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By Clive Jennings-White, SRI International, Menlo Park, California

hat the odor of any substance is determined

by the structure of its molecules is generally
accepted. These, on arriving at the olfactory
clefts, interact with one or more types of receptors
embedded in the olfactory epithelium. This trig-
gers a series of molecular and cellular events that
result in nerve impulses being sent from the ol-
factory bulb to the brain, The end result of this
process is the subjective experience of smell
(Amoore et al., 1964).

It is known that the sensation of colour arises
from the stimulation of three distinct types of
visual receptors. Each preferentially absorbs
light of certain wavelengths, corresponding to
one primary colour sensation (red, green, or
blue). Therefore, one may ask analogous ques-
tions concemning smell:

o How many different types of olfactory recep-
tors are there?

e To what primary odors do these correspond?

e What are the molecular characteristics re-
quired for stimulation of each type of olfactory
receptor?

The first tentative answers to these guestions

were suggested by John Amoore in 1952. The

rationale is roughly as follows: if we are in-
terested in identifying the primary odors, we
should look only at the odors of pure compounds
rather than complex mixtures (onion soup or

Chanel No. 5) since the latter will surely stimu-

late more than one type of olfactory receptor.

Also it would seem plausible that particularly

common odor descriptions might comrespond to

primary odors. With these considerations in mind

Amoore studied the published odor descriptions

of hundreds of pure compounds and found that

they could be categorized into fourteen groups.

Of these he chose the seven largest groups as

representing primary odors and found that the

structures of the molecules within each group did
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indeed show significant similarity (Amoore,
1952).

Amoore and others then sought to confirm by
experiment the hypothesis that molecules within
these groups correspond to primary odors, Of the
several possible modes of attack, the one that has
proved most fruitful is the study of specific
ariosmias (Amoore, 1977). A deficiency in an ol-
factory receptor protein should result in a spe-
cific anosmia for the corresponding primary odor,
just as a deficiency in the receptor protein corre-
sponding to the perception of a particular pri-
mary colour results in a specific colour blindness.
Such specific anosmias are indeed very common.
A person with a specific anosmia will not be able
to perceive a particular type of odor but will
otherwise have a normal sense of smell,

Conversely, if there exists a particular specific
anosmia in a certain proportion of the population,
then it is likely that this corresponds to a primary
odor (Amoore, 1977).

With this in mind Amoore and others began a
systematic survey of reputed specific anosmias.
They tested the olfactory threshold of a number
of compounds which correspond to the same spe-
cific anosmia for both a panel of normal subjects

and a nanal in aan i i no-
and a panel in each class with a particular spe

cific anosmia. The logarithm to the base 2 of the
ratio of the average olfactory thresholds for the
specifically anosmic panel to that of the “normal”
panel gives each compound a number, called the
anosmics” defect, which is a measure of its purity
of odor that is defined as the extent to which an
odorant stimulates a particular type of receptor to
the exclusion of others (Amoore et al., 1977).
Thus the compound in a particular class that ex-
hibits the highest anosmic’s defect represents the
purest example of that primary odor. Using this
method employing specific anosmias, the
molecular characteristics required for generation
of eight different primary odors have so far been
determined (Amoore, 1977; Pelosi and Viti, 1978;
Pelosi and Pisanelli, 1981).
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Table |. Odor Classes

Odor Class Representative Odorant
1. Acidie Forme acid
2. Alliaceous Allyl isothiocyanate
3. Almond Benzaldehyde (Boelens et al., 1978)
4, Ammoniacal Ammonia
5. Aniseed Anethole
6. Aromatie Benzyl alechol
7. Burnt Pyridine
8. Camphoraceous Cineole (Pelosl and Pisanelli, 1981)
9. Citrous Citral
10. Cocoa iso-Butyl phenylacetate {Boelens et al., 1978)
11. Cumin Cuminaldehyde (Boelens et al., 1978)
12. Edible Maltol
13. Ethereal Diethyl ether (Amoore, et al., 1364)
14, Fecal Skatole
15. Fishy Trimethylamine {Amoore, 1977)
16. Fruity gamma-{Undecalactone
17. Green Phenylacetaldehyde dimethyl acetal
18, Hyacinth Cinnamyl alcohol
19. Jasmin cis-Jasmone (Boelens, 1974)
20, Lily Hydroxyeltronellal
21, Malty iso~Butyraldehjde {Amoore, 1977)
22, Minty 1-Carvone (Pelosi and Viti, 1978)
23. Musky 6-Acetyl-T-ethyl-1,1,4,d-tetramethyltetralin
{Amoocre et al., 1977)
24, Oily Hexadecane
25, Orange Blossom Methyl anthranilate
26, Oxidizing Ozone
27. Phenolic Phencl
28, Putrid Dimethyl sulfide (Amoore et al., 1964}
2%. Pungent Formaldehyde
30, Rose 2=-Phenylethanol
31. Sexual Salpha-Androst-16-en-3Jalpha-ol
32, Spermous 1-Pyrroline (Amoore, 197T)
33. Spicy Cinnamaldehyde
34. Sweaty iso-Valeric acid (Amoore, 1977)
35. Sweet Vanillin
36. Urinous Salpha-Androst-16-en-3-one (Amoore et al, 197T)
37. Violet alpha-Ionone
38. Woody Cedryl acetate (Boelens, 1974}

