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The umbellulone was isolated from the myrtle oil by the 

sulfite method, which was found to be the most inexpensive 

and convenient method of obtaining the pure ketone. 

The umbellulone wa hydrogenated in the vapor phase 

over a nickel catalyst, ass1ng it through an electric tube 

furnace, in an attempt to compare the course of the reduction 

with that obtained by previous investigators operating upon 

a liquid nhase. The products of each hydrogenat.ori at 

different temoeratures from 2500 to 375°C. were analyzed for 

ketone, alcohol, and phenol contents, and for Iodine value 

to determine unsaturation. Their physical constants, including 

specific gravity, optical rotation, and refractive index were 

also determined. Theresults so obtained were compared with 

those of the original ketoneused and the following conclusions 

were shown:- 

1. At temperatures below 300°C. partially saturated 

hydrogenated compounds were obtained. 

2. At higher temperatures rearrangement took place con- 

verting umbellulone into phenols, specifically thymol. 

3. The relative increase in alcohol content with a 

decrease in ketone content is probably due to a conversion 
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of aThyrournbe11u1one, which is first produced, to dihydro- 

umbellulol or the fully saturated tetrahydroumbellulol, or 

possibly in part to the formation of menthone and its 

conversion to menthol. 
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SOE PROPERTIES AID REACTIONS OF TJMBELLULONE PRI THE LEAD' 

OIL OF C006 BAY MYRTLE, UMBELLUTARIA CALIFORIÏICA 

Introduction 

The leaves of the Coos Iay myrtle tree or California 

laurel, Timbellularia californica, yield a pungent, aromatic 

oil which, during the past 60 years, has attracted the 

attention of several investigators. Most of this research 

has been directed along either of two lines, the attempts 

to separate the oil into its several constituents, or to 

determine the struture of umbellulone, which constituent 

gives the oil its characteristic properties. 

Within the past ten years, however, two investigations 

have been reported upon the chemical properties of umbel- 

lulone, and also two researches have been made upon the 

pharmacological properties of the ketone. E.K. ielson (1) 

received in 1928 an American patent on the conversion of 

uiiTheilulone to thymol, while Wienhaus and Todenhofer (2) 

in 1929 prepared dihydroumbellulone and other reduction 

products of umbellulone, 

The pharmacological aspects of umbellulone have been 

studied recently ty il Richard Russell (3) and by Miles 

Edward Drake (4) in our own research laboratory. 

Instead of continuing this pharmacological investigation, 
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the purpose of the present research is to study some further 

chemical proterties anñ reactions of umbellulone. 

Habitat and Description of the Tree 

Some of the names used to describe Tjmbellularia calif- 

ornica are: Oregon Myrtle, California Laurel, ay Laurel, 

Spice Tree, Ca.jeput, Pepperwood, Tetranthera, and Oreo- 

daphne. It is the only representative on the Pacific Coast 

of the genus TImbellularia of the Laurel family. It grows 

cjuite abundantly in the Coos Pay district of Oregon and 

somewhat more sparsely through parts of California where 

it has been reported to range through the western slopes 

of the Sierra Nevadas to the southern slopes of the 

San Bernardino Mountains and also in the Coast Range. 

It is an evergreen tree, having a distinct aromatic 

but pungent odor. The leaves, upon steam distillation, 

yield from 2.5 to 7.6% of an oil, which contains about 

37C of the ketone, umellulone. 

The wood is very hard and firm, fine grained, and of 

a rich yellow brown. It is greatly admired for use in 

various handicrafts, particularly for wood-turning into 

bowls and similar articles. The tree varies from a many_ 

stemmed shrubby form from 10 to 15 feet high to a 
clean 

straight trunk several feet in diameter and between 
60 

and 70 feet in height. 
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Historical 

it is said by the old settlers in the regions where the 

myrtle tree is found that the Indians bruised the leaves 

which they placed on the head or face to relieve headaches 

or conditions of neuralgia. Persons who have dome in 

close contact with vapors of myrtle oil report discorûforts 

and in some cases even unconciousness. 

Urnbellularja californica was first collected in Calif- 

ornia by Ienzies (5) in the latter part of lath century, 

although it had been known by the Spaniards of California 

for many years. It was classified as a laurel, Laurus 

regia, by Douglas (6) in 1826. In 1833 it was classified 

by Hooker and Arinott (7). Later it was named timbellularia 

californica by ruttal (8). 

The oil was first studied by Heaney (9) in 1875. He 

obtained by fractional distillation of the laurel oil 

under reduced pressure, a clear liquid possessing a pun- 

gent odor to which he gave the naine oreodaphenolTt. 

Stiliman (10) in 1680 separated from the oil a 

fraction which he designated umbellulol, C81112o. Powers 

nd Lees (11) showed this fraction to be a mixture, the 

main constituent being a ketone, umbellulone, C10H140. 

