METHODS FOR MAKI NG 3- 0- PROTECTED MORPHI NONES AND  3- 0- PROTECTED MORPHI NONE
DI ENOL CARBOXYLATES 1. Field of the Invention The present invention relates
to methods for making 3-0-protected 5 norphi nones and 3-0-protected

nor phi none di enol carboxyl ates. The present invention also relates to

met hods for maki ng al dehydes and ketones fromthe corresponding primary and
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seeds of poppy plants, and synthetic methods for preparing thebaine are relatively costly

15 (see U.S. Patent No. 6,262,266 B1 to Chiu et al.).
~ Codeinone dienol acetate, which is the 3-O-methyl derivative of

morphinone dienol acetate, is a morphine alkaloid useful for preparing analgesic and

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 3-0-
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%.



30 U.S. Patent No. 2,654,75 to Honeyer et al. describes the reaction of
codeine with alumnumtri (tert-butoxide) and net hoxycyl cohexanone in tol uene
to form codeinone, with yield of codei none reported to be | ess than 50% 1
Ni nan et al., Tetrahedron 48:6709-6716 (1992) describes the reaction of
3-O-dinethyl-t-butyl silylnorphine with manganese di oxi de in chloroform at
25Cto form 3-O-dinethyl-t-butylsilyl morphi none. The Ninan et al. reference
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15 dimethylsulfide as a by-product.

Despite these described methods, there remains a need for improved
methods for making 3-O-protected morphinones.

The Swern oxidation process described above has been the focus of
considerable research, because it avoids the use of aggressive inorganic oxidants such as

20 MnO; and is generally useful for oxidizing primary and secondary alcohols to aldehydes
and ketones, respectively. For example, De Luca et al., J. Org. 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
presence of triethylamine to provide the corresponding aldehydes and ketongs,

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

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

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

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

Swern oxidation process using polymer bound 6-(methylsulfinyl)hexanoic acid as the



reaction. Accordingly, nmuch effort has been spent nodifying the Swern

oxi dation process or developing nore attractive alternatives. The foll ow ng
par agraphs relate to known nodifications and alternatives to the Swern

oxi dation processes. 30 Nishide et al., Tetrahedron. Lett. 43:5177-5179
(2002) describes a |l ow odor Swern oxidation process using
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or Despite these described methods, there remains a need for improved
15 methods for oxidizing primary or secondary alcohols to the corresponding aldehydes or
ketones, respectively.
Citation of any reference in Section 2 of this application is not an

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;-Cag)alkyl, -(Cs-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-Cypalkyl, -(C3-Cg)eycloalkyl or -phenyl.
The present invention also relates to methods for making 3-O-protected

morphinones.



ketone fromthe corresponding primary or secondary al cohol, respectively. In
one enbodi nent, the invention relates to nethods for naking a ketone,
conprising allowi ng a secondary al cohal to react in the presence of a
conmpound of 25 formula R, SR2, trichloroisocyanuric acid and a base under
conditions sufficient to nake the ketone, wherein R and R2 are each

i ndependently -({ -C20)al kyl, -(C3-Cs)cycloal kyl or -phenyl. In another
enbodi ment, the preserih dneesiboiiiament, ah@in@ention rekidsas smekinfds fomichicigg N

al dehyde, conprisin |l owing a primary al cohol to react in the presence of
a 30 conpoliedpspng é&ﬁ%ﬂ#@é&&, trichl oroi socyanuric acid and a base under
conditions sufficient to nmake the al dehyde, hD_Ri, and R2 are each

i ndependently -(C, -C20)al kyl, _(C3i/; or -phenyl. The present
invention also relates to nmethods f¢f protected norphinones. 3
I n one enbodi nent, the invention re|ates hods for making a conpound
of formula (11): N CH3 FBme\o. sQnprising, allowng a
conpound of formula (1): N-CH3 "RR3~, o react in the presence

of a compound-of fornula RISR2 and a ch oori nie ai ni ng

o
(ID,
5 comprising, allowing a compound of formula (I):
N"'_CHg
Rams g
o
0
w
D,

to react in the presence of a compound of formula R1SR; and a chlorine-containing
reagent under conditions sufficient to make the compound of formula (If), wherein;
10 R and R, are each independently -(C;-Cyg)alkyl, -(C3-Cs)cycloalkyl
or -phenyl; and
R; is a protecting group.
The present invention also relates to methods for making 3-O-protected
dienol carboxylate derivatives of morphinone.
15 In one embodiment, the present invention relates to methods for making a

compound of formula (III):



reagent under conditions sufficient to nmake the conpound of fornmula (I1),
wherein: 10 R and R2 are each independently -(Cl-C20)al kyl,
-(C3-Cs)cycloal kyl or -phenyl; and R3 is a protecting group. The present
invention also relates to nmethods for nmaking 3-0-protected dienol
carboxyl ate derivatives of norphinone. 15 In one enbodi nent, the present
invention relates to nethods for making a coppound of forrmula (I11): 4
NCH3 ORg O O (IIl), conprising: gw gd'~a Tbnpound of fornula (1):
NCH3 , 0~1 R3-~ 0o 5 OH (1), } e presence of a compound of
formula RISR2 and a chl ori ne-cont ai t under conditions sufficient

to make a m xture conpri si NG, _COMPRY la (I1): NNCH3 , 010 R3\ O
o]

R4 o
\ﬁ/
0
(1),
comprising:
(a) allowing a compound of formula (I):
N—-CH;3
Ra\o
o
5 OH

(D,

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

N——CHj

Ha-\o

10 o]
(1D
and
(b) allowing the compound of formula (II) to react with a first base and
an acylating agent of formula R4C(O)OC(O)R, or R4C(O)X under conditions sufficient

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



O 100 (I1); and (b) allow ng the conpound of forrmula (I'1) to react with
a first base and an acylating agent of fornula RAC(O OC(O R4 or RAC(O X
under conditions sufficient 15 to make the conmpound of formula (I11),
wherein: 5 R and R2 are each independently -(C, -C20)al kyl,

-(C3-Cs)cycloal kyl or -phenyl; R3 is a protecting group; and R4 is

-(C -Co)alkyl; and 5 Xis -, -Br or -1. The present invention also rel ates
to novel conposition ul,.f eri e al cohol
to an al dehyde or ke?égﬁ@k |zelrs‘?pegc F@é#gfdéﬁtpﬁ(gh?@%g%i%n 5&{8%3{ ¥esent
invention oelphted; to conpositions conprising a conpound of formula R SR2,
trichloroi socyanuric_acid and .a base, @\gherei n 10 R, and R2 are each

i ndependently -(C, -CB@)}%ﬁ REplecHpg g1oen- 4¢) cycl oal kyl or -phenyl. The present
i nvention also rel atﬁ nP %lkgi Qnr%r otected dienol carboxylate
derivatives of nor ph| P odi ment, the present invention relates
to conp@unds of forPﬂilsaCI,LBﬂOr IV\/nerel n: 15 R3is -Si((C-C o0)al kyl) 3,
-Si(aryl)(Ct-C o)alkyl)2, or -Si( E‘i‘%c C o)alkyl); and R4 is

-(C,-C o)al kyl. The %P%E@ﬁ?ﬂtllfweﬂﬁ’l? 830 relieie novelsosmesions seflfer v by

uhi ch oxeron Py BT bRy d ERalOA A B oMol KUBMRE;” Derarl od

Description of the |hveamrddmbodiment, 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,-Cag)alkyl or -(C3-Cg)cycloalky! 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 R3 is -S8i((Ci-Cyp)alkyl)s, -Si(aryl)(C-Cig)aikyl)s, or
-Si(aryl)(C;-C)p)alkyl); and
R4 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 M:



4.1. Definitions As used herein, the generic phrase "3-0-protected norphine"
refers to the conmpound having the structure of fornmula (1): 6 16 17 1 10
NCH3 2/ 115 314 R30412 13 a q67 /OH (lI), wherein RB3is a
protecting group. A conpound of formula (la) has the structure: 16 17 1 10
N--CH3 219115H 3R3~1214 0q 13 O0---- 6 7 5 H (la), wherein
R3 is a protecting group.

D,

wherein Rj is a protecting group.

A compound of formula (Ia) has the structure:

5
(la),
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 R3 is a -protecting group.

The compound of formula (Ila) has the structure:



As used herein, the generic phrase "3-0-protected norphinone"” refers to the
conpound having the structure of fornmula (11): 16 17 1 10 NCH3 2 11 9 15
314 R3%~ 0128 413057 100 (Il), wherein R3is a -protecting
group. The conpound of forrmula (Ila) has the structure: 7 18 17 1 10 N-CH3
21s 15H 3 R3 12146 0413 O0----- 6 87 O(lla), wherein R3is a
protecting group.

16

17
N_'_CHa

(Ia),
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):

(1ID),
wherein Rj is a protecting group, and R4 is a -(C,-Cyo)alkyl.
10 The compound of formula (Ilfa) has the structure:

]



As used herein, the generic phrase "3-0-protected norphinone dienol 5
carboxyl ate" refers to the conpound having the structure of fornmula (111):
16 17 1 10 NNCH3 2 9 153 14 R3\04 72136 q057 6 Rg~C1l--, O O
(I'11), wherein R3is a protecting group, and R4 is a -(GC -C o)al kyl. 10 The
conpound of forrmula (Il1la) has the structure: 16 17 1 10 NNCH3 2/ 1 9 15
314 R3\ Oq 12 13 8 O0----- 6 76 R4QIII§,

wherein R; is a protecting group, and Ry is a -(C;-C)g)alkyl.
As used herein, the term “halo” refers to -F, -Cl, -Br or -1.
As used herein, the term “-(C;-Cjp)alkyl” means a saturated straight-chain
5 orbranch-chain hydrocarbon having from 1 to 10 carbon atoms. Representative
saturated straight chain (C,-C)p)alkyls are -methyl, -ethyl, -n-propyl, -n-butyl, -n-pentyl,
-n-hexyl, -n-heptyl, -n-octyl, -n-nonyl and -n-decyl. Representative saturated branched -
(Ci-Cig)alkyls are -isopropyl, -sec-butyl, -isobutyl, -tert-butyl, and the like.

As used herein, the term “-(C;-Cag)alkyl” means a saturated straight-chain

10  or branched hydrocarbon having from 1 to 20 carbon atoms. Representative saturated
straight chain (C;-Cyp)alkyls are -methyl, -ethyl, -n-propyl, -n-butyl, -n-pentyl, -n-hexyl,
-n-heptyl, -n-octyl, -n-nonyl, -n-decyl, -n-undecyl, -n-dodecyl, -n-tridecyl, -n-tetredecyl,
-n-pentadecyl, -n-hexadecyl, -n-heptadecyl, -n-octadecyl, -n-nonadecyl, and -n-eicosyl.
Non-limiting examples of saturated branched -(C-Cyp)alkyls are -isopropyl, -sec-

15 butyl, -iso-butyl, -tert-butyl, and the like.

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

20 D).

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 (IT) from the compound of formula (I)

As used herein, the term “isolating” when used in reference to a mixture

30 comprising a compound of formula (II) or (III) means separating the compound of

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



(I'1ra), wherein R3is a protecting group, and R4 is a -(Cl-C o)al kyl. As
used herein, the term"halo" refers to -F, -d, -Br or -1. As used herein,
the term"-(C1 -C 1 Oalkyl" neans a saturated straight-chain 5 or
branch-chai n hydrocarbon having from1 to 10 carbon atons. Representative
saturated straight chain (G - Clo)alkyls are -nmethyl, -ethyl, -n-propyl,
-n-butyl, -n-pentyl Ns , I | and -n- decyl
Representatlve saturaf@d LA 2L LA AU SECO) SLCONG:
-sec- butyl, -|sobutyl -tert-butyl, and the I|ke As used her ei n, the term
~(Cl1-C20) al kyl " meands gotedahevs e present ihentiondelates tomsthads feramidizing a
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nmeans an organic soI ent having an. anount of water that is |less than about
0.01% by wetqgrrougd of B1SRenBichlorgypocyanwic agithiands bassuadergopditiens 25 As

used hereing a
ref erence to%ﬂ?tﬁgﬁ%ﬁ%ﬂ%@% %ﬁ%ﬂpn%t é’t@d‘@o ﬁ%‘?‘g‘ﬁa‘ﬁ’&n anuﬁghCm&u% refers
to a conpo%ﬁglC@)tydoﬂjﬂylew -pletiyhg a reactive chlorine that is useful for

pronmoting the formatjion of the co f for ) .fromthe conpound
of formula (1) As useJoRrdimiting ex qg rﬂsa E%ﬂcﬁt‘%a C&h@ nedyds sfraighisf er ence

to a M Ul gain and branch-chain alkyl, alkenyl, and alkynyl primary alcohols including

2-propanol, 2-butanol, 2-pentanol, 3-methylbutan-2-ol, 2-hexanol, 3-methyl-2-pentan61,
4-methyl-2-pentanol, 3-hexanol, 2-methyl-3-pentanol, 2-heptanol, 3-methyl-2-hexanol,
4-methyl-2-hexanol, 5-methyl-2-hexanol, 3-ethyl-2-pentanol, 3,3-dimethyl-2-pentanol,
3,4-dimethyl-2-pentanol, 4,4-dimethyi-2-pentanol, 3-heptanol, 2-methyl-3-heptanol,

20  4-methyl-3-heptanol, 5-methyl-3-heptanol, 2,2-dimethyl-3-pentanol, 2,4-tlimethy1-3—
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
Rj 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 Rj 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 (I) include -(C;-Cio)alkyl; -benzyl;
acyls such as -C(O)C;-Co)alkyl and -C{O)CgHs; carbonates such

10



30 conprising a conmpound of formula (I11) or (I11) nmeans separating the
conpound of formula (I1) or (I11l) fromthe organic solvent, when present,
and water, when present. 9 4.2. Methods for Oxidizing Primary or Secondary
Al cohol s As noted above, the present invention relates to nethods for
oxidizing a primary or secondary al cohol to form an al dehyde or ketone,

e pr eserts-FEORE Call atyf PR Slrar ol Bobanty(Cr Combidcan be
carried oufpduBgtes l)g@(tg.@‘m)g.]RWJ %Hrog@ﬁgses QlsuM 5Shp( g |3rﬁnfa Elitl(g‘sb}tgiﬁtésumdegl zation

of reagents than conventlona In one

car bony! - f sxchian P(EHCHHM; mmhwlsukfenettd:seﬁuulses {ﬂ‘(OwCJ;Hmp@mr oxi dation process.
I n one enbodi nent, t nt| | at.es t nmet hod f or ing 10
a ketone, conprisi ng{?’eﬂng mée”é Bﬁﬂg %H%Fneﬁ?f’%r‘%nsf’%m?h‘ée rlsence
of a compQHbual ofﬂfrﬁulaaaﬁmmkg E%PC%')QW}’%HHRC @@)@: afthafkypase under

conditions sufficient to make the ketone are -“8ach

i ndependentQ(@YO(; C@?ﬂ%é] k&l[(C1-C16E96y08,)—6}(6ﬂyb)é&10«13¢m}alky1}§henyI Non-1imting

br anch: charSHA k- CaPRIAG) PG TR PRl B PRI o e, rrer D

2- propanol 5 cgg;but anol , 2-pentanol, 3-methyl butan-2-ol, 2-hexanol,
3- et hyl - Zp pent anol, 4-nmethyl-2- pent anol , 3-hexanol, 2-methyl - 3. pent anol ,
2- hept anol , 3-net hyIh@ﬂh@nﬁzndimentAhmhgn)d-iommngnwthod&mhyd the ukeofamnol |

3-ethy ent an di hyl.- 2- pe nol, 3, 4-di nethyl - 2- pent anol ,
4, 4-di hrgt h gﬂfmla @Tﬁviﬁle%éﬁ - t hyl - 3- hept anol , 20

4- et hyl - 3- hept anol ,m%lﬁﬁkf‘h’lhbgdlhﬂﬂ{ ﬂ'[EQiarbo%Prlzf ’if%ﬁﬁﬂhogt@ﬁ ﬁéh@%e use
2, 4-di net hyl - 3- pentanol, 2-ethyl-3 Eent ano ano

4- hept anol of wmd pffogmutg(é] M&ler@e mﬁd&r(ﬁlaﬂ?m&ﬂh@lba ﬁl@mlﬂglﬁtn‘)ﬂl&hﬁxanol

t he corrpound f or (la) wherein R3 is a protecting group;
al kyl aryl %re QF@ra@ H‘%ﬁs such as 1-phenyl -1-et hanol,

1- phenyl -1 - pr opanol ,mlmaﬂeflmhbbdlﬁreﬁpmarboapﬂfddﬁmg mlé&od dbmpHaes tragendary
al cohol s such 25 as di phenyl net hanol oneric and polymeric al cohols such

as ol i §dreefar eemipoyndlof dexmenlafl), pbhgrmnr%allafsgﬁﬁo-cm)alkmlh he Iike.

