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Preface to the Fifth Edition

In the last two decades, ,,Common Fragrance and Flavor Materials* has developed
to become probably the most cited standard work in the field of fragrance and fla-
vor chemistry, and continual demand has now made it necessary to publish a new
edition.

With regard to the contents, an update was required for several reasons, as some
remarkable changes in the compositions of perfume oils — increasing use of macro-
cyclic musk materials has been observed, for example — have occurred since the
publication of the 4" edition. Consequently, chapter 2 has had to be extended
with some new monographs.

Some other trend-setting materials have also had to be included, whilst other ma-
terials that had lost their importance have had to be eliminated.

The changes in the landscape of fragrance and flavor materials producers also re-
quired corresponding adjustments.

The class of cooling agents — materials that create a cold sensation on skin or
mucosa — has been admitted for the first time. Although known in principle for
a long time, cooling agents have recently acquired increasing importance.

Chapter 3 has been partly revised and updated with regard to recent literature.
Since it is impossible to cite the whole literature comprehensively, it was decided
to refer to current review literature where possible. Otherwise, some of the very re-
cent original references have been cited.

In general, the successful conception of this book, established about 20 years ago
by Kurt Bauer and Dorothea Garbe, has been maintained. For a long time both of
these authors worked in the research department of the flavor and fragrance com-
pany Haarmann & Reimer in Holzminden, Germany, Kurt Bauer as director of re-
search and Dorothea Garbe as head of the department for scientific literature and
documentation. Both retired some years ago and are therefore no longer engaged
in the preparation of the 5" edition.

The responsible authors are now Horst Surburg and Johannes Panten, both of
whom work in the synthesis department of the corporate research division of ,,Sym-
rise, the company formed by the merger of the flavor and fragrance houses ,,Dra-
goco® and ,,Haarmann & Reimer* in Holzminden.

Both authors are indebted to many colleagues for their support and to the man-
agement of Symrise for the opportunity to prepare the 5th edition of this book.

December, 2005 Horst Surburg
Johannes Panten



Preface to the Fourth Edition

The constant interest in ,,Common Fragrance and Flavor Materials* has encouraged
us to proceed with the publication of a new edition within a relatively short period
of time. The proven concept of the book has remained unchanged because of posi-
tive feedback from readers.

After a critical examination of the text, some material that has lost significance
has been removed. A certain amount of new material, mainly components that
have influenced modern fragrance trends over the past few years, have been added.
The literature references in the chapter on ,,Natural Raw Materials* have been up-
dated and the newest international standards for the characterization of materials
have been included.

The authors would like to point out particularly that the present book can only
provide a selection of the many commercially available fragrance and flavor mate-
rials. Also not included are compounds with exclusive uses that are not commonly/
generally available (,,captives®) as well as substances that are too new to be judged
as to whether they will find a successful place in the market. Analytical data on
natural raw materials that can be obtained by means of new analytical techniques
are not explicitly mentioned if the analytical techniques have not yet reached inter-
national standardization. However, reference is made to this in the corresponding
literature and in the chapter on ,,Quality Control.*

We thank our critics for numerous suggestions and we especially thank our col-
leagues, who prompted our work on the new edition through their kind support.

Holzminden, June 2001 K. Bauer
D. Garbe
H. Surburg



Preface to the Third Edition

Twelve years after its first publication comes the third edition of ,,Common Fra-
grance and Flavor Materials“. The content has been updated in many respects while
retaining the proven concept.

In the case of the single-component fragrance and flavor materials, those com-
pounds have been included which have become established on the market, as
well as those which have attracted considerable interest on account of their out-
standing organoleptic properties and have contributed to the composition of new fra-
grance types. The production processes for all fragrance and flavor materials de-
scribed in the book have been critically reviewed. New processes have been taken
into account, and those that are clearly outdated have been eliminated. A few com-
pounds that have declined in importance or whose use is now restricted for toxico-
logical reasons have been removed from the text, as have several essential oils. The
latest publications and standards concerning essential oils and natural raw materials
have been included in the new edition, making it an up-to-date reference work. For
the first time references are cited for all essential oils, giving newcomers to the field
a quick overview of the original literature. The chapters on quality control and pro-
duct safety have been expanded and brought up to date.

The authors wish to thank all the colleagues whose specialist advice assisted us in
revising the book.

Holzminden, February 1997 K. Bauer
D. Garbe
H. Surburg



Preface to the Second Edition

Within three years of publication the first edition of ,,Common Fragrance and Flavor
Materials* was out of print and is now followed by this second edition. As in the case of
the first edition this book is based mainly on a chapter on ,,Flavors and Fragrances*
which has since been published in English in Ullmann’s Encyclopedia of Industrial
Chemistry.

We would like to thank our readers for their suggestions for improvement and
further development of the contents which were contained in several book reviews.
We have not followed up all the suggestions for the simple reason that we did not
wish to change the character of the book, which is expressly aimed at a general
audience interested in commonly used fragrance and flavor materials, and not at ex-
perts in the field.

The chapter on ,,Single Fragrance and Flavor Compounds* has been updated to
include new developments, production methods have been brought up-to-date and
CAS registry numbers have been added to all single compounds described. The for-
mer chapters ,,Essential Oils“ and ,,Animal Secretions* have been grouped together
under the heading ,,Natural Raw Materials in the Flavor and Fragrance Industry*
and thoroughly revised to include new literature references.

