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Abstract: A protecting group (English protecting group - therefore often referred to as common
abbreviation in formula schemes PG) is in chemistry a substituent which, during a more complicated,
multi-step chemical synthesis in a molecule is introduced to a specific functional group to protect
temporarily and so an undesirable reaction to prevent this group. After the desired reaction has been
carried out elsewhere on the molecule, the protective group is split off again. For many functional
groups several possible protective groups are known which differ in their stability and the conditions
for their cleavage. In the synthesis of special classes of compounds with repeating functional groups -
usually biomolecules such as peptides, oligosaccharides or nucleotides - standard sets of protective
groups have become established. Protecting groups have become an important tool in the synthesis of
complex compounds today. The requirements for a protection group are quite high. This includes that
it can be introduced specifically to a functional group with very good vield and that it must also be
able to be split off yield and that it must also be able to be split off again under mild conditions. It
should be possible to standardize the reaction conditions for both steps. In addition, the protective
group must be stable under as many reaction conditions as possible. If possible, the resulting reaction
products should be easily separable, and optimally the protective group reagent is also inexpensive.
The broader the experience with a protective group, the better the predictability of the reactivity of the
protective group.
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Annotation

What is the protecting group

A protecting group or protective group is introduced into a molecule by chemical modification of a
functional group to obtain chemoselectivity in a subsequent chemical reaction. It plays an important
role in multistep organic synthesis.
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Acetal protection of a ketone with ethylene glycol during reduction of an ester, vs. reduction to a
diol when unprotected.

In many preparations of delicate organic compounds, some specific parts of their molecules cannot
survive the required reagents or chemical environments. Then, these parts, or groups, must be
protected. For example, lithium aluminium hydride is a highly reactive but useful reagent capable
of reducing esters to alcohols. It will always react with carbonyl groups, and this cannot be
discouraged by any means. When a reduction of an ester is required in the presence of a carbonyl,
the attack of the hydride on the carbonyl has to be prevented. For example, the carbonyl is converted
into an acetal, which does not react with hydrides. The acetal is then called a protecting group for
the carbonyl. After the step involving the hydride is complete, the acetal is removed (by reacting it
with an aqueous acid), giving back the original carbonyl. This step is called deprotection

Use of the Protecting groups in the industrial scales

Protecting groups are more commonly used in small-scale laboratory work and initial development
than in industrial production processes because their use adds additional steps and material costs to
the process. However, the availability of a cheap chiral building block can overcome these additional
costs (e.g. shikimic acid for oseltamivir).
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A protective group (also referred to as "protecting group") is a reversably formed derivative of an
existing functional group in a molecule. The protective group is temporarily attached to decrease
reactivity so that the protected functional group does not react under synthetic conditions to which
the molecule is subjected in one or more subsequent steps. As an example, whereas amines are
nucleophiles and react with electrophiles, the amino group is no longer nucleophilic after being
converted to a carbamate. Protecting an amine as a carbamate therefore enables other functional
groups to undergo selective reactions with electrophiles whereby the carbamate (protected amino
group) is left intact. However, two additional synthetic steps are needed to achieve this protection:
the step to form the protected intermediate and a deprotection once the additional selective synthetic
steps have been completed. In addition, the nature of the protective group must be chosen carefully
to ensure adequate stability throughout all the intermediary synthesis steps. Moreover, the
conditions for the protection and deprotection steps and the nature of the protective group itself
mustn't interfere with other functional groups present in the molecule.

If more than one functional group of the same type is present in a molecule, subtle differences in
reactivity - for example caused by steric effects - can help to achieve the selective protection of just
one functional group while another such functional group remains unprotected. Alternatively, a
second such functional group could be

protected with a different protecting group that has a different reactivity profile. Another opportunity
is to build a larger molecule from subunits in which similar or identical functional groups have been
differently protected beforehand. For example, a Boc- protected amino group can be deprotected in
acidic media, whereas a Fmoc-protected amino group can be deprotected under basic conditions.
The presence of both protective groups in the same molecule therefore enables selective
deprotection of one protected amino group for a further reaction while the second protected amino
group remains untouched. This is referred to as an orthogonal protecting group strategy.

