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Introduection

The intent of this study was to compare the
amount and identity of sterols occurring in plant
seeds with variety, species and genus differences
of plants. The sterol composition of seeds of tﬁé
varieties of alfalfa (Hardigan alfalfa seed and
Grim alfalfa seed) and of two species of clover
(Medium Red clover seed and Dutch White clover
seed) was examined. The results of this investig-
ation, although limited in scope and as yet in-
corplete, indicate that sterol composition is the
same for different varieties of single species
and for different species of a single genus. The
stercl composition of the two genera studied was
distinctly different.

There have becn previous attemptsl

to classify
sterols as characteristic of certain orders or
families of plants, In view of the occurrence of

CL-spinasterolz’5’4’5’6’7

in very different plant
types it is probabie that such classifications are
unjustified. There is need for a detailed char-
acterization of the sterols of many more plants
before any general relationship can be defined.,

It is well known that sterols form a major

portion of the unsaponifiable fraction of most



seed olls. Accordingly the crude sterols were
isolated from the unsaponifiable fraction of the
0il from each of the seeds mentioned and some
progress was made in separating the crude material
into its component chemical individuals.,

In each of the oils studied there was observed
a characteristic phytosterolin which could be
hydrolyzed into a mixture of sterols and a reduc-
ing substance. These compounds are resistant to
alkaline hydrolysis and do not accompany the un-
saponifiable fraction. They were, therefore, iso-
lated and worked un senarately. Phytosterolins
probably occur very generally in plant sced oils
and any study of sterols should provide for ob-
servation of them separate and apart from the
sterols in the unsaponifiable fraction.

In order to present the experimental part
clearly it hns been written as a series of short
Sections, I-X . 1In a special addendum, Section XTI,
the sterol coaposition of the four seed oils has

been summarized.



I. The Sterols from the Unsaponifiable Fraction of

Hardigan Alfalfa Seed 0il.

Three isomeric sterols, @ -spinasterol,

B =spinasterol and a new sterol of the same gener-
al type which for purposes of this thesis was
designated & -spinasterol, have been isolated from
the unsaponifiable portion of Hardigan alfalfa

seed oil,

In order to separate these isomers the crude
sterols were dissolved in a large excess of acetic
anhydride., On cooling this mixture, the acetates
of O -spinasterol and B -spinasterol separated
as flakey cryvstals and were filtered off while the
S -spinasteryl acetate renained for the mnost part
in the acetic anhydride mother licuors. o.-spin-
asterol and @ -spinasterol were separated by
saponifying the crude acetates and repeatedly re-
crystallizing the resultant sterols Trom 85% alco-
hol. @ =-Spinasterol is considerably more soluble
than & -splinasterol in this solvent and was con-
centrated in the mother liquors.

o -Spinasterocl was purified by extensive
recrystallization From methanol and from chloro-
form-mehtanol, in an attempt to bring its rotation

and melting roint to the values reported by Kuwada
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and Yosikie’ for bessisterol., This effort was

not successful. O ~spinasterol has pnreviously
been isoclated from alfalfa seed oils. Several

investigators6’lo

have been able to reduce @ -sSpin-
asterol to OL -spinastenol which was subsequently
identified as O -stigmastenol by Fernholz and
Ruighll. The OL -spinasterol isclated from al-
falfa seed o0il gave @ -stigmastenol on catalytic
reduction,

The purification of R -spinasterol presented
some difficulty since traces of @ -spinasterol
persisted. This @ -spinasterol wvias removed by re-
peated recrystallization from 85% ethyl alcohol,

B -Spinasterol has been previously observed by
Heyl and Larsenlg es a constituent of spinach fat.
These authors noted that it absorbed one mole of
hydrogen to give the same "spinastanol" as o -spin-
asterol, Their analvsis indicated the formula was
ConHagO o Since recent work has established the
reduction product of G =-snpinasterol as oL -stig-

mastenolll

, it is apparent that the @ -spinasterol
of spinach Pat+® has a basic structure containing
twenty-nine carbon atoms.

The @ =-spinasterol isoclated from Hardigan
alfalfa seed 0il has the formula CogHynOH . On

catalytic reduction it gave QU -stigmastenol

(CogHygOH). The (3 -spinasterol cf Hardigan al-



falfa seed is therefore a doubly unsaturated
sterol, isomeric with QL =-spinasterol, and identi-
cal with the @ -spinasterol of spinach fat.

& -Spinasterol was best purifiecd by saponi-
fying the crude acetates and recrystallizing from
ethyl alcohol and from methanol. Analvsis indie- -
ated the forrmula CsgHynOH . On catalytic reduction
it gave QL -stigmastenol. & -Srinasterol is there-
fore a doubly unsaturated sterol, isomeric with
oL -~-sninasterol,

Sobotkat tacitly jdentified the 5] -gpin-
asterol of swpinach rattl with the iso-spinasteroll3
produced when OL -spinasterol was heated with
chlorocacetyl chloride. This assumption 1is not
necessarily true since ‘S -sninasterol has es-
sentially the sarme melting voint as that reported
for iso-spinasterol,

Summaries of the separation and of the re-
lationships of the three isomeric spinasterols are

presented in Pig. 1 and Fig. 2 .

Experimental
l. Separation of Crude Sterols from the Unsaponi-
Tiable Fraction.
One hundred and fifty grams of crude unsaponi-

fiable material from Hardigan alfalfa seed o0il,



Crude Hardigan
Alfelfa Seed Sterols, m.p. 120-157°

dissolve in acetic anhy-
dride (30 oc per gm). Let
stand at room temperature

soluble maoluble
& ~-spinasteryl O -gpinasteryl aecetate
acetate P -Spinasteryl acetate
Hydrolyze acetic Saponify, re-
anhydride, saponigy erystallize
acetates, reorystal- 10 times from
lize from 955 ethyl 854 ethyl
alocohol and from alcohol,
methanol.
More soluble & -spu}asterol sol'n orude orude
material MeDe143-145C 4 -spina- QL-spinastercl
sterol

Evapor- |Recrystal-
ate s0l-~|lize from
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tallize | CHClg
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95% eth-
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ohol.
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m,p.147-149° MeP+166-168°

Fig. 1
Summary of the separation of Ol -spinasterol, @ -spinasterol
and § -spinasterol
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prepared as directed by King and Balls, was dis-
solved in enough ethyl ether to make about 500 cc,
A stream of water vapor* was passed through the
solution until a slight turbidity occurred and the
mixture let stand over night at 5°, The crystal-
line mass which separated was filtered off and
recrystallized from ethyl ether. The original
mother liquors, and those from the subsequent
recrystallizations were concentrated somewhat and
the whole process repeated. In this way 26 frac-
tions were obtained,

The 26 solid fractions weighing about 47 g.
were nearly free of colored oily material. The
first fraction isolated melted about 1580, sub-
sequent fractions had lower and lower melting
points, while the last fTractions had very indefi-
nite melting ranges in the vacinity of 60°, These
crude fractions were combined and classified into
two groups, those melting above 120° (Fraction A)
and those melting below 120° (Fraction B). Frac-
tion B will be considered in Section II of this

thesis.

e - e e w e e et s ——

* A small amount of water greatly facilitates the
separation of the sterols from the oily mixture.
These sterols tend to crystallize with one-half
mole of water, if water is available.



2, Fractionation of the Crude Steryl Acetates from
Cold Acetic Anhydride.

The crude sterol fractions melting above 120°
(Fraction A) were combined and dissolved in acetic
anhydride (30 cc. per gram). This mixture was heat-
ed one hour, let stand over night, and then filter-
ed. The solid steryl acetates (Fraction Aj) so
obtained consisted mostly of (X -spinasteryl and
B —spinasteryl acetates. Yield 24+5 g., m.p. 152~
157°,

The acetic anhydride mother liquors from the
above were hydrolyzed by heating with water. The
s0lid steryl acetates precipitated by this treat-
ment (Fraction As) were filtered off and recrystal-
lized from 95% ethyl alcohol. Yield 2.9 g., mM.D.
122-127°,

3. Senaration and Identification of O -spinasterol

an¢ @ —spinasterol.

