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The obJject of this work was to prepare a series of
l4-substituted codeine derivatives for pharhacological
study using ‘the natural product thebaine as Btarting
material. Thebaine is easily converted inte li-hydroxy-
codeinone and . the preparation of l4-substituted codeins
derivatives from this compound presented interesting
problems of reaction mechanism and stereochemistry as

well as providing compounds of congiderable interest as

analgesics.
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The extraction of opium from the unripe seed capsules of

the poppy plant, Papaver SQQniferum.was well known by the snoient
Greeks and to them is accredited the compoundiﬁg of tincture of
opium, or laudanum, which is still the official prapgrafiono By
the middle of thesixteenth century the uses of opium which are
valid todey wers fairly well understood in Europe but uatil well
into the nineteenth century the only opium preparations used
medicinally were crude extracts.

Tha icolation of the ralated clkaloids, morphine (I, R = H)
(Serturner 1805), codeine (I, R = CHy) (Robiquet 1811), and
thebaine (II)(Pelletier 1832) along with papaverins (III) (llerck
1848) resulted in the use of\pur§ alkaloids rather than crudc
preperations spreading throughout the medicinal world. Further
accounts of the history of opium and its alkaloids are given by

Macht (1915)' and Henzlik (1929)
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The initial researches of von Geriohten, Knorr,

’

and Pachorr9 ° which established tﬁé positions of the oxygen
subotituents and the existence of a bridged-phenanthrene type of
structure for morphine wers followcd in the rext twonty years
by attempts to ﬁlace the nitrogen bridggo All the positions
proposed however failed to provide a basis for the many
transformations which ﬁorphine, thebaine, and codeinone (IV)
undergo with acid, until Gulland and Rcf:d.ma<:urx.1,1"12 supported

by Sohb’pf,ié in 1925 proposed the structure (I, R = H) for
morphine in which the carbon end of the nitrogen bridge is
attached to the fully substituted angular position 13. The
rearrangencnt of the chain leads to transformation products e.g.
metathebainone (V), thebenine (VI), and morphothebaine (VII)
which arise from the addition of a proton to the postulatedM

common intermediste (VIII),

The total syntheeis of morphine wzs first carried out by

18°%16 '
Gates and Tschudi and confirmed Gulland and Robinson's

structure.

CHs

CHO CHy

(IV) (v)
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HMorphine and codeine have wide clinical use as anclgesics
but thebéina has little activity. Theﬁaina can be converted to
codeiné‘vbut it is also desirable to prepare new codeine
derivativaé from thebaine which will enhan#e tha‘&nalgeeiq
potoncy of codeine (one sixth that of morphine). 1l4-Hydroxy-

: dihydrocodeinone (IX) 1s marketed as a drug under the tradé nama

1691992 ‘ _ 21922923 24
o(eucodal) and is easily prepared from thebaine.

" eukodal!
14-Hydroxy derivatives of codeine therefores showed great promise as
analgesics and the objeot of this work was to prepare l4-hydroxy
and 14-acyloxy codeine derivatives for pharmacological testing.
The praparation of these compounds introduced many probleﬁa of
stereochemistry and reaction mechanism,
14-§gdfo§xcodein0ne.

(Hoto:. The oonventionfaof denoting l14p-substituents by a
full line into ring B will be used. The nomenclature is that
used byYBentley;e €ego 14—hydroxydihydrocodeinane instead of

dihydro~-14~-hydroxycodeinone).
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14-Hydroxycodeincne (X) is preoparéd by the oxidation of
thebaine with peracetie ao:ld'# oi.- performioc a‘.cid"m (i2 60~-77% and
80-90% yield respactively) tha reaotion involving 1,4 addition of
hydroxyl groups to the conjugated diene system of thobaine
followed by elimination of methanol from the C; intermediate

hemiacetal.

ACHs

(x)

(11)

25g : 179285
Freund ~“ehowed that l4-hydroxy- and l4-bromocodeinone :

have the morphine ckeleton intact by conversion of the latter to
14~hydroxycodeinone oxime with hydroxylamine &nd by its reduction
with fe:roiw hydroxide to codeinone.. 14~Hydroxycodeinone was
first considered to be an a~hydroxy ketone but this formulation

was rejected by Gulland and Rc.vhi.nsmn12 since the base was stable té
alkaline silver and oupric édlutionéo A Behydroxy ketone étructur@
was also rejected because of the difficulties observed of
dehydrating 14-hydroxycodeinons and derivatiﬁes. but & YX'—hydroxy
ketone structure is in agreement with all the expez;imental 'i"acts

end elthough l4~hydroxycodeinone does not show the probertiea of



-

2 methylens ketone, the dihydro ketone (IX) does indiecating the
prssence of the syctem =CO0-C=C-C~0H in the fermer.

Since the l4-position in l4-hydroxycodeinone is Llocked; ithe
morphing typs of intarzediate_(VIlI) connnot be formed and this
fact cccounts for ths grsct stability of l4-hydroxycodeinone in
acid esolution compared with codeinone,

14-Idydrozycodeinons on cetalytic hydrogenation affords

249227237%24 .
l4-hydrozydihydrocodeinons but on reduction with zine

21928
dust end acetic acid yields “hydroxycodeine" the recstion

préau:ably involving a change in ring etruoturg%pZ? Opening of
the cyclic ether link occurs when l4-hydroxycodeinene is reduced
under acid conditionsy reduction with stannous chloride and
hyédrochloric ccid giving 14=-hydroxythebainone (XI)“’:‘!2 w48 vhich
can be catalyiiocally reduced to 1l4-hydroxydihydrothebainons (XII) -
also prepared by Clemmonsenireductionil prolonged catalytic

48 . 21
hyérogonation, or sodium ecmalgam in alcohol reduction of

l4-hydroxycodeinone.

e

CH:O oH

(X1) (X11)
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Hydrogenation of both l4-hydroxycodeinone and
l4-hydroxydihydrocodeinone using platinunm oxids es catalyst gives
2 nmixture of epimers l4-hydroxydihydrocodeine B and ld-hydroxyo
dihydrocodaing 6 both difforent from 14-hy§rozydihydrocodoina A
the estalytic hydrogenaticn produst of "hydroxycodaina'%”a

Staracchenigtry of Morphing.

ouc stergcchenistry of the fiva cayunatrie cantree
in morphine was deduced by Stprk?eon nechanistic grounds dut he
rzéa no claiaa as to the absolute storcechemistry; 3Bentley and
Cardaall?g from nmolecular rotation studies cnd Jeger gj_g&io from
degradations have subsequently shown that the abesoluts stereochemistry
of (-)»mcrphiﬁa 1s roprecazntsd by (XIITh) end not by its excnticzorph
(XIXTn). The validity of Stork's deduetions are howaver unaffaeeted

and cen bs summerised as fellowo:

(XIIla) (XIIIb)
(1) Relation of Cg oxygen to Cg hydrogen,

The s&ssumpliion is made that the G, hydrogen in codeine
cztends cbove tho plazoe of the ring (XIV, R = H)y the C; opimoric
slcohol, isccodeine 1s rupresented by (XV, R = 3). Of the tac

nethyl ethers, ong is recoverad frem sodiunm methoxide without



epimerisation while the other, codeine methyl ether (XIV, R = CE,)
iﬁ isomerised to the phenolio enol methyl ether (XVI). This
B~elimination reaction rcquires the CB oxygen to bo trang to the
C; hydrogen. The rates of cleavage of derived glycola81 by lead

t¢tra-acetate support thie conclusion.

N/Cﬁa N/C H3

CHs & CHO i OR
(XIVv) (Xv)
(11) Relation of Cg-C,; side chain to the Cg-hydrogen.

There are two possible orientations for the C,5 side chain with

respect to Cg, viz., (XVII) and (XVIII)

Ch0 O |
(Xvirij) (XVIII)
In the former, the five membered oxide ring and ring C have
o ggg-Junction and of necessity C,; is trans to the bridgs oxygen
whereas in (XVIII) the ring junction ie Irans and the relationship

of C,, to the bridge oxygen is cis. The formula (XVII) must



repreéent the relationship existing in codeine since if a
trans 6-5 fused ring system were present in dihydrocodeinone it
would be epimerised by base to the more stable cis system,

This does not happen endmince dihydrocodeine is the sole
product cf catalytic hydrogenation of dihydrocddeinone32 the
Cy=Cys g}g_r@iatioﬁéhip nust also exist in codeine and dihydro-
codeine.

(1i1) Tho configuration at C,,.

The catalytic hydrogenation of the diene system of thebains
requires that the C; and C,, hydrogen atoms be cis, and since the
product.dihydrocodeine méthyl ether has the same configuration as
codeine methyl ethsr (C8 and Cg; hydrogens cis), the hydrogen
atons at C;, C5, and C,, are gcis.

Jeger gﬁ_g}io in a controlled degradation of thebaine through
ketone (XIX) to (-)=cis-2-methyl-2-carboxycyclohexyl acetic acid
(XX) proved that the junction between rings B and C in 8,14-dihydro;
thebaine (and hence in morphine) is cis. He also concluded that
- rings C and B in morphine correspond to rings A and B in the
58 steroids and the ethanamine bridge (including carbon atoms 15 and
16) has the same spatial position as the B-methyl group at C,, of

the steroids (XXI) and polyterpenes.
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H H
(xx) (XXI)

‘Conformation.

These stereochemical rslationships and the crystallographic
studies by Hrs. Eodgkin.a3 showed that morphine (XXII, R = H)
and codeine (XXII, R = CB;) are roughly T-shaped with twe plance
nearly at right angles to each othery one plane includes tha
aromatic ring A, the ether-ring, and ring B. 3B and C formla
gis-octalin system, while rings C and D are fused in the form of

a trans octahydroisoquinoline system to give ﬁheegecond plans.

(XX111)

- In l4-hydroxy~ and l4-bromocodeinone, the attaoking reagent
14934 :

must approach from the less hindered side - and therefore the
1l4-substituent must be cis to the ethanamine chain.

The conformation of dihydrocodeine (XXIII), codeine,
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and their isomers has been deduced in the following Qays:from
relative ease of oxidation of epimerio alcoh.ols88 since axial
alcohols ore oxidised pfeferentially to equatérial ﬁlcohoissg6

from reduction of ketones with differant_reagentb whiqh often give
elcohols of definite configu;fé.tion.%6 and from solvolysis reactionz
of alicyclic chlorocompounda. These deductions are the sudbject of
& revj.‘ewwy by Ginsburg on conformational analysis of thé morphine

alkaloids.
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A series of l4-substituted codeine derivatives were praparcd
for phgrmacological study by sodium boroh&drida reduction of the
corresponding 14-hjdr§zy and 14-acyloxycodeinones. The epimeric
14=-substituted isocodeines were néf formed by this reaction but
were prepared using l4-hydroxycodeins tosylate as an intermediate.
Thevlattar comfound on treatment with 70% acetic zzid gave the
l4-hydroxyallopseudocodeine saries. Lithium aluminium hydride
reduction of 14-hydroxycodeiﬁe tosylate gave l4éhydroxydeoxycodeine
and the wvery actiﬁe analgesics, the i4-acyloxydeoxycodeines°

Attempts to prepare known codeine derivatives from "hydroxy-
codeine'" , the non-phan§lic compound from éhe reaction of zinc dust
and acetic acid on 14-hydroxycodeinone are describsd and a new
structure is postulated. A new method is reported for the
synthesis of l4-hydroxy-E-alkylnorcodeines. This involves ths
formétion of 14-hydroiyoH-acylnorcodeine derivatives from the
corresponding 14-acyloxy-N-cyano compound by acyl migration,and

their reduction with lithium aluminium hydride.
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THEORETTICAL

The reduction of 1l4-hydroxycodeinoné (XXIV, R = H) with
sodium borohydride was recently desc:ibed by Sargent,
Schwartzman, and Smalla.7 They obtained an unsaturated diol
hydrogenation of which gave l4-hydroxydihydrocodeine B previously
obtained?e togother with l4-hydroxydihydrocodeine C Ly catalytiec
hydrogenation of 14-hydroxydihydrocode1none (XXVv, R = H). Since
sodium borohydride reduction of codeinone gives e néarly
quantitative yield of codaine,sa Sargent et al. inferred that
the product obtained by similar reduction of l4-hydroxycodeinone
is 1l4-hydroxycodeine (XXVI, R = R' = H). If this inference is
corract, it follows that 14-hydroxydihydrocodeinz B iz l4-hydroxy-
dihydrocodeins (XXVII, R = R' = H) and that l4-hydroxydihydro-
codeine C is l4-hydroxydihydroisocodeine (XXVIII, R = R' = H).

Before the appearance of the paper by Sargent et al.,
l4-hydroxycodeine was prepared by both sodium borohydride and
lithivm aluminium hydride redustion of l4-hydroxycodeinons and
it was shown that on catalytic hydrogenation; l4=-hydroxyccdeine
is converted into l4-hydroxydihydrocodeine Big On oxidation with
ectivated manganese dioxidego 14-hydroxycodeins is converted back
to l4-hydroxycodeinone showing thgt Cs alone 19 involved in the
netal hydride reductions. It was also found that reduction of
14-hydroxydihydrocodeinone with sodium borohydride gives both

14-hydroxydihydrocodeino B and l4-hydroxydihydrocodeine C and
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Oppenauer?n oxidation of these dihydro diols‘gave 14~hydroxy~.
dihydrocodeinone, the B epimer in' 53% yield and the C epimer
in 19% yields **'®

Since #xial alcohols are oxidised more readily than
equatorial alcohols, and the dihydrocodeine copformation at Cq4
ie axial (a) this behaviour donfirms that the epimer B is
14-hydroxy&ihydroco§eine_and the epimer C is l4-hydroxydihydrec-
isocodoine as suspected by Lutz and Small from the reactions o?
each with phssphorus pentachloridaiG It follows that the product
ob%ainad by metal hydride reduction of l4-hydroxycodeinone is

correctly described as l4-hydroxycodeins.

CHO
(XXIV)

(XXVIII)
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A careful examination of the mother liquors from
l4-hydroxycodeine failed to diaclo§e fhe presence of even tracos
of l4-hydroxyisocodeine deépité the fact tﬁat metal hydride
reduction of unhindered ketones should give a greater proportion
of the equatorial a,lc-oholr:s Likewisa Meerwsin-Ponndorf reduction
of 14-hydroxycodeinone gave l4-hydroxycodeine es sole product.

Even though the‘C? and saturated ketones may be hindersd,
the differencs in spatial peosition seems too slight to account
for the great difference in reduction and in particular the tetal
absence of th34ﬁ? equatorial alcohol from reduction of the «af-
unsaturated ketone. Distortion of the confermation of ring C
by the doubls bond and the ether bridge makes the 6-0H group
in 14-hydroxycodeine appear equatoriasl (or pseudo-equatorial) and
this conformation may thereforebe preferred for mechanistic raither
than steric reasons,

Acylaticn of l4-hydroxycodeincne with lower anhydrides
proceeds easily (yields ca. 85%) but becomes more: difficult with
n-valeric anhydride (yield 29_50%) probably due to the steriec
effeot of ths coiled chainoaz Using the sodium borohydride
reduction method, l4-acetoxycodeinone (XXIV, R = Ac), l4-propionyl.
oxycodeinone (XXIV, R = EtCO), 14-n-butyryloxycodeinons(XXIV,

R = Prcb)9 14-9__-valarylmodainone (XXI¥, R = BuCO) and 14-
-banzoyloxycodeinone (XXIV, R = PhCO) were all reduced to the

corresponding 14-acyloxycodeine (XXVI, R = acyl, R' = E).
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Sodiuvm borchydridée raeduction of l4-acetoxydihydrocodeinono
gives as major product 14-acetoxydihydroischdaina (XXVIII, R = Ac,
R' = H) and 23 minor product 14~acetoxydihjdroeodeine (XXv1I,

R = Ac, R' = H), also prepared by catalytic hydrogonation of
l4-acotozycodeine (XXVI, R = Ac, R® re.H)o Acetylation of the
lstbor and 1l4-hydroxycodeine gave l4-scetoxycodeine asetats
(XX¥1, R = R* = Ac). Similarly acatylation of,thé dihydro

diols @nd thz l4-acectoxydihydrccodeines gave the known diacstalss
li-acetoxydihydroisocodeine acetate (XXVIII, R = R' = Ac) and
lﬁoacaioxydihydroc@dein@ acetate (AXVII, R = R? = Ac¢) the lalttiss
zlso pf@p@r@d by catelytic hydrogenation of l4-zcetoxycedains

acatate (XX7I, R = R! = &¢),

5|

hen $rested with meithanol, lie-scetoxyccdeine ecetats is
converted in part into l4-hydroxyeccdeine aceiate (XIVI, R = I,
R! = Ae).