Not only is selectivity important, but the yields for the protection and deprotection steps must be
high to avoid making the reaction sequence inefficient. As a result, chemists in recent years prefer
to design synthesis pathways that employ steps conducted under more selective reaction conditions,
engineered to affect and convert only the specific desired functional group rather than harsher, less
selective conditions that require protection for differentiation. Another tactic is to employ reaction
conditions under which the functional group "protects itself" temporarily, for example as an anion
under basic conditions or a cation under acidic conditions. These minimalist approaches can be
summarized in the statements that, "the best protective group is no protective group”, and "the best
protective group is the one that isn't required”. The demands of designing environmentally friendly
("green™) synthesis pathways, or simply more efficient synthesis pathways with fewer steps and
higher overall yields, have resulted in a number of reports of synthetic sequences to produce natural
compounds or other synthesis targets that are fully protective group-free.

Protection of protecting groups for organic synthesis in which to produced
1. Hydroxyl groups
2. Ketones and aldehydes

3. Amines
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4. Carboxylic Acids

5. Alkynes
1. Protecting Groups for Alcohols

The common protecting groups for alcohols are ether-protecting groups. Ethers are among the least
reactive of the organic functional groups

R-OH > R-O-R,
Alcohols Ether

The ether protecting groups of alcohols can be grouped in the following categories:

1. Silyl ether protecting groups

R,
R-OH ’ R—O—S:i—R,
R:
Alcohol Silyl Ether
2. Acetal protecting groups
R-OH : v R-OCH,0-R,
Alcohol Acetal

These protections replace the acidic proton on an alcohol with an unreactive ether moiety.

Common Silicon-Based Protecting Groups for Alcohols

CHa CH,CHj
R-0-Si-CH; or R-OTMS R-O-Si-CH,CH; or R-OTES
CHj CH,CHs
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CH3 CHjs Ph CHj
ROSICCH3 ROSICCH3
CH3 CHj Ph CH3
Tert-Butyldimethylsilyl (TBDMS) Tert-Butyldiphenylsilyl (TBDPS)
Formation

Silicon-Based Protecting Groups for Alcohols

R-OH +  R%SiX Base , R-osiR,
X=Clor OTf
Bases
Et;N / DMAP
CH AN
. o \—/
N CHy” N7 “CH;
Pyridine DMAp 2,6-Lutidine  Imidazole

Tert-Butyldimethylsilyl ethers (TBDMS)
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CH CH
TBDMSCI 88
R-OH - R-0O- SI—C CH3
Imidazole CH3 CH3
NN -H
CHs CH Kx CHs CHy N7 N CHs CHy
CH3— (IJ Sl;& RGH CH3— C Sl- —-R \=/ R-0O- S| C CH; + Imidazole-HCI
CH; CRy CH; CH, H Imidazole CH; CH,
S R-OTBDMS
cl
Example
TBDMSCI Cria Grla
OH > O- s| C CH; or @—OTBDMS
Imidazole CH3 CH3
OH OH
OH TBDMSCI (1 equiv)
CH3/K/\/ _ CH3)\/\/OTBDMS
Imidazole

(Silyl Protecting Groups) Cleavage

Deprotection of Silicon-Based Protecting Groups

R-O-Si-Et  + ® R-0-§i0 +

@®
HF H
Et E'[I 'Et
Et Et
AV R-00 * E-gi-F
Et Et Et
77N
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Synthetic Applications of Silyl Protecting Groups

The bulkiness of TBDMS and TBDPS ether protecting groups can be used to advantage to suppress
hydrogen-bonding to the oxygen restricting any incoming reagents to approach from the least
hindered side of the molecule.

OH OTBDMS OTBDMS
TBDMSCI MCPBA .
> .0
Imidazole
MCPBA TBAF
O ‘\\O

Synthetic Applications of Silyl Protecting Groups

The bulkiness of TBDMS and TBDPS ether protecting groups can also be exploited in incorporating
the protecting group on less sterically encumbered primary hydroxyl groups selectively using
submolar amounts of the silyl chloride.

O
L > OH

CHg

TBDMSCI (1 equivalent)

Imidazole TEAF

O

OTBDMS
OTBDMS o s
CHg/L\//\\/ CH

3
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Rarely are alkyl ethers used as protecting groups for alcohols, but benzyl ethers are special.

