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With the objective of finding a more effective morphine drug, several new alkyl derivatives of dihydrodesoxymorphine (1I1T)
have been prepared. Attempts to introduce an alkyl group into ring C by reaction of p-toluenesulfonylcodeine (VII) with

alkyl lithiums led only to oxide-ring opening and the formation of AS7-thebainone enol p-toluenesulfonate (VIII).

On the

other hand, the action of triphenylphosphinemethylene on dihydrocodeinone (I) gave an excellent yield of 6-methylenedi-

hydrodesoxycodeine (XVIIc), and this was successfully hydrogenated to 6-methyldihydrodesoxycodeine (VIc).
compounds were then cleaved with pyridine hydrochloride to the corresponding morphine derivatives.

Both
6-Methyl-7-liy-

droxydihydrodesoxymorphine (XX VII) was prepared by a series of reactions starting with 6-methyl-Aé-desoxycodeine (Vc)
and involving hydroxylation with osmium tetroxide, acetylation of the 7-hydroxyl, dehydration to 6-methylene-7-acetoxydi-

hydrodesoxycodeine (XXIII), hydrolysis of tlie 7-acetyl group, hydrogenation, and ether cleavage.

When 6-methyl-7-

hydroxydihydrodesoxycodeine was oxidized, the expected ketone underwent g-elimination to the oxide-ring opened com-
pound (XXVIII), affording another example of the instability of this ring when a carbonyl group is present at position 7.

Numerous derivatives of morphine have been
prepared and their pharmacology has been investi-
gated in the quest for an analgetic with low addic-
tion liability. Although none have been com-
pletely satisfactory, a number seem to have dis-
tinct advantages over morphine for application
under certain conditions and give indication at
least that analgesia and addiction are not neces-
sarily completely parallel activities.? Among the
more interesting compounds may be mentioned
dihydromorphinone (dilaudid) (I),® 35-methyldi-
hydromorphinone (metopon) (II),4 dihydrodesoxy-
morphine (desomorphine) (I1I),5 6-methyldihydro-
morphine (IV)® and 6-methyl-Af-desoxymorphine
(V).” However, either their advantage has been
insufficient or their preparation has been difficult,
and their use vis-a-vis morphine has been limited.8
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Examination of these five more interesting mor-
phine derivatives indicates a certain pattern in

(1) Supported in part by a grant from the National Institute of
Neurological Diseases and Blindness, National Institutes of Health,
Bethesda, Maryland.

(2) For a recent and general review of the pharmacological aspects
of this subject see the chapter by H. Krueger in R, H. F. Manske, **The
Alkaloids,*”’ Vol. V., Academic Press, Inc.,, New York, N. Y., 1955,

(3) (a) Knoll and Co., German Patent 623,821 and previous patents;
(b) H. Rapoport, R, Naumann, E. R. Bissell and R. M, Bonner, J.
Org. Chem., 16, 1103 (1950).

(4) L. F. Small, H. M, Fitch and W. E. Smith, Ta1s JoUurNAL, §8.
1457 (1936); G. Stork and L. Bauer, ibid., T8, 4373 (1953).

(5) L. F. Small, K. C. Yuen and L. K, Eilers, ¢bid.. 5, 3863 (1933).

(6) L. F. Small and H. Rapoport, J. Org. Chem., 12, 284 (1947).

(7) H. D. Brown, I. M. Rasmussen, G. B. Payne and K. Pfister,
3rd, THis JoUurNAL, T8, 6238 (1953).

(8) For example, the 1953 consumption in the United States was
53,071 oz. of morphine and 3,662 oz. of dihydromorphinone, the most
widely used of the derivatives mentioned above [M. H. Seevers, Bull,
Narcotics, 8, 28 (1956)].

(9) We have used the same strirctural formulas for the corresponding
morphine (free phenol at position 3) and codeine (methoxyl group
at position 3) derivatives, designated by the roman numeral alone and
the roman numeral plus suffix ¢, respectively. in those cases where botli
occur.

structure-activity relationships that might be
worth pursuing, namely, all have ring C either re-
duced or methylated or both, and the secondary
hydroxyl at carbon six is absent. With the objec-
tive of exploring this further and possibly obtaining
a more efficacious drug, some additional examples
of these structural variants have been prepared.

The first compound sought was 6-methyldihydro-
desoxymorphine (VI), and the obvious method of
preparing it, reduction of 6-niethyl-AS-desoxymor-
phine (V), was explored exhaustively. As with the
codeine analog,’ hydrogenation under a large vari-
ety of conditions and with a number of catalysts
led always to hydrogenolysis of the oxide ring. If
the corresponding 6-methyl-A7 compound were
available, its hydrogenation should take the de-
sired course since it would not be an allylic ether.