& -3Spinasterol-- The crude acetates,
m.p. 152-157°, (Fraction A;) were hydrolyzed by
boiling 1 hour with 5% alcoholic potassium hydrox-
ide. The reaction mixture was poured into water
and extracted with ethyl ether. The ether sclution
was washed with water anc¢ evaporated tc dryness on

the steam bath, The crude sterols obtained were
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dissolved in just suffiecient boiling 85% ethyl
alcohol to effect complete solution. This mixture
was let stand over night and the crystalline ma-
erial separated., The s0lid material was then re-
dissolved in a minimum amount of boiling 85% ethyl
alcohol and let stand again. This proceeduré was
repeated 10 times. The resultant crystalline
material was then recrystallized from methyl alcoh-

ol, and from chloroform-methyl alcohol; m.p. 168,5-

a7
169°; BJJD'Z - 2.68° (556 mg., 10 cc. chloro-
27
form, £ = 2 dem., Q, = - 0.,298°, aver-

age reading). All the attempts to bring the ro-
tation of O -spinasterol to the value - 8.5° or
- 13.5°, as reported by Kuwada and Yosiki®s 9 failed.
O -Spinasterol isolated in this way forms a pre-

cipitate with digitonin,.

QL ~-Spinasteryl acetate— A quantity of
O -spinasterol was dissolved in acetic anhydride
and the mixture heated one hour. On standing the
crystalline acetate separated. The product was

filtered off and recrystallized from 95% ethyl

27
alcohol; m.p. 180-1820; Eﬁgo = - 6.,35°
(52.9 mg., 2 cc. chloroform, AL = 2 dem.,

Y o L
adp = = 0,336°, average reading). Attempts
to bring the rotation to the value - 13.46°

reported by Kuwada and Yosiki9 were not successful.



O -Spinasteryl benzoate-— Five hundred
milligrams of OC-gpinasterol was dissolved in
1.5 cc. pyridine and 0.5 cc. benzoyl chloride
added. The mixture was heated in a boiling water
bath 2 hours, let stand over night, poured into
ice cold 5% sulfuric acid and the product extract-
ed with ethyl ether. The ether solution was washed
first with 1% sodium carbonate, then with water,
and finally evaporated to dryness on the steam
bathe. The product was recrystallized twice from

95% ethyl alcohol, Yield 350 mg.; m.p. 196-199°;

9
[a]o = 2,20° (51.6 mg., 2 cc. chloroform,
19
/( = 2 dcm., &XLp = 0.1140, average read-
ing).

—8pinasterol— The combined mother liguors
from the isolation of Q@ -spinasterol were evapor-
éted to a small volume and water added. The pre-
cipitate was filtered off and taken up in the
smallest volume of boiling 85% ethyl alcohol which
Would efTect solution. ifter standing over night
at room temperature the solid material was filter-
. ed off. From the mother liquors a fraction corre-
sponding to the £ —spinasterol of leyl et~al.lz’
was 1solated. On recrystallization from 95% ethyl
alcohol it gave Tlakey transparent crystals;

MeDoe i48-150°. In melting they lost water of
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a0
crystallization at 110-125°, [O.]D = 5,91°

(52.7 mg., 2 cce. chloroform, .€ = 2 dcm.,
20

xp = 0.3116°, average reading). The sub-

stance formed an insoluble precipitate with digi-

tonin.

inal. 2,391 mg. gave 2.582 mg. TI0H; 7.240 mg. COg
c, 82.56 ; H, 11.98

Calecd. for CogHgpOHe HHoO c, 82.58 : H, 11.72

Anhydrous p-Spinast erol— @—Sp inasterol

as isolated alou. e was heated at oSu® 1.1 vacuo for

7 days. The product was free of water of crystal-

lization; m.p. 148-1500,

Anal. 2.232 mg. gave 2.447 mg. HOH; 6.904 mge COp
c, 84,35 ; H, l2.1l2

Calcd. for CogHanOH c, 84.38 3 H, 11,73

This anhydrous product on recrystallization from

95% ethyvl alcohol gave the orizinal nroduct

CogHanpOH*3H20 .

@ —Spinasteryl acetate—~ One hundred milli-
grams of @ —spinasterol was dissolved in acetic
anhydride and the mixture hecated 1 hour. On stand-
ing several hours at room temperature the crystal-
line acetate separcated. The product was filtered

off and recrystallized from 95% ethyl alcohol;
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79 o
chloroform, £ = 2 dem., o, = 0.2289,

average reading).

Anal. 2.332 mg. gave 2.292 mg. HOH; 6,998 mg. COg
2.235 mg. gave 2.290 mg. HOH; 6.683 mg. COp
c, 81.83, 81,54 ; H, 10,92, 11.38

Calcd. for c51H5002 c, 8l1.88 ;3 H, 11.097
f?—Spinasteryl benzoate— Five hundred

milligrams of (@ -—spinasterol in 1.5 cc. nyridine

was treated with 0.5 cc. benzoyl chloride, The

nixture was heated 2 hours on a boiling water

bath, let stand over night, and then worked up as

usual. The product was recrystallized from a mix-

ture of ethyl alcohol and ethyl ether. Yield 450mg.;

9
MePe 181-1830; Ehgo = 7.,51° (56,0 mg., 2 cCe.
/
chloroform, L =2 dcm., Gbc? = 0.421°, ave-

rage reading).

Anale 2.127 mg. gave 1.963 mg., HOH; 6.540 mg. COg
C, 83.81 ; H, 10.25

Calcd. for Cgglizs0s c, 83.65 ; H, 10.15
Hydrogenation of @ —spinasteryl ncetate—

Nine hundred and fiity milligrans of @-—spin-

asteryl acetate was dissolved in 25 c¢ec. glacial

acetic acid and shaken in an atmosphere of hvdrogen

for 2 hours in the presence of 100 mg Adam's cata-

lystlé. An additional portion of catalyst was

added and the reaction continued abvout 2 hours



-14-

more. The reaction nixture was diluted with watexr
and the product extracted with ethyl ether. The
ether solution was washed with water, then with
1% sodium carbonate, and again with water. The
solvent was then removed by evaporation on the
steam bath. The product vas recrystallized from
95% e_;chyl alcoho’. Yield 625 mge.; m.p. 115-116°;
[;l}; = 9.590° (53.1 mg., 2 cc. chloroform,

L = 2 dclile, d-g 0.510°, average reading).

Anal. 2.054 ng. gave 2.153 mg. HOH; 6,169 mg. COg
c, 81.90 3 H, 1l.64

Calcd. for CzyHgo0g C, 81.50 ; H, 1l.48

This compound gave no depression in melting point

when mixed with an authentic srecimen of X -stig-

mastenyl acetate (prepared from authentic A -spin-

asterol).

QL -Spinastenol (A& -stigmastenol)ll— The
acetate mentioned above was hydrolyzed with 5%
alcoholic KOH. The reaction mixture was poured into
water and the product extracted with ethyl ether,
The ether solution was washed with water, the
solvent evaporated, and the product was recrystal-
lized from methanol; m.p. 111-112°; [a.];’: 21.17°
(53.7 mg., 2 cc. chloroform, =2 dem.,, acg_=:

1.1379, average reading).
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Anal. 2,562 mg. gave 2.832 mg. HOH; 7.898 mg. 002
c, 84.05 ; H, 12.28
Calcd. for CsglHygOH C, 83.97 ; H, 12.13
There was no depression in melting point when a
specimen of this substance was mixed with authen-

tic O -gstigmastenol,

4, Fractionation of the Material Soluble in Cold
Acetic Anhydride.

The crude acetates (Fraction Ag), m.p. 122~
1279, were hydrolyzed with 5% alcoholic potassium
hydroxide. ‘The reaction mixture was poured into
water and the product extracted with ethyl ether,
The ether solution was evaoprated to dryness and
the residue fractionally crystallized from ethyl
alcohol. The more soluble fractions yielded a
crystalline substance; m.p. 122-125%;

20:8
[&]D = =~ 4.,80° (48,7 mg., 2 cc., chloroform,
L = 2 den.,. , a.i,""f = - 0.2540, average

reading). This material was not further studied.

5‘-Spinasterol- The. less soluble top frac-
tions gave a product; m.p. 142-143°, This substance,
" after repeated crystallization from methanol, gave
a substance which appeared to be a chemical in-

o 19
dividual; me.p. 143-145"; [Ogo = 6,15° (49.6 nG.,
9

2 ¢cc. chloroform, /é = 2 d¢em., Ap = 0,3059,

average reading).
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Anal. 2.466 mg. geve 2.670 mg, HOH; 7.490 mge COp
cC, 82.80 ; H, 12.03

Calcd. for CpgHsapOHe#Ho0 €, 82.58 ; H, 11.72

This substance forms an insoluble precipitate with

digitonin and gives the comron sterol color tests.

S-Spinasteryl acetate— The sterol, m.Dp.
143-145°, was dissolved in a small amount of acetic
anhydride and heated one hour. On standing at room
temperature the product crystallized out. It was

,
recrystallized from 95% ethyl alcohol; m.p. 138-
o 1S o
133.57; E@JD = 0.,82° (49.7 mg., 2 cc. chloroform,

/6.5 .
L = 2 dem., Qp = 0.041°, aver: ge reading).

