Structure-Activity Relationships of
Natural Volatile Nitrogen Compounds

By Mans H. Boelens, Boelens Aroma Chemical Information Service,
and Leo J. van Gemert, TNO Nutrition and Food Research Institute, The Netherlands

"\ 7 olatile nitrogen compounds are often important for the
Y sensory properties of food flavors and natural isolates.
Character-impact nitrogen compounds have been found,
for instance, in the {lavors of processed foods and drinks,
such as bread, meat, coffee and cocoa. During the last
decade, much attention has been paid to the identification
and sensory properties of nitrogen compounds from natural
isolates, such as headspaces and absolutes of flowers and
essential oils.
Last vear in the September/October issue of this maga-

crudiad +the TP idantitioe and con
ZINEe we studieq e ocourrence, aennuies ana sensory

properties of volatile nitrogen compounds emitted by flow-
ers and isolated from flower absolutes and essential oils,
Now we have investigated the threshold values and struc-
ture-activity relationships of natural volatile aliphatic and
aromatic nitrogen compounds, substituted pyridines, quino-
lines, pyrazines and thiazoles.

Introduction

Itis general knowledge that volatile nitrogen compounds
are, from a sensory point of view, important constituents of
flavors. Thorough reviews about this subject have been
published.-” Researchers in the early 1970s tried to deter-
mine the sensory properties (i.e., odor and flavor qualities
and threshold values in different media) of these flavor
compounds. During the last decade, the identification and
determination of the sensory properties of volatile nitrogen
compounds from natural isolates have come more and more
into focus. Interest arose from improvements in isolation
and concentration of volatile trace constituents of natural

products, and from modern chromatographic techniques.
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These techniques include, for instance, gas chromatogra-
phy on high-resolution, high-precision fused silica capillary
columns. An excellent review on headspace analysis by
modern gas chromatographic methods was written by Bicchi.3

Formerly, say about 25 years ago, little attention was paid
totrace constituents presentin concentrations below 0.01%
(100 ppm} in an essential oil. Nowadays it is possible to
quantify compounds in concentrations less than 1 part per
billion {0.001 ppm). In this paper, we will discuss the sensory
properties of various representatives of volatile nitrogen com-

pounds and their structure-activity relationships.

Sensory Properties of Nitrogen Compounds

The determination of the sensory properties of nitrogen
compounds is a complicated matter, as it is for other chemi-
cal compounds. First, this determination is rather subjec-
tive, due to intra- and interindividual differences. Each
human being has numerous receptor sites,'3 which may
vary in sensitivity from site to site and from one person to
another.

Second, the qualitative sensory properties of the com-
pounds often are strongly dependent on their concentra-
tion. This olfactive dependence on stimulant concentration
may be caused by the so-called “multiplicity of the com-
pound.” Multiplicity of a compound is a compound’s ability
to trigger different receptor sites at various concentrations.
Another aspect of the sensory evaluation of nitrogen com-
pounds is that the determination of the odor quality often is
influenced by the degree of pleasantness or unpleasantness.
Buttery et al.,? for instance, reported that the odors of the

alkyl pyrazines are generally assocmtedvvlth pleasant roasted
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food (such as chocolate, coffee, roasted nuts), whereas the
odors of alkyl pyridines are less pleasant, more amine-like.

Moreover, the sensory properties of strong-smelling
(intense) trace constituents are dependent on the media in
which the properties are determined. The odor/flavor char-
acters and threshold values of several series of compounds
will be discussed in more detail below. Each set of threshold
values presented is the result of work by multiple research
groups using similar methods. We exclude from the set any
results based on alternate methods.

Aliphatic Nitrogen Compounds

Relatively little is known about the sensory properties of
natural aliphatic nitrogen compounds. These compounds,
which have been found in flower scents,'® include amino
acid derivatives and degradation products. For instance,
from leucine there are oxime, nitrile and nitro derivatives.
The odor qualities of these compounds resemble the odor
qualities of the corresponding aldehydes, aleoholsand ethers.
Table I shows the odor/flavor threshold values of nitro-
compounds and nitriles in water and other media. The
lowest values obtained were for 2'-aminoacetophenone.