R.
0~ >Ph
Benzyl ether
. (Bn)
Formation
NaH
R-OH = R—O\/Ph or R-0OBn
PhCH,Br (BnBr)

Cleavage

Hydrogenolysis is selectively used to cleave
benzyl ether protecting groups

Hy
R—OCH,Ph

Y

R-OH + PhCH,
PA/C:

Acetonide Protecting Groups for 1,2-Diols Formation

R
R_ _OH p-TsOH O
I o:< - >< + Hy0
+
R~ O

R OH

Other sources of the protecting group:

><oc:H3

OCH;,
2,2-Dimethoxypropane

Cleavage
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R R.._OH

IO >< Conditions I . O:<

rR™ O R™ OH

(a) Acid catalysed hydrolysis
H*, H,O

(b) AcOH / H,0

Synthetic Applications of Ether Protecting Groups

OH OH
OH s o e
CH3M CHB/‘\/YO
H
TBDMSCI (1 equivalent) H,
Imidazole Pd/C
Y
OBn
OH 0
A _~_ oTBDMS CHj
CHj H
PCC
NaH
BnBr
Bn
OBn TBAF Q
OTBDMS * )\/\/OH
CH3)\/\/ CH3
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0 0 0 0
RRN— RRN—4 RAN—4 RRN—4  CH,
OCHq o o— o—&cHy

Methyl Carbamate 9-Fluorenylmethyl Carbamate 2,2,2-Trichloroethyl Carbamate -Butyl Carbamate

(Fmoc) (Troc) (Boc)

0 0 0 0
RRN—4/ RAN—4 RAN—4 RRN—{/
o o

© CF
\sicHos N\= b ’
2-(Trimethylsilyl)ethyl Carbamate  Allyl Carbamate Benzyl carbamate Trifluoroacetamide
(Teoc) (Alloc) (Cbhz)
Fm'r\h< RR'N—-\= RHN
Benzylamine Allylamine Tritylamine
2. Amine Protecting Groups
General preparation
®) @)
Base RR'N _«
RR'NH R OJL cl e OR
2 j'l\ Base O
RR'NH —_— RR'N
RO)LO OR _«OR
X : b
ase
RRNH g “o-su — F‘R'N—«OR

Su = succinimide
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Carbamates

9-Fluorenylmethyl Carbamate (Fmoc)
Acc. Chem. Res. 1987, 20, 401
- Cleaved with mild base such as piperidine, morpholine or dicyclohexylamine

= N z
| NaHCO3 |
N\ Z H-0, dioxane A S

2,2,2-Trichloroethyl Carbamate
0 0

R,NH, pyridine )l\
—_— N ~R
CI3C/\O)LCI Clsc” “07 N

- Cleaved with zinc dust or electrochemically.

o) ﬂ B
L s\‘Te-Te /s
N* Yof Sepl, = O >
£t0,¢ —¢ NaBH, Et0,c—¢
s s

TL 1986, 27 , 4687

2-Trimethylsilylethyl Carbamate  (Teoc)
- cleaved with fluoride ion.

o O 0
Me3Si \/\OJ\O_N;jij + RN ————— Me33i\/\OJLN<R
R
o)
SiMes
Z /— OH
cl ’
= OTBS
O (@] = H (@)
L ﬁ/ O<(_ BuyNF, THF Meo A N‘CH3 i a
MeO N, = —_— | oFt
CHy (100%) Z e W
OFEt
o0\ 7 = SEt
SEt SEt

=
v’ \I SEt

JACS 1979, 101 7104
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t-Butyl Carbamate

Cleavage:

Allyl Carbamate

(BOC)
o O

A 2

tBuO 0 OtBu
» R2N/IL OtBu

- with strong protic acid (3M HCI, CF3COOH)
- TMS-I

R,NH

TL 1985, 26, 1411

(Alloc)

