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2-phenylethanol, 47

A

a-pinane, fragrance ingredients, 324
acetals
acids and bases, 178-180
heteroatoms, 57-58
acetone, intermediates from, 334
acid anhydrides, heteroatoms, 56
acids, 165-168
acetals, 178-180
adol reaction and condensation, 175-178
alcohol dehydration, 182-183
catalyze addition to olefins, 183-184
chemistry in consumer goods, 220-222
contents, chemical methods of analysis, 123
electrophiles, 172-173
electrophilic substitution in aromatic rings, 188-190
ester hydrolysis, 173-175
esterification, 173-175
Friedel-Crafts reaction, 187-188
Grignard reaction, 185-187
ketals, 178-180
Michael reaction, 184-185
nitriles, 181-182
nucleophiles, 172-173
pH, 169-172
Schiff’s bases, 180-181
strong and weak classifications, 168-169
acyclic materials, nomenclature rules, 41
adenine, 246
adenosine triphosphate (ATP), biosynthesis principles, 283
adol condensations, acids and bases, 175-178
adol reactions, acids and bases, 175-178
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Age of Enlightenment, 3
alcohols
dehydration, acids and bases, 182-183
heteroatoms, 44-47
aldehydes
chemical methods of analysis, 124-125
heteroatoms, 50-51
alkanes, 22-25
alkenes, 25-29
alkynes, 29-30
amides, formation, 63
amines, inversion, 60
ammonium salts, heteroatoms, 58-60
amygdala, olfaction process, 268
amygdalin, hydrolysis, 245
analysis, chemical, 119-120
chemical methods, 122-126
gas chromatography-mass spectrometry (GC-MS), 141-147
physical methods, 120-122
spectroscopic methods, 126-141
anionic surfactants, 86
anti-bacterial agents, chemistry in consumer goods, 230
anti-oxidants, 207-208
aromatics
hydrocarbon rings, 35-37
nomenclature rules, 41
Atom Theory, 4-6
atomic absorption, chemical methods of analysis, 125-126
atoms, 2
structure, 6-8
ATP (adenosine triphosphate), biosynthesis principles, 283
autoxidation, 203-205
azeotropes, 100

b-pinene, fragrance ingredients, 327
Bacon, Roger, 2-3
base notes, perfume structure, 210-213
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bases, 165-168
acetals, 178-180
acid catalyst addition to olefins, 183-184
adol reaction and condensation, 175-178
alcohol dehydration, 182-183
chemistry in consumer goods, 222
contents, chemical methods of analysis, 123
electrophiles, 172-173
electrophilic substitution in aromatic rings, 188-190
ester hydrolysis, 173-175
esterification, 173-175
Friedel-Crafts reaction, 187-188
Grignard reaction, 185-187
ketals, 178-180
Michael reaction, 184-185
nitriles, 181-182
nucleophiles, 172-173
pH, 169-172
Schiff’s bases, 180-181
strong and weak classifications, 168-169
Berzelius, J.J., 4
bilayers, states of matter, 92-93
biological oxygen demand (BOD), 125
biosynthesis
lipid, 288-289
polyketide, 287-288
principles, 282-285
secondary metabolites pattern of, 285-286
biradex N
crystal structure, 78
structure, 77
bloom, perfume structure, 216-217
BOD (biological oxygen demand), 125
boiling points
n-alkanes, 25
physical methods of analysis, 121
Buck, Linda, 274
butadiene, 332
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ot