In an attempt to prepare 6-methyl-A’-desoxy-
morphine, the action of methyllithium on p-tolu-
enesulfonylcodeine (VII) was investigated. When
methyllithium prepared from methyl iodide was
used, the chief product was §-iodocodide!® accom-
panied by a small amount of pseudocodeine, both
undoubtedly resulting from displacement of thc
G-p-toluenesulfonate group. The iodide ion was
supplied by the high solubility of lithium iodide iu
ether, and the pseudocodeine most probably was
formned during the isolation. Methyllithium free
of other displacing anions then was prepared from
methyl chloride, since lithium chloride is very iu-
soluble in ether. From the reaction of this re-
agent and p-toluenesulfonylcodeine, a crystalline
product still retaining the tosyl group was isolated
in good yield. It was phenolic, as evidenced by
coupling with diazotized sulfanilic acid and an
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(10) L. F, Small and F, L. Cohen, THts JourNaL, §3, 2214 (1931);
G. Stork and F. H. Clarke, ibid., T8, 4619 (1956).
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hydroxyl band in the infrared, and isomeric with
the starting material VII. However, the tosyl
group was now stable to displacement by halide or
acetate ion. There was no evidence for a methyl
group having entered the molecule, and this was
confirmed by isolating the same product, in better
yield, from the reaction with butyllithium.

A reasonable postulate for the structure of this
product was VIII, arising by #rans-elimination
initiated by attack of the strongly basic alkyl carb-
anion on the somewhat acidic 6-hydrogen. This
reaction path is similar to the oxide-ring opening
that occurs when g-ethylthiocodide (IX) is oxidized
to the sulfone X,!! and when codeine methyl ether
(XI) is isomerized by ethoxide to AS%’-thebainone
enol methyl ether (XII).1?
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Hydrogenation of the alkyl lithium reaction prod-
uct gave a dihydro compound XIII from which
on alkaline hydrolysis the known dihydrothebain-
one (XIV) was isolated. This together with the
previous data, establishes AS7-thebainone enol p-
toluenesulfonate (VIII) as the structure of this p-
toluenesulfonylcodeine isomer, except for the posi-
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tion of the double bonds. A A®3-diene, although
unlikely considering the mechanism of its formation
would also be consistent with the data.

To establish the position of the double bonds in
VIII, the ultraviolet spectra of a number of dienes
of the morphine series were examined. Two known
At8-dienes are thebaine (XV) and A®8-thebainone
enol methyl ether (XVI), the product resulting
from the action of lithium aluminum hydride on
thebaine.’* Both these compounds have very
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strong absorption, the extinction coefficient of the-
baine being 7500 at 283 mu while that of ASS-
thebainone enol methyl ether is 11,000 at 284 mu.13
Those morphine derivatives which have the guaia-
col moiety as the only chromophore have an ex-

(11) H.Rapoportand R. M. Bonner, TH18 JoURNAL, T8, 2872 (1951).
(1&’,29)) L. F. Small and G. L. Browning, Jr., J. Org. Chem., 8, 618

(13) (a) H. Schmid and P, Karrer, Helo, Chim. Acta, 883, 863 (1950);
(b) G. Stork, THis JOURNAL, T4, 768 (1952).
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tinction coefficient of about 1500 in this region,
whereas the A%’-dienes are intermediate between
these extremes. A%7-Thebainone enol methyl
ether’s (XII) extinction at 281 mu is 34801%.14 and
that of the sulfone X is 3350 at 272 mu. Thus the
ultraviolet absorption clearly distinguishes the
A%8-dienes fully conjugate with a substituent at
carbon 6 from the A%’-dienes cross conjugate with
such a substituent. The product resulting from
the action of alkyl lithiums on p-toluenesulfonyl-
codeine has an e of 3440 at 274 my and thus clearly
has the structure VIIL.

