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Transition metal mediated self-assembly reactions are a
versatile strategy for generating supermolecules with appeal-
ing structural and spectroscopic properties.[1±6] In this context
we are interested in luminescent molecular hosts[7] composed
of square-planar platinum(ii) complexes as building blocks,
since such materials could have applications in host ± guest
photochemistry and as novel luminescent sensors. Fujita
et al.[1] and Stang et al.[5a, b] reported the preparation of
tetranuclear platinum(ii) compounds with pyridine-based
ligands. Here we describe the crystal structure of a novel
luminescent hexanuclear platinum(ii) macrocycle bearing
cyclic dicarbene and bridging cyanide ligands.
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The synthesis of a mononu-
clear platinum(ii) complex with
the chelating C4H9N4 ligand (1,
R�CH3) by addition of methyl
isocyanide and hydrazine to
K2[PtCl4] in water has long been
known.[8] Subsequent investiga-

tions revealed the [C4H9N4] moiety to be a monoanionic
planar ªresonance-stabilizedº dicarbene ligand.[9] In contrast,
heating K2PtCl4, tert-butyl isocyanide, and hydrazine hydrate
in water at reflux for one hour resulted in the formation of
[Pt(CN)(C10H21N4)]6 (2), which was isolated as acetonitrile-
solvated yellow crystals upon recrystallization from acetoni-
trile/diethyl ether.

The X-ray structure of 2 (Figure 1)[10] shows it to be a rare
example of a Pt6 macrocycle.[11] The core of 2 consists of six
platinum atoms linked through crystallographically disor-

Figure 1. Crystal structure of 2 with atomic numbering scheme (40 %
probability ellipsoids). Hydrogen atoms and solvent molecules are omitted
for clarity. Selected bond lengths [�] and angles [8]: Pt(1)ÿN/C(1) 2.05(1),
N/C(1)ÿN/C(2) 1.13(2), Pt(2)ÿN/C(2) 2.03(1), Pt(2)ÿN/C(3) 2.02(1),
N/C(3)ÿN/C(4) 1.17(1), Pt(3)ÿN/C(4) 2.02(1), Pt(1)ÿC(11) 2.00(1),
Pt(1)ÿC(12) 2.01(1), Pt(2)ÿC(21) 1.97(1), Pt(2)ÿC(22) 1.97(1),
N(12)ÿC(21) 1.31(2), N(12)ÿN(13) 1.41(1), N(13)ÿC(22) 1.30(2),
Pt(3)ÿC(31) 2.01(1), Pt(3)ÿC(32) 1.98(1); N/C(1)-Pt(1)-N/C(6) 92.2(5),
N/C(2)-Pt(2)-N/C(3) 92.5(5), N/C(4)-Pt(3)-N/C(5) 92.4(5), Pt(1)-N/C(1)-
N/C(2) 174(1), Pt(2)-N/C(2)-N/C(1) 175(1), Pt(2)-N/C(3)-N/C(4) 175(1),
Pt(3)-N/C(4)-N/C(3) 174(1), C(11)-Pt(1)-C(12) 78.8(6), C(21)-Pt(2)-C(22)
78.2(6), C(31)-Pt(3)-C(32) 78.7(5), Pt(2)-C(22)-N(13) 117.5(10), Pt(2)-
C(22)-N(14) 121(1), N(13)-C(22)-N(14) 120(1).

dered[10] cyanide units and is puckered in a chairlike con-
formation. Alternatively, this 18-membered ring can be
regarded as a open cubane-type structure in which a pair of
opposite corners is missing. The other six corners are occupied
by platinum atoms, and the bridging cyanide ligands form the
sides. The angles within the core are in accordance with this
geometry: the CN-Pt-CN angles at the corners are almost

orthogonal (av 92.48), while the Pt-C-N and Pt-N-C groups
are nearly linear (av 1748).