The rroperties of this substance, umbellulone, were 

investigated by Tutin (12) and later by Semmier (13) 

who in 1908 gave unfbellulone the structural formula which 



is accepted today. Later studies upon the properties of 

this compound were carried out by ì'e1son (1) in 1928 and 

also by Wienhaus and Todenhofer (2) in 1929. 
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Work of Previous Investigators 

Stilirnan (10) in 1879 obtained 820 grams of the oil 

by steam distillation of 60 or 70 pounds of the fresh 

leaves, which were gathered in March after the trees had 

been in bloom for few days. The oil had a yellowish or 

straw color, a specific gravity of 0.94 at 11°C., and 

possessed the peculiar aromatic odor of the leaf. By 

careful distillation of this oil he obtained two prin-. 

cipal fractions boiling at 167° - l680C. and at 2a.5° - 

216°C. respectively. He assigned the formula C20H32.H20 

to the first fraction and C8H120 to the second one 

naming it "umbellol" but without having made any complete 

determination of their chemical natures. The pungency, 

characteristic of the original oil, was possessed by the 

second fraction. 

Power and Lees (11) have shown that each of the frac- 

tions analysed by Stiliman consisted of a mixture of sub- 

stances. They subjected the oil, which had been distilled 

in California and which had a specific gravity of 0.9483 at 

l6°/l6° and an optical rotation of -22°, to a prolonged 

series of fractional distillations under ordinary pressure, 

separating it into 15 fractions boiling between 150° to 

250°C. 

The following compounds were identified in the oil: 

Eugenol 1.6% Eugenol Methyl Ester 10.0% 
L-Pinene 6.0% Safrol trace 
Cineol 20.0% Mixture of fatty acids trace 
Um'oellulone 60.0% Formic acid trace 



The eleventh fraction, boiling between 217° to 222°C. 

was the larget one collected and contained the most pun- 

gent constituent of the oil. It had a specific gravity of 

0.9614 at l5.5/l5 and an optical rotation of -36° 33' 

Most of it boiled at 2180 (752 mm.). It seemed evident 

that this consisted mainly of a substance having the 

formula C1OH14O. 

Since this substance readily interacted with emicar- 

bazide and hydroxylamine but did not respond to Schiff's 

rosaniline test for aldehydes, it was proved to be a ketone, 

to which the name "umbellulone" was given in consideration 

of its botanical source. 

Isolation of the Ketone 

The impure ketone separated from the oil by fraction- 

al distillation, was converted into pure ketone by Power 

and Lees (11) through regeneration from the semicarbazido- 

dihydroumbellulonesemicarbaz one 

To a solution of a large excess of semicarbazide hydro- 

chloride (40 grams) and sodium acetate (50 grams) in the 

minimum aount of water, were added umbellulone (20 grams) 

and just sufficient methyl aldohol to form a clear solution. 

After three days a quantity of water was added and a white 

crystalline substance obtained which melted at 216°C. with 

evolution of gas. This could be recrystallized fronì ethyl 

alcohol or from hot water, yielding crystals which melted 
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at 217°C. The yield of product never greatly exceeded 50% 

of theoretical. This semicarbazidoc ihydroumbeliulonesemi- 

carbazone is soluble in dilute mineral acids, but on warm- 

ing the solution umbellulone is regenerated in quantitative 

yield. 
The mixture of semicarbazidosernicarbazone, water and 

sulfuric acid was distilled in steam, the liberated umbel- 

lulone extracted with ether, dried with calcium chloride, 

and the ether removed. 

Wierthaus and Toderthofer (2) in 1929 investigated the 

behavior of umbellulone with neutral sodium sulfite since 

it was shown by Power and Lees (li) that umbellulone does 

not coubine with sodium bisulfite nor with hydrogen sulfide. 

It was shown by the reddening of the added phenolphthaléin 

that umbellulone reacts just as well and as quickly with 

the sodium sulfite as do pulegone and menthenone. The ket- 

one content of the oil was found to be 28.6%. 

The usual method for liberating the ketone from this 

addition product was not satisfactory since the yield was 

only 34% of theoretical. They accordingly followed the 

procedure used by A. Elumann and 0. Zeitshel (14) for 

verbenon, in which 350 grains of oil were treated twice with 

solutions of 200 grains of sodium sulfite and 80 grams of 

sodium bicarbonate in 400 cc. of water. The combined aqu- 

eous solution was shaken out twice with ether to remove 

non-ketonic constituents, and then distilled with steam. 



Strong foaming resulted which could not be stopped by para- 

ffin, talc, etc. The ketone was removed from the distillate 

by salting out, extracting with ether, and distilling over 

a. column. 

Drake (4) in 1934 obtained umbellulone from the sulfite 

addition product by treating this with stick sodium hydro- 

xide. In his procedure, 350 grains of myrtle oil were shaken 

out twice with saturated solutions composed of 200 grams of 

sodium sulfite and O grams of sodium bicarbonate in 400 cc. 

of distilled water. The first extraction was made after 

shaking vigorously for 30 minutes. The oil was decanted 

and again extracted vjith a second 400 cc. of sodium suiíite 

solution, permitting the liquids to remain in contact for 

24 hours with occasional shaking. The first and second 

extracts, containing the ketone in combination, were mixed 

and then steam distilled in a neutral state for two hours 

in order to remove any excess oil. To the aqueous solution 

remaining in the flask were added 40 grams of stick sodium 

hydroxide, and the mixture was then steam distilled for 

three hours. The distillate was shaken out with an equal 

volume of ether which Was then dried with calcium chloride, 

and evaporated, yielding 4E grams of ketone. 

