Protective Groups in Organic Synthesis, Third Edition. Theodora W. Greene, Peter G.M. Wuts
Copyright © 1999 John Wiley & Sons, Inc.
ISBNs: 0-471-16019-9 (Hardback); 0-471-22057-4 (Electronic)

PROTECTIVE GROUPS IN
ORGANIC SYNTHESIS



PROTECTIVE GROUPS IN
ORGANIC SYNTHESIS

THIRD EDITION

Theodora W. Greene
The Rowland Institute for Science

and

Peter G. M. Wuts

Pharmacia and Upjohn Company

A WILEY-INTERSCIENCE PUBLICATION

JOHN WILEY & SONS, INC.
New York / Chichester / Weinheim / Brisbane / Toronto / Singapore



Designations used by companies to distinguish their products are often claimed as trademarks. In
all instances where John Wiley & Sons, Inc., is aware of a claim, the product names appear in
initial capital or ALL CAPITAL LETTERS. Readers, however, should contact the appropriate
companies for more complete information regarding trademarks and registration.

Copyright © 1999 by John Wiley & Sons, Inc. All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any
form or by any means, electronic or mechanical, including uploading, downloading, printing,
decompiling, recording or otherwise, except as permitted under Sections 107 or 108 of the 1976
United States Copyright Act, without the prior written permission of the Publisher. Requests to the
Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons,
Inc., 605 Third Avenue, New York, NY 10158-0012, (212) 850-6011, fax (212) 850-6008,

E-Mail: PERMREQ@WILEY.COM.

This publication is designed to provide accurate and authoritative information in regard to the
subject matter covered. It is sold with the understanding that the publisher is not engaged in
rendering professional services. If professional advice or other expert assistance is required, the
services of a competent professional person should be sought.

ISBN 0-471-22057-4
This title is also available in print as ISBN 0-471-16019-9.

For more information about Wiley products, visit our web site at www.Wiley.com.



PREFACE TO THE THIRD
EDITION

Organic synthesis has not yet matured to the point where protective groups are
not needed for the synthesis of natural and unnatural products; thus, the develop-
ment of new methods for functional group protection and deprotection conti-
nues. The new methods added to this edition come from both electronic searches
and a manual examination of all the primary journals through the end of 1997.
We have found that electronic searches of Chemical Abstracts fail to find many
new methods that are developed during the course of a synthesis, and issues of
selectivity are often not addressed. As with the second edition, we have
attempted to highlight unusual and potentially useful examples of selectivity for
both protection and deprotection. In some areas the methods listed may seem
rather redundant, such as the numerous methods for THP protection and depro-
tection, but we have included them in an effort to be exhaustive in coverage. For
comparison, the first edition of this book contains about 1500 references and 500
protective groups, the second edition introduces an additional 1500 references
and 206 new protective groups, and the third edition adds 2349 new citations and
348 new protective groups.

Two new sections on the protection of phosphates and the alkyne-CH are
included. All other sections of the book have been expanded, some more than
others. The section on the protection of alcohols has increased substantially,
reflecting the trend of the nineties to synthesize acetate-and propionate-derived
natural products. An effort was made to include many more enzymatic methods
of protection and deprotection. Most of these are associated with the protection
of alcohols as esters and the protection of carboxylic acids. Here we have not
attempted to be exhaustive, but hopefully, a sufficient number of cases are pro-
vided that illustrate the true power of this technology, so that the reader will
examine some of the excellent monographs and review articles cited in the refer-
ences. The Reactivity Charts in Chapter 10 are identical to those in the first
edition. The chart number appears beside the name of each protective group
when it is first introduced. No attempt was made to update these Charts, not only
because of the sheer magnitude of the task, but because it is nearly impossible in
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Vi  PREFACE

a two-dimensional table to address adequately the effect that electronic and
steric controlling elements have on a particular instance of protection or depro-
tection. The concept of fuzzy sets as outlined by Lofti Zadeh would be ideally
suited for such a task.

The completion of this project was aided by the contributions of a number of
people. I am grateful to Rein Virkhaus and Gary Callen, who for many years for-
warded me references when they found them, to Jed Fisher for the information
he contributed on phosphate protection, and to Todd Nelson for providing me a
preprint of his excellent review article on the deprotection of silyl ethers. I
heartily thank Theo Greene for checking and rechecking the manuscript—all 15
cm of it—for spelling and consistency and for the arduous task of checking all
the references for accuracy. I thank Fred Greene for reading the manuscript, for
his contribution to Chapter 1 on the use of protective groups in the synthesis of
himastatin, and for his contribution to the introduction to Chapter 9, on phos-
phates. I thank my wife, Lizzie, for encouraging me to undertake the third edi-
tion, for the hours she spent in the library looking up and photocopying hundreds
of references, and for her understanding while I sat in front of the computer night
after night and numerous weekends over a two-year period. She is the greatest!

Kalamazoo, Michigan PETER G. M. WuTS
June 1998



PREFACE TO THE SECOND
EDITION

Since publication of the first edition of this book in 1981, many new protective
groups and many new methods of introduction or removal of known protective
groups have been developed: 206 new groups and approximately 1500 new
references have been added. Most of the information from the first edition has
been retained. To conserve space, generic structures used to describe Formation/
Cleavage reactions have been replaced by a single line of conditions, sometimes
with explanatory comments, especially about selectivity. Some of the new infor-
mation has been obtained from on-line searches of Chemical Abstracts, which
have limitations. For example, Chemical Abstracts indexes a review article about
protective groups only if that word appears in the title of the article. Refe-
rences are complete through 1989. Some references, from more widely
circulating journals, are included for 1990.

Two new sections on the protection for indoles, imidazoles, and pyrroles and
protection for the amide —-NH are included. They are separated from the regular
amines because their chemical properties are sufficiently different to affect the
chemistry of protection and deprotection. The Reactivity Charts in Chapter 8 are
identical to those in the first edition. The chart number appears beside the name
of each protective group when it is first discussed.

A number of people must be thanked for their contributions and help in com-
pleting this project. I am grateful to Gordon Bundy, who loaned me his card file,
which provided many references that the computer failed to find, and to Bob
Williams, Spencer Knapp, and Tohru Fukuyama for many references on amine
and amide protection. I thank Theo Greene who checked and rechecked the man-
uscript for spelling and consistency and for the herculean task of checking all the
references to make sure that my 3’s and 8’s and 7’s and 9’s were not inter-
changed—all done without a single complaint. I thank Fred Greene who read the
manuscript and provided valuable suggestions for its improvement. My wife
Lizzie was a major contributor to getting this project finished, by looking up and
photocopying references, by turning on the computer in an evening ritual, and by
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viii PREFACE

typing many sections of the original book, which made the changes and addi-
tions much easier. Without her understanding and encouragement, the volume
probably would never have been completed.

Kalamazoo, Michigan PETER G. M. WUTS
May 1990



PREFACE TO THE FIRST
EDITION

The selection of a protective group is an important step in synthetic methodology, and
reports of new protective groups appear regularly. This book presents information on
the synthetically useful protective groups (~500) for five major functional groups:
—OH, -NH,-SH,—COOH, and >C=0. References through 1979, the best method(s)
of formation and cleavage, and some information on the scope and limitations of each
protective group are given. The protective groups that are used most frequently and
that should be considered first are listed in Reactivity Charts, which give an indica-
tion of the reactivity of a protected functionality to 108 prototype reagents.

The first chapter discusses some aspects of protective group chemistry: the
properties of a protective group, the development of new protective groups, how to
select a protective group from those described in this book, and an illustrative exam-
ple of the use of protective groups in a synthesis of brefeldin. The book is organized
by functional group to be protected. At the beginning of each chapter are listed the
possible protective groups. Within each chapter protective groups are arranged in
order of increasing complexity of structure (e.g., methyl, ethyl, t-butyl, ..., benzyl).
The most efficient methods of formation or cleavage are described first. Emphasis
has been placed on providing recent references, since the original method may have
been improved. Consequently, the original reference may not be cited; my apologies
to those whose contributions are not acknowledged. Chapter 8 explains the relation-
ship between reactivities, reagents, and the Reactivity Charts that have been
prepared for each class of protective groups.

This work has been carried out in association with Professor Elias J. Corey, who
suggested the study of protective groups for use in computer-assisted synthetic
analysis. I appreciate his continued help and encouragement. 1 am grateful to Dr.
J. E.W. McOmie (Ed., Protective Groups in Organic Chemistry, Plenum Press, New
York and London, 1973) for his interest in the project and for several exchanges of
correspondence, and to Mrs. Mary Fieser, Professor Frederick D. Greene, and
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Professor James A. Moore for reading the manuscript. Special thanks are also due to
Halina and Piotr Starewicz for drawing the structures, and to Kim Chen, Ruth
Emery, Janice Smith, and Ann Wicker for typing the manuscript.

Harvard University THEODORA W. GREENE
September 1980
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ABBREVIATIONS

PROTECTIVE GROUPS

In some cases, several abbreviations are used for the same protective group. We
have listed the abbreviations as used by an author in his or her original paper,
including capital and lowercase letters. Occasionally, the same abbreviation has
been used for two different protective groups. This information is also included.

ABO

Ac

ACBZ
AcHmb
Acm

Ad

Adoc

Adpoc

Alloc or AOC
Als

AMB

AN

Anpe

AOC or Alloc
p-AOM

Azb

Bam

BBA

BDMS

Bdt

Betsyl or Bts
Bic

Bim

Bimoc
BIPSOP

2,7,8-trioxabicyclo[3.2.1]octyl

acetyl

4-azidobenzyloxycarbonyl
2-acetoxy-4-methoxybenzyl
acetamidomethyl

1-adamantyl
1-adamantyloxycarbonyl
1-(1-adamantyl)-1-methylethoxycarbonyl
allyloxycarbonyl

allylsulfonyl
2-(acetoxymethyl)benzoyl
4-methoxyphenyl or anisyl
2-(4-acetyl-2-nitrophenyl)ethyl
allyloxycarbonyl

p-anisyloxymethyl or (4-methoxyphenoxy)methyl
p-azidobenzyl

benzamidomethy]
butane-2,3-bisacetal
biphenyldimethylsilyl
1,3-benzodithiolan-2-yl
benzothiazole-2-sulfonyl
5-benzisoxazolylmethoxycarbonyl
S-benzisoazolylmethylene

benz[ flinden-3-ylmethoxycarbonyl
N-2,5-bis(triisopropylsiloxy)pyrrolyl

xiii



Xiv  ABBREVIATIONS

BMB
Bmpc
Bmpm

Bn
Bnpeoc
BOC
BOM
Bpoc

BSB
Bsmoc
Bts or Betsyl
B'SE
Bum
t-Bumeoc
Bus

Bz

CAEB
Cam
CAMB
CbzorZ
CDA
CDM

CE or Cne
Cee

cHex
Climoc
Cms

Cne or CE
Coc
Cpeoc
CPTr
CTMP
Cys

DAM
DATE
DB--BOC
DBD-Tmoc

DBS
Dde
Ddz
DEM
DEIPS
Desyl
Dim

o-(benzoyloxymethyl)benzoyl
2,4-dimethylthiophenoxycarbonyl
bis(4-methoxyphenyl)-1’-pyrenylmethyl

benzyl

2,2-bis(4’-nitrophenyl)ethoxycarbonyl
t-butoxycarbonyl

benzyloxymethyl
1-methyl-1-(4-biphenyl)ethoxycarbonyl
benzoSTABASE
1,1-dioxobenzo[b]thiophene-2-ylmethoxycarbonyl
benzothiazole-2-sulfonyl

2-t-butylsulfonylethyl

t-butoxymethyl
1-(3,5-di-#-butylphenyl)-1-methylethoxycarbonyl
t-butylsulfonyl

benzoyl

2-[(2-chloroacetoxy)ethyl]benzoyl
carboxamidomethyl
2-(chloroacetoxymethyl)benzoyl
benzyloxycarbonyl

cyclohexane-1,2-diacetal
2-cyano-1,1-dimethylethyl

2-cyanoethyl

1-(2-chloroethoxy)ethyl

cyclohexyl

2-chloro-3-indenylmethoxycarbonyl
carboxymethylsulfenyl

2-cyanoethyl

cinnamyloxycarbonyl
2-(cyano-1-phenyl)ethoxycarbonyl

4,4’ 4”-tris(4,5-dichlorophthalimido)triphenylmethyl
1-[(2-chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl
cysteine

di-p-anisylmethyl or bis(4-methoxyphenyl)methyl
1,1-di-p-anisyl-2,2,2-trichloroethyl
1,1-dimethyl-2,2-dibromoethoxycarbonyl
2,7-di-t-butyl[9-(10,10-dioxo-10,10,10,10-tetra=
hydrothioxanthyl)Jmethoxycarbonyl
dibenzosuberyl
2-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl
1-methyl-1-(3,5-dimethoxyphenyl)ethoxycarbonyl
diethoxymethyl

diethylisopropylsilyl

2-oxo0-1,2-diphenylethyl

1,3-dithianyl-2-methy]



Dmab

DMB

Dmb

DMIPS

Dmoc

Dmp

Dmp

DMPM

DMT or DMTr
DMTr or DMT
DNB

DNMBS

DNP

Dnpe

Dnpeoc

DNs

Dnseoc

Dobz

Doc

DOPS

DPA

DPIPS

DPM or Dpm
DPMS

Dpp

Dppe

Dppm

DPSE

Dpt

DPTBS

DTBMS
DTBS
DTE
Dts
EE
EOM
Fcm
Fm
Fmoc
GUM
HBn
HIP

PROTECTIVE GROUPS XV

4-{N-[1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-3-
methylbutyl]lamino }benzyl
“3’,5’-dimethoxybenzoin”

2,4-dimethoxybenzyl

dimethylisopropylsilyl
dithianylmethoxycarbonyl
2,4-dimethyl-3-pentyl

dimethylphosphinyl

3,4-dimethoxybenzyl

di( p-methoxyphenyl)phenylmethyl or dimethoxytrityl
di( p-methoxyphenyl)phenylmethyl or dimethoxytrityl
p,p’-dinitrobenzhydryl
4-(4',8'-dimethoxynaphthylmethyl)benzenesulfonyl
2,4-dinitrophenyl

2-(2,4-dinitrophenyl)ethyl
2-(2,4-dinitrophenyl)ethoxycarbonyl
2,4-dinitrobenzenesulfonyl
2-dansylethoxycarbonyl
p-(dihydroxyboryl)benzyloxycarbonyl
2,4-dimethylpent-3-yloxycarbonyl
dimethyl[1,1-dimethyl-3-(tetrahydro-2H-
pyran-2-yloxy)propyl]silyl

diphenylacetyl

diphenylisopropylsilyl

diphenylmethyl

diphenylmethylsilyl

diphenylphosphiny]

2-(diphenylphosphino)ethyl
(diphenyl-4-pyridyl)methyl
2-(methyldiphenylsilyl)ethyl
diphenylphosphinothioyl

diphenyl-z-butoxysilyl or

diphenyl-#-butylsilyl

di-t-butylmethylsilyl

di--butylsilylene

2-(hydroxyethyl)dithioethyl or “dithiodiethanol”
dithiasuccinimidyl

1-ethoxyethyl

ethoxymethyl

ferrocenylmethyl

9-fluorenylmethyl

9-fluorenylmethoxycarbonyl

guaiacolmethyl

2-hydroxybenzyl
1,1,1,3,3,3-hexafluoro-2-phenylisopropyl



XVi  ABBREVIATIONS

Hoc

HSDIS
HSDMS

hZ or homo Z
IDTr

IETr
iMds
Ipaoc
Ipc
IPDMS
Lev
LevS
LevS
MAQ

MBE
MBF

MBS or Mbs
Mds

MEC

MEM

Menpoc
MeOZ or Moz
Mes

MIP

MM

MMT or MMTr
MMTr or MMT
MOM

MOMO

Moz or MeOZ
MP

MPM or PMB
Mps

Mpt

Ms

Msib

Msz

Mtb

Mte

MTHP

MTM

MTMB

cyclohexyloxycarbonyl
(hydroxystyryl)diisopropylsilyl
(hydroxystyryl)dimethylsilyl
homobenzyloxycarbonyl
3-(imidazol-1-ylmethyl)-4’,4"-
dimethoxytriphenylmethyl

4,4’-dimethoxy-3"-[N-(imidazolylethyl)carbamoyl]trityl

2,6-dimethoxy-4-methylbenzenesulfonyl
1-isopropylallyloxycarbonyl
isopinocamphenyl

isopropyldimethylsilyl

levulinoyl

4,4-(ethylenedithio)pentanoyl
levulinoyldithioacetal ester
2-(9,10-anthraquinonyl)methyl or 2-methylene-
anthraquinone

1-methyl-1-benzyloxyethyl
2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2-yl
p-methoxybenzenesulfonyl
2,6-dimethyl-4-methoxybenzenesulfonyl
o-methylcinnamyl

2-methoxyethoxymethyl
a-methylnitropiperonyloxycarbonyl
p-methoxybenzyloxycarbonyl

mesityl or 2,4,6-trimethylphenyl
methoxyisopropyl or 1-methyl-1-methoxyethyl
menthoxymethyl
p-methoxyphenyldiphenylmethyl
p-methoxyphenyldiphenylmethyl
methoxymethyl

methoxymethoxy
p-methoxybenzyloxycarbonyl
p-methoxyphenyl

p-methoxyphenylmethyl or p-methoxybenzyl
p-methoxyphenylsulfonyl
dimethylphosphinothioyl

methanesulfonyl or mesyl
4-(methylsulfinyl)benzyl
4-methylsulfinylbenzyloxycarbonyl
2.4,6-trimethoxybenzenesulfonyl
2,3,5,6-tetramethyl-4-methoxybenzenesulfonyl
4-methoxytetrahydropyranyl

methylthiomethyl
4-(methylthiomethoxy)butyryl



MTMECO
MTMT
Mtpc

Mtr

Mts

NBOM

Ne

Noc

Nosyl or Ns
Npe or npe
Npeoc
Npes

NPS or Nps
NpSSPeoc
Npys

Ns or Nosyl
NVOC or Nvoc

OBO
ONB
PAB

PAC,
PACy
Paloc

Pbf

Peoc

Peoc

Pet

Pf

Phamc
Phenoc
Pim

Pixyl or Px
PMB or MPM
PMBM
Pmc

Pme

PMP

PMS

PNB

PNP
PNPE
POM
POM

PROTECTIVE GROUPS  XVii

2-(methylthiomethoxy)ethoxycarbonyl
2-(methylthiomethoxymethyl)benzoyl
4-(methylthio)phenoxycarbonyl
2,3,6-trimethyl-4-methoxybenzenesulfonyl
2,4,6-trimethylbenzenesulfonyl or mesitylenesulfonyl
nitrobenzyloxymethyl

2-nitroethyl

4-nitrocinnamyloxycarbonyl

2- or 4-nitrobenzenesulfonyl
2-(nitrophenyl)ethyl
2-(4-nitrophenyl)ethoxycarbonyl
2-(4-nitrophenyl)ethylsulfonyl
2-nitrophenylsulfenyl
2-[(2-nitrophenyl)dithio]-1-phenylethoxycarbonyl
3-nitro-2-pyridinesulfenyl

2- or 4-nitrobenzenesulfonyl
3,4-dimethoxy-6-nitrobenzyloxycarbonyl or
6-nitroveratryloxycarbonyl
2,6,7-trioxabicyclo[2.2.2]octyl
o-nitrobenzyl

p-acylaminobenzyl
2-[2-(benzyloxy)ethyl]benzoyl
2-[2-(4-methoxybenzyloxy)ethyl]benzoyl
3-(3-pyridyl)allyloxycarbonyl or
3-(3-pyridyl)prop-2-enyloxycarbonyl
2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl
2-phosphonioethoxycarbonyl
2-(triphenylphosphonio)ethoxycarbonyl
2-(2’-pyridyl)ethyl

