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CHAPTEE I.

THE ESSENTIAL OIL IN THE PLANT.

AN absolutely scientific definition of the term essential cr volatile oils is
hardly possible, but for all practical purposes they may be defined as
odoriferous bodies of an oily nature obtained almost exclusively from
vegetable sources, generally liquid (sometimes semi-solid or solid) at
ordinary temperatures, and volatile without decomposition. This defini-
tion must be accepted within the ordinary limitations which are laid
down by the common acceptation of the words, which will make them-
selves apparent in the sequel, and show that no more restricted definition
is either advantageous or possible. Many essential oils, for example,
are partially decomposed when distilled by themselves, and some even
when steam distilled.

The volatile oils occur in the most varied parts of the plant anatomy,
in some cases being found throughout the various organs, in others
being restricted to one special portion of the plant. Thus in the conifers,
of which the pine is a type, much volatile oil is found in most parts of
the tree; whereas in the rose, the oil is confined to the flower ; in the
cinnamon, to the hark and the leaves, with a little in the root; in the
orange family, chiefly to the flowers and the peel of the fruit; and in the
nutmeg, to the fruit. The functions of these bodies in the plant economy
are by no means well understood. Whilst it is easy to understand that
a fragrant odour in the unfertilised flower may be of great value in
attracting the insects with the fecundating pollen, this can have no
bearing on the occurrence of odorous bodies in, say, the bark or internal
tissues, except in so far as the presence of essential oil in one part of the
plant is incidental to, and necessary for, its development, and .transference
to the spot at which it can exercise its real functions. There may also
be a certain protective value in the essential oils, especially against the
attacks of insects. At present one is compelled to class the majority of
the essential oils as, in general, belonging to the by-products of the
metabolic processes of cell life, such as are many of the alkaloids,,
colouring matters, and tannins; with, possibly, in certain cases, ex-
cretionary functions. Some are undoubtedly the results of, pathological
processes. The structures of the plant which carry the secreted oils-
occur in the fibro-vascular as well as in the fundamental tissues. De-
pendent on their mode of origin, the receptacles may be either closed
cells containing nothing other than the matter secreted, or they may be
vascular structures which have their origin in the gradual absorption of
adjacent cell walls, and the consequent fusion of numerous cells into
one vessel; or, again, they may be intercellular spaces, large cavities
formed in two distinct ways, (1) by the decomposition of a number of
adjacent cells, leaving a cavity in their place, whose origin is thus lysigen-
ous, (2) by the separation of adjacent cell walls without injury to the

VOL. II. 1



2 THE CHEMISTKY OF ESSENTIAL OILS

cells themselves, thus leaving a space for the secretion, whose origin is
schizogenous. Sometimes the oils contain a non-volatile resin in solution,
forming an oleoresin. For example, isolated cells containing an oleoresin
are found in some of the Laurinese, Zingiberacese, and Coniferae, and
intercellular spaces (the so-called glands) in some of the Umbelliferae
and Coniferae.

There are, of course, numerous other functions which the essential oils
possess, but in regard to which any views must necessarily be of a highly
speculative nature. For example, Tyndall has suggested that, especially
where secretion (or excretion) takes place near the surface of an organ,

B

D

FIG. 1.
In the above diagram A represents an oil cavity below the upper surface of the leaf

of Diclamnus Fraxinella (x 820). B represents the same in an early stage, and
shows the mother cells of the cavity before their absorption (lysigenousj. C is
an early and D a later stage of the formation of a resin passage in the young
stem of the Ivy (Hedera Helix) ( x 800). In both cases g shows the separating
cell (schizogenous).

the essential oil has a function which regulates the rate of transpiration.
Moisture which is saturated With essential oil has a different heat con-
ductivity from that of moisture alone, so that a plant which gives off
much perfume may be protected, during the day, from too great trans-
piration, and, during the night, from too great reduction of temperature.
The high rate of consumption of essential oil during fecundation points,
too, to a distinct nutritive value, possibly due to easy assimilation owing
to its chemical constitution, of the essential oil.

The study of the essential oils in situ have hitherto been compara-
tively restricted, and although much work has been done on a few oils,
the results obtained, valuable as they are, must be regarded as of a pre-
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liminary nature, indicating possibilities of great interest as research
develops.

From a purely practical point of view, the principal problem which
requires solution—and which is gradually becoming more understood—
is the determination of the external conditions which will enable the
grower and distiller to produce the best results, both qualitatively and
quantitatively, in regard to any given essential oil.

This problem involves consideration as to the effect of external con-
ditions such as light, heat, moisture, altitude, manuring and other
cultural matters, and as is obvious, such considerations may, and do, vary
greatly with different plants. Such considerations are to some extent
within the scope of the knowledge and skill of the well-trained farmer
and the careful distiller. But there are other considerations of a much
more abstruse character to be taken into account, and here only the
chemist can undertake the necessary investigations. The questions which
present themselves for solution are, broadly, some such as the following:—

Where and in what form does the essential oil have its origin ?
What alterations does it undergo during the life history of the plant ?
How does it find its way from one part of the plant to another ? How
can external conditions be controlled so as to vary the character of the
essential oil at the will of the cultivator ?

These, and similar questions are all-important, if the production of
essential oils is to be placed on a really scientific basis.

The questions raised in the foregoing paragraphs will be examined
briefly, and in principle only, as the detailed 'account of many of the
researches which apply to one plant only, would be outside the scope of
this work.

At the outset, attention may be drawn to the fact that the greater
part of our knowledge of the development of the essential oil in the plant
tissue is due to the painstaking researches of Charabot and his pupils.
And a very considerable amount of the information included in this
chapter is acknowledged to this source.

From the practical point of view, the principal variation of environ-
ment which is definitely under the control of the cultivator, is, of course,
the alteration in the composition of the soil, which is brought about
by scientific manuring. The analysis of fruits and vegetables will give
the ordinary agriculturist much information as to the necessary mineral
ingredients to be added to the soil; but in the case of essential oils,
the conditions are entirely different. The various parts of the plant
tissue are affected in different ways by the same mineral salts, and suc-
cessful development of the fruit or any other given part of the plant may
have little or no relationship with the quantity or quality of essential oil
produced. So that it is only by actual distillations of the plant, or
portion of the plant, coupled with an exhaustive examination of the
essential oil, that informative results can be obtained.

The principles underlying this question are, mutatis mutandis, identical
for all cases, so that as a typical illustration the case of the peppermint
plant may be selected, as this has been worked on by several independent
investigators very exhaustively.

Charabot and Hubert 1 carried out an elaborate series of experiments
on a field containing 29 rows of peppermint plants, each about 5 yards
in length. The normal soil of-the field had the following composition :—

1 Boure-Bertrand Fils, Bulletin, April, 1902, 5.
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Pebbles 250 per mille.
Fine soil, dry 750 „
Nitrogen (parts per 1000 in the dry fine soil) . . 1-44 „
Lime (expressed as GaO per 1000 in the dry fine soil) 309-45 ,,
Phosphoric acid (expressed as P2O5 per 1000 in the

dry fine soil) 2-82 „
Potash (expressed as K2O per 1000 in the dry fine

soil) 1-74
A number of the plants were watered with a solution of 500 grams

of sodium chloride in 20 litres of water, and a number with a similar
quantity of sodium nitrate. These salts were administered on 23 May,
and the following observations were made on the dates specified, on the
essential oils obtained under the usual conditions, from the plants
normally cultivated, and then treated with the salts above mentioned:—

Plants Cut on 24 July.

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Plants Cut on

Menthyl esters . . . .

Plants Cut on 16

Optical rotation . . . .
Menthyl esters . . . .
Total menthol . . . .
Menthone . . . . .

Normal.

- 3° 38'
12'0 per cent.
38-2
8*2

Sodium Chloride.

0°
12*8 per cent.
38-2
4*0

20 August (Green Parts only).

33'3 per cent. 39-6 per cent.

September (after Fall of Petals).

- 5° 30'
27*0 per cent.
47'0
2'5

- 12° 18'
30-1 per cent.
48-1 „
I'l

Sodium Nitrate.

- 0° 10'
12*3 per cent.
36-7
6-0

39 2 per cent.

- 2° 30'
28-9 per cent.
45-8
2'5

The oil distilled from plants normally cultivated, which were cut on
18 July, that is six days before the earliest of the above experiments,
gave the following results :—

Optical rotation - 3° 30'
Menthyl esters 8*8 per cent.
Total menthol 41-1 „ „
Menthone 4'0 ,, „

The facts established by these experiments are that both sodium
chloride and sodium nitrate favour esterification but impede the forma-
tion of menthone.

These facts, however, cannot be correctly studied without taking
into account a considerable amount of collateral matter. For example,
whilst the actual percentage of esters in the essential oils is increased
by the use of sodium chloride, this salt has an inhibiting action on the
vegetation generally, so that the actual weight of methyl esters per
acre is less than when no sodium chloride is used, whilst the reverse is
true when sodium nitrate is used.

A very elaborate investigation on the subject has recently been
carried out by Gustav Hosier.1

1 Pharm. Post, 1912, i. 2.
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Eight different cultivations were carried out under the following
conditions :—

1. Without any manure.
2. With farmyard manure.
3. With sodium nitrate.
4. With sodium nitrate and farmyard manure.
5. With sodium nitrate and calcium superphosphate.
6. With sodium nitrate, calcium superphosphate, and farmyard

manure.
7. With sodium nitrate, calcium superphosphate, and potash salts.
8. With sodium nitrate, calcium superphosphate, potash salts, and

farmyard manure.
The following are the details of yield of plants and essential oil, with

the market values of the product, all being calculated on the same basis :—

1
2
6
4
5
6
7
8

Per Hectare.

Dried Plants in
Kilos.

1300
2000
1860
2820
1940
2320
2200
3140

Per Cent., Oil. ' WeigKU ™ °U "

0-77 10-01
0-88 16-40
0 74 18-76
0-811 22-84
0-73 14-16
0*84' 19-94
0-72 15-84
0-95 29-83

Value.

500
820
938

1142
708
974
792

1491

The essential oils, distilled from the plants cut in September had the
following characters :—

Per cent, on dry
herb

Specific gravity
Optical rotation
Acid number .
Ester „
Menthyl est ers .
Ester number of

acetylated oil
Free menthol .
Total „
Menthone.

1.

0 87
0-9088

- 29-67°
0-77

37-47
10-73

196-05
50-13
60-86
3 52

2.

0-93
0-9092

- 29-22°
0 51

33-49
9-33

187-75
48-59
57-92
6-11

3.

0-83
0-9105

-60-25°
0-78

41-13
11-74

197-04
48-82
60-56
0-89

4.

0-91
0-9090

- 30-44°
0-46

43-32
12-07

195-24
47-76
59-83
2-94

0-83
0-9100

- 31-78°
6-58

44-14
12-30

189-36
45-89
57-69
4-01

6.

0-95
0-9087

- 30-41°
0-50

32-28
9-27

194-07
30-93
60-20
1-37

7.

0-83
0-9111

-32-05°
0-52

45-52
12-58

192-70
46-08
58 66
3-75

g.

1-08
0-9099

- 30-25°
0-37

36-75
10-24

197-65
50-97
61-21
2-14

It will be noted that the experiments with sodium nitrate confir m the
results of Charabot and Hebert, both as regards the increase in menthyl
esters and the decrease in menthone in the essential oil.

The influence of sunlight on vegetable growth, and the results of
etiolation are, of course, well known to botanical students. There is no
room for doubt that the production and evolution of the odour-bearing
constituents of a plant are in direct relationship with the chlorophyll
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and its functions, and that therefore the iquestion of sunlight has a very
great effect on the character of the essential oil.

In the case of sweet basil, Ocimum basilicum, Charabot and He^ert 1

have examined the essential oils distilled from plants which had been
cultivated in full light and from those kept shaded from the light. J n
the former case the oil contained 57*3 per cent, of estragol and 42*7 per
cent, of terpene compounds, whilst in the case of the shaded plants the
estragol had. risen to » 74'2 per cent, and the terpene compounds fell to
25*8 per cent.

A more elaborate investigation on the influence of light was carried
out in the case of peppermint plants.2 The plants were put out at the
commencement of May, 1903, and on 10 May a certain art a of the field was
completely protected from the sun's rays. Many of the plants so shaded
died, and in no case did flowering take place. The essential oils were
distilled on 6 August, the control plants being deprived of their flowers,
so as to make them strictly comparable with the shaded plants. The
yield of essential qil was 0*629 per cent, on the dried normal plants but
only 0*32 per cent, on the shaded plants. The essential oil of the normal
plants contained 18*1 per cent, of menthyl esters a<* against 17*3 per
cent, in the oil from the shaded plants. The flowers of the normal plants
were distilled separately and yielded 1*815 per cent, on the dried material.
It is therefore clear that the restriction of light considerably reduces the
proportion of essential oil contained in the plant. This point will become
more obvious when the importance of the leaf and its contained chloro-
phyll is examined.

The effect of altitude on the composition of essential oils has, per-
haps, been somewhat exaggerated, since in reality the factors concerned
are in the main the sum of the effects of moisture and light, with some
slight influence of temperature and rarification of the atmosphere.
Gastin Bonnier, in his published works, has shown that the effect of
moisture and drought has an equally impor tant effect on plants with that
of sunlight and shade. Little experimental work has been carried out in
regard to the effect of moisture during cultivation on the essential oils,
but there seems no reason to doubt that it is very considerable. As an
example one may quote the case of the essential oil distilled from the
plants of Lavandula vera. When this plant is grown at comparatively
high altitudes in the South-East of France and on the Italian frontier it
yields an essential oil which contains from 25 to 55 per cent, of linalyl
acetate and no cineol. If the same plants grown in England are
distilled, the essential oil contains from 6 to 11 per cent, of linalyl acetate,
and an appreciable amount of cineol. There are, no doubt, many causes
which contribute to this great difference betwreen the essential oils
distilled from lavender plants grown in different districts, but there
appears to be little doubt that the comparative moisture of the soil
in England, and the dryness of the mountainous, regions of Francetin
which the lavender plant flourishes, are the dominating factor. Indeed,
Charabot has examined an oil distilled from French plants cultivated
near Paris and found it to contain only 10*2 per cent, of esters, thus
approximating in character to English lavender oil.

The above considerations indicate the great importance of experi-
mental studies on the influence of externally controlled conditions, in

1 Charabot and Hebert, 2,1905, xxxiii. 584.8 Roure-Bertrand Fils, Bulletin, April, 1904, 9.
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regard to individual plants, with a view to obtaining from them the
greatest amount of essential oil which shall have the characters which
are particularly required. It is probable that there is a good deal of
unpublished work in this direction, which has been undertaken, but
which has been kept secret from commercial motives.

There are many cases in which the action of parasites produces
great changes in the anatomical structure of the plant, which changes
are usually reflected in the character of the essential oils. Molliard has
made a careful examination of the effect of the parasite Eriophyes
mentha on the peppermint plant. The presence of this parasite causes
a practically complete suppression of flowers, the branches which,
normally terminated by inflorescences, become luxurious in growth with
innumerable branching, but without flowers. Distinct changes in the
nervation are also observable, and various other structural changes ai e
to be noticed, all of which profoundly modify the general character
of the plant. The essential oil from these sterile peppermint plants is
more abundant than in the case of normal plants, but it contains only
traces of menthone, and much more of the menthol is in the combined
form, as esters. Further, the mixture of esterifying acids is richer in
the case of the normal oil, in valerianic acid, than in the case of the oil
from the sterile plants.

The essential oil may be secreted in numerous organs, such as cells,
hairs, vessels, etc., and may rest stored in the place of secretion; or
may be secreted from the cells in which it is produced into organs ex-
ternal to the cells. As pointed out previously, the canals or vessels in
which essential oils are formed to a considerable extent are usually
termed schizogenous or lysigenous, according to their mode of origin.
Many such vessels are schizogenous in the inception, but are enlarged
by a later absorption of cell walls. They are then known as schizolysi-
genous. The mechanism of the actual secretion is b» no means well
understood, and most views on the subject must be regarded as within
the realms of undemonstrated theories. An ingenious explanation ot the
process of secretion has been advanced byTschirch.1 He considers that
the external portions of the membranes of the cells which border on the
vessel become mucilaginous, and form the first products of the trans-
formation of the cell substance into the essential oil, which then appears
in the vessel in the form of tiny drops of oil. This conversion into
mucilaginous matter proceeds rapidly until the fully developed vessel is
completely surrounded by the secreting cells, whose membranes, on the
side bordering on the vessel, is jellified in tis external portion forming a
mucilaginous layer—the outer layer of which Tschirch terms the resino-
genous layer (Resinogeneschicht).. This resinogenous layer is separated
from the cavity of the vessel by a cuticle common to all the cells form-
ing the walls.

The essential oil is formed throughout the rednogenous layer,
whence it passes into the vessel, the minute particles uniting to form
small oil drops. According to Tschirch, the essential oil is first produced
in the inner portions of the resinogenous layer, and has not diffused
through the actual cell membrane as essential oil, but in ths form of an
intermediate product, the actual genesis of the oil as such being in the
resinogenous layer.

1 Published works, pa&sim.
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There is, however, a considerable weight of opinion that the essential
oil passes through membrane of the cell iri which it is secreted. There
is, so far as the author can see, no substantial evidence of the existence
of Tschirch's resinogenous layer, and there is no doubt that the theo-
retical need for its existence as assumed by Tschirch is based on a mis-
conception. Tschirch claims that it is not probable that resins and
essential oils can diffuse through membranes saturated with water. But
he leaves out of consideration the fact that all essential oils are slightly
soluble in water, and that diffusion in very dilute aqueous solution is
obviously possible and even very probable. On the whole, there does
not appear to be much theoretical reason for, nor experimental evidence
of, the existence of the resinogenous layer.

An interesting contribution to this question has recently been made
by O. Tunmami l entitled " Contribution to the knowledge of the cuticu-
lar glands," some volatile oils owing their existence to these glands.
The author discusses the formation of secretions, and concludes that
there is a correspondence between the formation of secretions in the
vegetable kingdom and the same process in the glandular tissues of the
human skin, that is to say, the sebaceous glands and gland surfaces.
The secreted matter is only found outside the glandular cells, as it is
divided from the plasma of the cells by a wall of cellulose which is
always visible. The first investigator who suggested the resin-secreting
layer was Tschirch, who gave, as above stated, to this part of the mem-
brane the name of "resinogenous layer". The determination of this
layer in the glands of the skin is easier when the material worked upon
has been soaked for one or two months in concentrated aqueous solution
of acetate of copper, which hardens it. If fresh material is employed,
the modus operandi, according to Tunmann, should be as follows:
Delicate horizontal cuts should be made, so that the glands may be in-
spected from above, or in diagonal section. Next add an aqueous solu-
tion of chloral hydrate (10, 20, 30, or 40 per cent.). If the layer should
not yet be visible the strength of the solution should be increased by
degrees until the major part of the resin has been dissolved. Now
exert with the finger a gentle pressure upon the side of the covering
glass. This will burst the cuticle and push it aside, while the resin-
ogenous layer will be placed either upon the top of the cells, or, separ-
ated from the latter, at the side of the gland-head. It is not necessary
that all the resin should be dissolved. Staining with diluted tincture of
alkanet will show the residual resin, leaving the resinogenous layer un-
coloured.

By the aid of the processes described Tunmann claims to have
discovered the resinogenous layer in all the plants examined by him.
In the course of his investigations he was able to determine various
typical forms of the layer. These he divides into three principal types :
the rod-type (Viola Fraxinus, Alnus}, the vacuola-type (Salvia.Hyssopus),
and the mesh or grille-type (Rhododendron, Azalea).

The cuticle of the glands of the skin is partly enlarged by stretching,
partly by subsequent development. Its principal purpose is unquestion-
ably to prevent a too rapid exudation or loss of the secretions. In the
case of all the persistent glands of the Labiatce, Pelargonic&, Composite,
etc., all of which possess a strong cuticle, a continuous volatilisation of

1 Berichte dentsch. pharm. Ges., 18 (1908), 491: from SchimmePs Repor t.
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essential oil takes place throughout the whole life of the plant. In the
course of this process the chemical composition of the essential oil must
of course undergo some modification, but it does not reach a demon-
strable process of resinification, because new volatile portions are con-
tinuously being formed. Only in autumn, when the period of growth is
reaching its end, this formation of volatile constituents ceases, and the
remainder of the oil resinifies. Thus it is that autumnal leaves are
found to contain in lieu of the usual, almost colourless, highly refractory
essential oil, a dark yellow, partly crystalline, partly amorphous, some-
what sparingly soluble lump of resin.

Generally speaking, the view has been accepted that vegetable
secretions are decomposition products formed in the course of the
metabolism, but Tschirch considers that these secretions are built up to
serve quite definite and various biological objects, and in this view he is
supported by Tunmann.

In some cases, the formation of essential oil in the plant begins
at a very early stage, in fact, before the gland has attained its full
development.

In opposition to Charabot, Tunmann considers that the constant
change in the chemical composition of vegetable essential oils during the
progress of the development of the plant, is chiefly due to the continuous
evaporation of the more volatile parts. He agrees with Charabot in
deducing, from pharmaco-physiological considerations, that plants in
flower cannot yield so valuable an oil as can the young spring leaves.

The solubility of essential oils in water, or in aqueous solutions of
other substances is obviously a question of considerable importance in
reference to the transference of the oil from one portion of the plant to
another, as will be seen in the sequel. From a laboratory point of
view, the question has been thoroughly investigated in a number of
cases by Umney and Bunker.1 The following table indicates the results
obtained by these observers, the methods adopted by them being (1) the
determination of the difference between the refractive index of the dry
oil and that of the oil saturated with water, and (2) the determination of
the difference between the specific gravity of the dry oil and that of the
oil saturated with water :—

JP. and E.O.B. 1912, 101.



I.

Essential
Oil.

TYP I.
Nutmeg \.
Juniper
Lemon
Orange

TYPE II.
Santal
Savin . . . .
Citronella .
Geranium (Turkish) .

TYPE III.
Lemon-grass . .
Cassia
Citronella (Java)

TYPE IV.
Cinnamon leaf .
Clove . . . .
Thyme

TYPE V.
Bergamot .
Geranium (Bourbon) .

TYPE VI.
Eucalyptus (Glob.)

TYPE VII.
Caraway

11.

S. G.
Dried Oil
at 15° C.

•9018
•8734
•8576
•8539

•9756
•9139
•9034
•8886

•8820
1-0702
•8935

1-0533
10509
•9144

•8831
•9132

•9204

•9135

III.

S. G.
Watered

Oil
at 15° C.

•9018
•8734
•8576
•8539

•9760
•9140
•9034
•8898

•8823
1-0694
•8937

1-0531
1-0508
•9150

•8835
•9133

•9209

•9135

IV.

Difference.

nil
nil
nil
nil

•0004
•0001
nil
•0012

-0003
- -0003

•0002

- -0002
- -0001

•0006

0001
•0001

0005

nil

V.

Ref. Ind.
Dried Oil
at 25° C.

1-4795
1-4785
1-4729
1-4715

1-5038
1-4735
1-4770
1-4723

1-4824
1-6003
1-4660

1-5315
1-5300
1-4913

1-4634
1-4639

1-4602

1-4847

VI.

Ref. Ind.
Watered

Oil
at 25° C.

1-4795
1-4785
1-4729
1-4715

1-5035
1-4732
1-4769
1-4715

1-4823
1-5999
1-4659

1-5814
1-5295
1-4810

1-4631
1-4638

1-4600

1-4847

VII.

Dif-
ference.

nil
nil
nil
nil

•0003
•0003
0001
•ooos

•0001
•0004
0001

•0001
•0005
•0003

•0003
•0001

•0002

nil

VIII.

Per Cent.
Water from

S. G.

nil
nil
nil
nil

1-7 per cent.
0-12

nil
1-22 per cent.

0-28 per cent.
1-07
0-21

0-35 per cent.
0-18
0-78

0*09 per cent.
0-12

0-68 per cent.

nil

IX.

Per Cent.
Water from
Ref. Ind.

nil
nil
nil
nil

0-17 per cent.
0-23
0-07
0-64

0*07 per cent.
0-14 „
0-08

0'05 L er cent.
0-24
0-22

0-26 per cent.
0-03

0-17 per cent.

nil

X.

Per Cent.
Water Actually

Added.

nil
nil
nil
nil

0*44 per cent.
0-23
0-31 „
0-82 „

0'21 per cent.
0-54
0-36

0-28 per cent.
0-41 „
0-40

0-24 per cent.
0-55

0*20 per cent.

0*13 per cent.

1-3
W

o

I

GQ

O
CO

o
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A second series of experiments was carried out to determine the
amount of wafer which the same oils were capable of dissolving. These
results are embodied in the following table:—

Essential Oil.

TYPE I.
Nutmeg .
Juniper .
Lemon .
Orange .

TYPE II.
Santal .
Savin
Citronella
Geranium (Turkish)

TYPE III.
Lemon-grass .
Cassia
Citronella (Java)

TYPE IV.
Cinnamon leaf
Clove
Thyme .

TYPE V.
Bergamot
Geranium (Bourbon)

TYPE VI.
Eucalyptus (Glob.) .

TYPE VII.
Caraway .

Eef. It.d.
at 25° C.

of
Dried Oil.

1-4795
1-4800
1-4729
1-4715

1-5040
1-4737
1-4800
1-4726

1-4830
1-6017
1-4666

1-5325
1-5305
1-4917

1-4635
1-4654

1-4604

1-4847

Ref. Tnd.
at 25° C. of
"Steamed"

Oil.

1-4795
1-4800
1-4729
1-4715

1-5037
1-4733
1-4794
1-4712

1-4824
1-6005
1-4657

1-5316
1-5295
1-4911

1-4631
1-4648

1-4602

1-4847

Difference.

nil
nil
nil
nil

•0003
•0004
•0006
•0014

•0006
•0012
•0009

•0009
•0010
•0006

•0004
•0006

•0002

nil

Per Cent.
Water.

0-17 °/0
0-30 „
0-44 „
1-13 „

0-45 7O
0-41 „
0-75 „

0-42 %
0-47 „
0-41 „

0-34 °/0
0-49 „

0-16 7O

—

1 part of Water
in

(approximately).

1 
1 

1 
1

590
330
230
90

220
220
130

220
210
220

300
200

620

—

The oils consisting mainly of terpenes do not appear to dissolve
water, nor to be soluble in water, or at all events, to any appreciable
extent.

It must, however, be remembered that we are here dealing with pure
water only, whereas in the plant economy we are dealing with solutions
of organic substances, in which essential oils would almost certainly be
dissolved more easily than in pure water.

As has been mentioned above, essential oils occur in the most varied
parts of the plant anatomy, and in many cases in almost every part of
a given plant, whilst in many others the essential oil is restricted to one
or two parts of the plant only.

Charabot and Laloue have especially studied the evolution and
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transference of the essential oil throughout the whole of the plant, and
their results form the basis of our knowledge on the subject.

A plant which yielded particularly instructive results on the general
question is Ocimum basilicum. The investigations were carried out at
a number of stages ,of the plant's growth, the four principal of which
were as follows:—

1. 4 July, before flowering. There was a considerable preponderance
of leaves which were found to be distinctly richer in odorous consti-
tuents than the stems, the essential oil being present as such in the
young leaves.

2. 21 July, at the commencement of flowering. The stems now
preponderated, and the green parts of the plant showed a smaller per-
centage of essential oil, whilst the young flowers already contained a
larger proportion of essential oil.

3. 26 August, with flowering well advanced. The leaves and flowers
were both considerably more numerous than in the preceding stage, and
it was found that the percentage of essential oil diminished very sensibly
in the green parts of the plants, whilst the flower was fulfilling its
functions. The percentage of oil diminished during fecundation in the
flowers, but not so considerably as in the green parts of the plant. It
is therefore during the period immediately preceding fecundation that
the essential oil accumulates most, and during fecundation that it is
used up.

4. 15 September, the seed having matured. An increase in the
percentage of essential oil in the green plants since the last stage was
noted and a diminution in the inflorescences.

The essential oil is therefore formed at an early period of the plant's
life, and accumulates most actively towards the commencement of repro-
duction. Before flowering, the accumulation reaches its maximum and
the diminution sets in as reproductive processes proceed, and the transfer
of the oil from the green plant to the inflorescences slows down, and
when fecundation is accomplished the essential oil, less on the whole,
again increases in the green parts and diminishes in the inflorescences.
It appears obvious, therefore, that the essential oil, manufactured in the
green parts of the plant, is transferred together with the soluble carbo-
hydrates to the flower, probably not as nutriment, and, fecundation ac-
complished, it returns, at all events in part, to the green parts of the
plant. The mechanism of this return may possibly be explained by the
desiccation of the inflorescence after fecundation, with a consequent
increase of osmotic pressure, so that some of the dissolved matter is driven
out. Throughout all the stages dealt with no essential oil was detected
in the roots.

As another example of the experiments, Artemisia absinthium may
be selected. The four stages of special interest were as follows :—

1. 26 September, 1904, long before flowering time. The roots did
not contain any essential oil. The leaves contained considerably more
than the stems—about eleven times as much.

2. 10 July, 1905, commencement of flowering. The roots were now
found to be richer in essential oil than the stefns. In all the organs the
proportion had increased, and in the leaves it had doubled.

3. 4 August, 1905, flowering advanced. The accumulation of es-
sential oil in the roots was still more marked. (This fact does not
appear to hold good for any annual plants : Artemisia is a perennial,
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The proportion of essential oil sensibly diminishes in the stems, in the
leaves, and especially in the inflorescences, and in the whole plant. The
most active formation of essential oil is, therefore, in the early part of
the plant's life up to the commencement of flowering.

4. 2 September, 1905, the flowering completed. The percentage of
essential oil in the roots has increased still further; a slight increase has
taken place in the stems; no alteration is noticed in the leaves, and a
diminution has taken place in the inflorescence.

The general conclusions drawn by Charabot and Laloue as the
result of these and a number of similar experiments are as follows:—l

" The odorous compound first appears in the green organs of the plant
whilst still young. It continues to be formed and to accumulate up
till the commencement of flowering, but the process becomes slower
as flowering advances. The essential oil passes from the leaves to the
stems and thence to the inflorescence, obeying the ordinary laws of
diffusion. Part of it, entering into solution, passes into the stem by
osmosis. Arriving here, and finding the medium already saturated with
similar products, precipitation takes place, the remaining soluble portion
continuing to diffuse, entering the organs where it is consumed, especially
the inflorescence. Whilst fecundation is taking place a certain amount
of the essential oil is consumed in the inflorescence. It is possible, and
even probable, that at the same time the green organs are producing
further quantities of essential oil, but all that can be said with certainty
is that a net loss in essential oil occurs when the flower accomplishes its
sexual function. This leads to the practical conclusion that such perfume-
yielding plants should be gathered for distillation just before the fecunda-
tion takes place. This act accomplished, the odorous principles appear
to redescend into the stem and other organs of the flower, a movement
probably brought about by the desiccation of the flower which follows
fecundation, with a resulting increase in the osmotic pressure.''

If these assumptions of Charabot and Laloue be correct—and they
are borne out by much experimental evidence, after laborious research—
the theory of Tschirch and his pupils, which depends on quite opposite
assumptions, is clearly unacceptable. According to Charabot and Laloue,
the essential oil circulates in the plant in aqueous solution and can
traverse the plant from organ to organ in this form, and wherever
meeting already saturated media, is precipitated, and the points at
which such precipitation occurs are known as secreting organs. This
being true, the assumption of a resinogenous layer, based on the hy-
pothesis of the non-solubility of essential oils in water—and in solutions
of organic matter—becomes unnecessary and improbable.

Most essential oils appear to be evolved directly in the form of
terpenic or non-terpenic compounds separable from the plant tissues in
the same form as they exist therein. A considerable number, however,
are evolved in the form of complex compounds known as glucosides, in
which the essential oil complex is present, but wherein the essential oil
itself does not exist in the free state.

The glucosides are compounds, which, under the influence of hydrolytic
agents are decomposed into glucose or an allied aldose or ketose, and one
or more other bodies, which, in the cases under consideration, form con-
stituents of essential oils. The hydrolytic agents which bring about these
changes are soluble ferments, such as diastases, enzymes and similar

1 Le Par/tint Chez la Plante, 233.
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bodies, or, where the hydrolysis is produced artifically, dilute acids or
alkalis.

The ferments able to decompose particular glucosides are usually
found in the plants containing the glucosides, separated from the latter
by being enclosed in special cells which do not contain the glucoside,
so that the two substances must be brought into contact, in the presence
of water, by mechanical means, such as crushing, etc.

Two principal cases of such decomposition are known.
Firstly, there are those cases where the hydrolysis takes place within

the plant itself during the life of the plant, so that the essential oil is
actually a product, in the free state, of the metabolic processes of the
living plant; and secondly, there are those cases where the glucoside is
not decomposed except by artificial processes, independent of the life of
the plant.

The former case is of particular interest and importance as bearing
on the proper method for the extraction of the perfume. Typical
instances are those of jasmin and tuberose, which have been carefully
investigated by Hesse. This chemist showed that the essential oil of
jasmin, which resides in the flower alone, does not, when extracted with
a volatile solvent, contain either methyl anthranilate or indole, whereas
when the flowers are allowed to macerate in fat by the enfleurage pro-
cess, and the pomade so obtained extracted, the essential oil does contain
both methyl anthranilate and indole; and further, the yield of essential
oil obtained by the latter process is at least five times as great as that
obtained by extracting the flowers with a volatile solvent. The following
considerations arise here. If the detached flowers are treated with a
volatile solvent, the living tissues are at once killed, and the actual
amount of oil present in the flowers is obtained in the condition in which
it exists when they were picked immediately before extraction. But if
the detached flowers are macerated in cold fat, the living tissues are not
destroyed and the flower continues to live for a certain time. Since a

reat increase in the quantity of the oil is obtained if, for example, the
fowers are exposed to the fat for twenty-four hours, and since new com-
pounds, namely, methyl anthranilate and indole now appear in the oil, it is
obvious that much oil and the new compounds are elaborated in the flower
during its life after being detached from the plant, quite independently of
the chlorophyll-containing organs. There is little reason to doubt that
this is the result of a glucosidal decomposition in the flower, the glucoside
existing therein at the time of gathering, and steadily decomposing into
the essential oil and a sugar so long as the flower is alive, but not when
it is killed, as, for example, by the action of a volatile solvent. Hesse
has established the same principle in the case of the tuberose, the flowers
of which yield about twelve times as much essential oil when exposed to
enfleurage as they do when extracted with a volatile solvent. Further,
the oil obtained by enfleurage contains far more methyl anthranilate than
the oil obtained by extraction with a volatile solvent, and also contains
methyl salicylate.

In the case of most plants where the essential oil is due to a glucosidal
decomposition, the products are of a non-terpenic character, but this is
not invariably the case.

In many plants the glucoside is decomposed durmg the life of the
plant in a manner different from that just described. The conditions are
not understood, but in the case of such flowers as the jasmin and tuberose
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it appears that only a partial decomposition of the glucoside takes place,
until the removal of the decomposition products (e.g. by enfleurage) when
more glucoside is decomposed. In most plants, however, the decomposi-
tion is complete, all the essential oil possible is formed, and can be
obtained by any of the usual processes without being further increased
by more glucosidal decomposition.

One case in which the essential oil does not exist at any stage of the
plant's life in the free condition, until the ferment and the glucoside have
been brought into contact by artificial means, will suffice to illustrate this
type of production of essential oils in the plant. The essential oil of
bitter almonds does not exist as such in the kernels, which have no odour
such as we ascribe to bitter almonds. The glucoside which gives rise to
the essential oil is a body known as amygdalin, of the formula C20H27NOn.
This body crystallises in orthorhombic prisms with three molecules of
water of crystallisation, which are driven off at 110° to 120°. Under the
action of the ferment, emulsin (which is rarely, if ever, in contact with
the amygdalin in the plant tissues) in 'the presence of water, amygda-
lin splits up into glucose, hydrocyanic acid, and benzaldehyde, the char-
acteristic odour-bearer of essential oil of bitter almonds. The reaction
(which probably occurs in two stages which need not be discussed here)
is as follows :—

C20H27NON + 2H2O = 2C6H12O6 + C6H. CHO + HNC. •
Amygdalin. Glucose. Benzaldehyde.

The above illustration is typical of the method of formation of a large
number of essential oils, which need not be discussed here in detail.

The actual genesis of the odoriferous compounds in the living plant
has been studied, as indicated above, principally by Charabot and his
colleagues, Laloue and Hebert, but interesting work in the same direc-
tion has been carried out by Blondel and by Mesnard.

There are three conditions to consider in regard to the physiological
activity of the living cell: (1) where the product—the essential oil in the
present case—pre-exists in the tissues generally and the function of the
phytoblast of the cell is limited to isolating the product at the desired
moment. This may be regarded as an excretion; (2) where the product
has its origin in the cell itself by means of combination and reaction of
other bodies transported from other parts of the plant tissue, and (3)
where the product is completely built up in the cell, without it being
supplied with the materials for the synthesis by transport from other
parts of the tissues. These may be regarded as cases of secretion.

Numerous theories have been advanced to explain the origin of es-
sential oils in the plant, but the evidence in favour of most of them is in
no case at all conclusive, and the question must still be regarded as un-
settled.

Fliickiger and Tschirch originally suggested that the essential oil was
elaborated at the expense of the starch, or possibly even of the cellulose,
the intermediate products of which were transported through the tissues
to the locality of elimination, undergoing gradual alteration until the
final product of transformation was the essential oil. Mesnard regarded
the chlorophyll as the parent substance of the essential oils, and Tschirch
more recently suggested the tannin as the more probable substance to
give rise to essential oils and resins.

One thing is certain, and that is that the chlorophyll-containing
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parenchyma is, generally speaking, the seat of formation of the essential
oils. The physiological activity of the phytoblast of the cell can be
demonstrated experimentally, and Blondel has illustrated it in the case
of the rose. He took the red rose General Jaqueminot, as one having
a well-marked odour, and placed two blooms from the same branch, of
equal size and development, in vases of water under two bell jars. Into
one of the jars a few drops of chloroform on a sponge were introduced.
At the end of half an hour the bell jar was lifted, and the weak odour of
the rose was found to have given place to an intense odour of the flower.
The odour of the rose kept without chloroform was feeble, exactly as at the
commencement of the experiment. A similar experiment was carried
out with the tea rose Gloire de Dijon. In this case the odour of the
flower treated with chloroform entirely altered, and was quite disagree-
able, with no resemblance to that of the rose itself. In the former case
the action of a minute amount of chloroform acts as an irritant, and the
stimulus causes a greatly increased secretion of essential oil, whilst in
the latter case the functions of the secreting cells were actually changed
and a different odorous substance was evolved. With a larger dose of
chloroform the contents of the cells are killed and no further exhalation
of perfume is noted.

The actual course of the evolution of the essential oil has been par-
ticularly studied by Charabot and Laloue in plants, the principal con-
stituents of whose oils belong to four different groups, namely :—

1. Compounds of the linalol group.
2. „ ,, geraniol ,,
3. „ „ thujol
4. ,, „ menthol ,,

Linalol is a tertiary alcohol of the formula C10H18O, which, with its
acetic ester (and traces of other esters) forms the basis of the perfume^of
bergamot and lavender oils. By dehydration linalol is converted into
terpenes of which the principal are limonene and dipentene, and by
esterification into its acetic ester. The examination of the essential oil
at different periods of the development of the bergamot fruit has led
Charabot and Laloue to the following conclusions.1 As the fruit matures
the essential oil undergoes the following modifications :—

1. The amount of free acids decreases.
2. The richness in linalyl acetate increases.
3. The proportion of fiee linalol and even of total linalol decreases to

a very sensible extent.
4. The quantity of the terpenes increases, without the ratio between

the amounts of the two hydrocarbons limonene and dipentene being
altered.

The fact that the amount of total linalol decreases whilst the rich-
ness in linalyl acetate increases, proves that linalol appears in the plant
at an earlier period than its acetic ester. Further, the free acetic acid
acting on the linalol esterifies a portion of it, whilst another portion of
this terpene alcohol is dehydrated, with the production of limonene and
dipentene, which are the usual resultants of linalol in presence of certain
dehydrating agents. This view is corroborated by the fact that the
quantity of the mixed terpenes increases during the esterification,
without the slightest variation being observed in the ratio between the

1 Roure-Berbrand Fils, Bulletin, March, 1900, 12.
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amounts of the two terpenes, which shows that their formation is simul-
taneous and is the result of one and the same reaction.

The practical conclusion to be drawn from this is as follows: Oil of
bergamot having a value which increases according to the richness in
ester, it will be profitable to gather the harvest at the period at which the
fruit is fully ripe.

The same compound, linalol, is the parent substance of oil of lavender.
The study of the progressive development of this oil in the plant tissues
was carried out on three samples wrhich were distillcd at intervals of a
fortnight, the first from flowers in the budding stage, the second from the
fully flowering plants, and the third from the plants with the flowers
faded. The essential oils thus obtained had the following characters :—-

Specific gravity at 15° C. .
Optical rotation . . . .
Acidity, as acetic acid per litre

of water collected during distil-
lation

Ester per cent
Free linalol per cent. .
Total „ „

Oil

Buds.

0-8849
- 6° 32'

0-5241 gm.
36-6
21-0
49-8

rom the Plan

Flowers.

0-8854
- 6° 48'

0-4716 gm.
40-4
16-7
48-4

Faded Flowers.

0-8821
- 6° 50'

0-3846 gm.
39-75
18-9
50-3

Hence, the acidity decreases in the course of vegetation ; the pro-
portion of free linalol and the proportion of total linalol also decrease in
the essence up to the time when the flowers are fully opened, whilst the
proportion of ester increases ; then, when the flower fades, the essential
oil becomes richer in linalol, whilst, on the other hand, its ester-content
decreases.

Thus as in the case of oil of bergamot, esterification is accompanied
by a decrease in. the total proportion of linalol and in the proportion of
free acid. These facts prove that, here also, the esters originate by the
direct action of the acids on the alcohols. Under these conditions,
as the plant develops, part of the linalol is esterified whilst another
portion is dehydrated. So that not only does the proportion of free
alcohol, but also that of the total alcohol decrease. But as the esterifica-
tion process is completed, which happens when the flower commences to
fade, the total alcohols increase at a fairly rapid rate.

The progressive development of the geraniol compounds in essential
oils has been principally studied in the case of oil of geranium.

The typical plant which was selected for investigation in the case
of the geraniol compounds was the ordinary geranium. The principal
alcohol present in this oil is geraniol, C10H18O, and this is accompanied
by a smaller amount of citronellol, C10H20O. A ketone, menthone, is also
present.

An oil was distilled from the green plants on 18 July, and a second
sample from the still green plants on 21 August. These two samples had
the following characters :—

VOL. II.
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Density at 15° C . .
Rotatory power in 100 mm. tube .
Coefficient of saturation of the acids .
Esters (calculated as geranyl liglate) .
Free alcohol (calculated as C10H]8O)
Total alcohol

Product Collected—

Oil 18 July.

0-897
- 10°

43-8
5-8

. ) 64-0

. 0 67'8

On 21 August.

0-899
- 10° 16'
41*0
10-0
02-1
08-G

It will be seen that (1) the acidity decreases during the maturing
of the plant; (2) as in all the cases previously considered, oil of geranium
becomes richer in esters during vegetation; (3) the proportion of total
alcohol increases slightly and the quantity of free alcohol decreases, but
not to an extent corresponding with the increase of esters, so that in the
course of esterification, which takes place in this case without dehydration,
a small quantity of alcohol is produced.

Practically no menthone was found in either oil, but in the oil ob-
tained from the plant after flowering and complete maturation, an appre-
ciable quantity of menthone was found. It is thus clear that the
menthone is formed, as would be expected, principally during the period
of the greatest respiratory activity.

The thujol group, in reference to these studies, is represented by the
absinthe herb (Artemisia absynthium], which contains a secondary
alcohol thujol, C10H18O, and its esters, and its corresponding ketone,
thujone, C10H10O. The conclusions drawn in this case are as follows:—

From the early stages of vegetation, before the influence of flowering
is seen, an essential oil is present in the chlorophyll-containing organs,
which is already rich in thujol, but which contains very little thujone.
Esterification steadily increases up to the time of flowering, and then
diminishes, and afterwards increases again as new green organs develope.
The amount of thujol diminishes during the evolution of the plant, but
increases again when new green organs are developed. The thujone
gradually increases up till the time of flowering, and then steadily de-
creases owing to consumption in the flowers themselves.

It is therefore probable that the alcohol is formed in the first instance,
which is afterwards esterified to thujyl esters and oxidised to thujone.

The last of these investigations to which reference will be made is
that of the peppermint, as representing the menthol group of compounds.
Four samples of essential oil were examined:—

1. That distilled from young plants not exceeding 50 cm. in height,
the inflorescence having formed, but the buds not having made their ap-
pearance.

2. That distilled from the plant when the buds were commencing to
appear, but from which the inflorescences were removed.

3. That distilled from the inflorescences so removed.
4. That distilled from the normal plant in full flower.
The oils in question had the following characters :—•
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Specific gravity
at18°C. .

Optical rotation
at 18° C. in 100
mm. tube

Ester (calculated)
as menthyl
acetate) .

Combined men-
thol .

Free menthol
Total „
Menthone .

1. Oil Extracted
before the

Formation of
the Buds.

0-9025

- 24° 10'

3'7 per cent.

2-9
44-3 „
47-2
5-2

Oil Extracted after the Formation
of the Buds.

2. Leaves.

0-9016

- 26°

10-3 percent.

8-1 „
422i 2
5')-3 „
4'2

3. Inflorescences.

0-9081

- 20° 15'

7-5 per cent.

5-9
29-9
35-8
16'7

4. Oil Extracted
from the
Flowering
Plants.

0-9200

- 2° 37'

10*7 per cent.

8-4
32-1
40-5
10-2

After allowing for the relative weights of the leaves and inflorescences,
the composition of the average oil which would have been yielded by (2)
and (3) if distilled together would have been as follows:—

Esters 9-6 per cent.
Combined menthol . . . . . . . . 7-6 ,,
Free menthol 39-0 „
Total „ 46-6 „
Menthone 7-5 „

It is thus apparent that at the commencement of vegetation of the
peppermint the oil is rich in menthol, but only a small amount is present
in the esterified condition. Menthone only exists in small quantity. As
the green parts of the plant develope, the proportion of esterified menthol
increases, as has been found to be the case with other alcohols. This
esterification, however, only takes place in the leaves, and when the
essential oil extends towards the flowering tops, it becomes poorer in
esters.

The net result is an increase in esters in the total essential oil distilled
from the whole of the plant, owing to the development of the green parts.
The menthone increases during the development of the inflorescences,
whilst the menthol decreases correspondingly. So that the oil obtained
from plants systematically deprived of their inflorescences only contains
a small amount of menthone, but is very rich in free menthol and in
esters. The oil, however, distilled from the flower shoots, even at an
early stage of their development, contains a considerable quantity of
menthone and comparatively small quantities of free menthol and esters.
It is therefore seen that the formation of the esters of menthol takes
place in the green parts of the plant, whilst the menthone originates
more especially in the flowers. This latter point is further corroborated
by the fact that if the peppermint becomes modified by the puncture of
an insect so as to suffer mutilation, the greater part of the menthone
disappears, as well as the flowers.

These observations throw light on the mechanism which governs the
transformation in the plant of the compounds belonging to the menthol
group. This alcohol being produced simultaneously with the green parts
of the plant, is partially esterified in the leaves; the esterification here
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again is manifested as a consequence of the disappearance of the chloro-
phyll. Then, when the heads bearing the buds and later the flowers
are formed, a certain quantity of oil accumulates and the menthol, both in
the free and combined state, is there converted into menthone by oxida-
tion.

Investigations of the character detailed above lead to the following
conclusions. The esters are principally formed in the green parts of the
plant by the action of free acids on the alcohols. The latter easily losing
water are, at the same time partially dehydrated without combining with
acids and so give rise to terpenes. Isomerisation is also going on, so
that starting from the compound linalol, we see the following compounds
formed : linalyl acetate by esterification, terpenes by dehydration, and
the isomeric alcohols geraniol and nerol by isomerisation. All three
reactions can be effected artificially in the laboratory, as they are natur-
ally in the plant tissues. The alcohols and their esters are easily con-
verted into aldehydes and ketones, especially when the inflorescence
appears, since it is in these organs that oxygen is fixed to a maximum
extent.

Whatever may be the complex functions of the chlorophyll in the
plant, so far as the essential oils is concerned, there can be no doubt that
it favours the process of dehydration. Gaston Bonnier has shown that
under the influence of a mountain climate the green parts of a plant
undergo considerable modification. The leaves are thicker and of a more
rich green colour, and the assimilatory tissues of the stem are better
suited for the exercise of the chlorophyll functions. The green palissade
tissue is more strongly developed, either by the cells being longer, or be-
cause the number of layers of palissade cells is greater, so that the
chlorophyll bearers are larger and more numerous. Under similar
conditions, plants grown at low altitudes have a lower chlorophyll func-
tion than the same plants grown at high altitudes. Charabot's observa-
tions are supplementary to these, and prove that the more intense the
chlorophyll function, the greater the power of dehydration of the alcohols,
and therefore the greater the ester value of the oil. This has been de-
monstrated clearly in the case of lavender oil, when it is generally true
that the higher the altitude at which the plants are grown, the higher
the ester content. Grown in the neighbourhood of Paris, as before
mentioned, the plants yield an essential oil with so low an ester value
that it approximates to English lavender oil in composition. The in-
fluence of the altitude appears to be due to (1) greater light; (2) drier at-
mosphere, and (3) lower temperature. The first two of these influences
tend to assist esterification, whilst the third acts in a contrary sense, and
may even neutralise the others.

In the esterificatidn of an alcohol, water is always formed, according
to the equation—

EOH + AH = EA + H2O
Alcohol. Acid. Ester. Water.

This action is reversible, so that to maintain the ester value it is ob-
vious that the removal of water is advantageous. As a matter of fact, if
transpiration is increased, or the absorption of moisture by the roots is
diminished, the esterification is more rapid.

In regard to the distribution of the essential oil from one organ of the
plant to another, it has been established that there is a circulation of the
odorous compounds from the green portions of the plant into the flowers,
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which may be regarded as the consuming organs, and that the constitu-
ents which travel through the tissues are, as would be expected, the most
soluble present in the oil. He*nce as Charabot, Hebert, and Laloue have
shown,1 it results that this phenomenon of circulation and that which
governs the chemical transformations which modify the composition of
the essential oils, combine their effects when the aldehydes or ketones in
question are relatively soluble constituents. In such a case the essential
oil of the inflorescences will be appreciably richer in aldehydic prin-
ciples than the essential oil of the leaves. This is what was found in
the case of verbena in which the citral is one of the most soluble con-
stituents of the oil, as clearly indicated from the fact that the portion
extracted from the waters of distillation is richer in citral than the por-
tion which is decanted. Thfe essential oil of the inflorescences contains
an appreciably higher proportion of citral than the essential oil extracted
from the green parts of the plants.

If, on the other hand, the aldehydic or ketonic portion of the essential
oil is sparingly soluble, the effects of the phenomenon of circulation on
the composition of the essential oils from the various organs will be the
reverse of those produced by the chemical changes which take place in
the inflorescence, since the principles which are displaced are principally
those which are most soluble. The relative insolubility of such ketones
and aldehydes will tend to make the oil of the leaves richer in these
compounds on account of their restricted power of circulation, and on the
other hand, to make the oil of the inflorescences richer in alcoholic prin-
ciples, whilst the actual formation of these compounds in the inflor-
escence will have the effect of increasing the proportion of aldehydes
or ketones in the inflorescence. The net result depends on which of the
two features predominates.

It has been shown while studying the formation and circulation of
the odorous products in the wormwood, that the ketone thujone is,
contrary to the usual rule for ketones, one of the most insoluble con-
stituents of the oil, and this is why, in spite of the tendency which thujol
possesses to become converted into thujone in the inflorescence by oxi-
dation, the essential oil from the leaves is richer in thujone than the
flower oil. This is due not only to the fact that the insoluble thujone
passes very slowly from the leaves to the flowers, but also to the fact
that the thujone which does so circulate, and also the thujone actually
formed in the flowers, being already a partially oxidised product on the
way to degradation, is the one which is principally consumed by the
flower in the exercise of its life function, namely, the fecundation process.
In the case of peppermint, the nature of the actual chemical transforma-
tions which occur in the green organs has a predominant influence on
the distribution of the odoriferous constituents. This was demonstrated
by distilling 200 kilos of the plant and collecting 200 litres of distilla-
tion water. This water was exhausted by shaking three successive times
with petrolium ether, which on evaporation yielded 35 grams of essential
oil which had been originally dissolved in the water. The oil obtained
by decantation, and that by extraction from the distillation waters gave the
following results on analysis :—

1 Roure-Bertrand Fils, Bulletin, May, 1908, 4.
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Specific gravity at 15° C .
(

Solubility m 80 per cent, alcohol -!

