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Chirality is a phenomenon that pervades the life on the Earth and has a tremendous impor-
tance for our daily lives. Many pharmaceuticals, agrochemicals, food additives, pheromones,
fragrances and cosmetics are chiral. Chiral compounds play an essential role in biological
systems, mainly for chemical communication among living organisms, serving as sex phero-
mones, aggregation pheromones, alarm pheromones, trail pheromones, attractants or repel-
lent agents. This review summarizes our current knowledge of the biologically relevant
chiral aliphatic hydroxy compounds, which are divided into eight classes according to their
chemical structure: primary alcohols, secondary alcohols, tertiary alcohols, glycols and diols,
hydroxy ketones, hydroxy carboxylic acids, hydroxy carboxylic esters and hydroxy amines.
Information on biological functions and practical applications is summarized for each class.
This information could be of interest to chemists, biochemists, biologists and pharmacists.
A review with 475 references.

Keywords: Alcohols; Drugs; Pheromones; Odours; Chiral compounds; Hydroxy compounds;
Chemical communication; Enantioselective enzymes; Natural products; Chiral pool.

The year 2009 offers several important anniversaries to remember and cele-
brate.

160 years ago the French scientist Louis Pasteur demonstrated the exis-
tence of chiral molecules for the first time?. In his early works, he resolved a
problem concerning the nature of tartaric acid. This compound derived
from living organisms, especially wine lees, rotated the plane of polarized
light passing through it, whereas the same compound obtained by chemi-
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cal synthesis had no such effect. Manual sorting of the crystals gave two
forms of tartaric acid: solutions of one form rotated polarized light clock-
wise, while the other form rotated light counterclockwise. A mixture of
equal amounts of the both forms had no polarizing effect on light. Upon
examination of the minuscule crystals of tartaric acid, Pasteur correctly de-
duced that the crystals occur in two asymmetric forms that were mirror im-
ages of one another, the same as left- and right-hand gloves, and that the
natural form of this compound consisted purely of the one type.

135 years ago Jacobus Henricus van't Hoff and Joseph-Achille Le Bel de-
veloped the concepts of asymmetry. They independently recognized that
when four different groups are attached to a carbon atom and arrayed at
the corners of a tetrahedron, they can be arranged in the two different
forms experimentally observed by Pasteur34.

115 years ago, after ten years of intensive work, the German chemist
Hermann Emil Fischer® finished his monumental work on sugars. In his
Nobel prize winning work Fischer explained the stereochemical and iso-
meric nature of sugars, and described the stereochemical configuration of
all sugars known at that time and exactly predicted their possible isomers
by an ingenious application of the theory of the asymmetric carbon atom
of van’t Hoff and Le Bel. Later on, he also studied the synthesis of proteins
to find out that only one optically active form of amino acids can be uti-
lized for the polymerization into the proteins.

105 years ago the mathematical physicist Sir William Thomson (Lord Kel-
vin) published his Baltimore lectures on molecular dynamics and the wave
theory of light®7. In the short appendix of his lectures, Lord Kelvin used
the terms “chiral” and “chirality” for the first time: “I call any geometrical
figure, or group of points, chiral, and say that it has chirality, if its a plane
mirror, ideally realized, cannot be brought to coincide with itself. Two equal and
similar right hands are homochirally similar. Equal and similar right and left
hands are heterochirally similar or allochirally similar (but heterochirally is better).
These are also called enantiomorphs, after a usage introduced, | believe, by German
writers. Any chiral object and its image in a plane mirror are heterochirally simi-
lar.” The term chiral was derived from the Greek name “kheir” meaning
hand.

50 years ago Peter Karlson and Martin Luscher proposed a new word for
the chemicals used for communication between individuals of the same
species: “pheromones”8°. Since then, pheromones have been found among
bacteria, yeasts, animals and plants, playing a key role for chemical com-
munication within a species.
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45 years ago Emanuel Gil-Av'? and his colleagues at the Weizmann Insti-
tute in Israel started the epochal discovery of enantiomeric separation using
gas chromatography. After two years, they published the first successful di-
rect enantiomeric separation!, which astonished the scientific community,
since separation of enantiomers had been considered for many years as an
untouchable problem. The discovery of a technique for separation of enan-
tiomers laid the foundation for significant advances in life sciences and
pharmaceutical industry'?. In the same year, 1966, Robert Sidney Cahn,
Christopher Ingold and Vladimir Prelog published the Cahn-Ingold-Prelog
priority rules to distinguish the stereoisomers of molecules'314,

40 years ago a boom in application of stereospecific enzymes for asym-
metric organic synthesis broke out!®>16, The enzymes catalyse reactions un-
der mild conditions of temperature, pH and pressure and can be used for
production of optically active compounds serving as building blocks for the
preparation of homochiral compounds. For these reasons, enzymes are
widely used as catalysts in organic synthesis'’-2°. In 1992, the U.S. Food
and Drug Administration published the policy statement for the develop-
ment of new stereoisomeric drugs?®, followed by European guidelines in
1993, which came into force 15 years ago?’. Many pharmaceuticals, agro-
chemicals, food additives, pheromones, fragrances and cosmetics are
chiral?®-32 and their production is required and rapidly growing-up33.
Chiral aliphatic hydroxy compounds comprise a very large group of these
compounds.

