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[. Introduction

The current intense interest in complexes contain-
ing highly unsaturated carbon chains arises from
their potential to form molecular wires!—2 and other
nanoelectronic devices,*% as possible components of
two- or three-dimensional carbon networks®” and as
likely monomers for the preparation of novel poly-
mers related to polyacetylene.®~1* Current exten-
sions of the chemistry of conjugated diyne and
polyyne complexes of transition metals have also
resulted in further discoveries of novel unsaturated
carbene complexes.

The first carbene complex was discovered in 1964
by Fischer and Maashol.’? Since that time, the
chemistry of these species has become enormously
diversified, with applications in organic synthesis,
catalysis, and elsewhere.’3 Conceptually, a series
of higher unsaturated carbenes can be envisaged,
which are closely related to more familiar heterocu-
mulenic ligands (Figure 1).

Vinylidenes are tautomers of l-alkynes and are
formed by a formal 1,2-shift of the alkyne hydrogen
from C(1) to C(2):

H—C=C—H — :C=CH, (1)

While in the free state the lifetime of the vinylidene
is extremely short (~10710 s),5 the formation and
stabilization of vinylidenes at a transition metal
center was first reported in 1966, when one product
from the reaction between Fe,(CO)y and diphen-
ylketene was shown to be the binuclear complex Fe,-
(u-C=CPh,)(C0)s.18" A mononuclear dicyanovi-
nylidene—molybdenum complex was described six
years later.'® The importance of metal-stabilized
vinyl cations in the chemistry of cationic platinum
alkyne complexes was discussed in a review by
Chisholm and Clark.'® Vinylidene complexes have
been reviewed several times since then.?2* The
development of applications of vinylidene complexes
has been much slower than for carbenes, although
there are now several examples of organic reactions
proceeding via actual or proposed intermediate com-
plexes.?> As unsaturated species, they also have an
as yet unrealized potential for polymerization.

The stabilization of unsaturated carbenes by coor-
dination to a transition metal center is achieved by
use of the lone pair of electrons on carbon in forma-
tion of a dative carbon-to-metal donor bond. Some
degree of back-bonding from metal to carbon ligand
may further strengthen this bond. Stabilization of
allenylidenes by two heteroatom substituents is

M=CR, M=C=CR,
carbene vinylidene
M-C=NR M=C=C=NR
isocyanide azavinylidene
M-C=0 M=C=C=0
carbonyl ketenylidene

Figure 1.
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indicated by the resonance structures shown in
Figure 2 and strongly dipolar characteristics are
expected, particularly when heteroatoms are present.
The first allenylidene complexes were described
simultaneously by the groups of Fischer?® and Berke?’
in 1976, who obtained them from the reactions of
Lewis acids (BFs, AlEts) with amino—vinylcarbene
complexes, whereby EtOH was eliminated:

M(CO)s{=C(OEt)CH=CPh(NEL,)} + EX; — M
(CO){=C=C=CPh(NEt,)}

[M = Cr, W; EX; = BF, (Cr), AIEt, (W)] (2)

What is now the most general method of prepara-
tion, the spontaneous dehydration of hydroxymeth-
ylvinylidene ligands derived from substituted 2-pro-
pyn-1-ols on electron-rich metal centers, was first
demonstrated by Selegue in 1982, who made [Ru(=
C=C=CPh,)(PMe3),Cp]*.? Many octahedral com-
plexes containing d® metal centers have been pre-
pared, while more recently, there hasbeen considerable
development of the chemistry of square-planar alle-
nylidene complexes of Rh(l) and Ir(l) (d®), which show
a distinctly different chemistry.

M=C=C=CR, M=(C)n=CR,
allenylidene

M=C=C=C=NR M=(C),=NR
M=C=C=C=0 M=(C),=0
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Resonance structures
(i) carbon chains:
M=C=C=CR, M—Cc=C—CR,

e E——

(i) with hetero-atom:

/R + » /R + /R
M=C=C=C] = [M—C=C—C =— [M]—CEC——C\\ B
E E

Figure 2.

Complexes containing higher members of this
series of ligands are much rarer. Butatrienylidene
has been stabilized in a ruthenium cluster complex??
and at the time of writing, the longest chains which
have been structurally characterized are the pen-
tatetraenylidene ligands found in trans-[RuCl(=C=
C=C=C=CPh;)(dppe).][BF;]*° and trans-IrCl(=C=
C=C=C=CPh,)(PPri3),.3! Isolation of other pentatet-
raenylidene complexes has been taken as evidence
for the intermediate formation of heptahexaenyl-
idenes.®?

Previous general surveys have been given in 198322
and 1991;% specific accounts of the chemistry of
ruthenium,333* rhodium,?*3% and binuclear alle-
nylidene complexes3®37 have also been given. The
following review summarizes the state of our knowl-
edge as at June 1998. The ligands themselves, which
are known to coordinate to mononuclear metal cen-
ters, to bridge two metal atoms, and to adopt a
variety of coordination modes in metal clusters, are
briefly described. This is followed by a discussion of
methods of synthesis of mononuclear complexes,
which are then surveyed by Periodic Group. Their
properties and reactions are discussed, as are their
uses in organic synthesis. This is followed by a
description of the syntheses and properties of bi- and
polynuclear complexes. The review concludes with
a summary of reactions in which unsaturated car-
bene complexes can reasonably be supposed to be
intermediates and a brief account of some complexes
containing related ligands.

A Note about Nomenclature. Formal nomen-
clature of the ligands is based on the “enylidene” of
the longest carbon chain present, although the trivial
name “allenylidene” will be used here for the C;
species, although the terms propadienylidene and
vinylidenecarbene have also been used.

ll. The Ligands

Unsaturated carbenes are extremely reactive and
are considered to be important intermediates. The
presence of a lone-pair (or two unpaired electrons)
on the terminal carbon atom enables them to be
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stabilized by coordination to a transition metal
center. The synthesis, nature (spin multiplicity), and
reactions of the free unsaturated carbenes have been
surveyed;® they are expected to be electrophilic and
no intramolecular rearrangements have been re-
ported.

Although vinylidene itself has an extremely short
lifetime, both experimental and theoretical studies
confirm that higher unsaturated carbenes are con-
siderably more stable. Several of them have been
detected in interstellar cold molecular clouds (such
as TMC-1) and circumstellar environments (as around
the carbon-rich star IRC +10216). Indeed, some have
speculated that the “diffuse interstellar bands” origi-
nate in part from these molecules.®®* The identifica-
tions of these molecules are supported by microwave
spectroscopy and structural calculations: the geom-
etries of :C(=C),=CH, calculated at the MP2 level
are given in Table 1 and show interesting variations
in distances and angles which have been related to
C—C bond alternation (C=C=C vs C—C=C) in even-
and odd-numbered chains.4°

In the laboratory, the free ligands have been
generated by subjecting mixtures of ethyne or buta-
1,3-diyne with He or Ne to DC discharges (:C=C=
CHy;*' :C=C=C=CHj*), or flash vacuum pyrolysis
(fvp) or photolysis (or a combination thereof) of
suitable precursors, trapped in cold matrixes and
identified from their microwave or IR spectra. Sev-
eral members of the series R,C=(C=),C: have been
generated from appropriate acetylenic vinyl triflates
(n = 0,8 2%), HC=CCCIMe; (n = 1), HC=CC=
CCHCIMe (n = 3),%6 or a diynyl mesylate (n = 3)*’
by treatment with strong bases, such as KOBuUt!
(Scheme 1). The cumulenes can be trapped by
reactions with olefins, particularly C,Mey, or by self-
dimerization and rearrangement reactions, and the
products identified by conventional means. Other
trapping agents include secondary amines or Group
14 hydrides (by insertion into N—H or E—H bonds,
respectively).*®

