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WD 2005/ 077957 PCT/ US2005/ 003390 METHODS FOR MAKI NG
3- 0- PROTECTED MORPHI NONES AND 3- 0- PROTECTED MORPHI NONE

wWObEBOL7IEARBOXYLATES 1. Field of the | nventi oPCTO82005/003390

present invention relates to nmethods for making
3-0-protected 5 norphi nones and 3-0-protected

7o pMESHORS FOR MAKING 1-Q-EROTHETEIMORPHINONES AND
al so r SrQtRROTEGEED MORPHINQNEBIENOENGARBQAXYLATES
ketones fromthe corresponding prinmary and secondary

al cohol s, respecti vel Y- Iﬂeld%ﬁﬁ@f gﬁogf the I nvention
l\/brphl ne and structural m#ogruﬂnmm e (the
"mor phi ne ahk @fe@érdSn\)entldlﬂreSkalmoaﬁeth@didbﬂﬁ),akmg 3-O-protected
hydr ocodone, hydronor phone, naloxone nal t r exgne,
BioyRisaes 2ahd-O-8 ?ﬁﬁ?‘ﬁ%@%“&né disaghcarpoxylaiesy ekhiepresent invention
?LSE&%?H ﬂ@mga 4195 maldl3 i HRE QA% REL RBRY the chresponding
alne, are use art g materi prepa I ng
prialagyesidcsenmidaty aieolﬂilskadspecds/ely However, thebaine is
only a m nor conponent of the norphine al kal oi ds found
in the seeds of p@ppBagkground offlit Kiveitiei i c met hods
for preparing thebaine are relatively costly 15 (see

U. S. Pat enMqphing angstrusggalgnglogs O&moEPbé‘fe (&he ymorphine alkaloids™)
el 18HER ] ﬁﬁJco@(‘ﬁﬁet R dtomyfhbhe, nildxBfe, %agre‘i[sﬁtb ¥kycodone and
erivative i none di‘enol’ acetat’e, Is

myrphnph_eneidirk akel id auslgémt pfescr_lmmphmgsn g)thelahgmphlrle aaaldgs, e.g.,

n{ agoni sti hi ne aI oi ds such fs nal o
e et bW sl B el CbrreaT ahaliesis MOBat B bkgids.
@'10%3817 #febhife IFM?HTQ a §linét co)m oS If 'ﬁ%oﬂihﬁfé‘ﬂlka@&ﬁﬁ fJuld in the
can be prepared 20 oxi datl on of codéine to
seadeioh pm;pyfpiarlts)\md sinythetiymethpdmfog Q@@arng ebaing ge relatively costly

AT b AP BTR )y 1 e

and are g%ﬁélﬂbﬁé/dl@ﬁ(ﬂﬁ@ét@l‘é Witichxd de3Lomahyltdegivative of
correspondi ng 3- Qorot ect ed- nor phi ne fol | owed by

mopplinprardienyl geqtefer is gfmarpaise a@tﬁ@ﬂb\d@i@é@l‘e@rﬁwr%ﬂnﬁ@ﬁgc and
%sg&}ls&caﬁle }ﬂeaaﬁﬁmp L@E%@JRE@QQ%#ﬁﬁ@e*&e@nﬁ%ﬂ?@o&?&@ Blee, e.g.,

ne a OW ng parag
IIES Aeagerit <Nd< 5008, 79&td‘|Hdmgf¢ﬂral MmakoduindheQlierpl atetaté eah be prepared by
@x ag%algggqeﬁ%ggl%ﬁgéﬁ t 0?01? ; eyn%?'[ailglsl Segde! ggU S. Patent No.
%(ggr@grwyﬁ% Phifs. and codei none is 3-0-

I mor none. §30 U S. Patent No. 2,654,75 to
Horreyer et Qther 3d@smonebteé-mdrphmem:dmmi catboxy:l@td:e iaregkngivniand are

{aglﬁrlilf{rp ﬂgﬁtggrlf:é‘& Eﬁ,(lﬁi]atlctn? gfl tge cor?gs%o ing g)g ¥ tec e %(n%rr]pqnne followed

by acylation. A number of these 3-O-protected-morphinone dienol carboxylates have
been used to prepare other useful morphine alkaloids.

The following paragraphs relate to known methods for making 3-O-
protected morphinones by oxidation of the corresponding 3-O-protected morphines.

Codeine is 3-O-methylmorphine and codeinone is 3-O-
methylmorphinone.

U.S. Patent No. 2,654,75 to Homeyer et al. describes the reaction of
codeine with aluminum tri(tert-butoxide) and methoxycylcohexanone in toluene to form

codeinone, with yield of codeinone reported to be less than 50%.
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codei none, with yield of codeinone reported to be |ess
t han 50% WO 2005/ 077957 PCT/ US2005/ 003390 N nan et

wW@bkeo5/0Te5T ahedr on 48: 6709-6716 (1992) descri beBCt/182005/003390

reaction of 3-Odinethyl-t-butylsilylnorphine with
manganese dioxide in chloroformat 25Cto form )
3- O di et hi¥inan-ebut. yTerdhgdnen 4816709166 16 THO2Ndesaribestthgreaction of

I : i b h tion of . o
SRR s RER B RS M BRI A0 ewpregmag e o
FIRDNOWTHREYI Wbhe/ il BnépHindnéret hyl nor phol i ne- N-oxi de
i n di chl oronet hane at an unspecified tenperature to

f or m 3- 0- dTheNinan-er al. ifesgned al§9 deserbesibaecartionaefoli-dewghyl-r-

ield..US. Pat No. .
Hulsflvmorshing M ETerliop B it pbfu bR Nhethyimorpholine-
SosHlien dielvmehetiand andi inspéadifiédrenperafirDhdnn 3r0ddimethyl-¢-
oxalyl 10 chloride in the presence of base (the "Swern
bty ey Pl peReiaebputf6% 7’8%1 o provide the
cor r espondj z y i ' %o Y i -O-
Pat ent No. Ug@(ﬁge%gglg %Pg%mdgscr [ gé Z?é%%ﬁ“{%%gthe réaetion of 3-0
Zecylherphihawith hicomplexdermei ofi dimethglsnHoxide (POME Oy and walyl
3-0-, benzyl nor phi none i.n 65% yi el.d. However, the L.
AIEAS BbE protis of g@&érhﬁegwgfIY PRGRjonPracesgjan TC to provide the

' - iR6he D139 PieldTU BhPAENEANS! EIBINETIBtdD
%@ggﬁﬁﬁ%?fg&éi ne h]jelsseul fi de91as a by- pr‘%duct@D{espi te
titresibesdeaatingt3e@-heseylowsphincendsr signitar aenditionsdel pfayide 3-O-

PP ohisghe Ao, T i R B BhEE b s arqupgy t loas 25
alomte qhivaleRR O DMSOTRE bivlesf mEphine dad gblegatt mard6tvus

because it avoids the use of aggressive inorganic
dimathylswfideata b proploctvh02 and is general Iy useful for

oxi i 21 9Bl R e R0 aReRTMA, HheRliohsinl § heRR b ved

and ketones, Tespectl exanpl e, Luca et
alethodd forGhgking Br@vprobétetIdrphiges. (2001) descri bes the

reaction of_ prinmary Qr, secondar cohol s, wth
conpl ex f pffhgéwefn Sxifsion ers ?%ﬁ@%%ﬁﬁ P%‘?ﬁ‘&e?}& focus of
Considefable fe?eatr&{, hREWEE Rfav50 e ubEloE ggg?'éssiv%ngﬂgﬁ‘nié BRidants such as

presence of triethylamne to providé the correspondi ntlzj
Mm2andes genedal atsofub for oxlizieg paoaryaidseceqsiasvaeghols to aldehydes

mal pdor ous di et .h ul fide i orned, a by~

574 Riigne: Esiech iy KRLeramREI: ek Ahrt S7e. S deLigo7-7909
ﬂﬁﬂ? dERAbENhE Beaktiéh SHRHMarg ok Setoh @4ty aRbB6IE WEthod complex formed of
evel oping nore attractive alternatives. The fol |l ow n

PAISrag oesamr sk AN It THE) it S0 in e
dsgraag it fetsa
R f iyt Pyl e Bo Apbh e RIARGRS B kethss,

dapedtiveBs How@wr, malodorous dimethylsulfide is formed as a by-product of the

reaction. Accordingly, much effort has been spent modifying the Swern oxidation
process or developing more attractive alternatives.

The following paragraphs relate to known modifications and alternatives
to the Swermn oxidation processes.

Nishide et al., Tetrahedron. Lett. 43:5177-5179 (2002) describes a low-
odor Swern oxidation process using dodecylmethylsulfoxide as the sulfoxide reactant.

Harris et al., J. Org. Chem. 63:2407-2409 (1998) describes a low-odor

Swern oxidation process using polymer bound 6-(methylsulfinyl)hexanoic acid as the
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odor Swern oxi dation process using
dodecyl net hyl sul f oxi de as the sul foxi de reactant.

wolaoosiosest al ., J. Og. Chem 63:2407-2409 (1988)/US2005/003390

descri bes a | ow odor Swern oxidati on process using

pol ymer bound 6- (nmet hyl sul finyl)hexanoic acid as the
ulfpgide 0eE120Y, 208 Theruiforide aersapb sBOlr regeneraisd b reaction of the

t.ant h | foxi de reactant can be
Sruzfa‘:’beyr Og%cq h}‘ﬁgﬁir on of the sulfide by-product

wi t h Nal 04An Anerﬂhﬂi@rtaalﬁé sr\eemeeztdmen Wsarllﬁaﬂaﬁtd@éy érsal., J. Am.
described in Corey et al.

Glaerr.5g6- %WG(lw A 97%@?"63 a P}B’I"F%PS/S“@PH%YE éﬁﬂlé?lys reacted with a

%’“‘ﬁ%&ﬁ B PEAETRNA: SRR IETHER) o Clygt,25°C i
pde:%&{?zeldﬁ atbase ?meemﬁyamm (ﬁumma”)(tb tiernt Gercesredfiomling aldehyde

R, esRsbe ey P M fotre) (e ByF D) BRbFidgion of 2-

%)h leR&HF F&rﬁ'gtchfo?&?klo%@x&fe rathelChh 210§4BRNenb. Rdditionally, the

orocycl ohexene rather than 2-cycl dhexenone.
dddiibédgmaddsy uses Immlodinwdlmedhybnlfabsas ageagenyral odor ous

di met hyl sul.fide a

Tet r ahedr ohfl %’3836[8 592%9%308?%825) ‘Peﬁ%f%!l“’é&é?w odor
€6l ﬁl@dﬂdi'ﬁirbéygs th@l‘é%%ﬁnﬁ\&}? b€ sétoRdAryRIbhENis reacted with
secondary al coh is reacted with CH3S{Cl2H25) and

&BsS(ﬂmth)eaqder@@ m@e@respnqeezf hiyiethyyl anging at -44%¢ bup the deparibed
gr?)gf%srﬁ élls)egsdlﬁt ]]e% gcgio dy pe%%ess%? s?lf?’(fe a?)ﬁ%lé@ E%I mgl)é %? iRohol.

these descDedped thest degtsibed hrtods,ah@t Ii‘ﬁnﬁnﬂe ackdf fOf 1mproved
i mproved 15 net hods for oxi d| zi (g@ mary or secondary
metigfb{os ok liZing PRBARSSEFRIIARY al¢ dlae gprres R%ld&we%ldehydes or

YeryCG tation of any reference in Section 2
Eeﬁ&?&ﬁ Itek%(f%p} T¢tion is not an admi ssion that the

ref erence Cﬁatmn arangr¢feteact meSeapiph R ofthipappli2@id is not an
of .the.lnvention The pre i nvention rel ates
i“gmﬁﬂf’ H@%@d?fefWﬁfﬁfﬁméﬁﬂé? H'E}IWBEC%‘P ket one fromthe
correspondi ng primary or secondary al cohol,
respectively. In one enbodinent, the invention rel ates

to methods for naki Ag Summany ef thedonentieri ng al | owi ng a
secondary ?Leggr%?%v%veétel%% %Elagﬁzt%he (ﬁl onf%%nf)nc’gya% aldehgde or

compound o rolso

R&bAk ROE the &ﬁﬁd@pd}ﬁlﬂ@g’ OGLLE ] drls@cnﬁldSﬂyfaflddth Réspe@ivieBk e

t he ketone, wherein R and R2 are each independent]|y

- (C1- C20) am@qe embodgnery) @9 @V@apqry{elat@srto%@@;sﬁor mﬁkmg a ketone,
ANBhAHe ARAHE T80onakd) 1 RhEFE ack T8 b deBr'Binpbnd of
formula R;SR;, trichloroisocyanuric acid and a base under conditions sufficient to make
the ketone, wherein R; and R; are each independently -(C,-Cyp)alkyl, -(C3-Cs)cycloalkyl
or -phenyl.

In another embodiment, the present invention relates to methods for
making an aldehyde, comprising allowing a primary alcohol to react in the presence of a
compound of formula R;SRy, trichloroisocyanuric acid and a base under conditions
sufficient to make the aldehyde, wherein R; and R; are each independently
-(C,-Cyp)alkyl, -(C3-Csg)cycloalkyl or -phenyl.

The present invention also relates to methods for making 3-O-protected

morphinones.



maki ng an al dehyde, conprising allowing a primary
al cohol to react in the presence of a 30 conpound of

wo eoostasSRISR2, trichl oroi socyanuric acid and BChES®05/003390
under conditions sufficient to nake the al dehyde,
wherein Rl and R2 are each independently .
- ( C1- C20) alnkopke embpd@nams)ths iventicnelagas to giedhngds formpaking a
g{eseng ggvenhiqﬁ,also rel ates to nethods for naking

MRPBPO LT EY r phi nones. 3 WD 2005/ 077957

PCT/ US2005/ 003390 I n one enbodi
relates to nethods for Z 2
(I'1): NCH3 R3-, OO
a conpound of formula (|
OH (1), to readb~i. s
formula RLISR2 and a chl ori
conditions sufficient to nakg
(1), wherein: 10 R1 and R2 are &
- (C1-C20) al kyl, -(C3-C8)cycl oal kyl |[for -phenyl; and R3
is a protecting group. The present gnvention al so
relates to nethods for making 3-Q-protected dieno
car boxyl ate derivatives of nnrpﬂ none. 15 In one

i: i [ rel ates to net hods
5 fdg?ﬁ?rsg%e ggozﬁ@% RaPERA of R0 (@P

npri sing, allow ng
, OO0- -Y 11-1

) reagent under
pund of fornula
i ndependent |y

N_CH3

Ra\o

D,
to react in the presence of a compound of formula R;SR; and a chlorine-containing
reagent under conditions sufficient to make the compound of formula (II), wherein:
10 R; and R; are each independently -(C-Cyp)alkyl, -(C3-Cg)cycloalkyl
or -phenyl; and
Rj is a protecting group.
The present invention also relates to methods for making 3-O-protected
dienol carboxylate derivatives of morphinone.

15 In one embodiment, the present invention relates to methods for making a

compound of formula (III):



conmpound of forrmula (I11): 4 WO 2005/ 077957

PCT/ US2005/003390 NCH3 R3-, O RA CO I 0O (I11),
wa@ewpni®sng: (a) allowi ng a conmpound of for mul BCT/U$2005/003390

NCH3 R3--_ OO 5 OH (lI), toreact in the presence

of a conpound of formula RISR2 and,a

chl orine-containing reageqt unde

sufficient to make a m ONPriNg

formula (11): NNCH3 R3 (11); and (b)

all owi ng the conpound of | to react with a

first base and afi™aeyl atT¥ 1 ormul a

RAC(O OC(O R4 or RAC(O X unyer cg pbns sufficient
& ), wherein: 5

ng a conpound of

Ry \C /O
I
(111),
comprising:
(a) allowing a compound of formula (I):
N—CHg
Ra\o
ol
5 OH
D,

to react in the presence of a compound of formula R;SR; and a chlorine-containing

reagent under conditions sufficient to make a mixture comprising a compound of

formula (II):
N_CH3

Ha\o

10 o)
(ID;

and
(b) allowing the compound of formula (II) to react with a first base and

an acylating agent of formula R4C(O)OC(O)R; or R4C(0)X under conditions sufficient

15 to make the compound of formula (III), wherein:



WD 2005/ 077957 PCT/ US2005/ 003390 R1 and R2 are each
i ndependent |y -(Cl-C20)al kyl, -(C3-C8)cycloal kyl or
WO piheny19s7 R3 is a protecting group; and R4 i SPCT/US2005/003390

-(Cl-Co)alkyl; and 5 Xis -, -Br or -1. The present
invention also relates to novel conpositions usefu
for oxi diBiang R a5e pashripdependeadly nfar GaodallednéCs- C@)Cﬁﬁoalkyl
aI dﬁeh Fle or ketone, respectively. |n one enbodinent,
e 6’&ésent invention relates to conpositions
conprl Si NOR Ais apipettig @buf;andul a RISR2,
trichl oroi socyanuric acid and a base, wherein 10 Rl
and R2 ar ReisclCirhaePobasdt |y - (C1- c20) al kyl or ,

5 -(C3-C8) cy Iso%lkxiroqr -phenyl.  The present invention
al so rel at es t o’ novel "3-0-protected dienol
car boxyl atﬂmmesemamvmmn@ﬂsormtamm aoeel cbmpositions useful for

égnblggllggerﬁ?{r%ar% P)F pf)conéa%é @]é;p Vletgtgrll %gi {%Ae or Setotn% r%gp ctiv rly

-Si ((CL- CI) 'elé}ﬂb})érments'tﬁ@ﬁﬁékf)n‘ fnkehiléh it t))%omgbsmons
-Si (aryl)2(Cl-Cl0)al kyl); and R4 is -(Cl-d

c'blnmrprrgsauﬂnpqwé of famubel e, tunl@llemsqo;wlmraeld andl eybabgl wherein

erence to .the follo
10 Ry piofeis v ibdchepiauly TSkl op RS SHRIBI Br Aav.
20 enbodi merY Sre@int fvntidhVA4Y delifes té noQﬂBaﬂ)lIﬁéitected dienol
Description of the Invention 4.1. Definitions As used

¢aehaxiytate derivatjuescofiraorphings® " 3- 0- pr ot ect ed nor phi ne”

For mira (110t GBPBHRRHE b R P RO G sBlpromssof

forohQlaNHOMH/he2id: 11 9 1s
15 R3 is -Si((C;-C)p)alkyl)s, -Si(aryl)(C;-Co)alkyl),, or
-Si(aryl),(C;-Cjp)alkyl); and
Ry is -(C;-Cjg)alkyl.

The present invention can be understood more fully by reference to the
following detailed description and illustrative examples, which exemplify non-limiting

20 embodiments of the invention.

4. Detailed Description of the Invention
4.1. Definitions

As used herein, the generic phrase “3-O-protected morphine” refers to the

compound having the structure of formula (I):



314 R3--~, 126 0q9q 130567 H(l), wherein R3
is a protecting group. A conpound of fornula (la) has

wo b@sptscture: 16 17 1 10 NNCH3 2 / 11 s 15r&/URB04/003390
12 13146 57 q6 /O 5H(la), whherein RBis a
protecting group. As used hereln,1ghe eneri c phrase
"3-0-protected norphinone" ;referg 2 ih.e onpound
having the structure of, f gFw 16 1‘7 10 N-CH3
211s 153 14 R3O0 4

Ra\o

D,

wherein Rj is a protecting group.

A compound of formula (Ia) has the structure:

5
(Ia),
wherein Rj is a protecting group.
As used herein, the generic phrase ‘“3-O-protected morphinone” refers to
the compound having the structure of formula (II):
10

(1),

wherein Rj is a -protecting group.

The compound of formula (Ila) has the structure:



10 0 (Il), wherein R3is a -protecting group. The
conpound of formula (lla) has the structure: 7 WO
wWQ@e@500P3D57 PCT/ US2005/ 003390 16 17 1 10 N Cr8r/u2023/003390

1I5H 9 3R3--, 12148 0q 13 O0----- 567 0
(I1a), wherein R3 is a protecting,group. As used
herein, the generic phrase,"3-0-prote -q}gnrphinone
dienol 5 carboxyl ate" Jjekerg, Lo onpound havi ng
the structure of formnul{ 46 17 1 10 NCH3 2 11
s 15 3 14 R3--, 0 q 1 ﬂ!r; Rg O 11

Ra\o 12 8

(Ila),

wherein Rj is a protecting group.

As used herein, the generic phrase “3-O-protected morphinone dienol

5 carboxylate” refers to the compound having the structure of formula (III):

NG

O

O

(11D,
wherein Rj is a protecting group, and R4 is a -(C;-Cjp)alkyl.