Reactions of Umbellu.one 

It was observed by Power and Lees (11) that two atomic 

proportions of bromine combined with unThellulone, indicating 

that it contained only one ethylenic linking, and since 
it 



has the formula C10H140, it must Le a cyclic ketone with two 

cl o sed rings. Its behavior toward semicarbazide and hydro- 

xylamine was also studied by Power and Lees. These not only 

react with the carbonyl group with the elimination of water 

to form semicarbazone and oxime but also add. on to the 

carbon atoms of the ethylenic linking. These reactions are 

shown below, using the structure of umbelulon i. 

worked out by Sen'mler. 

I1 

H-C-H 

HCCH 

HC 
I' 

CtI3H 

HC CHZ 

I \ I 

2-OH \ H2CC= 

H 

I13C -CH3 

HYDROXYLAMINODI HYDROUMBEWJLONE- 
OXIME 

H 
- 

Z 

\ \ Hd H2CC=O =N- 

HC-C-CH3 hC-CCH3 
H 5EMICARBOZIDOE MICARAZONE 

They concluded. that umbeilulone is :robably an unat- 

urated ketone with ethylenic linkage in the:p -. position 

to the carbonyl groups since derivatives of this type are 
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characteristic ofo-unsaurated ketones. 

The study of the constitution of umbeilulone was conti- 

nued by Lees and Tutin (12) who investigated its oxidation 

products with potassium permanganate. 

Umbeliulone, upon oxidation with potassium permanganate, 

produced urnbelluion±c acid (C0H1403) which by distillation 

was converted into a lactone (C9H1202) from which umbeilu- 

ionic acid can be regenerated by treating with alkali. 

The further oxidation of the lactone gave an saturated di- 

basic acid uitheiiularic acid (C8H1204), which was converted 

to very stable anhydride. 

913 C3 

H CCH H C = 

H CO H COOH 

\H3 \ \ 
ÇCH3 Sa-3 8 

CÇCtI3 CH3 

FC C=0 H C0 frC 
UhABELLULONE LJMBELLULONIC LACTONE Uk.4BELLULARIC 

ACID ACID 
Tutin' s Conclusion: 

If umbeilulone were an unsaturated dicyclic ketone 

containing dimethyl cyciobutane as shown above, then umbel- 

lularic acid should be identical with norpiniu acid. 

tibei1u1aric acid, however, differed completely in its 

properties from norpinic acid; therefore, Tutin assigned 

the following formula: 



H3 C3 

HCCCH HCCH 

H-CrCH3 

Hc 

r0 

H C'O H CCFj2 

I J 

H-CC3 H-C-Cr 

UMBELLULONE UV1BELLULONIC L ACTONE UMBELLULARIC 
ACID ACiD 

The great stability of umbellularic acid led Tutin to 

regard the presence of a cyclopropane ring as unlikely. 

He also found that the reduction of the ketone with sodium 

and alcohol gave -dihydroumbellulol C10H180, which on 

oxidation with chromic acid produced -dihydroumbellulone, 

C10H160. He did not however succeed in purifying the 

alcohol. 

The investigation of the eonstitution of umbeflulone 

was continued by Semmier (13), who obtained ('-d.ihydrOumbel- 

lulol in pure form arid worked on the corres. onding ketone, 

-dihydrournbellulone, which had been prepared by Tutin. 

It was shown that the -CH2 group is a&jacent to the carb- 

onyl group since hydroxymethylene and benzilidine deriva- 

tives were produced with isoamylfonnate and sodium and 

with benzaldehyde respectively. Benzilidine derivatives 

upon oxidation with potasìum permanganate gave benzaic 

acid nd q1 homothuja-dicarboxylic acid, which is very 

closely related to that obtained from benzylidine 
thu,.jone. 



Semmier concluded that the formation of this acid can 

&nly be explained if umbellulone had a structure such as the 

following: - 

CH3 

H CC H 
(H) 

UMBELLULONE 

CH3 

C-H 

I-1 

O) 
H2 

CH 

C-H 

L0 

H3 

DI HYDROUMBELLULOL DIHYDROUMBEWJLONE 

MC' CH HC 

II 
H H2 C 

C 

CH3 

N 
'12 

z-H 

CH3 

00M 

CC0 0H 

CH(NH3 
BENZV1J DINE HO MO mUJA- 

BENZALDEHYDE DIHYDROUMBELLULONE DICARBOXYLIC ACID 
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Accoririg to Semmier the umbellulonic, lactone, and 

umbellularic acid, described by Thtin, must have the follow- 

Ing structures:- 

H 

H2 

CH(NH3 

UMBELL.ULONIC ACID 

T2 

H 

CH3 'CH3 

COOH 

HC \ COOH 

CH(NH3 

LAC.TONE UM6ELLULARIC ACID 

Sen1er1so prepared pure semicarbazone from the semi- 

carbazonesemicarbazide separating them by their differing 

solubilities in water. The semicarbazonesemicarbazide 

eliminates semicarbazine and evolves gas when heated above 

2000, changing to the sernicarbazone. Seinmier showed also 
that after 18 hours at about 2800, under pressure, unthellu- 

lone is transformed into thymol. This proved the position 

of CO group, and indicated that the C3H7 group Is not incor- 

porated into the cycloidal portions. 

A'though the configurations assigned to these various 

acids have not been confirmed synthetically arid have been 
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criticized by Tutin, they are generally accepted as correct 

today. 