In nature, chiral aliphatic hydroxy compounds play a very important role
in chemical communication among living organisms. They act as sex
pheromones produced by males or females to attract the opposite sex. Ag-
gregation pheromones attract both sexes at a calling site and increase the
density of conspecifics at one place. Some species release volatile chiral hy-
droxy compounds as alarm pheromones when they are attacked by a preda-
tor. Alarm pheromones can trigger fight or aggression in members of the
same species. Trail pheromones are common in social insects to mark their
paths. Chiral hydroxy compounds can attract predators, parasites,
parasitoids, pests, or pollinators and can also act as repellents for other or-
ganisms.

This review summarizes our knowledge of the biologically relevant chiral
aliphatic hydroxy compounds (Table I). The compounds are divided into
eight classes: primary alcohols (1A), secondary alcohols (IB), tertiary alco-
hols (IC), glycols and diols (11), hydroxy ketones (l11), hydroxy carboxylic
acids (1V), hydroxy carboxylic esters (V) and hydroxy amines (VI). Informa-
tion on chemical structure and physico-chemical properties®#3°, natural
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TaBLE |

Natural producers and applications of chiral aliphatic hydroxy compounds

Class Compound Producer species/Application
g 8 g 2
£ 5o é % o E 8 g
IA. 2-methylbutan-1-ol e o o . e o
Primary 2-methylbut-3-en-1-ol . .
alcohols 3-methyl-pentan-1-ol . .
3-ethyl-4-methylpentan-1-ol .
2-ethylhexan-1-ol e e
2,6-dimethylhept-5-en-1-ol -
IB. butan-2-ol e o o o e e e o
Secondary 3-methylbutan-2-ol e o o . - -
alcohols
3,3-dimethylbutan-2-ol . .
but-3-en-2-ol .
4-phenylbut-3-en-2-ol -
pentan-2-ol e o e o e o e -
3-methylpentan-2-ol e o
4-methylpentan-2-ol - -
pent-3-en-2-ol e o o o -
4-methylpent-3-en-2-ol . .
2-methylpentan-3-ol -
pent-1-en-3-ol - -
hexan-2-ol e o o o o
3-methylhexan-2-ol .
5-methylhexan-2-ol .
hexan-3-ol .
4-methylhexan-3-ol .
5-methylhexan-3-ol .
hex-1-en-3-ol . .
heptan-2-ol e o e o e e e
3-methylheptan-2-ol -
hept-4-en-2-ol - .
6-methylhept-5-en-2-ol e o

heptan-3-ol
4-methylheptan-3-ol
6-methylheptan-3-ol
hept-1-en-3-ol
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TaBLE |
(Continued)

Class Compound Producer species/Application
g8 -
] 8 & = c
& 5 £ £ 8 8 E S 5
T £ §t£5 2238 8 %
m I a < > 0 0 & a O
IB. 4-methylhept-4-en-3-ol -
Secondary 2-methylheptan-4-ol -
alcohols 6-methylhept-2-en-4-ol -
octan-2-ol . e o
octan-3-ol e o e - e e
oct-1-en-3-ol - e e e e -
octa-1,5-dien-3-ol - -
6-methyloctan-3-ol -
2-methyloctan-4-ol -
5-methyloctan-4-ol -
a-ionols e o o e o o e
IC. linalool e o e - -
Tertiary
alcohols
1. butane-2,3-diol - e o e o o
Glycols hexane-1,2-diol -
and .
diols hexane-2,3-diol -
2-ethylhexane-1,3-diol - e e
octane-1,2-diol - -
octane-2,3-diol -
1. 3-hydroxybutan-2-one e e - e
Hydroxy 3-hydroxy-1-phenylbutan-2-one -
ketones
3-hydroxy-4-phenylbutan-2-one .
3-hydroxypentan-2-one -
2-hydroxypentan-3-one -
3-hydroxyhexan-2-one - .
3-hydroxy-5-methylhexan-2-one -
2-hydroxyhexan-3-one - -
2-hydroxy-5-methylhexan-3-one .
4-hydroxyhexan-3-one -
3-hydroxyheptan-2-one -
3-hydroxy-4-methylheptan-2-one .
3-hydroxyhept-4-en-2-one -
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TaBLE |
(Continued)

