will not migrate toward either electrode, predominates. The isoelectric
point is then a characteristic property of each amino acid.

Mixtures of amino acids is based on the charge of an amino
acid at a given pH.

Electrophorethic separation of proteins is an important tool in
clinical laboratories. Because proteins have a number of different
charges and molecular weights, they move at different rates in the
electrophorethic apparatus. The most common use electrophoresis in
the analysis of blood serum.

Synthesis of amino acids

A. Direct. Amination of a-Halogen acids
In this method the halogen atom of an a-halo acid is replaced
by an amino group directly by treating the acid with ammonia
H i g 3

Y , L P
CHg—C—C__ + 2NHz —> CHs—C—C_ + NH4Br

| OH | OH

Br NH,

B. The hydrolysis of a-amino nitriles (Stecker Synthesis). In the
Strecker synthesis of an amino acid, an aldehyde is treated
with ammonium cyanide (ammonia and hydrogen cyanide),
The aminonitrile that results from this reaction then is
hydrolyzed to the aminoacid

; U

CH3— C=0 + HCN + NHz —» CHz— C—CN + Hz0

; . |

NH, ,
. aminonitrile
H - H
| | /o
CH3— C—CN + 2H0 —» CH3--|C——C\ + NHj3
| OH
NH, NHz

Any synthesis of amino acids (except glycine} leads to a racemic
mixture and must be followed by resolution if the natural form of the
amino acid is requ1red

Reactions of the amino acids -

The reactions of aminoacids are, in general, reactions
characteristic of both carboxylic acids and primary amines.
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A. Esterification. All amino acids can be esterified Emil Fischer
utilized this reactions.
H E . H

//0 | ’O
CH3—'C—C\‘ + HCl + CoHsOH — CH3—CfC\ + HyO0 +Cl1°
1 OH I, TocgHs ‘
“NHz J ' ° NH3
H H
| A . I °
CHa"‘?*C\ * OH® ——» CH3—C—C_ + Hp0
I, TOoCzHs , L ! OCzHj5
NHj NH,

B. Reaction with nitrous.acid. The amino acids, with the exception
of proline, react with nitrous acid to liberate nitrogen gas. This
reaction is the basis for the Van Slyke method for determing

»

“free”amino groups (uncombined aminoc groups) in protein

material. v
7 7
NH"°|H" CT + HNO, —> NHfﬁ“" & + N, +Hy0
(CIHz)§ o ' ' (Clﬂz)s
CHa—NH, | | CH,— OH

C. Reaction with acid halids or acid anhydrides. The amino group

of amino acids is readily converted to an amide by reaction

- with am acid halide to anhydride. Thus glycine reacts with
benzoyl chloride to produce hippuric acid.

o . H H O H H
I I T
@—@N—?—coon O—c—-m—?—coou
— + HCl
H . H

D. Reaction with ninhydrin. Amino acids react with a ninhydrin
. solution (triketonydrindene hydrate) to produce purple
compounds. The reaction is of value in: the assay:of protein
material and can be used for quantitative determination of
amino acids. The following sequence of reactions illustrates
how ninhydrin converts an amino acid into an aldehyde and
carbon dioxide
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R 3
OH
C\ / L P
2 C + HyN—-C-—-C + OH ——»
7N ] ~
C OH H OH

O - o}
i | ;
c\ /c‘ : ,0 .
—— c——N:.—..c + R—-c\ + COz + 4H20
s N
C o] H .
B I 2 ,
o o

E. Desammanon reactions-are: oxidative and uhoxidative.

Loss of NHs without the presence of oxygen takes place by the
influence of enzymes with formation of o, B-unsaturated acids:

aspartaza HOOC\' H
HOOC— CHgy— <':H ~COOH  —— o= £
NH, .  ~NH4 H COOH
L asparagic acid SJumaric acid

Oxidative desamination reactions take place with participation
of enzymes oxidaze and coenzyme NAD* and with formation of
a-ketoacids. NHs enters in the urine synthesis '

NAD' H,0
R—CH—COOH ——» R-C~COOH ——» R—C-COOH
| I - NH, I
_ NHy _ NH - o

. Transamination a - chemical reaction, catalysed by any
aminotransferase (transaminase) enzyme, in which the o-
aminogroup of the aminoacid is transferred to the a-carbon of
an a-oxo ac1d As a result, the a-oxo acid is transformed into
an’ ammo ac1d and the aminoacid that donated the
aminogroup is converted to the corresponding a-oxo acid:

R'-CH{NHz2} - COOH + R"~CO - COOH = R'-CO-COOH + R"-CH(NH.}-COOH
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Transamination plays an important role in the catabolism of
aminoacids, in which the amino group is eventually (to form
aspatate) or to a-oxoglutarate (to form glutamate). Pyridoxal
phosphate is an important conzyme of aminotransferases.

G. Decarboxylation the act or process of removing the carboxyl
group from a carboxylic acid as carbon dioxide. The reaction
may be enzyme - catalysed by a decarboxylase or, in some
instances, particularly with 2-oxo acids, it may be
spontaneous — decarboxylate.

Tryptamine (3-(2-aminoethyl) indole ~ biogenic amine, formed by
enzymic decarboxylation of tryptophan. Of widespread ‘occurence in
mammalian tissues, it is found also in plants and is a product of
microbial degradation of proteinaceous material.

N “f‘z - NH,

tryptophan tryptamine

Serotonin 5-hydroxytryptamine, a monoamine
neurotransmitter occuring in the peripheral and central nervous
systems, also having hormonal properties. It is formed from
tryptophan, after hydroxilation to 5-hydroxytryptophan, by
tryptophan 5-monooxygenase followed by decarboxylation by
aromatic-L-aminoacid decarboxylase:

HO CH,—CH—COOH HO '
27 - —
L l ' " . co, [ CHa—CHa
3 2
NH e (:[NH] , NH,

Histamine 2-(4-imidazolyl) ethylamine; a compound formed by
the decarboxylation of L-histidine and present in many mammalian
tissues, . with espec1ally high concentrations in lung, skin, and
intestine. It is''a potent vasodilator, also increases capﬂlary
permeabﬂlty, causes contraction of smooth muscle, plays a role in the
regulation of * gastric secretion, and anaphylactic conditions.
Histamine forms from hxsudine by histidine decarboxylase A
pyridoxal phosphate serves as coenzyme at this reaction.
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N CH,—CH—COOH N CH; —CH2
L Il o -co, I || |
N NH, —_— NH,

NH
histidine histamine

Sequence of amino acids in peptides

The N-terminal group of peptide is “tagged” by reaction with
Sanger's reagent, 2,4 ~ dinitrofluorobenzene, or with dansyl chloride
(5 - dimethyl amino-1-naphthalenesulfonyl chloride) before the
peptide is hydrolyzed.

R— (|3H" COOH

¥ followed by  NH
hydrolysis ,
+ peptide other a-amino
+ acids and
NO; NO, smaller peptides
FDNB DNP-AA

~ The tagged amino acid is liberated by hydrolysys. Since it is
colored it is easily distinquished from the other amino acids that
comprise the peptide structure.

The advantage of the dansyl chloride procedure, which is
chemically similar to the Sanger method, is that it yields easily
detected fluorescent products and, thus, is about 100 times more
sensitive as the Sanger method.

A third procedure, called Edman degradation, may be used, not
only for the identification of N-termifial groups but also’ for the
establishment of the sequence of amino acids in the polypeptide chain
by a stepwxse cleavage of the amino acid from the N- termmus The
reagent used is phenylisothiocyanate.
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o
I

o C— NH~~~

Il !
C—NH-- CH

) ] | OH"
N=C=8 + HQN-—-?H R1 e ]

R polypeptide
o

Pphenylisothiocyanate '
fl
S o
fsl C-—NH— CH ) ‘(|>—NH~~~
l !
(Ot 4 2o Ay
R N '
o” \ R,
/ \

H
phenylthiuhydanto(n
derivative of N-terminal

aminoacid

The process can be repeated to remove the new N-terminal
amino acid and has been automated to permit the rapid
determination of sequences of up to 20 amino acids by sequential
removal and identification of amino acids.

Proteins consists of hundreds of amino acids bonded by peptide
bonds. The components of the protein are called amino acid residues
hydrolysis of protein yields a mixture of its constituent amino acids.

o o o o
[ 1

-—1‘v-cu—c- llw--cl:u—c— + u,o-—-»—n--cn-«l:—-oa + -—N—CH—I(II——
H R H R b R k &
Peptides are lower-mol<;¢i11ar weight materials containing fewer
amino acids than proteins. A peptide containing two amino acid units
is called a dipeptide; one containing three amino acids, a tripeptide;
and one containing a large number, but less than 50, a polypeptide.
Peptides are named by combining the names or abbreviations of the
individual amino acids. The name starts with the amino acid whose
amino group is free (the N-terminal amino acid) and ends with that
whose carboxyl group is free (the C-terminal amino acid). Two
examples of this nomenclature are

5) CHg CH, ©
| I l
HaN—CH; —C — NH — CH — COOH H,N-— CH— C — NH— CH;— COOH
-/ e D N S/

glycine residue  alanine residue alanine residue glyctn\e{csidue
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Although there are only two dipeptides possible from a given pair
of amino acids (see above), the number of possible isomers increases
rapidly with more amino acids.

The number of isomers peptides containing one molecule each of
n different amino acids is equal to n!, wherenl =1 x2x3..x (n-1)xn
Each protein has a specific sequence of amino acids which are
assembled under the direction and control of nucleic acids.

The peptide hon"d

The peptide bond is the strongest and most important bond in a
protein. There are restricted rotation about the carbon-nitrogen bond
of amides. The restricted rotation is the result of some double bond
caracter which is pictured in resonance forms

‘0 R & § R

[ i ! H

C C/ ” c/
N NN N NN
7\ l 7 |
R H R g H

Peptides tend to exist in trans conformation about the carbon-
nitrogen bond. ,

The peptide unit is rigid and planar a feature that is important
in the overall structure of proteins. In contrast, the bond between the
o-carbon atom is a single bond that is rotationally free. Similarly, the
single bond between the nitrogen atom and the o-carbon atom is also
rotationally free. Thus a protein chain consists of rigid peptide units
connected to one another by freely rotating single bonds. There is, in
addition, free rotation about the bond between the a-carbon atom and
R group. Both the rigidity and flexibility of portions of protein chain
are important in determining its conformation

Structure of protg} ns
The unique biological activity of proteins is dependént on the
three-dimensional shape of the molecule.

Protein structure may be described at four levels called
primary, secondary, tertiary, and quaternary
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Primary structure * ’
The sequence of amino acids in a protein and location of
disulfide bonds is called its primary structure

Secondary structure

The specific spatial arrangement of amino acid residues that
are close to one another in the polypeptide chain is called the
secondary structure. Recall that there is free rotation of bonds
separating the planar and rigid peptide units. These peptide units are
oriented at angles to each other and can exist in a variety
conformation. Many proteins consist of chain coiled into a spiral
known as a helix. Such a helix may be either right - or left-handed, as
in the ease of screws. For proteins consisting of L-amino acids the
right-handed (or o) helix is more stable than the left ~handed helix.
The spiral is held together by hydrogen bonds between the proton of
the N-H group of one amino acid and oxygen of the C=0O group of
another amino acid in the next turn of the helix. There is another
secondary structure - B-pleated sheet. The intermolecular hydrogen
bonds between the chains of proteins cause a regular —pleated or
partially folged structure

Tertiary structure

The tertiary structure refers to the spatial arrangenet of amino
acids residues that are for apart in the polypeptide chain.