c-c double bonds, formation, 26
c-c triple bonds, formation, 30
carbocations, formation, 161
carbohydrates, living organisms, 243-246
carbons
heteroatoms
acetals, 57-58
acid anhydrides, 56
alcohols, 44-47
aldehydes, 50-51
ammonium salts, 58-60
carboxylic acids, 52-54
chlorides, 56
enamines, 60-63
esters, 55-56
ethers, 49-50
heterocyclic compounds, 67-73
hydrogen bonding, 43-44
ketals, 57-58
ketones, 51-52
nitrogen-amines, 58-60
nitrogen-imines, 60-63
nitrogen-nitriles, 63-64
nitrogen-nitro compounds, 64
peroxy compounds, 58
phenols, 48-49
sulphur, 64-67
hydrocarbons
alkanes, 22-25
alkenes, 25-29
alkynes, 29-30
aromatic rings, 35-37
cyclic structures, 30-32
ethane, 19-22
Greek characters in Chemistry, 33-34
isomer rules, 42
nomenclature rules, 41-42
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polycyclic structures, 32-33
stereoisomerism, 37-41
red-ox reactions, 199-208
carboxylic acids, heteroatoms, 52-54
carotenoids, 302
castor oils, fragrance ingredients, 315
catalysts, chemical reactions, 157
cationic surfactants, 88
cedarwood oils, fragrance ingredients, 329
chelating agents, chemistry in consumer goods, 227-228
chemical analysis, 119-120
chemical methods
acid content, 123
aldehyde/ketone content, 124-125
atomic absorption, 125-126
base content, 123
chemical oxygen demand (COD), 125
ester value, 124
peroxide content, 123-124
phenol content, 125
titration, 122-123
water content, 125
gas chromatography-mass spectrometry (GC-MS), 141-142
eugenol example, 142-146
quality control, 146-147
physical methods, 120-122
spectroscopic methods, 126-127
infrared (IR), 131-133
mass spectrometry (MS), 138-141
nuclear magnetic resonance (NMR), 133-138
ultraviolet (UV), 128-131
chemical bonding, 13-18
chemical compounds, 4
chemical information
abstracts, 366-367
academic publications, 365
further reading, 368-369
generation and publication, 363
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locating, 367-368
patents, 363-365
reviews, 365-366
chemical methods of analysis
acid content, 123
aldehyde/ketone content, 124-125
atomic absorption, 125-126
base content, 123
chemical oxygen demand (COD), 125
ester value, 124
peroxide content, 123-124
phenol content, 125
titration, 122-123
water content, 125
chemical oxygen demand (COD), chemical methods of analysis, 125
chemical reactions. See also chemistry
catalysts, 157
free energy, 151-152
organic reactions, 157-163
reaction profiles, 155-157
simple equations, 152-154
thermodynamics, 149-151
chemistry
acids and bases, 165-168
acetals, 178-180
adol reaction and condensation, 175-178
alcohol dehydration, 182-183
catalyst addition to olefins, 183-184
electrophiles, 172-173
electrophilic substitution in aromatic rings, 188-190
ester hydrolysis, 173-175
esterification, 173-175
Friedel-Crafts reaction, 187-188
Grignard reaction, 185-187
ketals, 178-180
Michael reaction, 184-185
nitriles, 181-182
nucleophiles, 172-173
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pH, 169-172
Schiff’s bases, 180-181
strong and weak classifications, 168-169
consumer goods, 219-220
acids, 220-222
anti-bacterial agents, 230
bases, 222
chelating agents, 227-228
cosmetics, 232-233
fine fragrance, 231-232
household products, 235-236
laundry, 234-235
nucleophiles, 222-223
oxidants, 223-225
personal wash, 233-234
photo-active agents, 229-230
reactive ingredients, 230-231
reductants, 225-227
surfactants, 227
toiletries, 232-233
importance to all industries, 1-4
living organisms
carbohydrates, 243-246
lipids, 247-249
molecular association, 239-242
natural chemical classes, 242-243
nucleic acids, 246-247
proteins, 250-254
toxicity, 254-264
red-ox reactions
chlorine, 196-198
chromium, 194
defined, 193
iron, 193-194
organic chemistry, 199-208
sodium hypochlorite formation, 197
sulphur, 195-198
chlorides, heteroatoms, 56
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chlorine, red-ox reactions, 196-198
chloroform reactions, 201
chords, perfume structure, 209
chromatography
column, 111
gas, 112-117
High Performance Liquid Chromatography (HPLC), 111-112
paper, 109
purification, 107-109
thin layer (TLC), 110-111
chromium, red-ox reactions, 194
cilia, olfaction process, 268
citrals
Arens and van Dorp production, 320-321
Barbier, Bouveault, and Tiemann production, 320
Carroll reaction, 322
Claisen rearrangement, 323
from isobutylene, 323
production, 319
citronellol, 47
citrus oils, fragrance ingredients from compounds, 328
clary sage, amber ingredients, 330
COD (chemical oxygen demand), chemical methods of analysis, 125
coenzyme A, biosynthesis principles, 285
cofactors, biosynthesis principles, 282-285
colloids, states of matter, 93
colors, physical methods of analysis, 122
column chromatography, purification, 111
conformational isomers, 19-22
consumer goods, chemistry, 219-220
acids, 220-222
anti-bacterial agents, 230
bases, 222
chelating agents, 227-228
cosmetics, 232-233
tine fragrance, 231-232
household products, 235-236
laundry, 234-235

