Chiral centers

The atom at the centre has sp3 hybridization and it is bound to four
different atoms or groups of atoms. It is called chiral center
(stereogenic)

We have a second molecule which is the mirror image of the first one

These two molecules are called enantiomers.
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Mirror image of d

Molecule b can be superimposed to
The mirror image of molecule a.

When this condition is satisfied
aand b are called enantiomers.




The rotational power o of a solution is proportional to its concentration
and to the length of the tube used for polarimetric measurements

0

25°C

lal, =

The specific rotational power [a] of a compound is
the rotational power of its solution at a concentration 1 g/ml,
using an optical path of 1 dm.

In the definition of [a] the

temperature and the wavelength A
Must be indicated.
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In the Cahn-Ingold-Prelog convention, first the priority is assigned
(according to dcreasing values of the atomic number).

The molecule is then analysed from the opposite side with respect to the
lower priority substituent

If the rotation from higher priority to lower priority is clockwise the
chiral centre is Rectus.

If it is counter-clockwise it is Sinister.
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diastereoisomers ‘

¢

H ,CH
SN

|

S
H/ N\

CH, Br

8



The two compounds differ for the configuration
of a single asymmetrical carbon and
are therefore called diastereomers.

H ,CH
cl_ pCHs N/
N/ »
| '<
He ™\, E}Igr/ CH,
CH, .



Mesoform

It is a chemical compund which contains stereocenters but it is not optically
active, due to the presence of symmetry plane in the molecule.

Such compounds generally also have enantiomers.

A is an equimolar mixture of a couple of enantiomers,
it has

A mesoform is a compund that has no optical activity due
to an "intrinsic compensation”.

D(-)tartaric Acid L(+)tartaric Acid Mesotartaric acid
(5.5) (LL) (L.S)
COOH COOH
HO——H H——OH COOH
H——OH HO—H o
COOH COOH BT
H——OH
HO, _COOH HO._COOH

*[ COOH

HO” ~COOH HO™ ™ COOH 10
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This tetra-alkyl ammonium ion is chiral
because all alkylic groups are different
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D-glyceraldehyde according to Fischer, the OH
bound to the chiral carbon is on the right side of

the carbon chain

If now we rotate the compound according to the Cahn-Ingold-Prelog
convention we observe that the absolute configuration is R.

H=—C—0OH
CH,OH

D-gliceraldeide

'-10H/ \

— 4
v

\\i/ .'.
Wiy, H :'

CHZOH

Ao
(2R)-2,3-diossipropanale
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Energy source cell wall
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DNA and RNA Molecular
recognition




Glucose metabolism
Intake:

Storagéb: ‘
Glycogen

Distribution
and

| utilization:
\ Free glucose

isaccharides

9
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(glucose, fructose, |
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Energy source
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Glyceraldehyde-3-phosphate

NAD*
NADH
NAD'

Pyruvate HVL’ Lacticacid
LDH

NADH
PFL
A
Formate NADH «-ALS
NAD'
PDH co,
a-Acetolactate
o,
ADP
Acctate Acetyl-CoA
NADH
ATP Acetoin ( Diacetyl
NADH
NAD' NAD
NADH «

NAD*
Acetaldehyde

NADH % @
NAD' 2,3-Butanediol

Ethanol
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Molecular recognition

‘\ A antigen > B antigen
Red blood cell

I | “.g 0 Type
Blood type A Blood type B .N-acetylgalactosamine

@ N-acetylglucosamine

A Antigen
@ Galactose

Blood type AB Blood type O O Facose
Universal recipient  Universal donor B Antigen
FADAM.

