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HISTORICAL INTRODUCTION 

rrhe poisonous nature or rayless goldenrod (Aplopappus heterophyllus 

Blake), 1'hich was established by the experiments o:f Marsh, Roe and 

Clawe-on (11). confers upon the plant considerable economic importance. 

The disease resulting from ingestion of the plant is known as trembles~ 

or alkali disease, or to the medi.cal profession as milksickness. Couch 

{4, 5) isolated :from raylees goldenrod a substance that he proved to pro

duce trembles in sheep. He considered this substance a pure compound, 

uemed it tremetol, and assigned it a :formula.. Lathrop (10), however, 

succeeded in :f"urther fractionating both a sample o:f tremetol which he 

isolated :from rayless goldenrod by the general method of Couch and a 

sample which Couch himself supplied :for comparison. It is thus :from a 

toxicologic point of view that th& 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 organimn, 

Aplopappus hartwegi Blake. They reported the presence of unidentified 

but typical plant alkaloids, the presence of pyridine to the extent ot ~ 

of the fresh plant, and the properties o:f an essential oil obtained from 

the fresh pla,nt.. This oil was found to consist entire.ly of one or more 

hydrocarbons of formula c1QH18; two tractions were found to have the 

following properties: boiling-point (26 mm .. ) 12•c .. , s5•c •• density (25•c.) 

0.7791, 0.8056; index of retraction 1.670, 1.663; specific rotation (3o•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!· heterophyllus. The plant was collected while in bloom in 

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

from the alcohol extract by chilling and filtering through glass wool. He 
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reduced the filtrate to a small volume by distillation of the alcohol 

and subjected tha residue to s team distillation to remove as mucb as 

possible ot the essential oil and all tr cas of alcohol. He extra.oted 

the condensate with benzene, and upon evaporat ion of the benzene ob

tained an 1m.pure ess':)ntial oil. Tb.is oil he subjected to distillation 

in the Hickman vacuum still. The temper a t ure was maintained at 1oo•c .. by 

means of a eteam bath, and the pressure at approximately one mm. of 

mercury by means of a Hyvac oil pUJl'iP .. He so obtained no more than 10 al. 

of a clear, light yellow oil of strong aromatic odor. 

Sinee no chemical invest1gtttion or either the oil or the wax from. 

this plant had been mads, the gummy wax-impregnated glass wool and the 

essential oil were retained tor study. 

By the general procedure of Couch, which consisted in selective ex

traction with aqueous alcohol, saponi:t'ication, and extraction with ether, 

Lathrop then isolated about 40 ml. of tremetol from the black gummy 

resi due. A part of this tremetol he distilled in the Hickman va cuum still 

on the steam bath at l mm. pressure. He thus obtained tour liquid 

fractions of unequal volume, collected over equal time periods, and a 

fifth dark br-0wn resinous fraction as a residue. After about a week, 

fraction 2 deposited a few white crystals. All other tractions ~ere then 

seeded, whereupon fractions land 3 also yielded the same crystalline 

material. About 50 mgm. was collected and purified from. petroleum ether. 

A second portion of the tremetol he placed in the Hickman still. At 

ao•c. and l mm. pressure there distilled about 6 ml. of' a light yellow 

oil of spicy odor; at 100•0. ebout 5 nu. of a somewhat more viscous liquid 

distilled; and at 170•c. there distilled a resinous orange solid without 

the spicy odor. A red tarry residue was removed from t he still with ether 

and preserved :for study. 
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'?he objectives of this work on some of the alcohol-soluble constitu

ents of A. heterophyllus are threefold: (a) to continue the study or 

chemical and toxic properties of tremetol and fractions t hereof; (b) to 

study the properties o~ th9 essential oil; and (c) to study the properties 

ot the plant wax. 

All of the source m&teriala were supplied to the author by Lathrop 

{10). 



EXPERIMENTAL 

Part I. Tremetol and Fractions Thereof. 

A. Animal Inoculation Experiments. 

Healthy, approximately year-old guinea pigs were used as teat 6.llim.als 

in the hope or establishing the toxicity of the individual tractions of 

trelnetol. Guinea pigs were chosen because they were on hand, they had 

been previously used, and the quantity of any fraction of trametol was 

so small that even had aheep been available no reliable results could . 

have been obtained. Ea ch animal wo.a weighed frequcn tl;;, al though almost 

daily fl etu tions in weight are observed in healthy animals. 

Luer syringes o:f 10 l!ll. capaoity and 18 or 20 gauge hypodermic 

needles were used in injecting the olive oil ~olutions of the two resinous 

fractions: (a) the glassy orange solid that diatilled at 100•-170•0. at 

l mm. pressure, and (b) the reddish tarry r sidue. Olive oil was chosen 

as a menstr~um for these resinous fr3ot1ons because it is non-toxic and 

dissolves the fractions satisfactorily. The pllre virgin olive oil was 

sterilized in pressure bottles. in the autoolave at 11c•c. for 20 m1nut~s. 

A control animal reoeind 4.0 ml .. of sterile olive oil .. 

A atandard •tube~cu11n• syringe of 1 ml. capacity was used to inject 

the liquid tl'actions: {a) undistilled tremetol isolated by Lethrop, and 

(b) tha mother 11~uid ot the traetion from whieh crystals first de:poeited. 