Holzminden, February 1990 K. Bauer
D. Garbe
H. Surburg



Preface to the First Edition

Fragrance and flavor materials are used in a wide variety of products, such as soaps,
cosmetics, toiletries, detergents, alcoholic and non-alcoholic beverages, ice cream,
confectioneries, baked goods, convenience foods, tobacco products, and pharmaceu-
tical preparations. This book presents a survey of those natural and synthetic fra-
grance and flavor materials which are produced commercially on a relatively large
scale, or which are important because of their specific organoleptic properties. It
provides information concerning their properties, methods employed in their manu-
facture, and areas of application. Therefore, the book should be of interest to anyone
involved or interested in fragrance and flavor, e.g., perfumers, flavorists, individuals
active in perfume and flavor application, food technologists, chemists, and even lay-
men.

The book is, essentially, a translation of the chapter on fragrance and flavor ma-
terials in Ullmanns Encyklopédie der technischen Chemie, Volume 20, 4th Edition,
Verlag Chemie GmbH, Weinheim (Federal Republic of Germany), 1981. The origi-
nal (German) text has been supplemented by inclusion of recent developments and
of relevant information from other sections of the Encyclopedia. The present Eng-
lish version will make the information available to a wider circle of interested read-
ers.

The condensed style of presentation of ,,Ullmann’s* has been maintained. A more
detailed treatment of various items and aspects was considered but was believed to
be outside the scope of this book. Additional information, however, can be obtained
from the literature cited.

To improve its usefulness, the book contains

— a formula index, including CAS registry numbers;

— an alphabetical index of single fragrance and flavor compounds, essential oils,
and animal secretions.

Starting materials and intermediates are not covered by these indexes.
The authors wish to express their gratitude to:

— Haarmann & Reimer Company, in particular to its General Manager, Dr. C. Sko-
palik, who suggested the publication of this book in English and who, at an ear-
lier stage, provided time and facilities for writing the chapter on fragrance and
flavor materials in Ullmanns Encyklopiddie der technischen Chemie (1981),
and to Dr. Hopp, Vice President Research, for valuable additions to his book;

— all others who provided information and suggestions for the chapter in Ullmann’s
Encyclopedia and thereby for this book.



XII Preface to the First Edition

The authors are most grateful to Dr. J. J. Kettenes-van den Bosch and Dr. D. K.
Kettenes for translating the original German text into English and for their sugges-
tions and help in shaping the present book. Drs. Kettenes thank Mr. W. S. Alexan-
der, Hockessin, Delaware (USA), for critically reviewing the English.

Holzminden, June 1984 K. Bauer
D. Garbe



1 Introduction

1.1 History

Since early antiquity, spices and resins from animal and plant sources have been
used extensively for perfumery and flavor purposes, and to a lesser extent for their
observed or presumed preservative properties. Fragrance and flavor materials vary
from highly complex mixtures to single chemicals. Their history began when people
discovered that components characteristic of the aroma of natural products could be
enriched by simple methods. Recipes for extraction with olive oil and for distillation
have survived from pre-Christian times to this day.

Although distillation techniques were improved, particularly in the 9th century
AD. by the Arabs, the production and application of these concoctions remained es-
sentially unchanged for centuries. Systematic development began in the 13th cen-
tury, when pharmacies started to prepare so-called remedy oils and later recorded
the properties and physiological effects of these oils in pharmacopoeias. Many es-
sential oils currently used by perfumers and flavorists were originally prepared by
distillation in pharmacies in the 16th and 17th centuries.

Another important step in the history of natural fragrance materials occurred in
the first half of the 19th century, when the production of essential oils was indus-
trialized due to the increased demand for these oils as perfume and flavor ingredi-
ents. Around 1850, single organic compounds were also used for the same purposes.
This development resulted from the isolation of cinnamaldehyde from cinnamon oil
by Dumas and PeLicor in 1834, and the isolation of benzaldehyde from bitter al-
mond oil by LieBic and WoHLER in 1837. The first synthetic “aroma oils” were in-
troduced between 1845 and 1850. These consisted of lower molecular mass fatty
acid esters of several alcohols and were synthesized by the chemical industry for
their fruity odor. Methyl salicylate followed in 1859 as “artificial wintergreen oil”
and benzaldehyde in 1870 as “artificial bitter almond oil.” With the industrial synth-
esis of vanillin (1874) and coumarin (1878) by Haarmann & Reimer (Holzminden,
Federal Republic of Germany), a new branch of the chemical industry was founded.

The number of synthetically produced fragrance and flavor chemicals has since
expanded continually as a result of the systematic investigation of essential oils
and fragrance complexes for odoriferous compounds. Initially, only major compo-
nents were isolated from natural products; their structure was then elucidated and
processes were developed for their isolation or synthesis. With the development
of modern analytical techniques, however, it became possible to isolate and identify
characteristic fragrance and flavor substances that occur in the natural products in
only trace amounts. The isolation and structure elucidation of these components re-
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quires the use of sophisticated chromatographic and spectroscopic techniques. Inter-
esting products can then be synthesized.

1.2 Definition

Fragrance and flavor substances are comparatively strong-smelling organic com-
pounds with characteristic, usually pleasant odors. They are, therefore, used in per-
fumes and perfumed products, as well as for the flavoring of foods and beverages.
Whether a particular product is called a fragrance or a flavor substance depends on
whether it is used as a perfume or a flavor. Fragrances and flavors are, like taste
substances, chemical messengers, their receptors being the olfactory cells in the
nose [1, 2].

