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This invention relates to new thebaine derivatives as 
well as to intermediates and processes for preparing them. 
These new thebaine derivatives have been found to have 
surprising pharmacodynamic activity. 

It is well known that thebaine is a powerful central 
nervous system stimulant, almost a convulsant, possessing 
very little analgetic activity, see Morphine & Allied Drugs, 
Reynolds and Randall, U. of Toronto Press 1957, page 
169. Thebaine is [generally conceded to be a clinically 
useless drug because of this stimulating eifect. It is also 
known to the art that certain morphine derivatives such 
as nalorphine are analgetic antagonists. I have surpris 
ingly discovered that certain the'baine derivatives are not 
central nervous system stimulants but on the contrary are 
potent central nervous system depressants. Furthermore, 
these new compounds have analgetic and particularly 
analgetic antagonistic activities. The antagonistic activity 
of these compounds is several times more potent than that 
of nalorphine. These compounds also have utility as 
intermediates for perparing further central nervous system 
depressant compounds as will be obvious to those skilled 
in the art. 
The thebeaine derivatives of this invention are repre 

sented, for example, by the following structural formula: 

in which R1 is lower alkyl of from 1—4 carbon atoms pref 
erably methyl, R2 is lower alkyl of from l-4 carbon atoms 
preferably methyl, hydrogen or an acyl residue of a phar— 
maceutically acceptable carboxylic acid having a maxi 
mum of 8 carbon atoms such as acetyl, propionyl, benzoyl, 
isonicotinoyl or preferably nicotinoyl - — - — represents 

an optional single bond at the 8, 14 position and R repre 
sents an unsaturated alkane group or a cycloalkyl group 
of maximum of 8 carbons. Preferably R represents: 
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in which R3, R4 and R5 represent hydrogen, methyl or 
chloro atoms. The cycloaliphatic rings can also have 
optional methyl substituents. 

This invention also includes, as well as the basic com 
pounds of Formula I, the N-oxide derivatives thereof and 
the nontoxic acid addition or quaternary ammonium salts 
of the thebaine and dihydrothebaine bases or the N-oxides 
thereof. For exampe, the acid addition salts are those 
with pharmaceutically acceptable acids such as hydro 
chloric, imaleic, sulfuric, phosphoric, sulfamic, benzoic, 
salicylic, acetic, hydrobromic, ethanedisulfonic, etc. acids. 
The pharmaceutically acceptable quaternary ammonium 
salts are those with active quarternizing agents such as 
lower alkyl iodides, chlorides or bromides, Ibenzyl chlo 
ride, ethylene chlorohydrin, lower alkyl sulfates, etc. 
These acid addition or quaternary salts of the the'baine 
or dihydroethbaine compounds and the N-oxides thereof 
are prepared by methods well known to the art such as 
reacting the base in an organic solvent with an equivalent 
amount of the acid or halide. 
The preferred compounds of this invention are those 

represented by Formula I in which R is allyl, 3,3-dimethyl 
allyl or cyclopropylmethyl; R1 is methyl; R2 is methyl, 
hydrogen or nicotinoyl. 

The compounds of this invention are generally pre 
pared by treatment of the appropriate N-northebaine with 
an active alkyl halide in the presence of an acid binding 
agent such ‘as ‘an alkali metal carbonate or alternatively 
with an alkanoyl halide to form the N-acyl intermediate 
followed ‘by reduction to the N-substituted thebaine such 
as by a bimetallic hydride, for example, lithium aluminum 
hydride. Depending upon what substituents are desirable 
for R1 and R2 and whether the thebaine or dihydrothe 
baine derivative is desired, the N-alkylation or acylation 
may be carried out early in the reaction scheme wit-h suit 
able further reactions to form the desinable thebaine nu 
clei. These methods of synthesis will be obvious to one 
skilled in the art by the following general reaction schemes 
coupled with the speci?c exempli?cation. 

SCHEME 1 

—c0R' 

‘R 
RCCl nezsoz. c1130 0 o 
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The compounds of Formula I in which R2 is hydrogen 10 An alternative method for preparing the northebaine 
are prepared by protecting the 3-hydr0xyl group with a compounds of Formula I which is of use as a starting 
suitable acyl group preferably a carbarnyl group as fol- material is as follows. This synthetic procedure is also 
lows: used by ‘modifying the bromination-elirnination reactions 
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fl) (XIII-—>XVI) by using an already N-alkylated dihydro 
n"(;__ represents dimethyl or diethylcarbarnyl. 35 thebaing directly 
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It should be noted that the reaction of compound XIV 
with p-toluenesulfonic acid is carried out under very mild 
conditions to avoid side reactions with the product iso 
lated as the N-tri?uoroacetyl derivative. 
A method of preparing the dihydronorthebaine start 

ing material (XXI) follows. 

6 
esters are prepared by reaction of the compounds of For 
mula VII with a suitable carbamyl chloride in basic media 
such as in pyridine or benzene-triethylamine. Alterna 
tively the esters are prepared by stepwise reaction of a 
compound of Formula VII with carbonyl chloride then 
with an amine. 

SCHEME 4 

H \1-c0ocH2c6a5 benzyl 
chloroformate 
——————-> -—--—-) 

CH3O 0 c1130 0 
I1 XVIII 

-C00CH2C6H5 -SiEt:3 
CH OH 

I (C2115) 381R 3 

1 CH 0 OCH 
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CH30 00113 
XXI 

N-substituted dihydronormorphinones of Formula VII 
have been unexpectedly found to form O-carbamate 
esters such as the 3-O-dimethylcarbamate or die-thylcar 
bamate which are stable in basic solution and therefore 
especially suitable for alkylation to the enol ethers as may 
be desired. The desired compounds of Formula I are 

In general the desmethylthebaine intermediates of For 
35 mula VII in which the ?nal desired N-substitutent has 

been inserted are obtained (i) by alkylation of dihydro 
normorphinone, (ii) by alkylation of dihydronorcodeinone 
followed by demethylation of the resulting product with 
pyridine hydrochloride, boron tribormide or boron tri 

then obtained by reduction as described. The carbamate 40 chloride, or (iii) preferably by the following scheme: 

SCHEME 5 

CH3 H3 
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Here the grouping R”CO is a carbamyl group, usually 
diethylcarbamyl; the relative stability of the carbamate 
ester group towards acid permits the preparation of esters 
of structure XXV in good yield. 
From the above description and the examples, it will be 

apparent that a variety of valuable intermediates have been 
described as part of this invention. For example, among 
these novel intermediates are the following: 

N (t-butoxycarbonyl ) dihydronorcodeinone. 
N(t-butoxycarbonyl) -A6-dihydronortl1ebaine. 
7-bromo-N (t-butoxycarbonyl) dihydronorcodeinone 

dimethyl ketal. 
N( t-butoxycarbonyl ) norcodeinone dimethyl ketal. 
N( t-butoxycarbonyl) northebaine. 
N- (tri?uoroacetyl) northeb aine. 
Northebaine. 
7-bromo-N-cyclopropylmethyldihydronorcodeinone 

dimethyl ketal. 
N-cyclopropylmethylnorcodeinone dimethyl ketal. 
N- (cyclopropanecarbonyl ) dihydronorcodeinone. 
N- (cyclopropanecarbonyl) -A6-dihydr0northebaine. 
N- (benzyloxycarbonyl) dihydronorcodeinone. 
N- (benzyloxycarbonyl ) -A6-dihydronorthebaine. 
As-dihydronorthebaine. 
7-bromodihydronorcodeinone dimethyl ketal. 
Norcodeinone diamethyl ketal. 
N-allylnorcodeinone dimethyl ketal. 
Acetyldihydromorphinone. 
N-triethylsilyl-A6-dihydronorthebaine. 
O-acetyl-N-cyanodihydronormorphinone. 
N- (cyclopropanecarbonyl) dihydronormorphinone. 
N~ (cyclopropanecarbonyl) -O (N',N’-diethylcarbamyl) - ' 

dihydronormorphinone. 
N- (cyclopropanecarbonyl ) -O (N',N'-diethylcarbamyl ) - 

As-dihydronororipavine. 
N- (cyclobutanecarbonyl ) dihydronormorphinone. 
N- (cyclobutanecarbonyl) -O (N',N'-diethylcarbamyl ) - 

dihydronormorphinone. 
N- (cyclobutanecarbonyl) ~O (N',N’-diethylcarbamyl) - 

A6~dihydronororipavine. 
0 (N',N'-diethylcarbamyl) dihydromorphinone. 
N-cyano-O (N',N'-diethylcarbamyl) dihydronormor 

phinone. 
O (N’N'-diethylcarbamyl) dihydronormorphinone. 
O(N',N’-diethylcarbamyl ) -N (3,3 -dimethylallyl ) - 

dihydronormorphinone. 
O (N’,N'-diethylcarbamyl) -N ( 3,3-dimethylallyl) - 

A?-dihydronororipavine. 
N( 3,3-dimethylallyl ) dihydronorcodeinone. 
N (3, 3 -dimethylallyl) dihydronormorphinone. 
The N-oxide derivatives of this invention are prepared 

by reacting the base of Formula I with an excess of a 
peracid or 30% aqueous hydrogen peroxide, usually with 
gentle heating. These N-oxide derivatives form acid 
addition or quaternary salts as noted hereabove. The 
acyl derivatives (Formula I, R2=acyl) are prepared by 
reacting the compounds of Formula I, in which R is hy 
drogen with an equivalent or an excess of the appropriate 
acyl chloride or anhydride usually in the presence of an 
acid binding agent such as pyridine or triethylamine 
benzene. The nicotinoyl esters are particularly useful. 
The following examples are exemplary of the com 
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pounds and processes of this invention in order to teach ~ 
those skilled in the art the practice of this invention. 
They are not intended to restrict the scope of this inven 
tion thereto. 