I
Rotatory power . . . . . .

„ „ of the acetylated oil
Acid number . . . . .
Saponincation number . . . .
Ester number . . . . .
Menthyl a c e t a t e .
Combined menthol . . . . .
Saponification number of acetylated oil
Esters in acetylated oil . . . .
Free menthol in original oil . . .
Total „ „ „ .
Saponification number of the reduced and

acetylated oil . . . . . .
Saponification number corresponding to the

m e n t h o n e . . . . . . .
Menthone in original oil . . . .

Essential Oil

Separated by
Decantation.

0-9194
Soluble in 1 vol.,
becoming opales

cent on the
further addition

of alcohol
- 11° 28'
- 20° 12'

Pale green
0-2

43-9
43-7
15 5 per cent.
12 2 „

161 7
57*2 per cent.
37-4
49-6 „

188-1

26-4
7-4 per cent.

Extracted from
the Waters.

0 9140
Soluble in 1 vol.;

separation of
crystals on the

further addition
of alcohol
- 17° 36
- 35° 28

Reddish-brown
12-8
39 1
26-3
9'3 per cent.
7-3

198-3
70'1 per cent.
56-3 „
63-6

215-9

17-6
4-9 per cent.

Comparing the undissolved essential oil with that which was dis-
solved in the waters, it is seen that the former is richer in esters,
poorer in free menthol and total menthol, and richer in menthone than
the second. In other wrords the relatively sparingly soluble constituents
are esters and menthone, whilst menthol is particularly soluble.

The earlier researches of Charabot have shown that the essential oil of
the flowers is richer m menthone than the essential oil of the leaves. And
it is in spite of a circulation of menthol, a soluble principle, from the
leaf to the inflorescence, that this latter organ contains an essential oil
particularly rich in menthone. It must therefore be that the menthol is
there converted into menthone by oxidation.

The differences in composition between the two essential oils ex-
amined show well, if they be compared with those wrhich exist between
the essential oils of the leaves and the inflorescences, that the distribution
of the odorous principles between the leaf, the organ of production, and
the flower, the organ of consumption, tends to take place according to
their relative solubilities. But this tendency may be inhibited, or on the
other hand, it may be favoured by the chemical metamorphoses which
the substances undergo at any particular point of their passage or at any
particular centre of accumulation. Thus, in the present case, some of the
least soluble principles, the esters of menthol, are most abundant in the
oil of the leaves, whilst another, menthone, is richest in the oil of an organ
to which there go, by circulation, nevertheless, the most soluble por-
tions. This is because this organ (the flower) constitutes the medium
in which the formation of this insoluble principle is particularly active.

Some highly interesting conclusions as to the relationship of essential
oils to the botanical characters of the plant have been drawn by Baker
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Fir. J—Ty pes of eucalyptus leaf venations, which indicate the presence of certain
chemical constituents in theoil. (Baker and Smith ) For explanation see next
page.
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and Smith,1 as a result of their exhaustive researches on the eucalypts of
Australasia. These investigators have shown that there is a marked
agreement between the chemical constituents of the essential oils of these
trees, and ths venation of the lanceolate leaves of the several species; so
marked, indeed, that in the majority of cases it is possible to state what
the general character of the essential oils is by a careful examination of
the leaf venation. There are three principal types of venation, which
are shown in the accompanying illustration (see previous page).

The first ty pe is representative of those eucalyptus trees whose oils
contain the terpene pinene in marked quantity, cineol either not at all or
only in small amount, and from which phellandrene is absent.

The second type is characteristic of trees yielding oils which contain
pinene3 but are more or less rich in cineol and free from phellandrene.

The third type represents trees in which phellandrene is an impor-
tant constituent.

There appears reason to suppose that with the eucalypts a gradual
deviation from a type has taken place, and that the formation* of
characteristic constituents in these oils has been contemporaneous with
the characteristic alteration or deviation of the venation of their leaves.
That the constituents have been fixed and constant in the oils of the
several eucalypts for a very long period of time is demonstrated by the
fact that whenever a species occurs over a large area of country the
constituents of the oil are practically identical also, only differing in
about the same amount as is to be expected with the oils from trees of
the same species growing together m close proximity to each other.
The venation of the leaves of individual species is comparatively similar
throughout their geographical distribution, and their botanical characters
show also a marked constancy. All this comparative constancy is
probably accounted for by the long period of time" that must have
elapsed before a particular species could have established itself as such
over so extensive a range over which they are found to-day.

EXPLANATION OF PLATE.

1. Leaf of Eucalyptus corymbosa, Sm.—This venation is indicative of the pre
sence of pinene in the oil. Note the close parallel lateral veins, the thick mid-rib,
ancf the position of the marginal vein close to the edge of the leaf. The yield of oil
from leaves showing this venation is small, there not being room between the lateral
veins for the form ation of many oil glands.

2. Leaf of Eucalyptus Smithii,K. T . B. —This venation is characteristic of
species whose oil consists principally of eucalyptol and pinene. Note the more acute
lateral veins which are wiier apart, thus giving more room for the formation of oil
glands; the yield of oil is thus larger in these species. The marginal vein is further
removed from the edge and is slightly bending to meet the lateral veins.

3. Leaf of Eucalyptus r adiata, Sieb. —This venation is characteristic of those
species whose oil consists largely of phellandrene and the peppermint ketone. Note
the still more acute and fewer lateral veins. The marginal vein has also become
so far removed from the e Ige that a second one occurs, and the slight bending, as seen
in 2, has culminated in this group in a series of loops. The spaces for the forma-
tion of oil glands are also practically unrestricted and a large yield of oil is thus
obtainable.

lJour. and 1'roc Hoy Soc., N S W. , xxxv. 116, and lieport to British Association,
Section B. , Manchester, 1915



CHAPTEK II.

THE RELATIONSHIP BETWEEN ODOUR AND CHEMICAL CONSTITUTION.

THE connections between chemical constitution, on the one hand, and
-colour or physiological action on the other have been continually studied
for many years, but the allied property of odour has only engaged occa-
sional attention within quite recent times.

The reason for this apparent neglect is not far to seek and lies largely
in the fact that no adequate means have yet been devised for measuring
and classifying odours.

The most noteworthy attempts to remedy this defect are those of
Zwaardemaker, C. van Dam,1 and Fournie,2 but for details of the
*' olfactometers " devised by them the original papers should be consulted.
These instruments are of distinct value for the matching of perfumes but
they all suffer from a fundamental defect inasmuch as they make no
allowance for the relative vapour pressures of the substances under ex-
amination.

The strength of an odour, up to a certain point, will depend upon the
amount of substance which reaches the nostrils; it is therefore necessary
that this factor should be taken into account when comparing odours.
In the ordinary manner of smelling we have to deal with a mixture of
the vapour of the substance and air. The maximum amount of sub-
stance which can thus be conveyed depends on the vapour pressure of
the substance and this in turn depends on the temperature, being greater
when hot and lesser when cold. In order therefore to make any com-
parisons of a fundamental nature the vapour pressure factor must be
allowed for.

It is the almost universal practice to record the nature and strength
of an odour at the particular temperature which may obtain at the time
of examination. Substances at their temperatures of boiling have a
common vapour pressure equal to that of the atmosphere, but it is clearly
impossible to smell a substance in such a condition, whereas, if we could
go to the other extreme, the absolute zero, it is probable that no vapour
would exist as such and for this reason alone, apart from any physio-
logical one, no odour would be discernible.

To operate at a fixed definite vapour pressure is also an obvious
impossibility, since this would involve a large range of temperature suffi-
cient to caus3 physiological complications.

H. Erdmann3 considers that the volatility of a perfume does not
depend on its vapour tension alone but also on its specific solubility in
the air. This he deduced from the fact that certain bodies lose, more or
less completely, their odours in liquid air, but that on shaking the
mixtures the odours become strongly apparent. He argues therefore that

1 Jour. Chem. Soc., A. i. 1917, 606. 2P. and E.O.R., 1917, viii. 278.
3Jour. Prakt. Chem., 1900, 225.

(25)
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the perfumes dissolved in the liquid air evaporate with it in spite of the
fact that the temperature is in the region of - 190° C.

This is a doubtful conclusion since if temperature-vapour tension
curves for volatile substances be examined it will be seen that at low
temperatures the rate of diminution of the vapour tension falls off
rapidly and hence the-vapour tension at - 190° C. is often not vastly
different from what it is at normal temperature, and hence is not by any
means negligible when we take into account the very small quantity of
substance that needs to be inspired in order for its odour to be percep-
tible.

It has been satisfactorily demonstrated by Henning that the vapours
of odoriferous substances obey the general gas laws, and there is conse-
quently no need to assume any additional factor of the nature of specific
solubility.

A. Durand 1 attributes the sense of smell to " odourant ions". He
found that bodies such as musk and camphor greatly increase the condens-
ing power of dust free air for aqueous vapour and that the more strongly
odorous the air is, the greater becomes that effect, the amount of con-
densation being proportional to the number and the size of the ions in
the air. He considers that it is upon these "odourant ions" that the
sense of smell depends, and that this accounts for the fact that hygro-
metric conditions influence the sense. When air containing the perfume
is inspired, the odourant ions are retained in the olfactory region and
give rise to the sensation of smell.

The fact that the hygrometric state of the air influences the sense of
smell is probably more validly explained by the fact that moist air is
capable of carrying a larger proportion of the vapour of a volatile sub-
stance than is dry air.

It is interesting in this connection to note that Zwaardemaker 2 has
found that dilute aqueous solutions of odorous substances when sprayed
from an earthed sprayer yield a cloud having a positive charge of elec-
tricity. He found that on diluting these solutions to such an extent that
the electrical phenomenon is only just appreciable, the odour is also just
appreciable, but he found that the phenomenon is exhibited by other
substances which are inodorous but physiologically active. In a similar
manner Backmann 3 compared the smallest quantities of benzene,
toluene, xylene, cumene, and durene that can be detected by the
olfactory organ. He found that the quantity diminishes as the number
of substituent methyl groups increases, also that the electrical charge
produced by spraying equimolecular aqueous solutions increases from
benzene to xylene and then diminishes.

In spite of the coincidences shown above it is doubtful if there is any
connection between odour and electrical charge. Heller 4 discards the
view that odour is of an electrical nature and criticises very severely an
electronic theory put forward by Tudat.5

Teudt considers that the nasal sensory nerves have electron vibrations
which are increased by resonance when odoriferous substances having cor-
responding intramolecular electron vibrations are inspired with air, and he
concludes that a chemical element can the more readily induce odour in

1 Comptes Rendus., 1918, 166, 129.2 Jour. Chem. 6'oc., 1917, A. ii. 63 ; 1918, A. ii. 351; 1920, A. ii. 74.:1 Ibid., 1917, A. i. 498. 4P. and E.O.R., 1920, 38.*Ibid.9 1920, 12; and Jour. Chem. Soc., 1919, A. i. 607.
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its compounds in proportion as its electrons are more firmly united to
the atomic nucleus.

While there is little reason seriously to consider Teudt's first con-
ception, yet there is some justification for his second one, because the
osmophoric elements are all grouped together in the periodic table and
are therefore likely to have a fundamental common characteristic.

Of historical interest is Tyndall's observation,1 made so long ago as
1865, that gases with an odour possess the power of absorbing radiant
heat to a marked degree. Grijns 2 in 1919 was not able to detect any
relation between the intensity of the odour and its power of absorbing
radiant heat, and he therefore concluded that the stimulation of the
olfactory apparatus is not effected by the liberation of energy absorbed
from radiant heat.

The actual mechanism or process involved in the operation of smell-
ing is not exactly known. The most important investigation in this
direction is that of Backmann 3 He observed that in order that a sub-
stance may be odorous it must be sufficiently soluble in both water and
in the lipoid fats of the nose cells. The odours of the saturated aliphatic
alcohols first increase as the molecular weight increases and then de-
crease. The lower alcohols arecomparatively odourless because of their
low degree of solubility in the lipoid fats, while on the other hand the
highest, members are odourless because of their insolubility in water.
The intermediate alcohols which are soluble in both fats and water have
powerful odours. Backmann used olive oil in his experiments as a sub-
stitute for the lipoid fats.

This explanation is probably applicable to the results recorded by
Passy,4 who found that with the homologous aliphatic acids the strength
of the odour—as measured by the reciprocal of the smallest quantity that
could be perceived—of formic acid is comparatively small, a maximum
is reached with butyric acid and after diminution to the weak oenanthic
acid, another maximum is reached with pelargonic acid, thereafter the
odour diminishes very rapidly.

Backmann's conclusions are of the highest importance and give a
reasonable explanation of many facts concerning the odours of substances,
such as the almost invariable rule that substances of high molecular
weight are odourless; the increase in the strength of the odours of
members of a homologous series to a maximum and subsequent diminu-
tion ; the lack of odour with the sugars and so on. Possibly also the
consistent lack of odour of polyhydroxy alcohols generally and of poly-
carboxylic acids may be satisfactorily explained in a similar manner.

In this connection it is interesting to recall Kremer's experiments 5

By means of a spectroscopic method, Kremer demonstrated that when air
saturated with an odoriferous substance such as pyridine or camphor is
bubbled through a liquid containing a lipoid—such as a suspension of
lecithin of a fatty animal tissue in Ringer's solution—more of the
odoriferous substance is adsorbed than when the saturated air passes
through water only.

It appears from this that some sort of reaction, physical or chemical,
takes place between odoriferous bodies and the lipoid fats of the

lHeat as a Mode of Motion, London, 1865, 366.2 Jour. Chem. Soc. , A. I. 1919, 423.
' / Physiol. Path, gener al, 1917, 17, 1 ; Jour. Chem. Soc. , \ I. 1918,88.
*Zeit. Angew. Chem., 1900, 103 'Jour. Chem. Soc., A. i. 1917, 607.
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olfactory organ. Buzicka x goes so far as to define an odoriferous body
as one which is soluble in the air (i.e. volatile) and which reacts chemically
with substances in the mucous membrane of the nose stimulating the
nose nerves. Haller 2 also considers that the action is undoubtedly of
a chemical nature and that the odoriferous molecule undergoes a change
of some kind.

That odoriferous bodies must undergo a change in the nose follows
from the simple fact that the sensation only lasts for a short while after
the removal of the source of odour. The substances in the mucus
membrane by means of which the odoriferous body is " fixed " are termed
" osmoceptors " by Euzicka.

The well-known phenomenon of smell-fatigue is explained by the
theory that actual chemical reaction takes place between the odoriferous
body and some reacting material in the nose ; thus it can easily be con-
ceived that some sort of addition reaction takes place and that directly
the osmoceptor in the nose becomes saturated no further reaction is
possible and no further odour can be appreciated until fresh osmoceptor
has been formed. Buzicka has suggested that two such osmoceptors
are involved since substances inspired in a concentrated state have
odours different to those perceived in a dilute condition. He suggests
that one osmoceptor reacts more readily than the other and in conse-
quence is the more readily saturated or consumed, this osmoceptor is
responsible for the sensation produced when dilute odours are inspired.
If the odour be concentrated, the first osmoceptor is saturated almost
instantaneously and then the sensation produced is the result of the
reaction between the odoriferous substance and the second osmoceptor.

These conceptions fit in very well with the facts and are probably
not far from the truth.

It seems likely that the sequence of events in the process of smelling
is, after the odoriferous substance has reached the nostrils, first for the
substance to dissolve in the aqueous outer layer, thence passing to the
lipoid fats, wherein an addition reaction takes place, causing a change
of energy which produces a sensation perceptible to the nervous centre.

It will be realised that the strength of an odour may suffer successive
diminutions in the process of smelling. It will be governed firstly, by the
vapour pressure .of the odoriferous body, secondly, by the degree of
solubility of the substance in water, thirdly, to its relative solubility in
the lipoid fats with respect to that in water, and, lastly, to the speed of
the chemical reaction. To a less extent the type of odour is similarly
governed and this may account for the many " shades " of odour that exist.
It is obvious that too much importance must not be placed on the
chemical aspect of the problem, especially as regards the strength of an
odour.

The first publication of importance regarding the relationship between
odour and chemical constitution per se, is that of Klimont,3 who at-
tempted an explanation on the lines of Witt's colour theory.4 Klimont
introduced the term " aromataphore " to designate groups which carry a
pleasant odour with them. '

Bupe and Majewski5 renamed such groups " osmophores " and de-

1 P. and E.O.R., 1920, 37. 2 Ibid., 39.3 Die Synthetische und Isolierten Aromatea, Leipzig, 1899-J Berichte, 1876, 522 and 1888, 325. 5 Ibid., 1897, 2444, and 1900, 3401.
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fined them as groups which confer a characteristic odour; such groups
are:—
—OH ; —0— ; —CHO ; —CO . CH3 ; —OCH3; —NO2; —CN ; —N3.

They stated that the influence of these groups is not easily definable
with exactness and that the presence of other groups may modify pro-
foundly their effect, even so far as entirely to suppress the odour.

Kupe and Majewski attempted to determine by experiment the influence
of the relative positions of osmophores on each other in the same molecule.
In the case of the three methyl tri-azo-benzoates no great difference in
the type of odour exists, only a difference in the strengths, the para com-
pound being the strongest and the ortho the weakest. Of the three
methoxy-acetophenones, as another example, the meta isomer is almost
odourless in comparison with the ortho and para.

Rupe also found that one osmophore can be replaced by another
without greatly altering the type of the odour, thus vanilline, p-mtro-
guaiacol, and _p-cyanoguaiacol all have similar odours but varying in
strength.

Cohnl instanced a similar phenomenon in the similarity of the
odours of, benzaldehyde, nitro-benzene, benzonitrile, azimidobenzene, and
phenyldi-imide. He developed the " osmophore " theory and introduced
the terms " kakosmophore " and " enosmophore " to indicate those groups
which impart an upleasant and a pleasant odour respectively. The
kakosmophore groups are :—

—SH ; —S— ; —NC ; —As—but —CN is enosmophoric.
Cohn also drew attention to the fact that the molecular weight must

not be excessive if the substance is to have an odour, and that it frequently
happens that the addition of more osmophores to an odoriferous molecule
results in odourlessness due to an excessive molecular weight.

Itishould be noticed that the similarity between the osmophore theory
and Witt's chromophore colour theory does not extend much beyond the
initial conception and there seems to be no connection between the odour
and the colour of a body, it is indeed quite the exception for a body to
have both a strong odour and a strong colour. Two prolific sources of
colour, viz. the diazo group and a large molecule have no counterpart as
regards odour, and it is probably only by chance that quinone and
chroman both have pronounced odours and are the sources of colour.

The lack of connection between the two phenomena is, of course, to
be expected since colour is an objective phenomenon whereas odour is
subjective, or, as Kuzicka puts it, colour has a physical and odour a
chemical influence on the human senses.

Cohn points out that position isomerism is of the greatest importance
as regards the odours of isomerides, this is strikingly instanced in the
case of the tri-nitro tertiary butyl xylenes since the only one possessing
the powerful musk odour is that in which the nitro groups are situated
each in the meta position to the two others; again the ortho-amido-
benzaldehyde has a strong odour but the meta and para isomerides are
odourless.

Cohn concludes that with benzenoid bodies " side chains " only im-
part odour when they occupy the ortho or para positions relatively to
one another, and he further states that the 1 .3 .4 positions are the most

1 Die Riechstoffe, 1904-
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favourable for the production of odour. Many instances can be quoted in
refutation of these statements. It is, however, an undoubted fact that
the para isomers tend to possess stronger and more pleasant odours than
either the ortho or the meta.

One of the most important publications on this subject, considered
from the chemical side, is that of Gertrude Woker.1 This investigator
drew attention to the importance of multiple bonding. The double bond
is often accompanied by a pleasant, but the triple or acetylenic linkage
generally produces a disagreeable smell; a multiplicity of double bond
can produce an effect equivalent to a triple bond.

Inasmuch as the terms pleasant and disagreeable are merely relative,
these statements are not capable of being accurately examined, but with-
out doubt there is a strong tendency for multiple bonding to produce a
strengthening of the odours.

Woker attributes this fact to an internal tension or strain caused by
the multiple bonding and the consequent increase in the volatility of the
body. Thus by loading one and the same carbon atom in a molecule
with the same or similar groups each having the same " polarity,"—as in
the case of tertiary compounds—great intramolecular repelling forces are
set up, and this results in the well-known camphor type of odour which
almost invariably accompanies compounds with tertiary carbon atoms.
A group of opposite " sign " operates against the other three and has a
great influence, thus —COOH will greatly weaken the effect of three
methyl groups.

Woker attempts to apply this strain theory to ring compounds, and
considers that the five carbon atom ring produces less strongly odoured
substances than any other and points out that, according to Baeyer's
strain theory, the five carbon ring has the least internal tension. It is
very doubtful if this contention is correct, since the penta-methylenes do
not seem to be less strongly odoured than other polymethylene ring
compounds.2

Woker points out that the closing of a chain compound to form a ring
compound does not affect the odour much, thus the aliphatic terpineol
of W. H. Perkin, Jr.,3 2*3 di-methyl 5 hexenol 2 has a very similar
odour to a-terpineol, their respective formulae being :—

CH,
V

CH

CH, CH,CH,

CH,
1 "

CH,

\

C H !

c .CH3

CH
1
CH,

CH
j

C.
-" \\

.OH

CH3

C.OH
/ \

CH3 CH3
2*3 di-methyl 5 hexenol 2. a-Terpineol.

If the closing of the chain involves the disappearance of double bonds

lJour. Phys. Chem., 1906, x. 455
- Cf. P. and E.O.R., May, 1919, 115, 123.:; Schimmel's Report, April, 1907, 113.
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the odour also diminishes, thus formaldehyde polymerises to the odour-
less trioxymethylene.

O
CH CH9

3CH2=0 -, I

CH,

Woker has apparently overlooked the classic example of the icon-
version of pseudo-ionone to ionone.

CMe
/ \

CH2 CH—CH=CH—CO.CH3 -*

CH., CMe2 Pseudo-ionone.
\ S
CH
CMe,

/ \
CH, CH—CH=CH—CO.CH3

I " i
CH2 CMe a-Ionone.

\ /
CH

'This transformation involves both the closing of the ring and the
disappearance of a double bond, and the result is an enormous strength-
ening of the odour. ^

Woker considers the cases of elements other than carbon, hydrogen
and oxygen, and shows that if the last be replaced by sulphur the odour
becomes more marked and less pleasant; also that nitrogen when function-
ing as a trivalent element, frequently imparts a characteristic ammoni-
acal odour; if it be bound to another atom by two bonds the odour is
intensified and deteriorates in quality. Phosphorous likewise frequently
imparts a disgusting odour to its compounds, and the odour of hydrogen
phosphide becomes progressively more penetrating when its hydrogen
utoms are successively replaced by alkyl, phenyl, or tolyl radicles, the
tertiary phosphines causing positive pain when smelt, but this last fact
is probably due to the reaction which takes place between tertiary phos-
phines and water in the nose.

Arsenic, antimony, and bismuth all impart unpleasant odours to their
compounds, and Woker points out a highly important fact that it is only
when the total valency of these elements is not employed that these
odours are produced.

Woker points out the apparent anomaly presented by uric acid.
NH—CO
I I
CO C—NHX
| II )CO
NH—C—NH/
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Uric acid is odourless in spite of three carbonyl groups, four trivalent
nitrogen atoms and a double bond, and that it is similarly colourless in
spite of four chromophores. Measurements of its refractive and disper-
sive properties indicate that it is a saturated body which suggests that
molecular attraction exists between the various groups.

The explanation of the odourlessness of this acid probably rests on
physical grounds. It is extremely insoluble in water and in oils, and is
practically non-volatile.

In 1909 Mehrling and Welde1 investigated experimentally the cause
of the " violet" odour of the ionones.

They formulated the rule that:—
" The aldehydes of cyclogeraniolene (or A° 1 * 3 • 3 tri-methyl cyclo-

hexene) form with acetone, bodies having a violet odour, so long as the
aldehyde group is next to the methyl or to the di-methyl group or to both,,
and the intensity of the violet odour increases with the number of alde-
hyde groups in the neighbourhood of the methyl. The odour of the
acetone condensation product disappears when the aldehyde group is
removed from the neighbourhood of the methyl."

Thus in the case of the four cyclocitrals:—
CMe2 CMe, CMe2 CMe2

/ \ . / \ / \ / \
CH2 C.CHO CH, CH.CHO CH2 C H . CHO CH CH. CHO

CH
2 CMe CH2 CMe CH CHMe CH CHMe

/ \ -/ \ / \ /
H2 CH CH CH2

their acetone condensation products all have an odour of violets, being
respectively /3-ionone; a-ionone; a-irone; and /3-irone.

Mehrling and Welde first determined if hydro-aromatic ring alde-
hydes in general gave violet like odours when condensed with acetone, and
it was found that in the case of the four following aldehydes only the
first yields a body having a violet odour:—

CHMe CH2 CH.C3H7 CH
CH2 CH.CHO CH, CH.CHO CH., CH CH., C.CHOi

C

CH2
CH, CH . CHO

ICH CHMe
CH

CH
CH

CH. C3H7
. CH

C.CHO
CHMe

i i r i r
CH CHMe CH CHMe CH2 C.CHO CH2

\

.CH

CH CH CHMe CMe
the other yielding bodies having odours of fenchone and camphor.

They concluded, therefore, that in order to obtain the violet odour
the side chain must be connected to a cyclogeraniolene ring, e.g.:—

CHMe CHMe
/ / \ / \

CH CH CH2 CH.CHO
| | or | | etc.

CH2 CMe2 CH CHMe
CH

1 Annalen, 366, 119.
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In order to determine if any other condition is necessary they con-
densed acetone with the following isomers of the cyclocitrals :—

CMe2 CMe2 CMe2

/ \ / \ / \
CH CH2 GH2 CH2 CHO.C CH2

L I I I " I
CHO.C CHMe CH CHMe CH CHMe

CH CHO CH2

and so obtained isomers of the ionones and irones.
The first of these cyclocitrals yielded an almost odourless product, but

the two others gave violet odoured bodies, hence they concluded that the
violet odour is only obtained when the side chain —CH= CH . CO . CH3
is next to a methyl group in the cyclogeraniolene ring.

To the conditions enunciated by Mehrling and Welde might be added
that the side chain must be unsaturated since di-hydroionone only has a
faint odour, and also that the violet odour is occasiopally present with
bodies of quite different structure from the ionones, for instance A' 2'2*4
tri-methyl-tetra-hydro-benzaldehyde.

They next determined if the property of forming this violet odour

rests in the grouping—CMe2—C(CHO)—CMe—such as occurs in the
cyclocitral ring, but it was found that the simplest aldehyde with
this grouping, viz. iso-propyl butyl aldehyde, CHMe2. CH(CHO)CH2Me
when condensed with acetone yields a body having only a floral and not
a violet odour.

Austerweil and Cochinl in 1910 published the results of an experi-
mental investigation into the chemical nature of bodies having a rose
odour. The citronellol molecule was modified by the introduction of
various groups, but it was found that no very profound change results
when one or two methyl groups are introduced by substituting the
hydrogens attached to the carbon atom adjacent to the hydroxyl group.
Thus, citronellol,2 CMe2=CH . CH2 . CH2 . CHMe . CH2. CH2 . OH, has a
rose like odour; 1 methyl citronellol,

CMe2-CH . CH2 . CH2. CHMe . CH2 . CHMeOH,
has the same odour but more pronounced, and suggestive of tea roses.
2 Di-methyl-citronellol, CMe2=CH . CH2 . CH2 . CHMe . CH2CMe2OH,
has the rose odour but is also slightly camphoracious (as is to be expected
with a tertiary alcohol); 1 ethyl citronellol has a very fine odour of roses
and 2 di-ethyl-citronellol is like the di-methyl compound but the rose
odour is more pronounced; 1 phenyl citronellol is very strong.

They concluded that the rose odour accompanies the alcoholic group
whether primary, secondary, or tertiary, that is to say is represented by
the group —CH2CRBOH, where R is either a hydrogen atom or am
alkyl or aryl group. Semmler3 had previously noticed that the rose-
odour is only evinced with an eight carbon atom chain in combination
with the group —CH2. CRR . OH, thus di-methyl-heptenol,

CMe2=CH—CH2—CH2. CMe2. OH,
1 Comptes Rendus, 150, 1693.
8There is some doubt concerning the formulae quoted here, but the conclusions

we no* vitiated thereby.
3 Die Aetherischen Oele, Vol. I, 249 250.
VOL. II. 3
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has a fruity but not a rose odour. It should be noted, however, that
saturated alcohols with eight and nine carbon atom chains such as octyl
and nonyl alcohols do not have a rose odour, and it seems as if the pre-
sence of a double bond is also necessary for a distinct rose odour to exist.

Similar results with geraniol were published in the following year.1
It was found that 1 methyl geraniol,

CMe2=CH. CH2. CH2. CMe=CH. CHMeOH,
has a pronounced odour of geraniums, 1 ethyl and 2 di-ethyl-geraniol
are more like the original alcohol. Aûterweil and Cochin concluded
that the more the group —GEE . OH increases in importance the less
the influence of the neighbouring double bond since 1 phenyl geraniol has
a geranium odour strongly reminiscent of roses ; further that the odour
changes from the rose to the geranium type on the introduction of a
second double bond.

W. H. Perkin, Jr., and his collaborators during the course of an ex-
tended investigation into the synthesis of the terpenes recorded some
interesting facts. It was found that A3'8/9 ĵ-menthadiene has an even
more pronounced lemon odour than Ar8/1'_?>menthadiene (dipentene)

CMe CMe
/ \ / \

CH2 CH2 CH2 CH
2 2 2

H2 CH CH2 CH,
\S \ /
C CH
A A

CH, CH2 CH3 CH2

A3'8/'>p-menthaciiene. Dipentene.
and the conclusion was drawn that the lemon odour was independent of
the position of the double bond. On removing the double bond from
the ring there results A8/9j>-menthene and the lemon odour disappears,
giving place to a faint parsley odour; similarly A* jo-menthene which
has one double bond in the ring and none in the side chain also only
have a faint odour. It follows that both double bonds are necessary for
the lemon odour to be manifest.

The methyl group, para to the isopropyl, modifies, but is not essential
for, the production of the lemon odour since A3%/89 nor-menthadiene is
very like lemons in odour.

CH2

X \
CH, CH,

CH2 CH

w
c
c

/ \
CH, CH,

Cowiptes itettdws, 151, 440.
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It should also be noted that the lemon odour is not confined to the
para isomers, as it is even more pronounced in several of the ortho and
meta bodies, although generally modified.

Perkin pointed out that open chain compounds, which are analogous
in structure to a terpene, show a certain similarity m behaviour; thus
the addition of an ethyl group to 2-methyl 1 5-hexadiene by converting it
into 2-methyl 3-ethyl 1'5-hexadiene changes the unpleasant acrid odour
into a pleasant one reminding of lemon and peppermint.

CH2=CH—CH2 CH2=CH—CH2

\ \
CH2.CMe=dL> -> CH—CMe-CH,

/
CHg—CH >

2-methyl 1 5-hexadiene. 2-methyl 3-ethyl 1'5 hexadiene.
Turning again to the theoretical aspect. Electrical theories have been
advanced by Teudt,1 Aronsohn, Zwaardemaker, and others, but little
attention need be paid to these.

Durrans 2 in 1919 attempted to develop a theory based on the ex-
amination of the odours of substances considered class by class, and
expressed the opinion that, from a chemical point of view, odour is caused
primarily by the presence of unsatisfied or residual affinity, but that the
possession or otherwise of an odour by a body depends on physiological
and physical as well as chemical properties. This theory, which is
named the " Eesidual Affinity Theory of Odour," demands that if a sub-
stance has an odour, it must answer to the following requirements : —

1. It must possess free or residual affinity.
2. It must be sufficiently soluble in both the water and the lipoid fats

of the nose.
6 It must be volatile in order that it can reach the nostrils.
If a body be what we term odourless, its odourlessness may be due to

its failure to satisfy any one or more of these demands.
The second of the premises of the residual affinity theory has already

been dealt with here, the third is obvious, it remains therefore only to
consider the first.

The " Residual Affinity Odour Theory " can have both a qualitative
and a quantitative conception since the nature, distribution, and amount
of affinity may vary from substance to substance. It is well known that
bodies of similar type and construction frequently have similar odours.
This fact was drawn attention to by Parry 3 who instanced the various
types of odoriferous alcohols —

1. The fruity odours of the higher fatty alcohols.
2. The soft rose-like and similar odours of the di-olefinic alcohols of

the geraniol type.
3. The soft heavier odours of the cyclo substituted aliphatic alcohols

such as benzyl and phenyl-ethyl alcohols.
4. The sharp (camphoraceous ?) alcohols of the terpene alcohols of

the borneol type.
5. The heavy '" oriental" odours of the sesquiterpene alcohols.
6. The phenolic odours.

1P. andE.O.R. , Jan. 1920, 12; Feb. 1920, 38.
2Ibid. , 21 May, 1919, and Dec. 1920, 391.*Ibid.t May, 1916, 129.
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As other instances of typical " class " odours might be quoted :—
Para substituted phenol e t h e r s . A n i s e e d
Ring substituted dihydroxy benzenes . . . . Quinone
Cyclohexane alcohols . . . . . . . Menthol
M e n t h e n o l s . T e r p i n e o l
Menthadienes . . . . . . . . Lemons
Ketenes Piercing
A l d e h y d r a t e s . I n t e n s e lemon
A c e t a l s . S o f t ethereal
1-2-di-ketones . . . . . . . . . Quinone.

Very many other examples might be quoted, but these suffice to show
that each of the classes of substances quoted has some common inherent
characteristic quite apart from questions of volatility, solubility, or
physiological action.

Durrans attributes this concurrence to the unsatisfied or residual
affinity of the molecules, the residual affinity of each molecule being com-
parable with that of other molecules of the same type, any variation of
odour between the substances of cne type or between the types being due to
variations in the residual affinity either in kind, quantity, or distribution.

This theory takes account of the view that the sensation of odour is
the result of a chemical reaction in the nose, since in order for a body to
be able to enter into chemical reaction the possession of residual affinity
is probably a sine qua raw, but it should be noted that the converse does
not hold.

It is easy to conceive that a class of similar bodies possessing similar
residual affinities would react with the osmoceptors of the nose in similar
manners and in consequence produce similar odours.

It is not easy exactly to determine the amount or distribution of the
residual affinity of a molecule, but certain examples afford satisfactory
ground for surmise.

Consider the benzene molecule. When not overpowered by other
osmophores, it generally imparts a typical " aromatic " odour, but directly
the nature of the ring—with all the possibilities of its six " fourth affini-
ties "—is upset by the introduction of two or more hydrogen atoms which
are themselves non-osmophoric, an entirely different but still character-
istic class odour results. A large change in the residual affinity of the
molecule has been accompanied by a large change of odour.

Mere substitution of hydrogen, by a weak osmophore methyl, for in-
stance, does not produce any striking change of odour; this corresponds
with the fact that the affinities of the benzene ling are only slightly in-
terfered with in this case. It should also be noted that the hydrobenzenes
no longer possess the chemical properties of benzene, being more like
aliphatic bodies. This fact is again in accordance with the idea that
odour is the result of a chemical reaction in the nose.

Another interesting example to examine is that of the ketenes. These
bodies of extremely piercing odour have the general formula KK'C=CO,
and they give ample evidence of unsatisfied affinity, polymerising with
exceptional rapidity, combining easily with water and alcohols and con-
densing with other substances in many ways. If the double bond of the
ketenes be hydrogenated there result the corresponding ketones, which
are much milder in odour, much less reactive, and which show much
less evidence of unsatisfied affinity.

Unsaturated bodies, generally, have stronger odours than the corre-
sponding saturated compounds and are known to possess more residual
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affinity than the latter, and to be more reactive chemically. Thus for
example the very pungent dipropargyl or l*5-hexadiine, which is very
reactive chemically, corresponds to the stable and nearly odourless
saturated hexane; other pairs which might similarly be enlarged upon
are allyl and w-propyl alcohols; carbon suboxide and propylene glycol;
crotonic aldehyde and n-butylaldehyde, and so on.

The effect of a particular element on the odour of its compound seems
also to lend support to the "residual affinity" theory, for it is only the
elements which possess residual affinity in certain of their compounds,
which function as osmophores. Oxygen, nitrogen, sulphur, phosphorous,
halogens, arsenic, antimony, bismuth, etc., whose valencies vary under
certain conditions are powerfully osmophoric whereas carbon, hydrogen,
and many others which have a constant valency are practically non-
osmophoric, and it is very instructive to note that the element is osmo-
phoric when it is not employing its full number of valencies and therefore
has free affinity.

By far the larger number of elements are non-osmophoric because
they or their compounds fail to satisfy one or more of the three essential
conditions of the residual affinity theory. Thus the majority of salts
cannot have an appreciable odour because of two reasons—non-volatility
and non-solubility in the lipoid fats, also in many cases the chance of
the existence of free, residual affinity is remote. These defects are not
necessarily inherent in the atom itself but may be due to its manner of
combination ; thus arsenic, when functioning as a metal, does not yield
odoriferous compounds, for example, arsenious chloride, in spite of its
high volatility, is odourless. But when it is part of a radical, it fre-
quently gives rise to bodies of great pungency such as cacodyl As2Me4;
the fact that cacodyl readily takes fire in air is good evidence that it
possesses unsatisfied affinity.

The osmophoric elements are all closely associated in the periodic
table and are therefore likely to have a fundamental common character-
istic and the property of varying valence is one of their common charac-
teristics, whereas it seldom occurs with the non-osmophoric elements.

If in an odoriferous body the atoms with which the possibility of free
affinity exists be replaced by others where such possibility does not exist
the odour is removed. Thus cacodyl would yield the odourless ethane ;
methyl iodide would give methane; ethyl hydro-selenide would yield
ethane, and so on.

It seems evident therefore that the unsatisfied affinity of an odori-
ferous body plays a fundamental part in the production of its odour by
reason of one or more chemical reactions taking place in the olfactory
organ; the reactions must necessarily be complicated and rapid. They
are at present entirely unknown and problematical, but no very great
progress in the knowledge of this subject* is likely to be made until the
chemical properties of the osmoceptors have been determined.



CHAPTER III.

THE following groups of compounds will be described in the present
chapter:—

1
2.
3
4
5
6
7
8
9

10
11.

Hydrocarbons.
Sesquiterpenes.
Alcohols.
Esters.
Aldehydes.
Ketones.
Phenols and phenolic compounds.
Oxides and lactones.
Nitrogen compounds.
Sulphur „
Free acids.

1. HYDROCARBONS,

HEPTANE.

The aliphatic hydrocarbon heptane, C7H16, has recently been dis-
covered as a constituent of the oil obtained by the distillation of the
resinous exudation of Pinus Sabiniana, Pinus Jeffreyi, and a few other
essential oils. It is a highly volatile liquid of specific gravity 0-688 and
boils at 98° to 99°. It has, probably, the lowest specific gravity of all
liquids found naturally in essential oils.

STYROLENE.

Styrolene, C8H8, also known as styrol, is phenyl-ethylene, of the con-
stitution.

CH

C.CH :CH2
It is a very aromatic oil, useful in some bouquets, and is found
naturally in storax and other balsamic substances. It is prepared by
various methods, amongst them being the heating of cinnamic acid with
lime to 200°. It is a colourless, highly refractive liquid having the
following characters —

Specific gravity . . . . . . . 4 . . 0-9074
Refractive index . 1-5403
Boiling point . . . . 140° to 145°

(38)
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It yields two sets of halogen derivatives, the a-derivatives—for example,
bromostyrolene, C6H5CH: CHBr—and the /^-derivatives, such as
C6H6CBr: CH2. The ^-products are useless in perfumery, but the a-
products are highly odorous bodies, possessing a powerful odour of
hyacinths, a-chlorostyrolene is obtained by the action of caustic alkali
on dichlorethyl-benzene. a-bromostyrolene is obtained by boiling di-
brom-hydrocinnamic acid with water, o-chlorostyrolene boils at 199°,
and a-bromostyrolene melts at 7C and boils at 220°.

Styrolene yields a dibromide, C6H5 CHBr. CH9Br, melting at 74°
to 74-5°.

DIPHENYL-METHANE.

This hydrocarbon, C6H5 . CH2. C6H5, is a synthetic body, with an odour
which is in the main that of geranium leaves, but which also has a sug-
gestion of oranges. It has lately come into considerable vogue, together
with the corresponding body, diphenyl-oxide, as the basis of artificial
geranium oil. It can be prepared by treating benzyl chloride and benzene
with zinc-dust; or from methylene chloride, benzene, and aluminium
chloride ; or by the reduction of benzophenone with zinc-dust. It is a
crystalline body melting at 26*5°, and boils at 261°.

TERPENES.

The terpenes proper are mostly volatile liquids—rarely solids—all
having the formula C10H16; they form the principal portion, from a
quantitative point of view, of an enormous number of essential oils, but
rarely have any great odour value. They are easily decomposable, es-
pecially under the influence of air, moisture, and light, and it is the
decomposition of the terpenes in an essential oil, due to age or faulty
storage, which is the most frequent cause of the oil spoiling. Since most
terpenes boil within a comparatively narrow range, it is somewhat
difficult to separate them in a state of purity. Even when converted
into crystalline compounds from which the terpene is regenerated, there is
a possibility of molecular rearrangement, so that the regenerated terpene
may be different from the original. Hence the fact that numerous
terpenes have been described from time to time, which are in reality im-
pure forms of a well-known terpene with traces of some other body.
This is especially true of pinene which has been described under
numerous other names. The ease with which molecular rearrangement
takes place in many terpenes, renders evidence of constitution based on
analytical reactions of these bodies of doubtful value, and it is only in the
case of those terpenes which have been synthesised that their constitution
can be regarded as definitely settled.

The type substance upon which the nomenclature of the terpenes is
based is hexahydro-p-cymene, which is termed j}-menthane, the carbon
atoms being numbered as shown in the following formula:—

X 3 H . , - C H . , /
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Following the usual rules of chemical nomenclature, the examples below
are readily understood: —

x>CH C H ^ /CH 3

CH3. Of" >CH—CH/
M3H». C H , / X J I

containing one double linking, is A ^-menthene.

<CH CH,\ ^CH,

\CH—Cf "
CH,. C H , / \ C H ,

or limonene, containing two double Unkings, is A l 8(9)-^-menthadiene.
X H . GHjv /OHg

CH3. Cf >CH. C(OH)/
\ C H 2 . C H , / \CH,

or terpineol is A ̂ jj-menthenol (8), the (8) referring to the ol, or hydroxy
group.

The abbreviated nomenclature of the compounds of the or tho and meta-
series follows the same rules. For example: —

3\ 8
>C(

3\ 8
>C(OH) — CH — CH

C H / /* » \
10

7

C H , — CH,

is A 3 - o - m e n t h e n o l 8 .

CH = C

A 2 - 8 . ( ° ) - w - m e n t h a d i e n e .

P L N E N E .

T h e r e a r e f o u r d i s t i n c t t e r p e n e s k n o w n u n d e r t h i s n a m e , n a m e l y ,

a - p i n e n e , / 3 - p i n e n e , 8 - p i n e n e , a n d i s o p i n e n e . I t m u s t b e e m p h a s i s e d , h o w -

e v e r , t h a t t h e y a r e a l l o f d i f f e r e n t c o n s t i t u t i o n , a n d t h e c u s t o m a r y n o m e n -

c l a t u r e i s i l l - c h o s e n , a s t h e y s h o u l d b e k n o w n b y e n t i r e l y d i f f e r e n t n a m e s .

P i n e n e i n o n e f o r m o r a n o t h e r h a s b e e n d e s c r i b e d u n d e r n u m e r o u s

n a m e s , s u c h a s t e r e b e n t h e n e , a u s t r a l e n e , e u c a l y p t e n e , l a u r e n e , o l i b e n e , a n d

m a s s o y e n e , a l l o f w h i c h a r e m o r e o r l e s s i m p u r e f o r m s o f a - p i n e n e o r

/ f t - p i n e n e .

a - p i n e n e i s t h e m o s t c o m m o n l y o c c u r r i n g t e r p e n e f o u n d i n n a t u r e ,

a n d , a c c o r d i n g t o m o s t m o d e r n v i e w s , h a s t h e f o l l o w i n g f o r m u l a —
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CH,

41

A

\

CH,

CH

«-pinene is an optically active terpene, which occurs both in the dextro-
rotatory and the laevo-rotatory forms, but is not found in the inactive
form, except as a mixture in unequal quantities of the two active forms,
with a varying specinc rotation.

It is obtained from American turpentine as dextro-a-pinene, or from
French turpentine as laevo-a-pinene. It is also obtained in a very pure
form as dextro-a-pinene from Greek oil of turpentine. Optically inactive
a-pinene can be obtained by regeneration from the nitrosochloride. The
purest specimens of a-pinene yet obtained have the following char-
acters :—

Dextro-a-Pinene. Laevo-a-Pinene.
B o i l i n g - p o i n t . . . . 1 5 5 ° to 156° 155° to 156°
Specinc gravity at 1 5°
Refractive index at 20°
Specinc rotation

0*864
1-4656

+ 48-4°
0-865

- 48-6°
Optically inactive a-pinene can be obtained by heating a-pinene

nitrosochloride with aniline.1 It has the following characters:—
Boiling-point
Specific gravity
Refractive index
Optical rotation

155° to 156°
0-862

1-46553
+ 0°

Wallach2 has also obtained laevo-a-pinene by heating nopinol-acetic
acid in a current of hydrogen.

a-pinene forms a number of well-defined crystalline compounds,
several of which serve for its identification. Of these one of the best
known is the nitrosochloride. This body was discovered by W. A.
Tilden, who prepared it in the following manner: the pinene is dis-
solved in two to three times its volume of petroleum ether, cooled to 0°,
and an 8 per cent, solution of nitrosyl chloride in equal volumes of
petroleum ether and chloroform added with constant stirring, care being
taken that the temperature is kept as near 0° as possible. When the
reaction is over alcohol is added, and the crystalline precipitate is
separated, washed with alcohol, and dried at 50°. The melting-point of
the compound is usually given as 103°, but by careful crystallisation from
a chloroform solution it can be raised to 115°. It is possible that the true
melting-point is about 109°, and that higher figures may be due to decom-
position into nitroso-pinene. Tilden stated that only very small yields of
the nitrosochloride, which is optically inactive, could be obtained from

1 Wallach, AnnaUn, 252, 132; 258, 343. 2Ibid., 368, 1.
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a-pinene with a high optical rotation : the lower the optical rotation of
the pinene used, the higher is the yield of nitrosochloride obtained. The
formula for pinene-nitrosochloride has been assumed to be C10H16NOCly
but Baeyer showed it to be a bi-molecular compound of the formula
(C10H16NOC1)2, and always consists of equal quantities of the nitroso-
chlorides of the two optically active forms of a-pinene. Hence its optical
inactivity. Where the pinene, from which it is derived, is highly
optically active, that is, contains much excess of one of the optically
active forms, the nitrosochloride of that active form is the result of the
reaction. This body, however, is very unstable and tends to become
inverted to optical inactivity, but during the inversion so much heat is-
liberated that the bulk of the nitrosochloride is decomposed. This,
then, is the explanation of the fact that the yield of nitrosochloride is in
inverse ratio to the optical activity of the a-pinene.

In the preparation of the nitrosochloride, Wallach proposed to use
pinene in glacial acetic acid and amyl nitrite. Ehestadt has recently
proposed the following method, which is very simple and yields excellent
results : The pinene (or oil of turpentine) is diluted with its own volume
of ether, the solution cooled with ice, and the gas generated by dropping
a saturated solution of sodium nitrite into concentrated hydrochloric
acid passed through the solution. Fine crystals of pinene-nitrosochloride
soon commence to separate out. Schimmel & Co. obtained the following
yields of nitrosochloride by the methods quoted :—

Rotation of
Pinene.

f 11° 10'
+ 40° 23'
- 33° 42'
+ 0°

Per Cent. (Tilden).

10 per cent.

Per Cent. (Wallach).

30-31-4 per cent.
4
9-11

20

Per Cent. (Ehesttidt).

37'5 per cent.
4-6

10
22

Nitroso-pinene is obtained from pinene-nitrosochloride by the action of
alcoholic potash,

C10H16NOC1 + KOH = C10H15NO + KC1 + H2O.

Nitroso-pinene may be prepared for identification purposes as follows:
To a solution of 12 grams of sodium in 30 c.c. of 90 per cent, alcohol,
100 grams of pinene-nitrosochloride are added. The mixture is boiled
on a water-bath, under a reflux condenser, until the reaction is complete.
Water is added, the • clear solution filtered from insoluble impurities,
and the filtrate poured into excess of acetic acid. The nitroso-pinene
separates as an oil which solidifies to a yellowish mass in a few days.
This is broken up, washed with water, and dried on a porous plate. It
can be recrystallised from acetic ether, when it is obtained in the pure
condition, and then melts at 132°.

Pinene-nitrosochloride forms a series of compounds with various
bases, such as propylamine, amylamine, benzylamine, etc., known as
pinene-nitrolamines. If two molecules of benzylamine in alcoholic
solution be allowed to act on one molecule of pinene-nitrosochloride,
pinene nitrol-benzylamine separates on the addition of water, and on
recrystallisation from a mixture of ether and alcohol, forms beautiful
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rhombic crystals melting at 122° to 123°. Dextro-a-pmene and laevo-a-
pinene yield the same optically inactive nitrolamines. The corresponding
nitrol-piperidine melts at 118° to 119°. Wallach considers the formula
for the nitrolamines to be—

/NO

<
whilst Baeyer considers them to be bi-molecular and to have the
formula—

NHK EHN,

An important compound for the identification of pinene is the hydro-
chloride C10H16HC1, a body once known as artificial camphor, on account
of its odour being very similar to that of natural camphor. This body
is obtained by saturating well-cooled perfectly dry pinene with dry
hydrochloric acid gas. If the reagent is moist or the temperature be
allowed to rise, the terpene molecule suffers rearrangement and some
dipentene dihydrochloride is formed. Pinene hydrochloride is a volatile
substance, having a camphor-like odour, and melts at 127°. The optical
properties of pinene hydrochloride are peculiar. Wallach states that the
hydrochloride from laevo-pinene is laevo-rotatory, whilst that from dextro-
pinene is optically inactive. Long,1 however, has shown that this is
not correct, and in this has recently been fully confirmed by Tsakalotos
and Papaconstanfinou.2 The laevo-rotatory hydrochloride prepared by
Wallach had a specific rotation - 3O7°, and the last-named chemists
have prepared numerous samples from dextro-pmene, whose specific
rotation varied only between + 33° and + 33*4°.

Pinene hydrobromide, C10H16HBr, is prepared in a manner similar
to that described for the hydrochloride. It melts at 80° and has a specific
rotation of about + 30° or - 30°, according to the rotation of the pinene
from which it is prepared.

Sometimes, on account of the difficulty in preparing the nitroso-
chloride from a highly active a-pinene, it is necessary to examine the
oxidation products before it is possible to come definitely to a conclusion
as to the presence or absence of the hydrocarbon. Pinene yields numer-
ous acids as the result of oxidising processes, so that the method of
preparing the product to be examined must be rigidly adhered to if
useful results are to be obtained. The terpene is transformed into
pinonic acid, Cj0Hlt5O3, in the following manner: A solution of 233
grams of potassium permanganate in 2000 c.c. of water is placed in a
flask, and an emulsion of 100 grams of the hydrocarbon in 600 c.c. of
water is gradually added in small portions. The mixture is kept cool
by means of a current of cold water, and shaken continuously. The
oxidation products are then treated as follows: The liquid is filtered
from manganese oxide, and evaporated to about 1000 c.c., saturated
with carbon dioxide, and the neutral and unaltered compounds removed
by extracti )n with ether in the usual manner. The crude pinonic acid
is separated from its potassium salt by sulphuric acid and is then ex-
tracted with ether. If /3-pinene be present, nopinic acid will be present

1 Jour. Amer. Cliem. Soc., 21, 637.
2 Jour, de Pharm. et de Chim., 1916, 97.
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amongst the oxidation products. This forms a highly insoluble sodium
salt, and is removed in this form.