In another embodiment, the carbonyl-forming method comprises the use
of a compound of formula (I), wherein R3 is -Si{CH3)2(C(CH3)3).
In another embodiment, the present invention relates to a method for
making an aldehyde, comprising allowing a primary alcohol to react in the presence of a
20 compound of formula R;SR,, trichloroisocyanuric acid and a base under conditions
sufficient to make the aldehyde, wherein R and R; are each independently
-(C;-Cag)alkyl, -(Cs-Cg)eycloalkyl 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-butanoi,
2-methylpropanol, n-pentanol, 2-methylbutanol, 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 comprises the use of a
compound of formula R\SR2, wherein R, is -methyl and R; is -(C-Cao)alkyl,
-(C3-Cg)cycloalky! or -phenyl.
In another embodiment, the carbonyl-forming method comprises the use

of a compound of formula R;SR;, wherein R, is -CH; and R, is -(C;-Cyp)alkyl.
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I n one enbodi nent, the carbonyl-form ng nethod conprises the use of a
conpound of fornula (1), wherein R3 is a protecting group. In one

enbodi ment, the carbonyl-form ng method conprises the use of a 30 secondary
al cohol of formula (la). Non-limting exanples of protecting groups useful
when the carbonyl- form ng nethod conprises the conpounds of fornula (1)

|80 CoHS, car bonat o4n R FImB S pEPoR g Ay Iekhes SR et o B
-Si((G -G £ Clotetdn R &V OB ;

-Si(aryl) 2(8% %&%%%I%??@%%é%ﬁ%neoxi gé?/ ptf% r?ng?lq%’((gﬁ)%]) 2;

phosphi nesul fi des s{bhbaw is B} SjgaGiddats omaninargghisblaie rdow findtighexamples

O o e ARG B oSG IR b B S o gorp o
7 YRR OV il Ayl
Cl- Gi o) al kptop@lamif, Bi{n¢ biClatiling, didtyyin2thylaminG dhebglethylamict3. 1 n one
oo T e R, SRR P SoRy hrie S
oo S A SR8 s e AR o (1)
- Si (aryl ) 2¢@h-a8i2enethilplyyidinen3-aeth Higyriding ddnethplpyridine, Z;3-dimetiylpiridine,ng net hod
AR R VTN AR TNV TN N E T,
-Cgim()g—lg)e;( 2 %%Hﬁ%mﬁp ﬂ%@%?%@ﬁ%ﬁﬁe%’&?% es rlf)llrlmr%{i/% r?lfzg%n relates to
a net hod f timethplpyndinerand|tbiehie @yridimmpubstituted with didlingaminorgroepsysuet asohol  t o
o e S e Ao horda R BBl B R30S ke ¢ e
al dehyde, yhgER! porRbidRGuiRdivdl Sn@siint BH6HERAES khd any combination thereof.
15 Non-limiting examples of inorganic bases useful in the carbonyl-forming
method include the hydroxides of the alkali metals such as lithium, sodium, potassium,
rubidium and cesium.
In one embodiment, the base is an organic base. In another embodiment,
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 ¢ommercially available or can be
prepared by methods described in Section 4.3.
25 Trichloroisocyanuric acid is available from Aldrich Chemical Co.,
Milwaukee, WL
Compounds of formula R SR; are commercially available from Lancaster
Synthesis, Windham, NH, or can be prepared by reacting a compound of formula R,SH
with K2CO; and R, 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

carbony}-forming method ranges from about 2.0 to about 5.0 molar equivalents per
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-(C1-G o)al kyl, -(C3-Cg)cycloal kyl or -phenyl. Non-limting exanples of
primary al cohols useful in the carbonyl- form ng nethod include, but are not
limted to, straight-chain and branch-chain alkyl, 25 alkenyl, and al kynyl
primary al cohols such as nethanol, ethanol, n-propanol, n-butanol,

2- met hyl propanol , n-pentanol, 2-nethyl butanol, 3-nethyl butanol, n-hexanol,
2- met hyl pent anol , 3-net hyl pent anol , = 4-net hyl pent anol, 2, 2-di net hyl but anol ,
2, 3- di met mplasgguivalent of twckiprisaeyamwicagisk andineangihep embodiment tesayeeumd bf

Car bony! - 1 SRR e Baf RS bk iy Tront o A8 BERCEG AR 1 s
wher ei n Rledufivalénsé patl melagleddvdlént of trichldronadaplisic acid. C3- Cg) cycl oal kyl or
-phenyl . I n another enbodi ment, the carbonyl-form ng nmethod conprises the

use of a conpound oln ¢ngrembodimesRhe agioupeoficomponnd of fagmatacR 18R jused in

-(Cl-2 ' bogwl - f.or mi r hod
corpr 1 s6b. Pieathoht-{opmEA8Ea R kPR Mnon LI G ERP OB BN G and o
i's - (G 2) algydr eqiinglehastaritifioftisoeydiitic @cidd randthed BmbONERA ithe ARG of

Non-limting exanples of organic bases useful in the carbonyl-formng
met hod i nceerapound @f fernuilnBiSK; yeed dnjthe sarbonylrfgrming ethed eangesciiom abous %) |

trial kyl am | 1 he, ' amne. tri-n: pro am ne,
e o but y1OABRES B ol AR o M cghlyaEh N PfbEuiadehi i 167844

di i sopr opy it leiBodEnentYHe hivGuht Jf @ompoiidibfbisihia®, SRS usedGh tidScarbonyl-

di net hyl phenyl am ne and di et hyl phenyl am ne; pyridine and pyridine

subst i t10t eferipingmethed seap frem gbopt L3 yaplapt 3.5gnelar eqitivalents psrimelai di ne,

3- et hyl pyé(i“%ﬂ& -Ofﬁﬁ@‘t}éiﬁ%ﬁ%éﬁﬁg?ﬂd?’ 3-di et hyl pyri dine, 10

2, 4-di met hytpyridine, 2, pyri di ne, 3, 4-di nethyl pyridi ne,

3, 5-di net hyl pyri di neln ori, éalfbdimentpthd yinouni ¢fibase uséd 3n fretdaffinplapmirgdi ne,
2,4,5-di nethyl pyridine, 3,4,5- trinmethylpyridine, and the |ike; pyridine
subst i t ut emethod fanges fuem dhauh b.0gp sbew 1§ Qumolgsequivalents per molar equivalerit of

0o 1t oA A 8 ol FilodiFbl, wE BB MEARCT MR, 20" ana” any
conbi ndbi otarbdigil-€ediming mebid-fangdstftong alsouadidl teabeit I0MmoRRequibdess peisef ul i n
t he carbonyl - form ng . . L ) )
molar equivalent of trichloroisocyanuric acid; and in another embodiment, the amount of
base used in the carbonyl-forming method ranges from about 2.5 to about 7.0 molar
equivalents per molar equivalent of trichloroisocyanuric acid.
In one embodiment, the carbonyl-forming method is carried out in the
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; (C;-
Cs)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, chioroform, carbon tetrachloride, dichloroethane, diethyl ether,
dipropy! ether, di-butyl ether, methyl-tert-butyl ether, tetrahydrofuran, ethyl acetate, or
30 any combination thereof.
In another embodiment, the organic solvent when used in the carbonyl-
forming method is or includes dichloromethane.

In another embodiment, the organic solvent is or includes toluene.
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met hod i nclude the hydroxides of the alkali netals such as lithium sodium
potassium rubidiumand cesium In one enbodi nent, the base is an organic
base. I n another enbodinent, the organic base is an organic amne. In

anot her enbodi nent, the organic amne is 20 triethyl am ne,

di i sopropyl et hyl am ne, pyridine, dinethylpyridine or dinethylam nopyridine.
| n anot her enbodinenhi t he %%%gnic amne is triethylam ne. 1n another

enbodi nent, the basell @esmbadimentnthe osganic sobysahwhewtiusedrin thergaghoayl-| ) and (1 a)

are comrver g ' o gﬁaﬁ, ' in
Section 4. girﬁ’lzdsgy nllgtlﬁg ?gca#}gfegg([:nyanur%t g@lrg i s&g\?gél{lft?g{ Eﬁ&fbﬁ %ﬁ%ﬂr@?ﬁ Chem cal
Co., M | wahdaes) paits byCanightibaled of thicoweightcof RhéSEinporuad of fereiutd R{SRs. avai | abl e
from Lancaster Synthesis, Wndha NH, or can be prepared by reacting a

conpound ofnatr sibgdimany, the presniesepisnbyhenrused inythgicasbopyfosming methodis

descri bed | | I : ST e I n one
embodi mant PERE T Ebud rangirlERbABELAN palf BB bl bl s By, 00
ranges fr oweghobdsed ofd theoweightudf the Compiund of fprimndd R(BRs. [ anothéreembadimen) ent  of

trichl oroi socyanuri¢ acid; in another e di nrent, .t he anount of al cohol used
in the caﬁwﬁgamq %ﬁ%&%ﬁﬁpmﬁn%@é@rw -&ﬁ%ﬁl@ﬂl@% PIESEb HLR0 &MYy ar

equi val ent I MRl LG 18091 ' 1.4, and in
ot hor - erngithfm ARNR0. e 3 FElbp b6 (A BF KR biecBthe ML
met hod r angehf ofahe atmpodund ¢f foomeb®ySR4. 0 nol ar  equi val ents per nol ar

equi val ent of trichlgproisocyanuric acid. In one enbodinent, the anount of
corrpour‘ﬁ of fornul a FI%Ee Ffﬁ’ﬂ'ﬁofg?élcég?"[ﬁ‘fih‘yﬁ@’?'&eﬁilﬂ "rFéft?‘i’Bblﬁranges from

about 1.0 fpom LthSd B eﬂ%b@fou?.qﬂhﬂ B 6t %ﬁé solmtgéﬁ?%mn‘(&!:ﬁ% ?ﬁilablc

trichl oroi socyanuric acid; 1 n another e I ment, e anount © conmpound of
formul a Rl@Rankeebtaired Hyeconsackiog se-drganic sujvent withck suitabje lehydvanigegant 2. 0 to

201 d: and_ HIF Baefof hOPIECHE e IR U SAB I YL BB inGOSMIrBReR ese o SR
used in thgeahRRR/ES such as CaH or LiAIH; and metal and metalloid oxides such as BaO,
15 CaO and P,0Os (see Amarego et al., Purification of Laboratory Chemicals (4th ed. 1996);
and Gordan et al., The Chemist’'s Companion 445-447 (1972)). The amount of water in

the organic solvent can be determined by, e.g., Karl-Fisher titration (see ASTM E1064-
00 and ASTM E203-01).
The carbonyl-forming method is carried under conditions that are
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 unti} 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 caﬁ 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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10 form ng nethod ranges fromabout 2.5 to about 3.5 nolar equival ents per
nol ar equi val ent of trichloroisocyanuric acid. In one enbodi nent, the
anount of base used in the carbonyl-form ng nethod ranges fromabout 1.0 to
about 15.0 nol ar equi val ents per nol ar equival ent of trichloroisocyanuric
acid; in another enbodi nent, the anount of base used in the 15

carbonyl -form ng nethod ranges from about 2.0 to about 10.0 nol ar

equi val ent . i \/ & i : j ok in

ot hor ooy ot 10 Hofits, it in' e} epodinfa Gt GARE ATLISh: @ity oBMle' o1 1o
ranges fr oradboyltfoPmg oethbd rings flommbent 1 kaus tedbent Sheas. nol ar equi val ent

of trichloroi socyanu‘r;li C. aﬁi d. In one ﬁgﬁ@Odi nt, the carbonyl-form ng nethod
is carried out in theYPE@lgralempeRtye lsoSPgE&‘ﬁ?fE 1Q BArEPNt thegasbeny t i ng
exanpl es of : | t ly2hyér.t: 1 ng net hod
I ncl ude, b&ﬁ‘gﬁ%ﬂi%@%@gﬁm{l g!% altlrt gfns:gtg%%/ic}? ggr@%ﬁgﬂéﬁ%hwc;acg% ethrqzene,

t ol uene,5 xyé¢mperatureethat iy iveffiejent bl carnylantherarbog@itfonfiitighatéthgé ranigedfrbndr ocar bons
such as dic Iorg@ﬁha e, | orof orm .carbon tetrachloride and .

di chl or oet AEAE:-8{hiorabot 2 G andyinangiher embediment, 3 tipRaratare Bat is suffigiepl et her |
met hyl 25 = _ o f t fehsan; and

et hyl acet g‘?é%mf)%“%ir)]% eﬁg{%if%ﬁﬁgﬁ?{éﬁgﬁgr aglﬂgﬁg% vgnﬁﬁgﬁ%@gg cFl'n t he
carbonyl - form ng nethedartenpeformmg, methddieache caprieeimit atreduted pressure,

chl orobenzene, . di.chl oronethane,, chloroform carbon tetrachl oride,

di chl or oet RURSPhERIGPIFSIUrePHsvalcd Aressyisy |In opembodimeny, the caghapy}-forming

met hyl -{eer ty ; I : ethyl acetate, or 30 any

conbi nal'EOieotrrlnt g‘é&%ﬁﬁﬁugﬁtﬁlﬁgﬁgﬂﬁgﬁgﬁ%t, t he organic sol vent when used in
t he carbonyl - form ndn aetthercenitodoneritythe vatbenylifoiutiog step tiheamred dut vadertaner

enbodi nment, the organic solvent_is,ot. includ toluene. . 13 In one

enbodi nent ,metr%@m(?f‘%%?ﬁ‘? %“’B&F’\Feﬁt N%ﬁ'le‘% E‘{fsé& l&ngéh%t Wy, 99Bation shereqly et hod i s
present in = , AGERABory RIArARLLLD - f ' 0 about 50
parts by vvgiﬁgﬁt Bg%igﬁeegf on the J\Ay/[ei ght oféqf%gag%anpﬁlﬁwgﬂ%ﬂ%?@rﬂ@eﬁsm. In

anot her enbodi nent, {lhe oodeyafiaddisen ofthe componndsddoinmila ReSRar bonyl - f or mi ng
met hod ].|5S trichlorisocyanuric acid, primary or secondary alcohol, base and organic solvent, if any,

can vary. Examples are as follows.

