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Odor Receptors and Odor Molecules

Odor receptor
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Odor Receptors and Odor Molecules
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Touhara K. et al., J. Neuroscience. 2005, 25, 1806-1815.



Odor Receptors and Odor Molecules
Mouse mOR-EGZ &K
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Relationship Between Odorant and Receptor
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Effect on Receptor when Odor Compounds with
Similar Structure are Mixed
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The above literature indicates that the odor of a given material is not the simple
sum of the odors of each constituent.

And, the interactions of several constituents with similar structure are
important for the aroma profile.

_ Oka, Y.; Omura, M.; Kataoka, H.; Touhara, K. The EMBO J. 2004, 23, 120-126.



Proposed Method: Aroma Profile Analysis
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Comparison of Constituents
of Hexane Extract and Steam-Distilled Oll

Hexane extraction
Hexane extract

Important odor constituents
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Investigation of Aroma Components of Frankincense

@CGI‘ISOM derivatives  Key components for characteristic odor

\;[/\LOE’ | o
L,./ Eb 5 L
T
\20% 2% 26% Ttrace
Essential oils Group A Group B Group C
(Steam dlStlIIate) ( Allphatlc alcohol \ @iterpene \ ﬁ‘
and ester hydrocarbon
g 4% 16%
Q
\_ o 22%j \_ Y,

~ )
© Frankincense

Similar odor
bulb-to-bulb distillation

Hexane extract

Low boiling === High boiling

Hasegawa, T et al., . Natural Product Communications, 2012, 24, 593-598.



Main Constituents
IN Hexane Extract of Frankincense

mhatic alcohol and ester Diterpene hydrocarbon \

22% °
4% o
Floral and fruity odor

/\/\/\/\OH
Rose-like odor

1 | OH
(In No odor
2099 ©

Weak fatty'and fresh odor

Weak fatty and fresh odor

Diterpene alcohol and esters

-

Weak fatty and fresh odor /
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Main Constituents of Sandalwood

OH
OH

a-Santalol B-Santalol

Many studies have been reported on sandalwood, and the structure—odor relationships of
B-santalol and its related compounds have been investigated in detail .

[1] Stappen, I.; Hoefinghoff, J.; Friedl, S.; Pammer, C.; Wolschann, P.; Buchbauer, G., Eur. J. Med. Chem., 2008, 43, 1525—1529.
[2] Brocke, C.; Eh, M.; Finke, A. Chem. & Bio., 2008, 5, 1000—1010.
[3] Buchbauer, G.; Stappen, I.; Pretterklieber, C.; Wolschann, P., Eur. J. Med. Chem., 2004, 39, 1039—1046.
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Investigation of Aroma Components of Sandalwood

Group A Group B
Oils o,
(Steam distilled) p %V\[OJLH .y New constituents
a-Santalene (2)-a-Santalenyl  (Z)-B-Santalenyl
| formate formate

‘Sandalwood Briehilene (2)-a-Santalal (E)-a-Santalal
= chips 1 t Group C

[v)
‘ mlmllar odor | 0.2% 0.8% 99.0%
i
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Hexane extract E\EOH M
- . . . OH

Fractional distillation

a-Santalol B-Santalol

Hasegawa, T.; Toriyama, T.; Ohshima, N.; Tajima, Y.; Mimura, |.; Hirota, K.; Nagasaki, Y.,
an@ Yamada, H. Flavour and Fragrance Journal, 2011, 26, 98-100. o !7



Aroma Profile of Sandalwood

IEDES
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Constituents of Star Anise

Benzene derivatives Terpenoid compounds
/©/;:ethole i é
3CO 90.55% Limonene a-Pinene

3.3% 0.7%

Anise like odor
18 compounds, 6.8%
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H;CO H3CO H,CO

p-Anisaldehyde Estragole (Z2)-Anethole

1.45% 0.67% 0.13%

O 0]
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H3CO H3CO H3CO
Benzene derivatives

Methyl anisate 1-(4-Methoxyphenyl)-1-propanone Anisketone 0

0.07% 0.02% 0.12% 93 2 Yo

H5CO
p-Cymene co Methyl eugenol
0.11% Hs 0.12%

9 compounds, 93.2%

Szczepanik, M.; Szumny, A. Allelopathy J. 2011, 27, 277-288. o 20



'H NMR Comparison of Components of Extracts
Obtained by Three Different Methods
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Aroma Profile of Star Anise

Monosubstituted benzene

Others
0
OH ’ COOH o O 0
HQ Hd HQ \©)J\H
O
X 0
H /©)J\H
HO
H3CO (E)-Anethole H3CO p-Anisaldehyde
/@/\/
0

/@/\/ /@/\H/
(@)
H,CO H,CO j\

Para-disubstituted benzene

The odor of star anise consisted of the combination of

three groups of compounds.
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Aroma Compounds in Green Tea Leaves