There appear-to be either several isomerides of pinonic acid, or such
closely related oxidation products as to render the purification of the
acid a matter of great difficulty. The characters of the dextro- and laevo-
rotatory forms of this acid have, however, been settled by the researches
of Barbier and Grignard * and Schimmel & Co.2

By oxidation of d- and Z-pinene of high rotatory power, Barbier and
Grignard obtained the optically active forms of pinonic acid. Z-pinene
from French turpentine oil (boiling-point 155° to 157°, aD - 37'2°; 157° to
160°, aD - 32'3°) was oxidised with permanganate. From the product
of oxidation, which (after elimination of the volatile acids and of nopinic
acid) boiled at 189° to 195° under 18 mm. pressure, Z-pinonic acid separ-
ated out in long crystalline needles, which, after recrystallisation from
a mixture of ether and petroleum ether, melted at 67° to 69°. The
acid was easily soluble in water and ether, fairly soluble in chloro-
form, and almost insoluble in petroleum ether. Its specific rotation is
[a]D - 9O5° in chloroform solution. Oximation produced two oximes ;
one, laevo-rotatory, melting-point 128°; and the other, dextro-rotatory,
melting-point 189° to 191°.

14°
rZ-pinene from myrtle oil (boiling-point 155° to 158°; d—^ 0-8635 ;

nD 1-46977; [a]D + 39'4°) yielded upon oxidation a mixture of racemic
and ^-pinonic acids. The latter melted at 67° to 68° and showed the
same properties as the acid described above, except as regards its specific
rotatory power, which was found to be [a]D + 89-0°. By mixing the two
active pinonic acids the inactive form, melting-point 104°, was obtained.
Oximation produced the two oximes corresponding to the above. A pre-
paration obtained by Tiemann from a-dihydroxy-dihydrocampholenic
acid by means of distillation, and described as Z-pinonic acid (melting-
point 98° to 99°; oxime melting-point 147°) possibly represents, accord-
ing to Barbier and Grignard, a stereo-isomeric acid.

Schimmel & Co. have published the following method, based on the
oxidation of a-pinene to pinonic acid, and /?-pinene to nopinic acid, for
the identification of pinene in mixtures, such as, for example, with
limonene in the case of lemon oil: Five c.c. of the oil or fraction of the
oil containing pinene is shaken with 12 grams of powdered potassium
permanganate, 2'5 c.c. of sodium hydroxide, and 700 c.c. of iced water for
about three hours. The mixture is then saturated with carbonic acid gas
and distilled with steam to remove any unoxidised products. After filtration
the liquid is evaporated in a current of carbon dioxide to about 200 c.c.
and repeatedly extracted with chloroform to remove impurities. Gradu-
ally, on further evaporation, a crystalline incrustation appears, which is
principally the highly insoluble sodium salt of nopinic acid, the oxidation
product of ^-pinene. This is separated by means of a suction filter and
treated with dilute sulphuric acid, when nopinic acid, C10H16O3, readily
separates out in crystals which melt at 125°. If nopinic acid be oxidised
by passing a current of steam through water in which the acid and lead
peroxide are suspended, the ketone, nopinone C9H14O, is produced. This
substance is a liquid ketone of unmistakable odour, forming a semicarba-
zone melting at 188'5°. The oxidation products of a-pinene remain in

1 Comptes rendus, 147 (1908), 597. -Report, April, 1909, 120.
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the mother liquor after filtering off the sodium nopinate. At present,
however, no satisfactory method has been devised for separating this,
unless it be present in a comparatively large amount, when its semicarba-
zone can be prepared, which melts at 204°.

The hydration product of a-pinene is particularly interesting. If
pinene be allowed to remain in contact with dilute mineral acid for some
time, at ordinary temperature, terpin hydrate, C10H18(OH)2 + H2O, is
formed. The best method for the preparation of this body is as follows :
A mixture of 8 parts of pinene, 2 parts of alcohol, and 2 parts of nitric
acid, of specific gravity 1/250, is placed in a flat evaporating basin. After
standing for several days the liquid is poured off from the crystalline crust
which is formed, and neutralised with alkali, when a second crop of
crystals is obtained. The successful preparation of this compound depends
largely on the temperature of the atmosphere, and the best yield is
obtained during the cooler part of the year. Terpin hydrate, which also
results from the oxidation of limonene and dipentene, under suitable con-
ditions, crystallises from alcohol in transparent, well-defined monoclinic
prisms, soluble in 200 parts of cold water and in 22 parts of boiling water.
It melts at 116° to 117°. When distilled, or dried over sulphuric acid,
anhydrous terpin is formed. This body, C10H18(OH)2, n elts at 104C to
105°, and probably has the constitution indicated below, which suggests
that it is the hydrated compound of cineol or eucalyptol:—

CHy *̂

COH C

CH2

O

/ C H 2 H 2 C s

C O H 0

C H C H

o HoC CH«
6 0 6

T e r p i n . C i n e o l .

I t i s c o n v e n i e n t t o h e r e m e n t i o n t h e h y d r o c a r b o n v e r b e n e n e , C 1 0 H 1 4 ,

o n a c c o u n t o f i t s r e l a t i o n s h i p w i t h p i n e n e . I t r e s u l t s f r o m t h e a c t i o n o f

a c e t i c a n h y d r i d e o n v e r b e n o l , t h e t a l c o h o l c o r r e s p o n d i n g w i t h t h e k e t o n e ,

v e r b e n o n e . S o p r o d u c e d i t i s l a e v o - r o t a t o r y . T h e d e x t r o - r o t a t o r y a n d

r a c e m i c v a r i e t i e s a r e a l s o k n o w n . 1 T h e s e s q u i t e r p e n e s h a v e t h e f o l l o w i n g

c h a r a c t e r s w h e n r e g e n e r a t e d f r o m t h e i r r e s p e c t i v e d i b r o m i d e s : —

^ - V e r b e n e n e . r f - V e r b e n e n e .

S p e c i f i c g r a v i t y 0 - 8 8 6 6 0 - 8 8 6 7

S p e c i f i c r o t a t i o n - 1 0 0 - 6 1 ° + 1 0 0 * 7 1 °

R e f r a c t i v e i n d e x — 1 - 1 9 8 0

T h e y y i e l d b e a u t i f u l l y c r y s t a l l i n e d i b r o m i d e s m e l t i n g a t 7 0 ° t o 7 2 ° a n d

h a v i n g a s p e c i f i c r o t a t i o n ± 2 9 8 ° . T h e r a c e m i c d i b r o m i d e m e l t s a t

5 0 ° t o 5 2 ° .

1 B e r i c h t e , 1 9 2 1 , 5 4 , 8 8 7 ; A n n a l e n , 1 9 1 3 , i . , 4 9 5 .
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/-Verbenene is reduced by sodium and alcohol to dihydroverbenene,
which is so closely related to pinene that it has been named 8-pinene.
This body has the following characters —

Boiling-point 158° to 159° at 762 mm.
Specific gravity . . . . . . 0-865
Refractive index 1-4662
Specific rotation . . . . . + 36-52°

It yields ordinary pinene hydrochloride when treated in the usual
manner with hydrogen chloride. Verbenene and 8-pinene have the fol-
lowing constitutions: —

C . CH, CH . CH 3

\

H2CH,C CH
\

V
CH

S Pinene.
/3-pinene, which is also known as nopinene, is found associated with

a-pinene in turpentine oil, and in numerous other terpene-containing
essential oils. The properties of yS-pinene, in as pure a state as it has
been obtained, are as follows —

NATURAL /^ -PINENE (FROM HYSSOP O I L ) .

Boiling point
Specinc gravity ,
Optical rotation
Refractive index

164° to 166°
0-865

- 19° 29'
1-4755

The artificially obtained terpin, prepared as described below, has the
following characters —

(1) (2)
Boiling-point . . . . 162° to 163° 162° to 163°
Specific gravity . . . 0-S66 0-8675
Refractive i n d e x ' 1-47̂ 4 1-4749
Optical rotation . . . . - 22° 20' - 22 J 5 '

/2-pinene has the following constitution :—

CH,

C

H 2

H9C

(CH,) \ C H

CH
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Wallachl hasprepared this terpene artificially in the following manner:
The starting-point for the preparation of the hydrocarbon was the ketone
mopinone, which is the oxidation product of nopinic acid, which itself
results from the oxidation of /3-pinene or nopinene. By treating no-
pinone with bromacetic acid in the presence of zinc-dust, the ethyl ester
of nopinolacetic acid was obtained. This body, on dehydration by means
of acetic anhydride yields, together with other products, /2-pinene, which
has the characters given above,

/3-pinene does not yield a nitrosochloride. By treatment with dry
hydrochloric acid it yields a mixture of bornyl chloride and dipentene
dihydrochloride. The terpene is best identified by oxidation to nopinic
acid, as described under a-pinene, or, when existing in more than very
small quantity by the following method of procedure :—

Three parts of the oil or fraction containing much /2-pinene are well
shaken with a solution of 7 parts of potassium permanganate in 90 parts
of water, with 1-5 parts of caustic soda. When reaction is complete, the
product is steam distilled, and the residue, after removal of unaltered
products, filtered from the manganese oxide. The filtrate is reduced to
30 parts by evaporation, and the nopinate of sodium separated by cool-
ing the liquid. Excess of dilute sulphuric acid is added, and the nopinic
acid so released is extracted by benzene, from which it crystallises in
fine needles melting at 125° to 127°. The identification can be completed
by the further oxidatiorj of the nopinic acid to the ketone nopinone. Ten
grams of the nopinate of sodium are dissolved in 100 c c. of boiling water,
and a solution of 3 grams of potassium permanganate in 75 c.c. of water
is added, and then 2 grams of sulphuric acid in 20 c.c. of water. The
ketone is obtained from the reaction mass by distillation with steam. It
yields a semicarbazone melting at 188° to 189°.

Varon 2 considers that a-pinene and /2-pinene exist in the following
approximate proportions in French, American, and German turpentine
oils:—

a-pinene -
3-pinene

a pinene
j8-pinene -

a-pinene +
0-pinene -

French Oil

•

American Oil.

German Oil.

Rotation [a]-
. - 39-5°
. - 19 8°

Rotation [a]
+ 24°

. - 19-8°

Rotation [a].
. + 7-5°

- 18*3°

Per Cent.
-3
37

Per Cent.
73
27

Per Cent.
7i
18

Isopinene is a name which has been applied to at least two terpenes.
Of these the earliest so-named is that isolated by Aschan 3 by decompos-
ing the liquid chlorides obtained in the process of preparing pinene
hydrochloride, by the action of bases. He thus obtained a hydrocarbon
which he termed pinolene, C10H1(3, boiling at 145° to 146°. By converting
pinolene into its hydrochloride, and then removing the hydrochloric acid
by means of aniline, he prepared a terpene, which he termed isopinene,

1 Annalen, 245, 251. 2 Comptes rendus, 149 (1909), 997.
5 Berichte, 40 (1907), 2250.
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boiling at about 156°. Both terpenes yielded a hydrochloride melting
at 36° to 37°, which appear to be identical.

Further investigations showed that the two hydrochlorides are
identical in all respects. Moreover, pinolene is not a single body, but
a mixture of at least two hydrocarbons which the author has called a-and
/3-pinolenes. The separation of the two isomerides may be effected by
the action of potassium permanganate at 60° to 80° C.: a-pinolene is
completely destroyed, whilst the /3-isomeride persists.

fi-pinolene has the following characters :—
Boiling-point
Optical rotation .
Specific gravity
Refractive index .

14-2° to 144°
+ 0° 28'

0-8588
1-4477

Its molecular refraction is 42*37, appearing to indicate a trrcyclic
compound, whilst the value calculated for a tricyclic body C10H16 is
41-83.

/3-pinolene, when saturated in ethereal solution with dry hydrogen
chloride, at 15° C., yields a very readily liquifiable hydrochloride, melting
at 25° to 26° C., which does not appear to be identical with the hydro-
chloride obtained from crude pinolene. Aniline converts it into pure
isopinene.

The isopinene used in subsequent researches was obtained by frac-
tionating the pinolene boiling at 144° to 145° C., a mixture of the a- and
/?-isomeride, then treating it with hydrogen chloride and removing this
acid by means of aniline. The hydrocarbon obtained was purified by
oxidation with permanganate in acetone solution. It possesses the follow-
ing constants:—

Boiling-point 154° to 156°
Specific gravity . . . . . . .

Optical rotation
Refractive index

0-8677 a t o

+ 2° 30'
1-47055

When purified by conversion into its hydrochloride and regenerated
by means of aniline, its properties were practically unaltered, as follows :—

Boiling-point 154-5° to 155'5°
Specific g r a v i t y 0 - 6 5 8 a t -

Optical rotation . . . . . . . .
Refractive index . . . . . . . .

According to Aschan the formula for isopinene is—

CH

20°658 at - o

+ 2-61°
1-47025

C(CH3)2

C . CH.,

CH

CH

which is the formula proposed by Wallach for fenchene. The relationship
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of this body to Wallach's fenchene is still a matter of uncertainty, and
requires further investigation (see vide under Fenchene, p. 55).

Zelinsky,1 apparently overlooking Aschan's isopinene, has improperly
appropriated the same name to a quite different terpene.

He prepared this in the following manner:—
20°

U-pinene (boiling-point 155° to 155-5°; d ^ 0'8587 ; [a]D - 43-81°;
wD200 1*4652) in absolute ethereal solution was allowed to react with
palladium black. After a few hours hydrogen was passed into the liquid
at ordinary temperature, giving rise to a terpene possessing the following

20°
constants: boiling-point 158-5° to 159'5° d ~ 20° 0-8573 ; [a]D - 38'09°;

W020O 1*4641. It does not form a crystalline hydrochioride or nitroso-
chloride. Zelinsky assumes that a-pinene first absorbs hydrogen, with
the formation of hydropinene, and that wopinene results from the latter,
according to the following formulae :—

C.CH, CH . CH

H,C
\

CH9

C . CH

\

(CH3)2C

H2C CH9

CH
a-Pinene.

CH
Hydropinene.

CH
Isopinene.

The behaviour of a-pinene towards palladium black is very different
when it is exposed for a period of four weeks to the action of hydrogen
under very low pressure. In this case it yields hydropinene (boiling

20°
point 167-5° to 168°; d ~ 0-8567; [a]D - 19-84°; ?ZD200 1-4605).

FLRPENE.

Firpene is a terpene, which may be a chemical individual, but which
may be an impure terpene not yet definitely characterised. It was
isolated from the turpentine of the " Western fir," by Frankforter and
Frary,2 who found it to have the following physical characters:—

Boiling-point .
Specific gravity
Eefractive index
Specific rotation

152° to 153-5°
0-8598 at 2Q°-

1-47299

It yields a crystalline hydrochioride melting at 130° to 131°. This com-
pound is much more easily volatilised than pinene hydrochioride. With
chlorine it yields a dichlor-firpene hydrochioride, whilst pinene yields no
similar compound. It also yields a crystalline hydrobromide melting at
102°. No crystalline nitrosochloride has been prepared. The melting

1 Berichte, 44 (19J1), 2782.
VOL II.

2 Jour. Amer. Chem. Soc., 1906, xxviii. 1461.
4
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points of the halogen compounds are barely sufficient to prove that they
are not mixtures of pinene and other hydrochlorides, and it is well
recognised that the nitrosochloride is extremely difficult to prepare when
the pinene is of high optical activity. Hence further evidence is neces-
sary before firpene can be regarded as a terpene of established individu-
ality.

CAMPHENE.

Camphene is the only well-recognised terpene which occurs in nature
in the solid condition. It occurs, like pinene, in both optically active
forms. The constitution of this terpene has been a matter of consider-
able difference of opinion, and the constitution assigned to it by Semmler
based on its similarity to bornylene was thought by many to be finally
accepted. Kecent researches, however, have clearly established that the
formula assigned to it by Wagner is the correct one.

Wagner's formula is as follows :—

CH,

C

H C
1 \

CCH,

c \ \ i CH

The synthetic evidence in favour of this formula is now quite indis-
putable.1

Camphene has the following characters :—
M e l t i n g - p o i n t . . 5 0 ° t o 52°
Boiling-point .
Specific rotation
Refractive index
Specific gravity

to 52°
159° „ 161°

104° (sed quayre]
1-4550 at 50°
0-8555 „ 40°

Camphene is extremely difficult to separate in the solid condition from
essential oils, and it may therefore be taken for granted that natural
camphene is rarely prepared in the pure condition. The figure given
above for the specific rotation is for a sample artificially prepared from
pinene hydrochloride.

Camphene is prepared artificially by the isomerisation of pinene with
sulphuric acid or by the withdrawal of HC1 from pinene monohydro-
chloride, or by the action of heat in the presence of acetic anhydride on
bornylamine, C10H17NH2, which causes the withdrawal of ammonia and
leaves camphene, as follows :—

C1(1H17NH2:C10H10

1Lipp, Berichte, 47 (1914), 891; Komppa, Berichte, ibid., 934; Haworth and
King, Journ. Chem. Soc., 1914, 1342.
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It is best prepared, however, by converting the alcohol, borneol, into
hornyl chloride. The bornyl chloride is carefully dried and then gently
warmed with an equal weight of aniline. The mixture is then heated to
the boiling-point of aniline when the reaction, which is suddenly violent,
is quickly completed. The reaction mass is neutralised by hydrochloric
acid and distilled over in a current of steam. Camphene is rapidly
condensed and solidifies to a crystalline mass.

Camphene is not very stable at high temperatures, and when kept at
250° decomposes to a considerable extent, yielding other terpenes.

The identification of camphene is best carried out by its conversion
into isoborneol under the influence of acetic acid in the presence of
sulphuric acid. In order to effect this conversion, 100 grams of the
fraction containing the terpene in substantial quantity are mixed with
250 grams of glacial acetic acid and 10 grams of 50 per cent, sulphuric
acid. Tne mixture is heated for two to three hours on a water-bath to
a temperature of 50° to 60°. At first the liquid separates into two layers,
but soon becomes homogeneous and takes on a pale red colour. Excess
of water is added, and the oil which is precipitated, and which contains the
isoborneol in the form of its acetate, is well washed with water repeatedly.
It is then saponified by heating with alcoholic potash solution on a water-
bath. The liquid is then evaporated and extracted with water, and the
residue recrystallised from petroleum ether.

The isoborneol so formed melts at 212°, but the determination must
be carried out in a sealed tube, as the melting-point is very dose to the
temperature of sublimation. It is, however, very rarely that the
isoborneol so prepared is free from impurities, and the melting-point will
often be found to be as low as 203° to 205°. It is therefore necessary to
prepare derivatives of the isoborneol in order to identify it with certainty.
The compound with bromal melts at 71° to 72°. Other compounds will be
found mentioned under "isoborneol". By dehydration by means of
zinc chloride, isoborneol is easily converted into camphene, melting at
about 49° to 50°.

A number of characteristic derivatives of camphene have been pre-
pared of which the following are the most important.

Camphene hydrochloride, C10H16HC1, is prepared by passing dry
hydrochloric acid into an alcoholic solution of camphene. When re-
crystallised from an alcoholic solution containing excess of hydrochloric
acid, it melts at 155° (or possibly a few degrees lower). Melting-points
from 149° to 165° have been recorded for this compound, but the products
examined were probably not in a state of purity.

It is possible, however, that camphene hydrochloride is not a uniform
body, but that some of the terpene suffers some rearrangement in the
molecule by the action of hydrochloric acid, and that the hydrochloride
consists of a mixture of a-camphene hydrochloride and /3-camphene
hydrochloride; there is, however, no evidence to suggest that camphene
itself is a mixture of two terpenes, so that the two camphenes are not
known to exist. Aschan1 obtained an alcohol, camphene hydrate, by
acting on camphene hydrochloride with milk of lime, a reagent which
does not produce molecular rearrangement in the terpene nucleus.

In the same way bornyl and zsobornyl chlorides react with milk of
lime. But, whereas bornyl chloride gives an almost quantitative yield of

1 Annalen, 383 (1911), 1.
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camphene hydrate, isobornyl chloride yields camphene with traces of
camphene hydrate. Camphene hydrochloride yields about equal quan-
tities of camphene and camphene hydrate so that Aschan assumes it to
be a mixture of two hydrochlorides, a- and /3-camphene hydrochloride,
of which the a-modification when treated with alkalis yields camphene
hydrate, while the /^-modification yields camphene. Assuming this view
to be correct, bornyl chloride would consist chiefly of a-, and isobornyl
chloride, chiefly of ^-camphene hydrochloride.

Aschan has not succeeded in separating a- and /2-camphene hydro-
chloride.

Camphene hydrobromide, C]0H16HBr, forms well-defined crystals
melting at 133°, and the hydriodide melts at about 50°.

Monobromcamphene, C10H15Br, is prepared by treating a solution of
camphene in four times its weight of alcohol and four times its weight of
ether, with the equivalent of two atoms of bromine. Monobromcam-
phene is also produced by treating camphene hydrochloride with bromine
and distilling the product with quinoline. It has, according to Jiinger
and Klages,1 the following characters :—

Boiling-point 226° to 227°
Specific gravity 1-265 at 15°
Refractive index 1-5260 „ 15°
Molecular refraction . . . . . . . . 52*3u

Camphene dibromide, C10H16Br.,, is obtained by bromination, and
subsequent purification from the monobromcamphene formed. It
crystallises from alcohol in colourless prisms, melting at 90°. It is best
formed by slowly adding bromine to a solution of camphene in petroleum
ether, the mixture being cooled to - 10°.

Camphene forms a well-defined nitrite, and a nitroso-nitrite, when
treated in the following manner : A well-cooled solution of camphene in
petroleum ether is mixed with a saturated solution of sodium nitrite, and
dilute acetic acid is added. The mixture is well stirred, being kept cool
all the time. Camphene nitrosonitrite, C10H16N3O5, separates and on
recrystallisation forms crystals which decompose at about 149°. The
petroleum ether solution, which has been filtered off from this compound,
is shaken with a concentrated solution of potassium hydroxide, which
removes camphene nitrosite, C10H1(5N2O3, in the form of its potassium
salt. When this is decomposed with acids it yields the free nitrosite.
This compound is a greenish oil, with a pleasant odour, easily decompos-
ing when heated to 50°.

After having separated the nitrosonitrite and the nitrosite, the residual
solution in petroleum ether is evaporated. There then separates cam-
phene nitrite, C10H15NO2, in fine needles which melt at 66°, and boil at
147° at a pressure of 12 mm.

The oxidation products of camphene are of considerable interest,
but as they vary very considerably according to the exact method of
oxidation employed, they are not of very great use in the characterisa-
tion of the terpene.

When pinene hydrodide is heated with 40 per cent, alcoholic potash
at 170° for four hours, a mixture of camphene and a second hydrocarbon
is produced. This body, C10H16, melts at 97*5° to 98° and has been
termed bornylene by its discoverer, Wagner.2 It is closely related to

L Berichte, 29, 544, 2 Ibid., 33, 2121.
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camphene, and Wagner proposed to term camphene zsobornylene. It
is quite certain that the two bodies are different in constitution, since
bornylene on reduction by the method of Sabatier and Senderens yields
dihydrobornylene, identical with camphane, whilst camphene yields
dihydrocamphene which is not identical with camphane. Both cam-
phene and bornylene yield camphenanic and isocamphenanic acid on
oxidation, so that they are obviously closely related.

According to Buchner and Weigand,1 bornylene has the constitution—

FENCHENE.

This terpene is not found in nature, or if so, only to a very minute
extent, possibly being present in traces in turpentine and in oil of
Eucalyptus globulus. It may be prepared by reducing the ketone,
fenchone C10H160, to its alcohol, fenchyl alcohol, C10H17OH, from which
the elements of water can be separated by means of potassium bisulphate
at a high temperature, when fenchene, C10H16, results. It is, however,
certain that the terpene so obtained is a mixture of probably two chemical
and several stereo-chemical isomers. According to Wallach2 fenchene
thus prepared is a liquid boiling at 155° to 156°, of specific gravity 0'867
and refractive index 1-4690 at 20°. According to Gardner and Cockburn
its boiling-point is 150° to 152°, its specific gravity 0*8667 at 18°, and its
optical rotation - 6*46°. Wallach3 found that when Z-fenchyl alcohol
prepared from ^-fenchone is treated with phosphorus pentachloride, it
yields two fenchyl chlorides, and these in turn yield two fenchenes, one
laevo- and the other dextro-icot>a>t>ory. They are both derived from dextro-
fenchene, and Wallach designated them D-deotfro-fenchene and ~D-laevo-
fenchene.

The corresponding hydrocarbons obtained from Z-fenchone were
termed by Wallach L-d-fenchene and L-Z-fenchene, the capital letter
being used to indicate the rotation of the parent fenchone, and the small
letter that of the terpene.

A terpene yielding isofenchyl alcohol on hydration, which Wallach
considers to be one of the fenchenes, was artificially prepared by convert-
ing nopinone into a hydroxy ester by means of bromoacetic ester and
zinc-dust. The hydroxy ester is dehydrated by potassium bisulphate,
and so yields an unsaturated ester, which on saponification yields an acid
from which the terpene results by distillation. This fenchene has the
following characters:—

iBerlchte, 46, 2103. * Annalen, (263), 149 ; (302), 376.
»Ibid. (302), 371; (315), 273.
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Specific gravity 0'863
Optical r o t a t i o n - f + 15-93°
Refractive index 1-4699
Boiling-point 158°

By using d-fenchone a D-Z-fenchene was prepared, having an optical
rotation - 32°, and yielding a dibromide melting at 87° to 88°.

Up to this point no evidence was forthcoming that any one off the
fenchenes prepared was pure, as the optical rotation of nearly every speci-
men was different. Wallach1 has, however, more recently prepared
fenchene by treating fenchyl-amine with nitrous acid. The resulting
terpenes were separated by fractional distillation into two main portions,
one of which had the following characters:—

Boiling-point 356° to 157°
Optical rotation - 32° 12'
Specific gravity 0-869 at 19°
Refractive i n d e x ' . 1 - 4 7 2 4 „ 19°

This is the purest D-Z-fenchene prepared, and it yielded a dibromide
C10Hl6Br2, melting at 87° to 88°. Wallach considers that D-Z-fenchene
has the following constitution :—

CH
/ \

H,C

H,C

C(CH3)2

\

\CH,

C:CH2

CH

Bertram and Helle2 some years ago prepared a fenchene, which they
termed isofenchene, by splitting off water from isofenchyl alcohol. L-fZ-
fenchene prepared from Z-fenchone in a similar manner was found to
have an optical rotation + 29°.

By treating D-Z-fenchene with ozone, a portion of it is converted into
D-d-fenchene.

Komppa and Koschier3 now propose a revision of the nomenclature
of the fenchene terpenes, Wallach's D-fenchens being termed a-fenchene,
D-Z-fenchene becoming Z-a-fenchene, and D-d-fanchene becoming d-a-
fenchene. The fenchene obtained by Bertram and Helle's method, by
dehydrating fenchyl alcohol with potassium bisulphate, is now termed
/3-fenchene. This nomenclature is certainly preferable as it contains no
suggestion that the two bodies are identical in chemical constitution, nor
is there any particular evidence that D-Z-fenchene and L-Z-fenchene are
not the same actual terpene, and equally so in the case of D-d-fenchene
and L-d-fenchene.

Accepting the later nomenclature, /2-fenchene can be prepared almost
free from the a- variety by heating fenchyl alcohol with KHSO4. After
repeated fractionation over sodium, /3-fenchene has the following char-
acters :—

1 Annalen (362), 174. * Jour. prakt. Chem. 61 (1900), 303.
3 Chem. Zentr. (1917), i. 407.
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Boiling-point
Specific gravity 0

„ rotation-

151° to 153°
0-866

+ 10*7°

On oxidation it y ie lds hyd roxyfenchen ic acid me l t i ng a t 138° to 139°.
The derivatives of f enchene a r e no t in m o s t cases c rys ta l l ine , bu t t h e

optically active a - fenchenes form a d ib romide , C 1 0 H 1 0 Br 9 , w h i c h c rys ta l -
lises well, a n d me l t s a t 87° to 88°. T h e racemic form m e l t s a t 62°.

By hydra t ion wi th acet ic a n d s u l p h u r i c ac ids , isofenchyl a lcohol is
formed, and th is can be oxidised t o i sofenchone.

The following a r e t h e c h a r a c t e r s of va r ious der iva t ives of t he act ive
and the racemic fo rms :—

Fenchene dibromide
Urethane of isofenchyl alcohol
Isofenchone semicarbazone

„ oxiine
Monobrom-isofenchone .
Isofencho-camphoric acid

Melting points of
Active Compound. Racemic Compound.

87° to 8^° 62°
100° „ 107° 94°
221° „ 222° 223° to 224°

82° 133°
56° to 57° 46° to 47°

158° „ 15J° 171° „ 175°

Fenchene is more r e s i s t an t to t h e ac t ion of n i t r ic acid t h a n o the r te r -
penes, and m a y be r ega rded a s of pa r t i cu l a r ly s tab le cons t i tu t ion .

On page 49 t h e possible r e l a t ionsh ips of i sop inene a n d fenchene w e r e
mentioned. K o m p p a a n d B o s c h i e r 1 have p r e p a r e d a f enchene from
a-fencho-camphorone, w h i c h t h e y h a d p rev ious ly p r e p a r e d synthe t ica l ly .
The complete syn thes i s of t h i s fenchene h a s , therefore , been ach ieved ,
a-fencho-camphorone is conver t ed by m a g n e s i u m m e t h y l iodide in to t h e
corresponding alcohol , w h i c h is d e h y d r a t e d by dist i l la t ion a t a t m o s p h e r i c
pressure, yielding a- fenchene h a v i n g t h e following c h a r a c t e r s : —

Boiling-point
20°

Specific gravity at ^ 0-

Refractive index 1
Molecular refraction 4

154° to 156°

0-866

1*47045
43*93

It yields a h y d r o c h l o r i d e m e l t i n g a t 35° to 37°, w h i c h w h e n t r ea ted
with aniline r egene ra t e s t h e s a m e hyd roca rbon , w h i c h is ident ica l in all
respects wi th i sop inene . T h e a d m i x t u r e of t h i s fenchene hydroch lo r ide
with that p r e p a r e d f rom i sop inene causes n o depress ion of t h e m e l t i n g -
point, and K o m p p a r e g a r d s t h e iden t i ty of inac t ive a-fenchene a n d iso-
pinene as es tabl ished. H e a s s igns t he fol lowing cons t i tu t ion to a - fenchene
(isopinene):—

C H

C(CH8)2

C . C H ,

C H

1Ann. Acad. Sci. Fennicae, 1916, [A], 10, iii. 3-15; Journ. Ctem. Soc. , 1917
Abst., i. 466.
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The latest contribution to the chemistry of this abstruse subject is
contained in papers by Komppa and Roschier,1 and by Roschier 1 They
have obtained a fenchene by treating methyl-/2-fenchocamphorol with
potassium bisulphate, which is the inactive form of j3 tenchene, mixed
with a small amount of a terpene they term y-fenchene .^-fenchene
(identical with D-rf-fenchene of Wallach), and y-fenchene have the fol-
lowing constitutions —

CH CH

\ C H

JC: CH H9C

CH.,

C. CH,

0 Penchene.
CH

y Fenchene.
Several other synthetic fenchenes are also described.

SABINENE.

This terpene occurs principally in oil of savin, but has also been found
in marjoram, cardamom, sho-gyu and a few other essential oils. It is
obtained from the fraction of oil of savin which boils below 195°, which
amounts to about 30 per cent, of the oil. It has probably not been iso-
lated in a state of absolute purity, but its characters are approximately
as follows —

Boiling point
Specific gravity
Optical rotation
Refractive index

162° to 166°
0 846
+ 66°

1 4675
By systematic fractionation of a large quantity of sabinene obtained

from oil of savin, Schimmel & Co. separated the crude terpene into the
following fractions —

Per Cent.

20
49
31

Boiling point.

162° to 163°
163° „ 164°
164° '„ 165°

Specific Gravity. Rotation

0 8481 + 59° 30'
0 8480 + 63° 50
0 8482 + 68° 54

By the action of hydrochloric acid gas on sabinene dissolved in acetic
acid, terpinene dihydrochloride is produced, melting at 52°. If no trace
of moisture is present the monohydrochloride alone is yielded.

By oxidising sabinene with ice-cold solution of potassium permanga-
nate, sabinene glycol, C10H16(OH)2, results. This body melts at 54°, and,
together with the above-described hydrochloride serves for the characteri-

lAnn. Acad. Set Fennicae, 1917, [A], 15, x. 1 15.
Ibid: , 1919 [A], 10, i. 1.
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sation of the terpene. During the oxidation there is also formed sabi-
nenic acid, C10H16O 3, an oxyacid which crystallises from water and melts
at 57°. If this acid be oxidised with peroxide of lead, sabinene ketone,
C9H140, is formed, which is quite characteristic of the terpene. It has
the following characters :—

B o i l i n g - p o i n t . . . . . . 213°
Specific gravity 0*945
Refractive index . 1-4629
Specific rotation . . . . . . . . . - 18°

To prepare sabinenic acid for the identification of the terpene, Wallach1

operates as follows: 10 grams of the crude terpene are mixed with the
theoretical amount of potassium permanganate in water at ice tempera-
ture. The oxide of manganese is filtered off, the liquid rendered acid and
extracted with ether, and the ethereal solution shaken with caustic soda
solution. The sodium salt is very sparingly soluble, and is precipitated,
collected, and decomposed with dilute sulphuric acid and purified by a
further solution in ether. It must be well dried in a desiccator before
its melting-point is determined. Sabinene has the following constitu-
tion :—

C : CH.,

CH,

C : CH(CH3)2

Sabinene appears to be fairly closely related to thujene (tanacetene),
since both a-thujene and /5-thujene yield the same body, thujane C10H18,
as does oabinene when reduced by hydrogen in the presence of platinum
black.

Considerable difference of opinion exists as to the relationships of
sabinene to terpinene, and the conversion of sabinene into terpinene
hydrochloride is to be explained by a molecular rearrangement, and can-
not be said to be evidence of relationship/

2

By treating sabinene with formic acid at reduced temperatures
Semmler has obtained an alcohol of the formula C10H18O which has the
following characters:—

Boiling-point at 11 mm 93° to 96°
Specific gravity at 20° 0*926
Refractive index 1-48033
Optical rotation . . . . . . . . . +14°

This alcohol is probably identical with the alcohol " origanol" dis-
covered by Wallach in marjoram oil and termed by him terpineol.

1 Annalen, 357 (1907), 78.
d., 350 (1906), 162; Bcrichte, 39 (1906), 4416, and 40 (1907), 2959.
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THUJENE.

Thujene has not been isolated from any essential oil, and the numer-
ous terpenes described under this name are in all probability non-uniform
bodies.

The body originally known under this name was prepared by the
dry distillation of thujylamine or isothujylamine hydrochloride, and is
identical with Semmler's tanacetene.1

Tschugaeff prepared thujene by distilling thujyl xanthogenate i This
body had the following characters —

Specific gravity
Boiling-point .
Refractive index

0 8275 at A
151° to 152-5°

1 4504

According to its discoverer, this body is the true .terpene of the
thujone series, and he prefers to call Semmler's thujene or tanacetene,
isothujene, as being the true terpene of the isothujone series.

By the dry distillation of trimethyl - thujylammonium hydroxide,
Tschugaeff obtained a thujene quite similar to the above, but of consider-
ably higher optical rotation. He therefore considers that two stereoisomers
may result from different methods of preparation from thujone.

A hydrocarbon was also prepared by Kondakoff, to which he gave the
name thujene, which may have been a crude mixture of the two stereo-
isomers. The characters of these bodies are summarised in the following
table: —

Boilmg- point.

Semmler's Thujene—
60° to 63° (14 mm )

Wallach's Thujene—
170° to 172° (760 mm )

Tschugaeff's Thujene—
151° to 152-5° (670 mm )

Kondakoff's Hydrocarbon—
1. 147° to 150°
2. 150° „ 151 5°
3. 151-5° to 152 5°
4. 152-5° „ 156°
5. 156° to 168°

Specific Gravity.

0 8508 at 15°

0-8360 „ 15°

0 8275 „ 15°

8 8258 „ 18°
0-8260 „ 18°
0 8279 „ 17°
0 8286 „ 17°
0-8286 „ 17°

Rotation.

+ 48° 32
+ 40° 15
+ 28° 12'
+ 12° V
+ 3° 33'

Refractive
Index.

1-47600

1 47145

1 45042

1-44929
1-45001
1 44999
1-44909
1 45259

Kondakoff and Skworzow3 have recently rein'vestigated the subject
and are of the opinion that all the thujenes so described are mixtures and
not uniform bodies. They consider that the lower boiling fractions pre-
pared from thujyl xanthogenate consist of two stereoisomers, and the
higher boiling fractions to consist of isothujene with some terpinene.
They do not consider that any pure thujene has been prepared, but
dextro-thujene in as great a state of purity as they have been able to
prepare it has the following characters —

Specific gravity .
Optical rotation
Refractive index

0 822
+ 109°

1 44809
1 Berichte, 25, 3345. 2 5.. , 33, 3118. 1 Chem. Zentral., 1910, ii. 467.
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Isothujene dihydrochloridei isl stated to have the following char-
acters :—

Boiling-point 121-5° to 122-5° at 16 mm.
Specific gravity at 20° 1-0697
Specific rotation + 1-86°
Eefractive index 1-48458

When this is treated with sodium acetate in alcoholic solution, it
yields a hydrocarbon (isothujene ?) having the following characters :—

Boiling-point 176° to 180°
Specific gravity at 18° . . 0-854
Specific rotation + 3-11°
Refractive index 1-47586

It is obvious that the chemistry of the thujene isomers requires further
investigation.

The following formula has been suggested for thujene, which is in
accord with its obvious relationship with sabinene :—

C.CH 3

/ \
HC/ V J H

xCH,

0 . CH(CH3)2

DlPENTENE AND LlMONENE.

Dipentene is the racemic form of the optically active ^-limonene
and Z-limonene, terpenes which are found to a very large extent in
essential oils. Since an equal mixture of d-iimonene and Z-limonene is
dipentene, it is obvious that whenever optically active limonene is found
with a rotation below the maximum, it must contain dipentene. Mix-
tures of equal quantities of a compound of the optically active limonenes
are identical with the corresponding compound prepared from dipenten^
It is therefore obvious that the nomenclature is unfortunate and dipentene
should be termed ^-limonene.

Limonene occurs freely in nature, forming the greater part of oils
of lemon and orange, and found to a large extent in caraway, dill,
bergamot, and many other essential oils.

It has frequently been stated that dipentene has a higher boiling-point
than its optically active components, but this is not so, any observation
in this direction being undoubtedly due to the presence of minute traces
of impurities.

The following are the characters of the most highly purified speci-
mens of limonene which have been prepared :—

B o i l i n g - p o i n t 1 7 5 ° t
Specific gravity 0 - 8 5
Optical rotation + 1 0 5
Refractive index 1 - 4 7

e£-limonene.
175° to 176°

0-850
+ 105°
1-4750

-limonene.
175° to 176

0*8472
- 105°
1-4746
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A specimen obtained by the reduction of limonene tetrabromide by
Godlewski and Koshanowitsch 1 had a specific rotation + 125° 36' which
is practically equal to an observed rotation of + 106° 30' , thus confirming
the purity of the specimens prepared by fractional distillation.

For the identification of limonene, one of the most useful compounds
is the crystalline tetrabromide, C10H16Br4. This body is best prepared as
follows the fraction of the oil containing much limonene is mixed with
four times its volume of glacial acetic acid, and the mixture cooled in
ice. Bromine is then added, drop by drop, so long as it becomes de-
colorised at once. The mixture is then allowed to stand until crystals
separate. These are filtered off, pressed between porous paper, and re-
crystallised from acetic ether. Limonene tetrabromide melts at 104 5°
and is optically active, its specific rotation being + 73 3°. The inactive,
or dipentene, tetrabromide melts at 124° to 125°. In the preparation of the
tetrabromide traces of moisture are advisable, as the use of absolutely
anhydrous material renders the compound very difficult to crystallise.

When the limonene to be identified is of high optical rotation, that is,
of a high degree of purity in one of its optical forms, the tetrabromide is
easy to identify; but in the presence of much dipentene, it is necessary
to recrystallise the compound repeatedly before a pure limonene tetra-
bromide is obtained.

Both limonenes yield nitrosochlorides, C10H1(.NOC1, each of which
can be separated into two modifications. There are thus four limonene
nitrosochlorides they are known as the a- and /?- varieties of the dextro-
and Zam>-rotatory forms of the terpenes. The a- and /3- forms, however,
yield the same carvoxime on treatment with alcoholic potash.

Here, as in every other case, the only difference between the derivatives
of the two limonenes is that they are equally active optically in the
opposite directions, and differ in the usual way in crystalline form. The
nitrosochlorides, on boiling with alcoholic potash, yield nitroso-limonenes,
C10H15NO. These are identical with the two carvoximes, and their con-
stitution is probably C10H14. NOH. They both melt at 72° The car-
voxime prepared from d0#£ro-limonene-nitrosochloride is Zae^o-rotatory,
whilst that from Za^o-limonene-nitrosochloride is dextro-rotatory.

Tilden and Leech have prepared nitrosocyanides of limonene by the
action of potassium cyanide on the nitroso compounds. The table on
opposite page gives the melting-points and optical rotation of the prin-
cipal of these and other limonene compounds.

For the preparation and separation of the limonene nitrosochlorides
the following method should be employed —

Five parts of the terpene, 7 of amyl nitrite, and 12 of glacial
acetic acid are mixed and cooled with ice and salt, and a mixture of
6 parts of hydrochloric acid and 6 parts of glacial acetic acid added in
small quantities at a time. Five parts of alcohol are then added and the
mixture allowed to stand in a freezing mixture for a itime. A mass of
crystals separates, which consists of the crude nitrosochlorides. This is
filtered off and washed with alcohol. When perfectly dry 100 grams of
the crystals are digested with 200 c c. of chloroform for a few moments and
at once filtered. The chloroform dissolves a-nitrosochloride, which is
precipitated by the addition of excess of methyl alcohol. The crude
compound is filtered off, dried and digested with anhydrous ether for

1 Chem. Zential,l<m l 1241.
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fifteen minutes, the ethereal solution filtered off and the ether allowed
to evaporate spontaneously. The a-nitrosochloride separates in large
crystals, which are again dissolved in ether and methyl alcohol added in
small quantity. The solvent is now allowed to evaporate slowly, when
the pure compound crystallises out. It melts at 103° to 104°.

Compounds.

Limoneoe
a-nitrosochloride .
j8-nitrosochloride .
a-nitrosocyanide
Benzoyl-a-nitrosocyanide
j3-nitrosocyanide .
Benzoyl-0-nitrosocyanide
o-amide
Benzoyl-o-amide .
a-carboxylic acid .
Dihydro-carvoxime
Tetrabromide
Carvoxime
Monohydrochlori1e
Nitrobenzylamine .

Dextro-
and Laevo
Melting-
point.

103° to 104°
100°

90° to 91°
108°

140° to 141°
121°
138°
152°
97°

88-5°
104°
72°

92°

Inactive
Melting-
point.

103° to 104°

81°
96°

159° to 160°
98°

155°
150°
116°
115°

125° to 126°
93°

110°

Specific
De.xtro-
Rotatiou.

+ 125°
+ 313-4°
+ 240-3°
+ 152-7°
+ 126-3°
- 31-6°
- 108-2°
+ 174-9°
+ 241-7°
+ 102-9°
+ 9-46°
+ 73-3°

- 39*3°
- 40°
+ 163-8°

Specific
Laevo-

Rotatiou.

- 125°
- 314-8°
- 242-2°
- 152-2°
- 127-2°
+ 30-6°
+ 108-7°
- 174°
- 242°
- 103-9°
- 9-25°
- 76-4°
+ 39-7°
+ 39-5°
- 163-6°

The portion of the mixture of crude nitrosochlorides which was not
dissolved by chloroform consists of crude /3-nitrosochloride. This is
dissolved by shaking with ten times its weight of chloroform. The
solution is then filtered and methyl alcohol added and the precipitate
filtered off, washed with ether, and dried. The dried compound is dis-
solved in ether and on evaporation of the solvent pure /5-nitrosochloride
separates. This body melts at 100°.

According to Wallach the nitrosochlorides are physical isomerides of
the formula:—

Cl

Very characteristic derivatives are obtained by the action of organic
bases on the limonene nitrosochlorides. If d-a-limonene nitrosochloride
be so treated, two nitrolamines are obtained, a-nitrolamine (dextro-rota-
tory), and /2-nitrolamine (laevo-rotatory). If d-/3-limonene nitrosochloride
be treated in the same manner, exactly the same reaction products are
obtained. If, on the other hand Z-a-nitrosochloride or Z-/3-nitrosochloride
be treated in the same manner, a mixture of a-nitrolamine (laevo-
rotatory) and /3-nitrolamine (dextro-rotatory) is obtained.

The anilides and piperidides are the most characteristic of these com-
pounds. They are prepared by similar methods, of which that for the
piperidides is as follows: 20 grams of purified a-limonene nitroso-
chloride are mixed with 20 grams of piperidine and 60 grams of alcohol,
and gently warmed with frequent shaking. When the solution is clear,
the warm liquid is poured into an evaporating dish and a small amount
of water added. On cooling, crystals of the sparingly soluble impure
/?-base separate. These are filtered off, and water added to the filtrate
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which precipates the more soluble a-base. The crude a-compound is
dissolved in acetic acid, filtered, and precipitated by aftimonia. It is
thrown out as an oil, which afterwards solidifies, and is then dissolved in
a little petroleum ether, which leaves traces of the /^-compound undis-
solved, and the a-base separates on evaporation of the petroleum ether,
and is recrystallised from alcohol. The crude /^-compound is dried,
digested with cold petroleum ether, which dissolves any a-base present,
and the undissolved portion recrystallised from warm petroleum ether
with the addition of a little methyl alcohol.

a-limonene nitrol-piperdide forms orthorhombic crystals melting at
93° to 94°, whilst /Mimonene piperidide melts at 110° to 111°.

The nitroanilid.es are very characteristic crystalline compounds of
limonene. These have the constitution—

1 0 1 5
\ N H C 6 H 5

To prepare them, 20 grams of pure a-limonene, nitrosochloride are
powdered and warmed with 20 c.c. of aniline and 30 c.c. of alcohol, under
a reflux condenser. The mixture is heated with constant shaking, and
after violent reaction is over the mass is allowed to cool, and when cold,
excess of concentrated hydrochloric acid is added. The resulting crystals
are filtered off and washed with ether-alcohol. They consist of the
hydrochloric acid salt of a-limonene nitrolanilide, and on treatment with
ammonia the free base is liberated. When recrystallised from alcohol it
melts at 112° to 113°. The filtrate from the hydrochloric acid salt of the
a-base is poured into a large volume of water containing free ammonia.
The /3-anilide gradually becomes solid and is dissolved in three times its
weight of warm benzene in order to remove traces of aniline. The
yS-anilide separates from this solution and forms fine needles melting
at 153°.

Limonene forms a monohydrochloride, which is a liquid, and which
exists in both optically active modifications. By the action of moist
hydrochloric acid on the acetic or alcoholic solution of limonene, no
optically active dihydrochloride is formed, the terpene becoming inactive
and dipentene dihydrochloride, C10H162HC1, results. This body is pre-
pared when limonene is mixed with half its volume of glacial acetic acid,
and a current of hydrochloric acid gas is passed over (not into) the well-
cooled liquid, with frequent shaking. The resulting mass is pressed on a
porous plate, dissolved in alcohol, and precipitated with water. It melts
sharply at 50°.

Forster and van Gelderen1 have prepared a characteristic nitro-
derivative of dipentene by treating dipentene nitrosochloride with sodium
azide. The resulting body, C10H15(NOH)N3, dipentene nitroso-azide,
melts at 72° to 73°. The corresponding active limonene derivatives melt
at 52° to 53°.

Dipentene, the inactive form of limonene, not only occurs naturally
in essential oils, but results by the action of heat on several other ter-
penes, and to a considerable extent by the action of sulphuric acid on
pinene.

Pure dipentene may be prepared by boiling 1 part of pure dipentene
dihydrochloride with 1 part of anhydrous sodium acetate and 2 parts

1 Proc. Chem. Soc., 27 (1911), 195.
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of glacial acetic acid for half an hour under a reflux condenser. The
dipeptene is distilled with steam and then heated with caustic potash and
finally redistilled.

The weight of chemical evidence is strongly in favour of dipentene,
being actually i'-limonene, that is, merely the racemic form of the active
limonenes. Semmler has suggested, however, that a slight difference
may exist between the constitutions of these terpenes. •

He suggested a nomenclature for the terpenes by which those com-
pounds which contain a double linkage between the nucleus and the side
chain should be called pseudo-compounds, whilst the compounds with
the double linkage in the nucleus should be the ortho-compounds. He
suggested the following formulae :—

CH, CH,
i II
C c

JCH, H

CH CH

\
g CHi, g 2

Ortko-limonene. Pseudo-limonene.
Semmler then suggested that ortho-limonene might be ordinary limo-

nene, and that dipentene had the pseudo-formula, and that both these com-
pounds would yield identical halogen derivatives with the breaking of
the double linkage. He subsequently modified his view to some extent
and considered that terpinene was represented by the pseudo-limonene
formula.

There seems no room for doubt that the above formula for " ortho-
limonene " is the correct formula for limonene, and the classical synthesis
of dipentene by W. H. Perkin, Jun., and his colleagues has proved beyond
doubt that it is the correct formula for dipentene or ^-limonene.

These researches on the synthesis of the terpenes were commenced in
1900, and has been carried on with considerable success and conspicuous
ability ever since. It was considered necessary to synthesise terpineol,
and so establish the formula which analytic reactions supported. The
first necessary step was to synthetically prepare the l-methyl-A'-cyclo-
hexene-4-carboxylic acid,1 of the formula—

/,CH . CH2X
CMef >CH. C09H

\ C H 2 . C H /
and as this acid was at that time unknown, the first problem was to dis*

cover some means by which its synthesis could be accomplished.
The acid was prepared in considerable quantities by the following

rather complicated series of reactions.2 When ethyl /2-iodopropionate
and the sodium derivative of ethyl cyanacetate are allowed to interact in

1 W. H. Perkin, Lecture to tJie Pharmaceut'ical Society, May, 1912.
• Jour. Chem. Soc., 85 (1904), 416 and 654.



64 THE CHEMISTEY OF ESSENTIAL OILS

molecular proportions at the ordinary temperature, a reaction takes place
which results in the formation of ethyl y-cyanopentane-aye-tricarboxylate
and regeneration of half of the ethyl cyanoacetate :—

2C02Et.,CHNa.ON + 2ICH2. CH2. CO2Et =
CO2Et. C(CN)(CH2 .CH2. C02Et)2 + CO2Et.CH2 .CN + 2NaI.

This cyano-ester is hydrolysed by boiling with concentrated hydro-
chloric acid with the formation of pentane-ay€-tricarboxylic acid, CO2H.CH
(CH2 . CH2. CO2H)2 andiwhen the sodium salt of this acid is heated with
acetic anhydride and distilled, decomposition takes place with the forma-
tion of 8-ketohexahydrobenzoic acid or cyclohexanone-4-carboxylic acid—

CO2H . CH2 . CH2X
>CH . CO.H =

C02H . CH2 . C H /
,CH2. CH2N̂

CO( >CH. CO2H + CO., + H2O
XCH2. C H /

The next step was to convert cyclohexanone-4-carboxylic acid into
l-methyl-cyclohexanol-4-carboxylic acid, and this is readily accomplished
by heating the ester of the ketonic acid with magnesium methyliodide in
the usual manner—

/ 2
OH.CMe< >CH.CO2H

X C H 2 . C H /
If the hydroxy-acid is heated with hydrobromic acid, it is converted

into l-methyl-l-bromocyclohexane-4-carboxylic acid, and this is decom-
posed by boiling with sodium carbonate with loss of hydrogen bromide
and with formation of 1-methyl-A' cyclohexene-4-carboxylic acid—

.CH . OH
C M < ) C H . C09H

The last step was to convert the unsaturated acid into its ester and to
act on this with an ethereal solution of magnesium methyl iodide, when
an almost quantitative yield of an oil was obtained which, on examina-
tion, proved to be terpineol—

, C H — C H 2 ,
MeCf >CH.CMe, .OH

X C H 2 . C H /

the change being simply the conversion of the —CO2Et group into the
group —CMe2. OH.

In order that there might be no doubt as to the identity of the syn-
thetical product, it was converted into the nitrosochloride, C10H18O, NOC1
(melting-point 122°), and phenylurethane, C10Hj7O . CO .NH . C6H5 (melt-
ing-point 113°), and these were compared with specimens made from
ordinary terpineol, with the result that the preparations obtained from the
two sources were found to be absolutely identical.

The next step was to convert the synthetic terpineol into dipentene,
which was readily accomplished by heating with potassium hydrogen
sulphate, when water was eliminated and dipentene formed—
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CH^s / / t
< ^CH . G{
X CH 2 . C H / \CH_j

Dipentene.
The dipentene produced in this way was converted into the tetra-

bromide, C10H16Br4 (melting-point 125°), the dihydrochloride, C]0H16, 2HC1
(melting-point 48° to 50°), and the nitrosochloride, Ci0H16, NOC1 (melting-
point 106°), and these derivatives were compared with the corresponding
specimens obtained from ordinary dipentene, with which they^were found
to be identical in all respects.