Returning to our original purpose, the prep-
aration of 6-methyldihydrodesoxymorphine (VI),
the triphenylphosphinemethylene reagent recently
found'® to replace carbonyl oxygen by methylene
offered a strong possibility. Such a reaction with
dihydrocodeinone might give 6-methylenedihydro-
desoxycodeine (XVIIc), isomeric with 6-methyl-
At-desoxycodeine (Vc), and although the latter
could not be hydrogenated without hydrogenol-
ysis, this is not necessarily so for the former.
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When dihydrocodeinone was treated with tri-
phenylphosphinemethylene, an 85%, yield of non-
ketonic material was isolated. That this material
was indeed the methylene compound XVIIe was
conclusively shown by hydroxylation with osmium
tetroxide and periodate cleavage of the resulting
glycol, 6-hydroxmethyldihydrocodeine (XVIII),
to give formaldehyde and dihydrocodeinone.
From the hydrogenation of the methylene com-
pound XVII under the acidic conditions found to
give the least hydrogenolysis,!® the known phenolic
compound, 6-methyltetrahydrodesoxycodeine, was
obtained but at the same time a 449, yield of the
non-phenolic 6-methyldihydrodesoxycodeine (VIc)
was isolated. This was then cleaved with pyridine
hydrochloride, and 6-methyldihydrodesoxymor-
phine resulted in reasonably good over-all yield.
Ether cleavage also was applied to the 6-methylene-
dihydrodesoxycodeine (XVIIc), and both mor-
phine derivatives were characterized by their
typical shift in ultraviolet absorption upon addition
of alkali and by re-etherification with diazo-
methane.

The derivatives sought next were those with a
methyl at™carbon 6 and an oxygen function (either
carbonyl or hydroxyl) at 7. For this purpose the
known 6-methyl-Af-desoxycodeine (Vc) was con-

(14) H. Schmid and P. Karrer, Helv. Chim. Acta, 84, 1948 (1951),

(15) G. Wittig and U. Schéllkopt, Ber., 87, 1318 (1954).
(16) R. E, Lutz and L. F, Small, TH1s JoURNAL, 86, 2466 (1034).
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sidered as starting material according to the
scheme
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Hydroxylation of 6-methyl-A’-desoxycodeine to
the glycol and conversion of the 6-methyl-7-hydrox-
ydihydrocodeine XIX to its O7-monoacetate XX
were, as expected, quite straightforward. How-
ever, the thiony! chloride dehydration of XX might
take all or any of the three courses shown, and
these possibilities were considered. Formation of
the A’-compound XXI seemed least likely since
introduction of a double bond at this position with
the oxide ring intact appears to introduce a pro-
hibitive strain into the molecule and no such com-
pound is known. However, both XXII and
XXIII, and any of their hydrolytic products re-
sulting from the isolation procedure, were antic-
ipated as potential products of the dehydration.

By careful chromatography on alumina, the
crude product from dehydration of XX was sep-
arated into three compounds in 27, 32 and 179,
yield. These compounds, as shown by their in-
frared and ultraviolet absorption, were an alcohol,
an acetate ester and an «,8-unsaturated ketone,
respectively. The alcohol, on acetylation, formed
the acetate, and the acetate, on hydrolysis, gave
the alcohol. Since this behavior could not obtain
for the enol acetate XXII, it was assumed that the
acetate was XXIII and the alcohol was XXIV,
arising from XXIII by hydrolysis during the isola-
tion. To prove this the acetate was hydroxylated
with osmium tetroxide and the resulting glycol was
cleaved with periodate to give formaldehyde.
The alcohol showed the absence of any C- -methyl
groups, thus confirming the structural assign-
ments as XXIII and XXIV.

The a,8-unsaturated ketone had a hydroxyl band
in the infrared as well as its unsaturated ketone ab-
sorption, and it gave a strong coupling test with
diazotized sulfanilic acid, characteristic of mor-
phine derivatives with the oxide-ring opened.
On this basis, a reasonable structure for this ke-
tone is XXVIII, arising as a result of §-elimination
from ketone XXV, and this assignment receives
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support from similar observations of oxide-ring
opening in other morphine derivatives upon in-
troduction of a carbonyl function at carbon 7.1
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Although hydrogenation of the alcohol XXIV
gave mostly phenolic material by hydrogenolysis,
the acetate XXIII could be hydrogenated to the
non-phenolic 6-methyl-7-acetoxydihydrodesoxyco-
deine (XXVI), and this was hydrolyzed to the
6 - methyl - 7 - hydroxydihydrodesoxycodeine
(XXVIIc). Onsubjecting thisalcohol to Oppenauer
oxidation, the «,8-unsaturated ketone XXVIII,
identical with that isolated from the dehydration
of XX, was obtained. Apparently the saturated
ketone of structure XXV has no real existence,
undergoing immediate $-elimination.'