402



Understanding Fragrance Chemistry Index

nucleophiles, 222-223
oxidants, 223-225
personal wash, 233-234
photo-active agents, 229-230
reactive ingredients, 230-231
reductants, 225-227
surfactants, 227
toiletries, 232-233
cosmetics, consumer good categories, 232-233
covalent bonds, 13-18
cribiform plates, olfaction process, 268
crystal structures
biradex N, 78
sodium chloride, 76
crystallization, purification, 104
cyclic structures, hydrocarbons, 30-32
cyclohexane, conformations, 31
cytosine, 246

D

Dalton, John, 4-6

Dean-Stark apparatus, 101

density, physical methods of analysis, 120
deodorancy, fragrance requirements, 355
detergency, states of matter, 90-91
Diels-Alder reactions, 162
dihydromyreenol, 47
dimethylsulphoxide, 66

diols, 46

discords, perfume structure, 209
distillation, purification, 95-103

divalent sulphur compounds, 65

Edwards, Michael, 211
electromagnetic spectrum, 127
electrons, 6, 9-12

electrophiles, acids and bases, 172-173

403



Index Charles Sell

elements, 4, 6-7
emulsions, states of matter, 89-90
enamines

acids and bases, 180-181

heteroatoms, 60-63
endothermic reactions, 156
enthalpy, 151-152
entropy, 151-152
enzymes, biosynthesis principles, 282-285
essential oils, phenols, 49
ester hydrolysis, acids and bases, 173-175
ester values, chemical methods of analysis, 124
esterification, acids and bases, 173-175
esters, heteroatoms, 55-56
ethane, 19-22
ethers, heteroatoms, 49-50
ethyl acetate, formation, 55
ethylene, aliphatic fragrance ingredients, 331
eugenol, spectroscopic techniques, 142-146
exothermic reactions, 156

F

fatty acids, biosynthesis, 247
fine fragrances, consumer good categories, 231-232
flashpoints, physical methods of analysis, 121
fractionating stills, 99
fragrances
natural
biosynthesis principles, 282-285
commercial extraction, 106-107
degradation products, 302-305
lipid biosynthesis, 288-289
malodors, 305-307
organism benefits for producing odorous chemicals, 281-282
polyketide biosynthesis, 287-288
secondary metabolites pattern of biosynthesis, 285-286
shikimic acid pathway, 290-293
terpenoids, 293-302
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synthetic

economics of manufacturing, 311-314
novel fragrance ingredient designs, 356-360
petrochemicals, 330-350
polyketides, 314-317
reasons for use, 309-311
requirements of fragrance ingredients, 353-356
shikimates, 314-317
sustainability, 350-353
terpenoid production, 317-330

free energy, 151-152

Friedel-Crafts reactions, acids and bases, 187-188

fructose, 244

further reading, chemical information, 368-369

G

gas chromatography, purification, 112-117

gas chromatography-mass spectrometry (GC-MS) analysis, 141-142
eugenol example, 142-146
quality control, 146-147