Class Compound Producer species/Application
g 8 g 2
- S ® = c
5 5 2 2 8 g g 8 3
S eE5EE5 233 £
m L a < > 0 o & ao O
1. 2-hydroxyheptan-3-one .
Hydroxy 2-hydroxy-4-methylheptan-3-one .
ketones
2-hydroxyhept-4-en-3-one .
5-hydroxy-4-methylheptan-3-one . .
3-hydroxyoctan-2-one - .
3-hydroxyoct-4-en-2-one .
2-hydroxyoctan-3-one - .
2-hydroxyoct-4-en-3-one .
5-hydroxyoctan-4-one .
V. lactic acid e -
Hydroxy 2-hydroxybutanoic acid .
carboxylic . .
acids 2-hydroxy-3-methylbutanoic acid . . . -
3-hydroxybutanoic acid . -
2-hydroxypentanoic acid .
2-hydroxy-3-methylpentanoic acid . . .
2-hydroxy-4-methylpentanoic acid . -
2-hydroxyheptanoic acid . -
7-hydroxyoctanoic acid .
mandelic acid - .
V. ethyl lactate e e . -
Hydroxy buty! lactate .
esters
ethyl 2-hydroxy-3-methylbutanoate .
ethyl 3-hydroxybutanoate .
ethyl 2-hydroxy-4-methylpentanoate .
1-ethylpropyl 3-hydroxy-2-methylpentanoate .
ethyl 2-hydroxyhexanoate . .
ethyl 5-hydroxyhexanoate -
isopropyl 5-hydroxyhexanoate -
hex-3-en-1-yl 2-hydroxy-3-methylbutanoate .
hex-3-en-1-yl 3-hydroxybutanoate .
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TaBLE |
(Continued)

Class Compound Producer species/Application
o ¢ )
5 g 8 5
© a & = <
5§52 28 58 _ 88
5 €5 £t 32838 8 %
8 2 a < > 4608 &0
VI. 1-aminopropan-2-ol . .
Hydroxy 1-(dimethylamino)propan-2-ol .
amines i
2-aminopropan-1-ol . .
1-aminobutan-2-ol . .
2-amino-1-phenylethan-1-ol - e
noradrenaline - -
adrenaline e o
ephedrine - - -

producers, biological functions and practical applications is listed for each
class. Detailed information about individual compounds is summarized in
the accompanying Tables 1A-VI.

CLASS I. CHIRAL ALCOHOLS

Alcohols are common organic compounds which can be structurally viewed
as hydroxy derivatives of alkanes or alkyl derivatives of water. The charac-
teristic functional group of this class is the hydroxy group (-OH) attached
to an sp3-hybridized carbon atom. The hydroxy group generally makes the
alcohol molecule polar. These groups can form hydrogen bonds among
themselves or with other compounds. Due to the hydrogen bonds, alcohols
can serve as protic solvents. Two opposing solubility trends in alcohols are
the tendency of the polar hydroxy group to promote solubility in water and
the tendency of the carbon chain to resist it. The small alcohols containing
up to three carbon atoms are miscible in water because the hydroxy group
solubilizes the short carbon chain; butanols, with a four-carbon chain, are
moderately soluble in water because the two trends are balanced. The alco-
hols containing five or more carbons are insoluble in water because of the
dominant effect of hydrophobic hydrocarbon chains. All simple alcohols
are miscible in the organic solvents. Alcohols can be synthesized by a wide
variety of methods, and their hydroxy groups can be easily converted to al-
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most any other functional groups. Alcohols play a very important role in
organic chemistry, serving as reagents, solvents, and synthetic intermedi-
ates. Most of the common alcohols are liquids at room temperature and
have characteristic odour. Oxidation of alcohols, which is one of the most
common organic reactions, leads to aldehydes, ketones and carboxylic acids,
while reduction of alcohols leads to alkanes.

CLASS IA. CHIRAL PRIMARY ALCOHOLS

Chiral primary alcohols have the hydroxy group attached to a primary car-
bon atom, which bears two hydrogen atoms and another chiral carbon
atom or the hydrocarbon residue which contains a chiral carbon atom. Pri-
mary alcohols can be oxidized, and the aldehydes are formed during oxida-
tion processes.

Biological functions. The simplest chiral primary alcohol 2-methyl-
butan-1-ol possesses a rich diversity of biological functions. This compound
is produced by the fungi of genus Fusarium sp. (Hypocreales: Nectriaceae),
which causes a widespread disease of maize ears known as “Fusarium kernel
or ear rot” and also produces fumonisin mycotoxins. Fungal
2-methylbutan-1-ol attracts mold mite Rhyzoglyphus robini (Astigmata:
Acaridae)®® or nitidulid sap beetle Carphophilus davidsoni (Coleoptera:
Nitidulidae)*°. Sap beetles are involved in the infection process as Fusarium
vectors. They help with the spreading of the fungus to other host plants.
Volatile 2-methylbutan-1-ol of several plant species in the genus Cocos sp.,
Elaeis sp. (Arecales: Arecacea) or Saccharum sp. (Poales: Poaceae) acts as a
synergist to rnynchophorol pheromone and attracts American palm weevil
Rhynchophorus palmarum and related Dynamis borassi (Coleoptera:
Curculionidae)*2. 2-Methylbutan-1-ol is a volatile compound of bread,
fruits and other foods which attracts several other animals and pests
Glischrochilus sp. (Coleoptera: Nitidulidae)*® or Vespula sp. (Hymenoptera:
Vespidae)*2:%0, Triatomine bugs Rhodnius prolixus and Triatoma infestans
(Heteroptera: Reduviidae) use 2-methylbutan-1-ol produced by metasternal
glands in sexual communication*®47, This compound was also found in ab-
dominal defensive secretions of Proteinus sp. (Coleoptera: Staphylidae)*®.
Other primary alcohols were detected as (i) attractants for moths Lacanobia
subjuncta, Mamestra configurata, Xestia c-nigrum (Lepidoptera: Noctuidae):
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3-methylpentan-1-ol1°4; (ii) sex pheromones of Polyergus sp. and
Myrmecocystus sp. (Hymenoptera: Formicidae): 3-ethyl-4-methyl-
pentan-1-o0l°6-58 2 6-dimethylhept-5-en-1-01%8; (iii) alarm pheromones of
Ropalidia sp. (Hymenoptera: Vespidae) and Acanthomyops claviger
(Hymenoptera: Formicidae): 2-ethylhexan-1-0l%°, 2,6-dimethylhept-5-en-
1_0|65,66_