Attempts to prepare the active limonenes were unsuccessful, as during
the reactions, even when the various acids and the terpineol were separated
into their active components, racemisation takes place^during the dehydra-
tion and the most active product obtained had a rotation of - 5°, so that
it consisted essentially of dipentene, with a very small amount of laevo-
limonene.

CARVESTRENE AND SYLVESTRENE.

Sylvestrene is a well-recognised terpene, which is found in various
turpentine and pine oils, but only in its dextro-rotatory form. Carvestrene
is merely the optically inactive variety of sylvestrene, and is another
instance of unfortunate nomenclature: it should be properly called
t-sylvestrene.

There appear to exist two very closely allied terpenes, which have so
similar constitutions and characters that it is almost impossible, if not
quite so, to separate them when existing together naturally. The syn-
thetically prepared sylvestrene is, of course a distinct individual, the con-
stitution of which will be dealt with directly.

To prepare natural sylvestrene, the fraction of Swedish oil of turpen-
tine boiling between 175° to 180° is diluted writh an equal volume of ether
which has been previously saturated with hydrochloric acid gas. The
mixture is allowed to stand for two or three days, the ether distilled off,
and the residue is left in a very cold place for some months, when syl-
vestrene dihydrochloride is obtained. This body, C10H162HC1, when re-
crystallised from alcohol melts at 72° and has an optical rotation [a]D =
+ 22°. If this body be distilled with aniline it yields sylvestrene, which
has the following characters :—

Boiling-point 176° to 180°
Specific gravity 0-851
Refractive index 1-4757 to 1-4779
Optical rotation + 60° „ + 80°

This body, so isolated is probably a mixture of the two isomerides, the
optical rotation varying with the relative proportions of the two bodies..
The two isomers have the following constitutions :—

C—CH3 C—CH,

H0C CH—CCH— CK BLC

CH., C H 2 CH
Sylvestrene. Isosylvestrene.

They are therefore meta-menthadienes.
VOL. II, 5

CH,
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Sylvestrene yields the following characteristic reaction. If a drop of
concentrated sulphuric acid be added to a solution of one drop of sy l-
vestrene in acetic anhydride, a deep blue coloration results. No other
terpene appears to give this reaction.

Sylvestrene is a very stable terpene, but on heating to 250° it is par-
tially polymerised. In addition to the dihydrochloride mentioned above,
it yields the following characteristic compounds —

The dihydrobromide, C10H1(52HBr, is obtained in a similar way to the
dihydrochloride. It melts at 72° and has a specific rotatory power
+ 17 9°.

The dihydriodide C10H102HI is prepared in a similar manner, and
melts at 66° to 67°.

Sylvestrenetetrabromide, C10H10Br4, is prepared when pure Sylvestrene,
regenerated from itstlihydrochloride and dissolved in acetic acid, is heated
with bromine until a permanent yellow colour is produced. Water is
added to the reaction product, but not sufficient to precipitate the bromide,
and the vessel allowed to stand in a cold place. The bromide separates
and can be purified by recrystallisation from alcohol. It forms mono-
symmetric crystals melting at 135° to 136°, and having a specific rota-
tion + 73 7°.

Sylvestrene nitrosochloride, C10H1(5. NOC1, is prepared from pure
Sylvestrene, regenerated from the dihydrochloride in the following
manner :Four volumes of the terpene are dissolved in six of amyl
nitrite and five volumes of strong hydrochloric acid are added, with con
stant shaking. The heavy oil which separates is shaken with a little
ethyl alcohol, when it solidifies, and can be purified by dissolving it in
chloroform and precipitating it with petroleum ether. It is finally re-
crystallised from methyl alcohol, when it melts at 106° to 107°.

When the last-described body is warmed with benzylamine, in alcoholic
solution, Sylvestrene nitrol-benzylamine

i o i b \
\ N H . C H A H ,

is formed. This, when recrystallised from methyl alcohol, forms well-
defined crystals melting at 71° to 72° and having a specific rotation
+ 185 6°.

Carvestrene, or i-sylvestrene, was first prepared by Baeyer l from
carvone, the ketone characteristic of oil of caraway. This body, when
reduced with sodium and alcohol yields dihydrocarveol, which, on oxida-
tion is converted into dihydrocarvone. The formulae of these three bodies
are as follows —

,CO. CH,,v
CMe{ >CH CMe CH,

V J H . C H /
Carvone.

XCH(OH). CH2V
CHMe( >CH CMe :CH.,

2 C H /
Dihydrocarveol.

1 Ber ichte, 27, 3485.
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CO—CH,x
CHMe( ' >CH . CMe : CH9

Oxl2 . Oxl2

Dihydrocarvone.
Hydrobromic acid converts dihydrocarvone into a hydrobromide,

C10H17OBr, which, when treated with cold alcoholic potash, readily loses
hydrogen bromide. Instead, however, of the unsaturated substance,
dihydrocarvone, being regenerated as the result of this decomposition,
a remarkable formation of a cyclopropane ring takes place and carone is
produced—

/CO—CH2 x
CHMe( >CH . CBrMe2

\ C H 2 . C H /
Hydrobrorniie of dihydrocarvone.

/CO CHX

CHMe< I >CMe,
\ C H 2 . CH2 . QW

Carone.
Carone is then converted into its oxime, which is reduced by sodium
and alcohol, and yields carylamine, C10H17NH2, which has the following
constitution :—

/CH(NH2) . GEL
CHMe< >CMe2

X C H 2 . CH2 . C H /
Carylamine is decomposed when its solution in dilute acids is evapor-

ated, during which process the dimethylci/cZopropane ring suffers dis-
ruption and the unsaturated isomeric base, vestrylamine,

/CH(NH2). CH . CMe : CH2
CHMe< |

XCH2-CH2-CH2

is formed. The hydrochloride of vestrylamine is readily decomposed on
distillation, with elimination of ammonium chloride and formation of
cwvestrene.

The properties of carvestrene or t-sylvestrene are as follows :—

Boiling-point . . . . . . . . . . 178°
Dihydro3hloride melting-point . . . . . . 52'5°
Dihydrobromide „ 48° to 50°

The constitution of carvestrene has been determined, subject to the
limitation above referred to as to the constitution of isocarvestrene, by the
masterly synthesis achieved by W. H Perkin, Jr., and his colleagues.
The starting-point of this synthesis wras m-hydroxy-benzoic acid, which
was reduced by sodium and alcohol to cyclohexanol-3-carboxylic acid,
of the formula—

CH2

CH2

CH.COOH
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By oxidation with chromic acid, this is converted into cyclohexanone-
3-carboxylic acid, in which the —CH . OH— group is converted into
the —CO— group. This is converted into its ethyl ester and treated
with magnesium methyl iodide, and the product, on hydrolysis, yields
l-methyl-cyclohexane-l-ol-3-carboxylic acid, which is converted byhydro-
bromic acid into 1-bromo-l - methyl - cyclohexane - 3 - carboxylic acid.
When this is digested with pyridine, hydrobromic acid is eliminated and
yields l-methyl-A'-cyelohexane-3-carboxylic acid of the formula—

CH CH.COOH
/r— \

C(CH,)f >CH2

CH2CH2

The ethyl ester of this acid was treated with magnesium methyl
iodide, and thus yielded dihydrocarvestrenol—

CH CH. C(CH3)2OH

y > C H 2

X c'H2 OHQ

which on dehydration with potassium bisulphate yields carvestrene.
A further synthesis of carvestrene has been effected by Perkin and

Fisher.1

It is probable that the carvestrene so synthesised is in reality a
mixture of the two bodies described above as carvestrene and isocar-
vestrene.

The active variety of the terpene ^-sylvestrene has been prepared
synthetically by preparing the methyl-cyclohexane-carboxylic acid de-
scribed above, and recrystallising its brucine salt. The acid contains a
small quantity of the A6 acid, although the A1 variety predominates.
The A6 acid was resolved by the brucine crystallisations, and an acid of
rotation + 90° obtained. The synthetic process was then proceeded
with, and the resulting terpene was found to be d-sylvestrene, having a
rotation of + 66°.

PHELLANDRENE.

Two isomeric terpenes are known under the name of phellandrene.
Before the distinction between the two bodies was recognised, phellan-
drene had been discovered and reported in a number of essential oils,
so that in many cases it is impossible at present to decide which isomer
is that actually present in a given oil. The two terpenes—still another
case of the absurd nomenclature which has been retained for so many
of the terpenes—are known as a-phellandrene and /?-phellandrene. The
constitutions of the two hydrocarbons are probably as follows :—

1 Jour. Chem. Soc., 93 (1908), 1876.
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C.CH,

2
CH. C3H7

o-Phellandrene.

C:CH2

CH

CH

H2C

H2C

CH . (C3H7)
£-Phellandrene.

These terpenes have been exhaustively studied by Wallach,1 who
particularly examined phellandrenes from the following sources :—

1. Z-phellandrene from eucalyptus oil.
2. d-phellandrene from elemi oil.
3. d-phellandrene from bitter fennel oil.
4. d-phellandrene from water fennel oil.

He found that the d-phellandrene from elemi and bitter fennel oils
were identical, and that Z-phellandrene from eucalyptus oil is the laevo-
rotatory variety of the same terpene. To these he assigned the names
d-a-phellandrene and Z-a-phellandrene. The d-phellandrene from water
fennel oil differs from these and is named d-/?-phellandrene. The follow-
ing are the characters of the purest specimens of natural phellandrene
yet obtained:—

Specific gravity
Refractive index
Boiling-point .

Optical rotation

d-a-phellandrene.

0-844 at 19°
1-4732

61° at 11 mm.
175° „ 760 mm.

+ 40° 40'

rf-j8-phellandrene.

0-852 at 20°
1-4788

+ 14° 45'to +18° 30'

/-a-phellandrene.

0-848 at 15°
1-4769

50° to 52° at 5 mm.
174° at 760 mm.

- 84° 10'

All varieties of phellandrene are somewhat unstable and are easily
susceptible of isomerisation.

All varieties readily yield a nitrite of the formula C10H16N2O3, which
is prepared in the following manner, and is a most useful compound for
characterising these terpenes. A solution of 5 grams of sodium nitrite
in 8 c.c. of water is added to a solution of 5 c.c. of the fraction of the
oil containing much phellandrene in 10 c.c. of petroleum ether, and 5 c.c.
of glacial acetic acid is slowly added to the mixture with constant
stirring. The resulting crystals are filtered, washed with water and
methyl alcohol, and purified by dissolving in chloroform and precipitating
with methyl alcohol. The final purification is effected by triturating
the crystals with a cold mixture of methyl alcohol and ether, and re-
crystallising several times from acetic ether. The phellandrene nitrite
so obtained is not a homogeneous substance, but a mixture of two physical
isomerides, which is true for both a- and /^-phellandrene. These physical
isomerides are known as the a- and /^-varieties, so that the following
very confused nomenclature arises, the specific rotation and melting
points of the six known modifications being given :—

1 Annalen, 324 (1902), 269, and 336 (1904), 9.



Specific
Rotation,

. - 138-4°
+ 135-9°
+ 45-9°
- 40-8°
159-3°

+ 0°

Melting-
point.

112° to 113
112° „ 113
105°
1C5°
102°
97° to 98°
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Dextro-a-phellandrene a-nitrite.
Laevo-a-phellandrene a-nitrite .
Dextro-a-phellandrene /8-nitrite
Laevo-a-phellandrene ^-nitrite .
Dextro-j8-phellandrene a-nitrite
Dextro-j8-phellandrene ^-nitrite

As laevo-^-phellandrene has not yet been isolated, the corresponding
two nitrites have not, of course, been prepared.

The separation of the physical isomerides is effected in the following
manner: the mixed nitrites are dissolved in acetone and precipitated by
the addition of water, the mixture being cooled to 0°. This process is
repeated several times, when eventually the more soluble or /2-nitrite is
separated from the less soluble or a-variety.

yS-phellandrene, which was originally obtained from water fennel
oil, is also found in the essential oil of Bupleurum fruticosum.1 Fran-
cesconi and Sernagiotto have prepared from it the corresponding physically
isomeric nitrosochlorides. They find that the yield of nitrosochlorides
prepared in the same way as pinene nitrosochloride (q*v.), is greater as
the optical rotation of the terpene is lower. Through a series of re-
crystallisations, the two isomers were separated, and found to have the
following characters :—•

Specific
Rotation,

- 175°
- 285°

Melting-point.
101° to 102°

100°
/8-phellandrene-a-nitrosochloride .
/8-phellandrene-8-nitrosochloride .

No crystalline nitrosochlorides have, so far, been prepared from a-phel-
landrene.

If a-phellandrene be oxidised by potassium permanganate, the princi-
pal body resulting is a-oxy-/?-isopropyl glutaric acid. If /2-phellandrene
be oxidised, closely related acids result, but if a 1 per cent, solution of
permanganate be used and the oxidation effected very carefully in the
cold, with the terpene always in excess, a glycol, C10H16(OH)2, results,
which when dehydrated with dilute sulphuric acid yields tetrahydro-
cuminic aldehyde.

This aldehyde is identical with the naturally occurring phellandral,
an aldehyde found in oil of water fennel. If the nitrosochloride of /?-
phellandrene be decomposed by acetic acid, dehydrocuminic aldehyde and
carvacrol result.

The phellandrene nitrites are converted, by heating with strong
hydrochloric acid at 40°, into mono- and di-chlorthymo-quinone.

If the a-phellandrene nitrite be heated with an alcoholic solution of
potash, it is converted into nitrophellandrene, C10H15(NO2). This body is
converted by reduction with sodium and alcohol into tetrahydrocarvone,
or by less energetic reduction with zinc and acetic acid, into carvotan-
acetone. The relationship between these bodies is shown by the follow-
ing formulae:—

• Gazz. Chim. Ital., 46 (1916), 119.



THE CONSTITUENTS OF ESSENTIAL OILS 71

CH CH3 CH,

H C f ^ C N O , H C ^ V i H N O ,

CHQ

I

H,C CHNO H.7C CH

CH—CH(CH3), CH—CH(CH3)2 CH—CH(CH8)2 CH—CH(CH3)2

Carvotanacetone. Nitro- a Phellandrene- a Phellandrene.
o phellandrene. nitrite.

Wallachl has prepared a-phellandrene synthetically from sabinenic acid
by oxidising it to sabina ketone with potassium permanganate. This
ketone was converted into its semicarbazone, and the latter compound
treated with dilute sulphuric acid, when sabina ketone is not regenerated,
but an isomer, which was found to be isopropy l-hexenone. By the
interaction of this body with methy l-magnesium iodide, loss of water
occurs with a simultaneous conversion into a-phellandrene, which appears
to be a mixture of the dextro- and laevo- varieties. This synthetically
prepared a-phellandrene has the following characters —

Boiling-point
Specific gravity at 22°
Refractive index at 22°
Melting point of nitrite

175° to 176°
0-841
1-4760

Clover2 has isolated a terpene from elemi oil, which he claims to be pure
a-phellandrene, and which has an optical rotation of + 129*8°.

TEKPINENE.

The chemistry of the hydrocarbons known under this name is in a
very unsettled condition. There are at least three well-defined terpenes
known by this name, a-terpinene, /3-terpinene, and y-terpinene, which
have the following constitutions —

CH.

C

CH. C H .

C

H2C H2C H2C

C

CH(CH3)2

a-Terpinene.

H C k / C H . ,

C

CH(CH8),
j8 Terpinene.

C

H C k / CH

CH(CH3)2

y Terpinene.

Apparently only a-terpinene and y-terpinene have been found occurring
naturally in essential oils. All the terpinenes are formed artificially from
other terpinenes, or from geraniol, cineol, terpm hjdrate, linalol, dihydro-
carveol, and numerous other compounds.

In 1908-1909 F . W. Semmler 3 made a critical study of the question
of the characters of the terpinenes with a view to clearing up some of the

' Annalen, 359, 265. - Amer. Chem. Journal, 39, 613.
*Berichte, 41 (1908), 4474 ; 42 (1909), 522.
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contradictory statements which had been published in regard to them.
By acting on carvenone with phosphorus pentachloride and reducing the
carvenene chloride formed, he obtained a hydrocarbon which he termed
carvenene, which by its method of production should be a dihydrocymene,
and is considered by Semmler to be a-terpinene, possibly mixed with
some of the other modifications. By boiling carvenene for two hours
with alcoholic sulphuric acid, he inverted it to isocarvenene, which
Semmler considers to be /2-terpinene. Wallach, however, does not con-
sider that these bodies are identical with the a-terpinene and /2-terpinene
above mentioned. Semmler's two terpinenes (carvenenes) have the follow-
ing characters:—

Carvenene Lsocarvenene
(a-terpinene). (j9-terpinene).

Specific gravity at 20° . . . 0-844 0*845
Boiling-point . . . . 180° at 735 mm. —

„ . . . . 61° to 63° at 10 mm. 59° to 62°
Refractive index . . . . 1-4910 ' 1*4800

Auwersl has paid considerable attention to the terpinene question,
and especially in regard to the tact that the molecular refraction of the
terpinenes shows considerable variation according to the method of pre-
paration, and often appears to indicate that the terpinenes are excep-
tions to Briihl's laws of refraction. He came to the conclusion that the
terpinenes are usually mixtures of more than one modification, together
with a certain amount of a hydrocarbon of the formula :—

GH3

C

CH,

C

Im(CH 3 ) 2

Auwers considers that terpinene produced from terpin hydrate is
a mixture in which a-terpinene cannot be regarded as the characteristic
constituent. From the terpinene hydrochloride, the a-terpinene-content
cannot be expected to exceed 50 per cent, in the most favourable case.
For obtaining a-terpinene which, although not pure, is of a comparatively
high percentage, Auwers regards the method from carvone via dihydro-
carveol as the best. Semmler regards carvenene as a particularly pure
a-terpinene, but Auwers does not agree with this, because in its preparation
the action of nascent hydrochloric acid produces conditions which afford
no guarantee of a uniform final product. Carvenene does not appear to
be identical with a-terpinene from o-cresol which Auwers prepared by
acting on o-cresol with chloroform and alkali, thus producing methyl-
dichloromethyl-keto-dihydrobenzene. This body was converted into its
higher homologues by the action of magnesium alkyl iodide, and the
resulting bodies were isomerised by concentrated sulphuric acid, and the

1 Bericlite, 42 (1909),.2404, 2424.
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isomers, on treatment with alcoholic potash yield the corresponding
hydrocarbons. By using magnesium propyl iodide, he obtained A1y

menthadiene, i.e. a-terpinene. Auwers and his pupils have also prepared
a-terpinene synthetically by other methods, and find it to have the follow-
ing characters:—

Boiling-point 65° to 66° at 13'5 mm.
19°Specific gravity at -0 - 0-8353

Refractive index at 19° 1-47942

Henderson and Sutherlandl have prepared a hydrocarbon synthetic-
ally which is possibly a modification of terpinene. They reduced thymo-
hydroquinone, thus obtaining menthane-2-5-diol, which was heated for
half an hour with twice its weight of sulphate of potash under a reflux
condenser, and so yielded a terpene boiling at 179°, of specific gravity
about 0-840 and refractive index 1-4779.

It may be accepted that a-terpinene has characters falling within the
following limits:—

Specific gravity 0*842 to 0-846 at 20°
Boiling-point 175° to 181°
Refractive index about 1-4720 to 1-4800

A specimen of y-terpinene obtained by Schimmel & Co. from coriander
oil, and probably consisting of a mixture of the a- and y-varieties, had the
following characters :—

Boiling-point 177° to 178°
Optical rotation + 0° 32'
Specific gravity 0-8485 at 15°
Refractive index 1-4765

The most characteristic derivative for the identification of a-
terpinene is the nitrosite, C10H16N2O3, which melts at 155°. It is pre-

. pared as follows: 2 to 3 grams of the product to be identified are
dissolved in an equal volume of petroleum ether, and an aqueous solution
of 2 to 3 grams of sodium nitrite added. Glacial acetic acid is then
added gradually with constant stirring, the vessel being immersed in
warm water for a few moments and then allowed to stand in a cool place.
Terpinene nitrosite separates, usually in a few hours, but always in two
days. The crystals are filtered off, washed with water, and then with
cold alcohol, and dried on a porous plate. The crystals can be puri-
fied by recrystallisation from hot alcohol, and melt sharply at 155°.
With piperidine, it yields a nitrolpiperidine melting at 153° to 154°, and
with benzylamine a nitrolbenzylamine melting at 137°. These two
compounds are prepared in the same manner as the corresponding
pinene derivatives (q.v.).

It is probable that y-terpinene has not been isolated in a state of
purity, but it can be recognised, by yielding erythritol melting at 236° to
237°, on oxidation with potassium permanganate. In order to obtain
this, 140 grams of the product to be identified are shaken for several
hours with 280 grams of caustic potash and 660 grams of potassium per-
manganate, 8 litres of water, and 8 kilos of ice. The erythritol resulting
is recrystallised from 25 per cent, alcohol, when it melts at 236° to 237°.
y-terpinene does not yield a crystalline nitrosite.

1 Jour. Chan. Soc., 97 (1910), 1616.



74 THE CHEMISTRY OF ESSENTIAL OILS

TERPINOLENE.

This terpene is very rarely met with in nature, but is formed by the
dehydration of various alcohols, such as terpineol and hnalol It has
been identified in the essential oil of Manila elemi.

The constitution of terpinolene is probabh is follows —
CH;i

H ,Cv X'H

0(011,)
This terpene wras discovered by Wallach ' and was prepared by heat-

ing turpentine oil with alcoholic sulphune icid It is also yielded in
satisfactory quantity by dehydrating terpineol by means of oxalic acid.
Melted terpineol (melting-point 35°) is added very gradually to a boiling
saturated solution of oxalic acid, through which a current of steam is
passed. About 1 gram of terpineol should be added, drop by drop, pel-
minute, so that dehydration is complete, and the resulting terpinolene
is at once removed by the current of steam before it is isomerised to any
extent.

Semmler 2 has succeeded in preparing pure terpinolene by the reduc-
tion of terpinolene tetrabromide by means of zinc dust in alcoholic
medium (not in presence of acetic acid, as in that case a mixture of hydro-
carbons is obtained). The constants of the pure hydrocarbon are: —

Specific gravity at 20 0 -854
Refractive index .1 484
Boiling point at 10 mm. 67° to 08°

, 760 mm. 183°, , 185
Optical rotation .+ 0

Terpinolene therefore appears to be, of all the monocyclic terpenesr
the one which possesses the highest specific gravity and the highest boil
ing point.

For the identification of terpinolene, its tetrabromide is the most
characteristic compound. This body is prepared by adding gradually four
atoms of bromine to a solution of the terpene in glaci al acetic acid,
maintained at a low temperature. Terpinolene tetrabromide, C]0H1(;Br4,
melts at 116° to 117°, when recrystallised from alcohol.

ORIGANE NE.

This terpene has been isolated from the oil of Or iyanwm kir tum by
Pickles d It is an oil possessing a distinct odour of lemons, and has the
following characters: —

Boiling point 160 to 164 at 750 mm.
Specific gravity 0 847
Refractive index 1 4800
Optical rotation + 1 50'

innnhn 227, 283; 230, 262. Loiu.hU 42, 4644.
Tour Glum Soc. , 93 (1908), SG2
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It is possible that this slight optical rotation may be due to traces of
impurities.

Origanene yields a crystalline nitrosochloride, melting at 91° to 94°,
and a nitrolpiperidine melting at 198°. These derivatives are prepared
in the same manner as the corresponding compounds of pinene (q.i'.).

Pickles has suggested that origanene has the constitution which
Wallach has assigned to a-terpinene, but there is not sufficient experi
mental evidence to support this suggestion.

CRITHMENE.

Francesconi and Sernagiotto1 have isolated a terpene from the
essential oil of Crithmum maritimum distilled from plants grown in
Sardinia.

It has the following characters :—
Boiling-point 178° to 180°

Specific gravity 0-8658
Refractive i n d e x . . . . . . . . . 1'4S06

Crithmene yields an a-nitrosochloride, crystallising in laminae, and
melting at 101° to 102°, and a ^-nitrosochloride, C10H16ONC1, forming
quadratic plates and melting at 103° to 104°. Both are devoid of optical
activity. The nitrosite melts at 89° to 90° and the nitrosate at 104° to
105°. A tetrabromide is formed, C10H1gBr4, but could not be obtained in
the crystalline condition. The isomeric nitrolpiperides, prepared from
the nitrosochlorides, melt in both instances at 138°. The benzylamine
compound melts at 103° to 104°. If the nitrosochloride be hydrolysed by
means of alcoholic alkali and the resulting products distilled in a current
of steam, a solid body, forming minute crystals melting at 131°, is left
behind. It contains nitrogen. Crithmene yields a dihydrochloride,
C10H16(HClj2, melting at 52°, and apparently identical with that of
terpinene. The constitution of crithmene is probably that of a A1>7~4'8

joara-menthadiene, as follows :—

C:CH2

C : C(

CARENE.

This terpene has been isolated by Simonsen2 from Indian turpentine
oil, from Pinus longifolia. It is identical with the terpene previously
described by Eobinson 3 as a terpene yielding sylvestrene hydrochloride
when treated with hydrogen chloride. Its characters are as follows :—

30°Specific gravity at -5 0*8586
Eefractive index at 30° 1-4690
Optical rotation + 7-69°
Boiling point at 705 inm 168° to 169°

„ , , 200 ,, 123° „ 124°
1All. R. Acad. Line. (1913), 231, 312. 2 Jour. Chem. Soc., 1920, 570.

:iProc. Chem. Soc., 1911, 27, 247.
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Dextro-carene is a colourless oil with a sweet odour. Its nitrosate,
C10H1(.O3N2, melts at 141-5°.

On treatment in ethereal solution with hydrogen chloride, it yields
a mixture of sylvestrene and dipentene hydrochlorides. Its constitution
is probably represented by one of the two following formulae :—

CH3 CH3

I
C

HC CH2

H2C CH H2C CH

CH—C(CH3)2 CH——C(CH3)2

DACRYDENE.

Baker and Smith l have isolated a terpene from the essential oil of the
leaves of Dacrydrium Franklini (the huon pine of Tasmania) which
has the following characters :—

Boiling-point 165° to 166°
Specific gravity at 22° 0-8524
Refractive index at 22° 1-4749
Optical r o t a t i o n . + 12-3°

It forms a nitrosochloride melting sharply, but with decomposition,
at 120° to 121°. It has been named dacrydene.

In addition to the above-described terpenes proper, there are a few
other hydrocarbons which may be conveniently dealt with here. These
are salvene, the so-called olefinic terpenes, myrcene and ocimene, the
terpene homologues, cantharene, santene, and a hydrocarbon of the formula
C11H18 found in sandalwood oil, and the diterpene phyllocladene.

SALVENE.

Salvene is a hydrocarbon of the formula C10H18 found in oil of sage2.
by Seyler. It has the following approximate characters —

Specific gravity 0-800 at 20°
Boiling-point 142° to 145°
Refractive index 1-4438
Optical rotation + 1° 40'

Its constitution is as follows :—

C

C H .

CH. CH3

The Pines of Australia, 397 (1st edition). * Ber;chte, 35 (L902>, 550.



THE CONSTITUENTS OF ESSENTIAL OILS 77

MYRCENE.

Myrcene is a compound of the formula C10H16 which has been found
in a number of essential oils, such as bay oil, West Indian lemon-grass
oil, the oil of Lippia citriodora, etc., etc. It has sufficient resemblance to
the terpenes proper to have been classified as an " olefinic" terpene, its
constitution being that of an open chain, and not a ring compound.

Myrcene has one of the two following constitutions :—

C: CH. CH0 . CH9 . C(CH2). CH : CH2

or

G . CH2. CH2 . CH2 . C(CH2). CH : CH2

CH,

CH

CH.

CH/'
Myrcene can be obtained, according to Power and Kleber,1 from oil

of bay in the following manner: The oil is first shaken with a 5 per
cent, solution of caustic soda to remove phenols, and is then fractionally
distilled in vacuo. Eventually, by repeated fractionation a colourless
liquid results, which distils at 67° to 68° at 20 mm. pressure, and is
practically pure myrcene.

Myrcene has the following characters :—

Specific gravity .
Eefractive index
Boiling-point

„ „ at 20 mm.

0-801
1-4700 at 19°

167°
67° to 63°

By reduction with sodium alcohol, myrcene yields dihydromyrcene,
C^H^, a liquid, which yields a tetrabromide melting at 88°, which is a
useful compound for the identification of myrcene. The olefinic terpene
ocimene (q.v.) yields the same body on reduction, so that dihydromyrcene
and dihydro-ocimene are identical. By acting upon linalol with sodium
alcohol, a hydrocarbon of the formula C10H18 is formed by abstraction of
the oxygen, which is also identical with dihydromyrcene, although it has
been named linalolene. It yields the characteristic tetrabromide melting
at 88°. The physical characters of the dihydromyrcenes prepared from
these various sources are as follows:—2

B.-p.

Linalolene Dihydromyrcene
(Seinmler).

165° to 163°
0-7882 (20°)
1-455 (20°)

171-5° to 173-5°
0-7802 (? °)
1-4501

Dihydromyrcene Dihydro-ocimene
.aar).

166° to 168°
0-7852 (15°)
1-4514 (17°)

166° to 168°
0-7750 (15°)
1-4507 (17°)

Dihydromyrcene
(Schimmel & Co.).

168°
0-7824 (15°)
1-45251 (15°1

The preparation of dihydromyrcene tetrabromide is often attended by
difficulties. The method recommended by Enklaar, and recently also
adopted by Semmler, of dissolving the hydrocarbon in glacial acetic acid,
has not stood the test of practice, because according to Schimmel & Co.

. Rund., New York, 1895, 13.
* Schimmel & Co., Report, Oct. 1911, 129.
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it generally gives rise to oily bromides. Hydrobromic acid appears to
be evolved as soon as the bromine is added to the glacial acetic acid
solution. The reaction is accomplished more quickly and effectively by
dissolving the hydrocarbon in a mixture of 1 part by volume of amyl
alcohol and 2 parts by volume of ether. Soon after the addition of
the calculated quantity of bromine the tetrabromide separates out.

If myrcene be heated with glacial acetic acid to 40° for three to four
hours, with the addition of a little sulphuric acid, hydration takes place, and
an alcohol, which is termed myrcenol is formed. This body is an oil, of
specific gravity 0'9032, refractive index 1*4806 at 15°, and boiling-point
99° at 10 mm. pressure. It yields a phenylurethane melting at 68°.

Myrcenol probably has the constitution :—

CH
C : CH . CH2. CH.,. C(CH3)(OH) . CH : CH,

or

C . CH.,. CH.,. CH,. C(CH3)(OH) . CH : CH,GH.f
The resemblance of myrcene to the terpenes proper may possibly be

connected with the fact that, like geraniol and linalol, they show a marked
tendency towards closing the open chain into a six carbon ring. For
example, when dihydromyrcene C10H18 is treated with acetic and sul-
phuric acids, an alcohol is formed, together with the isomeric hydrocarbon,
C10H1S, where a six carbon ring has been formed, and which is termed
cyclo-dihydromyrcene. This body is an odorous oil having the following
characters:—

Boiling-point 169° to 172°
Specific gravity 0-828 at 20°
Refractive index 1-4620 „ 20°
Molecular refraction 45° to 63°

Myrcene is easily polymerised, and it is probable that this fact
accounts for the decrease in solubility of essential oils which contain
myrcene, when they have been kept for any length of time.

Koschelew 1 has recently prepared a closely related olefinic terpene,
which he has termed /3-myrcene, by treating isoprene in a sealed tube to
80° to 90° for five days. This body has the constitution:—

CH,: CH . C(CH3): CH . CH.,. C

It is a colourless oil having an odour very similar to that of myrcene,
and boiling at 63° at 20 mm.

OCIMENE.

This body is very closely related to myrcene, and has been found in
the oil of basil distilled in Java. It has the following constitution :—

CH3. C(CH3): CH. CH2. CH : C(CH3). CH: CH2

Its characters are as follows :—
1 Chem. Zentral. (1916), i. 1068, 1136.



THE CONSTITUENTS OF ESSENTIAL OILS 79

Specific gravity
Refractive index
Boiling point

0-803
1-4850

172° at 750 mm.
73° to 74° at 20 min.

As stated above it yields dihydromyrcene (dihydro-ocimene) when
reduced by sodium alcohol. On hydration by means of acetic and sul-
phuric acids it yields an alcohol, ocimenol, which has the following char-
acters :—

Specific g r a v i t y . . . .
Refractive index
Boiling-point . . . .
Melting-point of phenylurethane

0-901
1-4900 at 15°
97° at 10 mm.

72°

By heat, ocimerie is converted into allo-ocimene, which is probably
a stereoisomeric compound.

CANTHARENE.

Ha worth l has described a lower homologue of the terpenes which he
obtained by the dehydration of the alcohol cantharenol. Cantharene,
C8H12, was first prepared by Piccard during his classical work on can-
tharidine, and it so closely resembled the terpenes in character that
Piccard regarded it as the first artificially prepared terpene. The close
relationship of these bodies, which are dihydroxylenes, to the terpenes,
made it of interest to carry out a careful examination of them, and with
this object in view a general method has been devised for the preparation
of pure hydrocarbons of this group. If methyl-cyclo-hexenone is treated
with magnesium methyl iodide the alcohol cantharenol is obtained, which
is the " terpineol " of the group. The dehydration of the alcohol leads to
the formation of the corresponding hydrocarbon, which, chemically, is
1:2 dimethyl A2 •6 cyclohexadiene. This body boils at 135*5,° and

20°
has a specific gravity 0-852 at -j-0-, and refractive index 1*4895 ; and ap-
pears to agree in all its characters with Placard's cantharene. It has a
high refractive index, and gives similar colour reactions, and yields ortho-
toluic acid on oxidation,. There are, of course, three isomeric dihydroxy-
lenes, and the other two were also prepared, and have the following
characters:—

Boiling-point . . . .
20°

Specific gravity —^ 2 0 °
Refractive index . . . .
Molecular refraction .

Dihvdro-
o-xylene.

135-5°
0-8521
1-4895

36-62

Dihydro-
///-xylene.

135°
0-8373
1-4856

37-01

Dihydro-
7>-xylene.

135° to 138°
0-830
1-4797

36-94

SANTENE.

This hydrocarbon, also known as nor-camphene, is an immediate
lower homologue of the terpenes, of the formula C9H14. It was dis-

lJour. Chem. Soc., 1913,1242 ; P. and E.O.R., 1913, 254.
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covered in oil of sandalwood by Mtiller.1 It is also present in Siberian
pine-needle oil, and in several other pine oils.

According to Semmler2 it has the constitution :—
CH

H3C . C

H3C . G! CH.,

CH

This constitution is confirmed by the conversion of camphenylone
into santene by Komppa and Hintikka.3

Santene has also been examined by Aschan.4 The following are the
characters of the purest specimens which have been isolated from
sandalwood and Siberian t)ine oils:—

Sandalwood.

Semmler.

Boiling-point . 1 . 31° to 33° (9 mm.)
Specific gravity . 1 0-863 (20°)
Refractive index . i ' 1-46658 (20°)
Rotation . . ; +0°

Aschan

140°
0-8708 (15°)
1-4688 (17-5°)

+0°

Siberian Pine.

140°
0-8698 (15°)
1-4696 (19°>

+0°

Santene forms a nitrosochloride, prepared in the usual manner, melt-
ing at 109° to 110°, and a nitrosite melting at 125°. It also forms a
hydrochloride melting at 80° to 81°. By hydration with sulphuric and
acetic acids it yields an alcohol C9H15OH, which is termed santenol
(isosantenol, nor-borneol). This body melts at 97° to 98° and boils at
195° to 196°.

Kondakow 5 has carried out an investigation on the haloid derivatives
of santene, and finds that mixtures of liquid and solid hydrochlorides and
hydrobromides are usually obtained so that the haloid derivatives are
unsatisfactory for identification purposes.

Santenyl acetate, C9H15. OOC . CH8, is a liquid of specific gravity
0-9859 at 20°, refractive index 1-45929, and boils at 85° to 89° at 8 mm.

HYDROCARBONS CnH18, FROM SANDALWOOD OIL.

Schimmel & Co.6 have isolated a hydrocarbon of the formula C nH i a
from sandalwood oil. This body is completely saturated and is un-
affected by potassium permanganate at ordinary temperatures.

Semmler7 in the course of his researches on the constitution of the

lArchiv. d Pharm. 238 (1900), 36<x
2 Berichte, 40 (1907), -465, 4594, 4844; 41 (1908), 121, 385.
a Bull. Soc. Chim. [4], 21, 13. 4 Ibid., 4918.
» Jour Russ. phys. Chem. Ges., 43 (1911), 1107.
« Report, October, 1910, 121.7 Berichte, 40 (1907), 1124 ; 43 (1910), 1722.
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santalols, obtained from triq/c/oeksantalic acid, by splitting off carbon
dioxide gas, a hydrocarbon which he termed nor-tricT/ctoeksantalane. The
most recent investigations of Semmler have shown that tricT/c/oeksantalic
acid posseses twelve carbon atoms, from which it would seem that the
correct formula of nor-tricT/cZoeksantalane is C11H18, and Semmler's.
analyses agree with this view.

The following are the characters of the two hydrocarbons :—

Boiling-point
Specific gravity at 20°
Rotation .
Refractive index
Molecular refraction..

Hydrocarbon from
Sandalwood Oil.

183°
0-9092
- 23° 55'
1-4786

46'74

Nor-tric?/cZoeksantalaiie
(according to Semmler).

183-5°
0-885
-11°

1-46856
47-15.

It is probable that the tricyclic hydrocarbon from sandalwood oil is
identical with, or at least closely allied to, Semmler's nor-tric^/doeksanta-
lane.

PHYLLOCLADENE.

Baker and Smith have isolated from the essential oil of the leaves
of Phyllocladvis Rhomboidalis a diterpene, which they have named
phyllocladene It has the formula C20H32, and melts at 95°. It is,
dextro-rotatory, its specific rotation being + 16*06°.

2. SESQUITERPENES,

The sesquiterpenes are compounds of the formula C15H24, which are
of higher specific gravity, boiling point, and refractive index than the
terpenes. They are of complicated constitution, and are less well under-
stood in this respect than the terpenes, although modern research is
gradually elucidating many of the problems connected with this inter-
esting group of compounds. Apart from the so-called aliphatic sesquiter-
penes, which appear to bear the same relationships to the sesquiterpenes
proper as do the aliphatic terpenes to the true terpenes, the sesquiterpenes
are classified according to the number of closed rings existing in the mole-

' cule, which, where the constitution is not clearly understood, may be
deduced from the molecular refraction of the compound. The following
figures generally hold good :—

Molecular Refraction Specific Gravity-
Calculated.

Monocyclic 67'76 0-875 to 0-890
Bicyclic 66-15 0'900 „ 0-920
Tricyclic 64-45 0-930 „ 0-94O

BlSABOLENE.

This sesquiterpene is a monocyclic compound, first isolated from the
essential oil of Bisabol myrrh by Tucholka.1 It was found in oil of limes,
and described by Burgess under the name limene. It occurs in several
other essential oils. When separated by fractional distillation from
lemon oil, Gildemeister and Miiller2 found it to have the following
characters:—

1Arch. der. Pharm., 235 (1897), 292.
2 Schimmel, Bericht, October, 1909, 50.

VOL. II. 6
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Boiling-point at 4 mm 110° to 112°
Specific gravity . . . . . . . . 0-8813
Optical rotation . , - 41° 31'
Refractive index 1-49015

When prepared by regeneration from the trihydrochloride, the sesqui-
terpene is inactive, a pure specimen having the following characters:—

Boiling-point at 751 mm 261° to 262°
Optical rotation . . . . . . . . 0°
Specific gravity 0-8798
Refractive index 1-4901

If a current of hydrochloric acid gas be passed through an ice-cold solu-
tion of the sesquiterpene dissolved in ether a crystalline trihydrochloride
is obtained, which melts at 79° to 80°, and has the formula C15H24 . 3HC1.

ZINGIBERENE.
This sesquiterpene was isolated from oil of ginger by Von Soden

and Kojahn1 and has been examined by them and by Schreiner and
Kremers.2 It is obtained by fractional distillation under reduced pressure
and is a colourless and nearly odourless oil. Its characters are as
follows:—

Boiling-point
at 32 mm.

14 mm.
Specific gravity
Refractive index
Specific rotation

270° (with decomposition)
i°1 6 0 ° t o 1 6 1

134°
0 - 8 7 3 a t 20°

1 - 4 9 3 9 9
- 7 3 ° ( a p p r o x i m a t e ) .

Z i n g i b e r e n e f o r m s a d i h y d r o c h l o r i d e , C 1 5 H 2 4 , 2 H C 1 , w h e n i t s s o l u t i o n

i n a n e q u a l v o l u m e o f g l a c i a l a c e t i c a c i d i s s a t u r a t e d a t 0 ° w i t h d r y

h y d r o c h l o r i c a c i d g a s . I t c r y s t a l l i s e s f r o m h o t a l c o h o l i n fine w h i t e

n e e d l e s m e l t i n g a t 1 6 8 ° t o 1 6 9 ° .

T h e n i t r o s o c h l o r i d e , C 1 5 H 2 4 . N O C 1 , p r e p a r e d i n t h e u s u a l m a n n e r , i s a

\ v h i t e p o w d e r m e l t i n g w i t h d e c o m p o s i t i o n a t 9 6 ° t o 9 7 ° .

T h e n i t r o s i t e , C 1 5 H 2 4 N 2 O 3 , i s f o r m e d w h e n z i n g i b e r e n e i s d i s s o l v e d

i n t e n t i m e s i t s v o l u m e o f p e t r o l e u m e t h e r , t h e s o l u t i o n w e l l c o o l e d a n d

t r e a t e d w i t h a s o l u t i o n o f s o d i u m n i t r i t e , a n d a c e t i c a c i d a d d e d . I t

c r y s t a l l i s e s f r o m h o t m e t h y l a l c o h o l , a n d m e l t s a t 9 7 ° t o 9 8 ° .

Z i n g i b e r e n e a l s o f o r m s a n i t r o s a t e , C J 1 5 H 2 4 . N 2 O 4 , w h e n t h e s e s q u i t e r -

p e n e d i s s o l v e d i n a n e q u a l v o l u m e o f g l a c i a l a c e t i c a c i d , i s c o o l e d t o 0 ° ,

a n d e t h y l n i t r i t e , a n d t h e n n i t r i c a c i d a d d e d . T h e n i t r o s a t e i s d i s s o l v e d

i n a c e t i c e t h e r a n d p r e c i p i t a t e d w i t h a l c o h o l . I t f o r m s a y e l l o w p o w d e r ,

m e l t i n g w i t h d e c o m p o s i t i o n a t 8 6 ° .

W h e n t h e d i h y d r o c h l o r i d e a b o v e m e n t i o n e d i s p r o d u c e d , i t i s p r o b a b l e

t h a t m o l e c u l a r r e a r r a n g e m e n t t a k e s p l a c e a n d t h a t t h e c o m p o u n d i s r e a l l y

t h e d i h y d r o c h l o r i d e o f a b i c y c l i c iso-zingiberene. A c c o r d i n g t o S e m m l e r

a n d B e c k e r 3 w h e n z i n g i b e r e n e i s t r e a t e d w i t h a c e t i c a n d s u l p h u r i c a c i d s ,

i t i s c o n v e r t e d i n t o i s o - z i n g i b e r e n e . T h i s s e s q u i t e r p e n e h a s t h e f o l l o w i n g

c h a r a c t e r s : —

B o i l i n g - p o i n t a t 7 m m . . . . . . . 118°
S p e c i f i c g r a v i t y 0 - 9 1 1 * a t 2 0 °

r o t a t i o n - 5 1 ° 3 6 '
R e f r a c t i v e i n d e x 1-5062

1 Pharm. Zeit., 4 5 , 4 1 4 . '2Pharm. Arch., 4 , 1 4 1 , 1 6 1 .
*Berichte9 4& (1912) , 1 8 1 4 .
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Zingiberene and wo-zingiberene probably have the following con-
stitutions —

H.

CH CH2 CH CH

H2C.

H3C.CH CH
Zingibereue.

CH,
Iso zingiberene.

CADINENE.

Cadinene owes its name to its occurrence in considerable quantity
in oil of cade—which, of course, is not a true essential oil, but the pro-
duct of destructive distillation. It is found in numerous essential oils,
including those of patchouli, savin, galbanum, camphor, cedar wood,
West Indian santal, juniper, and many others. Cadinene is best pre-
pared as follows: —

The fraction of oil of cade boiling at 260° to 280° is converted into
cadinene dihydrochloride by saturating its solution in dry ether with dry
hydrochloric acid gas. The hydrochloride is separated, dried, and
jrecrystallised, and the hydrochloric acid removed by heating it with
aniline or with sodium acetate in glacial acetic acid. The liberated
cadinene is rectified in a current of steam. Cadinene from oil of cade
is highly laevo-rotatory, the dextro-rotatory variety being obtained from
Atlas cedar oil and West Indian sandalwood oil.

The purest specimens of cadinene prepared have the following char-
acters —

Specific gravity
Refractive index
Optical rotation
Boiling point

0 9215
1-5065

-105° 30'
272° to 275°

Lepeschkine1 prefers the use of sodium ethylate for the regeneration
of the sesquiterpene, and gives the following figures for pure cadinene
so produced: —

Specific gravity
Refractive index
Optical rotation
Boiling-point .

0 9183 at 20°
1 5073
- 111°

271°to 272°

Cadinene yields a beautiful colour reaction when a few drops are
dissolved in chloroform and shaken with a few drops of concentrated
sulphuric acid. The liquid turns dark green, passing to blue and be-
coming red on warming. If acetic acid be used instead of sulphuric
acid, the blue colour is more marked.

Cadinene forms a well - defined crystalline dihydrochloride,
C15H24. 2HC1. In order to prepare it most successfully the fraction of
oil of cade boiling between 260° and 280°, as mentioned above, is dis-
solved in twice its volume of dry ether, and saturated with dry hydro-
chloric acid gas. The mixture is allowed to stand for several days and

1 Jour. Soc. phys. chim. Russ. , 40, 698.



84 T H E C H E M I S T E Y O F E S S E N T I A L O I L S

a por t ion of t h e e t h e r is d is t i l led off. O n fu r the r evapora t ion , t h e
d ihydroch lo r ide crysta l l i ses out. T h e c rys t a l s a r e s e p a r a t e d , w a s h e d
w i t h a l i t t le alcohol , a n d recrys ta l l i ssd from e thyl a ce t a t e . C a d i n e n e
d ihydroch lo r ide me l t s a t 117° to 118° a n d h a s a specific ro ta t ion (in
5 pe r cen t , chloroform solut ion) — 37°.

C a d i n e n e d i h y d r o b r o m i d e , C J 5 H 2 4 . 2 H B r , is ob ta ined by s h a k i n g cad-
ine dissolved in ace t ic acid w i t h fuming h y d r o b r o m i c acid. I t f o r m s
w h i t e needles me l t ing a t 124° to 125°, a n d h a v i n g a specific ro ta t ion
- 36 13°. T h e d ihydr iod ide , C15H24. 2 H I , p r e p a r e d in a s imi l a r m a n n e r ,
me l t s a t 105° to 106° a n d h a s a specific ro ta t ion - 48°.

C a d i n s n e ni t rosochlor ide , C 1 5 H 2 4 NOC1, is p r e p a r e d by m i x i n g a
solu t ion of cad inene in g lac ia l ace t ic acid, kep t in ice, w i t h e thy l n i t r i t e ,
a n d t h e n a d d i n g a s a tu ra t ed solut ion of hyd roch lo r i c acid gas in ace t i c
acid. I t fo rms c rys ta l s me l t i ng , w i th decompos i t ion , a t 93° to 94°. T h e
ni t rosa te , C 1 5 H 2 4 . N 2 O 4 , is p r epa red by t r ea t i ng a well-cooled m i x t u r e of
t h e s e squ i t e rpene dissolved in glacial aca t ic acid, a n d e thy l n i t r i te , w i t h
a m i x t u r e of n i t r ic ac id a n d ace t ic ac id . T h i s c o m p o u n d m e l t s w i t h
decompos i t ion a t 105° to 110°.

Cadinene is a bicyclic s e squ i t e rpene , w h o s e cons t i tu t ion is n o t
definitely unde r s tood .

C A K Y O P H Y L L E N E .

Caryophy l l ene , a s isolated from essent ia l oils, a n d as usua l ly descr ibed
in l i t e r a tu re is, w i t h o u t t h e s l ightes t doubt , a m i x t u r e of a t l eas t t w o ,
if no t t h r e e d i s t inc t chemica l ind iv idua l s .

Th i s sesqu i te rpene , or m i x t u r e of se squ i t e rpenes , i s found to a con -
s iderable ex ten t in n a t u r e , especia l ly in clove oil, p i m e n t o oil, p e p p e r oil,
c i n n a m o n oil, bs te l oil, copaiba oil, a n d n u m e r o u s o the r essent ia l oi ls . A s
isolated from these oils t h e sesqu i t e rpene h a s t h e fol lowing cha rac t e r s —

Boiling point
Specific gravity
Optical rotation
Refractive index

258° to 261°
0 905 „ 0 910

>7O QO
1-5010

D e u s s e n a n d L e w i n s o h n l w e r e t h e first c h e m i s t s t o show con-
clusively t h a t a t least t w o se squ i t e rpenes a r e p r e s e n t in th i s body. B y
repea ted fract ional dist i l lat ion t h e y sepa ra t ed it i n to t w o bodies h a v i n g t h e
following cha rac t e r s , sugges t ing t h a t t h e former m i g h t be a n op t ica l ly
inact ive se squ i t e rpene , s l ight ly c o n t a m i n a t e d w i t h t h e op t ica l ly act ive
variety: —

Boiling-pMnt (16 mm ) ,
Specific gravity at 20° ,
Ho

i0nD
i

132° to 13i°
0 90346
- 4 67°
1 43973

C. Boiling point (17 mm.)
Specific gravity at 17°
] D .

128° to 128-5°
0-91034
- 23 57°
1-49899

The former of these bodies gave a yield of 20 per cent, of a nitroso-
chloride and 8 2 per cent, of a blue nitrosite. The second gives only a
very small quantity of nitrosochloride and only 0*5 per cent, of nitrosite.

Deussen termed the inactive caryophyllene, as further experiments
showed it to be, a-caryophyllene, and the laevo-rotatory compound, /?-
caryophyllene. A third body was obtained, which yielded no blue nitrosite
at all, to which Deussen assigned the name y-caryophyllene. This body

1 Annalen, 356, 1 ; 359, 245.
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was obtained by heating the alcoholic solution of /?-caryophyllene nitrosite.
It is identical with the body previously known as isocaryophyllene, and
has the following characters —

Boiling point at 14 mm.
Optical rotation

124° to 125°
- 22 22°

Semmler and Mayer l have taken up the study of this complicated
question, and have agreed with Deussen in the main, but have further
complicated the question by introducing fresh nomenclature of a scarcely
scientific character. They consider, as Deussen proved, that crude cary o-
phyllene consists of three distinct chemical individuals: (1) the inactive
a-caryophyllene isolated by Deussen, which is probably identical with the
sesquiterpene from oil of hops described as humulene; (2) terj>caryo-
phyllene, so called because Semmler considers it to be in some degree
related to terpinolene, and (3) ^'w-caryophyllene, so called on account of
its believed relationship in some remote manner to limonene. The follow-
ing formulae have been suggested for the last named two modifications —

C—CH.

CH., CH,
T0rp- caryophyllene.

CH
jLi?M-caryophyllene.

T0rp-caryophyllene and Zm-cary ophyllene can be converted the one
into the other by the preparation of their nitrosites or their nitroso-
chlorides, and subsequent regeneration of the sesquiterpene. They also
both yield the same hydrochloride, melting at 69°.

Schimmel & Co.2 showed that by treating caryophyllene hydro-
chloride melting at 69° (68° to 70°) with sodium ethylate, an unsaturated
tricyclic sesquiterpene resulted. This body has the following characters —

1 Ber ichte, 44, 3657. * Report, October, 1910, 180.
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Boiling-point at 738 mm 257° to 259°
Specific gravity . 0*919
Optical rotation . . . . . - 35° 37'
Refractive index 1 49586

If milk of lime be used as the regenerating reagent, a different sesqui-
terpene results, which has the following characters: —

Boiling-point at 738 mm 257° to 258°
Specific gravity . 0 9117
Optical rotation - 35° 28'
Refra3tive index 1- 49941

Semmler and Mayerl agree that the reagent used and the conditions
of temperature, etc., govern the character of the sesquiterpene, or mixture
of sesquiterpenes which result. By using sodium methylate very cau-
tiously, they obtained a caryophyllene having the following characters —

Boiling-point at 12 mm . . . . 121° to 122 5°
Specific gravity at o . . 0 8996
Optical rotation . . . . . . +19°
Refractive index . . . . . 1-4990

So that by suitable procedure it is possible to regenerate dextro-
caryophyllene from the crystalline hydrochloride.