NS W N

R,NH

RoN Ao~

- removed with Pd(0) and a reducing agent (BuzSnH, Et3SiH, HCO2H)

o}

HY J\O/\/ 1) Pd(OAc),, Et;N, Et,SiH NH,
i 2) H,0* 7

\I/\002Me

_ : TL 1986, 27 , 3753
Y\cone

t-Butyl Carbamate (BOQC)
o} e}
tBuO)LOJ\OtBu j)l\
RoNH > R,N OtBu
Cleavage: - with strong protic acid (3M HCI, CF3COOH)

- TMS-I

o\

@ B-Cl
- o TL 1985, 26, 1411
Allyl Carbamate (Alloc)
2. o
N Z

- removed with Pd(0) and a reducing agent (BuzgSnH, Et3SiH, HCOH)

O

J\o/\/ 1) Pd(OAc),, Et;N, Et,SiH
: 2) H,0*

\l/\COZMe

H Ho

. z TL 1986, 27 , 3753
\l/\COZMe
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Benzyl Carbanate (Cbz)

0
8ro ¢ )OL
RoNH > R,N” 07 “Ph
Cleavage: - Hydrogenolysis
- PdCly, Et3SiH
- TMS-I
- BBr3
- hv (254 nm)
- Na/ NHj3
m-Nitrophenyl Carbamate
JOC 1974, 39, 192
0 NO»
RQNJLO | N
P
- removed by photolysis
Formamides
- removed with strong acid
HCO,Et O
RoNH + >
: Ao
Acetamides
- removed with strong acid
Ac,0 O
RoNH + >
i RzN)LCHg,
Trifluoroacetamides
Cleavage: - base (K2CO3, MeOH, reflux)
- NH3, MeOH
o)
(CF3C0),0
RoNH * —— R?_NJLCF3

https://journal.silkroad-science.com/index.php/JMGCB - 124



https://journal.silkroad-science.com/index.php/JMGCB

Journal of Medical Genetics and Clinical Biology Volume 1, Issue 7 | 2024

p-Toluenesulfonyl  (Ts)

pTsCl, pyridine
R,NH » R,N—SO,

Cleavage: - Strong acid
- sodium Naphthalide
- Na(Hg)
Na(Hyg), MeOH
l\(laj-)iPO4 H\N// \N/H
H\ /l) |\|\ r JOC 1989, 54 , 2992
(65%
N
I
H

Trifluoromethanesulfonyl

. l/\l
SN NH HN

Na, NH
[ j e i X9 [ j JOC 1992, 33. 5505
NH HN

Trimethylsilylethanesulfonamide  (SES)
TL 1986, 54, 2990; JOC 1988, 53, 4143
- removed with CsF, DMF, 95°C

. S0O,CI .
Me,Si~ N\ >~2 RN SiMe
RoNH : . 2 ‘/s\/\/ 3
EtsN, DMF 0’ %
tert-Butylsulfonyl (Bus) JOC 1997, 62, 8604
mCPBA
tBuSOCI, 5 -or- CF;SOH,
EtzN. CH,Cl, RuCl;, NalO, CHZCAIV,. anisole
R-NH, — LS., = RN—SO,tBU ——— R-NH,
R,N” MBu

https://journal.silkroad-science.com/index.php/JIMGCB - 125



https://journal.silkroad-science.com/index.php/JMGCB

Journal of Medical Genetics and Clinical Biology Volume 1, Issue 7 | 2024

3. Protecting Groups for Carboxylic Acids

o
R—&—OLH\) — Acidic proton can be abstracted by bases
e including organometallic reagents

The common ester protecting groups for carboxylic acids are methyl, ethyl and benzyl esters.

Methyl Esters Formation

@)
Il
R-CO,H + H,C=N, —— R-C-OCH; *+ N2
Diazomethane

Cleavage

0 .
LiOH

R-C-OCH; . R-CO,H + CHZOH
H,0;

Ethyl and benzyl esters are prepared based on the following rationale:

o)
R-CO,H + rRoH —HCL o R-C-OR' + Hy0
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Best approach:
Milder conditions for esterification
DCC O
R-CO,H +  ROH ~ R-C-OR' RCRHU
DCC = 1,3-Dicyclohexyl carbodiimide
Orwens )
CHa !
EDC.HC|] = gNé\/\NICIN—CHZCH3 Water-soluble carbodiimide
Cl” CH,