Example 1 

To a solution of dihydronorcodeinone (3.80 g.) in 
dioxan (38 ml.) are added magnesium oxide (1.075 g.) 
and water (38 mL). The mixture is stirred while a solu 
tion of t-butyl azidoformate (3.82 g.) in dioxan (15 ml.) 
is added dropwise. When addition is complete the pale 
orange mixture is maintained at 45—50° C. with stirring 
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8 
for 20 hours, 1then cooled in ice and ?ltered using a ?ltra 
tion aid. The ?ltrate is diluted with saturated aqueous 
sodium chloride (50 ml.) and water (50 ml.), and ex 
tracted with ethyl acetate (3X50 ml.). The combined 
ethyl acetate extracts are cooled to 4° C. and washed 
with ice-cold 10% aqueous citric acid (4X15 ml.) fol 
lowed by saturated aqueous sodium chloride (3X 10 
ml.), dried over magnesium sulphate, and evaporated. 
The residue is taken up in chloroform and the turbid solu 
tion ?ltered using a ?ltration aid. Evaporation gives a 
gum which is crystallized from the minimum volume of 
hot ethanol giving large prisms, M.P. 151.5—152.5 C., of 
N(t-butoxycarbonyl)dihydronorcodeinone. 
Sodium (0.227 g.) is added to dry t-butanol (40 ml.) 

and dry methanol (0.8 ml.) and the mixture is heated 
under re?ux in an atmosphere of dry nitrogen until dis 
solution is complete (45 minutes). Further dry t-butanol 
(20 ml.) is then added and the mixture is allowed to cool 
to room temperature. A solution of N(t-butoxycar 
bonyl)dihydronorcodeinone (3.17 g.) in dry dioxan (30 
ml.) is then added dropwise with stirring under dry ni 
trogen giving an almost clear yellow solution. A solu 
tion of dimethyl sulphate (1.14 g.) in dry t-butanol (15 
ml.) is then added dropwise with stirring, after which the 
mixture is stirred for 1 hour at room temperature and 
then for 2 hours under re?ux. Finally the solvents are 
removed under reduced pressure and the residue stirred 
with 1.5% aqueous ammonium hydroxide for 10 minutes. 
The sticky white solid is collected, washed with Water, 
and dried. The crude product (3.26 g.) is dissolved in 
dry benzene and subjected to chromatography on ac 
tivated alumina (53 g.; type “I-I”). Elution with benzene 
gives a foam which crystallizes on treatment with light 
petroleum (B.P. 60—80° C.) giving a product M.P. 163 
166° C. (1.63 g.). Recrystallization from ethanol gives 
pure N(t-butoxycarbonyl)-A6~dihydronorthebaine, need 
les, M.P. 168-169" C. 

N(t-butoxycarbonyl)-A6-dihydronorthebaine (0.900 g.) 
is dissolved in a mixture of ethanol-free chloroform (11.5 
ml.) and anhydrous methanol (45 ml.), and ?nely di 
vided magnesium oxide (0.073 g.) is added. The mix 
ture is cooled in an ice-bath and stirred vigorously while 
bromine vapour (from 0.375 g. of bromine in a small 
?ask) is drawn through the mixture by means of a slow 
stream of ‘dry air (dried by passage through concentrated 
sulphuric acid), using an aspirator pump. The rate ad 
dition of bromine is such that the reaction mixture re 
mains colorless throughout the addition, which takes ‘1.5 
hours. When addition is complete the mixture is stirred 
for a further 20 minutes after which the residual mag 
nesium oxide is removed using a ?ltration aid and washed 
with chloroform. Evaporation of the ?ltrate and wash 
ings give a ‘residue which solidi?es when cooled in ice 
and rubbed with water. The solid is collected, washed 
with water, and dried. The crude product (1.27 g.) dis 
solves rapidly in light petroleum (B.P. 60—80° C.), leav 
ing ‘an insoluble residue which is collected using a ?ltra 
tion aid and washed with light petroleum (B.P. 60~80° 
C.). Evaporation of the clear ?ltrate and washings gives 
7-bromo-N'(t - 'butoxycarbonyl)dihydronorcodeinone di 
methyl ketal as a white ‘foam which gives analytically pure 
material on intensive drying in a vacuum. 

Potassium (0.048 g.) is ‘dissolved in dry 2-methyl-2-bu~ 
tanol (10 ml.) under re?ux. The resulting alkoxide so 
lution is distilled through a short (15 cm.) Vigreux col 
umn, ‘dry toluene being added at a rate su?icient to keep 
the volume of the mixture constant. Distillation is con 
tinued until the distillate consists of pure toluene (as in 
dicated by the temperature of distillation). 
" The apparatus is then re-converted for re?ux and a so 
lution of 7—bromo-N(t-butoxycarbonyl)dihydronorco 
deinone ‘dimethyl ketal (0.306 g.) in dry toluene (5 ml.) 
is added to the potassium alkoxide solution and rinsed 
in with further toluene ( 10 ml.). The mixture is then 
heated under re?ux in an atmosphere of dry nitrogen for 
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24 hours, after which the ‘reaction mixture is coo-led and 
treated with saturated aqueous sodium chloride (20 ml.), 
and the aqueous layer extracted with ethyl acetate 
(2X15 ml.). The combined toluene and ethyl acetate 
phases are washed with saturated aqueous sodium chloride 
(10 ml.), dried over magnesium sulphate, and evaporated. 
The resulting brown foam (0.234 g.) is taken up in meth 
anol and the ?occulent insoluble material collected using 
?ltration aid and washed with methanol. Evaporation 
gives a residue which largely dissolves in light petroleum; 
the small amount of insoluble material is removed in the 
same manner as before, and the ?ltrate and washings are 
evaporate-d giving N(t-butoxycarbonyl) norcodeinone di 
methyl ketal as a pale orange foam. 

Repetition of this prepartion on a larger scale using 
substantially the same procedure (1.06 ‘g. of the foregoing 
bromo-ketal, dissolved in 25 ml. of dry toluene, added to 
an alkoxide solution, of volume 20 ml., prepared using 
0.163 g. of potasium) gives a product which is shown by 
spectroscopic analysis to be a mixture of N(t-butoxycar 
bonyl)norcodeinone dimethyl ketal and N(t-butoxycar 
bonyl ) northebaine. 
A Soxhlet extraction apparatus is set up with toluene 

p-sulphonic acid monohydrate (0.301 g.) and chloroform 
(500 ml.) in the boiling ?ask and a thimble (28x80 
mm.) ?lled with activated calcium sulphate in the ex 
tractor. The mixture in the ?ask is heated under vigorous 
re?ux for 1.5 hours, after which time the contents of the 
thimble have removed all the water present in the mixture. 
The solution of anhydrous toluene-p-sulphonic acid so 

obtained is cooled to 20° C. ‘and a solution of N(t-butoxy 
carbonyl)norcodeinone di-methyl ketal [3.40 g.; containing 
some N(t-‘butoxycarbonyDnorthebaine] in chloroform 
(70 ml.) is added to the stirred solution. Stirring is con 
tinued for a further 2 hours at 20° C. after which the so 
lution is poured into a mixture of 14% aqueous potassium 
carbonate solution (350 ml.) and 10% aqueous ammon 
ium hydroxide (100 ml.), shaken, and the chloroform 
layer dried over magnesium sulphate in the presence of 
sodium bicarbonate and evaporated, giving a brown foam. 
The crude product is stirred vigorously with successive 
portions of light petroleum (5 X80‘ ml.) and the combined 
extracts are evaporated giving a straw-colored foam which 
is taken up in dry benzene and subjected to chromatog 
raphy on activated alumina (160 g.; type H). Elution 
with benzene and evaporation of the eluates gives N(t-bu 
toxylcarbonyl)northebaine as a pale orange-yellow foam. 
A solution of anhydrous toluene-p-sulphonic acid, pre 

pared from toluene-p'sulphonic acid monodydrate (2.66 
g.) and ethanol free chloroform ‘(420 ml.; containing 
about 1% by weight of methanol) is stirred at room tem 
perature while N(t-butoxycarbonyl)northebaine (1.38 g.) 
dissolved in chloroform (30 ml.) is added. Stirring is 
continued while the mixture is heated in a water-bath to 
47-50“ C. during half an hour and the temperature main 
tained at 47-50° for a further 2.5 hours. The mixture 
is then cooled in ice, poured into a mixture of saturated 
aqueous sodium carbonate (1501 ml.) and 10% aqueous 
ammonium hydroxide (50 ml.), well shaken, and the 
chloroform layer washed with saturated aqueous sodium 
carbonate (3X50 ml. ), dried over magnesium sulphate, 
and evaporated, giving a greenish~brown foam. 

This product is dissolved in a mixture of ethyl acetate 
and ethanol~free chloroform (25 ml.; 1:1), and the solu 
tion placed in a separatory funnel and treated portionwise 
with a mixture of tri?uoracetic anhydride (2.5 ml.) and 
ethyl acetate (7.5 ml.), with shaking after each addition. 
When all the reagent has been added the mixture is 
washed with saturated aqueous potassium bicarbonate 
(50+20 ml.) and then with saturated aqueous sodium 
chloride (2X10 ml.), dried over magnesium sulphate, 
and evaporated, giving a ‘brown foam. This product is 
taken up in dry benzene and subjected to chromatography 
on activated alumina (150 g.; type H). Elution with 
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10 
benzene and evaporation of the eluate give N(tri?uoro 
acetyl)northebaine as a yellow oil. 