The spatial arrangement is the result of the three - dimensional
shape of the protein.

The three-dimensional folged shape of a globular protein is the
result of its primary and secondary structures, which together make
possible the long-range interraction between amino acids.

Quaternary structure
The quaternary structure of a protein is the organisation or the
association of several protein chains or subunits into a closely packed
arrangement. Each of the subunits has its own primary, secondary,
and tertiary structure. The subunits fit together because of their
shape and are held togethef by noncovalent interactions. Single-chain
proteins have no quaternary structure.
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HETEROFUNCTIONAL ORGANIC COMPOUNDS,
THAT PARTICIPATE IN METABOLISM PROCCESSES

Amino - alcohols

HO -R-NH,

Amino-alcohols * are compounds, containing in the same
molecule the amino and hydroxi groups connected on a different
carbon's atom.

The aminoalcohols appear in a number of compounds of potent
physiological activity. The main representants are cholamine, choline,
3,4- dlhldroxyphenylalamne (DOPA), epinephrine, adrenaline,
noradrenaline,

Cholamine appears in organism at the decarboxilation of
ammoac1d — serine,

CH3 - CH - COOH Pyridoxalphosphate " CHaz - CH -NH2
I | > i
OH NH: Decarboxilation OH

serine cholamine

Choline obtains at methylation of cholamine. .
CH: - CH;z - NH; S ~ methyladeriozinemethionine  CHz - CHz - N*(CHzs)s
1 | >
OH OH
cholamine ‘ e E choline

Choline appears in lecithin with glycerol as a mixed ester of
phosphoric acid and fatty acids. Acetylated choline, or acetylcholine,
plays a vital role in the gerneration and conduction of nerve impulses
in the body:

i

o
. CH3 - CoS KoA - ‘
HO - CHz - CHa ~ MCHala ———————> cag C-~0-CHz~CHa - N(CHa);.
choline 5§ ; acetylcholine

The important role in organism have aminoalcohols: DOPA,
catecholamines (adrenalin and noradrenaline] .

The initial substance in biosynthesis  of catecholamines is
essential aminoacid - phenylalanine:

82



?OOH hydroxilaze - .’ : ?OOH .
@-—cnz—cu—m—x, ——— HQ—@—CHQ—CH—NHQ————’

phenylalanine ‘ tyrosine
HO HO
?OOH decarboxilaze DOP j-oxydaze
HO CH;—CH—NH; -——» HO O CHy—CH;—NH, —
: ' -CO,
3,4-dihydroxiphenylalanine DOFA
HO HO ,
?H methylation (I)H
HO @ cu—c;—NH; —  no—(( ))—CH-CH,~NH-CH;
S-methyladenozine
noradrenaline methionine adrenaline

Epinephrine or adrenaline is a hormone secreted by the adrenal
medula and a neutransmitter secreted by neurons in the brainstem.
It is synthesized by the methylation norepinephrine. It is an agonist
for adrenoceptors, through which it has powerful glycogenolytic and
lipolytic effects and also effects the activity of smooth muscle (notably
of the cardiovascular system and bronchi) and glandular tissue.

Hydroxi- and aminoacids
HO - R - COOH " and H,N - R - COOH

In dependence of reciprocal place of hydroxi- or aminogroups
and carboxylic group we distinquish a-, §-, y-, 8-and s.c. hydroxi and
aminoacids. :

Those two groups of organic compounds are biologicaly
important, because they take part in many vital processes.

The property of hydroxi- and amino-acids are determined by
different functional groups.

On carboxilic group — the formation salts, esters, anhydrids,
amide, can loss carbon dioxide (CO3).

On hydroxilic groups ~ the formation of esters, oxidation with
formation of aldehid and ceto-acids.
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. On aminogroups - take ‘place alkylation and acetylation
reactions s

The specific properties of hydroxi- and aminoacids are
conditioned by reciprocal influence of groups to it other.

o- hydroxi- and o- amino-acids

At heating of those compounds take place intermolecular
dehydratation. with formation of six heterocycles - lactides and
dicetopiperazines:

n i
,C—OH H-O to L0

CH;—CH + ,CH~CHj _T? CH3—CH_ ,CH—CHj3

o-H HoO-¢ -2H, o—-°c .
lactic (a-hydroxipropionic) acid lactide of lactic acid

(”) o
C~OH  H-HN, to c'l,——xm\
CH3—CH + CH-CH3 ——————» CHy—CH -
NH-H  HO-C -2H,0 \ LH=CH,

i HN—¢

alanine (a-aminopropionic) dicetopiperazine

Lactides and dicetopiperazines represent corresponding cyclic
esters or amides, therefore in condition of acidic or basic catalyst the
compounds subject to hydrolyze with formation of initial hydroxi-or
amino acids.

The particularly property of a-hydroxiacids presents
decomposition on heating in the presenceé of mineral acids with
formation of carbonilic compounds and-formic acid:

H2804, t° Po)

CHy—CH-COOH ~ —> cua-—c'(H + HCOOH
‘OK
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The best important representatives of a-hydroxi-
and ag-aminoacids

Glycolic acid — may be determined in many plants-,

CH,~COOH
[ 2 grapes, beetroot

OH

Lactic acid- one of the important hydroxiacids, form
. from lactic fermentation of lactose. Lactic acid is
OH oxidated with formation of piruvic acid

CH;;—(i‘.H—COOH

Glycine, alanine others present o-

T:Hz—cooa CHy—CH-COOH aminoacids, that enter in
NHy NH, composition of proteins
glycine . -~ alanine

B-hydroxi and B- amino acids

CHs - CH - CHz - COOH t°C
| - HO
OH -
B hydroxi.butyric acid . » CH3~-CH=CH-COOH
t°C crotonic acid
CHa ~ CH - CHz - COOH - "

| -~ NHs
NH3
ﬁ aminobutyric acid

The easiness of these reactions is caused by hlgh CH-acidity at
a-carbon. In this case it may take place the cyclisation reaction with
formation of cycle of B-lactam.

o]
* HgC—CH-CH,—CY —» HC-GH—CH,
NHZ |

B-lactame

But practical this reaction can not take place, because the
tetrycycle is unsteady. But in some case tetrycycle can meet in
penicillin, which easy hydrolysis, therefor penicillini, is impossible to
sterilize in aquatic solution.

85



The important representatives of B-hydroxi and ﬁ-amino}acids

CH;— CH — CH;— COOH B- hydrom—butync acid, the intermediate
(')H product of B—ox1dat10n of fatty acids “in
organism
CH,— CHy— COOH ‘ ﬂ-elanine enters in composition of pantothenic
i acid and coenzyme A
NH,
CH;— CH — CH,— COOH B-amino-butyric acid the product of

metabolism in organism
NH, :

Properties y-hydroxi- and y- amino acids

, These acids at high temperature suffer intermolecular changes
with formation of pentaheterocycles y-hydroxiacids form cyclic esters
- lactones but y-aminpacids - cyclic amide —~ lactames.

tﬂ

CHs-CH-CHz~-CH;~COOH  ____ 5 CH3 -CH ~- CH; - CHa ~
[ - HaO

OH

y- hydroxivalerianic acid valeru-lactone

CH, - CH - CHa - CHz - COOH to CH3-CH-CHz-CH2-C=0
| - H20
NH2 - N

y- aminovalerianic acid ) y- valero-lactame -

Analogous transformation suffer S-hydroxi— and aminoacids,
form sixty cycles 5-lactones and 3-lactames:

CH3 - CHz - CHz - CHz -~ COOH te CH; ~-CH2-CH2 ~-CH2-C=0
| . ... -H0 .

OH ' ; . o .

8- hydroxivalerianic acid : 5- valerolactone = .

CH; - CHz - CHz -~ CH; ~ COOH to CH;~CH;-CHz~-CHz-C=0
| ) - Ha0

NH: ' ' NH

8- aminoxivalerianic acid P &- valerolactame

Lactones and lactames in acidic and basic conditions suffer
hydrolise reactions with formation of hydroxi- and aminoacids.



H20(H")
= CHj - CHj - CHz - CHz - COOH
|

CHa-CH;-CH3-CHa-C=0—|  OH
L o NaOH
; = > CH;z ~ CH; - CHz — CHz ~ COONa
|
OH
HQO(H‘)
» CHjz - CH; ~ CH; - CH; - COOH
|
CHz; ~CH2~-CH2~-CH2~C=0_—— NHa*
l NH Lo . .. NaOH E

T CHz-CHa- CHz ~ CHz - COONa
|
NHa

The important representatives of v- hydroxi ~ and y-aminoacids

Fﬂz — CHz — CH;— COOH y-hydroxibutyric acid has drug's property
OH '

CH;— CH;— CH;—~ COOH y-amino butyric acid take part in processes
5 of brain. Apply in practice medicine as
NH, “aminalone”

MANYBASIC HYDROXIACIDS

The representants of many bas1c hydroxyacids are malic, citric,
and tartar acxds

COOH Malic acid is contained in green apples,
! ashberry, fruits juices. It forms in cycle Krebs

Ho—f“H from fumaric acid. The salts of malic asid are
CH, ~COOH named malates.
CH,— COOH Citric acid is contained in fruits of c_1trlc .trees,
| grapes, gooseberry. The salts of citric acid are
HO— C—COOH named citrates. Citric acid is an intermediate
[ substance of the main biclogical process, which
CHy; —COOH

takes place in all living cells, named cycle or of
citric acid (cycle Krebs)
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HOOC— (IZH —CH—COOH
' !
HO OH

A tartanc s acids is contained two asymmetric carbons atoms
of carbon, which are formed stereoizomers.

COOH COOH COOH -COOH
H—-IC—OH' HO-—é»—H H——|C~OH HO—(IZ—H
HO— C—H H-— (13-— OH H— |C—-ol—l HO— Ic—- H
(I:OOH , (IJ()OH (I:OOH (!:OOH
D-tartaric L-tartaric Mezo-tartaric ‘

The equal concentrations of D- and L- tartar acids are named
racemic mixture — tartaric acid. The racemic mixture, DL-tartaric
acid, sometimes occurs during wine manufacture; it was originally
known as paratartaric acid. Mezo-form of tartaric acid is optic inactive
because has a symmetric plane.

Oxo-acids [aldehydo and ceto-acids)

o C’) o)
i :
H-C-COOH CH; - C - COOH HOOC ~ C ~ CH; - COOH
glyoxilic acid piruvic acid © . oxalic.acid
(o] ’ o
CHs - C ~ CH; ~ COOH HOOC ~ C -~ CHz - CHz - COOH
acetoacetic acid a-cetoglutaric acid

. The snnplest oxoacid is glyoxilic acid. It contains in unripe fruits
and usually is hydratated
HO\
- CH - COQH
HO
The important role in biochemist processes play ceto-acids
Piruvic acids: CH, - CO - COOH It is key produet in-the
metabolism of protein, fats and carbo-hydrates. At the oxidative
decarboxilation piruvate transform in acetyl CoA
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o) O NAD* NADH o
(. - COz | \ ! i
CH;~-C~-C-OH ~— > CHs-C-H CH; - C - SCoA

acctylcocnzyme A
Later on acetylcoenzyme A partlcxpates at the same time belong
to a-and P-cetoacids. It forms from malic ac1d and then on
condensation with acetyle coenzime A transforms in citric acid.

