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HISTORICAL INTRODUCTION

The poisonous nature of rayless goldenrod (Aplopappus heterophyllus
Blake), which was established by the experiments of Marsh, Roe and
Clawson (11), confers upon the plant considersble economic importance.
The disease resulting from ingestion of the plant is known as trembles,
or alkali disease, or toc the medical profession as milksickness. Couch
(4, 5) isolated from rayless goldenrod & substance that he proved to pro-
duce trembles in sheep. He considered this substance a pure compound,
pnemed it tremetol, eand assigned it & formula. Lathrop (10), however,
succeeded in further fracticnsting both a sample of tremetol which he
isoleted from rayless goldenrod by the general method of Couch and a
semple which Couch himself supplied for comparison. It is thus from a
toxicologic point of view that the chemistry of this plant has been
studied: we have found no report of further chemical investigation.

Buehrer, Mason and Crowder (3), however, studied a related organism,
Aplopappus hartwegl Blake. They reported the presence of unidentified
but typical plant alkeloids, the presence of pyridine to the extent of 2%
of the fresh plant, and the properties of an essential o0il obtained from
the fresh plant. This oil was found to consist entirely of one or more
hydrocarbons of formula CyoH;g; two fractions were found to have the
following properties: boiling-point (26 mm.) 72°C., 85°C.; density (25°C.)
0.7791, 0.8056; index of refraction 1.670, 1.663; specific rotation (30°C.)
-0.40°, -0.55° .

In order to obtain sufficient tremetol for chemical study, Lathrop
exhaustively extracted with 95% alcohol 225 pounds of dried, ground plant

bodies of A. heterophyllus. The plant was collected while in bloom in

August, 1938, near Hagerman, New Mexico. He removed the waxy materials

from the alecohol extract by chilling end filtering through glass wool. He
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reduced the filtrate to a smsll volume by distillation of the alcohol
and subjected the residue to steam distillstion to remove as much as
possible of the essentiel o0il and sll traces of alechol. He extracted
the condensate with benzene, and upon evaporation of the benzene ob-
tained an impure essentirl oil. This oil he subjected to distillation

in the Hickman vacuum still. The temperature was maintesined at 100°C. by
means of a steam bath, snd the pressure at approximstely one mm. of
mereury by means of & Hyvac oil pump. He so obtained no more than 10 ml.
of a clear, light yellow oil of strong aromatic odor.

Since no chemical investigation of either the oil or the wax from
this plant had been mede, the gummy wax-impregneted gless wool and the
essential oil were retained for study.

By the general procedure of Couch, which consisted in selective ex-
traction with agueous alcohol, saponification, and extraction with ether,
Lathrop then isolated about 40 ml. of tremetol from the black gummy
residue. A part of this tremefol he distilled in the Hickman vecuum still
on the steam bath at 1 mm. pressure. He thus obtained feour liguid
fractions of unequal volume, collected over egusl time periods, and a
fifth dark brown resinous fresction as a residue. After about = week,
fraction £ deposited a few white erystals., All other fractions were then
seeded, whereupon fractions 1 and 3 slso yielded the same erystalline
material. About 50 mgm. was collected and purified from petroleum ether.

A second portion of the tremetol he placed in the Hickman still., At
80*C. and 1 mm. pressure there distilled about 6 ml. of a light yellow
oil of spicy odor; at 100°C. about 5 ml. of a somewhat more viscous liguid
distilled; and at 170°C. there distilled a resinous orange solid without
the spicy odor. A red tarry residue wss removed from the still with ether

and preserved for study.



The objectives of this work on some of the aleohol-soluble constitu-
ents of A. heterophyllus are threefold: (a) to continue the study of
chemiecal and toxic properties of tremetol and fractions thereof; (b) to
study the properties of the essential oil; and (c) to study the properties
of the plant wax.

All of the source materials were supplied to the author by Lathioy

(10).



EXPERIMENTAL
Part I. Tremetol and Fractions Thereof.
A, Animal Inoculation Experiments.

Healthy, approximately year-old guinea pigs were used as test snimals
in the hope of establishing the toxicity of the individual fractions of
tremetol. Guinea pigs were chosen because they were on hand, they had
been previously used, and the quantity of eny fraction of tremetol was
so small that even had sheep been avallable no reliable results could
have been cbtained. Tach animel was weighed frequently, although almost
deily fluctustions in weight are observed in healthy snimals.

