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Protecting Groups (PG)

General Considerations

* Avoid undesired side reaction

* PGs have to be
— Easily introduced and safely removed
— Stable in reaction conditions
— Orthogonal

* Which groups need protection?

If R contains NH,, OH, SH,
COOH or other reactive
functionalities




The Concept of Protecting Functional Groups 5

When a chemical reaction is to be carried out selectively at one

reactive site in amultifunctional compound, other reactive sites must
be temporarily blocked.

A protecting group must fulfill a number of requirements:

» The protecting group should not have additional functionality
that might provide additional sites of reaction.

» The protecting group must be selectively removed in good yield by
readily available reagents.

» The protecting group reagent must react selectively (kinetic

chemoselectivity) in good yield to give a protected substrate that is
stable to the projected reactions.



Why must an amino group be protected?

because it can contain
acid protons

because it i1s a
nucleophilic site

=
=)

it can be deprotonated
by strong bases

it reacts with
electrophiles

The most general way of masking nucleophilicity is by acylation.

-.“H‘-l'.#_.,—-

N

| acylation

nucleophile

U Primary and secondary amines are prone to oxidation, and N-H bonds
undergo metallationon exposure to organolithiumand Grignard reagents.

L Moreover, the amino group possesses a lone pair electrons, which can be
protonated or reacted with electrophiles.

U To render the lone pair electrons less reactive, the amine can be converted

Into an amide via acylation.




Protecting Groups for Amino Groups

» Amine protection is often an essential part of synthetic organic
chemistry as well as peptide synthesis. The abundance of aminesin
organic molecules makes the use of amine protecting groups

commonplace in many synthetic schemes.

» Amines are nucleophilic and basic in nature and therefore can
require protection to mask these properties during a chemical
reaction. Effective protecting groups are able to be added to and

easily removed from the compound being synthesi zed.

» Inthe case of amine protection, after the amine sensitive reaction is
complete and the protecting group removed, the amine is

regenerated as it was prior to adding the protecting group.



A - Protection of amino groups as carbamates
1- Benzyloxycarbonyl Protecting Group (CBZ)-

 PROTECTION:
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Because of the lability of the benzyl bond toward hydrogenolysis, the amine can
be regenerated from a Cbz derivative by hydrogenolysis, which is accompanied
by spontaneous decarboxylation of the resulting carbamic acid.



2) tert-Butyloxycarbonyl (t-Boc)

t- Butoxycarbony! group( Boc) isinert to hydrogenolysis and resistant to
bases and nucleophilic reagent.

PROTECTION:
AN Q\ J< t-BUOH + CO
R-NH, + >I\ c}o oj< ——— > RN J + 2
BOC,0 .
Di-tert-butyldicarbonate F"-‘N@
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DEPROTECTION: ( Cleavage | Cleaved by strong acid CF3CO2H
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3- 9-Fluorenylmethyl carbamate (Fmoc or 9-fluorenyimethyloxycarbonyl):-
9-Fluorenyimethyloxycarbonyl protection is used for an alcohol or amine and it is carried

out with an Fmoc—X reagent (X=CI or N3) in the presence of pyridine or NaHCOs .

PROTECTION:
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B-Protection of amino groups as amides

» PROTECTION: formation of the amide starting from the
corresponding acyl chloride or anhydride
» DEPROTECTION: the use of these amidesis characterized by the

possibility of acleavage in mild conditions

(a) Formamide (RRNCHO):

PROTECTION: ~ " & L -

DEPROTECTION:
RR'NCHO

RR'NH
RR'NH

RR'NH



2 ) trichloroacetamides

NaBH :
R“NLCCI =y — RNH, + Cl,CHO pa;'a:_
¥ 3 ROH "N” “CCly reduction
H
3) sulphonamides
OME OME
O . |
NRz—g—Ar - v RN+ ArSO, + 0 photochemical
0 cleavage

OMe OMe



C- Cyclic Imides As Protecting Group For Primary Amines:-

Phthalimide:-
PROTECTION:

(i) RNH, + phthalic anhydride —ho,
RNH, = nucleoside
cocl
(i) RNH, + @( - Ui S N—R
COOCH,
o)
(iii) RNH, + N—COOEt a-NeCOs N_R




DEPROTECTION:

0
. NH,NH,/EtOH
(i) N—R — o) RNH, + le
NH
0 0
0 phthalazine
. 20% HCI; or PANH,/n-Bu,N
(ll) N_‘R i 2
RNH, = peptide



Other Methods:

Alkylation | It is suitable for primary and secondary amines:

Triphenylmethyl is the most useful group of thistype group (CgHsg);C—(CzH5);C-,
which can be introduced on the amine nitrogen by the reaction of triphenylmethy!l
chloride ("trityl" chloride) with the amine in the presence of a suitable base to remove
the HCI that is formed: = fT
<\\,,7c4@+EMH — 4\4; H—-—\U‘s

K™ H

Acylation

One useful way of reducing the basicity and nucleophilicity of an amine nitrogen is
to convert it to an amide by treatment with an acid chloride or acid anhydride

RNH2+CH3COCI->RNHCOCH3+HCI

The reduced reactivity is associated with
the stabilization produced by the attached

0. 0.9
carbonyl group because of its ability to o=, AT & 5
accept electrons from the nitrogen atom R—=NH= L»H RN \
“electron delocalization of the unshared CH, CH,

pair of the amide function”:



D- Peptide Synthesis : Protecting groups

Protein synthesisis important for several reasons including:

» confirming the structure of natural proteins (e.g. for medical research etc.)

» to investigate how protein structure and function are controlled by the amino
acid sequence

However, it is not as straight forward as mixing the amino acids together to form
the amides.

For example, amixture of alanine, A and glycine, G would give a mixture of
amides: A-G, G-A, A-A and G-G, plus higher polypeptides...)

In order to control the coupling reaction, it is necessary to use protecting gr oups.
By protecting the amine group of one component and the carboxylic acid group of
the other, a specific amide bonds can be formed.

o Q) O
CO—
Onli wli’ — g
w Q- 1
R
protected protected new amide

amine acid



protecting activating protecting

croup group syoup
\ \/ O / furmpe tide
Y. NHCHC + H, NCHC X —2OnC
aa., ﬂﬂz
g T
Z—NHIZ'I.':HCN H(i':HC—)( + H-Y
a a4 ddsn

Treatment of an amino group with either ofthese reagents gives
a carbamate (an ester ofthe monoamide of carbonic acid).

Q Q _ 1. NaOH Q O
PhCH, OCCl =+ Hs N'CHCO 2. HCL H, 0"" PhCH, DCNI‘ICI'KZOH
CH; H;
Benzyloxycarbonyl Alanine N-Benzyloxycarbonylalanine
chloride (Z-C1) (Z-Ala)

- A carbamate is stable to dilute base but can be

removed by treatment with HBr in acetic acid.

O
PhCH» O&NH-F eptide = HCB(;OI-T PhCH, Br + CO; + H; N peptide
A Z-protected - Benzyl Unprotected

peptide brom ide peptide
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