COOH NAD* NADH COOH COOH
I | + CHsCOSCoA, H;O0 |
HO-C-H L_‘Z C=0 o 5 HO - C - CHz - COOH
] { HSCoA. I
CH,;-COOH CH2-COOH CH3-COOH

a-oxoglutaric acid: HOOC-CO-CH2-CH2-COOH is precursore
for important aminoacids ~ glutamic and y-aminobutyric. It results in
cycle Krebs from izocytric acid:

COOH - : COOH
I I
H-C-OH C=0

|
H-C-COOH + NAD* — 5 CH: + NADH + CO3

CH3 . . s CHaz
| : I
COOH COOH
isocitrate acid o-oxoglutaric acid

Acetoacetyc acid CHs>-CO-CH2-COOH, forms in organism as
result of oxidation of fatty acids, the concentration increased
considerably on sugary diabetes. Decarboxylation of acetoacetyc acid
form acetone.

NAD* NADH
) : CO3
CHi - CH - CHz - COOH CH3~-C-CH;- COOH —» CH3-C~CHs
1 ;
OH o - o]
B - hydroxibutyric -acetoacetyc acid acetone

Genetic, these substances connect it others and are named
“ketone bodies”. ‘ ’
*The big role in theoretical and practice biochemistry has ethylic

ester-of acetoacetyc acid. On that compound firstly was show the
ceto- and tautomerie.
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o)

CH3 - C~CH - C -~ OCzHs _— CH3-C=CH-C-0C3Hs
| T | : :
O H ' - - OH -
ceto-form (93%) ’ enol-form (7%)

This type of isomerism is- called tautomensm and the isomers
are known as tautomers.

- Ceto-enol tautomeria is observe at compounds m ‘the presence
of two carbonilic groups in - posmon

-C- CH:—C-—

H.»ll

.0
In this case is cons1derab1e 1ncreased CH- ac1d1ty that causes
formation of enol-form. .
Ceto-enol-tautomeria is charactenstxc for acetoacetyc acid:
- & g o &
| I . II . fl
HO-C~-C~-CH;~C~-OH S HO C-C=CH-C- OH

5 v |
o OH

20% -, 80%

Increasing of stability of enol- form, connects with appearance
of long chain with thermodynamic stability of acid molecule.

We may mention, that many reactions, including formation and
transformation of carbonilic compounds, as will show in future,
proceed across intermediate enol form or derivative's of these forms.



PHYSIOLOGICAL ACTIVE DERIVATIVES OF HETEROCYCLIC
SUBSTAN CES.

Heterocyclic and heteroatomatic compounds

The ring systems of cyclic compounds, studied up to this point,
have those in which only carbon atoms are Jomed together. Such ring
systems are called carbocyclic

Rings that contain, in addition to carbon, one or more atoms in
the ring are called hetexocyclie The heteroatoms that occur most
frequently in heterocyclic rings are nitrogen, sulfur, and oxygen.

Heterocyclic compounds, like carboxylic compounds may be
saturated, unsaturated, or aromatic. You will note that numbering of
the ring atoms- begins with the heteroatom. Others ring atoms are
often designated in nonsystematic nomenclature as o, § and y. The a-
atom in the ring is members adjacent to the heteroatom.

Five - membered heterocycls, contained only one heteroatom.

Five-membered heterocycls are: furan, thiophene, and pyrrole.
All of then take to aromatic n-surplus systems.

Furan

0

(o]

Mainly important derivatives of furan can be considerate
furfural

After nitration and amination of furfural can be obtained 5-
nitro-derivative of furfural which possesses bactericides properties.

Q@  HNOj R-NHp
ﬂ—("’:—!i onmﬂ—c—u —_— OzN‘—[}—C=CH—N—R
o

Ho0
Surfural S-nitrofurfural base Shiff
Largest interest have furathyline and furazolidone, which are
affective substances in abscesses.

o _ .
OgN—U—CH=N—NH—~(":—NH OzNﬂ—CH=N*‘N\ .0
o 2 (o] (o]

It
(o]

Sfurathyline Sfurazolidone
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Thiophene

/C\ 2H2 (Ni)
8 . S
thiophene tetrahydrothiophene

The derivative of tetrohydrothiophene is biotine (vit. H)

o]
it
77N

HN NH

z;ﬁ—(énz);—coon

Biotine participates in reactions, which transfer carboxylic
groups ’

Pyrrole:

H

Pyrrole enters in terapyrroles substances - vitamin Big,
chlorophyll-a, heme.

The derivatives of hydrated pyrrole is a-iminoacid proline and
heterocycles indole )

@. ?— coon m

|
H

pyrrole proline indole

We meet indole in tryptophan, strychnine, reserpine, and
serotonin. -

Tryptophan in mammals it is an essential a-aminoacid, enters
in composition of proteins and is ‘glycogemic. We know that from
tryptofphan was obtained serotonin. Serotonin {(5-hydroxytryptamine)
a monoamine neutrotransmitter occuring in the peripheral and
central nervous systems, also having hormonal properties; it is also
found in mast cells, platelets, brain, and the enterochromaffin cells of
the gastrointestinal tract and is capable of causing vasoconstriction
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increasing vascular permeability, and contraction of smooth muscle.
It is formed from tryptophan, after hydroxylation to 5-
hydroxytryptophan, by tryptophan 5-monooxygenase.

CH,~ CH— COOH CH,~CH — COOH CH;~CH;—NH;
@ @Cg = ;
tryptophan 5-hydroxitryptophan serotonin

Five - membered heterocycls wich contained two heteroatoms

Im1dazol - aromatic substance, whlch is stronger base then
yr1dme possesses amphoterical properties. .

Imidazol
pyridin's atom of nitrogen —» \
&
LII‘ <«pyrrole's atom of nitrogen.

H

'A'mainly important derivative is a-aminoacid histidine - and
product at decarboxilation — histamine.

<—>—CH —CH- ~coon 222, 4 /—CHz— CH;— NH,

H
histidine histamine

Imidazolic cycle was met in alkaleid - pilocarpin - used in
treatment of eye diseases

HsCy

Z‘SD
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Pyrazole - aromatic compound, isomer of imidazol, are not
known yet derivatives of pyrazole in nature.. A largely known
derivative is pyrozolon -5.

Y Y
H H

pirazal pyrozolon-5

A special importance have the derivatives of pyrozolon-5:
antipirine, amidopirine, analgin, butadion, used in medicine as anti-
fevers, sedative and anti-inflamation preparats (drugs). -

3c\ ,CHg HaC_ CstO;;Na
HgoCy
:[_( —CHj I( N—CHj3 I-( —CHg I( —CelHs
CsHs CsHs CsHs ] "361‘15
antipirin amidopirin analgin butadion

Thiazole — aromatic compound, weak base. Thiazole's cycle
enters in composition of vitamin B; (thiamine), coenzyme of
cocarboxilase, sulphanilamide and s.o. Reduced cycle of thiazole -
thiazolidine - is the structure's component of antibiotics — penicilium.

Q
2

/ N HOOC~CH—N-C o
Z ) HaC—C._ CH-CH-NH-C-R
s e - ‘

H3C

Six-membered heterocycls contained only one heteroatom

Pyridine - aromatic compound, possesses basic properties, and
changes by following the reactions:
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O pyridine chloride

CH I N .
7 | " \,,l I imethylpyridine iodide
— N
x |
N CHa
SOzH
H,;S0, & ¢ .
[r——r l B-pyridin sulphoacid
Ny
7
KOs, Suarn e @\ a-hidroxipyridine
: SN NoH |

Medical importances of pyridin derivatives.

Nicotinic acid and it's derivatives. Nicotinic acid was

obtained from P-picoline and was known as vitamine PP, used in
medicine for treatment of pellarg

o)
I
A~ CHs & OH do OCzHs__~__C—NH;
0]
. ] . soctg c,xsoH NH, Sy |

f-plcoline nicotinic nicotinic ethylester of nicotin

acid (NA) chloride NA amide
Cordiamine - diethylamide of nicotinic acid is effectiv
stimulator of central nervous system
(o] o
(": cl gAn’CZHS
———————ree
N =
N HCl1 \N _
nicotinechloride N, N-diethylnicotinamide
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The activ centers of nicotinamide in composition of enzymatic
systems, participated in oxidoreducing processes of organism.

Chemical reaction based of coenzyme action NAD* consists in
adding of hydride-ion (H*)

Lo "2
(j/ 2 +2H*, +2¢” mc—lﬂ"z
S
: + Bt
\1|Tr -2H*,2¢ -
R R
NAD* NADH

Another derivative of pyridine is conezyme pyridoxalphosphate
which is participating in nitrogen metabolism

o
Il
C—-H
B [ CHaOPOsH,
CHj
Pyridoxalphosphate

Izonicotinic acid - formed to oxidation of y-picoline. Anti-
tuberculosis preparation was synthesis - from nicotinic acid:
tubazide, ftivazide. -

COOH - OCsz
@ o h socz2 éczﬂsozf é H zN NH,
y-picoline izonicotinic izonicotinic - esterof
acid chloride nicotinic acid
OCH,
3 OCH,
_c oH P
-—NH -NH, H C—NH-N=CH OH
vaniline
— > | + H,0
N’
tubazide Stivazide
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~Quinoline and-it's derivatives -

Quiunoline by propernes‘ls the same as pyndine‘ The nucleus
of quinoline enters in composition of alkaloids and drugs.

The sulphanation of quinoline produces 8-quinoline
sulphoacid, which was transformed in 8- hydromqumohne {Oxin),
used as an antiseptic drug.

SOsH
quinoline . oxin

Bactericides effect possesses 8-hydroxi-5-nitroquinoline (SNOK)
and, also 8 hydroxi-7-iodide-5chloridquinoclin (Enteroseptole). On the
base of the action of this drugs lies their ability to form firm chelate
compounds with ions of any biometalls.

NO, .

OH N » .
- SNOK enteroseptile

Six-members -heterocycls, containing two heteroatoms.

Pyrimidine - aromatic compound, possesses weaker basic

properties then pyridine. )
N d
g

Aspecially important hydroxi-and aminoderivatives of
pyrimidine, entered in composition of nucleic acid.
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From derivatives of pyrimidine, which have drug's importance
we note barbituric acid and barbiturate. Barbituric acid presents
cyclic ureide of malonic acid. .

