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A FHYTOCHEMICAL STUDY OP IPOMEA FES-CAFRAE

Ipomea Pes-Caprae (L.) Sweet. Family Convolvulaoeae la a perennial 
plant with, a tough woo<iy root as thick as the finger and many feet in 
length; it abounds in the sand on the sea-shore; from the enlarged crown 
of the root grow a number of creeping stems, fleshy and purplish when 
young but becoming woody as they mature; the shape of the leaf is indi­
cated by the name of the plant.

Detailed botanical descriptions of this plant are given by Small (1), 
Gray (2), Pardo de Tavera (3), Grisebach (4), Dymock (5), and Schlmper (6)< 

According to Campbell (7), Ipomea Pes-Caprae is a denizen of nearly 
every tropical beach the world over. Guppy (8) states that as a rule 
this plant monopolizes coasts between the thirtieth parallels of north 
and south longitude. In the United States it is described (1, 2) as 
growing on sandy beaches from South Carolina to Texas.

The medicinal virtues claimed for the plant are many and varied. 
Dragendorff (9) states that the leaves are used in Hew South Wales against 
rheumatism and dropsy and also for sores and ulcers. Dymock (5) describee 
the drug as being used externally in rheumatism in the foxm of a decoc­
tion and internally in colic. The Indian Materia Medica (10) gives the 
following medicinal uses; a decoction (1 to 20) of the roots and leaves 
is used in rheumatism, gout, gonorrhea, and dropsy in doses of one to 
two ounces; it is supposed to have the power of preventing the effects
of age; the juice is given as diuretic In dropsy and the bruised leaves 
are applied to the parts; the paste of the leaves is applied to boils 
and carbuncles; the leaves boiled in water are locally applied to pain­
ful joints in rheumatism and to the abdomen in colic.

No reports of any chemical Investigations of this drug have been found
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EXPERIMENTAL

Ten kilograms of the air-dried aerial portions of Ipomea Pes-Caprae 
were received from T. K. MacDonnll in Florida. The stems weighed six 
kilograms; the leaves and flowers, four kilograms. Nine kilograms of 
this material in the above ratio ( 6*4) were ground to a fine powder in 
a Koerner mill. The remaining kilogram was separated into stems and 
leaves and flowers and ground separately. Representative portions of the 
stems and of the leaves and flowers were analyzed for the customary drug 
••constants” using the procedures of the U.S.P.X. The results are recorded 
be lows

For the stems:
Percent

Total Volatile at 110° C.
Petroleum Benzin Soluble Extractive 

Volatile
Non-Volatile

Ether Soluble Extractive 
Volatile
Non-Volatile

95$ Alcohol Soluble Extractive
50$ Alcohol Soluble Extractive
Water Soluble Extractive
Ash

Total
Add-Insoluble

A B Average
7.70 7.64 7.67

0.14 0.12 0.13
4.50 3.83 4.17

0.36 0.55 0.46
4.50 4.12 4.31
8.67 8.56 8.62
18.03 18.43 16.23
13.96 14.23 14.10

7.25 7.41 7.33

0.05 0.07 0.06
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For the leaves and flowers:
Percent

-4- B Average
Total Volatile at 110° C. 8.67 8. 62 6. 65
Petroleum Benzin Soluble Extractive 

Volatile 0.085 0.096 0.09]
Eon-Volatile 4.60 4.83 4.72

Ether-Soluble Extractive 
Volatile 0.25 0.39 0.32
Hon-Volatils 5.61 6.49 6.05

90$ Alcohol Soluble Extractive 11.41 11.09 11.25
50$ Alcohol Soluble Extractive 22.94 22.31 22.63
Water Soluble Extractive 17.32 17.88 17.60
Ash

Total 14.06 14.07 14.07
Aoi d-Inso luble 0.11 0.00 0.06

By way of preliminary examination a 49*282 Gm. portion of the mixed 
drag was extracted successively according to the Dragendorff (11) scheme 
in a Soxhlet extractor. The extraction was continued for at least ten 
hours in every case. The solvents were removed on the steam hath and the 
residues dried in a desiccator over sulfuric acid to constant weight.
The residues were than placed in an oven at 110° C. and heated until 
their weights again became constant*
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Percent
Non-Volatile 

Total at 110° C.
Petroleum Benzin. (B.P. 30-60 C.) extracted 3. 39 3.36
Bther 1.14 1.00
Chloroform f* 0.59 0.54
99$ Alcohol H 13.51 10.73
Distilled Water »t 16.56 14.90

The petroleum benzin extract was a greenish-brown, greasy wax with 
an aromatic odor* The extract was redissolved in petroleum benzin and 
shaken out with 2 per cent sulfuric acid* The acid shakings had a light 
salmon color but reacted negatively to the usual alkaloidal reagents*
The petroleum benzin extract after being shaken with sulfuric acid solu­
tion was evaporated to dryness and treated with 90 per cent ethyl alcohol* 
The portion insoluble in 90 per cent alcohol was a yellow fat which on 
solution in chloroform and cooling In the refrigerator deposited a few 
crystals* These crystals gave a positive reaction when treated with the 
Liebermann-Burchard reagent for sterols* That portion of the petroleum 
benzin extract which was dissolved by the 90 per cent alcohol seemed to 
consist mainly of chlorophyll, fat, wax, and some volatile oil*

The ether extract was of a dark green color and had a pungent aro­
matic odor* It was liquid when hot but semi-solid at room temperature* 
The residue was extracted with water giving a yellow-colored solution 
which was strongly acid to litmus, gave a green-black precipitate with 
ferric chloride test solution, green-yellow precipitate with lead ac­
etate and lead subacetate solutions, and white precipitates with strych­
nine sulphate and gelatin solutions* The addition of 10 per cent ammonia
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to the aqueous extract caused an intensification of the yellow color*
These reactions indicated the presence of tannin* That portion of the 
ether extract which was insoluble in water was extracted with various or­
ganic solvents* These yielded fat, coloring matter, and resin* All 
fractions of the ether extract gave negative results when tested for al­
kaloids*

The chloroform extract was a green-black solid* A yellow-green 
solution was obtained on extraction with water* This aqueous solution 
was strongly acid to litmus but gave no reaction with ferric chloride 
test solution* It yielded precipitates on treatment with solutions of 
lead, barium, and silver salts* It gave a positive fflolisch reaction*
The water-insoluble portion of the chlorofoim extract was dissolved in 
95 per cent alcohol* This alcoholic solution on dilution with water 
threw down a grayish-white resinous precipitate* It gave no other def­
inite reactions* All tests for alkaloids run on the various portions 
of the chloroform extract were negative*

The 95 per cent alcohol extract was a brittle, glossy solid of a red- 
brown color* An aqueous extract of the residue gave positive reactions 
for tannins* A 5 per cent sulfuric acid extract of the residue gave a 
precipitate with phospho-molybdlc acid, phospho-tungstio acid, and gold 
chloride test solutions but did not produce precipitates on treatment 
with iodine and mercuric chloride test solutions and Mayer9 s reagent* A 
portion of the alcoholic extract when placed in the refrigerator deposi ted 
in a few hours a small quantity of a violet-red solid* This substance de­
veloped a deep green color in dilute ammonia or potassium hydroxide solu­
tion* The green color also developed in the presence of amnonia vapors 
alone* In 10 per cent sulfuric, hydrochloric, and acetic acid solution
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the substance became pink* These color changes suggest an anthooyanln 
pigment (12). A portion of the original extract redissolved in 95 per 
cent alcohol and diluted with water produced a gray-white resinous pre­
cipitate similar to the one obtained with the chloroform extract.