Luer syringes of 10 ml. capacity and 18 or 20 gauge hypodermic
needles were used in injeecting the olive oill sclutions ¢f the two resinous
fractions: (a) the glassy orange solid that distilled at 100°-170°C. at
1 mm. pressure, and (b) the reddish tarry residus. Olive oil was chosen
as a menstruum for these resinsus fractions because it ic mon-toxic and
dissolves the fraetions satisfactorily. The pure virgin olive oil was
sterilized in pressure bottles in the sutoclave at 115°C., for 20 minutes.
A control animal received 4.0 ml. of sterile olive oil.

A standard "tubsrculin® syringe of 1 ml. capacity was used to inject
the liquid fractions: {a) undistilled tremetol isolated by Lathrop, and
{b) the mother liquid of the fraction from which erystals first deposited.

All syringes and needles used were chemically cleaned, wrapped
separately in heavy brown paper and baked in an oven at 150°C. for 2 1/2
hours. All injections were made intraperitoneally after thorough
swabbing of the area with slcohol. Injections were continued until the
supply of tremetol was exhausted. Table I shows dates of injection,

amounts of inocula, and clinical findings.



Table I.* Cumulative Record of Animal Inoculation Experiments.

Number : Identity @ Cliniecal Findings*
of 3 of : ts of ino r ml,
animal ! Inoculum ! Dates of injections
: : 1939
: 1 3-18 : 4-1 1 4-9 t 4-14 : 427 3 S8 t 5.3 : 5210 3 5-20 1 7-12%*
: 1 : : : : : : : ! :
T il in in tn in tn i n An !
: : : t : : ! 3 : : 1
2., ! A 1 0,2 tn 0.3 1 s tinoO2 :nOl3$nO1 :noO.,1¢tnO1 tn :
: : t 3 : : ! : : : :
T NS R S R 1 SR | 1n02: 802 8031802 tn in
5 S : : : : : s : : i t
4, B $ 0,3 31 n 0.3 3 a% : : : : : :
: 1 ! : ! ! s : [ : :
B. ! L i 4.0 :n 1 i i : ! B : i
: : : : : : t : : $ t
B 1 b BoR e | in0,3: s tn in in in in { 3
: : : : : : : : $ ' :
Be ¢ E : H 1 0,2 ¢ n0.8 :8 $1 80,1 : 80,1802 80,2 n
s 1 s : : ! : t t : t
R O R 3 3 t 1 0.3 1 n01 1202308 3001 12

* Explanation of avbreviations in the table:
Inocula: A--distillate at 100°C. (1 mm.) after erystals had been removed.
B--orange resinous solid distilling from 100°-170°C. (1 mm.).
C--sterile olive oil.
D--essential oil.
E-~tarry residue from vacuum fractionations of tremetol.
F--whole tremetol isolated by Lathrop.
Clinical findings: n--normal irritsbility.
s--recognizably subnormal irritability.
d-~death
** 0linical findings the day the animals were destroyed.
*** Saprophytic decomposition had advanced too far for necropsy.



On July 12, animals 3, 6 and 7 were destroyed for hecropsy, because
enimals 3 and 6 had shown clinical symptoms of poisoning, and animal 7
was expected to show organologic symptoms.

Animal 3. Weight at beginning of test period, 670 g., at end of
test period, 610 g. Viscera aud peritoneal cavity normal. No evidence
of cirrhosis or fatty degeneration found in liver.

Animal 6. Weight at beginning, €50 g., &t end of test pericd,

580 g. Peritoneal cavity normal. Liver considerably enlarged, but no
evidence of generalized cirrhosis or fatty degeneration found. Several
localized abscesses present. Other viscera normal.

Animal 7. Welight at beginning of test, 700 g., at end of period,

690 g. No pathological findings.t

1, The author is indebted to Dr. Lewis H. Moe, of the Department of
Bacteriology, Physiology and Veterinary Science, for his assistance
in interpreting the conditions found at necropsy.



B. Chemical Investigation of Tremetol and its Fractions.

The white crystals.

The purified ecrystals obtained by Lathrop, although preserved in &
tightly stoppered flask, underwent decomposition in 2 months, as evidenced
by their acquiring a yellow color and a sticky consistency and the pres-
ence of peroxides.