9-phenylfluorenyl

phenylacetamidomethyl
4-methoxyphenacyloxycarbonyl
phthalimidomethyl

9-(9-phenyl)xanthenyl

p-methoxybenzyl or p-methoxyphenylmethyl
p-methoxybenzyloxymethyl
2,2,5,7,8-pentamethylchroman-6-sulfonyl
pentamethylbenzenesulfonyl
p-methoxyphenyl

p-methylbenzylsulfonyl

p-nitrobenzyl

p-nitrophenyl

2-(4-nitrophenyl)ethyl

4-pentenyloxymethyl

pivaloyloxymethyl
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Pp

Ppoc

Ppt

PSE

Psec

PTE

PTM

Pv

Px or pixyl
Pyet

Pyoc

Qm

SATE
Scm

SEE

SEM

SES

Sisyl
SMOM
Snm
STABASE
Tacm
TBDMS or TBS
TBDPS
Tbf-DMTr

Tbfmoc
TBDS
TBMPS
TBS or TBDMS
TBTr
TCB
TcBOC
TCP
Tcroc
Tcrom
TDE
TDS
Teoc
TES

Tf

TFA
Tfav
Thexyl
THF

2-phenyl-2-propyl
2-triphenylphosphonioisopropoxycarbonyl
diphenylthiophosphinyl
2-(phenylsulfonyl)ethyl
2-(phenylsulfonyl)ethoxycarbonyl
2-(4-nitrophenyl)thioethyl
phenylthiomethyl

pivaloyl

9-(9-phenyl)xanthenyl

1-(a-pyridyl)ethyl

2-(2’- or 4’-pyridyl)ethoxycarbonyl
2-quinolinylmethyl

S-acetylthioethyl

S-carboxymethylsulfenyl
1-[2~(trimethylsilyl)ethoxy]ethyl
2-(trimethylsilyl)ethoxymethyl
2-(trimethylsilyl)ethanesulfonyl
tris(trimethylsilyl)silyl
(phenyldimethylsilyl)methoxymethyl
S-(N’-methyl-N’-phenylcarbamoyl)sulfenyl
1,1,4,4-tetramethyldisilylazacyclopentane
trimethylacetamidomethyl
t-butyldimethylsilyl

t-butyldiphenylsilyl
4-(17-tetrabenzola,c,g,ilfluorenylmethyl-4’,4”-
dimethoxytrityl
17-tetrabenzola,c,g,i]fluorenylmethoxycarbonyl
tetra-#-butoxydisiloxane-1,3-diylidene
t-butylmethoxyphenylsilyl
t-butyldimethylsilyl

4,4’ 4”-tris(benzyloxy)triphenylmethyl
2,2,2-trichloro-1,1-dimethylethyl
1,1-dimethyl-2,2,2-trichloroethoxycarbonyl
N-tetrachlorophthalimido
2-(trifluoromethyl)-6-chromonylmethyleneoxycarbonyl
2-(trifluoromethyl)-6-chromonylmethylene
(2,2,2-trifluoro-1,1-diphenyl)ethyl
thexyldimethylsilyl
2-(trimethylsilyl)ethoxycarbonyl
triethylsilyl

trifluoromethanesulfonyl

trifluoroacetyl

4.4 4-trifluoro-3-oxo-1-butenyl
2,3-dimethyl-2-butyl

tetrahydrofuranyl



THP
TIBS
TIPDS
TIPS
TLTr
Tmb
Tmob
TMPM
TMS
TMSE or TSE
TMSEC
TMSP
TMTr
Tos or Ts
TPS
TPTE

Tr
Tritylone
Troc

Ts or Tos
TSE or TMSE
Tse

Voc

Z or Cbz

REAGENTS

9-BBN
bipy
BOP Reagent

BOP-CI
BroP

Bt
BTEAC
CAL
CAN
CMPI
cod

cot
CSA
DABCO
DBAD
DBN

REAGENTS

tetrahydropyranyl

triisobutylsilyl
1,3-(1,1,3,3-tetraisopropyldisiloxanylidene)
triisopropylsilyl

4,4’ 4”tris(levulinoyloxy)triphenylmethyl
2,4,6-trimethylbenzyl
trimethoxybenzyl
trimethoxyphenylmethyl
trimethylsilyl
2-(trimethylsilyl)ethyl
2-(trimethylsilyl)ethoxycarbonyl
2-trimethylsilylprop-2-enyl
tris(p-methoxyphenyl)methyl
p-toluenesulfonyl

triphenylsilyl
2-(4-triphenylmethylthio)ethyl
triphenylmethyl or trityl
9-(9-phenyl-10-oxo)anthryl
2,2,2-trichloroethoxycarbonyl
p-toluenesulfonyl
2-(trimethylsilyl)ethyl
2-(p-toluenesulfonyl)ethyl
vinyloxycarbonyl
benzyloxycarbonyl

9-borabicyclo[3.3.1]nonane

2,2’-bipyridine
benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate
bis(2-0x0-3-oxazolidinyl)phosphinic chloride
bromotris(dimethylamino)phosphonium
hexafluorophosphate

benzotriazol-1-yl or 1-benzotriazolyl
benzyltriethylammonium chloride

Candida antarctica lipase

ceric ammonium nitrate
2-chloro-1-methylpyridinium iodide
cyclooctadiene

cyclooctatetraene

camphorsulfonic acid
1,4-diazabicyclo[2.2.2]octane

di-z-butyl azodicarboxylate
1,5-diazabicyclo[4.3.0]non-5-ene

Xix
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DBU
DCC
DDQ
DEAD
DIAD
DIBAL-H
DIPEA
DMAC
DMAP
DMDO
DME
DMF
DMPU
DMS
DMSO
dppb
dppe
DTE
DTT
EDC or EDCI

EDCI or EDC
EDTA
HATU

HMDS
HMPA
HMPT
HOAt
HOBT
Im

IPA
IPCF (=IPCC)
KHMDS
LAH
LDBB
MAD
MCPBA
MoOPH

ms
MSA

1,8-diazabicyclo[5.4.0]undec-7-ene
dicyclohexylcarbodiimide
2,3-dichloro-5,6-dicyano-1,4-benzoquinone

diethyl azodicarboxylate

diisopropyl azodicarboxylate

diisobutylaluminum hydride

diisopropylethylamine

N,N-dimethylacetamide

4-N,N-dimethylaminopyridine

2,2-dimethyldioxirane

1,2-dimethoxyethane

N, N-dimethylformamide
1,3-dimethyl-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone
dimethyl sulfide

dimethyl sulfoxide

1,4-bis(diphenylphosphino)butane
1,2-bis(diphenylphosphino)ethane

dithioerythritol

dithiothreitol
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (or
1-[3-(dimethylamino)propyl]-3-ethylcarbodimide)
hydrochloride
1-ethyl-3-(3-(dimethylaminopropyl)carbodiimide
ethylenediaminetetraacetic acid
N-[(dimethylamino)(3H-1,2,3-triazolo(4,5-b)pyridin-3-
yloxy)methylene]-N-methylmethanaminium hexafluoro-
phosphate, previously known as O-(7-azabenzotriazol-1-
yD-1,1,3,3-tetramethyluronium hexafluorophosphate
1,1,1,3,3,3-hexamethyldisilazane
hexamethylphosphoramide

hexamethylphosphorous triamide
7-aza-1-hydroxybenzotriazole

1-hydroxybenzotriazole

imidazol-1-yl or 1-imidazolyl

isopropyl alcohol

isopropenyl chloroformate (isopropenyl chlorocarbonate)
potassium hexamethyldisilazide

lithium aluminum hydride

lithium 4,4’-di-#-butylbiphenylide
methylaluminumbis(2,6-di-z-butyl-4-methylphenoxide)
m-chloroperoxybenzoic acid
oxodiperoxymolybdenum(pyridine)hexamethylphosphor-
amide

molecular sieves

methanesulfonic acid



MTB

MTBE

NBS
Ni(acac),
NMM

NMO

NMP

P

Pc

PCC
PdCl,(tpp),
Pd,(dba),

PG
PhI(OH)OTs
PPL

PPTS

proton sponge
Pyr

Rh,(ptb),
SemCl
SMEAH

Su

TAS-F

TBAF

TEA

TEBA or TEBAC
TEBAC or TEBA
TESH

Tf

TFA

TFAA
TFMSA or TfOH
TfOH or TFMSA
THF

THP
TMEDA
TMOF

TPAP

TPP

TPPTS

TPS

REAGENTS  XXi

methylthiobenzene

t-butyl methyl ether
N-bromosuccinimide

nickel acetylacetonate
N-methylmorpholine
N-methylmorpholine N-oxide
N-methylpyrrolidinone

polymer support

phthalocyanine

pyridinium chlorochromate
dichlorobis[tris(2-methylphenyl)phosphine|palladium
tris(dibenzylideneacetone)dipalladium
protective group
[hydroxy(tosyloxy)iodo]benzene
porcine pancreatic lipase

pyridinium p-toluenesulfonate
1,8-bis(dimethylamino)naphthalene
pyridine

rhodium perfluorobutyrate
methoxycarbonylsulfeny! chloride
sodium bis(2-methoxyethoxy)aluminum hydride
succinimidyl
tris(dimethylamino)sulfonium difluorotrimethylsilicate
tetrabutylammonium fluoride
triethylamine
triethylbenzylammonium chloride
triethylbenzylammonium chloride
triethylsilane
trifluoromethanesulfonyl
trifluoroacetic acid

trifluoroacetic anhydride
trifluoromethanesulfonic acid
trifluoromethanesulfonic acid
tetrahydrofuran

tetrahydropyran
N,N,N’,N”-tetramethylethylenediamine
trimethyl orthoformate
tetrapropylammonium perruthenate
tetraphenylporphyrin

sulfonated triphenylphosphine
triisopropylbenzensulfonyl chloride

Tr'BF,” or PhyC*BF, triphenylcarbenium tetrafluoroborate

TrS Bu,N*
Ts

tetrabutylammonium triphenylmethanethiolate
toluenesulfonyl



PROTECTIVE GROUPS IN
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INDEX

Abbreviations:
Protective Groups. xiii-xix
Reagents, xix-xxi
ABO esters, to protect carboxyl groups, 438
Acetals:
aminothio, to protect thiols, 473-479
dithio, to protect thiols, 473
monothio, to protect thiols, 471-473
Acetals and ketals, acyclic:
dithio:
to protect carbonyl groups, 329-333
to protect thiols, 457, 473
monothio:
to protect carbonyl groups, 344-346
to protect thiols, 471-478
to protect carbonyl groups, 296, 297-307
Acetals and ketals, aminothio, to protect
thiols, 473-479
Acetals and ketals, cyclic:
dithio, to protect carbonyl groups, 333-347
monothio, to protect carbonyl groups,
344-347
to protect carbonyl groups, 307-325
to protect catechols, 287-290
to protect diols, 201-230
Acetals and ketals, heterocyclic. to protect
carbonyl groups:
imidazolines, 360-361
oxathiolanes, 346-347
oxazolidines, 435
thiazolidines, 361
Acetamides, to protect amines, 83, 552-555
halo-, to protect amines, relative cleavage.
550
p-Acetamidobenzyl ethers, to protect
alcohols. 97
S-Acetamidomethylthio acetals, to protect
thiols, 467, 474-476, 477, 478

o-Acetamidophenyl boronates, to protect
1.2- and 13-diols, 244
Acetate (Ac) esters:
to protect alcohols. 150-160, 161, 176
cleaved, 171. 173
stable, 83, 88, 89, 96, 149, 150, 163, 165,
166, 167, 186. 566
to protect phenols, 276-278
Acetoacetamides, to protect amines. 563
Acetol esters. to protect carboxyl groups, 393
Acetonides:
to protect catechols, 289
to protect 1.2- and 1.3-diols. 207-215
to protect dithiols, 490-491
cleaved. 30. 51
stable, 33, 43, 59, 88,91
S-0- or p-Acetoxybenzyl thioethers. to
protect thiols, 462
N-2-Acetoxy-4-methoxybenzylamides
(AcHmB), to protect amides, 640-641
2-(Acetoxymethyl)benzamides (AMB), to
protect amines, 562
N-3-Acetoxypropylamines. to protect amines.
576-571
O-Acetyl cyanohydrins. to protect carbonyl
groups, 348
S-Acetyl derivatives, to protect thiols,
482-483
N-Acetylmethionine derivatives, to protect
amines, 563
S-Acetylmethyl thioethers. to protect
thiophenols. 478-479
2-(4-Acetyl-2-nitrophenyl)ethyl (Anpe) esters.
to protect carboxyl groups, 403-404
2-(S-Acetylthio)ethyl (SATE) phosphates, to
protect phosphate groups, 676-677
Acrolein acetals, to protect 1.2- and 1.3-diols.
206-207

749
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Activated esters, of carboxylic acids,
431-433, 435

p-Acylaminobenzyl (PAB) ethers, to protect
alcohols, 97

4-Acyloxybenzyl phosphates, to protect
phosphate groups, 685

Adamantoate esters, to protect alcohols,
172-173

1-Adamantyl (1-Adoc) carbamates. to
protect amines, 525, 532, 618

2-Adamantyl (2-Adoc) carbamates, to
protect amines, 525, 532, 619

1-Adamantyl (Adoc) carbonates, to protect
phenols, 281

1- and 2-Adamantyl esters, to protect
carboxyl groups, 404

Adamantyl glycoside ethers, stable, 90

1-(1-Adamantyl)-1-methylethyl carbamates
(Adpoc), to protect amines, 513, 516

N-1-Adamantyloxycarbonylamides, to
protect amides, 643

1-Adamantyloxymethylamines, to protect
pyrroles, 625

1-Adamantyl phosphates, to protect
phosphonate groups, 672

S-1-Adamantyl thioethers, to protect thiols,
471

Alcohols, see Hydroxyl group

Aldehydes and ketones, protection of,
293-368

as acetals and ketals, 297-307
as miscellaneous derivatives, 348-364

monoprotection of dicarbonyl compounds.

364-367
Reactivity Chart S, 724-727

Alkoxymethyl ethers, relative reductive
cleavages. 47

0-Alkyl-S-alkyl or S-phenyl acetals and
ketals, to protect carbonyl groups.
345-346

Alkyldithio carbamates. to protect amines.
531

2-Alkyl-13-o0xazolines, to protect both the
hydroxy and carbonyl groups in
carboxylic acids, 434

2-Alkyl-4-oxo-1.3-dioxolanes. to protect
a-hydroxy carboxylic acids. 436

S-Alkyl-4-ox0-1.3-dioxolanes, to protect
a-hydroxy carboxylic acids, 436

4-Alkyl-5-0x0-1,3-oxazolidines, to provide
selective protection for carboxylic acids.
435

S-Alkyl thioethers, to protect thiols. 457-458

Alkynes. protection for, 654-659

Allyl alcohols. to protect, 28

N-Allylamides, to protect amides, 263, 632
N-Allylamines:
to protect amines, 71, 72, 574-576, 620
Allyl carbamates (Aloc or Alloc), to protect
amines, 410, 526-528
Allyl carbonates, to protect alcohols. 69, 72.
184-185, 410
Allyl esters, to protect carboxyl groups,
409-411, 529
Allyl ethers:
to protect alcohols, 25, 26, 42, 67-74, 78
stable, 42, 51, 74, 101
to protect phenols, 72, 262-263
S-Allyloxycarbonylaminomethyl (Allocam)
thioacetals, to protect thiols, 477
Allyl phosphates, to protect phosphate
groups, 672
Allylsilane, to protect alcohols, phenols, or
carboxylic acids, 118
Allyl sulfonates, to protect alcohols, 198
Amidates, to protect phosphates, 697-698
Amides:
to protect amines, 550-572
Reactivity Chart 9, 740-743
reviews, 550, 551 (Refs. 4-7)
to protect carboxyl groups, 442-449
Reactivity Chart 6, 728-731
Amine N-oxides, to protect tertiary amines.
597
Amines, protection of, 494-653
as amides, 550-572
Reactivity Chart 9, 740-743
as carbamates, 503-550
Reactivity Chart 8, 736-739
as special derivatives, 573-615
Reactivity Chart 10, 744-747
Amino acetal derivatives, to protect
imidazoles, 624-626
Amino acids, protective groups for amino,
carboxyl. and side-chain functional
groups, list of, 373
2-(2'-Aminophenyl)acetaldehyde dimethyl
acetal amides, to protect carboxyl
groups, 448
t-Amyl carbamates. to protect amines, 548
t-Amyl ethers, to protect alcohols, 65
Anilidates, to protect phosphate groups. 697
p-Anisidates, to protect phosphate groups,
698
p-Anisyloxymethyl ethers, see
(4-Methoxyphenoxy)methyl ethers
9-Anthracenesulfonamides, to protect
amines, 612
2-(9.10-Anthraquinonyl)methyl phosphates,
to protect phosphate groups, 686



9-Anthryl ethers, to protect alcohols, 109
9-Anthrylmethyl carbamates, to protect
amines. 539-540
9-Anthrylmethyl esters. to protect carboxyl
groups, 421-422
9-Anthrylmethyl ethers. to protect phenols.
271
9-Anthrylmethyl thioethers, to protect thiols.
464
2-(3'-Arylpyrimidin-2-yl)ethyl phosphates, to
protect phosphate groups, 677
Assisted cleavage, 3
of allyl ethers, to form hydroxyl groups, 3
of amides, to form amines, 561-564
of p-P-benzenesulfonamides, to form
carboxyl groups, 449
of carbamates, to form amines, 540-545
of carbonates, to form alcohols, 189-193
of chloroacetamides, to form amines, 555
of o-(dibromomethyl)benzoates esters, to
form aliphatic alcohols, 190
by B-elimination in carbonates, to form
alcohols, 187-189
of esters, to form alcohols, 189-192
of p-methylthiophenyl esters, to form
carboxyl groups, 415
of S-p-nitrobenzyl thioethers, to form
thiols, 462
of 2-(trimethylsilyl)ethoxymethyl (SEM)
esters, to form carboxyl groups, 391
2-Azanorbornenes, to protect amines, 578
4-Azidobenzyl carbamates, to protect
amines, 543
p-Azidobenzyl (Azb) ethers, to protect
alcohols, 97-98
4-Azidobutyrate esters, to protect alcohols,
190
4-Azido-3-chlorobenzyl ethers, to protect
alcohols. 98
4-Azidomethoxybenzyl carbamates, to
protect amines, 543
4-Azidomethoxybenzyl esters, to protect
carboxyl groups, 427
Azidomethyl ethers, to protect phenols, 260
p-Azobenzenecarboxamidomethyl esters, to
protect carboxyl groups, 396

