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(54) Title: C-14 OXIDATION OF MORPHINE DERIVATIVES

(57) Abstract: ~ The present
invention relates to process for
the preparation of a 14-hydrox-
ynormorphinone  derivative of
formula IV comprising rea cting
the compound of formula I,
with a cobalt (II) oxidant in the
presence of a mild base and air or
oxygen as the cooxidant; wherein

' O R; is (1C-7C) alky] optionally substituted with one or more chlorines, butenyl, vinyl, benzyl, phenyl or naphthyl; snd R; is benzyl
or benzyl substimted with one ore more (1C-6C) alkoxy group or benzy! substituted with one or more halogen. The process is

W

very suitable in the production of noroxymorphone.

20 ¥BsiARshoe The




ynor nor phi none derivative of formula IV conprising rea & a_rgligo@orrpound
of formula Ill, wth a cobalt (Il) oxidant in the presence o m | d base
and air or oxygen as the cooxidant; wherein Rlerr] is (1CG 70 alkyl
optionally substituted with one or nore chlorines, butenyl, vinyl, benzyl,
phenyl or naphthyl; and R err] is benzyl or benzyl substituted wth one
ore nore (MO®S@SSEP koxy group or benzyl substituted VEQIEP@WS280r nore

hal ogen. The process is very suitgble in the production of noroxynorphone.
20 February 2006 WO 03/018588 PCT/ EP02/ 09280 1 C-14 OXI DATI ON OF MORPHI NE
DERI VATI VES The invention relates to a process for the production of

14- hydr oxynor nor phi none derivatives, to a new synthetic route for

produci ng nor oxynor B REIDAEIORDF MORPHENHBEREViAY diates in said 5 route.
Nor oxynor phone is a key internmediate for the production of inportant
medi ci nal opioids, such as naltrexone and nal oxone. The common starting
mat er i dllhe finyentioh eelyiesdol a ptocesm fop thetrinaivetion wif &4-biglrgxgnormorphinone derivatives,

to a new synthetic route for producing noroxymorphone, as well as to new intermediates in said

-5  route,

Noroxymorphone is a key intermediate for the production of important medicinal opioids, such
as naltrexone and naloxone, The common starting material for the production of these opioids is
thebaine from which they are readily synthesized. However, thebaine has only a low natural
10 abundance in poppy heads and opium. As the supply of thebaine is limited and the demand is
' . imcreasing, many altemative approaches have been made for the preparation of 14-
hydroxymorphine derivatives. See for example EP 0,158,476, US 5,922,876, and the references
cited therein. '
Further, in an attempt to remové the requirement for (the preparation of) thebaine, Coop et al
15 (Tetrahedron 55 (1999), 11429-11436; WO 00/66588) recently described an oxidative method
for the production of 14-hydroxycodeinone in a yield of 51% from codeinone, using Co(OAc);
as the metallic oxidant in acetic acid at room temperature. Other oxidative conditions with
metallic oxidants, such as Co(OAc); under other conditions, FcClg, Co(OAc); in combination
with several cooxidants, RuQs, Mn{OAc);, Cu(OAc);, and others, proved to be not very useful
20 according to Coop.

Surprisingly, and in spite of the findings of Coop, it has now been found that in the production of

" 14-hydroxynormorphinone derivatives of formula IV from compounds of formuta IIT cobalt (IT)
salts can be used as efficient oxidants when the reaction is performed in the presence of a mild

25 - base and oxygen or air is used as cooxidant. In a first aspect, the invention relates to a

. process for the preparation of a 14-hydroxynormorphinone derivative of formula IV




thebai ne fromwhich they are readily synthesized. Howevesg rithehabogs has
only a |ow natural 10 abundance in poppy heads and opium As the supply of
thebaine is Ilimted and the denmand is increasing, many alternative
approaches have been nade for the preparation of 14- hydroxynor phine
derivat$v&%.y§g for exanple EP 0, 158, 476, US 5, 922, 8¢fepoaindset he ref erences
cited therein. urther in an attenpt to renove the requirenent for (the
preparation of) thebalne Coop et 31, 15 (Tetrahedron 55 (1999),
11429-11436; WD 00/ 66588) recently described an oxidative nethod for the
production of 14-hydroxycodeinone in a yield of 51% from codei none, using
Co( OA @g Aamhnrh acetic acid at roomtenperature. O her
OX|daf%§£ xgﬂﬁmgﬁiﬁﬁ#? dgﬁgtalﬁlc oxi dants, such as Co(OAc)3 under other
condi-tions, Fed 3, Co(QOAc)2 ifi i nation with several cooxi dants, Ru(4,
vh( CAc) 3, Cu(OAc)Z and ot herfs\ proved to be not very useful 20 according
to Coop. Surprisingly, e e of the findings of Coop, it has now
been found that in the f of  14- hydr oxynor nor phi none derivatives
of formula IV from conpop rmula |1l cobalt (H salts can be used
as efficient oxidants wo e reactien is perforned in the presence of a
mud 25 base and oxygen or air is used as cooxidant. In a first aspect, the