The distilled water extract was a dark brown solid* It gave posi­
tive reactions for tannins and a positive reaction with the Molisch re­
agent* It produced heavy precipitates with neutral and basic lead acet­
ate solutions and with barium chloride test solution* Alkaloidal reagents 
gave negative results*

All of the extracts with the exception of the distilled water ex­
tract contained chlorophyll*

TESTS FOB AlgA-IfllPS
Twenty grams of the powdered drug were macerated overnight with a 

mixture of 120 cubic centimeters of ether, 40 cubic centimeters of chlo­
roform, and 5 cubic centimeters of 10 per cent atmnonia* The supernatant 
liquid was poured off and shaken out with 2 per cent sulfuric acid solu­
tion* The acid solution was tested with various alkaloidal reagents but 
all tests were negative*

Five grams of the powdered drug were extracted with 100 cubic cent­
imeters of a 1 per cent hydrochloric acid solution* The extractive had 
a pink color which turned green on alkalinlzation* All alkaloidal tests 
were negative* This extract seamed to contain the same colored principle 
which was present in the 95 per cent alcohol extract* The residue from 
the one per cent hydrochloric acid extract was dissolved in 2 per cent 
sulfuric acid solution* No colored material could be extracted from this 
solution by axqyl alcohol* According to Wi Is tat ter (12) anthocyanin pig-
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ments give the above color changes and are not extracted from a 2 per 
cent sulfuric acid solution by aiqyl alcohol*

EXTRACTION WITH WATER (151
Five grams of the powdered drug were warmed with water on the water 

obath at 50-60 0* and the cooled, filtered aqueous extract tested. The
extract had a sweet taste, was acid to litmus, gave no definite reaction 
with ferric chloride test solution, and produced voluminous precipitates 
with neutral and basic lead acetate solutions. The extract showed heavy 
reduction of Benedictfs and Fehling*s solutions and gave a positive 
Holisoh reaction* These tests indicate the presence of a reducing car­
bohydrate*

EXAMINATION BY LEAD METHOD (141
Since the preliminary tests with lead acetate and basic lead acet­

ate gave positive results it was decided to test a portion of the drug 
by the Lead Method. Accordingly, 250 grams of ground drug were heated on 
a steam bath for one hour with two liters of water* The material was 
then filtered and expressed throu^i cloth, the marc mixed with one liter 
of hot water and again heated for one hour on the steam bath* The material 
was once more expressed through cloth, the filtrates combined and filtered 
through a Buchner funnel. The clear filtrate was heated to boiling and 
mixed with a slight excess of saturated lead acetate solution. The pre­
cipitate (A) so obtained was washed first with lead acetate solution and 
then with water. The filtrate and washings were concentrated and pre­
cipitated with basic lead acetate solution* This treatment yielded a 
precipitate (B) and a filtrate (B).

The precipitate (A) was extracted three times with hot 95 per cent
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ethyl alcohol* The alcoholic solution was freed of lead hy treatment 
with hydrogen sulfide* the hydrogen sulfide removed by passing a stream 
of carbon dioxide through the solution* and the solution evaporated to 
dryness* The residue consisted for the most part of a yellow fat* It 
gave positive tannin reactions. That portion of the precipitate (A) which 
was not dissolved hy hot alcohol was extracted with 10 per cent acetic 
add* The resulting red-colored solution was precipitated with hydrogen 
sulfide* The heavy blade precipitate of lead sulfide removed the red- 
colored principle* The filtrate had only a faint yellow color* On evap­
oration a sweet-tasting* yellowish* syrupy residue was obtained which 
gave a positive Molisch reaction* The quantity of the residue was too 
small to permit of further testing* The lead sulfide precipitate which 
had carried down the red-oolored principle was extracted with ether, 
chloroform, and ethyl acetate but these solvents did not remove any of 
the coloring matter* Boiling the precipitate with 10 per cent acetic acid 
removed the red substance but it could not be induced to crystallize* 
AUcalinization of the acid solution turned the color a light-yellow green* 

The precipitate (A) remaining after extraction with 95 per cent al­
cohol and 10 per cent acetic acid was suspended in water and decomposed 
with hydrogen sulfide* The filtrate was red colored and deposited a very 
small amount of gL is toning white crystals on standing in the refrigerator 
at 10° C. The quantity of crystals deposited was too small to be filtered. 
The solution changed to a green-brown color on alhalinization with 10 per 
cent ammonia*

- The precipitate (B) was extracted successively with 95 per cent al­
cohol and chloroform but no significant amount of any material other than 
sulfur was obtained. The precipitate was suspended in water and decom-
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posed, with hydrogen sulfide* The filtrate was concentrated and shaken 
out with ether which removed only traces of brown, amorphous material*
The aqueous solution after being shaken out with ether was concentrated 
on the steam bath, A syrupy brown liquid was obtained. It gave a posi­
tive Molisch reaction and reduced Benedict's solution. No crystalline 
material oould be obtained from the brown syrup.

No definite reactions were given by the residue obtained from the 
filtrate (B),

The test by the Lead Method gave indications of the presence in the 
drug of fat, tannin, red coloring matter, and a reducing sugar,

EXAMINATION 1Y STAB-OTTO METHOD (IB)
One hundred grams of drug were extracted with 500 cubic centimeters 

of 95 per cent alcohol and sufficient tartaric acid to make the mixture 
slightly acid. After evaporation of the alcohol and treatment of the 
residue with hot water, a water soluble and a water insoluble portion were ob 
tained, Examination of the water insoluble portion revealed the presence 
therein of chlorophyll, fat, and sterol. The water soluble portion gaye 
no reactions for alkaloids but did give positive tannin reactions,

DETERMINATION OF TOTAL BBS IN
The method of Bower and Rogerson (16) was used in determining the 

total resin content. Fifty grams of drug were percolated for eleven hours 
with 95 per cent alcohol. Distilled water was added to the percolate and 
the alcohol evaporated off on a steam bath. The residue was then washed 
repeatedly with water. The residual resin weighed 5,6335 grams, repre­
senting a total resin content of 7.27 per cent. The water washings gave 
all the typical tannin reactions.
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To do tannine whether the tannin in the aqueous washings was glyco- 
sidal or not the method of Procter (17) was used. The aqueous solution 
was shahen with ether to remove gallic acid, saturated with sodium chlo­
ride, and shahen with ethyl acetate* The ethyl acetate was evaporated 
off, the last traces being expelled toy the repeated addition of small 
quantities of ether* The residue was dissolved in Z per cent hydro­
chloric acid and the solution refluxed for two hours* The solution was 
cooled, filtered, and the filtrate shahen with ether* The aqueous solu­
tion was hoiled, neutralised with sodium hydroxide solution, and precip­
itated with basic lead acetate solution to remove unchanged tannin and 
coloring matter* The precipitate was filtered off and the excess lead 
removed by dilute sulfuric acid* The filtrate was neutralised with sod­
ium hydroxide solution and concentrated* This concentrated solution 
gave no reaction with ferric chloride test solution but did reduce slightly 
Benedict* s and Fehling’s solutions*

It is probable therefore that there is a glycosidal tannin present 
in the drug*

CONSTITUENTS OP THE ASH
Pifty grams of drug were ashed at a temperature not exceeding dull 

redness* Tests revealed the presence in the ash of the sulphate and 
chloride radicals and of the following metals: tin, iron, aluminum, mag­
nesium, calcium, sodium, and potassium* The presence of silica was in*- 
ferred by reason of the fact that all of the ash was not dissolved on 
treatment with hot nitric acid and from the appearance of the acid-in­
soluble portion of the ash under the microscope*
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PHBLIMlMAHr BXTIttOTIQN WISH ALCOHOL
The main object i n  of this procedure was to determine whether there 

was any volatile oil present in the drug* One kilogram of drug was packed, 
in a percolator and exhausted by percolation with 95 per cent aloohol.
The aloohol was distilled off on a water bath. Crystals were deposited 
on the side of the distilling flash These were found to be soluble in 
water and were reorystalliaed from water. The crystals amounted to 0.4 
gram and on analysis were found to consist of a mixture of sodium and 
potassium chlorides. The residue left after the removal of the aloohol 
was mixed with water and steam distilled. Two liters of distillate were 
collected. The distillate contained a few oily drops floating on the 
surfaoe and had an acid reaction. Xt was extracted repeatedly with ether 
and the ether removed on the water bath. The light brown* aromatic vola­
tile oil after being dried over sulfuric acid amounted to 0*46 gram. On 
standing the oil partially solidified. The amount of volatile oil ob­
tained corresponded to a yield of 0.046 per cent.