GC-MS (gas chromatography-mass spectrometry) analysis, 141-142
eugenol example, 142-146
quality control, 146-147

geometric isomers, 25-29

geraniol, 47

Gibbs, Willard, 151-152

glucose, 244

glumerulus, olfaction process, 268

glycoside, formation, 244

graphite, 79

Greek characters, use in Chemistry, 33-34

Grignard reactions, acids and bases, 185-187

guanine, 246

H

hazard labels, citrus oils, 311
heteroatoms
acetals, 57-58
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acid anhydrides, 56

alcohols, 44-47

aldehydes, 50-51

ammonium salts, 58-60

carboxylic acids, 52-54

chlorides, 56

enamines, 60-63

esters, 55-56

ethers, 49-50

heterocyclic compounds, 67-73

hydrogen bonding, 43-44

ketals, 57-58

ketones, 51-52

nitrogen-amines, 58-60

nitrogen-imines, 60-63

nitrogen-nitriles, 63-64

nitrogen-nitro compounds, 64

peroxy compounds, 58

phenols, 48-49

sulphur, 64-67
heterocyclic compounds, 67-73
hexavalent sulphur compounds, 66
High Performance Liquid Chromatography (HPLC), 111-112
household products, consumer good categories, 235-236
HPLC (High Performance Liquid Chromatography), 111-112
hybridization, orbitals, 12-13
hydrocarbons, 19

alkanes, 22-25

alkenes, 25-29

alkynes, 29-30

aromatic rings, 35-37

cyclic structures, 30-32

ethane, 19-22

Greek characters in Chemistry, 33-34

isomer rules, 42

nomenclature rules, 41-42

polycyclic structures, 32-33

red-ox reactions, 199
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stereoisomerism, 37-41
hydrogens
bonding, 43-44
molecule formation, 20
hydroperoxides, 59
hydrophobic bonding, 242
hydroxide, as base or nucleophile, 173

impacts, perfume structure, 215-216
infrared (IR), spectroscopic chemical analysis, 131-133
ionic bonds, 13-18
IR (infrared), spectroscopic chemical analysis, 131-133
Iron Age, 1
iron, red-ox reactions, 193-194
isomeric butanes, 22
isomeric butenes, 27
isomers
conformational, 19-22
geometric, 25-29
rules, 42
structural, 22-25
isotopes, 8-9

J-K

journals, chemical information, 369

ketals
acids and bases, 178-180
heteroatoms, 57-58
ketones
chemical methods of analysis, 124-125
heteroatoms, 51-52

L

laundry, consumer good categories, 234-235
Law Of Definite Proportions, 3
Law of Equivalent Proportions, 3-4
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lifecycles, synthetic fragrances, 312
limonene, enantomer representation, 39
lipids
bilayer, 91
biosynthesis, 288-289
living organisms, 247-249
liquids, 79
living organisms
carbohydrates, 243-246
lipids, 247-249
molecular association, 239-242
natural chemical classes, 242-243
nucleic acids, 246-247
proteins, 250-254
toxicity, 254-264
longifolene, fragrance ingredients, 328

M

macrocyclic musks, 348
malodors, natural fragrances, 305-307
mass spectrometry (MS), spectroscopic chemical analysis, 138-141
matter
states
bilayers, 92-93
colloids, 93
detergency, 90-91
emulsions, 89-90
gases, 79
liquids, 79
micelles, 90
phase changes, 80-81
solids, 75-79
solubility, 82-83
surfactants, 83-89
two-phase systems, 81-82
structure
atom structure, 6-8
chemical bonding, 13-18
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chemistry, importance to all industries, 1-4
electrons orbiting atoms, 9-12
isotopes, 8-9
orbital hybridization, 12-13
periodic table, 5-6
transition metals, 12
melting points, physical methods of analysis, 120
Mendeleyev, D.I., 4-5
metallurgy, 2
methanol
hydrogen bonding, 46
representations, 45
methyl dihydrojasmonate, manufacturing, 344
micelles, states of matter, 90
Michael reactions, acids and bases, 184-185
Microscopic Reversibility and Chemical Equilibrium principle, 153
middle notes, perfume structure, 210-213
mixtures, 4
molecules, 4, 239-242
monocyclic compounds, nomenclature rules, 41
monoterpenoids, 298-300
muguet aldehydes, manufacturing, 336

