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Discrete Triangle, Square and Hexametallic Alkynyl Cyano-Bridged
Compounds Based on [cis-Pt(C=CR),(CN),]*" Building Blocks
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Abstract: Novel mixed bis(alkynyl)-
bis(cyano)platinate(ir)  species  [cis-
Pt(C=CR),(CN),]*" (1a: R = tBu, 1b:
R = Ph) have been prepared and their
potential as building blocks in the gen-
eration of self-organized systems with a
variable molecular architecture has
been studied. The reaction of 1 with
the ditopic acceptor species [{cis-
Pt(CsFs),S}(dppa)]  (dppa=diphenyl-
phosphinoacetylene) gave the dianionic
cyanide/dppa bridged molecular
platinotriangles  (NBuy),[(C¢Fs),Pt(u-
dppa){(u-CN),Pt(C=CR),}Pt(C¢Fs),]

(2). X-ray analysis of 2a confirmed
that the “Pt,(C4Fs).(u-dppa)” binuclear

cies [M(cod)(acetone),]* afforded het-
erometallic molecular squares Pt,M,
(M =Rh, Ir) containing cyanide bridges
and terminal alkynyl ligands, (NBuy),-
[cyclof[cis-Pt(C=CR),(p-CN),|[M(cod) ]}, ]
(3: M=Rh, 4: M = Ir). The solid-state
structures of phenyl derivatives have
been determined by X-ray crystallogra-
phy. The terminal alkynyl ligands in
these cyanide-bridged molecular
squares 3 and 4 have been used in the
assembly of higher multimetallic com-
plexes. Thus, very unusual bis(double-
alkynide)-cyanide-bridged hexametallic

compounds  (NBuy),[{(CFs),Pt(p-C=
CPh),(1-CN),},{M(cod)),] (Sb: M=Rh,
6b: M = Ir) were easily formed by
simple reactions of 3b and 4b with two
equivalents of [cis-Pt(C¢Fs),(thf),]. An
X-ray diffraction study on complex Sb
indicated that the derivative was
formed by a simultaneous migration of
one o-alkynyl group from each “Pt(C=
CPh),(u-CN),” corner of the square to
both “Pt(C¢Fs),” units, resulting in bent
o,m-double-alkynyl bridging systems.
Finally, the novel supramolecular
anionic assemblies (NBu,),[cyclo{[cis-
Pt(C=CR),(u-CN),][SnPh;]},] 7 have
been obtained by self-assembly of 1

. . e Keywords: alkyne ligands
moiety is connected to the dianionic . . and [SnPh;(acetone),]*.
. ; cyanides heterometallic
“Pt(C=CR),(CN),” unit by two bridg- .
complexes platinum

ing cyanide ligands. Moreover, treat-

. o self-assembly
ment of 1 with the solvent cationic spe-
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Introduction

In recent years, coordination-driven self-assembly has been
employed in the synthesis of a large number of metallocyclic
polygons and polyhedra! and a variety of methodologies
and connectors have been proposed and used in their prepa-
ration. However, although cyanide ions have the potential
to bridge a variety of metal ions forming multinuclear com-
plexes or extended infinite one, two or three-dimensional
systems,”! comparatively few discrete cyano-bridged rings
with three or more than three metal atoms have been de-
scribed.®® In particular, the number of metal-containing
cyano-bridged molecular triangles is surprisingly small® and
discrete molecules with square cyano-bridged structures are
relatively scarce.! Recently, the design of molecular entities
has yielded big rings,” stars,® boxes and cages™*” and clus-
ters® involving cyanide bridging ligands, but only a few ex-
amples with platinum centers in their structure have been
reported.[*+>
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For several years we have been studying the chemistry of
alkynyl bridging platinum complexes with regard not only to
structural aspects and reactivity but also to their potential
interest for material science due to interesting properties
such as luminescence!” or ionic conductivity."”) We have
shown that neutral cis- or trans-bis(alkynyl)platinum com-
plexes of type [Pt(C=CR),L,]""'* and, particularly, mixed
[cis/trans-Pt(C4Fs5),(C=CR),]> **'# and homoleptic [Pt(C=
CR),J> 224831 (R =Ph, Bu, SiMe;) anionic species are ex-
cellent precursors to the synthesis of polymetallic species
stabilized via n’-alkyne-metal and in some cases Pt--metal
bonding interactions. We have also found that anionic plati-
num substrates are able to act as mono-'?*¢13d or even di-
alkynylating>*%1*] reagents towards very acidic d® or d°
metal fragments. Continuing our research in this field we
considered the preparation of novel mixed bis(alkynyl)bis-
(cyano)platinate(1) species [cis-Pt(C=CR),(CN),]*~ of inter-
est since the combination of CN and C=CR ligands allowed
us to observe the competition between the nitrogen and the
acetylenic density to coordinate other ML, fragments. In
this paper we describe the synthesis of these [cis-Pt(C=

Abstract in Spanish: Se han preparado nuevas especies bis-
(alquinilo)bis(ciano)platinato(n) [cis-Pt(C=CR),(CN),J*~ (1
a: R=tBu, 1b: R = Ph) y se ha estudiado su potencial
como unidades constructoras en la formacion de sistemas
con arquitectura molecular variable. La reaccion de 1 con las
especies  aceptoras  ditopicas  [{cis-Pt(C4F5),S},(dppa)]
(dppa = difenilfosfinoacetileno) produce tridngulos molecu-
lares de platino con puentes cianuro/dppa (NBu,),-
[(CsFs):Pr(p-dppa){ (n-CN),Pt(C=CR),} Pt(CsF5),] 2. El and-
lisis por difraccién de Rayos X de 2a confirma que la
unidad binuclear “Pty(C4Fs),(\-dppa)” se conecta a la unidad
dianionica “Pt(C=CR),(CN),” a través de dos ligandos cia-
nuro puente. Por otro lado, el tratamiento de 1 con las espe-
cies cationicas solvatadas [M(cod)(acetona),]* produce cua-
drados moleculares heterometdilicos de Pt,M, (M =Rh, Ir)
que contienen puentes cianuro y ligandos alquinilo termina-
les, (NBuy),[ciclo{[cis-Pt(C=CR),(u-CN),J[M(cod)]},] (3:
M=Rh, 4: M = Ir) como se ha confirmado mediante difrac-
cién de Rayos X en los derivados de fenilo (3b, 4b). Estos
cuadrados moleculares, que contienen ligandos alquinilo ter-
minales, se han empleado para generar complejos de mayor
nuclearidad. Asi, se forman fdacilmente especies hexametdlicas
con puentes bis(doble-alquinilo)-cianuro (NBuy),[{(C4Fs),Pt-
(u-C=CPh),(n-CN),},{M(cod)},] (5b: M=Rh, 6b: M = Ir)
mediante reaccion de los derivados 3b y 4b con 2 equivalen-
tes de [cis-Pt(C4Fs),(thf),]. El estudio por difraccion de
Rayos X sobre el complejo 5b indica que su formacion se
produce mediante migracion simultinea de un grupo o-alqui-
nilo de cada uno de los grupos “Pt(C=CR),(u-CN),”, situado
en las esquinas del cuadrado, a ambas unidades “Pt(C4Fs),”
dando lugar a sistemas con doble puente acetiluro de tipo
o/n. Finalmente, se generan sistemas supramoleculares anio-
nicos (NBuy)[ciclo{[cis-Pt(C=CR),(u-CN),][SnPh;]}.] (7)
por reaccién de 1 con [SnPhs(acetona),]™.
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CR),(CN),]*" stabilized with NBu,* as a counterion and
report the results of the interactions of these species with
several metal fragments. We report the building up of dis-
crete dianionic cyano-bridged platinum triangle species 2
based on reaction of the ditopic acceptor neutral organome-
tallic fragment [{cis-Pt(C¢F;s),S}h(dppa)] (dppa=diphenyl-
phosphinoacetylene; S=acetone) with the ditopic dianionic
donor [cis-Pt(C=CR),(CN),]** (1a: R=¢Bu, 1b: R=Ph)
building blocks. In addition, we report the synthesis of heter-
onuclear square cyano-bridged compounds 3 and 4 by com-
bining 1 with 90° acceptor metal solvent entities,
[M(cod)S,]* (M=Rh, Ir). These complexes still contain two
terminal alkynyl ligands bonded to each one of Pt centers
and therefore the possibility of forming higher multimetallic
assemblies has been investigated. The reaction of these com-
plexes with two equivalents of [cis-Pt(C¢Fs),(thf),] yields
very unusual hexametallic cyano-bridged o,7-bis(double-al-
kynyl)cyanide-bridged rhodium or iridium/platinum M,Pt,
(5b, 6b) formed via migration of one alkynyl group from
each Pt center of the cyanide ring to Pt atoms of both
“Pt(C4Fs), units. Finally, [cis-Pt(C=CR),(CN),]*" units have
been employed in the construction of macrocyclic Pt,Sn,
square assemblies 7 by combination with SnPh;* cations.