By using pyridine to split off the hydrochloric acid, Semmler and
Mayer obtained a caryophyllene substantially identical with that obtained
by Schimmel, but of optical rotation - 57°, indicating that Schimmel's.
body was a mixture of the two compounds. Semmler and Mayer give
the following formulae for the caryophyllenes indicated by the above,
together with that of the hydrochloride, to indicate the transpositions,
which occur:—

CH9 CH
/ \ "

H2C C
\ / C H 3

Of
[ | CH2| \CH 3

O 0 I (-'H.2

(1) Bicyclic regenerated caryophyllene.

CH2 CH
/ \ " H / l \ /CH,

HC C 1 C/
II | CHJ ^CH 3
C C ICtL,

y\ / i \ 1 // \ / \ \ l /
H3C CH2CH3CH

(2) Tricyclic caryophyllene.

/
H2C

" | |

H3C

CH9
/ \ >

C
I

31 C1C

b H C P

CH
/ \ /CH 3

C :
CH2| \ C H ,

CH9

e.^^^ Dihydrochloride.

I
0

H3C

CH2

/ \ "
x c '

II
c

"ITT riTTj

CH
/ \ CH

CH2
 \ C H ,
CH2

\ /

3̂) The caryophyllene which yields a
blue nitros te.

Formula (1) would thus indicate the natural dextro-caryophyllene
of clove stems; formula (2) indicates the highly laevo-rotatory caryo-
phyllene resulting from regeneration by means of pyridine, and (3) may
represent the a-caryophyllene of Deussen.

lBerichte, 43 (1910), 3451.
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If these assumptions be correct, there must be at least four natural
sesquiterpenes of the caryophyllene character, namely, those represented
by formulae (1) and (3), and the terp-caryophyllene and Zzm-caryo-
phyllene of Semmler. The most characteristic derivatives of the
caryophyllenes are the following —

Caryophyllene dihydrochloride, Cj5H24.2HCl, may be obtained by
saturating a quite dry ethereal solution of the sesquiterpene with dry
hydrochloric acid gas, and exposing the mixture to very intense cold. It
melts at 69° to 70°.

Caryophyllenic alcohol, Clf,H26O, is the easiest crystalline derivative to
obtain for purposes of identification. The fraction of the oil containing
caryophyllene is heated for a considerable time on the water-bath, using
25 grams with a mixture of 20 grams of strong sulphuric acid, 40 grams
of water, and 1000 c c. of glacial acetic acid. When the reaction is com-
plete, the mixture is steam-distilled. At first acetic acid and a mobile
oil pass over, and then a much less volatile product, which solidifies on
cooling. This is collected and purified by crystallisation from alcohol.
It is caryophyllenic alcohol, and melts at 94° to 96°. It forms a phenyl-
urethane melting at 136° to 137°. On treatment with dehydrating agents
this alcohol yields not any modification of car yophyllene above described,
but a sesquiterpene which is known as clovene, but which is probably just
as accurately described as an isomeric cary ophyllene as any of the other
sesquiterpenes in question. It is, however, described below under a
separate heading in order to be in conformity with the current, although
unsatisfactory, nomenclature.

Caryophyllene nitrosochloride, (C15H24)2N2O9C12, is obtained when a
mixture of the sesquiterpene, alcohol, ethyl acetate, and ethyl nitrite is
cooled in a freezing mixture, and then treated with a saturated solution
of hydrochloric acid in alcohol. The reaction mass is allowed to stand
on ice for an hour and is then exposed to sunlight. Thus prepared it
melts at about 158° to 163°, and can be separated into two compounds,
one being that of a-caryophyllene and the other that of /^-caryophyllene
Deussen's sesquiterpenes of natural caryophyllene from clove oil), a-
caryophyllene nitrosochloride melts at 177°, and ^-caryophyllene nitroso-
chloride at 159°. They can be separated by fractional crystallisation.
The corresponding a-nitrolbenzylamine melts at 126° to 128°, and the /?-
nitrolbenzylamine at 172° to 173°. The bimolecular formula given above
is probable but not certain.

Nitroso-caryophyllene, C15H2gNO, is prepared by splitting off hydro-
chloric acid from the corresponding nitrosochloride, by means of sodium
methylate. a-Nitrosocaryophyllene melts at 116° and is optically in-
active (as is the a-nitrosochloride), and /3-nitrosocar yophyllene melts at
120° to 121° and has a specific rotation + 61 77° (as against - 98 07° for
the /?-nitrosochloride).

Caryophyllene nitrosite is an interesting compound. It has the
formula C15H24N2O3, and was first produced by Schreiner and Kremers.1

It is formed by treating a mixture of equal volumes of the sesquiter-
pene and petroleum ether with a concentrated solution of sodium nitrite
and glacial acetic acid. It crystallises in fine blue needles; when re-
crystallised from alcohol it melts at 115° and has a specific rotation
+ 103°.

1 Pharm. Archives, 2 (1899), 283.
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By treating this blue nitrosite, which Deussen calls /?-caryophyllene
nitrosite, with alcoholic potash at 0°, it is converted to a colourless isomer,
melting at 139°, which Deussen terms /:?-caryophyllene isonitrosite. By
treatment with boiling petroleum ether decomposition takes place and a
compound melting at 159° is formed, of formula not yet established, and
a nitro-compound of the formula C15H22N2O4, melting at 13O5°.

From the mother liquors of the preparation of the nitrosite from
caryophyllene, a sesquiterpene is obtained, which may be the product of
inversion by acids, or may be naturally present. It has the following
characters:—

Specific gravity
Refractive index
Optical rotation

0-8990 at 20°
1-49617
- 25°

This body has been termed by Deussen isocaryophyllene. I t yields
two nitrosochlorides, a-isocaryophyllene nitrosochloride melting at 122°,
and /2-isocaryophyllene nitrosochloride melting at 146°.

A study of the oxidation products and nitroso-derivatives of caryophyl-
lene, leads Deussen to consider that this sesquiterpene is a naphthalene
derivative of the formula—

CH

CH
/ \ C H

OH,

CH2r/

CH, CH,

C

C C H ,

CH, C H ,

The above considerations indicate the complex nature of the hydrocarbons
known as caryophyllene. For practical purposes, however, the compounds
indicated are obtained of practically definite melting-points, and, in spite
of the complicated isomerism existing amongst most of them, are useful
for identification of the sesquiterpene or mixture of sesquiterpenes, occur-
ring naturally and known as "caryophyllene".

H U M U L E N E .

Humulene is the name .assigned by Chapman l to the sesquiterpene
which he isolated from essential oil of hops'. I ts characters are as
follows:—

Specific gravity
Boiling-point

I t is probably optically inactive,
were prepared :—

0-9001 at 20°
263° to 266°

The following derivatives of humulene

1Journ. Chem. Soc., 67 (1P95), 54. 7^0.
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Humulene nitrosochloride, C15H24NOC1, melts at 164° to 165°, and
yields a nitrolpiperidine, C15H24NO . N . C5H10, melting at 153°, and a
nitrolbenzylamine, C15H24NO . N . C7H7, melting at 136°.

Humulene nitrosate, C15H24N2O4, melts at 162° to 163°.
Humulene nitrosite, C15H24N2O3, was obtained in two modifications,

one forming blue crystals melting at 120°, and the other colourless melt-
ing at 166° to 168°.

Deussen 1 considers that the nitrosate above described is identical
•with that of a-caryophyllene, and that the nitrosochloride is identical
with that of the same sesquiterpene. He therefore considers that
ihumulene is, at all events i in greater part, actually a-caryophyllene.

The similarity between humulene and caryophyllene had not escaped
•Chapman's notice at the time that he isolated humulene, but as he was
unable to prepare a hydrate, which is one of the easiest of the caryo-
phyllene derivatives to obtain in a pure state, he concluded that the
•sesquiterpene was not identical with caryophyllene. Eecent work by
Semmler does not tend to establish the identity of the two sesquiterpenes,
and unless and until further evidence to the contrary is forthcoming,
humulene may be regarded as a definite chemical individual.

SELINENE*

Selinene is a bicyclic sesquiterpene occurring in essential oil of celery.
Its presence was first indicated by Ciamician and Silber 2 who announced
the isolation of a sesquiterpene boiling at 262° to 269°, but no charac-
teristic derivatives were prepared. Schimmel & Co.3 examined this
sesquiterpene to which they assigned the name selinene. They prepared
a solid dihydrochloride melting at 72° to 74° and having a specific rota-
tion + 18°. The pure sesquiterpene, regenerated from the dihydrochloride
by means of sodium ethylate had the following characters:—

Boiling-point
Specific gravity . . . . . .
Optical r o t a t i o n .
Eefractive i n d e x .
Molecular refraction

. 268° to 272°
0-9232
+ 49° 30'
1-50483
65-82

The most recent work, however, on the sesquiterpene is that of
Semmler and Eisse.4 From the crude selinene, prepared by fractional
distillation, they prepared the crystalline dihydrochloride, C15H24 . 2HC1,
melting at 72° to 74°, by passing a mixture of 1 part of dry hydro-
chloric acid gas with 3 parts of air, into the sesquiterpene dissolved in
ether. This compound on digestion at very gentle heat, with a solution
of caustic potash in methyl alcohol, yields selinene, which the authors
Conclude is a doubly unsaturated bicyclic compound. The characters of
.the selinene thus obtained are as follows :—

Boiling-point at 11 mm 128° to 132°
Specific gravity at 20° 0-919
Refractive index 1-5092
Optical rotation + 61° 36'

By reducing selinene with sodium alcohol, tetrahydroselinene was

1 Jour, prakt. Chim. [2], 83, 483. 2 Berichte, 30, 496.
J Report, April, 1910, 32. 4 Berichte, 45, 3301; 46, 599.
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obtained, of the formula C15H28. This body has the following char-
acters :—

Boiling-point at 10 mm 125° to 126°
Specific gravity at 20° 0-888
Optical rotation + 1° 12'
Refractive index 1-48375

In a second specimen prepared the optical rotation was + 7°.
Selinol, an alcohol of the formula C15H26O, was prepared from the

dihydrochloride by shaking it for thwrty-six hours at a temperature of 95°
with milk of lime. It is a yellow oil, boiling at 155° to 163°. This
alcohol yields dihydroselinol, C15H28O, when reduced by hydrogen in the
presence of finely divided platinum. This body melts, after crystallisation
from diluted acetic acid, at 86° to 87°.

They have also carried out the oxidation of selinene by means of
ozone and potassium permanganate and have thus been able to establish
that the regenerated selinene is not absolutely identical with the natural
selinene. They are the first to record the existence of a hemi-cyclic-
sesquiterpene ; this compound is termed pseudo-(/3)-selinene. By passing
a current of ozone into a solution of natural selinene (pseudo-(/3)-selinene)^
in acetic acid, there is obtained a diketone, C13H20O2, which is purified by
treatment with permanganate in acetone solution. Its properties are as-
follows:—

Boiling-point at 11 mm 179° to 180°
Specific gravity 1-0644 at 20°
Refractive index 1-49983
Optical rotation + 6° 36'

Its disemicarbazone, C15H26N0O2, melts at 228° C. with decomposition..
The diketone regenerated by the action of oxalic acid on the disemicar-
bazone has the following properties :—

Boiling-point at 11 mm 178° to 180°
Specific gravity 1O566 at 20°
Refractive index 1-4994
Optical rotation . . . . . . . . + 15°

The principal oxidation product of the selinene regenerated fronl the
dihydrochloride is a diketocarboxylic acid, of the formula C14H2404,
melting at 226°.

Semmler deduces from these results that natural selinene is composed
of a mixture containing principally the hemicyclic pseudo-(/2)-selinene,
together with a small quantity of ortho-(a)-selinene. By passing through,
the dihydrochloride it is possible to convert the pseudo-(/3)-selinene into
the ortho-(a)-selinene or regenerated selinene, which contains only a
small proportion of the fi form. Both yield the same solid dihydro-
chloride. Selinene affords a typical example of the possibility of the
displacement of the double bond from the side chain into the nucleus.

The following structural formulae represent, according to Semmler,,
the constitutions of the two forms of selinene and illustrate how they
both yield the same dihydrochloride and the same tetrahydroselinene.

Selinene is still another case of unhappy nomenclature. The natural
body is first known as selinene. The regenerated sesquiterpene is termed
ortho-a-selinene, and because the natural, originally named selinene does*
not agree with the artificial body, it is now called " pseudo-Beliuene "..
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THE SANTALENES.

Two distinct sesquiterpenes exist in the essential oil of Santalum
album, known as a-santalene and yS-santaleme. /3-santalene is probably
a bicyclic and a-santalene a tricyclic sesquiterpene. These sesquiter-
penes were discovered by Guerbet.1 From the method of their prepara-
tion it is doubtful whether they have been obtained in a state of purity,
so that the characters assigned to them must be accepted with some
reserve, and as probably being only approximate.

a-santalene has, according to Semmler, the following characters :—
Boiling-point at 9 m m . 1 1 8 ° to 120°

„ „ 760 m m . 2 5 3 ° „ 254°
Specific gravity at 20° 0-8984
Refractive i n d e x . 1-4910
Optical r o t a t i o n . - 15°

/3-santalene has, according to Semmler, the following characters :—
Boiling-point at 9 mm.

„ „ „ 760 mm.
Specific gravity at 20°
Refractive index .

125° to 127°
261° „ 262°

0-892
1-4932
- 35°Optical rotation .

a-santalene, according to Schimmel & Co., has the following char-
acters :—

Boiling-point at 7 m m . . 118°
„ „ „ 753 m m . . 252°

Specific gravity at 1 5 ° . . 0 - 9 1 3 2
Refractive index at 1 5 ° . 1 - 4 9 2 0 5
Optical r o t a t i o n . . . - 3° 34'

whilst Schimmel's values for /3-santalene are as follows :—
Boiling-point at 7 m m . 1 2 5 ° to 126°
Specific gravity at 2 0 ° . 0 - 8 9 4
Refractive index at 20° 1-4946
Optical r o t a t i o n . - 41° 3'

/2-santalene has been synthesised by Semmler and Jonas by heating
Z-a-phellandrene and isoprene in a sealed tube.

No crystalline hydrochlorides could be obtained from either santalene.
a-Santalene forms a liquid dihydrochloride of optical rotation + 6°, when
dry hydrochloric acid is passed through its ethereal solution. It also
forms a crystalline nitrosochloride melting with decomposition at 122°,
and a nitrol-piperidide melting at 108° to 109°. /2-santalene forms
-corresponding compounds, the dihydrochloride having a rotatory power
+ 8°. It forms, however, two isomeric nitrosochlorides, C15H24NOC1.
They may be separated by fractional crystallisation from alcohol. One
melts at 106°, the other at 152°. The corresponding nitrol-piperidides
melt at 105° and 101° respectively.

By the dehydration of the isomeric santalols contained in sandalwood
oil, Guerbet obtained two sesquiterpenes, which he designates a-isosantalene
and /3-isosantalene, according to the santalol from which they are re-
spectively obtained. He assigns to them the following characters :—

Boiling-point Optical Rotation.
a-isosantalene 255° to 256° + 0-2°
£-isosantalene 259° „ 260° + 6-1°

1 Compt. Rend., 130 (1900), 417, 1324.
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ATRACTYLENE.

Gadamer and Amenomiyal have prepared a well-defined sesquiterpene
which they term atractylene, by dehydrating atractylol, a crystalline
sesquiterpene alcohol separated from the oil of Atractylis ovata. It is
an oil with an odour of cedar wood, and is probably bicyclic. It poly-
merises on keeping and has the following characters —

BoiliDg-point at 10 mm 125° to 126°
Specific gravity 0-9101 at 20°
Refractive index . . 1-50893

It yields a liquid dihydrochloride, from which, by the action of
aniline, hydrochloric acid is split off. The regenerated sesquiterpene,,
however, differs in character from atractylene.

GUAIENE.

By dehydrating guaiol, the sesquiterpene alcohol present in guaiac
wood oil, Wallach and Tuttle 2 obtained a bicyclic sesquiterpene which
they called guaiene. It has been obtained by different methods by other
observers from guaiol, and its characters are recorded as follows —

Specific gravity about 0-910 at 20°

Refractive index „ 1 5010
Optical rotation . . . . from - 40-35° to - 66-11°
Boiling-point 124° to 128° (at 9 to 13 mm ).

No crystalline derivatives have been prepared.

CAPARRAPENE.

Tapia3 has prepared this bicyclic sesquiterpene by distilling capar-
rapiol,the sesquiterpene alcohol present in caparrapi oil, with phosphoric
anhydride. It is a colourless oil having the following characters —

Boiling-point
Specific gravity .
Refractive index
Specific rotation .

240° to 250°
0-902 at 16°

1-4953
- 2-21°

Its glacial acetic acid solution gives a rose-violet coloration on the
addition of a few drops of sulphuric acid.

CYPRESSENE.

Odell4 has isolated from the wood of Taxodium distichum (the so-
called southern cypress) a sesquiterpene which he terms cypressene. It
has the following characters :—

Boiling-point at 35 mm 218° to 220°
„ „ „ 778 mm . . . . . 295° „ 300°

Specific rotation + 6-53°

It yields, on oxidation with nitric acid, an acid having the odour of
isovaleric acid. It is probably trycyclic.

1 Arch, der Pharm., 241 (1903), 33. 2 Annalen, 279 (1894), 396.
*Bull. Soc. Chim., 19 (iii.), 638. 4Jour. Amer. Chem. Soc., 33, 755..
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GURJUNENE.

Deussen and Philipp1 have separated the sesquiterpene fraction of
gurjun balsam oil into two distinct sesquiterpenes which they term
a-gurjunene and /3-gurjunene. The former is a tricyclic and the latter
a bicyclic compound. By repeated fractionation they obtained a-gur-
junene, boiling at about 119° at 12 mm., and which had an optical rota-
tion of not less than - 61°. They found /2-gurjunene to boil at 123° at
12 mm., and to be slightly dextro-rotatory. Semmler and Spornitz2
Tiave, however, prepared /2-gurjunene in a state of purity. By oxidising
the mixed sesquiterpenesin acetone solutionwith potassium permanganate
the a-sesquiterpene is readily oxidised, whilst /3-gurjunene is attacked
only with difficulty. The latter was obtained in a state of purity and
had the following characters :—

Boiling-poiDt 113-5° to 114° at 7 mm.
Specific gravity at 20° 0*9329
Refractive index 1-50526
Optical rotation more than + 19°

When reduced by spongy platinum it yields dihydro-/2-gurjunene,
<O15H26, having the following characters :—

Boiling-point
Specific gravity at 20°
Refractive index
Optical rotation

115° to 117° at 7 mm.
0-9239
1-4949
- 37°

Semmler considers /?-gurjunene to resemble the tricyclic sesquiterpene,
cedrene, so that it is doubtful whether it is bicyclic or tricyclic.

According to Deussen, both a- and /3-gurjunene yield, on oxidation, a
ketone C15H24O, which yields a semicarbazone melting at 234°, and has
the following characters :—

Boiling-point at 12 mm 175° to 178°
Specific gravity 1-0160
Optical rotation + 120° to + 130°
Refractive index . . . . . . 15303

When rectified gurjun balsam oil, that is, a mixture of a- and /?-gur-
junene, is saturated in ethereal solution with hydrochloric acid gas, and
the mixture is left standing for two days at room temperature, and the
hydrochloric acid abstracted by heating with sodium acetate, the re-
generated sesquiterpene appears to be a bicyclic compound having the
following characters :—

Boiling-point 129-5° to 132° at 12 mm.
Specific gravity 0-9183
Refractive i n d e x . . . . . . . 1-5057

Deussen and Philipp term this sesquiterpene isogurjunene.
Semmler and Jakubowick 3 have isolated a tricyclic gurjunene from

the oil having the following characters :—

Specific gravity 0'9348
Optical rotation + 74*5°
Refractive i n d e x , 1 - 5 0 2 7 5

lAnnaleny 374 (1910), 105. 2Berichte, 47 (1914), 1029. sIbid., 1141.
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COPAENE.

Semmler and Stenzell have isolated a sesquiterpene which they term
«jopaene, from African copaiba oil. It is probably a tricyclic compound.
Its physical characters are as follows :—

Boiling-point at 10 mm 119° to 120°
Specific gravity 0-9077 at 17°

„ rotation - 13° 35'
Befractive index 1-48943

It does not yield a solid nitrosochloride, nor a nitrosite, but it yields
a crystalline hydrochloride, melting at 117° to 118°, which is identical
with cadinene hydrochloride. Semmler considers copaene to have the
iormula—

H.,C

CH(CH3) CH,
Copaene.

It yields on reduction dihydrocopaene, a compound boiling at 118° to
121° at 12 mm. By oxidation by ozone or by permanganate of potas-
sium it yields a ketonic acid of the formula C15H24O3, which forms a
isemicarbazone melting at 221°. These derivatives characterise copaene
M a new sesquiterpene. Its characters, however, have only been very
alightly investigated at present.

SESQUICAMPHENE.

Semmler and Eosenberg 2 have identified a new sesquiterpene in the
iligher boiling fractions of camphor, oil, to which they have given the
name sesquicamphene. This compound has the following characters :—

Boiling-point at 8 mm 129° to 133°
Specific gravity at 20° 0-9015
Optical rotation . . . . . . . . . +3°
Refractive index 1-50058

It is a doubly unsaturated bicyclic sesquiterpene from which no
•crystalline derivatives have, so far, been prepared.

CEDKENE.

Cedrene is the naturally occurring sesquiterpene of cedar wood oil
of which it forms the principal constituent. It is a tricyclic compound
Jiaving the following characters :—

1 Berichte, 47 11914), 2555. 2 Ibid., 46 (1913), 768.
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Boiling-point at 12 mm 124° to 126°
„ „ „ 760 mm 262° „ 263°

Specific gravity 0-9354
Optical rotation . . . - 55°
Refractive index 1-50233

The above figures are for the purest specimen of natural cedrene which
has been prepared.

Semmler and Hoffmann l have examined this sesquiterpene in con-
siderable detail. It was dissolved in acetone and oxidised with potassium
permanganate, and the indifferent products thus obtained were separated
by fractional distillation. Cedrene glycol, C15H26O2, was obtained to the
extent of 12 to 15 per cent. ; it crystallises from acetone in prisms, melt-
ing at 160°.

In addition to the glycol, a compound, C15H24O2, was formed, which
Semmler and Hoffman regard as a keto aldehyde, or a diketone, of
specific gravity 1*055.

When cedrene was oxidised with permanganate, there were chiefly
formed products of an acid nature, from which a cedrene keto acid,
C15H24O3, was isolated, which boiled at 215° to 222° (11 mm. press.).
Its semicarbazone melts at 245° and its oxime at 60°.

When cedrene is oxidised by chromic acid, in acetic acid solution,
a mixture of two ketones is obtained, of which the principal is a body to
which the name cedrone has been assigned. Cedrone has the following
characters:—

Boiling-point at 9 mm 147° to 150-5°
Specific gravity 1-0110° at 12-5°
Optical rotation - 91° 30'
Refractive index 1-51202

It is a yellowish liquid having a strong odour of cedar wood, and forms
a semicarbazone, melting at 242° to 243°.

By the reduction of cedrone by means of sodium and alcohol, there
is formed dihydro-isocedrol, C15H26O, boiling at 148° to 151° C. under a
pressure of 9*5 mm. When cedrene is heated at 180° to 210° C. with
hydriodic acid and red phosphorus, and the product formed is reduced
by sodium and alcohol, a body C15H26 is obtained, which Semmler de-
scribes by the name dihydro-cedrene. It boils at 116° to 122° C. under
12 mm. pressure; its specific gravity is O9052 at 15° C.

Although the constitution of cedrene is not understood, Semmler and
Hoffmann consider that the following complexes are present in the
various bodies described :—

C C C C

C CH C CHOH C COOH C CO

C—CH3 C(OH).CH3 CO—CH3 C—CH3

I II III IV

in cedrene (I), cedrene-glycol (II), the ketonic acid (III), and cedrone (IV).
Semmler and Eisse2 have studied the oxidation of cedrene by means

of ozone. They obtained the keto-acid, C15H24O3, which on further oxida-
tion either by means of bromine or nitric acid yields a dicarboxylic acid,

1 Berichte, 40 (1907), 3511. 2 Ibid., 45 (1912), 355.
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C14H2204, melting at 182'5. The formation of this cedrene-dicarboxylic
acid serves for the detection of cedrene in essential oils. It is sufficient
if the fraction to be examined be oxidised by permanganate or ozone, and
the acid obtained (boiling-point at 10 mm. - 200° to 220° C.) be then
oxidised further, either by an alkaline solution of bromine or by nitric
acid. Even very small proportions of cedrene have definitely led to the
obtaining of this acid melting at 182'5° C.

Semmler and Mayer 1 have isolated from the oil of cedar wood an
alcohol, pseudocedrol. There also exists in the oil a sesquiterpene
alcohol, cedrol. The latter, on dehydration yields cedrene, which is-
probably identical with, or very closely allied to, natural cedrene, whilst,
pseudocedrol yields a mixture, when heated in a sealed tube, of cedrene
and dihydrocedrene. Dihydrocedrene is a colourless oil having the
following characters:—

Boiling-point at 10 mm 109° to 112°
Specific gravity at 20° 0'907
Optical rotation + 37°
Refractive index 1-4882

By reducing natural cedrene with hydrogen in the presence of spongy

platinum, a dihydrocedrene is obtained which has the following char-

Boiling-point at 10 mm 122° to 123°
Specific gravity at 20 0 9201
Optical rotation + 2°
Refractive index 1-4929

No crystalline halogen derivatives of cedrene have been prepared, only
liquid compounds being obtained when the sesquiterpene is treated by
the usual processes.

CLOVENE.

When caryophyllene alcohol is dehydrated by means of zinc chloride
or phosphorus pentoxide, a hydrocarbon results, which does not appear
to be identical with any of the sesquiterpenes described under the name
caryophyllene. It has therefore been named " clovene ". Clovene has
the following characters:—

Boiling-point 261° to 263°
Specific gravity 0-930 at 18°
Refractive index 1-50066 at 18°
Molecular refraction . . . . . . . . 64'77

VETIVENE.

A sesquiterpene was isolated from oil of vetivert by Genvresse and
Langlois,2 and was named by them vetivene. This body, or mixture of
bodies, has, more recently, been examined by Semmler, Bisse, and
Schroeter.3 There is no evidence, however, that the sesquiterpenes de-
scribed as vetivene were obtained in a state of purity. From a German
distilled oil they prepared a tricyclic " vetivene " and a bicyclic vetivene,
having the following characters :—

1 Berichte, 45 (1912), 1384. 2 Comptes rend., 135, 1059.
3 Berichte, 45, 2347
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Tricyclic
Vetivene

137° to 140°
0 9355
1 51126
- 12° 16'

il distilled

A
124° to 127°

0 9299
1-5130
- 2°

Bicyclic
Vetivene

137° to 140°
0-9321
1-51896
- 10° 12'

in Bourbon ha

B.
128° to 132°

0 9322
1 52164

- 12° 36'
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Boiling-point at 16 mm.
Specific gravity at 20° .
Refractive index 1
Optical rotation -

The sesquiterpenes obtained from a
following characters —

Boiling point at 9 mm.
Specific grav ity at 20° .
Refractive index 1 - 5 1
Optical rotation - 2 ° -

The former is considered to contain mostly tricyclic vetivene, and the
latter bicyclic vetivene. The great differences in the characters of these
sesquiterpenes are strong evidence of their impurity, and the above
characters must be accepted with considerable reserve.

Two isomeric alcohols, known as vetivenol, also exist in the oil.
By treatment with phosphorus pentachloride this mixture of
alcohols is converted into a chloride, or mixture of chlorides, which
on reduction yields an artificial vetivene, having the following char-
acters :—

Boiling point at 9 mm 121° to 127°
Specific gravity at 20° 0-9296
Optical rotation - 25° 48'
Refractive index . . . . . . . . . 1-51491
Molecular refraction 66 1

In another experiment the resulting sesquiterpene, after treatment
with permanganate of potassium, had a dextro-rotation, + 6° 12' .

SUGININE.

The wood of Cryptomeria japonica, a Japanese cedar tree, yields an
oil which contains a sesquiterpene to which the name suginene has been
assigned. It has the following characters —

Specific gravity 0*918
„ r o t a t i o n . . . - 10° 34'

It yields a liquid hydrobromide of specific gravity 0'988 and specific
rotation - 11° 15'.

SESQUICITRONELLENE.

Semmler and Spornitzl have isolated a sesquiterpene from Java
citronella oil, which they have named sesquicitronellene. It has the
following characters :—

Specific gravity at 20° . 0-8489
Optical rotation + 0° 36'
Refractive index 1-5325
Boiling point at 9 mm . . . . . 138° to 140°

Benchte, 46 (1913), 4025.



THE CONSTITUENTS OF ESSENTIAL OILS 99

CALAMENE.

Semmler and Spornitzl have isolated a sesquiterpene from the oil of
Acorus calamus, which they have termed calamene. This body has the
following characters :—

Boiling-point at 10-5 mm 123° to 126°
20°Specific gravity at . 0 - 9 2 2 4

Optical rotation +5°
Refractive index 1-50572

HEBABOLENE.

This body is apparently a tricyclic sesquiterpene. It was isolated
from essential oil of Herabol myrrh by Von Friedrichs,'2 who found it to
have the following characters:—

Boiling-point at 16 m m . . 1 3 0 ° to 136°
Specific gravity at 2 0 ° . . 0'943
Optical r o t a t i o n . . - 14° 12'
Refractive i n d e x . . . 1*5125
Molecular refraction . . 64-98

It yields a dihydrochloride melting at 98° to 99°.

ABOMADENDBENE.

Baker and Smith 3 have isolated from a number of eucalyptus oils,
ft sesquiterpene to which they have given the name aromadendrene.
This compound was separated from the oil of eucalyptus nova-angelica
in the dextrorotatory form, and from the oil of eucalyptus bailey ana
in the laevorotatory form. The two specimens had the following
characters:—

Specific gravity .
Boiling-point

,, „ at 10 mm.
Optical rotation
Refractive index at 20°

1.
0-9222

. 260° to 265°

. 124° to 125°
+ 4-7°
1-4964

2.
0-924

123° to 125
- 3-7°

1-4964.
It yields a characteristic reaction with bromine. If a few drops are

dissolved in 3 c.c. of glacial acetic acid and a little bromine vapour
allowed to pass down the tube, a fine crimson colour forms which
rapidly extends to the whole of the liquid and soon changes to violet and
then to indigo blue; with phosphoric acid, the acetic acid solution gives
a rose madder colour at the junction of the liquids, and when the liquids
are mixed, the colour changes to crimson and then slowly to violet.
Baker and Smith consider that the sesquiterpene contains one double
linkage. Semmler considers that it is a mixture of at least two bodies,
one a bicyclic and the other a tricyclic sesquiterpene.

LlBBOCEDBENE.

A sesquiterpene has been isolated from the oil of the leaves and twigs
of the Californian incense cedar tree, Li!,rocedrus decurrens, which has
been named librocedrene. it has the following characters:—

*Berichte, 46 (1913), 3700. 2 Arch, der Pharm., 245 (1907), 208.
3 A Research on the Eucalypts, 2nd edition, 416.
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Specific gravity
Boiling-point .
Refractive index
Optical rotation

0-929 at 20°
270° (approximate)

1 4994
+ 6 4°

FERULENE.

Semmler, Jones, and Koenisch1 have isolated a sesquiterpene from
the oil of Peucedanum ammoniaciim, which they have termed ferulene.
This substance has the following characters :—

Boiling point at 10 mm.
Specific gravity at 20°
Optical rotation
Refractive index at 20°

126° to 128°
0 8687
+ 6°

1-4837
It is possible that it is not an individual compound, but a mixture of

two bodies.
COSTENE AND ISOCOSTENE.

Semmler and Feldstein 2 have isolated three isomeric sesquiter penes
from the oil of costus root. These have been named a-costene, /2-costene,
and isocostene. They have the following characters:—

Boiling-point
Specific gravity .
Refractive index
Optical rotation .

a costene.

122° to 126° at 12 mm
0-9014 at 21°

1 49807
- 12°

/3 costene.

144° to 149° at 19 mm.
0 8728 at 22°

1 4905
+ 6°

Isocostene.

130° to 135° at 12 mm.
0 906 at 21°

1 50246
+ 31°

ELEMENE.

Elemene is a monocyclic sesquiterpene resulting from the R eduction
of elemol, the sesquiterpene alcohol present in Manila elemi oil8 It has.
the following characters —

Boiling-point at 10 mm.
Specific gravity at 20°
Refractive index .

115° to 117°
0-8797
1-4971

It is possibly a mixture of more than one sesquiterpene.

OPOPONAX SESQUITERPENE.

The fraction of opoponax oil boiling at 135° to 137° in vacuo contains
a sesquiterpene, which has been examined by Schimmel & Co 4 On
fractionation at ordinary pressure, it boiled at about 260° to 270°, and in
this impure condition was dissolved m ether and saturated with hydro-
chloric acid gas. The crystalline hydrochloride which resulted melted
at 80°, and was optically inactive. It has the composition C15H24. 3HC1.

The sesquiterpene is apparently one containing three double linkages.
When regenerated from the hydrochloride by boiling with sodium acetate
in glacial acetic acid, it has the following characters: —

1 Berichte, 50, 1823.
* Ibid. , 49 (1916), 794.

1 4 ) , 2687.4 Report, October, 1904, 68.
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Specific gravity 0-8708
Optical rotation . . . +0°
Refractive index at 26° 1-48873
Boiling-point at 3 mm 114° to 115°

PATCHOULENE.

This sesquiterpene has not been found naturally. It is formed by the
dehydration of the so-called patchouli camphor, a sesquiterpene alcohol,
C16H260, found in oil of patchouli. It has the following characters:—

Boiling-point 255° to 256°
Specific gravity . . . . . . . . . 0-9334
Optical rotation - 36° 52'

Von Soden and Eojahn l have isolated two sesquiterpenes from
patchouli oil, which have the following characters :—

1. 2.
Boiling-point 264° to 265° 273° to 274°
Specific gravity 0-9335 0*930
Optical rotation -58° 45' +0° 45'

MAALI SESQUITERPENE.

Schimmel & Co.2 have isolated a sesquiterpene alcohol from Samoan
resin, known as Maali resin, and by dehydrating it by means of formic
acid have obtained a sesquiterpene which has not been named other
than as Maali sesquiterpene. It has the following characters :—

Specific gravity 0'9190
Optical rotation + 121° 20'
Refractive index . . . " ' 1 - 5 2 2 5 2
Boiling-point 271°

ClTEONELLA SESQUITERPENE.

Ceylon citronella oil contains an olefinic sesquiterpene having the
following characters :—

Specific gravity 0-8643
Refractive index 1-5185 at 15°
Optical rotation + 1° 28'
Boiling-point 280°, with decomposition

No crystalline derivatives have been prepared.

CANNABIS SESQUITERPENE.

A sesquiterpene has been isolated from the essential oil of Cannabis
Indica. This may fairly be considered a definite body, as it has been
isolated by many different observers and described by them at different
times. Valenta3 first mentions it. Vignolo4 describes it as a mobile
liquid boiling at 256°, of specific gravity *897 at 15°, and slightly laevo-
rotatory. Wood, Spivey, and Easterfield5 give the boiling-point as 258°
to 259°, the specific gravity as '898 at 18°, and the rotation as - 8*6°.

1 Berichte, 37 (1904), 3353. 2 Report, November, 1908, 137.3 Gazzetta, 1880, 540. 4 Ibid, 1895, HO.5 Jour. Chem. Soc., 1896, 543.
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The name cannibene may be applied to this hydrocarbon. Personne first
gave this name to what is now known to be an impure compound obtained
from the oil.

GONOSTYLENE.

This sesquiterpene is obtained by the dehydration of the sesquiterpene
alcohol gonostylol. It has the following characters:—

Boiling-point at 17 mm 137° to 139°
Specific gravity at 17° 0-9183

„ rotation + 40° (in alcohol)
Molecular refraction . . . . . . . 66*7

EUDESMENE.

Eudesmene is a sesquiterpene obtained by the dehydration of eudesmol,
the sesquiterpene alcohol found by Baker and Smith in several species of
eucalyptus oil. It has the following characters :—

Boiling-point at 10 mm 129° to 132°
Specific gravity at 20° 0'9204

„ rotation +49°
Refractive index 1*50738

It forms a dihydrochloride melting at 79° to 80°. The sesquiterpene re-
generated from the dihydrochloride has slightly different characters, so
that a molecular rearrangement is probable; and the regenerated " eudes-
mene " may contain another sesquiterpene. Its characters are as
follows:—

Boiling-point at 7 mm 122° to 124°
Specific gravity at 20° 0-9196

„ r o t a t i o n - f + 54° 6'
Refractive index 1-50874

On reduction it yields tetrahydro-eudesmene, C15H30, having the follow-
ing characters :—

Boiling-point at 75 mm 122° to 125°
Specific gravity at 20° 0-8893

„ r o t a t i o n 4 - + 1 0 ° 12'
Refractive index 1-48278

CHINESE PINE SESQUITERPENE.

The essential oil from the oleo-resin of Chinese turpentine l (botanical
origin unknown) contains a tricyclic sesquiterpene, having the following
characters:—

Boiling-point at 2-5 mm 92° to 93°
Specific gravity 0-9408
Refractive index at 20° 1-5031
Optical rotation + 47-3°

It forms a monohydrochloride melting at 58° to 59°.

1 Jour. Chem. Ind. Tokyo, 23, 45.
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LONGIFOLENE.

Longifolene in its dextrorotatory form is a sesquiterpene isolated by
Simonsen1 from Indian turpentine oil from Pinus longifolia. It is a
colourless viscous liquid having the following characters :—

Boiling-point at 706 mm 254° to 256°
„ „ „ 36 mm 150° to 151°

30°
Specific gravity at —0 0-9284
Refractive index at 30° 1-4950
Optical rotation . . . + 42-73°

It yields a crystalline hydrochloride melting at 59° to 60°; a hydro-
bromide melting at 69° to 70°, and a hydriodide melting at 71°.

AZULENE.

This hydrocarbon is not a sesquiterpene, but may be conveniently
dealt with here. It has been thoroughly investigated by Sherndal.2 In
many essential oils, especially those containing sesquiterpenes, a blue
coloration is observed, which becomes concentrated in the higher boiling
fractions. This is especially marked in oil of chamomiles. The body
responsible for this blue colour was separated by taking advantage of
its ready solubility in mineral acids. A very blue fraction wras shaken
out with one-fifth of its weight of 63 per cent, sulphuric acid. After
standing the acid layer was separated, diluted with water, and shaken
with petroleum ether until no more colour was extracted. The dark
blue petroleum was then extracted with phosphoric acid, 85 per cent.
The acid extract, diluted with water, was shaken with ether. On
evaporating the solvent, azulene was left. It was further purified by
steam distillation, and, finally, by distilling in vacuo. It is a viscid
liquid, with a weak phenolic odour, suggestive of thymol. It is a hydro-
carbon, having the formula C15H18. Its specific gravity is 0*9738 at 25°.
Under normal pressure the boiling-point is 295° to 300° C. with decom-
position ; under 25 mm. pressure azulene distils between 185° and 195° C.,
leaving a brown residue.

When azulene is heated with sulphuric acid and acetic anhydride a
sulphonic acid, soluble in water, is formed. This acid forms a fine violet
sodium salt. This sodium salt is not very stable ; when kept for three
months it decomposes into a mixture of oil and resin. Its aqueous solu-
tion gives blue precipitates with calcium and barium salts.

Sherndal considers the formation of a crystalline picrate, melting
at 122°, the best method of identifying azulene. On reduction azulene
yields a dihydro-sesquiterpene, C15H20, and in Sherndal's opinion, it is
closely related to a-gurjunene in constitution.

APLOTAXENE.

Semmler and Feldstein 3 have isolated from the oil of costus root a
hydrocarbon of the formula C17H28, to which they have given the name
aplotaxene. Its characters are approximately as follows:—

1 Jour. Chem. Soc. 1920, 570.2 Jour. Amer. Chem. Soc., 37 (1915), 167, 1537.3 Berichte, 47 (1914), 2687.
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Boiling-point at 11 mm 153° to 155°
Specific gravity at 21° 0'831
Refi active index 1-4830
Optical rotation ±0°

Its low specific gravity indicates that it is an open-chain compound, and
from its easy reduction by sodium and alcohol, into dihydroaplotaxene,
C17H30, and by hydrogen and platinum black into normal heptadecane
CI7H20, it is evident that aplotaxene is a tetraolefinic normal chain hydro-
carbon.

3. ALCOHOLS.

Bodies of an alcholic nature play a very important part in both
natural and synthetic perfumery. They are found to a very large ex-
tent in essential oils, both in the free state and also in the form of esters.
Some that have not so far been recognised as constituents of essential
oils, have been found to be so highly odorous, and so useful as perfume
materials, that they are prepared artificially, and enter largely into the
composition of the synthetic perfumes which to-day are indispensable to
the manufacturer of perfumes. It is obvious that those alcohols which
are soluble in water, such as methyl and ethyl alcohols, although they
may be original constituents of some essential oils, are removed by the
ordinary distillation processes, so that they do not, in fact, appear in the
^essential oil as found in commerce.

The higher homologues of the methane series of alcohols are found,
•sometimes in the merest traces only, in certain essential oils, but their
value in perfumery has been so well established that a number of them
are now manufactured as " synthetics ".

The alcohols of the geraniol series and those of the closed-chain series
are practically insoluble in water, and, where they occur as natural
constituents of essential oils, are present in the distilled oil.

E. Emmet Eeid l describes a method of separating alcohols from
a mixture which may contain primary, secondary, and tertiary alcohols.
It consists in esterifying with phthalic anhydride, and converting the
acid ester into the sodium salt, which reacts with ^-nitrobenzyl bromide,
forming an ester which serves for identification. Primary alcohols com-
bine with phthalic anhydride below 100°, whilst secondary react rapidly
only above 120°. An excess of the alcohol is heated for one hour with
1 gram of phthalic anhydride (a sealed tube being used for the lower
alcohols), and the product is transferred to a separating funnel contain-
ing 10 c.c. of water. About 15 c.c. of ether and 5 c.c. of normal solution
of caustic soda are added, and the whole shaken for five minutes. The
water is drawn off and the ether solution washed with a little water. The
water solution is again extracted with ether. The aqueous solution is
evaporated to dryness, and the sodium salt is transferred to a 100 c.c.
flask with 5 c.c. of water and 10 c.c. of 95 per cent, alcohol. To this is
added 1 gram of j?-nitrobenzyl bromide, and,the mixture is boiled for one
hour on a steam bath under a reflux condenser. The product is then
obtained by evaporation of the liquid, and recrystallised from 63 per cent,
alcohol. The following are the results obtained :—

1Jour. Amcr. Ghent. Soc. (1917), 1249 ; Krogh, P. and O.E.R.
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Alcohol.

Methyl . . . .
Ethyl .
Propyl.
Isopropyl
Allyl .
N-butyl
N-octyl
Benzyl
"Ehenylethyl
Borneol
Isoborneol .

Melting-point of
-̂nitrobenzyl
Phthalate.

Degrees.
105
80
53
74
61-5
62
41
83
84-3

100
87

Strength oi
Alcohol Solvent.

Per Cent.
63
63
63
63
71
76
70
76
76
80
—-

No of c.c. of
Alcohol Required

for about 1 *3
Grams.

9
9

27
30
17
40
30
28
21
20
—

Isobutyl, isoamyl, and cinnamic alcohols, menthol and geraniol gave
j)-nitrobenzyl phthalates which were oily liquids and could not be
crystallised.

METHYL ALCOHOL.

This alcohol, the lowest of the paraffin series, is found in the dis-
tillation waters of a number of essential oils, being soluble in all pro-
portions in water. It does not therefore form a constituent of essential
oils in the form in which they are found in commerce. In the form of
esters, methyl alcohol is found as a constituent of a number of essential
oils, such as, for example, oil of wintergreen, which consists almost en-
tirely of methyl salicylate. Methyl alcohol, CH3OH, is a liquid of specific
gravity 0'810, boiling at 64°.

ETHYL ALCOHOL.

Ethyl alcohol, C2H5OH, is also a natural constituent of a number
of essential oils, but being, like methyl alcohol, soluble in water in
all proportions, it is washed away in the distillation waters. It is an
inflammable liquid of specific gravity 0'794, and boiling at 78°.

ISOBUTYL ALCOHOL.

This alcohol, of the formula (CH3)2CH. CH2OH, is found in the
free state in the distillation water of the oil of Eucalyptus Amygdalina.
It boils at 108*5°, and has a specific gravity 0*8003. It yields a phenyl-
urethane melting at 80°.

ISOAMYL ALCOHOL.

Isoamyl alcohol, (CH3)2. CH. CH2CH2OH, has been found in the free
state in various eucalyptus oils, and also in geranium, lavender, and
peppermint oils. It boils at 131° and yields a phenyl-urethane, melting
at 53°.

HEXYL ALCOHOLS.

Normal hexyl alcohol, CH3. CH2. CH2. CH2 . CH2. CH2OH, is found,
principally in the form of esters, in a few essential oils, especially the oil
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of Heracleum giganteum. It is a liquid of specific gravity 0*824, and
boils at 157°.

An isohexyl alcohol, (C2H5) (CH3). CH . CH2. CH2 . OH (methyl-ethyl-
propyl alcohol), is found in the form of esters in Roman chamomile oil.
This body is an oil of specific gravity O829, optical rotation [a]D =
+ 8-2°, and boiling at 154°.

HEPTYL ALCOHOL.

One of the heptyl alcohols, methyl-amyl carbinol, of the formula
CH

)>CHOH, has been isolated from oil of cloves. It has a
CH 3 (CH 2 ) /
specific gravity 0*8244, and boils at 157° to 158°. On oxidation by
chromic acid, it yields methyl-amyl-ketone, which gives a semicarbazone,
melting at 122° to 123°.

ETHYL-AMYL CARBINOL.

Ethyl-amyl carbinol, ^>CHOH, one of the isomeric octyi'
CH3(CH2)4/

alcohols, has been found as a constituent of Japanese peppermint oil.
It has been prepared synthetically by Pickard and Kenyon 1 by passing
the vapour of a mixture of 145 grams of normal caproic acid and 180
grams of propionic acid through a tube charged with thorium oxide
heated to 400°. By this means they obtained 124 grams of ethyl-amyl-
ketone. This was reduced in a solution of moist ether with sodium, and
the carbinol resulted. It has the following characters :—

20°Specific gravity at -^ 0-8247
Boiling-point at 753 m m . . 1 6 8 ° to 172°

16 mm.
Optical rotation .
Refractive index.
Melting-point of phthalate
Boiling-point of the ketone
Melting-point of semicarbazone

76°
+ 6-79°
1-4252

66° to 68°
165° „ 166°

112°

HIGHER ALIPHATIC ALCOHOLS.

The higher aliphatic alcohols, from octyl alcohol upwards, have-
recently been introduced as perfume materials with considerable success.
Only one or two of them, such as nonyl and undecylenic alcohols, have
so far been detected as natural constituents of essential oils, but other
members of the series are prepared artificially, and are employed in
minute quantities in the preparation of perfumes with characteristic;
fruity bouquets. These alcohols are greatly diminished in perfume value
by traces of impurities. According to H. J. Prins,2 the first interesting
member of the series is octyl alcohol; it has a very sweet, rose-like
odour, and is especially suitable for giving a rose perfume that peculiar
sweet smell which distinguishes a rose from a rose perfume. This-
feature of the aliphatic alcohols diminishes in the series from C8 to 012»

1 Jour. Chem. Soc., 103 (1913), 1923. 2 P. and E.O.E., 1917, 68.



Meltiug-poiut.
- 22° to
- 11° „-
- 10° ,,

13° ,,
- 12° „-

- 21°
- 10°
- 8°

15°
- 11°

Boiling-point
at 13 mm.

95°
102°
110°
142°
128°
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Laurinic or duodecylic alcohol has a soft and not very strong but
delicate odour. These alcohols can be used in much greater quantities
than the corresponding aldehydes. The latter are only admissible in a
perfume base to the extent of from 1 to 2 per cent. The alcohols may
be used in quantities up to 5 per cent. Laurinic alcohol is very suitable
as a basis for perfumes of the lily type, owing to its delicate odour; it
has, moreover, very powerful fixative properties.

Prins (loc. cit.) considers that the melting and boiling-points of these
alcohols are amongst the best criteria of their purity. He gives the
following values for the more important of them :—

Octyl alcohol . - 2 2 ° t
Nonyl ,
Deoyl „
Duodecyl alcohol
Undecylenic ,, . . . . .

It is strange that only the normal alcohols amongst the higher
aliphatic alcohols are of any value as perfumes, the iso-alcohols being
useless.

The following are the only members of the series which have, so far,
been utilised as perfume materials :—

Octyl Alcohol.—this is the primary normal alcohol of the formula
CH3(CH2)6CH2OH. It has an odour recalling that of opoponax, and is
useful in the blending of perfumes of this type. It boils at 196° to 197°,
and has a specific gravity 0*8278. It yields octyl aldehyde on oxidation,
whose naphtho-cinchoninic acid compound melts at 234°.

Nonyl Alcohol.—This is the normal alcohol of the formula

CH3(CH2)7CH2OH.

This alcohol has a marked rose odour, resembling that of citronellol,
and has also a suggestion of orange in it. It can be extracted from
orange oil by saponifying the high boiling constituents and extracting
the alcohol in the form of its phthalic acid compound. It has a specific
gravity 0*840, and refractive index 1-43582. It boils at 98° to 101° at
12 mm. It can be identified by its phenyl-urethane, melting at 62° to 64°.
There is a secondary nonyl alcohol, methyl-heptyl carbinol, which exists
in certain essential oils. It is a liquid of specific gravity 0*8273, and
boils at 198° to 200°. It is of little use, however, for perfumery purposes.

Decyl Alcohol.-This alcohol, of the formula CH3(CH2)8CH2OH, is
often considered to be the most useful of this series. It boils at 110° at
13 mm., and melts at - 10°. Its odour is hardly describable, and al-
though very expensive it is used in such small amounts as to render its cost
but small. It is very useful in modifying the bouquet of numerous flower
odours, and has been well described by an American perfumer as ".an
alcohol which the up-to-date manufacturer uses to deceive the copier of
odours".

Undecylic Alcohol.—This alcohol, CH3(CH2)9CH2OH, may be de-
scribed as of the same general characters as decylic alcohol, useful for
the same purpose, but giving a slightly different modification to the
bouquets. It occurs in Algerian Eue oil and in oil of Trawas. It boils
at 231° to 233°.

Undecylenic Alcohol.—This alcohol is an unsaturated 11-carbon
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alcohol, and therefore not a homologue of ethyl alcohol. It is, however,
so closely related to the series, and so similar to the two last described,
that its inclusion here is convenient. It boils at 128° at 13 mm. and
melts at - 12°. Its constitution is CH2: CH(CH2)8CH2OH. It is being
used to a fairly considerable extent by the more skilful perfumers in the
same way as decyl alcohol.

Duodecylic Alcohol.—This alcohol has the formula CH3(CH2)10CH2OH,
and is used exactly as are the last three described bodies. It is a liquid
boiling at 142° at 13 mm. It 'crystallises at low temperatures, and melts
at 14°.

The above series of alcohols are exceedingly difficult to manufacture,
hence their expense. The general method of their preparation would
theoretically be by distilling the calcium salts of the corresponding fatty
acid with calcium formate, in vacuo. This would yield the correspond-
ing aldehyde, which on reduction would yield the corresponding alcohol.
In practice, however, many technical difficulties arise, and special pro-
cesses have to be used which are kept carefully as trade secrets.

The next group of alcoholic bodies to be studied are those which,
although open-chainl alcohols, show considerable tendency to easily pass
into closed-chain compounds, so that they occupy a definite position of
their own, midway between the ordinary aliphatic series and the closed-
chain series. The principal members of this important group are
geraniol, nerol, linalol, and citronellol, together with the so-called ali-
phatic sesquiterpene alcohols, farnesol and nerolidol.

GERANIOL.

Geraniol, C10H17OH, is a constituent of many essential oils, both in
the free state and in the form of esters. It is present to a very large
extent in palmarosa oil, ginger-grass oil, and citronella oil, principally in
the free state, and in geranium oil, to some extent in the free state, but
principally in the form of esters. It is also an important constituent of
otto of rose, and is present in numerous other oils belonging to the most
distantly related groups.

