WD 2005/ 077957 PCT/ US2005/ 003390 METHODS FOR MAKI NG 3- 0- PROTECTED
MORPHI NOVEB2085107@50- PROTECTED MORPHI NONE DI ENOL CARBOXYkATES2009/003590e! d  Of
the Invention The present invention relates to methods for naking

3-0-protected 5 norphi nones and 3-0-protected norphi none di enol
car boxyl ates. MET 8 MOR MAKING3-OaPROTECTEBSMORPHINGNES ANDraki ng

al dehydes and keB3eQPROTECTED MORPHINONEDIENOL GARBOXYSAXESIar y

al cohol s, respectively. 2. Background of the Invention Morphine and
structural anal ogs of norphine ﬁt ﬂ‘ﬁ lﬁﬁrﬁht' ne ?.I kal oi ds") 10 such as
codei ne, hydrocodone, hydronor pfio 5 t_ _ niigw| t rexone, oxycodone and
oxynor phone are UsedTh@g&@a{tmhﬁo@f&éﬁ ﬂoHﬁétH&s%Hﬁ’ﬁkiln%Pg—:pr&@&Q I he

anal ogs, e.g., thebain are useful starting materia prepari ng
anal gesisc nmmrginores ahd 3i@prisected-Hnosphirone tieabbeansoxiytatem | Thegredenoinvanisponent

f th ' | kal oj d N f | ants, and t heti
oot hods T oRPIpER forget i iaf HBkineddeBydes pa keicnps B e SqreBoiding pat ont  No.
6, 262, 266 Eﬂm’éﬂrﬁ&l‘é&c&{d al}ohoﬁgg&hwﬁglgdi enol acetate, which is the

e di

3-0-net hyl “deri'vative o nmor phi no nol acetate, is a norphine al kal oi d
useful for preparing anal gesi | St r phi ne al kal oi ds such as
nal oxone, nal trexone and oxyczgd 8( &*gPﬂ, Sﬁ'vg —>. Patent No. 6,013,796 to

Huang et al.). Codei higle enbétrRasilainglogeof ﬂ%@qmﬁm&[ee‘dn&ghﬁg alaloh@t’y on of
codei ne to codei none foll owed by acylation (see, e.g., U S. Patent No.
héydrgmgtpb

6,013, 196 sehiasgadeise, hyrropodane pot. asloxaneropliexasm exmodaa and

car boxyl at es_ ar e, known an neral ly prepar by oxidation of the
correspond|c"?‘16r%%l]38grf)er23{3 é‘ﬁ?‘%&%%%?ﬂ%s mn}()g > @E%{clé?lgﬁngﬁpalﬂgsr’tﬁﬁber of
these 3-0- HHebhiB6! € ndBRIIRMNNMattri@R For Sropdmgynalesic Afrphin BIkRBRR. used to
prepare ot her useful norphine al kal oi ds. The foll ow gﬁ( a}aa raphs relate to

known met h&kesvever; thehaine i @lya npnericogpedentof fisi monpbine dinde t he

correspondi ng. 3:-0-protect ed,m ine dei ne.is. 3-0-nethyl morphi ne and
codei none Fgﬁgpﬁpg@y@%%ﬂﬁﬂgﬁ%{cm oqﬁgér [.)rl_e,g:irg}g(th. .lneZ?rgﬁéf‘t’}’@E\pﬁosﬂ%rrpyer
et al. 1desgdel RS, Rafdht NOR6 26226081 t6 CHRI AW th al um num tri (tert-butoxi de)
and net hoxycyl cohexanone in toluene to form codeinone, with yield of

codei none reported t&odeinpresdiendl agetgoswhiginistbe 3@ rrglisyl derigrtivgsE005/ 003390
Ninan et alrrioi'ptﬁrel(gnrea 1gr9)rl g@etrﬁgf i?Z?ngdrth?irllg ali(falfl%?&zaseguef ?grrﬂrggasrintgha%alrggsqg Eu'uP n of
antagonistic morphine alkaloids such as naloxone, naltrexone and oxycodone (see, e.g.,
U.S. Patent No. 6,013,796 to Huang et al ). Codeinone dienol acetate can be prepared by
20 oxidation of codeine to codeinone followed by acylation (see, e.g., U.S. Patent No.
6,013,796 to Huang et al.).

Other 3-O-protected-morphinone dienol carboxylates are known and are
generally prepared by oxidation of the corresponding 3-O*protected-morphine followed
by acylation. A number of these 3-O-protected-morphinone dienol carboxylates have

25 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.

30 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%.




3-O-dinethyl-t-butyl silylnorphine with manganese di oxi de in chloroform at
25C to Wwareose7@esti met hyl -t - butyl si | yl nor phi none. The Nidws206s/db3ogr ef er ence
al so describes the reaction of 3-O-dinmethyl-t- 5 butylsilylnnorphine with
tetrapropyl amoni um perrut henate and N-net hyl norpholine- N-oxide in

di chl or onet hane at a¥inanspaifietrabedrenp&OcAUO6EL & @ 99Dy dosrilias dhemehdtion-df -

but yl si | yl par phi none_in ut 86% vyield. U S . Patent No. 6,01 6 to Huang
et al. des{‘r&‘ @%&Yﬂ'&bp%%aﬂﬁaﬂm aneo vith mﬁ%gé’Pﬁerpd?’ﬁh? H’eCI'&_M’rPFPrﬁl %gﬁr{f? B forned
of di et hyﬂoﬁHb?@%ﬁxﬂ&hQi%@%y%ﬁﬁ@ﬂd' 10 chloride in the presence of base

(the "Swern oxidation”proc -78C to provide the corresponding
3- acet yl nor phi none i The/Siay ieedidrefdseRe aRatdentritide theGredRin 4 6-@ldimethglescr i bes

reactin - O benzyl norphj ne under_simlar conditions to proyide, 3-0-

benzyl ngr ﬁ?ﬂtﬂﬁ‘ﬁ’a‘rﬁoﬁ’ Mﬂéqtapr%hﬁrw?mw tepng M@O@é&hﬁl%s at

| east 2.5 i I [ F’?‘t"‘?f f N8 ener at es

mal odorousN@h%iurlrg?%ﬁ‘g{!} [ eﬁzf‘g a ;H%Eié%ﬂh?fa e%@ﬂﬂ edzlgglgggﬂribed

met hods, thweyleilylmwephisone inebelit 86% yieldr oved nmet hods for making 3-0-protected
nor phi nones. The I xi dat.i on_pr.ocess. descri bed above has, been the focus
of considerabl e ragg[é%' @ﬁt,en %M@*?%tﬁi’%‘i"’ﬂ&e‘tﬂe&ﬁﬁéb‘?ﬁf‘h‘b%ﬁ“&’s‘?f@e f nor gani c
oxi dant s G : VM}](E | : M@r@ | 2 I mry and
secondarysﬁg:F‘B'(l) 0 g%tg 0 a dgﬂg@g%?%rﬁﬁﬂgagtﬁ %éeﬂéﬁﬁggdélb%{:(?lbve y’g aég?)g%l gnpl e, De
Luca eflQalchloride ifotlg: prédeans obifise Ghe “T9EA ox{dafiod pratesty atb&8°C toeproeide theon of
primary or secondary, al cqhol g with onpl.ex fornmed_of O and

tri chorocy%ﬁﬁ??l?%‘gﬁgda@tﬁ@gm qrﬁ_ﬁé%)@er i*%rrpﬁfgwoﬂ%ﬁ% ﬁ@c i 3 t he
presence Ah RS : 51&\%9 dgs an

ket ones, g%eséiﬂsegect |'€€P{?%§ﬂ@é§*h nﬁl?loﬁosglggs |r8r§t hg&ﬂk?@gg Is formed as a
by- pr oductbengyliMvephin@redhicth yidkic dHovavgt, vhe desarfibedfprocess fegairésea easpfit

nodi fyi ng the vaerrf oxi 1.0 [pr cess or, . deve] oping nore attractive

al t er nat i VB'ar qqivales eﬁﬁ(ﬁf‘ﬁaﬁ* 489 aﬁﬁglon&l%q wd geng Hedareicat i ons and
alternativ, 22480 hdation processes. 30 Nishide et al.,
Tetrahgglro(ﬁ.ﬁleL ttum}%& 51#@%‘% (2002) describes a | ow odor Swern oxidation

process usi ng dodecyDespithheselésorbetemathodd)heseitchmincengeddot mprovedHar ri s et
at, J. Ogqg. 63; 2407-2409 998), .descri bes a | ow odor Swern oxi dation
process usmﬁ‘ggw%ﬁ’é*‘%gd’%ﬁe@%é %‘H‘P‘?‘isﬂyl)hexanoi c acid as the 2 WO
2005/ 077957 PCT/ US20fn/ Q033 Widatith @Rfébs@%leé&%&%&vc 1R Beld e Tl @1 de
reactant can be regenerated by reaCtion of the

considerable research, because it avoids the use of aggressive inorganic oxidants such as

20 Mn0Q; and is generally useful for oxidizing primary and secondary alcohols to aldehydes
and ketones, respectively. For example, De Luca et al., J. Qrg. Chem, 66:7907-7909
(2001) describes the reaction of primary or secondary alcohols with a complex formed of
DMSO and trichorocyanuric acid (“TCCA”) in tetrahydrofuran (“THF") at -30°C in the
présence of triethylamine to provide the corresponding aldehydes and ketones,

25 respectively. However, malodorous dimethylsulfide is formed as a by-product of the
reaction. Accordingly, much effort has been spent modifying the Swem oxidation
process or developing more attractive alternatives.

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

30 Nishide et al., Tetrahedron. Lett. 43:5177-5179 (2002) describes a low-
odor Swern oxidation process using dodecylmethylsuifoxide 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



sul fide by-product with Nal0O4. An alternative to the Swern reaction is
descri be®o pooSor®yT et at., J. Am Chem Soc. 94: 7586- 78T usHeFd)sssowher e a
primary or secondary al cohol is reacted with a 5 conplex formed of

di met hyl sul fi de and N-chl orosucci nam de ("NCS') or Cl2 at -25C in the
presence ofulfaxidaseactanhant dor syiokidmrenctanh candre iegensrdted hy tdactiovefitbe pondi ng

al dehyde a et re ciively. However, the Corey reference discloses
t hat reactﬁ“gfﬂdeoy&gﬁ%valgﬁgﬁ ol forms chl orocycl ohexene rather than

2-cycl ohexenone. AddAj aRéhtiv toltheSwelaSe4ctibe i dYsQaRRISin Corsy &Ra).0A1RUS
di met hyl sul fide as a reagent. 10 Chsugi et al., Tetrahedron 59: 8393-8398

(1992) desCham Sgc.D4: B0t (1EBY)eyhate mpoiagn el s$sopdapy elsshaltiereactad pithrar y or

et ot nyp arfome forpgitoP Sitetydiidk it WahOrGs B OO brl SRS TR o
nol ar excegmg tpfhfseﬁd@%f S Watd @ife AGte NRIMRRidaBBh'S t6 Fortd HeRBtrespoRiRL aRIchiRs e

descri bed nethods, there remains a need for inproved 15 nethods for

oxi di zi ng gndiketang, xespestivelyd Howexntrw BledTarey referprcectisalessp thatiraagtien efdhydes or

ket ones, respectiv . Citation,of anv.reference in Sectipn,.2 of this

appl | cat | ofyeesorigfins ShlRed RnCron PphahFL 7 87 phdhentie, Aoy, B e

appl i cat i OffascrilibdProcd§iTEE YnQbdddrHS diﬂﬂé@l?lshmale'ﬁbﬁ rédgeAent invention relates to
nmet hods for formng an al dehyde or kefone fromthe corresponding primry or

seconddPy al cohol , r@byet el alellyirabadremnd:835084 981 092)tdescribiey edowodor el ates to

nmet hods f oy _nmeki.ng a,ketone C risina all ow a, secondary ,al.cohol to
feact in ¢ heepmBth et o SR et iy HRRS I kia Wi

trichl or oi EPEH@MUHLXandqIUS dthe prédesn® dfngiethyhupiiaé hi -40SC, Bk fHedeSdttbell0 Mmake
the ketone, wherein R and R2 are each independently -(Cl-C20)al kyl,

- ( C3- Cg) cyproeess kyds at tnast aobréelgimolanexgess of the sulfislsdinddES pertyeolg oésleaitoli nvent i on

relates to nethods fQr .makin , Li.Sin | d ow primry

al cohol to react in ‘?ﬁ%"%ﬁ%‘?&ﬁ%@%?‘i gl%ﬁéggé%e%%g%%%ﬁ% g?c(;%r#rgr{u%a‘{} %I’%RZ

trichl g50i getvadfor bﬁid@ﬁiégi%gmdr)ﬁor@&ﬁldwmohﬁﬁﬂd ithd cvteespotidingCdl@dlydéscormake t he
al dehyde, wherein Rl an "are each independently -(G -C20)alkyl,

- ( C3- C8) cykstorsiskipbpestivelphenyl . The present invention also relates to nmethods

I one enbodi ment .t eRRTAARD SHERaFE shetp ZE Rt R, 0

admission that the reference is prior art to the application.

20 3. Summary of the Invention
The present invention relates to methods for forming an aldehyde or

ketone from the corresponding primary or secondary alcohol, respectively.
In one embodiment, the invention relates to methods for making a ketone,
comprising allowing a secondary alcohol to react in the presence of a compound of
25 formula R SR;, trichloroisocyanuric acid and a base under conditions sufficient to make
the ketone, wherein R, and R, are each independently -(C;-Cap)alkyl, -(C3-Cg)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
30 compound of formula R;SRy, trichloroisocyanuric acid and a base under conditions
sufficient to make the aldehyde, wherein R and R; are each independently
-(C1-Cao)alkyl, -(Cs-Cg)cycloalkyl or -phenyl.
The present invention also relates to methods for making 3-O-protected

morphinones.




compound of formula (I1l1): NCH3 R3"~ OO0 O (Il), 5 conprising, allowng a
conpound WO 206AFTASA (1): N-CH3 , 0~;5 R31 0 0 O H (IPpcT/useoosessdo i N t he
presence of a conpound of fornula RLSR2 and a chl orine-containing reagent
under conditions sufficient to make the conpound of fornmula (I1), wherein:
10 Ri and R2 are each Qm@mﬂa@m the inventioprlaiesdpimethgdsForgpkipglacal kyl  or

- phenyl ; nﬁﬁmd%f t| ng group. The present invention also relates to
nmet hods for ect ed dienol carboxylate derivatives of

nor phi none. 15 In one enbodlnent,
for making a conpound of fornula
NCH3 R3-~, 0O\ o R4,,, 0/0 O
of formula (1): N CH3

&i,0n rel ates to nethods
2905/ 077957 PCT/ US2005/ 003390
ising: (a) allow ng a conpound

the prese

Ring

0
(I,
5 comprising, allowing a compound of formula (I):
N——CH3
Ronqy
o
o)
w
(D,

to react in the presence of a compound of formula R1SRz and a chlorine-containing
reagent under conditions sufficient to make the compound of formula (II), wherein:
10 R; and R, are each independently -(Ci-Cap)alkyl, -(Cs-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 (II):



, OP R31~0\ 0 5 O (I), to react in the presence of a conpound of
formula RISR2 and a chlorine-containing reagent under conditions sufficient
to make aVRiZW¥V@SEonprising a compound of formula (11 PCTNSOMB/003390r R3_~ O
o 100 (Il); and (b) allowi ng the conmpound of forrmula (I1) to react with
a first base and an acylating agent of for a RAC(OOC(O R4 or RAC(O X
under conditions sufficient 15 to npk 3 yunBHof formula (111),
wherein: 5 WO 2005/ 077957 PCT/ US20&~ and R2 are each

i ndependently -(C, -C20)al kyl, -( yl or -phenyl; R3is a
protecting group; and R4 ig -(C/§ KA d5 Xis -, -Br or -1. The
present invention also relate hons useful for oxidizing a
primary or secondary al cohol to an al dehyde or ke¢tone, respectively. 1|In one
enbodi nent, the present invention rel abes— ositions conprising a
conpound of forrmula R, SR2, trichloroisocyanuri€ acid and a base, wherein 10
R, and R2 are each independently -(C, -C20)al kyl or -(C3-C8)cycl oal kyl or
-phenyl . The present invention al so re‘hktes po novel 3-0-protected dienol
car boxyl ate derivatives of norphinone. In (e enbodi ment, the present
invention relates to conpounds of fornulalfl(lll), wherein: 15 R3 is
-Si((C -C 0)alkyl)3, -Si(aryl)(Cr-C, 0)al kyR)2, or

(1,
comprising;
(a) allowing a compound of formula (I):
N—CHj
Rog
o}
5 OH
(),

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"""‘"‘CHS

10 o}
(1
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(0)X under conditions sufficient

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



-Si(aryl)2(CG-Co)alkyl); and R4 is -(C -C 0)alkyl. The present invention
can be understood nore fully by reference to the follow ng detailed

descri pt YUA2¥WAE719FT ustrati ve exanpl es, which exenplify PGHUBI065/063899 20
enbodi nents of the invention. 4. Detail ed Descri ption of the Invention 4.1.