In one non-limiting embodiment, the carbonyl-forming method is carried
out by adding a primary or secondary alcohol, optionally in the presence of an organic
solvent, to an admixture comprising a compound of formula R,SR,, trichlorisocyanuric

20 acid and a base, optionaily 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;SR3,
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 present in an amount ranging fromabout 0.1 parts by weight up to about 25
parts by weight based on the weight of the conpound of forrmula RLISR2 In
anot her enbodi nent, the organic solvent when used in the carbonyl-formng
method is present in an anmount ranging fromabout 0.1 parts by weight up to
about 10 parts by wei ght based on the weight of the conmpound of formula

R1SR2. 10 In one enbqdi c,sol en_ysed in the carbonyl -
fornming nethod is anﬁgl n%ﬁgnogﬂw@pgﬁgl 8¢ Yggggqr%yggoggggg{g At al | yy
avail abl e coried®0t b addh@i pﬁﬂaal%ﬁeéﬁxﬂﬁiy d}@bHoh %pﬁbﬁﬁly if (ROpréGRke BE 4 2

sui tabl e dehydrating agent such as, e.g., nolecular “sieves; reactive netals
suclhI as Llj orgamq;qolwgt zi@n?l;J admixture compesiag ﬁompemBm:l C;)ﬂfpdnmld&SRumtd as E:aH or

Li Al an ne such as .Ba see

Arar ego- ot tonsoRHnRE aPia Sprionsity ihe PSSO Ee AR clastic selprEdotionely *and
Cordan & aliditiod bfa %@%ﬁionmb@ﬁmw@am%?afmgaﬁi'e%%)e)n The amount of “wat er

in the organic sol vent can be determ ned , g., Karl-Fisher titration
(see ASTM E1064- 00 &Immm@rm&iwiloaﬁmbﬁﬁmmaﬁma]boﬁyd}fmgg methiodds i s

d und t hat k | dehyd
ket one. 1nogtigd SHE bR 4 Chetid of Sorptita F bR Rieretots PERLTERRE une
at |east abewentSR mdmmf@@aﬁprmngtmn@ddaﬁa@ffdiﬁﬁle&Jng ,apgnverted to an

ony

al dehyde or a ket one; in another enbodinent, the car -formng nethod is
carried outrichierisocyanurieaeid, @Mmall}am th@p@smcﬂénn ozgantcm@lwnbM&ﬂwdddu been
convert%d and n _anot he odi nent, the

car bon fta&}}?%oégg%?&%%np ‘?‘ Pgdae‘t?ﬁ %P}'gangtsofvgg t about 99 nol e

percent of the al cohqah aBerIRANImiGA Eﬁ&bbcﬁﬂlehp tied cath SHSNYSImiAY ndthieatiPne. The
progress of the carbonyl-formng ne can be nonitored usi ng conventi onal

anal yti cal cusich nuqhne%d g basgi mlon@ldu mrtb@ ptemos@ﬁ an organiei solvealy & an

30 chr onat S Spesind Rl EHRRRRs R 8 Pad MR PRSI aig oy og O
spectros coeynm{ang% )heqﬂ@keﬂc&damrorgaﬁ@aﬂmt rfeHewedBE addigsd 6056cHbund IR’ )
such as 1H or ypically, a time that is sufficient to carry out

t he carl§on{ormudg ¢h. rﬁ)@tlﬁﬂﬁh’dﬂ theprgieacy olomn (g€ s@vers. hours to about 20 hours;
In anot her embodi Nty %Idteh% or ketone formed in the carbonyl-forming method can be

isolated and purified by methods known in the art. For example, a reaction mixture
comprising an aldehyde or ketone can be purified by fractional distillation;
chromatography on silica, alumina or FLORISIL™; and/or recystallization. Where the
20 reaction mixture comprising an aldehyde or ketone further 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-Cig)hydrocarbons such as
25 butanes, pentanes, hexanes, heptanes, octanes, nonanes, and decanes; aliphatic cyclic
(C4-Cy)hydrocarbons 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;-Cs)halogenated hydrocarbons such as
chloromethane, methylene chloride, chloroform and carbon tetrachloride; (C)-
Co)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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that is sufficient to carry out the carbonyl-form ng nmethod ranges from
about 0.5 hours 14 to about 10 hours; and in another enbodinent, a tine
that is sufficient to carry out the carbonyl-form ng nethod ranges from
about 1 hours to about 5 hours. Typically, a tenperature that is sufficient
to carry out the carbonyl- form ng nethod ranges from about -78C to about

130C, in angther .enbodi nent., a tenperature that is sufficient to carry
out the caB@BB@FW@rqﬂgﬂﬁetﬁﬂtW% rﬂr"’&ﬁf’l‘%ﬂ’& {as -‘iﬂg‘@f‘y tlé?éo‘iﬁ‘:h%@‘g,?rsand in
anot her enfdli J3Réttahvardf@aR ds Sus sl diigd : . the

car bonyl -f orm ng rretyhod raﬁggg%rg%%h%?l%atu-40%%%%}6%&%.&&1%%&

car bonyl - f othyl angtate: diroethylanifoxide; ¥-niethylpyatolidinonerhexenehrvipdwspheramide;mospher i ¢

pressure or,. el ted essure. Ln o enbodi ment, the carbonyl-formng 10
net hod i s ggqﬁlf)é%rgﬁ{rﬁ. aﬁ#ﬁ'&éﬁ‘l‘@?‘i’egﬁﬁ? ssure. In another enbodinent, the
carbonyls formng step e GAbddiBENOite HIRRS sofftnt LTS cﬁfdﬁ?a'i‘ﬁg}%}ﬁreﬁ%h as,

n

e.g., N2, He, Ne, Ar, Kr, Xe, or any conbination thereof.. one
enbodi ment comprases an bbphaticthydracadbos e an sthetar ri ed out under a N2 at nosphere.

The order of additiog,of the.conpound,of rmula RISR2, 15 .,
trichlorisocyanuric i@? Bfesﬁﬁilwgg%f]“f@&’ébei”gaw COMPRYPhS FRIERrisig R or gani ¢

sol vent, i brifai or sedshddAf Alcotol 3 GnRfouad 6f fPmhRl R GRS as Hefifidenan- | 1 m ting
embodi ment, thé carbonyl-formng nmethod is carried out by adding a prinary
or secondatrichidreisoeyianumpadid aad agasen Thiass gompositions arfe waefubfagamking askdteent | t o
an adm._xture caga{ryl Si ngjga oa‘pgund of formula RISR2, trichlorisocyanuric 20
aci d an1 a%‘%l_k ; .&P’i%‘ F(frgcpe PP e presence of an organic solvent. In

anot her non-1im ti NONSADRAHINE BkamplBEoLRIRAROF 3éRhBAH AdHRbROSMFoundPef | ed out
by adding an admi xture conprising a conpound of forfula Rl SR2,

trichl ori stspalaRiSR:aichlosgisoeyamritacidband hases inglude those descrbedhahove fordhe

organi c solvent ., o .a ngeriqrﬁary or secondary al cohol, optionally in the
presence of™ ?flyé'rfwg (SIP ent, 25 In another non-limting enbodi nent, the

carbonyl - forni ng net fipghotifer efidolingsht, Ak inR¥ntRAdEeREs o Ra6MPoRbl &itdgrising N t he
presence of an organic solvent, to an adm xture conprising a conpound of

f or mul d5R1&Rempend ofiformae Rs8Ry; drchiorgisgeyaguric acid, a base and a compound of
formula (I), wherein Rj is a protecting group.

In another embodiment, the invention relates to a composition comprising
a compound of formula R SR, trichloroisocyanuric acid, a base and a compound of
formula (I), wherein R3 is -(C-Cip)alkyl, -benzyl, -C(O)(C,-Cip)alkyl,

20 -C(O)O(Cy-Cio)alkyl), -Si((C-Cio)alkyl)s, -Si(aryl)((Ci-Cio)atkyl)2,
-Siaryl)2((C1-Cio)atkyl), -P(O)(( Ci-Cio)alkyl)z, -P(S)( Ci-Cio)alkyl),, or -S(OYOCeH4-
p-CHa.

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-Cig)alkyl)s, -Si(aryl)(Ci-C o)alkyl), or
-Si(aryl),(Cy-Cyo)alkyl.

In another embodiment, the invention relates to a composition comprising
a compound of formula R;SR,, trichloroisocyanuric acid, a base and a compound of
formula (I), wherein Rj is -Si({Cy-Cio)alkyl)s.

30 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 (), wherein R3 is -Si(CHa)2(C(CH3)s).
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optionally in the presence of an organic solvent, followed by addition of a
primary or secondary al cohol, optionally in the presence of an organic
solvent. 30 In another non-limting enbodi ment, the carbonyl-form ng net hod
is carried out by adding an adm xture conprising a conmpound of formula
R1SR2 and trichlorisocyanuric acid, optionally in the presence of an
organic solvent, to a base, optionally in the presence of an organic

sol vent, followed by Lt qn.of. rd r ndary al.cohol ., optionally
in the presence of aHlazgl(r%ﬁaeﬁ ?Elbgéﬁn\geélgtthé@ggqtﬁnal‘ﬁ%%ﬁ g? ar‘fBﬁlpP?lﬁ?? ?Wtw?ﬁg
enbodi ment a céhipoudrdfgoihuls Ry SR eridirbiEcyafuric adid, £6hse dhd RXogdiditbfa pri mary

or secondary al cohol, optionally in the presence of an organic solvent, to
an adni xt ufosmulafbs wWherein Bs soffbund of fornula RISR2 and trichl ori socyanuric

acid, optionally in ence. of [ ' vent.. fol.l owed by 5
addition of a base, %gﬁo%g?fng’gglﬁ%%g‘%&é‘@%@“i&”ﬁﬁ“ﬁ%ﬁﬂlﬁna%?rvent. In
anot her 5nogechadry hleehdlDesthp@iNd of FhentARIBRYY hnd @ichionGistEkha ackd cqar ri ed out
by adding a conmpound of formula (1), optionally in the presence of an

organi c sithengomprise 4 osgrnisalyant.caprlimitingexemmlesefimgani¢ sqlventyingluga SR2 and
trichloris a l: i ' 1N .l sence of an organic solvent,
fol | owed b@s{%&%d%lﬁdlaag’ﬁg%f&gﬁ éo‘g“gg%"l%’gf‘ﬂb‘%gﬁeg{"?h the presence of an organic
sol vent. In anot her mmﬂdtiv‘etnhdl&aeﬁmﬁﬁﬁmﬁnar}s;bﬁs&aﬁm?hlcohat AFeadpsd@idhod i s
carried out_ by addi ng a base, optionally in the presence of an organic

2

sol vent , t@f farmuladSRe.trehlewmisocyanug agidandadasel apd thegelative amegrefand
DALY . . ' J oY . | |
ol Lowdd o5 EARE¥OMEn Ehh prelltly 88 flasy ab JabOFabf ERHIRE o R AIIE © The ™

presence Ofmed@dor gani ¢ sol vent. The al dehyde or ketone forned in the
carbonyl -form ng nethod can be isolated and purified by nmethods known in
the art. For exanple, a reaction mxture conprising an al dehyde or ketone

can be purified by fracti Onak&.tM&hleéﬁﬁ-iMﬂ'cingM@%%lﬂ_ﬁ&Wsaphy on silica,
alumna or FLORISILTM and/or fecystarTrzatron. ere The 20 reaction
m xture conprising ag %Jtoﬁtﬁﬁléﬁnﬁo&’ibe!ﬁﬁ edellf ﬁﬁ@ﬂti&ﬁ%’&"t&sﬁﬁ%ﬂ‘gm‘a&’&a”' ¢

solvent, all or part e organi c solvent can optionally be renoved,
typi cal | y miakingwapompatndof formula (II) (the “morphinone-forming method”) comprising

15 allowing a compound of formula (I) to react in the presence of a compound of formula
RSRand a chlorine-containing reagent under conditions sufficient to make the
compound of formula (II), wherein:

R; and R; are each independently -(C;-Cap)alkyl, -(Ca-Cg)cycloalkyl
or -phenyl; and

20 Rj is a protecting group.

In one embodiment, the compound of formula (I) is the compound of
formula (Ia), and the compound of formula (II) is the compound of formula (Ia).

In one embodiment, the morphinone-forming method comprises the use
of a compound of formula (I), wherein Rj is -(Ci-Co)alkyl, -benzyl, -C(O)(Ci-Cygalkyl,

25  -C(O)O(C,-Cip)alkyl), -Si((Ci-Cio)alkyl)s, -Si(aryl}((Ci-Cio)alkyl)z,
-Si(aryl)2((Ci-Cio)alkyl), -P(O)( Ci-C o)alkyl)s, -P(S)(( Ci-Ciglalkyl), or
-S(0)OCsH,-p-CHs.

In another embodiment, the morphinone-forming method comprises the
use of a compound of formula (), wherein Rj is -Si((Ci-Cyojalkyl)s,

30 -Si(aryIXC -Cio)alkyl)s, or -Si(aryl)x(Ci-Cio)alkyl).

In another embodiment, the morphinone-forming method comprises the

use of a compound of formula (I), wherein Rj is -Si({Cy-Cio)alkyl)s.
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prior to purification. Non-limting exanples of organic solvents useful as
chromat ography eluents include straight-chain and branch chain aliphatic
(C4-d o) hydrocarbons such as 25 butanes, pentanes, hexanes, heptanes,

oct anes, nonanes, and decanes; aliphatic cyclic (C4-G ) hydrocarbons such as
cycl obut ane, cyl copentane, cycl ohexane and cycl oheptane; aromatic

hydr ocar bons such as benzene, .t ql uene, and | ene; each o i ch,. can be
substituted with onehb?nqi@"rrgmbﬁgi%e"&r EH@@%‘?@F OHBW&W‘HI“? s Pes of
or gani ¢ sof3eesfaconfihtl offormath @) WheRHPRS ARSYHCH, e Hfc! ude (C 1

- C4) hal ogenat ed hydrocar bons su(g);; as ch?oro_}rget ﬁ%ne, n%?hyl ene chlori de,
chl or of orm and car borintsether¢mipadiaent, themorghioped-forming method chmpssestih as
met hanol , et hanol . n-propanol . isopropagol, k- butanol, sec-butanol,

i sobut anol ysch’aqogg[ogﬁgp??mgﬁgx@ae?nﬁ: “nexdnol , n-heptanol, n-octanol, n-
nonanol § n-decanol, Nﬁﬂdhﬂi@in?bk‘ﬁhpl@é@dﬁﬁpcﬁhﬂ@éﬁoﬁﬁﬁlﬁ R SRS L&drhvh ued her,

dii sopropyl ether, 16 dibut ethers and nethyl butyl ethers; diaryl ethers
such as di pleeghpnonstieamingoyesthedinglude thpse deschibed int Sactiam ¢ @rfof theavartenyl- di oxane;

i ot nyt sulepsmoetE i e bR ROk CHid meft gt iEihor am de:
di met hy| { o mam o aRGnaiTk ainfled DEARGne-onkini9B e BERGKATTh nd he 07 gani ¢

sol vent used as chromat ography eluent conprises an al'i phatic hydrocarbon
and an et hmorphmmlcpfpagmtmfptgﬂémmudn N-citlptpamines|suctess trichlomignsyanurigrasid,

i si ' | cohol . d..
Gef  nedOhanEriiob RBinterile, SRGARIRRIpr P0G uric i SRR B0, o Conpos 11 one
are usef ul dichloréBddyasuratek €8 Aichlorb(, Sdirdéth fihgedivsia; CBSadiaspbtiedieabahe.

