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Synthesis of Amino Acids
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(1) Gabriel phthalimide synthesis : Good yields of cx-arrl.inf) acids arc
obtained when a-halogen acids are reacted with potassium phthalimide and the
product is hydrolysed. An example is given below :
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. COOH
]‘itft’hf}m aca@ may again be converted to potassium phthalimide.



Synthesis of Amino Acids

(2) Darapsky synthesis : Condensation of an aldehyde with alky)
cvanoacetic ester and their simultaneous reduction gives o-amino acids afe
following operations :

.. CN HA/Ni | CN
RCHO + ch/ <
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\COOC,H; = \CoO0C,H;
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(3) Erlenmeyer azlactone synthesis : Hippuric acid (benzoyl glycine)

upon heating with aromatic aldehyde in presence of acetic anhydride and sodium
acetate yields azlactone. Azlactone upon hydrolysis with 1% NaOH followed by
reduction with sodium-amalgam and subsequent hydrolysis under acidic
condition gives a-aminoacids. This method was introduced by Erlenmeyer for

the synthesis of aromatic amino acids.

" " \ (CH3C0O),0 _
CHO -« CII> -~ COOl| ——=— Cll=C— CQ
l = CH3COONa l l

NHCOC4l1s
*Benzoyl glveine N O

(Hippuric acid) | \(
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(Benzoyl ae-amino
Cinnamic Azlactone’

¥ 1% NaOH

_ Na —Hg _
CH, — CH -- COOH -7 CH = C~—CO0}!
. l (Reduction) ‘

NHCOC gH; NIICOC s

Hydrolysis (HCI)
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@—CH; -—!CH — COOH + C¢HCOOH

NH,
Phenylalanine
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Synthesis of Amino Acids

(4) Curtius reaction Method : Malonic ester and cyanoacetic ester give
amino acids according to reaction sequences discussed ahead. Both the sequences
involve Curtius reaction. :

COOEt COOEt |
) CH S (i) CoHz;ONa plre / -
4 -
(a 2 \ (ii) RX \
COOEt . COOE#
COOK COOK
RCH s RCH \
\ COOEt CONHNH,
| HNO,
COOH COOK
\ ‘(Cux_'tius reaction) \
NHCOOE , CON;
l HCVHeat
RCH(N Hg)COOH

, Glycine, alanine, phenyla_lamne and valine can be synthesised by this
- ne.:wd
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Aromatic amino acids like phenyl alanine and tyrosine can be synthemsm
by this method.



Physical Properties of Amino Acids

*Amino acids are colorless, crystalline solid.

*All amino acids have a high melting point greater than 200°
*Solubility: They are soluble in water, slightly soluble in
alcohol and dissolve with difficulty in methanol, ethanol, and

propanol.

*On heating to high temperatures, they decompose.
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presence of amino as well as carboxyl groups
ns in which one

ult of which
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(3) Zwitter ions : Due to the
in the same molecule they exist as inner salts or zwitter 10

proton from — COOH group is transferred to — NHy group as a res
3 |
f NHg and negative charge

positive charge develops on N H, group in the form o

S)
on — COOH group in the form of COO i.e. they exist as dipolar molecule.
NH, - NH; .
|

R — CH — COOH == R — CH— COO

Zwitter 1on

Dipole moments ‘of amino acids are high. It is 15 debye wunit

(1ID=1x10" 18 ¢ s.u.) for glycine. For B-y-and §-amino acid it is still higher.
When acid is added to amino acid solution Zwitter ion gets converted to

e 4
cation as — ve charge of COO is neutralize through addition of proton
O © H3O® @ '
HsN — CH (R) — COO == H3NCH(R) COOH + H;O
Cation : 4

Zwitter jon

Upon addition of base Zwitter ion of amino acid gets turned into an anien

e @
as OH ion of NaOH takes away one proton for NH3 group

@ © OH _ =
H;NCH (R)COO == H,NCH(R) COO + 1,0
Zwitter 10n anien



Physical Properties of Amino Acids
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(4) Isoelectric point : At a particular pH the concentr.ation of catign of
amino acid is exactly equal to concentration of anion; at this p'H fchere is 10
migration of amino acid in an electric field. It is worth mentlompg that in
strongly acidic medium ammo acids migrate towards cathode, but in strongly
basic medium amino acids migrate towards anode. The pH at which an amino
acid does not migrate under the influence of electric field is known as
“isoelectric point” (pl) of that particular amino acid. The equilibrium
between cation, Zwitter ion and anion is illustrated below : |

‘ | 9
9, H © OH e
H;NCH (R)COOH == HNCH(R) COO : H,NCHR)YCOO -

Calion ZWILLer 16n . amon

[soelectric point of an aminoacid depends upon basicity of amino group and
acidity of the carboxyl group; which depend upon nature of-R in amino acid. Fot
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Chemical Properties of Amino Acids

Properties due to -NH, Group
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(1) Reactions with mineral acids -"Amino acids form salts with inorganic
acids. For example . r
) ®
H,NCH . COOH +HCl'———| H3N — CH — COOH | Cl

l |
R R

'~ Hydrochloride of 'O'_L—amino acid

Salts of amino acids with mineral acids are Sparingly soluble in water. Free
amino acids can be obtained from these salts by means of strong organic base
like pyridine. | |

(2) Reaction with Nitrous acid : o-Amino acids upon treatment with
nitrous acid give a-hydroxy acids

HoN — CH — COOH
I|t + HONO —— HO — CH — COOH + N9 T + HoO
| <
_ b
m-oupo(r.li I;Ilge‘ Of"r nl.tlrogen .is elimina_lted in this reaction for each primary amino
> o).  This reaction constitutes the basis for Van Slyke method for

the determinati : :
-© cetermination of free — NH . :
A. Allrviatine . A11__ 1 .- anroup 1n prOtelnS-



Chemical Properties of Amino Acids

3. Alkylation : Alkylation of amino acids in alkaline medium gives N-alkyl
amino acids. Excess of alkyl halide gives quaternary ammonium salts. These
salts have Zwitterionic character and are known as betaines.

® S R’
H3N — CH — COO @ | 0 |
| +RX —— HoN — CH—CO0 ¢ ;
R | iX
R
Haffr iz O gy cog + 3CH3l ——— (CHg)g N — CHz — COO

Betaine
With 2, 4-dinitrofluorobenzene (Sanger’'s reagent) dinitrophenyl derivat .
are formed which are crystalline compounds. This reaction is used in detect
which amino acid of protein or polypeptide has free — NH, group.
NO-

S

O,N F - H-N CHCOONa O

» : ] HI
R

2. 4-Dimitrofluoro
benzene (2. 4-DNF)

NH - (‘ H -—— COONa
K
2. 4-Dantrophenyv] derivative

of amino ac
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