Definitions As used here t he generi tected phi ne"
refers to the conp dh‘gmfﬁ a‘iht@d?te?‘ff@ﬁ ?10%0?9@?%( & YCIB%
2005/ 077954 . ﬁgﬁﬁ,pszooa 003390 16 17 1 10 NNCH3 2 11 s 15 314 R3~ 12 8

041305 H(l), wherein R3 is a protecting group. A conpound of
formul a (Ia) has theRﬁltsraLprbtuctmggﬁulﬂ;ﬁnd 10 NCH3 '... 2s 15 H R3~, 0 4
12 13 148 41 i 0-5---
L O s Daikyl; and
5 X is -Cl,-Bror -1.

The present invention also relates to novel compositions useful for
oxidizing a primary or secondary alcohol to an aldehyde or ketone, respectively.
In one embodiment, the present invention relates to compositions
comprising a compound of formula R, SR, trichloroisocyanuric acid and a base, wherein
10 R, and R; are each independently -(C;-Cyg)alkyl or -(C3-Cg)cycloalkyl or -phenyl.
The present invention also relates to novel 3-O-protected dienol
carboxylate derivatives of morphinone.
In one embodiment, the present invention relates to éompounds of
formula (III), wherein:
15 R; is -8i((C,-C)g)alkyl)s, -Siaryl)(C-Cjp)alkyl)s, or
-Si(aryl)»(Ci-Cip)alkyl); and
Ry is ~(C)-Cyp)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):



05 H (la), wherein R3 is a protecting group. As used herein, the generic
phrase " - ed norphi none" refers to the conpound having the
structurgwgfz%g’rr’%?a (11): 16 17 1 10 NCH3 2/ 1 1 s P¢HUS2003/003380 - o 4
12131 e 0s 67 100 (Il'), wherein R3is a -protecting group. The
compound of formula (lla) has the structure:w_7 W 2005/ 077957

PCT/ US2005/ 003390 16 17 1 10 NNCH3 12 15 W/R3anN—¢@; 14 e 0 g 13 0----- 5
6 7 O(lla), suff. As used herein, the generic
phrase "3-0-protected norphi none di enol ||, pboxyl ate” refers to the

conpound having the structure of # s 16 17

@),

wherein Rj is a protecting group.

A compound of formula (Ia) has the structure:

5
(Ia),
wherein R3 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

(D),

wherein Rj is a -protecting group.

The compound of formula (I1a) has the structure:




110 NCH3 2/ 11 s 1s 314 R3 ~ 041213057 6 R40 O (II1),
wher ei n RBOI28050 756t ect i ng group, and R4 is a - (Cl-Clo) echuiszook@ossbe
conmpound of forrmula (Illa) has the structure: 16 17 1 10 NCH3 2/ 11 9 15
314 R3\04 126 g 13 0----- 6 7 6 R4C/0II O 8 WD 20051077957

PCT/ US2005/ 003390 (Illa), wherein R3 |s a C t| g group, and R4 is a -(C
| -Cio)alkyl. As used herein, the t : Yo -F, -d, -Br or -1I.
As used herein, the term"- (CI G &) i i
5 or branch- chain hydr ocar bon havj
Representative saturated sthg
-n-propyl, -n-butyl, -n-pentyl;© 4

P carbon atons.
)QI kyls are -nmethyl, -ethyl,

(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):

A

(111),
wherein R; is a protecting group, and R4 is a -(C,-C p)alkyl.
10 The compound of formula (I1la) has the structure:




-n-hexyl, -n-heptyl, -n-octyl, -n-nonyl and -n-decyl. Representative

sat ur at eWWrwanervesr - (G -Cto)al kyls are -isopropyl, -semebusybsoossgmobutyl
-tert-butyl, and the |like. As used herein, the term"-(C 1 -C20)al kyl" neans
a saturated straight-chain 10 or branched hydrocarbon having from1l to 20
carbon atons. Representative saturatedllI®trai ght chain (G -C20)al kyls are

-met hyl, -ethyl .o -:n-pr | . -n-butyl, .-n-pe l... N-hexyl, -n-heptyl,
-n-octyl, Wﬁqrnlgr%?ﬂ?a%ﬁ(ﬁ%WIg,roq%?ﬁ‘%géésyq ,(81 ﬁﬁ‘ﬁ%lﬁ%lcw , -n-tridecyl,
-n-tetredecyl, As used herein, the term “halo” refers to -F, -Cl, -Br or -1. _

- n- pent adecyl , - n- hexadecyl , - n- hept adecyl , - n- oct adecyl , - - nonadecyl , and-n-ei c

osyl. Non-limting Axusedhseeinftheterm’ 4CedC iyt hagans aGatueaed straightschaine
- |- 5 hutyl . -i50-butyl, ~tert-butyl the like. As d
e o8, R i b 56 B e B BB 1 s
useful f orgsaRfrave®Sirdight dham €, Pakyls @@-xﬁéthylb%ﬂm!@ltﬁraﬁyl,rrﬂnwﬂi, nep&tANd

nmor phi none di enol carboxylate from unwanted redctions.” The protecting group
can, if cdaeshexyl n-beptyk pi-actyl -minphyl-apd on-degydt Represpntativeahtueated branched -t he

conmpound of~. foryula 20 (111).. As used herein, the phrase Ianhydrous” when
used in r eécéfcg'_f*)gg(yﬁsoarﬁﬁlgol?fpégnisec'gléﬁyeéﬁ&“ﬁwrtﬁgg’ugﬁ@%\ﬁﬁ%gﬁ%efi ned her ei n,
means an organi ¢ sol XefiedRYdiR Gh@RrmaNeY I, Rlkyreh8instaturdted sieghtidham about
0.01% by wei ght of the total anount of water and organic solvent. 25 As

used hdpPei or, branvhephydroearbamhavingiromdno20rvarhpnraterys nR ¢predeatative satutared

reference to.the nornhjn -form ng wethod or norphinone-formng.step refers
to a _corrp% tghaig Sﬁbb@%‘gﬁg@ PWg'"E%}Y&dE{?ﬁyeé“'BFﬂPJi-rﬂé’“ﬁﬁaP‘HeE y/ s'gflﬁf‘%f or
pronot i ng InbRpty] AhtBREY1OM-Rinyl,NE-deY TS, noddaeb, (d-dri)deéylpmt&ﬁ'@de@gvpound
of fornmula (1)p As used herein, the term"i'solating” when used in reference
to a m xt umepenBeexdmorlicxaderyh -u-beptadasyl, ot-ofiedenyl.an{obnjdegyl, and in-eipesyhs

separ ati ng,.t he conpound,of . for L I fromthe aorgani c sol vent,
whon preseNprigige ag}lﬂ%&féﬁ%ﬁi@rﬂﬁ?hﬂé e oo A8 opERTh A850S, 505550

4. 2. Mgshogigyll O5o-6UtyH -yl hatbeh¥ 1;RE, Secondary Al cohols As noted above, the
present invention rélates to nethods for oxidizi ng a primary or secondary

al cohol to forman afelusoddierain, theplyass “prefeging growp ymeansa groupr obeiy| - f or ni ng
or i mary or TeB e S 4O B SRR g i A el Rathr 0P ies Bier i o
and/ or Wi t orghRidhe AdnoLtABExyHtE FoAAlnvamcd reiRRAS MRe pofRtif®prapichenAl
processes. I n one enbodi nent’, the carbonyl-form ng nethod conprises the use
of a | ow dasired,drirepla¢edrwith dd esenother group after forming the compound of formula
20 .
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.
25 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

30 comptising a compound of formula (II) or (IIT) means separating the compound of

formula (II) or (IIT) from the organic solvent, when present, and water, when present.



I n one enbodi ment, the present invention relates to a nethod for making 10

a ket one, woonps7seng all owi ng a secondary al cohol to req,ig. | esence
of a conpound of fornula RLSR2, trichloroisocyanuric aci "?r%%ﬁsgbﬁf)agée under

conditions sufficient to make the ketone, wherein R and R2 are each

i ndependent |y - ( Cl- Ca4:3.eVitHods for(@ﬁitﬁ‘ﬂﬁ@[ﬁi%ﬂﬁ'&@énd%gbhowon'| imting
exanpl es of useful secondary alcohol's include strarght- ~charn and
branch- chain al kyl . aldsd abovednaplesehitimhlioRiclard) ohehoad BELUAAHE 2

2-propanol, 2-butanol, 2-pentanol, 3-nethyl butan-2-0 ,

g- hm&*t thyI - lz-gnm3 }51fuﬁ?,el,coIédﬁi.rr]ymlchlgulbl-tczfcpnmauaeﬂ4 thdﬁbhydeohleetam?Iresgaetrxfe}]wez‘&ahmnylalnol,
- hept anol ,, _3-.ne -.4- hexano - e - 2- hexano - met hyl - 2- hexanol ,
et e b M s

, 4-di ATP8 rcBRR GBS thd - i i

4- et hyl - Sﬁleptgnol , 5_-afrr3ét ﬁyl - 3- hepet%ncl)l , lg 2-% rreﬁ?lpl?yl?)én%"g/nocrﬂ“flth

i , ;]1 di net PynorSSffp;]mm lapEZatioﬂoéwmbntSﬂpamgavnntipxllalﬁﬁdacfeydes.?:- ﬁent anol - I
-heptanol, and the like; cycl.ic econdary.al coho uch as cycl ohexanol ;
the conpounds of for MfiPRe ?‘F‘¥°‘!(|JP’°(‘F§)C %&@“@‘éﬁ?ﬂnﬁfﬁ ’F‘E’flﬁgﬁP@P’é%i[ﬁ/ﬁg‘lsﬁﬂéép;

al kylaryl segeRdpsMdaidnqietas such as 1-phenyl -1-ethanol,

1- phenyl -1 -propanol, 1-phenyl-I|-propanol, gnd Phe l'i ke; dialkyl secondary
al cohol s such 25 as dipheemboditreat; the, predentiamention relatks powh yregiddfoninakingl s such

rbodi bt Ko SRS Alsetinh g SSAOPRR AlSRP s e pessensk 0§ compound of
formul a (1 )eomp¥BEiEs Folfdula R, SR AL hs%y&hﬂyagd'agg%ﬁseeﬁgﬁmfﬁmo st he

carbonyl -form ng nmethod conprises the use o secondary al cohol of
formul a (| apffickmnbtd make the detoxne,mpliersindf; apd &, ant daoly imgiepemtently €O CoyYalksl, t he

bonyl - f ' hod ' th ds of f I ) includ
TUCr- G o) ar o st o BRI *cuch as - O(0) ( Ci- G o) al Kyl “and’ - & 0) O81:
bonat h 10 20707 S .
curetes Sus, 1 YR S RO Yo e i
-Si g aryly |(D g?ggglg)i?;nﬂy-ﬁhﬂn J;mm“f@?b’ga“‘m‘ﬁﬁ@m%??{mh )n)clzuﬂhtgghi neoxi des
such as - ; osphi nesu e .such_as - ;.an
aryl sul fon PR -anr_l@( WL%@B’WW‘%‘I‘?@ 2chasaelndmiethylfapentanol,
car bonyl - f gr.m 4N CORRL A i} 156 . 0o | 04l A a (1),
thereln ro T HeAGIBRRAI PPk by kS Belnd) 2 BB R 2 bR (1)
-0 A ICl- @rm)ﬂhb/k%h)lia;wlﬁi%m@w@mﬁﬂﬂw ,!3>ﬁh?'l-’5};)¢mm!dl,)?(,ﬁﬁiméﬂlsbl)ﬂpkt)thrl)c% |
S GV 2000 SO Lo DD b M Shbb 1550k, )2 "

20  4-methyl-3-heptanol, 5-methyl-3-heptanol, 2,2-dimethyl-3-pentanol, 2,4-dimethyl-3-

pentanol, 2-ethyl-3-pentanol, 4-ethyl-3-pentanol, 4-heptanol, and the like; cyclic
secondary alcohols such as cyclohexanol; the compounds of formula (I) or (Ia) wherein
R; is a protecting group; alkylaryl secondary alcohols such as 1-phenyl-1-ethanol,
1-phenyl-1-propanol, 1-phenyl-1-propanol, and the like; dialkyl secondary alcohols such
25 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 R; is a protecting group.
In one embodiment, the carbonyl-forming method comprises the use of a
30 secondary alcohol of formula (Ia).
Non-limiting examples of protecting groups useful when the carbonyl-
forming method comprises the compounds of formula (1) include -(C,-Cyp)alkyl; -benzyl;

acyls such as -C(O)C;-Cyp)alkyl and -C(O)CsHs; carbonates such

10



I n one enbodi nent, the carbonyl-form ng nmethod conprises the use of a 10
conpound V6@ 2005(07T%A (1), wherein R3 is -CH3. In anot her renipssiosmsssso t he
carbonyl -form ng nmet hod conprises the use of a conpound of fornmula (1),
wherein R3 is_-Si é -Co)alkyi)3, -Si(aryl)(Cl-Go)alkyl)2, or

-Si (aryl )ZGUC(@)9§ i y:Da)lkyl) mlﬁlﬁ@udeas §tfﬂéldcwiaikyl)3t ’rSe(acyleCb@ﬁ(j,‘ho)aﬂbylm ng net hod

TS0 o BESAR T RuS AR Rlbof AR T R FONhiE Phoeirey Tidesnoa

conpri ses bivh agSR(SYTHD,; andpsisatfonites aichak SSOHDCMhpicHp R3 is
-Si (CH3) 2(C(CH3) 3). I n another enbodi nent, t(% p?lgs}gnt !iqnventlon relates to

a method for maki nglibenesmehadjment. die spbpaylfgrmingsnthed comprisenthe use obhol t o

react i@t 0
trichl orIB oi g%&@‘%‘ﬁ@?’?g&g@‘ﬁ%a& v@wg&ﬁ? 3¥3§aeﬂﬂ)@§¥m{%§s %)fqlc?@?ﬁlkﬂ'o make the
al dehyde, VB@)EH(O,-Bloyalke), RsncemleCﬁmtyl)smwﬁ@wmalkﬁ - C20) al kyl ,

- (C3- ) cycl oal kyl or P |'imting exa es o rimary alcohols
useful in t%@fﬂ&m%@nb}ﬂ kﬂ’@s rﬁ(ﬁ@((tﬁat@mhmym,l B&ﬁs((%uflméaﬂeylhoor 1S(HQEdLt o,
straight - CEQ—% and branch-chain al kyl, 25 alkenyl, and al kynyl primry
al cohol s s *4s net hanol, ethanol, n-propanol, n- but anol , 2-net hyl propanol ,

n-pentanol, 2-net hy'hiﬁxﬁa@nhbodﬁnéﬁﬁhhﬁb%bx?l%nnﬂ m@ﬂ%méom&sem*&xé geat anol
3- et hyl pent anol , 4-net hyhﬁent anol met hy but anol , 2, 3

di met hylObutemppundf Sorule y’l’lwmlaﬂiolls-@'lset hyl but anol , n- hept anol n- oct anol ,
n- nonanol, n-decano L.i ke, .30 I.n o

d. t nbodi
car bonyl - forning net AoH @};ﬁﬁﬂ%g%@e{lhéh%%bwpgo ffig, {E?? C8’F"‘Pf1§ﬁsr{h? WSeR1SR2,
wherei n Rl of z$cmﬂ§$ulmvl|of SarehulR2(1), Swiretdth R@?&D—)S&(i(@‘t?m)alkﬂﬁg %ﬂy(@;ﬁﬁbﬂﬁmyl)&) r

-phenyl. In an er enbodi nent, the carbonyl-forning nmethod conprises
use of a ELEIANGFCok.a R SR, V\,herel nR is -CH3 and R2 is

-(G-C20)al kyl. 11 P 03390 n ;anot her enbodi nent,

t he carbonyl - f or ni n\éﬂ %%ﬁ%g&%n%&egg@ g’i} OTgYIg,MEVIOH SAMET 3¢S ‘5%?% a
R1SR2, 1sheof moﬁiEomnﬂ of@bﬁnﬁ@@l)ﬁﬁhe&r&mﬂ(ﬁs ?S1€(U9dm)alﬂ993 base is an organic base
or an inorganic base, Non-limting exanples of organic bases useful in the

car bonyl - f or mi ng net koanothes pmbediment, the earbpnyl-formingmethod comprispsihe useni nes
Such 2. o b Y JOTMED) R LSRR gy, Lot e, T
dii sopropyl et hyl am np an@ﬂdzr embodinicat, e prestnelnvyhtasil reRites 36 & nelifod for

di met hyl ph?nr;iilnggﬁg?deﬁ?gc, comprising allowing a primary alcohol to react in the presence of a

20 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,-Cyo)alkyl, -(C3-Cg)cycloalkyl or -phenyl.

Non-limiting examples of primary alcohols useful in the carbonyl-
forming method include, but are not limited to, straight-chain and branch-chain alkyl,

25 alkenyl, and alkynyl primary alcohols such as methanol, ethanol, n-propanol, n-butanol,
2-methylpropanol, n-pentanol, 2-methylbutano!, 3-methylbutanol, 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.

30 - In one embodiment, the carbonyl-forming method compfises the use of a
compound of formula R;SR;, wherein R, is -methyl and R; is -(Cy-Cao)alkyl,
-(C3-Cg)cycloalkyl or -phenyl.

