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Fig. 1. Structures of alkene metathesis catalysts 1-5.

1. Introduction

This survey is intended to be a comprehensive summary of
articles that report on the synthesis, reactivity, or properties of
compounds featuring a multiple bond between carbon and a tran-
sition metal. Reactions that employ metal-carbene complexes
as transient intermediates generated through well-established
routes are not covered, unless there is some effort to character-
ize the carbene complex intermediate. Several reviews in this area
appeared in 2008 [1-6]. Although a determined effort has been
made to include patents, in general only patents listed in the sec-
tion “Organometallics and Organometallic Compounds” have been
included. Patents that appear in 2008 editions of Chemical Abstracts
have been included. Only compounds which feature a multiple
bond between a single carbon atom and a single transition metal
are discussed in this survey, thus bridging carbene and carbyne
complexes are not covered unless there is a multiple bond to at
least one transition metal. The complexes of N-heterocyclic (or
Arduengo) carbenes with transition metals have not been included;
since the 1-donation component of these complexes is usually
minimal, there is no formal carbon-metal multiple bond [7,8].
This area was reviewed several times in 2008 [9-22]. This survey
has been divided into two sections, metal-carbene (or alkylidene)
complexes and metal carbyne (or alkylidyne) complexes; the car-
bene complex section represents the vast majority of this article.
The metal-carbene section has been organized according to metal,
starting from the left side of the Periodic Table. The lonic Model [23]

has been employed for the discussion of oxidation states and ligand
electron count throughout this survey. A special section focusing
on alkene metathesis has been included prior to the discussion of
carbene complexes of individual metals. The metal carbyne sec-
tion has been organized according to reaction type. Articles from
the journals Angewandte Chemie International Edition, Chemistry: A
European Journal, Tetrahedron, and Tetrahedron Letters are restricted
to volumes 47, 14, 64, and 49 respectively, which covers the period of
December 2007-December 2008 according to some search engines.

Abbreviations (see also the instructions for authors in the Journal of Organic

Chemistry [24])

NHC N-heterocyclic carbene
Grubbs catalyst | Structure 1 (Fig. 1)
Grubbs catalyst II Structure 2 (Fig. 1)
Grubbs catalyst III Structure 3 (Fig. 1)
Hoveyda-Grubbs catalyst Structure 4 (Fig. 1)
Schrock catalyst Structure 5 (Fig. 1)

Tp’ Hydridotris(3,5-dimethylpyrazolyl)borate
See also Scheme 1 for abbreviations of distinct modes of
metathesis.

2. Metal-carbene or metal-alkylidene complexes
2.1. Review articles, highlights, and comments

Several reviews/highlights/comments covering aspects of
metal-carbene complex chemistry appeared in 2008. Many articles

ROMP M=CH, z,?i_/ ;f_}
(Ring Opening Metathesis —
Polymerization)
ADMET M=CH P
(Acyclic Diene Metathesis NN 42,._ ,}Lg\/\/\;"u’
Polymerization)

® CH2=CH2
CM M=CH, R~ +
(Cross Metathesis) FR E— TR CH>=CHz
If R = R" Metathesis
Dimerization
ROCM M=CH, w . _R
(Ring Opening Cross R —_—

Metathesis)

RCM
(Ring Closing
Metathesis)

Z R *
RRM M
(Ring Rearrangement e
Metathesis) \ e
ol
S

Scheme 1.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 105

focusing on some aspect of carbene complex-initiated olefin
metathesis were published, including the following specific sub-
jects: (1) alkene metathesis [25]; (2) comparisons of common
ruthenium-carbene complex metathesis catalysts [26]; (3) highly
efficient olefin metathesis catalysts [27]; (4) the quest for the
ideal olefin metathesis catalyst [28]; (5) metathesis activity of
fluoromethylene-ruthenium complexes [29]; (6) indenylidene
complexes for olefin metathesis [30,31]; (7) ruthenium allenyli-
denes and indenylidenes as olefin metathesis catalysts [32];(8)
immobilization of ruthenium alkylidene complex metathesis cata-
lysts [33,34]; (9) heterogeneous olefin metathesis catalysts [35];
(10) controlling catalytic activity using ruthenium metathesis
catalysts—use of latent metathesis catalysts [36-38]; (11) olefin
metathesis catalysts [39]; (12) olefin metathesis in organic synthe-
sis [40]; (13) use of metathesis for the synthesis of macrocycles
[41-43]; (14) use of ring-closing metathesis in the direct forma-
tion of aromatic heterocycles [44]; (15) small ring metatheses [45];
(16) bridged ferrocenes through enantioselective metathesis [46];
(17) stereochemistry in ROMP of bicyclic and polycyclic alkenes
[47]; (18) ROMP polymers containing main-group metals [48];
(19) synthesis of metal-containing polymers by metathesis [49];
(20) formation of helical ROMP polymers from bis(norbornene)
derivatives [50]; (21) polyethylene derivatives through ADMET
polymerization followed by hydrogenation [51]; (22) microwave
assisted olefin metathesis [52]; (23) olefin metathesis in ionic
liquids [53]; (24) fluorous phase olefin metathesis [54]; (25)
olefin metathesis in chemical biology [55]; (26) olefin metathe-
sis in protein modification [56]; (27) complex libraries of chiral
molecules via cross-metathesis [57]; (28) olefin metathesis in the
pharmaceutical industry [58]; (29) cross-metathesis of fatty acid
derivatives [59]; (30) olefin metathesis in oleochemistry [60];
(31) olefin metathesis in sunflower-based feedstocks [61]; (32)
tandem metathesis/hydrogenation reactions [62]; (33) tandem
Bayliss—-Hillman-RCM sequences [63]; (34) carbonyl group-olefin
metathesis [64]; (35) electrochemically generated molybdenum
and tungsten olefin metathesis catalysts [65]; and (36) computa-
tional modeling of Mo- and Ru-catalyzed metathesis reactions [66].

Several review articles report on synthesis of various com-
pounds or compound classes where carbene complex-initiated
olefin metathesis is a commonly employed synthetic route. Spe-
cific compounds or compound classes represented include: (1)
taxol analogs [67]; (2) furan and pyrrole rings [68]; (3) gua-
ianolides [69]; (4) C2-C11 cyclized cembranoids [70]; (5) lignans
[71]; (6) cyclic amino acids [72]; (7) piperidin-3-oles [73]; (8)
aeruginosins [74]; (9) platensimycin [75]; (10) manzamine alka-
loids [76]; (11) brevitoxins [77]; (12) oxasqualenoids [78]; (13)
pyranonaphthoquinones [79]; (14) spiroaminals [80]; (15) spiras-
trellolide A [81]; (16) papulacandin D [82]; (17) leucascandrolide
and migrastatin [83]; (18) sarain A [84]; (19) apogalanthamine
analogs [85]; (20) aminocyclitols [86]; (21) constrained nucleosides
[87,88]; (22) cycloheptyne cobalt complexes [89]; (23) peptides and
peptidomimetics [90-92]; (24) macrocycle-bridged peptides [93];
(25) peptide-polymer conjugates [94]; (26) glucose polymers [95];
(27) polymeric bio-conjugates [96]; (28) topological molecules (i.e.
molecular knots, catenanes, rotaxanes, etc) [97]; and (29) cyclic
macromolecules [98].

Additional review articles include some segments on carbene
complex-initiated metathesis. Articles in this category focus on
the following subjects: (1) ruthenium complexes featuring biden-
tate Schiff base ligands and use of these complexes to generate
immobilized catalysts [99]; (2) desilylative coupling of vinylsilanes
[100]; (3)ionic liquids in organic synthesis promoted by microwave
irradiation [101]; (4) microwave heating in synthetic organic chem-
istry [102]; (5) design of polymer-supported catalysts [103]; (6) the
chemistry of metathesis-derived stationary phases for chromatog-
raphy [104]; (7) chemistry strategies in early drug discovery [105];

(8) recent development in the polymerization of dienes [106]; (9)
transition metals in organic synthesis [107]; (10) the chemistry of
allylic and propargylic fluorides [108]; (11) solid phase C-C coupling
reactions [109]; (12) catalytic processes for the technical use of nat-
ural fats and oils [110]; (13) the chemistry of porphyrazines [111];
(14) polymer synthesis in ionic liquids [112]; (15) Fischer-Tropsch
technology selection [113]; and (15) density functionals with broad
applicability in chemistry [114].

Several reviews on carbene complex chemistry featuring some
aspect other that metathesis appeared in 2008. These reviews
include the following subjects: (1) synthesis of phenols and
quinones via Fischer carbene complexes [115]; (2) titanium
alkylidene complexes [116]; (3) titanium-carbene complexes in
organic synthesis [117]; (4) titanacycles in organic synthesis
[118]; (5) Group 6 metal-vinylidene complexes in catalysis [119];
(6) cationic bridging carbyne-diiron complexes [120];(7) catalyst
design for enantioselective cyclopropanation using cobalt(Il) com-
plexes [121]; (8) phosphorus-stabilized carbene complexes [122];
(9) 4-pyridinylidene transition metal complexes [123]; (10) DFT
and physical organic studies in solving mechanistic problems in
Fischer carbene complex reactions [124]; (11) metal vinylidenes
in organic synthesis [125]; (12) metal-vinylidene complexes in
catalysis [126]; (13) cascade reactions involving vinylidene and/or
allenylidene complex intermediates [127];(14) ruthenium vinyli-
dene complexes as catalysts for carbocyclization [128]; (15) Group
9-11 metal-vinylidene complexes in catalysis [129]; and (16) coor-
dination of tetrakis(dialkylamino)allenes as carbene ligands for
transition metals [130].

Although not specifically focusing on metal-carbene complexes,
some review articles place some emphasis on this subject. Sub-
jects reviewed in this category include: (1) transition metals
in organic synthesis for 2005 [131]; (2) benzannulation [132];
(3) B-lactam synthesis via ketenes and ketenimines [133]; (4)
[8+2]-cycloadditions [134]; (5) recent advance in the chemistry of
silicon- and boron-substituted 1,3-dienes [135]; (6) intermediacy
of carbene complexes vs. carbocations in gold-catalyzed reactions
[136]; (7) metal-catalyzed enyne cycloisomerization [137-141]; (8)
gold-catalyzed cyclizations involving alkynes or allenes [142]; (9)
gold catalysis of organic reactions [143]; (10) stereoselective gold
catalysis [144,145]; (11) isomerization of allylic and propargylic
alcohols [146]; (12) gold-catalyzed reactions involving alcohols
[147]; (13) NHC-gold complexes in catalysis [148]; (14) perfluo-
roalkyl gold complexes [149]; (15) 1,2-alkyl migrations in cascade
reactions catalyzed by m-acids [150]; (16) syntheses of cortistatin A
[151]; (17) six-membered ring C-O bond-forming reactions [152];
(18) functionalization of N-heterocycles by rhodium-catalyzed
C-H activation processes [153]; (19) reactions of a-diazocarbonyl
compounds [154]; (20) asymmetric cyclopropanation [155]; (21)
carbonylation of diazoalkanes [156]; (22) the organometallic chem-
istry of Group 8 tris(pyrazolyl)borate complexes [157]; (23) metal
ylide complexes [158]; (24) high oxidation state organomolybde-
num and tungsten chemistry in protic environments [159]; (25)
vanadium NMR of organovanadium complexes [160]; (26) iden-
tification of reactive intermediates by electrospray MS (including
titanium-carbenes from Petassis and Tebbe reactions) [161]; (27)
molecular wires [162]; (28) magnetic perturbation of redox poten-
tial in carbon-bridged bimetallic compounds [163]; (29) gas phase
activation of methane by transition metal cations [164]; (30) quan-
tum mechanical methods in inorganic chemistry [165]; and (31)
DFT-based mechanistic studies of ruthenium-mediated C-C cou-
pling reactions [166].

2.2. Alkene metathesis

Alkene metathesis was the most common reaction process
reported for metal-carbene complexes in 2008, and this special
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section is devoted to papers that focus on this process. Many
examples of both polymerization [mostly ring opening metathesis
polymerization (ROMP)] reactions and small-molecule syntheses
appeared. Only metathesis reactions initiated by a discrete tran-
sition metal-carbene complex or metathesis reactions that offer
significant discussion of the carbene complex intermediates in
this reaction have been included here. Distinct modes of alkene
metathesis are depicted in Scheme 1.

2.2.1. General studies of alkene metathesis catalysts

Numerous attempts to develop new carbene complex cat-
alysts for alkene metathesis were reported in 2008; some
representative examples are depicted in Fig. 2. Several deriva-
tives of the Grubbs and Schrock catalysts (see Fig. 1) were
synthesized and tested in their ability to undergo various metathe-
sis processes, including: (1) analogs of Grubbs catalyst I that
feature 9-phosphabicyclo[3.3.1]nonane ligands in place of tricy-
clohexylphosphine ligands [167]; (2) analogs of Grubbs catalyst
I that feature chelating imidodiphosphinate ligands [168]; (3) an
alumina-bound analog of Grubbs catalyst I useful for metathe-
sis reactions in ionic liquids [169]; (4) analogs of Grubbs catalyst
I that feature chiral NHC ligands (e.g. 6) [170]; (5) an analog of
Grubbs catalyst II where a phenethyl group replaces one of the
mesityl groups, which is especially effective for catalysis of the alter-
nating copolymerization of norbornene and cyclooctene [171]; (6)
analogs of Grubbs catalyst Il that feature naphthyl groups in place of
mesityl groups [172,173]; (7) analogs of Grubbs catalyst Il featuring
chelating carboxylate ligands (e.g. 7), which become active catalysts

upon treatment with CuCl [174]; (8) analogs of Grubbs catalyst
Il tethered to imidazolium rings, which are useful for metathe-
sis reactions in ionic liquid solvents [175]; (9) tethered analogs
of Grubbs catalyst II that are useful for formation of cyclic poly-
mers (ring expanding metathesis polymerization, or REMP) (e.g.
8) [176]; (10) analogs of Grubbs catalyst Il immobilized on MCF
[177]; (11) an analog of Grubbs catalyst II that transforms to a poly-
meric analog of the Hoveyda-Grubbs catalyst as the metathesis
reaction progresses (9) [178]; (12) indenylidene-ruthenium com-
plexes (e.g. 10) [179-182]; (13) analogs of Grubbs catalyst Il and the
Hoveyda-Grubbs catalyst where the NHC ligand has been replaced
by a thiazolium ring (e.g. 11) [183]; (14) analogs of Grubbs catalyst
Il and the Hoveyda-Grubbs catalyst where the mesityl groups of
the NHC ligand have been replaced with non-identical aryl groups
[184]; (15) analogs of Grubbs catalyst II and the Hoveyda-Grubbs
catalysts featuring chiral NHC ligands (e.g. 12) and their use in asym-
metric RCM [185]; (16) dimeric analogs of Grubbs catalyst II and
the Hoveyda-Grubbs catalyst (e.g. 13), which are effective in pro-
moting cyclic dimerization over ADMET or RCM reactions using
1,12-tridecadiene [186]; (17) analogs of the Hoveyda-Grubbs cat-
alyst where the mesityl groups have been replaced by aminated
aryl groups, where the acidic form catalyzes metathesis reactions
in water [187] or features easy removal during purification of
metathesis products [188]; (18) analogs of the Hoveyda-Grubbs
catalyst where the carbene phenyl group contains a quaternary
ammonium salt group [189]; (19) an analog of the Hoveyda-Grubbs
catalyst where o-tolyl groups replace the mesityl group of the NHC
ligand, which are efficient for the formation of sterically hindered
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Fig. 2. Representative examples of new catalysts for alkene metathesis.
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alkenes[190]; (20) an analog of the Hoveyda—-Grubbs catalyst where
the NHC backbone is methylated (e.g. 14), which is highly active
for the synthesis of tetrasubstituted alkenes [191]; (21) analogs
of the Hoveyda-Grubbs catalyst where the carbene phenyl ring
contains a trifluoroacetamide group [192] or a nitro group [193];
(22) a highly fluorinated analog of the Hoveyda-Grubbs catalyst
for use in fluorous phase RCM reactions [194]; (23) analogs of the
Hoveyda-Grubbs catalyst where a Bertrand carbene ligand replaces
the HyIMes, ligand (e.g. 15) [195]; (24) the thioether analog of
the Hoveyda-Grubbs catalyst [196,197]; (25) the phenyl-Cr(CO);3
complex of the Hoveyda-Grubbs catalyst [198]; (26) analogs of
the Hoveyda-Grubbs catalyst that contain an imidazolium salt
for metathesis in ionic liquids [199,200]; (27) silica-bound recy-
clable analogs of the Hoveyda-Grubbs catalyst [201]; (28) analogs
of the Hoveyda-Grubbs catalyst bound to silaceous mesocellu-

E
1. :<L 38
E
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lar foam through the arylcarbene ligand [202]; (29) analogs of
the Hoveyda-Grubbs catalyst bound to silica pellets [203]; (30)
water soluble analogs of Grubbs catalyst IIl [204]; (31) analogs of
Grubbs catalyst IIl bound to imidazolium cations for metathesis
reactions in ionic liquids [205]; (32) analogs of the Schrock cata-
lyst bound to dehydroxylated silica [206,207]; (33) chiral analogs
of the Schrock catalyst useful for asymmetric metathesis reac-
tions (e.g. 16) [208]; (34) vanadium alkylidene complexes (e.g. 17)
[209,210]; and (35) non-carbene molybdenum and tungsten oxo
complexes featuring aminophenolate ligands [211]. A DFT study
predicted that analogs of Grubbs catalyst Il where P-heterocyclic
carbenes replace NHC ligands will show enhanced metathesis
activity [212]. Several patents were issued for the synthesis and
development of metal-carbene containing olefin metathesis cata-
lysts [213-227].
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Efforts to control the reactivity of Hoveyda-Grubbs systems
through aromaticity concerns were reported (Scheme 2)[228]. Sta-
bilization of these catalysts through the metallafuran resonance
form (e.g. structure 19) is thought to stabilize the catalyst and thus
reduce its reactivity. Disruption of this aromaticity, as in naph-
thylcarbene complex 20, results in a more active catalyst. The
alternative ring fusion exhibited by complex 21 increases the met-
allafuran contribution and results in a less active catalyst. Various
other aromatic fused analogs of the Hoveyda—-Grubbs catalyst were
prepared and tested in the ability to catalyze RCM reactions.

The synthesis and reactivity of analogs of the Shrock cata-
lyst and both stoichiometric and catalytic metatheses reactions
were reported in 2008. The synthesis and reactivity of pyrrolyl-
substituted molybdenum-carbene complexes (e.g. 24, Scheme 3)
was reported [229]. Reaction of complex 22 with lithiopyrrole
derivatives led to N-pyrrolyl-n?>-pyrrolylmolybdenum complex 24.
Indole analogs led to a bis(N-indolyl) complex. Reaction of com-
plex 24 with alcohols led to alkoxy-N-pyrrolyl complexes (e.g.
25). The synthesis and metathesis reactivity of bis(molybdenum-
alkylidene) ROMP initiators (e.g. 28, 29, 31) was reported [230].
The reaction of bis(carbene complex) 26 with pyrrole anion 27 led
to the mixed m-bound and o-bound pyrrole complex 28. Reaction
with simple lithiopyrrole led to the complex 29, which underwent
reaction with phenols to afford the corresponding biphenoxide-
ligated bis(carbene complex) derivatives (e.g. 31). The biphenoxide
complexes were evaluated as ROMP initiators. The formation and

metathesis activity of cationic analogs of the Schrock complex (e.g.
35) were reported [231]. The octahedral complex 35 reacted with
ethylene to afford the cationic ethylene complex 36. If the reac-
tion was followed by 'H NMR spectroscopy, a metallacyclopentane
complex could be observed. The pentacoordinate complex 37 was
an RCM catalyst however most of the cationic complexes appeared
to be too unstable to efficiently catalyze metathesis reactions at low
catalyst loadings.

The generation and reactivity of four-coordinate ruthenium-
carbene complex 39 (Scheme 4) was reported [232]. Complex
39 was prepared by the reaction of Grubbs catalyst II (2) with
methylenecyclopropane 38, followed by reaction with HCl and
then reaction with a triarylborane. Reaction with various alkenes
resulted in phosphine-free metallacyclobutanes (e.g. 41, 43) or car-
benes (e.g. 45) via an intermediate methyleneruthenium complex.
The metallacyclobutane 41 is stable and only opens upon treatment
with trimethylphosphine to afford carbene complex 42. Ther-
mal decomposition modes for four-coordinate ruthenium-carbene
complexes, likely intermediates in metathesis catalyst decomposi-
tion, were examined [233]. Decomposition of carbene complex 39
in the presence of 1,1-dichloroethylene led to the dimeric complex
47. A mechanism was proposed involving benzylic C-H activa-
tion to afford intermediate complex 48 followed by a-hydride
elimination and reductive elimination of the phosphonium salt to
generate intermediate chelating carbene complex 49, which under-
goes metathesis with dichloroethylene and dimerization to afford

4
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E = COOMe

Scheme 6.



110

the observed product. A mixed dimer containing the chelating car-
bene group (51) was observed during decomposition of the triflate
complex 50.

The decomposition of Grubbs catalyst Il derivative 52 (Scheme 5)
was evaluated computationally [234]. The decomposition reac-
tion proceeds through several intermediates to ultimately afford
carbene complex 60 and HCl. Key steps involve C-H activation
processes at the N-phenyl groups of the NHC ligand to afford benzyl-
ruthenium complex 54. It was suggested that catalyst lifetime could
be increased by controlling the flexibility of NHC substituents.

Ruthenacyclobutanes (e.g. 41, Scheme 6) were studied computa-
tionally (DFT) [235]. Significant agostic interaction with the Co-Cp
bond was noted. In the unsymmetrical ruthenacyclobutane deriva-
tive 41, the ring opening metathesis (ROM) precursor bond (Co-Cg)
was elongated relative to that giving rise to the RCM product (Cg-
Cy). The conversion of the substituted ruthenacyclobutane to either
the ROM or the RCM products was also evaluated computationally.
The ROM route was kinetically and thermodynamically favored.

Formation of alkene-coordinated ruthenium-carbene com-
plexes (e.g. 65, Scheme 7) was achieved through the reaction of
various derivatives of Grubbs catalyst Il (replacement of the mesityl
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groups with other arenes) with o-divinylbenzene (64) [236]. Con-
formational effects of the various ligands were studied by X-ray
crystallography and 'H NMR-NOE experiments. Dynamic processes
and electrochemistry were reported for Grubbs catalyst II and
analogs [237]. Significant rotational barriers were noted for the
NHC ligands. For unsymmetrical complexes, the electrochemical
oxidation processes occurred in two waves reflecting the different
oxidation potentials of the different conformers.

Several reports on the structure, synthesis, and reactivity of
silicon-bound molybdenum, tungsten, tantalum, and rhenium
alkylidene complexes were reported in 2008 (see Scheme 8).
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These complexes function as catalysts for alkene metathesis and
for alkane metathesis. Carbon-carbon bond formation occurs via
similar mechanistic events in alkane metathesis and in alkene
metathesis. The reaction of silica-bound tungsten complex 66 with
13C-labelled ethylene was reported [238]. From this process both
the methylene complex 67 and the metallacyclobutane 68 could be
observed by solid-state NMR. The metallacyclobutane exists in both
the trigonal bipyramidal and the square pyramid forms. A key step
in alkane metathesis reactions is C-H activation of the alkane by the
catalyst (e.g. 69) followed olefin metathesis steps [239]. Detailed
studies of the structure and relative reactivity of these complexes
using DFT calculations and solid-state NMR was reported [240]. An
experimental and DFT-based study of the decomposition of the
rhenium catalysts (e.g. 70) was reported [241]. An energetically
reasonable pathway identified involves ring opening of the metalla-
cyclobutane (71) to form the o-allyl complex (72), which undergoes
conversion to the mr-allyl complex (73) and loss of the ligation to the
solid support. Tantalum-catalyzed alkane metathesis was studied
computationally [242].

Reaction of cyclooctane with the Schrock catalyst (5, Scheme 9)
and a C-H activation catalyst (75) to afford cycloheptane and
larger cycloalkanes was reported [243]. A mechanism involv-
ing iridium-catalyzed conversion to cyclooctene and an iridium
hydride, followed by olefin metathesis and hydrogenation was
proposed. Cycloheptane was proposed to arise from ring open-
ing metathesis to alkene-carbene complex 76, followed by alkene
migration to afford 77, followed by RCM and hydrogenation.

Other general studies of carbene complex-initiated alkene
metathesis include: (1) use of high throughput screening to
identify highly active metathesis catalysts using [244]; (2) a
low-temperature NMR study of Grubbs catalysts I and II [245];
(3) studies of various ruthenium-carbene complex metathesis
catalysts and ruthenium carbides via K-edge X-ray absorption spec-
troscopy [246]; (4) determination of the binding energies of the
phosphine ligands in Grubbs catalysts I and II by ESI-mass spec-
trometry [247]; (5) observation of propagating carbene complex
species by 'H NMR in ROMP reactions of oxygen-containing nor-
bornenes initiated by ruthenium-carbene complexes [248]; (6)
observation of intermediates of ruthenium-catalyzed metathesis
by MALDI-TOF mass spectrometry [249]; (7) solid-state NMR stud-
ies of the MeReOs-alumina systems; no mononuclear carbene
signals were detected suggesting that the catalyst resting states
are p-carbene complexes [250]; (8) a study of olefin metathe-
sis using electrospray ionization mass spectrometry [251]; (9)
a kinetic study of olefin metathesis using a MoCl5-SiO;-Me4Sn
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| ‘r 75
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‘ CC 253
R
O ~Ch-
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system and proposal of mechanisms for formation, deactivation,
and reactivation of the carbene complex metal catalyst [252]; (10)
a mechanistic study of metathesis reactions catalyzed by Mo-Al
alloy [253]; (11) olefin metathesis reactions in water [254,255];
(12) cross-metathesis and RCM in water using in the presence of
a vitamin-E-based amphiphile [256,257]; (13) enhanced activity of
Grubbs catalyst II in acetic acid solvent due to inhibition of phos-
phine return [258]; (14) encapsulation of Grubbs catalyst II in a
polydimethyl siloxane thimble and subsequent metathesis reac-
tions using the encapsulated catalyst [259]; (15) use of dimethyl
carbonate as a solvent for metathesis reactions [260]; (16) improve-
ment in the efficiency of tetrasubstituted alkene formation using
perfluorinated aromatic solvents [261]; (17) removal of ruthenium
impurities from metathesis reactions using Fe@Fe,O, nanoparticles
[262] or nanofiltration [263]; (18) generation of carbene complexes
in the catalysis of olefin metathesis by tungsten-tungsten double
bonded species [264]; and (19) formation of carbene complexes in
Group 5—trialkylaluminum-based catalyst systems [265]. Several
DFT studies of olefin metathesis were reported in 2008, including:
(1) a study of phosphine ligand dissociation in metathesis reactions
initiated by pyridinecarboxylate-ligated ruthenium-carbene com-
plexes [266]; (2) a study evaluating conformation effects in ROMP
of norbornene [267]; (3) a study of the formation of metal-carbene
complexes using a Mo—[3-zeolite catalyst system [268]; (4) a study
of the generation of carbene complex intermediates in ROMP reac-
tions catalyzed by [MoCl(GeCl3)(CO)s(norbornadiene)] [269]; (5)
a study of the mechanism of WClg/atomic C catalyzed metathesis
of 1-octene [270]; (6) a study evaluating the hypothetical for-
mation of tungsten carbene complexes from norbornadiene via
(m2-norbornadiene)W(C0)3l, [271]; (7) a study evaluating the
formation of a carbene complex in ROMP reactions initiated by
tetrakis(acetonitrile)(NHC)ruthenium(II) complexes [272]; (8) a
study of ethylene metathesis using a Mo-Al catalyst system [273];
and (9) a study focusing on location of methylene binding sites for
metathesis reactions catalyzed by molybdenum on alumina [274].
A mechanistic study of propene metathesis using methyltrioxorhe-
nium grafted onto alumina comments on the failure to observe
carbene complex intermediates [275]. A comparison of DFT vs.
MOG6 methods for the computational study of ruthenium-catalyzed
metathesis revealed that MO6 was superior for prediction of E/Z
selectivity [276].

2.2.2. Polymerization reactions
Initiation of the ring opening metathesis polymerization (ROMP)
(see Scheme 1) reaction using carbene complexes remains a
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very active area of investigation. The strained alkene norbornene,
norbornene derivatives, and copolymerization involving a nor-
bornene derivative and another alkene accounted for a large
fraction of all reports of the ROMP reaction in 2008; represen-
tative monomers are depicted in Fig. 3. Numerous substituted
norbornenes have been subjected to ROMP using metal-carbene
complexes, including those possessing the following structural
features: (1) phenethylnorbornenes [277]; (2) N-hydroxysuccinyl
esters (e.g. 80) followed by enol ether termination [278] or
cross-metathesis with alkene-azides [279]; (3) norbornenecar-
boxylate esters [280-284] including polymer end-capping through
cross-metathesis with 2-butene-1,4-diol [285]; (4) norbornenecar-
boxylic acid [286]; (5) norbornenyl ketones (e.g. 81) [287]; (6)

a protonated aminomethylnorbornene [288]; (7) norbornenes
connected to polyethers [289,290]; (8) norbornenes connected
to a-bromo ester groups for eventual radical polymerization
[291,292]; (9) norbornene (and/or oxanorbornenes) fused to suc-
cinimides (e.g. 82, 83) [293-301] and subsequent end-capping of
the living polymer chains with either cyclic enol ethers [302],
alkenes connected to a-bromopropionate esters for eventual rad-
ical polymerizations [303], or 1,4-dichloro-2-butene (includes
extensive DFT studies) [304]; (10) benzo-fused norbornenes
[305]; (11) tetracyclo[4.4.0.12,5.17,10]dodecene derivatives (e.g.
84) [306-308]; (12) norbornene esters containing photoactive
groups (e.g. 85) [309]; (13) norbornenes connected to pho-
tochromic spiropyrans and linkage of the resulting living polymer
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Fig. 3. Representative substrates for the ROMP reaction.
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to a silicon surface via cross-metathesis [310]; (14) norbornenes
connected to cyanuric acid-linked hydrogen-bonded assemblies
[311]; (15) norbornenes that contain groups capable of ring open-
ing polymerization (e.g. 86) [312]; (16) norbornenes linked to
tripeptide chains [313]; (17) norbornene diesters or oxanorbornene
diesters (e.g. 87) [314-317]; (18) norbornene bis(trimethylsilyl)
esters [318]; (19) norbornene diketones [319]; (20) norbornene
nitrile-esters [320]; (21) norbornene PEG ester-amides [321];
(22) norbornenedicarboxamides where the N-substituent is
derived from amino acids [322]; (23) norbornenes contain-
ing nitroxyl groups (e.g. 88) [323]; (24) aromatic ring-linked
bis(norbornenes)[324]; (25) 5-trimethylsilynorbornene [325]; (26)
5,5-bis(trimethylsilyl)norbornene [326]; (27) sulfur-containing
norbornenes [327]; (28) ferrocene-linked bis(norbornenes) (e.g.
89) [328,329]; (29) a norbornene derivative fused to a triacylglyc-
eride [330,331]; (30) gold surface-bound norbornenedicarboxylate
esters [332]; (31) homo- and heteropolymers from various nor-
bornenes functionalized with either a pincer palladium complex
(e.g. 90), a uracil group, or a cyanuric acid group (e.g. 91) [333];
(32) norbornenes connected to carbon nanotubes in the pres-
ence of dicyclopentadiene [334]; (33) norbornene polymerization
in the presence of dicyclopentadiene followed by end-capping
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through cross-metathesis [335]; and (34) dicyclopentadiene as a
component in a self-healing epoxy resin [336,337]. Other ring
systems that have been subjected to ROMP reactions include:
(1) cyclopropenes [338]; (2) cyclopentene [339-341]; (3) acetal-
protected 2-butene-1,4-diol derivatives (e.g. 92) [342,343]; (4)
benzo-fused trans cyclooctenes (e.g. 93) [344]; (5) vinyl-bridged
ferrocenes (e.g. 94) [345]; (6) cyclooctenes bound to imida-
zolium salts [346]; (7) esters of 5-cyclooctene-1,2-diol [347];
(8) 1,5-cyclooctadiene [348]; (9) cyclooctatetraenes (e.g. 95, 96)
[349,350]; (10) macrocycle-bridged steroids (e.g. 97) [351]; (11)
catenanes, which afford polypseudorotaxanes after polymeriza-
tion [352]; and (12) pseudorotaxanes [353]. ROMP reactions in
micelles [354] and in a water-in-oil-in-water emulsion were
reported [355]. Simultaneous ROMP and radical polymeriza-
tion in a microemulsion [356] and in bamboo stalks were
reported [357]. Varying degrees of tacticity and stereoselectiv-
ity were noted in the ROMP of 3-methyl-3-phenylcyclopropene
using chiral and optically pure molybdenum-carbene complexes
as initiators [358]. An isolated silylnorbornene-tungsten com-
plex was observed to undergo ROMP polymerization [359]. In
some cases, the Mo(CO)g-catalyzed hydrosilylation of norborna-
diene is accompanied by ROMP products [360]. A patent was
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Fig. 4. Representative substrates for ADMET polymerization.
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awarded for development of tandem ROMP-hydrogenation reac-
tions [361].

Several examples using carbene complexes to initiate acyclic
diene metathesis polymerization (ADMET, see Scheme 1) were
reported. Monomers subjected to ADMET polymerization are
depicted in Fig. 4. Several o,w-dienes possessing the followed
structural features were subjected to ADMET polymerization: (1)
free OH groups or PEG groups [362]; (2) amide substituents
[363]; (3) halogens (e.g. 100) [364]; (4) bis(alkenyl)azulenes
(e.g. 101) [365]; (5) linkage of the alkenes through an fluo-
rene ring (e.g. 102) [366-368]; (6) linkage of the alkene groups
through an ester group [369]; (7) linkage of the alkenes groups
through either silanes (e.g. 103) or ethers [370]; (8) linkage of
the alkene groups through diarylsilane and diarylsiloxane groups
[371]; (9) linkage of the alkene groups through a diketopiper-
azine ring system (e.g. 104) [372]; (10) linkage of the alkenes
through perylenediimide group (e.g. 105) [373,374]; (11) linkage
of the alkene groups through a molybdenum bis(phosphine) com-
plex (e.g. 106) [375,376]; and (12) alkene-capped THF polymers
[377]. Formation of an ADMET star polymer from a calixarene-
templated alkene derivative (e.g. 107) [378] and formation a
tribranched polymer (ATMET) from a triene derivative (e.g. 108)
were also reported [379]. Poly(acrylate)-linked o,w-dienes were
converted to the corresponding cyclic polymers through high
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dilution RCM [380]. Two polyene-containing polymers could be
equilibrated through a segment interchange process catalyzed
by ruthenium-carbene complexes [381]. Higher trans alkene
selectivity was noticed in the secondary ADMET-like metathe-
sis of polybutadiene compared to ROMP of 1,5-cyclooctadiene
[382].

2.2.3. Nonpolymer-forming ring opening metathesis reactions
Several examples of RO-CM (see Scheme 1) were reported
in 2008. Representative examples are depicted in Scheme 10.
Co-metathesis of ethylene and substituted norbornenes led to
divinylcyclopentane derivatives [383]. The RO-CM of ethylene and
various norbornenes that contain additional alkene groups was
demonstrated (e.g. conversion of 109 to 110) [384]; similar sub-
strates were also subjected to RRM or ring-rearranging enyne
metathesis. Regioselective RO-CM was observed in the reaction
of azanorbornene 111 with monosubstituted alkenes [385]. The
regioselectivity was attributed to coordination of the amide car-
bonyl. Compound 111 would undergo RRM to afford pyrrolidinone
113 if treated with carbene complex 3 in an argon atmosphere. The
tandem RO-CM and CM of cyclopropenes (e.g. 114) and alkenes 116
and 117 was a key step in the total synthesis of routiennocin [386].
The RO-CM of diazanorbornenes (e.g. 119) with various monosub-
stituted alkenes was also reported [387]. A patent was awarded
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for development of conditions for RO-CM of cyclohexene and 1,4-
dihalo-2-butenes [388].

2.2.4. Cross-metathesis and metathesis dimerization reactions

Many examples employing carbene complexes to initiate the
cross-metathesis (see Scheme 1) of various dissimilar alkenes
(usually monosubstituted) were reported in 2008. Representative
examples are depicted in Fig. 5. Regretfully it is very diffi-
cult to rationally organize these reactions. Several papers report
on the cross-metathesis of inexpensive low molecular weight
o,-unsaturated carbonyl compounds with other more precious
alkenes, including cross-metatheses of: (1) allylbenzene deriva-
tives and methyl acrylate [389]; (2) a 1,1-dibromo-1,5-hexadiene
derivative and methyl acrylate [390]; (3) various homoallylic alco-
hols and methyl acrylate [391]; (4) oleyl alcohol and methyl
acrylate [392]; (5) allylporphyrins and ethyl acrylate [393]; (6)
ferrocene-containing rotaxanes and acrylate esters [394]; (7) an
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allylic alcohol and ethyl acrylate for total synthesis of dodoneine
[395]; (8) a steroidal allylic alcohol and methyl acrylate for total
synthesis of drospirenone [396]; (9) double cross-metathesis of a
1,10-undecadiene derivative and methyl acrylate for total synthesis
of hippodamine [397]; (10) a complex alkene-alcohol and methyl
acrylate for synthesis of the pyran ring of bistramide A [398]; (11)
an alkene-alcohol and methyl acrylate for total synthesis of bis-
tramide A [399]; (12) a homoallylic alcohol and methyl acrylate
and in a later step two dissimilar allylic alcohol derivatives for total
synthesis of decarestrictine D [400]; (13) a homoallylic ether deriva-
tive and t-butyl acrylate for total synthesis of negamycin [401];
(14) a butenylpyran derivative and methyl acrylate for synthesis of
halichondrin segments [402]; (15) a complex homoallylic alcohol
and ethyl acrylate for preparation of the macrolactone core of leu-
casandrolide (synthesis also includes on O-heterocycle synthesis
via RCM and another cross-metathesis event) [403]; (16) a com-
plex homoallylic alcohol (125) and ethyl acrylate for total synthesis
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Represent pairs of alkenes subjected to cross-metathesis.
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of RK-397 [404]; (17) a complex pyridine-cyclohexene derivative
(126) and methyl acrylate for total synthesis of lycopodium alka-
loids [405]; (18) C-allylglycosides and methyl acrylate for synthesis
of maitotoxin fragments [406]; (19) monosubstituted alkenes and
various acrylate thioesters [407]; (20) gold surface-bound vinylated
polystyrenes and PEG methacrylate esters [408]; (21) a homoallylic
ester derivative and acrolein [409]; (22) an ether of 3-buten-1-ol
and acrolein for total synthesis of amphidinolide ] [410]; (23) an
allyltetrahydropyran derivative and acrolein for synthesis of the
macrocyclic core of zampanolide [411]; (24) a homoallylic alcohol
and acrolein as part of a synthetic approach to octalactins [412];
(25) amine-alkenes and acrolein for total synthesis of angustureine
[413]; (26) a complex bicyclic diether and acrolein for total synthe-
sis of laurefucin [414]; (27) a homoallylic ether and methacrolein
for total synthesis of GEX1A [415]; (28) an acrylamide featuring
a chiral sultam group and various monosubstituted alkenes [416];
(29) steroids that contain vinyl groups and acrylamide derivatives
[417]; (30) a 4-penenoate ester and Weinreb acrylamide for total
synthesis of azaspiracid-1 [418]; (31) an allylic amine derivative
with methyl vinyl ketone [419]; (32) an alkenyl epoxide and methyl
vinyl ketone for total synthesis of synerazol and pseurotin E [420];
(33)avinylcycloheptene derivative and methyl vinyl ketone for total
synthesis of xanthatin [421]; (34) a homoallylic ether derivative
with methyl vinyl ketone for total synthesis of leucasandrolide A
[422]; (35) an azide-alkene with 3-penten-2-one for total synthe-
sis of lycopodine [423]; and (36) acrylic acid and 6-chloro-1-hexene
for total synthesis of allosedridine [424]. Several examples employ-
ing the cross-metathesis of simple inexpensive low molecular
weight functionalized allyl derivatives with more precious alkenes
were reported in 2008, including: (1) allylproline derivatives and
monosubstituted alkenes [425]; (2) N-allyluracil derivatives and
allylphosphonates [426]; (3) allylpyrimidines and allylphospho-
nates [427]; (4) allylic amine derivatives and vinyl sulfones [428];
(5) solid phase-immobilized allylsulfones and allylic amine deriva-
tives [429]; (5) styrenes and allylic alcohol derivatives [430]; (6)
alkenes containing O-alkyl hydroxylamine groups and electron-
deficient alkenes [431]; (7) an allylic alcohol/phosphate derivative
and Boc-protected 10-undecenylamine [432]; (8) an allylic phos-
phate ester and alkenes for synthesis of dolabelide segments
[433,434]; (9) porphyrins and O-allyl carbohydrate derivatives
[435]; (10) 1,4-diacetoxy-2-butene with a complex trisubstituted
alkene with for total synthesis of biyouyanagin A [436] and with
a complex allylbenzene derivative (127) for preparation of tetra-
cycline skeleton [437]; (11) an allyltetrahydrofuran derivative and
the dicarbonate ester of 2-butene-1,4-diol for total synthesis of spi-
rastrellolide methyl ester [438]; and (12) cross-metatheses using
allylic thioethers for cysteine incorporation [439]. Several examples
employing the cross-metathesis of simple allylsilane derivatives
with more precious alkenes were reported in 2008, including:
(1) allylsilanes with various monosubstituted alkenes [440]; (2) a
fluorous-tagged allylsilane with various monosubstituted alkenes
[441]; (3) N-4-pentenylsuccinimde and allyltrimethylsilane for
total synthesis of tashiromine [442]; (4) octavinylsilsesquioxane
with p-bromostyrene for synthesis of star polymers or dendrimers
[443,444]; (5) surface-bound allylsilanes and styrene derivatives
[445]; and (6) 1,5-hexadiene-3,4-diol and allyltrimethylsilane, fol-
lowed by fluorination/desilylation and RCM to afford fluorination
cyclohexenes [446]. Several examples employing relatively abun-
dant natural products in cross-metathesis reactions were reported
in 2008, including (1) ethylene and oleate esters [447,448]; (2)
self-metathesis of oleates [449]; and (3) ethylene and [(3-carotene
[450]. Other examples of cross-metatheses where one of the
partners is simple and readily available include: (1) alkene-f3-
ketoesters and various monosubstituted alkenes [451]; (2) remote
end-of-chain alkene-esters and 5-bromo-1-pentene [452]; (3) pen-
tenol derivatives and various electron-deficient alkenes [453];

(4) dienylnitriles and various monosubstituted alkenes (selective
metathesis at the distal alkene group) [454]; (5) alkene-containing
a-diazo-B-keto esters and various alkenes [455]; (6) polymer-
bound alkene-esters and various monosubstituted alkenes [456];
(7) oxygenated allylphosphonate esters and monosubstituted
alkenes [457]; (8) vinyltetrahydrofuran derivatives and alkene-
containing amino acid derivatives [458] or styrenes [459]; (9)
1-heptadecene and a complex vinylacetal derivative [460]; (10) a
vinyltetrahydrofuran derivative and 1-tetradecene for total syn-
thesis of pachastrissamine [461]; (11) an allylic alcohol derivative
with 1-pentadecene for preparation of sphingomyelin analogs
[462]; (12) vinyloxazoles with various monosubstituted alkenes
[463]; (13) N-homoallylamide derivatives and various monosubsti-
tuted alkenes [464]; (14) alkene-phenols (cardanols) with various
monosubstituted alkenes [465]; (15) allyltetrahydrofurans and
10-undecen-1-o0l [466]; (16) methyl 10-undecenoate and a vinylte-
trahydrothiazole derivative for total synthesis of somocystinamide
A [467]; (17) 2-methyl-1,4-pentadiene and a vinylboronate ester
for total synthesis of amphidinolide E [468]; (18) an allylpyrrole
derivative and 1-octen-3-ol for total synthesis of indolizidine 167B
[469]; (19) an allylic ether derivative (128) with vinyltriethoxysi-
lane for total synthesis of thuggacin [470]; (20) an allylpyrrolidine
derivative (129) with a vinylphosphonate (130) for synthesis of
a UDP-Gal mutase inhibitor [471]; (21) a complex polyene-ester
and a vinylborane for total synthesis of apoptolidinones A and
D [472]; (22) an allylcyclohexene derivative (131) with a vinyl-
boronate ester (132) for preparation of platensimycin [473] and
platensimycin analogs [474]; (23) a complex allylic ester (133)
and a homoallylic thioester (134) for total synthesis of largazole
and largazole analogs [475-479]; (24) mr-allyliron complexes that
contain vinyl groups (e.g. 135) with various alkenes [480]; (25)
vinylporphyrins with various simple alkenes and formation of
macrocycle-bridged porphyrins via RCM [481]; (26) vinylferrocene
and fluorinated alkenes [482]; (27) oligosiloxanes that feature vinyl
groups with styrene derivatives [483]; (28) binding of cucurbituril
[6] to a gold surface [484]; and (29) a failed attempt to cross-
metathesise a vinyltetrahydrofuran derivative with 1,3-pentadiene
[485]. Many examples of successful cross-metatheses involving two
different and structurally complex alkenes were reported in 2008,
including: (1) structurally similar but different complex alkene-
alcohol derivatives [486,487]; (2) non-identical alkene-containing
carbohydrate derivatives [488]; (3) a C-allylcarbohydrate deriva-
tive and either styrene or various alkene-carbohydrates [489]; (4)
a homoallylic alcohol derivatives and an allyldihydropyran for total
synthesis of ethyl deoxymonate B [490]; (5) a 1-iodo-1,5-hexadiene
derivative (136) and an allylic alcohol (137) for total synthesis
of amphidinol 3 [491]; (6) a vinyltetrahydrofuran derivative and
a styrene derivative for total synthesis of varitriole [492]; (7) a
styrene derivative with a y,8-unsaturated ketone for total synthe-
sis of ovalifoliolatin B [493]; (8) an allylic alcohol and a vinyl ester
for total synthesis of pentadecyl 6-hydroxydodecanoate [494]; (9)
an allylic alcohol derivative (139) with a vinylcyclopentene deriva-
tive (138) for total synthesis of 15(R)-Me-PGD [495]; (10) an allylic
alcohol-tetrahydrofuran derivative and a 2-(9-decenyl)furanone
for total synthesis of solamin A [496]; (11) an undecenylfurnanone
and an allylic alcohol-bis(tetrahydrofuran) for total synthesis of 27-
hydroxybullatacin [497]; (12) an allylic alcohol-tetrahydropyrrole
and a vinyl ketone for total synthesis of an ant-derived hydrox-
yindolizidine alkaloid [498]; (13) a vinyloxepin derivative and an
allylic alcohol derivative for preparation of ciguatoxin segments
[499]; (14) a vinyl epoxide and a vinyllactone (ten-membered)
for total synthesis of mueggelone-I [500]; (15) a homoallylic alco-
hol derivative and a vinyl ketone derivative for preparation of a
lyngoboulloside segment [501]; (16) a homoallylic alcohol deriva-
tive and an allylamine for total synthesis of febrifugine [502];
(17) a homoallylic ether derivative and a complex allylic ether
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for synthesis of the core of pladienolide B [503]; (18) a pen-
tenol derivative and an alkene-ketophosphonate for preparation
of dictyostatin analogs [504]; (19) a complex acrylate ester and an
allyltetrahydropyran derivative in an approach to rhizoxin D [505];
(20) an alkene-tetrahydrofuran derivative (140) and a complex
enone (141) for total synthesis of montanacin [506]; (21) a vinyl thi-
azole (142) and an allylic alcohol derivative (143) for total synthesis
of cystothiazole A [507]; (22) a conjugated diene and a 4-vinyl-3-
lactam for total synthesis of N-Boc-ADDA [508]; (23) preparation
of analogs of laulimalide by a late stage cross-metathesis [509];
and (24) cross-metathesis assisted by preorganization based on
hydrogen bonding interactions (e.g. 144 +145) [510]. Polymer-
bound oligosaccharides linked to the polymer through an alkene
group were cleaved from the resin through cross-metathesis
with ethylene [511-513]. Cross-metathesis of the complex macro-
cyclic lactone etnangien with ethylene provided smaller fragments
that were useful in the structure determination of the natural
product [514].

