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increasing, many alternative 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 remove 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(QAc); under other conditions, FeCls, Co(OAc), in combination

with several cooxidants, RuOs, Mn(OAc)s, 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 préduction of

" 14-hydroxynormorphinone derivatives of formula IV from compounds of formula III cobalt (II)

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. Therefore, the invention relates to a process for the

preparation of a 14-hydroxynormorphinone derivative of formula IV




25 base and oxygen or air is used as cooxidant. Therefore, the invention
relates to a process for the preparation of a 14-hydroxynor nor phi none

deri vat i weoaB/0igsssrul a |V A NCo2R~ OH RZO O-. O IV WO 03/ ¢C88:382/09280

PCT/ EP0O2/ 09280 2 conpri sing reactingzthe conmpound of formula Ill, ~cRl
R20 00O IIl wth a cobalt (I1) oxidant in the presence of a mld base and
air or oxygen as the cooxidant; wherein R is (1-7C)alkyl optionally
substituted with one or nore chlorines (such as 1,1,1- 5 trichloroethyl),
but en k ‘ thyl; and R2 is benzyl or benzyl
subst?%mu?rgsg%e?ﬁﬁgggéﬁmwg%?gcfﬂéq&:ll)ﬂagllqilz’oxy group or benzyl substituted with

one or nore hal ogen. The oxi dat fofncpjrocess of the present invention is an
ef ficient process with good vyi

g-ds, which are 10 significantly inproved
when conpared to-the proce % rhed by Coop et al.. The cobalt (I1)
oxi dant according to the g M

ntion may be selected froma range of
cobalt (11) salts, such a \_Cg

: . 12, CoBr2, Co(ll)sulfate,
Co(ll)nitrate, Co(ll)acetate, OGi)'(l N.propi onate, and the like, and mi xtures
thereof. The preferred & dant 1n thé pimcess of this 15 invention is
Co(OAc)2 and the preferred cooxidant is air. The reaction m xture of this

oxi dawitbma cobalt (I) oxidant 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-
5 . trichloroethyl), butenyl, vinyl, benzyl, phenyl or naphthyl;
and R, is benzyl or benzyl substituted with one or more (1-6C)alkoxy group or benzyl

substituted with one or more halogen.

The oxidation process of the present invention is an efficient process with good yields, which are

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

The cobalt (II) oxidant according to the present invention may be selected from a range of cobalt
(I) salts, such as CoF,, CoClL, CoBr,, Co(II)sulfate, Co(ID)nitrate, Co(II)acetate,
Co(I)propionate, and the like, and mixtures thereof. The preferred oxidant in the process of this
15  invention is Co(OAc), and the preferred cooxidant is air. The reaction mixture of this oxidation -
process is a heterogeneous system; the oxidant dissolves only in minor amounts in the orggnic ,
solvent that is used. The amount of cobalt (II) salts used is not very critical, as long as the
system is heterogeneous, and a skilled person will know to choose sufficient amounts thereof.
The cooxidant is introduced into the reaction mixture by bubbling it through the solution, while
20  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, potassium acetate, sodium phosphate and
potassium phosphate. Most preferred is sodium acetate.
Preferably R, is (1-7C)alkyl, and most preferred is ethyl. For R, benzyl is most preferred.
25  The oxidation process according to the present invention is performed in an organic solvent
well-suited for dissolution of this type of compounds, preferably (1-4C)alcohols or mixtures

thereof. Preferred is ethanol.



process is a heterogeneous system the oxidant dissolves only in m nor
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contacting a morphine derivative of formula II

I
with an oxidizing agent effective for oxidizing allylic hydroxy groups to form keto groups, where
a morphinone compound of the formula III is prepared. Preferably, the oxidizing agent is sodium

15  dichromate. Preferably R; is ethyl. For R, benzyl is most preferred.

The new process of this invention may conveniently be used in the production of

noroxymorphone. Therefore, another aspect of this invention is a process for the prpduction of

noroxymorphone, comprising a reaction step wherein a morphinone compound of formula III is
20  oxidized into the 14-hydroxynormorphinone derivative of formula IV. In particular preferred is

the process further comprising the oxidation of a morphine derivative of formula I into the

compound of formula III as described above.