Benzamides, to protect amines, 560-561

S-Benzamidomethyl (BAM) thioacetals, to
protect thiols, 475, 477

1.2-Benzenedimethanol esters, to protect
boronic acids, 453

Benzenesulfenamides, to protect amines, 600

Benzenesulfonamides, to protect amines.
604-607

INDEX 751

p-P-Benzenesulfonamides, to protect
carboxyl groups, 448-449
Benz|f]inden-3-ylmethyl (Bimoc)
carbamates, to protect amines, 508
Benzisothiazolyl S,S-dioxido ethers, to
protect alcohols, 113
5-Benzisoxazolylmethyl carbamates (Bic).
to protect amines, 544
5-Benzisoxazolylmethylene (Bim)
phosphates, to protect phosphate
groups, 686-687
Benzoate (Bz) esters:
migration. 173
to protect alcohols. 64, 151, 173-178, 411
stable, 96, 149, 154, 155, 165. 168, 186
to protect phenols, 279-280
p-P-Benzoate esters, to protect alcohols, 193
1.3-Benzodithiolan-2-yl (Bdt) ethers. to
protect alcohols, 112-113
Benzoin derivatives, to protect phosphate
groups. 688
Benzoins, substituted, to protect amines, 546
Benzophenone ketals, to protect 1.2- and
1.3-diols, 229-230
Benzothiazole-2-sulfonamides (Betsyl or
Bts), to protect amines, 611
N-Benzotriazole esters, to activate carboxyl
groups, 433
S-Benzoyl esters, to protect thiols, 482-483
Benzoylformate esters. to protect alcohols.
149-150
o-(Benzoyloxymethyl)benzamides (BMB). to
protect amines, 562
N-Benzoylphenylalanyl derivatives, to
protect amines, 559
N-Benzylamides (Bn), to protect amides, 80,
638
N-Benzylamines, to protect amines, 82, 89,
579-580. 620-621
4-Benzylaminophenyl phosphates, to protect
phosphate groups, 693
Benzyl (Cbz or Z) carbamates, to protect
amines, 521, 531-537, 539, 608
cleaved, 82, 406, 417, 513
Benzyl carbonates:
to protect alcohols, 184, 186
to protect phenols, 283
Benzyl enol ethers, to monoprotect 1.2- and
1.3-dicarbonyl groups, 366
Benzyl esters, to protect carboxyl groups.
409, 415-419
cleaved. 30, 252. 411, 427, 533
stable, 412, 535
p-P-Benzyl esters. to protect carboxyl
groups, 428
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Benzyl ethers:
to protect alcohols. 25. 76-86
cleaved. 26, 64, 71. 74. 96
stable, 30, 40, 42, 64. 88. 89. 90, 96, 97.
101. 137. 416, 521
to protect phenols, 266-269
N-Benzylhydracrylamide derivatives. to
protect phosphate groups. 675
Benzylidene acetals:
to protect amides, 645
to protect 1,2- and 1,3-diols, 217-224
cleaved, 46, 83
stable, 70. 80
N-Benzylideneamines, to protect amines, 587
S,S’-Benzylidene dithioacetals, to protect
dithiols, 490-491
0-Benzyl oximes, to protect carbonyl groups,
358-359
N-Benzyloxyamides (BnO) to protect amides,
635
N-Benzyloxycarbonylamides, (Cbz), to
protect amides, 643-644
S-Benzyloxycarbonyl (Cbz or Z) derivatives,
to protect thiols, 484, 485
2-[2-(Benzyloxy)ethyl]benzoate (PACy;)
esters, to protect alcohols, 192
N-Benzyloxymethylamides, to protect
amides, 633
N-Benzyloxymethylamines, to protect
amines, 625-626
Benzyloxymethyl (BOM) esters, to protect
carboxyl groups, 391
Benzyloxymethyl (BOM) ethers:
to protect alcohols, 23, 36-37. 46, 47. 88. 228
to protect phenols, 258
S-Benzyloxymethylmonothioacetals, to
protect thiols, 472
Benzyl (Bn) phosphates. to protect
phosphate groups, 684
Benzylsulfonamides, to protect amines,
613-614
Benzylsulfonate esters, to protect alcohols,
198-199
S-Benzylsulfonium salts, to protect sulfides,
492
2-(Benzylsulfonyl)ethyl phosphates. to
protect phosphate groups, 679
S-Benzyl thiocarbamates, to protect amines,
548
S-Benzyl thiocarbonates, to protect alcohols,
188
S-Benzyl thioethers, to protect thiols,
458-460, 533
2-(Benzylthio)ethyl ethers. to protect
alcohols, 65

S-Benzylthiomethyl dithioacetals, to protect
thiols, 473
Biphenyldiisopropylsilylalkynes, to protect
alkynes, 657
Biphenyldimethylsilylalkynes (BDMS), to
protect alkynes, 657
S-N-[[(p-Biphenylyl)isopropoxy]carbonyl|-N-
methyl-y-aminobutyrate esters, to
protect thiols, 484
§-2.2-Bis(carboethoxy)ethyl thioethers, to
protect thiols, 481
Bis(2-chloroethoxy)methyl ethers, to protect
alcohols, 44-45
Bis(diisopropylsiloxy) ethers, to protect diols.
67
4.5-Bis(dimethylaminocarbonyl)-1.3-
dioxolanes, to protect carbonyl groups,
328
24-Bis(1.1-dimethylpropyl)phenoxyacetate
esters, to protect alcohols, 193
Bisethylenediaminecobalt(IIT) complex, to
protect carboxyl groups, 441
5-[3-Bis(4-methoxyphenyl)hydroxy-
methylphenoxy]levulinate esters. to
protect alcohols, 169
N-Bis(4-methoxyphenyl)methylamides
(DAM), to protect amides, 641
N-Bis(4-methoxyphenyl)methylamines, to
protect amines, 583
S-Bis(4-methoxyphenyl)methyl thioethers, to
protect thiols, 467
N-Bis(4-methoxyphenyl)phenylmethylamides
(DMTr), to protect amides, 641
1.1-Bis(4-methoxyphenyl)-1'-pyrenylmethyl
(Bmpm) ethers, to protect alcohols, 108
Bismethylenedioxy derivatives, to protect
a,a’-dihydroxy ketones, 367-368
N-Bis(4-methylsulfinylphenyl)methylamides,
to protect amides, 642
Bis(2-nitrobenzyl) acetals and ketals, to
protect carbonyl groups, 305
2.2-Bis(4'-nitrophenyl)ethyl (Bnpeoc)
carbamates, to protect amines, 516
Bis(o-nitrophenyl)methyl esters, to protect
carboxyl groups, 421
Bis(2.2.2-trichloroethyl) acetals and ketals,
to protect carbonyl groups. 305
2 2-Bistrifluoromethyl-4-alkyl-5-oxo-1.3-
oxazolidines, to protect carboxyl
groups, 435-436
N,N’-3,5-Bis(trifluoromethyl)phenylboronic
acid derivatives, to protect amines, 594
N-2.5-Bis(triisopropylsiloxy)pyrroles
(BIPSOP), to protect amines, 568
N-Bis(trimethylsilyl)methylamides, to protect



amides, 642

BOC, see-t-Butyl carbamates

N-BOC-4-Amino-2,2-dimethylbutyl
sulfonates, to protect sulfonic acids, 451

N-Borane derivatives, to protect amines,
593-595

Borate esters, to protect alcohols, 196

Borates, cyclic, to protect catechols, 290-291

Boronates, cyclic, to protect 1.2- and
1,3-diols, 88, 243-245

Boronates, ethyl, to protect 1.2- and
1.3-diols, 243-244

Boronates, phenyl, to protect 1,2- and
1.3-diols, 244

Boronates, p-P-phenyl, to protect 1.2- and
1,3-diols, 244

Braun ortho ester, to protect carboxyl
groups, 440

Bromoacetates, to protect alcohols, 161

p-Bromobenzoate esters, to protect alcohol
groups, 193

p-Bromobenzyl carbamates, to protect
amines, 539

o-Bromobenzyl carbonates, to protect
phenols, 283

p-Bromobenzyl esters, to protect carboxyl
groups, 424

2-Bromoethyl ethers, to protect phenols, 261

4-Bromomethyl-1.3-dioxolanes, to protect
carbonyl groups, 322-323

p-Bromophenacyl esters, to protect carboxyl
groups, 394

p-Bromophenacyl ethers, to protect phenols,

232

4-(4'-Bromophenacyloxy)phenyldiphenyl-
methyl ethers, to protect alcohols, 106

2-Bromophenyl phosphates, to protect
phosphate groups, 692

3-Bromotetrahydropyranyl ethers, to protect
alcohols, 54

Bulky protective groups, 144

Butane-2,3-bisacetals (BBA), to protect 1.2-
and 1,3-diols, 235

trans-2-Butenoate (Crotonate) esters, to
protect alcohols, 173

N-Butenylamides, to protect amides, 646

4-(3-Butenyl)-1,3-dioxolanes, to protect
carbonyl groups, 323

3-Buten-1-yl esters, to protect carboxyl
groups, 411

N-t-Butoxycarbonylamides, to protect
amides, 642-643

S--Butoxycarbonyl derivatives, to protect
thiols, 484-485

S-N-(t-Butoxycarbonyl)-N-methyl-y-
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aminobutyrate esters, to protect thiols,
484
t-Butoxydiphenylsilyl (DPTBOS) ethers, to
protect alcohols, 138, 148
N-t-Butoxymethylamines, to protect amines.
625
1-Butoxymethyl ethers, to protect alcohols, 39
N-t-Butylamides, to protect amides, 632-633
N-t-Butylamines, to protect amines, 574
N-(N'-t-Butylaminomethylene)amines, to
protect amines, 588
t-Butyl (BOC) carbamates:
cleaved, 272
to protect amines, 512, 513, 514, 516,
518-525, 532, 617-618, 643
t-Butyl (BOC) carbonates, to protect
phenols, 281
N-r-Butyldimethylsiloxymethylamides
(TBDMSiOCH,), to protect amides,
625, 633
t-Butyldimethylsilylalkynes (TBDMS), to
protect alkynes, 656-657
N-t-Butyldimethylsilylamides (TBDMS). to
protect amides, 620, 636
N-t-Butyldimethylsilylamines (TBDMS), to
protect amines, 129
O-1-Butyldimethylsilyl (TBDMS)
cyanohydrins, to protect carbonyl
groups, 348
t-Butyldimethylsilyl (TBDMS) esters, to
protect carboxyl groups, 430
t-Butyldimethylsilyl (TBDMS) ethers:
to protect alcohols, 127-141, 151
cleaved, 51, 52, 63, 145, 211
stable, 30. 46, 51, 52. 59, 80, 88. 91, 104,
119, 122, 126, 142, 143, 147, 165, 520
to protect phenols, 136, 273-275
S-t-Butyldimethylsilyl (TBDMS) sulfides, to
protect thiols, 129
3-(4-t-Butyl-2,6-dinitrophenyl)-2.2-
dimethylpropanamides, to protect
amines, 562
2-[(r-Butyldiphenylsiloxy)methyl]benzamides
(SiOMB), to protect amines, 562
N-r-Butyldiphenylsilylamines, to protect
amines, 600
O-t-Butyldiphenylsilyl cyanohydrins, to
protect carbonyl groups, 348
t-Butyldiphenylsilyl (TBDPS) ethers:
to protect alcohols, 138-139, 141-144
cleaved. 64, 138
stable, 30, 42, 51, 64, 104, 136, 147, 165.
211,257
to protect phenols, 136, 275-276
S--Butyl disulfides, to protect thiols, 487-488
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N-(t-Butyldithio) carbamates, to protect
amines. 531

t-Butyl esters, to protect carboxyl groups,
183. 404-408. 643

S--Butyl esters, to activate carboxyl groups,
431-433

t-Butyl ethers:

to protect alcohols, 42, 65-67. 643
to protect phenols, 265-266

1-+-Butylethylidene ketals, to protect 1.2- and
1,3-diols, 205

N-(N'-t-Butylformamidines), to protect
amines, 588

N-t-Butylideneamines, to protect amines, 589

t-Butylmethoxyphenylsilyl (TBMPS) ethers,
to protect alcohols, 138, 147

-Butylmethylidene acetals, to protect 1.2-
and 13-diols, 205

2-1-Butyl-5-0x0-1,3-0xazolines, to protect
amino and carboxyl groups, 435

t-Butyl phosphates, to protect phosphate
groups, 671-672

S-t-Butylsulfenyl sulfides, to protect thiols.
489

-Butylsulfonamides (Bus), to protect
amines, 615

2-(t-Butylsulfonyl)ethyl (B’ SE) phosphates,
to protect phosphate groups, 679

S-Butylthio enol ethers, to protect 1.2- and
1.3-dicarbonyl compounds, 366

S-t-Butyl thioesters, to activate carboxyl
groups, 431-433

S-1-Butyl thioethers, to protect thiols, 460,
470-471

Butynyl carbamates, to protect amines, 548

Camphor ketals, to protect 1.2- and 1.3-diols,
230
Carbamate esters:
to protect alcohols, 195
to protect amines, 179, 503-550
Reactivity Chart 8, 736-739
to protect phenols, 283
Carbohydrates. synthesis of, 5, 15 (Ref. 24)
Carbon dioxide adduct, to protect indoles.
626
Carbonate esters:
to protect alcohols, 179-189
to protect phenols, 281-283
Carbonates, cyclic, see Cyclic carbonate
esters
Carbonyl groups, see Aldehydes and ketones
o-Carboranes, to protect carbonyl groups,
362
Carboxamidomethyl (CAM) esters, to protect
carboxyl groups, 395-396

Carboxylic acids, protection of, 369-543
as amides and hydrazides, 442-543
as esters, 372-442
Reactivity Chart 6, 728-731
S-Carboxymethyl thioethers, to protect
thiophenols, 478-479
Catechols, protection of, 287-291
as cyclic acetals and ketals, 287-290
as cyclic esters, 290-291
Reactivity Chart 4, 720-723
Cbz, see Benzyl carbamates
Chiral acetals and ketals, to protect
carbonyl groups, 326-329
Chiral ketones, to protect 1,2- and 1,3-diols.
230-231
Chloroacetamides, to protect amines,
555-556
Chloroacetate esters, to protect alcohols,
160-163
2-[(2-Chloroacetoxy)ethyl]benzoate (CAEB)
esters, to protect alcohols, 192
2-(Chloroacetoxymethyl)benzoate (CAMB)
esters, to protect alcohols, 191-192
m-Chloro-p-acyloxybenzyl carbamates,
to protect amines, 543
o-Chloroalkyl esters, to protect carboxyl
groups, 398
4-Chlorobenzenesulfonylethyl carbamates.
to protect amines, 540
p-Chlorobenzoate esters, to protect alcohol
groups, 193
p-Chlorobenzyl carbamates, to protect
amines, 539
2-Chlorobenzyl ethers, to protect phenols,
265
2-Chlorobenzyl oximes, to protect carbonyl
groups, 359
4-Chlorobenzyl phosphates, to protect
phosphate groups, 685
4-Chlorobutanamides, to protect amines, 563
Chlorodiphenylacetate esters, to protect
alcohols, 193
1-(2-Chloroethoxy)ethyl (Cee) ethers, to
protect alcohols, 60
N-2-Chloroethoxymethylamines, to protect
amines, 625
N-2-Chloroethylamines, to protect amines.
619
2-Chloroethyl carbamates, to protect amines,
513
2-Chloroethyl ethers, to protect phenols, 261
N-|(5-Chloro-2-hydroxyphenyl)phenyl-
methylene]amines, to protect amines,
589
2-Chloro-3-indenylmethyl (Climoc)
carbamates, to protect amines, 508



1-[(2-Chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP) ethers.
to protect alcohols, 55, 60

4-Chloro-2-nitrobenzyl phosphates, to
protect phosphorothioate groups, 685

2-(2-Chloro-4-nitrophenyl)ethyl phosphates,
to protect phosphate groups, 677

4-Chloro-2-nitrophenyl phosphates, to
protect phosphate groups, 693

p-Chlorophenoxyacetate esters, to protect
alcohols, 166

p-Chlorophenyl ethers, to protect alcohols,
74-75

2-Chlorophenyl phosphates, to protect
phosphate groups, 691, 692

4-Chlorophenyl phosphates, to protect
phosphate groups, 691

5-Chloro-8-quinolyl phosphates, to protect
phosphate groups, 694

N-5-Chlorosalicylideneamines, to protect
amines, 589

2-Chloro-4-triphenylmethylphenyl
phosphates, to protect phosphate groups.
693

Choline esters, to protect carboxyl groups,
382

a-Chymotrypsin, to cleave 3-
phenylpropionates, 167

Cinnamyl (Coc) carbamates, to protect
amines, 528-529

Cinnamyl esters, to protect carboxyl groups,
411

N-Copper chelates, to protect a-amino acids,
595

Crotonate esters, to protect alcohols, 173

Crotyl ethers, to protect alcohols, 68

18-Crown-6 derivatives, to protect amines,
596

Cumyl, see 1-Methyl-l-phenylethyl, 402

p-Cyanobenzyl carbamates, to protect
amines, 548

p-Cyanobenzyl ethers, to protect alcohols, 96

4-Cyano-2-butenyl phosphates, to protect
phosphate groups, 675

2-Cyano-1,1-dimethylethyl (CDM)
phosphates, to protect phosphate groups,
675

2-Cyanoethyl esters, to protect carboxyl
groups, 403, 404

2-Cyanoethyl phosphates, to protect
phosphate groups, 674-675

§-2-Cyanoethyl thioethers, to protect thiols,
480-481

Cyanohydrins, O-substituted, to protect
carbonyl groups, 348-350

N-Cyanomethylamides, to protect amides,
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633
N-Cyanomethylamines, to protect amines,
260, 577
Cyanomethyl esters, to protect carboxyl
groups, 392-393
Cyanomethyl ethers, to protect phenols, 260
S-Cyanomethyl thioethers, to protect
thiophenols, 478-479
2-Cyano-1-phenylethyl (Cpeoc) carbonates,
to protect alcohols, 188
Cyclic acetals and ketals:
to protect aldehydes and ketones,
307-326
to protect catechols, 287-290
to protect 1,2- and 1,3-diols, 201-230
Cyclic borates, to protect catechols, 290-291
Cyclic boronates, to protect 1.2- and
1.3-diols, 243-245
Cyclic carbonates:
to protect catechols, 291
to protect 1,2- and 1.3-diols, 241-243
Cyclic dithio acetals and ketals, to protect
carbonyl groups, 333-344
Cyclic esters:
to protect catechols, 290-291
to protect diols, 201, 241-243
Cyclic imides, to protect amines, 564-572
Cyclic monothio acetals and ketals, to
protect carbonyl groups, 346-347
Cyclic monothio and dithio ketals, to
monoprotect 1,2- and 1.3-dicarbonyl
compounds, 367-368
Cyclic ortho esters, to protect 1,2- and
1,3-diols, 231-234
Cyclobutyl carbamates, to protect amines,
548
Cycloheptylidene ketals, to protect 1.2- and
1,3-diols, 215-217
Cyclohexane-1,2-diacetals (CDA), to protect
1.2- and 1,3-diols, 235-236
trans-1,2-Cyclohexanediol ketals, to protect
carbonyl groups, 327
Cyclohexyl (Hoc) carbamates, to protect
amines, 548, 618
Cyclohexyl esters, to protect carboxyl
groups, 409
Cyclohexyl ethers, to protect phenols, 265
Cyclohexylidene ketals:
to protect catechols, 289
to protect 1,2- and 1,3-diols, 215-217
Cyclohexylmethylsilylenes, to protect
1,3-diols, 238
Cyclohexyl (cHex) phosphates, to protect
phosphate groups, 671
Cyclopentyl carbamates, to protect amines,
548
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Cyclopentyl esters, to protect carboxyl
groups, 409

Cyclopentylidene ketals, to protect 1.2- and
1.3-diols, 215-217

Cyclopropylmethyl carbamates, to protect
amines, 548

Cyclopropylmethyl ethers, to protect phenols.
262

2-Dansylethyl (Dnseoc) carbamates, to
protect amines. 541

2-Dansylethyl (Dnseoc) carbonates. to protect
alcohols, 187

p-Decyloxybenzyl carbamates. to protect
amines. 548

Desyl esters, to protect carboxyl groups, 395

Diacetyl acetals and ketals, to protect
carbonyl groups, 306-307

S.S’-Diacetyl acetals and ketals, to protect
carbonyl groups, 333

Dialkyl phosphoramidates. to protect
amines, 598-599

2,2’-Diaminobiphenyl derivatives, to protect
phosphate groups, 698

1.1-Dianisyl-2,2.2-trichloroethyl (DATE)
ethers, to protect alcohols, 63

N-5-Dibenzosuberylamines (DBS), to protect
amines, 583

5-Dibenzosuberyl esters, to protect carboxyl
groups, 423

5-Dibenzosuberyl ethers, to protect alcohols,
102

S-5-Dibenzosuberyl thioethers, to protect
thiols, 468

Dibenzyl acetals and ketals, to protect
carbonyl groups, 305

S.8’-Dibenzyl acetals and ketals, to protect
carbonyl groups, 330-333

N-(N'.N'-Dibenzylaminomethylene)amines,
to protect amines, 588

N-(N'.N’-Dibenzylformamidines), to protect
amines, 588

Dibenzyl phosphoramidates. to protect
amines, 599

1.3-Dibenzyl-1,3,5-triazacyclohexan-2-ones,
S-substituted, to protect amines, 569-570