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

of a compound of formula R;SR», wherein R, is -CHj and R; is -(C,-Cag)alkyl.
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di et hyl phenyl am ne; pyridine and pyridine substituted with one or nore
- (G - C4) avigaosiozesh as 2- et hyl pyridi ne, 3-net hyl pyri di per/pé2008bd0yderyri di ne,

2, 3-di met hyl pyri di ne, 10 2, 4-di net hyl pyri di ne, 2,5-di nethyl pyri di ne,

3, 4-di net hyl pyridine, 3,5-dinmethylpyridine, 2,3,4-trinethylpyridine,
2,3,5-trinet hyI pyr i dinrempth2y émﬁedmienet}tc;daﬂ;anyhlfomngﬁnémw chmprises filyd ywgr i di ne,
andthell pyridine_ substituted Wt r oups,such as

para- N, N-o‘? oéiﬂﬁ'lﬁg fﬂlﬁ@ Rzg\Vhegpin (Hé Z@f“ ﬁ‘yém ds such as,

e.g., lithium SOd'T‘l’iEbd%Qﬁsazﬁxsd mBéchBhH%dﬂhﬂmcﬁgﬂ?&lﬁﬁggﬁgﬁ%ﬁ@ﬁécﬂrﬁ Ie 3['0" any

conbi nati on t hereof ting exanples
the car borgflorgamnicrbasgs usefitllinthe cadbangbfarimngehod imbhedepbuttanenatl Lieaitdd topt al s

such as_lithiuym sodiu pot assl rubi di um an eS| um n one enbodi nent,
the base | SEANC BIPEASECT s € 8- ItIFIa HE'{F S'é‘i‘t?éd’l"ﬁ'@&‘ty aml{‘%é“ yammiee, Bide is an

organic a;@ﬁﬂﬁ]la ﬂlea&phlya{ 1 Qdéh ﬂ&.{/lﬁmﬁ{cg eyl gmtﬁe 20 triethylam ne,

di i soprop am ne, yri t hyl ami nopyri di ne.
| n anot herdisnpmqiyhﬂryﬂammb,emdrtmhkd; aqrhdmlikylammefm satlnyd dimetdsylphenplanihed dielr

e comor ey PRI AP ELPEIGRS BREPYEIeN BULHEA Oy CHe R RSe Rb IRl [
Sect i on 4 G 25 ol SRS SHBRYARE! SricnByRidiALhS- A Ahildi) crer cal

: ounds o rmul a ar e’ commer ci y avail abl e
from Ldﬂca%,deimnelﬁylpyhémbsz S5\dimethgipyridine, 34-domethplpyndiap 8, Bditgthylesddinag a

d f |.a Ri SF 1 d | f d
Gaser i bed PAdCHBIMRHGNe, L aeP eG4 FHBeRo I8 EobAd) . | n one

enbodi ment ?,ﬁm;%g hod
ranges from af‘}bﬂ?t} 1.0 gglout ghbd{ﬁ@ﬁlgrs“ggég%a glﬁt ya]%lgregﬁuggs%dgﬁi%val ent of
trichl oroi mym.hmmﬂqdmdmopymhnmtaﬂ&h methicltsrefveakt dvidsaooluad, eqf, Iakionhol used

in the carbonyl-formn t hod ranges from about. 2. 0 t about, 5.0 nol ar
equi val ent%’db‘g‘? PP?SW%HB ‘7‘7@5"/“?3 %ﬁ%glﬂ%o é\‘?at‘@ﬁ@?e\‘i%ﬂ ent of

trichl ggoi socyanuri cngghihit rlgt arfl b d?ﬁﬂ?ijﬁ’ Hine @l cohol
used |(r215t he car bonyl - ?ﬁ)r@nnr%@] réngg ggom a o%tm%ﬁ% t Eor H}lgo nol ar
equi val ent methed mtﬂli@rtheh;aimmﬂdem@f thé alkali cietads sichas Yidrnium| sodaon,chotdssivone
enbodi nment , H]e %ngnt of conpound of fornmula RISR2 used in 5 the
car bony! - £ D WY e LRI r anges from about 1.0 to about 9.0 nolar equival ents
per ol ar. equi val engy e nitcRlthd e BREIHE bigafi ivie. 1R ABBENGRDRARER] TNt

the organic base is an organic amine. In another embodiment, the organic amine is

20 triethylamine, diisopropylethylamine, pyridine, dimethylpyridine or
dimethylaminopyridine. In another embodiment, the organic amine is triethylamine.
In another embodiment, the base is an inorganic base.
Compounds of formula (I) and (Ia) are commercially available or can be
prepared by methods described in Section 4.3.
25 Trichloroisocyanuric acid is available from Aldrich Chemical Co.,
Milwaukee, WI
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»CO3 and Ryl in dimethylformamide as described in Ohsugi et al., Tetrahedron
30 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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compound of fornula RISR2 used in the carbonyl-form ng nethod ranges from

about 2.&0}095/@}995% 5.0 nol ar equival ents per nol ar eqtﬂ%@%@%ﬂgf

trichl oroisocyanuric acid; and in another enbodi nent,
conmpound of formula RISR2 used in the carbonyl 10 form ng nethod ranges from

about 2.5 aPQﬁHVP' 1&h I hahe i S

trichl oroiﬁgglcya urai C tggiﬁgjﬁﬁrﬂgwgﬁgﬁéﬁ%gﬁﬁﬁﬁ t tgérgmun%ﬁ{ﬁtﬁgggggﬂ%teo in the

car bony! - falcaliohgsed rie tHeodryoayl; famingomethbd trngds frommbabo0 td bdut Abl aolar

equi val ent s Fek nol ar (? ui val ent fgtrgl tri,chl oroj socyanuric acid; in another

enbodi ment SAMYRENEHRET MOl eayyaent g CWHF‘N?&Y%B“’&&F nyl -forning nethod ranges

from about 2.0 t0 abgune Ld iR ineAtHbYR of BoipASHd of PBlrlla RISRVALETH Of
;an 0 the amouht o

trichl oroi socyanuric aci I n anot her e I ment, base
used i n5t hie cabbmylyfbrring metlyodmanesdronaabmes 110 torebaindld nidld egoivaleotstper’. 0 nol ar

equi val ents per nol ar ui,yal ent of .tri.chl oroisocyanyric acid. In one
enbodi nmentMo %q‘E‘éﬂl‘HBr?gﬂ’-‘ rﬁ’lsﬂﬁyaﬁﬁlﬁﬁ)‘ﬂg’ilgaﬁ 2 b‘lﬂg@"eiltnth@ﬁglouétf’fpresence

of an orgay| | ML . : ' are
st ul i o npondd BE R bER SR Hitd BinCR BB o il (R ot 20
aromatic toyabomcy) hohs equivhleas poempln equivadtatarf erichiglo@soeyannrs atiyl] addn

chl or obenzene; (Cl - C4)hal ogenat ed hydrocarhons such as dichl or pnet hane,

chl oroforn‘}nOg%i‘FE@Llo@‘é’tePh o of gaiep mfgq%%grféiz@s e seAnds di et hyl

et her, 4di | I " Iy 7 ﬁ-}oﬁﬁ-r’

t et rah%gr 21;0 gﬁﬁrglﬁ%rtgﬁiﬂng%ﬁgﬁﬁgﬁgﬁ a(t)né{;%aira?él!5 gﬁﬁ%@é@%ﬁ“ n one

enbodi ment equivaeno ofaichioreioboyamirioduéd used in the carbonyl- formng nethod is
benzene, toluene, xylene, ityl ene, chl orgbenzene, [ Q r onet hane,

di ¢hl
chl orof orm carbon t@9ECHIOSAITREL the sMPErSE ﬁ%m@?dm@?ﬁ%% %ﬁl’f@?",‘mgdi propy!|

et her, di- = I Hﬁlﬁ{ f yl
acetate, or Hﬂh&% r%@%g#bgl?}%}gﬁ.8%{?,{5@]0&1?2%.?an a %)%aLeZlﬁsrlge?nbYIg%%rééEﬁ?}e{l ﬁ%thor gani c
sol vent wheichlegsishdyaniriveacid id amother einbodinmmt,ted nduntof base used irdie

di chl or onet hane, I n anot her errbo%i ment , bé’he or gaﬁiog) sol vent i s or includes

tol uendd  gasbaxyl-feroring mediod rerers HepbROIHSE 39 about A0 Greolahemydyalat Pert he
organi c so | : l ' ' lgn an
arunt r an S bautoReStet) oledly ERHE QAL ackh Hhille Ehmiah B S60A 417
wei ght baskste ased ineheneirpdhiiyl-gbrnihg metd aanpgds font airouti2 4 tRaBRR 7.0 molanot her

enbodi nent, the organic sol vent when used in the carbonyl-formng nmethod is
5 present FavivalenisPRiolansmtvalent phirichipmisocyanueadd by weight up to about 25

parts by weight basgd, on. LilQiM&lcAE cbod GorRiHE MEMbdS chdlefbldn®eoR2. 10

anot her enbodi nent,
20 presence of an organic solvent. Non-limiting examples of organic solvents that are

useful in the carbonyl-forming method include, but are not limited to aromatic

hydrocarbons such as benzene, toluene, xylene, mesitylene, chlorobenzene; (Ci-

Ca)halogenated hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride

and dichloroethane; ethers such as diethyl ether, dipropyl ether, dibutyl ether, methyl-
25  tert-butyl 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, dichioroethane, diethyl ether,
dipropy! ether, di-butyl ether, methyl-tert-butyl ether, tetrahydrofuran, ethyl acetate, or

30 any combination thereof.

Tn 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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t he organi c solvent when used in the carbonyl-formng nethod is present in
an anount ranging fromabout 0.1 parts by weight up to about 10 parts by
wei ght b¥E¥WIFN e wei ght of the conpound of fornul a IRUSRR003@3390 one
enbodi nent, the organic solvent when used in the carbonyl- formng nethod is

anhydrous. Anhydrous ornganl c ,solvents are commercially available or can be
obt ai ned by cont act i BPPEsEbAERMmL.he ergais solyprtwhendised imthe carbrpdr at i ng agent

ixturos thanig Rl FresEh R aniohRlaniRa FEREARE BT B bl meidi o T (21
metal | oi d zboudﬂ]spa'tsdiy waighid@sed én tﬁa@reaghﬂ oPgexofrpeendoffoenoiaR  SR).. In

Purification of rat or Chemc th ed,, 1996): and CGordan et al., The
Cheni st's oS 5ﬁ’in§ﬂ‘%m§t TE3Rj9 59 )/ent “é‘ﬁ%ﬁt sarhemdrforming meghadig ani ¢

sol vent f i t M E1064-
00 and. ASHPREH AR fuihe ol nboltHLs %ﬁS?é"‘faﬂ%‘“ b B O T

condi ti onsweightt basedorPthe swefighitif et congpormad of ﬁma]adhﬁk@elmﬁndﬂ&tr@mbodlmnqne
enmbodi nent, the car | -form ng ., nethod js carried out until at |east about

80 nol e peﬁhe QFEan|gsso vwey whempssd magse cpehonyl-fopmingaethod i nipscal BamAmOust a

ket one; i rried out
until at Inrgg téglg’ %Hgggngﬁm'bg lﬁﬁ%?\?%tg?@ %W@%nﬂgcgﬁverted to
an al dehydweightdtketmnmundnﬁfmmﬁlﬁt%r enbodi nent, the carbonyl-formng 25

met hod .is carried out until at |east about 99 nole percent of the al cohol
has bedR converted Ifldmﬁﬁ“gﬂoa Hereanic splypr whendisgd gythe carbgrylt he

b | - f I
Fechni ques o RaTD %%?‘*gﬁ?&aﬁf R Tk U e
("TLC"), hmgiambenbmrwdﬁxye:ohtaqungﬂletmrgmmmgreapwnh(a shl?itﬂk )iehyg&ﬂmgagent
chr omat ograpﬂ as-|iquid chromat ography nfrar

spect r oscofiFn a4 ‘?Olﬁﬁ‘gawﬁ%‘f afeacthig et &S‘I‘C@s%ﬁénlg%"% eéﬁdr@%‘ﬁﬁ?&@[%ﬁ?l?)

such as rry out
t he car bolr_lhj? %ﬂﬁfrandgg&%t% 5 gllnllél)e&m?rag%ﬁge 4 Qﬁ& 31 e%&%ﬁ%x@ésfs@(:%%ﬁ%@,zo hour s;
i n anotlfer Cm(ﬂhndin@mee Antarepe et uhaRurification bf bab@mmt}ocmamt:m ¢dth el NE996);

pCT 82%5055’:{5{?@@8@1 1) dh G K %9%%4349 0D s RS W e ¢ hat
i s suffici {éa% Ne)‘nt@#f JE%T fl&i'l”FlE‘&r'irWaH@ﬁige i ggg-about 1
ypically, a te

hours to a urs eraturet sufficient to carry
out the ca@ﬁme\SleEiﬁ}q@l)net hod ranges from about -78C to about 130C, in
anot her enbodi ment, rature that is.suffjcient.to arrgl out the

car bonyl - f or mi ng mat rppggﬁnetho is carried under conditions that ar

20 sufficient to make an aldehyde or ketone. In one embodiment, the carbonyl-forming

method is carried out until at least about 80 mole percent of the alcohol has been
converted to an aldehyde or a ketone; in another embodiment, the carbonyl-forming
method is carried out until at least about 95 mole percent of the alcohol has been |
converted to an aldehyde or a ketone; and in another embodiment, the carbonyl-forming

25 method is carried out until at least about 99 mole percent of the alcohol has been
converted to an aldehyde or a ketone, _

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

30 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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about -50C to about 50C, and in another enbodi nent, a terrperature that is
suf fici egég 2d08r 4y out the carbonyl-form ng nethod r r about -40C
t o about 50%‘, !m@gcar bonyl -form ng net hod can be carri Z’g&gﬁ§ glﬁénr"%"(guced
pressure, atnospheric pressure or elevated pressure. In one enbodi mant t he

car bonyl - f@rdpoﬁgloﬂ&]&%ﬁwgﬁah&%ﬁbbﬁﬁw%‘tat%eﬂfam%ﬂﬂﬁﬁ%ﬁgﬁﬂqﬁﬁ%r an i nert

anot her enbodi ment, the car formng step Is carrie

at nospher eczshmtyl-dmnmg glethdﬂa'angdefrolieabom 1 hesurs tXeboun 5 lmays, conbi nat i on
thereof.. In one e hgf t he ca&ﬁ n¥l fhormn g step i s carried out under
a N2 atnosphere. The 3591 ,aﬁetg]gmﬁlwe atdy sytfgiepigramy @ubthecaivnyla R SrR2, 15

trichl ori spexaiihbihiod es b %bﬁft B"@&Fz@ﬁgtﬂ Sq Ft) Plergﬁ:%df?r{%ﬂ qr gani S

solvent, if an can anpl es are as R SR Ao t
enbodi nﬁnttemplamtmartlhmwdufﬁmemntugampbmmue carbmyl—ufmmdng methddyrangtdiffogn a pri nary

or secondar al al 1.y sence of an organic gl vent, to
an adni xt u"i‘ o?chE g?‘h‘@jpéogfg d’ﬁan‘?f erf FQFWP‘?WWE%}%FS leffuric 20
acid and a +ouP e fidh blfdriﬁufg*}ﬁ 6@&&‘1 BOutRHGAN S g yppl. In

anot her non-l1mting errbogl ment e car ony?fh orm ng et h carried out
by adding an adni xt uke carhqmyl-sfomgngmredmﬁ@ambe oftrrlbdmmﬂtaed%icsmﬁressure,

trichl orlsowé%nhrjc aci d a% gase i onal | Ln th@ ilrgse ce of an

or gani ¢ softiphericpressusgqr te Preéﬁﬁ'ﬁrn 1 e HB‘Fm 6 CrgaBylHorming: he

presengg Oﬁeﬁfi’rd%&@ﬂ% o&%‘t&ﬁﬁﬁs Oﬂr@ssﬁ&m her non-limting enbodi nent, the
0 r| e

carbonyl-formng nmethod is out by adding a base, optionally in the
presence of an organhnmmdievenﬂnodmmnalﬂle@wnnylfurmmgmmls&m‘rg;damcmﬁwmd of
formula RISR2 and trichlorisoc ic aci fﬁ: opt i onal lél‘nl n the presence of

an or gani cSHaTBATP e‘feo‘I“FIb%ﬁé‘n ?a i NE-ob 6 Xe ¥t 2 Fombinatiqnuthgreghyy ¥ al cohol |

optional Iy, 2&9‘5 enon-limting
enbodi nent , h@%e caﬁg g.‘[éfc?%r ng rreg%omg%éﬁ%(g?'?tiuggréﬂz Egl ng an

adm xt ure conpri si ngThe orepofadditin dfmhendmpdﬁﬁ&lﬁ?fmﬂlakfmﬁhl ori socyanuric
aci d, optlocglly in the presence of an_ or ol vent, to a base

opt i ondPl yrichlorisecyspute add. RIfmany op sgFaRdary %ﬁpb@ngasefaeqi pigRels selreabdiaWon of a

primary or tionally in the presence of an organic
sol vent . %m\i%?gog%@%g@l 2005/ 003390 In another non-limiting
enbodi nent, the car b(rn(yﬂeﬁmlﬂmnggmatbbdiindm thacarba-domihy meedbidrigcaripd | mary

or secondary al cohol, optionally  in presence of an organic solvent, to
an adni xt uPé tﬁ’cﬂﬂiﬂmgsq PIYDAY Q5 SFRSTARTY Oﬁﬁlr fefena We%‘?ﬁen‘fer?afné’ﬁloég%cyanurl c

acid, optighaldiViolal dlxmiERRTRingfa AMRLEEEE fortRlaMERRy, tHiShbAYRYatitic

20 acid and a base, 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,
trichlorisocyanuric acid and a base, optionally in the presence of an organic solvent, to a
primary or secondary alcohol, optionally in the presence of an organic solvent.