Figure 1. ABO antigen specificity. The ABO antigens
differ by just one sugar at the antigen terminus. Only the
carbohydrate portion of the antigen is illustrated.
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cell wall
(cellulose)

Plasma
Membrane g
/e . Endoplasmic
Peroxisome : 0 % Reticulum

Nucleolus

Nuclear
Envelope

Golgi
Apparatus

Cell

Exoskeleton
(chitin)

16



Thymine

Adenine
DNA aﬂd RNA Sffg y Iﬁ; : {id
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NOMENCLATURE
- MONOSACCHARIDES: molecules made up 3 to 9 C atoms
Monosaccharides are MONOMERS and they can form:
- DISACCHARIDES (2 units)
- OLIGOSACChARIDES (3 - 20 units)

- POLYSACCARIDES (more than 20) ’fﬁ’

1 mol of maltos 2mlfgl
A disacc harld

8@ ._OH

1 mol of su lmlfg] e +1 mol of fructos
A disacchar d ooooooo harides

e e e

1 mol of starch o
1 mol of cellulos many moles of glucos¢
Polysaccharides Monosacc harides



Classes of monosaccharides

Aldoses
(aldehydes)

O
—

H—C—OH

CH,OH

D-glyceraldehyde

Chetoses
(ketons)

CH,OH

C=0

CH,OH

Di-hydroxyacetone
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Chirality

H
(@) @)
\C/ \(;/
H--(f:--OH OH——Ci:--H
GH,OH CH,OH
D-Glyceraldehyde L-Glyceraldehyde

The Fisher convention is used.

The molecule is drawn with the most oxidized carbon on
Top.

Vertical bonds are below the plane and horizontal ones
are out of the plane.

The position of the -OH group at the bottom assign the
D orL type.

20



The family of

D aldoses
from3to6C
atoms CHO
H ——OH
CH,0H
D-(+)-glyceraldehyde
CHO CHO
H ,, HO——H
H H—{—OH
CH,OH CH,0H
D-(~)-erythrose ' D-(=)-threose
CHO CHO CHO CHO
H ——OH HO ——H H—{—OH HO —+—H
- H——OH - - H——OH -HO——H - ~HO——H -
(H——OH] [(H——oH] [H——oH] (H——oH]
CH,0H CH,0H CH,0H CH,0H
v D(-)-ribose ¥ ¥ D-(-)-arabinose ¥ ¢ D(+)-xylose ¥ v D+-)lyxose 1
CHO CHO CHO CHO CHO CHO CHO CHO
H——O0H HO—{—H H——OH  HO——H H—{—O0H HO——H H——OH HO—{—H
H——OH H——O0H HO—{—H HO——H H——OH H——O0H HO—+—H HO——H
H——OH H——OH OH H——OH HO——H HO——H HO——H HO——H
|H——OH| |H——OH| |[H——OH| |H——OH| |H——OH| |H——OH| |H——OH| |H——OH|
CH,0H CH,OH CH,OH CH,0H CH,0H CH,0H CH,0H CH,OH
D-+)-allose D-(+)-altrose  D{(+)-glucose p-(+)mannose  D-(-)-gulose D-(-)-idose  p-(+)-galactose  D-(+)-talose
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All sugars naturally present in our

metabolism are members of the D series

H\q%)
H-C-OH
H—¢—OH
H- C* OF
H—¢—OH

H
Ribose

H\$¢3
H-C—0H
HO—¢—H
H-C-OH
H-C*™OH
H—?—OH
H

Glucose

H\?;)

2 P8 (oI p)

HO—¢—H

HO- C-H

H—?ﬂOH

H-C-OH
H

Galactose
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Family of the
D-ketoses
from 3to 6 C
atoms

Ketotriose
CH,OH
CcC=0

CH,OH

dihydroxyacct()nc

Ketotetrose

CH,OH

C=0

H—C—OH

CH,OH

D-erythulose

CH,OH CH,OH
C=0 C=0
HO—C—H Ketopentoses H—C—OH
H—C—OH H—C—OH
CH,OH CH,OH
D-xylulose D-ribulose
Ketohexoses
CH,OH CH,OH CH,OH CH,OH
C=0 C=0 (|:=() (|:=()
HO—C—H H—C—OH H—(lj—OH HO—é—H
HO—C—H HO—C—H H—(lj—OH H—é—OH
H—C—0H H—C—OH H—C—OH H—C—OH
CH,OH CH,OH CH,0OH CH,OH
D-tagatose D-sorbose D-psicose D-fructose
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dihydroxyacetone

KETOSES

s
|
|
O
s

|
O

|
O
s

H—(lj—OH
C=0

|
HO—(|3—H

H-C-OH

| 4| D
|

|
aofblde]l el debdeldas
| |
O O
T s

ribulose

H—¢—OH

H—(IZ—OH
H

fructose
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Hemiacetal formation

