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gives a fairly rapid positive test; [a]3/° = —7.85° (1.905%,
in absolute ethanol, @« = —0.15°).

Anal. Caled, for CyuHeNO:P: P, 5.32; N, 2.41; glycerol,
15.8; choline, 20.62. Found:¥ P, 5.30; N, 2.42; glycerol,
15.5, choline, 20.6. N /P, 1.01; choline/P, 0.99.

Hydrolysis of plasmalogen. A 0.1-g. sample was heated to
boiling on a steam bath with 10 ml. of ethanol and 5 ml. of
concentrated hvdrochloric acid. Fifteen ml. of water and an
additional 2 ml. of hydrochloric acid were added and the
heating continued for a few minutes. The mixture was left
standing at room temperature overnight when a flocculent
precipitate was formed. This was collected by centrifuga-
tion and dissolved in low-boiling petroleum ether. The acid
solution remaining from the plasmalogen hydrolysis was ex-
tracted three times with 25 ml. each of low-boiling petroleum
ether, All extracts were combined, dried over anhydrous
sodium sulfate, and the solvent was evaporated in vacuo.
The residue consisted of a mixture of aldehydes in form of a
soft wax, 50 mg. (899). Its infrared spectrum showed a
strong carbony! hand at 5.84 microns.

A significant part of the aldehyde mixture rather rapidly
polymerized to form a produet quite difficultly soluble in
ethanol. Recrvstallization of the polymer from ethanol gave
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needle-shaped crystals, m.p. 74-77°, The polymers of hexa-
decanal and octadecanal melt near 73°,

The soluble, unpolymerized part of the aldehyde fraction
was treated with Brady’s reagent in the standard manner.
The 2,4-dinitrophenylhydrazones were purified by chroma-
tography over aluminsa in a benzene solution and by two re-
crystallizations from 80% ethanol; m.p. 90-105°. The
dinitrophenylhydrazone of: hexadecanal has been reported
to melt at 105-107°, and its higher homologs somewhat
higher.

Anal. Caled. for CyHN,Oy: C, 64.29; H, 8.93. Found:
C, 64.81; H, 8.82.

Unsaturation. The unsaturation of the unhydrolyzed
plasmalogen and the 2,4-dinitrophenylhydrazones of the
aldehyde mixture was determined according to Yasuda's
method?? with 0.02N pyridine sulfate dibromide as the
brominating agent. The average of two closely agreeing de-
terminations were as follows: plasmalogen: iodine number,
10; double bonds per mole, 0.24; aldehyde-2,4-dinitrophenyl-
hydrazones: iodine number, 13; double bonds per mole,
0.23.

New Haven, ConN.
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22-Dehydrocholesterol and 38-hydroxy-A822-choladiene have been prepared by means of the Wittig reaction.

Among naturally oceurring sterols with a methyl
or ethyl group at the 24 position of their side chain
those with a A?-trans-oriented double bond are
relatively common. The best known examples are
ergosterol and stigmasterol. One might expect on
biogenetic grounds that the corresponding deriva-
tive of cholesterol is also present in natural sterol
mixtures. As vet, however, the natural occurrence of
22-dehvdrocholesterol (II), while often suspected,
has not been convineingly established. In connec-
tion with the synthesis of other sterols now in
progress in this laboratory this unknown sterol has
now been prepared, not only in order to obtain a
reference sample to guide isolation studies but also
to obtain starting material for the preparation of
the ergosterol analog of cholesterol and its irradia-
tion products.

The sterol was prepared from 33-acetoxy-5-
cholen-22-al (1) by means of the Wittig reaction
which had previously been used with conspicuous
success in the synthesis of 24-methylenecholes-
terol,2® 24-45 and 25-dehydrocholesterol.?5 Al.

(1) This investigation was supported by a research grant,
Nonr 253(00) from the Office of Naval Research.
(2) W. Bergmann and J. P. Dusza, Ann., 603, 36 (1957).

though the Wittig reaction is known to be non-
stereospecific,® in the present synthesis the inter-
action between the aldehyde and the ylide generated

H N
0
RO -
RO 1 >~
RO 11
)R =H; b)R=COCH, ¢)R = COCH,

(3) D. R. Idler and U. H. M. Fagerlund, J. Am. Chem.
Soc., 79, 1988 (1957).

(4) U. H. M. Fagerlund and D. R. Idler, J. 4dm. Chem.
Soc., 79, 6473 (1957).

(56) W. Bergmann and J. P. Dusza, J. Org. Chem., 23,
459 (1958).

