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PREPARATI ON OF OXYMORPHONE, OXYCODONE AND DERI VATI VES BACKGROUND OF
THE | NVENTI ON 1) Field of the Invention This invention rel ates
i n gener al woopaewess for the conversion of nornorphi none an®dWes9813s9
derivatives, which can be synthesized from norphine, to the correspondi ng
14- hydr oxynor nor phi none and its derivatives including oxycodone,

oxynor phone, noroxynor phone, and nal trexone. Noroxynorphone is a key -
intermedi ate for the production of inportant- narcotic anal gesi cs and

ant agoni sts. | n anopR@iARATIBRGF 0XYMORPRYRE IOXYCODONKI ARS OERIYATIVES €I t @i N novel
I nt er medi at es. 2) Background Art 1 4-Hydroxy-substituted

nor phi ne derivatives are inportant narcotic anal gesics and/ or- antagoni sts.
These drugs include oxycodone, oxynorphone, nal buphi ne, nal oxone,

nal trexone, and nal mefene. They are readily synthesized fromthebai ne,
which is a mnor conponent of gum opium As the supply of thebaine is
limted and the demand is increasing, therefore, the price of thebaine is
high. As a result, many alternative approaches have been nade for the
preparation of 14-hydroxynorphi ne derivatives. The reported efforts
for prepgAQKGHBYND'ORTHECINVENTION a 14- hydroxy group fromreadily
abundant=StartIng material s nor phine or codeine (a mnor conponent of gum
opi um whi ch th¥ieldwef the kyention zed by nethyl ati on of norphine) are

th mé ihz id 25 thifinv@ntigN'rBfited h gddraf B'BRIcYs8ToPtheEstiIdiSidn of AisthABRinone

and its derivatives, which can be synthesized from morphine, to the corresponding 14-

hydroxynormorphinone and its derivatives including oxycodone, oxymorphone,
noroxymorphone, and naltrexone. Noroxymorphone is a key intermediate for the
production of important narcotic analgesics and antagonists. In another aspect, the
invention is directed to certain novel intermediates.

2) Background Art

14-Hydroxy-substituted morphine derivatives are important narcotic analgesics
and/or antagonists. These drugs include oxycodone, oxymorphone, nalbuphine,
naloxone, naltrexone, and nalmefene. They are readily synthesized from thebaine,
which is a minor component of gum opium. As the supply of thebaine is limited and the
demand is increasing, therefore, the price of thebaine is high. As a result, many
alternative approaches have been made for the preparation of 14-hydroxymorphine
derivatives.

The reported efforts for preparing these narcotics bearing a 14-hydroxy group
from readily abundant starting materials morphine or codeine (a minor companent of
gum opium, which may also be synthesized by methylation of morphine) are
summarized as the following: (1) the conversion of codeine to thebaine through
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di hydr ocodei none (5.4%yield, H Rapoport, et al., J. Am Chem Soc., vol.
89, 1967, p. 1942 and H Rapoport, et al., J. Og. Chem, vol. 15, 1950, p.

1103), codegy 0%yield, I. Seki, Chem Pharm Bull., vol. 18, 1970, p.
671 and H. eﬂg’?é@%% et al., J. Am Chem Soc., vol. 77, 1955PCHUS&359%,
6- net hyl et her of codei ne (using manganese di oxide, 67%yield, R B. Barber -

et al., Jdinlafocdddiene IDk% yidid, }9.Rapdport, &t41., J( Am.CemXSda!, Vol 89, 1967, p.
codei none pyrrolidinyl di-enam ne to 14-hydroxycodei none (30 - 40%yield,
1. Seki, tﬂé&ﬁndﬂdr Rapspott. et alolJ. Qrg, Chero, vpl. 1671950,1) 1103, apdeinongl(R9% c

chr om ¢ B (r Bk GdinsPRafR paRT 984801670 SHdnd B FRApSH g ALy Am.
1966), negaaneBodl] el ¥7, § 955 F5.0490) ®t6-fethyllthéhefeodeite (usifA§Mangarfdsid) ,
and sel eni um di oxi de plus t-buty

. | hydrogen peroxide fI\/IA. Schwartz, et al .,
3 Wed, csliomide, % visid: Bl Babersatal, g Med. Shame Vel .18 187 5, PaAQrak (Al the,
f dei L0 e il al 9% el hosUSsi
O hot oc nenSXERIiGR PEYEBRRAR dvtFifdin ibndRiing & UOHIEBARAAIONE 1T 403ciAbled
]S:hem vol thEékl Cgﬂéﬁn. rI]?i'larﬂt‘_ﬁBti)ll;. \&Ji._d‘l%S‘bQ‘/_tC{;@. ﬁvebge(ﬂ)atheadiretft a!lty_liox:;(idamhoof' ) e -
rom nor |ne_t rou an 1 n e W ar.nana rotecti ogn
O boon Gesing 1o hd gerisaRndg. -Bufiyabvarves wit,chromicach (h0: Hibres.a!
th bagnat j t it i i
wi e h VopedEy  AOCHEn 0908 vbil 8o, 1087511 S80I dtRARER iciaaE () B0, BPELAL.S
Pat ent 5, Ch2ne7S9c., T8868cppt 133)sand seldriiem dioxideglushtbutybhydragemsperdoxide (M.A.
t , bl l.e-.up, i th f | . tall
ot end) SCRUARE Rhahs 4 Mad ChBim. Vol J¥r198t g 0555 A i) the SRR csint
\ i ! i ! "o
dor et | v TeRsfiThae dridutite IdholokipldsHe (2 RYidY) Bk FRroRimalhaReddate
deri vat i vyield)Auding phetoaigmicallp fenemted singletoxygent(M.Ar Scheartgy etals sk Med.

P Ol e T s ) S 5 b e AR S AP SRS AR (e
use of heﬁYdfgﬂF{eaﬂh?m%u%h an intePRedRas vﬂ?ﬂ %aﬂ’fatégﬁot%ﬁéﬁ% thBHto4ER atém!(97-
rocesses ITh can use norp I

provi de p I ne or codeine as starting teria
i nst ead opositieny caraarbbnate protedcton @t the Bpasitioonahthe carbamate rdtectiandt dthe

| b d d b hyl at i f ' ' ' .
Feonni qued ! oS B Ao e Slendl afslats B MER N B s sttt spsenee o
the use ofyAgr EWd,SW;éll%bl 0.8 'eatent 9%‘125?75)? €thdse hIcEsses suffer from either

14-hydroxynor‘ r phi'none I's not only environnental 'y
fri endl y, lawyields,dong steps; Inot amendbie te scalerut @r invaive the use gb eovinenmentally

ydr osynolREIRSREREY MYRRCGI at . A still further object is to provide

certain it is therefore an object of the present invention to provide methods for the
conversion of normorphinone and its derivatives to the corresponding 14-hydroxy-
normorphinone and its derivatives. A further object of the invention is to provide
processes which provide relatively high yields of the desired products. Another object is
to provide methods which are environmentally safe and avoid the use of heavy metals.

Another object of the present invention is to provide processes which can use

morphine or codeine as starting material instead of the scarce thebaine. Codeine is a
component of gum opium and can also be produced by methylation of morphine using
known prior art techniques. A still further object of the present invention is to provide
the use of an aqueous system in the oxidation step to form 14-hydroxynormorphinone
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I ntermedi ates which are novel conpositions. It is a further object of this

I nvention to provide internediates for specific products, such as
oxycodone, (W?R?!P%ﬁ%ne nal trexone and noroxynor phone. Thep®ssi3so2
other objects will readily becone apparent to those skilled in the

bk o Wi o 6 9 BB ) B s g MO Hivetine

to processe&béequéﬂ&ydrogenamm)aéadtiowwmhoattﬁeh;e#d)bcnm tmamnes of the

formul a: err certain [ at ives thereo
her ei naf t e&" F&WVP“'HOPEJ“PGPHE'P&&%%%%F{" rther oRject istg REQ FPBﬁ\"t he

group cons '|r§tblérﬂgdf§te Wfﬁéh ﬁl’é‘bﬂbvé’lfco}né?éian N1t38 A Rrthey Bgf&k Bf&rhs mvenhon to

al kyl with on-at ons benz 'substi t ut ed- benz
for rrul a: provide mﬂemmdrat@ fowispgcific produd:tsr,usiwhl asyoxydmim'\ed okymurpmhaqgen

AR ST Dener S, SR A5 o o Sk

cycl opropyl abhynht t0¥h8Se sRMedss thée artihd dsadef ene)
cycl obut yl malﬁ? when t he ceie3| r‘gd pr od@g‘t?bftsﬁgngdgﬁfo I ne), ﬁ‘aﬁ%ﬁaenzyl (when
t he desire al trexone, nal buphi ne, or nal nefene);

R is nethyl ethy ubstituted:b

cet | ned above) . 'BanFaASHRSh 35"nfgs%'ﬁ‘é"é?%k@?ﬁéﬁﬁ%%mog%ﬁﬁﬁfgr?ﬁ‘ezy' (e

R'C(O preparation of 14- hydroxy~normorphmones of the formula:

and certain derivatives thereof as hereinafter indicated. In the formula above
R is selected from the group consisting of lower alkyl of 1-7 carbon atoms, cycloalkyi-
alkyl with 3-6 ring carbon-atoms benzyl and substituted-benzyl having the formula:

T qQ

Wae
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wherein: R' is |ower alkyl of 1-4 carbon atons; preferably, R is nethyl
(when the desired product is oxycodone), benzyl (when the desired products

ar e . oxynor pwengy/msgh 14- hydr oxyl - nor mor phi nones), or acyl (whe ﬂ@ﬁg{ed
product is oxynorphone) and R' is nethyl; fromthe correspond?ﬁgnﬁg

nor nor phi W&lm@éﬁw Q' e mu:wahauy sefe%féd from hydrogéﬁ SoRien alkyd rldiflﬁ"orcﬁfhéﬂ'?ﬁ -
defi ned above; Y reacting the nornorphi nones ( ef i ned above) either (1)

or (2) of nite, diglkylaming, syaBesses: (1) directly with an oxidizing

Torerr] . PreREAEr E figing lwfieh 8P Bbliell BrotuciRat] otyickichirerd ofidonone)
as form c cyclopropyimethyl (when the desired products are naftrexone and nabnéfenajr taric
Ui t bl 6 (RIS mqrévrs@r*?w%&h scierregso“ sirespslict S RSNl A0 ey ixthes Hhe'a

m Xt ur e ofgeailadeiro g%er G ! IfE%drie, E@ﬁﬂrﬁef&*nagﬁiétféhé) zing or

suspendi ng the react ants y vvater or a perio fo 24 hours,
whi ch depends dR’ rsrrneﬁtyzla,lef_thyit 2t-a4emomml|nyhetwr benzyl substituted-benayl- (aseiefrned

T s SR 6 16 BRI

R"C(0)-

wherein: R” is lower alkyl of 1-4 carbon atoms;

preferably, R’ is methyl (when the desired product is oxycodone), benzyl (when the
desired products are oxymorphone and 14-hydroxyl-normorphinones), or acyl (when the
desired product is oxymorphone) and R” is methyi;

from the corresponding normorphinones having the formuia:

wherein R and R’ are as defined above;

by reacting the normorphinones (as defined above) either (1) or (2) of the following
processes:

(1) directly with an oxidizing agent, hydrogen peroxide, at a temperature of about
15°C to about 70°, preferably 40°C to 50°C, in the presence of an acid such as formic
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Xis A or Br, preferably A; or an acid anhydride having the formnul a:
[R'C(O][err]O wherein R'" is as defined above; and the corresponding acid
sal t havi ng WP&93§2hul a: PCT/USYSA3ER
wherein: R' is as defined above, .Mis sodiumor potassium atom
pr ef er abl yaeiddtarnaria acid, agetic acidwor pthar rainesalacidsprefarablyJomic agid; inEvr,

or DMAC, p : ' £ e ] :

about 1 sop AR Tol-senBRoWEFR sUEH ¥ wadrr ARSICRUUTTRE, BARSD s Btk P
scal e of t&elveatssuct as E’I’@Wclﬂgmmitﬁtﬂedbl; solubilizingensuspending thevelastants,

[ Er "] pre\?grearb?)l' r\;datg‘, fc'::\:' a p%@ég§ﬁ%?g«9 Sglggqr(l%gjl g)e%\é;’ds on the scajg.pf the

fol | oned bVea{cSi@ﬁt bpg the dienol acylate with either an oxidizing agent
under the conditions described in (1) or reacting with a peroxyacid such as
3- chl or oper oxyb¢2)ini a tveo-step MapPier biyrfirat withiarsadyl halide havingctbei formulad or
formc acid, with or without water and with or without a cosolvent, to help
di ssol ve the peroxyacid and the reactant. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The enbodi ments of the preggX i nvention will be

di scussed with reference to

wherein: R” is defined above, preferably methyl;
Xis Ci or Br, preferably Cl;
or an acid anhydride having the formula:
[R"C(0))0
wherein -R” is as defined above;
and the corresponding acid sait having the formula:
R"COOM
wherein: R" is as defined above,
M is sodium or potassium atom, preferably sodium atom;
with or without a cosolvent such as toluene, DMF, or DMAC, preferably toluene; heating
at a temperature of about 80°C to about 150°C, preferably 110°C for 1 to 24 hours,
depending on the scale of the batch, to produce the dienol acylate having the formula:

wherein: R, R’, and R" are defined as above;
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vari ous exanples of reactions via which the 3(0 -substituted- and/or
17(N)-substituted- 14-hydroxynornorphi none can be prepared.- The R, R and
R' are as pwe9952819 defi ned above. Key features of thpcirios13se
reactions of the invention are nade possi ble by the conbination of several

essenti al thendblioweed bytreastiy tiee Hienol acylatWwith @ithéean oxidizing agent andes i
of the 1 7(N), 3(0 -substituted nornorphi none having the for rmha: ]
[err] tqpqd%oqq)gep%qjmr(d) or reacting with a peroxyacid such as 3-chloroperoxybenzoic

1411003k (o) S 8 A5 o AL W e e
of an aci dand Withtdrewitltoutex cosolverit, tdhelp didgol¢é e peloxyatid and the reactdntione
d enol - acy) BLe 00 TR PHERERRED EMBODIMENTS
The embodiments of the present invention will be discussed with reference to
various examples of reactions via which the 3(O)-substituted- and/or 17(N)-substituted-
14-hydroxynormorphinone can be prepared. The R, R and R’ are as previously defined
above.
Key features of the novel reactions of the invention are made possible by the
combination of several essential novel concepts and techniques, and reside in

(a) the conversion of the 17(N),3(O)-substituted normorphinone having the formula:

to the corresponding 14-hydroxy-17(N),3(0)-substituted-normorphinone having the
formula:

with hydrogen peroxide in an aqueous system in the presence of an acid;
(b) the conversion of the 17(N),3(0)-substituted-normorphinone dienol acylate having
the formula:
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to the correspondi ng 14- hydroxy-17(N), 3(O -substi t ut ed- nor nor phi none havi ng
the fornul a: [err] w th an oxidi zi ng
agent chosen™a¥M#Iueous hydrogen peroxi de or a peroxycar boxyPCrrusesasssn
an aqueous systemin the presence of a weak organic acid; (c) the oxidation.
reaction to form 14- hydroxy-17(N), 3(O) -substi t ut ed- nor nor phi none havi ng the
fornmul a: [err] I n an acetic agueous system

which is very desirable for the follow ng catal ytic hydrogenati on step;
-7-

to the corresponding 14-hydroxy-17(N),3(O)-substituted-normorphinone having the
formula:

with an oxidizing agent chosen from aqueous hydrogen peroxide or a peroxycarboxylic
acid in an aqueous system in the presence of a weak organic acid;

(c) the oxidation reaction to form 14-hydroxy-17(N),3(O)-substituted-normorphinone
having the formula:

in an acetic aqueous system, which is very desirable for the following catalytic
hydrogenation step;
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(d) the 14-hydroxy 3(O -substituted and/or 17(N)-substituted-nornorphi none

havi ng the formul a: may further react in specific ways to form
oxycodone, woweneszeone, nal trexone, and nor oxynor phone. The | 558213392
comon. i nt ernedi ate for nal oxone, naltrexone, nal mefene, and nal buphi ne;

(e) the choice of a preferred substitution_group depends on the kind aqf N
ki rod pldbdbed &-hydous HOMaybstiores ANy 17AN)-shaepIecHRA R mons ng the
and reage unpti on. The advant ages of the nmethod of the
invention Tor the prepar[err]tion of oxycodone include, anmong others: (a)
the use of a currently abundant starting material, codeine, which is a

m nor conponent of gun10piun1and&ggmp e produced by nethyl ation of

nmor phi ne using prior art techniqtes. pt hod does not need to
denet hyl ate the N-nmethyl group on the [tion of codeine, protect the
17-nitrogen of norcodei ne and norcodegno h a carbamate and then

deprot ect the 14-hydroxy-N et hoxycarb& Qdei none, finally, renethylate
the sane nitrogen as disclosed in US P3t q M<R 253, 4,639,520 and
4,795, 813; (b) the use of an aqueous { t he oxidation of

nor mor phi nones or nor nor phi none di en8r. letes is not only environnmental ly
friendly but also desirable for the follow ng hydrogenation reaction, since
there is no need to isolate the internedi ate 14- hydroxycodei none. The

ystom THIY Gt Ioeh bl ey & R BROBnbrphifoPbNer ndfteRBHE end

the produgbroxymorphone. The later is a common intermediate for nalox8ne, naitrexone,

nalmefene, and nalbuphine;
(e) the choice of a preferred substitution group depends on the kind of desired product
in such a way to facility the ease of operation, solvent and reagent consumption.

The advantages of the method of the invention for the preparation of oxycodone
include, among others:
(a) the use of a currently abundant starting material, codeine, which is a minor
component of gum opium and can also be produced by methylation of morphine using
prior art techniques. This method does not need to demethylate the N-methyl group on
the 17 position of codeine, protect the 17-nitrogen of norcodeine and norcodeinone with
a carbamate and then deprotect the 14-hydroxy-N-ethoxycarbonylnorcodeinone, finally,
remethylate the same nitrogen as disclosed in US Patents 4,472,253, 4,639,520 and
4,795,813; |
(b) the use of an aqueous system in the oxidation of normorphinones or normorphinone
dienol acyletes is not only environmentally friendly but also desirable for the foliowing
hydrogenation reaction, since there is no need to isolate the intermediate 14-
hydroxycodeinone. The basic nitrogen on the 17-position is protonated in the acidic
aqueous system. This greatly contributes to the high solubility of the reactant and the
product.
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This novel synthesis route affords high yields, good reliability, and
straightforward operation and control at each and every step of the

synthesi s aW® ¥W/3%r reduction in the cost of the synthesis ®CTASYS/MISONE,
oxynor phone, noroxynor phone, -nal trexone and nal buphi ne. Thus, for the.

synt hesi s of oXxpig@evel évrﬂnésisdemmdhmui? yiei@s) igovl relibiliy, and ng

materi al, which has the fornul a é IS converte
codei none s&amht@prwa@dmemncm and.control at each-and every step of the synt s fmd a

g%h;QI’GI ggl)rga,oe éd‘ﬁmoﬂ tﬁPl rsfIaf ﬂﬁ%ﬁ'tﬂé’gm s nv@?\@y corgelbngﬁeolr sacI |

react ed Wridvo bAgTONE) Paltrexbhe andnhlbuphing.he presence of an acid at about
15 to about 70[err]C for a perlod of tine depending onthe scal e, of .t he
reaction to aff ows. far thasuthesaof M@Q’W%g@ﬂ‘ 9‘?‘1&89 ‘Q%Mﬂ?@ow starting

SO prOducq'ﬂa{e?lahy\gﬁ%l!%tﬁgfbﬂnhﬁe sane reaction nedia with a
-0-

by the prior art method such as Swern oxidation (DMSO/acid halide or acid anhydride).
In the first method of this invention, codeinone is reacted with hydrogen peroxide
in water in the presence of an acid at about 15° to about 70°C for a period of time
depending on the scale of the reaction to afford 14-hydroxycodeinone in good yield.
14-Hydroxycodeinone so produced is hydrogenated in the same reaction media with a
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catalyst to afford oxycodone in good yield. Preferably the tenperature is
bet ween about 40[err] to about 50[err]C and the acid is form c acid.

