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SUNIIARY
D

The synthesis of l4§—acylaminocodeinones hzs been zchievad
via the Diels—Alder addition of nitrosocarbonyl-compounds to the
activated diene system of thebaine, Several variations on this
route have been investigated and the most efficient yields the
desired products in greater than 60% yield from thebzine. The
analgesic properties and struoture/activity relationships of
several of these compounds and their precursors wiith differing
alltyl and aryl side chains have been established.

One of the stevs in this synthetic route was the reduciion
of a substituted hydroxamic acid to an eamide, which was =zccomplisizd
with phosvhorus <trickloride or sulphur dioxide in pryridine. The

use of these reagenis in the reduction of simpnle subsiituted
hydroxaéic arids has been investigated.

| The reactions of thebaine with dinitrogen trioxide and
electrophilic aminating agents such as mesitylsulphonylhrdroxyl-
amine heve also been studied but both methods failed to provide
a synthesis of l4§—aminocodeinone derivatives.

Preliminary investigations into the chemistry of 5,0-dihrdro-
thebaine (€ —dihydrothebaine) ohenyl ether have showm that this
compound rezcis with tetranitromethane to yield l4§—nitro—
substituted compounds, and forms crclo—zdducts with nitrosocarbonfl—

compounds.
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Chapter 1 INTRODUCTION
~hapLver .

1.1 CGeneral Introduction

Opium, the dried sap from the powny Panaver somniferum

has been used nedicinally since the days of the classiczl
Grecian empire to produce analgesia and euvnhoria, to reduce
anxiety, and to facilitate sleep, YLaudanum was prepared by
the 16th century Swiss physician Paracelsus by tée<exﬁraction

of opium, but the main active constituent, morphine (1) was not

isolated until 1803 by the Germen pharmacist Freidrich Serturner.

imong the other constiitusnts of opium are codeine (2), isolated
by Pierre-Jean Robinguet in 18322, which is used as & couzz

-

suppressant, papaverinz (3), which is a muscle relaxant, on’

thebaine (4) which is non-narcoiic and too toxic for clinical

By -

usz., The struciure elucidation of morphine was undertzlen by

Gulland and Robinson2 in 1625 and the first srynthesis was
carried out ty Gates and Tschucl?3 in 1956.

Hot all the effects of ths oniates ere beneficiezl., s
well as their analgesic activity, they cen induce narcosis,
respiratory depression, physical and psychological denendesnce
liability, euphoriz and disvhoris, cough supo»ression, nausec,
and constipation., Attempts to sevarate the desirable from the
undesirable effects have proved exceedingly elusive with for

B PN
1

example the Bayer Company in the 1390's introducing heroin (5

R

as a2 'non-addictive' analgesic.

n



(W)

darly attempts to synthesise imnroved analgesics
concentrated on trying to establish vhich varts of the
morphine molecule were essential for analgesic azctivity, and
which parts were extraneous. The 3—hydroxymornhinans4 (6)
and benzomorphan55 (7) are both active analgesics and 4--henyl-
piperidines eg. vethidine (8) are clinically useful drugzs.
However, these compounds still suffered from the side effects
of morphine.

An importent discovery in morphine chemist#y was that

replacement of the l-methyl sroup, by E—allyl7, H-propyl or H-crclio-

propylmethyl, usually transformed the compound from an zgonist

0

into an antagonistg. A morphine agonist is 2 commound which
has 211 the effects of mornhine, while 2 nure morohine

fects tut blocizs the action of
morphine agonisis., Two imporiant moronine antagonists =sre
naloxone (9) and nalorphine (10), which czn be used zs sntidotes
for narcosis caused by morphine agonists. Diprenorphine (11),

a mixed agonist -~ antagonist is used in the veterinary fi=ld

as an antidote to etorphine (12) an zgonist which is Teiteen

3

VN
10 and 10" times as potsnt zs morvaine.

Etorphine and diprenorphine are examples of §,14-bridzed

) 1

by the Diels-ilder addition of a substituted

. ) . 10,11 oL
allzene to the diene system of thebaine "7~ ~, Several of tiese

compounds, v»repared

commounds have been prepared and ths structure activiir

. . S .12 .. . -
relationshinsg have indicatad that maximun activity wos obvtzined
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(15) H - Tyr = Gly - Gly -~ Phe - Met - OH

(16) H - Tyr - Gly -~ Gly — Phe -~ Leu — OH
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with the compound (13). In this compound the most imdoriant
factor appears to be ths location of thz hrdronhobic banzene
ring and its geomeiry relative to the rest of the opiate
molecule,

Another group of compounds that show enhsnced activity

. 13 . . o
are the l4g—hydroxycode1nones Z. TFor example, the modified

14g-hydroxydihydrocodeinons (14) (administered orally) is a

more poitent analgesic than morphine (given by injection). It

has been indicated that this compound has a lower azddictive

14

liability than morphine™ ', 14€—Aminocodeinones hzve teen
d15,16

K]

vrepare and are also potent analgesics, »resumzbly due
to the similarity in the hrdrovhilic environment of the
‘hydroxyl ané amino groups.

The mode of zction of onistes on the ceniral nervous sysiem

8,9,17

has,in the past few years, received a great dezal of attention .

ot

It has been shown that the oplates bind stereospecificeslly 3o

receptor sites on the surface of neuronal cslls in the drain,
and the more potent the opiate is nharmzcologically, tae
stronger is the binding to the brai tissu98’17. The direct
correlation between specific bindinz and »harmocologicol
activity is complicated Dby the differing lipid solubilitr of
the opiates, TFor example, etorphine, which is sround 6 000
times more notent than mornhine hzs only 20 times morohine's
2ffinity for the recsnitor. However, storwhine is 200 times

more soluble in li»nid, so iz correcsnondingly more efficient



in penetrating the blood-brain barrier.17 The combination of
20 fold greater affinity coupled with 300 fold greater
penetration can therefore account for etornhine's 6 000 fold
greater votency.

. The discovery of the enkephalins by Hughes and Kosterlitle
in 1975 has opened up a whole nzw field of neurochemistry.
These indigenous opiates are vpentapepliides and were isolated
from homogenised vig brain in the ratio, methion@ne enkenhalin
(15) to leucine enkepkalin (16), 3:1. It has been showvn tiat
these peptides bind compstitively at the same recentor sites
in the central nervous system as morphine alkaloids and cen

17

s . i . . . 8
be inkibited in their analgesic action by naloxone 7’71,

o

Although methionine sn'tephalin and the highly notent

I

(6]
m
®
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6,14-bridged alkaloid (13) adppear at first to be

very different, it fas shown that models of the two comnounds

may adopt very similar shaves. In addition, the main kydronhilic

and hydrophobic regions of Lotz molecules can be sunerimhosed.
The aim of this project was to find an efficient znd

flexible synthetic routec to the l4@—acy1aminocodeinones (17+

R = various zlkyl and aryl zroups) and to study their anzlgesic

potency. These compounds contain a hydrophilic nitrogen

substituent at the 14§—position (c¢f. the 14-hydroxy-serics)

and a hydrophobic allyl or aryl group attached to ring C, aad

should thersfore bz hishly notent analgesics,



(22) (23)



1.2 14-Hitrogen Substituted Derivatives of the Morphine

Alkaloids

The introduction of nitrogen into an organic molecule
is often achieved viz nucleophilic attack by a nitrogen ztom
at an electron deficient cenire. However, the 14-position
of thebaine is eleciron rich due to the methoxy—@iene systen
of ring C so nucleophilic attaclk at this vosition is precluded.
The methods that have been used successful{y fall into <o
categories; either Diels—~ilder addition with a nitrogen
containing dienoohile, or nitretion with a2 mild aitrsting

N -

Diels—Alder reactions have been esxploited in several

o

different ways to functionalise the diene system of ring C
- iy . . s - 15,16,19,20
The first dienophiles to be utilised were nitroso-arenes

and it was found that nitrosobenzene readily formsd the cyclic
adduct (18) at room temperature. This reaction was found to
be revarsible, with slight dissociation of the adduct Toclz To
thebaine and nitrosobenzcne. Trituration of the edduct (18)

with 1 ¥ hydrochloric acid gave 14p-(ii-hydroxyphenylamino)-
codeinone (19) whick could be either catealyiticzily hydrogenzted
to l4g-vphenylaninodihydrocodsinone (20) or re-cyclis:d with

henol (21).

ne
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sodium ethoxide in ethanol to ~ive
The cznability of nitroso-zlizznss to act as dienophiles

in Diels-llder rcecitions has Dbuen domonsirates by the addition
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of l-chloronitrosocyclohexane to thebaine hydrochloride in
ethanol®l, In this case, the cyclic adduct (22) was not isolated
and the product of the reaction was l4@-hydrozyaminocodeinone
(23), presumably formed by acid catalysed hrdrolysis of the
adduct (22).

Electropnilic attack by halogens on the methoxy-diene
system of thebaine yielded 1l4-bromo- or 14—chloro—oodeinone22.

By analogy, nitrosation was expected to yield 14 —nitroso-
9

codeinone, but the product obtained from the reaction of

o)
=8

thebaine with nitrosyl chloride in methanol was the T-subsiitut

23,2 o -
(24)<27 4. in interestins by-nroduct of

neopinone deriveaviv

(o]

t

oy

ese nitrosation experiments was the lketonic dimer (25},
presumably formed by the intermsdiate T7-nitroso-compound (26)
effecting a Disls-Alder eddition with thebaine to form =&
6,14-adduct, which rearranged to the 5,14-bridsed nhenol (25).

L

The 2bility of thsbaine to fornm 6,l4-adducts with dienophiles

has been used to »rovide evidence for the existence of Ithse
reactive species, nitrosyl cyanidezs. Thus, thebzine, in the
presence of silver cyanide and nitrosyl chloride formed the
li-cyano-3,6-dihydro~2i~-1,2-o0xazine (27), which was hydrogenated
with platinum oxide in methansl to the cyanzmide (28). This
reaction only toolr place in low yicld and was thercfore not
svnthetically useful.

The use of azo-comoounds =~s dienonhil<s nzs been ermlored

26

by several grouns of workers, Merz and Pool chosz dizllzrl

azadicarboxrlates (29) as thair dienophiles and found that,
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instead of the expected 6,14-cyclic adducts, they

obtéined, with equimolar amounts of thebaine and

diethyl azodicarboxylate, E}(Eﬂ'—diethoxycarbonylhydrazino~
methyl)northebaine (30), which was readily hydrolysed to
northebaine (31; R = ). hen thebaine was treated with tvo
molar squivalents of diethyl azodicarboxylate, the product vas
the codeinone derivative (32). The mechanism postulated for
this process nronossd initial formation of the H-methyl substituted
compound (30) which then reacted with a further ﬁoleoule of
diethyl azodicarboxylate to form the 6,14-zdduct (33).
Rearrangement of (33) to (34) followed by hydrolysis then
yielded compound (32). In contrast, the reaction of

II-trifluoroaceiylnorthebaine (313 R = COCFZ) with one molszar

ct-
N
[WY]
()]
S

equivalent of diethyl azodicarboxylate afforded the adduc
which could be hydrolysed to the norcodeinone (36).

As the dizallgyl azodicarboxylates only acted as veak
dienophiles, it was posiulated that this was due to their

vredominantly transoid geomstry. Cryclic azo-commounds would

n

have cisoid geometry, would be less hindered and coanseguenily
act as more vowerful dienonhiles, Several crclic azo-comounds
(37, 38, 39, 40, and 41) have vzen used to form thebaine

27 b ] F "e T 1 Diej hila"
adducts™', The resactions of ookson's Dienonhile",

. . 2 e as 28 . ., .

4-phenyl-1,2,4-triazolin~-3,5~dione (41) vith thebaine heve
been studied extonsively by Ginsburs and co-worliers 7.

Pormation of the zdduct (42) occurrad in nigh rield but

zitemnted formation of the hodrociloride of (42) afforded =
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CH,O

HO

3



compound, the free base of which was shovn, at least in the
solid state, to have the betaine structure (43). This compound
readily re-cyclised to the 5,14-bridged phenol (44) unon treatment
with pyridine and water. Reduction of the adduct (42) with
diimide yielded the dihydro adduct (45) which formed a normal
hydrochloride.

The reaction of activated C-nitroso-compounds with thebaine

has proved to be the most versatile method of introducing nitroge:

19 . Ll
7 Nitrosocarbonyl compounds

30

at the l4-position of thebaine.

were first positulated by Beckwith and Zwvans in 1962 as

intermediates in the pyrolysis of allzyl niirites, but their

1

simplest method of preparation is by the oxidation of nydroxzmic

. . .31 .
acids. Sklarz and Al-Sayyad postulated that the then hypotheticzl
nitrosocarbonyl compound was the active svecies responsible for
acylation of primary aliphatic amines during the oxidation of

hydroxamic zacids with sodium periodate. Since then, ssveral

. - . .32
different oxidizing agents have been empoyed including bromine”,

. . . 2 . .. 33 . . . .
't—outylnvpoohlorlte,3 iodine,”” and mercuric ox1de33. Oliver znd

Walters34 have since postulated that the structure of {ias species

formed during potassium ferricyanide oxidations was the radiczl
. -

anion (RCO—H—O) ag opposed to the nitrosocarbonyl compound

(RCO—NO). The use of nitrosocarbonyl compounds and their

. . - . - 3510
derivetives in Diels—Alder chemistry has ovcen reviewed recently 219
Thebaine reacted with bencohrdroxamic zacid and acetohiydroxamic

acid in tne presence of tetraethylammonium periodate to rizld
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36
the nitrosocarbonylmethane and nitrosoczrbonylbenzene zdducts”

(463 R = CH3 or Ph). Hydrolysis of the nitrosocarbonylbenzene
adduct (46; R = Ph) in refluzing aqueous methanolic nyvdrogen
chloride yielded l4§-hydroxyaminocodeinone (23), while acia
catalysed hydrolysis of the nitrosocarbonylmethane zdduct

(465 R = CH,) at 0 °C afforded the enone (47; R = CE,) which,
upon treatment with sodium methoxide in methznol cveclised to
the 5,14-bridged phenol (48; R = p)

The adduct (463 R = CHE=CHPh) formed from th;baine and
cinnamoylhydroxamic acid was prepared by D, EcDouga137, then
hydrolysed to the codeinone (473 R = CH=CHPh). Acetylation
then yielded the acetate (49). TFurther studies> | on the adduct
(463 R = Ph) showed that reduction with zinc in zcetic acid leg,
in low yield, to the oxazoline (50) which readily hydrolysed
under acidic conditions to yield E—benzoyl—l4g—aminocodeinone
(51). The adduct (46; R = Ph) was also hydrolysed under mild
conditions to yield 8,14—dihydro—8@—benzoyloxy—l4%-hydrozy—
aminothebaine (52), which ¢ould either be hydrolysed to
14g-hydroxyaminocodeinone (23), isomerised to l4@—benzoyloxy-
amino—S,14—dihydro—8@—hydroxythebaine (53) or ozidis=d witkh
manganese dioxide to 8,14—dihydro—8@—benzoyloxy—l4€—niﬁrosothebaine

(54). However, these reactions, though extending the knowledge

p

o
4

of thebaine chemisiry did not provide & simple method o
vrenering 14§—aminocodeinones.

An efficient synthesis of lﬁ@—aminocoieinone (55) hes
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recently been achieved by D,¥aclean” . In this example,
thebaine and‘E—(Z,2,2-trichloroethoxycarbonyl)hydroxylamine35
(56) in the presence of sodium periodate, formed the adduct (57)
which was converted into the protected I-hydroxycodeinone
derivative (58; R = OH) by the action of anhydrous glycolic
hydrogen chloride. Reduction with zinc in ammonium chloride

H =¥, followed by acidic hydrolysis then yielded
l4g-aminocodeinone (55) in ca. 60% from thebaine.

Hitrosoimines have also been used in Diels~Alder reaciioans
with thebaine39’40. Thus, the adducts (59,60, 2nd 61) have been
prepared from thebaine and the corresponding nitrosinines (62,
63, and 64), which were in turn generatzd from the corresvonding
amidoximes (65, 66, and 67) by lead teira-acetate oxidation.

Nit}osoformates and nitrosoformamides haves been prepared

35

bj J.liacKinnon and their thebaine adducts studied., Thus

benzyl N-hydroxycarbemate was oxidised with telraethylammoniunm
periodate in the presence of thebaine to risld the ‘thebaine/
benzyl nitrosoformate adduct (68); t-butyl I-hydroxrcarbzmate
similarly yielded the adduct (69), and 2-toluene-p-sulphonyl-
ethyl N-hydroxycarbamatc gave the adduct (70). The analogous

i

reaction of ll-avdroxy-i'-phenylurea afforded the thebzine/

i-phenylnitrosoformenide adduct (71).
The nitration of ihebaine with tetranitromethans provides

a method of obvtaining lA@—aminocodeinone derivativaes., his

41 Lo

reaction was Tirst studied ©v R.:illen who reporied thny Tino
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Scheme 1




major product was the nitroform salt of thebaine (thebaine H'

C(N02)3_) with small amounts of l4g-nitrocodeinone dimethyl
acetal (72), an unknown product which was chromas ogravhically
sililar to (72), and a trace of 14§—nitrocodeinone (73).
Later work by D.McDouga137 improved this reacticn and ideniified
the unimown vproduct as 8@,lOm—epidioxy—S,l4—dihydro—14§—nitro—
thebaine (74), although this compound did not give a satisfactory
elemental analysis (vide infra). |

This method has been developed42 1o provide a8 synthetic

route to the 14€—acvlam1nocod°1non s (scheme 1), Thebaine was

first itreated with tetranitromethane in methanol containing

o

a0

ammonia to yield the dimethyl zcetzl (72). Reduction :ith zinc
and ammonium chlorids to the amine (75), followsd by zcylavion,
then gave the 14g-aminococdeinone dimsthyl socetals (78). Acid
catalysed hydrolysis then gave the 14F—ac"lan1nocode1noneo (77) .
The main disadvantage in this route was tnat the nitration

with tetranitromeihans proceeded in only-modsrate yicld.

Another more dangerous aspect of this reaction was the formation
of zmmonium nitroformeate (NE4+C(H 2)3_) es =z by-product vhich
was demonstrated to be a thiermal and shoclk sensitive explosive,
However, a large number of compounds have recently been

4
prepared by this m&thod43’4r.

BN

Nitration of thebaine has also bsen achieved it

-]

5
concentraied nitric acid” , but tie reaction proceeded in






A

extremely low yield, presumably due to degradation of the
starting material under the severe conditions. 14g@~liitro-
codeinone (73) was obtained from this process in 9% yield, and

l-nitrothebaine in 4% yield.

-

Dinitrogen trioxide has also been used to nitrate %hebaine4j.

This somewhat obscure reaction yielded 8,14-dihydro—l4§—nitro—.
T-oximinothebaine (78) in low yield. Further work, vide infra,
has explored the scope of this reaction and provided analytical

v

data for compound (78).
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Chapter 2 DISCUSSION

2.1 The Reaction of Thebaine with Dinitrogen Trioxide

In preliminary studies on the reaction of thebaine with dinitrose

45

trioxide in benzene '”, a compound, tentatively assigned the
structure (78) was isolated in low yield, The following
studies were carried out to complete the characterisstion
of this product and to improve, if possible the yisld.
The chemistry of dinitrogen trioxide has received
considerable attention since its discovery by Gay-Lusszc in
46 o I . NP
18167, Dinitreogen trioxide exists as a bright blue solid which
o, . 5 .. 5 5 = Oq
melts at ca. - 102 C to form a deep blue liguid (o.p. 3.5 C),

>47

.

and, in the liguid state rhas the nitro-nitroso structure (&2

4 e

In the gaseous state however, it is highly dissocizated to form
2 mixture of nitric oxide aand nitrogen dioxide, but the chemistiry
is further comvlicated by the eguilibrium betveen nitrogen
dioxide and its dimer, dinitrogen tetroxide:
amo,, _ M50,

Thus, 'nitrous fumes! consist of a complex mixture of nitrozon
oxides, which exist in equilibrium.

The reaction of thebaine with dinitrogen trioxide ito form
ths nitro-oxime (78) can best be considered as involving nitrogen
dioxide znd nitric oxide radicals as the reactive sw»ecies,

s -

3crheme 2 shows = vossible mechanistic patihwsr, in wvihich the

I

nitro-radiczl attacizs the l4-vosition to form the siabilis.d



n
(@8]

allylic radical (79) which in turn reacts with a nitroso
radical to form the 14-nitro-8-nitroso compound, which
tautomerises to form the oxime (78).

The i.r. spectrum of the oxime (78) showed the nresence
of an OH (3 280 cm‘l), a C=0 (1 634 cm_l) and an NO, group
(1 550 and 1 373 cm—l), while the u.v. spectrum was consistent
with an w@-unsaturated oxime (230 nm, € 1.42 x 104). The
n.m,r, spectrum gave three sharp singlets for thg three methyl
groups, and the broad doublet at & 4.28 was assigﬁéd to H~9,
which coupled to H-10a(J 7 Hz), but not to H-108 , as the
dihedral angle E~§ :H-10gwas ca. 90 ~. The singlets at §5.31
and & 5.76 were attributed to E-5 and F-7 respectively., The
aromatic protons gave =z double doublet centred at § 6,77 with
z coupling constant of 8 Hz. The upfield signal ( & 6.70) wes
assigned to E~1 due to the very slight broadening caused by the
benzylié coupling ( 1 Hz) to the ¥-10 protons, znd the D0
exchangeable broad singlet at © 11.70 was assigned to the N-OH
proton., The mass specirum showed the molecular ion 2% mfe 387,

M-Q0H at 370 and M-NO, at 341.

2
Several experimental problems were encountered with this

reaciion, and 211 attecmpts to improve the process mel vitn
singulzr lack of success., Thes preparation of dry dinitrogen

trioxide in the correct amounts for a specific experimcnt wes

d

difficult, anl the eovnaratus for its oseneration evolved Taoroush

several vericnts bufore the most successful design ves consvruciedl.
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A diagram of this apparatus is inéluded in the experimental
section,

The major by-product from this reaction was a thebaine salt
which appeared as a voluminous yellow precipitate on addition
of the dinitrogen trioxide to the solution of thebaine. This
material was removed by filtration, and, upon treatment with
dilute sodium hydroxzide, followed by extraction with ethyl
acetate, regenerated thebaine,. _

Various experimental parameters (35. solvents, concentrations.
reaction times, temperatures, rates of addition and amounts of
dinitrogen trioxide) were altered in attempts to melke formation
of the nitro-oxime (78) more selective, but no increzse in
specificity was achisved., Attempis to improve the probebility
of capiure of the zllylic radical (79) by the addition of
large excesses of nitric oxide gave no significant improvement.

As a veriation of this experimentael route, the addition
of dinitrogen trioxide to thevaine was attempted in tne oresence
of a large excess of oxygen. Thus, it vas hoped that the
intermediate stabilised allylic radical (79) would cariure a

) LT
[

molecule of oxygen to givs the species (31), which might then

form, for example, the &-keto-4-nitro comvound (82), as in schome
3. This reaction was ettemptzd with acetone as solvent 1o

minimise precipitation of thebaine salts. During woritun,

. , . i~ ©
evaporation of the solvant at ca, 30

C/20 mm Zg resulted in ths

exnlosion of the to%2l rzaction anixturz. ihethor fais vas due



to thermal decomposition of a peroxide intermediate was nzver
clearly established. 1In the hope that a neroxide had indesd
been formed, the reaction was carefully reveated and the total
reaction mixture treated with potassium iodide in acetic zcid,
to cleave any potential peroxide to an alcohol, but this
procedure yielded no recognisable product.

The main disadvantage of this exverimentzl route vas the

production of thebaine salts. It was decided tiet this problem

Hh

could be readily overcome if thebaine was first converted into

N-benzyloxycarbonylnorthebaine which would be incapable

of salt formation. Thebaine wes =zccordingly first converted

.

L

into northebaine which was in turn reacied vith venzylchloro-

formate to give N-benzyloxycarbonylnorthebaine,

The literature metnrod for H-demzthrlation of Thezine is

of interest, as it was discovered Yy ilerz and PooXk during
their attzmpt to carry out a Diels-Alder zddition of diethyl
azodicarboxylate to thewaine (sze 010). Northebaine prevzred
by this method was then converied into l-benzyloxrcarionyl-
.48 . s R o
northebaine. The n.m.r, specirun of this commound &t 55 C

or tne two benzylic oprotons

Hly

gave a sharp singlet (& 5.13)
of the carbvamatemoiety, but on cooling o O OC, this singlct
split into two signals separated by 0.03 opm. In addition,
at 55 °C, H-8 form:d a sherp doublet =% & 5.61 (J 7 EHz),
which became broader at 30 °Cc znd finally formed a triplet

o et e e -4
cznired at § 5.62 at O "C. This Dberaviour was best eiplained
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by the temperature devendent interconversion of the urethane
rotamers, as showm in Fig. 1.

The rezction of H-benzyloxycartonylnorthebaine with dinitrog.n
trioxide was studied under two different sets of experimental
conditions: by vnassing gaseous dinitrogzn trioxide into a
solution of N-benzyloxycarbonylnorthebaine dissolved in a
suitable solvent, or by adding a solution of I-benzyloxy—
carbonylnorthebaine directly to liquid dinitrogen trioxide =zt
ca. O OC. Both these procedures yielded impure ﬁitro—oxime
(83), but although there was no precipitation of thebaine salts,
the yields for both processes were still very low, with formztion
of sevsral by-products.

The i.r. spsctrum of $the nitro-oxime (83) showed the

3
H
@
0
®
3
Q
®

of an OH (3 280 cm-l), c= (1 632 cm—l),and an 1O, groud (1 549

-1 . s
and 1 372 cm ), and the u.v. spectrum was consistent ~ith ths

R
. N . - ~ )
sresence of an «@-unsaturaited oxime (231 nm, & 7.6% = 107).

The n.m.r spectrum corrssponded closely to that of the nitro-

2

£

oximz (78) except for the loss of the }I-meithrl signzl =n
replacement with the benzyl carbamate moiety showing singlets
at £5.,19 and &7.29 cofrasponiing to the benzrlic and aromatic
protons respectively. The signzal for H-9, though visiblie in

the nitro—oxime (78) =s a doudlat at § 4,28 was not visible in

®
@)
< W
@]
|5
(2R
o
[4
ct
(e}

the svectirum of the oxime (83). This could hav

chan~ce in trc chemical ghift induced Hy the close proximity

of %ne sromntic rins of ths Boacyl oster sroup cavszing vle -9
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resonance to Dbe masked oy other signals. In addition, the

presence of urethane rot:mers, as obscsrved with the siar

ot

in

[

material, could further complicate the spectrum.
Examination of the mass svectrum showesd the molecular

ion at m/e 507, M-NO, at 461’and M-PhCE.OH &t 399. In addition,

2 2

tnzre appeared to be an extre molecular ion =zt m/e 404, =znd

associated fragments, notably M-0 =t 478 and R—Céﬁ at 417.