10 The compound of formula (IIla) has the structure:
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O (Ill), wherein R3is a protecting group, and R4 is
a -(G-Co)alkyl. 10 The conmpound of formula (I1I11a)

wha®msphmsstructure: 16 17 1 10 NNCH3 2 / 11 9pC/BSB0L#03390

R3--, 20 q 12 13 8 0----- 57 6REO (I 0 8 WO
2005/ 077957 PCT/ US2005/ 003390 (llla), wherein R3 is a
prot ecting group, and R4 is @akc -d o)al kyI As used

e term"hal o f -1
WEE Bl et e alBys and R KGR GIGF reans s
sat ur at ed A% hsddHereiihae rermB‘haro”basfamh -Eh@il,nBr or -1.
hydr ocar bon haV| ng from1l to 10 carbon atons. ) )
Repr esent afp yéed hesginethe ams r(CarGrialkyhamgans a saturated straight-chain

(grq;r%ﬁno%h% rhﬁd?oc%%l?qn ﬂﬁ%gr%yéﬁom 1851y lca%)oﬂ aﬂ{n%oyﬁepresentlatlve

exyl -n-octy
samurﬁteﬂ)stralghdcham ((ﬂa e¥lh)alkiéyare SIﬁBlh&I, l-elhylsat puoayleeh-butyl, -n-pentyl,
branched - kyls are -is - Sec

al
ROy hepO e oo pimonsh b aeRi KeblsensalE aFukbranched
ﬁpls é%o&%g}lalsléy 'butymE?sesu@ s@hiurf1eshd the like.

gtral g a| n or branched hydrocarbon having from
1to 20 caAbumecbhemm thiRespme s€ht Go)alley!’s mieamsat sstirated straight-chain

cs)’t l;rgllg(g]ﬁé p%‘r%ﬁn Bé]&,\fl\grzlgo ﬁogle]x oy%(fjl ca‘;‘%orﬂ% %( Reprﬁseﬁlga&ve saturated
st&n?ﬁwhm (ENLOIDAKYIs arLnstRep] -ettryl -5 I -0- b@yldqﬂp&wl, -n-hexyl,
-n-tetredecyl, -n-penta ecI

-mhemt;y(lad)e@gtyl -n—nomé,ppalgéy;lyfn undgcyle trag@(bsyyl “n-tridecyl, -n-tetredecyl,

POBSREF h TSREA y  EE 4 DB o
Negdimiting examples of saturated branched -(C;-Cyp)alkyls are -isopropyl, -sec-
butyl, -iso-butyl, -tert-butyl, and the like.

As used herein, the phrase “protecting group” means a group other
than -H which is useful for protecting the 3-O-position of the morphine, morphinone and
morphinone dienol carboxylate from unwanted reactions. The protecting group can, if
desired, be replaced with -H or another group after forming the compound of formula
{1I).

As used herein, the phrase “anhydrous” when used in reference to an
organic solvent, unless otherwise defined herein, means an organic solvent having an
amount of water that is less than about 0.01% by weight of the total amount of water and
organic solvent.

As used herein, the phrase “chlorine-containing reagent” when used in
reference to the morphinone-forming method or morphinone-forming step refers to a
compound or complex having a reactive chlorine that is useful for promoting the
formation of the compound of formula (II) from the compound of formula (I)

As used herein, the term “isolating” when used in reference to a mixture
comprising a compound of formula (I) or (III) means separating the compound of

formula (1I) or (IIT) from the organic solvent, when present, and water, when present.
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15 butyl, -iso-butyl, -tert-butyl, and the like. As
used herein, the phrase "protecting group” neans a

w@emap7osher than -H which is useful for protertT/nsodiI@3390

3-0-position of the norphine, norphi none and

nmor phi none di enol carboxylate fron1unmanted reactlons

The pr ot ec#2n]Metheds ] : o

with -H or another group after forn1ng the conpound of

f or mul a 20A§ hotell abdwee, dﬁaqn‘edwt‘ mventiontrelatel tamethods for oxidizing a

anh drous" when nre e to an o0 ni.c «
e S AR I f08n 2 e EAF HAPLTH, eIy e “carbonyl-
fH’rﬁh | Gethod’ ‘ﬁe@ongﬁi‘édrlg ka3Bwn aiERRUs, BE pY@RERMAthads foBoxidizing
Iess han about 01% by wei ght of tﬁe total anount of

peery arndeondsgeraloboianda s opsuwssnier endiamendior vit

Pr B Sl B FERARL A FERYRR e BRpRpeed Tn

nor phi nonepdf éiednibdshen, ﬂhef:&benj'rICfoﬁnm@Qﬁmmm&brﬁmises the use of a
conpl ex having a reactive chlorine that is useful for

bl%ﬁ@ﬁrl%giaﬂﬁépr‘fcéiisrmt ion of the conpound of formnula
(11) from frp %ﬂﬂ%o{hegpés llﬂvén'tlgm‘?élat%%da BEfBH For making

the term" in reference
mkmué Qom’@ﬁsmg mtlbwmg,rvgseaomnjoduoitbl ob rdadrlnmlheapl(etdn):e of a

(I nmeans separating the conpound
(Pmmqwd)of forale ReSter g&#ﬁc&ossawgmc awﬂ and %B et %?Hd“wns
g’@c:&r tg'}ﬁz?(ggfgg%aﬁa “%_e}/éﬁ?l ﬁgods Z ZI%%ZCI} 1ndependently -(C1-Cyo)alkyl,

di zing Primary
q&&hmmwléﬂ@hmﬁs As not ed above, the present

t | ates. t ods f S e .
Ve o B PR S T i
Eﬁﬁﬂ 8&d bMABER cRAMBIKYE alkeRNY hnd A1Ry1YI PEima®Y S166hols including

Conpared to known nethods, the present nethods for

ermapph@ 13“29’1011 Iﬂﬁp“}‘t@d %@ém&uwla? eb Rdiezaral3-gisthyl-2-pentanol,
gfaé‘%t%}% gg 'flnql ){ynofj‘érmgtﬂgdj h%rﬁﬁ?c}%afﬂé;gﬁno‘f@ Hlehlg?-ﬁ%exanol,

1 za [ on’of nventi o
prf@RgisERexanol, Shaectayibpéexanot, 3- dtlilfl -5 perivamy,| 3, 3-dimethy-2-pentanol,

nmet hod corrprl ses the use of a odor oxidatjo
probesdstiimanscbisodrmin oReangl QiR h e hgh-heptanol,
ﬁ%&h térr&{[eg ARehyi 8ln bg,2- 31911 #f%t-[%'ﬁ%nol 2,4- dlmethyl 3-

conpr SI n ow ng "a secondary al co o react
phtaol £ ethgk 3 gen@anolc dregnilHdebenfanblh Arheptansl]l R the llke cychc

tr|c | or oC uric |d and a base ynd condj.t i
SHOPAET SffEo SEE DRETRARBEhS SyTaREn pogRgaRD ot {1 wherein

?@‘?J]a Rﬁ%ﬁﬁg‘ dRD! Nkylak 's&%miﬁ‘ylﬁlfdohols s(&PasABpeersl-Qaktanbl,

1 phenyl 1- propanol 1-phenyl-1-propanol, and the like; dialkyl secondary alcohols such

as diphenylmethanol; oligomeric and polymeric alcohols such as oligomers and
polymers of polyvinylalcohol; and the like.

In one embodiment, the carbonyl-forming method comprises the use of a
compound of formula (I), wherein Rj is a protecting group.

In one embodiment, the carbonyl-forming method comprises the use of a
secondary alcohol of formula (Ia).

Non-limiting examples of protecting groups useful when the carbonyl-
forming method comprises the compounds of formula (I) include -(C;-Co)alkyl; -benzyl;

acyls such as -C(O)(C,-C)p)alkyl and -C(O)CsHs; carbonates such
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Non-limting exanples of useful secondary al cohols
i nclude straight- 15 chain and branch-chai n al kyl,

wa@bdosnylos7 and al kynyl primary al cohol s i ncl udi Pgr/US2005/003390

2- propanol, 2-butanol, 2-pentanol, 3-nethyl butan-2-ol,
2- hexanol , 3-net hyl - 2- pent anol , 4- nmet hyl - 2- pent anol ,

& KEQUAET- C@)aﬂgﬂhyilylssmaﬁtﬂ(cl Qw)ﬂé‘ﬁtl)amﬂl(,aryl)((cn -Co)alkyl),

gl({%{(ﬁ{)il)zéch-@@%ﬂ) %hosgl%3 H@(%/)Jld% sggﬁé 2 ?)(CH3)2, phosphinesulfides

shcB a8 LPE@Y(OH )2 aﬁkﬁm{yﬁﬁlﬂ)mates?suéh dé FB{OD@CBHJ peHANol
4, 4-di meth | - 2- pent anol, 3-heptano

2- et hyl - Wlmg@ the ﬁgpﬁg,yl fgnﬂlélstr%ﬁql@ﬂd comprises the use of a

R A i
‘C(ﬂ)bﬁﬂ:reromﬂmlﬁnm((c14CJBW}¢BD43;1(35§I1IN(G1|‘@10)311k§&)2, cyclic

Sapanr S orioD, AN Gt Bl UG C ol bi o SOSoCH.-

%F p; al kylaryl secondary al cohol s such as
- phenyl - 1- et hanol, 1-phenyl -1 -propanol,
1- phenyl - | hmmpmﬂmldimandhe habbhjdefprrdinglnkqﬂhoctsmmndas the use of a

al cohol,s uch 2 eny t hanol ; oligomeric and
(HPWPE a §Vsn§: ‘ﬁié 3gorrers and pol yners of
pol yvi nyl ahﬁ;ﬁia.q{er emBEdihteat, thk@rbdnil mm@dﬂoa&tampng&&he use

carbonyl -form ng nmet hod conprises the use

ebhpuupaingfof f@‘rrmlﬁ @, Mlyerelaﬁerl@sm((@ecmalhylpw o‘il@éﬂb@g Cioalkyl),,
0 di ment, the carbonyl-form ng nethod

gronp(grylégb't‘g@)aﬁggpof a 30 secondary al cohol of

formul a (| B anobtiRf embodimeng tiexatipdrss-fatning olethoticomprises the use

groups useful when the carbonyl - formng method

elotnsPmpadnd ofdforawa shnyhergm R ndi(& Gly Br-ude

-(Cl-Cl0) a .
(0 (1. by st PrRGemen, 4¥afpaist hing mthog coppgyesthe use

Y 2R0EHHE 08 Wﬂymn B0 38U CH3x(C(CHa)3).

-C(OQC1-¢C10 Ikl;.'II h .

S (1 G ca by Aol Pbodigent, By Siteas Feonsion efisso a magghod for
tnak{n@'a¥laldeh G del c&%@hﬁhg Xiléwm%hﬁﬁrﬁﬂé.r? QARGhAS r&deEth 1BE Bresence of a
-P(O(CH3) 2 phosphi nésul such as -P(S)(CH3

Mpwloﬁmmmtz  DishlarcisoGRayE s ot Chise shiigmeitions

EI 18%1;1&?%%(6%3%8% 30 n\?h?rgfr)l:mll arr]l l{matreh g\%dchcig&ﬁ)r %%ﬁgt he
ARyB-(Gst r Cl- c1o | kyl ,

R TR P (ﬁ%?%lo) S n) 5

_Si (aryl ) ( Nen-lmigpaexamples § prglﬁraraiﬂomle @@fubmsl%mwr)yl-

B AL i,
alikeﬁ)ydnadd dlloynyl pmeamt diashotsonph as methiahel, ethenadf n-propifol, n-butanol,
2- mem)lf'ig%pgrflolf r(l) rf)fqrﬂgr?ol i-)rrieth\/\){(l]beurtgrilorl], ﬁrgneithsylt;uga_lg)l, n-hexanol, 2-
methylpentanol, 3-methylpentanol, 4-methylpentanol, 2,2-dimethylbutanol, 2,3-
dimethylbutanol, 3,3-dimethylbutanol, 2-ethylbutanol, n-heptanol, n-octanol, n-nonanol,
n-decanol, and the like.

In one embodiment, the carbonyl-forming method comprises the use of a
compound of formula R;SR,, wherein R; is -methyl and R, is -(C,-Cao)alkyl,
-(C;3-Cg)cycloalkyl or -phenyl.

In another embodiment, the carbonyl-forming method comprises the use

of a compound of formula R;SR;, wherein R is -CHj3 and R; is -(C,-Cyp)alkyl.
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I n anot her enbodi nent, the carbonyl-form ng nethod
conprises the use of a conpound of formula (1),

wob@se719sR3 is -Si ((Cl- Cl0) al kyl) 3, PCT/US2005/003390

-Si (aryl) (C1l-Cl0)al kyl )2, or
-Si (aryl)2(C1-C10)al kyl). I n another enbodi nent, the
car bony| - florawothgr emsbérenio therdaghenyl-fremirgamethsd gomprises the use

SaRgrved of LRl % SR BRI Rl b Bris G st

car bonyl - f pldbRe 1%&?&1@85&& r%ﬁSndr@aﬁu@Bzﬁse ofondimiting examples
conpound of formnul a rein

ofSrgaipbaerpetd)isthe qarbombfqmn&%@eﬂ h%‘fde b, petdmifed to,
SBER Birs SPACS ot iR S o IRICHc AR, BHiER DM, or-n-

eacCt In’t

popglamat, ai- na)utﬂﬁnﬁﬁmhenhlytinelhylﬁmmwHmdﬂi)ﬂiaﬁylamme
trlchlor0|socyanur|c acid and_a base under condit.ion

%lwpprqpv@my araingeAng the,bke; ppddiplkylanyines such asdimgthylppen Ylamine and

SERD BSOSOt 40 sl s i
:uﬁ:hfam R-methylpgridiae, b!emytth-yl;fyudmeng-mm]nﬁpyhdmm IZLBdél,mdﬁmlpyridine,

B e BT oA S e,

93 A0\ 3pyr 1(ﬁ1t15] Q% truﬁetﬁ?l@?ﬁﬂﬂk 2 mStlbih@ﬂ@lllpyndme 3,4,5-
2-met hyl pr opanol - pent ano | but anol |,

Gimhylpyrblinemo toriseRuibne s@sumqwmp) dialleyipgnino groups such as

Qar%ml?lhe%‘ﬁ%g{ﬁ%ﬂlggé 3’i¥k - ?ﬂ Qa:lt% 0{ a01ds such as, e.g., lithium,

sodPurl] poRAstMd witHaiRn and- déhlh)ﬂ &aulﬁ(ﬂcryi}ites Blmhﬁ@t congdination thereof.
n- octanol n-nonanol, n-decanol, and the ]ike.

o ne enbodi Neptimiting cxampietQf inprgaRic r‘?@sqsrélﬁ?fﬁld‘né%‘?rfﬁ‘rp%‘{é’i forming
f ﬂ]t ﬁ?/nl?ch?ci dtﬁ&&?t?r??ﬂ% ?f t%% 8; tﬁs % llél’ggi@l;c d1u dt§531um
ﬁibidimlnemyllcesdlm anot her enbodi msnt the

car bonyl - rm ng et hod co S th f .

conpound o EEQHOQHP&%FQ :elF gg ﬂf&%ﬁw Cﬁ’o“ngﬁlﬁr gbodiment,

{h%_l_ f% 1@-bas@¥§)ana(lnjg¥ﬁlc arhine'\oh 2AQBEC{SiTment, the organic amine is
S2005/ 00339 I n anot her enbodi nent, the

trwtludamiélefcﬁisnpnmgyhétylaydn@mypndmeélmqﬂevlmﬁéhnmr a
n
?lgnng)l%éi n%pw 1ne. Thleané) éq‘ngwg ok gl}jlen(i)rga%g glg_%rlgﬂgeﬂ%amme

i nor gani c Dﬁ&ﬁ)thdi\leﬁrbbdmént e BasaPAreiBorgahicagani c
bases useful in the carbonyl-form ng nethod include

but are nofompeirdspifermuda B gadh(la) apicaamerilly %Y@‘lable or can be
BeParca b A AR AR . O Y T Dt y1 i e,
di et hyI net hylblalmoimcymumtdom ietalngilabhd finem Aldrich Chemical Co.,
Milwaukee, WL

Compounds of formula R;SR; are commercially available from Lancaster
Synthesis, Windham, NH, or can be prepared by reacting a compound of formula R,;SH
with K,COs and R, in dimethylformamide as described in Ohsugi et al., Tetrahedron
59:8393-8398 (2003).

In one embodiment, the amount of alcohol used in the carbonyl-forming
method ranges from about 1.0 to about 9.0 molar equivalents per molar equivalent of

trichloroisocyanuric acid; in another embodiment, the amount of alcohol used in the

carbonyl-forming method ranges from about 2.0 to about 5.0 molar equivalents per
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di i sopropyl et hyl am ne, and the |ike; aryldial kyl am nes
such as di net hyl phenyl am ne and di et hyl phenyl am ne;

w@0sa771967 and pyri di ne substituted with one orP@DU82005/003390

-(Cl1-CA4)al kyl  such as 2-nethyl pyri di ne,
3-met hyl pyridi ne, 4-nethyl pyridine, _
moBwr difwiselagtl gfyrichdpredsocyamupic acidi #hst inyanpiher embediment, the amount of

, 5-di : ridin 3. 4- di.nat i di

o BB bR TR PR 2 1 sout 4.0 molar
équivdlerits peTahbINt @)iivalend of rZhtbrSisddyametihydi@yr i di ne,

3,4,5- trinethyl pyridine, and the |ike; pyridine )
subst i t ut el euerambodimesyy thﬁiaﬁ@u@tr%eglp@u@ﬁofa@mula R;SR; used in

i . . dine. o . | -

e
friokir dquiralancbfadshlomisoay doxiy laeidesy anaticr ampodiareht, tiat anoount of

t hereof . 15 n-limting exanple f jnorganjc bases
grapenndiof %?IHQR%BFMFQ o ﬁicaﬁonﬁéfgﬁaalgm%ﬁ | ngfigrom about 2.0
E%%{OQE(S.Q%IQF e umr}]lé\'tskﬁslr imdR gLV aRHESE BehlotdifcyMuric acid; and in

um pot ass rubi di umand cesium In ohe
emdvlnatiendotjmdntahd ameuntof sompogmhéfdobagle R BR; usedtil gre carbonyl-
nbodi nent t he.organi c se | n_organi.c.amine. l.n
TR SIS oM RU 2o Ga At 2 mar g T P mold
b e A idMoroblyeabFioRMliet hyl ami ne, pyri di ne,
di met hyl pyri dine or di methyl am nopyridine. |In another
embodi nent In engeenahagiment, hiiapmeunisofthapeused|in fherrarbonyhforming

angt her enbodi nen th ' ' .
RSSO R0 . DR3P chIPAGATLS: HgRequvatent o
@il draibeyaniiric adid;hia anphepailssditayntmbe hadandefass bed in the
Section 4.3. 25 Trichloroisocyanurkgeacid i s avail abl e

Fabpmylifarmias notnd reagesdpm aboyt kiHgieaeut MO melsrsatiteients per
E‘Iolzfr%g?fg%ﬂ%n&f]triﬁggrcﬁ‘{o%wﬁﬁgﬁ%Eﬂ ghd ¥ Vel BRb&dikdeRMhe amount of

anca Synt hesi s, ndham NH, or can be prepared
bysersed ini the carbomytfoumning mietliat range fRISEbow2thtokB @O .Gy maolar

R2I. i.n dineth Ifonggnid? as.descri bed indChsugi et
gfiuivalents pefpglapfauiseH Of gudiorgiseeyandigagd. |y gne

enbodi nent 1 bfCeAPBRAENOThe RhAROAPLforBRE théthdédB carried out in the
carbonyl -form ng nethod ranges” fromabout 1.0 to

atesence®f on prgaaic selyent aNemlimijing exspipies of guganid sohtentsithat are

tri.chl or oi spoc uri.c acij,d: .i n er i e
ifesiin e R Bt el shdu R BOSE oSTIRROL B omidl®
hd@esbbisofich BObénzend) télGer@DRyltnd niksiylesy, chlpuobeatars & -

per 12 WO 2005/ 077957 PCT/ US2005/ 003390 nol ar ,
Eqlhalpgeeaied ydreearbons speh asghchipiomethage; Ghlorgiogm, garbon tetrachloride

STy AL 5L 1 P Ol #h ot
4erObul ether, tetrahydrofuran, methyltetrahydrofuran; and ethyl acetate.

In one embodiment, the organic solvent when used in the carbonyl-
forming method is benzene, toluene, xylene, mesitylene, chlorobenzene,
dichloromethane, chloroform, carbon tetrachloride, dichloroethane, diethyl ether,
dipropyl ether, di-butyl ether, methyl-tert-butyl ether, tetrahydrofuran, ethyl acetate, or
any combination thereof.

In another embodiment, the organic solvent when used in the carbonyl-
forming method is or includes dichloromethane.