Detection of peroxides. A few of the erystals were dissolved imn
carbon tetrachloride. A few ml. of 15% potassium iodine solution was
added and the mixture warmed slightly. The carbon tetrachloride layer
toek on & purple tinge. A eontrol tube containing no erystals, but other-
wise identical to the test tube showed no tinting of the carbon tetra-
chloride layer.

Microanalysis and molecular weight. Dr. Ogden Baine (1) of
Southwestern University, who made the analyses for carbon and hydrogen and
the determinations of molecular weight (Rast), also noted evidence of de=
composition. Analysis: Caleulated for O)gH)404: molecular weight 246.1,
carbon 68.%25, hydrogen, 5.69%; calculated for CygHy50,4¢ molecular weight
259.1, carbon 69.08%, hydrogen 5.87%; calculated for Cygh;e0s: molecular
weight 256.1, carbon 75.34%, hydrogen, 6.25%. Found: molecular weight 259,
262; carbon 66.46%, 67.95%, 68.54%; hydrogen 5.89%, 5.57%, 5.83%.

Exemination with the polarizing mieroscope.? Because of the state of
disrepair of the available polarizing microscope, most of the usual i
determinations could not be made. The crystals were found to be acicuiar,
anisotrople, and pleochroic. The index of refraction was found to be 1.59
through the short axis. An average of 12 readings gave 55.6* as the angle

of extinction parallel to the long axis.

2. The author is indebted to Professor Rey L. Six, of the Department of
Geology for determining the physical constants of the crystals.
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Permanganate oxidation. Since Couch had obtained a crystalline acid
by permangenate oxidation, it was wondered if the erystalline material
was not the compound from which the acid was derived. Accordingly, a few
erystals were heated under reflux for half an hour with slkeline
potassium permasnganate. The mixture wss then cooled, acidified with
sulfuric acid, and again refluxed for half sn hour. The mangsnese dioxide
was destroyed by adding sodium bisulfite tc the cooled mixture. This was
then repeatedly extracted with ether. Evaporation of the ether ylelded
no product.

Hydrogenation with phosphorus and hydrogen iodide (9, 13). A small
amount of the erystalline material, about 0.1 g. red phosphorus, and
about 0.7 ml. hydriodic acid (specific gravity 1.7) were sealed in a
heavy-walled test tube. Two such tubes were prepared end placed in the
bomb furnace that was heated slowly to 250°C. snd held at that tempersture
for 13 hours. One tube was shattered by the internsl pressure. The other
tube was cooled, opened with caution snd the contents washed out with
water and ether. The water was extracted repeatedly with ether. The
combined ether layers were shaken with dilute agueous alkali. The water
was removed, acidulated end sgain extracted with successive portions of
ether. Evaporation of the combined ether layers yielded only a small
amount of a yellow oily material of a phosphorous odor.

Dehydrogenation with selenium (13). A few erystals and sbout 1.0 g.
grey selenium were seasled in a thick-walled test tube which was then
placed in the bomb furnace. The temperature was slowly reised and main-
tained at 260°C. for 18 hours. The tube was then removed, cooled and
opened with caution. The glass was broken into small pieces, and the
grey-black contents of the tube pulverized. This mass of glass fragments

and blackish powder was heated under reflux with successive 25 ml.



portions of ether. Evaporation of the combined ether solutions yielded
only a few yellowish crystals which in the desiccator melted to an oil
of disagreeable odor,

Th d fraction, dist 100°C, mm, ) freed of erystals.

The yellow oily mother liquid from which the erystals previously
described were removed yielded no derivatives in the following reactions:
oxidation by slkaline permangenate, hydrogenation with phosphorus and
hydriodic acid, and dehydrogenation with selenium.

The fraction of Couch's tremetol distilling at 100°C. (1 mm.).

This yellow oily liquid formed no derivative when subjected to

hydrogenation with red phosphorus and hydriodic acid, and only a small
amount of a yellow oil when dehydrogenated with selenium. Oxidation with
alkaline permanganate yielded no acid.

Lathrop's undistilled tremetol.