5

A further molzcular ion at 534 was also visible,.,. The presence

of these two contaminants explained the znomalous microznalytical

data for the oxime (83) which was inconsistent with 2 molecular

A

formula of C,, H,.H,0,, the result for carbon being 0.72% grsater
267257378
than the thesorstical value., Close exzmination of this matericl

by t.1.c. on silica showed that two compounds were indeed

present,  with somewhat similar chromatographic properiies, but

«t

. . . o .
as the melting point of 199-201 “C wes sharp, the oxime (33)
was probably co-crystallising with impurities. The identityr
of the major impurity at m/e 494 remains uninovn, but, with 2
possible molecular formula of O gEogl 08’ the alcohol (84)
- 26772672
secems likely (sece above).

Due to the experimental difficulties encountered in every

aspect of the reactions of {thebaine with dinitrogen Irioxids,

this strategy for introduction of nitrog.n at the 14--Hosivion

was abandoned.
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2.2 Attempts to Aminate Thebaine with Electrophilic

Amineting Agents

Host aminations proceed by nuclecophilic attack of an
amine at an electron deficient centre, but as the 14-position
of <thebaine is eleciron rich, aminztions of this naiture are
precluded, The possibility of aminating thebzine directly
with an electrophilic aminating agent of the genersl structure

v

NHZ_X’ where X is a leaving group was therefore considered.

Reagents such as hydroxylamine-O-sulphonic acid (85) and aryl
derivatives such as mesitylenesulphonylhydroxylamine (86)49
fall into this category and react with nucleophiles as shown
below.
- o N -
Hu NnZ—O—oozR ———> Nu~Jn2 + SOBR

Hesitylenesulphonylhydroxylamine is commonly used for
the amination of amines such as pyridine, to form N-amino-
pyridinium mesitylenesulovhonate, and secondary amines to form

substituted hydrazine derivativss.

) —
;

I

2

CHy

u_ cE

(PhCH,) JH —>  (FhCH,) -,

2
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+ -
HC1 : NHQCl
CH,CN + BtOH ~— 2 CH3—< X CO
OEt 2 3
(88) ‘ NH
CHy
OBt
NHZOH
HZO
CH
3 CH3 ;
g S
C1D03H 02C1 / ¥ — OH
> + CH3
C CH 2t
r 1
3 hBC‘ . C}_B
(87) (89)
H C .1
3 s” O w E
02
QE+t
H.C H
3 ‘ 3
(90)
H0104
dioxsne
iy
0
~
507 im
2
Z.C cH
D
(g6)
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The reaction of mesitylenesulphonylhydroxylamine with
activated dienes, as is the case with thebzine, is unlznowvm,
but the advantage of this strategy, if successful, would be
formation of the 14 —aminocodeinone from N-benzyloxycarbonyl-
northebaine in one step, as shown in scheme 4. Thebaine itself,
due to the presence of the tertiary amino-group might react
preferentially at the nitrogen atom, forming a szlt, and
therefore must be protected as the urethane, N-benzyloxycarbonyl-
northebaine, :

Mesitylenesulphonylhydroxylamine was prepared with difficulty
by the literature method as described in scheme 5. The reacitivity
of the final product was confirmed by the preparation of H-amino-
pyridinium mesitylenesulpkonats from pyridine., This meterial
hed m.p. 123-124 °C, which agreed with the litersture value
of 125-i26 °c.

The reaction of mesitylenésulphonylhydroxylamine with
-benzyloxycarbonylnorthebaine unfortunately yielded no aminsted
products. N.m.r. spectroscopy was used to monitor ithe rsaciion

orogress and this indicated that no reaciion occurred at 30 C

o]

in deuteriochloroform for 10 h, afier which {ths specirum
became progressively more complex, s the reaction of
mesitylenesulphonylhydroxylamine with sim»le amines goes to
completion within five minutes, the changes in the n.u.r.

.
[

gvectrum after 10 h were »robadl: ceauscd by degradation or

. o . e
ing material ~s ovnosed fo smination
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The l4-position was therefore either not sufficiently s{rongly
nucleophilic, or, the steric bloclking effect of the bvenzvloxy—
carbonyl groun was hindering the approach of the mesitrylene-
sulphonylhydroxylamine molecule,

The reaction of N-benzylozycarbonylnorthebaine with

hydroxylamine-O-sulohonic acid was also attempted and was azezin

D]

followed by n.m.r. speciroscopy. AaAfter 3 h, 2ll the startin

materizl had bsen consuned, and t.l.c. showed that

o]
H
¢
tof
O
=1
'_J
ni
(0]
S
o+
f—

\4

two compounds were presenit. Sevneration by preparaitive t.l.c.
and examination of the solution i.r. spectra of the components
indicated that neither compound exhibited an H-H stretching
vibration in the region 3 500-3 300 cm 1, therefore no amination
had tzlen place.

Due; to the acidity of the hydroxylamine-O-sulophonic acid
(pH 1), it was postulated thet both compounds were formed by
acid catalysed rearrangement of l-bsnzyloxycarbonrlnorthedzine,

as opposed to amination., The acid catelysed rearrangzment of

o . . 0 . . : ‘
thebaine is well ;nown5 and proceeds with opening of tha ether

o3
<2
1
-
L
ot
Q

bridze followsd by migration of the side chain fro:
. - . < . . ’ - a - .

C-14 to yield the Lenzylic carbonium ilon (91). Hvdroirsis

to the zetons (92) followed by migration of the side chain

from C-14 to C-8 allows ring C to asromsiisc, ond so form

. s s ‘ . p
morohothebainz (93). Tais is represented in scheme &,
Thus, it appearcd tioat the reazction of H-benzrr-loircarivonil-

northevoins witlh hydroxrylamins-Jd-sulnionic ~eidi mi
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an acid catalysed rearrangsment of the ithebzine nucleus, and

not an amination. TPurther svidence for this was obtained by the
reaction of H-benzyloxycarbonylnorthebzine with a catzlytic
amount of hydroxylamine-O-sulphonic acid to give the same two
products, and the rearrangesiment catalysed by concentratad

hydrochloric zcid in methanol gave two comzounds, again senzrable

B

NeM, T,

(

t.l.c. The major product (less polar) had the sans
spectrum as the unidentifizd »roduct from the Aydrozrylamine—O-
sulphonic acid rearrangsment. l

Although attempts to aminate H-benzyloxycarbonylnortiebaine
directly in the l4-position had proved unsuccessful, it was
decided that, sincc tie reaction of mesiiylenesulvhonylhidroxyl-
amine with sccondary amines was well establisned, it would e
wortl UQll’ to atitem»t the preparation of tie unknova H-amino-
northebvaine, Horthebaine was tharefore irecated with =n ecuimcler
anount of mesitilenesulphonylhrdroxylamine in deuteriochloroform
and the reactvion »nrogress follow:d by n.m.r. SDECITOSCODY.
Within 5 minutes, a compound had bzen formcd which, thouzh never
isolated in & pure state, was provision=zlly zssumcd to be
H-aminonorihebaine (35). The n.m.r. specirum was very similar
to that of northebains, except for a doynfia=ld chifi of tas

by

p~m and the =ppearence of il k

Tup

L

H-3 doublst by O.

0]

( & 4.54), which nreviously had been masxad by ot-:r rasontnce

in the rzzion & 3.0 to £.0.

The estzmoted H-zninaticon of noriichain:
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O-sulphonic acid also proved unsuccessful with northebaine
hydriodide bzing recovered in low yield. No H-amination vas

observed.

44

243 Preparation of 14g-Acylaminocodsinones via Nitrosocarbonyl
AY

Intermediates

The first improved route to the synthesis of l4g—acyl-

aminocodsinones is shown in scheme 7. This work originated from

the discovery that the activaited diene system of thebaine
reacted with nitrosocarbonyl compounds, formed bty ths oxidation

o

of hydroxamic acids, to ryield cyclo—adducts (46)35.

It was vostulated that treatment of fthe adduct (46) with
methanol’ under acidic conditions would form the dimethyl acetal
(96) which could be hydrolysed to the keltonz at a later staze
with dilute acid. In addition, ths ether linkage &t (-5 is
now stakle to reduction unlike that of the codeinone, ileo,
the likelihood of attack by the hydroxyl group azttached to the

nitrogen atom on C-5 forming the 5,14-bridged phenols (93) is

reduced.
Reduction of the l-substituted rmydéroxamic zcid (S6€) would

then yi=ld the amide (77) which could be readily hrdrolrscd to
the codeinone (77). The amide (57), a2s well as teing =

potentially motent mormniiine agonist, mey alsc be suitakle for

s

further siructural modificatvion of Iie s2ide chain, dus 10 ..o
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presence of the carbonyl function.

Zxtensive studies on this reaction rathway have shown
that this method does indeed provids an efficient method of
preparing l4§—acylaminocodeinones. The majority of the
experimental effort was concenitraied on the compounds xith
R = CHZCHZPh, and after the reaction conditions had bsen
established, the scope of the reaction pathway was extended to
include compounds with several diffsrent R groupé,-for use in
pharmacological screening experiments,

2.3 (i) Development of the Nitrosocarbonyl Rouis

The. initial reaction showvm in scheme 7 that is the formation

of the thebvaine-nitrosocarbonyl adduct has been carried out by

35,37

other groups of worliers using either tetraetnylammonium
periodate or sodium periodate as ths oxidissr. IT was decided

to confine our aciivities to the use of sodium periodaie zs it

3

was more rsadily zvailablz and, vrovided rapid sitirrinz ves

{

maintained, highly efficisnt at oxidising the hydrozamic ecid,
The stoichiometry of this oxidation was studisd by adding
differing smounts of socdium veriodaiz to acetohydroxamic acid
in aqueous buffer at »¥ 6 and measuring the time talzen for
disappearance of the hrdroxamic acid, as cdetermined by = colour

t28t with ferric chlorida. It was found thzat one mol:sr
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equivalent of sodium periodate removed all the hydroxamic acid
within 10 minutes, and a half moler ecuivalent removed the
hydroxamic acid within 50 minutes. It was therefore decided
to employ 1.5 equivalenis each of hydroxamic zcid and sodium
periodate to each molar eguivalent of thebaine.

The n.m.r spectrum of the adduct (463 R = CHZCH Ph) showed

2
in addition to the three methyl signels, a singlet for H-5

(& 4.65) which was slightly broadensd due to the very small
W-type coupling of H-5 with H-T (less then 1 Hz). The
characteristic doublet for H-9 appesared at § 4.90 with a2 counling
to H-10X of 7 Hz, and the olefinic protons E-7 ( § 6.00) and

B-8 ( § 6 .15) showed the normal mutual counling of 9 Ez.
Examination of {the nass spectrum snoved the moleculzr ion m/e 474,
1-0H (457) and the Pase pealk (311) due to thebaine, nresumably
formed by the retro-Diels-Alder reaction.

he zdduct (463 R = 2CL2Pn) was formed in effectively

=]

quantitative vield from thebaine, with no indication of
formation of Ty-producis arising from the three other possible
Diels~Alder additions., Two of thsse can e ruled out on sieric
grounds as approach to the o« face of ring € is hindsred by
aromatié ring A, however, formation of ths hypotheticzl adduct
(99) would seem possible. Although steric effecis me; oxert =z
certain influence on the mode of addition, the more lilzely

rzason is elz2ctronic. 7“hus, with the l4-nosition of thebaine



being electron rich, and the nitrosocarbonyl species having a
slight electron deficiency on the nitrogen atom, due to the
eleciron withdrawing effect of the attached oxygen and carbonyl
group, addition would take place to afford adduct (46) and not
(99). It is also possible that the active nitrosocarbonyl-species

is in fact the radiczl anion (RCO-U-0), as was postulated by

34

Oliver and Yalters as the species formed during the notassium

ferricyanide oxidation of hydroxamic acids, =znd %his radica
anion would add to thebaine to give ultimztely the observed
adduct (46). Therefore, althouzh formation of the cyclo-zdducts
is considered to be a Diels-Alder addition, = more comnlex

mechanism cannot be ruled oul.

51

Initizl studies on the conversion of the c¢cyclic adducts

(46) to the dimethyl acetals (96) were carried out with (463 R = CE

!
2

and QCHzPh), and indicated that 3 critical experimentzl conditions
had to be obeyed bhefore formation of the dimeitnyl aceizls (36)

was achieved., Thess were:-

2

a) The sirength of the dry methanolic hydrogen chloride
had to be about 0.1 H.
. s 0
b) The temperaiurz had to be meintained 2t QO C.
c) The workup conditions had to bs aznhydrous until all

ths hydrogen chloride had been neutrzlised,

Under these conditions, the dimethyl acetal (963 R = CHS) formed
in hign yieléd, but the comwound witi R = OCH_ Ph eitained
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thermodynamic equilibrium with only 50% of the adduct being
converted into the dimethyrl acetal. 7his equilibrium ies
proved by submitting a sample of the acetal to the same
reaciion conditions and obtaining the same equilibrium
mixture of adduct and acetal. Therefore the adducts (46) and
acetals ($6) were shown %o be in thermodynamic equilibrium,
the position of which was dependzsnt on the nature of the side
chain R. ;

The adduct (463 R = CHZCHZPh), upon submission to essentially
the same reaction conditions as abovs, gave the dimethyl acetal
in high yield with none of the cyclo-adduct being visible in
the n.m.r. spectrum of the totzl rszction mixturs, This
spectrum contained three singlets ( & 3.12, 3,50, and 3,90)
assigneé to the three methyl cther groups. The signal at & 3.90
was assigned to the methoxy group at C-3, as it was the ﬁost
deshislded due to the vdresesnce of ithe aromatic ring A.
Comparison of the chemical shifis of the other two methoxy

hg

analogous compounds with R = CH

o
a3
®

singlets with those of

Cost

and R = CCH_Ph yielded the following information,.

()

E,
C-6 methyl ether chemical shifis (8)

R = CH, 3.23 3.50

R = OCHPh 3.04 3.48

R = CE,CH,Ph 3.12 3.50
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The chemical shift of 4he metho inglet at ca. § 3.50
was essentially independent of the rature of the side chain R,
while the signals from & 3.04 to 3.23 showed a maried veriation.
It was therefore postulated that the signals at ca. § 3.50
were furthest away from the side chain and were therefore
assigned to the C-6 posiiion. The signals that were dependent

£

upon R were assumed to be on the same side of ring C as the
side chain and were therefore assigned to C—6§.

Comparison of chemical shifts of the H-9 doublet ( § 4.32)

)

with the corresponding signal in the spectirum of the crelic
adduct ( & 4.50) implied that the E-9 proton was experiencing
a larger shieldinz effect in th: dimethyl aceftal than it was
in the c¢yclo-zdduct. Ezaminziion of models showed thzi, in
the dimethrl acetal, both the carbonrl znd ¥-0H groups ware
considerably nearer to the H-¢ proton and tnis would thersfore
explain the shielding effect. It was also considersd »ossible
that this effect was caused by the closer proximitr of the
benzene ring of the side chain in {the dimethyl acetzl, bdut
this was discounied as a2 similar change of chemical shift
was ssen with the compounds with R = C=,.

The mass specirum of fthe dimetirl acetal (963 R = ClichZPh)
showed only a wealr molecular ion at m/e 506, but M-OH (439)
and K—u“_OH (474) werc clearly visidle., Comparison witlh ths
nass sozelrinm of the crelic adduct sihowed that the frasmseat

2 A .

w03 0% (oorre°;01n;a: to thz crclic ¢ acuo;) frwmmentasd in



the same manner as before, giving a pcal at II-CH,0H-0H =% 457
T 3
and the base peak at 311 due to thebaine, formed by loss of

CHBOH followed by a retro-Diels~Alder reaction.

71 acetal (965 R = CE,CH,Ph) to
the acetal (97; R = CH20H2Ph) appeared in principle to be simple

but, in fact, accounted for %

3,

he majority of the experimental
effort expended on the develooment of this synthetic route.
It was initially thoughi thet this rzduction could be accomplished

using zinc in acetic acid. This reaction was zttemdted and

)

formed, instead of the reduced dimeihrl acetal, the cyélo—-adduct
(46). The seme reaction was found to drocsed without the
presence of zinc, so the reaciion Thai was veing observad was

tic acid catalysed cyclisation of (96) o (46).

ol

merely ac

[}

s afforded

ot

Attempted reduction using zinc in ammonium zceta
<o

high recovary of stariing materizl, but the reaction of zinc

and ammonium chiloride yizlded four unimowm procducis, plus sone
unreacted starting material,
The reduction of the dimetl+l acetal (963 R = CE.CE,.Ph)

zdominan

N

<

cl-
et
oz
[e]
[
]

with lithium aluminiun hydride yielded or
compound, but this material was naever positively identified.

It was postulated that initially the cerboanyl group would B
rsduced, so converting the sids chain from a Irydroxemic ~cid

into & hrdroszrlamine., Waztiler furihner roaction converiad

[ Tawr A e iy am o, — L PR cem . R SN TS SO M. 3
the hydro:zylamin: to the Zmnine vas never establishazd, The 1.7,
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spectrum in chloroform did not show zny czrbonyl zbsorntion, =znd

a broad absorpiion centred at 3 200 cm was indicavive of the

presenc: of an OE rather than an NH group. The n.m.r. specirunm
was broadly similar to that of the starting material, excent

for the apparent upfield shift of the H-9 resonance and zn
upfield shift of 0.7 ppm for the H~8 doublzt. This compound

was tentatively assigned the structure (1003 X = 0H), but all
attempts at purification were thwarted by its apfarenﬁ instability
when in contact with silica. Although the an.m.r. spectrum
showed that predominantly one compound was vpressnt, t.l.c.

showed the pressnce of multinle »roducts.

The reduction of th

{D

dimethyl acetal (S63 R = ohznthh) s

-

attempted with sodium and

o~

thium in liquid ammonia, but the
only recognisable product from thesc reaciions was dihvdro-

thebaine—d (101). As this comnound is the m=

('_l

jor product of Lhe

-

Birchk reduction of thetaine, the dimethyl acetzl must first
nave been reduczd o thebalne, viaich was then further reduced
to dihydroihchains-0.

Chromium II sveciss have zlso bheen investigated

)
Q
ol

potential reducing agents. Chromous acetzte did not rea

oy

with the dimeithyl ac:tal (98) at room temvarciure but, at 85 °C

this reaction yielded severzl procucts, noane of which was
formed with

identificd. Jinilarly, multisle productsz

P

16}
1)
g}
o]

’ : - 2 A . - ~4N
nyromous chloride. Atiennis %o rzduce the acstal (36)
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n
N

catelytically with hydrogen also failed with palladium and

copper chromiiec catalysts being equally unsuccessful, There

was also little or no apparent reaction of the acetal (96) with

sodium amalgam, sodium in ethanol, and sodium sulphite/sodium
etabisulphite, while sodium dithionitzs yielded two compounds

that were never identificd. 4An attempt to reduce the cyclo-adduct
(46) directly to the acetal (97) using +itanium trichloride in

dry acidic methanol also met wiih no succsess, vielding only

impure zcetal (96).

n

The reduction of the ac

(!

tal (96) to the acetal (97) was

finally achieved with ohosphorus itrichloride, which had been

52
used previously by Ochiai”’“ in 1953 to effect the trznsformetion

of 4~-nitronyridine-li-oxids to 4-nitropyridine. The postulated

reaction mechanism shown in scheme 8 involves initizl removel

resulting anion at ihe phosphorus atom. Cheage in oxidation

<+

state of the vhosnhorus from III to V, with the formation of the

phosphorus/oxygen double bond thon forms phospaorus oxychloride

"\

and protonztion of thz amide residue affords the reduced dimeiihyl
acetal (97).

Th: i.r. spzctrum of the reduced dimcthrl ncatal (973
. ' . : . . - . - -1 e
R = CHchan) snowed an absorvance a2t 3 400 cn associzted
with zn il stretching vivration, Exeaminstion of the n.m.r.
spzcirum showzd it To We similar Vo Shzt of the ztariins 2at ric

N

but s.wverzl smzll chang:s were visibla:., The II-mednrl anl 3
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O-methyl resonances were in approximately the same positions
bui the signal for H-5 had moved slightly upfield . (from & 4.86
to 4.62) and the emall W coupling of ¥-5 to H~7 (ca. 1 Hz) wes
now visible., Th=2 doublet for H~9, formerly at 6 4.32 had moved
upfield %o & 4.10, but the signal for H-8. which was expected
to show some chemical shift variztion only moved upfield’by
0.1 ppm (from & 6.40 to 6.28). The broad singlet exzchangesble
with D20 at & 6,22 was assigned to the NH oroton.
The mass spectrum of the reduced acetzl (97; R = H,CH,Pi )
showed peaks for the molecular ion (m/e 490) and M-CH 0H (258).

-

sment (458) appeared io fragment further by &

P (H

cl
I.J

asvu

Thig fra
two different pathways; by loss of the side chain PLCBZCH2CO
t0 yield a frazmenst at 325, or by locss of a meihyl group to
afford = fragﬁent at 443. The latier transformztion (458-443)
was supporied by a metasiable peal observed at 429,2 (calc.
428.5). The fragment (325) then lost z nmethrl -roun to rield

the base peal: at 310 with 2 metastavle pezk observed at 296.0

(calc. 295.8), while the fragzment (443), upon loss of the side

chain (PhCHch,,CO), was zlso canable of affording the base
<

tef

fragm:nt (310). ig. 2 shows a zchematic dizgram for this

nostulated fragmentation process,

EN

The mass snectrum zalso showed that a srace of chlorinaied

‘_l.

impurity wes »rissnt, 4 double molecular 2% 524 and B2
indicat=d Shst sukstitution of & —rovon with 2 cinlorin: 0

form thig cownound had telizn nlacu. The struvciurs of ihis



compound was never established, but, although ths microanalytical
data for the reduced dimethyl acetal was very close to the
theoretical data, %.l.c. on silice (methanol-chloroform, 2:8)
appeared to show the presence of this impurity (EF 0.52)
running just below the pure compound (R, 0.59).

iy
The final step in the synthetic sequence shown in scheme

T is the hydrolysis of the reduced dimethyl acetzl %o the
codeinone (773 R = H,CH T Ph). This rezction wasireadily
achieved by warming the acstal in dilute hrdrochloric acid znd

methanol for 30 minutes. The i.r. specirum showed the NH and
«@ —~unsaturated ketone carbonyl sireiching vibratioas (3 360 znd
1 680 cm ) while the n.m.7. specirum showszd loss of the dimethyl
acetal zroup. In addition, the H-7 znd Z-8 doubletis had movad
mich closer together ( & 6,038 and 6.20) and the H-9 doublst wes
né longzr visible, heaving presumebly moved unfield 1o be masxed
by other resonances., -5, having shown a weaX W coupling to
H-7 in the aimethyl acetal, now gave a sharper signal. The
mass spectrum showad the molscular ion peaik (444), the base

(223), and ‘the peelz % 311 vwhich was astributed %o

“-PhChZCEZCO The mass spectrum zlso showsd that the trace of
chorinated impurity, formsd as & by-product of the phosphorus
trichloride recaction, had also been hydrolysed aﬁd gave a low
intensity double molecular ion at 4738 and 430C. Again the

microanzlrtical data did not appear tc be influ.ncad o7 Loiz

@]

.L.._

tracs imouriti.
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2¢3 (ii) Preparation of Samples for Pharmacological Testing

Having ascertained that the synthetic pathway shovn in
scheme 7 was capable of affording the l4@—acylaminocodeinone
(975 R = CHZCHzPh), it was decided to use this ssquence with
other hydroxamic acids 1o prepare a series of analogous
compounds with differing R groups, some of which would be
used in pharmacological testing experiments. Th? hydroxamic

acids, RCONEOH, where R = CHB, Ph, CH_.Ph, (cgé)3ph'and (cu

o CH3

2)4

were therefore prepared by the reaction of the ethyl esters

of the relsvant carboxylic acids with hydroxylamine hydrochloride.

The Compounds (46, 96, 97, and 77; R = CH.)
The:oompounds (46 and 965 R = CHB) had previously been
prepared51 so it was decided to attempt the reduction of (963
R = CH3) with phosphorus trichloride. The reduction rezdily
afforded the reduced dimethyl acetal (97; R = CH3) but as with
compound (97; R = CHQCHzPh), a chlorineted impurity was observed
in the mass spectrum., It was considered that as this reaction
had been attempted on a2 much larger scale than the previous
reducfion, the exothermic nature of the raaction had causzd
local overhezting, and this had favoured the substitution of
chlorinz somewhere in the alliialoid moclecule. The reaction was

_p . c o}
therefore repeated with the temmerature mnintoined at 10 °C
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during the addition of the phosphorus trichloride, then the
temperature was allowed to rise to 20 °c over 10 minutes., Thkis
procedgre gave z much purer product with only an extremely

small amount of the chlorinated impurity being visible in the
mass spectrum. The mass spectrum of the reduced dimethyl

acetal (97; R = CHB) exhibited a slightly different fragmentation
pattern when compared to (973 R = CHZCHQPh), vith peaks for

i=15 (385), due presumably to loss of a methyl group, and ¥-31
(369) due to loss of a methoxy group now being visible, in
addition to the peaks previously cited.

Hydrolysis of this compound gave the codeinone (773 R = CHS)
which.again vias contaminated by a chlorinated impurity. The
stariing material for this reaction had not been prenared by
the lowztemperature method and coanssgquently the by-produci of
the phosphorus trichloride reduction had been hydrolysed to =

. . ot ~n . . cps
chlorinated codeinone (iI" 388 and 390) that was not identificd.

The compounds (46, 96, 97, and 77: R = Ph)

-

The adduct (46; R = Ph) had beenpreviously prepared”

T

znd

- . .

was formed in high yield from thedbaine, The literature m.p.
of this compound, crystallised from tenzene-petrol was 170-
172 oC, while the experimentally determinzd vaelue for this
material, crystalliscd from cthyl acetate, was 162-163 °c.