EDC = 1-[3-(Dimethylamino)propyl]-3-ethyl carbodiimide hydrochloride

EDC.HCI is more expensive, but the urea by-product derived from it is water soluble and
simplifies the purification process

Mechanism of DCC coupling

RC-0 0 o
A H ©
/\ U,CQN‘O —  Jer . QN_g_N
R—O-H * N R™ 0

.. ‘H H
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Ethyl Esters Formation

DCC O
R-CO,H + CH3;CH,OH R-C-OCH,CHj
Cleavage
0 LiOH
R-C-OCH,CH; ————> R-CO,H + CH3CH,OH
H>0,
Benzyl Esters Formation
O
R-CO,H + PhCH,0H —2°C R-C-OCH,Ph
BnOH 9
R-C-OBn

Cleavage
By hydrogenolysis: A very mild method for most functional groups except with alkenes, alkynes
and nitriles.
Q Ho
R—C-OCH,Ph - R-CO,H + PhCHj

Pd/C
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Perspectives in the Synthetic Applications of the Ester Protecting Groups

/\Hk CBZzCI CH,N,
HO OH HO/\‘)J\OH /\l)k
o NaHCO, HO OCH3
2 HN O. HN O.
; \ﬂ/ Bn \n/ Bn
S-Serine o o
Natural enantiomer
(Very Cheap) FEs
DMF
0 . 0 (@) (@]
2 LiBH
HO OH ‘W HO)H/\OH - HOJ;AQ/MSCHs
NH, HN\ﬂ/O\Bn m/ “Bn
R-Serine (e} o

Unnatural enantiomer

(Very Expensive)

NotethatLiBH4canreducethemorereactiveesterfunctionalgroupleavingthe
lessreactivecarboxylicacidandcarbamategroupsunaffected.

Protecting Groups for Aldehydes & Ketones

Acetal Protecting Group Formation

)J\ + HO/\/OH pTsOH o5 6 + H>0
R™ R 2K
R™ 'R
1,3-Dioxolane
Cleavage

Acid catalysed hydrolysis (dilute HCI or AcOH / H20 or TFA/ H20 or

p- TsOH in acetone) can be used.
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0. O
R Reflux

1,3-Dioxolane

Synthetic Applications of the Acetal Protecting Group
The Wieland-Miescher ketone is a common intermediate in the synthesis of both natural and
synthetic steroids.

o —\ P
LS OH o__©O o. O
HO™ ~— (1) Na, NH3
& (2) NH,CI & !
=
JNaBH4
o /\
HC o. O
HO - H,O =
2 HO &

H

Because of resonance stabilization, the carbonyl of the a,bunsaturated ketone is less electrophilic
and therefore less reactive to nucleophiles compared to an isolated ketone.

+ In general, saturated ketones can be selectively protected in the presence of a.fp-unsaturated ketone

0 & 3
CHs E e CH,
o E
: ol
o Ho " o

p-TsOH*H,0, 95%

Bosch, M. P.; Camps, F.; Coll, J.; Guerrero, T.; Tatsuoka, T.; Meinwald, J.
J. Org. Chem. 1986, 51, 773.

+ Conditions have been developed to protect o.p-unsaturated ketones selectively.

O O
CH, OTMS CHy
™SO\
= 0
5 TMSOTY, CH,Cl, <,o

—78 °C, 92%

Tsunoda, T.; Suzuki, M.; Noyori, R. Tetrahedron Lett. 1980, 21, 1357.
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+ In general, saturated ketones can be selectively protected in the presence of a.p-unsaturated ketone

CHs ) E yCHs cHZ °

0 Ho? Ot o
p-TsOH+*H,0, 95%

Bosch, M. P.; Camps, F.; Coll, J.; Guerrero, T.; Tatsuoka, T.; Meinwald, J.
J. Org. Chem. 1986, 51, 773.

+ Conditions have been developed to protect a.-unsaturated ketones selectively.

CH, 5 CH,§)

TMsO” NS

Fo

o)
o TMSOTY, CH,Cl, <’
—78 °C, 92% O

Tsunoda, T.; Suzuki, M.; Noyori, R. Tetrahedron Lett. 1980, 21, 1357.

* When protecting o,B-unsaturated ketones, olefin isomerization is common.