(6) G. Wittig and U. Schollkopf, Ber., 87, 1318 (1954).
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from triphenylphosphonium iodide” afforded mainly
if not exclusively the irans-isomer (III). Its in-
frared spectrum showed the strong peak at 10.30u
which is associated with trans-oriented double
bonds and which has been used to assign the trans-
configuration to the A%%.double bond in the side
chain of such naturally occurring sterols as ergos-
terol and stigmasterol.5—1 In contrast, the spec-
trum showed no absorption in the 14-x region which
might have pointed to the presence of a cis-oriented
double bond in the side chain.

Upon treatment with bromine, the steryl acetate
rapidly formed a nicely crystalline tetrabromide
which afforded unchanged starting material upon
debromination. Catalytic hydrogenation of the
acetate gave cholestanyl acetate. This reaction
proves that no significant inversion has taken place
at C-20 either during the preparation of the al-
dehyde or its reaction with the Wittig reagent.
As shown in Table I the melting points of 22-de-
hydrocholestercl and its derivatives are quite similar
to those reported for B-sitosterol and derivatives.
The melting points also fall within the range of
those reported for many ill-defined sterol mixtures
and their respective derivatives.!? The possible
occurrence of 22-dehydrocholesterol may therefore
have easily been overlooked. As expected the 22-
dehydrocholesterol is somewhat more levorotatory
than cholesterol. The average difference between
the molecular rotations of the two sterols and their
respective derivatives is —70, a figure which is in
good agreement with the A?2-value of 61 =+ 20 re-
ported for the C-24 methyl and ethyl homologs. !4

TABLE I

CoMPARISON OF MELTING PoINTS

22-Dehydrocholesterol

B-Sitosterol

Sterol 133.5-134 13712
Acetate 126-126.5 12712
Benzoate 146-147 14613

In another application of the Wittig reaction the
previously unknown 38-hydroxyA®?2.choladiene

(I1I) has also been prepared. Reaction of the al- -

dehyde (I) and the ethyl-ylide afforded a mixture of
¢is and trans isomers, and treatment with iodine
was necessary to afford the pure trans isomer (I1I).

(7) A. Michaelis and H. von Soden, Ann., 229, 295 (1885).

(8) J. H. Turnbull, D. A Whiffen, and W. Wilson, Chem.
& Ind. {London) 33, 626 (1950).

(9) R. N. Jones, J. Am. Chem. Soc., 72, 5322 (1950).

(10) K. Dobriner, E. R. Katzenellenbogen, and R. N.
Jones, Infrared Absorption Spectra of Steroids, Interscience,
New York, 1953.

(11) D. Barnard, L. Bateman, A. J. Harding, H. P, Koch,
N. Sheppard, G. B. B. M. Sutherland, J. Chem. Soc., 915

(1950).

(12) W. Bergmann, Ann. Rev., Plant Physiol., 4, 383
(1953).

(13) 8. Bernstein and E. S. Wallis, J/. Org. Chem., 2, 341
(1937).

(14) D. H. R. Barton, J. Chem. Soc., 512 (1946).
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EXPERIMENTAL

Triphenylisoamyl phosphontum iodide. A solution of 10 g.
of triphenylphosphine in 50 ml, of anhydrous toluene was
heated in a pressure flask with 11.3 g. of pure isoamyl iedide
at 115° for 24 hr, The precipitate was filtered, recrystallized
several times from aqueous ethanol, and finally thoroughly
dried 4n vacuo; 11.92 g., m.p. 174-176° (rep.” 174°); Amax
6.97 and 10.02u.

22-Dehydrocholesteryl acetate (ITb). A solution of 3.16 g.
of 3-8-acetoxybis-nor-5-cholen-22-al (1)% in 25 ml. of abso-
lute ether was added to the ylide generated from 11.75 g. of
triphenylisoamyl phosphonium iodide, 23.0 ml. of 1.11N
butylithium solution,’ and 35 ml. of anhydrous ether in a
pressure flask., The contents were stirred magnetically for
about 1 hr. at room temperature, after which the flask was
capped and heated to 65° for 15 hr. After cooling, the excess
reagent was decomposed with moist ether, the solution evap-~
orated to dryness, and the residue heated to 95° for one hr.
with 20 ml. of acetic anhydride and 20 ml. of pyridine. The
mixture was diluted with water and the crude acetate thus
obtained was chromatographed in hexane on silicic acid-
Celite (2:1). The acetate (1.5 g.) was eluted by hexane-
benzene (1:1). A 1.23 g. sample of the acetate m.p. 126° was
dissolved in 5 ml, of ether, and the solution mixed with 9
ml. of a 109, solution of bromine in glacial acetic acid. A
precipitate formed readily (1.42 g.), a part of which was re-
crystallized from ethyl acetate. The 22-dehydrocholesteryl
acetate tetrabromide thus obtained melted with decom-
position at 188-189°; Amax 5.76 and 8.08u in KBr.