25 In another non-limiting embodiment, the carbonyl-forming method is
carried out by adding a base, optionally in the presence of an organic solvent, to an
admixture 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.

30 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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5 addition of a base, optionally in the presence of an organic solvent. In
anot her Nom2dosoT95ng enbodi nent, the carbonyl -form ng netheghoSeossa ri ed out
by addi ng a conpound of fornula (1), optionally in the presence of an
organic solvent, to an adm xture conprising a conpound of formula R1ISR2 and
trichlorisocyanuric bcimtheopon-tinatingembodimentpthesarboaybformimgonethod s sol vent,

foll d by 10,additi f b \ ' | In.the [ f [
ol vent . 1L P K33 prTea g sseRBTaonSh ARticrlsBh e FRERER et hod | <
carri ed 0U&rg%c@@ﬂbﬂgttﬁanbﬁ%ﬁxm?é)édn?;gﬁkﬂgya ¢dia cﬁgd%f it ﬁ??"ﬁ%@?g gani c

solvent, to an adm xture conprising a conpoun and

trichl ori soichkbnisodyansms akid, appivhallyahlithe prsenbeofaresrgmie solvempfollogedibg sol vent,
foll owed by, additjon of a cqmpound of 15 formula (1), optionally in the
presenc o%/d‘ﬁ‘r‘f"b?tjgag'?ﬂsﬁ’ apyeRaht in theRresange Al AOo1ganig PR f or med in t he

car bonyl -form ng net hog,  Vindi . e fofioh-RYm nown in
the art. For exanple, aogggg?[?gﬁdlﬁ%%&ghﬁ%ghg#icgﬂﬁgﬁan ap%érﬂé}gédgsr ket one
can be pur ¢artiediomtybyfadding axuaipodid bf formtladi), optodmatiyin the pegbicef afiok gani;

alumna or FLORISILTM .and/ or recystalli za{ﬁi}&m V]\Qere the 20 reaction

m xt ure cobRPYenditAgn afmixtaecpawrising peopmauRd ek isenula&ipRe aad an or ganic

sol vent, : Of : ' . y ved,
typically @icglogi\rs}% orgﬁlc?%cﬁé’%ggfl%wgh%%ﬁ P%gfiﬁ'g%@%gfﬁ?%% tt-&lﬂﬁ‘ékgx npl es of
or gani d0s ohddetidrsofiestedsell opaisnally iankd prgseapdryf arcongarit solvatl ude strai ght - chain

and branch chain aliphatic (C4-C. Q) hydrocarbons such as 25 butanes,

pent anes, hexanes, hg‘p@é’ﬁ@ﬁpo%‘é‘%%?mmﬁ@sﬁheéﬁ@%%mggfa*Pth%&t ic cyclic
(C4- C7) hydyac . 511’;\5]% . e e and

cycl ohept a{:lée?;ﬁél(i g@orb?aa?}dc y Pg’@bgﬁéqgﬁhcﬁﬁéés&ggﬁgene, a?lg?{ullélgﬁe}’ egn xyl ene;
each of whadrhixoaectraprisingstompowed ofifoimudaR (SR, andrteichlbasceygneiepsid, O her
non-limting, exanpl es of organic solvents yseful as . 30 chronmat ography

el uents i nEﬂ?[EfH’éﬁY aﬁw%awﬁﬁap&fnm?‘@eﬁ@%@wwd&@ {*ﬁq c&m%aﬂe,

nmet hyl gre ' 0 Aedpkoride; (Ci- Co)aliphatic
al coholqg s@g@ﬁgs@@?ﬁ@ﬁg??ﬁ g{eﬁﬁgﬁ?&ﬁfﬂgg’g%&é’ﬁ%{, | g'opropanol , Nh-butanol,

sec- but anol, i sobut aiht aldtleyde-obketanoformed frethe @athohyl-formhngxaethdd can-deept anol ,
n- oct anol , . nol and the like; dialkyl ethers such as

n- non .. h-decanal
di ethyl et wela,tedonnﬁsp@ﬁfls%w mellinds knqyn {ihe g5 For oxpmple@rerchiensnis s 3390

di butyl et . -’ I . . h..as di phenyl
e!t hgr?/ cycpﬁéﬁéﬁ?{;ﬁhéwg i‘%%gis(é'{ttb réﬁzgﬁc{/cg)rugﬁi :?Fi% fgﬁﬁ&gl gﬁfgﬁg‘gb‘& yrrleg su%:/h as
et hyl ene gtiromlatogiaphly foylsilitaaaminacir FORISHLTSE end/ohi weystllizatioho Wiskee the

N- met hyl pyrrol i di none; hexamet hy] phosphoram de; . .
y20pyreaction mixture comprising an%ld%ﬂy epor?(etone %urther comprises an organic solvent,

all or part of the organic solvent can optionally be removed, typically via evaporation,
prior to purification.
Non-limiting examples of organic solvents useful as chromatography
eluents include straight-chain and branch chain aliphatic (C4-Cg)hydrocarbons such as
25 butanes, pentanes, hexanes, heptanes, octanes, nonanes, and decanes; aliphatic cyclic
(C4-Cpdhydrocarbons such as cyclobutane, cylcopentane, cyclohexane 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
30 chromatography eluents include (C-Cy)halogenated hydrocarbons such as
chloromethane, methylene chloride, chloroform and carbon tetrachloride; (Cy-
Cio)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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di met hyl f ormam de; and any m xture thereof. 5 In one enbodi nent, the organic
sol vent weemosigr7odr omat ogr aphy el uent conprises an al |m@[§5290§m§l§9@car bon
and an ether. The present invention further relates to conpositions
conprising a primary or secondary al cohol, a conpound of fornmula RLSR2 as
def i ned hedikity] ethérs andinetni bogy ethers; dlaxqrtétﬂelarsdclaastxﬁpmnymme cpeivptisard | ons
are useful for nﬁgﬂ“@g @ertone 10 or an a deh& as des_cri bed above.

Non- | i mi t i SHgh ofgrannd fipxang; lXBELIGARY Ry lenr slvsol digedl adsr of

formula Rl : c u ' : escri bed
above for ac%gﬂsb&c}ny f1 %ﬁgn%?\dgé I;\Jrie ﬁ@gb%ﬁqgﬂgﬁﬁéxdn%@gﬁ n%shF &eé I nvention

rel ates t alimethyifpasarhideyaicmymixtudgthefeof.a conpound of fornul a RlSR2
trichl oroi socyanuric acid, a_base and a compound of fornula wherein R3

is a prdtecting gr OJBOHFﬁ Rdimeat, mﬂlﬁéﬂf’mtﬂﬁ%‘iﬁﬁl’@ﬂmﬁ@ﬁf@g gleat to a
conpositi 0(9) dsrérﬁil au@hgﬁm ar{?lf fe(ai | a- RLSR2, trichloroisocyanuric

acid, a base an oun ormul a wherein R3 is -(G -G o)al kyl,

- benzyl -C(O (G- OTﬁ@rkselnt 1n219ntidﬁ(fﬁ))tﬁ¥r@ela@s®c) edrh s)t;onsﬁbﬁ%ﬁ&m@ao) al kyl) 3,

o o el Ay & o e et aot et
erhodt et ek kYR SLAL 30 P SORGSH b e TR P Ang 3 p0RgROUNT Of

formul a thg rol'socyanuric a conmpoun

for mul a0 (| gr,anvifddh@de) aRdedcgibedatidve. - G o) al kyl ) 3, -Si (aryl )(q g o) al kyl)2, or
-Si(aryl)2(C I‘Cj Igal Kyl . In another enbodi ment, the invention relates to
a corrp05| tion conpriNewrlmitingexampleseof primagy oi sesondrsrolcohals, campewids @y anur i c

d, |
RS ?553@@9#%%3‘%%%%'? 0 s bites it Thihe Bbstrfhed aboye for the, |

conposi ti ogarsmybBldarfiimgmethodonpound of fornula RISR2, tri chI or oi socyanuric
acid, a base and a conpound of formula (lI), wherein R3 '
- Si (CHR) 2( C(CH3) 3) . InAnpibepembpdimpots thepuyentiop eﬂgp@m%nmwwmﬂsmg

For mul 1R &ptmlep R RIS, ffnloRofoc ARG, WGP R4 Srltbun8 of "0 2
(1), wher efoamidd (1)§wh§ilejﬂ;Rjigaqﬂ@&;&ﬁ{g @olndi nent, the conpositions conprising
a primary or

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 (1), wherein Rj is -(C;-C,p)alkyl, -benzyl, -C(O)(C;-Cip)alkyl,

20 -C(0)O(Ci-Cio)alkyl), -Si((Ci-Crolalkyl)s, -Si(aryD)((Ci-Cro)alkyl)s,
-Si(aryl)»((C-Cipalkyl), -P(O)(( Ci-Cioalkyl)s, -P(S)(( Ci-Cro)alkyl),, or -S(0)OCeHs-
p-CHs.

In another embodiment, the invention relates to a composition comprising
a compound of formula R,SRy, trichloroisocyanuric acid, a base and a compound of

25 formula (I), wherein Rj is -Si((C;-Cio)alkyl)s, -Si(aryl)(C;-Cyo)alkyl)s, or
-Siaryl)»(Cy-Cig)alkyl.

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-Cio)alkyl)s.

30 In another embodiment, the invention relates to a composition comprising
a compound of formula RSRy, trichloroisocyanuric acid, a base and a compound of

formula (I), wherein R3 is -Si(CH3)2(C(CHs)s).
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5 secondary al cohol, a conpound of fornmula RI SR2, and trichioroi socyanuric
aci d canwd wns/eesconpri se an organi ¢ sol vent. Non- | i mgdmgsasimgiess of
organi ¢ solvents include those described above for the carbonyl-formng
met hod. The relative nolar amounts of primary or secondary al cohol, a
conpound of fornul alnRiNS&2r embodiivieot, diesovantinurélatenti dleampbsitidecompriaing t he

rel ati ve anmpount of or o) when , are those descri bed
above for ?WWQ&&&W&%% “T‘Fg‘f%ﬁ‘ﬁocyﬂmg‘cpq%‘fﬁgﬁ? st 2 fRIRPHGA0br phi nones
I n anot herfoﬂﬁﬁ@@l)”@ﬂ&mxﬁl@fsQCﬁge”t invention relates to nethods for naking

a conpound of ftornula nmor phi none-form ng nethod") conprising 15
all owi ng a conpound ltrfanbthermdnhodm'x)ent,d'tercampbsmnnstdmnmmmpﬂmn‘ym conpound of

formul a_RI SR2 dac | orine-c Bl reagent der, conditions sufficient
to makedt h@w@@%@aﬂ&? &6%9%3;9%? Tagmi’rze#ﬁ trigplozgispcpanugicac

| ndependenglyer &b rgg%%k cs lv(eg‘? l@ﬁ finfrci lesQf of lve rlﬂclaﬁ’ R3 is a
protecting group. I n one diment. the c rlllde ff tor (l I'S

conpound othosd descnibed apbe) forahrﬂ;lcdrﬂrrmybﬁjmmgmiembdf ormul a (I 1) | s the corrpound

of fornmula (l1la). In_one enbodinent, th phi none-form ng rrethodcrrprises
the use of a conpoullkf Blativgmalramqunts EF@FYIOWCP%‘IE‘IX 0016903‘&?%89““3

- benzyl S R ) o) al kyl) 3,
_Si (aryl )(‘?(cﬁ9211 o)@?&ﬁ@l’l’-"ﬁ"? %% %‘f‘&&%‘fy %&H‘a relaBYQéoéi%‘@f‘t o) al kyl ) 2.

- P('S) (10 Clerganiy ablkgit) @hempresenS(a@) ﬂﬁﬁé—ﬂesaamdaabom fanhe taborgiibeciingnt , t he

nmor phi none- fgl m ng net hod conprises the use of a conpound of fornula (1),
wher ei n R3Mgthod Si((g-go)alkyl)3, 30 -Si(aryl) (g -G o)al kyl) 2,
or-Si(aryl)2(G -G o)alkyl). In another enbodinment, the norphinone-formng
net hod conprises the use of a conmpound of forrrula (1), wherein R3 is

-Si ((C1-Gio)al kyl)3. 1s WO #doMehadstpr MakingMerphiars0o | n anot her

enbodi nent, the norphi none-form ng nethod corrprl ses the wuse of a conpound
of formula (I) wher ki anofter embedin{eatiB)eiréieAHR)V S)tionl ralatas ad rethodsbardi ment, t he

D g B P 15 ek b oR oS TRNA S & S

useful 15N LiGving & compound of formula (T) to react in the presence of a compound of formula

RSR; and a chlorine-containing reagent under conditions sufficient to make the
compound of formula (11}, wherein:
R} and R, are each independently -(C;-Cyp)alkyl, -(C3-Cs)cycloalkyl
or -phenyl; and
20 Rj; is a protecting group.
In one embodiment, the compound of formula (1) is the compound of
formula (Ta), and the compound of formula (II) is the compound of formula (IIa).
In one embodiment, the morphinone-forming method comprises the use
of a compound of formula (I), wherein Rs is -(C;-Cio)alkyl, -benzyl, -C(O)(Cy-Cio)alkyl,
25  -C(O)O(C;-Cio)alkyl), -Si((Ci-Cio)alkyl)s, -Si(aryl)((Ci-Ciolalkyl)s,
-Si(aryl)2((Ci-Cioalkyl), -P(O)( Ci-Cio)alkyl)s, -P(S)(( C-Ciojalkyl),, or
-S(0)OCsHs-p-CHs3.
In another embodiment, the morphinone-forming method comprises the
use of a compound of formula (I}, wherein Ry is -8i((C;-C 1o)alkyl)s,
30 -Si(aryl)(Ci-Cio)alkyl), or -Si(aryl)2(Ci-Cio)alkyl).
In another embodiment, the morphinone-forming method comprises the

use of a compound of formula (I), wherein Ry is -Si((C;-C p)alkyl)s.
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nmor phi none-form ng nmethod i nclude those described in Section 4.2 for the

car bonyl w0 enogTrRgsTet hod. | n one enbodinent, R is - CH3p@rgsfogs#o3390

-(Cl2)al kyl. Non-limting exanples of chlorine-containing reagents useful in
t he norphi none-form ng nethod include N-chloroam nes such as

trichl oroi socyanuri clrearather eibodiment, sheomorphinineifdening atetisodfomprises the

di chl ' ' | d h di dj chl ' te,
1, 3 di chi oFE.% ASOuBABEs of fopmalatdy HECEHHRs waoiHabiiChies such as cal ci um
hypochlorite. In one guhgteBModihéif, GB kR 'iﬁ&@-ﬁhﬂﬁé&nétﬁ@%ﬁ%ﬁs’%ﬁ%d n the

nmor phi none-form ng method 1s trichlorol socyanuric aci osucci ni m de,

sodi um 15uski affal compiognd phfonmatag(]), whereii Rhiso€bL 5, 5- di net hyl hydant oi n, C12,

cal cium_hypochlorite, or, any m xture there*(l)lt;. I n anot her emhadi nent, the

chl oro- Sont ai ni ng r eNgBHimifag examplesof compopndsfifermyla Ride gy thes

trichloroi Wi_ ' ' tQand - I ni ng

reagent used in t S f'ang@gqn%?t%ﬁq %gﬁg??g)rs %H%gmr)réﬂtaﬁoscf cﬁ@?ﬁ@?hf%?gg@(@f&ﬂm mde. In

anot her enfrthingmethod.hin oid embodimettaR nisnGH; and Rois -(Se¥hlkyd. t he

mor phi none-f orm ng rrﬁt?hcid is Cl2. Oonlp &mds of fornula (1) can be prepared
efgp- n‘gl

) (1) .
by known nethods us pting sxaspRies oh RIS RORINRIRE FRpgeik Pschpldn the see, e. g. ,
Greene et g

: { i 02 . ; ' 991) .
which is i n((:) thﬁgér%tfggh'ﬁgﬁgﬁ&gil}%lrug?grz %&%&@megg rrpodq' nﬁsmg ojrﬁ%gyz%nucﬁg(a%ﬂ%) wher e
R3 i s -10C1NcGhiprabicginimide, eabiswé dichhordivocyamaid ald suchras eadiuine nade by al | owi ng
nor phine tqQ react with a hal Q(C -C10)al kyl in dinmethoxyethane and in the
presence oFIICE‘@F‘PI&‘&YHWfaﬁ‘?nbs'rq}?h??fptég‘ﬂ&@e%ﬂhmt%;na@ia@(‘}[rhm@ loritessucy G eene
etal., Pro s J.n Organic Synthesis 146 (1991) and 30 in U S

