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Abstract

A review with 1663 references to transition-metal catalyzed or mediated reactions and functional group preparations.
© 2003 Elsevier B.V. All rights reserved.

Keywords:Transition metals; Organic synthesis; Catalysis

1. General comments

This survey highlights the use of transition metals in or-
ganic synthesis for the year 2001. A fairly comprehensive
literature coverage with extensive citations is presented.
The field of organometallic chemistry continued to sig-
nificantly expand in 2001. Considering the large number
of papers published, a complete coverage of all reported
reactions employing transition metals is outside the scope
of this review. A number of transition-metal catalyzed
transformations are now standard reactions in most organic
chemists’ toolbox. Thus, some of the more common ap-
plications have not been included. Reactions of unusual
substrates, new reaction conditions, and new catalyst sys-
tems have been included. Applications in total synthesis
of more complex organic molecules have also been re-
viewed. Only the more unusual or significant reactions
were presented in equation form. Some emphases were
put on reactions used in total synthesis of biologically
active compounds. Alkylations and most Michael-type re-
actions of pre- or intermediately formed copper reagents
have not been reviewed. The chemistry of metal carbon
multiple bonds, e.g. reactions of Fischer and Schrock car-
benes, are covered in a separate review, although decom-
positions of diazo compounds and metathesis reactions
were included herein. Papers describing new ligands for
palladium-catalyzed asymmetric allylic alkylation of, pri-
marily, 1,3-diphenyl-allylacetate and most hydroformyla-
tions have not been included.

2. Carbon–carbon bond-forming reactions

2.1. Alkylations

2.1.1. Alkylations of organic halides, tosylates, triflates,
nonaflates and hypervalent species

Palladium-catalyzed coupling reactions of organotin
reagents with a large variety of electrophiles continue to be
developed. This reaction is generally referred to as the Stille
reaction, and this name will be used herein. Reactions in
ionic liquids[1] and supercritical carbon monoxide[2] were
reported. Microwave-assisted Stille reactions on potassium
fluoride–alumina in the absence of solvent was reported[3].
Stille-type coupling catalytic in tin was described[4,5]. The
use of the air-stable ligand precursor [(t-Bu)3PH]BF4 was

reported[6]. Addition of diethylamine increased the yield
of coupling products and reduced the amount of�-hydride
elimination using tetralkylstannanes[7].

Bromo-1,4-benzoquinone, protected bromo-hydroquin-
ones [8], and N-alkoxyimidoly bromides[9] were used
as electrophiles in Stille couplings. Carboxylic acid chlo-
rides were used in place of halides forming unsymmetrical
ketones[10]. 3,4-Dibromo-2(5H)-furanone underwent re-
gioselective coupling with arylstannanes to give 4-aryl-3-
bromo-2(5H)-furanones[11].

Stille-type couplings of allylic acetates having a remov-
able dimethylpyridylsilyl group were described[12]. Allylic
chlorides were coupled with allyl tributyltin[13]. A facile
dearomatization was catalyzed by palladium (Eq. (1)) [14].
Vinyl epoxides were reacted with vinyltin reagents[15]. A
(2-pyridyldimethylsilyl)methyl group was transferred using
(2-pyridyldimethylsilyl)methyl tributyltin and aryl halides
[16]. Intermolecular coupling of 2-bromopyridines with aryl
bromides in the presence of hexamethylditin and a palla-
dium catalyst was reported[17].

(1)

Tributylstannylcyclooctatetraene[18,19], an �-tributyl-
stannyl enamide [20], a 2,2-difluoro-1-tributylstannyl
MEM protected vinyl ether [21], (E)-tributylstannyl-
propanoyltriphenylsilane[22], a vinylstannane-substituted
quartenary amino acid[23], an organostannatrane[24],
and a fluorinated acylstannane[25] were used in cross-
coupling reactions. Couplings of vinyl and aryl halides
and triflates with hypervalent organostannanes in the pres-
ence of a palladium-catalyst were reported[26,27]. 1,2-
Bis(tributylstannyl)ethene and 1,2-bis(tributylstannyl)ethyne
were used to prepare brassinolide mimetics[28].

A double allylation of activated alkenes using allyl chlo-
rides and allyltin reagents was described (Eq. (2)) [29]. This
reaction was utilized in an interesting [n+2]cycloaddition
using tin reagents. A cascade reaction using 1,2-ditin-
substituted ethane forming polycyclic compounds was
described (Eq. (3)) [30].
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(2)

(3)

Nickel catalyzed the selective coupling in the 2-position
of pentafluoropyridine with vinyltributyltin [31]. Cop-
per mediated the coupling of silyloxyvinylstannanes with
1-iodo-1-hexene[32]. A copper-mediated coupling of a
vinyl iodide with a vinyltin reagent was used in synthesis of
himbacine derivatives[33]. A carbonylative coupling of a
polymerbound aryltin compound with aryl halides was used
to prepare diaryl ketones[34]. Carbonylative couplings were
used in the synthesis of the core of phomactin (Eq. (4)) [35],
of acetophenones[36], and of�- and�-fluorine-substituted
ketones[37].

(4)

A large number of heterocyclic halides and triflates were
used as electrophiles in reactions with aryl- and vinyltin
reagents. For example, reactions of derivatives of 4-bromo-
and 4-bromomethyl-oxazole[38], 4- and 5-iodoisoxazole
[39,40], 4-iodoimidazoles [41], 5-trifloxyoxazole [42],
5-iodo-2(2H)-pyranones [43], halopyrimidines [44,45],
7-iodoisatins [46,47], halopyridines [48,49], bromo-,

chloro-, and trifloxyquinolines and isoquinolines[50], 4-
iodoindole[51], 5-bromo-5-azaoxindole[52], 1-trifloxy-�-
carboline in the synthesis of pyridindolols[53], 8-bromo-
1-ribofuranosidylpurin[54], polymer-bound 8-bromopurine
[55], bromopyrazines[56,57], 3- and 5-chloro-2-pyrazinone
[58,59], and 2-bromobenzo-thiophen and -furan[60] were
reported. Coupling of 2,3-dibromothiophene[61] and 2,5-
dibromopyridine[62] selectively occurred in the 2-position.
Stille reaction of a 3-iodo-7-azaindole derivative was used
in the synthesis of deoxyvariolin B (Eq. (5)) [63].

(5)

A variety of heterocyclic stannanes such as 2-pyridinyl
[64–66], 4-pyridinyl [67], 3-2′2′-bipyridinyl [61], 2-thienyl
[68–72], 2-furyl [73], 4-oxazolyl[38], 3-cephalosporin[74],
3-benzofuryl [75], 2-indolyl [60,76], tetrathiafulvalenyl
[77], 4-imidazolyl [78], 4-pyrazolyl and 4-isoxazolyl[79]
were used in Stille-type couplings.

The Stille reaction continued to be extensively used
in organic total synthesis[80–84]. Synthetic targets
include, concanamycin F[85], fostriecin [86], rat-
jadone [87], (−)-reveromycin B [88], rutamycin B and
oligomycin C [89], analogues of CC-1065 and duo-
carmycins [90], lankacidins [91], (−)-physostigmine,
(−)-physovenine, and (−)-aphanorphine[92], (S)-ipsenol
[93], (−)-ichthyothereol [94], HIV-1 reverse transcrip-
tase inhibitors [95], 9-cis-renioic acid analogs[96],
oxadecaline core of phomactin A[97], (−)-jesterone
(Eq. (6)) [98], toward FR182877[99], taxifolial A and
iso-caulerpenyne[100], (−)-salicylhalamide[101], reser-
pine [102], (+)-crocacin C [103], rugulovasines[104],
(+)-amphidinolide K (Eq. (7)) [105], phorboxazole A
[106], epothilones[107], lapidilecitin B [108], asperazine
(Eq. (8)) [109], bafilomycin A1 [110], (+)-phorboxazole
A [111], (−)-cycloepoxydon[112], dioncophyllin B[113],
(−)-hennoxazole[114], herbertendiol[115], dermostatin A
[116], toward viridenomycin[117,118], lancifolol (Eq. (9))
[119], toward bufadienolides[120] FGHI ring system
of azaspiracid [121], sanglifehrin A [122], fostriecin
[123], a subunit of oximidines[124], epibatidine[125],
benzo[b]phenanthridines[126], an analog of medermycin
[127], astaxanthin analogs[128], and ellipticine[129].
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(6)

(7)

(8)

(9)

Intramolecular Stille-type macrocyclization was used
in synthesis of concanamycin F[85] and toward apopto-
lidin [130]. Intermolecular formation of a stannane using
trimethylsilyl tributyltin followed by an intramolecular cou-
pling with a tethered electrophile was used in synthesis of
nodulisporic acid A subunit[131].

Nickel and palladium complex-catalyzed cross-couplings
of Grignard reagents with halides and triflates[132]
were used in synthesis of (+)-ambruticin [133] and
(−)-hennoxazole[114]. Coupling of a vinyl triflate with
trimethylsilylmagnesium bromide was used in the synthesis
of laulimalide[134]. Coupling reactions of bromopyridines
[135], vinyl triflates, in the synthesis of hydroazulene ring
system of guanacastepene,[136], 3-bromofuran [137],

and bromothiophens[138] with Grignard reagents were re-
ported.

Nickel catalyzed the coupling of aryl Grignard reagents
with aryl nitriles to give unsymmetrical biaryls[139].
Nickel-catalyzed asymmetric cross-coupling of a benzylic
Grignard with vinyl bromide was reported[140]. Cop-
per catalyzed the coupling of vinyl triflates with Grignard
reagents[141]. Copper also catalyzed enantioselective re-
actions of allylic acetates with Grignard reagents[142,143].
Iron catalyzed the coupling of vinyl bromides and iodides
with aryl Grignard reagents[144].

Coupling reactions of halides and triflates with organoz-
inc reagents, usually referred to as the Negishi coupling,
continued to grow as a viable alternative to tin and
boron reagents[23,145–148]. Nickelocene catalyzed the
coupling of aryl bromides with arylzinc reagents[149].
Palladium-catalyzed cross-coupling of organozincs with
1-trimethylsilyl-1-iodoalkenes was used in synthesis of
(Z)-trisubstituted alkenes (Eq. (10)) [150].

(10)
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Bis(trimethylsilylmethyl)zinc was used, introducing a
trimethylsilylmethyl group[151]. Aryl iodides were coupled
with benzylzinc chlorides[152], alkynylzinc[153,154], and
cyclopropylzinc reagents[155]. Aryl and vinyl chlorides
were coupled with zinc reagents[156]. An acid halide was
coupled with an amino acid derived zinc reagent[157].
Palladium catalyzed the coupling of thiolesters with zinc
reagents to give polyfunctionalized ketones (Eq. (11)) [158].
Alkyl zinc reagents coupled with aryl and heteroaryl halides
[159–163]without �-elimination.

(11)

Heterocyclic substrates also participated in Negishi cou-
plings. For example, 4-tosylcoumarins[164], 4-diethylphos-
phonyloxycoumarin[165], 3-bromobenzothiophen[166],
5-iodoisoxazole[39], halopyridines and phenanthrolines
[167,168], terpyridyltriflate [169], bromo-, chloro-, and
trifloxyquinolines and isoquinolines[50], and iodopyra-
zoloisoquinolines[170]. Imidazolylzinc on a solid support
was also used in coupling reactions[171]. Heterocyclic

zinc reagents were used, including 3-pyrazolyl-1-oxide
[172], 2-4-pyridinyl [173,174], 5-(1,3-dioxin-4-one)yl
[175], 5-pyranyl-2-ones[176], 3-indolyl [177], and 2- and
5-thiazolyl [178] derivatives.

Negishi-type cross-coupling reactions were used in the
synthesis of (−)-deoxypukalide[179], carotenoids[180],
neodysherbaine A[181], the core of phomactin[35], the
core of mycolactones (Eq. (12)) [182], toward gambierol
[183], and (Z)- and (E)-�-bisabolene[184]. A sequence of

coupling reactions was used in the synthesis of cystoth-
iazole E (Eq. (13)) [185]. Hydrozirconations of terminal
alkynes followed by transmetallation to zinc and coupling
with vinyl iodides were used in the synthesis of euncenone
[186] and FR901464 analogs (Eq. (14)) [187]. Transmetal-
lation from aluminum to zinc of an intermediately formed
vinylaluminum species followed by palladium-catalyzed
cross-coupling was used in the synthesis of carotenoids
[180].

(12)

(13)

(14)
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The Suzuki (or Suzuki–Miyaura) cross-coupling, i.e.
palladium-catalyzed coupling of organoboronic acids and
esters with organic halides and triflates, continued to see sub-
stantial use in organic chemistry[159,188,189]. A number of
new ligands and catalyst systems were developed[190–199].
Reactions catalyzed by a palladium–diazabutadiene sys-
tem [200], palladium on carbon in the absence of lig-
ands [201,202], and palladium mediated by copper
thiophene-2-carboxylate at room temperature[203] were re-
ported. Heterocyclic carbene ligands[204,205]and the use
of the air-stable ligand [(t-Bu)3PH]BF4 were reported[6].

Coupling of aryl halides with organoboronic acids
in aqueous solution catalyzed by palladium complexes
[206–208]and microwave assisted reactions on potassium
fluoride–alumina in the absence of solvent were reported

[3]. Polymer supported Suzuki reactions attracted a fair
amount of attention. Polymer supported palladium catalysts
[209,210]and a polymer-supported ligand were used[211].
Polymer bound boronic esters[212], polymer bound aryl
halides[213–215], 2-iodoindole[216], and a vinyl bromide
[217] were used in coupling reactions. Molecular imprinting
was used to prepare heterogenous catalysts[218].

Dicoupling of a vinyl-1,1-bis(pinacolyl)diboron[219],
coupling of quinone boronic ester derivatives[220], cy-
clopropylboronic acid esters[146,221], �-triflouromethyl
ethenyl boronic acid[222], and hydroboration of 1-
alkynylphosphonates followed by Suzuki coupling were
described[223]. Thioalkynes were coupled with boronic
acids in the presence of a palladium catalyst and a cop-
per carboxylate (Eq. (15)) [224]. Trifloxyazulene was

coupled with an alkylboronic ester in the synthesis of
KT1-32 [225]. A regio and stereoselective coupling of
arylboronic acids with peracetylated glycals was described
(Eq. (16)) [226]. �-Chloroacroleins were coupled with aryl-
boronic acids in aqueous media[227]. �-Chlorovinamidium
salts [228], 1,1-difluoro-4-bromo-3-triisopropylsilyl-1,2-
butadiene (Eq. (17)) [229], and bromoacetic acid deriva-
tives [230] were coupled with boronic acid derivatives. A
carbonylative coupling of halopyridines with arylboronic
acids was reported (Eq. (18)) [231]. Phenyltrifluoroacetate
was coupled with organoboron compounds to give trifluo-
romethylketones[232]. Aryl tosylates were coupled with
arylboronic acids using a nickel catalyst[233]. Interme-
diately formed anhydrides were coupled with arylboronic
acids, using a palladium catalyst, to give ketones[234].

(15)

(16)

(17)

(18)

Tetraphenylborate was used in microwave assisted re-
actions with heteroaromatic compounds[235]. Coupling
of tetraalkylammoniumtrifluoroborates was reported[236].
Palladium catalyzed the coupling of indolylborates with
prop-2-ynyl carbonates[237,238]. Ethoxy dialkylvinylb-
orates were used in Suzuki couplings[239]. Palladium
catalyzed the coupling of aryl- and alkenyltriflates with
potassium alkyltrifluoroborates[240] and with lithium
alkylborates [241]. Also, diethylpyridylborane was used
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in coupling reactions with calixarenes in the presence of
cesium fluoride[242].

A plethora of total syntheses wherein boronic acids or
esters were coupled with an aryl-, heteroaryl-, vinyl-halides
or -triflate [243,244] were reported. Examples include,
dendrobine[245], (−)-lepadins[246], tagretin and 7- and
9-cis-retinoic acids and derivatives (Eq. (19)) [96,247,248],
khafrefungin [249], combrestatins[250], callipeltoside A
side chain [251], the 15-membered macrocycle of RP
66453 [252], diazonamide A [253,254], herbertendiol
[115], (−)-equisetin [255], mesembranol[256], methyl
(14E)-dehydrocrepenynates[257], toward nakadomarin
[258], toward bufadienolides[123], macrocyclic core of
TMC-95A [259], apoptolidin [260], epothilone A [261],
and (−)-salicylhalamide[262]. An intramolecular coupling
[263] was used in the synthesis of rutamycin B (Eq. (20))
[264].

(19)

(20)

A large variety of functionalized heterocyclic halides and
triflates were employed in the Suzuki reaction. For exam-
ple, six- and seven-membered lactam derived vinyltriflates
[265], 5-bromoquinoline[266], halo- and trifloxypyridines
[49,168,173,267,268], haloindoles [269,270], 2-iodo-
6- and 7-azaindoles[271], 5-iodoisoxazole [39], 7-
iodoisatin, in the synthesis of TMC-95,[272], halonucle-
osides[273], chloropyrimidine and triazine[274], halopy-
ridazinons [275–277], 6-haloimidazol[1,2-a]pyridines
[278], 6-chloroimidazolo[1,2-b]pyridazine[279], 5-bromo-
[1,2,4]-triazolo-[1,5-a]-pyridine [280], polymer-bound 8-
bromopurine [55], 2-, 4-, and 6-halopurines[281,282],
4-chloropyridazines [283], 4-iodoisoxazole [40], 1-

chloroisoquinoline [284], 4-chloroquinazoline[285], 2-
bromothiophen[286], 2-piperidone derived vinylphosphates
[287], 1-trifloxy-�-carboline[78], chlorophthalazines[288],
3,5-dibromopyrazine[289], and halopyrazolo-quinolines
and isoquinolines[170] derivatives were all used in
Suzuki-type couplings. 3,4-Dibromofuran-2(5H)-ones were
selectively coupled in the 4-position using boronic acids
[11,290]. A palladium-tetraphosphine catalyst efficiently
coupled a variety of aromatic and heteroaromatic bro-
mides with arylboronic acids[291,292]. In addition, a
variety of heteroaryl boronic acids were used such as, thio-
phenyl [293–295], 3-furyl, toward eudesmanolides,[296],
4-pyridinyl [67], and 3-indolyl[78] derivatives.

One major advantage of the Suzuki reaction over the
Stille reaction is the ability to use alkyl-substituted boronic
acids (or esters) without competitive�-hydride elimina-
tion. Silver salts were shown to promote this reaction

[297]. Hydroboration of alkenes using 9-BBN followed by
cross-coupling with vinyl and aryl halides[298–301]was
reported. Bromopyridines, iodothiophene, 4-iodopyrazole,
5-bromopyrimidine, 2,5-dibromopyridine, and nucleoside
derivatives also participated in this reaction[302,303].
Coupling reactions of 2,5-dibromopyridine[304] and
2,3-dibromothiophene were shown to occur in the 2-position
[61,305]. A room temperature alkylbromide–alkylboron
Suzuki coupling was described[306].

Cross-coupling of vinyl and heteroaryl iodide or bromides
with alkyl boronic acids or esters was used in synthesis
of 15-azaepothilones[307], (−)-indolizidine 209D[308],
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3-hetero-13,14-dihydro prostaglandin F1a analogs [309],
5,6-dihydrocineromycin B[310], sphingofungins[311,312],
and desoxyepothilone F[313]. The polyether core of gam-
bierol was prepared using vinyl phosphates[314,315].

Carbon nucleophiles were also employed in alkylation
reactions of halides and triflates.�,�-Disubstituted aryl-
methanols were coupled with aryl bromides (Eq. (21)) [316].
Palladium catalyzed the allylation of zinc enolates[317].
Multiple arylations were observed upon reaction of eno-
lizable aryl alkyl ketones with aryl halides in the pres-
ence of a palladium catalyst[318]. Intermolecular aryla-
tion of enolizable ketones followed by annulation produced

1-vinyl-1H-isochromene derivatives (Eq. (22)) [319]. Both
arylation and nucleophilic addition to the carbonyl group
was observed in some cases (Eq. (23)) [320]. Intermolec-
ular palladium-catalyzed vinylation of ketone enolates was
reported[321].

(21)

(22)

(23)

Intramolecular reaction of an amide-enolate was used
in the synthesis of cherylline and latifine (Eq. (24)) [322].
A palladium-catalyzed intramolecular arylation was used
to prepare oxindoles. Substituted oxindoles were ob-
tained by a combined intra- and intermolecular aryla-
tion of 2-bromoanilides[323]. Decomposition of isolated
aryl-palladium enolates derived from ketones, esters, and
amides gave the expected coupling products[324]. Palla-
dium catalyzed�-arylation of esters and protected amino
acids[325,326]and a triethylborane-mediated�-allylation
of 2-hydroxyacetophenone were reported[327]. Aryla-
tion of diethylmalonate was followed by decarboxylation
[328].

(24)

A number of silicon reagents were developed as alter-
native transmetallation reagents. Palladium catalyzed the
arylation of allylic benzoates using hypervalent siloxane
derivatives[329]. Vinyl- and arylpolysiloxanes[330,331],
dimethylpyridylsilylalkenes, [332], aryl alkyl halosi-
lanes [333], trialkylsilylalkynes [334], triethoxyvinyl-
and arylsilanes [335,336], alkynylsilanols [337], and
(�-fluorovinyl)diphenylmethylsilane[338] were used in
coupling reactions. A fluoride free cross-coupling was
reported [339]. Alkylidenesilacyclopentanes (Eq. (25))
[340] and silyloxacyclohexenes[341] were efficiently cou-
pled with aryl and vinyl halides. A one-pot sequential
platinum-catalyzed hydrosilylation followed by a palladium-
catalyzed coupling was developed (Eq. (26)) [342]. Cop-
per mediated and palladium/silver-catalyzed couplings of
vinyl iodides and triflates with TMS-alkynes were reported
[343,344].
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(25)

(26)

Some more uncommon cross-coupling reactions employ-
ing organometallic reagents were described. Palladium-
catalyzed coupling reactions of vinyl tellurides[345,346],
organotelluriums with iodonium salts[347], organoindi-
ums [50,348], in aqueous media[349], in situ formed al-
lylindium reagents[350], chromium vinylidene carbenoids
(Eq. (27)) [351], organobismuths[352,353], triarylbismuth
compounds and iodonium salts[354], triarylbismuth com-
pounds with organostannanes in the presence of carbon
monoxide[355], trimethylaluminum[356], a vinylcopper
[357], and alkynylsilanes were coupled with triarylanti-
mony compounds[358]. Nickel and palladium catalyzed
the coupling of aryl halides with intramolecularly stabilized
dialkylaluminum reagents[359]. Palladium catalyzed the
cross-coupling of silver acetylides with vinyl triflates[360].
Oxovanadium-induced oxidative coupling of arytrimethylz-
incates was reported[361]. A lead/nickel/aluminum catalyst
system was developed for the arylation and vinylation of
3-trifloxy-, 3-bromo-, and 3-chloro-�3-cephems[362].

(27)

A zirconocene-catalyzed methylalumination of a terminal
alkyne followed by palladium catalyzed cross-coupling with
a vinyl bromide was used in the synthesis of (−)-fumagillol
[363]. A related methylalumination cross-coupling was
used in the synthesis of vitamin K (Eq. (28)) [364]. Vinyl
zirconocenes prepared in situ by hydrozirconation of
alkynes were used in cross-coupling reactions with vinyl
halides [146]. Cross-coupling of a vinylzirconocene with
a 4-bromoxazole derivative was used in the synthesis of
diazonamide A (Eq. (29)) [365].

(28)

(29)

2.1.2. Alkylations of alkenes and allenes
The Heck reaction continued to be one of the most ver-

satile methods for the alkylation of alkenes. A kinetic study
of the Heck reaction identified the oxidative addition adduct
as the resting state in the catalytic cycle[366]. The mecha-
nism using phosphapalladacycles as the catalyst was inves-
tigated[367]. Microwave assisted Heck reactions on potas-
sium fluoride–alumina in the absence of solvent[3], and
using palladium nanoparticles in ionic liquids[368] were
reported.

A number of papers dealing with different aspects
of the catalyst system and the reaction conditions ap-
peared. Several highly efficient catalyst systems were re-
ported[196,369,370]for example, an air-stable palladium
tetraphosphine complex[371], palladium modified zeo-
lites [372], a polymer supported ligand[373], catalysts for
room temperature reactions were identified[374], catalysts
for aryl chlorides[375,376], palladium–carbene complexes
[377–379], and a phosphine free catalyst[380]. The for-
mation of homogenous catalysts in heterogenous catalyst
systems were demonstrated[209]. The use of the air-stable
ligand [(t-Bu)3PH]BF4 was reported[6]. A semi-continuous
nanofiltration-coupled Heck reaction was described[381].

The use of non-standard organic solvents for the Heck
reaction was described. Aqueous DMF–potassium carbon-
ate was used as a substitute for thallium and silver salt in
Heck reactions[382]. A palladium-catalyzed Heck reaction
under pressure in hydrothermal, sub-critical water was de-
scribed[383]. Reactions in water and aqueous biphasic me-
dia [384,385]. Double bond isomerization in intramolcular
reactions was suppressed using supercritical carbon dioxide
as the solvent[386]. Heck reactions in molten tetrabuty-
lammonium bromide were described[387]. Polymer sup-
ported acrylate[388] and dendrimer-encapsulated palladium
nanoparticles[389] were used in supercritical carbon diox-
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ide. Regioselective arylation of electron-rich alkenes in ionic
liquids was reported[390]. Palladium carbene complexes
[391,392]and palladium on carbon[393] were used as cat-
alysts in ionic liquids.

Heck reaction of aryl halides with 2,3-allenols in the pres-
ence of an amine produced aminoalkenols (Eq. (30)) [394].
Coupling of �-trimethylsilylstyrenes with aryldiazonium
salts gave 1,2-diaryl alkenes (Eq. (31)) [395]. Aryldiazo-
nium salts[396,397] and nonaflates[398,399] were used
in place of aryl halides. A highly stereoselective Heck re-
action of vinyl sulfoxides was reported[400]. Regioselective
arylation of the internal position ofN,N-disubstituted allyl-
amines was observed[401]. Sequential triple coupling of (2-

pyridyl)dimethylsilylethene gave trisubstituted ethenes
(Eq. (32)) [402]. A polymer supported alkene was used in
Heck reactions[403]. Rhodium catalyzed a Heck-type cou-
pling of arylboronic acids with alkenes in aqueous media
[404]. Palladium catalyzed a related reaction of organoboron
reagents using copper diacetate as the oxidant (Eq. (33))
[405].

(30)

(31)

(32)

(33)

Heck reactions of�-acetamidoacrylate[406], 3,3-di-
methoxy-1-propene[407], butyl vinyl ether [408], and
2-vinylpyrrole [409], were described. Phthalimide or
N-BOC protected allylic amines were selectively arylated

at the internal position[410]. Heck-type reaction of propar-
gylic alcohols produced�-substituted vinylketones[411].
An interesting multiple arylation of vinyl ethers hav-
ing tethered coordinating functionalities was described
(Eq. (34)) [412]. Heck reaction followed by nucleophilic
substitution using bicyclopropylidene, phenyl iodide, and
various nucleophiles was described[413]. Halides and
triflates of a variety of heterocyclic ring systems were
used, such as haloindoles[51,414], 2-iodothiophen[415],
4-iodoisoxazole[40], 2- and 3-halopyridines[173,416],
bromo-, chloro-, and trifloxyquinolines and isoquinolines
[50], and 5-iododeoxyuridine[417]. Pyrrolidine C-nucleo-
sides were prepared using 5-iodouracil[418].

(34)

The intermolecular Heck reaction was used extensively
in organic synthesis[47,136,419–421]. Examples include,
ratjadone (Eq. (35)) [90], (+)-ambruticin [133], crypto-
phycin-24 [422], subunit of TMC-95A [423], callystatin
A [424], ergoline ring system[425], toward rubromycins
(Eq. (36)) [426], 9-methoxystrobilurin K[427], (+)-5-epiin-
dolizidine 167B and indolizine 223AB[428], and pinnaic
acid [429]. Multiple alkene insertions to form polycyclic

products were reported[430]. The competing�-hydride
elimination was suppressed using DABCO. A tandem
Heck reaction was used to prepare polycyclic heterocycles
(Eq. (37)) [431].
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(35)

(36)

(37)
Aromatic systems were shown to undergo, at least for-

mally, Heck-type arylations[432]. 2-Furaldehyde was ary-
lated exclusively in the 5-position (Eq. (38)) [433]. This
type of reaction was used in the synthesis of chiral biscar-
bazole alkaloids (Eq. (39)) [434], and trisphaeridine and
norchelerythrine[435].

(38)

(39)

The intramolecular variation of the Heck reaction
[436,437]was used to prepare fused indoles[414,438], and
as the key step toward an array of natural products, for ex-
ample�-lycorane[439], an A-ring synthon for 1�-hydroxy-
vitamin D3 [440], (S)-camptothecin[441], mastigophorenes
[442], (−)-dehydrotubifoline and (−)-tubifoline (Eq. (40))
[443], herbertenes[444], asperazine (Eq. (41)) [109], he-

lioxanthin (Eq. (42)) [445], the 2-carboxybenzo[b]azepine
ring system[446], toward zoanthenol[447], macrocyclic
core of TMC-95A[259], galanthamine[448], diazonamide
A (Eq. (43)) [365], fragments of stemodane and stemarane
diterpenes[449], and 19-nor-steroids[450]. Intramolecu-
lar macrocyclization of a polymer-bound substrate was de-
scribed[451]. An interesting silicon-tethered Heck reaction
forming dienols was reported (Eq. (44)) [452]. A cascade
sequence was used to prepare (−)-nitraraine[453]. A Heck
reaction followed by addition of a nucleophile to an interme-
diately formed�3-allyl complex was used in the synthesis
of mycophenolic acid (Eq. (45)) [454].

(40)

(41)
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(42)

(43y1)

(43y2)

(43y3)

(44)

(45)

New chiral ligands for asymmetric Heck reactions were
developed[455–460]. An asymmetric intramolecular Heck
reaction was used to prepare heterocycles containing a quar-
ternary center[47]. Chiral �,�-unsaturated sulfoxides were
used in asymmetric Heck reactions[461].

Reductive Heck reactions were employed in a synthe-
sis of (+)-phorbol (Eq. (46)) [462] and epibatidine analogs
[463]. An interesting spirocyclic dihydrofuran was used

(Eq. (47)) [81]. A related enantioselective Heck reaction
was used in the synthesis of an NK-1 receptor agonist[464].
An intermolecular asymmetric reductive Heck reaction of

norbornene derivatives was described[465]. Standard and
reductive Heck reactions were used in the synthesis of
dihydropyrido(2,1-a)isoindolones[466].

(46)

(47)
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Cobalt catalyzed a 1,4-hydrovinylation of 1,3-dienes
(Eq. (48)) [467]. Ruthenium-catalyzed hydrovinylation of
styrenes (Eq. (49)) [468]. Palladium catalyzed the reaction
of active methylene pronucleophiles with allenes forming
dienes via multiple insertions[469].

(48)

(49)

2.1.3. Metal-catalyzed diazo decomposition (including
other cyclopropanations)

Either [2,3]- or [3,3]-rearrangements of�-diazoketone
derived propargyloxy enols was observed depending on the
catalyst[470]. Electronic effects of the migrating group on
the ratio of [2,3]sigmatropic-, [1,2]- and [1,4]-rearrange-
ments of bicyclic oxonium ylides were examined[471].
Enantioselective [2,3]-sigmatropic and [1,2]-Stevens re-
arrangement of allylic oxonium or sulfonium ylides
formed from decomposition of diazo compounds were
reported [472–474]. A rhodium carbene complex cat-
alyzed a number of reactions of diazo compounds[475].

A rhodium-catalyzed Wolff rearrangement was used to pre-
pare�-phosphono-�-lactones[476].

An iron-catalyzed addition-rearrangement was observed
upon reaction of propargylic sulfides with trimethylsilyl-
diazomethane (Eq. (50)) [477]. A rhodium-catalyst ini-
tiated [3.3]rearrangement was used in the synthesis of
(+)-latifolic acid and (+)-latifoline [478] and of K252a
analogs[479]. Both 1,2-aryl- and 1,2-hydride migration
was reported upon decomposition of diazo compounds
in the presence of rhodium[480]. A stereoselective
oxonium ylide formation [2,3]-shift was used as an ap-
proach to polycyclic ethers[481]. Related reactions lead-
ing to cyclic and bicyclic amines were reported[482,
483].

(50)

Reaction of trimethylsilyldiazomethane with aromatic
aldehydes in the presence of a rhodium catalyst furnished
cis-vinyl ethers (Eq. (51)) [484]. Copper catalyzed an asym-

metric ring-expansion of oxetanes to tetrahydrofurans via
carbon–oxygen bond insertion[485]. Rhodium-catalyzed
intermolecular diastereoselective insertions of�-diazo car-
bonyl derived carbenoids into oxygen–hydrogen bonds were
reported[486].

(51)

Intramolecular rhodium catalyzed carbon–hydrogen bond
insertions via decomposition of diazo compounds were used
in a number of synthetic applications forming five- and six-
membered rings[487]. Examples include, (−)-astrogoriadiol
(Eq. (52)) [488], (−)-thiocyanatoneopupukeanane (Eq. (53))
[489], epimagnolin A[490], asarinin, epimagnolin A, and
fargesin [491], (1R,7R,8R)-(−)-turneforcidine[492], (−)-
eburnamonine[493], dioxabicyclo[3.2.1] core of zaragozic
acids (Eq. (54)) [494], (−)-pupukeanone[495], and gran-
disol [496].

(52)

(53)

(54)

Carbon–hydrogen bond insertion with high regio- and
stereoselectivity was reported[497]. Asymmetric rhodium
catalyzed carbon–hydrogen bond insertions were described
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[498–500]. A double insertion was used to prepare a
spirocyclic compound [501]. Monosaccharide derived
diazo-esters produced both six- and seven-membered inser-
tion products[502]. Depending on the ligand on rhodium,
stereoidal diazoacetates insert into carbon–hydrogen
bonds to give four- or five-membered lactones[503,504].
Indole-substituted�-diazo-�-ketoesters were decomposed
in the presence of rhodium to give a variety of products
depending on the starting indole (Eq. (55)) [505]. Inter-
molecular carbon–hydrogen bond insertions initiated by
diazo decomposition were also reported[506].

(55)

The carbenoid derived from rhodium-catalyzed decom-
position of dimethyldiazomalonate inserts into nitrogen–
hydrogen bonds of secondary amines to form tertiary amines
[507]. Polymer-bound�-diazo-�-ketoesters were used in
insertion reactions with primary amides[508]. Asymmet-
ric intramolecular insertions of aryldiazoacetates were re-
ported [509]. Rhodium-catalyzed oxygen–hydrogen bond
insertion was used to prepare cyclic ethers[510,511]. A
palladium-catalyzed Kirmse reaction of allyl sulfides with
trimethylsilyldiazomethane was reported[512].

Rhodium-carbenoids participated in intermolecular [3+2]
reactions[513]. An ammonium ylide-Stevens rearrange-
ment sequence was used as an approach toward isoin-
dolobenzazepines (Eq. (56)) [514]. Rhodium catalyzed the
formation of vinylcarbonyl ylides followed by ring closure
to give oxiranes and dihydrofuranes[515]. Ylide forma-
tion followed by cycloaddition was used in a synthetic
route toward pseudolaric acid[516], decahydrobenzocar-
bazoles[517], substituted furans[518], and in reactions
with quinones[519] and isatins[520]. Furans participated
in cycloadditions to give 8-oxabicyclo[3.2.1]octa-2,6-dienes
[521]. Sulfur ylides were generated as intermediates in
functionalization of thioether-substituted indoles[522].
Rhodium catalyzed the generation of an ylide from styryl-
diazoacetates followed by cycloaddition to form five- and
seven-membered heterocycles (Eq. (57)) [523]. An asym-
metric [3+2]cycloaddition of vinyldiazocarbonyl deriva-
tives with enol ethers to give cyclopentenes was catalyzed
by a chiral rhodium complex (Eq. (58)) [524].

(56)

(57)

(58)

A novel ligand for rhodium-catalyzed enantioselective
epoxidation of aldehydes using phenyldiazomethane was
described[525]. Rhodium catalyzed an asymmetric epoxi-
dation of aldehydes using sulfur ylides and in situ genera-
tion of the diazo-compound (Eq. (59)) [526]. Epoxides and
aziridines were prepared from imines and aldehydes, re-
spectively, via ylide intermediates[527,528]. Synthesis of 3-
hydroxy-2-sulfonyltetrahydrofurans from�-triethylsilyoxy-
substituted aldehydes andp-toluenesulfonyldiazomethane
was described (Eq. (60)) [529]. A related synthesis of
tetrahydrofurans from protected�-hydroxyketones with
benzyl diazoacetate in the presence of zirconium tetrachlo-
ride was reported[530]. Copper catalyzed the formation of
1,3-oxazolidines from acetone, ethyl diazoacetate, and an
imine [531]. Dipolar cycloadditions of rhodium generated
carbonyl ylides with vinylethers to form furane derivatives
[532,533], with para-quinonimides to give bicyclo-[3.2.1]
and -[2.2.1] systems[534], and with N-phenylmaleimide
[535] were developed. Medium-ring carbocycles were pre-
pared by rearrangement of oxonium ylides derived from
diazo decomposition (Eq. (61)) [536]. A related ring expan-
sion of ketals was described[537].
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(59)

(60)

(61)

A rhodium-catalyzed diazo decomposition–cycloaddition
was used in the preparation of epoxysorbicillinol (Eq. (62))
[538]. Decomposition of 3-diazobenzopyran-2,4(3H)-dione
in the presence of terminal alkynes furnished furocoumarins
[539]. Rhodium catalyzed the decomposition of aryldiazoke-
tones or ethyl diazoacetate adding the resulting carbenoid to
2-alkoxyfurans to givetrans,trans-2,4-hexadien-1,6-carbonyl
compounds[540].

(62)

Rhodium catalyzed the synthesis of�-substituted
�-haloenones by decomposition of 2-diazo-1,3-dicarbonyls
in the presence of benzyl halides (Eq. (63)) [541].

(63)

Cyclopropanation of alkenes via transition-metal cat-
alyzed decomposition of�-diazo-carbonyl or -cyano
compounds continued to be developed[542–546]. A
copper homoscorpionate catalyst was used in a highly
cis-diastereoselective cyclopropanation[547]. Rhodium-
catalyzed asymmetric cyclopropanation and aziridination
using chiral sulfides and in situ generated diazo com-
pounds[548]. An asymmetric solid-phase cyclopropana-
tion was described[549] as well as reactions in ionic
liquids [550], and protic media[551]. Enantioselective cy-
clopropanations using copper salts together with polymer

supported chiral ligands[552,553], ruthenium[554–557],
rhodium [558–560], and cobalt catalysts[561], and re-
actions in aqueous or alcoholic solvents[562] were re-
ported. An enantioselective copper-catalyzed cyclopropa-
nation was used in the synthesis of (−)-roccellaric acid
[563].

Palladium-catalyzed cyclopropanation of alkenes us-
ing diazomethane[564,565] was used in the synthesis
of (S)-�-cyclopropyl-4-phosphonophenylglycine[566].
A vinylborane was cyclopropanated in a similar fash-
ion [146]. Rhodium-catalyzed double cyclopropanation
of benzene (Eq. (64)) [567] and a related cyclopropana-
tion of the central ring of phenantherene were reported
[568]. A number of transition-metals catalyzed cyclo-
propanations of electron-rich alkenes by decomposition
of in situ derived diazo compounds prepared from to-
sylhydrazone salts[569]. Osmium also catalyzed related
cyclopropanation reactions[570]. A rhodium–porphyrin
complex-catalyzed cyclopropanation of alkenes using
glycine methyl ester hydrochloride and sodium ni-
trite was developed[571]. Copper [572] and rhodium
[573] catalyzed cyclopropanation using phenyliodonium
ylides.