The steam distillate after extraction with ether was distinctly 
acid. It was neutralized with dilute sodium hydroxide solution. A por­
tion of this neutralised liquid was evaporated to dryness and to the res­
idue were added a few drops of concentrated sulfuric acid. The disagree­
able rancid odor of butyric acid became perceptible. Another portion of 
the neutralised liquid was evaporated to dryness and divided Into two 
parts. One part was mixed with ethyl aloohol and sulfuric acid. On 
slight warming the mixture developed a sharp pine-apple like odor. The 
other portion of the residue was dissolved in water and a solution of 
calcium chloride added. The resulting clear solution was concentrated 
until a precipitate started to form. The mixture was allowed to cool
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Whereupon the precipitate dissolved* The above reactions and solubilities 
indicate the presence of butyric acid*

The portion of the alcoholic extract Which was not volatile with 
steam was not investigated at this time,

OF VOIATIIB OIli
The light brown oil was liquefied by gentle warning and distilled 

under a pressure of 20 millimeters* The bulk of the oil distilled as a
lemon-yellow liquid between 127° 0. and 145° C* Ho further distillate

o owas obtained beyond 145 0* but the temperature went up until at 165 0*
decomposition began* The residue in the distillation flask had a black- 
brown color* The distilled oil had a specific gravity 28° c/28° C of 
0*9626* Its refractive index at 26° a  was 1*4703* It possessed an aro­
matic odor similar to that of the crude drug* It was neutral to litmus 
paper* It solidified on standing*



13

XAROE SCAL3 EXTRACTION 
Petroleum Benzin Extract 

Nine kilograms of the ground drug, in a number sixty to eighty 
powder, were extracted by percolation with petroleum bens in (b,p, 30 - 
60° C.}. She petroleum benzin was recovered from the percolate by dis­
tillation over a water bath and used again for further percolation. 
Percolation was continued until the percolate came throng* colorless and 
left no appreciable residue on evaporating a liter of percolate. The 
petroleum benzin was removed as completely as possible by distillation 
under reduced pressure over a water bath. The extract obtained by this 
procedure weighed 352 grams, representing 3.91 per cent of the drug. Xt 
had a wax-like appearance and consistence, a black-green color, and an 
aromatic odor resembling that of the crude drug.

A portion (5 grains) of the extract was reserved for physiological 
tests. The remainder was washed repeatedly with ethyl acetate. The 
petroleum benzin extract was thus separated into an ethyl acetate solu­
ble and an ethyl acetate insoluble portion. The ethyl acetate solution 
had a black-green color. The material insoluble in ethyl acetate was a 
yellowish-white wax-like solid and weighed approximately S3 grams.

EXAMINATION OP ETHYL ACETATE INSOLUBLE MATERIAL 
The material insoluble in ethyl acetate was washed many times on a 

Buchner funnel with ethyl acetate. The ethyl acetate was removed com­
pletely from the residue and boiling 95 per cent alcohol poured over the 
material remaining on the Buchner funnel. This treatment left undis­
solved only a small amount of yellow-brown material. The filtrate on 
cooling set to a yellowish-white gel. Bepeated attempts to obtain orys-



14

tale from the filtrate toy varying tlx© quantity of alcohol and the tem­
perature resulted in failure} therefore, the aloohol was removed from 

filtrate and the residue dissolved successively in petroleum benzin, 
benzene, and chloroform* Ho crystalline material could toe ototained toy 
use of these solvents* Attempted crystallization of the aloohol-insol- 
utole portion from various solvents was also unsuccessful*

Since no pure material could toe ototained toy simple crystallization 
methods, all the ethyl acetate insoluble portions were combined and 
saponified according to the method of Bomer (18)*

Twenty-three grams of ethyl acetate insoluble material were mixed 
with 200 cubic centimeters of alcoholic potassium hydroxide solution (60 
grams of potassium hydroxide In 200 cubic centimeters of 70 per cent 
ethyl alcohol) and refluxed for two end a half hours with frequent vigor­
ous shaking* The mixture was transferred to a separatory funnel, diluted 
with 000 cubic centimeters of water, and shaken repeatedly with ether*
A quantity of solid grayish material separated during the shading* This 
was filtered off and washed thoroughly with ether* The above procedure 
yielded an ether solution of unsaponified material and a hydro-alcoholic 
alkaline solution*

combined ether solutions were washed with water* shaken thor­
oughly with anhydrous sodium sulfate, and filtered* The ether was re­
moved from the filtrate toy distillation over a water bath* Hear the end 
of the distillation a white solid separated out in the distillation flatok 
tout When all the ether had distilled off the solid melted forming an 
orange-colored liquid. As this cooled, fat-like globules appeared 
throughout the liquid. Eventually the entire mass became a yellow solid* 
The residue was washed repeatedly with hot ethyl alcohol. The filtrate



on cooling deposited a white gelatinous mass (A). The portion insoluble 
in hot aloohol was a yellow solid. (B) at room temperature, The material 
which had separated out during saponification was similarly separated 
into a hot alcohol soluble fraction (C) and a hot alcohol insoluble frac­
tion (D). Crystallization of each of the four fractions was attempted 
from ether, chloroform, benzene, and acetone but without success. Each 
of the four fractions melted indefinitely between 70 and 80° C, The four 
fractions were combined and re-saponified by heating under a reflux for 
six hours with 400 cubic centimeters of a 12 per cent solution of potas­
sium hydroxide in 95 per cent alcohol. The mixture was diluted with 
water and the alcohol evaporated off on a water bath* The insoluble 
material which separated during this treatment was filtered off and 
washed fifteen times with boiling water. The last washing was neutral 
to litmus paper indicating complete removal of potassium hydroxide. The 
filtrate resulting from the separation of the insoluble material was 
shaken out with ether. The ether did not remove anything; therefore, 
the filtrate was combined with the hydro-alcoholic alkaline solution ob­
tained from the first saponification*

EXAMINATION OP THE TTM3APQNIP1ABLB PORTION
The unsaponifiable material which had been freed from potassium 

hydroxide was now boiled for 2 hours in an aoetylation flask with an 
equal wei^xt of acetic anhydride. At the end of boiling two layers were 
present in the flask. The upper yellowish oily layer was separated and 
washed thorou£$ily with boiling water. It solidified on cooling to room 
temperature. It would not crystallize from various organic solvents.
The lower aqueous layer obtained from the aoetylation was evaporated to
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dryness under reduced pressure. The residue was so small that it was 
discarded.

ISOLATION OP PETOATRXACONTAME , 035% ^

The material remaining from the aoetylation procedure was now 
treated by the method of Leys (19) for the separation of hydrocarbons 
and alcohols. It was dissolved in 100 cubic centimeters of iso-amyl al­
cohol* 100 cubic centimeters of concentrated hydrochloric acid were added* 
and the mixture heated to boiling with eontinous stirring. The mixture 
was allowed to cool slowly by immersing the beaker in warm water end al­
lowing It to stand until it had cooled down to room temperature. The 
solid cake which formed at the surface was lifted off* boiled again with 
iso-amyl alcohol and concentrated hydrochloric acid* cooled slowly* and 
the cake again lifted off and washed several times with hot water. The 
lower layers in each of the above procedures consisted of brown* gela­
tinous masses which on evaporation to dryness on a water bath became 
blade, wax-like solids* This material could not be purified and was dis­
carded. The solid cake resulting from the Leys method was dissolved in 
hot iso-awyl alcohol and boiled with charcoal. The solution was filtered 
through a steam-heated funnel. On cooling* the filtrate solidified to a 
cream-colored mass* This was liquefied by heating and the iso*anyl al­
cohol distilled off. The residue was dissolved in 300 cubic centimeters 
of ether-dhloroform mixture. The solution* on standing overnight in a 
refrigerator* threw down a precipitate which was filtered off with suc­
tion and washed with cold ether-ehloroform mixture. The substance re­
maining on the filter paper was an almost White powder* It was purified 
by precipitation from chloroform as follows 1 the material was dissolved
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in chloroform at room temperature and then placed In the refrigerator at 
8° 0* for several hours; the precipitate formed was filtered off and 
washed with cold Chloroform* After several repetitions of this proced­
ure* about 0*4 gram of a perfectly White powder melting constantly at 
74*5° 0. was obtained* A carbon tetrachloride solution of a portion of 
this substance did not decolorise a solution of bromine in carbon tetra­
chloride either in the cold or in the hot*

3*458 mgn* gave 11*115 mgm* CO and 4*622 mgm* H 02 2
C £ 85*44 per cent; H n 14*58 per cent 

036®73 requires C Z 86*27 per cent; H = 14*73 per cent
She melting point of i» reported in Beilstein (20) as 74*7° C*
The above described substance from its manner of isolation* its 

melting point* and its elementary analysis was identified as penta-tri- 
acontane*

EXAMINATION OP HORO-ALOOHDhlO SOUJTIQN Qg SAPONIFIABLE MiMIAL
Host of the alcohol was removed from the hydro-alcoholic solution 

by distillation over a steam bath* The concentrated solution was made 
acid with sulfuric acid (1 to 3) and shaten out with five 100 cubic 
centimeter portions of ether* The slightly green-colored ether solution 
was dried over anhydrous sodium sulphate and the ether removed by dis­
tillation* The residue* consisting of a few cubic centimeters of a 
brown liquid* was dissolved in hot 95 per cent alcohol. Upon standing 
in the refrigerator for a few hours the solution deposited a light brown 
precipitate* This was filtered off with suction* dissolved in ethyl 
acetate* and tfc* solution placed in the refrigerator overnight. A few 
milligrams of light yellow crystals melting at 79-80° 0* were obtained*
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On reorystalliaation from hot 95 per coat} alcohol ths crystals although 
almost shits still melted at 79**80^ Q. Th© amount of ths crystals mas 
too small to permit running further tests. This substance mas probably 
beheaic acid, <3H3-(GHg)g^rO^°-OH, which was obtained subsequently in 
sufficient quantity to be definitely characterized,