N-(tri?uoracetyl)northebaine (0.109 g.) is dissolved 
in a mixture of acetone (3.5 ml.) and methanol (10.5 
ml.) and the mixture stirred at 25° C. while 2 N-sodium 
hydroxide (1.40 ml.) is added dropwise. Stirring is con 
tinued for four hours, the temperature being maintained 
at 20—25‘’ C. Ten percent aqueous citric acid (14 ml.) 
is then added slowly with continued stirring, and the 
mixture, after dilution with water (14 ml.), extracted 
with ether (3X20 ml.). The aqueous phase, which had 
ph 3, is stirred rapidly while 10 N-sodiurn hydroxide (10 
ml.) is added dropwise. The mixture, which now is at 
pH 11, is extracted with chloroform (3x20 ml.) and the 
combined chloroform extracts dried over magnesium 
sulphate and evaporated, giving northebaine as an almost 
colorless gum. 
A solution of northebaine (0.047 .g.) in ether (2 m1.) 

is ?ltered to remove a small amount of insoluble mate 
rial. The ?ltrate on evaporation gives a product (0.044 
g.) which is redissolved in ether (7 ml.), and the result 
ing solution added slowly with shaking to a solution of 
salicyclic acid (0.016 g.) in ether (2 ml.). The resulting 
opalescent suspension is evaporated, with gentle warm 
ing, to about 2 ml. whereupon the product crystallizes. 
The mixture is left overnight at 0° C. after which the 
solid is collected and washed with ether giving the salicy 
late salt of northe‘baine, M.P. 189-490” C. (decomp.). 
Recrystallization from ethanol gives the pure salt as 
crusts, M.P. 192.5-‘1935" C. (decomp.). 
A solution of allyl bromide (0.058 g.) in ethanol (1 

ml.) is added to a mixture of northebaine (0.136 g.) and 
?nely powdered sodium bicarbonate (0.057 g.). The mix 
ture is diluted with further ehtanol (1 ml.) and is then 
heated under re?ux with stirring for 21 hours. The re 
sulting mixture is diluted with methanol (3 ml.) and the 
solids removed and wished with methanol using a ?ltra 
tion aid. The ?ltrate and washings are evaporated giving 
a brownish residue which is extracted with boiling ether 
(2X4 ml.). The ether-insoluble residue is digested with 
hot benzene (4X2 ml.) and the benzene digests ?ltered 
using a ?ltration aid; the ?ltrate on evaporation gives a 
brown gum. This product is digested with cold benzene 
(5x2 ml.) and the benzene digests ?ltered as above, 
giving, on evaporation of the ?ltrate, a pale brown foam 
which is taken up in dry benzene and subjected to chroma 
tography on activated alumina (2.08 g.; type H). Elu 
tion with benzene and evaporation of the eluate gives a 
residue (0.044 g.) which is taken up in light petroleum. 
A trace of whitish residue is removed using a ?ltration 
aid, and the ?ltrate is evaporated giving N-allylnorthe 
baine as an almost colorless gum. 
A solution of N-allylnorthebaine (0.042 g.) in ether 

(3 ml.) is added dropwise to a solution of salicylic acid 
(0.018 g.) in ether (1 ml.). The resulting solution is 
gently evaporated to about half bulk, whereupon the 
salicylate salt crystallizes out as rosettes of needles. The 
mixture is set aside overnight at 0° C. and the product 
then collected and washed with ether, giving a solid 
M.P. 178—179° C. The further crops of material, hav 
ing M.P. 181-182“ C. and 178—180° C. respectively (total 
0.004 g.), are obtained from the mother-liquors. The 
combined material on recrystallization from ethanol gives 
the pure salicylate salt of N-allylnorthebaine, needles, 
M. P. 183.5-194° C. 

Example 2 

N-cyclopropylmethyl-n?-dihydronorthebaine (6.00 g., 
prepared as in Example 3) is dissolved in anhydrous 
methanol (425 ml.), and ?nely divided magnesium oxide 
(0.54 g.) is added. The mixture is cooled in an ice 
bath and stirred vigorously while bromine vapour (from 
2.78 g. of bromine in a small ?ask) is drawn through 
the mixture by means of a slow stream of dry air (dried 
by passage through concentrated sulphuric acid), using 
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an aspirator pump. The rate of addition of bromine is 
such that the reaction mixture remains colorless through 
out the addition, which takes 2.5 hours. When the addi 
tion is complete the mixture is stirred for a further 15 
minutes, after which the residual magnesium oxide is re 
moved using a ?ltration aid and washed with methanol. 
Evaporation of the ?ltrate and washings gives a residue 
which is dissolved in ethyl acetate (100 ml.) and shaken 
with saturated aqueous sodium carbonate solution (100 
ml.). The aqueous layer is extracted with further ethyl 
acetate (250 ml.+100 ml.), and the combined ethyl 
acetate phases are washed with saturated aqueous sodium 
chloride (50 ml.), dried over magnesium sulphate, and 
evaporated. The residue is crystallized from the mini 
mum volume of light petroleum giving prisms, M.P. 
109~110° C. of 7—bromo—N-cyclopropylmethyldihydro 
norcodeinone dimethyl ketal. The mother-liquors de 
posit further material, M.P. 106—107° C. The com 
pound is polymorphic, and can also be obtained as mas 
sive prisms, M.P. 112~113° C. from light petroleum. 
When, in the above preparation, the residue from 

evaporation of the reaction mixture is treated with water 
and collected, there is obtained 7-bromo-N-cyclopropyl 
methyldihydronorcodeinone dimethyl ketalhemi hydro 
bromide (0.625 g. from 0.707 g. of the starting ma 
terial), from which on recrystallization from ethyl ace 
tate is obtained as prisms, M.P. 244-—246° C. (decomp.), 
[041,243 ~135° (c., 0.400 in chloroform). 
Potassium (0.337 g.) is dissolved in dry 2-methyl-2 

butanol (40 ml.) under re?ux and the resulting alkoxide 
solution distilled through a short (15 cm.) Vigreux 
column, dry toluene being added at a rate su?icient to 
keep the volume of the mixture constant. This process 
is continued until the distillate consists of pure toluene 
(as indicated by the temperature of distillation; about 
150 ml. of toluene is required). l 
The apparatus is now re-converted for re?ux and a 

solution of 7-bromo-N-cyclopropylmethyldihydronorco 
deinone dimethyl ketal (2.00 g.) in dry toluene (25 ml.) 
is added to the potassium alkoxide solution. The mix 
ture is then heated under re?ux in an atmosphere of dry 
nitrogen for 24 hours, after which the reaction mixture 
is cooled and treated with water (25 ml.) and the aqueous 
layer extracted with ethyl acetate (2X25 ml.). The 
combined toluene and ethyl acetate phases are washed 
with saturated aqueous sodium chloride (2X10 ml.), 
dried over magnesium sulphate, and evaporated. The 
brown oil so obtained is dissolved in dry tetrahydrofuran 
(75 ml.) and the solution added to a stirred slurry to 
lithium aluminum hydride (1.0 g.) in dry tetrahydro 
furan (60 ml.). The mixture is heated under re?ux 
with stirring in an atmosphere of dry nitrogen for 1.5 
hours, and then allowed to stand overnight at room 
temperature. The resulting mixture is decomposed by 
dropwise addition ?rst of ethyl acetate (5 ml.) and 
then of water (3 ml.). The precipitate is collected using 
a ?ltration aid and washed with ethyl acetate (5X20 
ml.). Evaporation of the ?ltrate and washings gives a 
syrup which is taken up in methanol (5 ml.) and the 
insoluble material collected on a ?ltration aid and washed 
with the minimum quantity of methanol. Evaporation 
of the ?ltrate and washings gives a residue which is 
taken up in light petroleum and the small amount of 
insoluble material removed in the same manner as be 
fore. Evaporation of the ?ltrate and washings gives 
N-cyclopropylmethylnorcodeinone dimethyl ketal as an 
almost colorless, viscous syrup. 
A Soxhlet extraction apparatus is set up with toluene 

p-sulphonic acid monohydrate (5.95 g.) and chloroform 
(480 ml.) in the boiling ?ask and a thimble (27><100 
mm.) ?lled with activated calcium sulphate in the ex 
tractor. The mixture in the ?ask is heated under vig 
orous re?ux for 2 hours, after which time the contents 
of the thimble have removed all the water present in 
the mixture. ' 
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The solution of anhydrous toluene-p-sulphonic acid so 

obtained is cooled to room temperature (20-25° C.) 
and a solution of N-cyclopropylmethylnorcodeinone di 
methyl ketal (3.01 g.) in chloroform (15 ml.) is added 
with stirring. The last traces of ketal are rinsed in 
with further chloroform (15 ml.). Stirring is continued 
while the mixture is heated in a water-bath to 47—50° 
C. during half an hour and the temperature maintained 
at 47-50° C. for a further 1 hour. The mixture is then 
cooled in ice, poured into a mixture of 10% aqueous 
ammonium hydroxide (60 ml.) and saturated aqueous 
sodium hydrogen carbonate (120 ml.) well shaken 
(whereupon the precipitate initially formed in the 
aqueous phase redissolves), and the chloroform layer 
is separated and washed with saturated aqueous sodium 
hydrogen carbonate (3X70 ml.), dried over magnesium 
sulphate, and evaporated under reduced pressure, giving 
a brown foam. 