Several more complex examples of cross-metathesis were
reported in 2008; representative examples are depicted in
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Scheme 11. Stoichiometric cross-metathesis reaction of Grubbs
catalyst I and polymer-bound vinyl ethers (e.g. 146) led to polymer-
bound alkoxycarbene-ruthenium complexes (e.g. 147) [515]. A
one-pot cross-metathesis of homoallylic p-nitrophenyl esters (e.g.
148) and o,[3-unsaturated carbonyl compounds followed by base-
catalyzed elimination led to the direct synthesis of pentadienoyl
systems (e.g. 150) [516]. Several reaction processes reported in
2008 involve cross-metathesis followed by capture of the resul-
tant alkene. The cross-metathesis of pentenylindoles (e.g. 151) and
2-butenal was accompanied by cyclization to afford the fused-ring
indoles (e.g. 153) [517]. A tandem cross-metathesis/intramolecular
Michael addition process was also observed in the cross-metathesis
of Cbz-protected alkene-amines and acrolein [518]. Tandem cross-
metathesis and allylation was observed in the coupling of allylsilane
chlorides (e.g. 154) with styrenes in the presence of imines (e.g.
156) to afford homoallylamines (e.g. 157) of high enantiomeric and
diastereomeric purity [519]. A relay cross-metathesis (158 +159)
was employed for the total synthesis of scanlonenyne [520]. A
patent was awarded for the preparation of alkenes via cross-
metathesis [521].
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Fig. 6. Representative alkenes subjected to metathesis dimerization.

Several examples of dimerization via metathesis (see Scheme 1)
were reported in 2008. Compounds subjected to carbene complex-
catalyzed metathesis dimerization are depicted in Fig. 6, and
include: (1) allyloxycyclohexane derivatives (e.g. 161) [522]; (2)
alkene-diol derivatives (e.g. 162) [523]; (3) metathesis dimer-
ization and cross-metathesis of alkene-containing carbohydrate
derivatives (e.g. 163) [524]; and (4) metathesis dimerization of an
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allyloxyporphyrin followed by cross-metathesis of the dimer with
an alkene-peptide [525].

Additional examples feature cross-metathesis in tandem with
some other metathesis mode. Examples are depicted in Scheme 12.
Tandem dimerization-RCM (metathesis cyclodimerization) leading
to macrocycles (e.g. 167) was observed for diallyl nucleosides [526].
Both head-to-head and head-to-tail dimers were reported. A more

A’

"Ru=CHAr" HO O _N_ _N
— Uy
/0
N

OXO

165

‘.

0

HO

Ar
"Ru=CHAT" @ \ﬂ/

Scheme 12.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

selective process involves metathesis dimerization of a mono-allyl
species (e.g. 164), followed by incorporation of the second alkene
and subsequent macrocyclic RCM. A similar metathesis cyclodimer-
ization was employed for the synthesis of rigid macrocycles (e.g.
169) [527]. Preorganized alternatives based on the RCM reaction
were also tested. Formation of a cyclic trimer from a bis(porphyrin)
tetraalkene was reported [528].

2.2.5. Ring-closing metathesis

The ring-closing metathesis reaction (RCM) (see Scheme 1) has
emerged as a very important method for organic synthesis. Numer-
ous carbene complexes (see Figs. 1 and 2) initiate RCM reactions.
Many examples forming diverse ring sizes have been reported in
2008, including macrocycles and medium-size rings, as well as the
traditional five- and six-membered ring-forming reactions. Reac-
tions have been classified according to the type of ring system
formed as a result of RCM.

The RCM reaction has been employed for the synthesis of a
variety of carbocyclic ring systems (Fig. 7, the indicated bond was
formed via the RCM reaction). Examples include: (1) cyclopentenes
[529-533], including total syntheses of estrone [534], fommanosin
(see 172) [535], otteliones A and B [536], spirotenuipesines A and
B (see 173) [537], cephalotaxine [538], a lactam analog of brefeldin
A [539], 4’-epi-formycin [540], cyclopentane core of viridenomycin
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[541], herbertenones [542], carbocyclic nucleosides [543-548], and
conversion of a Xxylose octadienyl ether to cyclopentene and the cor-
responding allyl ether [549]; (2) fluorinated cyclopentenes [550];
(3) a,B-unsaturated cyclopentenones (e.g. 174) for total synthe-
sis of carbovir and prostaglandin TEI-9826 [551]; (4) spiro-fused
cyclopentenes [552-554], including total synthesis of acorenone
[555]; (5) preparation of five- and six-membered ring carbocycles
in a one-pot boronation/allylation/RCM sequence [556]; (6) prepa-
ration of five- to seven-membered rings in a one-pot allylation-RCM
sequence using both a palladium catalyst and Grubbs catalyst II
[557]; (7) five- to seven-membered rings fused to <y-lactones and
macrocyclic ethers fused to y-lactones [558]; (8) five- to seven-
membered rings spiro fused to various heterocyclic ring systems
[559]; (9) cyclohexenes [560-563], including total syntheses of per-
rottetinene [564], the core structure of branimycin (see 175) [565],
durhamycin A[566], platencin (see 176)[567,568], quinic acid [569],
allosecurinine (see 177) [570], gusanlung D (see 178) [571], 6a-
carba-f3-p-fructose [572], quercitol [573],valienamine [574], and
highly oxygenated cyclohexene rings for preparation of various
conditurols [575,576]; (10) six-membered ring fluorinated cyclic
amino acids [577]; (11) a spiro-fused chlorocyclohexene (179)
for total synthesis of elatol [578]; (12) tetrahydrophenanthrenes
[579]; (13) the carbocyclic ring of hexahydroquinolones [580];
(14) asymmetric synthesis of helicenes (e.g. 180) using chiral
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Fig. 7. Representative carbocycles produced through an RCM reaction (bond constructed through RCM indicated).



120 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

11
L CoyCO
t °ACOk%  ri=cHPN"
188\ E—
/\/\()n)\/ EJOC 3917

n_ @0 0
[=Co2lCOks | om0
—_—
0

o]
(j 189 190

Scheme 13.

ruthenium-carbene complexes [581]; (15) direct formation of ben-
zene rings (e.g. 182) through RCM of trienols (e.g. 181) [582,583];
(16) a-alkylidenecyclohexenones, which afford phenols upon base
treatment [584]; (17) nitrogen-bridged seven-membered rings
[585]; (18) an aminocycloheptene derivative for total synthesis of
anatoxin A [586]; (19) a highly functionalized cycloheptene for
total synthesis of calystegine A [587]; (20) cycloheptenes fused
to indole rings (e.g. 183) for synthesis of evistine alkaloids [588];
(21) cycloheptenes spiro fused to tetrahydroisoquinoline rings for
synthesis of thiaerythrinanes [589]; (22) hydroazulenes for syn-
thesis of the core of guanacastepenes [590] and confertin [591];
(23) a cyclohexane-fused seven-membered ring (184) for total
synthesis of frondosins A and B [592]; (24) a tricyclic cyclohep-
tene for synthesis of the core ring system of erinacine E [593];
(25) a cycloheptene ring for total synthesis of cyanthiwigin F
[594]; (26) fluorinated eight-membered rings [595]; (27) the eight-
membered ring of the taxol B,C ring system (e.g. 185) [596]; (28)
carbonyl group bridged cyclooctenes [597]; (29) carbohydrate-
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bound cyclooctenes [598]; (30) a nine-membered ring (186) for
total synthesis of 5-epi-hydroxycorneistin [599]; and (31) a nine-
membered ring (187) for total synthesis of blumiolode C [600].
One-pot tandem RCM-Pauson-Khand reactions were observed in
the reaction of diene-cobalt-alkyne complex 188 (Scheme 13) with
ruthenium-carbene complexes followed by treatment with amine
oxides [601].

Numerous examples of the formation of nitrogen heterocycles
using the RCM reaction (Fig. 8) were reported in 2008, including:
(1) dihydropyrroles (e.g. 191) [602-606], including stereoselec-
tive preparation from precursors that contain diastereotopic vinyl
groups [607], and those employed in total syntheses of lentiginosine
[608], uniflorine A (see 192) [609], aphanorphine [610], cas-
tanospermine [611], and swainsonine [612]; (2) an o, 3-unsaturated
five-membered ring lactone (193) for synthesis of pyrrolizidine
alkaloids [613]; (3) five- and six-membered ring amines for total
synthesis of isofagomaine or a five-membered ring analog [614];
(4) five- and six-membered ring cyclic amino acid derivatives
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Fig. 8. Representative N-heterocycles produced through an RCM reaction (bond constructed through RCM indicated).
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[615,616]; (5) five- to eight-membered ring cyclic a,3-unsaturated
lactams fused to dihydroindole rings [617]; (6) tetrahydropy-
ridines [618-623], including those employed in total syntheses
of dideoxynojirimycin [624] and analogs [625], an approach
to halichlorines (see 194) [626], isospartine (see 195) [627],
naouamine A [628], meloseine (see 196) [629], hydroxypipecolic
acid derivatives [630-632], conhydrine [633,634], epiquinamide
[635], and N-tosysedridine [636]; (7) a pyridone ring system using
an N-alkoxyamide starting material [637,638]; (8) ,3-unsaturated

six-membered ring lactams for total synthesis of coniceine [639]
and for azasugars or oxygen analogs [640]; (9) a dihydroin-
dolizine (197) for total synthesis of 8-aminoindolizidine [641];
(10) six- to seven-membered ring amines where one of the reac-
tant alkenes contains a perfluorinated alkyl chain [642]; (11)
six- to eight-membered ring amides fused to pyrrolidinone rings
through either RCM or intramolecular enyne metathesis [643];
(12) seven-membered ring amines [644-646], including those for
total synthesis of balanol [647,648] and SB-462795 [649]; (13)
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Fig. 9. Representative oxygen heterocycles produced through an RCM reaction (bond constructed through RCM indicated).
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synthesis of benzazepines [650-652], including preparation of
muscarinic receptors [653] and a failed RCM-based approach
to this ring system [654]; (14) seven-membered ring-fused
tetrahydroisoquinolines (e.g. 198) [655]; (15) seven-membered
ring lactams [656,657], including total synthesis of telecagepant
[658]; (16) seven-membered ring cyclic amino acids [659]; (17)
seven-membered ring O,N-heterocycles (e.g. 199)[660]; (18) seven-
membered ring cyclic ureas [661]; (19) an azabicyclo[4.2.1]nonane
ring (200) for total synthesis of pyrido[3,4-bJhomotropane
[662]; (20) eight-membered ring cyclic amines [663]; (21) an
eight-membered ring cyclic amine (201) for total synthesis of
epohelmin B [664]; (22) eight-membered rings fused to ben-
zene rings and subsequent alkene isomerization via addition of
ruthenium hydrides [665]; (23) eight-membered ring cyclic lac-
tams (e.g. 202) [666]; (24) cyclic hydrazines (e.g. 203) through
either RCM or intramolecular enyne metathesis [667,668]; and
(25) cyclic N-acylhydroxylamines (e.g. 204) [669]. A double
RCM reaction resulting in predominately the dumbbell-shaped
two-ring systems (e.g. conversion of 205 to 206, Scheme 14)
was employed for the total synthesis of pandamarilactonines
[670].

Many diverse oxygen heterocycles were synthesized via the RCM
reaction in 2008 (Fig. 9), including: (1) direct formation of a furan
(e.g. 213) or pyrrole rings through in situ elimination from RCM
products (e.g. 212) [671] and total synthesis on deoxypukalide (a
later step employs macrocyclic RCM) [672]; (2) o,B-unsaturated
five-membered ring lactones for synthesis of bioactive marine
butenolides [673] and muracatacin [674]; (3) five-membered ring
ethers for total synthesis of furanomycin derivatives [675]; (4) five-
and six-membered ring ethers attached to pyrrolidine rings [676];
(5) five- and six-membered ring ethers spiro fused to oxazolidi-
none rings [677] or cyclopentene rings [678]; (6) six-membered
ring ethers [679,680], including those employed in total synthe-
ses of laulimalide [681], neopeltolide (see 214) [682], kavain and
jerangolide D segments [683], and the dihydropyran subunit of
sorangicin A [684]; (7) six-membered ring o,3-unsaturated lac-
tones for total synthesis of bitungolide [685], phoslactomycin B
[686], pironetin (in a one-pot alkyne trans reduction and RCM)
[687], dodoneine [688], biselide E segments [689], a bryostatin
segment [690], leustroducsin [691], passifloricin A [692], hyp-
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tolide [693], butterfly pheromones [694], cytostatin (see 215) [695],
tanikolide [696], asperlin [697], goniothalamin [698] and analogs
[699], the C3-C9 segment of soraphen Ala [700], noviose [701], and
various unnamed polyol natural products [702]; (8) benzene-fused
six-membered ring esters [703]; (9) diastereoselective formation of
a bridged six-membered ring (217) in a relay process from tetraene
216 for total synthesis of didemniserinolipid B [704]; (10) spiroke-
tals (e.g. 218) [705]; (11) glycals via an RCM-isomerization sequence
[706]; (12) six- and seven-membered ring spiro-fused carbocy-
cles and oxygen heterocycles [707]; (13) six-and seven-membered
ring lactones via a domino metathesis route [708]; (14) six- to
eight-membered ring allylic ethers (e.g. 220), which isomerize to
enol ethers (e.g. 221) upon addition of NaOH/isopropyl alcohol
[709,710]; (15) formation of six- to eight-membered ring ethers
using relay metathesis [711]; (16) six- to nine-membered ring
cyclic ethers of brevitoxin, ciguatoxin, and related marine toxins
(see 222) [712-717]; (17) seven-membered ring ethers and vari-
ous carbocyclic ring systems [718]; (18) benzoxepins [719-721] and
naphthoxepines [722]; (19) a benzo-fused seven-membered ring
ether (223) for total synthesis of ptaeroxylin [723]; (20) a seven-
membered ring lactone for total synthesis of laurallene [724];
(21) a seven-membered ring lactam using Grubbs catalyst I and
a hindered aluminum phenoxide additive [725]; (22) seven- and
eight-membered rings fused to quinoline rings [726,727]; (23)
seven- or ten-membered ring lactones for synthesis of glucopy-
ranosyl serines [728]; (24) eight-membered ring ethers for total
synthesis of laurencin (see 224) [729] and heliannuol A [730]; (25)
an eight-membered ring lactone for total synthesis of the octa-
lactin ring system [731]; (26) a nine-membered ring ether (225) for
total synthesis of 11-acetoxy-4-deoxyasbestinin D [732]; (27) nine-
membered ring lactones [733]; (28) ten-membered ring lactones
[734], including those used in total syntheses of multipolide A (see
226)[735], herbarumin I11 [736,737], vigulariol (see 227) [738]; and
nonenolide [739]; and (30) lactonic amino acid analogs featuring
two oxygens in the ring [740]. One-pot RCM and elimination/ring
opening was successfully demonstrated (e.g. conversion of 228 to
diene 230, Scheme 15) [741].

Heterocyclic compounds involving elements other than N and
O were also constructed via the RCM reaction (Fig. 10). Examples
include: (1) formation cyclic siloxanes for total synthesis of cis
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Fig. 10. Representative examples of other heterocycles prepared via the RCM reaction (bond constructed through RCM indicated).
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sylvaticin (see 231) [742], amphidinolide X [743], discodermolide
segments [744], and a peluroside A fragment [745]; (2) siloles (e.g.
232)[746]; (3) seven- to ten-membered ring benzene-fused silacy-
cles featuring additional O or N atoms in the ring (e.g. 233) [747]; (4)
cyclic phosphinic acid esters (e.g. 234) [748]; (5) cyclic sultams (e.g.
235) [749,750]; (6) a chelating titanium-phosphinidine complex

(e.g. 236) [751]; (7) platinacycles (e.g. 237) [752]; and (8) failure to
form an eight-membered ring cyclic phosphonate due to compet-
ing metathesis dimerization [753]. Treatment of fluorous-tagged
triene 238 (Scheme 16) with Grubbs catalyst I resulted in simul-
taneous formation of a fluorous nitrogen heterocycle (239) and a
cyclic siloxane (240) [754].
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Fig. 11. Representative macrocycles (ring size >10) prepared using the RCM reaction (bond constructed through RCM indicated).
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Numerous macrocyclic compounds (rings with >11 atoms) were
synthesized using the RCM reaction in 2008 (Fig. 11), including:
(1) macrocyclic alkenes for total syntheses of clavirolide C (see
242) [755], a cembranolide [756], and a relay approach to an
inside-out meta-bridged cyclohexene derivative (243) [757]; (2)
crown bis(sulfonamides) [758]; (3) a furan-bridged macrocyclic
ketone ring for total synthesis of tonatzitlolone B [759]; (4) a
macrocyclic diketone for total synthesis of pinnatoxin A [760];
(5) macrocyclic lactams for total syntheses of fluviricine A1l (see
244) [761] and excentricine [762]; (6) macrocyclic bis(lactam)s
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for total syntheses of paliurine E [763], BILN 2061 (see 245)
[764], cytotrienin A [765], TMC435350 [766], various HCV pro-
tease inhibitors [767-769], and failure to close the macrocyclic
lactone ring of SCH 351448 using RCM [770]; (7) macrocycle-
bridged B-lactams [771]; (8) both of the macrocyclic rings of a
bis(macrocyclic lactam) inhibitor of hepatitis C protease [772];
(9) a macrocyclic tris(lactam) (246) for total synthesis of chon-
dramine C[773]; (10) macrocyclic amino acid derivatives [ 774,775];
(11) macrocyclic peptide derivatives [776-785]; (12) macrocyclic
bis(hydantoin)s [786]; (13) macrocyclic lactones for total synthe-
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ses of migrastatin (see 247) [787], migrastatin analogs [788], the
core ring system of migrastatin [789], palmerolide A (syntheses of
both the correct structure and the incorrect originally proposed
structure) [790], palmerolide A analogs [791], norbonolide [792],
dactyolide (the synthesis also employs CM and six-membered
ring lactone-forming RCM) [793], epothilone analogs [794-796], a
failed synthetic route to epothilone analogs [797], azaepothilones
[798], exigulide [799], pochonin derivatives [800], amphidinolide
X (see 248) [801], the macrocyclic core of amphidinolide H1 [802],
curvularin [803,804], salicylhalamide analogs [805]; zearalenone
[806], epi-aigialomycin D (the RCM event is stereoselective due
to kinetic resolution) (see 249) [807], cladospolide B [808], an
unnamed 12-membered ring keto-lactone natural product [809],
patulolide C [810], and various salicylic macrolides [811]; (14) a
macrocyclic bis(lactone) for synthesis of the tricyclic core of dic-
tyosphaeric acids [812]; (15) macrocyclic bis- and tris(lactones)
[813]; (16) a macrocyclic lactone/lactam for total synthesis of
spongidepsin [814]; (17) carbohydrate-fused macrodilactones (e.g.
250) [815,816]; (18) macrocyclic urethanes (e.g. 251) for syn-
thesis of hepatitis C inhibitors [817]; (19) macrocycle-bridged
taxol analogs [818]; (20) a p-cyclophane using a relay approach
[819]; (21) a p-cyclophane synthesis that exploits m-stacking inter-
action to introduce favorable conformational bias in the RCM
event [820]; (22) a furan bridged by a macrocyclic allene as an
approach to cortistatins [821]; (23) ansa-pyrroles (e.g. 252) [822];
(24) a failed attempt to form a bridged pyrazole through RCM
[823]; (25) a macrocyclic hexa-oxazole [824]; (26) a macrocy-
cle bridging two 1,4-phenylenediamine-linked monosacharrides
[825]; (27) macrocycle-linked bis(porphyrins) [826,827]; (28)
a macrocycle-bridged tetraaza-anthracene derivative for even-
tual catenane synthesis [828]; (29) calixarenes bridged through
a macrocyclic bis(urea) [829,830]; (30) pseudorotaxanes [831];
(31) catenanes [832,833]; (32) tris(catenane)s [834]; (33) gold-
templated catenanes and rotaxanes [835]; (34) molecular knots
[836]; (35) formation of a covalent linkage between self-assembled
porphyrin molecules [837]; and (36) formation of a two-ring poly-
mer from a four-alkene-capped polymer [838]. Threefold RCM was
demonstrated for bis(phosphine) complexes where the phosphine
ligands contain remote alkene groups, resulting in interligand-
bridged metal-phosphine complexes (e.g. 253) [839,840]. A patent
was awarded for synthesis of macrocyclic HCV protease inhibitors
via RCM [841].

Several examples of ring rearrangement metathesis (RRM) were
reported in 2008 (see Scheme 17). These examples include: (1)
preparation of prostaglandin derivatives through either RRM or
RO-CM (e.g. conversion of 255 to 256) [842]; (2) preparation of
lepadin B using RRM of an azabicyclo[2.2.2]heptene derivative (con-
version of 257 to 258) as a key step [843]; (3) rearrangement of
alloxydihydropyran derivatives (e.g. 259) to isomeric dihydropy-
rans (e.g. 260) [844] and a tandem simultaneous preparation
of a tris(dihypropyran) system from a bis(dihydropyan) precur-
sor [845]; (4) preparation of cyclooctene-fused cyclopentenes
(e.g. 262) as part of a diversity-oriented approach to antibodies
(RO-CM reactions were also investigated) [846]; (5) preparation
of bicyclo[4.3.1]decadien-10-one derivatives [847]; (6) prepara-
tion of the umbellalactol core through RRM of spirolactone-fused
norbornenes [848]; (7) preparation of a bicyclo[3.3.0]octenone
derivative (264) for total synthesis of aburatubolactam A through
RRM and a later stage cross-metathesis event [849]; (8) rear-
rangement of oxanorbornenes to six- to eight-membered ring
heterocycles fused to a dihydrofuran ring [850]; (9) double RRM
reactions of oxanorbornenes containing two allyloxy groups or
two acrylate ester groups [851]; (10) preparation of the hydroazu-
lene ring system through RRM of a pentenylnorbornene derivative
[852]; and (11) preparation of tricyclic compounds (e.g. 266) from
ring-fused oxanorbornenes (e.g. 265) [853]. The threefold RRM of
benzonorbornene derivative 267 was a key step in the asymmet-
ric preparation of chiral buckeyballs [854]. Tandem RRM/CM of
vinyloxy-oxynorbornenes (e.g. 269) was employed for synthesis of
furanofuran derivatives (e.g. 270) [855].

2.2.6. Alkene metathesis involving alkyne components

Several examples of the synthesis of conjugated dienes through
the intermolecular (enyne CM) or intramolecular (enyne RCM)
metathesis of enynes using carbene complexes were reported in
2008. Examples of enyne CM are depicted in Scheme 18 and
include the following coupling partners: (1) alkyne 275 and diene
276 for total synthesis of amphidinolide E [856]; (2) terminal
alkynes (e.g. 278) and alkene-alcohols (e.g. 279) [857]; (3) terminal
alkynes and methylenecyclobutanes [858]; and (4) propargylic flu-
orides (e.g. 281) with ethylene [859]. Examples of intramolecular
enyne metathesis are depicted in Scheme 19 and include forma-
tion of the following ring systems: (1) four-membered rings (e.g.
284)[860]; (2) five-membered ring o, 3-unsaturated lactams [861];
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(3) five- and six-membered ring cyclic amines [862]; (4) fluori-
nated dihydropyridines [863]; (5) a six-membered ring (286) for
total synthesis of isofagomine and evaluation of the acceleration
effect of allylic hydroxyl groups on the efficiency of intramolecu-
lar enyne metatheses in the absence of an ethylene atmosphere
[864]; (6) a highly oxygenated six-membered ring for prepara-
tion of angelmicin B segments [865]; (7) a six-membered ring
using a conjugated alkynone starting material as part of a syn-
thetic approach to rhodexin A [866]; (8) cyclic N-acetoxyamines
[867]; (9) direct formation of a benzene ring (e.g. 289) through
a one-pot enyne metathesis (forming 288) and methanol elimi-
nation sequence [868]; (10) vinyl-tetrahydropyridines [869]; (11)
a seven-membered ring as part of a synthetic approach to lanci-
fodilactone G (a later step employs cross-metathesis) [870]; (12)
seven-membered ring cyclic amino acids [871]; (13) seven- and
eight-membered rings fused to a benzene ring for total synthe-

/ Catalyst 2 /
/—/ ethylene
Ts—N
=
294 N

N

sis of allocolchicine and analogs [872]; (14) an eight-membered
ring (291) for synthesis of the fusicoccane A-B ring system [873];
and (15) bridged ferrocenes (e.g. 293) [874]. The enyne metathesis
of compound 294 (Scheme 20) in ethylene using Grubbs cata-
lyst II led to the enyne metathesis product 295 accompanied by a
minor amount of the ethylenation product 296, obtained through a
metallacyclopentene intermediate (297) [875]. Non-carbene com-
plex ruthenium catalysts (e.g. Cp*Ru(cod)Cl) were more effective
catalysts for forming the ethylenation product 296. Competitive
binding of monosubstituted alkene and terminal alkyne groups
to Grubbs catalyst I was studied through fluorescent resonance
energy transfer [876]. It was determined that binding to the alkene
is faster, thus supporting the “alkene-first” mechanism for enyne
metathesis. Ring expanding enyne metathesis was reported for var-
ious cyclopentene derivatives (e.g. conversion of 299 + 300 to 302,
Scheme 21) [877]. Ring-rearranging enyne metathesis reactions
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(e.g. conversion of 303 to 304, Scheme 21) were demonstrated for
alkynylnorbornenes [878].

Representative examples of tandem enyne metathesis-RCM
are depicted in Scheme 22. Tandem enyne metathesis-RCM was
employed for the synthesis of a hexahydroisoquinoline (306)
used in the total synthesis of ent-lepadins F and G [879]. Tan-
dem enyne metathesis-RCM was employed for the preparation
of taxol-like eight-membered rings (e.g. 308) [880]. A tandem
enyne metathesis-intramolecular Diels-Alder reaction involving
enyne 309 and ethylene was employed for synthesis of the taxane
skeleton (311) [881]. Tandem ring opening enyne metathesis-
RCM was also reported for norbornene-alkyne derivatives (e.g.
312) [882]. Failure to form a bicyclo[6.5.0]tridecadiene ring sys-
tem through tandem enyne metathesis-RCM was noted [883].
A relay metathesis-1,5-carbene rearrangement-cross-metathesis
sequence using diene-diyne 314 was employed as a key step in
the total synthesis of panaxytriol [884].

Several examples of dialkyne cyclopolymerization (conversion
of 322 to 323, see Scheme 23) were reported in 2008. New molyb-
denum carboxylate initiators (e.g. 321) were developed [885].
Molybdenum dicarboxylate complexes afford predominantly the
-polymerization products (six-membered rings). Attempts to
manually synthesize dialkyne-derived oligomers (e.g. 327, 328)
were also reported [886]. In the coupling of molybdenum-carbene
complexes and dienals (e.g. 326),a major side reaction to the desired
carbonyl olefination process is competing metathesis, which results
in dimers as well as trimers. Addition of trimethylphosphine or
quinuclidine to the dimolybdenum species minimized the compet-
ing metathesis reaction pathway.

2.2.7. Non-metathesis reaction processes involving the Grubbs
and related catalysts

Several publications in 2008 report on processes unrelated to
metathesis that are initiated by ruthenium-carbene complex cata-
lysts 1-5 and structurally related carbene complexes.

A frequent side reaction during metathesis is alkene isomer-
ization. This side reaction has been attributed to the formation
of metal hydride complexes under the conditions necessary for
metathesis. The isomerization of a terminal alkene group of
bis(tetrahydropyran) derivative 330 (Scheme 24) using Grubbs
catalyst II in methanol was a key step in the total synthesis of
clavosilide D [887]. Deliberate alkene isomerization is also often
performed in tandem with RCM (see Refs. [709,710]).

Several examples employing traditional metathesis catalysts as
cyclopropanation catalysts were reported in 2008 (see Scheme 25).
The one-pot RCM-alkene isomerization-cyclopropanation employ-

ing diene 332, ethyl diazoacetate, and Grubbs catalyst II led to
cyclopropane-fused heterocycles (e.g. 335) [888]. In this case the
active ruthenium species from the metathesis and isomeriza-
tion events serves as the cyclopropanation catalyst. The one-pot
tandem enyne metathesis/cyclopropanation leading to alkenyl-
cyclopropanecarboxylate esters (e.g. 338) was also demonstrated
[889].

The reaction of ruthenium-carbene metathesis catalysts with
isocyanides (e.g. 340, Scheme 26) was reported [890]. The reaction
leads to the tris(isocyanide) complex 340 and the ylide 341. The
analogous reaction with CO led to the ion pair 342/343 accompa-
nied by neutral ruthenium carbonyl complexes (e.g. 344). The key
step in both reactions is reversible 1,2-shift of the phosphine ligand
to form the 14-electron ylide complex (e.g. 345), which reacts with
multiple equivalents of the added ligand.

The use of ruthenium metathesis catalysts for the initiation of
Karasch-type reactions (see Scheme 27) was reported [891]. Treat-
ment of trichloroacetate ester 346 with various transition metals,
including ruthenium-carbene complexes 1-2, leads to the naph-
thalene derivative 349. The reaction proceeds by C-Cl bond cleavage
and radical cyclization to afford an eight-membered ring lactone
(348), followed by elimination and decarboxylation.

Other alternative uses for ruthenium metathesis catalysts are
depicted in (Scheme 28). Grubbs catalyst Il is an effective catalyst
for the formation of quinolines (e.g. 352) via condensation of 2-
aminobenzyl alcohols (e.g. 350) and phenyl ketones (e.g. 351) [892].
The role of the catalyst was attributed to assisting in the redistribu-
tion of hydrogen atoms. Grubbs catalyst Il and oxygen can initiate
diol cleavage reactions (e.g. conversion of 353 to 354) [893].

2.3. Individual carbene or alkylidene complexes classified
according to metal

Several studies were reported in 2008 that report on carbene
complexes of a variety of groups. A DFT study of co-arctate reac-
tions (conversion of 355 to 356, Scheme 29) of carbenes and
carbene-metal complexes was reported [894]. A DFT study of the
bonding in MCH, systems was also reported [895]. The degree of
aromatic character in several metallabenzenes (resonance form 358
vs.359) was determined through analysis of DFT and NMR chemical
shift analysis [896]. In general, the 18-electron complexes appear
to exhibit the highest degree of aromatic character.

2.3.1. Group 4 metal-carbene complexes
Both isolable titanium-carbene complexes and reactions that
involve titanium alkylidene complexes are covered in this section.
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The formation of bis(aluminum)carbene-titanium complexes
(e.g. 361, Scheme 30) was reported [897]. These complexes were
generated through the reaction of dimethyltitanium complex 360
with trimethylaluminum.

Several examples employing in situ-generated titanium-
carbene complexes in synthetic organic chemistry were demon-
strated in 2008; representative examples are depicted in
Scheme 31. Reaction of gem dichlorocyclopropanes (e.g. 365) with
titanium(II) complex 366 led to in situ formation of the cyclopropy-
lidene complex (367), which subsequently coupled with alkynes to
provide vinylcyclopropanes (e.g. 369) [898]. Reaction of cyclobu-
tanone dithioacetals (e.g. 370), alkynes and complex 366 led to
dienes (e.g. 374) in a process involving carbene complex (371) for-
mation, followed by metallacyclobutene formation (372), followed

by B-hydride elimination and reductive elimination [899]. Com-
plex 366 was also used for carbonyl olefination of lactones (e.g. 377)
using dithioacetals that contain a latent hydroxyl group (e.g. 375)
[900]. The initially produced enol ether (e.g. 378) was subsequently
transformed to a spiroketal derivative (e.g. 379). Similarly gener-
ated titanium-carbene complexes (e.g. 381) were instrumental in a
solid phase stereoselective synthesis of indole derivatives (e.g. 384)
[901].

Various carbonyl olefination reactions were accomplished using
in situ-generated titanium-carbene complexes (see Scheme 32).
Methylene enol ether 386 was prepared from the corresponding
lactone and the Tebbe reagent (389) [902]. Enol ether 386 was
immediately subjected to the Claisen rearrangement. Tandem car-
bonyl group olefination/Claisen rearrangement employing 386 was
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a key step part of a total synthesis of obtusenyne. The scope and
limit of tandem carbonyl olefination/Claisen rearrangement was
examined [903]. Olefination of a ketone or keto-thioester to afford
387 using the Petassis reagent (390) is a key early event in the
total synthesis of phorboxazole A [904]. Carbonyl olefination of a
carbonate derivative to afford ketene acetal derivative 388 was a
key step in the total synthesis of various solandelactones [905].
A double carbonyl olefination was employed for the conversion
of y-alkoxy-y-lactones (e.g. 391) to methylenecyclopentanes (e.g.
394) [906]. In this process, the initially produced enol ether (392)
undergoes a Ferrier rearrangement under the reaction conditions
to afford the cyclopentenone (393), which undergoes further car-
bonyl olefination. Additional examples of employing the Tebbe
or Petassis reagents for carbonyl olefination were also reported
[402,460,743,883,907-913]. An in situ-generated titanium-carbene
complex serves as a reagent for the RCM of a ketone and an alkene
(e.g. substrate 395) and affords a key intermediate (396) for the
synthesis of adriatoxin [914].

Titanium-carbene complexes were suggested as intermediates
in the epimerization of cationic alkyltitanium complexes obtained
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through alkene dimerization [915]. An attempt to generate a tita-
nium(IlI) NHC complex through reduction of a titanium(IV) NHC
complex and compare the degree of back bonding was thwarted
by the unanticipated formation of a complex polynuclear species
where the degree of back bonding is unclear [916]. Matrix effects for
H,C=MH,; complexes (M =Ti, Zr, Hf) were evaluated computation-
ally and afforded better agreement with experimentally derived
vibrational frequencies than values based on gas phase models
[917]. The reaction of laser ablation-generated Group 4 metal atoms
with acetylene afforded mZ-alkyne complexes and not vinylidene
complexes [918].

2.3.2. Group 5 metal-carbene complexes

Vanadium-carbene complexes (e.g. 402-405, Scheme 33) were
isolated from the reaction of dialkylvanadium complex 400 with
various ligand additives [919]. The higher oxidation state carbene

complexes 403 and 404 were isolated from the reaction of the
dialkyl complex with diazo compounds, phosphine oxides, nitrous
oxide, or sulfur. The dimeric compound 405 was isolated from the
reaction with nitrogen or with phosphine imines in the presence
of nitrogen. These reactions were proposed to proceed through lig-
ation and a-hydride elimination/reductive elimination to afford a
simple carbene complex-ligand adduct (401) followed by trans-
formation to the observed products. This initial complex however
could not be isolated. Reaction with bipyridyl did result in a stable
vanadium(III) alkylidene complex (402).

The coupling of vanadium-carbene complexes (e.g. 406,
Scheme 34) with various unsaturated organic compounds was
reported [920]. Reaction with nitriles led to the nitrile inser-
tion products, vinylimido complexes (e.g. 407). Reaction with
alkynes led to stable metallacyclobutenes (e.g. 408). Reaction
with styrene led to the metallacyclopropane complex 409. A
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vanadium-carbene-NHC complex (411) was generated through
thermolysis of complex 410 in the presence of a NHC ligand
[921]. Related complexes were used as olefin metathesis catalysts
[209,210].

A vanadium-bis(carbene) complex (413, Scheme 35) was
prepared through reaction of divanadium complex 412 with mag-
nesium in the presence of phenylacetylene [922]. The bis(carbene)
complex depicted was determined to be a better represen-

tation than the metallacyclopentadiene based on the X-ray
structure.

Experimental and computational studies of olefin exchange
in (t-Bu3SiO)sM(alkene) (M=Nb or Ta) complexes and the corre-
sponding rearrangement to carbene complexes (t-Bu3SiO)sM=CHR
were reported (see Scheme 36) [923]. The lowest energy pathway
for rearrangement of niobium-alkene complexes (e.g. 414) to the
corresponding niobium-carbene complex (e.g. 417) involves dirad-
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ical intermediates (e.g. 415, 416). The vinylcyclopropane complex
414 rearranges to the alkenylcarbene complex 417 via the label-
ing scheme depicted, and is consistent with the computationally
predicted mechanism.

A tantalum-benzylidene complex (419, Scheme 37) was formed
through elimination of toluene from tribenzyltantalum complex
418 [924]. A mechanism involving elimination of toluene fol-
lowed by coordination of the phosphine ligand was proposed.
A spectroscopically observable tantalum-carbene complex (421)

was generated through deprotonation of phosphinomethyltanta-
lum complex 420 [925]. Niobium-carbene complexes (e.g. 423)
were suggested as possible intermediates in the reductive cycliza-
tion of 1-trifluromethylbiphenyls (e.g. 422) using niobium metal
[926]. Dicationic tantalum-carbene complexes and carbide com-
plexes were identified in the reaction of dicationic tantalum with
methane in a guided ion beam mass spectrometer [927]. The struc-
ture of the complexes and the mechanism for their formation were
also studied by DFT calculations. The argon matrix effect on the
geometry and IR spectra of HC=MH, (M =Nb or Ta) was evaluated
computationally [928].

2.3.3. Group 6 metal-carbene complexes (further classified
according to structure and reaction type)
2.3.3.1. Schrock-type carbene complexes. Asignificant portion of this
subject material has already been presented in Section 2.2; the
Schrock catalyst (5) belongs to this class of compounds.

Tethered analogs of the Schrock carbene complex (e.g.
430, 431, Scheme 38) were reported [929]. Reaction of the

D
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bis(neopentylidene)molybdenum complex 429 with triflic acid led
to the bridged carbene complex 430. Various ligand modifications
were reported for initially formed carbene complex 430. Similar
complexes devoid of the tether were also prepared for comparison
purposes.

The synthesis and reactivity of tungstapyridine derivatives (e.g.
433, Scheme 39) was reported [930]. Tungstapyridine 433 was
prepared from reaction of bis(imido)tungsten complex 432 with
strained alkynes (e.g. cyclooctyne). Various ligand exchange pro-
cesses were reported for complex 433. The ability of the complex
to mediate carbonyl-alkene metathesis (e.g. conversion of alkene
ketone 435 to cycloalkene 436) in the presence of various Lewis
acids and salts was also noted.

Hypothetical reaction pathways for carbene complexes of gen-
eral structure 437 (Scheme 40) were explored computationally
[931]. Potential rearrangements and their addition reactions to

i-Pr
e Li~_-t-Bu
, —> iPr
i-Pr (2 eq)
N 11
0-Mo-Cl

</c|> cl a2

i-Pr

ethylene were considered. For molybdenum complexes, the kineti-
cally and thermodynamically most favorable reaction pathway with
ethylene is [2+2]-cycloaddition of ethylene and Mo=CH, to afford
the metallacyclobutane (438). The [3+2]-cycloaddition product, the
Mo=0 cycloaddition product, and cyclopropanation were disfa-
vored both kinetically and thermodynamically. In the chromium
case the reaction was far more complex. The most favored process is
isomerization to the agostic complex 439 followed by complexation
of an additional ethylene molecule, leading to complex 440.

A chromium-carbene complex (443, Scheme 41) was generated
during thermal decomposition of silica-bound dialkylchromium
complex 441 [932]. Although the carbene complex could not be
thoroughly characterized due to its paramagnetic nature, carbene-
like reactions were successfully demonstrated. The complex reacts
with styrene to afford a metathesis product, alkene 444, and with
HCI to form a chromium dichloride and neopentane.
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Me tional other metal groups (e.g. 448, 451, Scheme 42) were prepared
. B MO’:MQ using the Fischer synthesis [935]. Various ferrocenylcarbene-Group
Me /MQCH +  HC=CH, — D 0 6 metal complexes were synthesized and subjected to elec-
Me 2 438 troplating conditions [936]. Group 6 metal-carbene complexes
437 (e.g. 454) were prepared using a Fischer-like route [937]. Treat-
\ ment of 1-lithio-4-halobutadiene derivatives (e.g. 453) and Group
\ H Hy N/ 6 metal hexacarbonyls directly affords the carbene complex.
H “=H — Me\/c\r-o Several transformations were reported for the pyranylidene com-
MG‘Q{ Me plexes, including oxidation to pyrones (e.g. 455), reduction to
M = Cr, Mo 0 440 afford cyclopentenones (e.g. 456), or conversion to thiopyrones
439 (e.g. 457).
Synthesis of a variety of axially chiral aminocarbene complexes
Scheme 40. (e.g. 461, 462, Scheme 43) was reported [938]. These complexes

Additional reports involving high oxidation state Group 6
metal-carbene complexes appeared in 2008. Tungsten-carbene
complexes were identified through an NMR study of alkyne
polymerization reactions initiated by Nasz[W,Clg(THF)x] and
[W,Cly(PMes)4] [933]. Chromium alkylidene complexes were
noted as likely species formed upon thermolysis of silica-bound
tetraneopentylchromium(IV) [934].