Many theoretical studies substantiate the isolation
and characterization of these reactive species, par-
ticularly by using calculated IR frequencies. Of
interest are the relative energies of the various C,H>
isomers. Ab initio calculations predict a triplet
ground state for :CH,, but in general, although an
increasing number of singlet and triplet configura-
tions are available to the higher cumulenes, the
higher unsaturated carbenes :CyH, (n = 2-7) are
predicted to have singlet ground states.**~5! In some
cases, contributions from zwitterionic forms have

Table 1. Calculated Geometries of :C=(=C),CH; (n = 1-8) (Data Ref 40)2

n C(1)-C(2) C(2)-C(3) C(3)—C(4) C(4)—C(5) C(5)—C(6) C(6)—C(7) C(7)—C(8) C(8)—C(9) C(9)-C(10) H—C(n+1) HCH

1.084 116.59
1.080 119.26
1.084 117.08
1.084 118.82

1 1.292 1.333

2 1.290 1.299 1.311

3 1.290 1.309 1.270 1.328

4 1.287 1.304 1.275 1.287 1.317
5 1.289 1.309 1.269 1.301 1.271
6 1.289 1.307 1.271 1.294 1.279
7 1.289 1.309 1.268 1.301 1.270
8 1.288 1.308 1.269 1.298 1.273

1.329 1.083 117.26
1.285 1.320 1.082 118.45
1.301 1271 1.329 1.083 117.38
1.293 1.281 1.284 1.321 1.082 118.25

a C—C, C—H distances are in angstroms; HCH angles, in degrees.
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Scheme 1
CM92
_ _ X KOBU! { . CoMe, oM oo
H—C=C—C==C—CHBU(0SO,Me) —— Bu'CH=C=C=C=C: —— BUCH=C=C=C=C
glyme \CM
-62t0 25 °C &2

been evaluated; stabilization of cumulene carbenes
by charge separation (H,C*—C=C") is most effective
with odd numbers of carbon atoms.*°

While these values have little consequence in the
derivative transition metal chemistry, the fact that
stable complexes can be obtained is yet another
indication of the use of metal centers to stabilize
reactive organic molecules and intermediates.

A. Individual C,H, Species
1.n=3

The lowest energy CsH, species is cycloprope-
nylidene (1; Scheme 2), which has been generated
from the quadricyclane derivative shown,3? by fvp of
the perester 3,3-(CO3sBut),-cyclopropene at 480 °C53
or from 3-chlorocyclopropene.>* Photolysis (1 254 nm)
of 1 in an Ar matrix at 12 K gave triplet propy-
nylidene (2),%° which can also be obtained by long-

Scheme 2

wavelength photolysis of diazopropyne (1 > 472 nm,
at 8 K).56 After 20-h irradiation at 313 nm, 2 gave
propadienylidene (allenylidene), :C=C=CH, (3); par-
tial reversion to 1 also occurred. Singlet 3 has
»(CCC) at 1940.6 cm™L. This species has been
detected and the structure determined by microwave
spectroscopy among the products of a DC discharge
through ethyne/carbon monoxide/helium mixtures*.-5”
and later in TMC-1 and possibly in IRC +10216.58
Irradiation at 254 nm results in a rapid (2 h) back-
reaction to 2, which is reversed with 313-nm radia-
tion.53%° A 3C-labeling study of the automerization
and isomerization of 3 clarified these relationships
between the open and closed CsH, isomers.®® Com-
parison of three isomers of CsH,, obtained by flash
pyrolysis of the precursors shown in a supersonic
molecular beam at 1700 °C for 10—50 us, has given
AH¢ values of 114, 129, and 136 kJ mol~?, for 1, 2,
and 3, respectively.>

A

(4) planar (5) tetrahedral
cyclopropyne
Br\c c=c—8 i "o—o—c
L —(C=0C—Dr [ = (3
H 4 / '
H H
(3) allenylidene
A 313nm T A 254 nm
S ¢ ¢
N\ A >472 nm L =~
Ne—c=c—H T . W TS Yy
/ =N,
H (2) propynylidene
(triplet)
A 254,
313an A 313nm
|
H°
/C
H'C=C'H
A C
VAN
H “H
t
H H Bu OSC\C/COC’B“ (1) cyclopropenylidene
C=C

Relative energies: 1 (0.0) < 2 (41.0) <

3 (55.2) < 4,5 (212.1 kJ mol™") (ref. 55)
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Scheme 3

KOH -
H—C=C—CHCl, —> C=C—CHCl,

Scheme 4

M] + H——C==C——CR,(OH)

The relative energies of these isomers have been
calculated and the complex IR and visible absorption
spectra have been assigned.®'®? Calculations at
various levels consistently give 1 as the most stable
isomer, with 2 and various forms of 3 as the next
most stable forms, and cyclopropyne [planar (4) or
tetrahedral (5)] at considerably higher energies.>®

Several substituted allenylidenes have been de-
scribed. Chloroallenylidene (:C=C=CHCI) has been
generated by elimination of HCI from 3,3-dichloro-
propyne and powdered KOH under phase-transfer
catalysis conditions (Scheme 3).%% It can be trapped
by olefins (di- and tetramethylethenes) to give chlo-
rovinylidenecyclopropanes. Fvp of polychlorocyclo-
propenes has given mono- and dichlorocycloprope-
nylidenes. Irradiation of these matrix isolated species
has given :C=C=CHCI and :C=C=CCl,, respec-
tively.%*

A similar route was used to prepare :C=C=CF,
from 1-chloro- (or 1,2-diiodo-) 3,3-difluorocyclopro-
pene.’®> The »(CCC) values for :C=C=CF,, :.C=C=
CHCI and :C=C=CCl;, are 2025, 1968, and 1977
cm™1, respectively.t465

2.n=4

Passage of a discharge through ethyne/helium
mixtures enabled detection and structure determi-
nation of C4H, by microwave spectroscopy;*>%¢ it was
later found in IRC +10216 and TMC-1.57 Ab initio

(10)
.(f
H [}
C=—=C=—=C=—=C==C} u
C
H PR
H C\\C
(8) SH
(9)
0_ o —o H \C
H—C=C==C==C==C—H S
“H
(6) 7)

Relative energies: 6,7 (0.0) < 8,9 (63) < 10 (84 kJ/mol)

Figure 3. Isomers of CsH,.
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-Cr +
— C=C==CHC| - C=C—CHCI

X Y -H,0
[M]_C—CQ\ OH *2>| [MJ==C==C==CR, I
chL

calculations on :C=C=C=CH; confirmed the singlet
state as lowest lying, having the same stability as
:.C=CH(C=CH). The difference between the two
C4H; isomers and HC=CC=CH is about the same as
between C=CH, and HC=CH:*® HC=CC=CH (0) <
:C=C=C=CH; (171.5) < :C=CH(C=CH) (177 kJ
mol-1).

3.n=5

Free :C=C=C=C=CH; was detected in mixtures
obtained by pulsed discharge on a supersonic molec-
ular beam containing ethyne or (better) buta-1,3-
diyne in Ne or Ar.%8 Calculations at three levels of
theory show HCCCCCH (6) and ethynylcycloprope-
nylidene (7) to be the most stable isomers, followed
by :C=C=C=C=CH; (8) and ethynylallenylidene (9),
cyclopropylidenevinylidene (10) being least stable
(Figure 3).%°

4.n=6

FT microwave spectroscopy has been used to detect
CsH> in a similar experiment,® and it has also been
detected in the interstellar molecular cloud TMC-1.