(64)

Rhodium catalyzed the intramolecular cyclopropanation
of glycals[574]. The influence of substrate and catalyst on
the intramolecular cyclopropanation vs carbon–hydrogen
bond insertion was examined[575]. Rhodium catalyzed
intramolecular cyclopropanations with high enantiocontrol
[576]. Metal-catalyzed intramolecular cyclopropanation of
�-diazoketones having a pendant unsaturation gave bicy-
clo[3.1.0]hexanes[577], tricyclo[4.3.0.0]nonane[578], and
a bicyclic lactone[579], and was used in formal syntheses
of mayurone and thujopsenes (Eq. (65)) [580], asitane-type
diterpenoids[581], and (+)-ambruticin S[582]. Intramolec-
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ular, rhodium-catalyzed, cyclopropanation of benzene
rings followed by rearrangement produced azulenones and
tetralones[583]. Azulenes were prepared using a similar
strategy[225]. The influence of a chiral tether on the reaction
rate of intramolecular benzene cyclopropanation-expansion
to form fused cycloheptatrienes was examined[584].

(65)

Cyclopropanation of alkenes using Et2Zn and CH2I2 or
CH2ClI was employed in organic synthesis by a number of
groups[244]. Examples of synthetic applications include,
halicolactone (Eq. (66)) [585], callipeltoside A side chain
[251], callipeltoside aglycon[586], (+)-ferruginol [587],
cis-sabinene hydrate[588], tagretin and 9-cis-retinoic acid
derivatives [247], herbertendiol[115], asitane-type diter-
penoids (Eq. (67)) [582], deoxymannojirimycin analogs
[589], and toward kempanes[590]. A hydroxy-group di-
rected diastereoselective cyclopropanation was described
[591].

(66)

(67)

Titanium mediated the cyclopropanation using CFBr3
or CFCl3 introducing a fluorobromo- or fluorochlorocy-
clopropane ring[592]. Halomethylzinc alkoxides were
used in cyclopropanations of allylic alcohols and ethers
[593]. Cyclopropanation of alkenes using ethylzincmethyl
perfluoropentanoate was described[594]. Asymmetric cy-
clopropanations of allylic alcohols using Zn(CH2I)2 and
a chiral dioxaborolane ligand were used in the synthesis
of (−)-doliculide [595], (+)-ambruticin [133], epothilone
analogs[596], solanoeclepin A subunit[597] and spiropen-
tanes (Eq. (68)) [598]. A related asymmetric cyclopropana-
tion using a chiral titanium catalyst was reported[599].

(68)

A number of titanium alkoxides and aryloxides medi-
ated cyclopropanation of alkenes with esters[600,601].

A titanium-mediated cyclopropanation of ethylenecarbon-
ate with terminal alkenes gave cyclopropanone hemiac-
etals (Eq. (69)) [602]. Related titanium-mediated cyclo-
propane formations from esters and terminal alkenes[603],
from ethyl 3-chloropropanoate and Grignard reagents
[604], and intramolecular reactions[605] were reported.
Titanium mediated an aminocyclopropane formation us-
ing nitriles and Grignard reagents (Eq. (70)) [606]. In-
tramolecular cyclopropanation ofgem-dihalide tethered
alkenes using titanocene was reported (Eq. (71)) [607]. A
three-component aldimine-addition cyclopropanation was
developed (Eq. (72)) [608].

(69)

(70)

(71)

(72)

An interesting reaction of�-ketoesters and�-ketoamides
with ethyliodomethylzinc to form�-methylated-�-ketoesters
via cyclopropanation of intermediately formed enolates was
reported (Eq. (73)) [609]. A zinc-carbenoid mediated the
chain extension of�-keto amides[610]. Platinum catalyzed
an intramolecular cyclopropylcarbene formation rearrange-
ment of alkyne tethered furans (Eq. (74)) [611].

(73)
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(74)

2.1.4. Alkylation of alkynes and arynes
The palladium-catalyzed coupling between terminal

alkynes and aryl and vinyl halides or triflates, usually called
the Sonogashira reaction, was one of the more frequently
utilized carbon–carbon reactions. Coupling reactions in wa-
ter and aqueous media were reported[612,613]. Solventless
microwave assisted Sonogashira couplings on potassium
fluoride doped alumina in the presence of palladium pow-
der [614], using palladium–copper doped KF/Al2O3 under
microwave irradiation[615], using the air-stable ligand
[(t-Bu)3PH]BF4 [6], and on solid support[616–619]were
described. Palladium catalyzed reactions promoted by tetra-
butylammonium fluoride[620] and microwave irradiation
[368,621].

Bromoazulenes[622], diaryl iodonium salts[623], sul-
fur and selenium-substituted vinylic tosylates[624], and
alkenyliodonium salts[625] were used in Sonogashira-
type couplings. Diaryl sulfides were obtained from reac-
tion of arylpropargylsulfides with aromatic iodides[626].
Coupling of 4-bromo-1,1-difluoro-3-triisopropylsilyl-1,2-
butadiene with terminal alkynes furnished 1,1-difluoro-2-
alkynylsubstituted-3-triisopropylsilyl-1,3-butadienes[229].
Sugar derived alkynes[627,628] were used as substrates.
Sonogashira coupling of 1,1-dibromoalkenes gave 1,3-
diynes or 1,1-disubstituted alkenes[629].

Heterocyclic ring systems were shown to readily par-
ticipate in Sonogashira-type couplings. Reactions of
4-tosylcoumarins [164], 5-iodo-2-chloropyridine [630],
halopyridines[168,597,631–634], 2- and 3-halothiophens
[138,635], 5-iodoisoxazole[39], 4-iodoisoxazole[40], 5-
iodo-1-ribofuranosidylpyrimidine and 8-bromo-1-ribofu-
ranosidylpurin [34], 5-iodo-2′-deoxyuridine [636,637],
halonucleotides [638], 2-iodopurine [639], 2-and 5-
halopyrimidines [640], 2-iodothiazoles[641], 2-chloro-
quinoline [642], trifloxy- and chloro-3(2H)-pyridazinones
[643], 4-bromo-4,4′-bipyridine [644], 4-iodopyrazole
[645], 3-iodoindole[646], iodopyrazoloisoquinoline[170],
and 2-haloquinoxalines[647,648] derivatives were de-
scribed. Regioselective coupling in the 2-position of
2,4-dibromo-5-methylthiophen[295] and 2,3-dibromothio-
phen[61] were observed. A related coupling of 2,3,5-trib-
romobenzofuran was used as a key step in the synthesis of
eupomatenoid 15[649].

The Sonogashira reaction continued to be extensively used
in organic syntheses[650–654]. Examples of synthetic appli-
cations include tonkinecin 1[650], disorazole C1 (Eq. (75))
[655], himandravine [656], AB-ring system of mac-
quarimicins [657], (−)-dysidiolide [658], toward spirolu-
cidine [659], imerubrine, isoimerubrine, and grandirubrine
[660], frondosin B [75], N1999-A2 [661], callipeltoside
aglycon (Eq. (76)) [587], N1999-A2 (Eq. (77)) [662],
pyrinodemins [663], toward rubromycins[427], methyl
(14E)-dehydrocrepenynates[257], C-1027 chromophore
[664], 15-epi-lipoxin A4 [665], (+)-20R-dihydrocleavamine
[666], tashiromine[667], himbacine derivatives[33], and
cyclamenol A[668].

(75)

(76)

(77)
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Sonogashira coupling of trimethylsilylacetylene with an
excess if aryl iodide in the presence of sodium methox-
ide gave diarylethynes or triarylethenes depending on the
substrate (Eq. (78)) [669]. Reaction of 3-iodopropenoic
acid with terminal alkyne resulted in cross-coupling and
intramolecular lactonization[670]. An intramolecular Sono-
gashira coupling was used to prepare cyclodeca-1,3-diynes
[671]. An interesting benzannulation to give aminon-

aphthalenes was observed upon reaction of alkynes with
2-bromoacetophenone (Eq. (79)) [672]

(78)

(79)

Copper catalyzed the coupling of terminal alkynes with
aryl- and alkenyl-iodonium salts[673] and with aryl io-
dides[674]. Palladium catalyzed the coupling of a hetero-
cyclic iodinium salt with terminal alkynes in the presence
of carbon monoxide to give aryl–alkynyl ketones[675]. Pal-
ladium catalyzed the coupling of 2-(butyltelluro)thiophen
[676], 2-(butyltelluro)furan[677], �-telluro vinylphospho-

nates[678], and organolead compounds[679] with terminal
alkynes.

2.1.5. Alkylation of allyl, propargyl, and allenyl systems
Palladium continues to dominate as the catalyst of choice

for allylic alkylation reactions. Microwave assisted alkyla-
tions on potassium fluoride–alumina, in the absence of sol-
vent, were reported[3]. A polymer supported palladium cat-
alyst was used[210]. Cellulose was used as solid support for
allylic alkylations in aqueous solvents[680]. A tetraphos-
phine was used as a ligand for palladium[194].

A nitroalkane[681], tributylstannyl-diethylaluminum, in
a synthesis toward laulimalide[682], and methylnitroac-
etate, in the synthesis ofN�-acetyl-N�-hydroxyornithine and
-lysine (Eq. (80)) [683] were used as nucleophiles in allylic
alkylations. Diethylmalonate was used as the nucloephile in
the synthesis of nafuredin[684]. Palladium catalyzed the
�-allylation of aldehydes with allylic alcohols (Eq. (81))
[685].

(80)

(81)

Regioselective alkylations directed by a removable
dimethylpyridylsilyl group were described[12]. An inter-
esting domino allylic alkylation–Heck reaction was reported
(Eq. (82)) [686]. A sequential allylic alkylation–Michael
addition was used in the synthesis of dihydroerythramine
(Eq. (83)) [687].

(82)

(83)

Palladium-catalyzed asymmetric allylic alkylation con-
tinued to receive substantial attention[688]. A chiral phase
transfer catalyst was used[689]. Reactions in water were
reported[690]. A tethered alkene directed the regioselectiv-
ity of alkylation (Eq. (84)) [691]. Regio- and enantioselec-
tive reactions of a vinylepoxide with carbon nucleophiles
were reported[692]. Palladium catalyzed asymmetric al-
lylic alkylations were used in the synthesis of hygromycin
subunits [693,694] and of (+)- and (−)-cyclophellitol
[695]. Palladium catalyzed asymmetric alkylations of chiral
(E)-�-acetoxy-�,�-unsaturatedp-tolylsulfoxides [696]. An
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iron-mediated allylic asymmetric alkylation was used in the
synthesis of (−)-(S)-myoporon (Eq. (85)) [697].

(84)

(85)

Asymmetric alkylation of geminal allylic dicarboxylates
was described. High regioselectivity for substitution at the
carboxylate-substituted carbon was achieved[698,699].
Some of the substrates were prepared by a palladium cat-
alyzed hydro-acetoxylation of propargylic acetates. An
amide TMS–enolate[700], and ketone enolates[701]
were used in palladium catalyzed asymmetric alkylations.
An intramolecular allylation of a vinyl allyl carbonate
was used in the synthesis of colombiastatin A (Eq. (86))
[702,703].

(86)

The mechanism of the palladium-catalyzed ring-opening
of oxabicyclic alkenes using dialkyl zinc reagents was stud-
ied. An �3-allyl mechanism was ruled out and a carbapal-
ladation as a key step was indicated[704]. This type of
ring-opening was used in the synthesis of C-aryl glycosides
(Eq. (87)) [705]. Rhodium catalyzed the asymmetric ring
opening of oxabenzonorbornadiene with carboxylates[706]
and alcohols[707].

(87)

Palladium catalyzed a sequential alkylation–alkenylation
of aryl iodides, in the presence of norbornene, form-
ing substituted tetrahydronaphthalenes (Eq. (88)) [708].
Related reactions were reported forming phenanthrenes
from 2-substituted aryliodides and diphenyl or alkylpheny-
lalkynes[709], and aceanthrylenes from 5-bromoanthracene
and terminal alkynes[710]. Palladium catalyzed an in-
tramolecular allylic alkylation to form 4-vinyl-2-pyrrolidones
[711]. A related tandem intramolecular alkylation Heck
reaction was also described[712].

(88)

In addition to palladium, a number of other transition-
metals catalyzed allylic alkylation reactions. Rhodium-
catalyzed allylic alkylation[713] was used to construct
anti-1,3-carbon stereogenic centers andC2-symmetric com-
pounds[714]. Highly enantio- and regioselective alkylations
using molybdenum complexes were reported[715]. Molyb-
denum and tungsten catalysts, both showing preferences for
alkylation at the more substituted carbon were described
[716]. Direct alkylation of propagylic alcohols with ketones
to afford �-ketoalkynes was catalyzed by ruthenium (Eq.
(89)) [717].

A three component coupling of benzylidenemalonitrile,
allylstannanes, and allylic chlorides was reported[718]. Pal-
ladium catalyzed a metallo-ene reaction of allylic phosphates
with acrylonitrile [719]. Palladium catalyzed allylation of
2-chloro-1,3-butadiene affording terminal allenes was re-
ported (Eq. (90)) [720]. Palladium catalyzed acylation of
allylic trifluoroacetates with acylsilanes (Eq. (91)) [721].
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(89)

(90)

(91)

2.1.6. Coupling reactions
Nickel catalyzed the intramolecular coupling of bis-

chloroarenes to form macrocycles[722]. A nickel-catalyzed
homo-coupling was used in the synthesis of a bisbenzopy-
ran [723]. Nickel-mediated homo-coupling of an allylic
bromide was used in the synthesis of testudinariol A[724].
Palladium catalyzed the dimerization or trimerization of
2-halobornene derivatives[725,726]. Palladium catalyzed
the formation of unsymmetrical biaryls via coupling of
aryl halides[727]. Nickel catalyzed the homo-coupling of
a variety of aryl, heteroaryl, and vinyl halides[728,729]
for example, of 3-bromo-9,10-phenanthroline[730]. Cobalt
catalyzed an electrochemically driven cross-coupling of
aryl halides with 4-chloroquinolines[731].

A number of organometallic reagents undergo carbon–
carbon coupling reactions. A palladium-catalyzed homo-
coupling of a quinone boronic ester was used in the syn-
thesis of a bismurrayaquinone A analog[220] and of an
indolestin compound in the synthesis of himastatin[732].
Related palladium-catalyzed homo-couplings of bicy-
clo[1.1.1]pentyl Grignards[733], aryl boronic acids[734],
arylzinc reagents[735], and of aryl- and heteroaryltin
reagents[736] were reported.

Copper- and cobalt-catalyzed the homo-coupling of
alkynes and silyl-substituted alkynes[737–739]. Copper
catalyzed intramolecular couplings of alkynes[740]. Palla-
dium catalyzed the head-to-head coupling of terminal ary-
lalkynes. The regioselectivity was attributed to an agostic
interaction[741]. Palladium catalyzed an unusual deoxy-
genative dimerization of 1,4-epoxy-1,4-dihydroarenes in

the presence of zinc and trichlorosilane (Eq. (92)) [742].
Ruthenium catalyzed the dimerization of propargyl alcohols
(Eq. (93)) [743]. Palladium catalyzed a reductive dimeriza-
tion of allenes to give conjugated dienes[744].

(92)

(93)

A palladium-catalyzed intramolecular 2,2′-indole oxida-
tive coupling was used in the synthesis of rebeccamycin
aglycon[745]. Related 2-indole-2′-benzo-thiophen or -furan
couplings were also described[60]. A palladium-catalyzed
coupling-cyclization was used in the synthesis of 2�-
substituted-1�,25-dihydroxyvitamin D3 [746]. Palladium
catalyzed the reaction of aryl and heteroaryl iodides with
diphenylethyne to give 9-alkylidene-9H-fluorenes [747].
Palladium catalyzed the coupling of two alkynes and an
alkenyl iodide to give penta-substituted fulvenes (Eq. (94))
[748]. Palladium catalyzed the dimerization of benzene to
give biphenyl[749]. A palladium catalyzed alkyne–alkyne
coupling to give a conjugated enyne was used in a synthesis
toward streptogramin (Eq. (95)) [750].

(94)

(95)
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2.1.7. Alkylations of carbonyl compounds
Alkenylation of carbonyl compounds using CH2Br2–Zn–

TiCl4 [751] was used as a key step in the synthesis
of (−)-�-necrodol [752], 8-O-methylpopolohuanone E
[753], and kelsoene[754]. Methylenation of an ester car-
bonyl employing TiCl4–CH2Br2–Zn–PbCl2 was used in
synthetic applications toward the A–D ring system of
gambierol [755] and of disaccharides[756]. Reaction
of CH3CHBr2–Zn–TiCl4–PbCl2 with a lactone carbonyl
was used to introduce an ethylidene group in the syn-
thesis of (+)-phorboxazole A [114]. Tebbe’s reagent,
Cp2TiCH2ClAlMe3, was used to methylenate ketones
[245], a lactone[757], and was employed in total synthe-
sis of, for example, sclerophytins[758], ratjadone[90],
(−)-aphanorphine[759], frondosin B [75], N1999-A2
[659], and epothilone B and D[760]. Tebbe alkeny-
lation of polymer-supported esters was reported[213].
Petasis reagent, Cp2TiMe2, was employed in the synthe-
sis toward CP-263,114[761], (+)-phorboxazole A[114],
(+)-zampanolide[762], (+)-altohyrtin A and spongistatin
1 [763], a velbanamine fragment[764], diprionyl acetate
[765], and cyclobut A[766].

Selective methyleneation of ketones having an�-oxygen
atom, using CH2(ZnI)2, was reported[767]. Aldehydes were
methylenated using TMS-diazomethane and a rhodium cat-
alyst (Eq. (96)) [768]. An intramolecular alkenylation of es-
ters using alkyl bis(phenylthio)alkanoates was mediated by
titanocene (Eq. (97)) [769].

(96)

(97)

Palladium-catalyzed diasteroselective alkylation of alde-
hydes by chiral propargylic mesylates in the presence of
Et2Zn was used in the synthesis of the C1–C21 segment
of tautomycin[770], sugar derived carbocycles[771], and
analogs of the C14–C22 segment of callystatin A[772]. In
related reactions, palladium catalyzed allylations of aldehy-
des with allylic substrates in the presence of indium iodide
[343,773]. The�3-allylic intermediate can be prepared from
a vinyl epoxide and reacted with ketones and aldehydes to
afford 2-pentene-1,5-diol derivatives[774]. A related reac-
tion of vinyl aziridines with palladium and indium iodide in
the presence of an aldehyde gave 1,3-amino alcohols[775].

A cascade reaction of 3-bromo-1-iodopropene leading to
homoallylic alcohols was developed[776].

Palladium catalyzed allylation of polymer-supported alde-
hydes with allylic alcohols in the presence of SnCl2 was
reported[777]. Chiral 2-ethynylaziridines were stereoselec-
tively transformed into 1,3-aminoalcohols bearing three chi-
ral centers by a palladium catalyzed, indium-mediated, re-
action [778]. A nickel-catalyzed allyl-transfer was also re-
ported (Eq. (98)) [779]. Palladium catalyzed the alkylation
of an aldehyde using 1-ethenylcyclopropyl mesylate in the
presence of Et2Zn [780].

(98)

Nickel catalyzed an intramolecular homoallylation of
6,8-dienylaldehydes (Eq. (99)) [781]. Titanium complexes
mediated the intramolecular cyclization of 1,3-diene-tethered
esters to givetrans-2-alkenyl cycloalkanols and/or cy-
cloalkanones[782]. Titanium mediated a reductive cycliza-
tion of 5-ene-1-ones to give cyclopentanols (Eq. (100))
[783]. Rhodium catalyzed the addition of boronic acids to
anhydrides affording unsymmetrically substituted ketones
[784]. A platinum catalyzed asymmetric ene reaction was
described[785].

(99)

(100)

2.1.8. Carbon–hydrogen bond insertions
Ruthenium catalyzedortho-arylation and -alkenylation

of arylpyridines (Eq. (101)) [786]. Ruthenium catalyzed the
carbon–hydrogen bond activation ofN-(2-pyridyl)amines
(Eq. (102)) [787], and aromatic hydrazones[788]. An inter-
esting imine-directed, rhodium-catalyzed activation was de-
scribed (Eq. (103)) [789,790]. Rhodium catalyzed a related
ortho-alkenylation of 2-phenylpyridines with alkynes[791].
An iridium catalyzed carbon–hydrogen bond insertion of
alkynes into theperi-position of naphthalene derivatives
was developed (Eq. (104)) [792]. Carbon–hydrogen bond
insertion using vinylsilanes and a ruthenium catalyst was
reported (Eq. (105)) [793].

(101)
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(102)

(100)

(104)

(105)

Ruthenium catalyzed an oxidative coupling of arenes with
alkenes, in the presence of oxygen, affording styrenes[794].
A carbonylative carbon–hydrogen bond activation was de-
veloped using a mass spectrometric labeling strategy[795].
A rhodium-catalyzed annulation of alkenyl-substituted
heterocycles was described (Eq. (106)) [796]. Rhodium
catalyzed the allylation of styrenes with allyl tosylate
(Eq. (107)) [797]. An interesting intramolecular addition of
1,3-diones to alkenes forming cyclohexanes was described
(Eq. (108)) [798].

(100)

(107)

(100)

A Wilkinson’s catalyst-2-amino-3-picoline system was
used in a dehydrogenation–transimination sequence leading
to unsymmetrical ketones (Eq. (109)) [799]. Carbon–carbon
bond activation and skeletal rearrangement of cycloalkanone
imines using a rhodium catalyst was described (Eq. (110))

[800]. A rhodium-catalyzed asymmetric cyclization of
4-pentenals to pentanones was reported[801,802]. Rhodium
catalyzed an oxidative carbon–hydrogen bond insertion
forming oxazolidinones (Eq. (111)) [803] and the cycliza-
tion of 4-pentynals to give cyclopentenones (Eq. (112))
[804]. Silicon-tethered ynals were cyclized using a nickel
catalyst[805]. An enantioselective carbon–hydrogen bond
amination using a manganese catalyst was developed
[806].

(109)

(110)

(100)

(112)

Intramolecular carbon–hydrogen bond insertion reac-
tions of cyclopentadienyldicarbonyliron carbene complexes
were used in the synthesis of sterpurene and pentalene
(Eq. (113)) [807]. Novel polycyclic compounds were ob-
tained from a tandem [3+2]cycloaddition carbon–hydrogen
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bond insertion (Eq. (114)) [808]. Zirconocene mediated
the formation of homoallylic alcohols from acid chlorides
via allylic carbon–hydrogen bond activation (Eq. (115))
[809].

(100)

(114)

(100)

2.2. Conjugate addition

Rhodium complexes catalyzed Michael addition of tin
and silane reagents in water under air[810–812] and of
arylboronic acids[813]. Rhodium-catalyzed Michael ad-
ditions of dichloromethylsilane to methyl acrylate esters
produced a silylketene acetal[814]. Ruthenium-catalyzed
addition of terminal alkynes to enones was reported
[815]. Asymmetric conjugate addition of arylboronic es-
ters to �,�-unsaturated carbonyl compounds catalyzed
by rhodium(I)-(S)-BINOL-based catalysts was described
[816]. Palladium catalyzed Michael-type amidation of
�,�-unsaturated ketones[817]. Palladium catalyzed the
Michael-type addition of acylzirconocenes to conjuated
ynones to produce 1,4-diketones (Eq. (116)) [818]. A related
reaction of acylstannanes to enones followed by addition
of an aldehyde furnished 2-hydroxymethyl-1,4-diketones
[819].

(116)

2.3. Acylation reactions excluding most hydroformylations

2.3.1. Carbonylations of alkenes and arenes
An iron-mediated carbonylation of a vinyl cyclopropane

was used in the synthesis of (−)-delobanone (Eq. (117))
[820]. A dicarboxylation and an arylative carboxyla-
tion of 1,3-dienes were developed (Eq. (118)) [821]. A

[2+2+1]cycloaddition between an alkene, a ketone and
carbon monoxide, reminiscent of a Pauson-Khand reaction
was reported (Eq. (119)) [822].

(100)

(100)

(100)

Rhodium catalyzed a stereoselective hydroformylation of
alkenes[823]. Hydroformylation was employed as an ap-
proach to spirocyclic�-butyrolactones (Eq. (120)) [824],
(+)-ambruticin[133], fluspirilenpenfluridol[825], and lep-
adiformine [826]. Palladium catalyzed an enantioselective
thiocarbonylation of 1,3-dienes (Eq. (121)) [827]. Reac-
tion of vinyl sulfones with carbon monoxide, hydrogen,
and an amine in the presence of a rhodium catalyst affords
enamines as the major product[828]. Rhodium catalyzed
a highly regio- and diastereoselective hydroformylation of
allylic ethers[829].

(120)
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(121)

Palladium catalyzed a regioselective carbonylation-
lactonization of dihydromyrcenol[830]. Seven- and eight-
memebered lactones were prepared by carbonylation-
lactonization of allen-ols[831]. Carbonylation of (Z)-3-
iodo-3-trifluoromethyl-2-propenols and 3-trifluoromethyl-
2-propyn-1-ols produced�-lactones[832,833].

2.3.2. Carbonylations of alkynes (including the
Pauson-Khand reaction)

Metal-mediated [2+2+1]cycloadditions forming cy-
clopentenones continued to be extensively studied, in
particular the cobalt-mediated, Pauson-Khand reac-
tion [751,834–840]. A density functional study of the
Pauson-Khand reaction was reported[841]. In some cases,
the regiochemistry was found to be dependent on the elec-
tronic nature of substituents on the alkyne[842]. Alkene in-
sertion was found to be an irreversible step determining the
stereo- and regiochemistry of the reaction. Moderate remote
substituent effect on the regioselectivity of Pauson-Khand
reactions of 2-substituted norbornenes were observed[843].

Catalyst systems[844,845] employed in the Pauson-
Khand reaction, included Co2(CO)8, Co4(CO)12, and
enyne-Co2(CO)6 complexes together with cyclohexylamine
under one atmosphere of CO[846], cobalt on carbon[847],
colloidal cobalt nanoparticles[848], and a rhodium complex
[849]. A molecular sieve-promoted Pauson-Khand reaction
was used to prepare tricyclic aromatic compounds[850]. A
tandem rhodium-catalyzed allylic alkylation Pauson-Khand
sequence was developed (Eq. (122)) [851]. Asymmetric
Pauson-Khand reactions using camphor derived chelating
thioalkynes[852] chiral sulfinamides[853], and chiral 1-
sulfinylenynes[854], chiral borane-2,10-sultam[855] were
reported.

(122)

The Pauson-Khand reaction was used in synthesis of
asteriscanolide[856], (+)-arnicenone (Eq. (123)) [857],
the A-ring of nitiol [858], cedrone[859], tagretin and
9-cis-retinoic acid derivatives[247], medium-sized rings
fused to a cylopentenone[860], chiral cyclopenta[c]pyranes
[861], tetracyclic indolidines[862], (−)-dendrobine[863],
(+)-taylorine[864], tritium labeled methyl jasmonate[865],
and magellanine[866].

Cyclization of triynes to tetracyclic compounds[867], a
double Pauson-Khand reactions of acyclic and cyclic diynes
[868], anendo-selective intramolecular Pauson-Khand reac-
tion of �-oxygenated�,�-unsaturated phenylsulones[869],
and reactions of 7-azanorbornenes[870] were described. An

intermolecular Pauson-Khand reaction using cyclopropene
was reported[871]. In situ irradiation of the reaction mix-
ture furnished 2-substituted phenols (Eq. (124)) [872]. The
regioselectivity and the�-effect of silicon substitutents in
the intermolecular allenic Pauson-Khand reactions were ex-
amined[873,874].

(123)

(124)

Palladium-catalyzed carbonylation of terminal alkynes to
give acetylenecarboxylates was described[875]. Palladium-
catalyzed double carbonylation of terminal alkynes were re-
ported[876,877]and used in a synthesis toward CP-263,114
(Eq. (125)) [761]. An asymmetric 1,2-dicarbonylation of ter-
minal alkenes using a palladium–copper catalyst system was
reported[878]. Palladium catalyzed the thioesterification of
alkynes usingO-methyl-S-phenylthiocarbamate (Eq. (126))
[879]. Carbonylation of TMS-terminated propargylic alco-
hols using a rhodium catalyst gave 3-silyl-2(5H)-furanones
(Eq. (127)) [880].

(125)

(126)

(127)

Iridium catalyzed the cyclization of 1,6-diynes in the
presence of carbon monoxide to form bicyclic cyclopen-
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tadienones[881]. Rhodium-catalyzed intermolecular silyl-
formylations of alkynes were reported[882,883]. Rhodium
catalyzed the silylformylation of alkynes in an ionic liq-
uid [884]. Rhodium-catalyzed intramolecular silylhydro-
formylation (Eq. (128)) [885], and an interesting tandem
silylformylation–allylsilylation was described (Eq. (129))
[886] was reported.

(128)

(129)

2.3.3. Carbonylation of halides, triflates, epoxides, and
phosphonates

Palladium complexes catalyzed the carbonylation of a
variety of substrates to form carboxylic acids and deriva-
tives. The formation of homogenous catalysts in het-
erogenous catalyst systems was demonstrated[209]. Es-
ters were prepared by carbonylation of halides[887–891]
and triflates [892–894]. Synthetic applications include,
(+)-galiellalactone[895], acromelic acids[896], toward
gambierol[183], analogs of martinellic acid[897], martinel-
lic acid [898], and SB-214857-A[899]. Carbonylation of a
vinyl epoxide was used in the synthesis of euncenone[186].
Carbonylation of a propargylic trifluoroacetate to give an al-
leneic acid was used in the synthesis of (−)-deoxypukalide
(Eq. (130)) [179].

(130)

Palladium-catalyzed carbonylation of a vinyltriflate in the
presence of tributyltin hydride to give the corresponding
�,�-unsaturated aldehyde was used in the synthesis of a
nodlisporic acid A subunit[900]. A related synthesis of aryl
aldehydes was described[901]. A double carbohydroam-

ination of aryl iodides affording�-aminoamides was de-
veloped[902]. Primary aromatic amides were prepared by

palladium-catalyzed carbonylation of aryl halides using for-
mamides as an ammonia equivalent[903]. Methoxymethy-
lamine was used to prepare a Weinreb’s amide in the syn-
thesis of euplotin A[418]. Aryltin compounds were used in
place of arylhalides and triflates[904].

Palladium-catalyzed carbonylation-lactone formation was
utilized in organic synthesis of isovelleral[905], (+)- and
(−)-wilforonide [906], mycophenolic acid[455]. A related
carbonylation using C-11 labeled carbon monoxide and
2-bromobenzamide to give a phthalimide was described
[907]. A double carbonylation of aryl iodides in the pres-
ence of primary amines to give�-ketoamides was reported
[908]. Cobalt catalyzed the formation of�-lactones from

epoxides in the presence of a Lewis acid[909], and the
carbonylation of aziridines to give�-lactams[910].

2.3.4. Miscellaneous carbonylations
Palladium catalyzed the carbonylation of cyclic ketones

to give mainly acyclic diesters[911]. Ruthenium-catalyzed
carbonylation of amino-tethered allenes to afford unsatu-
rated lactams[912]. Palladium catalyzed the carbonylation
of 1,2-diaza-1,3-butadienes to give 2,3-pyrazole-1(5H)-ones
(Eq. (131)) [913]. Palladium catalyzed the carbonylation of
hypervalent iodonium salts with amidoximes to give oxadi-
azoles (Eq. (132)) [914] and with organolead compounds to
give symmetrical ketones[915].

(131)

(132)

A palladium-mediated hydroxy-palladation–carbonylation
sequence was used in the synthesis of a segment of phor-
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boxazole A (Eq. (133)) [916]. Palladium catalyzed the
carbonylation of anN-silylprotected indole to give an
indole-3-carboxylic acid[917]. Oxidative carbonylation of
2-ethynylanilines to give (E)-(methoxycarbonyl)methylene-
1,3-dihydroindol-2-ones was described (Eq. (134)) [918].

(133)

(134)

Rhodium catalyzed the preparation of 2,6-(4H)-thiazepin-
5-ones from alkyne-substituted thiazoles[641], the forma-
tion of substituted 4-carbaldehydepyrrolin-2-ones from yn-
imines (Eq. (135)) [919], and the intramolecular reaction of
5- and 6-alkynoylsilanes to give�-alkylidenecycloalkanones
(Eq. (136)) [920]. Oxazolidin-2-ones were prepared by

an electrochemical palladium-catalyzed carbonylation of 2-
amino-1-alkanols[921].

(135)

(136)

Palladium-catalyzed carbonylations of benzyne interme-
diates affords anthraquinones in the absence and indanones
having an exocyclic double bond in the presence of an allylic
acetate (Eq. (137)) [922]. Palladium catalyzed the amido-
carbonylation of aldehydes to formN-acyl aminoacids (Eq.
(138)) [923]. Gold catalyzed the carbonylation of amines
to give carbamates[924]. Nickel mediated a cyclization

of �,o-dienals followed by carbonylation to give bicyclic
compounds (Eq. (139)) [925]. Formylation of an alkylmer-
cury compound was used in a synthesis of mycoticin A
(Eq. (140)) [926].

(137)

(138)

(139)

(140)

2.4. Oligomerization (including
cyclotrimerization/cyclobenzannulation/cycloaddition)

Palladium catalyzed a [3+2]cycloaddition of alkyli-
denecyclopropanes with imines to give pyrrolidines[927]. A
related reaction of alkylidenecyclopropanes and aldehydes
produced 3-methylenetetrahydrofurans[928]. Cobalt and
ruthenium complexes catalyzed the [2+2]cycloaddition of
bicyclic alkenes with alkynes[929,930]. A cobalt-catalyzed
diastereoselective intramolecular [2+2]cycloaddition of
bis-enones was described[931]. The exo-selectivity and
yield of reaction of ketene–alkene [2+2]cycloaddition was
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improved in the presence of a palladium catalyst[932]. A
[3+3]cycloaddition of aziridines with trimethylenemethane
palladium complex furnished functionalized piperidines
(Eq. (141)) [933]. Cobalt catalyzed Diels–Alder reactions
of 1,3-dienes with internal alkynes[934]. An intramolecu-

lar [4+2]cycloaddition of a dicobalt hexacarbonyl complex
with a dienolsilyl ether was used in the synthesis of a fred-
ericamycin A analog (Eq. (142)) [935].

(141)

(142)

Cobalt mediated the intramolecular [2+2+2]cyclotrime-
rization [936], and this reaction was used in a synthesis
of strychnine [648]. Cyclotrimerization in supercritical
carbon monoxide was described[937]. Cyclotrimerization
of 6-ethynylpurines was reported[938]. Penta-substituted
benzenes were prepared via a chemo- and regioselective,
titanium-mediated [2+2+2]cyclobenzannulation of three
different alkynes[939]. A palladium–copper catalyst sys-
tem[940], immobilized palladium complexes[941], iridium
[942] nickel and zinc phenoxides[943] were used for cy-
clotrimerization of alkynes. Wilkinson’s catalyst was used
for [2+2+2]cyclobenzannulation of a polymer-bound diyne
with an alkyne[944]. A titanium-mediated cyclobenzannu-
lation leading to a metallated arene followed by electrophilic
quenching was developed[945].

Ruthenium was used for regio- and stereoselective
[2+2+2]cyclobenzannulation of 1,6-diynes with dicyanides
[946], and of electron deficient nitriles[947]. A novel
annulation of 1,6-diynes mediated by methallylchromate
or methallylmagnesium chloride using a chromium cat-
alyst was reported (Eq. (143)) [948]. Cobalt-mediated

[2+2+2]diyne-nitrile cyclobenzannulation[949] was used
to prepare pyridine containing cyclophanes[950]. Cobalt-
mediated [2+2+2]cycloadditions of substituted enediynes
[951], and of 5-hexynenitrile with 1,3-diynes[952] were
reported.

(143)

Bicyclic pyridones were prepared by a ruthenium-cataly-
zed [2+2+2]cycloaddition of 1,6-diynes with isocyanates

[953]. An interesting ruthenium-catalyzed [2+2+2]annula-
tion of 1,6-enynes was described (Eq. (144)) [954].

(144)

Cobalt-catalyzed a [4+2+2]cycloaddition of bicyclo-
[2.2.1]hepta-2,5-dienes and bicyclo[2.2.2]octa-2,5-dienes
with 1,3-dienes[955]. A highly regio- and chemoselec-
tive nickel-catalyzed cyclotrimerization of propiolates with
allenes was described (Eq. (145)) [956].

(145)

Nickel-catalyzed homo-benzannulation of perfluoroalkyl
enynes was reported[957]. Palladium catalyzed the benzan-
nulation of conjugated enynes under fluorous biphasic con-
ditions[958] and an intermolecular enyne–diyne benzannu-
lation forming cyclophanes[959]. A number of transition
metals catalyzed the benzannulation of aromatic enynes to
give functionalized naphthalenes (Eq. (146)) [960].
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(146)

Rhodium catalyzed an intermolecular [5+2]cycloaddition
of alkynes with unactivated vinylcyclopropanes[961].
Ruthenium catalyzed the intramolecular [5+2]cycloaddition
of alkyne tethered vinylcyclopropanes to give tricyclic
compounds (Eq. (147)) [962], such as the core of
cyathanediterpene[963]. Tandem, rhodium-catalyzed,
[5+2]- and [4+2]cycloadditions of vinylcyclopropanes
with conjugated enynes in the presence of a dieneophile
was described (Eq. (148)) [964].

(147)

(148)

The mechanism of the cobalt-mediated cycloisomeriza-
tion of enynes was examined[965]. Cobalt mediated the
cycloisomerization of allyl propargyl ethers to form dihy-
drofurans[966]. Cyclization of 1,6-enynes, in the presence
of lithium bromide was used in the synthesis of isocynodine
and isocynometrine (Eq. (149)) [967]. Cycloisomerization
in organoaqueous medium was used to prepare a podophyl-
lotoxin intermediate[968]. Titanium-mediated 1,6-enyne
cyclization was used in the synthesis of (+)-phorbol
(Eq. (150)) [462]. A related palladium-catalyzed asym-
metric cyclization affording lactones was reported[969].
Palladium catalyzed a reductive cycloisomerization of
1,6-enynes in the presence of formic acid and triethylsi-
lane to afford cyclopentanes having an exocyclic double
bond [970]. Palladium-catalyzed 1,6-enyne cycloisomer-
ization using trimethylsilyl tributyltin afforded silicon and
tin-substituted products[971]. Cyclization of 1,7-allenynes
in the presence of a palladium or rhodium catalyst gave

a variety of cyclic products depending on the catalyst
and additives (Eq. (151)) [972]. A highly enantioselec-
tive palladium-catalyzed 1,6-enyne cycloisomerization was
reported [973]. Iridium catalyzed the cycloisomerization
of 1,6-enynes, having a terminal alkyne, to give vinylcy-
clopentenes, and substrates having internal alkynes to give
1,2-alkylidenecyclopentanes[974].

(149)

(150)

(151)

A cationic palladium complex catalyzed the cycloisomer-
ization of 1,6-dienes[975]. N-Heterocycles were formed
by palladium-catalyzed 1,6-diene cycloisomerization[976].
Depending on the Lewis acid additive, 1,6-dienes were cy-
clized to give cyclopentenes having either an endo- or exo-
cyclic double bond[977]. Palladium mediated the cycliza-
tion of 2-silyloxy-substituted 1,5- and 1,6-dienes to form bi-
cyclic alkenones (Eq. (152)) [978]. Titanium mediated the
cyclization of 1,5- and 1,6-bis propagylic alcohol derivatives
to give four- and five-membered rings having conjugated
exocyclic bisallenes[979].

(152)

A ruthenium-catalyzed three-component reaction between
lithium bromide, an alkene, and an alkyne was used to pre-
pare 4-bromo-3-alkenones[10]. Ruthenium catalyzed the



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 107

reaction of alkynes with silyl protected allylic alcohol to
give E-enol ethers[980] and of alkynes with allylic amides
to afford enamides (Eq. (153)) [981]. Related reactions of

terminal alkynes with alkenes produced 1,1-disubstituted
alkenes[982]. The ruthenium-catalyzed Alder-ene reac-
tion was used in the synthesis of deschlorocallipeltoside
A (Eq. (154)) [983]. Ruthenium-catalyzed reaction of al-
lenes with�,�-unsaturated carbonyl compounds furnished
1,3-dienes (Eq. (155)) [984].