2.3.3.2. Publications focusing on synthesis, formation, or physical
properties of Fischer carbene complexes of Group 6 metals. The
most common procedure used for the synthesis of Group 6
metal-carbene complexes is the Fischer synthesis, which involves
coupling of an organolithium reagent with a Group 6 metal car-
bonyl derivative, followed by alkylation of the resulting acylate. A
variety of Fischer carbene complexes containing one or more addi-

were prepared from the correspond amide via the dianion route.
Complex 461 was prepared as a single diastereomer (due to axial
chirality) and even after removal of the chiral auxiliary (formation
of 462) configurational stability up to 70 °C was observed.

2.3.3.3. Reaction of Group 6 metal-carbene complexes with alkenes
and dienes. This section focuses on reactions of Group 6
metal-carbene complexes involving coupling with alkenes at the
carbene carbon. Other examples of the coupling of carbene com-
plexes with alkenes where the reactive site is elsewhere can be
found ahead under the heading: cycloaddition reactions occurring
at the C-C m-bond of «,B-unsaturated metal-carbene complexes
(Section 2.3.3.6).

Cyclopropanation reactions involving glycal-carbene com-
plexes (e.g. 465, Scheme 44) and various electron-deficient alkenes
were reported [939]. Varying degrees of diastereoselectivity were
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observed depending on the aldohexose and the alcohol protecting
groups.

The reaction of various Fischer carbene complexes with 1-
amino-1,3-dienes was reported (see Scheme 45) [940]. The reaction
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0O.__-SnMejz ————
| 2. Cr(CO)q
TBSO 3. M9308F4
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464 OTIPS Cr(CO)s
Q | OMe
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pathway was governed by the structure of the carbene com-
plex. Arylcarbene complexes (e.g. 467) cyclopropanate the distal
alkene group, and afford cyclopropanecarboxaldehydes (e.g. 469)
after hydrolytic workup. Alkenylcarbene complexes (e.g. 470)

Me~~coome

OTBS

47:1 Diastereoselectivity

Scheme 44.
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lead to cyclopentene derivatives (e.g. 472) in a process involv-
ing nucleophilic addition of the alkene to the carbene carbon
followed by ring closure of the intermediate zwitterion (471).
Cyclopentenes (e.g. 476) or cycloheptadienes (e.g. 477) were formed
using the a-alkoxyalkenylcarbene complexes (e.g. 473) due to more
nucleophilic alkene groups and the greater potential for allylic rear-
rangements in the intermediate zwitterion (475). Alkynylcarbene
complexes (e.g. 478) led to benzaldehyde derivatives (e.g. 481) in
a process involving Diels—-Alder reaction, followed by elimination
of the amine group of the intermediate cyclohexadiene (479) fol-
lowed by amine-induced hydrolysis of the carbene group of the
intermediate arylcarbene complex (480).

2.3.3.4. Reaction of Group 6 metal-carbene complexes with alkynes-
benzannulation. Many examples of benzannulation using o,3-
unsaturated chromium-carbene complexes and alkynes (com-
monly known as the D06tz reaction, see Scheme 46) were
reported in 2008. Examples include: (1) benzannulations using
1,2-dichloroethane as solvent, which proceed at 30°C [941]; (2)
reaction of methoxyphenylcarbene complex 484 with homoallylic
alcohol derivative 485 for total synthesis of eleutherin [942]; (3)
benzannulation using dihydrofurylcarbene complex 487, which
was employed for the total synthesis of aflatoxin B, [943];
(4) atroposelective benzannulation of benzocycloheptenylcarbene
complexes (e.g. 490) as a model for total synthesis of allocolchi-
cinoids [944]; (5) benzannulations involving alkynes that feature
propargylic leaving groups and pendant alkene groups (e.g. 492)
and o,3-unsaturated carbene complexes (e.g. 493) to provide tri-
cyclic compounds (e.g. 495) in a process involving benzannulation,
followed by elimination of the leaving group and formation of the
o-quinonemethide (494), followed by intramolecular Diels-Alder
reaction [945].

2.3.3.5. Nonbenzannulation reactions of Group 6 metal-carbene com-
plexes with alkynes. Other processes involving the capture of

vinylcarbene complexes generated from the coupling of carbene
complexes and functionalized alkynes were reported in 2008.

The three-component coupling of 2-alkynylbenzaldehyde
hydrazones (e.g. 498, Scheme 47), carbene complexes (e.g. 499),
and electron-deficient alkynes (e.g. 500) leads to substituted naph-
thalene derivatives (e.g. 503) [946]. The carbene-alkyne coupling
processresults inisoindoles (502), which undergo Diels-Alder reac-
tion with the alkyne followed by nitrene extrusion to provide the
naphthalene derivatives.

The coupling of carbene complexes (e.g. 499, Scheme 48) with
conjugated enediynes that feature radical traps (e.g. 504) was
reported [947]. After formation of an enyne-ketene intermedi-
ate (505) from carbene-alkyne coupling and CO insertion, Moore
cyclization followed by radical cyclization occurs. The radical addi-
tion occurs in preferentially in a 6-endo fashion to afford 508 after
hydrogen transfer. The reaction process was also studied by DFT
and the 6-endo process was favored both kinetically and ther-
modynamically, regardless of whether the diradical species was
configured as a singlet or a triplet. DFT calculations also suggest that
the intermediate from radical cyclization is best represented as the
chromium(II) chelate complex depicted by structure 507 when the
diradical is configured as a singlet.

A tandem cycloaddition-alkyne insertion sequence was
reported (Scheme 49) [948]. In this case, a conjugated
enediyne-carbene complex (e.g. 509) undergoes cycloaddition to
afford an alkenylcarbene complex (e.g. 510), which subsequently
undergoes intramolecular alkyne-carbene insertion reaction. In
cases of trimethylsilylalkynes, a stable ketene (e.g. 511) could be iso-
lated. In other cases ketene trapping products were obtained. The
reaction process was successfully initiated by [2+2]-cycloadditions,
Diels-Alder reactions (depicted), and 1,3-dipolar cycloadditions.

The formation of stable vinylketenes (e.g. 514, Scheme 50) from
the coupling of Fischer carbene complexes (e.g. 512) with alkynes
that contain a bulky silyl group (513) was reported [949]. In some
cases, cyclobutenones (e.g. 515) were obtained. Reactions involving
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trimethylsilylacetylene provided cyclobutenones with the opposite
regiochemistry using either thermal or photochemical conditions.
The intramolecular coupling of silylated alkynes featuring steri-
cally bulky silyl groups and Fischer arylcarbene complexes (e.g.
alkyne-carbene complex 518) followed by treatment with diazo
compounds led to cyclopentenones (e.g. 520) [950]. The aryloxy-
carbene starting materials were prepared through coupling of in
situ-generated acetoxycarbene complexes with the sodium salts of

(from 513, R = styryl)

Cr(CO)s
n-Bu” "OMe
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Cr(CO)s
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2.
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513 TIPS
R TIF’S
. -Bu
Benzene/Reﬂux Ph™ s

the phenols (e.g. 517). Subsequent thermolysis afforded the stable
silylketene complexes (519), which subsequently react with diazo
compounds to afford cyclopentenones (520).

2.3.3.6. Reactions occurring at the conjugated C-C m-bond of «,B-
unsaturated Group 6 metal-carbene complexes. Numerous reaction
processes were reported in 2008 where a carbene complex
activates a m-bond for nucleophilic addition or cycloaddition reac-
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tions (i.e. the carbene complex is a surrogate for an “activated
ester”).

The reaction of alkynylcarbene complexes of general structure
522 (Scheme 51) with dienes (e.g. 523) was reported [951]. The
reaction proceeds through an initial Diels—Alder reaction to afford
a carbene complex (e.g. 524). In the case of arylethynylcarbene
complexes, tetracyclic compounds (e.g. 525) were produced in a
process involving tandem Diels—Alder reaction followed by cycliza-
tion of the alkenylphenylcarbene complex. Diels-Alder reactions
were reported for enynylcarbene complexes (e.g. 529) and in situ-
generated isobenzofuran derivatives (e.g. 528) [952]. The reaction

Cr(CO)s

of adducts (530) with isocyanides or photolysis in the presence of
CO leads to formation of oxygen-bridged anthracene derivatives
(e.g. 531). Diels-Alder reactions of «,[3-unsaturated carbene com-
plexes were studied computationally [953]. Endo selectivity was
attributed to secondary orbital interactions and the reaction was
more asynchronous than the analogous reactions involving esters.
The reaction of alkynylcarbene-tungsten complexes (e.g. 533,
Scheme 52) with silicon monolayer-bound azides (e.g. 532) led to
the 1,3-dipolar addition product, polymer-bound triazolylcarbene
complexes (e.g. 534) [954]. Aminolysis of the solid-state carbene
complexes with bovine serum albumin was also reported.
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The reaction of alkenylcarbene complexes (e.g. 536, Scheme 53)
with azafulvenes (e.g. 535) led to either [8+2]-cycloadducts (e.g.
538) or [8+3]-cycloadducts (e.g. 541), depending upon the structure
of the carbene complex and/or the solvent employed [955]. Most
[3-arylcarbene complexes afforded [8+2]-cycloadducts exclusively
when acetonitrile was the solvent and mixtures of [8+2]- and [8+3]-
cycloadducts when hexane was the solvent. Carbene complexes
that feature a five-membered heterocycle or an alkene group in
the 3-position afforded exclusively [8+3]-cycloadducts regardless
of the solvent employed. The proposed mechanism for the [8+2]-
cycloaddition involves Michael addition followed by ring closure of
the zwitterion (537). In the case of [8+3]-cycloaddition, direct addi-
tion to the carbene carbon followed by intramolecular attack on the
ring by the allylchromium intermediate establishes the ring system
(540), and subsequent loss of chromium affords the final product
(541). Both processes were highly stereoselective. A variety of car-
bene complex demetallation reactions were demonstrated for the
[8+2]-cycloadducts.

Thermolysis of o-aminophenylethynylcarbene complexes (e.g.
542, Scheme 54) led to dihydroquinoline-carbene complexes (e.g.
543) [956]. A mechanism that involves intramolecular hydride
addition to afford a zwitterion (545) followed by reaction of the
resultant anion with the iminium salt was proposed. The prod-
ucts undergo the D6tz benzannulation to afford azaphenanthrene
derivatives (e.g. 544).

The synthesis of dialkyne-linked bis(alkynylcarbene) complexes
(e.g. 547, Scheme 55) and their subsequent cycloaddition reac-
tions with hydrazines or ureas was reported [957]. Copper-induced
dimerization of terminal alkyne-carbene complexes (e.g. 546)
afforded the dimeric species (e.g. 547). Reaction with tosylhy-
drazine led to the pyrazole derivatives (e.g. 549). Reaction with
N,N’-dimethylurea led to the carbene complex/pyrimidone species
(e.g. 548).

2.3.3.7. Physical organic chemistry of Group 6 Fischer carbene com-
plexes. The kinetic and thermodynamic acidities of Group 6
thiocarbene complexes of general structure 550 (Scheme 56) in
50:50 acetonitrile:water was reported [958]. A very slight effect of
the R group on the pK, value was noted. The compounds featuring
small alkyl groups (e.g. Me) were more acidic than those featur-
ing large and/or bulky groups (e.g. cyclohexyl). Tungsten-carbene

M R Them. pKa Kin. pKa

)"J"\(CO)S Cr Me 9.00 9.05

CHy” s R Cr Cy 946 9.35

W Me N/A 8.37

550 W Cy NA 8.81
Scheme 56.



142 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

| - = ﬁ)
Mo dppe F’th’I\?o:(Oj

\_-PPh; 552

561 If R = -CHoCH,OH

@

@

PhoP~Mo==\
{_pph, P
553
Ir R = Ph

Ph

P p—Mo==

/

\_-PPh;

Ph
554

If R = -C(OH)Phy

Scheme 57.
TIPS\O Ts
JA/N W(CO)g / hv TIPSO 4 f\iTS
A %:D
555 phn H 556
via alkyne complex
no base additive
TIPS, TIPS,
™ N
W 47
W(CO)s
559 CO}5W
Scheme 58.

TIPSO
-
N—Ts

pp H 857

via vinylidene complex

base additive

complexes were slightly more acidic than chromium-carbene com-
plexes.

2.3.3.8. Synthesis and reactivity of Group 6 metal-vinylidene com-
plexes, and reactions that involve vinylidene-metal complexes as
intermediates; also includes other process that involve the formation
of a carbene complex from an alkyne and a non-carbene metal com-
plex. The synthesis of Group 6 vinylidene (e.g. 553, Scheme 57),
allenylidene (e.g. 554), and Fischer carbene-molybdenum com-
plexes (e.g. 552) that feature cycloheptatrienyl ligands was reported
[959]. These complexes were prepared through the reaction
of complex 551 with various terminal alkynes in the pres-
ence of diphenylphosphinoethane. The barriers to rotation of
the complexes were studied by variable temperature NMR and
DFT.

1. > Me
Cr{CO)s '-Pr)\/
EE— Phioe
Ph OMe 2. Vacuum
3. MeOTf Me
467

OMe

Reaction of diene-terminal alkynes (e.g. 555, Scheme 58) with
tungsten pentacarbonyl sources led to two different classes of bicy-
clo[3.3.0]octane derivatives (e.g. 556 or 557), depending upon the
presence of reaction additives [960]. If no additive was present, -
alkyne complex-derived products of general structure 556 were
obtained. If base was added, then vinylidene-derived products of
general structure 557were observed.

2.3.3.9. Reactions involving the addition of nucleophiles to the
carbene carbon. The coupling of silylcarbene complexes (e.g.
467, Scheme 59) with enolates (e.g. 561) was reported [961].
The sequence of enolate addition, followed by removal of
amines by vacuum, followed by reaction with methyl triflate or
chlorotrimethylsilane leads to dialkoxycyclopropanes (e.g. 563)
with a very high degree of stereoselectivity. A mechanism involving

OMe
CrCO)s 5 Phed L i-Pr
S e H [ “ome
Me
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Scheme 59.
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addition to the carbene carbon to afford a tetrahedral intermediate
(562) followed activation of the ketone oxygen through alkyla-
tion/silylation and addition of the alkylchromium intermediate to
the activated ketone was proposed.

The addition of alkynyllithium reagents to carbene complexes
devoid of a-hydrogens (e.g. 478, Scheme 60) followed by reac-
tion with trimethylsilyl triflate led to alkynylcarbene complexes
devoid of heteroatom stabilization (e.g. 565) [962]. These carbene
complexes are stable only at low temperature and form dimers
(e.g. 566) when warmed to room temperature in the presence of
potassium t-butoxide. Head-to-head as well as head-to-tail dimers
were produced, depending on the structure of the carbene com-
plex. A mechanism was proposed that involves Michael addition
of t-butoxide ion followed by propargylation of a virgin carbene
complex resulting in dimeric anionic complex (568), followed by
demetallation/alkoxide elimination.

The binding of carbene complexes to a silica solid support
and subsequent spectroscopic characterization was reported (see
Scheme 61) [963-965]. Two methods were explored. In one method

W(CO)s Me,S, Cl R

A + " PdPd_ —>
Ph NEt, R ClI SMe,

575 576

carbene complex 570 was treated with silica-bound primary amine
571, resulting in silica-bound carbene complex 572. The other
method involves reaction of carbene complex 570 with amine-
siloxane 573 followed by binding of resulting the aminocarbene
complex 574 to silica.

2.3.3.10. Reactions that involve transfer of a Fischer carbene ligand
to another metal. The reaction of aminocarbene-tungsten com-
plexes (e.g. 575, Scheme 62) with arylpalladium complexes (e.g.
576) resulted in transfer of both a carbene ligand and a CO ligand to
afford dimeric palladium carbene complexes (e.g. 577) [966]. The
dimeric complex 577 was converted to a monomeric complex (578)
through treatment with triphenylphosphine.

The transmetallation of Group 6 carbene complexes was stud-
ied computationally (see Scheme 63) [967]. The study emphasizes
transfer to palladium(0), copper(I), and rhodium(I) and the result-
ing reaction pathways. In the case of palladium and copper,
dimerization through formation of a bis(carbene) complex (e.g.
579) followed by a C-C coupling of the carbene ligands was pro-

NEt, NEt,
ph— CI. 2PPhs ph—4  ci
0 Pd & —_— o Pd
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Scheme 62.
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posed. The C-C bond-forming step is highly exothermic in both
cases, however this step had the highest activation energy of any
step. Rhodium systems react through transfer of a carbene and a CO
ligand via a dimetallacyclobutane intermediate (583).

2.3.3.11. Other reactions of Group 6 metal-carbene complexes. Pho-
tochemically induced reaction of carbene complexes (e.g. 588,
Scheme 64) with imines to afford (3-lactams (e.g. 592, 593) was
studied experimentally and computationally [968]. Key events
in this process include photoexcitation to generate an alkene-
bound ketene complex (590), which isomerizes to an oxygen-bound
ketene complex (591), which subsequently reacts with the imine

NS
CH3

l

N Me
594

CH3

thpg @\/\ COOMe
(CO)4Cr MeOH

PhzP

thP é — (00)40,-\ N
(CO) 4Cr w ‘Me

to eventually afford the (-lactam species. The presence of the
metal in the imine-ketene coupling event was supported by
reactions with a chiral carbene complex, which led to low
but detectable levels of enantioselectivity in the formation of
B-lactams.

Photoinduced reactions of phosphine-chelated aminocarbene
complexes (e.g. 594, Scheme 65) were reported [969]. Both the
chromium and tungsten complexes were found to be photochem-
ically reactive. The reactions involving the chromium complexes
afford either the carbene excision product (596) or the ketene-
derived products (e.g. 595), depending on the substitution at
nitrogen. Various mechanistic pathways were evaluated compu-
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Scheme 65.
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tationally. A free radical mechanism (depicted) was determined to
be the most energetically reasonable reaction pathway. The car-
bene excision product arises through cleavage of the C-N bond to
form diradical 598 followed by reduction of the diradical to form
intermediate 599, which then loses the carbene ligand to afford
596.

The addition of organolithium reagents to the carbonyl lig-
ands of Fischer carbene complexes (e.g. 600, Scheme 66) was
reported [970]. Reaction of organolithium reagents with menthoxy-
carbene complexes devoid of a-hydrogens followed by methyl
triflate leads to the 1,2-dialkoxyalkenes (e.g. 602) in a process
involving a mononuclear bis(carbene) complex (601). If the alkylat-

ing agent was omitted the a-alkoxyketone (e.g. 604) could obtained.
In one case, the bis(carbene) complex (606) could be isolated.

C-H activation reactions were reported for various anilinocar-
bene complexes (e.g. 542, 609, Scheme 67) [971]. Reaction of
anilinoalkynylcarbene complexes (e.g. 542) with reagents that
cyclo-add to the triple bond (e.g. dihydrofuran) results in tandem
cycloaddition-C-H activation products (e.g. 608). Similar reactions
were observed for simple anilinocarbene complexes (e.g. 609),
resulting in indoles (e.g. 611) in a process involving hydride addi-
tion, cyclization, and elimination of methanol.

The preparation and  structure determination  of
titanoxycarbene-Group 6 metal-carbene complexes (e.g. 614,
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Scheme 67.
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Scheme 68) was reported [972]. The complexes were prepared by
reaction of the lithium acylates (e.g. 612) with CITi(Oi-Pr)3. The
complexes were dimeric and featured a four-membered Ti,0,
ring that was dynamic at room temperature, however could be
observed as a static structure by low-temperature NMR. Reaction
with pyridine led to an octahedral titanium bis(acyloxy) complex
615, which could also be produced from reaction of the metal acy-
late with Cl,Ti(Oi-Pr),(py)2. Thermal decomposition of complex
615 led to nanoparticle formation.

The synthesis and reactivity of bridging carbine-dimetal com-
plexes (e.g. 616, Scheme 69) was reported [973]. A w3-carbyne
complex (618) was obtained upon treatment of dimolybdenum
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carbyne complex 616 with manganese complex 617. Reaction of
complex 616 with a variety of other reagents was also reported.
Reaction with selenium leads to the molybdenum selenide 621.
Reaction with thiophenol results in displacement of the carbyne lig-
and to afford the bridging thiophenyl complex 620. Photochemical
reaction with triphenylsilane led to the bridging carbene complex
619. The reaction of diphosphide-tungsten complex 622 with iso-
cyanides leads to the isocyanide-ligated complex 623 [974]. The
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molybdenum analog led to the isonitrile insertion product 624.
Analogous reaction with CO leads to the CO analog of complex 623,
regardless of the metal. Reaction with DMPM led to the simple
ligation product (625) and a minor amount of the hydride com-
plex 626. Similar studies were reported for bis(carbyne)phosphide
complexes [975]. The reaction of sulfide-bridged dimolybdenum
complex 627 (Scheme 70) with NaSH led to the reductively cou-
pled carbenoid-dimolybdenum complex 628 [976]. Reaction of the
carbenoid complex with HBF,4 restored the original complex. A car-
benoid complex (629) was also obtained through reaction with
sodium acetylide. Similar reactions were attempted for bridging
carbenoid complex 630.

Coupling of cyclic alkenes with dialkylmolybdenum (e.g. 631,
Scheme 71) or dialkyltungsten complexes (e.g. 639) was reported.
Reaction of the molybdenum complex with cycloalkenes led
to metallacyclobutanes, which undergo further conversion to

M('3 p;t B 20%C '
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2

Mo(Cp*)(NO)
”"I-Bu
l 637
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&
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t-Bu - >

O

either the mr-allylmolybdenum complex or the diene complex,
depending upon the ring size of the cycloalkene [977]. The met-
allacyclobutanes were produced via [2+2]-cycloaddition with an
intermediate carbene complex (632). Larger rings lead to the
trans metallacyclobutanes (e.g. 633, 635-t). Further reaction of the
cyclopentene-derived metallacyclobutane 637 led to the m-allyl
complex (638). The diene complexes (e.g. 634, 637) were obtained
from larger ring systems. Reaction of complex 631 with norbornene
led to the stable metallacyclobutane. Reaction with a monosubsti-
tuted alkenes led to dienes. The reaction of tungsten analog 639
with cyclic alkenes led to similar metallacyclobutanes (640) accom-
panied by alkene oligomers (641) [978]. The oligomers appear to
retain the original ring systems. In the reaction with cyclooctene,
additional products incorporating two moles of cyclooctene were
obtained (642, 643). The oligomerization process was proposed
to proceed via formation of a metallacyclopentane (644) followed
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by rearrangement to the alkene complex, followed by formation
of a higher metallacyclopentane through reaction with additional
alkene. The structure of lower MW oligomers supports this mech-
anistic pathway.

Molybdenum m32-alkenyl complexes (e.g. 648, Scheme 72)
were generated from the reaction of benzothiophene or ben-
zoselenophene with Mo(PMes)s at elevated temperature [979].
Subsequent reaction with hydrogen led to the molybdenum sul-
fide/selenide derivative (649).

Other studies of Group 6 metal-carbene complexes are
depicted in Scheme 73 and include: (1) reaction of alkynylcar-
bene complexes (e.g. 478) with cyclic disulfides (e.g. 650) to
afford 2-alkylidene dithiolenes (e.g. 652) in a process involving
cycloaddition/ring opening, followed by removal of the carbene
complex functionality using alumina [980]; (2) use of alkynyl-
carbene tungsten complexes as catalysts for the Pauson-Khand
reaction (simple non-carbene tungsten carbonyls however proved
to be better catalysts) [981]; (3) calculation of the MO ener-
gies of alkoxycarbene-chromium complexes and correlation with
observed UV-visible spectra for these complexes [982]; (4) elec-
tron donation in cyclopropenylidene-chromium complexes [983];

n-Bu

(5) an alkyl group exchange process from the reaction of tung-
sten carbene complex 653 with nickel-carbene complex 654 [984];
(6) possible involvement of chromium-carbene complexes (e.g.
659) in cyclopropanation reactions using gem diiodides (658) and
chromium(II) chloride [985]; (7) formation of a selenachromaben-
zene (662) through photolysis of selenophene-Cr(CO); (661) in
an argon matrix at 20K (the product was identified by differ-
ence IR spectroscopy) [986]; (8) comparison of mass spectral
fragmentation modes and thermogravimetric analysis methods to
study decomposition of chromium-carbene and allenylidene com-
plexes [987]; (9) discussion of Cr-C multiple bond character in
(AcCp)(NO),Cr-C=CPh [988]; (10) discussion of Cr-C bonding in
ruthenium(Il) and osmium(Il) complexes of [(CO)sCrCN]~ [989],
and (11) generation a bis(carbene) ring opened product during a
DFT investigation of cycloheptatrienylchromium complexes (663)
in the triplet state [990].

2.3.4. Group 7 metal-carbene complexes

The addition of various nucleophiles to alkynylcarbene com-
plexes (e.g. 668, Scheme 74) was reported [991]. The reaction results
in allenyl derivatives (e.g. 669, 670) obtained from either 1,2- or
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Michael addition to the carbene complex. Nucleophiles examined
include thiols, phosphides, and enolates.

Boryloxycarbene complexes (e.g. 672,673, Scheme 75) were pre-
pared through reaction of boron-containing rhenium carbonyls (e.g.
671) with hydride reagents [992]. Initially the boron-complexed
metal formyl (672) was produced, which undergoes further hydride
reduction to afford the boron-complexed alkoxymethylacrylate
(673) after CO insertion from the alkoxymethylrhenium interme-
diate.

Manganese—carbene complexes (e.g. 675, 678, Scheme 76)
were suggested as intermediates in the reaction of
manganese—chromium complex 674 with organolithium reagents
followed by methyl triflate, or the reaction of 674 with diazo com-
pounds [993]. Organolithium reagents add to both the pyridine
ring and to the manganese carbonyl ligand of 674, and result in
azametallacycles (e.g. 676) after carbene insertion. Reaction of 674
with diazomethane also afforded an azametallacycle (679) from
the carbene complex intermediate (678). Reaction with a stable
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carbene led to the simple carbene complex 677, which was stable
and could be isolated.

2.3.5. Group 8 metal-carbene complexes

2.3.5.1. Non-heteroatom-stabilized metal-carbene complexes that are
not metallacumulenes. Numerous additional examples of the syn-
thesis and reactivity of this class of compounds have been presented
in the alkene metathesis section. The Grubbs catalysts fall into this
classification.

Formation of pincer ligated carbene complexes (e.g. 686, 687,
Scheme 77) from diazo compounds and ruthenium complex 683
was reported [994]. Sequential treatment of complex 683 with a
diazofluorene (684) and pincer ligand 685 affords neutral carbene
complex 686, which converts to the cationic complex (687) upon
treatment with silver ion. A stable diazo complex (689) was formed
from the dinitrogen dimer complex 688 and diazofluorene. Pincer
ligated ruthenium-carbene complexes 693 was prepared through
deprotonation of bis(sulfidodiphenylposphinyl)methyl-ruthenium

Scheme 76.
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complexe 692 [995]. Coupling with isocyanides leads to the keten-
imine complexes (694). Additional ligand substitution occurs when
excess isocyanide ligands were added, resulting in bis(isocyanide)
ketenimine complexes (695).

The reaction of ruthenium porphyrin carbonyl complex 696
(Scheme 78) with a-diazoesters leads to stable ruthenium-carbene
complexes (e.g. 698) [996]. The carbonyl complex 696 also serves as
a catalyst for the cyclopropanation of styrene using a-diazoesters.
Moderate degrees of asymmetric induction were observed when
complexes featuring a chiral aromatic substituent were employed.
Ruthenium porphyrin-carbene complexes derived from various

Scheme 78.

diazo compounds (diaryldiazo compounds or «a-diazoketones)
were similarly prepared and successfully used as cyclopropanation
catalysts [997]. The use of iron-porphyrin complexes as carbene
transfer agents was also reported [998]. Significant mechanistic
discussion involving the role of iron-carbene complexes in C-H
insertion processes was presented.

Carbene-derived products were obtained from the reaction of
ruthenium complex 699 (Scheme 79) with various carbene sources
[999]. Reaction with diazo compounds led to the Ru-S insertion
product 700, likely derived from addition of sulfur to carbene
complex intermediate 701. Reaction with phenylacetylene led to
a related compound (702) likely derived from addition of sulfur to
avinylidene complex intermediate. Kinetically the four-membered
ring product (703) was produced, which isomerized to the three-
membered ring compound 702 at elevated temperatures.

Osmium-carbene complexes (e.g. 705, Scheme 80) were gen-
erated through the reaction of Wittig reagents with osmium oxo
complexes (e.g. 704) [1000]. The complexes were stable in solution
and were characterized by NMR and electrospray mass spectrome-
try. The carbene complexes react with diazo compounds or nitrones
to afford alkenes. Alternatively similar carbene complexes could
be generated by reaction of tris(imido)osmium complex 707 with
diazo compounds. Subsequent reaction with additional diazo com-
pound led to the alkene.

Ruthenium-carbene complexes (e.g. 715, Scheme 81) were sug-
gested as intermediates in the ruthenium-catalyzed 1,3-dipolar
cycloaddition of azides with alkynes [1001]. A key step in the pro-
posed mechanism is the conversion of the azido-alkyne complex
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714 to the m2-alkenyl complex 715 followed by migration of the
H nitrogen ligand to the carbene carbon. This mechanism was sup-
EtOOC._ .N._ O ported by DFT studies.

. 1 f N Other studies of carbene complexes in this category are
= Cp*Ru(cod)Cl OH™N" N depicted in Scheme 82, and include: (1) in situ generation of
OH 712 = ruthenium-carbene complex (718), followed by its reaction with

710 H OH an allene-yne (e.g. 717) to afford ring-fused alkylidenecyclo-

* N N (\OH 713 propanes (e.g. 720) [1002]; (2) formation of a ruthenium-carbene

O COOEt complex (722) through reaction of tris(ruthenium) complex 721

711 with HBr [1003]; (3) a crystal structure report of ruthenium

porphyrin-carbene complexes (e.g. 723) and their synthe-

R' sis [1004,1005]; (4) hypothetical involvement of mononuclear

. C g . Cl R’ R N, ruthenium-carbene and/or carbyne complexes as intermediates

Cp RN > Copl N — | N in the Fischer-Tropsch reaction (the C-O bond cleavage event

LN R N N required excessive activation energy in mononuclear systems)
R—

_ h Cp*’RU-CI [1006]; (5) spectroscopic and DFT studies of carbenes generated

714 n 716 from the reaction of surface-bond ruthenium nanoparticles and

diazo compounds [1007]; and (6) a DFT study of the alkene

Scheme 81. cyclopropanation using Cp(CO)LFe=CHR cations [1008]. The gen-
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eration of iron-carbene complexes through the interaction of laser
ablation-produced iron atoms with halomethane derivatives was
reported [1009]. The products were deposited in an argon matrix
and identified through their IR spectra. Hypothetical products
were studied by DFT and their predicted spectra compared with
the observed spectra. Similar carbene complexes were generated
through reaction of laser ablation-generated ruthenium atoms with
methane and halogenated methane derivatives containing 1-4
halide atoms [1010].

2.3.5.2. Group 8 metalla-aromatics. The formation and reactivity of
osmabenzene derivatives (e.g. 728, Scheme 83) was reported [1011].
Protonation of chelating n?-alkyne complex 725 leads to chelating
enone complex 726. Subsequent treatment with trimethylphos-
phine leads initially to chelating enone complex 727, which affords
the osmabenzene upon warming to room temperature. A similar
osmabenzene (733) was also reported [ 1012]. Reaction of diethynyl-
methanol (729) with osmium complex 730 leads to the chelating
allylic alcohol complex 731. Heating to 60 °C leads to a mixture of
four compounds, osmabenzene 733, osmafuran 734, and alkene-
chelates 735 and 736. Addition of sodium bicarbonate during the
thermolysis maximizes the yield of osmabenzene 732. The key
event in formation of the osmabenzene complex is formation of
the cationic m-allyl complex 732. Addition of acetic acid led to the
optimal amount of allene chelate 735. Addition of acetic anhydride
led to the optimal amount of enone chelate 736. Extensive time of
complex 731 at 25°C led to the optimal amount of osmabenzofu-
ran 734. Protonation of ruthenabenzene derivative 737 led to the
dialdehyde 738 [1013]. An iron metallabenzene complex (740) was
proposed as an intermediate in the conversion of cyclic iron acylate
complex 739 to the analogous Cp complex (741) [1014].
Osmafuran-hydrides (e.g. 743, Scheme 84) were produced in
the coupling of osmium-vinylpyridine complexes (e.g. 742) with
o,3-unsaturated ketones [1015]. The bis(osmafuran) 743 is an
important resonance form of bis(3-osmaenone) complex 744.
Deprotonation afforded the neutral osmafuran 745, which under-
goes reprotonation at the osmafuran ring to afford observable
carbene complex 746, which converted to the carbyne complex
747 above room temperature. The formation of osmaisoindoles
(e.g. 749) was also reported [1016]. A double C-H activation pro-

cess resulting in the bis(osmaindole) 749 was observed during the
reaction bis(iminyl)benzene derivative 748 with OsHg(Pi-Pr3);.

2.3.5.3. Bis(carbene)ruthenium complexes from coupling of two
alkynes and a ruthenium complex. Numerous studies have shown
that ruthenacyclopentadienes obtained through the oxidative lig-
and coupling of ruthenium(Il) complexes with two alkynes are
better represented as metallacyclopentatrienes, thus they are
included in this review [1017].

The cationic bis(carbene)ruthenium complex 750 was obtained
through the reaction of complex 712 with phenylacetylene in ben-
zene [1018]. When the reaction was conducted in methanol, the
metallapentatriene diruthenium complex (751) was accompanied
by COD-ligand-alkyne [2+2+2]-cycloaddition products (752, 753).
Related products were obtained using 3-hexyne or t-butylacetylene
(Scheme 85).

Bis(carbene)-ruthenium complexes are likely intermediates
in ruthenium-catalyzed alkyne trimerization reactions (see
Scheme 86). Reaction of dialkyne 754 with terminal alkynes in the
presence of either RuCl(cod)Cp* (712) or Grubbs catalyst I (1) led to
the alkyne trimerization product (755) [1019]. The bis(iodoalkyne)
756 undergoes successful ruthenium-catalyzed cocyclization with
alkynylboronates (e.g. 757) [1020]. Ruthenium-catalyzed trimer-
ization of ethynyl-deoxyribose derivatives was reported [1021].
Related bis(carbene) complexes (e.g. 761) were suggested as inter-
mediates in [2+2+2]-cycloadditions of dialkynes with alkenes. This
coupling proceeds via formation of a hexatriene derivative (763),
which subsequently undergoes electrocyclic ring closure to afford
the apparent [2+2+2]-cycloaddition product (764) [1022,1023].

2.3.5.4. Heteroatom-substituted Group 8 metal-carbene complexes.
Several papers in 2008 report on the chemistry of carbene-
and carbyne complexes bridged by two iron atoms (see
Schemes 87 and 88). The reaction of aminocarbene-diiron com-
plexes (e.g. 767, 769, 771, Scheme 87) with isocyanides followed by
base (NaH) was reported [1024]. The direction of the reaction was
highly dependent on the substitution pattern of the bridging ligand.
The methyl-substituted compound (767) led to the aminocarbene
complex 768. The ester analog 769 led to the insertion product
770. The bridge-unsubstituted compound 771 led to the bridging
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aminocarbyne complex 772 and the Cp-addition product 773. The
mechanism for the formation of 772 involves deprotonation and
formation of the ethynyl complex (774), followed by replacement
of the acetylide ligand with the isocyanide ligand. Sulfenylation
from bridging carbene-diiron complexes was reported [1025]. Thi-
olate complexes (e.g. 776) underwent alkylation reactions (e.g.
formation of 777) or oxidation to disulfides (e.g. 778) [1026]. The
reaction of cationic bridging aminocarbyne-diiron complexes (e.g.
779, Scheme 88) with alkenes was reported [1027]. Reaction with
alkenes in the presence of trimethylamine-N-oxide and sodium
hydride let to the insertion product, bridging allenyl complexes
(e.g. 780). The proposed reaction mechanism involves coordina-
tion of the alkene to the vacant coordination side created by amine
oxide induced CO removal followed by insertion and deprotonation.
In the absence of base, a cationic nitrile complex (e.g. 781) could
be isolated from the reaction of complex 779 with acrylonitrile.
The reaction of bridging aminocarbyne complexes with allenes (e.g.
782) was also reported [1028]. The reaction of complex 779 with
allene 782 followed by base and CO removal results in the bridged
carbene--allyl complex 783. Further treatment with triflic acid
leads to the cationic binuclear carbene complex 784. The mononu-

clear cyclic carbene complex 785 was formed upon treatment of
the cationic complex with base.

The reactivity of fluxional chelating aminocarbene-ruthenium
complexes (e.g. 786-787, Scheme 89) was reported [1029]. The
equilibrium mixture converted to the chloro complex 788 when dis-
solved in dichloromethane. Upon treatment with triethylamine the
isomeric complex 789 was obtained. Treatment with the stronger
base NaNTMS,; led to the fluxional carbene complex 790-791. Fur-
ther reaction with ligands (i.e. CO or PPhs, amines) led to the
ligand-substituted nonfluxional carbene complex 792. Reaction
with secondary phosphines led to non-chelating aminocarbene
complex 793. Silicon-hydrogen insertion products were obtained
upon treatment with hydrosilanes.

The synthesis of ruthenium- or osmium-carbene complexes
(e.g. 796/797, Scheme 90) through net C-H activation of pyridine
derivatives was reported [1030]. Reactions with 2-methylpyridine
led to the aminocarbene complexes, while reaction with simple
pyridine led only to the simple N-ligated pyridine complexes. The
carbene formation process has been denoted as capturing the minor
carbene tautomeric form of a pyridine. The five-coordinate com-
plex 797 was obtained in the ruthenium system, which converted to
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the six-coordinate complex 796-Ru upon treatment with hydrogen.
The reaction pathways leading to carbene complexes were stud-
ied by DFT calculations. The most reasonable mechanism involves
intermolecular protonation of the pyridine nitrogen by the metal
hydride, followed by C-H activation of the protonated heterocy-
cle, and dihydride to dihydrogen ligand tautomerization. Reactions
from the N-coordinated pyridine complexes were considerably
higher in energy.

A polynuclear Fischer carbene-ruthenium complex (799,
Scheme 91) was generated from the reaction of cobalt complex 798
with Ru3(CO)q3 [1031]. The analogous cobalt-carbene complex 800
was generated through reaction of complex 798 with Co,(CO)s.

Alkoxycarbene-iron complexes (e.g. 802, Scheme 92) are likely
intermediates in the formation of chelating r-allyl iron com-
plexes (e.g. 803) from the reaction of m*-diene-iron complex
801 with an organolithium reagent followed by alkylation [1032].
Hydroxycarbene-osmium complexes were suggested as inter-

mediates in the osmium-mediated decarbonylation of aliphatic
aldehydes [1033].

2.3.5.5. Group 8 metallacumulene complexes. Many examples of the
formation of metal-vinylidene complexes (805, Scheme 93) via
coupling of coordinatively unsaturated Group 8 metal complexes
with terminal or silylated alkynes were reported in 2008. Rep-
resentative examples are depicted in Fig. 12. Common reaction
pathways for these complexes include reaction with nucleophiles to
form vinylmetal species (808), reaction with alcohols (or amines)
to form Fischer carbene complexes (809) or water to form metal
acyls (807), and deprotonation at the (3-position to form alkynyl-
metal complexes (806). Other common synthetic routes to metal
vinylidenes included addition of electrophiles to metal acetylide
complexes (e.g. the reverse of the reaction synthesizing 806), and
treatment of acylmetal complexes with dehydrating agents (i.e. the
reverse of the reaction synthesizing 807). Metal-higher allenyli-
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dene complexes (811, 816) are produced from the coupling of
coordinatively unsaturated Group 8 metal complexes with propar-
gyl alcohols (usually those that contain no hydrogens (3- to the
OH group), or by addition of electrophiles to the &-carbon of
alkenylethynyl-metal complexes (815). Common reaction path-
ways for allenylidene complexes include reaction with nucleophiles
at the +y-position, resulting in alkynylmetal complexes (813), or
attack at the y-position, resulting in allenylmetal complexes (814).
Reaction with alcohols or amines can lead to o,3-unsaturated Fis-
cher carbene complexes (812). Representative examples of this class
of compounds are depicted in Fig. 12.

Specific reports which highlight the reaction pathways of
Scheme 93 are depicted in Fig. 12 and include the fol-
lowing examples of vinylidene complexes: (1) formation of
iron-alkynylpyridine complexes [1034]; (2) double protonation of
4-pyridylalkynylruthenium complexes to afford dicationic vinyli-
dene complexes and protonation of complexes where the pyridine
nitrogen is complexed to platinum [1035]; (3) electrophilic cya-
nation of neutral alkynylruthenium complexes (e.g. 818) to afford
cyanovinylidene complexes (e.g. 819) [1036]; (4) formation of
tetrametallic vinylidene complexes (e.g. 821) through methylation
of butadiynyl complex 820 [1037]; (5) formation of ruthenium
vinylidene complexes (e.g. 822) and subsequent hydrazine addi-
tions to form hydrazinocarbene complexes (e.g. 823) [1038]; (6)
formation of cationic ruthenium vinylidene complexes and stud-
ies of their decomposition in acetonitrile to afford terminal alkynes
[1039]; (7) formation of a ruthenium vinylidene complex featuring
a 2-(diphenylphosphinomethyl)pyridine ligand from a ruthenium
dichloride and use of the starting dichloride complex and ethyl dia-
zoacetate as a ROMP catalyst [1040]; (8) formation of dicationic
vinylidene, allenylidene (e.g. 825) and Fischer carbene-ruthenium
complexes (e.g. 826) featuring the tacn ligand [1041]; (9) for-
mation and electrochemistry of ruthenium vinylidene complexes
(e.g. 827) and conversion to bis(alkynyl)ruthenium complexes (e.g.
828) [1042]; (10) formation of neutral vinylidene, allenylidene
and Fischer carbene complexes featuring N,N,O-heteroscorpionate
ligands [1043]; (11) formation of cationic ruthenium-carbene

complexes that contain remote flavinol groups and subsequent
deprotonation to afford alkynylruthenium complexes [1044]; and
(12) low-temperature NMR observation of metal-vinylidene com-
plex intermediates involved in anti-Markovnikov alkyne hydration
[1045]. Several processes likely involve metal-vinylidene inter-
mediates synthesized by these pathways, including: (1) synthesis
of alkynylruthenium bimetallic complexes from terminal alkynes
connected to other metals [1046-1050]; (2) electrophilic iodi-
nation of ethynylruthenium complexes [1051]; (3) formation of
alkynylmetal complexes from reaction of ruthenium, nickel, or
gold halides with azo group-containing terminal alkynes in the
presence of base [1052]; (4) synthesis of bis(alkynylruthenium)
complexes through reaction of a bis(ruthenium) complex with ter-
minal alkynes in the presence of diethylamine [1053,1054]; (5)
ruthenium-catalyzed addition of thiourea derivatives to terminal
alkynes [1055]; and (6) formation of a Ru(C=CPh)(CO)(PPh3)Cp*
as a minor product from the reaction of RuCl(PPh3),Cp* and
{CuC=CPh}, (the CO ligand arises from hydration of a vinyli-
dene ligand followed by retro CO insertion) [1056]. Formation
and electrochemistry of allenylidene complexes linked to a bipy
system (e.g. 829) from the corresponding propargylic alcohol
was also reported [1057,1058]. Several processes reported in
2008 invoke metal-higher cumulene complexes as intermediates,
including: (1) ruthenium-catalyzed alkyne hydration via spec-
troscopically observable metal-vinylidene complex intermediates
[1059]; (2) formation of oxygen-bridged ruthenium alkenylcar-
bene complexes (e.g. 830) from propargyl alcohols and subsequent
use of the carbene complex as an alkene cyclopropanation
catalyst [1060]; (2) alkyne dimerization [1061]; (3) ruthenium-
catalyzed 1,3-rearrangement of propargyl carbamate derivatives
[1062]; (4) reaction of a hydroxymethylethynylruthenium com-
plex with HBF4/PPhj to afford the 1-ruthena-allenylphosphonium
salt [1063]; and (5) formation of an osmium allenylidene
complex {[P(OEt)3]50s=C=C=CPh,}* from 1,1-diphenylpropargyl
alcohol and {[P(OEt)3]40sOTf} [1064]. Electrochemical oxidation
products of alkynylmetal complexes feature cumulenylidene res-
onance contributions [1065]. Electrochemical oxidation products
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of alkyne-bridged bimetallics are likely bis(cumulenylidene) com-
plexes [1066,1067].

