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Abstract

The chemistry of alkynyl and alkyne ligands in platinum complexes of different oxidation states is described. The review focuses
on the synthetic aspects of mono- and polynuclear compounds and on the reactivity of o-alkynyl and n-alkyne species in different
stoichiometric reactions such as insertion, addition of nucleophiles and electrophiles, rearrangements and isomerization processes
and also some catalytic additions of heteroatoms (B, Si, S) across the C=C triple bond. The relevant features of polynuclear
complexes bearing the C=C group in dendrimers and organometallic polymers are briefly reported. © 2000 Elsevier Science S.A.

All rights reserved.
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1. Introduction

The chemistry of metal-alkynyl and —alkyne com-
plexes, started more than 30 years ago [1], has under-
gone a significant development in recent years as a
consequence of the ability of the C=C group to display
a versatile reactivity, peculiar nonlinear optical, liquid
crystal and photophysical properties.

The C=C triple bond of alkynes may interact with
platinum metal centers giving rise to m'-alkynyl and
n?-alkyne complexes [2], where the n'-alkynyl systems
can give subsequent m>-coordination to form polynu-
clear derivatives [2].
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The electronic features of the mononuclear n!-
alkynyl ligands bound to a single metal center have
been extensively described from a theoretical point of
view [3a] on the basis of vibrational spectroscopic and
X-ray crystallographic data. In most of the complexes
studied, the alkynyl ligand is found to be a good o- and
n-donor, but a poor m-acceptor. Photoelectron spectro-
scopic studies together with Hartree—Fock—Slater
molecular orbital calculations on the series of trans-
[M(C=CR),(PH;),] (M =Pd, Pt; R = H, Me) complexes
[3b] showed that the M—C=CR n-backbonding is unim-
portant. The electron population of n*(C=CR) is no
greater than 0.05 e~ and net destabilizating interactions
between the occupied m-symmetry metal and n(C=CR)
orbitals are strong. The electronic spectra of the trans-
[M(C=CR),L,] M =Pd, Pt; L =phosphine, stibine)
complexes have been extensively studied [3c]. They
show three intense (¢ ca. 10%) bands in the 200—350 nm
region and can be explained assuming that the lowest-
energy band arises from a transition between the
n(C=CR) and the n*(C=CR) orbitals, and the CT tran-
sitions from m(C=CR) to the metal (n+ 1)p orbitals.
The X-ray data show that the C=C bond lengths (aver-
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age value 1.20 A) in most compounds are slightly
elongated relative to those of organic terminal alkynes
(average value 1.17 A) as a result of extremely low or
no M - C=CR n-backbonding, as supported also by the
Pt—C bond lengths that differ from those of the corre-
sponding alkyl complexes by only ca. 0.08 A.

The trans influence of the alkynyl ligand has been
studied in a series of compounds of the type trans-
[Pt(X)CI(PPh, _,R,)] (n=0 or 1) from X-ray and
NMR determinations [3a] that have led to the following
order of the trans influence of the X ligands:

X: C(O)R = C(sp*) = C(sp?) > H>» C=CR » (I

As for nZ-alkyne derivatives, the Pt(II) complexes are
relatively rare and theoretical calculations showed that
the perpendicular coordination is preferred in tetraco-
ordinate planar Pt(II) complexes [4]. Ab initio calcula-
tions have been reported also for five-coordinate
platinum(II)-alkyne complexes of the type [PtX,(Me,-
phen)(alkyne)] (X = halogen; Me,phen = 2,9-dimethyl-
1,10-phenanthroline), showing that in analogous sys-
tems ethylene exhibits better o-donating and -
accepting properties than acetylene [5]. In particular,
the coordinated diphenylacetylene shows a C=C bond
length and a bending back of the phenyl groups with
respect to the C=C triple bond axis, which are interme-
diate between those found for the trigonal Pt(0) and the
square planar Pt(II) species [5].

Also a number of Pt(0)-n-alkyne complexes of the
type [PtL,(n-alkyne)] (L = tertiary phosphine) and
[Pt(n?-alkyne),] have been reported [6a]. On coordina-
tion to Pt(0), the C=C bond is lengthened and sub-
stituents on the triple bond are bent away from the
metal center, either in the presence of electron-with-
drawing or electron-donating groups. Recently, the
chemistry of Pt(0) and Ni(0) n-cycloalkyne and -aryne
complexes has been extensively reviewed [6b].

Here we shall describe recent results on the synthesis
of mononuclear, homo- and hetero-polynuclear plat-
inum—-alkynyl and —alkyne complexes and their reac-
tivity in some stoichiometric and catalytic processes.

The description of the different aspects of the
chemisorption processes of alkynes on platinum sur-
faces, involving C-C and C—H activation, ubiquitous in
the catalytic cracking and reforming processes used in
petrochemical industry, is out of the scope of the
present review [7].

2. Mononuclear Pt(0)—alkyne complexes

Complexes of the type [M(0)(n*-alkyne),] (M =Pt,
Pd) are of relevant interest not only as starting materi-
als for organometallic reactions, but also as model
compounds for understanding the interaction of an
alkyne with metal surfaces [7].

The preparation of the first bis(acetylene)Pt(0) com-
plex has been reported [8] to proceed by reacting [Pt-
(COD),] with an excess of diphenylacetylene leading
to pale yellow crystals of [Pt(PhC=CPh),], which then
have been reacted with PMe; to give [Pt,(PMe;),-
(PhC=CPh),]. The structures of both complexes were
determined by X-ray diffraction analysis.

Similarly, by reacting [Pt(COD),] or [Ni(cdt)] (cdt =
1,5,9-cyclododecatriene) with the alkynols Me,CC=CC-
Me,OH and Me,C(OH)C=CCMe,(OH), the correspon-
ding (alkyne),M complexes have been obtained [9].
Single-crystal X-ray structure determinations reveal
that the central metal atom is tetrahedrally coordinated
by the four carbon atoms of the alkyne ligands and that
two (alkyne),M units are connected via hydrogen bonds
between the four OH groups to form dimers or trimers
in the solid state.

~~HO RRC\

M = Ni, Pt; R, R' = Me, CH;CHMe,
-HO'RRC - \CRR'OH-m

The synthesis of tropynes and cyclic alkynes has been
reported to occur by base-induced dehydrobromination
from the corresponding bromoalkenes in the presence
of [Pt(PPh,),] according to Eq. (1) [10a}:

I /Br _ o \/ Pt(PPh3)2
— ey [=Picephay

LDA = lithium diisopropylamide

The reduction of the appropriate 1,2-d1bromocy-
cloalkene with 1% sodium amalgam in the presence of
zerovalent metal complexes is reported to be a general
method for the preparation of cyclic alkyne complexes
of Ni(0), Pd(0) and Pt(0) [6b,c,10b] (Eq. (2)):

~ B o~
Na/H;
(CHp), ————»g (CHp), ||| —Pt(PPhs),
NNy, PEPRCH
n=4,5 @)

An alternative high-yield route to the Pt(PPh,), com-
plexes of cyclohexyne and cycloheptyne is the treatment
of the appropriate 1-bromocycloalkene and [Pt(PPh;),]
with lithium diisopropylamide (LDA) [10c]. The use of
t-BuOK instead of LDA gives dibenzannulated tropyne
complexes, but affords the isomeric cyclic allene com-
plex in the case of seven-membered rings (Scheme 1).
The LDA reaction probably proceeds by base-pro-
moted elimination of HBr from the transient intermedi-
ate Pt(PPh,), complex of the 1-bromocycloalkene,
which could be detected in the absence of LDA, before
giving isomerization processes.

Also the [(n*-benzyne)Pt(PPh,),] compound was gen-
erated by reduction of the appropriate (o-halogeno-
aryl)Pt(II) precursor with 43% sodium amalgam or by
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N H (_ C\\
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L (CHp)p ||—Pt(PPhy),
+ [Pt(PPhs)5), - PPhy S
H
n=>5

Scheme 1.

reaction of chlorobenzene with the non-nucleophilic base
LiTMP (2,2,6,6-tetramethylpiperid-1-yl lithium) and
[Pt(PPh,),(n%-C,H,) at 0°C. It was identified on the
basis of spectroscopic data being less stable than the
cyclohexyl and cycloheptyl analogues, giving isomeriza-
tion in a few hours at room temperature according to Eq.