All syringes and needles used were eheraically cleaned, wrapped 

separately 1n heavy brown paper and ba.'lred in an oven at 150•0. for 2 1/2 

hours •. All inj&etions were made intraperitoneally after thorough 

swabbing of the area with alcohol. Injections were continued until the 

supply ot tremetol was eXhausted. Table I shows dates of injection, 

amounts ot inocula. and clinical findings. 



Table I.• Cumulative Record of Anirri.a.l Inoculation l.'xperim.ents. 

Number : Identity : Clinical Findings* 
ot : ot : Amounts of inocµlg. in g. or ml. 

animal: Inoculum: Dates of injections 
1939 

: 3-18 : 4-l : ~g t 4-14 : 4-27 : :, .. 2 : 5-3 : 5,,:,10 t 5-20 t 7 ... 12" 
: : I t : ; : 1 

lL~' __ A···- : O.l _L 11 J _n : n : n : p. : n : n : n t 
: ; : ' : : i 

2. : A : 0.2 : n o.~ : s : n 0.2 : n 0.1 ; n 0.1 : n 0.1 . , n 0.1 : n : 
i : : : : : : ; t l 

I, : B : 0.1 : n : A : n : n 0.2 z a 0,2 . : s 0,3: a 0,2 : n in 
: : : % : : I 

-'• ; B = 0,3 : n 0.3 : d*** l 1 I 1 : : i 
t I : t : l : l : J 

5. I C Z 4.0 : D: t : ; Z l I : l 
: I : : t I l 

51 : D : : : n 0,3 : s ' n l n : n : n : n t 
t ; I l ; ; 

6. : _ I : : 1 0 1 2 : n 0.3 : s : s O.l : a 0.1 : s 0.2 1 s 0.2 : n 
l t 1 : l I 1 I ; I 

7. : .1 : _ --=--- ~--=- t i 0.2 z n 0 11 : n 0.1 : n 0.2 : n 011 ·-~.! n 

• Explanation of aobrav1ations in the table: 
Inocula: A--distillate at 100•0. (l mm.) after crystals had been removed. 

B--orange resinous solid distilling from 100•~110•0. (1 mm.). 
c--sterile oliTe oil. 
D--essent1al oil. 
E--tarry residue from vacuum fractionations of tremetol. 
F--whole tremetol isolated by Lathrop. 

Clinical findings: n--norm.al irritability. 
s --recognizably subnormal irritability. 
d--death 

•• Clinical findings the day the animals were destroyed. 
••• Saprophytic decomposition had advanced too far for necropsy. 

(JI 
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On J"uly 12, animals 3, 6 and 7 lfere destroyed for necropsy, because 

animals 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 end peritoneal cavity normal. No evidence 

of cirrhosis or fatty degeneration found in liver. 

Animal 6. Weight at beginning, 650 g., at end ct test period, 

580 g. Peritoneal cavity normal. Liver cons1dera.bly enlarged, but no 

evidence of generalized cirrhosis or fatty degeneration found. Several 

loce.l.1~ed abscesses present. Other viscera normal. 

Animal 7. Weight at beginning of test, 700 g., tend of period, 

690 g .. No pathological findings.l 

1. The author is indebted to Dr. Lewis H. Koe, 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. 
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The puri:t'ted crystals obtained by Lathrop, although preserved in a 

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 or peroxides. A :few of the crystals were dissolved in 

carbon tetracnloride. A few ml. of 15% potassiUlll ·iodine solution was 

added and the mixture warmed slightly. The carbon tetrachloride layer 

took on a purple tinge. A control tube containing no crystals, but other

wise identical to the test tuba showed no tinting of the carbon tetra

chloride layer. 

Microanalysis and molecular weight. Dr. Ogden Baine (1) of 

Southwestern University, who ma.de the analyees for carbon and hydrogen and 

the determinations of molecular weight (Rast}, also noted evidence of de-

', composition .. Analysis: Calculated for 01~1404: molecular we1ght 246.1, 

carbon 68.22%, hydrogen, 5.69%;. calculated for c1~ 15o4: molecular weight 

259.l, carbon 69.0~, hydrogen. 5.a'li; calculated for Ci.6E:16o3 : :molecular . 

weight 256.l, carbon ?5.34%, hydrogen, 6.25%. Found: molecular weight 259, 

262; carbon 66.46i, 67.95%. 68.54%; hydrogen 5.89, 5.57%, 5.83% .. 

Examination with the polarizing mieroscopa.2 Because of the stat• o-r 

disrepair of the available polarizing microscope, most of the usual 

dete:rminations could not be made. The crystals were found to be acicular, 

e.n.isotrop1o, and pleoohroic. The index ot' refraction was found to be 1.59 

through the short axis. An average of 12 readings gave 55.6• as the ~le 

of extinction parallel to the long axis. 

