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ture was filtered hot and the filtrate concentrated to a gum 
in vacuo. The gum was crystallized from 60% aqueous 
isopropyl alcohol, yielding 680 mg. of the ketal, m.p. 214-
215° (capillary); Xmax 239 mM (« 14,600); mobility R1 0.45 
(system V) compared with 20/3-dihydrotriamcinolone at 
Rt 0 and with triamcinolone 16o:,17a:-acetonide at Ri 0.16; 

negative to tetrazolium blue reagent; X^x' 2.91, 3.41, 6 .01, 
6.17, 6.23, 6.91, 8.60, 9.06, 9.36, 9.45, 10.70, 11.24 M, etc. 

Anal. Calcd. for C27H37O6F: C, 
Found: C, 66.36; H, 7.99; F , 3.S 

PEARL RIVER, N. Y. 

5.04; H, 7.83; F , 3.99. 
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Steroid Studies. XVI.1 Isolation of 22-Dehydrocholesterol from Hypnea japonica 

B Y KYOSUKE TSUDA, K I Y O S H I SAKAI , 2 K A T S U M I T A N A B E 2 AND Y U K I C H I K I S H I D A 2 

RECEIVED JULY 27, 1959 

22-Dehydrocholesterol was isolated from a species of red algae, Hypnea japonica. 

Previous reports from these laboratories3 and 
others4 have indicated tha t only fucosterol (C29-
sterol) is generally to be isolated from various 
species of brown algae,6 while more recently 
cholesterol (C27-sterol), a characteristic animal 
sterol, was found to occur without exception in all 
fifteen species of red algae so far examined in 
these laboratories.313 '8 

I t would thus appear t ha t fucosterol is the 
characteristic sterol of the brown algae and choles
terol is the common sterol not only in the animal 
kingdom bu t in red algae. I t is, therefore, of 
considerable biogenetic interest to report in this 
paper the isolation of a cholesterol analog, 22-de-
hydrocholesterol, from a species of red algae, 
Hypnea japonica Tanaka . 

The sterol reported in this paper was isolated as 
a non-saponifiable mat te r from the extract of the 
dried and powdered alga and showed m.p. 134-
135.5C 9D —56.3°, on purification by successive 
chromatography of its acetate and of the free 
sterol on alumina. 

The homogeneity of the sterol was confirmed by 
the appearance of a single orange colored zone on a 
silicic acid-Celite column when the ^-phenylazo-
benzoyl ester was subjected to chromatography 
according to the method of Idler, et al.;1 the melting 
point and optical rotation value of the sterol 
regenerated from the azoyl ester thus purified re
mained unchanged. 
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The sterol formed a monoacetate, m.p. 127-128°, 
and a monobenzoate; the lat ter melted at 145-
146° to milky white, showing a characteristic 
fluorescence, and clears at 167-170° with sudden 
disappearance of a play of colors. 

The steryl acetate afforded on t rea tment with 
bromine a tetrabromide, m.p. 186-187° d e c , and 
on hydrogenation over plat inum oxide in acetic 
acid a t 1 atm. pressure gave a saturated acetate, 
m.p. 109-110°, which was identical with choles-
tanyl acetate by mixed melting point and infrared 
spectra. The sterol must be therefore a doubly 
unsaturated cholestanol. 

Oppenauer oxidation of the sterol gave a stenone, 
m.p. 69-70°, absorbing at 240.5 m/i (« 18.000) in 
the ultraviolet region, and on t rea tment with 
ozone the steryl acetate furnished isovaleraldehyde, 
whose 2,4-dinitrophenylhydrazone, m.p. 121-123°, 
was identified with an authentic sample by mixed 
melting point and infrared spectra.8 Two ethyl-
enic linkages were thus shown to be at C5 and C22, 
and this was also supported by the infrared absorp
tion bands a t 798, 840 (A6) and 970 cm." 1 (A22).9 

From these results the sterol in Hypnea japonica 
was clearly shown to be 22-dehydrocholesterol, 
already synthesized by Bergmann and Dusza who 
expected its natural occurrence on biogenetic 
grounds.10 The physical properties of synthetic 
and natural sterols and some of their derivatives 
are in good agreement as shown in Table I. 