(o] .
4
NHz  cpHs0-C C,HzONa H_ )iu
o=c R cu —_— N
~ 4 H
NH, CaHsO— c -2 C;H,0H )\
Y% 3 )

urea vmalonic ester barbituric acid

On the base of barbituric acid were obtained many of sleeping
pills, drugs, and anti-convulsing preparations. For example soporific
property has 5,5 — disubstituents of barbituric acid. ~

(o]

H_ R; 1.R1=CoHs; Ro=C2Hs — barbital
N " *
)\ Rz 2.R;1=C2Hs; Rx=CsHs ~ Phenobarbital (luminal)

¢ H o 3.R1=C2Hs; Ro= —O cyclobarb1tal \
4. R1 = CzHs; Ry =-CHz - CH2 - CH(CHs)2 Barba.rmle

Thiamine (vitamine _§1)

Ha CH3 '
CHz-—N .
CH,—CH,—~OH |[Br <y

Condensated heterocycls

Purine - the product of condensatlon of pynrmdlne and

imidazole.
N? N\
@8]

The very important hydroxi- and amino-purines, which are
active substances and part1c1pate in different vital processes.
Hydroxxpurmes form in organism as result of nucleic acxd degradation
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. (o] 7 N (o] -
‘H;\NJIN o ?{\NJHA/NI
- | o
92\1? N?H - OJ\N N?:
) H H

hipoxantin . .. xantin . uric acid

For hydroxipurines was known lactim-lactam tautomeria, for

example N .
o - : (o]
H_ N’ L HQ N
N N .
fI AR e
fo) 1Iv N\H o llv N\H
H H
lactam form lactim form

Uric acid presents in organism as final product of degradation
of purines in organism. The salts of acid uric was named urates.
Urate of ammonium enters in composition of uric stones.

At alkaloids of purine's row belong derivative's of xantin —
coffeine (1,3,7-trimethylxantine), theophylline (1,3-dimethylxantine),
and theobromine (3,7 - dimethylxantine). The natural sources of
those products are leaf of tea, coffee and cocoa beans.

; (o] ?Ha [o lo)
HsC N LWy N Hsc\N N
3
J I [ J I
A e
CH3 " CHgy CHa <'3Hs

1,3,7 trimethyixdﬁtine :1,3 dimethylxantine 3,7-dimethylxantine
coffeine theophylline theobromine

Coffeine may be obtained from methylation of xXantine,
theophylline and theobromine with methyliodide.

Coffeine ~ effective preparation exciting central nervous system
and stimulating hart's work. Theophylline and theobromine are the
competitive inhibitor of cyclic AMP phosphodiesterase. They have
diuretic and cardiac stimulatory action, and relax smooth muscle,
they are a bronchodilators.
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CARBOHYDRATES. MONOSACCHARIDES.

Carbohydrates are everywhere .in nature; they occur in every
living organism and are essential for life. The sugar and starch in food
and the cellulose in wood, paper, and cotton are nearly pure
carbohydrate. Modified carbohydrates form part of the coating around
living cells; other carbohydrates are found in DNA, which carries
genetic information; and still other are invaluable as medicines.

Classification and Nomenclature

The word carbohydrate derives historically from the fact that
glucose, the first simple carbohydrate to be obtained pure, has. the
molecular formula CeHi20s and was originally thought to be a
“hydrate of carbon” Ces(H20)s. This view was soon abandoned, but the
name persisted. Today the term carbohydrate is used to refer loosely
to the broad class of polyhydrated aldehydes and ketones commonly
called sugars.

" The carbohydrates may be subdivided conveniently into three
principal  classes: . monosaccharides, oligosaccharides, and
polysaccharides. B

Mononosaccharides include all sugars that contain a single
carbohydrate unit ~ that is, one incapable of producting a simple
carbohydrate on further hydrolysis. Most of the monosaccharides are
five - and six — carbon structures. S

The five — carbon - carbon monosaccharides are called
pentoses, and those of six - carbons are called hexoses.
Monosaccharides are further classified as either aldoses or ketoses.
The - ose suffix is used as the family - name ending for
carbohydrates, and the ald- and ket- prefixes identify the nature of
the carbon group {aldehyde or ketone). The number of carbon atoms
in the monosaccharide is indicated by using tri-, tetr-, pent-, hex-,
and so forth in the parent name. For example, glucose is an
aldohexose, a six-carbon aldehydo-sugar, fructose is a ketohexose, a
six-carbon keto-sugar; and ribose is -aldopentose, a five carbon
aldehydo-sugar. Most of the commonly occurring simple sugars are
‘either aldopentoses or aldohexose.

Oligosaccharides consist of two or more (ten in maximal
number) monosaccharide units joined by acetal linkages between the
aldehyde or ketone group of one simple sugar and a hydroxy group of
another. ‘

This kind of coupling in sugar chemistry gives rise to what is
called a glycosidic linkage.
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Polysacéharides consist of hudreds or even thousands of
monosaccharide units joined together through glycosidic linkages to
form macromolecules, or polymers. ‘

Stereochemistry of monosaccharides.

Glyceraldehyde has one chiral carbon atom and thereform has
two enantiomeric (mirror-image) forms, but only the -dextrorotary
enantiomer occurs naturally. That is, a sample of naturally occuring
glyceraldehyde placed in a polarimeter rotates plane — polarized light
in clock wise direction, denoted (+). Since (+) — glyceraldehyde is
known to have the R configuration at Cz, it can be represented as
bellow.

o o

it v i

([:—-H |C—H
H—C—OH . HO—C—H

| !

CH,0H CH,0H
D-Glyceraldehyde L-Glyceraldehyde

[(R) - (+) - Glyceraldehyde] [(S} - { -) - Glyceraldehyde]

Glucose, fructose, ribose, and most other naturally occurring
monosaccharides have the same stereo chemical configuration as D-
glyceraldehyde at the chiral carbon atom furthest from the carbonyl
group. In Fischer projections, therefore, most naturally occurring
sugars have the hydroxyl group at the lowest chiral carbon atom
refferent to as D-sugars. ' '

C{/_OH : C{-H
H—C—OH HO— i:— H
HO—C—H H—C—OH_
- bon oo
H— ('3'— OH ; HO— (I:— H
clzuzon g CH;0H
D-glucose L—giucose

In: contrast to the D-sugars, all L sugars have the hydroxyl
group at chiral center farthest from the carbonyl group on the left in
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Fischer projections. Thus, L sugars are mirror images (enantiomers)
of D sugars.

The mainest representations of sugars are:

Pentoses
g E 'z La
H—(‘:—OH H—(’i'- OH HO—(ll—H H—-(I:—‘H
H—(ll"OH HO';(IZ'—H H— él'— OH H—’(':— OH
H-—(ll—OH H—-(‘l-—OH H—(‘:-;ou H:-_(l:—on
CH,0H CH,0H CH,OH .(l:H20H
D-Ribose A D-Xylose D-Arabinose D-Dezoxiribose
Hexoses
o o] o]
H— (li— OH HO—-([:_—'H H—C—OH ?=o“
HO—C—H HO—C—H Ho-—(l.‘,—-H HO—C—H
H-C—oH H-C—OH  Ho—t—H H—C— OH
n—cl:—on H— cI:— OH n—-é:—ou H—cl':— OH
CH,OH tl:ﬁ,on cl;uzon : cl:nzon
D-Glucose D-Mannose D- Galactose D-Fructose

Stereoisomers of monosaccharids, distinguished only with one
of chiralic atom of carbon, named epimerons. For example D-glucose
and D-mannose and s.0. In nature we can meet derivatives of
monosaccharids, containing instead of hydroxi-group — amino-group.

The important representatives of aminosugars are:
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O
/° /

C—H c—H
H—E—NHQ H—l:--NH,, '
HO— <|:— H HO— (l:—- H
H—C—OH HO— lC"' H
H— (I:— OH H—é-- OH
(‘:H;;OH (!2H20H

D-Glucosamine D- Galactosamine

Cyelic structures of monosaccharides; hemiacetal formation

Several properties of glucose are not explainable by the open
chain formula. For example, when D-glucose is heated with methanol
in the presence of hydrogen chloride, the expeted dimethyl acetal is
not obtained.

It both thehydroxil and carbonyl group are in the same
molecule, an intramolecular nucleophilic addition can take place,
leading to the formation of a cyclic hemiacetal. Five- and six-
membered cyclic hemiacetals form particularly easily, and many
carbohydrates therefore exist in an equilibrium between openchain
and cyclic forms. For example, glucose exists in aqueous solution
primarily as the six-membered (pyranose) ring formed by
intramolecular nucleophilic addition of the hydroxyl group at Cs to C;
aldehyde group.

] /O ‘ |
HO_—C—H ) ?—H H—C—OH
H—C—OH ) H—C—OH H—C—OH
| o —* 1B — | o
HO—C—H HO—C—H Ho_(I;—H
H—C—OH H"‘(’:— OH H—C— OH
| {
H_(|:_—— H— (|:— OH H—C
|
CH,OH CH,OH CH,0H

S-D-Glucose D-Glucose a-D-Glucose
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When an open-chain monosaccharide cyclizes to a pyranose
form, a new chiral center is formed at what used to be the carbonyl
carbon. Two diastereomers called anomers {an-oh-mers) are
produced, with the hemiacetal carbon reffered to as the anomeric
center. Anomer-a pyranose sugar whose hydroxyl group at ¢ 1 is
either up {B) or down («). For example, glucose ciclizes reversibly in
aqueous solution to yield a 36:64 mixture of two anomers.

'/_\ trans

a-D-Glucopyranose f-D- Glucopyranose
{36%) (64%)

OH and CHzOH are trans OH and CH;OH are cis

Both anomers of D-glucose can be crystallized and purified.
Pure a-D-glucose has a melting point of 146°C and a specific rotation
[alo of + 12,29 pure B-D-glucose has a melting point of 148-155°C
and a specific rotation of + 18,7¢.

When a sample of either pure a-D-glucose and B-D-glucose is
dissolved in water, however, both optical rotation of the a-anomer
solution decreases from + 112,2° to 52,60, and.the specific rotation of
the B-anomer solution increases from + 18,7° to + 52,6°, Known as a
mutarotation, this phenomenon is due to the slow conversion of the
pure o and B enantiomers into the 36:64 equilibrium mixture.

Fructose, on the other hand, exists to the extent of about 20%
as the five-membered (furanose) ring formed by addition of the
hydroxyl group at Cs to Cz ketone. Pentoses forme five-membered
ring, too. : e
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o

HO'—(IV‘H

H—C—OH
[

H—C—OH

’ |
H—C

t
CH,0H
8-D-Ribose

Va
?—H
H—C—OH

|
H—C— OH
|
H—C— OH
| "
CH,OH

: H——IC"' OH

H”f'OHﬁo

H—C—OH
|

H—C
|
CH,OH

a-D-Ribose

D-Ribose

Pyranpse and furanose rings are often represented using the
Haworth projections. The equilibrium between oxo-form-and cyclic
form are known cyclo-oxo-tautomerism

V4
. &m
CH,0H c=0 HOH,C o OH
|
———> HO —C—H -——r
H HO
H— ‘f" OH H CH,0H
. H—C—OH
OH H ! OH H
CH,OH
a-D;fructofurandse - D-Fructose fADfructofuranose
{Haworth projection) = (Fischer projection) (Haworth projection)

Chemical properties of monosaccharides

1. Glycoside format:on

Treatment of a hemiacetal w1t.h an alcohol and ac1d catalyst
yields an acetal :

OH B ' OR
.c + R—-OH T——* ¢ + Hy0
y / \OR . / \OR

For example, reaction of glucose with methanol gives methyl B-
D-glucopyranoside:
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In this case — CHs present unsugar part of glycoside, named
aglicone.