The concentrated allsaline liquid after acidification and extrac­
tion with ether was evaporated almost to dryness on a steam bath. The 
residue was extraoted with an ether-a lcoho 1 mixture (3 parts 95 per cent 
ethyl alcohol and 1 part ether)• The ether-alcohol solution was boiled 
twice with Charcoal, filtered, and evaporated to dryness. The residue 
was taken up in water and 13 per cent barium chloride solution was added 
until no further precipitation occurred. The filtrate was concentrated 
to a thick syrup Which when heated with potassium bisuljhate produced 
the characteristic pungent choking odor of acrolein. The presence of 
glycerin was indicated by this test,

MfrMITOLTIOM Qg ETHYL ACETATE* S01CTIE mTBRIil.
The portion of the petroleum benzin extract soluble in ethyl 

acetate amounted to 335 grams. Of this, 150 grams were refluxed for 6 
hours with 1500 cubic centimeters of an alcoholic solution of potassium 
hydroxide (300 grams of potassium hydroxide per 1500 cubic centimeters 
of 70 per cent ethyl alcohol). Most of the alcohol was distilled off, 
water added, and the mixture extraoted repeatedly with 300 cubic centi- 
209ter portions of ether. This treatment yielded an ether solution of 
unsaponifiable matter and an aqueous alkaline solution of saponifiable 
material.
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B3UIIMA.t i o n o f  the QMSa p qwryiabcb p o r t i o n
The ether solutions were combined, washed with water, «nd the ether 

removed by distillation over a water bath* The yellow-green residue was 
dissolved in 95 per eeat ethyl aloohol and plaeed in the refrigerator 
overnight# A yellow solid separated# This was filtered off and the fil­
trate concentrated slightly# Another small portion of yellow material 
was obtained on cooling# The filtrate from this was replaced in the re* 
frigerator. A quantity of gleaming white platelets was slowly deposited 
over a period of two to three days# By slight concentration and further 
cooling two more fractions of white platelets were obtained# Kb further 
crystalline material could be obtained from the mother liquor from which 
the yellow solid and the white platelets had been obtained#

ISOLATION OV
The two portions of yellow solid material totalling about Z grams 

were combined and recrystallised several times from 95 per cent alcohol# 
The top fraction still had a light yellow colors therefore, it was re­
crystallised from ethyl acetate# It was obtained as an almost white

oprecipitate melting somewhat indefinitely at about 55 0# It was dis­
solved in chloroform the solution boiled with charcoal# On filtra* 
tlon and concentration it was obtained as a perfectly white fine powder 
melting at 64*65° C# He crystallisation from ether did not change the 
melting point# The substance did not give positive sterol reactions, 
it did not react with concentrated sulfuric acid either hot or cold, 
ywri it could not be ace ty la ted* It was insoluble in 10 per cent solu* 
tions of hydrochloric acid and sodium hydroxide#

The above described substance from its manner of Isolation, its
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chemical inactivity, and its melting point was identified as tri-acontane*
C H ♦30 62

According to Beilstein (20) tri-acontane melts at 65»2° C, ; nonaoosane*
^29H$o b#°^*s 0** and hentriaoontane, 0 melts at 68*1 to

o ^68,4 0,

ISOLATION QP A STBROL

The three fractions of shite platelets which had been obtained from 
the alcoholic filtrate from the triaeontane were combined end the total 
10*6 gram) recrystallised from hot 95 per cent alcohol. After drying 
overnight in a vacutsn-deslocator over sulfuric acid the crystals melted 
at 133*134° C, Under the microscope they appeared as transparent* sligit- 
ly elongated* five-sided rods. They were insoluble in water* in 10 per 
cent hydrochloric acid* and In 10 per cent sodium hydroxide solution but 
were soluble in cold concentrated sulfuric add. The sulfuric acid solu­
tion had a red-orange color and shewed a heavy* green fluorescence by 
reflected light* These solubilities placed the substance in Group V of 
Kama's (21) solubility table. This group includes alcohols* aldehydes* 
loetones* ethers* esters* and anhydrides*

The substance gave positive sterol reactions with the Liebermann- 
Bur chard SalXowsKi reagents. After four reerystallisations from 95
per cent alcohol the melting point was raised to 135*136° 0* Two more 
crystallisations from absolute alcohol gave a product (about 0.15 gram) 
which melted at 136*137° 0*
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3*092 mgm. gave 9*295 mgn. 00 and 3*251 mgm. H 0* 2
C s 82*00 per oent; H : 11*60 per cent 

2*494 in̂ a* gave 7*508 mgn* 00^ and 2*614 m&o* Hg0 
0 = 82*09 per cent; H s 11*73 per eent 

Average C s 82*05 per eent; H « 11*77 per eent 
The crystals Which were analyzed for percentage content of carbon 

and hydrogen had been dried to ponstant weight in a vacuum desiccator 
over sulfuric acid prior to analysis; however* it was found that on be-
Ing heated At 100-105° C* to constant weight the desiccator dried crys­
tals lost 2*62 per oent of their weight* When this correction is applied 
to the above analyses the corrected values become:

0 m 84*23 per cent; H = 11*79 per cent 
CggH^OH requires C = 83*98 per eent; H « 12*16 per oent 

0*1136 gram of the desicoator~dried sterol, corresponding to 0*1106 
gram of anhydrous sterol, dissolved in 10*00 cubic centimeters of chlo- 
rotorm gave <=■= 28° a -0.57° in a 100 millimeter tube: f 28°- .51.54°.D D

A ohlorofozm solution of the sterol decolorised a chloroformic solu­
tion of bromine.

About 0*15 gram of the sterol was acetylsted by reflux ing with five 
euhie centimeters of acetic anhydride for two hours* The acetic anhydride 
was removed by heating over a water bath at ten millimeters pressure*
The cream-colored crystalline residue was dissolved in chlorofoxm and 
boiled with charcoal for a few minutes* The filtrate was evaporated to 
dryness the white residue recrystallised from absolute alcohol until

the crystals melted constantly at 133 to 1340
Since the saponification equivalents of the sterols are said (22)
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to "bo more reliable in the determination of the empirical formulae of
sterols than combustion analyses, the acetate obtained above was saponi­
fied.

0*0793 gram of the acetate dried to constant weight at 106° C» was 
refluxed for 1.5 hours with 6*00 cubic centimeters of half-normal alco­
holic potassium hydroxide solution* A blank was run simultaneously*
The acetate was found to be equivalent to 1*73 cubic centimeters of 0*1 
normal sulfuric acid* The molecular welgit of the acetate calculated 
from the above equivalent was 438*4*

0 H 0»00*CH- s 466*41 29 49
The sterol set free by the saponification was shaken out with chlo­

roform and re crystallised three times from absolute alcohol* The melt­
ing point of the crystals rose from 133? to 137° 0* The final melting 
point was not constant but the small amount of the sterol remaining 
after the third crystallisation did not permit of further purification* 

Prom its reactions with bromine* with the Li ebermann—Bur chard and 
Salkowski reagents* and with sulfuric acid; from its specific rotation; 
from its combustion analysis; and from the molecular weight calculated 
from its saponification value the above described substance was identi­
fied as a sterol with the probable formula, C^H^OH*

EXAMINATION OF THE SAPONIFIABLE PORTION
The aqi&ous alkaline solution after extraction with ether contained 

the saponifiable portion of the ethyl acetate soluble part of the petro­
leum bens in extract. It was made acid with sulfuric acid (1 to 3) and 
extracted ten times with ether* The ether solutions were combined* 
washed with water* shaken with anhydrous sodium sulfate* filtered, and
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the ether removed by distillation* The residue had a ranoid odor* It 
weighed approximately 83 grams* It was dissolved in 95 per oent aloohol 
and placed in the refrigerator at 7° C* overnight. A quantity of dark 
green solid material separated out* This was filtered off with suction, 
washed with cold 98 per oent aloohol, redissolved in hot 98 per oent 
alcohol, and placed in the refrigerator overnight* The material deposited 
now had a light gray oolor* The filtrates were combined*

The above treatment produced two fractions s fraction A, consisting 
of the saponifiable matter soluble in 98 per cent ethyl aloohol at 7° C* 
and fraction B, consisting of the saponifiable matter precipitated from 
98 per oent alcohol at 7° 0*

By similar treatment of fraction B with ether there were obtained 
a fraction 0, readily soluble In ether at 7° 0* and a fraction D, precip­
itated from ether at 7° 0*