' “Ve“h\ht‘ﬁna E&at ﬁ§ okidar, bdMLs @8kl @ shifelpit@Pab@td fRgHisuch as CoF,,
14- hydr oxynor nor phi none derivative of fornul cO2 88 February 2006 WO

N
03/0185@@&ﬁ@ﬁnE@U@%@@?&dﬁKgﬁﬁﬁﬁ%F?gpﬁﬁmFégegﬁﬂBp?ﬁ%F K42% f or mul a

LT, NGERRs thereof, in the presence of a mild base and air or oxygen as the cooxidant; wherein

R; is (1-7C)alkyl optionally substituted with one or more chlorines (such as 1,1,1-
trichloroethyl), butenyl, vinyl, benzyl, phenyl or naphthyl;
and Ry, is benzyl or benzyl substituted with one or more (1-6C)alkoxy group or benzyl

substituted with one or more halogen.

The oxidation pfocess can be an efficient process with good yiel(is, which are significantly

-improved when compared to the process described by Coop et al..

The cobait (1) oxidant according to the present invention is selected from a range of cobalt (1)
.sa1ts, such as CoF,, CoCl,, CoBry, Co(Il)sulfate, Co(IDnitrate, Co(Il)acetate, Co(Il)propionate,
and the like, and mixtures thereof. The preferred oxidant in the process is Co(OAc), and the
preferred cooxidant is air. The reaction mixture of this oxidation process can be a heterogeneous
system; the oxidant can dissolve only in minor amounts in the organic solvent that is used. The
amount of cobalt (II) salts used may not be very critical, as long as the system is
heterogeneous, and a skilled person will know to choose sufficient amounts thereof. The
| cooxidant may be introduced into the reaction mixture by bubbling it through the solution, while
stirring.

A person skilled in the art is aware what type of base are meant with the term mild bases,
however preferred bases are sodium acetate, potasstum acetate, sodium phosphate and
potassium phosphate. Most preferred is sodium acetate.

- Preferably R, is (1-7C)akkyl, and most preferred is ethyl. For R, benzyl is most preferred.
The oxidant process can be performed in an organic solvent well-suited for dissolution of this

type of compounds, preferably (1-4C)alcohols or mixtures thereof. Preferred is ethanol.




R20 Il with a cobalt (Il) oxidant, being a cobalt (II) ?ﬁ- n§a‘ﬂ(; @ééad from
a range, such as CoF2, CoCl2i CoBr2, Co(ll)sulfate, Cof %Iﬂtr tge,

Co(ll)acetate, Co(ll)propionate, and the like, and mxtures thereof, in
the presence of a mld base and air or oxygen as the cooxidant; wherein R1
is (1-7C) aMPPO8FEi onal |y substituted with one or nor BCRERURMes (such as
1,1,1- trichloroethyl), butenyl, vinyl, benzyl, phenyl or naphthyl; and R2
is benzyl or benzyl substituted with one or nore (1-6C)al koxy group or
benzyl substituted with one or nore hal ogen. The oxidation process can be
an efficient process with good g,i el 3@’& whi ch are sig]%ﬂ fi actols%1 i nproved
when ddapeacian termperaige g vgely e bighsr g B9 EBUETETS 4P MBrRe “E8bal t (11)