1.3 Physiological Importance

Chemical signals are indispensable for the survival of many organisms which use
chemoreceptors to find their way, to hunt for and inspect food, to detect enemies
and harmful objects, and to find members of the opposite sex (pheromones). These
functions are no longer vitally important for humans. The importance of flavor and
fragrance substances in humans has evolved to become quantitatively and qualita-
tively different from that in other mammals; this is because humans depend to a
greater extent on acoustic and optical signals for orientation. However, humans
have retained the ability to detect odors and human behavior can undoubtedly be
affected by fragrances and aromas.

Sensory information obtained from the interaction of fragrance and flavor mole-
cules with olfactory and taste receptors is processed in defined cerebral areas, re-
sulting in perception. During the past 15 years much research has been done con-
cerning sensory perception, and results have been published in, e.g., [2—4k].

Although food acceptance in humans is determined mainly by appearance and
texture, flavor is nevertheless also important. For example, spices are added to
food not for their nutritional value, but for their taste and flavor. Furthermore, ar-
omas that develop during frying and baking enhance the enjoyment of food. Unlike
flavoring substances, fragrances are not vitally important for humans. The use of
fragrances in perfumery is primarily directed toward invoking pleasurable sensations
by shifting the organism’s emotional level. Whereas “naturalness” is preferred in ar-
omas (generally mixtures of many compounds), the talent and imagination of the
perfumer is essential for the creation of a perfume.
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1.4 Natural, Nature-identical, and Artificial
Products

Natural compounds are obtained directly from natural sources by physical, enzy-
matic, or microbial procedures. Nature-identical compounds are produced syntheti-
cally, but are chemically identical to their natural counterparts. Artificial flavor sub-
stances are compounds that have not yet been identified in plant or animal products
for human consumption [41]. Alcohols, aldehydes, ketones, esters, and lactones are
classes of compounds that are represented most frequently in natural and artificial
fragrances.

Nature-identical aroma substances are, with very few exceptions, the only syn-
thetic compounds used in flavors besides natural products. The primary functions
of the olfactory and taste receptors, as well as their evolutionary development,
may explain why artificial flavor substances are far less important. A considerable
proportion of compounds used in fragrances are those identified as components of
natural products, e.g., constituents of essential oils or resins. The fragrance charac-
teristics of artificial compounds nearly always mimic those of natural products.

1.5 Sensory Properties and Structure

Similarity between odors arises because dissimilar substances or mixtures of com-
pounds may interact with receptors to create similar sensory impressions in the sen-
sory centers of the brain. The group of musk fragrances (comprising macrocyclic
ketones and esters as well as aromatic nitro compounds and polycyclic aromatics),
for example, are compounds with similar odors but totally different structures [5, 6].
Small changes in structure (e.g., the introduction of one or more double bonds in
aliphatic alcohols or aldehydes) may, however, alter a sensory impression or inten-
sify an odor by several orders of magnitude. Increasing knowledge of the structure
and functioning of olfactory receptors provides a better scientific basis for the cor-
relation of odor and structure in fragrance and flavor substances, and facilitates the
more accurate prediction of the odors of still unknown compounds [7-7p].
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1.6 Volatility

Fragrances must be volatile to be perceived. Therefore, in addition to the nature of
the functional groups and the molecular structure of a compound, the molecular
mass is also an important factor. Molecular masses of ca. 200 occur relatively fre-
quently; masses over 300 are an exception.

Since fragrance materials differ in volatility, the odor of a perfume composition
changes during evaporation, and is divided into the top note, the middle notes or
body, and the end note or dry out, which consists mainly of less volatile com-
pounds. Odor perception also depends largely on odor intensity. Therefore, the ty-
pical note is not determined only by the most volatile compounds.

In some cases, substances (fixatives) are added to perfumes to prevent the more
volatile components from evaporating too rapidly [8].

1.7 Threshold Concentration

Due to the specificity of olfactory receptors, some compounds can be perceived in
extremely low concentrations and significant differences in threshold concentrations
are observed. The threshold concentration is defined as the lowest concentration at
which a chemical compound can be distinguished with certainty from a blank under
standard conditions.

For the compounds described in Chapter 2, threshold concentrations vary by a
factor of 10°~10. This explains why some fragrance and flavor materials are manu-
factured in quantities of a few kilograms per year, others in quantities of several
thousands of tons.

The relative contribution of a particular compound (its odor or flavor value) to
the odor impression of a composition can be expressed as the ratio between the ac-
tual concentration of the compound and its threshold concentration [9, 9a].