Experimental11 

Extraction and Purification of 22-Dehydrocholesterol.— 
Dried, powdered Hypnea japonica (8.5 kg.) was extracted 
twice with 40 1. of boiling benzene for 25 hours. The dark 
brown oil (44 g.) obtained after removal of the solvent was 
saponified with a mixture of methanol (50 ml.), benzene (10 
ml.) and 40% aqueous sodium hydroxide solution (20 ml.) 
by refluxing for 2.5 hours. The cooled reaction mixture was 
diluted with 150 ml. of methanol and 100 ml. of water and 
then extracted four times with benzene. The combined 
extract was washed twice with 40% aqueous methanol solu-

(8) We have noticed that a-methylisovaleraldehyde 2,4-dinitro
phenylhydrazone (m.p. 120-121°) obtained on ozonolysis of ergosteryl 
acetate showed only slight depression (ca. 1°) of melting point on 
admixture with isovaleraldehyde 2,4-dinitrophenylhydrazonc; how
ever, the infrared spectra were different in the finger-piint region, the 
former exhibiting bands at 829, 834 and 989 cm. - 1 and the latter at 
833, 840 and 960 cm.- ' . 

(9) A. R. H. Cole, "Progress in the Chemistry of Organic Natural 
Products," Vol. XIII , Springer-Verlag, Wieu, 1956, p. 41. 

(10) W. Bergmann and J. P. Dusza, J. Org. Chem., 23, 1245 (1958). 
(H) All melting points are uncoirected. The optical rotations are 

for chloroform solutions unless otheiwise noted. 
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TABLE I 
Synthetic Natural 

M.p., 0C. [a]D M.p., 0C. [O]D 

Sterol 133.5-134 - 5 7 . 3 ° 134.5-135.5 - 5 6 . 9 ° 
Acetate 126-126.5 - 6 3 . 2 127-128 - 6 1 . 1 
Benzoate 146-147 - 2 9 . 2 145-146 - 2 9 . 0 
Tetrabro-

mide 188-189 d. 186-187 d. 

tion. The solvent was removed and the residual non-saponi-
fiable substance (10.5 g.) was treated with acetic anhydride 
and pyridine. On chromatographing the resulting acetate 
on an alumina (500 g.) column, 6.2 g. of brownish crystalline 
acetate of m.p. 121-125° was obtained from an eluate of a 
mixture of petroleum ether and benzene (5:1). The acetate 
was saponified with 5 % methanolic potash to afford 4.9 g. 
of crude sterol, which was chromatographed on a column of 
alumina (250 g.). The recovered sterol (3.0 g.) of m.p. 130-
132° eluted with a mixture of benzene and methanol (1:1) 
was recrystallized once from methanol to give pure 22-de-
hydrocholesterol (2.4 g.) of m.p. 134-135.5°, [a]29D - 5 6 . 3 ° 
(c 1.10). 

The sterol (500 mg., m.p. 134-135.5°) was heated on a 
steam-bath for two hours with p-phenylazobenzoyl chloride 
(450 mg.) in 10 ml. of pyridine. The cooled mixture was 
diluted with water, and the precipitated crude azoyl ester 
was filtered, washed throughly with water, and dried, yield 
750 mg. The ester was dissolved in 15 ml. of warm benzene 
and filtered to remove most of the pyridinium salt. 

The filtered solution was adsorbed on a column, 5 cm. in
side diameter and 60 cm. length, which was prepared by 
packing with a slurry of silicic acid12-Celite 503 (2:1) in 
petroleum ether under slight pressure. A mixture of petro
leum ether (b.p. 60-80°) and benzene (4:1) was passed 
through the column at the flow rate of 5 ml. per minute for 
15 hours, until a single orange colored band had come down 
about in the middle of the column. The azoyl ester recov
ered from this band was recrystallized from benzene-ethanol 
to orange needles, m.p. 192-193°, yield 550 mg. 

Anal. Calcd. for C40Hs2O2N2: C, 81.04; H, 8.84; N, 
4.73. Found: C, 81.38; H, 8.92; N, 4.84. 

The azoyl ester (500 mg.) was refluxed for one hour on a 
steam-bath with a mixture of benzene (20 ml.), water (8 
ml.), ethanol (25 ml.) and 8% potash solution (12 ml.) in 
70% ethanol. The cooled mixture was diluted with water, 
extracted with benzene, the extract was washed with water, 
dried, and the solvent was evaporated. The crystalline resi
due was recrystallized from benzene-methanol to give 22-
dehydrocholesterol, m.p. 134.5-135.5°, yield 300 mg., 
M29D - 5 6 . 9 ° (c 1.32); vlll 3400 (OH), 798, 840 (A5) and 
970 cm.- 1 (A") . 