L8 Yhe n.m.r., 1.7., and mass spociral dota cgresd with those

of the literature, this discrervancy in meliinzt 2oint as

consideorzd to reflect the occurrznce of tio diffsreni cristalline



The conversion of the =zdduct (463 R = Ph) into the dimethyl
acetal (963 R = Ph) proved to be extremely difficult. Although
equilibrium vas attained with ca. 37% cyclo-zdduct and ca. 63%
dimethyl acétal, all attemnts to separate these compounds
by fractional crystallisation proved unsuccessful. Seversal
chromatographic systems were employed in attemdts to separate
the compounds, and eventually preparative t.l.c. on alumina
proved successful, but the recovery of the acetal (963 R = Ph)
from this system was disappointingly low. ;

As a sample of the isolated dimethyl zcetal (963 R = Ph)
was initially unavailable for reduction to (97: R = Ph),
this reaction was attempited on a mixiure of cyclic adduct and
dimethyl'acetal. The procedure proved effective, with the
piosphorus trichloride reacting only with the dimethyl acetzl
(965 R =:Ph) to yield the reducced species (973 R = Ph) without

interfering with the cyclic adduct. Sevnaration of the unreacted

ES
v

(Y]

cvelo—zddiuct and reduczd dimesthyl acetal as casily achieved
by fractional crystallisation, yielding ihe reduced dimethyl
acetzl in purc form with no trace of any chlorinated by-»product

being observed in the mass spectrum. Acidic hydrolysis then

vielded the codeinone.

The Compounds (46, 96, 97, and 77; R = CH Ph)

The adduct (46; R = CHZPh) vas formed in nigh yield fron

thebaine vut this maierizl, though »ure oy n.m.r. sdecliroscopy

o Ve
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proved to be very difficult to crystalliss., A specimen,
avandoned in the refrigsrator at O oC for 14 months in ethyl
acetate — di-isopropyl ether finzlly crystallised fo yield
the purevcompound.

Opening of this adduct to the dimethyl acetal (96: R =
CH2Ph) occurred easily with the equilibrium mixture containing
only ca. 10% of the cyclo-adduct. The molecular ion (492) in
the mass spectrum was hardly visible, but the characteristic

B
cracking pattern, 1-17, =32, and ~49 was vpresent.

Reduction of this commound yielded the reduced dimethyl
acetal (973 R = CHZPh), which z2gain proved difficult to
crystallise, Crystellisation was successful zfier passing
the crude material throuzh =zn zlumina column, but the
microanalysis of this compound showed that it had crystallised
apparently as the half hydrate, Some evidence in favour of this
idea was “hat although this compound melted at 164 to 165 OC,
darizening of the crystals occurred &t 92-G3 °c nossibly as a
result of loss of water from the crysial lattice.

Hydrolysis of the reduced dimethyl acetal to the codeinone
(77s R = CHZPh) was successful, bui agein proolems were
encountered in crrvstallisation and therefore tne yield for this
step wes only 35%. Ths m.p. of this compound was not sharp

. . ; mer Om oy .
with crystal groith occurring avove 207 "C until the compound
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The Comnounds (46, 96, 97, =nd 77; R = ( HzlyPh)
J

Formation of {the adduct (463 R = (CHZ)BPh) proceeded
normally, but the conversion of this adduct into the dimethyl
acetal was hampered by the unfavourable ecguilibrium of ca. 40%
cyclic adduct to 60% dimesthyl acetal., Sevarztion was however
achieved by fractional crystallisation.

The reduction of the dimsthyl zcetal gave no chlorinsted
by-product, as seen by mass spectromestry, but t.i.p. did indicate
that another impurity was present. This com»ound was not
identified but its pressnce accounied for the fzilure of the
microanalysis result 1o agree with the theoreticzal valus,
Attempts to remove this impurity by fractional crystallisation
proved to be unsuccessful., Hydrolysis of the reduced dimethyl
acetal éave the codeinone in high yield and the by-product

from the phosphorus reduction appeared to resmain in solution

during the crystellisation of tha final product.

The compounds (46, 96, 97, and 773 2 = (czzl¢g§3)

The adduct (463 R = (032)4033) formed in high yield,
but a2ll attempis 2t crrystallisation proved unsuccessful,

Fornmation of the dimethyl acetzl occurred nermally with

8l

eouilibrium being reached at ca. 30k cyclo-adduct, TO%

-

dimethyl acetzl, the dimethrl scetal being senarable by

froctional crrstallisation.
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As was the case with the dimothyl acztal (963 R = (CHz)

/

3Ph)
an impurity aovpeared to be formed during the reduction which
was not separable by crystallisation, nor did it appear in the
mass spectrum as aChlorinétedcompound. Hydrolysis of the
reduced dimethyl acetal (97; R = (CH2)4CH3) vas carried out
successfully and the impurity from the reduction step remzined

in solution during crystallisation. A pure sample of the

codeinone was therefore obtained,

2.4 Sone Reactions of Thebaine Cvclo-zdducts

During the develoovment of the nitrosocarbonyl route to
l4p-acylaminocodzinones, several reactions were studied which
though not directly involved in the synthesis outlined in
scheme 7, were relevant to an understanding of the chemistry
of the cyclo-adducts (46).

The thebaine adduct (463 R = CHZCH2Ph) was hydrolysed in
dilute acid at O °¢ 1o give ithe l-hydroxycodeinone hydrochloride
(102; R = CH20H2Ph). Ths n.m.r. specirum was recorded in
deuterioacetone at 50 °C due to solubility probvlems, and, as
expected showed a sitnificant change in the chemical shift of
the signal assigned to the ;{—CE{3 vrotons. Quaternisation of

the nitrogen had moved this resonance frem its more usual

osition of & 2,40, as observed with th:y dimethrl zcetal

(965 » = CHCCHQPh), to § 2.59 vhare it woneared as & drozd
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to the presence of water in the deuteriozcetone, A4 signal
for H-5 appeared at & 5.08 and did not exhibit significant ¥
couplipg to H-T7, while the. olefinic protons E-7. and H-8.
resonated at & 6.10 and § 6,78 respectively with a coupling
of 10 Hz., The broad signal at § 5.31 as assizned to the
N-OH proton.

wxamination of the mass spectrum showed a sirong molecular
ion at m/e 460, corresponding to the free base. :This compound
appeared to lose oxygen to give the fragment ¥-16 (444)

the side chain (PhC H,.CO) was also lost to give a fragment

2
at 327. This conclusion was reinforced by the occurrence of
a metastable peak at 232.5 (calec. for 460 — 327, m/e 232.6).

v A

additiongl peaks were obsasrved for 1i-30, ii-29, and I-57.
Bec;use of the close proximity of the ammonium proton and
the two oxyzen atoms on the side chain, various possibilities
existed for the intramcleculer nhydrogen bonding, and the
presence of a freze O (3 575 cm ) and hydrogen bonded OH
(3 300 - 3 500 cm—l) vibrations in the i.r. spectrum confirmed
this, In addition, there appearcd to be two carvonyl vibrations
at 1 679 and 1 6238 cm-l of roughly cqual intenszity. This
information tended to show thst it was the N-O0H that contribute
more to the hydrogen bonding with {the ammonium proton via a

6-mzmbered ring favoured perieds by steric considerations.

: LR oy e - Y = - A - o =1 T T \
in attemnt to form tic fre@e basc by wreaving (102: 2 = Cthng,n)
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with sodium hydrogen carbonate 2t room temperature for one

minute, followed by extraction with chloroform, gave a mixture

of the free base .(50%) and the phenol (1033 R = CH,CH,Ph) (50%).
A more efficient synthesis of the 5,14-bridged phenol (103)

was effected by treating the codeinone (1023 R = CH CHZPh)

2
with sodium ethoxide in ethanol at room temverature. The i.r.
spectrum of the product showed the presence of a hydrogen

bonded OH (3 300 - 3 600 cm—l) and an intense carbonyl vibration
(1 600 - 1 680 cm_l) showed that both carbonyl groups were

still present. The mass spectrum was identical to that of the
hydroxycodeinone hydrochlorids (102; R = CH,, H2Ph) vwith the

molecular ion (460) forming the Pase pezk. This implied that

LL2\JA.L2

chloride and (103; R = CHECHZPh) were interconvertzble in the

the compounds (1023 R = CZ,.CH_Ph), after loss of hydrogen

mass spectirometer,

The n.m.r. spectrum of (103; R = CHZCHZPh) contained
the characteristic H-9 doublet (& 4.28) with the coupling
to H-10xof 6 Hz., H-5 and E-7 (& 5.20 and 5.95) showed the
weak W coupling of 1 Hz. The olefinic protoas (I-7 and H-8)
exhibited their normal coupnling of 9 Hz, but the hydroxyl
proton attached to C-4 was not observed, aither because of
masking by other sismals, or due to the fact that it was verr
rozad.

It was docided to orenare the corresponding compound with
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the dimethyl acetal functionality at C-6. It was expected

that this reaction would be considerably harder to effact as
there was now no stabilisation of developing negative charge

at the 5-vposition, which was formerly @ to $ihe C-6 ketone
carbonyl. 1Indeed this was one of the reasons why it was
considered desirable %o protect the C-6 ketone carbonyl as

the dimethyl acstal., 1ll attempts to induce this cyclisation
met with failure, ©Several bases vere used but, even at elevated
temperature, the dimethyl acstzal (963 R = CHGCHZ?h) was stable

CH.Ph) ves

under basic conditions., The compound (98; R = CH2 5

therefore never prepared.
One of the drawbaciks of the nitrosocarbonryl route wzs

the existence of the ecuilibrium beiween the cyclo-azdducts (49)
and dimethrl zcetals (96). As a method of overcoming this, it
was decided to react the cyclo—adduct (46) in the presence of

‘g ‘L . ; ... 53 . .
acidiec msthanol with sodium cyznoborohydride -, This rezgent
was known to reduce dimethyl aceitzls to methyl ethers under

54

acidic conditions”’, and it was considered that formaiion of

compounds (104) or (105) was likely. It wes =lso considesred
possible that this reducing agent could attack the substituted
hydroxamic acid side chzin to yield a variety of reduced
species., Therefore, as a highly spceculative cxperiment, the
cyclo—-adduct (463 R = CHQCKzPh) in metnenolic hydrogen chloride
wasvtreated with sodium crranoborohydride.

The n.mer, szectirum of ths foval rozction mixiturs

indicatzd that the dimethyl acotal (963 R = CHZCHQPh) Led
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(106)



formed in ca. 50% yisld, zlong with an unknown compound.
Several attempts to improve this reaction met with no success,
and it was concluded that the nucleophilic character of the
methanol was responsible for the formation of the dimethyl
acetal in preference to the unitnown reduction product.
Accordingly, this reaction was repeated at pH 3 using
tetrahydrofuran as the solvent and »roved to be immediately
successful, with the uninown compound forming in high yield.

This compound was shown to have the structure (1063 R = CHZCHQPh).

The i.r. spectrum of the oxazolidine (106; R = CH,_CH_Ph)
272

showed that an OH was present (3 288 cm—l) but the carbonyl
vibration was absenit. The medium intensity vibration at 1 659
om-l was attributed to C=C., In the mass speccirum, the molecular
ion appeared at m/e 476 and the base peak was observed at 1i-18
(458), presumably formed by loss of waiter. A peak was observed
at ¥-2 (474) and thersafier, several frégments appeared
separated by two mass units. TFor examnle, M-31 (445), (i-2)-31
(443) corresponding to loss of CH30 and u-121 (355),(i-2)-121
(353). 1In addition a peal: was observed at i-17 (459) correspondin
to loss of OH and the base peak (458) appeared to fragment to
a peak at 402. This was supvorted b = metastable ion observed
at 353.0 (calc. 352.9).

2

The n,m,r. spactrum contained three ressonances due to the
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double doublet with a coupling of 2 Hz to E-8 and ca. 1 Hz 1o
H~-5. Irradiation of H-5 ( & 4.95) caused this signal to sharpen
to a doublet (J = 2 Hz) and similarly, irradiation of H~T
removed the 1 Hz coupling in the signal for H-5. The doublet
at §4.58 was assigned to H-8, which counled to H-7 by 2 Hz.
H-17 gave a guartet centred at & 4.74 with a coupling of 4 Hz
and 7 Hz to the two adjacent protons at C-18., An additional
small coupling of less than 1 Hz was observed between H~-17 and
HE~8. This wes confirmed by irradiation of E-8 cauéing a .
sharpening of the H-17 quartei. The H-9 doublet was not observed
being masked by other resonances in the region of & 3.0, and
the broad singlet at 5 6.47 was assigned to the N-OH proton.

The oroposcd mechanism for this reaciion is shovn in scheme
S. Tbus‘t reductive step probably occurred by aittack of a
hydride ion at the intermediate (107; R = “20h2Ph). In ths
original experimenis conducicd in acidic meihanol attack of
methanol at the 6-position of (46a; R = CHZCH2Ph) would explain

the formation of the dimethyl acctal (963 R = CH

399

£,0 2Pb) A

Search of ths literaturc revealed that the reaction of
sodium cyznoborohydride with protonated nitronss, as shown in
‘scheme 10 was nown, so lending credibility to the mechanism
shown in schzme 9.

The steresochemistry at C-17 of the oxazolidine (106

R = ”ECHﬁ;h) wias not daterminod, but the shern naiture of the
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peaks for H-17 in the n.m.r. spectrum indicatesd that one isomer
had been formed. The attack of the hydride ion at the intermediszte
(107; R = CHchzPh) in scheme 9 could occur from either side
of the oxazolidine ring and presumably, attack from the less
hindered side yielded the product observed by n.m.r. speciroscopy.
However, exemination of models did not clarify this problem, so
the stereochemistry remained undecided.

The mechanism shovm in scheme 9 involves formaztion of the
intermediate (1073 R = cqzcthh) as the initial step. In an
attempt to verify if this rearrangement could be observed

spectroscopically, the cyclic adduct (463 R = CH,CH Ph) was

2

dissolved in trifluoroacetic acid contzining 1% concentrated

-

sulphuric acid and the n.m.r. svecirum recorded. Ths spectrum
suggested that one compound had bzen formed which was either
the nitrone (108) of its trifluoroacetate salt. This comnound

nd oy-droducts

)

degraded rapidly in the n.m.r. speciromeiar,
were visible within 15 minutes. The salient featurss of this
spectrum wers the doublets for FE-7 ( & 4.72) and £-8 ( & 5.69),
showing a coupling constant of 3 Hz. H-=5 ajpearsd as z slightly
broadened singlet at & 5.40. The 3 Hz counling beiween H-T

and E-8 was very closs to thalt observed for th: oxazolidine

(1065 R = Ph) (2 Ez), imolying that both compournds had

.3.2

a similar angular rslationship betwecen -7 and E-G.

"’J
[ 8]
(o)

o~

in attempt was made to remove the OH groun of the

ozazolidin: (1063 R = CI, CI Pn) by reduction with lithium
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aluminium hydride. This reaction gave four products as seen
by t.l.c., and preparative t.l.c. was used to separate the
major componeni. 4 crystalline compound was obtained in low
yield from this rsaciion, m.p. 185-187 °¢. The n.m.r. spectirum
was reminiscent of the starting méterial but did not contain
a signal duse to the §¢CH3 protons. Several smzall signals in
the region &§4.0 to 5.0 implied that the fused ring system was
still intect, but the mass spectrum contained a ﬁolecular ion
at m/e 476, the same as that of the starting material. To
reduction could therefore have taken place, but a rearrang:mment
to this unidentified product sesmed likely

During earlier wori on the reactionz of thebaine with
dinitrogen trioxid: and mesitylenesulohonylhydroxzylamine
Efbenxyloxycarbonylnorﬁhebaine had bsen prevared (see chanters

2.1 and 2.2). It was decided to attempt the formation of some
P

cyclo—adducts of N-benzyloxycarbonylnorihevzine. (108a), to see if
extended aryl chain on the nitrogen stom vlocied the pproach
of the niirosocarbonyl-specics.

The rsaction of ll-bsnzyloxycaerbonrlnortiebaine with
H—(g—DhVnJlorovanoyl)hvdro“,lamine in the presence of sodium
periodate formed the cyclo-adduct, anzlogous to (463 = CEECHzPh)
All attemnts to crystelliss this materizl fail:d, but the n.u.r.
spectrum of the crude compound was similar to the adduct (48
2 = CH_CH_Ph) sxesnt for the loss of fhe I-matirl simmzl, a change

2«1. 2- is

of chamical shift of I-¢ znd thae shift of the simmals due to

P

Py
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the carbamote moieiy.
This recaction unforiunately did not prove to be general.

The formation of the cyclo-adduct of H-benzyloxycarbonylnorthebaine

and the nitrosocarbonyl species derived from acetohydroxamic

acid was unsuccessful. Examination of the reaction progress

oy t.l.c. showed that only starting materisl was oresent.

Large excesses of acetohydroxamic acid and sodium periodate were

eventually added, but none of the desired cyclo-adduct was

s

observed.

2.5 Improvements to the HNitrosocarbonyl Rouie

The nitrosocarbonyl route for the prenaraition of
14§-acylgminocodcinones as shorm in scheme 7 suffered from
two disadventages, namzly, the existence of the equilibrium
between the adducts (46) and the dimethyl acetals (96), and
formation of impurities during the phosphorus trichloride
reduction, These problems have now both been overcoms,

The problem of ecuilibration in the second step in the

synthesis shown in scheme 7 was solvsd o converting the cyclo-

ct

adducts (46) into the ethylene ketals (109) rather than the

dimethyl accitals (96). This idsa stommed from the wori: of

. 8 s . . o
D.;;aclean3 on the thebaine;2,2,2-trichloroethyl nitrosoformate

adduct (57) (sez p.20 ).

. .

The cyclo-aziducis (aé; 2 = rPh and anbxokn , wion Treated
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with anhydrous glycolic hydrogen chloride in methylene chloride
at room temperature gave the ethylene ketals (1097 R = Ph and
CHZCHzPh) in virtually quantitetive yield. The following
discussion of the spectral characteristics of the ethylene ketals
(109) shall be confined to the commound with R = CE,CH,Ph.
The compound with R = Ph behaved in a similar manner.

The i.r. spectrum of the ethylens ketal (109; R = czzzcz-zzph)
showed the presence of an 0H (3 270 cm_l) and a barbonyl
(1 639 cm-l) group, while the n.m.r, svecirum was similar to

that of the dimethyl acstal (963 R = CHZCHZPh), except for the

loss of the two sharp singlets sssizgned to the C-6 methoxy

groups aad the introduction of = mulitinles, cenired 2t & 4.1,
ns of the ethrlene Xetal moiety, In

assigne@ to the proto
additioﬁ, a small exira coupling wes now observed between H-G
and H-IOF of ca., 1 Hz, which was not distinguishable before,
The mass spectrum contained a prominent molacular ion 2% m/e
504 and was considerably different from that of the dimethyl
acetal (963 R = HZCHQPh)' The specirum of the dimethyl acetal
was dominated by initizl loss of mothaznol and recyclisation o
the cyclo-adduct (46), which then underwent a retro-Diels—Alder
reaction to form thebvaine. This process was not possible with
the ethylene ketal and the spectirum -as consesguenily more

comnlex, with pealls being observed at i-16, =17, =61 and

=74,
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During studies on the recduction of model compounds (see
P.89 ), it was discovered that the substituted hydroxzamic acids
(110) could be cfficiently reduced to the amides (111) by
dissolving them in pyridine saturated with sulphur dioxide
and heating under reflux for one hour. Using this reducing
system, the ethylene ketals (109; R = Ph and CHZCH2Ph) were
reduced cleanly %o the ketals (1125 R = Ph snd CH,CH,Ph).

\
This reaction gave a purer product than did the phosphorus
trichloride recduction, as observed by t.1,.c.

The i.r.spectrum of the reduced ethylene ketal (1123 R =
CH,CH Ph) contained bands for an WE (3 440 cm_l) end an amide
carbonyl (1 663 cm_l) groun. The n.m.r. spechrum was, 28
expected, similer to that of the dimethyl acetal (97: R = HzcﬁzPh)

with the substitution of the multiplet due to the ethylene

[y

tetal group ( & 4.0) for the two C-6 methoxy singlets. The
signal for H-9 had rmoved upfield from © 4.10 to & 3.4l and
now showsd additional coupling of cz. 1 £z to H-1083 and H-5
no longer showed the W coupling to H-7. BExamination of the
mass spectrum showed a strong moleculzr ion at m/e A88 with
prominent peails for H-PhCH,CH,CO (355) and ii-148 (340). The
peal at 443 corresponding to =45 could have Dbeen formed by
loss of CHBCHZO' Speciroscopic details for the comncund (112;

R = Ph) ware essentizlly ths same, with Ta- mass spacirum

shovwing <he loss of ths frugmwnts 105, 120, and 45.
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The mechanism proposed for this reduction is shown in scheme
11, and is similar to that of the phosphorus trichloride/
pyridine reduction, After initial removal of ths acidic
proton by pyridine, the resulting anion (113) attacks the sulphur
dioxidec molecule to form the intermediate (114). Oxzidation
of sulphur dioxide to sulohur trioxide thsn ejects the amide
residue (115) which captures a oroton from nyridine hydrochloride
to form the amide (112). 4 more complicated mechanism
involving the formation of a sulvhur dioxide/pyridine complex
is also possible, This reaction only proceeded at elevated
temperatures while the phosphorus trichloride reduction could
be successfully cerrisd out at 10 C. A possible reason for tiais
is the tendency for phosphorus to form a doudle bond with oxrgen
is considerably grsater thanthat for formation of a sulphur/
oxygsn double bond.

The reduction of the etihvlene ketals (1123 R = Ph and

L

CH2CH2Ph) was also successfully carried out witn ths former
reducing sgystem of phosphorus trichoride in »yridine, In

both cas:s, the product from tie sulphur dioxide/pyridine

reaction was of highesr nurity and the ri:ld of reduced eihylaone

o

-
zte

H

etel was also g

was effecicd using the sans conditions as thosa for the

nrérolysis of tle dimzthl cceials (27) ond yizlded theo



83




(@b
o~

4@—QCVIam1 10codeinones (77). 3Both these comounds wsre ourer
than those prepared by reduction of the dimethyl zcetals with
phosphorus trichloride, as demonstrated by their slightly
higher melting points and lacl of impurities visible by t.l.c.
The preparation of tie 14§—acylaminocodéinones‘(77;'R.: Ph
and CHZCHZPD) vwas also carried out using this synthetic route

without isolation of intermediates so as

IS5

o maxipise the overall
yield for the reactioan secguence. Accordingly th; thebaine
adducts (46) were formed and converted directly into the ethylene
ketals (109) without prior crystellisation of the adducts (46).
The cruds ethylene ketals (10%) were neated with sulphur dioxide
in pyridinz for 30 minutes, ihen, to this nmixiure was added

.,

dilute hydrochloric =zcid and ithe nmixture wes heated for a further
30 minutes. Thus, reduction, followed by hydrolysis to the
codeinone had been combin:zd into onz step. Tha codeinones (77)
were prepzred by this method in greaitsr thzn 60% vield from
thevpaine,

As the reducing system of sulphur dioxide in pyridine had
proved so successful with the ethylone ketals, it was decided
to attempt the reduction of the dimathyl acetals (96: R

-

and C 2bh2PD) with this reagent., Th: dimeish~l zcztzl (963 R =

CAZCHzPh) as therafore h:atod wit

bul, sursrisincly, it rieldsd the oxazoline (115:

n sulphur dioxide in pyridine

&

o
]
(@]
r
'
C)
4
1
d
N

)

in hish iszld =nd not ths reduccd dim thyl ccatl (97 3 =
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NCH3

Scheme 12
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CHZCH Ph). Assignment of this structure was zssisted fos

comparison of the spectral data with that of the compound (115;
R = Ph), which had been prepared previously by D. McDougal37

in low yield by the reduction of the cyclo-adduct (463 R = Ph)
with zinc in acetic acid.

The oxazolins (115; R = CIchl-ZPh) exhibited bands in the
i.r.spectrum associated with C=C and C=il (1 662 ;nd 1 649 cm—l)
while the n.m.r. spectrum was reminiscent of the L—hvdroxv—
oxazolidine (106}, The most striking feature of ihe n.m.r
spectrum was the E-8 doublet at © 4.45 counled to HE-7 by 3 Hz,
and the #-7 doublet at & 4.57 counled to H-8 oy 3 Hz, with an
additional smell allylic counling fto E~-5 (8§ 4.82) of less %han
1 Hz. TI% was interesting to note that the oxazolines (115)
were the only compounds in which H-7 was furiher dowmfield
than H-8., The mass spectrum contained the molecular ion (m/e
458) and vealis at K-15, M-133, and M-148. A metastzble peak
observed at 231 corresnonded to the loss of 133 (PhCE2CH200)
from the moleculzr ion, To verify tunzt this compound did indeed
have the oxazolidine structure, reduction of the dimethyl =acetzl
(965 R = Ph) wes performed with sulphur dioxide in pyridine
and yielded the oxazoline (115; R = Ph), the spectral daia
and melting »oint of which agreed with the llterature‘7

The proposcd mechanism of ithis reactiion is shown in schenms

o

12, As before, the anion (116) attzcks a molecule of sulphur
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dioxide to form the intermediate (117). Cyclisation of the
compound (117) with consequent loss of methanol yields the
oxazoline (115). With the ethylene ketals shown in scheme
11, it is not possible for the leaving group to detatch
itself from the 6-position so re-cyclisation to the ethylene
xetal with concomitant reopening of the oxzazoline ring could
occur, In addition, five membered ring ketals are slightly

more stable than the dimethyl acetals and so this excess

stability mey be a coniributary factor in ths formation of

-2 A-2' -
hydrolyscd to tie l4@—ac;laminocodeinones (77), with tke
melting point and speciral data zgreeing with the values

already obtzined for the szme compounds prepared by different
routes.
Pigure 3 summarizes trhe reactions that have been studied

baszd on the adducts of thebaine, with nitrosocarvonyl

compounds.,
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2.6 Studies on Model Compounds

The key step in the nitroso-carbonyl route %o 148~acyl-
aminocodeinones was the reduction of the dimethyl zcetals (96)
or ethylene ketals (109) with phosphorus trichloride or sulphur
dioxide in pyridine, As these reductions were previously
uniknowvn, it was decided to apply these reducing systems to the
reduction of some simple substituted hydroxamic\acids, and so
ascertain the generality and scope of the reagents.