Pat ent App%sf(g%%l?{@#%%}ﬁﬁréﬂgtion No. 2003/0073848 Al. Conpounds of formula
(1) where R3 is -Si({Bne@faliypht) Be chlofb-CatyiningGeagenonselikythe?, or

-Si (aryl)2(CG -C&o)al kyl) can be prepared by ,allow.n norphine to react with
Na metal  oftosphigerer Hnmg]m%th%db mtnekﬁp%sow?@uwewﬂt %Irfgﬂ%wp@mds, SOt with

25 16 Vo JBUERSYREpty) SrG s TR Ry o o gl &l D
Tet r ahedr oany#hiidRIn&E€dH6 (1992) and in U.S. Patent No. 6.046,313 to

Schei nmann et al. for the synthesis of 3-Odinethyl-t-butylsj ltél nmor phi ne.
Alternatively, the 3Imangtheriembedinent,thechiono-contaming eeagant used BrlBpar ed by

2 oving AR AR fofn B3kl ki GofdoYarhOhalcv! ) 3

In another embodiment, the chloro-containing reagent used in the

20 morphinone-forming method is N-chlorosuccinimide.
In another embodiment, the chloro-containing reagent used in the
morphinone-forming method is Cls.
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
25  Organic Synthesis 143-170 (1991), which is incorporated herein by reference).
Compounds of formula (I) where R3 is -(C,-Cyp)alkyl are commercially
available or can be made by allowing morphine to react with a halo(C;-Cjp)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
30 in U.S. Patent Application Publication No. 2003/0073848 Al.
Compounds of formula (I) where R3 is -Si((C;-Cio)alkyl)s,
-Si(aryl}(C,-C)o)alkyl),, or -Si(aryl)»(C;-Cio)alkyl) can be prepared by allowing
morphine to react with Na metal or butyllithium, and allowing the resultant complex to

react with CISi((C1-Cio)alkyl)s, ClSi(aryl)(Ci-Cig)alkyDs or CISi(aryl)(C;-Cio)alkyl) as
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5 CSi(aryl)2(C-Go)alkyl) in a polar organic solvent and in the presence
of base WO6eUTIBed in Section 5.1 for the conpound ofpcirAfddbsRodshd Where
R3 is -Si(CH3)2(C(CH3)3) Conpounds of formula (1) where R3 is
-C(O(Ad-do)al kyl can be prepared by allow ng norphi ne hydrochl oride to
react wi t hdescriberpiouNistant: &lorFetriahedron {€£6709-67 & QPIEY DAL 1 S 1Raterit Noaqueous

sodi um bi car, described _in U S  Patent No. 5 908,846 to Bundgaard
ot Al ComBORdLs B ST . FORIBF SR Rr Pl bl s SpDRAC by
allown ' TRV I ot s ' s met hanol

ot 9BC ag PEiaell AN B3 i dooivatYLs OF IR e fiEdied O BIMARYS T2
Conpounds oforploneel readt vith/BkSi€C RE 0)akyliz OIS (aBy1)(C, «) Palkiyl), 0&n be prepared by
allowi n hi 0 t.with compound of forrmula ClC(O.Q(Cl- Cro)alkyl
in chl pgo?ﬁﬁ{%ﬂi%dﬁéﬁm%ne RADE P eRtameaF BorRreneneriete 8 | )ng ’
condi tions des%rigaisﬁl_rgégﬁgu ra;_rl flf\)l-lr@ﬁlcgﬁg%ﬁd (gﬂqmﬁé}é@g@%ﬁa RO Wl | ace.

Tri chl oroi socyanuric acid, rosuccl nim odi um 20

di chl or oi s@cPaREER(GCH3)9)- di chl or 0- 5, 5- di net hyi hydant oi n and cal ci um

hypochl orite are avajlable, fraom Aldrich m cal ... M| waukee, W. Wen
Cl2 is the chlorine- ?BH{PQPW%%P@HBQQ f“"hﬂ%gf@hé@ngglq)ﬂkﬂ%nb@r mof a gas
or solutio | i o

Vont gorer yBioPRes b9 3fobE faiphinthlipoloRls RPichr RS MORBSTAY formuly ¢ o,
exanpl &0 b(GRECiXQPE(ONE,iMipin2§utdus sadimmticarbonalhe desdribed gl UsSTRamint of C12

addition c ntroll ed by nethods known in the art using, for exanple,
gas fl ow r%ug’gf)gggé%?%ylﬁfgaﬁéteéﬂ . The solution formof Cl2 can be prepared
by all owi ng gaseous E}dipbAndsHETSHNE (T Wh ik @ 1 i t, The
concentration of Cl2 i nprtohe sol ut on(?:ané%?g ldgéyggkqﬁggglggepg%g@{]i cal

met hods knelwwing ndrphiae to re8@ with banzyibbemidg ahd MaO&bintayuedaangthandppl 226Nt

Formil o RusegestapdlS Bemdf o388 o fiastena 2005 077057 o
Fﬁll ﬁ???g?(;lﬂoog?ggp 5}@:0@ gu}f)(%gi %‘r’?ﬂuggﬁ) géé%n g??gﬁgﬁgm@%mﬁgﬁh%?ﬁtescm E)gnyl
group. prepared by allowing morphine to react with a compound of formula CIC(O)O(C;-
Cio)alkyl in chloroform and in the presence of sodium bicarbonate under refluxing
conditions as described in U.S. Patent No. 5,112,975 to Wallace.
Trichloroisocyanuric acid, N-chlorosuccinimide, sodium
20 dichloroisocyanurate, 1,3-dichloro-5,5-dimethylhydantoin and calcium hypochlorite are
available from Aldrich Chemical Co., Milwaukee, WL
When Cl; is the chlorine-containing reagent, the Cl, can be in the form of
a gas or solution. The gas form of Cl; is available from Matheson, Montgomeryvilie,
PA, and can be added to the reaction admixture by, for example, bubbling the Cl, into
25 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.
30 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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I n one enbodi nent, the anount of conpound of fornula (1) used in the 5

mor phi now& foos/m7egy met hod ranges from about 1.0 to abouylcr9uéoisaledseo
equi val ents per nolar equivalent of the chlorine-containing reagent; in
anot her enbodi ment, the anount of conpound of forrmula (1) used in the

nmor phi none-form ng nmethod ranges from aboptr 2.0 to about 5.0 nol ar

equi val ents per nolar equivalent of the | ori ne-containing reagent; and in
anot her enbodi nent, the anount of & d of formula (1) used in the 10

nor phi none-form ng nmet hod ranges from abo 2.0 to about 4.0 nol ar
equi val ents per nolar equival ent of the chPorine-containing reagent. In one
enbodi nent, the anount of conpound of fornmula RISR2 used in the

nmor phi non ' nﬂ@&r@fﬂﬂl [ qui val ent s
per nol a?rﬂeé(;sﬁl%{ai?ent tnEe c%%#ﬁ%%n@ﬁ%)ﬁgﬁﬁéggé%wﬁgﬁot her

enbodi nmentsecordaryatoelnd td formfthe barbamyhgoumpd of fornmula RISR2 used in the

nor phi none- f or m ng t hod raaggﬂ% H;om aboFt 2.0 to about 5.0 npl ar
equi val ents per nol 2P 98§&MPS the aeunt oF sempindnf dormmla i) usedagdhs . and in

anot her ze ' g t : %? din the
mor phi ngnzi‘1 ?%Pir}nﬁﬂ%fcr’r@?ﬁ% rangrglgéef trflg’%l anu? nggﬁ’éuct)%%{a?gﬁ% no t%kjé‘e

equi val entmoleequivdlan of thei chidraretconfaitihg raapéndy inrmeothentéabodimgn, degemdunt 20 | n
one enbodi nent, th unt of the chlorine-contajning reagent_used in the
o phi noneSteBiRee AEorDR B nsed iy R FORRReOOHE A 950 GO dpout

equi val ent Inat: | f ARG 1 .1 n anot her
enbodi mnt?xOgcﬂgﬁoug?ngal{l]?l o# i@ﬁié&gi?égrr?ﬂg%ggnt al ﬁ?ﬁ%‘gfflélfé’géﬁlt&ﬁ%{é‘? % n the

mor phi nonerehgantriand inmrendilat embtexdgeent f the ametod wf c@mPouml aftformuls (1) upatintind ar

equi val.ent of . the conpound of formyla (l):.25 d i.n. anpt her, enbodi nment, the
a(rqrgﬁng 167 o ToHEnG Sisdd P syt aééa%FTPt o P?‘HP’?&‘HEP??L i g
nmet hod ran - 4t r nol ar equivalent o e

@S@{) %ﬁﬁé&?:&? thedcHoriie &ﬁf’dﬁhﬂéggfg&ﬁ. q

conmpound o . Incertain e ments, the norphi none-form ng
met hod may further Inomprinbedinmttheambus of asmpouddrofifomila RgSRxeeplies of
useful bases incl.ude those organic 3Q bases and inorganic ,bases described
I Sect | ontis MOTPROROTRTEIBHPS 9 HgSEOTd A10% b O Bops G ssrer
PCT/ US20054,032evalil o e QIR EFRMHinihf o Cinl shoftidr B85t Amdufy 0N
enbodi ment, the” organic base 1s triethylamne or
par a- N,IB defita¢ bythpenndayf Yorndila B SRyusad at the mozplipohenfonmingt ihethbdsmgesitam
I norgani ¢ hase, I n one_enbodi nent, the amunt of base when used in.the
mor phi noneabo8t 20AARRK Sl RBE: FRRLISHS PermalBoeRIEIR Ob BN SOBai e
equi val eNt R, 48R BnotBE UmldfREnt Ohe SR Yr d ARl 3F Rl RAGGNL 10
anot her enmpodi nent, the anount of

used in the morphinone-forming method ranges from about 2.5 to about 3.5 molar

equivalents per molar equivalent of the chlorine-containing reagent.

20 In one embodiment, the amount of the chlorine-containing reagent used in
the morphinone-forming method 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);

25 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

30 bases and inorganic bases described in Section 4.2 for the carbonyi-forming method,
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base when used in the norphinone-form ng nmethod ranges fromabout 2.0 to
about 10.0 nol ar equival ents per nolar equivalent of the

chl ori ne\OHOHPTPHg reagent; and in anot her enbodi nentECrtig2oesimaswe of base
when used in the norphinone-form ng nmethod ranges 10 from about 2.5 to about
7.0 nol ar equi val ents per nol ar equival ent of the chlorine- containing
reagent. In certain byAnssmhod t@entﬁr@%rwrmmb@pnﬂmgnmb@rhmmymrt her

conprise t 4 | @a xanpl es of useful
organic %@ﬁf’s@%%ﬁe‘g@ ggber%%g% ove or {#ﬁ@gcgr bonyl -f orm ng net hod.
In one 15 enbodi ment In dnbthep e@dodicenn thechise issandheorganieaidrane. | n one

enbodi nent, the orgaﬁlnq sol vent when used |n t he nor phi ngne- form ng net hod

i s present | n an ano H@eﬁtrt@ﬁﬁ’é’%‘é&o Hase ‘ﬁ‘%ﬁ“t‘@eé}n W@l%‘m’ iipn%-o  about
50 tg | [
anoltoﬁ'er ﬁﬂ&m@@?@g&ﬂo@nﬁ?gtﬁ\@o vent V\}ten us e EIr(r"grp |ﬁo§1e2folrrrn ng

met hod i s étﬂu‘pzrlmeﬂﬂleldllcamemuh‘mg magemgnfanmmﬂbﬁdlﬂeﬁt fieransoulyofrei ght up
to about 25 parts by, weight based on the wejight of the cq ound of formula

(1): and .Wsaﬂéteﬂ@ﬁe%!#ﬁ%mmwnoner REMIBE Reted 1aBgesdrm b 2d5ecbpy 104

nor phi none; f

par s by oo e GalE BRcimbfas BAGEAR: of hethor e dRlaidi P WaBhe AT A0 ©; o
conmpound oémbrﬁmﬂhhtatl(cl amouibof hsnse mdes ﬂh&ddn tenhorphienefgaiihg netlodanhges s
anhydrous Met hods_for . prepari ng anhydrous so] vents are described in

Sect i orl0a. BORORRS &%r%lﬁ%% mr%eﬂ'gvalﬁ%tﬁ REFNOIR e EHi0b i ng et hod
Is carried Wiﬁlgq pdions that are sufficient to nake the conpound of
fornula(lf 1 non-limting enmbodi ment, the 30 norphi none-forning

method is carried ouln ¢eptain enabodimearnts, thdmotphibnerfbening hestidd @by flithec onpound
of formula (1) has been converted to the conpound of forrrula (r); in
anot her  ne&MOPTissithe v of 8 SagaRis-tol VetflheN%ﬂlﬂﬂ‘il%Wsrﬁ N@efﬁta@wm s carried

out until fornula(l) has
been conve?(%1V‘%il(?fﬁhtllﬁé‘la-ﬁ)lgé n&%ﬁnd& @r%%u 08#1 ﬁ)gﬁmg @ I'n ano Mer non-1imti ng
enbodi mént embédiment, ﬂmcﬂgmﬁc ﬁtﬂvé&ﬁ)ls?dlelﬁr&ﬁé'mﬁﬂe PCTI EJS2005/ 003390 form ng
nmethod is carried out until at |east about 99 no|e percent of the conpound

of formula (1) has B ehpeapenidhe gT3aRic sebiepbihen wed ip theunerphinpre- The

rogress o ) q-Fd}n |
(F:)on\g/ent [ onf rhﬂ%rﬁ?&?@%ﬁﬁ?%c ﬁf%ﬂuéggm{:ﬁg?rpgﬂlg tggmitpr?g ﬁﬁ%ﬁcﬁg@g’& n Section
4.2 for 5 Blmwtﬁﬁpam;by weightbdsed ph tHeoweightepf mhet dvmthound of formula (I); in another

embodiment, the organic solvent when used in the morphinone-forming method is

20 present in an amount ranging from about 0.1 parts by weight up to about 25 parts by
weight based on the weight of the compound of formula (I); and in another embodiment,
the organic solvent when used in the morphinone-forming method is present int 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 (1).

25 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 (II). In one non-limiting embodiment, the

30  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 (1I); 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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Typically, a tine that is sufficient to carry out the norphinone-formng
met hod r 3YHWSHT785R about 0. 25 hours to about 50 hours; PCT/ESHOINDE390
enbodiment, a tine that is sufficient to carry out the carbonyl-formng
met hod ranges from about 0.5 hours to about 25 hours; and in another
enbodi ment forming methed i carriedsaut unt) a8 Arast AHoukIQ yols pereentof the compound of

nor phi none ' to about 10 hours.
Typi cal | y,fogﬂpfg'égg}ag:ﬁ%%}g&rﬁgﬁgf@ té% Ll@?@ﬁ%’f%%&@lﬁ a§) out the norphinone-
form ng nethod rangeshd pmgte@.b@uhe moBghihehesfoalingidéthod tdh WabRiRdredidiggdi ment

a tenperature that is sufficient to carry out the norphinone-formng nethod
ranges fr ofANValimel améxticablegyiaues somparablg to Hose deseeibedimingtipp AL foy

t enper atur ' L Gi . arry out the norphinone-form ng nethod
ranges ?r o@nog%%rkgtﬁﬁg%%gﬁa@%ﬁ?ég&%fﬁe nmor phi none-form ng nmethod can be
carried out at reducEgbipdlBg s b thatd$ SUFADIERY to@afty @GEME endphifb@iRi@thgdr essur e.
I n one enbodi nent, the norphinone-formng nethod is carried out at

at nospher i @ethpd sanges frommpbenbd.R howstvehowk A9 howscinapeibar erobedimentad Hpenet hod

e, or Aty sebbishRarand o I crPhIRRRR ualBhrfin fofigpotfos s A

nor phi nonetofabbiii ZHhdiied; Aad in Sndtitsr eidddignent, AHAE that NIuffRbid shfefyout e present
i nvention further relates to conpositions conprising a conpound of formula

(1), alBonmembinaye-founing methodgpnges fEpna akot & Hiopes-te 8hewi LAiKeYrs25 conpound;

or - phony! + and Ra- 1 ECHN,  BARRAUE R st @)l by kloraliBoRLC O 1,

meki ng a fefRpuRethed rdngedfiba abbh)-78IMtcdbouhE30° Moot bmbbdithenf)uent i on
relates to conpositions conprising a conmpound of fornula (1), a conpound of
fornul a R, GRIpeeatre shat iy swifiientdo suay pittibe mormbingrsdaemingimateqdrapgesdrm R2 are
each | nASDRALINIRK 1 (6o ORI anah IR Pl brar 6 NG 1S
protecting group; "and the chlorine-containing reage £oS

trichl gsoi rout the rﬁ@rﬁﬁinohb-fdthﬁmg)ﬁlumﬁﬂ Rangesi omSaddut A0l edhiuoseaLyanur at e,
1, 3- dichl oro-5, 5-di net hyl hydant oin, Cl12, cal cium hypochlorite, or any
m xture thereof. Vs mommyiepreformipg mas s begansd ouf o tadened SFes8HBodi ment |

23
the i t] t it .Ql | S| : . f 1),
e e s b EATRAH el BB Gl A SRR A RETHE, (1)
and R2 ar engfied it cabeEosten ainyosphésic geeddual kyl , - (C3-Cs) cycl oal kyl  or

-phenyl; R3 is a protecting group; and the chlorine-containing reagent is 5
trichi oroi socyanur i clasother rmbpdigiest thecmprphineae-forming gethodyis paTked PE t her eof .