N

n-alkanes, boiling points, 25
n-pentane, 23
NADP (nicotinamide adenine dinucleotide phosphate), biosynthesis
principles, 284
nasal turbinates, olfaction process, 268
natural fragrances
biosynthesis principles, 282-285
commercial extraction, 106-107
degradation products, 302-305
lipid biosynthesis, 288-289
malodors, 305-307
organism benefits for producing odorous chemicals, 281-282
polyketide biosynthesis, 287-288
secondary metabolites pattern of biosynthesis, 285-286
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shikimic acid pathway, 290-293

terpenoids, 293-302
neutral surfactants, 87
neutrons, 6
nicotinamide adenine dinucleotide phosphate (NADP), biosynthesis
principles, 284
nitriles, acids and bases, 181-182
nitrogen, heteroatoms

amines, 58-60

imines, 60-63

nitriles, 63-64

nitro compounds, 64
nitrogen-amines, heteroatoms, 58-60
nitrogen-imines, heteroatoms, 60-63
nitrogen-nitriles, heteroatoms, 63-64
nitrogen-nitro compounds, 64
nitromusks, 346
NMR (nuclear magnetic resonance), spectroscopic chemical analysis,
133-138
nomenclature, hydrocarbons, 41-42
nor-patchoulenol, 47
notes, perfume structure, 209
novel fragrances, ingredient designs, 356-360
nuclear magnetic resonance (NMR), spectroscopic chemical analysis,
133-138
nucleic acids, living organisms, 246-247
nucleophiles

acids and bases, 172-173

chemistry in consumer goods, 222-223
nucleotides, recognition between, 247
numerical prefixes, 24

o
odor families, 210-213
odorant molecules, olfaction process, 268
olefins
acid catalyst addition to, 183-184
reaction of peracetic acid, 202
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olfaction
organs used, 268-270
process
odor perception, 274-279
olfaction combinatorial sense, 274
receptor event, 271-273
transport to receptors, 270-271
role in biology, 267-268
olfactory bulbs, olfaction process, 268
olfactory epithelium, olfaction process, 268
optical rotations, physical methods of analysis, 121
orbitals
electronic structure of atoms, 9-12
hybridization, 12-13
transition metals, 12
orbitofrontal cortex, olfaction process, 268
organic chemistry, red-ox reactions, 199-208
organic reactions, 157-163
organoleptic stability, 355
oxidants, chemistry in consumer goods, 223-225
oxidation reactions. See red-ox reactions
oximes, 61

P

paper chromatography, purification, 109
para-tertiary-butylcyclohexyl acetate (PTBCHA), 175
patents, chemical information, 363-365
peracetic acid, 202
peracids, 59
perfumes

acetals, 58

alcohols, 47

esters, 56

ketals, 58

nitriles, 64

peroxy functions, 59

structure

base notes, 210-213
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bloom, 216-217
chemistry, 217-218
chords, 209
discords, 209
impact, 215-216
ingredients, 209-210
middle notes, 210-213
notes, 209
persistence, 213-215
physical factors, 217-218
radiance, 216-217
tenacity, 213-215
threshold, 215
top notes, 210-213
types, 214
periodic table, 5-6
Perkin triangles, 97-98
peroxides, 59, 123-124
peroxy
heteroatoms, 58
perfume functions, 59
persistence, perfume structure, 213-215
personal wash, consumer goods categories, 233-234
petrochemicals, synthetic fragrance production, 330-350
pH, acids and bases, 169-172
phase changes, states of matter, 80-81
phenols
chemical methods of analysis, 125
heteroatoms, 48-49
manufacturing, 340
phospholipids, 249
photo-active agents, chemistry in consumer goods, 229-230
physical methods of analysis, 120-122
pinane, fragrance ingredients, 324
piriform cortex, olfaction process, 268
Polak, Ernst, 274
polycyclic musks, 347
polycyclic structures, 32-33
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polygons, internal angles, 30
polyketides
biosynthesis, 287-288
synthetic fragrances, 314-317
primary alcohols, 46
primary amines, 59
primary metabolites, 243
product safety, 254-264
proteins, living organisms, 250-254
protons, 6
PTBCHA (para-tertiary-butylcyclohexyl acetate), 175
purification
chromatography, 107-109
column chromatography, 111
crystallization, 104
distillation, 95-103
gas chromatography, 112-117
HPLC (High Performance Liquid Chromatography), 111-112
natural fragrance commercial extraction, 106-107
paper chromatography, 109
solvent extraction, 104-106
sublimation, 103-104
thin layer chromatography (TLC), 110-111