Molecular weight determination (Rast) for tremetol isolated by
Lathrop gave the value 260, Attempts to derive the acid of Couch by
alkaline permangenate oxidation, and to dehydrogenate with selenium and

to hydrogenate with phosphorus end hydriodic acid were unsuccessful.
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Part II. The Essential Oil.
The assentiaiiLhich was obtained by Lathrop in the menner already de-
seribed was used in this study. Determinations of some physical and
chemical properties were nade. The values obtained are shown in Table II.

Table II. Properties of the Essential Cil.

Boiling-point (Siwoloboff) 238°C.
Density (22°C.) 0.9942
Index of refractiocn (20°C.) 1.4940
Molscular weigzht {Rast) 264, 292 (278)
s‘c’Sfé?ZfﬂI?iZﬂ?ﬁf" [<]J¥" + 9.5¢*
aleohel observed in a 10 em.
tube.)
Saponification value (8) 0.12
Iodine value (8) 103.5, 107.5

From the average iodine number, and the average molecular weight, it
was caleculated that each molecule of oll added 2.31 atoms of iodine. From
the average iodine velue, end the lower molecular weight found, it was
calculated that each molequle of oil absorbed 2,02 atoms of iodine, This
indicates one ective double bond in each molecule.

The very low zaponificstion velue precludes the presence of appreciable
free eacid.

Analyeis was made for free aleoholie hydroxyl by acetylation in the
presence of pyridine (12). .Baaed on the assumptions that the molecular
weight wee 278 (es determined above), and that each alcohol molecule cone
tained but one hydroxyl group, utlculatiéﬁs indicated the presence ofiabdut
5% such alcohol molecules. i _

Analysis wes nade for aldehydie or ketonic carbonyl by a modif1d¥: 
hydroxylamine method (6). Based on assumptions snalogous to those for alco-
hol analysis, calculations indiested the presence of about 2.2% carbomal'

compounde.



11

Fractionation. In order to obtsin the individual components rela-
tively uncontaminated, a portion of the 0il was subjected to qualitative
vacuun fractionation. For this purpose a pyrex fractionsating tube was
constructed similar to the one described by Benedetti-Pichler and Schneider
(2). The bulb of the tube wes immersed in a bath of glycerol. At &
presgure of about 1 mm., asbout 3 grams of the oil was divided into four
liquid fractions of approximately equal volume, and an amber resinous
fraction thet was not volastile at the boiling point of glycercl. After
removal of each frection with & mieropipet from the L-sheped tip of the
tube, the aream was cleansed with pipe-cleaners. This fraction was re-
moved from the bulb with ether. The vhysical constants which were
determined on these fractions are shown in Teble IIT.

Table IITI. Physieal Constants of Essential 0il Frectioms.

Fraction Boiling-point °C. Refractive index, Molecular

{Siwoloboff) 22°C. (Abbe) Weight (Rast)
34 237 1.4888 218, 225
2 248 1.4955 270, 244
3. 228? 1.5040 258, 241
4. : 275 ~ 1.5161 522, 335
5. - - 473

Chemical investigetions of these fractions yielded the followin3i 
results: All fractions turned a carbon tetrachloride solution of iodine
brown, indicating the presemce of an oxygen-conteining compound. Frac-
tions 1 and 2 absorbed bromine readily from carbon tetrachloride, but no
solid bromides were isolable. Fractions 3 and 4 did not absorb bromine
from earbon tetrachloride. Fractions 1 and 2 reacted violently, with
darkening and thickening, even in the cold, when dry HCl gas was intro=-
duced. No solid hydrochloride was isolated. Fractions 1 and 2 reacted

vigorously with sodium.



12

Seponification:

The mixture obbained from the determination of the saponification
value was made alkaline and pleced on a weter bath to evaporate the alco-
hol. The water insoluble products rose to the top and were pipetted off.
This oil, of brown color and of an odor reminiscent of the originsl oil,
wes subjected to qualitative fractional distillation at 1 ms. in the same
manner as before. There were 80 isolated four liquid fractions of approxi=-
mately equal volume and s small smount of resinous meterial which was re-
moved from the still with difficulty. Seome physical constants were deter-
mined for the liquid fractions. They are shown in Table IV.

Table IV. Physicul Constante of Fractions of
Water-insoluble Saponification Products of Essential 0il.

Fraction Boiling-point *C.* Refractive index 25°C.
(Siwoloborl?f) (Abbe)
1. 238 1.4954
2. 2357 1.49856
3. 2307 1.500
S 268 1.5058

*During the determinations of the boiling-points, the contents of the
capillary tubes underwent darkening and the volumes diminished.