Greenish
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Green tea-like odor
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Reduction of Compounds with a Formyl group in the Residue
LiAIH
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Aroma Profile of Green Tea
Greenish

MOH
(32)-hexenol

Roast
HC S CH,

Dimethylsulfide

£
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Aroma Profile of Sandalwood

IEDES
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Structure-odor Relationship of a-Santalol

A

Saturated

v

CHO —
C BN
; =) /\/\f R ‘
% OH

a-Santalol

Part A: Geometric isomers

Part B: Replacement of functional groups Dramatic
odor change

Part C: Loss of bulky polycyclic moiety

T. Hasegawa,; H. lzumi,; H. Yamada.; Natural Product Communications, 2013, 8, 1-3.



Effect of changing part A on odor

Z-lsomer E-lsomer

N
OH
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A

B

Saturated compound

5. k-

Sandalwood-like,

Aﬁerent odor

Sweet, woody fresh, green Woody odors
0 0
OJ\H OJ\CHS
Floral, woody Fatty, woody

Hasegawa, T. et al., Molecules. 2012, 17, 2259-2270. ® zg



Effect of changing part B on odor

/-Isomer Saturated compound E-Isomer
/ E
X 0 N (0]
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Different Similar
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Effect of part C on odor

n-Butyl group

/\/\/;

Linear alkyl group
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C N
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A Ty

Bulky polycyclic moiety
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Effect of changing part C on odor

Z-lsomer Saturated compound E-lsomer
C X OH X OH
A, - 7T
Similar Different
Woody odor Sweet woody odor odorless
X 0 N (e}
E gy = LTI e Ty
Different Similar
Medicinal, fatty odor Sweet odor Sweet

C
/W\TOH-» S R N p

Fatty, floral, . Fatty, floral
. o Fatty, floral Similar atty, fiora
slightly sweet Sm&llar Y odor slightly sweet

odor

/\/\/i “ /\/\/\(O “ Wo/\Q
K Fresh, fatty Fresh, fatty Fresh, fatty /

Loss of woody note and difference in odors between geometric isomers
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Structure-Odor Relationship of a-Santalol

Formyloxy i

C a-Santalol B L o Scw

'\\ Acetoxy

Part A: Geometric isomers

Part B: Replacement of functional groups > Dramatic
odor change

Part C: Loss of bulky polycyclic moiety

T Hasegawa,; H. lzumi,; H. Yamada.; Natural Product Communications, 2013, 8, 1-3. ® a4



Aroma Profile of Star Anise

Monosubstituted benzene

Others
0
OH ’ COOH o O 0
HQ Hd HQ \©)J\H
O
X 0
H /©)J\H
HO
H3CO (E)-Anethole H3CO p-Anisaldehyde
/@/\/
0

/@/\/ /@/\H/
(@)
H,CO H,CO j\

Para-disubstituted benzene

The odor of star anise consisted of the combination of

three groups of compounds.
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Structural Features That Affect the Odor of
Anethole

Anethole

System 1
o~

System 2

w4

System 3

s

B In the side chain

D

Sour
fresh
fruity

Fatty

fruity

Fatty
floral

Double bond

5—\\_

Anise-
like

Anise-
like

N\

fresh
Fatty

Fatty
fresh
floral

C Polar group

=

Unpleasant

Fatty
fruity

A ' Methoxy group

Fatty
sweet

Fatty

Fatty
fresh
sweet

Santalol?

OH

Slightly ¥
Sweet

Slightly
sweet &
fatty

Slightly
fatty
fresh

Removing the p-substituted benzene moiety caused
the loss of characteristic odors.

/\/\;

Y

OH

Woody

Woody

!

Fatty
floral

36

1) Hasegawa, T.; Izumi, H.; Yamada, H. Natural Product Communications, 2013, 8, 1-3.
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Comprehend the Odor Character
of Complex Odor Materials
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Approach Based on Odor Recognition Mechanism
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Evaluation of the Mechanism
from the Viewpoint of Organic Chemistry

Aroma Profile Structure-Odor
Analysis Relationship

ER/RIOT—ILERHT BELFEYDER

® 37



ReH

1. ICBVWZBRIBZEELI-ESROMYKLEIE?

2. BERLGEDEIRRMDEIFIEZE Y HOM ?

3. EEDGCT—3ZEDESIHEIFRLI=5L\MND M ?

® 38






Studies of the Components and Aroma of Galangal

O
/@/\)\o/\
H Borneol
(1.2%) ~0
o 1,8-Cineole oH (E)-Ethyl 4-methoxycinnamate
(2.4%) (52.5%)

O
P Va2
Ethylcinnamate
(26.3%)

Pentadecane
(4.9%)

“The cinnamate derivatives are responsible for the aromatic-spicy odor impression,
whereas especially the monoterpenes, like 1,8-cineole, borneol, 5-3-carene, carvone
and carvone oxide generally possess pleasant-fresh odor notes.”