25



Hemiketal formation

26



The new chiral centre is called
ahomeric carbon

It is a reversible reaction that
cause mutarotation.
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Nomenclature

Pyranoses

Furanoses

28



HEMIACETAL FORMS OF ALDOSES
Aldoses with more than three C atoms can form internal hemiacetals

and become cyclic. This is the most common form in water solution

H, O H. OH
C G | CH,OH
H-C-OH H-C-OH | O~ oH
H-C-OH H-C-OH | 1
. vl S
H-C-OH H-C-OH
H H

D-ribose in the open and closed form (furanosic)
29



H—C|3—OH _CHZOH . .
HO—&—H \ (l) Rea;’r.lon of nucleophilic
He GO / NOH i 4 addition between
H—C—OH c=C” 0 -OH group and carbonyl C
| H OH
CH,OH
Formation of

Chiral Center  cH,0H H
6/
VG
C "
|\ OH 0
" &»
OH O

The addtion of the -OH in C5 to the aldehydic group 2 can happen

from opposite sides (free rotation around C1-C2).
30



Linear and cyclic forms (pyranosidic) of glucose

H_ O He, ;OH
(I: Cf CH,OH
H—le—OH H—(lj—OH O o
HO—(|3—H HO—(|3—H O OH ){1
H-C-OQH H- C-OH O | |
I |
H-C-OH H-C OH
H—le—OH H—(IZ—OH
H H

Cyclic glucose has the same conformations
of cyclohexane (chair, boat etc

31



Mutarotation

a- and B-glucose can be separated and they have different
specific rotatory properties (o =+112°, § =+18,7°). If one of
the two forms is dissolved in water a value of specific
rotation of +52.7°is achieved.

* Mutarotation is the change in optical rotatory propertis that
happens when a mixture of anomers is formed.

@)
N/
CH,OH C CH,OH
HO \ 0 H—}—OH HO \ Q
HO H———OH HO OH
HO H——F—OH HO
i CH,OH
«-D-(+)-Glucopyranose Open-chain B-D-(+)-Glucopyranose
(mp 146°C; [a]® = +112°) form of (mp 150°C; [a]® = +18.7°)

D-(+)-glucose

The most stable anomer is more abundant, a small fraction
of the open form allows the interconversion. 32



Mutarotation

Variation during time of

N
H O ( . .
o - h | f
ch\ . the optical properties o
H—+—OH
iy o) ) a- and B-glucose
CH,OH tr}m“ / CH,0OH \
HO Q tr ‘) PG Oly —» HO 0 |
= v
HO / H——OH HO OH
OH OH
OH CH,OH
a-D-Glucopiranosio (0.002%) B-D-Glucopiranosio
(37.3%) (62.6%)
(anomero a: OH e (anomero B: OH e
CH,O0H sono trans) CH,0H sono cis)
14r Rotation of D-Glucose Samples
Rotation
11

Crystals from Hot Water
8

)

S

2 Crystals from aqueous acetic acid

.,\,

1 1 1 1

-

1
Time, minutes 160 200

Occurs in all reducing sugars, i.e. sugars that have a free anomeric carbon



OH OH

HO O HO 0
HO BoH HO H
OH H OH OH
p-D-Glucopiranosio o-D-Glucopiranosio
Iniziale: [o], +18.7° Iniziale: [o] +112.2°

L

Finale: [a_]D +52.5°

14

Rotation
11

Rotation of D-Glucose Samples

Crystals from Hot Water
8

5 —_————|

/

2 Crystals from aqueous acetic acid

,\

| 1 1 1 1 |

1
TimMe, minutes 160 200
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CH,OH CH OH

m HO (equatorlal)

(ax1al)
«-D-(+)-Glucopyranose B-D-(+)-Glucopyranose
(36% at equilibrium) (64% at equilibrium)
/& ﬁ
«-D-Mannopyranose [B-D-Mannopyranose
(69% at equilibrium) (31% at equilibrium)
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Cyclization of D-Fructose
(biologically relevant forms)