The model compounds used were as shown in Tigure 4 and were

chosen because of their different types of alkyl and aryl

substituents and their ease of prsparation. In addition, these

0]

hydroxa@ic acids were 2all crystalline solids and the corresnhonding
anides were also ezsily prspared crystalline solids. Attempis
to make cyclic hydroxamic zcids such as l-hydrozy-2-viperidone

. . . 55
by the literature method” were unsuccessful,

Three different reagenis were uscd for these reductions.
Phosphorus trichloride in »nyridine had veen used successfully
in the reduction of the 'l acetzls (96), out sulohur
dioxide in pyridine, previously used for the reduction of aromsiic
Efoxides57 had never bcen applied to the »roblem of reducing
hydroxamic acids. 3y analogy with the phosphorms trichlorids

reaction, sulphur dioxide was thought to be capable of

performing this reduction, It was also decided 1o attempt
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Reagent
80,/Pyridine PClB/Pyridine BH3/‘I'HF
[o] o} [o)
compound 115 ¢ 0 ¢C 68 “C
0 0 0
Ph . Ph Ph Ph
\II\I /U\ cE, Ny /U\ cH, \HI )J\CH3 ™~ ;\I/\ cH,
OH 4 H H
impure no
(118) 60% crystallisation £6%
Pl /ﬁ\ Ph /ﬁ\ Ph )(j\ Ph
gl 08
~ ~N ~ NN
N Ph N Ph N Ph N Ph
l ' | | |
o)z 1 H H H
(119) 64% impure 32% 8%
0 A 0
P NN /U\C:H3 Ph-” Ny /U\CH3 No Product Ph” N TN CHB
b L §
(120) 18% 48%
0 0 0
?’h/\N)J\Ph pr” > N)J\ Ph | Ph /\N)J\Ph n >N N en
I | | I
OH H H OH
P impure no o
(121) 61% Crystallisetion 247
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the reduction of the hydrozamic aéids with borane in tetrahydro-
furan,

The results of these experiments arec shown in figure 4.
It is immediately obvious that the most efficient method of
reducing hydroxamic acids to amides utilised sulphur dioxide
in pyridine under reflux, The only problem observed with these
reductions was the low yield (18%) for the conversion of
N-acetyl-ll-benzylhydroxylamine (120) into benzyladétamide,
even after 20 hours heating under reflux,

The reductions using phosphorus trichloride in pyridine
gave disappointing results, with H-benzoyl-l-benzylhydroxyl-
amine (119) veing the only hrdroxamic acid fo yield a crystalline
product.. On addition of the phosphorus irichloride to the
hydroxamic acid an immediate brown colourstion was produced.
It was interesting to note thet J-acetyl-ll-phenylhydroxylamins
(120), though only partially reducsd by sulphur dioxide in
pyridine, was apparently not reducesd by phosphorus itrichloride
in pyridine.

The reaction of hydroxamic acids with bvorane/tetrahydro-
furan comnlex was also studied, but it was expected that the

borane would initially reduce %the carbonyl group to = mathrlens

group. rhetkher the hydroxylamine would

ot

s shown in fisurzs 4 were

[0]

aminz was not lmnmowm., The resgul

n

inconsistent in terms of product formed and ryicld, with the



only efficient reduction being that of H-acetyl-N-phenyl-
hydroxylamine into N-ethylaniline. Reduciion of both of the
benzoylhydroxylamines only gave low yields of the benzylamines,
The most puzzling examnle was that of the reduction of
H-benzoyl-ll-benzylhydroxylamine, which, by analogy with the
three otier bvorane reductions, was cxpected to give dibenzyl-
amine (m.p. - 26 OC). The product from this reduction readily
crystallised to yield colourless needles, m.D. li7—119 OC.
This inconsistency was resolved when the mass specirum of this
compound showed = molecular ion =zt m/e 213 with a fragment at
=17, corresponding 3o loss of a hydroxyl, The compound was

nerefore assigned the struciurc of NN¥N-dibenzylhydroxylamine

o! Vs . . - ;
C), which, when treated with more borane under

the same conditions was not reduczd furither to the amine, A
logical explanation for this was not obvious. HNot shown in
figure 4 was the recduction of -aceiyl-N-phenylhydroxriamine
with zine in acetic zcid, which formed the desired amide, bui
in low yield.

The reduction of I-hydroxrysuccinimide was also attempied.

92

Phosphorus trichloride in nyridine successfully formed succinimide

though in very low yield, dut sulhhur dioxide in pyridine did

not appear 1o bo e

i

fective, cven after 24 hours under reflux.
Some s-meculative experiments on the reduction of H-acsiyl-

l-vhenrlhvdroxylanineg (118) wers also attemnted with silicon
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(123)
CH3O
HO Ii
‘ teH,
CH.O

(101)
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containing reagents. No reaction was observed with trichloro-—

58

silane in refluxing benzene, or with polymethyl_ydrosiloxane59.
However, hexachlorodisilane, previously used for the reduction

. . .. 60 , . . .
of aromatic amine oxides =, reacted rapidly with N-zcetyl-il-
phenylhydroxylamine at room temperature in deutericchlorcform.
The n.m.r. specirum of ths »roduct indiceted that reduction

to acetanilide had not taken nlace, and t.l.c. showed there to

be three compounds present in the total reaction mixture.

2.7 Some Reactions of Thebaine and its Derivatives wiih

Tetranitromsthane

The presence of the ether bridge linking C-3 and C-5 in

the morphine alikaloids is not essential for pharmecologiczl

-

activity. Compounds based on the morphinan ring system (122),

o

especially ithoses containing a 3-hydroxyl substituent have been
used as mild analgesics and considerable interest is therefore
attached to the possibility of removing the ether bridge from
thebaine, and introducing nitrogen conteining grouvs &%
l4@—position. It was therefore decided to carry out =
preliminary investigation into The reactions of derivatives
of @ —dihyarothebains (123) with tetranitromethan:.

The reduction of thcbains with sodium in liquid emmonic

7

NI o2 R toa g i
hes been situdied by Bentley and co-woriers who Teporied Thov
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the major product was dirydrothebaine—f (101). Kore recent
investigations62 have showm that by varying the reaction
conditions, or by using potassium instead of sodium, 2 certain
amount of @-dihydrothebaine (123) can also be formed. He have
found that by allowing the products of reduction with sodium
in liguid ammonia %o eguilibrate for several hours in the
presence of sodamide, the percentage of ?-dlw"drotheoGlne (123)
in the total reaciion mixture increases as a function of time,
with, for example, 2 mixture of B-dihydrothebainc (65%) and
dihydrothebaine—-f (35%) being obtzined after 20 hours eguilibration.
The products were separated by fraciionsl crystallisation, but

]

n.,mn.,r. specitroscony showsd that the @ —dihrdrothebaine was

1

T

contaminated by a small amount of dihydrothebaine -0

The pressnce of the hvdroxyl group at the 4-position, as
in @-dihydro%hebaine was considzred to be undesirable due to
the activity imparted into the aromatic ring by the phenolién
system. It was therefore decided to proiect this hydroxyl
groun as the acetate, but severzl aittemnis 1o acylate@-di\ydro~
thebaine with acetic anhydride in pyridins mei with no success.
Tven under mild conditions (O °¢ for 2 days) multiple products
were formed, with a decp purnle colour beins nroduced, It
was concluded that a rearrangement had prefereniially taizen placs
to produce &z highly conjugated system, tie naturc of which was

not esvadnlished.
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CH3O =
PhO ||ii
lllll] NOH,
CH3O
(125)
CH3O
[lllll HCH,
CHBO
(126)
caso I
PhO
!!lln HCH3
CH30

(127)
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A search of the literature revealed that dihydrothebzine-@
had been converted into the 4-phenyl ether (125) by an Ullmann
reaction63, and the 4-phenyl ether group had been subsequently
removed by reduction with sodium irn liguid zmmonia +to yield
the substituted tetrahydromorphinan (126). This Ullmznn reaction
was repeated with @-dihydrothebvaine and, after »reparative t.l.c.,
the 4-phenyl ether (127) was obtained as an oil. . All attcmpts
to crystallise this material failed, but the compouﬁd Wes
homogeneous by t.l.c., and the n.m.r, spectrum was consistent
with the structure (127). This compound was used zs the starting
material for e niiration reactions with tetranitromexhane.

1

The reaction of tetraniitromethane with thebaine hes been

3

w -

T

studied in dzoth and it was decided to consolidate some of
this earlier work before a2ttemnting the nitration of 4-phenyl
ether (127).

Among the products obtained from the reaction of thebaine
with tetranitromethane in benzene was a compcund which was
assumed to have the peroxide siructure (74). Barlier combustion
analysis of this compound had tesn unsatisfactory, but the
structure had been determined. by chemical dezradation and n.m.r.
speciroscony. The literature method was therefore modified
and the oroduct, isolated by prevarative $.l.c. on aluminas

followed by crystallisation from ethyl acefzie was spectroscopically

identical %o *he przviously »repared material, with a2 speciunen

@
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(72)
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analysing correctly for Cl9H20N2O7, the maximum deviation from
theory being 4+ 0.09% for hydrogen. As further proof that this
compound did indeed possess the novel veroxide bridged system
(74), the X-ray structure was obtained®? and is shown in
figure 5.

An alfernative preparation of the compound (128),

(74)37

degradation n»nroduct of sy was sought, so that samples of
this compound, prepared by two different routes rcould be
compared. Thus, thebaine was treated with tetranitromethane

ot 4 4 N 42
by the literaiure method

in methznolic ammonia to yield the
dimethyl acetzl (72) which was hydrolysed to the codeinone (73)
with dilute acid, Attzmpis to oxidise the codeinone (73) to

the 10-oxo0 comzound (128) with selenium dioxide in refluxin
dioaxans were unsuccessful. N.m.r. speciroscopy showed the loss
of the J—mothyl signal and the addition of a signal at & 8.1,
tentatively assigned to an H-formyl proton. Therefore, as the
H-methyl group had becen apparzntly oxidised in preference %o

the benzylic methylene group, this attempt to confirm the
structure of (74) was abandoned.

After an initial atfemp’ to react @-dihydrothebaine with

tetranitrometheane hed yislded an intraciabdle

reaction of the 4-vhenyl cther (127) with teiranitromethane

<t
0]
O
Hy
H
o
(o]
=
[e]
=
Q
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was studizd. Two differen

ck
ct
[}
3
2
ot
ct
o

cmployed, namzly, using benzene as solvent in an =2

malic the compound analogous %to the peroxide (74), and using
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methanol and ammonia, to prepare the compound analogous to the
dimethyl acetal (72).

The reaction of tetranitromethane with the 4-phenyl ether
(127) in benzene with passage of oxrgen vielded at least eight
different compounds, separable by t.l.c. on zlumina. No
compound containing an 8¢,10¢-dioxide bridge was obteined,
although several of the components did not contain sufficient
material for the n.m.r. spectrum to be recorded.“The major
product of this reaction was the 5,Qfdihydro—l4@—nitrocodeinone
(129).

The i.r. spectrum contained bands at 1 679 and 1 539 cm_l,
showing the presence of an «f -unsaturated ketone and a nitro-
group respectively, while the n.m.r. specirum was similar to
that of the known compound (73), the mejor changes being the
introduction of the arcmetic multiplet ( & 6.2 to 7.4) znd the
loss of the signal attributed %o -5, formesrly 2t § 5.14. 1In
addition, the C-4 phenyl ether now shiclded the C-3 mevhyl
ether and so caused an upfield shift of 0,2 ppm. The mass
spectrum showed a molecular ion peak at m/e 420, with the base
peak (374, #-46) presumably being caused by loss of the nitro-
Eroup.

Among the other products isolated in very low yield by

preparative t.l.c. of the total reaction mixture was the dimethyl

acztal (130). The n.m.r. spectrum of this material was identicsl
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to that prepared by a different method (see below), and it was
interesting to note that the additional methoxy group now attached
at C-6 must have come from another molecule of starting material
that had been iransformed into the ketone. The other component
isolated by t.l.c. consisted of a mixture of unreacted starting
material and strangely, a compound which appeared to be the
4~phenyl ether derived from dinhydrothebzine-f. As stated

earlier, the @ —dihydrothebaine obtained from thé sodium/liquid
ammonia reduction of thebaine was contaminated with a small

amount of dihydrothebaine—f, so presumably, this material had

also been converted by the Ullmann reaction into the corresponding

<t

ith

PN

4-phenyl ether., This compound, being unadble to react v

o the non-conjugated nature of the diense

ok

tetranitromaethane due
system, increased in relative concentration to become visible in

5

the n.m.r. spectirum of the unrszacted starting material,
Wien the 4-phenyl ether (127) wzs subjecied to the rezction

conditions that had previously trznsformed thebaine into the

dimethyl acetal (72), a crysialline product -as obtzined in low

vield which was assigned the siructure (130). 4is expecied, the

snectroscopic data for this compound were similar to those of

the dimethyl acetal (72). The i.r, spectirum contained a bznd

at 1 537 cm—l, showing the pressnce of the nitro-group, =nd

the n.m.r. specirum, when comparcsd to that of compound (72), hzd

gained the aromatic multiplet in the region & 6.7 to 7.4 and
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lost the H-5 signal, formerly at §& 5.04. Shielding of the 3-methoxy
group by the 4-phenyl ether group had caused an upfield shift of
0.2 ppm for the appropriate singlet and the signal for H-9, which
was not observed previously, was now visible as a doublet centred
at §3.71. The mass spectrum showed only a very wealk molecular
ion peak at m/e 466 but the prominent peak at 420 due to the loss
of the nifiro group was observed and the base veak appeared at
m/e 306 (1-160). |

As a final experiment it was decided to attempt the formaition
of a cyclo-adduct from the 4-phenyl ether (127) and nitrosocarbonyl-
methane, formed by the oxidation of acetohydroxamic acid. Using

B

the reaction conditions that had proved to be successful in
earlier étudies, the cyclo-adduct (131) was prepared. At tire
tihe this reaction was atfempted the 4-phenyl ether used as
starting material was not availables in pure form, so several
impurities were carried through into the p»roduct. Separation
was accomplished by prevarative t.l.c., but the cyclo-adduct
(131) still failed to crystallise., The n.m.r. spectrum was
consistent with this structure and was, as c¢xpected, similar
to the spectrum of the thebaine adduét (465 R = CH3), with the
addition of the aromatic signals in the region § 6.6 to 7.4
and the loss of the -5 singlet, formerly at §4.,60. Shielding

of the 3-methoxy groun by the 4-phenyl ether group again caused

an upfield shift of 0.2 ppm for tho methoxr singlet.,
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It was therefore shown that the 4-phenyl ether (127) was
capable of performing nitration reactions with tetranitromethane,

and forming cyclo-adducts with nitrosocarbonyl intermediates.

2.8 Results of Pharmacological Testinz

The analgesic potency of severzl of the compounds prepared

by the nitrosocarbonyl route was determined by animal +testing

65

experiments. Several different methods are available for

determinin; whether or not a compound is an analgesic, and

the techniques used in this study were the Rat Tail Pressure

P)66

-

(r.T. and Hendershot and Forszith (. znd F.) methods.

animal with the

_
[©]

The R.T.P., method involves injeciing %

test substance, then applying pressure to the rat's tail until

o

the animal struggles and squeaks. £Anelgesia is assumed when
the threshold is at least twice that of the mean control
experiment. The H, and P, metiod involves injeciing ithe animal
with the compound under test, followed, afier a2 short delay, by
an aqueous solution of 2-phenyl-l,4-benzoguinone, which causes
the animal to writhe., The number of writhes in a given time
igs noted and compared to that of the control -experiment.

The results of these experimants are shown in table 1,

and the graphs on the facing page. These are quoted as the dose,

in mg per kg of vody weight, of the ¥

O

[0}

st comwound, injeciod
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Table 1. Resulits of Animal Tests

CHBO
(96)
0
NCH3
CH 10
0 s 0
CH )
o) 3 5 (eH.) pn
R.T.P. H.2nd P. R. T 2pn H.and F. R.T.P.
n=0 0.1 1,15 0.205 8 >10
n = 1 004 2085 11-4 0027 O¢26
n=2 0.018 0.03 0.027 0.34 0.70
n = 3 0002 0020 0052 2.5 8.8
CH.O
3
0
3 NCH,
. 0 ¢ i HC1
R
T SRR
\ EO .
)ZPh (0H2)2Pn (Cr ) Ph

H = 5 1= B °h i

(1123 R=CIH “ZPn) (465 R= CH,CH,? ) (102: R=CH 5C Ph)

H,and F, = 0.12

R.T.P. = 0.76 ReTaPo = 22,0 R.T.P = ca. 10

For comparison :— liorphine sulphate : R.T.Pe = 2.6
Codeine nhosphaote ¢ ReT.P. = 13.5

- T r‘,*lv;-'rr'cv 7 -+ o
A11 results are =D.. MEAS (subcutaneous)
S
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Results of Animal Tests (contd)

CH,O

0
12 (17)
EDy,
11 .
(mg/Ke)
10 - ;
| 9 _
p 8.
0 7.
T 6.
E
5
N
c
y 3-
¢ 2 -‘
1]
0 i ——

R.T.P.
g, and F.
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subcutaneously, that produced analgesia in 50% of the animals
under test (ED5O). Thus, the lower the numerical value for the
ED5O, the more potent is the analgesic.

The most potent compounds in the codeinone series (77)
were those with n = 2 and n = 3, with the least active being
that with n = 1. This behaviour was followed by the corresponding
dimethyl acetals (97), but a much larger spread of results wes
obtained. Thus, although the most potent compound'(97; n=2)
was of approximately the same activity as the codeinone (77, n = 2),
the dimethyl acetal (97, n=1) was ca. 30 times less potent
that the codeinone (77, n = 1). There was little difference
in potency between the codeinones (77; n=2and n = 3); but
the dimgthyl acetal (97, n = 3) was several tim:s less potent
than the dimethyl acetal (97, n = 2).

A different structure—aciivity relationshin was observed
with the N-hydroxy compounds (96). These compounds were

-

.generally weaker znalgesics

<

then the corresponding codeinones
(77) or dimethyl acetals (97) excevt where n = 1, whers the
maximum poiency was achieved., The compound with n = 2 as also
active, but ths compounds with n = O and n = 3, in contrast to
the compounds in %the series (77 and 97), 'were now relatively
poor anzlgesics.

The ethylene ketal (1123 R = CH2CH2Ph) vas also shovn 1o

be a potent analgesic, though not nearly as active as the dimetihrl
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acetal (975 n = 2), while the cyclo-adduct (465 R = CHZCHZPh)
and the N-hydroxycodeinone hydrochloride (102; R = CHZCHzPh)

were only slightly active,
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CHAPTER 3 EXPZRIMENTAL

Instrumentation

m.p.s (corrected) - Reichert hot-stage apparatus.
i.r. spectra - Perkin-Elmer 257 and 197.
u.v. spectra -~ Unicam SP 8003B.

M n.m.r. spectra - Varian T-60 (60 MHz)

Perkin-Elmer R32 (90 MHz).

mass spectra - A.E.I. MS 12 at an ionising wvoltage
of 70 eV,
Hotes

(a) XN.m.r. refers to 2 n.m.r. spectra with tetramethylsilane
as internal standard.

() Organic solutions were dried over anhydrous magnesium
sulphate and evaporated on a rotary evaporator at ca. 50 oC
at 15 mm Hg, uniess otherwise stated.

(¢) THPF refers to tetrahydrofuran and ether refers to diethyl
ether,

(d) T.l.c. was carried out on Merck GF254 silica and alumina
with detection of components by u.v. Column chromatograohy
utilised WOélm neutral alumina,

(e) Elemental analyses were carried out by the microanalytical

service, Chemistry Department, Glasgow University.
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The Preparation of Dinitrogen Trioxide

Dintrogen trioxide was prepared in the apparatus shown
in figure 6 . The apparatus was first flushed with nitrogen,
then, with valve D open and valves C and E closed, valves A and
B were carefully contolled such that approximately equal
volumes of nitric oxide and air were allowed to mix together.
The rate of mixing was measured by the passage of the bubbles
of gas through the Drechsel bottles of sulphuric acid. Dinitrogen
trioxide condensed as a bright blue liquid and das_either
weighed (by removal of the collection trap), or measured by
volume (using a previously calibrated trap). Once the required
amount had been collected, valves A, D, and B were closed, and
valves C and E opened. Thus, as the trap was allowed to warm
1o room temperature, the dinitrogen trioxide was carried into

the thebaine solution by the nitrogen carrier zas.

Reaction of Thebaine with Dinitrogen Trioxide

Dinitrogen trioxide (0.25 ml, 4.76 mmol) was collected at
- 178 °¢ under dry nitrogen as a bright blue liguid. This was
allowed to warm to room temperature and was carried by a stream of
dry nitrogen into a solution of thebaine (1 g, 3.21 mmol) in
ethyl acetate (30 ml), precipitating a thebaine salt as a
yellow solid. This was removed by filtration and the constituents
of the filtrate sparated by prevarative t.l.c. on silica,
(chloroform - methanol, 9:1). The major comvonent (EF 0.68)
was removed and crystallised from benzene - ethyl acetate to

yield the oxime (72) (108 mg, %), m.v. 231 °¢ (with colour
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change at 203 °C). (Found: C, 58.71; H, 5.52; N, 11.08.
019H21H306 requires C, 58.91; H, 5.43; N, 10.85%); Amax.(CH3OH)
209 (£ 3.93 x 10%) and 230 (€ 1.42 x 10%) nm; v__ (KBr) 3 280,
1 634, and 1 550 cm'l; 1) (D6DHSO) 2.32 (3H, s, N—CH3), 3.63 (3H,

s, 0-CH

at ¢-6), 3.78 (3H, s, 0-CH, at C-3), 4.28 (1H, d,

3 3
I 100 T 2, B-9), 5.31 (1H, s, H-5), 5.76 (1H, s, H-T), 6.70

(1w, 4, In o 8 Hz, H-1), 6,85 (1H, d, 1 8 Hz, H-2), and 11.70

Ly

(1H, s, D 0 exchangeable, N-OH); m/e 387.

2

Preparation of Horthebaine

Horthebaine was prepared by a modification of the method
of B. Lilly and Co.68 Thus, thebaine (6.24 g, 20 mmol) and
diethyl azodicarboxylate (prepared by the method of J. Kauer69)
(3.48 g, 22 mmol) in benzene were heated under reflux for 3 h.
The solvent was then evaporated to yield the intermediate
H-(1,2-diethoxycarbonylhydrazino-methyl) northebaine (30) as
an oil., This material was dissolved in ethanol (40 ml), water
(30 ml) and ammonium hydroxidé (0.88 sp. g., 20 ml), and heated
under reflux for a further 6.5 h, then left a2t room temperature
for 17 h, The solution was extracted with methylene chloride,
dried and evaporated to yield a brown oil. This o0il was
dissolved in refluxing ethyl acetate and, on cooling, the by-product
urethane precipitated and was removed by filtration. The filtrate
Qas evaporated and the residue dissolved in methanol and treated

’

with methanolic hydrogen chloride (24 i ca. 21 ml) till the

solution was just acidic. Northebaine hydrochloride orecinitated

from the solution and was recrystallised from water (2.54 g, 43%),

68
m.p. 269 °C (decomn.) (Lit., 270-272 °C(decom.)).
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Preparation of l-Benzyloxycarbonylnorthebaine

A solution of northebaine (1.4 g, 4.7 mmol) in chloroform
(28 ml) was treated with water (14 ml) and sodium hydrogen carbonate
(1.68 g). The mixture was then cooled to O °C, treated with
benzyl chloroformate (0,73 ml, 5.1 mmol), and stirred for 2 h.
The chloroform was then separated and the aqueous layer extracted
twice with chloroform, The combined extracts were washed with
water, dried and evaporated to give a pale yellow oil.
Trituration of this oil with ether - light petréléum (b.p. 40-
60 °C) and a small quantity of ethanol led to crystallisation
after 24 h at - 78 °C., The solid was removed by filtration,
washed with a small portion of cold ether and dried to give
N-benzyloxycarbonylnorthebaine (1.02 g, 50%), m.p. 113-115 °c

48

(1it., 116-117 °c)s 8 (CDCl3) 3.59 (34, s, 0-CH, at C-6), 3.83

3

(34, s, 0-CH, at C-3), 5.02 (1H, 4, I._ g 7 Bz, E-7), 5.18 (2H,

3
S, O—C§2Ph), 5.28 (1H, s, H-5), 5.61 (1H, br 4, gH_7 7 Hz, H-8),
6.56 (1H, 4, 35 9 Hz, E-1), 6.69 (1, 4, 35 1 9 Hz, H-2), 2nd

7.35 (54, s, Ph).

Reaction of H-Benzyloxycarbonylnorthebaine with Dinitrogen

Trioxide

Dinitrogen trioxide (26 mg, 0.34 mmol) was collected at
— 78 °C under dry nitrgen as 2 bright blue liquid. This was
allowed to warm to room temperature and was carried by & stream
of dry nitrgen into a solution of Ii-benzyloxycarbonylnorthebaine
(147 mg, 0.34 mmol) in deuteriochloroform (2 ml). The

1 reaction mixiure were sevaraved

fews

(D]

constituents of the tot
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preparative t.l.c. on silica .(chloroform - methanol, 20:1), and
the component with EF 0.69 was removed and crystallised from

toluene at - 5 °C to yield the impure oxime (83) (12 mg, T %),

m.p. 199-201 °C; v___ (KBr) 3 280, 1 632, and 1 549 om L A

(CH,0H) 212 (€ 2.10 x 10%) and 231 (£ 7.69 x 10%) nm; 6 (cpe1,)

3.68 (3H, s, O-CH, at C-6), 3.86 (3H, s, O-CH, at C-3), 5.19

3 3
(28, s, O-CHPh), 5.34 (1H, s, H-5), 5.87 (1H, s, H-T), 6.63
(18, 4, J; , 9 Hz, H-1), 6.81 (1H, 4, I g 9 Hz, B-2), 7.29
(58, s, Ph), and 7.38 (1H, br s, ¥-0H); m/e 507?wi¢h impurities

at m/e 494 and m/e 534.

Alternative Procedure for the Reaction of N-Benzyloxycarbonyl-

northebaine with Dinitrogen Trioxide

H-Benzyloxycarbonylnorthebaine (267 mg, 0.62 mmol) in
deuteriéchloroform (2 m1) was injected directly into liquid
dinitrogen trioxide (40 mg, 1 mol. equiv.) at ca. O °¢, in a
sealed container under a nitrogen atmosphere., The constituents
of the total reaction mixture were separated by preparative
t.l.c. on silica (chloroform — methanol, 20:1). The component
with Ry 0,70 consisted of the oxime (83) (30 mg, 10%) which
was identified by n.m.r. spectroscopy. Hass spectromeiry

indicated that this material was impure.

Preparation of llesitylenssulphonylhvdroxylamine (88)

The preparation of mesitylenesulphonvlhydroxylamine is
covered in the review by Y. Tamura et a149and is reoresented in

scheme £,
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Mesitylenesulphonyl Chloride (87)

70

The procedure of Wang and Cohen was carried out with
mesitylene (100 @l) and chlorosulphonic acid (131 ml).
Mesitylenesulphonyl chloride was crystallised from ethyl
acetate — light petroleum (b.p. 40-60 °C), m.p. 52-55 °C

(1it., 57 °c).

Bthyl Imidoacetate Hydrochloride (88)

71

The procedure of Reitter and Hess, “using Qny acetonitrile
(25 ml) and dry ethanol (25 ml) gave ethyl imidoacetate

hydrochloride, which crystallised from acetone (52.8 g, 85%).

