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Reactions of Solid-Supported Reagents and Solid Supports with Alcohols and
Phenols through Their Hydroxyl Functional Group

Nguyen-Hai Nam,* Soroush Sardari, and Keykavous Parang*

Department of Biomedical Sciences, College of Pharmacy, UniVersity of Rhode Island,
Kingston, Rhode Island 02881

ReceiVed NoVember 22, 2002

Alcohols and phenols are involved in several solid-phase
organic reactions. The success of solid phase reactions with
hydroxyl functional group in alcohols and phenols has
generated a tremendous interest in expanding the field of
solid-phase organic synthesis. This Review summarizes
reactions of alcohol and phenols through their hydroxyl
functional group with solid-supported reagents and solid
supports. The aim of this Review is to give the reader a well-
structured and extensive collection of these reactions from
literature published from 1964 to June 2002. The reaction
conditions, resins and solvents used, and yields are given in
table format. References need to be consulted for more
detailed information about a specific reaction. These tables
document the rapidly expanding number of traditional
solution-phase reactions that have been successfully adapted
to solid-phase synthesis over the past 38 years. Our goal for
the review of the overviewed reactions is to assist the solid-
phase organic chemist in selecting the ideal resin, experi-
mental conditions, and reactions to design and to implement
successful synthetic strategies involving alcohols and phe-
nols. The reaction classification will facilitate the data access
and presentation. Several reactions may overlap in different

categories. This Review does not include solid-phase reaction
of resins having hydroxyl functional group with compounds
other than alcohols or phenols.

Two categories of reaction are discussed here: (I) reactions
of solid-supported reagents with alcohols and phenols and
(II) reactions of solid supports with alcohols and phenols
(anchoring of alcohols and phenols to solid supports through
their hydroxyl functional group). Reactions are specifically
focused on the modification or anchoring of hydroxyl
functional groups in these compounds. The subject has been
organized according to the type of solid supports and
reactions, respectively.

I. Reactions of Solid-Supported Reagents with
Alcohols and Phenols

These reactions are classified according to the following
list: (I.1) solid-supported oxidizing reagents (solid-supported
oxidants); (I.2) solid-supported acylating reagents; (I.3) solid-
supported reagents for the synthesis of ethers and phase-
transfer catalytic reagents; (I.4) solid-supported coupling
reagents; and (I.5) solid-supported phosphines.

Solid-supported reagents have been used for decades and
have been proven to be useful for a wide variety of chemical
modifications. These reagents offer the advantages of both
solution-phase chemistry and solid-phase organic synthesis.
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Monitoring the progress of the reactions is easy by applying
thin-layer chromatography, NMR, or LC/MS techniques. The
use of an excess of reagent is also allowed without the need
for additional purification steps. Solid-supported reagents
provide a very efficient method to avoid the presence of
impurities, coupling reagents, or tertiary amines in the
solution, since several of these reagents are attached to solid
supports. For the purpose of this Review, we will focus on
solid-supported reagents that are involved in modification
of hydroxyl functional groups in alcohols and phenols. The
on-resin modification of alcohols and phenols is a useful
synthetic strategy, since it leads to a wide range of
compounds of interest for combinatorial chemistry. Many
of these solid-supported reagents offer some advantages over
traditional solution-phase chemistry in modification of al-
cohols and phenols.

II. Reactions of Solid Supports with Alcohols and
Phenols (Anchoring of Alcohols and Phenols to Solid
Supports through Their Hydroxyl Functional Group)

The attachment of alcohols and phenols to polymer
supports has been intensively investigated, in particular with
regard to the solid-phase synthesis of ethers and esters. Solid
support reactions with alcohols and phenols include (1)
attachment as ethers (O-alkylation or O-arylation), (2)
attachment as esters (esterification), and (3) miscellaneous
reactions (attachment through other functional groups or
linkers).