Aromatic Nitrogen Compounds

These compounds occur in highest concentration and
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Table I. Odor/flavor threshold values of
aliphatic and aromatic nitrogen compounds
in water and other media {(ppm)

2-methyl-1-nitropropane 5 - -
3-methyl-1-nitrobutane 0.15 - -
1-nitro-2-phenylethane 0.002 - -
3-methylbutanenitrile * 1 - -

phenylacetonitrile**
2'-aminoacetophenone
4'-aminoacetophenone 100 - -

* isobuty! cyanide
** benzyl cyanide

Tahle lia. Odor threshoid values of
benzenoid nitrogen compounds in alr (mg/m?)

a‘ll bH
methyl anthranilate 0.0072 -
indole 0.00015 0.00004
skatole 0.0031 -
quincline 0.079 -

most frequently in natural isolates. The most important
representatives of this group are indole and methyl anthra-
nilate, whose odors are well known. Indole has an animal,
fecal odor in higher concentration (>0,1% in diethyl phtha-
late); in lower concentration its odor character turns to
aromatic floral. Methyl anthranilate and its homologues
and analogues have citrusy odor notes more or less resem-
bling mandarin. Methyl anthranilate itself is a character-
impact compound in mandarin and tangerine oils.'®

2'-Aminobenzaldehyde, 2'-amincacetophenone,
phenylacetaldoxime, phenylacetonitrile, 1-nitro-2-
phenylethane all have aromatic floral and somewhat spicy
odor characteristics.'®

In Table I1a, odor threshold values of benzenoid nitro-
gen compounds in air are shown, Table IIb gives the odor/
flavor threshold values for benzenoid nitrogen compounds in
water. Inwater, skatole has lower thresholdvalues than indole.
In Table Iic, the odor/favor threshold values of benzenoid
nitrogen compounds in other media are shown, This time
there are no real differences between skatole and indole.
Data from Yoshida and Takagi °7>* are not reported here,

Pyridines

Pyridine and its lower homologues (up to three carbon
atorns) have pungent, diffusive, amine-like, disagreeable
odors in higher concentration (>0.1%) in water. Maass and

Zablinsky!'* described the odor of 3-butylpyridine as sweet-
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Table lIb. Odor/flavor threshold values of benzenolid nitrogen compounds in water (ppm)

methy! anthranilate

N-methyl methyl-anthranilate
indole

skatole

quincline

Odor*” Odor® Flavor® | Flavor® Odor® Odor Odor® | Odor4 Odor* Odor®
0.06 0.003 - - - - - - - -
- - 0.02 - - - - - -
- - - 0.5 0.3 0.36 0.3 0.14 - -
- - - 0.05 0.01 - - 0.0002 0.05 -
- - - - - - - 0.7

Table lic. Odor/flavor threshold values of benzenoid nitrogen compounds in media other than water (ppm)

Y 2 4
£ j } :gg 39 e
- & & & £
&a;g ; 3“5 ﬁé‘;\? 3, 36:; f}g g%’f é:’ﬁ jo
] & & ~F &
&& & ,ef ﬁf s /&0 s
= ¥ & i
methyl anthranilate 0.44 0.3 - - - - - .
N-methyl methyi- - - 0.16 - - - - -
anthranilate
indole 9 - - 01 0.02 0.33 - 0.05
skatole 4 - - - 0.05 0.14 - .
sthyl nicotinate - - - - - - 6 -
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Table llla. Odor descriptions of pyridine derivatives!3?