Bthyl Acetohydroxamate (89)

T2
The procedure of Houben and Schmidt yielded, from ethyl

imidoacetate hydrochloride (10 g), ethyl acetohydroxamate (5.1 g,

61%), b.p. 60 °C / 13 mm He.

Ethyl O—(Mestylenesulphonyl) acetohydroxamate (20)

fhe procedure of Tamuréfswas followed, and afforded,

from mesitylenesulphonyl chloride (72 g) and ethyl acetohyroxamate
(34 g), ethyl O-(mesitylenesulphonyl) acetohydroxamate vhich
crystallised from light petroleum (b.v. 40-60 °c) (44 g, 46%),

m.p. 52-54 °cC.

Nesitylenesulphonylhydroxylamine (86)
49

The procedure of Tamura was carried out immediately before

the mesitylenesulphonylhydroxylamine was required for use, using
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the guantities required for a spécific reaction, The product
was used either as a dried methylene chloride solution, or

was recrystallised from ether - light petroleum (b.p. 60-80 oC).

Attempted 14§—Amination of H-Benzyloxycarbonylnorthebaine

with Mesitylenesulphonylhydroxylamine (86)

§7Benzyloxycarbonylnorthebaine (51 mg, 0.12 mmol) was
dissolved in deuteriochloroform and treated with freshly
prepared mesitylenesulphonylhydroxylamine (28 mé,'O.l4 mmol) ,
which had been crystallised from ether — light petroleum (b.p.
60-80 OC). The mixture was kept at 30 °C and the reaction
followed by n.m.r. spectroscopy. io significant reaction
appeared to take place till affer ca. 10 h, afier which the
Spectra:became progressively more complex, The reaction
appeared to stop at ca. 100 h by which time, the n.m.r. soectrum
was unrecognisable and the contents of the n.m.r. tube had been
transformed into a dark browvmn solution. No product was obitained

from this process,

Attempted 14g8-Amination of H-Benzyloxycarbonylnorthedbaine

with Eydroxylamine-O—sulphonic Acid (85 )74

Several attempts were made to aminate I-benzyloxycarbonyl-
northebvaine directly in the l4@—position using hydroxylamine-0-
sulphonic acid, with no success. The following o»rocedure was
typical.

N-Benzyloxycarbonylnorthebaine (100 mg, 0.23 mmol) in

deuteriochloroform (1 ml) and deuteriomethznol (1 ml) was tremated



with hydroxylamine-O-sulphonic acid (89%; 30 mg, 0.23 mmol).

The temperature was maintained at 30 0C ané the reaction »rogress
moniored by n.m.r. spectroscopy and t.l.c. After 3 h, no
starting material remained, and after 19 h, the two main
constituents were separated by preparative t.l.c. on gilica
(chloroform — methanol, 9:1)., The i.r. spectra indicated that
neither compound contained an -IH group, but both contained

an -0OH group, and the n.m.,r. spectra did not correspond to

that of the desired product. HNo aminated material was recovered

from this process.

Attempted N-Amination of Horthebaine with Mesitylenesulphonyl—

hydroxylamine (86 )

Northebaine hydrochloride (100 mg, 0.30 mmol) was treated
with sogium hydrogen carbonate solution (gg. 20 ml), extracted
with chloroform and evaporated to give northebaine (83 mg, 0.28
mmol) as a pale yellow oil., This oil was dissolved in deuterio-
chloroform (2 ml) and treated with freshly orevared, crystalline
mesitylenesulphonylhydroxylamine (57 mg, 0.28 mmol). Within
5 min, the starting material had mostly disappeared and had been re-
placed by & new nortinebaine-like compound. The reaction was
left overnight, then washed with Sli-hydrochloric acid (3 z 1 ml)
followed by water. The aqueous phase was basified by the
addition of aqueous sodium hydrogen carbonate, extracted with
chloroform and dried fo yield, after evaporation, stiarting
material (9 mg). The n.m.r., svectrum of the acid insoluble

material indicated that the new northebzine-like nroduct vas
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present, along with a mesitylene derivative. These compounds
were not separated, but n.m.r. data for the postulated

H-aminonorthebaine was as follows § (CDClB) 3.65 (3H, s, 0-CH,

at ¢c-6), 3.87 (3H, s, 0-CH, at ¢-3), 4.54 (1H, d 7 Hz,

’ lI-H—lOOc
B-9), 5.05 (1H, 4, J; g 6 Hz, B-T), 5.27 (1H, s, B-5), 5.75
(1=, 4, g_H_7 6 Hz, H-8), 6.72 (2H, s, H-1 and H-2), and ca, 7.0

(2", br s, 3{1{2).

Attempted N-Amination of Horthebaine with Hydroxylamine—

O-sulphonic Acid ( 85 )

Northebaine (176 mg, 0.59 mmol) was dissolved in methanol
(lO ml) and treated with a solufion of hydroxylamine-O-sulphonic
acid (89%; 113 mg, 0.89 mmol) and potassium hydroxide (55 mg,
0.98 mmol) in water (3 ml). The mixture was heated under reflux
for 30 ﬁin, then the solvent was removed under reduced »ressure
and the inorganic residue extracted with ethanol. To this
ethanol solution was added hydriodic acid (45%; 169 upl, 0.89 mmol),
then the reaction mixture was cooled for 17 h at - 78 °c.
Xorthebainehydriodide precipitated from this solution. XHo

H-aminated product was observed.

Preparation of Hydroxamic Acids

The preparation of the hrdroxamic acids was an adantation
of the procedure of Sandler and Karozj Thus, the relevani

carvoxylic acid was first converted into its ethyl ester, which

was in turn trezted with hydroxylamine hydrochloride in the
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presence of sodium hydroxide to form the hydroxamic acid. The
yields varied from 30% to 56%, and the nroducts generally were

low m.p. solids, which crystallised from ethyl acetate or benzene.

Preparation of the Thebaine/2-phenylnitrosocarbonylethane

Adduct ( 463 R = CE_CH_Ph)
£

2
Thebaine (2 g, 6.4 mmol) in ethyl acetate (150 ml) and sodium

periodate (2.05 g, 9.6 mmol) in agueous sodium acetate (0.2 M,
adjusted to pH 6 with concentrated hydrochloricTaqid)(SO ml)
were stirred repicdly at O oC. Ef(3—Pheny1propanoyl)hydroxylamine
(1.58 g, 9.6 mmol) was added slowly over 10 min, then rapid
stirring was continued for 1 h., The mixture was basified with
agueous sodium hydrogen carbonate and the layers separated. The
agueous layer was extraéted with ethyl acetate and the combined
ethyl a;etate layers were washed with dilute agqueous sodium
thiosulphate and then water, The dried ethyl acetate solution
was evaporated to yield a crystalline solid (3.49 g).
Crystallisation from ethyl acetate or ethanol gave the thebaine
adduct as needles, m.p. 156-157 °C (80-90% yield)(Found: C, 70.6:

H, 6.65 ¥, 5.63. C requires C, 70.89: E, 6.333 M, 5.91%):

g -
281.53011 205

vmax.(KBr) 1 675 cm‘l; 0] (03013) 2.50 (3H, s, H—CH3), 3.55 (3H, s,

o-CH3 at ¢-6), 3.83 (3H, s, 0-CH, at €=3), 4.65 (1H, s, H-5),

4.90 (1iH, 4, Iy 0xT H2s H-9), 6.00 (1E, d, I o 9 Hz, H-7),

6.15 (1H, d, gH_Y 9 "z, E-8), 6.60 (1H, 4, 3., T Hz, H-1),

€.63 (18, 4, 7 Hz, E-2), and 7.22 (54, br s, Ph): m/e 474.

Z
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Preparation of the Dimethyl Acetal (96 s R = CHaCHZEQL
ot

The thebaine adduct (46 3 R - CH,CH,Ph) (1 g, 2.1 mmol)
in 0,175 M anhydrous methanolic hydrogen chloride (40 ml) was
kept at O 0C for 10 min., A white solid separated., The mixture
was neutralised by the addition of solid sodium hydrogen
carbonate and water was added to the resulting paste to
dissolve salts., The mixture was extracted with chloroform
and the extract was then dried and evaporated to yield the

[y

dimethyl acetal which crystallised from ethyl acetate as .

needles (703 mg, 66%), m.p. 172-173 °C (Found: ¢, 68.62; H,

6.84; H, 5.05. 0293343206 requires C, 68,77; H, 6.72; ¥, 5.53%):

v ax.(KBr) 3 245 and 1 640 cm_l; 5 (CDCl3) 2.40 (3H, s, H-CH3),

3.12 (3H, s, 0-CH, at C-6g), 3.50 (3E, s, O-CH, at C-6),

3 3

3 8t ¢-3), 4.32 (15, 4, Iy ;4. 6 Hz E-9),.

4.86 (1H, s, BH-5), 5.56 (1H, d, I g 10 Hz, BE-7), 6.40 (1H, 4,

3.90 (3, s, 0-CH

10 Hz, H-8), 6.56 (1H, 8 Bz, B-1), 6.74 (1H, d,

Ig g G Ly

I 8 Hz, H-2), and 7.30 (5H, ©br s, Ph); m/e 506.

Unsuccessful Reductions of the Acetal (96 : R = Ph) to the

CH,CH,,

Acetal (973 R = CH,CH Ph)

Hany attempts were made to carry out this reduction and

the unsuccessful attempts are given below., The experimental
details given are representative of the general procedure used,
but several attempts, using differing amounts of reagents,
reaction times and temperatures were also carried out, all with

equally negative resulis.
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1) Zinc/Acetic Acid

The dimethyl acetal (50 mg, 0.1 mmol) in glacial acetic
acid (2 ml) was treated with zinc dust (10 mg, 1.5 mél. equiv.)
and the reaction temperature maintained at 80 ¢ for 30 min.

The mixture was then basified by the addition of aqueous

sodium hydrogen carbonate solution, extracted with chloroform,
the extract dried and evaporated to yield the cyclic adduct

(46 ; R = CH,CH,Ph) (identified by n.m.r. spectroscopy), which
crystallised from ethyl acetate, m.p. 157-158 °C (lit. p 121 156-

157 °¢).

2) Lithium Aluminium Hydride/THF

The dimethyl acetal (101 mg, 0.2 mmol) in dry THF (3 ml)
was slo;ly added to lithium aluminium hydride (15 mg, 0.4 mmol)
in dry THF (3 ml) under argon. After 1 i at room temperature
followed by 1 h at reflux temperature, the reaction mixture
was cooled and quenched by the cautious dropwise addition of
saturated ammonium‘chloride solution (ca. 0.5 ml). ZExcess
water was removed with anhydrous sodium sulphate, then the
mixture was filtered and the inorganic salts washed with
THF. Evaporation then yielded an oil (98 mg). T.l.c. on
alumina (ethyl acetate) indicated that multiple products had
been formed, but the n.m.r. spectrum indicated that oredominantly
one compound was present, o (CDClB) 2.37 (3H, s, K—CHB), 3.17

(3#, s, 0-CH, at C-6g), 3.43 (3, s, 0-CHy at C-6cc), 3.84

3

(31, s, 0-CH, at C-3), 4.83 (1¥, s, H-5). 5.57 (1H, &, J. o

“w

3
10 Bz, ©-7), 5.066 (11, 4, J.. . 10 Hz, I=-8), 6.47 (117, 4,



I o 8 Hz, H-1), 6.57 (1H, br s), 6.62 (1H, d, 8 Hz,

I
H-2), and 7.19 (5H, br s, Ph). All attempts to crystallise this
material, and to remove the impurities by chromatography

failed. This material was never identified and attempts to

hydrolyse it to the codeinone with dilute acid also failed.

3) Sodium Amalgam

The dimethyl acetal (100 mg, 0.2 mmol) in THF (5 ml) and
water (1 ml) was treated with sodium amalgam (300 mgs; 3%).
After 18 h at room temperature, t.l.c. indicatea that no reaction
had taken place, so a further portion of the amalgam was added
and the mixture heated under reflux for 4 h, then left at
room temperature for a further 17T h., T.l.c., and n.m.r,.
spectroscopy again showed that no reaction had taken place.

Filtration and evaporation yielded crystalline starting material

m.p. 168-169 °C (1lit. p122 172-173 °¢).

4) Bouveault-Blanc Reduction (Ethanol/Sodium)

The dimethyl acetal (100 mg, O.Z‘mmol) in ethanol (4 ml)
and THF (4 ml) was heated under reflux and treated with.
sodium (18 mg, 0.8 mmol). After 10 min, water (10 ml) was
added, the mixture extracted with chloroform, the extract
dried and evaporated to yield a crystalline solid (77 mg).
¥.m.r. spectroscopy indicated that this consisted mostly of
starting material and t.l.c. on silica (methanol - chloroforom,
2:8) indioated»that ca. 10 by-products had also been formed.

Yo product was isolated from this reaction.
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5) Chromous Acetate

The dimethyl acetal (100 mg, 0.2 mmol) in THF (3 ml) was
treated with chromous acetate (85 mg, 0.5 mmol) in dimethyl
sulphoxide (2 ml) under an atmosphere of carbon dioxide.

After 3 h at room t;mperature, water was added, the mixture
extracted with chloroform and the extract washed (8 x) with
water. The extract was dried and evaporated to yield unreacted
starting material, identified by n.m.r. spectroscovny.

The above reaction was repeated at 85 °c. The n.m.r.
spectrum indicated that all the starting material had been
consumed, but a plethora of products had now been formed.

Ho reduced material was obtained from this probess.

6) Chromous Chloride76

The dimethyl acetal (100 mg, 0.2 mmol) in acetone (15 ml)
was treated with an agueous solution of chromous chloride
(5 ml) at O °¢ with passage of carbon dioxide, then allowed to
warm to room temperature, After 72 h, the mixture was diluted
with water, extracted with chloroform and the extract dried.
Evapofation then yielded impure thebaine hydrochloride as an
0il. Further attempts using this reducing system led to
multiple product formation with no evidence of formation of

the reduced dimethyl acetal,

7) Zinc/immonium Acetate

The dimethyl acetal (100 mg, 0.2 mmol) in TEF (3 ml) was
treated with zinc (65 mg, 1 mmol) and ammonium acetate (77 mg,

1 mmol) in methanol (3 ml). After heating under reflux for
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6 h, the mixture was filtered and evaporated to yield starting
material, which was identified by n.m.r. spectroscopy. No

reaction took place,

8) Zinc/Ammonium Chloride

The dimethyl acetal (100 mg, 0.2 mmol) in THF (5 ml) was
treated with zinc (65 mg, 1 mmol) and ammonium chloride (54 mg,
1 mmol) in water (3 ml). The mixture was heated under reflux
for 48 h, then kept at room temperature for 5 days. Water
(20 ml) was added, the mixture extracted with chlofdform, then
the extract dried and evaporated. T.l.c. on silica (methanol'—
chloroform,2:8) indicated that some starting material remained

along with 4 other products. These were not identified.

9) Copoer Chromite/Hydrogen

The dimethyl acetal.(200 mg, 0.4 mmol) in dry THF (10 ml)
and dry ethanol (5 ml) was hydrogenated for 3 h at atmospheric
pressure in the presence of copper chromite catalyst (100 mg).
Hydrogen was not taken up by the reaction, and, after filtration,
starting material was recovered which was identified by its

n.m,r, spectrum.

10) Sodium/Liquid immonia

The dimethyl acetal (147 mg, 0.3 mmol) in dry liquid
ammonia (ca. 25 ml) was treated with sodium (40 mg, 6 mol, ecuiv.).
After the blue colour had disappeared, water (ca. 20 ml) was
added and the products precipitated by the addition of solid

carbon dioxide. “he solid material wis filiered, tashed witn
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water and dried under wvacuum., T,l.c. on silica (methanol -
chloroform 2:8) indicated that there was still starting
material present, and n.m.r. spectroscopy »nroved that the

major product was dihydrothebaine-g (101),

11) Lithium/Liguid Ammonia

The dimethyl acetal (100 mg, 0.2 mmol) in dry liquid
ammonia (ca. 25 ml) was treated with lithium (5 mg, 3 moli
equiv.). After 30 min, water (ca. 25 ml) was added and the
products precipitated by the add&tion of solid carfon dioxide,
Bxtraction with chloroform, drying and evaporation then yielded
a crystalline solid which was shown by n.m.r. spectroscopy to
consist of dihydrothebaine-f (101) (ca. 30%) and starting

material (ca. 70%).

12) Palladium/Hydrogen

The dimethyl acetai (100 mg, 0.2 mmol) in THF (3 ml) and
ethanol (3 ml) was hydrogenated for 5 h with palladium/charcoal
catalyst (10%; 10 mg). TFiltration and evavoration yielded
only starting material which was identified by its n.m.r.

spectrun.

13) Titanium Trichloride

The cyclic adduct (50 ng, 0.1 mmol) in 0.2 ¥ anhydrous
methanolic hydrogen chloride (2 ml) was trecated at OFOC with
anhydrous titanium trichloride (40 mg, 2.5 mol. equiv,) under
an atmosphere of nitrogen. A further 2 ml of the methanolic

hvdrozen chloride was added, then tihe reaciilon mixture was



128

left at O OC for 1.5 h. The mixture was basified by the

addition of solid sodiumhydrogen carbonate, extracted with
chloroform, the extract @ried and evaporated to yield a crystalline
solid (40 mg). The n.m.r. spectrum indicated that this consisted

mostly of the non-reduced dimethyl acetal.

14) Sodium Dithionite

The dimethyl acetzl (50 mg, 0.1 mmol) in THF (3 ml) was
treated with sodium dithionite (174 mg, 10 mol. eqgiv.) in water
(3 ml) under nitrogen, and heated under reflux for 30 h.

The mixture was basified with aqueous sodium hydrogen carbonate,
extracted with chloroform, the extract dried and evaporated.
H.m.,r. examination of the residue indicated that predominantly

2 comgpunds were present, neither of which was starting material
or the‘reduced dimethyl acetal, These compounds were never

identified.

15) Sodium Sulphite/Sodium Hydrogen Sulphite

The dimethyl acetal (50 mg, O.1 mmol) in TEF (2 ml), was
treated with sodium sulphite (190 mg, 1.5 mmol) and sodium
metabisulphite (140 mg, 0.75 mmol) in water (2 ml) and
heated under reflux. . fter 19 h, the reaction mixture was cooled,
basified with agueous socdium hydrogen carbonate and extracted
with chloroform. The extract was dried and evavorated to yield
a crystalline mass of starting material. No reaction took

place.
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Reduction of the Acetal (96 : R = CH.CH Ph) to the Acetal
. [

(97 s R = CH.CH.Ph)

<

The dimethyl acetal (96 ; R = CchHzPh) (100 mg, 0.20 mmol)
in dry pyridine was treated with phosphorus trichloride (20 u1,
1.1 mol. equiv.) at room temperature for 10 min, The mixture
was diluted with 5 N sodium hydroxide (5 ml) and water (20 ml),
then extracted with chloroform. The extract was dried and

evaporated. Pyridine was removed by azeotroping with toluene

(4 x) to give a crystalline residue of the reduced dimethvl acetal,

which crystallised from ethyl acetate as prisms (78 mg, 80%),

o v Y
m.p. 170-172 "C (Found: C, 70.9; H, 6.96; K, 5.66. 029H34ﬂ205
requires C, 71.02; H, 6.94; ¥, 5.71%); Viay (CH013) 3 460 and
1 665 ety (cde1,) 2.33 (3%, s, §-CH,), 3.03 (3H, s, O-CH,

at C-6g), 3.43 (3H, s, 0-CH, at C-6«), 3.90 (3H, s, 0-CH, at

3

ca. 1 Hz,

3

c-3), 4.10 (1H, 4, I 100 5 B2

H-5), 5.60 (1H, 44, Iy g 10 Hz and J

E-9), 4.62 (1H9 d, gH—-'T

_C_al_- 1 HZ’ H-7)’ 6.22

H-5
(1H, br s, exchangeable with D,0, ¥H), 6.28 (1H, 4, gH_7 10 Hz,
H-8), 6.58 (11, 4, Ia s 8 Hz, B-1), 6.64 (1H, 4, J, , 8 Hz,

H-2), and 7.32 (5H, br s, Ph); m/e 490.

Hydrolysis of the Acetal (97 3 R = CH CHgPh) to give

14@-(3-Dheny1pronanoylamino)codeinone (77 : R = CH2£§2Ph)

The dimethyl acetzal (973 R = CH2CH2Ph) (45 mg, 0.09 mmol)
in methanol (3 ml) containing 6N hydrochloric acid (0.2 ml)
and water (1 ml) was heated at ca. 80 °Cc for 30 min. The
mixture was basified with acqusous sodium hydrogen carbonaie

and extracted with chloroform. The extract was dried and
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evapoarted to yield the codeinone which crystallised from
ethyl acetate (24 mg, 59%), m.p. 187-188 °¢ (Found: C, 72.96;
H, 6.30; ¥, 6.28, 027H28H204 requires C, 72.97: H, 6.31; W,
6.31%); v, (KBr) 3 360 and 1 680 om™’; § (coe1,) 2.39 (3H,
S, H-CHB), 3.88 (3H, s, 0-CH, 2t C-3), 4.89 (13, s, H-5),
6.08 (1H, 4, Jy_g 10 Hz, B-7), 6.20 (1H, d, gH_7 10 Hz, H-8),
6.59 (1H, 4, Iy o 9 Hz, B-1), 6.68 (1H, 4, Iy 9 Hz, H-2),

0, ¥H), and 7.27 (5H, br

6.74 (1H, br s, exchangeable with D,

s, Ph); m/e 444.

Preparation of the Thebaine/Nitrosocarbonylmethane Adduct
(46 s R = CH,)

Thebaine (5 g, 16.1 mmol) in ethyl acetate (400 ml) and

sodium periodate (5 g, 23.4 mmol) in aqueous sodium acetate (0.2 M,
adjusted to pH 6 with concentrated hydrochloric acid) (125 ml)
were stirred rapidly at O °C. Acetohydrozamic acid (1.80 g,
24.0 mmol) was added slowly over 10 min, then rapid stirring was
continued for 1 h, The mixture was basified by the addition of
aqueous sodium hydrogen carbonate and the layers separated.

The agueous layer was extracted with othyl zcetate and the
combined ethyl acetate layers washed with aqueous sodium
thiosulphate and then water. The dried ethyl acetate solution
was evaporated to yield the thebaine adduct, which crystallised
from ethyl acetate as cuboids (5.63 g, 91%), m.p. 189-190 °C
(1it.37 194-196 °¢) (Found: C, 65.8; H, 6.09; N, T7.16.

’

C..H. N.O. requires C, 65.613 H, 6.29; N, T.29%); v (KBr)

217247275
1 680 cm™ Vs § (CD013) 2.01 (3H, s, COCH3), 2.49 (3H, s, 3-053),

max,

’



3.60 (3H, s, 0-CH, at C-6), 3.82 (3H, s, 0-CH, at C-3), 4.60

(18, s, H-5), 4.82 (1H, 4, Iu 100 T Hz, E-9), 6.13 (1H, 4,

I g 8 Hz, B-T), 6.22 (1H, 4, Iaq

P 8 Hz, H~1), and 6.80 (1H, 4, Jy_; 8 Hz, H-2); m/e 384.

8 Hz, H-8), 6.66 (1H, 4,

Preparation of the Dimethyl Acetal (96 3 R = CH31

The thebaine adduct (46 3 R = CHB) (2 8y 5.2 mmol) in
0.20 M anhydrous methanolic hydrogen chloride (80 ml) was
kept at 0 °C for 10 min. The mizbure was neutralised by
the addition of solid sodium hydrogen carbonate and water was
added to the resulting paste 1o dissolvé the salts. The
mixture was extracted with chloroform and the extract dried and
evaporated to yield an eguilibrium mixture of cyclic adduct
(ca. 15%) and dimethyl acetal (ca. 85%). Crystallisation from

chloroform — ethyl acetate yielded the dimethyl acetal (1.67 g,

17%), m.p. 181 °C (Found: C, 63.05; H, 6.45; N, 6.47.

C,,H gl,0c Tequires C, 63.45; H, 6.78; N, 6.73%); vmax.(KBr)
3 290 and 1 640 cm’l; 8 (cnc13) 2.17 (3H, s, cocas), 2.45
(38, s, N—CHB), 3.23 (3H, s, 0-CH, at C-68), 3.50 (3H, s,

O-CH3 at C-6«), 3.85 (3H, s, o—CH3 at C-3), 4.31 (1H, 4, Iy 10«

7 Hz, B-9), 4.83 (1H, s, B=5), 5.54 (1H, 4, Jg g 10 Hz, H-7),

6.34 (1H, 4, 10 Hz, B-8), 6.60 (1H, 4, I, , 6 Hz, H-1),

A
and 6,66 (1H, d, J, 6 Hz, H-2)3 m/e 416.
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Reduction of the Acetal (96 :+ R = CH.) to the Acetal
J

(g7 3 R = CHBL.

The dimethyl acetal (96 ; R = CHB) (1 g4 2.4 mmol) in

dry pyridine (10 ml) was cooled to 10 °C, and treated with
phosphorus trichloride (0.21 ml, 1.1 mol. equiv.) then left

at room temperature for 10 min, The mixture was diluted with

5 N sodium hydroxide (50 ml) and water (120 ml), then extracted
with chloroform, The extract was dried and evaporated, Pyridine
was removed by azeotroping (4 x) with toluene to give a
crystalline residue of the acetal. Crystallisation from

methanol yielded the reduced acetal (703 mg, 73%), m.p. 177-178

°C (Founds C, 65.65 H, 6.78; X, T.45. C requires C,

228287205
66.003 H, 7.00; N, 7.00%); Voo (KBr) 3 330 and 1 638 cm‘l;
o (CDC13) 2.00 (3H, s, COCHS), 2.38 (3H, s, N—CHB), 3.13

(3H, s, 0-CH, at C-68), 3.46 (3H, s, 0-CH, at C-6x), 3.89

3 3

y @t 0-3), 4.14 (18, &, I ,q 6 Hz, B-9), 4.69

(1, 4, Iy ca. 1 Hz, H-5), 5.57 (1H, d4, Jg_g 10 Hz and gH_5

ca, 1 Hz, #-7), 6.29 (1H, br s, NH), 6.32 (1H,

(38, s, O-CH

d, Iy o 10 Hz,

H-8), 6.56 (1H, 4, _o 9 Hz, H-1), and 6.70 (1H, 4, Jo 1

Ix
9 Hz, H-2); m/e 400.