In another embodiment, the organic solvent is or includes toluene.
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equi val ents per nol ar equival ent of
trichloroi socyanuric acid. In one enbodi nent, the

waewant79ef conpound of formula RISR2 used in BCT/0182005/003390

car bonyl -form ng nmet hod ranges from about 1.0 to about
9.0 nol ar equival ents per nolar equival ent of
trichl oroi bkfwmmhqdunqm the organigrigtvsat wherbwei i the catbeayl-

RO o SOFREHTE,  SBr TR BB LB oo

g 50 §a1@s bYOWaiighebded 8h @fetvieigietrof ivd compayud %ﬁf(ﬁﬂillmlSRz
trichloroi socyanuric acid; and in _another enbodi ne

enhes ebRginent, dompreani sefvenioyim uteRInRe cabeny! HRrIg ‘méthod i

SELAPSL o, 50 LRSI GRBR  yensts

tweighhboedbs drey\aﬂghn ecf tm:d:ainpdund ofi ﬁormmlmRuSRantIn amdtker embodiment,

anmount of _base_used i.n the car l. -for net hod

the Qgeaniq %YﬁnélYBE‘P u@d“t“&? FERY Pg CYERf dygnsamount
; i I, I

e aput R i

walgbomhetmnmurglofffDMmdaRaﬁi@ﬁs from about 2.0 to about

10. 0 nol ar nts per nmolar al ent. .o

L2 onlor o Upisthati el G onficonEREWHE} Katiflhe sashony
timimReRbd &f anhha®es. UAﬂHydrBust diBaria kG108 afe@ofinRtgcially available
met hod ranges from about 2.5 to about 7.0 nolar

eneAmhg| o@tﬂl@,edr}gf canpichpg tyuirganiesplvent with a suitable dehydrating agent
guc‘hcgl f. O#II%PC%MI%P y’le{'?cs 9&%&6’\76 h&aRR e 5?[? ng%P?]( aﬁ&é'gnxtures thereof;
ou e

IS carrle

ﬁfe&ﬂi ﬁmﬁie@fsucﬂfhs(ﬂ‘,zg-ﬁﬁt LiAdHl vamd tmetNaind |nllemltdldh gxﬂmh @s BaO,
of oraam c solvents that ar useful in

CaPEBAYOs Bea mpresn ¢ ¢h. Prdliaagen 05&?'7%@%5{1%%&(6@ ed. 1996);
glgqébfmter &, mmm &gagm 45 zﬁﬁ&%‘_ﬁ@i TR 858t of water in

ene, nesitylene, chlor nzene; ) hal ogenat ed
thedirgade sadvesnt sarche d&temhméd toy, @rge,tlfaihﬁxshmitmtioﬁ GreenASTM E1064-

r ride and dichloroethane; ethers such
é@aﬁ‘?é@h& EZ@QF di propyl ether, dibutyl ether,
met hyl 25 trge Earbyﬁﬂlfoﬁﬁlhg inetRdti§ @51’)6@& Qfl&ﬁr%ﬁndltlons that are
met hyl t et rahydrof uran; and ethyl acetate. In one

elrfﬁgmnhfennaketaneﬂdnhgéwrckeﬁmw dnongpahodimedt, the qarheonyl-forming
h
Gt oia)}%/ 82}{1‘16(9 rg{lﬂ r}l%l as? gb(J)u% SQ ?@cﬁ? ggrg%erh?}ll; ghﬁegaffmh)é)}/hz%r\)eebn

OTO enzene

@&lv@ft@ﬂi @ 41 al@éhiyde or b Retoae;ih @ﬁ(btﬁa, endiddhh@ft ot babenyl-forming
di et hyl ether, dipropyl ether, but yl ether
methegis easFied pufytil at lsast abous Op alpfgla PEFOELD thegal¢gtol has been

| .
SR, o8 SO Sty L oring
eeetHodriy barritd oot gl aekelso dbowg 99moala peneelaf the alcohol has been

di chl or onet not her enbodi nent, the organic
SonvFERd Q@ Qarlmﬂie PLASEOPG uene. 13

The progress of the carbonyl-forming method can be monitored using
conventional analytical techniques, including, but not limited to, thin-layer
chromatography (“TLC”), high-performance liquid chromatography (“HPLC”), gas
chromatography (“GC”), gas-liquid chromatography (“GLC”), infrared spectroscopy
(“IR”) and nuclear magnetic resonance spectroscopy (“NMR”) such as 'H or *C NMR.

Typically, a time that is sufficient to carry out the carbonyl-forming
method ranges from about 0.25 hours to about 20 hours; in another embodiment, a time

that is sufficient to carry out the carbonyl-forming method ranges from about 0.5 hours
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WD 2005/ 077957 PCT/ US2005/ 003390 I n one enbodi nent,
t he organi c sol vent when used in the carbonyl form ng

woredokod79ss present in an anmount rangi ng from abonUSHOL003390
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parts by weight up to about 50 parts by wei ght based
on the weight of the conpound of formula RLSR2. In
mnhontelo borrsdinddmanotheremhogd apgnd. astime gt is,gwéfiiciens del carpy out the

bon n | anount

bAoA R R Al TP o 1 oBEREBOuIShA, STPUTE
par ts by ng@ﬁllily, baérﬂﬂermnrd thet 1mufgi&ten0fodah@rdn®ﬂ1&mafbﬂ)nyl-
of formula RISR2. I n another emnbodi ment the organjc
&armwmemﬁéﬁaqg@&&ombpﬁb 182 oAUt £ 60°6: Hgm?%l@% %Oglmem’ a

Perrnﬁfcéﬁzpﬁre tﬂa%tqps@ﬂp@ﬂtt g cﬁﬁ? ghiitle yE.{l@?ﬁg}ﬂ g éﬂe egégyfrom

weiLy h50°0)‘ totabeutcOAE pamldn (aflotherr enbaliRaBR? teni;&rdtureolm is sufficient
enbodi nent, the organi c sol yent sed \p-th o
B A ot oY EEGR FOTSAPOR Y i out 50°C.
organi ¢ sohyg emo@l%ﬁﬁﬁme@h&i da¥ R\e@hrlcaljuat @au&a@réagure
obt ai ned by contacting the organic solvent with a

sndsphéree pressyr artelavgied pegssures e oncagmbesinent, thelcathonzk-forming

rea such as Li, Na or K, and
meﬁiqﬁrlégarflﬁéf"étoa? age?ﬁgb%rllc Ky# Yes such as caH or
Li Al HA;  angy E&ﬁf{l@ér ealbddiiRdng| th@tAbensil denifgINbp aScaBaéd out nder an
CaO and P205 (see Amarego et al., Purifi catl on of
inetcrtEpephgracichins 4 &, P@ngk« Ng. AndaeXe, oramy combywtophereof.. In
TIh S on. 4.
gﬂ%ﬁmPocﬁ%n@mg{iﬂeeréaréon%@ﬂm Xtep 1 g%%%%é é)%ﬂ\? Cd%%}glé-gﬂﬁosphere.
det er m ned Th¥ order gf addiasr oﬂ-'ths b@hpdmn‘drcﬁlfommlz( RESRASTM
E1064- 00 and ASTM E203-01). The c ﬁg -form ng
AN OP ESnORl AP B PTTHGIOr CEARINE GHETD grnic solvent, if any,
| gRKE f _dehyde or ketone. I n one
ehﬂ%o rrgﬁtgmbgﬁe car g@% -formng nethod is carried
out until &b ohenst- hmhmgterﬂ@adnod:re the catbnnylefbrming method is carried

al cohol ..has been nverte al dehyde or a .
Sut DEiTE Ry S AsEoL SRLSTABE ik BFrsfins pfn organic
RBBRId & feikiueairisitip 4 donddoun@d$ ForrRiR S35, fMthPrisocyanuric
percent of the al cohol has been converted to an
amdmyl@é)asﬂ, optiemadlyrie thegnesenes @frqugam@mimtne nt, the

car bonyl - %&grr% onqentn?%g e{n%]p& e[reﬁ X c xjnbf'i‘%method is

| east abou erce

caiéeaouesly hddlﬂglarﬁh(ﬁﬁlhuﬁe cOnpisikeh Omﬁpoﬁﬂde)f pﬁomgrle R$SRY,
t he carbonyl -form ng nmethod can be rmnltored usi ng

é@ﬁx}wwwaﬁ@ apd acbgpe. ORGPy IR &he RreReneRPiAR, oTRATiC ffyent, to a
h’.&‘m %gr e%on&a% Qlc%)l?c}f péloﬁﬁlli}pfmh@ fe@ﬁﬁx faﬂ_ Bl(ga)lsc solvent.

or nance romat o , gas

30 chr omat dgaaqghsr r(oh(lﬁif)mg garbot intpunk, dhe;turmtanlfﬁaympg] method is
[ .are spectro and nucl e

("aC),.in
AT bY BAdiRG R Base SRR RS Shis ProskReof 8 QiREsoRgn o an
Jaﬁgum comprising a compound of formula R;SR; and trichlorisocyanuric acid,

optionally in the presence of an organic solvent, followed by addition of a primary or
secondary alcohol, optionally in the presence of an organic solvent.

In another non-limiting embodiment, the carbonyl-forming method is
carried out by adding an admixture comprising a compound of formula R;SR; and
trichlorisocyanuric acid, optionally in the presence of an organic solvent, to a base,
optionally in the presence of an organic solvent, followed by addition of a primary or

secondary alcohol, optionally in the presence of an organic solvent.
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Typically, a tinme that is sufficient to carry out the
carbonyl -form ng net hod ranges from about 0.25 hours

wo enoaboos7 20 hours; in anot her enbodi nent, a tPCEUSI00H003390

is sufficient to carry out the carbonyl-form ng method
ranges fromabout 0.5 hours 14 WO 2005/ 077957 ,
PCT/ US2005M0®880 non-timitied gmb@liment die caronyhfoamsigiaethod is

enbodi nent,..a tine that | fic| . O I e
PR AT e mi ot L Bndity o PhE bl fhehe st odiksehdor an
alanic solvemifosan alviik&ed tomprisidgenpanpiundef fhatuld R,SR; and
sufficient to carry out the carbonyl- form ng nethod

. tho
irighlpsisoeyesniiaadiditoplivaait is thpprgtenggotan piganigspkyent, followed by

| . : j ufficient to
BB e it bk b bt 1
about - 50CIt ano#tizs ubn-hdfingeardbodimant tHeararbonipbftirmbrg method is
tenperature that is sufficien to carry oyt the .
eair1pd AYY by addmeAcamayae) OJF gﬂﬁ’é’@L‘i @ sﬁﬁl%ﬁ)‘ {in ﬂ&‘dﬁeﬁeace of an organic

cadih Vo f ] rried

R R e S S LR N
aichicaisedyapnes seid,coptibnaltynie thevpreskinee of an oiganic solvent, followed by

cal.bonyl - f or m n 0. nethod is carried out at

SRSt b et oo TP Eivoen of S hisatieRther ¢ ne

carbonyl f gf o abePinifing hbbdfeAl theltathyRfborminiemtthod is
at nrosphere such as, e.g N2, He, Ne, Ar, Kr, Xe, or

aaryied ontdhynaddingre baserapsipnally in thepresensd ofiherganicsplvent, to an

carbonyl formn ' [ t : S
SEHBLHY epwBrhEd sPRBPulorTaR I &y SK; it ERbisRanprgacia,
bpichallg ifhSp2esedde dfran@ngamid sudeangfollowedlsy siditpor oferr gongound of
secondary al cohal, base and organic solvent, if any,
Ermulaly, optmnatiy|ie theqresenee ofan Gganic $¢lVelhe non-1i ni ti ng

embodi ment qpl Qﬁe{rtfcfet&] Rélonk %rmeagla gﬁé&g@ggﬁgoﬁﬁﬁﬁg f6thod can be

out by adding a I mary or secon
yptatahald purified bl engohieels dinown i therarto riipaekampls,od reection mixture

an adm xture conprising a co u f.ornul a. R1ISR2,
EPPERDES P By R KEloBg e P v st Sy BRIy 1
kﬁ%nﬁi&?%ﬁ%n‘%ﬁli&ﬂalﬁmﬁrTL@Eﬂﬂm; ah®oRRR{difllization. Where the
non-11mting enbodi nent, the carbonyl-form ng nethod

reactigmmixta conprising addidel ydmordettinetfurteer comprisesi asgprganic solvent,

C ound. of forml SR2, . trichloriso i.Cc.acj .
SRR RSB ol Serebily AL B GIMALEREl fporaion
§,gbywu{iﬂcgﬁ@,, primary or secondary al cohol,

optionally in the presence of an organic solvent. 25

I n anot her Neorlimitiag exspplespioeneamin solvenig useful as chromatography

%ﬁllregg er(lht'léethﬁHﬂlg-cHBL f:lﬁﬁjbflaﬁch GiHid !11 al¥ ECP@IO ir&ﬁrlﬁ)ns such as
ase, optionally In t he presence an organic
bolaviey) penthtes Alitex anckrhegitartes, aotanps,inohages sandatepaesphliphatic cyclic

f(((l)z-glj)lh?dr%%asrscz)nsasr&gh tag icy(f:crl](Lb%rteln%? ((::)Xcaoq)%ﬁtiage,ac%/lﬂ%hexane and cycloheptane;
aromatic hydrocarbons such as benzene, toluene and xylene; each of which can be
substituted with one or more -halo groups.

Other non-limiting examples of organic solvents useful as
chromatography eluents include (C;-C4)halogenated hydrocarbons such as
chloromethane, methylene chloride, chloroform and carbon tetrachloride; (C;-
Cjo)aliphatic alcohols such as methanol, ethanol, n-propanol, isopropanol, n-butanol,

sec-butanol, isobutanol, tert-butanol, n-pentantol, n- hexanol, n-heptanol, n-octanol, n-

nonanol, n-decanol, and the like; dialkyl ethers such as diethyl ether, diisopropyl ether,
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optionally in the presence of an organic sol vent,
followed by addition of a primary or secondary

w@bkmshwlos7 optionally in the presence of an or geei/vs2005/003390

solvent. 30 In another non-limting enbodi ment, the

car bonélp-form ng nmethod is carried out by addi ng
é@mykt: s 206 rmthsdlhugvl atl@mﬁ@wlat@rs fush ﬁﬂﬂ@hmme&rfdchc ethers

% té%{ailggr%}iﬂn L 1?%:'11% %ﬂt's Ql%ﬂ Asyeﬂ%ﬁel{e%qycpgl %ﬁﬁ%ﬁg ether;

R Organi ¢ s ase,

@th?lszﬁﬁﬁife ﬂfmaﬁyl@lﬁlﬂ@ﬂd& Niﬁieﬂﬁ/lliy,rroﬂldidoﬁv\ﬂiixbme@@liihbsplnramlde
of a primary or secondary. al cohol optionally in the

eyl osmamides and anmectaisithessnl. 15 wWo 2005/ 077957
PCT/ US2005 3 i _ |
the carbony &féoe%?noorﬁilhﬂ {Hﬁ%%ﬁ—g gr&?g}\lreihgh g&tg cﬁ&ﬁ%ﬁiﬁgﬂy;]uem

péri prasey amalqslemorh@dfo;calabnambhn ethpt i onal ly in the
presence o

organlc to an adm.x
conpri si ngrrge RS dREnEen ?‘B%ﬁhfe}ftﬁltgﬁ?mgﬂﬂuons comprising a
g lh%try & seSHMAHE oL, aa%o%poq% b%'nhbé R8RLA§ dmﬁea%ge@n

organi ¢ “sol vent, followed by 5 addition of
richénroisptyanwrad iuyd and 4§ hasepThsserrompobitians aregaefutfor makmg a ketone

sol v on-limting enmbodinent, the
85%§H§}}ydf”oa}sﬁg th‘?\q,taﬁg‘ﬁe is carried out by adding a
conpound ONOBerHMh? ekdnhpleOBH prﬁﬁﬂlyby séddnlidl§ aljoBSR n@cﬁnpbﬁmds of
an organic solvent, to an adm xture conprising

&)‘mbldmlﬁcsl?af trrcbmmymsmza%wd hasescnrlyde s ﬁ%ﬁ@flb%d above for the
Pgtgﬁ%}r#lggﬁlxetﬂ n the presence of an organic

by 10 addition of a base, optionally
I n the presentthalenbodmiganheinyenticanelatdsno amoinbes’ltlon comprising
non-limting enbodinent, the carbanyl-form ng netho
 somggiid QffOpuHIa By SRl drichiorgisggyaung 5@1%'&45? ﬁﬁi A CPWB"und of

B e TP PR BB o RaSro ana

trichl ori sbcyemheriecbadingknt, theinventainl rglatas to heompes'émeomprising

f ' lLvept, .f.0l | owed by addi
BonBBaf Sofati 8 S8t ripforoRgRiangia A 4 PRt s Peverig of
®brnitla @5, 9ARESN R0} c10$£12¥1a15éﬁ£15>1 d@(@r)(dml yaﬁcyi or med

in the carbonyl-formn can i sol ated and

p@@)ﬂ(@dOm)alhElt)hédéCkﬁm)ﬁikylh t%@r}dP((Cn Covalkyldnpl e, a
RN LR SRR R RS CocRbalh 8P SBocs

gt@lqgmt ography on si I [ ca aI um na or FLORI SILTM
and/ or recystallization. Wiere the 20 reaction mXxture
conpri sing AN SHPaE BNt IKBE BYYENYQR el tgéﬁﬁpgpgggo%ppmprlsmg

2 an&%b?l onat?ﬁﬁﬂﬁlg ngkl , tAéh %ﬁs%cgnuf Gcidl 980k Gnd qlY /! gBund of

reane y via evaporat |
mmmna (n vmmlﬁikgaa iSaG6C; - N@(f)alkylm tSiCayyletCarblatkyb)p, or
9§i aa}gf)z(cl 13331?( ls useful as chromatography
In another embodiment, the invention relates to a composition comprising
a compound of formula R;SRy, trichloroisocyanuric acid, a base and a compound of
formula (I), wherein Rj is -Si((C,-C¢)alkyl)s.
In another embodiment, the invention relates to a composition comprising

a compound of formula R;SR;, trichloroisocyanuric acid, a base and a compound of

formula (I), wherein Rj is -Si(CH3)2(C(CHj3)3).
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el uents include straight-chain and branch chain
al i phatic (C4-C 10) hydrocarbons such as 25 but anes,

w@ensarns] hexanes, heptanes, octanes, nonanesPCHI005/003390

decanes; aliphatic cyclic (C4-C7)hydrocarbons such as
cyclobutane cyl copent ane, cycl ohexane and

cycl ohept aheanother ompdlmemy dhoipdesivRgelgtes o asoppasidorecomprising
t ol uene a each . of

WC?IHP%‘HQ g(}o%ulj% _1.‘%%;1 1ch|10r01s¥)\@ag1]%§ ?&% gaﬁb;}sé %’(? § c&rﬂb&ﬂld of

formuR @5 whtredt BaRi-CHaol vents useful as 30
chr omat ogr aphy el uents include (C 1. -C4)hal ogenated
hydr ocar boHsangther egbodiging r"@ﬁﬁ%@onﬁé?fﬁmliéﬂéa primary or

CRE L P AT AL i
furieopangise mmﬁmm@m Notlinziting ¢Xaﬂ${ﬂ"’-& dfidrgarod ’solvents include

i sobut anol, .tert-butano - entantol n- hexanol ,
WOH%BQSSHB‘T‘T abQve & h%?arb?\“yl'rﬁ] ReMmethodyecanol , and t he

like; dial gyl fiRemoldtihodis O(ﬁ"frﬁ‘éf O?E&%ﬁdarg alcohol a compound
di i sopropyl ether, 16 WO 2005/ 077957 PCT/ US2005/ 003390

df fontnyla mSRertsiclainnblmynymcmtdyand@tham sind theanelative amenst of
such. as, di et her ; c iC

BRERiSAD PR PRt Prestrts MRE Lo i el i B8 - EBagyidianine
tHefedl di nethyl ether; ethyl acetate;

di met hyl sul f oxi de; N—nethylpyrrolidinone;
hexanet hyl phosphor am de; di net hyl f or mam de; and any

m xture thereof. 33 nMaksdefirMhrReMotplinsidani C
sol vent used as chrofat ogr aphy el uen conprises an

al i phatic Pﬁ Q2 hOBd ANt 3R @&E@l‘i invERGorPfeER&ND methods for

i nvention further relatesto ositions conprising a
prakingraycontposed offbamylaa(IB gthel* mommmrpﬁfunmngfmeﬁbm’r‘m E@mprising

SR2 as defin e trlc roi socyanuri c aci
Sto R romPorLSLIoEBaAD: PP SieS Rt o Hispniiadiy fgrmula
h‘?ﬂl@{%ﬁld a]&l&[nead%nﬁﬂquﬁg' Yd8entamdélevatitidaésiFReds: to make the
ting exanpl es of primary or secondary

adpwppuidof f@mtﬂ@aﬁwsvhctem fornmul a RISR2,

described ROVaRy ol oL LReBPRaRR TF s PRS- (cRT eselpatiy

@pqﬁ@@ﬂ_@ﬁbodlnent the invention relates to a
conposi tion conprising 15 a conpound of fornula
RISR2, tri Balo? PotSH)RBIUPC acid, a base and a

compound ofy of L) the%ﬁl‘iﬁ%rgi SFolryid (RiOHR ThiBdund of

group. I n anot ment I nventi o

goromdp@ds), tindthe a:ompouml arfgforraula Qﬂpmulne:lccnﬁpdlmdmﬁ Ifamﬁneslm\).
trichloroi soc C acl%15 seadaco oa of. h
formul a (11 ofmERRedimas. fhc morphneas) oEmiza metigd Gogpprises the use

ofh Q%&Séﬁrf&l&)féén'ﬁ}iﬁ (I), wherein Rs is -(C-Cio)alkyl, -benzyl, -C(O)(C)-Cio)alkyl,
-C(0)O(C,-Cyp)alkyl), -Si((C-Cio)alkyl)s, -Si(ary)((C;-Cio)alkyl)s,
-Si(aryl)>((C;-Cip)alkyl), -P(O)(( Ci-Co)alkyl)s, -P(S)(( C;-C)o)alkyl),, or
-S(0)OCsHy-p-CH;.