(153)

(154)

(155)

Platinum catalyzed the alkoxy and hydroxycycliza-
tion of 1,6-enynes[985]. Platinum catalyzed three dif-
ferent cycloisomerizations of enynes, a metathesis,
a cyclopropanation, and an allylic shift (Eq. (156))
[986,987]. Palladium catalyzed the cycloisomerization
of 5-amino-3-alkene-1-ynes to give substituted pyrroles
(Eq. (157)) [988]. Palladium-catalyzed tandem dimeriza-
tion and cycloisomerization of 1-yne-3-ones produced
3,3′-bifurans[989]. Tungsten-catalyzed cycloisomerization
of a 5-hydroxy-1-alkyne to give a dihydropyrane, was used
in a synthesis of digitoxin[990]. Copper catalyzed the
cycloisomerization of 2,3-dienoicacids to 2(5H)-furanones
[991]. An enantioselective palladium-catalyzed synthesis
of 5-aryl-2(5H)-furanones from 2,3-dienoic acids and aryl
halides was described (Eq. (158)) [992]. Copper mediated
the cycloisomerization of alkynyl imines to give pyrroles
and pyrrole containing heterocycles (Eq. (159)) [993].

(156)

(157)

(158)

(159)

2.5. Rearrangements

2.5.1. Metathesis
A substantial number of reports on ring-closing metathe-

sis reactions using ruthenium catalysts were published.
New ruthenium catalysts were developed[994–998]. The
effects of ligand on the mechanism and activity was
studied [999]. A mechanistic study indicated the inter-
mediacy of a 14-electron catalyst intermediate[1000]. A
ruthenium-catalyst was developed able to catalyze 1,6-diene
cycloisomerization or, in the presence of ethane, catalyze
ring-closing metathesis (Eq. (160)) [1001]. Ruthenium
by-products from metathesis reactions were removed by
treatment of the crude products with triphenylphosphine
oxide or dimethylsulfoxide followed by silica gel fil-
tration [1002]. Polymer supported, recyclable catalysts
were reported[1003–1005]. Ring-closing metathesis was
used in solid phase synthesis[1006,1007]. Ruthenium- or
molybdenum-catalyzed ring-closing metatheses in ionic
liquids [1008], and in supercritical carbon dioxide[1009]
were reported.
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(160)

Enantioselective ruthenium- and molybdenum-catalyzed
ring-closing metathesis were reported[1010–1013]. A
one-pot tandem palladium-catalyzed allylic acetate iso-
merization and ruthenium-catalyzed ring-closing metathe-
sis may be possible[1014]. A large variety of ring
systems [317,1015,1016]for example, cyclic phospho-
nates [1017,1018], cyclic enol silyl ethers[1019], five-
to eight-membered cyclic amines[1020–1026], fused bi-
cyclic amines [1027], cyclic amino-substituted Fischer
carbene complexes[1028], six- to nine-membered lac-
tams [1029–1031], fused bicyclic lactams[1032–1034],
macrocyclic lactams[1035], lactones [1036], macro-
cyclic lactones [1037–1040], fused bicyclic lactones
[1041], six-membered cyclic ethers[824,1042–1044],
macrocyclic silsesquioxanes[1045], polyoxygenated cy-
clooctenes[1046], macrocyclic peptides[1047,1048], cyclic
pseudo-peptides[1049,1050], five- to seven-membered cy-
cloalkenes[335,691,711,1051–1054], macrocyclic alkenes
[1055], spirocycles [1056–1060], a spirocyclic �,�-
unsaturated cyclohexenone[1061], fused bicyclic amino
acids [1062], cyclic �-aminoacid esters[1063], dihy-
droquinolines[1064], bicyclic oxazolidines[1065,1066],
cyclic �-thiophosphonates[1067], five- to six-membered
cyclic enamides[1068], 1,3,2-diazaphosphepine 2-oxides
[1069], phosphorous containing mono- and bicyclic
rings [1070,1071], silyloxacycloalkenes[341,1072], 1-
silyl-2,8-dioxacyclooctenes[1073,1074], silacycloalkenes
[1075,1076], bicyclic nucleotides[1077], concave 1,10-
phenanhrolines[1078], and optically active bridged oxabi-
cycles[1079] were all prepared using ring-closing metathe-
sis methodology. A triple ring-closing metathesis was re-
ported (Eq. (161)) [1080]. Ruthenium complexes catalyzed
sequential metathesis hydrogenation and hydride transfer
reactions[1081]. Both ring-closing metathesis and cross-
metathesis were observed using polymer supported alkenes
[1082]. Ring-closing metathesis of dicobalt hexacarbonyl
complexed dienynes was reported[1083]. Ring-closing
metathesis of 1,2-diallylaromatic compounds produced
substituted naphthalenes (Eq. (162)) [1084]. Schrock-type
carbenes were used to prepare a six-membered ether in
the synthesis of hemebrevetoxin B[1085] and to prepare a
cyclopentene[1086].

(161)

(162)
Ring-closing metathesis saw substantial use in or-

ganic total synthesis[1087]. Synthetic applications toward
halicholactone (Eq. (163)) [1088], tarchonathuslactone
[1089], conduritols [1090], indolizidines [1091], zizaene
[1092], pyrrolidine and piperidine alkaloids[1093], car-
bocyclic nucleoside[1094], (+)-calystegine B2 [1095],
disaccharides[756], methyl 4a-carba-d-arabinofuranosides
[1096], laulimalide [134,682,1097,1098], umuravumbolide
[1099], (+)-3-deoxy-d-glycero-d-galacto-2-nonulosonic
acid [1100], the spirocyclic core of pinnaic acid[1101],
1-desoxyhypnophilin [1102], (−)-pyrenophorin [1103],
hydroazulene ring system of guanacastepene[136], an
inosine derivative [1104], securinine [1105], the car-
bocyclic skeleton of ingenol[1106], salicylhalamides
(Eq. (164)) [101,1107], teubrevin G and H[1108], as-
teriscanolide (Eq. (165)) [857], C1–C12 fragment of
fostriecin [1109], cryptocarya diacetate[1110], toward
the A–D ring system of gambierol[755], cylindro-
phanes[1111], (+)-ambruticin S[580], (−)-isolaurallene
[1112], roseophilin [1113], ent-(−)-roseophilin [1114],
(−)-fumagillol [391], 4-hydroxypipecolic acids and
(−)-SS20846A [1115], halichlorensin [1116,1117], the
ergoline ring system (Eq. (166)) [425], salicylhala-
mides [262,1118,1119], toward FR901483[1120], to-
ward zoapatanol analogs[1121], toward havellockate
[1122], a sarcodictyin analog[1123], a fragment of
ciguatoxin CTX3C [1124,1125], the FGHI ring sys-
tem of azaspiracid[121], laulimalide [1126], apoptoli-
dine [1127], 1,6-germacradiene-5-ol[1128], the HIJKLM
rings of ciguatoxi CTX3C[1129], (−)-A26771B [1130],
(−)-coiceine [1131], (−)-4a,5-dihydrostreptazolin[1132],
(Z)- and (E)-�-bisabolene[184], epothilones (Eq. (167)),
(+)-acoradiene[1133,1134], and the ADE-ring of nakado-
marin A (Eq. (168)) [1135]. A double enantioselective
ring-closing metathesis was used in the synthesis of an
NK-1 receptor antagonist (Eq. (169)) [464]. An asymmet-
ric molybdenum-catalyzed metathesis was developed and
employed in the synthesis of tipranavir (Eq. (170)) [1136].

(163)
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(164)

(165)

(166)

(167)

(168)

(169)

(170)

Ring-opening cross-coupling metathesis[1137] was used
to prepare 4-pyrone derivatives[1138], polyethers, and re-
lated compounds[1139,1140]. Asymmetric ring-opening

cross-metathesis reactions leading to optically active cy-
clopentanes were described[1141]. A ring-opening metathe-
sis was used in the synthesis of the carbocyclic core of
ingenol (Eq. (171)) [1106] and sporochnol A[1142].

(171)

Alkyne–alkyne cross-metathesis, using molybdenum cat-
alysts, was used in the synthesis of prostaglandin E2 [1143].
An alkyne–alkene ring-closing metathesis was used in a
synthesis toward manzamine alkaloids[1144]. Alkyne–

alkyne ring-closing metathesis was used to prepare
epothilone A and C using Mo[N(t-Bu)(Ar)3]3 as the
catalyst [1145,1146]. Sequential enyne metathesis, ring-
closing metathesis, ring-opening metathesis, and cross-
metathesis were reported (Eq. (172)) [1147]. Ruthenium-
catalyzed ring-opening ring-closing metathesis of enynes
(Eq. (173)) [1148], and a tandem dienyne cross-metathesis

ring-closing metathesis[1149,1150]were reported. A tan-
dem dienyne metathesis was used to prepare bicyclic
ring systems (Eq. (174)) [1151]. 4-Vinyl-substituted
1-silyl-2-oxa-4-cyclohexenes were prepared by metathesis
of silyloxa-tethered enynes[1152].

(172)
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(173)

(174)

Intermolecular alkene–alkene cross-coupling metathesis
reactions are becoming more frequently used[1072,1153–
1157]. Homoallylic alcohols with anti-allylic substituents
displayedE-alkene selectivity in cross-metathesis reactions
with allyltrimethylsilane[1158]. Cross-metathesis reactions
of phenyl vinyl sulfone with terminal alkenes[1159],

allyl-substituted nucleosides[1160], 2-allylphenols with
styrenes[1161], fluorinated alkenes[1162], acrylonitrile
with alkenes[1163], diethyl vinylphosphonate with alkenes
[1164], vinyl ferrocene[1165], and vinylsilanes with alkenes
[1166–1168]were reported. Cross-metathesis was used to
prepare vinylphosphonate-linked nucleic acids[1169].

Intermolecular cross-metathesis was used in the synthesis
of (−)-roccellaric acid[563], a fragment of amphidinolide
[1170], and vancomycins[1171,1172]. A cross-metathesis
ring-closing metathesis dimerization was used in the syn-
thesis of (−)-cylidrocyclophanes (Eq. (175)) [901].

(175)

A ruthenium-catalyzed intermolecular enyne cross-
coupling metathesis was reported[1173]. A number of
intramolecular enyne metathesis reactions were described
[1174–1181]. Both five- and six-membered rings were
obtained using a ruthenium carbene complex[1182].

2.5.2. Cycloisomerizations
Transition-metal catalyzed carbocyclization of 1,5- and

1,6-dienes to give substituted cyclopentanes or cyclohex-
anes continued to be extensively examined. Cyclization
reactions of 8-acetoxy-1,6-dienes in organoaqueous media

to give vinyl-methylene substituted five-membered rings
were reported[1183] A ruthenium-catalyzed cycloisomer-
ization of 1,6-dienes toexo-methylenecyclopentanes was
reported[1184]. Palladium-phenanthroline complexes cat-
alyzed cycloisomerization of 1,5- and 1,6-dienes to give
cyclopentenes[1185]. An interesting palladium-catalyzed
spirocyclization of a 8-acetoxy-1,6-diene in the presence of
diethyl zinc was reported (Eq. (176)) [1186]. Cyclizations in
the presence of silanes were reported[1187]. Palladium cat-
alyzed an enantioselective 1,6-diene cyclization–silylation
[1188,1189]. Related platinum-catalyzed reactions of
1,6-diynes were also described[1190]. Reaction of
1,2-allene-7-ynes with silicon–tin or tin–tin bonded com-
pounds in the presence of a palladium catalyst produced
difunctionalized cyclopentanes (Eq. (177)) [1191].

(176)

(177)

Gold-catalyzed cycloisomerizations of 1,2-diene-3-ols to
form 2,5-dihydrofurans was reported[1192]. Gold also cat-
alyzed the formation of phenols from alkynyl tethered furans
(Eq. (178)) [1193]. Ruthenium catalyzed the cycloisomer-
ization of yneoates to give enol-lactones[1194].

(178)

2.5.3. Alkene isomerizations
Palladium catalyzed the formation of vinyl acetals from

propargylic acetates (Eq. (179)) [698,1195]. Palladium-
catalyzed 1,3-allylic transposition[699] was used in
the synthesis of stemodinone (Eq. (180)) [1196], am-
brox like compounds [1197,1198], prostaglandin E1
methyl ester[1199], sphingofungins E and F[311], and
4-demethoxyadriamycinone[1200]. Wilkinson’s cata-
lyst was used to prepare vinyl ethers from allylic ethers
[1201,1202], and this reaction was used in the synthesis
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of hemebrevetoxin B[1087]. Palladium catalyzed a rear-
rangement of an allylic epoxide (Eq. (181)) [1203], and
of chiral 2-alkynyl sulfinates to allenylsulfones[1204].
Ruthenium catalyzed the isomerization of allylic amines
to enamines[1205]. A rhodium-catalyzed asymmetric iso-
merization of allylic amines to enamines was used in the
synthesis of citronellal[1206]. Double-bond isomerization
of 1-aryl-2-propenyl to 1-aryl-1-propenyl was achieved
using a palladium catalyst[1207]. A rhodium-catalyzed
double-bond isomerization to the more stable alkene was
used in the synthesis of nakijiquinone C[1208].

(179)

(180)

(181)

Iron, rhodium, and ruthenium catalyzed the isomeriza-
tion of allylic alcohols to saturated carbonyl compounds
[1209,1210]. Related reactions using Grubb’s catalyst re-
sulted in isomerization to ethyl ketones at elevated tem-
peratures and methyl ketones (a loss of one carbon) at

ambient temperature[1211]. Ruthenium catalyzed the iso-
merization of a propargylic alcohol to an�,�-substituted
aldehyde[311].

2.5.4. Skeletal and miscellaneous rearrangements
Copper and ytterbium catalyzed Claisen rearrangements

[1212]. A copper catalyzed asymmetric Claisen rearrange-
ment was described[1213]. Water-accelerated a tandem
Claisen rearrangement–zirconium catalyzed asymmetric
carboalumination (Eq. (182)) [1214]. Palladium-mediated
Ferrier-II carbocyclizations [1215], and asymmetric,
Wagner-Meerwein rearrangements were described (Eq. (183))
[1216].

(182)

(183)

3. Functional group preparation

3.1. Halides, nitriles, azides, ureas, imidates, thioimidates

Vinyl iodides were prepared by the chromium(II) me-
diated Takai olefination[1217]. This reaction was used
in synthesis toward (−)-lepadins[246], mosin B [1218],
laulimalide [1096], himandravine[654], (+)-crocacin C
[103], (+)-roxaticin [1219], (−)-amphidinolide P[1220],
rutamycin B[264], and (−)-equisetin[255].

Palladium catalyzed the transformation of�-allenic
acetates to (Z,E)-2-bromo-1,3-dienes in the presence of
lithium bromide (Eq. (184)) [1221]. Hydrozirconation of
silyl-substituted alkynes followed by addition of iodine
produced silyl-substituted vinyl iodides[150]. A related
reaction of tin-substituted alkynes followed by addition
of iodine or bromine gave gem dihalo-substituted alkenes
[1222].

Palladium catalyzed the cyanation of aromatic halides
using zinc dicyanide[1223–1225], dialkyl cyanoboronates
[1226], or potassium or sodium cyanide[1227,1228]. Nickel
catalyzed an asymmetric hydrocyanation of ethenylarenes
[1229]. A three-component palladium-catalyzed route to al-
lylcyanamides employing allyl carbonate, isocyanides, and
trimethysilyl cyanide was reported[1230]. A one pot synthe-
sis of�-cyanohydrins catalyzed by zirconium was described
[1231].

(184)

Palladium-catalyzed reaction of isocyanides with an
aromatic halide and alkoxides or thioalkoxides pro-
duced imidates and thioimidates, respectively[1232]. A
palladium-catalyzed azidation of allylic cyanohydrinecar-
bonates was developed[1233]. Palladium supported on sul-
fate modified zirconia catalyzed the oxidative carbonylation
of amines to form ureas[1234]. Reaction of aryl halides
with allenes in the presence of sodium azide afforded allylic
azides (Eq. (185)) [1235]. Palladium catalyzed the reaction
of sodium azide with allylic acetates forming allylic azides
[1236].

(185)
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3.2. Amines, alcohols

A large variety of aromatic chlorides, bromides, and
triflates were aminated using palladium-based catalyst sys-
tems [1237–1246]. A polymer-supported ligand was used
for palladium-catalyzed aminations[211]. The mechanism
of amination of aryl chlorides[1247] and the kinetics of
amination of aryl bromides and triflates were examined
[1248]. Bis(trimethylsilyl)amide, triphenylsilylamide, and
lithium amide were used as an ammonia equivalents in
aminations of aryl halides[1249,1250].

Palladium catalyzed theN-arylation of 2-oxazolidinones
[1251,1252], benzophenone imine[1253] in the synthesis
of a muscarine receptor agonist[1254], hydrazine deriva-
tives using pyridine halides and triflates[1255], chiral
sulfoximines [1256,1257], chiral pyrrolidinones [1258],
aminocyclopropanes[1259], 7-azabicyclo[2.2.1]heptane

[1260], aza-crown ethers[1261], carbazole[1262], urea
[1263], polyamines [1264,1265], benzophenone hydra-
zone[1266], tetrahydro-isoquinoline and -quinoline[1267]
and benzotriazole using diaryl iodonium salts[1268].
Palladium-catalyzed amination was used in the synthe-
sis of isocynodine and isocynometrine[967], a stau-
rosporine aglycone analog[1269], and of enantiopure
1,2,4,5-tetrahydro-1,4-benzodiazepin-3-(3H)-ones [1270].
Secondary and tertiary aminothiophens were prepared via
palladium-catalyzed amination of 3-bromothiophen[1271].
Sequential diamination of 1,2-dibromobenzene was used in
a synthesis of benzimidazolium salts[1272].

Palladium-catalyzed amination of 8-bromo-2′-deoxygua-
nosine [1273], halonucleosides[273], 8-bromoadenosin
[1274], 2-bromopyridine [1275], 2-chloropurine [281],
2-bromothiophen [1276], and chlorophthalazines[288]
derivatives were reported. Intramolecular amination of
N-aryl-N′-(2-bromobenzyl)hydrazines produced 1-aryl-1H-

indazoles[1277]. Selective amination in the 2-position of
dichloropyridines was observed[1278].

Transition metals other than palladium also catalyzed
amination reactions. Nickel catalyzed the amination of
dichloroarenes[1279]. Copper catalyzed reactions were
described[674,1280–1282]. Copper catalyzed the coupling
of aryl halides with amides, nitrogen heterocycles,N-BOC-
hydrazide, benzophenone hydrazone[1283], and ammonia

[1284]. The regioselectivity, terminal vs internal, of the am-
ination using hydrazides depended on the hydrazide[1285].
Copper and nickel but not palladium catalyzed the amina-
tion of 5-iodouracil derivatives[1286]. Ruthenium catalyzed
theN-monoalkylation of anilines using tetralkylammonium
halides[1287].

Copper complexes promoted the amination of aryl and
vinyl boronic acids with a variety of amines[1288,1289],
heteroaromatic amides[1290], purine [281], and imi-
dazoles [1291]. Reactions using aqueous solvent were
described [1292]. Copper catalyzed the transforma-
tion of allylic stannanes to allylic amines using (N-(p-
toluenesulfonyl)imino)phenyliodinane[1293].

Rhodium catalyzed an asymmetric aziridination of imines
using sulfur ylides and in situ generation of the diazocom-
pound (Eq. (186)) [548]. Nickel catalyzed the sequential am-
ination of aryl- and heteroaryl di- and trichlorides[1294].

(186)

Palladium catalyzed a variety of aminations of allylic
substrates via�3-allyl intermediates. Allylic amination
reactions in water were reported[1295]. The rate of am-
ination was accelerated using a tetraphosphine ligand
[1296]. 6-Aminopurine [1094], 6-chloropurine [1297],
8-methylthioimidazo[4,5-g]quinazoline [1298], and N6-
benzoyladenine[1299] were used asN-nucleophiles.
Palladium catalyzed the amination of 2-chloro-1,3-
butadiene affording 4-amino-substituted 1,2-butadienes
[720]. Palladium-catalyzed intramolecular allylic amina-
tions was used in the synthesis of (2R,3R)-3-hydroxy-
3-methylproline [1300], and pancracine[1301]. An in-
tramolecular amidation of an allylic chloride was used to
prepare the bicyclic spiro core of halichlorine and pinnaic
acid [1302]. Palladium catalyzed a three component reac-
tion between an aryl iodide, allene, and a primary amine
forming bis(2-arylallyl)amines (Eq. (187)) [1303]. Palla-
dium and platinum catalyzed the direct reaction between
anilines and allylic alcohols[1304,1305].

(187)

A number of palladium-catalyzed asymmetric allylic
aminations were published using optically active ligands.
Asymmetric allylic amination using a chiral phase-transfer
catalyst was reported[1306]. A regio- and enantiose-
lective amination using sodium diformylamide as the
nucleophile was described[1307]. Reaction of racemic
5-vinyloxazolidinones with phthalimide in the presence
of a chiral catalyst gave optically enriched regioisomeric
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products[1308]. Regioselective amination of an optically
active allylic acetate was used in the synthesis of valien-
amine (Eq. (188)) [1309]. Asymmetric allylic amination
was used in the synthesis of (−)-dehydrotubifoline and
(−)-tubifoline [443]. Rhodium catalyzed a regioselective
and enantiospecific asymmetric allylic amination usingN-
(arysulfonyl)anilines[1310]. Palladium-catalyzed asymmet-
ric [1311], and room temperature[1312], hydroamination
of 1,3-dienes were reported.

(188)

Iridium catalyzed allylic aminations of allylic esters
[1313]. Palladium catalyzed the amination of phenoxyal-
lene[1068]. A palladium-catalyzed regio- and stereoselec-
tive aminohalogenation of styrenes was reported[1314].
An intramolecular amination of propargylic carbamate or
phosphonate tethered�-lactams was reported (Eq. (189))
[1315]. Rhodium- and titanium-catalyzed hydroamination
of terminal alkynes were described[1316]. The latter cata-
lyst was used under microwave irradiation[1317]. Imidoti-
tanium complexes were used to form imines from allenes
and amines (Eq. (190)) [1318]. A silica supported palla-
dium catalyst was used in cyclizations of amino-substituted
alkynes to form nitrogen heterocycles[1319].

(189)

(190)

A ruthenium-catalyzed intramolecular hydroamina-
tion of tethered alkene to give five- to seven-membered
rings was described[1320]. A neodymium-catalyzed in-
tramolecular hydroamination was used in the synthesis
of pinidinol (Eq. (191)) [1321]. Tandem bis-allylation of
isocyanates using allyl chlorides and allyl stannanes cat-
alyzed by palladium was reported (Eq. (192)) [1322]. A

palladium-catalyzed allylic oxidation-amination was used
in the synthesis of (−)-dehydrotubifoline and (−)-tubifoline
[443]. Homoallylic amines were prepared by a tandem
zirconocene homologation-aldimine allylation (Eq. (193))
[1323].

(191)

(192)

(193)

Palladium catalyzed the hydroalumination of 1-alkenes
followed by oxidation affording primary alcohols[1324].
Zirconocene-catalyzed enantioselective methylalumination
of terminal alkenes followed by oxidation was used in total
synthesis (Eq. (194)) [364].

(194)

3.3. Ethers, esters, lactones, acids

Ortho esters were prepared by the rearrangement of
epoxyesters in the presence of Cp2ZrCl2 and silver perchlo-
rate [1325]. A nickel-promoted alkyl or aryl carboxylation
of alkynes using carbon dioxide was developed (Eq. (195))
[1326]. A copper-catalyzed asymmetric allylic oxidation of
cycloalkenes, usingt-butylperbenzoate followed by addi-
tion of an organozinc reagent, forming allylic esters was
reported[1327].
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(195)

Vanadyl acetylacetonate-catalyzed epoxidations of
allylic alcohols using peroxides continued to be a
valuable tool in organic total synthesis. For exam-
ple, sclerophytins and cladiellin diterpenes[1328,1329],
phomactin analogs[1330], the celastracea sesquiter-
pene core[1331], (+)-arteanniun M[1332], functional-
ized 1,2,3,4-tetrahydroquinolines[404], fredericamycin
[1333], FR901464 analogs[187], (−)-bulgecinine[1334],
(+)-cheimonophyllon E[1335], the CD ring of pacli-
taxel [1336], stolonidiol [1337], toward daphnanes and
(+)-resiniferatoxin [1338], toward the tetracyclic core
of CP-225,917 (Eq. (196)) [1339], and (−)-13-hydroxy-
11,12-epoxyneocembrene[1340] were prepared using this
methodology. Epoxidation of alkenes in the presence of a
tethered alcohol resulted in the formation of tetrahydrofu-
rans[1341,1342].

(196)

Sharpless enantioselective epoxidations of allylic al-
cohols using titanium tetraisopropoxide together witht-
butyl hydrogen peroxide and an optically active tartrate
ester continue to see extensive use in organic synthe-
sis. For example, this reaction was used in synthetic ap-
proaches to (−)-doliculide[637], sarcodictyins[1343], (−)-
laulimalide[1344], 1,N2-doexyguanosine[1345], teubrevin
G and H [1108], (+)-crocacin A [1346], 13C-labeled 2-
deoxyribonolactones[1347], the octacyclic core of gam-
bierol [314,1348], posticlure[1349], azaspiracids[1350],
cryptophycin A unit[1351], radicol and monocillin I[1352],
(+)-prelactone C[1353], (−)-amphidinolide P[1222], pa-
mamycin 607 [1354], laulimalide [1126], the HIJKLM
rings of ciguatoxi CTX3C[1129], (+)-3,4-epoxycembrene
A [1355], and a puffball pigment[1356]. A related epoxi-
dation of an homoallylic alcohol was used in the synthesis
of (−)-fumagillol [363] and of trinervitane and kempane
skeletons (Eq. (197)) [1357].

(197)

Palladium-catalyzed asymmetric allylic additions of
alkoxides were used in a formal synthesis of LY 333531

[1358] and deschlorocallipeltoside A[983]. A double in-
tramolecular alkoxylation was used in the synthesis of
uvaricin (Eq. (198)) [1359]. Palladium catalyzed the reac-
tion of phenols with sugar derived allylic carbonates[1360].
The effects of halide ligands and protic additives on the
enantioselectivity in rhodium-catalyzed asymmetric ring
opening of oxabicyclic alkanes with phenols was reported
[1361].

(198)

Palladium catalyzed the intermolecular reaction of alco-
hols with aryl halides to form aryl ethers[1362]. Intramolec-
ular reactions to give benzannulated oxygen containing com-
pounds were also reported[1363]. Palladium-catalyzed ad-
dition of an alcohol to methoxyallene was used in a synthesis
toward laulimalide[682]. Palladium catalyzed the addition
of alcohols to alkylidenecyclopropanes to give allylic ethers
(Eq. (199)) [1364]. Palladium catalyzed the carbon–oxygen
coupling of sodiumt-butoxide and unactivated aryl halides
[1365].

(199)

A palladium-catalyzed hydroxy-palladation–carbonyla-
tion–lactonization sequence was used in natural product
synthesis forming bicyclic compounds[1366], and pal-
ladium mediated the same reaction in the preparation of
benzo[b]furo[3,4-d]furane-1-ones[1367].

Copper mediated the cross-coupling ofN-hydroxyphtha-
limide with phenylboronic acids formingN-aryloxyphtha-
limides [1368]. IntramolecularO-arylation of phenols with
phenylboronic acids, catalyzed by copper, was used in the
synthesis of macrocyclic metalloprotein inhibitors[1369].
Copper catalyzed the intermolecular etherification of phe-
nols with aryl bromides[674].

A palladium-catalyzed reaction of a phenol with an aryl-
boronic acid was used in the synthesis of teicoplanin aglycon
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[1370]. Palladium-catalyzed addition of phenols to allenes
furnished dienylethers[1371]. An interesting palladium cat-
alyzed hydroalkoxylation of alkynes in the presence of ben-
zoic acid was developed (Eq. (200)) [1372].

(200)

3.4. Heterocycles

A variety of complex polycyclic heterocycles were ob-
tained by reactions usually initiated by an oxidative addi-
tion of a low valent transition metal to an aryl or a vinyl
halide[1373–1385]. The product isolated depended on the
sequence of events that follow, for example, alkene and
alkyne insertions, carbonylations, and terminations. These
cascade-type reactions are unfortunately not readily catego-
rized within this review and are therefore only briefly dis-
cussed. A palladium-catalyzed intramolecular insertion of
an alkyne was used in the synthesis of the ergoline ring sys-
tem[425], and quinoxaline derivatives[1386].

Reaction of allene tethered sulfonamides with carbon
monoxide and aryl iodides affords 3-aroyl-2- or 3-pyrrolines
and pyrrolidine- or piperidine-substituted enones depend-
ing on the length of the tether (Eq. (201)) [1387]. Reac-
tion of 2-halobenzamides with allenes gaveN-heterocycles
(Eq. (202) [1388]. A diastereoselective cobalt-mediated
acylation of amine-tethered allenes to give pyrrolidines was
reported (Eq. (203)) [1389].

(201)

(202)

(203)

Reaction ofN-allyl-2-iodoaniline orO-allyl-2-iodophenol
with carbon monoxide in the presence of a palladium
catalyst gave mixtures of 3-methoxycarbonylmethyl deriva-
tives of dihydroquinoline and dihydrochromeme, respec-
tively. The product ratio was dependent on the carbon
monoxide pressure[1390]. Palladium catalyzed the annu-
lation of 2-halobenzaldehyde imines with alkynes form-
ing 3,4-disubstituted isoquinolines (Eq. (204)) [1391].
Pyridines [1392], isoindolo[2,1-a]indoles [1393], and �-
and �-carbolines[1394] were formed in a similar fash-
ion. Palladium catalyzed the reaction of aryl halides
with N-propargylamides to give 2,5-disubstituted oxazoles
(Eq. (205)) [1395]. Pyridines, quinolines, pyrroles, and
spiro amines were prepared by palladium-catalyzed cy-
clization of unsaturated oximes (Eq. (206)) [1396,1397].
Indole[1,2-c]quinazolines were prepared by a palladium-
catalyzed reaction of aryl and vinyl halides and triflates with
bis(2-trifluoroacetamidophenyl)ethyne[1398]. Palladium
catalyzed the reaction of 2-iodophenols or 2-iodoacetaniline
with terminal alkynes, in the presence of an excess of
methylmagnesium chloride, an aryl- or vinyliodide, or car-
bon monoxide forming 2,3-substituted benzofurans and
indoles[1399]. Rhodium-catalyzed coupling-cyclization of
N-aryl trifluoroacetimidoyl chlorides with alkynes furnished
quinolines (Eq. (207)) [1400].

(204)

(205)
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(206)

(207)

Palladium catalyzed the cyclization of 2-vinylazetidines
with heterocumulenes affording tetrahydropyrimidones,

tetrahydropyridinimines, and thiazinanimines[1401].
Palladium-catalyzed reaction of optically active allenes
having an aminofunctionality tethered to the chain with aryl
iodides produced three- to five-membered nitrogen hete-
rocycles[1402]. An interesting synthesis of fused indoles
by palladium-catalyzed annulation ofN-allene tethered
2-iodoaminobenzenes was developed (Eq. (208)) [1403].

(208)

Palladium-catalyzed cyclization of 2-vinylthiiranes
with heterocumulenes furnished thiazolidine, oxathi-
olane, and dithiolane derivatives (Eq. (209)) [1404]. A
palladium–copper catalyzed regio- and stereoselective

synthesis of (E)-2-(2-arylviny)-3,1-benzoxathiin-4-ones was
reported[1405].

(209)

Vinylogous 2-sulfonylethenylindolines were prepared
by reaction of 2-iodoanilines with dienyl-sulfones in the
presence of a palladium catalyst[1406]. A three com-
ponent, palladium-catalyzed synthesis of imidazolines
using carbon monoxide, an acid chloride, and imines was

described (Eq. (210)) [1407]. �-Lactams were prepared from
�-bromoacrylamides and 1,3-dienes[1408].

(210)

Sequential palladium-catalyzed Sonogashira cou-
pling followed by intramolecular amino-palladation of
polymer-bound 2-iodoanilines gave indoles[269]. A related
reaction was used in synthesis[270]. A palladium-catalyzed
tandem amino-palladation of allenylN-tosylcarbamates
followed by a reductive Heck reaction was reported to
give 2-oxazolidinones[1409]. A 2,3-disubstituted in-
dole was prepared from a 2-iodoaniline and an internal
alkyne [271]. Heck reaction of 2-haloanilines gave in-
doles[1410]. An interesting ruthenium-catalyzed synthesis
of 2,3-disubstituted indoles by reaction of anilines with
propargylic alcohols was developed (Eq. (211)) [1411].
Tryptophan analogues were prepared by reaction of in-
ternal alkynes with 2-iodoarylamines[1412]. Reaction of
alkanolammonium chlorides with aryl amines in the pres-
ence of a ruthenium catalyst and a Lewis acid produced
indoles [1413]. A copper-catalyzed cyclization was used
to prepare (E)-2-(2-arylvinyl)quinazolinones (Eq. (212))
[1414,1415]. A ruthenium-catalyzed oxidative cyclization
of 2-aminobenzyl alcohols and ketones to give quinolines
was developed[1416].

(211)
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(212)

Poly(pyrazolyl)borate–copper complexes catalyzed the
aziridination of alkenes[1417]. Copper-catalyzed azirid-
ination of an alkene was used toward the synthesis of
kalihinane diterpenoids[1418]. Copper-catalyzed aziridina-
tion mediated by PhI=O was reported[1419]. Diethylzinc,
chloroiodomethane, and tetrahydrothiophen were used to
form aziridines from imines[1420].

Intramolecular hydroxy-palladations forming five-
membered rings were reported[447,1421]. Palladium-
catalyzed intramolecular hydroxy-palladation of intermedi-
ately formed cumulenes was used to prepare tetra-substituted
furans (Eq. (213)) [1422]. A three component reaction of
an aryl or vinyl halide and triflate with a propargylic alco-
hol, and an alkylidene malonate, using a palladium cata-
lyst, produced 3-arylidene or 3-alkylidene tetrahydrofurans
(Eq. (214)) [1423]. This reaction was used in a synthesis of
burseran[1424]. Asymmetric reaction of activated alkenes
with hydroxy-group tethered allylic carbonates, in the pres-
ence of a palladium catalyst, produced cyclic ethers[1425].

An asymmetric hydroxy-palladition alkene cyclization was
described (Eq. (215)) [1426]. Palladium-catalyzed hydrox-
ypalladation of allylic silanes forming tetrahydrofurans
was reported (Eq. (216)) [1427]. Palladium catalyzed the
reaction of benzene-1,2-diols with propargylic carbonates
to give 2-alkylidene-1,4-benzodioxanes[1428], and with
the biscarbonate of 2-(hydroxymethyl)allyl alcohol to give
3-methylene-3,4-dihydro-2H-1,5-benzodioxepines[1429].
Intramolecular hydroxy-palladation methoxycarbonyla-
tion of 4-hydroxyalkynes was used to prepare (E)-cyclic
�-alkoxyacrylates[1430].

(213)

(214)

(215)

(216)

1,3-Oxazolidines were prepared by palladium catalyzed
reaction of 5-vinyl-1,3-oxazolidin-2-ones[299]. Titanium
mediated the formation of 2- and 2,3-substituted furans
from 2-alkynal acetals and aldehydes (Eq. (217)) [1431].
A nickel-catalyzed cyclization of oxanorbornenes and alkyl
propiolates to give benzocoumarin derivatives was devel-
oped (Eq. (218)) [1432].

(217)

(218)

3.5. Alkenes, allenes, alkanes, arenes

A variety of functional groups were replaced by a hydro-
gen using palladium-catalyzed methodologies. Palladium-
complex catalyzed reduction, together with a hydride
source, such as tributyltin hydride, silanes, or ammonium
formates, were used in synthesis of (−)-dehydrotubifoline
and (−)-tubifoline [483], d-erythro-sphingosine andl-
lyxo-phytospingosine[1433], the ABCD ring system of
azaspiracid[1434], and (−)-a-eudesmol[1435]. Palladium
catalyzed the reductive cleavage of polymer-bound aryl
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perfluoroalkylsulfonates[1436]. The trifloxy groups of a 3-
trifloxyfuran [1437] was removed using similar methodolo-
gies.

Monodebromination of 1,1-dibromoalkenes was achieved
using tributyltin hydride, in the presence of a palladium
catalyst, formingcis-substituted bromoalkenes[147,437].
This reaction was used in the synthesis of combrestatins
[250]. Palladium catalyzed an interesting intramolecular re-
dox reaction resulting in debromination-enone formation
[1438]. Nickel catalyzed the reduction of aromatic halides
to arenes in the presence of boron–dimethyl amine complex
[1439,1440]. A palladium-imidazolium catalyst was used to
dehalogenate aryl halides[1441].

Palladium-catalyzed regioselective ammonium formate
reductions of allylic carbonates and carboxylates were
reported[1442,1443], and this reaction was used in syn-
thesis of 5,7-dideoxypaclitaxel derivatives[1444]. A re-
lated regioselective palladium-catalyzed reduction of a
vinyl epoxide to a homoallylic alcohol was used in syn-
thesis of a precursor of 9-nor-1�,25-dihydroxyvitamin D3
[1445]. Palladium catalyzed the reductive ring opening of
a vinyl-substituted lactone[446]. A palladium-catalyzed
samarium mediated reduction of propargylic phosphonates
to give allenes was described[1446].

Palladium-catalyzed transformation of allylic acetates to
dienes were used in a synthesis of mesembranol[256] and a
homoheptalene derivative[1447]. A terminal triple bond was
reduced to a double bond in the presence of internal double
or triple bonds using sodium borohydride and a palladium
catalyst[1448]. A palladium-catalyzed synthesis of chiral
allenes from 2-bromo-1,3-dienes was reported (Eq. (219))
[1449]. Wilkinson’s catalyst was used to remove an aldehyde
functionality [1450].

(219)

3.6. Ketones and aldehydes

A number of applications of the Saegusa reaction, i.e.
the transformation of silyl enol ethers to�,�-unsaturated
ketones, were published[1451–1453]. For example, syn-
thesis of variecolin[1454], cedrone[862], stemonamide
and isostemonamide[1455], FR901464 analogs[187], kel-
soene [1456], and naewedine and galanthamine[1457]
were described. A related palladium-catalyzed reaction of
a methyl enol ether was used in the synthesis of stelletta-
dine A [1458]. The oxidation was also accomplished using

tributyltin methoxide and allyl methyl carbonate in the
presence of palladium diacetate[1459].

Wacker-type oxidation, i.e. reaction of mono-substituted
terminal alkenes with palladium(II) and water to afford
methyl ketones, was utilized in a number of synthe-
ses [1043,1454,1460,1461]. Frontaline analogs[1462],
(−)-fumagillol [363], sclerophytins [758], �-elemene
[1463], toward eudesmanolides[296], (+)-roxaticin[1219],
2-thiocyanatoneopupukeanane[1464], herbertenediol and
mastigophorenes[1465], and diterpenoids[1466] were
prepared using a Wacker reaction in one of the steps. A cor-
relation of relative rates of oxidation of alkenes vs alkene
ionization potentials, HOMOs and LUMOs was reported
[1467]. Reversal of regioselectivity of the addition of wa-
ter was observed comparing styrene and 1-phenylpropene
[1468].

Palladium catalyzed a ring-expansion of 1-allenyl-1-
cyclobutanols in the presence of a Michael acceptor to give
substituted cyclopentanones[1469]. Palladium also cat-
alyzed a ring-opening of tertiary cyclobutanols to give un-
saturated ketones, ring-expanded ketones, or ring-contracted
ketones in good yields (Eq. (220)) [1470].

(220)

A ruthenium-catalyzed oxidation of a trisubstituted allylic
alcohol to a hydroxy ketone was used as a key step in the
synthesis of demethoxyadriamycinone (Eq. (221)) [1200].
Ruthenium-catalyzed anti-Markovikov additions of water to
terminal alkynes affording aldehydes[1471].