The usual ether cleavage with pyridine hydro-
chloride gave the corresponding 6-methyl-7-hydrox-
ydihydrodesoxymorphine (XXVII); and this
morphine derivative as well as 6-methyldihydro-
desoxymorphine (VI), and 6-methylenedihydro-
desoxymorphine (XVII) all displayed powerful
analgetic activity in preliminary animal testing.'

Experimental??

AbT.Thebainone Enol p-Toluenesulfonate (VIII).—Meth-
yllithium was prepared from methyl chloride using a stmall
amount of methyl iodide for entrainment. In this way an
ethereal solution 0.37 M in methyllithium and 0.015 M in
iodide resulted. To a solution of 4.5 g. (10 mmoles) of p-
toluenesulfonylcodeine!! in 30 ml. of tetrahydrofuran, cooled
to 0°, was added 28 ml. (10 mmoles) of this methyllithium
solution over 30 minutes, and the reaction mixture was
kept at 0° in a nitrogen atmosphere for 12 hours. Ice-water
(100 ml.) was added after evaporating most of the solvent
in vacuo and the aqueous phase was extracted with four 50-
ml. portions of methylene chloride. The alkaloidal mate-
rial was then extracted into aqueous acid and back-extracted
into methylene chloride after alkalization. This gave 3.2
g. of crude material from which pure A%’-thebainone enol p-
toluenesulfonate was obtained by crystallization from ben-
zene; m.p. 208-210°, [«l%Dp +18° (¢ 0.96, chloroform);
AEOH D74 mu, e 3440.

(17) H. Rapoport, M. S. Chadha and C. H. Lovell, THIS JOURNAL,
T9, 4694 (1957).

(18) Various attempts to prepare the non-phenolic unsaturated
ketone (a) by oxidation of XX1IV with silver carbonate, manganese
dioxide or chromic anhydride in pyridine all failed.

e

(6] (a) CH2

(19) We are indebted to Drs. H. Elliott and T. Adler of the De-
partment of Pharmacology, University of California. San Francisco,
for these results which will be published in detail elsewhere.

(20) All melting points are corrected and those above 200° were
taken in evacuated capillaries; microanalyses were performed by the
Microchemical Laboratory, University of California, Berkeley.
Optical rotations were measured on ethanolic solutions in one-decimeter
tubes, unless otherwise specified, and infrared spectra were measured in
chloroform.
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Anal. Caled. for CpHxOsNS: C, 66.2; H, 6.0; N,
3.1; S,7.0. Found: C,66.2; H,6.3; N,3.3; S, 7.1.

From the reaction of butyllithium and p-toluenesulfonyl-
codeine, carried out in the same manner as above except
that the reaction mixture was maintained two hours at 0°,
12 hours at room temperature and then boiled under reflux
for six hours, was isolated a 509, yield of A57-thebainone
enol p-toluenesulfonate, m.p. 208-210°.

Ab-Dihydrothebainone Enol p-Toluenesulfonate (XIII).—
A 200-mg. (0.44 mmole) sample of Ab’-thebainone enol p-
toluenesulfonate (VIII) was dissolved in 10 ml. of glacial
acetic acid, one drop of concentrated hydrochloric acid and
10 mg. of platinum oxide were added, and the mixture was
hydrogenated at room temperature and atmospheric pres-
sure. Hydrogenation ceased after four hours and the ab-
sorption of 270 mole % of hydrogen, and the solution then
was filtered. Addition of 50 ml. of water and alkalization
with concentrated ammonium hydroxide caused precipita-
tion of a solid from the filtrate, and chloroform extraction
removed more material. From a total of 160 mg. of crude,
two crystallizations from methanol gave 100 mg. of AS-
dihydrothebainone enol p-toluenesulfonate,? m.p. 222-
g?g; [a]?D —69° (¢ 0.85, chloroform); AEQF 273 myu, e

Anal. Caled. for CyHaOsNS: C, 65.9; H, 6.4; S, 7.0.
Found: C, 66.3; H, 6.1; S, 6.8.

To a solution of 100 mg. of Ab-dihydrothebainone enol p-
toluenesulfonate in 10 ml. of ethanol was added 300 mg. of
potassium hydroxide in 1 ml. of water, and the solution was
boiled on the steam-bath for six hours. After being concen-
trated almost to dryness, the hydrolyzate was distributed
between water and methylene chloride. Evaporation of
the methylene chloride left 64 mg. of crude product which
was crystallized from ethyl acetate and sublimed. It was
identical with a sample of dihydrothebainone (XIV), pre-
pared from thebaine by hydrogenation,!? in infrared spec-
trum, optical rotation, m.p. and mixed m.p.