In another embodiment, the morphinone-forming method comprises the
use of a compound of formula (I), wherein R3 is -Si((C;-Cg)alkyl)s,
-Si(aryl)(C,-Cjg)alkyl),, or -Si(aryl)»(C-C,p)alkyl).

In another embodiment, the morphinone-forming method comprises the

use of a compound of formula (I), wherein Rj is -Si((C;-C,g)alkyl)s.
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- Si ((C1- C10) al kyl ) 3,

20 -C(0) O(Cl-d o) al kyl ),
1)2, -Si(aryl)2((Cl-Cl0)al kyl ),

-Si (aryl) ((C1-C10) al ky

w0 R(Op({71sCLl- A o) al kyl )2, -P(S)(( Cl-d o)al kyl )PCT/082005/003390
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-S(0O) OC6H4- p-CH3. I n anot her enbodi nent, the
invention relates to a conposition co;rprisi ng a )
conpound ofn fnstharlembrdisreyy, the membdresiefomyiag mathodeqngprises the

B e bR PRFRTAR URh et B BASRESPhGEIRS. o, . &
i (aryl) 2( C mh-afothetgmbdditnent| theanarphigone formitigisthod tb@prises the

invention relates to a conposition_conprising a
vemefenmpeonund of fasmalatDepberein Re ii-6hi socyanuri ¢ aci d,

a base and ' e ;

s 0 a1 DRI R fbtes bOCRdAnkd ot o R SRETHsdH in the
inforghihorenforaing mahbdinglude thise idescoibed onaction AQ foathe carbonyl-
compound .of formul a SR2, trichjorqisocyanurjc acid,
forpiagmatheda I BRmFERRAIBES Rofm B R S FCRARIRS | 5

- Si (CH3) 2( fﬁ{og-'ﬁ)u%}lg e*z?m;\ﬁ@ 3@&561@(767_&§Jaining reagents useful in the
PCT/ US2005/ 003390 Fn anot her enbodi nent, "t he i nvention

medrphiiesnet formingomgtbed irchwe Moalplpicaimnges saclk antpichlotbissicyanuric acid,

E\gr la RISR2, trjc Idoclrh i SOC anur.ic.gm , a gxase and a
S BRRE g Ide, 3ok dishforiRpyARMTIC foif Puch as dgdity
anpidisko8ahadic e Btdick16®-3, 9 MRasHh Y Ihgasnt6@N0L} &idtypdchlorites such

primary or 5 secondary al cohol, a conpound of formula
RS sreiumgypotehlpetst or oi socyanuric acid can further

conprise an Qr | c..sol vent n- 11 mtj l.es, of
organi c so ITI\I/ g%‘ﬁtgglgk%déﬁjglé[é ﬁl%tcﬁ}aogg %Jggfgﬁéo%ggegg g%/gg IE E‘F

i plsiashofoymirfeanethod isrwtilothisothenurielaaidi, Wechimbsuccinimide, sodium
amounts of primary or secondary al cohol, conmpoynd i
éfchicwpﬁmyanmm,}-Qlﬁhlem-%Pzﬁl@%%ﬁ/‘élﬁ{é?f}t@na(%ﬁdcai%mjiypochlorlte, or

%ﬁgﬁlixtﬁf&h&%&.rel ative anount of 10 organic sol vent,
n present, are those described above for the

car bonyl - f dn anather emétodoment Ah8 chivit-bandaining redgeit usgd in the
Mor phi nones L n anot her, _.enbodi nent, . t he present
irﬁ‘ﬂfgli’ff‘?%feqr@?%r@%t f’glsﬁﬁ'ﬁ S K Hdk1g a conpound of
formul a (1 Iy a4dth& erdBaRRENR ORE chiBFdTtdiBaiiR et used in the
conpri sin 15 all owi ng a conpound of fornmula (1) to

mecaphinpme-fomming mednd & Nichloresyapoimmide.of f or mul a R1ISR2
o o O B S5 AR 0 n v
\WidpRinBae-forming method is Cly.

Compounds of formula (I) can be prepared by known methods useful for
protecting a phenolic hydroxy group (see, e.g., Greene et al., Protective Groups in
Organic Synthesis 143-170 (1991), which is incorporated herein by reference).

Compounds of formula (I) where Rj is -(C;-C)p)alkyl are commercially
available or can be made by allowing morphine to react with a halo(C,-C,g)alkyl in
dimethoxyethane and in the presence of tetraethylammonium fluoride at 20°C as
described in T. W. Greene et al., Protective Groups in Organic Synthesis 146 (1991) and
in U.S. Patent Application Publication No. 2003/0073848 Al.

Compounds of formula (I) where Rs is -Si((C;-C)o)alkyl)s,
-Siaryl)(C,-Co)alkyl)s, or -Si(aryl)»(C;-C o)alkyl) can be prepared by allowing
morphine to react with Na metal or butyllithium, and allowing the resultant complex to

react with CISi((C,-Co)alkyl)s, Cl1Si(aryl)(C;-C,o)alkyl), or Cl1Si(aryl)2(C;-Cio)alkyl) as
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Rl and R2 are each independently -(Cl-C20)al kyl,
-(C3-C8)cycl oal kyl or -phenyl; and 20 R3 is a

WEe@s®TsNg group. | n one enbodi nment, the conppCmUSIN5/003390

formula (1) is the conpound of formula (la), and the
conpound of fornula (I'l) is the conpound of formula
des¢rabed in Nimaneet @b Betraterdton 487096173 Ri(h¥e 2and imJ§y Patent No.

F0 RS o S SRR s A e

Algrively, HO3-@- ﬁwl derlaeﬁlvegéﬁhﬁ[ﬁine@hﬁb@pk@ﬂa)ed by allowing
(Cl-C10) al ky 53, -Si ( ¥ Cl-Clo
ngimeypfqa@( mth@l ?(('ﬁlk@no)alky »( ((etzil(émg)caﬁlky%%
Sg@?ﬁfzgalng lﬁ)mmﬁ Q@arq{n%amﬁl none-rtorni %gizesed(% 0(5 base as

mm@wadslﬁSeedm 5.user thé canpmnmmﬁmtmﬂa (pwheteRy( 1),
ein R3 is -Si((Cl-C10)al kyl)3, 30
lss&égﬁy)zﬁ(@ibbm) al kyl )2, or -Si(aryl)2(Cl-Clo)alkyl).

I n anot her¢ HBQ&ldJ%@?omﬁﬁhe(IWhB@'H}%fﬁ(@(@@% A1 keibe

corrprlses t use of a conpound of fornul
pared hy BBowmg-nsrphite h@glioyklbkige jo3ead svithi ch@mmam fymula

ﬁ?dr CTUeehos g0 o ER R ST SR RAte a3 dBkriped in U.S. Patent

RQ@%@%@{oﬁxﬁ{d drdefhl), Wherein R3 is
- Si(CH3) 2( 3). In another enbodiment, the

nor phi noneCf)mpml of et dbwheteRads theazylisgn b pregared by

REERE gt BloBis Rt dne YRR SR AP NpO et pgtppnol a 25°C

Mswlbddnnms P&t Y. 6ON87H6tdHagng@iahod i ncl ude those

described in Section 4.2 for the carbo(g/?l- f8r {291
met hod. | nCempowndssdiforamia (IRyhere RaaplC ®pCiindalkyl can be

g{f;&l& %g Hbwi r%qﬂl Jﬁhme% RACENRIRL P&fmd of formula CIC(0)O(Ci-

ory ne-cont g reagents use
appikylrincklotaform agd inethé pnésém:eloﬁ d«emumdhctanbmmm undsr efloking

as trichloroi 0 osucci ni m de,
gepditiongas 8?%’5‘56‘? éaggc i/) étﬁﬁtr 10113209 gl}i? E{@ “&odi um

di chl or oi s@EYRBHiRIcFanuric acid, N-chlorosuccinimide, sodium

1, 3-di chl oro-5, 5- dlnethylhydant0|n C12;

; and
ﬂyﬁbMBmyamerstes ugd fdlclﬂ@rooiaﬁdm‘rﬂlﬂymmla ran‘ﬂ éalclluﬁl kypechlorite are

Ior 0 | agent used in the
ﬁ’ﬁarl%ﬁ* ﬁe Afkﬁ)rllcli'i hcgd’nl}/@ ta?]f%hﬁgrm socyanuric
acid, N-chheeasus &ithe Bhldﬂne s&flaitiig rddzent, the Cl, can be in the form of
dlchlor0|socyanurat

1 gas ol sohitione Thepag foran ofyTln oAl g fromiathesone Mogfgomeryville,
B)&F,) %J] éa%rﬂe &dde®lo the reaction admixture by, for example, bubbling the Cl, into

the admixture. The rate and amount of Cl, addition can be controlled by methods known
in the art using, for example, gas flow regulators and/or meters.

The solution form of Cl, can be prepared by allowing gaseous Cl; to
dissolve in a suitable organic solvent. The concentration of Cl; in the solution can be
determined by analytical methods known in the art.

Without being limited by theory, Applicant believes that the chlorine-
containing reagent reacts with the compound of formula R;SR; to form a sulfonium

cation:
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any m xture thereof. In another enbodinent, the
chl oro-contai ning reagent used in the

woroophireene-f orm ng nethod is trichl oroi socyanPeT/US2005/003390

acid. In another enbodi nent, the chloro-containing
reagent used in the 20 nDrphrnoHe formng nethod is
N-chl or osucci ni mi de. |n anot her sehbodi ment, the
chl or o- cont ai ni ng reagent use /;1the

nmor phi none-f or m ng met hod®'s CIR. Conpounds of formnula
(1) can be prepared by knomn met s useful for
protecting a phenolic hydroxy group (see, e.g., Geene
et al., Protective Goups in 25 Organic Synthesis
THSsulfthivnd 8Sdpoundthedreasts iwithahpbydiveyl gheupesfithéprimary or
reference s of fornula (1) where R3 is

sqcendary 650811?4;}19??%&866&?8?&%?‘?& avai | abl e or can be

made by al Wip
hal o( Cl- Clggj&}e%ﬁlﬁgaﬁrﬁ Pﬁg%&g&?@?&gnebgﬁofl fr?rr{lula () used in the

moqﬂﬁmmre foﬁnmgmammhgmfmm about|1btoi apeutl).0 a@daraguivalents per
cri be

P G,
ey eshtofats SlodREorSu e Jrigoat s SR, thamount
g&irﬂqﬁﬁﬁlﬂ QR frkld (‘Iﬁrﬁde@nn fHe. mé’r@ﬁ’ﬁbﬁ’@?&ﬁﬂlﬁg Akthod ranges from about

mpounds of formula (1) where R3 is
28itp @But S Ginglak gpayigalents e mplar fquivaleat f ghelghlorine-gontaining

LU 1 BT MG, FRURRPECBARSHP Y Al Bfhiscd in e

aldrshihdi@-foltRing @sdthé b gdiigrh akoit@.0 foedott 40 hivlar equivalents per
ClSi((Cl-do)alkyl)3, CiSi(aryl)(Cl-Go)al kyl)2 or
@P@}r@aryrlfzf(@fhm@?raww)tala@g r94gePip 2005/ 077957

PCT/ US20054,0 %%3%& r
Tet r ahedr on Oéﬁggﬁ ﬂh?%gb ?t an %ﬁﬁ@gfogg?lgﬁls%used "
the(véirpRihdne-forBimginethad mareges about fl @ totabeut<)y/h vk iequivalents per

di nethyl -t-butyl silyl hi AIt t
ST G et G e B BB HERG 5B PR e amoun
F e WoRPounPs B Hfa RQSRE M’tﬁehn&lpﬁln()ﬁ@lor@hﬂé Metiold)rdnges from
dsSi(aryl)(G-Go)alkyl)2 or

a1 it 2 tplapetI0 Tioddr gRiy pl)enljs rpeamgbir gqulmlg@{mf theseilgring-containing

o REBRE DRl B lfounf SE KRRl RISMATR SR,

usAd(ifid) RAbfphiAdas Idrmiss fﬁwwaldangv‘s fon ﬁhduaZ(Sl td abb].&Bes m3lar
is -C(O(A-do)alkyl can be prepared by all ow ng
eevipHERE PERBPISE P Ydlent of gherchiprinergopRining BRBetind of

oL, 104 3 LA CHL M B c AR G o
tie Bovptmeac-foratingmethod ranges from about 1.0 to about 9.0 molar equivalents
per molar equivalent of the compound of formula (I); in another embodiment, the
amount of the chlorine-containing reagent used in the morphinone-forming method
ranges from about 2.0 to about 5.0 per molar equivalent of the compound of formula (I);
and in another embodiment, the amount of the chlorine-containing reagent used in the
morphinone-forming method ranges from about 2.0 to about 4.0 per molar equivalent of
the compound of formula (I).

In certain embodiments, the morphinone-forming method may further
comprise the use of a base. Non-limiting examples of useful bases include those organic

bases and inorganic bases described in Section 4.2 for the carbonyl-forming method.
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Compounds of fornula (1) where R3 is -benzyl can be
prepared by allow ng norphine to react with

whenzprtsom de and NaOH i n aqueous net hanol atP@BUS2085003390

described in U S. Patent No. 6,013,796 to Huang et al.
15 Conpounds of fornmula (1) where R3 is _
- C( O) O( C1- noneambadiment thebasp ieeréaniphasst |lo wnegmbodiment, the

PR B G A e SRS Bth b
presence ofn st @iribbaintidngNhé Base io@T invBfahidbakg

conditions_as described in U S Patent No. 5,112,975 .
to Val | aceln ane emfadineriolby aMeHnCofAapgwhen used in the morphinone-

PRI 1, 001 S0 SRS i
byyivalbrit@f itieschivrine-aweiihiap reagemtoin abotrer embadiern die dooynt of
e W M 2 LS BB o 00
ﬁwg{légtgggﬁaleﬁﬁ SedRDldr 9ﬁ1ﬁ}v§lt:nth%hé' &légx%-écﬁﬂiﬁng &%Hggntt; gnd in another

, Montgoneryville, A, and can be adde
thbodierat, itteranaeimit »f base when uberd ingheimorphindngfbiming metleod ranges

2 i.nto the i xture.. The rate and anpunt 2.
Hf 4tRub2- I s A eugt BB Rinah BB R BTRER of W, e
%ﬁtaiﬂﬁig&gagehﬂr exanpl e, gas flow regul ators and/ or
nmeters.” The solution formof C 2 can be prepared by
al | owi ng gisesstain embodigenty; the slogphinepefogminggpethod may further

I C Y . n ti ' .
SR B oG SPGB el 8 oranc
kélowts ineludeeha@e hotedAbyVd fod tie daebhongl-formidgadethyd.t hearey,

A&SI i cant believes that the chlaorine- containing
ewhgdinient daecerganie folVelHds dishpromsHaBs- f ornul a RISR2 to
forma sul i [Walgh prolaL-ve ; ;
beT! Uazoos Dot bk ling Sgalhe it AR4PHEd in e morphinone
fdrering mathod inprekent rearhgrdownt yanggngoiinpmaebowtie] parisieyr yeight up to

| cohol . to f t h I e .
3B rer By FRERL G T aRe L RBETHBS Bime gl oty 1 amotver
lebbdlitnenp tAOS1RMiB OMQeA G HEnBed R the thorFfife-fofRiigaR@Bbd is
1.0 to about 9.0 nolar equival ents per nolar

PRsEMAN emamopntrArging frorm #houtdh parthbyyeishhge i abouh?25 parts by
another enbodi t ) . .
SRS Ry o B o Yo AETRSAAE s o B
gistbanic solvent when used in the morphinone-forming method is present in an

amount ranging from about 0.1 parts by weight up to about 10 parts by weight based on
the weight of the compound of formula (I).

In one embodiment, the organic solvent is anhydrous. Methods for
preparing anhydrous solvents are described in Section 4.2 for the carbonyl-forming
method.

The morphinone-forming method is carried under conditions that are
sufficient to make the compound of formula (IT). In one non-limiting embodiment, the
morphinone-forming method is carried out until at least about 80 mole percent of the
compound of formula (I) has been converted to the compound of formula (II); in another
non-limiting embodiment, the morphinone-forming method is carried out until at least
about 95 mole percent of the compound of formula (I) has been converted to the

compound of formula (II); and in another non-limiting embodiment, the morphinone-
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2.0 to about 5.0 nol ar equival ents per nolar
equi val ent of the chlorine-containing reagent; and in

waewshewsenbodi ment, the amount of conpound of PEDURDE003390

(1) used in the 10 norphinone-form ng nmethod ranges
fromabout 2.0 to about 4.0 nolar equival ents per

fasming meilipd iy eamtiedbgutiuntl ieast ahast 8 Aol perent pé&géﬁfﬂpound of
ihROF PR LR vernb o AEBMRbORN SERBRAHAAILT T Or mul @

€ norp non or m ng od ranges
about 1.0 The phogrdss Of &eﬂimdrphmenﬂ:lformhrgmsthp&ban pe@manitored using
equi val ent of .the chlorine- con[ aining re g}ent in

senYERdnab ARl tiGRk Fechnigyes comparaplerts thestdeseridgdinSediop 2 for

s t r phi none-form ng net hod
%%hggﬂéﬁ% lr!ﬁ%%g%gggﬁéng&ﬁ I}t?%h(g?gout 5.0 nol ar equival ents
per nol ar Fgpicaldy, animethat ik eufficient ionmimyant gienhorphinone-forming

el Ao fhoar 828 Fews T 6t 3P hopisnih AHORET bmBbaihiERt, a ime
[H%[ RRuRAG ft@Ez{HW&lt@Fé HesbryRRGRSng ﬁ@moﬁ Batbes ?ro§1 JB?)ut 0.5 hours

about 3.5 nolar ° equi val ents per nhol ar equi val ent of
tdwbouhR Dhoure-andrin anothergmhodiyaent. a thpe Hrat srrafféginsdo aarmy out the
t he .amount of t orine used in
IREP SR e PP g Risdrormane gl PIROGRiOIES o' T
about 9.0 mYhiRAIIEGUENM r@mtcstham Kuffizleat toeshiiy\ck ERtmérphinone-
t he conpound of formnu i n anot her —enbodi nent,

foreningme\Rg reTecs Hemcos 179 %’ec&%hoant AIONE i anhar epnbedingeat, a
B3 Rt T by alPDAEoG PR ithorflees rom

fiesurus G tb Jabo B 0a@ daridnin anothbreemissdhmelntne rempet dtereahat ungufficient
of the chlorine-containing reagent uysed in the o
oS5 QY5 e FORPRITRGC FUTHBE Meiogdanees Soruisii 476 tp goout s0°C.

about 4.0 ﬁJ akcdficed
formila (1 TEE piRpiBhoRatd el corl REEAARANALkBlced pressure

mmqsbhﬂmmeisuremr@pvn’_@dhm@smy I gng mbodlmgntpﬁ]egnorphmone-formmg

f. a base. Non-limti exanpl es of useful bases
m?gtfqgidéc‘fr%égmoqlégﬂ?sé’we r%%i%‘ées and i nor gani ¢ bases
descri bed iMaeRidrietiboflindent,Qhe hﬁgﬂﬁﬁfﬂ@%ﬁhm @hidthdiis carried out
met hod. 21 WO 2005/ 077957 PCT/ US2005/ 00339 In one
en@ﬁmmmﬂ atiriespheag such s .oig. oNg A, Nep AsdKr, X¢, eihany combination

5 aerr%{) Nﬂﬁ&kj er}lchh g%iaﬂ%gn&?%ﬁoﬁes fotr{nI I?éa (Ithﬁmyce‘m%d out under a N,

atrhsx@herent , the base is an inorganic base. In one
enbodi nent, the ampunt of base when used in the
mor p hi none-Ths Presemti %benﬁﬁ’l‘ fyther siyestorGogiRosibign compyising

; E OfQOHthQ nﬁﬂuﬁﬁ Lf fdRfiluld R ISK, anﬁ q¢hMAInERbn@ining

orine-co ta| ni reagent; 1 n anot

emlnpdulmb nvher¢ihR | and lRataIa)éach hml@pendeatiy t(€ed320)|alklyh e(C;-Cg)cycloalkyl

0 nlpne_ f(? {srg pr}gtecr:rt‘lergghgorgug aﬂg esg CI)rrnI(:))cr)T;lggI?suatre use?ul for making a
compound of formula (II).