2. The author is indebted to Professor Ray L. Six, of the Department of 
Geology ro-.r determining the physical constants of the crystals. 
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Permanganate oxidation. Since Couch had obtained a orystallint3 acid 

by permanganate oxidation. it was wondered it the crystalline :material 

was not the compound from which the aoid was derived. Accordingly, a few 

crystals were heated under reflux for half an hour with alkaline 

:potassium pe:nne.nganate. The mixture wus then cooled, acidified with 

sulfuric acid, and age.in refluxed i'or half an hour. The manganese dioxide 

was destroyed by addin8 sodium. bi.sulf'i te to the cooled mixture. This was 

then. repeatedly extracted with ether. Evaporation of the ether yielded 

no product. 

Hydrogenation with phosphorus and hydrogen iodi e (9, 13). A small 

amount of the crystalline material, about 0.1 g. red phosphorus, and 

about O.? ml. hydriodic acid (pacific ~ .vity l.7} were sealed in a 

heavy-walled test tube. Two such tubes werF.: prepared end placed in the 

bomb furnace that was heated slowly to 25o•c. end held at that temperature 

for 13 hours. One tube was shattered by th. internal pressure. The other 

tube was cooled, opened with eaution and the contents washed out with 

water and ether. The water vro.s extracted repeatedly with ether. Th~ 

combined ether layers were sh&.ken with dilute a.qu.eoue alkali. The water 

was removed, acidulated end again extracted with suoeessive :portions o-r 

ether. Evaporation or the combined ether layers yielded only a small 

amount or a yellow oily material ot a phosphorous odor. 

Dehydrogeaation with selenium {13). A few crystals and about 1.0 g. 

grey selenium were sealed 1n a thick-wall.ed test tube which was then 

placed in the bo.mb furnace. The tel!lperature was slowly raised and main

tained at 2so•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 ot the tube pulverized. This mass o~ glass fragments 

and blackish powder was heated under reflux with successive 25 ml. 
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portions of ether. Evaporation of the combined ether solutions yieldad 

only a few yellowish crystals which in the desiccator melted to an oil 

of disagreeable odor. 

The liquid traction, ,distilling at 1oo•c. ( 1 mm.) freed o:r crystals. 

The yellow oily mother liquid from which the crystals previously 

described were removed yielded no derivatives in the following reactions: 

oxidation by alkalins permanganate, hydrogenation wtth phosphorus and 

hydriodic acid, and dehydrogenation with selenium. 

The :fraction of Couch's tremetol distilling at 100•0 (1 mm.). 

This yellow oily liquid formed no derivative when subjected to 

hydrogenation with red phosphorus and hydxiodic acid, and only a small 

amount of a yellow oil when dehydrogenated with selenium.. Oxidation with 

alkaline perme,nganate yielded no acid. 

Lathrop's undistilled tremetol. 

Kolecular wei~ht determination (Rast) for tremetol isolated by 

Lathrop gave the value 260. Attempts to derive the acid of Couoh by 

alkaline penaanganate oxidation, and to dehydrogenate with selenium and 

to hydrogenate with phosphorus and hydriodic acid were unsuccessful. 



Part II. The Essential Oil. 
oi ( 
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The essentialAwhich was obtained by Lathrop in the manner already de--

scribed was used in this study. Det erminat i ons o:f some physical and 

ehemice.l pro1>erties were mu.de . The values obtain0'd 8.l.'E:' shown in Table II. 

Table II. Properties of the Essential Oil. 

Boiling-point (Si~oloboff) 

Density ( 22•c. ) 

Index of refraction (2o•c~) 

Molecular weight {Rast) 

Specific r otation {20-0.) 
(0.50 g. oil in 10 ml. 
alcohol observed in a 10 cm. 
tube.) 

Saponification value (8) 

Iodine value (8) 

0.9942 

1. 4940 

264, 292 (278) 

0.12 

From the average iodine number, and-the average molecular weight, it 

was calculated that each molecule of oil added 2.31 atoms of iodine. From 

the average iodine value, end the lower molecular weight found, it wa s 

calculated that each molecule of oil absorbed 2. 02 atoms of iodine. This 

indicates one active double bond in eaeh molecule. 

The very low saponirication value precludes the p~senee of appreciable 

tree ecid. 

Analysis was made for free alcoholic hydroxyl by acety~ation in the 

presence of :pyridine 112). Based on the assumptions that the molecular 

weight ..,res 278 (e.s detertnined above}, and that ea.ch alcohol moleaule con

tained but one hydroxyl group, ca.lculat ions indicated the presence of nbou,t 

3% su<m alcohol molecules. 

Analysis was made for aldehydic or ketonic cRrbonyl by a modified 

hydroxylamine method ( 6). Baaed on assUQrptlons analogous to those :fol.' alco

hol analysis., calculaticns indicated the presenee of about 2.~ carbo:nyl 

compound. 
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Fractionation. In order to obtain the individual components rela

tively uncontaminated, a portion o~ ths oil was subjected to qualitative 

vacuum fractionation. For this purpose a pyrex fr ctionating tube was 

constructed similar to the one described by Benedetti-Pichler and Schneider 

(2). The bu.lb of the tube v.-as immersed in a bath of glycerol. At e 

preseure of about 1 mm., about 3 grams of the oil was ivided into four 

liquid fractions of e.pproxi:m.a.tely equal volu.me, and an amber resinous 

fraction that was not ~olatile at the boiling point of glycerol. After 

removal or each fr ction wittra micropipet from the L-shaped tip of the 

tube, the area was cleansed with pipe-cleaners. This fraction was re• 

moved from tbe bulb with ether. The phy. ical constants which were 

dete:rndne1 on t ese fractions are shown iu Table III .. 