Anal, 2,526 m~, gave 2.570—mg. HOH; 7542 mg- COg
-C, 81.42 ; H, 11030

Calcd. for Cz1Hs002 c, 81.88 3 H, 11,097

This acetate on hydrolysis gave the sterol; m.Dve.

14%-145°, This acetate was also obtained from the

mother liquors when crude iso-spinasteryl acetates

were fractionated from 95% ethyl alcohol.

cs-Spinasteryl benzoate-—  Two hundred and
ninety milligrams of the sterol was dissolved in
1l cc. pyridine and reacted with 0,5 cc. benzoyl
chloride. The mixture was heated 2 hours on a
boiling water bath and let stand over night. The
product was recovered as usual, and recrystallized
4 times from ethyl alcohol; m.pe. 165-168° (soften-

/9
ing gradually to a wiscous liquid) Ei]b :'11.170;



=]17 -

(504 mg., 2 cc. chloroform, ,1? — 2 dcm.,
d_%g — 0.563°, average reading).
aale 24391 mg. gave 2.252 mg. HOH; 7.294 mge. GOy

C, 83.20 ; H, 10.37
Ccaled. for G, H_,0 c, 83.65 ; H, 10.15

36752723 ?
Hydrolysis with 5% alcoholic potassium hydroxide
gave the original sterol, m.p. 145-145°, and the
sterol recovered from the benzoate was converted

to the acetate; m.p. 131-134°,

Hydrogenatibn of & -spinasteryl acetate—
One hundred milligrams of § -spinasteryl acetate
was dissolved in 10 cc. Of glacial acetic acid
and reacted with an atmosphere of hydrogen in the
presence of 50 mg. of Adam's catalyst. The product
was recovered in the usual manner and recrystal-
lized twice from 95% cethyl alcohol. Yield 40 mge.;
m.p. 111-112°; @,]%4‘::8.620 (44.5 mg., 2 cce
chloroform, £ = 2 dcm., aAE* = 0.384°%, aver-
age reading). This product when mixed with an
authentic specimen of QL -stigmastenyl acetate

showed no depression in melting point.

Sumary
1. From the unsaponifiable portion of Hardigan
alfalfa seed o0il three isomeric sterols of

formula CggliygOe#Hz0 ; namely, (A -spinasterol,
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B -spinasterol and § -spinasterol have been
isolated,

2. Several derivatives of each of the sterols have
been prepared and the physical constants and
analysis observed.

3 Hach of the three isomers can be reduced Lo

A -stigmastenol.
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II. Isoclation of an Hydrocarbon and of a Fourth

Alcohol from the Unsaponifiable of Hardigan Alfalfa
Seed 0il.

From the crude so0lid fractions of low melting
point, obtained from the unsaponifiable fraction
of Hardigan alfalfa seed oil (Fraction B), an
hydrocarbon and a fourth alcohol were isolated,

The hydrocarbon was separated by means of its
lcw solubility in acetone after removal of most of
the sterols. It was not characterized.

The alcohol was separated as the acetate
from acetone after removal of most of the hydro-
carbon. Analysis indicates as a probable forrula
CogllynOH , isomeric with the three sterols men-
tioned in Section I. It is highly dextro rotatory.
It reacts smoothly with halogens In such a way as
to indicate one double bond. It did not precipi-
tate with digitonin and could not be epimerized
with sodium amylate to give a compound which did
precipitate with digitonine. It gave a slight pink
color to the sulfuric acid layer in the Lieberman-
Burchard test,

A summary of the separation procedure used
to obtain this hydrocarbon and this alcohol is

given in Fig. 3 .
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Dissolve in &
large volume of
boiling acetone,

cool.
solution flocculent precipl-
tate (hydrooagbon)
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Experimental

Isolation of an Hydrocarbon-— The crude sterol
fractions (4 g.) melting below 120° (Fraction B,
Section I), were combined and fractionated ex-
tensively from 95% ethyl alcohol. The first frac-
tions melting above 120° avpeared to consist of
sterols identical with those already described and
were set aside. The lower fractions had very in-
definite melting points from 30-115°., These lower
fractions were combined, refluxed with 500 cc.
acetic anhydride and let stand over night. The
s0l1id material which separated was filtered off
and diszolved in 200 cce. boiling acetone, & floccu-
lent precipitate settled on cooling. It was filter-
ed off and recrystallized from acetone; me.p. 64~
66°. The substance had a waxy feel, was insoluble
in cold concentrated HeS0,4 and appeared to be an

hydrocarbon. No further characterization was mnade.

Isolation of the acetate of an alcohol— The
acetone mother liquors fromn which the hydrocarbon
was lsolated were concentrated to 100 cc. and let
stand. Large rod-like crystals as well as larsze

flakey crystals separated along with more of the
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hydrocarbon. The mixture was filtered in such a
way as to retain only the very large rod-like and
flakey crystals. These were separated manually. The
flakey material consisted mostly of f3 -spinasteryl
acetate., The rod-like crystals were recrystallized

from acetone., Yield 0.5 g.; Me.p. 2358-239°;

@L]Il)g:: 79.8° (50.¢ mg., 2 cc. chloroform,
z

= 2 dcne., (1%9:_- 4..0400, average reading).

Anal, 2.248 mg. gave 2.309 mg. HOH; 6.754 mg. 002
2.120 mg. gave 2.110 mg. HOH; 6,358 mg. 002
2,645 mg. gave 2.667 mg. HOH; 7.951 mz. COg

c, 81.83, 81,79, 81.97; H, 11l.41, 11.05, 1l1l.20

Calcd. for 051H5002 c, 81.88 ; H, 11,097

Reaction with Hanus iodine solution—~ To
5,018 mg. of the above acetate, dissolved in 0.2 cc.
chloroform, was added 0.8 cc., Hanus iodine solution
(equivalent to 1.039 ¢c. of 0.0988 M sodium thio-
sulfate). The reaction mixture was let stand
thirty minutes. Halogen equivalent to 0.287 cc. of
0.0988 M sodium thiosulfate was taken up giving
an iodine number of 72.6 . In a second experi-
ment, 4.709 mg. took up halogen equivalent to
O.244 cc, Of 0.0988 M sodium thiosulfate giving

an 1odine number of 65,7 .

Hydrolysis of the acetate— The above ace-
tate was refluxed for 1 hour with 5% alcoholie KOH.

The reaction mixture was diluted with water and



the product extracted with ether. The ether sol-
ution was washed with water and the solvent evap-
orated on the steam bath. The product was re-
crystallized from Qé%xethyl alcohol; me.pe 194-
1erystallized from 95% ethyl alcohol; me.pe 194-
£196°; [d.j]l)e = 86.,5° (24,8 mg., 2 cc. chloro-
rform, @ = 2 dem., O2°  2.149°, sverage
Anale 2.070 mg. gave 2,127 mg. HOH; 6.418 mg. COp
2.310 mg. gave 2.464 mg. HOH; 7.160 mg. CO5
Cc, 84.55, 84,52 ; H, 11.41, 11.85
Calcd. for CogHynOH c, 84,38 ; H, 11.73
This alcohol on hesting with acetic anhwywdride gave,
in almost quantitative yield, a product identical
with the original acetate; m.p. 234-238°., The re=-
generated acetate when hydrolyzed again gave the
alcohol; m.p. 194-196°, This alcohol did not give
a precipitate with digitonin. It colored the sul-

furic acid layer cherry red but did not color the

chloroform layer in the Lieberman-Burchard test.

Summary

From the unsaponifiable of alfalfa seed o0il,
a hydrocarbon and a fourth alcoh~l have been

isolated.



JIT. Isolation and Composition of a Phytosterolin

from Hardigan Alfalfa Seed 011,

Sterol glycosides, called phytosterolins by
Power and Salwayls, are known to occur generally
in bark, leaves and seeds. Recent investigatorslss
17,18 have shown them to be prominent sterol con-
taining constituents of soybean oil and of cotton
seed oil. It 1is probadble that rhytosterolins occur
much more commonly in seed oils than is commonly
recognized.

From the cold concentrated ether extract of
Hardigan alfalfa seed a phytosterolin vas iso-
lated. This same substance was also isolated almost
pure as a precipitate in oil that had been stand-
ing in the refrigerator for several weeks. A ge-
latinous precinitate at the ether aqueous soap
interphase of a saponification mixture of Hard-
igan alfalfa seed oil was also found to be a
phytosterolin.

Because this alfalfa seed phytosterolin occurs
at various points in the isolation scheme, and
because it is occasionally contaminated by a
nitrogenous substance, estimates of the yield are
variable.

