, dry 33@&ecet oxy-2-nethyl benzoic acid was
di ssol ved in four volunes of ethyl acetate with refluxing. The resulting
sol uti on WEMBEAtWES ¥p tor (08, °Can Ethers aare dsiprotesteal usiay anRen YSiRd The
m xture wageidid 86 h copled.to <10 C for | hour. The
slurry was Eftibl ter eg,gUFr)??élﬁ%Lé{éhéﬁg%%r&cfggmfﬂ?{?ﬂ\@'ﬁﬁsapé.t”qihlé'S'bfl dalideswas
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dropped fr oM 4°2198% £81 Re symovert by hiliegenelysis withea paiczlivmtdryplatnasi ¢
aci d. 3-Acea@alst- AdmhRpakRedznh ' | UF I.n_nethyl -t-butyl ether
(MIBE) and treated with 1.2 é@uﬁ%ﬁg%dg@? %taﬂl %%g%“BK?‘gquﬁéfmeggtsagryt iC
di met hy! f ofi¢RhPlRe aciie epnditicss, hmmetedt by tbivnbcide gIRMALY rt%ﬁsitfoheg{e?é\ﬁ ion
by

was conpl L Vi wn sol ution- Sol vent (MIBE) was renove
vacuum di@%ﬂ elsgdt)ri\/ic.')ﬁgd%egf uealc’srPHPo el of iyorralis argaBizeacisy (sueh ason of
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obt ai' ned i %M %;@p&% | gt an.oil. and 82 _ - 85%yield when
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conmpound ddrofipremicxabegmhdaccamplished bhedueslis a%?\o'iigfalcm(&%é% 8r gy xture
of et hanol Lﬁ)?% ﬁ,@ueous Naé]aetﬁ cl eave the CBZ protecting group formng a
conpound JHor e Pam@m%_ es Wét'oﬁ_@/ "ger of ingtaanic Budiids sbureshmidked€03 and
neut ral i zepcraeem MNacddiudiftioRgedr tgirt@s\}g@%rﬁ%éﬁ#&rmeﬂugﬁge Thfs Ure vas

cool ed., and the | ower aqueous |ay
Nelfinavir mesylate can be prepared from 3-acetoxy-2-methylbenzoyl
chloride (acid chioride). The acid chloride can be prepared from the

corresponding  3-hydroxy-2- methylbenzoic acid in the following two step

-procedure:
. o | .
Ho_ | §1 A0 a0 1§ soq, ao. L %
——— ———e C -
OH  HoAuH,SO, OH e cl
50%

1 3-acetoxy-2-methylbenzoic 3-acetoxy-2-methylbenzoyl
acid ' chloride '

In the production of the acid chloride, fhe acid 1 is converted to the. acetoxy acid

{a compound of formula 2), which is treated with thionyl chioride té, give

‘3-acetoxy-2-methylbenzoyl chioride in good yield.

The acid chioride then can be coupled to the amine 6 under classical conditions

resulting in the production of nelfinavir free base as follows:

o S o NHt-Bu
0 g
FooH A H .

nelfinavir free base

NHLBU i
Oy
H

O ;
AcO. + S
| \G’Lm
HN
J-acetoxy-2-methylbenzoyt & OH %
chioride :




renoved. Triethylam ne was added foll owed by. a solution of
3--acet oxy-2-net hyl benzoyl chloride in tetrahydrofuran 56’ gzsgsacet ate
of the conpound of fornula 4. Aqueous NaOH was added, nT Xt ure was
heated to reflux to give a conpound of fornula 4. The mxture was -
concentrated at atnospheric pressure tgo,renmove tetra hyd rofura n,
triethylam ne, and nost of the ethanol. The m xture was added to a heated
solution of water and glacial acetic acid to precipitate the product. The
pH was adjusted with additional acid, and the solids were filtered off
while hot. The wet cake was rinsed with hot water and dried to give crude
nel finavir free .. This nmethod.is described in nore detail bel ow 30
August 2005 h%gcﬁ ‘éﬁ%’ﬂ%ﬁ lsoﬁﬁei‘}ﬁgé”'”k@@ gyine 5.Rdbe presanssiof teethylaradnerin
acetic aci deraé I—%ﬁ% I I c acid
3- hydr oxy- 2 tsbmtj'@er}\tzm c ar'g:u_ge%r%@ rﬁﬁ%&ﬁ%@%@ rl% MBS BaiE
hydrolysns of the acetate group to give nelfinavir free base. The free base can be

conyerted to nelfinavir mesylate by methods described in more detail below.

Pre aration of Nelfinavir Free Base from
3-Acetoxy-2-Methylbenzoic Chioride

Summary of the Proceés

Q NH-Bu @
N)’\/\C’**/ __NHtBu
Cle Hy % - HO { ﬂ /@\

ambient temperatire
30 min;

J-acetoxy-2-methylbenzoyl
chlorde

ag KOH acetate hydrolysis
69% nelfinavr free base
To obtain 3-acetoxy-2-methyibenzoyl chtloride,

3-hydroxy-2-methylbenzoic acid was slurried in acetic acid with acetic anhydride
and catalytic sulfuric acid. Acetylation of the hydroxy group was complete within
two hours at ambient temperature. After complete reaction, the reéulting slurry
was poured into water, and the product was isolated by filtration. The wet cake |
' was reslurried in water, isolated by filtration, and dried under vacuﬁm. Product -
was obtained in 80-90 % vyield with an apparent purity of 89-92% by HPLC.
Crude, dry 3- acetoxy—Z—methyIIJenzoic acid was dissolvedl in four volurﬁes of
ethyl acetate with refluxing. The resulting solution was cooled to <70 °C, and five :
volumes of hexanes were added. The mixture was returned to refiux and then
cooled to <10 °C for 1 hour. The slurry was filtered, rinsing the reactor with
filtrate. The product was dried under vacuum. Recrystallization improved the
HPLC UV apparent purity from 89 - 92% to >98%. The single largest impurity




' [ / [ ti-c
O Me 3-hydrooxy- 2- net hyl benzoi ¢ acid FW152.15 3500 g 1.0 equiv ace
d 8750 n{ sulfﬁri c acid 70 nL acetic anhydride FW 102phugudt-2088 2390 nl _

Cl

a . .
-1.1 equiv purified water 28000 nL Acetic acid (8750 niL),

[ [ [ [ 70 nL) were
3- hydr oxy- 2- net hyl benzoi ¢ acid (3500 g)., and sulfuric acid (7 :
cha)r/ged ?/nto a 2)2/ liter reactor. The reagztor contents were stirred to give
a hdrmgeneous m xture. The m xture exothernmed to 36 C. Acetic anhydride

(2390 m -)digppeddae® 4 o G%hdon k5% eThe produd ds 3%@@—%&3%@6@
war nmed t he dgactor contents from36 to 44 C. The reaction mxture was
stirred ataa'nbi ent tenperature for two hours (reactor contents allowed to.
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purified veameplet5gitingly brawe salativn oSotverit Ve Bmaﬂ%“%ggd(f %‘{iﬂ‘m .
washi ng. t&1 . 81ct d &ﬁl tﬁr hi:ake with purified water 500 - The
wet 11t er euelos Resilife thion ehlaside wes [erayadky @@c,hn@:r;g; tgm;erfe: fgu?wea\% er
: L e L, 1.2 _'
oSl U T 60 st & O ey eping. - X BHE 22 rEPBRRERY S las e

were ri nsdePlatgdsithe dirertyiananait ¢rasocrystalizatiain frofri hievolnies dﬁ?e;ﬁléﬂ ded as

[ - dtod n ans. The
o yduct et 90 S8 Prodhicd WA S i Vb aBeniplated svangitod 2 . 72
hours. Theo88% yiald wheh drystdififled frofi héglanevei ght produced: 3910 g (87.6%.