1.8 Odor Description

The odors of single chemical compounds are extremely difficult to describe unequi-
vocally. The odors of complex mixtures are often impossible to describe unless one
of the components is so characteristic that it largely determines the odor or flavor of
the composition. Although an objective classification is not possible, an odor can be
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described by adjectives such as flowery, fruity, woody, or hay-like, which relate the
fragrances to natural or other known products with similar odors [9b].
A few terms used to describe odors are listed below:

Aldehydic
Animal(ic)

Balsamic
Camphoraceous
Citrus

Earthy

Fatty

Floral, flowery
Fruity

Green
Herbaceous

Medicinal

Metallic
Minty
Mossy
Powdery
Resinous
Spicy
Waxy
Woody

odor note of the long-chain fatty aldehydes, e.g., fatty-sweaty,
ironed laundry, seawater

typical notes from the animal kingdom, e.g., musk, castoreum, ska-
tole, civet, ambergris

heavy, sweet odors, e.g., cocoa, vanilla, cinnamon, Peru balsam
reminiscent of camphor

fresh, stimulating odor of citrus fruits such as lemon or orange
humus-like, reminiscent of humid earth

reminiscent of animal fat and tallow

generic terms for odors of various flowers

generic term for odors of various fruits

typical odor of freshly cut grass and leaves

noncharacteristic, complex odor of green herbs with, e.g., sage,
minty, eucalyptus-like, or earthy nuances

odor reminiscent of disinfectants, e.g., phenol, lysol, methyl salicy-
late

typical odor observed near metal surfaces, e.g., brass or steel
peppermint-like odor

typical note reminiscent of forests and seaweed

note associated with toilet powders (talcum), diffusively sweet
aromatic odor of tree exudates

generic term for odors of various spices

odor resembling that of candle wax

generic term for the odor of wood, e.g., cedarwood, sandalwood






2 Individual Fragrance and
Flavor Materials

Fragrance and flavor materials of commercial interest are arranged according to the
Beilstein system of functional groups, not according to their sensory properties,
since relationships between odor and structure are difficult to establish. However,
the Beilstein system has been abandoned in a few cases for practical reasons.

In each class of parent compounds, hydrocarbons and oxygen-containing com-
pounds are described first. Nitrogen- and sulfur-containing compounds are treated
at the end of each of these sections under the heading Miscellaneous Compounds.
Aliphatic compounds are discussed in Section 2.1, followed by the terpenes. The
terpenes constitute a very important group of compounds and are subdivided into
acyclic terpenes (Section 2.2) and cyclic terpenes (Section 2.3). Nonterpenoid cyc-
loaliphatics are described in Section 2.4. Aromatic compounds are discussed in Sec-
tion 2.5. Phenols and phenol derivatives are described under a separate heading
(Section 2.6) on account of their biogenetic and odor relationships. Methylenedi-
oxyphenyl derivatives are also described under this heading for the same reason
even though, systematically, they belong to the oxygen-containing heterocycles
(Section 2.7). Materials that are only produced in small quantities, but which are
important due to their high odor intensity, are mentioned but not described in detail.

When available, trade names are given for individual fragrance and flavor materials. The names
of the suppliers are given as follows:

AFC = Aroma & Fine Chemicals Ltd., UK
Agan = Agan Aroma Chemicals Ltd., Israel
Aromor = Aromor Flavors & Fragrances Ltd., Israel
BASF = BASF AG, Germany

Danisco = Danisco Seillans SAS, France

Degussa. = Degussa., Germany

DRT = Les Derives Resiniques et Terpeniques, France
Firmenich = Firmenich S.A., Switzerland

Giv. = Givaudan S.A., Switzerland

IFF = International Flavors & Fragrances, USA
Kao = Kao Corp., Japan

Kuraray = Kuraray Co. Ltd., Japan

Millenium = Millennium Specialty Chemicals, USA
Nz = Nippon Zeon Co., Ltd., Japan

PFW = PFW Aroma Chemicals B.V., Netherlands
Quest = Quest International, UK

Rhodia = Rhodia, France
Soda Aromatic = Soda Aromatic Co., Ltd., Japan



8 Individual Fragrance and Flavor Materials

Symrise = Symrise GmbH & Co KG, Germany
Takasago = Takasago Perfumery Co., Japan
Treatt = R.C. Treatt & Co., Ltd., UK

Vioryl = Vioryl S.A., Greece

Monographs on fragrance materials and essential oils which have been published by
the Research Institute for Fragrance Materials (RIFM) in “Food and Chemical Toxi-
cology” are cited below the individual compounds as “FCT” with year, volume, and
page of publication.

2.1 Aliphatic Compounds

The acyclic terpenes are discussed separately in Section 2.2. Some of the cycloali-
phatic fragrance and flavor materials are structurally related to the cyclic terpenes
and are, therefore, discussed in Section 2.4 after the cyclic terpenes.

2.1.1 Hydrocarbons

Saturated and unsaturated aliphatic hydrocarbons with straight as well as branched
chains occur abundantly in natural foodstuffs, but they contribute to the odor and
taste only to a limited extent and have not therefore gained commercial importance.
The only exceptions are the highly unsaturated hydrocarbons (E,Z)-1,3,5-undeca-
triene and its synthetic precursor 1,3-undecadien-5-yne.

(E,Z)-1,3,5-Undecatriene [5/447-08-6]
/\M\/\/

C11Hig, M; 150.26, is a colorless liquid with a strong green, galbanum-like odor. It
occurs naturally in galbanum oil (see p. 207) and is the odor-determining constituent
of the oil. The commercial qualities also contain some all-trans isomer and are of-
fered only in dilution due to better stability.

Numerous synthetic routes for the production of 1,3,5-undecatrienes have been
developed. Typical routes are described in [10]—-[10b].
FCT 1988 (26), p. 415.