II.1. Attachment as Ethers (O-Alkylation and O-
Arylation). Alcohols or phenols (ROH, ArOH) can be
immobilized on resins (R′X, X ) leaving group, R′ ) resin
or resin-attached linker; linker functionality is part of the
base polymer or has been attached to a base polymer) through
a variety of synthetic strategies.

The tabulated reactions illustrate a wide variety of resins
and linkers developed for anchoring of alcohols and phenols
as ethers according to the following list:

(II.1.1) Attachment to resins (immobilization of hydroxyl
functional group and synthesis of miscellaneous com-
pounds): (II.1.1.1) reactions on Merrifield resin; (II.1.1.2)
reactions on trityl resins; (II.1.1.3) reactions on Wang resin;
(II.1.1.4) reactions on Rink resin; (II.1.1.5) reactions on other
resins; (II.1.1.6) the synthesis of polymer-supported chiral
auxiliary compounds; (II.1.1.7) monoprotection of diols
(monoether attachment); (II.1.1.8) diprotection of diols
(diether attachment); (II.1.1.9) synthesis of solid-supported
reagents; (II.1.1.10) synthesis of solid supports with acetal
linkers; (II.1.1.11) reactions with polymer-bound DHP (linker
based on the dihydropyranyl group); (II.1.1.12) attachment
through a boronic acid linker (reactions with polymer-bound
boronic acid); (II.1.1.13) silyl linker for the attachment of
alcohols; (II.1.1.14) thiocarbonate-functionalized resins for
the attachment of phenols; and (II.1.1.15) attachment through
miscellaneous linkers;

(II.1.2) Mitsunobu reaction: (II.1.2.1) Mitsunobu reaction
to immobilize hydroxyl functional group as phenol ethers;
(II.1.2.2) Mitsunobu reaction on amino functional groups
(attachment as amines); and (II.1.2.3) Mitsunobu reaction

for immobilization of hydroxyl functional group of other
compounds;

(II.1.3) Carbohydrate reactions: (II.1.3.1) immobilization
and protection of carbohydrates; (II.1.3.2) the synthesis of
disaccharides and polysaccharides (glycosylation reactions);
and (II.1.3.3) enzymatic glycosylation; and

(II.1.4) Oligonucleotide synthesis.

II.1.1. Attachment to Resins (Immobilization of Hy-
droxyl Functional Group and Synthesis of Miscellaneous
Compounds). Hydroxyl functions have been anchored to
several solid supports through many linkers. The linker
strategies most commonly used are attachment as ethers, silyl
ethers, and acetals. Mitsunobu and glycosylation reactions,
nucleoside immobilization, and nucleotide synthesis on solid
supports are commonly used for attachment of alcohols as
ethers on solid supports.

The attachment of alcohols as ethers is more synthetically
challenged than esterification and might require the use of
harsher reagents and conditions, such as strong bases
(Williamson ether synthesis in the case of Merrifield and
trityl resins) or acids (in the case of Wang resin), high
temperatures, and long reaction times, to achieve complete
conversions. Strong bases, such as alkali metal hydrides, are
required to deprotonate the hydroxyl group of aliphatic
alcohols. THF, DMF, or diglyme are commonly suitable
solvents used for the conversion reactions of Merrifield and
related resins into alkyl benzyl ethers.

Many resins have been used in attachment reactions.
Almost all reported solid-phase syntheses of ethers are
O-alkylation or O-arylation of alcohols, which differ only
in the type of alkylating agent used and in the precise reaction
conditions. For example, cross-linked chloromethyl poly-
styrene (Merrifield resin) has frequently been used to
O-alkylate aliphatic alcoholates, mainly for attaching
linkers, ligands, or various synthetic auxiliaries to the
support.93,94 Phenols can be etherified by nucleophilic
substitution of resin-bound benzyl halides95,96 or sulfonyl
chloride.97-99

