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Spinastanol and its Identity with Fucostanol and Stigmastanol

By C. DONALD LARSEN

a-Spinasterol, first isolated from the unsaponi-
fiable fraction of spinach fat by Clenshaw and
Smedley-MacLean,! by Heyl, Wise and Speer,?
and later by Simpson,? on the basis of the latest
experimental evidence, is an isomer of stigma-
sterol and fucosterol. «-Spinasterol, like stig-
masterol* and fucosterol,®> was formerly shown,®
by quantitative hydrogenation and perbenzoic
acid titration experiments, to be doubly un-
saturated. Whereas stigmasterol has been proved
to be unsaturated in the 22,23-position’ and, like
fucosterol,® unsaturated in the 5,6-position,®
a-spinasterol, although its points of unsaturation
are unknown, apparently exhibits saturation in
the more common sites of sterol unsaturation,
the 5,6- and 22,23-positions. Exclusion of the
22,23-position as a site of one of the ethylenic
linkages in a-spinasterol was demonstrated by the
negative results of attempted ozonization.! Simp-
son® has drawn attention to the anomalous reac-
tions of a-spinasterol, as compared to sterols with
known 5,6-unsaturation, from which he has con-
cluded that ‘‘this sterol differs from other sterols
in that it does not contain the 5:6-double bond
characteristic of the latter.”

a-Spinasterol further differs from stigmasterol
and fucosterol in that the former possesses a
double bond that is unresponsive to hydrogena-
tion® or has been caused to migrate, as has been
postulated for the 7,8 double bond of ergosterol,
to a non-reducible position. In contrast to the
nuclear double bond conjugation in ergosterol,
Simpson has excluded, by the absence of a maleic
anhydride reaction, the existence of conjugated
unsaturations in the o-spinasterol nucleus.

Recent investigation of a series of derivatives of
the completely saturated spinastanol and com-
parison of them with the constants of those simi-
larly prepared from fucostanol by Heilbron and
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co-workers® and from stigmastanol''~!? has es-
tablished the identity of these three saturated
sterols, and corroborates the isomerity of the
unsaturated sterols from which they were derived.

Originally #1415 CyyH,0 was thought to be the
correct formula for a-spinasterol. Later %18
quantitative hydrolysis of numerous esters of a-
and #y-spinasterol, and of the «- and B-spina-
stenols, gave molecular weight values for a Cs or
Cqp sterol, but preponderantly in favor of the
former. Hydrolysis of the acetyl and benzoyl
esters of entirely pure spinastanol and titrational
determination of the equivalent weight of spinas-
tanedicarboxylic acid now indicate for spinastanol
the formula CyHgeO, identical with the accepted
formula for stigmastanol and fucostanol.