Trade Names. Galbanolene Super (Firmenich), Undecatriene 10 % (Givaudan)
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1,3-Undecadien-5-yne [/66432-52-6]

=
/A/LL\/\/\/\
CiHie, M, 148.24, n¥) 1.44-1.444, d39 0.845-0.855, is a colorless liquid with a

nice fruity-green strong violet-leaf note. It recommended as an alternative to methyl
octynoate and methyl nonynoate [10c].

Trade Name. Violettyne MIP (Firmenich)

2.1.2 Alcohols

Free and esterified, saturated primary alcohols occur widely in nature, e.g., in fruit.
Since their odor is relatively weak, their use as components in fragrance composi-
tions is limited. Their use in aroma compositions, especially for fruit flavors, is by
far more important (e.g., straight-chain C4—Cjq alcohols, isoamyl alcohol). Unsatu-
rated alcohols are most important (e.g., leaf alcohol with its intensely green odor)
and may impart characteristic notes to compositions. Naturally occurring fatty alco-
hols used in the fragrance industry are produced principally by reduction of the me-
thyl esters of the corresponding carboxylic acids, which are obtained by transester-
ification of natural fats and oils with methanol. Industrial reduction processes in-
clude catalytic hydrogenation in the presence of copper—chromium oxide catalysts
(Adkins catalysts) and reduction with sodium (Bouveault—Blanc reduction). Unsa-
turated alcohols can also be prepared by the latter method. Numerous alcohols
for use as natural ingredients in flavor compositions are, meantime, produced by
biotechnological processes [41], [11]. Alcohols are starting materials for aldehydes
and esters.

3-Octanol [589-98-0]

CH;3(CH)4sCH(OH)CH,CH3, CgHisO, M, 130.23, bpyrekpa 176-176.5°C, d2°
0.8264, n¥ 1.4252, may occur in its optically active form. It is a colorless liquid
that has a mushroomy-earthy odor and occurs in mushrooms. 3-Octanol can be ob-
tained by hydrogenation of 3-octanone; it is used in lavender compositions and for
imparting mushroom-like odors.

FCT 1979 (17) p. 881.

2,6-Dimethyl-2-heptanol [/3254-34-7]

OH
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CoH200, M, 144.26, bpio15 pa 170-172°C, d5) 0.8186, n} 1.4248, which has not
yet been found in nature, is a colorless liquid with a delicate, flowery odor reminis-
cent of freesias. It is synthesized from 6-methyl-5-hepten-2-one and methylmagne-
sium chloride by a Grignard reaction, followed by hydrogenation, and is used in

flowery perfume compositions.
FCT 1992 (30) p. 30.

Trade Names. Dimetol (Giv.).

trans-2-Hexen-l-ol [928-95-0]

CH;CH,CH,CH = CHCH,0H, C¢H;,0, M, 100.16, bpio13 xpa 155°C, d3° 0.8459,
n¥ 1.4382, occurs in many fruits and has a fruity, green odor, which is sweeter
than that of the isomeric cis-3-hexen-1-ol and is, therefore, preferred in aroma com-

positions.
FCT 1974 (12) p. 911.

cis-3-Hexen-l-ol [928-96-1], leaf alcohol

CH3CH,CH = CH>CH,CH,0H, C¢H,0, M, 100.16, bpio13 kpa 156-157°C, d7°
0.8459, ni 1.4384, is a colorless liquid with the characteristic odor of freshly cut
grass. Robinia pseudacacia and mulberry leaf oil contain up to 50 % leaf alcohol,
and green tea up to 30 %. Small quantities occur in the green parts of nearly all
plants.

A stereospecific synthesis for cis-3-hexen-1-ol starts with the ethylation of sodium
acetylide to 1-butyne, which is reacted with ethylene oxide to give 3-hexyn-I-ol. Se-
lective hydrogenation of the triple bond in the presence of palladium catalysts yields
cis-3-hexen-1-ol. Biotechnological processes have been developed for its synthesis
as a natural flavor compound, e.g., [12], [12a].

Leaf alcohol is used to obtain natural green top notes in perfumes and flavors. In
addition, it is the starting material for the synthesis of 2-trans-6-cis-nonadien-1-ol
and 2-trans-6-cis-nonadien-1-al.

FCT 1974 (12) p. 909.

1-Octen-3-0l [339]1-86-4]

CH;3(CH,)4CH(OH)CH = CH,, CgHi6O, M, 128.21, bposs xpa 175-175.2°C, d7°
0.8383, n 1.4378, may occur in the optically active form. It is found, for example,
in lavender oil and is a steam-volatile component of mushrooms. 1-Octen-3-ol is a
liquid with an intense mushroom, forest-earthy odor that can be prepared by a
Grignard reaction from vinylmagnesium bromide and hexanal. It is used in lavender
compositions and in mushroom aromas.

FCT 1976 (14) p. 681.

Trade Names. Matsutake alcohol (Takasago), Morillol (BASF).
9-Decen-l-ol [/3019-22-2]

CH2 = CH(CH2)7CHQOH, C]()Hz()o, Mr 15727, bp0'27 kPa 85-86 OC, I’l12)0 14480, has
been identified as a trace constituent of cognac. It is a colorless liquid with a fresh,
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dewy, rose note that can be prepared by partial dehydration of 1,10-decanediol. It is
used in rosy-floral soap perfumes.
FCT 1974 (12) p. 405.

Trade Names. Rosalva (IFF), Trepanol (Takasago).