The formation and reactivity of pyridinylvinylidene complexes
was reported (Scheme 94)[1068]. Reaction of ruthenium halide 831
with 2-ethynylpyridine led to either the alkynyluthenium complex
833 or the Fischer carbene complex 834, depending on the solvent
choice. Protonation and Lewis acid complexation were reported
for the alkynylruthenium complex 833. The acid-base adducts (e.g.
835) feature substantial resonance contribution from the allenyli-
dene complex form (836). Treatment with aqueous HBF, leads to
the hydroxyborate complex 837, which eventually evolves into the
boryloxycarbene complex 838. N-alkylation reactions were also
reported for the alknylruthenium complexes.

Cationic ruthenium vinylidene complexes (e.g. 841, Scheme 95)
were suggested as intermediates in the reaction of cyclopropenyl-

ruthenium complexes (e.g. 839) with trimethylsilyl azide to form
tetrazolate complexes (e.g. 840) [1069]. In the case where the L’ lig-
and is MeCN, the reaction afforded the vinylidene complex, which
could be isolated at low temperature.

Several examples of stoichiometric and catalytic alkyne dimer-
ization reactions were reported in 2008 (Scheme 96). Formation
of cationic ruthenium vinylidene complexes (e.g. 843) and their
subsequent coupling with alkynes was reported [1070]. Forma-
tion of alkyne-coupled products (e.g. 844) involves formation of
the alkynyl(vinylidene) complex (845) followed by alkynyl migra-
tion and loss of chloride. Complex 844 was a catalyst for alkyne
dimerization. Related cationic m3-enynylruthenium complexes
(e.g. 849) were produced via treatment of bis(alkynyl)ruthenium
complexes (e.g. 847) with electrophiles [1071]. Dimerization
of terminal alkynes by [Ru(p-cymene)Cl,]; to afford conju-
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gated enynes was suggested to involve vinylidene intermediates
[1072].

Formation of ruthenium vinylidene complexes (e.g. 851, 853,
Scheme 97) from internal alkynes was reported [1073]. The m?2-
alkyne complex 852 was obtained from the reaction of complex
850 with various electron-deficient alkynes at 50 °C. The vinylidene
complex 851 was obtained directly from reaction of complex 850
with aryl-substituted alkynes at 70 °C. The n%-alkyne complex 852
could be converted to the vinylidene complex 853 by irradiation. In

the formation of the vinylidenes complex from 1-phenylpropyne, C-
13 labeling studies revealed that the product forms predominantly
from methyl group migration.

The reaction of bis(allene)s (e.g. 854, Scheme 98) with Fe,(CO)q
led to cyclopentadiene-iron complex 857 [1074]. The proposed
mechanism for this transformation involves reversible conversion
of the silylallene to a propargylsilane (855), followed by transfor-
mation to the vinylidene-iron complex (856). Ring closure and CO
insertion provides the product 857.

Ruthenium-allenylidene complexes were proposed as inter-
mediates in a variety of propargyl substitution reactions (see
Scheme 99) [1075]. Ruthenium complex 860 catalyzes the cou-
pling of propargyl alcohols (e.g. 858) with conjugated dienes (e.g.
859) to afford dienyne derivatives (e.g. 863). In this case the nucle-
ophilic diene attacks the allenylidene intermediate (861). The use of
bridging phosphidodiruthenium complexes to catalyze propargyl
substitution reactions via allenylidene-ruthenium intermediates
was also reported [1076]. Diruthenium complex 860 catalyzes
the isomerization of 3-butyne-1,2-diols (e.g. 864) to furans (e.g.
867) [1077]. Key steps in this transformation include formation of
the allenylidene complex (865) followed by isomerization to the
enol-vinylidene complex (865) followed by nucleophilic attack of
oxygen at the carbene carbon to close the furan ring. A similar
nucleophilic substitution of enyne triflates (e.g. 868) via buta-
trienylidene intermediates (e.g. 870) was also reported [1078].
The allenylidene complex intermediates (e.g. 873) can be captured
through an intramolecular ene reaction to afford cyclic enynes
(e.g. 875) [1079]. Further reaction with platinum chloride results
in enyne cycloisomerization to afford cyclopropane 876, another
metal-carbene-based reaction process. Ethynyl ketones were also
successfully employed in this transformation in place of enyne
triflates. After generation of the butatrienylidene complex, nucle-
ophilic addition to the y-carbon leads to the observed substituted
enyne.
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Fig. 12. Representative group 8 metallacumulene complexes, precusors, and reaction products reported in 2008.

The formation and reactivity of cationic allenylidene-osmium
complexes (e.g. 879, Scheme 100) was reported [1080]. Reaction
of osmium complex 877 with 1,1-diphenylpropargyl alcohol leads
to the observable hydroxyvinylidene complex 878, which affords
the allenylidene complex 879 slightly above room temperature.
Chloride removal and ligand exchange processes were reported
for allenylidene complex 879. Treatment of the cationic complex
881 with isopropyl alcohol and sodium chloride led to the carbyne
complex 882 and acetone in a net hydrogen atom transfer process.

2.3.6. Group 9 metal-carbene complexes

2.3.6.1. Simple carbene complexes. Several Group 9 metal-carbene
complexes were prepared through C-H oxidative addition pro-
cesses (see Scheme 101). Reaction of cyclic imine derivative 885
with rhodium complex 886 led to the carbene complex 887 [1081].
The reaction of complex 888 with anisole results in an equilibrium
mixture of the starting materials and arene C-H oxidative addition

product 889, however upon heating to 90°C carbene complex 890
is formed [1082].

Reaction of dihydridoiridium complex 891 (Scheme 102) with
norbornene and methyl t-butyl ether led directly to carbene
complex 892 [1083,1084]. A variety of reaction processes were
demonstrated for carbene complex 892. Thermolysis led to the net
dealkylation product 895 and isobutylene. Conversion of the car-
bene complex to the carbonyl complex (see inset of Scheme 102)
was proposed to involve hydrogen transfer with loss of isobuty-
lene to afford the metal formyl followed by retro CO insertion.
Reaction with carbon dioxide led to ethyl formate and the car-
bonyl derivative 898. The proposed mechanism involves stepwise
[2+2]-cycloaddition to afford the oxametallacyclobutanone (897)
followed by retro [2+2]-cycloaddition. Similar reactions were
observed using other heterocumulene species. Reaction of the car-
bene complex with azides led to the iminoether 894 and the
iridium-dinitrogen complex 893 [1085]. A moderately catalytic
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C-H functionalization reaction of methyl t-butyl ether based on this
transformation was demonstrated. Similar formation and reactiv-
ity studies for analogous aminocarbene complexes were reported
[1086].

Formation of iridium-carbene complexes (e.g. 902-904,
Scheme 103) through C-H oxidative addition of vinyl ethers was
reported [1087]. The initial coupling of iridium complex 901 with
ethyl vinyl ether affords the metallacyclic carbene complexes 902
and 903. The metallacyclopentene-carbene 902 undergoes an elim-
ination reaction to afford cyclic alkenylcarbene complex 904. A
mechanism involving C-H oxidative addition and benzene elimina-
tion, followed by complexation of a second alkene and C-C coupling
was proposed to account for the formation of carbene complex 902.
Formation of a pyridinylidene complex (906) was observed when
iridium complex 905 was treated with bipyridyl [1088].

The formation of iridium-carbene complexes (e.g. 910,
Scheme 104) through C-H activation reactions of pyridinium
salts (e.g. 907) was reported [1089,1090]. The reaction was ligand
directed. A variety of bipy and phenanthroline type systems were
reported to undergo the transformation. The mechanism for the for-
mation of the carbene complexes was studied by DFT calculations.
The carbene complexes were employed as catalysts for the transfer
hydrogenation of acetophenone.

Several carbene-based coupling reactions were reported for
cobaltacyclobutene complexes (e.g. 911, Scheme 105) [1091].
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Reaction with fumarate esters (914) led to the 1,4-diene-cobalt
complexes (e.g. 915). Reaction with maleic anhydride (916) led
to the oxametallbicyclo[2.2.2]octane derivative 917. A mechanism
involving reversible formation of a vinylcarbene complex (912) or
oxametallabenzene complex (913) followed by metalla Diels-Alder
reaction and isomerization was proposed.

Several reaction processes reported in 2008 involve Group 9
metal-carbene complexes generated from diazo compounds; rep-
resentative examples are depicted in Scheme 106. Cobalt-carbene
complexes were proposed as intermediates in the decomposi-
tion of N-ligated diazo compounds to symmetrical alkenes and
diazadienes [1092]. Solid-state photolysis of a cobalt-ligated diazo
compounds (e.g. 918) or bis(diazo) complexes led to a sin-
gle molecule magnetic material, presumably a cobalt-carbene
complex [1093,1094]. Stereoselectivity models involving car-
bene complexes were proposed to explain the direction of
asymmetric induction in various rhodium-catalyzed cyclopropa-
nation reactions, including: (1) cyclopropanations employing
a-diazophenylacetonitrile [1095]; (2) coupling of dienes with
esters of a-diazovinylacetic acid, ultimately leading to [4+3]-
cycloadducts after cyclopropanation and Cope rearrangement
[1096]; (3) cyclopropanation of chiral enamides with a-diazoesters
[1097]; (4) rhodium-catalyzed cyclopropanations using diazoma-
lonates [1098]; and (5) iridium-catalyzed asymmetric cyclopropa-
nation [1099]. Computational studies of Group 9 metal-catalyzed
cyclopropanation include: (1) a DFT study of rhodium porphyrin-
catalyzed C-H insertion reactions of diazoacetates with hexane
[1100]; (2) bonding in hypothetical rhodium-carbene intermedi-
ates (919) in Rh, OAc4-catalyzed cyclopropanations, with emphasis
on the degree of back bonding of various chelating ligands on the
degree of back bonding in the carbene ligand [1101]. The coupling of
the bridging methylene ligand in rhodium-osmium bimetallic com-
plexes with diazo compounds likely involves carbene complexes
[1102].

Additional reaction processes reported in 2008 involve Group
9 metal-carbene complex intermediates that were generated from
precursors other than diazo compounds. Rhodium-carbene com-
plexes (e.g. 921) were proposed as intermediates in a nitrene
initiated cascade reaction of enyne-sulfonamides (e.g. 920) [1103].
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Rhodium-carbene complexes (e.g. 928, 929) were also suggested
as intermediates in a novel rhodium-catalyzed cyclization of bicy-
clo[1.1.0]butane derivatives containing pendant alkene groups (e.g.
925) [1104]. The proposed mechanism involves oxidative addition
into the highly strained C-C bond followed by ring opening to either
of two isomeric carbene complexes, 928 or 929, which undergo
intramolecular cyclopropanation. The Rh, OAcy-catalyzed cycload-
dition of triazoles (e.g. 932) and nitriles to afford N-sulfonated
imidazoles (e.g. 934) likely involves rhodium-carbene com-
plex intermediates (e.g. 933) [1105]. Cyclopropylcarbene-rhodium
complexes (e.g. 936) were proposed as intermediates in rhodium-
catalyzed enyne metathesis [1106] (Scheme 107).
Iridium-carbene complexes (e.g. 939, 941, Scheme 108) were
proposed as intermediates in the coupling of paramagnetic
iridium-ethylene complex 938 with diazo compounds [1107]. A
bimetallic compound (940) was produced from the reaction of
complex 938 with ethyl diazoacetate. The analogous reaction with
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trimethylsilyldiazomethane led to the trimethylsilylmethyl com-
plex 942. In both cases, the key step in the proposed mechanism
involves formation of a paramagnetic carbene/carbenoid complex.
The mechanism and the structure of individual intermediates were
evaluated by DFT calculations.

Other studies of Group 9 metal-carbene complexes (excluding
metalla-aromatics and metallacumulenes) include: (1) prepa-
ration of cyclopropenylidene-rhodium (e.g. 943, Scheme 109)
iridium, nickel, and palladium complexes through either reaction
of solutions of the free carbene 942 with coordinatively unsatu-
rated transition metal complexes or carbene exchange processes
[1108]; (2) formation of chelating Bertrand carbene-rhodium
complexes [1109]; (3) possible involvement of cobalt carbene com-
plexes in cobalt-catalyzed Fischer-Tropsch reactions [1110]; (4)
involvement of iridium-carbene complexes in ROMP reactions
initiated by an iridium(Ill) complex-methylaluminoxane system
[1111]; (5) possible involvement of bridging carbyne-dirhodium
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complex intermediates (e.g. 945) in the generation of propene
through oxidation of dimethylbis(.-methylene)dirhodium com-
plex 944 (model for Fischer-Tropsch reaction) [1112]; and (6) a DFT
study implicating the involvement of hydroxycarbene-rhodium
complexes in rhodium-catalyzed hydrocarbonylation of alkenes
[1113].

2.3.6.2. Group 9 metalla-aromatics. Iridabenzenes (e.g. 948,
Scheme 110) were obtained through methylation of (thiocar-
bonyl)iridacyclopentadienes (e.g. 947) [1114]. Various electrophilic
aromatic substitution reactions were reported for iridabenzene
derivative 948. Substitution occurs para to the SMe group. Synthe-
sis and protonation reactions were reported for iridapyrroles (e.g.
953, 956) [1115]. Addition of methyllithium to aromatic nitriles
(950) followed by capture with the iridium complex 951 leads to
the chelate complex 952, which affords the iridapyrrole (953) upon
protonation. Iridapyrrole 953 (Y=N), which possesses an additional
basic site, undergoes protonation at the pyridine nitrogen to afford
the dicationic iridapyrroles 954, while the complex lacking this
extra ligation site (953, Y=CH) reacts with triflic acid to afford
H, and iridium triflate complex 955. The thiophene-pyrrole 956
undergoes ligand isomerization upon protonation to afford the
S-coordinated dicationic complex 957. The structure of iridathi-
abenzenes were studied by DFT calculations; the -electrons in

Me

these systems were more localized than in benzene ring systems
[1116].

2.3.6.3. Group 9 metallacumulenes. Similar synthetic procedures
and reactivity patterns were generally observed for Group 9 and
Group 8 metallacumulene complexes (Scheme 93).

The conversion of mr-alkyne-rhodium complexes (e.g. 960,
Scheme 111) to the corresponding rhodium vinylidene complex
(961) was determined to be a first-order process proceeding
through an observable hydrido(alkynyl) complex (962) [1117].
This process was also studied computationally. The conversion of
alknyl(hydrido)rhodium complexes to vinylidene complexes was
studied computationally [ 1118]. The reaction of (m3-allyl)Rh(PiPr3 ),
(963) with two equivalents of phenylacetylene to afford propene
and the alkynyl vinylidene complex 964 was the focus of these
studies. The most reasonable pathway for the hydridoalkyne to
vinylidene conversion is formation of the observable -alkyne com-
plex (965), which converts to a C-H bonded complex (966) followed
by concerted conversion to the vinylidene complex. Formation of
the vinylidene complex from the C-H oxidative addition prod-
uct 967 was excessively high in energy. Rhodium-, cobalt- and
ruthenium-vinylidene complexes are likely intermediates in the
cyclodimerization of arylacetylenes catalyzed by metal-porphyrin
complexes [1119].
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The reaction of iridacyclopentadiene derivative 968 m-bonding interactions were noted for the nickel complexes. Lesser

(Scheme 112) with various terminal alkynes was reported [1120].
The reaction with 3-butyn-1-ol (969) led to the cyclic alkoxycar-
bene complex 971 via an unobserved vinylidene complex (970).
Reaction with methyl propiolate led to the iridafuran derivative
973, formed via vinylidene formation (972) followed by chloride
migration and carbonyl oxygen complexation. Reaction with the
alkynol 974 led to the carbonyl complex 977. Formation of 977
likely occurs via allenylidene formation (975), followed by addition
of water to form the acyliridium complex (976), followed by
deinsertion of CO.

2.3.7. Group 10 metal-carbene complexes
2.3.7.1. Stable carbene complexes. The bonding in NHC-Group 10
metal complexes was studied computationally [1121]. Significant

but measurable mw-bonding was noted for palladium and plat-
inum complexes. A patent involving the synthesis of carbocyclic
palladium-carbene complexes and their use as C-C coupling cat-
alysts was reported [1122]. Palladium-carbene complexes (e.g.
981, 982, Scheme 113) were prepared from the thermolysis of
bis(m3-cycloheptatrienyl)palladium complexes (e.g. 980) [1123].
Their subsequent use as catalysts of C-N bond formation was also
reported. Platinum- or palladium-carbene complexes (e.g. 986)
were generated through reaction of metal bis(isonitrile) complexes
(e.g. 983) with iminoisoindolinones 984 [1124]. The synthesis
of biaryl Bertrand carbene-palladium (e.g. 988) complexes was
reported [1125].

The reaction of protonated diacetylplatinum(II) complex 989
(Scheme 114) with various ligands/bases was reported [1126].
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Treatment with sodium methoxide and triphenylphosphine led to
the mononuclear bis(acetyl) derivative 990. Treatment of with base

in the presence of bipyridyl led to the analogous ligand-substituted
complex 991.

2.3.7.2. Group 10 carbene complexes as transient intermediates. Sev-
eral processes reported in 2008 proceed through Group 10 carbene
complex intermediates (see Scheme 115). Palladium-carbene com-
plexes (e.g. 994) were generated from stable ketenes (e.g. 992)
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[1127]. These carbene complexes react with strained alkenes
to afford cyclopropanation products (e.g. 995) and with ter-
minal alkynes to provide C-H insertion products (e.g. 996). A
platinum-carbene complex (999) was as an intermediate in the
ring opening of nortricyclanes (e.g. 997) to provide ring-fused nor-
bornenes (e.g. 1000) [1128]. Palladium-carbene complexes (e.g.
1005) were proposed as intermediates in the cocyclization of aryl
bromide-esters (e.g. 1001) and trimethylsilydiazomethane [1129].
Similar carbene complexes (e.g. 1008) were proposed as intermedi-
ates in a three-component coupling process involving vinyl iodides
(e.g. 1006), trimethylsilyldiazomethane, and nucleophiles [1130]. A
mr-allylpalladium complex (1009) is produced upon carbene inser-
tion, which couples with the nucleophile. A platinum-carbene
resonance form was suggested as important in the isomerization
of vinylplatinum complexes containing 2-oxonium cation groups
[1131]. A palladium-allenylidene complex (e.g. 1013) was suggested
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as an intermediate in the palladium-catalyzed synthesis of allenyli-
denecyclopropanes (e.g. 1014) from propargyl esters (e.g. 1011) and
norbornadiene [1132]. The contribution of a carbene complex res-
onance form for bis(porphyrin)-platinum complexes was noted
[1133].

Platinum-carbene complexes were identified as transient inter-
mediates from the reaction of laser ablation-generated platinum
atoms with perhalomethane derivatives [1134]. Carbene com-
plexes were identified from argon matrix infrared spectra and
compared with calculated (DFT) spectra of geometry-optimized
species.

2.3.7.3. Platinum- and gold-catalyzed reactions of alkynes or allenes.
Several examples of platinum- and gold-catalyzed reactions of
alkynes and allenes have been suggested to involve carbene com-
plex intermediates. One manuscript suggests that these reactions
involve metal-stabilized carbocations and not actual carbene com-
plexes [1135].

Several papers report on the development of new reaction pro-
cesses using cyclopropylcarbene intermediates generated through
the reaction of enyne derivatives with platinum or gold com-

plexes; representative examples are depicted in Schemes 116-118.
Cyclopropylcarbene-gold complexes (e.g. 1019, Scheme 116)
were proposed as intermediates in the gold-catalyzed cycloiso-
merization of alkyne-cyclohexadienes (e.g. 1017) [1136,1137]
and similar annulations of arylalkyne-alkene derivatives
[1138]. Gold-catalyzed cycloisomerization of 2-alkynylstyrenes
that contain pendant arene chromium complexes were also
reported [1139]. The cyclization of propargyl alcohol-allenes
(e.g. 1021) to 6-alkylidenebicyclo[3.1.0]hexan-3-ones (e.g. 1023)
via cyclopropylcarbene-platinum complexes (e.g. 1022) was also
reported [1140]. In this case, the initially formed gold platinum
complex 1022 undergoes a 1,2-hydride shift to afford the enol
and then the ketone derivative. Platinum- and rhodium-catalyzed
enyne cycloisomerizations involving terpenes were also reported
[1141]. Enyne cycloisomerization using various gold-NHC com-
plexes that feature N-H bonds as catalysts was reported [1142].
Net intramolecular [6+2]-cycloaddition of alkynes and cyclo-
heptatrienes catalyzed by platinum was proposed to involve
cyclopropylcarbene-platinum complex intermediates [1143].
Platinum-catalyzed enyne cycloisomerization was also performed
in sequence with allenylidene-mediated reaction processes [1079].
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In several cases the cyclopropylcarbene complex intermediates
undergo additional skeletal rearrangements (Scheme 117). Ring
expansion processes in competition with heterocyclization were
observed in oxygenated enyne systems (e.g. 1024) [1144]. In the
formation of cyclopropylcarbene (1026) derived product 1027,
1,2-alkyl shift accompanies cyclopropane ring opening to afford the
ring expanded product 1027. Cyclopropylcarbene-gold complexes
(e.g. 1031) are important intermediates in the gold-catalyzed

cycloaromatization involving furan-ynamides or furan-alkynyl
ethers (e.g. 1030) [1145]. A related cyclization-aromatization
employing propargyl alcohol-alkenes was also reported [1146].
The later steps of the gold-catalyzed conversion of furan-alkynes to
benzene rings were studied by NMR spectroscopy and deuterium
labeling [1147,1148]. Several examples where the cyclopropyl-
carbene complex intermediates were captured through reaction
with nucleophiles were reported (Scheme 118). Gold-catalyzed
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cyclization of enynes (e.g. 1036) in the presence of highly electron
rich arenes (e.g. 1037) led to cyclization/electrophilic aromatic
substitution products (e.g. 1040) [1149]. Trapping of enyne-derived
cyclopropylcarbene complex intermediates with methanol and Me Me Me
gold-catalyzed intramolecular enyne metathesis reactions were Cl }/’_0\ NaOMe o# PPh
reported [1150]. Trapping with arylboranes was also reported rCI -t H — Pt 3
[1151]. J< ):0 2 PPhg 0= 'PPhy
Gold- and platinum-carbene complexes were also generated Me Me Me
from various heterocyclization processes; representative exam- 989 990
ples are depicted in Scheme 119. A novel cyclization/cycloaddition NabCi)[I)-| /
cascade reaction process occurred when alkynylcyclopropylke- y =5
tone 1041 was treated with gold complex 1042 in the presence O=<
of ethyl vinyl ether [1152]. A mechanism involving nucleophilic
addition of the carbonyl oxygen to an alkyne-gold complex to O=< \
afford the carbene-1,3-dipole 1043, followed by a 1,3-dipolar . | 991

cycloaddition and cation rearrangement was proposed. Cycliza-
tion of conjugated enyne aldehydes (e.g. 1047) in the presence of

Scheme 114.
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gold(Ill) chloride followed by capture of the intermediate furyl-
carbene complex (e.g. 1048) through cyclopropanation led to
furylcyclopropane derivatives (e.g. 1049) [1153]. An analogous pro-
cess where the carbene intermediate was captured through C-H
insertion was also reported [1154]. A mechanistically similar pro-
cess was observed in the platinum-cyclization of enyne ketones
(e.g. 1050) [1155]. Similar cascade processes initiated by enyne
nitrones were also reported [1156]. Gold-catalyzed cyclization reac-
tions where o-alkynylstyrene oxides (e.g. 1056) are converted to
indenone derivatives (e.g. 1060) likely involve gold-carbene com-

plex intermediates (e.g. 1059) [1157]. Gold-carbene complexes are
likely involved in ring expansion/cyclization reactions of (3-lactam-
alkynes [1158].

Carbene complexes were also generated from 1,2-shift of propar-
gyl ester derivatives in the presence of platinum and gold complexes
(see Scheme 120). The reaction of propargylic acetates (e.g. 1061)
and allylic sulfides (e.g. 1062) in the presence of gold catalysts
led to 1,5 dienes (e.g. 1065) in a process involving carbene com-
plex formation (1063), followed by ylide formation (1064) and
2,3-sigmatropic rearrangement [1159]. Gold-catalyzed cycloiso-
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merization of dienyne 1066 led to the cyclopropane derivative
1068, which was an intermediate in the total synthesis of allo-
colchicinoids [1160]. The enantioselective cycloisomerization of
enyne propargyl ester 1069 was a key step in the total synthe-
sis of cedrene [1161]. In order to explain the retention of optical
configuration, a mechanism where traditional cycloisomerization
(as in Scheme 116) occurs to form carbene complex 1070 fol-
lowed by acetate shift was favored over initial acetate shift to
provide intermediate 1071. A similar rearrangement process was
proposed in several other transformations, including: (1) the con-
version of propargylic acetates into a-acetoxy-a,3-unsaturated
ketones using a gold catalyst in an aqueous environment [1162];
and (2) gold-catalyzed cyclization of allenyl propargyl esters
to alkylidenecyclopentenones [1163]. Inter- and intramolecular
gold-catalyzed reactions of propargyl acetates were studied com-

putationally [1164]. Additional more elaborate examples based
on generation of carbene complexes from propargyl esters and
platinum/gold catalysts are depicted in Scheme 121. A novel
benzannulation involving the gold-catalyzed coupling of propar-
gyl esters (e.g. 1073) and conjugated enynes (e.g. 1074) was
developed [1165]. The reaction proceeds through formation of
the cyclopropane-bridged enyne 1075 which undergoes further
cyclization to afford aromatic compounds (e.g. 1076, 1077). The
direction of the reaction is highly dependent on the silver source
used to ionize the gold catalyst. A tandem carbene genera-
tion/allylation was observed in the reaction of propargylic acetates
that contain allylic ether groups (e.g. 1078) PtCl, [1166]. The
key mechanistic event in this process is the tandem hydrogen
shift allyl transfer from intermediate platinum-carbene complex
1079. Tandem carbene formation-cyclopropane ring opening was
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observed in the transformation of cyclopropane-bridged enynes
(e.g. 1082) to cyclohexadienes (e.g. 1084) [1167]. A net [4+3]-
cycloaddition process was observed in the coupling of propargylic
esters (e.g. 1085) with a,[3-unsaturated imines (e.g. 1086) [1168]. In
this process, nitrogen adds to the carbene carbon of intermediate
1088 to afford ylide 1089, which then undergoes intramolecu-
lar allylation to afford the azepine derivative (1090). The reaction
of propargyl acetates with cationic gold complexes was evalu-
ated computationally (Scheme 122) [1169]. Emphasis was on the
interconversions of alkyne complex (1091), the acetate-shifted
carbene complex (1092), and the allene complex (1093). Rear-
rangement of the gold-alkyne complex to the acetate-shifted
carbene complex was a nearly isoergonic process that occurs
with a low activation energy. Conversion to the complexed allene
was more thermodynamically favorable, however the net conver-
sion via the carbene complex occurred with a lower activation
energy.

In several cases, gold and platinum complexes initiate oxyal-
lyl cation and Nazarov-like processes that involve gold-carbene
complex intermediates (see Scheme 123). The gold-catalyzed
intramolecular [4+3]-cycloaddition of allene-furans (e.g. 1094)
was proposed to involve gold-carbene complex intermediates
(e.g. 1096) generated through cycloaddition of a furan and gold-
substituted allyl cation intermediate (1095) [1170]. The reaction
of vinylallenes (e.g. 1098) with gold complexes led to bicyclic
ring systems (e.g. 1101) in a process involving cyclization to
generate a cyclopentenylidene-gold complex (1099) followed by
intramolecular C-H abstraction and allylmetal addition [1171]. The
proposed mechanistic pathway was supported by deuterium label-
ing studies. A Nazarov-like step was proposed for the cyclization
of arylalkynes that contain alkylidenecyclopropane groups using
a silver-NHC catalyst [1172]. A related process was proposed in
gold-catalyzed conversion of 4-phenyl-4-hydroxyallenes (e.g. 1102)
to naphthalenes (e.g. 1103) [1173]. Tandem Nazarov-like reaction

processes followed by electrophilic cyclization were evaluated
computationally and experimentally [1174].

Several other reaction processes were reported from the
reaction of alkynes or allenes and platinum or gold com-
plexes that might involve carbene complex intermediates (see
Scheme 124). Platinum-catalyzed enyne metathesis (see Scheme 1)
likely involves metal-carbene complex intermediates. Several
examples of this process were reported in 2008 [1175]. Gold-
or platinum-carbene complexes were suggested as potential
intermediates in: (1) a tandem 1,2-shift/aromatic substitution
reaction of propargylic indoles (e.g. 1105) to provide indenylin-
doles (e.g. 1107) [1176]; (2) platinum-catalyzed conversion
of N-alkynylphenylsuccinimides to annulated indoles [1177];
(3) platinum-catalyzed benzannulation/cyclopentannulation using
phenyl-bridged diene-yne alcohols (e.g. 1108) [1178]; (4) gold-
catalyzed conversion of 4-phenyl-3-acetoxy-1-butyne derivatives
into naphthalenes [1179]; and (5) the gold-catalyzed isomerization
of 1-phenylcyclopropenes to indenes [1180].

2.3.8. Group 11 carbene complexes

A copper-carbene complex (1116, Scheme 125) was obtained
from the reaction of copper complex 1115 and ethyl diazoacetate
[1181]. The brown solid obtained from this coupling (R=Me) was
characterized spectroscopically. The complex reacts with cyclohex-
ene to afford the cyclopropanation product, and also serves as a
catalyst for the cyclopropanation of alkenes using ethyl diazoac-
etate.

Mononuclear carbene complexes (1119 (Ar=Ph), Scheme 126)
were produced at steady state concentrations from the reaction of
copper complexes (e.g. 1118) with diaryl diazomethane derivatives
[1182]. Attempted isolation of the carbene complex resulted in the
dimeric species 1120. The dimeric species reacts with alkenes to
regenerate the alkene and carbene complex, thus suggesting that
this species is not involved in cyclopropanation. The p-nitrophenyl
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analog led to a stable carbene complex that could be isolated
and an X-ray structure could be obtained. Reaction of the sta-
ble carbene complex with styrene led to the cyclopropanation
product 1122, accompanied by alkene complex 1121 and carbene
dimerization product 1123. An attempt to perform a catalytic
cyclopropanation reaction led to a complex reaction resulting in
the compounds 1121-1124. The azine (1124) and carbene dimer
(1123) could also be produced from the reaction of the carbene
complex 1119 (Ar=p-PhNO,) with additional diazo compounds,
and accompanied by the carbene-exchanged carbene complex.

A copper—carbene complex (1126) was also obtained from the
reaction of copper complex 1125 with diphenyl diazomethane,
accompanied by the copper-azine complex 1127 [1183]. Reaction
of the carbene complex with CO led to diphenylketene (992), how-
ever carbene complex 1126 did not engage in cyclopropanation
reactions.

Several papers report on mechanistic aspects of copper-carbene
complex intermediates generated from organic diazo compounds
(see Scheme 127). Stereoselectivity models were proposed to
rationalize the direction of asymmetric induction in enantiose-
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lective cyclopropanation catalyzed by chiral oxazolinylquinoline
complexes [1184]. The effect of metal (copper vs. rhodium) on
the regiochemistry of ring expansion of cyclopropyl-substituted
a-diazoesters (e.g. 1128) was examined [1185]. Copper-carbene
complexes are likely intermediates in the [3+2]-cycloaddition reac-
tion of aryldiazo compounds and alkynes to afford indenes [1186].
Computational studies of Group 11 metal-induced decompositions
of diazo compounds include: (1) a DFT study of copper-catalyzed
enantioselective cyclopropanation [1187]; and (2) a DFT study of
copper—acac complex-catalyzed C-H insertions using diazoesters
[1188].

Na

Ph\v)LCOOEt o PhW)\

1128

Additional examples of reaction processes likely involving
Group 11 metal-carbene complexes are depicted in Scheme 128.
Gold vinylidenes (e.g. 1133) were suggested as intermediates in
the isomerization of pyridine-alkynes (e.g. 1132) to indolizines
(e.g. 1134) [1189]. The intermediacy of a vinylidene complex
was supported by deuterium labeling studies. Copper allenyli-
dene complexes were suggested as intermediates in asymmetric
copper-catalyzed propargyl substitution reactions [1190,1191]. A
theoretical study of the gold-catalyzed cycloisomerization of 1,5-
allenynes revealed the gold-vinylidene complexes are not involved
[1192]. Copper-carbene complexes (e.g. 1137) were suggested

cooet 1130

Ph
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Scheme 127.
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as intermediates in the conversion of doubly propargylic esters
(e.g. 1135) into substituted furans (e.g. 1138, 1139) [1193]. The
hypothetical carbene intermediate 1137 could be trapped with
hydrosilanes or diazo compounds. Gold-carbene complexes were
suggested as likely intermediates in the gold-catalyzed conversion
of allenyl ketones to furans [1194]. Gold-carbene complexes were
suggested as intermediates in gold-catalyzed cyclopropene ring
opening reactions [1195]. Gold-carbene complexes (e.g. 1141-1144)
were observed in the electrospray ionization mass spectra of
gold-NHC complex 1140 [1196]. Various alkene complexes and
metathesis products were observed in the presence of alkene
additives.

N-TMS
PhoR,
CH . +  Y(CHaTMS)3(THF);
PhZPN —TMS L
1150

2.3.9. Lanthanide—/actinide—carbene complexes

The attempted formation of pincer carbene complexes of
yttrium (e.g. 1152, Scheme 129) was reported [1197]. In this
case, the yttrium-carbon bond order was determined to be
0.6. The reaction of thorium atoms generated through laser
ablation with various dihalomethane led to carbene complexes
[CH,=ThX;], which were isolated in an argon matrix [1198]. The
analogous reaction with haloform or tetrahalomethane deriva-
tives led to triplet carbyne complexes [HC=ThX3] or [XC=ThX3].
The compounds were characterized through their infrared spec-
tra and compared with DFT-calculated spectra. Carbene complexes
featuring chloride ligands showed higher degrees of agostic inter-
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Scheme 129.
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actions than did carbene complexes featuring chloride ligands.
Similar studies were reported for the reaction of methane or
halomethanes with scandium atoms, however the degree of mul-
tiple bond character of HyC=ScH(X) was calculated to be minimal
[1199].

3. Metal-carbyne or metal-alkylidyne complexes
3.1. Review articles

A review article focuses on alkylidyne complexes ligated to
poly(pyrazolyl)borate [1200]. Some reviews listed in the carbene

complex section also feature discussions on carbyne complexes
[159,160].

3.2. Synthesis and/or generation

Some papers in the carbene section feature minor seg-
ments on carbyne chemistry. These studies include references
[241,1015,1080].

The crystal structure for TMSC=Nb(CH,TMS); was reported
[1201].

Formation and reactivity of osmium carbyne hydride complexes
(e.g. 1161, 1164, Scheme 130) from alkyne and osmium dihydrogen
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complex 1160 was reported [1202]. The reaction involves formation
of the vinylidene(dihydrogen) complex followed by 1,3-migration
of a hydride. Reaction of the carbyne(hydride) 1161 with chloro-
form leads to the corresponding chloride complex 1162. Reaction
with acetonitrile leads to the hydrogen-migration product, carbene
complex 1163. An oxygen chelated carbene complex analogous to
1163 was produced when the original starting compound 1160
was treated with methyl propiolate. The reaction of complex 1160
with phenylacetylene leads initially to the carbyne complex 1164.
However the alkyne insertion product 1165 was obtained when
additional equivalents of the alkyne were employed. An osmium
carbyne complex (1168) was generated through protonation of
vinyl allenylidene complex 1167 [1203]. Carbyne complex 1168 was

unstable in acetonitrile and evolved to the divinylcarbene complex
1169. A mechanism involving alkenyl group migration followed by
capture by acetonitrile was proposed and supported by kinetics and
DFT calculations.

A mechanistic study of the formation of osmium-carbyne com-
plexes (e.g. 1176, Scheme 131) from osmium hydrides (e.g. 1170)
and terminal alkynes was reported [1204]. The alkyne m-complex
(1171/1172) could be isolated from the low-temperature reaction of
complex 1170 (X =OTf) with phenylacetylene or acetylene. Treat-
ment of the alkyne complex with phenoxide or chloride led to a
carbyne complex (e.g. 1176). Amechanism involving transformation
to the m2-alkenyl form (1173) followed by reductive elimination to
form the carbene complex (1174), followed by the a-hydride elim-
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ination to form the carbene complex (1175) was proposed. This
pathway was supported by deuterium labeling and DFT studies.

The spin states for various molybdenum complexes gener-
ated through reaction of laser-ablated molybdenum atoms with
methane were studied by DFT calculations [1205]. The reaction
leads to the observable carbene complex H,C=MoH, and the car-
byne complex HC=MoH3;. As the reaction progresses the spin state
at molybdenum changes. The initially generated molybdenum atom
is most stable as a quintet. An intermediate, CH3MoH is also a pen-
tet. The carbene complex is a triplet and the carbyne complex is
a singlet. The energy of activation in each step is much higher
if spin state is conserved during the alkyl to carbene to carbyne
transformation.

The reaction of laser-ablated osmium atoms with methane
and methyl halides was reported [1206]. The reaction leads to
observable osmium carbyne complexes. Structures were assigned
through comparison of IR spectra with calculated IR spectra.
The osmium-carbyne complex HC=0sH; features two kinds of
osmium-H bonds. Related HC=MoH;,X complexes were obtained
from reactions involving methyl halides (X=F, Cl, Br). The reaction
of laser-ablated rhenium atoms with methane or methyl halides
also led to carbyne complexes, which displayed IR spectra similar
to calculated spectra [1207].

3.3. Reactivity

3.3.1. Addition reactions of metal-carbyne complexes

Substitution reactions were reported for bromocarbyne-
molybdenum complexes (e.g. 1180, Scheme 132) [1208]. Reaction
of bromocarbyne complex 180 with amines led to the correspond-

Alkyne Cross Metathesis

R! R3
M=C-R

ing aminocarbyne complexes (e.g. 1181). A variety of different
amines, including secondary amines, imidazoles, and pyridines
were successful. Reaction of potassium bis(thiophenyl)amide led
to the thiocarbyne complex (1183) instead of the aminocarbyne
complex. A thiocarbyne complex (1182) could was also produced
through reaction of thiolates with bromocarbyne complex 1180.
Reaction with aqueous DBU led to the trioxo complex 1184. Related
selenoalkynylations of chloromolybdenum carbyne complex 1185
were also reported, resulting in selenocarbyne complexes (e.g.
1186) [1209]. Several alkyne complexation reactions were demon-
strated for selenocarbyne complex 1186. Complexation to cobalt
(1187) results in significant changes to the Mo-C-Se bond angle.
Reaction of selenocarbyne-molybdenum complex 1186 with plat-
inum resulted in the corresponding alkyne complex 1188 and
C-Se oxidative addition products 1189 and 1190 [1210]. The reac-
tion of bromocarbyne complex 1191 with (CH,=CH,)Pt(PPhs), led
initially to the addition product, platinacarbene complex 1192,
which then isomerizes to the carbyne complex 1193 [1211]. Other
metal-substituted carbyne complexes (e.g. 1195) were success-
fully prepared from dichlorocarbene-iron complex 1194 and metal
carbonyl anions. Reaction of the iron complex with metal pen-
tacarbonyl dianions led to the bridging carbide complexes (e.g.
1196).

Phosphine additions to cationic manganese carbyne com-
plexes (e.g. 1197, Scheme 133) were reported [1212]. Reaction of
with secondary phosphines led to the protonated phosphinocar-
bene complexes (e.g. 1198), which convert to the phospinoketene
complexes (e.g. 1201) upon treatment with base. Analogous reac-
tion processes employing primary phosphines led to the neutral
phosphinocarbene complexes (e.g. 1199). The phosphinocarbene
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(Acyclic Diyne Metathesis
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complex 1199 eventually evolves into the phosphaalkene complex
1200 at room temperature in THE.

3.3.2. Alkyne metathesis

Alkyne metathesis, which involves metal carbyne complexes
as intermediates, has been covered comprehensively regardless
of whether the initiator is a carbyne complex. General equations
describing common modes of alkyne metathesis are presented in
Scheme 134.

Several examples of alkyne cross-metathesis, dimerization,
and cyclodimerization were reported in 2008, see Scheme 135.
Molybdenum hexacarbonyl induced alkyne cross-metathesis was
employed in the synthesis of alkynylferrocene derivatives (e.g.
1207) from a simpler alkynylferrocene, 1205 [ 1213]. Heterogeneous
alkyne metathesis catalysts (e.g. 1209) were produced through
reaction of a tris (amido) molybdenum carbyne complex with silica
[1214]. Cyclic tetramers (e.g. 1210) were formed from bis(alkyne)
derivative 1208 using this catalyst system. Cyclic trimers (e.g. 1213)
were prepared from the reaction of bis(alkyne) complex 1211 with

carbyne complex metathesis catalyst 1212 [1215]. A silica-bound
tungsten-carbyne complex (1215) was an effective catalyst for
alkyne metathesis [1216]. Carbyne complex 1215 also couples sto-
ichiometrically with acetonitrile to form the alkyne 1217 and the
nitridotungsten complex (1216). Examples of ring-closing alkyne
metathesis (RCAM) are depicted in Scheme 136. Competition
between RCAM and alkyne metathesis dimerization was observed
in the formation of various cyclophane derivatives (e.g. 1221) from
bis(alkynes) (e.g. 1219) and carbyne complex 1220 [1217]. Alkyne
metathesis of bis(alkyne) 1222 using tungsten carbyne complex
1223 was a key step in the preparation of cruentarin A analogs
[1218]. Macrocyclic lactones useful for the synthesis of musk odor-
ants (e.g. 1226) were prepared through tungsten carbyne induce
alkyne metathesis [1219]. Macrocycle-bridged carbohydrates (e.g.
1228) were prepared through RCAM [1220]. Ring opening alkyne
metathesis polymerization was demonstrated in the reaction of
cyclic alkyne derivative 1229 (Scheme 137) with tungsten carbyne
complex 1223 [1221]. Reaction of alkyne 1229 with Grubbs catalyst
Il led to alkyne trimerization products.
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Nitrile-alkyne metathesis was reported (see Scheme 138)
[1222]. The reaction of tungsten nitrides (e.g. 1231) with 3-hexyne
led to the tungsten—carbyne complex (1232), the metallacyclobu-
tadiene (1233), and propionitrile. The nitride complex serves as
a catalyst for the co-metathesis of nitriles and alkynes. In the
presence of a “sacrificial” alkyne (e.g. 3-hexyne) the nitride com-
plexes can also serve as an alkyne metathesis catalyst. A tungsten
nitride dimer (1238) was prepared through reaction of tung-
sten carbyne complex 1237 with >N-labeled acetonitrile [1223].
Gas phase metathesis of a nitride-iron complex with alkynes to

Bu—=W(O-t-Bu)3 =Z
g O 1223

1229 1230

Y

Scheme 137.

form a carbyne complex and a nitrile was demonstrated [1224].
The tungsten nitride catalyzed exchange of the nitrogen atoms
of nitriles was evaluated through experimental and theoretical
studies [1225]. This mechanistic similarity of this process and
alkyne-nitrile metathesis was noted. An additional example of
stoichiometric nitrile—alkyne cross-metathesis was previously dis-
cussed in Scheme 135 [1216].

3.3.3. Other processes involving metal-carbyne complexes

The formation and reactivity of lithiocarbyne-molybdenum
complexes (e.g. 1240, Scheme 139) was reported [1226]. Reaction
of the bromohalide 1240 with n-butyllithium affords lithiocarbyne
complex 1240, which then reacts with various electrophiles to
afford substituted methylidyne complexes (1241). In the absence
of an electrophile, a bimetallic vinylidene complex (1242) was
produced.

The reaction of alkynylcarbyne-molybdenum complexes (e.g.
1243, 1246, Scheme 140) with various metal carbonyl clusters was
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reported [1227]. Reaction of the aurylethynylcarbyne complex 1243
with the ruthenium cluster 1244 led to the alkyne complexation
product 1245. A similar reaction employing the silylethynylcarbene
complex analog and Group 8 metal clusters led to the carbide com-
plex derivative 1247. Reaction employing cobalt and nickel clusters
led to complexation at the alkyne and retention of the metal carbyne
functionality.

The interconversion of ruthenium carbyne complex (Me),(NHt-
Bu)Re=CMe(NH; ) and (Me),(NHt-Bu)Re=CHMe(=NH) [1228] was
reported. The process was determined to not be intramolecular.
The most energetically accessible pathway involves intervention
by a water molecule. Similar studies were reported for hydro-
gen migrations in analogous chromium-carbyne complexes (e.g.
Cl,Cr=CH(CH,CH3)) [1229].