5.5-Dibromo-13-dioxanes, to protect carbonyl
groups, 310-311

9-(2,7-Dibromo)fluorenylmethyl carbamates,
to protect amines, 507

o-(Dibromomethyl)benzoate esters, to
protect alcohols, 190

2.3-Dibromopropyl phosphates, to protect
phosphate groups, 682

S.S’-Dibutyl acetals and ketals, to protect
carbonyl groups, 330-333

2,7-Di-t-butyl[9-(10,10-diox0-10,10,10,10-
tetrahydrothioxanthyl)]methyl
(BDB-Tmoc) carbamates, to protect
amines, 509
2,6-Di-t-butyl-4-methoxyphenyl esters, to
protect carboxyl groups, 414
2,6-Di-t-butyl-4-methylphenyl esters, to
protect carboxyl groups, 414
Di-t-butylmethylsilyl (DTBMS) esters, to
protect carboxyl groups, 431
Di-t-butylmethylsilyl (DTBMS) ethers, to
protect alcohols, 146
1-(3,5-Di-t-butylphenyl)-1-methylethyl
(r-Bumeoc) carbamates, to protect
amines, 515-516
Di-t-butylsilylene (DTBS) derivatives. to
protect 1,2-diols, 237-238
4,5-Dicarbomethoxy-1,3-dioxolanes, to
protect carbonyl groups, 328
Dichloroacetamides, to protect amines, 627
Dichloroacetate esters, to protect alcohols,
161. 163
24-Dichlorobenzyl carbamates. to protect
amines, 539
2,6-Dichlorobenzyl ethers:
to protect alcohols, 95
to protect phenols, 270
3.4-Dichlorobenzyl ethers, to protect
phenols, 270-271
2.2-Dichloro-1,1-difluoroethyl ethers, to
protect phenols, 260-261
2.2-Dichloroethyl esters. to protect carboxyl
groups, 397
N-2.7-Dichloro-9-fluorenylmethyleneamines.
to protect amines, 591
2,6-Dichloro-4-methylphenoxyacetate esters.
to protect alcohols, 193
2.4-Dichlorophenyl phosphates, to protect
phosphate groups, 691
2.5-Dichlorophenyl phosphates, to protect
phosphate groups, 691-692
2.6-Dichlorophenyl phosphates, to protect
phosphate groups, 692
N-Dichlorophthalimides, to protect amines.
566
2.6-Dichloro-4-(1,1.3.3-tetramethyl-
butyl)phenoxyacetate esters, to protect
alcohols, 193
2-(N.N-Dicyclohexylcarboxamido)ethyl
carbamates, to protect amines, 517-518
Dicyclohexylsilylenes, to protect 1,3-diols,
238
N-Dicyclopropylmethylamides (Dcpm). to
protect amides, 633
Dicyclopropylmethyl (Dcpm) esters, to
protect carboxyl groups, 408



N-Diethoxymethylamides (DEM), to protect
amides, 646
N-Diethoxymethylamines (DEM). to protect
amines, 624
Diethyl acetals and ketals, to protect
carbonyl groups, 297
S,S’-Diethyl acetals and ketals, to protect
carbonyl groups, 329-333
Diethylamine adducts. to protect carbonyl
groups, 361
3-(N,N-Diethylaminomethyl)anilidates.
to protect phosphate groups, 698
N-Diethylborinic acid derivatives, to protect
amines, 593
Diethylisopropylsilyl (DEIPS) ethers, to
protect alcohols, 126-127
Diethyl phosphoramidates, to protect
amines, 598
Diethylureides. to protect indoles. 627
N-Difluoroborinic acid derivatives. to
protect amines, 594
2.6-Difluorobenzyl ethers, to protect
alcohols, 97
1.5-Dihydro-3H-2.4-benzodioxepins. to
protect carbonyl groups, 325-326
1.5-Dihydro-3H-1.3-benzodithiepins. to
protect carbonyl groups, 344
2.3-Dihydro-1.3-benzothiazoles, to protect
carbonyl groups, 361
5.6-Dihydrophenanthridinamides. to protect
carboxyl groups, 447
p-(Dihydroxyboryl)benzyl (Dobz)
carbamates, to protect amines, 543-544
Diisopropyl acetals, to protect carbonyl
groups, 304
N.N'-Diisopropylhydrazides, to protect
carboxyl groups. 450
Diisopropylmethyl carbamates, to protect
amines, 548
2.6-Diisopropylphenyl esters, to protect
carboxyl groups, 414
Diisopropyl phosphoramidates, to protect
amines, 599
Diisopropylsilylene derivatives:
does not protect 1.2-diols, 237
to protect catechols, 290
to protect 1.3-diols, 338
3'.5'-Dimethoxybenzoin (DMB) carbamates.
to protect amines, 546
3'.5'-Dimethoxybenzoin (DMB) carbonates.
to protect alcohols, 194
3'.5'-Dimethoxybenzoin (DMB) derivatives,
to protect phosphate groups, 688
N-24- and 3.4-Dimethoxybenzylamides. to
protect amides, 640
N-2.4-Dimethoxybenzylamines (Dmb or
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DMPM), to protect amines, 577, 581
N-3.4-Dimethoxybenzylamines, to protect
amines, 621
N-3.5-Dimethoxybenzylamines, to protect
indoles. 622
3.5-Dimethoxybenzyl carbamates, to protect
amines. 545
3.4-Dimethoxybenzyl carbonates, to protect
alcohols. 186
2.6-Dimethoxybenzyl esters, to protect
carboxyl groups. 426
34-Dimethoxybenzyl (DMPM) ethers, to
protect alcohols, 86.91-93
24-Dimethoxybenzylidene acetals, to protect
1.2- and 1.3-diols, 227-228
34-Dimethoxybenzylidene acetals. to protect
1.2-diols. 228
[(3.4-Dimethoxybenzyl)oxy|methyl ethers. to
protect alcohols, 37
S-Dimethoxybenzyl thioethers. to protect
thiols. 460
2.2-Dimethoxycarbonylvinyl carbamates. to
protect amines, 548
S-44'-Dimethoxydiphenylmethyl thioethers.
to protect thiols, 467
1.2-Dimethoxyethylidene ortho esters. to
protect 1,2-diols, 234
4.4'-Dimethoxy-3"-[N-(imidazolyl-
ethyl)carbamoyl]trityl (IETr) ethers. to
protect alcohols, 107-108
4.4'-Dimethoxy-3"-|N-imidazolylmethyl)|trityl
(IDTr) ethers. to protect alcohols.
107-108
2.6-Dimethoxy-4-methylbenzenesulfonamides
(iMds), to protect amines, 608
4.5-Dimethoxymethyl-1,3-dioxolanes, to
protect carbonyl groups, 328-329
Dimethoxymethylene ortho esters, to protect
1.2-diols, 232
4-(4' 8'-Dimethoxynaphthylmethyl)benzene-
sulfonamides, to protect amines.
612-613 .
3.4-Dimethoxy-6-nitrobenzyl carbamates. to
protect amines, 545
N-3.4-Dimethoxyphenylamides. to protect
amides, 637
Dimethoxyphenylmethyl ethers. to protect
alcohols. 186
a-(3.5-Dimethoxyphenyl)phenacyl esters. to
protect carboxyl groups. 395
Di(4-methoxyphenyl)phenylmethyl (DMTr)
ethers, to protect alcohols, 105-106, 113
Dimethyl acetals and ketals, to protect
carbonyl groups, 29, 297-304
S.S’-Dimethyl acetals and ketals, to protect
carbonyl groups, 329-333
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N.N-Dimethylamides, to protect carboxyl
groups, 446
p-(N.N-Dimethylamino)anilidates, to protect
phosphate groups, 698
a-(N,N-Dimethylamino)benzylidene
derivatives, to protect 1,2-diols, 234
4-(Dimethylamino)carbonylbenzyl ethers, to
protect phenols, 271
1-(N.N-Dimethylamino)ethylidene
derivatives, to protect 1,2-diols, 234
N-Dimethylaminomethylamines, to protect
indoles, 626
N-(N'.N'-Dimethylaminomethylene)amines,
to protect amines, 588
p-[p-(Dimethylamino)phenylazo]benzyl
esters, to protect carboxyl groups, 396
2,6-Dimethylbenzyl ethers, to protect
phenols, 269
0-(N,N-Dimethylcarboxamido)benzyl
carbamates, to protect amines, 548
1.1-Dimethyl-2-cyanoethyl carbamates, to
protect amines, 541
N.N'-Dimethyl-(R, R)-1,2-diaminocyclohexyl
derivatives, to protect phosphate groups,
699
1.1-Dimethyl-2.2-dibromoethyl (DB-t-BOC)
carbamates, to protect amines, 514
1.1-Dimethyl-3-(N, N-dimethyl-
carboxamido)propyl carbamates, to
protect amines, 548
Dimethyl[1.1-dimethyl-3-(tetrahydro-2H-
pyran-2-yloxy)propylsilylalkynes|
(DOPS). to protect alkynes, 657
4.4-Dimethyl-1.3-dioxanes, to protect
carbonyl groups, 309 (Ref. 3), 315
trans-4,6-Dimethyl-1,3-dioxanes, to protect
carbonyl groups, 327-328
N-2-(4,4-Dimethyl-2,6-dioxocyclo-
hexylidene)ethylamines (Dde), to
protect amines, 591
4-{N-[1-(44-Dimethyl-2.6-dioxocyclo-
hexylidene)-3-methylbutyl]amino}benzyl
(Dmab) esters, to protect carboxyl
groups, 427
4.5-Dimethyl-1,3-dioxolanes, to protect
carbonyl groups, 326-328
N-(N',N’'-Dimethylformamidines). to protect
amines, 588
1.1-Dimethyl-2-haloethyl carbamates, to
protect amines, 513-514
N-(N'.N'-Dimethyl)hydrazines, to protect
amines, 623
N.N-Dimethylhydrazones, to protect
carbonyl groups, 350-352

N.N'-Dimethylimidazolines, to protect
carbonyl groups, 360-361
Dimethylisopropylsilyl (IPDMS) ethers, to
protect alcohols, 125
2,6-Dimethyl-4-methoxybenzene-
sulfonamides (Mds), to protect amines.
607
4-(4' 8'-Dimethylnaphthylmethyl)benzene-
sulfonamides (DNMBS), to protect
amines, 612-613
N-(5,5-Dimethyl-3-oxo-1-cyclo-
hexenyl)amines, to protect amines, 590
2.4-Dimethylpent-3-yl (Doc) carbamates, to
protect imidazoles, 618
2.4-Dimethylpent-3-yl (Doc) carbonates, to
protect phenols, 282
2.4-Dimethyl-3-pentyl (Dmp) esters, to
protect carboxyl groups, 409
2,6-Dimethylphenyl esters, to protect
carboxyl groups, 414
2,6-Dimethylphenyl phosphates. to protect
phosphate groups, 691
Dimethylphenylsilyl esters, to protect
carboxyl groups, 431
Dimethylphosphinothioyl (Mpt) esters:
to protect alcohols, 196
to protect phenols, 284
to protect thiols, 493
Dimethylphosphinyl (Dmp) esters, to
protect phenols, 284
1.1-Dimethylpropynyl carbamates, to protect
amines, 548
N-2,5-Dimethylpyrrolyl derivatives, to protect
amines, 568
Dimethylsilylene derivatives, does not
protect 1.2-diols, 237
N.N-Dimethylsulfonamides, to protect
amines, 615
Dimethylthexylsilyl (TDS) ethers, to protect
alcohols, 127, 139
(Dimethylthiocarbamoyl)thio derivatives, to
protect phosphate groups, 700
N-1.1-Dimethylthiomethyleneamine, to
protect amines, 586
2.4-Dimethylthiophenyl (Bmpc) carbamates,
to protect amines, 541
Dimethylthiophosphinamides, to protect
amines, 284, 493, 598
1.3-Dimethyl-13.5-triazacyclohexan-2-ones,
S-substituted, to protect amines, 569-570
1.1-Dimethyl-2,2 2-trichloroethyl (TCBOC)
carbamates, to protect amines, 514, 618
1.1-Dimethyl-2.22-trichloroethyl (TCBOC)
carbonates, to protect alcohols, 181-182



24-Dinitrobenzenesulfenamides, to protect
amines, 601
24-Dinitrobenzenesulfonamides (DNs), to
protect amines, 610
p.p’-Dintrobenzhydryl (DNB) ethers, to
protect alcohols, 101
2.4-Dinitrobenzyl phosphates. to protect
phosphorodithioate groups, 685, 687
N-24-Dinitrophenylamines, to protect
amines, 578. 622
2.4-Dinitrophenyl (DNP) ethers, to protect
alcohols, 76
2-(2.4-Dinitrophenyl)ethyl (Dnpeoc)
carbonates, to protect alcohols,
187-188
S-2-(2.4-Dinitrophenyl)ethyl thioethers, to
protect thiols, 479
24-Dinitrophenylhydrazones (24-DNP). to
protect carbonyl groups, 353
3.5-Dinitrophenyl phosphates. to protect
phosphate groups. 692
24-Dinitrophenylsulfenates. to protect
alcohols, 196-197
S-24-Dinitrophenyl thioethers. to protect
thiols, 470
3.5-Dinitro-4-pyridones, 1-substituted, to
protect amines, 570
1.2- and 1.3-Diols, protection of, 201-245
as chiral ketones, 230-231
as cyclic acetals and ketals, 201-230
as cyclic boronates, 243-245
as cyclic carbonates, 241-243
as cyclic ortho esters, 231-237
as silyl derivatives, 237-241
Reactivity Chart 3. 716-719
1,3-Dioxanes, to protect carbonyl groups.
308-312
4.5-dimethyl-, to protect carbonyl groups,
319
4.4.5.5-tetramethyl-, to protect carbonyl
groups, 319
Dioxanones, to protect a- or 8-hydroxy
carboxyl groups, 437
1.4-Dioxan-2-yl ethers, to protect alcohols,
57
1.3.5-Dioxazines, to protect amines, 570
2-(9.10-Dioxo)anthrylmethyl esters, to protect
carboxyl groups, 422-423
1.1-Dioxobenzo|b]thiophene-2-ylmethyl
(Bsmoc) carbamates, to protect amines,
509
1.3-Dioxolanes, 5-alkyl-4-oxo-, to protect
a-hydroxy carboxylic acids, 436
1.3-Dioxolanes, to protect carbonyl groups,
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312-322
4.5-dimethyl-, to protect carbonyl groups.
319
4.4.5.5-tetramethyl-, to protect carbonyl

groups, 319

3-(3".6’-Dioxo-2' 4.5 -trimethylcyclohexa-1' 4’
diene)-3.3-dimethylpropionamides (Q).
to protect amines, 562

S.S’-Dipentyl acetals and ketals, to protect
carbonyl groups, 330-333

S.S’-Diphenyl acetals and ketals, to protect
carbonyl groups, 330-333

Diphenylacetate (DPA) esters, to protect
alcohols, 167

N-Diphenylborinic acid derivatives. to
protect amines, 593

(4R, 5R)-Diphenyl-1.3-dioxolanes, to protect
carbonyl groups, 326

N.N-Diphenylimidazolidines, to protect
carbonyl groups, 360

N-23-Diphenylmaleimides. to protect
amines, 567

N-Diphenylmethylamides, to protect amides.
638

N-Diphenylmethylamines (DPM), to protect
amines, 583, 623

Diphenylmethyl carbamates, to protect
amines, 540

N-Diphenylmethyleneamines. to protect
amines, 587-588

Diphenylmethylene ketals, to protect
catechols, 289-290

Diphenylmethyl (DPM) esters, to protect
carboxyl groups, 420-421

Diphenylmethyl (DPM) ethers, to protect
alcohols, 100-101

Diphenylmethyl (DPM) phosphates. to
protect phosphate groups, 688

Diphenylmethylsemicarbazones. to protect
carbonyl groups, 354-355

Diphenylmethylsilyl (DPMS) ethers, to
protect alcohols, 145-146

N-Diphenylmethylsulfonamides (DPM). to
protect a sulfonamide -NH, 647

S-Diphenylmethyl thioethers, to protect
thiols. 460, 466-467

4.5-Diphenyl-3-oxazolin-2-ones. to protect
primary amines, 564

Diphenylphosphinamides (Dpp). to protect
amines, 598

2-(Diphenylphosphino)ethyl (Dppe) esters,
to protect carboxyl groups, 402

Diphenylphosphinothioyl (Dpt) esters. to
protect phenols, 284
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S-(Diphenylphosphino)thioyl (Ppt) esters,
to protect thiols. 493
Diphenyl phosphoramidates, to protect
amines, 599
1.3-Diphenyl-1.3-propanediol esters. to
protect boronic acids, 453
N-(Diphenyl-4-pyridylmethyl)amines
(Dppm), to protect amines, 623
S-Diphenyl-4-pyridylmethyl thioethers. to
protect thiols, 469
Diphenylthiophosphinamides (Ppt). to
protect amines, 598, 627
S.S’-Dipropyl acetals and ketals. to protect
carbonyl groups. 330-333
Di(2-pyridyl)methyl carbamates. to protect
amines, 548
Diseleno acetals and ketals, to protect
carbonyl groups, 347-348
Dispiroketals, to protect 1.2- and 1.3-diols.
236-237
Disulfides. unsymmetrical. to protect thiols.
487-489
1.3-Dithianes. to protect carbonyl groups.
333-344
1.3-Dithianyl-2-methyl (Dmoc) carbamates.
to protect amines, 540
1.3-Dithianyl-2-methyl (Dim) esters, to
protect carboxyl groups, 400
Dithiasuccinimides (Dts). to protect amines.
567
Dithiepin derivatives. to protect carbonyl
groups. 344
Dithio acetals and ketals:
to protect carbonyl groups, 329-347
to protect thiols, 473
(N’-Dithiobenzyloxycarbonyl-
amino)acetamides, to protect amines,
563
Dithio carbamates, to protect amines. 531
Dithiodiethanol (DTE) derivatives, to
protect phosphate groups, 679
1.3-Dithiolanes:
monoprotection of 1.2-diketones. 367
to protect carbonyl groups. 333-344
Dithiols, protection of. as dithio acetals and
ketals. 490-491
2.4-DNP. see 2.4-Dinitrophenyl