Attempts to obtain phenylhydrszones and solid hydrochlorides of frac-
tions 1, 2 and 3 were fruitless.

The water layer from which the weter-insoluble seponification producte
were removed was acldified and extrected repeatedly with isopropyl ether.
Upon evaporation of the ether, there remained a swall smount of an amber oil
possessing an odor strongly suggestive of spoiled citrus fruits. In & semi-
micro Siwoloboff determination, this oil boiled at 119°C. with much decompo=-

sition and with escape of volatile material.
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Part III. The Wex.

The gummy wax-impregnated glass wool used by Lathrop to collect the
precipitate from the cooled alcohol extract of rayless goldenrod was the
source of the wax used in this work. The mass of glass wool was of a green
color so intense that it appeared bleck. Solutions of this material in

benzene and other organic solvents were bright green.

To obtain the crude wax, this mass of glass wool was exhaustively ex-
tracted with benzene, the solvent in which the material showed greatest
solubility. The hot benzene extract was filtered through several folds of
gauze to remove plant fibers and fragments of glass wool and the benzene
was distilled from the filtrate until the mass was thick and gummy. This
residue was poured into shallow dishes and the rest of the benzene evapo-
rated by leaving for several days in an oven at about 70°C. The resulting
benzene-free mass was moldable and of a green-black color.

Extract of the wax e e material,

The following methods were applied in attempts to obtain the wax free
from pigment.

Elutriation. Since‘chlorophyi possesses a greater solubility in water
than wax, an attempt was made to precipitate the wax, free from pigment, by
washing repeatedly a small amount of the crude materisl in a2 large volume
of beiling water. Although the water was greenish in color, indiceting some
removal of pigment, no appreeiable change in color was observed when the
treated material was dried in the oven.

Crystallization. Since waxes and chlorophyl show solubility differ-
ences, attempts were made to purify the wex by crystallizing from ethyl alco-

hol, methyl alecohol, ethyl acetate, butyl acetate, acetone, sulfuric ether,
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isopropyl ether, ligroin, snd chloroform. In each case the resulting weax
was but slightly less green in celor. WMixtures of solvents were tried but
as little success was attained as with the single solvents.

Ligroin extraction. It is the usual practice to extreact wax from
plant bodies with common organic solvents aﬁd use it without further
purification. Accordingly, a small smount of the crude waxy materisl was
placed in the porous cup of a small Soxhlet continuous extractor provided
with sufficient petroleum ether. After extraetion for Z hours, the petroleum
ether was evaporated. The wax so extracted was no less deeply pigmented than
the untreated material.

Charecoal decolorization. Decolorizing charcoal was degassed and some=
what activated by heating strongly under reduced pressure. A relatively
large amount of the charcoal was added to a dilute benzene solution of the
crude wax and the resulting mixture refluxed for half an hour. Filtration
and subsequent evaporation of the filtrate yielded a wax of a green color
as intense as that of the crude substance. Similar vain ettempts were made
to decolorize with charecoal in alcohol and acetone.

Distillation in vacuum. A small amount of crude wax was placed in &
large Erlenmeyer flask and heated for 8 hours on a water bath under reduced
pressure. Abundant and persistent foaming that completely filled the flask
with bubbles discouraged making an attempt to distill the wax in the
Hickman still.

Chromatographic adsorptinn by powdered sugar. Powdered sugar has been
reported as a satisfactory adsorbent for chlorophyl. A tube similer to the
one employed by Tswett (14) was packed with commercial powdered sugar. A
petroleum ether solution of the crude wax was drawn through the tube by

slight suction. The results were negative.
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Saponification of the chlorophyl, Waxes are saponified by boiling 3
hours with aleoholic alkali; chlorophyl is easily saponified at room temper-
ature with alcoholic alkeli. Dr. James E. Webster and Professor Orville C.
Schultz suggested that some application of these facts be made. According-
ly, about 400 ml. of isopropyl ether was aa£uruted with a few grams of
crude wax. To this solution sbout 10 ml. of 30% alecoholic potassium hy=-
droxide was added. The resulting mixture was sheken vigorously in a
separatory funnel for 20 minutes. Then about 500 ml. of a nearly saturated
agueous solution of sodium nitrate was added (for salting out) and separa=
tion of layers allowed to occur, It was often necessary to wait overnight
for distinet layers te form, owing to the formation of persistent emulsions.
The deep green water layer was repeatedly extracted with isopropyl ether,
and the ethereal layers combined. The ether extract wes greenish yellow in
color. After removael of the ether by distillation, a relatively hard wex
of greenish yellow to brownish color remsined. This substence melted about
65 or 70°C. This fractional ssponification was repeated until about 25
grams of wax was obtained.

ification of the ether racthe material.