OXi danepRE&OhOBbiling pofeofhesBRit usdayRRtdvantht erpehectmy mbrwrhigher ange of

cobalt_ (I |ts, .such as CoF2 cl2.. , Co(ll)sulfate,

Co( ! | )ﬂi’ﬁ“taL%\‘f é(,%%eﬂft ‘frfiﬁré"cléef’%ﬁlg?xy%d(_slu%z“ﬁ?%plflgﬁg{oé} and the |ike, and mxtures
thereof. The preferred oxidant in the process is Co(QAc)2 and the
preferred cooxidant is air. The reaction mxture of this oxidation process
can behnghehameflotiballedu$-6Chfkoremd (IHalostiotdhe alkyheroen Basdiepdraypied of n i nor

amounts.in.t rgani.c .sol yengt. t hat i.s . 0, alt (11)
sal t.s '{?Q’gﬂ"hﬁggkﬁcﬁm‘ﬁé’aﬂ% w% ?1 {IEOC or 1ie lhls%ﬁ)émgsb hgeg&’}?% ! ’méulclggp

het er agams ethyl, iseprobyd t-bltyl] Hepl apérisdike. W | | know t o choose sufficient anmounts
thereof . The cooxidant may be introduced into the reaction m xture by
bubbling it through the solution, while stirring. A person skilled in the

art i srp@WehRudad folMRETIP tnal 38 RLIG HEpHEA B mahbd Wénekno®h A ik k. Taases, however
preferred bases are sodium acetate ot assi um acet al'ing,of%odl urHIphosphate and -

P S
pot as$PaRd pRers et & pravpded appreqess, fop fhe ipreparglipn i a-0BPY ormula

comprises reactively contacting a morphine derivative of formula II

with an oxidizing agent effective for oxidizing allylic hydroxy groups to form keto groups, where
a compound of the formula III is prepared, R, and R; being as defined above. Preferably, the

~ oxidizing agent is sodium dichromate. Preferably, R, is ethyl. For R; benzyl is most preferred.

In a third aspect, there is provided a morphine derivative of formuta II.

The process may conveniently be used in the production of noroxymorphone. Therefore, in 2
fourth aspect of this invention, there is provided a process for the production of
noroxymorphone, comprising a reaction step wherein a morphinone derivative of formula III is
oxidized into the 14-hydroxynormorphinone derivative of formula TV. In particular preferred is
the process further comprising the oxidation of a morphine derivative of formula II into the

compound of formula IIF as described above.

Especially preferred is a process for the production of noroxymotphone comprising the steps:
(a) converting morphine having the formula I




Preferably Rl is (1-7CQalkyl, and nost preferred is et hyégp@ﬁaﬁa benzyl is
nost preferred. The oxi dant process can be perfornmed in an orgahi c sol vent
wel |l -suited for dissolution of this type of conpounds, preferably

(1-4C)al cohols or m xtures thereof. Preferred is ethanol. 20 February 2006
WO 03/018585 PCTI EP02109280 3 The reaction tenperature may usually be

hi gher t haWa®88H¥%enperature, and may be chosen depeP@gEr2/286t he boiling
poi nt of the solvent used. Howeverygy the tenperature may not be higher than
about 100 Cin order to keep the oxygen sufficiently in solution. In the
terms (1-7C) al kyl, (1-6C)al koxy and (14C)al cohols the al kyl group may be a
branched or unbranched al kyl group having I to 7, 1 to 6 or 1 to 4 carbon
atons, respectively, such asf N®thyl, ethyl, isopropyl, t-butyl, heptyl and
the like. The compound of [ | a 1 may suitably prepared by nethods well
known in the art. In a &spect, there is provided a process for the
preparation of a conpou la Il conprises reactively contacting a
nor phi ne derivative of yormgba 14w th an oxidizing agent effective for

oxi di zing allylic hydr@%ky gr oups % oIf orm ket o groups, where a conpound of
the fo r f’rﬂlﬁa i Preferably,

t he {’ |°§?¢1Ht%égn Iﬁ@%gg Pf}ﬁ&g’ romat jdi%r@%er%%gm%?%ﬁet hyl . For R2
benzyl d¢f&edméixmaM@ené’dCl,BImréamrﬂldY@&pect there i s provided a norphine
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inventfoﬁﬁaniof]ﬁﬁnedd:rﬁraunrcof/ﬁbm&m process for the production of

nor oxygBrahane,  COMBE ! Sig A1 SRSk SR IGKEL & BuiRTRN none der vati ve

according to the previously described process;
(c) oxidizing the morphinone derivative of forrula I to form a 14-hydroxynormorphinone
derivative of formmla IV according to the previously described process;
10 (d) deprotecting the 3-position and (at the same time) reducing the double bond at the 7,3-
 position of the 14-hydroxynormorphinone derivative of formula IV to form a 3,14-hydroxynor-
" morphinone derivative of formula V, using methods well known in the art for such type of

reaction, e.g. using hydrogen and palladivm-carbon as a catalyst,
NCOR,

7 HO 0 o v,
15  (e) and hydrolyzing the 3,14-hydroxynormorphinone derivative of formula V into
- noroxymorphone of formula VI, using methods well known in the art for such type of
. hydrolysis, e.g. using sulfuric acid,