The purpose of the present article is to con-
sider the molecular characteristics of classes of
compounds having a particular odor and for
which there may or may not be a reputed specific
anosmia. Six primary odors plus the five addi-
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tional ones that have been determined by the
specific anosmia method have been omitted from
the discussion since they have been adequately
covered elsewhere (Amoore et al., 1964; Amoore,
1977).
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Primary Odors

Methods

In seeking classes of compounds which may
represent primary odors, the starting point was
Amoore’s “clues to the olfactory code” which
lists odor classifications and reputed specific
anosmias {Amoore, 1969, 1977).

It became clear that some entries would need
to be deleted. For example, the thyme odor, rep-
resented by thymol, has been shown to be essen-
tially minty in character. Thymol {figure 1} ex-
hibits an anosmics’ defect of 1.8 when tested with
a panel selected for anosmia to l-carvone (figure
2) which has a spearmint odor (Pelosi and Viti,
1978). This implies that the odor of thymol is ap-
proximately 70% minty. The remainder, possibly
“phenolic,” would account for the thyme odor
which is thus not primary but complex.

on i

Fig. 1 Thymol Fig. 2 1-Carvone

Other entries have been combined. For exam-
ple there is no evidence that “oily” and “waxy”
represent different odors. Moreover there do not
appear to be any systematic molecular differ-
ences in compounds described as having either

smell.
The floral primary odor proposed by Amoore

can possibly be replaced by a number of specific
floral primary odors. It is well known among
perfumers that it is possible to imitate the odor of
most flowers by proper combination of the es-
sential oils from approximately six types of
flower. Moreover, as will be shown, there is con-
siderable molecular similarity between com-
pounds of one flower type. There remains, how-
ever, some degree of similarity between most
floral compounds and one may speculate on the
possible existence of an ancestral floral receptor
protein from which our present suggested spe-
cific floral receptor proteins may have evolved by
mutation. The molecular characteristics of jasmin
odorants will not be discussed in this paper
since they have been adequately covered
elsewhere (Boelens, 1974),

The compounds depicted in the results section

haove hoan fhmmd navtly by tharoneh literature
NAave peen IOUNG paray oY WOIrougih Relalulc

search of odor descriptions in a manner similar to
Amoore’s approach of 1952. Additional com-
pounds were found by extensive smelling of as
many compounds as the author could lay hands
on. Interesting compounds were tested on at
least ten individuals for odor description. In
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some cases compounds thought to be in the same
class were cross-tested for olfactory fatigue de-
sensitization.

This search revealed additional odor classes,
for example, sexual, which is represented by
androst-16-en-3a-0l (figure 3). This compound
has been isolated from human secretions and has
been suggested as a human sex pheromone
{(Brooksbank et al., 1974; Comfort, 1971; Cleve-
land and Savard, 1964; Kloek, 1961 ; Michael and
Keverne, 1970; Vierling and Rock, 1967).
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Fig. 3 S«-Androst-16-en-3y-ol

It should be emphasized that the odor classes
in the results section are not known to be primary
odors. However they have been selected with this
possibility in mind and may serve as a starting
point for experimentation by means of the spe-
cific anosmia or some other method.

Results

Acidic Odorants

At first sight it might appear that these odors
could be caused by a pungent smell due to
electrophilic character (Amoore et al., 1964) plus
stimulation of the acid taste receptor. However,

theve have hoan annemiae ranarted for formin
LICITC Ve OO alosiniias ICPONCG 0T IO

acid and acetic acid (figure 4} (Amoore, 1969).
These are not significantly sweaty as, for exam-
ple, formic acid has an anosmiecs” defect of less
than 1 whereas isovaleric acid has an anosmics’
defect of 5.4 for the sweaty odor (Amoore, 1977).
Stronger acids such as hydrogen chloride could
stimulate the pungent receptor as well and
therefore would not exhibit the anosmia. The
necessary characteristics for an acidic smell are
that the compound should be volatile and capa-
ble of donating a proton to the receptor site.