Applications. 2-Methylbutan-1-ol and 2-methylbut-3-en-1-ol can be used
in the control of several important pests. 2-Methylbutan-1-ol is synthesized
by microorganisms as new biofuel to solve global energy and environmen-
tal problems®:52, 2-Ethylhexan-1-ol is a component of several fragrances®®,
cosmetics, pharmaceuticals and plasticizers2-4,

CLASS IB. CHIRAL SECONDARY ALCOHOLS

Chiral secondary alcohols have the hydroxy group attached to a secondary
carbon atom, which bears a hydrogen atom and two different alkyl groups
R and R'. Secondary alcohols are easily oxidized to give excellent yields of
ketones (Class III).

Biological functions. This class of chiral aliphatic hydroxy compounds is
the largest in this review and comprises about forty compounds with many
different biological functions. Volatile compounds octan-3-ol and
oct-1-en-3-ol from fruiting bodies of fungi (Polyporales) strongly attract
several species of cucujid grain beetles (Coleoptera: Cucujidae)?24225233 gnd
Onychirus armatus (Collembola: Onychiuridae)?38. Flowers emit fragrances
such as butan-2-ol, pentan-2-ol, 3-methylpentan-2-ol, hexan-2-ol and
heptan-2-ol that mimic the sexual pheromones of insects, mostly
Hymenoptera and Coleoptera. Pseudocopulation or sexual mimicry is a re-
markable and puzzling pollination strategy within the (Asparagales:
Orchidaceae)1°%157 (Alismatales: Araceae)’’, (Cycadales: Cycadaceae)'%. In
this pollination strategy, male insects arrive at flowers and attempt copula-
tion with the median petal. Fruits and leaves volatiles pentan-2-ol,
pent-1-en-3-ol, hexan-2-ol, hex-1-en-3-ol, heptan-2-ol, hept-4-en-2-ol,
oct-1-en-3-ol are attractive for herbivor or pest insects, mostly
Coleoptera??107,108.227.228 ' Djpteral?!:240.241.243 or | epidopteral®245, Also ani-
mals emit several long chain secondary alcohols, for example 4-methyl-
heptan-3-ol, octan-3-ol or oct-1-en-3-ol, which attract their parasitoids
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(Dipteral®+195229 and Hymenoptera'®3), haematophagous flies, mosquitos
(Diptera)?31.247-270.274 or haematophagous bugs (Heteroptera)??®. Chiral sec-
ondary alcohols (S)-butan-2-ol, 3-methylbutan-2-ol, (S)-pentan-2-ol and
4-methylpent-3-en-2-ol are known sex pheromones of Rhodnius prolixus
(Heteroptera: Reduviidae)*6. Other sex pheromones were found for (i) Platy-
pus mutatus (Coleoptera: Platypodidae)l’” (S)-6-methylhept-5-en-2-ol; (ii)
Eriocrania cicatricella (Lepidoptera: Eriocraniidae)2153 (R)-heptan-2-ol,
(S)-heptan-2-ol, (2R,4Z)-hept-4-en-2-ol and (2S,4Z)-hept-4-en-2-ol; (iii)
Phlogophora  meticulosa (Lepidoptera: Noctuidae)!8+185  6-methyl-
hept-5-en-2-ol; (iv) Rhyacophila nubila (Trichoptera: Rhyacophilidae)>*
(R)-heptan-2-ol, (S)-heptan-2-ol; (v) Molanna angustata (Trichoptera:
Molannidae)®® (S)-heptan-2-ol. Beetles Dynamis borassi, Rhabdoscelus
obscurus, Rhynchophorus sp., Scyphophorus acupunctatus, Sphenophorus levis
(Coleoptera: Curculionidage)?4?:208-214,278-280 - Metamasius sp. (Coleoptera:
Dryophthoridae)2%4-207 Scapanes australis (Coleoptera: Scarabaeidae)’’72,
Ahasversus advena (Coleoptera: Silvanidae)?3®, Gnathotrichus sp., Scolytus sp.
(Coleoptera: Scolitidae)144-146.173-176,186,191,192 1se (R)-butan-2-ol, (S)-butan-
2-ol, 4-methylhexan-3-ol, (R)-6-methylhept-5-en-2-0l, (S)-6-methyl-
hept-5-en-2-ol, 4-methylheptan-3-ol, 2-methylheptan-4-ol, 6-methyl-
hept-2-en-4-ol, (R)-oct-1-en-3-ol, 2-methyloctan-4-ol, 3-methyloctan-4-ol,
5-methyloctan-4-ol as aggregation pheromones. Hymenoptera species Apis
sp., Melipona sp., Trigona sp. (Apidag)59:161,163,.165-167 '\/espa sp. (Vespidae)®?,
Atta sp., Crematogaster sp., Myrmica sp., Pseudomyrmex sp., Tetramorium sp.,
Trachymyrmex sp. (Formicidae)112:120,132-141,169,170,187,196,197,217,218,230 nroduce
a large spectrum of alarm pheromones: (R)-pentan-2-ol, (S)-pentan-2-ol,
3-methylpentan-2-ol, 2-methylpentan-3-ol, hexan-2-ol, 3-methylhexan-2-ol,
5-methylhexan-2-o0l, hexan-3-ol, 4-methylhexan-3-ol, heptan-2-ol,
3-methylheptan-2-ol, heptan-3-ol, 4-methylheptan-3-ol, octan-2-ol,
(R)-octan-3-ol, (S)-octan-3-ol, 6-methyloctan-3-ol.