The hydrechlorides of all the cedeine derivatives were
propaxred and tested pharmacolégically for analgesic activity,
&3

meximum veluss being obtained with ld4-n<butyryloxyccdeine cempounds,

14-Bydroxydooxycodeinsg,

Since opening of the cyclic ether occurs when 1l4-hydroxyccdsin-
one is rsduce2d under acid conditions, the.pr@paration of 14-
-hydroxydeoxy desrivatives of codeine présents'many problems.

A route to this series was sought using a grﬁoluene sulphonate
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sestar &% Cg.

Toaylationﬁ of l4=-hydroxycodeine gives l4-hydroxycecdeins
tosylate (XXVI, R = H, R’ = Ts) acetylation of whiéh gives
ld-seetoxycodeine tosylate (XXVI, R = Ac, R' = Ts). The last
compound is slso obtained by tosylation of l4-acetoxysodeins
(XX91, R = Ac, R' = E). Hyérogenation of l@éhydrozycod@iné
tosylate afforded l4-hydroxydihydrocodeins tosylate (XX7v1II, R = Hy
BE' = Ts) vhich was also obtained by tosylation of li-hydroxy-
dihydrocodeina, Ac@tylation of 14»hydroﬁydihyarocodeins
tosylate gava léd-acetoxydibhydrocodeins tosylate (X¥VII, R = Ac,

R! = Tz) whish was also obtained by tocylation of l4-ccetoxy-

- dihydrocodsine and by hydrogenation of l4-acetoxryccdeine tosylabe.
la-Acetezydinydrocodeine tesylats wes convertsd into l4-hydroxy-
dihydrccodoinn tosylate by ths action of lithium aluniniun
hydride at 0%, In condtrast eimilar treatment of either l4-scatoxnye
éodain@ tosylate or ld4-hydroxycodeine tosylata gave l4-=hydroxydsoxy-
sodoine (¥XI%, R = OH). Acetylation of 'l4-hydroxydsoxycedsine,
which is stahle to hot dilute mineral acid and therefore has &Zl?u@
double bonét*gave l4-acetoxydeoxycodeine (XXIX, R = OAc), alkaline
hydrolysis of which f@g@meratad the originmal alcochel, Hydrogenationm
of li-hydroxydeozycodeine yielded 14-hydroxydihydrc&eoxycodéin@
(X, B = H) ncotylation of which gave l4-acetoxydihydrodsoxy-

codeine (XXX, R = Ac) also obtained by hydrogenation of

“for brevity the terme tosylation, tosylate, and Ts will be ussd
for p-toluens sulphonylation, p=-toluene sulphonate, and the group
MeCe B, 80, »
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l4-acetoxydeoxycodeine, In all these respects, l4-hydroxy-
deoxycodeine is an analogue of deoxycodeine (XXIX, R = H)
itself preparcd by lithium zluminium hydride reduction of

. 449485
codeine tosylate.

/CHs fﬁ

CHsO Cr
(XXIX) (XXZ )

Preparstion of l4-Hydroxyisocodeins Derivatives.

Since no traes of l4-hydroxyisocodeine was féund in the
product from metal hydride reduction of l4-hydroxycodeinone
and all attompts to epimerise l4-hydroxyccdeine failed, the
preparatipn of l4-hydroxyisocodeine from the l4-sudbstituted
ccdeine t@sylateg vy substitution with inversion appeared a more
suitable route. Treatment of l4-acetoxycodeine tosylate with
fused sodium aceﬁate and acetic anhydrid¢46 returned starting
material. 1l4-Hydroxycodeine tosylate on treatment with 10%
acetic acid gives as major product, a diol, C, H,, O, N isomeric
with l4-hydroxycodsine, which on hydrogenation afforded 14-
~hydrozydihydroisocodeine (XXVIII, R = R' = H). The new diol
iz therefore l4-hydroxyisocodeine (XXXI, R = R' = H) its
preparation involving an SN, reaction mechanism i.e, ths

expocted displacement with inversion. 14-Hydroxyisccodeine
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readily forms a diacetate (XXXI, R = R' = &c) from which the

diol is regonerated by alkeline hydrolysis; treatment of this
dincetate with methanol perticlly converts it into 14-hydroxjiso=
codeine ccotcto (XXXI, R = Hy R' = Ac). Wheress l4-hydroxy-
codeine (mxg R = R' = H) ic rapidly oxidised by activated
nangzneso dioxide to l4-hydroxycodeinone in qu&ntitafive yieldg
gimilar treatment of l4-hydroxyisocodeine (XXXI, R - R¢ = H)

gives only & 10% yield of thig ketone after a prolonged reaction

tims.

(XXX1) (XXXIT) (XXXIII)

l4-Hydroxyellopseudocodeine Derivatives.

Treatment of l4-hydroxycodeine tosylate with 70% acetic
acid gives, as principel product,; the mc:noa.ce'l::s.te‘9 Cholz O N
of a diol, C,,KE,,0;¥. Further acetylation of this monoacetate
gives 2 diacetaﬁe, isomeric with, but different from either

l4-acatoxycodeine acetate or l4-acetoxyisocodeine acetate. The

rnonoacetate is censidered to be 14-hydroxyallopseudorodeine
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acotate (XXXII, R = H, R' = Ac) ead its formation from l4=hydroxy=
codeins tosylats is considered to involve an SK} reaction
rmechanism i.e. substitution with rearrangement a&nd no inversionf7
Tre moncacetate on treatment with minerél acid gives a phenol
showing n A6 double dbond in conjugétion with the ether linkago,
Treatzmant of the related di&c@fateg l4-acetoxyallepseundocodeino
ccotate (XXXII, R = ﬁ' = Ac), with methanol gives back the
nonoacetate l4»hydroxyal}opseudocodeino aéetatea 14-Hydroxyallo-
pseudocodeine (XXXII, R = R* = H), obtained by alkeline hydrolysis
of both the di- and the moncacetates 1is oxidised by activatecd

manganesa dioxide to la-hydroxypseudocodeinone (XXXIII, R = H),

Partial hydrogenation of 1l4-hydroxypseudocodeinons gavo

(XXXIV)

14-hydroxydihydropseudocodeinone (XXXIV, R = H) togethar
with & phenol, presumably formed by hydrogenolysis. Further
hydrogenation of l4«hydroxydihydropseudocodeinone gave

l4-hydroxydihydronllopseudocodeino (XXXV, R = R' = H) which
iz also obtained by hydrogenation of 1l4-hydroxyallopseudo-

codaine (XXXIXI, R = R' = H)., 14-Hydroxypseudocodeinone was
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direcotly convertsd into the dihydro diol (XXXV, R = R' = H) by
reduction with sodium borohydride, reduction of the double bond

in this reaction being most unusu&l.v Th;s diol on Oppensuer
oxidation gives back l4-hydroxydihydropseudocodeinone {XXXIV,

R = H) in goo& yieldy Rapoport gﬁ_glib showed that under the

S&Le conditiona.dihydroallopseudocodeina was oxidised wherses

itn epimer waz unaffectsed. This confirms that the 8-hydroxyl
group is axial (e¢) in the allopseudo compounds. Acetyletion of
14ahydroxyd1hydroallop§eudocoﬂaine gzvo & mixture of two

isomeric moncacetates, each of which is hydrolysed to the parant
diol by 21kali, One of these moncacetates is 1l4-hydroxydihydro-
allopseudocodeinc mcetate (XXXV, R = H, R' w Ac) since it is

2lse formed by catelytic hydrogenation of li-hydroxyellopseudo-
cedeine acetats (XXXII, R = H, R' = Ac). The isomerisc monoacetate
is considered to be l4-acetoxydihydroallopseudocedeine (XXXV,

R = Ac, R' = H) although epimerisation could have occurred to give
l4-hydroxydihydropseudocodeine acetate in turn being epimerised

by alkaline hydrolysis to 14-hydroxydihydroa11opseudocodeino.

This monoacetate was recovered unchanged after attempted acetylation.
Catalytic hydrogenation of i4-acetoxy3110pseudocodeine acetate

(XXXII, R = R! = Ac) yielded only starting mzterial along with

phenolic compounds,
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*Hydroxycodeins 't
The reduction of l4-hydroxycodeinone (XXIV, R = H) with
zine dust and a#étic acid or formie acid.z“zz’48 and zinc dust
and copper sulphate solution.a8 has been investigated by a number
of workers who'wefe concerned with the nbnfphénolic compound
tsolated in cs.20% yield. This compound was designated
"hydroxycodeiné’since it appeared to exhibit no ketonic propertieszi
and its catalytic hydrogenation product was called "dihydrohydroxy-
codeine A'hgs ‘The latter however differs from l4-hydroxydihydro-
cadeins B(XKVII, R = R' = H) and l4-hydroxydihydrecodeine G
(XXVIII, R = R' = H) both prepared by hydrogenation of l4-hydroxy-
.dihydrocodeinone(xxvg R « H) and Lutz and Small>® therefore
suggested & structural change taking place in the reduction of
l4-hydroxycodeinone to 'hydroxycodeine!' this beihg supported by
pharmacological studies. ° |
The constants [m.p. 285-290° (decomp., evac., tube) [a]D - 141°

(851.0 in 10% acetic acid)] of "hydroxycodeine', found in ths
present work, differ slightly from those reported by Lutz and
Sma}lzé [z.p. 304-305° (decomp., evac. tube), Ia]D'- 143°] and
by Fremd and Speyer = (m.p. 293°, [a]y - 119°). The infrared
spectrum shows bands at 3540, 3320 and 1729 cm. indicating a
hydroxyl group and a cerbonyl group. Atteﬁpted oxidation with
mangenese dioxide and attempted hydrolysis led to the recovery

of the original substancs showing the absence of an allylie



alcchol and an unhirdered acetets respectively.

The variation in constantz and the cémparatively low intensity
of the carbonyl band in the infrared spectrum suggested a mixture,
but extecneive attenpts to separate the components failsed.

Acetylatioﬁ of "hydroxycodeine' gave &n azetate in 50% yiold
glong with sterting material, The anslysis of this acetate, m.p.
168-172® (which can be hydrolysed to "hydroxyccdeins' ) did not
show conclusively whether the original substance contained two
hydrexyl groups or one. IHowever sodium borohydride reduction of
the acetate followed by acetylation yielded a diacetate (A) moPo
203-204°. Similar reduction of "hydroxycodeine' pgave in 45%
yield a diol, m.p. 222-223° acetylation of which also gave the
diacetate (A). The mother liquors from the latter sodium boro-
hydride reduction failed to produce crystalline material despite
attenpts to ' seed" out ' dihydrohydroxycodeine A' . This latter
compound on acetylation yielded intractable material. Oppenauer?s
oxidation of the diol; m.p. 222-223° gave "hydroxycodeine' in
50% yield but similar oxidation of "dihydrohydroxycodeine A " gave
mainly stérting material, | |

"Hydroxycodeine! therefore appears to héve a tertiary hydroxyl
and & saturated keto group. Clemmensen reduction of "hydroxy-
codeine'" however gave & phenol, MoPs 271=273° compared with the
compound, m.p. 141°, obtained by Clemmensen reduction of 14-

hydroxydihydrocodeinone in both cases the ketone group having been



reduced. This confirms & structural changé in the reduction of
l4i-hyéroxycodeinone to "hydroxyccdeine't since 14-hydrqucodeine;
-7-one (XXXVI) (the only saturated ketons still unknown in the
series) would also be sxpected to give the carbonyl free compound
m.p. 141° on Clemmensen rgduction, .

Since zinc dust and acetic acid reduction of l4-hydroxydihydro-
codeinone returned starting material the mechanism of the similar
reduction of 14-hydroxycodeinone_preaumably involves carbanion
formation at the /A7 double bond. The carbanion could stabilise
by forming an apocodeine derivative although the presence of the
14-hydroxyl group excludes the possibility of the intermediate (VIII)
suggested by Bentleyia for tho formation of apccodeins (XXXVII)@Q'BO’ag
from codéinev and models show the mechanism of formation of an
apocodeine derivative from l4-hydroxycodeinone must¢ involve more
than just a simple rearrangement of the ethanamine chain., Howaver
& structural change must have taken place and a structure (XXXVIII)
is postulated a2 model of which shows the hydroxyl group to be much
more hindered than in 14-hydroxycodeinoné_which wéuld account for
the low yield of "hydroxycodeine! acetate.

Rearrangements appear to take place fairly readily with
l4-hydroxycodeinone snd on treatment with ethanolic potash a
compound, m,p°:>*300°,‘0 max.1l710 cmo'1 is obtained very similar

in many respects to "hydroxycodeine" .



l14-Hydroxynorcodeine Derivatives,

The reaction of l4-acetoxycodeinone {(XXXIX, R = lie; R' = Ac)
with cyanogen bromideBa affords l4-acetoxy-~N-cyanonorcodeinone
(XXXIX; R = CN, R!' = Ac) contrary to the claim & that 14-hydroxy-
-~N-cyanonorcodeinone was so formed. Attempts to form the latter
from the reaction of cyanogen bromide with l4~hydroxycodeinoneo
gave a quaternary salt but using this reaction l4-acetoxy-N-
-cyanonorcodeine acetate (XL, R = CN; R' ~ R" = Ac), l4-benzoyloxy-
-N-cyanonorcodeine acetate (XL, R =« CN, R' = Ph0O, R = Ac), 14-
acetoxy-N-cyanodihydronorcodeinone (XLI, R = CN, R; = Ac), l4-
propionyloxy-N-cyanonorcodeinone (XXXIX, R = CN, R'= EtCO),‘ and 14~
-n=-butyryloxy-N=-cyanonorcodeinone (XXXIX; R = CN, R' = PrC0O) wore
all prepared from the corresponding N-methyl compounds,

l4-Acetoxy-N-cyanonorcodeine (XL, R = CN, R3 = Acy, R" = H)
vas prepared from l4-acetoxy-N-cyanonorcodeinone by sodium

borohydride reduction. It was also formed in low yield by ths
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CHyO

(XXXIX) (XL) (XL1)

action éf this reagent or pyridine in methanol on l4-acetoxy~N-
cyancnorcodeins aéetate?

Lithium eluminijum hydride which converts the N-oyano
derivatives of a‘secbndary'amine to the relétgd amine‘:4 when us@d
for ths reducfion of l4-acetoxy-N-cyanonorcodeinone and l4-acetoxy-
Nfcyanonorqodeine acetate yielded 14-hydroxyp9rcodaine (XL, R = R =
R = H) which was sm&othly oxidised by activated manganese |
dioxide to l4-hydroxynorcodeinone (XXXIX, R = R' = H) m.po
185-187°°‘ The compound, m.p. 218° (decoﬁpo) obtained by mineral

»acid hydrolysis of 14-acetoxy-N-cyanonorcodginpna and described as
14-hydroxynorbddeinon955appears“to be heterogeneous its infrared
spectrum showing weak bandé in the O-acetyl fegiono Acetylation
of the compound? Mo Po 21§° (decomp.) gives 14-acatoxy-u-acety1-
norcodeinone (XXXIX; R = R' = Ac) the acetylatién product of
l4-hydroxynor codeinone, m.p. 185-187“. Mineral acid hydrolysis
of l4~acetoxy-N=cyanodihydronorcodeinone ga§e in poor yield

14~hydroxydihydronorcodeinone (XLI, R = R! = H), m.p.175-176°
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previoﬁaly described 23 an oilo55 All the secondary eikines
desecrived orystallise wilh difficulty and in very poor yield from
“the reaction products azlthough their infrared syectrd gshew theso
products to be substantially homogeneous., Because of thse
difficulty iﬁ preparing these seccndary amines, & more convénicnt
route was sought for the preparation of Neacyl derivatives of
14-hyd£oxynorcodeineo

14=-Acetoxy-N=cyanonorcodeine' acetate on heating with aqueous
acotic acid gave a compound, m.p. 249-250° also obtained by the
action of acetic anhydride on l4~hydroxynorcodeine, This compourd
was unaffected by manganess dioxide oxidation and since its infra-
red spectrum shows bands in the hydroxyl, O-acetyl, and N-acetyl
regions it must be l4-hydroxy-N-acetylnorcodeine acetate (XL, R!' =
H, R = K" = Ac), Both this compound and 14-hydroxynorcodeine on
nore vigorous treatment with acetic anhydride yielded l4-acetoxy-
-N-acetylnorcodeine acetate (XL, R = R' = R" = Ac) also ;btainad
by refluxing l4-acetoxy-N-cyanonorcodeine acetate in glacial acetig
acid. Attempts to hydrogenate the latter compound in acetic acid
over platinum resulted in the formation of 14-hydroxy-NK-acetyl-
norcodaeine acataté glso prepared by the action of aqueous propicnic
acid on the N-cyeno compound (XL, R»s CNy, R' = R = Ag)o

Similarly l4-acstoxy-Necyanonorcodeinone when treated with
csquecus propionic acid gave l4-hydroxy-N-acetylnorcodeinone (XXXIX,
R = Ac, R! = H) vigorous acetylation of which gave l4-ecstoxy-~N-acetyl~

norcodeinone., The latter waé also the product obfained from
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refluxing glacial acetic acid (or the successive reactions of

aqueous acetic acid and acetic anhydride) on l4-acetoxy-N-cyano-
norcodeinone. 1l4-Hydroxy-N-acetyldihydronorcodeinone (XLI, R = Ac,
R' = H) was prepared by aqueous acetic or propionic acid on
1l4-acetoxy-N-cyanodihydronorcodeinone, and glacial acetic acid on

the latter gave l4-acetoxy-N-acetyldihydronorcodeinone (XLI, R = R' =
Ac), the acetylation product of both l4-hydroxy-Ne~acetyldihydronor-
codeinone and l4-hydroxydihydronorcodeinone.