The sequencavobyetseps in the first method for the synthesis ofp SOBASES
from nor phi ne or codeine can. be illustrated as foll ows: [err

e 1 eact iR BERER avcorione in abPERR: BHERARN AR Temporatirs Kbt

di gi t desHdutao°as Rt 50°OuPhe £uié is formie'heidcor rsponds to the sane
di scriptor appearing after the title to the Exanples. Accordingly, .the

sol vents, react Hne sequengephsiepsdn the fiest rapthoglifer thessynthesisiaf ﬁ"bfc?qo'f'% from

exap! €2 Rprled o Bl CIEDSRAhed BRI | vt or roci at e by el Soer
mar kedly increased by first acylating the nornorphinones to the

correspondiayg dignol acyl ates and theg oxidi zing the acrylates to the
correspondi ng hydr oxynor nor phi nefies posed to the di re}tn oxi dation

Ho™

{codeine) {codeinone)

(oxycodone) (1a-hydrexycodeinone)

In this and the reaction sequences which are hereinafter shown, the hyphenated
two digit descriptor appearing beneath each formula corrsponds to the same discriptor
appearing after the title to the Examples. Accordingly, the solvents, reactants,
temperatures, times and yield are set forth in the examples for each step of the overall
reaction. _

In the present invention it was observed that the yields of the intermediate
products were markedly increased by first acylating the normorphinones to the
corresponding dienol acylates and then oxidizing the acrylates to the corresponding 14-
hydroxynormorphinones as opposed to the direct oxidation of normorphinones to the

- 10 =~
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- 10 - correspondi ng 14- hydr oxynor nor phi nones. Al though this

I nvol ves an extra step, the overall yield is higher. For exanple, the

oxi dati on of W¥W®ne di enol acetate to 14- hydroxycodei none pCcwaisdgssaz
yield of 70 to 80 % after chromat ography whereas direct oxidation of

00 07, Sk SISO, AP0 Koe 11 v on e

Accordingly, 1na se codel none IS
converted pveralbyielbischighem dFor-axample, the pxidatiomiof codeinote diemolcEtste, to1 b7

oacted wi PHOIRRIEOYRIORG:RIBViSet A sl ot 2050 abiYE SR CtasmattdrmPRl ifeTeR fusett
process t 0 okitalioA SPosuRinOrRANBN SRy doxproasinBRa ghfks SooraTRAsId] N

excellent yields. Alternatively, codeinone di-enol "acetate is reacted with a

peroxyaci d oxi diAdgoogdinglyain aisesand quethod of thisdnvention wodeinansnis\firshcenvested to

Agai n e GPERTETS GatiCatbibdr At hORCARIBE 807287, RS ebaN-EiMiGS,

for the neqge0epcaieg) ahd tharntia oddeindis Hixgw) acetite isrddtted withohyirogenof
t he 14- hydroxycodei none by addi ng the catal yst and hydr ogenatl ng the

mi xture anderdxideungiesthegoadifiensisatforth ié‘fté)éaﬁﬁwftoﬁés%éﬂ dhydraxysadeinensy
et er anl 5 GR IORFARBRARIEY ReeolBhE T ERb G Vislaf Rt ARVl dtilefhor® fiBnol

acetate, t ecetiteds séadted with @parsxyachd okidizing agestial artagieows be han g urost .
The preferred weak acid is acetic acid or formc¢ acid, which also serves as
the sol venSystesMith a weakiacid ah ke temperatyre ig farpul 4hyvdeexysodsingnesingxcglient

does not cRalge Addn ¥hé bfbduct, 14-hydroxycodeinone, in its reaction mixture is suitable for the
next reaction, the catalytic hydrogenation, without isolation of the 14-hydroxycodeinone

e

by adding the catalyst and hydrogenating the mixture and then isolating oxycodone.
Preferably the peroxyacid oxidizing agent is 3-chloroperbenzoic acid; perbenzoic acid,
peroxyacetic acid; more preferably 3-chloroperbenzoic acid. A non-reactive cosolvent
such as ethyl acetate, tetrahydrofuran, dioxane, is used to dissolve the oxidizing agent.
The preferred weak acid is acetic acid or formic acid, which also serves as the solvent.
Conducting the reaction with or without water or oxalic acid does not change the yield.

- 11 -
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- 11 - The sequence of steps for the second nethod wherein
codei none is converted to codeinone dienol acetate in the synthesis of

oxycodone fyweygofgeéaehi ne can be illustrated as fol I ows: PCT/USSS/13592
ert mor phi ne - _(codeine) . _ - B
E) . [err] Th;o sequence of steps for the second(method wt)merem codeinone is converted to

codeinone dienol acetate in the synthesis of oxycodone from morphine can be

illustrated as follows:

I=4

(1u-nydruxy'cndeinone) (codeinone dienol acetate)

{(oxycodone)

- 12 -
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- .12 - For the synthesis of oxynorphone from norphine in the
present invention, (a) the first step is to protect the phenolic hydroxy on
t he. 3- posit |Wﬂ95402528rph| ne to formthe 3(O - prot ect ed- nor phi nepOBAISHZNISHE
formul a: [err wherein P =
Plerr] or R err]Forrmesyatrmns aboxymemhene fmgnommm & prasemd invaniios;

v or° badd ROk b8RR 1B BrS8R e CATRTII ity Bo el BERNiPH nipiphito orm

Plerr] i nchiel8sOpprotecterimarphinachavirgpthetorimiiy: -

wherein P = Py or Rz. P is a suitable protecting group which is stable under the reaction
conditions and easily removable by mild hydrolysis with an acid or base (for Py) or
under catalytic hydrogenation (for Pz). Py includes acyl, benzoyl and alkoxycarbonyl.

P2 includes benzyl, substituted benzyl and benzyloxycarbonyl. .

(b) the second step is to oxidize the 3(O)-protected morphine to 3(0)-protected-
morphinone having the formula:

by any of the prior art methods such as Swern oxidation (DMSO/acid halide or acid
unhydrite).

(c) the third step is to convert the 3(O)-protected-morphinone to the 14-hydroxy-3-(O)-
protected-morphinone using the techniques disclosed in this invention as set forth in the
conversion of codeinone to 14-hydroxycodeinone in the synthesis of oxycodone.

- 13 -
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Pl[err] includes benzyl, substituted benzyl and benzyl oxycarbonyl. (b) the
second step is to oxidize the 3(0-protected norphine to 3(0O) -protect ed-

mor phi none wayeogestde fornul a: by any of the prior sﬁﬁ
such as Swern oxidation (DMSQO acid halide or acid unhydrite). 2 ig ? |rd

step is t onye he ot ect ed- nDr on to, the 1 4-h -
ot o ect ed T Bteiata, 3 kel fpidboRe derd adiarm, isip Bopelibating Faving
set forththgféﬁﬁu@@nver5|on of codei none to 14 hydr oxycodei none in the
synt hesi s of oxycodone. : - 13 -
The internediat e, 3(C»-protected-co?gﬂ di enol acylate, is a novel
' er

conpound havi ng the fornul a: erein P and R' are as defined
above; preferably Plerr] is acetyl and benzyl .

r

A

wherein P and R" are as defined above; preferably P, is acetyl and P; is benzyl.
(d) depending on the particular protection group, P1 or Pz, the fourth step is either (i) to
first produce the 7,8-double bond of 3-(0)-P1-protected morphinone and then to remove
the protection group by acid or base hydrolysis to produce oxymorphone or (ii) to
hydrogenate the 7,8-double bond and deprotect sumultaneously the 3-(0)-P2-protected
morphinone to oxymorphone. >

This synthesis of oxymorphone from morphine wherein P, is acetyl can be
illustrated below:

- 14 -
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(d) depending on the particular protection group, Plerr] or P2, the fourth
step is either (i) to first produce the 7,8-double bond of

3- (O - P[ er rivomemesest ed nor phi none and then to renove the prot BET/USAB/ISp
by aci.d or base hydrol ysis t-o produce oxynorphone or (ii) to hydrogenate --
the 7, 8-doubl e bond and deprotect simnultaneously the 3-(0) -P2-protected

nor phi none to oxynor phone. Thi s synthesis of oxynorphone from
nor phi ne wherein Plerr] is acetyl can be illustrated bel ow
- 14 - KO
o
0
0

oxymorphone

wherein the hyphenated two digits below each formula identifies this corresponding

examples as previously indicated.
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[err] oxynor phone9
[err] wherein the hyphenated two digits below each formula identifies this

correspondi W@ 99/03539 es as previously indicated. PIGUSYAS4MBSI S
of oxynor phone from norphine.wherein P2 is benzyl canbe .

The synthesis of oxymorphone from morphine wherein P is benzyl can b&

shown as follows:

oxymorphone

- 16 =

SUBSTITUTE SHEET (RULE 26)



shown as foll ows: HO [err]

WO 99/02529 PCT/US98/13592

For the synthesis of noroxymorphone from morphine in another embodiment of
this invention, morphine is converted to 3-benzylmorphine, which is acetylated to 6-
acetyl-3-benzimorphine having the formula:

6-acetyl-3-benzylmorphine is N-de-methylated with 1-chioroethyl chloroformate or
cyanogen bromide and followed by acid hydrolysis to 3-benzyinormorphine. 3-
Benzylnormorphine is reacted with benzyl halide in the presence of a base such as
sodium or potassium bicarbonate to produce 3,17-dibenzylnormorphine, a novel
compound, which is oxidized to 3,17-dibenzylnormorphinone, a novel compound, by
Swemn oxidation. Using the conditions set forth in this invention, 3,17-
dibenzylnormorphinone is oxidized to 3,17-dibenzyl-14-hydroxynormorphinone either by
directly reacting with hydrogen peroxide in formic acid or by first converting to 3,17-
dibenzylnormorphinone dienol acylate, a novel compound, and then reacting the latter
with hydrogen peroxide in formic acid or a peroxyacid as set forth in the synthesis of
oxycodone. Without isolation of 3,17-dibenzyl-14-hydroxynormorphinone from its
reaction mixture it is hydrogenated to remove the two benzyl groups and reduce the
7,8-double bond simuitaneously to produce noroxymorphone in good yields.

- 17 -
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- 16 - For the synthesis of noroxynorphone from norphine in
anot her enbodi nent of this invention, norphine is converted to

3- benzyl nor po swezsydi ch is acetylated to 6- acetyl - 3-benzl nor plarnesdsasssg
the formula: - 6- acetyl - 3- benzyl norphine is N-de-nethylated wth.
1 -chloroethyl chioroformate or cyanogen brom de and fol |l owed by acid
hydrol ysis to 3-benzyi nor nor phi ne. 3- Benzyl nornorphine is reacted with
benzyl halide in the presence of a base such as sodi um or potassium

bi carbonate to produce 3, 17-di benzyl nor nor phi ne, a novel conpound, which is

ot dat on. Ui g SHRSHEHRRE STHERRUPERRon 125V FlordREWCih e ko olows:

di benzyl nor nor phi none is oxidized to 3,17- dlbenzyl 14- hydr oxynor nor phi none
either by directly reacting hydrogen peroxide in formc acid or by
first convam tO0 3,17- [ a novel
conpound, reacting th

m xture it 3
7, 8-doubl e bo

no"

morphine

NOROXYHORPHONE

- 18 -
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- 17 - The synt hesis of noroxynorphone from norphi ne can be
Illustrated_as foll ows: nor phine J[err]
WO 99/02529 PCT/US98/13592

-

For the synthesis of 3-methylnalitrexone from codeine in this invention, codeine is
converted to 6-acetylcodeine, which is N-demethylated to 6-acetyinorcodeine
hydrochloride, followed by alkylating the nitrogen to form 17-
cyclopropylmethyinorcodeine. The latter is oxidized to 17-
cyclopropyimethyinorcodeinone. As set forth in the synthesis of oxycodone in this
invention, 17-cyclopropyimethylnorcodeinone is converted to 14-hydroxy-17-
cyclopropylmethylnorcordeinone either by oxidizing with hydrogen peroxide in formic
acid; or by first converting to 17-cyclopropyimethyinorcordeinone dienol acetate, a novel
compound, then oxidizing with either hydrogen peroxide or MCPBA. 14-Hydroxy-17-
cyclopropylmethylnorcodeinone is hydrogenated to 3-methyinaltrexone. 3-
Methyinaltrexone can be demethylated to naitrexone with BBr3, a prior art method. The
reaction can be illustrated as follows:

- 19 -
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[err] HO HOROXYMORPSPHNE

- 18 - For the synthesis of 3-nethylnaltrexone from codeine

in this i nw@yégsre codeine is converted to 6-acetyl codei ne, WoTnis9sa3s92
N-denet hyl ated to 6-acetyl norcodei ne hydrochl oride, followed by al kyl ati ng.
the nitrogen to form 17- cycl opropyl net hyl-norcodei ne. The latter is
oxi di zed to 17- cycl opropyl net hyi norcodei none. As set forth in the

synt hesi s of oxycodone in this invention, 17-cyclopropyl nethyinorcodei none
is converted to 14-hydroxy-17- cycleprgpyl net hyl nor cor dei nope¥eARK, by

oxi di zi ng-WL I iydr ogen per oxi de n 1 acid; or by first co
17-cycl oprop acetate, a novel

-

NALTREXONE g
(3-METHYLNALTREXONE)

- 20 -
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compound, then oxidizing with either hydrogen peroxide or MCPBA.

14- Hydr oxy- 1%; g%cl ogropyl nmet hyl nor codei none i s hydrogenated to

3- et hyi nal t Q8529 \et hyl nal t rexone can be denet hyl at ed t o PCRUSIBAGER
with BBr3, a prior art nmethod. The reaction can be illustrated as follows: ..

- 19 - [ eFok the synthesis of naltrexone from morphine in this invention, morphine is
converted to 3-benzylnormorphine as described above in the synthesis of
noroxymorphone. 3-Benzyinormorphine is reacted with cyclopropylmethyl halide to
produce 3-benzyi-17-cyclopropyimethyinormorphine, a novel compound, which is
oxidized to 3-benzyi-17cyclopropyimethyi-normorphinone, a novel compound, by Swem
oxidation. Using the conditions set forth in this invention, 3-benzyl-17-
cyclopropylmethyinormorphinone is oxidized to 3-benzyl-17-cyclopropylimethyi-14-
hydroxynormorphinone either by directly reacting with hydrogen peroxide in formic acid
or by first converting to 3-benzyl-17-cyclopropylmethylhormorphinone dienol acylate, a
novel compound, and then reacting the latter with hydrogen peroxide in formic acid or a
peroxyacid as set forth in the synthesis of oxycodone. Without isolation of 3-benzyl-17-
cyclopropyimethyl-14-hydroxynormorphinone from its reaction mixture, it is
hydrogenated to remove the benzyl group and reduce the 7, 8-double bond
simultaneously to provide naltrexone in good yield.

This synthesis of Naltrexone from morphine is shown below:

- 21 -
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For the synthesis of naltrexone fromnorphine in this invention, norphine
I's converted to 3-benzyl nornor phi ne as descri bed above in the synthesis of
nor oxXynor pixanesnzs2dsenzyl nor norphine is reacted with cycl opr oppdrmasdssBse2

hal i de to produce 3-benzyl-17-cycl opropyl net hyl nor nor phi ne, a novel -
conmpound, which is oxidize -benzyi -1 7cycl opropyl met hyl - nor nor phi none,
a novel onpound, by vaern bxi datiog. Using the conditio et forth in
this i n&witRy 3- benzyl - = . t hyi norm)rphllpgne s oxidized to
3- benzyl -1 @ opr opyl rret hyl - 14- hydrbxyn r mor phi none |y
reacti ng wsQa&[ ogen peroxide in fo (d or by first converm
3-benzyl - &87- ropyl nmet hyl nor m)rpla nope digenol acyl ate, a novel Z
conpound, Fpe e reacting the latteE drogen_peroxide,in fgor

acid or a h> acy—as set forth int nt hBsts of oxycodong, Vet

i sol ati on.8 pedzyl -1 7- cyclopra%x 4- hydr oxynor nor phj non n. N—
its real®ionfixture, it is hydrogéffated to renove the benzyl oup
reduce the 7, 8-double bond sinultaneously to provide naltrexone@® ‘
yi el d. Thosplsi,na hesi s of Nal trexone {4 (samgplasne is shown bel ow. g-2

- 21 - =71 & 4-7) {same as £=2)

w
Ho

£=2
(same as 4-=7)

NALTREXONE
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21 [err] A general schene for the synthesis of

nor oxynor phone from norphi ne can be depicted below wherein P, Q Q@ and R’
are as prewowsioys2ondi cat ed. no [err] PCT/USP§/13592
her ei nbefore indicated, cert-ain internedi ate conpounds found during the

synthesis of the desired end products, are thenselves novel co Siti f
matter. These ?AWU&Mmesfet theosyrithesistaf sorpxymearphone ffommg%mg 5%“?1%8

exanples are illUstrative of theinvent)on. i Oxycodone From
Codei ne Ttepicted beleyy WHRERID %r§1 QAEB&E% Ard ad previdlishy Hdicdted

morphine

NOROXYMORPHONE
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EXAMPLE 1 Preparation of codei none (1 -2) To a sol ution of

di met hyl sul f oxi de (16.53g, 0.21 nole) in CGH2C [err] (80m ) at -78[err]C was
added dr opwWse9s0282¢ uti on of oxalyl chloride (13.01 g, 0.10 m}kﬁ')udﬂ/lss
CHerrjd[err] (50 m) over a period of 40 mn. After stirring for 10 r%zn

over 50 min. vARTERIMSTAE Phiated ortRin itermegiale commeuAds sbuld ufing the
stirring §9nthé§fsec§frth§ deired diid prddutts, (@8 tﬁbbns%%s&ﬁbil@d cofrpdsiitré dfmatter.

CHZCI[err]Irb(loo . The reaction mxture was allowed to warmup to room
t enperat u esmgn'mpundsrarﬁaaairfonbuxtn%giams dried over anhydrous Na2SO4

and evapor at ed 5. 57 IR (KBr) (v,
cterre 1663 TS PIARFRetdniRE el yfitfieloXifplfpdony: (%, (T (37
8.2, 2-HA. ESﬁﬁtl{ehls &f Oxyddtighe Froin Codeiné Thrdugﬁ ,Cédeinohe Dierfol Ncetate
dd, J, 10.2 & 2 -H), 4.68 (1, s, 5-H), 3.85 (3, s, OCH3), 3.45-3.35 (1,
m 9- H), EXAEMPQ-EIV (1, m 14-H), 3.10 (1, d, J, 18.5, 10-Herr]), 2.61 (1,
dm J, 1159, c%ﬁ_‘%ézNCHS)ZSO(l dd, J, 18.5 & 5.5,
10H[err]ﬁ—%égéfi$—$§—éﬁ—(ﬁ-b&37 16-Ha), 2.06 (1, td, J, 12.0 &

4.8, 15-Ha), 175 ééiuti@ﬁlofhlmb&yﬁsuﬂ&qd@)ﬁe 53g, 0.21 mole) in CHzClp (80 ml) at -78°C
- 24 - MPLE 2 Preparation of codeinone dienol acetat

A mi xt ur ewas aﬂﬂm deapwise aomjutian otzon@m/bg:hlogde|(m340daeﬂdt(bmp1e)m@ iCl@ 0 mi)

ol €). andoGPRIaARAYHO Hiin (Afler Htring 137 16%R), 4 SollBbH 5P BolGind (20185y, 68"
mole) in CH.Cl> (100 mi) was added over 50 min. while keeping the reaction mixture at
-78°C. After stirring at -78°C for 2 hr., EtsN (50 ml) was added, followed by CH,Cl» (100
ml). The reaction mixture was allowed to warm-up to room temperature, washed with
water (6 x 150 ml), dried over anhydrous Na,SQO4 and evaporated to dryness in vacuo
to give codeinone (25.57g). IR (KBr)(v, cm")f 1668 (s, sharp, -C=C-é=0); NMR
(3n)(CDCly): 6.67 (1, d, J, 8.2, 2-H), 6.62 (1, d, J, 10.2, 8-H), 6.59 (1, d, J, 8.2, 1-H),
6.07 (1, dd, J, 10.2 & 2.9, 7-H), 4.68 (1, s, 5-H), 3.85 (3, s, OCH,), 3.45-3.35 (1, m, 9-
H), 3.25-3.17 (1, m, 14-H), 3.10 (1, d, J, 18.5, 10-Hg), 2.61 (1, dm, J, 11.9, 16-H,), 2.45
(3, s, NCHg), 2.30 (1, dd, J, 18.5 & 5.5, 10-H,), 2.30 ( 1, td, J, 11.9 & 3.7, 16-H,), 2.06
(1,td, J, 12.0 & 4.8, 15-H,), 1.85 (1, dm, J, 12.5, 15-H,).

- 24 -
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for 5 hr, cool ed, diluted with CH2Cl 2 (300 nl), and basified with NaHCG3
(66g in 300% 25h§ €- cold water). The organic portion was separat ed,

washed with wa ?4 x 150 m), dried over anhydrous Na2SO4, JMF/ES88(18%%t ed
to dryness in vacuo to give an oil (9.4g), which was chronmat ographed on -
silica geIEmMpEE/QCI-BO-l in CH2C [err] to give codeinone di enol acetate as
brown needl es (5. 62 , cnjerr]): 1745 (s, sharp,
C—C—OAC) Ngparatic 8.1, 2-H), 6.59 (1, d, J,

?12 S1- , 5. 79%@1{599 °f%88.@'f&( | Omé:!e?? dg}urgch eiatgﬁﬁﬂﬁﬂ'm nﬁaléﬁ

18.2, 10- Iﬂrﬁf ad:étlc ﬁn@}@ir(db (3537649, 0.88. rﬁol&) in foludiie (Bnl) washeated atiS03- 108°Q

1 T a8y booiea didierayh sHasT: 00 micasl basifiscvi NaHCGE (669 i 309 mi
15-Herr] )oél TNe d-water f'ﬂ?@&@drﬁé‘ p&ﬁbﬁwgf%ﬁéYQQdeﬁvQQﬁ‘é‘d (N’rth"\)l?tferrg o 1n%% gnl),

codei none acet a A'solution o
di enol acairimdcoydr. arﬂwdraus NazBI0),, ahdreviaporated t¢ Agnessupaacusdogivean ofl. (904g),

hater (1. SHITHAS ShdRTRGSraPhad on siagiel il sk CPEPHInORCE 28 R eddeiRBas,
temper at Ugion) Jtéfed A SRR 6 8o AR eI IFF BT ) 74 R A,

(50 m). e ex ract was washe over’ anhydrous

Na2SO4, ar@:@@A@g ;ENIRIR (89.)@0(0%?% 67 vamw 8 9, 24H7)66594(-1h3ﬂ¢098)29dd!d) e (1,
(0.80g, 78%yvyield The val ue in he IR spectrum and t
spect rum ¢id,th®. %BOH@CF‘M)BI&?SZéMI’&b@ 3, ﬁ'd"‘)li hee( oI5 Bk 8.8 @n%@@b‘ahéﬁ@ﬁc

3 enol ZIA o3 1058 Gandh & o e IIOHAEER (PR udrilhd b7 B R 20

(1. 169 o | i | '/ h V2
acid (57 6% 8)4&013' 19 ﬁ(’)agléa?“ag?ﬁ‘(]: g?:l d ?JP grgég (gh%gqgrﬁé\?z(vegbgg ?t ?r
at room t etthZr&a .2, EIS-H’,) @ 2(0 (3,3 DAcE@nd 1.75d0 ndam iy a2§d 1SFH4OH,
- 25 - and extracted with CH2C 2 (50 m ). The extract was washed
W th waterE{(N’lN-F dried over anhydrous Na2SO4, and evaporated to dryness
N vaco | Spfloifafof b 98-HiREkodeindiiohs. i bflcdinGhs BIEoR ALARRE 1 81 by HiO,
enferr]): 3300 Araohht;on m;ode.aane dienal mlamtecct'ae@te)a mmt) formic acid (80%
([err])(CDd [err
6 60 (1 cAausoshéalutian. 8boeT56 nmoinydiodem Peraaids (31% agediuSisshitidn, .90g,
5-H. 3. 858.@%@!),9933\)@& ('?.%dg} wib atfowed to stir at 40-42°C for 4.5 hr, cooled to room
temperature, basified with concentrated NH4OH, and extracted with CHzCl» (50 ml). The
extract was washed with water (20 ml), dried over anhydrous Na;SQ,, and evaporated

to dryness in vacuo to give 14-hydroxycodeinone (0.80g, 78% yield). The R; value in

TLC, the IR spectrum and the NMR spectrum of the product were comparable to those
obtained from an authentic sample.