Table III. Physical Constants of Essential Oil Fractions. 

F:rRction Boiling.point •c. Refractive index, olecular 
(Siwolobo:t't) 22°c. (Abbe) Weight lRast } 

1. 237 1.4888 218, 226 

2 .. 248 1.4955 270, 244 

3. 22~ l.5040 238, 241 

4. 275 l.5161 32-2, 335 

5. -- 473 

Chemical investigations o~ these fractions yielded the fellowing 

results: All fractions turned a ~rbon tetrachloride solution of iodine 

brown, indicating the presence of an oxygen-containing compound. Frac

tions 1 and 2 absorbed bromine. readily from carbon tetrachloride, but no 

solid broJP4~es were isolable. Fractions 3 and 4 did not absorb bromine 

from earbon tetrachloride. Fra ctions land 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 

Tigoro~aly with sodium. 
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Sa.ponifiaation: 

The :mixture obtainocl from t he determination of t hs sa:ponificaticn 

value was made alkaline and pl~csd en a wete~ bath to evaporate t he alco

hol . The water insoluble ~roJuet s r ose t o the top and were pi~etted off. 

This oil, of brown oolor and of cu1 odo:i.~ reminiscent of the original oil., 

was subjected to qua.li ta the i'r~ctional distillation &.t l :r.1J.t1 . in the se.r.ie 

euner as bef'ore .. There vter so isolated f'our liquid l'ra.ctions of o.p:proxi

ma.tely equal volume and a. sm12ll 8IllOunt of resinous material which Wf:l.S re

moved fro::n. the still wi. th di ''fi culty. Some phys i eel const F.1.!lts were deter.

mined for the liquid fractions . They are shown in Table IV. 

Table IV. Physiclil Constanta of Fractions of 
Water- insoluble Saponification Products or Essential 011. 

Fraction Boiling-point •c.•· Refractive index 2o•c. 
(Siwolobof:f} (Abbe) 

1. 258 l.4954 

2. 235? 1.4985 

3. 230? 1.500 

4. 268 1 .. 5058 

'*During the determinations of the boiling- points, the contents of the 

capillary tubes underwent darkening and the volmaea diminished. 

Attempts to obtain phenylhydrazones and solid hydrochloTides of frac

tions l, 2 a.nd 3 were fruitless. 

The water layer from which the water-insoluble saponification products 

were removed was acidifi ed and extracted repeatedly with isopropyl ether. 

Upon evaporation of the ether, there remained a SIO.all amount or an amber oil 

possessing an odor strongly suggestive of spoiled citrus fruits. In a semi

micro S1woloborr determination, this oil boiled at 119•c. with much decompo

sition end with escape of volatile materialw 
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Part III. The Wa.x. 

The gummy wax-impregnated glass wool used by Lathrop to collect the 

precipitate from the cooled alcohol extract of rayless goldenrod was the 

source or the wax used in this work. The mass of glass ,rool was of a green 

color so intense that it appeared blaek. Solutions of this material in 

benzene and other organic solvents were bright green. 

Extraction ot the crude wax from the glass wool. 

To obtain the crude wax, this use 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 fragiaents of glass wool and the benzene 

was distilled from the filtrate until the mass was thick and gummy. Tb.is 

residue was poured into shallow dishes and the rest of the benzene evapo

rated by leaving for several days in an oven. at about 1o•c,. The resulting 

benzene-tree mass was :aoldable and of a green-black: color. 

Extraction ot the wax from the crude material. 

The following methods were applied in attempts to obtain the wax 'free 

tro111. pigment. 

El.utriation. Since chlorophyl possesses a greater solubility in water 

than wax, an attempt was made to precipitate the wax, free from pigment , by 

washing repeatedly a small 8Dl0unt ot the crude material in a large volume 

or boiling water .. Al.though the water was greenish in color, indicating some 

removal or pigment, no appreciable change 1n color was observed when the 

treated material was dried in the oven. 

Crystallization... Since waxes and chlorophyl show solubility dif:fer

ences, attempts were ma.de to purify the wax by crystallizing f'rom ethyl alco

hol, methyl alcohol, ethyl acetate, butyl acetate , acetone , sulfuric ether, 
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isopropyl ether. ligroin, and chloroform. In each case the resulting wax 

was but slightly less green 1n color. ixtures of solvents ere tried but 

as little success was attained as with the single aolvents-

Ligroin extraction. It is the usual practice to extract wax from 

plant bodies with common organic solvents and use it without further 

purification.. AccOl.'dingly, e. small amount of tho crude waxy material was 

placed 1n the porous cup of a small Soxb.let continuous extractor provided 

with sufficient petroleum ether. After extraction for 3 hours, the petroleum 

ether was evaporated. The wax so extracted was no less deeply pigmented than · 

the untreated material. 