Carbohydrate acetals are-called glycosides. -

They are named by first citing the alkyl group and then
replacing the -ose ending of sugar with -oside. Glycosides, like all
acetals, are stable to water, but they can, be converted back to the
free monosaccharide by hydrolysis with aqueous acid.

Glycosides are widespread in nature, and a great many
biologically active molecules contain glycosidic linkages. For example,
digitoxin, the active component of the digitalis preparations used
treatment of heart disease consisting of a complex steroid alcohol
linked to a trisaccharide.

2. Ester and ether formation ‘

At reaction of monosaccharides with CHsl or (CHs)2SO4 in base
environment enter in reaction all hydroxyl groups and form esters
(the products of full methylation of monosaccharides):

CH,0R CH,OCH3
H o NaoH H oH .
v +
OH H + (CH3)2804 &> OCH; H + Na_2804 Hp0
HO OH H3CO O-CHy
H OH H OCH,
a-D-glucopyranose o-methyl-aeP-2,3,4,6-

tetromethylglucopiranoside

Esters of monosaccharides confirm its structure. Hydrolyses in
acid environment are bringing to disintegration of glycozidic bond.
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CH,OCH, CH,0CH;

H —O H H+ H O\ H
5 +H0 Fm=—=> |/ H
;_ OCH; H Sl OCH; H /| *CHsOH
H3CO O—CHg H4CO on
H H

OCHj3 OCH3

Esterification is carried out by treating the carbohydrate with
an acid chloride or acid anhydride in the presence of a base. All the
hydroxyl groups react, including the anomere one. For example, B-D-
glucopyranose is converted into its pentacetate by treatment with
acetic anhydride in pyridine solution.

CH,0H - CH0COCH;
o .
H 8 H 4 5 (CH3C0),0
OH H ~
"HO OH
H OH H OCOCH;
a-D-Glucopiranose Ppento-o-acetyl f-D-glucopyranose

The esthers are easy hydrolyzes with formation of
monosaccharides.

CH,0COCH; CH,0H
o
H o H H,0(H') H H
IgCOCHQH - OH H + 5 CHzCOOH
- OH
H,COCO O—COCHj, HO
H OCOCH; H OH

In organisms the main role has reaction of phosphate esters.
Phosphorilation of glucose carries out with ATP participation.
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" o . HO— P— 0~ P—0—P—0O—
| | |
gH “ . OH OH OH
HO OH
H oH CH,0PO3H,
H O n
glucokinase H %
ADP
OH H
e e e
- OH
H OH

3. Oxidation of monosaccharides

Like other aldehydes, aldoses are easily oxidized to yield
carboxylic acids called aldonic- acids. Aldoses react with Tollen's
reagent (Ag" in aqueous ammonia), Fehling's reagent (Cu?* with
aqueous sodium tartrate), and Benedict's reagent (Cu?* with aqueous
sodium citrate} to yield the oxidized sugar and a reduced metallic
species. All three reactions serve as simple chemical tests for what are
called reducing sugars (reducing because the sugar reduces the
metallic oxidizing agent).

20

R—C: + Cu(OH); e R—COOH + Cu0 + 2H,0
H , reddish
precipitate
»0 t :
R—C\ + 2Ag(NH3);0H —» R-—-COOH + 2Ag + 4 NH; + H,0
H black ‘
Precipitate

It warm dilute nitric acid is used as the oxidizing agent, aldoses
are oxidized to dicarboxylic acids called aldaric acids. Both the
aldehyde carbonyl and the terminal ~ CH20H group are oxidized in
this reaction.
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C—H ‘ ; COOH
H—C—OH . H—C—OH

l : ‘ |

HO—C—H HNO3{d) HO—C—H

H—C—OH H—C—OH

l [
H—C—OH H—C—OH

J |

CH,OH COOH
D-glucose - D-glucaric acid

an aldaric acid

In animal organism we meet enzyme oxidation with oxidation of
Ce carbon atom to form uronic acids.

o]

g . P
H—C—OH . SR
Ho—lc—i-l omye HO—-(l:—H —_
H-C—OH - H~C— om
H— C— oH P -
(':H20H o

D-gluconic acid

4. Reduction of monosaccharides
Treatment of an aldose or ketose with borohydride reduces it to
a polyalcohol called an alditol.

P
C—H CH,0OH

H—C—OH H— tl:— OH

T T . T

H—C—OH Hs0 H—-(I:—OH
H— Ié_ OH H— cl:— OH
CH,OH clznzou

, D-glucitol .

{D-sorbitol)
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Reduction of glucose in D-sorbitol'is one of reactions of obtain
ascorbic acid (vit, C).

CH,0H CH,0H COOH
H—-C—OH t=o0 e=o
‘Ho-—t::—H _[..0_]. HO?‘}“’H 2l HO—C—H
H—C—OH .~ H-C—OH H-—(I:— OH
H—c‘:'—- OH | H0-<l;‘—H HO— cl:—n
(|:H30H ' (l:H;on CHzOH
D-sorbitol L-sorbose '

0o=cC
o | _1
Cc=0 o enolization :

| ,
Ho—c|:—~H[ ' HO— c i
H—C
|
HO—C—H HO— c H
‘ |

|
CH,OH CH,OH

- Lactone (Vit. C) L-ascorbic acid (Vit. C)
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OLIGOSACCHARIDES AND POLYSACCHARIDES

L. Oligosacharides.

Disaccharides, the most important of oligosaccharides, may be
regardes as glycosides. Oligosaccharides consist of two or more (but a
relatively small number) monosaccharide units joined by acetal
linkages between the aldehyde or ketone group of one simple sugar
and hydroxy group of another.”This kind of coupling in sugar
chemistry gives rise to what is called a glycosidic linkage. A glucosidic
link between C1 of the first sugar and C4 of the second sugar, called
a 1,4' link, is particulary common.

A glycosidic bond to the anomeric carbon can be either alpha or
beta.

1. Maltose.

Maltose, or malt'sugar, is disaccharide produced when starch is
hydrolyzed by malt diastase. Another enzyme, maltase, selectively
split the alpha-glycosidic link and completely hydrolyzes maltose to
yield two D-glucose units. Maltose is reducing sugar. This chemical
evidence suggests the prezence of an aldehyde group either
uncombined or in equilibrium with the hemiacetal form, as are shown
bellow:

CH,OH CH,OH CH,0H CH,O0H

Cyclic form oxo-fopen form)

The structure of maltose is that of two glucose units in a “head-
to-tail” arrangement joined through an o-linkage from carbon (1) of
one glucose unit to carbon (4) of a second glucose.

Maltose easy forms glucosides, esters and eters. Maltose can
reduce Tollens' or Fehling's reagent. In acid environment on heating
enzymaticaly maltose can be hydrolysed to form two molecules of a-
D-glucose.
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H Oum
H
OH H
HO
H oOH

a-D-glucose

2. Cellobiose

Cellobiose is a disaccharide that is obtained by the hydrolysis of
cellulose. It is a reducing sugar consisting of two glucose units joined
as in maltose, but through a f-linkage.

The enzyme maltose is incapable of hydrolyzing cellobiose. In
all other respects the behavior of cellobiose is identical to that
described for maltoze. Cellobiose is also reducing sugar. On
hydrolization cellobiose can proeduces two molecules of B-D-glucose:

p-{1-4}-glycozidlinkage

CH,OH CH,0H
—0
H H +2H20
OH H H*
OH
OH 2
cellobiose : -+ p-D-glucose .

3. Lactose. ;

Lactose is known as a milk sugar because it is present in the
milk of mammals. It is present in cows' milk to extent of about 5%
and in human milk to about 7%. It is produced commercially as a by-
product in the manufacture of cheese. Lactose is a:reducing sugar,
forms an osazone, and exhibits mutarotation. Lactose, .when
hydrolyzed by mineral acids or by the action of the enzyme lactaze,
produces equimolar quantities of D-glucose and D-galactose. Lactose
is a PB-galactoside in which the.anomeric (I) carbon of galactose is
joined through a B- lmkage to the number {4) carbon of glucose in a
“head-to-tail” arrangement. This is shown below.
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p{1-4)-glycozidlinkage

CH,0H CH,OH
A S, o : o 4
H (o} H
OH H \\NOH H
H H OH
H OH H OH

p-D-galacteopyranoril-1 y4-a-D-glucopyranose

Hydrolyzation of lactose

CH,0H CH,OH " CH,0H CH;OH
Ho e H  +Hy0 HO *—-—‘O o m x o\H
, ign H/] * \OH H
H H oR OH
H OH H OH

B - D-galactose a-D-galactose

4, Sucrose

Sucrose, ordinary table sugar, is obtained from the Jjuices
extracted from sugar cane and sugar beets. Sucrose is a disaccharide
that yields one equivalent of glucose and one equivalent of fructose on
hydrolysis of its glycoside link. This 1:1 mixture of glucose and
fructose is often referred to as invert sugar because the sigh of optical
rotation changes (inverts) during the hydrolysis from succrose, [a]p =
+ 66,59, to a glucose/fructose mixture, [alp = - 22°

Certain insects such as honey bees have enzymes called
invertases that catalyze the hydrolysis of . sucrose to ghucose +
fructose, R ‘

Honey, in fact, is primarily a mixture of glucose, fructose, and
sucrose. ¥ A

Unlike most other disaccharides, sucrose isn't a reducing sugar
and doesn't exhibit mutarotation. These observations imply that
sucrose has no hemiacetal groups, suggesting that the glucose and
fructose units most both be glycosides. Structure of sucrose is shown
bellow: : : .
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CH,OH

CH,O0H
o

CHon

Sucrose

a-D-glucopyranoryl-1,2--D-fructofuranozide

‘At acid's or enzyms' hydrolysis we can obrained one glucose
and one fructose:

CH,OH
H O u
H CH,OH
OH H 2 HOH2C 4  op
HO
+ N HOA
H OH CH,0H .
HOH,C
» H H
H OH °
a - D - glucose B - D- fructose
gt H%m,on
OH H

Disaccharides have the same properties as monosaccharides,
for example, form esters and eters, but rnaltose cellobiose and
lactose oxidate with reduce Fehling's solutlon and Tollens' reagent.
Disaccharides form glycoside.

Formation and hydrolyzation of glucoside are shown bellow:

cnzou cuzon ~ CHZOH cnzou

cnaon H'
- Hzo
OCH,

' maltose o ~ o-methylmaltoside
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CHgOH CHgOH

Formation and hydrolyzation of esters:

CHZOH CHZOH ’ ' cazocus

’ cuzocns
CHaJ
NaOH ocna H ocus
H3CO OCH,
OCH, OCH;
maltose octamethylmaltoztde
CH200H3 CH20CH3
HZO H
ocm3 ocna H + CH30H
H;,CO )
o . QCH;; OCHj3
2,3,4,6-tetramethyl 2,3,6, threemethyl
a, D-glucopyranose a, D-glucopyranose

1. Polvsacgharide;

The polysaccharides are high molecular weight (25 000-15 000
000) natural polymers in which hundreds (or even thousands) of
pentose or hexose units have been joined through glycosidic linkages.
The polysaccharides divide in two groups: homopolysaccharides and
heteropolysaccharides. The unit of homopolysaccharides is one of
monosaccahrides, but heteropolysaccharides have different
monosaccharides as structural units. The most important
polysaccharides are starch, glycogen and cellulose.