The ability of ruthenium-carbide complexes (e.g. 1248,
Scheme 141) to serve as ligands for transition metals (e.g.
as in complex 1249) was evaluated computationally [1230].
Ruthenium-carbide complex 1248 was determined to be a very CO-
like ligand. The hypothetical formation of molybdenum-carbide
complex 1254 through reaction of molybdenum complex 1250
with carbon disulfide was studied computationally [1231]. The
conversion to the thiocarbonyl-bridged dimolybdenum complex
1251 was thermodynamically favorable, however further conver-
sion to the carbide and molybdenum sulfide was an endothermic
process. Group 6-Group 9 metal-carbide complexes were stud-
ied computationally [1232]. The focus was primarily on the metal
carbon bond. The carbon atom is best described as unhybridized
with the lone pair in a 2s orbital. The C-metal bond strength
in these complexes is comparable to that of metal nitrides and
metal oxo complexes; for example the bond dissociation energy
is 147 kcal/mol in CI(PMe3 ), Ru=C.

Acknowledgements

We thank the National Science Foundation, the National Insti-
tutes of Health, and the Petroleum Research Fund, Administered by
the American Chemical Society, for financial support of the portion
of research herein emanating from our laboratories.

References

[1] J. Hansen, H.M.L. Davies, Coord. Chem. Rev. 252 (2008) 545.

[2] H.M.L. Davies, J.R. Manning, Nature 451 (2008) 417.

[3] M.M. Diaz-Requejo, PJ. Pérez, Chem. Rev. 108 (2008) 3379.

[4] M. Christlieb, D.M. Hodgson, E. Gras, Org. React. Mech. (2008) 155.

[5] L Nicolas, P. Le Maux, G. Simonneaux, Coord. Chem. Rev. 252 (2008) 727.

[6] J. Chae, Yuki Gosei Kagaku Kyokaishi 66 (2008) 1223.

[7] J.C. Green, R.G. Scurr, P.R. Arnold, F.G.N. Cloke, Chem. Commun. (1997) 1963.

[8] A.A. Danopoulos, D.M. Hankin, G. Wilkinson, S.M. Cafferkey, T.K.N. Sweet,
M.B. Hursthouse, Polyhedron 16 (1997) 3879.

[9] N. Marion, S.P. Molan, Acc. Chem. Res. 41 (2008) 1440.

[10] S. Diez-Gonzalez, S.P. Nolan, Aldrichim. Acta 41 (2008) 43.

[11] EE. Hahn, M.C. Jahnke, Angew. Chem. Int. Ed. 47 (2008) 3122.

[12] V. Nair, S. Vellalath, B.P. Babu, Chem. Soc. Rev. 37 (2008) 2691.

[13] D.R. Snead, H. Seo, S. Hong, Curr. Org. Chem. 12 (2008) 1370.

[14] S. Wiirz, F. Glorius, Acc. Chem. Res. 41 (2008) 1523.

[15] J.M. Praetorius, C.M. Crudden, Dalton Trans. (2008) 4079.

[16] A.T. Normand, K. Cavell, Eur. J. Inorg. Chem. (2008) 2781.

[17] E. Boeda, S.P. Nolan, Annu. Rep. Prog. Chem. B: Org. Chem. 104 (2008) 184.

[18] S. Diez-Gonzalez, S.P. Nolan, Acc. Chem. Res. 41 (2008) 349.

[19] S. Wurtz, E. Glorius, Acc. Chem. Res. 41 (2008) 1523.

[20] L.M. Slaughter, Commun. Inorg. Chem. 29 (2008) 46.

[21] ].C. Pastre, C.R.D. Correia, Quim. Nova 31 (2008) 872.

[22] Y. Suzuki, Yuki Gosei Kagaku Kyokaishi 66 (2008) 377.

[23] See: R.H. Crabtree, The Organometallic Chemistry of the Transiiton Metals,
2nd ed., Wiley-Interscience, New York, 1994, p. 25.

[24] See the instructions for authors of J. Org. Chem. at the following website:
http://pubs.acs.org/userimages/ContentEditor/1218717864819/joceah.
abbreviations.pdf.

[25] J.C. Mol, in: G. Ertl (Ed.), Handbook of Heterogeneous Catalysis, vol. 7, 2nd
ed., Wiley-VCH, Weinheim, 2008, p. 3240.

[26] M.Bieniek, A. Michrowska, D.L. Usanov, K. Grela, Chem. Eur. J. 14 (2008) 806.

[27] X.Bei, D.P. Allen, R.L. Pederson, Pharm. Technol. (2008) s18.

[28] A.Michrowska, K. Grela, Pure Appl. Chem. 80 (2008) 31.

[29] E.R. Kobukowski, L.K. Woo, Chemtracts 21 (2008) 31.

[30] F. Boeda, H. Clavier, S.P. Nolan, Chem. Commun. (2008) 2726.

[31] H. Clavier, F. Boeda, S.P. Nolan, Chim. Oggi. 26 (2008) 54.

[32] R. Malacea, P.H. Dixneuf, in: C. Bruneau, P. Dixneuf (Eds.), Metal Vinylidenes
and Allenylidenes in Catalysis, Wiley-VCH, Weinheim, 2008, p. 251.

[33] I Dragutan, V. Dragutan, Platinum Met. Rev. 52 (2008) 157.

[34] 1. Dragutan, V. Dragutan, Platinum Met. Rev. 52 (2008) 71.

[35] X.Li, W.Zhang, X. Li, S. Liu, Huaxue Jinzhan 20 (2008) 1021.

[36] A.Szadkowska, K. Grela, Curr. Org. Chem. 12 (2008) 1631.

[37] S. Monaert, R. Drozdzak, F. Verpoort, Chim. Oggi. 26 (2009) 93.

[38] E. Borre, F. Caijo, D. Rix, C. Crevisy, M. Mauduit, Chim. Oggi. 26 (2009) 89.

[39] K. Sato, Gendai Kagaku 450 (2008) 21.

[40] S.W. Roberts, J.D. Ranier, Sci. Synth. 37 (2008) 531.

[41] A. Rouge dos Santos, C.R. Kaiser, ].P. Ferezou, Quim. Nova 31 (2008) 655.

[42] U. Luening, Pol. ]. Chem. 82 (2008) 1161.

[43] ].Prunet, A.Rouge dos Santos, ].P. Ferezou, in: F. Diederich, PJ. Stang, R.R. Tyk-
winski (Eds.), Modern Supramolecular Chemistry, Wiley-VCH, Weinheim,
2008, p. 29.

[44] TJ. Donohoe, L.P. Fishlock, P.A. Procopiu, Chem. Eur. J. 14 (2008) 5716.

[45] K. Grela, Angew. Chem. Int. Ed. 47 (2008) 5504.

[46] M. Ogaswara, S. Watanabe, K. Nakajima, T. Takahashi, Pure Appl. Chem. 80
(2008) 1109.

[47] D.Breen, K. Curran, W. Risse, in: L.S. Baugh, ].A.M. Canich (Eds.), Stereoselec-
tive Polymerization with Single Site Catalysts, CRC Press, Boca Raton, 2008,
p. 509.

[48] V. Dragutan, I. Dragutan, H. Fischer, ]. Inorg. Organomet. Polym. Mater. 18
(2008) 18.

[49] 1. Dragutan, V. Dragutan, H. Fischer, ]. Inorg. Organomet. Polym. Mater. 18
(2008) 311.

[50] T.Y. Luh, H.C. Yang, N.T. Lin, S.Y. Lin, S.L. Lee, C. Chen, Pure Appl. Chem. 80
(2008) 819.

[51] G.Rojas, E.B. Berda, K.B. Wagener, Polymer 49 (2008) 2985.

[52] Y. Coquerel, ]. Rodriguez, Eur. ]. Org. Chem. (2008) 1125.

[53] P.Sledz, M. Mauduit, K. Grela, Chem. Soc. Rev. 37 (2008) 2433.

[54] M. Matsugi, Yuki Gosei Kagaku Kyokaishi 66 (2008) 694.

[55] J.B. Binder, R.T. Raines, Curr. Opin. Chem. Biol. 12 (2008) 767.

[56] K. Kirshenbaum, P.S. Arora, Nat. Chem. Biol. 4 (2008) 527.

[57] T.E. Nielsen, S.E. Schreiber, Angew. Chem. Int. Ed. 47 (2008) 48.

[58] R.L.Pederson, ].T. Kibler, Chim. Oggi. 26 (2008) 68.

[59] M.A.R. Meier, Lipid Technol. 20 (2008) 84.

[60] A.Rybak, P.A. Fokou, M.A.R. Meier, Eur. J. Lipid Sci. Technol. 110 (2008) 797.

[61] B.B. Marvey, Int. J. Mol. Sci. 9 (2008) 1393.

[62] D.E. Fogg, Can.]J. Chem. 86 (2008) 931.

[63] V. Singh, S. Butra, Tetrahedron 64 (2008) 4511.

[64] C.Jossifov, R. Kalinova, A. Demonceau, Chim. Oggi. 26 (2009) 85.

[65] S. Karabulut, Y. Imamoglu, Synth. React. Inorg., Met.-Org. Nano-Met. Chem.
38 (2008) 734.

[66] A. Correa, C. Costabile, S. Giudice, L. Cavallo, in: K. Morokuma, D.G. Musaev
(Eds.), Computational Modeling for Homogeneous and Enzymatic Catalysis,
Wiley-VCH, Weinheim, 2008, p. 245.

[67] D.G.I Kingston, J. Org. Chem. 73 (2008) 3975.

[68] V. Cadierno, P. Crochet, Curr. Org. Synth. 5 (2008) 343.

[69] A.Schall, O. Reiser, Eur. J. Org. Chem. (2008) 2353.

[70] J.M. Ellis, M.T. Crimmins, Chem. Rev. 108 (2008) 5278.

[71] D.Bouyssi, N. Monteiro, G. Balme, Curr. Org. Chem. 12 (2008) 1570.

[72] K. Undheim, Amino Acids 34 (2008) 357.

[73] S.D.Koulocheri, E.N. Pitsinos, S.A. Haroutounian, Curr. Org. Chem. 12 (2008)
1454.

[74] K.Ersmark,].R. del Valle, S. Hanessian, Angew. Chem. Int. Ed. 47 (2008) 1202.

[75] K. Tiefenbacher, ]. Mulzer, Angew. Chem. Int. Ed. 47 (2008) 2548.

[76] A. Nishida, Farumashia 44 (2008) 761.

[77] K.C. Nicolaou, M.O. Frederick, RJ. Aversa, Angew. Chem. Int. Ed. 47 (2008)
7182.

[78] Y. Morimoto, Org. Biomol. Chem. 6 (2008) 1709.

[79] J. Sperry, P. Bachu, M.A. Brimble, Nat. Prod. Rep. 25 (2008) 376.

[80] M.E. Sinibaldi, I. Canet, Eur. J. Org. Chem. (2008) 4391.

[81] M.V. Perkins, Angew. Chem. Int. Ed. 47 (2008) 2921.

[82] T. Kobayashi, C.S. Regens, S.E. Denmark, Yuki Gosei Kagaku Kyokaishi 66
(2008) 616.

[83] S.Reymond, L. Ferrie, A. Guerinot, P. Capdevielle, J. Cossy, Pure Appl. Chem.
80 (2008) 1683.

[84] Anonymous, Chemtracts 21 (2008) 302.

[85] P. Appukkuttan, E. Van der Eycken, Eur. J. Org. Chem. (2008) 5867.

[86] A.Delgado, Eur. ]. Org. Chem. (2008) 3893.

[87] C.Mathe, C. Périgaud, Eur. ]. Org. Chem. (2008) 1489.

[88] C.Dupouy, C. Payraste, J.M. Escudier, Targets Heterocycl. Syst. 12 (2008) 185.

[89] J.R. Green, Eur. ]. Org. Chem. (2008) 6053.

[90] A. Brik, Adv. Synth. Catal. 350 (2008) 1661.

[91] LK. Henchey, A.L. Jochim, P.S. Arora, Curr. Opin. Chem. Biol. 12 (2008) 692.

[92] S.Jiang, Z. Li, K. Ding, P.P. Roller, Curr. Org. Chem. 12 (2008) 1502.

[93] A. Patgiri, A.L. Jochim, P.S. Arora, Acc. Chem. Res. 41 (2008) 1289.

[94] M.A. Gauthier, H.A. Klok, Chem. Commun. (2008) 2591.

[95] J. Tian, L. Wan, Z. Xu, Huaxue Tongbao 71 (2008) 102.

[96] J.F. Lutz, H.G. Boerner, Prog. Polym. Sci. 33 (2008) 1.

[97] E.E. Fenlon, Eur. J. Org. Chem. (2008) 5023.


http://pubs.acs.org/userimages/ContentEditor/1218717864819/joceah_abbreviations.pdf
http://pubs.acs.org/userimages/ContentEditor/1218717864819/joceah_abbreviations.pdf

J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 185

[98] H. Oike, Kobunshi 57 (2008) 524.
[99] E.Din, Y. Sun, S. Monsaert, R. Drozdzak, I. Dragutan, V. Dragutan, F. Verpoort,
Curr. Org. Synth. 5 (2008) 291.

[100] W. Prukala, Wiadomosci Chemiczne 62 (2008) 779.

[101] A.Ying, X. Chen, W. Ye, D. Zhang, L. Liu, J. Chen, Huaxue Jinzhan 20 (2008)
1642.

[102] C.O. Kappe, Chem. Soc. Rev. 37 (2008) 1127.

[103] N. Madhavan, C.W. Jones, M. Weck, Acc. Chem. Res. 41 (2008) 1153.

[104] M.R. Buchmeiser, ]. Sep. Sci. 31 (2008) 1907.

[105] M. Colombo, I. Peretto, Drug Disc. Today 13 (2008) 677.

[106] K. Endo, Nippon Gomu Kyokaishi 81 (2008) 121.

[107] P.W. Davies, Annu. Rep. Prog. Chem., Sect. B: Org. Chem. 104 (2008) 68.

[108] M.C. Pacheco, S. Purser, V. Gouverneur, Chem. Rev. 108 (2008) 1943.

[109] S.A. Testero, E.G. Mata, J. Comb. Chem. 10 (2008) 487.

[110] A. Behr, A. Westfechtel, J. Perez Gomes, Chem. Eng. Tech. 21 (2008) 700.

[111] MJ. Fuchter, C. Zhong, H. Zong, B.M. Hoffman, A.G.M. Barrett, Aust. J. Chem.
61(2008) 235.

[112] D.M. Haddleton, T. Welton, A.J. Carmichael, in: P. Wasserscheid, T. Welton
(Eds.), Ionic Liquids in Synthesis, vol. 2, 2nd ed., Wiley-VCH, Weinheim,
2008, p. 619.

[113] A. de Klerk, Green Chem. 10 (2008) 1249.

[114] Y. Zhao, D.G. Truhlar, Acc. Chem. Res. 41 (2008) 157.

[115] M.L. Waters, W.D. Wulff, Org. React. 70 (2008) 121.

[116] K. Nomura, Organomet. News (2008) 120.

[117] T. Takeda, A. Tsubouchi, Kagaku to Kogyo 82 (2008) 376.

[118] T. Takeda, A. Tsubouchi, Yuki Gosei Kagaku Kyokaishi 66 (2008) 1178.

[119] N.Iwasawa, in: C. Bruneau, P. Dixneuf (Eds.), Metal Vinylidenes and Allenyli-
denes in Catalysis, Wiley-VCH, Weinheim, 2008, p. 159.

[120] L. Busetto, V. Zanotti, Inorg. Chim. Acta 361 (2008) 3004.

[121] T. Ikeno, M. Sato, I. Iwakura, A. Kokura, T. Nagata, T. Yamada, Yuki Gosei
Kagaku Kyokaishi 66 (2008) 110.

[122] T. Cantat, N. Mézailles, A. Auffrant, P. Le Floch, Dalton Trans. (2008) 1957.

[123] H.G. Raubenheimer, S. Cronje, Dalton Trans. (2008) 1265.

[124] M.A. Sierra, . Fernandez, F.P. Cossio, Chem. Commun. (2008) 4671.

[125] B.M. Trost, A. McClory, Chem. Asian J. 3 (2008) 164.

[126] Y. Nishibayashi, S. Uemura, in: C. Bruneau, O. Dixneuf (Eds.), Metal Vinyli-
denes and Allenylidenes in Catalysis, Wiley-VCH, Weinheim, 2008, p. 217.

[127] R.S. Liu, Synlett (2008) 801.

[128] R.S.Liu, in: C.Bruneau, P. Dixneuf (Eds.), Metal Vinylidenes and Allenylidenes
in Catalysis, Wiley-VCH, Weinheim, 2008, p. 193.

[129] S.H. Wiedemann, C. Lee, in: C. Bruneau, P. Dixneuf (Eds.), Metal Vinylidenes
and Allenylidenes in Catalysis, Wiley-VCH, Weinheim, 2008, p. 279.

[130] O. Kaufhold, EE. Hahn, Angew. Chem. Int. Ed. 47 (2008) 4057.

[131] B. Séderberg, Coord. Chem. Rev. 252 (2008) 57.

[132] S. Kotha, S. Misra, S. Halder, Tetrahedron 64 (2008) 10775.

[133] N. Fu, T. Tidwell, Tetrahedron 64 (2008) 10465.

[134] V. Nair, A.K. Gopalkrishnan, Synlett (2008) 301.

[135] M.E. Welker, Tetrahedron 64 (2008) 11529.

[136] A.S.K.Hashmi, Angew. Chem. Int. Ed. 47 (2008) 6754.

[137] V. Michelet, P.Y. Toullec, J.P. Genet, Angew. Chem. Int. Ed. 47 (2008) 4268.

[138] S.E. Kirsch, Synthesis (2008) 3183.

[139] E. Jimenez-Nuiiez, A.M. Echavarren, Chem. Rev. 108 (2008) 3326.

[140] A.M. Echavarren, C. Nevado, C. Nieto-Oberhuber, M.P. Munoz, S. Lopez, NATO
Sci. Ser., II: Math., Phys. Chem. 246 (2008) 99.

[141] GJ. Hutchings, Top. Catal. 48 (2008) 55.

[142] H.C. Shen, Tetrahedron 64 (2008) 7847.

[143] H.C. Shen, Tetrahedron 64 (2008) 3885.

[144] R.A. Widenhoefer, Chem. Eur. J. 14 (2008) 5382.

[145] N. Bonyers, N. Krause, Angew. Chem. Int. Ed. 47 (2008) 2178.

[146] V. Cadierno, P. Crochet, J. Gimeno, Synlett (2008) 1105.

[147] J. Muzart, Tetrahedron 64 (2008) 5815.

[148] N. Marion, S.P. Nolan, Chem. Soc. Rev. 37 (2008) 1776.

[149] EJ. Fernandez, A. Laguna, M.E. Olmos, Coord. Chem. Rev. 252 (2008)
1630.

[150] B. Crone, S. Kirsch, Chem. Eur. J. 14 (2008) 3514.

[151] C.F. Nising, S. Brdse, Angew. Chem. Int. Ed. 47 (2008) 9389.

[152] ]. Larrosa, P. Romea, F. Urpi, Tetrahedron 64 (2008) 2683.

[153] J.C. Lewis, R.G. Bergman, J.A. Ellman, Acc. Chem. Res. 41 (2008) 1013.

[154] Z.Zhang, J. Wang, Tetrahedron 64 (2008) 6577.

[155] H. Pellissier, Tetrahedron 64 (2008) 7041.

[156] N. Ungvari, F. Ungvary, Modern Carbonylation Methods (2008) 199.

[157] E. Becker, S. Pavlik, K. Kirchner, Adv. Organomet. Chem. 56 (2008) 155.

[158] E.P. Urriolabeitia, Dalton Trans. (2008) 5673.

[159] R. Poli, Coord. Chem. Rev. 252 (2008) 1592.

[160] D. Rehder, Coord. Chem. Rev. 252 (2008) 2209.

[161] L.S. Santos, Eur. ]. Org. Chem. (2008) 235.

[162] M. Akita, T. Koike, Dalton Trans. (2008) 3523.

[163] C.Lapinte, J. Organomet. Chem. 693 (2008) 793.

[164] D. Schroder, H. Schwarz, Proc. Natl. Acad. Sci. U.S.A. 105 (2008) 18114.

[165] C. Bo, F. Maserus, Dalton Trans. (2008) 2911.

[166] K. Kirchner, Monatsh. Chem. 139 (2008) 337.

[167] E. Boeda, H. Clavier, M. Jordaan, W.H. Meyer, S.P. Nolan, J. Org. Chem. 73
(2008) 259.

[168] W.M. Cheung, H.Y. Ng, I.D. Williams, W.H. Leung, Inorg. Chem. 47 (2008)
4383.

[169] H. Hagiwara, N. Okunaka, T. Hoshi, T. Suzuki, Synlett (2008) 1813.

[170] F. Grisi, C. Costabile, E. Gallo, A. Mariconda, C. Tedesco, P. Longo,
Organometallics 27 (2008) 4649.

[171] K. Vehlow, D. Wang, M.R. Buchmeiser, S. Blechert, Angew. Chem. Int. Ed. 47
(2008) 2615.

[172] D. Rost, M. Porta, S. Gessler, S. Blechert, Tetrahedron Lett. 49 (2008) 5968.

[173] X. Luan, R. Mariz, M. Gatti, C. Costabile, A. Poater, L. Cavallo, A. Linden, R.
Dorta, . Am. Chem. Soc. 130 (2008) 6848.

[174] ].S.M. Samec, R.H. Grubbs, Chem. Eur. J. 14 (2008) 2686.

[175] C.S. Consorti, G.L.P. Aydos, G. Ebeling, ]J. Dupont, Org. Lett. 10 (2008) 237.

[176] AJ. Boydston, Y. Xia, J.A. Kornfield, L.A. Gorodetskaya, R.H. Grubbs, J. Am.
Chem. Soc. 130 (2008) 12775.

[177] K.H. Park, S. Kim, Y.K. Chung, Bull. Korean Chem. Soc. 29 (2008) 2057.

[178] S.W. Chen, ].H. Kim, H. Shin, S. Lee, Org. Biomol. Chem. 6 (2008) 2676.

[179] S. Monsaert, R. Drozdzak, V. Dragutan, I. Dragutan, F. Verpoort, Eur. J. Inorg.
Chem. (2008) 432.

[180] F.Boeda, X. Bantreil, H. Clavier, S.P. Nolan, Adv. Synth. Catal. 350 (2008) 2959.

[181] P.de Frémont, H. Clavier, V. Montembault, L. Fontaine, S.P. Nolan, J. Mol. Catal.
A 283 (2008) 108.

[182] D. Burtscher, C. Lexer, K. Mereiter, R. Winde, R. Karch, C. Slugovc, J. Polym.
Sci. A 46 (2008) 4630.

[183] G.C. Vougioukalakis, R.H. Grubbs, J. Am. Chem. Soc. 130 (2008) 2234.

[184] G.C. Vougioukalakis, R.H. Grubbs, Chem. Eur. J. 14 (2008) 7545.

[185] P.A. Founier, J. Savoie, B. Stenne, M. Bédard, A. Grandbois, S.K. Collins, Chem.
Eur. J. 14 (2008) 8690.

[186] E. Tzur, A. Ben-Asuly, C.E. Diesendruck, I. Goldberg, N.G. Lemcoff, Angew.
Chem. Int. Ed. 47 (2008) 6422.

[187] S.L. Balof, S.J. P'Pool, N.J. Berger, E.J. Valente, A.M. Shiller, H.J. Schanz, Dalton
Trans. (2008) 5791.

[188] A. Kirschning, L. Gulajski, K. Mennecke, A. Meyer, T. Busch, K. Grela, Synlett
(2008) 2692.

[189] L. Gulajski, A. Michrowska, J. Natroznik, Z. Kaczmarska, L. Rupnicki, K. Grela,
ChemSusChem 1 (2008) 103.

[190] I.C. Stewart, C.J. Douglas, R.H. Grubbs, Org. Lett. 10 (2008) 441.

[191] C.K. Chung, R.H. Grubbs, Org. Lett. 10 (2008) 2693.

[192] D.Rix, F. Caijo, I. Laurent, F. Boeda, H. Clavier, S.P. Nolan, M. Manduit, J. Org.
Chem. 73 (2008) 4225.

[193] V. Sashuk, C. Samojlowicz, A. Szadkowska, K. Grela, Chem. Commun. (2008)
2468.

[194] E.M. Hensle, ]. Tobis, J.C. Tiller, W. Bannwarth, J. Fluorine Chem. 129 (2008)
968.

[195] D.R. Anderson, T. Ung, G. Mkrtumyan, G. Bertrand, R.H. Grubbs, Y. Schrodi,
Organometallics 27 (2008) 563.

[196] A.Ben-Asuly, E. Tzur, C.E. Diesendruck, M. Sigalov, I. Goldberg, N.G. Lemcoff,
Organometallics 27 (2008) 811.

[197] T. Kost, M. Sigalov, I. Goldberg, A. Ben-Asuly, N.G. Lemcoff, ]J. Organomet.
Chem. 693 (2008) 2200.

[198] N. Vinokurov, J.R. Garabatos-Perera, Z. Zhao-Karger, M. Wiebeke, H. Buten-
schon, Organometallics 27 (2008) 1878.

[199] H. Clavier, S.P. Nolan, M. Manduit, Organometallics 27 (2008) 2287.

[200] H. Wakamatsu, Y. Saito, M. Masubuchi, R. Fujita, Synlett (2008) 1805.

[201] X. Elias, R. Pleixats, M.W.C. Man, Tetrahedron 64 (2008) 6770.

[202] J.Lim, S.S. Lee, J.Y. Ying, Chem. Commun. (2008) 4312.

[203] B.Van Berlo, K. Houthoofd, B.F. Sels, P.A. Jacobs, Adv. Synth. Catal. 350 (2008)
1949.

[204] D. Samanta, K. Kratz, X. Zhang, T. Emrick, Macromolecules 41 (2008) 530.

[205] J. Dang, E. Chen, H. Han, X. He, Y. Zhang, M. Xie, Gaofenzi Xuebao (2008)
343.

[206] F. Blanc, N. Rendén, R. Berthoud, J.M. Basset, C. Copéret, E.J. Tonzetich, R.R.
Schrock, Dalton Trans. (2008) 3156.

[207] F. Blanc, A. Salameh, J. Thivolle-Cazat, N. Rendén, J.M. Basset, C. Copéret, A.
Sinha, R.R. Schrock, Compt. Rend. Chim. 11 (2008) 137.

[208] S.J. Malcolmson, S.J. Meek, E.S. Sattely, R.R. Schrock, A.H. Hoveyda, Nature
456 (2008) 933.

[209] K. Nomura, Y. Onishi, M. Fujiki, J. Yamada, Organometallics 27 (2008) 3818.

[210] W. Zhang, K. Nomura, Inorg. Chem. 47 (2008) 6482.

[211] A. Lehtonen, H. Balcar, ]. Sedlacek, R. Sillanpdd, J. Organomet. Chem. 693
(2008) 1171.

[212] R. Tonner, G. Frenking, Chem. Commun. (2008) 1584.

[213] A.M.Romerosa Nievas, T. Campos Malpartida, C. Lidrissi, M. Peruzzini, Chem.
Abstr. 149 (2008) 556793.

[214] EJ. Lee, ].J. Ha, D.H. Keum, Y.G. Kim, C.H. Lee, S.H. Jung, B.R. Lee, J.A. Lee,
Chem. Abstr. 149 (2008) 557130.

[215] K.Takai, T. Oshiki, K. Michigami, Y. Tsurungi, Chem. Abstr. 149 (2008) 576975.

[216] R. Kadyrov, A. Szadkowska, K. Grela, M. Barbasiewicz, Chem. Abstr. 149
(2008) 534408.

[217] W.A. Herrmann, F. Koer, T. Viskampu, Chem. Abstr. 149 (2008) 268170.

[218] W.A.Herrmann, W. Satenman, T. Viskampu, Chem. Abstr. 149 (2008) 176473.

[219] M. Mauduit, I. Laurent, H. Clavier, Chem. Abstr. 149 (2008) 32434.

[220] D. Arlt, M. Bieniek, R. Karch, Chem. Abstr. 148 (2008) 379768.

[221] K. Puentener, M. Scalone, Chem. Abstr. 148 (2008) 100738.

[222] K. Grela, M. Barbasiewicz, A. Szadkowska, Chem. Abstr. 148 (2008) 55576.

[223] M. Green, D.F. Wass, Chem. Abstr. 149 (2008) 308298.

[224] M. Green, D.F. Wass, Chem. Abstr. 149 (2008) 308291.

[225] G.C. Vougioukaiakis, R.H. Grubbs, Chem. Abstr. 148 (2008) 586302.

[226] H.Hagiwara, Chem. Abstr. 149 (2008) 533594.

[227] A.S. Hock, R.R. Schrock, Chem. Abstr. 148 (2008) 562332.



186 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

[228] M. Barbasiewicz, A. Szadkowska, A. Makal, K. Jarzembska, K. Wozniak, K.
Grela, Chem. Eur. J. 14 (2008) 9330.

[229] S.C. Marinescu, R. Singh, A.S. Hock, K.M. Wampler, R.R. Schrock, P. Miiller,
Organometallics 27 (2008) 6570.

[230] AJ. Gabert, R.R. Schrock, P. Miiller, Chem. Asian J. 3 (2008) 1535.

[231] AJ.Jiang, R.R. Schrock, P. Miiller, Organometallics 27 (2008) 4428.

[232] E.F.vander Eide, P.E. Romero, W.E. Piers, ]. Am. Chem. Soc. 130 (2008) 4485.

[233] E.M. Leitao, S.R. Dubberley, W.E. Piers, Q. Wu, R. McDonald, Chem. Eur. ]. 14
(2008) 11565.

[234] J. Mathew, N. Koga, C.H. Suresh, Organometallics 27 (2008) 4666.

[235] C.N.Rowley, E.F.vanderEide, W.E. Piers, T.K. Woo, Organometallics 27 (2008)
6043.

[236] D.R. Anderson, D.J. O’Leary, R.H. Grubbs, Chem. Eur. J. 14 (2008) 7536.

[237] S. Leuthdusser, V. Schmidts, C.M. Thiele, H. Plenio, Chem. Eur. ]. 14 (2008)
5465.

[238] F.Blanc, R. Berthoud, C. Copéret, A. Lesage, L. Emsley, R. Singh, T. Kreickmann,
R.R. Schrock, Proc. Natl. Acad. Sci. U.S.A. 105 (2008) 12123.

[239] F. Blang, J. Thivolle-Cazat, J.M. Basset, C. Copéret, Chem. Eur. J. 14 (2008)
9030.

[240] F. Blanc, J.M. Basset, C. Copéret, A. Sinha, Z]. Tonzetich, R.R. Schrock, X.
Solans-Monfort, O. Eisenstein, A. Lesage, L. Emsley, J. Am. Chem. Soc. 130
(2008) 5886.

[241] A.M. Leduc, A. Salameh, D. Soulivong, M. Chabanas, ].M. Basset, C. Copéret, X.
Solans-Monfort, E. Clot, O. Eisenstein, V.P.W. B6hm, M. Réper, J. Am. Chem.
Soc. 130 (2008) 6288.

[242] S. Schinzel, H. Chermetter, C. Copéret, ].M. Basset, J. Am. Chem. Soc. 130
(2008) 7984.

[243] R.Ahuja, S. Kundu, A.S. Goldman, M. Brookhart, B.C. Vicente, S.L. Scott, Chem.
Commun. (2009) 253.

[244] ].M. Blacquiere, T. Jurca, J. Weiss, D.E. Fogg, Adv. Synth. Catal. 350 (2008)
2849.

[245] M.M. Gallagher, A.D. Rooney, J.J. Rooney, J. Organomet. Chem. 693 (2008)
1252.

[246] K. Getty, M.U. Delgado-Jaime, P. Kennepohl, Inorg. Chim. Acta 361 (2008)
1059

[247] S. Torker, D. Merki, P. Chen, J. Am. Chem. Soc. 130 (2008) 4808.

[248] 1. Czelusniak, ].D. Heywood, A.M. Kenwright, E. Khosravi, J. Mol. Catal. A 280
(2008) 29.

[249] M.D. Eelman, J.M. Blacquiere, M.M. Moriarty, D.E. Fogg, Angew. Chem. Int.
Ed. 47 (2008) 303.

[250] A. Salameh, A. Baudouin, D. Soulivong, V. Bohm, M. Réper, J.M. Basset, C.
Copéret, J. Catal. 253 (2008) 180.

[251] H. Wang, J.0. Metzger, Organometallics 27 (2008) 2761.

[252] V.I. Bykov, E.M. Khmarin, B.A. Belyaev, T.A. Butenko, E.S. Finkel'shtein, Kinet.
Catal. 49 (2008) 11.

[253] F.Gao, Y. Wang, F. Calaza, D. Stacchiola, W.T. Tysoe, ]. Mol. Catal. A 281 (2008)
14.

[254] V. Polshettiwar, R.S. Varma, J. Org. Chem. 73 (2008) 7417.

[255] L. Gulajski, P. Sledz, A. Lupa, K. Grela, Green Chem. 10 (2008) 271.

[256] B.H. Lipshutz, G.T. Aguinaldo, S. Ghorai, K. Voigtritter, Org. Lett. 10 (2008)
1325.

[257] B.H. Lipshutz, S. Ghorai, G.T. Aguinaldo, Adv. Synth. Catal. 350 (2008) 953.

[258] C.S.Adjiman, A}]. Clarke, G. Cooper, P.C. Taylor, Chem. Commun. (2008) 2806.

[259] M.T. Bwangi, M.B. Runge, K.M. Hoak, M.D. Schulz, N.B. Bowden, Chem. Eur.
J. 14 (2008) 6780.

[260] X. Miao, C. Fischmeister, C. Bruneau, P.H. Dixneuf, ChemSusChem 1 (2008)
813.

[261] C.Samojlowicz, M. Bieniek, A. Zarecki, R. Kadyrov, K. Grela, Chem. Commun.
(2008) 6282.

[262] J.E. Macdonald, J.G.C. Veinot, Langmuir 24 (2008) 7169, Errata 12092.

[263] A. Keraani, T. renouard, C. Fischmeister, C. Bruneau, M. Rabiller-Baudry,
ChemSusChem 1 (2008) 927.

[264] L.P.H. Lopez, R.R. Schrock, P. Miiller, Organometallics 27 (2008) 3857.

[265] Y. Nakayama, N. Maeda, H. Yasuda, T. Shiono, Polym. Int. 57 (2008) 950.

[266] M. Jordaan, H.C.M. Vosloo, Mol. Simul. 34 (2008) 997.

[267] S. Naumov, M.R. Buchmeiser, ]. Phys. Org. Chem. 21 (2008) 963.

[268] ]. Guan, G. Yang, D. Zhou, W. Zhang, X. Liu, X. Han, X. Bao, Catal. Commun. 9
(2008) 2213.

[269] ]. Handzlik, M. Stosur, A. Kochel, T. Szymanska-Buzar, Inorg. Chim. Acta 361
(2008) 502.

[270] D. Yiiksel, B. Diiz, F. Sevin, J. Phys. Chem. A 112 (2008) 4636.

[271] A.LL. East, G.M. Berner, A.D. Morcom, L. Mihichuk, ]J. Chem. Theory Comp. 4
(2008) 1274.

[272] D. Wang, K. Wurst, W. Knolle, U. Decker, L. Prager, S. Naumov, M.R. Buch-
meiser, Angew. Chem. Int. Ed. 47 (2008) 3267.

[273] J. Handzlik, A. Shiga, J. Kondziotka, ]J. Mol. Catal. A 284 (2008) 8.

[274] J. Handzlik, P. Sautet, J. Catal. 256 (2008) 1.

[275] A. Salameh, A. Baudouin, .M. Basset, C. Copéret, Angew. Chem. Int. Ed. 47
(2008) 2117.

[276] D. Benitez, E.T. Katerina, W.A. Goddard III, Chem. Commun. (2008) 6194.

[277] ].P. Bishop, R.A. Register, Macromol. Rapid Commun. 29 (2008) 713.

[278] E.M. Kolonko, L. Kiessling, J. Am. Chem. Soc. 130 (2008) 5626.

[279] S.L. Mangold, R.T. Carpenter, L. Kiessling, Org. Lett. 10 (2008) 2997.

[280] X. Liu, A. Basu, Langmuir 24 (2008) 11169.

[281] A.Lober, A.Verch, B. Schlemmer, S. Hofer, B. Frerich, M.R. Buchmeiser, Angew.
Chem. Int. Ed. 47 (2008) 9138.

[282] B. Xue, K. Ogata, A. Toyota, Chin. J. Polym. Sci. 26 (2008) 525.

[283] M.Sandholzer, S. Bichler, E. Stelzer, C. Slugovc, J. Polym. Sci. A 46 (2008) 2402.

[284] S.K. Yang, M. Weck, Macromolecules 41 (2008) 346.

[285] Y. Wang, D.E. Noga, K. Yoon, A.M. Wojtowicz, A.S.P. Lin, AJ. Garcia, D.M.
Collard, M. Weck, Adv. Funct. Mater. 18 (2008) 3638.

[286] Z.Yang, C.D. Han, Polymer 49 (2008) 5128.

[287] R. Kamakshi, B.S.R. Reddy, J. Polym. Sci. A 46 (2008) 1521.

[288] D.S.Stoianova, L. Yao, A. Rolfe, T. Samarakoon, P.R. Hanson, Tetrahedron Lett.
49 (2008) 4553.

[289] TJ. Wigglesworth, F. Teixeira Jr., F. Axthelm, S. Eisler, N.S. Csaba, H.P. Merkle,
W. Meier, F. Diedrich, Org. Biomol. Chem. 6 (2008) 1905.

[290] S.F. Alfred, Z.M. Al-Badri, A.E. Madkour, K. Lienkamp, G.N. Tew, ]. Polym. Sci.
A 46 (2008) 2640.

[291] M. Xie, J. Dang, H. Han, W. Wang, J. Liu, X. He, Y. Zhang, Macromolecules 41
(2008) 9004.

[292] M. Xie, Y. Kong, H. Han, J. Shi, L. Ding, C. Song, Y. Zhang, React. Funct. Polym.
68 (2008) 1601.

[293] J.B. Matson, R.H. Grubbs, . Am. Chem. Soc. 130 (2008) 6731.

[294] S.C.G. Biagini, V.C. Gibson, M.R. Giles, E.L. Marshall, M. North, J. Polym. Sci. A
46 (2008) 7985.

[295] S. Colak, G.N. Tew, Macromolecules 41 (2008) 8436.

[296] J. Vargas, A. Martinez, A.A. Santiago, M.A. Tlenkopatchev, Polymer Bull. 61
(2008) 689.

[297] GJ.Gabriel, A.E. Madkour, J.M. Dabkowski, C.F. Nelson, K. Niisslein, G.N. Tew,
Biomacromolecules 9 (2008) 2980.

[298] Z.M. Al-Badri, A. Som, S. Lyon, C.F. Nelson, K. Niisslein, G.N. Tew, Biomacro-
molecules 9 (2008) 2805.

[299] A.Rolfe, D.A. Probst, K.A. Volp, I. Omar, D.L. Flynn, P.R. Hanson, J. Org. Chem.
73 (2008) 8785.

[300] D.A. Rankin, A.B. Lowe, Macromolecules 41 (2008) 614.

[301] Z.M. Al-Badri, G.N. Tew, Macromolecules 41 (2008) 4173.

[302] S. Hilf, R.H. Grubbs, A.E.M. Kilbinger, J. Am. Chem. Soc. 130 (2008) 11040.

[303] J.B. Matson, R.H. Grubbs, Macromolecules 41 (2008) 5626.

[304] ]. Vargas, S. Fomine, L. Fomina, M.A. Tlenkopatchev, Open Macromol. ]J. 2
(2008) 32.

[305] H.A. Kang, H.E. Bronstein, T.M. Swager, Macromolecules 41 (2008) 5540.

[306] Y. Ogata, Y. Makita, M. Okaniwa, Polymer 49 (2008) 4819.

[307] EM. Sinner, C. Gatschelhofer, A. Mautner, C. Magnes, M.R. Buchmeiser, T.R.
Pieber, J. Chromatogr. A 1191 (2008) 274.

[308] R.Bandari, W. Knolle, M.R. Buchmeiser, ]. Chromatogr. A 1191 (2008) 268.

[309] M. Sandholzer, M. Schuster, F. Varga, R. Liska, C. Slugovc, J. Polym. Sci. A 46
(2008) 3648.

[310] S.Samanta, J. Locklin, Langmuir 24 (2008) 9558.

[311] K.P. Nair, V. Breedveld, M. Weck, Macromolecules 41 (2008) 3429.

[312] F.Jing, M.A. Hillmyer, J. Am. Chem. Soc. 130 (2008) 13826.

[313] A.L. Parry, PH.H. Bomans, S.J. Holder, N.A.J.M. Sommerdijk, S.C.G. Biagni,
Angew. Chem. Int. Ed. 47 (2008) 8859.

[314] K. Studenrauch, M. Sandholzer, F. Niedermaier, K. Waich, T. Mayr, L. Klimant,
G. Trimmel, C. Slugovc, Eur. Polym. J. 44 (2008) 2558.

[315] M. Sandholzer, G. Fritz-Popovski, C. Slugovc, J. Polym. Sci. A 46 (2008)
401.

[316] K. Lienkamp, A.E. Madkour, A. Musante, C.F. Nelson, K. Niisslein, G.N. Tew, J.
Am. Chem. Soc. 130 (2008) 9836.

[317] B. Xue, K. Ogata, A. Toyota, Polym. Deg. Stab. 93 (2008) 347.

[318] S.D. Park, W. Xu, C. Chung, Y. Kwon, Macromol. Res. 16 (2008) 155.

[319] T. Hofler, T. Greisser, M. Gruber, G. Jakopic, G. Trimmel, W. Kern, Macromol.
Chem. Phys. 209 (2008) 488.

[320] Y. Nishihara, S. Izawa, Y. Inoue, Y. Nakayama, T. Shiono, K. Takagi, J. Polym.
Sci. A 46 (2002) 3314.

[321] N. Travert-Branger, F. Dubois, O. Carion, G. Carrot, B. Mahler, B. Dubertret, E.
Doris, C. Mioskowski, Langmuir 24 (2008) 3016.

[322] S. Sutthasupa, F. Sanda, T. Masuda, Macromol. Chem. Phys. 209 (2008)
930.

[323] T.Katsumata, J. Qu, M. Shiotsuki, M. Satoh, J. Wada, J. Igarashi, K. Mizoguchi,
T. Masuda, Macromolecules 41 (2008) 1175.

[324] T. Yamamoto, T. Fukushima, A. Kosaka, W. Jin, Y. Yamamoto, N. Ishii, T. Aida,
Angew. Chem. Int. Ed. 47 (2008) 1672.

[325] N.P.Evlampieva, M.L. Gringol'ts, LI Zaitseva, O.V. Okatova, T.S. Dmitrieva, P.P.
Khlyabich, E.I. Ryumtsev, Russ. ]. Appl. Chem. 81 (2008) 2014.

[326] M.V. Bremeshev, M.L. Gringol'ts, V.G. Lakhtin, E.S. Finkel'shtein,
Neftekhimiya 48 (2008) 300.

[327] T.Okada, T. Yamamoto, K. Takahiro, H. Yamakawa, T. Kenkyu, Gijutsu Hokoku
52(2008) 11.

[328] C.L.Lin, H.C. Yang, N.T. Lin, IJ. Hsu, Y. Wang, T.Y. Luh, Chem. Commun. (2008)
4484.

[329] H.C.Yang, S.L. Lee, C. Chen, N.T. Lin, H.C. Yang, B.Y. Jin, T.Y. Luh, Chem. Com-
mun. (2008) 6158.

[330] T.C.Mauldin, K. Haman, X. Sheng, P. Henna, R.C. Larock, M.R. Kessler, ]. Polym.
Sci. A 46 (2008) 6851.

[331] P.H.Henna, M.R. Kessler, R.C. Larock, Macromol. Mater. Eng. 293 (2008) 979.

[332] BJ. Berron, PA. Payne, G.K. Jennings, Ind. Eng. Chem. Res 47 (2008) 7707.

[333] C. Burd, M. Weck, ]. Polym. Sci. A 46 (2008) 1936.

[334] W.Jeong, M.R. Kessler, Chem. Mater. 20 (2008) 7060.

[335] S.Hayano, Y. Tsunogae, Chem. Lett. 37 (2008) 518.

[336] G.O. Wilson, M.M. Caruso, N.T. Reimer, S.R. White, N.R. Sottos, ].S. Moore,
Chem. Mater. 20 (2008) 3288.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 187

[337] G.O.Wilson, ].S. Moore, S.R. White, N.R. Sottos, H.M. Andersson, Adv. Funct.
Mater. 18 (2008) 44.