Q-R

quality controls, gas chromatography-mass spectrometry (GC-MS),
146-147

quarternary ammonium salts, 59

radiance, perfume structure, 216-217
rapeseed oils, 316
reaction profiles, chemical reactions, 155-157
reactive ingredients, chemistry in consumer goods, 230-231
receptor cells, olfaction process, 268
red dyes, spectrum, 130
red-ox reactions
chlorine, 196-198
chromium, 194
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defined, 193

iron, 193-194

organic chemistry, 199-208

sodium hypochlorite formation, 197

sulphur, 195-198
reductants, chemistry in consumer goods, 225-227
reduction reactions. See red-ox reactions
refractivelindex, physical methods of analysis, 121
Richter, J.B., 3
rose alcohols, production, 319

S

Schiff’s bases, 60-63
acids and bases, 180-181
scientific method, 2-3
secondary alcohols, 46
secondary amines, 59
secondary metabolites, 243
sense of smell, 2
separation
chromatography, 107-109
column chromatography, 111
crystallization, 104
distillation, 95-103
gas chromatography, 112-117
HPLC (High Performance Liquid Chromatography), 111-112
natural fragrance commercial extraction, 106-107
paper chromatography, 109
solvent extraction, 104-106
sublimation, 103-104
thin layer chromatography (TLC), 110-111
sesquiterpenoids, 301
shikimates, synthetic fragrances, 314-317
shikimic acid pathways, 290-293
smell
organs used, 268-270
process
odor perception, 274-279
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olfaction combinatorial sense, 274
receptor event, 271-273
transport to receptors, 270-271
role in biology, 267-268
sodium chloride, crystal structure, 76
solids, 75-79
solubility, states of matter, 82-83
solvent extraction, purification, 104-106
spectrometers, basic components, 129
spectroscopic chemical analysis, 126-127
infrared (IR), 131-133
mass spectrometry (MS), 138-141
nuclear magnetic resonance (NMR), 133-138
ultraviolet (UV), 128-131
sphingolipids, 249
states of matter
bilayers, 92-93
colloids, 93
detergency, 90-91
emulsions, 89-90
gases, 79
liquids, 79
micelles, 90
phase changes, 80-81
solids, 75-79
solubility, 82-83
surfactants, 83-89
two-phase systems, 81-82
steam stills, 102
stereoisomerism, hydrocarbons, 37-41
stills, distillation, 96
Stone Age, 1
structural isomers, 22-25
sublimation, purification, 103-104
sulphonic acids, 67
sulphur
heteroatoms, 64-67
red-ox reactions, 195-198
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surfactants
chemistry in consumer goods, 227
states of matter, 83-89
sustainability, synthetic fragrance production, 350-353
synthetic fragrances
economics of manufacturing, 311-314
novel fragrance ingredient designs, 356-360
petrochemicals, 330-350
polyketides, 314-317
reasons for use, 309-311
requirements of fragrance ingredients, 353-356
shikimates, 314-317
sustainability, 350-353
terpenoid production, 317-330

-

tenacity, perfume structure, 213-215
terpenoids

natural fragrances, 293-302

synthetic fragrance production, 317-330
terpincol, 47
tertiary alcohols, 46
tertiary amines, 59
thalamus, olfaction process, 268
thermodynamics, 149-151
thin layer chromatography (TLC), purification, 110-111
thresholds, perfume structure, 215
thymine, 246
titration, chemical methods of analysis, 122-123
TLC (thin layer chromatography), purification, 110-111
toiletries, consumer good categories, 232-233
toluene, benzylic oxidation, 337
top notes, perfume structure, 210-213
toxicity, living organisms, 254-264
transition metals, 12
transmembrane protein, 251
trigeminal nerves, olfaction process, 268
triglycerides, 249
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two-phase systems, states of matter, 81-82

U-w
Ultravanil, 178
UV (ultraviolet), spectroscopic chemical analysis, 128-131

viscosity, physical methods of analysis, 121

water content, chemical methods of analysis, 125
white lights, splitting into spectrum, 128

X-Y-2

Zwitterionic surfactants, 88
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