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A DIETARY FACTOR ESSENTIAL FOR CUINEA PICS
THE IDENTIFICATION OF THE ACTIVE FACTOR IN THE
LOW~MELTING FRACTION OBTAINED FROM CANE JUICE

CHAPTER I
INTRODUCTION

Wulzen and Bahrs (3, 27, 28) during investigations
of the nutritional requirements of planarian worms found
that guinea pigs developed degenerative changes when the
animals were fed grain diets lacking in green feeds, but
ineluding the nscessary vitamins, Animals, raised on
this diet, developed a stiffness in the wrist joints over
a period of 4«8 weeks, The stiffness increased during
the syndrome until it was no longer possible to bend the
wrist joint.

Autopsy showed that the stiffening of the wrist
joints was not the only effect of the deficlent diet.
The muscles were severely atrophied, with closely packed,
fine, white lines of calclum phosphate deposits running
parallel to the muscle fibers. Frequently, lumps of
mlclm‘phosthe were deposited under the skin, in the
Joint regions, between the ribs, and in meny body organs,
i.84, heart and aorta.

From physiological studies it would appear that
the antlstiffness factor has a regulatory effect upon
the phosphorus metabolism. One of the most prominent



changes found was & sharp decrease in the easily
hydrolyzable phosphorus fraction in the liver and
kidney during the deficlency (24). This fraction ree
sponded lmmediately to the administration of the factor
to the affected animals, in that the values returned to
normal after a short-time treatment. Similar chenges
were observed in the concentration of the acid scluble
phosphorus in the muscle (28).



CHAPTER II
THE STIFFNESS TEST

The activity tests of all of the fractions used
and separated in this work were done by Dr. R. Wulzen.
The assay for the antistiffness factor was performed on
animals which had been deficient for at least a month.
The test was carried out in the following way:

The foreleg of the guinea pig on the opposite side
from the experimenter was extended posteriorly, close te
the body wall of the animal, by pressing the thumb on
the olecranon process and at the same time supporting the
proximal and distal portions of the leg with the fingers.
The leg should be as straight as possible. The disen~
gaged hand of the operator was then used to superextend
the foot gently by pressing upward on its medial aspect.
The foot of & normal animsl would bend easily until it
formed a right angle with the leg. The nutritionally de~-
ficient animals were very sensitive towards the treatment
and manifested pain at once when the foot was forced be-
yond the point of easy bending. This stiffness disap~
peared 1f active fractions were administered to the anie
mals. The results are recorded in terms of arbitrary
figures, A normal Joint is designated as 4, a completely
rigid joint as 1. Intermediate conditions are indicated
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by such symbols ast 1+, 2«, 2, 2+, 3=, 3, 3+, 4=, 4, The
superscript as in 4P, indicates that although normal
mobility has been regained, the joint 1s still painful
under manipulation, The fractions were dissolved in
cottonseed o0ll., In order to express activities in a
quantitative way, one unit was arbitrarily defined ast

a solution of an active fraction in cottonseed oil which,
when 1 cc« is administered daily for five consecutive
days to a sick animal, cures the animal.

The determination of the easlily hydrolyzable phos~
phorus in the liver has occasionally been used as a
method of assay (26).

It was found earlier (9) that the degenerative
changes due to the lack of the antistiffness factor in the
diet could be alleviated by feeding the affected animals
one gram of raw cream per day, for five days. However,
if the cream were heated under oxygen, the curative
factor was destroyed, Cream, which was heated in the
presence of nitrogen, showed no loss of activity. Gouley
{9) claimed methyl vinyl ketone as the active factor
present in raw cream. van Wagtendonk and Wulzen (23) were
unable to confirm the presence of methyl vinyl ketone in
raw cream, Synthetic methyl vinyl ketone in dosages of
5 mg, per day for six consecutive days cured the guinea
pigs, but it also had at the same time, very toxic effects.



