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Amino Acids and Carbohydrates
Syllabus:

Amino Acids: Preparations (glycine and alanine only): Strecker synthesis, Gabriel’s phthalimide

synthesis; general properties; zwitterion, isoelectricpoint.

Carbohydrates:
Classificationandgeneralproperties;glucoseandfructose:constitution;osazoneformation;oxidation-
reductionreactions;ascending(KilianiFischermethod)anddescending(Ruff’smethod)inmonosaccharide

s(aldosesonly);mutarotation
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Amino acids

Amino acidsare organic compounds that contain amine (-NH,;) and carboxyl (-

COOH) functional groups, along with a side chain (R group) specific to each amino acid.

H

R

Figure : Amino acid


https://en.wikipedia.org/wiki/Amine
https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Functional_group
https://en.wikipedia.org/wiki/Substituent
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Lists of amino acids

A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL' AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.
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Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used
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Essential Amino Acids

There are nine essential amino acids: histidine, isoleucine, leucine, lysine, methionine,

phenylalanine, threonine, tryptophan, and valine. Since your body can’t produce or store
essential amino acids, it is important to regularly supply your body with these important building
blocks. Fill your diet with chicken, eggs, fish, beef, tuna, soybeans, nuts, chia seeds and quinoa,

and take a look at the amino acid content of your favorite protein-rich foods.
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Nonessential Amino Acids

Nonessential amino acids support tissue growth and repair, immune function, red blood cell
formation, and hormone synthesis. However, unlike essential amino acids, a healthy body can
create these proteins if given enough protein sources with essential amino acids. There are 11
nonessential amino acids: arginine, glutamine, tyrosine, cysteine, glycine, proline, serine,

ornithine, alanine, asparagine, and aspartate.

Essential Amino Non-Essential
Acids: Amino Acids:
e Arginine e Alanine
e [soleucine e Arginine
e Histidine e Asparagine
e Leucine e Aspartic Acid
e Methionine e Cysteine
e Lysine e Glutamic Acid
e Phenylalanine e Glutamine
e Tryptophan e Glycine
e Threonine e Proline
e Valine e Serine

e Tyrosine

Figure: Essential and non essential amino acids
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Strecker amino acid synthesis:

It is a method for the synthesis of amino acids by the reaction of an aldehyde with ammonium

chloride in the presence of potassium cyanide. The condensation reaction yields an a-

aminonitrile, which is subsequently hydrolyzed to give the desired amino acid.

Strecker Synthesis

Step 1: Formation of aminonitrile

0

I

,C_ +NHCI + NaCN —>
R H
Aldehyde Ammonium  Sodium

chloride cyanide

Step 2: Hydrolysis of aminonitrile to yield amino acid

HN_  CN

¢+ HCl + 2H.O —>
AN 2

R H
Aminonitrile Hydrogen Water
chloride
When R=H, Glycine and When R=-CHj3, alanine
"
I

HzN—?—C—OH
H

glycine

HN  CN
N S
C + NaCl + H.O
VAN 2
R H
Aminonitrile Sodium  Water
chloride
1
N C-OH |y ¢
/c‘\
R H
Amino acid Ammonium

chloride

HzN—TH-C—OH
CH;

alanine


https://en.wikipedia.org/wiki/Ammonium_chloride
https://en.wikipedia.org/wiki/Ammonium_chloride
https://en.wikipedia.org/wiki/Ammonium_chloride
https://en.wikipedia.org/wiki/Condensation_reaction
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Gabriel phthalimide synthesis of amino acids:

The Gabriel synthesis is a chemical reaction that transforms primary alkyl halides into

primary amines. Traditionally, the reaction uses potassium phthalimide.
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MK + E.r—C\—H E" N—C\—H E— N—C\: =
2.,
COzCzHs CO2CzHs Nagcsz L02C2Hs
. 0 diethyl o o
potassiurmn
phthalimide brormornalonate
0 o R-Br
COMH Hao S 0 © COxCHg |
2M HaO, 4 I MaoH I
4+ | - + HzM—C—F -— M—C—F
HsN—=C=R “co, l Hz0, & |
H 4 S Coz (] COzCa2Hs

General Properties:
Zwitterion :

A zwitterion is a molecule that contains an equal number of positively-charged functional group

and negatively-charged functional group.