Substituted pyridine
4-isopropenyl-

Qdor description

green-bitter, nutty-beany,
slightly sweet

ether-like, browny-acidy,
radish {ozone-like)

slightly nutty, herbal, bitter

earthy, slightty seaweed,
somewhat citrus

earthy green, somewhat
sour and citrus

amine-like, ozonous green,
violet perilla

herbal, white floral-like,
minty

somewhat rose, fermented
beany, wormwood

earthy green, green beany,
powdery, musk-like

nutty, roasted soybean,
methyl cinnamate-like

minty, sweet, fermented
earthy

green tomato leal, slightly
methyl cinnamate-like

grassy, sweet, minty,
somewhat amber-like

weak herbal green,
fermented roast

grassy-green leaf, green
herbal, somewhat violet

4-isopropenyl-2-methyl-

2-ethyl-4-isopropyl-
2, 4-diisopropenyl-

2-isopropyl-4-methyl-
4-isopropyl-2-methyi-

3-[(Z) and (E)-1-buten-1-yl]-

5-[(Z} and (E)-1-buten-1-yl]2-propyl-
3-[(Z) and (E)-1-buten-1-yl}4-propyl-
3-phenyl-

4-methyl-3-phenyl-
5-phenyl-2-propyi-
2-acetyl-4-isopropenyl-
4-acetyl-2-isopropenyl-

2-acetyl-4-isopropyl-

Table llib. Odor threshold values of
pyridines in alr (mg/m?®)

a‘ls b20 c21
pyridine 0.28 0.023 -
2-methyl- 017 0.010 -
3,4-dimethyl- - 0.005 -
3,5-dimethyl- - 0.005 -
2,6-dimathyil- - 0.003 -
2-ethyl- - - 0.06
5-ethyl-2-methyl- 0.06 - -
2-propyl- - - .01
2-butyl- - - 0.002
2-pentyl- - - 0.0002
2-hexyl- - - 0.001

Tabile lllc. Odor/fflavor threshold values of
pyridines in water and other media (ppm)

Flavor Odor Odor Flavor Flavor
in in In In In

light ale™| water® | water®™| water® | water®®

pyriding - - - - 1-2

2-methyl- 0.2 - - - -
5-ethyl-2-methyl- - 0.019 - - -
2-pantyl- - - 0.0006 - -
2-hexyl- - - - 0.00028 -
2-acetyl- 01 - 0.019 - -

ish, reminiscent of trimethylpyridine, Buttery et al ?® re-
ported that in dilute water solutions 2-pentylpyridine has a
fatty and tallowy odor. According to Thomas and Bassols,*
trained flavorists describe 3-hexyl-pyridine as having a fatty,
citrus, orange note, while 5-hexyl-2-methylpyridine has
fatty, fishy, metallic and mandarin notes. Ishihara et al 131
published odor profiles of synthetic pyridine compounds
identified in spearmint oil. Their findings are shown in
Table IITa. The researchers concluded that the nitrogen
compounds seem to contribute to the characteristic odor
profile of the spearmint oil because of their powerful and
pungent aromas.

Ishihara also mentioned that it was reported that 2-
acetylpyridine has a strong roasted and coffee-like odor,
while that of 2-acetyl-6-methylpyridine is chocolate-like.
The researchers reported that 2-acetyl-4-isopropenylpyri-
dine, which is a major component (34%) in the basic
fraction of spearmint oil, has a powerful grassy-sweet and
minty odor. The odor descriptions of pyridines are shown in
Table I11a and threshold values in Tables ITTb and Illec.

Table I11b gives an overview of the known odor threshold
values of pyridines and other nitrogen compounds in air.
The study of Devos et al.!® presents a weighted average of
the older literature. In more recent literature, 3% 12 thresh-
old values for pyridine in air could be found; 8 of 12 authors
found a threshold value between 0.1 and 1 mg/m,? while 2
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were above and 2 were below this range. Extensive investi-
gations by Amoore® with a total of 205 persons, average
value of 2.1 mg/m.? show a factor of 100 between the most
sensitive and most insensitive subjects. Baker and Luh%
found a factor of around 1,000 between the extremes.