~ HPLC assay: 89.4%or 87.7%

To obtain compound 6 for the coupling, a compound of formula 5 (made
as described below) was refluxed in a mixture of ethano! and aqueous NaOH to
cleave the CBZ protecting group forming a compound of formuta 6. Water and
HCI were added to dissolve the Na,CO4 and neutralize excess NaOH, giving a
biphasic mixture. The mixture was cooled, and the lower aqueous layer was
removed. Triethylamine was added followed by. a so!utioh of
3~acetoxy-2-methylbenzoyl chioride in tetrahydrofuran to give an acetate of the

- compound of formula 4. 'Aqueous NaOH was added, and the mixture was heated

- to reflux to give a compound of formula 4. The mixture was conc;antrated at

atmospheric pressure to remove tetrahydrofuran, triethylamine, and most of the

ethanol. The mixture was added to a heated solution of water and glacial acetic

acid to precipitate the product. The pH was adjusted with additional acid, and the

solids were filtered off while hot. The wet cake was rinsed with hot water and
dried to give crude nelfinavir free base.

This method is described in more detail below




Purification was achi eved as foll ows-_The crude 3-acetoxy-2-nethyl benzoic. .-
acid (3910 g from above) and ethyl acetate (16.0 L) wege &%ﬁ?ﬁ to a 50 L
reactor. The reactor contents were heated to reflux (77 é§ un al |
solids went into solution. The reactor contents were cooled to < 70 C.
Hexanes (19.5 L) were added to the reac:I’ The reactor contents were
again heated to reflux (69 C, and thenathe m xt ure vv?slcool gd tod<éLg C for
1 hour. T, r fromthlsse was vacuum fi tere and the
reactor vvab?e fiaish o HiA ] filter cake was pulled as
dry as possible and then. transferred to dry| ng pans. The product was

dried in a vacuumoven at 60 - 70 ‘,J‘Ccc cnd 28 nm Hg for 12 -- 72 hours.
Theoretical yield: 3910,p Actual . Wekghgoproduced: 3128pg (B0% . This
procedure inproves Hm uw appg?ént puLity faeom 89 - 92% to >98% The
singl e | argest irrp'i]I 0 Hfrom 4 %to <1% e i} product is
a tan solid. "HNWR b (d, 1H, (over | appi ngh m ¥, 2.5 (s, 3H),
2.3 (s, 3H). Prepar |on of 3-Ac 4 | benzo | Chloride Me O CH
3- aeet oxy- 2- net hyl ﬂ% 'f{,“ ekisil o I\/EO I\/rI'BE Me. OY ~~Q-adsfoxy-25@Un2 cat- DV
3- acet oxy- 2- net hyl enzoyl chloride 30 August 2005 -35 bc'mica':ld

PROCEDURE :
Materials
3-hydroxy-2-methylbenzoic acid FW 152.15 350049 1.0 equiv
acetic acid 8750 mL
sulfuric acid ‘ 70 mbL

“acetic anhydride FW1021 d1.082 2390 mL 1.1 equiv
purified water 28000 mL

Acetic acid (8750 mL), 3-hydroxy-2-methylbenzoic acid (3500 g), and
sulfuric acid (70 mL) were charged into a 22 fiter reactor. The reactor.contenfs
were sfirred to give a homogeneous mixture. The mixture exothermed to 36 °C.
Acetic anhydride (2390 mL) was added to the mixture in the 22 L reactor. An
exotherm warmed the reactor contents from 36 to 44 °C. The reaction mixture
was stirred at ambient temperature for two hours (reactor contents allowed to cool

| -slole). The reaction was tested for complete conversion of the -Startihg material
by TLC. The reaction mixture was generally a tan slurry at the completlon of the
reaction.

_ Purified water (17500 ml.) was added to a 50 L extractor, and the reaction
mixture from the 22 L reactor was added to this water. The 22 L reactor was
rinsed into the 50 L extractor with purified water (3500 mL). Théreaction mixture
was vacuum fitered, washing the reactor and filter cake with purified water

| (3500 mL). The wet fitter cake was transferred to a 50 L extractor, and purified
water (14000 ml) was added, with stirring, to obtain a homogeneous _sluny; The
reslurried mixture was vacuum filtered, and the reactor and filter cake were rinsed

with purified water (3500 mL). The filter cake was pulled as dry as possible and



PROCEDURE: Naterial sMMveta uiv_ 3-acetoxy-2-net hyl benzoi c aci d
.194.1930009. 1. 0 nethyl-f- butyl ether12000 m thionyl 39 August2005

. chl ori de118. 971. 6381350 m 1.2 di met hyf t or mam de73. 090. 94460 "m 0. 05

t ol uene7500 m heptane7500 M A 22 L reactor was purged with nitrogen and-
charged with recrystallized 3-acetoxy-3z0ethyl benzoic acid- (3000 g), MIBE
(12000 m), and dinmethylformam de (60 m). The reactor contents vvere

stirred t o tiew&aasfdmsbpagpdgspanst The prddi@wds &l i 9‘33(:913510

added to the reactor. This reaction m xture was stirre
t enper at ur & $8r°GLangl¢@8smn arfer 4RIy 7Rdourer Fhebestical field:s 4466 g. equauaed f or

| et hel d f
el et | SR eaban 81 T P Bk AR ? Tod he et or
was rinsed wth ppifiegtién (1308 M ) acrHiBedol uld onéwoncent e ed ?%gr ma;s

"possible, nmaintaining the bath tenperature at 4 C. Tol'uéne
was added tBOapﬁtostyc&meﬁmeaumud@@m g Tioen abbvegramdvetbyacdthiel @6.0oy)
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After holding* the crystallization mxture at < 0t he

m xt ure vvasCfl Hesaed$ (398 I)hwerd abtied todke reactonaThededctdt @mtéht%du&%ot ane
(1500 m, r% ﬁ fil ake was dried in a vacuumoven at 15 - 'C
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rinsed with cold mother ilquors The filter cake was pulled as dry as possible and
then transferred to drying pans. The product was dried in a vacuum oven at 60
- 70 °C and >28 mm Hg for 12 - 72 hours. Theoretical yield: 3910 g. Actual
weight produced: 3128 g (80%). This procedure improves the HPLC UV
apparent purity from 89 - 92% to >98%. The single largest impurity drops from
.4 - 6% to <1%. The isolated product is a tan solid. 'H NMR & 8.0 (d,'ﬂ-'[), 7.3
(overlapplng m, 2H), 2.5 (s, 3H), 2.3 (s, 3H). |

Preparatlon of 3-Acetoxy—2-—- methvlbenzovl Chlonde

M Me O Me O
e 0 o et
O soc, o ‘ -
3-acetoxy-2-methyi cat. DMF 3-acetoxy-2-methyl

benzic acid benzoyl chloride
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Nel fi navir

Free Base REACTION SCHEME; . ¢ n NR-Bu O O)§%au83ﬁ?l‘tjlzoéé5lgl3048

567.79 S O, NH - BU Oxazol i di none G 5H37N3S03 459.66 Q S™Q,;
Cz4H34N3s02 433.65 | HO Q S OONHt-Bu Nel finavir Free Base C32H45N304S

567.79 CH3CO2

-35-
- PROCEDURE:

. Maternials MW d wi . equiv.
3-acetoxy-2-methyibenzoic acid . 194.19 3000 g 1.0
methyl-t-butyl ether 12000 mi
thiony! chloride 118.97 1.638 1350 ml 1.2
dimethyiformamide 73.09 0.944 60 mi 0.05
loluene 7500 mi
heptane : 7500 mi