ISOLATION OF BBHKNIC ACID
Fraction C, consisting of the saponifiable matter precipitated from 

98 per eent aloohol at 7° G. but soluble in ether gave a red-brown resi­
due upon removal of the ether by distillation* The residue was dissolved 
in hot 98 per oent alcohol* On cooling down to room temperature, the 
solution deposited a green-brown solid from which nothing definite eould 
be isolated* The filtrate from the brown material on standing at room 
temperature deposited about 0*3 gram of a White solid* The solid was 
removed and reciy stallized from 98 per oent ethyl aloohol until the melt­
ing point became constant at 78-79° 0*

022p4A°2 **** reported as melting at 79-80P 0* (2d) and at
81-620 0* (28)*
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0*0412 gram of the acid required 1*20 cubic centime tare of 0*1 N 
potassium hydroxide for neutralization# The molecular weight calculated 
from thie data is 343# 3#

W «  s
She silver salt was prepared and analyzed#
0*0136 gram of silver salt gave on ignition 0*0032 gram of silver*
Ag = 23# 70 per cent
OggH^OgAg requires Ag a 24# 12 per cent
She above described compound was thus identified as behenio acid#
She filtrate from the behenie acid on further concentration de­

posited another fraction of crystals which melted at 73*74° C# Sec re- 
crystallizations from alcohol raised the melting point to 76-79° C#
Shese crystals were evidently a further yield of behenie acid# No other 
material was obtained from this fraction#

I SOLIS ION OF MBL1SSIC ACID
Fraction L, consisting of the saponifiable material deposited from 

aloohol and from ether at 7° C# was dissolved in hot alcohol and cooled 
in the refrigerator# She white deposit which formed was removed and re- 
crystallized from hot alcohol# She crystals melted at 83—84° C# Further 
recrystallisations from hot alcohol gave a substance melting constantly 
at 87° 0.

C h,jO„ baa been reported as melting at 89-90° C. (86), at 90° C.3D 60 2
(27), and at 90*6° G. (28).

0#0727 gram of the acid required 1#61 cubic centimeters of 0#1 N 
potassium hydroxide for neutralization# She molecular weight calculated 
from this data is 431*6#
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C 30H6Gp2 s 452*6
The 8liver salt was prepared and analysed*
0*0137 gram of silver salt gave on ignition 0*0027 gram of silver,
Ag s 19*71 per oent
G30H5^02Ag  requires Ag z 19*29 per oent.
The above described compound was thus identified as melissio acid* 

probably containing a small amount of imparity*
The filtrate from the melissio acid was evaporated to dryness the 

residue dissolved in hot ethyl acetate. On cooling* a few milligrams of 
yellowish-white crystalline matter were obtained* The melting point was 
74*75° 0. The filtrate was evaporated to dryness giving a light brown 
residue which melted at 77° C* The quantities of material here were so 
small that they could not be worked with any further. The melting points 
of the precipitate and residue indicate that some behenie acid may have 
been present in this fraction as well as in fraction C*

Fraction A consisted of the saponifiable material soluble in 95 per 
oent alcohol at 7° 0. The aloohol was removed under reduced pressure.
The residue was a greenish-black, viscous mass with a rancid odor. It 
weighed approximately 50 grams. It was mixed with 200 oubio centimeters 
of distilled water and steam distilled. Four 75 cubic centimeter frac­
tions were collected. The first three fractions had rancid odors* Frac­
tion 4 had an aromatic odor and contained green oily globules floating 
on the surface. Bach fraction was shaken four times wi Hi 25 cubic cen­
timeter portions of chloroform. The chloroform shakings were combined 
frtyi the solvent removed by distillation. This treatment gave an aqueous 
solution of material not removed by shaking with chloroform and a res*
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idue of dhlorof om, soluble material* The residue was mixed with dis­
tilled water and titrated with standard sodium hydroxide solution* The 
neutralised liquid was shaken out with chloroform which renoved material 
(tolatile oil) which had not reacted with the sodium hydroxide* The neu­
tralised solution was then evaporated to dryness and the residue, con­
sisting of the sodium salts of the fatty acids, weighed*

The aqueous solution of material not removed by shaking with chlo­
roform was likewise titrated with sodium hydroxide solution, evaporated 
to dryness, and the residue weighed*

Qualitative tests performed on the sodium salt residues Indicated 
the absence of formic and acetic acids*

The quantitative results obtained with the steam volatile portion 
of Fraction A are tabulated below*

TABIE X

ACIDS EXTRACTED FROM STEAM DISTILLATE BT CHLOROFORM

Cubic Cen­
timeters of

Crams of 
Sodium Salt

Crams of Sodium Salt 
Eaui valent to Alkali Used

k /X alkali 
used

obtained
Acetate Butyr&te Caproate Caprylate

Fraction I 10*869 1*3666 0*8930 1*1979 1*6039 1*8088

" II 9*667 1*2326 0*7846 1*0624 1*3213 1*5692

« III 5* 640 0*7149 0*4625 0*6204 0*7789 0*9368

XT 3*600 0*4729 0*2670 0*6860 0*4834 0*6614
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The results obtained with fraction I point to a mixture of butyric 
and e&proic acids in almost equlmolecular portions although it is probable 
that a mixture of butyric, oaproio, and oaprylic acids in certain propor­
tions would correspond to the values given in fraction I. Fractions II, 
III, and IV also point to a mixture of butyric and oaproio acids or of 
butyric, oaproio, and oaprylic acids with the amount of the higher acids 
steadily increasing.

Silver salts were prepared from the sodium residues and the per cent 
of silver in the salts determined. The results are tabulated below,

tabie ii

Per”o€nt l*er cent “Silver
Silver found in
in Silver Salt Silver Salts of

Fraction I 50*3 Butyric Acid 55.3
* II 48.1 Oaproic A d d 46.4
9 III 46.9 Oaprylic A d d 43.0
9 IV 43.6 Capric Acid 38.7

The conclusion as to the composition of fraction I, Table II is 
approximately the same as with fraction I, Table I ; however, since the 
silver percentage is lower than the percentage required of an equimolsc- 
ular mixture of butyric oaproio acids the presence of a higher acid, 
probably oaprylic, is indicated. Fractions II, III and IV show a con­
tinuously decreasing silver content indicating the presence of a larger 
ratio of the higher fatty acids.

The quantitative results obtained with the aqueous solution of



28

material not ramoved by shaking with chloroform are tabulated below*

TABES III

ACIDS HOT EXTRACTED FROM STEAM DISTILLATE BY CHLOROFORM
Cubic Cen­
timeters of 
N/l alkali 
used

drams of Crams of Sodium Salt 
Sodium Salt Equivalent to Alkali Used 
obtained

Acetate Butvrate Cauroate
Fraction I 1*284 0*1467 0*1053 0*1412 0*1773

II 1*260 0*1391 0*1033 0*1386 0*1740

n III 1*007 0*1100 0*0826 0*1108 0*1391

H IV 1*007 0*1154 0*0836 0*1108 0*1391

All four of the above fractions, which contain the volatile fatty 
acids not extractable from an solution by chloroform9 point ooa*
sis tent ly to the presence of butyric acid*

Pure silver salts could not be prepared from the above sodium res­
idues*

That portion of Fraction A which was not volatile with steam was 
separated from the water and treated by the lead-ether method for the 
separation of liquid from solid fatty acids* The method used was that 
of Tortelli and Bugger! described by Rosenthaler (29). The ether-soluble 
and ether-insoluble lead salts were decomposed with 10 per cent hydro­
chloric acid and Shaken out with ether* The ether solutions were washed 
repeatedly with water till they were free of hydrochloric acid and were
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then dried with anhydrous sodium sulphate* (The ether was distilled off 
over a water hath yielding a residue representing the solid acids a 
residue representing the liquid acids.

ISOIATION OP MXRISTIC 10ID
Crystallization from various solvents of tha material obtained from 

the ether-insoluble lead salts, i.e. the solid acids, was attempted but 
without success* The solvents were removed by distillation and the resi­
due amounting to approximately 20 grams was distilled under a pressure 
of about 20 millimeters* Fraction X (up to 105° C.) consisted of a few 
cubic centimeters of a mixture of the various organ!o solvents which had 
been used in the procedures described above* Fraction IX (up to 150° 0.) 
consisted of about half a cubic centimeter of a yellow colored liquid 
Which could not be characterised* Beyond 150° C* the temperature rose 
very rapidly to 200° 0* Fraction HI. therefore, consisted of material 
distilling between 200° 0. and 220^ C* and amounted to about 6 cubic 
centimeters* Fraction IV distilled between 220° C* and 280° C* and 
amounted to about 3 cubic centimeters* Decomposition, producing a red- 
brown distillate, began above Z6CP C. The residue in the distillation 
flash was a biach-brown. thicK viscous mass from which nothing could be 
isolated.