Non-limting exanples of primary or secondary al cohols, conpounds of
for nul a R1sRalciumhyppgHeti€ocyanuric aci d and bases include those descri bed

above for the carbo Jnief%%ﬁﬁgﬁég%@%%@%ﬁ@%%ﬂ%ﬁpﬁﬂm te’ t he i nvention

relates to a conposition ¢€o ornmula RI SR2,
trichl or oi gRepHNdHeHformitigdnetiodBILctlBisdCPaitEio Woid, Nfchlorosuccinimide, sodium

15 dichloroisocyanurate, 1,3-dichloro-5,5-dimethylhydantoin, Cl;, calcium hypochlorite, or

any mixture thereof.
In another embodiment, the chloro-containing reagent used in the
morphinone-forming method is trichloroisocyanuric acid.
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|-Cio)alkyl are commercially
available or can be made by allowing morphine to react with a halo(C;-C)o)alky! 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 Rj is -Si((C-Cyg)alkyt)s,
-Si(aryl)(C;-Cio)alkyl), or -Si(aryl)2(C;i-Cio)alkyl) can be prepared by allowing
morphine to react with Na metal or butyllithium, and allowing the resultant complex to

react with CISi((Ci-Cio)alkyl)s, ClSi(ary})(Ci-Cig)atkyl)z or ClSi(aryl)2(Ci-Cio)alkyl) as
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formula (1), wherein R3 is a protecting group. In another enbodi nent, the

I nvention relates to a conposition conprising a conpound of fornmula R1ISR2,
trichl oroi socyanuric acid, a base and a conmpound of forrmula (1), wherein R3
is -(CG-Co)alkyl, -benzyl, -C(O(C-GCo)alkyl, 20 -C(O QG -Ci o)al kyl),
-Si((G-Cwalkyl)3, -Si(aryl)((CrClo)alkyl)2, -Si(aryl)2((G -G o)alkyl),

another enBOSTREHE bRA ot Jetied Ph RIS U6 BBRi oK. ERNI ng

conpound  06.046318 kS ERkfiRRansd &1 lof FbOme! -0 Aificthel 2 . compound
of 25 formula (1), mhereiar{ﬂ%a?gbgﬂsii ?ﬁgﬁ*%gaf)k‘gﬁ)eg’ﬂ@w@myﬁﬁ%ﬁm&

_Si (aryl) ( Slemagyelyithe BsO-sidyl derigatiyesiof mozptine Giri beyrepdrid by allowiagot her

Forml ki Beied RUER b CRUAE e i IR R B e R ound of * For mul &
(1), whar eCIsifsyl)$C -8, HalkyD G Q%Jéﬂakb’ﬂghﬁc s8ehthnd 19 i Yre RABOGH 1BOLs  the

invention relates to a conposition COE” sing a compound of fornula RISR2,
tri chl or oi éesexibeeinSectien §.1 far hgsemaaandofdormaah vdfere Rornul a (1), wherein R3

is -Si (CH3 2_§ L(?G)? %éln anot her enbodi ment, the invention relates to a
conmposi tio 7S dﬁ " conpound of fornula RISR2, trichloroisocyanuric
acid, a base and a COBRUWOAIF fornlAT) WhefR, MOSIHEO,-EF)diRyl-dhiBe | N anot her

enbodi ment, the cog})os[ti ons conprising a prinmary or 5 Secondary al cohol, a
conpound oprepared by allmvgmomorphinethyduichloride sorepetnvith & campolindanf fodnuda her

conpri ap- o ' tw Non-|imti xanpl es of . organi.c. splyvents

i ncl ud(i,6 tﬁbds‘éggg@f»’?@émb%e)emfwe‘{“ﬂé"@g‘?‘ﬁ’d‘?ﬁnﬁq@g“r%%@Cfﬂ’ﬁa H%bfsqfﬁ{fn% el ative
nol ar  anDUNbS5,908,846 fEBndRaadegRNdary al cohol, a conpound of formula R1SR2,
trichl oroi socyanuric acid and a base, and the relative anmount of 10 organic

sol vent, when presenf-omppundsiaf Sermgida d) whews Rebis vheneprcanive peeparedrbyl - f or mi ng

nmet hod.

allowing morphine to react with benzyibromide and NaOH in aqueous methanol at 25°C
as described in U.S. Patent No. 6,013,796 to Huang ef al.

15 Compounds of formuia (I) where Rj is -C(O)O(C,-C p)alkyl can be
prepared by allowing morphine to react with a compound of formula CIC(O)O(C;-
Cip)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, Montgomeryville,
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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4.3. Methods for Maki ng Morphi nones I n another enbodi nent, the present
I nvention relates to nethods for making a conpound of formula (lI1) (the
“nmor phi none-form ng nmethod") conprising 15 allowi ng a conpound of formula
(1) to react in the presence of a conmpound of formula RLISR2 and a
chl ori ne-contai ni ng reagent under conditions sufficient to nmake the
compound of formula (11), wherein: Rl and Rg, are each independently
-(d -C2o0)al kyl, -(C3-Cs)cycl oal kyl or -ph;;‘nyl and 20 R3 is a protecting
group. In one enbodi nent, the compoupdafgfor mul a (I') is the compound of
formula (la), and the corrpound of forrrula’(\LI) I's the conpound of fornula
(I'ta). In one enbodi nent, the norphi none-forfRg ng net hod conprises the use
of a corrpound of formul a (I) wherein R3 is -(d-d o)al kyl, -benzyl,
-C(O(G-do f\; 25 -C(OQ ((C1-Clo)al kyl), -Si((C1- CIo)aIkyI)3
AR AT ey b MDA R A A

o) al ky - - . I'n anot her
enbodi nent %ﬂ%daﬁ% %ﬁ#‘?&é"%&‘ﬁﬁﬁ‘é ﬁé‘tgﬁ%ﬂ’ conprises the wuse of a conpound
of formula (1), whereinbridembadinRdt(e aQo@ﬂtaifléﬁinbauncﬁ& formula (D) used in the
-Sl(aryl)(CI-CI o) al k I)2 or Sl(aryI)Z(Cl Cl o) al ky% I n anot he
enbodi meht , mptpdinosefhimiog sdtisadiangesrfeam about d ibioiabeut G}nmolax%un'ﬂleatsmonpound
of fornmula

| k 3., 18
Srbodi mant. tnblar ediiiEhibe B dloniidnaidin rBBhici dubihet BrbBaRat A arpoymt o g
of formul a §fldomptifd 6f forfiala ¥) usdd (e nddrplifbif- fkmidg ' mamed RelgeebRdbERNt . the

mor phi none-form ng nmethod conprises the use of a conpound of formula (1),
wher ei n R3 2.8 to agut 5% miolar equivalents penmolpt equivalens ofifhsichligingfconining a R, SR2

S e AR OB S ohRE AR el B85 "
is -(Clzpal ﬂﬁﬁi‘phmone—formmg method ranges from about 2.0 to about 4.0 molar equivalents per
molar equivalent of the chlorine-containing reagent.

In one embodiment, the amount of compound of formula R{SR; used in
the morphinone-forming method ranges about 1.0 to about 9.0 molar equivalents per
molar equivalent of the chlorine-containing reagent; in another embodiment, the amount

15 of the compound of formula R;SR; used in the morphinone-forming method ranges from
about 2.0 to about 5.0 molar equivalents per molar equivalent of the chlorine-containing
reagent; and in another embodiment, the amount of the compound of formula R ;SR>
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 carbonyl-forming method.
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Non-limting exanples of chlorine-containing reagents useful in the

nor phi none-form ng nmet hod i ncl ude N-chl oroam nes such as

trichl oroi socyanuric acid, 10 N-chlorosuccinimde, salts of

di chl oroi socyanuric acid such as sodi um di chl oroi socyanur at e,

1, 3-di chl oro-5, 5-di met hyl hydantoi n; Cl 2; and hypochlorites such as calcium
hypochl orite. In one_enbodi ment, the chloro-containing reagent used in the
nor phi none- f or m ng nEt dEmbpdimentrihebase kan argrie basgeiln onpewhodimestuthei ni i de,
sodium 15_di chhor ol rate, 1 i hl -5 5-di et hyl hydantoin, C 2,
cal ci um hy%%é‘fi’?grgﬁlém%yﬁg}éﬂﬁ @f{%‘ﬁ&‘ﬁ@?@%ﬁ@%oﬁygﬁg{%er enbodi nent, the
chl or o- cont ai ni ng r ehgeRtherstBolidnt)the BERE WUinMABRahibEIg Met hod is
trichloroi socyanuric acid. In another enbodi nent, the chl oro-containing
reagent used in the Ipmemnsahsdimeniethe emaiwniplbasehwiien wsetltin theonerpbizonsri ni de. I n
anot her c.enpodi nent he chloro-co L ni.n ent used.in the ,

mor phi ndneloFBIH IHSmPréf"Wg s*rgméfgpptgﬁ%%t{?%aiﬁ@?ﬂqﬁﬁrr%fvgl?g)peéa}?l%e pr epar ed
by known Melként @ &feldhlcfrﬁié-coﬁfa%iﬁgI'dag&tﬁin%éﬂl@f eMbOMARARY Yheinfitt bBCE, €. 9.,
G eene et al., Protective Goups in 25 Organic Synthesis 143-170 (1991),

whi ch i s ibasembenasestinibe miorphiyonedbamniag cacthod @oggsdtoml sbaft 2ibtorabbet 0.0 wher e

R3is -(C, - l.kvl i all I | abl . b de. b | | ow
ror phi ne.+ BOPEERiipyR b A Fesiv oot i i Grfin R Bagtwans mAtofit (he
presence ofmb&iimdat, thel AP bLvask Wheh LSkl iathePbrpAtnond 98 ming tbuidd rIngeWU g eene

et al., Protective Groups in Organic Synthesis 146 (1991) and 30 ih

Pat ent 18ppfromaboei2. Pababioss 7 Oomolg eqriodsntd pF3dalr gfuival@ums thenddorafe- f or nul a
(1) where R3.i.s. -Si ((C -C,0)alkyl)3, -Si(aryl)(d-C, o)alkyl)2, or

CSi (aryl) RBRIPENGFAZRTL ) can be prepared by allowing norphine to react with
Na metal or butyllith sainfdbd@ihOms, 8 MR tbANng GRiltlEnaf firthefact with
CISi((C-Clo)alkyl)3, GSi(aryl)(C -C,0)alkyl)2 or Si(aryl)2(C, -C, o)al kyl)
as 19 descompise theussiafian oegangd solvenet Noamrdichiting s@nlS&DHE@Edf6] ¢rpa@®iz) and in

U.S. Pat en}ol%%’ts include those noted above for the carbonyl-forming method. In one

15 embodiment, the organic solvent is dichoromethane.

In one embodiment, the organic solvent when used in the morphinone-
forming method is present in an amount ranging from about 0.1 parts by weight up to
about 50 parts by weight based on the weight of the compound 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 in an
amount ranging from about 0.1 parts by weight up to about 10 parts by weight based on
the weight of the compound of formula (I).

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 (IT). 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 (II); in another
non-limiting embodiment, the morphinone-forming method is carried out until at least
about 95 mole percent of the compound of formula (I) has been converted to the

compound of formula (II); and in another non-limiting embodiment, the morphinone-
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6. 046, 313 to Scheinmann et al. for the synthesis of - : :
3-O-dinethyl-t-butylsilylnorphine. Alternatively, the 3-Osilyl derivatives
of norphine can be prepared by allowing norphine to react with
QSi((G-Co)alkyl)3, CIiSi(aryl)(C-C o)alkyl)2 or 5

Cl1Si (aryl)2(C,-C,0)alkyl) in a polar organic solvent and in the presence of
base as described in Section 5.1 for the conpound of forrmula (1) where R3

oG coBpmeRnd s B 19550 BnCad Rl SERR AL SEPBRNIAS, o 1o

react Wthfoﬁnﬁl@@%@@e&chrﬁEﬂéﬂl%tﬂ@c ourd OF Erh@XI) (C. - C 0) in aqueous
sodi um bi carbonate as described in U S. Patent No. 5,908, 846 to Bundgaard

et al. Conpounds of Thﬁlpmglacsewi)ﬂlmlmlerf@rmbgnugthmteantlmempmltmaimmg)y

al I owi ng npr phi ne ac th ben bro e met hanol

2t 25 Cactbititiat el iRE el SDAbeabE T o8 discrlBed in by R 200 5
Conpoung!s :ﬁémfdi‘fﬂg'{h@cz(rbbnym@ﬁﬁng%ldﬂﬁ)& O(0) Q(C1-C o)al kyl can be prepared by
al I owi ng norphine to react wth™a conpound of fornmula CC(OQC, - C, o)alkyl

in chloroformand i nTIIhﬁlb's e timedbatas$ sufficientrto lsary ohothe torplidene-foerhingxi ng

condi tions escrl 112,975 .to ace.

Trichl or 0|1§%§ ‘gFﬁﬂgf’% I a&;ougl‘\b E%PB‘FBE%%'\?FQTE%S i 20 R V&,Jlmem a time

di chl or oi og,hmgt

hypochl or fttﬁgmgglgf@ig%tlo]oab u@?ﬁg%&%og?'ﬁh Che%é’tlgﬁd?%%&%)ﬁ %&gﬁﬂg%ﬁb&@. When
Cl12 is theoahbwr2Siwuro nnmmanmgxer em@edtment, ladin@! thatia sufficiann ta daeryfant theof a gas

| Th f, Cl2 f t ,
(l\)/tr)nts So | On?qppgl%ng%&-rmgé.gqe rB%gea av 0(5“? I‘i‘guﬁsré‘g ﬂag’gﬁfgxt ure by, for

exanpl e, bubbllng t PPy fidedl Iat&np%%t&&%a%@mefmwmm bt e AApRARTHIT of Cl2

addition can be controlled by methods known 1n the art using, for exanple,
gas flow rfeguingmugthodradges fromabow. - 78 ktosabbutt §30ACS inramothfer @nbodismnthe prepar ed
by aIIovvlnt ltable ar ol vent

Y aent 1 PR RS et sulfried 7 S e ik Ao BinedR s e Ao RS B

nmet hods knmwie J50°¢ Ek?alﬂ:fui 5099 al S bche? @hibBdinhent taQQmBHraﬁH@Qfa}z’zs sOFRlidng ant
bel i eves that the chlorine-

15 1o carry out the morphinone-forming method ranges from about -40°C to about 50°C.
The morphinone-forming method can be carried out at reduced pressure,
atmospheric pressure or elevated pressure. In one embodiment, the morphinone-forming
method is carried out at atmospheric pressure.
In another embodiment, the morphinone-forming method is carried out
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 N,
atmosphere.
The present invention further relates to compositions comprising a
compound of formula (I), a compound of formula R|SR; and a chlorine-containing
25 compound; wherein R 1 and R; are each independently -(C;-Cag)alkyl, -(Cs-Cg)cycloalkyl
or -phenyl; and Rj 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 R SR; and a chiorine-containing
30 compound; wherein R, and R; are each independently -(C;-Cyp)alkyl, ~(Cs-Cs)eycloalkyl
or -phenyl; R; is a protecting group; and the chlorine-containing reagent is
trichloroisocyanuric acid, N-chlorosuccinimide, sodium dichloroisocyanurate, 1,3-

dichloro-5,5-dimethythydantoin, Clp, calcium hypochlorite, or any mixture thereof.
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contai ning reagent reacts wth the conmpound of fornula R SR2 to forma

sul fonium cation: 20 Cl----S\+ Rz. The sulfonium conpound then reacts with
t he hydroxyl group of the primary or secondary al cohol to formthe carbonyl
group. In one enbodi ment, the amount of conmpound of formula (1) used in the
5 nor phi none-form ng net hod ranges fromabout 1.0 to about 9.0 nol ar

i val ent | i val_ent. of l.ori_ne- i ni i
oot hor _erbodi mrent - ¢ IRentist RSOl an WS faish Rk B ool GotRRthe "
nor phi none- { ginioieid S fhatld ﬁ?",@hﬂéi)rﬁﬂoﬁiﬁ sbfmhulaR SR, and R eHlorine Rof@ind{g

equi val ents per nolar equivalent of the chlorine-containing reagent; and in

anot her enteomposnd; whaeinRoamd Rparecashpivderendenttyof GiCan)dlkyl, €aCsayclonyl 0
nor phi none-f orymn n hod .ranges fro o]0) 2.0 tp.about 4.Q nolar
equi val ent s°f585ényﬂ§5§‘$ ag&qﬂe%ga%&{?upo@nnr{i ﬁ’@ CE’LWIWFTC}‘?B&&‘B% HABFHG® reagent . In one

embodi mest , tricheroistRyaturRf actd MR emBbs@dcidifids) Ca, bl 82misad théteoft he
nor phi none-form ng net hod ranges about 1.0 to about 9.0 nol ar equival ents

per ol ar equi val entIngfiothseembodiment thegnveation nejates byeomupositiona conprying

enbodi ment,_ th of t he co of,_f la, RL used in the

mor phi none-q‘%orxﬁﬁoﬁlgg %@h{%ﬁﬂ@ Qhéecgn}plp gﬁfggﬁgﬁglaﬁgﬁggn%g OTBISBLYAB YA 2c1d:

equi val ent sypeEinR| 2ad REGEE ¥ah9Rdepehdentl§ -@)LO%)aleA,CADL-eh)od8alk iR IftiEhyl; and in
anot her enbodi nent, the anount ofpet he Zocr?]poun)dﬂ'g’g3 %n{!}l% RlSt%Z use(}jr in the
mor phi none-#ngRyiih g Prasedting greiiyes from about 2.5 to about 3.5 nol ar

equi val ents per nol ar ival f ari.ne- i ni. reagent. 20 In

one enbodi nent, the ahr%g)g%tey@f) 8{}%%1?% %@Fﬁgncrgkaﬁegitﬁlg% P 8%}8%%?0 g%sdng% t he

nor phi none-doaigsund of im0k R SRGeSs définsd iRbanita chidtidecconbimihg QoMpomidodnd a

equi val ents per nolar equival ent of the conpound of fornula (I@)()) i n anot her
¢

f
enmbodi nent ,compeund abigsmular (I}, mdersin iR it -Corttiaplivh gbenzsly R(OXS e 0dk lhe
mor phi none- h A _&:ages a 3 ut 5.0 per nolar
equi val ent 'gbﬁ@c%gﬁ{% %‘@?‘W&[@%’I ?ﬁ%@&gﬁ(@?)ﬁﬂi&ﬁ&t her eﬁbodi ment, the
amount of  t FBi(eey1),a, " )RikyR IO Ci-€agelkil)y SBE)(T, -Cigalkyl),, or
15 -S(O)OCgH4-p-CHs.