This alcohol is of the highest importance in artificial perfumery, and
is manufactured on a very large scale from either palmarosa or citronella
oil. It can be separated from essential oils containing it by intimately
mixing them with an equal weight of dry powdered calcium chloride,
and keeping the mixture in a desiccator at - 4° for 16 hours. The soft
mass is then rubbed down with dry petroleum ether, and the liquid por-
tion removed by means of a suction filter. The calcium chloride com-
pound of geraniol is then treated with water, which decomposes the
compound, and the oil purified by fractional distillation. The geraniol
comes over between 228° and 230°. In the case of palmarosa oil the
geraniol can be prepared in a state of fair purity by first saponifying the
oil and then fractionally distilling it. It can be prepared in a state of
absolute purity by treating it with sodium and then with dry ether and
phthalic anhydride. The resulting geraniol sodium phthalate is hy-
drolysed by alcoholic potash, and the pure geraniol precipitated by water.

Geraniol is a colourless liquid of sweet odour, recalling that of the
rose, principally, and to a lesser extent the pelargonium. It is an opeji-
^chain alcohol, having one of the two following constitutional formulae :-4-
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. CH2 . CH2CH2C(CH3): CH . CH2OH

or
H A

\C: CH.CH,.CH,C(CH3): CH . CH,OH

H 3 C/

Pure geraniol has the following physical characters: —
Specific gravity at 15° . 0 880 to 0'883
Optical rotation . . . . . . . 0°
Refractive index at 20° 1 4766 to 1-4786
Boiling point at 760 mm . . . . 228° „ 230°

At 10 mm. it boils at 110° to 111°, and at 18 mm. at 121°. This,
alcohol is, of course, an essential constituent of synthetic otto of rose
and all odours of a similar type.

The following are the most satisfactory methods of recognising it..
It yields, as above described, a characteristic compound with calcium
chloride, from which the geraniol may be regenerated and examined as
to its physical characters. It also yields a characteristic diphenylure-
thane, (C(.H5)2N COOC10H17, melting sharply at 82°. It may be pre-
pared as follows: 1 gram of the oil, 1*5 gram of diphenylcarbamine
chloride and 1-3 gram of pyridine are heated in a water-bath for two
hours. The reaction product is submitted to a cur rent of steam to
remove unaltered products, and the solid residue recrystallised from
alcohol. If citronellol is present as well as geraniol, it is necessary to
recrystallise several times before the product is pure and melts at 82°.
The naphthyl-urethane is also characteristic and easily prepared. Equi-
molecular proportions of naphthyl-isocyanide and geraniol are allowed
to stand for twelve hours, when the mass will be found to be solid.
Eecrystallised from diluted methyl alcohol, the product melts at 47° to
48°. One of the most characteristic derivatives for identification pur-
poses is geranyl-phthalate of silver. This salt is prepared as follows : 90
grams of phthalic anhydride and 90 c c. of geraniol are heated m a
water-bath for forty-five minutes; 100 e c. of boiling water are then
added. The whole is well shaken and the water separated, and the
oil washed five or six times in the same manner. 100 c.c. of water
and 35 c.c. of ammonia are then added. Neutral compounds are then
extracted with ether. After separation of the ether, the liquid is diluted
with 200 c c. of alcohol, and then 175 c.c. of a normal solution of nitrate
of silver added. A white, crystalline precipitate rapidly settles out.
This is washed with alcohol and then with ether, and then dried in
vacuo. The resulting crystals, recrystallised from a mixture of alcohol
and benzene, melt at 133°. The salt has the formula C6H4(COOC10tl 17)
(COOAg).

The identification of geraniol can be confirmed by its conversion
into citral, C10H16O, its aldehyde, which has a very characteristic odour
and yields well-defined crystalline derivatives. Five parts of the alcohol
fraction are shaken with 2'5 parts of chromic acid and four parts of con-
centrated sulphuric acid dissolved in 100 parts of water. The mixture
is warmed in the water-bath for a few minutes, when crude citral
separates on the surface of the liquid. This is purified by steam
distillation and conversion into its sulphonic acid compound in the
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usual manner and then yields characteristic crystalline compounds,
which are described under " citral".

Geraniol is converted into the isomeric alcohol, linalol, by heat, and
both alcohols yield the same chloride when treated with dry hydrochloric
acid gas. Dupont and Labaune first prepared this chloride, which they
considered was linalyl chloride, but Forster and Cardwell: have shown
that it is geranyl chloride.

These chemists prepared it by acting upon either geraniol or linalol
with thionyl chloride in the presence of pyridine. It is a colourless
liquid, having the following characters :—

Boiling-point at 14 mm 103°
Specific gravity at 25° 0-918
Refractive index 1*4741

By heating geranyl chloride with sodium alcoholate geranyl ethyl
ethe r̂ was obtained. This body, C10H17.O . C2H5, is an oil with a faint
rose odour, having the following characters :—

Specific gravity at 25° 0'8(>4
Boiling-point at 19 mm. . . . . . . . . 115°
Refractive iodex 1-4662

Prileshajeff2 has prepared the oxide and dioxide of geraniol by direct
oxidation by means of hydrated benzoyl peroxide. By using the
equivalent of 9 grams of active oxygen on 100 grams of geraniol, geraniol
monoxide was formed, which has the following constitution :—

O

CH,—C CH—CH2—CHo—C = C H — C H 9 O H

CH3 CH3

The yield was 55 per cent. It is a viscous mass with feeble odour,
and having the following characters :—

Boiling-point at 25 mm 157° to 158°
Specific gravity at 16° 0-9610
Refractive index at 16C 1-4681

When heated with ac tic anhydride at 150° C., this oxide yields the
•ester C10H1703(COCH3)3, boiling at 208° C., under 25 mm. pressure.

Geraniol dioxide—

O O
/ \ / \

CH3—C CH—CH2—CH2—C CH—CH 2 OH

Oxi3 3

i s o b t a i n e d w h e n 5 0 g r a m s of g e r a n i o l a r e o x i d i s e d b y m e a n s of 8
g r a m s of a c t i v e o x y g e n . T h e d i o x i d e o c c u r s a s a c o l o u r l e s s m o b i l e
l i q u i d h a v i n g t h e f o l l o w i n g c h a r a c t e r s : —

Boil ing-point a t 25 m m 180° to 183°
Specific gravity a t 16° 1-0472
Refract ive index a t 16° 1-4653

lJourn. Chem. Soc., iQ3, 1338.
Jour. Soc. Chem. Phys. Buss., 44 , 613.



THE CONSTITUENTS OF ESSENTIAL OILS 111

Geraniol, as will be seen below, is the alcohol corresponding to one
of the stereoisomeric forms of citral, nerol being the isomeric alcohol,
corresponding with the other stereoisomeric citral. Semmler l and
Schossberjer have recently succeeded in enolising citral, that is, causing
A migration of the double linkage towards a CH2 group, a n d from the
enolic form of citral thus obtained preparing an isomeric alcohol which
he terms isogeraniol.

When citral is heated with acetic anhydride, the migration of the
double bond takes place towards the CH2 group and the acetic ester of
wo/-citral is formed. This acetate is resinified by all saponifying agents
and therefore does not regenerate citral. By reducing it with sodium
amalgam and methyl alcohol slightly acidified with acetic acid, an
alcohol was obtained which is not identical with geraniol nor with nerol,
and which has therefore been named isogeraniol.

This alcohol possesses a very pleasant odour of roses, and after puri-
ication ha's the following characters :—

Boiling-point at 9 mm.
Specific gravity at 20°
Refractive index

102° to 103°
0-8787
1-47325

The passage from citral to isogeraniol through 0w)Z-citral may be re-
presented by the following formulae :—•

C

OHC,

HC

L h
C ,

V
1

CH2

OJi3

Citral.

or possibly—

H 3 a

(HO)HC

HC

(HO)HC

/ITT

1
CH2

\

\ /
c
[1

CH2

CH2

II
CH2

Enolic form I

XJ.\J

/^TT

| 2 ^

, C H

1
/TTT
G±i3

Enolic form I.

A H
2
 ( H O ) H 2Cand yields

(HO)H2C

H2C

CH2

\

i

) H 2

CH

CH3

Isogeraniol I.

c

CH9

C \

Y
II

CH2

CH2

II
CH2

I. Isogeraniol II.

1 Berichte, 44, 991.
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and probably passing in a primary stage through a body of the con-
stitution —

CH

(HO)HC

V

CH2

CH3

Isogeraniol yields isogeraniol-diphenylurethane, C10H17O. CON(C6H5)2,.
melting at 73° 0 , free from geranyl- and nerylurethanes. By the saporii-
fication of this derivative isogeraniol is again liberated.

The properties of isogeraniol, geraniol, and nerol are compared
below: —

Boiling-point

Specific gravity
Refractive index
Melting-point of the di

phenylurethane .
Melting point of the tetra

bromide

Geraniol.

104° to 108° C.
(8-5 mm. pressure)

0 882 at 15° C.
1-477

82 5° C.

70° to 71° C.

Nerol.

111° C.
(llmm. pressure)

0 881 at 15° C.
1 468

52° to 53° C.

118° to 119° C.

Isogeraniol.

102° to 103° C.
(9 mm. pressure)
0 879 at 20° C.

1-473

73° C.

oily

The tetrabromide and the phenylur ethane of isogeraniol have so far
only been obtained in the oily condition.

NEKOL.

10H18°.Nerol is an alcohol, isomeric with geraniol, of the formula C
It was discovered by Hesse and Zeitschel in neroli and petit-grain oils,
by freeing the oil as far as possible from geraniol and then preparing
diphenylurethanes of the residuary mixed alcohols. By fractional
crystallisation from a mixture of methyl alcohol and petroleum ether, the
nerol compound can be obtained in a state of purity, and the alcohol is.
obtained by saponification in the usual manner. Nerol has the following
characters —

Boiling point
Specific gravity .
Optical rotation .
Refractive index at 17°

226° to 227°
0 8813
+ 0°

1-47665

The diphenylurethane melts at 52° to 53° (that of geraniol melts at 81°)
and the tetrabromide at 118° to 119°. Nerol is a stereoisomer of geraniol,
related to it as shown by the appended formulae, and their corresponding
aldehydes are probably a-citral (= geraniol) and /3-citral (= neral): —L

1 But see also under citral for alternative constitutions.
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Geraniol.
CH3 . C . CH.,. CH, . CH : C(CH3),

II
CH,(OH)C . H

a- Citral.
CH3 . C. CH«,. CH.,. CH : C(CH3),

II
C H O . C . H

Nerol.
CH,. C . CH2 . CH2. CH : C(CH3)2

II
HC : CH2OH

0-Citral.
CH3. C . CH2 . CH.,. CH : C(CH3)2

HC. CHO

Considerable difference of opinion has been expressed as to the re-
lationships of nerol and geraniol, and Soden and Treff have considered
the isomerism of a structural nature. The question of this isomerism
has, however, been definitely solved by Blumann and Zeitschel,1 who
have applied the degradation-oxidation method of Tiemann and Semmler '2
to both geraniol and nerol. If the two bodies are stereoisomers, there
should be obtained under identical experimental conditions, from both
compounds, the same products of degradation in the same proportions,,
according to the following diagrammatic equation :—•

CHa

CHS

CH3

•G=CH—CH,— CH2—C =LCH— CH2OH=

Geraniol or Nerol.

CH3

CH,

CO + HO—CO—CH,— CH,—CO + HO—CO—CO—OH

Acetone. Laevulinic acid. Oxalic acid.
CH,

Blumann and Zeitschel have obtained these degradation products in
practically equal amounts from both geraniol and nerol, so that there no
longer exists the slightest doubt as to the constitution of nerol.

The nerol used for these experiments was extracted from the oil of
Helichrysum angustifolium. Its characters were :—

Specific gravity 0-8815
B o i l i n g - p o i n t . . . . 2 2 5 ° to 226f

Optical rotation ± 0°
Coeff. of sapon. of the acetylated produc ; . . 286
Tetrabromide, m e l t i n g - p o i n t . ' . 118° to 119° C:
DiphenyJurethane, melting-point 52° „ 58° C.

1Berichte, 44, 2590. *Ibid., 28, 2130.
VOL. II. 8
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The geraniol, purified by means of calcium chloride, had the follow-
ing characters:—

Specific gravity . . . . .
B o i l i n g - p o i n t . . . .
Optical rotation
Tetrabromide, melting-point .
Diphenyluretnane, melting-point .

. 0-8824
230°
+ 0°

70° to 71° C.
. 82° C.

In regard to the crystallisation of these two derivatives of nerol and
geraniol, Blumann and Zeitschel have made a curious observation : one
of the bodies corresponding to one of the modifications of the two
alcohols is readily obtained in the solid state, whilst the other crystallises
with difficulty. Thus, the tetrabromide of nerol solidifies fairly quickly
whilst the tetrabromide of geraniol remains oily for a very long time;
in the case of the diphenylurethanes these conditions are reversed.

However, nerol and geraniol yield on oxidation exactly the same pro-
ducts.

The identity of the two alcohols from a chemical point of view is
shown by the following results, obtained from 25 grams of each of the
two bodies :—

Acetone, identified by its
£>-bromophenylhydrazone

Lsevulinic acid, identified by its
phenylhydrazone . . . .

A-isonitrosovaleric acid
Lsevulinic acid regenerated
Alcohol regenerated . . . .

Geraniol.

m.p. 94° to 95° C.
18 grams = 54 per cent,

of theoretical
m.p. 108° C.
m.p. 95° C.

m.p. 32° to 33° C.
4-2 grams

Nerol.

m.p. 94° to 95° C.
18 5 grams = 55-5 per cent,

of theoretical
m.p. 108° C.
m.p. 95° C.

m.p. 28° to 32° C.
4*1 grams.

LlNALOL.

Linalol, C10H18O, is isomeric with geraniol and nerol, but it is
structurally isomeric, and not stereoisomeric, as it is known in both
optical forms. It was first isolated by Morin l from oil of linaloe. The
same body has been isolated from various other essential oils, ancf has
been described under the names licareol, coriandrol, lavendol, etc., all
of which have been found to be more or less impure forms of linalol.

Linalol is found very widely distributed in essential oils. It forms
the principal constituent, in the free state, of oil of linaloe, and the
chief odorous constituent, in the form of esters, in bergamot and lavender
oils. It is also found in ylang-ylang, rose, champaca leaf, cinnamon,
petit-grain, spike, geranium, lemon, spearmint, and numerous .other
essential oils.

Jt is a tertiary open-chain alcohol, probably of the constitution—

CH.

CH,
: CH . CH2 . CH2 . C(CH3)OH . CH : CH,

lAnn. Chem. Phys., [5], 25, 427.
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although it is possible that the alternative formula—
C H 3

C H o

^C . C H 2 . C H 2 . C H 2 . C ( C H 3 ) O H . C H : C H 2

correctly represents its constitution.
Behal l considers that linalol is not an alcohol but an oxide of the

following constitution :—

3 : CH . CH2 . CH0 . C(CH3). CH2 . CH2

Linalol is not particularly easy to purify, as it yields practically no
crystalline compounds suitable for purification purposes. The charac-
ters of the various specimens prepared therefore vary, especially in
regard to their optical rotation. The following figures, for example,
have been recorded for linalol with a laevo-rotation :—

Boiling-point .
Specific gravity
Refractive index
Optical rotation

From

Lavender Oil.

197° to 199°
0-8725
1-4640

- 10° 35'

Bergamot Oil.

197° to 199°
0-8720
1-4629
- 16°

Linaloe Oil.

197° to 200°
0-877
1-4630

- 2°

Lime Oil.

198° to 199°
0-870
1-4668

- 17° 37'

A specimen from lime oil, however, has been isolated with an optical
rotation - 20° 7', and a specimen of dextro-linalol from orange oil, with
a rotation of + 19° 18'. The characters of pure linalol, therefore, may
be taken approximately as follows:—

Specific gravity
Kefractive index
Optical rotation
Boiling-point

0-872
1-4650

+ or - 20°
198° to 199°

Tiemann 2 p r e p a r e s l inalol in a s ta te of a p p r o x i m a t e p u r i t y by t h e
following me thod . T h e l inalol f ract ion of t he essent ia l oil is hea t ed
with sodium, a n d t h e l iquid h e a t e d u n d e r r educed p re s su re so long as
sodium con t inues to be dissolved. After cooling, t h e u n c h a n g e d meta l l ic
sodium is r emoved a n d t h e sod ium c o m p o u n d of l inalol is su spended
in ether a n d t rea ted w i t h ph tha l i c anhydr ide . After s t a n d i n g for several
days, t he m i x t u r e is s h a k e n w i t h wa te r , w h i c h d issolves t h e l inalyl
sodium p h t h a l a t e , u n c h a n g e d l inalol a n d t e r p e n e s r e m a i n i n g dissolved
in the e the r . T h e a q u e o u s l iquid is washed several t imes w i t h e ther ,
the solution acidified a n d aga in ex t rac ted w i t h e ther . T h e resu l t ing
linalyl acid p h t h a l a t e is hydro lysed by alcoholic po tash , a n d t h e p u r e
linalol is ex t rac ted wi th e ther .

Optical ly inac t ive l inalol c a n be artifically p r e p a r e d by h e a t i n g

lComptes Rendus., 1919, 168, 945. 2 Berichte, 29, 901; 31, 837.
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geraniol in an autoclave for some time to a temperature of 200°, or it
can be obtained by treating geraniol with hydrochloric acid and treating
the resulting chlorides with alcoholic potash. The conversion of geraniol
into linalol has been very fully studied by Dupont and Labaune, who
give the following results of their work :—l

The geraniol with which they worked was extracted from palmarosa
oil, and purified by means of its phthalic acid ether and finally by means
of calcium chloride. Its characters were as follows:—

Boiling-point 230° to 231°
Specific gravity 0-8842
Rotation 0°
Refractive index 1-4763

After reaction with hydrochloric acid, and repeated fractional distil-
lation, a product was obtained which contained 97*3 per cent, of chloride
of the formula C10H17C1. This body had the following characters :—

Boiling-point (6 mm.) 94° to 96° C.
bpecific gravity at 20° 0-9293
Refractive index v 1-4798
Optical rotation . . . . . . . Prastically inactive

If the physical properties of this monochlorinated compound be
compared with those of the corresponding chloride from linalol, they
are found to be practically identical with the latter. The identity of the
two bodies derived from distinct chemical individuals is therefore almost
certain.

In order to clear up this question it was important to restore the
alcoholic group, avoiding as far as possible any chance of a molecular
transposition. Since the action of alcoholic potash and of the acetates
might leave the matter open to criticism from this point of view, the
authors had recourse to an alcoholic solution of silver nitrate. The elim-
ination of the chlorine is instantaneous, it takes place even below 10° C.
50 grams of the chloro derivative are dissolved in 250 grams of 90 per
cent, alcohol; to this solution there is added in the cold a solution of 55
grams of silver nitrate in 50 grams of water and 100 grams of alcohol.
The liquid becomes acid owing to the liberation of nitric acid. After
separating the silver chloride, the liquid is neutralised, the alcohol is.
evaporated on the water-bath and the residue is rectified in vacuo.

With the chloro derivative of linalol the result is extremely sharp.
The whole of the product passes over, under a pressure of 6 mm., at a
temperature of 82° to 86° C., the residue being insignificant. The con-
stants of this body are as follows :—

Boiling-point (760 mm.) 198° to 199° C.
„ (6 mm.) 82° „ 86° C.

Specific gravity at 20° 0-8605
,, rotation . + 0-65°

Refractive index 1-4665

which are approximately those of linalol. It is therefore clear that the
ester is the hydrochloric ester of linalol of the formula—

(CH3)2C : CH . CH2 . CH2 . C(CH3)C1. CH : CH2.
The corresponding ester obtained from geraniol was not obtained in

1 Roure-Bertrand Fils, Report, October, 1909, 24.
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• perfectly pure state, and on regenerating the alcohol, a small amount of
geraniol was obtained, but the main constituent was pure linalol.

Paolini and Divizial have succeeded in partially resolving inactive
linalol into its optically active isomers^ but only to the extent of optical
rotations of + 1° 70' and — 1° 60' respectively. Linalol was converted
into its acid phthalate, and an alcoholic solution of this compound was
treated with the equivalent quantity of strychnine. By fractional
crystallisation the laevo-rotatory salt, yielding dextro-rotatory linalol,
separates first, leaving the more soluble dextro-rotatory strychnine salt,
which yielded laevo-rotatory linalol in the mother liquor.

Linalol yields a somewhat remarkable compound, by artificial oxida-
tion which appears also to be formed naturally. This body is termed
linalol monoxide, and has the formula C10HlgO2. It was first found in
oil of linaloe by Schimmel & Co., and it is probably to be explained
by the oxidation of the essential oil on exposure to the air at the surface
of the trunk of the tree. It has been prepared artificially by Prileshajeff2

by oxidising linalol with hydrated benzoyl peroxide. By further oxida-
tion with the same reagent, he obtained linalol dioxide.

Linalol monoxide has the following characters:—

Boiling-point
„ „ (at 4 mm.) .

Specific g r a v i t y .
Optical rotation .
Refractive index .
Molecular r e f r a c t i o n .

. 193° to 194

. )63° „ 64°
0-9442
- 5° 25'
1-45191
48-88

The two oxides have the following formulae :-
OH

CH

CH,
C=CH—CH,—CH

I / \
,—C—CH —C

CH,
Linalol monoxide.

CH, _CCH CH2—CH,—CH2—

CH,

COH-

CHo

-CH —CH,

Linalol dioxide.
By the hydration of dihydromyrcene, Schimmel & Co. obtained di-

hydrolinalol. This body has the constitution—

3 \ C : CH . CH2CH2. C(CH3)OH . CH2. CH3
CH/

or possibly the similar constitution related to the alternative formula
for linalol given above. Dihydrolinalol was also prepared by the action
of magnesium methyl-iodide on methyl-heptenone. The only difference
observed between the bodies thus produced was that the latter was less
easy to convert into a phenyl-urethane. This is probably due to the
fact that in the case of dihydrolinalol produced from methyl-heptenone,

1 Chem. Zentral., 1915, 1, 603. 2 Jour. Soc. Chim. Phys. Russ., 44, 613.
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the isomerism of the original citral is reproduced in the dihydrolinalol,
which may consist of two stereoisomeric forms, whilst in the case of
hydration of dihydromyrcene, no stereoisomerism results. The following
figures are recorded for dihydrolinalol prepared from various sources:—

Prepared ironi.

Dihydromyrcene .

Methyl-heptenone from
citral (by oxidation) .

Methyl-heptenone from
lemon-grass oil .

Methyl-heptenone from
citral (by boiling with
solution of carbonate
of potassium)

Boiling-point.

92° to 92-5°
(12 to 13 mm.)

77° to78° (7 mm.)

66° to 66-5°
(4 mm.)

67-5° (4 mm.)

0-8570

0-8588

0-8575

0-8590

1-45531

1-45641

1-45661

1-45611

Molecular Refraction.

Found.

49-47

49-46

49-558

49-424

Calculated.

49-438

49-436

49-438

49-438

Linalol may be characterised by the following methods :—
1. By oxidation to citral (q.v.).
2. By converting it into geraniol. This is effected by boiling linalol

with acetic anhydride for two hours and then saponifying the resulting
ester. Pure geraniol can be .obtained by fractionating the regenerated
alcohol, and the geraniol so obtained can be identified by the usual
method.

3. Preparation of the urethane, C6H5. NH . COOC10H17. A mixture
of 2 or 3 grams of the alcohol is mixed with rather more than the
theoretical amount of phenyl-isocyanate, and allowed to stand in a
stoppered flask for a week. It is then mixed with water, and a current
of steam passed through the mixture, in order to remove the unaltered
linalol. The crystalline mass which remains is collected, dried on
a porous plate, and extracted with ether, which dissolves the phenyl-
urethane. The ethereal solution is allowed to evaporate spontaneously
when crystals of the urethane separate, which melt at 65°.

4. Preparation of the naphthyl-urethane. This compound is pre-
pared in a similar method to that just described, using a-naphthyl-
isocyanate. The naphthyl-urethane melts at 53°.

CITRONELLOL.

Citronellol, C10H20O, is an alcohol which was first obtained by Dodge,1

by reducing the aldehyde citronellal, C10H18O, by means of sodium
amalgam and acetic acid. It was then found to be a constituent of rose,
geranium, and other essential oils. The citronellol question has given
rise to a somewhat acrimonious and prolonged controversy, as Barbier
and Bouveault claimed that the body which they termed rhodinol was
a chemical individual differing from citronellol, whilst Tiemann and
Schmidt and other German chemists maintained that rhodinol was
nothing more than a mixture of geraniol and citronellol, and not a
chemical individual at all. The controversy developed, as indicated
in the previous edition of this work (p. 51) on the following lines:—

1 Jour. Amer. Chem. Soc., 1889, xL 463.
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Rhodinol was announced by Eckart to be an essential ingredient of
Bulgarian and German rose oils. He regarded it as an unsaturated
open-chain alcohol. Markovnikoff thereupon urged that roseol,
C10H200, was the chief ingredient of rose oil. Bertram, in 1894,
claimed that it was in reality merely geraniol, but m 1896 Tiemann
and Schmidt showed that the alcohols of rose oil consisted of a mixture
of geraniol and citronellol, C10H20O, which latter body, they claimed,
had evidently been mistaken for the so-called " rhodinol" and " roseol".

The names geraniol and citronellol therefore appeared to be those
most entitled to remain in chemical literature. Poleck, however, com-
plained that the name geranioi had been substituted for the earlier
rhodinol, overlooking the fact that the old rhodinol was apparently a
mixture. Erdmann further complicated this matter by insisting on
treating geraniol of commerce as a more or less impure body of which
the principal constituent, C10H17OH, is called rhodinol, claiming that
geraniol (pure) and rhodinol are identical, and that the former name
should be expugned from chemical literature.

The last of these bodies announced as being alcoholic constituents
of rose and geranium oils was reuniol, found in various geranium
oils (Keunion, African, and Spanish) by A. Hesse. This had previously
been announced as a probable chemical individual by Barbier, but he
stated that he had not obtained it pure. Erdmann and Huth claimed
that it was more or less pure rhodinol.

Up till about three years ago, there appeared to be little reason to
doubt that rhodinol was in fact an impure form of citronellol, the reduc-
tion product of citronellal being dextro-citronellol, whilst the natural
alcohol, which the French chemists had termed rhodinol was considered
to be laevo-citronellol.

Citronellol was considered to have one of the two following alterna-
tive formulae: —

/-1TT
2 V . CH2 . CH 2 . CH2 . CH(CH3)CH2. CH2OH

CH
(1)
or

C H 3 .
>C CH .CH2 .CH2.CH(CH3)CH2CH2OH

C H /
(2)

There seems, however, to-day, to be overwhelming evidence that the
French chemists were correct and that citronellol and rhodinol are two
very similar, but chemically different, compounds, citronellol being re-
presented by the formula (1) and rhodinol by formula (2). Consider-
able evidence of this is to be found in the work of Barbier and Locquin 1

Starting from the acetic esters of ordinary ^-citronellol and rhodinol
from oil of geranium or rose, they attached hydrogen chloride to the
double bond, and obtained the same additive product according to the
equations: —•

1 Comptes Rendus, 157, 1114.
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CH3. C . CH2. CH2. CH2 . CH . CH2 . CH2OH
CH. , CH.̂

+ HX = CH3 ."OX . CH0. CH.,. CH2. CH . CH2 . CH2OH
CH8 " " CH3

Citronellol.
CH3. C : CH . CH2 . CH2 . CH . CH,,. CH,OH

CH3 " CH3
+ HX = CH3. CX . CH.,. CH,. CH.,. CH . CH,. CH2OH

CH3 ' " CH3

Bhodinol.
The \ authors found that on elimination of the halogen acid from this

compound, rhodinol, and not citronellol, is regenerated, dextro-rhodinol
from dextro-citronellol, and laevo-rhodinol from the laevo-rotatory alcohol
from"oil of \roses»or geranium, the two bodies, in the latter case being
identical.

Further, d-citronellal, the corresponding aldehyde, may be converted
into citronellic acid through its oxime and nitrile. Citronellic acid,
when treated with thionyl chloride in benzene solution, yields a chloride
of a chlorinated acid which is converted by the action of alcohol into
the hydrochloride of ethyl citronellate, or hydrochloride of ethyl rhodinate,

(CH3)2CC1—CH2—CH2—CH2—CH(CH3)—CH2— CO2C2H^

This ester loses hydrogen chloride by the action of sodium acetate
giving ethyl rhodinate which when reduced by sodium and absolute
alcohol yields rhodinol.
\ Citronellal can thus be converted into rhodinol without being first
reduced to citronellol.

A third method of converting citronellol into rhodinol is by hydrating
citronellol by means of 30 per cent, sulphuric acid. This yields the
glycol 3-7-dimethyl octanediol-1-7, of the formula—

(CH3)2. O(OH). CH2 . CH2 . CH 2 . CH(CH3). CH2 . CHOH
which is dehydrated by boiling with 5 per cent, sulphuric acid, yielding
rhodinol.
1 \The three optical varieties of rhodinol have thus been obtained,
namely, laevo-rhodinol, the natural constituent of rose and geranium
oils; dextro-rhodinol by conversion of dextro-citronellol obtained by re-
duction of citronellal, and inactive rhodinol by the reduction of synthetic
ethyl rhodinate.

Further evidence of the difference between rhodinol and citronellol is
forthcoming, in that the former yields on oxidation an aldehyde, rhodinal,
whose oxime does not yield citronellic acid nitrile when treated with
acetic anhydride, nor citronellic acid when the nitrile is treated with
alkalis, wheras citronellal, the aldehyde of citronellol, does yield the
nitrile and citronellic acid.

Harries and Comberg1 have also supplied much evidence, which,
taken with the above-mentioned researches, places the chemical isomerism
of citronellol and rhodinol practically beyond dispute. By ozonisation
experiments decomposition products were obtained, which proved that
natural " citronellal/' obtained from citronella oil, is a mixture of about

1 Annalen, 1915, 410, 1.
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40 per cent, of true citronellal and 60 per cent, of rhodinal. It is true
that only one semicarbazone can be obtained by crystallisation, but this
<jan be ozonised, and the ozonide decomposed by boiling water, yielding
two semicarbazones, one of which is a derivative of citronellal, and the
other of rhodinal. It is obvious therefore that the semicarbazones of
natural "citronellal" is either a very difficultly separable mixture of two
bodies, or an individual substance in which a shifting of the double bond
occurs by ozonisation.

H. J. Prinsl has now isolated the two isomeric citronellals from Java
•citronella oil (see under citronellal).

The physical characters, therefore, of the bodies which have hitherto
been described as citronellol or rhodinol must therefore be understood to
apply to the respective bodies in as pure a state as their separation has
rendered possible. At all events, it is clear that the two alcohols are
-very similar in their general characters. These characters are approxi-
mately as follows:—

From Eose Oil.
Boiling-point at 15 mm.
Specific gravity at 20°
Refractive index ,
Optical rotation .

From Geranium Oil.
Boiling-point at 764 mm,
Specific gravity at 15° .
Eefractive index at 22°
'Optical rotation .

From Citronella Oil.
Boiling-point at 7 inm.
Specific gravity
Refractive index at 22°
Optical rotation .

From Barosma Pulchella Oil.
Boiling-point at 5 to 6 mm.
Specific gravity .
Refractive index .
Optical rotation .

By Reduction of Citronellal
Boiling-point at 17 mm.
Specific gravity at 17-5°
Refractive index at 17'5°
Optical rotation ,

113° to 114°
0-8612
1-45789
- 4° 20'

225° to 226°
0-862

1-45611
- 1° 40'

109°
0-862

1-45671
+ 2° 32'

93° to 95°
0-8723
1-46288
+ 2° 14'

117° to 118°
0-8565
1-45659

+ 4°

Citronellol can be characterised by conversion into citronellyl-
•phthalate of silver, which is prepared in an exactly similar manner to
the corresponding geranyl compound, and melts at 125° to 126°. It can
also be oxidised in the same manner as geraniol, yielding the aldehyde
citronellal, which can be identified as described later (vide citronellal).

Citronellol and rhodinol have faint but sweet rose odours.
Citronellol occurs so frequently associated with geraniol, and is

absolutely necessary as an ingredient of artificial otto of rose and similar
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synthetic perfumes, that it is sometimes a matter of importance to separ-
ate the two bodies quantitatively. This can be done in the following
manner : To a mixture of 100 grams of phosphorus trichloride and 100
grams of ether, 100 grams of the mixed alcohols, dissolved in an equal
amount of ether, are added, so that, by keeping the liquids in a freezing
mixture, the temperature does not rise above 0°. The mixture is then
allowed to stand at the ordinary temperature, and is then several times
washed with iced water. The oily layer is shaken with dilute soda
solution, and the citronellyl-phosphoric acid is dissolved out, leaving the
geranyl chloride undissolved. The citronellyl-phosphoric acid may be
hydrolised by boiling with alcoholic potash and then distilled in a cur-
rent of steam.

Another separation of a mixture of alcohols is often necessary,
namely, that of geraniol, citronellol, and phenyl-ethyl-alcohol, all of
which occur in admixture in artificial otto of rose. In this case advan-
tage may be taken of the fact that phenyl-ethyl alcohol is easily soluble
in 30 per cent, alcohol, which is not the case with geraniol or citronellol.

For further details on the separation of geraniol and citronellol the
chapter on the analysis of essential oils should be consulted.

MENTHO-CITKONELLOL.

Mentho-citronellol or menthonyl alcohol, C10H20O, is an alcohol of
delicate rose odour, and is synthetically prepared as follows:—

Laevo-menthone is converted into its oxime by means of hydroxylamine,.
This is treated with strong sulphuric acid, and so inverted to isomenthone
oxime. This is treated with phosphorus trichloride in chloroform solu-
tion, when hydrochloric acid is given off, and menthonitrile is formed^
The last named is reduced by sodium into menthonylamine, and the
oxalic acid compound of this is warmed with sodium nitrite solution when,
menthonyl alcohol is formed. This body has the following characters :—

Specific gravity 0-8315
Refractive index . . . . . . . . . 1*4471
Optical rotation . . . . . . . . . +2°
Boiling-point at 7 mm 95° to 105°

METHYL-HEPTENOL.

Methyl-heptenol is an alcohol with a delicate rose odour, of the
formula C8H16O. It occurs in Mexican and Cayeme linaloe oil, and i&
prepared by reducing methyl-heptenone, and has the following
characters:—

Specific gravity 0'8579
Refractive index 1-4495
Boiling-point 178° to 180°
Optical rotation . . . . . . . . . - 1° 34'

METHYL-HEPTYLENE CAEBINOL.

Methyl-heptylene carbinol, C9H18O, has been obtained by the reduc-
tion of methyl-heptylene ketone by means of sodium and alcohol. It is.
an oil with an odour recalling those of rose and linaloe, and has the
following characters:—
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Specific gravity 0 848 at 20°
Optical rotation . . ± 0°
Refractive index . . . . . . . 14458
Boiling point 185° to 187°

BuPLEUKOL.

This alcohol, of the formula C10H20O, occurs in the essential oil
Bupleurum fruticosum, from which it was isolated by Francesconi and
Sernagiotto.1 It was separated by means of its phthalic acid ester, and
is an oil of faint rose odour, having the following characters —

Boiling-point at 762 mm . 209° to 210°
Specific gravity at 17° . . . . 0 849
Optical rotation . . . . . . . 0°
Refractive index . . . . . 1-4508

It yields a phenyl-urethane, melting at 45°. On oxidation it y ields an
aldehyde having an odour of lemons, which yields a semicarbazone, melt-
ing at 135°.

Bupleurol is a primary alcohol, which according to the authors must
have one of the three alternative constitutions —

%3H—CH2—CH.,—CH2—C =CH—CH9OH
C H / " |

(1) CH3

>CH—CH2—CH2—CH =C—CH2—CH 2OH
C H / • |

(2) CH

)CH—CH2—CH0— CH9—C—CH2—CH2OH
" il

(3) CH2

ANDKOL.

This alcohol, C10H20O, is, like bupleurol, isomeric with citronellol and
rhodinol. It is present in the oil of water fennel (Phellandrium aquaticum),
and has an odour characteristic of the plant. It has the following char-
acters —

Boiling point 1 . . . 97° to 198°
Specific gravity . 0-858
Optical rotation . . . . . - 7° 10'
Refractive index . . . . . 1-44991

It yields a phenyl-urethane melting at 42° to 43°.
No aldehyde or ketone has been obtained from it by oxidation. Its

constitution is probably allied to those of citronellol and rhodinol, but,
since it contains an asymmetric carbon atom, as shown by its optical
activity, the three formulae given under bupleurol obviously cannot repre-
sent androl.

1 Gazz. chim. ItaL, 43, 1, 153.
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UNCINEOL.

Baker and Smith l have isolated an alcohol of the formula C10H18O
from the " cajuput" oil, distilled from the leaves of Melaleuca uncinala.
The alcohol, which is probably an open-chain compound, forms snow-
white crystals, melting at 72'5°, and having a specific rotation + 36'99°.

FARNESOL-.

Farnesol, C15H26O, is an aliphatic sesquiterpene alcohol, which occurs
in ambrette seed oil, and flower oils of the type of acacia, lime flowers,
mignonette, and lilac flowers.

This alcohol is almost invariably present in those essential oils which
contain aliphatic terpene alcohols, but in most of these it is present in
very small amount, and it is only from ambrette seed oil that any quantity
has been prepared. Ambrette seeds contain about Ol per cent, of this
alcohol, which, when freed from decylic alcohol which is also present,
has the following characters :—

Boiling-point at 10 mm. . . . . .
Specific gravity at 1 8 ° .
Optical r o t a t i o n .
Kefractive i n d e x .
Molecular refraction .

160°
. 0-885
. ±0°
. 1-4881
. 72-27

This alcohol appears to be almost odourless, but when a dilute solu-
tion in alcohol is allowed to evaporate slowly, a very fine lily-of-the-
valley odour is developed, together with the suggestion of cedar-wood oil.

Oxidation of farnesol with chromic acid mixture gives rise to the
aldehyde farnesal, which has the following characters:—

Boiling-point at 14 mm 172° to 174°
Specific gravity at 18° 0-893
Kefractive index 1-4995

Farnesal forms a semi-carbazone, which crystallises from acetic
ether in fine flakes, which melt at 133° to 135°. This body is parti-
cularly useful for the identification of farnesol.

Farnesol forms an acetate, farnesyl acetate, which is a nearly odour-
less oil, boiling at 169° to 170° at 10 mm.

When dehydrated with potassium hydrogen sulpnate, farnesol yields
a sesquiterpene, which has been named farnesene, and is a colourless
oil having the following characters:—

Boiling-point at 12 mm 129° to 132°
Specific gravity at 1 8 ° . 0 - 8 8 7
Refractive index 1*49951

Kerschbaum2 has carried out a series of experiments in order to
determine the constitution of farnesol.

In order to establish the primary character of farnesol, farnesenic
acid was prepared from farnesal oxime and the corresponding nitrile.
"Saponification of the farnesene-nitrile with caustic soda solution yields
farnesenic acid and acetic acid, and also a ketone which was identified
us a dihydxopseudoionone. The semi-carbazone melts between 95° and
96°. The dihydrops^doionone from farnesene nitrile proved to be

1 Jour. and Proc. Royal Soc., N.S.W., 41 (1907), 196.
*Berlchte, 46 (1913), 1732.
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identical with the synthetic product which has been obtained from
geranyl chloride and sodium acetic ester. Farnesol wras prepared
synthetically from hydroxydihydrofarnesenic ester which was prepared
from magnesium bromoacetic ester and dihydropsewdoionone. When
heated with acetic anhydride and sodium acetate this ester afforded
farnesenic methylester. Synthetic farnesenic acids boils at 203° at
14 mm.

It is evident from these reactions that farnesol has the constitution
of an aliphatic sesquiterpene alcohol with three double bonds, and that
its formula is—

CH.

CH.
C: CH. CH2 . CH2 . C : CH . CH,. CH2. C : CH . CH.OH

CH3

Farnesol.
CH,

that of dihydYOpseudoionoue being as follows :-

CH.
>C : CH . CH9 . CH2 . C : CH . CH0. CH9. CO

CH, CH,
Dihyducopseudoiouone.

The above constitution of farnesol has been confirmed by the oxida-
tion experiments of Harries and Haarmann.1

NEBOLIDOL.

Nerolidol is an aliphatic sesquiterpene alcohol of the formula
C15H2(50, which has bsen isolated from the higher boiling fractions of
orange-flower oil. It has the following characters :—

Specific gravity .
Optical rotation .
Boiling-point at 6 mm.

,, ,, „ 760 mm.

0-880
+ 13° 32'

128° to 129°
276° „ 277°

It is an oil with a slight but sweeet odour.
In 1899 Thorns isolated an alcohol from Peru balsam oil, which he

termed peruviol. This body was stated to have powerful antiseptic
properties, but has nob been further investigated until Schirnmel &
Co. took up the subject. The oil after saponification was fractionated,
and after benzyl alcohol had distilled over, a light oil with characteristic
balsamic odour passed over. It boiled at 125° to 127° at 4 mm., and had
a specific gravity 0*8987, optical rotation + 12° 22', and refractive index
1-48982. This body appeared to be identical with Hesse's nerolidol,
whilst in physical and chemical properties it closely resembles peruviol.
The characters of the various preparations were as follows:—

Peruviol (Thorns) .
Schimmel's body (1)

„ (2) . •
Nerolidol (Hesse) .

„ (Schimmel)

Boiling-point.

140° (7 mm.)
133° „
127° (4 mm.)
129° (6 mm.)
127° (5 mm.)

Specific
Gravity.

0-886
0-882
0-899
0-880
0-880

Rotation.

+ 13°
+ 14°
+ 12°
+ 14°
+ 13°

Refractive
Index.

1-4898

1-4802

1 Berichte, 46 (1913), 1737.



126 THE CHEMISTEY OF ESSENTIAL OILS

It appeared that the impure alcohol isolated from balsam of Peru
was, in fact, identical with nerolidol. When allowed to stand for three
to four weeks with phenyl-isocyanate both alcohols yielded a phenyl-
urethane, melting at 37° to 38°. A mixture of the two bodies suffered no

•depression in melting-point. The alcohols have the formula C15H20O.
The alcohol from balsam of Peru is therefore mixed with a small quantity
of an alcohol of higher specific gravity, the nature of which is still un-
determined. Traces of benzyl alcohol were found in it, but not in
sufficient quantity to account for the differences observed. Oxidation
experiments did not throw any light on the question. It may therefore
be safely assumed that the peruviol of Thorns consisted in the main of
nerolidol, but contaminated with a substance of the same boiling-point
to such an extent that its combustion figures pointed to the formula
C13H2.2O instead of C15H26O.

CLOSED CHAIN ALCOHOLS.

The next series of alcohols to be examined is that in which the
members retain the benzene nucleus in a more or less substituted
condition, as distinguished from those in which the benzene nucleus
has been so altered as to bring the alcohols within the series known as
the " terpene alcohols ". A certain number of these alcohols are found
in nature, but some of them are prepared synthetically, and, although
not yet found naturally, are exceedingly useful in the preparation of
perfumes.

BENZYL ALCOHOL.

Benzyl alcohol, C6H5. CH2OH, is the lowest member of the normal
series of aromatic alcohols containing the benzene nucleus. It exists to
a certain extent in the free state, but more often in the form of esters,
principally of acetic, benzoic, and cinnamic acids, in a number of essential
oils, such as those of jasmin, tuberose, cassie flowers, and ylang-ylang.

It is prepared artificially, for use as a synthetic perfume, by several
methods, for example, by heating benzyl chloride with oxide of lead to
100°, or by heating benzyl chloride with potassium acetate and saponify-
ing the benzyl acetate so formed, with caustic potash.

Benzyl alcohol is an oil with a slight but very sweet floral odour, and
has the following characters :—

B o i l i n g - p o i n t . ' 2 0 5 ° to 207°
Specific g r a v i t y . . 1 - 0 4 3 5
Optical rotation +0°
Refractive index 1-53804

It is fairly soluble in dilute alcohol, and in about 35 parts of water.
It can therefore be fairly easily separated from less soluble constituents
by shaking with 5 or 10 per cent, alcohol. Apart from its actual per-
fume value, benzyl alcohol is of considerable value to the perfumer, since
it acts as a very valuable fixative, and is, moreover, one of the best-
known solvents for artificial musk.

Benzyl alcohol forms a solid compound with calcium chloride,
and also a phthalic acid compound. The latter is obtained by heating
2 grams of the alcohol with 2 grams of phthalic anhydride and 1 gram
of benzene. Caustic soda solution is then added, and the solution washed
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with ether. The benzyl acid phthalate is precipitated by sulphuric acid,
•and can be recrystallised from benzene. It then melts at 106° to 107°.
It also yields a phenyl-urethane, melting at 77° to 78°. Its esters are
agreeably-smelling liquids, which will be described later.

PHENYL-ETHYL ALCOHOL.

Phenyl-ethyl alcohol, C6H5 . CH2 . CH2OH, is the next highest
'homologue of the benzyl alcohol series. It is found naturally in rose
.-and neroli oils; but as it is very soluble in water, it practically
disappears from the distilled otto of rose and is dissolved in the rose
water. Hence otto of rose with its beautiful perfume does not truly
represent the odour of the rose. By the use of various isolated and
synthetic bodies an artificial otto can be prepared which more closely
resembles the rose odour than does the natural otto itself. But it is
•doubtful whether any really good artificial otto of rose can be prepared
without some natural otto as its basis.

Phenyl-ethyl alcohol, or benzyl carbinol, has been known for many
years, but its powerful rose odour has been entirely overlooked, its dis-
covery having been made by an ordinary research chemist and not a
perfumery expert. Its preparation was described in the Berichte
(9, 373) in 1876, but the product there noted was evidently impure, as
its boiling-point is recorded as 212°. Commercial specimens vary
greatly in both their odour and their keeping properties, some samples
•deteriorating in odour very rapidly. It is, therefore, very important to
obtain it in a state of the highest purity. It has the following char-
acters :—

Specific gravity 1-0242
Befractive index 1-53212
B o i l i n g - p o i n t . 2 2 0 ° to 222° at 740 mm.

„ 104° at 12 mm.
Optical r o t a t i o n ± 0 °

It yields a diphenyl-urethane, which melts at 99° to 100°, and is very
useful for identification purposes. The phenyl-urethane, melting at 80° is
less useful for this purpose, since its melting-point is almost identical
with those of benzyl and nonyl alcohols. It combines with phthalic
acid to form a phthalic acid ester, melting at 188° to 189°.

Phenyl-ethyl alcohol can be prepared by numerous methods, several
of which are the subject-matter of patents. It may be prepared, for
example, by the conversion of phenyl-bromo-lactic acid into phenyl-
acetaldehyde, and then reducing this body with sodium. Or it may be
prepared by reducing phenyl-acetic esters with sodium and absolute
alcohol in the following manner :—

It is obtained by allowing a solution of one molecule of phenol-acetic
•ester in three to four times its weight of absolute alcohol, to fall in drops
on a quantity of sodium calculated for six atoms. It is then heated for
several hours on an oil-bath, until the sodium has disappeared, if
necessary adding more alcohol. After cooling, water is added, and the
ester which is not attacked is saponified. The alcohol and phenyl-
ethyl alcohol are then distilled off with steam, when the latter is at
once obtained in the pure state.

It is a colourless, heavy oil, with a typical rose and "honey" odour.
It is easily soluble in all organic solvents, and to a considerable extent
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in water. It is soluble in 2 volumes of 50 per eent. alcohol, in 18
volumes of 30 per cent, alcohol, and in 60 volumes of water. Its identi-
fication is, therefore, best effected by extracting the mixture of alcohols
in which it occurs, by means of dilute alcohol, which dissolves the phenyl-
ethyl alcohol but not much of the other alcohols.

It is suitable, not only for rose odours, but also for blending with
almost any flower oil. Phenyl-ethyl alcohol forms a solid compound
with chloride of calcium, which is very useful for its purification. On
oxidation it is converted into a mixture of phenyl-acetaldehyde and
phenyl-acetic acid. The last-named body forms an ethyl ester melting
at 28°, which serves for its identification.

There is an isomeric and closely associated alcohol, phenyl-methyl
carbinol, C6H5CH(OH)CH3, known to chemists. This is a liquid of
different odour, but which is not used very much in synthetic perfumery.
It is an oil boiling at 203°, and forms an acetate which is found natur-
ally in essential oil of gardenia. This ester is of use in blending per-
fumes of this type of flower.

PHENYL-PROPYL ALCOHOL.

Phenyl-propyl alcohol, C6H5 CH2 . CH2 CH2 OH, is the next
highest homologue of phenyl-ethyl alcohol, and is also known as hydro-
cinnamyl alcohol. Like the last described bodies it has been known
for many years, its first preparation being described in the Annalen
(188, 202). It occurs as a cinnamic acid ester in storax, and as an
acetic ester in cassia oil. It is prepared synthetically by the reduction
of cinnamyl alcohol with sodium amalgam and water, or by the reduc-
tion of cinnamic or benzyl acetic esters with sodium and absolute
alcohol. It has the following characters —

Specific gravity . . 1007
Boiling point at 12 mni 119°

„ „ 760 mm . . 235°
It can be characterised by its phenyl-urethane, melting at 47° to 48°,

or by oxidising its acetic acid solution by means of chromic acid, when
it yields hydrocinnamic acid, melting at 49°.

It is a colourless, thick oil, with an odour recalling that of cinnamic
alcohol and hyacinths. It is useful in synthetic perfumery in the pre-
paration of bouquets, and it is extremely useful in odours of the type of
hyacinth, narcissus, jonquil, and the like.

There exist three isomers of phenyl-propyl alcohol, all of which have
been prepared and described, and, although not yet introduced into
commerce, may eventually be so. These are as follows ; Benzyl-
methyl-carbinol, C6H5. CH2 CH(OH)CH3, boiling at 215°; phenyl-
ethyl-carbinol, C6H5. CH(OH)GH2. CH3, boiling at 221°; and benzyl-
dimethyl-carbinol, C6H5. C(OH)(CH3)2, melting at 21° and boiling at
225°.

HIGHER HOMOLOGUES OF PHENYL-ETHYL ALCOHOL.

Braun l has shown that alcohols of the ty pe of phenyl-ethyl alcohol,,
containing an aliphatic and an aromatic radicle, can be prepared by the
reduction of nitriles of the general formula X . ON with the corresponding

' Berichte, 44, 2867.
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bases X. CH2NH2. These are then benzoylated and the benzoy l com-
pound heated with phosphorus pentachloride, when the chlorides
X.CH2C1 are formed. These, of course, are directly convertible into the
corresponding alcohols. The following alcohols so prepared are of con-
siderable interest as being homologues of the well-know7n rose alcohol,
phenyl-ethyl alcohol; —

JMta-phenyl-butyl alcohol (boiling-point 140° at 14 mm ).
phenyl-amyl ,, ,, ,, 155° „ 20 ,,

6-phenyl-hexyl ,, ,, ,, 160° ,,13 ,,
7-phenyl-heptyl „ „ „ 170° to 172° at 15 mm.).

Of these phenyl-amyl alcohol has a pleasant, but somewhat evanescent
lemon-like odour ; phenyl-hexyl alcohol has a very similar odour to this ;
and phenyl-heptyl alcohol has a slight, but extremely agreeable odour
of roses.

CINNAMIC ALCOHOL.

Cinnamic alcohol, C6H5. CH ; CH . CH2OH, or y-phenyl-allyl alcohol,
is found in the form of esters, principally of either aceiic or cinnamie
acid in storax, balsam of Peru, and in hyacinth and other essential oils.

It may be prepared synthetically by r educing cinnamie aldehyde
diacetate, and saponifying the resulting cinnamyl esters. Cinnamie
alcohol is a crystalline body, although commercial specimens frequently
contain traces of impurities which prevent crystallisation. It has the
following characters: —

Melting point . . . . . . . 33°
Boiling-point . . . . . . . 258° at 760 mm.

„ „ , , , , 117° at 5 mm.
Specific gravity at 35° about 1-020
Refractive index . . . . . . 1-03024

Commercial samples of good quality have a specific gravity between
1-010 and 1 030.

Cinnamic alcohol forms a phenyl-urethane, melting at 90° to 91°, and
a diphenyl-urethane, melting at 97° to 98°. On oxidation it y ields cinna-
mie acid, melting at 133°, and by more thorough oxidation, benzoic acid,
melting at 120°.

Cinnamic alcohol has an odour, not very powerful, but exceedingly
delicate, recalling roses and hyacinths, in which types of perfume it is
exceedingly useful. It is fairly soluble in dilute alcohol, and can to some
extent be separated from alcohols of the geraniol type by means of 30
per cent, alcohol.