B B H
| He I H? |
+H3N—C—CDDH — +H3N—{Z—EDD‘ — H;N—C—C00™
| PK; [ pK; |
R R R
cation Zwitterion anion

(at low pH) (at high pH)


https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Alkyl_halide
https://en.wikipedia.org/wiki/Amine
https://en.wikipedia.org/wiki/Potassium_phthalimide

@ Vivekananda College, Thakurpukur, 2020

NH; " NHz"
| 3 /O | 3 o
4 7
H.C—C + H—(.l‘,—C\
0] CH, 0
NH; ' HaN
0 0
al H ° T H ,°
Hg—C—-C—N—CIJ—C\ H-c|—c—u—a—c\
CH; 2 HsC
Gly-Ala Ala-Gly

Figure: Zwitterion of glycine and alanine

Isoelectric Point:

The word isoelectric or isoelectronic comes from ‘iso,” which means the same, and ‘electric,’
which implies charge. The isoelectric point or pl of an amino acid is the pH at which an amino

acid has a net charge of zero.

For the simplest amino acid, glycine, pKa;= 2.34 and pKa, = 9.6, pl =5.97.

N (lijH pKa, N o, pEa, o,
H.II | H = HIN +H HIT +H
E E E
acidic media nentral basic media
form high pH

low pH


http://www.chem.ucalgary.ca/courses/351/Carey5th/Ch27/ch27-1-2.html#Glycine
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Carbohydrates

Carbohydrates are a class of organic biomolecules that are optically active and have
polyhydroxy aldehydes or polyhydroxy ketones groups. Example ,Glucose & Fructose.

Classification of Carbohydrates:

A. Depending on the number of hydrolysis products carbohydrates are classified into the
following categories:

1. Monosaccharides

2. Disaccharides

3. Oligosaccharides

4

. Polysaccharides

Monosaccharides: Monosaccharides are carbohydrates that cannot be broken down into simpler

units by hydrolysis. Example: Glucose & Fructose.

Disaccharides: A disaccharide is a sugar that can be hydrolyzed to only two monosaccharides.
Example: Sucrose & Maltose.

Oligosaccharides: An oligosaccharide contains relatively few (2-10) monsaccharide units.
Example: Raffinose & Stachyose.

Polysaccharides: Carbohydrates that can be hydrolyzed into many(10 or more) monosaccharide

units. They are naturally occuring polymers of monosacchardes. Example: Cellulose, Starch.
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Carbohydrates

l

Monosaccharides Disaccharides Oligosaccharides Polysaccharides

{one (bwo (twoto ten (ten or more
sugar meleculs) sugar molecules) sugar molecules) sugar molecules)
>  Glucose > Sucrose Raffinose —™  Starch
— Fructose —» Lactose Stachyose —» Glycogen
— Galactose —»  Maitose —» Cellulose

Figure: Classification of carbohydrates on the basis of hydrolysis product

Classification of Monosaccharides: Monosaccharides are classified based on the number of
carbons in the molecule. General categories are identified using a prefix that indicates the
number of carbons and the suffix —ose, which indicates a saccharide; for example, triose (three

carbons), tetrose (four carbons), pentose (five carbons), and hexose  (Six

carbons)
Number of Name of the Aldose Ketose
‘C’ atoms monosaccharide
3 Triose Glyceraldehyde | Dihydroxyacetone
(Glycerose)
4 Tetrose Erythrose Erythrulose
5 Pentose Ribose Ribulose
6 Hexose Glucose Fructose
7 Heptose Glucoheptose Sedoheptulose

Figure: classification of Monosaccharide on the basis of number of carbons in the molecule.