EXAMPLE 4
Preparation of 14-hydroxycodeinone (1-4) from codeinone dienol acetate (1-3) by
MCPBA

A solution of codeinone dienol acetate (1.16g, 3.4 mmol), oxalic acid (0.70g, 7.4
mmol) and 3-chloroperoxybenzoic acid (57 ~ 86%, 0.83g) in glacial acetic acid (10.02g)
was allowed to stir at room temperature for 6 hr, basified with concentrated NHsOH,

- 25 -~

SUBSTITUTE SHEET (RULE 26)



18.6, 10-Herr]), 3.03 (1, d, J, 6.0, 9-H), 2.63-2.16 (1, m 15-Herr]),
2.63-2.16 (2, m 16-Ha & 16-He), 2.6-2.4 (1, b, -OH), 2.50 (1, dd, J, 18.5

& 4.9, 10-H 2.45 (3, s, NCH3), 1.68 (1, d J, 12.7, 15-H . Th
Rf val.ue in%g’@?\% | R gpecfr um anél t he NI\/I(? spe(r:ntrum of the [?F%%'?n{?t&}‘ e Ny
consi stent with those obtained froman authentic sarrpl e. EXAWVPLE 5

P o

A col utrsSsfactsd yHECRIELE ER 10" né Sxfop] WASWRRHEAN vialer i, eS0T

gl' ﬁ 0 rﬂot)/er anWgtesus( llﬂlaéSOh.) an?evwdramtd dryniess u;tvaé? to g @ cryde pradurt hr . ]

e mx urewa ool e asjfie and extr rr
(3 x 1511490, W ichaWes SbromatogsaR °Wﬁw}?’4%%?‘é? Oivg purp 1 EWQWE?? 2S04
d = h

a1, V3BT, 29k oY IATKEH VAR SRR, 70 S ©00=0p ¢

IS co y eiln I R spectrum N spectrum and

the R &NMR m?qnmd:m ‘B.69\ 1 &, J, rmaezm 8160a(tt, ks df B2, JaH)| & 60X FI B 1, 8-
Pr epar at I on

col it 40,6 %’wed%ohéoﬁf 808, 109,485 (D S6-0). 19528 raPEra) P RELTag & (0.7

heat edyﬁ 8'9128 "Pﬁi4?§|3d<]q gffé_gg Rrﬁgr?de coo"96 M) ??E}ﬂg\%@hﬁ? 3#@4?{@%%&

sol uti Om-lé%z 2624 @%bPobﬂ) (28019) danyl fwsr&aqemnenr)@e 45 (3,8 NCHZB 1168 (1T

hydr ogen for 18 reaction mxture was filtered. The filtrate was

basi fi ety 12, MHAEI-Hénahe)ﬂfrV&iﬂ%m TLChtheciPhspectrurranst thedNM spestrumcaf thes
hed wi th d d ted
Vacuo. toHHshReE bRt s ctta s T S AUhERYS sefie & Dol B T Tic

and t hegxRnvpPeety um of the product were conparable to those obtained from

an aut hentlc sarrpl e. . - 26 -
B. Syntirepasaiid A ¥ iddphi none

?2?”55%7 sl “n"RIa?‘i%éffa?f‘ﬁ? ¢ e W&ﬁ@%ﬁw %&@@7@*’@@‘?’%@“ e

in tol wanqn(wafém) AMPWES2iDWeads il ht Bos S8°@ fofl 7dir. Thb!miktderwad cboled, The

reaction'm xture was €vaporated to dryness in vacua. To theg residue was
added - visasified 80thniNH.@ht] apdtexiracted withtCHGIx(30¢ 35 ml).50te exiractiwas washge: s

T R A S MBS0 AR B b PV B give o,
cm  packsity Misidue (bt 12gR wiith is‘éomparable to 14-hydroxycodeinone in its IR spectrum,
NMR spectrum, and the R; value in TLC with those of an authentic sample.
EXAMPLE 6
Preparation of oxycodone (1-5) from codeinone dienol acetate (1-3)

A solution of codeinone dienol acetate (0.50 g, 1.48 mmol), formic acid (0.7 ml),
hydrogen peroxide (0.43 g, 30%, 3.79 mmol), and water (1.4 ml) was heated at 43 -
44°C for 6 hr and cooled to rt. over night. To the solution was added 5% Pd/C (80 mg)
and hydrogenated at rt. under 28 psi of hydrogen gas for 18 hr. The reaction mixture
was filtered. The filtrate was basified with NH;OH and extracted with methylene
chloride. The extract was washed with water, dried over anhydrous sodium sulfate, and

'evaporated in vacuo to dryness to give oxycodone (0.40 g, 85% Yield). The R; value in
TLC and the IR spectrum of the product were comparable to those obtained from an

authentic sample.
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gel; solvent system 5 - 10% MeOH in CH2Cl [err]) to yield 3-acetyl norphi ne
(27 g, 100%vyield). IR (KBr)(v, cnferr]): 3500 (m sharp, -OH, 1750 (s,
shar p, AcO)w#\ﬂ%ﬂ,err]H)(CDd 3): 6.73 (1, d, J, 8.1,2-H), 6. pérfuks: :
8.1,1-H), 5.74 , dm J, 10.1, 7-H), 5.25 (1, dm J, 9.9, 8-H)Z',r 4.%’%5?211,

d, J, 6.9, 5-H), 4.25-4.10 (1, m 6-H), 3.50-3.35 (1, m 9-H), 3.05(1, d,
J, 19.1, 10-Hp), 2.8-2

H)

: : .7 (1, m 14- 2.85-2.60 (1 16-.He . 50-2. 25
(1, m Be-Synthesisof Qxymorphene ,FrQF%Mg@ﬁq? °§shﬂ-"bf=??x'm3ﬁ£§"?§? s,
‘AcO), 2?%"@%‘-8#'? J, 12.1 & 5.0, 15- Ha), 2.0-1.85 (1, m 15-He). EXAMPLE
8 Prepa 3-acet yl nor phi none (2-2) To a solution of DVSO

(14.42 Bre#@tiﬁﬁﬁf@-é@ﬂrﬁ@ﬁi@_@-ﬂﬁ[ err] C was added oxalyl chloride (11.68
f’or girsn Tin A moUEs GHorpang 28ta. A mBop ANBHE Qs (518 s MOB APy
100 . . . : ¥ "
Stir o &80 B RtIddhe Bafiind BRONEIN) oy hetlel wofetrocroreY . ©

vvaﬁ SI I hmd'l't;grem:tiongpbdwerwas evaporatedita Hrynessin vacyo.100 the yesidue wasover
an rou t . | '

oo ducagged waiet (G mula68 exnplac ¥ HRER i a0, e RxhRsth R Hiea
cm | =.dQniied éﬂ%l‘éi‘i& ofateHa8drydedd fAVadudio@btain' # résidge,3which was

acetyl norphinone (14.5 g, 73%yfeld). IR (KBB_)(@IV, cn errq]a: 1760 (s, sharp,
AcO), lemniatogsaphed oa-sica-gyl (coimi:[dFf ¢mcbeid emy packesl with(1d1 g of silicg. 1,

Loy o880 Moo Sy ey mdnfin 100y
57 ek IR (B Py Sqq ik, SOL017S0Ts, S e IR 3 (O0h:
(1, m 6&34),d,2, B71,3H)s6.5%0) d, 3, 8, (1tH),t574 {1, dp, 9, B4, z;H}lMﬁﬁ, dm, J,

acet at oS B, 4.9 (Tad ) 6 B4 35 R0 Ty Brih et B Pel b B g o
i xt ur e oudd el TRER G (R LSRRG EIR 1619 200225 [Tim, T8I},

CH2Cl 2. 248 (36, NG H,)\@55-393 (B,0myvi 04H)p2 28 (38| AdOPV2.06hitd]od 2. 5&dB.0r15-

sul fate, and evaporated in vacuo to dryness. The residue (3.95 g) was
chr omat bta),aDPeti86(1sm,il®Hgkl to gi ve 3-acetyl nor phi none di enol acetate

(1.5 g, 0n V] ). IR (KBr)(v, cnerr]): 2900 (m sharp), 1750 (s, sharp,
AcO) ; NI#I(%R%%G 3): 6.78 (1, d, J, 8.1, 2-H), 6.62 (1, d, J, 8.1, 1-H§),
5. 78 (1prédfarationbof3-&cl 0 i e 2. (1( Ld d:] J?L86'33’ 18- H, 5.50 (1, s,

, J,.18.3, 10-Herr]), 2.85 (1
td, J, 12.8 Jeasolutpna) DNLS%iw-ﬂ,Z @158 mmel} in GHeClp atrZEWéHﬁ ?‘,gd%? g(gam,
chloride (11.68 g, 92 mmol) in CH2Clz (50 ml) in 18 min. The solution was allowed to stir
for 15 min. A solution of 3-acetyimorphine (20.02 g, 61 mmol) in CH2Clz (100 ml) was

added dropwise in one hr. The resulting mixture was allowed to stir at -78°C for 2 hrs.

" EtaN (50 ml) was added. The reaction mixture was allowed to warm-up to rt., washed
with water (4 X 100 mi), dried over anhydrous Na;SQ,, and evaporated to dryness in
vacuo to obtain a dark residue (25.8 g), which was chromatographed on silica gel
(column: d =5 cm, | = 10 cm; solvent system: 5% MeOH in CHClI3) to give 3-
acetylmorphinone (14.5 g, 73% yield). IR (KBr)(v, cm™): 1760 (s, sharp, AcO), 1670 (s,
sharp, C=C-C=0); NMR (34)(CDCl,): 6.81 (1, d, J, 8.1, 2-H), 6.65 (1, d, J, 8.2, 1-H),
6.62 (d, J, 10.2, 8-H), 6.08 (1, dd, J, 10.3 & 2.8, 7-H), 4.73 (1, s, 5-H), 3.53-3.40 (1, m,
9-H), 3.25-3.20 (1, m, 14-H), 3.14 (1, d, J, 18.9, 10-Hg), 2.63 (1, dm, J, 12.1, 16-He),
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J, 12.3, 16-He), 2.46 (3, s, NCH3), 2.28 (3, s, 3-AcO), 2.19 (3, s, 6-AcO),

2.25-2.10 (1, Q;-H[err]), 1.76 (1, dm J, 12.7,15-He); Ms (El), me (%:
367 (M+, 52), 6;3? %i? , [M CRC][err]), 283 (68, [M2CHCq +)PCHYSIsIDSI2
[CHerr]CO[err]). EXAVPLE 10 Preparation of 3-acetvl norphi none dienol
acetate (22346 (3,s, ahi252.2 (bfm31addy)y Eh{lhomel §-Bla 0 2.27 (3,88, 12.09 (1,
( NCH 1adds)y R en| Acp12.09 (

was heat o e 84 B8.115rAh 1T 8.0t 8 eacti on mixture vas

chr omat ogrmmm_rggl lica gel (colum: d =5 cm packed with 100 g of dry
silica gel; sol vent s stems 700 m of CH[err]CI 2 and then 5% MeOH in
CH2d 2) to A piRe die gleaes)(6.71 g, 99% vyield).

were compar abl 2 ér é&uﬁ%@iﬁ'ﬁe&&x@a a”d(%§$ G AR A Gk ARnAASS to.1
Prepar at i o) q&aﬁsmea higé‘lc RIS REITHG RSy fixtile Wl BabiRae Wihrarfusbiugone

di enol acet ate -3) sol ution of 3-acetyl nor phi none

di enol ac etmmblmbgnat;,mdrﬁmgcte@mm CHaGld The sxtragt was geashasl with water,

21 I o 94 B A A S e, e e

NH40‘| ext r(a@sq) wab h:h%l%@idg?ébihed drvsilicaigel to dive @xddetygiforphinonérdiédol acetate

conbi ned, and evaporated to dryness J.n vacuo to give_a sol 1 d residue, which

was chr omat(égﬁ gphth vislddi IR (J%B@(ad ce gt @800 (m, :sharm);rﬂ TSQdﬁ.eshanpt AcO3; UMﬂ

Pyl oxy ot (NGRS BB, dogoibyh ), 6-8RU Trglcird. 1y ke 578 &%fihystiéqw
ampl o EXkPEE S5 o O % F L IO S, PO B S TR ot IS

3-acet yl noriHgE 2i881(0) tdadeﬂama&(fﬁS 3‘)6 Bl), fﬂ [24 r(] qmng ]18 5 & 6.5, AOSH.L)UELGm(hfdm
3-acet yl nor hlnone di enol acet

c acid
car e e P S e 66 8 5 NEHLN 228 (305 a-Aca))e. 19 6, sm@wcc»aé%s 2iaq,

Carbonat e (15173 Wy 187, REFRE MBRRYCER (A 987 e, £, Seger e
combi ned emHQCO]WBSI(B&C{M}Z%@WﬁmJ(SO@QﬁDHg‘BQ@ﬂ)J‘ ate and evaporat ed in

vacuo to dryness. The residue (1.06 was chronmat ogr aphed on silica gel to
gi ve 3- aceté XAMRLE & oxynor phi none (0 75 g, 57%

Preparation of 3-acetylmorphinone dienol acetate (2-3)
A mixture of 3-acetylmorphinone (6.05 g, 18.6 mmol), NaHCO; (2.12 g, 26

mmol), and Ac,0 (40.3 g, 395 mmol) in toluene (110 ml) was heated at 75°C for 29 hrs.
The cooled reaction mixture was chromatographed on silica gel (column: d =5 cm,

packed with 100 g of dry silica gel; solvent systems: 700 ml of CH:Cl, and then 5%
MeOH in CHxCl,) to obtain 3-acetylmorphinone dienol acetate (6.71 g, 99% vyield). The
R value in TLGC, the IR spectrum, and the NMR spectrum of the product were
comparable to those obtained from an authentic sample.

EXAMPLE 11
Preparation of 3-acetyl-14-hydroxymorphinone (2-4) from 3-acetylmormphinone dienol
acetate (3-3) by MCPBA

A solution of 3-acetylmorphinone dienol acetate (1.42 g, 3.88 mmol), oxalic acid
(0.71 g, 7.89 mmol), meta-chloroperbenzoic acid (0.63 g, 57-86% pure) in AcOH was
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yield). IR (KBr)(v, cnferr]): 3300 (m b, -OH), 2900 (m sharp), 1757 (s,
sharp, 3-AcO, 1670 (s, sharp, CC C=0; NI\/R ([err])(CDCl[err]): 6.82 (1,
d, J, 8.2, 2wWbo9besty (1, dd, J, 8.2 & 0.9, 1-H), 6.61 (1, dd, ptrnssassez
0.7,8-H), 6.18 (1, de100&037H),522382(1b- , 4.73 (1,7

5-H), 3.26 (1, d, J, 18.9, 10- 3. 05 9-
? 2, ml_i)anoweaatogatlx etFL ervsmlghtz beslfled with §°n¢n Nd@Hrﬁmt}t?d \!“k& @"i’fﬁ &6%’?2@5

é?n 73 &"ﬁboﬁh& ?g{?hf{e % (@?blﬁﬁ? NQ?@ /()%%éérftm@déi‘eé in 1@?95 to iveta( 1,

[ M CH266lidi eesitile, WhidHl@as chedinatdgraphetionidiia galXeolnoth: th= 2 apapackesh with

4~ yar SR/ BWERGRL Q1508 sgivent: SohMeOHHRTACR SN S abpt 14 hanol (50
mog wﬁyhv%ﬁas@ﬂﬁ&é (.32 %5%%aa?wm0awm TGlaRE e IRSPEEUNRLT tHe

ction ure iltered through celite. The filtrate
was ev mtedermcmapamhle tg thasesohiained sayran puthenticeapaplg;, 82% yiel d). IR

KB 3400 b, - , 2900 h 1760 h
&J”b@éﬂ@ééﬁarp G0 MR ([6f1]1) (0D %): 686 (1, d, 3, 8.2, 21,

6. gg ( PrefaratiorPof’3-abetil-14hvidtokdmofphiRone %4) fﬂorﬁh-é&e%lmoahine dienol
s, b5- H)gce&tEQng),bﬂﬂgQg 18.9, 10-Hp), 3.01 (1, dd, J, 14.6 & 5.3,7-Herr]),

5, gﬁg(_wler (rj] )R sg?ng@nzofls) QCP%yl rﬁl%ﬂf)ggrci %nol%%iat%ﬁ%g(%q lﬁh’?&lg]f{ggy% déd (3

2.60-2 .
s égré rﬁﬁ Eterj(@ B'Fhl)gﬁaia@ @[cﬁégéd pefc:jﬁ&‘ej (@?g&gl ?P? ét 8. éﬁﬁg)lwasldﬂrred at

. d
J, 13. 40 157Npéw$)5 hw@’he-ap;actlm sowpn wassbasified with sodiym °(\§tﬁ3{12 g

B o T

3- acet Yrihpdrend 8earin eu&&emnd)e%dméd irevatupodi dnmess. iheatesidul (308 g)l 2

mmol) in rrethanol (5 m) and water (0.7_.m) was stirred at rt. for 4

The r eawas chromatagraphed ob\silisergelde give 3@@98!'11643%&)5"9&'11@%? (0 Z§c93c57°/°

g‘ii ¢ ncuviaial U NG S 2 AaPts £ PO Iy, sherbl 72755 el P o o
3;)4’36‘?31 &R &, éfba?ﬁ‘%(?g?\?ﬁlﬁ?slﬂgirﬁ@)@D@E%S’B@ Ig'ﬂ,)d J, % % @%/R,ewm o 1) 8.2
([err] [&09,){-@!)(:6[63r(1] xid, 6, 7Q. 0(& 0.7,8-H), 6.13, (12del|) J, .05 o;a, 7dH),05.28-3.82

10- 14 erl by 84478 a5, 57326 {.oh 3, 15i9, dochn F:0513, o o.0y 040 Zeg-2.20
9-H) . 2054 %e-pi, (8 16T,) 21658 20 (1, i, O-R.)L2.46°(1,8d, 4016128, 64 es4b) .
(3, s, NCHg), 2.26 (3, s, -Ac0), 1.72 (1, dm, J, 13.1, 15-H,); MS (El), m/e (%): 341 (M*,
54), 299 (67, [M-CHzCOT"), 70 (100, [CHz=CH-CH=CH-OHT").
EXAMPLE 13

Preparation of 3-acetyloxymorphone (2-5)

A mixture of 3-acetyl-14-hydroxymorphinone (0.34 g, 1 mmol) and Pd-C (5%, 0.8
g) in ethanol (50 ml) was hydrogenated in a Parr hydrogenator with hydrogen gas (28)
at rt. for 3 hr. The reaction mixture was filtered through celite. The filtrate was
evaporated in vacuo to give 3-acetyloxymorphone (0.28 g, 82% yield). IR (KBr)(v, cm™):
3400 (s, b, -OH), 2900 (m, sﬁarp), 1760 (s, sharp, AcO), 1720 (s, sharp, C=0); NMR
(8u)(CDCl3): 6.86 (1, d, J, 8.2, 2-H), 6.68 (1, d, J, 8.2, 1-H), 5.29 (1, s, b, -OH), 4.67 (1,
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2.52 (1, dd, J, 18.2 & 5.8, 1 O-Herr]), 2.50-2.15 (1, m 15-Ha), 2.40 (3,
s, NCHlerr]), 1.87 (1, ddd, J, 13.4, 5.1 & 2.8, 8-H, ), 1.62 (1, td, J, 13.9

& 3.5, 8- (1, dm J, 13.4, 15- Herr]). C. Synthesi '
&ymr-pho:?%%om r phi ne Through 3-Benzyl nor phi none EXAI\/PLEifg;"Hrggf)sasrg%t I an

of |3 bes;Naz%:i)pBu? e d( g'l 1%.9, 10|-Hp), 3.Q§001ud'dofi, t)4.6_r&d) 6;31&7*2!;{.1&9%31 od, .5.(5|.6. 9-
Voo (b %&%édﬁﬁ@%%bﬂ%é‘%&e&%dRéq"»?;n 5.6052.15 &, . 7 Heb B8Pt o
i j ] 2 1 :
The ext Aot FHER Z00 2" (3o SR BT W s Al ek (1 S

dr ylnﬁfr{?‘ 3.3, ngé& 310;:8&11@)._ 1 .efﬁi dydd, J{\MFC&?&\/ﬂis. 84H4)ma.66. g(rloanhed. 84511 Gride); g«si .
Gt e Rr A MG 18, 07 B SHRBH 2 Tk PRt
;5{ ﬁgﬁﬁ&g&% E{E product were conparable to those obtained f r ognoaf\

EXANVPL EPrebapation oh picymoushohebirom 3-avetvio Xyonerp B) Swem oxi dati on

To a sol ution of dine;jhyl | foxid 3.,45 48 _ .mol ). i n, CH2Cl 2 5 m,) at
T gterr]c Ao g Pacehionarionhobs 001y S Hind)afd soaiyn camotath
CHz2dl 2 i ' tpr 7 ' hi s
sol uti o(?aa?b% ;é?gﬁﬁ?lg ﬁ]vrvadgh%f(‘j@ggqgﬂ) ;ﬁ\glﬂﬁ??tgﬁ%? rl'3‘!)(tgﬁeans’ziy nor pt?ﬁyf‘(‘gh(s%é 16
mol ) ireaCtiogirixturp wasewvaporatedifh vaauo toiremovemethanal; added water(20-m