E.K. Nelson (1), in 1928, obtained a United States 

patent for the conversion of urnbellulone into thymol. He 

passed umbellulone in the vapor phase through a tube, pro- 

vided with the baffle plates and heated to 2800C. The 

thymol so produced was extracted with sodium hydroxide 

solution and liberated with mineral acid. 

Wienhaus and Todenhofer (2) produced dihydroumbellu- 

lone by catalytic hydrogenation of umbellulone in ethyl 

alcohol, using a nickel catalyst. The product had the 

following physical constants: d.90 O.9275;'o-55°4O'; n° 

1.46052. The smicarbazone of this new ketone formed readi- 

ly but was very easily soluble. After being recrystallized 

several times from dilute methyl alcohol, its melting 

point was 158 to 159°C. 

The oxirne of dihydroumbellulone was obtained by boil- 

ing with alcoholic hydroxylamine solution for one hour. 

Its melting point was 72°. 

These investigators also obtained dihydroumbellulone 

by the reduction of dihydroumbellulone with sodium and 

ethyl alcohol. This new alcohol prepared as indicated was 

crystalline having a melting point 55 to F60, and optical 

rotation 68.15° (in alcohol). Simonsen (LT) suggested that 

this crystalline alcohol might be a stereoisorneride of the 

liquid alcohol previously prepared by Semmier (13) by direct 
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reduction of umbellulone. 

The hexahydroderivative f umbellulol, the alcohol 

C10H200, was produced by reduction of dihydroumbellulone 

using Beckmann's method (18) for menthol. The p dihydro- 

umbellulolone vas reduced with sodium in toluene solution. 

It was then shaken with water, dried, and sodium added 

again. This process was repeated until all the ketone was 

reduced. Physical constants of the alcohol obtained were: 

b.p. 800/5mm.; d.200 0.902; flD2o 1.4052; c_3S.1?0. 

The ketone, C10H180, was also prepared by Vienhaus 

and Todenhofer by oxidation of the alcohol, C10H0O, with 

chromic acid using Eeckmants procedure for menthone. Its 

Semjcrbazone had a melting point of 177° to 1180C. 

Physical const.nts of this ketone were: b.p. 73°/lrnm.; 

d.20o 0.902; rl D200 1.45182; a"o -62.24°. 

According to the analytical data this ketone is differ- 

ent from the tetrahycroumbellulone, C10H180, which was 

obtained by Tutin (12) from the oxidation of tetrahydro- 

umbellulol, C10H200. This tetrahydroumbellulol had been 

prepared by Lees (15) by reduction of dibromodihydroumbellu- 

lone, C10Hj4OEr2, with zinc dust in acttic acid to mono- 

broinodihydroumbellulone, C10H150Er, and subsequent reduction 

of this with sodium and alcohol.. This ketone was considered 

by Sirnonsen as monoèyclic and may be represented by the 

following formula:- 



í:i 

H. 

ci-13 

H2 

TETRAHYDROUMBELLULONE 
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ERIMEIAL 

Separation of Ketone 

The ketone was obtained from the myrtle oil by the sul- 

Lite method similar to that official in the United States 

Pharmacopeia for the assay of ketone and aldehyde in vola- 

tile oils. A saturated solution of sodium sulfite, rendered 

neutral to phenolphthalein by addition of sodium bisulfite, 

was mixed with the oil. The mixture was heated on the steam 

bath, and .agitated frequently, neutralizing the mixture 

from time to time by the addition of sodium bisulfite. 

The ketone reacted with the sodium sulfite, forming a 

water soluble product, which was partially hydrolized with 

the formation of sodium hydroxide. This sodium hydroxide 

was neutralized with sodium bisulfite in order to prevent 

its tende'!cy to reverse the addition reaction. 

H2 

CH3 

H3 

Na-O 

Na-Op 

CH3 

CH3 

H3 



H 

H2 

CH, 

CH3 CH3 

CH3 

CH 

2C\ OH 
-F HOH,. H 

Na 

ZCH 
C H3 

After heating for a few hours, the aqueous portion 

was separated by decanting the oil, which was repeatedly 

extracted with more sodium sulfite solution until no 

coloration appeared on the addition of few drops of pheno- 

phthalein. The combined aqueous portions were steam 

distilled in a neutral condition for few hours in order 

to free the solution completely from any oil. The ketone 

was regenerated from this solution b the addition of 

sodium hydroxide, followed by stdarn distillation. The 

urnbellulone was seTarated from the aqueous distillate, 

dried with fused calcium chloride, and distilled under 

reduced pressure. A clear, almost colorless liquid wai 

obtained, which upon standing turned pale yellow. Impure 

samples of the ketone which had been prepared several 

years previously through fractional distillation were 

also purified by this method. The total amount of pure 
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Uinbeliuione so obtained was about 700 cc. representing 28% 

of the oil used. 