The mechanism of the formation of N-acetyl derivatives fronm
l4-acetoxy-N-cyano compounds must involve migratici of the O-acetyl
group, Acyl groups are known to migrate from nitrogen to oxygen
under acid catalysiass and studies of the mechanisms of theo reactions
have indicated that they probably proceed through cyclic inter-
mediatesivgss’ss’ao Nickon and Fieser§6 postulate the intermediato

(A) in tho migrations in the tropins series.

b
A e
Mﬁw : ?R
G - "

Since tho formation of N-acetylcodeine derivatives from
ths l4-acetoxy~N-cyano compounds can take place under anhydrous

acid conditions and since in most of these hydrolysis reactions,
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mixtures of both l4-acetoxy-N-cyano and N-acetyl but no NH compounds
exist in fhe reaction products it seems likely that the reaction
takes place synchronously and probably through an intermediate (B)
and not by hydrolysis of the N-cyano' function to NCOCH to give

—NH with subsequsnt acyl migration.
[ — o

@)

N <}5) ] N

The reverse process of migration of the acetyl group from
oxygen to nitrogen proceeds under base catalyais56 in the tropine
alkaloids, | Treatment of 14-hydroxy-N-acetylporcodeine acetate
with base gave intractable material the 1ﬁfrared spectrum of
which sﬁowed that this process may be taking place to some extent.
However treatment of 14-acetoxy-N-cyanodihydronorcodeinone (XLI,
R = CN, R' = Ac) with 1% potassium hydroxide in méthanol# gave l4-
hyaroxy-N-acetyldihydronorcodeinone (XLI, R = Ac, R' = H). That
migration took place under base conditions was éonfirmed by the
action of 1% potassiﬁm hydroxide in mpthanél’oﬁli4-aodtoxy-N§oyanon§r~

codeine acetate and 14-acetoxy-H-cyanonorcOdeine to give
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14-hydroxy-N-acetylnorcodeine (XL, R = Ac, R' = R" = H)

ranganese dioxide oxidation of ﬁhieh gave l4-hydroxy-N-acetyl
norcodeinone, With ¢f unsatureted keiones however the action of
basic reagents gives intractable material fhe infrared spectrum
showing a band in the saturated katone‘ragion°

This series of reactions shows for the first time experimentally
the close proximity of the nitrogen atom.tO'the l4-caxrbon atom
in 14-hydroxycodeinone and provides e general route to N-acyl
derivatives of l4-hydroxynorcodeine.

14-Propionyloxy-Nwﬁyanonorcodeinpne when refluxed with
- mqueous acetic or propionic acid gave l4-hydroxy-N-propionylnor-
codeinone (XXXIX.R-EtCO,.R' = H)o Sodium bbrohydride reduction of
the lotter followed by heating with propionic anhydride yielded
l4-propionyloxy-N-propionylnorcodeine propionate (XL, R = R' = R" =
EtCQalso prapared by the action of propionic anhydride on 1l4-
hydroxynorcodeins, Sodium borohydride reduction of l4-propionyl-
oxy-H-cyanciorcodeinone followed by refluxing 1% potassium hydroxide
in rethanosl gave a gum whose infrsared spéctrum shows bands in the
Heacyl zund hydroxyl regilons. On heating this gum with propionic
aaohydride, l4-propionylozy-N-propionylrorcodeine propionate was
obteined in goed yield.

Sinilarly li-ne-bwiyryloxy-N-cyanonorcodeincne when successively
reduced with sodiun borohydride aznd tremted with 1% potassiun

hydroxide in msthanol gave & pum showing bands in tho F=acyl snd
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hydroxyl regions of the infrored spoctrum. Oxidation of the
gum with active manganese dioxide yielded l4-Lydroxy~-N-n=butyryl-
norcodeinone (XXXIX, R= PrC0O, R' = H) as a reasonably -pure
amorphous powder also obtained by refluxing aqueous n<bulyric acid on
14ﬁgrbutyryloxy-ﬁacyanonorcodeiﬁenao

The general route to i4usubstituted-N-acyl'deriv&tives of
codeins also makes available a convenient method for the prepara-
tion of 2 sories of N-alkyl derivatives of l4-hydroxynorccdeins
by lithium aluminium hydride reduction of the appropriate
N-acyl derivativessa1

Reduction of either l1l4-~-hydroxy-N-acetyl norcodeiné acatate
(XL, R = R = Ac, R' = H) or its acetate (XL, R = R' = R" = Ac)
with lithium aluminium hydride efforded l4-hydroxy-N-ethylnorecedsine
(XL, R = Et; R* « R" = H). The latter on mild acetylation
yielded 14-acetoxy-N-ethylnorcodeihe (XL R = Et, R' = Ac, R" = H)
while more vigorous acetylation gave the diacetats (XL, R = Et,
R' = R" = Ac)s both acetates have been hydrolysed to l4-hydroxy-
N-ethylnorcodeine by alkali, Manganese dioxide oxidation of the
latter afforded 1l4-hydroxy-N-ethylnorcodeinone (XXXIX, R = Et, R!
= J) thevreversa change being effected by socdium borohydride
reduction, Similar reduction of 14facetoxy-N-ethy1norcodeinone
(XXXIX; R = Et, R' = Ac) gave l4-scetoxy-N-ethylnorcodeine.
Treatment ¢f l4-acetoxy-N-ethylnorcodeine acetate with cyanogen

bromide gave l4-acetoxy-N-cyanonorcodeins acetate.
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Lithium aluminium hydride reduction of l4-propionyloxy-
~K-propionylnorcodeinc propionate yieldsd l4-hydroxy-H-propylnor-
ccdeine (XLy; R = Pr, R' « R « H) which on oxidation with
sctivatod mangenese dioxide gave l4-hydroxy-K-propylnorcocdsirnons
(XAXIX, R = Pr, R* = 1), The latter ou acetylation gave
l4-acstoxy-J-propylnorcodeinone (XXXIX, R = Pr, Rf = Ac),

Lpproximats catinates of analgesic potency were
obtaineddﬂ by injecting the compounds subcutaneously into
groups of five rate ard determining their responses to a
painful stimulus thirty minutes later. The wvalues cbtained
confirrwed that esterification of the l4-hydroxyl group of
l4~hydroxycodeine and dorivatives increased analgesic
ectivity. ¥Yoximua effects wers obtained with li-n-butyryle
oxycodeine and l4~-n=butyrylexyisocodeine acetote which.were
about ten timss more sctive than morphire. 1l4-n-Butyryloxy-
codeins was almost twice as potent as morphine, Further
increass in the size of the substituent group as in
14~g-valaryloxycodeine did not lead to increased activity.
N-acyl derivatives showed comparatively little activitj
and th? N-nethyl compouznds weroc four times mors potent

than the corresponding R-ethyl compounds.



EXFERIMENTAL
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Rotations were measured for chloroform solutions
éxcept whers otherwise stated. Light petroleum where
specified had b.p. 60-80°, Infrared spectra were
determined in Nujol for mulls and identities were confirmed
by infrared comparison. Acetylations were carried out
using the procedure described for the preparstion of

l4-acetoxycodeine acetate.

21
l4-Hydroxycodeine. - (a) 14-Hydroxycodeinone (10 g.) was

placed in ths fhimble of a Soxhlet apparatus and a suspension of
lithium aluminiun hydride (10 g.) in ether (350 c.c.) was placed
in the boiling flask. The ether was refluxed for 96 hr. The
nixture was cooled to 0°'and treated, with stirring, with ice.
After washing with water the dried (Na,SO,) ethereal solution
was evaporated to a colourless gum (9.15 g.) which crystallised
from benzene-light petroleum to yield 1l4-hydroxycodeine (8.0 g.)
as prisms, m.p. 155-157°, [a]; - 129.5° (g,1.75) (11t moPo
156'157.)} \)max. _
for C, gH,, 0,N: C;,68,553 H,6.7%).

(b) A boiling solution of 14-hydroxycodeinone (1.0 g.) in

3390 c:::no"'1 (0B) (Found: C,68.63 Hy,6.5. Calc.

dioxan (25 c.c.) was rapidly cooled to 15°. The suspension was
treated, with stirring, with a solution of sodium borohydride

(1.2 g.) in water (10 c.c.) added in one portion. The reaction



mixture was stirred for 2 hr. at room temperature and diluted
with aqueous sodium hydroxide solution (100 c.c.3 0.2N) and the
product isolated by means of chloroform. Crystallisation of the
product from benzene-light petroieum gave l4-hydroxycodeine (850
mg.) as prisms, m.p. and mixed m.p;'156—157°, [a]D- 132° (c,2.1).

The hydrochloride separated as & microcrystﬁlline powder, m.Po.

263-264° (decomp.), when a solution of the base in chloroform-ether
was treated with dry hydrogen chloride (Found: C1l,9.7. C;gHy4 Oy No
HC1 requires C1,10,1%).

(¢) l4-Hydroxycodeinona (4 g.) was added to a solution of
aluminium isopropoxide (5 g.) in dry isoprepanol (50 c.c.) and the
stirred solution was distilled slowly (3 hr.) until the distillate
was free from acetone. The excess isopropanol was rezmoved by
distillation and the residue was diluted with water (30 c.co),
basified with ammonia (d,0.88) and the product isolated using
chloroforn, Crystallisation of the product from benzene-light
petroleum gave l4-hydroxycodeine (2.75 g., 69%) as ﬁrisms, Mo Po

and mixed m.p. 154-157°.

14-Acetoxycodeine Acetate. - 14-Bydroxycodeine (200 mg.) was

heated on the steam bath with scetic anhydride (2.5 c.c.) for

14 hr. The cooled solution was treated with water, the mixture
cooled to 0°, and basified with ammonia (g,ooea). The precipitated
solid was collected; dried in vacuo over phosphoric oxide and

crystallised from benzene-light petroleum to give l4-acetoxycodeine



acetate (100 mg.) as rosettes of blades; m.p. 198-200°, [a]; -126°
27 . 3
(gs1.5) (1it. m.p. 199°.[evac. tube J; V pag, 1730 cme (ester

C = 0) (Founds C,66035) H,6.0. Calc. for Cy,H,;05N: C;66.15)

Hy6.3%). The gydroohioride separated from meth&nql-ether as
blades, m.p. 164-167° (decomp.) (Found: C1,8.2. Cp,H, 50N HC1

requires C1,8,15%).

14-Hydroxycodeine Acetate. = A solution of l4-acetoxycodeino

acetate (5 g.) in methanol (100 c.c.) was refluxed for 4 hr, The
sclution was concentrated to one-quarter bulk and cooled,
14-ecetoxycodeine acetate (1.5 g.) separating as prisms, m.p.
190-200°, On furfher concentration, the mother liguor yielded
prisms, m.p. 140-150° (3 g.) which recrystallised from chloroform-

light petroleum to yield l4-hydroxycodeine acetate (1.5 g.) as

prismatic needles, m.p. 155-156°, [a], - 220° (g,6.0),)) . 3333
(OH) and 1742 cmo ™ (ester C = 0) (Found: C,67.23 H,6.3.
CpoHy5s Oy N requires C,67.2y H,6,5%). Acetylation of 1l4-hydroxy-
codeine acetate gave 14-acet6xycodein9 acetate, m.p. and mixed m.p.
198-200°. Hydroiysis of 14-hydroxycodeine acetate with 5%
methanolic potassium hydroxide gave l4-hydroxycodeine, m.p. and

mixed mopo 155"157 °n

1l4-Propionyloxycodeinone. - 14-ﬂydroxycodeinona (2.0 g.)

was heated with propionic anhydride (10 c.c.) on the steam bath

for 1 hr., with occasional shéking° Working up in the usual way
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followed by crystallisation of the product from benzene-light

petroleum gave 14fpropionyloxxgodeinoneCL?‘g.) as slightly yellowish

needles, m.Po 162-1e3°, (), -~ 91° (gﬁlos),\)max°1753 (ester C = 0)
and 1684 cio™ («f C = 0) (Founds: C,68.64 H,6.35. G, Hy50sN

requires C,68.33 H,6.3%).

14-n-Butyryloxycodeinons. = l4-Hydroxycodeinone (2.7 g.) was

heated on the steam bath with n-butyric anhydride (10 c.c.) with
occasional shaking for 24 hr. The product was isolated in the usual
way and crystallisad from benzens-light petroleun. The cryétals

were washed with methanol and ether to remove colour and recrystall-

ised fron chloroform-methanol to. yield l4-n-butyryloxycodeinong

(2.8 g.) as needles, mop; 152,5-153.5°, [d]D - 39°-ng2o0%))maxa

1736 (ester C = O) and 1689 eme ™ (aB C = 0) (Found: C,69.33

H,6.8. C,,H, ;05N requires C,68.9; H,GaG%a

. 14-n-Yaleryloxycodeinone. - (a) l14-Hydroxycodeinone (}90:80) .
was heated with n-valeryl chloride (5 c.c.) and pyridine_(lo C.Cs)
for 3 hr. on the steam bath. The cooled solution was diluted with

water (400 c.c.), extracted with chloroform and the product

isolated in the usmal way. A solution of tha’product in
benzene was filtered through an aluniné column (3 x 1 cm,).
Evaporation of the benzone and crystallisetion of the

residue from chloroform-light'petroleﬁm gave l4-n-

-valeryloxycodeinone (1.2 g.) cs needles, m.p. 133-134°, [a],
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- 77 (2,1.0), ) ___ 1736 (ester C = 0) and 1692 cm.” (af C = 0)
(Found: C,69.9y H,6.8. 02335705N requ1res 0;6905; H,6.85%).

(b) 14-Hydroxycodeinone (2.95 g.) was heated on the steam bath with
n-valeric anhydride (15 c.c.) for 24 hr.lg.pValeroxycodeinone (1.5 go)
separated from chloroform-light petroléum as fine needles, m.p.

133-134° 2lone or mixed with preparation (a).

Preparation of l4-Acyloxycodeines. Thé 14-acyloxycodeines
described below were obtained in 80-90% yield by reduction of the
corresponding l4-acyloxycodeinones using the conditions ééscribed
for the preparation of 14-hydroxycodeine (Method‘b.).

- 21 _ .
l4-Acetoxycodeine. - l4-Acetoxycodeinone gave l4-acetoxycodeine

as prismatic needles, Mmop. 203-205° from benzene-light petréleuﬁ,

[a], - 64°, - 61° (g,1.2, 1;0)\) 3610 (0H) and 1745 cm.™? (ester
C = 0) (Found: C 67 4y H,6. 3. 8.

C = 0) (Found: 2670 4; 6.3 CpoH,5 0N requires C,67.2; 3,60521

The hydrochloride separated from methanol-ether as needles, MoPo

222-224° (decomp.) (Found:s C1,8.7. CyoH,5 O N. HC1 requires C1,9.0%),
Acetylation of l4-acetoxycodeine gave l4-acetoxycodeine acetate, m.p.
198-200° alone or mixed with a specimen prepared by acetylation of |
14~-hydroxycodeine.
14-Propionyloxycodeine separated ffom chloroform-light petroleum.
as prismatic needles, m.p. 164-165,.5°, [a]D - 54°, = 54° (g,loo; 1.7),
Vaax, 3571 (OH) and 1736 cme ™ (ester C = 0) (Found: C,67.85; H,6.8,

Coy H, 50 N requires C,67.93 H.GQB%)o The_hydrochloride has m.p.

165-170° (decomp.,) (Found: C1,8.5. Cpy H, g Oy N.HC1 requires C1,8.7%).
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Acetylation of l4<propiczyloyocdsino gave l4-proplionyloxycodeins

acetate which crystallised from benzene-light petroleum as prismatis

‘ : -1
needles; m.Po.~153~154°%, [a_]D - 127, =129° (c,1.7; ,,103),\)max°1742 cmo

(ester C = 0) (Founds C,66.73 H,6.4. C,yH,,04N requires C,66.83

H,6.6%). The hydrochloride has m.p. 215-220° (decomp,) (Found:

C1,8.0. Cy5H,50N.HC1 requires C1,7.9%).