20 under an inert atmosphere such as, e.g., Nz, He, Ne, Ar, Kr, Xe, or any combination

thereof, In one embodiment, the morphinone-forming method is carried out under a Nj
atmosphere.
The present invention further relates to compositions comprising a
compound of formula (I), a compound of formula RjSR; and a chlorine-containing
25 compound; wherein R, and R are each independently -(C,-Cap)alkyl, -(C3-Cg)cycloalkyl
or -phenyl; and R; is a protecting group. These compositions are useful 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 RiSR; and a chlorine-containing
30 compound; wherein R; and R; are each independently -(Cy-Cpo)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, Cly, calcium hypochlorite, or any mixture thereof.,
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I n anot her enbodi nent, the invention relates to conpositions conprising a
conpoundWwdf 200890778372 (1), a conpound of fornmula R, SR2 aneCT/usS2005/003390

trichl oroi socyanuric acid; wherein R, and R2 are each independently

-(G -C20)al kyl, -(C3-C8) cycl oal kyl or -phenyl; and R3 is a protecting
group. 10 In one enbBdmetier embadiment dieinvention relates ta compasdrqnesompnmg

. |
bl br | ne- chgympRiE Y Romila 13 Rbrbethd SFfouflila 1GRE 3o biorRy-<Suipining n 15 ro
i's - (C, - C eonapdethi, whemiiz b Bkt Y

S (1§ 1 rmait whheiR) aﬁ%%@o 0) ??a?yl )3, (C’s@%"@m?l {Croygead
-P(O ((C, @'@?ﬁlwah) 1pa m@@@)r(g(gmumag(} ghe@lgrme @ntan‘mgg r@8®)t®36|—|4 p CH3 |

A 1 SR DT M M R
formula (1), whereim dﬂ%theﬁ embbdififeht, Hedh®drish klates &) &(ﬁﬁpfds}t{&s cémpnighky! ) 2,

or -Sl(aryI)Z(C Co)alk I n anot her enbodi nent, the invention relates to

a conposi t # eAMpAWE %a ¢ acosmeped pifosnulady:$Re andirgiiooisocyanuric acid;

S 'c”eccﬁﬁéﬁKﬂ?é‘%‘dﬁﬁﬁﬁéﬁ%ﬁhﬂ@'epgﬂ%%ﬁ?ﬁ@t e T T

conposi t i oghdRyBkipsst&inggereé@ypound of formula R SR2, a chlorine-contai ni ng
reagent and a conpound of fornmula (1), wherein R3 is -Si (CH3)2(C(CH3)3). 25

I'n anotlfler embodi menkn onetembiodiraenti the inventigneslates ta acomposition eempasing i si ng a

conpound of_for R.S chl cont ai.n ent and a ound of
Formit a (1 somBilof (a1 sha e oA AR AR P Rt

rel ates t OcgingsoaR @f FdririM @R Wiekdih BR; id - (@rme}angl Qf)erfz‘?I nug@) B{L@Esgalk

chl ori ne-contai nin reagient and a conpound of fornul (( In anot her

enbodi nent ;C{OH(G& ),oﬁlﬁ((bdﬁqo)ai@ﬂ)ﬂgse(aw&ﬁﬁfmﬁm)a&yl)zf or rruI a (1) or (la),
d | t furth
conpr o6 a BRI G Bl 5 s EOUE TP R o described i n

Sect i on54. ZOY0CiHep-CHzbonyl - form ng method. 24 WO 2005/ 077957

PCT/ US2005/ 003390 In anot her enbodi ment, the conpositions conprising a
conpound of fornul a tmanoger embydimgnt giegsvendionrelnies fR eoTRGSIGONMpising

Nono1 i 11 AR BRAmRs SRR siks h CUStin€ SPRA e BRksRt FROA o Lormule
Sect ion 4. @),MiHerdifl R ; ¢USHQCY-C1 ) SIk i) SiEYINGG-C g)alkyl);, or -Si(aryl)»(C;-Co)alkyl.

In another embodiment, the invention relates to a composition comprising

20 acompound of formula R{SR;, a chlorine-containing reagent and a compound of formula
(I), wherein Rj is -Si((C;-Cjg)alkyl)s.

In another embodiment, the invention relates to a composition comprising
a compound of formula R SRy, a chlorine-containing reagent and a compound of formula
(I), wherein Rj is -Si(CH3)2(C(CHz)3).

25 In another embodiment, the invention relates to a composition
comprising a compound of formula R;SR5, a chlorine-containing reagent and a
compound of formula (I), wherein Rj is -CHj.

In another embodiment, the invention relates to a composition comprising
a compound of formula R;SR3, a chlorine-containing reagent and a compound of formula

30 (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.
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5 The rel ative nolar anmpbunts of the conmpound of formula (I) or (1a), the
conpound WO Jeweras® Rl SR2, the chlorine-containing reagegigyudbiyises. | f
any, and the organic solvent, if any, are those described above for the
nor phi none-form ng nmethod. 4.4. Methods for Mking 3-0-Protected Mrphinone
Di enol Carboxyl ates Ingnetberembisiment, thecompesitions conveisirigncahmandef at es t o

nmet hods f or a conpound. of for a I1).. .I'n one, enbodi nent, the
present i nvfg_r l?%ﬂﬁpgﬁg},icoyﬁ?%gmﬂgﬁﬁ “ﬁ#kﬁ%ﬁg%cﬁlaﬂ%%mgdﬁage& mul a
(111), conpuithér@imptisd a@blig@mc%lv@m@%ﬂ?@%ﬁir%fex El@é lo?ogahictsgl\feﬁ@%clﬁ& the
presence of a conpound of fornula RISR2 and a chloriné-containing reagent
under condithesgrsisscribed i Sedtion et for thengakbonyl-foomingmethodl. fornula (11); and (b)
al | owi ngc t he conmpound.af f or mul 1) to.r,eact wit first base and an
acyl atigsg agent of fgrrhr?‘LfFlg ‘ﬁ'ﬂ'@(’%}%ﬁ(’éﬂ‘ﬁ&f@? cﬁ'&’@(’@)“gﬁ' geplad Draiia).dhe

suf fi ci ent cotrpolmdef folfiula RYBRY!tHe SHlofid-BatlAnink! ﬁ"’ﬂﬁ:’ 58 i are
each indepengiepr_ltly -(c;rczg?% Eyl, ?é3 Cg) cyc ggz?g%} Zl%k%rl [ﬁ%ﬁg R3is a
pr ot ect i ng Qiganigpsolvens if any, ai thGealeatribetl abevedfor theirsorphinone-Bsrmiifig méthodhe St ep
of allowing a conpound of formula (1) to react in the presence of 25 a
compound of fornmula RISR2 and a chl orine-containing reagent under conditions

sufficient to ndk MethodpforiMakingf3e0Protediéd Mot phimons Wity Wﬁoiegﬁm ng
step”) can be carried out by the nethods described in Sectton 4.3 Tor the
nor phi none- f or m ng nmAshited dbdveBe R hiion 519@ré¥£:§%‘rﬁ&ﬂ§dsff§f MgSt ep 1s

carried out in the @tpresence of a base (the "second base") as described in
Sect i onl, 2 cpEwpeupdel fomplai(Hbae- 30 forning method is carried out in the

presence of a base. -l Lmti.ng exanpl es .of ysef second bases incl ude
t hose bases descri be?ﬁ?ﬂéé@kﬁ%ﬁﬂhﬁf@bﬁﬁnmgerﬂgpggﬂqgﬂs_t? Bmﬁt}f@f"h@f’ﬁ‘ﬂ& The
second base,contpeind6ffdrinblal( 1), bBhpidingne- form ng step, can be the same 25

WD 2005/ 077957 PCT/ US2005/ 003390 as or different fromthe first base. In
one enbodi nent, the f(®) ailowiage campountofiovowd (Hae esact intthaipresends ofiae t he

Fame, N NGB TE Rl KIS SN AR MRS e RIS
enbodi Nt sufffefens ecankk Hesieporhdidf feathld (It Akl nor phi none-
(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(O)X under conditions sufficient
to make the compound of formula (ITI), wherein

R, and R; are each independently -(C;-Cyg)alkyl, -(C3-Cs)cycloalkyl
20 or-phenyl;
R3 is a protecting group;
R4 is -(C;-C)p)alkyl; and
Xis-Cl, -Bror -1
The step of allowing a compound of formula (I) to react in the presence of
25 acompound of formula R;SR; and a chlorine-containing reagent under conditions
sufficient to make a compound of formula (H) (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-
30 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
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formng step is triethylamne. In one enbodi ment, the anount of second base
when useWa #0541/8957nor phi none-form ng step ranges from agugs2éeshosde about
15.0 nol ar equival ents per nolar equival ent of the chlorine-containing
reagent; in another enbodi nent, the amount 10 of second base when used in

t he nor phaswrbffersntfrom tha st basag bsorerembadioent, the dirstdaseadslthe $€&00d basear

equi val ent er .mpl ar_equi val ent of the chlorine-containing reagent; and in
anot her eWﬁ%‘B‘ilsr?\gh%re%ﬁF@ﬂEnount of second base when used in the norphi none-

formng step rangesyfdRBnidithert, e s&oAdBi¥e whed 384 A the AtryiheRL s per nol ar
equi val ent of the chlorine-containing reagent. 15 The step of allow ng the

conpound frmingrsien ia tgathylaminerarpora-N,Nlimethylagtinogysidineand an acyl ati ng agent
of forgula R4AC(O Q.R4 or RAC(O) X under conditions ,.sufficient to make the
corrpouﬁg of for rru%%nf)ﬁ}er f?’ﬁg&}%ﬁf&ﬁ 6 S%W%‘F“ 856448 'QP@?'“PGF‘M ng
step”) cCaforigngCady is ddetBthmiie, Met hods described bel ow. In one enbodinent, the

mor phi none di enol” carboxyl ate-form ng step 20 conprises the use of a
conpound of f or nul alngne)embodaneit,thekamount-of Gecond bpse wiren usetdémthg| |

51 Caryt ) PR e P e ERYTASH L g RIS A o) al k1) 2.
-P(S) (( Chrofdr @b ¥ht of thOEhlorddabihip BedgRt; irl dhotee eMBBAiaNE Mo athbift

mor phi none di enol carboxyl ate-formng step 25 conprises the use of a
conpoufd of secendipase when psed indieinprpRBcng-fornag step rangses from abopb20tent , t he

o For mar S 00 mt SiAtac HigThS Rafes of BFPhIoRRE chtinitfosfenf! COMPOUN
-Si (aryl) 4 mGoohet stbddment, treSinfouby b BEGid K3s0 Wakk 1bdd in ke ABShiIRhe-

enbodi ment, the norphi none dienol car box€\)/l ate-formng step O conprises the

use of a Gaymprgsiep BRegsdromiaboyti23 to ahnuy BY rmeler equivalynty mr-nle) eguikalen8. | n
anot her e di pent . the. oorphi none di enol carboxyl ate-form ng step

conpri sesg{)@l cﬁg’gng'fm&gl@g%p%%e&gof formula (11), wherein R3 is

- Si (CH3) 2( C(CH3)  3) Thé fiep BRalRVAAS HHERIBNpOlA® of REFRGIATHY € Ah&ndith a first
carboxylate-form ng step conprises.the use of an acell ating agent of formula

R4C( O) OC( yseand 26 agybatipoepeotafformucRLCIBEEYSNBoGERA ()X uader epaditionbodi nent
acyl at1 ng SOERet ks e oecsB Bl Ah,ah¢ RnaRB Ry SEel it o
nor phi non?orﬂiigaép’q EMBXYdrAtEokt By ThetBodsRE&BAGRIGN.| Ses an acyl ating agent
of formula RAC{O'X
In one embodiment, the morphinone dienol carboxylate-forming step
20 comprises the use of a compound of formula (II), wherein Rj is -(C;-Cig)alkyl, -benzyl,
-C(0)(C;-Cyplalkyl, ~-C(0)YO(C-Cyg)alkyl), -Si((C,-Cip)alkyl)s,
-Si(aryl)}((Ci-Cio)alkyl)s, -Si(aryl)2((Ci-Cip)alkyl), -P(OY}( Ci-Cio)alkyl)z,
-P(S)(( Ci-Cyo)alkyl)s, or -S(0)OCsHs-p-CH;.
In one embodiment, the morphinone dienol carboxylate-forming step
25 comprises the use of a compound of formula (II), wherein R3 is -CHj.
In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (II), wherein Rs is -Si((C-Cjp)alkyl)s,
-Si(aryl)(C;-Cjo)alkyl), or -Si(aryl)o(C:-Cio)alkyl).
In another embodiment, the morphinone dienol carboxylate-forming step
30 compﬁscs the use of a compound of formula (II), wherein Rj is -5i((C;-Cg)alkyD)s.
In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (1I), wherein Rj is -Si{CH3)(C(CH3) 3).
In one embodiment, the morphinone dienol carboxylate-forming step

comprises the use of an acylating agent of formula RsC(O)YOC(O)R..

26



5 I n anot her enbodi nent, the norphinone dienol carboxylate-form ng step
conpri sesWOREIME@ISGf an acyl ati ng agent of fornul a RAC( @ofusshfogisae X 1S -F,
-C, -Br or -Il. In another enbodi nent, the norphinone dienol

carboxyl ate-form ng step conprises the use of an acylating agent of formula
CH3C(O)d . 10 Non-Ii Ananethersmhndinaent ghe mprphinone diemolebon yldteforting sto phi none

di I - ] ' ' din S ' 4.2 f

Che- oar bonsPapidfe LI eot e et HET IR RO bace o e

trial kyl am ne, par a- lth bhotBérgibudimemt] tﬁg AR rpFHinéHe ‘ﬁéﬁ@k&fba?ﬂgde'fsﬁ‘ﬁfggxyl ate. 15
ne.

| n anot her enbodi nent, the first base is triethylam anot
embodi ment methd qompsisepasecylatingagentiof fereubeRISIDK: i di ne.  Acyl ating agents

bt epar 68 by known meehaRie: SN ABE Moo i berioRgrE et £it9 agent
used in theo@Prissatidisefandciaghg f@hb@%hﬁﬁlﬁmg(mmgw%aﬁxgngp_mf_ggr&?bout
na o

1 to about 15 nolar equival ent per nolar equivalent of the conpou
formula (I I'I); i n anot her enbodi nent, the anount of acylating agent used in

t he nor phi none di eno xyl.ate- farmng.step ranges frqmabout 1 to about
10 nol ar equi val ent Egﬁﬁ%ﬁn@aﬂ?ﬂﬁéﬁpogfhmq:ﬁéﬁ gﬁﬂhﬂ’éﬁwf}%‘?%ﬁ&?(l 1) ;
and in anoabmprimbmﬂuhmtana&&l@tﬁ?g@éﬁtomn&ﬂxkﬁigbw%@gem 25 used in the

mor phi none di enol carboxyl ate-form ng step ranges from about 2 to about 7

mol ar elfui val ent per Neptznitinggramplenof Gist bises wsefip donidie aforplinond dierdl 1 ) . | n
nbodi f first b doin. th hi di enol
car boxy! at SEPEYHRATo R epheludd Bhse BT Setinhihr orabe At amoL RS en s

per nol ar ngghodval ent of the acylating agent; in another enbodi nent, the

amount of first base_ 30 used in the norphinone dienol carboxylate-form ng
step ranges from abolt one ¢rabediwant, the firgiihase isquiislkylantise, pera-M¥-ar equi val ent

of the acyliat | X I.0_anot her nbodi nent, the anmpbunt of first base
used in thg“&%ﬁ%ﬁ%%%@%&h@5%8’5‘{@?@{1 9‘_ form ng step ranges from about 3
to abouts 6 nol ar equiy adRérenbelinih, ahe BAVbMRleRed8laminie acyl ating agent.
27 WD 2005/ 077957 PCT/ US2005/ 003390 In one enbodirrent, the norphinone

di enol carboxyl at e- f &t aratkerembedineng.ghe fiestibasgtis parat NN-gimsteylpgidife.an or gani c

or phi none di enol  caPSSRTRPEFEYIRT A RGO RRN GRS BrliOK B "¢

commercially available or can be prepared by known methods,

In one embodiment, the amount of acylating agent used in the
20 morphinone dienol carboxylate-forming step ranges from about 1 to about 15 molar
equivalent per molar equivalent of the compound of formula (II); in another
embodiment, the amount of acylating 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
25 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

30 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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di scussed in Section 4.2 for the carbonyl-formng nethod. 5 In one

enbodi merW0 200387®5gani ¢ sol vent when used i n the norphi popgis26dE86u3bo
carboxyl ate-form ng step is dichl oronethane, tetrahydrofuran,

met hyl t et rahydr of uran, toluene, or any mxture thereof. In one enbodi nent,
the armount of organi & e embedimbenthegeatphinongdienotwrrhioxpiatecfodiningetep is

boxyl at e- f.or mi t from t t. b i ght 10 about
700 part o By PUHA SeEBsER of Mot abgh NABbiraeamies cbRyetia (1) i n
anot her enBghidRBiventsT6r AEMHIphiBbnedis? b@rbﬁﬁjrlﬂt@ffbnﬁ\fﬁg@téﬁﬁﬂu&e“thb&e

mor phi none dienol carboxylate-form ng step ranges fromabout 5 parts by

wei ght up discussediin Botipa #2Sobthe carhogiitfopaimganathod.he wei ght of the conpound
of formya (I1); and,in anat her enphodi nent t he. amount. of organi ¢ sol vent
when usé€d in the nor Hh?%oqﬁb?ﬂ%@ﬁ@pﬁlgﬂ%mo&feé‘t]w}?w 'E%‘%‘f‘%‘%ﬁ}“&%es from
about 10 pagjehst Mdﬂ?la@forﬂﬁ% %pﬂﬁ?ﬁ@m&%me@{ahé tétyah\fssﬁmi&fan,based on the weight

of the conpound of formula ( n one enbodi ment, the organi ¢ sol vent when
used in t heethyltptahydnefuragi tohadne cerrdpy tyikirethereofii ng step i s anhydrous.