1. Starch, Glycogen.

Starch is the carbohydrate of most plants. It comprises the
major part of all cereal grains and most plant tubers, where it is
stored. Starch is used as a principal food source throughout the
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world. Glycogen.is the reserve of carbohydrate of animals, and a
relatively small amount is stored in the liver and muscules.
Structurally starch and glycogen are similar.

Both have the empirical formula (CeH:005)n, and both, when
completely hydrolyzed, yield glucose. :

Starch and glycogen are only partially hydrolyzed ‘to maltose by
the enzyme amylase.

When a paste'mage of starch and water is heated, two fraction
may be separated.. One called the.amylose fraction, is water-soluble
and has a molecular weight range of 20 000-225 000. A second
fraction, called amylopectin, is water- 1nsolub1e and has a molecular
weight range of 200 000-1 000 000.

Amylose can be hydrolyzed almost completely to maltose by the
enzyme f-amylase. This hydrolysis indicates that the maltose units
arise from glucose units joined through alpha 1-4 linkage.

CH,OH CH,OH CH,0H CH,OH

Ktk LI oL

a (1 -4) lmkage

The second structure of amilose presents unbranches chain, in
which rests of glucose twist in spirals' form, in which six glucose

enter in one coil,

The emptiness, formed in such form of chain, can contain’ the
molecules of blue iodine that bring to formation of blue complex
substance — the qualitative reaction on starch.

Amylopectin, on the other hand, is hydrolyzed to maltose to a
much lesser degree by the same enzyme. Chemical evidence indicates
that considerable branching occurs in the amylopecétin fraction of the
starch molecule. Such branches are formed from glucose units linked
through carbon atom (1) and (6). The glycosidic link at these positions -
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resists hydrolysis by B-amylase. A segment of a- branched starch
molecule is shown: : :

CH20H CH20H CH20H -

H —0, H (8] H
H H :
5 OH H OH H
° : af1,6)
H  .-OH- H OHCI), glycosidic link
CH20H CH20H . CHp
H 2 H O\H
H ; H
OH H OH H
- 0
H OH H OH

Complete acid hydrolysis of starch yield a-D-glucose:

+

H
(CeH100s5)n  + =n(H20) — n CgH;204

Glycogen is the emergency polysaccharides of animal and
human organism. On chemical structure glycogen is the same as
chemical structure of amylopectin, but branching meet more often
and molecule of glycagen considerable bigger on dimensions.

2. Cellulose.

Cellulose comprises the skeletal material of plants and is the
most abundant organic substance found in nature. It is the chief
constituent of wood and cotton. Cotton, almost pure cellulose, is the
principal source of celiulose used as fiber for fabrics. The cellulose
content of wood is approximately 50 per cent. The separation of
cellulose from other plant components is an important commercial
process upon which the textile, paper, and plastic industries are
largely dependent. )

The general formula for cellulose, like that for starch, may be
written (CeH100s)n but the numerical value of n in the formula for
cellulose is much larger than that for starch, is largely unbranched.

Complete hydrolysis of cellulose produces B-D-glucose. Partial
hydrolysis  produces  cellobiose,  cellotriose, and higher
oligosaccharides. The presence of B-glycosidic linkages establishes the
structure of cellulose as.
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B-glycozidic link

Humans are incapable of utilizing cellulose for food became
their digestive juices lack enzymes capable of hydrolyzinig the B-
glycosidic linkage, Ruminants (cud-chewing animals) are able to
digest cellulose because certain microorganisms present in their
compartmented stomachs cause a preliminary hydrolysis of cellulose
before it reaches the intestine. Certain lower orders of animals (snails,
termites) having similar assistance also are able to feed upon
cellulose.

3. Dextranes

Dextranes represents polysaccharides formed as result of
microorganism activity. The fragment macromolecule of dextrane we
can see bellow: )

CH, CH, CH,
P : ;
"H 0 OH/' O OH/ Q o/
H H H
OH " H OH H OH H/
H OH

H OH H- OH

H OH

Chemical evidence indicates that considerable branching
occurs in the dextrans. Solutions of dextrans after partial acid
hydrolyzes using as substitute for blood plasma.
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III. Heteropolysaccharids

Heteropolysaccharids consists frorn two monosaccharids or
their derivatives. :

The representants of heteropolysaccharids are: hyalunoric acid,
hondroitinsulphats, heparin. .

1. Hyalunoric acid

The main importance of hyalunoric acid is to hold together
water to regulat the penetration of tissue and to protection of
microbes penetrating. : ,

By . chemical structure of hyaluranic acid represents
unbranching polymer, consists from two disaccharides: pB-d-
glucuronic acid . and N-acetyl-p-D-glucosamine, joined by § (1-3)
glycozidic linkage.

COOH
H o H H/ [ ©
H H
on u /| 4\ oH
H \ HO
o
H OH H NHCOCH; H
repeated disaccharid repeated disaccharid

Hyaluronic acid

2. Hondroitinsulphats:
Hondroitinsulphats are similar by structure with hyaluronic
acid and consist from repeated disaccharided units, formed from B-D-
glucuronic acid and N-acetyl-B-D-galactoseamine, joined each with
oter $(1-3) glycozidic linkage.
The fragment hondroitin-4-sulphate, is shown bellow:
COOH HO3S' CH;0H COOH Hogs CHzCH

o H o
4 OH
o : ‘
H OH H NHCOCH; g [ NHCOCH;

Hondroitin-4-sulphate
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Hondroitin-4-sulphate in big quantity is meeting in cartilage,
bone's tissue and play a main role in calcification of tissue.

3. Heparin

Heparin any member of a group of glycosaminoglycans found
mainly as an intracellular component of mast cells, and act as
inhibitors of blood clotting by activating antithrombin III. In
connection with that fact heparin is largely used in practical medicine
as drug for delayed trombose formatmn and other as stab1hzer of
blood transfusion.

Macromolecule of heparin consists from disaccharids' repeated
units, formed from sulphate's a-D-glucozamine rest and two uronic
acids-D-glucuronic and L-iduronic, joined B(1-4) glycozidic link.

CH,0803H COOH CH;0803H

KENE LI L

OSOzH NHSO@H H OH NHCOCH;

repeated disaccharids ‘ kpeated disaccharids
As resulting from heparin's structure SOsH groups gives to

macromolecule of heparin strongly negative charge, that increases
polyanion's and antlcoagulatlor; s properties.
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THE NUCLEIC ACIDS

The nucleic acids are high molecular weight natural polymers
found in the nuclei and cytoplasm of all living cells, where they play a
highly specialized role’ in the chemistry. The nucleic acids,
deoxynbonuclelc acid [DNA) and ribonucleic acid (RNA), are the
chemical carriers of a cell's genetic information. Coded in a cell's DNA
is all the information that determines the nature of the cell, controls
cell growth and division, and directs biosynthesis of the enzymes and
other proteins required for all cellular function.

Just as proteins are polymers made of amino acid units,
nucleic acids are polymers made up of individual building blocks
called nucleotides linked together 'tc form a long chain. Each
nucleotide is composed of a nucleoside plus phosphoric acid, HsPOs,
and each nucleoside is further composed of a simple aldopentose
sugar plus a heterocyclic amine base.

Heterocyclic amine

The basic portion of nucleic acids are derivatives of two
heterocyclic structures, purine and pyrimidine, and are the parts of
nucleic acids responsible for the storage and transmission of genetic
information.

Although there are a number of minor, but important, bases,
five constitute the major bases found in nucleotides. Two of these,
adenine and guanine, are purines and are found in both RNA and
DNA. The other three, thymine, cytosine and uracil, are pyrimidines.
DNA contains thymine, and RNA contains uracil. Cytosine is common
to both nucleotides

4 6 & 7
3N7 5 Iy N
@ A

6 2
llv N4 No
3 H

pyrimidine pyrine

N
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Pyrimidine bases

Pyrimidine bases uracil, thymine and cytosine. They have two
tautomeric forms: lactim - lactam:

Uracil (U} Cytosine (C)

{2,4-dihidroxipyrimidine) : {2 - hydroxi-4-aminopyrimidine)
" NHjy
5 = )5 % =k Jj
)\ - /L\ i /l\
lactim form lactam fqrm lactim form lactamform
Thymine (T}

(5-methyl-2,4-dihidroxipyrimidine)

OH . ) (o] :
N)\ CH3 H CH3

L=t

HO

lactim form lactam fo'rm

The steadiest is lactam form, because in this form we have
conjugated system. It is founded that in composition of nucleic acids
we meet lactam form of basic portions

Purine base

The structure of purine bases are shown bellow:

kﬁ> AJI\%——L

Adenine (A) lactam form lactim form
(6-aminopurine) Guanine (G}
{2-amino-6-oxopurine)
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Nucleotides and nucleosides

The structural units in both RNA and DNA are called
nucleotides and are phosphate esters of substituted pentose, the
substituent being either a purine or a pyrimidine derivative attached
at carbon atom number 1' of the sugar ring.

In order to distinguish between two different ring systems
present within a nucleic acid, primed numbers will henceforth be
used to des1gnate posmon in the sugar, unprimed numbers to
designate ring position in the heterocyclic base.

The point of attachment in the heterocychc base is at position 1
in the pyrlmldme and at posmon 9 in the purine. The 1' position of
sugarand I or 9 posmons of bases are link with N-glycosidic bond.

A nucleoside is only the substituted sugar portion of a
nucleotide and structurally is analogous to a glycoside, except that
here we have a nitrogen atom instead of an oxygen atom bonded at
carbon 1'. Examples of both nucleoside and nucleotide formation are
illustrated bellow:

HETEROCYCLIC
o | PEmmpeyene | [Cwoisosor |

NH,
(N l N ‘ NH,
13 N) </N l SN
' H adenine N N)
HOH,C o H -H,0 HoRap
5 1 — ]
H H ‘ H H
OH OH OH OH
deoxyribose deoxiadenosine

(A nucleosine found in DNA)
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PHOSPHORIC NUCLEOSIDE | —» | NUCLEOTIDE
ACID +

. . NH,

N X
N

. 4

o ¢ f)

i N™ >N

o |

HO—P—OH + HO—H,C

! S

OH
orthophosphoric H H “Hz0
acid : OH OH
deoxyadenosine !
Phosphodiesteric NH2
linkage

o | L)

HO—P—0—HzC

i (o}
— /‘ oH
/ H H
\
sites for further = OH OH

esterification Deoxyaldenylic acid

or acid anhydride 4 ., cleotide found in DNA)
Sformation

The name of a nucleotide incorporates that of its nitrogen base
using the suffix -ylic and followed by acid as a separate word. The
name of nucleoside is similar to that given to a nucleotide with the
same sugar and base except that the name ends with the suffix -idine
it the base portion is a pyrimidine with -osine it the base portion is a
purine. Of course the word acid does not apply. Names of structural
units found in RNA and DNA are given in follow table.
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Table.