Fractions III IV were both practically colorless liquids Which 
solidified on cooling* Fraction III on crystallization from 95$ ethyl 
alcohol melted at 51-52° 0* Fraction IV on crystallization from 95$ 
ethyl aloohol melted at 52-53P 0* The two fractions were combined and 
re crystallised from alcohol until the melting point became constant at 
53.5° 0* The amount of the pure acid was approximately 0.8 gram.
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°14H28°2 imported as malting at 53.7° C. (30).
0*7722 gram of the acid required 33*11 cubic centimeters of 0*1 N 

potassiian hydroxide for neutralisation. The molecular weight calculated 
from this data is 233*2.

O H O  Z 228*2 14 28 2
The silver salt was prepared and analyzed.
0*2730 gram of silver salt gave 0.0946 gram silver.
Ag z 34.66 per oent
0*1730 gram of silver salt gave 0*0601 gram silver.
Ag = 34.74 per cent
Averages Ag Z 34.7 per cent
°14&27°2^3 requires Ag s 33*6 per cent
The acid was obtained by distillation under a pressure of about 20 

millimeters between 200° 0. and 260° C.
C14H2ri°2 *8 reported (30) as distilling at 196*5° 0. under a pressure 

of 15 millimeters*
The above described compound was thus Identified as myristic acid*
The material obtained from the ether-soluble lead salts* i*e* the 

liquid acids* was also distilled under a pressure of about 20 millimeters* 
This residue amounted to approximately 25 grams. Only a few drops dls* 
tilled over up to 105° 0* Between 105° C. and 260° C* two to three cubic 
centimeters of a slightly red colored liquid were obtained. This fraction 
was discarded. Fraction III distilling between 250° C. and 258° 0. was a 
yellow liquid and amounted to about 8 cubic centimeters. No further dis«* 
tllldte could be obtained without decomposition. The residue in the dis~ 
tillation flash was a black tarry mass from which nothing could be iso* 
la ted.
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Fraction ill was Icept overnight in a vacuum desiccator containing 
sulfuric acid, it was then dissolved in neutral 95 per cent ethyl alco­
hol and titrated with normal sodium hydroxide solution of which 14*805
cubic centimeters were eonsuned* The solution was evaporated to dryness

oand the residue dried to constant weight at 105 C. The residue weighed 
3*5935 grams* The molecular weight of the sodium salt calculated from 
the above data is 243*7 from which the molecular weight of the a d d  be­
comes 320*6*

The sodium salt was converted into the silver salt and the silver 
salt analysed*

0*5862 gram gave 0*2060 gram Ag t Ag = 35*14 per cent
0*3651 gram " 0*1289 «* * * Ag a 35*31 » "

Average % Ag n 35*22 per oent 
The free acid was regenerated by treating a portion of the silver 

salt with 10 per cent nitric acid and shafting the mixture out several 
times with chloroform* The combined chloroform solutions were washed
thoroughly with water* The Chloroform was evaporated off giving a yellow
oil* This was dried over sulfuric acid and the iodine number determined*

0*2432 gram of the oil absorbed 0*05673 gram of iodine* The iodine 
number calculated from the above is 23*32* The iodine number of oleic

was a mixture consisting largely of saturated acids*
high silver content points to the presence of lower fatty aclds9 

possibly capryllic, C0HX6p g (per cent Ag in silver salt s 43.0) and 
capric* CxoHao°2 (P®* cent Ag in silver salt 3 38*7)* Silver oleate, 
C18H 3^>^g = P®r Ag*
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The Iq w molecular weight, 220*8, likewise indicates the presence 
in the oil or lower fatty acids*

Oleic A d d  * O ^ H ^ O  % s 280*3
Another portion of free aeid was regenerated from the silver salt 

as before and boiled with oonoentrated nitric acid for 30 minutes* The 
mixture was diluted with water and shaken out with chloroform* the ohle— 
roform solutions thoroughly washed with water* and the chloroform evap­
orated off. The residue consisted of a mixture of solid and oil. The 
oil was filtered off with strong suction and the residue washed with 
ether. The residue was dissolved in hot water. Upon cooling* the solu­
tion deposited a quantity of white crystals* These were filtered off 
and dried over sulfuric acid* They melted at 130° C* Another crystalli­
zation from hot water did not change the melting point. The crystals 
eould not be identified. They were titratable but the molecular weight 
calculated from the titration (318 for a di—basic acid) did not conform 
with any substance having a melting point In the neighborhood of 130** C*
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PHY3I0U>GICA1 TE3TS

A fluidextract was prepared from 100 grams of drag using 05 per 
oent aloohol as the menstruum* The first 85 cubic centimeters of per- 
oolate were set aside* Percolation was continued until the percolate 
earns through colorless and left no appreciable residue on evaporation of 
50 cubic centimeters of percolate* This second percolate was concen­
trated at a low temperature under reduced pressure and the residue dis­
solved in the 85 cubic centimeters of reserve percolate* The volume was 
then made up to 100 cubic centimeters*

One cubic centimeter of the above f luidextract per kilogram was 
given orally by capsule to two pregnant cats* Ho action was observed 
within twenty-four hours*

The marc remaining from the preparation of the fluidextract was ex­
hausted by percolation with 50 per cent alcohol* The latter portions of 
the percolate were concentrated as above*

All of the percolates Including the 95 per cent alcohol fluidextract 
were combined and concentrated as far as possible by means of a current 
of air at room temperature * The viscous resinous residue amounted to 
16 grams* Of this residue* 1*6 grams were given orally by capsule to a 
female cat weighing 2*55 kilograms* This represented a dose of 4*4 grams 
of drug per kilogram* Ho effects were observed within 72 hours*

The remaining 14*2 grams of residue were mixed with alcohol and 
water to give a mixture that could be injected intraperitoneally* The 
total volume obtained was 40 cubic centimeters* Five cubic centimeters 
of this were injected intraperitoneally into a female oat weighing 2*6 
kilograms* The dose of drug per kilogram calculated from the above was
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4*3 grams* Ho action was observed within 24 hours#
She chloroform soluble portion of the alcohol soluble extractive 

contained a substance which gave positive alKaloidLal reactions; there­
fore, the chloroform soluble extract was tested physiologically* Eight 
and four ••tenths grams of the drug, represented by 0,62 grams of the ex­
tract, was given by capsule to a female oat weighing 2,7 Kilograms* The 
dose of drug per Kilogram was 3,1 grams. No effects were observed with­
in 72 hours.
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ALOOHOL EXTRACT

The marc from the petroleum benzin extraction was spread out in a 
thin layer and the solvent allowed to evaporate* The maro, freed from 
solvent* was exhausted in a Lloyd extractor with hot 95 per cent aloohol* 
Most of the aloohol was recovered in the Lloyd extraotor* The concen­
trated extract was dried in vacuo over calcium chloride* The weight of 
the alcoholic extract thus obtained was 669 grams representing 7*43 per 
cent of the drug* The extract was a very thick: green mass* It was in­
corporated intimately with the aid of aloohol with purified sand and 
sawdust* The sand and sawdust used had been previously extracted suc­
cessively with petroleum benzin* ether* chloroform* and alcohol* In 
each case percolation had been continued until the percolate came through 
colorless and until one liter of percolate gave no appreciable residue 
on evaporation* The mixed material was spread out in a thin layer at 
room temperature and the aloohol allowed to evaporate* The dry residue 
was packed in a percolator and extracted successively with petroleum 
benzin (b*p* 30-60° 0)* ether* chloroform* ethyl acetate* and 95 per oent 
ethyl alcohol* In each case percolation was continued until one liter of 
percolate gave no appreciable residue on removal of the solvent* The ex­
tracts obtained were extremely difficult to analyze because each extract 
was a complex mixture of resins* fats* green pigments* and volatile oil*

PRTROLEPM BENZIN SOLUBLE PORTION OP ALBOHPL EXTRACT
This extract was a dark green, soft mass weighing 64 grams repre­

senting 9*5 per cent of the aloohol extract* Forty-five grams of the ex­
tract were dissolved in aloohol and crystallization attempted but without 
success*
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The alooholio solution was refluxed for five hours with an alcohol­
ic solution of potassium hydroxide (30 grams in 300 cubic centimeters of 
95 per cent alcohol) • Water was added and most of the aloohol evaporated 
off on the water bath* The resulting mixture was transferred to a large 
separatory funnel and shaken out several times with 100 cubic centimeter 
portions of chloroform* The combined chloroform shakings were washed 
with water and the chloroform distilled off on a water bath* The residue 
(A) was a dark brown liquid with an aromatic odor and amounted to IS grams* 
The alkaline liquid which had been shaken out with chloroform was now 
made acid with sulfuric acid (1 to 3) and again shaken out with chloro­
form* The chloroform solutions were washed with water and the chloro­
form removed giving a green-black residue (B) having a rancid odor and 
weighing 26 grams*