In another embodiment, the invention relates to compositions comprising

a compound of formula (I), a compound of formula R SR; and a chlorine-containing
compound; wherein R; and R; are each independently -(C,-Cyp)alkyl, -(C3-Cg)cycloalkyl
or -phenyl; Rj is a protecting group; and the chlorine-containing reagent is
trichloroisocyanuric acid, N-chlorosuccinimide, sodium dichloroisocyanurate, 1,3-

dichloro-5,5-dimethylhydantoin, Cl,, calcium hypochlorite, or any mixture thereof.
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nol ar equi val ents per nol ar equi val ent of the
chl orine-containing reagent; and in another

wenhsadiwent, t he anount of base when used in tPEI/US2005/003390

nmor phi none-form ng nethod ranges 10 fromabout 2.5 to

about 7.0 nolar equival ents per nolar equival ent of .

t he chl or i Feanoghnsembadiment.dagjayentiongelatas @ pempositions comprising
enbodi ' - i r )
SRRy hlE Y QHARRNE F TR R W ffin
exapginds whereis & uhd & gfendach irglepandeantdy i(QeAsghelklyt) o&B-Cs)cycloalkyl
not ed above for the carbonyl-fqQrm ng nethod. In ogne 15

ehipbERYeRy s aRigtesiingerouP: A i thl rinear QinIBREeaRENeS | n
BAIROROL AR acid 1 RIARLGniALY XL, SPBRNHRER thEtebf1®

phino rmng od I's present In an anount
rangi ng f r fmarsithosr terbodingeat, tte imyenmeinghlatas po temperierts cbMprising

RapibedrTo e Bt hubrouoh s BRI R Y OBl aci
FLMETR | MRER, A8 @4cH RdERAIERIRLE POk Ar ﬂtg@éfﬁ?ﬁlgglﬁlis& -phenyl;

20 present in an amount ranging from about
byd Reisgiprogptinggrabput 25 parts by wei ght based on the

wei ght of the conpound of formula (1):, and in _anaother . .
orbodi mont 1 o R he iR ratdshs 193 orhfbs fRR'Bprising a
EBMPAUNAVTForn@l IRASR S8t deidled BerPines Eflorihé c@itain@Fusiipound and a
rangi ng fromabout 0.1 parts b@(ﬂewei %?t up to about 10

pempeungyofiqmyHe (haxhateinns Ry ite(Guet gtk ds -beney L&Y g 10alkyl,

N B+ N~0 i ~ _&h rgani c
g(gﬁd\) gﬁ?ylbi())gaﬂrﬁ%l))/’d %gﬁélcmg’g%ﬁgﬁﬁg legé{)%lﬂ% anhydr ous
SOl MLECHCR)alk$I0-PLEYI(C FC Dtityil - PAS (T 6C oJalieyl),, or

carbonyl -form ng nethod. The norphi none-form ng
Q& sHsPdelyi ed under conditions that are

suf fi ci ent pf O JiR @nibd8ineHTRA P eRiorf @lafd!t8 a Cbinbosili®n comprising
one non-limting enbodi nent, the 30

areomipbwehef-founuta RySRe tarhtbring-coatatriiegireagent and alcorpound of formula

By heriin Sl aroBE 05 SiaYploes HHRE PsSiah R Eoalkyt
(1) in anphkifher cifbodimdht ! the thveRiaben®dtto alcbfposition comprising

nmor phi none-formng nethod is carried out until at
lasampounthefi formula ko SR2, pethlasine-contaiiing ragpt @nd 2 pmpound of formula

foromula (). I € verted to the conpound of

pg’r‘% rgln(}*’?lf Bgﬁ%%ﬁ@agggf'her non-1initing embodi nent,

t he nor phi o agotRer eBoditémt,ARe GivéntR@lveldfR00 2/compd€fon comprising
formng nethod is carried out until at |east about 9

rspEppaiteiformeladheRe GrRbATHE-ORtaIRing FRasent @ny aﬁa@Pa@&iof formula
oSkt Slegreun.or Tl a (L) e
nmoni t or ed umiangther embodiment, the invention relates to a composition
comprising a compound of formula RSR», a chlorine-containing reagent and a
compound of formula (I), wherein Rj is -CHs.

In another embodiment, the invention relates to a composition comprising
a compound of formula R{SR», a chlorine-containing reagent and a compound of formula
(Ta).

In another embodiment, the compositions comprising a compound of
formula (I) or (Ia), a compound of formula R ;SR; and a chlorine-containing reagent

further comprise a base. Non-limiting examples of bases include those described in

Section 4.2 for the carbonyl-forming method.

24



10

15

20

25

30

conventional analytical techniques conparable to those
described in Section 4.2 for 5 nonitoring the

wa@ 200507957 f or mi ng net hod. Typically, a tinme thetT/US2005/003390

sufficient to carry out the norphi none-formng nethod
ranges from about 0.25 hours to about 50 hours; in
anot her enbufiothenembadiment the ¢RAPqsiions cPMprising arcgmpound of

ERlle 1% (s EOhpRIRLir FRTLR LR ARRARS o fibe reagen:

airthetlcompyise ad drgdikc §d1adnt.i Nosdintiting exﬁ:m;tles cfargahiopblvéieinclude
10 nor phi none-form n& met hod rgnt%es from about 1 hours

f@s%é‘%?ﬁflb%bmr%ﬁ‘i@l“? Py thg cphon Efﬁ‘ﬁ‘ér'%qﬂi‘,ﬁde that is
ff tr f
Fanges. 1 omnSitRive g s B CRRG LABRGnd I tReilla (FbPAS, the

esthpalindeftfornaula ReSke tmtahtcmnelmtltaumng refagers) thabagep 1fcaay;@nd the
out the, nmor phi none-formnin t.hod .ranges fr.om
Orggelct'6 1 aBlob B g Mg IF T BLEGE ferBadspones oRRing method.

tenperature that is sufficient 15 to carry out the
nor phi none- f or m ng rret hod ranges from a,bout -40C to
about 44pMethods for ) z 3:Q-Pratected Morphingne. Dienc

carried out at reduced pressure, atnDspherlc pressure
or eI evat edspowdahpre, thapreseat BxBuinmals relaigsgo methods for making
method is carried out at

Ebﬂ%p?%g&g{r‘“gégﬂpe I n anot her enbodi nent, the

m) r phi noneid edegnmigpdimertpghe ipSeseﬁtrini/c&niion wilate? B aimdehod dor making

i nert atnosphere such as, ., N2, He, Ne, Ar, Kr,

geomgpung Rf EH’E‘I‘H%%!%“PQSH&eof I n one enbodi nent,

the mor phi Eagnaqm pr eg@&r{m fbSmAR (1) kSrta@lh thIsEende of a

at nosp Invention further relates
bmnpmnmarflfmnmis ReSReparidsi eidorine-eootppuiog deagéntfumdendoaditions

ound .of fornul a chl orine-containin
Qg%@gﬁb@dﬂ%}(e W&p&uﬂgﬁ(’%la&gﬂ 4 each i ndependent | 3
- (Cl1- C20) ak&sybuomﬁglar&%}rcp\bﬁh@ af foyulaQll) tPRAEith @Figst Badse and

is a protecting rouEd These conpositions are useful
foacylefidgagent ofcf@mdau C@)Q(E(Q}Eh ar RiGP)X | yndergomgisions sufficient
THas R Rbmpblifs SMERYL IO EhakS | ° COTPOS 11 OnS

I sIng formula (1), a conpound of

for mul a RlRRZn@Rgiaﬂa cabh didependently ACHMPalk!, c@pOXydloalkyl
wherein R1L and R2 are each independently

ot @herdp) al kyl | (CS Cs)cycl oal kyl  or -phenyl; R3 is

a protecti 195 cti ggrotu e chl orine-contai ni ng

reagent is tr| oro anuric acid,

N- chl or osu®agiisH(@i-0eg)alkpldandn di chi or oi socyanurate, 1, 3-

di chl oro- 5, 5- dj EEéh | hydant oi n, Cl2, cal cium

hypochl or i ‘,S'g - é‘ i xture thereof. 23 WD

2005/ 077957 gt-Ef) Q§3@&5¥n@ Q?c%%ound of formula (I) to react in the presence of

a compound of formula R;SR; and a chlorine-containing reagent under conditions

sufficient to make a compound of formula (II) (the “morphinone-forming step’) can be
carried out by the methods described in Section 4.3 for the morphinone-forming method.
In one embodiment, the morphinone-forming step is carried out in the
presence of a base (the “second base™) as described in Section 4.3 when the morphinone-
forming method is carried out in the presence of a base. Non-limiting examples of useful
second bases include those bases described in Section 4.2 for the carbonyl-forming

method. The second base, when used in the morphinone-forming step, can be the same

25



10

15

20

25

30

I n anot her enbodi nent, the invention relates to

conpositions conprising a conpound of fornmula (1), a
weorspourd7 of fornula RLSR2 and a chl ori ne- cont BETUSIP05/003390

conpound; wherein Rl and R2 are each independently

-(G -C20)al kyl, -(C3-C8)cycloal kyl or -phenyl; R3 is
aaopdléﬁemt frngl the 6isy baven dn phe ewhodifent thedfirsbast apd the Second base,

trichl oroi socyanuric acid,
“f&eg qt‘sr utg%lsaﬁn?'n de, Cl2, or any nixture thereof. In
anot her empemk ERBSdimbMNe theRvediidibase watdiRd ih the morphinone-
conposi tions conprising a conpound of fornula (I), a

fowming EFﬁEI isgfiethylamingorparN. Andineth ydamigepyridiag anur i ¢
d;
2T o0y T Bidind? en i e <EBAE prAAARGIEET | the morphipone-

fbmlﬁgmpisembthlygmgn@up 10 I n one enbodi nent, the
invention _relates o a corrposMwon Co i sin

conpound & ORGFRPPUMEAISERS amOugLel S5Een %lwﬁleg ysed in the

A4 B TR AT iy s

mdl{rEqQ bledl Of) thk khlorine-c@ft@ndgGtagent)in khikgthgr,embodiment, the amount

of gch)é& %Pﬁeﬂ%lus Z;)tHF m%l%hmgqs)(&rg %eglal kely l{%ﬂn’)i ibout 20to

bt I0(A Q&ra%élhaélkﬁ& p& mélar eqhvalét OF mporﬁre@dﬁtalﬂlﬂg reagent;

anot her enbodi ment, the invention relates to a
apd irparmither @mb@@mt shergmount o6 pesend hassrwhesrused in the grpphigone-

f(%:llqurljllqé :/\Eﬁg rzg:nogpc]g | as%gl_nrsf ??%\50&?9 % ?19??1? %‘gl? Vglgntg le oY e&\nvalent

of Bie(chlotine(dChtaGhing Alaketlt) 2, or - Si (aryl ) 2( Cl- 010) al kyI
I n anot her enbodi nent, the invention relates

conposi ti dhestsmof REPYIE thocompaingd s fermata Brtﬁmagt Cwith a first

R;esﬁ%l] anaacgﬁlﬂé V\%h%r gf)f;]gr%gﬁ @4@(6&?%%%%?&@%? BorRfitions

saffizidne ro akottic Krelmpourtd“(ﬁ formda i) ritheéhairptlenene daenol carboxylate-

conposi tjon conprj o 0 ormul a RISR2, a
n‘gg PieR- )c%‘ﬂg’ﬁn‘g‘?r‘ﬁé g%glﬁﬁi gcsﬁrlgﬁ{ntff&%‘ﬁd of formula

(1), wher g} BnE8mb&dimehd, He3hepflnehB idhol cAfbdxRlatfirgig step

enbodi ment, the invention relates to a conposition
comppisésshegseofacepmenad of formrin(il, Wisrn Rsds -(Ci-Cio)alkyl, -benzyl,

FloRCREERI BB ERIaRD SR8 G MR Tront  the
-STQM@D((CQJ’C15)ﬁlk@1)§SSi(ﬁtsz(@@PQQﬁdlkylSD NPADNOC|-ChPakyl,
ngoun fornmula RISR2, a chl orine-cont ai ni ng

éﬁltca}?@(}’é)zc@nﬁ@mﬁéh#GHﬁul a 30 (la). In another

e R e
ohipik¢sthe asendfal compgund aﬁﬁmirmla (ID), wherein Rj is -CHs.

In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (II), wherein R3 is -Si((C;-Cg)alkyl)s,
-Si(aryl)(C,-Cjo)alkyl),, or -Si(aryl)2(Cy-Cyo)alkyl).

In another embodiment, the morphinone dienol carboxylate-forming step
compfises the use of a compound of formula (II), wherein R3 is -Si((C;-C g)alkyl)s.

In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (IT), wherein R3 is -Si(CHj3),(C(CHj3) 3).

In one embodiment, the morphinone dienol carboxylate-forming step

comprises the use of an acylating agent of formula R4C(O)OC(O)Rg.
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further conprise a base. Non-limting exanpl es of
bases i nclude those described in Section 4.2 for the

wa@ 200507957 f or M ng net hod. 24 WD 2005/ 077957  PCT/US2005/003390

PCT/ US2005/ 003390 I n anot her enbodi nent, the

conposi tions conprising a conpound of fornula (1) or
(la), a colmpnether embpdiment te racsphingpridignol carboxylate-forming step

hl t
PR B SRELRA bR EARSRor A ADE CRTREACHR,
sol vent s i ficdnélRr einboditheds siey mbglirione Sambi @ibakyPaté-Gdrming

the carbonyl-formng nmethod, 5 The relative nol ar
meHad comprisesa aspianpgagenb P s RsCG(P)Xor (1a), the

conpound Ofglq Jng)ﬁ{&l gg,b&]a f yt’ ﬂgér}gox‘tbﬁgﬁ)% ﬂf‘enspghtrﬁé&d?@formmg step

reagent, ase organi ¢ sol'vent

edmpings thernse oh as ecylehgragbedf dyowda Re€(Q)Xe wherein X is -F, -Cl, -Br or
nor phi none-form ng nmethod. 4.4. Methods for Making

3. 0-Protect ed Mor phi none Di enol Carboxylates As noted

above, thepEARALmbBY YL, A AbMRioRE ARSI ¢RbIBIRE Asiming step

for making 10 a conpound formula (I11). In“one
enmpikesthetuse pfien m}éaimgtagcmt\ﬁé fieimyia C&:e(@X-1t 0 a net hod

K gt FRRRS Bttt Sty tsRes et Foy P RiopHfiHe gienol

IBS8MEfGmiAg step mwadh&% diG5ed an BIDIsA 4anfbr #he carbonyl-forming
chl ori ne-cont ai ni ng reagent under conditions 15

mgthodci ent to nake a conpound of forrmula (I1); and (b)

al | ow ng t ﬂleo Coe%]no lﬂﬂge f th]é ?Hp’éla?e %lalt%lal%@aﬁl?r?e;}?aw NIN a

first base an an acy I'Ng agen

M@lﬁﬁ(ﬂﬂr malﬂﬂﬁ@a)a%aumbqﬂateonm ti ons suf fici ent

to make the compound of formula (I111) rein Rl and

R2 are each anethspembedimept, ﬂeftfirstﬂ'@)?éﬁl tWth amine.
- (C3- Cs) ey gy mbgﬁ}srr%lt( YRERY bisc RpdrB 1NPBRIGAR Riine.

group; R4 i1s -(C1l-Cl0
-1. The st Apylafinghgents ofgoantdmﬂpﬁc(h)d)GiD)RoorMA(%(O()X)ar¢ 0
react i t he..presenc

25 f f I
ciflly AERE T e edhrensfel B RRRy R Pofhaer |
Condl t i onsn Siéf dphtsdd@fént! e ARIOENPfGRYRAKS Soedt ufe@riftied
(1'l) (the "norphi none- fornlng step”) can be carried

mmlbsonerdeeneépﬁbdsylaesf@mme dtep ranges froarabeul tasgbouh kS molar
TR SRE B G5 R D, s
embodiment, the amount of acylatmg agent used in the morphinone dienol carboxylate-
forming step ranges from about 1 to about 10 molar equivalent per molar equivalent of
the compound of formula (II); and in another embodiment, the amount of acylating agent
used in the morphinone dienol carboxylate-forming step ranges from about 2 to about 7
molar equivalent per molar equivalent of the compound of formula (II).

In one embodiment, the amount of first base used in the morphinone
dienol carboxylate-forming step ranges from about 1 to about 15 molar equivalents per
molar equivalent of the acylating agent; in another embodiment, the amount of first base
used in the morphinone dienol carboxylate-forming step ranges from about 2 to about 7
molar equivalents per molar equivalent of the acylating agent; and in another
embodiment, the amount of first base used in the morphinone dienol carboxylate-

forming step ranges from about 3 to about 6 molar equivalents per molar equivalent of

the acylating agent.
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presence of a base (the "second base") as described in
Section 4.3 when the norphinone- 30 formng nethod is

w@aosiedsout in the presence of a base. Non- | iP@T/USIP05/003390

exanpl es of useful second bases include those bases
described in Section 4.2 for the carbonyl - forn1qg
nret hod. Thk enscorddimens, thamerphisene dipnal garboxylate-forming step is

SB0R) 601788 e e Bl ER e SRS o Mo g ahfles o et

bip@nitisbStnt &rethe hid @orerm@djl pEboxylithdofning fstebaﬁ(&uc&nﬂose
t he second base, used, are the sane. |In one

éﬁwwmrﬁectl@rh@%@c@ﬁ eallbagié foreing madhed.n t he

nmor phi none .
par a- N, N- dIn él‘%heri[l}lﬁf}%lrﬁ%rggtrh}s gr%aﬁic Si\?éh@g}nlé}?ﬁs%? in the morphinone

eﬁbﬁﬁhamylatet -foemivgesoepdis dichéoroinethans ecirahydtofieran,

mor phi ngne- f or ni step is.trie mne. In one
EWHB@FW@H@“’PW@-%ﬁﬁﬂﬁﬂ”&Py§B@HHH55é§€ when used in the
mor phi noner HJIBKbdRh&R, he Bﬂﬁ‘)ﬁntf deﬁ"gﬁﬁ’@éHlveht thEﬁ’ u%aqutthe

15.0 nol ar equi val ents per nolar equival ent of
alokghinore-diomd aarhoxngatcéalgmng step mangas froay ab@nbb Qiﬂﬁblﬂ twelght up to

t he 10 of , seco sed n
T AP B o enSS L PR GeMER s Gittind 8F rqrputa D in
ﬁﬁ’&h’ér chibodih&it ahe 8dLVAIf Q)Bga‘iudli%ﬂveﬂv{vﬁén asidiin eafidrphfnone dienol
t he chlorine- contalnln? reagent; and in another
9

esrboxilarederming step wengss from @9&651 BAREW RSB HUR 19ePoRt5Q: prsts by
XE{%‘P lbaf%g% d$ O&,Q" Hgofstfl rp@&&ﬁ%f ff&rﬁmk{"@guh@ E?ant)@ler ?mbodlment

q ul va ul val ent
tHeentdunOof drgarmio aélaemlwlgnmagmnhe mibgphiixnestieml odrboxylate-forming

al | owi ng_the conpound of fornula 1) to react h
fiep gqngeb’gg@ abeut Hhpagts\hyavsighf upde ﬁgm}_}% nggtﬁ.gy gvelghtii)ase% on the

t@%{%@z%@) @o&r{d J):}A%,Q%l%(f(ﬁyder conditions sufficient

e the Conmpoun ormula (I11) (the "norphi none
di enol car boayd ehieedimentyrihergngpsolvenh whiie ussarin ithedmonphinone

B Bt G o AP B e WS organ
CONBHs 8RUebdibel $:€ S&GtioR 4DTH At éhrisdnyi- ﬁsrmihg’stméihb)i
wherein R3 is -(Cl-do aI kyl , -ben

-C( O ( Cl @lbs2 aid,{ghmon (ch;bomgt)e;%@mg step is carried out under

S AR O e, e

'llﬁ(lﬁh ér@odﬂrﬂh@ tHeythorphinohe diShéd) catiglape-Ariding stepois @arried out
enmbodi nent, the norphi none dienol carboxyla '

f
gpihat gzt Howp 0 ke pareen gbthg compewM I IREM YR (ypahipesn Converted
( h)e’coﬁ@gﬁﬁd o Iﬁgrfuhﬁ (Il do[he? of- hﬁ{ltlﬁé;gﬁgédﬁ@ﬁb tHeforphinone

nor phinone di car ox?ate orm ng
dienol carboxylate-forming step is carrled out until at least about 95 mole percent of the

compound of formula (II) has been converted to a compound of formula (IIl); and in
another non-limiting embodiment, the morphinone dienol carboxylate-forming step is
carried out until at least about 99 mole percent of the compound of formula (II) has been
converted to a compound of formula (III).

The progress of the morphinone dienol carboxylate-forming step can be
monitored using conventional analytical techniques comparable to those described in
Section 4.2

The morphinone dienol carboxylate-forming step is carried out for a time

and at a temperature sufficient to make a compound of formula (III). In one
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conprises the use of a conpound of formula (11),
wherein R3 is -Si ((Cl-d o)al kyl) 3,

wo Bfarwb) (Cl- Clo) al kyl )2, or -Si(aryl) 2(Cl-C e0EUE2003/003390

I n anot her enbodi nent, the norphi none di enol
carboxyl ate-fornm ng step 30 conprises the use of a
ewhedimeat, 8 ftimfeotuifigienttp make wisemepwndef fpgmula (1) ranges from about 1

= Si - a | r.. i.
P S b ol B0 LSRR R k8 compound o
fdtmulis@IIPfangescfoora@bot S0 up ar aboua3@ hj gnd inkrstkérentbdient, a time
-SI(CH3)2(C(CH3) 3). In_one enbodi nent, the nmorphingne
sHiEiRisNt anas,aomneund phfosguia (GlY) rapgesFora akoyt peh ¥ to Fpout 25 h.