The odor threshold value of pyridine in water has also been
extensively investigated.2541-1244-4680-64 O e reported val-
ues, the range is from 0.1 to 6 ppm, the average value is
about 1-2 ppm. In the literature, the odor threshold value of
pyridine in other media has been reported also.%7® Nine
values are determined in mineral oil and range from 1.5 to
12 ppm, with an average value of about 2-3 ppm. The dozens
of publications in the medical literature with data about the
odor threshold value of pyridine in water are not reported
here. In general these publications show relatively low
detection and high recognition threshold values with a ratio
of about 1,000.95-67

Odor/flavor threshold values of pyridines in water and
other media are shown in Table I1Ic. The threshold values
obtained by Jugel® for the bitter taste of some pyridines are
not reported.

Pyrazines

In contrast to pyridine derivatives, a lot more is known !
about the sensory properties of pyrazine derivatives. With
respect to their odor quality, some main groups of pyrazine
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Table IVa. Qdor descriptions of
natural pyrazine derivatives!?

2-ethyl-3,5-dimethyl-
2-ethyl-3,6-dimethyl-
2,5-diethyl-3-methyl-
2-isobutyl-3-methyl-

2-isopentyl-3,6-dimethyl-

Substituted pyrazine Odor description

methyl- earthy, leafy, dusty, roasted
nutty, burnt

2,3-dimethyl- sweet dusty, green, nutty,
peanut-like

2,5-dimethyl- earthy, raw potato, ribes, burnt,
cheesy, wheat-like

2,6-dimethyl- estery, oxidized

ethyi- buftery, rum, roasted

2-ethyl-3-methyi- butterscoteh, nutty

trimethyl- estery, creamy, sweetish, cocoa,
musty, ashtray, roasted, earthy

tetramethyl- creamy, sweet, cardboard

2,3-diethyl- green, grassy, musty, earthy,
vegetable

2,6-disthyl- raw potato

somewhat potato-like, meaty,
musty, green

baked potato, earthy, roasty
earthy, roasty

green (bell pepper), dry and
sweet notes

green
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Table IVb. Odor threshold values
of pyrazines in air (mg/m3)
aﬂ',&! bBD.W
methyl- 1.90 -
2,3-dimethyl- 0.80 -
2,5-dimathyi- 0.17 -
2,6-dimethyl- 0.25 -
vinyl- 0.33 -
ethyl- 0.25 -
2-ethyl-3-methyl- 0.15 -
2-sthyl-5-methyl- 0.04 -
trirmethyl- 0.19 -
tetramethyl- 0.69 -
(2,3-diethyl-)- 0.05 -
2-ethyl-3,5-dimethyl- - 0.00001
2-gthyl-3,8-dimethyl- 0.02 0.0025
2,3-diethyl-5-methyl- Q023 0.000014

derivatives can be distinguished: lower alkyl-substituted
(up to five carbon atoms); higher alkyl-substituted (more
than five carbon atoms); alkyl- and methoxy-substituted;
and other substituents. The odors of lower alkyl-substituted
pyrazines are in general described as roasted, herbaceous,
nutty and chocolate-like. More specific odor descriptions
are: burnt, roasted, brown, chocolate, butterscotch, nutty. !
The odors of higher alkyl-substituted pyrazines are more
earthy and somewhat green, with aromatic and woody
notes. The alkyl- and methoxy-substituted pyrazines have
strongly green, somewhat earthy odor characteristics with
roasted, nutty and floral by-notes.!® Specific odor descrip-
tions for 2-isobutyl- and 2-sec.butyl-3-methoxypyrazine are
the characteristic note of green bell pepper and a clear
galbanum oil connotation respectively. The odor descrip-
tions of alkyl-pyrazines are shown in Table IVa and of alkyl-
methoxypyrazines in Table IVe.