Results and Discussion

Mononuclear building block complexes: The synthesis of
the bis(alkynyl)bis(cyano)platinate(ir) complexes
(NBuy),[cis-Pt(C=CR),(CN),] (1a: R=tBu, 1b: R = Ph)
were carried out by reaction of the neutral platinum deriva-
tives [Pt(C=CR),(cod)] (R =Bu,'? Ph!") with two equiva-
lents of (NBu,)CN in acetone (Scheme 1a). This synthetic
strategy, previously used by us and others with phosphine li-
gands,'*12 5] caysed the displacement of the cyclooctadiene
by the cyanide ligands and led to the formation of the dia-
nionic species quantitatively, as observed by NMR spectros-
copy. However, all attempts to obtain these compounds as
solid samples failed. Evaporation of the solvent followed by
prolonged vacuum to eliminate the COD ligand gave la
and 1b as oily samples, which were characterized spectros-
copically. The most noticeable feature in the IR spectra is
the presence of one broad, strong absorption at 2101 cm™,
which is assigned to #(C=C) vibrations (see below), together
with a shoulder in the region 2131-2125 cm™! tentatively at-
tributed to #(C=N) vibrations.®! It is interesting to note that
the #(C=C) absorption in both complexes appears at higher
frequencies than those previously observed in other anionic
alkynylplatinate(11) species, in accordance with a better wt-ac-
ceptor capability of the isoelectronic CN groups, which ef-
fectively compete in these systems for the electron density
of the Pt atom. The 'H NMR spectra show, in addition to
the NBu,* cation signals, the expected resonances due to
tBu (6 1.13, s, 1a) or phenyl groups (1b). For complex 1a,
the C, and C; resonances were observed at 6 87.6 and 109.6,
respectively but Pt satellites were not observed; the CN
signal appeared as a singlet at 132.5 ppm. For comparative
purposes with complex 3a’ (see below) (NBuy),[cis-Pt(C=
CtBu),("*CN),] (1a’) was also prepared (see Experimental
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cl oh C.F _] ) between platinum and phospho-
\Pt /P\2 6\5 /Cer 2 rous as the result of higher
CFs~ \ C§c\ Pt steric constraint.
[PHC=CR)z(cod)] CeFs EhQ ol Slow diffusion of n-hexane
+ 2 AgCI0, into a solution of 2a in benzene
a) | + 2(NBugCN - 2NBu,CIO, lb) leads to the formation of color-
less crystals suitable for X-ray
s Phy CFs crystal structure analysis. A
(NBug)o[cis-Pt{C=CR)5(CNJ] + \Pt —Pg NaL view of the molecular structure
CeFs \ §C\P/ Pt of the trinuclear complex anion
1a: R = Bu 3 CoF's [(Cer)th(M'dPPa){(FZL:CN)ZPt'.
1b: R=Ph l — (C=CrBu),}Pt(CiFs),]”~ (2a) is
shown in Figurel. Selected
o AN Cer_‘ 2- bpnd .lengths and angles are
AN / \ / given in Table 1. The structure
/Pt\ ’\(P‘\ confirms that the reaction has
CeFs N\\ 4 CeFs taken place with stereoreten-
C\Pt/C tion. Thus, the triplatinum
< N Za:R-Bu anion consists of a “cis,cis-
C/// \\C Pt,(C4Fs)4(n-dppa)”  binuclear
R R fragment and a “cis-Pt(C=

Scheme 1. Synthesis of the complexes 1 and the triangular platinum species 2.

Section for details); a J'Pt,C(cyanide) coupling constant of
916 Hz was observed for this complex.

Molecular  triangles:  Complexes  (NBu,),[cis-Pt(C=
CR),(CN),] 1 can be used as a ditopic donor unit to make
triangular species. Thus, treatment of (NBu,),[cis-Pt(C=
CR),(CN),] (1a: R=¢Bu, 1b: R=Ph) with the neutral di-
topic acceptor dinuclear species [{cis-Pt(C4Fs),S},(pu-dppa)]
(dppa =diphenylphosphinoacetylene; S =acetone), prepared
in situ by treatment of (NBu,),[{cis-Pt(C¢Fs),Cl},(u-dppa)]™®
with 2 equiv of AgClO, in acetone (Scheme 1b) led to novel
anionic molecular triangles (NBuy),[(C¢Fs),Pt(p-dppa){(u-
CN),Pt(C=CR),}Pt(C¢Fs),] (2a: R=1Bu, 2b: R = Ph; Sche-
me 1c) which were obtained as white solids in moderate
yields (40-42 % ). The new complexes 2 have been character-
ized by the usual spectroscopic and analytical methods and
the triangle constitution confirmed by a single X-ray analy-
sis on complex 2a. Their IR spectra exhibit one #(C=C) ab-
sorption at 2117 cm™! (2a) and at 2120 cm™! (2b), respec-
tively; this confirms the presence of terminal alkynyl ligands,
and two strong 7(C=N) bands which, in accordance with the
bridging nature of the CN groups,® are shifted towards
higher energy in relation to that seen in the precursors 1
(range 2184-2157 2 vs 2131-2125cm™ 1). In accordance
with the formulation given in Scheme 1, their F NMR
spectra exhibit two multiplets in the o-fluorine region (4 o-
F:4 o-F), two different signals at high field for the para-fluo-
rine and two multiplets due to the meta-fluorine (4m-F:4m-
F), thus unequivocally confirming the presence of two none-
quivalent C¢F; rings (C4Fs trans to N and C¢Fs trans to P).
As expected, only one singlet signal (0 —4.28 to 2.95) was
observed in their *'P{'H} NMR spectra, the 'J(Pt,P) (2454 2
a, 2490 Hz 2b) being slightly smaller than in the precursor!'®!
(2564 Hz), probably reflecting a worse bonding interaction
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CtBu),(CN),” moiety linked by
the cyanide ligands, with the

of
in complex 2a, with the hydrogen

Figure 1. Molecular  structure the anion
{(1-CN),Pt(C=CrBu),}Pt(CcFs),I*

atoms omitted.

[(C4Fs),Pt(p-dppa)-

Table 1. Selected bond  lengths [A] and angles [?] for
(NBuy),[(CsFs),Pt(p-dppa){(p-CN),Pt(C=CiBu),}Pt(CyFs),]-CsHs (2
a-C¢Hy).

Pt1-N1 2.045(4) N1-C51 1.139(6)
Pt1-P1 2.2692(14) N2-C52 1.151(6)
Pt2-N2 2.033(4) C13-C14 1.191(6)
Pt2—-p2 2.2753(14) C53-C54 1.204(7)
P1-C13 1.773(5) C59—C60 1.186(7)
P2-C14 1.760(5)

C52-Pt3-C51 90.2(2) C52-N2-Pt2 172.5(4)
N1-Pt1-P1 90.39(13) C14-C13-P1 174.0(5)
N2-Pt2-P2 93.61(13) C13-C14-P2 175.3(5)
C13-P1-Pt1 117.6(2) N1-C51-Pt3 173.3(5)
C14-P2-Pt2 115.4(2) N2-C52-Pt3 173.6(5)
C51-N1-Pt1 172.1(4)
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carbon ends bound to Pt3 and the nitrogen ends to Ptl and
Pt2. Alternative refinements with the C and N atoms
changed and with a 50:50 factor of occupancy give worse re-
sults (see Supporting Information). The platinum(ir) centers
adopt slightly distorted square-planar coordination geome-
tries, the dihedral angles between the Pt; plane and the cor-
responding best square-planar coordination planes being
36.54 A Pt1, 8.60 A Pt2, 8.10 A Pt3. The coordination geom-
etry around the platinum atoms is only slightly distorted
from its ideal angle of 90° [90.2(2)-93.61(13)°]. The pres-
ence of the two phosphorous atoms at Pt2 and Ptl seems to
minimize steric constraint, the CN connectors and P—-C—C
entities being essentially linear [range 172.1(4)-175.3(5)°].
The observed Pt--Pt distances are Pt1-Pt3 5.160 A, Pt2—Pt3
5.143 and Pt1-Pt2 7.223 A. Recently, a cyclic trimer of a
neutral Pt-bis(phosphine) complex, [PtCL(u-xP,P’-PPh,-C=
C—C¢H,—C=CPPh,)],, has been structurally characterized.!'”)