O ks i T

fdrmuimfhrangesfranahobt -Z8iMhox id aboet the brling peine pf the organic

caonpri ses the use of an acyl ating agent..of formyl a

el o Bisconcansiher Amandinial. “dvBBEIARER Iic R RPR Aggpound of
ehirened (Iﬁf‘falﬁgésyﬂr&h%b&ﬂr—%@u RiHdA0he A304C: SR SndRer embodiment, a
acylating agent of fornula RAC(O X. 5 In another

empeditarestfficidnt tomakhi pempoutidet dormuda G yangeefroarabongd°C up to

bR AP oA & SooiR s ert ERpe Al SullPREf o Tnghe 4 gpmpound
BNRIrMala (BTPRHLFETSm abb\ 200C RHitd it d5ET Ol
carboxyl ate-form ng step conprises the use of an

acyl ati ng A§emorpiingngrdiench capgrylapdprming siqpsan bearyigg out at
f ] i :
DR 5 s, S R R RSl A DB, e

dicsphiscedliénv]l Sabbk yiatedodning stephecardedoutyat athoospherg: pressure.

met hod. 1 n_one enbodi nent, the first base.is a . .

trial kyl anithene gabodimeng. th&i‘P@PWP‘b%/ﬁSIF’&‘? (Farbgx yiate-forming;step is
; . K Ol t [

D e 7 T e o KIPXC sy

tombinatiars theiesf. phir aottieNentboditrient, tlyer indiphanone dispblbgartaxylate-

ents of . formul a R4 O R4 or RAC(O X are
?%H’r’r‘ég EIF%PSI%?HE%%?W%B%%%%{%W%&prepared by known
net hods. | m MRen&PhREhdBiRhel daltRdx IARHmidg sty il drdd of addition
agent used in the 20 nor phi none di enol
©

theseyipaurd oloformulg (B).asylatingagent. fsh babband organic selpent, when
Bl el ont per Toler eauvalent of Lhe
anount of &g yphahdmImaggrdmbosiedentntht herphingie dienwd carboxylate-
?‘ci)r?nqgé stgf;Jl Esbc%)lsr){elzdagu? -by adding the compound of formula (II), optionally in the
presence of an organic solvent, to an admixture comprising an acylating agent and a first
base, optionally in the presence of an organic solvent.

In another non-limiting embodiment, the morphinone dienol carboxylate-
forming step is carried out by adding an admixture comprising an acylating agent and a
first base, optionally in the presence of an organic solvent, to a compound of formula
(II), optionally in the presence of an organic solvent.

In another non-limiting embodiment, the morphinone dienol carboxylate-
forming step is carried out by adding a first base, optionally in the presence of an organic
solvent, to an admixture comprising a compound of formula (II), optionally in the
presence of an organic solvent, followed by addition of an acylating agent, optionally in

the presence of an organic solvent.
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form ng step ranges fromabout 1 to about 10 nol ar
equi val ent per nolar equivalent of the conpound of

wo evostas{11); and in anot her enbodi nent, the BEDULL008603390

acyl ating agent 25 used in the norphinone di eno
carboxyl ate-form ng step ranges from about 2 to_ about
7 ol ar elfuinpshes nonpistiting prapodigignt sheanerpbinonp dienol carboxylate-

BTN Ay Rl R8s gl R BB B gresnc o

6aahRewlvehe td af Mnligrusé Esmprviges compoaralsd dornduld AIRbptidnally in
15 nol ar equival ents per_ nol ar equival ent of

: : the :
theyareseneryolagenganic solxes e wedhby addidon of 4 Hest hars ertiopplly in the
| . the norphinone dienol
EgFg%fy?gi?g?%%gir&%sﬁlghgtep ranges from about 2 to about
7 ol ar efjuovedmivddimpty thewbmpowglofifatmult () istpaepared using the
acyl ating agent; and jn anot her _enbodi nent, the . :
EoRIHRONSE foF g stapaaRd 1§ QHISP te@rP&f%nJSB‘HB HEstbindhegrphinone dienol

E%Q%M&%ﬁﬁmgg(e ing step ranges from about 3 to about
nolar equi val ents per nolar equivalent of the

acyl ati ng Agamther 2mbadinZD03hOFF9EUNROT faysr0EN098@Ielated after
[.Ln one, enbodi ment,. th r phi none di enol . ,

Lk BRSR) A E B o S PP B AP @ iy ltipp gecnt and first base
RfcORIARE B BE cAMpOIHISSTIfErnRiah VIBNE. . NV lpbiT héthed.exanpl es

of useful organic solvents for the nor phi none di enol

car boxyl at & frnther egnbedispent.ribe eerepauad£é forguda(Dgegot ipolated after
Eobbote? nd Rl PN PR R LR By b

ni'c SO en use
s aneaRs todhetuahpauad o fytmitedhor mi ng step is
di chl or omet hane, tetrahydrof uran

met hy! t et r dhgRAtar smiedinet hn eomprundaf farmula, (D is not isolated after
Ui G R Ty A ot G35 compound o
cembdx fll)dfoBeted by adfisereqf thafigggbafer om about 1 part by

i ght 10 abqut. 10 ts b i.ght based
e vei ght Tt SEBRHISER B CrDPoIAD (T R ROk pelpted afe
HEdipRRdhe-f6iAng E‘i@ﬁ{ﬂnd@lﬁe QDB Gs Kded Eindt toiREoHPOHnd Bf

t he nor phi none dienol carboxylate-formng step ranges
foromladbfollewedby sddijorvef the acylgingrgghlout 50 parts by

i ght based h i gh : f l ;
(151 ana TR B s A Y s

QE@alibases Hevditponhié bf foB@dlal (I) st iedidpéd afeen ehedinerphinone-forming
car boxyl ate-form ng 15 step ranges from about 10 Fart S

siepuenIdghe agylatng agsaiis addedda thescampapad ghtormytaddD Seflawsd by
\Qﬁn%ig}lgh onhtetfHFt bcdgé_rpound of forrmula (I1). In one
enbodi nent’,

he organi c sol vent when used in the
nmor phi none In di@hel endmxbnent) the exofpirinoreefosthimg siep further comprises a

%chl))rllg rbgges; 'the'vc%trrt]p%%lsld fo? I‘:Orl%{lﬁip(?{) iisn ot "i‘s%'i‘z}{gJ a(l)tltjesr tl(l)er %grq)ih?none-forming
step; and the acylating agent and first base are added simultaneously to the compound of
formula (II); wherein the second base and first base are the same.

In one embodiment, the compound of formula (II) is not isolated after the
morphinone-forming step, and the morphinone-forming step comprises the use of a first
base and a second base. When the morphinone-forming step comprises the use of a first
base and a second base, the first base and second base can be the same or different. In
one embodiment, the first base and second base are the same. In another embodiment,

the first base and second base are both triethylamine.
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conditions that are sufficient to make the norphi none

di enol carboxylate. In one non- |imting enbodi nent,
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and at a tenperature sufficient to make a conpound

ﬁ@admlxaur@ (the) ‘contactingstepl) SAMEOOE Y ¢gtgpound of formula (III) and an
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a comnmpoun ranges from a
hoxht@cttrig sédpois hobAtidified, nheam@tdie phasehiocoliveted, tha at;uemas phase can be

sufficient to nmake a conpound of fornul a ran
Pitier Sorbitteifh GBS SO0tATE 290 U resiant BPagsis Mehixiuid &

?Eﬁ&g;llg%?tf?nl?ert&e%dvﬁ 4 bk Stk ds @ TR eauma@ms%&éase the pH

ranges from about t o about
bf the agneous phewti tosvithin thetramgeenf aboutél Q;tsufa’aout %0t to make

a compound or mul a anges from ab

o about ¢ AP MRl B in s SRR TRR R T0HR At SauPus phase
Us&fllected; B AGRRs Eﬁ@@‘i’d SPRBHctedaw HIEAPEzahid pRaset fHeirédu@aiit biphasic
to make a cofmpound of forrmula (I111) ranges from about

agetuge is Hurdiepureatewith 3(base Jush and? frerqueans SHGH r incegase the pH
erature,sufficj en g
oF FRatollBuit sl ol S 7T e e fbanic phase

an&diketedenbodi nent , a tenperature sufficient to nmake a
compound of forrrul a (I'l'l) ranges fromaboput 20C up to
about 75C. THREOMBHISHICRAMY Riassiore exicpriiaieh EOealfeélfinf er reduced

;%e%purg afhdlfe fRhdrE PesRItE ¢ Qxltl be ﬁﬁ'ﬁl FROIBIESE %ﬁﬁed by methods

nospheri c pressure or evate pressure.

enmpdnamertb thdsbdescribegiibave e Selitionall.2 sechlasxeyg. adletammom ng
st eP .S carried out at ahrmspherl C pressure.
crystallization and/or chromatograp

Non-limiting examples of useful organic solvents for contacting a
compound of formula (III) in the presence of water include water-immiscible organic
solvents such as straight-chain and branch-chain aliphatic (C4-C)p)hydrocarbons such as
butanes, pentanes, hexanes, heptanes, octanes, nonanes, decanes; cyclic aliphatic (Cs-
C)hydrocarbons such as cyclobutane, cyclopentane, cyclohexane and cycloheptane;
aromatic hydrocarbons such as benzene, toluene and xylene, each of which can be

substituted with one or more -halo or -hydroxy groups; (C;-C3)hydrocarbons substituted

with two or more -halo groups such as dichloromethane, chloroform and carbon
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Xe, or any conbination thereof. |In another
enmbodi ment, the norphinone dienol carboxylate- form ng
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presence of an organic

RERHNOLr60 GTE toH@g @Naladcy| ating agent and a first 25
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sol vent. | K dessechdhe Roprofeching gioyp ehHisomprind phformula (I1T) can

| ' i - AN Y A ied:
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agalepracdioa stepiis adt dasrse, oud phtilawalpletingothdiehpmeskproeeseds that

an organic solyent, tqQ a f f I I o

SR 35 b B SR il g it ng o

'(tj},{la AGPhIMe IR MEthdd JortRRRUINERPEoifiE PREBRANR l3tdPS Erom morphine
I enol” carboxylate- formng stép is carried out b

alkdloids axe flescsibed zsge, indpBi Ravexit Ne. #472.883 pr Sedurase (whergrRs is -

SlSBblr PRy BBt 2o N SRR el g s Potem

ofo. 8008398 Hustl seimt(wheRl R0vetyhyorsidinttheds iovatin the art for
acyl ating agent, optionally in the presence of an )
depraircting phapekst (see2 6 SWOTOTTSY Bl YT TeCcBEeT L URIS O Cugasg Synthesis

| Rt . P | nane
AR A0 e R bR el R TR RSO

addi ng an agondd abgvagkapresampinveniddi also reldtésstomoeelavagounds of
of an organi c solve t dnj xt u C ising a

dormsda D ’o‘f’lllq‘r%‘f‘rﬁ}l % 1{({3) -,C?@%?V‘Sh 2%;1?%}' Y\r)ﬁfl‘?@ilsa sence

Qf -Sbur 5?_@[1@ )ﬁﬁylygﬁﬁmfsqggomsia@_ addition of a first

base, 0p |ona(ily In the presernice of an organic

sol vent . | iin onecebixbiniente tite, present invenpionnelatss té povel cempounds of

[1) .i repared. usi. h r phi none-form ng step,
gﬁ‘?i‘qu%aﬁg’t&eg%?‘étlse'}(@gr gl“’gal ’hg used in the

nor phi none 14 bfARér enfiidRANit] tBE Prekét ihvegitisi €180 rdlites to novel
anot her enbodi ment, the conmpound of fornula (I1) is

womppwasisf ernafia €iD), wigere Re ismSi(EhishA& Rianol
car boxyl at §- 1, 05l NG fifRent AR plel&ne dehAb Ao PESBE il

first base
compounds of formula (III), where Ry is -CHs.

The novel compounds of formula (III) can be prepared by allowing a
compound of formula (II), where R3 is -Si((C-Cig)alkyl)s, -Si(aryl)(C;-Cio)alkyl),, or
-Si(aryl)2(C;-Cio)alkyl) to react with a first base and an acylating agent under conditions
sufficient to make the compound of formula (IIT) as described above.

The following examples are set forth to assist in understanding the
invention and do not limit the invention described and claimed herein. Such variations
of the invention, including the substitution of all equivalents now known or later

developed, which would be within the purview of those skilled in the art, and changes in
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pot" method. In another enbodi nent, the conpound of

wo eoosutas{11) is not isolated after the PCT/US2005/003390

10

15

20

25

30

nor phi none-form ng step, and the acyl ati ng agent and
first base are added sinultaneously to the conpound
Gérnfudationb ar minor charies in experimentabddsesn, fdhwithintike scope of the
f formula (I1) is not isolated after the
Rﬁggﬂ“?yqfo?orn1ng step, and the acylating agent is
added first to the conpound of formula (I1) foll owed
by addition of the first BBasExarmpleanother enbodi nent,
t he conpound of fornmula (I1) is not isolated after

the norghi EQHﬁpieDI B yih &lseoF. 3- @Uﬂlsidiﬁlefﬂyl!-%Ibd@_lﬂﬁlz'llﬁorphine
added firs € conpoun ornul a
foll 0%@&1ﬁ;gon3£%l&ea91-ﬁsut§;§ﬁyleﬁusha& (191 PEM6 mhidl) in

anot her rphi none-forning step .
ftetrahpdnofuram(sio mb;(ﬁddrlstéomcadbase‘zertaheutédnpubmcsoafuon of morphine

hevep Aave 1 gt gmideplsti6ine B HE mingP e dimaifprmagice

eoient 3 Qobh® &Qm Uﬂ&jer‘l’fz duRbsphkre. (TheredudbhhtOxesh ddYution was stirred

addition of the first base. 25 In another enbodi nent,
@h35°Golop @# hand cormentraigd sndgs reducedpresyisepid 8d9°G. The resultant
second b the,c f 3|

VP BT e MRl RN B 237 s M rpltant white

peadipitatega@tiatie@nth ﬁltrﬁﬁ(ﬁn bH‘ieEso&ﬂEw&da(iﬁskolved 1n dlchloromethane
simul taneously to the conpound of far a (1]
WHY} mhnand he sesulia opsase pilRge Vet sollegigde T P STgARK @aﬁeewas dried

| Qe srbﬁmgﬁﬁgﬁfytﬁf]tﬁredt %gi th ' @%&E?&ﬁém&r Qédu):ed e&%e at
|so er t nDrp none-formng ste
t4béC.rrﬂ)‘h¢)l‘Hsmlmme rdsatueiwey rsdrg;lalhmﬁ)ﬁroméwllhigdlep@ee 6?5 ml) to afford 3-
first nd. a cond bas VWhen the.

b BiTEREL BRI SOB BT eV T Jid: P 60 § (J4gpmol, 48%).
base and a second base the first base and second base
can be the_s [
first baselak¥ample

enbodi nent, the f| rst base and second base are both
tri et hyl anifitepargtiongy Gextssnanyy d sighlprofyaggamyis/agsk@3she, 3-§ mmol)

%%tcﬂ?rrggg HP:Q %d‘ﬁi‘ Founh Ib%ttgﬁlnﬂpéglﬂ %gUI%C({ ﬁftﬂ"d Id‘f’st hh&n ead, and the

lor to 1ts use I none |eno
anilents i ﬂteeﬂafsk) Mﬁﬂ@(ﬂd&cbqo 30)7&1 imut&e afi N’z atrs@ipherien gahlpdrous

SeTgmettape {3y mD s icherb D F sk da e HBR Huapsryon was
s P?r]g& ?Jr%r}'}ﬂgl & 0%0‘(3”9& Eﬁﬁth&{jof cddbihe ¢E57 £ ESl9 &Eﬁymdrous

or mul a can be isolated and purlfle
rmm@dmedmnpalﬁabl)evasaddmmm@@@s @blouty rBwdo |thmsu4p®swn and
ftge (:(I)nst’é:)rltsa (t)i'l ng ﬂasrl( were rnlufxg(!l fi aboﬁ?t 30 min at -30°C. The resultant milky

suspension was maintained at -30°C, and neat triethylamine (6.91 ml, 50 mmol) was

added drop-wise over about 10 min. The resultant light brown suspension was warmed
to 10°C over 2 h at which time the conversion of codeine to codeinone was complete.
Preparation of Codeinone Dienol Acetate: The brown suspension from
above was allowed to warm to room temperature, and neat acetic anhydride (4.68 ml, 50
mmol) was added. The contents of the flask were warmed to about 50°C, and about 90%

of the dichloromethane was removed by distillation. The resultant slurry was allowed to
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conpar abl e ’Ih@ ptdiageniasios isien t(ﬁb@ﬁﬁntbdh irSeopé bythé.specific
such as, e, distillation, _crystalljzation and/or

@mbeﬁme@@r%ﬁﬂh?ﬁed e exampleh Q/hésbaﬁ% jréendsdl ay,lpigptions of a few

? p?e?;g of ey thSﬁfoﬁ ah@'an§ Q@B@&Heﬁg tRat afééfﬁﬂ%ﬁll?feqﬁlgﬁlm dte within
e presence’ of water include

\tieet sebpd: ﬁﬁﬂlsonbérmonr faleed, Vasoﬂlsnandﬁlcatimis ofighe invention in addition to

stral br anch- hain al i

deseriagg ferela wih b B‘Eﬂ‘%ﬁq"é’?a &mtﬁﬂ%sskﬂﬁsyzaﬂbm and are

hﬁ@ﬁ(ﬁ:ﬁ?é falpﬁhﬁiﬁf%ﬁe sc%ﬁ@@f‘ﬁx%apﬁ&ﬂ@ﬂ@ﬁuméiyd ic aliphatic
( - C7) hydrocar bons such as cycl obut ane,

cycl opPenurabm of eefeienersshare beanctiteg.cthe Retpre slisslosurgs efwhich are
gdrocqﬁgg uch.as henzene, toluene and xyl ene, each
SHCORATERd RETFI W TlEE t uted with one or more -hal o or

- hydroxy groups; (Cl-C3)hydrocarbons substituted wth
two or nore -halo groups such as dichl oronet hane,

chl or of orm and carbon 31 WO 2005/ 077957

PCT/ US2005/ 003390 tetrachloride; dialkyl ethers such
as diethyl ether, diisopropyl ether, dibutyl ethers

and nethyl butyl ethers; ethyl acetate; and any
m xture thereof. I n one enbodi nent, the
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organi c solvent is dichloronethane. Conpounds of
formula (I11) are useful for making norphine al kal oi ds

w®2®@a0t79sas nal oxone, nal trexone and oxycodone BYT/US2005/003390

10

15

20

met hods known in the art (see, e.g., US. Patent No.
6,013,796 to Huang et al.). If desired, the R3

W@cqlalﬁ’gdgﬂ’oup of the conpound of for mul a (1'11) can
be renoved and replaced with a group such as -H (the

step Fs nof Rarbahserbihier mabifofRbiad Ske"

&lbﬂ[ﬂr&@bcyﬁﬁﬁ‘f@z?&& gnd 84se 1AhEeBIR, 4 Ruthre badl iMdepeh@sitigd
the presence of a hgq(,jrox yl group on the benzylic

r(Cm&zdﬁ kyt € fploypioakyboncah@nyd. Met hods for renoving
specific protecting groups from norphine alkal oi ds

are described, e.g., in US. Patent No. 4,472,253 to
Schwa?t z (Wbep@nmlmgl of clairyl, )WhemmsRl PetCEHptaniiR? is -(C1-Cao)alkyl.
5,112,975 to Wall ace (where R3 is -carbonate); and

U. S Patent No. 6,008,355 to Huang et at. (where R3

is -a8yl): The cduypcvmmdlmfs:lamo?/;ﬁwhemml?elsxﬂmfmd Rbgs -(Cip)alkyl.
deprotecting phenols (see, e.g., Geene et al.