10-Undecen-1-o0l [/12-43-6]

CH2=CH(CH2)8CH20H, C11H220, Mr 17029, bpg,l kPa 133 OC, dis 08495, }’12D0
1.4500, is a colorless liquid with a fatty-green, slightly citrus-like odor. It can be
synthesized from 10-undecylenic acid and is used to give flower perfumes a fresh
note.

FCT 1973 (11) p. 107.

3,4,5,6,6-Pentamethyl-3(or-4)-hepten-2-ol [8/787-06-6] and [81787-07-7] and
3,5,6,6-Tetramethyl-4-methyleneheptan-2-ol [8/787-05-5] (mixture)

i

CoH40 M, 184.32, is a mixture of isomers where one of the dashed lines repre-
sents a carbon-carbon double bond, the others a single bond. None of the com-
pounds occur in nature. It is a colorless to slightly yellow liquid, d3° 0.864—
0.872, nlz)o 1.454-1.460, with a fine woody, ambra, dry odor with a clean vetivert
character. Synthesis starts from 2-methyl-2-butene (isoamylene) which is dimerized
and the product acetylated to give the corresponding hepten-2-ones (see p. 18). The
hepten-2-ols are obtained by reduction with NaBHy [13]. The mixture is used in
perfume compositions, for example, for detergents.

Trade Name. Kohinool (IFF).

2-trans-6-cis-Nonadien-1-ol [28069-72-9], violet leaf alcohol

CH;CH,CH = CHCH,CH,CH = CHCH,OH, CoH;s0, M. 140.22, bp;s xpa 96—
100°C, dﬁs 0.8622, n2D5 1.4631, occurs, for example, in cucumber oil, violet leaf
oil, and violet blossom oil. It is a colorless liquid with an intense, heavy-fatty, green
odor, reminiscent of violet leaves. The starting material for the synthesis of 2-trans-
6-cis-nonadien-1-ol is cis-3-hexen-1-ol, which is converted via its halide into the cor-
responding Grignard reagent. The Grignard reagent is reacted with acrolein to give
1,6-nonadien-3-ol, which is converted into 2-trans-6-cis-nonadien-1-ol by allylic re-
arrangement.

Nonadienol is a powerful fragrance substance. It is used in fine fragrances to cre-
ate refined violet odors and to impart interesting notes to other blossom composi-
tions. In aroma compositions it is used for fresh-green cucumber notes.

FCT 1982 (20) p. 771.
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4-Methyl-3-decen-5-0l [81782-77-6]

A

OH

C11H20, M, 170.30, d3° 0.8420-0.8480, n¥ 1.449-1.454, a colorless to pale yel-
low liquid with a powerful rich fresh, green, floral, violet-leaf-like odor. It is used in
modern perfume oils as a substitute for the methyl alkynoates (see p. 23) and is
found in perfume oils for nearly all applications.

4-Methyl-3-decen-5-ol is prepared by Grignard reaction of pentylmagnesium bro-
mide and 2-methyl-2-pentenal [14].

Trade Name. Undecavertol (Giv.).

2.1.3 Aldehydes and Acetals

Aliphatic aldehydes are among the most important components used in perfumery.
Although the lower fatty aldehydes C,—C7 occur widely in nature, they are — with
the exception of hexanal — seldom used in fragrance compositions. The lower alde-
hydes (e.g., acetaldehyde, isobutyraldehyde, isovaleraldehyde, and 2-methyl-butyral-
dehyde) impart fruity and roast characters to flavor compositions. Fatty aldehydes
Cg—Cy3, however, are used, singly or in combination, in nearly all perfume types
and also in aromas. Their odor becomes weaker with increasing molecular mass,
so that aldehydes > C;3 are not important as perfume ingredients.

In addition to the straight-chain saturated aldehydes, a number of branched-chain
and unsaturated aliphatic aldehydes are important as fragrance and flavoring mate-
rials. The double unsaturated 2-trans-6-cis-nonadienal [557-48-2], “violet leaf alde-
hyde” (the dominant component of cucumber aroma), is one of the most potent fra-
grance and flavoring substances; it is, therefore, only used in very small amounts. 2-
trans,4-trans-Decadienal [257152-84-5] with its specifically fatty odor character is
indispensable in chicken meat flavor compositions.

Acetals derived from aliphatic aldehydes have odor characteristics that resemble
those of the aldehydes but are less pronounced. These acetals contribute to the aro-
ma of alcoholic beverages, but can rarely be used in flavoring compositions because
they are not sufficiently stable. Since they are resistant to alkali, a number of them
(e.g., heptanal dimethyl acetal and octanal dimethyl acetal) are occasionally incor-
porated into soap perfumes.

Fatty aldehydes are generally produced by dehydrogenation of alcohols in the
presence of suitable catalysts. The alcohols are often cheap and available in good
purity. Aldehyde synthesis via the oxo process is less suitable since the resultant
products are often not pure enough for flavor and perfume purposes. Specific syn-
theses for the branched-chain and unsaturated aldehydes that are important in per-
fumery and flavoring techniques are described under the individual compounds.
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Hexanal [66-25-1], caproaldehyde, aldehyde Cg
CH;3(CH,)4CHO, C¢H 20, M, 100.16, bpio13 kpa 128 °C, d3° 0.8139, n¥ 1.4039, oc-
curs, for example, in apple and strawberry aromas as well as in orange and lemon
oil. It is a colorless liquid with a fatty-green odor and in low concentration is remi-
niscent of unripe fruit.