Applications. The enantiomers of secondary alcohols have generally differ-
ent odours. For example, (R)-pentan-2-ol has light, seedy, and sharp odour,
whereas (S)-pentan-2-ol has heavy, wild berry, ripe, dusty, and astringent
odour; (R)-hexan-2-ol can be recognized by mushroom, dusty, and oily
odour, the oposite enantiomer (S)-hexan-2-ol by mushroom, green, ripe,
berry, astringent, and metallic odour?®. Secondary alcohols can be used for
production of cosmetic fragrances?®88. Fungi volatile metabolites such as
3-methylbutan-2-ol, pentan-2-ol, heptan-3-ol, octan-3-ol, oct-1-en-3-ol
cause the sick building syndroms38:82.104.221.222 - gtan-2-ol, pent-1-en-3-ol,
oct-1-en-3-ol are used for the quality control of food (cheese, fishes, wines,
spirits)81,:111,124-126,156  Other applications of secondary alcohols are in medi-
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cine as anesthetics’374 butan-2-ol, pentan-2-ol, hexan-2-ol, heptan-2-ol or
as intermediates for synthesis of anti-Alzheimer disease drugs®®
(S)-pentan-2-ol and (S)-heptan-2-ol.

CLASS IC. CHIRAL TERTIARY ALCOHOLS

Chiral tertiary alcohols have the hydroxy group attached to a tertiary car-
bon atom, which bears three different alkyl groups R, R’, and R". Tertiary al-
cohols cannot be easily oxidized because there is no hydrogen atom
available on the carbon atom bearing the hydroxy group, and any oxida-
tion must take place by breaking carbon-carbon bonds. Tertiary alcohols
can be reduced to alkanes by replacement of the hydroxy group by a hydro-
gen atom.

Biological functions. 3,7-Dimethylocta-1,6-dien-3-ol (linalool) is the most
important tertiary alcohol which is very common in many plants. Flowers
of Cirsium arvense (Asterales: Asteraceae)?®, Silene otites (Caryophyllales:
Caryophyllaceae)?®’, Cornus florida (Cornales: Cornaceae)?8®, Glochidion sp.
(Malpighiales: Phyllantaceae)?®!, Salix sp. (Malpighiales: Salicaceag)303:304,
Daphne mezereum (Malvales: Thymelaeaceae)?8®, Ficus hispida (Rosales:
Moraceae)?®’” produce linalool to attract pollinators Andrena sp.,
Lasioglossum sp., Colletes sp., Ceratosolen sp. (Hymenoptera) or Epicephala
sp., Paralobesia viteana (Lepidoptera). The production of linalool increases
in herbivore-damaged plants. Damaged leaves emit higher concentrations
of linalool, which attracts predators Neoseiulus sp., Phytoseiulus sp.
(Prostigmata: Phytoseiidae)2°® or insectivorous birds312. Several moths
Scoliopteryx libatrix, Cydia pomonella, Busseola fusca, Spodoptera frugiperda,
Heliothis sp., Helicoverpa sp. (Lepidoptera: Noctuidae)?88:307.309-311 gre sensi-
tive to linalool produced by plant leaves. (S)-Linalool was detected in
Colletes cunicularius (Hymenoptera: Colletidae) as sex pheromone?8°-293 and
abdominal glands of Podisus maculiventris (Hemiptera: Pentatomidae) in-
clude linalool as aggregation pheromone34,