This phytosterolin was purified by recrystal-

lizing from a large volume of amyl alcohol, It was



characterized in general by a very low solubility,
however, it formed an acetate which wasvery soluble
in organic solvents. On acid hyarolysizs the ster-
olin gave a mixture of sterols, from -rhich
Ol -spinasterol was isolated. Neither f —spin-
asterol nor & -spinasterol reported in Section I
could be observed. It seems probable that the
original sterolin is a glycoside of A -spin-
asterol, and the sterol mixture is mostly due to
breakdown products produced by the hydrolysis
procedure.

A summary of the separation procedure and
chemical relationship of the phytosterolin is

given in Fig. 4 and 5 .

Experimental

Isolation of phytosterolin-— The ether ex-
tracts from 28 kg. of Hardigan alfalfa seed were
concentrated to about 50% oil, whereupon a white
insoluble powder separated out. This substance was
filtered off, washed with ether and dissolved in
a large volume of boiling n-amyl alcohol. The hot
solution was filtered and cooled. A white powder-
like precipitate settled out; yield 4.9 g. This
substance turned browvm at 240° and decomposed at

274-277°, A quantity of this sterolin also settled
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out of alfalfa seed o0il when it had stood for
several weeks in the refrigerator. A further
quantity of this material was isolated as a gelati-
nous precipitate at the interphase of an ethyl
ether extract of the alcoholic aqueous soap sol=-
ution resulting from saponification of alfalfa

seed oil.

This sterolin dissolved in acetyl chloride
and acetic anhydride and formed in the process an
acetate. It was soluble in cold concentrated sul-
~ furie acid, and was slightly soluble in ether,
n-amyl alcochol, and p-~dioxane, but was nearly in-
soluble in most other common solvents. Cualitative
analysis indicated *the ~resence of carbon and
hydrogen. This substance gave a positive Lieber-

man-Burchard test, and a positive Molisch test.

Acetylation of the sterolin-- A small amount
of the sterolin was dissolved in acetic anhydride.
The mixture was decomposed with water, cooled and
extracted with ether. The ether layer was washed
with sodium carbonate then with water, and the
solvent evaporated. The residue was dissolved in
methyl alcohol and the hot solution filtered.
After standing over night, the acetate was filter-
ed off, and recrystallized twice from methanol;

TlePo 160-1620
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Hydrolysis of the sterolin acetate—~ About
O.1 g Of the above acetate was refluxed for ten
minutes in 20 cc. ethyl alcohol containing 0.l g.
KOH. The precipitated sterolin was filtered off,
washed with 95% ethvl alcohol and with water and
finally dried. The product appeared to be identi-
cal with the original sterolin., It turnsd brown

at 240° and decomposed at 260-270°,

Hydrolysis of the sterolin-—- Right and six
tenths grams of crude sterolin was boiled with
300 cce absolute ethyl alcohol containing 2 cce.
concentrated H,S0, as described by Thornton,
Kraybill and Mitchelll?. After most of the solid
had dissolved, the reaction mixture was diluted
and the sterol fraction was extracted with ether,
The ether solution was washed with sodium carbon-
ate then with water and finally the solvent evap-
orated on the steam bath. The brownish residue was
taken up in boiling 95% ethyl alcohol and the
largest practical amount of crude colorless sterols

fractionated from the solution; yield 2.6 g .

Isolation of A -spinasterol— The crude
sterols obtained as above were recrystallized ten
times from 85% ethyl alcohol and finally from

methanol. Yield 250 mg.; m.p. 164-1669;




~30=~

23
[d-j = =~ 0.83° (48.4 mg., 2 ce. chloroform,
23
/Z = 2 dcnm., Ap = = 0,040°, average reading).
This substance gave rno melting point depression

when mixed with authentiec -spinasterol.,

(A ~-Spinasteryl acetate— A quantity of the
above sterol was reacted with acetic anhydride and
the product recrystallized from 95% ethyl alcohol;
mep. 179-181°; [ajj‘*—_: - 4,045° (52.8 mg., 2 cc.
chloroform, /Z = 2 dcmn., aa“"‘_—_ - 0,214°,
average reading). This substance gove no melting
point depression when mixed with authentic

X -spinasteryl acetate,

OL-Spinasteryl benzoate— TFifty milligrams
of the above sterol was dissolved in pyridine and
reacted with benzoyl chloride in the usual way.
The product was recrystalli:ze%atwice from ethyl
alcohol; m.p. 194-196°; [d']O — 0.46° (23.5 mg.,

a1 o
2 cc. chloroform, L = 2 dem., ©Olp = 0.011%,
average reading)., This product gave no depression

in melting point when mixed with authentic

0L -spinasteryl benzoate.

Observation of a reducing substance=— The
aqueous layer from the above hydrolysis was heated

for some time as recommended by Thornton et al.l?,

it was then cooled, carefully neutralized with
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barium carbonate to a pH of 5 and the precipitate
filtered off. The resulting solution was concen-
trated to dryness in vacuo and then purified by
dissolving in water and adding methyl alcohol

as suggested by Moore and Linklg. The methyl alco-
hol was removed from a portion of this solution
and the residue reacted with nhenylhydrazine ace-
tate. A greenish-yellow crystalline ¢osazone was
formed. A separate portion of the solution, after

removal of methyl alcohol, reduced Fehlings sol-

ution,

sSummary

l. A characteristically insoluble phytosterolin
was isolated from Hardigan alfalfs seed oil,
2. This phytosterolin on hydrolysis gave a reducing
substance and a sterol mixture containing OL -spin-

asterol.



IVe The Sterols from the Unsaponifiable Fraction
of Grim Alfalfa Seed 0Oil,

From the crude sterol fraction, n.n. 120-1520,
obtained from the unsaponifiable fraction of Grim
alfalfa seed 0il in a manner identical with that
described for Hardigan seed oil, Section I, three
isomeric sterols, identical in each casze with the
corresponding products isolated from Hardigan
alfalfa seed oil, have been isolated, The identity
of these products with those obtained from lHard-
igan seed 0il was estsiblished, in the case of
(L -spinasterol and @ —spinasterol, by means of
a comparison of the physical constants of deriv-
atives. In the case of 8‘-spinasterol, correspond-
ence was established by means of analysis of the
sterol and its acetate as well as by comparison of
physical constants (melting point, rotation, and
mixed melting points) of the sterol and several
derivatives. Interestingly enough, o =-spinasterol,
isolated from Grim alfalfa secd oil on catalytic

hydrogenation, gave O -stigmastenol,

Ixperimental

1. Separation of Crude Sserols from the Uisaponi-



fiable Fraction.

Ninety-two grams of crude unsaponifiable from
Grim alfalfa seed o0il, prepared as directed by King
and Balls, was fractionated in a manner analozous
to that used for Hardigan alfalfa seed oil, Section
I . Four solid fractions weighing 33 g. and nelting

from 120-152°, were obtained.

2+ Fractionation of Crude Stervl Acetates from
Cold Acetic Anhydride,

This operation was carriesd out in a manner
similar to that used for Hardigen alfalfa secd
sterols, Section I . This procedure gave 16 g.
of insoluble acetates, m.Dp. 150-1570, and 1.5 g.
of soluble acetates, m.p. 120-127°,

3, Separation and Identification of (X -Spinasterol

and P-SPinasterol.

Ql-Spinasterol— The crude @ -spinasterol
fraction, 5.8 g., obtained by repeated recrystal-
lization from 85% ethyl alcohol, was purified by
recrystallization from methyl alcohol, from chloro-
form-methyl alcohol, and finally from 95% ethyl

. -Jaz;
alcohol; m.p. 164-1669; [CL D= - 2.54° (51.5 mg.,
2
2 cc. chloroform, =z dem. , dolf = -~ 0.131°,

average reading). A mixed melting point of this



sterol and the corresponding substance from Hard-

igan alfalfa seed oil gave no depression.

Q& -Spinasteryl acetate-—~ A quantity of the
above sterol was dissolved in acetic anhydride
and the mixture heated. The acetate was recovered
in the usual way and recrystallized from 95% ethyl
alcohol; m.p. 180-182°; [O.];’:: - 4,19° (51.0 mg.,
2 cc. chloroform, —& = 2 dem., Q5 = - 0.214°,
average reading). A mixed melting point of this
acetate and the corresponding substance from Hard-

igan seed 0il gave no depression.

/

@ —Sninasterol= The crude (@ —spinasterol
fraction, 03 ge, Obtained as in Section I , was
recrystallized from 95% ethyl alcohol; m.p. 147-
1499; [a];l:: 4,21° (54,5 ng., 2 cce chloro-
form, _{ = 2 dem., Clpm:_-_ 0.230°, average
reading). A mixed melting point of this sterol and
the corresponding substance from Hardigan seed oil

gave no depression.