CHAPTER III
PREVIOUS METHODS OF ISOLATION

Re We Gouley (9) was the first to ettempt the iso-
lation of the antistifimess factor from raw cream. The
procedure was as follows: The uv cream was churned, and
the butter therefrom, was saponified by refluxing with
30% aleoholic KOH for three and one~half hours under
nitrogen. The mixture was cooled and neutralized with
dilute sulfuric acid. The solution was then cooled for
twenty=four hours at 0°C, The solid fatty aclds were
filtered off, and washed with cold water. The solid
fatty acid fraction was steam distilled for eight and onee
half hours under nitrogen. A small amount of highly vole
atile and very active material was collected from the
steam distillation in a trap cooled by a dry ice-acetone
mixture. However, not sufficlent guantities were cole
lected to characterize the material., The oily layer
which had steem distilled was qualitatively tested for
alcohols, aldehydes, and ketones,

The teats for aldehydes and alocohols were nega=
tive, but a slight amount of bromine was absorbed, and a
slight pink coloration appeeared on long standing with
Schifft's reagent. A crystalline product was obtained on
reaction with semicarbazide hydrochloride, This



crystalline material had the same melting point as that
reported by .shr.tmr and Fuson {22) for methyl vinyl
ketone.

The procedure used by van Wagtendonk and Wulzen
{23) to isolate the antistiffness factor from raw creem
was similar in some respects to the above isolation.
Their procedure is summarized below:

The raw cream was churned and the resulting butter
washed twice with water, and pressed free of wash-liguid.
The butter was added to a boiling 20% solution of alco-
holiec KOH and refluxed for four hours under an atmose
phere of nitrogen. The mixture was coocled and acidified
with 5§ sulfuric aaid; The fatty sclds were separated
and washed with water until free of sulfuric acid. The
fatty acids were then steam distilled for twelve hours in
en atmosphere of nitrogen, and the steam-distillate was
extracted with peroxide«free sther, The ether extract
was treated with 5% KOH until the water layer remasined
clear on acidifying. The ether layer was washed with
water until alkali«free, and dried over anhydrous sodium
sulfate:. The ether was removed by distlillation under
nitrogen; leaving a yellow olls The oil was dissolved in
a solution of glacial acetic acid and absolute ethanol
{9:1), and refluxed with trimethyl acethydrazide ammonium
chloride for seven hours (7). The mixture was neutralized



to a pH between 6.5 and 7.0 with 1.0 §¥ sodium hydroxide.
The resulting solution was continuously extracted with
ether for 36 hours, at which time the extraction was
atoppe& and the ether layer removed. 8ince this layer
did not contain any active compound, it was discarded.
The aqueous layer was meidified with 1.0 N sulfuric acid,
and agaln extracted with ether for 24 hours. The ether
layer was removed and the ether distilled off under
nitrogen, again leaving a yellow oil. The mercuric
lodide complex of the trimethyl acethydraszide ammonium
chloride derivative was prepared according to Hughes
(10)« The molecular weight in camphor was detorﬁined‘te
be 820, which would give the active factor a molecular
welght of 200. The mercurilc iodide complex was dissolved
in 1.0 ¥ sulfuric acid, and treated with hydrogen sulfide.
The solution was freed of hydrogen sulfide, and extracted
with ether. The ether layer was dried and the ether re-
moved in vacuo, leaving a pale yellow oil, which was
active in a dosage of 0.1 ganma., The antistiffness factor
was thus bellieved to be a compound with a molecular welght
of about 200, and to contain a carbonyl group.

All fractions were tested for activity by Dr. R.
Wulzen according to the procedure deseribed in Chapter
IT.



CHAPTER IV
THE ISOLATION FROM CANE JUICE

Since only very small amounts of the sntistiffness
factor were obtained from raw cream, other sources of raw
matoriallware tested for the asctive factor. van Wagtendonk
and Wulzen (26) found that crude cane molasses and crude
unheated cane juice were considerably more active, the
former ten times, and the latter 100-1000 times as active
as the raw creanm,

This discovery led to the isolation of the antie
stiffness factor from crude cane molasses and crude une-
heated cane Juice on a semi~-pilot plant seale.