Molecular squares: As previously commented, the ability of
alkynyl ligands to bind metal atoms has now been firmly es-
tablished. In fact, we have previously shown that the di-
anionic mixed substrates [cis-Pt(C¢Fs),(C=CR),]*" act as a
monoalkynylating agent towards the cationic solvent iridium
fragment [Ir(cod)S,]*"*! while similar reactions with
[Rh(cod)S,]" (S=acetone) yield simple 1:1 adducts, formal-
ly zwitterionic, in which the rhodium is unusually stabilized
by two n*-alkyne interactions.*! With these precedents and
considering that the terminal CN groups still also have a po-
tentially N atom donor, we considered it of interest to ex-
plore the reactivity of the novel mixed bis(alkynyl)bis(cya-
no)platinate(1) derivatives 1 towards the same cationic sub-
strates [M(cod)S,]". The results of this study are summar-
ized in Scheme 2. As can be observed, using (NBuy),[cis-
Pt(C=CR),(CN),] (1) as building blocks, the hard nitrogen
end of the CN ligand is always
the preferred bridging ligand re-
gardless of the unsaturated
metal fragment employed. This
has allowed us to synthesize a
new kind of anionic heteronu-
clear cyanide-bridged molecular
squares 3 and 4, which also dis-
play four terminal alkynyl li-
gands. Thus, the reactions in

+

acetone of (NBuy),[cis-Pt(C=

CR),(CN),] (1a: R=7Bu, 1b: R CeFs

= Ph) with the solvent species oF —||=t—c=cph
[M(cod)(acetone),]* (M=Rh, ey T

Ir) (1:1 molar ratio) prepared
“in situ” by treating [M(p- ¢
Cl)(cod)], (M=Rh, Ir) with lr!1|
AgClO, (2equiv) in acetone,
produced the immediate precip- ’
itation of yellow solids formu- |
lated as  (NBuy),[cyclo{[cis-
Pt(C=CR),(u-CN),]|[M(cod)]},]

(3a: M=Rh, R=1Bu; 3b: M=
Rh, R=Ph; 4a, 4b: M = Ir)
(Scheme 2i) (see Experimental
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2 (NBu,),[cis-Pt(C=CR),(CN),]

2 [M(cod)(OCMe,),](CIO4)

PhC'EC—l%'t—CEN—I\l/I—m

| | ¢
\—M—N=C—Pt---||
| C

5b: M = Rh
6b: M =1Ir

Section). The products, which are stable in solid state, are
very insoluble in common organic solvents, thus precluding
conductivity measurements. However, the FAB(—) MS data
for the squares 3 and 4 are strongly supportive of the formu-
lation of the square structures with detection of the mono-
anion tetranuclear parent ion in 3a (m/z 1483), 3b (m/z
1562) and 4b (m/z 1741), whose isotopic distribution pat-
terns matched the calculated compositions, and additional
peaks were easily assignable to their fragmentation. In ac-
cordance with the bridging nature of the cyano ligands,®!
the IR spectra show two strong #(C=N) stretching vibrations
at higher frequencies (2170-2150 cm™) than those found for
the corresponding terminal CN groups in the starting mate-
rials 1. Moreover, one additional #(C=C) band is also ob-
served in the expected region (2113-2107 cm ™) for terminal
C=CR ligands. The planar formulation is consistent with
their proton NMR spectra which, at room temperature, ex-
hibit only one olefinic signal (6 4.22-3.88, 8 H) and two ali-
phatic resonances [0 2.37-1.49 8H:8H, one for 4b (6 2.16,
16 H)], due to the equivalent COD ligands. For complex 4b,
the spectrum was also recorded at low temperature exhibit-
ing a similar pattern. In order to confirm that the reactions
take place with retention of the o-C(CN) coordination of
the cyanide ligands to Pt atoms, complex (NBu,),[cyclo{[cis-
Pt(C=CtBu),(u-CN),][Rh(cod)]},] (3a’) was also prepared
in a similar manner starting from (NBuy,),[cis-Pt(C=
CtBu),(*CN),] (1a"). In former complex (3a’), the pu-*CN
resonance is downfield shifted to 138.7 ppm with respect to
the value observed in 1a’ (6 132.5). The observed shift
(A6.2 ppm) is comparable to those reported for other heter-
opolynuclear Rh-pu-CN—Co—CN systems containing terminal
and bridging cyanide ligands. In agreement with the Pt—
CN bond, the magnitude of the 'J(Pt,*C) (973 Hz) is even
slightly larger than in la’ with terminal “CN ligands

2- R
3a:M=Rh,R= Bu

3b: M =Rh,R=Ph
4a:M=1Ir,R= Bu
4b:M=1Ir, R= Ph

N
Il
C

Ph

|

c |

llI- - -Pt—CqFs
S |

Ph CeFs

Scheme 2. Self-assembly of heterometallic Pt,Rh,, Pt,Ir, alkynyl cyanide-bridged molecular squares 3 and 4,
i) —2NBu,ClO,. Synthesis of hexametallic complexes 5b and 6b by reaction with ii) 2 [cis-Pt(C4Fs),(thf),].
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(916 Hz) probably reflecting a better m-back donor compo-
nent in the Pt—C(cyanide) bond as a consequence of the co-
ordination of the nitrogen centers. After many attempts X-
ray quality crystals of 3b and 4b were finally obtained by
slow diffusion of diisopropyl ether into saturated dichloro-
methane solutions (—30°C 3b, room temperature 4b) of
both complexes and, thus, their solid-state structures were
determined by X-ray crystallographic analyses. Figures 2
(top) and 3 (top) show a view of the dianions [cyclo{[cis-
Pt(C=CPh),(u-CN),][M(cod)]},]** (M=Rh, Ir) and Tables 2
and 3 summarize selected bond lengths and angles. Both
nearly square anions are formed by two “Pt(C=CPh),(p-
CN),” fragments and two M(cod) (M=Rh or Ir) moieties
held together by the CN bridges (For modifications of C/N
atoms see Supporting Information). The observed Pt—C(cya-
nide) [1.979(10)-1.900(18) A] and M—N(cyanide) [2.056(8)—
1.986(14) A] distances and the corresponding C-Pt-C
[90.9(3)° 3b, 89.4(7)° 4b] and N-M-N (cyanide C and N)
[90.3(3)° 3b, 90.1(5)° 4b] angles are in line with the expect-
ed values. As is observed in Figures 2 (top) and 3 (top), the
anions show a different degree of bending at the M-NC-Pt
edges (see Tables 2 and 3), being closer to a linear arrange-
ment in the Rh derivative than in the Ir one. The geometri-
cal details of the two terminal alkynyl groups and the n’-
bonded COD ligands are unexceptional.!2¢1313¢.181 The

Figure 2. View of the molecular structure of the anion [cyclo{[cis-Pt(C=
CPh),(u-CN),][Rh(cod)]},]*” in complex 3b. Hydrogen atoms are omitted
for clarity (top); simplified packing diagram of 3b. Note how the squares
are offset, preventing the formation of channels (bottom).
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Figure 3. Structure  of the anion

[cyclof[cis-Pt(C=CPh),(u-CN),]
[Ir(cod)]},]*~ in complex 4b (top); packing diagram of 4b showing how
the cores of the molecular squares stack forming an infinite tunnel
(bottom).

Table 2. Selected bond lengths [A] and angles [°] for (NBuy),[cyclof[cis-
Pt(C=CPh),(u-CN),][Rh(cod)]},] (3b-CH,CL,).

Pt1-Cl8a 1.972(8) C17-N1 1.165(10)
Pt1-C17 1.979(10) CI18-N2 1.147(9)
Rh1-N1 2.027(8) cl-c2 1.210(11)
Rh1-N2 2.056(8) C9-C10 1.196(11)
Cl18a-Pt1-C17 90.9(3) C1-C2-C3 173.7(10)
N1-Rh1-N2 90.3(3) C10-C9-Pt1 177.8(8)
C17-N1-Rh1 176.4(7) €9-C10-C11 179.1(10)
C18-N2-Rhl 175.1(7) N1-C17-Ptl 178.3(8)
C2-C1-Ptl 172.2(8) N2-C18-Ptla 177.6(8)

edge-to-edge distances (Pt--M) are 5.166 and 5.167 A for 3b
and 5.110 and 5.048 A for 4b. The macrocycles are practical-
ly planar, the dihedral angles between the Pt,M, plane and
the corresponding coordination planes of each metal are
within the range 2.62 to 6.93°. Notably the crystal packing
pattern of these compounds is different (see Figures 2,
bottom and 3, bottom). Thus, whereas the anions of the
Pt,Rh, derivative are offset (see Figure 2, bottom), in the
anion of complex 4b, the arrangement of the different
layers of squares is essentially eclipsed, forming an extended
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Table 3. Selected bond lengths [A] and angles [°] for (NBu,),[cyclo{[cis-
Pt(C=CPh),(u-CN),][Ir(cod)]},] (4b).