The physical constants and the yields as compared with 

those of other investigators were as follows: 

sp.gr. Opt.Rot. R.I. Yield 
Sommier (13) 0.958 _31030t1.4895 
Stiliman (10) ....... -36°30' ...... 40.00% 
Power and Lees 
Viienlaaus and 

(11) 0.9614(15.5°)-36°33- 
Todenhofer(2)0.949 (20°) 

--------- 
-38°51 '1.48315 

30.00 
24.51 

Drake (4) 0.9465(25°) -38°50'1.48285 15.71% 
Author 0.95447(20°) -38°. 1.4834 28.00% 

Although only 28% of ketone was obtained from the oil, 
its qusntitative determination by this method showed the 

ketone content of myrtle oil to be 37%. 

ydrorenation of Umbellulone 

All reductions of umbellulone previous to now have been 

carried out in the liquïd phase. Thtin (12) by reduction 
with sodium in alcohol obtained an alcoholic derivative of 

uinbeliulone. Although he failed to purify this compound, 

he found that upon oxidation with chromic acId it yielded a 

ketone, dihydroumbeliulone. Sennnler (13) by repeated redue- 
tïon of umbeilulone obtained a pure dihydroumbellulol. 
Wienhaus and Todenhofer (2), by catalytic reduction of 
umbellulone using nickel catalyst in alcohol, produced dilay- 

droumbellulone, which by reduction with sodium and alcohol 
was converted into dihydroumbeilulol. 

The present hydrogenation of uanbellulone was conducted 

in the vapor phase over a nickel catalyst in an atteipt to 
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cornare the course of the reduction with that obtained by 

previous investigators operating upon a liquid phase. 

Construction of Tube Furnace 

All hydrogenations were carried out in an electric 
tube furnace, a drawing of which is shown (Fig.l). The 

heating element consisted of an Alundum Tube, 1.5 x 24 

inches, with a 0.25 inch wall. This was wound with 140 turns 

(75 feet) of Chrornel "A" ribbon, 1/8 x 0.01 inches, having 

a resistance of 0.424 ohms per foot. This gave the heater 

a total resistance of 31.8 ohms, yielding on 110 volts, 

about 3.46 amperes. The chromel ribbon was cemented on to 

the aluricluxn tube with ro. 162 Alundum cement, and the whole 

was covered with ordinary "85-percent Magnesia" as used 

for steam pipes. Temperature was controlled by means of 

rheostat. 
Reactions were carried out in a Pyrex combustion tube, 

slipped inside the furnace, and into which the catalyst, 

carried on pumice, was introduced. A theriometer well, of 

thin-wall Vitreosil tubing, closed at one end, and 24 inches 

long, projected well down into the reaction mass. 

P[ydrogen,generated from zinc and hydrochloric acid 

in a Kipp generator, was bubbled through 10% sodium hydro- 

xide solution, then through a bottle containing nitrazine- 

yellov in solution, as an indicator, to make sure that all 

hydrogen chloride gas had been removed. This washed hydro- 



ROM1NE O 3UCTION PLA5K RHEOSTAT INDICATOR 
I KIPPGENERATOR 

5AFETY BOTTLE 3OHYDRDXIDE 

APPARATU5 FOR HYDROGENATION OF UM8ELLULONE 
Figure 1 



21 

gen entered the reaction tube, together with umbeflulone, 

which was slowly dropped from a separatory furmel, bein 

vaporized at the upper end of the tube, from heat withir 

the furnace. 

The reaction products were condensed in a Liebig conci- 

enser and collected in a suction flask, the gases passing 

on through ari empty safety bottle, then bubbling through 

bromine water, to trap any unsaturated compounds wich 

might te volatile at room temperature by forming bromine 

addition products, which might then be collected 
and identi- 

fied. The hydrogen was kept bubbling through this 
bromine 

water, to insure ari ade uate supply of hydrogen in the 

reaction tube, and the difference in rate of 
bubbling in 

the bottles at each end of the tube, furnishing 
a rough 

index of the rate of absorption of hydrogen 
by the umbellu- 

lone. 

Preparation of the Nickel Catalyst 

Ìicke1ous nitrate, :il (ZO3 )2 6H00 (196.25 
grams) was 

dissolved in water to which 78.5 grams of coarse 
granular 

pumice was then added. Ey the addition of sodium hydro- 

xide nickel was precipitated in the form 
of hydroxides on 

the pumice, which was then washed with water 
until freed 

from nitrate anö then dried. The impregnated pumice was 

charged into a Pyrex combustion tube, 
and a metallic 

nickel catalyst produced by reduction 
in an atmosphere of 
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hydrogen at about 300°C. in an electric tube furnace. 

dent 250°C - 27ßQ 

In vapor form, 60 cc. of u.tnbellulone, together with a 

constant supply of hydrogen was passed through the heated 

tube over the nickel catalyst at the rate of about three 

drops in ten seconds and at temperature between 25000. and 

275°C. The amount of hydrogenated product collected was 

45 cc. which showed the following properties:- 

Specific gravity 0.93118 (20°); optical rotation -39°; 

refractive index 1.4666 (20°). 

Hoj.enati on at 275°C -300°C 

In a similar manner, 70 cc. of umbellulone was hydro- 

genated and 53 cc. was collected. It had following 

properties : - 

Specific gravity 0.94515 (20°); optical rotation 

-37.5°; refractive index 1.4755 (20°). 

enation at 300° - 

When 70 cc. of umbellulone was hydrogenated at temp- 

erature between 300°C. and 325°C., 68 cc. was collected. 

This showed following properties:- 

Specific gravity 0.95165 (20°); optical rotation -33°; 

refractive index 1.4968 (20°). 
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Hdroenation at 325°C -350°C 

Upon the hydrogenation of 60 cc. of umbeliulone at a 

temperature between 325°C. and 350°C., 58cc. was collected. 