NH
OH

oo 90 g,

20 In the process for the production of noroxymorphone, there is disclosed novel intermediates of

~ formula I, I and IV. The intermediates of formula II, 111




oxi di zed into the 14-hydroxynornorphi none derivative of JpidHHhaybdos | N
particular preferred is the process further conprising the oxidation of a
nor phi ne derivative of formula Hinto the conpound of forrmula Il as
descri bed above. Especially preferred is a process for the production of

nor oxynor phone conprising the steps: (a) converting norphine having the
formula | ™@wEesssaary 2006 WO 03/ 018588 PCTI EPO21 0928 T/Artmysaseacti on with a
hal of ormate ester of the fornula X+C(=O) OR,, wherein R, is as previously

defined and X is a halogen (F, d, Br or I, preferably d), followed by a
reaction with R2 -X, wherein X (preferably Cl) and RZ are as previously
defined, to S forma norphine derivative of fornmula I1; (b) oxidizing the

mor phi reed §V droimprirtculat ptefmbd miprein ity ip et ridsocre et arg dotesmedidipsnefl a 11|

accor di t Vi O 'R tghe nor phi none
derlvaﬁPv Lﬂql?%Pgsﬁ“hﬁﬁﬁk¥m%%&9 %%$%R§§%§$H%rnnrp |é§%§ﬁh&£rlvatlve of
fornulaHhMaEﬁaﬁﬁdnRgmbmﬁthRpmhmnmusIy descri bed process; 10 (d)
deprotecting the 3 -position and (at. the sane tine) reducing the double
bond at the 7,8- position-of the 14-hydroxynornorphi none derivative of
formula IV to forn1a 3 14- hydroxynor- nmor phi none derivative of fornula V,
usi ng net hods, wel | I I, for uch type of reaction, e.g. using
hydrogéﬁwgﬁﬂﬁB%FﬁﬁﬁP SE%FQ% 3 t, NCO2R1 15 (e) and hydrol yzing
t he 3, 14- hydr oxynor nor phi none derlvatlve of fornmula Vinto

EXAMPLE 1
" The underlined numbers refer to the numbers of the structures of Scheme I. (Bn = benzyl).
10.

5a., 6o

ethylester (2)
Morphine (1, 8 g) was dissolved in 80 ml of toluene and the solution was dried by azeotropic

_ distillation of water. Sodium carbonate (15 g) and sodium hydrogen carbonate (6 g) were added
15 and the solution was again dried by azeotropic distillation. Ethyl chioroformate (30 g) was
o slowly and in portions added over a period of approximately 4 h at 78°C. Completion of the
reaction was checked with TLC. The excess of reagent and the salts were dissolved by addition
of water. The layers were separated and the toluene layer was washed with water. The toluene
.solution was evaporated to dryness and the residue was dissolved in 70 ml of ethanol. The 3-
v20 carboxylic acid ethyl ester group was saponified by 6 g potassium hydroxide (dissolved in 18 ml
~of ethanol),and 5 g potassium carbonate at 55°C. The pH was checked (in a 1:1 dilution in
water) and was >11. To this basic solution 5 g benzylchloride was added and the reaction was
performed for 4 h at 75°C. The product was precipitated by the addition of water (70 mi),
filtered, washed with water and dried. The yield of product (2) was 10 g. 'H NMR (600 MHz,
25 CDClL) 8 1.29 (m, 3H), 1.92 (m, 2H), 2.52 (s, 1H), 2.72 (m, 2H), 2.85 (m, 1H), 3.01 (m, 1H),
4.01 (m, 1H), 4.17 (m, 3H), 4.87 (d, 1H), 4.89 (d, 1¥D), 5.09 (d, 1H), 5.18 (d, 1H), 5.29 (¢, 1H),
'5.72 (t, 1H), 6.53 (d, 1H), 6.75 (d, 1H), 7.37 (m, SH).