Critical examination of the data in Table II
on the derivatives of spinastanol and comparison
of their physical constants with those of the more
carefully investigated Cy saturated sterols in
Table I establishes the identity of spinastanol,
fucostanol and stigmastanol. On the other hand,
the melting points and specific rotations of spin-
astanol, spinastanyl acetate and hydrocarbon,
spinastane, are significantly lower than the corre-
sponding values of Bengtsson’s sitostanol and
sitostane and Bergmann’s sitostanyl (ostreastanyl)
acetate (Table I). Therefore, it is concluded
that spinastanol, fucostanol and stigmastanol
are one and the same compound, and that they
are different from sitostanol and ostreastanol, in
accordance with the views previously set forth by
Coffey, Heilbron and Spring® and Bergmann.!?
Comparative and mixed melting points of fuco-
stanyl acetate and fucostanyl 3,5-dinitrobenzoate,
for samples of which the writer is indebted to Dr.
Heilbron, with the respective spinastanyl esters
bear out the above conclusion of identity. Like-
wise, samples of ostreastanol and its phenyl-
urethan, kindly furnished by Dr. Bergmann,
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TasLE I
COMPARISON OF SATURATED PHYTOSTEROLS
Fucostanol Stigmastanol Sitostanol Ostreastanol
Heilbron Windaus Dalmer Bengtsson Beagtsson Bergmann
Derivative M. p. []®D M. p. M.p. [a]®p M. p. {c}0D M.p. [a]® M.p. [al?n
-stanol 136 -+24.7 135 137 +24.8 140 +25.6 141 +23.7
Acetate 130 +15.1 128 131 +15.3 137 +14.6
3,5-Dinitrobenzoate 215 -+13.8° 215 +13.1° 215 +14.0
Benzoate 136 137 139
Phenylurethan 175
-stanone 1567 +40.2 = 156 157 +42.0 157 +40.6 158 +40.8 157 +41.9
-stanone oxime 218 +30.1 216 219 +30.0
-stanedicarboxylic acid 229 230
Dimethyl ester 90
-stane 84.5
¢ Rotations in benzene; all others in chloroform.
TasLe 11
PREPARED DERIVATIVES OF SPINASTANOL
Analyses, %
Mol. wt. C N
Compound Formula M. p., °C. [«]*D Caled. Found  Caled. Found Caled. Found Caled. Found
Spinastanol CasHgO 136 +24.4 416.4 83.6 81.7* 12.6 12.6
82.2* 12.4
Acetate CuHuO: 132 +14.9 458.4 457.4 81.2 8l1.1 11.9 11.8
3,5-Dinitrobenzoate  CyeH5OsNe 215 +13.1% 610.4 70.8 70.7 89 9.0 4.6 4.7
Benzoate CaHeO2 136 +19.6 520.4 516.6 83.0 8.1 10.8 11.0
Phenylurethan CaeH;7O:N 172.5 535.5 80.7 80.6 10.7 10.8 2.7 2.7
Spinastanone CyH:O 157 +40.5 414.4 83.9 8.7 12.1 12.0
Oxime CaH; ON 217 +29.2 429.4 81.0 81.0 12.0 11.8 3.3 3.1
Dicarboxylic acid CasH04 230 +33.1 462.4 458.6 75.3 75.2 10.9 11.0
Dimethyl ester CyHgO4 90 +23.4 490.4 75.8 75.8 11.1 11.0
Spinastane CoHip 84.5 +25.5 400.4 86.9 8.7 13.1 12.9

% Deviation from theory due to unremovable solvent of crystallization.

form.

when compared with spinastanol and its phenyl-
.urethan, corroborate the non-identity of these
saturated sterols.

It will be noted that spinastanedicarboxylic
acid melts at 236-237° (corr.), 7-8° higher than
the reported values for the acid from fucostanol
and stigmastanol. Thanks to Dr. Heilbron, a
sample of fucostanedicarboxylic acid has been
available for comparison, for which the reported
m. p. of 227-229° (corr.) was verified; when mixed
with the acid from spinastanol a m. p. of 234-235°
(corr.) was obtained: Due to the very close
agreement in m. p. of the several derivatives of
spinastanol with available data for derivatives of
fucostanol and stigmastanol, such variation in
m. p. of the respective acids must be not without
reason. The sample of fucostanyl acetate fur-
nished by Dr. Heilbron melted, as reported in the
literature,® at 1290-130°, and when mixed with
spinastanyl acetate did not cause any m. p. de-
pression. Nevertheless, subjection of fucostanyl
acetate to the Liebermann-Burchard reaction
was met with a comparatively faint but distinct

