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A Study of Peppermint 01l

1. Introduction

¥ints have been knovn to the Vestern World since
the earlieest times. Several, the identity of which is
uncertain, were used as spices or in medicine by the
Egyptians(l), Hebrews (2), and Romans (3). Thsy seem
to have been put to similar uses by the dbarbarous
tribes dwellinz east of the Rhine(4). Charlemagne
mentions in his Capitulare three mints as worthy of
cultivation. |

(1) Schweinfurth, Berichte deutsch. botan. Gesellschaft
3 (1884), 368,
(2) Xath.,23:23; Luke, 11:43,
(3) P1inii, Faturalis historiae 1ibri.Lib.19, cap.B.
(40 Gildemeister and Hoffmann, The Volatile Oils,
Vol. 1, p. 190,
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References to mints occur in the writings of the
abbess Hildegard, ¢.1180, The Berlin ordinance of 1574
mentions Oleun Menthae, and the Frankfort list of 1583
mentions Oleum Xenthae, Oleun Polemii, and Oleum Pulegii.(l)
%hether or not peppermint corresponds to any of these
is a matter that can no longer bde elucidated. The earliest
hmm‘ specimens 0f Mentha piperita are those in the
British Museum 4in London, obtainéd by John Ray in
Hertfordshire im 1698(2). | | |

Cultivation of peppermint began in England about
1750, and reached 1ts height a century later, after
which a decline set in because of severe American com-
petition. Cultivation on the Continent began not earlier
than in England.

Pepperint ial gromn in Japan much earlier than in
any other country, flourishing there long before the

(1) Gildemeister and Hoffmann, The Volatile Cils,
VOIQI. polgio
(2) John Ray, Historia Plantarum, Vol.III, p.334,



Christian era(l). Fluckiger asserts that menthol was
extracted and used in medioine two thousand years age(2).
When the distillation of peppermint 0il began is not
known,

The production and distillation of peppermint o1l
dn the United States degan in Yayne County, Xew York,
early in the nineteeath century. Later the industry
spread to Michigan, Indiana, Oregon, and California.
The United S8tates i3 now the worldjs prinecipal pro-
duoer, outside of Japan, and eighty to ninety percent
of the crop is growm in ¥Michigan. |

Peppernint olls from different parts of the world
vary widely in $km thelr compoaition. Indeed, so many
factors are operative, soils, weather, fertilizers,
varietiee, strains, time of harvesting, etc., that
oils from a single area may show strikinz differences.
In gemeral, bowever, Inglish 6i1l commands top prices,
with American 01l gecond, and Japanese 0il at the bote
tom of the 1list. The last usually has a menthol oon-

(1) Imperial Encyclopedia, 8th edition, Vol, 88, p.328
(2) PharlaXognosie, (1891), p. 738



e

tent of eighty to ninety percent and is deficient or
totally lacking ia those compoments, especially she
esters, which impart that fins flavor so prized in the
eandy and gum industries.

The first thoroughgoing study of American pepper-
mint 0il was carried out by Power and Kleber near the
end of the last century(l). They examined an oil dis=-
t1lled from the dry herb and identified the following
compounds?

Acetaldehyde

Acetio aold

A=pinene

L=limonene

Yenthone

Menthyl acetate

Cadinene

Isovalerianic aldehyde
. aold

Phellandrene

Cineols

Yenthol

Henthyl isovalerianate

A menthyl ester, 010319.033303
A laoctone, 01,31303

(1) Pharm. Rundeschau 12, (1894), 157



Amyl acetate (trace)
Dimethyl sulphide (trace)

For the present study, which was purely qualitae
tive and restricted to the isolatiom of the components,
and their identification, an oil was chosen rhich was
produced on a muck s0il in 1937 4n Ingkam County, near
Laneing, Michigan,

3. Experimental

To separate the oil into 1ts compoments, samples
were distilled in three ways: in wvacuwo, at atmospheric
pressure, and with steam. Some of the menthol was
removed Dy cooling and erystallization, but this was
possible only vhen the more volatile compounds had been
distilled off. Atmospheric and steam distillation wewe
used But littles, since these methods caused too much
decomposition of the hydrocardons preseni. When distilling
in vacuo, five degree fractions wesw collected, and the
apparatus was so designed that each fraction could be
removed without breaking the vacuum. A fractionating
column over four feet long was used, and it was wrapped
with nichrome wire so that it could be heated eleo=-

tﬂcally .