The threshold values of these pyrazines are revealed in
Tables IVb-d, f-h. Table IVb shows the known odor thresh-
old values of pyrazines in air. The ratio between values for
the same compound obtained by different investigators can
be as large as a factor of 1,000.

InTable VY, the threshold values of the methoxypyrazines
in air are presented. Table IVb shows threshold values of
substituted pyrazines in air,

Table IVe shows the odor/flavor threshold values of
substituted pyrazines in water. Not shown is the value from
areport by Buttery et al.** mentioning a threshold value of
0.06 ppm for methylpyrazine. This is probably a transerip-
tion error (ppb instead of ppm). Not reported here are the
bitter taste threshold values determined by Jugel® for some
substituted pyrazines.

Table IVd presents the odor/flavor threshold values of
pyrazines in media other than water. Again in Tables IVc
and IVd one can see striking differences among the resulis
of different investigators.
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Table IVe. Odor/flavor threshold values of pyrazines in water (ppm)

Odor* Odors®! 242 Odor®™ | Qdoritz10 Flavor'™ Flavor'® QOdor'* Flavor'® Odor"”
methyl- 105 60 100 30 0.25 - - - -
2,3-dimethyl- - 2.5 0.4 0.8 01 - - - -
2,5-dimethyl- 35 1.75 - 0.08 0.02 1 - - -
2,6-dimethyl- 54 1.5 - 0.4’ - - - - -
ethyl- 22 6.0 - 4.0 - - - - -
2-ethyl-5-methyl- - 0.1 - 0.016 - - - - -
2-gthyl-6-methyl- - - - 0.04 - . - - -
trimethyl- 9 - 0.4 - 0.01 - - - -
tetramethyl- 10 - 1.0 - - - - - -
2,5-diethyl- - 0.02 - - - - - - -
2,6-diethyl- - 0.006 - - - - - - -
2-ethyl-3,5-dimethyl- 15 0.001 - - - - 0.002 0.00025 -
2-ethyl-3,6-dimethyl- 43 0.0004 - - - - - - -
2,3-disthyl- - - - - - - 0.001 0.00005 -
5-methyl-2-isobutyl-3-methyl- - 0.035 - - - - - - 0.13
acetyl- - 0.062 - - - - - - -

Tables IVI, g and h
present the odor/flavor

Table IVd. Odor/flavor threshold values of pyrazines in media other than water (ppm)

threshold values of

/s

/:5‘:" /'4‘“«3

meth@xypyrazines in air, A § /f‘ § > N FE 3
water and other media, §° & °t9 & @P f éa»‘o_e? @‘9 359 é\" Ob& 6""&
respectively. § 4 < S"é. ® “F 4@* é'é‘

In general the alkyl-
methoxypyrazines have | methyl- 27 . 100 1 02 . .
lower threshold values | 2 3-dimethyi- . . 50 0.02 05 - .
thanthealkyl-substituted | 2 5-dimethy- 17 26 25 0.05 0.03 2 -
pyrazines. The substitu- | 2 6-dimethyl- 8 . 3 0.1 . - .
tion of a methyl groupby | ethy- 17 . 10 - . . .

a methoxy group lowers | o-ethyl-5-methyl- - 0.32 1 . - - -
the threshold value by a trimethy!- o7 - 1 0.1 0.022 - -
factor of 1,000. tetramethyl- ag - >100 0.2 . - -

In alkyl-substituted 2,5-diethyl- - 0.27 - - . - -
methoxypyrazines one | o.ethyl-35-dimethyl- | 24 - 0.005| 005 - - 0.003
can notice that branch- | 2-ethyl-3,6-dimethyl- | 24 0.024| 0025| 005 - - -
ing of a relatively small | acety- . . . . . . 0.01

(C4-Cy) carbon chain
near a polar group
strongly influences (decreases) the threshold value of the
volatile compound. The same holds true for alkylthiols.!37

Thiazole Derivatives

The odor qualities of substituted thiazoles have been
described in detail by Ho and Jin.132

Pittet and Huzra!®® stated that the low 2-alkylthiazoles
have green, vegetable-like odors.