() [11]:

= (PP ACHIL
| —PtpPh), —
LiTMP, 0 °C
i
|

PPhs,
3
By ethylene substitution on [Pt(PPh,),(C,H,)] a series of
unusually stable phenylene derivatives was obtained
according to Eq. (4) [12]:

PPh:. Hy)l
|| PPPRAGHA —Pt(PPh3)2 +

(Ph,yP),Pt— || —Pt(PPh,),

@
The synthesis of perhalogenated—alkyne complexes of
the type [Pt(PPh,),(CIC=CCl)] was reported to occur by
reaction of dichloroethyne with [Pt(PPh,),(C,H,)] or
[Pt(PPh,),] [13a]. Subsequent reactions with phosphites
have been described [13b] to give phosphine substitution
or oxidative addition to form cis- and trans-
[Pt(PPh;), {P(OPh);}, _,,CI{(C=CCl)] (n = 0,1) depending
on the reaction conditions.

The reactivity of Pt(0)—cycloalkyne complexes with
electrophiles proceeds with the cleavage of the
metal-alkyne bond (Eq. (5)) {14] to give the correspond-
ing n!'-alkenyl platinum(II) complexes:

[ e,
N
AN

X

N
(CH), {-PL;  + BX — Pt
N

n =4, 5;X = Cl, OH, SPh, CH,CN, OR; L, = phosphine or diphosphine )
5

The insertion of electrophilic or strained olefins into
the metal-cycloalkyne bond has been reported to give
platinacyclopentenes (Eq. (6)). The observed regioselec-
tivity suggests that this reaction proceeds by initial
coordination of the olefin at the Pt center with PPh,
displacement and subsequent attack of the alkyne on the
electron-deficient carbon atom of the coordinated alkene

[6b): .
oy

R
—/ |
@I —Pt(PPh;); — ©| —Pt(PPhs)
gey
P{

R = COMe, CHO, CO,Me, CN PhsP” PPh,
On the other hand, the corresponding insertion reactio(r?g
of CS, and CO, on cyclohexyne complexes [PtL,(n*
C4H,)] proceed only with more strongly basic bidentate
ditertiary phosphines of the type R,PCH,CH,PR, (R =
Me, Et, Cy) [6b].

Platinum-molybdenum bimetallic complexes of cyclic
tropynes and alkynes have been obtained [15] according
to Eq. (7):

[(n®-p-xylene)Mo(CO)g]
@|-—-Pt(PPh3)2 S - @ —Pt(PPh3)2

Mo(CO);

The Pt-Mo complex of reaction (7) has also been
characterized by X-ray analysis and reduction processes
by selective hydride addition have been described.

Relevant catalytic processes are suggested to proceed
through Pt(0)—alkyne key intermediates [16] consisting in
oxidative addition of inter-heteroatom bonds comprising
S, B, Si, Sn. These reactions readily take place and trigger
a variety of catalytic additions of the bonds to C-C
unsaturated systems through the steps of an oxidative
addition of an inter-heteroatom bond E-E’ to a transi-
tion-metal complex, the insertion of an alkyne into the
Pt-E or Pt—-F’ bond and finally reductive elimination of
the products according to the general scheme

E-E
M) E-M}-E' M =Ppd, Pt
T~ E,E'=B,Si Sn, S
/= =
E E

Within these catalytic systems, the most studied reac-
tions are the diboration of alkynes [17] involving an
alkyne insertion into the Pt—B bond to provide stereospe-
cific cis bis-boryl alkenes in good yields, in particular
using diboron reagents according to Eq. (8):
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A theoretical study of the mechanism of the diboration
reaction of alkynes has been carried out, indicating that
the dissociation of a ligand on the Pt catalyst, which
allows the coordination of the alkyne to form a n-com-
plex, is the rate-determining step. The observed
stereoselectivity has been explained in terms of the
rigidity of the C-C =-bond [17d].

Pt(0) complexes also promote the distannation reac-
tion of terminal alkynes bearing non-bulky sub-
stituents, which has been shown to proceed under mild
conditions (Eq. (9)) [18]:

@—SnMez Q_KMCZ
[Pt(PPh3)2(CHa)]
—_———

Fe Fe Pt(PPh3)2

@—SnMe2 @—SnMez
Qe
R—C=CH R

—> e |

- CoHy

Db )

The use of another potential catalyst such as [Pt(PPh,),]
was not successful due to the presence of free PPh;.

As a new strategy to introduce two different het-
eroatoms into carbon—carbon unsaturated bonds, the
first Pt(0)-catalyzed regio- and stereoselective thiosilyla-
tion of alkynes using disulfides and disilanes has been
reported according to Eq. (10) [17¢]:

n-CgHy3
[Pt(PPhs3)y(C2Hy)]
(ArS); + (SiCl), + 1-octyne ————————m= —
toluene, 100 °C ArS SiCl3
n-CgHy3
EtOH, NEt; ):—\
5 asc . AS  Si(OEt), (10)
Silaboration of a variety of terminal alkynes [19]
takes place with good regio- and stereoselectivity to
afford Z-1-boryl-2-silylalkenes in high yield catalyzed
by [Pt(PPh,),] according to reaction (11):

¥  n-Hex ~ ;
‘ / [P{(PPhs),] n-Hex SiMe, Ph
PhMe,Si—B + l I — |
\X toluene, heat
H H BX,
X = NEt,, -0-OC¢H,0-, -OCMe,CMe,0-, (1 1)

Unusual Pt-catalyzed stereo- and regioselective in-
tramolecular hydrosilylation of propargyl alcohols to
give E, E-5,10-dialkyl-2,2,7,7-tetramethyl-1,6-dioxa-2,7-
disila-3,8-ecidienes was also described (Eq. (12)) [20]:

0SiMe,H

OH
)\ (Me,SiH);NH
_—
R R)\\\

Pt/mesitylene

1h,25°C

R (12)

[Pt(PPh,),(C,H,)] catalyzes the dehydrogenative double
silylation reaction of 1,2,4,5-tetrakis(dimethylsilyl)-
benzene with cyclic dyines to give ladder polycarbosi-
lanes (Eq. (13)) [21].

[Pt(PPh3)(C,Hy)]

(:(SiMezH RN
+ _— -

-
SiMe,H  , J toluene, — Hy
Ry

Me, Me,
Si_ R, _Si SR,
CLI IO
Si” "Ry Si .
Nllez 2 Nllez Isviez R2
R;, R, = (CH,)s, (CH,)s, (CH,),0(CH,),, MeZSiOSiMeZQ (13)

It is noteworthy that the reaction of terminal alkynes
and 1-hexyne with [Pt(PPh,),(C,H,)] in the presence of
disilacyclobutene compounds affords a mixture of
products of the type A-C (Scheme 2) [22] without
formation of the corresponding benzenes obtained in
the presence of Pd(0) systems.

The proposed mechanism involves the formation of a
n complex, and insertion of the triple bond into the
Pt-Si bond (route (a)) or C-H bond activation leading
to hydride complex (route (b)) followed by 1,2 shift of
an alkynyl group to one of two silicon atoms to give B
and C.

The mechanism of Pt(0)-mediated hydrogenation of
alkynes [23] has been studied through parahydrogen-in-
duced polarization showing pairwise transfer of hydro-
gen to the unsaturated substrates.

Finally, a Pt(0)(n2-alkyne) complex is reported to be
formed from the reaction of [(dppe)HPt-MoCp(CO),]
[24] with disubstutued alkynes according to Scheme 3
(route (a)). However, in the presence of terminal alky-
nes the Markovnikov addition of [HMoCp(CO),] to the
coordinated alkyne takes place to give the new hetero-
dinuclear alkenyl complexes [(dppe)(p-H,C=CR)Pt-
MoCp(p-CO)(CO)] (route (b)).