HCl HBr SO, CO,

HCO,H CH,CO.H
formic acid  acetic acid

Fig. 4 Acidic odorants

Alllaceous Odorants

The universal feature of alliaceous odorants
{figure 5), such as those responsible for the
flavour of onions, garlic, and mustard, appears to
be that they contain sulfur. Also required is a
sufficiently large hydrophobic region. For exam-
ple, the suspected hamster sex pheromone di-
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methyl sulphide, a lower homologue of the al-
liaceous dipropyl sulphide, does not smell sig-
nificantly alliaceous, but is putrid by virtue of its
nucleophilicity (Amoore et al., 1964).

P Vel VW P N Y] //'\/NY

dipropyl sulfide 5

1]
o .
SMe

8
Fig. & Alliaceous odorants

Ammoniacai Odorants

Ammonia and various substituted amines do
not show a significant fishy anosmics’ defect
(Amoore, 1977), and yet they are readily distin-
guishable from the putrid soft volatile nucle-
ophiles. It is possible therefore that these form
a separate group which has little structural re-
guirement but quite definite functional group
requirements (figure 6). That is, only an amine

JPRE | IR
Call 5INCLL JdINmonidcdi.

Wis NaH,, “c/\/N’Ha HD/\/N'Mea
ammonia

NH
P e T

Fig. & Ammoniacal odarants

Fragapy |

Aniseed Odorants

Specific anosmias to this very characteristic
odor have not yet been reported. However there
is much similarity between molecules of this
odor type, a p-disubstituted benzene ring gener-
ally being necessary (figure 7). Ethyl 2,4-
hexadiencate might seem exceptional but com-
parison with ethyl p-toluate resolves the diffi-
culty. There is also a requirement of not being
too polar such as in methyl anisate which is a
sweet odorant. Indeed, no polar group at all is
required for this odor, as in p-diethylbenzene.

- COzEt COaEL COLEt
e
-~

OMe OMe

anethole ethyl ethyl
2,4«hexadiencace p-toluace

JE Br I
OEt REt NCS RCS

Fig. 7 Aniseed odorants
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Primary Odors

Aromatic Odorants

This would appear to be a “garbage can” re-
ceptor site for all those aromatic molecules that
do not measure up to the specificities of, for
example, the almond or aniseed receptor sites. It
is well known that olfactory receptor sites vary
enormously in their specificity. For example, a
huge variety of molecules smell camphoraceous.
Virtually any functional or structural type is tol-
erated so long as the molecule is of suitable di-
mensions (Amoore et al.,, 1964). On the other
hand, only a tiny handful of molecules that smell
spermous are known and they are all small eyclic
Schiff’s bases (Amoore, 1977).

It is interesting to note the molecular progres-
sion from anisole, an aromatic odorant, to
anethole, an aniseed odorant, to iso-eugenyl
methyl ether, an aromatic odorant (figure 8). This
suggests that if someone lacked the hypothetical
aniseed receptor, it would still be possible to
smell anethole, but as an aromatic odor. This may
explain why specific anosmias to aniseed (and
almond) have not been reported.

CHz0H CHzOH OMe: /\/(QME
o™ o o" _ o

0 anisele

Br COMe OMe
i ; : :cozue : :OMe
Br B N

Fig. 8 Arcmatic cdorants

iso-eugenyl methyl ether
@Cl

Burnt Odorants

Specific anosmia to pyridine has been reported
(Amoore, 1977). The requirement appears to be a
nitrogen heteroaromatic ring with a lone pair on
nitrogen in the plane of the ring {figure 9).

0O 0O § O

pyridine

Fig. 9 Burnt odorants

Cltrous Odorants

There are two quite different types of com-
pound that smell citrous (figure 10). One is repre-
sented mainly by a group of cyclic hydrocarbons,
such as limonene, and the other by a group of’
linear compounds terminating in a polar func-
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tional group, such as citral, The clue to a possible
explanation is provided by the citrous smell of
linalyl acetate, characteristic of the bergamot
citrous fruit. This compound appears to have a
structure intermediate between the two groups,
thus providing a unifying link. An altenative ex-
planation is that there are actually two different
citrous receptor sites, one for each citrous sub-
group. Specific anosmia has been reported for
citral (Amoore, 1977) and measurement of anos-
mics’ defects for the two groups should readily
settle the issue,