[338] W.H. Binder, S. Kurzhals, B. Pulamagatta, U. Decker, G.M. Pawar, D. Wang, C.
Kiihnel, M.R. Buchmeiser, Macromolecules 41 (2008) 8405.

[339] S.B. Myers, R.A. Register, Macromolecules 41 (2008) 5283.

[340] F.Ismail, F. Bendebane, A. Boukhari, Leban. Sci. J. 9 (2008) 113.

[341] S.B. Myers, R.A. Register, Polymer 49 (2008) 877.

[342] S. Hilf, N. Hanik, A.E.M. Kilbinger, ]. Polym. Sci. A 46 (2008) 2913.

[343] S. Hilf, R.H. Grubbs, A.E.M. Kilbinger, Macromolecules 41 (2008) 6006.

[344] M.Carnes,D.Buccella,]. Decatur, M.L. Steigerwald, C. Nuckolls, Angew. Chem.
Int. Ed. 47 (2008) 2982.

[345] G. Masson, AJ. Lough, 1. Manners, Macromolecules 41 (2008) 539.

[346] H. Han, ]. Liu, W. Huang, C. Song, Y. Zhang, M. Xie, Gaofenzi Xuebao (2008)
492.

[347] Y. Xia, R. Verduzco, R.H. Grubbs, J.A. Kornfield, ]. Am. Chem. Soc. 130 (2008)
1735.

[348] S.]Ji, T.R. Hoye, C.W. Macosko, Polymer 49 (2008) 5307.

[349] L. Gao, D. Johnston, M.C. Lonergan, Macromolecules 41 (2008) 4071.

[350] S.H. Chi, ].M. Hales, C. Fuentes-Hernandez, S.Y. Tseng, ].Y. Cho, S.A. Odom,
Q. Zhang, S. Barlow, RR. Schrock, S.R. Marder, B. Kippelen, J.W. Perry, Adv.
Mater. 20 (2008) 3199.

[351] J.E. Gautrot, X.X. Zhu, Chem. Commun. (2008) 1674.

[352] S. Kang, B.M. Berkshire, Z. Xue, M. Gupta, C. Layode, P.A. May, M.F. Mayer, J.
Am. Chem. Soc. 130 (2008) 15246.

[353] K. Yamabuki, Y. Isobe, K. Onimura, T. Oishi, Polym. J. 40 (2008) 205.

[354] A.F. Mingotaud, C. Mingotaud, W. Moussa, ]. Polym. Sci. A 46 (2008) 2833.

[355] K. Mizuta, M. Tanida, Y. Kawaguchi, Y. Isobe, K. Onimura, T. Oishi, Kobunshi
Ronbunshu 65 (2008) 362.

[356] C. Airaud, V. Héroguez, Y. Gnanou, Macromolecules 41 (2008) 3015.

[357] S.A.Eastman, AJ. Lesser, T.J. McCarthy, J. Appl. Polym. Sci. 109 (2008) 3961.

[358] R. Singh, R.R. Schrock, Macromolecules 41 (2008) 2990.

[359] B. Adrjan, T. Szymanska-Buzar, J. Organomet. Chem. 693 (2008) 2163.

[360] M. Stosur, T. Szymanska-Buzar, ]. Mol. Catal. A 286 (2008) 98.

[361] H.Iwasaki, Y. Inubushi, Chem. Abstr. 148 (2008) 380143.

[362] E.B.Berda, K.B. Wagener, Macromol. Chem. Phys. 209 (2008) 1601.

[363] J.K. Leonard, T.E. Hopkins, K. Chaffin, K.B. Wagener, Macromol. Chem. Phys.
209 (2008) 1485.

[364] E. Boz, I. Ghiviriga, A.]. Nemeth, K. Jeon, R.G. Alamo, K.B. Wagener, Macro-
molecules 41 (2008) 25.

[365] A. Strachota, V. Cimrova, E. Thorn-Csanyi, Macromol. Symp. 268 (2008) 66.

[366] H. Weychardt, H. Plenio, Organometallics 27 (2008) 1479.

[367] J.E. Copenhafer, R.W. Walters, T.Y. Meyer, Macromolecules 41 (2008) 31.

[368] K. Nomura, N. Yamamoto, R. Ito, M. Fujiki, Y. Geerts, Macromolecules 41
(2008) 4245.

[369] A.Rybak, M.A.R. Meier, ChemSusChem 1 (2008) 542.

[370] P.P. Matloka, Z. Kean, M. Greenfield, K.B. Wagener, J. Polym. Sci. A 46 (2008)
3992.

[371] N. Mukherjee, R.M. Peetz, Macromolecules 41 (2008) 6677.

[372] K. Terada, E.B. Berda, K.B. Wagener, F. Sanda, T. Masuda, Macromolecules 41
(2008) 6041.

[373] C.B. Nielsen, D. Veldman, R. Martin-Raptn, R.A.J. Janssen, Macromolecules
41 (2008) 1094.

[374] C.Xue, M. Chen, S. Jin, Polymer 49 (2008) 5314.

[375] G.V. Shultz, L.N. Zakharov, D.R. Tyler, Macromolecules 41 (2008) 5555.

[376] G.V. Shultz, 0.B. Berryman, L.N. Zakharov, D.R. Tyler, ]. Inorg. Organomet.
Polym. Mater. 18 (2008) 149.

[377] Y. Tezuka, T. Ohtsuka, K. Adachi, R. Komiya, N. Ohno, N. Okui, Macromol.
Rapid Commun. 29 (2008) 1237.

[378] A. Nagai, T. Hirabayashi, H. Kudo, T. Nishikubo, J. Polym. Sci. A 46 (2008)
4879.

[379] P.A. Fokou, M.A.R. Meier, Macromol. Rapid. Commun. 29 (2008) 1620.

[380] K. Adachi, S. Honda, S. Hayashi, Y. Tezuka, Macromolecules 41 (2008) 7898.

[381] N.L. Wagner, FJ. Timmers, D.J. Arriola, G. Jueptner, B.G. Landes, Macromol.
Rapid Commun. 29 (2008) 1438.

[382] B.Allaert, N. Ledoux, N. Dieltiens, H. Vander Mierde, C.V. Stevens, P. Van Der
Voort, F. Verpoort, Catal. Commun. 9 (2008) 1054.

[383] J. Zhou, J.F. Hartwig, ]. Am. Chem. Soc. 130 (2008) 12220.

[384] A. Aljarilla, J. Plumet, Synthesis (2008) 3516.

[385] A. Aljarilla, J. Plumet, Eur. J. Org. Chem. (2008) 3984.

[386] K. Matsumoto, S.A. Kozmin, Adv. Synth. Catal. 350 (2008) 557.

[387] S. Anas, C. Sarika, R. Rajan, K.V. Radhakrishnan, Indian J. Chem. 47B (2008)
1063.

[388] Y. Mori, M. Oguri, Chem. Abstr. 148 (2008) 215482.

[389] A.W.van Zijl, W. Szymanski, F. Lépez, A.J. Minaard, B.L. Ferringa, ]. Org. Chem.
73 (2008) 6994.

[390] F. Yoshimura, M. Takahashi, K. Tanino, M. Miyashita, Tetrahedron Lett. 49
(2008) 6991.

[391] C.Bonini, M.Campaniello, L. Chiummiento, V. Videtta, Tetrahedron 64 (2008)
8766.

[392] A.Rybak, M.A.R. Meier, Green Chem. 10 (2008) 1099.

[393] N.N. Sergeeva, V.L. Pablo, M.O. Senge, J. Organomet. Chem. 693 (2008)
2637.

[394] Y. Suzaki, T. Taira, K. Osakada, M. Horie, Dalton Trans. (2008) 4823.

[395] A. Dittoo, V. Bellosta, J. Cossy, Synlett (2008) 2459.

[396] M.Bandini, M. Contento, A. Garelli, M. Monari, A. Tolomelli, A. Umani-Ronchi,
E. Andriolo, M. Montorsi, Synthesis (2008) 3801.

[397] A.F. Newton, M. Rejzek, M.L. Alcaraz, R.A. Stockman, Beilstein J. Org. Chem.
4 (2008), doi:10.1186/1860-5397-4.

[398] R.W. Bates, K. Palani, Tetrahedron Lett. 49 (2008) 2832.

[399] M.A. Hiebel, B. Pelotier, P. Lhoste, O. Piva, Synlett (2008) 1202.

[400] P. Gupta, P. Kumar, Eur. J. Org. Chem. 1195 (2008), Errata 1993.

[401] Y.Hayashi, T. Regnier, S. Nishiguchi, M.O. Sydnes, D. Hashimoto, ]. Hasegawa,
T. Katoh, T. Kajimoto, M. Shiozuka, R. Matsuda, M. Node, Y. Kiso, Chem.
Commun. (2008) 2379.

[402] K.L.]Jackson, J.A. Henderson, J.C. Morris, H. Motoyoshi, A.J. Phillips, Tetrahe-
dron Lett. 49 (2008) 2939.

[403] L. Ferrié, L. Boulard, F. Pradoux, S. BouzBouz, S. Reymond, P. Capdevielle, J.
Cossy, J. Org. Chem. 73 (2008) 1864.

[404] H. Guo, M.S. Mortensen, G.A. O’'Doherty, Org. Lett. 10 (2008) 3149.

[405] A. Bisai, S.P. West, R. Sarpong, ]. Am. Chem. Soc. 130 (2008) 7222.

[406] K.C. Nicolaou, M.O. Frederick, A.C.B. Burtoloso, R.M. Denton, F. Rivas, K.P.
Cole, RJ. Aversa, R. Gibe, T. Umezawa, T. Suzuki, J. Am. Chem. Soc. 130 (2008)
7466.

[407] A.W. van Zijl, AJ. Minaard, B.L. Feringa, J. Org. Chem. 73 (2008) 5651.

[408] H.Y. Chen, J.H. Lai, X. Jiang, J. Lahann, Adv. Mater. 20 (2008) 3474.

[409] K. Tadpetch, S.D. Rychnovsky, Org. Lett. 10 (2008) 4839.

[410] M. Barbazanges, C. Meyer, ]. Cossy, Org. Lett. 10 (2008) 4489.

[411] D.M. Troast, ]. Yuan, J.A. Porco Jr., Adv. Synth. Catal. 350 (2008) 1701.

[412] M.T. Dinh, S. Bouzbougz, ].L. Péglion, ]. Cossy, Tetrahedron 64 (2008) 5703.

[413] S. Fustero, J. Moscardé, D. Jiménez, M.D. Pérez-Carrién, M. Sanchez-Rosell6,
C. del Pozo, Chem. Eur. J. 14 (2008) 9868.

[414] B. Kim, M. Lee, M.J. Kim, H. Lee, S. Kim, D. Kim, M. Koh, S.B. Park, K. Shin, J.
Am. Chem. Soc. 130 (2008) 16807.

[415] TJ. Murray, C.J. Forsyth, Org. Lett. 10 (2008) 3429.

[416] N.M. Neisius, B. Plietker, J. Org. Chem. 73 (2008) 3218.

[417] A. Kirschning, K. Harmrolfs, K. Mennecke, ]J. Messinger, U. Schon, K. Grela,
Tetrahedron Lett. 49 (2008) 3019.

[418] D.A. Evans, L. Kvaerno, T.B. Dunn, A. Beuchemin, B. Raymer, ].A. Mulder, E.J.
Olhava, M. Juhl, K. Kagechika, D.A. Favor, ]. Am. Chem. Soc. 130 (2008) 16295.

[419] J.C. Gonzalez-Gémez, F. Foubelo, M. Yus, Synlett (2008) 2777.

[420] M. Ishikawa, T. Ninomiya, J. Antibiot. 61 (2008) 692.

[421] H. Yokoe, M. Yoshida, K. Shishido, Tetrahedron Lett. 49 (2008) 3504.

[422] P.A. Evans, WJ]. Andrews, Angew. Chem. Int. Ed. 47 (2008) 5426.

[423] H.Yang, R.G. Carter, L.N. Zakharov, ]. Am. Chem. Soc. 130 (2008) 9238.

[424] LJ. Chen, D.R. Hou, Tetrahedron: Asymmetry 19 (2008) 715.

[425] M. Lumini, EM. Cordero, F. Pisaneschi, A. Brandi, Eur. J. Org. Chem. (2008)
2817.

[426] V. Roy, A. Mieczkowski, D. Topalis, S. Berteina-Raboin, D. Deville-Bonne, S.P.
Nolan, L.A. Agrofoglio, Synthesis (2008) 2127.

[427] H. Kumamoto, D. Topalis, ]. Broggi, U. Pradére, V. Roy, S. Berteina-Raboin,
S.P. Nolan, D. Deville-Bonne, G. Andrei, R. Snoeck, D. Garin, J.M. Crance, L.A.
Agrofoglio, Tetrahedron 64 (2008) 3517.

[428] R.Ettari, E.Nizi, M.E. Di Francesco, M.A. Dude, G. Pradel, R. Vicik, T. Schirmeis-
ter, N. Micale, S. Grasso, M. Zappal4, J. Med. Chem. 51 (2008) 988.

[429] AJ. Brouwer, R.C. Elgersma, M. Jagodzinska, D.T.S. Rijkers, R.M.J. Liskamp,
Bioorg. Med. Chem. Lett. 18 (2008) 78.

[430] J. Stambasky, A.V. Malkov, P. Kocovsky, Coll. Czech. Chem. Commun. 73
(2008) 705.

[431] R.W. Bates, R.H. Snell, S. Winbush, Synlett (2008) 1042.

[432] T. Ullrich, M. Ghobrial, C. Peters, A. Billich, D. Guerini, P. Nussbaumer,
ChemMedChem 3 (2008) 356.

[433] J.D. Waetzig, P.R. Hanson, Org. Lett. 10 (2008) 109.

[434] A. Whitehead, J.D. Waetzig, C.D. Thomas, P.R. Hanson, Org. Lett. 10 (2008)
1421.

[435] F.C. da Silva, V.F. Ferreira, M.C.B.V. de Souza, A.C. Tomé, M.G.P.M.S. Neves,
A.M.S. Silva, J.A.S. Cavaleiro, Synlett (2008) 1205.

[436] K.C. Nicolaou, T.R. Wu, D. Sarlah, D.M. Shaw, E. Rowcliffe, D.R. Burton, J. Am.
Chem. Soc. 130 (2008) 11114.

[437] LE Tietze, T. Redert, H.P. Bell, S. Hellkamp, L.M. Levy, Chem. Eur. J. 14 (2008)
2527.

[438] 1. Paterson, E.A. Anderson, S.M. Dalby, ]J.H. Lim, J. Genovino, P. Maltas, C.
Moessner, Angew. Chem. Int. Ed. 47 (2008) 3021.

[439] Y.A.Lin, J.M. Chalker, N. Floyd, G.].L. Bernardes, B.G. Davis, J. Am. Chem. Soc.
130 (2008) 9642.

[440] ]. Robertson, S.P. Green, M.J. Hall, A,]J. Tyrrell, W.P. Unsworth, Org. Biomol.
Chem. 6 (2008) 2628.

[441] S. Boldon, J.E. Moore, V. Gouverneur, Chem. Commun. (2008) 3622.

[442] S.P. Marsden, A.D. McElhinney, Beilstein ]J. Org. Chem. 4 (2008),
doi:10.1186/1860-5397-4-8.

[443] G.Cheng, N.R.Vautravers, R.E. Morris, D.J. Cole-Hamilton, Org. Biomol. Chem.
6(2008) 4662.

[444] S. Sulaiman, A. Bhaskar, J. Zhang, R. Guda, T. Goodson III, R.M. Laine, Chem.
Mater. 20 (2008) 5563.

[445] KE. Plass, X. Liu, B.S. Brunschwig, N.S. Lewis, Chem. Mater. 20 (2008)
2228.

[446] S. Purser, T.D.W. Claridge, B. O’dell, P.R. Moore, V. Gouverneur, Org. Lett. 10
(2008) 4263.

[447] Y. Schrodi, T. Ung, A. Vargas, G. Mkrtumyan, C.W. Lee, T.M. Champagne, R.L.
Pederson, S.H. Hong, Clean: Soil Air Water 36 (2008) 669.

[448] C. Thurier, C. Fischmeister, C. Bruneau, H. Olivier-Bourbigou, P.H. Dixneuf,
ChemSusChem 1 (2008) 118.

[449] B.B. Marvey, C.K. Segakweng, M.H.C. Vosloo, Int. J. Mol. Sci. 9 (2008) 615.



188 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

[450] I Jermacz, J. Maj, ].W. Morzycki, A. Wojtkielewicz, Toxicol. Mech. Methods
18 (2008) 469.

[451] Y. Zhang, ]. Gaekwad, M.A. Wolfert, G.J. Boons, Org. Biomol. Chem. 6 (2008)
3371.

[452] M.A. Hiebel, B. Pelotier, P. Goekijan, O. Piva, Eur. J. Org. Chem. (2008) 713.

[453] T. Paul, G. Sirasani, R.B. Andrade, Tetrahedron Lett. 49 (2008) 3363.

[454] C.V.Krishna, V.R. Bhonde, A. Devendar, S. Maitra, K. Mukkanti, J. Igbal, Tetra-
hedron Lett. 49 (2008) 2013.

[455] D.M. Hodgson, D. Angrisin, S.P. Erickson, ]. Kloesges, C.H. Lee, Org. Lett. 10
(2008) 5553.

[456] A.A.Poeylant-Palena, S.A. Testero, E.G. Mata, J. Org. Chem. 73 (2008) 2024.

[457] B.Yan, C.D. Spilling, J. Org. Chem. 73 (2008) 5385.

[458] S.F. Wnuk, P.R. Sacasa, E. Lewandowska, D. Andrei, S. Cai, R.T. Borchardt,
Bioorg. Med. Chem. 16 (2008) 5424.

[459] L. Nagarapu, V. Paparaju, A. Satyender, Bioorg. Med. Chem. Lett. 18 (2008)
2351.

[460] A.K. Parhi, D.R. Mootoo, R.W. Franck, Tetrahedron 64 (2008) 9821.

[461] M. Passiniemi, A.M.P. Koskinen, Tetrahedron Lett. 49 (2008) 980.

[462] T. Tamamoto, H. Hasegawa, S. Ishii, S. Kaji, T. Masuyama, S. Harada, S. Kat-
sumura, Tetrahedron 64 (2008) 11647.

[463] TJ. Hoffman, ].H. Rigby, S. Arseniyadis, J. Cossy, J. Org. Chem. 73 (2008) 2400.

[464] C. Madelaine, N. Ouhamou, A. Chiaroni, E. Vedrenne, L. Grimaud, Y. Six,
Tetrahedron 64 (2008) 8878.

[465] G. Mele, ]. Li, G. Vasapollo, Chim. Oggi. 26 (2008) 72.

[466] C.V.Ramana, K.A. Darugkar, V.G. Puranik, S.B. Narute, B.L.V. Prasad, Tetrahe-
dron Lett. 49 (2008) 6227.

[467] T.L. Suyama, W.H. Gerwick, Org. Lett. 10 (2008) 4449.

[468] ]. Esteban, A.M. Costa, ]. Villarrasa, Org. Lett. 10 (2008) 4843.

[469] D. Stead, P. O’Brien, A. Sanderson, Org. Lett. 10 (2008) 1409.

[470] M. Brock, R. Dehn, A. Kirschning, Angew. Chem. Int. Ed. 47 (2008) 9134.

[471] V. Liautard, V. Desvergnes, K. Itoh, H. Liu, O.R. Martin, J. Org. Chem. 73 (2008)
3103.

[472] V.P. Ghidu, J. Wang, B. Wu, Q. Liu, A. Jacobs, L.J. Marnett, G.A. Sulikowski, J.
Org. Chem. 73 (2008) 4949.

[473] K.C. Nicolaou, G.S. Tria, D.J. Edmonds, Angew. Chem. Int. Ed. 47 (2008) 1780.

[474] K.C. Nicolaou, AF. Stepan, T. Lister, A. Li, A. Montero, G.S. Tria, C.I. Turner,
Y. Tang, ]. Wang, R.M. Denton, D.]. Edmonds, J. Am. Chem. Soc. 130 (2008)
13110.

[475] Y. Ying, K. Taori, H. Kim, J. Hong, H. Luesch, ]J. Am. Chem. Soc. 130 (2008)
8455.

[476] C.G. Naveschuk, D. Ungermannova, X. Liu, AJ. Phillips, Org. Lett. 10 (2008)
3595.

[477] AK. Ghosh, S. Kulkarni, Org. Lett. 10 (2008) 3907.

[478] Y.Ying, Y. Liu, S.R. Byeon, H. Kim, H. Luesch, J. Hong, Org. Lett. 10 (2008) 4021.

[479] T. Seiser, F. Kamena, N. Cramer, Angew. Chem. Int. Ed. 47 (2008) 6483.

[480] R.K.Pandey, L. Wang, N.J. Wallock, S. Lindeman, W.A. Donaldson,]J. Org. Chem.
73 (2008) 7236.

[481] X. Liu, E. Sternberg, D. Dolphin, J. Org. Chem. 73 (2008) 6542.

[482] B. Eignerova, M. Dracinsky, M. Kotora, Eur. ]. Org. Chem. (2008) 4493.

[483] P. Zak, C. Pietraszuk, B. Marciniec, ]. Mol. Catal. A 289 (2008) 1.

[484] ]. Kim, Y. Kim, K. Baek, Y.H. Ko, D. Kim, K. Kim, Tetrahedron 64 (2008) 8389.

[485] PJ.Jervis, L.R. Cox, J. Org. Chem. 73 (2008) 7616.

[486] K.A.Tang, X. Li, D. Dabideen, J. Li, D.R. Mootoo, Org. Biomol. Chem. 6 (2008)
1165.

[487] F. Wang, A. Kawamura, D.R. Mootoo, Bioorg. Med. Chem. 16 (2008) 8413.

[488] F.Xiang, C.M. Connelly, R.G. MacDonald, D.B. Berkowitz, Bioorg. Med. Chem.
Lett. 18 (2008) 3085.

[489] S. Meinke, ]J. Thiem, Carbohydr. Res. 343 (2008) 1824.

[490] R. Fernandez de la Pradilla, N. Lwoff, Tetrahedron Lett. 49 (2008) 4167.

[491] T. Oishi, M. Kanemoto, R. Swasono, N. Matsumori, M. Murata, Org. Lett. 10
(2008) 5203.

[492] V. Kumar, A.K. Shaw, J. Org. Chem. 73 (2008) 7531.

[493] G.D.K. Kumar, A. Natarjan, Tetrahedron Lett. 49 (2008) 2103.

[494] E. Bourcet, M.A. Virolleaud, F. Fache, O. Piva, Tetrahedron Lett. 49 (2008)
6816.

[495] P. Patel, G.J. Lee, S. Kim, G.E. Grant, W.S. Powell, J. Rokach, ]. Org. Chem. 73
(2008) 7213.

[496] H. Konno, Y. Okumo, H. Makabe, K. Nasaka, A. Onishi, Y. Abe, A. Sugimoto, K.
Akaji, Tetrahedron Lett. 49 (2008) 782.

[497] Z. Chen, S.C. Sinha, Tetrahedron 64 (2008) 1603.

[498] N.Toyooka,D.Zhou, H.Nemoto, Y. Tezuka, S. Kadota, T.H. Jones, H.M. Garraffo,
T.E. Spande, J.W. Daly, Synlett (2008) 1894.

[499] I. Kadota, T. Abe, M. Uni, H. Takamura, Y. Yamamoto, Tetrahedron Lett. 49
(2008) 3643.

[500] ].S.Yadav, R. Somaiah, K. Ravindar, L. Chandraiah, Tetrahedron Lett. 49 (2008)
2848.

[501] J. Gebauer, S. Arseniyadis, ]. Cossy, Synlett (2008) 712.

[502] B.Sieng, O.L. Ventura, V. Bellosta, ]. Cossy, Synlett (2008) 1216.

[503] PR. Skaanderup, T. Jensen, Org. Lett. 10 (2008) 2821.

[504] 1. Paterson, N.M. Gardner, E. Guzman, A.E. Wright, Bioorg. Med. Chem. Lett.
18 (2008) 6268.

[505] S.Padakanti, B.R. Sreekanth, V. Mahendar, M. Pal, K. Mukkanti, J. Igbal, P. Das,
Synlett (2008) 2417.

[506] S.Takahashi, Y. Hongo, Y. Tsukagoshi, H. Koshino, Org. Lett. 10 (2008) 4223.

[507] J. Gebauer, J. Cossy, Eur. J. Org. Chem. (2008) 2701.

[508] S. Meiries, R. Marquez, J. Org. Chem. 73 (2008) 5015.

[509] S.L. Mooberry, M.K. Hilinski, E.A. Clark, P.A. Wender, Mol. Pharm. 5 (2008)
829.

[510] E.J. Enholm, J.M. Hastings, C. Edwards, Synlett (2008) 203.

[511] ].D.C. Codée, L. Krock, B. Castagner, P.H. Seeberger, Chem. Eur. ]. 14 (2008)
3987.

[512] ER. Carrel, P.H. Seeberger, J. Org. Chem. 73 (2008) 2058.

[513] X. Liu, R. Wada, S. Boonyarattanakalin, B. Castagner, P.H. Seeberger, Chem.
Commun. (2008) 3510.

[514] D. Menche, F. Arikan, O. Perlova, N. Horstmann, W. Ahlbrecht, S.C. Wenzel,
R.Jansen, H. Irschik, R. Miiller, ]. Am. Chem. Soc. 130 (2008) 14234.

[515] T. Wurm, H.M. Kénig, S. Hilf, A.FE.M. Kilbinger, J. Am. Chem. Soc. 130 (2008)
5876.

[516] B.H. Lipshutz, S. Ghorai, Z.V. Boskovic, Tetrahedron 64 (2008) 6949.

[517] J.R. Chen, C.F. Li, X.L. An, ].J. Zhang, X.Y. Zhu, W.]. Xiao, Angew. Chem. Int. Ed.
47 (2008) 2489.

[518] E.C.Carlson, LK. Rathbone, H. Yang, N.D. Collett, R.G. Carter, J. Org. Chem. 73
(2008) 5155.

[519] J.D. Huber, N.R. Perl, J. Leighton, Angew. Chem. Int. Ed. 47 (2008) 3037.

[520] H. Lee, KW. Kim, J. Park, H. Kim, S. Kim, Angew. Chem. Int. Ed. 47 (2008)
4200.

[521] R. Kadyrov, M. Bieniak, K. Grela, Chem. Abstr. 149 (2008) 493158.

[522] B. Oelze, D. Abert, A. Kirschning, Org. Biomol. Chem. 6 (2008) 2412.

[523] E.Ramu, B.V. Rao, Tetrahedron: Asymmetry 19 (2008) 1820.

[524] F. Xiang, C.M. Connelly, R.G. MacDonald, B. David, D.B. Berkowitz, Bioorg.
Med. Chem. Lett. 18 (2008) 3085.

[525] V. Sol, V. Chaleix, R. Granet, P. Krausz, Tetrahedron 64 (2008) 364.

[526] S.Zhong, M. Mondon, S. Pilard, C. Len, Tetrahedron 64 (2008) 7828.

[527] M. Albrecht, Yeni, Synthesis (2008) 2451.

[528] K.T. Youm, S.B. Nguyen, J.T. Hupp, Chem. Commun. (2008) 3375.

[529] N.P. Probst, A. Haudrechy, K. Ple, J. Org. Chem. 73 (2008) 4338.

[530] B.Chen, Z. Ly, G. Chai, C. Fu, S. Ma, J. Org. Chem. 73 (2008) 9486.

[531] A. Agosti, S. Britto, P. Renaud, Org. Lett. 10 (2008) 1417.

[532] AK. Ghosh, S.S. Kulkarni, C.X. Xu, K. Shurrush, Tetrahedron: Asymmetry 19
(2008) 1020.

[533] M.C. Brohmer, W. Bannwarth, Eur. J. Org. Chem. (2008) 4412.

[534] P. Herrmann, M. Budesinsky, M. Kotora, J. Org. Chem. 73 (2008) 6202.

[535] L.A.Paquette, X. Peng, J. Yang, H.J. Kang, ]. Org. Chem. 73 (2008) 4548.

[536] D.LJ. Clive, D. Liu, J. Org. Chem. 73 (2008) 3078.

[537] M. Dai, L]. Krauss, S.J. Danishefsky, J. Org. Chem. 73 (2008) 9576.

[538] N.Y.Kuznetsov, G.D. Kolomnikova, V.N. Khrustalev, D.G. Golovanov, Y.N. Bub-
nov, Eur. J. Org. Chem. (2008) 5647.

[539] S. Forster, G. Helmchen, Synlett (2008) 831.

[540] J. Zhou, M. Yang, A. Akdag, H. Wang, S.W. Schellner, Tetrahedron 64 (2008)
433,

[541] N.P. Mullholland, G. Pattenden, Tetrahedron 64 (2008) 7400.

[542] A. Srikrishna, P.C. Ravikumar, H.S. Krishnan, Synthesis (2008) 1527.

[543] LJ. Liu, O.K. Ko, J.H. Hong, Bull. Korean Chem. Soc. 29 (2008) 1723.

[544] C.H. Oh, L]. Liu, ].H. Hong, Nucleosides Nucleotides Nucleic Acids 27 (2008)
1144.

[545] H. Li, J.C. Yoo, J.H. Hong, Nucleosides Nucleotides Nucleic Acids 27 (2008)
1238

[546] A.Y.Park,K.R.Kim, H.R. Lee,].A. Kang, W.H.Kim, L.S. Jeong, H.R. Moon, Nucleic
Acids Symp. Ser. (2008) 653.

[547] H.Li, J.H. Hong, Bull. Korean Chem. Soc. 29 (2008) 993.

[548] H.LJ.H. Hong, Bull. Korean Chem. Soc. 29 (2008) 847.

[549] C.Hadad, C. Damez, S. Bouquillon, J. Muzart, Catal. Commun. 9 (2008) 1414.

[550] S. Fustero, V. Rodrigo, M. Sanchez-Rosello, F. Mojarrad, A. Vicedo, T.
Moscardo, C. del Pozo, J. Fluorine Chem. 129 (2008) 943.

[551] P.Diibon, M. Schelwies, G. Helmchen, Chem. Eur. ]. 14 (2008) 6722.

[552] A. Srikrishna, V.H. Pardeshi, P. Thriveni, Tetrahedron: Asymmetry 19 (2008)
1392.

[553] H.Henon, M. Mauduit, A. Alexakis, Angew. Chem. Int. Ed. 47 (2008) 9122.

[554] M. Braun, A. Hessamian-Alinejad, B.F. de Lacroix, B.H. Alvarez, G. Fischer,
Molecules 13 (2008) 995.

[555] A. Srikrishna, M.S. Rao, Indian J. Chem. 47B (2008) 1423.

[556] N. Selander, K.J. Szabd, Adv. Synth. Catal. 350 (2008) 2045.

[557] C. Kammerer, G. Prestat, T. Gaillard, D. Madec, G. Poli, Org. Lett. 10 (2008)
405.

[558] L.G. Le6n, R.P. Machin, C.M. Rodriguez, ].L. Ravelo, V.S. Martin, J.M. Padrén,
Bioorg. Med. Chem. Lett. 18 (2008) 5171.

[559] S. Kotha, A.C. Deb, Indian J. Chem. 47B (2008) 1120.

[560] G.Dunet, P. Mayer, P. Knochel, Org. Lett. 10 (2008) 117.

[561] E.Kérourédan, ].M. Percy, G. Rinaudo, K. Singh, Synthesis (2008) 3903.

[562] S. Belot, A. Massaro, A. Tenti, A. Mordini, A. Alexakis, Org. Lett. 10 (2008)
4557.

[563] M. Shizuka, M.L. Snapper, Angew. Chem. Int. Ed. 47 (2008) 5049.

[564] Y. Song, S. Hwang, P. Gong, D. Kim, S. Kim, Org. Lett. 10 (2008) 269.

[565] V.S.Enev, M. Drescher, J. Mulzer, Org. Lett. 10 (2008) 413.

[566] R. Praganl, W.R. Roush, Org. Lett. 10 (2008) 4613.

[567] K. Tiefenbacher, J. Mulzer, Angew. Chem. Int. Ed. 47 (2008) 6199.

[568] S.Y. Yun, J.C. Zheng, D. Lee, Angew. Chem. Int. Ed. 47 (2008) 6201.

[569] M. Seto, ].L. Roizen, B.M. Stolz, Angew. Chem. Int. Ed. 47 (2008) 6873.

[570] A.B.Leduc, M.A. Kerr, Angew. Chem. Int. Ed. 47 (2008) 7945.

[571] J.K. Chang, N.C. Chang, Tetrahedron 64 (2008) 3483.

[572] S.M. Totokotsopoulos, A.E. Coumbis, J.K. Gallos, Tetrahedron 64 (2008)
3998.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 189

[573] V.R. Doddi, A. Kumar, Y.D. Vankar, Tetrahedron 64 (2008) 9117.

[574] 1. Cumpstey, S. Gehrke, S. Erfan, R. Cribiu, Carbohydr. Res. 343 (2008) 1675.

[575] G. Luchetti, K. Ding, M. D’Alarcao, A. Kornienko, Synthesis (2008) 3142.

[576] K.R. Prasad, A.B. Pawar, Synthesis (2008) 3155.

[577] S. Fustero, M. Sanchez-Roselld, V. Rodrigo, J.F. Sanz-Cervera, J. Piera, A.
Simén-Fuentes, C. del Pozo, Chem. Eur. J. 14 (2008) 7019.

[578] D.E.White, ].C. Stewart, R.H. Grubbs, B.M. Stoltz, ]. Am. Chem. Soc. 130 (2008)
810.

[579] S.Lu, Z. Xu, M. Bao, Y. Yamamoto, Angew. Chem. Int. Ed. 47 (2008) 4366.

[580] M.Amat, M. Pérez, A.T. Minagalia, D. Passarella, ]. Bosch, Tetrahedron: Asym-
metry 19 (2008) 2406.

[581] A. Grandbois, S.K. Collins, Chem. Eur. J. 14 (2008) 9323.

[582] K. Yoshida, H. Takahashi, T. Imamoto, Chem. Eur. J. 14 (2008) 8246.

[583] K. Yoshida, T. Toyoshima, T. Imamoto, Bull. Chem. Soc. Jpn. 81 (2008) 1512.

[584] K. Yoshida, R. Narui, T. Imamoto, Chem. Eur. J. 14 (2008) 9706.

[585] D. Farran, . Parrot, L. Toupet, ]. Martinez, G. Dewynter, Org. Biomol. Chem. 6
(2008) 3989.

[586] S.J. Roe, R.A. Stockman, Chem. Commun. (2008) 3432.

[587] R. Csuk, E. Prell, S. Reissmann, Tetrahedron 64 (2008) 9417.

[588] M.E. Bennasar, E. Zulaica, D. Solé, S. Alonso, Synlett (2008) 667.

[589] M.N.Abdullah, S. Arraste, E. Lete, N. Sotomayer, Tetrahedron 64 (2008) 1323.

[590] K. Michalak, M. Michalak, J. Wicha, Tetrahedron Lett. 49 (2008) 6807.

[591] S.Ito, A. Tosaka, K. Hanada, M. Shibuya, K. Ogasawara, Y. Iwabuchi, Tetrahe-
dron: Asymmetry 19 (2008) 176.

[592] G. Mehta, N.S. Likhite, Tetrahedron Lett. 49 (2008) 7113.

[593] S. Kobayashi, A. Ishii, M. Toyota, Synlett (2008) 1086.

[594] ].A. Enquist, B.F. Stoltz, Nature 453 (2008) 1228.

[595] L. Mitchell, J.A. Parkinson, ].M. Percy, K. Singh, J. Org. Chem. 73 (2008) 2389.

[596] C.Ma, S. Schiltz, X.F. Le Goff, ]. Prunet, Chem. Eur. ]. 14 (2008) 7314.

[597] A.Michaut, S. Miranda-Garcia, ].C. Menéndez, Y. Coquerel, T. Rodriguez, Eur.
J. Org. Chem. (2008) 4988.

[598] M. Rawat, C.I. Gama, J.B. Matson, L.C. Hsieh-Wilson, J. Am. Chem. Soc. 130
(2008) 2959.

[599] J.S. Clark, J.M. Northall, F. Marlin, B. Nay, C. Wilson, AJ. Blake, M.]. Waring,
Org. Biomol. Chem. 6 (2008) 4012.

[600] C.Hamel, E.V.Prosov,].Gertsch, W.B. Schweizer, K.H. Altmann, Angew. Chem.
Int. Ed. 47 (2008) 10081.

[601] M. Rosillo, E. Arndiz, D. Abdi, J. Blanco-Urgoiti, G. Dominguez, ]. Pérez-
Castells, Eur. J. Org. Chem. (2008) 3917.

[602] B. Groendaal, E. Rujter, FJJ. de Kanter, M. Lutz, A.L. Spek, R.V.A. Orru, Org.
Biomol. Chem. 6 (2008) 3158.

[603] A. Aponick, A.L. Dietz, W.H. Pearson, Eur. J. Org. Chem. (2008) 4264.

[604] K.C. Majumdar, S. Chakravorty, A. Taher, Synth. Commun. 38 (2008)
3159.

[605] E. Colacino, C. André, J. Martinez, F. Lamaty, Tetrahedron Lett. 49 (2008)
4953.

[606] H. Benakki, E. Colacino, C. Andre, F. Guenoun, ]J. Martinezand, F. Lamaty,
Tetrahedron 64 (2008) 5949.

[607] S.T.M. Simila, S.F. Martin, Tetrahedron Lett. 49 (2008) 4501.

[608] T.Lauzon, F. Tremblay, D. Gagnon, C. Godbout, C. Chabot, C. Mercier-Shanks,
S. Perrault, H. DeSéve, C. Spino, J. Org. Chem. 73 (2008) 6239.

[609] T. Ritthiwigrom, S.G. Pyne, Org. Lett. 10 (2008) 2769.

[610] X. Yang, B. Cheng, Z. Li, H. Zhai, Synlett (2008) 2821.

[611] T. Machan, A.S. Davis, B. Liawruangrath, S.G. Pyne, Tetrahedron 64 (2008)
2725.

[612] A.S. Davis, T. Ritthwigrom, S.G. Pyne, Tetrahedron 64 (2008) 4868.

[613] D. Muroni, M. Mucedda, A. Saba, Tetrahedron Lett. 49 (2008) 2373.

[614] PE.R. Espeel, K. Piens, N. Callewaert, J. Van der Eycken, Synlett (2008)
2321.

[615] K.EW.Hekking, D.C.J. Walboer, M.A.H. Moelands, F.L. van Delft, F.PJ.T. Rutjes,
Adv. Synth. Catal. 350 (2008) 95.

[616] G.Lucente, M.P. Paradisi, C. Giordano, A. Sansone, D. Torino, S. Spisani, Amino
Acids 35 (2008) 329.

[617] M. Prakesch, K. Bijian, V. Campagna-Slater, S. Quevillon, R. Joseph, C.Q. Wei,
E. Sesmilo, A. Reayi, R.R. Poondra, M.L. Barnes, D.M. Leek, B. Xu, C. Lougheed,
M. Schapira, M. Alaoui-Jamali, P. Arya, Bioorg. Med. Chem. 16 (2008)
9596.

[618] C.S.Sun, Y.S. Lin, D.R. Hou, J. Org. Chem. 73 (2008) 6877.

[619] P. Ofia-Burgos, I. Fernandez, L. Roces, L. Torre-Fernandez, S. Garcia-Granda,
F. Lopez-Ortiz, Org. Lett. 10 (2008) 3195.

[620] M.L. Bennasar, T. Roca, D. Garcia-Diaz, Synlett (2008) 1487.

[621] S.W. Kang, Y.H. Kim, S.H. Kim, Bull. Korean Chem. Soc. 29 (2008) 755.

[622] C. Alegret, X. Ginesta, A. Riera, Eur. ]. Org. Chem. (2008) 1789.

[623] PR. Krishna, P.S. Reddy, J. Comb. Chem. 10 (2008) 426.

[624] R. Rengasamy, M.]. Curtis-Long, W.D. Seo, S.H. Jeong, L.Y. Jeong, K.H. Park, ].
Org. Chem. 73 (2008) 2898.

[625] A. Kumar, G.K. Rawal, Y.D. Vankar, Tetrahedron 64 (2008) 2379.

[626] P.B. Hurley, G.R. Dake, J. Org. Chem. 73 (2008) 4131.

[627] N.R. Norcross, J.P. Melbardis, M.F. Solera, M.A. Sephton, C. Kilner, L.N.
Zhakaroc, P.C. Astles, S.L. Warriner, P.R. Blakemore, ]. Org. Chem. 73 (2008)
7939.

[628] A. Fiirstner, J. Ackerstaff, Chem. Commun. (2008) 2870.

[629] P. Selig, T. Bach, Angew. Chem. Int. Ed. 47 (2008) 5082.

[630] S.K. Chattopadhyay, T. Biswas, J. Biswas, Tetrahedron Lett. 49 (2008) 1365.

[631] Y. Yoshimura, C. Ohara, T. Imahori, Y. Saito, A. Kato, S. Miyauchi, I. Adachi, H.
Takahata, Bioorg. Med. Chem. 16 (2008) 8273.

[632] C. Ohara, R. Takahashi, T. Miyagawa, Y. Yoshimura, A. Kato, I. Adachi, H.
Takahata, Bioorg. Med. Chem. Lett. 18 (2008) 1810.

[633] P.P. Saikia, G. Baishya, A. Goswami, N.C. Barua, Tetrahedron Lett. 49 (2008)
6508.

[634] S. Lebrun, A. Couture, E. Deniau, P. Grandclaudon, Tetrahedron: Asymmetry
19 (2008) 1245.

[635] M.A. Wijdeven, R. Wijtmans, RJ.F. van den Berg, W. Noorduin, H.E. Schoe-
maker, T. Sonke, F.L. van Delft, R.H. Blaauw, RW. Fitch, T.F. Spande, ].W. Daly,
F.PJ.T. Rutjes, Org. Lett. 10 (2008) 4001.

[636] M.Y. Chang, C.Y. Lin, T.C. Wu, P.P. Sun, J. Chin. Chem. Soc. 55 (2008) 421.

[637] TJ. Donohoe, L.P. Fishlock, P.A. Procopiou, Org. Lett. 10 (2008) 285.

[638] TJ. Donohoe, L.P. Fishlock, P.A. Procopiou, Synthesis (2008) 2665.

[639] S. Lebrun, A. Couture, E. Deniau, P. Grandclaudon, Synthesis (2008) 2771.

[640] P.R. Krishna, A. Manjuvani, G. Srinivasulu, A.J. Kunwar, Lett. Org. Chem. 5
(2008) 417.

[641] V.G. Albano, A. Gualandi, M. Monari, D. Davoia, J. Org. Chem. 73 (2008) 8376.

[642] S.G. Leach, CJ. Cordier, D. Morton, G.J. McKiernan, S. Warriner, A. Nelson, J.
Org. Chem. 73 (2008) 2753.

[643] M. Lamburto, J.D. Kilburn, Tetrahedron Lett. 49 (2008) 6364.

[644] S.P.Roy, S.K. Chattopadhyay, Tetrahedron Lett. 49 (2008) 5273.

[645] N. Selander, KJ. Szabo, Chem. Commun. (2008) 3420.

[646] S.G. Pyne, CW.G. Ay, A.S. Davis, LR. Morgan, T. Ritthiwigrom, A. Yazici, Pure
Appl. Chem. 80 (2008) 751.

[647] AK. Srivastava, G. Panda, Chem. Eur. J. 14 (2008) 4675.

[648] S.P.Roy, S.K. Chattopadhyay, Tetrahedron Lett. 49 (2008) 5498.

[649] H. Wang, S.N. Goodman, Q. Dai, G.W. Stockdale, W.M. Clark Jr., Org. Process.
Res. Dev. 12 (2008) 226.

[650] S. Kotha, V.R. Shah, Eur. J. Org. Chem. (2008) 1054.

[651] D. Ghosh, L. Thander, S.K. Ghosh, S.K. Chattapadhyay, Synlett (2008)
3011.

[652] A.E. Gusiecki, ].L. Cross, R.F. Henry, V. Gracias, S.W. Djuric, Tetrahedron Lett.
49 (2008) 6286.

[653] B. Bradshaw, P. Evans, J. Fletcher, A.T.L. Lee, P.G. Mwashimba, D. Oelrich, E.J.
Thomas, R.H. Davies, B.C.P. Allen, KJ. Broadley, A. Hamrouni, C. Escarqueil,
Org. Biomol. Chem. 6 (2008) 2138.