6-Methylenedihydrodesoxycodeine (XVIIc).—To 400
ml. (90 mmoles) of a standardized solution of triphenylphos-
phinemethylene in ether?® was added 270 ml. of purified
tetrahydrofuran and the ether was removed by fractional
distillation. The solution was cooled to 0°, 26.7 g. (90
mmoles) of dihydrocodeinone dissolved in 150 ml. of tetra-
hydrofuran was added dropwise during 30 minutes, and the
reaction mixture then was heated under reflux for 38 hours
with stirring and in a nitrogen atmosphere. The residue
from evaporation of the tetrahydrofuran was dissolved in
chloroform, and the chloroform, after being washed with
alkali, was extracted thoroughly with M phosphoric acid.
Concentrated ammonium hydroxide liberated the free bases
from the combined phosphoric acid extracts, and these were
taken into benzene and separated into ketonic and non-
ketonic fractions by extraction with bisulfite—sulfite buffer
(pH 7). Dihydrocodeinone was recovered to the extent of
4 g.(159,), and 22.2 g. (849, vield) of 6-methylenedihydro-
desoxycodeine, m.p. 126-128°, was obtained. Crystalli-
zation from heptane gave material of m.p. 127-129°, [«]%D
—123° (¢ 0.87); AE9® 284 my, € 1300.

Anal. Caled. for CsHyON: C, 76.8; H, 7.7. Found:
C, 77.0; H, 8.0.

6-Hydroxymethyldihydrocodeine (XVIII).—A solution of
236 mg. (0.79 mmole) of 6-methylenedihydrodesoxycodeine
(XVIIc) in 15 ml. of absolute ether was treated with 200
mg. (0._79 mmole) of osmium tetroxide in 5 ml. of ether.
Immediately upon addition of pyridine (260 A, 3.4 mmoles)
precipitation commenced. After five hours at room tem-
perature, the reaction mixture was centrifuged and the pre-
cipitate was washed several times with ether. For hydroly-
sis, the precipitated osmate ester was dissolved in 25 ml. of
ethanol and heated with a solution of sodium sulfite (2 g.
in 12 ml. of water) for two hours. On evaporation of the

(21) Although this compound has been assigned, arbitrarily, the AS-
structure, it may just as well be the As-enol tosylate. The former
would arise by 1,2-hydrogenation and the latter would result from 1,4-
hydrogen addition. At this time, we have no definitive evidence on
either the course of hydrogenation or the position (A% or Af) of the
remaining double bond.

(22) See ref. 15, To estimate the amount of triphenylphosphine-
methylene reagent present, an aliquot was treated with excess cyclo-
hexanone and the intensity of the infrared carbonyl absorption was
compared with that of standard cyclohexanone solutlons.
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ethanol, 116 mg. of the glycol was obtained. Evaporation
of the combined ether solution and washes above left a
residue which was hydrolyzed in the same way and was
separated into recovered olefin (29 mg.) and glycol (64
mg.) by fractional sublimation. Crystallization from meth-
anol gave pure 6-hydroxymethyldihydrocodeine, m.p. 202~
204°,

Anal. Caled. for CieHzs0sN: C, 68.9; H, 7.6. Found:
C, 68.6; H, 8.0.

A solution buffered at pH 5 and containing 83 mg. of the
glycol XVIII and 76 mg. of metaperiodic acid was allowed
to stand at room temperature for 90 minutes after which
arsenious acid was added to destroy excess oxidant. The
pH was adjusted to 8.5 with potassium carbonate, and the
solution was extracted exhaustively with methylene chlo-
ride. From the aqueous portion, formaldehyde was iso-
lated as the dimedone derivative in 61 mg. (84%) yield,
m.p. 188-189°, From the methylene chloride portion, by
extracting with pH 7 bisulfite-sulfite buffer, basifying and
re-extracting into methylene chloride, 66 mg. (88% yield)
of dihydrocodeinone was obtained, identical with an authen-
tic sample. .

6-Methyldihydrodesoxycodeine (VIc).—Hydrogenation
of 5 g. of 6-methylenedihydrodesoxycodeine (XVIIc) in 120
ml. of glacial acetic acid, to which 1.5 ml. of concd. hydro-
chloric acid and 100 mg. of platinum oxide had been added,
ceased after 27 hours and the absorption of 135 mole %, of
hydrogen. Filtration using a water wash, addition of ex-
cess aqueous ammonia, and extraction with methylene chlo-
ride gave crude alkaloidal material which was chromato=-
graphed on alumina. 6-Methyldihydrodesoxycodeine was
obtained as the non-phenolic fraction (negative diazotized
sulfanilic acid test) by elution with benzene—hexane (1:1)
and crystallization from heptane; 2.2 g. (449, yield), m.p.
126-127°, [a]%D —160° (¢ 1.1); AES® 284 my, € 1690.