To cbtain the wax in s higher state of purity, the following methods
were attempted.

Vacuum distillation. It was thought that the waxy substance, now freed
of most of the chlorophyl and perhaps other substances which thermally de-
compose with the evolution of gaseous products, could be distilled under
reduced pressure. For this purpose a horizontal still was constructed of
large heavy-walled pyrex test tubes. The upparatus was patterned after
that of Freudenberg (7). A smell smount of the greenish-yellow wax was
desiceated for 2 hours in an oven at 110*C, eand then placed in the still

and the pressure lowered to about 1 mm. Heat was applied by means of a
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bunsen burner until the wax was melted. On the internal water-cooled con-
denser thers appegred g8 distillate of dirty yellow color. After a short
.pericd of uneven@@g} disfillation, large bubbles_hegan to form and hope~
lessly to ca££aminate the condensate. The residﬁe wag brown in color and
of a disgg;eeéblé odor, aa was the condensate. isoderate heating for 2 nours
in this still dié not reduce the amount of bubble formetion.

. Crystal;i;ation. Since vacuum digtilletion did not prove satisfactory,
parification fy.Crystallization in slcohol was undertaken. The wax was
found to be partially soluble, yielding a residue whiIh melted to an oil in

the hot slcohol. The hot alcohol solution was decanted from the residue

and cﬁ;lléd to about -10°C. in aﬁ acetone-dry-ice bath. The waxy precipi-
tate was collected on linen fllter peds in a Buchner fumnel surrounded by
acetone chilled to about -10°C. A porition of the alcohol-goluble wax was
recrystallized three times from slcohol. The alcohol solution waa chilled
by means of an ice-salt mixture. Iach time the oil appeared as a residue.
These residues were coliected and found to be recrystallizaeble from acetone
containing a small amount of alcohol. The alcoholic mother ligquors yielded
a yellow wax upon evaporation,\

Determination of Physical Constenls of the Wax Fractioms.

Melecular weight determinati&ns (Rast) were made of the wex extrescted
with isopropyl ether from the seponification mixture, of the wax obtained
by three recrystallizations from alcohol, and of the acetone—recrystallized
residue, Table V shows that recrystazllizetion frow alcohol lowered both
the melting-point and molqculaf welght of the wax, and that the moleculer
welght of the oily residue was greater than that of the alcohol-scoluble
portion. Table V alsc records the sppearance and the melting point of each

fraction after drylng in the oven at 11G°C. for an hour.
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Table V.
Fraction . Origin ' Appearence ' Unltlng-point Moleculdr*
: ' °C.,  Weight
(Rast)
1% Auher extraction of Greenish yellow; ca. 80 470
_differential ‘saponi-- semi-soft
fication mixture.
2 One fecrysrallization Tannish, solid ca. 75 .
. of. fraction 1. from -
alcohol.,
B mhree rcoryonaTliaa-_ Tan, bfittle,. ‘ ca. 60 404
© %ioms of fractlon 1l glassy
from aleohol.- '
4. Aloohol-lnsoluble, Greenish, hard" ~ ea. 90 485
acetone-soluble. ' - .
- residues.coll eeted
~while obtaining
fraction 3.
. 5.  Evaporation of Soft 'flaky wax - ca. 65
alcoholic mother - h : :
liquors.

* Crystallizetion £rom ethyl acetate did not. change the melting&=
point. ’ ' o o :

Chemical investigatlon of the wax fractlons‘.

All the materials were soluble or at least dispersed in warm con-
centrated sulfuric acld for filtration’ through sinteéred glass plates
_ yielded no residual.alkanes.- »

The Hanus iodlne value (8) of the wax extracted wi%hvisopfopy1 g¥ﬁér'
from the fractioﬁai saponification ﬁixﬁure was found'ﬁd be H.4; Saponi-
flcatlan values (8) of the seme fraetion were found o be 8.05 and 8 ld.