Electrolytic cleavage. reviews, 3. 14 (Refs.
11.12)
of activated (thiol) esters, to form carboxyl
groups. 433
of 0-alkyl-S-alkyl or S-phenyl acetals
and ketals. to form carbonyl groups. 345
of allyl ethers. to form phenols, 263

of benzamides. to form amines. 560

of benzoate esters, to form alcohols, 176

of 4-benzylaminophenyl phosphates, to
form phosphate groups, 693

of benzyl carbamates, to form amines, 534

of benzyl carbonates. to form alcohols, 186

of benzyl esters. to form carboxyl groups.
417

of benzyl ethers. to form alcohols. 80, 81

of benzylidene acetals. to form 1.2- or
1.3-diols, 219

of S-benzyloxycarbonates. to form thiols.
485

of S-benzyl thioethers. to form thiols, 459

of p-cyanobenzyl ethers. to form alcohols,
96

of 2.2-dichloroethyl esters, to form
carboxyl groups, 397

of diphenylmethyl esters. to form carboxyl
groups, 420

of diphenylmethyl ethers, to form
alcohols, 101

of N-(diphenyl-4-pyridylmethyl)amines. to
form amines, 623

of S-diphenyl-4-pyridylmethyl thioethers.
to form thiols, 469

of 1.3-dithianes. to form carbonyl groups.
338

of 1.3-dithiolanes. to form carbonyl
groups, 338

of 4-ethoxy-1-naphthyl carbonates, to form
alcohols, 188

of 2-haloethyl esters, to form carboxyl
groups, 398

of 3-(p-hydroxyphenyl)propanamides. to
form amines, 563, see Ref. 21

of N-hydroxypiperidine carbamates, to
form amines, 530

of p-methoxybenzyl ethers, to form
alcohols, 88

of N-4-methoxyphenylamides, to form
amides, 637

of p-methoxyphenyl ethers, to form
alcohols, 75

of O-methyl-S-alkyl or S-phenyl acetals
and ketals, to form carbonyl groups, 345

of methylthiomethyl ethers, to form
alcohols, 34

of N-nitroamines, to form amines, 596

of nitrobenzenesulfonamides, to form
amines, 610

of p-nitrobenzyl carbamates, to form
amines, 538

of p-nitrobenzyl carbonates. to form
alcohols. 186



of p-nitrobenzyl esters, to form carboxyl
groups, 424

of p-nitrobenzyl ethers, to form alcohols,
94

of o-nitrophenylsulfenates, to form
alcohols, 197

of 2-phenyl-2-(9.10-dioxo)anthrylmethyl
esters, to form carboxyl groups, 422

of 4-phenyl-1.3-dioxolanes, to form
carbonyl groups, 323

of 9-(9-phenyl-10-oxo0)anthryl ethers, to
form alcohols, 110

of S-phenyl thioethers, to form thiols, 469

of picolinamides, to form amines, 559

of 2- and 4-picolyl ethers, to form
alcohols, 99

of 4-picolyl ethers, to form phenols, 272

of §-2-picolyl N-oxido thioethers, to form
thiols. 464

of S-4-picolyl thioethers, to form thiols, 463

of phosphate esters, to form phosphate
groups, 668

of propargyl ethers, to form phenols, 264

of prop-2-ynyl esters, to form carboxyl
groups. 413

of pyridine-2-sulfonamides, to form
amines. 611

of thiol esters, to form carboxyl groups. 433

of N-p-toluenesulfonamides. to form
amides, 645

of p-toluenesulfonamides, to form amines.
605

of p-toluenesulfonates. to form phenols,
286

of 2,22-tribromoethyl esters, to form
carboxyl groups, 397

of 2.2.2-tribromoethyl phosphates, to form
phosphate groups, 682

of §-2.2 2-trichloroethoxycarbonyl
derivatives, to form thiols, 484

of 2.2.2-trichloroethyl carbamates, to form
amines, 510

of 2,2.2-trichloroethyl carbonates, to form
alcohols, 181

of 2.2 2-trichloroethyl esters, to form
carboxyl groups, 397

of 2.2.2-trichloroethyl phosphates. to form
phosphate groups, 681

of trimethylsilyl ethers, to form alcohols,
120

of triphenylmethyl esters, to form carboxyl
groups, 419

of triphenylmethyl ethers, to form
alcohols, 104

of S-triphenylmethyl thioethers, to form
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thiols, 468
of tritylone ethers, to form alcohols, 110
B-Elimination-cleavage of carbonates, to
form alcohols, 187-189
Enamines:
to monoprotect 1.2- and 1.3-dicarbonyl
compounds, 364-365
to protect amines, 590-592
to protect 1,2- and 1.3-dicarbonyl
compounds, 363-365
Enol acetates. to monoprotect 1.2- and
1.3-dicarbonyl compounds, 364-365
Enol ethers. to monoprotect 1.2- and
1.3-dicarbonyl compounds, 364-365
Enolate anions. to protect carbonyl groups.
363
Enzymatic cleavage, review, 5, 16 (Ref. 29)
of acetamides, to form amines, 553
of acetates, to form alcohols, 155-157
of 2-(S-acetylthio)ethyl phosphates, to
form phosphate groups. 676-677
of acylals, to form carbonyl groups, 306
of 4-acyloxybenzyl phosphates, to form
phosphate groups, 685
of aryl acetates vs. alkyl acetates, to form
phenols, 277
of N-benzoylphenylalanylamides, to form
amines, 559
of benzyl esters, to form carboxyl groups.
417-418
of chloroacetates, to form alcohols, 162
of dithiodiethanol derivatives, to form
phosphate groups. 679
of esters, to form carboxyl groups, 381-383
of methyl esters to form carboxyl groups.
385
in peptide chemistry, review, 558 (Ref. 4)
of phenylacetamides, to form amines, 558
of S-phenylacetamidomethyl thioacetals, to
form thiols, 477
of phenylacetate esters, to form alcohols,
166
of 4-phenylacetoxybenzyl carbamates. to
form amines. 543
of N-phenylhydrazides, to form carboxyl
groups, 450
of 3-phenylpropanamides, to form amines,
558
of 3-phenylpropionates. to form alcohols.
167
of pivaloate esters, to form alcohols, 171
of 3-pivaloyloxy-1,3-dihydroxypropyl
derivatives, to form phosphate groups,
672
selective, of methyl esters. 385
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Enzymatic protection:
of alcohols. to form phenylacetate esters.
166
of phenols. to form acetate esters. 277
Esters:
to protect alcohols, 149-200
Reactivity Chart 2, 712-715
to protect carboxyl groups, 372-442
cleavage, general. 377-378
enzymatic cleavage, 381-383
formation, general, 373-377
Reactivity Chart 6, 728-731
transesterification, 380-381
to protect phenols, 276-287
Reactivity Chart 4, 720-723
to protect phosphate groups, 660-700
cleavage, general. 666-670
formation, general, 665-666
Esters, cyclic, see Cyclic esters
Ethenyl acetals, to protect amides, 646
Ethers:
to protect alcohols, 17-148
Reactivity Chart 1, 708-711
to protect phenols, 249-276
Reactivity Chart 4, 720-723
N-Ethoxycarbonylamides. to protect amides.
644
Ethoxycarbonyl derivatives, to protect
phosphonate groups, 700
N-(1-Ethoxy)ethylamines (EE), to protect
amines, 619
0O-1-Ethoxyethyl cyanohydrins. to protect
carbonyl groups, 349
1-Ethoxyethyl (EE) ethers:
to protect alcohols, 40, 59-60
to protect phenols, 261
1-Ethoxyethylidene ortho esters. to protect
1.2-diols, 232
Ethoxymethylamines, to protect imidazoles.
624
Ethoxymethylene acetals, to protect 1.2- and
13-diols, 231-232
4-Ethoxy-1-naphthyl carbamates, to protect
amines, 189
4-Ethoxy-1-naphthyl carbonates. to protect
alcohols, 188-189
N-Ethylamines, to protect amines, 512
Ethyl boronates. to protect 1.2- and 1.3-diols.
243-244
Ethyl carbamates. to protect amines, 504-506
S-(N-Ethylcarbamates). to protect thiols, 486
Ethyl carbonates:
to protect alcohols, 181, 184
to protect phenols, 281

S-Ethyl disulfides, to protect thiols, 487
N-(Ethyldithio) carbamates, to protect
amines, 531
44-(Ethylenedithio)pentanoate (LevS) esters,
to protect alcohols. 168-169
Ethyl enol ethers, to monoprotect 1.2- and
1.3-dicarbonyl groups. 364-365
Ethyl esters:
to protect carboxyl groups. 374-375, 384
to protect phosphate groups, 670, 671
Ethyl ethers. to protect phenols, 249
Ethylidene acetals, to protect 1.2- and
1.3-diols, 51, 204-205
Ethyl orthoformate esters, to protect
catechols, 290

N-Ferrocenylmethylamines (Fcm). to protect
amines, 585
S-Ferrocenylmethyl (Fcm) thioethers, to
protect thiols. 466
9-Fluorenecarboxylate esters, to protect
phenols, 280
N-2-Fluorenyl-4-methoxybenzylamides, to
protect amides, 641
9-Fluorenylmethyl (Fmoc) carbamates. to
protect amines, 506-507. 508, 509, 513.
521,532
9-Fluorenylmethyl (Fmoc) carbonates. to
protect alcohols, 180
9-Fluorenylmethyl (Fm) esters. to protect
carboxyl groups, 387-388, 403
9-Fluorenylmethyl (Fm) phosphates. to
protect phosphate groups, 686
S-9-Fluorenylmethyl (Fm) thioethers. to
protect thiols, 465
Fluorescent protective groups:
benzyl ethers. to protect alcohols. 100
1.1-bis(4-methoxyphenyl)-1'-pyrenylmethyl
ethers, to protect alcohols, 108
photolabile esters, to protect alcohols, 195
1-(2-Fluorophenyl)-4-methoxypiperidin-4-yl
(Fpmp) ethers, to protect alcohols, 56
Formamides. to protect amines. 551-552,
626
Formate esters:
to protect alcohols, 149, 161. 164, 551
to protect phenols, 276, 551
2-Formylbenzenesulfonate esters:
to protect alcohols, 190-191
to protect phenols, 287
N,O-Formylidene acetals. to protect amides.
645
2-Furanylmethyl carbamates, to protect
amines, 548



Guaiacolmethyl (GUM) ethers, to protect
alcohols, 39

p-Halobenzyl ethers, to protect alcohols, 95
2-Haloethyl carbamates, to protect amines,
513-514
2-Haloethyl esters, to protect carboxyl
groups, 397-398
Heptafluoro-p-tolyl ethers, to protect
phenols, 272
Heptyl esters. cleaved enzymatically, to form
carboxyl groups, 381
N-Hetero atom derivatives, to protect
amines, 592-615
1.1.1.3.3.3-Hexafluoro-2-phenylisopropyl
(HIP) ethers, to protect alcohols, 64
1.1,1.3.3.3-Hexafluoro-2-propyl phosphates,
to protect phosphate groups, 683
Himastatin, synthesis of, 5-11
Hydrazides:
to protect carboxyl groups, 449-451
Reactivity Chart 6, 728-731
Hydrazones. substituted. to protect carbonyl
groups, 350-354, 356
2-Hydroxybenzenethiols, protection of,
291-292
N-2-Hydroxybenzylamines (HBn). to protect
amines, 581
S-o0- or -p-Hydroxybenzyl thioethers, to
protect thiols, 462
o-Hydroxy-trans-cinnamides, to protect
amines, 562
Hydroxyl group, protection of. 23-244
as esters, 149-210
Reactivity Chart 2, 712-715
as ethers, 17-148
Reactivity Chart 1, 708-711
N-Hydroxymethylamines, to protect amines.
624
N-4-Hydroxy-2-methyl-3(2H)-isothiazolone
1.1-dioxides. to protect a sulfonamide
—NH. 648
4-Hydroxphenacyl phosphates, to protect
phosphate groups, 688
3-(p-Hydroxyphenyl)propanamides. to
protect amines, 563
N-Hydroxypiperidinyl carbamates. to protect
amines. 530-531
2-(2-Hydroxypropyl)alkynes. to protect
alkynes, 658
(2-Hydroxystyryl)diisopropylsilyl (HSDIS)
ethers, to protect alcohols, 147
(2-Hydroxystyryl)dimethylsilyl (HSDMS)
ethers, to protect alcohols, 147
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Imidazoles, to protect, 615-631
Imidazolidines, to protect carbonyl groups.
360-361
Imine derivatives:
to protect amines, 586~590
to protect carbonyl groups, 359
Iminotriphenylphosphorane derivatives, to
protect amines, 600
Indoles, to protect, 615-631
Internal phosphate participation. to cleave
an Fpmp ether, to form an alcohol, 56
2-lodobenzoate esters, to protect alcohols.
189
2-lodoethyl carbamates, to protect amines,
549
Iodotrimethylsilane, for selective cleavage of
protective groups, 267, 299
Isobornyl carbamates, to protect amines, 549
Isobornyl ethers, to protect phenols, 265
S-Isobutoxymethyl monothioacetals, to
protect thiols, 471-472
Isobutyl carbamates, to protect amines, 549
Isobutyl carbonates, to protect alcohols. 183,
184
Isobutyl enol ethers, to monoprotect 1.2- and
1.3-dicarbonyl groups. 364-365
Isobutyl sulfonates. to protect sulfonic acids.
452
Isobutyrate esters, to protect alcohols, 193
Isonicotinyl carbamates, to protect amines.
549
1-Isopropylallyl carbamates, to protect
amines, 528
Isopropylamine derivatives, to protect
phosphate groups, 699
Isopropyldimethylsilyl esters, to protect
carboxyl groups. 430-431
Isopropyldimethylsilyl ethers, to protect
alcohols, 125
N-(Isopropyldithio) carbamates, to protect
amines, 531
Isopropyl ethers, to protect phenols, 264
N.N'-Isopropylidenediamines, to protect
amines, 588
N, O-1Isopropylidene ketals, to protect
hydroxy amides, 645
S.S’-Isopropylidene dithioketals, to protect
dithiols, 490-491
Isopropylidene ketals:
to protect amides, 645
to protect catechols, 289
to protect 1,2- and 1,3-diols, 90. 207-215
N-(1-Isopropyl-4-nitro-2-oxopyrrolin-
3-yl)amines, to protect amines, 577
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N-(1-Isopropyl-4-nitro-2-oxo-3-pyrrolin-
3-yl)amines, to protect amines, 592

Isopropyl phosphates, to protect phosphonate
groups, 671

Isopropyl sulfonates, to protect sulfonic
acids, 452

Isopropylthiomethyl ethers, to protect
alcohols, 30

Ketals, see Acetals and ketals
Ketones. see Aldehydes and ketones

Levulinate (Lev) esters:
to protect alcohols, 168
to protect phenols, 278
Levulinoyl (LevS) dithioacetals, to protect
alcohols, 168-169

MEM, see 2-Methoxyethoxymethyl

Menthone ketals. to protect 1,2- and
1.3-diols. 230-231

Menthoxymethyl (MM) ethers, to protect
alcohols, 48-49

Mercaptans, see Thiols

Mesitoate esters, 178-179

Mesitylene acetals, to protect 1.2- and
1.3-diols, 225, 228-229

Mesitylenesulfonamides (Mts), to protect
imidazoles, 616

Mesylate (Ms) esters, to protect alcohols. 198

N-Metal derivatives, to protect amines,
593-596

Methallyl esters, to protect carboxyl groups,
411

Methanesulfonamides (Ms), to protect
amines, 80, 612

Methanesulfonate (Ms, Mesylate) esters:

to protect alcohols, 198
to protect phenols, 285

Methoxyacetate esters, to protect alcohols.
161, 165

N-Methoxyamides, to protect amides, 635

p-Methoxybenzenesulfonamides (Mbs), to
protect amines, 607

N-4-Methoxybenzylamides (PMB), to protect
amides, 88. 639

N-3-Methoxybenzylamines, to protect
indoles. 622

N-4-Methoxybenzylamines (MPM), to
protect amines, 581, 621

p-Methoxybenzyl carbamates, to protect
amines, 521, 537-538

p-Methoxybenzyl carbonates, to protect
alcohols, 186

p-Methoxybenzyl esters, to protect carboxyl
groups, 425

p-Methoxybenzyl (MPM) ethers:
to protect alcohols, 40, 64, 80, 86-93, 138,
186
to protect phenols, 269-270
p-Methoxybenzylidene acetals, to protect
1.2- and 1.3-diols, 224-227, 228-229
N-p-Methoxybenzylideneamines, to protect
amines, 587
S.S’-p-Methoxybenzylidene dithioacetals. to
protect dithiols, 491
a-Methoxybenzylidene ortho esters, to
protect 1.2- and 1,3-diols, 234
S-p-Methoxybenzyloxycarbonyl derivatives,
to protect thiols, 485
2-[2-(4-Methoxybenzyloxy)ethyl] benzoate
(PAC),) esters, to protect alcohols, 192
p-Methoxybenzyloxymethyl (PMBM) ethers.
to protect alcohols, 37
S-4-Methoxybenzylsulfonium salts. to
protect sulfides, 492
S-p-Methoxybenzyl thioethers, to protect
thiols, 82, 460-462
trans-4-Methoxy-2-butenoate
(4-Methoxycrotonate) esters, to protect
alcohols, 173
4-Methoxy-4-t-butylbenzenesulfonamides. to
protect amines, 608
N-Methoxycarbonylamides, to protect
amides, 644
o-(Methoxycarbonyl)benzoate esters. to
protect alcohols, 193
N-[(E)-2-(Methoxycarbonyl)vinyl]Jamides, to
protect amides, 646 °
4-Methoxycrotonate esters, to protect
alcohols, 173
1-Methoxycyclohexyl ethers, to protect
alcohols, 55
N-(1-Methoxy-2,2-dimethylpropyl)amides. to
protect amides, 646-647
(Methoxyethoxy)ethyl (Mee) esters, to
protect carboxyl groups, 41-44, 382
2-Methoxyethoxymethyl (MEM) enol ethers.
to monoprotect 1.2- and 1,3-dicarbonyl
compounds, 365
2-Methoxyethoxymethyl (MEM) esters. to
protect carboxyl groups, 390
2-Methoxyethoxymethyl (MEM) ethers:
to protect alcohols, 41-44
cleaved, 30, 64, 257,259
stable, 31. 39, 46, 50, 51, 64. 88, 101,
136, 165, 211
to protect phenols, 258
Methoxyethyl (ME) esters, to protect
carboxyl groups, 382
1-Methoxyethylidene ortho esters. to protect
1.2-diols and 1,3-diols, 232



N-4-(Methoxymethoxy)phenylamides. to
protect amides. 637
N-Methoxymethylamides, to protect amides.
633
N-Methoxy-N-methylamine adducts, to
protect carbonyl groups. 362
N-Methoxymethylamines (MOM), to protect
amines, 624
S-(N-Methoxymethylcarbamates), to protect
thiols, 486
Methoxymethyl carbonates. to protect
alcohols, 180
Methoxymethylene acetals, to protect
1.2-diols, 231-232
Methoxymethyl esters. to protect carboxyl
groups, 388-389
Methoxymethyl (MOM) ethers:
to protect alcohols, 27-33, 34
cleaved. 42, 43, 46, 51, 259
stable, 51, 88, 101, 211
to protect phenols, 257-258
S-Methoxymethyl monothioacetals. to
protect thiols, 471
N-2-Methoxy-1-naphthylamides. to protect
amides, 637
2-Methoxy-S-nitrophenyl phosphates, to
protect phosphate groups, 693
4-Methoxyphenacyl (Phenoc) carbamates. to
protect amines. 545-546
p-Methoxyphenacyl esters, to protect
carboxyl groups, 394-395
4-Methoxyphenacyl phosphates, to protect
phosphate groups, 688
(4-Methoxyphenoxy)methyl (p-AOM) ethers,
to protect alcohols, 38-39, 47
N-4-Methoxyphenylamides, to protect
amides, 636-637
p-(p’-Methoxyphenylazo)benzyl carbamates.
to protect amines, 549
N-|(p-Methoxyphenyl)diphenyl-
methylJamines (MMTr):
to protect alcohols, 105-106, 113
to protect amines, 584
4-(4-Methoxyphenyl)-1.3-dioxolanes. to
protect carbonyl groups, 324
p-Methoxyphenyldiphenylmethyl (MMTr)
ethers. to protect alcohols, 104, 105-106.
113
p-Methoxyphenyl ethers. to protect alcohols,
64, 75,91
2-(p-Methoxyphenyl)ethyl esters, to protect
carboxyl groups, 402
(4-Methoxyphenyl)ethylidene acetals. to
protect 1.2- and 1.3-diols, 205-206
N-(4-Methoxyphenyl)hydracrylamide
derivatives. to protect phosphates. 675
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p-Methoxyphenylmethyl ethers (MPM
ethers), to protect alcohols, see
p-Methoxybenzyl ethers, to protect
alcohols