Ill. Syntheses of Allenylidene and
Cumulenylidene Complexes

A. Complexes Containing Propadienylidene
(Allenylidene), :C=C=CR,

The general synthetic strategy for metal complexes
of allenylidenes involves the introduction of a pre-
formed C; skeleton containing a leaving group or
molecule. The latter is often lost spontaneously, as
with the dehydration of 2-propyn-1-ols. Four routes
have some general utility. Trapping of the interme-
diate unsaturated carbene complex can occur in the
presence of suitable nucleophiles, such as alcohols,
when the next lower vinylogue is obtained, or PRg,
when zwitterionic phosphonium complexes are formed.
In some cases, the complexes are unstable, undergo-
ing spontaneous polymerization.

(i) By Loss (Often Spontaneous) of H,O or ROH
from Suitable Carbene or Vinylidene Precursors. The
latter can be obtained from (usually substituted)
propargylic alcohols (Scheme 4).7°-8 Other examples
require help, for example, acid catalysis, in the
dehydration step.85% This method was first em-
ployed for a ruthenium complex,?® but has found
widespread application with other elements. Alkox-
ide elimination from alkoxy—alkenyl carbene com-
plexes also leads to allenylidenes.?7:94-%
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Scheme 5
COgMe
c LiINPP, - LiR
M) ---||| [M—C=C—CO,Me ———
c - 80°C
H
o _
— 4 LiR _ /
R
H—Clﬂb M= =C=CR2
cocl, I l
Scheme 6
oLi 0 o
M(CO)s + Li csc—%/ T \c—CEc—g/ _>Lé\g
2 (OC)sM 2 ;

In the mass spectra of hydroxyalkyl—vinylidenes,
dehydration of M* occurred, although this reaction
could not be carried out in vitro:®’

[Mn{CCHCBU",(OH)} (CO),(CsHs)]" —
[MN(CCCBU,)(CO),(CsHs)1" (3)

(ii)) A Related Reaction Generates the Hydroxy
Group by Attack of Organolithiums on #5?-Alkyne
Complexes Containing Ester Groups, e.g. HC=
CCO;Me. Deprotonation (with LDA or excess LiR)
is followed by loss of H,O or ROH, promoted by base
(dbu) or COCI, (Scheme 5).88.97.98

Nonallenylidene ligands may also be formed by
complex addition, cyclization, or polymerization side
reactions.®’

(iii) Reactions of Dilithio Derivatives of Substituted
2-Propyn-1-ols [LIC=CCR,(OLi)] with Metal Carbo-
nyls [Usually M(CO)s or M(CO)s(thf)]%°1°7 and Sub-
sequent Loss of Oxo or Alkoxy Groups (Scheme 6).
Initial formation of an intermediate thought to be
Li[(OC)sM=C(O~)C=CCMe,O] is followed by decar-
bonylation (UV irradiation) and treatment with
COCl, at —80 °C%1% or base (dbu)® to give the
allenylidene. Related chemistry is known in Groups
7 and 8. Again, these reactions are not always
straightforward and several different types of prod-
ucts derived from subsequent cyclization and addition
reactions have been obtained.

Scheme 7

[M]—CEC—C/

(OC)sM=C=C==CR,

o cocl,
—_
Rz

(iv) Some Allenylidene Complexes Have Been Ob-
tained in Reactions Designed to Yield Higher Unsat-
urated Carbenes. If these reactions are carried out
in MeOH (as solvent) or in the presence of a nucleo-
phile, addition of the alcohol (or nucleophile) to C(3)
may occur to give the derived allenylidene;32109-111

[M]=C=C=C=C=CR, + MeOH —

[M]=C=C=C(OMe)CH=CR, (4)

In addition to these routes, a few allenylidene
complexes have been obtained by addition of electro-
philes (usually the proton) to conjugated enynyl
complexes (Scheme 7).112:113

B. Complexes Containing Higher
Cumulenylidenes

The most common approach to these complexes has
been to introduce additional unsaturation into the
alkyne derivatives used in methods i—iv above.
Thus, dehydration of diynols may give pentatetrae-
nylidenes (Scheme 8).30.114

However, many of these reactions have been car-
ried out in alcohol solvents, resulting in addition to
C(3) and formation of the corresponding vinylalle-
nylidenes [see method iv, above]. In some cases,

protection of the OH group by conversion to OSiMeg,
for example, enables the reaction to be carried out
stepwise, via the intermediate vinylidene.'1®
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Scheme 8
< H
/“‘ RS 'Hzo
Ml + H—C==C—C==C—CRy(OH) ———> [M]=—=C=—=C=C=C_ “OH > ——»
¢’
Ra

IV. Mononuclear Complexes Containing
Allenylidene and Cumulenylidene Ligands

The following discussion surveys the known alle-
nylidene complexes by Periodic Group. Table 2 lists
the known examples, together with their character-
istic IR and NMR parameters.

A. Titanium

Lithiation of 3,3-diphenylcyclopropene results
mainly in ring opening to give Li,C=C=CPh,; the
dilithiocyclopropene is also present (ratio 86/14).
Reaction with TiCl,Cp, in the presence of PMe; gave
Ti(=C=C=CPh,)(PMe3)Cp, (11; Scheme 9) in 70%
yield.116

B. Chromium, Molybdenum, and Tungsten

The majority of Group 6 allenylidenes have been
obtained by method iii.86:99.104105108,117 Dyjrect reac-

tions between M(CO)s(thf) (M = Cr, W) and the
propynol proceeded via the »?-alkyne complex to give
the vinylidene, which then lost water to give the
allenylidenes.?® The complexes are generally ther-
mally unstable, but the presence of electron-donating
substituents on the aryl groups allows crystalline
compounds to be isolated. Polycyclic systems, such
as those with CR, = C(CgH,).0 or C(CsHa), have also
been obtained. The alkyl complexes are less stable,
isopropyl derivatives being polymeric solids, but the
tert-butyl complexes are sublimable solids.1%

Some side products are obtained. For example,
reaction of the chromium complex obtained from
HC=CCMe,(OH) with MeCOCI gave the bicyclic
allenylidene (12; Scheme 10).10%

The analogous tungsten system gave a cyclic car-
bene (13; Scheme 11) with HCI.10t

The dianion [Cr{ C=CCMe,(0)}(CO)s]>~ could not
be deoxygenated with COCI,. Instead, treatment wih

Scheme 9
Ph_ Ph Ph_ Ph MegP
LB TiChC \
A e O . lc=c=cPn, —2P%  Ji=—(c=—C=—CPh,
) PM63 Cp2
Li Li (11)
Scheme 10
— /O_ O-
Cr(CO)y + Lip|lc=c—oc —  » [Cr==C
M62 C
\\\C\
ClM82
-0
(;OC(O)Me
[Cr]=C\ o
MeC(O)Cl
(f\\\ '/-O\— [Crl=—=C=—=C
- LiCl C - Me,CO
N/
c
(a) Me,
[ °
CM
+a % 0
- . [Cr]=C=C=C —_
[Cn
AN
\CQEC—CMeQ //C (Cn
7 /
o
N (Cr]

