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Vetivone and Khusimone— 
the Puzzling Vetiver Oil Components
Chemistry and application in fragrance

Michael Zviely, CIC; mzviely@cathay-israel-chemistry.com

Vetiver (Chrysopogon zizanioides) is a perennial 
grass of the Poaceae family, native to India. 
Although it originates in India, vetiver is widely 

cultivated in the tropical regions around the world. The 
world’s major producers include Haiti, India, Indonesia’s 
Java and the French island Réunion.

a-Vetivone (CAS# 15764-04-2; (4R,4aS)-4,4a-dime-
thyl-6-propan-2-ylidene-4,5,7,8-tetrahydro-3H-naphtha-
len-2-one; F-1) has a warm pleasant powerful odor while 
β-vetivone (CAS# 18444-79-6; (5R,10R)-6,10-dimethyl-
2-(1-methyl-ethylidene)-spiro[4.5]dec-6-en-8-one; F-2) 
has a quinolinelike, fruity (cassis, grapefruit) aroma with a 
woody by-note.

Vetiver oil is steam distilled from cleaned and washed 
rootlets, which are dried, cut and chopped, and then 
usually soaked in water again prior to distillation. The dis-
tillation is undertaken near the place of harvesting with the 
exception of small lots, which are distilled in Europe or the 
United States from rootlets that have been imported from 
India, Indonesia or other places. Vetiver oil is an amber to 
grayish brown, olive brown or dark brown viscous liquid 
with an odor that is sweet and very heavy woody-earthy, 
reminiscent of roots and wet soil, with a rich undertone of 
precious wood notes. Oils distilled from too young root-
lets and very freshly distilled oils may display some green, 
potato peel or asparaguslike top notes. The green note 
might come from 2-methoxy-3-isopropylpyrazine  
(FEMA# 3358, CAS# 25773-40-4; F-3), or other pyrazines 
that have been identified in vetiver oil.1, 2

Vetiver oil is used extensively in perfumery not only 
as a fixative, but also as an odor contributor in bases such 
as fougère, chypre, modern woody-aldehydic or amber-
aldehydic bases, oriental bases, moss and woody notes, 
opoponax bases, rose bases, and so on. It also blends 
well with ionones, linalool, cinnamic alcohol, patchouli, 
sandalwood, oakmoss, amylsalicylate, lavender, clary sage, 
mimosa, cassia, isoeugenol and more.3

There is also a controversy regarding what specific 
molecules contribute to vetiver odor. One of the interest-
ing aspects of vetiver is its grapefruit undertone, and this 
might originate from some double-bond isomerization of 
a-vetivone to nootkatone (FEMA# 3166, CAS# 4674-50-
4) having grapefruitlike odor (F-4). Valencene (FEMA# 
3443, CAS# 4630-07-3), which can be oxidized to nootka-
tone, is also known to be present in vetiver oil.4 According 
to a Givaudan patent, such a reaction can be reversed, 
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Total synthesis of khusimone

in combination with jasmine and gardenia complexes, are 
the base of the famous Crepe de Chine note. In addition 
to its importance in classical perfumery, vetiver oil is used 
also as a base for many modern men’s colognes.9

A few fragrance companies have used vetiver oil as their 
prominent middle note, marketing these vetiver perfumes 
as masculine scents. One popular vetiver perfume for 
men has lemon as its top note and combines tobacco and 
vetiver in its middle note. Women’s vetiver perfumes that 
have vetiver oil as a prominent note may have top notes of 
hazelnut, musk or citrus to soften the vetiver scent.

meaning nootkatone can undergo double-bond isomeriza-
tion when heated over chromium, maganese, iron, cobalt, 
nickel, copper or zinc chloride salts.5 Under the condi-
tions cited therein, nootkatone gives 56% a-vetivone.

(-)-β-Vetivone (F-5) also offers a quinolinelike, fruity 
aroma with a woody by-note, as opposed to (+)-β-vetivone 
(F-6), which has an unpleasant cresolic, medicinal note.6

According to Maurer, khusimone (CAS# 30557-76-7; 
3H-3a,6-methanoazulen-3-one, octahydro-7,7-dimethyl-
8-methylene-, (3aR,6R,8aR)-; F-7), though found in small 
amounts in the oil, is the main molecule that provides 
the characteristic odor for vetiver.7 A short and selective 
total synthesis of khusimone via an intramolecular type II 
magnesium-ene reaction is shown (F-8).8

Vetiver notes are part of the woody notes for luxury 
perfumes. The oils of vetiver, patchouli and sandalwood, 
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Total synthesis of khusimone F-8
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in combination with jasmine and gardenia complexes, are 
the base of the famous Crepe de Chine note. In addition 
to its importance in classical perfumery, vetiver oil is used 
also as a base for many modern men’s colognes.9

A few fragrance companies have used vetiver oil as their 
prominent middle note, marketing these vetiver perfumes 
as masculine scents. One popular vetiver perfume for 
men has lemon as its top note and combines tobacco and 
vetiver in its middle note. Women’s vetiver perfumes that 
have vetiver oil as a prominent note may have top notes of 
hazelnut, musk or citrus to soften the vetiver scent.