- A 221 reactor was purged with nitrogen and charged with recrystallized
3-acetoxy-2-methylbenzoic acid (3000 g), MTBE (12000 ml), and
dimethylformamide (60 ml). The reactor contents were stirred to give a
homogeneous mixture. Thionyt chloride (1350 ml) was added to the reactor. This
reaction mixture was stirred at ambient temperature for 19 hours. {(Generally no
more than 3 hours are required for complete reaction, but the mixture can be held
fonger for conveniencé), The reaction solution was transferred to a Bichi rbtovép,
and the reactor was rinsed with toluene (1500 ml). The solution was concentrated

as far as possible, maintaining the bath temperature at 40 - 50 °C. Toluene

(6000 mil) was added to this concentrated solution. The toluene was distilled by

rotovap to drive off excess thionyl chloride. The concentrate was transferred back
to the 22 L reactor, and the Bichi flask was rinsed with heptane (6000 ml). The
heptane mixture was cooled to <5 °C under nitrogen. After holding the
crystallization mixture at <5 °C for > 30 minutes, the mixture was filtered, and the
fiiter cake was washed with chilled heptane (1500 ml, <5 °C). The filter cake was
dried in a vacuum oven at 15 - 20 °C and >28 mm Hg for 24 hours, giving a tén,
granular solid. Theoretical yield: 3285 g. Actual weight produced: 2704 g

(82.3%). HPLC assay 97.51%; "M NMR & 8.1 (d, 1H), 7.4 (overlapping m, 2H),

2.4 (s, BH). | | -



Q'S 0. NHt-Bu C34H47N305S 609.83 30 August 2005 -37 Step A: Conversion-~of
Compound 5 to Conpound 6. YO 567.79 ' Nit-Bu S O r& aafigdsnone

. C25H37N3S03 459.66 H.. N1 O H6 C24 H39N3SQ 433.65 A 22 liter 3-neck
round bottom flask ("RBF"), fitted with a condenser, tenperature probe,
and nechanical stirrer, was charged w th3g- conpound of formula 5 (1 kg,
97.7% 1.72 not, 1.00 eq) (whi ch can be prepared as descri bed bel ow),

et hanol (5 ConvarsionNeft3t Aeethxy-2-51ethyibaAzopt Chibrideind COm oM 1.
D). The m tHre rred and heatedto reflux (80-82 C sol1ds
di ssol ved %—ﬁ%&@@ga clear yellow solution. The nixture became hazy
w th Na2CO3

REACTION SCHEME:

NN T HXLKN. v T
{ OHL _KH 0”0 y OoH G A
' Onazolidinone |
CasthN3S0; 6
C_;z[s‘lg;};304s— 459.66 C24H39NJSO2
: : 43365
i J — / —
o S O_NHt-Bu 0 NHLB
HO N | i
H Y H 0”,%
Nelfinavir Free Base
Cy4HgN;048
P08 34E1g7 N3 U
ke -




precipitation as the reacti on proceeded (Vol = 8280 nl). The deprotection -
was nonitored by HPE C. Analysis at 210 m nutes shovved ggusqtz
consunption of the conmpound of formula 5, 0.95% oxazol | di none 8%% benzyl
al cohol, and 62.5% of a conpound of fornmula 6. Analysis at 300- m nutes
showed 0.34% oxazolidinone, 36% benzyl,-al cohol and 62.6% of conpound of
formula 6. Water (1260 m) was added to the m'xture to dissolve all
solids, ansStéha:nes 9540 M) _ HO (344 nl, 6
N, 2. 06 not , Fh .2 eqhyéﬁéé\ﬁ?fen gg?f"&ip? (1'% ?‘EP The m xture was
agitated 10 mnutes and then allowed to settle for 20 mnutes to give two
| ayers (Vol = 9884 m ). The | ower aqueous Na2CO3 |ayer was renoved at 60
C. The volune of the aqueous cut was 365 m., pH = 14. The pH of the clear
yel l.ow upper |ayer was 10-10.5.. The upper layer was used directly in the
next-step. QS O’@ 032H45N3048 30 AiIUSt 2005 -38 Step B: ‘Conversion of

Conpound 6 1.0 etate of Conmpound g Q S 0 NR-Bu H@lN | OHH 6
CZ4H39N38C)11L? o, NHt-Bu o, NELBy
, H "N N
o> 0 ! g OH L H
o H,SN - Oxazolidinone 3
* 5657'.‘;9 ) Czs?gg.qgss > Q"Pf;]:?soz

A 22 liter 3-neck round bottom flask ("RBF"), fitted with a ¢ondenser,
temperature probe, and mechanical stirrer, was charged with a compound of
formula § (1 kg, 97.7%, 1.72 mol, 1.00 eq) (which can be prepared as described
below) ethanol (5 1, 95%), NaOH (280 ml, 50%, 5.33 mol, 3.1 eq), and water (21,
DI). The mixture was stirred and heated to reflux (80-82 °C) All solids dissolved
at 50 °C to give a clear yellow solution. The mixture became hazy with Na,CO,
precipitation as the reaction proceeded (Vol = 8280 ml). The deprotection was
monitored by HPLC. Analysis at 210 minutes showed compiete consumption of

~ the compound of formula 5, 0.95% oxazolidinone, 36% benzyl alcohol, and 62.5%
of a compound of formula 6. Analysis at 300 minutes shbwed 0.34%
oxazolidinone, 36% benzyl alcohol and 62.6% of compound of formula 6. Water

- {1260 ml) was added to the mixture to dissolve alf solids, and the mixture was

- cooled to 67 °C (Vol = 8540 ml). HCI (344 mi, 6 N, 2.06 mol, 1.2 eq.) was then
added to the mixture. The mixture was agitated 10 minutes and then allowed to
seftle for 20 mmutes to give two layers (Vol = 9884 ml). The lower aqueous
Na,CO, layer was removed at 60 °C. The volume of the agueous cut was 365 mi,

‘pH =14, The pH of the clear yellow upper layer was 10-10.5. The upper layer
was used directly in the next step.



433. 65 Chem cal s Cbnpound 6 |'Et OH1040- 090( 0. 746) 43165(1, 72) 1. 00
triethyl am neFi sher0. 260..360. 726101. 192, 581. 50 30 August 2005

., tetrahydrof uranFi sher 0, 400. 450. 88972. 11

3-acet oxy-2- AC132298. 999. 39212. 631. 811. 05 net hyl benzoyl chl ori de 1040-092
Ref erence: The solution from Step A was-38c0led to 25 C, triethylamne (360
m, 2.58 nmol, 1.50 eq) was added to the solution, and the m xture was
cool ed to 75t BH Cenqqr%oabf@amﬁbunmawmAemmeohw:zpbuﬁaé (Vol =
9879 m). This mxture was charged to a m xture 03-acet oxy-2-net hyl benzoyl
chloride (388.5 g, 98.8 1.81 nol, 1.05 eq) and tetrahydrofuran (440 m)
over 5 mnutes. THE (10 m) was used to conplete the transfer. A 7.4 C
exot herm was obse d The m xture at the end of the.addition was m | ky

white. (Vol = 10, LC analysis after 30 m s showed <0.2% of a
conpound of " for mul 60’../71%5t t he acet ate of t he corrp UGl OIHEBumul a 4,

18. 2% benzyl al 135 IQI no ester pres yfm xtUre was used
directly in the r] WN\C gf Conpound 4
C34HATN3CBS H

6 Acetate of Compound 4
Ca4th9N;SO, C3sHyN;0sS
433.65 609.83
Chemicals
source assay Kg L d mw mol  equiv .
Compound 6 /EtOH 1040090 ' {0.748) 433.65 (1.72) 1.00
tricthylamine Fisher 0.26 036 0.726 101.19 - 2.58 1.50
tetrahydrofuran Fisher : 0.40 0.45 0.88B9 7211
3-acetoxy-2- AC1322 98.9% 038 21263 RN 105
methylbenzoyl
chloride
Reference: 1040-092

The solution from Step A.was cooled to 25 °C, triethylamine (360 ml, 2.58
mol, 1.50 eq) was added to the solution, and the rnixture was cooled to 7 °C (pH
= 11.5-12.0). The mixture became hazy at 23 °C (Vol = 9879 ml). This mixture
was charged to a mixture of 3-acetoxy-2- methylbenzoyl! chloride (388.5 g, 98.8
%, 1.81 mol, 1.05 eq) and tetrahydrofuran (440 mi) over 5 minutes. THF (10 ml)
was used to complete the transfer. A 7.4 °C exctherm was observed. The
mixture at the end of the addition was milky white. (Vol = 10,717 ml). HPLC
analysis after 30 minutes showed <0.2% of a compound of formula 6, 77% of the
acetate of the compound of formula 4, 18.2% benzylalcohol, and no ester present
The milky mixture was used directly in the next step.