Trityl-substituted cross-linked polystyrene has been used
to anchor alcohols and phenols in a variety of reactions.
Attachment of alcohols and phenols to trityl linkers is usually
carried out by treating trityl chloride resin with the alcohol
in the presence of a base. Modified trityl resins, such as
2-chlorotrityl resin have been used for linking alcohols to
the solid phase to facilitate the attachment and ultimate
cleavage of alcohols.100-102

Wang resin can also be etherified with aliphatic alcohols
under acidic reaction conditions by conversion of polystyrene-
bound alcohol into a trichloroacetamidate103 or thiocarbon-
ate.104 Support-bound aryldiazomethanes also react with
alcohols in the presence of Lewis acids to yield benzyl
ethers.105 Resin-bound benzylic thiocarbonates react with
aliphatic alcohols in the presence of silver(I) salts to yield
resin-bound benzyl ethers.104,106

Other support-bound electrophiles that react with aliphatic
alcohols to yield ethers are epoxides107,108 and rhodium
carbenoids generated from diazocarbonyl compounds and
rhodium(II) acetate.109 The latter strategies enable the
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preparation of dialkyl ethers under essentially neutral reaction
conditions and, thus, the etherification of base- or acid-labile
alcohols.

Many other linkers are used for attachment of alcohols to
solid supports. Acetals are a further functional group suitable
for linking alcohols to insoluble supports. Resin-bound diols
and amino alcohol, which reversibly form cyclic acetals with
aldehydes and ketones, have been used as linkers for
attachment of carbonyl compounds as acetals. A frequently
used linker of this class is resin-bound dihydropyran, which
forms mixed acetals (tetrahydropyranyl ethers) with aliphatic
or aromatic primary alcohols, secondary alcohols, and
hydroxylamines upon acid catalysis (e.g., 95% TFA-water
or PPTS in DCE). Acetals formed are stable to strong
nucleophiles and basic conditions.110,111,112

Alcohols can be attached to solid supports by a boronic
acid linker. This is a useful strategy for the protection of
diols.113,114Alcohols can be also linked to insoluble supports
as silyl ethers. Polymer-bound silyl ethers can be prepared
by the treatment of support-bound silyl chlorides or silyl
trifluoroacetates with alcohols in the presence of a base
(imidazole, DIEA, or DMAP in DCM).115-119 Alternatively,
silyl ethers can be prepared by heating resin-bound silanes
R3SiH115 with aromatic or aliphatic alcohols in the presence
of catalytic amounts of a rhodium complex [(PPh3)3RhCl,
rhodium(II) perfluorobutyrate].119

II.1.2. Mitsunobu Reaction. Phenols can be etherified
with resin-bound benzyl alcohols by the Mitsunobu reaction.
A review of the tables shows the important role of the
Mitsunobu reaction. Mitsunobu reactions can be performed
in the presence of coupling reagents, such as DEAD, DIAD,
ADDP, or TMAD and either PPh3 or PBu3. Sterically
hindered secondary alcohols also work well in these condi-
tions. The mild reaction condition of the Mitsunobu reaction
allows alcohols containing base-sensitive groups to be
incorporated. Furthermore, phenol groups have also been
attached to hydroxymethyl-p-alkoxybenzyl resins (HMPP
resins) by a Mitsunobu reaction.275-279

II.1.3. Carbohydrate Reactions.Carbohydrates are fre-
quently attached to solid-phase support as ethers. Further
glycosylation technologies for oligomer growth on solid
phase that use different functionalities are available, and
among them, other choices exist according to the needs of
the specific synthesis: for example, the glycal,329 the
sulfoxide,330 the trichloroacetamidate,331 and the enzyme-
based technology332 have all been successfully employed.
Our focus is on the solid-phase reactions that apply free
hydroxyl functional groups of carbohydrates in solution, such
as glycal and enzyme glycosylation.