Met hods for preparing anhydrous organic sqglvents gre described in Section
4.2 for the carbonyl? %#ﬂ@@ﬂo&?aﬁ%@W’bWﬂﬁﬂg eBjfd in the
car boxyl at edsHifdbiHiSdd? Rarbdx Pate foRfing 'dfeF WRHRE froﬁfMuE | ?ﬁﬁ grb] %ﬁgh@ upto

sufficient to make the norphi none dienol carboxylate. e non-" l1mting
enbodi nént gbautd0dpaghhnwaightibased bn terveei ghtl of tle- doonprung of farmuia(Ihamr i ed out

til at | baut.. 80 npl t of t of formula (1) h
been conveAbUIeT FREICHON BN CrIACErT PV S 18 e RRIAGRE Richek | g

enbodi ment carbb@ylmerfehﬁiﬁg@fép%&g& froal aﬂbﬁfbgﬁ’ﬁ@l?}@eifgﬁf ) 4hbohesy ;.:,a%ts rried out
until at |east "about 95 nole percent of the conpound of formila (Il) has
been convemeight based oodipweight off thé compound (of Fermulad; amd incamotherembadimentyi t i ng

enbodi nent ., t he r phi nane _di enal car boxyl at e-f.orm t ' ied t
ontr1 ar | el oforedti plyertareniBed R e oot et cibpRimg FoPE nas
been  cENVQieh 8shge® frdnCAHBRP LI Hari by WEBM i thlabbit-253fArtd B9 Wi QHDHERA oAfind he
nor phi none di endl carboxyl ate-form ng step can be nohitored using

convent i onaicighnaf feicomipouatoifioruele (Bbnpar abl e to those described in Section
4.2 The nor phi none diIenoI car ox%/l te-form’i gtﬁgnis carried out for a tine
and at a tenper at ur e SEF% FEPAHPEL, %a“é(’%?%ﬂ th BTE’_deBtﬂ?ﬁfPB’_'p fP5. 1n one
28 WO 2005ldﬁﬁ39€h?bd°x@ﬂté—¥c§ﬁﬂ@éét@|9ﬁ%%ﬁyd@ﬂ@%bﬂﬁﬁ?&l for prdpafiBg antyldrdiis@pganicc Make

a conmpound of fornul'a (111) Tanges from about h up to about 50 h; in
anot her eniolsente ate, descritiedn Sedtioncd. 2 for theocankdop!-foroumgmethedof

20 The morphinone dienol carboxylate-forming step is carried out under

conditions that are sufficient to make the morphinone dienol carboxylate. In one non-
limiting embodiment, the morphinone dienol carboxylate-forming step is carried out
until at least about 80 mole percent of the compound of formula (II) has been converted
to the compound of formula (III); in another non-limiting embodiment, the morphinone

25 dienol carboxylate-forming step is carried out until at least about 95 mole percent of the
compound of formula (II) has been converted to a compound of formula (III); 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).

30 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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formula (111) ranges fromabout 5 h up to about 30 h; and in another

enbodi neMQ 2085017987 sufficient to nake a conpound of f aramtiseo6d/doblser anges
fromabout 5 h up to about 25 h. 5 In one enbodi nent, a tenperature
sufficient to nake a conpound of forrmula (I11) ranges from about -78C up to
about the ¢obadimgntpdtime sufficiens tomgke comp tforninfla (I$B danges framotbloet 1

enbodi nent t ure sufficient to_nake conpound of fornula (I111)
ranges fro%ugboo&r%gé@h Y5 eﬁ%’f}h‘l’d}frﬁ@’ igBBE;S“?FCI ? eé%@ﬂ??fﬁ?ﬁ a

t enper at ur raifaf(lIg) lﬁﬂ%estfﬁbrﬁaljﬁlt@ Qb6 3U h;faad Muhibthdrlembodandr s dhem about
OC up to 10 about 100C, and in another enbodinent, a tenperature sufficient

to make a BdhAgientid mage arccompoued of formulagHhaanges dranashont 5200 topbow 28out 75C.
The m)rghi none di en carb %l atrg-forrn'lgiﬂ“st‘ggl cagt be .carried oyt .at
reduced pressure, at HoZiSFERoEment.a fypiperarurg puiticient to jhakeq commpqupd of o
embodi ment forfntiR (IMPraREEs TRRE aBin NPE(CF) OakBhtahe bbihFpbRt of @R organar ri ed out
at at nospheric pressure. 15 In one enbodi nent, the norphi none di enol

car boxyl at solvest,rif agdsingmother embedimeat, e lempayature ifficierdto mukeaspmpeendsafch as,

9., N2, i nat i h f . h
erodi mant 10 PHE U hedscs apeil67E Ean GRTPUNEE 1D C ik lher soibo Bl e ou
under N2 afefipeRInGE Sufficient REmARY PEIHEIAd OF Aiitul LANMPARYEArSmBbuWH 0°C vpiteP. the

order of addition 20 of the conpound of forrmula (11), acylating agent,
first B8seabont1@°§anand insasiothen emboghigent, prtersparaturecauificientyio make gisempownd i ni ti ng

enbodi ment he hi none. di enol boxyl.at ez-.f-ormng step is carried out
by addi ng ?%fté’“%‘ﬁgf}@r{aﬂ%“f&f"é? u§2§ﬁ)’p§% OPEPah‘)y in the presence of an
organi c solvent, to @ﬁbﬁﬂf@ﬁiﬁdﬂe@li&ﬁﬂ@&b@iyﬂ@e-@&nﬂﬁg’bt@?bﬂgb@éﬁfiéd@ﬁ(ita first
25 base, optionally in the Eeresence of an organic solvent. In another

non- | i m t i regueadipreNsweenatmaspleriedressirects eleypied pressure.b bxgncgmbodimenti hg step i s

i ed out_by.addi dris xt . i S| | at i.ng. t _and
first basemoRpamEishoT Farboricte otuiie W8y s el aF mdapliiciesirer "C ompound
of formgla (11), opidéHeambodinerdthle RSIERGR daénoqtea@wﬁmecroﬁﬁh}g@&b-is 30 In

another non-limting enbodi ment, the norphinone dienol carboxylate- form ng
step is carariediogumdpsanigert sgnespheresuciaise 2., ot HoMg. 1A, Kn X& ot pr¥esence of an

opt onal | ySeiPphion @R Todiet fB IR LG GufiPORT SR Rarp By GG £ on o
an acyl ati &p isQ@REric@ak Livddr N, atiéspheesence of an organic solvent. 29 WO
2005/ 077957 PCI17 US2005/ 003390 I n another non-limting enbodi nent, the
nor phi none di enol caklbbgyresplinone dienol carboxylate-forming step, the order of addition
20 of the compound of formula (II), acylating agent, first base and organic solvent, when
present, can vary.
In one non-limiting embodiment, the morphinone dienol carboxylate-
forming step is carried out 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
25 Dbase, 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.
30 In another non-limiting embodiment, the morphinone diencl 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 (I}, 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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formng step is carried out by adding an acyl ating agent, optionally in the
presence WD 2885/07095gani ¢ sol vent, to an adm xture conpri nd of
formula (11), optionally in the presence of an organic ggﬁ{/sg%({é%%gfl owed by
addition of a first base, optionally in the 5 presence of an organic

solvent. In one enmbodimsother nduelimpvimg@nrbodintert,ahetogptihdne disnoPe&BatRteISi NY
t he m)rphifnone-form' nag.gs e& aaag, i s not isolated before being used in the
mor phi none *GFUAGFCP 3¢ 9‘{/? by addingiapgerlating agent, sptionally in wroereseane of amhe
conmpound Ofgréid3s] I ' i ; hi none, di enol
car boxyl at g_r% orm nvgeng,ttg%r} hgrrﬁlg&%r ﬁé:agl 9?’???%{5&?8%%‘11%%5&#‘5?@ QBﬁgléﬁlya{Pe added

to the comthrprdsente bbamuigani¢solventi fotlowad beaddipion bf Hekd Gdse, bpticaNY ieihe
enbodi t, the c rggound,of formula (11) 1s not isolated after he
nor phi n e-pf"éFWierfg {PEBANICIveNke acyl ating agent and first base are added

sinmul taneously to th r I not her ., enbogdi nent ,

t he conpound of forwq?gﬁwygggﬁﬁ%@iésa}ﬂpggé%b% {éﬁla(pﬁs%?%ﬁﬂ%%- orm ng
step, and tniephioyheafdrminggep)tnd i rd tethtdd beSore beingiRed RIAS wtdpiEhond REBY| a
(rr) foll O\ﬁeafg{g?%lm%%di tjon of the first base. In another enbodi nent, the

conpound o OPRE SISP- not i sol ated after the norphinone-form ng step,

and the first base i %Q(Qﬁ ' f.or mul I ]

foll owed by additi on%(l) t %%@?&T%’ﬁ’g&gg%rﬁﬁwﬁqg%%%%&I)elﬁBStdllsﬂg%fi ,a}tf”he
nor phi nidhe teomofphinost dienblearberylae fpmigeses and labifg @gedt Afd fiRFBAENd of
formula (I1) is not isolated after the norphinone-formng step; and the
acyl ati ng Meﬁ?%&Q@PPWQ‘Pﬁ@E@Hﬂ&H}M%ﬁ angpetl methpd) f ol | owed by

Step furt her conpr | oe aoue chbctin@l3he EimBATAR FRtulp O BB SRR °rot ™

i sol at ed athemotphmonefpiming sepf mdnhagylsing peerdned fike basydrabid@ agent and
first base ar@ addegvsi | t aneouysl to_the conmpound of fornula (I1);
wher ei n t h&MSBEDEISHLOANG cempoyng of 13IB. t he same. In one enbodi ment, the

compoungs of for mul a. G kothé diftodiigh e rieuls I R A0 FRS REY ARG LA N

step, and the norphinone-formng step conprises ase and

a second bésemotpheneferning piep,amndehé auyliting agére s sdvey firstes tHehnipondbs a first
base and a sec?na bfaﬁg,eﬁag fci_r_st ase and second base can be the sane or
di f f er ent . formula{D follgw additienef the fisyt basgse and second base are the sane.

1y apot e erbod, Tt sy B Fe RABRYR HRE OB 08t st
the morphinone-forming step, and the first base is added first to the compound of

20 formula (II) followed by addition of the acylating agent.

In another embodiment, the morphinone-forming step further comprises a
second base; the compound of formula (TI) is not isolated after the morphinone-forming
step; and the acylating agent is added to the compound of formula (II) followed by
addition of the first base.

25 In another embodiment, the morphinone-forming step further comprises a
second base; the compound of formula (II) is not isolated after the morphinone-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

30 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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I n anot her enbodi nent, the conpound of formula (Il1) is isolated prior to its
use in the norphi none dienol carboxylate-form ng step. Methods for isolating
t he cor‘rﬂ%ﬁ@%?”ﬁbrwl a (11) include those di scussed iPCBEstd0sM034902 for the
ket ones or al dehydes formed in the carbonyl-formng nethod. 5 If desired,

conpounds of formula _(111) can he isolated and purified by nethods
conparabl e to those & stnbodmesat, the,componnd of formmlaIiriy iselatediuiortyi ng t he

ket ; : i - ' thod .and/ t hod
doscr bed ISPEARE RO dithdl BfivGRIRERI Wb "IRAIRG: BARIRLREY ot "0
formul a (| tempound of fonomils €) iaochtediosadistiscdinrfeoticitid Qffof e Kfogeddrl |) with an

organi ¢ sol vent. and ter. For exanple, the conmpound of formula (l111) can
be i sol at ealdBQYQ?égﬂrﬁigaiiﬂ&‘%ﬁ‘ifW'f&r@F% IPFti*Bd“'cont acting step") conprising
the co und of for I i it . hat is
opti ong}sf y acidifi egq.ﬂJ %ﬁgér:\d’tc ’é‘iggldg?bfﬁ‘g{e@?wﬁ? ?1% We?g%&agggta?ﬁgﬁéﬁéedé%’ S not

aci di fi ed, nellmds coaparableha gwse discussédimtSedtion 2 faciselatiog ifﬂi@gd&e 15
further conptacted mebh o(r__(tganic@élsol vaved;lt, gnd .the resultant biphasic adm xture
can opt i oKsiPnes algenydesdprmedsinithgicatpenyl-forgrng method and/op bygmethpdsus NaOH to

I ncrease tﬁ%ﬂﬁkd lolwhe aqueous phase to within the range of about 7.0 to
about 9.0. en the water used in the contacting step is acidified, the
aqueous phase is coli exd @nbodiinentaguethed fphiaslatinga compaaidast fodnidla @) or gani ¢
phase; the resuyltant bij phtgsi c 20 adrip' thilra is.further treated with a base
such ast®2560HBTES GRNAEHNS e COMPEWQL formula i) withia organie privens a8&WaBTwi t hi n
the range of about 7 : r ' [ t ed.
The conbi ned or gani chﬁéa)%ggﬁ fgi:ﬂtée %onﬁ%ogﬁ??gfdgﬁuﬁo@gﬂr:@sﬁ%gaﬁgggrc 81?%%1&1 ed
pressure, anddmbeure éhal tantictingsteplpconsprishg the copoundsadifainada AT apdian f i ed by

met hods 25 conparable o those descri bed abgve in Section 4.2 such as, e.g.,
distillati SFﬂalq}%éPs’ﬁbW}quréhﬁtWWa ?%fﬁ?@gmﬁﬁle WeEL vsedin theg exanpl es
of useful ' | . § ! : ) in
Che pr esen ol ) R idiRE I UBGE Pl is GHRDRMT e Shudelt BB ol be) ¢
st r ai ghit5 cliatler esrdadiediwith -oegrmiasoltenp aad ithe rédtanl iphasitr eindrime@nsuch as 30

al' phat | ¢ QDISTaBY PR eRISE B & U6 Si/B RS AR NQHGH orFamete T
cycl ohex angf %%ﬁ%&‘k gggﬁttgsﬁ%? %&q@#"g DI HUR BB gUch as benzene,

t ol uene an e substituted with one or nmore -halo
or -hydroxy groups; Whdn th€8pteydsaicathmrontastibs step it aillified, tite dqueowerphass e

-hal o groups such_as di chl oronmet hane, chl.qrof orm.and carbon 31 . .
g E)s collected; tﬁe aqueous phase tls contacteﬁ with an organic phase; the resuﬁant biphasic

20 admixture is further treated with a base such as 25% aqueous NaOH to increase the pH
of the aqueous phase to within the range of about 7.0 to about 9.0; and the organic phase
is collected.