Anal. Caled. for C]gH%OzNﬁ C, 763,' H, 8.4; C-CH;,
5.0. Found: C,76.5; H, 8.4; C-CH,, 4.2.

Further elution with chloroform gave 6-methyltetrahydro-
desoxycodeine, m.p. 156-158°, [a]®D —5.3° (¢ 0.8) [re-
ported® m.p. 157.5-158.5°, [«] %D —4.5° (¢ 0.6)].

6-Methyldihydrodesoxymorphine.—A mixture of 2 g. of
6-methyldihydrodesoxvcodeine and 6 g. of pyridine hydro-
chloride were heated in a nitrogen atmosphere for seven
minutes in a bath pre-heated to and maintalne'd at
220°, The reaction mixture was immediately coolqd in an
ice-bath, 30 ml. of water containing a pinch of sodium hy-
drosulfite was added and the cold solution, to which an
equal volume of ether had been added, was adjusted to pH
12 with sodium hydroxide. The ether layer was sepa.rqted,
the aqueous phase was extracted with three addltmpal
equal volume portions of ether, and the combined and dried
ether extracts on evaporation gave 980 mg. of recovered 6-
methyldihydrodesoxycodeine. Cooling the aqueous phase
and adding acid to pH 9 caused precipitation of a brown solid
which was combined with the chloroform extract of the fil-
trate, and the total phenolic material thus obtained was
crystallized from ethanol. Sublimation at 100° (0.3 mm.)
gave 608 mg. of 6-methyldihydrodecoxymorphine, m.p.
224-226°, [o]%'p —166° (¢ 1.0); AEQE 287 mpu (e 1680),
Amaz 300 my (e 2690) in ethanolic sodium hydroxide.

Anal. Caled. for CsHp0:N: C, 75.8; H, 8.1.
C, 76.0; H, 7.8.

When a methanolic solution of 6-methyldihydrodesoxy-
morphine was treated with ethereal diazomethane,_ 6-
methyldihydrodesoxycodeine resulted in quantitative yields

6-Methylenedihydrodesoxymorphine.—Cleavage of the
O3-methyl ether was effected with pyridine hydrochloride as
in the case of the 6-methyl analog except that heating was
maintained for six minutes. Separation into non-phenolic
and phenolic fractions gave a 5%, recovery of starting ether
and a 229, yield of 6-methylenedihydrodesoxymorphine,
crystallized from acetone and sublimed, m.p. 196-198°,
[a]?D —140° (¢ 1.0); AESF 287 mu (e 1470), Amax 208 mu
(e 2470) in ethanolic sodium hydroxide.

Anal. Caled. for C13H2102N: C, 763; H, 7.4.

C,76.0; H, 7.3.
6-Methylenedihydrodesoxycodeine, identical with au-
thentic material, was obtained when the morphine derivative
in methanol was etherified with diazomethane.
6-Methyl-7-hydroxydihydrocodeine (XIX).—To a solu-
tion of 1.16 g. (3.9 mmoles) of 6-methyl-Ab-desoxycodeine

Found:

Found:
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(V)¢in 75 ml. of ether, 1.0 g. (3.9 mmoles) of osmium tetrox-
ide dissolved in 20 ml. of ether and 1.3 ml. (16.8 mmoles)
of pyridine was added. Precipitation began immediately
and, after being kept at room temperature for five hours,
the reaction mixture was centrifuged. The precipitated
osmate ester was washed with ether and then was boiled
with ethanol (125 ml.) and sodium sulfite solution (13 g. in
60 ml. of water) for three hours. Filtering, washing with
hot ethanol, and concentrating the combined filtrate and
washes gave a crystalline residue which was crystallized
from methanol-water (2:1) and benzene. The yield of 6-
methyl-7-hydroxydihydrocodeine was 86%, m.p. 184-186°,
[a]?lp —116° (¢ 1.0). It was hygroscopic and was best
analyzed as the hemihydrate.

Amnal. Caled. for CypHyON1/,H,0: C, 67.1; H, 7.0.
Found: C, 67.2; H, 7.7.