3. Pt(I)—alkyne complexes

A dinuclear Pt(I)-dimethylacetylene dicarboxylate
complex [Pt,(CO),(PPh,),(C,R,)] was prepared by reac-
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Si [Pt(PPhg);(C;H,)] ! =C—
C[ el SPHPPhy), R-C=C-H
Si
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i-Pr i-Pry
route (a) Si—Pt Si
—— /CR — I
iP, R s—¢” tbr, H
Si 2 i-Pr, H i
~N

| ; — pt—
I-Pr, g route (b) Sl\ /H Si—Pt—H
e /Pt\ —
Si C=C-R Si—C=CR
i-Pr, / i-Pr,
i-Pr. i-Pry
si.. R Si—H
CE ;C=C\ * (:ES' C=C—R
i i—C=C—
iS-lPrz H i'PrZ
B C
Scheme 2.
RC=CR’

> [Pt(RC=CR')(dppe)] + [HMoCp(CO)s]
(@) CgDeg, r.t.
PPh,
P MoCp(CO),

AN
E ’P( PPh R
Pn, H ®) W
,Pt—léo—@
+HC=CR, B ¢’ “co
~CO, CgD, 1.t 2 G
Scheme 3.

tion of [Pt(PPh,),(CO),] with R,C, (R = CO,CH;) un- (C¢Hy)], while cyclic alkyne complexes with less

der an atmosphere of carbon monoxide [25], where the
alkyne behaves as a ligand bridging the Pt-Pt moiety of
the dinuclear Pt(I) complex. In this reaction, mediated
by CO, the alkyne ligand serves as the oxidizing agent.
It is noteworthy that the platinum(0)-cyclohexyne
complex reacts with CO to form [Pt,(PPh;),(CO),-

CO,Et
BOC_ [0

strained alkynes such as cycloheptyne or cyclooctyne
were inert to CO addition due to lower electrophilic
character of the alkyne ligands (Scheme 4).

New dinuclear Pt(I) complexes of type D can be
obtained, in about 60% vyield, together with trinuclear
compounds of type E, from thermal degradation of
various complexes of the type [Pt(PPh),(alkyne)] in
toluene (Eq. (14)) as a result of both C-H and P-Ph
cleavage of coordinate PPh, [26].

=
RC=CR PhsP —Pt—Pt—PPh;
Ph,P
CO CO toluene ? +
[Pt(PPhs)2(alkyne)] Ph3sP —Pt—Pt—PPh;
80°C, 4-6d \P/
CO [[Pt(PPh3),(C¢Hg)] Phz
{Pt(PPhy)(
[Pt(PPh3),(CO);] e - Ph3P—Pt———-th—PPh3 D
Co Co P{"hz
PhsP._ , \ _PPh
Pi--- P
[P(PPh3)2(C7Hyp)] eaction \P /
- no r Ph,P— Il \Pth
or {Pt(PPh3),(CgH;2)} Ph

Scheme 4.

E
alkyne = MeC=CMe, MeC=CCO, Me, cycloheptyne (14)
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In the case of the dimethylacetylenedicarboxylate
complex [Pt(PPh,),(MeO,CC=CCO,Me)], on heating in

toluene, the cyclometallation product [Pt{C,H,(PPh,)}-
{n1-C(CO,Me)=CHCO,Me}(PPh;) is quantitatively
obtained.

4. Mononuclear Pt(II) complexes
4.1. Synthetic procedures

Alkynes interact with Pt(II) substrates giving rise to
different products depending on the reaction conditions
[2]. By displacement of a halide in water with soluble
acetylenes (Eq. (15)) m’complexes are directly
obtained:

K,PtCl, + Me,(OH)CC=CC(OH)Me,

EK[PLCL, {Me,(OH)CC=CC(OH)Me,}] + KCI (15)
or by addition of a silver(I) salt [27] (Eq. (16)):
trans-[Pt(Cl)(CH,)L,] + RC=CR"" % “trans-[Pt(CH,)L,-
(RC=CR')[PF, + AgCl (16)

R,R’ = alkyl, aryl; L = phosphine, arsine

The deprotonation reaction of the slightly acidic
proton of terminal alkynes with a base (such as n-BuLi,
Ag,0, NaOH, KOH, NH,, NHE?t,) yields the acetylide
RC=C(—), which then affords the m!-alkynyl com-
plexes by reaction with neutral and cationic complexes
containing labile ligands. For instance, trans-
[Pt(C4F5),(tht),] (tht = tetrahydrothiophene) reacts with
LiC=CR (R = SiMe,, Ph, ¢-Bu) in diethyl ether or THF
leading to the novel dianionic species trans-
[Pt(C¢F5),(C=CR),J*~ [28] (Eq. (17)):

trans-[Pt(C4Fs),(tht),] + 2LiC=CR _
Et,O or THF
trans-[P(CeFs),(C=CR),* - (17)
R = Ph, SiMe,, ¢-Bu

Again o-acetylide complexes can be obtained accord-
ing to reaction (18) [29]:
Agt, solv
trans-[Pt(R")(CI)L,] RN trans-[Pt(R")L,(solv)]*
—C=CR — AgCl

c=C g
— trans-[Pt(R)(C=CR)L,] (18)
R =aryl; R’ = CH,, CF;; L = phosphine, arsine

The most common method to prepare platinum
ethynyls of the type [Pt(C=CR),L,] (L = phosphine)
(see for instance Eq. (19)) uses Cul as a catalyst [30].
The reaction likely proceeds through the formation of
copper ethynyls as intermediates. Unless L, is a chelat-
ing diphosphine, the bis-ethynyls formed are mostly of
trans configuration, even when starting from starting
materials of cis geometry, the trans form being thermo-
dynamically favoured (Eq. (19)).

cis-[PtCl,(PMePh,),] + 2PhC=CH
NHE(,

0 trans-[Pt(C=CPh),(PMePh,),] 19
ul

Stable cis-[Pt(C=CPh),L,] have been obtained from
the reaction of PhC=CH in the presence of NaOEt with
[PtCl,(COD)], which readily decomposes [30c] (Eq.
(20)):

[PtCL,(COD)] + 2PhC=CH
NaOEt + 2L
— 5 [P{C=CPh),(COD)] — cis-[Pt(C=CPh),L,] (20)
EtOH
L = PPh,, PMePh,

In the absence of a silver(I) salt, the reaction of
trans-[PtCI(CH;)(AsMe,),] with F,CC=CCF, gave the
corresponding five-coordinate complex containing the
alkyne coordinated in a m? fashion, according to reac-
tion (21) [31]:

trans-[PH(CI)(Me)(AsMesh] + CF3—-C=C-CF;—

@1

The preparation of a series of five-coordinate Pt(II)-n>-
alkyne complexes of the type [PtX,(Me,phen)(alkyne)]
has been reported to proceed according to reaction
(22), the stability of the final products depending on the
halide (I > Br > Cl) and the presence of electron-with-
drawing substituents on the alkyne. Such a reaction
also led to a successful synthesis of the corresponding
alkene complexes [5]:

4 /

N N\)I(
_N/Il’t_x + Lo _N/pt_.L
\ b, X \ / )'(

L = alkyne; X = halide 22)

Alkyne complexes of Zeise’s salt type [K(18-cr-
6)][PtCI,(RC=CR")] (R,R'=Me, Et, n-Pr, Ph) have
been prepared by reacting K, PtCl, with crown ether
18-cr-6 in H,O with internal alkynes. The alkyne ligand
may then be displaced upon reaction with 1-pentyne
affording the complex [K(18-cr-6)|[PtCl,(rn-PrC=CH)],
being the first example of such a type of complex with
a terminal alkyne [32].

Alternative routes to mZ-alkyne complexes involve
displacement of olefins as in the reaction of the Zeise’s
salt with acetylenes giving ethylene displacement with
the formation of acetylene complexes of the type
K[Pt(RC=CR)Cl,] [2]. Furthermore, alkynes may un-
dergo bridge cleavage as in the reaction with polymeric
[Pt(HBpz,)(Me)],, to afford monomeric five-coordinate
complexes [33] (Eq. (23)):
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{PCO),Cly], L
[Pt{ C(CO,R)=C(CHCO,R }CI(CO)L]

RO,C—C=C-CO;R
\———> [-P{CO){C(CO,R)=C(CI)COO-],

[P(CO)Cl3), A

R = Me, Et; L = tertiary phosphine

Scheme 5.
L
(a) RC=CR’ 7/
» | Me—Pt—(RC=CR" PF¢
+ AgPFg, - AgCl L/
L L Or
7 (b) RC=CH, R'OH /
Me—Pt—Cl » | Me—Pt =C PF;

L/ + AgPFg, - AgCl 7

CH,R

(c) PRO=CH. THF __  [P(C=CPh)L,]PFs + CH,

+ AgPFg, — AgCl

Scheme 6.