[Cr] = Cr(CO)s
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Table 2. Mononuclear Allenylidene Complexes, [{ LnM}=C(1)=C(2)=C(3)R'R?][X]n
yield, 13C NMR®
MLn R R2 [XIn color % v»(CCC) C(2) C(2) C(3) ref
Group 4
Ti(PMes3)Cp2 Ph Ph dark violet 71 1870 264.9 168.3 94.0 116
(PC (PC (PC
31.4) 7.8) 13.2)
Group 6
Cr(CO)s CH=C(NMey); NMe; yellow 96 2020 170.9 110.6  162.4 118
Cr(CO)s Pri Pri red 1933 104
Cr(CO)s CMe,(OEt) NHPr orange 41 2190 230.09 114.97 162.35 95
Cr(CO)s CMe,(OEt) NHPri orange 86 231.16 11520 160.75 95
Cr(CO)s CMez(OEt) NHCy orange 67 228.07 114.63 160.74 95
Cr(CO)s CMe(OEt) NMe;, 13 95
Cr(CO)s CMe,(OEt) NEt; red 75 2079 229.34 122.40 158.77 95
Cr(CO)s CMe(OEt) NPri, 68 95
Cr(CO)s CMe,(OEt) N(CH2CH=CHy), 64 95
Cr(CO)s CMe(OEt) N(CH.Ph), 74 95
Cr(CO)s CMez(OSiMes) NMe, orange 12 230.58 121.59 160.38 95
Cr(CO)s c-Pr NHCy orange 47 2082 220.67 110.97 161.12 95
Cr(CO)s c-Pr NMe; 95
Cr(CO)s c-CzH4OEt NHCy orange 11 225.74 111.58 158.84 95
Cr(CO)s c-CsH4OEt NMe; 13 95
Cr(CO)s c-C3H4OEt N(CH2Ph); orange 45 2200 237.86 125.02 154.77 95
Cr(CO)s But But dark red 1930 104
Cr(CO)s But NMe; 8 95
Cr(CO)s But N(CH2Ph); orange 71 237.49 125.67 169.15 95
Cr(CO)s CsMe4O; [Cr(CO)s deep yellow 36 1933 101
Cr(CO)s Ph Ph black 58 1930 334.2 142.0 156.2 99,105
Cr(CO)s Ph NMe; maroon 64 1988 230.2 153.1 125.3 26,120
Cr(CO)s Ph NPri, 53 95
Cr(CO)s Ph NMePh violet 60 1978 243.6 150.2 129.5 120
Cr(CO)s Ph NEtPh violet 53 1977 240.0 150.9 129.3 120
Cr(CO)s tol tol black 51 1931 327.1 139.7 157.4 99
Cr(CO)s CeHaNMe,-4 CeHaNMe-4 black 77 1920 261.0 136.3 1535 86,99
Cr(CO)s CsH4OMe-4 CsH4OMe-4 black 44 1934 313.9 1355 1634 86,99
Cr(CO)s (CeHa)2 1920 105
Cr(CO)s (CeH4)20 black 70 1938 290.6 135.1 169.3 86, 99
Cr(CO)s NMe; NMe, yellow 64 2014 185.9 106.5 151.7 118
Cr(CO)s indolinyl violet 73 1974 239.0 144.3 125.8 120
W(CO)s CH=C(NMey), NMe; yellow 96 2025 170.3 108.3 150.1 118
W(CO)s Pri Pri red 1933 104
W(CO)s But But dark red 1925 104
W(CO)s Ph Ph black 38 1923 302.5 145.0 1555 86,99,105
W(CO)s Ph NMe; red-violet 32 198.9 121.3 157.5 26
(wc (wcC (wc
102.5) 26.9) < 5)
W(CO)s Ph OEt violet 10 in v(CO) 245.3 1911 154.0 96
W(CO)s tol tol black 37 1927 295.0 1429 1576 86,99
W(CO)s CeHaNMe;-4 CeHaNMe-4 blue 46 1907 259.2 147.9 161.0 86,99
W(CO)s C¢HsOMe-4 Ce¢HsOMe-4 black 44 1926 273.4 137.8  157.8 86,99
W(CO)s NMe; NMe, yellow 67 2018 173.0 105.0 152.4 118
(wcC (wcC
133.2) 24.7)
Group 7
Mn(CO),Cp But But red-brown 89.5 1922 331.18 167.51 213.61 27,103
Mn(CO).Cp CH,Ph CH,Ph orange-red 25 1922 382.4 140.2 103
Mn(CO).Cp Ph Ph red-violet 43 1909 304.5 139.8 223.3 103
Mn(CO).Cp Cy Cy red-brown 42 1925 323.4 169.5 202.3 103
Group 8
Fe(CO)4 But But 12 1924 257.61 189.15 171.48 107
Fe(CO)4 CBuU'OC(0)O black 18 1961 24339 15154 131.03 107
Fe(CO),(PEts)2 But But brownoil 65 n.f 242.6 200.2 1393 122
(PC (PC (PC
50) 9) 12)
Fe(CO),(PEts); Ph Ph dark green 67 n.f 224.5 208.1 1187 122
oil (PC (PC (PC
56) 10) 11)
Fe(CO){ P(OMe)s}> Me But dark red 17 n.f. 248.9 2014 1384 122
(PC (PC (PC
67) 11) 11)
Fe(CO){P(OMe)s}. BuU! But dark brown 73 1865 253.9 2029 1528 122
(PC (PC (PC
70) 11) 12)
Fe(CO){P(OMe)s}. Ph Ph green black 38 1868 230.3 2095 1267 122
oil (PC (PC (PC
74) 12) 13)
Fe(dppe)Cp Ph Ph 77 1926 28&(9.5 2284 1516 90
PC
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Table 2. (Continued)
13
yield, C NMR?
MLn R? R? [X1n color % »(CCC) C(1) C(2) C(3) ref
Group 8 (Continued)
trans-Ru(dppm)z CH=CPh, OMe [BF4]2 violet 76 1958 233.68 138.93 164.96 111
(PC (PC
14.3) 1.6)
trans-RuCl(dppm), H CH=CHPh PFs red e 1947 315.15 220.37 149.85 72,140
(PC (PC
14.5) 2.7)
trans-RuCl(dppm), H Ph PFe red 93 1943 216.0 151.0 1422 246
trans-RuCl(dppm), H Ph PFs red 84 1938 323.08 217.31 150.86 72,140
(PC (PC
14.4) 2.7)
trans-RuCl(dppm), H CgH4Cl-4 PFs red 73 1950 323.24 220.27 148.28 72,140
(PC (PC (PC
14.5) 2.7) 2.2)
trans-RuCl(dppm), H CeHaF-4 PFs red 68 1950 321.25 215.88 148.41 140
(PC (PC
14.4) 2.7)
trans-RuCl(dppm), H CsHaoMe-4 PFe red 70 1943 308.37 200.78 149.92 72,140
(PC (PC
14.1) 2.6)
trans-RuCl(dppm), Me Me PFs green 79 1964 322.69 199.85 173.33 77,140
(PC (PC
13.9) 2.3)
trans-RuCl(dppm), CH=CPh; OMe BF4 red 39 1955 111
trans-RuCl(dppm), CH=CPh, OMe PFe red 65 1952 252.76 150.18 155.71 111
(PC (PC
13.5) 2.2)
trans-RuCl(dppm), CyH4sCH=CH, NMe, PFe green 51 1995 202.09 118.73 156.91 152
(PC
13.9)
trans-RuCl(dppm), Ph Ph BF4 63 1924 140
trans-RuCl(dppm), Ph Ph PFs dark red 89 1928 306.72 208.94 161.88 77,140
(PC (PC
14.5) 2.5)
trans-RuCl(dppm), CsH4Cl-4 CsH4Cl-4 PFe red 88 1921 307.33 213.92 156.63 77,140
(PC
14.3)
trans-RuCl(dppm), CsH4F-4 CsHaF-4 PFe violet 69 1939 304.64 208.51 157.22 140
(PC (PC (PC
14.3) 4.0) 2.2)
trans-RuCl(dppm), 2-C¢H4sCPh=CH BF4 violet 30 1934 111
trans-RuCl(dppm), 2-C¢H4sCPh=CH PFs violet 64 1934 316.13 234.07 158.82 77,111
(PC (PC (PC
14.6) 3.3) 2.2)
trans-RuCl(dppm), (2-CsHa)2 PFe violet 69 1939 312.02 218.10 155.46 140
(PC (PC (PC
14.9) 2.7) 1.8)
trans-RuCl(depe), C,H4sCH=CH, NMe, PFe 35 1979 211.09 117.89 155.40 152
(PC
13.7)
trans-RuCl(dppe), H CgH4CH(OH)C=CH PFe violet 78 320.70 221.89 151.65 143
(PC (PC
14) 2)
trans-RuCl(dppe), H CgH4C=C=C=[trans- (PFg)2 violet 52 326.86 241.33 152.01 143
RuCl(dppe)z; (PC (PC
15) 3)
trans-RuCl(dppe), H C4H,SCH(OH)C=CH PFs 41 143
trans-RuCl(dpe). H C4H,SC=C=C=f[trans- (PFe)2 49 143
RuCl(dppe)]
trans-RuCl(dppe) Ph Ph PFs deep red 7 1923 308.57 215.90 161.47 84
(PC (PC (PC
14.2) 2.5) 1.4)
trans-RuCl(dppe)  CgH4Cl-4 CeH4Cl-4 PFs deep red 84 308.3 220.84 (n.g. 84
(PC (PC
14.4) 2.7)
trans-RuCl(dppe)  CeH4F-4 CeH4F-4 PFs deep red 81 305(3.8 215.07 (n.g.) 84
PC
13.9)
trans-Ru(C=CPh)- Ph Ph PFs deep blue 60 1921 316.58 213.21 162.31 140
(dppe)2 (PC (PC
14) 2)
trans-Ru(C=CCs- CgH4CH(OH)C=CH PFs 79 143
H4N02—4)(dppe)2
trans-Ru(C=CCs- CgH4C=C=C=|[trans- PFs blue-black 61 143
H4NO,-4)(dppe)2 Ru(C=CCsH4NO2-4)-
. (dppe)]
cis-RuCl(«?-P,O- Ph Ph oTf red 29 1930 304.6 220.3 154.6 144
PPr'202H4OMe)2 (PC
18.5)
cis-RuCl(«?-P,O- Ph CsHsMe-2 oTf red 38 1930 308.3 2220 155.0 144
PPF'202H4OMG)2 (PC