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
(D), wherein Rj is -Si((C;-C)p)alkyl)s, -Si(aryl)(C,-C p)alkyl),, or -Si(aryl)s(C)-Cjo)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
(), wherein Rj is -Si((C-Cip)alkyl)s.

In another embodiment, the invention relates to a composition comprising
a compound of formula R;SR,, a chlorine-containing reagent and a compound of formula
(1), wherein Rj is -Si{CH3)>{C(CH3)3).

25 In another embodiment, the invenfion relates to a composition
comprising a compound of formula R;SR3, a chlorine-containing reagent and a
compound of formula (I), wherein Rj is -CHs.

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

30 (la).

In another embodiment, the compositions comprising a compound of
formula (D) or ({a), 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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nor phi none-form ng nmethod ranges from about 2.0 to about 4.0 per nolar

equi val ent of the conpound of formula (1). In certain enbodinents, the

nmor phi none-form ng method may further conprise the use of a base.
Non-limting exanples of useful bases include those organic 30 bases and

I norgani ¢ bases described in Section 4.2 for the carbonyl-form ng nethod. 21
I n one enbodi nent the base is an organic base. In one enbodi nent, the
organic base is triet not her
enbodi nent, the base Pg&gﬁkfﬁg@Bgﬁ%@f@gﬁgﬁhﬁﬁﬁgﬁ%éghgﬁﬁﬁgégkﬂﬁ?wgﬂgﬁnunt of
base when uﬁ;enhular(l)tdrc{la)m mnpmmdof%ﬂmﬂmRrﬁjlgmﬂhaﬂlmmtdmmmagwt 1.0 to

about 15. 0 equi val ent s qui val ent. of the

chl ori ne-co Fﬁ?qﬁl&’riséé‘@é’ﬁgam‘i W"éﬁ%t ﬁ@? hé'FLBB%IP’f?é’FR les g Hﬁg%ﬁﬁh’e‘ﬁ’f incdee when
used in the wabm%fs‘é&i'drpﬂzﬁ‘ﬁhfl@@aﬁéﬁﬁffﬁnﬁh Ayt 2.0 to about 10.0
nol ar equi vthl ents per nolar equivalent o e chlorine-containing reagent;
and in afiot her enbodTierelative mgolanommmntsodf tbeaecﬁnpdrmd afi $exgnuilm (1) be(la) the

nor phi none-f or m n t ho e from aboput 2.5 to, apout | ar

equi val ent sc%’éﬁ“’“l‘?glog‘f r@’lﬁ?ﬂé@%nﬁ‘e&g@% cemaav%féag%ﬁha Atenlf aPEé’a?g‘gﬁlﬂe In
certain enb t Op%}{n QAR i se the
use of an or ?ﬁg&xgg?tvgﬁmyﬂdl’{gE@d@ggﬁ&;#ﬁ%&%&{(&gﬁ&i@@% %ﬂérfogz%ngm c solvents
i ncl ude those noted above for the carbonyl-form ng nethod. In one 15

enbodi ment .t he 9 9o by Hlians 3:0-L0t SR NIMAhind: BRGFCRAATRRL: e

organi c sol vent T In an
"6l ght based on the Wik Gheapoth embal I on e Blei ig Fletyge E%é%lﬂa%y
embodi mept , ; 48PNV FSmARA MEHL When used in the norphinone-formn ng nethod
I's 20 present |n an anmount ranging fromabout 0.1 parts by V\Blgjt up to
about 25 parts by welngie epzhoddnen, thi praseritginention telesorpoethad éir makingil a
(I'); and in_anot her odlln§ o L he. argani ¢ sol vent when used in the

nor phi none-$ SFAPHY § %r QUWP™Men "an  anount ranging from about 0.1
parts by weight up to(aéll%ﬂl%bvltﬂé)a Bafipsund ot el (TPASREctQA the presence of a

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

15 sufficient to make a compound of formula (II); and
(b) allowing the compound of formula (II) to react with a first base and
an acylating agent of formula R4C(0O)OC(O)R, or R4C(O)X under conditions sufficient
to make the compound of formula (III), wherein
R; and R, are each independently -(C;-Cap)alkyl, -(C3-Cg)cycloalkyl
20 or-phenyl;
R3 is a protecting group;
R4 is -(Ci-Cg)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 RySR; and a chlorine-containing reagent under conditions
sufficient to make a compound of formula (II) (the “morphinone-forming step™) can be
carried out by the methods described in Section 4.3 for the morphinone-forming method.
In one embodiment, the morphinone-forming step is carried out in the
presence of a base (the “second base”) as described in Section 4.3 when the morphinone-
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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t he wei ght of the conpound of forrmula (I). 25 In one enbodi nent, the organic
sol vent is anhydrous. Methods for preparing anhydrous solvents are
described in Section 4.2 for the carbonyl-form ng nethod. The

nmor phi none-form ng method is carried under conditions that are sufficient
to make the compound of formula (I11). In one non-limting enbodi nent, the

per cont. of ot ReC REfBbAAT SR bR 4 orf CnBlbipledh e frebfE3he B oo bifbuna o

formul a (| kyhenuBeddardthesamaon-1im ting enbodi nent, the norphi none-form ng
method is carried out until at |east about 95 nole percent of the conpound
of fornmula (1) has bdeaneembediment, the seprend haseybemusedfin the motphinope) : and in

anot her nog-|j.m L, ! ' m}:ﬂp? . .armng nethod is carried
out until agﬂn*l@%é@ﬂé%@%ﬁ&%ﬁ%ﬁ%p%@%@%{h 0 %gméﬁ?:r%%ﬁ%d of formula (1) has
been coverted to thé¢nastheishthodimém) tibevohd bhse Wik BE@ ¢ B mcbhihbiee-

mor phi none-form ng nethod can be nonitored using conventional analytical

t echni ques f[eBHpRsERIcriedylamgse described in Section 4.2 for 5 nonitoring the

car bonyl -form ng net Lgal ly ' ' ficient to carry out
t he norphi none-form Elggéen%%ﬁ%cgﬁl?}éthéh& nﬁdrugfﬁ)%%%@%Sgghﬁgﬁﬁes(ﬁp&ﬁ%bout 50
hours; in apepiiesnefte@itiggel rangestfrdid abéato foaboudf 15.6 helir eh@ivalents peout the
carbonyl -form ng nmet hod ranges from about 0.5 hours to about 25 hours; and

i n anot her molssgnivalent otthe chleripgrgentpming reageat: dn angthercumbogiment, thp amoy

nmor phi ngne- f or.m r Opl r bout urs.

Typi caﬁ%y, ogge[cghr%g@gﬁjﬂrbg&sgcg[}pfﬁg "Isolﬁﬁq' @fééféymfngrlge;érr?nyée%fo “?'Rj'%"“rjﬁgrog | none-
form ng newbad 10Angekar éqavalenepér mdl8leduivaidi® uf thtIBGrine toaRdiinefeagdtipodi nent
a tenperature that is sufficient to carry out the ITDI‘EhI none-form ng net hod

ranges frofid iangther smbodigesh dip amount ohsagond bassarhearus ¢ morphingpe-
t t . O . e hod
anbes 1 oferi oebd yBides hGinEBbye B3 FaHE 16 Al e IBLG BLNABRL AR Te 0

carri ed oubf thk chREmednissgagent. at nospheric pressure or el evated pressure.
I n one enbodi nent, the norphi none-form ng )
15 The step of allowing the compound of formula (II) to react with a first
base and an acylating agent of formula R4C(O)OC(O)R4 or R4C(O)X under conditions

sufficient to make the compound of formula (III) (the “morphinone dienol carboxylate-

forming step™) can be carried out by methods described below.
In one embodiment, the morphinone dienol carboxylate-forming step
20 comprises the use of a compound of formula (II), wherein R; is -(C;-C)o)alkyl, -benzyl,
-C(O)(C;-Cyp)alkyl, -C(O)YO(C-Cio)alkyl), -Si((Ci-Cio)alkyl)s,
-Si(aryI}(C1-C o)alkyl)z, -Si(aryl)2((Ci-Cio)alkyl), -P(OX( Ci-Ciplalkyl),,
-P(S)( Ci-Cyo)alkyl), or -S(0)OCsHs-p-CHs.
In one embodiment, the morphinone dienol carboxylate-forming step
25 comprises the use of a compound of formula (II), wherein R3 is -CHs.
In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (II), wherein R is -Si{(C,-C;o)alkyl)s,
-Si(aryl)(C;-Cip)alkyl),, or -Si(aryl):(Ci-Ciolalkyl).
In another embodiment, the morphinone dienol carboxylate-forming step
30 compﬁses the use of a compound of formula (II), wherein Rj is -Si((C:-Cigalkyl)s.
In another embodiment, the morphinone dienol carboxylate-forming step
comprises the use of a compound of formula (II), wherein R; is -Si(CH3)2(C(CHj3) 3).
In one embodiment, the morphinone dienol carboxylate-forming step

comprises the use of an acylating agent of formula R4C(O)OC(O)Ra.
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method is carried out at atnospheric pressure. |In another enbodinent, the
nor phi none-form ng nethod is carried out 20 under an inert atnosphere such
as, e.g., N2, He, Ne, Ar, Kr, Xe, or any conbination thereof. In one
enbodi ment, the norphinone-formng nethod is carried out under a N2

at nosphere. The present invention further relates to conmpositions conprising
a conpound of formul & gothergmbodisennh thegnorpbinaue diepplS@tbaxytiteaforming step

chl ori ne-cont aj Ai o gund. wherein R .a i ndependent |y
-(C-C20)al ?(‘%ﬂ%ﬁgp ?&ﬂf?%%fgg@ F“c‘&"'g? agegtrof?gm%§ﬁ?{3§igf(§é(cﬁ2ﬁ-g_ protecting
group. These conposi t ipfifotifr @mbdaintnt, tee mBRhintaie AienoPERBGN Tt orhthgrul a (11).
I n anot her enbodi nent, the invention relates to conpositions conprising a

conpound of MEWPAGPEPLiFYS anacylatips agant of foroplmRA(Q)XSR2 and a

chl ori nezcontai ning 3 ¢ ound: .wherein R .and are each independently
2(C -0Yal kyl, -(C3- %53"2’%"1’ 881%&9’@8“{: < BRipRone %“PLC%E%YE‘{‘%'E?’N% YeBup:
and the chl gymipiies giztiak Bf B abRRHR Hpetof foimMuBNRAC@)X0 VIR XGs €i-¢1, -Br or

N- chl or osucci ni m de, sodi um di chl’oroi socyanurate, 1, 3-
di chl or o- 5, 3- di net hyl hydantoi n, C12, cal ci um hypochlorite, or any mixture

th f. 23 1 th di ot ' ti | at t it
compr 5 ng & compount? SPURS piRapgimenh e AYFRIAcHR dicplteGRoniess FOTRRE S o
chl ori ne- cofingiri3edthe @ewwwlatm@%tmf%nmcﬁgggnﬁn.each i ndependent | y

- (G -C2q)al kyl, -(C3-Cg)cycloal kyl = or_ -phenyl; I's a protecting group;
and t hellhl ori ne- cont Mpnilvejting expstples of fsthapestisefud fardbs momhinongdiaol

nventi on rer PO forthf 18 iftiioe T MiBulsRd i Scaioh G I ar BT o

conpound ofmé@bdul a R, SR2 and trichl oroi socyanuric acid; wherein R and R2
are each independently -(C, -C20)al kKI . -gCS-_Cs) cycl oal kyl or -phenyl; and
R3 is a protecting griugne empodimenichefissbasedhe trialkidamineeparadi N-el ates to a

conposi tiong, j 0 f, | la R, SR2 as defined herein, a
chl ori ne- co%l&gﬁ?ﬂﬁéid@gen%oa&n@ga&n%&%C %Or%!){lt%d of formula (1), wherein is R3
is -(C 18 o)al kyl, - bmnmpther efabédiffent, heFirsd tekt is triethylamine.

In another embodiment, the first base is para-N,N-dimethylpyridine,

Acylating agents of formula R4C(O)OC(O)R, or R4C(0)X are

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 cari)oxylate-
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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C(OAOg-Co)alkyl), -Si((C-Co)alkyl)3, -Si(aryl)((C, -C 0)alkyl)2i
-Si(arYl)2((CG-Co)alkyl), -P(O((C-CalkYl)2, -P(S)((Cl-Co)alkyl)2, or
15 -S(O OC6H4 p-CH3. I n another enbodinment, the invention relates to a
conposition conprising a conpound of fornmula R SR2, a chlorine-containing

reagent and a conpound of f ere C -C o)al kyl)3,
-Si (aryl ) (C, -C, o) al kythPe g Ogug}’?rﬁréw%@ &f%ﬂ%iﬁr?mﬂﬁaf(&%emss Pd!ﬁ)él Zrent
the invent '%xé@éﬁ%ﬁxéﬁeﬁn&é’%&r@hﬁ@scﬂ%ﬂﬂrN%hflﬁmtd Og @@%ﬁmf@f formul a

R, SR2, a chlorine-containing reagent and a conpoun
wher ei n R3 oérganiSisgly@its rahaimopphitoneldicnahcarberylasedfomiiing step lmdlaﬁleltmsent i on

| at t t f f | R, SR2,
Chl o | ne- coHESSTAY SRife TR S St Bomp SIRE ettt & | (1), wher el n R is
-Si (CH3) 3(C(CH3) 3). %d&eﬁmnﬁémqn@egaﬁﬁ@bwﬁmhédw&mpﬁrIn Rih6se O a

conposition conprising a conpound ormula R , a ch -cont ai ni ng
reagent anddienol cerbpnylats- ”m['mfngrsmn ia dichjoromethams, tetBydofur@y3. | n anot her

enbodi ment, the inyenti.on relates to a.conppsition conprising a conpound of
fornula Rl %%ﬁb’@%ﬁ?@%@h{f’aﬁﬂfﬁww&a@ﬁﬁes a conpound of fornula 30
(12). In anot her e”boﬁ'diﬁ%bohﬁﬁeﬁ%%bﬁﬂt%%r%ﬂ%oﬂ%ﬂ&h& GRARPHRd of

formula (1) or (la), a conmpound of fornula R a chl orine-containing
reagent f Lmbﬂ'phmono dpnobearbotylate-forhiong $teprrangesfrematpltclspart bpwsight el ude

th d b i S t th - f i t 24 |
anot her Tn AR ari s SR disted Ghbe S PEMR ompOLRLECHRLR (Ll dfmul & (1)
or (la), a gRMmMeeMcGmene rtﬁ@’hﬁo&%ﬁgr%i@ sBlvel Whir\Red ‘iH‘&ﬁ'rﬁB nbiRAYEAY!

further conprise an organic solvent -limting exanples of organic
sol vents i rnatmelate-ﬁnmngiﬁsmangwfmm abeustS pamts by vdight uplte abeuti30patts byr mi ng

The ' compoUMHERG HEiHE HeAEHaT i onuund PhsBRm D PRErembnaso.
if any, andntBRount of organic solvent when used in the morphinone dienol carboxylate-forming

15 step ranges from about 10 parts by weight up to about 25 parts by weight based on the
weight of the compound of formula (II).