b Rotation in benzene:; all others in chloro-

development of green color. This fact seems to
indicate that fucostanyl acetate contains a small
amount of wunsaturated, difficultly removable
sterol.- Analogously, it has been found that
spinastanyl acetate is obtained pure only with
difficulty; unless one recrystallizes the hydrogen-
ation product of B-spinastenyl acetate from one
of the better sterol solvents, such as ether or
ethyl acetate, a pure, non-chromogenic spina-
stanyl acetate is not obtained. The pure, satu-
rated ester is best obtained by treatment of the
recrystallized . hydrogenation product in chloro-
form with acetic anhydride and sulfuric acid ac-
cording to the technique of Anderson and Naben-
hauer.?® - Therefore, it seems possible that fuco-
stanol, from-which fucostanedicarboxylic acid was
obtained by oxidation with chromic acid, might
very well have contained a small amount of un-
saturated sterol, oxidation of which may have
led to a fucostanedicarboxylic acid contaminated
with very small amounts of other, difficultly re-
movable, acidic products. Similarly, the melting
(18) Anderson and Nabenhauer, THIS JOURNAL, 46, 1957 (1924).
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point!? of stigmastanedicarboxylic acid, reported
as 229-230°, may be due to a small amount of
contaminating oxidation product. It should be
noted that the only recorded stigmastanedicar-
boxylic acid was prepared by Windaus and
Brunken from a stigmastanol which melted at
134°; this alcohol, when pure, has since been
found to melt at 136-7°.' It is possible that
the low-melting stigmastanol of Windaus and

Brunken contained a small gquantity of contam-

inant which, through oxidation, led to a slightly
contaminated dicarboxylic acid product of stig-
mastanol. A study of the dicarboxylic acids
from fucostanol and stigmastanol of unques-
tioned homogeneity appears to be warranted.

Experimental

Spinastanyl Acetate.—The preparation of spinastanyl
acetate was accomplished by hydrogenation of B-spina-
stenyl acetate in the manner previously described.® The
product was recrystallized repeatedly from ethyl acetate
and from ethyl ether. Ten grams of the acetate, m. p.
130-131°, was dissolved in 50 cc. of chloroform, to which
was added slowly 10 cc. of acetic anhydride and 1 cc. of
sulfuric acid. The mixture was shaken and allowed to
stand for a half hour, the small amount of colored material
removed by washing with water, and the solution dried
and evaporated to dryness. The residue, after crystalliza-
tion from ethyl acetate or acetone, melted at 131.5-132°;
[«]*D +-14.9°.

Spinastanol.—The above acetyl ester was hydrolyzed
by boiling for one hour in 3%, alcoholic potassium hy-
droxide, The recovered sterol, after crystallization from
alcohol and from acetone, melted at 136.5-137.0°; [a]®D
+24.4°,

Spinastanyl 3,5-Dinitrobenzoate.—This ester was pre-
pared in the usual manner from the sterol and the acid
chloride in pyridine, The ester was crystallized from
acetone and from ether; m. p. 214-215°; [«]®D +13.1°
(benzene),

Spinastanyl Benzoate.—The preparation of this ester
was analogous to that of the 3,5-dinitrobenzoate. It was
crystallized from acetone and ethyl acetate; m. p. 135-
136°; [a]®D +19.6°.

Spinastanone.—One gram of spinastanol was dissolved
in 360 cc. of 96% acetic acid, to which was added 250 mg.
of chromic anhydride in 60 cc. of acetic acid and 2 cc. of
water with constant stirring during one-half hour. After
standing for twenty hours the acetic acid was removed un-
der reduced pressure, the residue digested with 100 cc. of
8 N sulfuric acid, and the oxidation products dissolved in
ether. The acidic fraction was removed by extraction
with 7% aqueous potassium hydroxide, the ether was
evaporated from the neutral fraction, and the residue re-
crystallized from methyl and ethyl alcohol; m. p. 156.5~
157°; [a]®Dp +40.5°; yield, 50%.

Spinastanone Oxime.—The oxime of spinastanone was
prepared in the usual manner with hydroxylamine hydro-
chloride and sodium acetate in alcoholic solution. The re-
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covered oxime was crystallized from methyl alcohol and
from acetone; m. p. 218-219°; [a]®p +29.2°.