Charcoal deoolorization,. Decolorizing charcoal was degasssd 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 wa:x: of a green color 

as intense as that of the crude substance .. Similar vain attempts were ma.de 

to decolorize with charcoal in alcohol and acetone. 

Distillation in vacuum.. A small amount of crude wax was placed in a 

large Erlemn.eyer flask and heated for 8 hours on a water bath under reduced 

pressu.re~ Abundant and persistent foaming that completely filled the flask 

with bubb~es discouraged making an attempt to distill the wax in the 

Hi ok:man still., 

Chromatographic adsorption by powdered sugar. Powdered sugar has b&en 

reported as a satisfactory adsorbent for chlorophyl. A tube similar to the 

one employed by Tswett (14) was packed with commercial powdered sugar. A 

petroleum ether solution o~ tlle crude wax was drawn through the tube by 

slight suction. The results were negative. 
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Seponificatiou of the chlorophyl. Waxes are saponified by boiling 3 

hours with alcoholic alkali; chlorophyl is easily saponified at room temper

ature with alcoholic alkali .. Dr. James E. Webster and Professor Orville C. 

Schultz suggested th~t some application of these facts be made. Accord1ng

lyt about 400 ml. of isopropyl ether was saturated 111th a few grams of 

crude wax. To this solution about 10 ml. of r30'fo alcoholic potassium. hy

droxide v.ras added. The resulting mixture wae shaken vigorous'ly in a. 

sepe.ratory funnel for 20 minutes. Then about 500 ml. of a nearly saturated 

aqueous solution of sodium. nitrate was added (for salting out) and separa-

·tlcm of layers allowed to occur. It waa often necessary to wait overnight 

for distinct layers to 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 was gJ"eenish yellow in 

color. After removal of the ether by distillations a relatively hard wax 

of greenish yellow to brownish color remained. This substance melted about 

65 or 70•c. This fractional saponification wa.e repeated until about 25 

grams ot wax was obtained. 

Purification o~ the ether extr acted wa:xy material. 

To obtain the wax in a higher state of purity. the following methods 

1Jere attempted,. 

Vacuum distillation. It was thought that the tmxy substance, now freed 

or most of the chlorophyl and perhaps other substances which thermally de

oompose with the evolution of gaseous products, could be distilled under 

reduced pressure. For this purpose a horizontal still was constructed ot 

large heavy-walled pyrex test tubes. The upparatus was patterned after 

that or Freudenberg (7). A small amount of the greenish-yellow wa:x: was 

desiceated tor 2 hours in an oven at 11o•c. and then placed in the still 

and the pressure lowered t-0 about 1 mm. Heat was applied by means of a 
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bunsen burner until ·the ia:x: w-as malted. On the internal water-cooled con

denser there appeared a distillat;e of dirty yellow color. After a short 

.period of uneventful distillati.on, large bubbles began to form and hope-

lessly to contaminate the condensate. The residue was brown in color and 

of a disagreeable odor, as was the condensate. Moderate heating for 2 hours 

in th13 still did n.:rt reduce the amount of bubble formation •. 

Cryatalli:;ation. Since vacuum distillation did tot prove satisfactory, 

purification by crystallization in alcohol was undertaken. The wax was 

fowid- ~-<2. ~e partially soluble, yielding a residue whiilh melted to an oil in 

the h9t alcohol. The hot alcohol solution was decant d from the residue 

and chilled to about -10°C. in an acetone-dry-ice bath. The waxy precipi

tate was collected on linen filter pads in a Buchner funnel su~rounded by 

acetone chilled to about -10°C. A portion of the alcohol-soluble wax wa~ 

recrystallized three timea from alcohol. The o.lcohol solution was chilled 

by means of an. ice-salt mixture. Each ·time the oil a:p:peared as a residue. 

These reaidues were collected and found to be recrystallizable ~rom acetone 

containing a small amount of alcohol. The alcoholic mother liquors yielded 

a yellow Yt'E.X upon e-.aporatiou •. 
' 

Detennination of Physical Constants of the Wax Fractions. 

Molecular weight determinations (Rast} were made of the wax ertre.cted 

with isopropyl ether from the saponification mixtlll'e, of the wax obtained 

by ·~hree recrystallizations from alcohol, and of the acetone-recrystallized 

residue. Table V shows that recrystallization frou alc;ohol lowe:red both 

the melting-point und molecular weight or the wax, and that the molecular 

weight of the oily residue was greater than that of the alcohol-soluble 

portion~ Table V also records the &ppearance and the melting point of each 

fraction after drying in the oven at llODC. for an hour. 

---



Fraction 

l * .. 

3. 

- 5. 

Table V. 

Origin 

~Si:;her. ·extractioI). of_ 
. differential ·sa:poni- -
fication mi:rtnre •. 

Appearance· 

Gr~enish yellow; 
semi ... soft 

One recrysta.llization Tarmish, solid 
of fraction l fxom 
.<iicohol •. 

Tlir-ee recrystallizi;:f .... 
tions or fracti.on:1· 
from alcohol.:· · 

Alco:\lol-irisolub~a:,_. 
acetone-soluble .. 

. residues .. collected 
. while obtaining,_-:- . 
fraction 3. · 

- . . •.' 