Acetaldehyde

Then a sample was distilled at atmospheric pres-
sure, a small portion came over between 20?2 and 1109,
A part of this was treated with sodium bisulphite. A
precipitate formed, but too little for identification.
Probably 4t was due to the presence of acetaldehyde or
nlerfuldehyde or both. The possibility that the
precipitate was due to a combination with traces of
menthone in this fraction is exeluded, bdecause men-
thone does not combine with sodium bisulphite(l).

Dimethyl sulphide

This fraction possessed a strongz, disagreeable
odor, 1like that of dimethyl sulphide, When superim-
posed upon a .5 N, solution of mercuric chloride in
a testtube, a white precipitate quickly formed at
the interface, This i¢ the standard test for di-
methyl sulphide in peppermint 011(2).

(1) Heusler and Pond, The Chemistry of the Terpenmes,
P.298.

(2) U.8.Pharmacopeia



Pinene

The fraction boiling at50=-550/10mm, was purified
by repeated distillation, then distilled at atmospheric
pressure, and that portion boiling from 154 to 158°
collected, the boiling p8int of pinene deing 1589,
Many attempts were made to prepare the hydrochloride
after the method of Wallach(l), dut no solid derivative
could dbe odbtained, The sample was carefully dried with
anhydrous oopper sulphate or calcium chloride. Then
hydrochloric acid gas, prepared by dropping sulphurie
acld into a mixture of salt and concentrated hydro-
chloric acid, and drtied by passing throuzh sulphuric
a0id,was passed into the sample, which was well cooled
by a freesing mixture,

It may be of interest to note im passing that
metallic sodium was tried as a dehydrating agent on a
few samples. In every case polymerization to an orange
jelly-like mass was the result. This is similar to the
action of sodium on isopreme,o0f which pinene may be re-
garded as the dbimolecular compound.

Pinene was finally identified by converting 1t to
the nitrosochloride(3). Equal parts of sample, ethyl

(1) Wallach, Annalen, 239, 4.
(3) Wallach and Otto, Annalen, 253, 25l.



nitrite, and acetic acid were mixed and thoroughly
cooled, Then concentrated hydroohlorio acld was added
1ittle by 1little. The crystals of pinene nitrosochlo-
ride which quickly formed were filtered off Y suction,
recrystallised from alcohol, washed with cold alcohol »
and dried at 509, The melting found was 100-103°,That
given 1s 109-111°(1). | |
Equation for the reaction:
CHs

O

5945; cn\\\\ca s + noc1 | ona l!fas
NG a0

3 /cﬂs \ —‘_‘J

Pinene " Pinene nitroaochloride
The ethyl nitrite used in this derivative was
prepared by dissolving twenty-five grams of sodium
nitrite in a mixture of one hundred cc. of water and
ten grams of alcohol contained in a three-neck flack,
I"rom a dropping funnel a solution of twenty grams of
sulphuric acid in gxu:gilf‘;cflty cc. of water and ten grame of
aloohol was added in a thin stream. The ethyl nitrite
digtilled off as it formed and was collected in a flask

cooled with ice. It was then ready for use without fure

(1) Annalen, 253, 251,



ther purification.

Henthene

A menthene boiling 4t 157-8° has deen found in
Russian peppermint oil by Andres and Andreef:’tb deter-
mine 4f 1t occurred in American oil, the fraction boil-
ing atS55-580/10mm. was taken., Two ce. of hydrochloric
acid in two co. of glaclal acetic acid was added slowly
to a well cooled mixture of five cc. of sample, five co.
of glaclal acetic acid, and four cc. of ethyl nitrite(1l).
But no crystalline derivative ocould be obtained.

Cineole

Tﬁe fraction boiling at 58-63°fiGme . . was dis-
t1lled repeatedly in vaocuo, and finally a portion boil-
ing at 175-178%°(atmospheric) was tested for cinmeole.
Pure cineole boils at 178°(2), An zttempt was made to
prepare the addition product of cineole and 10dol(3).

(1) Sicker and Kremers, Amer. Chem. Journ., 14, 293.