Monosaccharides
aldose

glyceraldehyde

H (0]

N
H—— C——OH

H—— C——OH

ketose

dihydroxyacetone

H—— C——OH

cC=—=0

H—— C——OH

triose

glyceraldehyde

H

(@]
"

H—— C——OH

H—— C——OH
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pentose
ribose
H \ C/o
H—— C——OH
H—— C——OH
H—— C——OH
H—— C——OH
H

Figure: Examples of Monosaccharide

hexose

glucose

H——C——OH

HO——C——H

H——C——O0OH

H——C——OH

H—— C——OH




@ Vivekananda College, Thakurpukur, 2020

Aldehyde monosaccharide:

H\?oo
H—(_I“,—OH
CH,-OH
D-{+)-glyceraldehyde
H\C/,O ___________________ HAFASASNRIRSRRRARSS H\Cz;,o
| |
H—C—OH HO—C—H
H—-é—OH H—(I£—OH
I
CH,-OH CH,-OH
D-{(-)-erythrose D-{-)-threose
H\?,/O H\(_I_;?O H\C,;O H\C,}O
H—C—0H HO—C—H H—Clk—OH HO—(ID—H
H—é—OH H—é—OH HO—&—H HO—(l}—H
H_(|£_OH H—(%,—OH H—é—OH H—é—OH
| |
CH,-OH CH,-OH CH,-OH CH,-OH
D-(-)-ribose D-(-)-arabinose D-(+)-xylose D-(-)-lyxose
. (= e o
H\?,;O \(I:,}O H\(I:,J,'O H\C”O H\(ID{‘O \(_'_:,}O H\(_I_:{‘O H\?{‘O
H—C—0H HO—C—H H—C—0H HO—(JJ—H H—C—0H HO—C—H H—C—0H HO—C—H
H-—-é-—OH H—(_l,—OH HO—&—H HO—&)—H H—é—OH H—é—OH HO—&—H HO—&—H
H-—(I£—OH H—&—OH H—(_L,—OH H—é—OH HO—&—H HO—(%—H HO_éI_H HO—&I—H
| | |
H—(|3—0H H—(ID—OH H—(IE—OH H—(:D—OH H—(IE—OH H—CI)—OH H—CI)—OH H—(ID—OH
CH,-OH CH,-OH CH,-OH CH,-OH CH,-OH CH,-OH CH,-OH CH,-OH

D-(+)-allose D-{+)-altrose D-(+)-glucose D-{+)-mannose D-{-)-gulose D-{-)-idose D-{+)-galactose D-{+)-talose

Figure: Aldehyde monosaccharides
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Glucose (CgH1206) or Aldo-hexose:

Glucose is known as dextrose because it occurs in nature as the optically active dextrorotatory

isomer. It is also called grape sugar as it is found in most sweet fruits especially grapes.

Glucose can be prepared in the laboratory by boiling sucrose (cane sugar) with dilute
hydrochloric acid or sulphuric acid for about two hours. This hydrolyzes sucrose to glucose and
fructose. In order to separate glucose from fructose, alcohol is added during cooling. Glucose is
almost insoluble in alcohol.

H,O
Clezzon __) Ct’aHIEOG + Cnleoa

Cane sugar Glucose Fructose
(Sucrose)

Figure : Laboratory preparation of Glucose

Reaction of glucose :

a pentaacetate S— a cyanohydrin

CigH22044 (CHzCO)0
pyridineg HCHM CrH1a0eM
‘AN
sorbitol  MaBHa Glucose [0] _ gluconic acid
C6H14DE~ CeleoE (E'rl in HZO:I i CEHIZD?