(50)-3-(benzyloxy)-7.8-didehydro-4.5-epoxy-6-oxomorphinan-17-carboxylic acid ethylester (3)
30 A solution of Jones reagent was prepared by dissolving 7,5 g sodium dichromate.2H;0 in 22 ml
water and 6 ml sulfuric acid. Compound (2) (7,5 g) was dissolved in 60 ml trichloro ethylene and




nor oxynor phone of formula VI, using nethods well known iy, ghigu@ybodgr such
type of hydrolysis, e.g. using sulfuric acid, 20 In the process for the
producti.on of noroxynorphone, there is disclosed novel internediates of
formula I'l, Il and IV. The internediates of formula Il, 111 20 February
2006 WO 03/018588 5 PCT/ EP02109280 and IV are in partlcular preferred
wherei n R wios/esisyl . Al so preferred are internedi at escofepozfosirul a (1, |11
and 1V wherein R2 is benzyl. Mst preferred are the internediates of

formula I'l, 111 and IV wherein R is ethyl and R2 is benzyl. -5 The
invention is further illustrated by the foll ow ng exanple. EXAMPLE 1 The
underl I ned nunbers refer to the nunbers of the structures of Schenme I, (Bn

benzgs yil witer B afded: Bre il v adjfist@l i Swith wifigicsecl. Thy miglupe WS deaedhi nan
17- carpo, h hyl est 80 i of
t ol Eg;ggdgﬁ.'rg acl gé%e.ltﬁ{le\éé%%%gr dﬁgw%@{)&&]azeo&lnﬁ &1 WA Q:F‘faﬁ&l w&d in o]

ropic dist tion of water.
Sodi umgdndRe Mt MothdS1, Ph uadbdnﬁlmdﬂihnwkvyisraigmdea\mbdml@d@ﬁthg@mb\%T e added 15

o or opspal oht Reta e e e U FRE R Ml gl bR B Y
appBOX hylipsh YarbordteddonfiS and 080t aid dfiedotwith Redum eelftd dhe walstiohweked with TLC,
' The eX(c:vea;S)osrat(e)g tor dergr%gsne;[nd %l?edrestl ug u;sas? ldltss%lv\é\f{neethglno S zel\éed bg’ prta)‘glu%{ E_b St

NMR (200 MHz, CDCls) 3 1.28 (m, 3H), 1.92 (m, 2H), 2.8 (m, 2H), 2.9 (m, 1H), 3.05 (m, 1H),

4.02 (m, 1H), 4.19 (m, 2H), 4.72 (s, 1H), 5.03 (m, 1H), 5.18 (s, 2H), 6.12 (dd, 1H}), 6.57 (d,

" 1H), 6.64 (m, 1H), 6.74 (d, 1H), 7.34 (m, 5H).

10

ethylester (4)
The solution of product (3) in ethanol (9 g in 135 ml) was heated to 60°C, 2,6 g cobalt {n

acetate and 0,5 g sodium acetate were added and air was bubbled through the solution under
15 vigorous stirring. The reaction was followed with TLC. After completion of the reaction the

soluiion was treated with charcoal (0,3 g) and filtered. The solution was distilled to volume and

this concentrated solution (6,3 g (4) in 53 m! of ethanol) was transferred to the next step. 'H

NMR of 4 (360 MHz, CH;OH-d4) § 1.28 (m, 3H), 1.55 (m, 11D, 2.52 (m, 1H), 2.74 (m, 1H),

2.92 (m, 2H), 4.05 (m, 1H), 4.15 (m, 2H), 4.64 (m, 1H), 4.72 (5, 1H), 4.85 (m, 1H), 5.1 (s, 2H),
20 . 6.05(d, 1H), 6.6 (d, 1H), 6.76 (d, 1H), 6.91 (m, 1H), 7.3 (m, 5H).

(50)-4.5-epoxy-3,14-dihydroxy-6-oxomorphinan-17-carboxylic acid ethylester (5)

To the solution of the previous step 6 ml of acetic acid was added. The product (4) was reduced

with hydrogen and palladium-carbon {(5%) as a catalyst (0,9 g) at 20°C and normal pressure.
| 25  After filtration and evaporation of ethanol 5,4 g of crude product (5) was obtained. The product

was recrystallized from 2 parts (w/v) of ethyl acetate to obtain 4,7 g product (3).

| 50)-4.5-epoxy-3.14-dihydroxymorphinan-6-one (noroxymorphone) (6) -

Product (3) (4,7 g) was dissolved in 28 m! of water and 5,6 ml of sulfuric acid and refluxed for
30 approx. 24 h. Thc‘product was precipitated at pH = 9 by dilution Withwater and 4,6 g of crude

product (6) was obtained after filiration and drying. The product was purified by dissolution in



of water. The layers were separated and the tol uene |ayej)mas,0ash®A W th
wat er. The toluene .solution was evaporated to dryness and the” resi due was
dissolved in 70 m of ethanol. The 3 20 carboxylic acid ethyl ester group
was saponified by 6 g potassium hydroxide (dissolved in 18 nl  of ethanol)