[ d -78 f 3, hr. ieth ' 17 m . d
Ft L e exRREd it chlosStoMie 29 Wty T corpbiach futtach wad PR AVeR o e
and evagkiydredsisdditif sRifafe, Gnd B ahorated MYa3uB 0 AN BYS dive dxyAlERoke %0

yield). The R err] value in TLC and the IR spectrum of the product were
conpar affl. ¥27 g, 85%s pietd)t HR t(\léBr)(v,cnm'é):u 3840H{emth, cOd)nR90 (M sk, 1715 (s,
Pr epar ati on m xt ure

of 3-benzyl norphinone djenol acetate (3-3 A

o 5 e hPrETon NME (GeXCDGI2B.71 (i ¥, B2 201 69 b b 8.27147)g 55855
ol ), i acatat 6 | gmycar bora : d 3
0.3 g) 238 @y g@"@t%&f@r ?1 5, 3% 0T 3! PR B %@1%%@6%@%?%"
bi car boHg), 2.86(1td,) 5.8, $H)I2.60-218 (¢xin, FHE 2V80-2, 18- m, 164 1689 Was
washed with water, dried over anhydrous sodium sulfate, evaﬁor ated off the
sol vent2:52 (lasldoJi $82 &&.8, 10-tldh H50-@.18 (1, m, 15-H,), 2.40 (3, s, NCH3), 1.87 (1,

ddd, J, 13.4, 5.1 & 2.8, 8-H,), 1.62 (1, td, J, 13.9 & 3.5, 8-H,), 1.58 (1, dm, J, 13.4, 15-

He). -
C. Synthesis of Oxymorphone From Morphine Through 3-Benzylmorphinone
EXAMPLE 15
Preparation of 3-benzyimorphine (3-1)

A solution of morphine (14.27 g, 50.0 mmol), NaOH (2.04 g, 51.0 mmol), and

benzylbromide (8.47 g, 49.5 mmol) in MeOH (150 mi) and water (50 ml) was stirred at

rt. for 3.5 hr., evaporated in vacuo to remove MeOH. The residue was extracted with

&

CHzClz (120 ml). The extract was dried over anhydrous Na;SO4 and evaporated in
vacuo to dryness to give a crude residue, which was chromatographed on silica gel
(column: d = €.5 cm, | = 10.5 cm; eluting solvent: 15% MeOH in CH2Cly) to obtain 3-
benzyimorphine (13.1 g, 70% yield). The R; value in TLC and the IR spectrum of the
product were comparable to those obtained from an authentic sample.
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(9 g), which was chromatographed on silica gel to obtain 3-benzyl norphi none

di enol acet ave doRzéz9g, 39%yield). IR (KBr)(v, cnferr]): 2900 { E@{
1750 (s, sharp, C=C C—COAC) NVR ([err]H) (CDCl [err]): 7537% 2

CoHerT]) 8.2 2-H, 6.53 (1, d, J, 8.2, 1-H). 5.79 (1, -
dd, J, E&ﬁ?"-“%‘ 558(1 d, 3, 6.4 8H) 549 (1 s, 5-H, 514

(1 (2), H[S, O]C§ Pre lonC“of?Slbéﬂ\ Iﬁho hinbr®, (3% S@:e%$ itiatldn = 18 1
-Herr]), -
10- H| err]) 2. 68 qesomomof filmejhyll%ﬂﬁqmer 7 g, 48 mmoi)gn Qtdn%; (152"‘54)26“(-178°C

L9 2, 2 S Raded a5t M oyt dbige o o @h‘ﬁ%&“ﬁﬂ“éﬁ%ﬂﬂ F28min, it
(i, [ ot ol .7, o i
(3-4) fronpésb@W'Wﬁfﬁanﬁéﬁ @i @lmmﬂﬁé‘? i&"@&'@% ni Jﬁ/ Hﬂ" reaction
A sol uti Onnﬂﬁt@gqgé‘szé‘ﬁﬁ?éi QbLWgﬂ‘fﬂpl a ?ﬁéih{llanﬁng 176@}?553@# Ly /;félﬂh.c

acid (1.15 g and 3 orope enzol c” acld
gl aci al acetdsheacwilit Matet [8 xd90smi); dded aver anh;rdrlouswmm sulfate; iahdeavapiorated

i act nad) KHEHRE ARIPSRIOEIVE droee IPBrPIAPRII S5 MR dllTa 4 valyia n TLC
evapor at ed sy BARPLIEHAIIN T ol YydteTdiaiany fHMEse Cbraingl ol el 12

chronatographe on ca gel roxymnor phi none (1.43

g, 59% yi eladithentie $atE@ple.v, cn{err]) 3280 (m b, OH), 2900 (m sharp), 1670

s, shar NVR (S CcDbd 3 7.44-7.20 (5, m -Cerr]Herr]), 6.71
Eldeg%EM%_‘%T’ (SH) ( ) ( Cerr]Herr])

6.59 (1, d, J 10.1, 8-H), 6.55 (1, d, J, 8.2, 1-H,

; [err]Ph), 4.71 (1, s,
-H, 3. - 3. , d, J, 6.0, 9-H), 2.70-2.40
(1, b, -OH), 260235(2 m 16-Herr] & 16-Herr]), 253(1 dd, J, 19.4

o & 10T IR s b e o 1. g s Shrychied a7 o
G Oy o i S B e TR AP 895 P A DARAPlaio 0.3 )

Herr]Jerr] m c aC| sol uti‘on
3- benzyl nowsds heateddatedsf Cdoeﬂathe , basifieg, with agueous sodiliot bicartzonate sblution, to

90%, and h ogen erOX|d 0% irred

a7 o1t R BN SaTaed it ChLlrTh Sxtiist RS eshe wih Waktsh sBledkver:

~CH2] [err] . ]:Qﬁr&?fé §6&ihn‘W§§ldeéS Bedp &‘arté'd Bﬁqﬁé'é,élv%?ﬁ it PRy Qoé%tcﬁude J)roduct

solution, driéd over anhydrous SOdI um sul fate, and evapor at I n vacu

dryness. THE g)ewhithewas chr@mavwaphed on silica gel to obtain 3- -benzylmorphinone dienol
acetate (2.6 g, 39% yield). IR (KBr)(v, cm™): 2900 (m, sharp), 1750 (s, sharp, C=C-
C=C-OAc); NMR (84)(CDCls): 7.53-7.15 (5, m, -CgHs), 6.69 (1, d, J, 8.2, 2-H), 6.53 (1, d,
J, 8.2, 1-H), 5.79 (1, dd, J, 6.2 & 0.9, 7-H), 5.58 (1, d, J, 6.4, 8-H), 5.49 (1, s, 5-H), 5.14
(2, s, OCH.Ph), 3.70 (1, d, J, 7.0, 9-H), 3.33 (1, d, J, 18.1, 10-Hp), 2.93 (1,td, J, 129 &
3.7, 16-Ha), 2.76 (1, dd, J, 18.5 & 6.7, 10-H,), 2.68 (1, dm, J, 13.5, 16-H,), 2.49 (3, s,
NCHg), 2.32 (1, td, J, 12.8 & 5.1, 15-H,), 2.18 (3, s, AcO), 1.74 (1, dm, J, 12.8, 15-H,);
MS (El), m/e (%): 415 (M*, 15), 324 (40, [M-CH,Ph]"), 282 (48, [M-CH,Ph-CH,COT"), 91
(100, [CHoPh]).
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chromat ogr aphed on silica gel to give 3-benzyl-14 hydroxynorphi none (0.7 g,
54% vyi el d). “;B?% vaI ue in TLC and the IR spectrum of the product were
conparable to 528 obtained froman authentic sanpl e. EXANVPLRCI({IS98/13592
Preparati on of oxynophone (3:5) from 3-benzyl - 14 hydr oxynor phi none (3-4)
A m xt ure EXAMRIERABI -1 4- hydroxyrmrphl none (0.9 g, 2.31 mmol) and 5% Pd- c

E]Sd?iggal ig'l_'gegtapa ﬂ)%l oi(égerr? {4 ﬁ dro enﬁ.t noﬂe ﬂ%inr':r&ggdrqﬁ'i mon
psi) at rtacetate (4-3¥by MCRBAIih HIDAE t hr ough cel ite. The fil trate was
evaporated I n vacuo to %%}/g oxynor phone ( 3 94%2y| el d). 6 (lKBr) id
?[r[e ﬂ]r]Hg( 3200 Q§;q§ton- -benzyimorph mgnarq!gno @pz@ated 68062 _ ac
538 (2 BT g 125 ) ahl a-fhiglopébpnafiedcia 1,88 4, 57- g%imgaafvﬁ'?aé%?'&

(1 é 6t g 53 7aclezlL(gﬁHr&i)5vfs Sﬂgé%? nZEOg& 8.8 hrg bfgiﬁfg' \gixh aqbbouﬁ sbdium fécﬂbodate
err , . -Z. .M - er r -
m  15- Ha& SPigljQn fo pH 32 e%iraetﬁdz with ﬁéﬁ@g- Theggxiract was §he§:¥w§1 water, aﬂgd @ver

8-He), 1. L 73
Synt hesi S@l}i‘( ?%%??ré‘y Sﬁg?\'gatéf %%éﬁg?gﬁ@égd#\P%ﬁé%@?%esgtgé@}?hnor nmor ph| ne
EXAVPLE 2JprBdeghi2: gmrwblbhsvasammatograp’md(m $ilicq gettogive Bbehzyl-14- To
a suspension, of norphine &10 0 in THE,(200 ),

bensyl - br IHUGTEOBINONe 43 25 5% Hisld). HRAKBENY ATy 28R . 1O, 500G (mo

Cemper at ur kBl Jo7PIG S, 5 P20 M B CHaR L0, CoHEREE TR,

m xture wag J, @m\@-ﬂ)oe 58 moaauywwasqn)ams (The J, 832, duel)ne st ef 15 el Ve o1&
CH2Cl 2 (150 and wat er m ). The organic Ia er was sep arated. The

aqueous | &8y 7rhé)s Seld (2, QQ!&!&E’N 61—72t:(12 - :5 -K), 53326;1() d,T~he18:6niﬁ)-ert)l &ﬂaa(ﬁt d, J,

by ai n o &QuTHr SR 4O B SO e #t2ds sgmv@p?-n%m#éﬁé“ﬁea%a@ 48
?rgz ﬁaﬁolSI :Sng?:lll yacgmo%fbﬁgmtigoﬁz 2(1l Ir-g’ﬁ‘&e‘?:‘téag??%nrﬁi Ij]v\gryoe

conbi ned tEXAMPRLE 1% benzyl mor phine (7.9 g, 60% yield). IR (KBr)(v,
, ..2900

cnerr]):
shar p) ; = . .J-Renzy
J, 8.1, 2-Keta i , 5.65 (1, dm J,
5.26 (1, d % | > *B. OC[err]Ph), 4.85 (1, dd, J,
6.6 & 1.2, 5- H)A séhitﬁ:rwoffﬂib(amz Imorﬁhﬁbnemléﬁol(abetalé (14 gH3B78mendl), ferrh{):: acid

3. 02 ( 1 10-H 2. 75-
, 3(1 gl ﬁf% anﬂzhs@e q&%«Psm? %%33 '13|1§0('7 4 %m%l)[\@aﬂs 'rreé .63%8(3,
47°C for 4 hr., basified with sodium carbonate to pH 8, extracted with CHzCl,. The
extract was washed with agueous sodium bicarbonate solution, dried over anhydrous

9.9, 7-H)

sodium sulfate, and evaporated in vacuo to dryness. The residue (1.0 g) was
chromatographed on silica gel to give 3-benzyl-14 hydroxymorphinone (0.7 g, 54%
yield). The R; value in TLC and the IR spectrum of the product were comparable to
those obtained from an authentic sample.
EXAMPLE 20
Preparation of oxymorphone (3-5) from 3-benzyi-14 hydroxymorphinone (3-4)

A mixture of 3-benzyl-14-hydroxymorphinone (0.9 g, 2.31 mmol) and 5% Pd-C
(0.65 g) in ethanol (50 ml) was hydrogenated in a Parr hydrogenator with hydrogen gas
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s, Nderr]3), 2.27 (1, dd, J, 18.6 & 6.6, 10-Herr]), 2.05 (1, td, J, 12.1

& 5.3, 15-Hawosbe3se(l, dm J, 12.5, 15-He). 3
- 33 - EXAMPLE 22 Prenaration of 6- acetyl - 3- benzyl m)rp ?841 532

) S A Mo, T €

. 99% % n&(mseghsam.amym (KBQ(»(, Q‘rﬁ')ngofﬂ(e bmm) mzo (m,
mxture vvas eat e er reflux for , cool ed

t hen transisbarp)d 1?306(ss$ﬂﬁpa96=@ NMB@H)(GB@‘%&?@OK“M H. ad|, 2- *ﬂb(ﬁ §§ L(éoﬁeJ

over anhydBobrel 0538 Brbne0). 470337 Sehi, B B 60T of JBE VBRS04 M

13. 87 Ok -
gharp %\CO)QI(j ERglPder rT) g%ﬁ@’d 5?‘7%“%)2 ?é?@od&fﬂqu‘?rap Je7r3162ﬂ 255(215
d, J, 8.1, (2, 166H4& ‘[&He)i245-2315(2, miHt5-H, 87-KJ), 241 (3]s, NC a) 1.88 (1,51dd3 J,

(éqSh]php% 3,5 £30.40Heb 1.87 18 I14 3885 5. (73350117, 45 5. o
5 1a 3 Syfinepls SfNorgHjgidiphote fycin Morphip Trrbnigh 3370 75

16-Ha), 2. Dibeh thrrﬂor;ﬂ'ﬁné & 6.6, 10-Herr]), 2.10 (3, s, AcO, 2.04 (1,

td, J, 11.9 & 5. 15-Ha), 1.86 (1, dm J, 12.5, 15-Herr]). EXAWPLE 23
Pr epar ati orEMM?Lﬁ% benzyl nor nor phi ne (4 4) from

6-acetyl -3 | f41¢- acet yl - 3- benzyl nor phi ne
(13.7 g, 3 Qﬁt m%gnz imorphitfé . te So 3 ;' 2-di chl oroet hane (50 m)

\6\/8.8 ad(cj:edTl chl oreatsuspenbioor affmorpitise (13035 gg‘las ﬂn}&ral) u? THF (200}, atas added
react| on mbATEYLOWEIedE % e 98 % 452 ranl) Agsadbim VSIS dhd e Drpmoat
f d

o o0 Qe ar e Milurk A4 748 038R0, THB PkphorT v BlaAcea™

(4.7 m, 98j¥ad68u37tdmpﬂt)rw%tm proteds ATHFtn tﬁéeeaaimi fniXturd whs removedini a retary
at rt. over the weekend. The solvents were renoved on a rotar gvalt_glg tor
i e

Et hyl acet Rvaperatornihe sgeridugwas qisseived jn GhClaidS9 mipand,wg

arad over SRRYRRTE WabasharaRd: Py agbebhT e s BRridied with ChiCly @‘3’958 ).
9), k\é\ﬂl \(/:m ht \r/]wal? ld??gmw:irgamaa&@r Wasdhiddeviearnthydroas soﬁms(x!ﬁabe éeapmated in
pac

h |
and then wi ‘l’ﬁ?‘-@-‘?@t{%@lﬂr? FRY "Q")S@’ egf &%%M%S@gls Ve Hllﬁ% "Em%g onto

(13.3 9, 9%%ijlica gel column (3 x 30 cm). The column was first eluted with 3% methanol in
CH.Cl,, followed by 5% methanol in CH.Cl,. Pure fractions were combined to obtain 3-
benzylmorphine (7.9 g, 60% yield). IR (KBr)(v, cm’"): 3540 (m, sharp, -OH), 3020 (m,
sharp), 2900 (s, sharp), 1600 (m, sharp); NMR (84)(CDCls): 7.50-7.20 (5, m, -CgHs),
6.70 (1, d, J, 8.1, 2-H), 6.51 (1, dd, J, 8.1 & 0.9, 1-H), 5.65 (1, dm, J, 8.9, 7-H), 5.26 (1,
dt, J, 9.9 & 2.5, 8-H), 5.12 (2, AB, OCH:Ph), 4.85 (1, dd, J, 6.6 & 1.2, 5-H), 4.22-4.05
(1, m, 6-H), 3.32 (1, dd, J, 6.2 & 3.3, 9-H), 3.02 (1, d, J, 18.6, 10-Hp), 2.75-2.65 (1, m,
14-H), 2.75-2.65 (1, b, -OH), 2.58 (1, dm, J, 12.0, 16-H,), 2.5-2.3 (1, m, 16-Ha), 2.42 (3,
s, N-CHa), 2.27 (1, dd, J, 18.6 & 6.6, 10-Hg), 2.05 (1, td, J, 12.1 & 5.3, 15-Ha), 1.85 (1,
dm, J, 12.5, 15-H,).
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- 34 - y| eld from 6-acetyl -3-benzyl norphine). IR (KBr)(v, cnferr]):
3440 (m b, A 5%)20 (m sharp), 2900 (m sharp), 1600 (m sharp); NWR
([er‘r])(Cde['errﬁ % 50 7.20 (10, m -Clerr]Hs), 6.70(1, d, PCEUSI8A3SYY
6.52(1, d, J , 5.58 (1, dm J, 9.9,7-H), 5.21 (1, dm_J, 9.9,
8-H), 5.1zE¥éM&lEE220<:H[err]Ph) 4.85 (1, dd, J, 6.4 & 1.2, 5-H), 4.25-4.05
(1, m 6-H A ] h,g.?(l dd, J, 6.2 & 3.3, 9-H),
3.06 (1, 585 b, -OH), 2.75-2.65 (1, m
14-H), 2. 61 (1 Tdd,solutldr?oﬂaébeﬁzglmd@hiﬂ[ea(m7g,33®n1mcl) inl CHLCIA (30D ®i3 was

LR )afdf%@e?ﬁ’waéméﬁwﬁﬁ Go%k, 712 Firiohodastl Srbverivg.5 i odw. 786 >

3, 17-di benadipraiy r(40 ’?@2‘? érﬂm‘égyn?me (0.9 8). K teddtioR MxtkiBias 5:e§YedJuna§r 1

mmol ) in CH2O was “added a sol ution of oxal
chl ori de (réflexdor 3 hraconted withnarcieeG B0 tathd thenrtrarsferrad tcnaeseparatm funnel,

Gt bensyl nopnsbmaPRd i cacbos dRRHS ARl Sobibr 3 X 10 ). The praanicaver
m xture waga$separfledland/died 6verlantydréds Ndasm4ER%H1<£vh$ ofkoivens gaddedacétyi-s-

was allowed to warmup to rt. transferredtoa gparatory funnel, wash
Wi t h wat erbgnzylmonmgonei(}3. Sarg,eaﬁ%wmldhdﬁjm&ﬂ(y. emd 12800 (Masharpnt727 (s.

Bt y1 ol chShaR. AREY: )w&ﬁ'&mfﬁpia? B0 I cmarBI2808 (i sndrhe-Hesdet,
o 71 (1, B TS BT AR) TGP A9 (f oty SR 3 8t §25 55 (1, m

8 H) 6. 056<H), 5did4 (2] s, @Cﬂg&h}, 591OK4Hiﬂd, $.6.7 & 2,1, 6-H)G.84r(1 PdY, J46.0(& @13, S,
-H, 3. 71§gl AB, N %h&’ 3.43 (1, dd, J, 5.2 &3, 1, 9-H, 3.23 (1,
dd J, 308 (1ad. 18 10-Hp), 2.49-270 {8, m), 1414259 1, ddh 5421 & 3, 16:Ho),
11.8, 16- &

185 03 x OB o gy, MR FE e, 2t g, 40 0. Jn.4% B

M5 (El), ”éqo(('?bs Aé@)(%ﬂf(ﬁ] td,3, .9 85531( 18-HJ) M G8ArhBRe T, hp5,9Hb- HLPO

[ CH2Ph] 5 Preparati on of 3.17-di benzvl nor rmrphl none di enol
acetate (4EK)¢\MPLE23 To a mxture of 3 17-di benzyl norm)rphl none (3.7 g, 8.2
mrol ), CH3CCPNa (2.7 g4 ) Nal er, O 124

added Ac2C-{BRAIZUAN 042 B G81C

hr., cool ed, ba$'bfd @@tuh@n BHSE’adﬁtyltB-ﬁ@hﬂylﬁib@ﬁHfa (13.7 @, 32 1 mmol) and proton

- 35 -
sponge (1.2 g) in 1,2-dichloroethane (50 ml) was added 1-chloroethyl chloroformate

(ACE-Cl, 4.5 ml, 41.7 mmol) at 0°C. The reaction mixture was heated under reflux for
30 min. The reaction mixture was cooled to rt., added methanol (30 ml) and conc. HCI
(a few drops), and heated under reflux for another 30 min. Precipitate came out. Then,
methanol (50 ml), Na;CO3; (10.2 g, 96.2 mmol) and benzyl bromide (4.7 m{, 98%, 38.7
mmol) were added at rt. The reaction mixture was stirred at rt. over the weekend. The
solvents were removed on a rotary evaporator. Ethyl acetate (100 ml) and water (100
ml) was added. The organic layer was separated and washed with 10% aqueous
NaHCO; solution (2 x 50 ml), then dried over anhydrous Na;SO4. Removal of solvent
gave a crude product (7.5 g), which was dissolved in CHxCl» and loaded onto a column
(5 x 16 cm, packed with silica gel in CH2Clz). The column was eluted first with CH.Cl;
and then with CH,Cl/EtOAc (50/50) to give 3,17-dibenzylnormorphine (13.3 g, 92%
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NaHCO3, and extracted with CH2A 2 (50 m ). The extract was washed with
water (2 x WS*‘ 52 ried over anhydrous sodiumsulfate, evaporated in vacuo
to give a crudé product (4.6 g), which was dissolved in CH2Cl 2GHESI80a2y

Col um uas VA Fum 6 aqetykDoenzymarpbings. i (KBA(% e A40dmt, o 308Rym.
(177, aoonanar apo8 @ shafir J6B0 i SpEwi ANE TBEERI 038 o, shar%fﬂ

122&3 §s 6sréﬁév%1 d“apﬁ.z@am 52WRd( Degn), )%Hp(s Ber(n]e)lm 3 a(®, 77-89% §.29, (1rrdm,
65 2 0. 5. SOGHISESE (@ A -OLHPY, 48 (3, dd J15.4 81.3, S 248 (1 s H),

S 1) 60T L8 NS o B 3o, 3 (b, B0

16-Herr]) 235(11 tﬁlord)qlz 75-265 §1 %71M);Qm[ﬁrmd 22348(410, 16-H,), 2.48.(8, &, J,
4.9, 15-Ha), 7 (3, s, AcO), 15-

H
o (05, aH0.98a7 16 BEY B, GCHBIRE-4] §0-HabeR.08c1, 10, J, 117 & 5.3 15:H),
M CH2Ph- 100 CH2Ph EXAMPLE 26 P t f
g. 17-di be%ﬁéﬁl%dﬁb %#0 h| nonEa (4- 7% eH]oan 3.17- reparation o

di benzvl normAMerE)Qq di enoI acetate (4-6) by MCPBA in HOAc To a
solution of 3,17- dlbenzylnornnrphlnone dlenol acetate (1.4 g, 2.85 mol) in
gl aci al aceFP' g% : nec(4a8) d (0.5 g, 5.6 nmol) and 3-

chloroper beizor 0 3 %?Eé@wf’séﬁgm%q% ‘misofy 0 Rele0 B rh TR s
CH2Cl 2 (3

sodi um sul FAREdS bolulioh SUAMISNARIRAN.T BT IERmAT T SHCk QUANIARA i The
4- hydr oxynanixtunghivas stirred.fer 0 ntif%apd efhei') wat:radda‘d aabhmonrof‘ﬂ.dﬂand the IR
ol 6. ExAIRERZBNOTIIRLITR (G b 25. HTeplD ik SpCler 50 BT Ry AG FlBr She faGire was
(4-7) Tromgidefy afl) '7?964&' Qq{rnaﬁal?l‘l g?gpg(?@'lé) @5 faRd( f v@s SWowed %‘Wdﬁ'r?@f{"to

form c aci a solutron nzy nor nor phi none dri enol

acetate (1.h4transferdsd msbparatéwrfunneawath(eamm wadé2010 %460 anlcdried over
3-chl oroperben20| c aci df'g% 1.02 57- 86% . The reaction mxH,Jre was
stirred at @nhydreys sodiym su ) ANd @V Ofﬁiﬁg inivague &y gryness to give 3

- 36 - dibenzylnormorphinone (11.0 g, 98% yield). IR (KBr)(v, cm’ '): 3020 (m, sharp), 2900
(m, sharp), 1670 (s, sharp, -C=C-C=0); NMR (84)(CDCls): 7.51-7.16 (10, m, -CeHs),
6.71(1,d, J, 8.2, 2-H), 6.56 (1, d, J, 8.2, 1-H), 6.56 (1, d, J, 10.5, 8-H), 6.05 (1, dd, J,
10.2 & 2.9, 7-H), 5.17 (2, 5, OCHPh), 4.70 (1, s, 5-H), 3.71 (2, AB, NCH:Ph), 3.43 (1,
dd, J, 5.2 & 3.1, 9-H), 3.23 (1, dd, J, 5.1 & 2.6, 14-H), 3.12 (1, d, J, 18.5, 10-Hg), 2.64
(1, dm, J, 11.8, 16-H.), 2.50-2.25 (1, m, 10-H,), 2.35 (1, td, J, 11.9 & 3.7, 16-Ha), 2.05
(1,1d, J, 12.0 & 4.9, 15-H,), 1.81 (1, dm, J, 12.1, 15-H.); MS (El), m/e (%): 449 (M,
5.5), 358 (21, [M-CH.PhJ"), 91 (100, [CH.Ph]").