BHCESS
(CHzCO)L0 [0]
pyridine HI i dil HHO3)
heat
a hexaacetate glucaric acid
CigHz6012 hewane CeH10Us

Figure : Reaction of Glucose
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Osazone formation of glucose:

Glucose:

HC——0

CHOH PhNHNH,

CHOH one mole

(cron),

CH,OH

HC NNHPh

C——NNHPh PhNHNH,
one mole

CHOH

(CHOH), . i,

CH,OH

0osazone

i\
HC ——N——NHPh

H
HC|— N——NHPh
\O/ H

( cCHOH )3

Amadori
CH,OH rearrange-
ment.
HC ——NH

PhNHNH, C=—0

one mole

Figure : Osazone formation of Glucose



@ Vivekananda College, Thakurpukur, 2020

Ruff degradation :
Ruff degradation is a series of reactions that removes the reducing carbon ( C=0 ) from a sugar
and decreases the number of chiral centers by one; used to relate configuration. Therefore, Ruff

degradation is a synthetic protocol used to remove one carbon atom from the molecule of

an aldose.
CHO CO,H CHO
H———0H H————OH HO————H
CaC0y, HaOs,
HO—————H Bra H0  po—1 1 FelOAc) H———OH
C0
H———OH H———— 1 : H———+——OH
H———0H H———OH CH,OH
CH,OH CH»0OH
D-glucose D-arabinose

Figure: Ruff degradation of glucose


https://chem.libretexts.org/Bookshelves/Ancillary_Materials/Reference/Organic_Chemistry_Glossary/Aldose
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Kiliani-Fischer synthesis: Itisa series of reactions that extends the carbon chain in a
carbohydrate by one carbon and one chiral center.

Kiliani-Fischer Synthesis

C=N C=N
RO H——OH HO—H
HO——H oHg HOTH . HO—H
H—+OH + NaCN ——— H——OH H——OH
H——OH H:O  H—-OH H——OH
CH,OH CH,OH CH,OH
D-arabinose D-gluconitrile D-mannonitrile
C=N s
e Pd/Baso, HOH
HO——H +H,+ H0 O—H
H—OH 60 psi,pH 4,5 H—T-OH
H——0H H——OH D-glucose
CH,OH CH,OH

Figure: Kiliani-Fischer synthesis of Arabinose
Mutarotation : Mutarotation is the change in the optical rotation because of the change in the
equilibrium between two anomers, when the corresponding stereocenters interconvert. Ordinary
glucose is a-glucose, with a fresh aqueous solution has specific rotation, +111° .0n keeping the
solution for some time; a-glucose slowly changes into an equilibrium mixture of a-glucose
(36%) and B-glucose (64%) and the mixture has specific rotation + 52.5°. Similarly a fresh
aqueous solution of B-glucose having specific rotation, + 19.7°, on keeping (standing) gradually
changes into the same equilibrium mixture + 52.5° . So an aqueous solution of glucose shows a
physical property, known as mutarotation, i.e., a change in the value of specific rotation

(muta=change; rotation = specific rotation) is called mutarotation .


https://en.wikipedia.org/wiki/Optical_rotation
https://en.wikipedia.org/wiki/Anomer
https://en.wikipedia.org/wiki/Stereocenter
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Mutarotation
a-Dglcose o | H,0 B-D-glucose
specific rotation: - ' specific rotation: < specific rotation:
[a), = 1110 [a), = +52.50 [aly =+ 19.70
HOL_OH i uo8 H
H——0 H——OH H——OH [
HO——H O HO——H HO—t+-H ©O
H__J H + OH H———J
CHa0M CH,0H CH,OH
a-form (36%) “m"(‘:‘,:a) p-form (64%)

Figure: Mutarotation

Reference: 1.https://en.wikipedia.org/wiki/Carbohydrate.

2. http://www.chem.ucalgary.ca/courses/351/Carey5th/Ch25/ch25-3-3.html

3. https://en.wikipedia.org/wiki/Amino acid

4. https://www.sciencedirect.com/topics/medicine-and-dentistry/amino-acid
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