(221)

3.7. Organoboranes, silanes, germanes and stannanes

A thioether-directed platinum-catalyzed hydrosilyla-
tion of alkenes was reported[1472]. Palladium-catalyzed
asymmetric hydrosilylations[1473–1475]for example, of
4-substituted 1-buten-3-ynes to give chiral allenylsilanes
(Eq. (222)) [1476]. Wilkinson’s catalyst was used in hy-
drosilylations of ynals[1477], alkenes[1478], and was
used in tandem hydrosilylation–aldol reactions[1479].
Cobalt catalyzed the hydrosilylation of sugar derived al-
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lenes[1480]. A platinum-catalyzed intramolecular hydrosi-
lylation was used in the synthesis of a leucascandrolide
A fragment (Eq. (223)) [1481]. Reaction of aromatic bro-
mides and iodides with triethoxysilane in the presence
of a palladium catalyst gave triethoxysilane-substituted
arenes[1482]. A rhodium-catalyzed desymetrization of
4-dimethylsilyloxy-1,6-diynes via sequential silyl-formylation
was reported[1483].

(222)

(223)

Palladium catalyzed the borylation of benzylic carbon–
hydrogen bonds using bis(pinacolato)diboron or pinacoleb-
orane[1484], and rhodium catalyzed regioselective bory-
lation of aromatic carbon–hydrogen bonds using pinacolb-
orane [1485]. Palladium catalyzed the cross-coupling of
aromatic halides, triflates with dipinacolylborane or pina-
coleborane producing aromatic pinacolyl boronic esters
[120,258,259,1371,1486–1489]. Cedranediolborane was
used in related reactions[1490]. A palladium-catalyzed
1,2-diboration of allenes was reported[1491]. Related

borasilylations of allenes to give alkenylboranes were de-
scribed[1492].

Palladium catalyzed the reaction of hexaalkylditin
reagents with aryl, and vinyl iodides, triflates or bromides to
give trialkyltin-substituted products[46,48,74,95,268,1493–
1497]. This reaction was used in the synthesis of ru-
tamycin B and oligomycin C[1498], cladiellin diterpenes
[1328], the core of phomactin[35], toward FR182877[99],
lapidilecitin B [1499], and himastatin[732]. Palladium-
catalyzed the dimerization–carbostannylation of alkynes to
give conjugated dienylstannanes (Eq. (224)) [1500].

(224)

A palladium–iminophosphine catalyzed carbostannyla-
tion of arynes was developed (Eq. (225)) [1501]. Palladium-
catalyzed hydrostannation of terminal alkynes using trib-
utyltin hydride, forming vinylstannanes,[47] was used in

total synthesis of ratjadone[87], (−)-reveromycin B[88],
(−)-ichthyothereol [94], bafilomycin A1 [110] phorbox-
azoles [106,1502], a segment of gambieric acid[1503],
apoptolidin[130,260], himbacine derivatives[33], and as-
taxanthin analogs[128]. Regioselective hydrostannation
of a 1,4-dihydroxy-2-alkyne[81], and a regiospecific hy-
drostannation on the carbon adjacent to the aryl group of

an 1-aryl-1-alkyne were reported[95]. The regiochemical
outcome was influenced by oxo-substitution of terminal
alkynes [1504]. Regioselective palladium-catalyzed hy-
drostannations of internal alkynes[47,1505] were used in
the synthesis of asperazine (Eq. (226)) [109], and (+)-
phorboxazole A[111]. Hydrostannation of a bromoalkyne
affording a vinylstannane was used in the synthesis of san-
glifehrin A [122]. Hydro-, methyl-, and butyl-stannations
of N-benzyl-N-tosylynamine were reported[1506].

(225)

(226)

Nickel-catalyzed the acylstannation of 1,2-dienes[1507]
and of ynoates[819]. A palladium-catalyzed allylic stanny-
lation of allyl chloride, using Bu3SnAlEt2 as the nucleophile

was employed in a synthesis of a spongistatin 1 fragment
[1508]. A rate acceleration of the palladium-catalyzed hy-
drogermylation of terminal alkynes and dienes was observed
in water[1509].
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3.8. Organophosphorous, arsenic, selenium, and sulfur
compounds

Aryl diethylphosphonates were prepared from aromatic
halides using diethylphosphite[1510], aryl dialkylphospho-
nates were prepared from dialkyl phosphates and diaryl
iodonium salts[1511], and vinyl phosphonates were pre-
pared from vinyl iodides and dibenzylphosphite[1512]
all using palladium catalysts. Palladium catalyzed the re-
action of bromopyridines with dinucleosidephosphonates
[1513] and with isopropyl methylphosphinate[1514]. Vinyl
phosphonate linked oligonucleic acids were prepared in
an analogous fashion[1515]. Palladium catalyzed the
phosphorous–carbon coupling of aryl triflates with di-
arylphosphine oxides to give a triarylphosphine oxides
[892,1189,1516,1517]. Reaction of arylphosphinic esters
with aryl iodides gave diarylphosphinic esters[1518]. Pal-
ladium catalyzed the formation of triaryl phosphines from
aryl phosphines and aryl iodides, bromides, and triflates
[1519–1521]. Palladium catalyzed the coupling of vinyl tri-
flates with diphenylphosphine and diethylphosphine[455].
Nickel catalyzed the coupling of aryl halides and triflates
with diarylphosphines[1522,1523], and of iododihydropy-
ridones to give phosphonates and phosphine oxides[1524].
Mono-substituted phosphinic acids were prepared by
palladium-catalyzed coupling of anilinium hypophosphites
with aryl halides[1525].

Palladium and nickel catalyzed the hydrophosphina-
tion of alkynes. Complete reversal of regiochemistry
was obtained depending on the catalyst and solvent
[1526]. A palladium-catalyzed hydrophosphorylation of
1,3-dienes forming allyl phosphonates was developed
[1527]. Rhodium catalyzed a regioselective addition of
diphenylposphine oxide to terminal alkynes affording
E-alkenyl diphenylphosphine oxides[1528]. Rhodium and
palladium catalyzed the hydrophosphorylation of termi-
nal alkenes[1529–1531]. Reaction of zirconocene–ethene
complex with diethylchlorophosphate, followed by an elec-
trophile, gave functionalized phosphonates (Eq. (227))
[1532]. Palladium catalyzed a solvent free arsination of aryl
triflates[1533].

(227)

Palladium catalyzed a regioselective carbothiolation of
alkynes (Eq. (228)) [1534]. Palladium-catalyzed coupling of
aryl and heteroaryl iodides and chlorides with thiols to give
thioethers was described[166,1240,1535]. This reaction was
used in the synthesis of chuangxinmycins (Eq. (229)) [1536].
Reaction of 3-trifloxymorphine with tributyltint-butylsulfide
under similar conditions was described[1537]. Rhodium
catalyzed the addition of dialkyldisulfides to alkenes forming
(Z)-bis(1,2-alkylthio)alkenes[1538]. Palladium catalyzed

the formation of 1,2-bis-triisopropylsilanylsulfanyl-alkenes
from alkenes and bis-triisopropylsilyldisulfide[1539]. A
palladium-catalyzed sulfinylzincation of alkynyl sulfoxides
was reported[1540].

(228)

(229)

4. Preparations and reactions of isolated metal
complexes and metal intermediates

A number of transition-metal catalyzed reactions were
published wherein metal complexes were allowed to react
on one or more of the ligands without demetallation of
the complex. Iodoferrocene was carbonylated to give�-
ketoamides[1541]. Intramolecular Heck reactions were re-
ported using arenechromium tricarbonyl complexes[1542].
Heck reaction of vinylferrocene was reported[1543].
Sonogashira-type coupling of ferrocenylethyne[1544,1545],
1,2-diethynylcyclobutadiene cobalt complexes[740], and
Sonogashira, Stille, Suzuki, and Negishi couplings of iodo-
substituted ferrocene[1546–1549]were reported. Palladium
catalyzed the coupling of 1,1′-dizincferrocene with 8-
bromoquinoline[1550]. Bis(ferrocene)mercury was coupled
with aryl halides under palladium catalysis[1551]. A Suzuki
coupling of tricarbonyl chromium aryl bromide was used in a
synthesis of the A and B ring system of vancomycin[1552].
Stille, Sonogashira, and Suzuki couplings of arene tricar-
bonyl chromium complexes were reported[1553,1554],
using iodo-substituted ferrocene[1555], and ferrocenyl-
stannane[1556]. An asymmetric synthesis of a protected
ent-actinoidinic acid using a Suzuki coupling of a chiral
arene chromiumtricarbonyl was described[1557]. Reaction
of chloroarene tricarbonyl chromium with hexalkylditins
in the presence of palladium resulted in the transfer of one
of the alkyl groups[1558]. Ferrocenophanes were prepared
via a ruthenium catalyzed ring-closing metathesis[1559].

Arene tricarbonyl chromium complexes continued to be
extensively used as templates for organic reactions. Reac-
tions on functional groups attached to complexes of this type
include, radical reaction of pendant carbonyl groups[1560],
Michael additions[1561], ring-closing metathesis[1562],
Mannich reactions[1563], and stereoselective Diels–Alder
reactions[1564]. An arene tricarbonyl chromium complex
was used in the synthesis of 11-epi-helioporin B[1565].
Silylketene acetals reacted with arene tricarbonyl chromium
complexes to give lactones[1566].
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Reactions on the aromatic ring of arene tricarbonyl
chromium complexes were also described, for example,
enantioselective palladium-catalyzed methoxycarbonyla-
tion of 1,2-dichlorobenezene chromium tricarbonyl com-
plex [1567], aromatic nucleophilic substitution using an
alkoxide [1568], amines[1569], and phosphoryl-stabilized
carbanions [1570]. Clean ortho-functionalization of
4-t-butyl-benzylalcohols complexed to chromium tricar-
bonyl was reported[1571]. Sequential addition of a nucle-
ophile and an electrophile to enantiomerically pure arene
chromium tricarbonyl complexes to give chiral-substituted
cyclohexadienes was described[1572].

Arene chromium carbonyl complexes were used as
polymer-bound linkers[1573,1574]. The arene chromium
carbonyl moiety does not undergo intra- or intermolecular
cyclopropanations using carbenoids derived from diazacom-
pounds (Eq. (230)) [1575]. Propargylic cations adjacent to a
chromium tricarbonyl arene group underwent electrophilic
substitution reactions with nucleophiles affording products
with retention of configuration[1576]. Allenic thioethers
were obtained from related reactions with thiols[1577].

(230)

Tungsten-�-alkyne complexes were used to prepare in-
dolizidine and quinolizidine derivatives via intramolecular
cyclization withN-acyliminium ions (Eq. (231)) [1578]. For-
mal [3+3] and [3+2]cycloadditions of epoxide-substituted
tungsten-�-alkyne complexes leading to bicyclic pyranes
were reported (Eq. (232)) [1579,1580]. Enantioselective
synthesis of naturally occurring butanolides was accived
starting from tungsten-�-alkyne complexes[1581].

(231)

(232)

Intermolecular nucleophilic aromatic substitution of
ruthenium chloroarene complexes forming 2-tetralones was
reported [1582]. Aza crown ethers were used as nucle-
ophiles in related reactions[1583]. An intramolecular reac-
tion was used toward the BCDF ring system of ristocetin
A [1584]. Palladium catalyzed the alkoxycarbonylation of
a �5-1-chlorocyclohexadienyl manganese complex[1585].
Intramolecular [2+2+1]cycloaddition of oxygen-thetered
diynes using iron pentacarbonyl gave bicyclic iron tricar-
bonyl complexes[1586]. Palladium catalyzed the reaction
of zirconaindenes with allyl bromide to form naphthalenes
(Eq. (233)) [1587]. Carbonylation of titanacyclobutanes
complexes prepared by free radical alkylations produced
cyclobutanones[1588].

(233)

Alkynes complexed to dicobalt hexacarbonyl were used
as templates for organic synthesis. An interesting cycload-
dition of butyne-1,4-diethers complexed to cobalt with allyl
silanes forming seven-membered rings was described (Eq.
(234)) [1589]. An epoxide to pyrane conversion was used in
the synthesis of (−)-ichthyothereol[94]. Cobalt coordinated
propargylic acetals exhibited enhanced diastereoselectivity
in crotylation reactions compared to uncomplexed substrates
[1590]. Diastereoselective reactions of chiral propargylic ac-
etals were reported[1591]. Nicholas-type reactions[1592]
of cobalt alkyne complex stabilized cations were used in syn-
thesis toward ciguatoxins[1593,1594], and pseudopteropsin
G–J aglycon[1595]. Cations derived from bispropagylic al-
cohols complexed to dicobalt hexacarbonyl reacted to form
diethers[1596]. An intramolecular oxonium-ene type reac-
tion was described (Eq. (235)) [1597]. Ruthenium-catalyzed
ring-closing metathesis of a molecule containing a
hexacarbonyl dicobalt alkyne complex was reported
[1598].

(234)
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(235)

Iron tricarbonyl diene templates were used to prepare
11Z-9-demethyl-9-((3-indolyl)methyl)retinal[1599], and
in an asymmetric synthesis of halicholactone[1600]. In-
tramolecular coupling between iron tricarbonyl-1,3-cyclo-
hexadiene complexes and a pendant alkene produced
spirolactams stereospecifically (Eq. (236)) [1601]. Re-
lated reactions of pendant alkenes and arenes were re-
ported [1602]. An efficient synthesis of optically pure
tricarbonyl(methyl 6-oxo-2,4-hexadienoate)iron was de-
scribed[1603]. Regioselective deprotonation followed by
1,3-migration of phosphorous was observed for iron coor-
dinated 1,3-cyclohexadienes (Eq. (237)) [1604]. Stereospe-
cific 1,3-migration of the irontricarbonyl moiety on acyclic
conjugated polyenes were applied to remote and iterative
asymmetric induction[1605]. Removal of the iron tricar-
bonyl moiety and reduction of the diene to and alkane using
Raney nickel was used in the synthesis of (+)-[6]-gingerdiol
[1606]. Hydrogenation of tricarbonyl iron cycloheptatriene
complexes gave the corresponding diene complex[1607].
The 1-ethoxycarbonyl-2-methylpentadienyl iron tricarbonyl
cation was shown to react predominately at the C-5 carbon
[1608].

(236)

Diastereoselective synthesis of�-butyrolactones using
�3-allyl molybdenum complex was reported (Eq. (238))
[1609]. �3-Pyranylmolybdenum complexes were used as
chiral scaffolds for regio- and sterocontrolled [4+2]cycload-
ditions [1610], and in synthesis of 2,3,6-trisubstituted
piperidines[1611]. Iron and molybdenum�3-allyl molyb-
denum complexes were used in synthesis[1595]. Acyclic
1,3-diols were prepared from vinyl�3-allyl tungsten com-
plexes[1612].

(238)

The long-range regio- and steroinduction of nucleophilic
addition to vinyl-substituted cationic cyclohexadienyl iron
complexes was examined[1613]. An �5-iron pentadienyl
complex was used as a template for cyclopropane synthesis
(Eq. (239)) [1614]. �5-Iron pentadienyl cations reacted with
poor nucleophiles such as furan and allyl trimethylsilane
[1615].

(239)

Hydrozirconation of alkynes followed by addition of
iodine to produce vinyl iodides was used in the synthesis
of the macrocyclic core of ratjadone[87], callystatin A
[424], FR901464 analogs[187], apoptolidin [130,1127],
and apoptolidinone[1616]. Related palladium-catalyzed
hydrostannation-iodination of a terminal alkyne was use

in the synthesis of cyclamenol A[668]. Hydrozirconation
of a terminal alkyne followed by transmetallation to zinc
and reaction with an aldehyde was used in the synthesis
of (−)-ratjadone[1617]. Methylzirconation using trimethyl
aluminum and ZrCp2Cl2, followed by treatment with ac-
etaldehyde, gave an allylic alcohol[1618]. Reaction of
phosphonate-substituted zironacyclopropene with alkynes
furnished 1,3-butadienylphosphonates[1619].

Reaction of terminal alkynes with trimethylaluminum
and a catalytic amount of zirconocene dichloride, followed
by iodine to give trisubstituted vinyl iodides[1087], was
used in syntheses of concanamycin F[85], bafilomycin
A1 [110], the core of phomactin[35], ratjadone[87], and
bis-deoxylophotoxin[1620]. Methyl and ethylaluminations
followed by water quench was used in the synthesis of
(10R,11S)-(+)-juvenilehormones[1621].

Insertion of aldehydes into zirconacycle phosphonates af-
fords alkenylphosphonates[1622]. Intermediately formed
pentadienylzirconium compounds reacts with carbonyl com-
pounds to give 3-alkylated 1,4-dienes (Eq. (240)) [1623].
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(240)

5. Miscellaneous

Grubbs’ catalyst was shown to catalytically remove al-
lyl groups form amines[1624]. Aromatization of enam-
ines derived from cyclohexanone, 1,3-cyclohexandione, and

tetralones employing a stoichiometric amount of palla-
dium(II) salts was reported[1625]. A chiral cobalt catalyst
was developed for enantioselective carbonyl-ene reactions
[1626]. Tungsten mediated the annulation of�-acetylenic
silyl enol ethers (Eq. (241)) [1627].

(241)

Ruthenium catalyzed an interesting regioselective alky-
lation of ketones using trialkylamines (Eq. (242)) [1628].

Palladium-catalyzed coupling of alkenes, boronic acids, or
ketones with biphenylene afforded products derived from
C–C-bond cleavage (Eq. (243)) [1629]. A synthesis of
pumilotoxine C using molecular nitrogen as the nitrogen
source was reported (Eq. (244)) [1630]. Cycloproparenes
were reacted with a ruthenium carbene to give ruthenacy-
clopentenes that decompose to formo-xylylenes [1631].
Cyclic carbonates were derived from a domino reac-
tion of 4-methoxycarbonyloxy-2-butyn-1-ols with phenols
(Eq. (245)) [1632].

(242)

(243)

(244)

(245)

Zirconium-catalyzed addition of two electrophiles to
alkenes was described (Eq. (246)) [1633]. Vanadium-cataly-
zed additions of propargyl alcohols (Eq. (247)) [1634] and
allenic alcohols[1635] to aldehydes were developed. Iron
catalyzed the formation of aldol products from reaction of
allylic alcohols with aldehydes under irradiation (Eq. (248))
[1636], and related reactions using rhodium or ruthenium
were developed[1637].

(246)

(247)
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(248)

A titanium-mediated coupling of 1,4-diynes with al-
lylic electrophiles to give substituted cyclopentanes was
described[1638]. An oxidative insertion of an amine into
a carbon–hydrogen bond using rhodium catalysts and
PhI(OAc)2 was developed (Eq. (249)) [1639]. Cleavage
of an alkyne via hydroiminoacylation in the presence of
rhodium was described (Eq. (250)) [1640].

(249)

(250)

Ruthenium catalyzed a dimerization of propagylic alco-
hols to cyclobutenes (Eq. (251)) [1641]. Reaction of alkynes
with propagylic carbonates mediated by titanium gave, after
electrophilic quenching, cyclobutene derivatives (Eq. (252))
[1642]. Nickel catalyzed a three component coupling of
diphenylzinc with 1,3-dienes and an aldehyde to give un-
saturated alcohols (Eq. (253)) [1643]. Iridium catalyzed
a three component coupling of an aldehyde, an amine,
and an alkyne to give an allylimine (Eq. (254)) [1644].
An interesting palladium-catalyzed carboacetoxylation of
allene-substituted dienes was developed (Eq. (255)) [1645].
Rhodium (Eq. (256)) [1646], and nickel[1647] catalyzed
hydroarylations of alkynes using arylboronic acids.

(251)

(252)

(253)

(254)

(255)

(256)
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6. Reviews

The following reviews appeared in 2001:

• Metal mediated carbometallation of alkynes and alkenes
containing adjacent heteroatoms (52 references)[1648].

• Advances in the Heck chemistry of aryl bromides and
chlorides (114 references)[1649].

• Synthetic applications of the dearomatization agent pen-
taamineosmium(II) (66 references)[1650].

• Synthesis of cyclopropane containing natural products
(160 references)[1651].

• Polymer-supported catalysis in synthetic organic chem-
istry (81 references)[1652].

• 2-Furylphosphines as ligands for transition-metal-mediated
organic synthesis (177 references)[1653].

• Non-metathesis ruthenium-catalyzed C–C bond forma-
tion (171 references)[1654].

• TheB-alkyl Suzuki–Miyaura cross-coupling reaction: De-
velopment, mechanistic study, and applications in natural
product synthesis (101 references)[1655].

• The�-elimination route to stereodefined�-alkylidenebutenolides
(59 references)[1656].

• Ruthenium complex-catalyzed formation and cleavage of
carbon–carbon s-bonds. On the requirement of highly
qualified tuning of the reaction conditions (28 references)
[1657].

• Rhodium-catalyzed asymmetric 1,4-addition of organoboronic
acids and their derivatives to electron deficient olefins
(31 references)[1658].

• Macrocycle formation from catalytic metal carbene trans-
fer (28 references)[1659].

• Applications of stoichiometric transition metal complexes
in organic synthesis (93 references)[1660].

• Stereoselective propargylations with transition-metal-stabilized
propargyl cations (46 references)[1661].

• Catalytic asymmetric olefin metathesis (22 references)
[1662].

• Advances in the Pauson-Khand reaction: Development of
reactive cobalt complexes (22 references)[1663].
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Org. Lett. 3 (2001) 1897.
[322] T. Honda, H. Namiki, F. Satoh, Org. Lett. 3 (2001) 631.
[323] S. Lee, J.F. Hartwig, J. Org. Chem. 66 (2001) 3402.
[324] D.A. Culkin, J.F. Hartwig, J. Am. Chem. Soc. 123 (2001) 5816.
[325] W.A. Moradi, S.L. Buchwald, J. Am. Chem. Soc. 123 (2001) 7996.
[326] S. Lee, N.A. Beare, J.F. Hartwig, J. Am. Chem. Soc. 123 (2001)

8410.
[327] Y. Horino, M. Naito, M. Kimura, S. Tanaka, Y. Tamaru, Tetrahe-

dron Lett. 42 (2001) 3113.
[328] Y. Kondo, K. Inamoto, M. Uchiyama, T. Sakamoto, Chem. Com-

mun. 42 (2001) 2704.
[329] R. Correia, P. DeShong, J. Org. Chem. 66 (2001) 7159.
[330] A. Mori, M. Suguro, Synlett 66 (2001) 845.
[331] S.E. Denmark, Z. Wang, J. Organomet. Chem. 624 (2001) 372.
[332] K. Itami, T. Nokami, J.-i. Yoshida, J. Am. Chem. Soc. 123 (2001)

5600.
[333] F. Homsi, H. Kyoko, K. Nozaki, T. Hiyama, J. Organomet. Chem.

624 (2001) 208.
[334] U. Halbes, P. Bertus, P. Pale, Tetrahedron Lett. 42 (2001) 8641.
[335] B.M. Trost, Z.T. Ball, J. Am. Chem. Soc. 123 (2001) 12726.
[336] M. Murata, R. Shimazaki, S. Watanabe, Y. Masuda, Synthesis 123

(2001) 2231.
[337] S. Chang, S.H. Yang, P.H. Lee, Tetrahedron Lett. 42 (2001) 4833.
[338] T. Hanamoto, T. Kobayashi, M. Kondo, Synlett 42 (2001) 281.
[339] S.E. Denmark, R.F. Sweis, J. Am. Chem. Soc. 123 (2001) 6439.
[340] S.E. Denmark, W. Pan, Org. Lett. 3 (2001) 61.
[341] S.E. Denmark, S.-M. Yang, Org. Lett. 3 (2001) 1749.
[342] S.E. Denmark, Z. Wang, Org. Lett. 3 (2001) 1073.

[343] J.A. Marshall, H.R. Chobanian, M.M. Yanik, Org. Lett. 3 (2001)
4107.

[344] P. Bertus, U. Halbes, P. Pale, Eur. J. Org. Chem. 3 (2001) 4391.
[345] G. Zeni, R.B. Panatieri, E. Lissner, P.H. Menezes, A.L. Braga,

H.A. Stefani, Org. Lett. 3 (2001) 819.
[346] G. Zeni, P.H. Menendez, A.V. Moro, A.L. Braga, C.C. Silvera,

H.A. Stefani, Synlett 3 (2001) 1473.
[347] S.-K. Kang, S.-W. Lee, M.-S. Kim, H.-S. Kwon, Synth. Commun.

31 (2001) 1721.
[348] I. Perez, J.P. Sestelo, L.A. Sarandeses, J. Am. Chem. Soc. 123

(2001) 4155.
[349] K. Takami, H. Yorimitsu, H. Shinokubo, S. Matsubara, K. Oshima,

Org. Lett. 3 (2001) 1997.
[350] P.H. Lee, S.-y. Sung, K. Lee, Org. Lett. 3 (2001) 3201.
[351] R. Baati, D.K. Barma, J.R. Falck, C. Mioskowski, J. Am. Chem.

Soc. 123 (2001) 9196.
[352] M.L.N. Rao, O. Yamazaki, S. Shimada, T. Tanaka, Y. Suzuki, M.

Tanaka, Org. Lett. 3 (2001) 4103.
[353] S.-K. Kang, H.-C. Ryu, Y.-T. Hong, M.-S. Kim, S.-W. Lee, J.-H.

Jung, Synth. Commun. 31 (2001) 2365.
[354] S.-K. Kang, H.-C. Ryu, J.-W. Kim, Synth. Commun. 31 (2001)

1021.
[355] S.-K. Kang, H.-C. Ryu, S.-W. Lee, Synth. Commun. 31 (2001)

1027.
[356] D. Craig, V. Guerro de la Rosa, Synlett 31 (2001) 761.
[357] A. Barbero, C. Garcia, F.J. Pulido, Synlett 31 (2001) 824.
[358] S.-K. Kang, H.-C. Ryu, Y.-T. Hong, Perkin 1 31 (2001) 736.
[359] D. Gelman, G. Höhne, H. Schumann, J. Blum, Synthesis 31 (2001)

591.
[360] S. Dillinger, P. Bertus, P. Pale, Org. Lett. 3 (2001) 1661.
[361] T. Takada, H. Sakurai, T. Hirao, J. Org. Chem. 66 (2001) 300.
[362] H. Tanaka, J. Zhao, H. Kumase, J. Org. Chem. 66 (2001) 570.
[363] J.-G. Boiteau, P. van de Weghe, J. Eustache, Org. Lett. 3 (2001)

2737.
[364] S. Huo, E.-i. Negishi, Org. Lett. 3 (2001) 3253.
[365] J. Li, S. Jeong, L. Esser, P.G. Harran, Angew. Chem. Int. Ed. 40

(2001) 4765.
[366] T. Rosner, J. Le Bars, A. Pfalz, D.G. Blackmond, J. Am. Chem.

Soc. 123 (2001) 1848.
[367] V.P.W. Böhm, W.A. Herrmann, Chem. Eur. J. 123 (2001) 4191.
[368] R.R. Deshmukh, R. Rajogopal, K.V. Srinivasan, Chem. Commun.

123 (2001) 1544.
[369] I.P. Beletskaya, A.N. Kashin, N.B. Karlstedt, A.V. Mitin, A.V.

Cheprakov, G.M. Kazankov, J. Organomet. Chem. 621 (2001) 89.
[370] Y. Wu, J. Hou, H. Yun, X. Cui, R. Yan, J. Organomet. Chem.

637–639 (2001) 793.
[371] M. Feuerstein, H. Doucet, M. Santelli, J. Org. Chem. 66 (2001)

5923.
[372] L. Djakovitch, K. Koehler, J. Am. Chem. Soc. 123 (2001) 5990.
[373] D.E. Bergbreiter, P.L. Osburn, J.D. Frels, J. Am. Chem. Soc. 123

(2001) 11105.
[374] J.P. Stambuli, S.R. Stauffer, K.H. Shaughnessy, J.F. Hartwig, J.

Am. Chem. Soc. 123 (2001) 2677.
[375] A.F. Littke, G.C. Fu, J. Am. Chem. Soc. 123 (2001) 6989.
[376] A. Zapf, M. Beller, Chem. Eur. J. 123 (2001) 2908.
[377] C. Yang, H.M. Lee, S.P. Nolan, Org. Lett. 3 (2001) 1511.
[378] E. Peris, J.A. Loch, J. Mata, R.H. Crabtree, Chem. Commun. 3

(2001) 201.
[379] C. Yang, S.P. Nolan, Synlett 3 (2001) 1539.
[380] A.S. Gruber, D. Pozebon, A.L. Monteiro, J. Dupont, Tetrahedron

Lett. 42 (2001) 7345.
[381] D. Nair, J.T. Scarpello, L.S. White, L.M. Freitas dos Santos, I.F.J.

Vaankelecom, A.G. Livingston, Tetrahedron Lett. 42 (2001) 8219.
[382] K.S.A. Vallin, M. Larhed, A. Hallberg, J. Org. Chem. 66 (2001)

4340.
[383] L.U. Gron, J.E. LaCroix, C.J. Higgins, K.L. Steelman, A.S. Tinsley,

Tetrahedron Lett. 42 (2001) 8555.



130 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[384] H. Zhao, M.-Z. Cai, R.-H. Hu, C.-S. Song, Synth. Commun. 31
(2001) 3665.

[385] D.B.G. Williams, H. Lombard, C.W. Holzapfel, Synth. Commun.
31 (2001) 2077.

[386] N. Shezad, A.A. Clifford, C.M. Rayner, Tetrahedron Lett. 42
(2001) 323.

[387] B. Estrine, F. Henin, J. Muzart, J. Organomet. Chem. 634 (2001)
153.

[388] T.R. Early, R.S. Gordon, M.A. Carroll, A.B. Holmes, R.E. Shute,
I.F. McConvey, Chem. Commun. 634 (2001) 1966.

[389] L.K. Yung, C.T. Lee, K.P. Johnson, R.M. Crooks, Chem. Commun.
634 (2001) 2290.

[390] L. Xu, W. Chen, J. Ross, J. Xiao, Org. Lett. 3 (2001) 295.
[391] V. Calo, A. Nacci, A. Monopoli, L. Lopez, A. di Cosmo, Tetra-

hedron 57 (2001) 6071.
[392] V. Calo, A. Nacci, L. Lopez, A. Napola, Tetrahedron Lett. 42

(2001) 4701.
[393] H. Hagiwara, Y. Shimizu, T. Hoshi, T. Suzuki, M. Ando, K.

Ohkubo, C. Yokoyama, Tetrahedron Lett. 42 (2001) 4349.
[394] S. Ma, S. Zhao, J. Am. Chem. Soc. 123 (2001) 5578.
[395] F. Babudri, G.M. Farinola, L.C. Lopez, M.G. Martinelli, F. Naso,

J. Org. Chem. 66 (2001) 3878.
[396] S. Sengupta, S. Bhattacharyya, Tetrahedron Lett. 42 (2001) 2035.
[397] S. Darses, M. Pucheault, J.-P. Genet, Eur. J. Org. Chem. 42 (2001)

1121.
[398] I.M. Lyapkalo, M. Webel, H.-U. Ressig, Synlett 42 (2001) 1293.
[399] I.M. Lyapkalo, M. Webel, H.-U. Reißig, Eur. J. Org. Chem. 42

(2001) 4189.
[400] I. Alonso, J.C. Carretero, J. Org. Chem. 66 (2001) 4453.
[401] J. Wu, J.-F. Marcoux, I.W. Davies, P.J. Reider, Tetrahedron Lett.

42 (2001) 159.
[402] K. Itami, T. Nokami, Y. Ishimura, K. Mitsudo, T. Kamei, J.-i.

Yoshida, J. Am. Chem. Soc. 123 (2001) 11577.
[403] B. Sauvagnat, F. Lamaty, R. Lazaro, J. Martinez, Tetrahedron 57

(2001) 9711.
[404] M. Lautens, A. Roy, K. Fukuoka, K. Fagnou, B. Martin-Matute,

J. Am. Chem. Soc. 123 (2001) 5358.
[405] X. Du, M. Suguro, K. Hirabayashi, A. Mori, T. Nishikata, N.

Hagiwara, K. Kawata, T. Okeda, H.F. Wang, K. Fugami, M.
Kosugi, Org. Lett. 3 (2001) 3313.

[406] I. Gallou-Dagommer, P. Gastaud, T.V. RajanBabu, Org. Lett. 3
(2001) 2053.

[407] P.-W. Phuan, M.C. Kozlowski, Tetrahedron Lett. 42 (2001) 3963.
[408] J. Cruces, J.C. Estevez, L. Castedo, R.J. Estevez, Tetrahedron Lett.

42 (2001) 4825.
[409] L.F. Tietze, G. Nordmann, Synlett 42 (2001) 337.
[410] K. Olofsson, H. Salin, M. Larhed, A. Hallberg, J. Org. Chem. 66

(2001) 544.
[411] R.U. Braun, K. Zeitler, T.J.J. Müller, Org. Lett. 3 (2002) 3297.
[412] P. Nilsson, M. Larhed, A. Hallberg, J. Am. Chem. Soc. 123 (2001)

8217.
[413] N. Nüske, M. Noltemayer, A. de Meijere, Angew. Chem. Int. Ed.

40 (2001) 3411.
[414] S. Katayama, N. Ae, R. Nagata, J. Org. Chem. 66 (2001) 3474.
[415] N.G. Kundu, B. Nandi, J. Org. Chem. 66 (2001) 4563.
[416] Z.J. Song, M. Zhao, L. Frey, J. Li, L. Tan, C.Y. Chen, D.M.

Tschaen, R. Tillyer, E.J.J. Grabowski, R. Volante, P.J. Reider, Org.
Lett. 3 (2001) 3357.

[417] S. Dey, T.L. Sheppard, Org. Lett. 3 (2001) 3983.
[418] A. Häberli, C.J. Leumann, Org. Lett. 3 (2001) 489.
[419] R.A. Aungst, R.L. Funk, J. Am. Chem. Soc. 123 (2001) 9455.
[420] S. Routier, G. Coudert, J.-Y. Merour, Tetrahedron Lett. 42 (2001)

7025.
[421] J.P. Michael, C.B. de Koning, R.L. Petersen, T.V. Stanbury, Tetra-

hedron Lett. 42 (2001) 7513.
[422] M. Eggen, S.K. Nair, G.I. George, Org. Lett. 3 (2001) 1813.

[423] M. Inoue, H. Furuyama, H. Sakazaki, M. Hirama, Org. Lett. 3
(2001) 2863.

[424] M. Kalesse, M. Quitschalle, C.P. Khandavalli, A. Saeed, Org. Lett.
3 (2001) 3107.

[425] K.L. Lee, J.B. Goh, S.F. Martin, Tetrahedron Lett. 42 (2001) 1635.
[426] S.P. Waters, M.C. Kozlowski, Tetrahedron Lett. 42 (2001) 3567.
[427] H. Uchiro, K. Nagasawa, Y. Aiba, T. Kotake, D. Hasegawa, S.

Kobayashi, Tetrahedron Lett. 42 (2001) 4531.
[428] K. Kiewel, M. Tallant, G.A. Sullikowski, Tetrahedron Lett. 42

(2001) 6621.
[429] M.W. Carson, G. Kim, M.F. Henteman, D. Trauner, S.J. Danishef-

sky, Angew. Chem. Int. Ed. 40 (2001) 4450.
[430] S.Y.W. Lau, N.G. Andersen, B.A. Keay, Org. Lett. 3 (2001) 181.
[431] A. Garcia, D. Rodriguez, L. Castedo, C. Saa, D. Dominguez,

Tetrahedron Lett. 42 (2001) 1903.
[432] Z. Marcinow, A. Sygula, A. Ellern, P.W. Rabideau, Org. Lett. 3

(2001) 3527.
[433] M.S. McClure, B. Glover, E. McSorley, A. Millar, M.H. Ostenhout,

F. Roschagar, Org. Lett. 3 (2001) 1677.
[434] G. Bringmann, S. Tasler, H. Endress, J. Mühlbacher, Chem. Com-

mun. 3 (2001) 761.
[435] T. Harayama, H. Akamatsu, K. Okamura, T. Akiyama, H. Abe,

Y. Takeuchi, Perkin 1 3 (2001) 523.
[436] C. Morice, M. Domostoj, K. Briner, A. Mann, J. Suffert, C.-G.

Wermuth, Tetrahedron Lett. 42 (2001) 6499.
[437] L.F. Tietze, W.-R. Krahnert, Synlett 42 (2001) 560.
[438] L. Chacun-Lefevre, B. Joseph, J.-Y. Merour, Synlett 42 (2001)

848.
[439] A. Padwa, M.A. Brodney, S.M. Lynch, J. Org. Chem. 66 (2001)

1716.
[440] H. Hiyamizu, H. Ooi, Y. Inomoto, T. Esumi, Y. Iwabuchi, S.

Hatekeyama, Org. Lett. 3 (2001) 473.
[441] D.L. Commins, J.M. Nolan, Org. Lett. 3 (2001) 4255.
[442] Y. Fukuyama, K. Matsumoto, Y. Tonoi, R. Yokoyama, H. Taka-

hashi, H. Minami, H. Okazaki, Y. Mitsumoto, Tetrahedron 57
(2001) 7127.

[443] M. Mori, M. Nakanishi, D. Kajishima, Y. Sato, Org. Lett. 3 (2001)
1913.

[444] Y. Fukuyama, H. Yuasa, Y. Tonoi, K. Harada, M. Wada, Y.
Asakawa, T. Hashimoto, Tetrahedron 57 (2001) 9299.

[445] H. Mizufune, M. Nakamura, H. Mitsudera, Tetrahedron Lett. 42
(2001) 437.

[446] S.A. Giacobbe, R. Di Fabbio, Tetrahedron Lett. 42 (2001) 2027.
[447] G. Hira, H. Oguri, S.M. Moharram, K. Koyama, M. Hirama,

Tetrahedron Lett. 42 (2001) 5783.
[448] C. Guillou, J.-L. Beunard, E. Gras, C. Thal, Angew. Chem. Int.

Ed. 40 (2001) 4745.
[449] S.J. O’Connor, L.E. Overman, P.V. Rucker, Synlett 40 (2001) 1009.
[450] L.F. Tietze, S. Petersen, Eur. J. Org. Chem. 40 (2001) 1619.
[451] K. Akaji, K. Teruya, M. Akaji, S. Akimoto, Tetrahedron 57 (2001)

2293.
[452] A. Mayasundari, D.G.J. Young, Tetrahedron Lett. 42 (2001) 203.
[453] H. Sakagami, K. Ogasawara, Heterocycles 54 (2001) 43.
[454] Y. Lee, Y. Fujiwara, K. Ujita, M. Nagatomo, H. Ohta, I. Shimizu,

Bull. Chem. Soc. Jpn 74 (2001) 1437.
[455] S.R. Gilbertson, Z. Fu, Org. Lett. 3 (2001) 161.
[456] S.R. Gilbertson, D. Xie, Z. Fu, J. Org. Chem. 66 (2001) 7240.
[457] A.V. Malkov, M. Bella, I.G. Stara, P. Kocovsky, Tetrahedron Lett.

42 (2001) 3045.
[458] G.H. Bernardinelli, E.P. Kündig, P. Meier, A. Pfaltz, K. Radkowski,

N. Zimmermann, M. Neuburger-Zehnder, Helv. Chim. Acta 84
(2001) 3233.

[459] N.G. Andersen, R. McDonald, B.A. Keay, Tetrahedron Asymm.
12 (2001) 263.

[460] S.R. Gilbertson, Z. Fu, D. Xie, Tetrahedron Lett. 42 (2001) 365.
[461] N.D. Buezo, J.C. de la Rosa, J. Priego, I. Alonso, J.C. Carretero,

Chem. Eur. J. 42 (2001) 3890.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 131

[462] K. Lee, J.K. Cha, J. Am. Chem. Soc. 123 (2001) 5590.
[463] L.E. Brieaddy, S.W. Mascarella, H.A. Navarro, R.N. Atkinson,

M.I. Damaj, B.R. Maartin, F.I. Carroll, Tetrahedron Lett. 42 (2001)
3795.

[464] D.J. Wallace, J.M. Goodman, D.J. Kennedy, A.J. Davies, C.J.
Cowden, M.S. Ashwood, I.F. Cottrell, U.-H. Dolling, P.J. Reider,
Org. Lett. 3 (2001) 671.

[465] X.-Y. Wu, H.-D. Xu, F.-Y. Tang, Q.-L. Zhou, Tetrahedron Asymm.
12 (2001) 2565.