The crude cane Jjulce was extracted at room tempere
ature with peroxide~free ethyl ether in a semi-continuous
extraction apparatus. To lessen emulsification, the cane
Juice was passed through a column of ethyl ether. The
colum was filled with wooden blocks, 2x2x2 ocm., which had
been soaked in the cane juice. The cane julce was passed
through the ether columm six times, and the emulsion was
centrifuged to recover the ether extract. The operation
was repeated three times with fresh ether. The entire
ether extract was washed with water, dried over anhydrous
sodium sulfate and concentrated under nitrogen.

The resulting wax was dissolved in petroleum ether,



extracted four or five times with 20% methanol. The
petroleum ether solution was dried over anhydrous sodium
sulfate and concentrated under nitrogen, yilelding a green
wax. The green wex was dissolved in a 90%¥ petroleum
ether~benzene mixture, and adsorptive magnesium oxide
(Adsorptive powdered magnesia #2641, Californis Chemical
Company, Newark, Californis) was added. The mixture was
thoroughly shaken and centrifuged. The pale yellow super-
natant was concentrated under nitrogen.

The wax was then sublimed in a simple pot still.
The condensing surface was cooled with a dry ice acetone
mixture. The normal operating pressure was 0.1 micron.
By varying the bath temperature of the still, some
fractionation was possible., At a bath temperature of
70° C., & yellow inactive oil condensed, When the teme
perature of the bath was raised to 140-170° C., the
active material condensed along with some yellow oil.

The wax that had sublimed at 140«170° was dis~
solved in benzene end nine volumes of 964 ethanol were
addeds The solution was cooled overnight in a refriger=

etor at 5° C., the precipitate filtered, washed with eold
| 95% ethanol, and dried over phosphorus pentoxide in a
vacuum desiccator. This process removed the major part
of the oil. The material was then resublimed in a
molecular still. The condensate, which was only slightly



colored, was recrystallized from purified petroleum
atharl. After ten to fourteen crystallizations, the
material crystallized in pure white leaflets, with a
melting point from 81.5-82.0° C.

The compound showed curative powers when fed to
affected animals in a dosage of 0,01 gemma per day, for
five days, Table I.

1l Two liters of 8kellysolve H were shaken five times
with 100 ecc. of fuming sulfuric acid, washed acid-
free with distilled water. Dried over anhydrous
sodium sulfate, and distilled over sodium. The
fraction bolling from 62+78° C, was collected and
used for the recrystallization procedure,
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CHAPTER V
EXPER IMENTAL

A uniform product had apparently been isolated in
the manner previously described., However, carbonehydrogen
determinations of d&fram’mt batches of the product did
not correlate. When larger amounts 91‘ the material be-
ceme available s it was apparent that the isclated sube
stance represented a mixture. Therefore, several ate
tenpf: were made to separate the components by chromae
tographic adsorption, after two or three recrystalliza-
tions from petroleum ether of the condensate from the
molecular still.

a. Adsorption of the crude material on magnesia and
glumina . |
The column was prepared by pouring small portions

of a mixture of celite (Johnse<Mansville) and magnesium
~ oxide (Adsorptive powdered magnesia, #2641, California
Chemical Company, Newark, California) (1:5) into a 20 mm.
tube until the column was 700 mm. deep. A slight vacuum
was drawn on the tube and each portion was tamped lightly
after 1ts addition to the tube.

The column was wetted with petroleum ether, and a
solution of 0.843 g. of the crude material 1n 100 ml, of
petroleum ether was passed through the columm. The
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chromatogram was developed with a petroleum ether-benzene
mixture (9t1), and eluted with a petroleum ether-bengene
mixture (7:3). 8ince the material was colorless, and
since no part of the columm fluoresced when illuminated
with ultraviolet 1light, fractions of 100 ml., were colw
lected, BEach fraction was concentrated, the uaiduo.
transferred to a small vial, and dried in vacuos. The
first six fractions consisted of small amounta of yellow
oils The next three fractions contained a few crystals
as well as some yellow oil. The 10th, 1llth, and 12th
fractions were white solids, melting from 72+78° ¢, The
rest of the thirty fractions had varying smounts of white
s011d material, melting from 80-140° c.%

A columm, 17x700 mm,, of activated alumina (Acti-
vated alumina, grade- Fe20, mesheminus 80, Aluminum Ore
Company, East 8t. Louls, Illinois) was prepared in the
same manner as the magnesia column, A solution of 0,341
8« of the material in 50 ml, of petroleum ether was
- passed through the ealm._ The chromatogram wes devels
oped with a petroleum ether-benzene mixture (2:1), and
eluted with an ethyl ether~benzene mixture (1:1). Thirty
fractions of 100 ml. were collected., However, the separ-
ation was not any better than with the magnesia column.