, and 5 g potassium carbonate at 55C. The pH was checked (in a 1:1 dilution
i'n water)warndomsss >l 1. To this basic solution 5 g beTmpbabdseri de was
added and the reaction was performed for 4 h at 75C. The product was
precipitated by the addition of water (70 m), filtered, washed with water
and dried. The yield of product.(2) was 10 g. 'H NNR (600 MHz, 25 CDC13) 5
1.29 (m 3H), 1.92 (n3,, 211), 2.52 éﬁo 2.72 (in, 2112 2.85 (m 1H,
3.01 ( rethanel)precipiatipn fomhis 1qbr)ent anpH 7 2( dissolutinayin watergeharcepl treppgent apdgo (g, 1H)

509, (Soihinty i~ bRl blasoldd o 115 A I8 BId 0. 116,75

- 6- oxono hi nan
17- car bidh) 3.& (ax 11d), 32H (m,eli‘ﬁ 36 (i, 130, 2624k UKD, 38 (of4XD.drf84s, AEh§EAt was prepar ed
by diss |¥§r%F6 ﬁ. sodi um di chromate. 2H20 in 22 M water and 6 ni
sul furi 1d. @b%%bund (2) (7,5 g) was dissolved in 60 n21 trichloro
et hyl ene and 20 February 2006 WO 031018588 6 PCT/ EP021 09280 28 ml water was
added. The pH was adjusted to 5 with sulfuric acid. The m xture was heated
hi nder reflux and the Jones reagens was sl owy added over a period of | h.
The oxidation, was i continued for another 1,5 h under reflux. The excess
of oxidant was destroyed with. 6 ml 2- propanol. The | ayers were separated
and the organic |ayer was washed with 10% sodi um 5 hydrogen carbonate
solution and water and dried with sodiumsulfate. The solution was




evaporated to dryness and the residue was dissolved in @%@g&g{l yb@éd -
g product (3). "H NWR (200 MHz, CDC13) 8 1.28 (m 3H), ar%y

(m 2H), 2.9 (nn, 1H), 3.05 (m 1H), 4.02 (rn, 1H), 4.19 (in, 2H) 472
(s, 1H), 5.03 (m 1H), 5.18 (s, 2H), 6.12 (dd, 1H), 6.57 (d, 1H), 6.64 (m
1H), 6.74 (d, 111), 7.34 (m 5H). 10 5a -3- e to -7 8-dideh dro-4 5-e o
-14-h dro wo-eemwsssD hi nan-1 7-carbo lic acid -U -a Meneeetoeno (4) The
solution of product (3) in ethanol {9 g in 135 M) was heated to 60C, 2,6 g
cobalt (Q acetate and 0,5 g sodium acetate were added and air was bubbl ed
t hrough the solution under 15 vigorous stirring. The reaction was foll owed
with TLC. After conpletion of the reaction the solution was treated with
char coaCHEME Ig) and filtered. The solution was distilled to vol ume and
this concentrated solution (6,3 g (4) in 53 m of ethanol) was transferred
to the next step. '"H NWR of 4 (360 MHz, 'CH3OHd4) 8 1.28 (m 3H), 1.55
(m 111), 2.52 NCH;H), 2.74 (m 1H, 2.92 fn %324-95 4.05 (m 1H), 4.15
(in, 2H), 4.644xh 1H), 4.72 (s, 1H), 4.85 5.1 (s, 21T), 20 6.05
(d, 111), 6. , 6.76 (d, 1H), 6.91 7.3 (in, 511). 5a -4 5-e
0 -3 14-d %00 hi nan-17-car bqg N h [ester (5) To the