Eva.:i;iora.tion. of 
alcoholic mother 
liquors. 

Tan, brittle,. 
glassy_ 

(Jreenish, hard 

Soft '_1.'laky wax 

. 17 

Molting-point Molecular· 
~C. Weight 

{Rast) 

ca.: 80 

ca .. , 75 . 

ca. 60 404 

ca. 90 485 

ca1
• • 65 

* Crystallizatioh· :from ethyl acetate did not_ change the mel ti.ng..;.
point • 

. Chemical investigation of'. the wax fractions.·. 

All.the .materials were soluble or.at least dispersed in warm con .. 

centrated sulf'uric acid, for f'iltra-cion · ·through sintered glass plates 

yielded no residual alkanes •. 
• I • 1 

T'neHanus iodine value (8) of the wax extracted with isopropyi et"her· 

f'rom the fractioI1al saponii'ication mixture was found to be 5.4; saponi

fication vaiues (8} of the same fraction were found -~o ,be -6.05 andi ·s.:13. 
'. 

The low saponification values ip.dicate a relatiYely high concentration. 

of n.onsaponifiable substances. In order to obtain these substances, the 

aaponification mixture was made alk_ali~e and extracted: repeatedly with 

iso:propyl. ether.. Evaporation of' the solvent yielded a: tannish waxy sub

stance partially soluble in alcohol. After recrystall_ization from alcohol,· 
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this wax melted at about 80°C. The alcohol-insoluble fraction was crystal

lized from hexane. It melted at about 70°C. Neither of these substances 

· responded to the Liebermann-Burchard test for sterols. 
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- DISOUSSIO_N _ Of RESULTS 
' ... ~ '. 

: .· '. ·<.·- -. l •.. -· 

. /." . --· . . . . . I 
.. _. _,. The results· of· animal· experiments· confil•m the observation of. Couch 

. •.. . - . . : .. - ' . . . . . > i . . . . . -_ : : .... ; . - :. ' :· - : ->--- •: . ·_. . . . . 
thcit guizj:ea··,pigs··· show a typical and . inconsistent· -suseepti,iii ty'. to. poison-

. ~it b~- ;treme~ol i .' ... ~ur ."'Or~ !;!fgge.~ts: _t~e.t t):le most to::d.c. ~r?-Ction pf 

tr-emeto{ ls the···r~sid~e~· bu\i1th,is ~;~~-t.he.:stated po~iti;ely beca.us~ gu:inea -
:,. .. - . .-_ -- . . - . . :_ . . . - , - I - . . t· .. 

. . pi-gs -were used; . Future. biological. es.says s:hould be made ~:f tremetol s9on 

qf't_er extraction;; .. · f;beep are known t.o be· satis:fact~ry expJrimerita~- ~41:ais~· ·- .... 
- . -- ·t . ; . ·_i . . .. 

but ·1arge:- amounts, o:f tremetol; would be required.: Thus~ exp~rimental~b~ t~-
• ' • ' I 'J < • ', / •' •' ;, • " 

I - _; / ·.:- • 

•. deterpiine the susceptibil:i.tr of.rats cir mice: seems adv:isi;i.ble:· -Fi.·/ 
·.· ~:_'.-.· .. :•' ·_-·.:·_ .... : .. ·.-.-'.-'··'. :._·_., .. -~··- ... .. ·. . :.·. !:-.· ,' //1 

. ·< · . The crystalline mate.ria,l ieolated-f'l.'om tremetol fractions is eviq:ent-
• ··; . . ' •• ·:·· ' ' •• • • .. • • • ....... · "'. ' •• ·:. • :: • : ' • ··, • • •• • • • ! ••• •• { 1\· • ' • ·r. .\~·/)_~ -·, ,;.· .. 

. .. ly labiie: in a ·2 months the:--crystals_b~came yellow and :gur.imy, uµdoubtedl:J". · 
~. ·_ I -. ~ . . : , . ·.. . :. :._·· .:\f ·., ·. ·' . . 

~~-CB"t+S_e_ :or pero;Xidation~ . Molecular. 'weigp.t and carbon a.'ld !h:idrogenf~aly,s~s 
i.-

... of. t~e ·ye:3-low._ crystais :---~:d1.~~te s a. compowid ,of formula c1~Hi40~ or .. o1,111;p4 

. ~Uti:OXidii,tlo~cp~~bably,:.~-i...~~l~easefu,the o~gen coritent· •. It' j.s 'interest1ng tb 
- - i: . --· ... - .. - - . . . . . . - i ·. '.. . 

ri~te. tllat ·couch's an~ys~s- of ·-the ~uiitur.e he ctlle_d tremet~i: indicat~d ~ 

.. ·. f~rmula·,?f C1g!2203~ At lea~t -o~~ ~t9ftl ~f· o-xyg~~\n' th~ ~olecule: o/the 
6ryst~lj,ne flUbstroice is ketqnic;: for L_athrop prepared a· ~emicarbezone ;an·d_ 

a phenylhydre~one ~. Analyses of the crystals-," both. for- compo~ition ari'd 
• ., i ·: ' • : ' • ' • • • ..... - ' ' '. • • ~- : • • • ) : • • • • ~ • ' • ! 