In one embodiment, the organic solvent when used in the morphinone
dienol carboxylate-forming step is anhydrous. Methods for preparing anhydrous organic
solvents are described in Section 4.2 for the carbonyl-forming method.

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 (I} has been
converted to a compound of formula (IIT).

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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organic solvent, if any, are those described above for the

nmor phi none-form ng nethod. 4.4. Methods for Mking 3-0-Protected Morphi none
Di enol Carboxylates As noted above, the present invention also relates to
met hods for making 10 a conpound of fornmula (l111). In one enbodi nent, the
present invention relates tg a nethod for nmakin a compound of faormula
(1), corrpF?’b??C:‘B’.enf’ 33‘"&? ?‘gaflﬁﬁt g c?ﬁﬁ’c?oﬁtfd ?%PHBP‘&“ rapges tom pbquih 1 he

resence of . ' ' L0 t
p hap 16 HRAS0%; & adoMeFehdoBmne adhifke ﬁifﬁ&%ﬁt}[tb?%%q%};@of eagen

under conditigns 15 sufficient to make a conpound o and (b)

al | Iowi ng t héorouig@htingés frommbbut 'k b ta aboue 3@ b; and:ih another etibdshimentamtmean
acylating a t, of fornmula R4 O R4 .or RAC(O) X und diti

suf fi ci ent g{fefﬁc‘ﬁﬁtktg 1p3ke %ﬁﬂ%ﬁ%@o&z}%m&ra@%@%m@ﬁ@ftglﬁﬁ&% ‘;ah’i’lﬂggéh'ar e
each indgpendently - (] ofel@h 5 sefatiie = l; R3 i

a prot ecfgi ng group; gl4oi S -?Aéﬁgﬂtbﬁgeﬁk%f ; aﬁgffﬁ?(é#gd{nag?a?%rpp@?ﬁy. The >
step of daI ]Icf;}mnbi (fllltmngmjﬁndnaboﬁbﬂ&‘iﬂap(o]ﬁ)boubthedaaﬂhlgipmirtﬂmétlmmgmi@e of 25 a
conmpound o ormul.a RI SR2 and a.ch) orine-cont ai ni . d di ti
suf ficient tQVeRUEUSF: GOt PP HEC G BRI ROTBOG
step') can hmufAN AlpetfroRubbite 8%t BOdSaarkE 136 iR anithid Gfboliniediof { he

nmor phi none-f orm ng net n one enbodi nent, the norphinone-formng step is
carried out tempetatare spffiesent temake actrapaingtof fortrada G ragee frpmaboued’rifted i n

Sect i . 3_wh hi - .30 f ' thod [.s. i ed out | h
or esencddor a8pup Lo T P FepoEsimedh S BpeT et et ke addmmentrd oo
those bases,fesahiaae ﬂaﬁﬁé@?&h‘aﬁolﬂzﬁ"é 2p td MouEsenyl -formng nethod. The

second base, when used Ih the norphinone-formng step, can be the sane 25
as or different from Thenforplinoreatienol carbosdatefomingweiep can he cdrried putlghse and

t he second bgse,, when used,, are the sane. .
reduced pressure, atmospheric pressure &t Slevated pressure. In one embodiment, the

morphinone dienol carboxylate-forming step is carried out at atmospheric pressure.

15 In one embodiment, the morphinone dienol carboxylate-forming step is
carried out under an inert atmosphere such as, e.g., Nj, He, Ne, Ar, Kr, Xe, or any
combination thereof. In another embodiment, the morphinone dienol carboxylate-
forming step is carried out under N, atmosphere.

In the morphinone 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 base, optionally in the presence of an organic solvent.

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

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

the presence of an organic solvent.
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I'n one embodi nent, the second base when used in the norphinone- formng step
Is triethylam ne or para-N, N-di net hyl am nopyridine. 5 In another enbodi nent,
t he second base when used in the norphinone- formng step is triethylam ne.

I n one enbodi ment, the anount of second base when used in the

nor phi none-f orm ng st ] H'Bg

equi val ents per nol a’?‘paé‘a’ﬁ”!%\gg %le?ﬂ} d%‘ of%h(r%e H@ﬁ‘%ﬁ?%ﬁ‘%&%"é ltate-.

anot her enifosthingitep it barriddounby ddiligd alsmywnﬂgbgaﬁ whRnalls Brkhe Présére of an
nor phi none-formng step ranges fromabout 2.0 to about 10.0 nol ar

equi \éal ent SOTEYHC pRIVEN. Ol AdEIEHre GMpriiga-fomanavad of farmuia (), ertigally in  and i n
anot her e -
form ng smgbﬁg{ecg ?Iragr% %ﬁol%&g?@%&%&ﬁfﬁ@u %Iaali?&{eﬁﬁaﬁ vi’p lggéen?anar

equi val gmt fprf)g‘enb@efzﬁhb@ﬁmﬁeol@@mt aining reagent. 15 The step of allow ng the
conpound o ormula (/1) to_ react with a first base and an acyl ati ng agent
of formla R4C(O)CE(dPFQBJ°(§’P1bR @e@}Xheﬁaie?m@éﬁéif@m(ll)slﬁ.pfqpeﬁeér\t@mgéhenake t he

N o B shE kg s(eh i iPRARNNARA Berheihe (IR T A BhiLAL IR

step") can be Ccll‘l’le escribed n one“enbodi nment, the
nmor phi none dd'rmmglate;ﬁfrbﬁn(g/itepe form ng step 20 corrprl ses the use of a
conpound of formul a ( , Wherein R3 is - Qj) IkyI - benzy

~C(O (Cl1-Gio)al kyl @@@Gm@@%wwe)compsm bac({2 y o8 YSolated after

S 00 (U b o Bl e Bl b 4 e 1) 2

mor phi none ﬂéﬂdﬂﬂdtﬁdﬁ&myﬂmhéoffnrmutﬂlﬁlma“ﬂﬁep@lﬁmdl&ﬂs the use of a

conmpound of formula ( wherein R3 is - not enbodi t he
nor phi none di enol car ;hgggm ?ﬁhm%ﬂgetcealpoe Pat m’%‘#g“é}%‘mound

o5 (o1 o) b R gEoEnlh bl *‘W? AR

errbodic ment , mﬂlhhargmu?};litmﬂn@ompenmloﬁfanhuiayll}ate form ng step 30 corrpri ses the
e
e

the morphmone forming step, and the acylating agent is added first to the compound of

formula (II) followed by addition of the first base.

In another embodiment, the compound of formula (IT) is not isolated after
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 (II) 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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conprises the use of a conpound of forrmula (11), wherein R3 is

-Si (CH3)2(C(CH3) 3). In one enbodi nent, the norphi none di enol

carboxyl ate-form ng step conprises the use of an acylating agent of formula
RAC(O OC(O R4. 26 In anot her enbodi nent the norphi none dienol

carboxyl ate-form ng step conprises the use of an acylating agent of formula
CH3C( O OC( O CH3. | n ahwamherembodimenttthe corapormdpifiiforomda (l)eis ddolated prior to

car boxyl at e f or mi net.hod c i ses cyl.atin ent. of fornula RAC(O X
5 In anot he!® 8‘?%‘83?%%&‘?{9‘“?% ‘%ﬁﬁﬁfﬁ%’ﬂ@&&? gétﬁgb%ﬁ‘%ﬂsgg"f ‘5?‘1%%&t ep
conpri ses t BenpsimdF fafmas (pinkRde 08O HisalssddiMEcAord S(6) the KMMRESHN X s -F,
-C, -Br or -1. In another enbodi nent, the norphi none di enol

car boxy| at ealdeltyden fpranedin themapranykforming methodf an acyl ati ng agent of fornul a
CH3C(O Cl. 10 Non-limgin xanmpl es, of. .fir st ses, us |, fqr the r phi none
di enol . Qar boxy! at e- m#ﬁﬁfﬂ) OWIOSW["E%gﬁ?mSI&%ESg %diaﬁggg’c'}gf’%ﬁ?A 2 for
the carbo nyhxeﬁ@aﬁwﬁﬂarﬁ%g@ thosé Qis@RSeEMBRAHIGRNY. fol iE&llafihg fhd @ﬁ?@m’ $hé

trial kyl am ne, para- [ i di car boxyl ate. 15

i met hyl pyridine or an al kali nheta
| n anot her ketbuasiorahdehyd¢sdormedsim tgasaébmwl{f@méngnmemdrwd/qr by amettidele r
enbodi nent, .the first base is para-N N-dinethyl pyridine. Acylating agents
of formul a %&IG@WR4 or RAC(O X are commercially available or can be

prepared by known met Hpéi'r?eedlﬁbdi’lﬂ&lt,eﬂhﬁﬂiolﬂﬁ’&tisolfahﬁg@G&ﬁ?émﬂfof%ﬁﬁ'uﬁﬁtm agent

used in the 20 norphi none dienol carboxylate-forning step ranges from about
1 to abd@t a@nprisesconteetirigihe epmppund afdormuladl) vathamtorginic helvens apdwattr.of

the mor phi none i enol T SaPEBIT ecoursPh AL REpul ol Bk RonRd s BMed i Sbout
10 nol ar eqat ¥Bhikfire PAE “BEitating GtepVPdodPrisify thé BEmPONRAGFTrm@lla {101 Bl 8 (11) ;
and i n anot her enbodi nent, the anpbunt of acylating agent 25 used in the
nor phi none @game sokyantiuitly wates thas isaptignall yeasidified,e When dhre watetesed in theabout 7
contacting step is not acidified, the organic phase is collected, the aqueous phase can be
15 further contacted with organic solvent, and the resultant biphasic admixture can
optionally be 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.
When the water used in the contacting step is acidified, the aqueous phase
is collected; the aqueous phase is contacted with an organic phase; the resultant 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-Cjo)hydrocarbons such as
30 butanes, pentanes, hexanes, heptanes, octanes, nonanes, decanes; cyclic aliphatic (Cy-
Cyhydrocarbons such as cyclobutane, cyclopentane, cyclohexane and cycloheptane;
aromatic hydrocarbons such as benzene, toluene and xylene, each of which can be
substituted with one or more -halo or -hydroxy groups; (C;-Cs)hydrocarbons substituted

with two or more -halo groups such as dichloromethane, chloroform and carbon
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nmol ar equi val ent per nol ar equi val ent of the conpound of forrmula (11). In
one enbodi nent, the anount of first base used in the norphinone dienol
carboxyl ate-form ng step ranges from about | to about 15 nol ar equival ents
per nolar equivalent of the acylating agent; in another enbodi nent, the

anmount of first base 30 used in the norphi none,. di enol carboxyl ate-form ng
step ranges ‘FFB?“?‘E ﬁ*akkﬁ SSEEFO%‘Fh g8 d‘ﬁ@gg?tg‘étqgi“\@ﬁ&ﬁl sthek dibyityl ethegandy al ent

of the acyl aﬁlietﬁgl BAAPMther A1 hoARR! A any SRARL HRRYor, H\GnAlROBimPle b St Dase

used in the norphi none dieno oxyl afe- formng step ranges from about 3
to about 6 nwrgamic egjuéntas dichkorgeethanel ar equi val ent of the acyl ati ng agent.

27 In one enbodi nent, the norphi.none. di.enol c xylate-formng.step i s
carried out in the pres¥HER OQEP"H}“&aQﬁ ar§6‘§%@ﬁ OF%PQ%?‘PH IF‘HTWF]‘F%"@&%(E&)I es of
useful — osgagick assﬂélsfé}fe?n&%xéde%n%&péugaea@y fefidak kﬁ&kﬂﬁf?ﬂe%}t?{&é}?i&g{, g St ep

I nclude those discussed in Section 4.2 for” the carbony ormng hod. 5
I n one enbodPatemiNo. 6/0d3570§amHuaspénaint when used in the norphinone dienol

car boxyl at e-form ng st i.s di.ch] oronmet hane, tetrahydrofuran,
met hyl t et r ahydr of ur an, ﬁﬁﬁ?‘@n@“‘%@“&‘ﬁ?}‘% EPR %fe‘k’ﬁﬁ?‘éa‘?‘.‘ndl Qfafeﬁﬁulé BB Grtent
the amount ofe BRI SndRpMesd with 8 ErotHARich Bs I S(he n@ég’;’,&b\,\ggﬁ@ﬁn?#maﬂ}” about

carboxyl ate-form ng step ranges fromabout 1 part
100 parts bythedemgheectiarssidp mat bariaé ogthintid formnpletivg otheuchbnuital fpooarsdeatiat | ) ; in

anot her odi t,.the amunt, of .organi ¢ solvent when used .in the,

ot kD e aqvsmeaTreka Bnd phSct of S Y bl Boun A Btk Aba iing. ot
wei ght up t : > ' t | und
oF formia (1 fodninOaRAlold Mol oA el i P IBoupy fr R ot
when used i ralkdleidsratesieserdred. ege iml.S Batentdyo.at. €72 2 3ntorfighwarts (wigere Ragges from

of “the- conpdiidSTefemns s iR b wraloBR fuers ot ofenaifE A B SRGaht “ien
used in the NRIEWEFR0 HliBRe} oL AVIRQX RS &t-Bci1R R b thethd¥R KnSwa il 286y

Met hods for preparing anhydrous organic solventS are described in Section
4.2 for ithe depratenting phonols fegenmg.hGrkene et al., Protective Groups in Organic Synthesis

143-170 (1991), each reference being incorporated herein by reference).

As noted above, the present invention also relates to novel compounds of
formula (IIT), wherein R; is -Si((C-Cp)alkyl)s, -Si(aryl)(Ci-Cip)alkyl),,
or -Si(aryl)»(C;-Cig)alkyl; and Ry is -(C;-Cyg)alkyl.

20 In one embodiment, the present invention relates to novel compounds of
formula (III), where Rj is -Si((C,-Cjg)alkyl)s.

In another embodiment, the present invention also relates to novel
compounds of formula (III), where R3 is -Si(CH3)}(C(CHz)s).