II.1.4. Oligonucleotide Synthesis.Oligonucleotides (ONs)
are the other major class of important biopolymers that are
readily adaptable to automated synthesis on solid phase using
phosphotriester, phosphonate, and phosphoramidite ap-
proaches. It is not the purpose of this Review to discuss solid-
phase synthesis of oligonucleotides. Our focus is only on
the reaction of solid supports with nucleosides. Derivatized
support carrying a nucleoside with a free 5′-hydroxyl group
is treated with a phosphorylating reagent to yield a nucleoside
phosphomonochloridite attached to a support. Further treat-

ment of the immobilized nucleoside phosphomonochloridite
at room temperature with a second protected nucleoside
followed by oxidation with iodine yield a fully protected
dimer.381-383

II.2. Attachment as Esters.Parts II.2.1, II.2.2, and II.2.3
of Table 2 illustrate a wide variety of resins and linkers
developed for anchoring of alcohols and phenols as esters
according to the following list: (II.2.1) immobilization of
hydroxyl functional group and synthesis of miscellaneous
compounds; (II.2.2) monoprotection of symmetrical diols;
and (II.2.3) carbonate synthesis.

Both aliphatic alcohols and phenols have been immobilized
as esters of support-bound carboxylic acids. The esterification
can be achieved by treatment of resin-bound acids with
alcohols and a carbodiimide398,399or by acylation of alcohols
with support-bound acyl halides.400 Valuable alcohols can
be esterified quantitatively with excess support-bound acy-
lating agent.147 The excess of acylating agent can be capped
by treatment of the support with methanol.

Alcohols can be attached to support-bound alcohol linkers
as carbonates.401 Carbonates are generally more resistant
toward nucleophilic cleavage than esters. The reaction of
N,N′-disuccinimidyl carbonate (DSC) with 4-hydroxymethyl-
PS-resin and 4-hydroxymethyl-Nbb-PS-resin affords the
corresponding active carbonates, which can react smoothly
with compounds containing hydroxyl functions (e.g., Boc-
O-benzyl threoninol [Boc-Thr(Bzl)-OH], Boc-Ser-OAllyl,
and BOC-Tyr-OAllyl).401

II.3. Attachment by Other Strategies (Miscellaneous
Reactions).Additional tables have listed many other strate-
gies for the attachment of alcohols and phenols to solid
supports.
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Abbreviations

9-BBN 9-borabicyclo[3.3.1]nonane
Ac acetyl
Ac2O acetic anhydride
ACC-SiO2 ammonium chlorochromate
ACN acetonitrile
ADDP azodicarboxylic acid dipiperidide
aq aqueous
Argogel PEG-grafted cross-linked polystyrene
BAL backbone amide linker
BHA benzhydrylamine resin
Bn benzyl
BOBA para-benzyloxybenzylamine
Boc tert-butyloxycarbonyl
BTSC bis(trimethylsilyl)chromate
BSA N,O-bis(trimethylsilyl)acetamide
BSP sulfobromophthalein sodium
Bu butyl
Bz benzoyl
CDI N,N-carbonyl diimidazole
CPG controlled pore glass
DABCO 1,4-diazabicyclo[2.2.2]octane
DBU 1,8-diazobicyclo[5.4.0]undec-5-ene
DCC N,N′-dicyclohexylcarbodiimide
DCE dichloroethane
DCM dichloromethane
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DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DEAD diethyl azodicarboxylate
DHP 2,3-dihydro-4H-pyran
DIAD diisopropyl azodicarboxylate
DIC diisopropylcarbodiimide
DIPEA diisopropylethylamine
DMA N,N-dimethylacetamide
DMAC N,N-dimethylacetamide
DMAD dimethyl acetylenedicarboxylate
DMAP 4-(dimethylamino)pyridine
DMDO dimethyldioxirane
DMF N,N-dimethylformamide
DMSO dimethyl sulfoxide
DMT 4,4′-dimethoxytrityl
DMTSB dimethylthiosulfonium tetrafluoroborate
DMTST dimethylthiosulfonium triflate
DSC N,N′-disuccinimidyl carbonate
DTBP 2,6-di-tert-butyl pyridine
DTT dithiothreitol
DVB divinylbenzene (mixture of regioisomers)
EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiim-