This product is dissolved in absolute ethanol (20 ml.) 
and a solution of salicylic acid (1.43 g.) in absolute 
ethanol (10 ml.) is added dropwise with shaking. An 
oily precipitate at once appears; when the oil has settled, 
the clear supernatant is decanted and the residual oil 
washed portionwise with absolute ethanol (total 5 ml.), 
the washings being combined with the supernatant. The 
resulting clear solution is seeded with a crystal of N 
cyclopropylmethylnorthebaine salicylate (from a pre 
liminary small-scale preparation), and the mixture 
allowed to stand at 0° C. for 24 hours. The buli 
colored product is then collected, washed with absolute 
ethanol, and dried in a vacuum to give N-cyclopropyl 
methylnorthebaine salicylate, M.P. 192.5-194.5° C. (de 
comp. to red-brown melt). The ?ltrate and washings 
deposit further material, and after 50 hours at 0° C. 
there is obtained a second crop of the salicylate, needles 
M.P. 193—195° C. (decomp.). The combined product 
is dissolved in a mixture of acetone and ethanol (2:1) 
and the solution, after ?ltration, evaporated on the 
steam-bath with portionwise addition of ethanol until 
the mixture no longer contains acetone. The solution 
is then concentrated to about 25 ml. and seeded, giving 
N-cyclopropylmethylnorthebaine salicylate as long pink 
ish white needles, M.P. 197—198.5° C. (decomp.), 
[a]D25-6 —102.5° (c., 0.276 in chloroform). 

Example 3 

Dihydronorcodeinone (21.10 g.) is dissolved in dioxan 
(211 ml.) and treated with water (21 ml.) and anhy 
drous potassium carbonate (21.1 g.). To the stirred 
mixture is added, dropwise, cyclopropylcarbonyl chlo 
ride (14.81 g.), during a period of 45 minutes. Stir 
ring is continued for a further 3 hours at room tem 
perature, after which the mixture is poured into water 
(1100 ml.). The resulting suspension is made alkaline 
to pH 11 with 2 N-sodium hydroxide and extracted with 
chloroform (200 ml., followed by 2 portions of 100 
ml.). The combined chloroform extracts are washed 
with N-hydrochloric acid (150 ml.) and with water 
(150 ml.) and dried over magnesium sulphate. Evapo 
ration of the dried extracts under reduced pressure gives 
a pale brown viscous oil which crystallizes when rubbed 
with ether giving prisms of N-cyclopropylcarbonyldihy 
dronorcodeinone (23.70 g.), M.P. 140—141° C. Re 
crystallization from ethanol-ether gives needle clusters, 
M.P. 143—144° C. The product can also be recrystal 
lized from ethyl acetate-light petroleum or from isopro 
panol-ether-light petroleum. 
The puri?ed material has [a]D23° —295° (c., 0.440 in 

chloroform). 
Sodium (1.67 g.) is added to dry t-butanol (300 ml.) 

and dry methanol (4.5 ml.) and the mixture heated under 
re?ux in an atmosphere of dry nitrogen until all the metal 
has dissolved. The resulting mixture is allowed to cool 
to room temperature and further t-butanol (105 ml.) is 
added. The solution so obtained is stirred (still in an 
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atmosphere of nitrogen) while N-cyclopropylcarbonyl 
dihydronorcodeinone (21.0 g.), dissolved in dry t-butanol 
(250 ml.), is added in a steady stream, ‘giving an almost 
clear yellow solution. A solution of dimethyl sulphate 
(8.3 g.) in dry t-butanol (85 ml.) is then added drop 
wise with stirring, after which the mixture is stirred for 
1 hour at room temperature and then for 2 hours under 
re?ux. Finally the bulk of the solvent is removed under 
reduced pressure and the residue stirred for 15 minutes 
with dilute aqueous .ammonia (51 ml. 0.880 aqueous am 
monia dilute-d to 840 ml. with water). The mixture so 
obtained is extracted with chloroform (400 ml. +2>< 100 
ml.). The combined chloroform extracts are washed 
with water, dried and evaporated. The residue is taken 
up in dry benzene and subjected to chromatography on 
activated alumina (400 g.; type H). Elution with her: 
zene gives a foam which crystallizes on treatment with 
ether, giving N-cyclopropylcarbonyl-A‘i-dihydron-orthe 
baine, M.P. 134—135° C. The M.P. is unchanged on re 
crystallization from benzene-light petroleum 
To a suspension of lithium aluminum hydride (3.0 g.) 

in dry tetrahydrofuran (150 ml.) is added a solution of 
N~cyclopropylcarbonyl-As-dihydronorthebaine (6.0 g.) in 
dry tetrahydrofuran (225 ml.). The mixture is heated 
under re?ux with stirring for 3 hours in an atmosphere 
of dry nitrogen; then the mixture is cooled in an ice bath, 
decomposed by the dropwise addition, with stirring, of a 
mixture of ethyl acetate (30 ml.) and ether ( 30 ml.), fol 
lowed by cautious, dropwise addition of water (9 ml.). 
The gelatinous precipitate is collected using .a ?ltration 
aid and washed with ethyl acetate (300 ml.). The com 
bined ?ltrate and washings are evaporated to dryness to 
give a gum (5.5 g.), a portion of which crystallizes when 
cooled and rubbed with light petroleum. The remainder 
of the product when dissolved in the minimum volume 
(about 4 ml. per gram) of methanol and seeded with the 
foreging crystalline material gives rectangular tablets or 
rods of N-cyclopropylmethyl-Ae-dihydronorthe'baine, M.P. 
112.5-113° C., (001,265 —270° (c., 0.432 in chloroform). 
A solution of N-cyclopropylmethyl-A?-di-hydronorthe 

baine (2.0 g.) in methanol (100 ml.) is cooled to 0° C. 
and stirred while a solution prepared by diluting 3.734 
N-hydrobromic acid (1.52 ml.) with methanol (20 ml.) 
is added dropwise. The resulting mixture is diluted with 
‘benzene (50 ml.) and evaporated under reduced pres 
sure. Further ‘benzene (50 ml.) is added to the residue 
and the mixture re-evaporated. The crystalline residue 
is recrystallized from acetone-methanol (1:1) to give the 
hydrobromide as rods, M.P. 270—272° C. (decomp.). 
An aliquot ‘of this product (500 mg.) in ethanol is re 

acted with an excess of ethylenechlor-ohydrin to give the 
quaternary salt. 

Example 4 

Benzyl chloroformate ‘(4.57 g.) is added dropwise with 
vigorous stirring to .a mixture of dihydronorcodeinone 
(5.74 g.), potassium carbonate ‘(5.73 g.), and water (5.7 
ml.) during a period of 30 minutes. The resulting mix 
ture is stirred for 2 hours at room temperature and then 
poured into water (300 ml.) containing 2 N-sodium hy 
droxide (5 ml.). The resulting oily suspension is ex 
tracted with chloroform (200+2><100 ml.) and the com 
bined extracts washed with 2 N-sodium hydroxide 
(2X50 ml.), 2 N-sulphuric acid (2X50 ml.), Water (50 
ml.), and ?nally with saturated aqueous sodium bicarbo 
nate (50 ml.), then dried over magnesium sulphate. 
Evaporation of the dried extracts gives a yellow glass 
(9.94 g.) which is dissolved in absolute ethanol (75 ml.) 
to which acetic acid (7.5 g.) has been added. To the 
resulting solution is added Girard’s reagent “P” (6 g.) 
and the mixture is heated under re?ux for 1 hour. The 
reaction mixture is then cooled and poured into ice-water 
(500 ml.) containing 0.5 N-sodium hydroxide (225 ml.) 
and the neutral solution extracted with ether (4x 100 ml.) . 
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The aqueous phase is treated by 6 N-suphuric acid (80 
m1.) and set aside for 1 hour after which the resulting 
oily suspension is extracted with chloroform (3x100 
ml.). The combined chloroform extracts are washed with 
water (2x100 ml.), saturated aqueous sodium bicarbo 
nate (50 ml.), and ?nally again with water (100 ml.), 
dried over magnesium sulphate, and evaporated. Pure 
N-(benzyloxycarbonyl)dihydronorcodeinone is thus ob 
tained as a white foam. 
Sodium (0.515 g.) is added to a mixture of dry meth 

anol (1.5 ml.) and dry t-butanol (94 ml.) and the mix 
ture heated under re?ux with stirring in an atmosphere of 
dry nitrogen until dissolution of the metal is complete. 
The reaction mixture is then cooled to room temperature 
and diluted with further dry t-butanol (47 ml.). With 
continued stirring and passage of nitrogen, a solution 
of N-(benzyloxycarbonyl)dihydronorcodeinone (7.85 g.) 
in dry t-butanol (47 ml.) is added; to the yellow solu 
tion so obtained is added, dropwise, a solution of di 
methyl sulphate (2.60 g.) in -dry t-butanol (23 ml). 
During this addition a ?ne precipitate appears. The 
mixture is stirred at room temperature for a further hour 
and then under re?ux (still under nitrogen) for 2 hours. 
Finally the bulk of the solvent is removed under reduced 
pressure and the residue is stirred with 1.5% aqueous 
ammonium hydroxide (300 ml.) and saturated aqueous 
sodium chloride (50 ml.), extracted with chloroform 
(100+2>< 50 ml.), and the combined chloroform extracts 
washed with water (150 ml.), dried (magnesium sul 
phate), and evaporated. The yellow foam (8 g.) so ob 
tained is puri?ed by chromatography on alumina (type 
H; 220 g); elution with benzene ‘and evaporation of the 
eluate give pure N-(.benzyloxycarbonyl)-A6-dihydronor 
thebaine as a white foam (4.03 g). 
To N - (benzyloxycarbonyl) - A6 - dihydronorthebaine 