N-p-Methoxyphenylsulfonamides, to protect
amines, 616

S-p-Methoxyphenyl thioethers, to protect
thiols, 238

4-Methoxytetrahydropyranyl (MTHP) ethers.
to protect alcohols. 55, 113

4-Methoxytetrahydrothiopyranyl S, S-dioxido
ethers. to protect alcohols. 56

4-Methoxytetrahydrothiopyranyl ethers, to
protect alcohols, 56

1-Methyl-1-(adamantyl)ethyl carbamates, to
protect amines. 513

O-Methyl-S-alkyl acetals and ketals. to
protect carbonyl groups, 345-346

Methylallyl esters, to protect carboxyl
groups. 411

Methylaluminum bis(2.6-di--butyl-4-
methylphenoxide) (MAD) complex. to
protect carbonyl groups, 364

N-Methylamines. to protect amines, 573-574

N-a-Methylbenzylamides, to protect amides.
639

N-a-Methylbenzylamines. to protect amines.
621

1-Methyl-1-benzyloxyethyl (MBE) ethers. to
protect alcohols. 62, 63

1-Methyl-1-benzyloxy-2-fluoroethyl ethers.
to protect alcohols, 62-63

p-Methylbenzylsulfonamides (PMS). to
protect amines, 613

S-4-Methylbenzyl thioethers, to protect
thiols, 459

1-Methyl-1-(4-biphenylyl)ethyl (Bpoc)
carbamates, to protect amines. 514, 516,
532

(E)-2-Methyl-2-butenoate (Tigloate) esters.
to protect alcohols, 193

2-Methylbut-3-en-2-yl esters, to protect
carboxyl groups, 411

3-Methylbut-2-enyl (Prenyl) esters, to protect
carboxyl groups, 411

3-Methylbut-2-enyl ethers, to protect
alcohols, 70

2-Methyl-2-butyl (--Amyl) ethers, to protect
alcohols. 65

Methyl carbamates, to protect amines,
504-506

Methyl carbonates:

to protect alcohols, 179-180
to protect phenols, 281

a-Methylcinnamyl (MEC) esters, to protect

carboxyl groups, 412
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1-Methylcyclobutyl carbamates, to protect
amines, 549
1-Methylcyclohexyl carbamates, to protect
amines, 549
1-Methyl-1-cyclopropylmethyl carbamates. to
protect amines, 549
1-Methyl-1-(3,5-dimethoxyphenyl)ethyl (Ddz)
carbamates, to protect amines, 545
4-Methyl-1,3-dioxolanyl enol acetates, to
monoprotect 1.2- and 1,3-dicarbonyl
compounds, 365
2-(Methyldiphenylsilyl)ethyl (DPSE)
phosphates, to protect phosphorothioate
groups, 676
N-(Methyldithio) carbamates, to protect
amines, 531
Methyl dithiocarbonates, to protect alcohols,
189
Methylene acetals:
to protect catechols, 287-290
to protect 1.2- and 1,3-diols. 201-204
2-Methyleneanthraquinone (MAQ)
phosphates, to protect phosphate
groups, 686-687
Methylene derivatives, substituted. to protect
carbonyl groups, 360
5-Methylene-1,3-dioxanes, to protect
carbonyl groups, 310
S.S’-Methylene dithioacetals, to protect
dithiols, 490-491
Methyl enol ethers, to monoprotect 1,2- and
1.3-dicarbonyl groups. 364-365
Methyl esters, to protect carboxyl groups,
25,287, 383-387
Methyl ethers:
to protect alcohols, 23-27, 287
to protect phenols, 80, 249-257, 287
1-Methyl-2-(1'-hydroxyalkyl)imidazoles, to
protect carbonyl groups,
362-363
1-Methyl-2-(2’-hydroxyphenyl)imidazole
derivatives, to protect phosphate
groups, 693
Methylidene ortho esters, to protect 1,2- and
1.3-diols, 233
1-Methyl-1-methoxyethyl (MIP) ethers, to
protect alcohols, 59, 61-62
O-Methyl-S-2-(methylthio)ethyl acetals and
ketals, to protect carbonyl compounds,
346
3-Methyl-3-nitrobutanamides, to protect
amines, 562
2-Methyl-2-(o-nitrophenoxy)propanamides,
to protect amines, 562
a-Methylnitropiperonyl (Menpoc)
carbamates, to protect amines, 545

O-Methyl oximes. to protect carbonyl
groups, 358

3-Methyl-3-pentyl (Mpe) esters, to protect
carboxyl groups, 408

a-Methylphenacyl esters. to protect carboxyl
groups, 394-395

1-Methyl-1-phenoxyethyl ethers, to protect
alcohols, 63

O-Methyl-S-phenyl acetals and ketals, to
protect carbonyl groups, 345-346

2-Methyl-2-(o-phenylazophenoxy)propan-
amides, to protect amines, 562

1-Methyl-1-(p-phenylazophenyl)ethyl
carbamates, to protect amines, 549

S-(N'-Methyl-N’-phenylcarbamoyl)sulfenyl
(Snm) derivatives, acid stable, to protect
thiols. 475

1-Methyl-1-phenylethyl carbamates. to
protect amines, 549

1-Methyl-1-phenylethyl (Cumyl) esters, to
protect carboxyl groups. 402-403

2-Methylphenyl phosphates, to protect
phosphate groups, 691

N-2-(4-Methylphenylsulfonyl)ethylamides. to
protect amides, 647

S-1-(4-Methylphenylsulfonyl)-2-methylprop-
2-yl thioethers, to protect thiols, 482

Methyl phosphates, to protect phosphonic
acids, 670-671, 687

3-Methyl-2-picolyl N-oxido ethers, to protect
alcohols, 99-100

1-Methyl-1-(4-pyridyl)ethyl carbamates. to
protect amines, 549

Methyl S-sulfenylthiocarbonate esters. to
protect thiols. 475

4-(Methylsulfinyl)benzyl (Msz) carbamates,
to protect amines, 539

4-Methylsulfinylbenzyl (Msz) carbonates. to
protect phenols, 282

4-(Methylsulfinyl)benzyl (Msib) esters. to
protect carboxyl groups, 426

p-(Methylsulfinyl)benzyl (Msib) ethers:

to protect alcohols, 98-99
to protect phenols, 271

S-Methylsulfonium salts, to protect sulfides,
492

2-Methylsulfonylethyl carbamates, to protect
amines, 540

N-Methylthioamides, to protect amides.
635

S-Methyl thioethers, to protect thiols, 459

2-Methylthioethyl carbamates, to protect
amines, 540

2-Methylthioethyl esters, to protect carboxyl
groups, 400

4-(Methylthiomethoxy)butyrate (MTMB)



esters, to protect alcohols, 191
2-(Methylthiomethoxy)ethyl (MTMEC)
carbonates, to protect alcohols, 191
2-(Methylthiomethoxymethyl)benzoate
(MTMT) esters, to protect alcohols, 191
N-Methylthiomethylamides (MTM). to
protect amides. 633
Methylthiomethyl (MTM) esters. to protect
carboxyl groups, 389
Methylthiomethyl (MTM) ethers:
to protect alcohols, 33-35, 47, 51
cleaved, 30. 31, 42, 43, 46, 259
to protect phenols, 259, 260
4-Methylthiophenyl (Mtpc) carbamates. to
protect amines, 541
p-(Methylthio)phenyl esters. to protect
carboxyl groups, 415
2-[(Methylthio)phenylthio]methyl (MTPM)
ethers, to protect alcohols, 112
1-Methyl-1-(triphenylphosphonio)ethyl
(Ppoc) carbamates. to protect amines.
516, 541
Miscellaneous carbamates, to protect
amines, list of, 548-549
Miscellaneous esters:
to protect alcohols, list of, 193-194
to protect carboxyl groups, list of, 433-441
MOM, see Methoxymethyl
2-[2'-(Monomethoxytrityloxy)ethylthio]ethyl
phosphates, to protect phosphate
groups, 678
Monoprotection:
of 1,2- and 1.3-dicarbonyl groups, 364-368
of 1.4-diketones, 308
of 1.2- and 14-diols, 175
of symmetrical dicarboxylic acids. 428
Monosuccinoate esters, to protect alcohols.
193
Monothio acetals. to protect thiols.
471-473
Monothio acetals and ketals, to protect
carbonyl groups, 344-347
Morpholino derivatives, to protect phosphate
groups, 699
2-N-(Morpholino)ethyl esters, to protect
carboxyl groups, 382
MTM, see Methylthiomethyl

1-Naphthaldehyde acetals, to protect 1.2-
and 1.3-diols, 229

a-Naphthoate esters. to protect alcohols, 193

a-Naphthyldiphenylmethyl ethers, to protect
alcohols, 104-105

Neopentyl esters, to protect sulfonic acids,
451

Nicotinate esters, to protect alcohols, 167
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Nitrate esters, to protect alcohols, 193
N-Nitroamines, to protect amines, 596
o-Nitroanilides, to protect carboxyl groups.
443,448
o-Nitrobenzamides, to protect amines, 562
o-Nitrobenzenesulfenamides (Nps). to
protect amines, 600-601
2- or 4-Nitrobenzenesulfonamides (Nosyl or
Ns), to protect amines, 609-610
N-o-Nitrobenzylamides, to protect amides.
641
N-o- or p-Nitrobenzylamines, to protect
amines, 622
o-Nitrobenzyl carbamates, to protect
amines, 545
p-Nitrobenzyl (PNZ) carbamates, to protect
amines, 538, 545
o-Nitrobenzyl carbonates, to protect alcohols,
186-187
p-Nitrobenzyl carbonates, to protect alcohols,
186-187
o-Nitrobenzyl esters, to protect carboxyl
groups, 424-425
p-Nitrobenzyl esters:
to protect alcohols, 193
to protect carboxyl groups, 424-425
o-Nitrobenzyl ethers:
to protect alcohols, 93-94. 97
to protect phenols, 270
p-Nitrobenzyl ethers, to protect alcohols,
93-94
2-Nitrobenzylidene acetals, to protect 1.2-
and 1,3-diols, 228
4-Nitrobenzylidene acetals, to protect 1.2-
and 1.3-diols, 228
N-p-Nitrobenzylideneamines, to protect
amines, 588
o-Nitrobenzyloxymethyl (NMBO) ethers, to
protect alcohols, 38
p-Nitrobenzyloxymethyl ethers, to protect
alcohols, 38
o-Nitrobenzyl phosphates, to protect
phosphate groups, 684-685, 687
4-Nitrobenzyl phosphates, to protect
phosphate groups, 685, 687
S-p-Nitrobenzyl thioethers, to protect thiols,
462
o-Nitrocinnamides. to protect amines, 562
4-Nitrocinnamyl (Noc) carbamates, to
protect amines, 529
N-7-Nitroindolylamides, to protect carboxyl
groups, 443, 448
2-Nitro-4-methoxybenzenesulfenamides, to
protect amines, 602
4-Nitro-4-methylpentanoate esters, to protect
alcohols, 190
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o-Nitrophenoxyacetamides, to protect
amines, 562

o-Nitrophenylacetamides, to protect amines.
562

S-(1-m-Nitrophenyl-2-benzoyl)ethyl
thioethers, to protect thiophenols, 481

m-Nitrophenyl carbamates, to protect
amines, 545

p-Nitrophenyl carbonates. to protect
alcohols, 185-186

4-(2-Nitrophenyl)-13-dioxolanes, to protect
carbonyl groups, 324

2-[(2-Nitrophenyl)dithio]-1-phenylethyl
(NpSSPeoc) carbamates, to protect
amines, 517

p-Nitrophenyl ethers, to protect alcohols, 76

N-2-(4-Nitrophenyl)ethylamines (PNPE), to
protect pyrroles, 620

2-(2-Nitrophenyl)ethyl carbamates, to protect
amines, 545

2-(4-Nitrophenyl)ethyl (Npeoc) carbamates.
to protect amines, 541-542

2-(4-Nitrophenyl)ethyl (Npeoc) carbonates, to
protect alcohols, 187

2-(2-Nitrophenyl)ethyl phosphates, to protect
phosphate groups, 677

2-(4-Nitrophenyl)ethyl (NPE) phosphates, to
protect phosphate groups, 187, 677

2-[(4-Nitrophenyl)ethyl]sulfonate (Npes)
esters, to protect alcohols, 199-200

S-(2-Nitro-1-phenyl)ethyl thioethers, to
protect thiols, 479

4-Nitrophenyl (PNP) phosphates, to protect
phosphate groups. 692

3-(o-Nitrophenyl)propanamides. to protect
amines, 562

o-Nitrophenylsulfenates, to protect alcohols,
197

N-(2-Nitrophenylsulfenyl)amines, to protect
amines, 389, 424, 515

2-(p-Nitrophenylsulfenyl)ethyl esters, to
protect carboxyl groups, 400-401

2-(4'-Nitrophenyl)thioethyl (PTE)
phosphates, to protect phosphate
groups, 678

4-Nitro-N-phthalimides. to protect amines.
567

3-Nitropyridinesulfenamides, to protect
amines, 602

S-3-Nitro-2-pyridinesulfenyl (Npys) sulfides.
to protect thiols, 489-490

N-Nitrosoamines, to protect amines, 597

N-8-Nitro-1.2.3 4-tetrahydroquinolylamides.
to protect carboxyl groups. 443, 448

6-Nitroveratryl (Nvoc) carbamates, to
protect amines, 545

OBO esters, to protect carboxyl groups, 438
23.32.4,5.6,7,7a-Octahydro-7,8 8-trimethyl-4.7-
methanobenzofuran-2-yl (MBF) ethers,
to protect alcohols, 58
Oligonucleotides. syntheses of, 5, 15 (Ref. 23)
Oligosaccharides, syntheses of, 5, 15 (Ref. 24)
Ortho esters, to protect carboxyl groups,
437-440
Ortho esters, cyclic, to protect diols, 231-234
Orthogonal scheme, 567
Orthogonal set. 67
2-Oxacyclopentylidene ortho esters, to
protect 1.2-diols, 234
1.3-Oxathiolanes:
monoprotection of 1.2-diketones. 367
to protect carbonyl groups, 346-347
to protect thiols, 490
Oxazoles, to protect carboxyl groups,
433-434
1.3-Oxazolidines, 4-alkyl-5-0xo0-, to protect
a- or w-carboxyl groups in a-amino
acids, 435
1.3-Oxazolines, 2-alkyl-, to protect hydroxyl
and carbonyl groups in carboxyl groups,
434
3-Oxazolin-2-ones, 4.5-diphenyl-, to protect
amines, 564
1-Oxido-4-methoxy-2-picolyl phosphates, to
protect phosphate groups, 685
Oxime derivatives, to protect carbonyl
groups, 351, 355-358
4-Oxopentanoate (Levulinate, Lev) esters. to
protect alcohols. 168

Palytoxin carboxylic acid, synthesis of, 11-14
Pentaaminecobalt(III) complex, to protect
carboxyl groups, 441
Pentachlorobenzenesulfenamides, to protect
amines, 601-602
Pentafluorophenyl esters, to protect carboxyl
esters, 415
Pentamethylbenzenesulfonamides (Pme). to
protect amines, 607
1-(5-Pentamethylcyclopentadienyl)ethyl
ethers, to protect phenols, 265
22.5.78-Pentamethylchroman-6-sulfonamides
(Pmc), to protect amines, 608-609
Pent-4-enamides. to protect amines, 559
4-Pentenyl esters, to protect alcohols, 167-168
4-Pentenyloxymethyl (POM) ethers, to
protect alcohols, 40-41



Peptides, protection for, review, 5, 15 (Ref. 22)
N-Phenacylamines, to protect amines, 622
Phenacyl esters, to protect carboxyl groups,
393-394
Phenacyl ethers, to protect phenols, 232
Phenacylsulfonamides. to protect amines.
614
6-Phenanthridinylmethyl ethers. to protect
alcohols, 100
Phenols, protection of. 249-287
as esters, 276-287
as ethers, 249-276
Reactivity Chart 4, 720-723
Phenothiazinyl-(10)-carbonyl derivatives. to
protect amines, 547
Phenoxyacetate esters, to protect alcohols.
161, 165-166
Phenylacetamides. to protect amines, 558
S-Phenylacetamidomethyl (Phacm)
thioacetals, to protect thiols, 477-478
Phenylacetate esters, to protect alcohols, 166
p-P-Phenylacetate esters, to protect alcohols.,
166
4-Phenylacetoxybenzyl (PhAcOZ)
carbamates, to protect amines, 543
Phenylacetoxymethyl esters, to protect
carboxyl groups, 392
N'-Phenylaminothiocarbonyl derivatives. to
protect amines, 548
p-(Phenylazo)benzyl carbamates, to protect
amines, 549
p-Phenylbenzamides, to protect amines, 561
p-Phenylbenzoate esters, to protect alcohols,
178
p-Phenylbenzyl ethers, to protect alcohols, 96
Phenyl boronates, to protect 1.2- and
1.3-diols, 244
p-P-Phenyl boronates, to protect 1.2- and
1.3-diols, 244
Phenyl carbamates, to protect amines, 549
N-Phenylcarbamates, to protect alcohols, 195
Phenyldimethylsilyl esters, to protect
carboxyl groups. 431
(Phenyldimethylsilyl)methoxymethyl
(SMOM) ethers. to protect alcohols,
35-36
2-Phenyl-2-(9.10-dioxo)anthrylmethyl esters.
to protect carboxyl groups, 422
4-Phenyl-1,3-dioxolanes. to protect carbonyl
groups, 323
S-Phenyl disulfides, substituted, to protect
thiols, 488
N-(Phenyldithio) carbamates, to protect
amines, 531
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1.2-Phenylene derivatives, to protect
phosphate groups. 693

0,0'-Phenylenedioxy ketals, to protect
carbonyl groups, 325

Phenyl esters, to protect carboxyl groups, 414

S-Phenyl esters, to activate carboxyl groups.
431-433

2-Phenylethyl (hZ) carbamates, to protect
amines, 513

1-Phenylethylidene ketals. to protect 1.2- and
1.3-diols. 205

N-9-Phenylfluorenylamides, to protect
amides, 642

N-9-Phenylfluorenylamines (Pf). to protect
amines, 585

Phenyl group. to protect carboxyl groups.
450-451

N-Phenylhydracrylamide derivatives, to
protect phosphate groups, 675

N-Phenylhydrazides, to protect carboxyl
groups. 449

Phenylhydrazones, to protect carbonyl
groups, 352-353

Phenyl(o-nitrophenyl)methyl (Npeoc)
carbamates, to protect amines, 545

9-(9-Phenyl-10-oxo)anthryl (Tritylone) ethers,
to protect alcohols, 96, 110

N-[Phenyl(pentacarbonylchromium or
-tungsten)carbenyl]amines, to protect
amines, 595

Phenyl phosphates, to protect phosphate
groups. 672, 690

3-Phenylpropanamides. to protect amines.
558

3-Phenylpropionate esters, to protect
alcohols, 167

2-(Phenylselenyl)ethyl ethers. to protect
alcohols, 65

2-(Phenylsulfonyl)ethyl (Psec) carbonates, to
protect alcohols, 182

4-substituted. to protect alcohols, 182

2-(Phenylsulfonyl)ethyl (PSE) phosphates,
to protect phosphate groups, 679

S-2-(Phenylsulfonyl)ethyl thioethers, to
protect thiols, 482

S-Phenyl thioethers, to protect thiols, 469

2-(Phenylthio)ethyl phosphates, to protect
phosphate groups, 678

S-Phenylthiomethyl dithioacetals, to protect
thiols, 473

Phenylthiomethyl (PTM) ethers, to protect
phenols, 259-260

O-Phenylthiomethyl oximes, to protect
carbonyl groups, 359
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9-(9-Phenyl)xanthenyl (pixyl) ethers:
to protect alcohols, 109-110
to protect 5'-hydroxy groups in
ribonucleotides, 55
Phosphate esters:
cleavage, general, 666-670
formation, general, 665-666
Phosphates. protection of, 660-700
as amidates, 697-698
as esters, 665-697
Phosphinate esters, to protect phenols, 284
2-Phosphonioethyl (Peoc) carbamates. to
protect amines, 541
Phosphoroamidates, 666
Phosphoramidite synthesis, 656, 666
Phosphorochloridates, 665

Phosphorodiamidates, N,N,N',N'-tetramethyl-,

to protect alcohols, 193
Phosphorodiamidites, 666
Phosphorodichloridates, 665
Phosphorus derivatives:

to protect amines, 598-600

to protect thiols, 493

Photolytic cleavage, reviews, 3, 14 (Refs.