The unsaponifiable residue (A) was dissolved in hot aloohol and al­
lowed to stand* About one gram of amorphous green-gray material was 
thrown down* It could not be characterised* The aloohol was removed 
from the unsaponif iable material* the residue mixed with distilled water* 
and the mixture steam distilled* Two liters of steam distillate were 
collected* About two cubic centimeters of a light yellow volatile oil 
were recovered from the distillate* The portion of the unsaponif iable 
material which was not volatile with steam was recovered by extraction 
with chloroform and crystallisation from alcohol again attested* Only 
small amounts of intractable matter were obtained*

The unsaponifiable matter was now mixed with twice its weight of 
acetic anhydride ana boiled for two hours* The hot solution was homo­
geneous but on cooling it deposited some solid material* This was fil-
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tered off but it could not bo purified. It was saponified by refluxing 
with alcoholic potassium hydroxide for two hours. The alkaline mixture 
was shaken out with chloroform, the chloroform removed, and crystallisa­
tion from various solvents attempted but without success. The material 
was transferred to a distilling flask and distillation under reduced 
pressure attempted. The material did not distil without decomposition. 
Further work on this fraction was abandoned*

The saponifiable residue (B) was dissolved in a mixture of three 
parts of ether and one part of chloroform and shaken out first with 10 
per eent ammonium carbonate solution and then with 10 per oent sodium 
hydroxide solution. After extraction with sodium hydroxide solution 
there remained in the ether-chloroform mixture only a very small amount 
of reddish-brown material which was discarded.

The material soluble in ammonium carbonate solution was made acid 
and shaken out with ether. The ether was removed. Attempts at crys­
tallisation of the resinous residue from various solvents met with fail« 
ure. Distillation of the residue under reduced pressure produced only 
a few cubic centimeters of distillate which had an aromatic odor and was 
acid to litmus. A pure silver salt could not be prepared. The residue 
in the distillation flask was a green-black resin from which nothing 
crystalline could be obtained.

The sodium hydroxide soluble material yielded results similar to 
those obtained with the ammonium hydroxide soluble material.

nineteen grams of the original petroleum benzin soluble portion of 
the alcohol extract were dissolved in alcohol. Sulfuric acid and water 
were added in such proportions as to make the oontent of H2SO4 five per 
cent. The mixture was refluxed for two hours. It then had the pro-
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nounoed fruity odor of othyl butyrato. The aloohol was removed and 
wat0r added- mixture was filtered, sulfuric acid removed from the
filtrate with barium hydroxide, and the filtrate from this concentrated 
to a thick syrup. The syrup did not reduce Pohling* 8 or Benedict*s 
solution. Since acid hydrolysis did not liberate a reducing sugar, the 
absence of material of a glyoosidal nature in the petroleum benzin sol­
uble extract may be assumed,

ETHER SOXPBI3B PORTION OP ALCOHOL EXTRACT
This extract was a dark green viscous liquid weighing 42 grams rep­

resenting 6,3 per cent of the alcohol extract. Thirty grams of the ex­
tract were dissolved in 95 per oent alcohol and allowed to stand. A 
green precipitate was thrown down. This was filtered off, dissolved in 
ethyl acetate, and the solution again allowed to stand. About 2,5 grams 
of green material were deposited from the ethyl acetate solution. The 
green material was probably chlorophyll although it did not give the 
"brown-phase” reaction (32). This reaction is given only by intact 
chlorophyll, that is, chlorophyll which has not undergone changes in its 
lactam groups.

The aloohol solution from which the chlorophyll had been deposited 
was concentrated to a small volume, mixed with water, and steam distilled. 
The steam distillate was shaken with ether. The combined ether shakings 
on removal of the ether gave a very small amount of a light green vola­
tile oil having an aromatic odor but unpleasant taste. An alcoholic 
solution of the oil was acid to litmus. The distillate after the re­
moval of the ether soluble constituents was still acid in reaction. A 
portion (160 cubic centimeters) was neutralized with sodium hydroxide
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solution and evaporated to dryness* The residue, mixed with aloohol 
and concentrated sulfuric acid, gave off the characteristic fragrant odor 
of ethyl butyrate.

The non-volatile material in the distilling flash consisted of a 
mllhy green supernatant liquid and a black viscous resin*

The supernatant liquid was strongly acid to litmus and gave a dark 
green precipitate with ferric chloride solution* Extraction with ether 
yielded a very small amount of green coloring matter* After extraction 
with ether* the supernatant liquid was evaporated to dryness* The residue 
consisted of more chlorophyll mixed with brown fatty material*

The black viscous resin yielded nothing definite*
Hydrolysis of ten grams of the original ether extract with 3 per 

cent sulfuric acid in aqueous alcohol yielded no reducing sugar* Absence 
of glyoosidio material In the ether soluble portion of the alcohol ex* 
tract was thus indicated*

CHLOROFORM SOLUBLE PORTION OP ALCOHOL EXTRACT
This extract was a green-black liquid weighing 31 grams represent­

ing A#6 per cent of the aloohol extract* As nothing oould be directly 
separated from a solution of this extract in various solvents, £5 grams 
of it were mixed with water, and steam distilled* The steam distillate 
was found to contain volatile oil and butyric acid as in the case of the
ether soluble extract*

The non-volatile material in the distilling flash consisted of a 
clear, amber colored supernatant liquid and a black solid resin*

The dried resin burned with a smoky flame and left no perceptible 
residue* Nothing definite could be isolated from it#
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The amber colored supernatant liquid had a bitter astringent taste 
and was aeid to litmus* It yielded precipitates with solutions of phos- 
pho-oolybdio aeid and phospho-tungstlc aoidf Mayer*s reagent, iodine 
test solution, and gold chloride solution*

The sternatant liquid was made alkaline with 10 per cent amnonia 
and shaken out with chloroform* The combined chloroform solutions were 
sha&en out with % per cent sulfuric acid* She combined acid solutions 
were made alkaline Whereupon a cloudy white precipitate appeared* Shis 
was completely shatesn out with chloroform. She chloroform solutions 
were evaporated to dryness* A very small amount of a brown, varnish- 
llke residue was obtained* A portion of the residue dissolved in slight­
ly acidulated distilled water gave precipitates with the reagents named 
above* The remainder of the residue was dissolved in neutral alcohol 
and titration attempted. An excess of standard acid was added but the 
amount of standard alkali required for bach titration was exactly equiv­
alent to the acid added* The substance was recovered from the titration 
mixture and dissolved in a small volume of alcohol* The amount of the 
substance was so small that solutions of it had to be evaporated to dry­
ness to obtain any of it* Slow evaporation of solutions of the sub­
stance in ether, chloroform, and aloohol produced fan-shaped clusters of 
very fine needles contaminated with brown coloring matter* This color­
ing matter could not be removed by charcoal* Under the micrdsoope the 
inquire crystals appeared as uniformly grained, long flat crystals with 
irregular ends* The micromelting point of the impure crystals was 
160-16 S*5 0*

Hydrolysis of five grams of the original chloroform extract with 
5 per oent sulfuric acid in aqueous alcohol yielded no reducing sugar.
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Absence of glyoosidic material in the chloroform soluble portion of the 
aloohol extract was thus indicated*

ETHYL AQETATS SOLUBLE PQRT1QN Qg A1C0H01. EXTRACT

This extract was a darh brown solid weighing 78 grams representing 
11.7 per cent of the aloohol extract*
Isolation of Sodium and Potassium Chloride

The extract was mixed with 95 per cent aloohol* There remained un- 
dls solved several grams of yellowish-white crystalline material. It was 
found to be soluble in w$ter and was reorystallized from water* The 
last crystallisation yielded perfectly symmetrical cubes* These crystals 
were inorganic and had a salty taste* Qualitative tests revealed the 
presence of sodium* potassium* and chloride ions* Lithium and ammonium 
ions were absent*

The following quantitative experiments were performed with the 
crystals s

0.1928 gram produced 0*4517 gram of silver chloride 
0*5188 * " 0*7484 n * " *

Assuming the crystals to be sodium chloride the per cent of BaCl in 
the crystals is respectively 95*54 and 95*73*

0*1497 gram of the crystals consumed 24*445 cubic centimeters of
»/l0 silver nitrate solution*

Calculated on the basis of sodium chloride the per cent of

HaCl = 95*45.
Since the qualitative tests showed the crystals to consist of sodi­

um chloride and potassium Chloride the per cent of each In the crystals 
was calculated from the results of the first two determinations as felloes*
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0.6116 gram of crystals produced. 1.2001 grams AgCl.
^ “ e ™ “« HsCl In 0*5116 gram of crystals, then

(0.5116 - X) m grains of KOI in 0.5116 gram of crystals.