0 QYT

limcnene Iinalyl cltral
acetate

ey

Fig. 10 Citrous odorants

Edible Odorants

At first sight there is very little to unify the
structural types giving rise to this odor (figure
11). However, a close inspection reveals the
ubiquitous presence of a 1,4 disposition of
heteroatoms (Q,N,S), It is possible that the
pyrazines represent a different ciass. However,
as with the citrous compounds, the odor of inter-
mediate structural types such as 2-acetylpyridine
suggests an underlying unity. The pyrazines
have extremely low olfactory thresholds and may
be “purer” primaries than other members of this
group, although it is possible that they also inter-
act with the hypothetical bumnt receptor to a sig-
nificant extent. It has been proposed that some of
the molecules in this group interact with a re-
ceptor partly through hydrogen bonding from the
hydrogen atom of a hydroxyl group when the
hydroxyl oxygen is one of the hetercatoms in-
volved in the 1,4 arrangement (Re et al., 1973;
Ohloff and Giersh, 1980). However if some of the

N OEt
@l)/ @) bSO
=
5 oMe ] N. HO i ) Ph
Qo
0 0
Z=acetylpyridine
N 0, [s! 0 CH2DAC
4 T O
5 i H) o
SMe

Fig. 11 Edible odorants
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compounds that cannot possess a hydroxyl group
show a significant anosmics’ defect with a panel
selected for anosmia to a compound that does
have a hydroxyl group, then an interaction of this
type would have to be considered less likely.

Fecal Odorants

It would appear that a suitable disposition of an
amine and a benzene ring are the molecular re-
quirements for this hypothetical receptor {figure
12).

N N N
H H H

fig. 12 Fecal odorants

Fruity Odorants

Although most fruity compounds are esters,
isostructural ketones also smell fruity, Since most
fruity compounds are non-rigid, the receptor site
requirements are unclear, except for the required
existence of a carbonyl group and a hydrophobic
portion (figure 13).

o du T

Fig, 13. Fruity odorants

Green Odorants

The rigid molecules in this group (figure 14}
give a clue to the receptor requirements. Almost
any oxygen or nitrogen functionality in the cor-
rect position is tolerated, suggesting an acidic
hydrogen atom in the receptor site available for
hydrogen bonding,

H
/N VYN . A
M/‘“_{ \_f“",,_< AVIFARN ‘Al g
o
_;z
00 YO g
Fig, 14 Green odorants
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Hyacinth Odorants
A word about the hypothetical floral receptors

(figure 15) is necessary. It will be noted that
molecules belonging to all six floral groups could
fit Amoore’s “‘kite”’ shaped floral receptor
(Amoore et al., 1964). It is conceivable that the
different groups could all have evolved from an
earlier general floral receptor similar to that pro-
posed by Amoore. However, later mutations
could have introduced the specificities for each
type of flower. If so, then testing by specific
anosmia might be more difficult than usual since
it is possible that a single mutation would render
inoperative several related receptors. Thus dis-
tinguishing between the two theories by these
means might prove impossible,

cHo :

mnr : e CH2OH : o OCHD : -~ :OH

Fig. 15 Hyacinth odorants

Lily Odorants

Ohloff has recently given the molecular re-
quirements for generation of a lily odor (Ohloff
and Giersh, 1980). However, all the molecules he
considered were bifunctional, and this ignores
some compounds commonly used as lily odorants
such as a-terpineol, linalol, and dimethyl benzyl
carbinol, all of which possess only one polar
functional group. Nevertheless, it appears that a
tertiary alcohol is necessary for generation of a
lily odor, whether or not there is other polar

functionality in the molecule {figure 16).

CHO
-
CRO
OH OH ol OH OH
=

a-terpineol “linalol

b )
[H]
o oy Mgy
o on

dimethyl benzyl catbinol

Fig. 16 Lily odorants
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Olly Odorants
This hypothetical receptor could be a hy-

prophobic trough very similar to that proposed by
Amoore for the ethereal receptor (Amoore et al.,
1964). The difference would be that the oily re-
ceptor site is longer. On increasing the length of a
simple hydrocarbon chain the odor gradually

changes from ethereal to oily (figure 17).

B i e e e o o o COEE
N W) N oGt 2 OH

A N o o COZET
Fig. 17 0lly oderants

nge Biossom Odorants

‘The two major groups of orange blossom odor-
ants, anthranilates and g-naphthyl derivatives,
are at first sight quite different. However, by
drawing the anthranilates in the internally hy-
drogen bonded form, the similarity of the groups
becomes evident (figure 18).