609. 83 source assay Kg L d nw nul--equiv 30 August 2005 -39- Step C: ..+
Saponi fication of Conmpound 4. CH3CO2 S O u . p/ NHt - gmfm H HOH
~Acetate of Conpound 4 C32HASN3O4S C34H47N305S 609. 83 a 7.79
source assay Kg | d nw not equiv Acetate of 1040-092(1. 05) 609, 83(1.72)1.00
Conpound 41PA NaOHFi sher 50%9. 550. 361. 51540. 006. 684. 00

Wat er DI 15. 0151. 00018. 02 HOAC. gl aci al Fi Sher17. 4 NO. 250. 231. 04960, 054. 072. 37

Et hanol ,  (B¥%pVECOs8h6KAR RN OF EBMBERHE L7

Q NHt—Bu : NHt-
O O t-Bu
H OH > H OH I—%

Acetate of Compound 4

C34HyN305S , C32HysN;048
609.83 56779
Chemicals
source  assay Kg L d mw mol  equiv
Acet_ale of
Compound 4/PA . 1540 097 (1.05) 60883  (1.72) 1.00
-] NaOH Fisher 50% 0.55 0.36 1515 40.00 .68 4.00
Water ol 15.0 15 1.000 18.02
.| HOAc, giacial Figher 174N 0.25 0.23 1.049 60.05 407 237
Ethanol, (5%
methanol) McCermick 95% 0.04 0.05 0.785 45,07

NaOH (50%, 364 mi, 6.88 mol, 4.0 eq) was added to the mixture from
Step B. The milky mixture became clear, then hazy, light brown. The mixture was
agitated at 20°C for 35 minutes. HPLC showed 15.9% benzylalcohol; 78.6% of
compound 4, and no acetate (Vol = 11,081 ml). The mixture was heated to reflux
.and partially concentrated by atmospheric distillation until the head temperature
reached 82°C. The distillate volume was 4275 ml. The pH of the mixture was 14.
The pot volume was measured (Vol = 6000 mi).

Water (5 L) and HOAc (100 mL) were charged to a 12 L 3-neck round
bottom flask fitted with a temperature probe and mechanical stirrer. The solution
was heated to 54 °C (pH = 2-2.5) (Vol = 5100 ml). One haif of the compound 4

_ mixture produced above (3 L) was added to this wérm aqueous acetic acid
solution to precipitate fine white solids. The pH was then adjusted to 7-7.5 with
HOAc (19 ml), and the temperature was 53 °C (Vol = 8119 ml). The solids were



met hanol) NaCH (50% 364 m, 6.88 nol, 4.0 eq) was added to the m xture
from Step B. The mlky mxture becane clear,. then hazgg aAuygiitzopsown. The
. mxture was agitated at 20C for 35 m nutes. HPLG showed 15.9%

benzyl ai cohol, 78.6% of conpound 4, and no acet at e (Vol = 11,081 m). The
m xture was. heated to reflux and partgpal |l y concentrated by at nospheric
distillation until the head tenperature reached 82C. The distillate vol une

was 4275 rﬁ'tefeﬁh@ffpﬁﬁﬂ *Chesint isalaedaiuldn. THeSiRStior Aoy R AnRARY © red
(ol 600ﬁ10é¢% tV\Ia V‘%‘g L% and HOAc (100 m-) were ch a;%J

3-neck roun ATPHLANG Wl cake wesg YWS?ﬂV'ﬂﬁt‘é’ﬁﬁ“Gr@Stf@thebeE amgl aﬁcma@l cal
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hal f of the compound 4 m xture produce ove é’EI'HHEFSto this warm
e of el ot (5393 ARACHROSEL PAERS Enlydof A 5 B 17T 308e ™
(Vol = 8118URf\Potinge flaski dehenselution wasgheated0054 HOCK (Mdl er 5000l atTR3 C
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wer e conbwarg agheoweacetikacidasiutidn te e ter (5 L)
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of the cognegng))s dded t.o t new war.m aqueous
acetic acid sol Ht i gﬁét%dugrge‘gzle%lt Flifrgﬁfefh)gtlﬁf @ ‘g%P%? d§°la%‘i'e"§‘f"|“\'/ﬁs Thenen

adj ust ed figration, \samulckmmteagys Tih¢ reddier hrdpet ahké Wk gindéd With W_?hrm 811,5

m). The l.ter t 53 C using isolated vacuum

filtrati O?Sl\/\/as)S q\él?(;cﬁ‘?; Iy 33@3‘ %‘H@ FRUetOrORRIOfet Theawet sakewaisrudigdwi t h
war m ( 35dG) fondte20(minmtds., and the filtrates were conbi ned. The wet cake
was pulled dry for 15-20 m nutes.

The two wet cakes (3587 g) were dried under vacuum at 60 °C for 90 hours
to give a dry wt of 1075.38 g crude Compound 4. Theoretical yield is 977 g.

Step D : Purification of Compound 4

Chemicals

source . assay wit ‘ml d mw mmot equiv
_ Ciude Compound 4  895-131  91.82% 2904 ) 557.79 469 1.00
Acetone _ Fisher 4038 g 5105 0.791 58.08
Water DI 1070 g 1070 1.000 18.02
Celite : Aidrich 299
Darco G-60 activated Fisher 44 g 12.01
carbon

A 12 liter 3-neck RBF, fitted with a condenser, temperature probe, and
mechamcai stirrer, was charged with crude compound 4 (290 g, 92%, 469 mmol), |
activated carbon (Darco G-60, 44g), acetone (4305 ml), and water (870 ml, DI).
The mixture was heated to reflux (60-64°C) and held 45 minutes Vol = 5509 ml).
The hot slurry was filtered through celite (29 g) using isolated vacuum. The
reactor and filter cake were rinsed with acetone (200 mi), and the clear, light |

yellow filtrates were combined. The mixture was aliowed to cool slowly to 25°C




|

The two wet cakes (3587 g) were dried under vacuum at 60.C for 90 heurs to
give a dry wt of 1075.38 g crude Conpound. 4. Theoreticalv,\?w 095977 9.
Step D :Purification of Conmpound 4 Chem cal ssourceassay m/vmml equi v
Crude Conpound 4895-13191. 829290 g567. 794691. 00 Acet oneFi sher 4038 .
g51050. 79158. 08 Water DI 1070 g10701. 000%8. 02 Cel iteAl drich29 g Darco G 60
activated fisher44 g12.01 carbon A 12 liter 3-neck RBF, fltted wth a

Crude comsuena a0 80 R SG3e §8eaBRARA AR wiity LBl /o SseRsND Tty

44q) , acetwimb $I4395.ra$1c)qoleamb Ovat (e f C(a8%Dhald, foDit hourTTﬁﬁerﬁoﬁﬁsl%r@lﬁﬁef&ﬁt ed to
reflux (60- tes The hot slurry was

filtered t RELAPE aBpaamy it s SOV eupERS BBk awE Masaiane dh

filt mpigsl [
ficrat Z?lfﬁ%\r@ ?%‘5%. Tl b i insed 4 o 5 f0 2t v ilteg. V&' 50"
August 206% acatonebyaler 2:1, HELMY. Whehliaid iaﬂeh'gaﬁwuwtthrpuglaﬂm alrfaumoﬁ/ml te

2 hour - ia® 8RR A8, cno FRSienlibr RN St BB B4 -G dinthe SoREEIEL T 401

| evel was °pl) inedutehofcargitondiwatarr(Rak S0 mi)t NEhewvet catteewadhrille@ast@y :and wet
cake were rinsed with, a col d ’g - 1-0 ch:é tr;nxture of acetone/water (2:1, 300
m). The [ROGSIPIE LS '%@ée%dﬁ wym And fyhbendadvning de aye a wet oo@lgfe,tatkfe and
t he react d Shlce lfricdOGh S o ) ture
of acetong\/\/zsz‘| TM\@grl 38}6%?{1&5 Thdebr\r/\\/}et cgrkéh\g/\gsépfé g(%l](og'é&g) g‘vga%ssible
usi ng i solveighit afa?.ﬂmm gl comitemdldmiihegretacad ivietd waw@ﬁﬁvm ghtHRILC amdl g.