(3-Spinasteryl acetate—~ One gram of the
above p—-spinasterol was heated with acetic an-
hydride. The acetate was recovered as usual, and

recrystallized from 95% ethyl alcohol., Yield 1 g.;




MePe 155-1599; [}i]a':: 4,081° (58,0 mg., 2 cc.
chloroform, _¢€ = 2 dem., ag' = 0,.237°,
average reading). A mixed melting point of this
acetate and the corresponding substance from Hard-

igan alfalfa seed o0il gave no depression.

3—Spinasteryl venzoate— To 0.7 g. of the
above p’—-spinasterol dissolved in 2 cc. pyridine,
1l cc. of benzoyl chloride was added, The reaction
mixture was heated several hours on the steam bath.
The benzoate was recovered in the usual way and
recrystallizezd from 95% ethyl alcohol; m.p. 179-
182°; IZiJC:__ 5.87° (50.5 mg., 2 cc. chloro-

al
form, £ = 2 dem., ap = 0.2970, average

|

reading).

4, Fractionation of the Material Soluble in Cold

Acetic Anhydride.-

S-Spinasterol— The crude acetates, 1.5 g.,
meDe. 120-127°, were saponified and the stecrol re-
crystallized repeatedly fron methanol; m.p. 143-
145°; Ejﬂéf;: 5.97° (51.1 mg., 2 cc. chloro-

/97
formn, /g = 2 dcm., ag — 0.5050, average

reading).

Anal, 2.712 ng. gave 8.187 mg. COz2; 2.917 mg. HOH
c, 82.33 ; H, 11.94
Calcd. for CogHarnOHe3H50 C, 82.58; H, 11.72
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J-Spinasteryl acetate~— A quantity of the
above sterol was dissolved in acetlc anhydride and
the mixture heated. The acetate was recovered in
the usual way and recrystallized from 95% ethyl
alcohol; m.pe. 131-131.5°; Ei];f:: 0.85° (50,7 mg.,
2 cc. chloroform, =2 den. , ag' = 0,0449,

average reading).

Anal. 2.169 mg. gave 2.254 mg. HOH; 6,502 mg. COo
C, 8l.74 ; H, 1l.54
caled. for CmzyHso0s C, 81.88 ;3 H, 11.097
Reduction of 8-spinasteryl acetate— TwoO
hundred milligrams of the acetate was reduced with
an atmosphere of hydrogen in the presence of Adam's
catalyst. The product was recovered as previously
described and recrystallized repeatedly from ethyl
alcohol. Yield 50 mg.; m.p. 111-112°; Eﬁg&::: 8,749
(43.8 mg., -2 cc. chloroforn, £ = =2 den.,
Cl',{,b 0.383°, average reading). This acectate
gave no depression in melting point when nmixed

with authentic @& -stigmastenyl acetate.

Summary

Three isomeric sterols, & -spinasterol, @-——
spinasterol and & -spinasterol, have been isolated

from the unsaponifiable of Grim alfalfa seed oil.
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Ve Isolation and Compositlion of a Fhytosterolin

from Grim Alfalfa Seed 0il.

From Grim alfalfa seed oil a phytosterolin
identical in all properties with the correspond-
ing compound found in Hardigan alfalfa seed o0il
has been obtained. The acetate of this sterolin
prepared with acetic anhydride and pyridine has a
saponification equivalent of about 200 . From
this value, after making allowance for the sterol
residue, and for the minimum requirements of the
possible poiyhydroxy alcohols, it appears that the
molecular weight of the acetate is appnroximately
800 ., The sterolin is, therefore, a tetrchydroxy
alcohol. This observation, when considered in con-
nection with the other properties noted, indicates

that the sterolin 1s a glycoside of a hexose sugar.

Experimental

The concentrated ether extracts of 28 kg. of
Grim alfalfa seed gave 4.8 g. of crude phytosterol-
in. On recrystallization from n-amyl alcohol this
substance gave a product which turned brovm at
240° and decomnosed at 260-270°, The product was
slightly soluble in p-dioxane, ethyl ether, and

n-amyl alcohol and easily soluble in hot acetic
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anhydride or acetyl chloride. It was nearly in-

soluble in most other common solvents.

Acetylation of the sterolin— To two grams
of crude sterolin was added 30 cc., acetic anhy-
dride and 15 cc. pyridine, The mixture was let
stand 24 hours at room temperature and then filt-
ered. The filtrate was decomnosed with water and
the precipitated acetate filtered off., 1This residue
was washed thoroughly with water and recrystallized

from methyl alcohol. Yield 2 gZe3 MeDe 162-1630;

2!
[CL]D = =~ 7.929 (45 mg., 2 cc, chloroform,

]

21
L = 2 dcm., dp = 0.135’70, average read-

ing)e.

Saponification of the sterolin acetate— To
106 mg. of the above sterolin acetate weighed
quantitatively into a 50 cc. Erlenmeyer flask,
20 cc. Of ethyl alcohol containing ébout 100 mg.
of potassiunm hydroxzide was added. The mixture was
refluxed 20 minutes and the excess potassium
hydroxide titrated with standard acid to a phenol-
phthalein end point. An amount of potassium hy-
droxide equivalent to 5.5 cc. of 0,0952 N hydro-
chloric acid was used up in the reaction. The

saponification equivalent calculated from this
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data was 202, the percentage acetyl (HzC-CO-) was
2l.2 o

The insoluble sterolin precipitated by the
above saponification was collected quantitatively,
washed with water, and with ethyl alcohol, and
dried; yield 83.5 mg. The saponification equi-
valent calculated from this data was 197 . While
the percentage acetvl (H3c-co-) was 21.7 . This
latter value was calculated by means of the formula

106 — 83,5 43

% acetyl = % ~—~— x 100
106 4.2

The recovered sterolin turned brown at 240°
and decomposed at 260-2700.

The required values for the saponification
number and percentage acetyl (HzC-CO-) in the
tetraacetate are 186 and 23,1% respectively, as-
suming the formula of the sterol hexoside tetra-

acetate to be C,.H

238660

6610 °

Hydrolysis of the sterolin-—- A mixture of
D62 go Of this sterolin dissclved in 1.5 liters of
boiling n-amyl alcohol and 200 cec. of 15% HCi
solution15, was refluxed 1 hour. The amyl alcohol
was then removed by steam distillation, and the
suspension extracted with cther. The ether extract

was washed with sodium cartonate, then with water
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and the solvent evaporated. The brownish residue
was taken up in 95% ethyl alcohol and the crude

sterols allowed to crystallize.

a -Spinasterol— The crude sterols from
hydrolysis of the sterolin were repeatedly re-
crystallized from 85% ethyl alcohol and twice from
methanol, Yield 243 mg.; m.p. 164-165,59;

[ngd = =~ 2.56° (48.0 mg., 2 cc. chloroform,
£ = 2 dom., a-gb — =~ 0.1239, average read-

ing).

Q. -Spinasteryl acetate— Seventy milli-
grams of the above sterol was reacted with acetic
anhydride. The product was worked up as usual, and
recrystallized from 95% ethyl alcohol. Yield
46,5 mge; m.p. 177-181°; [@];7_—_- - 4.09%°(46.5 mg.,
2 cce chloroform, £ = 2 dcm., 0(.37:: - 0.190°,

average reading).

Observation of reducing substance— The water
layer obtained from the above hydrolysis was neu-
tralized with silver carbonate to a pH of 5 . The
insoluble silver chloride was filtered off and the
solution concentrated. The remaining agueous sol-
ution reduced Benedict's solution, A portion of
the solution was treated with phenylhydrazine,

acetic acid and the mixture heated. A greenish-
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yellow crystalline osazone separated; m.p. about

1979,

Sumary

l. A phytosterolin identical with the corréspond-
ing substance in Hardigan alfalfa seed oil, has
been isolated Trom Grim alfalfa seed oil.

2. This substance had the properties of a tetra-

hydroxy alcohol and on acid hydrolysis gave a re-

e

duc

Q

g substance and a sterol mixture containing

QL -spinasterol.



V1. The Sterols from the Unsaponifiable Fraction
of Dutch White Clover Seed 0il,

Several r:-lu‘chors‘?'o’2’1’2’2’23”2’4 have made oOb-

servations on the oil obtained from clover flowers

25

and plants., Rogerson mentioned the isolation of

a phytosterocl from Trifolium incarnatum while

26

Finnemore et al. observed a similar substance in

Trifolium repens.

Fink and Richter®’ extracted the oil from
Trifolium incarnatum seeds and determined its
constantse. As far as can be determined there 1is no
other account of an investigation of clover seed
oil, |

About 8% of the weight of Dutch White clover
seed may be extracted with ethyl ether as a clear
yellow green oil and about 3.2% of the oil is un-
saponifiable. The unsaponifiable vnortion consists
of about 33% of crude sterols and of about 67% of
reddish oily liquid.