# All melting points reported in this work are uncorrected.



b. Solublility tests on the crude meterisl.

i3

The crude distillate was tested for solubility in

solvents other than petroleum ether,

TABLE II
Solvent Cold Hot
Cyclohexane S1lightly soluble Very scluble
Ethanol, 95 per cent Very slightly 8lightly
soluble soluble

Ethanol, absolute

Ethanol, 95 per cent
benzens (331}

1,4~Dicxane
Isopropyl ether
Ethyl acetate
Dipentene

Acetone

8lightly soluble

Very soluble
Very soluble
Very soluble
8lightly soluble
Insoluble
Soluble

Very soluble

Soluble

-

-

Soluble
Soluble
Very soluble

Ninety~five per cent ethanol seemed to offer the

greatest possibilities as a solvent,

Recrystallization of

the crude aloohol precipitate from 95 per cent ethanol is
- shown in Plate I. PFrom 24.930 g, of crude material,

1,680 g. melted from 81.5-82,0° c,
active in dosages of one gamma.

This material was
Of the material isolated

from the mother liquor, 1,131 g. melted from 90-225° C,,
8,608 g, melted from 90~130° C., 3.197 g. melted from
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120~150° C., 2.874 g. melted from 110-130° ¢, This mater=-
ial was also active in dosages of one gamma. However, it
was consldered advantageous to attempt identification of
the fraction melting from 81.5-82.0° C., since it was the
most pure of the fractions on hand,

¢. Carbon-hydrogen analysis of the lowsmelting fraction.

The carbonehydrogen determinations, performed by
Dr. A. J. Haagen-Smit of California Institute of Teche
nology, gave the following results:
Found ¢ C 81.56 H 14,33
81.48 14,85
82,36 14,858
82 .44 13.85
82,28 13.70
82,77 13,69
82,96 14,15
82,82  14.16

Average: B8R.,33 14.11
Calculated: CgnHge0 ¢ 8l.74 H 14.23
CogHzg0 81.88 14,26
Coglign0 81.98 14.25
Cgolga® 82,10 14.285

Gy Hg a0 82.21  14.25
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d. Molecular weight determination.

The determination of the molecular weight was care
ried out in exaltone since it was found that some ree
action took place 1f camphor were used as the solvent.
0.311 mg. compound in 3.032 mg. exaltone A = 4.4 MW 497
0.348 mg. compound in 2,181 mg. exaltone A = 6.8 MW 500

e. Hydrogenation of the compound and its acetate.
Although it did not seem likely from the carbone

hydrogen analyses that the compound was unsaturated, a
microhydrogenation was run according to the method of
Jolns and Serfele (1l). The apparatus used for this exe
periment was a van Slyke Deaminization Apparatus (Eimer
and Amend, New York, N. Y.), which was modified in this
laboratory to conform with the apparatus used by Johns
and Serfele. The volume of the apparatus was determined
by filling with mercury and weighing the mercury. Plati-
num oxide was used as the catalyst. It was prepared by
the method of Adams, Voorhees, and Shriner (1), The
hydrogenation of the acetate of the compound is included
here, The preparation will be described later.

Three mg. of platimum oxide were placed in the
flask and 5 ml. of glacial acetic acid were added., The
boat containing the sample was suspended above the solu-
tion. Hydrogen from a tank was bubbled through a solu=

tion of sodium stannite to remove traces of oxygen, and
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then through a tower filled with glacial acetic acid to
nthnt.o the hydrogen with the solvent. The apparatus
was swept out with hydrogen for five minutes and the
buret was filled. The volume of hydrogen in the buret,
the temperature, and the atmospheric pressure were read,
The apparatus was shaken for ten minutes to hydrogenate
the catalyst, The volume, temperature, and pressure were
read. The apparatus was then shaken for five minutes,
and the volume, temperature, and pressure were read
again. The boat containing the sample was dropped into
the solution and the apparatus was shaken for 30 minutes.
The volume, temperature, and pressure were read. These
readings were taken again after a 1lO0-minute periocd of
shaking.