Spinastanedicarboxylic Acid.—Two grams of spinastanol
was dissolved in 100 cc. of warm 96%, acetic acid, to which
was added 2.6 g. of chromic anhydride dissolved in a few
drops of water. The mixture was heated on the steam-
bath for two hours with occasional stirring. The solution
was cooled, after which the oxidation products were pre-
cipitated with excess water and extracted with ether.
Separation of the acidic fraction was made with 79 aque-
ous potassium hydroxide; about 0.2 g. of spinastanone was
isolated from the neutral fraction. The acidic fraction
was precipitated from the alkaline extract by acidification,
extracted with ether, the ether evaporated and the residue
recrystallized from methyl alcohol and from acetone.
The nearly pure dicarboxylic acid, m. p. 234-235°, was
dissolved in ether, again extracted as the potassium salt,
precipitated with dilute hydrochloric acid and extracted
with fresh ether. The residue from the evaporated ether
solution was recrystallized from an alcohol-chloroform
mixture (3:1); m. p. 236-237; [a]®Dp +33.1°; yield
30%.

Dimethyl Ester.—The methylation of spinastanedi-
carboxylic acid was carried out in the cold with diazo-

methane., The recovered dimethyl ester was crystal-
lized from methyl and ethyl alcohol; m. p. 89.5-90°;
[a]®D +23.4°,

Spinastane.—The reduction of 0.5 g. of spinastanone
to the hydrocarbon was accomplished according to the
directions of Windaus and Brunken.'? The recovered
hydrocarbon was crystallized from alcohol and acetone;
m. p. 84.0-84.5°; [«]®D +25.5°,

Spinastanyl Phenylurethan.—Preparation of the phenyl-
urethan of spinastanol was carried out in benzene with
phenyl isocyanate, in the usual manner. The derivative
was crystallized from methyl and ethyl alcohol; m. p.
172.0-172.5°; [«]®D +14.3.

Molecular Weight Determinations.—Samples of spina-
stanyl acetate were hoiled for one hour in 0.1 N alcoholic
potassium hydroxide, and the excess alkali titrated with
accurately standardized 0.1 N hydrochloric acid. Blank
samples of alkali were boiled and titrated simultaneously.
Hydrolysis of 0.3141, 0.2770, 0.2919, 0.1980, 0.1657, 0.3222
and 0.2054 g. of spinastanyl acetate consumed 6.91, 6.02,
6.43, 4.32, 3.56, 7.31 and 4.47 cc. of 0.1000 N alkali, re-
spectively, corresponding to molecular weights of 455.7,
460.1, 452.7, 458.3, 464.8, 454.4 and 459.4; average
molecular weight found, 457.9; calculated on the basis of
CuHuOs, 458.4.

Samples of spinastanyl benzoate were hydrolyzed in a
manner analogous to that for the acetyl ester. Hydrolysis
of 0.2810 and 0.1413 g. of spinastanyl benzoate consumed
5.45 and 2.73 cc. of 0.1000 N alkali, respectively, corre-
sponding to molecular weights of 515.6 and 517.6; aver-
age, 516.6; calculated on the basis of CyHOs, 520.4.

Samples of spinastanedicarboxylic acid were titrated
with dilute potassium hydroxide for equivalent weight
determination. Samples of 0.1020 and 0.0761 g. of the
acid were dissolved in neutral alcohol, to which was added
7.49 and 6.50 cc. 0.1000 N hydrochloric acid, respectively.
Total 0.1000 N alkali required for neutralization was 11.95
and 9.81 cc., respectively; net, 4.46 and 3.31 cc. Equiva-
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lent weights found, 228.7 and 329.9;
calculated on the basis of Cs»HwOy, 231.2.

Summary

1. A series of derivatives of spinastanol have
been prepared, the physical constants of which
warrant the conclusion that this saturated sterol
is identical with fucostanol and stigmastanol.