CH;OH

/—> trans-[PtC1{CR=C(OCH3)R }L,]
(2)

trans-[PtCI(Me)L,] + RC=CR

(b)

CH,Cly trans-[PtC1{ CR=C(Me)R )} L;]

Scheme 7.

o)

/N-—N \ Me /R
I
[Pt(HBpz;Me], + nRC=CR' — = n |HB \@/ pt_@
N%>/ ®
(23)
4.2. Miscellaneous reactions

It is noteworthy that different kinds of products such
as olefins, alkynyls or carbenes can be obtained by
reaction of alkynes with Pt(II) substrates depending on
the alkyne, the substrate and the reaction conditions. For
instance, monosubstituted alkynes can give polymeriza-
tion in the presence of Pt(II) halides [2] or in a number
of cases they insert into the Pt—Cl bonds [34] (Scheme 5).

The reaction of cationic platinum complexes of the
type trans-[Pt(CH,;)L,(solv)]*PF; with acetylenes was
reported [35] to depend markedly on the nature of
substituents R and R’ of the acetylene, the nature of the
ancillary ligands L, the solvent and the reaction condi-

tions. Thus, the reaction of dialkyl- and diarylacetylenes
in MeOH or acetone gave trans-[PtCH;(RC=CR")L,]PF,
(Scheme 6, route (a)), while monoalkylacetylenes and
phenylacetylene in MeOH or EtOH gave cationic alkoxy-
carbene complexes (Scheme 6, route (b)). Reactions of
monoalkyl acetylenes in aprotic polar solvents (i.e. THF)
gave acetylide formation (Scheme 6, route (¢)) accompa-
nied by CH, elimination.

Similar reactions with disubstituted acetylenes RC=
CR’ containing electron-withdrawing groups R and R’
produce o-vinyl ether complexes in MeOH, while in
aprotic solvents insertion into the Pt-Me bond occurs
(Scheme 7) [35].

All these reactions were explained with the initial
formation of ‘carbonium ions’ of the following type

[35,36]:

L R L K
|+ C I /':C
Me— Pt—1ii ~«— Me—Pt ™+ ||
L L
L R' R
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which are then susceptible to intramolecular rearrange-
ments and/or nucleophilic addition, according to reac-
tion Scheme 8 [36].

Carbene formation occurs with terminal alkynes in
protic solvents such as MeOH, while in polar, but
aprotic solvents, proton abstraction by the solvent
takes place to give the acetylide. This type of process
prevents the isolation of cationic terminal acetylene
complexes, which on the other hand could be obtained
with dialkyl or diarylacetylenes, which have been
shown to react slowly with a nucleophilic protic solvent
such as MeOH to give methyl vinyl ether complexes.

It is observed that either increasing the electrophilic
character of the acetylene in the absence of a nucleo-
philic protic solvent or enhancing the -electrophilic
character of the organoplatinum cation upon introduc-
ing a CF; group in the coordination sphere makes,
polymerization processes become accessible. In some
instances reaction intermediates such a the tetramethyl-
cyclobutadiene complex [PtCF,{C,(CH,),L,]PF,, can
be isolated [36] (Eq. (24)):

L CHs CH,
g CH, L CH, e
CFy—pt .+ 1| ¢ — B=p—C
—| e é N\ “cH
L 7 N | L C 3
CH3 CH3 (':H3
L CH, CH,
— > CF—pt—{)
I
L CH; CH, (24)

The electronic mechanism of the thermal and photo-
chemical isomerization of the dicyanoethylene complex
[Pt(PH,),(NCC=CCN)] to the acetylide derivative
[Pt(PH),(CN)(C=CCN)] has been investigated theoreti-
cally [37]. In the thermal process, the decomposition
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{NCC=CCN} is favored, but the association of the
separated fragments leads to the acetylene complex
rather than the acetylide. On the other hand, the reac-
tion can be photochemically induced, through the for-
mation of three-coordinated Pt intermediates during the
isomerization from the state F to G (Eq. (25)):

C|N
i CN
Hp -G oo [N HP AN
—C,C,C
/Pt\” e /Pl 2 CC4N —— Pt\
H;P Ca\ HyP H,P C,C;,CN
CiN F G
H3P\ /CIN
—_ Pt
HSP C2C3C4N
(25)

Insertion reactions are reported to occur in the Pt-H
bond to form o-enyl complexes as in the case of
thioalkynes [38], where the formation of cis or trans
products depends on the nature of the ancillary ligands
on the Pt center and of the R and R’ substituents on the
alkyne. The 1-thialkyl-1-enyl moieties are formed as E
isomers (Scheme 9).

PhSC=CSiMe; reacts with trans-[PtCIH(PPh,),] with
splitting of the trimethylsilyl group to generate trans-
[Pt{E-C(SPh)=CH,} CI(PPh,),] [38].

Dimethylacetylenedicarboxylate  rapidly inserted
into the Pt-NMe bond of the Pt(II) uryl-
ene complex [Pt{NMeC(O)NPh}(COD)] to give

[Pt{C(CO,Me)=C(CO,Me)NMeC(O)NPh}(COD))
(Scheme 10, route (a)) [39]. The diacetylide complex
[Pt{C=C(O)OMe},(PPh,),] has been obtained by react-
ing the more robust platinum urylene Pt{NMeC(O)N-
Ph}(PPh,),] with methyl propiolate giving displacement
of the urea dianion (Scheme 10, route (b)).

The cationic Pt-H complex trans-[PtH(PPh,),-

reaction of [Pt(PH,),(NCC=CCN)] into {Pt(PH,),} and (THF)]* reacts at low temperature with
! CH,R!
L 2
/ o+ +
Me—pi=C=c" ._>CH3OH Me—Pt/=C
7 A" /
L OCH
R’=H vinylidene intermediate 3
L
- Me—pt—C=C-R! + H*
R! R*=H %
L I L
| ..-C
Me—P[:f ” )
I[ e CH,0H L R
R? Me—pt —C=C—OCH, + H*

+

L

R!

2

/ |
solv— pt —C=C—CH;

L

R!

Scheme 8.
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Et,P. PEt
MeSC=CPh  ° N_ /0 pp
/
a’ “c=c
/ \
MeS H
MeOH, 20 °C
trans-[Pt(H)CI(PEt;),]
H
MeS\C_C ;
MeSC=CCsH,, Et3P\ / \
Cl PEt;3
Scheme 9.
Ph . . .
I MeozC\C_ Clcone tion of phenylacetylene into the Pt-SiR,
/N\ MeO,C-C=C-COMe P bond
= — - —M ’
(COD)Pt\N £=0 o (COD)Pt\N C/N e
N 4.3. Reactivit
L;le pr Yo 4
Ph Acetylenes coordinated to relatively electron-deficient
Phsb N H-C=C_COMe Pth\Pt /C=CCOMe Pt(1I) substrates are activ.aFed towards insertion, rear-
Pt C=0 ———————— N rangements and nucleophilic attack processes. In con-
7N ® PP’ C=CCOMe - : -
PhsP N trast, coordination to a relatively electron-rich metal, as
Me in the five-coordinate n-complexes, activates acetylenes
Scheme 10.

O=C(C=CCMe,), to form the n'-exoalkylidene cy-
clobutenone ligand (Eq. (26)) [40] through addition of
the Pt—H bond to one of the alkynyl substituents of the
dialkynyl ketone followed by an overall Pt-mediated
insertion of the second alkynyl substituent into the
resulting Pt—-C(alkenyl) bond.