18.0)
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Table 2. (Continued)
yield, 13C NMR2
MLn R! R? [X1n color % »(CCC) C(1) C( C@d ref
Group 8 (Continued)
RuCl(nps) CH=CPhy OMe BPhs deep red 66 1955 252.90 n.s. 159.19 78
PC
55.7,
16.2)
RuCl(nps) CH=CPh; OMe PFs red 46 1955 253.08 143.90 159.04 78
(PC (PC
955, 25,
18.5) 1)
RuCl(nps) Ph Ph PFe violet 55 1933 323.81 205.94 167.82 78
(PC (PC
96.7, 26.3)
17.8)
RuCl(CNBuY)- Ph Ph lilac 75 1970 323.3 2258 146.7 71
(PPr,CH,CO2Me), (PC  (PC
16.2) 2.5)
RuUCIy(PPri;CH,- Ph Ph deep red 68 1915 306.2 249.0 147.7 71
CO,Me){x>-P,0O- (PC (PC (PC
PPr,CH,C(O)OMe} 16.5) 3.8) 1.9)
RuUCI(PPri,CH,- Ph CeHsMe-2 red 68 1885 311.0 2422 1478 71
CO,Me){x>-P,0O- (PC (PC (PC
Pri;,CH,C(O)OMe} 16.6) 4.1) 1.9)
RUCl,(py)(PPr2- Ph Ph violet 62 1908 304.5 247.9 147.0 71
CH2C02M6)2 (PC (PC
15.8) 3.0)
Ru(acac),(PPhs) Ph Ph deep red 58 1890 292 239.2 143.1 145
(PC (PC
22.1) 2.0
RuCI(PPhz)Cp* Ph Ph red 22 1879 300.0 2240 1465 134
RuCHKPPri,CH,C- Ph Ph red 18 1865 269.82 232.79 167.72 80
(O)Me} Cp* (PC
22.6)
Ru(CO)(PPhg)- Ph Ph BFs violet 65—85 289.29 183.62 166.94 133
(7]5-C9H4M63) (PC (PC
15.9) 1.8)
Ru(PMes).Cp Ph Ph PFs orange-brown 76 1926 295.8 216.0 153.8 28
Ru(PPh3),Cp H C=C[Ru(PPhs),Cp] BF4 blue 61 1881 2285 1685 133.1 150
(PC
21.7)
Ru(PPhg3),Cp H CH=C= (BF4)2 purple 76 2824 1911 138.0 150
[Ru(PPh3)2Cp] (PC
19.2)
Ru(PPhs).Cp Me C4H3NMe BFs deep blue 91 1951 25((5.0 166.7 141.0 109,130
PC
20)
Ru(PPh3),Cp Me CsHsNMe PFs deep blue 75 1948 256.7 167.4 146.0 109,130
PC
50
Ru(PPh3).Cp Me NPh, BF, yellow 66 1997 218.9 153.0 1454 109,130
PC
A
Ru(PPhsz).Cp Me NPh; PFe  yellow 64 1988 219.2 153.0 145.4 109,130
PC
o)
Ru(PPh3):Cp CsHsMes[Ru(PPh3),Cp] PFs  deep blue 77 1975 277.1 151.4 142.4 76,129
Ru(PPhg)2(7®-CoH7)  H Ph PFe red 63 1936 301.39 212.16 142.70 83
pPC
(18.7)
Ru(PPhg)2(175-CoH7)  Me Ph PFs purple 55 1934 292.88 202.47 156.93 83
PC
(19.1)
Ru(PPhg)2(17%-CeH7)  Ph Ph PFe violet 72 1933 290.90 208.44 156.59 83,132
(PC
18.6)
Ru(PPhsz)2(17°-CoH7) CioHs PFs  violet 83 1932 291.39 211.17 150.02 83
PC
(18.1)
RuU(PPh3)2(75-CoH7)  CizHao PFs orange 55 1952 304.48 191.07 186.83 74
(PC
19.4)
Ru(PPhz){ PPh,CH,- Ph Ph PFs dark green 82 1938 294.4 207.0 161.2 131
C(O)Buf}Cp (PC
18)
Ru(PPhz){ PPh,CH,C- Ph Ph PFs dark violet 75 1932 290.2 205.7 156.5 131
(0)Bu} (17°-CoHy7) (PC
17.9)
Ru(PPhs)x{ [O- Me Ph PFs red 55 1932 311.8 151.8 220.7 146
(EtO),P]sCoCp} (PC
26.4
Ru(dppm)(;75-CoH7) Ph Ph PFg  violet 76 1935 290.26 202.25 155.54 83,132
(PC

16.8)
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ML,

Rl

R2

[X]n color

yield,
%

¥(CCC)

13C NMR2

c@)

c@)

C@3)

ref

Ru(dppm)(75-CoH7)

Ru(dppm)(75-CoHsMe3)
Ru(dippe)Cp
Ru(dippe)Cp

Ru(dippe)Cp

Ru(dippe)Cp*

Ru(dippe)Cp*
Ru(dippe)Tp

Ru(dippe)Tp
Ru(dppe)Cp

Ru(dppe)Cp

Ru(dppe)(17°-CoH7)

Ru(dppe)(17°-CoH-)

RuCI(PMej3)(7-CesMes)

RUCI(PMez)(-CsMes)

RuCI(PMez3)(57-CsMeg)

RuCI(PMes3)(17-CsMeg)
RuCI(PMes3)(17-CsMeg)