(2) Heusler and Pond, The Chemistry of the Terpenes,
p.324.

(3)Hirscheohn, Pharm. Zeitschr.f. Russl., 33,49,
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As no 1o0dol was available, it was necessary to prepare
it from pyrrole. But only a gram or two of this was
on hand, and the yield of iodol was so emall thal no
orystals of the derivative were obtained. |

The hydrobromide was then résorted to. Into a
Wurts flalt fitted with a dropping funnel were placed
one part of red phoesphorus and two pasts of water.
Bromine was then added dropwise from the funnel and
the hydrodbromic aoild gas formed was passed throuzh a
U-tube containing red phosphorus to remove bromine
vapor and through a U=-tube containing calcium chloride
t0 remove moisture. When the dried gas was admitted to
a flask oontaining a petroleum ether of sample, well
oooled by a freezing mixture, a heavy white precipitate
formed immediately. This was filtered, washed with
petroleum ether,and dried with suction. Decompoeition
was 80 rapid that it was never possible to recrystal=-
1isé the pgoduct and very difficult to dry 1t properly.
The melting points found for different samples were
489, 52-549, 58-58°, and 58-80°. That recorded in the
literature is 56-579(1).

$1) Heusler and Pond, The Chemistry of the Terpemes,
p. 328.
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Equation for the reamtiont

s T3
o} C-Br
- | \ N
HBO Oﬁz nzo CH
' 0 s -+ EBr 3 . s 3
¢ gen
L-limonene

The cineole fraotion was tested also for limomene,
in three ways. Limoneme boils at 175-177°(1).

The nitrosochloride method of Wallach(2) was mot
successful., To a mixture of five cc. of sample, eleven
co. of ethyl nitrite, and twelve cc. of glaclal acetic
acid, cooled with ice and salt,was added a mixture of
eix cc. of hydrochloric acid and six co. of glacial acid,
slowly and in small portioms. Hhally five cc. of ethyl
alcohol was added, and the mixture was allowed to stand
for some time in a freezing mixture, But no orystals
formed,

An attempt to prepare the tetrabromide using the
prooedure of Power and Kleber was likewige unsuccessful(3).

(1) Beusler and Pond, The Chemistry of the Terpenes, p.73.
(2) Amnalen, 252, 103; 270, 174.
(3) Pharm. Rumndschau, 12, (1894), 160.
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_The sample was added dropwise to a cooled mixture of
bromine and acetic acid umtil only a slight excess of
bromine remained. The solution was then decolorized
with an agueous solution of sulphur dioxide, and water
was added to precipitate the bromide. But again no ory-
gtals developed. Power and Kleber claimed that in
this way the formation of hydrodbromic acid and of un=
crystallizable bromides of isomeric terpenes was in=-
hibited.

The only method found which would yield a solid
derivative was that of Wallach, apd this was snooésaful
but once. The sample was purified as much as possible
and diluted with four times its volume of glaocial
acetie acid. To the solution, cooled with ice, droaine
was added from a medicine dropper as long as it was
abeorbed with decolorization. After standins for
geveral days, a few crystals were observed, the meltin~
poing of which was 98-100°, no attempt being made to
recrystallize them., The melting poin$ recorded is 104
to 105°(1).

(1) Heusler and Pond, The Chemis$ry of the Terpenes,
P.73.
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Equation for the reaction:

s (Ha
o] r
gﬁ; \\\ ///,CQ\\\\
s T .
R

H,C “ CHg 3 Hgo\ _®
o %

H,C - C = CHy Hs0 = G = CH;Br
c Br

L-limonene Limonene tetrabromide

Phellandrenes

The cineole and limonene fraction was further
tested for the presence of phellandrenes, the d-modi-
fication boiling at 175%, and thé - G-form at 171°, A
solution of five grams of sodium nitrite in eight
grams of water was placed beneath a layer of five cc.
of sample in ten cc. of petroleum ether contained 4n a
testtudbe. Then five céf. of glacial acetic acid was
added with shaking to release mitSous acid(l). Al~-
though this procedure was repezted on many samples,
no crystals of nitrosite were ever obtained. The
nitrosite 1s the only s0lid derivative of phellandrene
known,

(1) Wallach and Gildemeister, Annalen, 246, 282,



14

These results would seem to indicz=te that phellan-
drene was not present in the o1l examined. Yet whenever
a fraction boiling at 58-83°9/10mm. was afterward dis=
tilled at atmocpheric pressure, i1t rapidly turned from
ocolorless to a deep red. As cineole and limonene are
stable compounds and can be distilled at ordinary pres—-
sures without decomposition, while phellandrene with
1te conjugated system of double donds is among the
moet unstable of the terpenes(l), it may be assumed that
thés: compound ' was present. Probably the fallure to
prepare the mitrosite was due to insufficien$ purifi-

cation.