Pt1—Cl8a 1.971(18) Cl17-N1 1.20(2)

Ptl—C17 1.900(18) C18-N2 1.150(19)
Irl-N1 1.986(14) cl-c2 1.162(19)
Ir1-N2 2.012(13) C9-C10 1.172(19)
C17-Pt1-Cl8a 89.4(7) C1-C2-C3 174.4(18)
N1-Ir1-N2 90.1(5) C10-C9-Pt1 173.8(13)
C17-N1-Irl 169.7(13) C9-C10-C11 176.6(16)
CI18-N2-Irl 168.6(15) N1-C17-Ptl 173.5(14)
C2-C1-Ptl 176.9(16) N2-C18-Ptla 177.6(16)

channel in the solid (Figure 3, bottom). Similar packing pat-
terns with extended channels in the solid state have been
previously found in related complexes,*™'”) but the driving
force behind their formation is not clear at this moment.

Hexametallic derivatives: Complexes 3 and 4 are remarka-
ble because bi- or polynuclear species containing terminal
alkynyl ligands are scarce.'’*¢¢1516201 Ag far as we know,
these species are unique since they are the first examples of
polynuclear derivatives containing four terminal alkynyl
groups. In these complexes, each platinum atom still has two
mutually cis o-bonded alkynyl ligands. This structural ar-
rangement as well as the dianionic nature of the square core
are essential requirements for its further application in the
assembly of higher multimetallic assemblies. All efforts to
prepare neutral defined products of stoichiometry {Pt,(C=
CR),(CN),M,(cod),} containing two additional cationic
[M(cod)]* fragments have been unsuccessful. Thus, treat-
ment of 3 and 4 with one additional equiv of [M(cod)(ace-
tone),]* or alternatively (NBu,),[Pt(C=CR),(CN),] 1 with
2 equiv [M(cod)(acetone),]* in acetone afforded insoluble
solids, whose "H NMR spectra in [Dg]DMSO clearly suggest
that they are complex mixtures probably of tetranuclear
complexes (with NBu,* cations) and the expected neutral
hexanuclear species.

In an effort to expand the supramolecular motif of tetra-
metallic complexes, and to continue our studies of platinum
alkynyl derivatives, we decided to examine the reactivity of
the phenyl derivatives towards the fragment “cis-Pt(C4Fs),”.
The stabilization of “cis-Pt(C¢Fs),” units by two n*-alkyne or
metallalkyne fragments is now well documented.!>12212¢.12d.
13a.13e134.16] Ty addition, previous work has also shown that, in
particular, mononuclear anionic systems such as [PtX,(C=
CR),]* (X=CgFs, C=CR) act as monoalkynylating agent of
this acidic “cis-Pt(C¢Fs),” synthon yielding o/st doubly alkyn-
yl diplatinum complexes.'?*!3 Accordingly, suspensions of
(NBu,),[cyclof[cis-Pt(C=CPh),(u-CN),][M(cod)]},] (M=Rh
3b, Ir 4b) were treated in CH,Cl, with two equivalents of
the bis(solvent) neutral complex [cis-Pt(C¢Fs),(thf),]
(THF =tetrahydrofuran). This caused the slow solubilization
of the precursor yielding turbid solutions from which, after
the usual work-up, the expected hexametallic dianionic spe-
cies (NBu,),[{(CsF5),Pt(u-C=CPh),(u-CN),},{M(cod)},] (5b:
M=Rh, 6b: M = Ir) were obtained as yellow solids in
moderate yields (ca. 60 %).

Crystals of 5b were grown at low temperature from
CH,Cly/diisopropyl ether. The structure of the anion
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(Figure 4, Experimental Section and Supporting Informa-
tion) confirms the formulation given in Scheme 2ii, which
implies the formal, simultaneous migration of one of the o-
C=CPh groups from each corner of the square to both
“Pt(C4Fs),” fragments forming two novel o/n double alkynyl
bridging systems. We have recently reported the first unusu-
al examples of double-alkynyl migration processes between
the homoleptic species [Pt(C=CR),]*" and the very acidic di-
cationic d® metal fragments [MCp*(PEt;)S,]** (M=Rh,
Ir)®* but, in this case, the final formation of 5b and 6b is
remarkable because it represents the first occasion in which
a polynuclear precursor acts as an alkynylating agent. The
formation of these species recall the unusual synthesis of
hexametallic zirconium based o/m species {1,3,5-(Cp,Zr-C=
C);CeH;}[Cp,Zr(p-n*-C=CrBu)]; generated by simultaneous
activation of three C—C bonds on [1,3,5-(tBuC=CC=
C);CH;] by “ZrCp,” recently reported by Rosenthal
et al.”!! As can be seen in Figure 4 (see Table 4 for details),
the structure establishes the formation of two slightly bent
(dihedral angle 35.7°) o/m doubly alkynyl bridging systems
connecting the platinum atoms as consequence of the simul-
taneous o-alkynyl migration from each Ptl to each Pt2
(Pt--Pt 3.36 A). The structural details of the bridging system
are similar to those found in comparable homo'*222 or
heterobinuclear!2¢¢ 13221 gystems. The n*metal acetylenic
linkages are slightly asymmetric with the M-Cg; bond
lengths perceptibly shorter than the corresponding M-C,

Figure 4. Crystal structure of the anion [{(C4Fs),Pt(u-C=CPh),Pt(p-
CN),b,{Rh(cod)},]*" in complex 5b. Hydrogen atoms are omitted for
clarity (top); packing diagram of 5b showing the channel created by the
stacking of molecules in the crystal (bottom).
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Table 4. Selected bond  lengths [A] and angles [°] for
(NBuy,),{(C¢F5),Pt(u-C=CPh),Pt(n-CN),,{Rh(cod)},] (Sb).

Pt1—C10 1.935(5) P2-Cl 2271(5)
Pt1-Cl1 1.982(5) Rh1-N1 2.048(4)
Pt1-C9 1.985(6) Rh2-N2 2.049(5)
Pt1—C12 2.269(5) N1-C9 1.154(7)
Pt1-C11 2.291(5) N2-C10 1.152(7)
Pt2—Cl1 2.000(5) cl-c2 1.232(7)
Pt2—C2 2.261(5) Cl1-C12 1.213(7)
C10-Pt1-C9 89.3(2) C2-C1-Ptl 176.9(5)
C1-Pt1-C12 96.4(2) C1-C2-C3 155.1(6)
C11-P2-C2 97.5(2) N1-C9-Ptl 176.9(5)
N1-Rh1-N1a 90.1(2) N2-C10-Pt1 177.0(5)
N2a-Rh2-N2 88.9(3) C12-C11-P12 174.4(5)
C9-N1-Rhl 177.6(5) C11-C12-C13 157.2(6)
C10-N2-Rh2 177.1(5)

and accordingly the M—C=C; backbones remain almost
linear [174.4(5), 176.9(5)°], while units C,=Cy—C(Ph) exhibit
a marked deviation from linearity [157.2(6), 155.1(6)°]. In
spite of the extended polymetallic assembly, the square
shape of the central core remains essentially identical to the
precursor with Rh—N, Pt—C bond lengths and C-N-Rh, N-C-
Pt, C-Pt-C or N-Rh-N bond angles comparable to those
found in 3b. Only the Pt—CN distances are slightly asym-
metric, the Pt—C frans to C=C bond [1.935(5) A] being per-
ceptibly shorter than the corresponding one trans to the C,
carbon donor [1.985(6) A], consistent with the stronger
trans influence of the o-donor C, carbon atom. The dihedral
angles between the Pt1-Ptla-Rh, and the best coordination
planes at each metal center [Ptl 4.75°, Rh2 7.69°, Rh1 1.43°]
gives again an idea of the planarity of the square. The most
remarkable feature is the change observed in the final stack-
ing pattern in the solid state (Figure 4, bottom). Thus, in
contrast to 3b, where the molecular squares are not stacked
in the hexametallic Pt,Rh, derivative (5b), the squares are
stacked in an eclipsed way along the c¢ axis, resulting in long
channel-like cavities (Figure 4, bottom). The repeating units
are 102 A apart excluding bonding interactions.