RUCI(PEt3)(17-CsMes)
(2 diastereomers)

RuCI(PMe2Ph)(»-CsMes)

RuCI(PMe,Ph)(-CsMeg)

RuCI(PMe;Ph)(;7-CsMes)

(2 diastereomers)

RuCI(PMePh,)(17-CsMeg)

RuCI(PPhs)(17-CsMes)

Ruz(u-Cl)3(PPha)2

RUZ(ﬂ-C|)3(PPh3)2

Ruz(u-Cl)3(PPhs),
0s{ C[C(O)OMe]=CH,-
}(CO)(PPris),

Ci2Hsg

Ph
Me
Me

CsHsMes-

[Ru(dippe)Cp]

Me

Me

Me

C5H5Me_2—
H [Ru(dippe)Tp]

Ph

CioHs
CH=CPh;
CH=CPh,
CH=CPh,

Ph
Ph

CH=CPh,

CH=CPh,
CH=CPh,

CH=CPh;

CH=CPh,
Ph

Ph
CsHaCl-4

CeHaF-4
Ph

Ph
Me

Me

Ph
Ph

CH=C=

Group 8 (Continued)
PFes  violet

BF4
BPh4
BPh4

violet
brown
brown

BF; blue

BPh; brown

BPh; brown

dark red-
brown

BPhy

BPh, dark blue

(BF4)2 purple

[Ru(dppe)Cp]

C=C[Ru(dppe)Cp]

Ph

NPh;

OEt

OPri

Ph
Fc

OCHMEeEt

NPh;

OPri

OCHMEeEt

NPh,

Ph

Ph

CsH4Cl-4

CeHaF-4
Ph

BF,; blue

PFes  violet
PFs  violet
PFes  red-brown
PFes  violet
PFes  violet

violet
violet

PFe
PFe

PFs  violet
PFs  violet
PFes  violet
PFes  violet
PFs  red-brown
PFe dark green
PFes  violet
violet

PFe

PFe
BF,

violet
dark red

80—85

80—85
78

50
74

86

75

74

53

45

57

69
45

59

47

38

81

84

64

59
94

1952

1996
1936

1972

1936

1915
1973

1941

1953,

1881

1881

1943

1936

2010

2000

2000

1940
1965

1972

1997

1974

1961

2010

1965

1930

1924

1954

290.77
(PC
16.3)

285.24
(PC
17.2)

271.12
(PC
11.1)

288.34
(PC
17.1)

271.04
(m)

312.9
(PC
17.2)

281.1
(PC
19.6)

225.6
(PC
20.9)

292.84
(PC
19.2)

293.99
(PC
18.4)

213.04
(PC
33.0)

231.20
(PC
28.6)

229.0
(PC
30.5)

243.26
(PC
30.5)

229.97
(PC
26.8);
229.15
(PC
27.5)

210.37
(PC
32.3)

227.99
(PC
28.8)

227.49
(PC
28.7);
227.26
(PC
29.4)

210.62
(PC
32.2)

288.30
(PC
29.1)

310.8
(PC
19.7)

300.8
(PC
19.9)

279.3
(PC
9.1)

205.24

150.53

186.7

199.0

209.21
205.1

188.9

163.1

203.54

207.59

121.02

133.55

131.88

169.40

134.04;
133.83

120.68

132.13

130.88;

130.73

122.75

191.04

217.8

220.55

197.9

148.05

141.92

149.05

153.52

147.90
156.3

132.8

128.4

157.32

149.86

152.10

161.13

161.12

154.70

161.08;
161.05

150.16

161.40

161.65;

161.63

150.85

167.38

158.7

154.1

156.0

83

133
127
127

127

127

127
136

136
150,151

150

83,132

83

138

138

110,138

79,82
75,82

138

138

110,138

138

110

82

84

84

84
147
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Table 2. (Continued)
13 a
yield, ¢ NMR
ML, R? R? [XIn color % »(CCC) C(1) C(2) C(3) ref
Group 8 (Continued)
¢is-OsCI(CO){ C[C(O)- Ph Ph purple 16 1954 2841 2216 1354 147
OMe]=CH_3} (PPr'3), (PC
11.0)
trans-OsCI(CO){ C[C(O)- Ph Ph purple 40 1961  268.0 2325 1393 147
OMe]=CH} (PPri3), (PC
10.1)
trans-OsCl(dppm): H Ph PFs dark red 88 1940 230.0 147.9 144.4 246
OsCI(PPri3)Cp Ph Ph green 100 1874 225.1 238 129.1 137
(PC
15.2)
Osl(PPri3)Cp Ph Ph brown 64 1872 234.1 243.3 132.0 137
(PC
14.3)

Os(PPhs)(175-CoHy7) Ph Ph PFs purple 55 1908  336.41 218.76 149.12 83
Os(PPha),(175-CoH7) Ci2Hs PFs purple 39 1922 34055 28158 147.13 83
Group 9
trans-RhCI(PPri3), H Ph yellow 67 1875 22395 250.02 151.66 87,92

(PC (PC

17.1) 7.0)
trans-RhCI(PPris), Me Ph red 1885 87
trans-RhCI(PPri), Pri Pri 1889 87
trans-RhCI(PPr's), CioHs deep red 91 1875 (n.a.) (n.a.) 151.84 87
trans-Rh(NCO)(PPris), Ph Ph red 95 1892 255.2 2335 159.9 153

(RhC (RhC

60.4; 15.1;

PC PC

17.1) 6.0)
Rh(AsPriC,H,OMe)Cp Ph Ph turquoise oil 66 1908 225.73 209.25 165.33 149

(RhC (RhC

68.4) 15.9)
Rh(AsPriC;H,0OMe)Cp Ph CeHsMe-2 turquoise-blue oil 68 1912 227.52 207.85 163.18 149

(RhC (RhC

67.7) 16.0)
trans-Rh(N3)(PPri3), But Ph green guant 1885 255.0 244.6 140.5 153

(PC (PC

17.1; 6.0;

RhC RhC

62.4) 15.1)
trans-Rh(N3)(PPriz), Ph Ph red quant 1870 233.7 244.6 140.5 153

(PC (PC

17.1; 6.0;

RhC RhC

62.4) 15.1)
trans-Rh(N3)(PPri3), CsgHsOMe-4 CgHsOMe-4 violet guant 1885 235.0 228.4 142.0 153

(PC (PC

17.1; 6.0;

RhC RhC

61.4) 15.1)
trans-Rh(OH)(PPris), Ph Ph 2218 2474 1297 154

(PC (PC

18.2) 5.8)
trans-Rh(OPh)(PPri3), Ph Ph 229.8 251.6 136.3 154

(PC (PC (PC

18.4) 5.7) 2.2)
trans-Rh{ OC(O)Me} (PPrs), Ph Ph 204.8 245.0 134.8 154

(PC (PC (PC

17.8) 7.0) 2.5)
trans-RhCI(AsPr'C;H,OMe), Ph Ph red 79 1875 220.2 248.35 154.32 149

(RhC (RhC

58.6) 13.4)
trans-RhCI(AsPriC,H;OMe), Ph CegHsMe-2 red 89 1877 22151 246.94 153.62 149

(RhC (RhC

58.8) 13.4)
trans-1rCI(PPri3), Ph Ph dark red 72,91 1875 199.3 249.7 138.7 155

(PC (PC (PC

13.4) 3.9) 2.5)

a J(XC) in parentheses; resonances are singlets otherwise.

MeCOCI/PPh; resulted in formation of vinylidene 14
(Scheme 12).106

Related reactions of M(CO)s(thf) (M = Cr, W) with
[C=CC(NMey)s]” gave [M{C=CC(NMey)3}(CO)s]~
which with BF;-OEt, gave yellow air-stable M{=C=
C=C(NMe,),} (CO)s in good yield.*'® No further reac-
tion occurred with an excess of NHMe,.