CUM]NIC ALCOHOL.

Cuminic alcohol, C6H4<^ , has been found in the essential
\CH(CH3)2

oil of cumin. On oxidation it yields cuminic acid, melting at 112° to 113°.

ANISIC ALCOHOL.

yCH2OH
Anisic alcohol, C G H / has been isolated from the volatile

\OCH3
3

VOL. II. 9
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constituents of Tahiti vanillas. It boils at 117° to 118° at 5 mm., and
yields a pbenyl-urethane, melting at 93°.

PERILLIC ALCOHOL.

An alcohol of the formula C10H16O was isolated from oil of ginger-
grass by Schimmel & Co.,1 and described by them as dihydrocuminic
alcohol. It has, however, now been shown by Semmler and Zaar2 not to
have the constitution assigned to it by Schimmel & Co., but to be identical
with the alcohol obtained by reducing perillic aldehyde, C10H14O, the
aldehyde characteristic of the essential oil of Perilla nankinensis.

It was separated from geraniol, which accompanies it in ginger-grass
oil by treatment with concentrated formic acid, which destroys the
geraniol, but does not attack the perillic alcohol. It has the following
characters;—

Boiling point 119° to 121° at 11 mm.
Specific gravity 0-969 at 20°
Refractive index 1-4996
Specific rotation - 68-5°

Its constitution is closely related to that of limonene, since its
chloride passes at once, on reduction, into this terpene as shown in the
following formulae:—

c

s 2 c

k

CH

(f

CH2OH
Perillic alcohol.

CHg CH,,

Y "

k

H2C v 'CH

C

CH2C1
Chloride.

C

H2C

JH, CI

CH

1

CH3
Limonene.

By oxidation this alcohol yields perillic aldehyde which forms a
semi-carbazone, melting at 199° to 200°, and perillic acid, melting at
130° to 131°. It also yields a naphthyl-urethane, melting at 146° to
147°.

Terpene Alcohols.

TERPINEOL.

Terpineol, C10H17. OH, is an alcohol of the greatest interest from a
fscientific point of view, and of the highest practical importance from the
perfumer's point of view. Three well-defined modifications of the sub-
stance known as terpineol are recognised, but as their chemical constitu-
tions are different in each case, it is not a question of so close a relationship
as might be expected from the clumsy and slip-shod nomenclature univer-

1 Bericlite, April, 1904, 53 ; October, 1904, 41. 2 Ibid., 44, 460.
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sally employed for them. These " terpineols " are known as a-terpineol,
/?-terpineol, and y-terpineol.

Terpineol of commerce is, in the main, a mixture of the isomers, in
which a-terpineol largely predominates.

Terpineol is an alcohol which is used to an enormous extent in
synthetic perfumery, and is the basis of all the perfumes of the type of
lily of the valley, lilac, and similar odours. It blends so well with
numerous other bodies that it is easy to produce a large number of
different odours, all with the main perfume of terpineol. Muguet, for
example, is terpineol with small quantities of modifying substances.
Syringol, lilacine, and artificial gardenia are all based on terpineol.
Geranium oil and heliotropine are excellent substances to round off this
odour, and on account of its stability it is most useful in soap perfumery,
as neither heat, acids, nor alkalis have any appreciable effect on it.
Ylang-ylang, sandalwood, and rose are also excellent odours to blend
with it.

These alcohols have long been a puzzle to chemists. Terpineol was
first prepared by Tilden by the action of dilute acids on terpin hydrate.
Wallach first prepared it in really good yield, by acting on terpin hydrate
with dilute phosphoric acid. He stated that it was a monatomic alcohol,
boiling at 215° to 218°, and described it as a liquid. Bouchardat and
Tardy prepare! it by the action of very dilute sulphuric acid on terpin
hydrate, and found that it solidified on cooling and then melted at
30° to 32°, easily remaining in a state of superfusion. A closer examin-
ation by Wallach and Baeyer showed that the true melting-point of the
principal terpineol is 35°. A study of the two bodies, the " liquid " and
the " solid " terpineol, and of their oxidation products, has revealed that
ihere are at least twelve definite isomeric terpineols, capable of being
synthesised. The liquid terpineol of commerce consists of a mixture of
At least two of these, those melting at 35° and at 32° to 33°, with either
some trace of impurity, or else a third isomeric liquid form. The ter-
pineols all appear to possess an odour recalling hyacinths, hawthorn,
and lilac. They are, when prepared artificially, optically inactive, but
flemmler has recently prepared optically active terpineols, by replacing
the chlorine in the two limonene monohydrochlorides by the hydroxyl
group. The resulting terpineol is optically active in the same direction
as the limonene from which it is produced. Baeyer has, in addition,
«ynthesised an isomeric terpineol, melting at 69° to 70°.

Terpineol (that is a-terpineol) has been prepared synthetically by
Perkin and his pupils, his method being described under the synthesis
of limonene.

a-terpineol is a solid compound, melting at 35°. It occurs in the
dextro-rotatory form in numerous essential oils, including those of petit-
grain, neroli, orange, and linaloe; whilst it is found in the laevo-
rotatory condition in camphor oil, certain pine oils, and in Mexican
linaloe oil. It also occurs in the optically inactive variety in cajuput oil.
The artificially prepared a-terpineol, which is a constituent of com-
mercial terpineol, is, of course, inactive.

Synthetic a-terpineol has the following characters:—

Melting-point
Boiling-point

„ ,, at 10 mm.
Specific gravity . . . .
Refractive index . . . .

35°
217° to 218°

. 104° „ 105°

. 0-935 „ 0-940
1-48084



132 THE CHEMISTEY OF ESSENTIAL OILS

Natural terpineol has an optical rotation of about + 100°.
The average characters of the commercial mixture known as ter-

pineol are as follows —

Specific gravity 0 933 to 0 941
Boiling point 217° „ 220°
Refractive index 1 -46CO „ T 4840
Optical activity...... + 0° or slightly active

It is soluble in two volumes of 70 per cent, alcohol.
Messrs. Schimmel & Co. give the following characters for the active

and inactive varieties of a-terpineol: —

Melting point
„ , of nitrosochloride
,, „ nitrol piperidine
,, , ,„ methoethyl -heptanonolide

Inactive
Varieties

35°
112° to 113°
159° „ 160°

64°

Active
Varieties

37° to 38°
107° „ 108
151° „ 152
46° „ 47°

a terpineol has the following constitution —

CH, CH,

COH

CH

HC, CH,

c
CH3

a-terpineol is characterised by being converted into dipentene di-
hydriodide, C10H18I2, melting at 77° to 78°, by being shaken with con-
centrated hydriodic acid.

It yields a well-defined phenyl-urethane, melting at 113°. It requires
considerable care to obtain this compound, which should be prepared
as follows: terpineol mixed with the theoretical amount of phenyl-
isocyanate is left for four days at the ordinary room temperature.
Crystals separate which are diphenyl urea, and are removed by treating
the product with anhydrous ether, in which the diphenyl urea is insol-
uble. If the liquid be very carefully and slowly evaporated fine needles
of terpinyl-phenyl urethane separate. This compound has the formula
Ct.H5. NH COOC10Hr The corresponding naphthyl-urethane melts at
147° to 148°.

Terpineol nitrosochloride, C10H17OH. NOC1, is, perhaps, the most
suitable derivative to prepare for the identification of terpineol. To a
solution of 15 grams of terpineol in 15 c c. of glacial acetic acid, 11 c c.
of ethyl nitrite are added. The mixture is cooled in ice, and 6 c c. of
hydrochloric acid mixed with 6 c c. of glacial acetic acid are added drop
by drop, with continual shaking. Care must be taken to avoid a rise in
temperature. When the reaction is complete, water is added to pre-
cipitate the nitrosochloride. The oily liquid soon solidifies and may be
recrystallised from boiling acetic ether or from methyl alcohol. Ter-
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pineol nitrosochloride melts at 112° to 113° in the case of the optically
inactive form, or at 107° to 108° in the case of the optically active variety.

As in the case of pinene, the nitrosochloride forms a nitrol-piperidine,
C10H17(OH)NO. N . C5H10, melting at 159° to 160° in the case of opti-
cally inactive terpineol. or at 151° to 152° in the case of the optically
active variety.

/3-terpineol is found with a-terpineol amongst the reaction products
of dilute acids on terpin hydrate, so that it is a constituent of com-
mercial terpineol.

It is, when pure, a crystalline compound melting at 32° to 33°, and
has the following characters :—

Specific gravity . .
Refractive index
Boiling-point at 752 mm.

0-923 (at 15°, supervised)
1-4747

209° to 210°

It*yields the following crystalline derivatives, which are suitable for
its identification: nitrosochloride melting at 103°, nitrol-piperidine melt-
ing at 108°, nitrol-anilide melting at 110°, and phenyl-urethane melting
at 85°.

/^-terpineol has the following constitution :—

CH

CH3

y-terpineol has not been found in nature. It has been prepared by
Baeyerl by the reduction of tribrom—1. 4 . 8—terpene, resulting from
the bromination of dipentene dihydrobromide. It also results from
the action of dilute phosphoric, or oxalic acid, on terpin hydrate.

It forms prisms melting at 69° to 70°. To identify this body it may
be converted into its acetate, which then yields a nitrosochloride in the
usual manner, which melts at 82°.

y-terpineol has the following constitution :—
CH3

COH

H^CN /Cxi.,

1 Berichte, 27 (1894), 443.



134 THE CHEMISTRY OF ESSENTIAL OILS

A useful method for the production of terpineol for use in perfumery
on a commercial scale is the following, due to Bertram and Walbaum :—

Two kilograms of acetic acid are mixed with 50 grams of sulphuric
acid and 50 grams of water. Into the mixture, which should not be
allowed to rise above 50°, 1 kilogram of rectified oil of turpentine is
poured, in portions of 200 grams at a time. After cooling and standing,
the liquid is diluted with water and shaken with soda solution. The
product consists of terpinene and terpineol esters, which are separated
by fractional distillation. The esters, on treatment with alcoholic
potash, yield terpineol.

THUJYL ALCOHOL.

Thujyl alcohol, C10H17OH, occurs in the oils of wormwood and thuja
leaves, etc., and also results from the reduction of its ketone, thujone,
by means of sodium. It is identical with the body originally described
by Semmler under the name tanacetyl alcohol.

It has, according to Semmler, the following characters :•—

Boiling-point 210° to 212°
„ „ at 13 mm 92'5°

Specific gravity at 20° 0-925 to 0-926
Refractive index 1-4635

It yields a chloride, thujyl chloride, O^H^Cl, by the action of phos-
phorus pentachloride, which on treatment with aniline yields up HC1,
with the formation of the terpene thujene.

Paolinil has separated from the reduction products of thujone the
acid phthalate of /3-thujyl alcohol, HOOC . C6H4. COO . C10H17, melting
at 120°, and having a specific rotation + 91'27°. This body yields a
silver salt which melts at 85° to 86°, and a strychnine salt melting at
177° to 178°. On saponifying the phthalate /3-thujyl alcohol results,
which has the following characters :—

Boiling-point 206°
Specific gravity 0-9229
Refractive index at 16° 1-4625
Specific rotation + 114-7°

Tschujaeff and Fromm 2 have shown that by the recrystallisation of the
cinchonine salt of the phthalic acid ester, and hydrolysis of the crystal-
line salt, ^-thujyl alcohol can be obtained of specific rotation + 116'9°,

20°
and specific gravity 0'9187 at J^-, thus agreeing with Paolini's results.

The more soluble cinchonine salt remaining in the mother liquors, gave
a laevo-rotatory thujyl alcohol, but the highest rotation obtained was
- 9-12°.

Thujyl alcohol has the constitution :—

1 Atti. R. Accad. dei Lincei, (v.), 20, i. 765.
2 Berichte, 45 (1912), 1293.
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CHQ

H2C

. O H
\
\

c

CH3 CH3

It can be identified by oxidation with chromic acid, when its ketone,
thujone, results. This can then be characterised bj its oxime, melting
at 54°

SABINOL.

Sabinol, C10H15. OH, is a secondary alcohol, existing in the oils of
savin, cypress and eucalyptus, either in the free state or in the form of
its acetic ester. Somewhat discordant values have been published for
this alcohol, its characters, according to Schimmell and Semmler2 being
as follows: —

Boiling point . . . . . . . 210° to 213°
„ at 20 mm . . 105° „ 107°

Specific gravity at 20° . . . . 0 -94:32
Refractive index . . . . 14880
Molecular refraction . . . . . . 46 5

Paolini and Eebern 3 have, however, prepared sabinol in a pure con-
dition by means of its hydrogen phthalate, in the hope of separating it
into its stereoisomeric forms. The hydrogen phthalate of sabinol which
they prepared, COOH. C6H4. CO2 .C10H15, crystallised in white silky
needles melting at 95°, and having a specific rotation, in methyl alcohol,
- 14-6°. On hydrolysis, this yielded sabinol having the following char-
acters :—

Boiling point . . . . . 208°
Specific gravity . . . . . 0-9518
Refractive index at 18° . . . . . 1-4895
Specific rotation . . + 7° 56'

No isomer appeared to be present in savin oil, since no separation
could be effected by conversion of the hydrogen phthalate into its
strychnine salt, and fractional crystallisation thereof. The strychnine
salt, C3?H40O6N2, melts at 200° to 201°.

Sabinol probably has the constitution —

Berichte, October (1895), 40. - Ibid. , 33 (1900), 1459.
J Atti. R. Accad. del Lincei, 1916 (v ), 25, u 377.
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CH,
II
C

H.,C'

CH(CH3)2

On oxidation with permanganate of potassium it yields sabinol-
glycerine, C10H15(OH)3, melting at 152° to 153°, and by further oxidation,
tanacetogene-dicarboxylic acid, C9H14O3, melting at 140°. On reduction
with sodium and amyl alcohol, sabinol yields thujyl alcohol, C10H17OH.

TERPINBNOL.

Terpinenol, C10H18O, is found in the oils of marjoram, cardamoms,
cypress, and nutmeg, as well as in several others to a small extent. I t
has the following constitution :—

CH

C

H2Cv rCH2

* C . O H

It can be obtained artificially by treating sabinene or thujene with
dilute sulphuric acid, when the resulting alcohol is optically inactive.
The natural alcohol, isolated from juniper berry oil, has the following
characters :—

Boiling-point at 8 mm.
Specific gravity .
Optical rotation

93° to 95°
0*940

+ 13-06°

This was probably an impure preparation, and probably Wallach's
preparationJ was in a much purer condition. This had the following
characters:—

Boiling-point 209° to 212°
Specific gravity at 19° 0-9265
Kefractive index at 19° 1-4785
Optical r o t a t i o n . . + 25° 4'

whilst for the inactive variety Wallach gives the following figures :—
Boiling-point
Specific gravity
Refractive index

212° to 214°
0-9290
1-4803

1 Annalent 356 (1907), 215.
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By oxidation with potassium permanganate, terpinenol yields trioxy-
terpane, C10H17(OH)3, melting at 114° to 116°, and by boiling with dilute
sulphuric acid carvenone results. This body yields a semi-carbazone,
melting at 202°.

The above-described compound is known as terpinenol-4 in accord-
ance with recognised nomenclature. A body known as terpinenol-1
is present to a small extent in the artificially prepared commercial
terpinenol. This body has the following characters :—

Boiling-point 208° to 210°
Specific gravity 0-9265 at 18°
Kefractive index 1-4781

It has been prepared synthetically by Wallach l from isopropyl-
hexenone. It has the constitution :—

CH3

C(OH)

H2<1 .CH

C

CH(CH3)2

TERPINE HYDEATE.

Terpine hydrate, C10H18(OH)1J + H2O, is a crystalline alcohol re-
sulting from the action of dilute mineral acids on either pinene or
limonene. It can be prepared by several different methods, of which
the following is typical: A mixture of 8 parts of oil or turpentine,
2 parts of alcohol, and 2 parts of nitric acid of specific gravity 1*255
is allowed to stand for several days in a flat basin. After standing for
$, few days the mother liquor is poured off from the crystals of terpine
hydrate, and neutralised with an alkali, after which a second crop of
•crystals is obtained.

Terpine hydrate crystallises in well-defined monoclinic prisms,
melting at 116° to 117°. On distillation, or on exposure to sulphuric
acid, terpine hydrate gives off the water of crystallisation and yields the
anhydrous alcohol terpine. It is probable that terpine exists in the
space isomeric forms, known as c^s-terpine and frrans-terpine. The
product resulting from the dehydration of terpine hydrate is that known
as ds-terpine. It melts at 39°. Tnms-terpine melts at 64° and is pre-
pared by dissolving dipentene dihydrobromide in 10 times its amount
of glacial acetic acid and gradually adding silver acetate to the ice-cooled
solution. The product is filtered after standing for some time and the
filtrate is neutralised with soda and extracted with ether. The ethereal
solution is treated with alcoholic potash to saponify the acetyl compound
and the reaction product is distilled with steam, to remove hydrocarbons
and terpineol. Transterpine remains in the residue after this treatment.
Terpine has the following constitution :—

1 Annalen, 362 (1908), 280.
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CH3

C.

H,C

OH

CH0

CH. C(OH)(CH3)2

PlNOCAKVEOL.

Pinocarveol, C10H16O, is a bicyclic alcohol, which has been found in*
oil of Eucalyptus globulus, and is apparently\identical with the alcohol
obtained by the reduction of nitrosopinene. It can be prepared artificially
in the following manner :—

Seventy grams of pinylamine nitrate are treated with a solution of
10 grams of sodium nitrite in 100 c.c. of water for some time. The
yellowish oil which separates is distilled with steam, and the distillate is
shaken with an oxalic acid solution in order to remove basic compounds,
and again distilled with steam. Pinocarveol has the following char-
acters :—

Boiling-point . . . . .
„ ,, at 12 mm. .

Specific g r a v i t y .
Refractive index . . . .
Specific rotation . . . .

215° to 218°
92°

. 0-9745 at 20°
l-4%3

- 52° 45'

It forms a phenylurethane which appears to consist of two isomers
melting at 82° to 84° and at 94° to 95° respectively. The formation of
these two phenylurethanes makes it probable that pinocarveol is itself a.
mixture of two isomeric compounds. On oxidation with chromic acid
pinocarveol yields a compound C10H14O which forms two semi-carbazonesr
melting at 210° and 320° respectively.

Pinocarveol has the following constitution (probably) :—

C :

PlNENOL.

This body has been described in detail by Genvresse,1 but its chemical
individuality cannot be regarded as established. Its formula is said to
be C10H15OH and it has the following characters :—

1 Comptes rendus, 130, 918.
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Boiling-point 225° at 740 mm.
ii „ „ 143° „ 88 mm.

Specific gravity 0-9952 at 0°
Refractive index 1-4970°
Specific rotation - 14-66°

It is prepared by passing nitrous fumes into ice-cold pinene. It
forms an acetate, C10H15O . COCH3, which has a marked lavender odour.

DlHYDKOCARVEOL.

Dihydrocarveol, C10H18O, is a natural constituent of caraway oil, and
is also obtained by the reduction of carvone.

To prepare it artificially, 20 grams of carvone are dissolved in 200 c.c.
of absolute alcohol and 24 grams of sodium are added. Towards the
end of the reaction water is added, and the product is then distilled
with steam. .

Dihydrocarveol is an oil of agreeable odour, and haviogvthe following
characters:—

Boiling-point at 760 mm 224° to 225°
„ ,, „ 7 mm 100° „ 102°

Specific gravity 0'9368
Optical rotation - 6° 14'
Refractive index 1-48364

The above values apply to natural dihydrocarveol from caraway oil.
A specimen prepared by the reduction of carvone had a specific gravity
0-927 at 20° and refractive index 1-48168. \ mn«L

Dihydrocarveol is obtained from both optical forms of carvone, \ and
is optically active in the same sense as the original carvone. It has the
following constitution:—

CH . CH

HoC \ /C! :L

(CH2): C . (CH3)

On oxidation with chromic acid in acetic acid solution, dihydro-
carveol yields dihydrocarvone, which has a specific gravity 0*928 at 19°,
and refractive index 1-47174. The dihydrocarvone from laevo-dihyd.ro-
carveol is dextro-rotatory, and vice versa. Its oxime melts at 88° to 89°
for the optically active variety, and at 115° to 116° for the optically
inactive form.

Dihydrocarveol yields a phenylurethane, C6H5NH . CO . OC10H17,
melting at- 87° for the optically active variety, and 93° for the optically
inactive form.

TERESANTALOL.

Teresantalol is an alcohol of the formula C10H16O, which was isolated
from sandalwood oil by Schimmel & Co. It has been prepared artifici-
ally by Sem'mler and Bartelt,1 by reducing teresantalic acid with sodium.

1 Berichte (1907), 3321.
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It is a solid body melting at 112° to 114°, forming exceedingly fine pris-
matic crystals. It forms a compound with phthalic acid, melting at 140°.

FENCHYL ALCOHOL.

The chemistry of fenchyl alcohol, C10H18O, must be regarded as in a
somewhat unsettled state, as questions of isomerism arise which are as
yet unsolved. It was originally prepared by Wallach by reducing the
ketone fenchone, a natural constituent of several essential oils, by means
of sodium. Later1 he obtained it in fairly large quantities as a by-
product in the preparation of fenchone-carboxylic acid, by passing a
current of CO2 through an ethereal solution of fenchone in the presence
of sodium. Fenchyl alcohol has, so far, been found in one essential oil
only, namely, that of the root wood of Pimis palustris.

Wallach gives the following characters for the laevo-rotatory fenchyl
alcohol: —

Boiling point . 201°
Specific gravity at 50° 0* 933

„ rotation . . - 10° 35
Melting-point 45°

The naturally occurring fenchyl alcohol is optically inactive and
melts at 33° to 35°, which agrees with the observations of Wallach, a
mixture of the two optically active forms, each of which melted at 45°,
melting at 33° to 35°.

Pickard, Lewcock and Yates2 have prepared fenchyl alcohol by the
reduction of ^-fenchone ; they found it to be laevo-rotatory. On con-
version into its hydrogen phthalate and fractionally crystallising the
magnesium and cinchonine salts, they obtained a fraction, which on
saponification yielded Zam)-fenchyl alcohol, having a specific rotation of
- 15 5°, which is probably the correct value for this figure.

Fenchyl alcohol yields a phenylurethane melting at 88° when pre-
pared from the optically inactive alcohol, and at 82 5° when prepared
from the optically active form. It yields fenchone on oxidation, which
can be identified by its crystalline combinations (vide fenchone).

Fenchyl alcohol has, according to Semmler, the following con-
stitution —

C .CHo

\

C H(OH)

I CH '
H2CX JC(CH3)2

Fenchyl alcohol yields an acetate, C10H170. COCH3, boiling at 87° to
88° at 10 mm. , and having a specific gravity O 9748, and specific
rotation - 58°.

1 Annalen (1895), 324. 2 Jour. Chem. Soc. , 29 (1913), 127.
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According to Schimmel & Co. , l if fenchene be treated with a mixture
of acetic and sulphuric acids, it is hydrated with the formation of ISO-
fenchyl alcohol, C10H18O. This alcohol is a solid body, crystallising in
needles melting at 61° to 62°. On oxidation it gives rise to a ketone,
C10H1(.0, which is isomeric with fenchone, but which on reduction does
not yield either fenchyl or isofenchyl alcohols, but a third isomeric
alcohol. Isofenchyl alcohol forms a phenylurethane melting at 106° to
107°. The characters of the isomeric alcohols are compared in the
following table: —

Melting-point
„ „ of phenylurethane
„ ,, ,, hydrogen phthalate

Boiling-point .
Acetic ester, boiling-point
Boiling-point of ketone formed
Melting point,, ,, ,,

,, ,, ,, oxime of ketone

Fenchyl Alcohol
45°
82°
145°

91° to 92° (11 mm )
88° (10 mm.)
191° to 192°

6°
164° to 165°

ISOPULEGOL.

Isofenchyl Alcohol.
61° to 62°

106° „ 107°
149° „ 150°

97° to 98° (13 mm )
98° „ 99° (14 mm )

193° to 194°
liquid
82°

Isopulegol, C10H18O, does not appear to exist in essential oils, but it
results from the action of acids on citronellal. The last-named body,
for example, when boiled with acetic anhydride yields isopulegyl acetate,
from which the alcohol is obtained by hydrolysis.

Isopulegol is an oil having an odour resembling that of menthol. Its
characters are as follows —

Boiling-point . 91° at 13 mm.
Specific gravity . . . . 0 9154 at 17 5°
Refractive index . . . 1 47292

Its optical rotation has usually been recorded as from - 2° to - 3°,
but recently Pickard, Lewcock, and Yates 2 have prepared /-isopulegol
by fractional crystallisation of the magnesium and cinchonine salts of
the hydrogen phthalate, and found its specific rotation to be - 22 '2°.

Isopulegol has the following constitution —

CH

cCHOH

CH

(CH,) C.(CH3)

On oxidation isopulegol yields isopulegone, which can be character-
ised by its oxime, which melts at 121° for the active, and about 140° for
the inactive variety; or its semi-carbazone, which melts at 172° to 173°
for the active, and 182° to 183° for the inactive variety.

Isopulegyl hydrogen phthalate melts at 106° and has a specific rota-
tion - 18 7°, and its magnesium salt melts at 115°.

1 Report, October, 1898, 49 ; April, 1900, 55 and 60.2Jour. Chem. Soc. , 29 (1913), 127.
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Pulegone, on reduction, yields an alcohol, C10H18O, which is known
as pulegol. It is a viscous liquid, having the odour of terpineol, and
boiling at 215°. Its specific gravity is O 912. It is difficult to obtain it
in a state of purity.

Schimmel & Co l treated isopulegol with aqueous and alcoholic solu-
tions of alkalis to try and convert isopulegol into pulegol. By the action
of sodium ethylate, instead of pulegol which might have been expected
to be produced, two totally different reactions took place ; on the one
hand there was rupture of the unsaturated side chain with the forma-
tion of methylcyclohexanol; on the other hand there was opening of
the hexagonal nucleus between the carbon atoms 3 and 4, with forma-
tion of citronellol, according to the following scheme —

CH.

CH,

H

H

H2C / C H ( O H )

, C H ( O H )

CH

OC

Methylcyclohexanol.

^ \ OH H.,

-iti-2 n-a/ r*TT
lsopulegol ±13L/-L/±1. AjlXf

OXI2 v-'-tl?
Citronellol.

I t is probable that the isopulegol was first changed to pulegol and
.this to methylcyclohexanol.

MENTHOL.

Menthol, C10H19OH, is the characteristic alcohol of oil of pepper-
mint, from which it separates in fine crystals on cooling. I t also results
from the reduction of the corresponding ketone, menthone, C10H180, and
also of pulegone, C10Hj6O.

Natural menthol is laevo-rotatory. The reduction of both laevo-
menthone and dextro-menthone yields a mixture in which laevo-menthol
predominates. The constitution of menthol is as follows —

CH3

CH

H2C CHOH

! H

Report, October, 1913, 91.
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Its physical characters are as follows :—
Melting-point 43° to 14-5°
Boiling-point at 760° 215° „ 216°

45°Specific gravity — 5 - ~ 0*881
r o t a t i o n . - 49° to - 50°

Various melting-points have been recorded for menthol, and the
recent work of F. E. Wrightl throws some light upon these differences.
Wright describes the crystallisation of menthol in four different forms,

ivhich he terms a, b, c, and d. Three of these appear to bear monotropic
relations to the stable a form. On crystallisation, all forms of menthol
show a pronounced tendency to the development of radial spherulites;
ihese are roughly spherical in shape in the case of crystallisation from
the melt, but noticeably ellipsoidal on inversion of one crystal form into
a second. The four forms are readily distinguishable under the petro-
.graphic microscope. a-menthol shows dextro-rotatory polarisation,
while the melt is laevo-rotatory. In the formation of the different
monotropic forms the initial temperature of crystallisation appears to
be the determinative factor. The a form is stable between zero and its
melting temperature, 42*5° C. The other forms have lower melting
temperatures, namely, 35'5° (6), 33'5° (c), 31-5° (d), all of which invert
finally into the stable a form on standing; the d form may invert first
into the b and then into the a form. At a given temperature the rate of
growth of crystals of a given form from the undercooled melt is constant;
Also the rate of growth on inversion of an unstable form into one more
stable. The refractive index of melted menthol at 25° is approximately
1-458 for sodium light, whilst that of the crystals is greater. The specific
rotation of melted menthol at 15° is - 59*6°, corresponding to a laevo-
xotation of - 0*53° per mm. depth of liquid, whilst the crystals are
dextro-rotatory, the rotatory power of the stable a form being over five times
AS great when measured for the D line. The melting-points were ob-
served in polarised light, the crystals being melted between two strips
of thin cover glass; the slide was immersed in a beaker of water placed
on the microscope stage and kept at a definite temperature by means of
a small electric resistance heating coil of fine enamelled constantan wire.
Melted menthol shows undercooling to a pronounced degree, and does
not crystallise within reasonable time until after a temperature of 32° or
lower has been reached. Crystals of the a form grow at an appreciable
rate at 42°. On crystallisation from the melt at the higher temperature
needles are commonly formed; these show a tendency toward radial
arrangement. At lower temperatures radial spherulites are almost in-
variably formed.

Menthol forms an acetate, menthyl acetate, C1()H19O . COCH3, a thick
highly refractive liquid boiling at 224°, and of specific rotation - 114°.

It forms a characteristic benzoic ester, C10H19O . CO . C6H5, melting
at 54°. This is a useful compound for identifying menthol and may be
obtained by heating menthol with the theoretical amount of benzoic
acid, in a sealed tube to 170°; excess of acid is removed by shaking with
a boiling solution of sodium carbonate, and the ester is crystallised from
alcohol. Menthol forms a phenylurethane, melting at 111° to 112°.

Boedtker2 has prepared a number of the homologues of menthol in
1 Jour. Amer. Chem. Soc., 39, 1515, through P. and E.O.R.
2 Bull. Soc. Chim., iv. 17 (1915), 360.
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the following manner Sodamide was allowed to react with menthone
dissolved m ether. The resulting sodium-menthone was treated with
the various alkyl iodides, with the formation of the corresponding alkyl-
menthones. These were reduced with sodium and yielded the corre-
sponding menthol homologues. The alkyl-menthols so prepared had
the following characters : -

Methylmenthol
Methylmenthylacetate .
Ethylmenthol
Ethylmenthylacetate
w-Propylmenthol .
n-Propylmenthylacetate
Isoamylmenthol .
Benzylmenthol

Boiling

129° to 130°
125° (17
124° (13

131° to 132°
141° „ 145°

152° (30
150° (23

point.

(32 mm )
mm.)

„ )
(14 mm.)
(27 „ )
mm.)

» )
203° to 205° (24 mm ) d-p

Specific
Gravity

18°
at yo

0 9124
0 9313
0 9246
0-9366
0 9075
0 9515
0 8985
0 9819

Rotation.

HDO ~ 2° 26
] D , 2 0 - 18° 7
[a] 000 + 4° 55
WD,IO - 6° 6 '
MD,OO + 29° 7
[a]D o-8°58 '
WD,0O+ 33° 44'

WD,OO ~ 43° 19'

1
1
1
1
1
1

Refractive
Index.

4692
4578
4769
1-4636
4675
4741 (19°)

1-4661
11-5257

Standnikowl has prepared several of the esters of menthol by heat-
ing magnesium iodo-mentholate with the esters of ethyl alcohol. For
example, with ethyl acetate, propionate, and benzoate the corresponding
menthyl esters were obtained. These bodies have the following boiling-
points —

Menthyl acetate
>> propionate

benzoate

113° at 19 mm.
122° to 123° at 19 mm.
191° „ 192° „ 18 „

Menthyl benzoate melts at 54*5° to 55°.
Numerous isomeric menthols have been described, many of which

are certainly not chemical individuals.
When menthone is reduced there is found, in addition to menthol, a

certain amount of isomenthol. This body melts at 78° to 81° and is
slightly dextro-rotatory, its specific rotation being + 2°.

The most reliable work on the isomeric menthols is that of Pickard
and Littlebury.2 Starting from the mixture of alcohols which Brunei 3
had obtained by the reduction of thymol, and which he had described
under the name of thymomenthol, they isolated from it about 60 per
cent, of isomeric menthols, 30 per cent, of menthones, and several other
compounds. They prepared the phthalic acid esters and converted them
into their magnesium and zinc salts, which were then fractionally crys-
tallised.

Two distinct bodies were thus obtained, which, on hydrolysis yielded
the corresponding menthols, of which one is inactive menthol (melting-
point 34° C. ; boiling-point, 16 mm., 103° to 105° C. ; acid phthalic ester,
melting-point 129° to 131° C.), the other, neomenthol crystallising from
petroleum spirit in prismatic tables melting at 51° C.; boiling-point,

lJour. Russ.phys. CJiem. Ges. , 47 (1915), 1113.
2 Jour. Chem. Soc., 101, 109.s Comptes rendus, 137, 1288; and Roure-Bertrand Fils, Bulletin.
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16 mm., 103° to 105° C.; phenylurethane, melting-point 114° C.; acid
guccinic ester, melting-point 67° to 68° C.; acid phthalic ester, melting-
point 175° to 177° C.

The same menthol and neomenthol have also been obtained by the
reduction of inactive menthone by means of hydrogen, in presence of
nickel at 180° C.

The inactive menthol melting at 34° C. just described is probably
identical with the /?-thymomenthol described by Brunei; the inactive
neomenthol is probably identical with the isomenthol described above.

Natural laevo-menthol is clearly a homogeneous compound. On the
other hand, the inactive menthol melting at 34° C. may be split up, by
passing through the form of the brucine salts of the phthalic ester, into
laevo-menthol (melting-point 42° C.; [a]D - 48*76°) and dextro-menthol
(melting-point 40° C.; [a]D '+ 48*15°). Similarly, the inactive neomen-
thol may be decomposed into dextro-neomenthol ([A]D + 19*69°) and
laevo-neomenthol ([a]D - 19*62°). These active modifications are both
liquids; the former having a boiling-point of 98° at a pressure of 16 mm.
and the latter boiling at 105° at 21 mm. Dextro-neomenthol has been
shown to exist in very small quantity in Japanese peppermint oiL

BORNEOL.

Borneol, C10H17OH, the alcohol corresponding to the ketone camphor,,
occurs naturally, in both optically active modifications; as dextro-borneol
in the wood of Dryobalanops camphora (Borneo camphor), and as laevo-
borneol in Blumea balsamifera (Ngai camphor). It also occurs in the
optically inactive modification. It is found in numerous essential oils,
such as those of the pine-needle type, in the form of its acetic ester, and
also in spike, rosemary, and numerous other oils. It forms crystalline
masses, or, when recrystallised from petroleum ether, fine tablets which,
when quite pure, melt at 204°. Its boiling-point is only a few degrees
higher, viz. 212°. According to Bouchardat the melting-point is lower
than that given, but this is undoubtedly due to the fact that his speci-
men of borneol probably contained some impurity. Traces of isoborneol,
strangely, raise the melting-point to 206° to 208°. Borneol can be pre-
pared artificially by reducing its ketone (camphor) with sodium. Fifty
grams of pure camphor are dissolved in 500 c.c. of nearly absolute
alcohol, and treated with 60 grams of sodium. After the reaction is
complete the whole is poured into a large volume of water, and the re-
sulting borneol is collected, washed, pressed, and recrystallised from
petroleum ether. This method of preparation, however, yields a mixture
of borneol and isoborneol. The chemically pure body is best prepared
by the saponification of its acetate. On oxidation, the converse reaction
takes place, with the formation of camphor. Borneol forms a series of
esters with the organic acids, of which bornyl acetate is most frequently
found in nature. This body melts at 29°, and has a specific gravity of
*991 at 15°. It is optically active. In common with a large number of
alcoholic bodies borneol forms a crystalline phenylurethane. This can
be prepared by the interaction of phenylisocyanate and borneol. It
melts at 138°. Bornyl chloride, prepared by the action of phosphorus
pentachloride on borneol, melts at 157°.

Borneol forms crystalline compounds with chloral and bromal, the
former melting at 55° and the latter at 104° to 105°.

VOL. II. 10
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Bertram and Walbaum give the following as the characters of several
of the borneol esters —

Formate .
Acetate
Propioniate
Butyrate
Valerianate

Boiling point
at 10 mm.

90°
98°

110°
121°

128° to 130°

Optical
Rotation.

+ 31°
- 38° 20'
+ 24°
+ 22°
+ 20°

Specific
Gravity.

1-013
0-991
0 978
0-966
0 956

Refractive Index
at 15°.

1
1
1
1
1

47078
46635
46435
46380
46280

It also forms a phthalic acid compound melting at 164°. Pure
borneol has the following characters : -

Melting-point 2 0 3 ° t o
Boiling-point 2 1 2 °
Specific gravity 1 - 0 1

„ rotation (in alcohol)

Borneol has the following constitution —
CH,

\ C H O H

203° to 204°
212°

1-011 to 1-020
± 37'6° to 39 5°

H,C
CH, .C CH,

CH2

CH

Henderson and Heilbron1 recommend the following method for
differentiating between borneol and isoborneol (q*v.). The alcohol is
dissolved in ten to fifteen times its weight of pyridine, and the calculated
amount of ^ara-nitrobenzoyl chloride added, and the mixture heated on
the water-bath for several hours. The pyridine is removed by extrac-
tion with ice-cold dilute sulphuric acid, and the resulting para-miro-
benzoate of the alcohol, after washing with dilute sulphuric acid again,
is separated, dried, and recrystallised from alcohol. Bornyl-p-nitro-
benzoate melts at 137°, whilst the corresponding isoborneol derivative
melts at 129°. It is possible that the usually accepted melting-points
of both borneol and isoborneol may require revision, as Henderson and
Heilbron find the borneol regenerated from the crystalline nitrobenzoate
joaelts at 208°, and isoborneol obtained in the same way at 217°.

Pickard and Littlebury2 have carried out a series of investigations
ôn the separation of the optically active borneols and isoborneols, which
is of particular interest, as the method of separation can probably be
applied to various other similar bodies. This method depends on the

1Proc. Chem. Soc. , 29 (1913), 381.
Ibid. , 23, 262 ; Jour. Chem. Soc. , 91, 1973.
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different solubilities of the crystalline compounds of the acid phthalates
of the alcohols, with alkaloids such as cinchonine, or with laevo-menthyl-
amine. The specific rotations which these chemists consider accurate
for borneol are very concordant for the two optical varieties. The values
obtained are: —

Dextro-borneol [a]D = + 37*08° (in alcohol)
Laevo-borneol [a]o = - 37*61° ,, ,,

The corresponding figures for isoborneol are as follows —

Dextro-isoborneol [a]D = + 34-02° (in alcohol)
Laevo-isoborneol [o]D = - 34 34° „ „

ISOBORNEOL.

Isoborneol, C10H17OH, is an alcohol stereoisomeric with borneol,
which it closely resembles in general characters. It is obtained, together
with borneol, by reducing camphor with sodium, or it may be prepared
by hydrating the terpene camphene by means of acetic and sulphuric
acids. The following 1 is the best method for the preparation of this
alcohol. One hundred grams of camphene are heated with 250 grams
of glacial. acetic acid and 10 grams of 50 per cent, sulphuric acid to 60°
for four hours and the mixture continually shaken. When the reaction
is complete, excess of water is added, and the ester, isobornyl acetate,
separates as an oily mass. Free acid is removed by shaking the oil in
a separator with water until the water is neutral. The ester is then
saponified by boiling with alcoholic potash under a reflux condenser.
The greater part of the alcohol is distilled off, and the residue is poured
into a large quantity of water. Isoborneol is precipitated as a solid mass,
which is filtered off, washed with water, dried on a porous plate and
recrystallised from petroleum ether. Prepared in this manner, isoborneol
melts at 212° (but see Henderson's and Heilbron's results, supra). It is
moreover, so volatile that the determination of its melting-point must be
made in sealed tubes.

Its specific rotation is + 34°.
Isoborneol yields camphor on oxidation, but it yields camphene on

dehydration much more readily than borneol does. If a solution of
isoborneol in benzene be heated with chloride of zinc for an hour, an
almost quantitative yield of camphene is obtained. Pure borneol under
the same conditions is practically unchanged.

Isoborneol forms a phenylurethane, C6H5NH. CO O .C10H17, melting
at 138° to 139°, which is identical with the melting-point of borneol
phenylurethane.

Isobornyl formate is a liquid of specific gravity 1*017, and boils at
100° at 14 mm. ; isobornyl acetate has a specific gravity 0 9905, and
boils at 107° at 13 mm.

The following table exhibits the principal difference between borneol
and isoborneol: —

1 Jour, prakt. Cliem. , New Series, 49, 1.
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Crystalline form . . . .
Melting-point . . . .
Boiling-point
Solubility m benzene at 0°

„ „ petroleum ether at 0°
Melting-point of phenylurethane .

„ „ „ chloral compound
„ „ „ bromal „
,, „ „ acetic ester

With zinc chloride
Specific rotation

Borneol.
— double refraction

204° (208° ?)
212°

1 in 7
1 in 10 to 11

138°
55° to 56°
104° „ 105°

29°
unchanged

37°

PlPEKITOL.

Isoborneol.
+ double refraction

212° (217°

1 in 3
1 in 4 to 4 5

138°
liquid
72°

liquid
forms camphene

34°

Piperitol is a secondary alcohol, corresponding with the ketone,
piperitone, occurring in several of the so-called peppermint group of
eucalyptus oils.1

It is a liquid of the formula C10H18O, having the following char-
acters —

Specific gravity at 22°
Optical rotation . ..
Refractive index at 22° .

Its constitution is probably —
CH . CH

0-923
- 34-1°
1-4760

H C l / C H O H

CAMPHENE HYDKATE.

Aschan2 has recently prepared a new alcohol from camphene, which
is not identical with isoborneol. He obtained it by digesting camphene
monohydrochloride with a solution of calcium hydroxide for about
eighteen hours with continual agitation. The camphene hydrate so
formed is a crystalline compound, highly refractive, and melting at
150° to 151°. It boils at 205°. It differs very markedly from borneol
and isoborneol by yielding camphene on dehydration with the greatest
ease, even when the mildest dehydrating agents are used.

Camphene hydrate is a tertiary alcohol, and a study of its characters
and method of preparation caused Aschan to consider that it is im-
probable that borneol and isoborneol are stereoisomeric, but that they
probably have different constitutional formulae.

MYRTENOL.

Myrtenol, Cj0H16O, is a primary cyclic alcohol, which was isolated
from essential oil of myrtle, in which it occurs principally in the form of
its acetic ester, by von Soden and Blze 3 It is separated from geraniol,
with which it is found, by fractional distillation, and by the crystallisa-

1 Baker and Smith, A Research on the Eucalyptus, 2nd edition, p. 373.
2Berichte, 41, 1092. 3 Chem. Zeit., 29 (1905), 1031.
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tionjof its acid phthalate, which melts at 116°. Myrtenol has an odour
of̂ myrtle, and possesses the following characters :—

Boiling-point at 760 mm.
„ „ „ 9 mm.

Specific gravity at 20°
Optical rotation .
Refractive index

222° to 224°
102° „ 105°

0-9763
+ 45° 45'
1-49668

The above figures are those of Semmler and Bartelt,1 those of
yon Soden and Elze being as follows :—

Boiling-point at 751 mm.
„ ,, ,, 3-5 mm.

Specific gravity at 15°
Optical rotation

220 J to 221°
79-5° „ 80°

0-985
+ 49° 25'

Myrtenol forms an acetic ester, quantitatively, so that it can be de-
termined by acetylisation.

With phosphorus pentachloride it yields myrtenyl chloride, C10H15C1,
which by reduction with sodium and alcohol yields pinene.

On oxidation with chromic acid in acetic acid solution, myrtenol
yields a corresponding aldehyde, which has been termed myrtenal. This
body has the following characters:—

Formula
Boiling-point at 10 mm.
Specific gravity at 20° .
Refractive index
Melting-point of semi-carbazone

„ oxime .

C10H140
87° to 90°
0-9876

1-5042
230°

71° to 72°

Myrtenol, according to Semmler and Bartelt, has the following con-
stitution :—

C . CH2OH

H C ^ '

SANTELOL.

There exists in East Indian sandalwood oil an alcohol, of the
formula C9H16O, which has been named santelol, or santenone alcohol.
It is closely allied to, and much resembles, the alcohol obtained by the
hydration of the hydrocarbon, santene (q.v.), and is probably stereo-
isomeric with it. There is some difference of opinion as to the proper
nomenclature of the two alcohols. According to Charabot,2 the naturally
occurring alcohol, also obtainable by the reduction of santenone, is
analogous to borneol, and should therefore be termed, if that analogy is

1Berichte, 40 (1907), 1363.
2 Les Principes Odorants des Vegetaux, p. 100.
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to be used in the nomenclature, 7r-nor-borneol, whilst the name ?r-nor-
isoborneol should be reserved for the isosantelol, which results from the
hydratibn of santene. The two alcohols are probably stereoisomeric,
and the names assigned to them are exactly reversed by Semmler and
Schimmel, who term the alcohol obtained by the hydration of santene,
santelol or 7r-nor-borneol. Both alcohols are probably of the following
constitution :—

CH3

C
/ ' \

/ ' \
CHOH

CH. CH,

HoC CH,

CH

Santelol can be purified by conversion into its phthalic acid ester,
which is liquid, but which forms a silver salt which does not melt even
at 230°.

It is a solid body melting at 58° to 62°, and boiling at 196° to 198°.
7r-Nor-isoborneol, obtained by the hydration of santene, or by boiling

teresantalic acid with formic acid, has the following characters :—

Boiling-point 87° to 88° at 9 mm.
Melting-point 68° to 70C
Optical rotation . . . . . . . 0°

It forms an acetate having the following characters :—

Formula
Boiling-point
Specific gravity at 20°
Refractive index .
Molecular refraction

CnH18O.,
89 to 90-5° at 9 mm.

0'987
1-45962
50'47

The above\ figures are given for the alcohols based on the nomen-
clature advocated by Charabot as mentioned above.

APOPINOL.

Apopinol, C10H18O, is an alcohol, which has been identified in a
Japanese essential oil by Keimaza.1 It yields citral on oxidation, and
it is not certain that it is in fact a chemical individual, being, possibly,
an impure form of linalol.

KESSYL ALCOHOL.

Kessyl alcohol, C14H24O2, has been isolated from Japanese valerian,
or Kesso, oil. It is a solid compound forming fine rhombic crystals and
having the following characters :—

1Jour. Pharm. Soc., Japan (1903), August.
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Melting-point . . . . . . . . . 85°
Boiling-point at 11 mm 155° to 156°

„ „ „ 760 „ 300° „ 302°

It forms an acetic ester, which boils at 178° to 179° at 16 mm., and
has an optical rotation - 70° 6'. Its formula is C14H23O2. OC . CH3.

SANTALOL.

There exist in sandalwood oil (from Santalum album) two isomerie
sesquiterpene alcohols, of the formula C15H24O. They are both primary
unsaturated alcohols, one being bicyclic, the other tricyclic. These two
alcohols are termed a-santalol and /3-santalol.

a-santalol has the following characters :—

Boiling-point 300° to 301°
„ „ at 8 mm 155°

Specific gravity 0'979
Kefractive index 1-4990 at 19°
Specific r o t a t i o n 4 - + 1° 6'

The specific gravity, refractive index, and specific rotation given
above are those recorded by Paolini and Divizia1 and are probably ac-
curate since the a-santalol was prepared by regeneration from its strych-
nine phthalate. The values recorded for commercial santalol, prepared
by fractional distillation, are as follows, and are the average values for
the mixed santalols as they occur in sandalwood oil:—

Semmler. v. Sodeu. Schimmel.
Specific gravity . 0'973 at 20° 0-976 to 0'978 0-973 to 0*982
Optical rotation . - 21° - 16° 30' to - 20° - 14° „ - 24°
Refractive index . 1-50974 — 1-5040 „ 1-5090

Schimmel gives the following figures for a-santalol, kbut those of
Paolini and Divizia are probably more accurate :—

Specific gravity 0-9854 at 0°
Optical rotation - 1*2°
Boiling-point 300° to 301°

/2-santalol has the following characters :—

Boiling-point at 760 mm.
10Specific gravity

Refractive index
Specific rotation .

309° to 310°
168° „ 169°

0-9729
1-5092
- 42°

These values, except the boiling-point at 760°, are those of Paolini
and Divizia. Schimmel gives the following figures :—

Boiling-point at 760 m m . . 3 0 9 ° to 310°
„ , , 14 „ , , 1 7 0 ° „ 171°

Specific gravity 0'986S at 0°
Optical rotation . . • ' - 56°

According to Paolini and Divizia (loc. tit.}, the two santalols can be
separated in the following manner : They are first separated as far as
possible by careful fractional distillation, and the impure fractions con-
verted in the usual manner into the hydrogen phthalate aad this again

1 Atti. R. Accad. Lincei, 1914 (v.), 28, ii. 226.
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into the strychnine salt. By repeated recrystallisation the strychnine
salt can be purified until the melting-point and rotatory power are con-
stant. When this point is reached, saponification yields the pure alcohol.
The strychnine phthalate has the following formula —

C6H4(CO,. C15H23) (CO2H. C21H22O2N2).
By oxidation of the santalols, an aldehyde, or mixture of aldehydes,

is obtained, which has been termed santalal. It has the formula C15H220,
and the following are its physical characters —

Boiling-point at 10 mm.
Specific gravity at 20° . . .
Optical rotation . . . .
Refractive index . . .
Melting-point of oxime .

„ „ „ semi-carbazone .

152° to 155°
0-995

. + 13° to + 14°
1-51066

104° to 105°
230°

\Semmler regards the body nor-tricyclo-ecsantalane, C10H1G, as the
parent substance of all the santalol derivatives. It is obtained by de-
composing the ozonide of santalol in vacuo.

The acetic esters of the two santalols have been prepared, but their
absolute purity has not been substantiated.

a-santalyl acetate boils at 308° to 312°, and /?-santalyl acetate at 316°
to 317°.

The formulae suggested by Semmler for the two santalols are as
follows —

CH2 CH

H2C

. CH : CH. CH2CH2CH2. OH

C H \
H2 CH

CH2 CH,
\ C H "

Jrt

CH2 CH

CH.,

a Santalol.

CH :CH.CH2 . C H , . C H 2 . O H

C H ,

3- Santalol.

AMYEOL.

T h e a lcohols of t h e so-cal led W e s t I n d i a n s a n d a l w o o d oil, which is
dis t i l led from a species of Amyris, a r e k n o w n u n d e r t h e n a m e of amyrol.
I t is, in all p robab i l i ty a m i x t u r e of t w o a lcohols of t h e formulas C15H240
a n d C 1 5H 2 60. I t s cha rac t e r s a r e a s fol lows —

Specific gravity
Optical rotation
Boiling point

0-980 to 0 982
+ 27°

299° to 301° at 748 mm.
151° „ 152° „ 11 „
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A m y r o l h a s b e e n p a r t i a l l y s e p a r a t e d i n t o i t s c o n s t i t u e n t s — o f w h i c h
tl ie h i g h e r b o i l i n g i s p r o b a b l y of t h e f o r m u l a C 1 5 H 2 6 O , a n d h a s a s p e c i f i c
gravi ty 0*987, o p t i c a l r o t a t i o n + 3 6 ° , a n d b o i l i n g - p o i n t 2 9 9 ° . T h e l o w e r
boil ing a l c o h o l a p p e a r s t o h a v e t h e f o r m u l a C 1 5 H 2 4 O , a n d t o b e o p t i c a l l y
inactive,

C E D R O L A N D P S E U D O C E D R O L .

Cedrol, C 1 5 H 2 6 O , i s a t r u e s e s q u i t e r p e n e a l c o h o l o c c u r r i n g i n c e d a r -
w o o d oil (Juniperus virginiana) a n d s e v e r a l a l l i e d e s s e n t i a l o i l s .

I t i s a c r y s t a l l i n e s u b s t a n c e h a v i n g t h e f o l l o w i n g c h a r a c t e r s : —

Melting-point 86° to 87°
B o i l i n g - p o i n t . . . . . . . . 2 9 1 ° „ 294°

„ „ at 8 mm 157° „ 160°
Specific rotation (in chloroform) + 9° 31'

I t y i e l d s a p h e n y l u r e t h a n e if i t i s h e a t e d a l m o s t t o b o i l i n g - p o i n t
w i t h p h e n y l - i s o c y a n a t e . T h i s c o m p o u n d me l t s , a t 1 0 6 ° t o 1 0 7 ° . O n d e -
hydrat ion w i t h p h o s p h o r i c a c i d i t y i e l d s t h e s e s q u i t e r p e n e c e d r e n e .
T h e r e l a t i o n s h i p b e t w e e n c e d r e n e a n d c e d r o l i s p r o b a b l y a s f o l l o w s : —

2o)

C = C H C ( O H ) — C H 2

Cedrene. Cedrol.