Acetylation of 6-Methyl-7-hydroxydihydrocodeine.—The
glycol XIX (493 mg., 1.5 mmoles) in a solution of 15 ml. of
acetic anhydride and 2 ml. of pyridine was heated for two
hours at 80°. Concentration at reduced pressure left a
residue which was crystallized twice from benzene giving
450 mg., 80%, of 6-methyl-7-acetoxydihydrocodeine (XX),
m.p. 150-151°, [«]%D —118° (¢ 0.83).

Anal. Caled. for C»HyOsN: C, 67.6; H, 7.2; ace-
tate, 11.5. Found: C, 67.7; H, 7.1; acetate, 11.8.

An acetylation was carried out as above except that the
reaction mixture was heated at 120°, and the residue was dis-
tributed between water (pH 10.5) and chloroform. Evapo-
ration of the chloroform and crystallization of this residue
gave material which was obviously a mixture, m.p. 165—
175°. Repeated crystallization from benzene and then
from methanol finally gave 200 mg. of acetyl-6-methyl-7-
acetoxydihydrocodeine (from 2.5 g. of glycol XIX), m.p.
203-204°, [«)%D —84° (¢ 1.0).

Anal. Caled. for CpsHygOgN: C, 66.5; H, 7.0; acetate,
20.8. Found: C, 66.7; H, 7.1; acetate, 20.7.

Dehydration of 6-Methyl-7-acetoxydihydrocodeine (XX).
—To a solution of 17.9 g. (48 mmoles) of 6-methyl-7-
acetoxydihydrocodeine in 65 ml. of absolute chloroform
was added 5.6 ml. of thionyl chloride in 20 ml. of chloroform,
and the mixture was heated under reflux for 3.5 hours.
Concentration s vacuo left a residue which was suspended
in 200 ml. of water and extracted with methylene chloride
after alkalization with concentrated ammonium hydroxide.
The methylene chloride was evaporated, the residue was
digested with benzene, and the benzene solution, after being
filtered to remove a small amount of insoluble material, was
chromatographed on 400 g. of alumina. Elution with ben-
zene removed 6.0 g. of material and benzene—chloroform
(1:1) removed an additional 0.6 g., giving a total of 6.6 of
fraction A. Elution was then continued with chloroform
to obtain 7.1 g. of fraction B. Finally, washing the column
with methanol led to the recovery of 1.5 g. (8%) of 6-
methyl-7-hydroxydihydrocodeine (XIX).

Fraction A (strong absorption at 5.80 u) was crystallized
from methanol-water and 5.5 g. 232% yield) of 6-methylene-
7-acetox§ ihydrodesoxycodeine (XXIII) was obtained; m.p.
103-104°, [e]®p —139° (¢ 1.2).

Anal. Caled. for CuHyON: C, 71.0; H, 7.0; acetate,
12.1. Found: C,71.3; H, 7.2; acetate, 12.8.

Fraction B was crystallized from benzene several times
to give 4.1 g. (279, yield) of 6-methylene-7-hydroxydihydro-
desoxycodeine (XXIV), m.p. 192-193°, [«]?D —156° (¢
1.0), broad absorption at 2.8-3.2 u.

Anal. Caled. for CyyHesOsN: C, 72.8; H, 7.3. Found:
C, 72.6; H, 7.0.

Evaporation of the mother liquors from crystallization
of XXIV from fraction B left a residue which gave a strong
coupling test with diazotized sulfanilic acid and showed
strong absorption at 6.00 u. This material was dissolved in
benzene and chromatographed on alumina, After benzene
and then ether had removed small amounts of material, the
bulk of the material was eluted with chloroform and was
crystallized three times from benzene. This resulted in
2.5 g. (179, yield) of 6-methyl-7-0xo-A’-dihydrodesoxyco-
deine (XXVIII), m.p. 177-178°, [«]?*p —36° {c 1.0); AEQE
234 (e 16,250), 280 (e 2,150) mpu.

Anal. Caled. for CpH2O3N: C, 72.8; H, 7.3; C-CH;,
4.8. Found: C,73.0; H,7.4; C-CHj,, 4.8.
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Hydrolysis of 6-methylene-7-acetoxydihydrodesoxyco-
deine (XXIII) isolated from fraction A was achieved on
standing at room temperature overnight with 2 N aqueous
ethanolic potassium hydroxide, and 6-methylene-7-hydroxy-
dihydrodesoxycodeine (XXIV), identical with that isolated
from fraction B, was obtained in nearly quantnative yield.

Acetylation of 6-methylene-7-hydroxydihydrodesoxyco-
deine with acetic anhydride in pyridine proceeded at roomn
temperature for 18 hours and isolation by the usual proce-
dure gave an 85%, yield of 6-methylene-7-acetoxydiliydro-
desoxycodeine, ni.p. 100-102°.