-78t025°C

trans-[Pt(H)(PPhs)(THE)]"[SbFs]” + O=C(C=CCMe;) — g
NEyCl
CMe;
1|’Ph3
O N }?—Cl
PPhs
MC3C H
(26)
Phenylacetylene reacts readily with cis-[Pt-

Me(SiPh;)L,] [41] (L =PMePh,, PMe,Ph) giving the
acetylene  insertion products  cis-[PtMe{C(Ph)=
CH(SiPh;)}L,]. In contrast, trans-[PtMe(SiPh;)L,] com-
plexes were totally inactive towards phenylacetylene
insertion [41]. Phenylacetylene also reacts with the bis-
(silyDplatinum complexes [42] cis-[Pt(SiR;),(PMe,Ph),]
(SiR, = SiMe,Ph, SiMePh,, SiPh,, SiFPh,) to afford
the insertion complexes cis-[Pt{C(Ph)=CH(SiR,)}-
(SiR,)(PMe,Ph),]. In the case of the reaction of
acetylene, the complex cis-[Pt(CH=CHSiPh,)-
(SiPh,)(PMe,Ph),] was obtained and the structure was
determined by X-ray diffraction study. Kinetic studies
indicate that the insertion processes involved
dissociation of a PMe,Ph ligand followed by inser-

to a much smaller extent and may indeed deactivate
them towards such reactions [2].

4.3.1. Insertion reactions

4.3.1.1. Pt—C bonds. Disubstituted alkynes having elec-
tron-withdrawing groups are known to give insertion
reactions into the Pt—-CH, bond of complexes of the
type trans-[Pt(Me)XL,] (L = tertiary phosphine, arsine,
stibine) and cis-[PtMe(R,Bpz,)(acetylene)] to afford the
corresponding  platinum—(methyl)vinylic ~derivatives
[43,44].

On the other hand, some Pt(I) complexes catalyze
the linear polymerization of acetylenes: the process
involves the initial formation of a o-acetylide complex
followed by successive acetylene insertion into the Pt-C
o-bond [45].

4.3.1.2. Pt—H bonds, the hydrogenation and hydromethoxy-
carbonylation of alkynes. Acetylenes can be hydrogenated
in the presence of Pt(II)/Sn(II) systems [46a]. The mech-
anism of hydrogenation of alkynes catalyzed by the
[PtHX(PR,),]/[SnX,] system (PR, = PPh,, PMePh,; X =
Cl, Br) has been studied by means of para-hydrogen-
induced polarization of 'H-NMR spectra. Dihydride
intermediates, confirming the stepwise hydrogenation
at room temperature, were observed [46b].

Pt(IT) complexes such as [PtCl,(PPh,),] and [PtHCI-
(PPh,),] are able to catalyze the hydromethoxycarbony-
lation of phenylacetylene according to Eq. (27) [47].

PHCI(PPh,),

PhC=CH + CO + CH30H H2C:C—C\—_—o

Ph OCH;

27)
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BR,

R, R
S
P / - /'Q PO =
P + RB — ( —_— ( Pt BR,
7N\ < \Rl TN
R R,
R, R, R R;
AN P\ )=< P N\ r
crell ~—— (D, YR
p ~R;BC=CR, p \// b’ /
R R,B R
R;
J I K
Scheme 11.

In particular, [PtHCI(PPhs,),] displays the highest activ-
ity and a total regioselectivity towards the formation of
a-methylene-benzeneacetate. The proposed mechanism
involves the initial insertion of the alkyne into the Pt-H
bond to give a o-vinyl intermediate, followed by CO
insertion giving an acylmetal complex, which, upon
alcoholysis, afforded the carboxylic ester

4.3.1.3. Pt—OH bonds, the hydration of alkynes. Treat-
ment of [PtCl,] with CO at 40—110°C forms an efficient
catalyst, [HPtCI(CO),], for alkyne hydration to ketones
[48a]. The proposed mechanism involves coordination
of the alkyne and, in the presence of HCI-H,0, the
formation of a Pt—OH species, with subsequents inser-
tion of the alkyne into the Pt—-OH bond and formation
of the enols similarly to what reported for the catalytic
hydration of alkynes with the Zeise’s dimer [48b)].

4.3.1.4. Pt—B bond, the diboration of alkynes. Diethynyl
platinum(II) complexes react with trialkylboranes to
give platina-2,4-cyclopentadiene derivatives according
to Eq. (28) [49a,b):

P\ / i:[
+ R3B —— (
y  BRy (28)

P/
If substituents other than hydrogen are linked to the
C=C bond, the organoboration reaction is slow, yield-
ing different products through the formation of a series
of intermediates (Scheme 11) that can be detected by
NMR spectroscopy [49c].

The reaction proceeds through the formation of the
n-alkyne intermediate, which gave 1,l-organoboration
forming complexes of the type H. This latter species
undergoes an intramolecular rearrangement by migra-
tion of the l-alkynyl group from platinum to boron
giving intermediate species I, from which n*-alkyne
Pt(0) complexes J and/or n3-alkenylboryl Pt(0) com-
plexes K are obtained in a ratio that depends critically
on the reaction conditions.

N

4.3.1.5. Pt-Si and Pt—Ge bonds, the hydrosilylation and
hydrogermylation of alkynes. Alkynes can be hydrosilyl-
ated in the presence of chloroplatinic acid. The
Markovnikov product is favored (Eq. (29)) [50]:

‘ . HPClg RBSl\ H RS
R3SiH + Bu'C=CH C=C\ + /C:CHz
H Bu" Bu"
minor product major product

29)

[PtH(SiR;}(PCys;),] catalyzes the cis anti-Markovnikov
addition of R;SiH to EtC=CH, PhC=CH, MeC=CMe,
PhC=CPh [50a]. Similarly, hydrogermylation of phenyl-
acetylene occurs with H,PtCls and cis[PtCL,(PPh,),]
with the formation of trans-[R,GeCH=CHPh] as the
major product [50b].

4.3.1.6. P-C bonds. The reactivity of alkynyl complexes
Li,[Pt(C=CR),] and cis-[Pt(C=CR),(COD)] towards
acidic phosphines PPh,H and PPh,(O)H was recently
described in order to establish if addition reaction of
H-P could occur across the C=C moiety to form P-C
bonds [51]. No insertion reaction was observed, but the
study demonstrated the possibility of preparing new
alkynyl complexes containing secondary phosphines of
the type [Pt(C=CR),(PPh,H),] and very unusual te-
tralithium diplatinum species formed by a linear chain
of four lithium ions sandwiched by two square-planar
dianionic platinate units of the type [{Pt(C=CR),-
(PPh,0),Li,(p-H,0)(Me,CO),},] and [{P(C=CR)-
(PPh,0),Li,(thf)(H,0)},] have been obtained.

4.3.2. Rearrangements and isomerization processes

4.3.2.1. Vinylidene intermediates. Vinylidene species
have been reported for many transition metals and their
chemistry has been recently reviewed [52]. Group 6-10
metal vinylidenes, which exhibit electrophilic properties,
are involved in different catalytic reactions giving 2 + 2
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cycloadditions, dimerization of alkynes, nucleophilic
addition of alkynes and radical cycloaromatization [52].

The intermediacy of a Pt(II)-vinylidene species,
[Pt]=C=C(H)R, formed either by electrophilic attack of
H* on a o-bound acetylide or by the isomerization
process of a coordinated n2-terminal alkyne, was ini-
tially suggested by Chisholm and Clark in carbene
formation by subsequent attack with MeOH [35], but
only recently could vinylidene species be detected and
spectroscopically characterized. A reactive Pt(II)-
vinylidene species has been observed by multinuclear
NMR techniques in the reaction of the acetylide com-
plexes trans-[Pt(Me}(C=CR)(PPh,),] (R = p-tolyl, Ph)
with protic acids (Eq. (30)) [53]:

PPh; PPhj H
| HX | /
CH;— Pt—C=C-R CH;—Pt=C=C | X
CDCly, -40 < -20°C \
PPhs PPhj R
HX = HBF,-E(,0, CF;SO,H; R = p-tolyl, Ph
(30)

The 3'P-NMR spectra of the reaction mixture in
CD,Cl, at —40°C show the immediate quantitative
formation of new species to which correspond singlets
at ca. 30 ppm flanked by '*°Pt satellites ('Jpp, ca. 2800
Hz). The corresponding 'H-NMR spectra show, to-
gether with signals attributed to new CH,-Pt groups,
broad singlets at ca. 4 ppm, flanked by '**Pt satellites
(3Jyp. ca. 40 Hz), attributed to the vinylidene proton. In
good agreement are the spectroscopic data reported for
the vinylidene complex [PtX,(Me,phen)(=C=CHPh)]
prepared according to Eq. (31) and for which an X-ray
structure determination showed that the Pt and H
atoms are in tfrans position, allowing a stabilization
effect due to an interaction between the electrophilic
vinylidene carbon and the N-atom of the phenanthro-
line ligand [54].