14-n-Butyryloxycodeine separated from chloroform-light petroleum
es fine needles, mop. 131-132°, [a]D - 49° (_9_,1,0)’\)ﬁu°3610 (om)
and 1733 cu.” (ester C = 0) (Found: C,68.6y H,6.7. CopHypOg N

requires C,68,55; H,7.1%). The hydrochloride has m.p. 165°

(decomp.) after softening at 150° (Found: C1,8.3. OCp,H,,05N.HC1
requires C1,8.4%).

l4-n-Valeryloxycodeiné crystallised from chloroform-light

petroleum as prismatic needles, m.p. 110-111°, [d]D - 47° (g,1-4),
V., 3472 (0H) and 1704 cn.” (estor C = 0) (Founds C,69.2s

Hy6.8, C,4H,40;N requires C,69,15; H,7.3%. The hydrochloride

separates from ethanol-ether as stout needles, m.p. 138-148° (decomp.)

(Found: C1,7.8. C,3H,o04N.HC1 requires C1,8.1%).

. 21
14-Benzoyloxycodeine. - 14-Benzoyloxycodeinone was converted

into 14-benzoyloxycodeine which separated from chloroform~ light

petroleum as prismatic needles, m.p. 221-222°, [a]b‘- 120°, - 124°
: . P §
(25123 1.0), Dmu°3546 (0E) 1709 cm.~ (ester C = 0) (Found: C,71.53

Hy6.2) Wy3.0. C,zH,50N requires C,71.6y H,6.03 N,3.3%). Tho

hydrochloride separated from ethanol-ether as blades, m.p.177-180°
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(Found: €1,7.7. CpgH,0sN.HC1 requires C1,7.8%). Acetylation of

1l4-benzoyloxycodeine gave l4-benzoyloxycodeine acetate which separated

from ethanol as prismatic needles, m.p. 194-195°, [a]D -~ 174°, - 168°
(c,2.08 600);L%ax° 1748 (acetoxy C = 0) and 1712 cm?-1(benzoylo;y

C = 0)(Found: C;70.5s Hy5.63 Ny3.0. C,,H,,0,N requires C,70.3p
H;5.93 Ny3.0%). The hydrochloride crystallised from ethanol-ether
as needles, m.p. 227-229° (decomp.) (Found: Cl,7.3. CpqH;50gN

requires C1,7.0%).

14-Hydroxydihydrocodeine. ~ A solution of 1l4-hydroxycodeine
(850 mg.) in glacial acetic acid (25 coc.) and water (25 c.c.) was
shaken with hydrogen and platinum (from 150 mg. platinum oxide)
until hydrogen absorption oeased, The filtered solution was
evaporated under reduced pressure to small bulk, the concentrate
was diluted with water and basified with ammonia (d4,0.88) and the
gum which separated isolated using ether. Crystallisation from
benzene~light petroleum gave 14-hydroxydihydrocodeine (500 mg.) as
rosettes of felted needles, m.p. 140-141°, (2] - 169° (c,046),
[a]D - 138° (c,1.8 in 10% HOAc) [ut‘,"’6 m.po 145-145.5% [a], - 136°
(10% HOAc)]’\)max°3425 cmo;il (oH) (Found: C,68.23 H,T.1y N,4.7.
Calc. for C, gH,50,N: C,68,13 H,7.33 N,4.4%). 1l4-Acetoxydihydro-
codeine acetate formed by acetylation of the diol separated from
benzene-light petroleum as small needles, m.p. 18005-18105",'[&]D

. 286
-211° (¢,1.3), [a]D - 127° (c,0.8) in 10% HOAc) [1lit. m.p.181-182°,
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[¢]D - 127° (10% HOAc)]’])max°1759 cmo-i(ester C = 0) (Found:

0’6603'~H’608' N’451’ Calc.. for szHQ.,OsN: 0’6508' H,Goe’ N’305%)o

14-Acetq§xﬂihidrocodeine. - Hydrogenation of 14-acetoxycodeine

(750 mg.) gave l4-acetoxydihydrocodeine (600 mg;) which separated
from benzene-light petroleum as needles, m.p. 164-166°, [a]D - 202°

] -1 ,
(391.6),1)max°j448 (0oH) and 1733 cm.,  (ester C‘- 0) (Found:
0’6605' H’6'o6’ N’4o3o 020H2505N° requires 0966935 H’700' Np5°9%)0
The hydrochloride had m.p. 175-182° (decomp.) (Found: C1,8.8.

CyoH, 5O N.HC1 requires C1,9.0%). Acetylation gave l4-acetoxy-
dihydrocodeine acetate which separéted from benzene~light petroleum
ea small needles, m.p. 182-185°-alone or mixed with the specimen
described above, [a]D - 208° (g,2.0).

Hydrogenation of l4-Acetoxycodeine Acetate. - A solution of the

acetate (1.135 g.) was catalysically hydrogenated using.the me thod
described above., Isolation of the product using chloroform
followed by crystallisation from benzena-chlorbfoim énd chromatography
of a benzene solution on an alumina column (2 x 0;5 cm,) and final
crystallisation of the eluted ablid from benzene-light petroleun
gafe 14-acetoxydihydrbcodeine acetate (1.1 g.) as prisms, m.p.
181,5-182,5° alone or mixgd with a specimen prepared as,deséribed
avove, [a]) - 206° (g,1.0), [a], - 128° (g,0.9 in 10% HOAc).

Reduction-gg_14ﬁ§i§rqudigldrocodeinone with Sodium Borohydride.-

14-Hydroxydihydrocodeinone (5;0 g.) was reduced with sodium boro-

hydride (3 £:) in the usual way and the produc¥ was isolatéd using
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chloroform, as felted needles, m.p. 147-150°, Fractional
crystallisation of this solid from benzene-light petroleum gave
two compounds; the less aoluﬂle is 14-hydro;ydihydroisocodeine,
which separated as fine needles, m.p. 167-168°, [a]D - 142°
(9_,103) [«], - 125° (cs1.3 in 10% HOAc) [111;.% m.po 166-167°,
[al, - 152° (10% BOAc)],)) .. 3509 and 3425 om.™ (0H) (Found:
CH8.15; H,T-4. Cale. for C,gH,50,N: C,68.1; H,7.3%). Acetylation
of this diol gave l4-acetoxydihydroisocodeine acetate which
separated from benzene-light petroleum as needles, m.p. 199-201°,
[a), - 191° (¢>1.4), [a]; - 220° (g,1.6 in 10% HOAc) [nt.,“

m.p. 203°, [a]D - 107° (10% HOAc)],))mua1756 emo ™ (ester C = 0)
(Founds €,65.6;3 H,6.9, Calc. for C,,B,,04N: C,65.83 H,6.8%). The

hydrochloride separated from ether-ethanol as nsedles, m.po

197-201° (decomp,) (Founds €1,7.8. CppH,,05N.HC1 requires
C1,8,1%). The more soluble compound is 14-hydroxydihydrocodeinc,
which forms fine needles, m.p. 141-142° alone or mixed with the
product obtained by catalytic hydrogenation of l4-hydroxycodeinej
[aly = 170° (g,1.2), [a]; - 142° (g,1.5 in 10% HOAc) (Found: C,68,2
H,7.5. Calc. for C, gH,3O,N: C,68.1y H,7.3%). Acetylation of
this diol gave l4-acetoxydihydrocodeine acetate which crystallised
from benzene-light pétroleum as prisms, m.p. and mixed m.p.
180,5-1681.5°, [a]y - 211° (o,1.3), [a], - 128°, (g,0.7) 1in 10%
HOAc). |




Reduction of 14-Acetoxydihydrocodeinone with Sodium Borohydride.-

21
l4-Acetoxydihydrocodeinone (2.0 g.) was reduced with sodiunm

borohydride using the usual nmethod. The crude product was

isoloated by means of chlﬁroform and orystallised from benzene-light
petroleun to give rosattcs of micro-needles m.p. £28.,150°. Six
récrystalliaatioha of this product from the same solvent gave

l4-goetoxvdihvdroisocodeine as needlea, m.p. 180-152° (300 mg.),

[a]‘n - 177 (9_,1,3),)')111&2,3650 (0H) and 1724 enm (ester C = 0)
(Founds C,67.253 Hy6.Ty 34,0 C,,IL ,CN requiras C,66.83 H,7.03
Ky 3095, Acsiylation of l4-acetoxydihydroisocodeire gave
l4-acetoxydikhydroisocodeins acetate, m.p., and mirod n.p.199-201",
Tho #arlier mother liquors from the rscrystallisstion of
tho 80lid m.po. 130° werz set nside and alliowed to avaporate
spontaneously, A mixture of needles (predominating) and hard
prisms separated. The prisms m.p. 135-160° were mechanically
 svparated and crystalliscd from benzene~light petroleum o give
prismatic needles, m.p. 165-166°, alone or mixed with l4-acctoxy=-
dihydrocodeine prepared by catalytic hydrogenation of l1l4-acetoxy-
codeingy [a]b - 200* (c,2.1). Acetylation of 14-acetoxydihydro-
codeine gave l4-acetoxydihydrocodeine acetate, m.p. 180,.5=181.5°
alone or nixzed with o spscimen prepared by hydrogenation of
l4=-acatoxycodeine acctato.

14-Hydroxvcodeinone. - l4-Hydroxycodeine (0.5 g.) in

chloroform (25 c¢.c.) was stirred at room tempsraturs with asctiva
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manganese dioxide (5 g.) for 20 minutes, The filtersd solution
was evapbrated and the residue crystallised from chloroform-
-ethanol to givé 14-hydroxycodeinone (400 mg.) as prisms Do Po
and ﬁixed Dopo 275=-2TT7°.

14-Hydroxydihydrocodeinone. - (a) 1l4-Hydroxydihydrocodeine

(6.5 go) was oxidised with potassium t~butoxide and benzophenons
using Rapoport's conditionsa.5 The cooled solution was extracted
with dilute hydrochlcoric acid and ths extract was wsshed with
ether (2 x 30 c.c.), basified with ammonia (d4,0.88) and shaken
with.chloroform (5 x 30 ¢coc.). The chloroform solution was washed
with water (20 Co;o)p dried(Nazsoé)’and the solvent evaporated.,
fhe product (390 mg.) was crystallised from ethanol to give
14-hydroxydihydrocodeinone (265 mg., 53%), m.p. 218-219°, [a]ﬂ

= 217° (go1.3).

(b) Oxidation of 1l4-hydroxydihydroisocodeine (150 mg.) using

the method described under (a) gave 14-hydroxy&ihydrocode;nona

(27.6 nrg, 19%) ec long blades, m.p. 217-218°,

14-Hydroxycodeine Tosylate. - l4-Hydroxycodeine (5 g.)

in pyridine (10 csCo) was cooled to 0° end p-toluene sulphonyl
chloride (3.5 g.) in pyridine (3 c.c.) was addeq at suéh a rate
that the temperature remained below 10°, The solution was kept
overnight at 5°, and then diluted with ice water (150 ¢.c.). The
product (6.4 g.) was isolated by means of chloroform and

cerystallised from chloroformemethanol to give 141§ydroxyqodeiné
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tosylaets as prismatic needles, m.p. 165°, [a]D - 211° (29500),
-1 '

\)mu 3333 cm, (OH) (Found: C,64.33 Hy60l. C,gH,0;NS requires

C363.93 HoSoB%)c

14-Acetoxycodeine Tosylate. - (a) l4-Acetoxycodeine (5 g.)

in pyridine (10 c.c.) was treated with p-toluenesulphonyl chloride
(3.5 g-) in pyridine (3 c.c.) at 0-10°. The solution was kspt
overnight at 5° and the product isolated in the usual manner,
Crystallisation from benzene-light petroleum gave l4-acetoxy-

codeine tosylate (6.0 g.) as hard prisms, m.p. 91-92‘,[&]D - 130°

(3}205),'L)ma101739 cmo™ (ester C = 0) (Found: C,67.33 H,5.8
C,H, 90,85 requires C,63.4; Ey507 CopH, 50,85, CgHy Tequires
C,67.25 Hy6.0%),

(b) 14-Hydroxycodeine tosylate (0.1 g.) was heated on the steanm
bath for 1 hr, in acetic anhydride (2 c.c.). The excess acetic
anhydride was decomposed with water and the solution basified with
ammonia, The product was isolated by means of chloroform and
crystallised from benzen=~1ight petroleum to give l4-acetoxy~
codeine tosylate as prisms, m.p. and'mixed m.p. 90-91°, [a]D

- 128° (2,1.0).

14-Acetoxydihydrocodeine Tosylate. - (a) l4-Acetoxydihydro-
codeine (5 g.) in pyridine (10 c.c.) was tosylated as described
above, The crude product, (6.6 g.), crystallised from

chloroform-methanol to give l4-acetoxydihydrocodeine tosylate as
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' -1
needles, m.pPo 134"9.[0:]D - 214.5° (£y495%\) 1753 cmo (ester
C = 0) ( Founds C,63.03 Hy6,2. C,,Hy, O,N5 requires C,63.:1s

H;6.1%).

maXo.

(v) 14;Acetoxycodeine tosylate (2 g.) in &Quéoue ecetic acid
(50 c.c., 50%) was shaken with hydrogen and platinum until gas
absorption ceased. The filtered solution waé basified with
ammonia (d,0.88). The product was isolated by means of
chlorofore and crystallised from chloroformaiight petroleum to
give l4-acetoxydihydrocodeine tosylate as needles, m.p. and
mixed m.p; 134°.

14-Hydroxydihydrocodeine Tosylate. - (a) l4-Acetoxydihydro-

codeine tosylate (0.5 g.) in dry ether (25 c.c.) was treated with
lithium aluminjum hydride (0.4 g.) in dry ether (10 c.c.) at 0°
with vigorous stirring which was continued for 2% hr, The
pr&duct was isdlated in the usual way end crystallised from

chloroform-methanol to give l4-hydroxydihydrocodeine tosylats

3356 om. (cH)

as prisms, m.p. 138°, [a]D - 199° (2'3"0),)—)1;1&10

(Found: C, 63.33 H,6.4. C,sH,905NS requires C,63.7; H,6.2%).

(b) 14-Hydroxydihydrocodeine (1.25 g.) in pyridine (5 c.c.)

was tosylated with p-toluenesulphonyl chiorid§ (1 g.) in pyridine
(3 coc.) at 0°. The ﬁroduct crystallised from ¢hloroform-me thanol
to give l4-hydroxydihydrocodeine tosylate as prisms, m.p. 138°

identical with the compound obtained by method (a).
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(¢) 1l4-Hydroxycodeine tosylate (1.8 g.) in aqueous acetic ascid
(60 co.co3 50%) was hydrogenated over platinum. When absorption of
hydrogen was complete, the sclution was filtered and the product,
isolated in the usual wey, was crystallised from chloroform-
~methanblkto give l4-hydroxydihydrocodeine tosylateg Mo Po and
mixed m.p. 138°,

Acetylation of 1l4-hydroxydihydrocodeine tosylate in the uaual
way gave l4-acetoxydihydrocodeine tosgylate, m.p. and mixed m.po.
134°.

14-Hydroxydeoxycodeine. - l4-Acetoxycodeine tosylate (1.9 g.)

in dry ether (40 c.c.) was treated with a suspension of lithium
aluminiur hydride (1.0 g.) in dry ether (15 c.c.) at 0°C, Stirring
was continued at 0° for 2% hr. The excess hydride was decomposed
by the addition of a mixture of ice and chloroform and the

mixture filtered through kieselguhr. The chloroform layer was
separated and the product isolated in the usual way was

crystallised from chloroform-methanol to give 14-hydfoxydeoxy-
CCl
max

$ 3333 on.”
(0E) (Found: C,72.6, 72.2y HyToly T-5. C,gH,, Oy N requires
C,72.23 HyT7.1%).

codeine as prisms, m.p. 125° [a]D ~ 80° (332°Ol))

Similar reduction of 14-hydroxycodeine tosylate in dry
tetrahydrofuran gave l4~hydroxydeoxycodeine in 60% yield,

14-Hydroxycodeine tosylate (40%) was recovered.