Reactions of M{=C(OEt)C=CPh}(CO)s (M = Cr,
W) with ethoxide gave a mixture of M{=C=C=CPh-
(OE1)}(CO)s and (E/Z)-M{=C(OEt)CH=CPh(OELt)}-
(CO)s (Scheme 13); the Cr complexes decomposed
readily under the reaction conditions.%

A variety of ethoxy(alkynyl)carbene complexes Cr-
{=C(OEt)C=CR}(CO)s [R = But, c-C3H4(OELt), CMe,-
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Scheme 11
Com
/ cl o]
WI==C HCI / o
\\C\ CMGZ [e)
(’ Ve, HO (13)
_0
(W] = W(CO)s
Scheme 12 Scheme 14
- NRR'
_ / MeC(0)CI / PPhy dd =
[[Cr]—CEC—CMez } T» oFt ac“;o [Crl==C
/ /Etc;i Q
C(O)Me (C=C, N\
\C c\
[Cl==C \\\C Ph
CMe, \
Ph OEt
add to .
(Cr] = Cr(CO) MeC(0)0 (14) c@) ‘ NHRR [Crl=C Ph
- 5
OE H shift /C=C\
t
Scheme 13 [Cr]-—C/ / H NRR
OF! EtO” \\C (15) orange
[M]=C\ —_— \\ . Ph
c C—NHRR' o™ e om0 —C
\ —C=—=C=—
\\CPh Ph NRR'
OFt (16) violet
[Cr] = Cr(CO)
/OEt [M]=C\ o 5
[M]=C=C=C\ * HC={ of the secondary allenylidene Cr{=C=C=CH(NMe,)}-
Ph OFt (CO)s originally reported® is reassigned as Cr{=C-
(NMe,)C=C(SiMeg3)}. Similar reactions of Cr{=C-
isomerisation addition to C(3)

(OEt), SiMeg] react with secondary amines NHR'; (R’
= Me,, Et,, Priz, CH,CH=CH,, CH,Ph; R, = HPr",
HPri, HCy) in Et,O to give Michael adducts Cr{=
C(OEt)CH=CR(NR'2)}(CO)s and the allenylidenes as
byproducts Cr{=C=C=CR(NMe,)}(C0)s.°4% The
SiMes-substituted isomers are obtained in approxi-
mately equal amounts. Factors affecting the forma-
tion of the allenylidene include the size of the
substituents R and R’ (increased yield with increased
bulk, which promotes loss of EtOH), the basicity of
the amine (increased yields with increasing basicity),
and reaction temperature (higher yields with higher
temperatures). In some cases, higher yields of the
allenylidenes were obtained from reactions of the
carbene complexes [R = Ph, c-Pr, But, CMe,(OELt)]
with lithium amides, LINR',. The same complexes
were obtained from reactions of Cr{=C(OEt)CH=
C(NEt2)CMe,(OEt)} (CO)s with LiR (R = NEt,, tmp,
BuY), while D,O gave the d! complex. Secondary
amines also react, again bulky groups giving alle-
nylidenes Cr{=C=C=CR(NR',)}(CO)s [R = Ph, R’ =
Pri; R = CMe,(OEt), R" = CH,CH=CH,, CH,Ph].
Note that the reaction between Cr{C(OEt)C=
C(SiMe3)} (CO)s and NHMe, at room temperature
was shown be a 57/43 mixture of Cr{C(NMey)C=
C(SiMe3)} (CO)s and Cr{ C(OEt)CH=C(NMe,)(SiMe3)}-
(CO)s; the ethynylcarbene complex is formed quan-
titatively at —100 °C.**° Consequently, the structure

(NMe,)C=CPh}(CO)s with NHEt, gave a 59/41 mix-
ture of Cr{=C=C=CPh(NEt,)} (CO)sand Cr{=C(NMe,)-
CH=CPh(NELt,)}(CO)s (E/Z = 3.5:1).%"

Three competing paths for aminolysis of ethoxy-
(alkynyl)carbene complexes involve substitution at
C(1) and addition to C(3) followed by either H-shift
to form 2-aminoethenylcarbene complexes (15) or
elimination of EtOH to give 3-aminoallenylidene
complexes (16) (Scheme 14).%°

Conversion of 15 to 16 can be achieved by reaction
of the former with AICI; in CS,/CH,CI, (Scheme 15;
for R,R' = Mey; Me,Ph; Et,Ph; indolinyl).12°

The product is formed as a 3/2 mixture of stereo-
isomers, which undergo slow interconversion by
hindered rotation around the C=N bond (Scheme
16).120

Vinylallenylidenes are formed by nucleophilic ad-
dition to C(3) of M{=C=C=C=C=C(NMe,).} (CO)s,
e.g., the addition of NHMe; gives M{=C=C=C(NMe,)-
CH=C(NM62)2} (CO)5.118

C. Manganese

Deprotonation of #2-1-alkyne carboxylic esters with
excess LiR (R = But, Cy, Ph, CH,Ph), followed by
deoxygenation with HCI or COCI, gave the alle-
nylidenes Mn(=C=C=CR;)(CO).Cp (method ii; tested
synthetic procedure in ref 121).193121 |n essence, this
reaction is closely related to those involving addition
of the ynol dianions to M(CO)s (above). Similar
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Scheme 15
+ AICI + /Ph o - HAICI
(15) ———» | cj=C—0C=C -~ [cl=C=C—C : (16)
H \ H \ + - AICI,(OEY)
NRR' NRR'
[AICI5(OEn)]
[Cr] = Cr(CO)s
Scheme 16 The mixture of dinitrogen complexes Nx{ Fe(CO),-
Ph Ph (PEts)2}n (n = 1, 2) is a source of the electron-rich
! ! Fe(CO),(PELts;), fragment. Oxidative addition of pro-
[Cl=—=C=C==C [Cl==C=C==C¢C ) |
\ ‘ pynols gave hydridoalkynyl complexes which on
SR SR deprotonation with LiBu and treatment with MeCOCI
R R at —60 °C gave Fe{=C=C=CR;)(CO),(PEts), (R =
But, Ph).*22 Similarly, Na[Fel(CO),{ P(OMe)s},] is a
I source of the Fe(CO),{ P(OMe)s}, fragment and reacts
Ph Ph with HC=CCR!R?(OH) to give the corresponding
[CE_CEC_C/ (oﬁ—c=c——c/ vinylidenes, which on alumina or silica dehydrate to
- - . give either allenylidenes or vinylvinylidenes. The
/"L_R N—R former are formed with R! = R2 = But, Ph and R! =
R R But, R? = Ph. The diphenyl complex was formed

[Cr] = Cr(CO)s

reactions with LiMe give [Mn(=C=C—CMe;0)-
(CO),Cp]?~, which loses Me,CO to form [Mn(C=C)-
(CO),Cp]?~. Further reaction with LiMe gave only
polymeric products, but neutralization with MeOTf
gave Mn(C=CMe,)(C0O).Cp (Scheme 17).103

D. Iron, Ruthenium, and Osmium

1. Iron

Reactions of deprotonated HC=CCBu'(OH) with
Fe(CO)4(NMe3) gave mixtures of mono- and poly-
nuclear complexes, from which Fe(=C=C=CBu%)(CO),
and Fe{=C=C=CCBu%0C(0)0}(CO), (17) were iso-
lated. The latter is formed by cyclization of an
intermediate acylethynyl complex (Scheme 18).1%7

Scheme 17

COzMe
o)
¢ LiMe - /
Mn] - - o —_ [Mn]— C==C——CMe,
]
H
- Me,CO . 2 Me*
IMn—C==cC ——— =  [Mn]=—=C==CMe,
[Mn] = Mn(CO),Cp
Scheme 18
o)
N\
Fe(CO)4(NMez) + [C=CCBULOP ——= c—cEc—c\Bu‘2
[Fe] 3
(@) t
\\ BU2
(0] c—O0O C—
co \ QA O CO.. -CF o
2, _/c—c_=_c—ceu’2 Caclp Cl C—C=C—CBU, €02 C', [Fe]=C=C=C/ |
[Fe] 0 [Fe] -~ 0 \O/C§O
_O_C _O—C 17
\ 2\ (17)
[Fe] = Fe(CO), o) o)

directly if HC=CCPh,(OAc) was used.??