(17.9 g.) is added triethylsilane (19.5 g), triethylamine 
(0.23 ml.), and paladium chloride (200 mg). The mix 
ture is heated under re?ux with stirring. After 1.5 
hours further triethylamine (0.13 ml.) and paladium 
chloride (100 mg.) are added, and heating with stirring 
continued for a further 2 hours. The reaction mixture 
is then cooled and the solids separated using a ?ltration 
aid and Washed with warm dioxan (about 20 ml.). The 
?ltrate and washings are treated with methanol (70 ml.) 
and after 10 minutes the mixture is poured into ice-cold 
10% aqueous citric ‘acid solution (900 ml.) The mix 
ture so obtained is extracted with ether (3 X400 ml.), and 
the aqueous layer cooled in ice, made alkaline by cau 
tious addition of 50% aqueous sodium hydroxide (400 
ml.), extracted with chloroform (3x250 ml.), and the 
combined chloroform extracts washed with water, dried, 
and evaporated. The residue on cautious treatment with 
ether, followed by addition of an equal volume of light 
petroleum gives a crystalline solid M.P. l48.5—149.5° C. 
9.7 grams of this crude product on recrystallization from 
ethyl acetate gives Ae-dihydronorthebaine as large prisms, 
M.P. 152-1525o C. A second crop M.P. 151—152.5° C 
is obtained from the mother-liquors. 

Ae-dihydronorthebaine (6.00 g.) is dissolved in anhy 
drous methanol (600 ml.), and ?nely ‘divided magnesium 
oxide (0.638 g.) added. The mixture is cooled in ice 
and stirred vigorously while bromine vapour (from 
3.241 g. of bromine) is introduced in a current of dry 
air by the method used in the preparation of the N-cyclo 
propylmethyl analogue. After addition of the bromine, 
which takes 2 hours, the mixture is stirred for a further 
15 minutes at 0° C. and then for 2 hours at room tem 
perature. The residual magnesium oxide is then re 
moved using a ?ltration aid and‘ washed with methanol, 
and the ?ltrate ‘and washings taken to dryness. The 
residue is treated with water (100 ml.), followed by 
saturated aqueous sodium carbonate (50 ml.), and the 
mixture extracted with chloroform (3x100 ml.). The 
combined chloroform extracts are washed with water, 
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dried, and evaporated, to give 7-bromodihydronorcodei 
none dimethyl ketal as a white foam. 

Potassium (1.41 g.) is dissolved in dry 2-methyl-2 
butanol (160 ml.) under re?ux and the resulting alkoxide 
solution distilled through a 30 cm. Vigreux column, dry 
toluene being added at a rate suf?cient to keep the 
volume of the mixture constant. This process is con 
tinued until the distillate consists of pure toluene (as is 
indicated by the temperature of distillation). 
The apparatus is then re-converted for re?ux and a 

solution of 7—bromodihydronorcodeinone dimethyl ketal 
(7.40 g.) in dry toluene (50 ml.) is added in one portion. 
The mixture is then stirred under re?ux in an atmosphere 
of dry nitrogen for a further 23 hours, then cooled and 
treated with saturated aqueous sodium chloride (100 
ml.). The aqueous phase is separated and extracted with 
ethyl acetate (2X 100 ml.), and the combined toluene and 
ethyl acetate phases washed repeatedly with saturated 
aqueous sodium chloride until the aqueous washings 
have a pH value of less than 9, dried, and evaporated, 
giving a gum (6.1 g.). This product is taken up in 
methanol and a trace of ?occulent material removed 
using a ?ltration aid and washed with methanol. Evap 
oration of the ?ltrate and washings and dissolution of 
the residue in ether gives .a solution which on dilution 
with light petroleum deposits a brown gum. The ?l 
trate after removal of this gum is diluted with further 
light petroleum, seeded with pure norcodeinone dimethyl 
ketal (see below), and allowed to stand at 0° C. for 3 
days. Collection gives norcodeinone dimethyl ketal as 
gummy crystals, M.P. 99—l00° C. (1.90 g.). Further 
material, M.P. 9l—97° C. (0.89 g.) is obtained by evapo 
rating the mother-liquors to dryness and crystallizing 
the residue from benzene-light petroleum; evaporation of 
the mother-liquors from this second crystallization gives 
a semi-crystalline residue. All these fractions are shown 
by infra-red spectroscopy to consist of norcodeinone di 
methyl ketal contaminated by a small proportion of 
northebaine which could not be removed by crystalliza 
tion. 

Pure norcodeinone dimethyl ketal is obtained from 
a small-scale dehydrobromination, starting from 0.207 g. 
of the bromo-ketal. Isolation as described above gives a 
gum (0.160 g.) which is crystallized from 1:1 ether-light 
petroleum giving the pure ketal as ?ne cream-colored 
needles, M.P. 104-l06° C. (0.107 g.). 
A mixture of norcodeinone dimethyl ketal (3.29 g.; 

containing a small porportion of northebaine), ?nely 
powdered sodium bicarbonate (1.26 g.), allyl bromide 
(1.24 g.), and absolute ethanol (40 ml.) is heated under 
re?ux with stirring for 22.5 hours. The mixture is cooled 
and the solids removed and washed with methanol. Eva 
poration of the ?ltrate and washings gives a gum which 
largely dissolves on addition of light petroleum, leaving 
a residue which is collected using a ?ltration aid and 
washed with further light petroleum. Evaporation of the 
?ltrate and washings gives crude N-allylnorcodeinone di 
methyl ketal (3.329 g.) as an orange oil which is used 
dlrectly for the next step. 
A Soxhlet extraction apparatus is set up with toluene-p 

sulphonic acid (6.80 g.) and chloroform (500 ml.) in the 
boiling ?ask and a thimble (28 x80 mm.) ?lled with an 
hydrous magnesium sulfate in the extractor. The mixture 
in the flask is heated under vigorous reflux for 2 hours, 
and then cooled to 20-25 ° C. 
A solution of N-allylnorcodeinone dimethyl ketal (3.27 

g.) in chloroform (50 ml.) is then added to the fore 
going solution of anhydrous toluene~p-sulphonic acid, and 
the mixture stirred while the temperature is raised to 47 
50° C. during half an hour, maintained at 47—50° C. 
for a further half hour, cooled in ice, and ?nally poured 
into a mixture of 10% aqueous ammonium hydroxide 
(60 ml.) and saturated aqueous sodium bicarbonate (150 
ml.), well shaken, and the chloroform layer separated 
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and washed with saturated aqueous sodium bicarbonate 
(3 x 70 ml.), dried, and evaporated under reduced pres 
sure, giving a brown gum. 

This product is puri?ed by chromatography on alumina 
(60 g.; type H); elution with benzene and evaporation 
of the eluate gives a residue which largely dissolves on 
treatment with light petroleum. The insoluble material 
is removed using a ?ltration aid and washed with light pe 
troleum and the ?ltrate and washings evaporated giving 
N-allylnorthebaine base as a pale yellow syrup. 
The base so obtained is dissolved in ether (10 ml.) and 

the solution added dropwise to a solution of salicylic acid 
(0.27 g.) in ether. The salicylate salt crystallizes out on 
seeding with a crystal from a previous preparation, and 
the mixture is set aside overnight at 0° C. Collection 
gives the salicylate salt, M.P. 179~180° C. which on dis 
solution in acetone, dilution with ethanol, and removal 
of the acetone under reduced pressure, crystallizes as ?ne 
needles, M.P. 186.5—l87.5° C. of pure N-allylnorthebaine 
salicylate, identical (mixed M.P. and infrared spectrum) 
with the product obtained by alkylation of northebaine. 

Example 5 

Dihydromorphinone base (52.33 g.), acetic acid (131 
ml.), and acetic anhydride (131 ml.) are heated together 
under re?ux for 1.25 hours. The reaction mixture is then 
cooled in ice and treated with an excess of saturated 
aqueous sodium carbonate, and the product isolated by 
extraction with chloroform (3 X 150 ml.). The combined 
chloroform extracts are washed with 2 N-sodium hy 
droxide (200 ml.) and then with saturated aqueous so 
dium chloride (2x200 ml.), dried (magnesium sulphate) 
and evaporated. The resulting foam crystallizes on treat 
ment with a mixture of light petroleum and ethyl acetate, 
giving prisms, M.P. 121.5—122.5° C. of acetyldihydro 
morphinone. 