Buttery etal 13 reported that some 4,5-dialkylthiazoles
pos-sessed potent bell pep-per aroma.

Viani et al.13 reported that 2-isobutylthiazole occurred
in tomato and that it possessed a strong green odor resem-
bling that of tomato leaf. Table V shows the odor/flavor
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threshold vahues of thiazoles in water and other media.
Structure-Activity Relationships

By studying structure-activity relationships in olfaction
one tries to correlate molecular parameters with sensory
properties. The molecular parameters often are physico-
chemical properties derived from the “electronicity” and
the “stereocity” of the molecule. “Electronicity” means the
complete electronic charge distribution over the whole
molecule. “Stereocity” can be defined as the size, shape,
volume and profile of the molecule. The sensory properties

~r LL;—. r v oo 3 3
o1 {he CoMpoundas can, 1or instance, CONCern quahtati'v'e

odor and flavor descriptions, odor and flavor threshold

Perfumer & Flavorist/69



NATURAL VOLATILE

NITROGCEN COMPOUNDS

Table IVe. Odor descriptions of natural
methoxypyrazines'®

Table 1¥f . Odor threshold values of
methoxypyrazines in air (ng/m?)

Substituted pyrazine

Odor description

2-methoxy-3-methyl-

2-isopropyl-3-methoxy-

2-isobutyl-3-methoxy-

2-sec butyl-3-methoxy-

2-isopropyi-3-methoxy-
6-methyl

2,6-dimethoxy-3-isopropyl-
5-methyl-

acetyl-

2-acetyl-3-methoxy-6-methyl-

2-(alpha-hydroxyiso-propyl)
-3-methoxy-5-methyl-

popcorn, potatoes, roasted
peanuts, chocolate-like

strong galbanum-like, earthy,
musty, potato bin, green pepper,
roasted

strongly green (bell pepper), musty,
eanhy

green (peas, bell pepper, galbanum)

strongiy green (bean}, fioral and
etherealundertons; no nutty notes

nutty, green (bell pepper}, woody
by-note

breadcrust, nutty, reminiscent of

acetamide, chimney soot

weak, breadcrust, green, musky
neote, chimney soot

weak, green (bell pepper), earthy
note, chimney soot

a# po2 c93 d®
2-isopropyl-3-methoxy- 3.6 <3 0.75 5
2-isobutyl-3-methoxy- - - 3 5
R = Alkyl group, R = Alkyl group,
preferably iscbutyl group prelerably isobutyl group
R' = Alkyl group X = CH=CH, CH=N, 8
X = Hstercatom
1
K
N R
N R 6
sf 5 f I 2
| 3 X 3
bk % XR' OMe

General structure according
to Buttery et al,'"™

General structure according
to Pittet and Huzra'®

values in air or other media, quantitative intensity ratings,
odor-similarity ratings and preference ratings, and the slopes
according to Stevens’ power law.

One can investigate simple qualitative structure-activity
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Figure 1. Structures of compounds with green bell
pepper odor

relationships. For example, one might ask, “Which param-
eters have molecules with a green bell pepper odor charac-
ter in common? One can also study more complicated
quantitative structure-activity relationships (QSAR) by cor-
relating a molecule’s defined molecular parameters (such as
molecularvolume or dipole moments}with measured thresh-
old values of the molecule. In QSAR studies one has to
realize that for a given chemical compound the molecular
parameters may be well defined, whereas the measured
individual threshold values for the same compound within
a group of observers can vary by a factor of 100 or even
more.> Simple general structures for chemical compounds
with green bell pepper odor have been proposed by Buttery
et al. '™ and by Pittet and Huzra.!2® These structures are
shown in Figure 1.