The pr Od“ﬁoi“’as I%tses owegegg‘y %n@% Pe‘r)spgt:{n%ly 1g‘djustedg yle?d %Ia\éeB2%Adr Y

The present invention also is directed to novel methods of converti'ng
nelfinavir free base, compound 4, o nelfinavir mesylate, compound 7. These
methods are described in more detail below, including the method for preparing

compound 4 from compound 5 and the method for preparing compound 5.

Procedure for Preparation of Compound 5

. Q\I/

S 1} 50% N20H or 16N NaOH/

0
OJI\ (#] tsopmpnnoll25-45 [v]] Zh D/ﬂ\
lll OH 2} HCVisepropanel/pH 6.7
3) isopropanolfAf4-24h
28, IR-N-Chz-3-smine-1-chtoro-
phenylsulEnylbutan-2-0] MW = 561 79
MW =365.88 ' \/NI'"I
I-l\

35, 4aR, BaR-3-N1-butylcarboxamido-
decshydraisoquinoline
MW =23834

One equivalent 25, - 3R-N-Cbz-3-amino- 1-chloropheny!- '
sulfanylbutan-2-ol (which can be obtained from Kaneka Corporation or prepared
-as described in U.S. Patent No. 5,484,926) is stirred in a sufficient volume of

methanol, ethanol, isopropanol, or other low boiling alcoholic solvent at 20°



wei ght of 221.61 g of conpound.4. Theoretical yield was 266.28 g. HPLC and
RO - anal ysi s showed 99% and 0. 14% respectively. Adjustedowughd 2085 82% The
. present invention also is directed to novel nethods of converting

nel finavir free base, conpound 4, to nelfinavir nmesylate, conpound 7. These
nmet hods are described in nore detail belpw, including the nethod for
preparing conpound 4 from conpound 5 and the nethod for preparing conpound -

5. Proceducr b &b QO (@7l ' 0% or | .aoH

i sopr opano(%%%si)%tﬁ?-a ﬁﬁélg ”Qligc& sopr g%&%‘%#?@kﬁé@*%‘*?%p“%b%% 24h
2S.  3R- N- ChuctBas sodium bydnosidepirgrotassalmayyrdxidaraseifler MW a365u8 S%E.Iﬁ AR
SaR- 3- N4- bgg é%%[:?q am'g -dg Fab dr o jsogu root i ne MN-238.3 Sie
equi val ent é -ﬁf@ﬁ-& 1 ['%IIHE'FF? Wﬁb;ﬂﬁ'@?ﬂﬂ-J@&ISpéhWmexi@ @ thgwhi ch
can be obt pigfetet BeKagX fhi b raPhRERG s, descri.bed in U S.
Pat ent No. p5, 48181, 926) is sﬁ‘??g%"%ﬁﬁ’?“;ﬁ@ﬁfﬁl ent Egg uz?fieh%{ﬁsﬂ%'[)ﬁa%'ld?

ethanol , i K¥EmAERAIRFOMBletet Winen thaysiioherianys aiooyiete] thegiH isenfjusted 29 639
A t 2005m 42, i f d.solvent . A slight
Subcess. of "ih Epdin abRUUARAAC! St WERPREHREAEEYTH 1 Hegtinthomineii de,

as either an aqueous solution or as a solid, is added to this mxture with
stirring. 1 ON Sodi Lﬁﬂgﬁ‘&droﬁ)‘ﬁéﬁs t RE  pR&4aR SaRodsd-{Thatyldaxhb oxgmi-s

hen' The. St ov gk ed ol SEHCh, A b FEBHgHCes LSBT U Bllent ©

: No. 5,256,783, which patent is entirely incorporated herein by reference) is added
as either a dry solid or as a slurry to the reaction, and the mixture is heated to

| 40°C to reflux for 12-24 hours or until the reaction is judged to be complete.

~ Altematively, 3S,4aR,8aR-3-N-t- butylcarboxamidodecahydroisoquinoline canbe
introduced to the reaction at the same time that the 28,
3R-N-Cbz-3-amino- 1-chlorophenylsulfanylbutan-2-ol is charged to reactor.

The epoxide formation is allowed to proceed as described. In this case, the
reaction is not neutralized to a pH of 6-7, but a fixed amount of proton acid is
added to neutralize excess base remaining. In either case, thé reaction is partially
concentirated in vacuo. The mixture is diluted with an equal volume of water and
heated fo reflux. Alternatively, the reaction is fully concentrated, and acetone or

other ketonic solvent is added. The mixture can be filtered at this point, then an

equal amount of water is added, and the mixture is heated. The resultant mixfure

is cooled with stiring. The resultant siurry is filtered, washed with aqueous

solvent, and dried to yield compound 5.




with a proton acid such as HCl,. either neat or d: ssoLved in the reaction
sol vent A slight excess of 3S, 4aR, 8aR-3-N-t-butyl carbox -
dodecahydr oi sgqui nol ine (which can be prepared as descr?‘g‘égglljsgzgpg Pat ent
No. 5,256,783, which patent is entirely incorporated herein by reference)
is added as either a dry solid or as a slurry to the reaction, and the
m xture is heated to 40C to reflux f-o#-12-24 hours or until the reaction
is judged.to b plete. Alternatively, 3S 4aR 8aR- 3- Nt- _ _
GRdedes Rraparafin: elfipavip frree Basat(Cotpound d)t he reacti on at
the sanme time that the 2S5, 3R Cbz- 3- amno- | - .
chl or ophenyl sul W but an-2- of is charged to reactor. The epoxide .
IS l@ to proceed as described. In this ca the reaction
izéd to oft) isgpropanoiipuntisae Napixad2amount  of\ pyoton acid is
al f?e exs b@swemrendlWTHAG10 |5 ei t her case,"\{he tion is

L HH P H MO 5

partially donPelitrated i n vARTEYTREVRISY'GPE®i s dil utfed anoegHal
vol une of wat 8Ny edto-refl . AlternatifRebythb jceactian is fully
concentrated, and ane tbr \@i er ket ¢ sol vent adde _ s
can be filtered at th nt, gt h equal amount~of wat &H i
the mixture is heated. The resultant m ¥WWirE®is cooled with s
resultant slurry pg=ihid er edy isiRshdsh: WedddvRgheous  solkedntesband dr
yield compound 5. 30 August 200Smaudepit ocedure for Preg®atith of
Nel finavir Free Base Com ount*#°H**fE¥B¥Panol | wat er/ 500% NaOHL, 10-24h  2)
I sopropanol / Ft 3Nf I HF1U- 10 C 3- acet oxy- 2- net hyl benzoyl chl oride coci MW=
212.63 3) isopropanol | 50% NaCF L/ 10-24ta HCL/ watedMeOH

In addition to the procedure described above, the following procedure can

be used to convert compound 5 to the nelfinavir free base {compound 4):

One equivalent of compound §, an excess of alkali base (such as sodium
hydroxide or potassium hydroxide), and an alcoholic soivent (such as methanol,
ethanol, or isopropanol) are combined, and the mixture is heated at reflux with
stirring. 50% caustic soda is the preferred base and isopropanol is the preferred
solvent. Water can be added to facilitate solubility of the base. When the
reéction is judged complete, the mixture is cooled to 30° to 35°C, and the lower
aqueous layer, if any, can be removed. The mixtu‘re is cooled to below 25°C and
an excess amount of organic base (such as diisopropylethyl amine or
triethylamine) is added. Triethylamine is the base of choice.