16-20)

of 9-anthracenesulfonamides, to form
amines, 612

of aromatic amine N-oxides, to form
aromatic amines, 597

of aryl formamides, to form aryl amines,
552

of benzoin derivatives, to form phosphate
groups, 688

of N-benzylamides, to form amides, 639

of N-benzylamines, to form amines, 580

of benzyl carbamates, to form amines, 534

of benzyl ethers, to form alcohols, 83

of benzylsulfonamides. to form amines,
613

of bis(2-nitrobenzyl)acetals, to form
carbonyl groups, 305

of bis(o-nitrophenyl)methyl esters, to form
carboxyl groups, 421

of carbamates, to form amines, 545-547

of desyl esters, to form carbonyl groups,

395

of §,S’-dibenzyl dithioacetals and
dithioketals, to from carbonyl groups,

331

of 3'.5'-dimethoxybenzoin derivatives:
to form alcohols, 194
to form phosphate groups, 688

of 3.5-dimethoxybenzyl carbamates. to
form amines, 545

of 4-(4' 8'-dimethoxynaphthyl-

methyl)benzenesulfonamides, to form
amines, 613

of 3.4-dimethoxy-6-nitrobenzyl
carbamates, to form amines, 545

of a-(3.5-dimethoxyphenyl)phenacyl
esters, to form carboxyl groups, 395

of N,N-dimethylhydrazones, to form
carbonyl groups, 350

of 3,5-dinitrophenyl phosphates, to form
phosphate groups, 692

of 2-(9,10-dioxo)anthrylmethyl esters, to
form carboxyl groups, 422

of diphenylmethylsilyl ethers, to form
alcohols, 145

of 4,5-diphenyl-3-oxazolin-2-ones, to form
amines, 564

of 1.3-dithianes. to form carbonyl groups,
337.339

of 1.3-dithiolanes, to form carbonyl
groups. 337, 339

of 9-fluorenecarboxylate esters, to form
phenols, 280

of fluorescent esters, to form alcohols, 195

of o-hydroxy-trans-cinnamides, to form
amines, 562

of 4-hydroxyphenacyl phosphates, to form
phosphate groups, 688

of (2-hydroxystyryl)diisopropylsilyl
(HSDIS) ethers, to form alcohols, 147

of (2-hydroxystyryl)dimethylsilyl
(HSDMS) ethers, to form alcohols, 147

of methoxybenzylamines, to form pyrroles.
622

of p-methoxybenzyl ethers, to form
alcohols, 89

of 2-methoxy-5-nitrophenyl phosphates, to
form phosphate groups, 693

of p-methoxyphenacyl esters, to form
carboxyl groups, 395

of 4-methoxyphenacyl phosphates, to form
phosphate groups, 688

of N-methylamines, to form amines, 573

of a-methylphenacyl esters, to form
carboxyl groups, 365

of o-nitroanilides, to form carboxyl
groups, 443, 448

of N-o-nitrobenzylamides. to form
amides, 641

of N-o-nitrobenzylamines. to form amines.
622

of o-nitrobenzyl carbamates, to form
amines, 545, 567

of o-nitrobenzyl carbonates, to form
alcohols, 186

of o-nitrobenzyl esters, to form carboxyl



groups, 424

of o-nitrobenzyl ethers:
to form alcohols, 94
to form phenols. 270

of o-nitrobenzylidene acetals, of 1.2- or
1.3-diols, to form axial 2-nitrobenzoates,
228

o-nitrobenzyl phosphates, to form
phosphate groups, 685

of N-o-nitrodiphenylmethyl carbamates, to
form amines, 542

of N-7-nitroindolylamides, to form carboxyl
groups, 443, 448

of m-nitrophenyl carbamates, to form
amines, 545

of 4-(o-nitrophenyl)-1,3-dioxolanes. to form
carbonyl groups, 324

of 4-nitropyridine N-oxides, to form
amines, 597

of N-8-nitro-1,2,3 4-tetrahydroquinolyl-
amides, to form carboxyl groups, 443,
448

of 1.3-oxathiolanes. to form carbonyl
groups, 337

of oxazoles, to form carboxyl groups, 434

of phenacyl esters, to form carboxyl
groups, 393-394, 395

of 6-phenanthridinylmethyl ethers to form
alcohols, which are oxidized to ketones.
100

of phenyl(o-nitrophenyl)methyl
carbamates. to form amines, 545

of phosphate esters, to form phosphate
groups, 667 -

of 1-pyrenylmethyl esters, to form
carboxyl groups, 423

of pyrenylmethyl phosphates. to form
phosphate groups, 686

of pixyl ethers, to form alcohols, 109

of 2-quinolinylmethyl ethers, to form
alcohols, which are oxidized to ketones,
100

of sisyl ethers. to form alcohols. 146

of toluenesulfonamides. to form amides,
644

of toluenesulfonamides, to form amines,
605, 606

of toluenesulfonates, to form alcohols, 199

of xanthenecarboxylate esters, to form
phenols, 280

INDEX m

S-Phthalimidomethyl (Pim) thioacetals. to
protect thiols, 476, 478

N-Phthalimidomethyl esters, to protect
carboxyl groups. 396

Picolinamides, to protect amines, 559

N-2-Picolylamine N'-oxides, to protect
amines, 586

4-Picolyl esters, to protect carboxyl groups.
428

2- and 4-Picolyl ethers, to protect alcohols, 99

4-Picolyl ethers, to protect phenols, 272

2-Picolyl N-oxido ethers, 3-methyl-, to
protect alcohols. 99-100

§-2-Picolyl N-oxido thioethers, to protect
thiols, 464

S-4-Picolyl thioethers. to protect thiols,
463-464

Pinacol esters, to protect boronic acids,
452

Pinanediol esters, to protect boronic acids.
452

Piperidinamides, to protect carboxyl groups.
447

Piperonyl esters. to protect carboxyl groups.
427-428

Pivalamides, to protect indoles, 627

Pivaldehyde acetals, to protect catechols,
289

Pivaloate (Pv) esters:

to protect alcohols, 154, 170-172, 176
to protect phenols, 278-279

Pivaloylamidobenzyl ethers, to protect
alcohols, 97

N-(2-Pivaloylamino)-1.1-dimethylethyl
carbamates, to protect amines, 517

3-Pivaloyloxy-1.3-dihydroxypropyl
derivatives, to protect phosphate
groups, 672

* N-Pivaloyloxymethylamides (POM), to

protect amides, 633
N-Pivaloyloxymethylamines, to protect
amines, 625
Pivaloyloxymethyl (POM) esters. to protect
carboxyl groups, 391-392
Polymer-supported cleavage:
P-ammonium fluoride, to cleave TMS
ethers, to form alcohols, 119
P-piperazines, to cleave 9-fluorenylmethyl
carbamates, to form amines, 507
Polymer-supported protective groups, reviews.

Phthalide ortho esters. to protect 1.2- and
1,3-diols, 233

N-Phthalimides, to protect amines, 564-566

S-1-(4-Phthalimidobutyl)sulfonium salts, to
protect sulfides, 492-493

4,15 (Refs. 21-24)

P-anilidates, to protect phosphate groups.
697

p-P-benzenesulfonamides, to protect
carboxyl groups, 448-449
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Polymer-supported protective groups, reviews
(Continued)
p-P-benzoate esters:
for monoprotection of dihydroxy aromatic
compounds, 279
to protect alcohols, 193
to protect phenols, 279
p-P-benzyl esters, to protect carboxyl
groups. 428
p-P-benzylidene acetals, to protect 1.2- or
1.3-diols, 217
P--butyl carbamates. to protect amines.
519
P-12-diols. to protect carbonyl groups, 313
P-1.3-dioxolanes. to protect carbonyl
groups. 313
P-esters, to protect carboxyl groups, 373
P-o-nitrobenzyl ethers. to protect alcohols,
94
P-S-(2-nitro-1-phenyl)ethyl thioethers, to
protect thiols, 479
P-phenylacetamides, enzymatic cleavage
of, to form amines, 558
p-P-phenylacetates, for monoprotection of
symmetrical diols, 166
p-P-phenyl boronates, to protect 1.2- or
1.3-diols, 244
p-P-phenyldiphenylmethyl ethers. to
protect alcohols, 102
P-trifluoroacetamides. to protect amines.
556
Prenyl, see 3-Methylbut-2-enyl, 411
Propargyl esters, to protect carboxyl groups,
413-414
Propargyl ethers:
to protect alcohols, 74
to protect phenols. 74, 264
n-Propylamine derivatives, to protect
phosphate groups, 699
Propyl esters, to protect carboxylic acids. 417
Prop-2-ynyl (propargyl) esters, to protect
carboxyl groups, 413-414
Protected protective groups. cleavage of, see
Assisted cleavage
Protection:
of alcohols, aliphatic, 17-245
of aldehydes, 293-368
of alkynes, 654-659
of amides. 632-647
of amines. 494-653
of boronic acids, 452-453
of carboxylic acids, 369-543
of catechols, 287-291
of diols, 201-245
of dithiols, 490-491

of heterocycles, aromatic, 615-631
of 2-hydroxybenzenethiols, 291-292
of a- or B-hydroxy carboxylic acids, 436,
437
of imidazoles, 615-631
of indoles, 615-631
of ketones, 293-368
of nucleosides, 662-700
of phenols, 249-287
of phosphates, 660-700
of pyrroles, 615-631
of sulfides. 491-493
of sulfonamide —NH. 647-653
of sulfonic acids, 451-452
of thiols, 454-493
of vicinal amino hydroxy groups. 595
of vicinal amino thio groups, 473-474
Protective groups:
acetals and Kketals:
to protect carbonyl groups. 297-307
to protect catechols, 287-290
to protect diols. 201-230
amidates. to protect phosphate groups.
697-698
amides:
to protect amines. 550-572, 626-632
to protect carboxylic acids, 442-449
amino acetals, to protect amines. 624-626
assisted-removal. 189-193, 540-545.
561-564
boronates, to protect diols, 243-245
carbamates:
to protect amines, 503-550, 617-619
to protect phenols, 283
carbonates:
to protect alcohols, 179-189
to protect diols, 241-243
to protect phenols, 281-283
cleavage with HF, list of, 458-459
design of new protective groups, 2-4
dithio acetals and ketals, to protect thiols,
490-491
esters:
to protect alcohols, 149-200
to protect carboxylic acids, 372-442
to protect catechols, 290-291
to protect diols, 231-237
to protect phenols, 276-287
to protect phosphates, 660-700
ethers:
to protect alcohols, 17-148
to protect phenols, 249-276
historical development, 2
illustrative examples, 5-14
in nucleotide syntheses, 660-700



N-metal derivatives, to protect amines.
593-596
N-N derivatives, to protect amines,
596-598
N-P derivatives, to protect amines, 598-600
N-S derivatives, to protect amines, 600-615
N-Si derivatives, to protect amines. 600,
620
N-sulfenyl derivatives. to protect amines,
600-603
N-sulfonyl derivatives. to protect amines.
603-615. 615-617
phosphate esters. to protect phosphates.
665-695
phosphinates. to protect phenols, 284
properties. 1
to protect amino, carboxyl, and
side-chain functional groups in amino
acids (list), 373
reactivities, 701, 705-707
selection of, 6-7. 705-707
silyl derivatives, to protect alkynes.
655-657
silyl esters, to protect carboxylic acids,
428-431
silyl ethers:
to protect alcohols, 113-148
to protect diols, 237-241
to protect phenols, 273-276
silyl thioethers, to protect thiols, 482
sulfonates:
to protect alcohols, 197-200
to protect phenols, 285-287
to protect thiols, 488
thiocarbamates, to protect thiols, 485-486
thiocarbonates. to protect thiols, 484-485
thioesters:
to activate carboxylic acids. 431-433
to protect thiols, 482-486
thioethers, to protect thiols, 457-482
to select, 6-7, 705-707
2-(Pyrazin-2-yl)ethyl phosphates, to protect
phosphate groups, 677
1-Pyrenylmethyl esters. to protect carboxyl
groups, 423
1-Pyrenylmethyl ethers. to protect alcohols,
100
Pyrenylmethyl phosphates, to protect
phosphate groups, 686
3-Pyridylcarboxamides, to protect amines.
559
5-(2'-Pyridyl)-1.3-dioxanes, to protect
carbonyl groups, 311
S-2-Pyridyl esters, to activate carboxyl
groups, 432-433
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N-2-(2'- and 4'-Pyridyl)ethylamines, to
protect amines, 620
2-(2'- and 4'-Pyridyl)ethyl (Pyoc) carbamates.
to protect amines, 516
2-(2'-Pyridyl)ethyl (Pet) esters, to protect
carboxyl groups. 401-402
2-(4'-Pyridyl)ethyl (Pet) esters, to protect
carboxyl groups. 401-402
2-(2'-Pyridyl)ethyl (Pyet) phosphates. to
protect phosphate groups. 677
2-(4'-Pyridyl)ethyl phosphates, to protect
phosphate groups, 677
S-2-(4'-Pyridyl)ethyl thioethers. to protect
thiols, 480
N-[(2-Pyridyl)mesityljmethylencamines. to
protect amines. 588
3-(3'-Pyridyl)prop-2-enyl (Paloc) carbamates,
to protect amines, 529
Pyridine-2-sulfonamides, to protect amines,
611-612
Pyrroles. to protect. 615-631
Pyrrolidinamides, to protect carboxyl
groups, 446
N-Pyrrolidinomethylamides, to protect
amides, 634-635
Pyrrolidinyl enamines, to monoprotect 1.2-
and 1,3-dicarbonyl groups, 365

Quaternary ammonium salts, to protect
tertiary amines, 578-579

2-Quinolinylmethyl (Qm) ethers, to protect
alcohols, 100

S-2-Quinolinylmethyl (Qm) thioethers, to
protect thiols, 464

8-Quinolyl carbamates. to protect amines.
530

8-Quinolyl phosphates, to protect phosphate
groups, 694

Reactivity Charts, 709-747
to protect amines, 736-747
as amides. 740-743
as carbamates, 736-739
as special derivatives, 744-747
to protect carbonyl groups, 724-727
to protect carboxyl groups, 728-731
as amides and hydrazides, 728-731
as esters, 728-731
to protect catechols, 720-723
to protect 1,2- and 1.3-diols, 716-719
to protect hydroxyl groups. 709-715
as esters, 712-715
as ethers. 709-711
to protect phenols. 720-723
to protect thiols, 732-735
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Reagents, prototypes, 701-705
Rates of cleavage, relative:
of arylmethyl phosphates to form
phosphate groups, 687
of esters, to form alcohols, 155
of silyl ethers, to form alcohols, 138-139
Resolution. of racemic diols, 236
Reviews:
of acetals, ketals, and ortho esters, 296
of O0.S-acetals, chemistry of, 345
of alkyl ether cleavage, 27 (Ref. 23)
of allyl groups in carbohydrate chemistry.
67 (Ref. 4)
of amides, to protect amines, 550-551
(Refs. 4-7)
of amine adducts, to protect carbonyl
groups, 362
of amine dealkylations, 582 (Ref. 18)
of biocatalysts for selective protection and
cleavage of esters, 152 (Ref. 37)
of t-butyl carbamates, 523 (Ref. 1)
of chiral protective groups, 329 (Ref. 1)
of cyclic carbonates, 242 (Ref. 2)
of 1.3-dioxanes and 1.3-dioxolanes,
formation, 307
of electrolytic cleavage, 3
of enamines, chemistry of, 364 (Ref. 3)
of enzymatic cleavage, 5. 16 (Ref. 29)
of enzymes in peptide protective groups,
558 (Ref. 4)
of ester cleavage, 379 (Refs. 32 and 33) -
of ether cleavage. 248 (Ref. 1)
of fluorenylmethyl (Fmoc) carbamates.
508 (Ref. 10)
of fluoride ion, 139 (Ref. 2)
of formic acetic anhydride, to form esters
and amides, 551
of iodotrimethylsilane, 27 (Ref. 25)
of a-monohalo ethers, 32 (Ref. 1)
of nitrate esters, 194 (Ref. 9)
of 2-(4-nitrophenyl)ethyl phosphates in
nucleotides and nucleosides, 677
of oligonucleotides, 15 (Ref. 23)
of oligosaccharides, 15 (Ref. 24)
of organosilicon reagents, 23 (Ref. 1b)
of organotin reagents, 158 (Ref. 22)
of ortho esters. 437, 440 (Ref. 2)
of oxazoles, 434 (Ref. 1)
of 4-pentenyloxy groups, 40 (Ref. 1)
of peptides, 15 (Ref. 22)
of perfluoro ethers, 272 (Ref. 5)
of phosphate protection, 662. 668 (Ref. 2)
of photolytic cleavage. 3
of polymer-supported reagents. 4
of protective groups in amino acids, 504
(Ref. 3)

of protective groups in carbohydrates, 3.
15 (Ref. 24)

of protective groups in oliogonucleotides,
5. 15 (Ref. 23)

of protective groups in peptide syntheses.
5. 15 (Ref. 22)

of 2-(pyrazin-2-yl)ethyl phosphates, 677,
680 (Ref. 33)

of regioselective acylation and alkylation
of alcohols, 158 (Ref. 22)

of selective cleavage of silyl derivatives, 5,
16 (Ref. 30), 114 (Ref. 5)

of selective deprotection of silyl ethers, 5,
16 (Ref. 30)

of selective enzymatic acylation of
carbohydrates, 151 (Ref. 19)

of silylalkynes, 658 (Ref. 2)

of silyl enol ethers, synthesis, 367 (Refs.
2-4)

of silyl migrations in ribooligonucleotide
syntheses, 116 (Ref. 8)

of solid-phase syntheses, 5, 15 (Ref. 22)

of sulfenamides, 600, 603 (Ref. 2)

of synthesis of -butoxycarbonyl fluoride.
523 (Ref. 26)

of tin-directed acylations, 177 (Ref. 27)

of triisopropylsilyl groups, 124 (Ref. 1)

“Safety-Catch™ cleavage. see also Assisted
cleavage
of p-P-benzensulfonamides, to form
carboxyl groups, 449
Salicylate acetals, to protect aldehydes, 312
Salicylic acid derivatives, to protect
phosphite groups. 695
N-Salicylideneamine derivatives, to protect
amines, 588
Selective cleavage, 317-319, 336-340
of acetals and ketals, 299-302
of acetates vs. benzoates, 155
of alkoxymethyl ethers, 47
of alkyl vs. aryl TBDMS ethers, 133
of allyl vs. alkyl TBDMS ethers, 133
of aryl vs. alkyl acetates, 154, 277
of benzoates, to form alcohols, 176
of benzyl carbamates, 538
of benzyl ethers, 79-93
of benzylidene acetals, 217, 219-222
of BOC-protected amino groups, 521
of carbamates vs. benzyl ethers vs. methyl
esters, 267
with catechol boron bromides, 30
of catechol protective groups, 288
of cyclopentylidenes vs. cyclohexylidines
vs. cycloheptylidenes, 215-216
of dimethylallyl carbamates vs.