Leopold Jirovetz et al. Acta Pharmaceutica Turcica, 2001, 43, 107-110.

Galangal contains various aroma components.

However, it Is not clear which compounds contribute to its aroma. o 40
40



Aroma Profile of Star Anise

The ratio of the two main components

0
o : Odo}
HsCO HyCO similarity

(E)-Anethole:p-anisaldehyde @  to the material

Aroma profile of star anise

0
o @*H
HsCO HsCO

(E)-Anethole p-Anisaldehyde MMSE * 21:1 ﬁ
H@OON Hscom oY Hexane extract 11:1
L w8 on L Steam distillate 6:1 low
SO o O i
*Monolithic Material Sorptive Extraction a) Calculated by 'H NMR

@)LH ©/LOH
The ratio of (E)-anethole to p-anisaldehyde was associated with
the level of odor similarity to star anise.

Hasegawa, T. ; Seimiya, H. ; Fujihara, T. ; Fujiwara, N. ; Yamada, H. Natural Product Communications, 2014, 9, 251-256.

~ O
H4,CO

Does the ratio of these cinnamic acid derivatives
affect the odor of galangal...?

Structurally
similar
compounds
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Investigation of Galangal Odor by Approach |
Pentadecane, Q/\)ko/\ . /@A\)L o™

odorless Ethyl cinnamate (E)-Ethyl 4-methoxycinnamate

eso.o f -
soo.o f - -
sso.0 4 ---
prrasiuess IS B
Hexane extract S I B
zoo.0 § - -

Ity

250.0 § - - -
200.0 § - - -

Spicy, fresh, sour fpasipack I
ey

Extractability 3.67%,
room temperature

o.o0

=250.0 ¢ - - -

=z200.0 ¢ - - -

‘;{.i‘i) 60 °C Headspace sampling .
L A (MMSE extract) 1soo |

100.0 - - -

Spicy, fresh, sour oo |

0.0

Intersity

o.00O

4so.0 4 - e i -------§-- oo

Extractability 1.68% RSP i I Mot St B S &

=so.0 4 ---1----F-- R R B ST S -

Steam distillate gemoot| A b b

Fresh, medicinal EECCE bl EREEE o Pooeeeees jt “““ Foooo- b

SO0 g=--f------- Eetg oo R -4

oo *-—J‘

o.00 S5.00 10.00 15.00 20.00

The aroma didn’t depend on the ratio of the cinnamic acid derivatives.
o ®42



Searching for Key Odor Compounds by Approach 11

Hexane extract

— Galangal-like odor

Low bp —>[ Fraction 1 ]
20-62 °C
0.20-0.60 Torr

]

@A\*o« 1296

Ethylcinnamate

@MOA 77%*
~0

Ethyl 4-methoxycinnamate

Spicy, sour

—>[ Fraction 2 ]
62-84 °C

0.20-0.80 Torr .
Spicy, sour, sweet

é - .
[ Fraction 3 ] * Percentage in the hexane extract
84-175°C

0.20-0.70 Torr

Sour, medicinal

e e f -Ethyl cinnamate made a larger
F “contribution to the aroma of
~galangal than

- (E)-ethyl 4-methoxycinnamate.

hilgh bp —>[ Residue ]

Slightly sour

Bulb-to-bulb distillation m— - ° .



GC-MS Analysis of the Components in Fraction 2

i
@ €0 @
@ @ ® @®||| @ G® @®a
5 10 15 20 25 30
minutes

@ Tridecane ®) Pentadecane  (© Heptadecane @ 2-Tridecanone @D Anisaldehyde
(@ Tetradecane ® a-Gurjunene a-Selinene Anethole (E)-Ethyl cinnamate
@ a-Ylangene @ Humulene D 8-Heptadecene  (® p-Cymen-8-ol (Z)-Ethyl 4-methoxycinnamate

@ o-Copaene endo-Borneol (2 y-Muurolene (2)-Ethyl cinnamate @) (E)-Ethyl 4-methoxycinnamate

@

®§/ﬁﬁ QN

Linear chain compounds Cyclic terpenes Aromatic compounds

©) /li;bk etc.

Cyclic terpenes
y P ® 44
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@ o-Copaene endo-Borneol (2 y-Muurolene (Z2)-Ethyl cinnamate @0 (E)-Ethyl 4-methoxycinnamate

-

Aromatic compounds

~

Cyclic terpenes

o ehiiseu
;& @ @

Ve
@

-

Linear chain compounds

©)

o

These compounds were classified as aromatic compounds, cyclic terpenes,

and linear chain compounds, according to their characteristic structures.