A solution of excess 3-acetoxy-2-methylbenzoyi chloride in methanol,
ethanol, isopropanol, THF, or other alcohol soluble solvents is slowly added to the

cold mixture with stirming. THF is the preferred solvent.

An excess of alkali base, such as sodium hydroxide or potassium
hydrdxide, is added, and the mixture is heated at 40°C to reflux with stirring. 50%
caustic soda is the preferred base. When the reaction is judged compiete, the

mixture is cooled, and the lower aqueous layer is removed.

The reaction mixture is partially concentrated in vacuo. ¥ deemed
| necessary, the mixture can be diluted with an alcohol solvent to facilitate stirring.

* Methanol is the preferred solvent. The mixture is added to aqueous acid to form




4) acetonelwat er/-car3onnJdrx o-NH In addition to the procedure described
‘above, the follow ng procedure can be used to convert egnpgufidepsto the
_nelfinavir free base (conpound 4): One equival ent of conpound 5, an excess
of alkali base (such as sodium hydroxide or potassium hydroxide), and an
al coholi.c solvent (such as nethanol, efhanol, or isopropanol) are
conbined, and the m xture is heated at reflux with stirring- 50% caustic
soda is thg € i.5Qpr |. is.the preferred solvent- Water
can be addegm{ry'fgg?%itﬁ g?ge%o Slﬁﬁ%ﬁt@?%pﬁt'ﬁgdﬂﬁéeeq P‘\/ﬁ‘eﬁ“ﬁ'ﬁ?@quﬁ‘é’a’éﬂ% is

j udged conphetséyrry feefiitdred wmel waslabivitd wWateB0The -w?zfc%ak%%ébi g \'}g‘]‘-‘%ﬁfegni gueous -

| ayer, if n be.renoved, The mxture is cooled to

excess amﬁ%{é%]ﬁ%&r%ﬂ? e ff%ﬁ’ér?g'S(%f@@r(‘pa@aHy P§ 6pMp|sjely) bytarabe takearinto the
triethyl anhéea)stés wadded. Triethylamne is the base of choice. A solution of
excess 3-acetoxy-2--nethyl benzoyl chloride in nmethanol, ethanol,

i sopropanol , THE, wather al cohql sol ubl.e solvents is slowy added to the
cold m xture V\nl—gﬁhé){tlhgrﬁgr ﬁ’ﬁ—@"ﬁg VRPIBARES disgolvsrhin aquenns eselons abf

al kal i basmeflus s hhapresshioendiydvared8adonP ot Hs BbUM; ! i s, added,
and the mxture is Beat ed at 40C to reflux with sﬁ”?rl}[%gsomt%%? W%Eﬁfé?i c
soda is t cr?rde@é‘ﬂrt B ShlsembgWeds creledavith stiring $o fardye diwgpTtes sluriyhe

oda is 1 B #4611 $0 fartpadiiampl .
M xture | SRRt BHEL AR A0 R bl Rl Revisddm e no

m xture can beegiluted with an al cohol solvent to facilitate stirring.
Met hanol is t heéPHiats@ethadissior nsaparing aelfinaviirfied baseded discloseiig) 8cid to

form 30 A a u is th referred acid- The pHis
adj ust ed o %ggs\ngﬁ'aggéezgﬂgﬁgcéé .e“‘ﬁ?ﬁeUs'ré'uP?&ﬁéﬂﬂ%?@%ﬁdﬂ%ﬁ%@hgd Wth

wat er . Thd3atet B &lazet dh ReenarebiikirR.i Sxnidroi, MeV\iittenT e BEs 88l &5 Rf RAMEL ks dr i ed
(partially of goﬁgtetdel%“?(r_ Cﬁp be taken into the ' ’ '
oen le hods of Making HIV-Protease Inhibitors and Intermediates for Making
HIV-Protease Inhibitors," U.S. Patent Appin. Ser. No. 08/708,607, filed on

September 5, 1996, which application is incorporated herein by reference.

V‘Procedure for Spray Drying Nelfinavir Free Base to Obtain Nelfinavir
Mesylate i '

e

CH;50,H
o GO ONy 222 CHy0 O Ny
- E T 3§ & R on Lt
H H
Nelfinavir Free Acid Nelfinavir Mesylate

Generally, nelfinavir free base can be converted to nelfinavir mesylate
using the following novel spray drying procedure.

Nelfinavir free base and an organic solvent (such as methanol, ethanol,
isopropanol, THF, acetone, or MIBK) are mixed in a suitable vessel, and an
equivalent amount of methanesulfonic acid is added. Ethanol is the preferred

- solvent. The mixture is stirred until neffinavir mesylate is formed. The resultant




next step wet. Either the dry.-or the crude, wet product is dissolvxed in
aqueous acetone at reflux in the presence of activated r . e hot
mxture is filtered, water is added, and the entire mgﬁaugggszdégol ed with
stirring to forma slurry. The slurry is filtered, washed w th aqueous
acetone, and dried to give nelfinavir free base QG her nmethods for preparing
nel finavir free base are disclosed in"®°S.. Patent No. 5,484,926, and
copendi ng atent applicatign of inventors S. Babu, B. Borer, T.

Rermar chuk,sl'{ﬁ.ﬁ’ ebeliben IS .mWf% f'ﬁ@rﬁ'}e §Pray et whgte toe inlipving settingsiare | ed
"Met hods afonlekédg HI V- Prot ease Inhibitors and Internediates for Making

H V-Protease Inhibitors,” U S. Patent Appln. Ser. No. 08f708,607. filed on

Sept enber 5, 1 | ch_applicationds d-ncorporated herein by reference.
Procedure for iﬁ'?ﬂ%ﬁ ﬂ@ﬁ‘%a fi navﬁqfr1gg %ase to btain Nelfinavir
Mesylate NH O CH3O HOB HON N Hoff HH Neltinavir Free Acid Neffinavir
Mesyl at e Gener &P4tlet Tesnperabiver fr ebd@@°Can be converted to nel finavir
mesylate wusing the follow ng novel spray drying procedure.

Atomizer Type: vane, cocurrent flow, or counter
current flow
Drying Gas Rate: depends on equipment scale

The inlet and outlet temperatures, feed rate, and atomizer type can be adjusted
to optimize output and particle size distribution. Spray dried neffinavir mesylate

is collected at the s‘pray dryer outlet collection point.
Specifically, this conversion was performed as described below.

19.4 kg £ 5 % Alcohol {USP, 190 proof) and 6.00 kg + 1% neffinavir free
base were added to a clean, dry 20-40L stainless steel container . The mixture
was stirred until homogenous, then 1.04 kg + 1% methanesulfonic acid, 99%, was
added. The mixture was stirred until ‘all solids were. dissolved. A 0.2p filter
cartridge was connected to_ the pump inlet, and the alcohol solution was pumped

through the filter into the spray dryer set with the following initial settings:

inlet Temperature: 160°C

Outlet Temperature: | 90°C

Wheel Type: 50 mm vane wheel
Wheel! Speed: 27000 rpm

ijwing- Gas Rate: 75 kgs./hour

The inlet and outlet temperatures, feed rate, and wheel speed can be adjusted to
optimize output and particle size distribution. The specific spray dryer used was
a Niro Atomizer Portable Spray Dryer, type HT (equipped for inert gas) connected

to an active carbon filter for removal of organic solvent residues. After the bulk