Acetyldihydromorphinone (50 g.), dissolved in chloro 
form (120 ml.), is added slowly with stirring during 20 
minutes to a solution of cyanogen bromide (16.40 g.) in 
chloroform. Heat is evolved. After the initial reaction 
‘has subsided, the mixture is heated on the water-bath for 
2 hours, after which the solvent is removed under re 
duced pressure. The residue on treatment with hot water 
gives crude O - acetyl - N-cyanodihydronormorphinone 
which is washed with hot water and then with cold wa— 
ter. Recrystallization from methanol gives the pure 
cyano-compound as yellowish prisms, M.P. 98—100° C. 
(efferv.). 
The whole of the crude cyano-compound is heated 

under re?ux for 4 hours with 1.66 N-hydrochloric acid, 
after which the mixture is allowed to stand overnight. 
Collection of the prisms which appear gives ‘known di 
hydronormorphinone hydrochloride, M.P. 345-350" C. 
(decomp.). Alternatively, the whole of the reaction mix 
ture is warmed to 40—50° C. and just suf?cient water 
added to dissolve the solid. Aqueous ammonium hy 
droxide (10%) is then added until the mixture has pH 8. 
The precipitate is collected, washed with water and dried. 
Dihydronormorphinone so obtained (37.23 g.) has M.P. 
305~306° C. (decomp.). 
Dihydronormorphinone (25 g), dioxan (250 ml.), wa 

ter (25 ml.), and potassium carbonate (25 g.) are stirred 
together and cyclopropanecarbonyl chloride (18 g.) added. 
Stirring is continued for 20 hours at room temperature; 
then 2 N-sodium hydroxide (200 ml.) is added and the 
mixture stirred for a further 45 minutes. The mixture is 
extracted with ethyl acetate (4x100 ml.) to remove any 
cyclopropanecarboxylic ester formed, and the aqueous 
layer adjusted to pH 2 with 2 N-hydrochloric acid. Col 
lection of the precipitate gives N-(cyclopropanecarbonyl) 
dihydronormorphinone, M.P. 338—340° C. (decomp.). 

N,N-diethylcarbamyl chloride (8 g.) is added dropwise 
to a solution of N-(cyclopropanecarbonyl) dihydronor 
.morphinone (10 g.) in dry pyridine (50 ml.), and the 
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last traces 'of chloride washed in with further pyridine 
(10 ml.). The mixture is then heated under re?ux with 
stirring for 4 hours, during which time all the solid in 
itially present dissolves. The reaction mixture is cooled 
in ice, treated with suf?cient 6 N-sulph-uric acid to re 
move the pyridine, and extracted with chloroform (4X 10 
ml.). The combined chloroform extracts are washed with 
2.5 N'sodium hydroxide (3x100 ml.) and with water 
(2x100 ml.), dried (magnesium sulphate) and evapo 
rated, giving a brown foam. 

This product is dissolved in absolute ethanol (75 ml.) 
containing acetic acid (7.5 g.), Girard’s reagent “P” (6 
g.) added, and the mixture heated under re?ux for 1 hour. 
The reaction mixture is cooled and poured into ice-water 
(500 ml.) containing 0.5 N-sodium hydroxide (225 ml.). 
The aqueous mixture is extracted with ether (4x100 
ml.), and the aqueous phase is then treated with 6 N 
sulphuric acid (80 ml.) and set aside for 1 hour. The 
resulting aqueous suspension is extracted with benzene 
(200-|-2>< 100 ml.), and the combined extracts are Washed 
with water (2x100 ml.) and with saturated aqueous so 
dium bicarbonate (100 ml.), dried (magnesium sulphate), 
and evaporated. 
The residue (8.80 g.) is further puri?ed by chromatog 

raphy on alumina (type H; 150 g.); elution with ben 
zene containing 0.3% of methanol and evaporation of the 
eluate give pure N - (cyclopropanecarbonyl) - O - (N'., 

N’ - diethylcarbamyl) - dihydronormorphinone as a color 
less glass which subsequently crystallizes as needles on 
treatment with benzene and then has M.P. 176—177° C. 
(previous sintering at 95—100° C.). 

(1) Sodium (0.363 g.) is dissolved in a mixture of 
dry t-butanol (92 ml.) and dry methanol (1.5 ml.) with 
stirring under re?ux in an atmosphere of nitrogen. When 
all the sodium has dissolved further t-butanol (46 ml.) 
is added and the mixture allowed to cool to room tem 
perature. A solution of N - (cyclopropanecarbonyl) .- O 
(N’,N' - diethylcarbamyl) - dihydronormorphinone 

(5.75 g.) in t-butanol (46 ml.) is then added with stirring 
under nitrogen, which is maintained for the remainder 
of the preparation. A solution of dimethyl sulphate (1.82 
g.) in t-butanol (25 ml.) is then added dropwise with 
stirring, and the mixture stirred for 1 hour at room tem 
perature and then for 2 hours under re?ux. The bulk of 
the solvent is then removed under reduced pressure and 
the residue stirred with 1.5% aqueous ammonium hy 
droxide (300 ml.), extracted with benzene (200-1-2X100 
ml.), and the combined benzene extracts washed with 
saturated aqueous sodium chloride (100‘ ml.), dried over 
magnesium sulphate, and evaporated. The residue (5.41 
g.) is puri?ed by chromatography on alumina (150 g.; 
type H) and elution with benzene containing 0.1% of 
methanol. Evaporation of the eluate gives a foam (4.7 
g.) which on crystallization from ether gives N-(cyclo 
propanecarbonyl) - O - (N’,N' - diethylcarbamyl) - A6 

dihydronoroipavine, needle clusters M.P. 75—78° C. 
(2) A solution of N - (cyclopropanecarbonyl) - O 

(N',N’ - diethylcarbamyl) - dihydronormorphinone (8.55 
g.) in dry dimethyl sulphoxide (20 ml.) is stirred in an 
atmosphere of dry nitrogen while a solution of sodium 
(methylsulphinyl)methyl in dimethyl sulphoxide (31.8 
ml.; 0.632 M; prepared and standardized by the method 
of Corey and Chayakowski, J. Amer. Chem. Soc., 1962, 
84, 866) is added, followed immediately by dropwise ad 
dition of a solution of dimethyl sulphate (2.46 g.) in 
dimethyl sulphoxide (7 ml.), the last traces of dimethyl 
sulphate being washed in with further dimethyl sulphoxide 
(5 ml.). Stirring under nitrogen is continued for a fur 
ther 2 hours after which the bulk of the solvent is re 
moved in vacuo (0.5 mm.). Treatment of the reisdue 
with 1.5% aqueous ammonium hydroxide (100 ml.) gives 
a solid which is collected, washed Well with water, and 
dried in vacuo. This product (5.57 g.) on chromatog 
raphy on alumina (120 g.; type H) and elution with ben 
zene containing 10% of ethyl acetate, followed by evap 
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oration of ‘the eluate, gives a residue which when rubbed 
with light petroleum at 0° C. gives N - (cyclopropane 
carbonyl) - 0 ~ (N',N’ - diethylcarbamyl) - A6 - dihy 

dronororipavine, M.P. 76—79° C. (2.82 g), identical (in 
fra-red spectrum) with the product obtained by method 
(1). The product is recrystallized with difficulty from 
ethyl acetate, giving material M.P. 83—84° C. 
A solution of N - (cyclopropanecarbonyl) - O - (N’,N’ 

diethylcarbamyl) _ A6 - dihydronororipavine (2.82 g.) in 
dry tetrahydrofuran (80 ml.) is added to a stirred slurry 
of lithium aluminum hydride (1.41 g.) in dry tetrahy 
drofuran (80 ml.). The mixture is stirred under re?ux 
in an atmosphere of dry nitrogen for 3 hours, after which 
the mixture is cooled in ice-water and stirring continued 
while a mixture of ethyl acetate (14 ml.) and ether (30 
ml.) is added dropwise, followed by cautious addition 
of a solution of disodium dihydrogen ethylenediamine 
tetraacetate (17.5 g.) in water (80 ml.). After addition 
of benzene (50 ml.), saturated aqueous sodium bicar 
bonate is added until the aqueous phase has pH 8. The 
upper phase is separated and the aqueous phase‘ ex 
tracted with ‘benzene (2x100 ml.). The continued upper 
phases are dried over magnesium sulphate and evaporated, 
giving crude ‘N - cyclopropylmethyl - A6 - dihydronorori 
pavine as a foam. A solution of this product in 
a mixture of ethanol (2.5 ml.) and ether (25 ml.) 
is treated portionwise with a solution of salicylic 
acid (2.50 g.) in ether (25 ml.). The mixture is gently 
warmed on the water-bath and then left for 1.4 hours at 
0° C. after which collection gives the crude salicylate 
salt, M.P. 222—227° C. (decomp.). Recrystallization 
from ethanol gives pure N-cyclopropylmethyl-A?-dihydro 
noroipavine salicylate, M.P. 225-227” C. (decomp.). 

This material (500 mg.) is dissolved in pyridine and 
reacted with an excess of nicotinoyl chloride. Quenching 
in water gives the nicotinoyl ester. 