Hydrozylation of 6-methylene-7-acetoxydihydrodesoxyco-
deine with osmium tetroxide was carried out exactly as in
the previous case with 6-methylenedihydrodesoxycodeine
(XVII) above, and the resulting glycol was cleaved with
periodate. From this cleavage, formaldehyde was isolated
as the dimedone derivative, m.p. 188-189°.

6-Methyl-7-acetoxydihydrodesoxycodeine (XXVI).—Hy-
drogenation of 5.3 g. (15 mmoles) of 6-methylene-7-acetoxy-
dihydrodesoxycodeine (XXIII) in 100 ml, of glacial acetic
acid containing 1.5 ml. of concentrated hydrochloric acid
and 150 mg. of platinum oxide proceeded at room tempera-
ture and atmospheric pressure. Hydrogen absorption
ceased after 20 hours and an uptake of 194 mole 9, of hydro-
gen. The platinum was removed by filtration, the filtrate
was concentrated % vacuo, the residue was suspended in
cold aqueous ammonia, and the suspension was extracted
with methylene chloride. Evaporation of the niethylene
chloride left a residue from which phenolic material was re-
moved! and the non-phenolic fraction (2.3 g.) was chroma-
tographed on alumina (60 g.). Elution with benzene re-
moved 1.74 g. of the crude acetate and continued elution
with methanol gave 400 mg. of 6-methyl-7-hydroxydihy-
drodesoxycodeine (XXVII), identical with the material ob-
tained below by hydrolysis. The acetate was purified by
crystallization from heptane and 6-methyl-7-acetoxydihydro-
desoxycodeine (XXVI) thus obtained melted at 100-102°,
[e]?'D —170° (¢ 0.9).

Anal. Caled. for CyHy»OQuN: C, 70.6; H, 7.6. Found:
C,70.7; H,7.6.

Hydrolysis.—A 1.5-g. portion of 6-methyl-7-acetoxydihy-
drodesoxycodeine (XXVI) was dissolved in 100 ml. of eth-
anol, a solution of 1 g. of potassium hydroxide in 10 ml. of
water was added, and the solution was allowed to stand
overnight at room temperature. Concentration at reduced
pressure removed most of the ethanol, and a crystall}ne
solid separated. Cooling, filtration and crystallization
from ethanol-water (1:1) gave 1.2 g. of 6-methyl-7-hydroxy-
dihydrodesoxycodeine (XXVIIc), m.p. 147-149°, [a]%D
—154° (¢ 0.92).

Anal. Caled. for C,HyO3:N: C, 72.4; H, 7.9; C-CH,,
4.8. Found: C, 72.3; H, 7.8; C-CH,, 4.5.

Oppenauer Oxidation of 6-Methyl-7-hydroxydihydrodes-
oxycodeine,—Oxidation of 6-methyl-7-hydroxydihyd;odes-
oxycodeine (XXVIIc), using the same conditions as in the
oxidation of dihydrocodeine,® gave almost a quantitative
yield of material whose infrared spectrum was identical with
that of 6-methyl-7-oxo-Ab-dihydrodesoxycodeine (XX VIII),
isolated from the dehydration of 6-methyl-7-acetoxydihy-
drodesoxycodeine (above). On crystallization from benzene,
it melted at 90-93°, [a]*'p —39° (¢ 1.0), apparently a di-
morphic modification since recrystallization from ethyl ace-
tate gave material of m.p. 177-178°, identical with that
isolated from the dehydration.

6-Methyl-7-hydroxydihydrodesoxymorphine.—Conver-
sion of XXVIIc to the corresponding morphine derivative
was accomplished by heating 315 mg. of XXVII and 1 g.
of pyridine hydrochloride at 220° for six minutes. Distribu-
tion of the product between ether and aqueous alkali led to
the recovery of 110 mg. of XXVII from the ether layer, and
chloroform extraction of the aqueous phase, adjusted to pH
9, gave the phenolic material. This was crystallized from
ethanol and sublimed at 185° (0.01 mm.), yielding 6-
methyl-7-hydroxydihydrodesoxymorphine, m.p. 270-273°
(with dec. in a nitrogen-filled capillary), [e]?p —163° (c
0.93); AE98 286 mu (e 1680), Amax 298 mu (e 2980) in eth-
anolic sodium hydroxide.

Anal. Caled. for CigH,,O3N: C, 71.8; H, 7.6. Found:
C,71.9; H, 7.4.
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