EXAMPLE 25
Preparation of 3,17-dibenzyinormorphinone dienol acetate (4-6)

To a mixture of 3,17-dibenzyinormorphinone (3.7 g, 8.2 mmol), CHsCOzNa (2.7
g, 32.9 mmol) and Na,CO; (10.4 g, 124 mmol), was added Ac.0 (26.3 g, 25.8 mmol).
The mixture was stirred at 100°C for 14 hr., cooled, basified to pH 8 with cold aqueous

lr

- 35 -

SUBSTITUTE SHEET (RULE 26)



aqueous Na2CJ err], and extracted with CH2Cl [err]. The extract was dried
over anhydrous Na2SO4, and evaporated in vacuo to dryness. The residue was
chr omat ogr MAH0A9si | ica gel to gi ve 3, 17-di benzyl - 14- hydr oxpomusss/faspzone
(0.86 y, 60%yield). The Rf value in TLC and the IR spectrum of the oduct
were conpdNatiCOst andlextractest with &H{Clp (5Qmik Jihecexttact wasivesheaith wa

i bonzyl nd ﬁ?ﬁ&t&ﬁqr%%dnﬁ' o g BEAIR FURAEPabaiBif ol b orude |
and wat er product (|4A6 QP, Wﬁxbﬁ rwag di%sél%dllﬁeﬂdﬂwﬁﬁméﬂém adicorhnd{2st XlG? cm,
(1.7 g, H20 In formc aC|dé90% 20 M) wa

0%
stirred at7739 sﬂlcmeir p@o:kqdoln QHa&lz) Tmsmluem vas gluted with Chi=(da@ng ts-ﬁa \sﬁb a

1SR 0 oy ARl A e B4 372 ncinone

crude proiishol aditate (1o g- ALWERY! HP (KB (V) ovif): 3a20¢m, shagp), 2900 sha
3,17-di benzylol4 hydr%nornﬂhﬁoneu@)y )60% f(el d) a@p){ (¢n P).

cnjerr]): 1¥800(s; shatp, - C@Q-C—@OAQWMM@B@ET? §6-7. Eﬂdil 9; m, (Gﬁﬁi-'k):@sa (1.d,

(NY,R(B?VS])%%?9%0%%’38@3%1158%”%**5“1%7‘5?“5&6@ 63808 7-H) 847 (o4, P p-

5.3-4.8 AeT
NG er 1] Ph) H), 5.49 @F)ls SH}%5.44 25, @@tg[md) @br?o' (2%, ﬂdl-_ﬂzphy 38401, &3 479, 0, B-HY,

2.70-2.553.32 (h d,Lﬂi, m or anaHﬁ)zz.ss (@11d, ek 13.10 &133551&1-&).72 75@2 ape(m. rr). &Hak

( 5/() 25453% @%ég(ﬂi dd,10)18 5%7(156%%[*9&: é—f&‘r-}t%i} 3 15113)5 4%%%[‘![@3 25715 4, addf,

ool 863 525 SPHEPEMR R, fle (39491, (M 2.9 400 (8, [-CHAPH', 458

di benzyl nqnOp+CHsPIe-QH,CD]"), 91 (100A[GBLBh]hn of 3, 17-di benzyl nor nor phi none
(0.875 g, 2.22 mml , H202 (30% 0.76 m), and formc acid (90% 0.7 m) in
wat er (O. SEX(AM QAc (0.7 m) was stirred at 41 [err]C for 7 hr.

pasi 11 ec {Srdrdfion'bt 3 172diRER- A ﬁg&@gggsﬁng@%oﬂ@g A frdmf a0 The
conbi ned and

evagg(ryat ecddibenzylaomobphirdrie dieBolZestate (¥-8) by MGPBAdN®I@#er nor phi none (0. 48
g,
The Rf0 val ue i nlracaution RE3,1Z-diberzyiprmpmhirong Qlﬁﬁ@zaﬁﬁ@e &b r%gké%‘m?“ in

those obtayged) bESHR 2BidYH DMl Wds 54584 Bxalficadl'(5.5%7, 5.6 mmol) and 3-
chloroperbenzoic acid (MCPBA, 0.98g, 57 ~ 86%). The reaction mixture was stirred at
nt. for 5 hr., basified to pH 8 ~ 9 with NH,OH, extracted with CH2Clz (3 x 50 mi). The
combined organic extract was dried over anhydrous sodium sulfate, evaporated in

vacuo to dryness to obtain 3,17-dibenzyl-14-hydroxynormorphinone (0.9 g, 68% yield).
The R; value in TLC and the IR spectrum of the product were comparable to those
obtained from an authentic sample.
EXAMPLE 27
Preparation of 3,17-dibenzyl-14-hydroxynormorphinone (4-7) from 3.17-
dibenzyinormorphinone dienol acetate (4-6) by MCPBA in 90% formic acid

To a solution of 3,17-dibenzylnormorphinone dienol acetate (1.54 g, 3.13 mmol)
in formic acid (20 ml, 90%), was added 3-chloroperbenzoic acid (MCPBA, 1.02 g, 57-
86%). The reaction mixture was stirred at rt. for 17 hr., basified to pH 8 with cold
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Preparation of noroxynorphone hydrochloride (4-8) from 3.17-di benzyl - 14-

hydr oxvnor nigidyig3 (4-7) A m xture of
3,17-di benzyl - 14- ﬁﬂgroxynorm)rphl none (1.48 g, 35.9 mol ), 5% F&"‘E"f'PSBzg)

nycr ogenaPegPENa it e T WE'CR: étz“?ﬁe'%gﬁg/ﬁﬁt&% et

L h (r]I OugﬂI ceNagS& Hnd évdﬁfg%tgd Maﬁg,maql:R hex esh. Thevesidue wagicheomatonry almne
rochl ori de , % vyie r
K|H) 290@!(6#19%!%:9,959 337dbe {&rhrddf %m?mﬂ:"g &71155(95%%9{91!}9@) Ebe)Rf

NIVR ( [ err ]Vé(‘%mz% ol @flf?sﬁe}tn?n Jg‘?lié b%&t)v%eréoﬁ?qﬂmb?e ta_BhSE% o&iafl%d

s, 5- , Jromd aplauthedtic satpl@-H), 3.33 (1, d, J, 19.1, 10-Herr]),

3.15-2.85 )315285(2m16Ha&16He)275224(1m
10- H[err])é)&&w‘%-ézga(l m 15-Ha), 210(1 drn J, 14.6, 7-He), 1.96 (1,

dm J, 11Fq, - 9 Be ,21 , Q. J 4.7\ sws of
naltrexon ' s - ohe and
3- net hyl nadibbenszs 3 '

ol ) e et by VAAPRY ﬁf% a%em rzor}mfpﬁet o B %ei%ﬁeéé&spgﬁsé o gng
g) in drngd;vdso@seéstrﬁ (@ THmilb JacR D! 20 7)) Was!dtinddaies7 L4700 4 Y, 12

hr, added saturated aqu ous sodi um car ona e solution until no acetic

an hydr i de basifiect t@opHm withghlaHE Qmand &fe we@paohman, exiatted wwth eHalimThe

o dr ynesSXBohWEE R Sad Y SoB R GO e ot AnaiouS S PESTa iyl dhaiprela
(K5) (v e obiﬁﬁ% o 50U, e Qo OBk arabhod o gt e

&d é 0. 7 rmrea 11'2~d(blenzqﬂ 14J1yd§o;9/r&rmc3phmm (05748, 60%.yBald). JIR (rKBr%/H):m 5
J, 3.39
6715 5. 054D (Sub: k2o bm, SBAm).c16T7S (5. Shbip, ELGHGQ); N (@&8@%@474&

B

2. 15 (3, H), Gﬂ\ﬁ d, 21 QG '( 7-H)05.344. 81(3 B, &)H)CE 165(21-6 dDC]:Qzthdtl 7183, §15-H)n
J, 12.0, 15- HeA 32 Preparati tyl nor codei ne hydrochl oride
(5-3a) 3.70 ( %.cNGﬁth) 326 (hcdi | %ﬁe?@r&a@a@m (3, dod. B8nfd)y 2.70-2.55 (1, m,

et hyl ene T ok as’ (b, e 4ads 65’ PAT 328 B2 oo Rt E FRen)e 1 B o

m xture wag 1avapra-a{.)a¢wsr(a)awe (29): desrlwsmjﬂsw(w ﬁuecngph}fhmnﬁrowr aphed

on silica gel wth ethyl acetate to give 6-acet
[CHPh).

EXAMPLE 29

Preparation of 3,17-dibenzyl-14-hydroxynormorphinone (4;7) from 3,17-
dibenzyinormorphinone (4-5)
A solution of 3,17-dibenzylnormorphinone (0.875 g, 2.22 mmol), H.0; (30%,

0.76 mt), and formic acid (90%, 0.7 ml) in water (0.8 ml) and EtOAc (0.7 mi) was stirred
at 41°C for 7 hr., basified to pH 10 with NazCOj3 and extracted with CHzCl».(3 x 20 ml)
The combined extract was washed with water, dried over anhydrous Na,SO., and

evaporated in vacuo to obtain 3,17-dibenzyl-14-hydroxynormorphinone (0.48 g, 53%
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(1- chIoroethoxycarbonyl)norcodeine as an oil (12.13 g), which was dissol ved
I n nmet hanol )a% few drops of conc. HCI. The solution was heated at

reflux for VX %A evaporated in vacuo to al most dryness. ThBCTASPR(1AS9%as
added hexane and filtered to give 6-acetyl norcodei ne hydrochloride (10.7 g,

100% yi el ¥ield) Rheddrvalye lra:?&'{-@r and thesﬁepmwm of the p(@@uctm'rﬁpcoremasle to

2800- 2600 Rl 8 rfHCI); NWVR ([err]H) (DVBO-d[err]):
9.69 (2, g E[)eooaﬁg ffaﬂlt er(raF é%ﬂ% 76 (1, d, J, 8.2, 2-H), 6.63 (1,
d, J. 8. 2EX1&MIP,LE5365 (1, dd, J 10 & 1.8, 7-H), 5.51 (1, dt, J, 10.

& 0,8 - ot WroimS; : d 6,7.& 0.8,
5-H), 4.H)2r - NOTORYTROR ! e §4-814for & B-3. 14 (1,

m  16- H epyddoxyRodRo mé'ne 4-748. 3, 10- Hp) 3.07 (1, m, 14 H) 2 88 (1
dd, J, 19‘2"&7@2’1%!’—1;‘11'{ierr 2.73 (1, dd, J, 13.3 & 4.0, 1

(1 td, J, 13. A mixtues of8,17gibenzyi714-Bydroxysomsgphinena (848, SQ%mmol)a_éi%a
A sol ut 1 oFeee @0 oE AL Eor HE o6 o n"SHEREE(1D0, MH WL B Giddenasea Wi  Par

chl or of or ﬁgﬁfb%éhdi@r itk hiydrogen gas FBNPSI!@; afnsforgrehk lafd fitered mrbbglh eelite.
X

chlori de g_ was heated at ref for 50 mn. The reactlon mxt re_was
evapor at e herfllVataJwas@vapgmteQ@n ¥acuata givediorpxymerphensihydieciin 050

(o apor at cd0PRE Vi, A SKBALA O RROE br DR, ﬁ@&é@i%ﬁﬂ&ﬁ@%aﬁw

LS e, o el h0cs 0§80 1et e 50 0.

(NH[ er r | HOBI), 6\8&R(1,[drd,]8) .(Dwoscme(mp)d 8.168-K), 6. so«brsxa@H),ﬂzgsd[(é,rs,]s-lﬁ),

5. 0.5 70 U.ga 857908 Bty £ T fisf 15548 (1 om -y, slfs2des .
o 08 o BREI8I0 P A el ). 275224 f P 5agle 60T,

td, J, 13. 12&7‘-!—0% 1.6l eﬂm].).l, 1$8965(He). mM64L4.20) /2, P, B-H, & de‘) J, 18.5 &
6.3, 10HerL & , 0.& 3.9, 16-Ha), 2.22 (1, td, J, 13.4 &
4.9, 15 [‘H‘Mnt ﬁelqowa exmfmmmdeuaﬂhrpumiﬁ err]). EXAMPLE 34

nor codei naVRoRRYfRIrEptoBinBnd Sha Lidtivirfiexene. 1, ) " Cycl opr opane
(5.14 9, BXAMPLE 831 sodium carbonate (14.73 g, 139.0 mmol ), and potassi um

| odi de (4.61 g, 27 8 mml |n ethanol (250 M) was heated at reflux for 20
hr, cool edrenarationeifh-aceh o dryness. The residue was basified

h NHAOH, ar "
i N aﬁzdéséfafs at°§%°wﬁ‘”€éa£ﬁa3*Qﬁé’fmﬁﬁé@ré%ﬁfg e (B I IpoRE oD,
chr omat ogthighgthrmines(1B8.26:g¢80.2irhmol) and 4-dimethylaminopyridine (0.5 g) in dry ethyl
~ acetate (620 ml) was stirred at rt. under nitrogen for 12 hr, added saturated aqueous

sodium bicarbonate solution until no acetic anhydride detected. The organic portion
was separated, washed with water (3x 120 ml), dried over anhydrous sodium sulfate,
and evaporated in vacuo to dryness to give 6-acetylcodeine as white solids (34.0 g,
99% yield). IR (KBr)( v, cm™): 1725 (st, sharp, 3-AcO); NMR (54)(CDCly): 6.66 (1, d, J,
8.2, 2-H), 6.53 (1, d, J,8.2, 1-H), 5.63 ( 1, ddd, J, 10.0, 2.4 & 1.0, 7-H), 5.42 (1, dt, J,
9.9 & 2.3, 8-H), 5.22-5.51 (1, m, 6-H), 5.06 (dd, J, 6.7 & 1.0, 5-H), 3.85(3, s, 3-
OCHg), 3.39 (1, dd, J, 6.0 & 3.3, 9-H), 3.03 (1, d, Jjem, 18.6, 10-Hp), 2.78 (1, dd, J, 5.2
& 2.6, 14-H), 2.63(1,dd, J, 11.9 & 4.6, 16-H, ), 2.45 (3, s, N-CHg), 2.40 (1,1d, J, 12.0

- 38 -

SUBSTITUTE SHEET (RULE 26)



el'uting sol vent system of methanol/ethyl acetate (10/90) to give 17-

| | d 10. 68 91% | d | R (KB
3500 (shar b o B “NVR ([eir]) (GO 3): 6 65 (L d 3. B o 2FEruceusm

615 & 275, Eifty toflan 2 ol dpde 8ol o dgls L 8lond, oklg, s e

3.84 (3, S&S%B%B—)%ahcﬁﬁsslﬁ dth J)120,318H3).3, 9-H), 2.94 (1, d, J, 18.6,
10-H[err]£ 282( , & 3.9, 16-Herr]), 2.70 (1, quintet, J,

2.8, 14-H)¢¥ X 2d J, 6.3, N-CH[err] cycl opropyl), 2.44 (1, overl ap,
6- OH) , 235r- Jlatiindréodbing I! 233y (1, dd, J, 18.5 & 6.4,
10-H err])s 09 > 87 (1, dd, J, 12.5 & 1.8,
15-Herr]), 0. 9A— £bl8ﬂor6 bf Smcetthlﬁm@l-(mro gyegmrmml), 1- chlg)'oethysdhlbmfomate

EXAVPLE 3504 hsLemmmall e Bipuon 38H9F ko) 'ndr%yﬂem%c' 8fig840 m s 1,
2,201 Ut 1 0ngi 600l 110 mihS418 18HBlgn 86 YALSEMrEhaid oA B drybss

78[err] C, was a solution
met hyl ene Theaesidae(vias nhyomatmaplned onfaﬂma geliwith amy&acetax{aéc g]\@ Gracem 17-

rot by ane. CHEb %t%eawc#mﬁﬁ e iy L2l S8) i e BsolVeglsn '

m xture Ve §tﬁauﬁ§ﬁﬂuﬁg feWdiops oftopic! H@nf %e?*s&lﬁtloﬁ@ih%chéétbﬁtaﬂ%ﬂﬂ*f& 1 fr 3Rd

g, 92.8 to wa mup to rt., added net hyl ene
- 40 - evapolarhwrmdac(mo alimpst d@mess %ehesﬁuem@aadded@amy\g andifiltered to

Fi Tor od 1 OV @cemINGpBRBReIBARERIERdA Dot T eioha R G ol 3540:
(1, o, “BP5150 &/ thar &-409) PZGR@?@U@@%%#WW“@‘“@» AR

1- , 6. 07(%%@!0\80-&5) 1@6@(& a(BrJadjlgmtwgcc@ 676 ﬁaldu 8285203) 6.63 (1H)d J,

3- OCHS
3 00 (1 dBZH -, 56&(mqlg J 308158(1,ﬁ arlrl),Js 5ﬂ1(18dt1.51|q13&$)0 82H)32 5(1$ (doelt,

1.9 & 4. 63187 &2 OLEuH Eioacft 7a379,8.8 808,54, Aad T ok b8 ko 2g- ), 3.77
U ) 3 s i 1o, S QL Na g7 (10 145,

cycl opr opyi2.88 ()dd, NS 1082 & 6.6] 40¢H), 2333 (186d,, 1B & 4]0, N6-BHY6 2.24.(4, td,M, 13.4
b epat at 1 oft B, 15091237 43 PrEPARIIE b HofBhal dd: 1EHelt o (5-6)

A m xture W%@pr opy!l met hyl nor codei none (3.55 g, 10.5 mml), acetic

anhydri de 4 mml ), sodium acetate (1 3 g, 15.8 mol), and

t ol uene (6Pre ansiontafaiordodeing hydraciofide (58 The reaction m xture was

cooled, added nel{g Ilu%on of 6-acetylcodeine (10.0 g, 29.3 mmol), 1-chioroethyl chioroformate
(5.56 g,38.1 mmol), and proton sponge (1.0 g) in methylene chioride (50 ml) was
heated at reflux for 50 min. The reaction mixture was evaporated in vacuo to about 30
mi. Methanol (25 ml) and concentrated HCI (2 ml) were added. The solution was heated
at reflux for 40 min. and evaporated in vacuo to almost dryness. The residue was
added hexane and filtered to give norcodeine hydrochloride (8.8 g, 93% yield). IR (KBr),
(v, cm™): 3540 (NH), 3380 (6-OH), 2800-2600 (broad) and 2480 (sharp) (NHeHCI);
NMR (3x)(DMSO-dg): 9.66 (2, s (broad), 17-N"H. Cl), 6.72 (1, d, J, 8.2, 2-H), 6.57 (1,

d, J, 8.2, 1-H), 5.66 (1, dt, J, 9.9 & 3.0, 7-H), 5.28 (1, dt, J, 9.8 & 3.0, 8-H), 5.10(1,s
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chl oride (250 n1) water (50 m ), and sodi um bi carbonate (73.5 g), stirred
for 4 hr, a&g iltered. The organic portion of the filtrate was separ at ed,
washed wi t h ®252930 ni), dried over anhydrous sodi um sul f at ®CTA}98/13592

S iTea” o< b ot 58 4 B oy 10 A B $970%
(k) (v, "B 3R O2E7VCPOR oM. FREER, Ut g A ety 144