Berninier and Mayerx have isolated a physical isomer of cedrol from
the same oil, which they have named pseudocedrol. This alcohol was
obtained by systematic fractionation of the oil, and was found to accumu-
late in the traction which distils between 147° and 152° at 9 mm. pressure.
Pseudocedrol is a saturated tertiary alcohol having the following char-
acters :—

Specific gravity at 20° 0-9964
Optical rotation + 21° 30'
Refractive index 1*5131

When pseudocedrol is heated in a sealed tube at 235° it yields a
mixture of dihydrocedrene, C15H26, and cedrene, C15H24.

According to Semmler and Mayer, cedrol and pseudocedrol are of
the same chemical constitution, the two bodies being physical isomers.

CEDBENOL.

In addition to cedrol and pseudocedrol, cedar-wood oil contains a
third alcohol, of the formula C15H240, which has been named cedrenol.
This alcohol was isolated by Semmler and Mayer,2 who found it to exist
to the extent of about 3 per cent, in the oil. It is a tricyclic unsatur-
ated alcohol, closely related in constitution to the sesquiterpene cedrene,
as shown by the following formulae :—

' Berichte, 45, 1384. 2 Ibid., 45, 786.
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(C12H20)

=CH C=CH

OIL, GH2—OH
Cedrene. Cedrenol.

Cedrenol has been isolated in a state of purity by means of its phthalic
acid ester. i

It is a viscous, colourless liquid, having the following characters':—

Boiling-point at 10 mm 161° to 170°
Specific gravity at 20° . . . . 1-0098
Optical rotation . . . . . . . . +1°
Refractive index 1-5230

It was, however, probably not quite pure, when obtained in this
manner. It forms an acetic ester, having the following characters —

Boiling-point at 10 m m . 1 6 5 ° to 169°
Specific gravity at 20° . . . . . . 1-0168
Refractive index 1 5021
Optical rotation . . . . . . . . . — 2°

When regenerated by saponification of the acetic ester, cedrenol was
found to have the following characters :—

Boiling-point at9-5 mm . . . . . 166° to 169°
Specific gravity at 20° . . . . . . 1-0083
Refractive index . . . . . . . . . 1 -5212
Optical rotation . . . . . . . . +0°

By the action of phosphorus pentachloride, cedrenol yields cedrenyl
chloride, C15H23C1, which, when reduced by sodium and alcohol yields
cedrene.

CADINOL.

Semmler and Jonas l have isolated a sesquiterpene alcohol, C15H260,
from oil of galbanum. It yields a hydrochloride melting at 117° to 118°..

VETIVENOL.

Genvresse and Langlois2 isolated an alcohol of the sesquiterpene
group of the formula C15H94O from oil of vetiver, which they named
vetivenol. This alcohol has been examined by Semmler, Risso, and
Schroeter.3 From the fraction boiling at 260° to 298° at 13 mm. they
obtained an ester of vetivenol, C15H24O, with an acid of th^ formula.
C15H92O2. On hydrolysis the alcohol was obtained, which had the
following characters:—

Boiling-point at 13 mm.
Specific gravity at 20° .
Refractive index .
Optical rotation .
Molecular refraction .

170° to 174°
1-0209
1 52437

+ 34° 30'
65-94

This alcohol possesses only one double bond, and must be tricyclic.
It is a primary alcohol, yielding a phthalic acid ester. On reduction

1 Berichte, 47 (1914), 2068. 2 Comptes rendus, 135, 1059.
" Berichte, 45, 2347.
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with hydrogen a n d spongy p l a t i n u m , it yields d ihydrovet ivenol , C 1 5 H 2 6 0 , ,
• a true sesquiterpene alcohol , h a v i n g t h e following cha rac t e r s :—

Boiling-point at 17 mm.
Specific gravity at 20° .
Refractive index .

176° to 179°
1-0055
1-51354

+ 31°Optical rotation . . . .

Dihydrovetivenol forms a n acet ic es ter , w h o s e c h a r a c t e r s a r e as
follows:—

Boiling-point at 19 mm 180° to 184°
Specific gravity at 20° 1-0218
Refractive index 1-50433
Optical rotation + 2^° 48'

There was also ob ta ined f rom t h e oil a second alcohol , C 1 5 H 2 4 O r

which contains two doub le bonds , a n d is b icycl ic . I t is a lso a p r i m a r y
alcohol, but i ts c h a r a c t e r s h a v e no t been asce r t a ined wi th accuracy .
A mixture of bicyclic a n d t r icycl ic ve t ivenol isola ted by m e a n s of p h t h a l i c
acid had the following c h a r a c t e r s , f rom w h i c h those of bicyclic ve t ivenol
may, to some extent , be d e d u c e d : —

70°Boiling-point at 14 mm 168° to 170
Specific gravity at 20° 1-0095
Refractive index 1-52058
Optical rotation + 25°

ZlNGIBEROL.

Brooks 1 h a s i so la ted from t h e fract ion of oil of g inge r boi l ing a t 154°
to 157° a t 15 m m . a n alcohol w h i c h he finds to be a s e squ i t e rpene
alcohol, C l 5 H 2 6 O, c o r r e s p o n d i n g to t h e se squ i t e rpene z ing iberene . I t h a s
the fragrant o d o u r of ginger , a n d p robab ly possesses one of t h e following
const i tu t ions :—

J H ^ O H

/ \ C H 3

.CH.C(CH

CH(CH3)

C(CH

TT p

or

C(CH3)

/ \ 0 H a

\ / C H -
C(CH3)

CH,

CH2 C(CH3)(OH)CH:CH

G U A I O L .

Guaiol, C 1 5 H 2 6 O, is a n odour le s s s e s q u i t e r p e n e alcohol found in t h e
essential oil of t h e wood of Bulnesia Sarmienti, k n o w n a s gua iac wood
oil.

I t is ob ta ined by ex t r ac t ing t he wood w i t h e ther , a n d severa l t i m e s
recrystallising t he p a s t y m a s s so ob ta ined from alcohol .

Guaiol is a t e r t i a ry bicyclic a lcohol , w i t h o n e double l inkage , h a v i n g
the following c h a r a c t e r s :—

Melting-point 91°
Boiling-point at 9 mm 147° to 149°

9O°
Specific gravity r x — 0 - 9 7 1 4
Refractive index . . . . . . . . 1'5100
Specific rotation . . . . . . . . — 29-8°

1 Jour. Amer. Chem. Soc., 38 (1916), 430.
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By acting on guaiol with potassium in alcohol, and adding methyl
iodide, guaiol methyl ether is formed, which has the following char-
acters :—

Boiling-point at 9 mm 141° to 143°
Specific gravity at ± * i 0 - 9 3 3 2

„ rotation - 31-8°
Refractive index at 18'5° 1-48963

If guaiol be shaken in aqueous acetone with potassium permangan-
ate a glycerol results, which is the first body of its type known in the
sesquiterpene series. This body, guaiol glycerol, C15H28O2, forms
colourless tablets, melting at 210° to 211°, and is suitable for the identi-
fication of guaiol.

CLOVE SBSQUITEBPENE ALCOHOL.

Semmler and Mayer1 have isolated a sesquiterpene alcohol, C15H260,
from the high boiling fractions of oil of cloves. It was probably not
obtained in an absolutely pure condition, but had the following char-
acters, which must be regarded as approximate only:—

Boiling-point at 8 mm 138° to 148°
Specific gravity at 20° 0-9681
Optical dotation - 17°
Refractive i n d e x f . . _ . . . 1-5070

It yields a chloride, C15H25C1, of specific gravity 0*990 at 20°. It is
a bicyclic sesquiterpene alcohol, with one double bond.

LEDUM CAMPHOR.

Ledum camphor, C15H260, is a solid sesquiterpene alcohol present
in the essential oil of Ledum palustre. It forms long, colourless needles
having the following characters :—

Melting-point 104°
Boiling-point 281°
Specific gravity at t ^ ^ 0 - 9 8 1 4
Refractive index 1-5072

On dehydration it yields the sesquiterpene ledene, which has scarcely
been investigated.

COSTOL.

Semmler and Feldstein2 have isolated a sesquiterpene alcohol,
C15H24O, from the oil of costus root, to which they have given the name
costol. It was purified by conversion into its acid phthalate, which, on
hydrolysis yields the pure alcohol, having the following characters:—

Boiling-point at 11 mm 169° to 171°
Specific gravity at 21° 0*983
Refractive index . . . . . . . . 1-5200
Optical r o t a t i o n 4 - 13°

' Berichte, 45 (1912), 1390. Ibid., 47 (1914), 26S7.
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Costol is a diolefinic bicyclic sesquiterpene alcohol, which, on oxida-
tion by chromic acid in acetic acid yields an aldehyde, C15H22O, which
yields a semi-carbazone, melting at 217° to 218°. This aldehyde, wrlich
18 triolefinic has the following characters :—

Boiling-point at 15 mm 164° to 165°
Specific gravity at 22° 0-9541
Refractive index 1-50645
Optical r o t a t i o n . . +24°

Costol forms an acetic ester, having a specific gravity 0-9889 at 21°
and optical rotation + 19°.

ELEMOL.

Semmler and' Liao1 have examined the solid body isolated from
Manila elemi oil by Schimmel & Co. This was found to be a sesqui-
terpene alcohol, C]5H26O, which has been named elemol. It was
purified by converting it intov its benzoic acid ester, from which the
alcohol was prepared in a pure state by hydrolysis. It has the following
characters:—

Boiling-point at 17 mm 152° to 156°
Specific gravity at 20° 0-9411
Refractive index 1-5030
Optical rotation - 5°

Its benzoic ester has the following characters :—

Boiling-point at 10 mm 214° to 218°
Specific gravity at 20° 1-0287
Refractive index 1-5378
Optical rotation - 6°

On reduction elemol yields tetrahydroelemol, C15H300. Elemol is
a monocyclic sesquiterpene alcohol, and on dehydration yields the sesqui-
terpene elemene.

According to Semmler and Liao 2 tetrahydroelemol has the following
characters:—

Melting-point .
Boiling-point . . . .
Specific gravity at 20°
Refractive index
Optical rotation

35-5°
. 138° to 142° at 13 mm.

0-9080
1-4807
- 2°

By treatment with formic acid, it yields tetrahydroelemene. The
constitution of this body, which throws some light on that of elemol, is
probably as follows :—

C—CH(CH3)2

CH.(C5Hn)

CH(CH3)

1 Berichte, 49 (1916), 794. *Ibid., 50 (1917), 1286.
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JUNIPEROL.

-Eamsay1 has isolated a crystalline sesquiterpene alcohol from the
essential oil distilled from the bark of the juniper tree. It forms
optically inactive triclinic crystals, melting at 107°, and having the
formula C15H240.

EUDESMOL.

Eudesmol is a sesquiterpene alcohol, isolated from several species of
eucalyptus oil by Baker and Smith, who regarded it as an oxide of the
formula C10H16O. Semmler and Tobias 2 have, however, shown that it
is a tricyclic, unsaturated alcohol. It has the following characters :—

Melting-point 79° to 80°
Boiling point at 10 mm. . . . . . . . 156°
Specific gravity at 20° 0-9884

,, rotation (in chloroform) + 38° to 43°
Refractive index 1-5160
Molecular r e f r a c t i o n . 6 7 - 8 5 .

It forms an acetate, which boils at 165° to 170° at 11 mm. By re-
duction with hydrogen and spongy platinum, it yields dihydroeudesmol,
an alcohol melting at 82°. On dehydration it yields a sesquiterpene,
eudesmene. Eudesmol appears to have a tendency to liquefy by keeping.
Whether the liquid body is an isomer or not is unsettled.

GLOBULOL.

This sesquiterpene alcohol was discovered by Schimmel & Co. in oil
of Eucalyptus globulus. It is found in the last fractions of the distillate,
separating out in crystalline condition. On recrystallisation from 70
per cent, alcohol, it was obtained in the form of brilliant, almost odour-
less needles, having the following characters :—

Melting-point . . . 88-5°
Boiling-point at 755 mm. . 283°
Specific rotation . . . - 35° 29' (12 per cent, chloroform solution)

Its formula is C15H26O.
Schimmel & Co.a attempted to acetylise the alcohol by means of acetic

anhydride, but the reaction product only showed 5 per cent, of ester,
which was not submitted to further examination. The bulk of the
alcohol had been converted into a hydrocarbon, with loss of water.
Ninety per cent, formic acid is most suitable for splitting off water.
One hundred grams of the sesquiterpene alcohol were heated to boiling-
point with three times the quantity of formic acid, well shaken, and, after
cooling, mixed with water. The layer of oil removed from the liquid
was freed from resinous impurities by steam-distillation, and then
fractionated at atmospheric pressure. It was then found to consist of a
mixture of dextro-rotatory and laevo-rotatory hydrocarbons. By repeated
fractional distillation, partly in vacuo, partly at ordinary pressure, it was
possible to separate two isomeric sesquiterpenes, which, after treatment
with aqueous alkali, and distillation over metallic sodium, showed the
following physical constants :—

1 Zeit. f. Kristallogr., 46, 281. 2 Berichte, 46 (1913), 2026.
8 Report, April, 1904, 52.
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247° to 248°
- 55° 48'
1-4929
0-8956

2.
266°

+ 58° 40
1-5060
0-9236
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Boiling-point
Optical rotation .
Refractive index .
Specific gravity . . . .

Semmler and Tobiasl consider that eudesmol and globulol are related
in the same manner as \borneol and isoborneol.

PATCHOULI CAMPHOR.

Patchouli camphor, C15H26O, is a solid alcohol found m oil of
patchouli. It is a crystalline body having the following characters: —

Melting-point 56°
Specific rotation . . . — 118° (in fused state)

„ „ - 97° 42' (in chloroform)

On dehydration it yields patchoulene, a sesquiterpene which has not
beeniinvestigated.

CUBEB CAMPHOR.

Cubeb camphor, C16H26O, is a sesquiterpene alcohol which is found in
oil of cubebs, especially in old samples of the oil. It is laevo-rotatory,
melts at 68° to 70°, and boils at 248° with decomposition. Nothing is
known of its constitution.

MATICO CAMPHOR.

This sesquiterpene alcohol is found in old samples of Matico leaf oil.
It is a crystalline body, of the formula, C15H26O, melting at 94°, and of
specific rotation — 28*73°, in chloroform solution.

GONOSTYLOL.

This body, Cl5H26O, exists in the oil of Gonystilus Miquelianus. It
has the following characters —

Melting point 82°
Boiling-point at 17 mm 164° to 166°
Specific rotation . + 30° (in alcohol)

On dehydration it yields the sesquiterpene, gonostylene.

BETULOL.

Betulol is a sesquiterpene alcohol of the formula C15H24O, found in
oil of birch buds. It can be isolated as a hydrogen phthalate, by warming
a solution of betulol in benzene, with phthalic anhydride. It has. ac-
cording to Soden and Elze, the following characters: —

Boiling-point at 743 mm.

Specific gravity
Optical rotation
Refractive index

4 mm.
284° to 288°
138° „ 140°

0 975
- 35°
1-50179

1 Berichte, 46 (1913), 2030.
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It forms an acetic ester boiling at 142° to 144° at 4 mm. pressure, of
specific gravity 0*986.

This alcohol has, however, been quite recently reinvestigated by
Semmler, Jonas, and Eichter.1 They consider that it is a bicyclic sesqui-
terpene alcohol whose characters are as follows:—

Boiling-point 157° to 158° at 13 mm.
Specific gravity at 16° 0-9777
Refractive index at 16° 1-5150
Optical rotation - 26*5°

By the action of phosphorus pentachloride it yields betulyl chloride,
a partial molecular rearrangement having apparently taken place, since,
on hydrolysis, it yields a tricyclic betulol which is of particular interest
in that it is the first tricyclic sesquiterpene alcohol of a crystalline char-
acter to be discovered. Its characters are as follows:—

Melting-point 147° to 148°
Boiling-point 160° to 166° at 13 mm.

ATKACTYLOL.

Atractylol, C15H26O, is a sesquiterpene alcohol which forms the
principal constituent of the oil of Atractylis ovata. It is a tertiary tri-
cyclic alcohol, having the following characters :—

Melting-point
Boiling-point

at 15 mm.Optical rotation .
Refractive index

59°
290° to 292°

162°
±0°

1-5103

CAPAEKAPIOL.

Caparrapiol, C15H26O, is a sesquiterpene alcohol found in the oil of
Nectandra Caparrapi. It has the following characters :—

Boiling-point 260° at 757 mm.
Specific gravity 0'9146
Optical rotation - 18° 58'
Refractive index 1-4843

GALIPOL.

Galipol is a sesquiterpene alcohol of the formula C15H26O, found in
oil of Angostura. It has the following characters :—

Specific gravity at 20° 0'927
Boiling-point 260° to 270°

It is a very unstable compound.

MAALI SESQUITERPENE ALCOHOL.

There exists in the essential oil of Maali resin a sesquiterpene
alcohol, C15H26O, corresponding with the sesquiterpene which has al-
ready been described. It has the following characters:—

Melting-point 105°
Boiling-point 260°
Specific rotation + 18° 33'

1 Berichte, 51 (1918), 417.
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OPOPONAX SESQUITERPENE ALCOHOL.

A sesquiterpene alcohol, C15H26O, has been extracted by means of
phthalic anhydride from oil of opoponax resin. It distils at 135° to
137° in vacuo (2 imm.), and yields a crystalline phenylurethane. But
as, in spite of repeated crystallisations, it could not be obtained of con-
stant melting-point, it is probable that the substance is a mixture of two
or more alcohols.

4. ESTERS.

It will now be convenient to pass on to that very important group
of compounds, the esters.1 An ester is a combination of an alcohol with
an acid, the combination being associated with the elimination of water.
For example, ordinary ethyl alcohol combines with acetic acid to form
the ester, ethyl acetate, according to the following equation :—

C2H5OH + HOOC. CH3 = C2H5OOC . CH3 + H2O
Alcohol. Acetic Acid. Ethyl Acetate. Water.

The esters play a most important part in the economy of plant life,
and are highly important constituents of numerous essential oils. In-
deed, in many cases they are the dominating constituent, and the oil
may be said to owe its perfume value largely, or in some cases almost
entirely, to the esters it contains.

In dealing with natural perfumes it must be remembered that when
one speaks of, for example, lavender oil containing 35 per cent, of linalyl
acetate, or geranium oil containing 30 per cent, of geranyl tiglate, these
are merely convenient forms of expression, and give a conventional
method of expressing the ester value. For the esters are really merely
calculated from analytical results to a given formula; whereas, in fact,
in nearly every essential oil containing esters there is a predominating
ester associated with several others in smaller quantities which are im-
possible to separate, and are all expressed in terms of the predominating
ester. The recognition of these subsidiary esters is of the highest im-
portance, since it enables the scientist to prepare the various synthetic
esters and blend them in minute quantities so as to give a long scale of
modified odours. Indeed, the synthetic esters form one of the most
important portions of the price list of the synthetic perfume manu-
facturer. The following are the general methods for the artificial pre-
paration of esters:—

1. By the interaction of the alcohols and acids at an elevated
temperature; the reaction is assisted by the use of some catalytic agent,
or one which absorbs the water formed, such as dry sodium acetate.
The reaction is rarely complete, however, and may be rendered more
nearly quantitative by 'using the acid anhydride in place of the acid:
itself. The reaction is :—

2R. OH + O = 2E . O . OCE + H2O, when E is an alkyl radicle.

2. By the interaction of the silver salt of the acid with the halogen
derivatives of the alcohol, when the reaction is as follows :—

AgN03 + C.2H6I = C2H6N03 + Agl.
irThe section on the esters, is, in the main, reproduced from a monograph by the

author in the Perfumery and Essential Oil Record, July, 1913.
VOL. II. 11
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3. By acting on the alcohols with acid chlorides, as, for example:—

C2H5OH + C6H5COC1 = C2H5OOC . C6H5 + HC1.

To decide whether an ester is present in a mixture of compounds,
such as a compound synthetic perfume, is a matter of no great difficulty.
A weighed quantity, from 2 to 5 grams, according to the probable amount
of ester present, is dissolved in a very small quantity of alcohol and a
few drops of phenolphthalein solution added. An alcoholic solution of
caustic potash is added drop by drop from a burette until all free acid is
neutralised, as indicated by the liquid assuming an intense red colour.
A measure! quantity of the alcoholic potash solution is then run into the
flask, 25 c.c. of semi-normal alkali usually being sufficient, and an exactly
equal volume run into another flask. The contents of the two flasks
are then boiled for an hour under a reflux condenser, and after an hour
are cooled and the amounts of alkali present determined by means of
semi-normal acid. If the amount of alkali left in the flask containing
the sample is less than that in the " blank " flask, the difference has
been absorbed in saponifying the esters present, breaking them down
into the respective alcohols and acids. So that this consumed alkali is
a measure of the amount of esters present. If an investigation into the
nature of the esters present is necessary, it must be remembered that
after the saponification the alcohol resulting is almost invariably an in-
soluble oil, so that by diluting the reaction mass with water the resulting
alcohol, together with the other compounds of the sample, will float as
an oily layer on the surface of the liquid, and this oily layer must be in-
vestigated in the usual manner. The acid, however, formed by the
decomposition of the ester is usually soluble in the aqueous liquid, which
can be separated from the oil, and the acid distilled off if volatile, or
precipitated as a silver salt if non-volatile.

Some oils consist almost entirely of esters ; for example, those of
<Gaultheria procumbens and Betula lenta contain about 99 per cent, of
methyl salicylate. Bergamot and lavender owe the greater part of their
perfume value to esters of linalol, of which the acetate predominates.
Geranium oil owes its fragrance chiefly to geranyl esters, of which the
tiglate is the chief. On the other hand, oils such as spike lavender,
sandalwood, lemon-grass, and citronella contain but small quantities of
esters, and owe their perfume value to entirely different types of com-
pounds.

ESTERS OF METHYL ALCOHOL.

Methyl alcohol, CH3OH, is the lowest member of the paraffin
alcohols, and although it occurs to a small extent in the free state in a
few essential oils it is not a perfume material at all, and, being very
soluble in water, is entirely washed out of the oil by the distillation
waters. There are, however, a number of highly odorous esters ot
methyl alcohol which are indispensable in synthetic perfumery. These
are as follows :—

Fatty Acid Esters of Methyl Alcohol.—The following esters of methyl
alcohol are commercial products, and all have fruity odours, and are
very suitable for blending with flower oils to impart distinctive secondary
odours to them. They are, generally speaking, very expensive, some
of them costing as much as £12 per lb., but, as only minute quantities
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are used, the actual cost is not very material. They may be identified
by the melting-point of the fatty acid yielded on saponification :—

Melting-point of
Fatty Acids.

Methyl caprinate, CH3(CH2)8COoCH« ..31° to 32°
„ caprylate, CH3(CH2)6CO2CBU(
„ heptoate, CH3(CH2)5CO,,CH3laurinate, CH3(CH2)]0Cb2CHn

nonylate, CH3(CH2)7CCX,CH, "

16° „ 17°
- 10°

43° to 44°
12° „ 13°

"A Methyl Anisate.—Methyl alcohol forms an ester with anisic acid,
having the formula C6H4(OCH3)(COOCH3). It is a crystalline body
with a fine chervil odour.

Methyl Anthranilate.—This ester is one of extreme importance, and
to it is largely due the possibility of manufacturing artificial neroli oils.
It was discovered as a constituent of neroli oil in 1895 by Walbaum,
and has since been identified in numerous other flower oils, such as
tuberose, ylang-ylang, jasmin, and gardenia. Its value in synthetic per-
fumery is therefore obvious. Its constitution is that of a methyl ester
or ortho-amido-benzoic acid, of the formula here shown :—

CH

HC C.NH2H2

. C O O . C H ,

I t i s p r e p a r e d a r t i f i c i a l l y i n v a r i o u s w a y s , m o s t o f w h i c h d e p e n d o n t h e

p r e l i m i n a r y s y n t h e s i s o f t h e a c i d , w h i c h i s t h e n c o n v e r t e d i n t o i t s m e t h y l

e s t e r . A n t h r a n i l i c a c i d i s p r e p a r e d b y t h e r e d u c t i o n o f o r £ / & 0 - n i t r o - b e n z o i c

a c i d , w i t h t i n a n d h y d r o c h l o r i c a c i d ; o r f r o m p h t h a l i m i d e b y t r e a t m e n t

w i t h b r o m i n e a n d c a u s t i c p o t a s h . T h e e s t e r i s p r e p a r e d d i r e c t l y f r o m i s -

a t o i c a c i d ( a n t h r a n i l - c a r b o n i c a c i d ) , C 6 H 4 ( C O ) ( N C O 2 H ) , b y t r e a t m e n t w i t h

m e t h y l a l c o h o l a n d h y d r o c h l o r i c a c i d . M e t h y l a n t h r a n i l a t e i s a c r y s t a l -

l i n e s u b s t a n c e m e l t i n g a t 2 4 ° t o 2 5 ° , w h o s e s o l u t i o n s h a v e a b e a u t i f u l

b l u e - v i o l e t fluorescence, w h i c h i s a p p a r e n t i n a l l o i l s c o n t a i n i n g i t . I t

b o i l s a t 1 3 2 ° a t 1 4 m m . , a n d h a s a s p e c i f i c g r a v i t y 1 - 1 6 8 . I t p o s s e s s e s a

p o w e r f u l o d o u r s i m i l a r t o t h a t o f o i l o f n e r o l i a n d s i m i l a r f l o w e r o i l s ,

i t s i d e n t i f i c a t i o n i s e a s y , s i n c e o n s a p o n i f i c a t i o n i t y i e l d s a n t h r a n i l i c a c i d ,

m e l t i n g a t 1 4 4 ° t o 1 4 5 ° . I t a l s o y i e l d s a p i c r a t e , m e l t i n g a t 1 0 4 ° . I t

c a n b e e s t i m a t e d q u a n t i t a t i v e l y b y t h e m e t h o d p r o p o s e d b y H e s s e a n d

Z e i t s c h e l . A b o u t 2 5 t o 3 0 g r a m s o f t h e s a m p l e a r e d i s s o l v e d i n t w o t o

t h r e e t i m e s i t s v o l u m e o f d r y e t h e r . I t i s c o o l e d i n a f r e e z i n g m i x t u r e ,

a n d t h e n a m i x t u r e o f 1 v o l u m e o f s u l p h u r i c a c i d a n d 5 v o l u m e s o f

e t h e r a r e a d d e d s l o w l y , d r o p b y d r o p , u n t i l n o f u r t h e r p r e c i p i t a t i o n

t a k e s p l a c e . T h e w h o l e o f t h e m e t h y l a n t h r a n i l a t e i s t h u s p r e c i p i t a t e d

a s s u l p h a t e . T h i s i s c o l l e c t e d a n d w a s h e d w i t h e t h e r a n d w e i g h e d , o r

it m a y b e t i t r a t e d w i t h s e m i - n o r m a l p o t a s h s o l u t i o n . I f p b e t h e w e i g h t

of o i l e m p l o y e d a n d w t h e n u m b e r o f c . c . o f s e m i - n o r m a l a l k a l i u s e d , t h e n

,, , , , . , , . , -, ± • 3 - 7 7 5 x n

t h e p e r c e n t a g e o f m e t h y l a n t h r a n i l a t e i s * •

M i n u t e q u a n t i t i e s o f t h e e s t e r m a y b e q u a n t i t a t i v e l y d e t e r m i n e d b y
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diazotising the ester and observing its colour reaction with either /3-
naphthol or dimethylaniline, against a standard solution of the ester.1

Methyl Benzoate.—This highly odorous ester has the composition
CHgOQC . C6H5. It is present in the oils of ylang-ylang, tuberose, and
cloves, etc., and is also known in commerce as Niobe oil. It is a colour-
less, optically inactive liquid of fragrant odour, and is a necessary con-
stituent of odours of the ylang-ylang type. It is a favourite ingredient
in the perfume known as Peau d'Espagne, and blends well with santal,
musk, geranium, or rose. It can be prepared by passing a current of
dry hydrochloric acid gas into a solution of benzoic acid in methyl
alcohol. The mixture is heated to 100° for several hours, and the re-
sulting ester then precipitated with water. Pure methyl benzoate has
the following characters: It boils at 199° at 760 mm., has a specific
gravity 1*1026, and refractive index 1*5170. It should be free from
chlorine, which may be tested for in the manner described under
benzaldehyde. Methyl benzoate may be characterised by its forming a
crystalline compound with phosphoric acid, which the benzoic esters of
homologous alcohols do not.

Methyl Cinnamate.—This ester, which occurs in various balsamic
products, has the constitution C6H5. CH: CH . COOCH3. It is an oily
body with a penetrating fruity odour, and is of great value in the pre-
paration of perfumes for such articles as toilet vinegars, smelling salts,
etc. It can be prepared by the condensation of methyl alcohol and
cinnamic acid by means of dry hydrochloric acid in the same way as
methyl benzoate. It forms a low melting crystalline mass having the
following characters:—

Specific gravity
Refractive index
Melting-point
Boiling-point

1-0663 at 40°
1-56816 „ 35°

34° to 36°
256 at 745 mm.

262° to 265° at 760 mm.

Methyl Malonate.—This ester is an artificially prepared body, having
a fruity odour, somewhat similar to the above-described esters of the
fatty acids. It has the formula CH2(CO2CH3)2, and boils at 181°. It
may be prepared by treating potassium cyan-acetate with methyl alcohol
and hydrochloric acid. On saponification with alcoholic potash it yields
malonic acid, which melts at 132°, and serves well for the identification
of the ester.

Methyl Methyl-anthranilate.—This ester is quite similar in all its
characters to methyl anthranilate. It has the constitution—

C6H4(NH . CH3)(CO . OCH3),

that is, one of the hydrogen atoms in the amido group of the anthranilic
acid has been substituted by a methyl group. Its odour and fluorescence
are quite similar to those of methyl anthranilate, and its estimation may
be effected in the manner described for that ester. Its identification is
easy, as it yields methyl-anthranilic acid, melting at 179° on saponifica-
tion. The ester melts at 18*5° to 19*5°, boils at 130° to 131° at 13 mm.,
is optically inactive, and has a specific gravity 1*1238 at 20°, and a re-
fractive index 1*57963.

Methyl Phenyl-acetate. — Phenyl-acetic acid can be prepared by
1 Berichte, 35, 24 (1902); J. Amer. Chem. Soc., 1921, 377.
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chlorinating toluene, thus converting it into benzyl chloride, which
is then converted into benzyl cyanide, which, on digestion with sul-
phuric acid, yields phenyl-acetic acid or a-toluic acid. This is con-
densed with methyl alcohol, forming the methyl ester of the formula
C6H5. CH2. COOCH3. It has a powerful " honey"odour, and is very
useful in scent bases of this type.

Methyl Phenyl-propionate.—Phenyl-propionic acid, also known as
hydrocinnamic acid, forms a methyl ester of the formula

C,H5. CH2 . CH2COO . CH3.
The acid is obtained by the reduction of cinnamic acid by means of
sodium amalgam. The acid is then esterified by the condensing action
of a mineral acid in methyl alcohol solution. The ester is an oil of very
sweet oiour, and is very useful for flower bouquets.

Methyl Salicylate.—This ester is practically identical with oil of winter-
green or oil of sweet birch, both of which contain about 99 per cent, of
the ester. It is also present in numerous other plants, and its artificial
production is carried out on a very large scale. The artificial ester is
quite suitable for replacing the natural oil, and is used to a very large
extent for flavouring tooth powders, pastes, and washes, being exceed-
ingly popular in America. The ester has the constitution

CtfH4(OH)(COOCH8).
The best method for producing it artificially is to condense salicylic
acid and methyl alcohol by means of sulphuric acid. It is a colourless
oil, optically inactive, and possessing an intense wintergreen odour. It
has the following characters :—

Specificgravity at 0° .
„ „ 16°

Boiling-point
Melting-point
Refractive index at 20°
Solubility .

1-1969
1-1819
224°

- 8° to - 9°
1-5375

1 in 6 to 8 volumes of 70 per cent, alcohol

ESTERS OF ETHYL ALCOHOL.

Ethyl Acetate.—This ester does not play a very important role in
synthetic perfumery, but its intensely fruity odour, together with the
fact that it is found naturally in the perfume of the magnolia gives it
certain possibilities, if used in very minute quantities. It is an oil of
the formula CH3COO . C2H5. It boils at 76°, and has a specific gravity
0'908. It is easily soluble in the usual organic solvents, and fairly
soluble in water.

Ethyl Anisate.—Very similar to the methyl ester of anisic acid is its
ethyl ester. This is a crystalline compound of the formula

C6H4(OCH3)(COOC2H,,)

with a fine odour of chervil.
Ethyl Anthranilate.—This ester, of the formula

C6H4.(NH2)(COOC2H6),
is a liquid boiling at 260°. It can be prepared by the action of hydro-
chloric acid and ethyl alcohol on isatoic acid. It has the characteristic
neroli odour possessed by the methyl ester, but is both sweeter and
softer in perfume, and does not discolour so readily as the methyl ester.



166 THE CHEMISTEY OF ESSENTIAL OILS

Ethyl Benzoate.—This ester has not been found, so far, to occur
naturally in essential oils. It has, however, been prepared by synthetic
processes, for example, by condensing ethyl alcohol with benzoic acid
by means of dry hydrochloric acid gas. Its odour is very similar to
that of methyl benzoate (q.v.), but not quite so strong. It is an oil of
specific gravity 1*0510, refractive index 1*5055, and boiling-point 213°
at 745 mm. It is soluble in two volumes of 70 per cent, alcohol.

Ethyl Butyrate.—The butyric ester of ethyl alcohol has the formula
CH3(CH2)2COO. C2H5.

It is a liquid boiling at 121°, and has a very fruity odour, very similar
to that of the pine apple.

Ethyl Valeridnate.—This ester, C4H9COOC2H5, is an oil with a pine-
apple odour. Its specific gravity is 0-894, and" boiling-point about 133°.

Ethyl Heptoate.—This ester, which has the formula
CH8(CH2)5COO . C2H5,

is also known as " oenanthylic ether," and is of a fragrant odour, re-
calling that of the secondary constituents of brandy. It is used and
sold as an artificial oil of cognac. It is an oil boiling at 187° to 188°.

Ethyl Caprylate.—This ester is an oil reminding one of the secondary
products of fermentation. It boils with decomposition at 275° to 290°,
and has the formula CH3(CH2)6COOC2H5.

Ethyl Cinnamate.—The cinnamic ester of ethyl alcohol is a natural
constituent of a few essential oils, including camphor oil and storax. It
is formed synthetically by condensing cinnamic acid and ethyl alcohol
by dry hydrochloric acid gas. It has a soft and sweet odour, and is
particularly suitable for blending in soap perfumes. It is an oil at
ordinary temperatures, melting at 12°, and boiling at 271°. Its specific
gravity is 1*0546, and its refractive index 1*5590.

Ethyl Laurinate.—The laurinic ester of ethyl alcohol has also, quite
recently, come into rogue in synthetic perfumery. It is an oil of
peculiar fruity odour, intensely strong, having the constitution

CH3(CH2)10COOC2H5.
It boils at 269°.

Ethyl Malonate.—Ethyl malonate is not a member of the paraffinoid
acid esters, but is sufficiently nearly related to this series to be included
here as a matter of convenience. It is of considerable value in modify-
ing flower odours, having a more or less characteristic apple odour, but
of a much sweeter type than the valerianic ester perfume. It is an oil
of specific gravity 1*068, and boils at 198°.

Ethyl Myristinate.—This is the highest ester of the series that is of
any practical value in perfumery. It is an intensely odorous oil, melt-
ing at 10° to 11° and boiling at 295°. Its constitution is

CH3(CH2)12COOC2H5.

Ethyl Nonylate.—This ester has, during the past year or two, been
recognised as having a most useful odour for modifying flower bouquets.
It is a fruity oil boiling at 227° to 228°, and having the constitution

CH3(CH2)7COOC2H5.

Ethyl Octylate.—This ester is a fruity oil boiling at 207° to 208°. It
has the formula CH3(C . H2)6COOC2H6.
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Ethyl Phenyl-acetate. —This ester has the formula
C6Hf>. CH2.COOC2H5.

It is very similar in odour and use to methyl phenyl-acetate.
Ethyl Salicylate. —The ethyl ester of salicylic acid resembles the

lower homologue, methyl salicylate, in its general characters and per-
fume value. It is an oil of specific gravity 11372, refractive index
1*52338, and optically inactive. It boils at 234°. It solidifies at low
temperatures, and melts at + 1 3°.

ESTERS OF AMYL ALCOHOL.

Amyl Acetate. —This is, with the exception of amyl formate, which
is not of practical importance, the simplest possible ester of amyl alcohol,
and has the formula CH3 . COO .C5H11. It is a fruity oil, with a strong
odour resembling that ot the pear, and is known as art ficial oil of pear.
It is prepared on a very large scale by, for example, treating 100 parts
of dry sodium acetate, 100 parts of amyl alcohol, and 130 parts of
sulphuric acid for twelve hours at ordinary temperature, and then dis-
tilling off the ester. It has a specific gravity 0 876, and boils at 138°.
The alcohol in this ester is not normal amyl alcohol, but isoamyl
alcohol.

Amyl Valerianate. —This ester is an oil of strong apple odour, and is
used for the preparation of cider essence. Its formula is CJBn C5H9O2.

Amyl Benzoate. —This ester has the formula C5Hn. (O2C)(C6H5). It
is one of the best fixatives known, and has a slight but distinct amber
odour. It is prepared by condensing amyl alcohol and benzoic acid
with dry hydrochloric acid ^as.

Amyl Heptylate. —This ester is one of the newest synthetic odours,
and is also one of the very expensive ones. It has the formula
CH3(CH2)r)COOCr)H11, and is an oil of powerful fruity odour. It can
be identified by saponifying it and examining the resulting fatty acid,
which should melt at - 10° and boil at 223°.

Amyl Salicylate. —All the perfumes of the orchid type, and many of
the Trefie variety, have amyl salicylate as one of their most important
bases. The ester is known under the names orchidee, trefle or trefoil,
and artificial orchid essence. It is used to a considerable extent in
artificial perfumery. It is a colourless liquid of the formula

Q,Hn(02C)(OH)(C6H4),
boiling at 276° to 277° at 760 mm., or at 151° to 152° at 15 mm. Its
specific gravity is about 1 052, and its refractive index is about T 5055.
It is dextro-rotatory, about + 2°. It is easily identified as on saponifica-
tion it yields the characteristic odour of amyl alcohol, and salicylic acid,
which can easily be identified by the usual reactions and by its melting-
point.

ESTERS OF HIGHER FATTY ALCOHOLS.

Heptyl Heptoate. —This is one of the most recent introductions to
synthetic perfumery and one of the most expensive. It has the formula
CH3(CH2)5OOC (CH2)5CH3. It has a fine, powerful, fruity odour.

Hexyl Acetate. —Hexyl acetate, CH3(CH2)5OOC CH3 is an ester
found naturally in the oil of Heraclwim giganteum. It has a fruity
odour, and boils at 169° to 170°. Its specific gravity is 0 890 at 10°.
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Hexyl Butyrate.—This ester is also a powerful fruit oil, and boils
at 205°.

Octyl Acetate.—This ester has the formula CH3(CH2)7. OOC . CH3.
It is an oil boiling at 207°, and has a distinct orange odour. Its specific
gravity is 0*885.

Octyl Butyrate.—This occurs naturally in a few essential oils. It is
an oil boiling at 244°. and having a strong, fruity odour. Its formula
is CH3(CH2)7OO . C . (CH2)2,CH3.

Octyl Heptylate.—This is the highest ester of the series that is found
to be useful as a perfume. It has the formula

CH3(CH2)7OOC(CH2)5CH3.

THE GERANYL ESTEKS.

The esters belonging to the geraniol series of alcohols are absolutely
indispensable in the manufacture of artificial perfumes. When it is
remembered that these esters are present in such oils as bergamot, rose,
geranium, lavender, petit-grain, neroli, and numerous other sweet-
smelling essential oils, it will readily be seen how useful they are in
building up similar perfumes artificially.

Geranyl Formate.—The lowest of the fatty acids, formic acid, forms
an ester with geraniol, having the constitution C10H17 . OOC . H. It
has not, apparently, been found in nature, but it is manufactured by
allowing anhydrous formic acid to react with geraniol in the presence
of a little mineral acid to act as a condensing agent. It is an ester of
a sweet rose-geranium type, boiling at 113° to 114° at 15 mm. It is
not possible to manufacture it quite pure on a commercial scale, and
the best samples to bs met with contain about 92 per cent, of true ester.
Such samples have a specific gravity between 0*924 and 0*926 at 15°,
are optically inactive, have a refractive index 1*4640 to 1*4660, and are
soluble in 10 volumes of 70 per cent, alcohol. To decide on the quality
of a given sample, these characters should be determined and a saponifica-
tion performed quantitatively. At least 90 per cent, of geranyl formate
should be indicated. The geraniol obtained in the saponification process
should be separated, washed with water, and examined. It should have
the general characters given under the alcohol geraniol above.

Geranyl Acetate.—The acetic ester of geraniol having the formula
C10H17. OOC . CH3 is probably the most largely employed of the series.
It is found naturally in palmarosa oil, lemon-grass oil, sassafras leaf oil,
geranium oil, petit-grain oil, neroli oil, coriander oil, lavender oil, and
numerous others. It is best prepared artificially by the action of acetic

*anhydride on geraniol in the presence of anhydrous sodium acetate,
which assists the reaction materially. Geranyl acetate has an exceed-
ingly sweet odour of great fragrance. Its delicate and distinctive
perfume makes it invaluable for the preparation of the various rose
odours, and it is also very useful in the perfumes of the ylang-ylang
and orange flower type. In its pure state it has the following char-
acters :—

Specific gravity 0*9388 at 0°, or 0*9174 at 15°
Boiling-point at 14'5 mm. . . . 130° to 130'5°

„ „ 760 „ . . . 242° „ 245°
Refractive index 1-4628 at 15°
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In the manufacture of geranyl acetate on a commercial scale it would
not pay to make it absolutely pure, so that samples as met with in the
ordinary way are not quite pure geranyl acetate. The acetylisation
process, by which esters are made, is not always a quantitative one,
and in some cases it is impossible to acetylate an alcohol to its full
theoretical extent. Commercial samples, however, contain 95 per cent.
or more of true ester, and should have the following characters:—

Specific gravity at 15° 0*910 to O918
Optical activity . . . . . . . 0°
Eefractive index 1-4617 to 1-4662

it should be soluble in 7 to 10 volumes of 70 per cent, alcohol; it should
contain at least 95 per cent, of true ester.

Geranyl Bittyrate.—This ester of the formula C10H17. OOC(CH2)2CH3
is an oil having a fine rose odour, distinct from the esters of the lower
fatty acids, and is largely employed in perfuming soaps, and in com-
pounding artificial otto of rose. It can be prepared by heating geraniol
with butyryl chloride in the presence of anhydrous pyridine, and is an
oil boiling at 142° to 143° at 13 mm. pressure.

Geranyl Isobutyrate.—This ester is isomeric with the last described,
and is quite similar in character, but with a slightly different odour.
Its formula is C10H17. OOC(CH)(CH3)2, and it is an oil which boils at
135° to 137° at 13 mm. pressure.

Geranyl Isovalerianate.—This ester has the constitution
C10H1702C(CH2)(CH)(CH3)2.

The rose odour is still further modified by the presence of the five carbon
acid radicle, and judicious blending of the various geranyl esters is
capable of giving numerous characteristic bouquets to the various rose
odours. This ester boils at 135° to 138° at 10 mm. pressure.

LINALYL ESTERS.

Linalyl Formate.—The formic acid ester of linalol, C10H17OOCH3, has
a distinctive odour somewhat resembling that of the acetate. It is an
oil boiling at 189° to 192°, and is prepared by treating linalol with formic
acid, but the reaction is not complete and commercial samples are never
pure esters.

Linalyl Acetate.—Linalyl acetate is an ester of extreme value in the
reproduction of bergamot and lavender odours, since the natural ester
is the characteristic odour bearer of the former, and to a large extent of
the latter. It also occurs in ylang-ylang oil, petit-grain oil, neroli oil,
jasmin oil, gardenia oil, and many others. As the alcohol linalol is very
susceptible to alteration under the influence of heat or chemicals, it is
not practicable to prepare anything like pure linalyl acetate by the usual
process of acetylation. Tiemann has prepared it in a pure condition by
the interaction of linalol sodium and acetic anhydride. Linalyl acetate
is a colourless oil, with a very characteristic odour of bergamot, and is
optically active in the same sense as the linalol from which it has been
prepared. It has the formula C10H17OOC . CH3, and when pure boils
at 96-5° to 97° at a pressure of 10 mm., or 115° to 116° at 25 mm.
pressure. At atmospheric pressure it boils at about 220° with decom-
position. Its specific gravity is 0*913 and optical rotation about + 6° or
- 6°. The preparation yielding these figures contained 97*6 per cent.
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of true linalyl acetate. Commercial specimens of the best make have
the following characters :—

Specific gravity 0 902 to 0-912
Refractive index at 20° 1-4500 „ 1-4550
Ester value . . . . . . . . 88 to 95 per cent.

This ester is indispensable in the reproduction of numerous flower oils
in addition, of course, to artificial bergamot oil.

Linalyl Propionate.—This ester is also produced by condensing the
free alcohol and the free acid by means of sulphuric acid. It has a
somewhat fruity odour recalling that of bergamot, and is especially suit-
able for perfumes of the lily of the valley type. It is a colourless oil,,
boiling at 115° at 10 mm. pressure.

Linalyl Butyrate.—The butyric ester of linalol has the formula,.
C10H17OOC . CH2 . CH2CH3. It resembles geranyl butyrate in odour,
but is somewhat heavier. It is most useful for imparting fruity odours
to flower perfumes. It is prepared by condensing the alcohol and the
acid by means of sulphuric acid.

BENZYL ESTERS.

Benzyl Acetate.—This ester is a constituent of the oils of jasmin,
ylang-ylang, and similar flower oils. It has not a very intense odour,
but is essential to the successful production of such perfumes as artificial
jasmin. It has the formula C6H5. CH2. O . OCCH3. It is a colourless
oil, boiling at 206° at ordinary pressure, and has a specific gravity
1-0570 at 16° and a refractive index 1-5034. The propionic ester has
the formula C6H5CH2OOCCH2CH3, and closely resembles the acetate
in odour.

Benzyl Benzoate.—This ester is a constituent of balsam of Peru, and
also occurs in tuberose and ylang-ylang oils. It is prepared on a very
large scale, as it has the extra virtue of beinsf one of the best fixers of
odours, and a remarkably good solvent for artificial musk, so that it
serves a triple purpose of imparting its own delicate odour to the blend,
of acting as a vehicle for the otherwise poorly soluble musk, and acting
as a good fixer. A method of preparing it in an almost pure condition
is to dissolve sodium in benzyl alcohol and then add benzoic aldehyde,
and then heat for a day in a water-bath. The mixture is then acidified
with acetic acid and the benzyl benzoate precipitated with water. It
forms a colourless oil, which, when free from chlorine, does not darken,
having a slight, but sweet, odour. It is, when absolutely pure, a solid,
melting at 21°, and boiling at 323° to 324°, and having a refractive index
1-5681 at 21°, and a specific gravity 1*1224. The best commercial
samples are liquid at the ordinary temperature, and have the following
characters:—

Specific gravity 1-1200 to 1-1220
Borling-point at 760° about 310° to 320°
Refractive index 1-567 to 1-5685

If cooled to a very low temperature crystallisation will take place,
and the ester then melts at 20° to 210.1

1 According to Ellis, the melting-point is 19-5°. The specimen was partially
melted and the liquid poured off three times, and the product was twice recrystallised
from ether. (Private communication from the laboratories of Messrs. A. Boake,
Roberts, & Co., Ltd.).
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Benzyl Cinnamate.—The cinnamic acid ester of benzyl alcohol is a
natural constituent of storax, tolu, and Peru balsams. It is a crystalline
substance with a characteristic sweet balsamic odour. It may be
prepared by heating sodium cinnamate, alcohol, and benzyl chloride
together under a reflux conjdenser. It is a useful ester where a sweet
balsamic odour is required to be introduced into a perfume, especially
of the heavy type. It forms white, glistening prisms, which melt at 39°,
and decompose when heated to 350°. The best commercial specimens

• have the following characters :—

Melting-point 31° to 33-5°

Boiling-point at 5 mm 195° „ 200°
or under atmospheric pressure at 335° to 340° with decomposition;
ester value, 96 to 98 per cent.; it is soluble in 1 volume of 95 per cent,
alcohol.

BORNYL ESTERS.

% Bornyl Formate.—This ester occurs naturally. It can be prepared
synthetically by the action of anhydrous formic acid on borneol in the
presence of a small amount of a mineral acid. It has a fragrant odour,
and is useful in blending with borneol itself. Its optical rotation
depends on that of the borneol from which it has been prepared.
Dextro-rotatory bornyl formate has, in the purest state in which it has
been prepared, the following characters:—

Boiling-point
„ ,, at 15 mm. pressure

Specific gravity . . . . . .
Optical rotation . . . . . .
Refractive index

. 225° to 230
98° „ 99°

1-0170
+ 48° 45'
1-47078

The purest laevo-bornyl formate examined had a specific gravity
1*016, optical rotation — 48° 56', refractive index 1'47121, and boiling-
point 97° at 15 mm. pressure. The ester has the constitution

C10H17. OOCH.

Bornyl Acetate.—The acetic acid ester is the most important of the
series. It is a constituent of pine-needle and rosemary oils, and has a
most fragrant and refreshing odour. It is prepared artificially by the
action of acetic anhydride on borneol, in the presence of sodium acetate,
or by the condensation of borneol with glacial acetic acid in the presence
of a small amount of a mineral acid. It is absolutely necessary in the
reproduction of any pine odour. It is a crystalline body, crystallising
from petroleum ether in rhombic hemihedric crystals melting at 29°.
The optical activity depends on that of the borneol from which it has
been prepared. It has the following characters :—

Specific gravity . . . .
Optical rotation
Kefractive index
Boiling-point at 10 mm. pressure
Melting-point . . . .

0-991
+ or — abont 40°

1-4650 to 1-4665
about 98°

29°

It is soluble in 3 volumes of 70 per cent, alcohol. The commercial
product is usually a mixture of dextro-rotatory and laevo-rotatory bornyl
acetate. It should contain not less than 98 per cent, of ester, and
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should have a specific gravity from O988 to 0*992; and it should melt
at about 29°. Bornyl acetate has the constitution C10H17OOC. CH3.
It can be kept for a long time in a state of superfusion when it has
once been liquefied.

Bornyl Butyrate.—The next higher ester of borneol is the butyrate.
It is a similar camphoraceous ester, having the formula

C10H17OOC. CH2CH2CH3

and the following characters :—

Boiling-point at 10 mm. pressure 120° to 121°
Optical rotation +22°
Specific gravity . . . . . . . . . 0 966|
Refractive index 1-4638

It usually contains 98 to 99 per cent, of true ester.
Bornyl Isovalerianate.—This is the highest ester of borneol met with

in commerce. It has the composition C10H17OOC. CH2. CH : (CH3)2.
It occurs naturally in several essential oils, and is prepared artificially
by esterifying borneol with anhydrous isovalerianic acid. It is a colour-
less oil, boiling at 255° to 260°, and has a specific gravity of 0*956. It is
an ester, like terpinyl acetate, that requires two hours' saponification,
and it also requires a large excess of alkali. Good commercial specimens
have the following characters :—

Specific gravity 0'953 to 0*956
Optical rotation about - 35°
Refractive index 1-4620 to 1*4635
Boiling-point at 10 mm. pressure . . . . 128° „ 130°

It has a strong camphoraceous odour.
Bornyl Propionate.—The propionic acid ester of borneol closely

resembles the acetic ester, but as is, of course, usual in homologous
series, its odour is slightly different. It has the formula

C10H17OOC. CH2CH3,

and has the following characters :—

Specific gravity . 0-979
Optical rotation . . . . . . . . + or — about 25°
Boiling-point at 10 mm. pressure . . ' . 109° to 110°
Refractive index 1-46435

It usually contains 95 to 97 per cent, of true ester.

CITRONELLYL ESTERS.

Citronellyl Formate.—Citronellyl formate, C10H19O . OCH, is an arti-
ficial ester resulting from the action of concentrated formic acid on
'citronellol. It is an easily decomposed ester which is, on a commercial
scale, rarely produced of more than 90 to 93 per cent, strength. Such
commercial specimens have the following characters :—

Specific gravity
Optical rotation
Refractive index
Boiling-point
True ester .

0-910 to 0-912
- 1°to - 1°30'
1-4507 to 1-4515

about 100° at 10 mm.
90 to 93 per cent.