Anal. Caled. for CyeHyeBrOs; C, 46.67; H, 6.21. Found:
C, 46.62; H, 6.54.

The acetate tetrabromide was suspended in 25 ml. of
ether and 1 ml. of glacial acetic acid. Zine dust (400 mg.)
was added, and the mixture stirred for 10 min. The ether
was then decanted from the zine which was washed several
times with ether. The combined extracts were washed with
water and dried over anhydrous sodium carbonate. The solu-
tion was evaporated to dryness and the residue chromsa-
tographed in hexane on neutral alumina (Brockmann II).
Elution with hexane-benzene (1:1) gave the acetate (1Ib)
which was recrystallized several times from methanol; 0.55
g.; m.p. 126-126.5°%; (a)y —63.2°; (C = 1.15 in CHCly);
Amax 5.76, 7.95, 10.30, and 12.524 in KBr.

Anal. Caled. for CpHegO:: C, 81.63; H, 10.87. Found:
C, 81.88; H, 10.80. :

22-Dehydrocholesterol (Ila). The free sterol was obtained
by hydrolysis of the acetate with potassium hydroxide in
ethanol. It was recrystallized several times from methanol;
m.p. 133.5-134°; (a)y =57.3°; (C = 1.22 in CHCL);
Amax 2.97, 7.29, 7.34, 10.29, and 12.51y in KBr.

Anal. Caled. for C»HyO: C, 84.31; H, 11.53. Found: C,
84.21; H, 11.35.

Benzoylation of the sterol with benzoyl chloride in pyri-
dine gave the benzoate (Ilc). It was recrystallized from ace-
tone; m.p. 146-147° with a play of colors which clears at
172°; (a)3 —29.2°; (C = 0.65 in CHClL;) Muax 5.82, 7.89,
8.00, 10.30, and 14.05y in KBr.

Anal. Caled. for CyHyOs: C, 83.55; H, 9.90. Found: C,
83.66; H, 9.68.

Hydrogenation of 22-dehydrocholesteryl acetate. A 100-mg.
sample of the acetate dissolved in 40 ml. of glacial acetic
acid was shaken with 50 mg. of platinum oxide in a hydrogen
atmosphere of 14-lb. pressure. After 2 hr. the catalyst was
removed by filtration and the solvent evaporated under re-

(15) The authors are very much indebted to Dr. M. E.
Herr, of the Upjobn Co., Kalamazoo, Mich., for the gift
of a generous amount of stigmasterol and for explicit direc-
tions to convert it to the aldehyde, The aldehyde obtained
showed m.p. 113-115°; (a)p —60.3%; Ames 3.68, 5.75, 5.77,
7.90, and 8.03 p.

(16) H. Gilman and A. H. Haubein, J. Am. Chem. Soc.,
66, 1515 (1944).



SEPTEMBER 1958

duced pressure. After two recrystallizations from methanol,
the residue gave cholestanyl acetate, m.p. 108-109°, which
gave no depression of the melting point when mixed with
an authentic sample. Its infrared spectrum was undistint
guishable from that of the reference material.

38-Acetoxy-5,28-choladiene (I1Ib). A solution of 5.0 g. of
triphenylphosphine in 50 ml. of anhydrous toluene was
heated in a pressure flask with 10.2 g. of freshly distilled
ethylbromide at 105° for 24 hr. The precipitate was filtered
and dried; 6.35 g, m.p. 202-205°, reported 202-205°v;
Amax 6.90, 6.99, and 10.034.

A solution of 1.68 g. of 3B-acetoxybisnor-5-cholen-22-al
(I} in 25 ml. of anhydrous ether was added to the ylide
generated from 3.35 g. of the triphenylethylphosphonium
bromide and 7.0 ml. of 1.3N butyllithium in 25 ml. of ab-
solute ether in a pressure flask. The mixture was then treated
as described above, and the crude acetate was chroma-
tographed on silicic acid: Celite and recrystallized from
methanol; 0.74 g. m.p. 117-122°. The infrared spectrum
showed a strong band at 10.27, indicative of a trans-oriented

(17) G. Wittig and D. Wiggenberg, Ann., 606, 1 (1957).
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double bond2~* and a weak band at 10.02p indicative
of a ¢is double bond.1!