TABLE IIX

nge
cata= ml. Hg ng. ml. Hp Time of

lyst teken up sample taken up hydrog.

Low=melting
fraction 2,707 1.078 6.764 0.02¢ 30 min.
2.660 1.080 7.617 0.010 2 hrs.
Acetate 2.842 1,128 9.859 0.000 30 min,

Dr. A« J. Haagene8mit and Dr, H, L. Funter confirmed
our results on the hydrogenation of the acetate. They re-
ported no uptake of hydrogen in four hours by a sample of
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the acetate, From this evidence, it was concluded that
the compound was sabturated,

f. Preparation and analysis of the acetate.

The acetate of the compound was prepared as fol=
lowss

587 mge of the compound were refluxed with 10 ml,
of acetic anhydride for one«half hour, The mixzture was
cocled and filtereds The ru_!.dm was recrystallized
four times from 95 per cent ethanol. Yield: 300 mg, of
waxy, colorless leaflets. M.P, 64.5+65,0° C.

Found ¢ : C 79.76 H 13,22

Calculateds 92938993 3 (02,,35‘0) t C 79,18 H 13.54

Ownalﬁg :! (Ggsﬂ&@) t 79,38 13,66
CyHgs0p # (Ogolgg®) t 70.57 15,58
UgoReslp ‘csé“sz°’ t  79.75  13.60

0&36703 : {051%0) 3 79.92 13,62

g+ P tion, chromato

of the 3,5~dinitrophenyl urethane.

The 3,b«dinitrophenyl urethane was prepared accorde
ing to the method of Bmith and Sprung (21) as followag



18

500 mg. of the compound were refluxed with 500 mg.
of 3,5edinitrobenzazidel in 10 ml. of dry toluene for one
hour. 'I'hb solution was cooled and the toluene removed in
vacuo at room temperature. The residue was dilssolved in
95 per cent ethanol and recrystallized four timesz from
this solvent., Yield: 475 mg. of pale yellow powder.
¥.P, 105.5-104.0° C.

250 mg. of the urethane were dissolved in 250 ml.
of benzene and adsorbed on a columm of magnesia (adsorpe
tive powdered masgnesia, #2641, California Chemical Co.,
Newark, California) and celite (Johns-Mansville) {(1:l).
The colmm, 17x750 mm. was prepared as described in
part a. The chromatogram was developed with benzene.
Only one band appeared. This portion of the columm was
removed and eluted with boiling benzene. The urethane
was recrystallized once from benzene, M,P, 103.5~
104.5° c.

1 The 35,6«dinitrobenzazide was prepared by the method of
Smith and Sprung (21). 10 g« of 3,5«dinitrobenzoyl
chloride were dissolved in 350 ml. of glacial acetiec
gcld, 3.0 g« of sodium azide were added and the mixe
ture was shaken for 30 minutes. The temperature of
the mixture was kept below 45°, The solld was
filtered off, and washed with 50 ml. cold water.

The product was dried in a vacuum deslcecator, After
drying, it was digested for a few minutes in 150 ml,
of loweboll petroleum ether, The solid was
filtersd and dried, Yield: 6.0 g. M.P, 108° C.
with decomposition,
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Found 3 € 68,17 H 10,30 N 6.88
68443 10.31 8.77

68.25 10.18 7.09

6.91

6.84

68.28 10.08 7.29

68.40 9.98 7.17

68,51 10,17 6.99

655362‘506 : ‘ 0283580 ’ 67 .66 10,07 6.81
05,,1136!50 6t { 503080 } 68.46 10,285 6.48

he 8, tion of enylazobengoic acid, henylazo=
benzoyl chloride, and p-phenylazobenszazide.