Hexanal is used in fruit flavors and, when highly diluted, in perfumery for obtain-
ing fruity notes.
FCT 1973 (11) p. 111.

Octanal [/24-13-0], caprylaldehyde, aldehyde Cg

CH;3(CH,)sCHO, CgH;60, M, 128.21, bpio15kpa 171°C, d3° 0.8211, n¥) 1.4217, oc-
curs in several citrus oils, e.g., orange oil. It is a colorless liquid with a pungent
odor, which becomes citrus-like on dilution. Octanal is used in perfumery in low

concentrations, in eau de cologne, and in artificial citrus oils.
FCT 1973 (11) p. 113.

Nonanal [/24-19-6], pelargonaldehyde, aldehyde C,

CH;3(CH,),CHO, CoH,30, M, 142.24, bp1o1 3xpa 190—192°C, d7° 0.8264, n 1.4273,
occurs in citrus and rose oils. It is a colorless liquid with a fatty-roselike odor and is
used in floral compositions, particularly those with rose characteristics.

FCT 1973 (11) p. 115.

Decanal [//2-31-2], caprinaldehyde, aldehyde Cg

CH3(CH,)sCHO, CoH0, M; 156.27, bp1o13 kpa 208—209 °C, di® 0.830, n 1.4287, is
a component of many essential oils (e.g., neroli oil) and various citrus peel oils. It is a
colorless liquid with a strong odor, reminiscent of orange peel, that changes to a fresh
citrus odor when diluted. Decanal is used in low concentrations in blossom fragrances
(especially to create citrus nuances) and in the production of artificial citrus oils.
FCT 1973 (11) p. 477.

Undecanal [//2-44-7], aldehyde Cy

CH;3(CH,)9CHO, C11Hxn0, M, 170.29, bpy4 xpa 117°C, d3® 0.8251, n¥ 1.4325, oc-
curs in citrus oils. It is a colorless liquid with a flowery-waxy odor that has aspects
of freshness. Undecanal is the prototype of the perfumery aldehydes and is widely
used in perfume compositions for imparting an “aldehydic note.”

FCT 1973 (11) p. 481.

Dodecanal [//2-54-9], lauraldehyde, lauric aldehyde, aldehyde C;,
CH;3(CH,)0CHO, C13Hp40, M, 184.32, bpi33pa 185°C, dY 0.8352, n201.4350, is a
colorless liquid with a waxy odor; in high dilution it is reminiscent of violets. Do-
decanal occurs in several citrus oils and has been found in small amounts in essen-
tial oils obtained from several Pinus species. It is used in perfumery in conifer fra-
grances with fatty-waxy notes, but also in many other odor types. It is added to aro-
ma compositions to obtain citrus notes.

FCT 1973 (11) p. 483.
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Tridecanal [/0486-19-8]

CH;3(CHy),1CHO, C3Hx60, M, 198.34, bp; 3 kpa 128 °C, di¥ 0.8356, ni® 1.4384, oc-
curs in lemon oil and has been identified as a volatile constituent of cucumber. It is
a colorless liquid having a fatty-waxy, slightly citrus-like odor. Addition of trideca-
nal to fragrance compositions imparts fresh nuances in the top note as well as in the
dry out.

2-Methyldecanal [/9009-56-4], methyloctylacetaldehyde, aldehyde MOA

CH3(CH,);CH(CH3)CHO, C;{H20, M, 170.29, bpogspa 119-120°C, d2* 0.8948, n
1.4205, is not reported to have been found in nature. It is a colorless liquid with an
aldehydic, citrus-peel-like, waxy-green odor. 2-Methyldecanal is obtained as a bypro-
duct in the manufacture of 2-methylundecanal by hydroformylation of 1-decene (see

2-methylundecanal). It is used in perfumery to refresh green and citrus nuances.
FCT 1976 (14) p. 609.

2-Methylundecanal [//0-41-8], methylnonylacetaldehyde, aldehyde MNA
CH;3(CH,)sCH(CH3)CHO, C,Hp0, M, 184.32, bpi; xpa 114°C, d}° 0.830, n
1.4321, is reported as being found in nature. It is a colorless liquid, with an odor
markedly different from that of the isomeric dodecanal. It has a fatty odor with in-
cense and ambergris notes.

2-Methylundecanal is produced by two routes:

1. 2-Undecanone is converted into its glycidate by reaction with an alkyl chloroa-
cetate. Saponification of the glycidate, followed by decarboxylation, yields 2-
methylundecanal

QH3 —HCl (|:H3
H3C(CHp)3C=0 + CICH,COOR H3C(CH,)sC -CHCOOR
(0]
1) Hydrolysis (l:HB
H;3C(CH,)gCHCHO

2) Decarboxylation

2. The second synthesis is based on the conversion of undecanal into 2-methylene-
undecanal by reaction with formaldehyde in the presence of catalytic amounts of
amines [15]. Hydrogenation of 2-methyleneundecanal yields methylnonylacetal-
dehyde. A convenient process starts from 1-decene: hydroformylation gives a
mixture consisting mainly of undecanal and 2-methyldecanal. Reaction of the
crude product with formaldehyde in the presence of dibutylamine yields a mix-
ture containing over 50% 2-methyleneundecanal. After hydrogenation of the
double bond, pure 2-methylundecanal is separated from byproducts by fractional
distillation [16].