Ned-finavir free base and an organi c solwvent (such as nethanol, ethanol,
i sopropanol, THF, acetone, or IVIIBK) are mxed in a sughaphestvpgsel , and
. an equival ent anount of nethanesulfonic acid is added. Ethanol is the
preferred solvent. The mxture is stirred until nelfinavir nesylate is
fornmed. The resul tant CH3SG3H 30 Augusiyg2005 -45 slurry or solution is
punped into the spray dryer where the follow ng settings are controll ed:
I nl et Tenmgraé soRitiohOfad BEEn ied SIRSHBINY BinkoR: | pe:
vane, cocurrent flow, or courﬁ%ﬁagﬁg'r ent ?{I%ﬁwﬁa&kﬁgﬁ%%%ggd@tgghé%éﬁ;%ds on
equi prent Ay witihb0j kg &t S¥ndlenhiadl e USFenff) pranfesThé expray alried relfihaioni. zer

type can | ‘ | AhZ tput and particle size distribution.
Spray dri E‘E‘E%ﬁ‘gﬁd?"'ﬁ%&%ﬂd@ ?g@%&ﬁpgagald& the spray dryer outl et

col l ection point. Specifically, this conversion was perforned as described
bel ow. 19 Eroggdure dopRrer i it ¥ rae B4 do kgbtalin 9N elfinkivivavi r

o I

free basg I teaddd to a clean, dry 20-40L stai nI ess steel container. The
m xture red until honogenous, then 1.04 kg 1 % net hanesul fonic
acid, 99% was _added. The m xture was stirred until "all solids were.

di ssol ved. A 0Adigratively. neliiravin iiee bass caprheceanvgried torelinavir mesdate and

“the al coh n@q}, | ] Dq;érrg - Jhe filter into the spray dryer
set with '([ah'e foﬁﬁgmdgaﬁ]mtll' F&st%{t‘lf}[o%ﬁac%a&éef Tenperature: 160C Qutl et

Tenper at ur e: 9%0 Wheel Ty%e: 50 mm_vane wheel \heel Speed: 27000 rpm
. elfinavir free base is sluried or dissolved in a suitable solvent (such as

THF’, methanol, or ethanol). THF is the preferred solvent. A molar equivalent
amount of methanesulfonic acid is added, and the mixture is stirred until all solids
dissolve. The solution is added to several volumes of an antisolvent (such as
methyl t-butyl ether, diethyl ether, hexanes, or heptanes) that is rapidly stirring.
Diethyt ether is the preferred antisolvent. After stirring, the mixture is filtered and
washed with antisolvent. The solid is dried in a vacuum oven to yield nelfinavir
mesylate.

Specifically, this conversion was performed as described below.

Nelfinavir free base (10.2 kg, 18.0 mol) and 24 L of tetrahydrofuran were
added to a 100L reactor. Methanesuifonic acid (1.8 kg, 18.48 mol) also was
added to the reactor. The reactor was stirred until all solicis dissolved, and then |

" the solution was filiered into a 100 gallon polypropylene tank containing 306 L
methyl t-butyl ether or diethyl ether that was rapidly stirring. After stirring for 2

~hours, the 100 ga!lon tank contents were filtered, washed with 17 L of methyl
t—.butyl ether or diethyl ether, and pulled as dry as possible. The solid was
transferred to a rotocone drier and dried in a vacuum oven at 60-65°C (at least |
286 in. Hg or higher vacuum) for 12-72 hours or unfil the methyl t-butyl ether or
diethyl ether content of the dried solid was below 1%. If necessary, the drier
contents could be milled in a Fitzmill grinder to accelerate drying. Typical yields
of nelfinavir mesylate range from 9to 11 kg. (76% - 92% theory).

In this application, Applicants have described certain {heoﬁes and reaction
mechanisms in an effort to explain how and why this invention works in the




Drying Gas Rate: 75 kgsfhour The inlet and outlet tenperatures, -feed rate,"
and wheel speed can be adjusted to - optim ze output andzpaubiigtloeosi ze
distribution. The specific spray dryer used was a Niro Atom zer Portable
Spray Dryer, type HT (equipped for inert gas) connected to an active
carbon filter for renoval of organic s,o‘hvent resi dues. After the bulk 30
August 2005 -46 of the solution had beeH spray dried, the m xing tank was
rinsed int r A r, W 1.0,kg. 5% Al cohol,  USP, 190 proof. The
Cpray dri eabEy Mo i Bl Thede YosPhied dbd mackwNisToOM sRidRyyice! d.
Procedur e infomeatériad ipuapdds ety Nelydianisf a @9 BaRepband Byl Mekblpgvir
Mesyl ate Al tern%il vely, nelfinavir free base can be conve te(y 0 nelTinavir
mesyl at e = SREAEA RhYskal simechaiie! theewigfioperatiom. pr ocedure. Nel i navi r
free base is slurried or dissolved in a suitable solvent (such as THF,

met hanol , or etWilel jhe Tidentisnthes peeh alaseribed it @bims ARl ifus SorervPEENt
amount of .mehhgnesrgl fonic ac_lfd is added, and the m xture is stirred until
al | sol i ds®MAPYLETIR USHESRESITin PRATRIES Jhaer Skied iy enartwill trrsgnize that

ant i sol venfarictisdhansies Habimibdi 4| it i e . or -
hept anes) t hat isa?’g idly st_ilti?eimr?# ca?)i%te?\?ldggﬁﬂgpk dgbgﬁ'é‘gg&g@?efgﬁm?.

ant i sol verdnd p¢eRg oftheripveartion. ins dafinedria the appeodeddiaimd. washed with
antisolvent. The solid is dried in a vacuumoven to yield neifinavir

-mesyl ate. Specifically, this conversion was performed as descri bed bel ow.
Nel finavir free base (10.2 kg, 18.0 nol) and 24 L of tetrahydrofuran were
-added to a 100L reactor. Methanesul fonic acid (1.8 kg, 18.48 nol) al so was
added to the reactor. The reactor was stirred until all solids dissolved,
and then the solution was filtered into a 100 gallon pol ypropyl ene tank
containing 306 L nethyl t-butyl ether or diethyl ether that was rapidly
stirring. After stirring for 2 ' '



hours, the 100 gallon tank contents were filtered, washed with 17 L of
nmethyl t-butyl ether or diethyl ether, and pulled as dgyaggudt98gsble. The
,solid was transferred to a rotocone drier and dried in a vacuum oven. at
6065C (at least 26 in. Hg or higher vacuum for 12-72 hours or until the
met hy|CLAIMSY| ether or diethyl ether content of the dried solid was bel ow
1% |If necessary, the drier contents could be mlled in a FitzmlIl| grinder
to accelerate drying. Typical yields of nelfinavir nesylate range from?9

to 11 Kg. (Xﬁ%qméd%ﬁ?eﬁoér@igé)a%qu&hrﬁgfsfoﬁgm ation, Applicants have

|

descri bed certain t reaction né% anisnms in an effort to explain
how and why this invention worksgin té@de 30 August 2005 -47 manner in which
it works.. These theofita¢OgHd_nedhaniBns are set forth for informational
‘purposes only. Applicants are 0 beCbound by any particular chem cal,
physi cal, or nechanical' theor operation. Wiile the invention has been
described iin ternms of various préferred enbodinents using specific

exanpl es, tdeoywising | adding naw hacelyt gwolp medognieiridhajroupabeimgs changes and
nodi ficatign n_be made w.thout departing fromthe spirit and scope of .
the invent i%‘fr",rﬁ%st"a%f:?'ﬁ‘é’éiuf‘ﬂ Q?ﬁ%mé'gﬁejnded claims. 30 August 2005 CLAI NS - 48
|-~ A nethod of making a conpoupd ofgfornmula 3 0 conprising adding. an
racetyl group and a leavifyg grofip befng chlorine to a conmpound of formula 1
0 o form the conpound of “3.7@H . A nethod. of making a conpound of
formul a3 '

to form. the compound of formula 3.

2. A method of making a compound of formula 3

comprising adding a leaving group being chlorine to a compound of

formula 2

~ to form the compound of formula 3.