34.0 g. of nitrosobenzene were dissolved in 250 ml.
glacial acetic acid. 354.5 g. of p-aminobenzoic acid were
added, The mixture was stirred and warmed to 50° C. with
a water bath. The precipitate was flltered off and washed
with cold glaclal acetic acid. The azo acid was recrys-
tallized twice from 95 per cent ethanol.

Yields 30 g+ reddisheorange leaflets. M.P. 237-238° ¢,
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The p~phenylazobenzoyl chloride was prepared in the
manner deseribed by Ladenburg, Fernholz, and Wallils (16).

10 ge of pephenylazobenzoic acid were thoroughly
mixed with 28 g. of anhydrous sodium carbonste. 125 ml.
of thionyl chloride were added and the mixture was re~
fluxed for one and one~half hours on a steam bath. The
condenser was replaced by a caleium chloride tube and the
mixture evaporated to dryness. The residue was taken up
in petroleum ether, and the sodium carbonate removed by
filtration. The pephenylazobenzoyl chloride was twice
recrystallized from petroleum ether.

Yieldt 9.0 g. of red crystals. MN.P, 93-94° ¢,

The p-phenylazobenzazide was prepared according to
the method of Smith and Sprung (21).

3 ge of pephenylazobenzoyl chloride were dissolved
in 10 ml. of glacial acetic acid. 1 g. of sodium azide
was added, and the mixture shaken for one~half hour. The
mixture was then filtered and washed with 150 ml. of cold
water. The residue was dried in a vacuum desiccator. The
solid was digested in 150 ml, of petroleum ether, filtered,
and dried in vacuo.

Yields 2.2 g. of red needles. M,P. 116«117° ¢. with
decomposition.
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i. Preparation, chromatographic analysis, and analysis

of the pephenylazophenyl urethane.
8500 mg. of the compound in 6 ml. of dry p-xylene

were refluxed with 330 mg. of p-phenylbenzazide for one
hour. ‘Ths solution was cooled and the solvent removed in
vacuo at room temperature. The roaidue was taken up in
benzene and recrystallized four times from this solvent.
Yield: 430 mg. of ovange nesdles. M.P. 106-107° C.

| 260 mg. of the p-phenylazophenyl urethane were
dissolved in 100 ml. of benzene and nﬂaorbed‘on a
column, 17x750 mm., of aluminum oxide (Activated Alumina,
grade~ F-20, meshe minus 80, Aluminum Ore Company, East
S8t. Louis, Illinois) and celite (Johns<Mansville) (3:1).
The ohrvnatogram was developed with benzene. Only one
band appeared. This portion was removed and eluted with
boiling benzene. The eluted urethane was recrystallized
once from benzene. M,.P. 106-107° ¢.

Found ¢ ¢ 77.81 H 1l.14 N 6.84
7798 11,06 6.92
Averages 77.87  1l.10 6.88

f

6423h9H502 (0293600) 77 .84 10.73 6.49



J« Determination of terminal methyl groups.

The number of terminal methyl groups of the com=
pound was determined by the oxidation method of Kuhn end
Roth (14), as medified by Ginger (7). The apparatus used
was simllar to that of Roth and Daw (19) except that 1t
was made of pyrex glass instead of gquartsz.

| 10=20 mgs. of the compound were dissolved in 2 ml.
of concentrated sulfuric acid by gentle warming. After
the solution had cooled to room temperature, a few drops
of § N chromlic acid solutlion were added to atgrt the
reaction. The solution was then cooled in an ice bath
and 5 ml. of § N chromic acid were asdded. The solution
was then refluxed for 90 minutes. After the solution had
been cooled to room temperature, the inside of the cone
- denser was carefully washed in the reaction flask with
. carbon dioxide~free water. The excess of chromic acid
was destroyed by the addition of 12 drops of 20 per cent
hydrazine hydrate. The acetic acid was distilled off and
the distillate collected in 6 ml. portions. Each portion
was titrated with 0.0128 N sodium hydroxide, using
phenolphthalein as indicator. 5 mli. of water were added
to the reaction flask for each 5 ml, of distillate cole
lecteds The distillates were tested with barium chloride
and were found free from sulfuric acid. For comparison,