[654] P. Evans, A.T.L. Lee, E.J. Thomas, Org. Biomol. Chem. 6 (2008) 2158.

[655] Q.Q. Huang, L.H. Chen, EJ. Nan, Tetrahedron Lett. 49 (2008) 5141.

[656] K. Tomooka, M. Suzuki, K. Uehara, M. Shimada, T. Akiyama, Synlett (2008)
2518.

[657] G. Lesma, A. Colombo, A. Sacchetti, A. Silvani, Tetrahedron Lett. 49 (2008)
7423.

[658] C.S. Burgery, D.V. Paone, A.W. Shaw, ].Z. Deng, D.N. Nguyen, C.M. Poetteiger,
S.L. Graham, J.P. Vacca, T.M. Williams, Org. Lett. 10 (2008) 3235.

[659] E.A.Kitas,G.Galley, R.Jakob-Roetne, A. Flohr, W. Wostl, H. Mauser, A.M. Alker,
C. Czech, L. Ozmen, P. David-Pierson, D. Reinhardt, H. Jacobsen, Bioorg. Med.
Chem. Lett. 18 (2008) 304.

[660] M. Watzke, K. Schulz, K. Johannes, P. Ulrich Jr., Eur. J. Org. Chem. (2008)
3859.

[661] O.R.Ludek, G.K. Schroeder, R. Wolfenden, V.E. Marquez, Nucleic Acids Symp.
Ser. (2008) 659.

[662] Y. Sang, ]. Zhao, X. Jia, H. Zhai, ]. Org. Chem. 73 (2008) 3589.

[663] E.M. Sletten, C.R. Bertozzi, Org. Lett. 10 (2008) 3097.

[664] A. Fiirstner, A. Korte, Chem. Asian J. 3 (2008) 310.

[665] N. Dieltiens, C.V. Stevens, K. Maaschelein, G. Hennebel, S. Van der Jeught,
Tetrahedron 64 (2008) 4295.

[666] N.Brown, B. Xie, N. Markina, D. VanderVelde, J.P.H. Perchellet, E.M. Perchel-
let, K.R. Crow, K.R. Buszek, Bioorg. Med. Chem. Lett. 18 (2008) 4876.

[667] V. DeMatteis, F.L. van Delft, J. Tiebes, F.PJ.T. Rutjes, Synlett (2008) 351.

[668] A.Lim, J.H. Choi, ]. Tae, Tetrahedron Lett. 49 (2008) 4882.

[669] V.K. Reddy, H. Miyabe, M. Yamauchi, Y. Takemoto, Tetrahedron 64 (2008)
1040.

[670] T. Honda, M. Katoh, M. Ushiwata, H. Shigehisa, Arch. Pharm. Chem. Life Sci.
341 (2008) 578.

[671] TJ. Donohoe, N.M. Kershaw, AJ. Orr, KM.P. wheelhouse, L.P. Fishlock, A.R.
Lacy, M. Bingham, P.A. Procopiu, Tetrahedron 64 (2008) 809.

[672] TJ. Donohoe, A. Ironmonger, N.M. Kershaw, Angew. Chem. Int. Ed. 47 (2008)
7314.

[673] W.M. Dai, L. Shi, Y. Li, Tetrahedron: Asymmetry 19 (2008) 1549.

[674] K.R. Prasad, V. Gandi, Tetrahedron: Asymmetry 19 (2008) 2616.

[675] A.Bandyopadhyay, B.K. Pal, S.K. Chattopadhyay, Tetrahedron: Asymmetry 19
(2008) 1875.

[676] C. Ohara, R. Takahashi, T. Miyagawa, Y. Yoshimura, A. Kato, I. Adachi, H.
Takahata, Bioorg. Med. Chem. Lett. 18 (2008) 1692.

[677] Y. Horino, Y. Takata, K. Hashimoto, S. Kuroda, M. Kimura, Y. Tamaru, Org.
Biomol. Chem. 6 (2008) 4105.

[678] B.M. Trost, ]. Xie, J. Am. Chem. Soc. 130 (2008) 6231.

[679] R.]Jana, L. Chatterjee, S. Samanta, ].K. Ray, Org. Lett. 10 (2008) 4795.

[680] JJ. Reddy, A. Beguma, P. Jayaprakasha, G.V.M. Sharma, A.C. Kunwar, Lett. Org.
Chem. 5 (2008) 110.

[681] A. Gollner, J.P. Mulzer, Org. Lett. 10 (2008) 4701.

[682] H. Fuwa, S. Naito, T. Goto, M. Sasaki, Angew. Chem. Int. Ed. 47 (2008) 4737.

[683] . Popisil, LE. Marké, Tetrahedron Lett. 49 (2008) 1523.

[684] S.H. Park, H.W. Lee, Bull. Korean Chem. Soc. 29 (2008) 1661.

[685] S.Ghosh, S.U.Kumar, . Shashidhar, J. Org. Chem. 73 (2008) 1582, Errata 6946.

[686] S. Shibahara, M. Fujino, Y. Tashiro, K. Takahashi, J. Ishihara, S. Hatekayama,
Org. Lett. 10 (2008) 2139.



190 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

[687] C. Bressy, J.P. Vors, S. Hillebrand, S. Arseniyadis, . Cossy, Angew. Chem. Int.
Ed. 47 (2008) 10137.

[688] P. Alvarez-Bercedo, E. Falomir, ]. Murga, M. Carda, J.A. Marco, Eur. ]. Org.
Chem. (2008) 4015.

[689] A.F.Salit, M. Barbazanges, F. Miege, M.H. Larraufie, C. Meyer, ]. Cossy, Synlett
(2008) 2583.

[690] A.P.Green, S. Hardy, E.J]. Thomas, Synlett (2008) 2103.

[691] ]. Moise, R.P. Sonawane, C. Corsi, S.V. Wendeborn, S. Arseniyadis, J. Cossy,
Synlett (2008) 2617.

[692] S.Chandrasekhar, C. Rambabu, A.S. Reddy, Tetrahedron Lett. 49 (2008) 4476.

[693] T.K. Chakraborty, S. Purkait, Tetrahedron Lett. 49 (2008) 5502.

[694] G.Sabitha, N. Fatima, E.V. Reddy, ].S. Yadav, Tetrahedron Lett. 49 (2008) 6087.

[695] AE. Salit, C. Meyer, J. Cossy, B. Delouvrié, L. Hennequin, Tetrahedron 64
(2008) 6684.

[696] P.Vichare, A. Chattopadhyay, Tetrahedron: Asymmetry 19 (2008) 598.

[697] H. Akaike, H. Horie, K. Kato, H. Akita, Tetrahedron: Asymmetry 19 (2008)
1100.

[698] D.S. Bose, A.V.N. Reddy, B. Srikanth, Synthesis (2008) 2323.

[699] M.E. Mechelke, A.A. Dillman, J. Undergrad. Chem. Res. 7 (2008) 87.

[700] A.F. Eweas, Synth. Commun. 38 (2008) 1541.

[701] S. Hanessian, L. Auzzas, Org. Lett. 10 (2008) 261.

[702] G. Sabitha, P. Gopal, ].S. Yadav, Helv. Chim. Acta 91 (2008) 2240.

[703] S.R. Li, H.M. Chen, P.Y. Chen, J.C. Tsai, L.Y. Chen, E.C. Wang, Y.T. Huang, Y.C.
Wei, PJ. Ly, J. Chin. Chem. Soc. 55 (2008) 923.

[704] C.C. Marvin, E.A. Voight, ].M. Suh, C.L. Paradise, S.D. Burke, J. Org. Chem. 73
(2008) 8452.

[705] J.H. Yang, ]. Liu, R.P. Hsung, Org. Lett. 10 (2008) 2525.

[706] B.Schmidt, A. Biernat, Eur. J. Org. Chem. (2008) 5764.

[707] M. Lejkowski, P. Banerjee, J. Runsink, H.J. Gais, Org. Lett. 10 (2008) 2713.

[708] N. Riache, A. Blond, B. Nay, Tetrahedron 64 (2008) 10853.

[709] B. Schmidt, A. Biernat, Chem. Eur. J. 14 (2008) 6135.

[710] B. Schmidt, A. Biernat, Org. Lett. 10 (2009) 105.

[711] D. Sato, K. Fujiwara, H. Kawali, T. Suzuki, Tetrahedron Lett. 49 (2008) 1514.

[712] H. Fuwa, M. Sasaki, Org. Lett. 10 (2008) 2549.

[713] T. Oishi, F. Hasegawa, K. Torikai, K. Konoki, N. Matsumori, M. Murata, Org.
Lett. 10 (2008) 3599.

[714] M.Inoue, N. Lee, K. Miyazaki, T. Usuki, S. Matsuoka, M. Hirama, Angew. Chem.
Int. Ed. 47 (2008) 8611.

[715] K. Torikai, K. Watanabe, H. Minato, T. Imaizumi, M. Murata, T. Oishi, Synlett
(2008) 2368.

[716] T. Katagiri, K. Fujiwara, H. Kawali, T. Suzuki, Tetrahedron Lett. 49 (2008) 233.

[717] S. Kobayashi, M. Hori, M. Hirama, Carbohydr. Res. 343 (2008) 443.

[718] G.Kumaraswamy, K.Sadaiah, D.S.Ramakrishna, N. Police, . Bharatam, Chem.
Commun. (2008) 5324.

[719] W.E. Austin, Y. Zhang, R.L. Danheiser, Tetrahedron 64 (2008) 918.

[720] S.R.Li,H.M. Chen, LY. Chen,].C.Tsai, P.Y. Chen, S.C.N. Hsu, E.C. Wang, ARKIVOC
(2008) 172.

[721] ].C. Tsai, S.R. Li, L.Y. Chen, P.Y. Chen, J.Y. Joung, CJ. Shu, Y.F. Lo, C.N. Lin, E.C.
Wang, J. Chin. Chem. Soc. 55 (2008) 1317.

[722] J.C. Tsai, S.R. Li, LY. Chen, P.Y. Chen, S.C.N. Hsu, C.N. Lin, E.C. Wang, ARKIVOC
(2008) 205.

[723] M. Muscarella, M.C. Kimber, C.J. Moody, Synlett (2008) 2101.

[724] M. Sasaki, A. Hashimoto, K. Tanaka, M. Kawahata, K. Yamaguchi, K. Takeda,
Org. Lett. 10 (2008) 1803.

[725] E.B. Pentzer, T. Gadzikwa, S.T. Nguyen, Org. Lett. 10 (2008) 5613.

[726] S. Rotzoll, H. Gorls, P. Langer, Synthesis (2008) 45.

[727] K.C. Majumdar, P. Debnath, A. Taher, Lett. Org. Chem. 5 (2008) 169.

[728] E.G. Nolen, L.A. Donahue, R. Greaves, T.A. Daly, D.R. Calabrese, Org. Lett. 10
(2008) 4911.

[729] V.A. Adsool, S.V. Pansare, Org. Biomol. Chem. 6 (2008) 2011.

[730] F.A. Macias, D. Chinchilla, ].M.G. Molinillo, F.R. Fronczek, K. Shishido, Tetra-
hedron 64 (2008) 5502.

[731] A.Sharma,S.Gamre, S.Roy, D. Goswami, A. Chattopadhyay, S. Chattopadhyay,
Tetrahedron Lett. 49 (2008) 3902.

[732] M.T. Crimmins, ].M. Ellis, J. Org. Chem. 73 (2008) 1649.

[733] J. Ramirez-Fernandez, 1.G. Collado, R. Hernindez-Galan, Synlett (2008)
339.

[734] A.B. Smith III, W.S. Kim, W.M. Wuest, Angew. Chem. Int. Ed. 47 (2008)
7082.

[735] C.V.Ramann, T.P. Khandkar, S. Chatterjee, M. Gurjar, J. Org. Chem. 73 (2008)
3817.

[736] ].S. Yadav, H. Ather, K.U. Gayathri, N.V. Rao, A.R. Prasad, Synthesis (2008)
3945.

[737] ].S. Yadav, V.N. Kumar, S.R. Rao, P. Srihari, Synthesis (2008) 1938.

[738] ]. Becker, K. Bergander, R. Frélich, D. Hoppe, Angew. Chem. Int. Ed. 47 (2008)
1654.

[739] ].Liu, L. Zhang, ]. He, L. He, B. Ma, X. Pan, X. She, Tetrahedron: Asymmetry 19
(2008) 906.

[740] AJ.Vernall, S. Ballet, A.D. Abell, Tetrahedron 64 (2008) 3980.

[741] D.B. Ramachary, V.V. Narayana, K. Ramakumar, Eur. J. Org. Chem. (2008)
3907.

[742] LJ. Brown, LD. Spurr, S.C. Kemp, N.P. Camp, K.R. Gibson, R.C.D. Brown, Org.
Lett. 10 (2008) 2489.

[743] C.Rodriguez-Escrich, F. Urpi, J. Vilarrasa, Org. Lett. 10 (2008) 5191.

[744] Q. Zie, RW. Denton, K.A. Parker, Org. Lett. 10 (2008) 5345.

[745] E.M. Casey, P. Teesdale-Spittle, J.E. Harvey, Tetrahedron Lett. 49 (2008) 7021.

[746] T. Matsuda, Y. Yamaguchi, M. Murakami, Synlett (2008) 561.

[747] S.M.Scalzullo, R.U.Islam, G.L. Morgans, ].P. Michael, W.A.L. van Otterlo, Tetra-
hedron Lett. 49 (2008) 7403.

[748] L. Coudray, K. Bravo-Altamirano, J.L. Montchamp, Org. Lett. 10 (2008) 1123.

[749] M. Jiménez-Hopkins, P.R. Hanson, Org. Lett. 10 (2008) 2223.

[750] J. Minville, ]. Poulin, C. Dufresne, C.F. Sturino, Tetrahedron Lett. 49 (2008)
3677.

[751] O. Alhomaidan, G. Bai, D.W. Stephan, Organometallics 27 (2008) 6343.

[752] A. Sivaramakrishna, H. Su, J.R. Moss, Dalton Trans. (2008) 2228.

[753] C.Valente, M.G. Organ, Chem. Eur. J. 14 (2008) 8239.

[754] C. Cordier, D. Morton, S. Leach, T. Woodhall, C. O’Leary-Steele, S. Warriner, A.
Nelson, Org. Biomol. Chem. 6 (2008) 1734.

[755] K.M. Brown, A.H. Hoveyda, J. Am. Chem. Soc. 130 (2008) 12904.

[756] L.F. Tietze, C.C. Brazel, S. Holkken, J. Magull, A. Ringe, Angew. Chem. Int. Ed.
47 (2008) 5246.

[757] N.A. McGrath, C.A. Lee, H. Araki, M. Brichacek, J.T. Njardson, Angew. Chem.
Int. Ed. 47 (2008) 9450.

[758] Y.A. Ibrahim, H. Behbehani, E. John, N.M. Shuaib, A.F. Shoukry, ARKIVOC
(2008) 5.

[759] T. Busch, H. Schuster, A. Kirschning, Tetrahedron Lett. 49 (2008) 5273.

[760] C.E. Stivala, A. Zakarian, J. Am. Chem. Soc. 130 (2008) 3774.

[761] B.Liang, E. Negishi, Org. Lett. 10 (2008) 193.

[762] E.L. Larghi, T.S. Kaufman, Tetrahedron 64 (2008) 9921.

[763] M. Toumi, F. Couty, G. Evano, ]. Org. Chem. 73 (2008) 1270.

[764] C. Shu, X. Zeng, M.H. Hao, X. Wei, N.K. Yee, C.A. Busacca, Z. Han, V. Farina,
C.H. Shenanyake, Org. Lett. 10 (2008) 1303.

[765] Y. Hayashi, M. Shoji, H. Ishikawa, J. Yamaguchi, T. Tamura, H. Imai, Y. Nishi-
gaya, K. Takabe, H. Kakeya, H. Osada, Angew. Chem. Int. Ed. 47 (2008)
6657.

[766] P.Raboisson, H. de Kock, A. Rosenquist, M. Nilsson, L. Salvador-Oden, T.I. Lin,
N. Roue, V. Ivanov, H. Wahling, K. Wickstrom, E. Hamelink, M. Edlund, L.
Vrang, S. Vendeville, W. Van de Vreken, D. McGowan, A. Tahri, L. Hu, C. Bout-
ton, O. Lenz, F. Delouvroy, G. Pille, D. Surleraux, P. Wigerinck, B. Samuelsson,
K. Simmen, Bioorg. Med. Chem. Lett. 18 (2008) 4853.

[767] J.T. Randolph, X. Zhang, P.P. Huang, L.L. Klein, K.A. Kurtz, A.K. Konstantinidis,
W. He, W.M. Kati, D.]. Kempf, Bioorg. Med. Chem. Lett. 18 (2008) 2745.

[768] S.Vendeville, M. Nilsson, H. de Kock, T.I. Lin, D. Antonov, B. Classon, S. Ayesa,
V. Ivanov, P.O. Johansson, P. Kahnberg, A. Eneroth, K. Wikstrom, L. Vrang, M.
Edlund, S. Lindstrém, W. Van de Vreken, D. McGowan, A. Tahri, L. Hu, O. Lenz,
F. Delouvroy, M. Van Dooren, N. Kindermans, D. Surleraux, P. Wigerinck, A.
Rosenquist, B. Samuelsson, K. Simmen, P. Raboisson, Bioorg. Med. Chem. Lett.
18 (2008) 6189.

[769] P. Raboisson, T.I. Lin, H. de Kock, S. Vendeville, W. Van de Vreken, D.
McGowan, A. Tahri, L. Hu, O. Lenz, F. Delouvroy, D. Surleraux, P. Wigerinck,
M. Nilsson, A. Rosenquist, B. Samuelsson, K. Simmen, Bioorg. Med. Chem.
Lett. 18 (2008) 5095.

[770] LL. Cheung, S. Marumoto, C.D. Anderson, S.D. Rychnovsky, Org. Lett. 10
(2008) 3101.

[771] M.A. Sierra, M. Rodriguez-Fernandez, M.J. Manchefio, L. Cassarubios, M.
Goémez-Gallego, Tetrahedron 64 (2008) 9592.

[772] J.A. McCauley, M.T. Rudd, K.T. Nguyen, C.J. McIntyre, ].J. Romano, K.J. Bush,
S.L. Varga, CW. Ross III, S.S. Carroll, J. DiMuzio, M.W. Stahlhut, D.B. Olsen,
T.A. Lyle, J.P. Vacca, NJ. Liverton, Angew. Chem. Int. Ed. 47 (2008) 9104.

[773] H.Waldmann, T.S. Hy, S. Renner, S. Menninger, R. Tannert, T. Oda, H.D. Arndt,
Angew. Chem. Int. Ed. 47 (2008) 6473.

[774] N.Nishino, G.M. Shivashimpi, P.B. Soni, M.P.I. Bhuiyan, T. Kato, S. Maeda, T.G.
Nishino, M. Yoshida, Bioorg. Med. Chem. 16 (2008) 437.

[775] Y.T. Chen, R. Lira, E. Hansell, ].H. McKerrow, W.R. Roush, Bioorg. Med. Chem.
Lett. 18 (2008) 5860.

[776] J.Liu, D. Wang, Q. Zheng, M. Lu, P.S. Arora, ]. Am. Chem. Soc. 130 (2008) 4334.

[777] D. Wang, M. Ly, P.S. Arora, Angew. Chem. Int. Ed. 47 (2008) 1879.

[778] J. Lawrence, M. Jourdan, Y. Vallée, V. Blandin, Org. Biomol. Chem. 6 (2008)
4575.

[779] T.P. Boyle, ]J.B. Bremner, ]J. Coates, J. Deadman, P.A. Keller, S.G. Pyne, D.I.
Rhodes, Tetrahedron 64 (2008) 11270.

[780] S. Terracciano, I. Bruno, E. D’Amico, G. Bifulco, A. Zampella, V. Sepe, C.D.
Smith, R. Riccio, Bioorg. Med. Chem. 16 (2008) 6580.

[781] M. Krishnamurthy, N.T. Schirle, P.A. Beal, Bioorg. Med. Chem. 16 (2008) 8914.

[782] G.Shen,].Zhu, A.M. Simpson, D. Pei, Bioorg. Med. Chem. Lett. 18 (2008) 3060.

[783] D. D’'Addona, A. Carotenuto, E. Novellino, V. Piccand, J.C. Reubi, A. Di Cianni,
F. Gori, A.M. Papini, M. Ginanneschi, ]. Med. Chem. 51 (2008) 512.

[784] M. Kaewpert, B. Odell, M.A. King, B. Banerji, CJ. Schofield, T.D.W. Claridge,
Org. Biomol. Chem. 6 (2008) 3476.

[785] H. Zhang, Q. Zhao, S. Bhattacharya, A.A. Waheed, X. Tong, A. Hong, S. Heck,
F. Curreli, M. Goger, D. Cowburn, E.O. Freed, A.K. Debnath, ]. Mol. Biol. 378
(2008) 565.

[786] D.D. Claeys, C.V. Stevens, N. Dieltiens, Eur. J. Org. Chem. (2008) 171.

[787] G. Anquetin, S.L. Rowe, K. McMahon, E.P. Murphy, P.V. Murphy, Chem. Eur. J.
14 (2008) 1592.

[788] G. Anquetin, G. Horgan, S.L. Rowe, D. Murray, A. Madden, P. McMathuma, P.
Doran, P.V. Murphy, Eur. J. Org. Chem. (2008) 1953.

[789] P. Das, V. Saibaba, C.K. Kumar, V. Mahedar, Synthesis (2008) 445.

[790] K.C. Nicolaou, Y.P. Sun, R. Guduru, B. Bannerji, D.Y.K. Chen, ]. Am. Chem. Soc.
130 (2008) 3633.

[791] K.C. Nicolaou, G.Y.C. Leung, D.H. Dethe, R. Guduru, Y.P. Sun, C.S. Lim, D.Y.K.
Chen, J. Am. Chem. Soc. 130 (2008) 10019.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 191

[792] R.Xuan, H.S. Oh, Y. Lee, H.Y. Kang, ]. Org. Chem. 73 (2008) 1456.

[793] F. Ding, M.P. Jennings, J. Org. Chem. 73 (2008) 5965.

[794] C.N.Kuzniewski, ]J. Gertsch, M. Wartmann, K.H. Altmann, Org. Lett. 10 (2008)
1183.

[795] Q.H. Chen, T. Ganesh, P. Brodie, C. Slebodnick, Y. Jiong, A. Bannerjee, S. Bane,
J.P. Snyder, D.G.I. Kingston, Org. Biomol. Chem. 6 (2008) 4542.

[796] M.M. Alhamadsheh, S. Gupta, R.A. Hudson, L. Perera, L.M.V. Tillekeratne,
Chem. Eur. J. 14 (2008) 570.

[797] G.E. Keck, R.L. Giles, V.J. Cee, C.A. Wager, T. Yu, M.B. Kraft, J. Org. Chem. 73
(2008) 9675.

[798] F. Feyen, A. Jantsch, K. Hauenstein, B. Pfeiffer, Tetrahedron 64 (2008) 7920.

[799] M.S. Kwon, S.K. Woo, S.W. Na, E. Lee, Angew. Chem. Int. Ed. 47 (2008) 1733.

[800] S. Barluenga, C. Wang, J.G. Fontaine, K. Aouadi, K. Beebe, S. Tsuysumi, L.
Neckers, N. Winssinger, Angew. Chem. Int. Ed. 47 (2008) 4432.

[801] W.M. Dai, Y. Chen, J. Jin, J. Wu, ]. Lou, Q. He, Synlett (2008) 1737.

[802] L. Deng, Z. Ma, G. Zhao, Synlett (2008) 728.

[803] D.K. Mohapatra, H. Rahaman, R. Pal, M.K. Gurjar, Synlett (2008) 1801.

[804] S.Elzner, D. Schmidt, D. Schollmeyer, G. Erkel, T. Anke, H. Kleinert, U. Forster-
mann, H. Kunz, ChemMedChem 3 (2008) 924.

[805] S.Lebreton, J. Jaunbergs, M.G. Roth, D.A. Ferguson, ].K. De Brabander, Bioorg.
Med. Chem. Lett. 18 (2008) 5879.

[806] I.Navarro, ].F. Basset, S. Hebbe, S.M. Major, T. Werner, C. Howsham, ]. Brackow,
A.G.M. Barrett, J. Am. Chem. Soc. 130 (2008) 10293.

[807] N.Bajwa, M.P. Jennings, Tetrahedron Lett. 49 (2008) 390.

[808] W.K. Wang, J.Y. Zhang, ].M. He, S.B. Tang, X.L. Wang, X.G. She, X.F. Pan, Chin.
J. Chem. 26 (2008) 1109.

[809] P.R. Krishna, R. Srinivas, Tetrahedron: Asymmetry 19 (2008) 1153.

[810] K.V. Babu, G.V.M. Sharma, Tetrahedron: Asymmetry 19 (2008) 577.

[811] Y. Matsuya, S. Takayanagi, H. Nemoto, Chem. Eur. J. 14 (2008) 5275.

[812] C.W. Barfoot, A.R. Burns, M.G. Edwards, M.N. Kenworthy, M. Ahmed, S.E.
Shanahan, RJ.K. Taylor, Org. Lett. 10 (2008) 353.

[813] D.P. Brown, H.Q. Dong, J. Heterocycl. Chem. 45 (2008) 435.

[814] S. Chandresekhar, S.R. Yaragorla, L. Sreelakshmi, C.R. Reddy, Tetrahedron 64
(2008) 5174.

[815] W.S. Fyvie, M.W. Peczuh, J. Org. Chem. 73 (2008) 3626.

[816] W.S. Fyvie, M.W. Peczuh, Chem. Commun. (2008) 4028.

[817] N.J. Liverton, K.M. Holloway, ].A. McCauley, M.T. Rudel, ].W. Butcher, S.S. Car-
roll, J.D. Muzio, C. Fandozzi, K.F. Gilbert, S.S. Mao, CJ. McIntyre, K.T. Nguyen,
JJ. Romano, M. Stahlhut, B.L. Wan, D.B. Olsen, J.P. Vacca, J. Am. Chem. Soc.
130 (2008) 4607.

[818] L. Sun, X. Geng, Y. Li, C. Simmerling, Z. Li, ].W. Lauher, S. Xia, S.B. Horowitz,
J.M. Veith, P. Pera, R.J. Bernacki, I. Ojima, J. Org. Chem. 73 (2008) 9584.

[819] J.E. Zakarian, Y. El-Azizi, S.K. Collins, Org. Lett. 10 (2008) 2927.

[820] Y. El-Azizi, ].E. Zakarian, L. Bouillerand, A.R. Schmitzer, S.K. Collins, Adv.
Synth. Catal. 350 (2008) 2219.

[821] D.T. Craft, B.W. Gung, Tetrahedron Lett. 49 (2008) 5931.

[822] G.Dirscherl, P. Rooshenas, P.R. Schreiner, F. Lamaty, B. Kénig, Tetrahedron 64
(2008) 3005.

[823] A.Gyomore, Z. Kovacs, T. Nagy, V. Kudar, A. Szabé, A. Csampai, Teterahedron
64 (2008) 10837.

[824] M. Satyanarayana, S.G. Rzuczek, E.J. LaVoie, D.S. Pilch, A. Liu, L.F. Liu, J.E. Rice,
Bioorg. Med. Chem. Lett. 18 (2008) 3802.

[825] D. Doyle, P.V. Murphy, Carbohydr. Res. 343 (2008) 2535.

[826] J. Dy, K. Ogawa, K. Kamada, K. Ohta, Y. Kobuke, Chem. Commun. (2008)
3411.

[827] A. Satake, M. Yamamura, M. Oda, Y. Kobuke, ]J. Am. Chem. Soc. 130 (2008)
6314.

[828] S.T.Caldwell, G. Cooke, B. Fitzpatrick, D.L. Long, G. Rabani, V.M. Rotello, Chem.
Commun. (2008) 5912.

[829] A. Bogdan, M. Bolte, V. Bohmer, Chem. Eur. J. 14 (2008) 8514.

[830] Y. Rudzevich, Y. Cao, V. Rudzevich, V. Bohmer, Chem. Eur. ]. 14 (2008) 3346.

[831] ]. Frey, C. Tock, ].P. Collin, V. Heitz, ].P. Sauvage, K. Risannen, J. Am. Chem. Soc.
130 (2008) 11013.

[832] K.Y. Ng, V. Felix, S.M. Santos, N.H. Rees, P.D. Beer, Chem. Commun. (2008)
1281.

[833] B.Huang, S.M. Santos, V. Felix, P.D. Beer, Chem. Commun. (2008) 4610.

[834] M. Gupta, S. Kang, M.F. Mayer, Tetrahedron Lett. 49 (2008) 2946.

[835] S.M. Goldup, D.A. Leigh, PJ. Lusby, R.J. McBurney, A.M.Z. Slawin, Angew.
Chem. Int. Ed. 47 (2008) 6999.

[836] E.E.Knot, B.R. Ito, Eur. J. Org. Chem. (2008) 3065.

[837] ]J.E. Raymond, A. Bhaskar, T. Goodson III, N. Makiuchi, K. Ogawa, Y. Kobuke, ].
Am. Chem. Soc. 130 (2008) 17212.

[838] S. Hayashi, K. Adachi, Y. Tezuka, Polym. J. 40 (2008) 572.

[839] K. Skopec, J.A. Gladysz, J. Organomet. Chem. 693 (2008) 857.

[840] K. Skopec, M. Barbasiewicz, F. Hampel, ]J.A. Gladysz, Inorg. Chem. 47 (2008)
3474.

[841] S. Cesarez, K. Chaudhary, A. Cho, M. Clarke, E. Doerffler, M. Fardis, C.U. Kim,
H. Pyun, X.C. Sheng, J. Wang, Chem. Abstr. 148 (2008) 144883.

[842] B.A. Pandya, M.L. Snapper, J. Org. Chem. 73 (2008) 3754.

[843] G. Barbe, A.B. Charette, J. Am. Chem. Soc. 130 (2008) 13873.

[844] M. Donnard, T. Tschamber, S. Desrat, K. Hinsinger, ]. Eustache, Tetrahedron
Lett. 49 (2008) 1192.

[845] M. Donnard, T. Tschamber, J. Eustache, Tetrahedron Lett. 49 (2008) 7325.

[846] G.L. Thomas, RJ. Spandl, F.G. Glansdorp, M. Welch, A. Bender, J. Cockfield,
J.A. Lindsay, C. Bryant, D.FJ. Brown, O. Loiseleur, H. Rudyk, M. Ladlow, D.R.
Spring, Angew. Chem. Int. Ed. 47 (2008) 2808.

[847] A. Srikrishna, V.H. Pardeshi, G. Satyanarayana, Tetrahedron: Asymmetry 19
(2008) 1984.

[848] S. Maity, S. Ghosh, Tetrahedron Lett. 49 (2008) 1133.

[849] J.A. Henderson, A.]. Phillips, Angew. Chem. Int. Ed. 47 (2008) 8499.

[850] M. Ikoma, M. Oikawa, M. Sasaki, Tetrahedron 64 (2008) 2740.

[851] A. Alijarilla, J. Plumet, Heterocycles 76 (2008) 827.

[852] S. Mondal, C.K. Malik, S. Ghosh, Tetrahedron Lett. 49 (2008) 5649.

[853] M. Ikoma, M. Oikawa, M.B. Gill, G.T. Swanson, R. Sakai, K. Shinamoto, M.
Sasaki, Eur. J. Org. Chem. (2008) 5215.

[854] S. Higashibayashi, H. Sakurai, J. Am. Chem. Soc. 130 (2008) 8592.

[855] KJ. Quinn, J.M. Curto, E.E. Haherty, C.M. Cammarano, Tetrahedron Lett. 49
(2008) 5238.

[856] C.H.Kim, H.J. An, W.K. Shin, W. Yu, S.K. Woo, S.K. Jung, E. Lee, Chem. Asian J.
3(2008) 1523.

[857] D.A. Clark, S.T. Diver, Org. Lett. 10 (2008) 2055.

[858] D.A. Clark, B.S. Basile, W.S. Karnofel, S.T. Diver, Org. Lett. 10 (2008) 4927.

[859] S.A. Pujari, K.P. Kaliappan, A. Valleix, D. Gree, R. Gree, Synlett (2008) 2503.

[860] O. Debleds, ].M. Campagne, ]. Am. Chem. Soc. 130 (2008) 1562.

[861] Q. Yang, Y.Y. Lai, W.J. Xiao, H. Alper, Tetrahedron Lett. 49 (2008) 7334.

[862] T.Imahori, H. Ojima, H. Tateyama, Y. [hara, H. Takahata, Tetrahedron Lett. 49
(2008) 265.

[863] S.Arimitsu, B. Fernandez, C. del Pozo, S. Fustero, G.B. Hammond, J. Org. Chem.
73 (2008) 2656.

[864] T.Imahori, H. Ojima, Y. Yoshimura, H. Takahata, Chem. Eur. ]. 14 (2008) 10762.

[865] J.Li, LJ. Todaro, D.R. Mootoo, Org. Lett. 10 (2008) 1337.

[866] M.E. Jung, H.V. Chu, Org. Lett. 10 (2008) 3647.

[867] M. Bonanni, M. Marradi, S. Cicchi, A. Goti, Synlett (2008) 197.

[868] K. Yoshida, Y. Shishikura, H. Takahashi, T. Imamoto, Org. Lett. 10 (2008) 2777.

[869] R.Ben-Othman, M. Othman, S. Coste, B. Decroix, Tetrahedron 64 (2008) 559.

[870] L.A. Paquette, K.W. Lai, Org. Lett. 10 (2008) 2111.

[871] S. Kotha, P. Khedkar, Synthesis (2008) 2925.

[872] F.D. Boyer, I. Hanna, Eur. J. Org. Chem. (2008) 4938.

[873] G.R. Dake, E.E. Fenster, B.O. Patrick, ]. Org. Chem. 73 (2008) 6711.

[874] M. Ogasawara, S. Watanabe, K. Nakajima, T. Takahashi, Organometallics 27
(2008) 6565.

[875] M. Mori, D. Tanaka, N. Saito, Y. Sato, Organometallics 27 (2008) 6313.

[876] ].H. Sohn, K.H. Kim, H.Y. Lee, Z.S. No, H. Ihee, ]. Am. Chem. Soc. 130 (2008)
16506.

[877] S.T. Diver, D.A. Clark, A.A. Kulkarni, Tetrahedron Lett. 64 (2008) 6909.

[878] E. Groaz, D. Banti, M. North, Tetrahedron 64 (2008) 204.

[879] A. Niethe, D. Fischer, S. Blechert, J. Org. Chem. 73 (2008) 3088.

[880] M.J. Aldegunde, L. Castedo, J.R. Granja, Org. Lett. 10 (2008) 3789.

[881] K.P.Kaliappan, V. Ravikumar, S.A. Pujari, J. Chem. Sci. 120 (2008) 205.

[882] RJ. Spand], H. Rudyk, D.R. Spring, Chem. Commun. (2008) 3001.

[883] Y.D. Zhang, W.W. Ren, Y. Lan, Q. Xiao, K. Wang, ]. Xu, ].H. Chen, Z. Yang, Org.
Lett. 10 (2008) 665.

[884] E.J. Cho, D. Lee, Org. Lett. 10 (2008) 257.

[885] R.R. Schrock, ZJ. Tonzetich, A.G. Lichtscheidl, P. Miiller, FJ. Schattenmann,
Organometallics 27 (2008) 3986.

[886] C. Scriban, R.R. Schrock, P. Miiller, Organometallics 27 (2008) 6202.

[887] P.T. Seden, J.P.H. Charmant, C.L. Willis, Org. Lett. 10 (2008) 1637.

[888] A. Mallagaray, G. Dominguez, A. Gradillas, ]. Pérez-Castells, Org. Lett. 10
(2008) 597.

[889] R.P. Murelli, S. Catalan, M.P. Gannon, M.L. Snapper, Tetrahedron Lett. 49
(2008) 5714.

[890] B.R. Galan, M. Pitak, ].B. Keister, S.T. Diver, Organometallics 27 (2008) 3630.

[891] ]J.A. Bull, M.G. Hutchings, C. Lujan, P. Quayle, Tetrahedron Lett. 49 (2008)
1352.

[892] H.V.Mierde, P. Van Der Voort, D. De Vos, F. Verpoort, Eur. J. Org. Chem. (2008)
1625.

[893] C. Han, D. Uemura, Tetrahedron Lett. 49 (2008) 6988.

[894] S.P. McClintock, L.D. Shirtcliff, R. Herges, M.M. Haley, J. Org. Chem. 73 (2008)
8755.

[895] L.G.M. de Macedo, P. Pyykkoe, Chem. Phys. Lett. 462 (2008) 138.

[896] G. Periyasamy, N.A. Burton, I.H. Hillier, ].M.H. Thomas, ]J. Phys. Chem. A 112
(2008) 5960.

[897] G.B. Nikiforov, H.W. Roesky, B.C. Heisen, C. Grosse, R.B. Oswald,
Organometallics 27 (2008) 2544.

[898] T.Shono, T. Nagasawa, A. Tsoubouchi, K. Noguchi, T. Takeda, Chem. Commun.
(2008) 3537.

[899] S. Oishi, T. Shono, T. Nagasawa, T. Inoue, A. Tsubouchi, T. Takeda, Tetrahedon
Lett. 49 (2008) 6426.

[900] C.A. Main, S.S. Rahman, R.C. Hartley, Tetrahedron Lett. 49 (2008) 4771.

[901] C.A. Main, H.M. Petersson, S.S. Rahman, R.C. Hartley, Tetrahedron 64 (2008)
901.

[902] S.Y.F.Mak, N.R. Curtis, A.N. Payne, M.S. Congreve, A.]. Wildsmith, C.L. Hrancis,
J.E. Davies, S.I. Pascu, ].W. Burton, A.B. Holmes, Chem. Eur. ]. 14 (2008) 2867.

[903] J.W. Burton, E.A. Anderson, P.T. O’Sullivan, I. Collins, J.E. Davis, A.D. Bond, N.
Feeder, A.B. Holmes, Org. Biomol. Chem. 6 (2008) 693.

[904] A.B.SmithlIIl, T.M. Razler, J.P. Ciavarri, T. Hirose, T. Ishikawa, R.M. Meis, ]. Org.
Chem. 73 (2008) 1192.

[905] J.D. White, C.M. Lincoln, J. Yang, W.H.C. Martin, P.B. Chan, J. Org. Chem. 73
(2008) 4139.

[906] G.P. Mishra, G.V. Ramana, B.V. Rao, Chem. Commun. (2008) 3423.

[907] T. Watanabe, G. Hirai, M. Kato, D. Hashimuze, T. Miyagi, M. Sodeoka, Org.
Lett. 10 (2008) 4167.



192 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

[908] Y.O. Long, R.I. Higuchi, T.R. Caferro, TL.S. Lau, M. Wu, M.L. Cummings, E.A.
Martinborough, K.B. Marschke, W.Y. Chang, FJ. Lépez, D.S. Karanewsky, L.
Zhi, Bioorg. Med. Chem. Lett. 18 (2009) 2967.

[909] W. Zhong, C. Moya, R.S. Jacobs, R.D. Little, J. Org. Chem. 73 (2008) 7011.

[910] N.A. Petasis, R. Keledjian, Y.P. Sun, K.C. Nagulapalli, E. Tjonahen, R. Yang, C.N.
Serhan, Bioorg. Med. Chem. Lett. 18 (2008) 1382.

[911] A. Leyva, EE. Blum, P.R. Hewitt, S.V. Ley, Tetrahedron 64 (2008) 2348.

[912] M.A. Blauvelt, A.R. Howell, J. Org. Chem. 73 (2008) 517.

[913] W. Chau, R. Turner, R. Braslau, React. Funct. Polym. 68 (2008) 396.

[914] C.O. Akoto, ].D. Ranier, Angew. Chem. Int. Ed. 47 (2008) 8055.

[915] D.M. Friesen, W.E. Piers, M. Parvez, Organometallics 27 (2008) 6596.

[916] P.L. Arnold, S. Zlatogorsky, N.A. Jones, C.D. Carmichael, S.T. Liddle, A.J. Blake,
C. Wilson, Inorg. Chem. 47 (2008) 9042.

[917] G. Liu, Y. Zhao, D. Cao, J. Organomet. Chem. 693 (2008) 1020.

[918] H.G. Cho, G.P. Kushto, L. Andrews, C.W. Bauschlicher, J. Phys. Chem. A 112
(2008) 6295.

[919] UJ]. Kilgore, C.A. Sengelaub, M. Pink, A.R. Fout, D.J. Mindiola, Angew. Chem.
Int. Ed. 47 (2008) 3769.

[920] W. Zhang, ]. Yamada, K. Nomura, Organometallics 27 (2008) 5353.

[921] W. Zhang, K. Nomura, Organometallics 27 (2008) 6400.

[922] G. Liu, X. Lu, M. Gagliardo, D.. Beestra, A. Meetsma, B. Hessen,
Organometallics 27 (2008) 2316.

[923] K.E. Hirsekorn, E.B. Hulley, P.T. Wolczanski, T.R. Cundari, J. Am. Chem. Soc.
130 (2008) 1183.

[924] T. Agapie, M.W. Day, ].E. Bercaw, Organometallics 27 (2008) 6123.

[925] A. Wang, H. Sun, L. Wang, X. Li, . Organomet. Chem. 693 (2008) 2679.

[926] K. Fuchibe, K. Mitomi, R. Suzuki, T. Akiyama, Chem. Asian J. 3 (2008) 261.

[927] L.G. Parke, C.S. Hinton, P.B. Armentrout, J. Phys. Chem. A 112 (2008) 10469.

[928] G. Liu, Y. Zhao, W. Zhang, X. Zhang, Theochemistry 869 (2008) 75.

[929] K.S. Lokare, R}J. Staples, A.L. Odom, Organometallics 27 (2008) 5130.

[930] K.S. Lokare, A.L. Odom, Inorg. Chem. 47 (2008) 11191.

[931] R. Haunschild, G. Frenking, ]. Organomet. Chem. 693 (2008) 737.

[932] S.L. Scott, A. Fu, L.A. McAdams, Inorg. Chim. Acta 361 (2008) 3315.

[933] G. Floros, N. Saragas, P. Paraskevopoulou, I. Choinopoulos, S. Koinis, N.
Psaroudakis, M. Pitsikalis, K. Mertis, J. Mol. Catal. A 289 (2008) 76.

[934] S.L. Scott, A. Fu, L.A. MacAdams, Inorg. Chim. Acta 361 (2008) 3315.

[935] D.L. Bezuidenhout, E. van der Watt, D.C. Liles, M. Landman, S. Lotz,
Organometallics 27 (2008) 2447.

[936] M.E. Sanchez-Vergara, A. Ortiz, C. Alvarez-Toledano, A. Moreno, J.R. Alvarez,
Thin Solid Films 516 (2008) 6382.

[937] Q. Wang, W.X. Zhang, Z. Xi, Organometalics 27 (2008) 3627.

[938] L. Meca, I. Cisanova, D. Drahofiovsky, D. Dvorak, Organometallics 27 (2008)
1850.

[939] F. Otto, K.H. Détz, Synthesis (2008) 2183.

[940] F. Aznar, M. Faflands-Mastral, J. Alonso, E]. Fafianas, Chem. Eur. J. 14 (2008)
325.

[941] S. Irvine, W.]. Kerr, A.R. McPherson, C.M. Peterson, Tetrahedron 64 (2008)
926.

[942] R.A. Fernandes, V.P. Chavan, A.B. Ingle, Tetrahedron Lett. 49 (2008) 6341.

[943] S.A. Eastham, S.P. Ingham, M.R. Hallett, ]J. Hebert, A. Modi, T. Morley, J.E.
Painter, P. Patel, P. Quayle, D.C. Ricketts, ]. Raffery, Tetrahedron 64 (2008)
936.

[944] A.V.Vorogushin, W.D. Wulff, HJ. Hansen, Tetrahedron 64 (2008) 949.

[945] K.A. Korthals, W.D. Wulff, J. Am. Chem. Soc. 130 (2008) 2898.

[946] S.Duan, D.K. Sinha-Mahapatra, J.W. Herndon, Org. Lett. 10 (2008) 1541.

[947] Y. Zhang, T. Irshaidat, H. Wang, K.V. Waynant, H. Wang, ].W. Herndon, J.
Organomet. Chem. 693 (2008) 3337.

[948] J. Barluenga, M. Fafianis-Mastral, F. Andina, F. Aznar, C. Valdés,
Organometallics 27 (2008) 3593.