A portion of the sterol fraction obtained
from the unsaponifiable of Dutch White clover geed
0il after recrystallization from 85% ethyl alcohol
was acetylated and brominated. About 10% of the
weight of crude ~terols precipitated on standing

as an insoluble tetrabromide. This substance on



debromination and saponification gave stigmasterol.

Experimental

Fourteen kilograms of Dutch White clover seed
was finely ground and extracted seven times with
ethyl ether., The solvent was evaporated, giving
1073 ge, OT 7.6% Of a yellow green oil. The fat
constants of this o0il determined by the usual
methodsgg were as follows: Todine number 133.2

’

saponification number 186.6 , unsanonifiable %,83%.,

Preparation of the unsaponifiable fractione
Fifteen hundred grams of Dutch White clover seed
0il was saponified in 200 gram lots by dissolving
in 1500 cc, ethyl ether and slowly adding to the
vigorously stirred nixture, a solution of freshly
prepared sodium ethylate (made by dissolving 40 g.
of sodium in about 500 cc. 95% ethyl alcohol).
When the recction was complete the ether was filter-
ed from the soaps in a closed vessel. The solid
soaps were extracted several times with ether and
finally dissolved in 2-3 liters of water and ex-
tracted repeatedly with ether. The combined ex-
tracts were washed free of alkali and the solvent

distilled off. Yield 58 g. of a reddish o0il.
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Separation of sterols— Fifty-eight grams of
the above unsaponifiable fraction was dissolved in
600 cce. of ethyl ether and 5 crude sterol fractions
separated out in a manner similar to that described
for the separation of Hardigan alfalfa seed sterols.
Yield 19 g.; m.p. 120-130°, The crude sterols
were fractionated from 85% ethyl alecohol. A top
fraction weighing 15 g., m.p. 136-1%7°, was ob-

tained.

Bromination of the sterols— Ten grams of
the sterol fraction, m.p. 136-137°, was heated
with acetic anhydride. The acetates obtained were
dissolved in 100 cc. ethyl ether and treated with
7.0 g. Oof bromine in glacial acetic acid (5 g
bromine per 100 cc. glacial acetic acid) as re-~
commended by Windausza. After standing over night
in the refrigerator, the insoluble tetrabromides
were Tiltered off and washed with cold ether,

Yield 1.07 g.; m.p. 192=-196°, with browning.

Stigmasteryl acetate—~ To 0,986 g. of the

above tetrabromide, dissolved in 10 cec. glacial

acetic acid, was added 1 g. of zinc dust, the
nixture wvas refluxed 1 hour. The rcaction mixture

was filtered while hot, diluted with water and ex-

tracted with ethyl ether. The ether layer was

washed with sodium carbonate and then with water




and the solvent evanorated. The residue was re-
crystallized from 95% ethyl alcohol. Yield 342 mg.;
m.p. 137-159°; EX.][/;': - 58,4° (26.2 mg., 2 cc.
chloroform, € = 2 dem., o(gg = - 1.53°, ave-
rage reading). A mixed melting point of this sub-
stance with authentic stigmasteryl acetate gave

no depression.

Stigmasterol- A portion of the above acetate
was saponified with alcoholic potassium hydroxide.
The product was recrystallized from 95% ethyl alco-

hol and from methyl alcoliol; Mm.p. 162-1640;

as
[of], = - 50.76° (47.5 mg., 2 cc. chloroform,
| 26
¢ = 2dem., Ap = -~ 2.4110, average read-

ing).

Summary

1. The o0il has been extracted from Dutch White
clover seed and some of its common constants
determined.

2. From the unsaponifiable fraction of this oil

stigmasterol has been isolated,



VII. Isolation and Composition of a Fhytosterolin

from Duteh White Clover Seed 0il.

In 1910 Power and Salway29 and later Roger-

son?d isolated a high melting alcohol from clover.

They named the substance Trifolianol and character-
ized it as a dihydroxy alcohol. In 1913 Power and
Salwayl5 recognized Trifolianol as a sterol gly-
coside and suggested the term phytosterolin for
alcohols of this type.

From the concentrated esther extracts of Dutch
White clover seed a phytostcerolin was isolated,
This substance has properties which agree well with
those given by Power and Salwayz9 for Trifolianol.
On acid hydrolysis this substance gave & sterol

mixture from which stigmasterol was obtained.

Experimental

Twelve kilograms of Dutch White clover were
extensively extracted with ethyl ether and the ex-
tracts concentrated to about 75% oil. On stand-
ing, 6 g. of a slightly colored material separated.
It was filtered off, dissolved in n-amyl alcohol
and the hot solution filtered., On standing, a
white gelatinous precinitate settled out.,

It was filtered off and the excess n-amyl alcohol



was removed by heating in vacuo; yleld 4.82 g.
It turned brown at 260° and decomposed at 280-
290C, This compound gave tests for carbon and

hydrogen only. It gave positive Lieberman-Burchard

and positive Molisch tests,

Acetylation of the sterolin—— About”iﬁg. of
the above sterolin was heated with 50 cc. of acetic
anhydride until the solid had all gone into sol-
ution, The product was recovered as usual, and
recrystallized from methyl alcohcl. Yield 1 g.3
m.p. 161-163°; [—qul = - 26,39 (51.0 mg., 2 cc.
chloroform, £ = 2 dcnm., o{gl = - 1,3439,

——

average reading),

Hydrolysis of the sterolin-— Three grams of
sterolin from Dutch White clover was suspended in
150 cc. ethanol containing 1 cc. of concentrated
sulfuric acid and the mlxture refluxed until com-
plete solution was effected. The reaction mixture

was worked up in the usual way; yield 2 g. crude

sterols,

Bromination of sterols— The crude sterols
weighing 2 g. were converted to the acetates. The
acetates were dissolved in 40 cc. ethyl ether and
treated with 2 g. of bromine in 40 cc. glacial

acetic acid. The reaction mixture was placed in the
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refrigerator over night and the crude tetrabrom-
ides filtered off. Yield 390 mg.; m.p. 180-185°,

On recrystallization from chloroform-ethyl alcohol

the melting voint improved to 190-195°,

Stigmasteryl acetate— A portion of the
above tetrahromide fraction was debrominated in

the usual way and the product recrystallized from

a5
ethyl alcohol; m.pe. 156-1580; [Zi]o = = 54,69
(44 mg., 2 cc. chloroform, € = 2 dcm.,
a.éw = -~ 2.406°, average reading).

Stigmasterol— A portion of the above ace-
tate was saponified with alcoholic potassium hy-
droxide and the product recrystallized from ethyl
alcohol; m.p. 159-1619; [CE];’::- 49,5° (34.5 ng.,
2 cc. chloroform, ¢ = 2 dcn., a.,';“ — - 1l.711°

average reading).

Detection of a reducing substance— The
aqueous layer from the above hydrolysis vas heated

as recommended by Thornton et a1.17

. A portion of
this solution when neutralized and hented with
Fehling's solution caused reduction of the copper

solution.




-

4 Surmary

1. A phytosterolin probably identical with Tri-

folianol27 has been isolated from Dutch Yhite
clover seed oil.

2« This phytosterolin on acid hydrolyvsis gave a
reducing substance and a sterol mixture from

which stigmasterol was isolated,




V1Il. The Sterols from the Unsaponifiable Fraction

of Medium Red Clover Seed 0il.

Medium Red clover seed o0il is very similar in
properties to that obtained from Dutch White clover
Seed.

From the unsaponifiable fraction of Medium
Red clover seed 0il, a quantity of crude sterols
was separated. A fraction, m.p. 155-136°, obtained
from these sterols by recrystallizing from 85%
ethyl alcohol, was acetylated and brominated.
About 10% of the weight of crude sterols separated
on standing as an insoluble tetra bromide., This
substance on debromination and saponification

gave stigmasterol.

Experimental

BExtraction of oil— Thirteen and eight
tenths kilograms of lMediuwn Red clover seed was
finely ground and extracted eight times with ethyl
ether. The solvent was evaporated; yield 1250 g.
of a greenish-yellow oil. The common fat constants
of this o0il were as follows; unsaponifiable 5.41%,

jodine number 129.4, saponification number 187.6 .

Preparation of the Unsaponifiable fraction—

Two kilograms of Medium Red clover seed oil was



-5] -~

saponified in 200 g. lots in a manner similar to

that described in Section VI; yield 55 g. of a

reddish oil.