Masuda and Mihara!%2 suggested a receptor site interac-
tion model for 2-methoxyalkylpyrazines as demonstrated in
Figure 2. Rognon and Chastrette!® recently made a thorough
investigation of structure-odor relationships of nitrogen com-
pounds with bell pepper aroma. They proposed a highly
predictive tridimensional interaction model for the bell pep-
per note (see Figure 2). The threshold values in water for
pyridines can vary from 1-2 ppm for pyridine t0 0.019 ppm for
5-ethyl-2-methylpyridine, 0.0006 ppm for 2-pentylpyridine
and 0.00028 ppm for 2-hexylpyridine (Table IIIc).

TL nn nnrrrineao tha thenchnld snlinac datarminad he #ha
RV E w LUllll}ﬂ.l T LLLT LI OCIIVAU VALUCY UCLTL LT U)‘ LLIC

same scientists one can notice that, for instance, these
values in water for substituted pyrazines can vary from 60
ppm for methylpyrazine to 0.1 ppm for 2-ethyl-5-methyl-
pyrazine and 0.0004 ppm for 2-ethyl-3,6-dimethylpyrazine
(see Table IVc). The values found for alkyl-methoxypyrazines
are significantly lower; they can vary from 4 ppb for 2-
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Table IVg. Odor/flavor threshold values of methoxypyrazines In water (ppb)

/s / / / / 7
&
r ]
s 2
§ & & . $ s
S S S S S
& &
2-methoxy-3-methyt- 4 3 7 - - -
2-isopropyl-3-mathoxy- 0.002 10 0.024 - 0.001 -
2-isobutyl-3-methoxy- 0.002 10 0.045 0.016 - 0.01
2-sec.butyl-3-methoxy- 0.002 - 0.04 - 0.001 -
QYL D anm bbbl 2 mnadbe nan
WIS T eSO, IJI.II."I S=TISINOXY- = - v.aav = - -
(R)-{-)-2-sec.butyl-3-methoxy- - - 0.01 - - -
2-isopropyl-3-methoxy-6-methyl- - - - 0.05 - -

Table IVh. Odorfflavor threshold values of methoxypyrazines in media other than water (ppb)

$

q,°°b,
°do,
n;

&g

{;*gé,/;f

N ~ £ £ & N
3 ;’ : /78 /83 fz%
§ /88 /858 /S / s &

2-methoxy-3-methyl- 50 - - -
2-isopropyl-3-methoxy- 86 0.01 0.002
2-isobutyl-3-methoxy- - - 0.016
2-sec.butyl-3-methoxy- - - - -

methoxy-3-methylpyrazine down to 0.002 ppb for 2-isobutyl-
3-methoxypyrazine (Table 1Vg).

From these figures one may conclude that there is a
strong influence of the alkyl substituent(s) in cyclic nitrogen
compounds on the threshold values of these compounds. It
is general knowledge'®13° that in homologous series, such
as alkanes, alcohols, alkanals and alkanoic acids, the thresh-
old value goes through a minimum by lengthening of the
carbon chain. It seems that in the interaction of the stimulus
with the receptor site, there exists an optimal sterical fit.

Sometimes one tries to replace an odorant molecule
having certain sensory properties with a different molecule
because the former has some undesirable physicochemical
properties. For instance, indole can discolor with other
compoundsin perfume compositions. Therefore the chemical
compound dihydroindenyl-2,4-dioxane (formaldehyde
indan-1-ol-2-hydroxymethyl acetal) was developed and is

commercially available under the names Indoflor krist
(H&R), Indolal ('l')mcrnnn) and Indolarome (IFF). The

dlhydromdenyl 2,4- dioxane molecule resembles indole
somewhat, sterically; however, the polar part of the mol-
ecule (i.e., adioxane instead of a nitrogen) is quite different.