Example 6 

A stirred suspension of dihydronormorphinone (30 g.) 
in dioxan (300ml) is cooled in ice-water and treated 
successively with potassium carbonate (30 g.), water (30 
ml.), and cyclobutanecarbonyl chloride (24.2 g.). The 
resulting mixture is stirred for 20 hours at room tem 
perature and then treated with 2 N-sodium hydroxide 
(180 ml.), stirred for a further 45 minutes, and ?nally 
extracted with ether (3X60 ml.). The aqueous phase is 
cooled in ice and acidi?ed with 6 N-hydrochloric acid, 
and the buff colored product collected, washed with 
water, and dried, giving almost pure N-cyclobutanecar 
bonyl)dihydronormorphinone, M.P. 285° C. (decomp.). 
The foregoing ether extracts are dried and evaporated 

giving an orange oil which is dissolved in a mixture of 
2 N-sodium hydroxide (100 ml.) and ethanol (100 ml.) 
and the solution maintained at 60° C. for 1 hour in an 
atmosphere of nitrogen and then cooled and acidi?ed with 
6 N-hydrochloric acid, giving a further crop of the prod 
uct. This material, when recrystallized by dissolution in 
hot chloroformethanol (1:1) followed by removal of 
most of the chloroform, gives the pure product as prisms, 
M.P. 293° C. (decomp.), identical (infra-red spectrum) 
with the foregoing material. 
A solution of diethylcarbamyl chloride (19.3 g.) in 

anhydrous pyridine (20 ml.) is added dropwise to a stirred 
suspension of N-(cyclobutylcarbonyl)dihydronormorphi 
none (25 g.) in anhydrous pyridine (125 ml.) after which 
the mixture is heated under re?ux for 4 hours. The re 
sulting pale brown solution is cooled in ice and treated 
with suf?cient 6 N-sulphiuric acid to dissolve‘the pyridine, 
and the mixture extracted with chloroform (150+2X 100 
ml.). The combined chloroform extracts are washed with 
2 N-sodium hydroxide (100 ml.) and with water (100 
ml.), dried, and evaporated. The residue is dissolved in 
the minimum volume of hot ethanol and the solution 
treated with ether until a faint turbidity appears; minute 
needle clusters appear on standing. Collection gives 
essentially pure N - (cyclobutanecarbonyl) - O-(N',N’-di 
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ethylcarbamyl)dihydronormorphinone, M.P. 172~174° C. 
Further, less pure material is obtained from the mother 
liquors. Further recrystallization of the ?rst crop mate 
rial gives analytically pure material M.P. 173-1740 C. 

The compound is prepared by the same two methods as 
were used for the preparation of the corresponding N 
cyclopropanecarbonyl derivative. 

(1) N - (cyclobutanecarbonyl) - O - (N’,N’-diethylcar 

bamyl)-dihydronormorphinone (2.26 g.) on methylation 
in the presence of sodium t-butoxide gives N-(cyclo 
butanecarbonyl) - O-(N’,N’-diethylcarbamyl)Ali-dihydro 
nororipavine as a gum. 

(2) The same starting material (9.69 g.) on methylation 
in the presence of sodium (methylsulphinyl) methyl gives 
the nororipavine derivative identical infra-red spectrum 
with material obtained by method (1). 
N - (eyclobutanecarbonyl)-O-(N’,N’-diethylcarbamyl) 

Ali-dihydronororipavine (4.85 g.) is reduced with lithium 
aluminum hydride by the method used for the prepara 
tion of the corresponding N-cyclopropylmethyl derivative. 
Isolation gives crude Nd(cyclobutylmethyl)Ali-dihydro 
nororipavine (4.25 g.) which is converted to the salicylate 
salt needle-clusters M.P. 231—232° C. (decomp.) from 
ethanol. Alternatively trituration of the crude reduction 
product with ether gives the free base as an amorphous 
solid M.P. 103-104° C. 
An aliquot of the base (200 mg.) in hot ethanol is 

heated on the steam bath with ethyl iodide. Cooling and 
trituration gives the ethiodide quaternary. Another 
aliquot (200 mg.) is reacted in pyridine with an excess of 
acetic anhydride. Quenching gives the acetate ester. 

Another portion (500 mg.) in ethanol is mixed with an 
exces of aqueous hydrogen peroxide on the steam bath. 
Concentration and cooling gives the N-oxide derivative. 
This material (50 mg.) in ether is reacted with an equiva 
lent quantity of methanolic hydrogen chloride at 0° C. to 
give the hydrochloride salt. 

Example 7 

The process of Example 1 is repeated substituting in 
equimolar quantities propargyl chloride for allyl bromide 
to give N-propargylnorthebaine. Substituting 3,3-di 
methylallyl gives N - 3,3 - dimethylallylnorthebaine. 3,3 
dichloroallyl ‘bromide substituted in Example 4 using 
sodium bicarbonate in ethanol give 3,3-dichloroallyl 
northebaine. Substituting cyclopentylcarbonyl chloride 
or cyclohexylcarbonyl chloride for the cyclopropylcar 
bonyl chloride of Example 5 gives N-cyclopentylmethyl 
or N-cyclohexylmethyl-M-dihydronororipavine. 

Example 8 

A solution of dihydromorphinone base (46.0 g.) in dry 
pyridine (230 ml.) is stirred while diethylcarbamyl chlo 
ride (43.7 g.) is added slowly. The resulting mixture is 
stirred under re?ux for 3 hours, after which the solvent 
is removed under reduced pressure. The syrupy residue 
is taken up in warm water (150 ml.) and the solution 
concentrated to 100 ml. under reduced pressure, treated 
with charcoal at the boiling point, ?ltered,_and the ?ltrate 
cooled and made alkaline with 10 N-sodium hydroxide 
(30 ml.). The oily suspension is extracted with benzene 
(100+2><50 ml.) and the combined benzene extracts 
are washed with saturated aqueous sodium chloride (50 
ml.), dried over magnesium sulphate (with charcoal), and 
evaporated. The resulting oil is treated with light petro 
leum (200 ml.) and left overnight at 0° C. The crystal 
line mass so obtained is broken up and the solid collected, 
washed with 1:1 ether-light petroleum, and dried. The 
product has M.P. 122—124° C.', recrystallization from ethyl 
acetate gives pure N’,N’-diethylcarbamyldihydromorphi 
none (35.0 g.) in chloroform ( 100 ml.) is added dropwise 
A solution of N',N'-diethylcarbamyldihydromorphi 

none (35.0 g.) in chloroform 100 ml.) is added dropwise 
with stirring to a solution of cyanogen ‘bromide (9.72 g.) 
in chloroform (25 ml.). Heat is evolved during the addi 
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tion, which takes 40 minutes. When addition is complete, 
the mixture is stirred under gentle re?ux for 2 hours and 
then evaporated under reduced pressure. The residue is 
mixed with ethanol (50 ml.), and re-evaporated under 
reduced pressure, giving a syrup which begins to crystal 
lize. This product solidi?es completely on treatment with 
warm water (100 ml.); the solid is collected, washed with 
hot ‘water, and dried, giving N-cyano-O(N’,N'-diethy1car 
bamyl)dihydronormorphinone, M.P. 165-168” C. Re 
crystallization from ethanol gives felted needles, M.P. 
190—192° C. with sintering at 170° C. 
vA mixture of N-cyano-O(N',N’-diethylcarbamyl)-di 

hydronormorphinone (29.1 g.) and 2 N-hydrochloric acid 
(500 ml.) is stirred under re?ux for 4 hours. The result 
ing clear yellow solution is allowed to stand overnight at 
room temperature, then stirred with charcoal, ?ltered, and 
the ?ltrate made alkaline with 10 N-sodium hydroxide 
(150 ml.). The oily suspension is extracted with ethyl 
acetate (3x250 ml.) and the combined extracts washed 
with 2 N-sodium hydroxide (100 ml.) and with saturated 
aqueous sodium chloride (100 ml.), dried over magnesium 
sulphate with charcoal, and evaporated, giving O(N’,N' 
diethylcarbamyl)dihydronormorphinone as a cream 
colored foam. 
A mixture of O(N',N'-diethylcarbamyl)dihydronor 

morphinone (2.96 g.), 1~brorno-3-methyl-2-butene (1.20 
g.), sodium bicarbonate (1.01 g), and N,N-dimethyl 
formamide (25 ml.) is stirred under re?ux for 5 hours. 
The mixture is then cooled and the solids separated using 
a ?ltration aid and washed with ethanol. The ?ltrate and 
washings on evaporation under reduced pressure give 
a dark brown oil which dissolves slowly on addition of 
2 N-hydrochloric acid (50 ml.) The resulting brown, 
turbid solution is treated with charcoal, ?ltered using a 
?ltration aid, and the pale orange ?ltrate extracted with 
ether (3X50 ml.). The aqueous phase is made alkaline 
with an excess of concentrated aqueous ammonium hy 
droxide and the oily suspension extracted with ether 
(3X25 ml.). The combined ethereal phases from this 
second extraction are dried over magnesium sulphate with 
added charcoal and evaporated to give O(N’,N'-diethyl 
carbamyl) - N(3,3 - dimethylallyl)dihydronormorphinone 
(2.14 g.) as a pale yellow foam. A portion of this prod 
uct (2.03 g.) is dissovled in ethanol (10 ml.) and the 
solution added dropwise with shaking to a solution of 
(+)-tartaric acid (1.02 g.) in ethanol (10 ml.), A 
gelatinous precipitate appears at ?rst but redissolves on 
warming; on scratching and cooling the acid tartrate ap 
pears as needles, M.P. 152-154° C. An aqueous solu 
tion of the acid tartrate (1.95 g. in 20 ml.) on treatment 
with an excess of concentrated aqueous ammonium hy 
droxide gives pure O(N',N’-diethylcarbamyl)-N(3,3-di 
methylallyl)dihydronormorphinone as a granular solid, 
M.P. 62° C. (unsharp). 
O(N’,N' - diethylcarbamyl) - N(3,3 - dimethylallyl)di 

hydronormorphinone (5.50 g.) on methylation in the pres 
ence of sodium (methylsulphinyDmethyl (by the method 
and for the preparation of the corresponding N-cyclo 
propanecarbonyl derivative) gives O(N',N'-diethylcar 
bamyl) -N ( 3 ,3 -dimethyl allyl) -A6-dihydrono roripavine. 
O(N’,N’ - diethylcarbamyl) - N(3,3 - dimethylallyl) 

AG-dihydronororipavine (2.50 g.) ‘is reduced with lithium 
aluminum hydride by the method used for the prepara 
tion of the corresponding N-cyclopropylrnethyl derivative. 
Isolation gives crude N(3,3-dimethylallyl)-A6-dihydronor 
ori-pavine which ‘is puri?ed by conversion to the salicylate 
salt (2.0 g.). A solution of the salicylate salt (1.0 g.) in 
N-sodium hydroxide (15 ml.) when saturated with car 
bon dioxide gives pure N(3,3-dimethylallyl)Ali-dihydro 
nororipavine base. 