CH,
H,, CO b

H3C(CH»);CH=CH, — H;C(CH,)yCHO + H3C(CH2)7éHCHO
HCHO (“:Hz H CHs

H;C(CHy)sCCHO — H3C(CH,)sCHCHO

H3C(CH;)oCHO
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In comparison with other fatty aldehydes, 2-methylundecanal is used in perfumery
in rather large amounts to impart conifer notes, particularly fir impressions, but fre-
quently also in fantasy compositions.

FCT 1973 (11) p. 485.

trans-2-Hexenal [6728-26-3], leaf aldehyde
CH;CH,CH,CH = CHCHO, C¢H¢0, M, 98.14, bpio13 kpa 146147 °C, d3° 0.8491,
nZ 1.4480, is the simplest straight-chain unsaturated aldehyde of interest for per-
fumes and flavors. It occurs in essential oils obtained from green leaves of many
plants.

trans-2-Hexenal is a colorless, sharp, herbal-green smelling liquid with a slight
acrolein-like pungency. Upon dilution, however, it smells pleasantly green and ap-
ple-like. The aldehyde can be synthesized by reacting butanal with vinyl ethyl ether
in the presence of boron trifluoride, followed by hydrolysis of the reaction product
with dilute sulfuric acid [17].

H2 H2
Cas BF; C.
C3H7—‘H§ ~CH-OC,H; — C3H7_H(|: QH"OCQHS
0¥'fo e
HS HS
C3Hy CsHy
H,S0,
"+ C3H;CH=CHCHO + C3H,CHO + C,H;0H
2

Biosynthetic methods for its production as natural flavor material have been devel-
oped [12a], [18].

trans-2-Hexenal has an intense odor and is used in perfumes to obtain a green-
leaf note, and in fruit flavors for green nuances.
FCT 1975 (13) p. 453.

cis-4-Heptenal [6728-31-0]

CH;CH,CH = CHCH,CH,CHO, C7H,0, M, 112.17, bp; 33 xpa 41°C, n¥ 1.4343, is
a widespread volatile trace constituent of food flavors. It is a colorless, oily liquid
with a powerful, fatty, somewhat fishy and, in high dilution, creamy odor. It can be
prepared from 1-butyne (via lithium 1-butynide) and acrolein (which is converted
into 3-bromopropionaldehyde dimethyl acetal). The resulting 4-heptynal dimethyl
acetal is cleaved and the triple bond is hydrogenated catalytically to give cis-4-hept-
enal [19].

cis-4-Heptenal is used in cream, butter, and fat flavors.

2,6-Dimethyl-5-hepten-1-al [/06-72-9]

MO
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CoH 60, M, 140.23, bps pa 79-80°C, d3® 0.848, nZ 1.4492 was identified in gin-
ger. It is a yellow liquid with a powerful, green, cucumber-like and melon odor. It
can be prepared by Darzens reaction of 6-methyl-5-hepten-2-one with ethyl chloro-
acetate. The intermediate glycidate is saponified and decarboxylated to yield the
title compound.

It is used in many fragrance types and is invaluable in the creation of melon and
cucumber notes.

Trade Name. Melonal (Giv.).

(E)-4-Decenal [65405-70-1]
CioH 130, M, 154.25, n¥ 1.4421-1.4432, is a pale yellow liquid with a powerful
aldehydic, orange-like, green, floral odor. It is used in fragrances to create fresh,
natural, citrus-like notes.

The material can be produced by the reaction of 1-octen-3-ol with ethyl vinyl
ether [19a].

10-Undecenal [/72-45-8]

CH, = CH(CH,)sCHO, C;Hx0, M, 168.28, bpo4pa 103°C, d5' 0.8496, n! 1.4464,
was identified, e.g., in coriander leaf extract [20]. It is a colorless liquid with a
fatty-green, slightly metallic, heavy-flowery odor. The aldehyde can be synthesized
from undecylenic acid, for example, by hydrogenation of the acid chloride (Rosen-
mund reduction) or by reaction with formic acid in the vapor phase in the presence
of titanium dioxide. In perfumery, 10-undecenal is one of the aldehydes essential for
creating the “aldehydic note.”

Mixtures containing undecenals with the double bond in other positions (9-, 8-, 7-)
are also marketed and used in fragrances, e.g. Aldehyde C11 Iso (Givaudan), Intre-
levenaldehyde (IFF).

FCT 1973 (11) p. 479.

2-Dodecenal [20407-84-5]

C1o,H»,0, M, 182.30, d%g 0.8390-0.8490, is a colorless liquid with a powerful alde-
hydic, mandarin citrus-like odor. It may be prepared as described above, see 2-hex-
enal, [17]. 2-Dodecenal is used in flavors and fragrances to create orange-mandarin-
like citrus notes.

FCT 1983 (21) p. 849.

Trade Name. Aldehyde Mandarine (10 % solution in triethyl citrate, Firmenich).
2,6,10-Trimethyl-5,9-undecadienal [24048-13-3] and [54082-68-7]
N AN _0

C14H»40, M, 208.34, dﬁo 0.870-0.877, n2D0 1.468—-1.473, not found in nature, is a
clear, colorless to pale yellowish liquid. It has an aldehydic-floral odor reminiscent