The combined organic phases are concentrated to a residue under reduced
pressure, and the resultant residue can be further isolated and purified by methods

25 comparable to those described above in Section 4.2 such as, e.g., distillation,
crystallization and/or chromatography, _

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-Co}hydrocarbons such as

30 butanes, pentanes, hexanes, heptanes, octanes, nonanes, decanes; cyclic aliphatic (Cs-
Cyhydrocarbons such as cyclobutane, cyclopentane, cyclobexane 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;-Cs)hydrocarbons substituted

with two or more -halo groups such as dichloromethane, chloroform and carbon
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WO 2005/ 077957 PCT/ US2005/ 003390 tetrachloride; dialkyl ethers such as

di ethyl ether, diisopropyl ether, dibutyl ethers and methyl butyl ethers;

et hyl ac Q50T any m xture thereof. In one enmbodi MePL T/US1965/003899ani C
solvent is dichloronmethane. Conpounds of formula (I11) are useful for making
nor phi ne al kal oi ds 5 such as nal oxgne, naltrexone and oxycodone by nethods

known i n t tetragileride; dialkyd eghers el as diethybethendiisapropyd ethes dibmtyletegs and al ). | f

Femoved” anfiEyat PVEHRES, ARy SRR, Bla Y inSRUP RSl o Sbiimsy 'étES“>
Typi cal ly, orghﬁle solepritds divhigomsthese.i s not carried out until conpleting other

chem cal processes that 10 m ght be adverselgébaffect ed by the presence of a
hydroxyl group on thEomeausdsial fermda GHD) aserise m&k@&m@mlmecﬂlkwﬂhods f or

AV fﬁ%ﬁ'ﬂéhfﬂgﬁé%ﬁﬁfsﬂ%%@E@@%Mt’ﬁghﬁﬂ?{e?“’d? bR fiy US|

Pat ent No PatedtNo. 0 396\ Hatg e{athere R3 is -car bonat e); and U. S. Patent
No. 6,008,355 to Huang et al. gvvhere R3 is -acyl); or by nethods known in

the art for 15 depr off&lesir ?Cf(l%gfoulé(’@thecgl“@@h@@fthHIIUIa(ﬁI)Gtﬂéct|ve

noor por at CeRRRh d RATFEBRERY pil S auehay B @ SORbroRHASTRER ) PR on
al so rel atgg de omvieh s@pwra;dmeafout ﬁxﬁtﬂmjh?leﬁhg bihervslli@m@al rbsies that

-Si((G -G o)al 3, -Si(ary -J o) al ky or -Si( %2(01 G o) al kyl ;
and R4 10s m(le;tbaaéyeétqlx/ﬂ eczgi hﬂt@méesenﬁmf |artwﬂt0xyt goup p@één enzihiering oh

S (@ - o PG TG MUnods HeTiBing boeidBBIEatip by fram pareling,
rel ates toalkeils arcdespaibet) g, g0fin US.Rateat NbJ 4,472, Mﬂetoesdﬁsvatta (where Rj is -

- Si (CH3)2(§$$ ]‘)Js) I n anot her enbodi nent, the present invention also
rel ates t oakyli PateaioNpol his9 B tofWalkage éW](IqI‘PR)a is aghogatRy apd ULRatenthe novel

Forpui'a c: Rp SSRES b £37 RReRIGRETE Y S AR MBraRBAICT )
- Si (ar yil5) 2Géprotettmgpiicyidls (ve2, ég@Greeﬂetehaza Hrofeslivd@esupa idiOpgumeSndhdsixg agent

under conditions sufficient to nake the comlﬁound of formula (111) as
described abb¥&0 (199yeach isferengehging,insaspaated herehy resfteRcedo assist in

understandi ng the i R\é%Qte'd%o%]%egé}e{%ﬁtemlk'%r\{/ﬂghtaﬁ%ﬁt‘eia]&\égﬁhé?ﬂ ngﬁﬁgﬁﬂ&g%ﬁ and

cl ai med herein. Such' variations
subst i tuti esmela @), veredin ®; eSI(OP daIRyI, Fi(raA)@;-Cigalishpped, whi ch woul d

be within the purview of those skjlled. in the art, and changes in 32
or -Si(aryl)o(C-Cio)alkyl; and Ry is -(Ci-C)o)alkyl.
20 In one embodiment, the present invention relates to novel compounds of
formula (I1I), where Rj is -Si{((C,-C,g)alkyl)s.
In another embodiment, the present invention also relates to novel
compounds of formula (III), where Rj is -Si(CH3)(C(CHs)s).
In another embodiment, the present invention also relates to novel
25 compounds of formula (III), where R4 is -CHs.

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

30 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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experi meMGPOOFOEOFHh, fall within the scope of the presert/usmusaBson. 5.
Exanples 5.1. Exanple 1. Synthesis of 3-0O Bis(dinethyl-t-butyl)silylnorphine
5 A solution of dinethyl-t-butylsilylchloride (0.115 g, 0.76 mml) in

t et r ahydr ofaimagationsonminog shanges in) expagimaatabdesigne fallapithin the stope obtha sol uti on
of norphine __base (20.38 g, 71 mmol), imdazole (14.59 g; 214 mmol ) and

di et hylfopﬁ?ﬁ%irévegﬁmbwp) (100m ) at 25C under N2 at nosphere. The resultant
green solution was stirred at 25C for 24 h and concentrated under reduced
pressure and at 40C. The resultant 30 Rxdiaplés M xture was added to deioni zed
wat er (500 g) at 25C, and the resultant Ite precipitate was collected via

filtration. ‘The ShiBaplec:Hynnlaloct dOIbGmERATELRNIRi G ) and the

resul tant organi c ph over

sodi um gul fate, 4fi : t i1 I der reduced
pr essur§ at 40 .éuhllhgﬂr%gg bﬁ%ﬁ%%&lﬁ%ﬂéﬁ&ﬁ%@@@? togyltqe,g?g,@ lﬁr om boi l'i ng
hept ane (7tahydrofurad (76l B(All8riéh)bi s addetedry hbdut Suhinl th 2isbkioh bPRiofshigs Whi te

crystals. Yield: 13.60 g (34 mmol, 48% . 5.2. Exanple 2: One-pot Synthesis
of ~ Codei noheserip@AdE. Hewmalk imidazels (k- 3%e L nupabiand dimetirylfermagtide socyanuri c

acid (2.30¢g, o 0 - t f { pped
wth & a stmge) (Wb 25 CURERE b bucd 18k Bl e Glion S o84 0750
under an Ngt 28°QfepPeh and Anivg i fed uader dédubédpressitd@itent 40SC NThe resaBarg har ged to
the flask, and the resultant suspension was stirred for 30 mn at, -30C. A

sol uti o otisegusanixture wayaddpd to dgiopizsd yates (UNg)a 40, apd eha tsviast white (15

nil) was a . - Wi 1y . ' he

Cont ents o picte B dofiEciad ot s, B SBiibEtiot SURRERE IR Aot "

m | Ky suspH@shb)andaie resultim orpadicaihase3@4s collectedeThe brgagicphhsewapadried. 91
50 mmol ) was 25 added droE)-vm' se over_about 10 min. The resultant |ight brown
suspensi onO¥gsodiahlfate, filtegd, anddhe filtptegongpntrated under FadUCRARTOSHE 4N of
codeine to ' enarat i an: gﬁgﬁ- ] cet ate:
The brown ggg%@?@%l@?ﬁﬁ%a oﬁgggéy%l']%%c 1§91\}\g%r1711 0 érgfg%ﬁpe%rrpg@&gtﬁre, and
neat ackt i O-bistdydetheibt-hutyBdiyitorphthe aawiife crmtaladdil: 13160 £@dtmembls 48%).t he
flask were warnmed to about 50C, and about 90% 30 of the dichloronethane was
removed by distillation. The resultant slurry was allowed to 33 WO

20051077957 PCT/ US89 2apR2: otSynfiRisiof Caidentivire Dikwsl ARtatd 7 h at 25C
at which time the conversion of codel none to codel none di enol acetate was

conpl ete. Preparation of Codeinone: Trichloroisocyanuric acid (2.30g, 3.8 mmol)

bt

was charged to a 100 m! round-bottom flask equipped with a distillation head, and the
contents of the flask were cooled to -30°C under an N, atmosphere. Anhydrous

20 dichloromethane (15 ml) was charged to the flask, and the resultant suspension was
stirred for 30 min at -30°C. A solution of codeine (2.97 g, 9.9 mmol) in anhydrous
dichloromethane (15 ml) was added drop-wise over about 5 min to the suspension, and
the contents of the flask were mixed for about 30 min at -30°C. The resultant milky
suspension was maintained at -30°C, and neat triethylamine (6.91 ml, 50 mmol) was

25 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%

30 of the dichloromethane was removed by distillation. The resultant sturry was allowed to
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Di chl oromet hane (20 m ) was added to the reaction mxture and the mxture
cool ed t Gy8SosHrarbution of 3 nl of 88% (ww) formc ac | 0 m_ of water
at 5 about 0C vvzgg added to the cool ed m xture, and thebg?‘}ﬁ’ﬁé@?@oﬁ?%ure was
agitated for 5 min at 0OC. The resultant organic phase was coll ected and
washed wi t Rog) ¢§abstit285C b B3 @Yoy diQuIle ¢of water. The
aqueous Iaygrs were conb |%&x£f8 ¥?:/ool ed to a}g%u%lagkﬁeﬂhcﬁﬁggﬂonet hane (20
m) was addedhlnadeeocdﬁeiﬁc(na/d@noaqcmwwasscmiplnte. hydr oxi de was added until the

pH of the aqueous phase ,was 75 u | ayer was coll ected, and
extracted with dichl @@H@‘i"ﬁ&ﬁ@“ﬁﬁ@ %‘ﬁa ‘iﬁ’ﬁg?ﬁeé'ﬂl‘é‘i a“ﬂé%rs wer e
dried over o 't essure
at 30C. Thg?1 ?@géjufetogérﬂ&)g Fyééedsl?tgtgg&m%a@p?fuﬁwﬁg?mgr I %ﬁﬂa'ltd {&}g 2?orr aqﬂggl&

provi de 5 cabaitiféGevaliaddal toahetadled mixtare| amgithe biphagic sikturk wif gditdtedZo82 g (83
mol ; 84% . .The pnresent |nvent|onpkls not t in scope by the

be lipmted
specific 15“1@%% 1esyjagk PrgaRig Phase; Was 9 S?{‘f)q ‘O(Pﬁ%@ﬁ withea soltionglem as
illustrati ﬁ)\i\{,nE S that
are functi gﬁg y eqL Iva cga}?@g{r?@mitﬁpa& g&lesqo rﬁﬁé |nvenf{a:3%1n | ndeed,
vari ous nodobled & atwus0WT. Divhldromethtne{20inml) mlsladdadntlﬂen 25%hee'w) atwons and

descri bed her_el beco app nt_tq those skilled in_the art and are
i nt ended t §o4idMm }mQW%W%‘ng@éBB B¢ ol e PIRPaVAE S 730 The AHABEY of

oo poTED R GabEbcld: S8 oddaftel %ﬁ@ﬁﬂ@&?ﬁ%@ PPN WheSRbio oSy are
AS FOLLOWSiayeis wékecdmﬁvosé:tsiodmncmlﬁtd ﬁltagdaarﬁmmpommdtedfunﬂemwhadlﬁl&am

trichloro socyanuric acid and a base, _wher and R2 are each

| ndependentt §0°C3 s reaBiankobyfesie B3t Gl Ak HOTToGr 3 190G BrOVIder ¢ her
conprisin I of claim1l,
Tthel > Rg cﬁdé}ﬁé{%gﬁé(nogﬁﬁgzﬁgﬁggﬂgﬂtybro@hg&lﬂf Tle?d g&& é@?@ﬁ@b rgg'? s (G
2)al' kyl. 10 3. The d@mmemumvembndd @ot o be: limltedlm soope Whetesspacifit t o i unount

of the corrpound fc=.tiuii< IttSR2 ranges, from abqut 1.0 t? bout
9.0, 13rl% <enm9drmenzs disqlpsedin the examplss whighare intended a&tlkusmtl@s #de%¥bout 1.5

nol ar equi t r fon Lol td. 15
o127 S0 SR SR oy Vo en R io HURRA! o i
organic the scope of this invention. Indeed, various modifications of the invention in addition to

those shown and described herein will become apparent to those skilled in the art and are
intended to fall within the scope of the appended claims.
20 A number of references have been cited, the entire disclosures of which are

incorporated herein by reference.
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am ne, and preferably is tr ethylarnine, diisopropylethylamtic, pyridine,

di met hyt pyri di ne or di nethyl am nopyridine and nore prefer: blv is triet
ylarnine. 20 5 The conposition of any one of clains 1 to 4, wherein the
anount of base <at gea fromabout 1.t0 to about 15.0, fromabout 10 to
about 10.0, or from about a5 to about TO nolar sue,. iva> rms per nolar
equi val ent of trichloroisoc.? > rr c: acid, 6. The conposition of any one of

13T B AR B, MRS o R ) 0

one of clainms 1 to 6, wherein the anount of the aI cohol ranges from about

1.0 to a ut ?& f rom about. _ IPS‘&% o%fromabout 2.0to 5
about 4.0 nol “*’é‘&&ﬂs{}hﬁ“éﬁwﬂﬁi@%ﬁﬁw&?%ﬁ iPERRIFR2 ¢ i chl or oi soc anuric
acid. 8. tfhwmésmwmcombfandny bage wherelnaRpaintl Ro are ehelr tildepedendpri si ng

at't orga ~apd the ongani c,ta';ovent i ref er abl

t ol uené @?I nga%ﬁ gg&z“{}%%qgal%[cﬁf oTph%Eéﬁ‘z efﬁg!;’ﬁrdi ERPOr'SRe® hérﬁlggwc%f oroform
car bon te%tf:nmdaf}oa’lcmv, diehic n ,i nc, 10 diethyl ether, dipropyl ether,

di -butyl ether, nethyl-tort-butyl ether, tetrahydroforan,

met hyl i etrahydrofuran ethyl acetate, or any conbination thereof and nore

profa :hid is Thdicompostionst lekaia, | %fheﬁcmﬂhh@dthmMnng((é Gelabryé andonpri si ng
al | ow ng, opdar. I ke react in the presence of a conpound of
formul a Iﬁrgﬁ%%%ﬁ B4 F&{Ialag%g %@'rz aiié'édd arid a base wailer conditions
suffici®ent to nmake the ketone wherein R and R2 are each |ndependentl y

-(G alkyd, -6 cgs\bsmb@amw ?%uﬁnﬁﬂw\rhu&% thd %@Hﬁtmgfﬁ SoRHB O

wherein IS, - and rral Is -CH
and R2 .smp@ﬁaﬁm%kmngwﬁﬂmﬂ%ﬂ%? f%@h?@ O rarAbaoh &%@%ﬁéé’y ﬂr\?ﬁw ein the
anount  of atolie2 GaaReLRd3 .8 fmolfiosduikadenty péPhRol ﬁﬂé’tﬂﬁﬁalérﬁ%iﬂﬁﬂumlsbcﬁnhﬂc about
9.0, fromabout 2-0 to about 5.0 or from about 15 to about 3.5 nol ar

equi val ent*per nol ar equivalent of trichlorois anu..ic 25 ae O. 12. The
met hodiso any one of clains 9 to 1, % heretin the amount of base ranges

from abou& ' theoco%ntfj%g'rn@n 25t%n any e ¢t ?al‘fttns% & i ﬁ@?&%tm{l Pk granf {Er%;gnnigbOUt 2.5

t o about

amine, and preferably is triethylamine, dilsopropylethylamine, pyﬁedinej;
dimethylpyridine or dimethylaminopyridine and more preferably is triethylamine.

20 5. The composition of any one of claims 1 to 4, wherein the amount of base ranges
from about 1.0 to about 15.0, from about 2.0 to about 10.0, or from about 2.5 to about
7.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

6. The compeosition of any one of claims 1 to 5, wherein the secondary alcohol has
25 the formula (I):

(0,

K2

35



7.0 nol ar equi val ents per nol ar' egqui val ent of trichlorctsocyanurtc acid. 30
13. A nethod for making an al dehyde, conprising allowing a primary
to react in the presence of a conpound of forrmula R SR1, trichl oi

nuric acid and a base under con >ition,

al cohol
ois,c y'a

, WYV ci ent to make the al dehyde,

wherein Rt and me ach independently -(C C2a)al kyl, (C C4?cyc o | kyl or

phenyl .

10

15

20

rey

30

35

herfn R; is a protecting group.

7. The composition of any one of claims 1 to 6, wherein the amount of the alcohol
ranges from about 1.0 to about 9.0, from about 2.0 to about 5.0 or from about 2.0 to
about 4.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

8. The composition of any one of claims 1 to 7, further comprising an organic
solvent and the organic solvent is preferably benzene, toluene, xylene, mesitylene,
chlorobenzene, dichloromethane, chloroform, carbon tetrachloride, dichlorethane,
diethyl ether, dipropyl ether, di-butyl ether, methyl-tert-butyl ether, tetrahydrofuran,
methyltetrahydrofuran, ethyl acetate, or any combination thereof and more preferably is
dichloromethane,

9, A method for making a ketone, comprising allowing a secondary alcohol to
react in the presence of a compound of formula RS8Ry, trichlorisocyanuric acid and a
base under conditions suﬁ.‘miem to make the ketone, wherein Ry, and R, are each
independently -(C,-Cyq) alkyl, «{C3-Cg)cycloalkyl or -phenyl.

10.  The method of claim 9, wherein Ry is -CHy and Rs is -(Cy-Cyp)alkyl, and
preferably R, is -CHj and R; is -(Cip)alkyl.

11.  The method of claim 9 or claim 10, wherein the amount of the compound of
formula RSR; ranges from about 1.0 to about 9.0, from about 2.0 to about 5.0 or from
about 2.5 to about 3.5 molar equivalents per molar equivalent of trichloroisocyanuric
acid.

12.  The method of any one of claims 9 to 11, wherein the amount of base ranges
from about 1.0 to about 15.0, from about 2.0 to about 10.0 or from about 2.5 10 about
7.0 molar equivalents per molar equivalent of trichloroisocyanuric acid.

13, 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 -(Cy-Cag)alkyl, -(C3-Cg)eycloalkyl or -phenyl.
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