The IR spectra of Sb and 6b confirm the activation of
one 0-Pt—C bond in the precursor. Thus, they show one
weak 7(C=C) band shifted to
lower wavenumbers (A90 cm™)
in relation to that observed in
the precursor [2020 cm™ in 5b,
6b vs 2110 (3b), 2113 cm™" (4
b)], which is consistent with a
o/m double alkynyl bridging sys-
tem.[lla.dA,lZa.d,e,13d,22a] As eXpeCt-
ed, the hexametallic complexes +
5b and 6b also show two strong
high-frequency bands (range
2175-2164 cm™), which appear
at similar positions to those ob-
served in the molecular squares
(3, 4), and which are assigned
to the bridging cyanide groups.
The FAB(—) MS data for these
derivatives are strongly suppor-
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4 (NBuy),[cis-P{(C=CR),(CN),]

4[SnPhg(OCMe,),](CIO,)
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tive of the hexametallic nature with detection of the parent
ion in 5b (m/z 2864). As is typical in double-alkynyl bridg-
ing systems, the ’F and 'H NMR spectra confirm that these
complexes are dynamic on their respective time scales. Thus,
only one type of CiFs ring is observed with a typical
AA'MXX' pattern (20-F, p-F, 2m-F) and only one olefinic
environment evidencing the existence of an apparent C,,
symmetry. These patterns, which do not change for complex
6b at low temperature (—50°C), can be explained by a fast
o/mt intramolecular exchange of both alkynyl bridging li-
gands, which equilibrates the corresponding corners fol-
lowed by a very fast inversion of the central puckered dipla-
tinacycles to account for the apparent time-averaged plane
of symmetry containing the metal centers.

In an attempt to extend the size of the molecular squares
we considered the possibility of coordination of the cyanide
ligands to well known organotin cations. Transition metal
cyano complexes have been studied in combination with
R,Sn* cations/” The synthetic strategy employed
(Scheme 3) is based on the displacement of the acetone mol-
ecules from the fragments [SnR;(S),]*, which present the
solvent molecules in the apical positions of a trigonal bipyr-
amide, by two nitrogen atoms of two cyano ligands belong-
ing to different “cis-Pt(C=CR),(CN),” fragments. Thus,
treatment of (NBu,),[cis-Pt(C=CR),(CN),] (1a: R=Bu, 1
b: R = Ph) with 1 equivalent of the bis(solvent) cationic
species [SnPhs(acetone),]* prepared “in situ” in acetone, re-
sults in the immediate precipitation of white solids formulat-
ed as (NBuy),[cyclof[cis-Pt(C=CR),(1-CN),][SnPhs]},] (7a:
R = Bu, 7b: R = Ph) (Scheme 3). Despite many attempts
we have not been successful in obtaining crystals for X-ray
studies and, unfortunately, their extreme insolubility pre-
cludes their complete characterization. However, the formu-
lation given is in accordance with their IR spectra, which
confirm the presence of cyanide bridge (one high-frequency
band at 2143 cm ™' 7a, 2154 cm ™' 7b) and terminal alkynyl li-
gands (one #(C=C) band at 2116 cm ™' 7a, 2115 cm™' 7b). In
addition, the '"H NMR spectrum of 7a shows, as expected,
one resonance for the equivalent fBu groups (6 1.16) besides
the signals due to the NBu,* cation. In order to obtain
more soluble species, the possibility of further reaction of

R _
g c —| 4
1] ]
¢ g
1
RC=C-Pt—C=N-Sn-N=C-Pt—C=CR
I
c ph Ph &
[} n
N N
Ph\I Phs !
Sn—Ph ’Sn—Ph
-4 NBu,CIO, P | PR 1
N N
] i
c Ph Ph (IS
RCEC-Pt’CEN—Sln'NEC—Pt—CECR
1
(l; Ph
1] 1]
[}
& &
7a: R=1(Bu
7b: R= Ph

Scheme 3. Self-assembly of Pt,Sn, alkynyl cyanide-bridged molecular squares 7.
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these complexes with “cis-Pt(C4Fs),” was investigated. Un-
fortunately, all efforts to prepare a defined product by react-
ing complexes 7 with [cis-Pt(C4Fs),(thf),] in acetone were
fruitless.

Conclusion

We have prepared novel anionic mixed bis(alkynyl)bis(cya-
no)platinate(m) species (NBuy),[Pt(C=CR),(CN),] (1) and
we have examined their reactivity towards several frag-
ments. Novel anionic supramolecular assemblies (molecular
triangle, square and hexametallic species) can be readily
constructed by self-assembly between solvent species and
the square-planar [cis-Pt(C=CR),(CN),]*" anions as building
blocks. These species are remarkable for several reasons.
Firstly, there are few examples of heteronuclear cyanide-
bridged molecular triangles and squares;>* In addition, the
reported Pt triangles and square molecules are usually cati-
onic with a very high charge.!! In our systems, the successful
synthesis of anionic triangles and squares can be attributed
to the well-recognized ability of cyanide to accommodate
high negative charge.[** Finally, the coordination ability of
the two bis(alkynyl) corners in the squares 3b and 4b has al-
lowed us to form higher multimetallic assemblies; we have
shown that 3b, 4b act as polynuclear unprecedented dialky-
nylating agents towards two different d® “cis-Pt(C¢Fs),”
units yielding hexametallic compounds Sb, 6b stabilized by
two o/m double alkynyl bridged systems.

Experimental Section

General methods: All reactions and manipulations were carried out
under nitrogen atmosphere using Schlenk techniques and distilled sol-
vents purified by known procedures. IR spectra were recorded on a
Perkin-Elmer FT-IR 1000 Spectrometer as Nujol mulls between poly-
ethylene sheets. NMR spectra were recorded on Bruker ARX 300 or
Bruker Avance 400 spectrometers and chemical shifts are reported in
ppm relative to external standards (SiMe, and CFCl;). Elemental analy-
ses were performed with a Perkin Elemer 2400 CHNS/O or a Carlo Erba
EA 1110 CHNS/O microanalyzer. Mass spectra were recorded on a VG
Autospec double-focusing (FAB) or HP-5989(B) (ES) mass spectrome-
ters (in these complexes, M refers to the cyclic anionic entity). cis-[Pt(C=
CR)y(cod)] (R=:Bu,>) Ph"), (NBu,),[cis-{Pt(CqFs),Cl},(u-dppa)] !
[M(u-Cl)(cod)], (M =Rh, [r*y and [cis-Pt(C4Fs),(thf),]?* were pre-
pared according to literature methods. All other reagents were used as
obtained commercially.

CAUTION: Some of the following preparations use AgClO,, which is
potentially explosive.

Preparation of (NBuy),[cis-Pt(C=CR),(CN),] (1a: R=¢Bu, 1b: R =
Ph): (NBu,)CN (0.207 g, 0.772 mmol) was added to a suspension of
[Pt(C=CrBu),(cod)] (0.180 g, 0.386 mmol) in acetone (20 mL) and the
solution obtained was stirred for 5 min. Evaporation of the solution to
dryness gave an oily residue, which was characterized by 'H NMR and
IR spectroscopy. '"H NMR (300.1 MHz, CDCl;, 20°C): 6=3.57 (m, 16H;
N-CH,, nBu), 1.84 (m, 16H; CH,, nBu), 1.52 (m, 16 H; CH,, nBu), 1.13
(s, 18H; rBu), 1.00 (t, 24H; CH,, nBu); IR: #=2125 (sh) (C=N),
2101 cm™' (s) (C=C); C{'H} NMR (75.47 MHz, CDCl;, 20°C): 6= 132.5
(s, CN), 109.6 (s, C.=Cy-), 87.6 (s, C.=Cy-), 58.7 (s, N-CH,-(CH,),-CH,),
32.6 (s, C(CH,)3), 28.9 (s, CMe3), 24.0, 19.3 (s, N-CH,-(CH,),-CH,), 13.4
(s, N-(CH,);-CHa).

Complex 1b was prepared similarly as an oil by using the appropriate
starting materials, (NBu,)CN (0.106 g, 0.396 mmol), [Pt(C=CPh),(cod)]
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(0.100 g, 0.198 mmol). '"HNMR (300.1 MHz, CD;COCD;, 20°C): 6=
7.19 (d, J=7.2 Hz, 4H), 7.09 (m, 4H), 6.94 (t, J=7.2 Hz, 2p-H) (Ph), 3.52
(m, 16H; N-CH,, nBu), 1.81 (m, 16H; CH,, nBu), 1.47 (m, 16H; CH,,
nBu), 0.97 (t, 24H; CH;, nBu); IR: #=2131 (m, sh) (C=N), 2101 cm™!
(vs) (C=0).