The C10H21N4 motif (see 1, R� tBu) is analogous to the
C4H9N4 group in earlier work,[8, 9] and hence a planar PtC2N2

five-membered metallacycle is present. The Pt ± carbene
distances are in the range 1.97(1) ± 2.01(1) � and are similar
to those in the platinum(ii) complexes trans-[Pt{C(NEt2)(O-
C(O)Ph)}(PPh3)I2] (1.969(7) �),[12] [Pt(H)(CH2CN)-
{C(NC3H6)N(H)(p-MeOC6H4)}(PPh3)] (2.069(4) �),[13] and
trans-[Pt(Me){C(NMe2)Me}(PMe2Ph)2]PF6 (2.079(13) �).[14]

Intriguingly, the Pt ± C(sp3) distance of 2.147(11) � in the
latter is only slightly longer, and this can be attributed to the
trans influence of the carbene ligand. Nevertheless, the
carbene description is vindicated by the sp2-type hybridization
of the respective carbon centers in 2 ; the angles at C(21) are
122.8(10), 121(1), and 115.7(9)8. Formation of 2 can be
explained as follows: two coordinated tBuNC ligands react
with hydrazine to give the chelating dicarbene ligand, and
platinum(ii)-mediated dealkylation of tBuNC gives rise to the
cyanide ligands. We note that heating a solution of [PtCl4]2ÿ

and tBuNC in water for one hour similarly generated a
partially dealkylated species, namely, [Pt(CNtBu)2(CN)2].[15]

The absorption spectrum of 2 in methanol (Figure 2 a)
exhibits an intense band at 356 nm. The very high extinction
coefficient of emax� 18 000 dm3molÿ1cmÿ1 indicates a spin-

Figure 2. a) UV/Vis spectrum of 2 in methanol. b) Emission spectrum of
2 in CH2Cl2 (intensity I in arbitrary units).

allowed charge-transfer (CT) transition, and we tentatively
assign this to a Pt!p*(carbene) transition. Transitions within
the chelating dicarbene groups are discounted, since they
would occur at higher energy. The alternative assignment as a
Pt!p*(CNÿ) transition is not favored, since mononuclear PtII

cyanide derivatives bearing p-acid ligands such as phosphane
or alkyl isocyanide do not absorb strongly at l> 300 nm. For
example, the lowest energy bands of [Pt(dppe)(CN)2] (dppe�
1,2-bis(diphenylphosphanyl)ethane) and [Pt(CNtBu)2(CN)2]
appear at 294 and 282 nm respectively in methanol.[16]

Furthermore, the Pt!p*(CNÿ) transition of [Pt(CN)4]2ÿ

occurs at 280 nm.[17] The relatively low energy of the
Pt!p*(carbene) transition means that the carbene ligand
can readily be exploited in photochemical studies of metal-to-
ligand charge transfer (MLCT) in platinum(ii) derivatives.
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Upon excitation at 350 nm at 301 K, crystalline 2 shows a
structureless emission band centered at 514 nm, which at 77 K
is blue-shifted to 507 nm. In a degassed solution in CH2Cl2 at
301 K, an emission band is observed at 519 nm with a lifetime
of 0.22 ms (Figure 2 b). The emission at l> 500 nm provides
further evidence for a Pt!p*(carbene) transition, since
[Pt(CN)4]2ÿ displays an intense emission band at 408 nm only
with a shoulder at 460 nm.[17] Despite previous studies,[18] we
believe that this is the first observation of an emissive
metal!p*(carbene) CT excited state in solution at room
temperature. The long lifetime and high energy (ca. 2.8 eV,
E0±0 taken as 450 nm) of the excited state imply that these
platinum(ii) species can undergo bimolecular photoreactions,
and preliminary results confirm that the emission of 2 is
quenched by N,N'-dimethyl-4,4'-bipyridinium hexafluoro-
phosphate in dichloromethane. Future work will be directed
towards probing the excited state reactivities of carbene
complexes by utilizing the MLCT emission of the platinum(ii)
carbene moiety.

Experimental Section

2 : A solution of K2[PtCl4] (0.20 g, 0.48 mmol), tert-butyl isocyanide
(0.20 mL, 1.93 mmol), and hydrazine hydrate (0.10 mL, 2.06 mmol) in
water was heated to reflux for 1 h. The volatile components were removed
in vacuo, and the residue was extracted with acetonitrile/diethyl ether. Slow
evaporation of this solution at 5 8C yielded yellow crystals (yield 32 %). 1H
NMR (300 MHz, CDCl3, 27 8C): d� 1.40 (s, tBu); IR (Nujol): nÄ � 3453,
3412 (N ± H); 2141 (C�N); 1562, 1535 cmÿ1 (C�N); UV/Vis (methanol):
lmax (e)� 238 (95 000), 288 (68 000), 316 (22 000), 356 nm (18 000); FAB-
MS: m/z (%)� 2510 (100) [Pt(CN)(C10H21N4)]�6 , 1255 (50)
[Pt(CN)(C10H21N4)]�3 . Satisfactory elemental analysis.
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