[466] C. Pays, P. Mangeheny, Tetrahedron Lett. 42 (2001) 589.
[467] G. Hilt, F.-X. du Mesnil, S. Lüers, Angew. Chem. Int. Ed. 40

(2001) 387.
[468] C.S. Yi, Z. He, D.W. Lee, Organometallics 20 (2001) 802.
[469] R. Grigg, N. Kongathip, B. Kongathip, S. Luangkamin, H.A.

Dondas, Tetrahedron 57 (2001) 9187.
[470] G.A. Moniz, J.L. Wood, J. Am. Chem. Soc. 123 (2001) 5095.
[471] N.P. Karche, S.M. Jachak, D.D. Dhavale, J. Org. Chem. 66 (2001)

6323.
[472] S. Kitagaki, Y. Yanamoto, H. Tsutsui, M. Anada, M. Nakajima,

S. Hashimoto, Tetrahedron Lett. 42 (2001) 6361.
[473] S. Kitagaki, Y. Yanamoto, H. Okubo, M. Nakajima, S. Hashimoto,

Heterocycles 54 (2001) 623.
[474] D.M. Hodgson, M. Petroliagi, Tetrahedron Asymm. 12 (2001) 877.
[475] J.P. Snyder, A. Padwa, T. Stengel, J. Am. Chem. Soc. 123 (2001)

11318.
[476] W. Dayoub, Y. Diab, A. Doutheau, Tetrahedron Lett. 42 (2001)

8455.
[477] R. Prabharasuth, D.L. Van Vranken, J. Org. Chem. 66 (2001) 5256.
[478] I. Drutu, E.S. Krygowski, J.L. Wood, J. Org. Chem. 66 (2001)

7025.
[479] K. Tamaki, B. Shotwell, R.D. White, I. Drutu, D.T. Petsch, T.V.

Nheu, H. He, Y. Hirokawa, H. Maruta, J.L. Woods, Org. Lett. 3
(2001) 1689.

[480] N. Jiang, Z. Qu, J. Wang, Org. Lett. 3 (2001) 2989.
[481] F.P. Marmsäter, F.G. West, J. Am. Chem. Soc. 123 (2001) 5144.
[482] J.S. Clark, P.B. Hodgson, M.D. Goldsmith, L.J. Street, Perkin 1

123 (2001) 3312.
[483] J.S. Clark, P.B. Hodgson, M.D. Goldsmith, A.J. Blake, P.A. Cooke,

L.J. Street, Perkin 1 123 (2001) 3325.
[484] E.L. Dias, M. Brookhart, P.S. White, J. Am. Chem. Soc. 123

(2001) 2442.
[485] M.M.-C. Lo, G.C. Fu, Tetrahedron 57 (2001) 2621.
[486] N. Kiang, J. Wang, A.S.C. Chan, Tetrahedron Lett. 42 (2001) 8511.
[487] P.S. Aburel, C. Romming, K. Undheim, Perkin 1 42 (2001) 1024.
[488] T.F. Taber, S.C. Malcom, J. Org. Chem. 66 (2001) 944.
[489] A. Srikrishna, S.J. Gharpure, J. Org. Chem. 66 (2001) 4379.
[490] R.C.D. Brown, C.J.R. Bataille, J.D. Hinks, Tetrahedron Lett. 42

(2001) 473.
[491] R.C.D. Brown, C.J.R. Bataille, G. Bruton, J.D. Hinks, N.A. Swain,

J. Org. Chem. 66 (2001) 6719.
[492] A.G.H. Wee, J. Org. Chem. 66 (2001) 8513.
[493] A.G.H. Wee, Q. Yu, J. Org. Chem. 66 (2001) 8935.
[494] D.J. Waardrop, A.I. Velter, R.E. Forslund, Org. Lett. 3 (2001)

2261.
[495] A. Srikrishna, P.R. Kumar, S.J. Gharpure, Tetrahedron Lett. 42

(2001) 3929.
[496] H.J. Monteiro, H.A. Stefani, Eur. J. Org. Chem. 42 (2001) 2659.
[497] C.H. Yoon, M.J. Zaworotko, B. Moulton, K.W. Jung, Org. Lett. 3

(2001) 3539.
[498] H.M.L. Davies, C. Venkataramani, Org. Lett. 3 (2001) 1773.
[499] H.M.L. Davies, P. Ren, Q. Jin, Org. Lett. 3 (2001) 3587.
[500] F. Estevan, K. Herbst, P. Lahuerta, M. Barberis, Perez-Prieto,

Organometallics 20 (2001) 950.
[501] T. Takahashi, H. Tsutsui, M. Tamura, S. Kitagaki, M. Nakajima,

S. Hashimoto, Chem. Commun. 20 (2001) 1604.
[502] F. Sarabia, F.J. Lopez-Herrera, Tetrahedron Lett. 42 (2001) 8805.
[503] M.P. Doyle, S.B. Davies, E.J. May, J. Org. Chem. 66 (2001) 8112.

[504] M.P. Doyle, E.J. May, Synlett 66 (2001) 967.
[505] M.E. Jung, F. Slowinski, Tetrahedron Lett. 42 (2001) 6835.
[506] H.M.L. Davies, P. Ren, Tetrahedron Lett. 42 (2001) 3149.
[507] M. Yang, X. Wang, H. Li, P. Livant, J. Org. Chem. 66 (2001) 6729.
[508] B. Clapham, C. Spanka, K.D. Janda, Org. Lett. 3 (2001) 2173.
[509] H.M.L. Davies, M.V.A. Grazini, E. Aouad, Org. Lett. 3 (2001)

1475.
[510] K. Jones, T. Toutounji, Tetrahedron 57 (2001) 2427.
[511] F. Sarabia, S. Chammaa, F.J. Lopez Herrera, Tetrahedron 57 (2001)

10271.
[512] K.L. Greenman, D.S. Carter, D.L. Van Vranken, Tetrahedron 57

(2001) 5219.
[513] S. Muthusamy, S.A. Babu, C. Gunanathan, E. Suresh, P. Dastidar,

Synlett 57 (2001) 1407.
[514] A. Padwa, L.S. Beall, C.K. Eidell, K.J. Worsencroft, J. Org. Chem.

66 (2001) 2414.
[515] M. Hamaguchi, H. Matsubara, T. Nagai, J. Org. Chem. 66 (2001)

5395.
[516] P. Chiu, B. Chen, K.F. Cheng, Org. Lett. 3 (2001) 1721.
[517] S. Muthusamy, C. Gunanathan, S.A. Babu, Tetrahedron Lett. 42

(2001) 523.
[518] T. Johnson, D.R. Cheshire, M.J. Stocks, V.T. Thurston, Synlett 42

(2001) 646.
[519] S. Muthusamy, S.A. Babu, C. Gunanathan, E. Suresh, P. Dastidar,

R.V. Jasra, Tetrahedron 57 (2001) 7009.
[520] V. Nair, K.C. Sheela, D. Sethumadhavan, S. Bindu, N.P. Rath,

G.K. Eigendorf, Synlett 57 (2001) 272.
[521] Y. Wang, S. Zhu, G. Zhu, Q. Huang, Tetrahedron 57 (2001) 7337.
[522] A.R. Kennedy, M.H. Taday, J.D. Rainer, Org. Lett. 3 (2001) 2407.
[523] M.P. Doyle, W. Hu, D.J. Timmons, Org. Lett. 3 (2001) 3741.
[524] H.M.L. Davies, B. Xiang, N. Kong, D.G. Stafford, J. Am. Chem.

Soc. 123 (2001) 7461.
[525] V.T. Myllimäki, M.K. Lindvall, A.M.P. Koskinen, Tetrahedron 57

(2001) 4629.
[526] V.K. Aggarwal, E. Alonso, G. Hynd, K.M. Lydon, M.J. Palmer, M.

Porcelloni, J.R. Studley, Angew. Chem. Int. Ed. 40 (2001) 1430.
[527] M.P. Doyle, W. Hu, D.J. Timmons, Org. Lett. 3 (2001) 933.
[528] H.M.L. Davies, J. Demese, Tetrahedron Lett. 42 (2001) 6803.
[529] S.R. Angle, S.Z. Shaw, Tetrahedron 57 (2001) 5227.
[530] S.R. Angle, K. Chann, Tetrahedron Lett. 42 (2001) 1819.
[531] S.-H. Lee, J. Yang, T.-D. Han, Tetrahedron Lett. 42 (2001) 3487.
[532] F. Liu, D.J. Austin, Org. Lett. 3 (2001) 2273.
[533] Y. Wang, S. Zh, Tetrahedron 57 (2001) 3383.
[534] V. Nair, C.R.R. Dhanya, A.U. Vinod, Tetrahedron Lett. 42 (2001)

2045.
[535] H. Suga, A. Kakehi, S. Ito, K. Inoue, H. Ishida, T. Ibata, Bull.

Chem. Soc. Jpn 74 (2001) 1115.
[536] J.S. Clark, A.L. Bate, T. Grinter, Chem. Commun. 74 (2001) 459.
[537] Y. Sawada, T. Mori, A. Oku, Chem. Commun. 74 (2001) 1086.
[538] J.L. Woods, B.D. Thompson, N. Yasuff, D.A. Pflum, M.S.P.

Matthäus, J. Am. Chem. Soc. 123 (2001) 2097.
[539] S. Tollari, G. Paalmisani, S. Cenini, G. Cravotto, G.B. Giovenzana,

Synthesis 123 (2001) 735.
[540] P.C. Shieh, C.W. Ong, Tetrahedron 57 (2001) 7303.
[541] Y.R. Lee, D.H. Kim, Tetrahedron Lett. 42 (2001) 6561.
[542] Y.-L. Lin, E. Turos, J. Org. Chem. 66 (2001) 8751.
[543] R. Moreira, M. Havranek, D. Sames, J. Am. Chem. Soc. 123

(2001) 3927.
[544] S. Dakoji, D. Li, G. Agnihotri, H.-q. Zhou, H.-w. Liu, J. Am.

Chem. Soc. 123 (2001) 9749.
[545] F.-X. Felpin, E. Doris, A. Wagner, A. Valleix, B. Rousseau, C.

Mioskowski, J. Org. Chem. 66 (2001) 305.
[546] T. Uchida, B. Saha, T. Katsuki, Tetrahedron Lett. 42 (2001) 2521.
[547] M.M. Diaz-Requejo, T.R. Belderrain, S. Trofimenko, P.J. Perez,

J. Am. Chem. Soc. 123 (2001) 3167.
[548] V.K. Aggarwal, E. Alonso, G. Fang, M. Ferrara, G. Hynd, M.

Porcelloni, Angew. Chem. Int. Ed. 40 (2001) 1433.



132 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[549] T. Nagashima, H.M.L. Davies, J. Am. Chem. Soc. 123 (2001)
2695.

[550] J.M. Fraile, J.I. Garcia, C.I. Herrerias, J.A. Mayoral, D. Carrie,
M. Vaultier, Tetrahedron Asymm. 12 (2001) 1891.

[551] S. Iwasa, F. Takezawa, Y. Tuchiya, H. Nishiyama, Chem. Commun.
12 (2001) 59.

[552] R. Annunziata, M. Benaglia, M. Cinquini, F. Cozzi, M. Pitillo, J.
Org. Chem. 66 (2001) 3160.

[553] R.J. Clarke, I.J. Shannon, Chem. Commun. 66 (2001) 1936.
[554] C.-M. Che, J.-S. Huang, F.-W. Lee, Y. Li, T.-S. Lai, H.-L. Kwong,

P.-F. Teng, W.-S. Lee, W.-C. Lo, S.-M. Peng, Z.-Y. Zhou, J. Am.
Chem. Soc. 123 (2001) 4119.

[555] S. Bachmann, A. Mezzetti, Helv. Chim. Acta 84 (2001) 3063.
[556] I.J. Munslow, K.M. Gillespie, R.J. Deeth, P. Scott, Chem. Com-

mun. 84 (2001) 1638.
[557] B. Saha, T. Uchida, T. Katsuki, Synlett 84 (2001) 114.
[558] H.M.L. Davies, R.J. Townsend, J. Org. Chem. 66 (2001) 6595.
[559] Z. Zheng, X. Yao, C. Li, H. Chen, X. Hu, Tetrahedron Lett. 42

(2001) 2847.
[560] M. Barberis, P. Lahuerta, J. Perez-Prieto, M. Sanau, Chem. Com-

mun. 42 (2001) 439.
[561] T. Ikeno, M. Sato, H. Sekino, A. Nishizuka, T. Yamada, Bull.

Chem. Soc. Jpn 74 (2001) 2139.
[562] T. Ikeno, A. Nishida, M. Sato, T. Yamada, Synlett 74 (2001) 406.
[563] C. Böhm, O. Reiser, Org. Lett. 3 (2001) 1315.
[564] S.I. Kozhushkov, R.R. Kosikov, A.P. Molchanov, R. Boese, J.

Benet-Buchholz, P.R. Schreiner, C. Rinderspacher, I. Ghiviriga, A.
de Meijere, Angew. Chem. Int. Ed. 40 (2001) 180.

[565] C. Rodriguez-Garcia, J. Ibarzo, A. Alverez-Larena, V. Branchadell,
A. Olivaa, R.M. Ortuna, Tetrahedron 57 (2001) 1025.

[566] D. Ma, W. Zhu, J. Org. Chem. 66 (2001) 348.
[567] M. Yang, T.R. Webb, P. Livant, J. Org. Chem. 66 (2001) 4945.
[568] A. Bogdanova, V.V. Popik, Org. Lett. 3 (2001) 1885.
[569] V.K. Aggarawal, J. de Vincent, R.V. Bonnert, Org. Lett. 3 (2001)

2785.
[570] Y. Li, J.-S. Huang, Z.-Y. Zhou, C.-M. Che, J. Am. Chem. Soc.

123 (2001) 4843.
[571] A.G.M. Barrett, D.C. Braddock, I. Lenoir, H. Tone, J. Org. Chem.

66 (2001) 8260.
[572] P. Müller, C. Bolea, Helv. Chim. Acta 84 (2001) 1093.
[573] G. Georgakopoulou, C. Kalogiros, L.P. Hajiarapoglou, Synlett 84

(2001) 1843.
[574] M. Yu, V. Lynch, B.L. Pagenkopf, Org. Lett. 3 (2001) 2563.
[575] M.P. Doyle, I.M. Phillips, Tetrahedron Lett. 42 (2001) 3155.
[576] M. Barberis, J. Perez-Prieto, S.-E. Stiriba, P. Lahuerta, Org. Lett.

3 (2001) 3317.
[577] D.F. Taber, Q. Jing, J. Org. Chem. 66 (2001) 1876.
[578] A. Srikrishna, J. Reddy, Perkin 1 66 (2001) 2040.
[579] Y. Takekawa, K. Shishido, J. Org. Chem. 66 (2001) 8490.
[580] A. Srikrishna, K. Anebouselvy, J. Org. Chem. 66 (2001) 7102.
[581] A. Abad, C. Agullo, A.C. Cunat, I. Navarro, Tetrahedron Lett. 42

(2001) 8965.
[582] T.A. Kirkland, J. Colucci, L.S. Geraci, M.A. Marx, M. Schneider,

D.E. Kaelin, S.F. Martin, J. Am. Chem. Soc. 123 (2001) 12432.
[583] A.R. Maguire, P. O’Leary, F. Harrington, S.E. Lawrence, A.J.

Blake, J. Org. Chem. 66 (2001) 7166.
[584] T. Sugimura, K. Hagiya, Y. Sato, T. Tei, A. Tai, T. Okuyama, Org.

Lett. 3 (2001) 37.
[585] Y. Baba, G. Saha, S. Nakao, C. Iwata, T. Tanaka, T. Ibuka, H.

Ohishi, Y. Takemoto, J. Org. Chem. 66 (2001) 81.
[586] I. Paterson, R.D.M. Davies, R. Marquez, Angew. Chem. Int. Ed.

40 (2001) 603.
[587] H. Nagata, N. Miyazawa, K. Ogasawara, Org. Lett. 3 (2001) 1737.
[588] D. Cheng, T. Kreethadumrongdat, T. Cohen, Org. Lett. 3 (2001)

2121.
[589] J. Desire, P.J. Dronsfield, P.M. Gore, M. Shipman, Synlett 3 (2001)

1329.

[590] C. Liu, G. Bao, D.J. Burnell, Perkin 1 3 (2001) 2644.
[591] T. Tei, T. Sugimura, T. Katagira, A. Tai, T. Okuyama, Tetrahedron

Asymm. 12 (2001) 2727.
[592] G.W. Wijsman, G.A. Iglesias, M.C. Beekman, W.H. de Wolf, F.

Bickelhaupt, H. Kooijman, A.L. Speck, J. Org. Chem. 66 (2001)
1216.

[593] A.B. Charette, C. Molinaro, C. Brochu, J. Am. Chem. Soc. 123
(2001) 12160.

[594] A.B. Charette, A. Beauchemin, S. Francoeur, J. Am. Chem. Soc.
123 (2001) 8139.

[595] A.K. Gosh, C. Liu, Org. Lett. 3 (2001) 635.
[596] K.C. Nicolaou, K. Namoto, A. Ritzen, T. Ulven, M. Shoji, G.

D’Amico, D. Liotta, C.T. French, M. Wartmann, K.-H. Altmann,
P. Giannakakou, J. Am. Chem. Soc. 123 (2001) 9313.

[597] J.-F. Briere, R.H. Blaauw, J.C.J. Benningshof, A.E. vaan Ginkel,
J.H. van Maarseveen, H. Hiemstra, Eur. J. Org. Chem. 123 (2001)
2371.

[598] A.B. Charette, E. Jolicoeur, G.A.S. Bydlinski, Org. Lett. 3 (2002)
3293.

[599] A.B. Charette, C. Molinaro, C. Brochu, J. Am. Chem. Soc. 123
(2001) 12168.

[600] J.C. Lee, M.J. Sung, J.K. Cha, Tetrahedron Lett. 42 (2001) 2059.
[601] S.-H. Kim, S.Y. Cho, J.K. Cha, Tetrahedron Lett. 42 (2001) 8769.
[602] S.Y. Cho, H.I. Lee, J.K. Cha, Org. Lett. 3 (2001) 2891.
[603] J.-H. Youn, J. Lee, J.K. Cha, Org. Lett. 3 (2001) 2935.
[604] I. Sylvestre, J. Olliver, J. Salaün, Tetrahedron Lett. 42 (2001) 4991.
[605] T. Hanazawa, S. Okamoto, F. Sato, Tetrahedron Lett. 42 (2001)

5455.
[606] P. Bertus, J. Szymoniak, Chem. Commun. 42 (2001) 1792.
[607] T. Fujiwara, M. Odaira, T. Takeda, Tetrahedron Lett. 42 (2001)

3369.
[608] P. Wipf, C. Kendall, C.R.J. Stephenson, J. Am. Chem. Soc. 123

(2001) 5122.
[609] R. Hilgenkamp, C.K. Zercher, Org. Lett. 3 (2001) 3037.
[610] R. Hilgenkamp, C.K. Zercher, Tetrahedron 57 (2001) 8793.
[611] B. Martin-Matute, D.J. Cardenas, A.M. Echavarren, Angew. Chem.

Int. Ed. 40 (2001) 4754.
[612] D.T. Bong, M.R. Ghadiri, Org. Lett. 3 (2001) 2509.
[613] M.P. Lopez-Deber, L. Castedo, J.R. Granja, Org. Lett. 3 (2001)

2823.
[614] G.W. Kabalka, L. Wang, R.M. Pagni, Tetrahedron 57 (2001) 8017.
[615] J.-x. Wang, B. Wei, D. Huang, Y. Hu, L. Bai, Synth. Commun.

31 (2001) 3337.
[616] D.B. Shortell, L.C. Palmer, J.M. Tour, Tetrahedron 57 (2001) 9055.
[617] C. Chi, J. Wu, X. Zhao, J. Li, F. Wang, Tetrahedron Lett. 42

(2001) 2181.
[618] V. Brun, M. Legraverend, D.S. Grierson, Tetrahedron Lett. 42

(2001) 8169.
[619] Y. Liao, R. Fathi, M. Reitman, Y. Zhang, Z. Yang, Tetrahedron

Lett. 42 (2001) 1815.
[620] A. Mori, T. Shimada, T. Kondo, A. Sekiguchi, Synlett 42 (2001)

649.
[621] M. Erdelyi, A. Gogoll, J. Org. Chem. 66 (2001) 4165.
[622] S. Ito, H. Inabe, T. Okujima, N. Morita, M. Watanabe, N. Harada,

K. Imafuku, J. Org. Chem. 66 (2001) 7090.
[623] U. Radhakrishnan, P.J. Stang, Org. Lett. 3 (2001) 859.
[624] A.L. Baraga, D.J. Emmerich, C.C. Silvera, T.L.C. Martins, O.E.D.

Rodrigues, Synlett 3 (2001) 369.
[625] M. Yoshida, S. Yoshikawa, T. Fukuhara, N. Yoneda, S. Hara,

Tetrahedron 57 (2001) 7143.
[626] N.G. Kundu, B. Nandi, Tetrahedron 57 (2001) 5885.
[627] B. Liu, R. Roy, Tetrahedron 57 (2001) 6909.
[628] K.V.S.N. Murty, A. Vasella, Helv. Chim. Acta 84 (2001) 939.
[629] H.B. Lee, D.H. Huh, J.S. Oh, G.-H. Min, B.H. Kim, D.H. Lee,

J.K. Hwang, Y.G. Kim, Tetrahedron 57 (2001) 8283.
[630] P.N.W. Baxter, J. Org. Chem. 66 (2001) 4170.
[631] A. Khatyr, R. Ziessel, Org. Lett. 3 (2001) 1857.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 133

[632] J. Hovinen, H. Hakala, Org. Lett. 3 (2001) 2473.
[633] U. Radhakrishnan, M. Schweiger, P.J. Stang, Org. Lett. 3 (2001)

3141.
[634] L. Yu, J.S. Lindsey, J. Org. Chem. 66 (2001) 7402.
[635] M.J. Marsella, Z.-Q. Wang, R.J. Reid, K. Yoon, Org. Lett. 3 (2001)

885.
[636] L.J. Brown, J.P. May, T. Brown, Tetrahedron Lett. 42 (2001) 2587.
[637] P.M. Gannett, E. Darian, J.H. Powell, E.M. Johnson, Synth. Com-

mun. 31 (2001) 2137.
[638] A.M. Beilstein, M.W. Grinstaff, J. Organomet. Chem. 637–639

(2001) 398.
[639] V. Brun, M. Legraverend, D.S. Grierson, Tetrahedron Lett. 42

(2001) 8161.
[640] K.-T. Wong, C.C. Hsu, Org. Lett. 3 (2001) 173.
[641] B.G. Van den Hoven, H. Alpern, J. Am. Chem. Soc. 123 (2001)

1017.
[642] C. Vitry, J.-L. Vasse, G. Dupas, V. Levacher, G. Queguiner, J.

Bourguignon, Tetrahedron 57 (2001) 3087.
[643] O. R’kyek, B.U.W. Maes, T.H.M. Jonckers, G.L.F. Lemiere, R.A.

Dommisse, Tetrahedron 57 (2001) 10009.
[644] S. Leroy, T. Soujanya, F. Fages, Tetrahedron Lett. 42 (2001) 1665.
[645] M.I. Rodriguez-Franco, I. Dorronsoro, A. Martinez, Synthesis 42

(2001) 1711.
[646] G. Abbiati, E.M. Beccalli, A. Marchesini, E. Rossi, Synthesis 42

(2001) 2477.
[647] M. Armengol, J.A. Joule, Perkin 1 42 (2001) 154.
[648] M. Armengol, J.A. Joule, Perkin 1 42 (2001) 978.
[649] T. Bach, M. Bartels, Synlett 42 (2001) 1284.
[650] M.J. Eichberg, R.L. Dorta, D.B. Grotjahn, K. Lamottke, M.

Schmidt, K.P.C. Vollhardt, J. Am. Chem. Soc. 123 (2001) 9324.
[651] M.B. Andrus, T.M. Turner, E.P. Updegraff, Z.E. Sauna, S.V. Am-

budkar, Tetrahedron Lett. 42 (2001) 3819.
[652] W.-M. Dai, A. Wu, W. Hamaguchi, Tetrahedron Lett. 42 (2001)

4211.
[653] W.-M. Dai, A. Wu, M.Y.H. Lee, K.W. Lai, Tetrahedron Lett. 42

(2001) 4215.
[654] C. Hamdouchi, C. Sanchez-Martinez, Synthesis 42 (2001) 833.
[655] M.C. Miller, A.T. Price, A.I. Meyers, J. Org. Chem. 66 (2001)

6037.
[656] S. Chackalamannil, R. Davies, A.T. McPhail, Org. Lett. 3 (2001)

1427.
[657] R. Munakata, T. Ueki, H. Katakai, K.-i. Takao, K.-i. Tadano, Org.

Lett. 3 (2001) 3029.
[658] M.E. Jung, N. Nishimura, Org. Lett. 3 (2001) 2113.
[659] D.L. Commins, A.L. Williams, Org. Lett. 3 (2001) 3217.
[660] J.C. Lee, J.K. Cha, J. Am. Chem. Soc. 123 (2001) 3243.
[661] S. Kobayashi, R.S. Reddy, D. Sasaki, N. Miyagawa, M. Hirama,

J. Am. Chem. Soc. 123 (2001) 2887.
[662] S. Kobayashi, S. Ashizawa, Y. Takahashi, Y. Suigura, M. Nagaoka,

M.J. Lear, M. Hirama, J. Am. Chem. Soc. 123 (2001) 11294.
[663] B.B. Snider, B. Shi, Tetrahedron Lett. 42 (2001) 1639.
[664] T. Sasaki, M. Inoue, M. Hirama, Tetrahedron Lett. 42 (2001) 5299.
[665] A.R. Rodriguez, B.W. Spur, Tetrahedron Lett. 42 (2001) 6057.
[666] R.M. Kanada, K. Ogasawara, Tetrahedron Lett. 42 (2001) 7311.
[667] R.W. Bates, J. Boonsombat, Perkin 1 42 (2001) 654.
[668] M. Nazare, H. Waldmann, Chem. Eur. J. 42 (2001) 3363.
[669] M.-J. Wu, L.-M. Wei, C.-F. Lin, S.-P. Leou, L.-L. Wei, Tetrahedron

57 (2001) 7839.
[670] V. Fiandanese, D. Bottalico, G. Marchese, Tetrahedron 57 (2001)

10213.
[671] W.-M. Dai, A. Wu, Tetrahedron Lett. 42 (2001) 81.
[672] J.W. Herndon, Y. Zhang, K. Wang, J. Organomet. Chem. 634

(2001) 1.
[673] S.-K. Kang, S.-K. Yoon, Y.-M. Kim, Org. Lett. 3 (2001) 2697.
[674] R.K. Gujadhur, C.G. Bates, D. Venkataraman, Org. Lett. 3 (2001)

4315.

[675] S.-j. Luo, Y.-m. Liang, C.-m. Liu, Y.-x. Ma, Synth. Commun. 31
(2001) 343.

[676] G. Zeni, C.W. Nogueira, R.B. Panatieri, D.O. Silva, P.H. Menezes,
A.L. Braga, C.C. Silvera, H.A. Stefani, J.B.T. Rocha, Tetrahedron
Lett. 42 (2001) 7921.

[677] G. Zeni, D.S. Lüdtke, C.W. Nogueira, B. Panatieri, A.L. Braga,
C.C. Silvera, H.A. Stefani, J.B.T. Rocha, Tetrahedron Lett. 42
(2001) 8929.

[678] A.L. Braga, L.H. de Andrade, C.C. Silveira, A.V. Moro, G. Zeni,
Tetrahedron Lett. 42 (2001) 8563.

[679] S.-K. Kang, H.-C. Ryu, S.-H. Lee, Synth. Commun. 31 (2001)
1059.

[680] F. Quignard, A. Choplin, Chem. Commun. 31 (2001) 21.
[681] A. Budzinska, W. Sas, Tetrahedron 57 (2001) 2021.
[682] G.T. Nadolski, B.S. Davidson, Tetrahedron Lett. 42 (2001) 797.
[683] M.D. Surman, M.J. Miller, Org. Lett. 3 (2001) 519.
[684] D. Takano, T. Nagamitsu, H. Ui, K. Shiomi, Y. Yamaguchi, R.

Masuma, I. Kuwajimaa, S. Omura, Org. Lett. 3 (2001) 2289.
[685] M. Kimura, Y. Horino, R. Mukai, S. Tanaka, Y. Tamaru, J. Am.

Chem. Soc. 123 (2001) 10401.
[686] L.F. Tietze, G. Nordmann, Eur. J. Org. Chem. 123 (2001) 3247.
[687] C. Jousse-Karinthi, C. Riche, A. Chiaroni, D. Desmaële, Eur. J.

Org. Chem. 123 (2001) 3631.
[688] T.M. Pedersen, E.L. Hansen, J. Kane, T. Rein, P. Helquist, P.-O.

Norrby, D. Tanner, J. Am. Chem. Soc. 123 (2001) 9738.
[689] M. Nakoji, T. Kanayama, T. Okino, Y. Takemoto, Org. Lett. 3

(2001) 3329.
[690] Y. Uozumi, K. Shibatomi, J. Am. Chem. Soc. 123 (2001) 2919.
[691] M.E. Krafft, M. Sugiura, K.A. Abboud, J. Am. Chem. Soc. 123

(2001) 9174.
[692] B.M. Trost, C. Jiang, J. Am. Chem. Soc. 123 (2001) 12907.
[693] B.M. Trost, O. Dirat, J. Dudash, E.J. Hembre, Angew. Chem. Int.

Ed. 40 (2001) 3658.
[694] B.M. Trost, J. Dudash, E.J. Hembre, Chem. Eur. J. 40 (2001) 1619.
[695] B.M. Trost, D.E. Patterson, E.J. Hembre, Chem. Eur. J. 40 (2001)

3768.
[696] V. Guerrero de la Rosa, M. Ordonez, J.M. Llera, Tetrahedron

Asymm. 12 (2001) 1089.
[697] D. Enders, B. Jandeleit, S. von Berg, G. Raabe, J. Runsink,

Organometallics 20 (2001) 4312.
[698] B.M. Trost, C.B. Lee, J. Am. Chem. Soc. 123 (2001) 3671.
[699] B.M. Trost, C.B. Lee, J. Am. Chem. Soc. 123 (2001) 3687.
[700] D.-R. Hou, J.H. Reibenspies, K. Burgess, J. Org. Chem. 66 (2001)

206.
[701] S.-L. You, X.-L. Hou, L.-X. Dai, X.-Z. Zhu, Org. Lett. 3 (2001)

149.
[702] K.C. Nicolaou, G. Vassilikogiannakis, W. Mägerlein, R. Kranich,

Angew. Chem. Int. Ed. 40 (2001) 2482.
[703] K.C. Nicolaou, G. Vassilikogiannakis, W. Mägerlein, R. Kranich,

Chem. Eur. J. 40 (2001) 5359.
[704] M. Lautens, S. Hiebert, J.-L. Renaud, J. Am. Chem. Soc. 123

(2001) 6834.
[705] D.E. Kaelin, O.D. Lopez, S.F. Martin, J. Am. Chem. Soc. 123

(2001) 6937.
[706] M. Lautens, K. Fagnou, Tetrahedron 57 (2001) 5067.
[707] M. Lautens, K. Fagnou, M. Taylor, T. Rovis, J. Organomet. Chem.

624 (2001) 259.
[708] M. Lautens, J.-F. Paquin, S. Piguel, M. Dahlmann, J. Org. Chem.

66 (2001) 8127.
[709] M. Catellani, E. Motti, S. Baratta, Org. Lett. 3 (2001) 3611.
[710] H. Dang, M.A. Garcia-Garibay, J. Am. Chem. Soc. 123 (2001)

355.
[711] G. Pli, G. Giambastiani, M. Malacria, S. Thorimbert, Tetrahedron

Lett. 42 (2001) 6287.
[712] G. Poli, G. Giambastiani, B. Pacini, Tetrahedron Lett. 42 (2001)

5179.
[713] P.A. Evans, L.J. Kennedy, Tetrahedron Lett. 42 (2001) 7015.



134 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[714] P.A. Evans, L.J. Kennedy, J. Am. Chem. Soc. 123 (2001) 1234.
[715] F. Glorius, M. Neuburger, A. Pfaltz, Helv. Chim. Acta 84 (2001)

3178.
[716] A.V. Malkov, I.R. Baxendale, D.J. Maansfield, P. Kocovsky, Perkin

1 84 (2001) 1234.
[717] Y. Nishibayashi, I. Wakiji, Y. Ishii, S. Uemura, M. Hidai, J. Am.

Chem. Soc. 123 (2001) 3393.
[718] N. Solin, S. Narayan, K.J. Szabo, J. Org. Chem. 66 (2001) 1686.
[719] Y. Shvo, A.H.I. Arisha, J. Org. Chem. 66 (2001) 4921.
[720] M. Ogasawara, H. Ikeda, T. Nagano, T. Hayashi, Org. Lett. 3

(2001) 2615.
[721] Y. Obora, Y. Ogawa, Y. Imai, T. Kawamura, Y. Tsuji, J. Am.

Chem. Soc. 123 (2001) 10489.
[722] H.M. Colquhoun, Z. Zhu, D.J. Williams, Org. Lett. 3 (2001) 4031.
[723] R. Hong, J. Feng, R. Hoen, G.-q. Lin, Tetrahedron 57 (2001) 8685.
[724] H. Hioki, M. Hamano, M. Kubo, T. Uno, M. Kodama, Chem.

Lett. 57 (2001) 898.
[725] L. Zambrini, F. Fabris, O. De Lucchi, G. Gardenal, F. Visentin,

L. Canovese, Tetrahedron 57 (2001) 8719.
[726] S. Cossu, O. De Lucchi, A. Paulon, P. Peluso, C. Zonta, Tetrahe-

dron Lett. 42 (2001) 3515.
[727] J. Hassan, C. Hathroubi, C. Gozzi, M. Lemaire, Tetrahedron 57

(2001) 7845.
[728] Y. Tomohiro, A. Satake, Y. Kobuke, J. Org. Chem. 66 (2001) 8442.
[729] G.-q. Lin, R. Hong, J. Org. Chem. 66 (2001) 2877.
[730] S. Toyota, C.R. Woods, M. Benaglia, R. Haldimann, K. Wärnmark,

K. Hardcastle, J.S. Siegel, Angew. Chem. Int. Ed. 40 (2001) 751.
[731] E. Le Gall, C. Cosmini, J.-Y. Nedelec, J. Perichon, Tetrahedron

Lett. 42 (2001) 267.
[732] T.M. Kamenecka, S.J. Danishefsky, Chem. Eur. J. 42 (2001) 41.
[733] J.D. Rehm, B. Ziemer, G. Szeimies, Eur. J. Org. Chem. 42 (2001)

1049.
[734] M.S. Wong, X.L. Zhang, Tetrahedron Lett. 42 (2001) 4087.
[735] K.M. Hossain, T. Kameyama, T. Shibata, K. Takagi, Bull. Chem.

Soc. Jpn 74 (2001) 2415.
[736] J.P. Parrish, V.L. Flanders, R.J. Floyd, K.W. Jung, Tetrahedron

Lett. 42 (2001) 7729.
[737] M. Srinivasan, S. Sankararaman, H. Hopf, I. Dix, P.G. Jones, J.

Org. Chem. 66 (2001) 4299.
[738] M.E. Krafft, C. Hirosawa, N. Dalal, C. Ramsey, A. Stiegman,

Tetrahedron Lett. 42 (2001) 7733.
[739] M.A. Heuft, S.K. Collins, G.P.A. Yap, A.G. Fallis, Org. Lett. 3

(2001) 2883.
[740] M. Laskoski, M.D. Smith, J.G.M. Morton, U.H.F. Bunz, J. Org.

Chem. 66 (2001) 5174.
[741] M. Rubina, V. Gevorgyan, J. Am. Chem. Soc. 123 (2001) 11107.
[742] C.-T. Shih, H.-H. Shih, C.-H. Cheng, Org. Lett. 3 (2001) 811.
[743] B.M. Trost, M.T. Rudd, J. Am. Chem. Soc. 123 (2001) 8862.
[744] C.H. Oh, H.S. Yoo, S.H. Jung, Chem. Lett. 123 (2001) 1288.
[745] J. Wang, M. Rosingana, D.J. Watson, E.D. Dowdy, R.P. Discordia,

N. Soundarajan, W.-S. Li, Tetrahedron Lett. 42 (2001) 8935.
[746] Y. Suhara, K.-i. Nihei, M. Kurihara, A. Kittaka, K. Yamaguchi,

T. Fujishima, K. Konno, N. Miyata, H. Takayama, J. Org. Chem.
66 (2001) 8760.

[747] R.C. Larock, Q. Tian, J. Org. Chem. 66 (2001) 7372.
[748] M. Kotora, H. Matsumura, G. Gao, T. Takahashi, Org. Lett. 3

(2001) 3467.
[749] M. Okamoto, T. Yamaji, Chem. Lett. 3 (2001) 212.
[750] C.J. Brennan, J.-M. Campagne, Tetrahedron Lett. 42 (2001) 5195.
[751] M. Ishizaki, K. Iwahara, Y. Niimi, H. Sato, O. Hoshino, Tetrahe-

dron 57 (2001) 2729.
[752] J.-M. Galano, G. Audran, L. Mikolajezyk, H. Monti, J. Org. Chem.

66 (2001) 323.
[753] T. Atoh, M. Nakatani, S. Shikita, R. Sampe, A. Ishiwata, O.

Ohmori, M. Nakamura, S. Terashima, Org. Lett. 3 (2001) 2701.
[754] E. Piers, A. Orellana, Synthesis 3 (2001) 2138.
[755] J.M. Cox, J.D. Rainer, Org. Lett. 3 (2001) 2919.

[756] L. Liu, M.H.D. Postema, J. Am. Chem. Soc. 123 (2001) 8602.
[757] B. Vauzeilles, P. Sinaÿ, Tetrahedron Lett. 42 (2001) 7269.
[758] P. Bernadelli, O.M. Moradei, D. Friedrich, J. Yang, F. Gallou, B.P.

Dyck, R.W. Doskotch, T. Lange, L.A. Paquette, J. Am. Chem.
Soc. 123 (2001) 9021.

[759] O. Tamaru, T. Yanagimachi, T. Kobayashi, H. Ishibashi, Org. Lett.
3 (2001) 2427.

[760] N. Martin, E.J. Thomas, Tetrahedron Lett. 42 (2001) 8373.
[761] J.T. Njardarson, J.L. Woods, Org. Lett. 3 (2001) 2431.
[762] A.B. Smith, I.G. Safonov, R.M. Corbett, J. Am. Chem. Soc. 123

(2001) 12426.
[763] I. Paterson, D.Y.-K. Chen, M.J. Coster, J.L. Acena, J. Baach, K.R.

Gibson, L.E. Keown, R.M. Oballa, T. Triselmann, D.J. Wallace,
A.P. Hodgson, R.D. Norcross, Angew. Chem. Int. Ed. 40 (2001)
4055.

[764] J. Cossy, O. Mirguet, D.G. Pardo, Synlett 40 (2001) 1575.
[765] S. Ebert, N. Krause, Eur. J. Org. Chem. 40 (2001) 3831.
[766] J. Panda, S. Ghosh, S. Ghosh, Perkin 1 40 (2001) 3013.
[767] K. Ukai, D. Arioka, H. Yoshino, H. Fushima, K. Oshima, K.

Utimoto, S. Matsubara, Synlett 40 (2001) 513.
[768] H. Lebel, V. Paquet, C. Proulx, Angew. Chem. Int. Ed. 40 (2001)

2887.
[769] M.A. Rahim, H. Sasaki, J. Saito, T. Fujikawa, T. Takeda, Chem.

Commun. 40 (2001) 625.
[770] J.A. Marshall, M.M. Yanik, J. Org. Chem. 66 (2001) 1373.
[771] J.M. Aurrecoechea, M. Arrate, B. Lopez, Synlett 66 (2001) 872.
[772] J.A. Marshall, G.M. Schaaf, J. Org. Chem. 66 (2001) 7825.
[773] J.A. Marshall, H.R. Chobanian, M.M. Yanik, Org. Lett. 3 (2001)

3369.
[774] S. Araki, K. Kameda, J. Tanaka, T. Hirashita, H. Yamamura, M.