The photoreaction between [Fe(CO)(dppe)Cp]* and
HC=CCPh,(OH) (>280 nm, 12 h, CH,CI;) gave [Fe-
(=C=C=CPh,)(dppe)Cp]*; analogous reactions with
2-methyl-3-butyn-2-ol and 1-ethynylcyclohexanol were
unsuccessful.®® The intermediate hydroxyvinylidene
complex can be obtained from FeCl(dppe)Cp.28

2. Ruthenium and Osmium

The most general synthesis of these complexes is
the activation of propyn-1-ol derivatives toward
spontaneous dehydration by ruthenium. Interme-
diacy of allenylidene complexes explains formation
of frequently observed alkenylcarbene complexes or
dimeric products (section IX.B). The most common
metal—ligand combinations are MCI(PR3).Cp (M =
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Ru; R = Ph; Cp = Cp, Cp*, n°~C¢H7; M = Os, R =
Ph, Cp = 775_C9H7),

RuUCl,(PR3)(n-arene) (R = Me; arene = CgHg, mesi-
tylene, CsMeg), trans-RuCl,(PP), (PP = dppm, dppe),
and RUClz(Ln) [Ln = N(C2H4PPh2)3, nps; PPI’i2CH2-
CH,OMe]. It is noticeable that the dehydration of
the hydroxyvinylidene is either inhibited or pre-
vented altogether by strongly electron-releasing sys-
tems, such as Ru(y-CsRs), in contrast to the more
electron-poor Ru(y-arene) analogues, thereby allow-
ing the isolation of several examples. The indenyl
group is also more electron-releasing than CsMeg.%3
The arene—ruthenium system has greater electro-
philicity and smaller bulk than [RuCl(dppe),]*.*22

a. Derivatives of M(L)2(y7-CmRn) (M = Ru, Os;
CmRn = Cp, Cp*, 55-CoH7, 5-CgH4Me3). The sol-
vated complex [Ru(OCMe,)(CO)(PPri;)Cp]™ reacts
with HC=CCPh,(OH) to give [Ru(=C=C=CPhy)-
(CO)(PPri3)Cp]™; HC=CCH,(OH) and 1-ethynylcyclo-
hexanol give the related hydroxycarbenes [Ru{=
C(OH)CH=CR}(CO)(PPr'3)Cp]* [R2 = Ha, (CH2)s],
possibly by reaction of an intermediate allenylidene
(not detected) with H,0.'** The latter reaction
contrasts with that of [Os(CO)(PPri3)Cp]*™ with ethy-
nylcyclohexanol, which gives the vinylvinylidene [Os-
{=C=CH(cyclohex-1-enyl)} (CO)(PPri3)Cp]+.125

The first allenylidene complex was obtained from
RuClI(PMe3),Cp and HC=CCPh,(OH), when brown
[Ru(=C=C=CPh,)(PMes),Cp]* was obtained;?® the
(PPhs),*%¢ and dippe'?” analogues have been obtained
similarly. They are formed by dehydration of (unob-
served) intermediate hydroxyvinylidenes, formed by
a 1,2-H shift in the alkyne.

Strongly polarized ruthenium allenylidene com-
plexes (18) have been obtained by using the ethynyl-
hydroxycycloheptatrienes and their mono- and diben-
zo derivatives in the classical reaction.’?® 1-Ethynylcy-
cloheptatriene afforded the alkynyl complex directly,
but this could not be further transformed to the
allenylidene with [CPh3]*. Instead, the ethynyltro-
pylium cation was treated with Na[OSiMe;] to give
an isomeric mixture of the ethynyl silyl ethers, which
gave [Ru(=C=C=C;Hg)(PPhs),Cp]* directly. Com-
bination of the strong electron donor Ru(PPh3).Cp
and strong electron acceptor tropylium groups at each
end of the unsaturated C=C=C chain results in their
having NLO properties, with large SHG efficiencies
[section V.B.iii].

[Ru(==C==C==CRj)(PPh,),Cp]*

(18) R O
sRe-Fole

Allenylidene complexes are also obtained by reac-
tions of aprotic nucleophiles with the butatrie-
nylidene complex [Ru(=C=C=C=CHy,)(PPhs),-
Cp]*.109129.130 Thys, with NHPh,, the structurally
characterized [Ru{=C=C=CMe(NPh,)}(PPh3),Cp]*
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is formed, while with N-methylpyrrole, [Ru{=C=C=
CMe(pyr)}(PPh3),Cp]* was obtained.

Complexes containing the hemilabile ligand PPh,-
CH,C(O)But such as [Ru(PPhgz){ x?-P,0-PPh,CH,C(O)-
Bu}(L)]" (L = Cp, 55-C9Hy7) react with HC=CCPh,-
(OH) to give [Ru(=C=C=CPh,)(PPh3){ PPh,CH,C(0)-
Bu*-P}(L)]". In ROH (R = Me, Et), these complexes
react with K,COs, adding OR to C(3) to form
Ru{ C=CCPh,(OR)} (PPhz){ PPh,CH,C(O)Bu'-P}(L); in
thf, deprotonation of the enolized PPh,CH,C(O)But
ligand is followed by attack at C(1) to give the chelate
complex Ru{ C(CHCOBuUY)PPh,}=C=CPh,} (PPh3)(L)
in a diastereoselective reaction.*** With acidic alu-
mina, the allenylidene [Ru(=C=C=CPh,){«?-P,O-
PPri,CH,C(O)OMe}Cp*]* is obtained directly from
RuCHPPri,CH,C(O)OMe} Cp* and HC=CCPh,(OH);
acidic alumina also induces isomerization of the
vinylidene.8°

A series of indenyl—Ru and —Os complexes have
been obtained from MCI(L),(#%-CgH7) [M = Ru, Os;
L = PPh3 (19); L, = dppm (20), dppe (21)] and HC=
CCR2(OH) [R2 = Phy, Ci2Hs (2,2'-biphenyldiyl)] in
MeOH with NaPFs.83132 With HC=CCMePh(OH),
complexes 20 or 21 gave mixtures of [Ru(=C=C=
CMePh)(LL)(#°-CoH,)]" and [Ru{=C=CH(CPh=CH,)}-
(LL)(55-CoH7)]H, the latter being formed by combina-
tion of the OH group with a methyl H atom. For 19
(R = Ph), these complexes could be separated by
chromatography on silica gel. However, deprotona-
tion of the mixture (K,CO3/CH,Cl,) gave the enynyl
complexes in good yield.

Reactions with HC=CCHPh(OH) gave the second-
ary allenylidenes [Ru(=C=C=CHPh)(LL)(;5-CoH7)]*
by ready elimination of MeOH from the intermediate
[Ru{=C=CHCHPh(OMe)} (LL)(15-CgH-)]" which could
be detected by 3P NMR.”™ Only [Ru{=C(OMe)CH=
CHPh}(LL)(75-CgH7)]" was obtained from 20 or 21,
by addition of MeOH to