Especially preferred is a process for the production of noroxymorphone comprising the steps:

(a) converting morphine having the formula'l



cCE:l R20 O~ "OH Il with an oxidizing agent effective for oxidizing allylic
hydr oxy groups to form keto groups, where a norphi none conpound of the
formul a IWDoB®1§58&pared. Preferably, the oxidizing agent PSTSPA2/08280 15
dichromate. Preferably R is ethyl. For R2 benzyl is nost preferred. The
new process of this invention may conveniently be used in the production of
nor oxynor phone. Therefore, another aspect of this invention is a process
for the production of noroxynorphone, conprising a reaction step wherein a
mor phi none conpound of formul g ld4 is 20 oxidized into the

14- hydr oxynor nor phi none deriyativé of formula IV. In particular preferred

is the process further co ' ng the oxidation of a norphine derivative
o] @ formula Il as described above.
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of fornmula Il into the /Conpoy

Especially preferred is\a v, ocgss /for the production of noroxynorphone
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conpri sing the steps: 5 0
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previ ously descri bed process;
5 form a morphine derivative of formula IT;
‘ (b) oxidizing the morphine of formula II to form a morphinone derivative of formula III
according to the previously described process;
(¢) oxidizing the morphinone derivative of formula IHI to form a 14-hydroxynormorphinone
derivative of formula IV according to the previously described process;
10  (d) deprotecting the 3-position and (at the same time) reducing the double bond at the 7,8-
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 palladium-carbon as a catalyst, -

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,

20  In the process for the production of noroxymorphone, the novel intermediates of formula II, I

and IV form each another aspect of the present invention. The intermediates of formula II, TII



(c) oxidizing the norphinone derivative of formula Il to forma

14- hydr oxynor nor phi none derivative of fornmula IV according to the
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EXAMPLE 1
" The underlined numbers refer to the numbers of the structures of Scheme I. (Bn = benzyl).
10
(50, 6c)-3-(benzyloxy)-7.8-didehydro-4.5-epoxy-6-hydroxymorphinan-17-carboxylic acid

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 chloroformate (30 g) was
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-

20  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 ml),
filtered, washed with water and dried. The yield of product (2) was 10 g. '"H NMR (600 MHz,

25  CDCL) & 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, 1H), 5.09 (d, 1H), 5.18 (d, 1H), 5.29 (t, 1H),
5.72 (t, 1H), 6.53 (d, 1H), 6.75 (d, 1H), 7.37 (m, SH).

(5a,)-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



The invention is further illustrated by the follow ng exanple. EXAMPLE 1
The underlined nunbers refer to the nunbers of the structures of Schene I.
(Bn = berw9lop/o1858® (5a, 6a) (benzyl oxy)-7 8-di dehvdro-4 S5Pep@Po5e928ydr oxW
or phi nan- 17-carboxylic acid ethylester (2) Mrphine (1, 8 g) was dissol ved
in 80 mM of toluene and the solution was dried by azeotropic distillation
of water. Sodium carbonate (15 g) and sodi um hydrogen carbonate (6 g) were
added 15 and the solution was again dried by azeotropic distillation.
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ethylester (4)
The solution of product (3) in ethanol (9 g in 135 ml) was heated to 60°C, 2,6 g cobalt (II)

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
solution 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 ml of ethanol) was transferred to the next step. 'H
NMR of 4 (360 MHz, CH;0H-d4) § 1.28 (m, 3H), 1.55 (m, 1H), 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 (s, 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 %)

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 (35).

(500)-4.5-epoxy-3.14-dihydroxymorphinan-6-one (noroxymorphone) (6) |

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

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




water and 6 m sulfuric acid. Conmpound (2) (7,5 g) was dissolved in 60 m
trichloro ethylene and WO 03/ 018588 PCT/ EP02/ 09280 6 28 ml water was
added. ThwOmBlows88 adj usted to 5 with sulfuric acid. The nPKTmEPE2/0%280 heat ed
under reflux and the Jones reagens was slow y added over a period of 1 h.
The oxidation was continued for another 1,5 h under reflux. The excess of
oxi dant was destroyed with 6 m 2- propanol - The |l ayers were separated and
the organic | ayer was washed with 10% sodi um 5 hydrogen carbonate sol ution

and vah&io] gﬁ&lﬂfdtﬁﬁ A9t thisSPWehat wi £ af GissolltRnSe Watdr dharasl tr@‘bﬁﬂl@ﬂ raded to
dryness and the residue was di ssol ved in ethanol. Yield: - ﬁB groduct (3).