OFEt

com

ot
1
H

CHO
@D)\
OMe
=0
1
aet
[]
Me

Fig. 18 Orange biossom odorants

Oxidizing Odorants

Volatile oxidizing agents (figure 19) have a
characteristic clear, clean smell when dilute. At
higher concentrations they are pungent pre-
sumably because of their electrophilic character
{Amoore et al., 1964).

Br; Cl; I, NO, NOCI O,

Phenolic Odorants

Evidently phenols smell phenolic (figure 20).
However only a small amount of substitution on
the aromatic ring is permitted without losing the
phenolic odor.
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Rose Odorants

Specific anosmias have been reported for

gpranwl and ,8 phcuylcthmlul {nulﬂﬁi'e, 1977}

The relation between these odorants (figure 21)
is only apparent when the very flexible geraniol
molecule is depicted in a suitable conformation.
In general one expects that more rigid molecules
would represent a purer primary odor, that is, ex-
hibit a greater anosmics’ defect, than similar
flexible molecules since the latter may adapt
their conformation to fit other receptor sites.

o Oh CH
:: ™M U/\/ qv @N
geraniol

g-phenylethanol

(0ol aglicesiVon

Ffg. 21 Rose odorants

OH OH

/

&

Fig. 20 Phenclic odorants

OMe

Sexual Odorants

5a-Androst-16-en-3a-0l (figure 22) has been
isolated from human urine (Brooksbanks, 1962;
Cleveland and Savard, 1964) and human sweat
{Brooksbank et al., 1974). There is currently
much interest in this compound due to the
postulation that it is a human sex pheromone
(Brooksbank et al., 1974; Vierling and Rock,
1967). It has already been used in perfumery for
several years, for example, “Lydia” by Dinely of
London.

Amoore has tested the compound on a panel of
anosmics selected for specific anosmia to 5a-
androst-16-en-3-one, a urinous odorant, and
found that it exhibited a marginally significant
anosmics’ defect. However, subjective responses
to the odors of the two compounds are generally
quite different from each other, In addition spe-
cific anosmias to each compound can exist inde-
pendently, Thus it seems unlikely that 5a-
androst-16-en-3a-ol interacts with the urinous re-
ceptor to a significant extent.

Contrary to some popular opinion there does
not appear to be any difference between men and
women in olfactory response to Sa-androst-16-
en-3a-0l (Kloek, 1961). The author has repeated
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Kloek’s experiments with Sa-androst-16-en-3a-0l
and found results in very close agreement. The
only point of difference was that the author found
that of those who could smell the compound 66%
described the odor as pleasant (63% of women
and 69% of men), whereas Kloek found only 13%.
The difference could possibly be explained by a
positive change in social attitude towards body
odors over the last twenty years (Schneider,
1971).

HOnu

HO“‘\: j no®

S5a-andreat-16-en-3a-ol

+H h
A -

Fig. 22 Sexual odorants

Spicy Odorants

Specific anosmia to cinnamaldehyde has been
reported (Amoore, 1977). Other spicy odorants
show similar features (figure 23).

@/CHO : e 0
Dy

cinnamaldehyde

Wﬂ Mcﬂo
o o

Fig, 23 Spicy odorants

Sweet Odorants

The required molecular characteristics for
sweet odorants (figure 24) appear to be an

aromiatic ri ulg and a car buuyl or similar functional

group., Specific anosmia has been reported for
vanillin (Amoore, 1977).

56 &3 6%

methyl anisate

COzMe
CN E/ GHO
i ~OMe @‘we
OH

0OH
vanilliv

Fig. 24 Sweet pdorants
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Violet Odorants

These molecules (figure 25) are of the usual
floral shape but have the specific requirement of
an a,B-unsaturated carbonyl group. However it
appears that a pyridine ring can mimic this func-
tionality. Possibly there is a nucleophile in the
receptor site that can interact at the B-position,
while the carbonyl group is involved in hydrogen
bonding, Specific anosmia to ionone has been
reported (Amoore, 1977).

Fig. 25 Violet odorants

Discussion

The odor classes proposed here plus those dis-

cussed elsewhere comprise thirty-eight odor
classes which are listed in Table I together with a
representative odorant of each class. These un-
doubtedly do not encompass all the human pri-
mary odors. Likewise it may well turn out that
some of these classes are redundant, in reality
being represented by a complex mixture of sev-
eral primary odors. Nonetheless it is evident from
the diagrams that there is considerable molecular
similarity between compounds corresponding to
the same type of odor whether or not these repre-
sent primaries.

It is hoped that eventually all of these thirty-
eight odor classes will be subjected to Amoore’s
method of specific anosmia to provide answers to
the uncertainties posed above.
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