Kawai, J. Org. Chem. 66 (2001) 7919.
[775] Y. Takemoto, M. Anzai, R. Yanada, N. Fujii, H. Ohno, T. Ibuka,

Tetrahedron Lett. 42 (2001) 1725.
[776] T. Hirashita, H. Yamamura, M. Kawai, S. Araki, Chem. Commun.

42 (2001) 387.
[777] L. Carde, A. Llebaria, A. Delgado, Tetrahedron Lett. 42 (2001)

3299.
[778] H. Ohno, H. Hamaguchi, T. Tanaka, J. Org. Chem. 66 (2001) 1867.
[779] D. Franco, E. Dunach, Synlett 66 (2001) 806.
[780] V. Paschetta, F. Cordero, R. Paugam, J. Oliver, A. Brandi, J.

Salaün, Synlett 66 (2001) 1233.
[781] K. Shibata, M. Kimura, M. Shimizu, Y. Tamaru, Org. Lett. 3

(2001) 2181.
[782] L.G. Quan, J.K. Cha, Org. Lett. 3 (2001) 2745.
[783] L.G. Quan, J.K. Cha, Tetrahedron Lett. 42 (2001) 8567.
[784] C.G. Frost, K.J. Wadsworth, Chem. Commun. 42 (2001) 2316.
[785] J.H. Koh, A.O. Larsen, M.R. Gagne, Org. Lett. 3 (2001) 1233.
[786] S. Oi, S. Fukita, N. Hirata, N. Watanuki, S. Miyano, Y. Inoue,

Org. Lett. 3 (2001) 2579.
[787] N. Chatani, T. Asaumi, S. Yorimitsu, T. Ikeda, F. Kakiuchi, S.

Murai, J. Am. Chem. Soc. 123 (2001) 10935.
[788] F. Kakiuchi, T. Tsujimoto, M. Sonoda, N. Chatani, S. Murai,

Synlett 123 (2001) 948.
[789] R.K. Thalji, K.A. Ahrendt, R.G. Bergman, J.A. Ellman, J. Am.

Chem. Soc. 123 (2001) 9692.
[790] Y.-G. Lim, J.-S. Han, S.-S. Yang, J.H. Chun, Tetrahedron Lett. 42

(2001) 4853.
[791] Y.-G. Lim, K.-H. Lee, B.T. Koo, J.-B. Kang, Tetrahedron Lett. 42

(2001) 7609.
[792] Y. Nishinaka, T. Satoh, M. Niura, H. Morisaka, M. Nomura, H.

Matsui, C. Yamaguchi, Bull. Chem. Soc. Jpn 74 (2001) 1727.
[793] F. Kakiuchi, T. Sato, K. Igi, N. Chatani, S. Murai, Chem. Lett.

74 (2001) 386.
[794] H. Weissman, X. Song, D. Milstein, J. Am. Chem. Soc. 123 (2001)

337.
[795] J.W. Szewczyk, R.L. Zuckerman, R.G. Bergman, J.A. Ellman,

Angew. Chem. Int. Ed. 40 (2001) 216.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 135

[796] K.L. Tan, R.G. Bergman, J.A. Ellman, J. Am. Chem. Soc. 123
(2001) 2685.

[797] N. Tsukada, T. Sato, Y. Inoue, Chem. Commun. 123 (2001) 237.
[798] T. Pei, R.A. Widenhoefer, J. Am. Chem. Soc. 123 (2001) 11290.
[799] C.-H. Jun, K.-Y. Chung, J.-B. Hong, Org. Lett. 3 (2001) 785.
[800] C.-H. Jun, H. Lee, S.-G. Lim, J. Am. Chem. Soc. 123 (2001) 751.
[801] M. Tanaka, M. Takahashi, E. Sakamoto, M. Imai, A. Matsui, M.

Fujio, K. Funakoshi, K. Sakai, H. Suemune, Tetrahedron 57 (2001)
1197.

[802] M. Imai, M. Tanaka, H. Suemune, Tetrahedron 57 (2001) 1205.
[803] C.G. Espino, J. Du Bois, Angew. Chem. Int. Ed. 40 (2001) 598.
[804] K. Tamaka, Fu, G.C. Fu, J. Am. Chem. Soc. 123 (2001) 11492.
[805] M. Lozanov, J. Montgomery, Tetrahedron Lett. 42 (2001) 3259.
[806] Y. Komura, T. Katsuki, Tetrahedron Lett. 42 (2001) 3339.
[807] S. Ishii, S. Zhao, G. Mehta, C.J. Knors, P. Helquist, J. Org. Chem.

66 (2001) 3449.
[808] N. Iwasawa, M. Shido, H. Kusama, J. Am. Chem. Soc. 123 (2001)

5814.
[809] K. Fujita, H. Yorimitsu, H. Shinokubo, S. Matsubara, K. Oshima,

J. Am. Chem. Soc. 123 (2001) 12115.
[810] T.-S. Huang, C.-J. Li, Org. Lett. 3 (2001) 2037.
[811] S. Venkatraman, Y. Meng, C.-J. Li, Tetrahedron Lett. 42 (2001)

4459.
[812] T.-S. Huang, C.-J. Li, Chem. Commun. 42 (2001) 2348.
[813] J. Ramnauth, O. Poulin, S.S. Bratovanov, S. Rakhit, S.P.

Maddaford, Org. Lett. 3 (2001) 2571.
[814] C.-X. Zhao, J. Bass, J.P. Morken, Org. Lett. 3 (2001) 2839.
[815] S. Chang, Y. Na, E. Choi, S. Kim, Org. Lett. 3 (2001) 2089.
[816] M.T. Reetz, D. Moulin, A. Gosberg, Org. Lett. 3 (2001) 4083.
[817] M.J. Gaunt, J.B. Spencer, Org. Lett. 3 (2001) 25.
[818] Y. Hanzawa, A. Kakuuchi, M. Yabe, K. Narita, N. Tabuchi, T.

Taguchi, Tetrahedron Lett. 42 (2001) 1737.
[819] E. Shirakawa, Y. Yamamoto, Y. Nakao, T. Tsuchimoto, T. Hiyama,

Chem. Commun. 42 (2001) 1926.
[820] D.F. Taber, G. Bui, B. Chen, J. Org. Chem. 66 (2001) 3423.
[821] M. Takamoto, M. Mori, J. Am. Chem. Soc. 123 (2001) 2895.
[822] S.K. Mandal, S.R. Amin, W.E. Crowe, J. Am. Chem. Soc. 123

(2001) 6457.
[823] B. Breit, S.K. Zahn, J. Org. Chem. 66 (2001) 4870.
[824] B. Schmidt, B. Costisella, R. Roggenbuck, M. Westhus, H. Wilde-

mann, P. Eilbracht, J. Org. Chem. 66 (2001) 7658.
[825] C. Botteghi, M. Marchetti, S. Paganelli, F. Persi-Paoli, Tetrahedron

57 (2001) 1631.
[826] P. Sun, C. Sun, S.M. Weinreb, Org. Lett. 3 (2001) 3507.
[827] W.-J. Xiao, H. Alper, J. Org. Chem. 66 (2001) 6229.
[828] Y.-S. Lin, B. El Ali, H. Alper, J. Am. Chem. Soc. 123 (2001)

7719.
[829] I.J. Krauss, C.C.-Y. Wang, J.L. Leighton, J. Am. Chem. Soc. 123

(2001) 11514.
[830] G. Lenoble, M. Urrutigity, P. Kalack, Tetrahedron Lett. 42 (2001)

3697.
[831] E. Yoneda, S.-W. Zhang, K. Onitsuka, S. Takahashi, Tetrahedron

Lett. 42 (2001) 5459.
[832] F.-L. Qing, Z.-X. Jiang, Tetrahedron Lett. 42 (2001) 5933.
[833] Z.-X. Jiang, F.-L. Qing, Tetrahedron Lett. 42 (2001) 9051.
[834] J. Marco-Contelles, J. Ruiz-Caro, Tetrahedron Lett. 42 (2001)

1515.
[835] C.J. Lovely, H. Seshadri, B.R. Wayland, A.W. Cordes, Org. Lett.

3 (2001) 2607.
[836] R. Muto, K. Ogasawara, Tetrahedron Lett. 42 (2001) 4143.
[837] M. Ishizaki, Y. Kasama, M. Zyo, Y. Niimi, O. Hoshino, Hetero-

cycles 55 (2001) 1439.
[838] J. Wang, M.L. Falck-Pedersen, C. Romming, K. Undheim, Synth.

Commun. 31 (2001) 1141.
[839] C.J. Lovely, H. Seshadri, Synth. Commun. 31 (2001) 2479.
[840] L. Perez-Serrano, L. Casarrubios, G. Dominguez, J. Perez-Castells,

Chem. Commun. 31 (2001) 2602.

[841] M. Yamanaka, E. Nakamura, J. Am. Chem. Soc. 123 (2001) 1703.
[842] F. Robert, A. Milet, Y. Gimbert, D. Konya, A.E. Greene, J. Am.

Chem. Soc. 123 (2001) 5396.
[843] P. Mayo, W. Tam, Tetrahedron 57 (2001) 5943.
[844] A.C. Comely, S.E. Gibson, A. Stevenazzi, N.J. Hales, Tetrahedron

Lett. 42 (2001) 1183.
[845] T. Sugihara, A. Wakabayashi, H. Takao, H. Imagawa, M.

Nishizawa, Chem. Commun. 42 (2001) 2456.
[846] M.E. Krafft, L.V.R. Bonaga, C. Hirosawa, J. Org. Chem. 66 (2001)

3004.
[847] S.U. Son, K.H. Park, H. Seo, Y.K. Chung, S.-G. Lee, Chem.

Commun. 66 (2001) 2440.
[848] S.-W. Kim, S.U. Son, S.S. Lee, T. Hyeon, Y.K. Chung, Chem.

Commun. 66 (2001) 2212.
[849] T. Kobayashi, Y. Koga, K. Narasaka, J. Organomet. Chem. 624

(2001) 73.
[850] J. Blanco-Urgoiti, L. Casarrubios, G. Dominguez, J. Perez-Castells,

Tetrahedron Lett. 42 (2001) 3315.
[851] P.A. Evans, J.E. Robinson, J. Am. Chem. Soc. 123 (2001) 4609.
[852] I. Marchueta, E. Montenegro, D. Panov, M. Poch, X. Verdaguer, A.

Moyano, M.A. Pericas, A. Riera, J. Org. Chem. 66 (2001) 6400.
[853] K. Hiroi, T. Watanabe, Heterocycles 54 (2001) 73.
[854] J.C. Carretero, J. Adrio, Synthesis 54 (2001) 1888.
[855] J. Vazquez, S. Fonquera, A. Moyano, M.A. Pericas, A. Riera,

Tetrahedron Asymm. 12 (2001) 1837.
[856] M.E. Krafft, Y.Y. Cheung, K.A. Abboud, J. Org. Chem. 66 (2001)

7443.
[857] Y. Iura, T. Sugahara, K. Ogasawara, Org. Lett. 3 (2001) 291.
[858] M.S. Wilson, G.R. Drake, Org. Lett. 3 (2001) 2041.
[859] W.J. Kerr, M. McLaughlin, A.J. Morrison, P.L. Pauson, Org. Lett.

3 (2001) 2945.
[860] M.E. Krafft, Z. Fu, L.V.R. Bonaga, Tetrahedron Lett. 42 (2001)

1427.
[861] A. Pal, A. Bhattacharjya, J. Org. Chem. 66 (2001) 9071.
[862] S. Tanimori, K. Fukubayashi, M. Kirihata, Tetrahedron Lett. 42

(2001) 4013.
[863] J. Cassayre, S.Z. Zard, J. Organomet. Chem. 624 (2001) 316.
[864] W.J. Kerr, M. McLaughlin, P.L. Pauson, S.M. Robertson, J.

Organomet. Chem. 630 (2001) 104.
[865] W.J. Kerr, M. McLaughlin, P.L. Pauson, J. Organomet. Chem. 630

(2001) 118.
[866] M. Ishizaki, Y. Niimi, O. Hoshino, Chem. Lett. 630 (2001) 546.
[867] S.U. Son, Y.A. Yoon, D.S. Choi, J.K. Park, B.M. Kim, Y.K. Chung,

Org. Lett. 3 (2001) 1065.
[868] B.J. Rausch, R. Gleiter, Tetrahedron Lett. 42 (2001) 1651.
[869] J. Adrio, M.R. Rivero, J.C. Carretero, Chem. Eur. J. 42 (2001)

2435.
[870] O. Arjona, A.G. Csaky, R. Medel, J. Plumet, Tetrahedron Lett. 42

(2001) 3085.
[871] I. Marchueta, X. Verdaguer, A. Moyano, M.A. Pericas, A. Riera,

Org. Lett. 3 (2001) 3193.
[872] I. Marchueta, S. Olivella, L. Sola, A. Moyano, M.A. Pericas, A.

Riera, Org. Lett. 3 (2001) 3197.
[873] F. Antras, M. Ahmar, B. Cazes, Tetrahedron Lett. 42 (2001) 8153.
[874] F. Antras, M. Ahmar, B. Cazes, Tetrahedron Lett. 42 (2001) 8157.
[875] J. Li, H. Jiang, M. Chen, Synth. Commun. 31 (2001) 199.
[876] J. Li, G. Li, H. Jiang, M. Chen, Tetrahedron Lett. 42 (2001) 6923.
[877] J. Li, H. Jiang, M. Chen, Synth. Commun. 31 (2001) 3131.
[878] S. Takeuchi, Y. Ukaji, K. Inomata, Bull. Chem. Soc. Jpn 74 (2001)

955.
[879] R. Hua, H. Takeda, S.-y. Onozawa, Y. Abe, M. Tanaka, J. Am.

Chem. Soc. 123 (2001) 2899.
[880] Y. Fukuta, I. Matsuda, K. Itoh, Tetrahedron Lett. 42 (2001) 1301.
[881] T. Shibata, K. Yamashita, H. Ishida, K. Takagi, Org. Lett. 3 (2001)

1217.
[882] M.A. Alonso, J.A. Casares, P. Espinet, E. Valles, K. Soulantica,

Tetrahedron Lett. 42 (2001) 5697.



136 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[883] L.A. Aronica, S. Terreni, A.M. Caporusso, P. Salvadori, Eur. J.
Org. Chem. 42 (2001) 4321.

[884] H. Okazaki, Y. Kawanami, K. Yamamoto, Chem. Lett. 42 (2001)
650.

[885] D. Bonafoux, I. Ojima, Org. Lett. 3 (2001) 2333.
[886] S.J. O’Malley, J.L. Leighton, Angew. Chem. Int. Ed. 40 (2001)

2915.
[887] J.J. Song, N.K. Yee, J. Org. Chem. 66 (2001) 605.
[888] L. Charbonniere, R. Ziessel, M. Guardigli, A. Roda, N. Sabatini,

M. Cesario, J. Am. Chem. Soc. 123 (2001) 2436.
[889] L.J. Charbonniere, N. Weibel, R.F. Zeissel, Tetrahedron Lett. 42

(2001) 659.
[890] W. Mägerlein, A.F. Indolese, M. Beller, Angew. Chem. Int. Ed.

40 (2001) 2856.
[891] M. Beller, W. Mägerlein, A.F. Indolese, C. Fischer, Synthesis 40

(2001) 1098.
[892] K. Mikami, K. Aikawa, T. Korenaga, Org. Lett. 3 (2001) 243.
[893] N. Fonteneau, P. Martin, H. Ficheux, J.-P. Gesson, Tetrahedron 57

(2001) 9131.
[894] H. Sun, J. Yang, K.E. Amaral, B.A. Horenstein, Tetrahedron Lett.

42 (2001) 2451.
[895] M. Johansson, O. Sterner, Org. Lett. 3 (2001) 2843.
[896] H. Nakagawa, T. Sugahara, K. Ogasawara, Tetrahedron Lett. 42

(2001) 4523.
[897] D. Ma, C. Xia, J. Jiang, J. Zhang, Org. Lett. 3 (2001) 2189.
[898] B.B. Snider, Y. Ahn, s.M. O’hare, Org. Lett. 3 (2001) 4217.
[899] I.P. Andrews, R.J. Atkins, N.F. Badham, R.K. Bellingham, G.F.

Breen, J.S. Carey, S.K. Ethridge, J.F. Hayes, N. Hussain, D.O.
Morgan, A.C. Share, S.A.C. Smith, T.C. Walsgrove, A.S. Wells,
Tetrahedron Lett. 42 (2001) 4915.

[900] A.B. Smith, Y.S. Cho, H. Ishiyama, Org. Lett. 3 (2001) 3971.
[901] A.B. Smith, C.M. Adams, S.A. Kozmin, D.V. Paone, J. Am. Chem.

Soc. 123 (2001) 5925.
[902] Y.-S. Lin, H. Alper, Angew. Chem. Int. Ed. 40 (2001) 779.
[903] A. Schnyder, M. Beller, G. Mehltretter, T. Nsenda, M. Studer, A.F.

Indolese, J. Org. Chem. 66 (2001) 4311.
[904] T. Ohe, S. Motofusa, K. Ohe, S. Uemura, Bull. Chem. Soc. Jpn

74 (2001) 1343.
[905] R.P.L. Bell, J.B.P.A. Wijnberg, A. de Groot, J. Org. Chem. 66

(2001) 2350.
[906] D. Yang, M. Xu, Org. Lett. 3 (2001) 1785.
[907] F. Karimi, T. Kihlberg, B. L̊angström, Perkin 1 3 (2001) 1532.
[908] Y. Uozumi, T. Arii, T. Watanabe, J. Org. Chem. 66 (2001) 5272.
[909] J.T. Lee, P.J. Thomas, H. Alper, J. Org. Chem. 66 (2001) 5424.
[910] P. Davoli, A. Forni, I. Moretti, F. Prati, G. Torre, Tetrahedron 57

(2001) 1801.
[911] O. Hamed, A. El-Qisairi, P.M. Henry, J. Org. Chem. 66 (2001)

180.
[912] S.-K. Kaang, K.-J. Kim, C.-M. Yu, J.-W. Hwang, Y.-K. Do, Org.

Lett. 3 (2001) 2851.
[913] R.K. Boekman, J.E. Reed, P. Ge, Org. Lett. 3 (2001) 3651.
[914] H.-C. Ryu, Y.-T. Hong, S.-K. Kang, Heterocycles 54 (2001) 985.
[915] S.-K. Kang, H.-C. Ryu, S.-C. Choi, Synth. Commun. 31 (2001)

1035.
[916] J.D. White, C.L. Kranemann, P. Kuntiyong, Org. Lett. 3 (2001)

4003.
[917] M. Belley, J. Scheigetz, P. Dube, S. Dolman, Synlett 3 (2001) 222.
[918] B. Gabriele, G. Salerno, L. Veltri, M. Costa, C. Massera, Eur. J.

Org. Chem. 3 (2001) 4607.
[919] B.G. Van den Hoven, H. Alper, J. Am. Chem. Soc. 123 (2001)

10214.
[920] M. Yamane, T. Amemiya, K. Narasaka, Chem. Lett. 123 (2001)

1210.
[921] I. Chiarotto, M. Feroci, Tetrahedron Lett. 42 (2001) 3451.
[922] N. Chatani, A. Kamitani, M. Oshita, Y. Fukumoto, S. Murai, J.

Am. Chem. Soc. 123 (2001) 12686.
[923] D.A. Freed, M.C. Kozlowski, Tetrahedron Lett. 42 (2001) 3403.

[924] F. Shi, Y. Deng, Chem. Commun. 42 (2001) 443.
[925] G. Garcia-Gomez, J.M. Moreto, Eur. J. Org. Chem. 42 (2001)

1359.
[926] S.D. Dreher, J.L. Leighton, J. Am. Chem. Soc. 123 (2001) 341.
[927] B.H. Oh, I. Nakamura, S. Saito, Y. Yamamoto, Tetrahedron Lett.

42 (2001) 6203.
[928] I. Nakamura, B.H. Oh, S. Saito, Y. Yamoamoto, Angew. Chem.

Int. Ed. 40 (2001) 1298.
[929] K.S. Chao, D.K. Rayabarapu, C.-C. Wang, C.-H. Cheng, J. Org.

Chem. 66 (2001) 8804.
[930] R.W. Jordan, W. Taam, Org. Lett. 3 (2001) 2367.
[931] T.-G. Baik, A.L. Luis, L.-C. Wang, M.J. Krische, J. Am. Chem.

Soc. 123 (2001) 6716.
[932] I.J.S. Fairlamb, J.M. Dickinson, I.M. Cristea, Tetrahedron 57

(2001) 2237.
[933] S.J. Hedley, W.J. Moran, A.H.G.P. Prenzel, D.A. Price, J.P.A.

Harrity, Synlett 57 (2001) 1596.
[934] G. Hilt, T.J. Korn, Tetrahedron Lett. 42 (2001) 2783.
[935] S. Akai, T. Tsujino, N. Fukuda, K. Lio, Y. Takeda, K.-i.

Kawaguchi, T. Naka, K. Higuchi, Y. Kita, Org. Lett. 3 (2001)
4015.

[936] P.I. Dosa, A. Schleifenbaum, K.P.C. Vollhardt, Org. Lett. 3 (2001)
1017.

[937] F. Montilla, T. Aviles, T. Casimiro, A.A. Ricardo, M.N. da Ponte,
J. Organomet. Chem. 632 (2001) 113.

[938] M. Hocek, I.G. Stary, H. Dvorakova, Tetrahedron Lett. 42 (2001)
519.

[939] V. Gevorgyan, U. Radhakrishnan, A. Takeda, M. Rubin, Y. Ya-
mamoto, J. Org. Chem. 66 (2001) 2835.

[940] J. Li, H. Jiang, M. Chen, J. Org. Chem. 66 (2001) 3627.
[941] Y.-S. Fu, S.J. Yu, Angew. Chem. Int. Ed. 40 (2001) 437.
[942] R. Takeuchi, S. Tanaka, Y. Nakaya, Tetrahedron Lett. 42 (2001)

2991.
[943] N. Mori, S.-i. Ikeda, K. Odashima, Chem. Commun. 42 (2001)

181.
[944] Q. Sun, X. Zhou, K. Islam, D.J. Kyle, Tetrahedron Lett. 42 (2001)

6495.
[945] D. Suzuki, H. Urabe, F. Sato, J. Am. Chem. Soc. 123 (2001) 7925.
[946] Y. Yamamoto, R. Ogawa, K. Itoh, J. Am. Chem. Soc. 123 (2001)

6189.
[947] Y. Yamamoto, S. Okuda, K. Itoh, Chem. Commun. 123 (2001)

1102.
[948] T. Nishikawa, H. Kakiya, H. Shinokubo, K. Oshima, J. Am. Chem.

Soc. 123 (2001) 4629.
[949] S.M. Sieburth, C.B. Madsen-Duggan, F. Zhang, Tetrahedron Lett.

42 (2001) 5155.
[950] A.F. Moretto, H.-C. Zhang, B.E. Maryanoff, J. Am. Chem. Soc.

123 (2001) 3157.
[951] F. Slowinski, C. Aubert, M. Malacria, Eur. J. Org. Chem. 123

(2001) 3491.
[952] J.A. Varela, L. Castedo, M. Maestro, J. Mahia, C. Saa, Chem.

Eur. J. 123 (2001) 5203.
[953] Y. Yamamoto, H. Takagishi, K. Itoh, Org. Lett. 3 (2001) 2117.
[954] C.H. Oh, H.R. Sung, S.H. Jung, Y.M. Lim, Tetrahedron Lett. 42

(2001) 5493.
[955] Y. Chen, R. Kiattanaskul, B. Ma, J.K. Snyder, J. Org. Chem. 66

(2001) 6932.
[956] M. Shanmugasundaram, M.-S. Wu, C.-H. Cheng, Org. Lett. 3

(2001) 4233.
[957] S. Saito, T. Kawasaki, N. Tsuboya, Y. Yamamoto, J. Org. Chem.

66 (2001) 796.
[958] S. Saito, Y. Chounan, T. Nogami, O. Ohmori, Y. Yamamoto, Chem.

Lett. 66 (2001) 444.
[959] V. Gevorgyan, N. Tsuboya, Y. Yamamoto, J. Org. Chem. 66 (2001)

2743.
[960] J.W. Dankwardt, Tetrahedron Lett. 42 (2001) 5809.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 137

[961] P.A. Wender, C.M. Barzilay, A.J. Dyckman, J. Am. Chem. Soc.
123 (2001) 179.

[962] B.M. Trost, H.C. Chen, Angew. Chem. Int. Ed. 40 (2001) 2313.
[963] P.A. Wender, C. Bi, M.A. Brodney, F. Gosselin, Org. Lett. 3 (2001)

2105.
[964] P.A. Wender, G.C. Gamber, M.J.C. Scanio, Angew. Chem. Int.

Ed. 40 (2001) 3895.
[965] O. Buisine, C. Aubert, M. Malacria, Chem. Eur. J. 40 (2001) 3517.
[966] A. Ajamian, J.L. Gleason, Org. Lett. 3 (2001) 4161.
[967] X. Xie, X. Lu, Y. Liu, W. Xu, J. Org. Chem. 66 (2001) 6545.
[968] J.-C. Galland, S. Dias, M. Savignac, J.-P. Genet, Tetrahedron 57

(2001) 5137.
[969] Q. Zhang, X. Lu, X. Han, J. Org. Chem. 66 (2001) 7676.
[970] C.H. Oh, H.H. Jung, H.R. Sung, J.D. Kim, Tetrahedron 57 (2001)

1723.
[971] M. Mori, T. Hirose, H. Wakamatsu, N. Imakuni, Y. Sato,

Organometallics 20 (2001) 1907.
[972] C.H. Oh, S.H. Jung, C.Y. Rhim, Tetrahedron Lett. 42 (2001) 8669.
[973] M. Hatano, M. Terada, K. Mikami, Angew. Chem. Int. Ed. 40

(2001) 249.
[974] N. Chatani, H. Inoue, T. Morimoto, T. Muto, S. Murai, J. Org.

Chem. 66 (2001) 4433.
[975] L.A. Goj, R.A. Widenhoefer, J. Am. Chem. Soc. 123 (2001) 11133.
[976] U. Bothe, H.C. Rudbeck, D. Tanner, M. Johannsen, Perkin 1 123

(2001) 3305.
[977] C.H. Oh, J.D. Kim, J.W. Han, Chem. Lett. 123 (2001) 1290.
[978] M. Toyota, V.J. Majo, M. Ihara, Tetrahedron Lett. 42 (2001) 1555.
[979] C. Delas, H. Urabe, F. Sato, Tetrahedron Lett. 42 (2001) 4147.
[980] B.M. Trost, J.-P. Survet, F.D. Toste, J. Am. Chem. Soc. 123 (2001)

2897.
[981] B.M. Trost, J.-P. Surivet, Angew. Chem. Int. Ed. 40 (2001) 1468.
[982] B.M. Trost, A.B. Pinkerton, F.D. Toste, M. Sperrle, J. Am. Chem.

Soc. 123 (2001) 12504.
[983] B.M. Trost, J.L. Gunzer, J. Am. Chem. Soc. 123 (2001) 9449.
[984] B.M. Trost, A.B. Pinkerton, M. Seidel, J. Am. Chem. Soc. 123

(2001) 12466.
[985] M. Mendez, M.P. Munoz, C. Nevado, D.J. Cardenas, A.M.

Echavarren, J. Am. Chem. Soc. 123 (2001) 10511.
[986] A. Fürstner, F. Stelzer, H. Szillat, J. Am. Chem. Soc. 123 (2001)

11863.
[987] S. Oi, I. Tsukamoto, S. Miyano, Y. Inoue, Organometallics 20

(2001) 3704.
[988] B. Gabriele, G. Salerno, A. Fazio, M.R. Bossio, Tetrahedron Lett.

42 (2001) 1339.
[989] A. Jeevanandam, K. Narkunan, Y.-C. Ling, J. Org. Chem. 66

(2001) 6014.
[990] F.E. McDonald, K.S. Reddy, Angew. Chem. Int. Ed. 40 (2001)

3653.
[991] S. Ma, Z. Yu, S. Wu, Tetrahedron 57 (2001) 1585.
[992] S. Ma, Z. Shi, S. Wu, Tetrahedron Asymm. 12 (2001) 193.
[993] A.V. Kel’in, A.W. Sromek, V. Gevorgyan, J. Am. Chem. Soc. 123

(2001) 2074.
[994] J. Louie, R.H. Grubbs, Angew. Chem. Int. Ed. 40 (2001) 247.
[995] B. De Clercq, F. Verpoort, Tetrahedron Lett. 42 (2001) 8959.
[996] S. Randl, N. Buschmann, S.J. Connon, S. Blechert, Synlett 42

(2001) 1547.
[997] W. Buchowicz, F. Ingold, J.C. Mol, M. Lutz, A.L. Spek, Chem.

Eur. J. 42 (2001) 2842.
[998] A. Fürstner, L. Ackermann, B. Gabor, R. Goddard, C.W. Lehmann,

R. Mynott, F. Stelzer, O.R. Thiel, Chem. Eur. J. 42 (2001) 3236.
[999] M.S. Sanford, J.A. Love, R.H. Grubbs, J. Am. Chem. Soc. 123

(2001) 6453.
[1000] M.S. Sanford, M. Ulman, R.H. Grubb, J. Am. Chem. Soc. 123

(2001) 749.
[1001] D. Semeril, C. Bruneau, P.H. Dixneuf, Helv. Chim. Acta 84 (2001)

3335.
[1002] Y.M. Ahn, K. Yang, G.I. George, Org. Lett. 3 (2001) 1411.

[1003] J. Dowden, J. Savovic, Chem. Commun. 3 (2001) 37.
[1004] P. Nieczypor, W. Buchowicz, W.J.N. Meester, F.P.J.T. Rutjes, J.C.

Mol, Tetrahedron Lett. 42 (2001) 7103.
[1005] J.S. Kingsbury, S.B. Garber, J.M. Giftos, B.L. Gray, M.M.

Okamoto, R.A. Farrer, J.T. Fourkas, A.H. Hoveyda, Angew. Chem.
Int. Ed. 40 (2001) 4251.

[1006] K. Koide, J.M. Finkelstein, Z. Ball, G.L. Verdine, J. Am. Chem.
Soc. 123 (2001) 398.

[1007] H.E. Blackwell, P.A. Clemmons, S.L. Schreiber, Org. Lett. 3 (2001)
1185.

[1008] R.C. Buijsman, E. van Vuuren, J.G. Sterrensburg, Org. Lett. 3
(2001) 3785.

[1009] A. Fürstner, L. Ackermann, K. Beck, H. Hori, D. Koch, K. Lange-
mann, M. Liebl, C. Six, W. Leitner, J. Am. Chem. Soc. 123 (2001)
9000.

[1010] T.J. Seiders, D.W. Ward, R.H. Grubbs, Org. Lett. 3 (2001) 3225.
[1011] S.L. Aeilts, D.R. Cefalo, P.J. Bonitatebus, J.H. Houser, A.H. Hov-

eyda, R.R. Schrock, Angew. Chem. Int. Ed. 40 (2001) 1452.
[1012] D.J. Wallace, P.G. Bulger, D.J. Kenndy, M.S. Ashwood, I.F. Cot-

trell, U.-H. Dolling, Synlett 40 (2001) 357.
[1013] S.L. Aeilts, D.R. Cefalo, P.J. Bonitatebus, J.H. Houser, A.H. Hov-

eyda, R.R. Schrock, Angew. Chem. Int. Ed. 40 (2001) 1452.
[1014] D.C. Braddock, A.J. Wildsmith, Tetrahedron Lett. 42 (2001) 3239.
[1015] D.J.L. Clive, H. Cheng, Chem. Commun. 42 (2001) 605.
[1016] J. Ruwwe, J.M. Martin-Alvarez, C.R. Horn, E.B. Bauer, S. Szafert,

T. Lis, F. Hampel, P.C. Cagle, J.A. Gladysz, Chem. Eur. J. 42
(2001) 3931.

[1017] D.S. Stoianova, P.R. Hanson, Org. Lett. 3 (2002) 3285.
[1018] S.N. Osipov, O.I. Artyushin, A.F. Kolomiets, C. Bruneau, M.

Picquet, P.H. Dixneuf, Eur. J. Org. Chem. 3 (2001) 3891.
[1019] A. Okada, T. Oshima, M. Shibasaki, Tetrahedron Lett. 42 (2001)

8023.
[1020] H.A. Dondas, G. Balme, B. Clique, R. Grigg, A. Hodgeson, J.

Morris, V. Sridharan, Tetrahedron Lett. 42 (2001) 8673.
[1021] R. Stürmer, B. Schäfer, V. Wolfart, H. Stahr, U. Kazmaier, G.

Helmchen, Synthesis 42 (2001) 46.
[1022] A.B. Smith, Y.S. Cho, L.E. Zawacki, R. Hirschmann, G.R. Pettit,

Org. Lett. 3 (2001) 4063.
[1023] S. Fustero, A. Navarro, B. Pina, J.G. Soler, A. Bartolome, A.

Asensio, A. Simon, P. Bravo, G. Fronzaa, A. Volonterio, M. Zanda,
Org. Lett. 3 (2001) 2621.

[1024] W.H. Pearson, A. Aponick, Org. Lett. 3 (2001) 1327.
[1025] L.A. Paquette, C.S. Ra, J.D. Schloss, S.M. Leit, J.C. Galluchi, J.

Org. Chem. 66 (2001) 3564.
[1026] H. Mues, U. Kazmaier, Synthesis 66 (2001) 487.
[1027] A. Boto, R. Hernandez, Y. de Leon, E. Suarez, J. Org. Chem. 66

(2001) 7796.
[1028] E. Licandro, S. Maiorana, B. Vandoni, D. Perdicchia, P. Paravidino,

C. Baldoli, Synlett 66 (2001) 757.
[1029] A.I. Meyers, S.V. Downing, M.J. Weiser, J. Org. Chem. 66 (2001)

1413.
[1030] R.G. Arrayas, A. Alcudia, L.S. Liebeskind, Org. Lett. 3 (2001)

3381.
[1031] G. Vo-Thanh, V. Boucard, H. Sauriat-Dorizon, F. Guibe, Synlett

3 (2001) 37.
[1032] S.H. Lim, S. Ma, P. Beak, J. Org. Chem. 66 (2001) 9056.
[1033] R. Buboc, C. Henaut, M. Savignac, J.-P. Genet, N. Bhatnagar,

Tetrahedron Lett. 42 (2001) 2461.
[1034] C.F. Klitzke, R.A. Pilli, Tetrahedron Lett. 42 (2001) 5605.
[1035] L.A. Paquette, J. Mendez-Andino, Tetrahedron Lett. 42 (2001)

967.
[1036] Y. Du, D.F. Wiemer, Tetrahedron Lett. 42 (2001) 6069.
[1037] C.W. Lee, R.H. Grubbs, J. Org. Chem. 66 (2001) 7155.
[1038] B.B. Metaferia, J. Hoch, T.E. Glass, S.L. Baane, S.K. Chatterjee,

J.P. Snyder, A. Lakdawala, B. Cornett, D.G.I. Kingston, Org. Lett.
3 (2001) 2461.



138 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[1039] A.M.G. Barrett, D. Hamprecht, R.A. James, M. Ohkubo, P.A.
Procopiou, M.A. Toledo, A.J.P. White, D.J. Williams, J. Org.
Chem. 66 (2001) 2187.

[1040] Y. Sakamoto, M. Okazaki, K. Miyamoto, T. Nakata, Tetrahedron
Lett. 42 (2001) 7633.

[1041] S.H. Lim, M.D. Curtis, P. Beak, Org. Lett. 3 (2001) 711.
[1042] J.D. Rainer, J.M. Cox, S.P. Allwein, Tetrahedron Lett. 42 (2001)

179.
[1043] T. Taniguchi, K. Ogasawara, Tetrahedron Lett. 42 (2001) 3359.
[1044] A. Ahmed, E. Öhler, J. Mulzer, Synthesis 42 (2001) 2007.
[1045] K. Wada, D. Izuhara, K. Yamada, M. Shiotsuki, T. Kondo, T.-a.

Mitsudo, Chem. Commun. 42 (2001) 1802.
[1046] F.-D. Boyer, I. Hanna, S.P. Nolan, J. Org. Chem. 66 (2001) 4094.
[1047] Y. Gao, C.-Q. Wei, T.R. Burke, Org. Lett. 3 (2001) 1617.
[1048] H.E. Blackwell, J.D. Sadowsky, R.J. Howard, J.N. Sampson, J.A.

Chao, W.E. Steinmetz, D.J. O’Leary, R.H. Grubbs, J. Org. Chem.
66 (2001) 5291.

[1049] C.J. Creighton, A.B. Reitz, Org. Lett. 3 (2001) 893.
[1050] B. Kaptein, Q.B. Broxterman, H.E. Schoemaker, F.P.J.T. Rutjes,

J.J.N. Veerman, J. Kamphuis, C. Peggion, F. Formaggio, C. To-
niolo, Tetrahedron 57 (2001) 6567.

[1051] W.J. Choi, J.G. Park, S.J. Yoo, H.O. Kim, H.R. Moon, M.W.
Chun, Y.H. Jung, L.S. Jeong, J. Org. Chem. 66 (2001) 6490.

[1052] S. Liras, M.P. Allen, J.F. Blake, Org. Lett. 3 (2001) 3483.
[1053] M.J. Rishel, S.M. Hecht, Org. Lett. 3 (2001) 2867.
[1054] A. Nishikawa, S. Saito, Y. Hashimoto, K. Koga, R. Shirai, Tetra-

hedron Lett. 42 (2001) 9195.
[1055] E.P. Balskus, J. Mendez-Adino, R.M. Arbit, L.A. Paquette, J. Org.

Chem. 66 (2001) 6695.
[1056] M.K. Gurjar, S.V. Ravindranathan, S. Karmakar, Chem. Commun.

66 (2001) 241.
[1057] G. Sabitha, C.S. Reddy, R.S. Babu, J.S. Yadav, Synlett 66 (2001)

1787.
[1058] A. Srikrishna, M.S. Rao, S.J. Gharpure, N.C. Babu, Synlett 66

(2001) 1986.
[1059] G.-R. Chen, Z.B. Fei, X.-T. Huang, Y.-Y. Xie, J.-L. Xu, J. Gola,

M. Steng, J.-P. Praly, Eur. J. Org. Chem. 66 (2001) 2939.
[1060] P.S. Aburel, C. Romming, K. Ma, K. Undheim, Perkin 1 66 (2001)

1458.
[1061] S. Krikstolaityte, A. Sackus, C. Romming, K. Undheim, Tetrahe-

dron Asymm. 12 (2001) 393.
[1062] L. Belvisi, L. Colombo, M. Colombo, M. Di Giacomo, L. Manzoni,

B. Vodopivec, C. Scolastico, Tetrahedron 57 (2001) 6463.
[1063] S.N. Osipov, N.M. Kobelikova, G.T. Shchetnikov, A.F. Kolomiets,

C. Bruneau, P.H. Dixneuf, Synlett 57 (2001) 621.
[1064] M. Arisawa, C. Theeraladanon, A. Nishida, M. Nakagawa, Tetra-

hedron Lett. 42 (2001) 8029.
[1065] T. Subramanian, C.-C. Lin, C.-C. Lin, Tetrahedron Lett. 42 (2001)

4079.
[1066] C. Agami, F. Couty, N. Rabasso, Tetrahedron Lett. 42 (2001) 4633.
[1067] J.D. Moore, K.T. Sprott, P.R. Hanson, Synlett 42 (2001) 605.
[1068] S.S. Kinderman, J.H. van Maarseveen, H.E. Schoemaker, H. Hiem-

stra, F.P.J.T. Rutjes, Org. Lett. 3 (2001) 2045.
[1069] K.T. Sprott, M.D. McReynolds, P.R. Hanson, Org. Lett. 3 (2001)

3939.
[1070] M.S.M. Timmer, H. Ovaa, D.V. Filippov, G.A. van der Marel, J.H.

van Boom, Tetrahedron Lett. 42 (2001) 8231.
[1071] K.T. Sprott, M.D. McReynolds, P.R. Hanson, Synthesis 42 (2001)

612.
[1072] R.E. Taylor, F.C. Engelhardt, M.J. Schmitt, H. Yuan, J. Am. Chem.