Protective G oups in Oganic Synthesis 143- 170

(1991%, eathe cerhpmse’&ﬁmeof@dingl iwheozip dreaneminh ef e nompound of

f te th t
FamateR SR i FOROARSBL R 0 Btovt PRTRRRCTSHE pitdpin
Eﬁulbﬁem%fﬁrﬁ&lo@ﬂseé kdik hedd. - Si (aryl) (C1- C10) al kyl ) 2,

0 (aryl)2(C1-Cl0)al kyl; and R4 is -(Cl-C o)al kyl.
20 I n one enbodi nent, the present invention relates to

novel sconpgyp gi’mﬁésmcgrpéﬂ@zluﬁl 4, MHtelein YeISouRS of ﬁ’le compound of
-Si ( (Cl d o) al I'n anot her enbodi nent, th

foresdnR | SRyvanges ﬁnnaatmt 2.8ltanlbant 5¢) molae bqumadnrp@ gmmol@t
for.nﬂlagll.% wher e R3|a Si(CH3)2(C(CH3)3). In
SAGYHEN of TIOTEREYAHE 4P esent i nvention al so rel at es

to novel 25 conpounds of formula (I11), where R4 is

-CH3. _The vel conpoun of .farmula (111
pr epafed bi}gE\FPIBR?Sd O%Ofdci‘b‘ “8?%? Mm oﬁ?‘f})mrnpound of
W2 RXR Sanges fofmlafoup2 gldsxbad’e 3.5 molar equivalents 8er molar
-Si(ary )(Cl Cl0)al kyl)2, or -Si(aryl)2(C1-C10)alkyl)
gquivalanttof wicHorgisbryasuripaeid. and an acyl ati ng agent
under conditions sufficient to make the conpound of
formula (111) as described above. 30 The follow ng
exanplles afTbe sempéositiothof daigskbivdier¢in therkhee &tanrurganic amme.
invention and do not limt the invention described and
cl ai med herein. Such variations of the invention,
i ncl udi ng fThe cembeiiticbruoﬁ dainod, vahdreiedm arghrioamineggriethylamine,

32}%’%&%%%@% Sneaf ey ibyEdintY aindfyhiniidelnie

9. The composition of claim 8, wherein the organic amine is triethylamine.

10.  The composition of claim 1, wherein the amount of base ranges from
about 1.0 to about 15.0 molar equivalents per molar equivalent of trichloroisocyanuric

acid.

35



WO 2005/ 077957 PCT/ US2005/ 003390 fornul ati ons or

m nor changes in experinental design, fall within the
waewp®e7™67 t he present invention. 5. Exanpl es BCTUS2005/003390

Exanpl e 1: Synthesis of

3- O Bi s(di net hyl -t-butyl)si nmorphine 5 A sol ution

of di ikt hy The compesition of c&mrrbfq sderein themmpunpofigserragegs from

r.of 6

Bt PO 1 Bl bfufole bl Heler e S Y Rbcyanuric
Zd;dmml ), imdazole (14.59 g; 214 nol ) and
di net hyl formam de ("DWMF") (100m ) at 25C under N2
at nrosphere. The resultant green solution was stirred
at 25¢f or TB4 cOmpoiGPoCRaltT B, Shetsidlgie anflie6fbase ranges from
pressure and at 40C. The resultant 10 viscous mn xture .
wkent 3ddedbew TR i melpr e vadanss Par sedarpquitalept of trighlpreipeeyanuric
regultant white precipitate was collected via
fi'ftration. The solids were dissolved in
dichloronethane (100 M), and the resultant organic

phase 4as oLl 8ehedsoT QG ISEPRY S RBRBrURE < Hrlnilly oP¥Ebndary

aRBESINt r at ed under reduced pressure at 40C. The
resul tant residue was recrystallized-fromboiling
heptane (75 m) to afford 3 15
O bi sgi metriy bofp&dition dfSdlhiv 1) fnbateie thaSevdtidasy alcohol has the
crystals. Yield: 13.60 g (34 nmol, 48%. 5.2. Exanple
10 formohedpot Synt hesis of Codei none Di enol Acetate
Preparati on of Codei none: Trlchlorn"o_ygENr|c acid
(2.30g, 3.8 mml) was chargsed to :Qv': m “round- bott om
flask equi pped with a di P jfead, and the
contents of the flask -30C under an N2
at mosphere. Anhydrus S sane (15 m) was
charged to the flask,%and t suspensi on was
stirred for 30 mn at -30C of codei ne
(2.97 g, 9.9 nmml) in anhydr&us hior omet hane (15
m ) was added drop-w se over about mn to the
suspension, and the contents of the flask were m xed
for about 30 min at -30C. The resul tant, mlky
suspensi on was mai ntai ned at -30C, and neat
triethylamne (6.91 m, 50 mril)) was 25 added
dr.o se ove bout 10 mn. The resul tant i ght brown
B%% 8H1%8§”§B § I to 10C over 2 h at which tine
the conversion of codeine to codei none was conpl ete.

ELEBZA | on T SATRBOUET REQRT 5 witsreh Rad (C15 PABH -benzyt
Cﬁt%ﬁkylaf@’qﬁl -arpilke), as{m’,tmm(y})ﬁs m, 50

nnD was ad contents of | ask were war ned

15 t+Bi(ayb((€:1 Sbdalkaby 5&@"0&)2(@9@10%1(36) P@(@ GiEINet hane
\é\?ﬁ%(%«gg-?‘;{@%kgé%%} %(d)b@téhgﬂ-cﬁhe resultant slurry was

16. The composition of claim 15, wherein Rj is -CHs.

17. The composition of claim 15, wherein R3 is -Si((C,-Cjp)alkyl)s,
20 -Si(aryl)(C,-C,p)alkyl),, or -Si(aryl)>(C;-Cip)alkyl).

18. The composition of claim 17, wherein Rj is -Si(CHj3)2(C(CHs)3).
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WO 2005/ 077957 PCT/ US2005/ 003390 cool to about 25C

and nm xed for 17 h at 25C at which tine the conversion
w@boosooel none to codei none di enol acet ate WasPCT/US2005/003390

conpl ete Di chl oronmet hane (20 m) was added to the

reactl ture and t ur.e cogled to

sol utildn ofﬁlﬁ CRPBTILIABY ?lﬂﬂvﬁ’f"gfefﬁlg c*}ﬂa"‘inﬁog%‘emm&f’l ranges
WRInhbc 1,020 23B89 ol S q@idalests her bR EQﬂlvﬁQntrBth ure,

and the bi phasic mxture was agitated for 5 mn at OC.
Thehlowosobyamntic ecidani ¢ phase was col | ect ed and washed

wth a solution 1 ml of 88%(ww formc acid in 20

m of water. The aqueous | ayers were conbi ned and

cool e@0t o &thewbmPasititn ofitleimo kgt whenein (dmmqnt mﬁéleatbt@hdl, ranges

t hen 259 sodi u

5 giien poch 2 O et E M o508 i BE Rl SuuienG o
AMAGTosPanuAY 88igas col | ected, and extracted with
di chl oronet hane (20 m). The conbl ned organic |ayers
were dried over sodiumsulfate, filtered, and
concenyr at %e%ﬁ%ﬁsﬁ@ﬁj BESHinP L& SPhE&n ti amdSifat off R alcohol ranges
resultant oily residue was further dried at 40 Torr at
:fﬁﬁh abmp ﬂcﬂm@boutm giotwrequitalensipenmetaa equinalent dfi ght

a\gn 1 d. Yi eldd 2.82 g (83 nmol; 84% . The present

tﬂ ﬂ‘iollsé’ﬁyqnémﬁ(?f‘ to be linted in scope by the
specific 15 enbodi ments disclosed in the exanples
whi ch are intended .as il lustrations of .a

10 of' ¢ oy decOmPaNGoRR; b Sriheanprides 8 orRRSERn.

functionally equivalent are within the scope of this

i nventjon. | ndeed, vari i fications of. .

| vent¥on {TheamPpRlan oh Mo vt T e Sl pisdgbenzene,
NEkBhe) x\Hehé, &&ﬁ?ﬁﬁe ABRAE Bz el dkhm&nahaﬂé 8ot dfornfl®arbon
art and’are infended to fall within the scope of 't he

aptpaﬂhﬂnnﬂecdlghlnmeﬂ@ge Nlﬁhﬂt@herdlpmﬁ’@t@mélsbtﬁmh%e@nthyl -tert-
el AR Bl B PRI Bhe s T gy ppysbination

15 R&S6iS2005/ 003390 V\hat is clained is: 1. A
composition conprising a conpound of fornmula RISR2,
trichloroisocyanuric acid and a base, wherein Rl and
R2 ar e4eachTHenapRsiaen of Ylaind 23 (WHerbd Medrigihic solvent is
-(C3-C8)cycl oal kyl or -phenyl. 2. The conposition of
oJiglilpnomethaner ein RL is -CH3 and R2 is - (Cl1- C20) al kyl .
3. The conposition of claim?2, wherein RL is -CH3 and
R2 is -(Cl2)al kyl. 4. The conposition of claim1,
wher ei25. t heA arthedtfopmaking adstaseuermpstsing allominga Fecamdary alcohol

rtg Egaﬁ:g }natpe presgnclétof a cgmtpgur?cp &Uttormula I{rgkz, trl&qulms%kfa%ﬁ?’lc acid and a

20 base under conditions sufficient to make the ketone, wherein R and R, are each

independently -(C;-Cyp)alkyl, -(C3-Csg)cycloalkyl or -phenyl.

26. The method of claim 25, wherein R, is -CHj3 and R; is -(C;-Cyp)alkyl.

27. The method of claim 26, wherein R is -CHj3 and R; is -(Cj;)alkyl.

28. The method of claim 25, wherein the amount of the compound of formula
25 R,SR;ranges from about 1.0 to about 9.0 molar equivalents per molar equivalent of

trichloroisocyanuric acid.
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10

15

20

10 equi val ent of trichloroisocyanuric acid. 5. The

conposition of claim4, wherein the anount of the
waeeowpouies? of formula R SR2 ranges from about PCODUSH05/003390

about 5.0 nol ar equival ents per nolar equival ent of

trichl oroisocyanuric acid. 6. The conposition of claim

5, whé9.ei nThhmethodwoficlaph 28hwhetsingbe agopnt of te ¢ampaying of formula

Eéﬁlg% e go?lbélgo%gg%bt 8'% L?SO [’1‘1 16 %EilllL &al%nt% pgrorln%far equivalent of

hkmgﬁb@&gmﬁg@yaﬁ@rlc acid. 7. The conposi tion of claim
1, wherein the base is an organic am ne. 8. The

conmposi tion of claim?7, wherein the organic amne is

triet Byl amrAg mettdd cTRRAMPY, Fhéipdt BRouydfittd &8npound of formula
di met hyl pyridi ne or di met hyl am nopyridine. 20 9. The

BoSRoengdsdronp abasit 2i to@bo siofar chivalents Peemakar aguivalent of
0. The conposition of claim1,

&%5ﬁgpﬁogﬁgmyﬁ§a t of base ranges from about 1.0 to

about 15.0 nol ar equivalents per nolar equival ent of

t h 2005/.077957

PCT Uab005 B SSR o p1tgS: WBRiSBRERER o areanipapne
wherei n the anount of base ranges fromabout 2.0 to

T Pae o TR PR ;B R R Sl
ﬁll?dﬁ%péf]ﬁth (R ﬁ%r&chﬁe Ql'i‘iﬁé'tﬁ&lp‘yfxdﬁ@%ﬁdfn@@ﬂﬁﬁmﬁfo@?&hdlﬂe

about about 7.0 nolar equival ents per
equi val ent of trichloroisocyanuric acid. 13. The

conposit i OfhE el dPclaim39! WhSfeif@BRFdaRic nife &Y tridBylamine.
or secondary alcohol. 14. The conposition of claim

13, wherein the secondary al cohol has the 10 fornula

é 'r )t N CHB ThBRIMAIA d cldibn)2s, WhEFeR fhe Bhobit & bASOERELS éin about
1.0 to about 15.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

35.  The method of claim 34, wherein the amount of base ranges from about

2.0 to about 10.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

36.  The method of claim 35, wherein the amount of base ranges from about

2.5 to about 7.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

37. A method for making an aldehyde, comprising allowing a primary alcohol
to react in the presence of a compound of formula R;SR», trichloroisocyanuric acid and a
base under conditions sufficient to make the aldehyde, wherein R; and R, are each

independently -(C,-Cyp)alkyl, -(C3-Cs)cycloalkyl or -phenyl.

38. A method for making a compound of formula (II):
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Wo BOepopEL- d o) al kyl ),

10

15. The conposition of claim 14, wherein R3 is
-(G-do)al kyl, -benzyl, -C(O(Cl-G o)alkyl,
-Si ((C1-d o) al kyl) 3, 15PCT/US2005/003390
-Si(aryl)((Cl-do)al kyl)2, -Si(aryl)2((Cl-d o)al kyl),
-P(O ((C1-do)alkyl)2, -P(S)((Cl-Qo)alkyl)2, or

- S(O) OC6H4- p-CH3. 16. The [
wherein R3 is -CH3. 17. Z

wherein R3 is -Si ((Cl-djo)al k 20

-Si(aryl) (C1- C]o)élkyI)A ) 2(Cl- d o) al kyl).
18. The conpositi ON erepsn R3 is

-Si (CH3) 2(C(CH3) 3) .

PCT/ US2005/ 003390 19. The co".--' [ of claim 13,

wherei n the anmount of the al coho

1.0 to about 9.0 nol ar equival ents

equi val ent of trichloroisocyanuric acid. 20. The

conmposition of claim19, wherei H%he anmount of the

al cohol ranges 5 from about 2. o about 5.0 nol ar

equi vadraptising) etlowirigeer comapoiund lo€ firmoda (I):

trichl oroi socyanuric acid. 21. The osition of

cl ai m 20, wherein the ano oh0 ranges

fromabout 2.0 to about (4 v egui val ents per

nmol ar equi valent of tri gocyanuric acid. 10 22.

The conposition of, claim a! eQNpri sing an

organi ¢ sol vent. *>3:0"The ti

wherei n the organic sol vent

xyl ene, nesityl ene, chlorobefze | or onet hane,

chl orof orm carbon tetrachlor|de i chi or oet hane,

di et hyl ether, dipropyl ether, -butyl ether,

met hyl -tert- butyl ether, tetrah¥d78furan

nmet hyl t etrahydrof uran, ethyl acetate, or any

conmbi nation 15 thereof. 24. {lhe conposition of claim

23, wherein the organi c so] vent |s chlor than

29 reagt il BEPSERSE Offa cPRgORndRitigHRYIa Ry g’& e %meow%nmg
EHAUY éxr tﬁ)ﬁp Ftlfflcfeﬁt oGRMe. thﬂf&ﬁﬁo&lﬁ%? eaRUL{ 2 wherein
oun ornu ., trichloroi socyanuric acid

and a 20 Basmd Rodeereacio nl;ﬂlep¢rmln3tl3st1€ﬁ1(?00)eldwl tEsredeyctdaikyl

ket gne,. wherein RL and R2 are each independently

oF Co) kyl, -(C3-C8)cycloalkyl or -phenyl. 26. The

met hod of @ oactinkefgipn RL is -CH3 and R2 is

- (Cl-C20) al k gb W gy

ANges from about

t ol uene,

39.  The method of claim 38, wherein the compound of formula (I) is a

compound of formula (1a):

(Ia),

15 and the compound of formula (II) is a compound of formula (1Ia):
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27. The nethod of claim 26, wherein Rl is -CH3 and R2
is -(Cl2)al kyl. 28. The nethod of claim 25, wherein

wo bmsamesnt of the conpound of fornula 25 R1SR2I/USIVGE@03390

10

15

fromabout 1.0 to about 9.0 nol ar equival ents per
nol ar equi val ent of trichloroisocyanuric acid. 37 WO
2005/ 077957 PCT/ US2005/ 003 90 29,/ ThgNTefieod of cl ai m
28, wherein the anount D OY
R1SR2 ranges from about aoout] 5. O nol ar
equi val ents per | ar egy 2
trichl oroi socyanuricaati d. X3 ¥ metjod of claim 29,
wherei n the anount of chummjdofjmnma 5 RISR2
ranges from about 2.5 to aboot--3A§5 nolar equival ents
per nol ar equival ent of trichloroigbcyanuric acid.
31. The nethod of claim 25, wherein]jthe base is an
organi c am ne. 32. The nethod of cl & m 31, wherein the
organic amne is triethylam nf,y
di i sopropyl et hyl am ne, pyridin€, dinethylpyridine or
di met hyl am nopyridine. 10 33. The nethod of claim 32,
wherei,q th | h

0 ¢ "8 il or2 lifiS8 Sh E{ehgkn%% %allé)g bel-‘l-

nethoé ereln ran
f-C@)‘(GPO‘HDalk)“, @(moﬁbﬁﬁto)alﬁym ﬂlﬁd(aFCQI?ﬂkW)@J -Sitasy (€T, - CIO)alkyl)2,

nol ar__equi val ent of tric r d,. 35. The
i arloa( @I%%QMP(%Q‘E ?Paﬁwﬁz,aﬁ&m g?f”%B B8 nges
fg fﬁ@;cﬁ 0O to about 10.0 nol ar equival ents per

r équi valent of trichloroisocyanuric acid. 15 36.

The met hod of claim 35, wherein the anount of base
rangegqfro equi val ent's
per m%'llar @gwoﬁél%&t@%%gzno?%oc%ur| c acid. 37.
A met hod for meking an al dehyde, conprising allow ng a
pri ma al ' S
corrpof%d o‘f?i(l)l P gllﬁertrhu(fdJOfrFST%&Z%d’ 9] |rh F%Erf g% gi gggﬁ;amﬁ)?aﬁ%ﬂ)ﬁbi d
agidargl)((haSg)alindpy orcSi(diyl h@HCiglafkyl)ci ent to make the
al dehyde, wherein Rl and R2 are each 20 i ndependently

-(C1-C20) al kyl, -(C3-C8)cycloal kyl or -phenyl. 38. A
met hod3f or Trmakmdn@ocbofaﬂummmd/hefenf R§ mulSa{((ClLC)o)alk)ag WO
2005/ 077957 PCT/ US2005/ 003390 N-CH3 R3~_'

44. The method of claim 43, wherein Rj is -Si(CHj3),(C(CH3) 3).

45.  The method of claim 38, wherein the chlorine-containing reagent is
trichloroisocyanuric acid, N-chlorosuccinimide, sodium dichloroisocyanurate, 1,3-

dichloro-5,5-dimethylhydantoin, Cl,, calcium hypochlorite, or any mixture thereof.

46.  The method of claim 45, wherein the chlorine-containing reagent is

trichloroisocyanuric acid.

47.  The method of claim 38, wherein the amount of the compound of formula
(I) ranges from about 1.0 to about 9.0 molar equivalents per molar equivalent of the

chlorine-containing reagent.
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O (Il) conprising, allow ng a conmpound of fornula

(I): NCH3 RI\OOH1-, O 5 (Il), toreact in the
w@e@sorms7 of a conmpound of forrmula R i SR2 andPer/us2005/003390

chl ori ne-contai ning reagent under conditions

sufficient to make the conpound of formula (11);

V\her et RihemethRd of claire 42 hwhergiaghaamauntypf the compound of formula

gthO 2)1}‘1 OFé t’2 gC}rogﬁ% 63{1@(89@{1.@}/%&11?%%% rlmﬁg}y%qgw%[égéapthe

&ﬁ]@ﬂiﬁébrit:hﬁmg@%g@ﬁmd of formula (1) is a conpound of
formula (la): NCH3 R3~1_ 0 0---- O H(la), 15 and

the conpound of fornula (11) is a compound of formula

(11a)a9. 39T OMERRa/0P ¢ia8h 48 PwléreindNd amBe 3 the d¥népdand bff formula
| z~tl R3-,__0 0 (lla). 40. The nethod of claim 38,

5 (,L{neqnges(frm apgut 2. ¢to @og) gpmlar qué\ﬁms per molar equivalent of the

C OO O Cl- Clo) al kyl

}g&(‘%f(c‘i “&%ﬁng%%%‘% _Si (gw )((OC)l?Ci g) lu kyl)2, 5

S (aryD 2((Q1- Cloyal kyl ), ~P(O ((CL-G o)l kyl}2

-P(S) gé'Cl-lPﬁg LRl ok 2raird 38, wherein R, is -CH; and Ry is -(C;-Cao)alkyl.

51. The method of claim 50, wherein R, is -CH3 and R; is -(Cz)alkyl.

52. The method of claim 38, wherein the amount of the compound of formula
10 R;SR;ranges from about 1.0 to about 9.0 molar equivalents per molar equivalent of the

chlorine-containing reagent.

53.  The method of claim 52, wherein the amount of the compound of formula
R,SR; ranges from about 2.0 to about 5.0 molar equivalents per molar equivalent of the

chlorine-containing reagent.

15 54.  The method of claim 53, wherein the amount of the compound of formula
R;SR;ranges from about 2.5 to about 3.5 molar equivalents per molar equivalent of the

chlorine-containing reagent.
55.  The method of claim 38, further comprising the use of a base.
56.  The method of claim 55, wherein the base is an organic amine.

20 57. The method of claim 56, wherein the organic amine is triethylamine,

diisopropylethylamine, pyridine, dimethylpyridine or dimethylaminopyridine.