14-Bydroxydihydrodeoxycodeine. = l4-Hydroxydeoxycodeine
(0.4 g.) in aqueous acetic acid (50 cocoy 50%) was hydrogenatad
over platinum at room temperature. When gas aﬁsbrption ceased,
the solution was filtered and the product isolated in the usual
way. Crystallisation from chloroform-methanol gave l4-hydroxy
dihydrodeoxycodeine (0,35 g.) &s prisms, m.p. 116-117°, [a]D
- 106° (9_,1,5))1) nax. 3333 cm,°1(oa) (Fpund: CoTloTy HyToTo
C,eH 505 N requires C,71.73 By 7.7%) .

l4-Acetoxydeoxycodeine. - A solution of 1l4-hydroxydeoxy-

codeine (0.4 g.) in acetic anhydride (4 c.c.) was heated on
the steam bath for 2 hr. The product, isolated in the usual

way, was crystallised from chloroform-light petroleun to give

14-acetoxydeoxycodeine (0.4 g.) as needles, m.p. 182-183°, [a]D
- 17° (243.5))

H,6.75. C,oH,50,N requires C,70.43 H,6.8%).

max01739 cm,‘i (ester C = 0) (Found: C;70.353

Hydrolysis of 14-Acetoxydeoxycodeine. - The acetate, m.p,

182-183° (0.15 g.) was refluxed for 2 hr, in a solution of
potassium hydroxide (1 g.) in vater (5 c.c.) and ethé.nol (15 coco)o
Dilution of the solution with water (200 c.c.) and extraction with
chloroform géve a gum which crystéllised from chloroform-methanol
to give 1l4-hydroxydeoxycodeine (0,12 g.) as prisms, m.p. and

mixed m.p. 125°,
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14-n-Butyryloxydeoxycodeine, - l4-Hydroxydeoxycodeine (200

mg.) was heated on the steam bath for 2.5 hr. with n-butyric
anhydride. The cooled solution was worked up in the usual way
to give a red gum which crystallised from chloroform-light

petroleum to give l4-n-butyryloxydeoxycodeine (140 ng.) as priem,

: - |
m.p. 117-118°, {a] - 18° (3,003),\)max‘ 1730 cmo~ (ester C = 0)
(Found: C,71o1; H,7.3. Cyp 04N requires C,71.53 H97o4%)o

14-Acetoxydihydrodeoxycodeine. = (&) l4-Acetoxydeoxycodeine

(0.2 g.) in agueous acetic acid (30 c.c., 50%) was hydrogenated
using platinum asAcatalyst. After 4 hr., when 1 mol., of
hydrogen had been absorbed, the solution was filtered and worked

up in the usual way to give a crystalline mass which on

recrystallisation from chloroform-methanol gave l4-acetoxydihydro-
deoxycodeine (0.2 g.) as needles, mo.p, 124-126.5°, [a]D - 136°

(44:0)5 Y o
C,oH, 504N requires C;69.953 H,7.3%).

=i
1718 cm, (ester C = 0) (Found: C,70.15; H,7.5.

(b) 14-Hydroxydihydrodeoxycodeine (0.5 g.) was heated on the
steam bath for 2.5 hr, with acetic anhydride (5 c¢.c.). Working
up in the usual way gave the product which crystallised from
chloroform-methanol to give l4-acetoxydihydrodeoxycodeine (0.5 g.)

as needles, m.p. and mixed m.p,.124-126,5°,

14-Hydroxyisocodeine. - 14-Hydroxycodeine tosylate (1.6 g.)

in acetic acid (8 c.c.) and water (72 ¢.c.) was refluxed for

4 hr. The solution was cooled, basified with ammonia (d,0.88)



and extracted with chloroform. The chloroform layer was washed
with water, dried (Na,S0O,) and evaporated to yield a gum which

cryatallised from chloroeform-methanol to give l4-hydroxyisocodeins

(0,3 go) ae prisms, m.p. 149-150°, [a]D - 176° (2,098%1) 3425

-1
end 3247 cm.  (OH). (¥ounds C,68.T3 Hy60.9. C,gH,, O,N Tequiroca

max.

C,68.55;5 H,6.7%).

14-Acetoxyisocodeine Acetate. ~ (&) l4-Hydroxyisocodeins

(100 mg.) was heated on the steam bath for 1 hr., with acetic
anhydride (3 c.c.). The cooled solution was warmed to 40-45”
vith water (10 c.c.) and then cooled to 0° and basified with
emmonia (gjogaa)o The precipitated solid was collé@tadg dried

and crystallised from chloroform-methanol to give l4-acetoxyiso-

codeine acetate as prismatic needles, m.p. 187°, [a]D - 193¢

(2+9.0)))
Hy6.6. C,,H, 404N requires C,66.15; H,6.3%).

_ax, 1730 and 1718 cme ™ (ester C w 0) {Pound: C,66.3;
(b) The first chloroform»methandl mother ligquor from the
crystallisation of crude l4-hydroxyisocodeins was evaporated

and the residue heated with acetic anhydride on the steam bsath

for 1 hr. Working up in the ususl way followed by érystallisation
from chloroform-light petrpleum gave a mixture of acetates (1.05 g
This was separafad by crystallisation from the same solvent

mixture into a less soluble fraction (fraction A), m.p., 230-240°
(0.35 go), and more soluble fraction recrystallisation of which
gave l4-acetoxyisocodeine acetafe (0.25 g.) as prisms, m.p. and

mixed m.p. 187°.
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l4-Hydrozyisocodsina Acetate. - l4=-Acetoxyisocodeine

acetate (2 g.) in methanol (100 c.c.) was refluxed for‘4 hr. on
the steam bath. The methanol solution was conéentrated to 5=10
CoCo aﬁd the crystals separating on cooling wera collected,
‘MoPo 150=170°. Fractional crystallisation of this solid from

chloroforn-nethanol yielded l4-hydroxyisocodeine acstate (0.4 g.)

as prismatic needles, m.p. 163-164°, [a]D - 252° (330°9)’\)max
3

5226 (OH) and 1727 cm. (ester C = 0) (Found: C,67.43 H,6.2.

CpoH,5 03§ requires C,67.2; H,6.5%). Hydrolysis of l4-hydroxy-

isocodeing acetate with alcoholic potassium hydroxide gave

14-hydroxyisocodeine, m.p. and mixed m.p. 149-150°,

14-n-Butyryloxyisocodeins Acetate. - l4-Hydroxyisocodeine

acetate (200 mg.) was heated on the steam bath with n-butyric
anhydride (5 c¢.c.) for 2,5 hr, After working up in the usual

wvay & gum was obtained which crystallised from chloroform-light

petroleum to give 14-n—butx£x;ogxisocodeine acetate (140 mg.) as

prisms, m.p. 141-142°, [a]D - 177° (230061\) 1725 cmoua

max.
(ester C = 0) (Found: C,67.53 HyT+2. C,,H,o04N requirss
036704§ H’6085%)o

14-Bydroxycodeinone, - l4-Hydroxyisocodeine (40 mg.)

in chloroform (2 c.c.) was stirred at room temperature with
active manganese dioxide (200 mg.) for 3 hr. The filtered
Bolution was evaporated and the residue crystallised from
chloroform-methanol to give l4-hydroxycodeinone (4 mg.) as pris-

matic needles,m.p. and mixed m.p.265=268°, 1l4-Hydroxyisocodeine wai




recovered from the mother liquor.

14-Hydroxydihydroisocodeine. - A solution of 1l4-hydroxyiso-
codeine (100 mg.) in aqueous acetic acid (40 c.c.3 50%) was shaken
with platinum (from platinum oxide, 100 mg.) and hydrogen at
room temperature and atmospheric pressure until 1 mol., had been
absorbed (2 hr.). The filtered solution was basified with
ammonia (d,0-88). The product was isoléted using chloroform,
and orystallised to give l4-hydroxydihydroisocodeine which
separated from chlorofofm-light petroleum as needles, m.p, and
mixed m.p. 165-166°,

14-Hydroxydihydroisocodeine Acetate. - l4-Hydroxyiso-

codeine acetate (005 g.) in 50% aqueous acetic acid (50 c.c.)
was hydrogenated over platinum until absorption—cgased. The
filtered solution was made basic with ammonia (d, 0.88) @nd
the product isclated with chloroform and cfystallised from

chloroform-methanol to give l4-hydroxydihydroisocodeine acetate

(0.4 g.) as prisms, m.p. 208-209°, [ajD - 169° (3,0061))max°
3367 (OCH), 1745 cmo.1 (ester ¢ = 0) (Founds C,66.T3 H,7.2.
CpoHy 505N requires C,66.8; H,7.0%).

14-Hydroxyallopseudocodeine Acetate. - l4-Hydroxycodeine

tosylate (0.5 g.) in acetic acid (21 c.c.) and water (9 c.c.) was

refluxed for 4 hr. Isolation of the product in the.usual way

cave l4-hydroxyallopseudocodeine acetate,'(oolﬁ'go) which

separated from chldroform—methanol as needles; m.p. 194-195°,
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: -1
[l - 322.5° (es1.75))) . 3257 (0H) and 1721 cm,” (ester C = 0)
(Found: C466.93 Hy6.5. CpoHy505N Trequires 0,67.2% E,6°5%). A
emnall amount of l4-hydroxyisocodeine was obtained from the
mother liquors.

14~-Acetoxyallopseudocodeine Acetate., = Fraction A,

MmePo 230=-240°, obtained during the preparation of l4-acetoxyiso-

codeine acetate (method b) was crystallised from chlorefornm-

light petroleum to give l4-acetoxyallopseudocodeine acetate as
needles, m.p. 240-243°, [a]D - 3330 (3,2,5)’\)“&1739 and 1724 e
(ester C = 0) (Found: C,65.85; Hy6.2. C,,H,40,N requires
Cy66.15; H,6.3%). This compound, was also obtained by acetylation
of l4-hydroxyallpseudocodeine acetate,

A solution of l4-acetoxyallopseudocodeine acetate (1 g.)
in methanol (100 c.c.) was refluxed for 4 hr, The solution was
concentrated to 10 c.c. and the solid whichrseparated on standing,
was recrystallised from chloroform-methanol to give l4-hydroxyallo=-

pseudocodeine acetate (0075 g.) as needles, m.p. and mixed m.p.
194-195°.

l4-Hydroxyallopseudocodeine. - l4-Acetoxyallopseudocodeine

acetate (130 g.) in ethanol (30 c.c.) was refluxed for 1 hr. with
a solution of potassium hydroxide (2 g.) in water (10 c.c.).
The solution was diluted with water and the product isolated using

chloroform, crystallised from chloroform-light petroleum to give

14-hydroxyallopseudocodeine as prisms, m.p. 135-137°, [a], - 286°

(9_,105)’))“:0 3425 and 3175 cmo._l (0H) (Pound: C,68.83 H,6.6.
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C,gH, O4F Tequires C,68,55s H,6.7%). Hydrolysis of l4-hydroxyalle-
pseudocodeine dcetate under the same conditions gave l4-hydroxy-
&llopseudocodeine; m.p. and mixed m.p. 135-137°

14-Hydroxypseudocodeinone. - l4-Hydroxyallopseudocodeins

(0.55 g.) in chloroform (15 c.c.) was stirred for 4.5 hr. with
active manganese dioxide (2.0 g.). The filtered solutioh was
evaporated to dryness and the gum crystallised from chloroform-

-methanol to give l4-hydroxypseudocodeinone (0.1l g. ) as prismatiec

needles, m.p. 186-187°, [cz]D - 66° (2,101),\);24 3311 (OH) and 1695
em.™ (af C = 0) (Found: C,69.03 H,5.8. C,qH, 0N requires C,69,0;
H’6ol%)o

14-Acetoxypseudocodeinone. = 14-Hydroxypseudocodeinons

(0.2 g.) was heated for 1 hr., on the steam bath with acetic
anhydride (6 c.c.). Isolation of the base in the usuel way
followed by crystallisation from chloroform-light petroleum gavo
14-acgfoxypseudocodeinone (0.2 g.) as prismatic needles, m.p.
155-156°5 [aly - 63° (£50.4)))
(ap C = 0) (Found: C,67.35y H,602. C,,H,, 05N requires C,67.6;
H,6.0%) .

max. 1755 (ester C = 0), 1695 c:mo"1

14-Hydroxydihydropseudocodeinone. - A solution of

14-hydroxypseudocodeinone (0.6 g.) in glacial acetic acid (47 c.c.)
and hydrochloric acid (3 c.c.j dy1.15) was shaken with catalyst

from Adams platinum oxide (0.25 g.) and hydrogen at room temperature
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and atmospheric pressure untilrl mol. had been absorbed (Lé hr.).
The filtered solution was basified-with ammonia (d,0.88). The
product was crystallised from chloroform-methanol to give
14-§ydrqu§i§¥ggqpseudocodéinone (0-15 g.) as prismatic needles,
D.po 156=157°, [o:]D + 15° (2,1,01\)
( C = 0) (Found: C,68.73 H,6.5. C,gH,, O,N requires C,68.553
H,6.7%).

The mother liquor yielded a phenol, m.p. 204-205° (0.2 g.)

max, 3425 (OH) and 1706 em, ™

which gives a positive reaction with diazotised sulphanilic acid.

14-Hydroxydihydroallopseudocodeine. = (a) l4-Hydroxy-

pseudocodeinone (0.24 g.) in dioxan (10 c.c.) was stirred for

2 hr. with a solution of sodium borohydride (0.2 g.) in water

(5 esco). After dilution of the mixture with water (250 c.c.) and
sodium hydroxide solution (10 c.c.; 2N), the base was separated
using chloroform. Crystallisation of the product from chlorcform-

light petroleum gave l4fgzg;oxydihydroaliqpseudocodeina (0.18 g.)

es nesdles, m.p,175-176°, [a]D - 135° (g,o.ell) 3484 and 3247

. §
cm.” (OH) (Founds C,68.1; H,7.3. C,gH,50,N requires C,68,1; E,7.3%).

max.

(v) 14-Hydroxydihydropseudocodeinone (62 mg.) was hydrogenated
at room temperature and atmospheric pressure using the catalyst
from Adams platinum oxide (50 mg.). After absorption was
complete (18 hr.), the solution was filtered, basified, and

the precipitate isolated using chloroform. The product was



crystalliséd from chloroform-light‘petroleum.ether'to give
14—hydrdxydihy&roallopseudocodeine (52 mg.) m.p. and mixed m.p.
175-176°,

(¢) 14-Hydroxyallopseudocodeine (0.75 g.) in glacial acetic
acid (47 c.c.) and hydrochloric acid (3 c.c.y d,1.15) was shaken
with catalyat from Adams platinum oxide and hydrogen at room
temperaturo and atmospheric pressure ﬁntil absorption was
complete (1} hr.). The filtered solution was basified and the
precipitate extracted with chloroform. The red gum left on
evaporation of the chloroforn was’crystallisad 3ix times from
chloroform=methanol to give l4-hydroxydihydrcallopseudocodeine
(0.2 g.) as prisms, m.p., and mixed m.p. 175-176°.

14-Aceto§ydihydroal1opseudocodéine. - 1l4-Hydroxydihydro-

allopseudocodeine (0.1l g.) was heated on the steam bath for 1 hr.
with acetic anhydride (3 c¢.c.). The solution was cooled and
chloroform (50 c.c.) added. The chloréforﬁ solution was shaken
with ammonia (4,0.88) and then washed several times with water
and dried (Na,SO,). On evaporation a gum was obtained which
crystallised from chloroform-light petroleﬁm to give l4-acetoxy-
dihydroallqpseudocodeiﬁé (30 mg.) as needles, m.p. 206=-207°, [a]D
- 207° (g,0.2),))
Cy66.93 HyT.2. G, H,zs 05N requires C,66.83 H,7.0%).

maxo3460 (oH), 1715 emo (ester C = 0) (Founds

14-Hydroxydihydroallopseudocodeine Acetate. - (a)

l4-Hydroxyallopseudocodeine acetate (0.5 g.) in glacial acetic acid



(40 c.c.) and hydrochloric acid (3 coc,5>g,1°15) was hydrogenated
over platinum from Adams platinunm oxide;(002 g:)o The filtéred
solution was shaken with chloroform (100 c.c.) and ammonia

(20 c.Coy 4,0.88) added in portions with shaking. The chloroforn
layer was washed with water, dried (Na2so4) and the chloroform
evaporated in vacuo to give a red gum which crystallised from

chloroform-methanol yielding l4-hydroxydihydroallopseudocodeine

acetate (0.15 g.) as prisms, m.p. 154-156°, [a]D - 101° (g,Oozx
\)m8103226 (O0H) and 1730 cmo"1 (ester C = 0) (Found: C,67.13
H,T.2. GC,,H, 504N Tequires C¢,66.8; H,7.0%).

(b) The mother liquors from the initial crystallisation of
l4-acetoxydihydroallopseudocodeine were evaporated and the
-residue crystellised from chloroform-methanol to give
l4-hydroxydihydroallopseudocodeine acetate (30 mg.) as needles,
m.p. and mixed m.p. 154-156°. Eydrolysis of both 1l4-acetoxy-
dihydroallopseudocodeine and l4-hydroxydihydrcallopseudocodeine
acetate using 5% ethanolic potassium hydroxide gave l4-hydroxydihydro
allopseudocodeine, m.p. and mixed m.p. 175-176°.