It had following properties:- 

specific gravity 0.96296 (200); optical rotation 

-22.4°; refractive index 1.4968 (20°). 

Hdrogena350 °C-375 O 

Finally 5Occ. of umbeilulone was hydrogenated at temp- 

erature between 350°C. to 375°C. and 50 cc. was collected. 

This fraction had following properties:- 

Specific .:ravity 0.96788 (20°); optical rotation -17°; 

refractive index 1.5049 (20°). 

Analvsis of the Hydro.enated Products 

The physical constants, including specific gravity, 

optical rotation, and refractive index of uinbellulone of 

the hydrogenated products were first detexnined. Then 

quantitative analyses were made to determine the alcohol 

content, ketone content, phenol content, and iodine 

value of each sa2nple. In each case the methods for assay 

of volaile oils officiai in the United States Pharmaco- 

peia (is) were followed. 

Determination of Ketone Content 

In a 100 cc. cassia flask were placed 5 cc. of sample 



23a 

and 50 cc. of a saturated solution of sodium sulfite neut- 

ralized with sodium bisulfite. The mixture was heated 

in a bath containing boiling water shaken repeatedly, 

neutralizing the mixture from time to time by the addition 

of a few drops of 5% sodium bisulfite solution until no 

coloration apDeared on the addition of a few more drops 

of phenolrhthalin test solution, followed by heating for 
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fifteen minutes. The flask then cooled to room temperature, 

and sufficient sodium sulfite solution was added to raise the 

lower limit of the oily layer within the graduated portìon 

of the neck. The volume of the residual liquid was measured, 

and from this the percentage of ketone by volume in the oil 

was calculated. 

The ketone contents of umbellulone used and its hydro- 

genated product were as follows:- 

TJmbellulone 100 % 
Eydrogénated Products 

#1 250 - 275°C. 23.0 % 
2 275 - 300°C. 37.6 % 
3 300 - 325°C. 32.0 % 
4 325 - 350°C. 16.0 % 
5 350 - 375°C. 8.0 % 

Determination of Phenol Content 

In a loo cc. cassia flask were placed 5cc. of sample 

and 50cc. of normal potassium hydroxide solution. The 

misture was shaken vigorously, and a further quantity of 

alkali was then added to bring the undissolved oil into 

the graduated neck of the flask. From the volume of the 

oil insoluble in alkali, the percentage of the phenol by 

volume was determined. 

The 'thenol contents of unthellulone and its hydrogen- 

ated product were as follows:- 
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UmbelJ.ulone 2% 
Hydrogenated Product 

h1 250 - 275°C. 6% 
2 275 - 300°C. 9% 
3 300 - 325°C. 16% 
4 325 - 350°C. 36% 
5 350 - 375°C. 46% 

Determination of Alcohol Contenj 

The portion of the oil insoluble in alkali and remain- 

ing from each phenol determination was withdravm, dried 

with fused calcium chloride and acetlized with 10 cc. of 

acetic anhydride and 2 grams of sodium acetate in the acet- 

ylization flask for one hour. It was then cooled, trans- 

ferred to a separatory funnel, and washed with sodium car- 

bonate test solution until the mixture was alkaline to two 

drops of phenolphthalein test solution. The washed oil was 

then dried over anhydrous calcium chloride and filtered. 

About 5 cc. of the dried acetylized oil was accurately 

weighed and refluxed with 25cc. of approximately half- 

normal alcoholic potassium hydroxide for one hour. At the 

saine time a blank test was carried out, using 25cc. of 

alcoholic potassium hydroxide. The excess of alkali was 

titrated with half-normal hydrochloric acid, using phenol- 

phthalein as an indicator. 

The reactions are illustrated using dihydroumbellulol 

as an alcohol. 
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In ternis of dihydroumbellulol, the following formula 

was used. 

Ax 7.65 Per cent dihydroumbellulol 
n - (A x 0.021) 

One cubic centimeter of half-normal potassium hydroxide is 

equivalent to _153 = 0.0765 grams of dihydroumbellulol. 
2 x 1000 

The alcohol contents of umbellulone and its hydrogen- 

ated products were as follows:- 

Umbellulone 
Hydrogenated P: 

1 250 
2 275 
3 300 
4 325 
5 350 

1.62% 
r'oducts 

- 275°C. 4.175% 
- 300°C. 4.47 % 
- 325°C. 10.35 % 
- 350°C. 13.58 % 
- 375°C. 

Although the calculations were based upon dihydroumbel- 

lulol, the actual presence of the alcohol was not proved. 

ermina t i old inc Value 
The reaction of iodine with umbellulone was studied 

by varying the amounts of sample, reagent, and the tine of 

reaction. It was found that two atoms of iodine are 

absorbed when approximately 0.05 gram of umbellulone was 

treated with about 80% excess of iodobromide test solution 

for not less than three hours. 