¥enthone

Kext to menthol, menthone is the most abundant
constituent of peppermint o0il, ocourring in amounts as
high as twenty percent. As it boils at 207-2089, and
menthol at 312=2159, the two cannot be separated by dis-
t1llation. However by cooling the fraction boiling with-
4m this range to a point well delow freezing, it was
poseible to crystallize out a large part of the menthol,
which was removed by filtering with suction as rapidly
as possidle,

(1) Heusler and Pond, The Chemistry cf the Terpenes,
p. 109,
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Kany attempts were made to prepafe the exime of
menthone, using the method of ,Beckmann(l). A menthone
sample was dissolved in three times its weight of ninety
percent alcohol, and powdered hydroxylamine hydrochloride
was addad in an amount about 1.3 times that required by
the equatiton. Then during ten minutes a ltttle more
than the theoretical amount of sodium bicarbonate was
added in small portions to neutralize the acid and re-
lease the hydroxylamine. After etanding thirty minutes
with occasional stirring the mixture was pomred into
cold water and stirred vigorously. But noorystals of
the oxime were ever obtained by this method or vari-
ations of it. Nor could the ox ime de gained by shake
ing out of ethereal solution with dilute sulphuric
acid, The references on this prooedure, however, were
not availadble(23).

The dibromo derivative was tried(3). Two mols of
bromine was added to one mol of the menthone fraction

dissolved in chloroform a$ room temperature., But

(1) Armalen, 350, 329,

(2) Beckmamn, Journ.f.Prakt.Chem.,IX, 55,(1897), 17.
0., (1887), 1375, 1461,

(3) Beckmann and Eichelberg, Ber.,29, 418.
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addition of alocohol did not cause any precipitation. If
too zuch dromine was used, Gther crystalline products
should have formed, but mone was observed.

Finally Flatau's method for the preparation of the
semicarbazone was tried(l). Assuming the sample to be .
two=thirds menthone, the theoretical amount of semicare
baztgg was diesolved in a little water. Corresponding .
smounts of sample and of potassium acetate were then dissolved
in a mixture of alcohol and water. The two solutioms were
then mixed and filSered. In the filtrate, small needles
of the senicarbazone wers gsoon ohbserved. Thess wewe re-
moved and recrystallized three times frez boilimg aloobhol.
After drying, the melting point was found to be 1750. Five
more recryctallizations ralsed the melting point to 177=
178%. The value recorded is 1789(2).

Equation for the reactions

CHs T2 s Vi
CH (v~J0; CH =0
7N ' N '
HyC CR, T Ha0 CH, WH
' ' + 0 h ' '
HaC C=0 NE, H,C c—=x
\gm | of
3 " ‘g 2 " 2
Yenthone Menthone semicarbazone

(1) Bulletin de la Societe Chimique, 3, 19, 783,
(2) Eeusler and Pond, The Chemistry of the Terpenes, p.303.
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Le-menthol

Menthol costituted about fifty percent of the oil
examined, and was readily obtained by freezing o0il from
which the more volatile components had been removed.
When recrygstallized from chloroform,,it melted at 42-430,
which 18 the value recorded imn the literature(l). For a
derivative the benzoate, melting at 53-549, was chosen.
Yehthol and benzoic anhydride were heated together in a
bomb $ube for three hours at 1800(2). After cooling, the
reaction mixture solidified to a yellow, crystalline
mags according to expectations. Unfortumately, after boiling
with sodium carbonate solution to neutralize excess beﬁ-
zoic anhydride; dissolving in ether and shaking with
001d, dilute sodium hydroxide solution; separation; and
evaporation of the éther, the benzoate did not crystallize
again, and only a yellow 0il remained,