R = Ph, CH,CH,CH,

(31
; A series of p-vinylidene dinuclear Pt-M (M = Fe,
Mn) species has been recently reported [55]. In the case
of Pt-Fe the vinylidene complexes are formed by react-
ing the acyl complex [(CO),Fe{n-Si(OMe),(OMe)}(u-
dppm)Pt{C(O)Me}] with an excess of phenylacetylene

(Eq. (32)) [55a].

S
PhoP PPh, thP/\Pth
o) /9 PhC=CH o) ! [
<) —C ——Pt—Ci
A P
(MeO),Si—Q G
OMe ~C
Ph H 32)

The dimetal vinylidene complexes [Cp(CO),MnPt(u-
C=C(H)Ph)L,] (L =PR;, P(OR),;), which have been
prepared by coupling of the mononuclear vinylidene
derivative [Cp(CO),Mn=C=C(H)Ph] with unsaturated
PtL, species, react further with a [Fe(CO),] moiety to
form MnFePt trinuclear clusters containing p3-vinyli-
dene moieties according to reaction (33) [55b,c,d]:

Ph_ . H
C
II

Cp(CO)Mn =C=C(H)R P O / \Pt/L
P n=—_=—= — n
2 )4 Y

CO L

Ph
\

CH
/

Cp
Fex(CO) \ C co

I / foy, L

(33)
4.3.2.2. Allenyl/propargyl interconversion. m-Propargyl
metal complexes, which are the triple-bond analogues
of m-allyl complexes, can be obtained by different
strategies [56]: (a) halide abstraction from o-propargyl
or g-allenyl metal halide complexes [56b,c] (Eq. (34)):

H H
PhP. ) ﬁc/CHz P
3 \ / h3P + /\
/ N +Ag", - AgBr /Pt
_— N
Br PPh 300 PhsP C
3 30°C 3 fi, (34)

(b) rearrangements of n'-homopropargyl metal com-
plexes [56¢,d] (Eq. (35)):

CMe;,
PhjP.
Ph;P, CH, MerC—C=C—5 P ST
r—|| —— P
pnp”  CHz PhaP” CQ
' CHs (g

(c) reaction of n-propargyl intermediates with malonate
nucleophiles as a route to zwitterionic trimethyl-
methane Pt and Pd complexes [56¢] (Eq. (36)):

MeOZC\e /COZMe
i
Ph c. ® Co
NcEJCH, Ph:c “=3CH,
+ CH(CO,Me);” ~——3m
_ Pt - P[\

(d) protonation of diyne complexes at low temperature

[56f] (Eq. (37)):
CH;, CH;

y/ 4
Ar3P\ 4 - @ll’Ar3 2 - Ar3P\@ \
i (e e I
ArgP cH, ~7°C il,Ar3 cH, ~X°C  AnpP |
H” “CH,
(37
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On the other hand, protonation of the eneyne complex
[Pt{n>-(HC=CC(CH,)=CH,}(PPh,),] produces the m-al-
lyl derivative [Pt{n*-(CH,=CC(CH,)=CH,}(PPh,),]-
[BF,] [56f].

The most relevant feature in the reactivity of m3-
propargyl complexes is the susceptibility to nucleophilic
attack, which occurs at the central carbon atom afford-
ing the corresponding n*-allyl complexes (Eq. (38))
[56a]:

I;Iu
R C._+ C
~
\ZI\CHz RHC//T\\CH2
Pt + NuH —» /Pt\
Ph3P/ \PPhg, PhyP PPh,
NuH = ROH, RNH,, R,NH, RSH (38)

It is noteworthy that only recently the nucleophilic
attack at the central carbon has also been reported for
(m-allyl)palladium complexes [57]; it proceeds only with
o-donor ligands such as TMEDA, TMPDA or bipy in
the metal coordination sphere, whereas nucleophilic
attack on the terminal carbon atom is the preferred
reaction with m-acceptor ligands such as PPh;, P(OPh),
or COD.

Approximate Fenske—Hall molecular orbital calcula-
tions [58] and density functional calculations suggest
that the principal bonding interaction between Pt and
the propargyl ligand occurs through the terminal car-
bon atoms of the ligand despite the observed short
Pt—central carbon distance. The nucleophilic addition
to the central carbon of the propargyl ligand is sug-
gested to occur through a charge-controlled mecha-
nism, assisted by the presentation of a low-lying
acceptor orbital on the central carbon along the reac-
tion path.

Attack of a nucleophile such as CO or CNR (R =¢-
Bu, CH,Ph) to the metal center was observed in the
reaction of [Pt(n3-CH,C=CPh)(PPh;),]X (X = CF,SO0,,

1|>Ph3 1.R-C=C-H
2. HOCH,CH, X
CH;—Pt—solv |(BE,) ==
benzene, RT, 6 h
Ph, (b)
Il’Phs CHR
CH3—- Pt—C (BF4)

\
- , OCH;CHX

X =Cl, Br, I, OH; R = p-tolyl

PPh,

1. HBF, &,0) | @
2. HOCH,CH,X

|
CH;—Pt—C=C-R
ILPh3 benzene, RT, 12 h

Scheme 12.

BF,, PF,) to yield mixtures of the m'-propargyl and
allenyl complex trans-[Pt(n'-CH,C=CPh)(PPh,),L]*
(L=CO, CNR) and trans-[Pt(n'-CPh=C=CH,)-
(PPh,),L]*, respectively [59]. The regioselective addi-
tion of NEt;, PPh; or pyridine to the central carbon of
the cationic n?-propargyl/allenyl complex [Pt(PPh,),-
(m3-C;H,)][BF,] leads to the formation of the new
cationic  platinacyclobutenes  [Pt{CH,C(Nu)CH}-
(PPh;),] [BF,] (Nu=NEt;, PPh,, C;H,N) via forma-
tion of a C-N or C-P bond, respectively (Eq. (39)) [60]:

PhsP.
PhaP, N
Pt—\>—| +ER; <>ER3
- [
Ph;P T PhsP
ERj; = NEt;, PPhy, NCsHs 39)

The electrophilicity of the central carbon in the m?3-
C;H; moiety of [Pt(PPh,),(n3-C;H,)] is so remarkable
as to give regioselective addition of aromatic C-H-
bonds, undergoing an organoplatinum induced elec-
trophilic substitution leading to aryl vinylation
according to reaction (40) [61]:

Ph;P,
Ph3P >—| + Ar-H —‘—>

>Pt§' Ar +—H+>
Pth PhsP
PhaP
Pt—>>—
PhyP (40)

n>-Propargyl species can be seen as key intermediates in
the interconversion between n'-propargyl and n!-al-
lenyl metal moieties, often postulated to take place in
catalytic transformations [62a]:
//'-\ == \

P——
M - ML,

I

e,
LM = L,

It is noteworthy that when heated in benzene,
phenyl-substituted propargyl platinum(II) complexes of
the type trans-[Pt(CH,C=CPh)}(X)(PPh,),] (X =Cl, Br,
I) [62] isomerize to the more stable allenyl isomers
trans-[Pt{C(Ph)=C=CH,}(X)(PPh;),] to afford an equi-
librium mixture (5:95 ratio), from which the allenyl
complexes can be isolated as isomerically pure samples.