In another embodiment, the present invention also relates to novel

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

The novel compounds of formula (IIT} can be prepared by allowing a
compound of formula (1I), where Rj is -Si((C;-Cjo)alkyl)s, -Si(aryi)(Ci-Cio)alkyl), or
-Si(aryl}»(C,-Cio)alkyl) to react with a first base and an acylating agent under conditions
sufficient to make the compound of formula (III) 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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20 The nor phi none di enol carboxylate-formng step is carried out under
conditions that are sufficient to nmake the norphi none di enol carboxylate. In
one non- limting enbodi ment, the norphinone dienol carboxylate-form ng step
is carried out wuntil at |east about 80 nol e percent of the conpound of
formula (11) has been converted to the conpound of forrmula (I11); in

anot her non{drimlztions) oeminmd icharges it éxperimeptal design, 281 whitkinahe scope of the

carboxyl ate-form.,ng step is carried out until at |east about 95 nole percent
of the conﬁﬁéﬂﬁ%‘%"?‘%'wl a (11) has been converted to a conpound of formula
(111); and in another non-limting enbodi nent, the norphi none di enol

carboxylate-formng step is carriedsOUxdifibles at | east about 99 nole
percent of the conpound of forrmula (I1) en converted to a conpound of

e o be ) oyt SHCERAABIER S Hindstor TO OB ARG S Hvi sprdhe-f o m g
Step |5 Sarried Bueiign S maBy RyaIEpBL B L4 CBrmeDEn: 1o make a
conpound of ch@hfatburad 476)ij (A18Ah) 3Pas QERQIOVER Bbout & thinTB aSBlutioh iof Morpifindrake a
conmpound of formula (I11) ranges fromabout I h up to about 50 h; in

anot her enbbaker@h88 ga7k inmwl) imidazole (14.3DgRIkenmob @ng dimethpifornfaoridell a (111)
ranges from, s p o.about .30 h: and ih anot her enbodi ment, time
a1 o ent T ERL 100w 68 e G avipseBE, e BT rfesots T firtd o o
about 25 |t gt BoCFoPP¥eh aRdesHERAted Andel FaMREA] presusdiddd £140PC. THe FRERaR
conpound of formula (111) ranges from about -78C up to about the boiling

poi nt ofl0t heiseougamixture $gs edded to deionized waten (30ug)iee 25 €iviand ihreaasultant whitper at ur e
sufficient to ke a co und. Qf, formyla (LI1) ranges,from about, -78C up to
about the l%égﬁ?tl‘? %%&Pﬂg&‘g%gﬁ‘i%% fﬁlﬁSofnisn%érleﬁﬁﬁg@egﬁﬁ‘?‘B&H"Weﬂi‘@ermke a
conpound of (oo, dhd(the tebulkAR 8fanicphaeaR ol Séied PThO orkanR PhHie Wi friegand in

anot her enbodi nent, a tenperature sufficient to make a compound of fornula

(111) rangesversodinasuifate2filtengg, and th Glinater@acenttatedmmdehiedoess mressnie at
b | at e, ' t b ' . t ed d
atrospher i o X% o b SR, 30uP Saf Hebublivd it bRl BEESER R i stora 3

15 O-bis(dimethyl-t-butyl)silylmorphine as white crystals. Yield: 13.60 g (34 mmol, 48%).

5.2. Example 2: One-pot Synthesis of Codeinone Dienol Acetate

Preparation of Codeinone: Trichloroisocyanuric acid (2.30g, 3.8 mmol)
was charged to a 100 ml 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 resuitant slurry was allowed to
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nor phi none di enol carboxylate-formng step is carried out at atnospheric
pressure. 15 In one enbodi nent, the norphi none dienol carboxyl ate-form ng
step is carried out under an inert atnosphere such as, e.g., N2, He, Ne,
Ar, Kr, Xe, or any conbination thereof. In another enbodi ment, the

nmor phi none di enol carboxylate- formng step is carried out under N2

at nosphere. cdohtdﬂmuhﬁﬁ&fmﬂmmedifmﬂhax&SBGmythﬁ -time thergnedrsipn of he or der of
addition 20 of the co g of formula " acyl ating agent, first base

and or gani ccdsNPBAIC cagf Qne jeaglacetale was PMRIEE) 1" one non-1initing
enbodi ment, the mor PhhpkgoMe@and (2?%]?%%@&5‘%0 fz?&ﬂmﬁ{l& rb Inffer | €d out

by addi ng the conpound o or mu opt 1 onal presence of an
or gani ¢ sol mixtiire cooledmo BUCr Atsohxion @i milsif Bg%e(lwlwit ‘fcbratlc agid &g 20int afdhamr &l r St

non- 11 m 21 TAPOB Gl Fded i Beiop o O AP HEA LS R e s RRF 97 St e |
carried outy,py, el e?&uﬁ?ﬁ‘&%ﬁggnce a éél[b%te"arhnﬁ%’dsﬂéq \E}ﬂhg%ﬂhm‘?rﬂ%@

first base, optlonal y I'n an organi c sol ven to a conpound
of formul a of(38% (wieptfonmalatid i 20 nhleof wratexe The aqdeoamlaylegmre cembinedtnd 30 I n
anot her non-| none, di e ar boxyl ate- form ng

tin nent, the i
step is car‘fqoﬁ B&Pglﬁi)ngdg?lfﬁo@mqmw %mengql, $1,23% (Vi) aguednce of an
organic s 1),
optional | yO%o‘gﬁIﬁ?]lely&rg:rc@Egﬁage 0 anlorgan*}fgﬂlgg l\%’%t%ﬁ%gwao dggg/ﬂ%ggeél%on of
an acyl a0i rigyageastcolleped, and kxtyadted withdichloesraethaneo®0 aul).oTh@wcombined srgatic 29 I n

anot her non limting,enbodi nent, the tg{)r‘%i ne di enol carboxyl ate- form ng
step is carlPydyWsiR W%&HF%“‘HW‘EE@?’I o aﬂ‘gé‘?ﬁcemé‘ﬁﬁ q wadgr reducsd PIRESUET esence

of anor 9 e OkERispin? o) Ak 16 Wil 51 4976 SPIFLURrigl O Ml &

(I'l), optionally in e presence an organi c so vent
addi ti on ofcodeihbnsdiehalsaeetatepisiadight byowmsolitie Yi&éldp2.82 gi(82 mudol a8 %). gani ¢

Lo AN one erhod e e cmound oL S ula (L1, S cREaher oo, using
mor phi nege dieiidhents disclosed in the examples which are intended as illustrations of a few
aspects of the invention and any embodiments that are functionally equivalent are within
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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carboxyl ate-form ng step. In another enbodi nent, the conmpound of formula
(I'l') is not isolated after 10 the norphi none di enol carboxyl ate-form ng
step, and the acylating agent and first base are added to the conpound of
formula (1l1), i.e. a "one pot" nethod. In another enbodi nent, the conpound
of formula (I1) is not isolated after the norphinone-form ng step, and the
acyl ating agent and first base are added sinultaneously to the conpound of
fornuNH{ATﬂgﬁlﬁﬁhﬂﬁ)&&other enbodi ment, the conpound of fornula (11) is not
i solated after the norphinone-formng step, and the acylating agent is
added first to the compound of formula (I1) followed by addition of the
first base. li n adonsipd &mbocking atompmendodifponudd (6 formula (11) is not

i solated after the norphinone-formng step, and the first base is added
first to the conpound of 20 forrmula (I1) followed by addition of the

acyl ating agent. In another enbodi nent,~ n%mgﬁgfhinone-forning step further
conprises a second base; the_eorpourgoffornufa (11) is not isolated after
t he norphi none-formng step{~ and j iyl ating agent is added to the
conpound of formula (11) foll by addition of the first base. 25 In
anot her enbodi nent, t ke noppht e~ Qrng step further conprises a second
base; the conpound of forful a (Kl) is] not flsolated after the

nmor phi none-form ng step; and tﬁh,aoylatin& agent and first base are added
si mul taneously to the compound of° wul.a”(11); wherein the second base and
first base are the sanme. In one enbodi ne t he conpound of fornula (I1) is
not isolated after the 30 norphinone-farm ng step, and the

nor phi none-form ng step conprises the use of a first base and a second
base. When t he norphi none-form ng st@p conprises the use of a first base
and a second base, the first base and second base can be the same or
different. In one enbodinent, the first base and second base are the sane.
I n anot her enbodi nent, the first base and second base are both
triethylamne. 30 In another enbodinment, the conpound of formula (I1) is

i sol ated anora}o . g ,
comprising, allowing a compound of formula (I):

i

M

to react in the presence of a compound of formula RiSR; and a chlorine-containing reagent
selected from N-chlorosuccinimide, sodium dichloroisocyanurate, 1,3-dichloro-5,5-
dimethylhydantoin, Cly, calcium hypochlorite, or any mixtore thereof and preferably is N-
chlorosuccinimide, Cls, or any mixture thereof; under conditions sufficient to make the

compound of formula (I1); wherein
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its use in the norphi none dienol carboxylate-formng step. Methods for
isolating the conmpound of formula (I11) include those discussed in Section
4.2 for the ketones or al dehydes forned in the carbonyl-form ng nethod. 5
| f desired, conmpounds of fornula (I111) can be isolated and purified by
met hods conparable to those discussed in Section 4.2 for isolating and
purifying the ketones or al dehydes fornmed in the carbonyl-form ng nethod
and/ or by nethods described below. In one enbodinent, a nmethod for
i sol ating &R CANIBURE oS I e S he .conmpound
of formula (111) ﬁ?h&g‘n&o agl‘?lé&sg?%gﬁ’?&\;ﬁd%%éﬁ?dﬁ%@&? gf«]&?ﬁ £§
conpound oﬁkﬁéﬁmmﬁﬂqmﬂmwu@an be isolated by contacting an adnlxture (the
"contacting step”) conprising the conpound of formula (l111) and an organic
solvent with water that is optionally acidified. Wien the water used in the
contacting step %ﬂ%& i
aqueous phéie Cgﬁéggﬁ%%ﬁ&ﬂ??%%?d%%%gggﬁi {ﬁﬁgg?ggﬁy§i@gFVen%%Q%ﬁ%the
r esul ti@npulpi(feasi ¢ admi xture can optionally be 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. Wen the water used in the contacting
step is acidified, the aqueous phase _L§ Teéted; the agueous phase is
contacted with an organic phagé e 1 2SSyt ant b|phasic 20 adm xture is
further treated with a base s 5% gqueous NaOH to increase the pH of
t he aqueous phase to wigt hin t.hg | ;,Jﬁt 7.0 to about 9.0; and the
organi ¢ phase is colletfed ’ T O, gani ¢ phases are concentrated to
a residue under reduced pressure aesultant resi due can be further
i sol ated and purified by nethods bl e to those described above in
Section 4.2 such as, e.g., dlstlllatlon crystalllzatlon and/ or
chromat ography. Non-limting exanpl es of;useful organi c sol vents for
contacting a conpound of formula (111) t he presence of water include
wat er-i mm sci bl e organic solvents suagti as strai ght-chain and branch-chain
al i phatic (C4-C o)hydrocarbons sufils as 30 butanes, pentanes, hexanes,
hept anes, octanes, nonanes, decanes; cyclic aliphatic (C4-

and the compound of formula (I1) is a compound of formula (I1a):

LY
3. The method of claim 1, further comprising the use of a base.
4, The methed of claim 3, wherein the base is an organic amine and preferably is

triethylamine, diisopropylethylamine, pyridine, dimethylpyridine or dimethylaminopyridine

and more preferably is triethylamine.




C7) hydr ocar bons such as cycl obut ane, cycl opentane, cycl ohexane and

cycl oheptane; aromatic hydrocarbons such as benzene, toluene and xyl ene,
each of which can be substituted with one or nore -halo or -hydroxy groups;
(Cl - C3) hydrocarbons substituted wth two or nore -halo groups such as

di chl oronet hane, chlorof orm and carbon 31 tetrachloride; dialkyl ethers such
as diethyl ether, diisopropyl ether, dibutyl ethers and nethyl butyl

ethers; ethyl acetate; and any m xture thereof. In one enbodi nent, the
organi c solvent is dichloronethane. Conpounds of forrmula (111) are useful

for maki ng nbr phi ke mickuldaifdkis 3s whbrsasthe amoxend baseadehpesxioone abnd |dxgcodone

by met hods ) in,th rt (s .. US  Patent No. 6,013, /96 to Huang
et al.) .ﬂg?#tliﬁg’\sf?w&b@ﬁ%gﬁ%a%ﬁ Q@W%@H@%\Wéfto it E%Sgﬁa‘l%’f’é%? Al a
(ren) c%aﬂgl%uiv@%y&%aempﬁﬁ&béﬁﬁﬂjﬁgr&%@ﬁagrOup_ such as -H (the
"deprotection step"). Typically, the deprotection step is not carried out
until conpleting other chem cal processes that 10 m ght be adversely
affected by the presence. of a hydroxyl grou the benzylic ring of the
nor phi ne al kgl oi d* Wb’&@ﬂﬁﬁmﬁé‘ﬁ%éiﬁﬁﬁggﬁ%&ﬁ;ﬁmﬂﬁQSECti ng groups from

mor phine al kal oi ds are described, e.g., in U~Sy, Patent No. 4,472,253 to

Schwartz (where R3 is - alkyl); U.: N/ 5,112,975 to \al |l ace (where
R3 is -carbonate); and U S. Patent

' 008[355 to Huang et at. (where R3
is -acyl); or by nmethods known in it

| 15 deprotecting phenols (see,
e.g., Geene et al., Protectiue & Oup . C Synthesis 143-170 (1991),
each reference being incor porat{’ed her'ei n by rence). As noted above, the
present invention also relates to novel compounds of formula (111), wherein
R3is -Si((g-Go)al kyl) 3, -Si(aryl)(ClO-Cj oralkyl)2, or
-Si(aryl)2(g-Co)alkyl; and R4 is -(Cl-Co)alkyl. 20 In one enbodi nent, the
present invention relates to novel conpounds gf formula (111), where R3 is
-Si((CG-Go)alkyl)3. In another enbodi nent, the present invention also
rel ates to novel conpounds of fornmulalllll), where R3 is
-Si(CH3)2(C(CH3)3). In another enbodi ment, the present invention also
relates to novel

a compound of formula R;SR; and a chlorine-containing compound selected from N-

chlorosuccinimide, sodium dichloroisocyanuraie, 1,3-dichloro-5,5-dimethylhydantoin, Ctli,
calcium hypochlorite, or any mixture thereof and preferably is N-chlorosuccinimide, Cly, or
any mixture thereof; wherein
R, and R are each independently -(Cy-Candalkyl, -(Cs-Cg)eycloalkyl or -phenyl; and
R; is a protecting group.

7. The composition of claim 6, wherein the compound of formula (I) isa

compound of formula (Ia).
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25 conpounds of forrmula (I11), where R4 is -CH3. The novel conpounds of
formula (l111) can be prepared by allow ng a conpound of formula (11), where
R3is -Si((Cl-Clo)alkyl)3, -Si(aryl)(C-GC o)al kyl)2, or
Si(aryl)2(C-Clo)alkyl) to react with a first base and an acyl ati ng agent
under conditions sufficient to make the conpound of fornmula (111) as

descri bed above. 30 The follow ng exanples are set forth to assist in
understanding the invention and do not |limt the invention described and
claimed herein. Such variations of the invention, including the
substitution of all equivalents nom1kn0u-.%% Igser devel oped, which woul d
be within the purview of those_s i nghe art, and changes in 32
formul ati ons or m nor changeg ¥ntal design, fall within the scope
of the present invention. , uExanple 1: Synthesis of

3- O Bi s(di net hyl -t -butml) si LyfRegr prige -5
di met hyl -t -butyl silylchl o de (O 115 ¢
m.) (Al drich) was added over abo 5 m
(20.38 g, 71 mmol), inidazole (1495903 “ mmol ) and di net hyl f or mani de
("DMF) (100m) at 25C under N2 atnosphefe. The resultant green solution was
stirred at 25C for 24 h and concentrated under reduced pressure and at 40C
The resultant 10 viscous nixture was age®d to deioni zed water (500 g) at

25C, and the resultant white precipiflate was collected via filtration. The
solids were dissolved in dichloronethgig (100 m), and the resultant
organi ¢ phase was collected. The organi c phase was dried over sodium
sulfate, filtered, and the filtrate concentrated under reduced pressure at

40C. Th It f ni t
40C, T 1SS b G UG JSRRHBL FELAT LOMILID BRI A0SR ) 1
13. 60 gC(3edkytnal(0)88%-C o)dik, ﬁ@(@m;@al&yl)%mm@m.mgz of Codei none

D enol Acetate Preparatlon of dei none: Tric or0|socyanur|c acid (2.30g,

3. 8 motiaRasEhLngatitle- %Oiﬁ@l-ﬁ]fmlﬁ%undl?@é&(@uﬁam}mngq 68 PP &esHaizt-hla
distill dth t ent f the flask led to -30C und
ahsh& a?%d@gﬁﬂﬁga %%ﬂydroﬁs contents o e ask were cool e o] under

a)-CHa; or
b} -8i((Ci-Cig)alkyl)s, -Si(aryl)((Ci-Cio)alkyl)s, or -Si(aryl)y(Ci-Cip)alkyl, and
preferably is 8i((Ci-Cyg)alkyl)s; and more preferably is Si{CH3)x(C(CHs)s),

'm nmmol) in tetrahydrofuran (76
la solution of norphine base

9. The composition of claim 6 further comprising a base.

10, The composition of claim 6 firther comprising an organic solvent.