. _ st~cture ~- should :i;e made ~s ,soon aG p~ssible a:rter _isoiaf.i?p- in_ ora.e·r to· 
t .-, , .. 

_· ·obtain valid information. _ 
,•: ,'• 

' ' . . 

. . It was th;u:ght tl1.at the:-cryanals might represent the: su.bi3tance from 

\1hi~ Couch prepared oo. acid by oxid.ati·~~ ;ith allaline. p~r1nangan_ate~- ... 
• • • • ·' 1, .: 

·. F~il~e to obtain- .this ac'id, as well. a.ii f,dlure s' to obtain ·parent. hydro::. 
.. : . . . .. ' ' . ~ . ·. . ' ' . . - . ' . . . . ~ . . ' -.·' . . ~ : . . . - ; . . . 

'carbon n,uc].:ei by,dehyd+ogen'.at:ion.-\7ith selenium and hyfu'.og~nation -~ith - . . !' -_" . - -_ ·. ·: _' . ':. .: ' .. _:.- ,. .·. -: ,. ·_ ' . .- .' .- . i:· .. -.. ,- ,- - .. -_ 
ph<>sphorus -and hydriodic. ac1a-, may· be attributed to th~ tise of two small 

. . . . . . 

amociita ::or ~ub~~tance: ~r f~ilure otherwise to obtain. opthl_lfun reacti~n_--~on-
- . . . . . . . . - ' . . . ' ' . :. . . ·. -~ 

ditions.~.---couch did.- ~ot re·veltl.· th~ 4eta11s o_f ¥~~tpermangFat_e oxidation 

I· .. I . 

~' ~. ' 
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. . and ·.it "is -~ossible -~hat. the' .'technic .. used in ou·r-work washmsuitabl~:~ :· Hydro.;, 

.· l~e~ati;~ ~rlth pho~phorus and_ nydri~dfc aciq is. best carried out in acid of 
1 J •. • ' ' • ·- • : ,_ •'' I~ • ~ ' 0 

_ . '.: '. ip~cif'ic ·gr~:;,.ftl 2·~ j -that ·available ~or OU~ ·w~~- was ~~ ~pecttic g~a!i ty 1~ _7 • · . 

.: -· ; . .. . - ·rr.. ·-J . 

. ·The -.ess·ent.ial oil is believed. t~ consist_· mainly ·or ljiigh molecuia.r 
,' 1:.- .· ·,, ··,, .ii-_·; . ' • ' 

t-- . ·.- :<·· •.. - -: .. -: ,. : 
: !weight hydrocarbons. The 's:tra.ilari ti-es. of: ·hoiling""'.point_, 'ref'ractfve index 

--- - .. · - , .. .. . . . - ·- ·. : . . : . - .·· . . . . -· . ·. - ·L .. . . _-_.:-.· _ _. .... 
-·. , . . . . -·· .. . . . . . . . ·. ·. I . . . : . . < . 
iahd mo1e:cu1ar·weight-o.f the essen~ia,l _oil to those of-it~·saponifi_q1;1-tion 
! . - .·:·.· ._:. 

·:QrOducts Sll:ppo:rt this belief. The· hydrocarbons are_· thought ·:to be sesqui ter.;... 
-· . . - ~ 

: . . _· )':(~en.as.'?!- pol~erpenes sin~--e- tl:e ·ref'racfti vs indi c_es, boi_ling :points.-·and : 

. 1DlOlecularCw:eights are too· high :for sinrpl~:r ones.· .AnalysJs. indicat~d the . . ' .. ,"·, :·.. . -·: ::->:[.: - . .·.. -

.<presence'.: of small amounts of alcohoJs and car1Jon7l comp6~nds~ Ethers -may 

be· nresent; _ From the iodi-n:e riu.mber arid motecular weightJ it was calculated '. :;- ... : ... ·. ,• . - . . _, . ·; ·i :-
·, [-:· .... :·· •. . -··.- . - ' 
(that each molecule of' ·011 absorb_ed 'one .moi_e o:f iodine/i:ridicating the 

. . . ! . . : ' 

- -: ' .. . . . . - . . - . . . .. · . . . . - - . . ·- · ... :· . . - \ :' . . . , ' -. '.· 
:presence of one- activ;e double-bond. -'The--discrepancy between ou.r :finP:ings 
' ..... , . . -· - . .·. . . . . -. . ' . 

• • • • i I •• 

_anq 1:ihose _.o:f' Buehrer, Ma.i:;on and Crowdor· is- _a.ttributeff to /the .fact th.at. they 
··t! ·_:...,_-.- - ._.·' ·:, _·:· _ . .,.. .··· - ·' _. _ . 1 
. ;'isole.t~d. the essential oil from f.reah. plants,- whereas· we -'.i:ised air-dried 

. - . . . . . . ·. .. ' .. - - .. ! 

~teria.l ~rhich :hs.d. l.9.st -,its more volatile compon~nts. 
.. :· . 

'. ,, . 

- .1 
. -

I, IIL · ·, 
1·'· 

with ·cormn.on org~µic. -~~lv~n.i"s:-:1:s. c~nside_red unsa.·tlsfacr~ory since tht3 
- . 