Preparation of (NBuy),[cis-Pt(C=CrBu),(*CN),] (1a’): [Pt(C=CiBu),(-
cod)] (0.15 g, 0.297 mmol) was treated with K*CN (0.0392 g, 0.594 mmol)
in acetone (20 mL) and the solution was stirred for 10 min. After evapo-
ration to dryness, the residue was treated with a solution of (NBu,)Br
(0.191 g, 0.594 mmol) in CH,Cl, (20 mL) and the mixture was stirred for
24 h. The KBr formed was filtered off, and the filtrate was evaporated to
dryness giving 1a’ as oily residue. *C{'"H} NMR (100.6 MHz, CDCl;, 20
°C): 6= 132.5 (s, J(*Pt,*C) =916 Hz, CN).

Synthesis of (NBu,),[(C¢Fs),Pt(n-dppa){(u-CN),Pt(C=CR),}Pt(C¢Fs),] (2
a: R=7Bu, 2b: R = Ph): A solution of (NBuy),[cis-{Pt(CsFs),Cl},(p-
dppa)] (0.400 g, 0.199 mmol) in acetone (20 mL) was treated with
AgClO, (0.0826 g, 0.398 mmol) and the mixture, protected from the light,
was stirred at room temperature for 1 h. The final suspension was evapo-
rated to dryness and the residue treated with diethyl ether (30 mL) and
filtered. The filtrate was again evaporated to dryness and the residue
which contains [cis,cis-{Pt(C¢Fs),(acetone)},(u-dppa)]  [0(P)=0.80s,
YJ(P,Pt)=2570 Hz; 6(F)=—-117.6 (dd, *J(Pt,0-F)=497 Hz, 40-F), —118.8
(m, *J(Pt,0-F)=375 Hz, 40-F), —161.7 (t, 2p-F), —163.1 (t, 2p-F), —164.3
(m, 4m-F), —1655 (m, 4m-F)] was treated with a solution of
(NBuy,),[cis-Pt(C=CtBu),(CN),] (0.178 g, 0.199 mmol) in acetone
(20 mL). The mixture was stirred for 15 min and evaporated to dryness.
The addition of EtOH (10 mL) rendered 2a as a white solid (0.185 g, 40
%).

Compound 2b was obtained as a white solid similarly by starting from
(NBu,),[cis-{Pt(C4Fs),Cl},(u-dppa)]  (0.151 g, 0.075 mmol), AgClO,
(0.031 g, 0.150 mmol) and an acetone solution of (NBuy),[cis-Pt(C=
CPh),(CN),] (0.070 g, 0.0.75 mmol) (0.075 g, 42%).

Data for 2a: "H NMR (300.1 MHz, CD;COCD;, 20°C): 6=7.79 (m, 8H),
7.45 (m, 12H), 3.43 (m, 16 H; N-CH,, nBu), 1.77 (m, 16 H; CH,, nBu),
1.47 (m, 16H; CH,, nBu), 0.99 (t, 24H; CH;, nBu), 0.96 (s, 18H; CHj,
Bu); "FNMR (282.4 MHz, CD;COCD;, 20°C): 6 =—116.5 (dd, *J(Pt,o-
F)=389 Hz, 40-F), —117.1 (m, *J(Pt,0-F) =370 Hz, 40-F), —164.9 (t, 2p-
F), —165.7 (m, 4 m-F), —166.0 (m, 2p-F), —166.6 (m, 4 m-F); *'P{'H}
NMR (121.5 MHz, CD,COCD;, 20°C): d=—4.28 (s, 'J(P,Pt) =2454 Hz);
IR: #=2176 (s), 2157 (s) (C=N), 2117 (m) (C=C), 802 (vs), 787 cm™' (m)
(X-sens C4Fs); MS (ES—): m/z (%): 1865 (100) [M+3H], 1479 (15)
[Pt,(CFs),(CN)(dppa)] ; elemental analysis calcd for CosF,0H;;(N,P,Pt;
(2347.15): C 49.13, H 4.72, N 2.39; found: C 49.21, H 4.57, N 2.39.

Data for 2b: '"HNMR (300.1 MHz, CDCl,, 20°C): §=7.66 (m, 8H),
7.37-7.25 (m, 12H), 7.16-6.98 (m, 10H), 3.13 (m, 16H; N-CH,, nBu),
1.46 (m, 16H; CH,, nBu), 1.29 (m, 16H; CH,, nBu), 0.82 (t, 24H; CH,,
nBu); “F NMR (282.4 MHz, CDCl,, 20°C): 6 =—117.9 (dm, *J(Pt,0-F) =
435 Hz, 40-F), —118.7 (m, *J(Pt,0-F)=352 Hz, 40-F), —163.1 (t, 2p-F),
—164.9 (m, 2p-F + 4m-F), —166.0 (m, 4m-F); *'P{'H} NMR
(121.5 MHz, CDCl;, 20°C): §=2.95 (s, 'J(P,Pt)=2490 Hz); IR: #=2184
(5), 2168 (s) (C=N), 2120 (s) (C=C), 819 (s), 802 cm™! (vs) (X-sens C¢Fs);
MS (FAB-): m/z (%): peak molecular not observed, 1453 (15)
[Pt,(C4Fs),(dppa)]~, 1148 (25) [Pt(C¢Fs)(dppa),—2H]; elemental analysis
caled for CgF,H,,N4P,Pt; (2387.12): C 50.32, H 4.31, N 2.35; found: C
49.82, H 4.02, N 2.23.

Synthesis of (NBu,),[cyclof[cis-Pt(C=CR),(u-CN),l[M(cod)]},] 3a: M=
Rh, R=Bu, 3b: M=Rh, R=Ph; 4a: M=Ir, R=¢Bu, 4b: M=Ir, R=
Ph): AgClO, (0.080 g, 0.385 mmol) was added to a solution of [Rh(u-
Cl)(cod)], (0.095 g, 0.193 mmol) in acetone (20 mL), and the mixture was
stirred for 5 h, protected from the light. After filtration of the mixture
through Celite, the solution obtained was added to a solution of
(NBuy,),[cis-Pt(C=CrBu),(CN),] 1a (0.345g, 0.385mmol) in acetone
(5 mL), causing the precipitation of 3a as a yellow solid (0.196 g, 59 %).
Complexes 3b, 4a and 4b were obtained as yellow solids following a sim-
ilar process to that described for 3a using the corresponding starting ma-
terials:

Compound 3b: (NBu,),[cis-Pt(C=CPh),(CN),] (1b; 0.312 g, 0.333 mmol),
AgClO,; (0.069 g, 0.333 mmol), [Rh(u-Cl)(cod)], (0.082¢g, 0.166 mmol)
(0195 g, 65%).
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Compound  4a:  (NBuy),[cis-Pt(C=CrBu),(CN),] (la; 0.352¢,
0.394 mmol), AgClO, (0.082 g, 0.394 mmol), [Ir(u-Cl)(cod)], (0.132 g,
0.197 mmol) (0.220 g, 59 % ).

Compound 4b: (NBu,),[cis-Pt(C=CPh),(CN),] (1b; 0.353 g, 0.378 mmol),
AgClO, (0.078 g, 0.378 mmol), [Ir(p-Cl)(cod)], (0.127 g, 0.189 mmol)
(0.195 g, 52%).

Data for 3a: '"H NMR (300.1 MHz, CDCl,, 20°C): 6= 4.11 (brs, 8H; =
CH, COD), 3.51 (m, 16 H; N-CH,, nBu), 2.26 (brs, 8H; CH,, COD), 1.78
(m, 16H; CH,, nBu), 1.70 (m, 16H; CH,, nBu + 8H; CH,, COD), 1.15
(s, 36 H; rBu), 1.08 (t, 24H; CH;, nBu); IR: 7=2163 (s), 2151 (s) (C=N),
2107 cm™' (s) (C=C); MS (FAB-): m/z (%): 1483 (100) [M+NBu,]", 620
(73) [PtRh(C=CtBu),(CN),cod] ", 538 (36) [PtRh(C=CtBu),(CN);]"; ele-
mental analysis caled for C;sH;;,NgPt,Rh, (1725.84): C 52.89, H 7.71, N
4.87; found: C 52.94, H 7.38, N 4.92.