8- 87 (71 Q,.91Jg58c.(id,J 21'8‘5&@3530(!'1“) Cﬂgglgﬁdd,\!1?3‘0),&3922%213)(22233(1‘]&?1g34
9-H), 3. 8§‘ﬁ§ 15: H@M)ng i, (JH)‘3&&J27v1175<!fe)10 Hp), 2.89-2.82 (2. m

16-H[err][E§( ?ﬁ@é 42.75 (1, dd, J, 18.6 & 7.0, 10-Herr]), 2.49 (2, d, J,
6.4, N-CHerr yclopropyl), 2.32 (1, td, 12. 0 & 4.5, 15-Herr]), 2.20 (3,

s, 6-AcO Prépdiatioh ofd17-éycid rchvirhethwiihenco 0.86 (1, m NCH2--Clerr]
e O O O o iy i Y B804 i) Pl
ERMIET by s avnsink ot Syt i
Clz—g CE_) er r] idotasgium inGideO4261 g; 2];)78 rlgﬁﬁolo imtet_hdrﬁH;aﬁmnﬂ)] wias helated a} yefiuxifot 20 hr,
(17 cycl om@%éréﬂﬁi/wqmr ﬁSFH*E r%ﬁﬁ‘ﬁg%’gﬁ rgsidye washasified with NH,OH, and

| .
colutton® SRS WA BRI CABRS. P hEaEl {58 YidsHal WifyWiter and evaporated
acid (90 Y%p vacgd4o giryness. é’lhe(reslﬂm o1.78) mqmom‘atqgnaphed dryslllloggel with a

d % 0.17 h 42-43 C f . t 20
) basi (S soNeREbEEM af Bstiarousy acerate b R BROAE (8o mi & 2 x
20 m t d .
odi M SUWCWBE‘W&%‘B%@"SW (PFBETE 92 Jiel. 73 (BT o). SB00(ShANE: 6

17- cycl oproRy: mm(%mg) :08)850¢1G @l g} acme Hp 6523 (15@%}'8@ dt)-H)T'WO?letB
value in TLC and th lsigectrum of the product were conpara

obt ai ned fu @ ah8auiliant-H): S2D(b. Atk 80828 SHYp 488 (brﬂ%f-’ 665 &1 2 5'H)

17-cycl opr | - 14-
yel opr opyi et o BN oR SR e B EERR B SR o I PR A3 2 204Kt
A sol uti omgs, 1@+39)c|20m PR, M2l Ner 3.9096104))e zdr@(ml zﬁﬁ@ta.nea 8 1@£H 2 7146(@
nmml ), formc aci 90% and hydrogen per oxi de(O. 8
mol ) was hekiBed N-Chp-cychspropyl)C244 (6 averlapd 8edHNa 37 (12(1 nil,)"%eﬂ& 3:9)y15'
acetate (Bmdan ol SAeb Wear o, £86%0NR 5, 120U 8R0HECT 670168, o,
12.5 & 1.8, 15-H,), 0.94-0.80 (1, m, -N-CH>-CH in cyclopropyl ring), 0.54 (2, AB, CH-
CH in cyclopropyl ring) and 0.15 (2, AB, CH-CH in cyclopropyl ring).
EXAMPLE 35
Preparation of 17-cyclo grogylmethylnorcodernone (8-5)
To a solution of DMSO (14.50 g, 185.6 mmol) in methylene chioride (80 mi) at -

78°C, was added a solution of oxaly! chloride (11.78 g, 92.8 mmol) in methylene

chloride (20 ml) in 20 min. After stirring at -78°C for 20 min., a solution of 17-
cyclopropyimethyinorcodeine (9.0 g, 26.5 mmol) in methylene chioride (40 mi) was
added dropwise in 50 min. The reaction mixture was stirred at -74 to -76°C for 3 hr,
added triethylamine (9.39 g, 92.8 mmol), allowed to warm up to rt., added methylene
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m ), dried over anhydrous sodium sul fate and evaporated in vacuo to dryness
. the residue (0.9 g) was chronmat ographed on silica gel with

met'hanol / rewbwbmezs29chl ori de (2.5/97.5) to give PCT/US98/13592
17- cycl opr opyl net hyl - 14- hydr oxynor codei none (0.72 g, 78%yield). IR

(shar py hIGHHE (208 ik Prstist weh dBn fOx Srpfy arigBUmbtipdtyd i Py g iyness;
i , Olg 117'iSeOe§igu§g#és mixePwith he*dnehntﬁﬁl?er&dﬁo%wém) 6.18 (1, dd, J, 10.1

& 37 cduiomopyimethyinarkodeinoge (8850, Sabisic). AR KBd{v. oo derbe‘n bials taéé.&

b R B g A§§793°d1~:1°ﬂ 2l b (hdv’y, ooy 1978

12.1 &35765}5 1‘,‘5&J,3170! -H), 6.07 (1, dt, J, 10.2 & 2.9, 7-H), 468(1 s,5-H), 385(825,

((:>1/cl opr@'@@"‘ﬁ)m@ﬁg @: gglnggl 5 Q@%ﬁ%geﬁ& ééf'b%‘?'\g g%)“ékﬂaé é& Q 2d ‘l\B
17 cyol Speapgriee RSl Mot f B e (2R, 183 45,0, 10H), 2251,

cvcl opr gy, metd)vigbl); o2le7nantd,d, ancd &4.6, aSGHC}fp RB4KY, mﬁlz 0 & 2.0, A5- H,),
solutlon "of 17- cycl opropy Inethylnorcodelnone I enol _acetate

ol ) | w@emwz@yqioam b 0,950,853 19, NroHp-chincysiorroRd hglo 355

g, 2. 90 ) I ol d
wat er ( ’) gg‘eib c&&'%%rwl n(gﬁ) aﬁ%ﬂ%o(r? (\gj clelaé g)%’t‘ ?:g '{O«@lrgégltmr@btelﬂ'y ene
chl ori dggif 4 (J6): 3BNEBOE, [WC]), 286 (1RAN M VCiHis]Yadred 5671000[CHICHKINed over
anhydr ous 'sodi um sul fate, and evaporated in vacuo to dryness. The residue
(0.41 gEXAM é-ﬁr%ﬁrat ographed on si I i ca gel to give 17- cyclopropyl methyl -1
- 2 ) -_‘ " .-. n TLC and the

aut hentic Sawmtuw él@ Fbmmrem Inorw‘deawm (3455@ ﬂwmol)SaBéttc
A mxture of 17- zcg 851@56 Irret hyl - 14- hydr oxynor code| none (0,30 g
)

mol ) asehydrids ( mmell SRSREN acetatsi(1.3as 184 rmehaead tpweaed&rml)

The 101 e teatad 7o i T b g WP itn@ie whaf B0l B me Ade

0. 30 0 40
Ebr 3 gchﬁ)?lébymbﬁ'/gl) ié/&eérrr@())rﬁclzxjalﬁdgrb?dr@ gsd%ﬁ?qéﬁ (7:§$'ggpstlrfé'd30r ﬁﬁﬁ&niﬁ

d, J, sfmered T, orgaak: partion qiih; Iltaatgmszsegara@emgheql wltmweg)r((ﬁo ral), J

- 01 ® Biog B cphyctpusisodhigsao Lt phhporkedd i Jacks o v Thegbicug

éSerHl[ :IVD (3. ?2 %_{\#és bﬂrorﬁatoérapﬁ\éﬁ o? N8l e%éllvmh % og%semwguéHﬁaéf ?(féwd 127-2
cycIopropylmethylnorcodelnone dlenol acetate (2.87 g, 72% yield). IR (KBr)(v, cm’ ":
1750 (st, sharp, -C=C-C=C-OAc); NMR (84)(CDCls): 6.67 (1, d, J, 8.1, 2-H), 6.58 (1,
d, J, 8.1, 1-H), 5.79 (1, dd, J, 6.3 & 0.9, 7-H), 5.55 (1, d, J, 6.3, 8-H), 5.47 (1, s, 5-H),
3.92(1,d, J,7.0,9-H), 3.85(3, s, 3-OCH3), 3.26 (1, d, J, 17.9, 10-Hg), 2.89-2.82 (2,
m, 16-H, & 16-H,), 2.75 (1, dd, J, 18.6 & 7.0, 10-H,), 2.49 (2, d, J, 6.4, N-CH>-
cyclopropyl), 2.32 (1, td, 12.0 & 4.5, 15-HJ), 2.20 (3, s, 6-AcO), 1.71(1,d, J, 12.2, 15-
He), 0.93-0.86 (1, m, N-CH»--CH in cyclopropyl ring), 0.55 (2, AB, CH-CH in
cyclopropyl ring) and 0.15 (2, AB, CH-CH in cyclopropyi ring); MS (El), m/e (%): 380
(11.2, [M*]), 379 (46.6, [M-H]"), 337 (14.4, [M-CHsCOJ"), 282 (15.5, [M - CHsCO -
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(1, td, J, 11.9 & 3.5, 15-Ha), 1.88 (1, ddd, J, 13.3, 5.2 & 3.1, 8-He),
1.67 (1, ddydyed8.5 & 3.4, 8-Ha), 1.58 (1, di, J, 12.8 & 5.1, 15-Hg),
0.91-0.81 (YOMO25Q cro-CH in cyclopropyl ring), 0.56 (2, AB, KEHUSHSIES
cyclopropyl ring) and 0.15 (2, AB, CH CH in cycl opropyl ring).

(53 CHRGRIE 43 PURBOT RS S NOHLCHLE) 88 BUGALHLM)

met hyl ene arid 48i(88.5, f0HaCPOMas cooI ed with an ice-water bath, and then
added a soékhw ;aoron tribromde (5.4 mM, 1 Msolution in nethyl ene
chl ori de The reaction mxture was stirred at rt. for 15 hr,
basi fied vpjg bt Ah\E 9 8-RG g The
extract wa : T W ' ) ] - Sodil um

sul fate, 404 ip HCQO altrexone (0.45 g 98%

e S £

1-H), 5.1 AEfHR
: 8 o 8(90'&/ @ ddzr gﬁ‘iﬂ)ateiggﬂsb& Pé EH e r(é 2@9%)( and. hﬁr&@en sfaﬂoﬁidé (ao%5 0317 g)
7-Ha) , 2 Masg hgatad ati424B°C fors Bhr, Jadde@)wamrz{ao (ml) bisified with. Naz&')@s 91 02 a),

To- ey, 2.3 priredied Wik Ex3Ac(sQ ral &  x pitf; Tho 2Bindinad eitrattwag siasrgwin
éSHaF?) . 57Qteﬁ'1dgé'8' over aﬁﬁy&o&sdsoglﬁrﬁ édﬁgtegjla_rfgg%\ﬁlép(olrﬁfbr% ihi\réacﬁch‘tag_eljrﬁﬂéss to give
cycl o,pr opyl 7-cy0l9propylmth§)ﬂ 14°BjdrABynmlé,OCB|'inamec@c1 (bgr ,56% yield)gTheit valuein PLC

i ougn 58I 1F BoSRFurb o B prieu e SompRraiR 10 BT0SY Sutaided e .,
(see 4-2) gggﬁyﬁhgsgﬁ‘ﬁ?epar ation of

3-benzyl -17-cycl opropyl net hyl nor nor phi ne (6-4) from 6-acetyl -

benzyl m)rdEXAMEBEZEB A solution of 6-acetyl-3-benzyl m)rphl ne (13.17
g, 31.5 mTIgI . L, di apht hal ene 1.34 g,

6. 25 nmol )TIERS OhL4rY&IQp FSSGr Lay sizlitle pieale de Bur e,

48. 2 mol )c oo SR ANON ¥ i 44X BDGHI S reaction
m xt ure, ] C 3 ef | ux was

conti nued for aAcﬂdﬁaiuorSoﬁl7-ci]blepmp&ylme@hylaerwdeirmheedldnol acetate (1.00 g, 2.63
mmol), formic acid (8 mi, 90%}), and hydrogen peroxide(0.37 g, 30%, 3.26 mmol) was
heated at 44 - 45°C for 6 hr, added water (20 ml) and ethy! acetate (80 ml), basified
with sodium bicarbonate. The organic portion was separated, washed with water (15
mi), dried over anhydrous sodium sulfate and evaporated in vacuo to dryness . the
residue (0.9 g) was chromatographed on silica gel with methanol/methylene chioride
(2.5/97.5) to give 17-cyclopropylmethyl-14-hydroxynorcodeinone (0.72 g, 78% yield). IR
(KBr)(v, cm™): 1680 (st, sharp, =C~C=0), 3480-3100 (broad, 3335 (sharp), 14-OH});
NMR (du)(CDCl3): 6.70 (1, d, J, 8.2, 2-H), 6.62 (1, dd, J, 10.1 & 0.5, 8-H), 6.59 (1, dd,
J,8.2&0.9, 1-H), 6.18(1,dd, J, 10.1 & 0.5, 7-H), 4.70 (2, m, 5-H & 14--OH), 3.84 (3,
s, 3-OCHy), 3.35 (1, d, J, 6.1, 9-H), 3.14 (1, d, J, 18.6, 10-Hp), 2.75 (1, ddd, J, 13.7,
4.3 & 1.4, 16-He), 2.55 (1, dd, J, 19.4 & 6.0, 10-H,), 2.45 (2, d, J, 6.6, -N-CH,-
cyclopropyl), 2.38 (1, td, J, 13.8 & 4.3, 16-H.), 2.26 (1,1d, J, 12.1 & 3.7, 15-H,), 1.70
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evaporated to dryness in vacuo to give 3- benzylnornDrphlne hydrochlorlde as
4

whi t

(1|5 85 g). Ivlgo(gﬁllg?s)z?v cm[err]): 3550 (m sharp) 3400 (m b) ch‘ﬂ.!ﬁgwegs”
shar ) NI\/Ra[err] (DMSO-d[err]): 10.35-9.62 (2 b Aerr]NH [err]Cl),
7 49 .21 (15 dday, 18[%&12. FB&S' 78.97:0.80 (1; mgNCHz-Chijjn cmcignrqpm rigg).) 0.58 (2,

OCH[ er F%] & él?'—'g?-"\!%‘ Cﬁﬁgprﬂiyg“qgf’aﬁ& 9(117 ({Q&B CHléF_lé @cwé,,ggyw)z AB,

428409EXAMPLE39&O-I) 3428(2 mlOH[err]&lOHa) 3.4-2.8 (1,

£ - Aropane (5.81 g,
\ o ) (150 m) was
heated at refl uA Sdutlm dhy7-c7bbpxopylmethylﬂsr®dqmm dtenml acetate 40.50g, .64

i ed over Mot GNETRRSGEN I Aa A LS i Sﬁnmgixém? el a8 7 g0 o

crude pr odMCécétibﬁaéié (ﬁ)mQ WHsCéhrv&faFHr emhi%rﬁ g‘oswhté‘razss%n (58468 with

=6 cm | =13.5 cm eluting solvent: 4% Ive

3- benzyl - 1§odlu9'ccmmoapye.rm xmmdmam metiiyleng chld]in)@ (100?n@)K§h)e(qxtract was

C”‘aSr E 1) washed Wit waig? L' WRRE'dYe! gRbytoug sodfury i o ovagbited in
5. 28vééuo %Yhesg 1i’he$e§i}jue~"'(()34?'=1 %)Zwaé\%hr&ﬁﬁ?dﬁl'hphéd% Siflca Qél to]%lvé 17-
cmclapromlm -r1]4)hy010xmqmpde|mpne (o4 g, 74%wipbi)rme Fﬁ valers'ELC

: .5 2.48- 2. 20 err 2.42 (2,
0 o 6. a, SR g (R ispedfuirtpt B podust ety poRiarabis todhgdd oBtgheliroraly ||
2. 07 (1, tguthbnt,é%a%-,gQS 1, 15-Ha), 1.84 (1, dm J, 13.0, 15-Herr]),
1.0-0.7 (1 CH2-CH in cycl opropyl ring), 053(2 AB, CHCH in
cycl opr opyEXrAMBJ.E@M (2 AB, CH CH in cyclopropyl ring). EXAMPLE 43
Preparati op_of - B t hyl nor nor phi none (6-5) To a

"‘SE
3o.c.o
|—\<-0'|

sol ution obreRasat eAoe Bl pa 2 (80 M) at -78[err]C was
added a sol utiomp mﬁxtee@bfvimbbmprﬁm&{ét m-hféro&yﬁamohembrﬁmb %/, 0185 #final)
m) in 10 mn. This solution was to stir at -78[err|C for 20 m n.

t hen was adddd’d(Cs(é%.t Dwﬁgjflnsetmx&i miy waschygrogenatest ima Rarphydrogenatos gt it.

170,01 g HR et of ol s B S SR B o

m xture vwagaglb afHdas18dive B-ﬁw@tﬁﬂna!tréﬁéﬁ@?bﬂbtd] 98t Siel€R 1R (KBrWY) -crf):ed
1720 (st, sharp, C=0), 3380-3340 (broad, 14-OH); NMR (&x)(CDCls): 6.70 (1,d, J,
8.2, 2-H), 6.60 (1, d, J, 8.1, 1-H), 4.65 (1,s, 5-H), 3.91 (3, s, 3-OCH3), 3.17 (1, d, J,
6.0, 8-H), 3.06 (1, d, J, 18.2, 10-Hp), 3.03 (1,1d, J, 14.4 & 5.2, 7-Ha), 2.70 (1, dd, J,
11.7 & 4.5, 16-H,), 2.58 (1, dd, J, 18.4 & 6.0, 10-H,), 2.41 (2, d, J, 6.6, -N-CH>- -
cyclopropyl), 2.41 (2, overlap, 14-OH & 16-H,), 2.29 (1, dt, J, 14.5 & 3.1, 7-H,.), 2.12
(1,td, J, 11.9 & 3.5, 15-H,), 1.88 (1, ddd, J, 13.3,5.2 & 3.1, 8-H,), 1.67 (1, dd, J, 14.5
& 3.4, 8-Hy), 1.58 (1, dt, J, 12.8 & 5.1, 15-H,), 0.91-0.81 (1, m, -N-CHz-CH in
cyclopropyl ring), 0.56 (2, AB, CH-CH in cyclopropyl ring) and 0.15 (2, AB, CH-CH in
cyclopropy! ring).
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e ..,_.1.,,. R

- 45 - over anhydrous Na2SO4, and evaporated in vacuo to dryness to
give a reddwél'b ; (7.98 g), which was chromat ographed on silica gel

(colum: d 3&# P = 19 cm el uti ng sol vent: 5% MeOH i n Et CARGCTAUSO%)13892

3- benzyl - 17- cycl opr opyl net hyl nor nor phi none (5.56 g, 79%yield). IR (KBr)(v,-
cnferr]): 3@{@,;(‘% gharp, C=C-C0; NWR ([err]H(CDO3): 7.52-7.18 (5, m
-Clerr]Herr 8 (1, d, J 8.2, 2-H), 6.64 (1, dd, J, 10.5 & 2.2, 8-H,
6.52 (1, E’,reggraloa,ofgglﬁgxcﬁ\é)ﬂ'oﬂg mdth yl_k;a!tt@x(ﬁ'\e_&jsas}l 7-H), 5.17 (2, s,

G120 & Rople - omndhkdnnads, Fabeingyngipbods Ao o

o oy inp el @o&ed hith/ i i waﬁérrr@m dnd %hér?—adé@d ¥t 6f b tﬁafaﬁgdé

1.84 (1, &t ), 11131 spluti@n m[ metmylane abﬂomdm 5(4rnmp!)l\rr mzemqmnngura)wasps}lrred

|r Inngglcl opggﬁlfm ﬁ?B]HS %%Mtﬁﬁwga%@%w i %d Rg%?nééyieﬁggchq{:@ﬁé {658 Fne

CH2Ph] [ er ekdracOWat WasHed With Weitet %2 x3% i dried véfFa ﬁdrbh]s [sedidm - sultitéyRird
|

44 Preparation of 3-benzyl-17-cycl opropyl rreth | nor no none di enol acetate

(6-6) evapprated timvecuo ta@ dngness! to]gveylalthxoopxoxﬁ g.ﬂ&f’érWdﬁxhllﬁ’oﬁ@fQ(& xm

Vol uene (1B 1735 (s shem bl 360030 biead Ok Y, f@@"rnb S ENebes): 6.72

aqueo d tr d
Sh et of (o B2 68T Y. W I B 2 SN S I8ReTelproRe, SORA 4R M
vacuo to t{ﬂ.ﬁnédﬂ) t @. tﬁﬁa dml @. 8 951)57:3 05 (1)/\0“‘1”8"5131@'”991”31033(1@%&‘1 ‘bh3 &

silica gelgeé'col um: el uting solvent: Et OAé&
obt ai n zhrHa),12 7c1y(:1| (515# dp9|1 rﬂe&tﬁ;ﬁnbﬁﬁh).pﬁ»&fi)hb dgh, JndB.8ad 8 1"&)0 21

G el 0y 41 OB o A 58 (5 o6, 50 P 7 81,7

d, J, 8.3H, J12.4% K 17 g& SiHe 161%’
5.48 (1, ?}@18@1&&(2 S, 3yg}l‘f[sergir @9@)(3:1&),1 w33 @']0 )] 33( H)J

(1, d, J, 1474 ngosﬂﬁér 157 (3. dm. 3, 8 (13 Ha, qs% q-@w,]m&N:@Ha[@mm) 2 74

(0%, eyt iy, .35 8] e, SHEH Br oo QISR RY, ot

dm J, 124mcy&6pr@y,| rihgp- 0. 8 (1 m CH2-CH in cyclopropyl ring), 0.55 (2,
AB, CH-CHH };cl opropy ring), 0. &IZ AB, CHCH in cycI opropyl ring); M5
(E), n eFeopynthesisgtdaltrexone Fm orphing Thuquah 3-8enayl-1%2 (28, [Mm

CH2Ph- mﬁ{lbpﬁﬂlﬁéﬁﬂﬁnoﬁﬁofﬁm&@zPh][e”]) 55 (100,

[ CH2C3H erT
6-1 (see 3-1 & 4-1)

6-2 (see 4-2)
EXAMPLE 42

Preparation of 3-benzyi-17-cyclopropylmethyinormorphine (6-4) from 6-acetyl-3-
benzylmorphine (6-2)