Vetiver oil is the major ingredient in an array of per-
fumes, including Caleche, Chanel No. 5, Dioressence, 
Parure and Opium, as well as in many men’s fragrances. A 
15–30% solution of vetiver oil in alcohol is enough to make 
a true vetiver perfume, and its further dilutions have value 
as vetiver eau de cologne and eau de toilette. Vetiver pour 
Homme by Carven from 1957 and Vetiver by Guerlain from 
1961 are two famous eau de toilette fragrances for men 
prepared from vetiver oil. Additional modern perfumes that 
use vetiver are Puig Vetiver by Puig, a masculine perfume 
designed by Alain Muraour and Rosendo Mateu in 1978, 

meaning nootkatone can undergo double-bond isomeriza-
tion when heated over chromium, maganese, iron, cobalt, 
nickel, copper or zinc chloride salts.5 Under the condi-
tions cited therein, nootkatone gives 56% a-vetivone.

(-)-β-Vetivone (F-5) also offers a quinolinelike, fruity 
aroma with a woody by-note, as opposed to (+)-β-vetivone 
(F-6), which has an unpleasant cresolic, medicinal note.6

According to Maurer, khusimone (CAS# 30557-76-7; 
3H-3a,6-methanoazulen-3-one, octahydro-7,7-dimethyl-
8-methylene-, (3aR,6R,8aR)-; F-7), though found in small 
amounts in the oil, is the main molecule that provides 
the characteristic odor for vetiver.7 A short and selective 
total synthesis of khusimone via an intramolecular type II 
magnesium-ene reaction is shown (F-8).8

Vetiver notes are part of the woody notes for luxury 
perfumes. The oils of vetiver, patchouli and sandalwood, 
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To purchase a copy of this article or others,  
visit www.PerfumerFlavorist.com/magazine.  

and Hugo Dark Blue by Hugo Boss, Azzura by Azzaro and 
Christian Lacroix by Lacroix, all from 1999.

Vetiver oil is very persistent and one of the finest 
fixatives available to perfumers. Its complex chemical 
composition and oil odor, as well as its high solubility in 
alcohol which improves its miscibility with other perfum-
ery materials, makes it a unique and valuable perfumery 
resource. In addition to its own perfumery value on 
account of vetiver hydrocarbons and carbonyl compounds, 
its alcohol derivatives (vetiverols) impart unique qualities 
to vetiver oil for perfumery applications. 

Because of the clear-cut differences in boiling point of 
the various constituents of vetiver oil, its vetiverol fraction 
could be easily separated by fractional distillation of oil 
under high vacuum. Also, vetiverol (FEMA# 4217, CAS# 
89-88-3) could be acetylated with acetic anhydride (CAS# 
108-24-7) to produce vetiveryl acetate (FEMA# 4218, 
CAS# 117-98-6; F-9).10

Both vetiverols and acetates have softer odors and 
fixative qualities, and are used as blender with high-class 
perfumery products. They blend well with ionone, linalool, 
cinnamic alcohol, oakmoss, vanilla, sandalwood, patchouli 
and rose bases, and are frequently used in fragrances 
that use chypre, fougère, rose, violet and amber aldehyde 
bases. They are used also in oriental fragrances and floral 
compounds. In general, vetiver perfumes that include 
the plant’s name in the brand are often among the world’s 
leading and most expensive brands. Demand for vetiver 
oil also keeps the price high, because the majority of the 
world’s perfumes contain this oil. Perfume-making coun-
tries import vetiver oil from producing countries to make 
vetiver perfumes, and the importation of the oil makes the 
market price higher than that of essential oils extracted 
from plants that have a greater cultivation range.9

In addition to its direct perfumery applications, vetiver 
oil in its diluted form is extensively used in aftershave 

lotions, air fresheners and bath products, as well as 
flavoring syrups, ice cream, cosmetics and food preser-
vation. Khus essence is a dark green, thick syrup made 
from the roots of vetiver grass. It has a woody taste and a 
scent prominent to khus. It is used in cool drinks and for 
reducing the pungency of chewing tobacco preparations, 
providing a sweet note to other masticatories and incense 
sticks.9
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