~ ous step 6 m of as added. The product
(4) was regduts hydrogen and pal | gefityn cartgn (5% as a catalyst (0,9
g) at 24 and rf?)r mal (pHessure 25 Afghdr fil®rati oobHand evaporation of
ethanol ‘5,4 g df crude product (5) was obtaiBed. The product was
recrystallized from?2 parts (Wv) of ethyl agetate to obtain 4,7 g product
(5). 5a -4 5-e 0 -3 14-dlh dro o hinan 6-one|noro o hone {6) Product (5)
(4,7 g) was dissolved in 28 nl of water and 5,6 m of sulfuric acid and
refluxed for 30 approx. 24 h. The product S precipitated at pH = 9 by
dilution with water _and 4,6 g of crude




product (6) was obtained after filtration and drying. T S
purified by dissolution in 20 February 2006 WO 03/01858%?%829 9280 7
et hanol, precipitation fromthis solvent at pH = 2, dissolution in water,
charcoal treatnent and precipitation at pH = 9. "H NVR (400 MHz, DVSO d6)
5 1.17 (CRAIMIB), 1.41 (m 1H), 1.72 (m 111), 2.07 (an, 1H), 2.29 (m 1H),
2.36 (to, 1H), 2.62 (an, 1H), 3.9 (in, 4H), 4.68 (s, 111) 6.52 (d, 1H),
6.56 (d, 114). 20 February 2006 WO 03/018588 8 SCHEME | PCTI PP02109280 20
Febr uar y1. 2006A@r6bdv5f8r the PrepirdG@s of 0T4-hjtRo:BMBRAS, rﬁﬁm@& eénv%nve of

14- hydro&&a g?rphl none derivative of fornmula IV conprising reacting
the conp formula I'll, with a cobalt (11) oxidant, being a cobalt
(I'l) salt selected froma range, such as CoF2, CoCl2, Co(II)squate,
Co(ll)nitrate, Co(ll)acetate, Co(El 'onate, and the |ike, and

s

with a cobalt (IT) oxidant, being a cobalt (If) salt selected from a range, such as CoF,,
CoCl;, Co(Isulfate, Co(IDnitrate, Co{IDacetate, Co(IDpropionate, and the like, and -
mixtures thereof,

in the presence of a mild base and air or oxygen as the cooxidant;

wherein R; is (1C-7C)alkyl optionally substituted with one or more chlorines,

butenyl, vinyl, benzyl, phenyl or naphthyi; '

and R; is benzyl or benzyl substituted with one or more (1C-6C)alkoxy group or benzyl

substituted with one or more halogen.
2. The process of claim 1, wherein the oxidant is Co{OAc),.
15 3. The process of claim 1or 2, wherein the cooxidant is oxygen.

4, The process of any one of claims 1-3, wherein the mild base is sodium acetate, potassinm
acetate, sodium phosphate or potasstam phosphate.

20 5. Theprocess of claim 4, wherein the mild base is sodium acetate.
6. The process of any one of claims 1-5, wherein Ry is (1-7C)alkyl.

7. The process of claim 6, wherein R is ethyl.




m xtures thereof, in the presence of a mld base and ai rypf.,Pa¥g8f0@S the
cooxidant; wherein R is (1 CG7C) alkyl optionally substituted with one or
nore chlorines, butenyl, vinyl, benzyl, phenyl or naphthyl; and R2 is
benzyl or benzyl substituted with oge or nore (1 C- 6C)al koxy group or
benzyl substituted with one or nore hal ogen. 2. The process of claim1,
whefein the oxidant is Co(QAc)2. 15 3. The process of claiml or 2, wherein
t he cooxidant is oxygen. . 4. The process of any one of clainms 1-3, wherein
the mld base is sodium acetate, potassium acetate, sodi um phosphate or
pot assi um phosphate. 20 5. The process of claim4, wherein the mld base is
sodi-um a cesstﬁ' 4 of clainms 1-5, wherein R is
(1-70 al %e;/Fﬁéﬁh} g%&%cogégﬁ%ﬁ%%g&%@i n Rl is ethyl 20 February
2006 10 8. The process of any one of clainms 1-7, wherein Rz is benzyl. 9. A
mor phi no ivative.of. the fprmula |1l as . set. out in claiml1l. 10. The
nor phi nogAgg‘?ljF}\glgﬁev%ng w%;: f:t}l%%gnme\mla%feﬁoﬁm Ei@'me#hyl . 11. The nor phi none
derivative of claim9 or 10, wherein R2 is benzyl. 12. A process for the

pr epar at i@n : of rmal a L1l co ising reactively NCOZR1 NO v
" off I co@fﬁ’?ﬁ'ﬁﬁg%p Eﬁt‘%ee°‘éfgar‘%a¥"¥“\’f8“§flsfegg’ﬂu| a 11 with an oxidizing
agent effective for

11. The morphinone derivative of claim 9 or 10, wherein R, is benzyl.

12. A process for the preparation of a compound of formula I, comprising reactively

contacting a morphine derivative of formula XI with an oxidizing agent effective for
oxidizing allylic hydroxy groups to form keto groups, where a compound of formula ITT as
- setout in claim 1 is prepared, R, and R, being as defined in claim 1.