[  feci * X] +- L~JKC1 x (0.BU6 - X,] = 1.2001

X ss 0*4087 grains of NaOl 
0*5116 — 0«4087 s 0*1029 grams of KOI

* 100 s 70.9 per osnt XaCl in crystals

0.5116 x * *0.1 per cent KC1 in orystals.

®h» portion of the ethyl acetate extract which, dissolved in 95 per 
osnt aloohol did not yield any crystalline material# She aloohol was 
removed, the residue mixed with water* and the whole steam distilled# 
This steam distillate as the previous ones contained volatile oil and 
butyric acid#

The non-volatile material in the distilling flash consisted of a 
milky yellow supernatant liquid and a soft black resin*

Ho thing could be isolated from the resin*
The supernatant liquid deposited a red-black solid on standing# 

(This solid was soluble in 10 per cent sodium hydroxide and was reprecip­
itated from the alkaline solution on acidification* It may have been a 
phlobaphena•

After the deposition of the above substance the supernatant solu- 
tlon had a clear amber color# The solution gave a heavy blaok^reen 
precipitate with ferrio chloride solution* a cream-colored precipitate 
with strychnine sulfate solution, yellow precipitates with lead acetate 
g ^  2.Q03, suhaootato solutions, a white precipitate and a red ring at
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t!» Interface with sulfuric acid., a brown precipitate with bromine water, 
ft gray precipitate with gelatin solution, and a white precipitate turn— 
ing dark: brown with potassium di chroma te solution. Che solution was 
strongly aoid to 1 items, had an astringent taste, and assumed a dark: 
"brown color on allsalinization with ammonia. It reduced Fehling's solu­
tion strongly. With ferric chloride, a very dilute solution produced a 
green precipitate which turned to violet on addition of sodium acetate 
solution. The above reactions indicated the presence of a catechol
tytwwlwf

To determine whether the tannin was a glycoside or not the method 
of Procter (17) was used. One third of the supernatant solution (one 
hundred cubic centimeters) was used for the determination. A portion 
of the clear, colorless neutral filtrate obtained at the end was boiled 
with ?ehlingvs solution# A small amount of cuprous oxide was produced# 
Another portion of the filtrate gave a positive Holiseh reaction. An 
osazone could not be prepared. These tests indicated the presence of 
a reducing carbohydrate. This in turn leads to the conclusion that the 
tannin was a glyeosidal tannin#

A quantitative determination of the tannin present in the super­
natant liquid was made by the method described by Rosenthaler (33)# 
Twenty cubic centimeters of tannin solution were evaporated to dryness 
on the water bath, then dried to constant weight at 100° C. The weight 
of the residue s amount of total soluble matter (G) * 2#1506 grams#
The residue was converted to ash and the amount of ash ascertained 
(A) » 0.0230 gram# (0) - (A) - amount of soluble organic matter (0 )
in ZO cubic centimeters of tannin solution « 2.1506 - 0#0220 =
2,1286 grams. Twenty cubic centimeters of tannin solution were mixed
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with 130 cubic centimeters of water and digested for one hour with 10 
grams of hide powder with frequent stirring, the mass pressed out, and 
the filtrate again treated for 24 hours with 5 grams of hide powder.
The filtrate from this gave no reaction with ferric chloride solution. 
Fifty cubic centimeters of the filtrate were evaporated to dryness and 
the residue dried to constant weight. It was then converted into ash 
and the weight of the ash substraoted. She difference in the weigits 
multiplied by 3 gives the quantity of non-tannin (N) present in 150 cu­
bic centimeters of the diluted tannin solutions 1.4686 - 0*0269 =
1*4429 x 3 s 4*3287 grams. From this is deducted the weight of the 
organic matter dissolved out of the hide powder, as determined by an ex­
periment under the same conditions, This weight * 4*3086 grams,
Then, 4*3287 - 4*3066 z 0*0201 gram, weight of non-tannin in 20 oublc 
centimeters of tannin solution. The quantity of tannin present in the 
original twenty otibio centimeters of the tannin solution is finally ob­
tained from (0 ) - (N) s 2*1286 - 0*0201 * 2*1086 grams*

total amount of tnymin present in the supernatant liquid cal­
culated from the above ■ 2*1085 x 15 — 31*6 grams*

Concentration of the remaining tannin solutions under reduced pres­
sure resulted in the production of a brown unorystallisable syrup.
On being Kept over sulfuric acid in a desiccator the syrup was converted 
into ^  amorphous brown powder*

PORTION ng AT/IOTTOT. KyffiA.gg MPT DISSOLVED BY PETROLEUM KBNZIN. ETHB&,
f!TTT/fflOFO^M. AND BTHYL A CET4TE

O<h0 alcoholic extractive which remained in the sand and sawdust was 
extracted with 96 per cent aloohol. Most of the aloohol was removed by
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distillation. The thick brown-black residue was mixed with water and the 
volatile oil removed by steam distillation.

The brown-colored supernatant liquid in the distilling flash gave no 
definite reactions. The insoluble brown mass in the distilling flash 
was dissolved in aloohol and allowed to stand. About 4 grams of greasy 
green material were deposited. This material was filtered off and the 
alcoholic filtrate concentrated to the cons is tency of a thin syrup and 
poured slowly into a large volume of hot water. The precipitated resin 
was allowed to settle and the supernatant liquid decanted. The resin was 
redissolved in alcohol and reprecipitated. It was collected and dried. 
The dry resin amounted to 64 grams. It was a black, brittle solid with 
a smooth, shiny fracture. It had a slightly astringent taste and burned 
with a smoky flame. It was freely soluble in 10 per oent ammonia and in 
6 per cent potassium hydroxide. Its acid value was 116#3; its saponifi­
cation value. 227.4. It lost 6.6 per cent of its weight on being dried 
to constant weight at 105° C. It had an ash content of 0*32 per cent.

s u m m i t  Aim CONCLUSIONS

1. A short botanical description of Inomea Pes-Qaprae has been 
given, followed by reports of medicinal uses.

2. The United States Pharmacopoeia X "constants" for crude drugs
have been determined for Inomea Pea-Oaprae.

3. A preliminary extraction by the Dragendorff scheme indicated that 
petroleum bensin and 96 per cent alcohol were the best extractants for 
the drug, various extracts obtained by the Dragendorff method were

described*
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4. lasts on snail amount a of drug for the presence of alttaloiOs wore 
negative.

5* The test by the Lead Method gave indications of the presence in 
the drag of fat, tannin, red coloring matter, and a reducing sugar#

6# The total resin content of the drug was found to be 7*27 per cent# 
©ae aqueous washings from this determination responded to reactions for a 
glycosidal tannin,

7, The ash from a portion of the drug was found to contain tin, iron,
aluminum, magnesium, calcium, sodium, potassium, and silica* The sulfate,
chloride, and carbonate radicals were also present#

8# The drug was found to contain 0,048 per cent volatile oil. The
volatile oil had a specific gravity of 0,9626 at and a refrao-28° 0#
tive index at 26° G, of 1,4703,

9# Extraction of nine Kilograms of the drug with petroleum bensin 
yielded 3,91 per oent of extractive. The extract yielded the following 
substances s pentatriacontane, O^gH^ * triaeontane, a sterol,
GggH^DH; behenio acid, C21H43°°0H; meli8sio aoid* C29H59C00H; 
acid, C ^ C O O H ;  and myristic acid, C^g^QOOH, The presence of glycer­
ol, of saturated fatty acids of low molecular weight, and of an un­
saturated fatty aoid was demonstrated*

10# The sarc from the petroleum bensin extraction was extracted 
with 96 per oent alcohol and yielded 7#43 per oent of extractive. The 
extraot yielded volatile oil; butyric acid; chlorophyll; resin; a sub­
stance malting at 160-1630 0, and responding to alfcaloidal reactions; 
inorganic crystals consisting of sodium and potassium chlorides; and a 
catechol tannin which yielded a reducing carbohydrate on hydrolysis#
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11, During the examination of the drug, Tar ions extractives were ad* 
ministered to oats hut in no ease was there an apparent response to the 
drug.
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