Hydrolysis of the Acetal (97 3 R = CH.) to give 14g-Acetyl-

aminocodeinone (77 3 R = 0531

The dimethyl acetal (97 3 R = CHB) (200 mg, 0.5 mmol)
in methanol (15 ml) containing 6N hydrochloric acid (1 ml)
and water (5 ml) was heaited under reflux for 30 min. The

mixture was basified with acueous sodium hydrogen carbvonate
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extracted with chloroform and the extract dried. Evaporation
then yielded the codeinone which crystallised from methanol
(148 mg, 84%), m.p. 253-254 °C (Found: C, 67.5; H, 5.95: N,
8.35. 020H22N204 requires C, 67.80; H, 6.21; N, 7.91%);
Yoox. (KBT) 3 360 and 1 676 to 1 665 om s & (€pe1,) 1.99

(34, s, COCH3), 2.39 (3H, s, N—CH3), 3.80 (3H, s, 0O-CH, at C-3),

3
4.87 (1H, s, B-5), 6.12 (2H, s, H-7 and H-8), 6.43 (1H, d,
I o 9 Hz, H-1), 6.64 (1H, 4, Jg_1 9 Hz, H-2), and 6.82 (1H,

br s, NH); m/e 354. L

36,37

Preparation of the Thebaine/Nitrosocarbonylbenzene Adduct

(46 3 R = Ph)

Thebaine (2 g, 6.4 mmol) in ethyl aceta%e (150 ml) and
sodium periodate (2.05 g, 9.6 mmol) in acueous sodium acetate
(0.2 M,:adjusted to pH 6 with concentrated hydrochloric acid)
(SO ml) were stirred rapidly at 0 °C. N-Benxoylhydroxylamine
(1.32 g, 9.6 mmol) was added slowly over 10 min then rapid
stirring was continued for 1 h, The mixture was basified with
aqueous sodium hydrogen carbonate and the layers separated.
The aqueous layer was extracted with ethyl acetate and the
combined ethyl acetate layers were washed with agueous sodium
thiosulphate and then water. The dried ethyl acetate solution
was evaporated to yield a crystalline mass. Crystallisation
from ethyl acetate then afforded the adduct (2.23 g, 78 %),
m.p. 162-163 °¢ (1it%z 170-172 °C (from benzene — petrol))

(Found: C, 69.9; H, 5.83; ¥, 6.27. 026H26N205 requires C,
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69.95; H, 5.83; N, 6.28%); vmax'(KBr) 1 665 cm‘l; & (cnc13)
2.48 (3H, s, N—CHB), 2.96 (3H, s, 0-CH, at c-6), 3.84 (3H, s,
O-CH, at 0-3), 4.62 (1K, s, H-5), 4.97 (1E, 4, I3 10« T B
-9), 5.98 (1H, 4, I8 9 Hz, B-T), 6.33 (1H, 4, Iy 9 Bz
H-8), 6.65 (1H, 4, Iy o 8 Hz, B-1), 6.70 (1H, 4, Iy 1 8 Hz,

H-2), and 7.28 to 7.88 (5H, m, Ph); m/e 446.

Preparation of the Dimethyl Acetal (96 : R = Ph)

b

The thebaine adduct (463 R = Ph) (2.86 g, 6.4 mmol) in
0.20 N anhydrous methanolic hydrogen chloride (100 mlj was keot
at 0 °C for 15 min. The mixbture was basified by the addition
of solid sodium hydrogen carbonate, then water was added to
the resultant paste to dissolve salts., The mixture was
extract;d with chloroform, dried and evaporated to yield an
equilibrium mixture of ca. 37% cyclic adduct and ca. 63%
dimethyl acatal, Orystallisation from ethyl acetate yielded
only a small azmount of cyclic adduct. The dimethyl acetal was
obtained by preparative t.l.c. of this mixture on Herck GF254
alumina (chloroform - benzene, 1:1), buil the recovery was low,
eg 1 g of mixture yielding only ca. 200 mg of pure aceteal.

The dimethyl acetzl crystallised from methanol as needles,

m.p. 161 °C (Found: C, 67.90; H, 6.35: ¥, 6.07. G, H N, 0¢

requires €, 67.78; H, 6.28; N, 5.86%); vmax.(KBr) 3 220 and
1 633 cm‘l; & (03013) 2.36 (3%, s, N-CH3), 3.06 (34, s, 0-CH

at C-6g), 3.42 (3E, s, o-CH3 at C-6x), 3.83 (3H, s, o-CH3 at

¢-3), 4.28 (14, &, J,, .5 Hz, H-9), 4.78 (1%, ¢, Iy o 1 Hz,



E-5), 5.56 (1, 44, J, o 10 Ez 2nd In 5 1 Bz, E-T), 6.35 (1E,
d, JH_T 10 H=, E-8) 6.50 (1H, 4, 35 o 9 Hz, B-1), 6.63 (1%,

d, Jo ; 9 Hz, H-2), and 7.25 to 7.81 (5, m, Ph); m/e 478.

Reduction of the Acetzl {96 : R = Ph) to the Acetal
(973 B = Ph)

& mixture of the dimethyl zcetal (963: R = Ph) (cz. 80%)

and unreacted cyclic adduct (45 : R = Ph) (ca. 204} (300 mg)
was dissolved in dry pyridine {4 ml) ard "f:rea.teét with phosohorus
trichloride (48 pl, cz. 1.1 mol. eguiv.) a2t room temperature
for 10 min., The mu’:&ur% was diluted witk 5 W sodium hydrozide
(10 mwl) and water (40 ml), then exiracied with chloroform.

The sxiract was drisé and svaporaztsd. Pyridine was remowed

by azeotroping with toluens {4 xj o give 2 crysizlline residue.
N.m.r. spectroscony showzd this to te 2 mixiure of ecyclic zdduct
and reduced dimethyl zcetzl, (ca. 20:20). Crystallisatiom

from ethyl acetate yieslded the resduced dimeihyl acstal

[ =]

(90 mg, 39%), m.p. 230-232 °C (Fourd: C, 70.23: E, 6.74: H,

57T ﬂ“ﬂOmzo reguired C, 73.13: Z, 6.49: ¥, 6.06%) Ve,

(XBr) 3 460 and 1 660 ca -

; & (CcdOL,) 2.38 (3E, s, N-CE, ),
2.90 (38, s, 0-CH, =t c-6g), 3.42 (3E, s, 0-CE, at C-6a),
3.89 (38, s, O-CE, at C-3}, 4.25 (25, &, I ;54 5 B2, -9),

4.% (m’ lﬂ’ J ;CE- 1 Ez’ H"S}J,‘ﬁ.@z ( —"”3. dd, ‘—TM—-S 10 EZ’

and J__ - c2- 1 ¥z, B-T), 6.47 (13, &, I _7 10 Bz, E-8},
) —— 0
6.62 (1H, d, J. € Ez, E-1), £.74 15, 4, I 4 8 Hz, H-2}.

—ie-Z

and 7.3 to 3.0 (55, m, Fh): m = 462.

'...J
(WY

L



Hydrolysis of the Acetal (g7

=]
n

Ph) to give 148-Benzoyl-

aminocodeinone (77 , R = Ph)

The dimethyl acetal (97 ; R = Ph) (60 mg, 0.14 mmol) in

methanol (3 ml) containing 5 ¥ hydrochloric acid (1 m1)

and water (1 ml) was heated under reflux for 30 min. The mixture
was basified with aqueous sodium hydrogen carbonate, extracted
with chloroform and the extract dried. Evaporation then yielded
the codeinone which crystallised from ethyl acetate as cuboids,
(47 mg, 87%), m.p. 256-259 °C (Found: C, 71.75; %;»5.68: i,

6.74. 025H24N204 requires C, 72.11; H, 5.77: N, 6.73%);

Y pax, (KBT) 3 335, 1 682 end 1 657 om 5 § (eDe1,) 2.50 (3E,

s, N-CH,), 3.86 (3H, s, 0-CH

3 3

6.28 (22, s, H-T7 and B-8), 6.65 (1H, 4, g0 9

(1H, d, I 1 9 Hz, H-2), and 7.2 to 7.9 (5H, m, Ph); m/e 416.

at ¢-3), 5.07 (1H, s, B-5),

Hz, H-1), 6.71

Preparation of the Thebaine/Benzylnitrosocarbonyl Adduct

(46 s+ R = CH,Ph)

Thebaine (2 g, 6.4 mmol) in ethyl acetate (150 ml) and
sodium periodate (2.05 g, 7.6 mmol) in aqueous sodium acetate
(0.2 &, adjusted to pH 6 with concentrated hydrochloric acid)
(50 ml) were stirred rapidly at O °c. §7(2—Phenylethanoyl)—
hydroxylamine (1.46g, 9.6 mmol) was added slowly over 10 min,
then rapid stirring was continued for 1 h., The mixture was
basified with aqueous sodium hydrogen carvonate and the layers
separated, 7The aqueous layer was exiracted with ethyl acetale

and the combined ethyl acetate lavers were washed with agueous



137

sodium thiosulphate and then water. The dried ethyl acetate
solution was evaporated to give a quantitative yield of

thebaine adduct as an oil. 4 small specimen crystallised

from ethyl acetate/diisopropyl ether after cooling at O °C
for 14 months, m.p. 146-146.5 (Found: C, 70.26; H, 6.3; N,
5.96. 027H28N205 requires C, 70.43; H, 6.08; N, 6.08%);

=1 :
vmax_(KBr) 1 676 cm 3 6 (CDCl3) 2.41 (3H, s, N—CH3), 3.46

(31, s, 0-CH, at c-6), 3.79 (3H, s, 0O~CH. at C-3), 4.61 (1H,

3
s, H-5), 4.82 (18, d, & 1 7 Hay B-9), 5.93 (1H, 4, I o

10 #z, H-7), 6.10 (1H, 4, 10 Hz, H-8), 6.52 (1H, 4,

g

8 Hz, H-1), 6.66 (1H, 4, _, 8 Hz, H-2), and 7.18

a2 In

(5H, m, Ph); m/e 460.

Preparation of the Dimethyl Acetal (96 3 R = CH,.Ph)

The thebaine adduct (46 5 R = CHQPh) (3 gy 6.1 mmol)
ih 0.20 M anhydrous methanolic hydrogen chloride (100 ml)
was kept at O oC for 10 min., The mixture was basified by
the addition of solid sodium hydrogen carbonate and water was
added to the resultant paste to dissoive salts, The mixture
was extracted with chloroform and the extract dried and
evaporated to yield an equilibrium mixture of the cyclic
adduct (ca. 10%) and dimethyl acetal (ca. 90%). Crystallisation
from ethyl acetate — light petroleum (b.p. 60-80 °¢) gave the

(o}
dimethyl acetal (1.68 g, 52%), m.p. 151-152 C (Found: C,

68.41; H, 6.415 N, 5.64. C,gF, N 04 Tequires G, 68.23: Z,

6.503 M, 5.69%); Voo (KBr) 3 250 and 1 648 cm‘1; 8 (CDClB)
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2.42 (34, s, N—CH3), 2.68 (34, s, 0-CH, at C-6g), 3.44

(3H, s, O-CH, at C-6x), 3.86 (3H, s, 0-CE, at C-3), 4.37 (1H,

3
% g 10« & B2y B-9), 4.80 (1K, d, Jy 4 ca. 1 Hg, H-5), 5.5

(1€, 44, Jn_g 10 Hz and ca. 1 Hz, H-T), 6.28 (1H, 4,

a5

J. ., 10 Hz, H-8), 6.54 (1H, 4

I 7 s Ig_o
, 8 Hz, H-2), and 7.1 to 7.4 (5H, br s, Ph); N’ (492) was

8 Hz, H-1), 6.66 (1H, d,
In
very weak, but M-OH (475) was observed.

Reduction of the Acetal (96 ;3 R = CH.Ph) to the Acetal

(97 s R = CH.Ph

Thé dimethyl acetal (965 R = CHzPh) (500 mg, l.Oé mmol)
in dry pyridine (5 ml) was treated with phosphorus trichloride
(100 ul, 1.1 mol. egiv.) at room temperature for 10 min. The
mixture :was diluted with 5 N sodium hydroxide (25 ml) and
water (ca. 60 ml), them extracted with chloroform. The
extract was dried and evaporated. Pyridine was removed by
azeotroping with toluene (4 x), then the residue was dissolved
in chloroform and passed through a grade I neutral alumina

column (20 mm x 200 mm), The dimethyl acetsl crystallised

from ethyl acetate — di-isopropyl ether (130 mg, 27%),
apparantly as the half hydrate, m.p. 164-165 °C with darkening
[o] 1
at 92-93 “C (Found: C, 69.68; H, 6.69; N, 5.44. 028H32N205. z B0

requires G, 69.27; H, 6.80; W, 5.77%); v (KBr) 3 260 and

maX,

1 630 em~Y; § (CDCL,) 2.34 (3E, s, N-CH), 3.00 (3H, s, O-CH

3
Ph),

3
at C-6a), 3.58 (2H, s, COCH

3)
at C-6g), 3.39 (3H, s, 0-CH, 2

3.85 (3, s, 0-CH, at C-3), 4.00 (1H, d, iﬁ-qu:é Hz, H-9),

3
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4.54 (1H, 4, gH_7 ca. 1 Hz, H-5), 5.60 (1H, 44, Iz g 9 Hz, 2nd
55-5 ca. 1 Hz, B-T), 6.26 (1H, 4, gH_7 9 Hz, H-8), 6.26
(1H, br S, N"‘H), 6.58 (IH’ d.’ EH—Z 8 HZ, H-l), 6.70! (IH, d,

a1 8 Hz, H-2) and 7.37 (5H, m, Ph); m/e 476,

Hydrolysis of the Acetal (97 3 R = CH,Ph) to give

14@-(Z—Phenylethanoylamino)codeinone (77 s+ R = CHQPh)

The dimethyl acetal ( 3 R = CH2Ph) (222 mg, 0.47 mmol)
in methanol (15 ml) containing 6 N hydrochloric acid (1 ml)
‘and water (5 ml), was heated under reflux for 30 min. The
mixture was basified with agueous sodium hydrogen carbonate
extracted with chloroform and the extract dried. Evaporation
then yielded the codeinone which crystallised from chloroform -
ethyl acetate (70 mg, 353), m.p. 237-240 °C, with crystal
growth above 207 °C (Found C, 72.30; H, 6.17; N, 6.44.
026H26N204 requires C, 72.563 H, 6.46; N, 6.51%); vmax.(KBr)
3300, 1 676, and 1 662 om Y5 § (cpe1,) 2.23 (3E, s, N-CH,),
3,60 (2H, s, COCHPh), 3.82 (3H, s, 0-CH, at C-3), 4.91
(11, s, H-5), 6.17 (2H, s, H-7 and H-8), 6.61 (1H, 4,
Iy 9 Hz, B-1), 6.74 (1E, 4, Jg_1 9 Has B-2}, 7.00 (1H,
br s, NH), and 7.35 (5H, s, Ph); m/e 430.

Preparation of the Thebaine/3-nhenylnitrosocarbonvlnronane

Adduct (46 3 R = CHzgggggzPh)

Thebaine (2g, 6.4 mmol) in ethyl acetate (150 ml) and

sodium periodate (2.05 g, 9.6 mmol) in agueous sodium acetate
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(0.2 M, adjusted to Ph 6 with concentrated hydrochloric
acid) (50 ml) were stirred rapidly at 0 °C. N-(4-Phenyl-
butanoyl)hydroxylamine (1.73 g, 9.6 mmol) was added

slowly over 10 min, the rapid stirring was continued for

1 h, The mixture was basified with aqueous sodium hydrogen
carbonate and the layers separated. The agueous layer was
extracted with ethyl acetate and the combined ethyl acetate
layers were washed with aqueous sodium thiosulphate and then
water. The dried ethyl acetate solution was evaporated to
yield the thebaine adduct as an oil (2.99 g, 96%).
analytical specimen was prepared by passing some of the

crude material through a grade III alumina column (20 mm x

200 mm) in chloroform. The thebaine adduct then crystallised
from ethyl acetate, m.p. 109-111 °C (Found: ¢, 71.03; H, 6.12:

N, 5.71. ¢ requires C, 71.313 H, 6.563 N, 5.74%):

29™32 205
Viax (KBr) 1 667 cm ; 5 (03013) 2.48 (3H, s, N—CHB), 3.46

(38, s, 0-CH., at C-6), 3.83 (3H, s, 0-CH, at C-3), 4.59 (1H,

3
7 Hz, H-9), 6.01 (1H, 4, I8

10 Hz, B-8), 6.62 (1H, 4,

3

s, H-5), 4.88 (1, 4, QH_lOd;

10 Hz, H-T), 6.11 (1H, 4, gH_T

Iu o 8 Hz, H-1), 6.70 (1H, &, J I 8 Hz, H-2), and 7.24

(54, br s, Ph); m/e 488.

Prevaration of the Dimethyl licetal (96 3 R = ChzggzuH Ph

The thebaine adduct (46 ;3 R = CH,CH,CE i Ph) (1.17 g,
2.4 mmol) in 0.20 M anhydrous methanolic hydrogcn chloride

(50 ml) was kept at O °C for 10 min, The mixture was
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neutralised by the addition of solid sodium hydrogen carbonate
and water was added to the resultant paste to dissolve salts.
The mixture was extracted with chloroform and the extract

’dried and evaporated to yield an equilibrium mixture of cyclic
adduct (ca. 40%) and dimethyl acetal (ca. 60%). Crystallisation

from ethyl acetate yielded the dimethyl acetal (423 mg, 34%),

m.p. 125-127 °C (Pound: C, 68.41; H, 6.41; XN, 5.64. C,gHyol,0¢

requires C, 68.23; H, 6.50; N, 5.69%): Voo (KBr) 3 220 and

1 640 ety & (6DC1,) 2.40 (3H, s, N-CH,), 3.12 (3H, s, O-CH

at C-6«), 3,86 (3H, s, O-CH3 at

ca.

3

at C-6p), 3.48 (3H, s, o-CH3

c-3), 4.31 (1H, 7 Hz, B-9), 4.82 (1H, 4, J,

ds EH—looc
1 Hz, H-5), 5.54 (1H, d4d, J Iy g 10 Hz 2nd J

H-7

Iy 5 ca 1 Hz, B-T),

» g
8 Hz, H-2), and 7.23 (5H, br s, Ph); M'

6.34 (1H, 4, J

I 7 10 Bz, H-8), 6.57 (1H, 4 8 Hz, B-1),

6.63 (14, 4, J I

(520) was very weak, but H-OH (503) was observed.

Reduction of the Acetal (96 s R = CHchgggnPh) to the Acetal

(97 3 R = CH,CH,CEPh

The dimethyl acetal (96 5 R = CH,CH,CH Ph) (200 mg,

0.38 mmol) in dry pyridine (4 ml) was treated with phosphorus

trichloride (41 pl, 1.1 mol. eguiv.) at room tempesrature for
10 min. The mixture was diluted with 5 N sodium hydro:ide
(10 ml) and water (40 ml), then extracted with chloroform.
The extract was dried and evaporated. Pyridine was removed
by azeotroping with toluene (4 x), and the resulting solid

crystallised from ethyl acetate fo yield the reduced dimethyl
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acetal (130 mg, 67%), m.p. 80 °C. T.1.c. on silics (methanol -
chloroform, 2:8) indicated that even after three recrystallisations

the main product (EF 0.60) was conteminated with a small amount

b

of impurity (R 0.74). v___ (KBr) 3 530 and 1 635 om

o) (c3013) 2.38 (34, s, N—CH3), 3.04 (3H, s, O-CH, at C-6g),

3

3.44 (3H, s, o-CH3 at C-6ca), 3.87 (3H, s, O-CH, at C-3),

3

~H-7 —
ca. 1 Hz, H-T), 6.24

4.44 (1H, 4, Eﬁ-loa 5 Hz, B-9), 4.66 (1H, 4, J ca. 1 Hz,

H-5), 5.57 (1H, dd, Iy g 10 Hz and J . 5 o2
(18, br s, NH), 6.30 (1H, 4&, gﬁ_7 10 Hz, H-8), 6.58 (1H, d,
Ig

8 Hz, H-1), 6.67 (1H, d, 8 Hz, E~2), and 7.2 te T.4

J5 2
(5H, br s, Ph); m/e 504.

~1

Hydrolysis of the Acetal (97 3+ R = CH CH QgﬁPh) to give

143-(4—phenylbutanoylamlnq)codelnone (773 R = CH,CH,CH,Ph

The dimethyl acetal s R = CH,CH.CH. Ph) (60 mg,
o1 2 o2

0.12 mmol) in methanol (4 ml) containing 6 N hydrochloric acid
(1 m1) and water (2 ml) was heated under reflux for 30 min.
The mixture was basified with aqueous sodium hydrogen
carbonate, extracted with chloroform and the extract dried.
Svaporation then yielded the codeinone whicia crystallised

from efhyl acetate (48 mg, 83%), m.p. 195 °¢ (Found: C, T73.36;
H, 6.29; N, 5.72. 028H3ON2O4 requires C, T73.363 H, 6.553

N, 6.11%); vmax'(KBr) 3 380 and 1 682 cm-l; 5 (03013) 2.40

(34, s, N-CH.), 3.80 (3E, s, 0-CE, at C-3), 4.92 (1H, s, E-5),

3 3
6.15 (2H, s, H-T and §-8), 6.60 (1H, d, I, , 8 Hz, H~1) 6.69

(1, 4, 1 8 Hz, -2), 6.81 (1E, br s, NH), and 7.1 to 7.4

(5%, br =, Ph); mie 455.
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Preparation of the Thebaine/Nitrosocarbonylpentane Adduct

(465 R = (CH,) CH))

Thebaine (1 g, 3.2 mmol) in ethyl acetate (75 ml)

and sodium periodate (1.02 g, 4.8 mmol) in aqueous sodium
acetate (0.2 M, adusted to pH 6 with concentrated hydrochloric
acid) (25 ml) were stirred rapidly at 0 °C. N-Hexanoylhydroxyl-
amine (0.63 g, 4.8 mmol) in ethyl acetate (20 ml) was added
slowly over 10 min, thenrapid stirring was continued for 1 h.
The mixture was basified with aqueous sodium hydrégen carbonate
and the layers separated., The agueous layer was extracted

with ethyl acetate and the combined ethyl acetate layers

washed with agueous sodium thiosulphate, then water. The

dried ethyl acetate solution was evaporated to yield the

thebaine adduct as a foam (1.40 g, 99%); & (CDCl3) 0.7 to

1.7 (ca. 11H, m, (cgz)4c33), 2.48 (3H, s, N-CH,), 3.64 (3H,

3

s, 0-CH, at C-6), 3.84 (3H, s, 0-CH, at C-3), 4.63 (1H, s,

3 3
H-5), 4.91 (1H, d, Jy 150 7 2 E-9), 6.10 (1H, &, Jg g 10

Hz, H-7), 6.17 (1H, 4, Iy o 10 Hz, B-8), 6.67 (1H, 4, J

7 -2

10 Hz, H-1), and 6.74 (1H, d, Jg_q 10 Hz, H-2).

Preparation of the Dimethyl Acetal (96 : R = (CH21¢9§31

The thebaine adduct (46 3 R = (CH2)4CH3) (7 &5, 15.9
mmol) in 0,20 ¥ anhydrous methanolic hydrogen chloride
(200 ml) was kept at O °¢ for 10 min. The mixture was
neutralised by the addition of solid sodium aydrogen carbonzte

and water was added to the resultant paste to dissolve salts.
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The mixture was extracted with chloroform and the extract dried

and evaporated to yield an equilibrium mixture of cyclic adduct

(ca. 30%) and dimethyl acetal (ca. 70%). Crystallisation from
ethyl acetate — light petroleum (b.». 40-60 °C) yielded the

dimethyl acetal (3.32 g, 44%), m.p. 116-117 °C (Found: C, 66.0;

Hy Te33; N, 6.09. C,/H, N 0, requires C, 66.10; H, 7.63; N,
5.93%) 3 vmax.(KBr) 3 250 and 1 642 cm’l; 5 (CDCl3) 0.7 to 1.9
(ca. 11H, m, (052)4cg3), 2.41 (3H, s, N—CHB), 3.19 (3H, s, 0-CH,

at C-68), 3.49 (3H, s, 0-CH, at C-6x), 3.85 (3H, s, O-CH. &t

3

cz. 1

3

C-3), 4.29 (1H, 4, J 6 Hz, H-9), 4.83 (1H,:df

H-10¢ In_7
Hz, H-5), 5.53 (1H, ad, 3y g 10 Hz and J, . ca. 1 Hz, H-T7), 6.38

~H-5

(1H, 4, Jy_- 10 Hz, H-8), 6.56 (1H, 4, I o 9 Hz, H-1), and 6.66

-7
(11, 4, Iy 9 Hsz, H-2); M (472) was very weak, but I-OH (455)

was observed,

Reduction of the Acetal (963 R = (Cqu4g§3) 1o the Acetal

(97; R = (cH,) CH.)
The dimethyl acetal (963 R = (CH2)4CH3) (400 mg, 0.85

mmol) in dry pyridine (10 ml) was treated with phosphorus

trichloride (82 pl, 1.1 mol. ecuiv.) at room temverature

for 10 min, The mixture was diluted with 5 N sodium hydroxide

(20 ml) and water (80 ml), then extracted with chloroform.

The extract was dried and evacorated. Pyridine was removed

by azeotroping with tolusne (4 x), then the residue was

dissolved in chloroform znd passed throush a grade IIT

neutral alumina column (10 mm x 200 mm)., Crvstallisation
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from di-isopropyl ether gave the reduced dimethyl acetal

(230 mg, 60%), m.p. 97-102 °%c. 1.1.c. on silica (methanol -
chloroform, 2:8) indicated that even after 3 recrystallisations
the main product (EF 0.57) was contaminated with a small

amount of impurity (gF 0.71). Vmax.(KBr) 3333 and 1 638 cm—l;
& (CDCl3) 0.7 to‘2.0 (ca. 11H, m, (q§2)40§3), 2.40 (3E, s,

N—CHB), 3.09 (3H, s, 0-033 at c—6@), 3.44 (3H, s, 0-CH, at C-6c),

3
3.87 (38, s, 0-CH, at C-3), 4.15 (1H, &, J_ ... 5 Hz, B-9),

4.68 (1H, d, Iy 7 c2. 1 Hz, H-5), 5.59 (1H, dd 10 Hz

» I8

and 5H-5 ca. 1 Hz, H-7), 6.24 (1H, br s, NH), 6.34 (1H, 4,
gﬂ_7 10 Hz, H-8), 6.56 (1H, 4, I o 8 Hz, H-1), and 6.69
(1H, 4, Ia1 8 Hz, H-2); m/e 456.