The mixed acetates were refluxed with 100 m). of benzene
and 0.35 g. of iodine for 6 hr. The solution was cooled,
washed with a solution of sodium thiosulfate, dried, and
evaporated to dryness. The residue was dissolved in hexane,
and the solution chromatographed over neutral alumina
(Brockmann IT). Hexane eluted a small fraction containing
halogen. The main fraction was eluted with hexane-benzene
(9:1). It was recrystallized three times from methanol; m.p.
127-129°, (a)¥ —72.2° (C = 0.64 in CHCL); Muex 5.76,
8.02, and 10.27 i in KBr.

Anal. Caled. for CeeHlyO:: C, 81.20; H, 10.46. Found:
C, 80.85; H, 10.56.

A522-Choladien-38-0l (IITa). Hydrolysis of the acetate
with potassium hydroxide in ethsnol gave the sterol which
was recrystallized from methanol; m.p. 117-117.5°; (a)%
—65.8% (C = 0.59 in CHCL); Amax 2.96, 10.28, and 12.50u
in KBr.

Anal. Caled. for C:HsyO: C, 84.15: H, 11.18. Found:
C, 83.94; H, 11.25.

New Haven, Conn.
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Hydroxylated Codeine Derivatives
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The application of osmium tetroxide to the introduction of hydroxy! groups in the codeine and neopine series is described.
Lithium aluminum hydride or sodium borohydride reduction of 8,14-dihydroxydihydrocodeinone leads to epimeric dihy-
droxydihydrocodeines. Analogous treatment of 14-hydroxycodeinone yields true 14-hydroxycodeine.

The observation that 3,4 dimethoxy-A%7-13-
ethylhexahydrophenanthrene (a degradation prod-
uct of dihydrothebaine)? reacted smoothly with os-
mium tetroxide to yield, after hydrolysis of the os-
mate ester, the corresponding 6,7-glycol, led to the
present study of the action of this reagent on the
following morphine derivatives containing an ali-
cyclic unsaturated center in ring C: desoxycodeine-
C, codeine methyl ether, acetyl codeine, acetyl
isocodeine, and acetyl neopine. It was of interest to
pursue this investigation for several reasons: (1)
the possibility of arriving at pharmacologically in-
teresting substances was apparent; (2) conceivably
this approach could improve upon earlier hydroxyl-
ation attempts (of codeine) where low yields were
reported4; and (3) a route to the unknown 8,14-di-
hydroxylated neopine® (VI) might be afforded.

The considerable number of codeine and codei-
none derivatives (containing one or more new hy-
droxyl groups in ring C) together with their EDj

(1) Koppers Co., Verona, Pa.

(2) Deceased, June 1957.

(38) L. J. Sargent and L. F. Small, J. Org. Chem., 16,
1031 (1951).

(4) R.S. Cahn and R. Robinson, J. Chem. Soc., 908 (1926).

(3) K. W. Bentley, The Chemistry of the Morphine Alka-
lotds, Oxford University Press, London, ref. 5, p. 124
(1954).

values, relative to codeine, are shown in Table I.
It will be noted that enhanced activity is elicited
principally by those substances derived from 14-
hydroxycodeinone VII. None of the presently re-
ported derivatives showed significant analgesic ac-
tivity; with the exception of 7-hydroxydihydroco-

TABLE I
Compound ED; (Mice)®

10-Hydroxyecodeine 50.4
14-Hydroxycodeine 17.2
10-Hydroxydihydrocodeine 22.5
14-Hydroxymorphinone 42.2
14-Hydroxydihydromorphinone 0.17
14-Hydroxydihydromorphine 1.05
14-Hydroxydihydrocodeinone 1.4
8-Hydroxydihydrocodeinone >150
14-Hydroxycodeinone 6.1
8,14-Dihydroxydihydromorphinone 6.3
8,14-Dihydroxydihydrocodeinone 16.7
7-Hydroxydihydrocodeine None®
7,8-Dihydroxydihydrocodeine >400
7,8-Dihydroxydihydrocodeine methyl ether >100
8,14-Dihydroxydihydrocodeine >200

% We are indebted to Dr. Nathan B. Eddy, of this Labora-
tory, for permission to use these unpublished data. Codeine
EDy = 14.2. (EDy is the dose which is effective for 509, of
the test subjects.) * Fatal dose (LDs = 50).