Applications. Linalool shows acaricidal, antigiardial, trypanocidal,
antimicrobial activities?82:299-301 gnd has antinoceptive and antiinflam-
matory effects2®4. Linalool is the major compound of coriander essential
oil, which is used as a flavor ingredient in cooking and in a traditional
medicine?%4,
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CLASS Il. CHIRAL GLYCOLS AND DIOLS

OH |OH (|3H OH
UL
H H H H

Alcohols with two hydroxy groups are called glycols or diols. The term gly-
col generally means a 1,2-diol (vicinal diol). In glycols one of the two car-
bon atoms bearing hydroxy groups is chiral, whereas in diols the both
hydroxy groups are attached to two chiral carbon atoms. Thus, the diols
exist as stereoisomers [(R,R), (R,S), (S,R), and (S,S)]. They have two diastereo-
mers [(R,R)/(S,S) x (R,S)/(S,R)], and two pairs of enantiomers [(R,R)/(S,S) and
(R,S)/(S,R)]. Diols react like alcohols, such as esterification and ether forma-
tion. They are used as comonomers in polycondensation reactions forming
polyesters and polyurethanes. Diols can be converted to cyclic ethers with
acid catalyst (diol cyclization). In glycol cleavage, the C-C bond in a vicinal
diol is cleaved with the formation of a ketone or aldehyde.

Biological functions. Diols are mostly sex or aggregation pheromones of
beetles Curius dentatus, Hylotrupes bajulus, Megacyllene caryae, Neoclytus
acuminatus, Pyrrhidium sanguineum, Xylotrechus sp. (Coleoptera:
Cerambycidae)345-351.358-365 = Amphimallon solstitiale, Rhizotrogus majalis,
Scapanes australis (Coleoptera: Scarabaeidae)’!:72:326.327 (2R ,3R)-Butane-
2,3-diol, (2S,3S)-butane-2,3-diol, meso-butane-2,3-diol, (2R,3R)-hexane-
2,3-diol, (2R,3S)-hexane-2,3-diol, (2S,3R)-hexane-2,3-diol, (2S,3S)-hexa-
ne-2,3-diol, and (2S,3S)-octane-2,3-diol produced in prothorax glands play
a significant role in coleoptera communication. Sex pheromone (2R,3R)-bu-
tane-2,3-diol was detected also in abdominal glands of Leucophaea madarea
and Eurycotis florida (Dictyoptera: Blattidae)3?8329, Butane-2,3-diol is the
only known compound produced by plants: Cocos sp., Elaeis sp. (Arecales:
Arecacea), Jacaratia sp. (Brassicales: Caricaceae), Saccharum sp. (Poales:
Poaceae) which acts as a synergist to rhynchophorol pheromone and at-
tracts American palm weevil Rhynchophorus palmarum and related Dynamis
borassi (Coleoptera: Curculionidae)*2.

Applications. Butane-2,3-diol is discussed in literature as a new marker for
ischemia in patients with acute myocardial infarction338, Butane-2,3-diol
containing mainly the (+) and (-) stereoisomers could be a very useful
cryoprotectant for organ cryopreservation. However, it would perhaps be
better to use it in combination with other cryoprotectants, since it is a little
more toxic than glycerol or propane-1,2-diol at high concentrations339:240,
Several applications of hexane-1,2-diol, octane-1,2-diol and 2-ethyl-
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hexane-1,3-diol in cosmetics, antiperspirants, deodorants, shaving gels or
skin desinfections were patented342-344.356.357 2_Fthylhexane-1,3-diol is
used in synthesis of insect repellents352-355,

CLASS I111. CHIRAL HYDROXY KETONES

OH O

Le |l
R—lc—c—R'

H

Chiral hydroxy ketones are organic compounds containing hydroxy groups
on chiral carbon atom, which is near or adjacent to carbonyl group (>C=0).
The carbonyl carbon atom is sp2-hybridized, with the expected sp? geom-
etry. Ketones have a trigonal planar arrangement of groups around the car-
bonyl carbon atom. Hydroxy ketones are good solvents for polar alcohols
and they are also remarkably soluble in water. Ketones are amphoteric, they
can react as both acids and bases. Their reactivity arises from the
electronegativity of the oxygen atom and the polarization of the car-
bon-oxygen double bond. Hydroxy ketones can be reduced by hydride re-
agents to diols (Class II).