1H  NpRcipEanMepH €OCTENMR (408VHm DYI0-d6) §2.10rm, 2H), 1.41 @, (1L flél(mz 9 (m

1135, 03@9”6@915%22%% o1 35k 1062 64 0o 10 3 ol e 658 415 62 000

1H), @1 éD EDlO (5a) 3 (benzyloxy 7L 8 didehydro 4

5- epoxy- 14- hyd OXy- 6- oxonomhi nan- 17- carboxylic acid ethylester (4) The
solution of product (3) in ethanol (9 g in 135 nm) was heated to 60C, 2,6 g
cobalt (Il1) acetate and 0,5 g sodium acetate were added and air was
bubbl ed through the solution under 15 vigorous stirring. The reaction was
followed with TLC. After conpletion of the reaction the solution was
treated with charcoal (0,3 g) and filtered. The solution was distilled to
volune and this concentrated solution (6,3 g (4) in 53 m of ethanol) was
transferred to the next step. 1H NWR of 4 (360 MHz,' CH30H-d4) 6 1.28 (m
3H, 1.55 (m 1H), 2.52 (in, 1H), 2.74 (m 1H), 2.92 (m 2H), 4.05 (m
1H, 4.15 (m 2H), 4.64 (m 1H, 4.72 (s, 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 b5H).



(5a)-4, 5-epoxy-3. 14 di hydroxy 6-oxonorphi nan-17-carboxylic acid ethyl ester
(5) To the solution of the previous step 6 ml of acetic acid was added. The
product (WP masssseduced w th hydrogen and pal | adi um car b@cT(EP93/0R280 a
catalyst (0,9 g) at 20C and nornmal prgessure. 25 After filtration and
evaporation of ethanol 5,4 g of crude product (5) was obtained. The product
was recrystallized from2 parts (wv) of ethyl acetate to obtain 4,7 g
product (5). (5a)-4,5-epoxy-3, 14-di hydroxynor phi nan-6-one (noroxynor phone)
(6) Pxedivip(P) (4,7 g) was dissolved in 28 ml of water and 5,6 nm of
sulfuric acid and refluxed for 30 approx. 24 h. The product was -
precipitated at pH =9 by dilution with water and 4,6 g of crude product;
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BhO 00 BnhOO "," 0 4 3 NCORC2H NH OH OH HO 00 HO 00 5 6 WO 03/018588
PCT/ EP02/ 09280 9 CLAIMS 1. A process for the preparation of a

14- hydr oxiyoesmesphi none derivative of formula IV NCOR2R, PRIGPR/@280/ 5
conprising reacting the conpound of fgrnmula Ill, ~RL RROO " 0 IIl with a
cobalt (I1) oxidant in the presence of a mld base and air or oxygen as the
cooxidant; wherein R is (1C7C) alkyl optionally substituted with one or
nore chl ori nes, butenyl, vinyl, benzyl, phenyl or naphthyl; 10 and R2 is
benzyl coptagnzyl substituted with one or nore (1C 6C)al koxy group or benzyl
substituted wth one or nore halogen. 2. The process of claim1, wherein
the oxidant is Co(QAc) 2.

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

5

with a cobalt (IT) oxidant 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 moré chlorines, butenyl, vinyl,
benzyl, phenyl or naphthyl;
10 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 1 or 2, wherein the cooxidant is oxygen.

4. The process of any one of claims 1-3, wherein the mild base is sodium acetate, potassium

acetate, sodium phosphate or potassium phosphate.
20 5. The process of claim 4, wherein the mild base is sodium acetate.
6. The process of any one of claims 1-5, wherein R; is (1-7C)alkyl.

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



15 3. The process of claim1 or 2, wherein the cooxidant is oxygen. 4. The
process of any one of clainms 1-3, wherein the mld base is sodium acetate,
pot assi uvoas®i&sse, sodi um phosphate or pot assi um phosphaP€T/FX02/69280The
process of claima4, wherein the mldqgase is sodiumacetate. 6. The
process of any one of clainms 1-5, wherein R is (1-7CQalkyl. 7. The
process of claim®6, wherein R is ethyl. W 03/018588 PCT/EP02/ 09280 10 8.
The process of any one of clains 1-7, wherein R2 is benzyl. 9. A

14- hydr oxynor nor phi none derivative of the fornula IV as set out in claim1l.
5 10. The 14-hydroxynor nor phi none derivative of claim9, wherein R is
et hyl 8. The prphess bf ahy dnosiaiamsdrh ibeieRdsbienati ve of claim 9 or 10, wherein
R2 is benzyl. 10 12. A norphinone derivative of the fornula Il as set out
inclaiml. 13. The norphinone derivative of claim12, wherein R is ethyl.
14. The AracRAtaeasHciphiiehd d&ivafived @héTokmuR VIS senberifcRinR?. i s benzyl . 15
15. A process for the preparation of a conpound of fornula Ill, conprising
redctively NC02' R20 OH Il contacting a norphine derivative of fornmula I
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[
is prepared, R and R2 being as defined in claiml.
11. The 14-hydroxynormorphinone derivative of claim 9 or 10, wherein R; is benzyl.
10 12. A morphinone derivative of the formula III as set out in claim 1.
13. The mérphinone derivative of claim 12, wherein R; is ethyl.
14. The morphinone derivative of claim 12 or 13, wherein R, is benzyl.