ide hydrochloride
EGDMA ethyleneglycol dimethacrylate
Et ethyl
EtOAc ethyl acetate
Fmoc 9-fluorene methyloxycarbonyl
Fuc L-fucose
GalNAc N-acetyl-D-galactosamine
GalT galactosyltransferase
GlcNAc N-acetyl-D-glucosamine
glycan synonym of polysaccharide
HMBA 4-hydroxymethylbenzoic acid linker
HMPB 4-hydroxymethyl-3-methoxyphenoxybutyric acid
HOBt hydroxybenzotriazole
IBX 1-hydroxy-1,2-benziodoxol-3(1H)-one-1-oxide
MALDRE 2-methoxy-4-benzyloxypolystyrene aldehyde resin
MBHA 4-methylbenzhydramine
mCPBA meta-chloroperoxybenzoic acid
Me methyl
MeOPEG poly(ethylene glycol) monomethyl ether
Merrifield resin partially chloromethylated, cross-linked polysty-

rene
Mmt monomethoxytrityl
MPEG polymer poly(ethylene glycol) monomethyl ether
MS molecular sieve
MSNT 1-(mesitylene-2-sulfonyl)-3-nitro-1,2,4-triazole
Multipin polymer crowns grafted with various supports
NaHMDS sodium hexamethyldisilazane
NBS N-bromosuccinimide
NCPS non-cross-linked polystyrene
NeuAc N-acetyl-neuraminic acid
NIS N-iodosuccinimide
NMI N-methylimidazole
NMM N-methylmorpholine
NMO 4-methylmorpholineN-oxide
NMP N-methylpyrrolidinone
NPG n-pentenyl glycosides
Ns 4-nitrobenzenesulfonyl
PAL peptide amide linker; 5-(4-aminomethyl-3,5-

dimethoxyphenoxy)valeric acid linker
PAM 4-(hydroxymethyl)phenylacetic acid linker
PAN poly(arylamide)-poly(N-acryloxysuccinimide)
PBu3 tributylphosphine
PDC pyridinium dichromate
PDDM polymeric diphenyldiazomethane
PE polyethylene
PEG poly(ethylene glycol)
(PEG) PEG with linker or spacer
PEGA poly(ethylene glycol)-polyacrylamide copolymer

PEG-PS poly(ethylene glycol)-polystyrene
Ph phenyl
Phth phthaloyl
PIN polyethylene pin
Piv pivaloyl
PMM poly(methyl metacrylate)
PolyTPPI2 polymer-bound triphenylphosphine diiodide
PPh3 triphenylphosphine
PPTS pyridinium tosylate
PS cross-linked polystyrene
PS-DES polystyryl-diethylsilyl
PS-DIEA N,N-(diisopropyl)aminomethylpolystyrene resins
PS-DVB polystyrene-divinylbenzene copolymer
PS-PEG polystyrene-poly(ethylene glycol) graft poly-

mer
P-TBD polystyrene-supported 1,5,7-triazabicylco[4.4.0]-

dec-5-ene
PTSA para-toluenesulfonic acid
PVPDC poly(vinylpyridinium dichromate)
(Pyz-CrO5)n pyrazine-based polymeric complex of oxidoper-

oxochromimum (VI)
R alkyl
RAM Rink amide linker, (2,4-dimethoxyphenyl)(4-

alkoxyphenyl)methylamine
r.t. room temperature
Sasrin cross-linked polystyrene with 4-alkoxy-2-meth-

oxybenzyl alcohol linker (super acid sensitive
resin)

Sephadex dextran; a branched glycan consisting of 1,6-R-
linked glucopyranose

Sepharose agarose; an unbranched glycan consisting of
D-galactose and 3,6-anhydro-L-galactose