[949] Z. Li, W.H. Moser, W. Zhang, C. Hua, L. Sun, J. Organomet. Chem. 693 (2008)
361.

[950] M.W. Giese, W.H. Moser, Org. Lett. 10 (2008) 4215.

[951] L. Reyes, H. Mendoza, M.A. Vazquez, F. Ortega-Jiménez, A. Fuentes-Benitez,
M.L Flores-Conde, H. Jiménez-Vazquez, R. Miranda, J. Tamariz, F. Delgado,
Rganometallics 27 (2008) 4334.

[952] J.Barluenga, S. Martinez, A.L. Suarez-Sobrino, M. Tomas, Org. Lett. 10 (2008)
677.

[953] I. Fernandez, M.A. Sierra, E.P. Cossio, J. Org. Chem. 73 (2008) 2083.

[954] S.Sawoo, P. Dutta, A. Chakraborty, R. Mukhopadhyay, O. Bouloussa, A. Sarkar,
Chem. Commun. (2008) 5957.

[955] J.Barluenga, ]. Garcia-Rodriguez, S. Martinez, A.L. Suarez-Sobrino, M. Tomas,
Chem. Asian J. 3 (2008) 767.

[956] ]. Barluenga, M. Fafiands-Mastral, F. Aznar, C. Valdés, Angew. Chem. Int. Ed.
47 (2008) 6594.

[957] M.P. Lopez-Alberca, M.J. Manchefio, I. Fernandez, M. Gomez-Gallego, M.A.
Sierra, Org. Lett. 10 (2008) 365.

[958] M.E.Zoloff Michoff, D.M. Andrada, A.M. Granados, R.H. de Rossi, New J. Chem.
32(2008) 65.

[959] R.W. Grime, M. Helliwell, Z.I. Hussain, H.N. Lancashire, C.R. Mason, J.J.W.
McDougall, C.M. Mydlowski, M.W. Whitely, Organometallics 27 (2008)
857.

[960] Y. Onizawa, H. Kusama, N. Iwasawa, J. Am. Chem. Soc. 130 (2008) 802.

[961] J. Barluenga, M.G. Suero, 1. Pérez-Sanchez, ]J. Flérez, . Am. Chem. Soc. 130
(2008) 2708.

[962] J. Barluenga, D. de Sda, A. Gémez, A. Ballesteros, J. Santamaria, A. de Prado,
M. Tomas, A.L. Suarez-Sobrino, Angew. Chem. Int. Ed. 47 (2008) 6225.

[963] M.L. Ojeda, A. Campero, J.G. Lopez-Cortés, M.C. Ortega-Alfaro, C. Veldsquez,
C. Alvarez, J. Mol. Catal. A 281 (2008) 137.

[964] M.L. Ojeda, C. Velasquez, A. Campero, C. Alvarez, ].M. Esparza, F. Rojas, Surf.
Interface Anal. 40 (2008) 1262.

[965] M.L. Ojeda, A. Campero, J.G. Lopez-Cortés, M.C. Ortega-Alfaro, C. Velasquez,
C. Alvarez, Microporous Mesopourous Mater. 111 (2008) 178.

[966] 1. Meana, A.C. Albéniz, P. Espinet, Organometallics 27 (2008) 4193.

[967] 1. Fernandez, M.J. Manchefio, R. Vicente, L.A. Lopez, M.A. Sierra, Chem. Eur.
]. 14 (2008) 11222.

[968] I. Férnandez, M.A. Sierra, M.J. Manchefio, M. Gémez-Gallego, F.P. Cossio, ].
Am. Chem. Soc. 130 (2008) 13892.

[969] 1. Fernandez, M.A. Sierra, M. Gémez-Gallego, M.]. Manchefio, F.P. Cossio, Eur.
J. Inorg. Chem. (2008) 2454.

[970] ]. Barluenga, A.A. Trabanco, . Pérez-Sianchez, R. De la Campa, J. Flérez, S.
Garcia-Granda, A. Aguirre, Chem. Eur. J. 14 (2008) 5401.

[971] J. Barluenga, M. Faflands-Mastral, F. Aznar, Chem. Eur. J. 14 (2008) 7508.

[972] S.D. Nogai, O. Schuster, J. Bruce, H.G. Raubenheimer, New J. Chem. 32 (2008)
540.

[973] D. Garcia-Vivo, M.E. Garcia, M.A. Ruiz, Organometallics 27 (2008) 169.

[974] M.E. Garcia, D. Garcia-Vivé, M.A. Ruiz, P. Herson, Organometallics 27 (2008)
3879.

[975] M.E. Garcia, D. Garcia-Vivé, M.A. Ruiz, Organometallics 27 (2008) 543.

[976] W.S. Ojo, EY. Pétillon, P. Schollhammer, J. Talarmin, Organometallics 27
(2008) 4207.

[977] P.M. Graham, M.S.A. Buschhaus, C.B. Pamplin, P. Legzdins, Organometallics
27 (2008) 2840.

[978] M.S.A. Buschhaus, C.B. Pamplin, 1.]. Blackmore, P. Legzdins, Organometallics
27 (2008) 4724.

[979] D. Buccella, K.E. Janak, G. Parkin, J. Am. Chem. Soc. 130 (2008) 16187.

[980] A.M. Granados, A.M. Fracaroli, R.H. de Rossi, P. Fuertes, T. Torroba, Chem.
Commun. (2008) 483.

[981] P.Garcia-Garcia, M.A. Fernandez-Rodriguez, C. Rocaboy, F. Andina, E. Aguilar,
J. Organomet. Chem. 693 (2008) 3092.

[982] M.L. Lage, I. Fernandez, MJ. Manchefio, M.A. Sierra, Inorg. Chem. 47 (2008)
5253

[983] W. Scherer, M. Tafipolsky, K. Ofele, Inorg. Chim. Acta 361 (2008) 513.

[984] J.R. Hermanson, T.M. Figley, A.L. Seibert, A.R. Pinhas, J. Organomet. Chem.
693 (2008) 2061.

[985] J.M. Concelldn, H. Rodriguez-Solla, C. Méjica, E.G. Blanco, S. Garcia-Granda,
M.R. Diaz, J. Org. Chem. 73 (2008) 3828.

[986] B.Brennan, M.W. George, O.S. Jina, C. Long, . McKenna, M.T. Pryce, X.Z. Sun,
K.Q. Vuong, Organometallics 27 (2008) 2371.

[987] G.G.Mohamed, N. Szesni, H. Fischer, Spectrochim. Acta 71A (2008) 161.

[988] Y.P. Wang, H.L. Leu, H.Y. Cheng, T.S. Lin, Y. Wang, G.H. Lee, ]. Organomet.
Chem. 693 (2008) 2615.

[989] W.M. Laidlow, R.G. Denning, D.M. Murphy, J.C. Green, Dalton Trans. (2008)
6257.

[990] H. Wang, Y. Xie, R.B. King, H.F. Schaefer III, ]. Organomet. Chem. 693 (2008)
3201

[991] S.Sentats, R. Serres, Y. Ortin, N. Lugan, G. Lavigne, Organometallics 27 (2008)
2078.
[992] A.J.M. Miller, ].A. Labinger, ].E. Bercaw, J. Am. Chem. Soc. 130 (2008) 11874.
[993] J.P. Djukic, C. Michon, A. Berger, M. Pfeffer, A. de Cian, N. Kyritsakas-Gruber,
J. Organomet. Chem. 693 (2008) 846.
[994] ]J. Zhang, M. Gandelman, LJ.W. Shimon, D. Milstein, Organometallics 27
(2008) 3526.
[995] V. Cadierno, J. Diez, . Garcia-Alvarez, ]. Gimeno, Organometallics 27 (2008)
1809.
[996] P.Le Maux, T. Roisnel, I. Nicolas, G. Simonneaux, Organometallics 27 (2008)
3037.
[997] S. Wada, M. Shimomura, T. Kikuchi, H. Yuge, T.K. Miyamoto, ]. Porphyrins
Phthalocyanines 12 (2008) 35.
[998] H.M. Mbuvi, LK. Woo, Organometallics 27 (2008) 637.
[999] Y. Ohki, Y. Takikawa, H. Sadohara, C. Kesenheimer, B. Engendahl, E. Kapatina,
K. Tatsumi, Chem. Asian J. 3 (2008) 1625.
[1000] V. Martin, S. Blakey, Tetrahedron Lett. 49 (2008) 6300.
[1001] B.C. Boren, S. Narayan, L.K. Rasmussen, L. Zhang, H. Zhao, Z. Lin, G. Jia, V.V.
Fokin, J. Am. Chem. Soc. 130 (2008) 8293.
[1002] C. Vovard-Le Bray, S. Dérien, P.H. Dixneuf, M. Murakami, Synlett (2008)
193.
[1003] M.N. Uddin, N. Begum, M.R. Hasson, G. Hogarth, S.E. Kabir, M.A. Miah, E.
Nordlander, D.A. Tocher, Dalton Trans. (2008) 6219.
[1004] H. Yuge, N. Arakawa, S. Wada, T.K. Miyamoto, Acta Crystallogr. E64 (2008)
m1110.
[1005] K. Hirasawa, H. Yuge, T.K. Miyamoto, Acta Crystallogr. C64 (2008) m97.
[1006] C. Welker, N.S. Phala, J.R. Moss, M. Claeys, E. van Steen, ]J. Mol. Catal. A 288
(2008) 75.
[1007] W. Chen, S. Chen, F. Ding, H. Wang, L.E. Brown, ].P. Konopelski, J. Am. Chem.
Soc. 130 (2008) 12156.
[1008] F. Wang, Q. Meng, M. Li, Int. ]. Quant. Chem. 108 (2008) 945.
[1009] H.G. Cho, ].T. Lyon, L. Andrews, Organometallics 27 (2008) 5241.
[1010] H.G. Cho, L. Andrews, Eur. J. Inorg. Chem. (2008) 2537.
[1011] L. Gong, Y. Lin, G. He, H. Zhang, H. Wang, T.B. Wen, H. Xia, Organometallics
27 (2008) 309.
[1012] L. Gong, Y. Lin, G. He, T.B. Wen, H. Zhang, H. Xia, Organometallics 27 (2008)
2584.



J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194 193

[1013] L. Wu, L. Feng, H. Zhang, Q. Liu, X. He, F. Yang, H. Xia, J. Org. Chem. 73 (2008)
2883.

[1014] T. Takao, M. Moriya, H. Suzuki, Organometallics 27 (2008) 1044.

[1015] M.L. Buil, M.A. Esteruelas, K. Garcés, M. Olivan, E. Ofiate, Organometallics 27
(2008) 4680.

[1016] M.A. Esteruelas, A.B. Masamunt, M. Olivan, E. Ofiate, M. Valencia, J. Am.
Chem. Soc. 130 (2008) 11612.

[1017] R. Schmid, K. Kirchner, Eur. ]. Inorg. Chem. (2004) 2609.

[1018] L.Zhang, H.H.Y. Sung, 1.D. Williams, Z. Lin, G. Jia, Organometallics 27 (2008)
5122.

[1019] G.T. Shchetnikov, S.N. Osipov, C. Brunneau, P.H. Dixneuf, Synlett (2008) 578.

[1020] Y. Yamamoto, K. Hattori, Tetrahedron 64 (2008) 847.

[1021] P. Novak, S. Cihalova, M. Otmar, M. Hocek, M. Kotora, Tetrahedron 64 (2008)
5200.

[1022] S. Garcia-Rubin, J.A. Varela, L. Castedo, C. Sda, Chem. Eur. J. 14 (2008) 9772.

[1023] J.A. Varela, S.G. Rubin, L. Castedo, C. Saa, J. Org. Chem. 73 (2008) 1320.

[1024] L. Busetto, F. Marchetti, S. Zacchini, V. Zanotti, Organometallics 27 (2008)
5058.

[1025] L. Busetto, M. Dionisio, F. Marchetti, R. Mazzoni, M. Salmi, S. Zacchini, V.
Zanotti, ]. Organomet. Chem. 693 (2008) 2383.

[1026] L. Busetto, F. Marchetti, R. Mazzoni, M. Salmi, S. Zacchini, V. Zanotti, J.
Organomet. Chem. 693 (2008) 3191.

[1027] L. Busetto, M. Salmi, S. Zacchini, V. Zanotti, J. Organomet. Chem. 693 (2008)
57.

[1028] L. Busetto, F. Marchetti, M. Salmi, S. Zacchini, V. Zanotti, Eur. J. Inorg. Chem.
(2008) 2437.

[1029] M.A. Rankin, G. Schatte, R. McDonald, M. Stradiotto, Organometallics 27
(2008) 6286.

[1030] M.A. Esteruelas, FJ. Ferndndez-Alvarez, E. Ofiate, Organometallics 27 (2008)
6236.

[1031] J.M. Yang, B. Hu, C.G. Xia, J. Clust. Sci. 19 (2008) 615.

[1032] N. Xiao, J. Sun, H. Zhu, N. Tsumori, ]J. Chen, Inorg. Chim. Acta 361 (2008)
3171.

[1033] M.A. Esteruelas, Y.A. Hernindez, A.M. Ldépez, M. Olivin, L. Rubio,
Organometallics 27 (2008) 799.

[1034] F. Justaud, G. Argouarch, S.I. Ghazala, L. Toupet, F. Paul, C. Lapinte,
Organometallics 27 (2008) 4260.

[1035] Q. He, T.S.A. Hor, Dalton Trans. (2008) 2929.

[1036] N.J. Brown, P.K. Eckert, M.A. Fox, D.S. Yufit, J.A.K. Howard, PJ. Low, Dalton
Trans. (2008) 433.

[1037] ML.L Bruce, M.L. Cole, C.R. Parker, B.W. Skelton, A.H. White, Organometallics
27(2008) 3352.

[1038] S.L. Dabb, B.A. Messerle, J. Wagler, Organometallics 27 (2008) 4657.

[1039] M. Bassetti, V. Cadierno, ]J. Gimeno, C. Pasquini, Organometallics 27 (2008)
50009.

[1040] E. Mothes, S. Sentets, M. Luquin, R. Mathieu, N. Lugan, G. Lavigne,
Organometallics 27 (2008) 1193.

[1041] C.Y. Wong, L.M. Lai, C.Y. Lam, N. Zhu, Organometallics 27 (2008) 5806.

[1042] C. Olivier, B. Kim, D. Touchard, S. Rigaut, Organometallics 27 (2008) 509.

[1043] H. Kopf, B. Holzberger, C. Pietraszuk, E. Hiibner, N. Burzlaff, Organometallics
27(2008) 5894.

[1044] ].L.Fillaut,]. Andriés, R.D. Marwaha, P.H. Lanog, O. Lohio, L. Toupet, J.A. Gareth
Williams, J. Organomet. Chem. 693 (2008) 228.

[1045] D.B. Grotjahn, V. Miranda-Soto, E.J. Ktagulj, D.A. Lev, G. Erdogan, X. Zeng, A.L.
Cooksey, J. Am. Chem. Soc. 130 (2008) 20.

[1046] R.Packheiser, P.Ecorchard, T. Riiffer, M. Lohan, B. Brauer, F. Justaud, C. Lapinte,
H. Lang, Organometllics 27 (2008) 3444.

[1047] R.Packheiser, P. Ecorchard, T. Riiffer, H. Lang, Organometllics 27 (2008) 3534.

[1048] R. Packheiser, P. Ecorchard, T. Riiffer, H. Lang, Chem. Eur. . 14 (2008) 4948.

[1049] R.Packheiser, M. Lohan, B. Brduer, F.Justand, C. Lapinte, H. Lang, ]. Organomet.
Chem. 693 (2008) 2898.

[1050] P. Hamon, F. Justaud, O. Cador, P. Hapiot, S. Rigaut, L. Toupet, L. Ouahab, H.
Stueger, ].R. Hamon, C. Lapinte, J. Am. Chem. Soc. 130 (2008) 17372.

[1051] M.L Bruce, M. Jevric, C.R. Parker, W. Patalinghug, B.W. Skelton, A.H. White,
N.N. Zaitseva, J. Organomet. Chem. 693 (2008) 2915.

[1052] T.N. Fondum, K.A. Green, M.D. Randles, M.P. Cifuentes, A.C. Willis, A.
Teshome, I. Asselberghs, K. Clays, M.G. Humphrey, ]. Organomet. Chem. 693
(2008) 1605.

[1053] J.W.Ying, T. Ren, . Organomet. Chem. 693 (2008) 1449.

[1054] B.Xi, G.L. Xu, ].W.Ying, H.L. Han, A. Cordova, T. Ren, ]. Organomet. Chem. 693
(2008) 1656.

[1055] LJ. Gossen, M. Blanchet, K.S.M. Salih, R. Karch, A. Rivas-Nass, Org. Lett. 10
(2008) 4497.

[1056] M.L Bruce, N.N. Zaitseva, B.W. Skelton, A.H. White, J. Organomet. Chem. 693
(2008) 1400.

[1057] M.P.Cifuentes, M.G. Humphrey, G.A. Koutsantonis, N.A. Lengkeek, S. Petrie, V.
Sanford, P.A. Schauer, R.W. Skelton, R. Stranger, A.H. White, Organometallics
27(2008) 1716.

[1058] O. Pélerin, C. Olivier, T. Roisnel, D. Touchard, S. Rigaut, J. Organomet. Chem.
693 (2008) 2153.

[1059] D.B. Grotjahn, E.J. Kragulji, C.D. Zeinalipour-Yazdi, V. Miranda-Soto, D.A. Lev,
A.L. Cooksy, ]. Am. Chem. Soc. 130 (2008) 10860.

[1060] C.Y. Wong, W.L. Man, C. Wang, H.L. Kwong, W.Y. Wong, T.C. Lau,
Organometallics 27 (2008) 324.

[1061] J.H. Lee, K.G. Caulton, J. Organomet. Chem. 693 (2008) 1664.

[1062] E. Haak, Eur. J. Org. Chem. (2008) 788.

[1063] Y. Arikawa, T. Asayama, C. Tanaka, S. Tashita, M. Tsuji, K. Ikeda, K. Umakoshi,
M. Onishi, Organometallics 27 (2008) 1227.

[1064] G. Albertin, S. Antoniutti, A. Bacchi, G. Pelizzi, G. Zanardo, Eur. ]. Inorg. Chem.
(2008) 1913.

[1065] F. de Montigny, G. Argouarch, T. Roisnel, L. Toupet, C. Lapinte, S.C.F. Lam, C.H.
Tao, V.W.W. Yam, Organometallics 27 (2008) 1912.

[1066] K. Onitsuka, N. Ohara, F. Takei, S. Takahashi, Organometallics 27 (2008) 25.

[1067] N. Gauthier, C. Olivier, S. Rigaut, D. Touchard, T. Roisnel, M.G. Hunphrey, F.
Paul, Organometallics 27 (2008) 1063.

[1068] H.H. Chou, Y.C. Lin, S.L. Huang, Y.H. Liu, Y. Wang, Organometallics 27 (2008)
5212.

[1069] Y.H. Lo, Y.C. Lin, C.C. Huang, J. Organomet. Chem. 693 (2008) 117.

[1070] J.M.Lyman, T.D. Nixon, A.C. Whitwood, ]. Organomet. Chem. 693 (2008) 3103.

[1071] L.D. Field, A.M. Magill, P. Jensen, Organometallics 27 (2008) 6539.

[1072] C. Pasquini, I. Frataddi, D. Capitani, L. Mannina, M. Bassetti, J. Org. Chem. 73
(2008) 3892.

[1073] Y.Ikeda, T. Yamaguchi, K. Kanao, K. Kimura, S. Kanimura, Y. Mutoh, Y. Tanabe,
Y. Ishii, J. Am. Chem. Soc. 130 (2008) 16856.

[1074] E.V. Banide, P. Oulié, H. Miiller-Bunz, M.]. McGlinchey, Organometallics 27
(2008) 5657.

[1075] M. Daini, M. Yoshikawa, Y. Inada, S. Uemura, K. Sakata, K. Kanao, Y. Miyake,
Y. Nishibayashi, Organometallics 27 (2008) 2046.

[1076] Y. Miyake, S. Endo, M. Yuki, Y. Tanabe, Y. Nishibayashi, Organometallics 27
(2008) 6039.

[1077] Y. Yada, Y. Miyake, Y. Nishibayashi, Organometallics 27 (2008) 3614.

[1078] Y. Yamauchi, M. Yuki, Y. Tanabe, Y. Miyake, Y. Inada, S. Uemura, Y.
Nishibayashi, J. Am. Chem. Soc. 130 (2008) 2908.

[1079] K. Fukamizu, Y. Miyake, Y. Nishibayashi, ]. Am. Chem. Soc. 130 (2008) 10498.

[1080] R. Castarlenas, M.A. Esteruelas, R. Lalrempuia, M. Olivan, E. Oiate,
Organometallics 27 (2008) 795.

[1081] M.W. Gribble Jr., J.A. Ellman, R.G. Bergman, Organometallics 27 (2008)
2152.

[1082] A. Verat, M. Pink, H. Fan, ]. Tomaszewski, K.G. Caulton, Organometallics 27
(2008) 166.

[1083] M.T. Whited, R.H. Grubbs, J. Am. Chem. Soc. 130 (2008) 5874.

[1084] P.E. Romero, M.T. Whited, R.H. Grubbs, Organometallics 27 (2008) 3422.

[1085] M.T. Whited, R.H. Grubbs, J. Am. Chem. Soc. 130 (2008) 16476.

[1086] M.T. Whited, R.H. Grubbs, Organometallics 27 (2008) 5737.

[1087] M. Paneque, M.L. Poveda, LL. Santos, E. Carmona, K. Mereiter,
Organometallics 27 (2008) 6353.

[1088] S. Conejero, P. Lara, M. Paneque, A. Petronilho, M.L. Poveda, O. Serrano, F.
Vattier, E. Alvarez, C. Maya, V. Salazar, E. Carmona, Angew. Chem. Int. Ed. 47
(2008) 4380.

[1089] G. Song, Y. Zhang, Y. Su, W. Deng, K. Han, X. Li, Organometallics 27 (2008)
6193.

[1090] G. Song, Y. Li, S. Chen, X. Li, Chem. Commun. (2008) 3558.

[1091] R.L. Holland, K.D. Bunker, C.H. Chen, A.G. DiPasquale, A.L. Rheingold, K.K.
Baldridge, ].M. O’Connor, J. Am. Chem. Soc. 130 (2008) 10093.

[1092] MJ. Ingleson, M. Pink, H. Fan, K.G. Caulton, J. Am. Chem. Soc. 130 (2008)
4262

[1093] S. Karasawa, D. Yoshihara, N. Watanabe, M. Nakano, N. Koga, Dalton Trans.
(2008) 1418.

[1094] D. Yoshihara, S. Karasawa, N. Koga, ]. Am. Chem. Soc. 130 (2008) 10460.

[1095] J.R. Denton, K. Cheng, H.M.L. Davies, Chem. Commun. (2008) 1238.

[1096] J.P. Olson, H.M.L. Davies, Org. Lett. 10 (2008) 573.

[1097] T. Lu, Z. Song, R. Hsung, Org. Lett. 10 (2008) 541.

[1098] D. Marcoux, A.B. Charette, Angew. Chem. Int. Ed. 47 (2008) 10155.

[1099] H.Suematsu, S. Kanchiku, T. Uchida, T. Katsuki, J. Am. Chem. Soc. 130 (2008)
10327.

[1100] H.Y. Thu, G.S.M. Tong, J.S. Huang, S.L.E. Chan, Q.H. Deng, C.M. Che, Angew.
Chem. Int. Ed. 47 (2008) 9747.

[1101] J. Lloret, ].J. Carbé, C. Bo, A. Lledés, J. Pérez-Prieto, Organometallics 27 (2008)
2873.

[1102] R.G. Samant, T.W. Graham, B.D. Rowsell, R. McDonald, M. Cowie,
Organometallics 27 (2008) 3070.

[1103] A.R. Thornton, S.B. Blakely, J. Am. Chem. Soc. 130 (2008) 5020.

[1104] M.A.A. Walczak, P. Wipf, ]. Am. Chem. Soc. 130 (2008) 6924.

[1105] T.Horneff, S. Chuprakev, N. Chernyak, V. Gevorgyan, V.V. Fokin, ]. Am. Chem.
Soc. 130 (2008) 14972.

[1106] K. Ota, N. Chatani, Chem. Commun. (2008) 2906.

[1107] WL Dzik, J.N.H. Reek, B. de Bruin, Chem. Eur. J. 14 (2008) 7594.

[1108] G.Kuchenbeiser, B. Donnadieu, G. Bertrand, J. Organomet. Chem. 693 (2008)
899.

[1109] M. Asay, B. Donnadieu, A. Baceiredo, M. Soleilhavoup, G. Bertrand, Inorg.
Chem. 47 (2008) 3949.

[1110] J. Gaube, H.E. Klein, J. Mol. Catal. A 283 (2008) 60.

[1111] X. Meng, G.R. Tang, G.X. Jin, Chem. Commun. (2008) 3178.

[1112] P.M. Maitlis, V. Zanotti, Catal. Lett. 122 (2008) 80.

[1113] P. Cheliatsidou, D.E.S. White, A.M.Z. Slawin, D.J. Cole-Hamilton, Dalton Trans.
(2008) 2389.

[1114] G.R.Clark, P.M.Johns, W.R. Roper, L.J. Wright, Organometallics 27 (2008) 451.

[1115] J.R. Bleeke, P. Putprasert, T. Thananatthanachon, N.P. Rath, Organometallics
27 (2008) 5744.

[1116] W.R.W. Welch, S. Harris, Inorg. Chim. Acta 361 (2008) 3012.

[1117] MJJ. Cowley, J.M. Lyman, ].M. Slattery, Dalton Trans. (2008) 4552.

[1118] B.A. Vastine, M.B. Hall, Organometallics 27 (2008) 4325.



194 J.W. Herndon / Coordination Chemistry Reviews 254 (2010) 103-194

[1119] P. Tagliatesta, E. Elakkari, A. Leoni, A. Lembo, D. Ciciero, New ]J. Chem. 32
(2008) 1847.

[1120] J.M. O’Connor, A.G. Wenzel, K. Hiiber, Inorg. Chim. Acta 361 (2008) 3033.

[1121] U. Radius, FEM. Bickelhaupt, Organometallics 27 (2008) 3410.

[1122] J. Wu, J. Dai, W. Dai, Chem. Abstr. 149 (2008) 378891.

[1123] C.Taubmann, E. Tosh, K. Ofele, E. Herdtweck, W.A. Herrmann, ]. Organomet.
Chem. 693 (2008) 2231.

[1124] K.V. Luzyanin, A.J.L. Pombeiro, M. Haukka, V.Y. Kukushkin, Organometallics
27 (2008) 5379.

[1125] ]. Vignolle, H. Gornitza, B. Donnadieu, D. Bourissou, G. Bertrand, Angew.
Chem. Int. Ed. 47 (2008) 2271.

[1126] M. Werner, C. Bruhn, D. Steinborn, ]. Organomet. Chem. 693 (2008) 2369.

[1127] J.M. Goll, E. Fillion, Organometallics 27 (2008) 3622.

[1128] A.E. Hours, J.K. Snyder, Organometallics 27 (2008) 410.

[1129] R. Kudirka, D.L. Van Vranken, J. Org. Chem. 73 (2008) 3585.

[1130] S.KJ. Devine, D.L. van Vranken, Org. Lett. 10 (2008) 1909.

[1131] 1. Nakamura, C.S. Chan, T. Araki, M. Terada, Y. Yamamoto, Org. Lett. 10 (2008)
309.

[1132] J. Bigeault, I. de Riggi, Y. Gimbert, L. Giordano, G. Buono, Synlett (2008) 1071.

[1133] Y.Matano, K. Matsumoto, Y. Nakao, H. Uno, S. Sakaki, H. Imahori, ]. Am. Chem.
Soc. 130 (2008) 4588.

[1134] H.G. Cho, L. Andrews, J. Am. Chem. Soc. 130 (2008) 15836.

[1135] A. Fiirstner, L. Morency, Angew. Chem. Int. Ed. 47 (2008) 5030.

[1136] M.C.P. Yeh, W.C. Tsao, B.J. Lee, T.L. Lin, Organometallics 27 (2008) 5326.

[1137] M.C.P. Yeh, W.C. Tsao, S.T. Cheng, J. Org. Chem. 73 (2008) 2902.

[1138] C. Nieto-Oberhuber, D. Pérez-Galon, E. Herrero-Gémez, T. Lauterbach, C.
Rodriguez, S. Lopez, C. Bour, A. Rosellén, D.J. Cardenas, A.M. Echavarren, J.
Am. Chem. Soc. 130 (2008) 269.

[1139] C.Michon, S. Liu, S. Hiragushi, T. Uenishi, M. Uemura, Tetrahedron 64 (2008)
11756.

[1140] R. Zriba, V. Gandon, C. Aubert, L. Fensterbank, M. Malacria, Chem. Eur. J. 14
(2008) 1482.

[1141] P. Costes, ]J. Weckesser, O. Dechy-Cabaret, M. Urritigoity, P. Kalck, Appl.
Organomet. Chem. 22 (2008) 211.

[1142] C. Bartolomé, Z. Ramiro, P. Pérez-Galan, C. Bour, M. Raducan, A.M. Echavar-
ren, P. Espinet, Inorg. Chem. 47 (2008) 11391.

[1143] A. Tenaglia, S. Gaillard, Angew. Chem. Int. Ed. 47 (2008) 2454.

[1144] B.Baskar, H.J. Bae, S.E. An, J.Y. Cheong, Y.H. Rhee, A. Duschek, S.F. Kirsch, Org.
Lett. 10 (2008) 2605.

[1145] A.S.K. Hashmi, M. Rudolph, J.W. Bats, W. Frey, F. Rominger, T. Oeser, Chem.
Eur. ]. 14 (2008) 6672.

[1146] X. Riou, R. Barriault, J. Org. Chem. 73 (2008) 7436.

[1147] A.S.K. Hashmi, M. Rudolph, H.U. Siehl, M. Tanaka, J.W. Bats, W. Frey, Chem.
Eur. ]. 14 (2008) 3703.

[1148] A.S.K. Hashmi, S. Schafer, ].W. Bats, W. Frey, F. Rominger, Eur. ]. Org. Chem.
(2008) 4891.

[1149] C.H.M. Armijs, V. Lépez-Carrillo, M. Raducan, P. Pérez-Galan, C. Ferrer, A.M.
Echavarren, J. Org. Chem. 73 (2008) 7721.

[1150] E. Jiminéz-Ntfiez, CK. Claverie, C. Bour, D.J. Cardenas, A.M. Echevarren,
Angew. Chem. Int. Ed. 47 (2008) 7892.

[1151] P.Y.Toullec, C.M. Chao, Q. Chen, S. Gladiali, ].P. Genet, V. Michelet, Adv. Synth.
Catal. 350 (2008) 2401.

[1152] G.Li, X. Huang, L. Zhang, J. Am. Chem. Soc. 130 (2008) 6944.

[1153] C.H. Oh, SJ. Lee, J.H. Lee, Y.J. Na, Chem. Commun. (2008) 5794.

[1154] C.H. Oh, J.H. Lee, S.J. Lee, ].I. Kim, C.S. Hong, Angew. Chem. Int. Ed. 47 (2008)
7505.

[1155] H.Kusama, K. Ishida, H. Funami, N. Iwasawa, Angew. Chem. Int. Ed. 47 (2008)
4903.

[1156] H.S. Yeom, ].E. Lee, S. Shim, Angew. Chem. Int. Ed. 47 (2008) 7040.

[1157] G.Y.Lin, C.W. Li, S.H. Hung, R.S. Liu, Org. Lett. 10 (2008) 5059.

[1158] Y. Peng, M. Yu, L. Zhang, Org. Lett. 10 (2008) 5187.

[1159] P.W. Davies, S.].C. Albrecht, Chem. Commun. (2008) 238.

[1160] ED. Boyer, X. Le Goff, I. Hanna, J. Org. Chem. 73 (2008) 5163.

[1161] A. Firstner, A. Schlecker, Chem. Eur. J. 14 (2008) 9181.

[1162] G.Li, G. Zhang, L. Zhang, J. Am. Chem. Soc. 130 (2008) 3740.

[1163] K. Kato, T. Kobayashi, T. Fujinami, S. Motodate, T. Kusakabe, T. Mochida, H.
Akita, Synlett (2008) 1081.

[1164] E. Soriano, J. Marco-Contelles, Chem. Eur. J. 14 (2008) 6771.

[1165] DJ. Gorin, I.D.G. Watson, ED. Toste, ]. Am. Chem. Soc. 130 (2008) 3736.

[1166] K.G. Ji, X.Z. Su, ]. Chen, S.C. Zhao, ZJ. Zheng, L. Lu, X.Y. Liu, Y.M. Liang, Org.
Lett. 10 (2008) 3919.

[1167] Y. Zou, D. Garayalde, Q. Wang, C. Nevado, A. Goecke, Angew. Chem. Int. Ed.
47 (2008) 10110.

[1168] N.D. Shapiro, E.D. Toste, J. Am. Chem. Soc. 130 (2008) 9244.

[1169] A. Correa, N. Marion, L. Fensterbank, M. Malacria, S.P. Nolan, L. Cavallo,
Angew. Chem. Int. Ed. 47 (2008) 718.

[1170] B. Trillo, F. L6pez, M. Gullias, L. Castédo, J.L. Mascareiias, Angew. Chem. Int.
Ed. 47 (2008) 951.

[1171] S. Bhunia, R.S. Liu, J. Am. Chem. Soc. 130 (2008) 16488.

[1172] S.G. Sethofer, S.T. Staben, 0O.Y. Hung, E.D. Toste, Org. Lett. 10 (2008) 4315.

[1173] C. Park, P.H. Lee, Org. Lett. 10 (2008) 3359.

[1174] V. Gandon, G. Lemiere, A. Hours, L. Fensterbank, M. Malacria, Angew. Chem.
Int. Ed. 47 (2008) 7534.

[1175] E.M. Simmons, A.R. Hardin, X. Guo, R. Sarpong, Angew. Chem. Int. Ed. 47
(2008) 6650.

[1176] R.Sanz, D. Miguel, Angew. Chem. Int. Ed. 47 (2008) 7354.

[1177] G.Li, X. Huang, L. Zhang, Angew. Chem. Int. Ed. 47 (2008) 346.

[1178] S. Sohel, M. Shariar, S.H. Lin, R.S. Liu, Synlett (2008) 745.

[1179] A.S. Dudnik, T. Schwier, V. Gvorgian, Org. Lett. 10 (2008) 1465.

[1180] Z.B. Zhu, M. Shi, Chem. Eur. J. 14 (2008) 10219.

[1181] G.A. Ardizzoia, S. Brenna, F. Castelli, S. Galli, C. Marelli, A. Maspero, ].
Organomet. Chem. 693 (2008)

[1182] P. Hofmann, L.V. Shishkov, F. Rominger, Inorg. Chem. 47 (2008) 11755.

[1183] N.P. Mankad, J.C. Peters, Chem. Commun. (2008) 1061.

[1184] J.M. Fraile, J.I. Garcia, GJ. Jiménez-Osés, ].A. Mayoral, M. Roldén,
Organometallics 27 (2008) 2246.

[1185] H. Xu, W. Zhang, D. Shu, ].B. Werness, W. Tang, Angew. Chem. Int. Ed. 47
(2008) 8933.

[1186] E.J. Park, S.H. Kim, S. Chang, J. Am. Chem. Soc. 130 (2008) 17268.

[1187] G. Drudis-Sole, F. Maseras, A. Lledos, A. Vallribera, M. Moreno-Manas, Eur. J.
Org. Chem. (2008) 5614.

[1188] C. Ozen, N.S. Tiiziin, Organometallics 27 (2008) 4600.

[1189] LV. Seregin, A.W. Schammel, V. Gevorggyan, Tetrahedron 64 (2008) 6876.

[1190] RJ. Detz, M.M.E. Delville, H. Hiemstra, J.H. van Maarseveen, Angew. Chem.
Int. Ed. 47 (2008) 3777.

[1191] G. Hattori, H. Matsuzawa, Y. Miyake, Y. Nishibayashi, Angew. Chem. Int. Ed.
47 (2008) 3781.

[1192] P.H.Y. Cheong, P. Morganelli, M.R. Luzung, K.N. Houk, F.D. Toste, ]. Am. Chem.
Soc. 130 (2008) 4517.

[1193] J. Barluenga, L. Riesgo, R. Vicente, L.A. Lopez, M. Tomas, J. Am. Chem. Soc. 130
(2008) 13528.

[1194] Y. Xia, A.S. Dudnik, V. Gevorgyan, Y. Li, ]. Am. Chem. Soc. 130 (2008) 6944.

[1195] ]J.T. Bauer, M.S. Hadfield, A.L. Lee, Chem. Commun. (2008) 6405.

[1196] A. Fedorov, M.E. Moret, P. Chen, J. Am. Chem. Soc. 130 (2008) 8880.

[1197] S.T.Liddle, J. McMaster, J.C. Green, P.L. Arnold, Chem. Commun. (2008) 1747.

[1198] ].T. Lyons, L. Andrews, Eur. J. Inorg. Chem. (2008) 1047.

[1199] H.G. Cho, L. Andrews, Inorg. Chim. Acta 361 (2008) 551.

[1200] L.M. Caldwell, Adv. Organomet. Chem. 56 (2008) 1.

[1201] F. Hugq, Asian J. Chem. 20 (2008) 1526.

[1202] R. Castro-Rodrigo, M.A. Esteruelas, A.M. Lépez, E. Ofiate, Organometallics 27
(2008) 3547.

[1203] T. Bolafio, R. Castalenas, M.A. Esteruelas, E. Ofiate, Organometallics 27 (2008)
6367.

[1204] ].H. Lee, M. Pink, Y.D. Smurnyy, K.G. Caulton, J. Organomet. Chem. 693 (2008)
1426.

[1205] Z. Guo, Z. Ke, D.L. Phillips, C. Zhao, Organometallics 27 (2008) 181.

[1206] H.G. Cho, L. Andrews, Organometallics 27 (2008) 1786.

[1207] H.G. Cho, L. Andrews, Inorg. Chem. 47 (2008) 1653.

[1208] R.L. Cordiner, A.F. Hill, J. Wagler, Organometallics 27 (2008) 4532.

[1209] L.M. Caldwell, AF. Hill, A.D. Rae, A.C. Willis, Organometallics 27 (2008)
341.

[1210] L.M. Caldwell, A.F. Hill, ]. Wagler, A.C. Willis, Dalton Trans. (2008) 3538.

[1211] W. Knauer, W. Beck, Z. Anorg. Allg. Chem. 634 (2008) 2241.

[1212] D.A.Valyaev, N. Lugan, G. Lavigne, N.A. Ustynyuk, Organometallics 27 (2008)
5180.

[1213] T. Bobula, J. Hudlicky, P. Novak, R. Gyepes, I. Cisarova, P. Stepnicka, M. Kotura,
Eur. J. Inorg. Chem. (2008) 3911.

[1214] H.M. Cho, H. Weissmann, ].S. Moore, ]. Org. Chem. 73 (2008) 4256.

[1215] ]. Jiang, G.N. Tew, Org. Lett. 10 (2008) 4393.

[1216] N. Merle, M. Taoufik, M. Nayer, A. Baudoin, E. Le Roux, R.M. Gauvin, F.
Lefebvre, J. Thivolle-Cazat, ].M. Basset, ]. Organomet. Chem. 693 (2008)
1733.

[1217] S. Beer, K. Brandhorst, J. Grunenberg, C.G. Hrib, P.G. Jones, M. Tamm, Org.
Lett. 10 (2008) 981.

[1218] V.V.Vintonyak, M. Cal4, F. Lay, B. Kunze, F. Sasse, M.E. Maier, Chem. Eur. J. 14
(2008) 3709.

[1219] P. Kraft, C. Berthold, Synthesis (2008) 543.

[1220] S. Groothuys, S.A.M.W. van den Broeck, B.H.M. Kuijpers, M. [Jsselstijin, F.L.
van Delft, F.P].T. Rutjes, Synlett (2008) 111.

[1221] M. Carnes, D. Buccella, T. Siegrist, M.L. Steigerwald, C. Nuckolls, ]. Am. Chem.
Soc. 130 (2008) 14078.

[1222] A.M.Geyer, E.S. Wiedner,].B. Gary, R.L. Gdula, N.C. Kuhlmann, M.J.A. Johnson,
B.D. Dunietz, ].W. Kampf, ]. Am. Chem. Soc. 130 (2008) 8984.

[1223] Z]. Tonzetich, RR. Schrock, K.M. Wampler, B.C. Bailey, C.C. Cummins, P.
Miiller, Inorg. Chem. 47 (2008) 1560.

[1224] ].P.Boyd, M. Schlangen, A. Grohmann, H. Schwarz, Helv. Chim. Acta 91 (2008)
1430.

[1225] B.A. Burroughs, B.E. Bursten, S. Chen, M.H. Chisholm, A.R. Kidwell, Inorg.
Chem. 47 (2008) 5377.

[1226] R.L. Cordiner, A.F. Hill, ]. Wagler, Organometallics 27 (2008) 5177.

[1227] ML Bruce, M. Gaudio, G. Melino, N.N. Zaitseva, B.K. Nicholson, B.W. Skelton,
A.H. White, J. Clust. Sci. 19 (2008) 147.

[1228] Y. Bai, ED. Wang, C.S. Wang, Gaodeng Xuezaio Huaxue, Xuebao 29 (2008)
1443.

[1229] D. Zhang, Y. Zhang, K. Gao, C.S. Wang, Wuji Huaxue Xuebao 24 (2008)
861.

[1230] A. Krapp, G. Frenking, J. Am. Chem. Soc. 130 (2008) 16646.

[1231] A. Ariafard, N.J. Brookes, R. Stranger, B.F. Yates, J. Am. Chem. Soc. 130 (2008)
11928.

[1232] ].B. Gray, C. Buda, MJ.A. Johnson, B.D. Dinietz, Organometallics 27 (2008)
814.



	The chemistry of the carbon-transition metal double and triple bond: Annual survey covering the year 2008
	Introduction
	Metal-carbene or metal-alkylidene complexes
	Review articles, highlights, and comments
	Alkene metathesis
	General studies of alkene metathesis catalysts
	Polymerization reactions
	Nonpolymer-forming ring opening metathesis reactions
	Cross-metathesis and metathesis dimerization reactions
	Ring-closing metathesis
	Alkene metathesis involving alkyne components
	Non-metathesis reaction processes involving the Grubbs and related catalysts

	Individual carbene or alkylidene complexes classified according to metal
	Group 4 metal-carbene complexes
	Group 5 metal-carbene complexes
	Group 6 metal-carbene complexes (further classified according to structure and reaction type)
	Schrock-type carbene complexes
	Publications focusing on synthesis, formation, or physical properties of Fischer carbene complexes of Group 6 metals
	Reaction of Group 6 metal-carbene complexes with alkenes and dienes
	Reaction of Group 6 metal-carbene complexes with alkynes-benzannulation
	Nonbenzannulation reactions of Group 6 metal-carbene complexes with alkynes
	Reactions occurring at the conjugated C-C pi-bond of alpha,beta-unsaturated Group 6 metal-carbene complexes
	Physical organic chemistry of Group 6 Fischer carbene complexes
	Synthesis and reactivity of Group 6 metal-vinylidene complexes, and reactions that involve vinylidene-metal complexes as intermediates; also includes other process that involve the formation of a carbene complex from an alkyne and a non-carbene metal complex
	Reactions involving the addition of nucleophiles to the carbene carbon
	Reactions that involve transfer of a Fischer carbene ligand to another metal
	Other reactions of Group 6 metal-carbene complexes

	Group 7 metal-carbene complexes
	Group 8 metal-carbene complexes
	Non-heteroatom-stabilized metal-carbene complexes that are not metallacumulenes
	Group 8 metalla-aromatics
	Bis(carbene)ruthenium complexes from coupling of two alkynes and a ruthenium complex
	Heteroatom-substituted Group 8 metal-carbene complexes
	Group 8 metallacumulene complexes

	Group 9 metal-carbene complexes
	Simple carbene complexes
	Group 9 metalla-aromatics
	Group 9 metallacumulenes

	Group 10 metal-carbene complexes
	Stable carbene complexes
	Group 10 carbene complexes as transient intermediates
	Platinum- and gold-catalyzed reactions of alkynes or allenes

	Group 11 carbene complexes
	Lanthanide-/actinide-carbene complexes


	Metal-carbyne or metal-alkylidyne complexes
	Review articles
	Synthesis and/or generation
	Reactivity
	Addition reactions of metal-carbyne complexes
	Alkyne metathesis
	Other processes involving metal-carbyne complexes


	Acknowledgements
	References