Soc. 123 (2001) 2964.
[1073] J.-G. Boiteau, P. Van de Weghe, J. Eustache, Tetrahedron Lett. 42

(2001) 239.
[1074] B.A. Harrison, G.L. Verdine, Org. Lett. 3 (2001) 2157.
[1075] Y. Landais, S.S. Surange, Tetrahedron Lett. 42 (2001) 581.
[1076] I. Ahmad, M.L. Falck-Pedersen, K. Undheim, J. Organomet. Chem.

625 (2001) 160.

[1077] J.H. van Maarseveen, W.J.N. Meester, J.J.N. Veerman, C.G. Kruse,
P.H.H. Hermkens, F.P.J.T. Rutjes, H. Hiemstra, Perkin 1 625 (2001)
994.

[1078] U. Lüning, F. Fahrenkrug, M. Hagen, Eur. J. Org. Chem. 625
(2001) 2161.

[1079] P. de Armas, F. Garcia-Tellado, J.J. Marrero-Tellado, Eur. J. Org.
Chem. 625 (2001) 4423.

[1080] M.P. Heck, C. Baylon, S.P. Nolan, C. Mioskowski, Org. Lett. 3
(2001) 1989.

[1081] J. Louie, C.W. Bielawski, R.H. Grubbs, J. Am. Chem. Soc. 123
(2001) 11312.

[1082] Q. Tang, J.R. Wareing, Tetrahedron Lett. 42 (2001) 1399.
[1083] J.R. Green, Synlett 42 (2001) 353.
[1084] K.-S. Huang, E.-C. Wang, Tetrahedron Lett. 42 (2001) 6155.
[1085] J.D. Rainer, S.P. Allwein, J.M. Cox, J. Org. Chem. 66 (2001) 1380.
[1086] I. Gullaizeau, S. Charamon, L.A. Agrofoglio, Tetrahedron Lett.

42 (2001) 8817.
[1087] K.M. Foote, M. John, G. Pattenden, Synlett 42 (2001) 365.
[1088] Y. Baba, G. Saha, S. Nakao, C. Iwata, T. Tanaka, T. Ibuka, H.

Ohishi, Y. Takemoto, J. Org. Chem. 66 (2001) 81.
[1089] M.V.R. Reddy, A.J. Yucel, P.V. Ramachandran, J. Org. Chem. 66

(2001) 2512.
[1090] M. Jorgensen, E.H. Iversen, A.L. Paulsen, R. Madsen, J. Org.

Chem. 66 (2001) 4630.
[1091] C. Paolucci, L. Mattioli, J. Org. Chem. 66 (2001) 4787.
[1092] R.C. Hughes, C.A. Dvorak, A.I. Meyers, J. Org. Chem. 66 (2001)

5545.
[1093] F.-X. Felpin, S. Girard, G. Vo-Thanh, R.J. Robins, J. Villieras, J.

Lebreton, J. Org. Chem. 66 (2001) 6305.
[1094] M.K. Gurjar, K. Maheshwar, J. Org. Chem. 66 (2001) 7552.
[1095] F.-D. Boyer, I. Hanna, Tetrahedron Lett. 42 (2001) 1275.
[1096] C.S. Callam, T.L. Lowary, J. Org. Chem. 66 (2001) 8961.
[1097] A.K. Ghosh, Y. Wang, J.T. Kim, J. Org. Chem. 66 (2001) 8973.
[1098] B.T. Messenger, B.S. Davidson, Tetrahedron Lett. 42 (2001) 801.
[1099] M.V.R. Reddy, J.P. Rearick, N. Hoch, P.V. Ramachandran, Org.

Lett. 3 (2001) 19.
[1100] S.D. Burke, E.A. Voight, Org. Lett. 3 (2001) 237.
[1101] J.D. White, P.R. Blakemore, E.A. Kort, A.F.T. Yokochi, Org. Lett.

3 (2001) 413.
[1102] D.C. Harrowven, M.C. Lucas, P.D. Howes, Tetrahedron 57 (2001)

9157.
[1103] A. Fürstner, O.R. Thiel, L. Ackerman, Org. Lett. 3 (2001) 449.
[1104] K. Lee, C. Cass, K.A. Jacobson, Org. Lett. 3 (2001) 597.
[1105] S. Liras, J.E. Davoren, J. Bordner, Org. Lett. 3 (2001) 703.
[1106] H. Tang, N. Yusuff, J.L. Wood, Org. Lett. 3 (2001) 1563.
[1107] A.B. Smith, J. Zheng, Synlett 3 (2001) 1019.
[1108] L.A. Paquette, I. Efremov, J. Am. Chem. Soc. 123 (2001) 4492.
[1109] J. Cossy, F. Pradaux, S. BouzBouz, Org. Lett. 3 (2001) 2233.
[1110] T.J. Hunter, G.A. O’Doherty, Org. Lett. 3 (2001) 2777.
[1111] A.B. Smith, C.M. Adams, S.A. Kozmin, J. Am. Chem. Soc. 123

(2001) 990.
[1112] M.T. Crimmins, K.A. Emmitte, J. Am. Chem. Soc. 123 (2001)

1533.
[1113] P.E. Harrington, M.A. Tius, J. Am. Chem. Soc. 123 (2001) 8509.
[1114] D.L. Boger, J. Hong, J. Am. Chem. Soc. 123 (2001) 8515.
[1115] M. Sabat, C.R. Johnson, Tetrahedron Lett. 42 (2001) 1209.
[1116] M.R. Heirich, Y. Kashman, P. Spiteller, W. Steglich, Tetrahedron

57 (2001) 9973.
[1117] M.R. Heinrich, W. Steglich, Tetrahedron Lett. 42 (2001) 3287.
[1118] D. Labrecque, S. Charron, R. Rej, C. Blais, S. Lamothe, Tetrahe-

dron Lett. 42 (2001) 2645.
[1119] G.I. George, Y.M. Ahn, B. Blackman, F. Farokhi, P.T. Flaherty,

C.J. Mossman, S. Roy, K. Yang, Chem. Commun. 42 (2001) 255.
[1120] H. Suzuki, N. Yamazaki, C. Kobayashi, Tetrahedron Lett. 42 (2001)

2013.
[1121] H. Ovaa, G.A. van der Marel, J.H. van Boom, Tetrahedron Lett.

42 (2001) 5749.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 139

[1122] G. Mehta, R.S. Kumaran, Tetrahedron Lett. 42 (2001) 8097.
[1123] J. Telser, R. Beumer, A.A. Bell, S.M. Ceccarelli, D. Monti, C.

Gennari, Tetrahedron Lett. 42 (2001) 9187.
[1124] M. Maruyama, K. Maeda, H. Oguri, M. Hirama, Heterocycles 54

(2001) 93.
[1125] T. Oishi, S.-i. Tanaka, Y. Ogasawara, K. Maeda, H. Oguri, M.

Hirama, Synlett 54 (2001) 952.
[1126] J. Mulzer, E. Öhler, Angew. Chem. Int. Ed. 40 (2001) 3842.
[1127] K.C. Nicolaou, Y. Li, K.C. Fylaktakidou, H.J. Mitchell, K. Sugita,

Angew. Chem. Int. Ed. 40 (2001) 3854.
[1128] M. Nevalainen, A.M.P. Koskinen, Angew. Chem. Int. Ed. 40 (2001)

4060.
[1129] T. Oishi, H. Uehara, Y. Nagumo, M. Shoji, L.-Y. Le Brazidec, M.

Kosaka, M. Hirama, Chem. Commun. 40 (2001) 381.
[1130] W.-W. Lee, H.J. Shin, S. Chang, Tetrahedron Asymm. 12 (2001)

29.
[1131] S.H. Park, H.J. Kang, S. Ko, S. Park, S. Chang, Tetrahedron

Asymm. 12 (2001) 2621.
[1132] J. Cossy, I. Pevet, C. Meyer, Eur. J. Org. Chem. 12 (2001) 2841.
[1133] S.C. Sinha, J. Sun, G.P. Miller, M. Wartmann, R.A. Lerner, Chem.

Eur. J. 12 (2001) 1691.
[1134] S. Kurosawa, M. Baando, K. Mori, Eur. J. Org. Chem. 12 (2001)

4395.
[1135] A. Fürstner, O. Guth, A. Düffels, G. Seidel, M. Liebl, B. Gabor,

R. Mynott, Chem. Eur. J. 12 (2001) 4811.
[1136] D.R. Cefalo, A.F. Kiely, M. Wuchrer, J.Y. Jamieson, R.P. Schrock,

A.H. Hoveyda, J. Am. Chem. Soc. 123 (2001) 3139.
[1137] S. Randl, S.J. Connon, S. Blechert, Chem. Commun. 123 (2001)

1796.
[1138] D.L. Wright, L.C. Usher, M. Estrella-Jiminez, Org. Lett. 3 (2001)

4275.
[1139] K.C. Nicolaou, J.A. Vega, G. Vassilikogiannikis, Angew. Chem.

Int. Ed. 40 (2001) 4441.
[1140] T.-L. Choi, R.H. Grubbs, Chem. Commun. 40 (2001) 2648.
[1141] D.S. La, E.S. Sattely, J.G. Ford, R.R. Schrock, A.H. Hoveyda, J.

Am. Chem. Soc. 123 (2001) 7767.
[1142] M.J. Bassindale, P. Hamley, J.P.A. Harrity, Tetrahedron Lett. 42

(2001) 9055.
[1143] A. Rückert, D. Eisele, S. Blechert, Tetrahedron Lett. 42 (2001)

5345.
[1144] A. Fürstner, C. Mathes, Org. Lett. 3 (2001) 221.
[1145] J.S. Clark, R.J. Townsend, A.J. Blake, S.J. Teat, A. Johns, Tetra-

hedron Lett. 42 (2001) 3235.
[1146] A. Fürstner, C. Mathes, C.W. Lehmann, Chem. Eur. J. 42 (2001)

5299.
[1147] A. Fürstner, C. Mathes, K. Grela, Chem. Commun. 42 (2001)

1057.
[1148] T. Kitamura, M. Mori, Org. Lett. 3 (2001) 1161.
[1149] J.A. Smulik, S.T. Diver, Tetrahedron Lett. 42 (2001) 171.
[1150] E.M. Codesido, L. Castedo, J.R. Granja, Org. Lett. 3 (2001) 1483.
[1151] F.-D. Boyer, I. Hanna, L. Ricard, Org. Lett. 3 (2001) 3095.
[1152] Q. Yao, Org. Lett. 3 (2001) 2069.
[1153] M. Jonas, S. Blechert, E. Steckhan, J. Org. Chem. 66 (2001) 6896.
[1154] T.-L. Choi, C.W. Lee, A.K. Chatterjee, R.H. Grubbs, J. Am. Chem.

Soc. 123 (2001) 10417.
[1155] J. Cossy, S. BouzBouz, A.H. Hoveyda, J. Organomet. Chem. 624

(2001) 327.
[1156] A. Dondoni, P.P. Giovannini, A. Marra, Perkin 1 624 (2001) 2380.
[1157] J.M. Holland, M. Lewis, A. Nelson, Angew. Chem. Int. Ed. 40

(2001) 4082.
[1158] F.C. Engelhardt, M.J. Smith, R.E. Taylor, Org. Lett. 3 (2001) 2209.
[1159] K. Grela, M. Bieniek, Tetrahedron Lett. 42 (2001) 6425.
[1160] N. Batoux, R. Benhaddou-Zerrouki, P. Bressolier, R. Granet, G.

Laumont, A.-M. Aubertin, P. Krausz, Tetrahedron Lett. 42 (2001)
1491.

[1161] D. Forget-Champagne, M. Mondon, N. Fonteneau, J.-P. Gesson,
Tetrahedron Lett. 42 (2001) 7229.

[1162] S. Imhof, S. Randl, S. Blechert, Chem. Commun. 42 (2001) 1692.
[1163] S. Randl, S. Gessler, H. Wakamatsu, S. Blechert, Synlett 42 (2001)

430.
[1164] A.K. Chatterjee, T.-L. Choi, R.H. Grubbs, Synlett 42 (2001) 1034.
[1165] T. Yasuda, J. Abe, T. Iyoda, T. Kawai, Chem. Lett. 42 (2001) 812.
[1166] C. Pietraszuk, H. Fischer, M. Kujawa, B. Marciniec, Tetrahedron

Lett. 42 (2001) 1175.
[1167] E. Sugiono, H. Deter, Synthesis 42 (2001) 893.
[1168] B. Marciniec, E. Walczuk-Gusciora, C. Pietraszuk,

Organometallics 20 (2001) 3423.
[1169] M. Lera, C.J. Hayes, Org. Lett. 3 (2001) 2765.
[1170] S. BouzBouz, J. Cossy, Org. Lett. 3 (2001) 1451.
[1171] K.C. Nicolaou, S.Y. Cho, R. Hughes, N. Wissinger, C. Smethurst,

H. Labischinski, R. Endermann, Chem. Eur. J. 3 (2001) 3798.
[1172] K.C. Nicolaou, R. Hughes, S.Y. Cho, N. Winssinger, H. Labischin-

ski, R. Endermann, Chem. Eur. J. 3 (2001) 3824.
[1173] S. Rodriguez-Conesa, P. Candal, C. Jiminez, J. Rodriguez, Tetra-

hedron Lett. 42 (2001) 6699.
[1174] M. Rosillo, L. Casarubios, J. Perez-Castells, Tetrahedron Lett. 42

(2001) 7029.
[1175] M.P. Schramm, D.S. Reddy, S.A. Kozmin, Angew. Chem. Int. Ed.

40 (2001) 4274.
[1176] L. Ackermann, C. Bruneau, P.H. Dixneuf, Synlett 40 (2001) 397.
[1177] J. Marco-Contelles, N. Arroyo, J. Ruiz-Caro, Synlett 40 (2001)

652.
[1178] M. Moreno-Manas, R. Pleixats, A. Santamaria, Synlett 40 (2001)

1784.
[1179] S. Kotha, N. Sreenivasachary, E. Brahmachary, Eur. J. Org. Chem.

40 (2001) 787.
[1180] J. Efskind, C. Römming, K. Undheim, Perkin 1 40 (2001) 2697.
[1181] M. Mori, T. Kitamura, Y. Sato, Synthesis 40 (2001) 654.
[1182] T. Kitamura, Y. Sato, M. Mori, Chem. Commun. 40 (2001) 1258.
[1183] V. Michelet, J.-C. Galand, L. Charrualt, M. Savignac, J.-P. Genet,

Org. Lett. 3 (2001) 2065.
[1184] Y. Yamamoto, Y.-i. Nakagai, N. Ohkoshi, K. Ito, J. Am. Chem.

Soc. 123 (2001) 6372.
[1185] P. Kisanga, L.A. Goj, R.A. Widenhofer, J. Org. Chem. 66 (2001)

635.
[1186] W. Oppolzer, F. Flachsmann, Helv. Chim. Acta 84 (2001) 416.
[1187] X. Wang, H. Chakrapani, C.N. Stengone, R.A. Widenhofer, J. Org.

Chem. 66 (2001) 1755.
[1188] T. Pei, R.A. Widenhoefer, J. Org. Chem. 66 (2001) 7639.
[1189] T. Hayashi, S. Hirate, K. Kitayama, H. Tsuji, A. Torii, Y. Uozumi,

J. Org. Chem. 66 (2001) 1441.
[1190] J.W. Madine, X. Wang, R.A. Widenhoefer, Org. Lett. 3 (2001)

385.
[1191] S. Shin, T.V. RajanBabu, J. Am. Chem. Soc. 123 (2001) 8416.
[1192] A. Hoffmann-Röder, N. Krause, Org. Lett. 3 (2001) 2537.
[1193] A.S.K. Hashmi, T.M. Frost, J.W. Bats, Org. Lett. 3 (2001) 3769.
[1194] M. Jiminez-Tenorio, M. Carmen Puerta, P. Valegra, F.J. Moreno-

Dorado, F.M. Guerra, G.M. Massanet, Chem. Commun. 3 (2001)
2324.

[1195] E. El-Sayed, N.K. Anand, E.M. Carreira, Org. Lett. 3 (2001) 3017.
[1196] T. Tanaka, K. Murakami, A. Kanda, D. Patra, S. Yamamoto, N.

Satoh, S.-W. Kim, S.M.A. Rahman, H. Ohno, C. Iwata, J. Org.
Chem. 66 (2001) 7107.

[1197] M.G. Bolster, B.M.F. Lagnel, B.J.M. Jansen, C. Morin, A. de
Groot, Tetrahedron 57 (2001) 8369.

[1198] M.G. Bolster, B.J.M. Jansen, A. de Groot, Tetrahedron 57 (2001)
5663.

[1199] L.A. Arnold, R. Naasz, A.J. Minnard, B.L. Feringa, J. Am. Chem.
Soc. 123 (2001) 5841.

[1200] T. Hottop, H.-J. Gutke, S.-I. Murahashi, Tetrahedron Lett. 42
(2001) 3343.

[1201] I. Cumpstey, A.J. Fairbanks, A.J. Redgrave, Org. Lett. 3 (2001)
2371.

[1202] T.-H. Kim, A.B. Holmes, Perkin 1 3 (2001) 2524.



140 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[1203] A.G. Mayers, D.R. Siegel, D.J. Buzard, M.G. Charest, Org. Lett.
3 (2001) 2923.

[1204] K. Hiro, F. Kato, Tetrahedron 57 (2001) 1543.
[1205] S. Krompiec, M. Pigulla, W. Szczepankiewicz, T. Bieg, N. Kuznik,

K. Leszczynska-Sejda, M. Kubicki, T. Borowiak, Tetrahedron Lett.
42 (2001) 7095.

[1206] C. Chapuis, M. Barthe, J.-Y. de SaintLaumer, Helv. Chim. Acta
84 (2001) 230.

[1207] M. Harmata, Y. Wu, M. Kahraman, C.J. Welch, Synth. Commun.
31 (2001) 3345.

[1208] P. Stahl, L. Kissau, R. Mazitschek, A. Huwe, P. Furet, A. Giannis,
H. Waldmann, J. Am. Chem. Soc. 123 (2001) 11586.

[1209] H. Cherkaoui, M. Soufiaoui, R. Gree, Tetrahedron 57 (2001) 2379.
[1210] R. Uma, M.K. Davies, C. Crevisy, R. Gree, Eur. J. Org. Chem.

57 (2001) 3141.
[1211] M.K. Gurjar, P. Yakambram, Tetrahedron Lett. 42 (2001) 3633.
[1212] M. Hiersemann, L. Abraham, Org. Lett. 3 (2001) 49.
[1213] L. Abraham, R. Czerwonka, M. Hiersemann, Angew. Chem. Int.

Ed. 40 (2001) 4700.
[1214] P. Wipf, S. Ribe, Org. Lett. 3 (2001) 1503.
[1215] H. Takahashi, H. Kittaka, S. Ikegami, J. Org. Chem. 66 (2001)

2705.
[1216] B.M. Trost, T. Yasukata, J. Am. Chem. Soc. 123 (2001) 7162.
[1217] R.S. Coleman, R. Garg, Org. Lett. 3 (2001) 3487.
[1218] N. Maezaki, N. Kojima, A. Sakamoto, C. Iwata, T. Tanaka, Org.

Lett. 3 (2001) 429.
[1219] I. Paterson, L.A. Collett, Tetrahedron Lett. 42 (2001) 1187.
[1220] T.K. Chakraborty, S. Das, Tetrahedron Lett. 42 (2001) 3387.
[1221] A. Horvath, J.-E. Bäckvall, J. Org. Chem. 66 (2001) 8120.
[1222] M.J. Dabdoub, V.B. Dabdoub, A.C.M. Baroni, J. Am. Chem. Soc.

123 (2001) 9694.
[1223] C.J. Dinsmore, M.J. Bogusky, C.J. Culbertson, J.M. Bergamn,

C.F. Homnick, C.B. Zartman, S.D. Mosser, M.D. Schaber, R.G.
Robinson, K.S. Koblan, H.E. Huber, S.L. Graham, G.D. Hartman,
J.R. Huff, T.M. Williams, J. Am. Chem. Soc. 123 (2001) 2107.

[1224] A.W. Shaw, S.J. DeSolms, Tetrahedron Lett. 42 (2001) 7173.
[1225] H. Hioki, R. Nakaoka, A. Maruyama, M. Kodama, Perkin 1 42

(2001) 3265.
[1226] B. Jiang, Y. Kam, A. Zhong, Tetrahedron 57 (2001) 1581.
[1227] M. Sundermeier, A. Zapf, M. Beller, J. Sans, Tetrahedron Lett.

42 (2001) 6707.
[1228] E. Duran, E. Gordo, J. Granell, D. Velasco, F. Lopez-Calahorra,

Tetrahedron Lett. 42 (2001) 7791.
[1229] W. Goertz, P.J.C. Kamer, P.W.N.M. van Leeuwen, D. Vogt, Chem.

Eur. J. 42 (2001) 1614.
[1230] S. Kamijo, T. Jin, Y. Yamamoto, J. Am. Chem. Soc. 123 (2001)

9453.
[1231] S. Yamasaki, M. Kanai, M. Shibasaki, J. Am. Chem. Soc. 123

(2001) 1256.
[1232] C.G. Saluste, R.J. Whitby, M. Furber, Tetrahedron Lett. 42 (2001)

6191.
[1233] D.R. Deardorff, C.M. Taniguchi, S.A. Tafti, H.Y. Kim, S.Y. Choi,

K.J. Downey, T.V. Nguyen, J. Org. Chem. 66 (2001) 7191.
[1234] F. Shi, Y. Deng, T. SiMa, H. Yang, Tetrahedron Lett. 42 (2001)

2161.
[1235] M. Gardiner, R. Grigg, M. Kordes, V. Sridharan, Tetrahedron 57

(2001) 7729.
[1236] K. Schuster, W.-F. He, S. Blechert, Tetrahedron Lett. 42 (2001)

2289.
[1237] T. Ohno, K. Moriwaki, T. Miyata, J. Org. Chem. 66 (2001) 3397.
[1238] G.A. Grasa, M.S. Viciu, J. Huang, S.P. Nolan, J. Org. Chem. 66

(2001) 7729.
[1239] G.Y. Li, G. Zheng, A.F. Noonan, J. Org. Chem. 66 (2001) 8677.
[1240] K. Bronk, S. Thayumanavan, Org. Lett. 3 (2001) 2057.
[1241] M.H. Ali, S.L. Buchwald, J. Org. Chem. 66 (2001) 2560.
[1242] H.K. Chae, M. Eddaoudi, J. Kim, S.I. Hauck, J.F. Hartwig, M.

O’Keeffe, O.M. Yaghi, J. Am. Chem. Soc. 123 (2001) 11482.

[1243] A. Tanatani, M.J. Mio, J.S. Moore, J. Am. Chem. Soc. 123 (2001)
1792.

[1244] O. Lohse, U. Beutler, P. Fünfschilling, P. Furet, J. France, D.
Kaufmann, G. Penn, W. Zaugg, Tetrahedron Lett. 42 (2001) 385.

[1245] K.-T. Wong, Z.-J. Wang, Y.-Y. Chien, C.-L. Wang, Org. Lett. 3
(2001) 2285.

[1246] G.R. Brown, A.J. Foubister, C.A. Roberts, S.L. Wells, R. Wood,
Tetrahedron Lett. 42 (2001) 3917.

[1247] L.M. Alcazar-Roman, J.F. Hartwig, J. Am. Chem. Soc. 123 (2001)
12905.

[1248] Y. Guari, G.P.F. van Strijdonck, M.D.K. Boele, J.N.H. Reek, P.C.J.
Kamer, P.W.N.M. van Leeuwen, Chem. Eur. J. 123 (2001) 475.

[1249] S. Lee, M. Jorgensen, J.F. Hartwig, Org. Lett. 3 (2001) 2729.
[1250] X. Huang, S.L. Buchwald, Org. Lett. 3 (2001) 3417.
[1251] D.J. Mader, H. Kopecka, D. Pireh, J. Pease, M. Pliushchev, R.J.

Sciotti, P.E. Wiedeman, S.W. Djuric, Tetrahedron Lett. 42 (2001)
3681.

[1252] S. Cacchi, G. Fabrizi, A. Goggiamani, G. Zappia, Org. Lett. 3
(2001) 2539.

[1253] E.J. Corey, J. Zhang, Org. Lett. 3 (2001) 3211.
[1254] T. Mase, I.N. Houpis, A. Akao, I. Dorziotis, K. Emerson, T.

Hoang, T. Iida, T. Itoh, K. Kamei, S. Kato, M. Kawasaki, F. Lang,
J. Lee, J. Lynch, P. Maligres, A. Molina, T. Nemeto, S. Okada, R.
Reamer, J.Z. Song, D. Tschaen, T. Wada, D. Zewge, R.P. Volante,
P.J. Reider, K. Tomimoto, J. Org. Chem. 66 (2001) 6775.

[1255] J.B. Arterburn, K.V. Rao, R. Ramdas, B.R. Dible, Org. Lett. 3
(2001) 1351.

[1256] M. Harmata, S.K. Ghosh, Org. Lett. 3 (2001) 3321.
[1257] C. Bolm, O. Simic, J. Am. Chem. Soc. 123 (2001) 3830.
[1258] R.G. Browning, H. Mahmud, V. Badarinarayana, C.J. Lovely,

Tetrahedron Lett. 42 (2001) 7155.
[1259] W. Cui, R.N. Loeppky, Tetrahedron 57 (2001) 2953.
[1260] J. Cheng, M.L. Trudell, Org. Lett. 3 (2001) 1371.
[1261] B. Witulski, M. Weber, U. Bergsträsser, J.-P. Desvergne, D.M.

Bassani, H. Bouas-Laurent, Org. Lett. 3 (2001) 1467.
[1262] K.R.J. Thomas, J.T. Lin, Y.-T. Tao, C.-W. Ko, J. Am. Chem. Soc.

123 (2001) 9404.
[1263] G.A. Artamkina, A.G. Sergeev, I.P. Beletskaya, Tetrahedron Lett.

42 (2001) 4381.
[1264] I.P. Beletskaya, A.D. Averin, A.G. Bessmertnykh, R. Guilard,

Tetrahedron Lett. 42 (2001) 4983.
[1265] I.P. Beletskaya, A.D. Averin, A.G. Bessmertnykh, R. Guilard,

Tetrahedron Lett. 42 (2001) 4987.
[1266] B. Ortner, R. Waibel, P. Gmeiner, Angew. Chem. Int. Ed. 40

(2001) 1283.
[1267] J. Meneyrol, P. Helissey, C. Tratrat, S. Giorgi-Renault, H.-P. Hus-

son, Synth. Commun. 31 (2001) 987.
[1268] L. Wang, Z.-c. Chen, Synth. Commun. 31 (2001) 1633.
[1269] R. Nomak, J.K. Snyder, Tetrahedron Lett. 42 (2001) 7929.
[1270] M. Catellani, C. Catucci, G. Celentano, R. Ferraccioli, Synlett 42

(2001) 803.
[1271] K. Ogawa, K.R. Radke, S.D. Rothstein, S.C. Rasmussen, J. Org.

Chem. 66 (2001) 9067.
[1272] F.M. Rivas, U. Riaz, J.A. Smulik, S.T. Diver, Org. Lett. 3 (2001)

2673.
[1273] Z. Wang, C.J. Rizzo, Org. Lett. 3 (2001) 565.
[1274] E. Schoffers, P.D. Olsen, J.C. Means, Org. Lett. 3 (2001) 4221.
[1275] L.F. Frey, K. Maarcantonio, D.E. Frantz, J.A. Murry, R.D. Tillyer,

E.J.J. Grabowski, P.J. Reider, Tetrahedron Lett. 42 (2001) 6815.
[1276] K.-T. Wong, T.H. Hung, S.C. Kao, C.H. Chou, Y.O. Su, Chem.

Commun. 42 (2001) 1628.
[1277] J.J. Song, N.K. Yee, Tetrahedron Lett. 42 (2001) 2973.
[1278] T.H.M. Jonckers, B.U.W. Maes, G.L.F. Lemiere, R. Dommisse,

Tetrahedron 57 (2001) 7027.
[1279] C. Desmarets, R. Schneider, Y. Fort, Tetrahedron Lett. 42 (2001)

247.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 141

[1280] R. Gujadhur, D. Venkataraman, J.T. Knight, Tetrahedron Lett. 42
(2001) 4791.

[1281] B. Gradel, E. Brenner, R. Schneider, Y. Fort, Tetrahedron Lett. 42
(2001) 5689.

[1282] J.-P. Clement, J.F. Hayes, H.M. Sheldrake, A.S. Wells, Synlett 42
(2001) 1423.

[1283] A. Klapars, J.C. Antilla, X. Huang, S.L. Buchwald, J. Am. Chem.
Soc. 123 (2001) 7727.

[1284] F. Lang, D. Zwege, I.N. Houpis, R.P. Volante, Tetrahedron Lett.
42 (2001) 3251.

[1285] M. Wolter, A. Klapars, S.L. Buchwald, Org. Lett. 3 (2001) 3803.
[1286] J.B. Arterburn, M. Pannala, A.M. Gonzales, Tetrahedron Lett. 42

(2001) 1475.
[1287] C.S. Cho, J.S. Kim, H.S. Kim, T.-J. Kim, S.C. Shim, Synth.

Commun. 31 (2001) 3791.
[1288] J.C. Antilla, S.L. Buchwald, Org. Lett. 3 (2001) 2077.
[1289] P.Y.S. Lam, G. Vincent, C.G. Clark, S. Deudon, P.K. Jadhav,

Tetrahedron Lett. 42 (2001) 3415.
[1290] P.Y.S. Lam, S. Deudon, E. Hauptman, C.G. Clark, Tetrahedron

Lett. 42 (2001) 2427.
[1291] J.P. Collman, M. Zhong, C. Zhang, S. Costanzo, J. Org. Chem.

66 (2001) 7892.
[1292] J.P. Collman, M. Zhong, L. Zheng, S. Castanzo, J. Org. Chem.

66 (2001) 1528.
[1293] D.Y. Kim, H.S. Kim, Y.J. Choi, J.Y. Mang, K. Lee, Synth. Com-

mun. 31 (2001) 2463.
[1294] C. Desmarets, R. Schneider, Y. Fort, Tetrahedron 57 (2001) 6757.
[1295] M. Feuerstein, D. Laurenti, H. Doucet, M. Santelli, Tetrahedron

Lett. 42 (2001) 2313.
[1296] M. Feuerstein, D. Laurenti, H. Doucet, M. Santelli, Chem. Com-

mun. 42 (2001) 43.
[1297] L.A. Paquette, R.T. Bibart, C.K. Seekamp, A.L. Kahane, Org. Lett.

3 (2001) 4039.
[1298] V.P. Rajappan, S.W. Schneller, Tetrahedron 57 (2001) 9049.
[1299] Y. Kitade, A. Kozaki, C. Yatome, Tetrahedron Lett. 42 (2001) 433.
[1300] Y. Noguchi, H. Uchiro, T. Yamada, S. Kobayashi, Tetrahedron

Lett. 42 (2001) 5253.
[1301] M.G. Banwell, A.J. Edwards, K.A. Jolliffe, M. Kemmler, Perkin

1 42 (2001) 1345.
[1302] W. Yokota, M. Shindo, K. Shishido, Heterocycles 54 (2001) 871.
[1303] X. Gai, R. Grigg, S. Collard, J.E. Muir, Chem. Commun. 54

(2001) 1712.
[1304] S.-C. Yang, Y.-C. Tsai, Organometallics 20 (2001) 763.
[1305] S.-C. Yang, Y.-C. Tsai, Y.-J. Shue, Organometallics 20 (2001)

5326.
[1306] M. Nakoji, T. Kanayama, T. Okino, Y. Takemoto, Org. Lett. 3

(2001) 3329.
[1307] Y. Wang, K. Ding, J. Org. Chem. 66 (2001) 3238.
[1308] G.R. Cook, S. Sankaranarayanan, Org. Lett. 3 (2001) 3531.
[1309] S.H.-L. Kok, C.C. Lee, T.K.M. Shing, J. Org. Chem. 66 (2001)

7184.
[1310] P.A. Evans, J.E. Robinson, K.K. Moffett, Org. Lett. 3 (2001) 3269.
[1311] O. Löber, M. Kawatsura, J.F. Hartwig, J. Am. Chem. Soc. 123

(2001) 4366.
[1312] T. Minami, H. Okamoto, S. Ikeda, R. Tanaka, F. Ozawa, M.

Yoshifuji, Angew. Chem. Int. Ed. 40 (2001) 4501.
[1313] R. Takeuchi, N. Ue, K. Tanabe, K. Yamashita, N. Shiga, J. Am.

Chem. Soc. 123 (2001) 9525.
[1314] H.-X. Wei, S.H. Kim, G. Li, Tetrahedron 57 (2001) 3869.
[1315] Y. Kozawa, M. Mori, Tetrahedron Lett. 42 (2001) 4869.
[1316] C.G. Hartung, A. Tillack, H. Trauthwein, M. Beller, J. Org. Chem.

66 (2001) 6339.
[1317] I. Bytschkov, S. Doye, Eur. J. Org. Chem. 66 (2001) 4411.
[1318] J.S. Johnson, R.G. Bergman, J. Am. Chem. Soc. 123 (2001) 2923.
[1319] M.K. Richmond, S.L. Scott, H. Alper, J. Am. Chem. Soc. 123

(2001) 10521.

[1320] T. Kondo, T. Okada, T. Suzuki, T.-a. Mitsudo, J. Organomet.
Chem. 621 (2001) 149.

[1321] G.A. Molander, E.D. Dowdy, S.K. Pack, J. Org. Chem. 66 (2001)
4344.

[1322] N. Solin, S. Narayan, K.J. Szabo, Org. Lett. 3 (2001) 909.
[1323] P. Wipf, C. Kendall, Org. Lett. 3 (2001) 2773.
[1324] S. Gageneur, H. Makabe, E.-i. Negishi, Tetrahedron Lett. 42 (2001)

785.
[1325] P. Wipf, D.C. Aslan, J. Org. Chem. 66 (2001) 337.
[1326] M. Takimoto, K. Shimizu, M. Mori, Org. Lett. 3 (2001) 3345.
[1327] W.-S. Lee, H.-L. Kwong, H.-L. Chan, W.-W. Choi, L.-Y. Ng,

Tetrahedron Asymm. 12 (2001) 1007.
[1328] D.W.C. MacMillan, L.E. Overman, L.D. Pennington, J. Am. Chem.

Soc. 123 (2001) 9033.
[1329] F. Gallou, D.W.C. MacMillan, L.E. Overman, L.A. Paquette, L.D.

Pennington, J. Yang, Org. Lett. 3 (2001) 135.
[1330] B. Mi, R.E. Maleczka, Org. Lett. 3 (2001) 1491.
[1331] A.C. Spivey, S.J. Woodhead, M. Weston, B.I. Andrews, Angew.

Chem. Int. Ed. 40 (2001) 769.
[1332] L. Barriault, D.H. Deon, Org. Lett. 3 (2001) 1925.
[1333] Y. Kita, K. Higuchi, Y. Yoshida, K. Iio, S. Kitagaki, K. Ueda, S.

Akai, H. Fujioka, J. Am. Chem. Soc. 123 (2001) 3214.
[1334] A. Krasinski, J. Jurczak, Tetrahedron Lett. 42 (2001) 2019.
[1335] K.-i. Yakao, M. Hara, T. Tsujita, K.-i. Yoshida, K.-i. Tadano,

Tetrahedron Lett. 42 (2001) 4665.
[1336] K. Nakai, S. Miyamoto, D. Sasuga, T. Doi, T. Tatahashi, Tetrahe-

dron Lett. 42 (2001) 7859.
[1337] H. Miyaoka, T. Baba, H. Mitome, Y. Yamada, Tetrahedron Lett.

42 (2001) 9233.
[1338] S.R. Jackson, M.G. Johnson, M. Mikami, S. Shiokawa, E.M.

Carreira, Angew. Chem. Int. Ed. 40 (2001) 2694.
[1339] D.L.J. Clive, S. Sun, Tetrahedron Lett. 42 (2001) 6267.
[1340] T. Zhang, Z. Liu, Y. Li, Synthesis 42 (2001) 393.
[1341] C. Garcia, T. Martin, V.S. Martin, J. Org. Chem. 66 (2001) 1420.
[1342] D.D. Martin, I.S. Marcos, P. Basabe, R.E. Romero, R.F. Moro, W.

Lumeras, L. Rodriguez, J.G. Urones, Synthesis 66 (2001) 1013.
[1343] S.M. Ceccarelli, U. Piarulli, C. Gennari, Tetrahedron 57 (2001)

8531.
[1344] I. Paterson, C. De Savi, M. Tudge, Org. Lett. 3 (2001) 3149.
[1345] H. Wang, C.J. Rizzo, Org. Lett. 3 (2001) 3603.
[1346] T.K. Chakraborty, S. Jayaprakash, Tetrahedron Lett. 42 (2001) 497.
[1347] M.P. Hayes, P.J. Hatala, B.A. Sherer, X. Tong, N. Zanatta, P.N.

Borer, J. Kallmerten, Tetrahedron 57 (2001) 1515.
[1348] H. Fuwa, M. Sasaki, K. Tachibana, Tetrahedron 57 (2001) 3019.
[1349] S. Wakamura, N. Arakaki, M. Yamamoto, S. Hiradate, H. Yasui,

T. Yasuda, T. Ando, Tetrahedron Lett. 42 (2001) 687.
[1350] J. Hao, J. Aiguade, C.J. Forsyth, Tetrahedron Lett. 42 (2001) 821.
[1351] C. Pousset, M. Haddad, M. Larchevaque, Tetrahedron 57 (2001)

7163.
[1352] R.M. Garbaccio, S.J. Stachel, D.K. Baeschlin, S.J. Danishefsky,

J. Am. Chem. Soc. 123 (2001) 10903.
[1353] T.K. Chakraborty, S. Tapadar, Tetrahedron Lett. 42 (2001) 1375.
[1354] O. Germany, N. Kumar, E.J. Thomas, Tetrahedron Lett. 42 (2001)

4969.
[1355] Z. Liu, W.Z. Li, Y. Li, Tetrahedron Asymm. 12 (2001) 95.
[1356] B. Fugmann, S. Arnold, W. Steglich, J. Fleichhauer, C. Repges,

A. Koslowski, G. Raabe, Eur. J. Org. Chem. 12 (2001) 3097.
[1357] T. Kato, T. Hirukawa, T. Suzuki, M. Tanaka, M. Hoshikawa, M.

Yagi, M. Tanaka, S.-s. Takagi, N. Saito, Helv. Chim. Acta 84
(2001) 47.

[1358] B.M. Trost, W. Tang, Org. Lett. 3 (2001) 3409.
[1359] S.D. Burke, L. Jiang, Org. Lett. 3 (2001) 1953.
[1360] R. Koldziuk, B. Kryczka, P. Llhoste, S. Porwanski, D. Sinou, A.

Zawisza, Synth. Commun. 31 (2001) 3863.
[1361] M. Lautens, K. Fagnou, J. Am. Chem. Soc. 123 (2001) 7170.
[1362] K.E. Torraca, X. Huang, C.A. Parrish, S.L. Buchwald, J. Am.

Chem. Soc. 123 (2001) 10770.



142 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[1363] S.-i. Kuwabe, K.E. Torraca, S.L. Buchwald, J. Am. Chem. Soc.
123 (2001) 12202.

[1364] D.H. Camacho, I. Nakamura, S. Saito, Y. Yamamoto, J. Org.
Chem. 66 (2001) 270.

[1365] C.A. Parrish, S.L. Buchwald, J. Org. Chem. 66 (2001) 2498.
[1366] G.C. Paddon-Jones, C.S.P. McErlean, P. Hayes, C.J. Moore, W.A.

Koning, W. Kitching, J. Org. Chem. 66 (2001) 7487.
[1367] Y. Hu, Z. Yang, Org. Lett. 3 (2001) 1387.
[1368] H.M. Petrassi, K.B. Sharpless, J.W. Kelly, Org. Lett. 3 (2001) 139.
[1369] C.P. Decicco, Y. Song, D.A. Evans, Org. Lett. 3 (2001) 1029.
[1370] D.A. Evans, J.L. Katz, G.S. Peterson, T. Hintermann, J. Am.