The “electronicity” of odorant molecules is often deter-
mined by electron-releasing or by electron-attracting atoms
or atom groups in the molecule. Nitrogen compounds are
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polar (basic) because the nitrogen atom possesses a lone
electron pair, which easily attracts free protons. Some
oxygen compounds, like carbonyls and ethers, can form
hydrogen bridges within a single molecule or with other
molecules. The polar atoms may give rise to the formation
of hydrogen bridges with the receptor sites for sweet-
tasting compounds as proposed by Shallenberger!'?” and for
the green bell pepper odor of alkyl-methoxypyrazines as
suggested by Masuda and Mihara!®® and shown in Figure 2.

However, one should be careful with the interpretation
of the influence of heteroatoms in odorant molecules. One
can come to different conclusions with the same molecule.
By comparing substituted pyridines with substituted
pyrazines, Rognon and Chastrette!?® concluded, contrary
to Masuda and Mihara,1%2 that only one nitrogen atom was
involved in the interactions with the receptor sites (see
Figure 1}.

An interesting example of the influence of the formation
of hydrogen bridges on the threshold value is found in the
molecules of aminoacetophenones. The most volatile 2'-
aminoacetophenone can form an intermolecular hydrogen
bridge and has a threshold value of 0.0002 ppm in water,
whereas the maolecules of the less volatile 4'-amino-
acetophenone form intramolecular hydrogen bridges and
this compound has a threshold value of 100 ppm in water
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Table V. Odor/flavor threshold values of thlazoles in water and other medla {ppm)

.er rV @% ":
7 s!" s &# ,5 3? s
o»"‘e s g‘* £ ON’ Iy
0.003

2-isobutyl-thiazole 0.0035 0.00: 0.0013

'e.» ’h

0.050 0.2 0.35
benzo-thiazole 0.08 0.08 - - - - - .

Hydrophilic O
layer

Hydrophabic A

? layer
H Distances: N-G' =36t 02 A
A N'-GZ=34:04A
NG =50:205A
Interaction model according to Masuda and Mihara'® Interaction model according to Rognon and Chastrette'®

Figure 2. Interaction models for compounds with bell pepper odor

(Table I). In studying quantitative structure-activity rela-
tionships one has to give a proper expression to the activity.
In pharmaco-chemistry it is usual to express the activity as
log 1/C, which is the negative logarithm of the minimum
activity concentration of the chemical compound. In sen-
sory analysis of threshold values this term has been pro-
posed by Devos et al.!® as p(Ol). Thas, for a threshold value
of 1 part per thousand, the p(Ol) = 3; for 1 ppm, p(Ol) =

for 1 ppb, p(Ol) = 9. With this term one can get sxmple
equations for the caleulations of structure-activity relation-
ships. For example: p(Ol) = f(Dielectrical constant) +
f{Molecular volume) + constant. With this formula one can
carry out multiple regression analyses and find a certain
correlation coefficient and investigate which molecular
parameters are important for the given sensory property.

Concluding Remarks

After studying the sensory properties of volatile nitrogen
compounds, one can make the following concluding re-
marks with respect to their structure-activity relationships.

» Whereas the molecular parameters of a volatile
compound can be well defined, its sensory properties
often possess a great uncertainty. Therefore, straight-
forward conclusions regarding their structure-activity
often can not be drawn.

» Volatile nitrogen compounds with similar molecular
volume, shape and profile (so- calIed isosteric
molecules}, such as compounds with green bell
pepper odor, can possess reminiscent sensory

qualities.

}"
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* Threshold values can be strongly influenced by the
potential of the odorous molecules to form inter- or
PN, PRI P T P R

intramoleciiar associations \Iur example Dy nyaro—

gen bridges).

* Homologous series of volatile nitrogen compounds
with a straight aliphatic side chain show a dip in their
threshold values with a certain chain length. Mini-
mum threshold values are found with a chain length
of 6 to 7 carbon atoms.

* In volatile heterocyclic nitrogen compounds a
methoxy group can strongly decrease the threshold

£l P
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