- 46 -

A solution of 6-acetyl—3-benzytmorphine (13.17 g, 31.5 mmol), 1,8-bis-
(dimethylamino)naphthalene (proton sponge, 1.34 g, 6.25 mmol), and 1-chloroethy!
chloroformate (ACE-CI, 7.03 g, 98% pure, 48.2 mmol) in CICH.CH,Cl was heated at
reflux for 1.5 hrs. To this reaction mixture, was added MeOH (100 ml) and conc. HC! (8
drops). The reflux was cdntinued for another 3 hr. The mixture was cooled and
evaporated to dryness in vacuo to give 3-benzyinormorphine hydrochloride as white
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EXAMPLE 45 Preparation of

3-benzyl - 17vygg obpixpepy! met hvl - 14- hydr oxvnor nor phi none (6-7) f r?&é

benzyl -.17- cycl opr opyl met hyl - 14- hydr oxynor mor phi none di enol ace 5?8613332 by
MCPBA A sol ution of 3- benzyl 17-cycl opropyl net hyl nor nor phi none

di enol aceflakes (13.08 g, lRl(KB\')Mmh) ) 3550 i{m, shiatip), B4D8 (o, 1), 2475ds,) shaxplt NMR
3-chl oroperbenz aci

3.9 Mol ) (OB A 10,359,622 B bazm-zfm{”mm&sysﬁcﬁ?iafsi deti &8, 2-
ext racted i s @AALT8b 4HPH) (1,16, SUBAHIB e YT 0FIBA B3 1

Na[ err] SO4 apot at e hess "to’'gi've ‘ah 0| residu

g)., whi ch ABsQOCiHsPh dgﬂsiphe:lﬂ 64 & td, §d+l) (441 l@dnj, 616-9-2-3)54 2804.09 2,18, 6-H
cm eluting solvent in CH2Cl 2) to obtain 3-

m el u g S Yals 5 e o B SR A A S %&g@@ ). 16rHe & 16-

I bl
those obt ot Red 13 bt noalPadd & EPREHGY 2 B (h Bk 2o JeEke POTPe 7 © °°
3-b | -17- Acsuspeyis ~behziindnmorple {8 monel, Cids), f 3-
bengglzyﬂ C glyg r?-Pf{ rr?m?mi4 g% ﬂr'ﬁﬂm‘gge dNenef) 56)%2{ om(96 r?) tl
1o0[ orr] i SHIREIDRYICYSIoPTRPaRE (51879 cF dNa80s { mol} in 2-

ol § or Pl E T HIERES ARt PR U I BEiehEwas erlraiéddbr i

mmIC)CBwas hama:dl;l Feet rﬁdm[ggsr;ddéd Watereann;] eXtI’MSdel&dOhszlb (aﬂdﬂmé)qg’hetesdract
NaH t t | T t t t

(50 ), awPEcBskover aivaeds NBaSE: dristevanaTaied Hvacha e auness & GivEs cruse
Lol um: *oPEART16:08'c), Whih wadfeifomitonrabhBa aiics BEH iy BEFE 86 1= 135

obtain 3- bemnzyalutth'gsr;lvémtpr%&’pMe@HhalGHﬁGl}gycﬂmgw&bmzphmone (0.75 g, 87%
yi el d). IR(KBr)( err

( [ er r][errfYy% @E@Pyjmetf‘ ’Fz%ﬁg‘oﬁoﬁ(ﬁn& d%a%} I%‘I?’g&é's (v, EP“?J) ?%Cigmc\;? -@FSINSMR
Torh: 51y o) 7 86588 m Brptal biadln, b f g gHile 4 (1ol 83 1y 5.0
9-H), 3.12(f, Jdmd.J §9 134)?5 Z@gﬂ[ er’r\jj 82871423(&1132) AB, OUﬂélPh)la 84 ?’ dd), J 6.5

2.53 (1, dd, , 19
(1, m( 15- &a}3 5&)44(@6 4@02ﬁ1 ra, @Mbrdq b et 3p9rwf]%913$1<q, J,t1@4.a10-

Gio-c i B ipabyRm 8. By 2725 fl. v H Ak 2t i gl 248

- 47 - 2.20 (1, m, 16-H,), 2.42 (2, d, J, 6.4, N-CHz-cyclopropyl), 2.27 (1, dd, J, 18.6 & 6.2, 10-
Ho), 2.07 (1, td, J, 12.2 & 5.1, 15-H,), 1.84 (1, dm, J, 13.0, 15-H,), 1.0-0.7 {1, m, m, N-
CHz-CH in cyclopropyl ring), 0.53 (2, AB, CH-CH in cyclopropyl ring), 0.14 (2, AB, CH-
CH in cyclopropyl ring).
EXAMPLE 43
Preparation of 3-benzyl-17-cyclopropylmethyinormmorphinone (6-5)

To a solution of DMSO (5.88 g, 75.3 mmol) in CH.Cl; (80 mi) at -78°C was
added a solution of oxalyi chioride (4.51 g, 35.5 mmol) in CHzCl> (10 ml} in 10 min. This
solution was allowed to stir at -78°C for 20 min. then was added a solution of 3-benzyl-
17-cyclopropyimethylnorphine (7.06g, 17.0 mmol) in CHxCl; (30 ml) in 30 min. The
resulting solution was allowed to stir at -78°C for 3 hr. EtsN (20 ml, 148 mmol) was
added. The mixture was allowed to warm up to rt., washed with water (5 x 80 ml), dried
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(2, AB CHCH in cyclopropyl ring); M5 .(El), me (%: 429 (Merr], 32), 338

(75, 0@5&%&%{, 91 (100, [CH2Ph][err]), 55 (97, [CH2C3H5][err]).
EXAIVPLE 47 |on of naltrexone (6-8) from PCT/US98/13592

3-benzyl - 17-cycl opropyl net hyl-1 4- hydroxvnornnrphlnone (6-7) A

RS kR e A e s

under 30 gswhieh was wgmatggmaphiedl ares dagbl tnsmmoed |=15€¢mah=d 1&@1)&&&"9' t 0

and tho 190 8NE BPEMIGHIRE AR So Brvasent e kyp bBfoshRstivnirimhiboet
e b cot e o . T e S Dy h pl o o

t he mat er. 5257 éBﬂSomadGsHe} @ 69 (tud, 4 &2a2-H)n6.64r(1edd; Hn10.5 &Iﬂr%cﬁ'bﬂ 652 (e

dan be” mihei-2nbittr S i 5 il RS PR B 7 L3, OB 47O S

- 48 - 368 (1,4dd,J, 54 &2.9,9-H), 3.29-3.16 (1, m, 14-H), 2.98 (1, d, J, 18.3, 10-Hg), 2.83
(1, dm, J, 10.7, 16-Hg), 2.6-2.3 (1, m, 10-H,), 2.41 (2, AB, N-CHz-cyclopropyl), 2.24 (1,
td, J, 11.7 & 3.2, 16-H,), 2.07 (1, td, J, 11.6 & 4.8, 15-H,), 1.84 (1, dm, J, 13.0, 15-He),
1.0-0.78 (1, m, N-CH2-CH in cyclopropyl ﬁhg), 0.55 (2, AB, CH-CH in cyclopropyl ring),
0.15 (2, AB, CH-CH in cyclopropyl! ring); MS (El), m/e (%): 413 (M", 8), 322 (28, [M-
CHzPh]"), 91 (68, [CH2Ph]"), 55 (100, [CHzCaHs]").
EXAMPLE 44
Preparation of 3-benzyl-17-cyclopropyimethyinormorphinone dienol acetate (6-6

A mixture of 3-benzyl-17-cyclopropylmethyinormorphinone (4.334 g, 10.5 mmol),
NaOAc (1.92 g, 23.4 mmol), Ac,0 (44.14 g, 432.4 mmol) in toluene (10 mi) was heated
at 100° C for 20 hr., cooled, basified with aqueous NaHCO3, and extracted with CH2Clz
(300 ml). The extract was washed with water (3X150 ml), dried over anhydrous Na,SO4,
and evaporated in vacuo to dryness to give an oil (5.57 g), which was chromatographed
on silica gel ( column: d =5 cm, | = 19.5 cm; eluting solvent: EtOAc) to obtain 3-benzyl-
17-cyclopropylmethylnormorphinone dienol acetate (3.0 g, 63% yield). IR (KBr)(v, cm™):
1760 (s, sharp, C=C-C=C-OAc); NMR (84)(CDCla): 7.51-7.20 (5, m, CgHs), 6.68 (1, d, J,
8.1, 2-H), 6.52 {1, d, J, 8.3, 1-H), 5.77 (1, dd, J, 6.3 & 0.9, 7-H), 5.55 (1, d, J, 6.3, 8-H),
5.48 (1, s, 5-H), 5.14 (2, s, OCH,Ph), 3.92 (1, d, J, 7.0, 9-H), 3.25 (1, d, J, 17.9, 10-Hp),
2.95-2.80 (2, m, 16-H, & 16-H,), 2.74 (1, dd, J, 18.5 & 7.3, 10-H,), 2.49 (2, s, N-CH3-
cyclopropyl ), 2.29 (1, td, J, 12.4 & 6.5, 15-H,), 2.19 (3, s, m, C=C-C=C-OAc), 1.72 (1,
dm, J, 12.4, 15-Hg), 1.0-0.8 (1, m, CH»-CH in cyclopropyl ring), 0.55 (2, AB, CH-CH in
cyclopropyl ring), 0.15 (2, AB, CH-CH in cyclopropy! ring); MS (El), m/e (%): 455 (M*,
16), 364 (27, [M- CH,Ph]"), 322 (28, [M- CHzPh- CHp=C=0]"), 91 (68, [CH.Ph]’), 55
(100, [CH2C3Hs]").
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What is claimed is: 1. A process of preparing

14- hydr oxynoygeibégones having the formula: [err] whi ch

conpri ses reacting nornorphi nones having the fornul a: PRS2 | S

sel ected fromthe group consisting of lower alkyl of 1 to 7 carbon atoms, -
cycl oal kyl -EXAMPREMS with 3 6 ring car bon atons, benzyl and a

substi tuted benz . .

[err] = P e R Py St
consi sting Bén dwo ¢ xh.h rbk hmdne mehélOacéiata 6 v MCPBA
and cyano; IS Selectlte e group consisting o

2- (4- nor phol i nyl Assalytion péazt;enzywzaqystpq;ppylmethylnonnorphmone dienol acetate (0.61
g, 1.34 mmol), oxalic acid (0.25 g, 2.8 mmol), and 3-chloroperbenzoic acid (0.36 g, 57-
86%, 1.2-1.8 mmol) in AcOH (5.44 g, 88.9 mmol) was stirred at rt. for 5 hr, basified with
cold aqueous NaHCO3, extracted with CHxCiz (120 mi). The extract was dried over
anhydrous NazSO4 and evaporated in vacuo to dryness to give an oily residue (0.93 g),
which was chromatographed on silica gel (column: d = 2.54 cm, | = 23 cm; eluting
solvent: 1% MeOH in CH2Cly) to obtain 3-benzyl-17-cyclopropyimethyl-14-
hydroxynormorphinone (0.46 g, 80% yield). The R; value in TLC and the IR spectrum of
the product were comparable to those obtained from an authentic sample.

EXAMPLE 46
Preparation of 3-benzyi-17-cyclopropyimethyl-14-hydroxynormorphinone (6-7) from 3-

benzyl-17-cyclopropvimethyl-14-hydroxymorphinone dienol acetate (6-6) by H,O» in
HCOOH

A solution of 3-benzyl-17-cyclopropylmethylnormorphinone dienol acetate (0.91
g, 2.0 mmol), formic acid (6.02 g, 90%, 117.7 mmol), and H20; (0.28 g, 30%, 2.47
mmol) was heated at 35-46° C. for 3 hr., basified with cold aqueous NaHCOj;, extracted
with CH,Cl. (200 ml). The extract was washed with water (50 ml), dried over anhydrous
Na;SO, and evaporated in vacuo to dryness to give an oily residue (1.15 g), which was
chromatographed on silica gel (column: d = 2.54 cm, | = 19 cm,; eluting solvent: 3%
MeOH in CHaClp) to obtain 3-benzyl-17-cyclopropylmethyl-14-hydroxynormorphinone
(0.75 g, 87% yield). IR (KBr){(v, crri"): 3300 (m, OH), 1680 (s, sharp, C=C-C=0); NMR
(m)(CDCly): 7.43-7.19 (5, m. CgHs), 6.71 (1, d, J, 8.1, 2-H), 6.62 (1, d, J, 9.8, 8-H), 6.53
(1.d, J, 8.2, 1-H),6.18 (1, d, J, 10.1, 7-H), 5.16 (2, s, OCHsPh), 4.73 (1, s, 5-H), 3.34
(1, d,J, 6.1,9-H), 3.12 (1, d, J, 18.6, 10-Hp), 2.74 (1, dm, J, 11.1, 16-H,), 2.53 (1, dd, J,
19.2 & 6.0, 10-Hy), 2.55-2.35 (1, b, -OH), 2.55-2.35 (1, m, 15-Ha), 2.44 (2, d, J, 6.4, N-
CHa-cyclopropyl), 2.25 (1, td, J, 11.8 & 3.4, 16-H,), 1.69 (1, dm, J, 13.0, 15-Hg), 0.98-
0.78 (1, m, CH2-CH in cyclopropyl ring), 0.58 (2, AB, CH-CH in cyclopropy! ring), 0.16
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and R"C(O) - wherein R'" is |lower alkyl of 1-4 carbon atons;

- 49 -*  C kwdosiorsae wi th hydrogen peroxide at a terrperature of from
about 1 5[err]Cto about 70[err]Cin the presence of an aci d & éﬁ?éous
sol vent systemto solubilize'the reactant for a period of tine so as to -

form the 142hAd, dXidrGkrincytlopromd ring); MS (E2), nved %)t 428 {M"pB2)0I388n(75, {Mer ei n

ol vent sy RHaPRES, B Lfoo, 1cHaPnyy, sa i REREERRI: G Zi m 1 whor ei n 1 ne

sol vent sysgxaMpLEatEer and ethyl acetate. 5. The process of daiml
wherein the OXI di zi ng agent |s gydrfogen per oxi gll_e t he te'rrpe'r_,ature Is from
o t p AR08 JONNL Y MUY

solvent is !vval er in a rﬁt | O stﬂ_ﬂ cient to solubilize the reactants.
6. The pro 9 t he oxidi zing agent is
net a- chl or oper bel-ﬂrﬁix@ut@%fdi-béi‘i@yll‘-1@’@?&!@?I p?lméthilr-wrﬁbﬁbﬁynbﬁnbﬁplﬂhéﬂé (0.40 g,
30[err]C, the acid is formc acid e Solvent systemis one th

sol ubi | i zes0-BBammal-and 6% PJd/C (02579) mr%pmm eom )orvas mgrmaéeﬂ U!"ﬁ'éf 30 psi
di
g)l;loultﬂlggto ab u‘{&gm 'f%gat e g f%ﬁ)é ace% aC| wﬁ él{oe verdél{s?% T

i s one that(0s32 gbi100%egield)e Thedtvalussin TLC and the !Rfsperummas thé pfaductrwbre
wherein R and R are individually mnethyl. The process of Caiml

wherei n R i@omparahle faihgse q ﬂ?@?%!/f"om an authergic samplgr ocess of Claim1l
wherein R and R ftﬁob tYé ﬂﬁ/@hh én E\%&Zﬁ'éenodlustr?tedjbjythybprﬁgééiﬁﬁs&a% 165 348y are

wherein R is cyc opr opy ss'fo
preparing h%thmdwwmmﬂ ahlmwnhedmmé hmtéﬂalsunplo{l@d tﬂereln but rather the

invention is directed to the generic as hereinbefore disclosed. Various modifications

and embodiments can be made without departing from the spirit or scope thereof.
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*CLMS* ] - 50 - whi ch
conpri ses r agolghggs2por nor phi none di enol acyl ates havi ng the fols,_n%,;bgé 3502
wherein Ris selected fromthe group consisting of |ower alkyl o -

carbon atons, cycloal kylnethyl with 3-6 ring carbon atons, and substituted =

and unsubstWhatds claimed isving the fornula: [err] wherein Q and Q
are individually f |~ i I .
al kyl, trifluor on@%éﬁ&%ﬂ*%%% Q;Fgﬁﬁ%@r@“ %@{m@_é’ﬁh%@%heifgﬁﬁbla

selected fromthe group consisting of R 2-(4-norpholinyl)ethyl, R C(O) -,
and benzyl oxycarbonyl, wherein R' |ps | ower al kyl of 1-4 carbon atons; wth
an oxi di zing agent at a tenperaR¥e s 1 about 15[err]C to about
70[err]Cin the presence of a weak ac H an aqueous solvent to
solubilize the reactants for a period e so as to formthe 1

4- hydr oxynor nor phi nones.

wherein R is selected from the group consisting of lower alky! of 1 to 7 carbon atoms,
cycloalkyl-lower alkyl with 3-6 ring carbon atoms, benzyl and a substituted-benzyl
having the formula:

wherein Q and Q' are individually selected from the group consisting of hydrogen, lower
alkyl, trifluoromethyl, nitro, dialkylamino and cyano;

R'is selected from the group consisting of R, 2-(4-morpholinyl)ethyl, benzyloxy carbonyl
and R"C(O)- wherein R" is lower alkyl of 1-4 carbon atoms;

* c L M S *
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13. The process of Caim12 wherein the oxidizing agent is hydrogen

peroxi de, t{fyésgpRsy ature is fromabout 40 to about 50[err]C, the acid is
concentrat ed formc acid and the solvent is water in a rati o EGRUSES/EIs2 t o
sol ubilize the reactants. i 14. The process of Claim1l12 wherein the _
oxi di zi ng-vﬁgehydiogenmmxcdd atr & femperatorecoffromnh, ahchn 152G toraiout FOPS i tiven
about 15 to about ? éerr the acid is formc acid ?cblthe sol vent ?Xstem
s one th&resencs ef abacid apd anaqugqus solvent system to solubilize the reactant

- 5 1 seriod oftme o as to form the 14-h roxynormorphinones
C L p me s ¥ﬂ grocesgpof (gal m 12 wherein the

oxi di zi ng agent 2|. §'hﬂquacesslb66dmm bwlmem thei atid isnformigeidat ure is from
about 15 to about - 30[err jd.is acetic acid and the solvent system
i s one that sol %bl Pz@?c%ﬁﬁé gg@ yvgleremt es %entgyﬁ{]eg&&g/ fﬂ prepari ng

oxynor phone fr o, MTReRiroB8ss 6P TRt Aherein the solvent syét@m iseﬁﬁiér%d@lhph' ne
with (a) an acyl halide or anhydride having the forimula R'C(O) -

[R'C(O) ] 2mcetatspecti vel y, wherein R' is |lower al kyl group and X [ s haI ogen,

f 3- I d h f
3 acyl mor phi me o AHETO8R5% oL Flam. b tisteis e e Atint ¥ hikoathitagioe) e
3- acyl mor pBhigaBture is from about 40 % aBBdt 50t Shelitid #Pdorilertraled formic acid and
(3a) introducing a [err]-oriented hydroxy group at the 14-position of the

3- acyl nortpaischrantis wategine taticgufficigah tpeelubilize thedeastants.d at a

t enperature of t L .about. 70! ex form .
3-acyl - 14- hydro qu{ok ﬁilnf Eaift? Whetalr thé;%ctjugwl %ﬁﬁ"ﬁ@s m&ta-chloroperbenzoic

3-acyl mor phdigope t\%ﬁﬂbrﬁﬁ.lré(ié’ Frdim 89069135'10 %Boﬁﬁ?@“c ftAE Ecid %%hﬁw 8610 HRthe
di enol acylate fol lowed by oxidizing the dienol acetate to the

cor r espondsateerst- sysyemjladmmhakgdubmneamreactants (4) hydrogenating
e oy AR FREES WPl SR St i eerengor
aqueous acl 4l iRy 1eRidTarativa!is fopd abﬁuf 5% %8[1?9@*@ r}ﬁe acid is acetic ac"‘tz %18%@3

of preparing oxynorphone from norphi ne, conpri Si
reacti ng nsolpéntsystémtisionetpat halhbrllzesmaseacnalhtsr m 3- benzyl nor phi ne;

(2) oxidizing t dr oxy t he 3:-bgnz rphine.wi th an oxidi zi ng
Sgent 5o as Lo Roria pocss PLLTRINT wiessir A B pfa haidlaly methy (3)
and either by (3R)THY plodBss of Claim 1 wherein R is methyl and R is benzyl.

10. The process of Claim 1 wherein R and R’ are individually benzyl.

*

11. The process of Claim 1 wherein R is cyclopropyimethyl and R is benzyl.
12. A process for preparing 14-hydroxynormorphinones having the formula:

—_—

0 IIIIII lllll Illll II Ill!
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(3a) introducing a [err]-oriented hydroxy group at the 14-position of the
3- benzyl norgpi wi t h aqueous hydrogen peroxide and an acid_at_a

t enperature ‘gfbggigg%? 15[err] to about 70[err]C so as to formtﬁg’y-sﬁsé’r?fgﬂ-l
4- hydr oxynor phi none; or X . . ) - 52 - -
* C L M Swhich comprises reacting nommeyphipone dienpl acylates, bavipgthedarmside with
an acyl ating agent so as to form 3-benzyl nor phi none di enol acyl ate foll owed
by oxi di zing the dienol acetate to the correspondi ng

3- benzyl - 14- hydr oxynor phi none; g 4) hydrogenating the 3-benzyl-1
4- hydr oxynor phi none with a catalysn/ﬁo " f or m oxynor phone;

(5) hydrolyzing the acyl oxynor phone w t gyrous acidic or basic solution
to form oxynorphone. 18. A procesi oY prepari ng noroxynor phone of the
formul a: [err] from nor phizhe Jconpli sing the steps of:

(1) protecting the hydroxy groups i 8 t hg 3 Nehd fi=Rposi ti ons of norphine so
as to form3(0), 6(0)-diprotected- phi 6rmul a (A-a) wherein the
3-position protecting group P isHé 4 ubstit ut ed- benzyl and the

6- position protecting group is an acyl group, R C(O, wherein Ris |ower

al kyl of 1-4 carbon atons;

wherein R is selected from the group consisting of lower alkyl of 1-7 carbon atoms,
cycloalkylmethyl with 3-6 ring carbon atoms, and substituted and unsubstituted benzy!
having the formula:

wherein Q and Q' are individually selected from the group consisting of hydrogen, lower
alkyl, triftuoromethyl, nitro, dialkylamino and cyano;

R' is selected from the group consisting of R, 2-(4-morpholinyl)ethyl, R’C(O)-,
and benzyloxycarbonyl, wherein R” is lower alkyl of 1-4 carbon atoms;
with an oxidizing agent at a temperature of from about 15°C to about 70°C in the
presence of a weak acid and an aqueous solvent to solubilize the reactants for a period
of time so as to form the 14-hydroxynormorphinones.