Some nucleosides and nucleotides

‘Base Pentose Nucleoside Nucleotide
Purines Adenine | Ribose Adenosine Adenylic acid
E Guanine | Deoxyribose | Deoxyguanosine | Deoxyguanylic acid
rimidines | Uracil Ribose Uridine Uridylic acid*
Thymin | Deoxyribose | Deoxythymidine | Deoxythymidinic acid**
Cytosine | Deaxyribose | Deoxycytidine Deoxycytidilic acid
* < Found only in RNA
** - Found only in DNA
Nucleotides maintain two linkages. N-glycosidic and
phosphodiesteric, therefore they can hydrolysed steply:
NH. NH,
N N
N N
4 4
0 <f3 ¢ 1]
I N N N N/
HO—P—O0—H.C © H,0,H' HO—H,C
| (0] —— + HgPO,
OH
H H H H
OH OH OH OH
AMP Adenosine:
o - NH,
HOH,C — A
o N Sy
. 4
—_— + < ] J
) H

OH OH

B-D-Ribose

Adenine

. Structure of nucleic acid.

There are two families of nucleic acids: ribonucleic acid (RNA),
it contains sugar D-ribose. RNA are found largely in the cytoplasm,
and deoxyribonucleic acid (DNA), it's sugar is 2-deoxy-D-ribose.
DNA - is the constituent of genetic material in the cell nucleus. DNA

are found largely in nucleu.

125




The primary structure of nucleic acid polymer actually is a
polyester structure in which phosphonc acid-sugar units are repeated
over and over.

The structure of nucleic acid we can show as repeated
mononucleotides, linked by 3' —»5' phosphodiesteric bond -

51 3n 5| 3:

{ PHOSPHATE H PENTOSE ]- —[ PHOSPHATEH PENTOSE
@ @

~ 7

mononucleotides

For example, bellow we show the structure of DNA fragment
(ATG).

phosphodiesteric ——>
bond ?
=pP—
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The secondary structure of DNA presents a ‘double helix and
was proposed by Watson-Crick. ‘ -

The Watson - Crick model was based upon measurements and
calculations made from X-ray diffraction data obtained by M. Wilkins
from crystallographic studies on a prepared sample ‘of DNA polymer.
A double helix structure would allow nitrogen bases in each DNA
stand to be projected toward the center. Uniform intermolecular
(hydrogen) bonding would then be possible between adenine in one
strand and also between cytosine in one strand and guanine in the
other. The hydrogen bonding capabilities of complementary base pairs
are shown bellow:

P Phispiale
§ o Suger (Beonynitosed
U= Cytosisin
G Guanine
A Adsaine
= Thysine
v o Sfvdrogen bisads

)
The‘ structure of RNA

The primary structure of RNA differs that of DNA mainly nature
of the nucleosides esterified. RNA incorporates the base uracil instead
of thymine.

Another different between DNA and RNA lies in their sugar: in
structure of RNA we meet ribose instead of deoxyribose.
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Difference between DNA and RNA lies in their secondary
structure, too. RNA molecules exist mainly asd single strads, rather
than in the form of double helices.

Three different types of RNA molecules appear to be involved in
the vital business of protein synthesis. One of these, ribosomal RNA
(r-RNA), is of the greatest molecular weight and is associated with the
ribosomes, or nucleoprotein particles, in cytoplasm. A second type of
RNA, called messenger RNA (m-RNA) is a polynucleotide of lower
molecular weight than r-RNA and carries the transcribed genetic code
from the DNA in the nucleus of the cell to the ribosomes. A third type
of RNA is called transfer RNA (t-RNA). Transfer RNA by weight is the
smallest of polynucleotides.

The function of t-TRNA is to select and to carry the amino acids
required for a specific protein to the correct m-RNA-ribosome site.

Nucleic asids and heredity

A DNA molecule is the chemical repository of an organism's
genetic informatien. What Crick has termed the central dogma of
molecular genetics says that the function of DNA is to store
information and pass it to RNA. The function of RNA, in turn,; is to
read, decode, and use the information received from DNA to make
proteins.

Each of the thousands of individual genes on a chromosome
contains the instructions necessary to make a specific protein needed
for a specific biological purpose.

Three fundamental processes take place in the transfer of
genetic information

DNA — > RNA —> proteins

Replication is the process by which identical copies of DNA are
made, forming additional molecules and preserving genetic
information. 5

Transcription is the process by which information in the DNA
is read and decoded by RNA.

Translation is the process by whici RNA uses the information
to build proteins.
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Nucleotidephosphats. Nucleotidic coenzyms.

In all tissues of organisms are meet free mono-, di-, and tri-
phosphats of nucleosides. Especially large are known adenosine-5'-
monophosphate  (AMP), adenosine-5'-diphosphate (ADP) and
adenosine-5'-triphosphate (ATP). Diphosphate group keeps one, but
triphosphate group-two anhydric bonds, called macroergic bond,
because-at their splitting is given off a big value of energy.

Especially important is adenosinetriphosphate acid (ATP),
which participates in the phosphorilates reactions, in reactions of
synthesis of nucleic acids and proteins.

The scheme of transformation of AMP in ADP in ATP.

NH, NH,
N N N A
J / N
f.’ <f3 s ¢ <f;
o ‘ o

HO—P— O —HzC
E

OH + Hapo, ©OH  OH
H H e — H H
OH OH OH OH
AMP ADP
NH,
- N x
N
o o o </ f )
H3POy4 l i i N7 N\y”
o HO —r—O—IP—-O— P—O0—H,C
OH OH bu
H H
OH OH

ATP

Adenosine-5'-triphosphate (ATP) is formed from adenosine 5'-
diphosphate by oxidative phosphorylation in coupled mitochondria,
by photophorylation in plants, and by substrate-level
phosphorylation. Reactions in which it participates are often driven in
the direction leading to hydrolysis of ATP. The chemical energy so

129



released (32kDj/mol) it may be utilized in active transport; it may be
converted to mechanical energy (e.g. for muscular contraction,
movement of cilia, etc), to light energy (for bicluminescence), or it may
be released as heat. ATP also participates in numerous synthetic
reactions by the transfer to other metabolites of a phosphoric or
diphosphoric residue, of an adenosyl residue, or of an adenylyl
residue. ATP participates in biosynthesis of protein.

On the first step of this process takes place the activation of
aminoacids with yield aminoacyladenilate, than activated aminoacid
reacts with corresponding t-RNA.

. A NH;
N x
N
o o o o . 4 f\
I P i <N N)
(o] ——

HagN—CH—C—OH 4+ HO —f’-—O—P—-O— P— O—H,C
R OH OH OH

a-aminoacid H H

OH OH
ATP

NH,
N x
N
4
. e
I ko NNy
—» HN—CH—C—O—-P— O—H,C
o

|
R bn L\j{
H H

OH OH
aminoacyladenilate

+ HP207

Adenosine 3', 5' - phosphate (3', 5 AMP cyc). It is the
universally distributed key metabolite, produced by the action of
adenylate cyclase on adenosine 5'-triphosphate, ATP. 3'; 5' AMPcyc
named a second messenger. )
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3, 5' AMPcyc

Coenzyme nicotinamide ~ adenine dinucleotide (NAD*) or
nicotinamide - adenine dinucleotide phosphate (NADP*)

e , NH,
AN C N2 Ne_ N
A CI1 )
¥ 8.3 N
CH,— 0——!|’—-0—-l;’-—0——CH2 ”
OH HO OH OH
H 9 =1 H H

OH OR
NADP* (R=POsHs)

They are the specific coenzyme in numerous oxidoreductase
enzyme reactions. In these reactions it stereospecifically accepts a
hydrogen atom in position 4 of pyridine ring, plus an electron, to form
nicotinamide adenine dinucleotide (reduced): NADH + H*, or
NADPH +H*. '
(o]
il

C—NH, v
(jr _+2H* +t2e-
- T —
-2H* __ -2e-
e /\ ,/0
CH3—CH,—OH CH;—cZ
etanol acetaldehyde

-2y
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They are atypical dinucleotides : containing a phosphoric
anhydride linkages between the component mononucleotide units, i.e.
between nicotinamide mononucleotide and adenilic acid. ,

Other important coenzyme flavin-adenine dinucleotide (FAD), it
is the active form of riboflavine (vitamine Ba). g

7 9
cnz—o—-—P——o—ll'—q,—cnz d ’

(?HOH):; OH OH
: H H

e
HaC N /NYO OH OH
P NH ’
HiC N*
o i
Flavin-adenine-dinucleotide (FAD)

It forms the coenzyme or the prostetic group of various
flavoprotein oxidoreductase enzymes:

r por
H3C N /NYO + 2H(2H* +2¢7) H)C N NYO
. < = :
= NH - 2H (2H%+ 2¢) o . ' NH
HsC N . HaC N
. e . 1
o *- H (o]
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- - ISOPRENOIDS. STEROIDS.

Although the lower alkenes do not exist tike this such in
nature, other alkenes occur widely in a variety of complex forms. A
large number of natural products are built from isoprene units. One
important class of these natural products is the terpenes, which are
sometimes called . isoprenocid compounds because their carbon
skeletons are multiples of the Cs isopren unit, the general formulas
are (CsHs)n, where n=2,3,4,6,8. This unit appears in most natural
substances in a regular head-to-tail sequence.

The widespread occurrence of this structural unit has led to the
isoprene rule, which states that the most probable structure of the
terpene is that which allows its carbon skeleton to be divisible into
isoprene units.

head CHS / tail CHS . ji%/\/c%
NAT A — AAAS
In some cases isoprene units are tail-to-tail arrangenent, such
as in B-carotene.
Terpenes are devide on number of isoprene units and on carbon
chain structure. ;S
By the number of isoprene units terpens are divided in the
following groups
Monoterpenes - (CsHs)z, containing two isoprene units
Sesquiterpenes ~ (CsHs)s, containing three isoprene units
Diterpenes ~ (CsHg)s, containing four isoprene units
Triterpenes — (CsHs)s, containing six isoprene units
Tetroterpenes - (CsHs)s, containing eight isoprene units
By carbon chain structure terpenes are divided in acyclic,
monocyclic, bicyclic.

Mono- and bicyclic terpenes

At monocyclic terpenes attributes limonene (1-methyl-4
isopropenilcyclohexane-1). Limonene enters in composition of lemon’s
oil and oils other plants.

Another monocyclic terpene is menthol - the based part of
mint. Menthol is application as antiseptic in medicine.

133



OH

Linionene Menthane Menthole

a-pinene (chief constituent of turpentine from pine tree sap)
and camphor (used in medicine and industry, obtained from the bark
of the Formosan camphor tree or by synthesis from pinenej attract to
diterpenes. ; .

o

o-pinene i camphor

The sesquiterpene farnesol is the precursor of the triterpene
squalene, which is itself the precursor in the biosynthesis of the
important steroidal alcohol cholesterol. The diterpene vitamin A is
apparently in the body by the oxidation of the central double bond of
the tetraterpene B-carotene, the yellow coloring matter of carrots.

The steroids. Sterane

The steroids are a family of compounds widely distributed in
animals. Common to the structure of all compounds of this class is
tetracyclic framework composed of the phenanthrene nucleus to
which is fused at the 1,2-positions a cyclopentene ring.