an oxidation of stearic acid was carried out in the same



manner.
TABLE IV
Willlmoles acetlic Noles acetlic
acid acid found per
Substance Weight ~Calcs for 1 Found mole of epd.
sample CH3 group
Mg e
Stearic acid 22.0 0.,0775 0.0603 0.79
Low-melting
fraction 20,0 0.,0474 0.0317 0.67%
Acetate 19.2 0.0414 0.0645 1.60°
Acetate 18.1 0.0390 0.0585 1.50P

a+ The molecular weight of the compound was assumed to
be 424, CggHgaO+

b« The molecular weight of the acetate was assumed to be
466, 05186308’
From the above data, it would appear that the
compound does not have a branched carbon chain.

ke Oxidation with chromic scid.
1 g« of the compound was dissclved in 100 ml, of

phosphoric acid (d = 1.7) with gentle warming. The solu~
tion was allowed to cocl te room tompontura.. &N
chromic acid was added dropwise until the reaction began.
The flask was then cooled in an ice bath and 240
ml, of 6§ N chromic acid were added slowly. The mixture
was refluxed for four hours, while oxygen was bubbled
through the solution. The solution was cooled to room
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temperature and 3.5 ml., of 20 per cent hydrazine hydrate
were added slowly. The reaction mixture was extracted with
. 400 ml, of ethyl ethar in a nqﬁmu»extmetor for 6 days.
The contents of the extractor were filtered. The residue
was dissolved in hot benzene and reerystallized four times
from benzene.

Yield: 250 mg. of colorless leaflets., M.P, 82.,0-82.6° C.

A mizture (l:1) of the oxidation product and the
starting material melted from 79.0+80.5° C.

This material did not exhibit any of the character-
istic reactions of a carbonyl group. Since it was slighte
ly soluble in 10 per cent potassium hydroxide, it was
tested for the presence of a carboxyl group.

200 mg. were dissolved in 30 ml, of chloroform and
10 ml. of an ether solution of diaso methane® were added.

1 The diazo methane was prepared as follows:

The nitrosomethylurea was synthesized by the methe
od of Arndt (2). 10 g. of methylamine hydrochloride were
dilssolved in 40 g. of water, and 30 g. of urea were added.
The mixture was refluxed gently for 2,75 hours, The solue
tion was cooled and 11 g. of sodium nitrite were added
with shaking until the sodium nitrite had dissolved. The
solution was then cooled to 0° and poured slowly into 10 g.
of concentrated sulfuric acid and 60 g, of ice, The mixe
ture was stirred with a mechanical stirrer, and cooled
with an icew=salt mixture. The nitrosomethylures was file
tered off and washed with 15 ml, cold water. It was dried
over phosphorus pentoxide in vacuo. ¥Yield: 9.5 g.

The diazo methane was prepared by the method of
Noller and Bergsteinsson (18), 15 ml. of 50 per cent
agqueous potassium hydroxide and 50 ml, of ethyl ether were
cooled to 6%, and 5,15 g+ of nitrosomethylurea were added
with shaking. The mixture was distilled with a water bath
at 50° into 40 ml. of ethyl ether, cooled to 0°, The dis-
tillate was used lmmediately. '
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No reaction was apparent until some of the material began

to orystallize, then nitrogen was evolved., The mixture

was left standing overnight. The chloroform was evapora=

ted in vacuo. The residue was insoluble in ethyl ether,

but soluble in petroleum ether. The product was re-

erystallized from petroleum ether.

Yield: 36ng. of white leaflets. M.P, 65.8«67.0° C.

Found s C 80.56 H 13,39%

80.41  13.64%
79.34 _ 12,97°

Averaget 80,10 13.83
Calculateds CgnHggCOOCH, C 79.38 H 13,33
CoglgyCOOCHy 79.56 13,37
Cogligg COOCHg 79,74  13.40

From the above results, it would asppear that one of
the oxldation products was montanic acid, cmasscoon.