. :·1:. . ... . . •, . . · - . . · - · · . · - ... f:. · 
sapob.ifia.M,lity .and la.bill ty · of chlorophyl wou_id _ markedly; alter· chemical -
' . . . • - ~ •. ' • . • , • - . - . • ·. . . f .: • . · ,. 

·a.eterminations.-: --~~n- though solubfli:fr differ~n~es .• ve_r~- >great~r_,: ~-i.J#p).e 
: · .. ', '·--:.~· ··:.~- ., .,·: -: -:.'·. • ·.,. . - ··~ -.. ~. : . ·. ~-.: -_:., :·.~ :,:,!- '.... ·- • :·.1 ~---, .. ,·,... - ~ ·:. . 

extraction· \YOU.ld not serve, - prbb~bly. because surfe.ce forces· ·operate t/ hold· . 
: L 

. ihe -pigment ten~6iously to·. _the wax. However~ d:i:lorophyl is about. 8.S : soluble: · i . - '. . ._ . . . . ·- .. - . . . f ] .. 

1n _most organic _sol vents as . are wax~s. , 

·. f Plta:i-coal adsorptio~ of the. chlorOphyl 18 n,;t Sllcee~·stlll, prOb.:biy bi,. · · 

-_cause th~ charcoal is as ef:f'i'ci·ent ~ a.d~o;l:)ent for the wax as ·ror the' 
. '1· 
- I'.-'. 

:oiloi-ophy:l; or ·because the wax adsorbs. chiorophyl very readily. 

\f_-:: 
•.• 
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·.Vacuum. distillation. proved unsatiafaetory:·PrObably 1becauSe''·the · plant· 
' ' .. ' 

pigmenta: thermally. decomposed~ ·even at reduced pressm•es, · to ev.olire 

gaseous ma:t;eria.ls~- ·. ·Only 'a' molecular. still eoul~· be exp¢ct.ed to>serie for 

dtstillati'on ·of _heavy wax molect(les ~-• .In such s.tills the -·di~te.nc~ from . 

:eva.po~eting· surfs.tie· to condenser :i.,i:r ·too s,--nall to :prevent gross eonta:r:i.ination. 

:of. distflla.te, by ·;t•oam.ip.g of' the liquid. 

The method. of', differential aapqnd.f'ieation used' here. t'o' 'Ob.ta in ·the wax· 

•free from :ohlorophyl iS not thought to be nev1 , .. al though no report ·of· its 

:use has been foqnd ... 

The wax is sh_ov;m to consist largely .. of ·uns~ponifiable oompoUllds1 

proba.bly'alcobpla. and hydrocarbons· of relati'vely high molacular t7~ights4 

Stero'J.:a a.re absent. Appreoiable changes in com.positicn,i however-,.· may have . ' . . 

taken _place· during ·even. tlle .mild .s~p(inifiaation-.. , :·This v19uld be '.especially 

true 11:.·rree adid.s 1vere, :present •. 
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1. Guin.ea pigs were use.d 8.8· ·test animals to establish th~ to~ici ty or 

VfQ.'iOti.E! .tremetol'·:r;ractibns.· Ii ._is :believed. th&t the !'~ct.ions· -~:r higher 

,ni.6lecular weight are mo1.ie toy..ic, but ·l;his cannot .be statfi!d wi tb: cer:tai:nty, 
. . 

owing_' to. the. refractory nat~e . of ihe t·est animals. 

2 .• Mic~analy~is yield~d -the·· fo1•:ui:u.ia C14E1404 'tor' t~e crystals· isolated 

.. from tremeto:i. by Lathrop. ·The oxygen. content,. howeva:r, :1.s unre:L,iabie. -be_. -:• . ' ·. . .· . .. . . 

oaus'e of pe~oxi~atio~ ·whi~h ~ud ··taken place • 
• ~ • • - < 

3. £;Jome. standard methods ~f. 1nvest'igation bf structure {hydrogena.ti,on·, 

·dehydrogeD.ation. ~d- ondati
0

on) w:e~e ~ppl:ied to· the ory:st~s ahd liq~d 

_fractions di'_ trem.e~oi with· .. o'onsi~ten-Uy nega~i.v~ ret;ml ts .. , 
.... 

4., . .Mo~,t of the usµal qonstants _ were determined f'or a;n essential· oil or 

; !A;plopapi,us· heteraphyllus.' . ~hese invest:igEiti~n'.s -~how the ~presence of am.all 

al.llOUlltS Of &:lcohol,sto . C!lrbon.yl compo:tindfl: and·_ 0S't8:t'.S. · !t . i:s believed that 

:the oii · consists ins.inly of sesqui terpenes- or polyterpenes, and ·that· ethers· 

· )nay be ·~:resent .. · 

'5.: ~he ~me~hcd· of d_itf'~rentiai' saporiification. ·used he;e. ror. 'exttacting 

~h~ wax :is onli _partiall:y -satisfa:ctory. · The wax sb, extracted v,l'as· found to 

¢onsist 'largely ·of. unsapo~if.iabl~ ntateri"al (alcohols and p,ydroe~tP?ns)_:, 

. accompanied.' by ·a small ~0~t of esters. 
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