SG silica gel
S-Le sialyl-Lewis
TBAF tetrabutylammonium fluoride
TBAI tetrabutylammonium iodide
TBDPS tert-butyldiphenylsilyl
TBDMSCl tert-butyldimethylsilyl chloride
TBS tert-butyldimethylsilyl
TBTU 3-[(dimethyliminium)dimethylamino)methyl]-

1,2,3-benzotriazol-1-ium-1-olate tetrafluorobo-
rate

t-Bu tert-butyl
TCA trichloroacetic acid
TEA triethylamine
TEMPO 4-alkoxy-2,2,6,6-tetramethylpiperidine-1-oxide
Tentagel PEG-grafted cross-linked polystyrene
Tentagel-PHB PEG-grafted cross-linked polystyrene function-

alized with a Wang linker
TES triethylsilyl
Tf triflate (trifluoromethanesulfonyl)
TFA trifluoroacetic acid
TFE (TfOH) trifluoroethanol
TFAA trifluoroacetic anhydride
TG PEG-grafted polystyrene (e.g., Tentagel)
(TG) TG with linker or spacer
THF tetrahydrofurane
THP 2-tetrahydropyranyl
TIS, TIPS triisopropylsilyl
TMAD N,N,N′,N′-tetramethylethylenediamine
TMS trimethylsilyl
TMSOTf trimethylsilyl trifluoromethanesulfonate
TPAP tetrapropylammonium perruthenate, [Pr4N][RuO4]
TPP triphenyl phosphine
Tr trityl, triphenylmethyl
UDP-Gal uridine 5′-diphosphogalactose
Wang resin cross-linked polystyrene with 4-benzyloxybenzyl

alcohol linker
Z cbz, benzyloxycarbonyl
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Table 1. Solid-Support Reagents
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Table 1 (Continued)

484 Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 5 Reviews



Table 1 (Continued)
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Table 2. Solid Supports Reactions with Alcohols and Phenols
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(187) Böhm, G.; Dowden, J.; Rice, D. C.; Burgess, I.; Pilard, J.
F.; Guilbert, B.; Haxton, A.; Hunter, R. C.; Turner, N. J.;
Flitsch, S. L.Tetrahedron Lett. 1998, 39, 3819-3822.

(188) Hind, N.; Hughs, I.; Hunter, D.; Morrison, M. G. J. T.;
Sherrington, D. C.; Stevenson, L.Tetrahedron1999, 55,
9575-9584.

(189) Bleicher, K. H.; Wareing, J. A.Tetrahedron Lett.1998, 39,
4591-4594.

(190) Yoo, S. E.; Gong, Y. D.; Choi, M. Y.; Seo, J. S.; Yi, K. Y.
Tetrahedron Lett.2000, 41, 6415-6418.

(191) Makino, S.; Suzuki, N.; Nakanishi, E.; Tsuihi, T.Tetrahedron
Lett. 2000, 41, 8333-8337.

(192) Bianco, A.; Furrer, J.; Limal, D.; Guichard, G.; Elbayed, K.;
Raya, J.; Piotto, M.; Briand, J. P.J. Comb. Chem. 2000, 2,
681-690.

(193) Botta, M.; Corelli, F.; Maga, G.; Manetti, F.; Renzulli, M.;
Spadari, S.Tetrahedron2001, 57, 8357-8367.

542 Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 5 Reviews



(194) Nicolaou, K. C.; Montagnon, T.; Ulven, T.; Baran, P. S.;
Zhong, Y. L.; Sarabia, F.J. Am. Chem. Soc.2002, 124,
5718-5728.

(195) Kappe, C. O.Curr. Opin. Chem. Biol. 2002, 6, 314-320.
(196) Colwell, A. R.; Duckwall, L. R.; Brooks, R.; McManus, S.

P. J. Org. Chem.1981, 46, 3097-3102.
(197) Allin, S. M.; Shuttleworth, S. J.Tetrahedron Lett. 1996, 37,

8023-8026.
(198) Moon, H. S.; Schore, N. E.; Kurth, M. J.Tetrahedron Lett.