Biological functions. 3-Hydroxybutan-2-one, 3-hydroxyhexan-2-one,
2-hydroxyhexan-3-one, 3-hydroxyoctan-2-one and (S)-2-hydroxyoctan-3-one
as well as similar diols (Class IV) are sex and aggregation pheromones of
beetles. These compounds are produced in prothorax glands of Anaglyptus
subfaciatus, Brothylus gemmulatus, Hylotrupes bajulus, Neoclytus acuminatus,
Phymatodes lecontei, Pyrrhidium sanguineum, Xylotrechus sp. (Coleoptera:
Cerambycidag)36.345-351,358-365,381-385 = Amphimallon solstitiale, Rhizotrogus
majalis, Scapanes australis (Coleoptera: Scarabaeidae)’!7%-326.:327 Sex phero-
mone 3-hydroxybutan-2-one was detected also in male sternal glands of
Leucophaea madarea, Henschoutedenia sp. and Nauphoeta cinerea
(Dictyoptera: Blattidae)328.371-375  Several plants Cocos sp., Elaeis sp.
(Arecales: Arecacea), Jacaratia sp. (Brassicales: Caricaceae), Sicana odorifera
(Cucurbitales: Cucurbitaceae), Quercus sp. (Fagales: Fagaceae), Clusia sp.
(Malphigiales: Clusiaceae), Psidium guajava (Myrtales: Myrtaceae),
Saccharum sp. (Poales: Poaceae), Prunus sp. (Rosales: Rosaceae), Musa sp.
(Zingiberales: Musaceae) emit from their fruits, flowers, leaves or sack vola-
tile 3-hydroxybutan-2-one, which attracts insects (Coleoptera, Dictyoptera,
Lepidoptera)*2:43.:83.333,366-368 (45 5R)-5-Hydroxy-4-methyl-heptan-3-one
(sitophinone) is a grain-derived volatile attractive for an internal-feeding
pest of intact grains Sitophilus oryzae (Coleoptera: Curculionidae) and an
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external-feeding pest of damaged grains and flour Tribolium castaneum
(Coleoptera: Tenebrionidae)386-389,

Applications. Chiral hydroxy ketones can be very well characterized as a
class of food volatiles. Each compound has its typical caramel-sweet, but-
tery, hay-like, floral, earthy, nut-like, mushroom, cheese, sour milk, green,
herbaceous, woody or spicy odour. These compounds are volatiles of
cheese, durian, tea, coffee, cocoa, honey, butter, wine, sherry, soy sauce,
beverages, beef or mutton fat01,378-380,

CLASS 1V. CHIRAL HYDROXY CARBOXYLIC ACIDS

PR
R—(‘Z*—C—OH
H

Chiral hydroxy carboxylic acids are organic compounds containing hy-
droxy groups on chiral carbon atom, which is near or adjacent to carboxyl
group (-COOH). These compounds are distinctly acidic due to the presence
of the carboxyl group. Carboxylic acids donate protons by heterolytic cleav-
age of the acidic O-H bond to give a proton and a carboxylate anion. These
compounds form hydrogen bonds with water, and the lower-molecular-
weight compounds up to four carbon atoms are miscible in water. As the
hydrocarbon chain length increases, their water solubility decreases. Acids
with more than ten carbon atoms are essentially insoluble in water.
Hydroxy carboxylic acids are very soluble in alcohols, because the acids and
alcohols form hydrogen bonds. Hydroxy carboxylic acids can be reduced to
glycols (Class 11), alkylated to hydroxy ketones (Class Il1) or converted to
hydroxy carboxylic esters (Class V) in the acid-catalyzed esterification of
carboxylic acids with alcohols.

Biological functions. Lactic acid is attractive for Aedes sp. and Anopheles sp.
(Diptera: Culicidae)390-392, (R)-3-Hydroxybutanoic acid and its dimer
(R)-3-{[(R)-3-hydroxybutanoyl]oxy}butanoic acid have been identified as sex
pheromones of a spider. These compounds elicit web reduction behavior by
males of Linyphia triangularis (Araneae: Linyphiidae) on the webs of unmat-
ed adult females*®*. Defensive osmeterial secretions of the pre-final instar
larvae of the citrus swallowtail Papilio demodocus (Lepidoptera:
Papilionidae) contains 3-hydroxybutanoic acid*®®>. Mandibular glands of
Apis mellifera capensis virgin queens (Hymenoptera: Apidae) produce
7-hydroxyoctanoic acid*12,
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Applications. Chiral hydroxy carboxylic acids have a wide range of appli-
cations in medicine. Lactic acid, 2-hydroxybutanoic acid, 2-hydroxy-
3-methylbutanoic acid, 2-hydroxypentanoic acid, 2-hydroxy-3-methyl-
pentanoic acid, 2-hydroxy-4-methylpentanoic acid, 2-hydroxyheptanoic
acid and mandelic acid are mostly used as pharmaceutical intermedi-
ates396416.417  They show antiviral393:394413-415  antifungal and insecticidal
activities and are part of depsipeptide antibiotics (Aureobasidins,
Pleofungins)395:399.409-411  Mandelic acid is used for production of cosmetic,
antiperspirant and dermatological agents*19-421,

CLASS V. CHIRAL HYDROXY CARBOXYLIC ESTERS

OH O
R—(l:*—lcl:—o—R'
,L
Chiral hydroxy carboxylic esters are organic compounds containing hy-
droxy groups on chiral carbon atom, which is near to alkoxy group (-OR);
general formula RCOOR'. These compounds are more volatile than
carboxylic acids of similar molecular weight.