The following procedure was used: 

About 0.05 gram of the sample, accurately weighed was 

introduced into a glass-stopered bottle of 250 cc capacity, 
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and dissolved in lOcc. of chloroform. After the addition of 

25cc. of iodobromide test solution, accurately measured 

from a pipette, the bottle was stoppered securely, and the 

mixture was allowed to stand for three hours in a cool 

place protected from the light. There was then added in 

order 30cc. of potassium iodide test solution and 100cc. 

of distilled water, and the mixture was titrated with tenth- 

normal sodium thiosulfate solution, using starch test 

solution as an indicator. A blank test was made at the 

same time, using exactly the same quantities of rea.ents, 

and the free iodine was titrated with tenth-normal sodium 

thiosulfate as above:- 

Iodine value cc. N/10 Na,S903 x 1.269 

wt. of sample 

One cubic centimeter of 0.1N sodium thiosuiphate is ecjuiva- 

lent to 126.9 0.01269 grams iodine. 
lo X 1000 

The iodine values were found as follows :- 

Urnbellulone 169 
Hydrogenated Product 

# 1 250 - 275°C. 70.3 
2 275 - 300°C. 106.7 
a 300 - 325°C. 138.1 
4 325 - 350°C. 183.2 
5 350 - 375°C. 214.8 
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SUMMARY AD CONCLtJSIOIS 

1. The umijellulone was isolated from the myrtle oil 

by th sulfite method. It was found that the pure ketone 

could not be obtained by repeated fractionation of the 

myrtle oil. It could be obtained in a pure fona by regen- 

eration from the semicarbazone, but the yield was not more 

than 50% of the theoretical on account of the slowness of 

the reaction arid the easy solubility of the product formed. 

The sulfite method was found to be the most inexpensive 

and convenient method of obtaining a pure ketone, although 

it requires a longer time. 

2. The purified ketone was hydrogenated in the vapor 

phase over a nickel catalyst at five different ranges of 

temperature between 250° arid 375°C. 

3. The products of each hydrogenation were analyzed 

for ketone, alcohol, and phenol contents and for iodine 

value to determine unsaturation. The results so obtained 

were compared with those of the original ketone used. 

These values are sunimarized in Table I. 

4. The phenol was proved by the acetic-nitric method 

of the U.S.P. (19) to be thymol. Some other compounds 

that may be present are dihydroumbellulol, dihydroumbellu- 

lone, tetraiydroumbellulol, tetrahydroumbellulone, menthone, 

rnenthenone, and menthol. 



Hydrogenated 
Product 

2500 - 2750 

275° - 3000 

300° - 325e 

325° - 3500 

3500 3750 

Umbellulone 

Thymol 

Specific Optical Refractive Alcohol Phenol Ketone Total Iodine No. 
Gravity(20 ) Rotation Index (20°) 

0.93118 390 1.4666 4.15 6 23.0 33.15 70.3 

0.94515 -37°30 1.4755 4.44 9 37.6 51.04 106.7 

0.95165 - 33° 1.4828 10.28 16 32.0 58.28 138.1 

0.96298 -22°24' 1.4968 13.50 36 16.0 65.50 183.2 

0.96788 - 17° 1.5049 46 8.0 214.8 

0.95447 - 380 1.48340 ..... 2(?) 100.0 .... 169.0 

0.97570 00 1.52269 ..... 100 .... .... 508.0 

Table I 

o 
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The physical constants of the above compounds are shown 

in Table II. 
5. Since the thymol contained in the hydrogenated pro- 

ducts is optically inactIve, the optical rotation of the 

mixture which would remain if all phenol were removed may 

be calculated as follows : - 

Hydrogenated % Thiol Observed Calculated 
Products in Product Rotation Rotation vzith 

Phenol removed 

#1 2500 - 275°C 6 -39° -41.5° 

2 275° - 300°C 9 -37.5° -41.0° 

3 300° - 325°C 16 -33° -36.8° 

4 325° - 350°C 36 -22.4° _35.00 

5 350° - 375°C 46 l7.00 -31.45° 

Below are listed other possible products with the 

optical rotation of each. 

Qpj leal Rotat ion 

Umbellulone - 38° 

High 
-Dhydroiiinbellulone 

Te trahydroumbellulol 
Tetrahydrouinbellulone 

(Wierthaus and Todenh 
Menthol 

_55 04Q t 

-38°17' 
-62°24 I 

Dfer) 
-49.86° 

Low 
9- Dihydrournbellulol -27°30' 
p -Dlhydroumbellulone30°30? 

(Seniler) 
I:entione _20027tto_28°18t 
Thmol O 

ilenthenon +1 030 t 

Comparison of the above tables would indicate that 
hydrogenation of the first two samples produced chiefly 
those compounds listed in the first coluam, all of which 
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Specific 
Gravity 

Optical Iefractive 
Rotation Index 

Umbe11ujone o.b8 -33Y3J) 1.49b 
(S ernmler) 

It 

(Stilirrian) 

(Power and Lees) 0.9614 -36°33' 
It 

(WieiThaus and 
TodeiThofer) 0.949 _380511 1.4E315 

't 

(Drake) 0.9465 -38°50' 1.48285 

t' 

(Au-thor's) 0.95447 -38° 1.48340 

DihydrounThellulol O.31 -27°30' 1.47348 
(Sernrnler) 

It 

(V;ienhaus and ...... _680511 
Todenhofe r) 

- dfl-yãroumbe ilulone . 928 _30030 1. 45862 
(Semmier) 

't 

(Wienhaus and 0.9275 -55°40' 1.46052 
Todenhofer) 

Tetrahydrourabellulol 0.902 -3817' 1.46052 

Tetrahydroumbellulone 0.902 -6224' 1.45182 

I:enthone 0.8960 -20°27' to -28°1' 
1.450 to 1.451 

Menthenone 0.9382 /1°30' 1.4844 

Menthol 0.8810 (6°) -49.86e 1.4479 
40 

Thymol 0.9757 0 1.52269 

Table II 
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have a hi rotation, while higher temperatures produced 

cipounds w±th lower rotary power, as those listed in the 

second colunm. 