11. A method for making a compound of formuta (111):
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20 di chl oromet hane (15 m) was charged to the flask, and the resultant
suspension was stirred for 30 mn at -30C. A solution of codeine (2.97 g,
9.9 mmol) in anhydrous dichloronethane (15 m) was added drop-w se over
about 5 mn to the suspension, and the contents of the flask were m xed for
about 30 mn at -30C. The resultant mlky suspension was naintai ned at

-30C, and neat triethylamne (6.91 m, 50 mml) was 25 added drop-w se over
about 10 min. The resultant |ight brown suspension was warned to 10C over 2
h at which tine the conversion of codeine to codei none was conpl ete.
Preparati on of Codei none Di enol Acetate: The brown suspension from above was
allowed to warmto roomtenperature, : [geti@k anhydride (4.68 m, 50
nol ) was added. The contents of ‘ /wefe warmed to about 50C, and
about 90% 30 of the dichloronethane genoved by distillation. The
resultant slurry was allowed to qo about 25C and mi xed for 17 h at
25C at which tinme the conversio of = ; 0 codei none di enol acetate
was conpl ete. Dichl oronethane (20 m)\was padded to the reaction m xture and
the mixture cooled to OC. A sol ution wi—3lni 88% (ww) formc acid in 20
m of water at 5 about OC was added to the &80l ed nixture, and the bi phasi c
m xture was agitated for 5 mn at 0C. The resjul tant organi c phase was
col l ected and washed with a sol ution 1RHL&: 088% (wWw formc acid in 20 n
of water. The aqueous | ayers were conbin and cool ed to about OC.

Di chl oronmet hane (20 m) was added, then 2 @6(m/mb aqueous sodi um hydr oxi de
was added until the pH of the agueous phase was 8.75. The aqueous 10 | ayer
was coll ected, and extracted with dic&lzronethane (20 m). The conbi ned
organic layers were dried over sodiu ulfate, filtered, and concentrated
under reduced pressure at 30C. The resultant oily residue was further dried
at 40 Torr at 30C to provide codeinone dienol acetate as a light brown
sol i d. “AWEI§RE2. 82 g (83 mml; 84% . The present invention is not to be
[imted in scope by the speC|f|c 15 enbodi nents di sclosed in the exanpl es
which are intended as illustrations of a few aspects of the invention and
any enbodi ngaf sloteiag 2 amepbuntsf fonallhyl)equi val ent are within the scope of
this invention. |Indeed, various nodifications of the invention in addition
to

M

to react in the presence of a compound of formula R1SR; and a chlorine-containing reagent

under conditions sufficient to make a compound of formula (I1):
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t hose shown and described herein will becone apparent to those skilled in
the art and are intended to fall wthin the scope of the appended cl ai ns.
20 A nunber of references have been cited, the entire disclosures of which
are incorporated herein by reference. 34 WHAT IS CLAIMED I'S: 1. A nethod
for maki ng a conpound of fornula (13): y G7 (11) conprising, allowng a
conpound At' fornmula (I): a) 8or .v: ii the pm:.i:ec .x " conpound of
formula RISR2 and a chlorin.~containf ig rca ,ant selecte sodium

di chl oroi socysnui 'atc. 13-dichloro-5,5 ClpP,S3]. 82]y Iltj L1 ..1f:L?1, O
cai ehtni, hypochiorite., or any rnixtur" real' and preferably is N chl oosuc
Y:1;2, or any fixture thereof; under conditic' 3 )kt,a, ient to nmake the
conpound of formula (U); wh.. 35 R and R7, are each idepnd:rtly -{( -C2u
"yl, -(Cr-Cg..}cycl oaakyl or -phenyl; and R3 7_“gp&%tccting group 2. The
nmet hod of claiml!| wherein the connpeAts, C @ An.;1;t I} is ac outnd of
formula to-ct~~ tlI H and thL o np ful a(11) is a conpound o?
LLmi 3 ila); ~~X 0 (Ha) ‘

Ry N@

(I

and 4

(b) allowing the compound of formula (II) to react with & first base and an acylating
agent of formula Re(C(OYOC(O)R;4 or ReC(O)X under conditions sufficient ta make the
compound of formula (I1T), wherein:

R; and R; are each independently -(C;-Cap)alkyl, «(Cs-Cg)eycloalkyl
or -phenyl;

R; is a protecting group;

Ry is -(Cy-C)p)alkyl; and

X is-Cl, -Bror-L

12.  The method of ¢laim 11, wherein Ry is (Cy-Cio)alkyl, benzyl,
-C(O)(C1-Cro)alkyl, -C{O)O(Ci-Cro)alkyl, -Si((C1-Cro)alkylys, -Sifaryl)((Cr-Codalkyl)s,
-Si(aryl)2((Ci-Cio)alkyl), P(OX(Ci-Cio)alkyl)s, -P(8)(C1-Cupdalkyl)s, or -8(0)OCsH,-p-CHs
and preferably Ry is

a) ~CHg; or

b) Si((Cs-Cyg)alkyh)s, -Siaryl)(C-Cipjalkyl): or -Si(aryl}2(Ci-Cig)alkyl and preferably
is -Si((C1-Cyo)alkyl); and more preferably is -Si{CH;)(C(CHz)s).
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3. The method of city a i, furt.het e |lase oft base. 4. The nethod of chum
3, wherein the base is an orgaztic anine =and p enbly" is t iethyl. tf3131
e, {li a~"!:"onyl .3 |: slY ine, pyridine, dinethylp ridio or d n
iethylaniln.opr ridine and nore preferably is trietlnyli'u nine. 36 5. The
met hod of claima, wherein the anount of base ran es from about 11.0 to
about 15.0, fromabom 2.0 to about 10.0 or fromaho :t 2.3t > thout 7.0

nol acu vclttivalcnts per nolar equivalent of the chlori cots g reagent. 6,
A conposition conprising a conpound off', nnula (1)- NNCF13 o nmOH k1) a
r .,:,1 E}ea..c', of farmu a RSR 2 and a cl lortr Ponta r,;=,g conpound

TG avior Pea DE8RRIEE R 1 PR BEMER HRUREE RS ¢ ner eor ane

prefer abtﬂchlmibedym&bi dcid, Nebhlotosa@dniniidls, shditid didhl@rois@byanaiite,i 1,3 dickidzo- L Y
tTiFk.":.iolr i.i 3i~ 1~ :?eretSI R and R2 are each independently

(G - c2af dtdigyihylhydoyoiag Chy eleamdpiposhlorisheryly- mizhae tBraif 8§ poterdly is

ng roup. . 7..Ihe ¢ sition of claim®6, wherein the c:c onpound of forma a
(1) is a[ncg%o&%?%:%%@gcd@ds.t formula (1a) 37 V (La) 8. The conposido.i of
ciairn 6, whey ein RB3is -(Cj -Coalky 4, (O(C - C;r. ailcyt,
-C([))AC 3-C, 4zdkyi, Si(( gyp}r '} . (r) i(aryl} ({ )aik 1}s =(a yi ((C
1-C '} kyl), 40 ({l@wﬂw(ﬂ@g R%wi:ln(vﬁqmaﬂ@ %mwmz-pﬁt(hc@pnxpgun. of forrapla (Bind D

tity. Rs ré.n%&g from about 1.0 to about 9.0, form about 2.0 to about 5.0 or from about 2.0 to about 4.0

molar equivalents per molar equivalent of the chlorine-containing reagent.

15, The method of claim 11, wherein R; is <CHj and R» is «(C-Cyg)alkyl, and
preferably Ry is ~CHj and Ra is -(Cia)alkyl.

16.  The method of claim 11, wherein the amount of the co mpouhd of formula
R SR; 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 the chlorine-containing reagent,
{
17.  The method of claim 11, wherein step (a) further comprises the use of a second

base,

18.  The method of claim 17, wherein the second base is an organic amine, and
| preferably is triethylamine, diisopropylethylamine, pyridine, diemethylpyridine or

dimethylaminopyridine and more preferably is triethylamine,
19.  The method of claim 17, wherein the amournt of second 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 the chiorine-containing reagent.
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Il )- iljC Co}al!:yl}3, -Si(arylj((ClL C ;3&zi}2, or -Si :}y(C

conditions .,uf kiesat to make a conpound of forrmula. (U: 39 (I1) and (b)

allowin the o "m>euud of formula (If) to react with a first base and an

acylating agent of fornmula RA(C(O)OC(O)R ; or & (O X under coadit uf ccent

to conpound @f. f o%.atm,llwdl of efaimmn' 12, whereiRlthafidt R2e & & @gatic imtepanident | y

- (C3-Caa) |l t? ,
5 o0 sty i, disbotopYielnyigiing, BV éaﬁf@fﬂvﬁﬁwﬁlﬁ% of " S,
wh I it EJP&@& , ~~'1, Ot3{Ca C1
)aﬁrﬁlyln difngily Buifdol @1@&1&3{% S (aﬁﬁffllﬁE'ﬁ(@tc};&Qt o k yi)2, -s|CE‘)3|F ( >
o dadk} ), p(O t: } d;,,); kyflw, -r(SX(CrCn)alkyI},, nc S(t];;:?t <

h, s

a4

21.  The method of claim 11, wherein the acylating agent is
a) R4C{OYOC(O)R and preferably is -CH3C(OYOC{0O)CHa; or

b} R4C(0)X, and preferably is CH3C{O)X and more preferably is
CH3(C(O)CL '

22, The method of claim [, wherein the amount of the first base ranges from
about 1 to about 10, from about 2 to about 7 or from abont 3 to about 6 molar equivalents per

molar equivalent of the acylating agent.

23, The method of claim 11, wherein the amount of the acylating agent ranges
fram about 1 to about 15, from about 1 to about 10 or from about 2 to about 7 molar

equivalents per molar equivalent of the compound of formula (IT).

24,  The method of ¢laim 11, wherein the {irst base and the second base are the

Sarye,

25.  The method of claim 11, wherein
L. step (a) further comprises isolating the compound of formula (II} prior to carrying out step
(b); or
IT. step (b) is carried out without first isolating the compound of formula (1T} prepared in step

(a).
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-Ck,3)alkyi. and preferably is S1((Cr-C o}alkyl)ss; and nom preferably is
Si(CFl ti2(C(C13)3}. 9,. the c np *3 >a:a :~i claim6 finther conprising a
S ... 10. The eonposl +k)e:; of d aim6 further col }pe aln > .1. ¢ ~ .a do
solvent. 11. A nethod for making a conpound of formula (Il1): 38 ii a

=i~) ) allowing a conpound ¢ f th mula (1 C7 1J {1) to react in ne muice
of a conmpound offornmuk .Ri SPy .3rd a ¢ lioY ne-eontair i.- IYL u der

R



and p -f ably RBis a) C3; or b) i(( ic.kp( Si aril Cz Ct~)alk | f S (<ar

1) (, ei ralkyl<.., }:. f... =bly i .S (C .- C;;)alkyl)3 and nore ,fw
tuly is Si(C3:" z((Fl;a) ). 40 13. The nmethod of claim 11, wherein the
chtorlne containi x s er is trichl..oroisocyanuric acid, | -chlorosuccini
, ide, sodium diehl oroi socyanurate, 1,3 dichloro- 5"S clirzxetlxyyl=1i 1 ~<
Cl ,. calcitu bypochtorite, or aay T :., stun 3} cr ofand prefk ably is 1$.
31 e, etho'd of claiml1., whet inthe arm:t ei . .:e Co,, \>Und :? .0

:?:lulu (1) ranges fromabout 1.0 to about 9.0, formabout 2..0 to about
5.0 oa f omabout 2.0 to about 4.0 Imtsar equivalents per nolar eq:

ivaleut of the chlorine-containing reag ;ai . 15. The method of claim1.
erein Rl is -Xg ang didisd dCaitn 11, wheléin @RtdompBud 8PRkmMIaR1) 1§ acbRpogd R2 is
-(C12),""i*Pyl, 16. The. 3t e'.. od of claim 11, wherein t’he amount of fl w

acoi n i ofifagndd (lakt>nzla %1 .Z range s.fromabout 1.0 to about 9.0, from
about 2.0 to about 5.0 or fromabout 2.5 to kititiYt 3.:' Mlar elk:i:.al.:
,t5 per nolar egrulUaleait of i. x a;3F?Yiilt -cosataam.n+; 1'i'::e"'11lt,.

17. The nethod of eaal m 11, wherein ,W (a)/Twjhep,nonril mses the use of a
scoond base, 18. The nethod 08 cigFmJl 7,7 ein the second base a or
arzic amine, and preferably is tf i W sopro, Yy;ethylarnine
pyridi ne, dieincthylpyridine or tii i e and nore preferably is
triethylarnine. 19. The neRhad of & ~vin the amount of second

| about 2,t1 to about 10.0 or

base ranges fromabout 1.0 t o° about %

fromabout 2.5 to about 7.0 nolar w ; pcr FR ~laF C, .ili3.L S;i>
S;t tIlU Cllloritle-(",E1 i ~iVYi."..t~ ~ twasTt, 41 2t , The nerit d o
iain,Ei 't wherein tts..e z ba,,:: a as organic amde, and prefeta ly
i stnet hyl am ne, diisopropyieth am ne, pyrldié, di mat hyl pyridinc or cfinctir
. zi=i ?yridine, and nompreferably is trh@rhylarnine, 21. The nethod of
claim11l, wherein Lh a :, innt erxt i§3

a),

the compound of formula (II) is a compound of formula (Ila):

#M7£i;;N““ﬂH3

H

- -

o=

(fa),

and the compound of formula (II) is a compound of formula (I1la):
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a7, RRC(a)CGC (OR4 at prer't i ti .'"t 3t~L"{ CG13; or b) Et40cE;, K an
i prvawablyi sCH U ,X and ,i,,oi } ' 1 irerrte d of claiml Werein t
e anount of the first base ranges > i,ai 1 about 1 to about 10, from ahoi
i.2. to about 7 or front bout. 3 to about 6 rno iarr eqi ix,,a et is per
nmol ar equi val ent of the ac}Mating agent. 23, The rr, .thod of claim1 i ,
rei'; ean" a the acyi atiag argent ranges r k )mabout Ito ,born
15, fromabout | to about i it or fromabout 2 to about 7 n6 ,-r gtrrx al
nts per nolar equival ti of t to carcrpo nd of foxrriula (11 . 24. The z etJ
d of claim 11, wherein the first base and the second base arc the The
nmethod oz ola. f . wh; .r; 1. stela (a) , r co prises isolating the
conmpound of fc .rrmute (11) prior to carrying out step (b): or 11. step (b)

is ~";wried out wwhout i:i i isoh?ling the conpound of ran n', lai -~)
prep..n ..l step W 42 26. The nethod. of chum 11, wherein the e npot :d of
formula (,.,is a eonpo+ntnd x,"44} H {lay the conpound : f?rnula 1, _.s a

npound offorniula (H?a): and the conpound of
torm (lila): 43 (Kg Od 27. A co .
(G 3~} St~vtls *~I(ar '"{Cte, =1t YI

rg\,g_u_la (111) is a compound oa
C19F) pp~~ yyTi I{ is

27.

(1D,

wherein:

Ry is Si((C1-Cypyalkyl)s, -Sifaryl)(Ci-Cyo)alkyl)s, or
-Si(aryl)(C-Cig)alkyl); and

R4 is -(C-Cho)alkyl.
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41-Cp i>ky r and 44 2%$. The conmpound of claim27, Wwis r-~AZa. R3is is 7)
anad R4 pr& ; W :s - H3. 29. he conpound of clai 71 27, wherein the M) is
EiE L la): EL ,t} 45

28.  The compound of claim 27, wherein Ry is -8i((C-Cyg)alkyl)s, and preferably is
-Si(CH;3)2(C(CHs) 3} and Ry preferably is -CHj. '

29.  The compound of claim 27, wherein the compound of formula (T1T) s a

compound of formula (Ia):
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