Chs O/\,OH CHy
O aC|d <’ J : : J : :
O
B
Strong acids (pK, = 1) tend to favor isomerization, while weaker acids (pK, = 3)
favor isomerization much less so, or not at all.
acid pPKa %A %B % conversion
fumaric acid 303 100 0 90
phthalic acid 589 70 30 90
i o 80 20 93
oxalic acid 103
TsOH 0 100 100
<1.0
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Cleavage of 1,3-dioxanes and 1,3-dioxolanes:

1. PPTS, acetone, H,0O, heat. Hagiwara, H.; Uda, H. J. Chem. Soc., Chem. Commun.
1987, 1351.

2. IM HCI, THF. Grieco, P. A.; Nishizawa, M.; Oguri, T. Burke, S. D.; Marinovic, N.
J. Am. Chem. Soc. 1977, 43, 4178.

3. Me,BBr, CH,Cl,, =78 °C. This reagent also cleaves MEM and MOM ethers.
Guindon, Y.; Morton, H. E.; Yoakim, C. Tetrahedron Lett. 1983, 24, 3969.

4. Nal, CeCl3z*7H,0, CH3CN. Marcantoni, E.; Nobili, F.; Bartoli, G.; Bosco, M.;
Sambri, L. J. Org. Chem. 1997, 62, 4183. This method is selective for
cleavage of ketals in the presence of acetals. It is also selective for ketals
of a,B-unsaturated ketones over ketals of saturated ketones.

General methods of formation of S,S"-dialkyl acetals:

j\ s N R7<S:> R—;(SR R7(S:]

R™ R R S R'" SR R S

1. RSH, HCI, 20 °C. Zinner, H. Chem. Ber. 1950, 83, 275.

2. RSSi(CH3)3, Znls, Et,O. Evans, D. A.; Truesdale, L. K.; Grimm, K. G.; Nesbitt, S. L. J. Am.
Chem. Soc. 1977, 99, 5009.

3. RSH, BF3*Et,0O, CH,Cl, Marshall, J. A.; Belletire, J. L. Tetrahedron Lett. 1971, 871. See also
Hatch, R. P.; Shringarpure, J.; Weinreb, S. M. J. Org. Chem. 1978, 43, 4172. o.,p-Unsaturated
ketones are reported not to isomerize under these conditions. However, with any of the above
mentioned conditions conjugate addition is a concern.

5.Alkyne Protecting Groups

R—=——SiR},

trialkylsilylalkyne
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* Typical silyl groups include TMS, TES, TBS, TIPS, and TBDMS.

* Many silyl acetylenes are commercially available, and are useful acetylene equivalents.

General preparation of silyl acetylenes:

R'5SiX
R——M »  R———SiRY

M = Li, Mg X= Cl, OTf

Silyl chorides are suitable for smaller silyl groups, but the preparation of more hindered silyl
acetylenes may require the use of the more reactive silyl triflate.

TBAF, THF
R—=—SsiR% - o

It
b

Cleavage of trimethysilylalkynes:

1. KF, MeOH, 50 °C. Myers, A. G.; Harrington, P. M.; Kuo, E. Y. J. Am. Chem. Soc.
1991, 7113, 694.

2. AgNOj; 2,6-lutidine. Carreira, E. M.; Du Bois, J. J. Am. Chem Soc. 1995, 117, 8106.

3. K,CO3, MeOH. Cai, C.; Vasella, A. Helv. Chim. Acta. 1995, 78, 732.
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+ Buffered TBAF was used to deprotect the silyalkynes in the example shown below to prevent
elimination of the sensitive vinyl bromide.

TBAF, o-nitrophenol o How

THF, 87%

Myers, A.G.; Goldberg, S. D. Angew. Chem., Int. Ed. Engl. 2000, 15, 2732.

. Ag F
— i AgF 2 f
R—=——SiPr3 —{ R—== Si’Pr3 ]
ref. 8 | AgF, NBS J
. MeCN, rt
i. AgF .
TIPSO r"{'e?)o: TIPSO R—=—8r Br R—=—Ag
’ 1
17 A ii. 1 N HCI 19 A j“
TIPS g4 H
R———H
2
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