. 13. The process of claim 12, wherein the oxidizing agent is sodium dichromate.
14. The process of claim 12 or 13, wherein R, is ethyl and R; is benzyl.
15. A morphine derivative of formula I¥ as set out in claim 12.

16. The morphine derivative of claim 15, wherein R, is ethyl.




oxidizing allylic hydroxy groups to formketo groups, V\hﬁj’ﬁe@uﬁ?@@wnd of
formula Was set out inclaiml is prepared, R and R2 being as defined in
claiml1l. 13. The process of claim 12, wherein the oxidizing agent is sodium
di chromate. - 14. The process of claim 12 or 13, wherein R is ethyl and R2
I's benzyl. 15. A norphine derivative of fornula Il as set out in claim12.
16. The norphine derivative of claim15, wherein R is ethyl. 20 February
2006 ‘11 17:- The norphi ne derivative of claim.15 or. 16, wherein R2 is _
benzyl. 18. A process for the production of noroxynorphone, conprising a
react i ony A TRPmURRHE Ul vativd SR PPN cdehinka R, Yseoegégl.f ormula | is oxidized

i nto a 14- hydroxynor nor phi none 5 derivat i ve of rmula IV as set out in
claim1l. 19. The process of claim 18, further conprising the oxidation of a
conmpound; i hone

derivati v%hoér%%hgbgg&gggﬁﬂg b@flal m 1. p}%élhgééa&ﬁ?e%g Weﬂ)lcg:%is}ls of claim
18, wher ei mor;_dnmhe rderivative Qi viatoidl I[Iniso oﬁd!tlzai(‘,ﬂﬁ@rap Mﬁdroz@ﬂﬂﬂo&ﬁhﬂlﬁe( a)
convegtlng m)rg rg:?ﬁllﬁg F%eforglmj cMs , HOUOH .I by reaction with
a hal oforrrg?”é’a 4l s O)O?l, wherein R is as previously
defined and Xis a hal ogen, 15 followed by a reaction with R2-X, wherein X
and R2 are as previously defined, to forma norphine derivative of fornula
11 as ddpi ﬁeecbrbwssrxbfa:lamn]ts,;fu(ﬂm)'cﬁﬁ@r&h@itﬁ@oﬁ&ﬁioﬂﬁf@b&ﬂi}ﬁuﬁoﬁwfnmldH Il to form

a mor phi n%]ﬁeg emréla\fgltlb\{o fo%Ia afm%g'p%lnone denvatlve of formula as defined in claim 1.

10 20. The process of claim 18, wherein morphine is converted ‘into noroxymorphone

comprising (a) converting morphine having the formula I

by reaction with a halofermate ester of the formula X-C(=0)OR,, wherein R is as
previously defined and X is a halogen,

15 = followed by a reaction with R>-X, wherein X and R; are as previously defined, to form a
morphine derivative of formula I as defined in claim 15;
(b) oxidizing the morphine of formula IX to form a morphinone derivative of formula IIX
according to the Pprocess set out ih claim 15;
(c) oxidizing the morphinone derivative of formula III to form a 14-

20 hydroxynormorphinone derivative of formula IV according to process set out in claim 1;

~ (d) deprotecting the 3-position and reducing the double bond at the 7,8-position of the 14-

hydroxynormorphinone derivative of forrmula IV to form a 3,14-hydrexynormorphinone
dedvative of formula V,




according to the process set out iii claim15; (c) oxidizypshhd¥9 2084 phi none
derivative of formula Il to forma 14 20 hydroxynor nxor phi none derivative
of formula IV according to process set out in claiml;, (d) deprotecting

. the 3 -position and reducing the doibl e bond at the 7,8 position of the 14
hydr oxynonnor pbi none derivative of formula IV to forma

3, 14- hydr oxynor nor phi none derivative of fornula V, 20 February 2006 12
(e) and hydrolyzing the 3, 14-hydroxynor nor phi nonederivative of fornmula V
into noroxynorphone of fornmula VI, 10

(e) and hydrolyzing the 3,14-hydroxynormorphinone derivative of formula V into
noroxymorphone of formula VI,

10