The ether extract was fractionated, but only a mix-
ture of formic and acetic acid ui present,

1. Dehydration with anhydrous gzine chloride.

438 g. of the compound were heated with 526 mg.
anhydrous zinec chloride for 3 hours in an oil bath at
180°, The mixture was cooled to room temperature and the

8. Analyses by Dr. A. J. Haagen«Smit, California Insti-
tute of Technology.
b. Analyses by Dr. H. L. Hunter, Eli Lilly and Company.
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zine chloride dissolved in acidified water. The solutlon
was extracted with ethyl ether. "rhe ether layer was
washed with water, and dried over anhydrous sodium sul-
 fate. The ether was distilled off, and the residue was
taken up in petroleum ether., This solutlion was boiled
with Norit, and filtered., The material was recrystallized
twice from petroleum ether.
Yield: 100 mg. of colorless leaflets. M,P, 82-83° C.

A mixed melting point with the starting material
melted from 81~82° C,

Therefore, it was assumed that there was no de-
hydration.



CHAPTER VI
DISCUSSION

Carbonshydrogen analyses of different ssmples of
the lowe-melting fraction showed some variation, However,
these analyses indicated that the material has 27-31 carbon
atoms. The carbonehydrogen snalysis of the acetate derive
ative does not definitely fix the number of carbon atoms
either, but it does place the number of carbon atoms in |
the same range. The nitrogen analyses of the 3,5
dinitrophenyl urethane and the pephenylazophenyl urethane
would indicate a 27 carbon atom structure, The carbone
hydrogen analyses of these derivatives are in close
agreement with the theoretical percentages of carbon and
hydrogen in a 629 compound .

The presence of a hydroxyl group was proven by the
formation of the acetate and the urethane derivatives.
From the results of the dehydration with anhydrous zinc
chloride and the chromic acid oxidation, it would appear
that the compound is a primary alcohol.

The methylwgroup determination indicates a linear
grouping of the carbon atoms in this compound, for a
branched carbon chain would have shown a higher ratio for
the moles of acetic acid per mole of compound,

Hydrogenatlion of the compound and its acetate
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showed no uptake of hydrogen, even after extended periods
of hydrogenation, From this, the conclusion may be
drawn that the compound is saturated.

one of the prodncts found on oxidation of the com=-
pound with chromic acid is apparently montanic acid. This
would indicate a carbon chain of at least 28 carbon atoms.

The lowe-melting active fraction from cane juice
could, therefore, conslist of nonacosanol~l, although the
possibility is not excluded that this fraction represents
a solld solution of closely related compounds, such as
heptacosanol«-l, octacosanolsl, and nonacosanol=l, This
would account for the varying results of the carbon-hydro-
gen analyses. Other investigators (4,6,12,13,14,19) have
found that the separation of similar compounds differing
by only one or two methylene groups is extremely diffie
eult,

Heptacosanol=l, octacosancl-l, and nonacosanol-l
were synthesized by Dr. Rueben G. Jones of Eli Lilly and
Company. These compounds were tested in dosages of one
ganmma. The greatest activity was shown by nonacosanol-l.
The octacosanoclel was slightly less active while the
heptacosanol«l showed very little activity.



CHAPTER VI
SUMBARY

On the basls of the carbonshydrogen analyses of
the compound, its acetate, &,5-dinitrophenyl urethane,
and p-phenylazopheny] urethane, the hydrogenation, the
dehydration, and oxidation exporiments, it can be cone
cluded that the lowe-melting fraction isolated from cane
Jjulce consists of either nonocosanolsl, or a mixture of

closely related compounds,.

29



TABLE I

ACTIVITY TESTS

Material

Activity

Ceane molasses

Cane julce

Crude ethancl precipltate
Fraction melting from 81,.5-82°
Fraction melting from 90-130°
Fraction melting from 130-150°
Heptacosanol«l

Octacosanol~l

Wonacosanole-l

units per gram
10

100~1000
1,000,000
1,000,000
1,000,000
1,000,000

+10,000

700,000
1,000,000
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PLATE II

uicrophotograph of the fraction melting from 81.5-82° ¢.,
isolated from cane juice. 80 x magnifaction,
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