15

15. A process for the preparation of a compound of formula III, comprising reactively

contacting a morphine derivative of formula IT with an oxidizing agent effective for oxidizing
allylic hydroxy groups to form keto groups, where a compound of formula III as set out in
20 claim 1 is prepared, R; and R, being as defined in claim 1.

16. The process of claim 15, wherein the oxidizing agent is sodium dichromate.
17. The process of claim 15 or 16, wherein R; is ethyl and R; is benzyl.
25

18. A morphine derivative of forrhula II as set out in claim 15.

19. The morphine derivative of claim 18, wherein R; is ethyl.



16. The process of claim15, wherein the oxidizing agent is sodium

di chromate. 17. The process of claim1l5 or 16, wherein R is ethyl and R2
i s benzylwo023/018888 A nor phi ne derivative of forrimula Il a®CTaPOn286 n cl ai m
15. 19. The norphine derivative of gliaim 18, wherein Rl is ethyl. WO
03/018588 PCT/ EP02/ 09280 11 20. The norphi ne derivative of claim17 or 18,
wherein R?.is benzyl. 21. A process for the production of noroxynorphone,
conprising a reaction step wherein a 5 norphinone derivative of formula
1l is oxidized into a 14-hydroxynornor phi none derivative of forrmula IV as
set out in claiml1, 22, The process of claim?21l, further conprising the

oxi dat¥0 oﬁh%lpo’é’h%r?ﬁﬁﬁﬁé’ed?fc%aéﬁﬁuloé1$’IW1§'§em(¥ef1$ bk n claim 15 to forma

nmor phi none derivative of fornmula as defined in claiml. 10 23. The process
of claim 21, wherein norphine is converted i nto noroxynorphone conpri sing
(a) canver ploogssnidk phe Peodudiiom @f b xkmbphbae,| coMipristhg 4ickdobh ktepywheeaiatd on
with a haloformate ester of the fornula X-C(=0 wherein R is as 15

pr évi ousMYrraEPne derivatiye xf fcgma ] @@éﬁmeﬂ@m@@hwowga@phaﬁnw\ﬂqrwawa X,
wher ei n jously defined, to forma norphine derivative
of for w&a%ggvgég?tﬁ% C gl m 15; (b) oxidizing the norphine of formula
Il to forma norphi none derlvatlve of forrmula I11

22. The process of claim 21, further comprising the oxidation of a compound of formula IT as
defined in claim 15 to form a morphinone derivative of formula as defined in claim 1.
10
23. The process of claim 21, wherein morphine is converted into noroxymorphone comprising

(a) converting morphine having the formula I

by reaction with a haloformate ester of the formula X-C(=0)OR;, wherein R, is as

15 previously defined and X is a halogen,
followed by a reaction with R,-X, wherein X and R; are as previously defined, to form a
morphine derivative of formula II as defined in claim 15;
(b) oxidizing the morphine of formula II to form a morphinone derivative of formula IIT
according to the process set out in claim 15;

20 (c) oxidizing the morphinone derivative of formula III to form a 14-hydroxynormorphinone
derivative of formula IV according to process set out in claim 1;
(d) deprotecting the 3-position énd reducing the double bond at the 7,8-position of the 14~
hydroxynormorphinone derivative of formula IV to form a 3,14-hydroxynormorphinone

derivative of formula V,



according to the process set out in claim15; 20 (c) oxidizing the

nor phi none derivative of formula Il to forma 14-hydroxynor nor phi none
deri vat i weOmB/0i8s88Tul a 1V according to process set out in @CaiEPioo28d)
deprotecting the 3-position and redugiong the doubl e bond at the
7,8-position of the 14- hydroxynornorphi none derivative of formula IV to
forma 3, 14- hydroxynor nor phi none derivative of formula V, WO 03/018588
PCT/ EP02/ 09280 12 NCO2RiF OH HO O O V; (e) and hydrol yzing the

3, 14- hydr oxynor nor phi none deri vat j QCQZfR1fOI‘ mula V into noroxynorphone of
formula VI, ACHHOO O VI. 5 OH

HO 0 (@) V-
(e) and hydrolyzing the 3,14-hydroxynormorphinone derivative of formula V into

noroxymorphone of formula VI,

NH
OH

HO 0 0 VI.

10