13. The process of Claim 12 wherein the oxidizing agent is hydrogen peroxide,
the temperature is from about 40 to about 50°C, the acid is concentrated formic acid
and the solvent is water in a ratio sufficient to solubilize the reactants.

14. The process of Claim 12 wherein the oxidizing agent is meta-
chloroperbenzoic acid, the temperature is from about 15 to about 30°C, the acid is
formic acid and the solvent system is one that solubilizes the reactants.
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[err] * C L
M S* - b3 - (2)

de- et hyl atl“ﬁb’%?ézﬁ\l- met hyl on the 17 position of the 3(0), 6POrAIS98/3592

di prot ect ed- nor phi ne and hydrolizing the 6-acyl group so as to form -
3(0) - pr ot ect ed- 150The ppocess of Claimmg whefeihthe oxidizing agent isrmpta-

(3) reacti ng‘ t he 3(O)-_prot¢e)ct ed- nornor phine so as to form 17-benz

subst i t ut cePIBEIRATPeNteir.acidthetempesRiuge ira@ apoytsiste abqut-30°C, fHe adid is

acetic acid and the solvent system is one that solubilizes the reactants.

16. A process of preparing oxymorphone from morphine, comprising:

(1) reacting morphine with (a) an acyl halide or anhydride having the
formula R"C(0)-X and [R"C(0)}20, respectively, wherein R” is lower alkyl group and X is
halogen, to form 3-acylmorphine;

(2) oxidizing the hydroxy group of the 3-acylmorphine with an oxidizing
agent so as to form the corresponding 3-acylmorphinone;

(3) and either by (3a) or (3b):

(3a) introducing a p-oriented hydroxy group at the 14-position of the 3-
acylmorphinone with aqueous hydrogen peroxide and an acid at a temperature of about
15° to about 70°C to form the 3-acyl-14-hydroxymorphinone;

(3b) acylating the 3-acyimorphinone with an acylating agent so as to form
3-acylmorphinone dienol acylate followed by oxidizing the dienol acetate to the
corresponding 3-acyl-14-hydroxymorphinone;

(4) hydrogenating the 3-acyl-14-hydroxymorphinone with a catalyst so as
to form the 3-acyloxymorphone; :

(5) hydrolyzing the acyloxymorphone with aqueous acidic or basic solution
to form oxymorphone.

17. A process of preparing oxymorphone from morphine, comprising:

(1) reacting morphine with benzyl halide so as to form 3-benzylmorphine;

(2) oxidizing the hydroxy group of the 3-benzylmorphine with an oxidizing
agent so as to form the corresponding 3-benzyimorphinone;

(3) and either by (3a) or (3b):

(3a) introducing a B-oriented hydroxy group at the 14-position of the 3-
benzyimorphinone with aqueous hydrogen peroxide and an acid at a temperature of
about 15° to about 70°C so as to form the 3-benzyl-14-hydroxymorphinone; or

- 52 -
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wherein P is as defined above and wherein Q and Q are individually

selected fr tgg oup consisting of hydrogen, | ower al kyl,
trifluoromnethyl’, ro, dial kyl ami no and cyano; * C L M PET/USIN3S92
- 54 - (4) oxidizing the 17-benzyl or

subst i t ut ed- benzyl - 3( (3b)acylatingthe Irbemayimompbingne withianaaqylating agentssa as tO
; or ?ullg 1(3 in@'rl'n 8 bt ithbipHifdhdidndl adiide foﬂﬁ%ﬁ%fgxxﬂﬁft{a)ﬁﬁhal%gFa@étate to the
corresponding 3-benzyl-14-hydroxymorphinone;
(4) hydrogenating the 3-benzyl-14-hydroxymorphinone with a catalyst so
as to form oxymorphone; |
(5) hydrolyzing the acyloxymorphone with agueous acidic or basic solution
to form oxymorphone.
18. A process of preparing noroxymorphone of the formula:

from morphine comprising the steps of:

(1) protecting the hydroxy groups in the 3- and 6- positions of morphine so
as to form 3(0), 6(0)-diprotected-morphine of formula (A-a) wherein the 3-position
protecting group P is benzyl or substituted-benzyl and the 6-position protecting group is
an acyl group, RC(O), wherein R’ is lower alky! of 1-4 carbon atoms:

A A
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(5) and either by (5a) or (5b): (5a) converting 17-benzY| -

substi t ut edweoeasmes293( O) - pr ot ect ed- nor nor phi none of fornmula ( 1
4-hydroxy-1 7-benzyl or substituted-benzyl-3(0O)- protected Peihishinisis

nor nor phi none( A-e) ; oy . ] b) fir r i b VU
or substituted- benzyl(?kf'?»‘l'ﬁﬁhé{laé'é'?éﬁ‘? 'ﬁh%ﬁ?‘p‘%ﬂ {P@ng} P%g@’ tc}:)f tﬁﬁgj(a)’ 6(6?’

cor r esponddipgoteétédniorphine and hydiolizing-the6zitylYrblip sbray recforsh @)Rprodéctedne
di enol acylate of forpula (A-f); [err C

- 55 - normorphige e&femda {A=enzy| ~ or

substi t ut ed- benzyl - 3( O - pr ot ect ed- nor nor phi none di enol acylate (A-f) to
form 14- hydr oxy- 17- benzyl or substituted-benzyl-3(O) -protected-

(3) reacting the 3(O)-protected-normorphine so as to form 17-benzyl or
substituted-benzyl-3(0)-protected-normorphine of formula (A-c);

wherein P is as defined above and wherein Q and Q' are individually selected from the
group consisting of hydrogen, lower alkyl, trifluoromethyl, nitro, dialkylamino and cyano;

]
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nor nor phi none of fornula (A-e); "tA

(6) hydr ogemen 99mpsay’- benzyl or substituted-benzyl - 14- hydr oxy- ¥ Prus9s/i3sez
pr ot ect.ed- nor nor phi none (A-e). to form noroxynor phone. 19. A process

(1) Pt di 21 b eoder net SRdEHG 1RbINT-6ERN of lBstilfockbehy YOy proteted: o
codei.none trormorphinesf formald (Keckse rstodommt 7-berdyl on substitated-benzylg(0)-

codei none wi th hydrogen peroxide.in ter in the presence of an acid at
from about Protected: 07&‘@99?@?{%&%@1@4 hydr oxycodei none and t hen

catal ytically hydrogenati ng 14- hydroxycodei none in its original reaction

m xture to form oxycodone. 20. A process of preparing oxycodone from
codei ne conprising the steps of_ 8 (1) -oxydi zing codeine so as to
f orm codei none; ( re g codeinone with an acyl ati ng agent
so as to form codei none dienol acyl g (3) reacting codei none
di enol acylate with hydrogen peroxide in the presence of an acid
at from about 15[err] to about 70[ekE 'dr oxycodei none;

(4) hydrogenating 14-hydroxycodei no reaction mxture to

f or m oxycodone. 0 - 56 -
@ ss of preparing
o~ err] (1)

* C L M S * 21. A
nal t rexone from norphi ne conprising t hédxd eps .
protecting the hydroxy groups in the 3- and 6-positions of norphine so as
to form 3(0, 6(0O) -diprotect ed-norphi ne wherein the 3-position protecting
group P is benzyl or bst | yl the 6-postion protecting group
is an acyl group, R ;ﬁ%'@ﬁ%ﬁ?f%sorl(gggr al kyl of 1-4 carbon atons;
(2) de-methyl ating t hesdyateivening 17 benz}lonsubsied teriZy P30 hrotésto-

y

di prot ect ed- nor phi ne and hydrol i zi n? the 6-acyl group sd0 as to form
3( O - pr ot ecnemompbinanedf feemula (A-d) to the 14-hydroxy-17-benzyl or substituted-benzyl-3(0)-

protected normorphinone(A-e);

or (5b) first converting 17-benzyl or substituted-benzyl-3(0)-protected-
normorphinone (A-d) to the corresponding 17-benzyl or substituted-benzyl-3(0)-
protected-normorphinone dienol acylate of formula (A-f);

Yy
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(3) reacting the 3(O) -protected-nornorphine with cycl opropyl net hyl halide
and a base oo sk form 17-cycl opropyl net hyl - 3(O) - pr ot ect ed- ggé_ﬁgggg}%ﬂs
(4) oxidizing 17-cycl opropyl met hyl - 3( O - pr ot ect ed- nor nor phi ne orm
17- cycl opropyl met hyl - 3( O) - prot ect ed- nor nor phi none: (5)
converting 17-cycl opropyl net hyl -3(O) - prot ect ed- nor nor phi none to the

17-cycl opr opyl net hyl - 14- hydr oxy- 3( O) - pr ot ect ed- nor nor phi none by either (5a)
or (5b): (5a) converting 1

7-cyc| opr opyl net hyl - 3(O) - pr ot ect ed- nor mor phi none to 1 7-cycl opropyl net hyl -

T e PR i e T

17- cycl opr @@Zlaﬂat(mf) t3fdan pa fﬁeéxyzhw oMy PoY Siititstedsdnz9t-3(@)-protebist-
converting the latter to the )ycl opr opyl met hyl - 14- hydr oxy- 3( O) -

pr ot ect ed- MOFmSrPHnpBaof formula (A-e (6) hydrogenating the

17-cycl opr opyl nmet hyl -1 4-hydroxy-3(O) - protected- nornorphinone so as to
form nal t rexone. 22. A process of preparing 3-nethyl naltrexone from
codei ne conpri sing (pl) reacting codeine with an acyl halide

or anhydride having the fornul a gg O . )] 29¢ respectively, where
R' is lower alkyl and X is hal ogen sg p=b ZACYy| codei ne;

(2) de-nethylating the nmethyl group/i y on of the 6-

acyl codei ne foll owed by de-acyl ati % t so as to form

nor codei ne; - (3) react i‘ wne with cycl opropyl net hyl

hal i de and a base so as to form 17-clclBprapyl net hyl codei ne;

-57- 8 *C L
M S * (4) oxidizing 1&=eycl opropyl net hyl nor codei ne so
as to form 17- cycl opropyl net hyl nor codei none; (5) converting

17-cycl opr opyl nmet hyl nor codei none to 17-cycl opropyl net hyl -
14- hydr oxynor codei non either, (5
converting 17-cycl opr %ﬁﬁqgﬁﬂ%@g @d@ﬁﬂaﬁl r)sé'%§t7m?€‘igﬁﬂﬁy|b}ﬁ/h¥gfqm3(ci)

4- hydr oxy fé&&? . ting

17-cycl oprgﬁg yl noPE%'Hg?ﬁ% éet)got ﬁﬁﬁ{\fy'réxxrn? p@%yl nmet hyl nor codei none
di enol acyl ate, thehprasessaftprapating okycdmkme froftiveodsiné cpmyrisimg the steps of
4- hydr oxynor codei none; enati,n

17- cycl opr opy! net hyl - @2 %F‘Bﬁﬁ%&'gﬁjéﬁ’ %49?8'3" QQng‘OFSF m

3-met hyl - nal trexone. (2y converting codeinone to oxycodone in a two-step-one-pot reaction:
first reacting codeinone with hydrogen peroxide in water in the presence of an acid at
from about 15° to about 70°C to form 14-hydroxycodeinone and then catalytically
hydrogenatmg 14—hydroxycode|none in its original reaction mixture to form oxycodone.
20. A process of preparing oxycodone from codeine comprising the steps of

(1) oxydizing codeine so as to form codeinone;

(2) reacting codeinone with an acylating agent so as to form codeinone
dienol acylate;

(3) reacting codeinone dienol acylate with hydrogen peroxide in water in
the presence of an acid at from about 15° to about 70°C to form 14-hydroxycodeinone;

(4) hydrogenating 14-hydroxycodeinone in its original reaction mixture to
form oxycodone.

- 56 - A, O A 0

SUBSTITUTE SHEET (RULE 26)



(7) de-net hyl ati'ng 3-nmet hyl -nal trexone with boron tribromde so as to form
nal trexone. WO99/02523. A conpound having the formula: [err] PCT/USOSMBBHLI N
R is selected fromthe group .consisting of |ower alkyl of 1-7 carbon atons,

cycl oal kyl -1 ower o4l Klq{o&éé.@oﬁ%ep?giﬁgu@?%@ﬁeﬁ‘ﬁnﬁ%iﬁé%éﬁéiﬁg tA8dteps of:™

unsubstituted benzyl "having t ] N ]
- 58 - wher ei (1)pratectiog thedydnoxy groups! in the Be andd-positionsof gpemhine so

cyano R i & ey 30N 6{53) Bnectb b E el e 3 Boshion flatsciig'ghalib P s
é—l (C?-O) ror ph%é;zr'iﬁw)d?tshblstitdﬂ;@dlbéhﬁwmth@r&boﬁﬂwh bFste6ting grouy isnan abyl droup)! a:
R C(O), wherein R is lower alkyl of 1-4 carbon atoms;

(2) de-methylating the N-methyl on the 17 position of the 3(0),6(0)-
diprotected-morphine and hydrolizing the 6-acyl group so as to form 3(O)-protected-
normorphine;

(3) reacting the 3(0O)-protected-normorphine with cyclopropyimethyl halide
and a base so as to form 17-cyclopropyimethyl-3(0)-protected-normorphine;

(4) oxidizing 17-cyclopropylmethy!-3(O)-protected-normorphine so as to
form 17-cyclopropylmethyl-3(O)-protected-normorphinone:

(5) converting 17-cyclopropyimethyl-3(Q)-protected-normorphinone to the
17-cyclopropylmethyi-14-hydroxy-3(O)-protected-normorphinone by either (Sa) or (5b):

(5a) converting 17-cyclopropylmethyl-3(O)-protected-normorphinone to
17-cyclopropyimethyl-14-hydroxy-3(0)-protected-normorphinone;

(5b) first, converting the 17-cyclopropylmethyl-3(O)-protected-
normorphinone to the 17-cyclopropylmethyl-3(O)-protected-normorphinone dienol
acylate, then, converting the latter to the 17-cyclopropyimethyl-14-hydroxy-3(O)-
protected-normorphinone;

(6) hydrogenating the 17-cyclopropylmethyl-14-hydroxy-3(O)-protected-
normorphinone so as to form naltrexone. |

22. A process of preparing 3-methyl naltrexone from codeine comprising

(1) reacting codeine with an acyl halide or anhydride having the formuia
R"C(0)-X or [R"C(O)]., respectively, where R" is lower alkyl and X is halogen so as to
form 6-acylcodeine;

(2) de-methylating the methyl group in the 17-position of the 6-
acylcodeine followed by de-acylating the acyl group so as to form norcodeine;

(3) reacting norcodeine with cyclopropyimethyl halide and a base so as to
form 17-cyclopropylimethylcodeine;

SRR [T
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wherein R' is |lower al kyl of 1-4 carbon atons. 24. A corrpoun'd"' ha'vi"ng

the forml ayo 99/02529 ﬁjl_erra;
wherein R is selected fromthe group consisting of substi t ut BETAIF88/13592
unsubstituted benzy and are

i vi dual |y sel et &) Prie® A7, GeProBHERetyinprasdeill Rt ToBmE i fy!

trifluoro éib)ji'opyhlnbﬂwmdtoﬂdbﬁdtm no, cyano; and R is selected from t he

group conS|st|ng of and cycloalk | -1 ower alkyl with 3-6 ring carb
at ons. 25. A (éb ﬁﬁemnsav-mgclgn@wammv&wrcodemone to 17-cyc!°propylmethy!-
- §o -

14-hydroxynorcodeinone by either (5a) or (5b) as follows:

(5a) converting 17-cyclopropyimethylnorcodeinone to 17-
cyclopropylmethyl-14-hydroxy-norcodeinone;

(5b) first converting 17-cyclopropyimethylnorcodeinone to the 17-
cyclopropyimethyinorcodeinone dienol acylate, then, converting the latter to 17-
cyciopropyimethyi-14-hydroxynorcodeinone;

(6) hydrogenating 17-cyclopropylmethyl-14-hydroxynorcodeinone so as to
form 3-methyl-nalitrexone.

(7) de-methylating 3-methyl-naltrexone with boron tribromide so as to form
naltrexone.

23. A compound having the formula:

......

wherein R is selected from the group consisting of lower alkyl of 1-7 carbon atoms,

cycloalkyl-lower alkyl with 3-6 ring carbon atoms and substituted and unsubstituted
benzyl having the formula:

CF Y
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[err]

wherein R is selected fromthe group consisting of substitut ed

and unsubst WQ%®S2enzyl havi ng the fornul a: whergd1u$9sa3so20
are individually selected fromthe group consisting of hydrogen, |ower
al kyl, trifluoronethyl, nitro, dialkylamno, cyano and Ris sel ected from =~

the group consistin of R and cycl oal kyl - | ower al kyl w th, 3- car bo
at Ong P rein @@?ﬁ%%gmmﬁmgz@lwaggwm from the qrgpp]conmstmg oiJ h;?drogen lower
*CL MS ¥

alkyl, trifluoromethyl, nitro, diatkylamino, cyano ;
R’ is selected from the group consisting of R, 2-(4-morpholinyl)ethyl, benzyloxycarbonyl
and the group having the formula:

R"C(O)-

_wherein R" is lower alkyl of 1-4 carbon.atoms.

24. A compound having the formula:

wherein R’ is selected from the group consisting of substituted and unsubstituted benzyl

having the formula:

wherein Q and Q' are individually selected from the group consisting of hydrogen, lower
alkyl, trifluoromethyl, nitro, dialkylamino, cyano; and R is selected from the group
consisting of R’ and cycloalkyl-lower alkyl with 3-6 ring carbon atoms.

25. A compound having the formula:

——
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- 60 - wherein R is selected fromthe group consisting of
substit ut eqygrg%oﬂﬁ;ubst I tuted benzyl having the formula:

wheiein Q an are individually selected fromthe group con8FIfUSA¥135p2
hydrogen, |ower alkyl, tribluoronethyl, nitro, dialkylamno, cyano and R is.
sel ected fromthe group consisting of R and cycloal kyl -1 ower alkyl with
3-6 ring carbon atons. - 27. A conpound having the formul a: - [err].
wherein Ris selected fromthe group consisting of |lower alkyl of 1-7

carbon atons, cycloal kyl -1 ower al kylg.wi tR _3-6 ring carbon atons and
substituted and unsubstituted beﬁk‘fl 7 d the formula: [err]

wherein R’ is selected from the group consisting of substituted and unsubstituted benzyl
having the formula:

wherein Q and Q' are individually selected from the group consisting of hydrogen, lower
alkyl, trifluoromethyl, nitro, dialkylamino, cyano and R is selected from the group
consisting of R’ and cycloalkyl-lower alkyl with 3-6 ring carbon atoms.

26. A compound having the formula:

T

(L
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- 61 - wherein Qand Q are individually selected fromthe group
consi sting WO®s/eseen, |ower alkyl, trifluoromethyl, nitro, dh@Efisgdssseo,
cyano; .R is selected fromthe group consisting of R, :

2- (4- mor phld b ' : [
R0 | el R 3 elep O e HonBRling 1 < Bp SN B b sliRtB nzy
conpound sdamingthd foomuldre gr oup consi sting of 3-acetyl oxynor phi none
3-acet yl nor phi none di enol acetate, 3-benzyl norphi none di enol acetate,

di benzyl nor nor phi ne, 3, 17-di benzyl nor nor phi none, 3, 17-di benzyl nor nor phi none

di enol acetate, 3,1 7-di benzyl -1 4-hydroxynor nor phi none, 1

7-cycl opropyl net hyl nor codei none di enol acetate,

3-benzyl - 17- cycl opr opyl net hyl nor nor phi Ng, S-Qenzyl- 1

7cycl opr opyl nmet hyl nor nor phi none, 3- benzAA
7-cycl opr opyl met hyl nor nor phi none di eno
3-benzyl - 17- cycl opr opyl net hyl - 14- hydr ox
* C L M S

Qte and
ef nor phi none.

wherein Q and Q' are individually selected from the group consisting of hydrogen, lower
alkyl, tribluoromethyl, nitro, dialkylamino, cyano and R is selected from the group
consisting of R’ and cycloalkyl-lower alkyl with 3-6 ring carbon atoms.

27. A compound having the formula:

wherein R is selected from the group consisting of lower alky! of 1-7 carbon atoms,

cycloalkyl-lower alkyl with 3-6 ring carbon atoms and substituted and unsubstituted
benzyi having the formula:

TR R
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WO 99/02529 PCT/US98/13592

wherein Q and Q' are individually selected from the group consisting of hydrogén, lower
alkyl, trifluoromethyl, nitro, dialkylamino, cyano;

R’ is selected from the group consisting of R, 2-(4-morpholinyl)ethyl, benzyloxycarbonyl
and the group having the formula:

R"C(O)-

wherein R” is lower alkyl of 1-4 carbon atoms.

28. A compound selected from the group consisting of 3-acetyloxymorphinone,
3-acetylmorphinone dienol acetate, 3-benzyimorphinone dienol acetate,
dibenzylnormorphine, 3,17-dibenzyinormorphinone, 3,17-dibenzyinormorphinone dienol
acetate,3,17-dibenzyl-1 4-hydroxynonn6rphinone, 17-cyclopropylmethylnorcodeinone
dienol acetate,.3-benzyl-17-cyclopropylmethylnormorphine, 3-benzyl-
17cyclopropylmethylnormorphinone, 3-benzyl-17-cyclopropylimethylnormorphinone
dienol acetate and 3-benzyl-17-cyclopropylmethyl-14-hydroxynormorphinone.

* c L M H *
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