14-Hydroxydihydropseudocodeinone from l4-hydroxydihydro

allopseudocodeine. = The diol (200 mg.) was oxidised with
p&tassium f-+butoxide and benzophenone using Rapoport's conditions35
Isolation in the usual way followed by crystallisation from
chloroform-methanol gave l4-hydroxydihydropseudocodeinone (140 mg.s

70%) as needles, m.p. and mixed m.p., 155-156°,
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Reduction of l4-Hydroxycodeinone by Zinc Dust and Acetic

égggie - Glacial acetic acid (150 c.c.) was mechanically stirred
aﬁﬁ 14-hydroxycodeinone (30 g.) added. When solufidanas
complete, zinc dust (25 g.) was added slowly with stirring, and
the temperature did not rise above 50°., The temperature was
maintained at 50-55° for 30 min. and the solution stirred for a2
further 90 min. at room temperature. The zinc was filtered off
and washed with hot glacial acetic acid (100 c.c.)o The solution
was neutralised cautiously with ammonia (4,0.88) with ice bath
cooling, and the solid extractéd with chloroform. After washing
with water, the chloroform solution was sucesessively extracted
with 150 coco Ng» 250 ceco N5 and 75 c.c. N. sulphuric acid,
and these acid fractions were in turn basified with ammonia
(4,0.88) and worked up through'chloroformo The gum (7.0 g.)
obtained from the last fraction was crystallised from chlorcform-
ethanol to yield *hydroxycodeine' as prisms, m.p., 285-290°
(decomp., evac. tube), [aJD - 141° (¢,1.0 in 10% acetic acid),
\)maxo 3540, 3320 (0H), and 1729 cmf,"1 (C = 0) (Found: C,68.53
Hy6.6. Calc. for C,zH,, O,N: C,68.553 H,6,7%).

As determihed by fhe étandard ebullioscopic method, the
molecular weight of "hydroxycodeine' was variously found to
be 330, 370 (benzene) and 327 (ethanol). C,gH;, 04N requires
molecﬁlai weight 315. "Hydroxycodeine was‘recovered unchanged

and is therefore monomolecular.



Attempted Reduction of 14-Hydroxydihydrocodeinone with Zinc

Dust and Acetic Acid. = 14-Hydroxydihydrocodeinone (30 g.) in

glacial acetic acid (150 c.c.) was treated with zinc dust (25 g.)
under thersame conditions as described above, After workiﬁg-up
in the same manner, the fractions obtained wére erystallised from
chloroform-methanol to yield l4-hydroxydihydrocodeinone (24 g.) -
m.p, and mixed m.p. 218°.

"Dihydrohydroxycodeine A''38- "Hydroxycodeine" (1 g.) in

10% aqueoue acetic acid (50 c.c.) was hydrogenated over

platinun at room temperature, When sbsorption was complete the
solution was filtered, made tasic with ammonia (d,0.88) and the
base obtained by extraction with chloroform was crystallised from
chloroform-ethanol to give "dihydrohydroxycodeine A% as prisms,
m.po 303=304° (decomp,), [a]D - 66° (_c_,oes)g\)_maxoawo cmo ™ (oH)-

Sodium Borohydride Reduction of "Hydroxycodeine', -"Hydroxy-

codeine" (0.5 g.) in dioxan (20 c.c.) was treated with sodiunm
borohydride (0.5 g.) in water (10 c.c.,) and the solution stirred
for 2 hr, at room temperature., The solution was diluted with
water (500 c.c.) and the base extracted with chloroform. On
removal of the chloroform, the gum obtained was crystallised
from chloroform-methanol to give a compound (0.2 go) as prismns,
m.p, 222-223°, [a]D - 120° (9_.004),\)mx0 3390 cmo™ (omH)
(Founds C,66.45 H,7.0y N,4.0y 0,22,75. C,gH,50,N.4H,0 requires
C,66.253 H,T-43 N,4.%3 0,22.1%).



o8

Acetate of "Hydroxycodeine". - "Hydroxycodeine" (0.5 g.) in

acetic anhydride (6 c.c.) was heated for 3 hr. on the steam bath.
The cooled solution was diluted with water (40 CoCo), made basic
with ammonia (d,0. 88) and worked up through chloroform. The gum
obtained was crystallised from chloroform-methanol to give &
compound (0.2 g.) as needles, m.p, 168-172°, [a]D = 269° (2,0.5),
\)maxo 1740 cmo"1 (C = 0) (Found: C,65.33 H,60.63 Ny3.4.
CZOH“O&Nagﬂtb requires C,65.63 H,6.65 N,3.8%). "Hydroxycodeine®
(0.2 g.) m.p. and mixed m.p. 285° was obtained from the mother

liquors,

Acetylation of the Diol m.p., 222-223°. « The diol m.p.
222-223%° (0.1 g.) was acetylated with acetic anhydride (5 c.c.)..
The gum obtained on working up through chlorofoerm was crystallised

from chloroform-methanol to give a monoacetate (&) (60 mg.) es

-l
needles, m.p. 203-204°, [a]) - 132° (g,ooz),\)max 1740 em.
(ester C = 0). (Found: C,65.4y H,6.6. C,,H,,0N requires
C,65.83 H,6.8%).

Sodium Borohydride Reduction of "Hydroxycodeine" Acetate. -

The acetate of "hydroxycodeine"(doz g.) was dissolved in dioxan
(5 coc,) and with stirring, a solution of sodium borohydride
(0.2 g.) in water (2 c.c.) edded. After stirring for 2 hr.,
water (200 c.c.) was added and the solution extracted with

chlopvoform. The froth obtained on removal of the chloroform was

acetylated to give the compound (4) (50 mg.) m.p. and mixed m.p.

203=204°.
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~ wHydroxycodeine' from the Diol m.p, 222-223°. - The diol

(0,12 g.) was oxidised with potaasium'ﬁ:buﬁpxide and benzophenone
under Rapoport's conditions":5 Isolation,of the base in the
usual way followed byvcrystalliaation from chloroform-ethanol
gave "hydroxycodeine' (60 mg.) as prisms,'mopo and mixed‘mqpo
285°, |

“ Dihydrohydroxycodeine A“(Oels g.) under the same conditions

returned starting material in 80% yield.

Clemmensen Reduction of "Hydroxycodeine' . - "Hydroxycodeine®
(1 goj in glacial acetic acid (50 c.c.) was heated on the stean
bath and ‘zinc amalgam (12 g.) added. After eddition of a nixture
of concentrated hydrochlorid acid (17 c.c.) and glacial acetic
acid (25 c.c,) the mixture was heated for a further 1 hr. on the
steam bath, The filtered gsolution was made tasic with ammonie
(4,0.88) end the base extracted with chloroform. Removal uf the
golvent geve a gum which crystallised from chloroform-ethanol to
give a carponyl free compound as needles, m.p. 271-273° (decomp. ),

' -1
[a], - 68° (c,1.0), 3355 em.” (OH) (Found: €,70.15, 70.65

naxX.
Hy605, 6.8. CooHy5 0N requires C,70.4y H,6.8%. C,gH, 5 0K requires
Cy71.7s B,7.7%). ' |

Clemmensen Reduction of 14-Hydroxydihydrocodeinone. -

14-Hydroxyﬁihydrocodeinone (5 g.) was reduced under the:
conditions described above. When the reaction was complete
the ketbnic material was removed by treating the producf with
Girard's (T) reagentf2 »lThé nbn-ketoniq fraction (4 g.) was

crystallised from acetone-water to give a carbonyl free phenolic
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compound as piatelets, m.p. 141°, [a]D - 41° (2’0°25)’\)maxa
3333 cmo™ (OH) (Found: C,71.25s H,8.2. C,qH, 505N requires
C,71.25y H,8,25%).

Ethanolic Potash on l4-Hydroxycodeinone. - 14-Hydroxycodeinons

(5 g.) was refluxed for 2.5 hr. with a solution of potassium
hydroxide (30 g.) in water (50 c.c.) and ethanol (100 c.c.)-

The cooled =olution was diluted with‘water (500 ¢.c.) and the dark
red gum obteined by extraction with chloroform yielded on tritura-
tion with ethanol a compound (0.5 g.) as needles, mop.>300°, [a]D
-313° (2,100),\)max° 3495 (OH), 1750 cmo-i (C = 0) (Founa: C,66.5,
66,13 H,5.9s 6.25. C;gH,, O,N.4H, 0 requires C,66,65; Hy6.8%).

Acetate of Compound m.p.>300°. = The compound m.p.>300°

(150 mg.) in acetic anhydride (5 c.c.) was heated on the stean
bath for 3 hr. Working up in the usual way gave a gum which
crystallised from chloroform-ethanol ta give a'éompound as needles
m.p. 221-223°, [a]D - 274° (9_9300)9\)131810 1730 cme ™ (c = 0).
(Found: C,65.3, 65.635 Hy5.95¢ 5.9. Cy oHo3 O NodH, O Tequires

C,65.63 H,6.6%).

l4-Acetoxy~-N-cyanonorcodeine Acetate. - l4-Acetoxycodeine

- 83
acetate (6 g.) was heated in a test-tube with cyanogen bromide
(10 g.) for 3 min, at 100°. The mixture fused and was left to
cool for 1 hr. Ethanol (20 c.c.) was added and the mixture

filtered. The solid product was washed with ethanol (40 c.c.)
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and crystallised from chloroform-methanol to give l4-acetoxy-N-

-cyenonorcodeine acetate (5 g.) as prism, m.p. 190°, [a]D - 123°

-1
(€,0.8), V) ___ 2222 (C=N), 1730 cm.” (ester C = 0) (Founds
Cs64065 Hy5.25 Ny6.6. C,,H,, 0N, requires C,64.43 Hy5.45 N;6.8%).

l4=-Acetoxv-N-cyvanoncrcasdeinone. = (a) l4-Acstoxycodeinocns

(4 go) was heated in a test-tube with cyanogen bromide (8 g.)
for 6 min, at 100®. The mixture did not fuse completely, but
addition of ethanol followed by filtration gavs a solid which on

crystallisation from chloroform-ethanol gave l4-acetoxy-N-cyanc

norcodeinone (3.5 g.) as rosettes of needles, m.p. 260-262°, [a]

D
-60° (&’1°9)’vmaxo 2222 cxn.,"'1 (C=N), 1739 (ester C = 0) sad

1686 cm.”™ (aB C = 0) (Found: C,65.93 H,4.9. G, H, 50,8, requires
C,65.64 H,4.95%). \

(v) 14-Acetoxycodeinone (5 g.) in chloroferm (400 c.c.) was
refluxed.for 2 hr. with a solution of cyanogen bromide {20 g.)
in chloroform (200 c.c.), Evaporation of the solvent gave a gum
which crystallised from chloroform-methanol to give l4-acetoxy-
-N-cyanonorcodeinone (4 g.) as pfismatic_needles, m.p. -and mixed
m.p. 260-262°, |

14-Acetoxy-N-cyanonorcodeine. - (a) To a solution of

1l4-acetoxy-N-cyanonorcodeinone (1 g.) in dioxan (75 c.c.) was
added sodium borekydride (0.5 g.) in water (10 c¢.c.). The mixture
was stirred for 2 hr., diluted with water (500 c.c.) and extracted

with chloroform. The gum left on remnoval of the chloroform was
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crystallised from dﬁloroform-light petroleum to give l4-acetoxy=-
-N-cyanonorcodeine (0.8 g.) as prisms, m.p. 220-222°, [a]D-

- 69° (9,009).\)max°3335 (oH), 2212 (Cc=N), 1730 em. ™ (ester C = 0)
(Found: C,65.2, 65.73 ﬁ,SoO, 5.7« CpoMo0sN, Tequires C,65.23
Hy505%)

(b) 14-Acetoxy N-oyanonorcodeine acetate (2 g.) was reduced with
sodivm borohydride as describéd above. The product on crystallisa-
tion from chloroform-methanol returned starting material (1.8 g.).
From the mother liquors, l4-acetoxy N-cyanonorcodeine (0.1 g.) was
obtained as prisms;, m.p, and mixed m.p. 220-222°." | |
(c) 14-Acetoxy-N-cyanonorcodeine acetate (0.2 g.) in methanol
(75 c.c.) was refluxed for 5 hr., with p&ridiné (4 coc.)o Removal
of the solvent followed by cryatallisation\from chloroform-methanol
gave l4-acetoxy N-cyanonorcodeine (0915 go) aQ priams, m.p. and
mixed m.p. 220-222°,

14=-Acetoxy-N~cyanonorcodeine on acetylation‘éave l4-acetoxy
.N=-cyanonorcodeine acetate and on oxidation with manganese dioxidse
gave 14-acetoxy-N;cyanonorcodeinonee.

,14-Aceto;zrﬂocyanodihldronorcodeinone. - l4-Acetoxydihydronor-

codeinone (10 g.) in chloroform (500‘c,c°).was refluxed with a
solution of cyanogen bromide (30 g.) in chloroform (200 c.c.).
Evaporation of the chloroform followed by addition of methanol
gave l4-acetoxy N-cyanodihydronorcodeinone as prisms, ﬁoﬁo and
mixed m.p. 260° (decomp.) (An authentic specimen was provided by

Dr. F. R. Smith of T. and H., Smith Ltd.).



Preparation of l4-Acyloxy-N-cyanonorcodeine Derivatives, -

The following l4-amcyloxy K-cyanocodeine derivatives were obtained
in 80-90% yield from the corresponding l4-acyloxycodeins
derivatives as described for the preparation of l4-acetoxy Ne
eyancnorcedeinone (method b.) |

l4-Prepionyloxy-N-cyenonoreodainone (from chloroform-light

petroleum) as prisms, m.p- 220_=-221°p [a]D - 46.,5° (53008)9\)m$yo

2200 (C=N), 1680 (ef C = 0), 1725 cn. (ester C = 0) (Found:

CoE6043 Hy503. Cpy H, Ok, Toquires C,66.33 H,;5.3%).

14-n=Jutyryloxy=-N-cyanonorcodeinone (from chloroform-light

patreleum) as prisms, m.p. 179-180°, [m]D - 40° (230°8)"l)max
od

2200 (C=n) 1680 (ap € = 0), 1725 cn. (estor C = 0) (Founds C,67.7,

ngf).oTSn ngﬂ‘gzo‘gﬁz r@quir@s 0967005 H’506%)a

14-Benzoyloxy-N-cyanonorcodeine acetateo (from chloroform-
ethanol) =8 needles, mop., 220°, [a]D «117° (QJOOT%))max.2250 (c=1),
1715, 1740 cmiﬂ(asharcno)(ﬁ‘ounds C,68.63 Hy5.05 Hybobs Cppl,, 0K,

roquires C,68.63 H,5.13 MN,6.2%),

14-Eydroxynorcodeine. - (&) l4-Acetoxy N-cyanonorcodeinone
(478 mggj wes placed in thé thipble of & Soxhlet apparatus
containing 2 suspension of lithium eluminium hydride (560 mgo)‘in
ether (200 coc.) in the boiling flask. After 66 hr. reflux,
solution was'completoﬂ and the cooled éolution was treated with
wgter and chleroform to decompose excess lithium aluminium hydride,

filtered through kieselguhr and the organic leyer evaporated to



dryness to yield a gum which drystallised from chloroform-light

petroleum-ethanol to give l4-hydroxynorcodeine aé prisms, m.po

203° [a]D - 101° (g,zoo).\)maxb 3226.cm°.1(01i) (Found_. C,66,63

Hy6.8. C,,H 50,N.4C,HsOH requires C,66.63 H,6.8%).
Recrystallisation from chloroform-methanol gave prismatie

needles, m.p. 203° (Found: C465.93 H,6.8. C, ,H, o0, N.4CH; OH

requires C;66.23 H,6.7%).

(b) 14-Acetoxy N-cyanonorcodeine acetate (4.5 g.) in suspension

in anhydrous ether (1 1.) was cooled to room temperatuie and a

suspension of lithium aluminium hydride (4 g.) in anhydrous

ether (200 c.c,) added in portions. The mixture was then refiuxed

fér 2.hro, cooled and worked up as described in preparation (a).