Separation of sterols— Sixty-five grams of
the above unsaponifiable fraction was dissolved in
500 cc. Oof ethvl ether and 4 crude sterol fractions
separated out in a manner similar to that described
for the separation of Hardigan alfalfa seed oil

sterols, Section I . Yield 28 g.; m.p. 130-136%,

alcohol gave a fraction weighing 10 g.

136°,

m'p. 155"'

e

Bromination of the sterols— One gram of the
sterol fraction was acetylated using acetic an-
hydride; yield 0.9565 mg. The acetates obtalned
were dissolved in 20 cc. of ethyl ether and treat-
ed with 0.7 g. bromine in 15 éc. glacial acetic
acid. The nixbture was let stand over night in the
refrigerator, and the insoluble tetrabromides
filtered off and washed with ether; yleld 96 mg. On
recrystallization from chloroform-alcohol the

product melted at 195° with browning.

Stizmasteryl acetate— The tetrabromide

above was debrominated and the product recovered
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as in the case of the corresponding compound,
Section VI. The product was recrystallized from
95% ethyl alcohol; m.p. 138-140°; [O-];q_—_ - 58.6°
(3740 mge., 2 cc. chloroform, £ = =2 dem.,

CL34 = ~ 2.,170°9, average reading). This pro-

duct gave no depression in melting point when

mixed with an authentic specimen of stigmasteryl

acetate.

Stigmasterol— The above acetate was hydro-
lyzed with alcoholic potassium hydroxide. The
product was recovered in the usual way and re-
erystallized from ethyl alcohol; m.p. 160-162°;
[a;l?:: - 49,2° (38,5 mg., 2 cc. chloroform,
£ = 2 denm., oLf,m: - 1.904°, average read-
ing). This substance gave no depression in melting

point when mixed with authentic stigmasterol.

Surmary

1. The common fat constants of Medium Red clover
seed oil have been determined.
2. From the unsaponifiable fraction of ledium Red

clover seed o0il, stigmasterol has been isolated.



IX. Isolation and Composition of a Phytosterolin

from Medium Red Clover Seed 0il.

From the concentrated ether extracts of
Medium Red clover seed oil a phytosterolin has
been isolated. This substance appears to be ident-
ical with Trifolian0127 and with the corresponding

compound isolated from Dutch White clover seed

oil.

Ixperimental

Twenty-seven kilograrns of Medium Red clover
seed was repeatedly extracted with ethyl ether and
the extracts concentrated to about 75% oil. On
standing 3.5 g. of an isoluble comnound separated.
This was filtered off and recrystallized from
n-amyl alcohol. Yield 2.8 g.; m.p. 285-295°, with
deconposition. This substance gives a positive

Lieberman-Burchard and a positive Molisch test.

Acetylation of the sterolin- About 1 g. of
the above sterolin was acetylated at room temper-
ature using acetic anhydride and vnyridine. The
product was recovered as usual and recrystallized
from methanol; m.p. 162-163°; [0,723_—_: - 28,5°
(50.5 mg., 2 cc. chloroform,v/é7 ::Dz denm.,

2
(106> — 1.444°, average reading).



-S54

Hydrolysis of the sterolin-—- About 1 g. of
the Medium Red clover seed sterolin was suspended
in 100 cc. of ethanol containing 1 cc. of con=-
centrated sulfuric acid. The mixture was refluxed
until corplete solution was elfected., The mixture
was then diluted and the sterol fraction extracted

with ether; yield 0.6 g.

Bromination of sterols— The crude sterols

weighing 0.6 g. were converted to the acetates, The

crude acectates werce discolved

fde

n cther and treated
with 0.6 g. bromine in 10 cc. of glacial acetic
acid. The crude tetrabromides settled out on stand-
ing over night. Yield 50 mg.; m.p. 185-190° ,

The crude product after rccrystallization from
chloroform-eti»~l alecohol melted at 194-198°. This
produygt gave 10 depression in melting point when
nixed witi. c¢oude stigmaster:”l acetate tetrabromide,

prepared from soybean sterols.

Detection of a reducing substance-- The
aqueous layer from the above hydrolysis was heated
as recommended by Thornton et al.l7. A portion of

the resultant solution reduced Fehling's solutione.
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Summary

l. A phytosterolin probably identical with Tri-
£olianol®? has been isolated from Medium Red
clover seed oil,

2. This phytosterolin on acid hydrolysis gave a
reducing substance and a sterol mixture.

3 Bromination of the sterol nixture gave a pro-

duct that appears to be stigmasteryl acetate tetra-

bromide.
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X. Observations on the Reactions of Sterols of the

Spinasterol Type with Halogens.

Several attempts have been made to prepare
halogen derivatives of Ct-spinasterolz’s’lo, all
of them resulted in oily decomposition products or
in unreacted starting substances,

4 preliminary study of the action of halogens
on O -spinasterol, O--stigmastenol, —spin-
asterol and & -spinasterol indicated that steroid
compounds which have double bonds in ring “c" near
or at positions 8 and 14 are extensively decom-
posed by reaction with halogens. This decomposition
was so consistant that a green color, which devel-
oped, was used to detect sterols of the spinasterol
type. It is probable that the irregular results
obtained by Eek90 in his atterpts to deternine the
number of double bonds in hydrocarbons related to
cholestane, are in part due to this anomalous re-
action of halogens with unsaturation in positions
8 and 14,

In a preliminary study it has also been ob-
served that compounds of the spinasterol tyne re-
act with perbenzoic acid in such a way that the
amount of perbenzoic acid used depends on the

excess reagent. It is possible that the anomalous
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results of Fernholz and Moore® rfor & -spinasterol

and O -stigmastenol can he exnlained on this basis.

Experimental

Reaction of O¢ -spinasteryl acetate with
bromine~— To 0,1 g., of Ob -spinasteryl acetate in
2 cc. ether wvas added 0.1 g. bromine in 2 cc. of
glacial acetic acid and the mixture let stand at
room temper:-ture. After about 5 minutes the mix-
ture began to darken ropidly. The sarne exveriment
was repeated except that the reaction was carried
out with cold reagents and let stand in the ice
box, After sbout 20 minutes a rapid darkening
occurred. The same nhenomena occurred if O -stig-
mastenyl acetate, @-—spinasterol or S -spinasterol

were useced.

Reaction of @ -gspinasteryl acetate with Hanus
jodine solution— About 5 mg. of O =spinasteryl
acetate was weighed quantitatively into a 10 cc.
iodine flask, 0.2 cc. of chloroform, and a measured
excess of Hanus iodine solution were added. After
standing about 1 minute the mixture was observed
to darken rapidly. It was let stand 30 minutes,
treated with 2 cc. of saturated votassium iodide,

diluted, and titrated with 0,0988 M sodium thio-
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sulfate to a starch end point. This reaction was
repeated several times with variation in the excess
of Hanus iodine solution present during the reac-
tion. The chloroform layer of the above titration
nixture had a characteristic dark green colore.
B~—S» inasteryl acetate, @ -stigmastenyl acetate,
& -spinasteryl acetate and the free sterols as

well react with Hanus iodine solution in the same

manmnexr,

Data

Data obtained for @& ~spinasteryl acetate
and O -stigmastenyl acetate by means of the above
prodecure are listed in Tables I and I1 .

For purposes of i1llustration the data given in
Table I is recalculated in Table IIT so that the
milliequivalents for halogen added for each gram
of sample mey be compared with the milliequivalents
of halogen used by each gram of sample, and with
the percentage excess halogen left at the end of

the reaction. These values are plotted in Fig. 6 .

Summary

1. From preliminary investigation it appezrs that

sterols which are unsaturated in position 8 and 14
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react with halogens in such a way that the extent
of the reaction is dependent on the excess of
halogen present.

2e A characteristic green color remaining in the
chloroform layer after addition of Hanus ilodine
solution and discharsing the excess iodine color,
was used as a test for sterols of the spinasterol

type.
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Table I

-

Data for the Reaction of Ql-Svinastervl Acetate with vari-

ous Excess Amounts of Hanus Jodine Solution

Weight of cc. Hanus Titration I No.

Sample mge. solution cc. of 00,0088 Calculated
added M NasSa03

4,14 «750 997 163.0

Q.0 « 750 1.53

4,176 « 200 l.198 202.0

0.0 « 900 1.862

5.0782 «H00 +665 95.8

0.0 «500 1.050

5,148 « 500 L +660 95.1

040 «500 1.046

44413 « 500 «H87 103,5

0.0 «500

5.5105 «500 «652 91.0

0.0 .500
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Table IIX

Data for the Reaction of O -Stigmastenyl Acetate with Vari-

ous IiXxXcess Amounts of Hanus Iodine Solutiom.