Biological functions. Ethyl (S)-lactate acts as a synergist to rhynchophorol
pheromone of American palm weevil Rhynchophorus cruentatus (Coleoptera:
Curculionidae)*24%*. Male volatile 1-ethylpropyl (2S,3R)-3-hydroxy-2-methyl-
pentanoate or (2S,3R)-sitophilate of the grain weevil Sitophilus granarius
(Coleoptera: Curculionidae) is known as aggregation pheromone and may
play a significant role in enhancing the trap catch of this economically im-
portant pest*31-433, Defensive osmeterial secretions of pre-final instar larvae
of the citrus swallowtail Papilio demodocus (Lepidoptera: Papilionidae)
contain methyl 3-hydroxybutanoate*®®>. Adult males of asparagus flies
Plioreocepta poeciloptera (Diptera: Tephritidae) exhibit a typical calling be-
havior during which they emit a single volatile compound, isopropyl
(S)-5-hydroxyhexanoate*3*. The males of decorator wasps Eucerceris sp.
(Hymenoptera: Sphecidae) have been observed to display abdomen-
dragging behavior on plants surrounding their nest. During this behavior
they apply a territorial-marking sex pheromone hex-3-en-1-yl (R)-3-hydroxy-
butanoate which serves to alert females to the male territory for courtship
and mating*36.

Applications. Chiral hydroxy carboxylic esters are volatile compounds of
wine, sherry, spirits or beverages''1429, Ethyl (S)-5-hydroxyhexanoate is an
intermediate in the synthesis of several pharmaceuticals and anti-
Alzheimer disease drugs®°.
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CLASS VI. CHIRAL HYDROXY AMINES

Cl)H NH, NHZ?H CI)H rllez (|)H H cl)H R
H—C—C—R H—C—(‘D*—R R—<|:*—(|:*—R R—CTN—R  R—C—N—R
H H H H H H H H

Chiral hydroxy amines are organic compounds containing hydroxy groups
on or next to the chiral carbon atom, which is near or adjacent to amino
group (-NH,). Amines are derivatives of ammonia with one or more alkyl
groups bonded to the nitrogen atom. They are classified according to the
number of alkyl groups bonded to the nitrogen atom into three classes: pri-
mary amines (-NH,), secondary amines (-NHR'), and tertiary amines
(-NR'R"). For all practical purposes, the nitrogen atom of an amine can be
considered to be sp3-hybridized with the unshared electron pair occupying
one orbital. This means that the unshared pair is relatively exposed and is
involved in almost all of the reactions of amines. Hydroxy amines are
highly polar organic compounds because the large dipole moment of the
lone pair of electrons adds to the dipole moments of the C-N and H-N
bonds.

Biological functions. Neurotrasmitters 2-amino-1-phenylethan-1-ol,
noradrenaline, adrenaline and their derivatives form one of the most im-
portant classes of pharmaceutical compounds. Also other chiral hydroxy
amines l-aminopropan-2-ol, 2-aminopropan-1-ol, 1-aminobutan-2-ol,
2-aminobutan-1-ol and ethambutol are widely used in pharmaceutical in-
dustry.

Applications. Derivatives of l-aminopropan-2-ol are active in antiviral
therapy*32440, 2-Aminopropan-1-ol and 2-aminobutan-1-ol can be used in
the synthesis of antitumour and antimelanoma agents***. Ethambutol,
(25,25")-2,2'-(ethane-1,2-diyldiimino)dibutan-1-ol is a mainstay of contem-
porary chemotherapy in the treatment of tuberculosis, which causes the
highest mortality attributable to a single etiologic agent. Nearly three mil-
lion people infected with the tuberculosis bacillus perish every year#55475,

CONCLUSIONS

Chiral aliphatic hydroxy compounds play an important role in biological
systems. They are employed in chemical communication among living or-
ganisms where they serve as sex pheromones, aggregation pheromones,
alarm pheromones, trail pheromones, attractants or repellents. Chiral
hydroxy compounds are important also for medical, industrial and agricul-
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tural applications. Many pharmaceuticals, agrochemicals, food additives,
fragrances and cosmetics used in daily lives are based on chiral aliphatic
hydroxy compounds, e.g., pentan-2-ol, oct-1-en-3-ol, linalool, butane-
2,3-diol, hexane-1,2-diol, lactic acid, mandelic acid, ethyl lactate, ethyl
5-hydroxyhexanoate, 1-aminopropan-2-ol or ethambutol.

The chirality of organic compounds is an important topic in the design,
development and marketing of new products. It is expected that the 21st
century will bring an additional knowledge of the structure-function rela-
tionships in recognition of chiral organic compounds by biomolecules and
of the role of this recognition in the chemical communication among
organisms. We also expect development of new methods for separation of
optically pure compounds and their production using chemical synthesis
and biocatalysis. The integration of collected information about the
physico-chemical properties, biological functions and practical applications
of chiral hydroxy compounds into a publically accessible knowledgebase,
work on which is underway in our laboratory, may assist these efforts.

The authors would like to express special thanks to their colleagues Dr. Z. K#iZ and Dr. P. Kulhanek
(Masaryk University, Brno) for many insightful and valuable comments on the manuscript. This work
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