58. The method of claim 57, wherein the organic amine is triethylamine.
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-S(0O) OC6H4- p- CH3. 41. The nethod of claim 40, wherein
R3 is -CH3. 42. The nethod of claim40, wherein R3 is

w0 B0§H0ThsCl o) al kyl )3, -Si (aryl) (Cl-d o) al kyl ) PCT/082005/003390

10

15

-Si(aryl)2(Cl-C10)al kyl). 10 43. The method of claim
42, wherein R3 is -Si((Cl-CIo)ah;%l)S. 44. The net hod
of cl &9.m 4%he wtethodiof cRami 59, wheremHBy 2opmHE)bagy range. from about

e t f claim38 er ei ] . -
T PRl 12 shinafi Bl s B Staleduifalont of espigringisopiaining
aGlgéht. N- chl orosucci ni m de, sodi um
di chl or oi socyanurate, 1, 3-

di chl oro- 5, 5- di met hyl hydant oi n, Cl12, cal ci um

hypocBHOr i trfe nfekhgdrf cldittI9r Sherel @ehmolft dfbasd Rfiges from about
met hod of claim45, wherein the chlorine-containing _ .
2&agahouti19.0 mplag hiwr deris potanoler equavalent of the chipringeqoRtsdning

of claim 38, wherein the anmount of the conpound of

f8efh a (1) ranges fromabout 1.0 to about 9.0 nol ar
equi val ents per nolar equival ent of the

chl ori_ne- cqnt ai ni rea t. . 40. 2005/ 077957

T UEb005ABb PR OISR HEF RIS PrIORAL h A RS g about
b0 ABBIT0 Gholbhueamae s niflardequiidleat 6f the cHIdGAS-coitalfing
about 2.0 to about 5.0 nolar equival ents per nol ar
&pgFMal ent of the chlorine-containing reagent. 49.

The net hod of claim 48, wherein the anmount of the
conmpound of formula 5 (1) ranges fromabout 2.0 to
about 63. 0 Aotampasifisncempaisingaompenag oblpamuky Bhat  of

the chlorine-containing reagent. 5 Jhg t hod of
claim 38, wherein Rl is - O s - (C1>C20)al kyl .
51. The nethod of claim is -CH3 and R2
is -(Cl2)al kyl. 52. The aim 38, wherein

the amount of thergQnpou® Ha . 10 RISR2 ranges
al ents per

nol ar equi val ent of the ring Hi ni ng reagent.
53. The nethod of claim52, wheretNq the anount of the
conpound of fornmula RLISR2 ranges frjom about 2.0 to
about 5.0 nol ar equi val ents per nnlzh equi val ent of

the chlorine-containing reagent. 15 54. The nethod of
cl ai m 53, wherein the anount @), the conpound of

fornmul a S ges, fram.about 2.5 to about .3.5
spEPoRL P Graia o SBY SR s BOURR FiniBing comepRRY wherein
R, and R; are each independently -(C;-Cyp)alkyl, -(C3-Cs)cycloalkyl

or -phenyl; and

Rj is a protecting group.

63. The composition of claim 62, wherein the compound of formula (I) is a

compound of formula (Ia).
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chl ori ne-contai ning reagent. 55. The nmethod of claim
38, further conprising the use of a base. 56. The

woredosod7oef cl ai m 55, wherein the base is an orpPemniUs2005/003390

am ne. 20 57. The nethod of claim56, wherein the

organic amne is triethyl am ne,

di i sopropyl et hyl am ne, pyridine,

di met hyl am nopyri di ne. 58 e

wherei n the organic am

2005/ 077957 PCT/ US2005/ (g Hret hod of claim

55, wherein the arfowmy of\' A rom about 1.0

to about 15.0 nol ar equi val §nts per nojfar equi val ent

of the chlorine-contai ni ng :

cl ai m 59, wherein the anount of ban ranges from about

5 2.0 to about 10.0 nol ar equival ents per nolar

equi val ent of the chlorine-containj ng reagent. 61.

The met hod of cl aim60, wherein Hhe anmount of base

ranges fromabout 2.5 to abquy 7.0 nolar equivalents

per nol ar equival ent of the chl’orine- cont ai ni ng

reagent. 10 62. A conposition conprising a conmpound of

for mubé& (I Yhe comppidtiorR¥-claim®owdereir thy, chharhlcfﬁpouhdng)feagent is
ne- cont ai ni

&

f
tireTRtp ot e e BRL RS R P RO furate, 13-
dcRlor&33) diltertt yhydafiir LS YalcRia KydochbBite) or al@iktiice tRdieof.

R3 is a protecting group. 63. The conp05|t|on of claim
62, wherein the conpound of formula ( IS, a conmpound
of foPful aThe sympaytienixiysy @77@5901@@?/0@@2@952/09@39%%8% is

'ﬁl'lc%msocyanurlc acid, N-chlorosuccinimide, Clj, or any mixture thereof.

/Ianine. 41 WO

66.  The composition of claim 65, wherein the chlorine-containing reagent is

trichloroisocyanuric acid.

67. The composition of claim 62, wherein Rj is -(C;-Cjg)alkyl, -benzyl,
-C(O)(C,-Cyp)alkyl, -C(O)O(C,-C p)alkyl), -Si((C;-Cjp)alkyl)s, -Si(aryl)((C;-Cip)alkyl)a,
-Si(aryl)2((C,-Cip)alkyl), -P(O)((C-Cio)alkyl)z, -P(S)((Ci-Cio)alkyl)s, or
-S(0)OCsHy-p-CHs.

68. The composition of claim 67, wherein R
is -Si((C;-C)p)alkyl)s, -Si(aryl)(C;-C p)alkyl),, or -Si(aryl),(C;-Cjg)alkyl.

69. The composition of claim 68, wherein Rj is -Si((Cy-Cio)alkyl)s.
70. The composition of claim 69, wherein Rj is -Si(CH3)(C(CHz)s3).
71. The composition of claim 67, wherein R3 is -CHa.

72.  The composition of claim 62 further comprising a base.

73.  The composition of claim 62 further comprising an organic solvent.
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Il H R3~,_ 0 0---- H (la). 64. The conposition of
claim 62, wherein the chlorine-containing reagent is

W0 eooshot DI socyanuri c aci d, N-chl orosucci ni m deCT/E8mDE003390

10

15

di chl oroi socyanurate, 1,3 5

di chl or o- 5, 5-di net hyl hydant oi n, C12, cal ci um

hypocfht.or i Aanetbpd ferymaking y cempodesforngga (e
conposition of claim64, wherein the N—CH

chl ori ne-cont ai ni ng reage (s _AYi cpporolrSocyanuric
aci d, N-chl orosuccini m de ] dny m xture
thereof. 66. The conposi | ailm 65, wherein the
chl ori ne-cont ai nigg_reag r Q| or oi socyanuric
acid. 10 67. The conjbsitid $2, wherein R3
is -(Cl-C o)al kyl, -benzyl, \ -C(O C10) al kyl ,

-C(O Q(C1-C10)al kyl ), -Si((CPToxalls) 3,
-Si(aryl)((Cl-Cio)al kyl)2, -Si(arylf)2((C1-C10)alkyl),
-P(O ((C1-C10)al kyl )2, -P(S)((C1-C10)al kyl)2, or

- S(0) OC6H4- p- CH3. ~ 68. The conffosj ti8n of claim 67,
wherein R3 15 is -Si ((CLl-C10)al kyl ) 3,

-Si (aryl) (C1l-Cl0)al kyl)2, or -Siflaryl)2(Cl-C10)al kyl .
69. The conposition of claim®68, wherein R3 is

-Si ((C1-C10) al kyl )3. 70. Thdll®onposition of claim 69,
wherei.n R3 is -Si (CH3)2(C(CH3)3). 71. The conposition
GPMEIHP#n 67, wherein R3 is -CH3. 72. The conposition
of cl ai m 62a)f MIdwiRE a €OMPOIuS SfFoinklasy: 20 73. The
conposition of clarm 62 further conprising an organic
solvent. 43 WD 2005/ 077957 _PCT/ )
nmet hod for naking a conpe
R3--, OO RA 0 O

R3\O

OH

ty
to react in the presence of a compound of formula R{SR; and a chlorine-containing
reagent under conditions sufficient to make a compound of formula (II):

N——CHj

R3\o

(1D

and
(b) allowing the compound of formula (II) to react with a first base and
an acylating agent of formula R4C(O)OC(O)R4 or R4C(O)X under conditions sufficient

to make the compound of formula (III), wherein:
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(111), conprising: 5 (a) allow ng a conpound of
formula (I): NCH3 R3~1, O < O (l) toreact in

wo b@spresence of a conpound of fornula RISR2 apdi/as2005/003390

10

15

20

25

chlori ne-containing reagent under conditions
sufficient to make a conmpound of fornula (11): N CH3
O __< O R3R,20d B, afeldaph indgpendently «Ci-€iab)aklyt, HE scomeysinatkyl
of forqula (I'l) to react with a first base and an
QEANSEYihg agent of formula R4C(O) O(O) R4 or R4AC(O) X
under COﬂdIR%Ilgp;[] rofdetihp gigtipt 15 to make the conpound
of formula (111), wherein: 44 WO 2005/ 077957

PCT/ US2005R808390C idalkshand> are each i ndependently
-(C -C20)a I ycycloal kyl or -phenyl; R3 is
a protecti %l)égﬂju%%r% is -(C, -C0)alkyl; and 5 X
is -d, -Br or -1. 75. The nethod of cIa|m74 wher ei n

Rﬁ( o &, - by ar i KRl FACH GO, by,

L
(2)10622%) {aél(%let@t}oé’alkyl) Ssi(@umo%mm &(am)(t@l Cro)alkyl),,

C
Crlaieyd), -B@)E.- bDéﬁWEe,thﬁ) £ ‘&ly @P\lfb’l?s or

Si ((C, -C, o0)al kyl)3,
ga ﬁfI&R?c,éﬁtlo) al kyl)2, or ySI) (aryl)2(C, -C, o)al kyl).
77. The nethod of claim 76, wherein R3 is

- S (( G CLGLBIYAf claim 75, wherein Rs is -Si((C1-Cio)alkyl)s,
-Si(aryl)(C,-Cp)alkyl),, or -Si(aryl),(C;-Cyo)alkyl).

17. The method of claim 76, wherein Rj is -Si((C;-Cyp)alkyl)s.
78. The method of claim 77, wherein Rj is -Si(CH3),(C(CH3) 3).
79. The method of claim 75, wherein Rj3 is -CHa.

80.  The method of claim 74, wherein the chlorine-containing reagent is
trichloroiéocyanuric acid, N-chlorosuccinimide, sodium dichloroisocyanurate, 1,3-

dichloro-5,S;dimethylhydantoin, Cly, calcium hypochlorite, or any mixture thereof.

81.  The method of claim 80, wherein the chlorine-containing reagent is

trichloroisocyanuric acid.

82.  The method of claim 81, wherein the amount of the compound of formula
(I) ranges from about 1.0 to about 9.0 molar equivalents per molar equivalent of the

chlorine-containing reagent.

83.  The method of claim 82, wherein the amount of the compound of formula
(I) ranges from about 2.0 to about 5.0 molar equivalents per molar equivalent of the

chlorine-containing reagent.

45



10

15

20

78. The nmethod of claim77, wherein R3is
-Si(CH3)2(C(CH3) 3). 79. The nethod of claim?75,

wobeseinsR3 is -CH3. 15 80. The nethod of cl ai PCTYS2005/003390

wherei n the chlorine-containing reagent is

trichloroisocyanuric acid, N-chlorosuccinimde, sodium
di chl 8*.0i sblsmathod o claim 83, wherein the amount of the compound of formula

ﬁk%gllégﬁr fg?rflt gogoir:r&aﬂy W@ ur eh[r%qélr S %%#%]eeqn@’a}?m of the

Slosheatdnt8Ring\bpend. n t he chl ori ne- contalnlng reagent
is trichloroisocyanuric acid. 20 82. The nethod of

cl ai m 81, wherein the anount of the conpound of
formugs (The MBS Ela@7abwhiéreih 10 ik cCCHbond ROisO(@PCRNalkyl.
equi val ents per nolar equival ent of the
chlorine-containing reagent. 83. The method of claim
82, whgrei thd BRI etauﬁfsst Qﬁerﬁihrl{’l%l bOHYEnd RS BU(@,2)aly).
ranges from about 2.0 to about 5.0 nolar equival ents
per nol ar eqU|vaIent of the 25 chl ori ne-cont ai ni ng
reagegy . Pé/@e%g%(f Qaim 74, @%Hsﬂg@ AROLRBIME codtpouhd %f formula
nmet hod of alm 8 wherein the ambunt of the conpound
BRf SRzaamgeB drofrl ybauah@ae abow . Gimolar equidalerss ppomplad e@uivalent of the
gﬂ ar ggylvalents er nolar equival ent of the

PR FANMBINEAFHAY reagent. 85. The method of claim
74, wherein Rl |s -CH3 and R2 is -(Cl-C20)al kyl. 5
86. T cl.aj m 85, erein RL is _-CH3 and R2
Po - (B ok efheg ot Sl d: whtHElsrhe pedpiich{ 1 ghaftopd of formula
Rlﬂﬁ(ﬁﬁﬂgé@ trropd adue 2@5’@9&!&@ (anofa@ %QMlvélentB#s&R%oraaB@iﬁﬁalent of the
fromabout 1.0 to about 9.0 nolar equivalents per
pidbrine-eequdinmigarageot. t he chI ori ne-cont ai ni ng reagent.
88. The nethod of claim87, wherein the anbunt of the
conpound of fornmula 10 RLISR2 ranges from about 2.0 to
about 8%. 0 b metheduf vhiina8s whereinrtbe amowafisif Wad eompagnd of formula

Blh%]{ o oréﬂ%iﬂi(}%&%tg g&rlbt f Far eﬂgg lg;rlrrcgg 21%1% eqt?walent of the
tRbAH-eontRhPiRZeig@nges from about 2.5 to about 3.5
nol ar equi val ents per nolar equival ent of the

chlori ne-containing reagent. 15 90. The net hod of

cl ai mg4, WhehRiHbITreRihIY, WHelehtstet@RIrtheeSothpi@sel & use of a
of a second base. 91. The nethod of claim90, wherein

s¢vond bagnd base i s an organi ¢ ani ne.

91. The method of claim 90, wherein the second base is an organic amine.

92.  The method of claim 91, wherein the organic amine is triethylamine,

diisopropylethylamine, pyridine, dimethylpyridine or dimethylaminopyridine.
93.  The method of claim 92, wherein the organic amine is triethylamine.

94.  The method of claim 90, wherein the amount of second base ranges from
about 1.0 to about 15.0 molar equivalents per molar equivalent of the chlorine-containing

reagent.
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92. The nethod of claim91, wherein the organic am ne
is triethylam ne, diisopropylethylam ne, pyridine,

waleowspimpbpyri di ne or di net hyl am nopyri di ne. 20PO@BUSZN&003390

met hod of claim92, wherein the organic amne is
triethylamne. 94. The nethod of claim 90, wherein the
armoun®3.of Shemethodf elaim9gewherewrihe amewat of second bassoianges from

%t?ﬂ g?{{’ﬁ‘ga@%ﬁﬂy x,al Iea%ﬁl gﬁéﬁwéﬂé @%y%@é%f%%fth%%me -containing

RagéddS2005/ 003390  95. The nmet hod of claim94, wherein

t he anobunt of second base ranges fromabout 2.0 to

about 10.0 nol ar equival ents per nolar equival ent of

the cbé.ori TRe GRHodidlcRin 956RE&BIn thd Bmodmef REd0NA Basd ranges from
cl ai m 95, wherein the anobunt of second base ranges

abayir2. S50 aboit?.® meplarequbalantspen mahraquivglentef hachlopae-containing
nol ar. equi val ent of the chlorine-containing reagent.

B78%e et hod of claim 74, wherein the first base is

an organic amne. 98. The rret hod of claim 97, wherein

the o anl e . .

i sofFopy 2§ Mook ety Mg ey pateds #n gregaicgmine.

di met hyl am nopyri di ne. 10 99 The net hod of claim 98,

wh |

et nodbof | SPa R of SRERST e he biadichigg ek famine,
mne, ll’lér 1 mo 180¢.

?ﬁﬁpﬁ%ﬂ‘ﬁ‘é O & ™ g noppatiee.

met hod of claim 74, wherein the acylating agent is

RAC( K. 1Fnd Qi%tho-ﬁrlﬁ' clﬁhmdwﬁéreﬁf tBé Bt ghBR anvii€ [satiBthl Aghine.
acylating agent is CH3C(O X. 104. The nethod of claim

105, wherein the acylating agent is CH3C(O C . 105.
The ngphodrhi nféhﬁidmf%f‘almwhecvﬁér@ﬁ e ady TR d;@ﬁt it |PGC(O)OC(O)R4

first base ranges from about 1 to about 1
equi val ents per nolar equival ent of the acylati ng

agent 06 t £ @l : he
a?mumloiéf tgéf H}%Iu{rsgtdmﬁalﬁ 108! @h&bﬂ&ﬁe AT ekt

base ranges 20 from about 2 to
abaH;CTOyCE@)CEGui val ent s per nol ar equi val ent of the
conmpound of the acylating agent. 47 WO 2005/ 077957
PCT/ US2005/ 003390 107. The nethod of claim 106,
wher eil62.t h&@hametintd offcldiine’4f wheteirtthe ecylatmpeagent is R4C(O)X.

103. The method of claim 102, wherein the acylating agent is CH;C(O)X.
104. The method of claim 105, wherein the acylating agent is CH;C(O)CL.

105. The method of claim 74, wherein the amount of the first base ranges from

about 1 to about 10 molar equivalents per molar equivalent of the acylating agent.

106. The method of claim 105, wherein the amount of the first base ranges
from about 2 to about 7 molar equivalents per molar equivalent of the compound of the

acylating agent.
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fromabout 3 to about 6 nol ar equival ents per nol ar
equi val ent of the conpound of the acylating agent.

wao®dsoTher net hod of claim 74, wherein the anmouptT/O820051603390

acyl ating agent ranges 5 fromabout 1 to about 15
mol ar equi val ent per nol ar ni&:i\(alent of the conpound
of f t0hul Ehg meshod Db olairTH 86 riehaneid thyt arapuit f thedirst base ranges

BBt 4 BouROP Moo b e RS MO pAENy  REHdo re
ﬁgmhm@b%ah,of the conmpound of formula (11). 10 110.

The net hod of claim 109, wherein the anmount of the
acyl ating agent ranges from about 2 to about 7 nol ar

equi Vad®nt TREmetHoH F cRAH 74 RéttinQhe AR6u @AY 1atiag a%ent ranges
formula (11). 111. The nethod of claim 90, wherein the

fromsabobiak o abedt themoke egrvalpaider giodar eguiyalenirf thg sompgund of
he od of claim 74, wherein step (a) further
)

s isolating the conmpound of fornmula (I1)
prior to carrying out step (b). 113. The net hod of

cl ai 4, erej,n,st.ep. [ carried ou .t hout ..

£1 r g A TRIRaRE SR 108 EnG R I Sinith of i ¥ arimg agpnt
tang&d @6 @Bdut 11tbhbodt® mislaheghieflert pat fiolaf equilglest of thd@mpound
conmpound of formula (I) is a 20 conmpound of formula

of fpymulsdIipD 2005/ 077957 PCT/ US2005/ 003390 N- CH3

R3-- OH (la), the conmpound of formula (I1) is a
conpound of fornmula (Ila): NCH H R3~-, O00 50

(11 a) 110. The method of claim 109, wherein the amount of the acylating agent
ranges from about 2 to about 7 molar equivalent per molar equivalent of the compound

of formula (II).

111. The method of claim 90, wherein the first base and the second base are

the same.

112. The method of claim 74, wherein step (a) further comprises isolating the

compound of formula (II) prior to carrying out step (b).

113. The method of claim 74, wherein step (b) is carried out without first

isolating the compound of formula (II) prepared in step (a).

114. The method of claim 74, wherein the compound of formula (I) is a

compound of formula (Ia):
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and the conpound of formula (I11) is a conpound of

formula (Illa): NCH3 R3-, 0 o0----- R4 ,,,,, C11 0
W@ bdos@)79510 115. A conpound of fornula (I111): PEBUSED0S/003390

2005/ 077957 PCT/ US2005/003390 N-CH3 R3-, OO R4

~ C I 0 (lIl), wherein: R3is
S|((Cl Clo)al kyl)3, -Si(aryl)(Cl-Ao)alkyl)2, or 5
-Sl(aryI)Z(O G o)al kyl); and R4 18 &OF\ng)al kyl .
7 IS
g pbund of cl aim 116,

wher ei n R3 is -Si (CH3)2 1H The conpound

(Ia),

(Ila),

and the compound of formula (III) is a compound of formula (Illa):

(Il1a).

115. A compound of formula (III):
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0---- CO 411 0(llla). 50

WO 2005/077957 PCT/US2005/003390
N‘—CH3
R
3\0
O
R (o}
4\ -

I
o

(11D,

wherein:

Rj3is Si((C]-Clo)alkyl)3, -Si(aryl)(Cl-Clo)alkyl)z, or
5 -Si(aryl)a(C,-Cjp)alkyl); and
R4 is -(C-Cjp)alkyl.
116. The compound of claim 115, wherein Rj is -Si((C;-Cio)alkyl)s.
117. The compound of claim 116, wherein Rj is -Si(CHj3),(C(CH3) 3).

118. The compound of claim 117, wherein R4 is -CHs.

10 119. The compound of claim 115, wherein the compound of formula (III) is a

compound of formula (1IIa):

Rg\o

50