The low saponification values indicate a relatively high eoncentration
Qf_nonsaponifiable substances; In or@er to obtain these substances, tpe |
éapoﬁifiéatioﬁ miiture wﬁs madejalkalipe and éxtraéted‘répe&tedly with
is@prépyi ether. Eﬁaporatidﬁ of ihéisoivcnt yielded é;tannish waxy sube

stance p&rtially soluble'in alecokol. After :eé:ystallizaﬁipn from élcohol,'
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this wax melted at about 80%°C. The alcohol—insolﬁble fraction was crystél-
lized from hexane. It melted at about 70°C. Neither of these substances

- responded to the Liebermenn-Burcherd test for sterols.



. DISCUSSION OF RESULTS - -

AV e LT ;'fj‘f'4‘ o
“.L‘f' e s : ‘ ’ | -
' The results of animal experiments confirm the observetion of Gouch Cv

"Jysfthat guinea plgs show a” typlcal end 1nconslstent susceptibllity to poison- o

' jing by tremetol., Our vnrk suggests thet che most toxic frectlon of P

!

‘ tremetol is tne reSldue, ouththls cennot be stated p031tive1v because guinea
|‘ - N : ’ /’

'._ﬁpigs Were used. Tuuure biological essaye should be made of tremetol soon
: ?after extractlon., Sheep are known to be satlsfactory experlmental enim ls,

h but lerge amounts of tremetol would be required. Thus. experim ntatien to 'Jif

I

"ljsdetermine the suscept1b111ty of rate or mlce seems advisable. 1? }fﬁb

',ff¥e The crystalline maxerial isolated from tremetol fractlons is ev'.ent-

W

fa:ly labile¢ in a2 months the crystals became yellow ﬂnd gummy, undbubtedl&

| N )

- ‘because of peroxidauion. Molecular weight and carbon and hyd.rogen analyses

- of ‘the yellow crystals iﬁdicates & comPOund °f formula Cluﬂluon or c15H1501!-

'but oxmdationsprobably 1ncr.wed. tbe oxygen content. It is interesting to

. note that Couch's analyses of the mixture he called tremetol.lndicated a t

“i,,formula of GIGHEEO At least one atom of oxygen in the molecule of the

-'3, crystalline substarce is ketonic, for Lathrop prepared a semicarbezone and.

o

phenylhyurezone.; Analyses of the crystals, both for composition and
i;;fstructure, should be made as soon as nossible after 1solation in order tol
l-‘obtain Valld information.:;j:-}r' : | | o
It wes thoueht thatvthe crvsnaas mig hb represent the suhst,nce from
b.nwhich Cauch prepared an “01d by ox1dation w1th alkellne permanganaxe.;‘:
i~;Failure to Obtaln thls acld as well as fcilures to obtain perent hydre- _
‘"carbon nuclei by dehydrogenatien w*th eelenlum and hydrogenaiion witn
”fV‘phosphorus and hydriodic ecid mey be attrlouted to the use of tuo small

amounts of substance or fallure Ouherw1se to obtaln oPtimum reaction con-'

:dltlons. Couch dld not. reveal the details of . hls permanganate oxidation.

'
i

R L
|
i
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' .genation with phosphorus and hydrlodlc &Cld is best carried out . 1n aciﬂ of
'éfgfspeqi ic gravitv 2., that available for our work was. éf ;p901fic gravity I. 7.:“
‘The essegtiél oil is belleved to consiqt mainlj of high molecular

] -‘1 S
R R - R e ile 5
fg;ﬂweight hvdrocarbons. The simllarities of boiliny«p01nt, refTactiva 1ndex l‘%f

"f{"and molecular‘weight of tha essential oil $o those of . 1té ‘82 ponlflcation

'f}'products support this belief ‘The hvdrocarbonq are t ought to be sesquitera:

'*fkgpenes or nolyterpenes sznce tPe refractive indices boillng Doints and .
(ilmoleeular welghts are too hlch for simpler ones. Analyses 1ndicated the _-
“T:presence of small amounts o# alcohols and carbony1 compo&nds. Ethers may