The gum left on removal of the solvent was crystallised from

chlbroform—mefhanol to give 1l4-hydroxynorcodeine (1 g.) as needles

m.p. and mixed m.,p. 203°°

14-Bydroxynorcodeinone, - l4-Hydroxynorcodeine (200 mg.)

in chloroform (10 c.c.) was stirred for 1 hr. with active
manganese dioxide (1 g.). The filtered solufion was evaporated to
dryness and the gum obtained crystallised from chloroform-~methanol

to give 14-hydroxynorcodeinone (150 mg.), m.p. 185-187°, [a]D - 40°

(5:_,002),\) max°5390 (om), 1678 cm. (ap ¢ = 0) (Found: C,68.7;

Ay5.5. C,4E 50, requires C,68.25 H,5.7%)-
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14-3-deroxydihl§ron0rcodeinone° - l4-Acetoxy N-cyan@dihydro-

norcodeinone (5 g.) in 25% sulphuric acid (50 c.c.) was refluxed
for 4 hr. The cooled soiution was diluted with water (500 coco)
and after addition of ammonia (d,0.88), the base was isolated
using chlofoform; Removel of the solvent under vacuum at room
temperature followed by addition of methanol and concentrétion

of the solution to low bulk under vacuum gave l4-hydroxydihydronor-

codeinone (1 g.) as rossttes of needles, m.p., 174-175°%, [a]D - 205°
-1

(21004)9\) g, 5280 (om), 1713 cm.” (C = 0). 4 satisfactory

analysis could not be obtained for this compound due to difficulties

involved in obtaininz a pura specimen. .
14-Hydroxydihydronorcodeinone hydriodide - (250 mgf) prepared

as dasc:;bed by Speyer and Sarrgswas dissolved in water (200 c.c.),

ammonia (d,0.88) added and the base extracted with chloroform.

The gum obtained was crystallised from chloroform-methanol to give

1l4-hydroxydihydronorcodeinone (35 mg.) as needles, m.p. and nixed
mopo 174=175%.

14-Hydroxy-N-acetylnorcodeine Acetate. - (a) 14-Hydroxynor-
codeine (100 mg.) was heated on the steam bath for 1 hr. with
acetic anhydride (5 coc;) than cooled, téken up in chloro-
form, and shaken with water and ammonia (4,0.88). The chloroforn
solution was washed with water and evaporated to dryness. The

gum obtained was crystallised from chloroform-methanol to give

14-hydroxy<N-acetylnorcodeine acetate (80 mg.) as needles, m.p.

249-250°-(decomp. ) [aly - 206° (g,0.5),) 3511 (0m), 1713

(ester ¢ - OL 1613 cm°°1(N-acetyi C = 0) (Found: C,65.35; H,6.4.




€a

CpyEasOgN requires C,65043 H;6.0%).

(b) 14-Acetoxy-N-cyanonorccdeine acetate (5 g.) in glacial

acetic acid (249 c.c.) and water (105 c.c.) was refluxed for

4 hr. The cooled solution was. basified and the solid extracted
with chloroform to yield on eveporation a gum which crystallised
from chloroform-methanol to give 1l4-hydroxy N-acetylnorcodeime
acetate (2.5 g.) as needles, m.p. and mixed m.p. 249-250° (dacomp,)
A further’crop (2,0 g.) was obtained by recycling the mother
liquor with aqueous acetic acid,

(e¢) l4-Acetoxy-N-cyanonorcodeine acetate (350 mg.) in (I) glacial
acetic acid (75 c.c.) and (II) 50% aqueous acetic acid (75 coc.)
was hydrogenated using platinun oxide (150 mg.) as catalyst. In
each cape starting material (90%) was returned but the mother
liquors yielded from chloroform=-light petroleum l4-hydroxy-N-
acetylnorcodeine acetate (10%) as needles, m.p. and mixed m.p.
249-250? (decomp, )

(a) 1l4-Acetoxy-N-cyanonorcodeine acetate (750 mg.) in propionic
acid (35 c.c.) and water (15 c.c.) was refluxed for 14 hr., After
working up in the usual way, the gum obtained was crystallised
from chloroform-methanol to give l4-hydroxy N-acetylnorcodeine

acetete as needles, m.p. and mixed m.p. 249-250° (decomp.)

l4-Acetoxy-N-acetylnorcodeine Acetate. - (a) 14-Hydroxy-
N-acetylnorcodeine acetate (300 mg.) in acetic aphydride (15 c.c.)

was refluxed for 2 hr. The cooled solution was worked up through
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chloroform in the usual way and the gum obtained crystallised

from chloroform-methanol to give 14-gcetoxy N-acefylndrcodein@
azetate (300 mg.) as needles, mop°185-18653 [a]D - 167° (c,0.4),
\)ﬁ&x°1727 (ester C =0), 1634 c.:nu.'1 (N-acetate C = 0) (Founds
C563.84 Hs6.2. CygH, 0, N 4CHy OF requires C,63.63 H,6.17%).

(b) 14-Hydroxynorcodeine (35 mg.) in acetic anhydride (5 c.c.)
was refluxed for 2 hr. The éum obtained after working up through
c¢hloroform crystallised from chloroform-methanol to give 14n
acetoxy Ne-acetylnorcodeine acetate, m.p. and mixed n.p. 185-=186°,
(¢) 14-Acetoxy N-cyanonorcodeine acetate (250 mg.) in glacisl
acetic acid (35 c.c.) and acetic aﬁhydride (1 c.c.) was refluxed
for 5 hr. After removal of the solvent under vacuun the residus
was crystallised from chlowoform-methanol to give l4-acetoxy-
N-acetylnorcodeine acetate (200 mg.) as needles, m.p. and mixed

m.p. 185-186°.

14-Acetoxy-N-acetylnorcodeinone. - (a) l4-Hydroxynor-

codeinone (80 mg.) in acetic anhydride (10 c.c.) was refluxed for
2 hr. After cooling and basifying, the solid was extracted with
chloroform to give a gum which crystallised from chloroform-light

petroleum-ethanol to give l4-acetoxy-N-acetylnorcodeinone (80 mg.)

as needles, m.p. 174-176°, [a]D - 104° (29006),\)max°1737 (ester
C = 0), 1681 (aBy, C = 0), 1639 cm."(N-acetaté C = 0) (Found:
Cy65.43 H,5.5. Cp, H,, OgN requires C,65.8; H,5.5%).

(b) 14-acetoxy N-cyanonorcodeinons (1 ga) in glacial acetic acid

(70 é5¢.) and water (30 c.c.) was refluxed for 4 hr. The product
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obtained by basification and extraction with chleroform was
refluxed with acetic anhydride (20 c¢.c.) for 2 hr. The cooled
solution was made basic with ammonia (d 0.88) and worked up
through chloroform-light petroleum-ethanol to give l4-acetoxy
N-ecetylnorcodeinone (0.8 g.) as needles, m.p. and mixed m.p-
174-176°, »

(c) l4-Acetoxy N-cyanonorcodeinone (300 mg.) in glacial acetie
acid (35 c.c.) and acetic anhydride (005 CoCo) was refluxed for
S hr. After remnving the solvent, the residual gum was
crystallissed frdm ether~-ethanol to give 14—acetoxy-H-a§etylnor-
codeinone (250 mg.) &8s needles, m.p. and mixed m.p. 176°.

(@) 14-Acetoxy-N-cyanonorcodeinone (1.2 g.) in 25% sulphurie
acid (15 c.c.) was refluxed for 3 hr. After boiling with
charcoal, the solution was filtered, made basic, and extracted
with chloroform. The gum obtained was refluxed with écetic
anhydride (20 ¢.c.) for 2 hr, then cooled and worked up
through chloroform. The gum obtained on evaporation of the
solvent crystallised from chioroform-light petroleum-ethanol to
give l4-acetoxy~N-acetylnorcodeinone as needles, m.p. #nd

mixed m.p, 174-176°,



14-Hydroxy-N-acetylnorcodeinone., - 1l4=-Acetoxy-N-cyanonor-

codeinone {5 g.) in propionic acid (140 c.c.) and water (60 c.c.)
waa refluxed for 20 hr. The cooled solution was made basic

with ammonia (4,0.88) and then extracted with chloroform.

~ After ramoval of the solvent the gum cbteined was crystellissd

from chlcoroforme-methanol to give l4-hydroxy-n-acetylnorcodeinons

(1.5 go) eo prisms, m.p. 222-223°, [GJD - 221° (Eﬁ0°2521)maxo
-1 . -
3333 (01), 1695 (B C « 0), 1600 cm. (N-acetyl) (Founds
Cs66.8y H,5.6. G gH 04T requires C,66.85; T;%5.5%). Acetylation
of l4-hydroxy-H-scetylnorcodeinone gave ld-acetoxy-Neacetylnor-

codeinone, mop. and mixed m.p. 174-176°%,

l4~Acotoxy~N=-acetylnorcodeine. - l4-Acetoxy~N-ecetylnor=-

codeinone {200 mg.) in dioxan (10 c.c.) was stirred for 2 hr. with
a solution of sodium torohydride (200 mg.) in water (2 c.c.).

The soluticn was worked up in the ususl way through chloroform

to give a gum which crystallised from chloroform-light petroleunm

to give l4-nmcetoxy-N-acetylnorcodeine (150 mg.) a&s prisms, m.p.

-l
195°, [ely = 73° (£,0.15),)) __ 1730 (ester C = 0), 1630 ca.
naz,

(Neacetyl) (Found: C,66.03 H,6.0% Ch1 Bpa Ol requires §,65.45;
H;cc O;Z?)

14-Hydroxy-N-acetylnorcodeine, - (a) li-Acetoxy-KN~-cyanonor-

codeine acetats (1 g.) was refluxed for 6 hr, with & solution of
potassium hydroxide (1 g.) in methanol (99 c.c.) and water

(1 coco)o After addition of water (600 c.c,) the solution was
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extracted with chloroform (4 x 50 c.c.). The chloroform
solution was washed with water (2 x 100 c.c.), dried (Na,50,),
and the chloroform removed under vacuum. The solid obtqined
was triturated with anhydrous ether to give l4-ﬁzdroxx-ﬂ-

acetylnorcodeine (700 mg.) as an amorphous powder, m.p.

115-120°, . [alp)= 113.5° (c,0.3))) _,_ 3333 (H), 1618 cm.”
(N-acetyl) (Found: C,62.33 Hy6.T7. C,gH,, O;N. H,0 requires
C,63.13 H,6.4%) .

(b)14-Acotoxy-N-cyanonorcodeine (0.5 g.) was refluxed for 6 hr,
with a solution of potassium hydroxide (0.5 g.) in nmethanol

(49 c.c.) and water (i c.c.). Working up as in preparation (a)
gave & s0lid which was triturated with anhydrous ether to givse
l4-hydroxy-N-acetylnorcodeine, as an amorphous powder, m.p. and |
mixed m.p., 1152120°, |

(e) 14-Hydroxy-N-acetylnorcodeinone (135 mg.) in dioxan (10 c.c.)
was stirred for 2 hr. with a solution of sodium borohydride

(100 mg.) in water (3 c.c.). After addition of water (500 c.c.)
the solution was extracted with chloroform *o give, on removal
of the solvent, a guﬁ which was triturated with anhydrous ether
to give 1l4-hydroxy=-N-acetylnorcodeine as an amorphous powder,

mopo and mixed mopo 115"120‘4

1l4-Bydroxy-N-acetylnorcodeinone, - 1l4-Hydroxy-N-acetylnor=

codeine (200 mg.) in chloroform (10 c.c.) was stirred at room
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temperature for 1 hr, with active manganese diozide (1 g.)-

The filtered solution.was'evépofated and the residue crystallised
from chloroform-mgthanol to givéh14-hydroxy-N;écetylnorcodeinone
(100 mg.) as prismé, m.p. and mixed m.p. 2226225°°

l4-Hydroxy-N-acetyldihydronorcodeinone. - (a) l4-Acetoxy-

-N-cyanodihydronorcodeinone (4 g.) in 70% acetic acid (300 c.c.)
was refluxed for 4 hr. The solution was cooled and made basic
with ammonia (d,0.88) and shaken with chloroform (100 c.c.).

The chloroform lafer was washed with watef, dried (Nazsoe) and
the solvent removed under vacuum to give & gun which crystallised

from chloroform-methanol te give l4-hydroxy-N-acetyldihydronor=

codeinone (3 g.) as prisms, m.p. 254-255°, [G]D=260° (cy1.2),
\)mam}zzs (oH), 1725 {(C = 0), 1612 cmo ™ (N-acetate C = 0)
(Found: C,64.7y H;6.1, C, oHy, OgN.4H, O requires 0.64;8; H,6.3%).
(b) l4-Acetoxy-N-cyanodihydroncrcodeinone (750 mg.) in 70%
propionic acid (50 0060) was refluxed for 8 hr. After working
up in the usual way through chloroform, the gum obtained was
crystallised from chloroform-light petroleum4to give l4<hydroxy-
N-acetyldihydronorcodeinone (500 mg.) as prisms, m.p. and mixed
mo.po 254=255°, ~

(¢) 14-Acetoxy-N-cyanodihydronorcodeinone (750 mg.) was refluxed
for 4 hr. with a solution 6f potassium hydroxide (0.7 g.) in
methanol (70 c.c.) and water (1 c.c.). The cooled solution was

diluted with water (700 c.c.) and the baée, extracted with
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chloroform, was crystallised from chloroform-light petroleum
to give l4-hydroxy-N-acetyldihydronorcodeinone (500 mg.) as
prisms, m.p. and mixed m.p. 254-255°.

14-Acetbxx_—N-acetxl@igxdronorcbdeinone° - (a) 14-Hydrozy-N-

acetyldihydronorcodeinone (0.5 g.) was refluxed in acetic anhydride
(25 coco)ifor 1 hr, After working up in the usual way, the gun
cbtained was crystallised from chloroform-light petroleum to give

14-acetoxy-N-acetyldihydronorcodeinone (0.4 g.) as prisms, m.p.
i

254-258°, [aly - 311° (g_,hO),\)maxolTZS (C = 0), 1626 ca.”
(N-acetate C = 0) (Found: C,65.33 Hy6.4. C,,H,3504K vequires
C,65.43 H,6.0%)

(b) 14-Acetoxy-N-cyanodihydronorcodeinone (250 mg.) in glacial
ecetic acid (35 c.c.) and acetic anhydride (1 c.c.) was refluxed
for 4 hr, Removal of the solvent under vacuum gave a gum which
crystallised from chloroform-light petroleum to give 14-acetoxy-
N-aoetyldihydronorcodeinone (200 mg.) as prisms, m.p. and mixed

m.p., 254=258°,

(¢) l4-Acetoxy-N-cyanodihydronorcodeinone (200 mg.) in methanol
(50 coc.) was refluxed for 5 hr, with diethylamine (2 c.c.).

The solid obtained (\)maxo 3225,1725, 1612 cm,°1) on removal

of the solvent was refluxed with acetic anhydride (10 c.c.) for
1l hr. The gum obtained by the‘usual work up was érystallised

from chloroform-light petroleum to give l4-acetoxy-N-acctyl-
dihydronorcedeinone (150 nmg.) as prisms, m.p. and mixed m.po

261268
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14-Propionyloxy-N-propionyldihydronorcodeinone. = 1l4-Hydroxy-

dihydronorcodeinone (200 mg.) in propionic anhydride (10 c.c.) was
heated on ths steam bath for 3 hr. The cooled solution was

taken up in chloroform, washed with ammonia (4,0.88) and water
and the chloroform layer dried (Na,S0,). Removal of the

solvent gave a gum which crystallised from chloroform-light

petroleum to give l4-propilonyloxy=-Ne-propionyldihydronorcodeinonae

(150 mg.) os prisms, m.p. 160-181‘, [a]D - 296° (g,lool\)m&xo
1725 (ester ¢ = 0), 1640 cmo'i(N-propionyl C = 0).(Found: C,66,753
H’6090 02332706N rsq‘.Iires 0966o8§ ﬁ9606%)o

14+Hydroxy-N-propionylnorcodeinone, - (a) 14~-Propionyloxy-

-N-cyanonorcodeinone (5 g.) in 70% propionic acid (100 c.c.) was
refluxed for 20 hr. The solution was worked up in the usual
way to give a gum which crystallised from chloroform-méthanol to
give l4-hydroxy-K-propionylnorcodeinone (1.5 g.) as prisms, m.p.
229-230°, [a]D - 172.5° (g,O.é),))maxn 3195(0H), 1666 (af C = 0),
1612 c.'.mc,-'1 (N-propionyl C = 0) (Found: C,67o9;‘H,5°6, CpoHy, OB

requires C,67.63 H,6,0%).

(b) l4-Propionyloxy-N-cyanonorcodeinone (5 g.) in 70% acetic acid
(200 c.c.) was refluxed for 5 hr and the 'solvent was then removed
under vacuum. The residual gum crystalliséd from chloroform-
nethanol to give 1l4-hydroxy-N-propionylnorecodeinone (1 g.) as

prisms, m.p, and mixed m.p. 229=-230°%,



Propionate of l4-Hydroxynorcodeine. = (a) 1l4-Hydroxynor-

codeine (5 g.) was heated on the steam bath for 3 hr. with
propionic anhydride (20 ¢.c.). The cooied solution was made
basic with ammonia (d,0.88) and extracted with chloroform. The
gum obtained on removal of the solvent was taken up in benzene

and filtered through alumina. After eluting with benzene (500
c.C.), and removal of the solvent, the gum obtained was
crystallised from chloroform-light petroleum to give l4-propionyl-
oxy-N-propionylnorcodeine propionate (1.5 g.) as prisms, m.p.
157158, [a]) - 145° (g,2.0)))
(Nepropionyl) (Founds C,66.353 H,6.7. C,gHyy Oy N requires €;66.53
H,6.7%)0

(b) 14-Hydroxy-N-propionylnorcodeinone (200 mg.) in dioxan

=
max€.1724 (ester C = 0), 1640 cm.