CH,OH

HOCH, O _ CH,OH c': — 0 HOCH, O, OH
|
OH Ho—cls—H
H OH
i H—Cll—OH CH,OH
H—C—OH
OH | OH
CH,OH

a-D-Fructose D-Fructose B-D-Fructose
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Distribution of the cyclic forms:

* Open chain: 0.4%

» a—D-fructopyranose: 2%

* B—D- fructopyranose : 71%
 a—D-fructofuranose: 5.6%
* B—D-fructofuranose: 21%

38



CONFIGURATIONAL ISOMERS

'CHO
T T
3
enantiomers HO _4_ H
H———0OH
stereoisom ers that 5
are mirror images —1—OH
6 CH,OH
D-glucose
'CHO
H-24—0OH
3
diastereomers H0_4— i
_ H——0OH
fsereo isomers that are H—_oH
not mirrorimages
6 CH,OH
D-glucose
CH,0OH
anomers H o
. OH H 1
stereoisomers
and diastereomers  ©H
that differin config. H OH

around anomencC
B-D-glucopyano s
OHon C1 point up

5 CH,0H
L-glucose

'CHO
H-24—0H
HO—4—H
HO-H—H
H——0OH
B CH,OH

D-galactose

CH,0H
OH H O. H

OH H 1
H OH OH

H OH

o D-glucopyranose
OHon C1 point down
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Confromational isomers of glucose.
Same stereochemistry, but different conformations.

Ho. ©CH OH
HCH)O O HO OH
HO OH HO O HOho o
OH OH
) OH
Chair Boat Skew
HO-HO OH Or HO 0
OH OH HO
O
HO OH
OH
HO OH HO HOO
Chair Half-Chair Envelope
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Derivatives of Monosaccharides

41



Esters with phosphate

1
RP—A-
o\ O
H O-
H O
HO
HO H

Glucose-6-Phosphate
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Esters with phosphate

CH,OPO4%" _
5 on 'O3PO Hp_ 0 OH
OH OH
HO CH,0POZ2"
OH OH
p-D-Glucose-6-P B-D-Fructose-1,6-bisphosphate
(Glc-6-P) (Fru-1,6-bisP)
H O BN /O
(IZHQOH \C// (IJ
— | H—C—OH
¢=0 H—C—OH |
CH,OPQ42" | H—C—OH
CH,OP052 | ”
Dihydroxyacetone D-Gl \dehvd CH,0POs
hos hate -Glyceralaenyae
p(DHKP) 3-phosphate D-Erythrose
(G3P) 4-phosphate
(E4P)
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Deoxy sugars

HOCH, O 2-04POCH, O
OH @L
OH OH
2-Deoxyribose Deoxyribose 5-phosphate (dRib-5-P)
(dRib) [Deoxy-a-D-ribof uranose S-phosphate]

In biological compounds the 5-member ring is
found

44



Amino Sugars
(e.g. GIcNACc-6-P)

CH,OP

HO

N-Acetyl-D-glucosamine 6-phosphate

45



-gl
with

ycosilation of proteins
oligosaccharides

R
° O_CHz_(’?H > Serine
OH C=0 |
?
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N-glycosilation of proteins

with oligosaccharides

3

Il

O —NH—C—CH, C’H
VY,V VTe) g ’

> Asparagine
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Alcohols derived from sugars

(reduced)

H\C//O
4o
H— G—OH
—G—on

(|3H20H
D-Ribose

CH,OH
H—(|3—OH
H—é—OH
— o
Cl)HZOH
Ribitol

\o?
H— GO
HO—C—H
H— G—OH
H—G—o
CI3H20H
D-Glucose

CH,OH
H—G—OH
HO—(IJ—H
H—G—oH
——on
CIZHQOH

Sorbitol



 Oxidation of monosaccharides
Tollens or Benedict reagents: active on reducing sugars

Tollens reagent [Ag(NHs),OH] yields a "silver mirror"
when Ag* -> Ag°

Benedict reagent (alkaline solution of rameic citrate)
yields a red precipitate of Cu,O

0 H
S CH,OH

Cu?* (complex) + (?HOH)H or C=0 —— C(Cu,0} + oxidation products

CH,OH ((liHOH)”
CH,OH
Benedict’s Aldose Ketose (brick-red
solution reduction
(blue) product)

Ina an alkaline solution a ketose can be converted into an aldose.