'f:’be nresent. Tvom the iodlne number and molecular welght' it was ca]culated

-I’ |

fl<that each mo‘ecule of oil abserbed one mol° of 1od1ne, indlcating the
l-'rg presnnce of one activo doublp bond The discrepanc; betweeL our flnd1ngs -

~ and those of Buehver Mason and Cvowder is att*lbuted to the fact th t they -
..' 1
w»';;:i.sola't;eél the essential 011 from fresh plaqts, whereas we: uoed air—driea

~j' paterial which hsd lost its mere volatile components.lf_f‘”
"l% {~" Tﬁéfcommeﬁfpfaetiée*df”étudyiﬁg‘plant waxéé afﬁer'ﬁbrely'éxtféctimg

"-with common organic solvents is ccnsidered unsatisfactory since the o

’

oAl L

. saponifiability and labllity of chlorophyl would markedly alter chemical
".'determinations.: Even though solubillty dlfferences were greater, simple .
extract*on would not serve, probably because surface forceg operate to hold .

"the pigment uenaciously'to the mat. Howeve ,:chlorophyl is about as soluble'”"

T |
e 1n.most organlc solvents as are waxes.

Fharcoal adsorption of the chloroPhyl is not successlul, probably be~ T

R

"‘fpause the charcoal iq -as efflClen% an adsorbent fer the wa as for the ’

:chlorophyl ov because the waz adsorbs chlorophyl very readily. S

L. ;"i T
,:'{’
f
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Hﬁbéuum diSﬁiila§ion-§ro§éd hnsatiafacﬁary{probably?becéﬁéef%heiplantv
pigmente thermally. decomposed, ‘even at reduced pressures,” to evolve
g&_ééoﬁs"'materié.185~.'- Only & molecular 84111 eé'ult}‘ be ‘expected tol-serve for.
distillation of hesvy wax'molegulés: In such stilis {the-distance from
‘evaporeting- surface to condenser i’s‘ t00 vsmsll‘l o ﬁrevéi;t’ gross contamination
‘of distillate by foaming of the 1iguid.

The metho&"éfdi’f‘ferezit;ial seponification used Yers. to ‘obtain the wex
‘frée from chlorophyl’ ig nét thought to be new, although no report-of its
‘use has been found..

The wax is shown to. ¢consist largely of ‘unﬁéi;onifiable compounds
probebly aleochols. and hydrocarbons of relatively ‘high molecular weights.
'Stsro'l{s‘ are ’absah’u.,‘ ~ﬁp’§reéiable changes in composition, | however, may have
taken place-during even. the ,mii:l ‘.séﬁd_n‘ii‘icaﬁiqn; w j'Th;:f_i wbula be "és;;‘e:é_iaily’,

true if free adids were present..
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BUBLARY

I, &ulnea,pigs were uded as teet animala 0 establlsh uhe tox;clty of
féfibﬁs:tremetol fractibus. IL xs belisve& that tae f&actlons of‘hlgher
smnlpcula; weiﬁht are moxe tox1c, out bnas c&naot be svataa witn,certainty,
ouing to. the refractory nature of the test anlmals..

Licroanalyuis yleléed the lolmﬂla Cléﬁléo4 for the erystals 1seluted
from tremetol by Laﬁhrop. The ozyvsn.content however, is unreliable, fol=2
‘cause of peroxmdation whica had Laken place.{

3. Som standard methoas 01 inyestxgatian of- structure (hyﬂrogenation{
QahyarOgenatxon ahd’ oxldation} were applied ﬁo the eryutals and- liquid
fraetxons of trsmetolVW1th consisnsntly nebativa Iesults.

4. Aosx of tha usual conscants were detsrminaa for an essen%ial oil er

'Qﬁplopappus heterophyllus. These lnvcsnlgatlons show th° presence of .small

amedats of alcohals, cavoonyl compounds znd esters. Iu‘is belx@ved:that E
. the oil.conszsts mainly o; sesqulteﬁpenes or polyterpenes and that’ ethers .
- jmay be prasent.

6.7 The method - of differen't-ial‘ saponification used here. for extracting.
the wex.is only paruiang satlsfaetory. fhe_ﬁa%'86 exfrac€;d3w€§~found to
consist lurgely of unsaponlflable material (alcchols and hydrecarbons),

.accompanied;by,a sma;l amgugﬁ of esters.
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