dimethylallyl carbonates, 185

of N- vs. S-dimethylphosphinothioyl
groups. 493

of S-DMT vs. O-DMT, 467

of 1.3-dioxanes vs. 1.3-dioxolanes. 211

with iodotrimethylsilane. 27. 267, 299

of ketals vs. acetals. 308

of p-methoxybenzyl ethers, 79

of methyl esters, enzymatic. 385

of O-Npys vs. S-Npys. 489

of 9-(9-phenyl)xanthenyl (pixyl) ethers, 56

of primary vs. secondary amines, 564-565

of primary vs. secondary TBDMS, to form
alcohols, 134, 135,136

of secondary vs. hindered secondary
TBDMS ethers. 135

of secondary vs. primary BOC-protected
amines, 522

of TBDMS ethers. to form alcohols.
133-139

of TBDMS vs. TBDPS ethers, to form
alcohols, 136

of 2.2.2.-trichloroethoxycarbonyl vs.
benzyloxycarbonyl vs. benzyl groups.
with trifluoroacetamide, 510

of 2.2.2-trichloroethyl carbonates, 282

of 2.2.2-trichloroethyl esters vs. carbamates
vs. carbonates, 282

Selective protection:

of alcohols, 164, 173-175

of alcohols vs. amines, 78, 152, 175, 277

of alcohols vs. phenols, 151

of alcohols vs. thiols, 483

of aldehydes vs. ketones, 298, 306,
313-316, 360, 361

of amines vs. alcohols, 102, 552, 560

of amines vs. carboxyl groups, 442

of a- vs. w-amino and carboxyl groups in
amino acids, 595

of amino vs. thiol groups, 470, 484, 486

of anomeric hydroxyl groups, 167, 198

of aromatic amine vs. hydroxyl groups, 286

of aromatic hydroxyl groups, 279

of carbonyl groups, 312, 333-336
of unhindered vs. hindered carbonyls,

390

of a- vs. w-carboxyl groups, 435

of catechol hydroxyl groups, 275

of catechols vs. phenols, 287

of 1.2-diols, 33. 35, 41, 76, 77, 207

of 1.2- vs. 1,3-diols, 207-209, 217, 231, 237

of 1.4-diketones, 308, 348

of a- and B-diketones, 364-366

enzymatic, of alcohols, 151, 152-154

of equatorial vs. axial hydroxyl groups. 77.
117,128
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of cis-glycols, monoprotection, 99
of hydroxyl groups. 105-106, 113, 127
of hydroxyl vs. thiol groups, 483
of ketones, 364-368
of ketones vs. enones, 314
of phenols vs. alcohols, 257,276
of phenols vs. anilines, 279
of 9-(9-phenyl)xanthenyl (pixyl) ethers, 56
of primary alcohols, 102, 130, 136, 170,
172,195
of primary vs. secondary alcohols, 39, 59,
62, 65,99, 102, 104. 105-110, 123,
128-130, 142, 147, 149, 150-153. 170, 172,
179, 181. 184, 189, 199
of primary vs. secondary amines, 519, 532,
552-553. 556. 560, 565-566
of symmetrical dicarboxylic acids, 428
of symmetrical diols, 166
Semicarbazones, to protect carbonyl groups.
354,356
Siloxymethyl ethers. to protect alcohols. 41
Silyl derivatives:
to protect alcohols, 113-148
to protect alkynes, 654-657
to protect amines, 600, 620
to protect carbonyl groups, 344
to protect carboxyl groups, 428-431
to protect 1.2- and 1.3-diols. 237-241
to protect phenols, 273-276
to protect thiols, 482
Silyl enol ethers, to monoprotect carbonyl
groups, reviews, 367 (Refs. 2-4)
Silyl esters, to protect carboxyl groups.
428-431
Silyl ethers:
cleaved, review, 5. 16 (Ref. 30)
conversion to other groups. 148
migration of. 114-116
to protect alcohols. 101, 113-148
to protect phenols, 273-276
Silyl thioethers, to protect thiols, 482
Sisyl ethers, to protect alcohols, 146
S-P derivatives, to protect thiols. 493
Special derivatives:
to protect arnines. 573-615
Reactivity Chart 10, 744-747
Stannyl esters, to protect carboxyl groups.
442
Sulfate esters, to protect alcohols. 197-198
Sulfenates, 2.4-dinitrophenyl-, to protect
alcohols, 196-197
Sulfenates, o-nitrophenyl-, to protect
alcohols, 197
Sulfenyl derivatives:
to protect amines. 600-603
to protect thiols, 475, 488-490
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S-Sulfenylthiocarbonate esters, to protect
thiols, 475, 488-489
Sulfhydryl groups, see Thiols
Sulfides, protection of, as sulfonium salts,
491-493
4-Sulfobenzyl esters, to protect carboxyl
groups. 426-427
9-(2-Sulfo)fluorenylmethyl carbamates, to
protect amines, 507
Sulfonamides. to protect amines, 603-615.
615-617
Sulfonate esters:
to protect alcohols. 197-200
to protect phenols, 285-287
to protect thiols. 488
Sulfonic acids, protection of, 451-452
N-Sulfonyl derivatives, to protect amines.
603-615, 615-617
Sulfur-containing derivatives:
to protect alcohols, 197-200
to protect amines, 286, 600-615
to protect carbonyl groups, 329-347
to protect carboxylic acids. 431-433
to protect phenols, 285-287
to protect phosphates. 700
to protect thiols, 487-489

TBDMS, see t-Butyldimethylsilyl
Tetraalkylammonium salts, to protect
carboxyl groups, 451
4-(17-Tetrabenzol[a.c.g.i]fluorenylmethyl)-
4’ 4”-dimethoxytrityl (Tbf-DmTr) ethers,
to protect alcohols, 108
1.1.3.3-Tetra--butoxydisiloxanyl-1.3-diylidene
(TBDS) derivatives. to protect 1.2- and
1.3-diols, 240
N-Tetrachlorophthalimides (TCP). to protect
amines, 566
1.1.3.3-Tetraethyl-1.3-disilaisoindolines
(TEDI), to protect amines, 569
17-Tetra[a.c.g, i]fluorenylmethyl (Tbfmoc)
carbamates, to protect amines, 508
Tetrafluoro-4-pyridyl ethers, to protect
phenols, 272
2.3.5.6-Tetrafluoro-4-(trifluoromethyl)phenyl
ethers, to protect alcohols, 76
Tetrahydrofuranyl esters, to protect carboxyl
groups, 390
Tetrahydrofuranyl ethers. to protect alcohols.
57-58
N-2-Tetrahydropyranylamines, to protect
amines, 626
O-Tetrahydropyranyl cyanohydrins. to
protect carbonyl groups, 349
Tetrahydropyranyl (THP) esters, to protect
carboxyl groups, 390

Tetrahydropyranyl (THP) ethers:
to protect alcohols, 49-54, 57. 60, 113
cleaved, 30, 64, 211, 213, 289, 300. 431
stable, 33,42, 57, 59, 64, 88, 101, 125,
134,136, 165. 430
to protect phenols, 51, 261
S-2-Tetrahydropyranyl monothioacetals, to
protect thiols, 472-473
Tetrahydrothiofuranyl ethers, to protect
alcohols, 58
Tetrahydrothiopyranyl ethers. to protect
alcohols, 54
1.3-(1.1.3.3-Tetraisopropyldisiloxanylidene)
(TIPDS) derivatives, to protect 1.2- and
1.3-diols. 239-240
Tetramethylbismethylenedioxy derivatives, to
protect a,0’-dihydroxy ketones. 368
4.4.5.5-Tetramethyl-13-dioxanes and
-1.3-dioxolanes, to protect carbonyl
groups. 319
N-1.133-Tetramethyl-1.2-disilaisoindolines
(Benzostabase, BSB). to protect amines.
568-569
N-1.144-Tetramethyldisilylazacyclopentane
(STABASE) adducts. to protect amines.
568
2.3.5.6-Tetramethyl-4-methoxybenzene-
sulfonamides (Mte), to protect amines.
607
N,N,N'.N'-Tetramethylphosphorodiamidates.
to protect alcohols. 193
Tetronic acids, protection of, 366
Thexyldimethylsilylalkynes (TDS). to protect
alkynes, 656-657
Thiazolidine derivatives:
to protect B-aminothiols, 473-474
to protect carbonyl groups, 361
S-Thiobenzoyl derivatives, to protect thiols.
483
Thiocarbamate esters. to protect thiols,
485-486
Thiocarbenate esters, to protect thiols.
484-485
Thioesters:
to activate carboxyl groups. 431-433
to protect thiols, 482-485
Thioethers:
to protect thiols, 457-482
Reactivity Chart 7, 732-735
Thiols, protection of. 454-493
as miscellaneous derivatives, 487-493
as thioesters, 482-486
as thioethers. 457-482
Reactivity Chart 7, 732-735
Thiophenyl phosphates, to protect
phosphate groups, 694



THP, see Tetrahydropyranyl
Tigloate esters, to protect alcohols, 193
TMS, see Trimethylsilyl
Toluenesulfonamides (Ts):
to protect amides, 644-645
to protect amines, 80, 604. 616-617
Toluenesulfonates (Tosyl. Ts):
to protect alcohols, 199
to protect phenols, 285-286
N'-p-Toluenesulfonylaminocarbonyl
derivatives, to protect amines, 547
2-(p-Toluenesulfonyl)ethyl carbamates. to
protect amines, 540
2-(p-Toluenesulfonyl)ethyl (Tse) esters. to
protect carboxyl groups, 401
Tosylate (Ts) esters. see Toluenesulfonates
Tosylhydrazones, to protect carbonyl groups.
353-354,356
Transesterification, 380-381
Triazene derivatives, to protect amines,
597-598
Tribenzylsilyl ethers. to protect alcohols, 144
2.2.2-Tribromoethyl carbonates, to protect
alcohols, 181
222-Tribromoethyl esters, to protect carboxyl
groups, 397
2.2.2-Tribromoethyl phosphates. to protect
phosphate groups, 682
24.6-Tri-t-butylphenyl carbamates. to protect
amines, 549
Tri-n-butylstannyl esters, to protect carboxyl
groups, 442
S-[Tricarbonyl[1.2.3.4.5-n]-2.4-
cyclohexadien-1-yl]-iron(1+) thioethers,
to protect thiols, 490
Trichloroacetamides. to protect amines, 556
Trichloroacetate esters, to protect alcohols,
161, 163-164
2.2.2-Trichloro-1.1-dimethylethyl (TCB)

phosphates. to protect phosphate groups.

682
§-2.2.2-Trichloroethoxycarbonyl derivatives,
to protect thiols, 484
N-2.22-Trichloroethoxymethylamides. to
protect amides. 634
2.2.2-Trichloroethoxymethyl ethers, to
protect alcohols. 44-45
2.2.2-Trichloroethyl (Troc) carbamates, to
protect amines, 510-511, 617
2.2.2-Trichloroethyl carbonates:
to protect alcohols. 181
to protect phenols, 282
2.22-Trichloroethyl esters, to protect
carboxyl groups, 397
2.2 2-Trichloroethyl ethers. to protect
alcohols, 63
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2.2 2-Trichloroethylidene acetals. to protect
1.2- and 1.3-diols, 206

2.2 2-Trichloroethyl phosphates. to protect
phosphate groups. 681-682

Triethylsilylalkynes (TES). to protect
alkynes, 656

N-Trimethylsilylamines. to protect amines.
600

Triethylsilyl (TES) esters. to protect carboxyl
groups, 429

Triethylsilyl (TES) ethers. to protect alcohols.
121-123

Triethylstannyl esters. to protect carboxyl
groups, 442

Trifluoroacetamides (TFA). to protect
amines, 176, 556-557

Trifluoroacetate (TFA) esters, to protect
alcohols, 164

4-(N-Trifluoroacetylamino)butyl phosphates.
to protect phosphate groups.
671

S-Trifluoroacetyl derivatives, to protect
thiols. 483-484

N-1-(2.2.2-Trifluoro-1.1-diphenyl)ethyl-
sulfenamides (TDE). to protect amines.
602

2.22-Trifluoroethyl phosphates, to protect
phosphate groups. 683

2-Trifluoromethylbenzyl ethers. to protect
alcohols. 98

2-(Trifluoromethyl)-6-chromonylmethyl
(Tcroc) carbamates, to protect amines,
544

2-(Trifluoromethyl)-6-chromonylmethyl
(Tcrom) esters. to protect carboxyl
groups, 423-424

Trifluoromethylsulfonamides, to protect
amines, 614

N-4.44-Trifluoro-3-oxo-1-butenylamines
(Tfav), to protect amines, 592

Triisopropylsilylalkynes (TIPS), to protect
alkynes, 657

N-Triisopropylsilylamides, (TIPS). to protect
amides, 636

N-Triisopropylsilylamines, to protect amines,
620

Triisopropylsilyl cyanohydrins, to protect
carbonyl groups, 348

Triisopropylsilyl (TIPS) esters, to protect
carboxyl groups. 431

Triisopropylsilyl (TIPS) ethers:

to protect alcohols, 104, 123-125, 130,
138-139
to protect phenols, 275, 276

Triisopropylsilylmethyl esters, to protect

carboxyl groups. 392
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Triisopropylsilyl thioethers. to protect thiols.
482
24.6-Trimethoxybenzenesulfonamides (Mtb).
to protect amines. 607
N-2.4.6-Trimethoxybenzylsulfonamides
(Tmob). to protect sulfonamide —NH.
647
S-24.6-Trimethoxybenzyl (Tmob) thioethers.
to protect thiols. 463
Tri(p-methoxyphenyl)methyl (TMTr) ethers,
to protect alcohols. 105-106
S-Trimethylacetamidomethyl (Tacm)
thioacetals. to protect thiols. 475. 476.
4717
4-(Trimethylammonium)benzyl carbamates,
to protect amines. 549
24.6-Trimethylbenzenesulfonamides (Mts).
to protect amines. 607
24.6-Trimethylbenzoate (Mesitoate) esters.
to protect alcohols. 178-179
2.4.6-Trimethylbenzyl carbamates, to protect
amines. 549
2.4.6-Trimethylbenzyl esters, to protect
carboxyl groups, 424
S-2.4,6-Trimethylbenzyl thioethers, to protect
thiols, 462-463
“Trimethyl-lock™ ring closure, 562
2.3.6-Trimethyl-4-methoxybenzen-
sulfonamides (Mtr), to protect amines,
607
O-Trimethylsilyl-S-alkyl acetals and ketals,
to protect carbonyl groups,
344
Trimethylsilylalkynes (TMS), to protect
alkynes, 655-656
4-(Trimethylsilyl)-2-buten-1-yl carbamates,
to protect amines, 411
4-(Trimethylsilyl)-2-buten-1-yl esters, to
protect carboxyl groups, 411
O-Trimethylsilyl cyanohydrins, to protect
carbonyl groups, 348-349
Trimethylsilyl derivatives:
of alcohols, 116-121, 138
of alkynes, 655
of amines and amino acids, 600
of carboxylic acids, 429
of phenols. 273
S-Trimethylsilyl-1.3-dioxanes, to protect
carbonyl groups, 311
Trimethylsilyl enol ethers, to protect ketones.
367
Trimethylsilyl esters, to protect carboxyl
groups, 429
2-(Trimethylsilyl)ethanesulfonamides (SES).
to protect amines, 612

Trimethylsilyl (TMS) ethers:
to protect alcohols, 88, 116-121, 138, 273
cleaved, 51, 126, 137,213
to protect phenols, 273
1-[2-(Trimethylsilyl)ethoxy]ethyl (SEE)
ethers, to protect alcohols. 61
N-[2-(Trimethylsilyl)ethoxy]methylamines
(SEM), to protect amines, 576, 625
2-(Trimethylsilyl)ethoxymethyl (SEM) esters.
to protect carboxyl groups, 391
2-(Trimethylsilyl)ethoxymethyl (SEM) ethers:
to protect alcohols. 31. 43, 45-48, 257
to protect phenols, 259
2-(Trimethylsilyl)ethyl (Teoc) carbamates. to
protect amines, 512-513, 617
2-(Trimethylsilyl)ethyl (TMSEC) carbonates,
to protect alcohols, 182
2-(Trimethylsilyl)ethyl (TMSE) esters. to
protect carboxyl groups, 46, 399
2-(Trimethylsilyl)ethyl (TMSE) ethers, to
protect alcohols, 64
2-(Trimethylsilyl)ethyl (TSE) phosphates, to
protect phosphorothioate esters, 676
S-2-(Trimethylsilyl)ethyl thioethers, to
protect thiols, 481
4-Trimethylsilylmethyl-1.3-dioxolanes, to
protect carbonyl groups, 324-325
2-Trimethylsilylprop-2-enyl (TMSP)
phosphates, to protect phosphate
groups, 672
Triphenylmethoxyacetate esters, to protect
alcohols, 165-166
N-Triphenylmethylamides (Tr), to protect
amides, 642
N-Tripienylmethylamines (Tr). to protect
amines, 583-584, 623
4-Triphenylmethylaminophenyl phosphates.
to protect phosphate groups. 693
4-Triphenylmethylanilidates, to protect
phosphate groups. 698
Triphenylmethyl (Tr) esters, to protect
carboxyl groups. 419
Triphenylmethyl (Tr) ethers, to protect
primary alcohols, 102-104
cleaved. 30. 64, 82, 107, 300
stable. 64, 101
2-(4'-Triphenylmethylphenylthio)ethyl
(TPTE) phosphates, to protect
phosphate groups. 678
Triphenylmethylsulfenamides, to protect
amines, 602
N-Triphenylmethylthioamides, to protect
amides, 635-636
S-Triphenylmethyl thioethers. to protect
thiols, 460, 467. 468-469



2-(Triphenylphosphonio)ethyl (Peoc)
carbonates, to protect alcohols, 183

2-(Triphenylphosphonio)isopropyl (Ppoc)
carbamates, to protect amines, 541

Triphenylsilyl (TPS) ethers, to protect
alcohols, 139, 144-145

2-(Triphenylsilyl)ethyl phosphates. to protect
phosphate groups, 676

4.4' 4"-Tris(benzyloxyphenyl)methyl (TBTr)
ethers, to protect alcohols, 107

4.4’ 4”-Tris(4,5-dichlorophthalimido-
phenyl)methyl (CPTr) ethers, to protect
alcohols, 106

4.4’ 4"-Tris(levulinoyloxyphenyl)methyl
(TLTr) ethers, to protect alcohols, 107

Tris(trimethylsilyl)silyl (Sisyl) ethers. to
proect alcohols, 146

Tritylone ethers. to protect alcohols, 96,
110

(Trityloxyethylamino)amidates. to protect
phosphate groups, 698

[N-(2-Trityloxy)ethyl]anilidates. to protect
phosphate groups, 698

Tri-p-xylylsilyl ethers. to protect alcohols, 144
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Urea-type derivatives. to protect amines.
547-548

N-Vinylamines. to protect imidazoles. 619
Vinyl (Voc) carbamates, to protect amines.
183. 283. 526
Vinyl carbonates:
to protect alcohols, 183
to protect phenols. 183, 282-283

“Wild and Wooly” photolabile, fluoresent
ester, to protect alcohols, 195

Xanthenecarboxylate esters. to protect
phenols, 280

S-Xanthenyl (Xan) thioethers, to protect
thiols, 465-466

o-Xylene derivatives, to protect phosphate
groups, 688

0-Xylyl ethers, to protect 1.2- and 1.3-diols.
230

N-Zinc chelates, to protect a-amino acids.
595