6. The umbellulone containing the corresponding per- 

centages of the thymol would have the following specific 

gravities:- 

Hydrogenated % Thinol Observed Calculated 
Products in Products Specific Sp. Gr. of 

Gravity mixture of 
Umbellulone 
and Thymol 

#1 2500 - 275°C 6 0.93118 0.9546 

2 275° - 300°C 9 0.94515 0.9554 

3 3QQO - 325°C 16 0.95165 0.9661 

4 325° - 350°C 36 0.96298 0.9620 

5 350° - 375°C 46 0.96788 0.9635 

From these values it is shown that samPles #1, 2, and 

#3 must contain compounds having lower specific gravity than 

original umbellulone. From the table of specific gravities 

of possible constituents, as listed below, not much infer- 

ence can be drawn, as all constituents except thymol do 

have a lower specific gravity than umbellulone. The anoin- 

aly presented by the unexpectedly high value observed for 

the last hydrogenation can be explained n eïther of two 

ways: - either there is formed some unknown compound of 

still higher specific gravity or else the assay method used 

failed to reveal the total thymol content of this fraction. 
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Specific Gravity 

lJmbellulone 0.95447 

High Low 

Thymol 0.9757 (3 - dihydroumbellulol 0.931 

9- dihydroumbellulone 0.928 

Tetraiydroumbel1u1ol 0.902 

Tetra- hydroumbellulone 0.902 

Menthone 0.8960 

Menthenone 0.9382 

Menthol 0.8810 

7. Following are the refractive indices of the hydro- 

genation products, together with the indices of all those 

compounds whose presence in the several mixtures might Le 

Suspected: - 

Hydrogenated 
Products 

#1 250° - 275°C. 

2 275° - 300°C. 

3 300° - 325°C. 

4 325° - 350°C. 

5 3500 - 375°C. 

% Thymol Observed Yefractive 
Index 

6 1.4666 

9 1.4755 

16 1.4828 

36 1.4968 

46 1.5049 

Pefractive Index 

Umbellulone 1.48340 



Refractive Iidex 

Umbellulone - 1.48340 

Hg 

I.Ienthenone 1.4844 

Thymol 1.52269 

Low 

- dihydroumbellulol 

36 

1.47348 

Ç3 

- dihydroumbellulone 1.45862 
(einmler) 

9- dihydrouanbellulone 1.46052 
(Wienhaus and 

Todeithof er) 

Wetrahydrounbellulol i . 46052 

Tetrahydroumbellulone 1.45182 

Tenthone i . 450 

ilenthol 1.4479 

Since the refractive index of the umbellulone dropped 

markedly when passed through the tube with hydrogen at 

temperatures below 300°C., then there must be formed 

considerable auantities of compounds havIng low indices of 

refraction, which includes those compounds most nearly 

saturated. ?ith higher temperatures, the mixture produced 

showed a refractive index between those of umbellulone and 

of thymol, however, this does not necessarily indicate 

that only these two compounds are present. 

8. A study of the iodIne value of the hydrogenation 

products leads to the conclusion that at temperatures up 

to 300°C., hydrogenation products are formed freely, bring- 

Ing the iodine value from 169 (umbellulone) down to 70, even 

:1.n the presence of 6% of thymol. At higher temperatures, 
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as more th3'lnol is formed, the iodine value rises, but even 

at 3500 - 375°, the value does not reach that calculated for 

the 46% of phenol shown in the assay. This may be explained 

by assirniing that the observed iodine value was low or that 

some phenol derivative is formed which is partially satu- 

rated. 

9. From a comparison of optical rotations, specific 

gravities, refractive indices, and iodine values, certain 

conclusions may be drawn :- 

(a) Hydrogenated products #1 and #2 must contain 

compounds high in optical rotation, low in specific gravity 

and refractive index, and low in iodine value. The small 

amount of alcohol contained in these products is likely 

to be - dihydroumbellulol, while the relatively high ketone 

content is likely to include considerable 19-dihydroumbellu- 

lone. Menthone, which does not forni an addition product 

with sulfite, may also be present. 

(b) Hydrogenated product #3 must contain partially 

saturated compounds with low optical rotation, low specific 

gravity, and low refractive index. 

Relative increase in alcohol content with decrease in 

ketone can be explained as partial reduction of dihydro- 

umbellulone to dihydroumbellulol, and also as partial 

reduction of menthone to fully saturated menthol. 

(c) The products #4 and #5 must contain a high propor- 

tion of compounds, completely unsaturated, having low optical 
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rotation, and specific gravity and a refractive index close 

to that of umbellulone. The thnol content has been greatly 

increased, indicating that rearrangement takes place at the 

high temperature even in the presence of hydrogen. 

Increase in alcohol content with considerable decrease 

in ketone content can be explained as the formation of 

saturated comrounds such as menthol or tetrahydroumbellu101 

with decrease of dihydroumbellUlofle or menthone. 
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