(20 co.c.) was stirred with sodium borohydride (200 mg.) in

water (5 c.c.) for 2 hr, After working up in the usual way,

the éum.obtained was heated for 3 hr. on the steam bath with
propionic anhydride (5 c.c.). Removal of the propionic anhydride
under vecuum gave a gum which crystallised from chloroform-light
petroleun to give l4-propionyloxy-N-propionylnorcodeine propionate
as prisms, m.p. and mixed m.p., 157-158°, |

'(c) 14-Propionyloxy=-N-cyanonor codeinone (400 mg.) in dioxan

(20 c.c.) was stirred at roon temperature for 2 hr. with sodium
borohydride (300 mg.) in water (5 c.c.). After working up

through chloroform, the gum obtained was refluxed for 12 hr. with
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potassium hydroxide (250 mg.) in methanol (25 c.c.) and water

(0.5 c.c. )« The solution was diluted with water (500 c.c.) and
worked up in the usual way through chloroform, to give on

removal of thé solvent, solid material (230 mg“rgkax°3533 (oH),
1612 cm.” (N-propionyl). This solid was heated on the steanm
bath for 3 hr. with propionic anhydride (5 c.c.) to give on
removal of the solvent under vacuum a2 gum which crystallised

from chloroform-light petroleum to give l4-propionyloxy-N--
propionylnorcodeine propionate (130 mg.) as prisms, m.p. and nixed
mopo. 15T7-158°%

14-Hydroxy-N-n-butyrylnorcodeinone. - (3) l4-n-Butyryloxy-

-N-cyanonorcodeinone (0,6 g.) in éfbutyric acid (35 c.c.) and
water (15 c.c.,) was refluxed for 18 hr, The cooled solution was
made basic with ammonia (QJOQBB) and the gum obtained on
extraction with chloroform was triturated with anhydrous ether

to give l4-hydroxy-N-n=butyrylnorcodeinone (0.6 g.) as an

amorphous powder, m.p. 185-190°, [a]D - 162° (2,002)9\)1“8!o
3355(0H), 1685(aB C = 0), 1613 om.” (N-n-butyryl) 4 satisfactory
analysis could not be obtained for this compound.

(b) 14-n-Butyryloxy-N-cyanonorcodeinone (3 g.) in dioxan (100
c.c.) was gtirred for 2 hr, with sodium borohydride (1.5 g.) in
water (20 c.c.). After working up through chloroform, the gun
obtained was refluxed for 18 hr, with potassium hydroxide (1 g.)

in methanol (100 c.c.) and water (1 c.c.). The cooled solution

was diluted with water (750 c.c.) and extracted with chloroform



(6 x 50 c.c.). The bulked chloroform layers yielded on

3333 (OH), 1613 cm™

removal of the solvent a gum (1.8 gol\)mazo

(N-n-butyryl), which was taken up in chloroform (20 c.c.) and

stirred for 1 hr., with active manganese dioxide (4.5 go)o

The filtered solution was evaporated and the residue on tritura-
tion with anhydrous ether gave l4-hydroxy-N-n-butyrylnorcodeinmoze
(1.5 g.) as an amorphous powder, m.p. and mixed m.p. 185-190°,

14-Hydroxy~-N-ethylnorcodeine. - (a) l4-Hydroxy N-acetyl

norcodeine acetate (100 mg.) in suspension in anhydrous ether
(200 c.c.) was cooled and lithium aluminium hydride (250 mg.) in
anhydrous ether (20 c¢.c.) added. The mixture was refluxed for

2 hr., cooled, and the excess lithium aluminium hydride destroyed
by the addition of chloroform and ice. The filtered solution

was shaken with water and the chloroform-ether layer separftedo
After removal of the solvent, the gum was crystallised from

chloroform-light petroleum to give l4-hydroxy-N-ethylnorcodeinse

(90 mg.) as prisms, m.p., 128°, [a]D - 105° (23003),\)max°3448,
3226 cmZ‘(OH) (found: Cy69.753 HyTo30 C,oH;50,F requires C,69.33
H,7.0%).

(b) Both l4-acetoxy-N-acetylnorcodeine acetate and l4-acetoxy
N-acetylnorcodeine when treated with lithium sluminium hydride
in the analogous manner to preparation (a) yielded 1l4-hydroxy-
N-ethylnorcodeine (crystallised from chloroform-light petroleum)

as prisms, m.p. and mixed m.p. 128°,
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14-Hydroxy-N-ethylnorocodeinone. = 14-Hydroxy-N-ethylnor-

codeine (60 mg.) in chloroform (5 e.c.) was stirred for 1 hr.
with activated manganese dioxide. The filtered solution was
evaporated to dryness and the gum crystallised from chloroforﬁ-.

light petroleum-ethanol to give l4-hydroxy N-ethylnorcodeinone

(50 mg.) as prisms, m.p. 230° (decomp.), [a]D - 220° (6,1.0),

\)max °

C, pHy, Oy NofC, Hy OH Tequires C,68.553 H,6.9%).

3257(0H), 1669 cmo-i(aB C = 0) (Pound: C,68.73 H,6,.7-

1l4-Hydroxy-N-ethylnorcodeine. - l4-Hydroxy-N-ethylnor-

codeinone (100 mg.) in dioxan (25 c.c.) was treated with a
suspension of sodium borohydride (100 mg.) in water (3 c.c.)
with stirring. After 2 hr., stirring was stopped, water (500
c.c.) added, and the solid extracted with chloroform. The gum
left on removal of the solvent crystallised from chloroform-light
petroleun to give l4-hydroxy N-ethylnorcodeine (100 mg.) as
prisms, m.p. and mixed m.p. 128°.

l4-Acetoxy-N-ethylnorcodeinone. - l4-Hydroxy=-N-ethylnor-

eodeipone.(loo mg.) in acetic anhydride (5 c.c.) was heated on-
the steam bath for 2 hr. The cooled solution was taken up in
chloroform and shaken with water and ammonia (d,0.88) till the
aqueous layer was basic, Thé chloroform layer was washed, dried
(Na,50,) and evaporated to give a gum which orystallised from

chloroform-light petroleum-ethanol to give l4-acetoxy-N-ethylnore

codeinone (100 mg.) as prisms, m.p. 185-185¢, [a]D - 115° (2&002),
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\)max 1730 (eéter C = 0), 1684 cmo'i(aﬁ C = 0) (Found: C,68,04

Hy603. C,,H,50;N requires C,68.33 H,6.3%).

14-Acetoxy-N~ethylnorcodeine. - (a) l4-Hydroxy-N-ethylnor-
| codeine (100 mg.) in acetic énhydride (2 c.c,) was heated on the
steam bath for 1 hr. Thé gum obtained by the usual work up
through chloroform was crystallised from chloroform-methanol

to give l4-gcetoxy-N-ethylnorcodeine (80 mg.) 2s reedles, m.ro

224=-225°, [a]D - 83° (39003),\)m&x°3571 (om), 1733 cmo"(ester

C = 0) (Founds C,67.Ts H,G;B. C,,H,5 05N requires C,67.93 H,6.8%),
(b) & solution of l4-acetoxy-N-ethylnorcodeinone (350 mg.) in
dioxan (20 c.c.) was stirred with sodium borohydride (ZOOVmgo)

in water (5 c.c.) for 2 hr. The solution was diluted with water
(500 c.c.) and the base extracted with chloroform. After

removal of the solvent, the residual gum was crystallised from
chloroform-methanol to give l4-acetoxy-N-ethylnorcodeine as
needles;, m.p. and mixed m.p, 224-225°,

l4-Acetoxy-N-ethylnorcodeine Acetate. - l4-Hydroxy-N-ethyl

norcodeine (100 mg.) in ecetic anhydride (10 c.c.) was refluxed
for 1 hr, The gum obtained by the usual work up through
chloroform was crystallised from chloroform-light petroleume

-ethanol to give l4-acetoxy-N~ethylnorcodeine acetate (80 mg.)

. §
as prisms, m.p.170=-171°, [a]D - 143° (39004),‘l)max°17429 1724 cm.
(ester C = 0) (Founds C,67.153 H,6.9. CosH,,0, ¥ requires Cc,66.8
H,6,6%).
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14-Acetoxy-N=gyanonorcodeine Acetate. ~ l4-Acetoxy-N-

ethyl norcodeine acetate (100 mg.) was heated in a test-tube
with cyanogen bromide (1 g.) for 3 min., at 100°. The

mixture fused and on cooling crystels separated out. The
.cryﬂtals were filtered; washed with ethanol and on recrystall-
isation from chloroform-methanol gave l4-acstoxy-lN-cyenonor-
codeine acetate as prisms, N.p. and mixed m.p. 190°.

14-Fydroxy-N-propylnorcodeine. = 1l4-Propionyloxy-N-

-propionylnorcodeine propionate (400 mg.) in dry tetrahydro-
furan (10 c.c.) and anhydrous ether (90 c.c.) was refluxed

for 4 hr, after the addition of lithium aluminium hydride

(300 mgo). The excess lithium aluminium hydride was destroyed
by the addition of chloroform (100 c.c.) and ice, and the
nizture filtered through kieselguhr, The‘chloroform-ether
layer was separated and the product, isolated in the usual way,
was crystallised from chloroform-light petroleum to give
14-hydroxy-N-propylnorcodeine (300 mg.) as prisms, m.p.1l1l-112°,
[alp - 121° (21.5),Y

x
CpoB 50y requires €,69.955 H,7.3%).

. 3390 cmo'i(OH) (Found: C,69.93 E,7.6.

14-Aydroxy-N-propylnorcodeinone, - l4-Hydroxy-N-propyl

norcodeine (100 mg.) in chloroform (5 c.c.) was stirred for 1 hr.
with active manganese dioxide (500 mg.). The filtered solution

was evaporated and the residue crystallised from chloroform-

light petroleum to give 14-hydroxy-N-propylnorcodeinone (100 mg.)
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s needles, m.p. 126-127°, [a]D - 208° (33006),1)maz°3533 (oH)
-1

end 1680 cm. (ef C = O)(Found: C,70.43 H,T.0. Coolhy 0K

req‘lires C 9700 4' H’ 6o 8%) °

14-Acctoxy~N-propylnorcodeinene, - 1l4-Eydroxy-N-propyl-

noercodeinone (200 mgo) was heated on the steam bath for 4 hr.
with acetic anhydride. Removal of the acetic anhydride under
vacuum gavo & gum which was crystallised from chloroform-light

petroleum-ethanol to give l4-acetoxy-N-propylnorcodeinone (150

mg.) es needles, m.p. 178%, [a]y - 102° (g,1.1),V)___ 1686

o

ﬂi
(¢R ¢ =0) end 1730 .cm. (ester C = 0) (Found: C,63.83 1,6.8.



81

REFERENCE

WET T ESTR

1. M&chtg io Amer. Med. Ass0C., 19159 _6£-_9 477,

2. Hanzlik, J. Amer. Pharm. Assoc., 1929, 18,
375.
3. von Gerichten end Schrotter, Annalen, 1881, 210, 396,

4. von Gerichten and Schritter,

o

er., 1882, 15, 1484.

5. von Gerichten, Ber., 1901, 34, 767.
6. von Gerichten, Ber., 1901, 34, 1162,
7. Ach and Knorr, Ber., 1903, 25, 3067.
8. Knorr and Horlein, Ber., 1906, 39, 1409.
9. Pschorr and Sumuleanu, Ber., 1900, 33, 1810,
10. Pschorr, Seydel, and Ber., 1902, 35, 4400.
Stohrer, .
11, Gulland and Robinson, Jos 1.9'239'9800
12. Gulland and Robinson, Mem. Proc. Mahchester Lit. Phil. Soc
1925, 69, 79.
13, Schopf, Annalen, 1'927, 452, 211.
14. Bentley, ﬁ “The Chemistry of the Morphino
Alkaloids", pp.317-320, 330.
Clarendon Press, Oxford, 1954.
15. Gates and Tschudi, Jo Amer. Chen. Soc., 1952, 74, 1109.
16. Gates and Tschudi, J. Amer, Chem, Soc,, 1956, 78, 1380.
17. Conroy, Jo. Amer, Chem. Soc., 1955, 77, 5960,

18, Freund, U.S. Pat., 1,485,675 (1924).

—



19, Preund and Speyer,

20. Merck,
21, Freund and-Speyerg

22. Freund and Speyer,

22a. Freund end Speyer,

2%, Fel'dman and Lyutenberg,
24. Freund and Speyer,

25. To and H, Smith Ltd.,
25%a. Freund and Speyer,

26. Lutz and Small,

27. Sargent, Schwartzman, and
Small,

28, Stork,

29. Bentley and Cardwell,

50. Kalvoda, Buchschacher,
and Jeger,

31. Rapoport and Payne,

32. Holmes and Trevoy,

33. Mackay and Hodgkin,

34. Holmes,

82

Munch._med. Wochschr., 1917, 64,

380,
Pharm, Ztg., 1919, 64, 264,

J.pr.Chen., 1916, 94, 135,

DeRo=P., 296, 916 (1916);
Frdl., 13, 8803
U.S. Pat., 1,468,805 (1923),

g,angew.Chem;, 1914, 27, 350,

Russ. Pat., 64,699 (1945))
Swiss. Pat., 75,110 (1917).

Private Communicegtion.
Bero' 1906, 2‘29 8440
do Org. Chem., 1939, 4, 220,

Jo. Org. Chen, 1958, 23, 1247.

Manske and Holmes, “The Alkalcids

Vol. 2, pp.171-203,

de» 1955, 3252

Helv. Chim. Acta, 1955, 38,
1847.

_cla“ Q_!_’g_o Chemclg, 1950' lig 10939

Canad. J. Res., 1948, 26B, 396.

J., 1955, 3261,

Manske and Holmes, "The Alkaloids'

V01¢.2, Ppo 1"'171 9’ 205-2179

Academic Press, New York, 1952,



55

36.
37

385

39

40,

410

Rapoport, Naumann,

" Bissell, and Bonner,

Barton,
Ginsburg,

Gates,
Newbold and Spring,
Highet and Wildman,

Gillon,

4la, Currie, Gillon; Newbold

42,

44,

45,
46.

47.

48.

and Spring,

Newman,

Haining and Smith,
T. and H., Smith Ltd.,

Rapoport and Bonner,

Karrer and Widmark,

Wallis, Fernholz, and
Gephart,

Stork and Clarke,

Speyer, Selig, and Heil,

J. Org. Chem., 1950, 15, 1103,

3., 1953, 1027,

Bulletin on Narcotics, 1954, 6, 32.

J. Amer., Chem., Soc., 1953, 75,
4340, |

Private Communication, (see aleso
Ref, 41&) .

J. Amer. Chem. Soe&., 1955, 77,
4399

Diploma Thesisy R.C.S5.T., Glasgow,

1958,
J.» 1960, T73.

_J_.o Amer. Chem, SOCag 19509 129
4783.

Private Communication.

J. Amer. Chem. Soc., 1951, 73,
2872,

Helv. Chim. Acta, 1951, 34, 34.

J. Amer., Chem. Soc., 1937, 49,
137,

J. Amer. Chem. Soc., 1956, 78,
4619.

Annalen, 1923, 430, 1.




49.

50,

51.

520
53.
54.

25
56.

5T

58,

59.

60.

61,

Knorr and Roth, Ber., 1907, 40, 3355,

Knorr and Raabe, Ber.; 1908, 41, 3050.

Small, Faris and Mallonee, J. Org. Chem., 1940, 5, 334.

Girard and Sandulesco, Helv, Chin. Actag 1936, 19, 1035

Org. Synth. Col. Vol.II, 150,

Prelog, McKusick, Merchant, Helv. Chim. Acta, 1956, §2J 498,

Julia, and Wilheln,

Speyer and Sarre, Ber., 1924, 57, 1427.

Hickon and Iieser, J. Amer, Chem. Scec., 1952, 74,
5566.

Fodor and Kiss, J. Amer, Chem., Soc., 1950, 72,
3495. |

Welsh, Jd. Amer, Chsmo, Soc., 1949, 71,
3500.

Phillips and Baltzly, J. Amer, Chem. Soc., 1947, 69,
200,

ven Tamelen, Jo Amer. Chem. Soc., 1951, 73,
5775.

Uhle, Xrueger, and Sallmann, J. Amer. Chem. Soc., 1960, 82,

489.