Weight of cc. Hanus Titration I No.
Sample nge. solution cec., of 0,0988 Calculated
added M Na28205

5,068 3 0370 65.2

0.0 e e 630

4,805 D « 620 105,0
0.0 .5 1.037

5,070 D e 650 97.6

0o D 1.040

5,026 D « 637 1n1.8

5.0693 «d e D73 65.1

0.0 3 «6356

5.0305 ] 78 65,8

0.0 3 «636
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Table IIX

values for OL-Spinasteryl Acetate, Calculated from Table I

These data are PPlotted in Fig. 6

Weight of 1illi- Milli- % Halogen % Excess
Sample mze. equivalents equivalents used Halogen
of Halogen of IHalogen left
added per used ner
£e. Sample ge sample
4,14 « 036 .012 55% 200%
4,176 : 044 .015 34% 1934
5.078 . 0206 L0074 36% 179%
5,148 ,0183 . 0074 40% 147%
4,415 .0236 . 0081 345k 192%

5451 .0189 0071 37% 166%
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XI. Discussion

1. A comparison of the Sterol Composition of Hard-
igan Alfalfa Seed 011, Grim AlfTalra Seed 0il,
Dutch White Clover Seed 0il and Medium Red Clover
Seed 01i1l.

The seed used in this work was pnurchased from
the Michisan 3tate Farm Bureau and under their
guarantee had the characterstics indicated in Table
Iv.

Certain fat conctants of the cil obtained from
each of these seeds by ethvl ether extraction are
listed in Table V.

A comparison of Sections I, III, IV and V
shows clearly that CGrim alfalfa seed and HHardigan
alTalfa seed are identical in steroid composition.
To facilitate the comparison, the yields of the
various fractions are tabulated in Tables VI and
VIJ . This comnlete correspondence in steroild
composition is the basis of the introductory state-
ment, that the steroid composition is the same for
different varieties within a single species. A
comparison of Sections VI, VII, VIII and IX in-
dicates that Medium Red clover seed and Dutch
White clover seed are identical in steroid com-
position. The yields of the various fractions are

tabulated in Tables VII and VIII. The correspond-
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ence in steroid composition is complete as far as
the work has progressed and forms the basis of the
introductory statement, that the sterol composition
is the same for different species within a single
genus.,

The sterol cormposition of the seed of the
genus lledicago (alfalfa) is obviously quite differ-
ent from that of the genus Trifolium (clover).

The former probably consists entirely of sterols

of the spinasterol type, while the latter contains

stigmasterole.
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Table IV
Hardigan Crim Medium Dutch White
Alfalfa alfalfa Clover Clover
Lot Noe. c9622 Cco732 c9600 c9422
Purity 99 5% 90,02 99,.,40% 99,15%
Crop Seed e 2% «78% 0 34% «66%
Inert e 2% «10% e 12% .15%
Weed Seed 1% « 109 0145 » 047
tthere grovm Michigan !Michigan Michigan Wisconsin
When growm 1039 1939 1939 1939
Table V
Hardigan Grim Hedium Dutch '‘hite
Alfalfa +1falfa (Clover Clover
% Ether
Extract 10,6 10.2 S.9 7.7
Iodine ~
Humber 172.15 172.0 129.4 153.2
Saponification
Number 187.9 187.82 187.6 1864,6
Unsaponifiable 4,335 5.88% D414 3 .83%
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Table VI

A Summary of Yields of the Various Fractions and
Compounds Isolated from 3.75 kg. of Hardigan Alfalfa Seed

0il and from 2.67 kg. of Grim Alfalfa Seced 0il.

Fraction or Compound Yields
Hardigan aAlfa2l1ia Grim AlfTalfa
3eed (il Seed 0il
Total unsaponifiable : 150 g. 92 g.
Total crude st~rols ' 47 g 3D Ze
oL ~-Sninasterol isolated 11.2 =. 5.8 g.
fi—Spinasterol isolated 18.7 g. 9.4 g
3 -Spinasterol isolated 2.9 g. 1.5 g.

Yield of unsaponifiable

material 4,0% B o 44,
Yield of crude storols
on the basis of o0il
saponified 1.2% 1.2%
on the basis of total
unsanonifisble B1l.0% 35.0%
Yield of @ -spinasterol
on the basis of oil
saponified 0429% 0,2%
on the basis of total
unsaponifiable 7 o 455 6« 3%
on the basis of toteal
crude sterols 23,04 17.0%
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Table VI (cont'd)

Fraction or Compound Yields

Hardigan Alfalfa Grim Alfalfa

Seed 0il Seed 0il
Yield of —srinasterol
on the buasis of oil
saponified 045% 0.25%
on the basis of total
unsaponifiable 12.0% 10,0%
on the basis of total
crude sterols 59 ,0% 28, 0%
Yield ¢l 8‘-3pinastrrol
on the basis of oil
saponified 0407% 0.05%
on the basis of total
unsaponifiable 1.8% 1.6%
on the basis of total
crude sterols 6 ¢ 1% 4,5%
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Table VII

Summary of the Yield of Fhytosterolin from the Various Seeds

Hardigan
Alfalfa
amount of seed
extracted 28 kg.
mount of phyto-
sterolin ob-
tained 4,9¢.
Yield of phyto-
sterolin on the
basis of seed 0,018%
Yield of phyto-
sterolin on the
basis of oil. 0.17%

Grim
Alfalfa

28 1’:8 .

Mediun Dutch
Red Wwhite
Clover clover
27 kg, 14 kge.
2.79 g. 4.82 g.
Ao e s K ~ ez ad
e tdLo Ue UdY0
0.112% 0.44%
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Table VIIT

A Summary of the Various Fractions and Compounds
Isolated from 1500 ge Of Dutch White Clover Seed 0il, and
from 2000 g. of Medium Red Clover Seed Oil.

Fraction or Compound Yields
Dutch White Medium Red
Clover Seed 0il Clover 3eed 0il
Total unsaponifiable 58 g. 65 g
Total crude sterols 1S g 28 e
Sterols brominated 10 g. 1.0 &

Total crude tetra-
bromides 1.07 g 0.096 ge

Yield of unsaponi-
fiable 5086?1‘; 3025%

Yield of crude sterols
based on 0il saponi-
fied 1.

M)
N
‘,—'
[ ]
>

N

based on total unsap-
onifiable 33 ¢ % 43,0%

Yield of crude stigmas-
teryl acetate tetra-
bromide based on
sterols brominated 16.7% 9,09%
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2. A Conslideration of the Structure and Homogeneity
of Sterolc of the Spinasterol Type.

In this work the isolation of a new sterol
which was called 5’-spinasterol was described. It
should be noted that the ordinary criteria of
purity, such as constancy of melting point, re-
covery of original products from derivatives and
so forth, are not completely reliable in the steroid
field. The tendency of these compounds to form
mixed crystals of constant properties makes the
recognition of a chemical individual very uncertain.

Recently Bernstein, Kauzmann and wallis®t
have formulated a working method for calculating
the specific rotation of steroids from the struc-
tures assigned. The extension and revision of the
idea will probably provide an excellent criterion
for the establishment of the structure and “ein-
heitlichkeit" of members of the storoid croup. In
connection with this, it is of interest to note
that the formula for Ol -spinasterol I, proposed
by Fernholz and Ruighll cannot be correlated with
the specific rotation calculated sccording to
31

Bernstein et al.”—. The calculated rotation using

the constants of these authors is:
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H

mo [M]D — C+MDs:m+stig Daz:as

mol. Weght ' mol. u}eiy (¥ q

or

0

Y40 + (- 1240) + C 4530) 9.2

g, 12

i

whereas the observed value is - 2.70.

cH, ?M’

F

éH_cu:Cfl*?”—'CH'CHJ o Cts
cHa _é —CH = CH-GH—CH-C Hs
CH C.Hz
3 1

Ho™ s

H
HONEY
1 IT

On the other hand the specific rotations of f?——
spinasterol, 5.91°, and of § -spinasterol, 6.15°,
arec in failr agrecment with the value calculated
for I .

The bessisterol isolated by Kuwada and Yosik18
agrees closely in proPerties7'wim1 oL -spinasterol
except that it has a specific rotatiom of - 139,

ITow the -~alculated rotation of the structure

IT is:
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Ed] = M" _ C+MeDygrstiyhas:as
D

mol. Weight mol. Weight

or

9040+ 960)+(4s530)
4, = 1412

= -70.9°

This value is in fair agreement with the observed
value for bessisterol.

Tt seems possible that bessisterol in IT and
either fgrspinasterol or & =-spinasterol is I ,
and tlhub O -spinasterol as ordinarily isolated is
a mixture of I and II . However all atteripts in
this laboratory to separate (ObL -spinasterol into

two such components failed,
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