1

7

The steroid ring system (sterane)

The rings in the steroid molecule usually are not aromatic but
often contain one or more isolated double bonds. The total structure
of one steroid differs from that of another, usually by a variation in
the number and type of functional groups. To the family of steroids
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with this common ring system belong the sterols, the sex hormones,
the bile acids,.and other biologically important materials.

Cyclohexane rings A, B and C entered in sterane’s system
existence in the more profitable easy-chair (arm-chair). conformation
and can unite by cis- or trans-type.

All the steroids are divided in two rows: Sa-row (A/B trans unit)
and 5B-row, (A/B-cis-unit) in dependence of the type unite, The rest of
rings B, C, D in most cases join by type trans- and rarely by type cis
for Cand D s -

configuration conformation
5-q-sterane A/B, B/C, C/D - type trans

SO

‘configuration conformation
5-f-sterane A/B-cis, B/C, C‘/D — type trans join

Cholesterol. Ergosterol. Vitamine D

) Fal

An ancestor of the sterid’s group is cholesterane, containing 27
carbon - atoms. Cholestane present 10,13 - dimethyl - 17 -
izooctansterane. - : . ‘ :

The sterols are solid alcohol’s that posses a hydroxyl group in
position 3 a double bond between carbon 5 and 6, a side chain of
carbon 17, and methyl groups joined to ring carbons numbered 10
and 13. The sterols are divided in zoosterane, phytosteranes and
microsteranes. Cholesterol, C27H460, one of the most widely
distributed sterols, is found in almost all animal tissue but is
particularly abundant in the brain, the spinal cord, gallstones.
Cholesterol is the starting material for the formation of the bile acids,
s1‘:eroidv hormones and vitamin D. Deposition of cholesterol or its
derivatives in the flow of blood, causes high blood pressure, and leads
to some forms of cardiovascular disease. The structure of cholesterol
is shown with asymmetric carbon ators by asterisks.
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cholestane cholesteroi

Ergosterol |

Although cholesterol is found only in animals, a large number
of closely related compounds known as phytosterols are found in
plants. One of these, ergosterol, C2sH44O, is produced by yeast.
Ergosterol is of particular interest because, when irradiated, it yields
calciferol, vitamin D2

Hs

ergosterol . . vitanﬂn D2

Vitamin D is sometimes referred to as the “antirachitic”
vitamin. It is related to the proper deposition of calcium phosphate
and controls the normal development of the teeth and bones.

Fat-soluble Vitamins

The fat-soluble vitamins are those soluble in fats and fat
solvents. Included in this classification are vitamins A, D, E, and K.
The role of vitamins as food accessories usually is considered in
relation to nutritional deficiencies. It should be pointed out that doses
of the fat-soluble vitamins, when given far in excess of normal
requirements also could have toxic effects. Vitamin poisoning
occurred in a number of arctic explores, who became seriously ill
often eating polar bear liver.

Poisoning by water-soluble vitamins is riot possible because any
amounts not required are voided from the body in urine.
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Vitamin A may be obtained from the coloring matter of many
green and yellow vegetables. Vitamin A, as such is not found in
plants, only #-carotene, its precursor or provitamin. Other sources of
vitamine A are fish-liver oil, the livers of other animals, eggs, butter,
and cheese.

Vitamine A, or retinol, is oxidized in the body to the aldehyde
11-cis-retinal, which combines with a protein called opsin to produce
a light-sensitive substance rhodopsin. Rhodopsin is located in the
retina and, upon absorbtion the radiation within the visible range,
causes an isomerisation of cis-retinal to trans form.

A deficiency of vitamine A causes night blindness an inability to
see in dim light. Another disease of the eye known as xerophthalmia,
in which the tear glands cease to function, results from a lack of
vitamin A. ’ :

The chemistry of vision

Vision, the most remarkable of our senses, is a complex
chemical phenomenon. The human eye is roughly spherical with an
opening in the front of admit light. The moleculs responsible for vision
are attached to the tops of the rods and cones. We will consider here
the function of one of them, rhodopsin.

Rhodopsin has two parts: protein portion called opsin, and a
small aldehid portion called retinal. The structure of retinal has two
isomers form: trans and cis

-2H
retinol : 11 -~ trans - retinal >
/l\ A~ 2° :
Izomeraza ™™ /ﬁ(\c/ + HaN - (CHgz)z - opsin
e e ~
’ H

137



11 - cis retinal

hy

R oS \/c\r\CH = N - (CHz)n - opsin
~

rhodopsin

/Lx/\/L/C/O
"%Ejf TSN+ HaN - (CHa - opsin

vy

11 - trans - retinai

Fig. Mechanism of retinal trasformation

It is interesting to note that vit A, a substance known to aid
vision, especially night vision, has the same structure as retinal
except that the terminal aldehyde group is replaces by an - OH group
to give an alcohol. In the cis- form retinal is bound to.opsin. When
rhodopsin absorb light, the retinal is isomerized to all - trans form,
which separated from the opsin.

When the two portions separate, the natural reddish — purple
color of rhodopsin is lost. The cell to which rhodopsin in attached
becomes excited. This receptor cell then excites other cells and sends
a message to the brain.

After the activation of rhodopsin and the separation of the trans
form of retinal, the retinal returns to the 11 - cis form and
reconnected to opsin. This process is relatively slow. Color
discrimination is possible because cone cells occur in three groups:
those receptive to blue light, to green and yellow - red light.

Vitamine - D is sometimes referred to as the “antirachitic”
vitamin. It is related to the proper:deposition of calcium phosphate
and controls the normal development of the teeth and bones. There
are more than ten compounds that have antirahitic properties and
are designated Di, Dz, D3 etc. Vitamin D from fish oils is D3, while
that produced by irradiation of the skin with ultraviolet or sunlight is
D2. Vitamin D3 is known as calciferol and is derived from ergosterol.
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Calciferol (vitamin Dz)

Vitamin E, sometimes called the fertility factor, is related to the
proper functioning of the reproductive system. Vitamin E is found in
the nonsaponifiable fraction of vegetable oils such as corn-gern oil,
cottonseed oils, wheat-gern oil and peanut oil; It also occurs in green
leafy vegetables. As in the case of A and D vitamins, there also is
more than one form of vitamin E. Four different structures called
tocopherols have vitamin E activity. There are designated o-, B-, y-, &-
tocopherols. The structure of a-tocopherol, the most potent, is shown
below

- CHj
HO

Ha CH, CHj CHj CHj
3

| | |
Q' (CHzls — CH — (CHa)s — CH — (CHg)y — CH—CH,

Vitamin E is also used as an antioxidant for the prevention of
oxidative rancidity in vegetable oils. :

Vitamin K is the antihemorrahagic factor related to the blood
clotting mechanism. This vitamin is important especially from
surgical standpoint, There are at least two K vitamins, Vitamin K, is
obtained from the alfa leaf; vitamin K; is produced by bacterial action
in the intestinal canal. The structure of K; is shown below.

o)
CH3 : :
?Ha . ICHS ?Hs CHj
I
C” “CH;— CH = C — (CHy)3— CH — {CH2)s —~ CH — (CHy)s — cH — CHj
i
o
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Steroids Hormones. Adrenal steroids. Sex hormones.

The structure of adrenal steroids based of pregnane structure
(10,13-dimethyl 17 - ethylsterane)

The main representatives of the adrenal cortexes hormones are
hydrocortizone and corticosterone. These hormones are the
antagonists of insulin and increase the concentration of glucose in
blood. These compounds have been used with beneficial results in the
treatment of inflammatory and allergic diseases. The structures of
hydrocortizone and corticosterone are shown.

pregnane hydrocortizone corticosterone

Sex hormones

The mail and female sex hormones are structurally related
steroids responsible for the development of sex characteristics and
sexual processes in animals. Sex hormones are produced in the
gonads (ovaries and testes) when other gonadotropic hormones
stimulate the latter. The female sex hormones are involved in the
menstrual cycle, the changes in the uterus, and preparation for and
maintenance of pregnancy.

The structures and names of the principal female sex hormones
are shown below. -

18
12 CH,

estrane (1 3-nwthylste_rar.w)‘ . . estrone
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AL

estradiol progesterone
(3,17 dihydroxi - estratrien -1,3,5(10)) (pregnene-4diol-3,20)

Oral contraceptives that have been developed contain synthetic
compounds structurally similar to progesterone and estradiol but
modified chemically to permit easier assimilation into the blood

stream. These synthetic agents, when taken orally, suppress
ovulation and mimic pregnancy

Androgens (male sex hormones)

The male sex hormones, called androgens, except for the
absence of an aromatic ring, are very similar in structure to the
female hormones. The male sex hormones control the development of
the mail genital tract and the secondary male characteristics - e.g.,

beard, voice. The structures’ of the principal male sex hormones are
shown below

O

cn OH

CH

o}

androstane androsterone testosterone
The bile acids

Cholesterol is metabolized to the bile acids. These powerful
emulsifying agents flow from the liver into the bile duct and the small
intestine. Later a large fraction is reabsorbed in the duodenum and is
returned to the liver for reuse. Formation of bile acids involves the
removal of the double bond of cholesterol, inversion at C-3 to give a
3a-~-hydroxyl group followed by hydroxylation and B-oxidation of the
side chain. The structures of the prirncipal bile acids are
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cholic acid glycocholic acid (R=COOH]
(3a-, 7a-, 12a-trihydroxi-54 taurocholic acids (R=CH2SO0zH)
cholanic acid)

Heart’s glycozides. Aglycones of heart’s gl_veozides;‘
dihitoxihenine and stropantydine

The most importance in medicine among plant’s glycoides has
heart’s glycosides. These substances excite heart activity and
represent a valuable drug for medicine.

The active compounds in heart’s glycosides are aglycone
(henin). These aglycones are presented bellow dinitoxyhenine and
strophantydine. & B

CH,

S

Ho'
OH
dihitoxthenine strophatydine
(3p-, 14p-dihydroxi-5f-cardenolid) (36-, 35-, 14p-dihydroxi-5f-cardenolid)

142



REFERENCES

1. D.A.Bender, A.JHarris and other ~ Biochemistry and Molecular biology.
Oxford University Press, 2000 )

2. David E Metzler - Biochemistry. Academic Press, Inc., 1977. h

3. John Mec.Murry ~ Fundamentals of Organic Chemistry. Cole Publishing
Company, 1990. ‘

.4 Mlchael Edenbough - Organic Reaction Mecanisms. T.J.International Ltd.,
Padstow Comwall, 1999. ,

5. Robert I,Ouellette — Introduction to General, Organic, and Biological
Chemistry. Macmillan Publishing Co., Inc. 1984

6. Steven S.Zumdahl — Chemistry. Lexington, Massachusetts, Toronto, 1986.

7. Veronica Dinu, Eugen Trutia, Elena Popa-Cristea §i al;i‘i - Biochimia
medicald (Mic tratat). Bucuresti, edifia Medicals, 1998.

8.  Walter W Linstromberg, Henry E, Baumgarten ~ Organic Chemistry (A Briet
Couse). D.C.Heath and Company, 1983. o

9..HA. Twxasxuna, 10.M. Baykos — Bx«loopraumecxaa xumHa. Mocksa,
Memiumsa, 1991. ‘

10.}0.OBunnmkoB — Buoopranuueckas Xumui. Mocksa, [Ipocsemenne, 1987,