2. The identity of spinastanol, fucostanol and
stigmastanol points out the isomerity of the
naturally occurring sterols from which these
saturated derivatives are obtained.

average, 229.3;
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3. Spinastanol appears to differ from ostrea-
stanol and sitostanol, probably in the arrangement
of the side chain rather than in the carbon skeleton
of the nucleus.

4. Hydrolysis of the acetyl and benzoyl esters
of spinastanol, and titration of the equivalent
weight of spinastanedicarboxylic acid, establish
for the spinach sterols a skeleton of twenty-nine
carbon atoms, in cominon with other well inves-

. tigated phytosterols.
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Studies in Organic Peroxides.

V. t-Butyl Hydroperoxide'

By NicHoLAas A. MILAS AND S. ARTHUR HARRIS?

"The extraordinary stability of ¢-butyl hydrogen
peroxide solution® and its therapeutic efficacy in
the treatment of various fungus diseases* have
stimulated our interest in the investigation of its
chemical nature. In view of the lability of the
hydroxyl group in tertiary alcohols, it was early
suspected that pure hydrogen peroxide in non-
aqueous solution would react with ¢-butyl alcohol
reversibly to form ¢-butyl hydroperoxide. Al-
though such a reaction between alcohols and hy-

(CH,),COH + HOOH > (CH,)%COOH + H:0

drogen peroxide is unknown, an analogous re-
action between organic acids and hydrogen per-
oxide in non-aqueous solvents has been known
for some time.®

All of the alkyl hydroperoxides known, methyl,®
ethyl,® isopropyl,” are much less stable than ¢-
butyl hydroperoxide, which, besides being stable
at room temperature, decomposes very slowly in
alkalies or in the presence of pure liver catalase
or horse-radish peroxidase. A distinct advantage,
however, lies in the simplicity of its preparation.
While the other hydroperoxides have been made
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by the alkylation of hydrogen peroxide with the
corresponding dialkyl sulfates, {-butyl hydroper-
oxide can be prepared very easily from the anhy-
drous ¢-butyl alcoholic solution of hydrogen per-
oxide® by subjecting the latter to fractionation
under reduced pressure in the presence of dehy-
drating agents such as anhydrous magnesium sul-
fate or preferably glacial metaphosphoric acid.

Experimental Part

Preparation of ¢-Butyl Hydroperoxide.—To 600 cc. of
30% aqueous hydrogen peroxide “Albone C” was added
with frequent shaking 2340 cc. of ¢-butyl alcohol (b. p.
81.7-81.8°) and the solution allowed to stand for fifteen
minutes, when 225 g. of anhydrous sodium sulfate was
added slowly with vigorous shaking, The mixture sepa-
rated into two layers and the non-aqueous layer containing
most of the peroxide was removed and shaken first with
225 g. more of anhydrous sodium sulfate, then with two
225-g. portions of anhydrous magnesium sulfate. The
final mixture which was essentially free from water was
filtered and the filtrate allowed to stand several days over
400 g. of glacial metaphosphoric acid. This treatment
produced a peroxide solution having an active oxygen con-
tent equivalent to about 179, ¢-butyl hydroperoxide.

To obtain the pure hydroperoxide, samples of the above
were fractionated several times under diminished pressure
over glacial metaphosphoric acid or anhydrous magnesium
sulfate using an all-glass apparatus and the fraction boiling
at 38-38.5° (18 mm.) collected and analyzed. Both the
metaphosphoric acid and the magnesium sulfate, when
used as dehydrating agents, brought about the production
of the same peroxide. That this peroxide is not a constant
boiling mixture between hydrogen peroxide and ¢-butyl
alcohol, is shown by its physical and chemnical properties.

Anal. Caled. for CH1eO;s: C, 53.33; H, 11.11; active
(0), 17.78. Found: C, 53.68, 53.63; H, 11.10, 11.17;
active (0O), 17.84, 18.10, 18.21.