4.3.3. Nucleophilic attack

Alcohols are reported to react with alkynyl Pt(II)
complexes to afford alkoxy(alkyl)carbene derivatives by
a mechanism that is consistent with the intermediate
formation of cationic metal-vinylidene complexes
[35,63]. More recently, the reactivity of haloalcohols
HO(CH,), X (n=2,3; X = Cl, Br, I) with platinum(II)—
alkynyl (Scheme 12, route (a)) and —alkyne complexes
(Scheme 12, route (b)) to form the corresponding
acyclic carbene derivatives has been reported [29a,c].
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PPh, 1) + AgBF, , - AgBr, CH,Cl,, RT PPh,

2) Et,0

CFa_Plt ——Bl‘
PPh,

R-C=C-H, HO(CH,),Cl
RT, 1-1.5h

R = Ph, p-tolyl; solv = CH,Cl,, Et,0

CO—Pt—"C/
\

» | CF3—Pt—solv |BFy —>
PPh;

R

\
PPh; C—O(CH,),Cl
BF,

I
PPh, H

Scheme 13.

The reactions proceed without any evidence of cy-
cloaddition products as otherwise observed for Pt(II)-
coordinated CO [64a], RNC [64b] and RCN [64c]
ligands to give cyclic carbenes or 2-oxazolines. How-
ever, cycloaddition reactions of oxirane to Pt(I)-
alkynyl and —alkyne complexes yield cyclic oxycarbene
derivatives (Eq. (41)) [29d]:

PPh,

| ., 0]

CH;— Pt—C=C~R ——»

| 0°C,3h
PPh,
R
PPh3 R-C=CH, o(] }’Ph3
CH3—Pt C BF;, -«———— |CH;— Pt—solv |BF,
% 0°C.3h |
PPh3 PPhs
(R = p-tolyD) 41)

The proposed mechanism involves the formation of a
vinylidene species via protonation of the acetylide lig-
and and subsequent nucleophilic attack by oxirane:

—_—
H

H* R fe)
[Pt]—C=C—R =—= [Pt]*zc:ci :]

R
R

E—H
I — [Pt]=(j
\ o

o ]
or initial protonation of oxirane and subsequent forma-
tion of a reactive hydroxyethyl vinylidene intermediate
that undergoes intramolecular cyclization to the car-
bene species:

[P]—C=C—R R

) R
i e
(6]

HO

Do

A different mechanism was proposed to explain the
formation of B-alkoxyalkenyl derivatives in the reac-
tions of the trifluoromethyl complexes trans-
[Pt(CF;)Br(PPh;),] (R = p-tolyl, Ph) with alkynes and
2-chloroethanol in the presence of AgBF, [29b]
(Scheme 13).

The higher electron-withdrawing properties of the
CF, group compared with CH; would make the
cationic complex [Pt(CF;)(PPh,),(solv)]t more elec-
trophilic and this feature may reasonably explain a
greater stabilization of the m-alkyne, which then under-
goes nucleophilic attack by the alcohol at the B-carbon
atom. In these reactions a CF, ligand is converted to
CO as shown in the final complexes by a mechanism
that involves electrophilic attack of H* on CF; to give
a highly reactive intermediate difluorocarbene species,
which rapidly hydrolyzed.

5. Pt(IV)-alkyne complexes

[Pt(Me,bipy)Cl,] (Me,bipy = 4,4'-dimethyl-2,2"-bipy-
ridine) and HC=CAr react in the presence of diiso-
propylamine and Cul as catalyst to give the plati-
num(Il) bis-acetylides [Pt(Me,bipy)(C=CAr),], which
undergo oxidative addition of diiodine to afford quanti-
tatively the Pt(IV) bis-acetylide complexes [Pt(Me,-
bipy)(C=CAr),(I),] according to reaction (42) [65a]:

Ar
ON, O arcach, cu ON\Pt///
Pt ——-
ON/ \oy HNiPrz, CHLCly ON’ \\\\
Ar

L Ole/ CHLly, 10d ON\ P
— —— Pt + Ar—=—=—Ar
ON'}| \\ ON 1
Ar

r = CgHy-p-Me, CgH,4-p-NO,, C¢Hs
42)
The latter complex slowly reductively eliminates 1,4-di-
p-tolyl-butadiyne with formation of [Pt(Me,bipy)(1),].
Direct evidence was found that the catalytic conver-
ston of alkynes to the diiodo-substituted dienes by the
system Na,PtCl,—Nal-I, proceeds through a plati-
num(IV)-o-vinyl complex. An essential feature of the
alkynes is the presence of an oxygen atom that will
interact with the metal center to form a neutral bicyclic

complex (Eq. (43)) [65c]:
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1 H
AY
C— C/ I_II
H,C
HC=CCH,-O-CH,; 2 \ I=l—-C
/PN
POV — _— -

/
H;C O—C/

e’ P (43)

Extensive allenyl-propargyl interconversion has also
been reported to occur at the platinum(IV) center in the
complex [PtMe,(CH,-C=CMe){pz),BH}] obtained by
oxidative addition of MeC=CCH,Br and HC=CCH,Br
to [PtMe,{pz);BH}] ({pz);BH} = tris-pyrazol-1-yl bo-
rate) [65c].

6. Polynuclear complexes bearing C=CR groups

The synthesis, structure and reactivity of a large
number of homo- and heteropolynuclear complexes of
platinum bearing p-C=CR groups as unique bridging
ligands have been recently reviewed [66]. The structural
features of the p-C=CR ligands can be described in
terms of a resonance hybrid of the following three
canonical structures:

IIZ
R
/ C
M~C=C-R M,;=C=C ol
\ SN
M, M, M,

M
Thus, a ;eries of heteropolynuclear Pt-Ag [67a—c],

Pt-Cu [67a,c,68], Pt-Hg [69], Pt-T1 [70], Pt-Ru [71],
Pt-Rh [72], Pt-Ir [73], Pt-Pt [74] and Pt-Pd [75] com-
pounds has been prepared.

These studies are relevant in order to establish differ-
ent synthetic routes to organometallic polymers with
unusual physico-chemical properties, in particular for
polymeric derivatives involving either o- and m-alkyne
moieties [67a,71¢,73].

One of the most used strategy involves the reaction
between mononuclear alkynyl complexes and a second

[cis-PU(C¢F3)o(C=CR)]>

substrate coordinatively unsaturated or a solvento com-
plex. Thus, the reaction between trans-[Pt(C=CPh)-
H(PPh,),] and cis-[Pt(C4F;),(COXTHF)] [74b] gave
the p-phenylacetylene-bridged diplatinum complex
[(CO),(C4F5),Pt(u-C=CHPh)Pt(PPh;),]. The complex
[Pt{C=CR),>~ (R =t¢-Bu, SiMe,) reacted with two
equivalents of [Rh(COD)(acetone),]* to afford the neu-
tral trinuclear adducts [Pt(u-C=CR),{Rh(COD)},]; by
further reaction of this latter complex with the dinu-
clear species [Rh(u-X)(COD)], (X=Cl, OH) com-
pounds of higher nuclearity of the type [Pt(u-C=CR),-
{Rh,(p-X)(COD),},] can be obtained [72a]. Further-
more, cis-[Pt(C,F;),(C=CPh),](NBu,), has been shown
to react with the solvento species [Cp*M-
(PEt,)(acetone),](ClO,), (M = Rh, Ir) to give the bis-p-
alkynyl [(PEt;)Cp*M(u-C=CPh),Pt(C¢Fs),] (M =Rh,
Ir) complexes [72b].

The compound trans-[PtH(C=CR)(PPh,)] (R =2-
pyridyl) reacted with cis[Pt(C¢Fs),(tht),] in the pres-
ence of PPh; to afford a mixture of compounds of type
L and L’ (Eq. (44)), while in the absence of added PPh;,
an unusual tetranuclear cluster is formed [74e]:

g . c M L
H—Pt —czc—@ + cis-[PUCEEs)(thf)y] — 111 7 N g —
/ C 6''S
15 [ _L

-~
L = PPh, - ll’l
Q ’
CsFs (1
ANV N™"Ca

¢ Pt\ + | L Sc_o,CeFs

R o CeFs ®py /Pt\

[ L | LGl

Pt~ H
|

H

L L

(44

cis-[Pt(C4F5),(C=CR),}’ ~ and [PtC=CR),}’>~ react with
[Pd(n*-C,H,)CI], to give bis(u-alkynyl) complexes via

R
c’ B
CéFs <

/

[Pd(n’-C3Hs)Cl1,

C//
AN
Pt \Pd>>
N /S
/s g
CeFs X

[PY(C=CR){}>

Y
@]
’
v
/
s
N’

Scheme 14.
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halide displacement reactions according to Scheme 14
[75].