Data for 3b: '"H NMR (300.1 MHz, CD;COCD;, 20°C): 6=7.24 (d, 8H),
7.14 (t, $H), 7.00 (t, 4H) Ph, 422 (brs, $H; =CH, COD), 3.60 (m, 16 H;
N-CH,, nBu), 2.37 (brs, 8H; CH,, COD), 1.91 (m, 16H; CH,, nBu), 1.79
(m, 8H; CH,, COD), 1.60 (m, 16 H; CH,, nBu), 1.02 (t, 24H; CHj;, nBu);
IR: 7=2170 (m), 2154 (s) (C=N), 2111 cm™! (s) (C=C); MS (FAB—): m/z
(%): 1562 (20) [M+NBu,]; elemental analysis calcd for CgH,N¢Pt,Rh,
(1805.88): C 55.87, H 6.47, N 4.65; found: C 55.48, H 6.32, N 4.58.

Data for 4a: '"HNMR (300.1 MHz, CDCl,, 20°C): 6=3.88 (brs, 8H; =
CH, COD), 349 (m, 16H; N-CH,, nBu), 2.07 (brm, $H; CH,, COD),
1.77 (m, 16H; CH,, nBu), 1.65 (m, 16H; CH,, nBu), 1.49 (m, 8H; CH,,
COD), 1.15 (s, 36H; Bu), 1.06 (t, 24H; CH;, nBu); IR: #=2160 (sh),
2150 (s), (C=N), 2107 cm ™" (m) (C=C); MS (FAB-): m/z (%): 1687 (16)
[Pt,Ir,(C=CtBu),(CN),(NBu,),]~, 767 (30) [Pt,(C=CiBu),(CN),]"; ele-
mental analysis caled for C;H;3,Ir,NgPt, (1904.47): C 47.93, H 6.99, N
4.41; found: C 47.65, H 7.00, N 4.29.

Data for 4b: "H NMR (300.1 MHz, CDCl,, 20°C): §=7.30, 7.14, 7.05 (3
m, 20H; Ph), 4.00 (brs, 8H; =CH, COD), 3.41 (m, 16H; N-CH,, nBu),
2.16 (brs, 16H; CH,, COD), 1.70 (m, 16H; CH,, nBu), 1.24 (m, 16H;
CH,, nBu), 0.95 (t, 24H; CH;, nBu); similar pattern at —50°C; IR: 7=
2168 (s), 2153 (s) (C=N), 2113 cm™! (m) (C=C); MS (FAB-): m/z (%):
1741 (27) [M+NBu,]~, 1198 (6) [M—Ir—cod]”, 954 (15) [Pt,(C=
CPh),(CN),(cod)]~, 423 (23) [Pt(C=CPh),(CN)]", 300 (100) [Ir(cod)] ;
elemental analysis caled for Cg,H;;¢Ir,NgPt, (1984.51): C 50.84, H 5.89, N
4.23; found: C 50.43, H 5.83, N 4.14.

Synthesis of (NBu4)z[cyclo[[cis-Pt(CECtBu)z(u-”CN)z][Rh(cod)]}z] (3a’):
This complex was prepared starting from [Rh(cod)(acetone),]ClO,
(0297 mmol) and  (NBuy),[cis-Pt(C=CiBu),("CN),] (1a; 0.266g,
0.297 mmol) in a similar way to 3a (0.15g, 60%). “C{'H} NMR
(100.6 MHz, CDCl,, 20°C): §=138.7 (s, J(**Pt,*C)=973 Hz, CN), C,
and C; not observed, 79.4 (s, COD, olefinic), 59.7 (s, N-CH,-(CH,),-
CHs;), 32.9 (s, C(CHj)3), 30.8 (s, COD, methylene), 28.9 (s, CMe;), 24.9,
20.1 (s, N-CH,-(CH,),-CHj;), 14.1 (s, N-(CH,);-CH;); g-HMBC experi-
ment (CDCL) indicates that the C; appears at 6 112.0 (C, not observed).
Synthesis of (NBuy),[{(CF5),Pt(u-C=CPh),Pt(u-CN),},{M(cod)},] (5b:
M=Rh, 6b: M = Ir): [cis-Pt(CcFs),(thf),] (0.074 g, 0.110 mmol) was
added to a yellow suspension of 3b (0.100 g, 0.055 mmol) in CH,Cl,
(20 mL) and the mixture stirred at room temperature for 30 min. The
mixture was filtered through Celite and the solvent removed in vacuo.
Addition of EtOH (5mL) to the residue afforded 5b as a yellow solid
(0.068 g, 63%).

Compound 6b was obtained as a yellow solid following the same proce-
dure as for 5b but using the precursors: 4b (0.100 g, 0.050 mmol) and
[cis-Pt(C¢Fs),(tht),] (0.068 g, 0.100 mmol) (0.093 g, 61 %).

Data for 5b: '"H NMR (300.1 MHz, CDCl;, 20°C): 6=7.31 (d, 8H), 7.12
(m, 12H) Ph, 4.10 (s, 8H; =CH, COD), 3.23 (m, 16H; CH,, nBu), 2.32
(brs, 8H; CH,, COD), 1.76 (m, 8H; CH,, COD), 1.65 (m, 16H; CH,,
nBu), 1.48 (m, 16H; CH,, nBu), 0.97 (t, 24H; CH,, nBu); “F NMR
(282.4 MHz, CDCl;, 20°C): 0=-117.0 (d, *J(Pt,0-F)=388 Hz, 80-F),
—164.7 (t, 4p-F), —166.4 (m, 8 m-F); IR: 7=2175 (s), 2166 (s) (C=N),
2020 (w) (C=C), 795 cm™" (m, br) (X-sens C¢Fs); MS (FAB—): m/z (%):
2864 (15) [M+2NBu,]", 2626 (40) [M+2NBu,—Rh(CN)(cod)]", 555
(100) [Pt(C¢Fs),(CN)]~, 413 [Pt(C4Fs)(CN),—H] ; elemental analysis
caled for C,p5F0H;1¢NgPt,Rh, (2864.26): C 45.29, H 4.08, N 2.93; found: C
44.77, H 3.64, N 2.93.
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Data for 6b: '"HNMR (300.1 MHz, CDCl,, 20°C): 6=7.33-7.17 (m, 20
H; Ph), 3.93 (brs, 8H; =CH, COD), 3.27 (m, 16 H; CH,, nBu), 2.16 (brs,
8H; CH,, COD), 1.68 (m, 24H; CH,, COD, nBu), 1.25 (m, 16H; CH,,
nBu), 0.86 (t, 24 H; CHj;, nBu); a similar spectrum is observed at —50°C;
FNMR (282.4 MHz, CDCl,, 20°C): 6=—117.0 (d, *J(Pt,0-F) =410 Hz,
80-F), —164.5 (t, 4p-F), —166.4 (m, 8 m-F); at —50°C the o-F and m-F
signals broaden but do not split; IR: 7=2172 (s), 2164 (s) (C=N), 2020
(w) (C=C), 803 (m), 793 cm* (m) (X-sens C¢Fs); MS (FAB-): m/z (%):
2816 (30) [M+2NBu,—2C=CPh—CN]", 555 (100) [Pt(C¢Fs),(CN)]", 413
[Pt(C¢F5)(CN),—H]"; elemental analysis calcd for C,ogF,H;;IrNgPt,
(3042.91): C 42.63, H 3.84, N 2.76; found: C 42.63, H 3.71, N 2.54.

Synthesis of (NBu,),[cyclo{[cis-Pt(C=CR),(u-CN),]l[SnPh;]},] (7a: R =
tBu, 7b: R = Ph): AgClO, (0.062 g, 0.298 mmol) was added to a solution
of [SnPh;Cl] (0.121 g, 95 %, 0.298 mmol) in acetone (20 mL) and the mix-
ture was stirred for 6 h in absence of the light. The AgCl formed was sep-
arated by filtration through Celite and the resulting solution was added
to a solution of (NBu,),[cis-Pt(C=CtBu),(CN),] (1a; 0.267 g, 0.298 mmol)
in acetone (2mL) causing the precipitation of 7a as a white solid
(0.158 g, 54 %).

Complex 7b was obtained starting from (NBu,),[cis-Pt(C=CPh),(CN),]
(1b; 0.293 g, 0.314 mmol), SnPh;Cl (0.127 g, 0.314 mmol) and AgClO,
(0.065 g, 0.314 mmol) (0.167 g, 51%).