49



Ocidation products of sugars:

Aldonic Acids
Aldaric Acids
CHO CO,H
| Br. | CHO CO,H
(CHOH), —2> (CHOH), o
| 2 | (CHOH), ——> (CHOH),
CH,OH CH,OH | |
Aldose Aldonic acid CH,OH CO,H
Aldose Aldaric acid
O\c _H N _OH
HO CH,OH H——OH H——OH
“— HO H 2%, Ho H
HO OH OH H—+—OH H——OH
H——OH H——OH
CH,OH C

D-Glucose
D-Glucaric acid

50



* Formation of glycosides

* Glycosides are ectals of the anomeric carbon

« When glucose reacts with methanol a methyl glucoside
is formed

* A glycoside derived from glucose is called glucoside.

@) H
N\
N C/
H——0OH CHOH
HO——H LS
Hed—on — CH,OH
HO HCI
H—+—OH HO OH  (-HoH)
CH,OH D-(+)-Glucose
CH,OH CH,OH
HO ’ 2 HO ’ Q
+
HO HO OCH,
HO HO )
OCH,
Methyl a-D-glucopyranoside Methyl B-D-glucopyranoside

(mp 165°C; [a]® = +158°) (mp 107°C; [a]® = —33°)



* Sugars in hemiacetal form are rreducing since they are in
equilibrium with the open form and can react with Benedict
and di Tollens reagents.

« Sugars with gycosidic bonds are non-reducing since they
have no free aldehydic groups.

Reducing Sugar Nonreducing Sugar
Alkyl group or
| | / another sugar
—C—0 O—H —L—0 O—R
Y [ S
P Pa
Z N 7N
- R’ =il R’
| |
Hemiacetal (R’ = H Acetal R’ = H
or = CH,OH) or = CH,OH)
(gives positive Tollens’ (does not give a
or Benedict’s test) positive Tollens’ or

Benedict’s test)
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GLYCOSIDIC BOND

It is a peculiar form of acetal, formed between the
Hemiacetalic carbon of a cyclic sugar and another
carbon from another sugar.

CH,OH CH,OH
O O
OH OH
o O OH
OH OH

Maltose (dimer of a-glucopyranose)

o.-D-glucopyranosil - (1- 4) - D- glucose

Reducing
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Reducing B-D-galactopyranose (1- 4) a-D-glucopyranose

CH,OH CH,OH
O
OH © B-galactoxidase and
O lactose intolerance
OH OH
OH
OH OH

Lactose (galactose-glucose)

CH,OH CH, OH .
5 0 Non-reducing
OH O OH
O CH,OH
OH OH

Sucrose (glucose-fructose)

a-D-glucopyranose (1- 2) B-D-fructofuranose 5



Linear polysaccharides

W glycosidic linkages

O—0O0—0—0—~=0
\

non-reducing end (NRE) reducing end (RE)
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Branched polysaccharides

glycosidic linkages

__» 0—0—0—0Q
E

T 0—0—0—0—0—0

NR

RE
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STRUCTURAL POLYSACCHARIDES

CELLULOSE

an example of of isomerism in sugars is cellulose, that
has a 3-glycosidic bond.

The disaccharide from cellulose is very similar to
maltose, but it is usable in human metabolism, since we
do not have enzyme that can break the bond between
the two glucose molecules.

Cellobiose
/ CH,OH CHzo}
O O\
Non O~ on >{OH
OH OH
_/ (n)

B-D-glucopiranosil - (1- 4) - D- glucosio
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Catene di cellulosa

Microfibrilla
Pareti cellulari

Microfibrille
di cellulosa
nella parete
delle cellule vegetali
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Storage Polysaccharides

Starch (amilose -linear, and amylopectin- branched) in
plants.

CH,OH CH, OH
@ Q o- (1-4) e a-(1-6)
CH, OH CHzOH
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Amilose

’/ Amilopectina
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Glycogen is highly branched

Fast release of sugar from liver and muscles

61