3. . Amethod of making a compound.of formula 4

- _60mpn'sing deprolecting a compound of formula 5

| ? o 5 O N8
: H OH g EH _



‘0 conprising adding a | eaving group being chlorine to a conpound of
formula 2 Ct-:3(0)C to formthe conpound of formula 3. §ay, &tgg%guod of
maki ng a conpound-of formula 4 conprising deprotecting a co%poun of
formula 5 30 August 2005 -49 by treatnent with an aqueous or al coholic
solution of an inorganic base, an aqueous or alcoholic solution of an acid,
a solution of a protic organic adPd and an i norgani c acid, or by
hydrogenol ysis with a palladiumor platinumcatalyst, and adding the

deprot ect ed - f 5l - : ] -Cl in an
organi ¢ sol 9@3{g¥@gﬂ%9fﬁﬁhtﬁ'@@§o‘%ﬁ’gﬁn‘% %%‘Cgﬂgir?%?gjhg,ﬁ %‘Lgf‘gﬁ!ﬁ ‘aﬁé&acet al - based
prot ecti ng bhasgpamn aquenoyed alndbslic agusionsoforn aloidhhal saduitondi ta ons,
pronoted by Lewi s acids, su&h as_ transition ngtgl hal i des Oé hal i des of
the group 3PHECArganigacyl and o iporganiaAr. athubyduganols it dienesul f oni ¢

and r el at edy Mm@ Platiivdh sldpi §p@ci ds, trifluoroacetic acid and related
organi c ca.r%oxyl ic acids with a pK of less than 2, and inorganic acids,.

such as sul adding, thehgejrotsivited icomprhusbhbforondad W ta icomgeiudg. oft, A net hod
of making a corrpognd of forrmula 4 conprising conbining a conpound of _
formula 3 i P"&brganic solvent with a cgmpound of formula 6 30 August 2005

CH3(0)CO

in an organic solvent to form the compound of formuta 4,

wherein the acetal-based protecting group is removed under
aqueous or alcoholic conditions, promoted by Lewis acids, such as
transition metal halides or halides of the group 3 metals, or by protic
organic acids, such as p-toluenesulfonic and refated alkyl and
arylsulfonic acids, trifluoroacetic acid and related organic carboxylic
acids with a pK of less than 2, and inorganic acids, such as sulfurc,

hydrochloric, phosphoric and nitric acids.

4, A method of making a compound of formuta 4
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o
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comprising combining a compound of formula 3
' ']

CH(O)CO,
c

in an organic solvent with a compound of formula 6




-50 to obtain the conmpound of formula 4, wherein the acetal -based
protecting group is renoved under aqueous or al coholi c;:,gwg,ghgtlp_@ng

Jpronoted by Lewis acids, such-as. transition netal halides or halides of

the group 3 netals, or by protic organic acids, such as p-tol uenesul fonic
and rel ated al kyl and arysul fonic_acids, trifluoroacetic acid and rel ated
organi c carboxylic acids with a” ﬁk of Iess than 2, and inorganic acids,

such as sul furic, hydrochloric, phosphoric and nitric acids 5. A method of -

maki ng a cqu)cyilgiq Ak C{)g{ rfé‘l ot 425 SOP conpri sing deprotecting a conpd
of formula 5 by treatne (‘?1 an aquéous or al coholic solution of an.

i norgani ¢ vdasrejn aﬂneacgfabaisbaﬁedalmomﬂtmg spbupi dn ofmovad aoddr a sol ution
of a protic_organic nd anlnorlganl Cld or, byggdro enonS|s with a

pal | adi um SGFIYP4ET Hus 085‘? gopditions (ﬁ’(ﬂ‘i‘??& tmeLews 6¢ cdhpound of

formula 5 ttﬁhrﬁsutﬁﬂﬂﬁ@ﬁﬁldwéﬁﬁeé%mﬁhae§ of%e' 0@ 305 CosBY rblic to forma
conpound of fornmula 4, 30 August 2005 - and converting the conpound of

formul a 4 twgene esidsousierhofas fmtqhuﬂersesmfbv;mq rasut rmektedi atkyhearhnesul f oni ¢
acid. in a I rein the ace based tec ing group is
r emoved un%’er?&ggogﬁcggﬁggo\r{ﬁﬁdrg%? X agigﬁ\ﬁp?l aggd pr afbtG gag))?xif Wi s aci ds,

such as acids with a pK of less than 2, and inorganic acids, such as suffuric,

hydrochloric, phosphoric and nitric acids.

5. A method of making a compound of formula 7
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comprising déprotecting a compound of formula 5

by treatment with an aqueous or alcoholic solution of an inorganic
base, an aqueous or alcoholic solution of an acid, a sol'ution of a
-protic organic acid and an inorganic acid, or by -hydrogenolysis with a
‘palladium  or platinum éatalys’t, and adding the deprolecied

compound of formula 5 to a compound of formula 3
' 0

" in-an organic solvent to form a compound of formula 4,

CHA(0)CO_




transition metal halides or halides of the group 3 netals, or by protic
organi ¢ acids, such as p-toluenesulfonic and related alk hugaggﬁgglsulfonic
acids, trifluoroacetic acid and related. organic carboxylic™ acids with a
pK of less than 2, and inorgani_lacids, such as sulfuric, hydrochloric;
phosphoric and nitric acids 6_ A nmet hod of making a conmpound of fornula 7 -
C-H a3H. conprising conbining a conp d of formula 3. in an organic
solvent with a' conpound of fornula 6 0-fogﬂ59 conmpound of formula 4 30
August 2005 --52 and converting the som¥sund of -formula 4 to the conpound
of formula 7 by treatnment w tth ?1?ﬁ§gg§u fonic acid in an organic solvent,
wherein the, .acetal -basedprots

ctiinq grjoug +# s renoved under aqueous or
al cohol i ¢ conditions, : pronot &d-by ‘Lew's aeits, such as transition netal
hal i des or halides of the group 3 netals, by protic organic acids, such
as p-toluenesulfonic and related al kyl and aryl sul fonic acids, o
trifluoroacetic acid and rel ated organic carboxylic acids with a plK of
| ess than Zndardniéaingatie caaiplfinds of foaswutul4 usi the cbypoesil of i c,
phosphoric and nitric acids ABSTRACT | NTERMEDI ATES FOR MAKI NG
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solvent,

wherein the acetél—based protecting group is removed under
aqueous or alccholic conditions, promoted by Lewis acids, such as
transition metal halides or hal_ides of the group 3 metals, or by protic
organic acids, such as p-toluenesulfonic and related alkyl and
arylsuffonic acids, trifluoroacetic acid and related. organic carboxylic
acids with a pK of less than 2, and inorganic aci_ds, such as sulfuric,

hydrochioric, phosphoric and nitric acids.

6. A method of making a compound of formula. 7

- CHSOM

to form a compound of formula 4




HI'V- prot ease inhibitors inhibit or block the bi ol ogi cal activity of the

_HI:V-protease enzyne, causing the replication of the H B0wWugus 2005
, term nate. These conpounds can be prepared by the novel nethods of the

present invention using the novel inventive conpounds and internedi ates.
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and converting the compound of fdrmu!a 4 to the compound of
formula 7 by 'treatment with methanesulfonic acid in an organic
solvent, S
wherein the - acelal-based protecting group is removed under
aqueous or alcoholic conditions, promoted by Lewis acids, such as
' ,tfansiﬁon metal halides or halides of the group 3 metals, or by protic
organic acids, such as p-toluenesulfonic and related alkyl and
arylsulfonic acids, trifluoroacetic acid and related organic carboxylic
acids with a pK of less than 2 and inorganic acids, such as suifuric,

hydrochloric, phosphode and nitric acids.
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ABSTRACT

INTERMEDIATES FOR MAKING HIV-PROTEASE INHIBITORS AND METHODS OF
MAKING HIV-PROTEASE INHIBITORS
HIV-protease inhibitors inhibit or block the biological activity of the HIV-protease
enzyme, causing the replication of the HIV virus to terminate. These compounds can be
prepared by the novel methods of the present invention using the novel inventive

compounds and intermediates.