Dimenthyl sulphite was then tried(3). Unlike almost
all other 80lid derivatives of menthol, this does not

(1) Heusler and Pond, The Chemistry of the Terpenes, p.309.
(2) Beckmann, Annalen, 253,31.
(2) Kenyon and Pickard, J. Chem., Soc., 107, p.45.
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require a high temperature for its preparation, and in

faot must be prepared #% a temperature below €69. Equiva-
lent amounts of thionyl chloride and menthél, each diluted

vith a large volume of petroleum ether, were slowly mixed
and allowed to react at alow temperature, The product was
then separated from wachanged menthol by fractional dioe
tillation in vacuo. Dimenthyl sulphite boils at 310°/9mm,
and so0lidifies to a white m-es, which crystallizes
readily from dilute alcohol .in needles vhich melt at 529,
The value found was 50-52°,

Equation for the reactiont

CHy cn CH

M 9 e 3
c o:: SR CH
B o’// \\\cn na Ner E c'/, \\\cn
2 3% ¢ 2. Eh s 2 oh ' 3
H,C CHOE + B80CL,—> H~0 CHO-S-OHC CH
3 PR 3 < o N S 2
o N o O
HzO=0=CHz HC~C-CE H30-C=Cil,
" H B
¥entholt Dimenthyl sulphite
Estors

An e®fort was made to obtain the saponification num-
bers of the fractions boiling at 107-112°/10mm. and at
12§4120°/10mm., as menthyl acetate boils at 109°/10mn.
and menthyl isovalertanate at 135-127°/10mm. These fractions
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were redistilled many times, but as 1s shown by the
data were even then far from pure. Yet, as these fraotions
were not aold to 1itmus or phenolphthalein before saponi-

fiocation, the data reveals that esters were present.

Formality of H,30, solution «23545

. * KOH . .4510
Fraction Acetate Isovalerianate
Om, of sample 1.0328 0.9993
Co. * KOH 25.24 28.21
Oo. * E,80, to meutralize 38.68 37.86
Gm.millieqt. XOH 11.28 11.83

e Hp804 9.83 9.84

b KCH to saponify 1.55 3.18
S8aponification Ko. found 84.1 122.3

. * oaled. 280 231

In order to identify the acld radicals, about one
gram of the potassium salt was placed in a small flask
with the theoretical amount of thionyl ochloride and heated
gently for thirty minutes under a reflux condenser. The
cooled residue was then treated with two mols of p=tolu=-
§dine dissolved in thirty cc. of benzene and refluxed

a few minutes. Finally the denzene solution was washed
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with water, dilute acid, dilute alkali, and again with

water, filtered, and evaporated to drynass(l). But tre

recrystallizing mediun, methyl alcohcl, yielded no
orystals for either ester, and so the presence of

neither was proved.

Cadinene

The highest boiling fraction, from 130 to 148°/m=,
was tested for cadinene, OygHz4s & sesquiterpene cone-
tagning two conjugated double bonds, the exact position
of which has never been determined. The compound doils
at 274-3759/atmosphertic(2). It oxidizes very rapldly
in the air, and when distilliag in vacuo a stream of
inert gas, rakher than a.ir; should be used to prevent
bunping. Many attempts were made to odbtain the dihydro-
chloride of this ocmpound(3), ene volume of sample being
mized with two volumes of glacial,acid, a fairly rapid
stream of hydrochloric acid gas passed in, and the mixe
ture kept at or near 0° for twoe days, but a orystalline

derivative was never obtained. Yet the boiling point of

" (1) Xam, Qualitative Organic Analysis, p.177.
(3) Housler and Pend, Chéemistry of the Terpenes, p.415.
(3) J. Chem, Soc., 1934, p.1993.
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the fraction an:d the faot that a largs smount of
decomposition occurred vhenever 1% was distilled in
the air sugmeet that eadinens was probably present.

Residua

The residue, after all the aforementioned fraoe
tions were oollected, was a resinous mass of a deep
orange=red oolor, oomsisting largely of oxidation
products and polymers of phellandrens and cadinene,

3. Conclusion

A qualitative study of ¥ichigmm peppermint oil
proved the presence of several chemical compounds.
Evidenos wans found of the presence of nmial

others.
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