Anal. Calcd. for C27H44O: C, 84.31; H, 11.53. Found: 
C, 84.35; H, 11.36. 

The acetate of the sterol crystallized from methanol in 
leaflets, m.p. 127-128°, [a]31-5D - 6 1 . 1 ° (c 1.06). 

Anal. Calcd. for C29H46O2: C, 81.63; H, 10.87. Found: 
C, 81.56; H, 10.59. 

The benzoate crystallized from benzene-ethanol in nee
dles, m.p. 145-146°, M3O-5D - 2 9 . 0 ° (c 1.08). 

(12) Analytical reagent (100 mesh) prepared for chromatography; 
Mallinckrodt Chemical Works. 

Anal. Calcd. for C34H48O2: C, 83.55; H, 9.90. Found: 
C, 83.51; H, 9.90. 

Steryl Acetate Tetrabromide.—To a solution of 210 mg. 
(0.5 mmole) of the steryl acetate in 0.8 ml. of dry ether was 
added 1.6 ml. of 10% solution of bromine in acetic acid. 
The precipitated crystalline material was collected and re
crystallized from ethyl acetate to afford tetrabromocholes-
tanyl acetate of m.p. 186-187° d e c , yield 190 mg. 

Anal. Calcd. for C29H46Br4O2: C, 46.62; H, 6.16; Br, 
42.83. Found: C, 46.91; H, 6.33; Br, 43.02. 

The tetrabromide (430 mg.) in 9 ml. of acetic acid and 4 
ml. of ether was refluxed with 400 mg. of zinc dust on a water-
bath for 1.5 hours. The cooled mixture was diluted with 
water and extracted with benzene. The extract was washed 
with aqueous sodium carbonate solution, dried, and the sol
vent was removed. The residue was recrystallized from 
methanol to give the parent steryl acetate of m.p. 127-128°. 

Stenone.—A mixture of 390 mg. of the sterol, 4.5 ml. of 
freshly distilled cyclohexanone and 14 ml. of toluene was 
distilled until 5 ml. of toluene had been removed. A solution 
of 600 mg. of aluminum isopropoxide in 4 ml. of toluene was 
added and the mixture was refluxed for two hours. To the 
cooled mixture was added 7 ml. of a saturated aqueous solu
tion of Rochelle salt and the volatile solvent was removed by 
steam distillation. The oily residue was extracted twice 
with benzene, the extract was dried and the solvent was 
removed under reduced pressure. The residue, was, after 
chromatographic on alumina with a mixture of petroleum 
ether and benzene (3:1), recrystallized from aqueous meth
anol to give 22-dehydrocholestenone, m.p. 69-70°, colorless 
needles, yield 140 mg., [a]28D +69.5° (c 1.03), \l\°s 240.5 
mM («18.000); > S 1682 (3 CO), 1620 (A4) cm. ^1. 

Anal. Calcd. for C27H42O: C, 84.75; H, 11.07. Found: 
C, 84.65; H, 10.96. 

Ozonolysis.—The steryl acetate (85 mg.) in 20 ml. of 
methylene chloride was treated at —30° with ozonized air 
(0.73 mmole of ozone per minute) for 70 seconds. Zinc dust 
(200 mg.) and 20 ml. of acetic acid was then added and the 
mixture was stirred at room temperature for two hours. 
The mixture was steam distilled into a solution of 2,4-dini-
trophenylhydrazine in 2 N hydrochloric acid. The hydra-
zone was chromatographed on a silicic acid-Celite column 
(2:1)13 with a mixture of petroleum ether and benzene (9:1), 
showing a single yellow colored zone, which was eluted and 
recrystallized from methanol to give isovaleraldehyde 2,4-
dinitrophenylhydrazone, m.p. 121-123°, yield 26 mg. (49.4 
% ) , which was identified by mixed melting point and infrared 
spectra with an authentic sample prepared by oxidation of 
isoamyl alcohol. 

Cholestanyl Acetate.—A solution of 120 mg. of the steryl 
acetate in 40 ml. of acetic acid was shaken with platinum 
oxide at 1 atm. pressure in an atmosphere of hydrogen. The 
catalyst was removed by filtration and the solvent was evap
orated under reduced pressure. The residue was recrystal
lized twice from methanol to give cholestanyl acetate, m.p. 
109-110°, yield 75 mg., which showed no depression of the 
melting point on admixture with an authentic sample. 
Their infrared spectra were completely superimposable. 
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