Hydrolysis of the Acetal (97 3 R

LCH214g§3z'to give

l4a-Hexanoylaminocodeinone (77 3 R = (CH214g§3l

The dimethyl acetal (97 ; R (CH2)4CH3) (43 mg, 0.09
mmol) in methanol (3 ml) containing 6 N hydrochlorié acid
(0.5 ml) and water (1 ml) was heated under reflux for 30
min. The mixture was basified with aqueous sodium hydrogen
carbonate, extracted with chloroform and the extract dried.
Bvaporation then yielded the codeinone which crystallised
from ethyl acetate (25 mg, 65%), m.p. 207-209 °C (Found:

Cy 69.995 Hy T.63 N, T.12. Cp,Hygl,0, requires C, 70.241
H, 7.32; N, 6.83%); v___ (KBr) 3 360 and 1 679 om -1,

S (03013) 0.7 to 1.8 (ca. 11H, m, (032)4C§3), 2.47



146

(38, s, N—CHB), 3.88 (3H, s, o_CH3 at C-3), 4.98 (1H, s,
H.5),'6.2o (28, s, H-7 and H-8), 6,64 (1H, 4, iﬂ.g 6 Hz,
B-1), 6.75 (1H, 4, J; .6 Hz, H-2), and 6.85 (1H, br s, NH);
M/e 4100

Hydrolysis of the Thebaine Adduct (46 3 R = cnzggﬁyh)

The thebaine adduct (46 ; R = CHZCHePh) (200 mg, 0.42

mmol) in methanol (4 ml) and 5 N hydrochloric acid (20 ml)

was kept at O °¢ for 17 h, then the resulting soli& was
filtered off, washed with cold_water and dried at 70 oC,
ca. 1 mm Hg to yield a crystalline solid (49 mg, 23%). A
specimen was crystallised from acetone to yield the

N-hydroxycodeinone hydrochloride (1023 R = CH

2CH;ZPh), m.p.

164-167 °C (Found: C, 65.05; H, 5.903 N, 5.25. Oy, gl 05, HCL

requires C, 65.26; H, 5.84; N, 5.63%); v x'(KBr) 3 575, 1 688,

ma.

and 1 679 cm-l; 8.(D6 acetone at 50 °C) 2.89 (3H, s, N—CHB),

3.79 (3H, s, 0-CH, at C-3), 5.08 (1H, s, H-5), 5.31 (1H, br

3
sy N-OH), 6.10 (1H, 4, J, o 10 Hz, H-T), 6.72 (18, 4, Iz ,

9 Bz, H-1), 6.78 (1H, 4, J 10 Hz, H-8), 6.84 (1H, a4,

=H-7

Iy 1 9 Hz, H-2), and 7.19 (54, br s, Ph); m/e 460.

Preparation of the 5,14-Bridged Phenol (1033 R = cagggzph)

The N-hydroxycodeinone hydrochloride (1023 R = CHZCH2Ph)
(156 mg, 0.3 mmol) was treated with a solution of sodium ethoxide
prepared from sodium (18 mg, 0.78 mmol) in ethanol (5 ml) end

THF (5 ml) at room temperature for 3.5 h. Water (30 ml)
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was then added and the mixture extracted with chloroform.

The extract was dried and evaporated to yield the 5,14-bridged

phenol (1033 R = CHzCHzPh) which crystallised from ethyl acetate
(91 mg, 65%), m.p. 185-186 °C (Found: ¢, 70.39; E, 6.07; N,

5.92. 027H28N205 requires C, 70.43; H, 6.09; N, 6.09%);

1

vmax.(KBr) 3390 and 1 660 — 1 680 cm 3§ (cnc13) 2.46 (3H, s,

N—CHB), 3.80 (3H, s, 0-CH, at C-3), 4.28 (1H, d, J 6 Hz,

3 ~H-10Cx
B-9), 5.20 (1H, d, J; - ca. 1 Hz, H-5), 5.95 (1H, dd, Jy ¢ 9

Hz and J_ . ca. 1 Hz, H-T), 6.70 (2H, s, B-1 and H-2), 7.14

H-5
(11, 4, gﬁ_7 9 Hz, H-8), and 7.25 (5H, s, Ph); m/e 460.

Attempted Prevaration of the 5,14-Bridged Phenol Dimethyl

Acetal (t98; R = CHzggzPh)

The dimethyl acetal (9635 R = CHZCHZPh) (103 mg, 0.20
mmol) in dry THF (2 ml) and dry ethanol (2 ml) was treated
with sodium ethoxide (1.5 mol. equiv.) at room temperature
for 17 h., After dilution with water (20 ml), the mixture
was extracted with chloroform and the exiract dried and
evaporated to yield a yellow oil (54 mg). N.m.r.
spectroscopy indicated that the side chain had been lost.

No cyclised product was isolated.

The above reaction was repeated with sodium t-butoxide
and yielded multiple products, none of which was identified.
Attempted cyclisation with triethylamine in THF at reflux also

failed.
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Preparation of the N-Hydroxy Oxazolidine (106: R = CHgQEth)
The thebaine adduct (46: R = CH_CH Ph) (Q8 me. 0.2
Preparation of the N-Hydroxy Oxazolidine (106: R = CH CH,.Ph)

mmol) was dissolved 1n dry THF (10 ml). A trace of me%hyl

orange indicator was added, followed by scdium cyanoborohydride
(19 mg, 0.3 mmol). Dry hydrogen chloride was slowly passed into
the. mixture until the indicator gave a red colouration.

Hydrogen chloride was added carefully over 15 min to just
maintain the red colouration, then the mixture was left ét

room temperature for 22 h, The mixture was then bésified

by the addition of solid sodium hydrogen carbonate, then water
was added to the resultant paste to dissolve salts. The mixture
was extracted with chloroform, the extract dried and evaporated

1o yield the N-~hydroxy oxazolidine which crystallised from

ethanol - di-isopropyl ether as needles (50 mg, 52%), m.p.
170-172 °C (Found: C, 70.34; E, 6.72; W, 5.77. Cogly 05
requires C, 70.58; H, 6.72; N, 5.88%); vmax'(KBr) 3 288
and 1 659 cmfl; 5 (03013) 2.39 (3H, s, N-CH3), 3.52 (3H,
S, o-CH3 at C-6), 3.83 (3E, s, 0-CH, at C-3), 4.26 (1H, 44,
Jyg 2 Bz and Jy o ca. 1 Hz, E-7), 4.58 (1, 4, Iy - 2 Hz,
B-8), 4.74 (18, a, Jy ;g 7 and 4 Ez, B-17), 4.95 (1H, 4,
gH_7 ca. 1 Hz, H-5), 6.47 (1H, br s, N-OH), 6.59 (1H, 4,
Iy o 9 Hz, H-1), 6,71 (1H, 4, J; ; 9 Hz, H-2), and 7.20

(5H, br s, Ph); m/e 476.
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Preparation of the N-Benzyloxycarbonylnorthebaine Adduct

(108a; R = CH,..CH,Ph)

[

N-Benzyloxycarbonylnorthebaine (276 mg, 0.64 mmol)
in ethyl acetate (15 ml) and sodium periodaté (205 mg, 0.96
mmol) in aqueous sodium acetate (0,20 M, adjusted to pH 6 with
concentrated hydrochloric acid) (5 ml) were stirred rapidly
at 0 °c. N-(3-phenylpropanoyl)hydroxylamine (158 mg, 0.96
mmol) in ethyl acetate (4 ml) was added over 10 min, then
rapid stirring was éontinued for 1 h, The mixture was basified
with aqueous sodium hydrogen carbonate and the layers separated.
The aqueous layer was extracted with ethyl acetate and the
combined ethyl acetate layers were washed with agueous sodium
thiosulphate then water., The dried ethyl acetate solution

was evaporated to yield the N-benzvloxycarbonylnorthebaine

adduct as an oil (360 mg, 95%); © (03013) 3.50 (3H, s, 0-CH,

at ¢c-6), 3.81 (3H, s, O-CH, at C-3), 4.62 (1H, 4, Ig g L2

3
1 Hz, H-5), 5.18 (24, s, cgzph), 6.00 (1H, dd, g8 9 Hz

and gH_5 ca. 1 Hz, B-7), 6.22 (1H, d, Iy 9 E2 H-8), 6.58
(1H, 4, Iz o 9 Hz, H-1), 6.74 (1H, 4, J. ; 9 Hz, H-2), T7.22

(5H, br s, COCH cnzgg), and 7.38 (5H, br s, o—CHzgg).

2

Attempted Prevaration of the N-Benzyloxycarbonylnorthebaine

Adduct (1082 R = cH.)
N-Benzyloxycarbonylnorthebaine (100 mg: 0.23 mmol)
in ethyl acetate (4 ml) and sodium vperiodate (98 mg, 0.46

mmol) in agueous sodium acetate (0.2 M, adjusted to oH 6
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with concentrated hydrochloric acid) (4 ml) were stirred
rapidly at O °c. Acetohydroxamic acid (35 mg, 0.46 mmol)

was added over 10 min, then rapid stirring was continued

for 2 he T.l.c. of the_organic phase indicated that little
reaction had taken place, so a further 2 mol. equiv., of
acetohydroxamic acid and sodium periodate were added and
stirring continued at 0 °C. After a further 1.5 h, +.l.c.
indicated that the majority of the starting matérial had still
not reacted so a further 6 mol., eguiv. of acetohydroxamic acid
and sodium periodate were added and stirring continued at

room temperature, After 1 h, the layers were separated, the
organic phase was washed twice with agueous sodium thiosulphate
solution, dried and evaporated to yield a yellow oil (110 mg).
The n.m;r. spectrum of this material indicated that it
contained unreacted starting material, plus a small amount

of unidentified compound.

Preparation of the Ethylene Ketal (1093 R = Ph)

The thebaine adduct (46 3 R = Ph) (90 mg, 0.2 mmol)
in dry methylene chloride (1 ml) was treated with anhydrous
glycolic hydrogen chloride (3 ml, 0.3 M). The reaction mixture
was stirred at 20 °C for 90 min, then basified with solid
sodium hydrogen carbonate, followsd by water to dissolve
the salts, The mixture was extracted vith chloroform and

the extract washed with brine then dried and evaoorated
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to yield the crude ketal (93 mg, 974). Crystallisation

from chloroform — ethyl acetate gave needles (55 mg, 57%),
m.p. 172-172.5 °C (Found: C, 68.2; H, 5.69; N, 5.60.
C27H28N206 requires C, 68.07; H, 5.87; N, 5.87%); vmax.(KBr)
3 275 and 1 621 cm’l; 5 (CDCl3) 2.38 (3H, s, N-CH3), 3.87
(3H, s O-CH3), 3¢9 to 4.3 (4H, m, o-cﬁQCHz-o), 4.33 (1H, dd,
I 100 O Hz and gﬂ—lO@ ca. 1 Hz, H-9), 4.84'(1H, dy Iy 7 c2-

1 Hz, H-5), 5.72 (1H, dd, Iy g 10 Hz and J

—H—5 gg‘.l HZ, H"?),
6.26 (1H, 4, Iyy_q 10 Hz, B-8), 6.56 (1H, 4, Ig o 8 Hz, H-1),
6.69 (1H, 4, a1 8 Hz, H-2), and 7.2 to 7.8 (5H, m, Ph);

m/e 476.

Reduction of the Ketal (1093 R = Ph) to the Ketal (1123 R = Ph)

Thé ethylene ketal (1093 R = Ph) (48 mg, 0,1 mmol)
was dissolved in dry pyridine (3 ml). Dry sulphur dioxide was
was slowly bubbled through the solution for 5 min, then the
solution was heated under reflux for 30 min. The mixture
was then cooled and diluted with agueous sodium hydrogen.
carbonate (ca. 10 ml), extracted with chloroform and dried.
The solution was evaporated and the residuzl pyridine removed
by azeotroping four times with toluene. The resulting solid

(45 mg, 97%) consisted of the reduced ethvlene ketal, which

crystallised from methanol as needles, (29 mg, 63%), m.p.
251-253 °C (Found: C, 70.70; H, 6,083 N, 6.50. CooHgl,0c

requires C, 70.433; H, 6.09; M, 6.09%) 5 Viax (KBr) 3 445
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and 1 675 cm “1; (S (CD013) 2.37 (3H, s, N—CHB), 3.69 (1H,

ddy Iy 10 O Hz and gH_IO@ ca. 1 Hz, H-9), 3.85 (3B, s, O-CH3),
3.8 to 4.2 (4H, m, O—CHZCHZ-O), 4.84 (1H, s, B-5), 5.74 (14,

dy Jy g 10 Hz, H-T), 6,03 (1H, d, Jg_q 10 Hz, H-8), 6.54

(1H, 4, Iy o 9 Hz, B-1), 6.68 (1H, 4, _1 9 Hz, H-2), and

Iy
Tl - 7.9 (5H, m, Ph); m/e 460,

Alternative Reduction of the Ketal (109; R = Ph)i tc the

Ketal (112; R = Ph)

The ethylene ketal (109; R = Ph) (48 mg, 0.10 mmol)
in dry pyridine was tresated with phosphorus trichloride
(9.6 ul, 0,11 mmol) at room temperature for 10 min. The
reaction mixture was diluted with 5 N sodium hydroxide (3 ml)
and watér (10 m1), then extracted with chloroform. The
eitract was dried and evaporated.‘ Pyridine was removed
by azeotroping (4 x) with toluene to give a crystalline
solid (34 mg). Crystallisation from ethyl acetate then

yielded the reduced ethylene ketal (18 mg, 39%), m.p. 249-

252 OC. The m.p. of this compound prepared by a differeht
route was 251-253 0C, and the n.m.r. and mass spectra were

identical (see above).

Hydrolysis of the Ketal (112: R = Ph) to give 148-Benzoyl-

aminocodeinone ( 773 R = Ph)

Ph) (90 mg, 0.2 mmol)

The ethylene ketal (1125 R

in methanol (3 ml) containing 6 I hydrochloric acid (1 ml)
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and water (1 ml) was heated under reflux for 30 min. The
mixture was basified with aqueous sodium hydrogen carbonate
extracted with chloroform and the extract dried. Evaporation
then yielded the impure codeinone in effectively quantitative
yield. Crystallisation from ethyl acetate gave the pure
compound (63 mg, 77%), m.p. 257-260 °C. The m.p. of this
compound prepared by an alternative route was 256-259 OC,

and the n.m.r. spectra were identical (see p136)..

Preparation of the Zthylene Ketal (109: R = cnzggﬁph)

The thebaine adduct (46 5 R = CHQCHzPh) (95 mg, 0.2

mmol) in dry methylene chloride (1 ml) was. treated with

anhydrous glycolic hydrogen chloride (3 ml, 0.3 M). The
reactioﬁ mixture was stirred at 20 °¢ for 90 min, then
basified with solid sodium hydrogen carbonate, followed

by water to dissolve the salts. The mixture was extracted
with chloroform and the extract was washed with brine then
dried and evaporated to yield the crude ketal in quantitative
yield, Crystallisation from ethyl aceate gave plates (80 mg,
80%4), m.p. 181-183 °C (Found: C, 68.65; E, 6.165 N, 4.98.

029H32N206 requires C, 69.05; H, 6.34; N, 5.55%); Voax.

(KBr) 3 270 and 1 639 cm’l; S (CDClB) 2.46 (3H, s, N—CH3),
3.86 (3H, s, O—CHB), 3.9 to 4.3 (4H, m, O-CH2CH2—O), 4.32

(1, 44, Iy 100 9 B 2nd iﬁ-loe ca. 1 Hz, H-9), 4.87 (1H,

s, 5-5), 5.65 (14, 4, Iy g 10 He, B-T), 6.13 (1, & Ty g

10 Hz, H-8), 6.54 (1H, d, I - 3 gz, H-1), 6.70 (1H, d,

Jy_y © s, 1-2), 7.20 (5%, br s, Ph), and gn. 0.0 (I, or

s, )5 mfe 504.
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Reduction of the Ketal (109; R = CH,CH,Ph) to the Ketal

(112; R = CH.CH_Ph)

2__nP

The ethylene ketal (1093 R = CH,CH,Ph) (50.4 mg, 0.1
mmol) was dissolved in dry pyridine (3 ml). Dry sulphur
dioxide was slowly bubbled through the solution for S min,
then the solution was heated under reflux for 30 min. The
mixture was cooled and diluted with agueous sodium hydrogen
carbonate (ca. 10 ml), extracted with chloroform and dried.
The solution was evaporated and the residuszl pyridine removed
by azeotroping 4 times with toluene. The resulting solid

(46 mg, 94%) consisted of the reduced ethylene ketal which

crystallised from methanol as needles (38 mg, 78%), m.D.

202.5-203 °Cc (Found: C, 70.92; H, 6.51; N, 5.82. CogHy V505

requires c, T1.31; H, 6.56; N, 5.74%); v___ (KBr) 3 440 and

1 663 cm , ) (CDCl } 2.30 (3H, s, N-CH ), 3.41 (1H, d4, I 10w

5 Hz and J ca. 1 Hz, H-9), 3.84 (3H, s, O-CHB), 3.8 to

5-10¢

4.2 (48, m, O—CHZCHZ-O), 4,71 (1H, s, H-5), 5.67 (1H, 4,

Jg_g 10 Hz, H-7), 5.87 (1H, 4, Iy . 10 Hz, B5-8), 6.39 (1H,
br s, NH), 6.51 (1H, 4, g0 8 Hz, H-1), 6.66 (1lH, d, Ina

8 Hz, H-2), and 7.22 (5H, br s, Ph); m/e 488.

Alternative Reduction of the Ketal (1093 R = CH,CH, Ph) to

the Ketal (112; R = CH,CH Phl

The ethylene ketal (1093 R = CHZCHzPh) (50.4 mg, 0.1
mmol) in dry pyridine (1 ml) was treated with phosphorus

trichloride (9.6 pl, 0.11 mmol) at room temperature for



15 min. The reaction mixture was then diluted with 5N
sodium hydroxide (3 ml) and water (10 ml), fhen extracted
with chloroform., The extract was dried and evaporated.
Pyridine was removed by azeotroping with toluene (4 x)

to give a crystalline solid (54 mg). Crystallisation from

ethyl acetate gave the reduced ethylene ketal (30 mg, 61%).

N.m.r., spectroscopy and %t.l.c. showed that this material,
though similar to a samples prepared previosly by a
different route (see above) was contaminated with unreacted

starting material (ca. 10%4) which was not removable by

fractional crystallisation.

Hydrolysis of the Ketal (1123 R = CHzggnPh) to give

148-(3—Phenylpropanoylamino)codeinone (77 3 R = CﬂzggﬁPh)
.\ <

The ethylene ketal (1123 R = CHchQPh) (45 mg, 0.92

mmol) in methanol (3 ml) containing 6 N hydrochloric acid
(1 ml) and water (1 ml) was heated under reflux for 30 min.
The mixture -was basified with agueous sodium hydrogen
carbonate, extracted with chloroform and the extract’dried.

Evaporation the yielded then impure codeinone in effectively

quantitative yield. Crystallisation from ethyl =scetate gave

o
pure material (28 mg, 69%), m.p. 188-190 "C. The m.p. of

155

0
this compound prepared by an alternative route was 187-188 “C

and the n.m.r. spectra were identical (see £.130).



156

Preparation of the Oxazoline (315

o1

R = Ph)

The dimethyl acetal (96 ; R

Ph) (47.8 mg, 0.1

mmol) was dissolved in dry pyridine (3 ml)., Dry sulphur
dioxide was slowly bubbled through the solution for 5 min,
then the solution was heated at reflux for 35 min. The
mixture was cooled and diluted with agueous sodium hydrozen
carbonate (ca. 20 ml), extracted with chloroform and the
extract dried. The solution was evaporated znd the residual-
pyridine removed by azeotroping 4 times with ca. 10 ml
portions of toluene, Crystallisation from ethanol yielded
the oxazoline as prisms (27 mg, 63%), m.p. 226-228 °C; m/e
430; The m.p. of this compound prepared by D. HcDougal was

227-231 OC, and the n.m.r., and i.r. spectra were identical.

Preparation of the Ozazoline (115:; R = Ph) followed by

hydrolysis to l4p-Benzoylaminocodeinone (77 : R = Ph)

The oxazoline (115; R = Ph) was prepared as previosly
detailed above from the dimethyl acetal (96 3 R = Ph) (47.8
mg, 0.1l mmol), but was not crystallised., After examination
of the crude oxazoline by n.m.r., it was hydrolysed to the
codeinone by dissolving it in methanol (3 ml) containing
5 N hydrochloric acid (1 ml) and water (1 ml). This mixture
was heated under reflux for 30 min, then cooled, basified with
sodium hydrogen carbonate, extracted #ith chloroform and

the extract dried. FEvaporation then yielded the crude
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codeinone, which crystallised from methanol (29 mg, 70%),
0 .

m.pe 258-261 "C. This m.p. agrees with the previosly

recorded value of 256-259 °C, and the n.m,r. spectfa of

' the compounds were identical ( see p.136),

Preparation of the Oxazoline (115: R = CH Ph)

28
The dimethyl acetal (96 5 R = CHZCHZPh) (506 mg, 1.0

mmol) was dissolved in dry pyridine (15 ml). Dry sulphur
dioxide was slowly bubbled through the solution for 5 min,

then the solution was hezated under reflux for 30 min., The
mixture was then cooled and diluted with agueous sodium hydrogen
carbonate (ca., 100 ml), extracted with chloroform and the
extract .dried., The solution was evaporated and the residual
pyridine was removed by azeotroping 4 times with ca. 10 ml
portions of toluene, The resultant oil was purified by heating
under reflux in chloroform with charcoal for 1 h, followed by
passage through a grade O neutral alumina column in chloroforn,
to remove any polar material., Crystallisation from ethyl acetate —
di-isopropyl ether zave the ozazoline as needles (262 mg, 57%),
m.p. 169-170 °C (Found: C, 73.56; H, 6.48; T, 6.44. C,gHy N0,
requires C, 73.36; H, 6.55; N, 6.11%); vmax.(KBr) 1 662 and

1 649 cm-l; S (CDClB) 2.32 (34, s, N—CHB), 3.41 (3H, s, 0-CH,

at C-6), 3.82 (3H, s, 0-CH, at C-3), 4.45 (18, d&; Iy - 3 Hz,

3

5-8), 4.57 (1§, 4, J, g 3 He, B-T), 4.82 (1, s, B-5), 6.58
(18, 4, 3y , 9 Hz, H-1), 6.68 (1H, dy Iy , 9 Hz, H-2), and

7.08 to 7.41 (52, br s, Ph); n/e 456.



Preparation of the Oxazoline (115; R = CHZQEnEh) followed

by Hydrolysis to 14@-(3—Phenylpropanoylamin@codeinone (77 3

R = CH,CH Ph)

The oxazoline (115; R = CHQCHZPh) was prepared as

previously detailed (p.157) from the dimethyl acetal (96 ;3

R = CHZCHQPh) (50.6 mg, 0.1 mmol), but was not crystallised.
After examination of the crude oxazoiine by n.m.r., 1t was
hydrolysed to the codeinone by dissolving it in méfhanol

(3 ml) containing water (1 ml) and 5 N hydrochloric acid (1 ml).
This mixture was heated under reflux for 30 min, then cooled,
basified with agueous sodium hydrogen carbonate, extracted

with chloroform and the extract dried, Evaporation then yielded
the crude codeinone (39 mg, 88%) which was crystallised from
ethyl acetate (29 mg, 65%), m.p. 189-190 °C. This m.D.

agrees with the previosly recorded value of 187-188 °C, and

the n.m.r. spectra of the compounds were identical (see 1.130).
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Preparation of N-Benzylhydroxylamine
78

The method of Feuer et al was carried out using benzaldoxime

(24.2 g) and borane/THF solution (320 ml, 1 ¥). N-Benzyl-
hydroxylamine crystallised from pentane (7.4 g, 30%), m.p.

55 °¢  (Lit., 57 °0)

Preparation of N-Phenylhydroxylamine

The method of Vogei79was followed using nitrobenzene (50 g),
ammonium chloride (25 g), water (800 ml), and zinc.powder (59 g)o N=
Phenylhydroxylamine crystallised from benzene (14.03 g, 32%),

m.p. 77-82 °¢ (rit., 81 °c).

Preparation of N-Acetyl-lN-phenyldioxylamine (118 )

N-Phenylhydroxylamine (45 g, 0.41 mol) in THF (100 ml)
and pyridine (100 ml) was treated at room temperature with
acetyl chloride (27.8 ml, 0,49mol, ) for 1 h, then the reaction
mixture was poured into crushed ice and water (ca. 500 ml) and
extracted with chloroform. The extract was dried and evaporated.
After excess pyridine had been removed by azeotroving with
toluene (4 x), the residue was extracted with smmonium hydroxide
solution (ca. 30 ml, 0.88 sp. g.) and filtered. The filtrate
was then acidified with cold 5H sulphuric acid. This was then
extracted with chloroform, the extract was dried (HgSO4) and
evaporated. Crystallisation of the residue from ethyl acetate —
light petroleum (b.p. 60-80 °C) zave N-acetyl-H-vhenylhydroxyl-

o) Z © 3 °
amine (118) as cuboids (17.2 g 28%), m.o. 66-67 C (lit., 67 c).
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Preparation of N-Acetyl-N-benzylhydroxylamine QQQ)BO

N-Benzylhydroxylamine (3,20 g, 26 mmol) in THF (64 ml)
and pyridine (32 ml) was treated at room temperature with
acetyl chloride (2.24 ml, 31.2 mmol ) £or 17 1. then the reaction
mixture was poured into crushed ice and water (23. 500 ml), and
extracted with chloroform., The extract was dried and evanorated,
then the residue was extracted with ammonium hydroxide solution
(ca. 30 ml, 0.88 sp. g.) and the insoluble material removed by
filtration. The filtrate was acidified with cofd'5 ¥ sulphuric
acid, and extracted with chloroform., After the extract had
been dried it was evaporated to give an orange crystalline mass
of N-acetyl-N-benzylhydroxylamine (120) which crystallised from

ethanol at 0 °C (2.10 g, 49%), m.p. 125-126 °C (1it., 127 °c).

Preparation of N-Benzoyl-N-vhenylhydroxylamine (7110)

81
The method of Shome was followed using N-phenylhydroxyl-
amine (6 g) and benzoyl chloride (7.44 ml, 1.2 mol. equiv.).
N-Benzoyl-ll-phenylhydroxylamine (119) crystallised from ethanol

(3.95 &, 34%), m.p. 122 °¢ (1it., 121-122 °C).

Preparation of N-Benzoyl-l-benzylhydroxylamine (121)

The method of Shome81 was followed using N-benzylhydroxyl-

amine (3.38 g) and benzoyl chloride (3.72 ml, 1.2 mol. equiv.).

Q—Benzoylfﬂ-benzylhydroxylamine (121) crystallised from ethanol

82
(2.78 &, 45%), m.p. 107-108 °C (lit.. 108 °0).