Example 9 

N(3,3 - dimethylallyl) - AG - dihydronororipavine (0.5 
g.) when treated with nicotinoyl chloride in the presence 
of pyridine (according to the method used in the prep 
aration of N-cyclobutylmethyl-O-nicotinoyLM-dihydro 
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nororipavine) gives N(3,3-dimethallyl)-O-nicotinoyl-A6 
dihydronoro'ripavine which on treatment with one mole 
equivalent of hydrobromic acid in methanol at 0° C. gives 
the hydrobromide salt. 

Example 10 

N - cyclobutylmethyl - A6 - dihydronororipavine (0.50 
g.) is added to a solution of nicotinoyl chloride hydro 
chloride (0.52 g.) in dry pyridine (6 ml.). Some heat 
is evolved and a clear orange solution results. This solu 
tion is stirred at room temperature for 3 days, after 
which ether (50 ml.) is added and the ethereal solution 
washed with saturated aqueous sodium carbonate (5 ><20 
ml.) and with Water (2X25 ml.), dried over magnesium 
sulphate, and evaporated, giving the cmde nicotinoyl 
ester. A ‘portion of this crude product (0.42 g.) in ethanol 
(5 ml.) is cooled to 0° C. and stirred while a mixture 
of 3.734 N-hydrobromic acid (0.20 ml.) and ethanol 
(5 ml.) is added dropwise. The resulting solution is 
diluted with benzene and evaporated under reduced pres 
sure. The residue on treatment with ether gives the 
crude hydrobromide salt of the nicotinoyl ester as a butt 
colored solid. Recrystallization from isopropianol gives 
N - cyclobutylmethyl - O - nicotinoyl - A6 - dihydronor 

oripavine hydrobromide as needles, M.P. 254—255° C. 

Example 11 -. 

N-allyldihydronorcodeinone [prepared by the method 
of Clark, Pessolano, Weijlard, and P?ster, J, Amer. Chem. 
Soc., 1953, 75, 4963] (10.23 g.) is methylated by the 
same method as that used in the preparation of N-(cyclo 
propanecarbonyl)-A6-dihydronorthebaine. After chroma 
tography on alumina the product is obtained as an oil 
which on crystallization from light petroleum gives pure 
N~allyl-As-dihydronorthebaine as cubes, M.P. 63—64° C. 
A portion of this product (1.60 g.) is dissolved in meth 
anol (80 ml.) and the solution stirred at 0° C. while a 
mixture of 3.734 N-hydrobromic acid (1.305 ml.) and 
methanol (20 ml.) is added dropwise. The resulting 
solution is evaporated at 30° C. under reduced pressure 
and the residue treated with ether, giving the crystalline 
hydrobromide salt, M.P. 259—260° C. (dec.). Recrystal 
lization from ethanol-ether gives N-allyl-h?-dihydronor 
thebaine hydrobromide as needles, M.P. 260-261° C. 
(dec.). 

Example 12 

N - (cyclopropanecarbonyl) - O(N',N' . diethylcar 

bamyl)-As-dihydron-ororipavine (4.53 g.) on treatment 
with methyl hypobromite (by the method used in the prep 
aration of 7 - bromo-N - cyclopropylmethyldihydronorco 

deinone dimethyl ketal) gives 7-bromo-N-(cyclopropane 
carbonyl) - O(N',N' - diethylcarbamyl)dihydrononmor 
phinone dimethyl ketal. 

7 _ bromo - N - (cyclopropanecarbonyl) - O(N’,N' - di 

ethylcarbamyl)dihydronormorphinone dimethyl ketal (1.4 
g.) on dehydrobromination (by the method used in the 
preparation of norcodeinone dimethyl ketal) gives N-(cy 
clopropanecarbonyl) - O(N',N’ - diethylcarbamyl)nor 
morphinone dimethyl ketal. 
N - ( cyclopropanecarbonyl ) ~O(N’,N'-diethylcarbamyl) - 

normorphinone dimethyl ketal (2.4 g.) is dissolved in dry 
tetrahydrofuran (60 ml.) and the solution added to a 
stirred slurry of lithium aluminum hydride (1.2 g.) in dry 
tetrahydrofuran (60 ml.). The mixture is then stirred 
under re?ux in an atmosphere of nitrogen for 3 hours. 
At the end of the reaction period the mixture is cooled in 
ice, and decomposed by addition of a mixture of ethyl 
acetate ( 12 ml.) and ether (30 ml.), followed by cautious 
addition of a solution of disodium dihydrogen ethyldi 
aminetetra-acetate (15 g.) in water (70 ml.). After addi 
tion of benzene (50 ml.) saturated aqueous sodium bi 
carbonate is added until the aqueous phase has pH 8. 
The upper phase is then separated and the aqueous phase 
extracted with benzene (2x100 ml.). The combined 
upper phases are dried over magnesium sulphate and 
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22 
evaporated, giving N-cyclopropylmethylnormorphinone 
dimethyl ketal. 

N-cyclopropylmet-hylnormorphinone dimethyl ketal 
(2.0. g.) is treated with anhydrous toluene-p-sulphonic 
acid in chloroform solution (by the method used in the 
preparation of N-cyclopropylmethylnorthebaine). The 
crude reaction product (2.1 g.) is dissolved in dry pyri 
dine(20 ml.) and the solution cooled to 0° C. and stirred 
while a mixture of acetic anhydride (4 ml.) and dry pyri 
dine (6 ml.) is added drop wise. The mixture is kept at 
roomtemperature for 24 hours, then poured into saturated 
aqueous sodium bicarbonate (100 ml.). The mixture is 
extracted with chloroform (3 ><30 ml.) and the combined 
chloroform extracts are washed with saturated aqueous 
sodium bicarbonate (3x25 ml.), dried over magnesium 
sulphate, and evaporated. The residue (2.3 g.) is sub 
jected to chromatography on alumina (45 g.; type H); 
elution with benzene and evaporation of the eluate gave 
O-acetyl-N-cyclopropylmethylnororipavine. 
A solution of O-acetyl-N-cyclopropylmethylnororipa 

vine (0.70 g.) in 1:3 acetone-methanol mixture (100 ml.) 
is stirred under nitrogen while 2 N-sodium hydroxide 
(10.0 ml.) is added dropwise. Stirring is continued for 5 
hours at room temperature, after which the reaction mix~ 
ture is concentrated under reduced pressure at 30° C. and 
the aqueous residue diluted with Water (10 ml.) and ex 
tracted with ether (3X20 ml.). The aqueous phase is 
saturated with carbon dioxide and the resulting mixture 
extracted with chloroform (3X25 ml.). The combined 
chloroform extracts are dried over magnesium sulphate 
and evaporated, giving N-cyclopropylmethylnororipavine. 
A portion (0.3 g.) of the base on treatment with an 

excess of salicyclic acid in ethanol solution gives N-cyclo 
propylmethylnororipavine salicylate. 
What is claimed is: 
1. A compound selected from the group consisting of 

a base, its N-oxide derivative and its pharamaceutically 
acceptable acid addition salts, said base being of the 
structure: 

R 

O.’ 
R 0 2 0 CR1 

in which — - - — represents an optional carboircarbon 

bond; R is a member selected from the group consisting of 

(<1) out-out 

and 

in Which R3, R4 and R5 are members selected from the 
group consisting of hydrogen, methyl and chloro; 

R1 is methyl; and 
R2 is a member selected from the group consisting of 

methyl, hydrogen and a lower acyl group derived from 
a pharmaceutically acceptable carboxylic acid of a max 
imum of 8 carbon atoms. 
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2. N-allylnorthebaine. 
3. N-cyclopropylmethylnorthebaine. 
4. N-cyclopropylmethyl-A6-dihydronororipavine. 
5. N-cyclopropylmetliyl-As-dihydronororipavine nicoti 

noate. 
6. N-cyclopropylmethyl-A?-dihydronorthebaine. 
7. N-(3,3-dimethylallyl)~M-dihydronororipavine. 
8. N-cyclobutylmethyl-AG-dihydronororipavine. 
9. N-allyl-A‘i-dihydronorthebaine. 
10. The method of preparing As-dihydronorthebaine 

comprising reacting N-(benzyloxycarbonyl)-AG-dihydro~ 
northebaine with triethylsilane in the presence of triethyl 
amine and palladium chloride to form N-triethylsilyl-A? 
dihydronorthebaine, reacting said N-triethylsilyl-Ae-dihy 
dronorthebaine with methanol treating the reaction mix 
ture from the methanol treatment with an aqueous citric 
acid solution to separate the insoluble acid addition citrate 
salt and neutralizing said salt to form As-dihydronorthe 
baine. 

11. A chemical compound of the structure 

-R 

I 

R O 0 OCH3 

5 
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in which R’ is a member selected from the group consist 

in of hydrogen, methyl and diethylcarbamyl; 
R is a member selected from the group consisting of tri 

ethylsilyl, cyclopropylcarbonyl, cyclobutylcarbonyl, ter. 
butoxycarbonyl, tritluoroacetyl and benzyloxycarbonyl, 

and —— — — — represents an optional carbon-carbon bond. 

12. N-benzyloxycarbonyl-M-dihyclronorthebaine. 
13. Northebaine. 
14. As-di'hydronorthebaine. 
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