Chem. Soc. 123 (2001) 12411.
[1371] R. Grigg, N. Kongkathip, B. Kongkathip, S. Luangkamin, H.A.

Dondas, Tetrahedron 57 (2001) 7965.
[1372] I. Kadota, L.M. Lutete, A. Shibuya, Y. Yamamoto, Tetrahedron

Lett. 42 (2001) 6207.
[1373] A. Casaschi, R. Grigg, J.M. Sansano, Tetrahedron 57 (2001) 607.
[1374] S. Brown, S. Clarkson, R. Grigg, W.A. Thomas, V. Sridharan,

D.M. Wilson, Tetrahedron 57 (2001) 1347.
[1375] U. Anwar, A. Casaschi, R. Grigg, J.M. Sansano, Tetrahedron 57

(2001) 1361.
[1376] M.R. Fielding, R. Grigg, V. Sridharan, M. Thornton-Pett, C.J.

Urch, Tetrahedron 57 (2001) 7737.
[1377] R. Grigg, M.F. Jones, M. McTiernan, V. Sridharan, Tetrahedron

57 (2001) 7979.
[1378] R. Grigg, W.S. MacLachlan, D.T. MacPherson, V. Sridharan, S.

Suganathan, Tetrahedron 57 (2001) 10335.
[1379] S. Brown, R. Grigg, J. Hinsley, S. Korn, V. Sridharan, M.D. Uttley,

Tetrahedron 57 (2001) 10347.
[1380] R. Grigg, E. Mariani, V. Sridharan, Tetrahedron Lett. 42 (2001)

8677.
[1381] P. Mauleon, A. Alonso, J.C. Carretero, Angew. Chem. Int. Ed. 40

(2001) 1291.
[1382] W.F.J. Karsyens, M. Stol, F.P.J.T. Rutjes, H. Kooijman, A.L. Speck,

H. Hiemstra, J. Organomet. Chem. 624 (2001) 244.
[1383] R. Grigg, I. Köppen, M. Rasparini, V. Sridharan, Chem. Commun.

624 (2001) 964.
[1384] D. Bouyssi, G. Balme, Synlett 624 (2001) 1191.
[1385] S. Schweizer, M. Schelper, C. Thies, P.J. Parsons, M. Noltemeyer,

A. de Meijere, Synlett 624 (2001) 920.
[1386] R. Mukhopadhyay, N.G. Kundu, Synlett 624 (2001) 1143.
[1387] S.-K. Kang, K.-J. Kim, Org. Lett. 3 (2001) 511.
[1388] R. Grigg, M. Kordes, Eur. J. Org. Chem. 3 (2001) 707.
[1389] R.W. Bates, V. Satcharoen, Synlett 3 (2001) 532.
[1390] J.A. Nieman, M.D. Ennis, J. Org. Chem. 66 (2001) 2174.
[1391] G. Dai, R.C. Larock, Org. Lett. 3 (2001) 4035.
[1392] K.R. Roesch, H. Zhang, R.C. Larock, J. Org. Chem. 66 (2001)

8042.
[1393] K.R. Roesch, R.C. Larock, J. Org. Chem. 66 (2001) 412.
[1394] H. Zhang, R.C. Larock, Org. Lett. 3 (2001) 3083.
[1395] A. Arcadi, S. Cacchi, L. Cascia, G. Fabrizi, F. Marinelli, Org.

Lett. 3 (2001) 2501.
[1396] H. Tsutsuni, K. Narasaka, Chem. Lett. 3 (2001) 526.
[1397] M. Kitamura, S. Zaman, K. Narasaka, Synlett 3 (2001) 974.
[1398] A. Arcadi, S. Cacchi, A. Cassetta, G. Fabrizi, L.M. Parisi, Synlett

3 (2001) 1605.
[1399] J.H. Chaplin, B.L. Flynn, Chem. Commun. 3 (2001) 1594.
[1400] H. Amii, Y. Kishikawa, K. Uneyama, Org. Lett. 3 (2001) 1109.
[1401] G.A. Inman, D.C.D. Butler, H. Alper, Synlett 3 (2001) 914.
[1402] H. Ohno, M. Anzai, A. Toda, S. Ohishi, N. Fujii, T. Tanaka, Y.

Takemoto, T. Ibuka, J. Org. Chem. 66 (2001) 4904.
[1403] K. Hiroi, Y. Hiratsuka, K. Watanabe, I. Abe, F. Kato, M. Hiroi,

Synlett 66 (2001) 263.
[1404] C. Larksarp, O. Sellire, H. Alper, J. Org. Chem. 66 (2001) 3502.
[1405] B. Nandi, N.G. Kundu, Perkin 1 66 (2001) 1649.
[1406] T.G. Back, R.J. Bethell, M. Parvez, J.A. Taylor, J. Org. Chem. 66

(2001) 8599.

[1407] R.D. Dghaym, R. Dhawan, B.A. Arndtsen, Angew. Chem. Int. Ed.
40 (2001) 3228.

[1408] S. Iyer, C. Ramesh, G.M. Kulkarni, Synlett 40 (2001) 1241.
[1409] G. Liu, X. Lu, Org. Lett. 3 (2001) 3879.
[1410] J. Bosch, T. Rocha, M. Armengol, D. Fernandez-Forner, Tetrahe-

dron 57 (2001) 1041.
[1411] M. Tokunaga, M. Ota, M.-a. Haga, Y. Wakatsuki, Tetrahedron

Lett. 42 (2001) 3865.
[1412] C. Ma, X. Liu, J. Flippen-Anderson, S. Yu, J.M. Cook, J. Org.

Chem. 66 (2001) 4525.
[1413] C.S. Cho, J.H. Kim, T.-J. Kim, S.C. Shim, Tetrahedron 57 (2001)

3321.
[1414] N.G. Kundu, G. Chaudhuri, Tetrahedron Lett. 42 (2001) 2883.
[1415] N.G. Kundu, G. Chaudhuri, Tetrahedron 57 (2001) 6833.
[1416] C.S. Cho, B.T. Kim, T.-J. Kim, S.C. Shim, Chem. Commun. 57

(2001) 2576.
[1417] S.T. Hndy, M. Czopp, Org. Lett. 3 (2001) 1423.
[1418] R.D. White, J.L. Woods, Org. Lett. 3 (2001) 1825.
[1419] P. Dauban, L. Saniere, A. Tarrade, R.H. Dodd, J. Am. Chem. Soc.

123 (2001) 7707.
[1420] V.K. Aggarwal, R.A. Stenson, R.V.H. Jones, R. Fieldhouse, J.

Blacker, Tetrahedron Lett. 42 (2001) 1587.
[1421] G.V.M. Sharma, A.S. Chander, P.R. Krishna, Tetrahedron Asymm.

12 (2001) 539.
[1422] J.M. Aurrecoechea, E. Perez, Tetrahedron Lett. 42 (2001) 3839.
[1423] M. Bottex, M. Cavicchioli, B. Hartmann, N. Monteiro, G. Balme,

J. Org. Chem. 66 (2001) 175.
[1424] S. Garcon, S. Vassiliou, M. Cavicchioli, B. Hartmann, M. Mon-

teiro, G. Balme, J. Org. Chem. 66 (2001) 4069.
[1425] M. Sekido, K. Aoyagi, H. Nakamura, C. Kubuto, Y. Yamamoto,

J. Org. Chem. 66 (2001) 7142.
[1426] M.A. Arai, M. Kuraishi, T. Arai, H. Sasaki, J. Am. Chem. Soc.

123 (2001) 2907.
[1427] I. Macsari, K.J. Szabo, Chem. Eur. J. 123 (2001) 4097.
[1428] J.-R. Labrosse, P. Lhoste, D. Sinou, J. Org. Chem. 66 (2001) 6634.
[1429] C. Damez, J.-R. Labrosse, P. Llhoste, D. Sinou, Synthesis 66

(2001) 1456.
[1430] K. Sato, A. Nishimura, Y. Yamamoto, H. Akita, Tetrahedron Lett.

42 (2001) 4203.
[1431] X. Teng, T. Wada, S. Okamoto, F. Sato, Tetrahedron Lett. 42

(2001) 5501.
[1432] D.K. Rayabarpu, T. Sambaiah, C.-H. Cheng, Angew. Chem. Int.

Ed. 40 (2001) 1286.
[1433] T. Nakamura, M. Shiozaki, Tetrahedron 57 (2001) 9087.
[1434] K.C. Nicolaou, W. Qian, F. Bernal, N. Uesaka, P.M. Pihko, J.

Hinrichs, Angew. Chem. Int. Ed. 40 (2001) 4068.
[1435] Y. Aoyama, Y. Araki, T. Konike, Synlett 40 (2001) 1452.
[1436] Y. Pan, C.P. Holmes, Org. Lett. 3 (2001) 2769.
[1437] B. Tse, A.B. Jones, Tetrahedron Lett. 42 (2001) 6429.
[1438] K. Högenauer, J. Mulzer, Org. Lett. 3 (2001) 1495.
[1439] B.H. Lipshutz, T. Tomioka, S.S. Pfeiffer, Tetrahedron Lett. 42

(2001) 7737.
[1440] B.H. Lipshutz, T. Tomioka, K. Sato, Synlett 42 (2001) 970.
[1441] M.S. Viciu, G.A. Grasa, S.P. Nolan, Organometallics 20 (2001)

3607.
[1442] T.J. Hunter, G.A. O’Doherty, Org. Lett. 3 (2001) 1049.
[1443] D. Ma, W. Pu, P. Deng, Tetrahedron Lett. 42 (2001) 6929.
[1444] P.H. Beusker, H. Velhuis, B.A.C. van den Bossche, H.W. Sheeren,

Eur. J. Org. Chem. 42 (2001) 1761.
[1445] T. Hanasawa, H. Inamori, T. Masuda, S. Okamoto, F. Sato, Org.

Lett. 3 (2001) 2205.
[1446] K. Mikamai, A. Yoshida, Tetrahedron 57 (2001) 889.
[1447] G. Rüedi, H.-J. Hansen, Helv. Chim. Acta 84 (2001) 1017.
[1448] W. Gu, X. Chen, X. Pan, A. Wu, Synth. Commun. 31 (2001) 1983.
[1449] M. Ogasawara, H. Ikeda, T. Nagano, T. Hayashi, J. Am. Chem.

Soc. 123 (2001) 2089.
[1450] J.R. Fuchs, R.L. Funk, Org. Lett. 3 (2001) 3349.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 143

[1451] T. Kumamoto, N. Tabe, K. Yamaguchi, H. Yagishita, H. Iwasa, T.
Ishikawa, Tetrahedron 57 (2001) 2717.

[1452] S.J. Degardo, H. Mizutani, A.H. Hoveyda, J. Am. Chem. Soc. 123
(2001) 755.

[1453] F.M. Hauser, M. Zhou, Y. Sun, Synth. Commun. 31 (2001) 77.
[1454] G.A. Molander, M.S. Quirmbach, L.F. Silva, K.C. Spencer, J.

Balsells, Org. Lett. 3 (2001) 2257.
[1455] A.S. Kende, J.I.M. Hernando, J.B.J. Milbank, Org. Lett. 3 (2001)

2505.
[1456] G. Mehta, K. Srinivas, Tetrahedron Lett. 42 (2001) 2855.
[1457] M. Node, S. Kodama, Y. Hamashima, T. Baba, N. Hamamichi, K.

Nishide, Angew. Chem. Int. Ed. 40 (2001) 3060.
[1458] H. Takigawa, D. Nozawa, K. Mori, Perkin 1 40 (2001) 657.
[1459] G. Allan, A.J. Caarnell, M.L. Escudero Hernandez, A. Pettman,

Tetrahedron 57 (2001) 8193.
[1460] H. Oikawa, T. Toyomasu, H. Toshima, S. Ohashi, H. Kawaide,

Y. Kamiya, M. Ohtsuka, S. Shinoda, W. Mitsuhashi, T. Sassa, J.
Am. Chem. Soc. 123 (2001) 5154.

[1461] P. Maurin, M. Ibrahim-Ouali, M. Santelli, Tetrahedron Lett. 42
(2001) 847.

[1462] P. Ambrosi, A. Arnone, P. Bravo, L. Bruche, A. De Cristofaro, V.
Francardi, M. Frigerio, E. Gatti, G.S. Germinara, W. Panzeri, F.
Pennacchio, C. Pesenti, G. Rotundo, P.F. Roversi, C. Salvadori, F.
Viani, M. Zanda, J. Org. Chem. 66 (2001) 8336.

[1463] D. Kim, J. Lee, J. Chang, S. Kim, Tetrahedron 57 (2001) 1247.
[1464] T. Uyehara, K. Onda, N. Nozaki, M. Karikomi, M. Uneo, T. Sato,

Tetrahedron Lett. 42 (2001) 699.
[1465] A. Srikrishna, M.S. Rao, Tetrahedron Lett. 42 (2001) 5781.
[1466] H.-J. Liu, Y.-L. Ho, J.-D. Wu, K.-S. Shia, Synlett 42 (2001) 1805.
[1467] D.J. Nelson, R. Li, C. Brammer, J. Am. Chem. Soc. 123 (2001)

1564.
[1468] M.J. Gaunt, J. Yu, J.B. Spencer, Chem. Commun. 123 (2001) 1844.
[1469] M. Yoshida, K. Sugimoto, M. Ihara, Tetrahedron Lett. 42 (2001)

3877.
[1470] T. Nishimura, K. Ohe, S. Uemura, J. Org. Chem. 66 (2001) 1455.
[1471] T. Suzuki, M. Tokunaga, Y. Wakatsuki, Org. Lett. 3 (2001) 735.
[1472] J.B. Perales, D.L. Van Vranken, J. Org. Chem. 66 (2001) 7270.
[1473] I. Weber, G.B. Jones, Tetrahedron Lett. 42 (2001) 6983.
[1474] J.W. Han, T. Hayashi, Chem. Lett. 42 (2001) 976.
[1475] M. Gustafsson, K.-E. Bergquist, T. Frejd, Perkin 1 42 (2001) 1452.
[1476] J.W. Han, N. Tokunaga, T. Hayashi, J. Am. Chem. Soc. 123 (2001)

12915.
[1477] M.A. Tius, S.K. Paul, Tetrahedron Lett. 42 (2001) 2605.
[1478] A. Matsuda, T. Doi, H. Tanaka, T. Takahashi, Synlett 42 (2001)

1101.
[1479] D. Emiabata-Smith, A. McKillop, C. Mills, W.B. Motherwell, A.J.

Whitehead, Synlett 42 (2001) 1302.
[1480] G. Huang, M. Isobe, Tetrahedron 57 (2001) 10241.
[1481] S.A. Kozmin, Org. Lett. 3 (2001) 755.
[1482] A.S. Manoso, P. DeShong, J. Org. Chem. 66 (2001) 7449.
[1483] D. Bonafoux, I. Ojima, Org. Lett. 3 (2001) 1303.
[1484] T. Ishiyama, K. Ishida, J. Takagi, N. Miyaura, Chem. Lett. 3

(2001) 1082.
[1485] M.K. Tse, J.-Y. Cho, M.R. Smith, Org. Lett. 3 (2001) 2831.
[1486] T. Ishiyama, K. Ishida, N. Miyaura, Tetrahedron 57 (2001) 9813.
[1487] C.S. Krämer, K. Zeitler, T.J.J. Müller, Tetrahedron Lett. 42 (2001)

8619.
[1488] K. Ishihara, S. Kondo, H. Yamamoto, Synlett 42 (2001) 1371.
[1489] M. Melaimi, F. Mathey, P. Le Floch, J. Organomet. Chem. 640

(2001) 197.
[1490] Y.-L. Song, C. Morin, Synlett 640 (2001) 266.
[1491] F.-Y. Yang, C.-H. Cheng, J. Am. Chem. Soc. 123 (2001) 761.
[1492] M. Suginome, Y. Ohmori, Y. Ito, J. Am. Chem. Soc. 123 (2001)

4601.
[1493] G. Li, P. Sammadder, G. Arthur, R. Bittman, Tetrahedron 57 (2001)

8925.

[1494] M.D.B. Fenster, B.O. Patrick, G.R. Drake, Org. Lett. 3 (2001)
21099.

[1495] S. Kim, Y. Adiyaman, G. Saha, E.S. Powell, J. Rokach, Tetrahedron
Lett. 42 (2001) 4445.

[1496] S.M. Ceccarelli, U. Piarulli, J. Yelser, C. Gennari, Tetrahedron
Lett. 42 (2001) 7421.

[1497] H. Deng, J.P. Konopelski, Org. Lett. 3 (2001) 3001.
[1498] J.S. Panek, N.F. Jain, J. Org. Chem. 66 (2001) 2747.
[1499] W.H. Pearson, Y. Mi, I.Y. Lee, P. Stoy, J. Am. Chem. Soc. 123

(2001) 6724.
[1500] H. Yoshida, E. Shirakawa, Y. Najkano, Y. Honda, T. Hiyama, Bull.

Chem. Soc. Jpn 74 (2001) 637.
[1501] H. Yoshida, Y. Honda, E. Shirakawa, T. Hiyama, Chem. Commun.

74 (2001) 1880.
[1502] H. Huang, J.S. Panek, Org. Lett. 3 (2001) 1693.
[1503] I. Kadota, H. Takamura, Y. Yamamoto, Tetrahedron Lett. 42 (2001)

3649.
[1504] M.B. Rice, S.L. Whitehead, C.M. Horvath, J.A. Muchnij, R.E.

Maleczka, Synthesis 42 (2001) 1495.
[1505] M. Isaac, A. Slassi, K. Da Silva, T. Xin, Tetrahedron Lett. 42

(2001) 2957.
[1506] S. Miniere, J.-C. Cintrat, Synthesis 42 (2001) 705.
[1507] E. Shirakawa, Y. Nakao, T. Hiyama, Chem. Commun. 42 (2001)

263.
[1508] M.T. Crimmins, J.D. Katz, L.C. McAtee, E.A. Tabet, S.J. Kirincich,

Org. Lett. 3 (2001) 949.
[1509] H. Kinoshita, T. Nakamura, H. Kakiya, H. Shinokubo, S. Matsub-

ara, K. Oshima, Org. Lett. 3 (2001) 2521.
[1510] D. Ma, W. Zhu, J. Org. Chem. 66 (2001) 348.
[1511] T. Zhou, Z.-C. Chen, Synth. Commun. 31 (2001) 3289.
[1512] Y. Kobayashi, A.D. Williams, Y. Tokoro, J. Org. Chem. 66 (2001)

7903.
[1513] T. Johansson, J. Stawinski, Chem. Commun. 66 (2001) 2564.
[1514] J.R. Hanrahan, K.N. Mewett, M. Chebib, P.M. Burden, G.A.R.

Johnston, Perkin 1 66 (2001) 2389.
[1515] S. Abbas, R.D. Bertram, C.J. Hayes, Org. Lett. 3 (2001) 3365.
[1516] G. Francio, K. Wittmann, W. Leitner, J. Organomet. Chem. 621

(2001) 130.
[1517] M. Cavazzini, G. Pozzi, S. Quici, D. Maillard, D. Sinou, Chem.

Commun. 621 (2001) 1220.
[1518] M. Schuman, X. Lopez, M. Karplus, V. Gouverneur, Tetrahedron

57 (2001) 10299.
[1519] C.W. Lai, F.Y. Kwong, Y. Wang, K.S. Chan, Tetrahedron Lett. 42

(2001) 4883.
[1520] F.Y. Kwong, K.S. Chan, Organometallics 20 (2001) 2570.
[1521] P. Wasserscheid, H. Waffenschmidt, P. Machnitzki, K.W.

Kottsieper, O. Stelzer, Chem. Commun. 20 (2001) 451.
[1522] T. Senda, M. Ogasawara, T. Hayashi, J. Org. Chem. 66 (2001)

6852.
[1523] D.J. Birdsall, E.G. Hope, A.M. Stuart, W. Chen, Y. Hu, J. Xiao,

Tetrahedron Lett. 42 (2001) 8551.
[1524] D.L. Commins, C.G. Ollinger, Tetrahedron Lett. 42 (2001) 4115.
[1525] J.-L. Montchamp, Y.R. Dumond, J. Am. Chem. Soc. 123 (2001)

510.
[1526] M.A. Kazanova, I.V. Efimova, A.N. Kochetkov, V.V. Afanasev, I.P.

Beletskaya, P.H. Dixneuf, Synlett 123 (2001) 497.
[1527] F. Mirzaei, L.-B. Han, M. Tanaka, Tetrahedron Lett. 42 (2001)

297.
[1528] L.-B. Han, C.-Q. Zhao, M. Tanaka, J. Org. Chem. 66 (2001) 5929.
[1529] J.F. Reichwein, M.C. Patel, B.L. Pagenkopf, Org. Lett. 3 (2001)

4303.
[1530] C.-Q. Zhao, L.-B. Han, M. Goto, M. Tanaka, Angew. Chem. Int.

Ed. 40 (2001) 1929.
[1531] N.G. Goulioukina, T.M. Dolgina, I.P. Beletskaya, J.-C. Henry,

D. Levergne, V. Ratovelomanana-Vidal, J.-P. Genet, Tetrahedron
Asymm. 12 (2001) 319.

[1532] C. Xi, M. Ma, X. Li, Chem. Commun. 12 (2001) 2554.



144 B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145

[1533] F.Y. Kwong, C.W. Lai, K.S. Chan, J. Am. Chem. Soc. 123 (2001)
8864.

[1534] K. Sugoh, H. Kuniyasu, T. Sugae, A. Ohtaka, Y. Takai, A. Tanaka,
C. Machino, N. Kambe, H. Kurosawa, J. Am. Chem. Soc. 123
(2001) 5108.

[1535] U. Schopfer, A. Schlapbach, Tetrahedron 57 (2001) 3069.
[1536] K. Kato, M. Ono, H. Akita, Tetrahedron 57 (2001) 10055.
[1537] S.G. Davies, C.J. Goodwin, D. Pyatt, A.D. Smith, Perkin 1 57

(2001) 1413.
[1538] M. Arisawa, M. Yamaguchi, Org. Lett. 3 (2001) 763.
[1539] Y. Gareau, M. Tremblay, D. Gauvreau, H. Juteau, Tetrahedron 57

(2001) 5739.
[1540] N. Maezaki, R. Yoshigami, J. Maeda, T. Tanaka, Org. Lett. 3

(2001) 3627.
[1541] Z. Szarka, R. Skoda-Földes, L. Kollar, Tetrahedron Lett. 42 (2001)

739.
[1542] E.P. Kündig, H. Ratni, B. Crousse, G. Bernardinelli, J. Org. Chem.

66 (2001) 1852.
[1543] S.P. Dudek, H.D. Sikes, C.E.D. Chidsey, J. Am. Chem. Soc. 123

(2001) 8033.
[1544] K.-W. Poon, W. Liu, P.-K. Chan, Q. Yang, T.-W.D. Chan, T.C.W.

Mak, D.K.P. Ng, J. Org. Chem. 66 (2001) 1553.
[1545] D. Osella, C. Nervi, F. Galeotti, G. Cavigiolio, A. Vessieres, G.

Jaouen, Helv. Chim. Acta 84 (2001) 3289.
[1546] V. Mamane, O. Riant, Tetrahedron 57 (2001) 2555.
[1547] P. Kasak, R. Miklas, M. Putala, J. Organomet. Chem. 637–639

(2001) 318.
[1548] C.-m. Liu, Y.-m. Liang, X.-l. Wu, W.-m. Liu, Y.-x. Ma, J.

Organomet. Chem. 637–639 (2001) 723.
[1549] D.H. Hua, J.W. McGill, M. Ueda, H.A. Stephany, J. Organomet.

Chem. 637–639 (2001) 832.
[1550] M. Enders, G. Kohl, H. Pritzkow, J. Organomet. Chem. 621 (2001)

66.
[1551] I.P. Beletskaya, A.V. Tsvetkov, G.V. Latyshev, V.A. Tafeenko, N.V.

Lukashev, J. Organomet. Chem. 637–639 (2001) 653.
[1552] K. Kamikawa, A.A. Taachibana, S. Sugimoto, M. Uemura, Org.

Lett. 3 (2001) 2033.
[1553] J.-P. Tranchier, R. Chavignon, D. Prim, A. Auffrant, J.G. Planas,

F. Rose-Munch, E. Rose, G.R. Stephenson, Tetrahedron Lett. 42
(2001) 3311.

[1554] Y.-L. Tan, A.J.P. White, D.A. Widdowson, R. Wilhelm, D.J.
Williams, Perkin 1 42 (2001) 3269.

[1555] C.-O. Turrin, J. Chiffre, J.-C. Daran, D. de Montauzon, A.-M.
Caminade, E. Manoury, G. Balavoine, J.-P. Majoral, Tetrahedron
57 (2001) 2521.

[1556] S.-J. Luo, C.-M. Liu, Y.-M. Liang, Y.-X. Ma, Synth. Commun.
31 (2001) 3119.

[1557] R. Wilhelm, D.A. Widdowson, Org. Lett. 3 (2001) 3079.
[1558] D. Rim, J.-P. Tranchier, R. Chavignon, F. Rose-Munch, E. Rose,

Organometallics 20 (2001) 1279.
[1559] A.J. Locke, C. Jones, C.J. Richards, J. Organomet. Chem. 637–639

(2001) 669.
[1560] C.A. Merlic, J.C. Walsh, J. Org. Chem. 66 (2001) 2265.
[1561] A. Sarkar, S. Ganesh, S. Sur, S.K. Mandal, V.M. Swamy, B.C.

Maity, T.S. Kumar, J. Organomet. Chem. 624 (2001) 18.
[1562] B.C. Maity, V.M. Swamy, A. Sarkar, Tetrahedron Lett. 42 (2001)

4373.
[1563] K. Ishimaru, T. Kojima, Tetrahedron Lett. 42 (2001) 5037.
[1564] C. Baldoli, S. Maiorana, E. Licandro, G. Zinzalla, M. Lanfranchi,

A. Tiripicchio, Tetrahedron Asymm. 12 (2001) 2159.
[1565] F. Dehmel, H.-G. Schmalz, Org. Lett. 3 (2001) 3579.
[1566] H. Rudler, V. Comte, E. Garrier, M. Bellassoued, E. Chelain, J.

Vaissermann, J. Organomet. Chem. 621 (2001) 284.
[1567] B. Gotov, H.-G. Schmalz, Org. Lett. 3 (2001) 1753.
[1568] Y. Hamashima, M. Kanai, M. Shibasaki, Tetrahedron Lett. 42

(2001) 691.

[1569] M.R.G. da Costa, M.J.M. Curto, S.G. Davies, J. Sanders, F.C.
Teixeira, Perkin 1 42 (2001) 2850.

[1570] G.A. Artamkina, P.K. Saznov, I.P. Beletskaya, Tetrahedron Lett.
42 (2001) 4385.

[1571] S.E. Gibson, H. Ibrahim, Chem. Commun. 42 (2001) 1070.
[1572] G. Bernardinelli, S. Gillet, E.P. Kündig, R. Liu, A. Ripa, L. Saudan,

Synthesis 42 (2001) 2040.
[1573] J.H. Rigby, M.A. Kondratenko, Org. Lett. 3 (2001) 3683.
[1574] A.C. Comely, S.E. Gibson, N.J. Hales, M.A. Peplow, Perkin 1 3

(2001) 2526.
[1575] C.A. Merlic, A.L. Zechman, M.M. Miller, J. Am. Chem. Soc. 123

(2001) 11101.
[1576] A. Netz, K. Polborn, T.J.J. Müller, J. Am. Chem. Soc. 123 (2001)

3441.
[1577] A. Netz, K. Polborn, T.J.J. Müller, J. Organomet. Chem. 640

(2001) 41.
[1578] H.-L. Huang, W.-H. Sung, R.-S. Liu, J. Org. Chem. 66 (2001)

6193.
[1579] K.-H. Shen, S.-F. Lush, T.-L. Chen, R.-S. Liu, J. Org. Chem. 66

(2001) 8106.
[1580] R.J. Madhushaw, C.-L. Li, K.-H. Shen, C.-C. Hu, R.-S. Liu, J.

Am. Chem. Soc. 123 (2001) 7427.
[1581] B. Liu, M.-J. Chen, C.-Y. Lo, R.-S. Liu, Tetrahedron Lett. 42

(2001) 2533.
[1582] F.C. Pigge, S. Fang, Tetrahedron Lett. 42 (2001) 17.
[1583] A.J. Pearson, J.-J. Hwang, Tetrahedron Lett. 42 (2001) 3533.
[1584] A.J. Pearson, S. Zigmantas, Tetrahedron Lett. 42 (2001) 8765.
[1585] A. Auffrant, D. Prim, F. Rose-Munch, E. Rose, J. Vaissermann,

Organometallics 20 (2001) 3214.
[1586] J.E. Imbriglio, J.D. Rainer, Tetrahedron Lett. 42 (2001) 6987.
[1587] Z. Duan, K. Nakajima, T. Takahashi, Chem. Commun. 42 (2001)

1672.
[1588] C.A.G. Carter, G. Greidanus, J.-X. Chen, J.M. Stryker, J. Am.

Chem. Soc. 123 (2001) 8872.
[1589] Y. Lu, J.R. Green, Synlett 123 (2001) 243.
[1590] M. Sui, J.S. Panek, Org. Lett. 3 (2001) 2439.
[1591] A.M. Montana, M. Cano, Tetrahedron Lett. 42 (2001) 7961.
[1592] E. Tyrell, G.A. Skinner, T. Baashir, Synlett 42 (2001) 1929.
[1593] K. Kira, M. Isobe, Tetrahedron Lett. 42 (2001) 2821.
[1594] R. Saeeng, M. Isobe, Heterocycles 54 (2001) 789.
[1595] R. Chow, P.J. Kocienski, A. Kuhl, J.-Y. LeBrazidec, K. Muir, P.

Fish, Perkin 1 54 (2001) 2344.
[1596] D. Diaz, T. Martin, V.S. Martin, Org. Lett. 3 (2001) 3289.
[1597] G.D. Smyth, H. Ohmura, K. Mikami, Synlett 3 (2001) 509.
[1598] J.A. Burlison, J.M. Gray, D.G.J. Young, Tetrahedron Lett. 42

(2001) 5363.
[1599] A. Wada, N. Fujioka, M. Ito, J. Heterocycl. Chem. 38 (2001) 259.
[1600] Y. Baba, G. Saha, S. Nakao, C. Iwata, T. Tanaka, T. Ibuka, H.

Ohishi, Y. Takemoto, J. Org. Chem. 66 (2001) 81.
[1601] A.J. Pearson, I.B. Dorange, J. Org. Chem. 66 (2001) 3140.
[1602] A.J. Pearson, A.R. Alimardanov, W.D. Kerber, J. Organomet.

Chem. 630 (2001) 23.
[1603] K. Godula, H. Bärmann, W.A. Donaldson, J. Org. Chem. 66 (2001)

3590.
[1604] T. Okauchi, T. Teshima, K. Hayashi, N. Suetsugu, T. Minami, J.

Am. Chem. Soc. 123 (2001) 12117.
[1605] Y. Takemoto, K. Ishii, T. Ibuka, Y. Miwa, T. Taga, S. Nakao, T.

Tanaka, H. Ohishi, Y. Kai, N. Kanehisa, J. Org. Chem. 66 (2001)
6116.

[1606] M. Franck-Neumann, P. Geofroy, P. Bissinger, S. Adelaide, Tetra-
hedron Lett. 42 (2001) 6401.

[1607] Y. Coquerel, J.-P. Depres, A.E. Greene, P. Cividino, J. Court,
Synth. Commun. 31 (2001) 1291.

[1608] Y.K. Yun, H. Bärman, W.A. Donaldson, Organometallics 20 (2001)
2409.

[1609] A.J. Pearson, E.F. Mesaros, Org. Lett. 3 (2001) 2665.
[1610] R.G. Arryas, L.S. Liebeskind, J. Am. Chem. Soc. 123 (2001) 6185.



B.C.G. Söderberg / Coordination Chemistry Reviews 247 (2003) 79–145 145

[1611] C. Shu, A. Alcudia, J. Jin, L.S. Liebeskind, J. Am. Chem. Soc.
123 (2001) 12477.

[1612] Y.-L. Lin, M.-H. Cheng, W.-C. Chen, S.-M. Peng, S.-L. Wang, H.
Kuo, R.-S. Liu, J. Org. Chem. 66 (2001) 1781.

[1613] R.D.A. Hudson, C.E. Anson, M.F. Mahon, G.R. Stephenson, J.
Organomet. Chem. 630 (2001) 88.

[1614] K. Godula, W.A. Donaldson, Tetrahedron Lett. 42 (2001) 153.
[1615] M.A. Hossain, M.-J. Jin, W.A. Donaldson, J. Organomet. Chem.

630 (2001) 5.
[1616] J. Schuppan, H. Wehlan, S. Keiper, U. Koert, Angew. Chem. Int.

Ed. 40 (2001) 2063.
[1617] D.R. Williams, D.C. Ihle, S.V. Plummer, Org. Lett. 3 (2001) 1383.
[1618] M.J. McLaughlin, R.P. Hsung, J. Org. Chem. 66 (2001) 1049.
[1619] A.A.A. Quantar, M. Srebnik, Org. Lett. 3 (2001) 1379.
[1620] M. Cases, F. Gonzalez-Lopez de Turiso, G. Pattenden, Synlett 3

(2001) 1869.
[1621] T. Okochi, K. Mori, Eur. J. Org. Chem. 3 (2001) 2145.
[1622] A.A.A. Quntar, M. Srebnik, J. Org. Chem. 66 (2001) 6650.
[1623] P. Bertus, F. Cherouvrier, J. Szymoniak, Tetrahedron Lett. 42

(2001) 1677.
[1624] B. Alcaide, P. Almendros, J.M. Alonso, M.F. Fly, Org. Lett. 3

(2001) 3781.
[1625] T. Ishikawa, E. Uedo, R. Tani, S. Saito, J. Org. Chem. 66 (2001)

186.
[1626] S. Kezuka, T. Ikeno, T. Yamada, Org. Lett. 3 (2001) 1937.
[1627] N. Iwasawa, K. Maeyama, H. Kusama, Org. Lett. 3 (2001) 3871.
[1628] C.S. Cho, B.T. Kim, M.J. Lee, T.-J. Kim, S.C. Shim, Angew.

Chem. Int. Ed. 40 (2001) 958.
[1629] T. Satoh, W.D. Jones, Organometallics 20 (2001) 2916.
[1630] M. Akashi, Y. Sato, M. Mori, J. Org. Chem. 66 (2001) 7873.
[1631] V.A. Litosh, R.K. Sani, I.Y. Guzman-Jiminez, K.H. Whitmire,

W.E. Billups, Org. Lett. 3 (2001) 65.
[1632] M. Yoshida, M. Ihara, Angew. Chem. Int. Ed. 40 (2001) 616.
[1633] J. de Armas, A.H. Hoveyda, Org. Lett. 3 (2001) 2097.
[1634] B.M. Trost, S. Oi, J. Am. Chem. Soc. 123 (2001) 1230.
[1635] B.M. Trost, C. Jonasson, M. Wuchrer, J. Am. Chem. Soc. 123

(2001) 12736.
[1636] C. Crevisy, M. Wietrich, V. Le Boulaire, R. Uma, R. Gree, Tetra-

hedron Lett. 42 (2001) 395.
[1637] R. Uma, M. Davies, C. Crevisy, R. Gree, Tetrahedron Lett. 42

(2001) 3069.

[1638] S. Okamoto, K. Subburaj, F. Sato, J. Am. Chem. Soc. 123 (2001)
4857.

[1639] C.G. Espino, P.M. When, J. Chow, J. Du Bois, J. Am. Chem. Soc.
123 (2001) 6935.

[1640] C.-H. Jun, H. Lee, C.W. Moon, H.-S. Song, J. Am. Chem. Soc.
123 (2001) 8600.

[1641] J. Le Paih, S. Derien, C. Bruneau, B. Demerseman, L. Toupet,
P.H. Dixneuf, Angew. Chem. Int. Ed. 40 (2001) 2912.

[1642] C. Delas, H. Urabe, F. Sato, J. Am. Chem. Soc. 123 (2001)
7937.

[1643] K. Shibata, M. Kimura, K. Kojima, S. Tanaka, Y. Tamaru, J.
Organomet. Chem. 624 (2001) 348.

[1644] S. Sakaguchi, T. Kubo, Y. Ishii, Angew. Chem. Int. Ed. 40 (2001)
2534.

[1645] J. Löfstedt, J. Franzen, J.-E. Bäckvall, J. Org. Chem. 66 (2001)
8015.

[1646] T. Hayashi, K. Inoue, N. Taniguchi, M. Ogasawara, J. Am. Chem.
Soc. 123 (2001) 9918.

[1647] E. Shirakawa, G. Takahashi, T. Stsuchimoto, Y. Kawakami, Chem.
Commun. 123 (2001) 2688.

[1648] A.G. Faallis, P. Forgione, Tetrahedron 57 (2001) 5899.
[1649] N.J. Whitcombe, K.K.M. Hii, S.E. Gibson, Tetrahedron 57 (2001)

7449.
[1650] P.L. Smith, M.D. Chordia, W.D. Harman, Tetrahedron 57 (2001)

8203.
[1651] W.A. Donaldson, Tetrahedron 57 (2001) 8589.
[1652] B. Clapham, T.S. Reger, K.D. Janda, Tetrahedron 57 (2001) 4637.
[1653] N.G. Andersen, B.A. Keay, Chem. Rev. 101 (2001) 997.
[1654] B.M. Trost, F.D. Toste, A.B. Pinkerton, Chem. Rev. 101 (2001)

2067.
[1655] S.R. Chemler, D. Trauner, S.J. Danishefsky, Angew. Chem. Int.

Ed. 40 (2001) 4544.
[1656] R. Brückner, Chem. Commun. 40 (2001) 141.
[1657] T.-a. Mitsudo, T. Kondo, Synlett 40 (2001) 309.
[1658] T. Hayashi, Synlett 40 (2001) 879.
[1659] M.P. Doyle, W. Hu, Synlett 40 (2001) 1364.
[1660] A.J. Fletcher, S.D.R. Christie, Perkin 1 40 (2001) 1.
[1661] T.J.J. Müller, Eur. J. Org. Chem. 40 (2001) 2021.
[1662] A.H. Hoveyda, R.R. Schrock, Chem. Eur. J. 40 (2001) 945.
[1663] T. Suguhara, M. Yamaguchi, M. Nishizawa, Chem. Eur. J. 40

(2001) 1589.


	Transition metals in organic synthesis: highlights for the year 2001
	General comments
	Carbon-carbon bond-forming reactions
	Alkylations
	Alkylations of organic halides, tosylates, triflates, nonaflates and hypervalent species
	Alkylations of alkenes and allenes
	Metal-catalyzed diazo decomposition (including other cyclopropanations)
	Alkylation of alkynes and arynes
	Alkylation of allyl, propargyl, and allenyl systems
	Coupling reactions
	Alkylations of carbonyl compounds
	Carbon-hydrogen bond insertions

	Conjugate addition
	Acylation reactions excluding most hydroformylations
	Carbonylations of alkenes and arenes
	Carbonylations of alkynes (including the Pauson-Khand reaction)
	Carbonylation of halides, triflates, epoxides, and phosphonates
	Miscellaneous carbonylations

	Oligomerization (including cyclotrimerization/cyclobenzannulation/cycloaddition)
	Rearrangements
	Metathesis
	Cycloisomerizations
	Alkene isomerizations
	Skeletal and miscellaneous rearrangements


	Functional group preparation
	Halides, nitriles, azides, ureas, imidates, thioimidates
	Amines, alcohols
	Ethers, esters, lactones, acids
	Heterocycles
	Alkenes, allenes, alkanes, arenes
	Ketones and aldehydes
	Organoboranes, silanes, germanes and stannanes
	Organophosphorous, arsenic, selenium, and sulfur compounds

	Preparations and reactions of isolated metal complexes and metal intermediates
	Miscellaneous
	Reviews
	References