Reduction of N—Acetyl—N—phenylhydroxylamine with Sulvohur

Dioxide in Pyridine

N-Acetyl-N-phenylhydroxylamine (100 mg, 0.66 mmol) was
dissolved in dry pyridine saturated with sulphur dioxide (5 m1)

then heated under reflux for 1 h. After cooling, water (5 m1)
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followed by 6 M hydrochloric acid (10 ml) was added., The mixture

was then extracted with chloroform (5 x 15 ml) and the extract

was washed with water, dried and evaporated to yield a crystalline

solid (84 mg). Crystallisation from water yielded acetanilide

(53 mg, 60%), m.p. 112-113 °¢ (1it., 114 °c).

Reduction of -Benzoyl-N-phenylhydroxylamine with Sulohur

Dioxide in Pyridine

Efﬁenzoylfﬂ—phenylhydroxylamine (100 mg, 0.47 mmol) was
dissolved in dry pyridine saturated with sulphur dioxide (5 ml)
then heated under reflux for 1 h, After cooling, water (5 ml)
followed by 6 M hydrochloric acid (10 ml) was added. The
mixture was then extracted with chloroform and the extract was
vashed with water, dried and evaporated to give a crystalline
solid (86 mg). Crystallisation from chloroform yielded

. ‘ .
benzanilide (59 mg, 64%), m.p. 162 °C (lit., 163 °C).

Reduction of N-Acetyl-l-benzylhydroxylamine with Sulohur

Dioxide in Pyridine

N-Acetyl-ii-benzylhydroxylamine (100 mg, 0.61 mmol) was

dissolved in dry pyridine saturated with sulohur dioxide (5 ml)
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and heated under reflux. Dry sulphur dioxide was occasionally
bubbled through the solution over the first S h, then the reaction
mixture was left under reflux for a further 15 h, Water (5 ml)
followed by 6 M hydrochloric acid (10 ml) was added to the cooled
solution. The mixture was then extrcated with chloroform, and

the extract washed with water, dried and evaporated to give

an oil (70 mg). Crystallisation with difficulty from diethyl
ether yielded benzylacetamide (16 mg, 18%) m.p. 59-60 °C (1it.,

61 °c). b

Reduction of N-Benzoyl-N-benzylhvdroxylamine with Sulphur Dioxide

in Pyridine

N-Benzoyl-N-benzylhydroxylamine (100 mg, 0.44 mmol) was
dissolved in dry pyridine saturated with sulphur dioxide (5 ml),
then he;ted under reflux for 45 min, After cooling, water (5 ml)
followed by 6 H hydrochloric acid (10 ml) was added. The
mixture was then extracted with chloroform and the extract was
washea with water, dried and evaporated to give an oil (87 mg) .
Ctystallisation from di-isopropyl ether yielded N-benzylbenzamide

(57 mg, 61%), m.p. 101-103 °c (1it., 105-106 °C).

Attempted Reduction of N-Acetyl-N-phenylhydroxylamine with

Phosphorus Trichloride in Pyridine

N-Acetyl-N-phenylhydroxylamine (100 mg, 0.66 mmol) in

dry pyridine (1 ml) was treated with phosphorus trichloride

(57.8 p1, 1,0 mol. equiv,) for 10 min. vater (3 ml) was added
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and the reaction mixture kept at 0 °C for g further 5 min. The

mixture was then exiracted with chloroform and the extract

dried and evaporated. Pyridine was removed by azeotroping with
toluene (4 x). The residue (43 mg) was shown by n.m.r.
spectroscopy to contain impure acetanilide, Attemnts to

crystallise this product from water failed.

Reduction of N-Benzoyl-N-phenylhydroxylamine with Phosphorus

Trichloride in Pyridine

N-Benzoyl-ll-phenylhydroxylamine (100 mg, 0.47 mmol) in
dry pyridine (1 ml) was treated at ‘O °C with ovhosporus
trichloride (45.1 ul, 1.1 mol, equiv.) for 30 min. Water
(2 ml) was added and the reaction kept at O °c for 5 min. The
mixture was then extracted with chloroform, dried and evaporated.
Pyridine was removed by azeotroping with $oluene (4 x), then
the residue was dissolved in ethanol and heated under reflux
with activated charcoal for 1 h. Filtratién followed by
evaporation then gave impure benzanilide which crystallised
from chloroform (30 mg, 32%), m.p. 156-161 °c (1it., 163 °c).

Further attempts at purification were unsuccessful.

Attempted Reduction of N—Acetyl—N—benzylhydroxylamine with

Phosporus Trichloride in Pyridine

N—Acetyl-H-benzylhydroxylamine (100 mg, 0.61 mmol) in
dry pyridine (1 ml) was treated with ohosphorus trichloride

(58 pl, 1.1 mol. equiv.) at O Ot and the reaction mixture left

N A : [ N fois
at room tommeraturce for 20 min., Water () ml) fOllO‘ed o
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5 M sodium hydroxide (5 ml) was added and the mixture was extracted
with ethyl acetate. The extract was washed with 5} Hydrochloric
acid, then water, dried and evaporated to yield a brown oil

(8 mg). This material was not identified.

Attempted Reduction of N-Benzoyl-ll-benzylhydroxylamine with

Phosphorus Trichloride in Pyridine

¥-Benzoyl-N-benzylhydroxylamine (100 mg, 0,44 mmol) in
dry pyridine (1 ml) was treated at O °C with phospﬁorus trichloride
(43 p1, 1.1 mol. equiv.) and the reaction mixture kept at room
temperature for 35 min., Water (5 ml) followed by 5 M sodium .
hydroxide (5 ml) was added and the mixture was extracted with
ethyl acetate, The extract was washed with 5 N hydrochloric zcid,
then wafer, dried and evaporated to give a yellow oil (33 mg).
The n.m,r. spectrum indicated thet this o0il contained
N-benzylbenzamide, but crystallisation from di-isopropyl ether

was unsuccessful.

Reduction of N-icetyl-N-phenvlhydroxylamine with Borane

N-Acetyl-l-phenylhydroxylamine (755 mg, 5 mmol) in dry
THF (5 ml) under a nitrogen atmosphere at O °c was treated
with a solution of borane in TEF (10 mlj; 1 i, 2 mol. ecuiv, ).
The mixture was heated under reflux for 1 h, then cooled.
5 ¥ Hydrochleric acid (lO ml) was then cautiously added and

. : el an 3
heating under reflux continued for 20 min. =ne reaction

mixture was then basified by the addition of 5 il sodium hydroxide
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(15 ml) and extracted with ethyl acetate. The extract was dried
and evaporated to yield a brown oil, Distillation under

reduced pressure then afforded N-ethylaniline as a pale yellow
0il (518 mg, 86%), b.p. 199-201 °C/760 mm Hg (lit., 205 °c/
760 mm Hg). When compared to a genuine sample of N-ethylaniline,
n.,m.r spectroscopy and tlc both indicated that an impurity was

present (ca. 10%), which was not identified.

Reduction of N-Benzoyl-N-phenylhydroxylamine with Borane

N-Benzoyl-N-phenylhydroxylamine (213 mg, 1 mmol) in dry
THF (5 ml) under nitrogen was treated with a solution of
borane in TEF (10 ml; 1 ¥, 10 mol. equiv.). The mixture was
heated upder reflux for 2 h, then a further portion of borane
in THF (5 ml; 1 ¥, 5 mol. equiv.) was added and heating under
reflux continued for 10 h, After cooling, the reaction was
terminated by cautiously adding a solution of THF - water (6:4)
$ill all frothing ceased, then 5 M hydrochloric acid (2 ml)
was added and the mixture heated under reflux for 40 min.
The reaction mixture was basified with 5 Il sodium hydroxide
(3 ml) and extracted with ethyl acetate. The extract was dried
and evaporated to yield an oil (182 mg). This oil was extracted
with boiling light petroleum (b.p. 60-80 OC) to yield after
evaporation, an oil (159 mg) which was distilled (ca. 200 °c/
10 mm Hg), then crystallised from light netroleum (b.p. 60-80
°C) to yield N-benzylaniline as needles (15 mg, 8%) m.p. 35-36
e (1it., 36 OC). The »roduct was homogeneous br t,1l.c. and
the n.m.r snecirum agreed with that of = senuine specimen of

I-benzylaniline.



Reduction of N-Acetyl-N-benzylhydroxylamine with Borane

N-dcetyl-N-benzylhydroxylamine (165 mg, 1 mmol) in dry
THF (3 ml) under nitrogen at O °C was treated with a solution
of borane in THF (2 ml; 1 ¥, 2 mol. equiv.). The mixture was
heated under reflux for 20 min then cooled. 5 ¥ Hydrochloric
acid (2 ml) was then cautiously added and heating under reflux
continued for 20 min., The reaction mixture was then basified
by the addition of 5 ¥ sodium hydroxide (3 ml) apd extracted
with ethyl acetate., The extract was dried and evéborated to
yield a pale yellow oil (160 mg). Distillation under reduced
pressure gave N-ethylbenzylamine (60 mg, 48%) zs a colourless
0il, b.p. 190-195 °¢/760 mm Eg (1it., 191-194 °C/760 mm Ezg).
This materizl was homogeneous oy t.l.c. and the n.m.r. snecirum

agreed with that of a genuine specimen of N-ethylbenzylamine.

Reduction of N-Benzoyl-N-benzylhydroxylamine with Borane

N-Benzoyl-N-benzylhydroxylamine (227 mg, l.0 mmol) in
dry THF (5 ml) under nitrogen at O °C was treated with a solution
of borane in THF (2 ml; 1 1i, 2 mol. eguiv.). The mixture
was heated under reflux for 20 min then cooled. 5 iI Eydrochloric
acid (2 ml) was then cautiously added and heating under reflux
continued for 20 min. The reaction mixture was then basified
by the addition of 5 M sodium hydroxide (3 ml) and exiracted with
ethyl acetate., The extract was washed with water, dried and
evaporated to yield a pale yellow oil (197 mg). Crvstallisation

from methanol gave lllil-dibenzylhydroxylamine as nsedles (51 mg,
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24%), m.p. 117-119 “C (1it., 123 °C); m/e 213. This material
was homogeneous by t.l.c¢. and the structure confirmed by n.m.r,

spectroscopy.

Reduction of N-Hydroxysuccinimide with Phosvnhorus Trichloride

in Pyridine

N-Hydroxysuccinimde (1.15 g, 10 mmol) in oyridine (10 ml)
was treated with phosphorus trichloride (0.96 mly, 1.1 mol.
equiv.) at room temperature for 10 min. The mixtu¥e was |
diluted with 5 N sodium hydroxide (20 ml) and water (130 ml),
then extracted for 18 h with ethyl acetate., The extract was
dried and evaporated to give a crystalline solid (107 mg).
Crystallisation from ethanol yielded succinimide monohydrate
(65 mg,:6%), m.p. 123-126 °c  (1it., 126-127 °C). The i.r.

and n.m.r. spectra were identical to a2 genuine sample of succinimide.

Attempted Reduction of N-Fydroxysuccinimide with Sulohur

Dioxide in Pyridine

N-Hydroxysuccinimide (230 mg, 2.0 mmol) in dry pyridine
(5 ml) was treated with dry sulphur dioxide for 5 min, then
heated under reflux for 24 h, with occasionzl nassage of sulphur
dioxide., The mixture was then evavorated, and the pyridine
removed by azeotroping witih toluene to yield a yellow oil
(290 mg). T.l.c. (silicas ethyl acetate) indicated that no
reaction nhad taken nlace and the resultznt yvellow oil consisted

of startinz material.
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Reduction of N—Acetyl—N—phenylhydroxylamine with Zinec in Acetic

Acid

N-Acetyl-N-phenylhydroxylamine (151 mg, 1 mmol) in
glacial acetic acid (1.5 ml) was treated with powdered zinc
(98 mg, 1.5 mmod) and the mixture warmed at 70-80 °C for 301
min, The mixture was filtered, and the filtrate diluted with
water (ca. 20 ml) then basified to pH 11 with 5 M sodium
hydroxide solution. This solution was extracted:with chloroform,
the extract dried and evaporated to yield acetanilide (37 mg)
as a crystalline solid., Crystallisation from water gave 26 mg

(19%), m.p. 113-114 °c (1it., 114 °c).

Attempted Reductions of N-Acetyl-l-phenylhydroxylamine with

Silicon containing Reagents

58

(2) Trichlorosilane

N-Acetyl-N-phenylhydroxylamine (151 mg, 1.0 mmol) in dry
benzene (8 ml) and triethvlamine (0.14 ml, 1.0 mmol) was treated
with trichlorosilane (C.20 ml, 2 mmol). The mixture was heated
under reflux for 3 days, then left at room temperature for 4
days. Water (10 ml) followsd by benzene (20 ml) was then zdded
and the organic layer vas separated, washed with water, dried
and evaporated to yield an oil (36 mg). H.m.r. spectroscopy
showed this to consist mostly of unreacted starting materizl,

(b) Polymethylhydrosiloxane59

N—icetrl-ll-phenylhvdroxylamine (200 mz, 1,3 mmol) was

)

. . ) s, 4 \ . ) . .
dissolv ¢ in mothylens chloride (ca. 5 nl) and treat:Q wi
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excess polymethylhydrosiloxane (1 ml). The mixture was heated
under reflux for 15 min after which a positive ferric chloride
test indicated that starting material was still present.
Triethylamine (l drop) was added and the reaction left at room
temperature for 10 days. A positive ferric chloride test again

indicated that starting material was present.

(c) Hexachlorodisilaneéo

N-Acetyl-N-phenylhydroxylamine (45 mg, 296 umol) was
dissolved in deuteriochloroform (1 ml) in an n.m.r. tube., The
tube was flushed with dry nitrogen, then to this solution was
added hexachlorodisilane (50 ul, 296 umol). Bubbles of gas were
immediately evolvaed and the n.nm.r. spectrum showed that z2ll
the stafting material had been converted to an unknown product.
Hydrolysis of this material with 5 X sodium hydroxide yielded
a compound whose specirum was even more complicated., T.l.c.

showed that 3 compounds were present, none of which was acstanilide,
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Reduction of Thebaine with Sodium/Liquid Ammonia

(4) Sodium (460 mg, 20 mmol) and hydrated iron III nitrate
(404 mg, 1 mmol) were dissolved in dry liquid ammonia (ca. 80 ml)
with passage of oxygen over 20 min at - 78 oC to form sodamide.
Thebaine (3.11 g, 10 mmol) was then added, followed by sodium
(460 mg, 20 mmol) and the reaction mixture allowed to warm to

- 33 °C with stirring, After the zmmonia had mostly evaporated
(23; 3 h), ethanol (15 nl) and water (50 ml) was added snd the
mixture filtered, to remove unreacied thebaine. The products
were precipitated from the filtrate by the addition of solid
carbon dioxide, and were exiracted into chloroform., The extract
was dried and evaporated to yield a2 pink foam (2.59 g). N.m.r.
spectroscopy showsd this to0 consist of @ -dihydrothebaine (123)

(50%) and dihydrothebaine-p (101) (50%).

(B) The above procedure was repeated with sodamide (30 mmol)
and sodium (30 mmol), and the ammonia was allowed to evaporate
for 17 h at room temperature. After workup, analysis of the
total reaction mixture by n.m.r. spectroscopy showed that it

contained @-dihydrothebaine (55%) and dihydrothebaine-8 (45%).

(¢) The procedure of exveriment (B) wes revpezted, but after
the ammonia had evznorated (ca. 3 h), a further 80 ml of liguid

ammonia was 2ddsd and evaporation lsft To continue overaight.
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This procedure yielded @ —dihydrothebaine (65%), =and

dihydrothebaine—-@ (35%), as identified by n.m.r. speciroscopy.

The products from experiments (4), (B), and (C) were sevarted
by fractional crystallisation as follows. The mixture of
§ —~dihydrothebaine and dihydrothebaine—ﬁ was heated in refluxing
light petroleum (b.p. 60-80 OC), then ethyl acetate was added
dropwise until the residue just dissolved. Upon‘6001ing, @ -
dihydrothebaine crystallised (904 mg, 29% from (4)). Dihydro-
thebaine—@ crystallised from the mother liquors afier treatment
with ether and benzene (682 mg, 22% from (4)). The n.m.r.

specira for both compounds agreed with those of the literature,

but botlr commounds were still coloured.

Preparation of 5,0-Dihydrothebzine Phenyl Tither (127).

This procedure is bassd on that of Sawa EE'EQE% for the
preparation of the 4-phenyletier of dihydrothebaine—ﬁ.
@ -Dihydrothebaine (3.13 g, 10 mmol), pyridine (30 ml), finely
ground anhydrous potassium carbonate (2.16 g), precipitated
copper metal (0.31 g), and redistilled bromobenzene (2.57 ml,
24 mmol) were heated together under refluxz for 10 h. The
solution was filtered while still hot =znd the residue washed
with hot pyridine. Evaporaition of the »yridine solution

=fforded a brovn oil which was dissolved in benzene and washad
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with water, the resulving emulsion being separated by centrifugation.
The benzene solution was dried (K2003) and evaporated to

yield a black tar (4.51 g). Preparative tlc on silica (methanol -

chlroform, 1:9) yielded 4—phenyl ether (127) (RF 0.31) (3.24 g,

83%) as an oil, & (CD013) 2.37 (3H, s, NCH3), 3.51 (3H, s, 0-CH,

at C-6), 3.63 (3H, s, o-CH3 at C-3), 4.83 (1H, vr 4, Ia8 6 Hz,
H-7), 5.80 (1H, 4, gH_7 6 Hz, H-8), and 6.7 to 7.4 (7H, m,

arometics); m/e 389,

Preparation of 8,14-Dihydro-8«,l0q—epidioxy-148-nitrothebaine (74)
\

Thebaine (1.56 g, 5 mmol) was dissolved in benzene (70 ml).
Dry oxygen was slowly bubbled throug: the solution, then
tetranitromethane (0,60 ml, 5 mmol) in tenzene (12 ml) wes added
over 12.min. The reaction mixture was left at room temperature
for 3 h with passage of oxygen, then the yellow precipitated
nitroform salt was filtered off, and the filtrate concentrated
under vacuum at 30 oC. The components of the filtrate were
separated by preparative t.l.c. on alumina (chloroform - benzene,
1:1) %o yield thebaine (18 mg), l4g-nitrocodeinone (154 mg),
both identified by n.m.r. spectroscony, and 3,14-dihydro-8x,l0«<~
epidioxy-14p-nitrothebaine (600 mg, 31%), which crystallised from
ethyl acetate to yield prisms, m,»., 160-161 °c (after drying
at 65 °C/ca. 1 mm Hg for 3 deys) (Lit.3! 159-159.5 °C). (Found:

C, 58.68; H, 5.28; i, 7.24. C requires C, 58.763 H, 5.23;

A1
19720 207

W, 7.21%). The n.m.r. and i.r. spectrz agreed with those of

the literature.
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Preparation of 14g-Nitrocodeinone Dimethyl Acetal (72)

Thebaine (1.56 g, 5 mmol) in methanol (100 ml) and anhydrous
methanolic ammonia (2.28 M; 6.6 ml, 15 mmol) were stirred at 0 °C.
To this solution was added over 15 min, tetranitromethane (1.56 ml,
13 mmol) and the mixture left without stirring at room temperature
for 17 h, +to allow the product to crystallise. The slurry of
crystals was concentrated under vacuum at 30 oC,;then the solid
material was removed by filtration and washed with‘cold methanol,
then light petroleum (b.p. 40-60 OC), and finally ether, to yield
l4g-nitrocodeinone dimethrl acetal (584 mg, 30%). A specimen
was recrystallised from ethanol, m.v. 225-227 % (lit.;7 227~
227.5 °C), and the n.m.r. specirum was identical to %hat in the

literature.

Preparation of l4a-Nitrocodeinone (73) by Hydrolysis of the
\

Dimethyl Acetal (72)

l4g-Nitrocodeinone dimethyl acetal (300 mg, 0.77 mmol)
was dissolved in methanol (6 ml) containing 5 N hydrochloric
acid (2 ml) and water (2 ml) and heated under refux for 30 min.
The mixture was then basified with aqueous sodium hydrogen
carbonate, extracted with chloroform, dried ard evaporated
to yield l4g-nitrocodeinone (241 mg, 91%). A small sample
crystallised from cthanol had m.p. 170-171.5 °C (lit..,w 172.5-

173 OC), and the n.m.r. snectrum was identical to that in the

literature,
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Attempted Oxidation of 14g-Nitrocodeinone (73) to 10-Oxo-14g-—
\ <

nitrocodeinone (128)

l4g-Nitrocodeinone (114 mg, 0.33 mmol) in refluxing dioxane
(5 ml) was treated with resublimed selenium dioxide (44 mg, 0.40
mmol). After 3 days reflux, t.l.c. on silica (ethyl acetate)
indicated tiat ca. half of the starting material was still present,
so selenium dioxide (44 mg, 0,40 mmol) was again added and the
reflux continued., After a further 4 days, the réaqtion mixture
was cooled, chloroform was added and the solution evaporated
in vacuo to give a dark brown solid. This solid was dissolved
in methanol, heated under reflux for 30 min with charcoal, then
filtered and evaporated to yield a crystalline solid (62 mg).
N.m.r. spectroscopy indicated that the N-methyl group had been
ozidised'fo N-formyl, but the product was never isolated or

characterised.

Attemoted Hitration'ofey-Dihydrothebaine with Tetranitromethane

@ -Dihydrothebaine (313 mg, 1.0 mmol) in metiznol (20 ml)
was stirred at 0 °C and treated with tetranitromethane (0.36 ml,
3.0 mmol) over 15 min, then the reaction mixture was left =%
room temperature for 17 h. Removal of the precipitated salts by
filtration, followed by cautious evaporation of the solvent
under vzcuum at 20 OC, yieided a chloroform insoluzble black

tar. The n.m.r. spectrum recorded in Dé—acetone, showsd thai

along with ssveral by-products, & comvound that zppeared to
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contain 3 methoxy singlets was nresent. This material was
tentatively assumed to be the 14@-nitro dimethyl acetal com>ound

but it was not isolated or vnositively identified.

Preparation of 5,0-Dihydro-l4g-nitrocodeinone Phenyl Ether (129)
\

4 -Phenyl ether (127) (770 mg, 1.98 mmol) was dissolved in
dry benzene (30 ml). Oxygen was slowly bubbled through the
solution then tetranitromethane (0.30 ml, 2.50 mﬁol) in benzene
(5 ml) was slowly added over 8 min with stirring, Passage of
oxygen was maintained for 2 h, thenthe.recaction mixture was
left =zt room temperature for 10 h, Filtration of the oily
residue, followed by cautious evaporation of the filtrate,
vielded a2 yellow foam (630 mg). Preparaztive t.l.c. on zaluminz
(benzené - chlroform, 1l:1) yielded at least 8 different compounds,
of which the two major components consisted of the l4€-nitro
dimetsyl acetal (130) (EF 0.50) (20 mg, 2%), identified by n.m.r.

spectroscopy, and the 5,0-dikydro-l4g-nitrocodeinone (129)

(RF 0.33) (96 mg, 12%) which crystellised from ethyl acetate
as needles (48 mg, 6%), m.p. 166 °¢ (decomp., with evolution of

gas) (Found: C, 68.63; H, 5.93; N, 6.68. requires

¥
024Hé41205
1

C, 68.57;, H, 5.71; N, 6.67%); v x_(KBr) 1 679 and 1 539 cm

~
.

§ (0D01;) 2.42 (3, s, K-CE;), 3.61 (3H, s, O-CH,), 3.84 (1%,

P 6 Hz, and Eﬁ-lo@ ca. 1 #z, I-9), 6.24 (1H, d, I g

10 Hz, #-7), and 6.2 to 7.4 (8%, m, H-1, H-2, H-8, and Ph);

m/e 420.
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Preparation of 5,0-Dihydro-l4g-nitrocodeinone Phenyl Ether
\

Dimethyl Acetal (130)

The 4-phenyl ether (127) (773 mg, 1.99 mmol) in methanol
(17 ml) and anhydrous methanolic ammonia (2.28 M; 2.64 ml, 6.0
mmol) was stirred at O °C, To this solution was added
tetranitromethane (0.62 ml, 5.2 mmol) over 15 min, then the
mixture was left at room temperature without stirring for 12 h
to allow the product to crystzllise. The crystalé‘of the
product were collected by filtration and washed with cold methanol,
then 1light petroleum (b.p. 40-60 °C), and finally ether to

vield the dimethyl acetal (130) (205 mg, 22%) as needles., A

specimen was recrystallised from methanol, m.p., 140-142 OC
(decomp. with evolution of gas) (pound: C, 66.91; H, 6.43; N,
5.74. Coglly i 0g Tequires C, 66.95; H, 6.443 N, 6.01%); Vo

(KBr) 1 537 cm-l; 6 (03013) 2.40 (3H, s, N—CH3), 2.77 (34, s,

aX.

o--CH3 at c-6§), 3.14 (3H, s, 0-CH,
at C-3), 3.71 (1H, 4, gH_lOcts Hz, H-9), 6.10 (24, s, H-7 and

H-8), and 6.7 to 7.4 (72, m, H-1, E~2, and Ph); m/e 466,

at C-61), 3.62 (3H, s, o-CH3

Preparation of 5-Q-Dihydrothebaine Phenyl Zther/Hitrsocartonyl—

methane Adduct (131)

The crude 4-ohenyl etirer (127) (102 mg, 262 umol) in
ethyl acstate (10 ml) and sodium periodate (84 mg, 393 pmol)

in aqueous sodium acctete (0.2 II, adjusted to HH 6 with



concentrated hydrochloric acid) (3 ml) were stirred rapidly at
0 GC. Acetohydroxamic acid (29 mg, 393 pmol) was added slowly
over 10 min, then rapid stirring was continued for 1 h, The
mixture was basified by the addition of agueous sodium hydrogen
carbonate and the layers separated. The agueous layer was
eitracted with ethyl acetate and the combined ethyl acetate
layers washed with agueous sodium thiosulphate and then water.
The ethyl acetate solution was dried and evporated.fo yield an
0oil (79 mg, 62%) which was purified by preparative tl.c., on

silica (methanol - chloroform, 2:8) to yield the cyclo-—azdduct

(131) (BF 0.78) (56 mg, 44%) as an oil, & (cD013) 1.86 (3H, s,

COCH3), 2.38 (34, s, N—CHB), 3.34 (3H, s, O-CH, at C-6), 3.62

3

, &b C=3), 4.50 (1H, dd, Jy ;4. 6 Hz and dr-10g

ca. 1 Hz, H-9), 6,22 (1H, 4, I g 9 Hz E-7), and 6.6 to T.4

(3H, s, O-CH

(84, m, H-1, H-2, H-8, and Ph); m/e 462.
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