A series of A-frame diplatinum(Il) acetylide com-
plexes [Pt (u-dppm),(u-C=CR)(C=CR),]* (R =alkyl,
aryl) has been isolated and shown to exhibit strong
luminescence both in the solid state and in solution
[76] having long-lived (in the microsecond range)
excited states. A general synthetic method to this
type of complexes has been proposed [76c] involving
deprotonation of phenylacetylene by mercury(Il) ac-
ctate to form the corresponding mercury phenyl-
acetylide which subsequently reacts with [Pt(dppm),Cl,]
in refluxing ethanol according to reaction (45):

.

thP/,R\Pth —]

| <]
Hg(ac);, R-C=C-H TN
2 [Pt(dppm);Cly] ————— PAL Pc

EtOH ,C 3c

/C’I \R
R thp\/Pth

R = C¢H,-p-OMe, C¢H,-p-Et; CgH,-p-OEt; Ph, Bu'
45)

These A-frame acetylide complexes exhibit fluxional
properties involving processes such as o,m-acetylide ex-
change and a pseudoboat inversion with very small
activation energy. These latter complexes exhibit a
broad emission band centered at 570-650 nm. At 77 K
the emission bands become intensified and narrower in
fluid solutions and in the solid state. The spectra indi-
cate the involvement of the n*(C=CR) orbital in the
transition.

In order to modify the physical properties of the
acetylide complexes, N-donor ligands have been intro-
duced in mixed metal alkynyl complexes of the type
[(z-Bu,bipy)Pt(C=CR),M(SCN)] (M=Cu, Ag; R=
aryl, SiMe,) [77]. Electrochemical studies on the Pt—Cu
complexes revealed reversible reductive and irreversible
oxidation processes occurring on the bipirydyl ligand
and the Cu center, respectively.

Homo- and heteropolynuclear complexes of palla-
dium and platinum containing bridged phosphi-
noacetylene have been prepared as an alternative route
to acetylide complexes. Phosphinoacetylenes of the type
PR,C=CR’ (R,R’ = alkyl, aryl) can give different types
of coordination modes involving the P atom, the C=C
system or they can act as bidentate ligands. Thus, by
reacting cis-[PtCL,(PPh,C=CR),] (R =Ph, ¢-Bu) with
cis-[Pt(C4F;),(tht),] three types of products have been
obtained: asymmetric homo dinuclear complexes, sym-
metric trans dinuclear derivatives and the unusual
chlorine and diphenylphosphinoacetylene bridged com-
pounds M (Eq. (46)) [78].

Cer\ / PPh2C=CR
cis-[PICIy(PhPC=CR),] + cis-(PUCFs)(th—m \
CgFs Cl PPhZCECR
R
C \\\CPE_\P/Ph
CeFs_ / P"hZC‘CR / | PPhC=CR
+ \ 7/
reschp” o CoFs CE \CI/ N
M

(46)

6.1. Organometallic dendrimers with Pt—C=C- units

There is an increasing interest in the development of
new strategies to synthesize well-defined nanosize
macromolecules with specific functions. In this frame,
dendrimers have a regularly branched architecture and
spherical dimensions to be suitable starting compounds
for new materials. Metal-acetylide dendrimers may
have potential applicability as new materials since some
platinum acetylides show unique properties and poly-
mers exhibit a 2D-polyhexagonal graphite-like arrange-
ment. Different synthetic strategies to dendrimers have
been described. One of the most recent starts from
1,3,5-triethynylbenzene building blocks and uses tri-
alkylsilyl protecting groups of the terminal acetylene
(Eq. (47)) [79].

OMe

EtgP //
[Pt(CHC-C6H4 p- OMe)CI(PEl;)z]
(i- Pr)3Sl —— PEt3
Cul, NHEt,, RT
(i-Pr);Si~==

A \ @7

On the other hand, to the 1,3,5-triethynylbenzene skele-
ton platinum centers can be introduced by reaction with
[PtCL,(PR;),], which can further react with a terminal
alkyne to afford the final products (Eq. (48)) [79c]:

\ _PR
H RP/Pt/ 3
W 3 W PR,
PtC1,(PPhs); Ph-C=C-H
p— ——— = —
=-H CuCl ey =-Pt—Cl CuClyy,
/ pyperidine R Vi PR, NHEt,
N
c” PR,
Ph
A\
\
-
RiP 2 lI)R3
= Plz =—Ph
Rp f PRy
N
4 PRy
Ph (48)
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Recently, platinum-alkyny! bis, tris, tetra, hexapodal
dendrimers of the type N have been prepared starting
from the corresponding bis, tris, tetra, hexa ethynyl
phenylalanines acting as N,O-chelate ligands [79d].

0 | n+
peae.
O ~ N—Pt—PPh, n=234,6
Hy | n
PPh

N

Some polynuclear systems that exhibit a rigid array
around the platinum center can be related to den-
drimers. These systems have a core of the type trans-
[Pt(PR,),(C=CY),], where Y is a chelating ligand,
tipically pyridine, bipyridine or terpyridine, able to give
complexation with redox and/or photo-active metals
such as [Ru(bipy),], [Os(bipy),] or [Re(CO);Cl] to form
compounds of the type O [80].

R =n-Bu
M = Ru(bipy),; Re(CO);Cl; Os(bipy)z

6.2. Organometallic polymers with Pt—C=C- units

In recent years great interest has been attracted by
polymeric structures that incorporate metals into the
skeleton giving materials with different characteristics
and physical properties such as liquid crystallinity, elec-
troluminescence and photorefraction from conventional
carbon-based polymers [8la]. In this context, bridging
alkyne ligands appear of relevant importance due to
their possibility to give o- and m-bonds, a fluxional
behavior [81b] and they appear to be precursors of
naked C, units [81c]. Typical platinum-acetylide poly-
mers exhibit the P frame structure:

P
X =none, —C=C—. —@— ‘g s . —©~ ,
fluorene, ferrocenylfluorene,

(o]

where L is a trialkylphosphine, in most cases n-Bu (to
improve solubility in common solvents), Me or pyridyl-
4-alkyl-substituted [81d].

It is noteworthy that even if most of the spacer
groups studied in detail consist of conductive groups, a
wide variety of studies is in progress to extend the easy
synthetic methodology to produce higher-order

oligomers introducing suitable connectors able to mini-
mize electron-transfer events to favor long-range
through-space processes. The rigid arrangement around
the Pt center [82] is evident in the tendency to form
liquid-crystal (nematic) phases in trichloroethylene [83].
The magnetic anisotropy of the polymer is shown by
the strong response to magnetic and electric perturba-
tions, leading to either parallel or perpendicular align-
ment with respect to the applied field [81a].

The optical properties of polymers of this type have
been investigated as a function of chain length and the
nature of space groups. Further extension of the n-con-
jugation has a significant effect, lowering energies for
optical transitions and red shift [84]. Non-linear fluores-
cence and transmission have been studied at 595, 455,
532 and 513 nm. Pt-ethynyl compounds behave as
broad-band optical limiters in the visible over a large
range of pulse lengths from picoseconds to hundreds of
nanoseconds [84c]. Oligonuclear and polynuclear
alkynyl-platinum(II) complexes exhibit luminescence
[85] attributed to a spin-forbidden Pt,-to-alkyne charge-
transfer transition.

Non-linear optical properties have been reported for
platinum poly(yne)s showing large hyperpolarizabilities
comparable to those of inorganic semiconductors such
as InSb and Ge [86a].

Finally, of relevant interest appear some poly(yne)
polymers that are optically active owing to the presence
of chiral acetylene bridges [87a] and able to maintain a
stable single-handed helical conformation as observed
in the case of polymers obtained by insertion of iso-
cyanides into the Pt—C=C-Pt chain, which induces a
screw-sense-selective polymerization [8§7b].
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