1994, 35, 8915-8918.
(199) Altava, B.; Burguete, M. I.; Luis, S. V.; Mayoral, J. A.

Tetrahedron1994, 50, 7535-7542.
(200) Cernerud, M.; Reina, J. A.; Tegenfeldt, J.; Moberg, C.

Tetrahedron Asymmety1996, 7, 2863-2870.
(201) Purandare, A. V.; Natarajan, S.Tetrahedron Lett. 1997, 38,

8777-8780.
(202) Burgess, K.; Lim, D.J. Chem. Soc., Chem. Commun.1997,

785-786.
(203) Lohray, B. B.; Nandanan, E.; Bhushan, V.Tetrahedron:

Asymmetry1996, 7, 2805-2808.
(204) Burbaum, J. J.; Ohlymeyer, M. H. J.; Reader, J. C.;

Hendeson, I.; Dillard, L. W.; Li, G.; Randle, T. L.; Sigal,
N. H.; Chelsky, D.; Baldwin, J. J. AProc. Natl. Acd. Sci.
U.S.A.1995, 22, 6207-6031.

(205) Tietze, L. F.; Steinmetz, A.Angew. Chem., Int. Ed. Engl.
1996, 35, 651-652.

(206) Nicolaou, K. C.; Wissinger, N.; Pastor, J.; Ninlovic, S.;
Sarabia, F.; He, Y.; Vourloumis, D.; Yang, Z.; Li, T.;
Giannakakou, P.Nature1997, 387, 268-272.

(207) Fyles, T. M.; Leznoff, C. C.Can. J. Chem.1976, 54, 935-
942.

(208) Herna´ndez, A. S.; Hodges, J. C.J. Org. Chem.1997, 62,
3153-3157.

(209) Rodebaugh, R.; Joshi, S.; Fraser-Reid, B.; Geysen, H. M.J.
Org. Chem. 1997, 62, 5660-5661.

(210) Shao, H.; Colucci, M.; Tong, S.; Zhang, H.; Gastelhanno,
A. L. Tetrahedron Lett. 1998, 39, 7235-7238.

(211) Majewski, M.; Ulaczyk, A.; Wang, F.Tetrahderon Lett. 1999,
40, 8755-8758.

(212) Washizuka, K. I.; Nagai, K.; Minakata, S.; Ryu, I.; Komatsu,
M. Tetrahedron Lett. 2000, 41, 691-695.

(213) Fyles, T. M.; Leznoff, C. C.; Weatherston, J.Can. J. Chem.
1977, 55, 4135-4143.

(214) Fyles, T. M.; Leznoff, C. C.; Weatherston, J. Can J. Chem.
1978, 56, 1031-1041.

(215) Fyles, T. M.; Leznoff, C. C.; Weatherston, J.J. Chem. Ecol.
1978, 4, 109-116.

(216) Chen, C. X.; Randall, L. A. A.; Miller, R. B.; Jones, A. D.;
Kurth, M. J.Tetrahedron1997, 53, 6595-6609.

(217) Leznoff, C. C.; Wong, J. Y.Can. J. Chem. 1972, 50, 2892-
2901.

(218) Leznoff, C. C.; Fyles, T. M.J. Chem. Soc., Chem. Commun.
1976, 251-252.

(219) Leznoff, C. C.; Greenberg, S.Can. J. Chem. 1976, 54, 3824-
3829.

(220) Leznoff, C. C.; Hall, T. W.Tetrahedron Lett.1982, 23,
3023-3026.

(221) Leznoff, C. C.; Fyles, T. M.; Weatherston, J.Can J. Chem.
1977, 55, 1143-1153.

(222) Leznoff, C. C.; Dixit, D. M.Can. J. Chem. 1977, 55, 3351-
3355.

(223) Blackburn, C.; Albericio, F.; Kates, S. A.Drugs Future1997,
22, 1007-1025.
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