Complex 7a: '"H NMR (300.1 MHz, CDCl;, 20°C): §=7.71, 7.44 (2m, 60
H; Ph), 3.30 (m, 32H; N-CH,, nBu), 1.46 (m, 32H; CH,, nBu), 1.24 (m,
32H; CH,, nBu), 1.16 (s, 72H; Bu), 0.95 (t, 48H; CH;, nBu); IR: 7=
2143 (s) (C=N), 2116 cm™! (vs) (C=C); no peaks were observed in the
FAB (—) mass spectrum; elemental analysis calcd for C,o,H,7N;,Pt,Sn,
(4007.59): C 57.54, H 6.94, N 4.19; found: C 57.22, H 6.61, N 4.13.

Complex 7b: 'HNMR (300.1 MHz, CD;COCD,, 20°C): 6= 8.32-6.98
(m, 100H; Ph), 3.40 (m, 32H; N-CH,, nBu), 1.74 (m, 32H; CH,, nBu),
1.36 (m, 32H; CH,, nBu), 0.88 (t, 48 H; CH;, nBu); IR: 7=2154 (s) (C=
N), 2115ecm™" (vs) (C=C); MS (FAB-): m/z (%): 423 (35) [Pt(C=
CPh),(CN)], 348 (100) [Pt(C=CPh)(CN),+H], 323 (55) [Pt(C=
CPh)(CN)]"; elemental analysis calcd for C,sH,4N,Pt,Sn, (4167.51): C
59.95, H 5.90, N 4.03; found: C 60.14, H 5.62, N 3.71.

Crystallography: A summary of crystal data and refinement parameters
is given in Table 5. For all the complexes, X-ray intensity data were col-
lected with a Nonius k-CCD area-detector diffractometer, using graphite-
monochromated Moy, radiation. Images were processed using the
Denzo-Scalepack suite of programs,?’! the absorption correction was per-
formed using SORTAV.® The structures were solved by Direct Methods
and refined by full-matrix least squares on F? using SHELXL-97 pro-
gram.””! All non-hydrogen atoms were assigned anisotropic displacement
parameters, and all hydrogen atoms were assigned anisotropic displace-
ment parameters of 1.2 times the U, value of their attached carbon for
the phenyl and CH, and 1.5 times for the methyl groups. In order to es-
tablish the identities of the C and N atoms of the bridging cyanide li-
gands, each structure was refined three different ways—with the identi-
ties of C and N as presented here, with the element types reversed, and
with a 50/50 hybrid scattering factor at each of the affected atomic sites.
Examination of the AMSDA values for bonds involving these atoms re-
vealed the correct assignments®**!! (Supporting Information). The crys-
tals obtained for 4b and 5b did not contain lattice solvent, however in 3
b one molecule of CH,Cl,, and one molecule of benzene for 2a were
found for the asymmetric unit. Residual peaks close to the heavy atoms
were observed for 4b.

CCDC-206328-206331 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crys-
tallographic Data Center, 12Union Road, Cambridge CB2 1EZ (UK);
fax: (+44)1223-336-033; or e-mail :deposit@ccdc.cam.ac.uk).
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Table 5. Crystallographic data for compounds (NBu,),[(C¢F5),Pt(p-dppa){(u-CN),Pt(C=CtBu),}Pt(C,Fs),]-CsHy
(2a-C¢Hy), (NBuy),[cyclo{[cis-Pt(C=CPh),(u-CN),][Rh(cod)]},]-CH,Cl, (3b-CH,Cl,), (NBuy),[cyclo{[cis-Pt(C=

CPh),(1-CN),][Ir(cod)]},] (4b) and (NBu,),[{(CeFs),Pt(p-C=CPh),Pt(u-CN),},{Rh(cod)},] (5b).

Davies, FE R. Hartley, S.G.
Murray, M. A. Pierce-Butler, J.
Chem. Soc. Dalton Trans. 1983,
1305; ¢) W. J. Evans, D. K. Drum-

2a-CH, 3b-CH,Cl, 4b 5b -

— mond, Organometallics 1988, 7,
empirical formula C,oH,14F2N,P,Pt; C43HgCLN;PtRh CHsIrN;Pt C,psH116F20NgPt,Rh, 797; d)F. Calderazzo, U. Mazzi,
M, 2423.18 987.84 992.20 2864.25 G. Pampaloni, R. Poli, F. Tisato,
T [K] . 293(2) 293(2) 293(2) 173(1) P.F. Zanazzi, Gazz. Chim. Ital.
A(Mog,) [A] 0.71070 0.71073 0.71073 0.71073 1989, 119, 241; e) H. M. Dawes,
crystal system triclinic hexagonal monoclinic monoclinic M.B. Hursthouse, A.A. del
space group P1 R3 P2/c Cl2c Paggio, E. L. Muetterties, A. W.
crystal dimensions 0.5x0.2x0.17 0.7%x0.7x0.8 0.4x0.25%0.25 0.1x0.08%0.15 Parkins, Polyhedron 1985, 4, 379;
a[A] 16.5980(2) 34.8347(7) 14.1259(4) 22.2237(3) f) I. Muga, J. M. Gutiérrez-Zorril-
a [oa] 85.8700(10) 90 90 90 la, P. Vitoria, P. Roman, F. Lloret,
b [A] 18.4930(3) 34.8348(7) 8.7764(3) 25.2650(4) Polyhedron 2002, 21, 2631.

BT 89.2230(10) 90 95.9022(13) 106.6087(9) [4] a) E. Stocco, G.C. Stocco, W. M.
c[A] 19.2290(2) 23.5951(7) 32.6353(13) 20.1086(3) Schovell, R.S. Tobias, Inorg.
7 [ 63.8010(6) 120 90 90 Chem. 1971, 10, 2639; b) B.L.
V [AY] 5281.07(12) 24795.8(10) 4024.5(2) 10819.6(3) Shaw, G. Shaw, J. Chem. Soc. A
z \ 2 18 4 4 1971, 3533; ¢) P. Schinnerling, U.
Peaca [Mgm™] 1.524 1191 1.638 1758 Thewalt, J. Organomet. Chem.
w [mm™'] 4.074 2.957 6.806 5.532 1992, 431, 41; d) W. C. Kalb, Z.
F(000) 2396 8928 1944 5552 Demidowicz, D. M. Speckman, C.
0 range for data 5.10 to 26.37 4.14 to 26.37 4.17 to 26.37 1.81 to 27.93 Knobler, R. G. Teller, M. F. Haw-
collection [°] thorne, Inorg. Chem. 1982, 21,
index ranges 4027; e) F. Olbrich, J. Kopf, E.

0<h<20 —43<h<33 —16<h<17 —29<h<29 Weiss, J. Organomet. Chem. 1993,

—20<k<23 —43<k<41 -7<k<10 —33<k<32 456, 293; f)L.R. Falvello, M.

-23<1<24 —27<1<29 —27<1<40 —26<1<26 Tomés, Chem. Commun. 1999,
reflns colld 21336 52346 7248 45137

refinement method

full-matrix least-
squares on F?

full-matrix least-
squares on F?

full-matrix least-
squares on F?

full-matrix least-
squares on F?

273; g) J. P. H. Charmant, P. Espi-
net, K. Soulantica, Acta Crystal-
logr. Sect. E (Struct. Rep. Online)

data/restraints/params 21336/0/1181 11209/0/455 5240/0/428 12850/0/637 2001, 57, m451; h) D.J. Darens-
GoF on F?l1 1.255 1.108 0.899 1.157 bourg, W.-Z. Lee, M.J. Adams,
final R indices J.C. Yarbrough, Eur. J. Inorg.
[I>20(D]® Chem. 2001, 2811; i) H. Oshio, O.
R1 0.0463 0.0635 0.0633 0.0444 Tamada, H. Onodera, T. Tto, T.
WR2 0.0805 0.1572 0.1400 0.0987 Ikoma, S. Tero-Kubota, Inorg.
R indices (all data)!®! Chem. 1999, 38, 5686; j)K.K.
R1 0.0872 0.1155 0.1278 0.0704 Klausmeyer, T.B. Rauchfuss,
WR2 0.0909 0.1874 0.1599 0.1051

largest diff peak and

0.771 and —0.905 1.144 and —0.825

hole [e A~

1.943 and —1.606

S. R. Wilson, Angew. Chem. 1998,
110, 1808; Angew. Chem. Int. Ed.
1998, 37, 1694; k) S. M. Contakes,

1.279 and —1.035

[a] RI=S(|F,| — | F.|)/2|F,| ; wR2=[Sw(F2—~F?SwF?2]"*; goodness of fit = Sw(F2—F2)/(Nyps—Nparam)]; W=

[*(F,)+(g:P)Y+8,P]"; P=[max(F0+2F?)/3.
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