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Transition metal mediated self-assembly reactions are a
versatile strategy for generating supermolecules with appeal-
ing structural and spectroscopic properties.'"! In this context
we are interested in luminescent molecular hosts!”! composed
of square-planar platinum(if) complexes as building blocks,
since such materials could have applications in host—guest
photochemistry and as novel luminescent sensors. Fujita
etall'l and Stang etal.P*® reported the preparation of
tetranuclear platinum(i) compounds with pyridine-based
ligands. Here we describe the crystal structure of a novel
luminescent hexanuclear platinum(i) macrocycle bearing
cyclic dicarbene and bridging cyanide ligands.
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The synthesis of a mononu-
clear platinum(il) complex with
the chelating C,HyN, ligand (1,
R = CH;) by addition of methyl
H isocyanide and hydrazine to
K,[PtCl,] in water has long been
known.] Subsequent investiga-
tions revealed the [C,HyN,] moiety to be a monoanionic
planar “resonance-stabilized” dicarbene ligand.”! In contrast,
heating K,PtCl,, tert-butyl isocyanide, and hydrazine hydrate
in water at reflux for one hour resulted in the formation of
[Pt(CN)(C,;H;1Ny) s (2), which was isolated as acetonitrile-
solvated yellow crystals upon recrystallization from acetoni-
trile/diethyl ether.

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

C2dh

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 [A] and angles [°]: Pt(1)-N/C(1) 2.05(1),
N/C(1)-N/C(2) 1.13(2), Pt(2)-N/C(2) 2.03(1), Pt(2)-N/C(3) 2.02(1),
N/C(3)-N/C(4) 1.17(1), Pt(3)-N/C(4) 2.02(1), Pt(1)-C(11) 2.00(1),
P(1)-C(12) 2.01(1), Py2)-C(21) 197(1), Pt(2)-C(22) 197(1),
N(12)-C(21) 131(2), N(12)-N(13) 141(1), N(13)-C(22) 1.30(2),
Pt(3)—C(31) 2.01(1), Pt(3)—C(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!'” 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
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orthogonal (av 92.4°), while the Pt-C-N and Pt-N-C groups
are nearly linear (av 174°).

The C,yH, N, motif (see 1, R=rBu) is analogous to the
C,H,N, group in earlier work,® ° and hence a planar PtC,N,
five-membered metallacycle is present. The Pt-—carbene
distances are in the range 1.97(1)-2.01(1) A and are similar
to those in the platinum(if) complexes trans-[Pt{C(NEt,)(O-
C(O)Ph)}(PPh;)1,] (1.969(7) A),12 [Pt(H)(CH,CN)-
{C(NC;Hg)N(H)(p-MeOC¢H,)}(PPh3)] (2.069(4) A),3! and
trans-[Pt(Me){C(NMe,)Me}(PMe,Ph),]PF, (2.079(13) A).l¥
Intriguingly, the Pt—C(sp®) distance of 2.147(11) A 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 sp?>-type hybridization
of the respective carbon centers in 2; the angles at C(21) are
122.8(10), 121(1), and 115.7(9)°. Formation of 2 can be
explained as follows: two coordinated rBuNC ligands react
with hydrazine to give the chelating dicarbene ligand, and
platinum(i)-mediated dealkylation of fBuNC gives rise to the
cyanide ligands. We note that heating a solution of [PtCl,]*~
and /BuNC in water for one hour similarly generated a
partially dealkylated species, namely, [Pt(CN7Bu),(CN),].["5]

The absorption spectrum of 2 in methanol (Figure 2a)
exhibits an intense band at 356 nm. The very high extinction
coefficient of &,,,=18000 dm*mol~'cm~! indicates a spin-

T T T T 1
300 400 500 600 700
Am ——

Figure 2. a) UV/Vis spectrum of 2 in methanol. b) Emission spectrum of
2 in CH,Cl, (intensity / in arbitrary units).

allowed charge-transfer (CT) transition, and we tentatively
assign this to a Pt —x*(carbene) transition. Transitions within
the chelating dicarbene groups are discounted, since they
would occur at higher energy. The alternative assignment as a
Pt —t*(CN~) transition is not favored, since mononuclear Pt!!
cyanide derivatives bearing m-acid ligands such as phosphane
or alkyl isocyanide do not absorb strongly at 4 > 300 nm. For
example, the lowest energy bands of [Pt(dppe)(CN),] (dppe =
1,2-bis(diphenylphosphanyl)ethane) and [Pt(CNBu),(CN),]
appear at 294 and 282nm respectively in methanol.l']
Furthermore, the Pt—m*(CN-) transition of [Pt(CN),]*~
occurs at 280 nm.l'l The relatively low energy of the
Pt —m*(carbene) transition means that the carbene ligand
can readily be exploited in photochemical studies of metal-to-
ligand charge transfer (MLCT) in platinum(i1) 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 CH,Cl, at
301 K, an emission band is observed at 519 nm with a lifetime
of 0.22 ps (Figure 2b). The emission at A >500 nm provides
further evidence for a Pt—m*(carbene) transition, since
[Pt(CN),]J?>~ displays an intense emission band at 408 nm only
with a shoulder at 460 nm.!'] Despite previous studies,['s] we
believe that this is the first observation of an emissive
metal —n*(carbene) CT excited state in solution at room
temperature. The long lifetime and high energy (ca. 2.8 eV,
E,, taken as 450 nm) of the excited state imply that these
platinum(i1) 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(ir)
carbene moiety.

Experimental Section

2: A solution of K,[PtCl,] (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°C yielded yellow crystals (yield 32%). 'H
NMR (300 MHz, CDCl;, 27°C): 6=1.40 (s, tBu); IR (Nujol): 7=3453,
3412 (N-H); 2141 (C=N); 1562, 1535 cm™!' (C=N); UV/Vis (methanol):
Amax (€) =238 (95000), 288 (68000), 316 (22000), 356 nm (18000); FAB-
MS: m/z  (%)=2510 (100) [Pt(CN)(C,(H;N,)]¢, 1255 (50)
[Pt(CN)(C,oH,N,) 14 . Satisfactory elemental analysis.

Received: August 14, 1997 [Z108161E]
German version: Angew. Chem. 1998, 110, 193-195

Keywords: carbene complexes - luminescence « macrocycles
- platinum - self-assembly

[1] a) M. Fujita, K. Ogura, Bull. Chem. Soc. Jpn. 1996, 69, 1471 -1482; b)
M. Fujita, D. Oguro, M. Miyazawa, H. Oka, K. Yamaguchi, K. Ogura,
Nature 1995, 378, 469 —471.

[2] J. P. Sauvage, Acc. Chem. Res. 1990, 23, 319 -327.

[3] J. M. Lehn, A. Rigault, Angew. Chem. 1988, 100, 1121 -1122; Angew.
Chem. Int. Ed. Engl. 1988, 27, 1095 -1097.

[4] D. Philp, J. F. Stoddart, Angew. Chem. 1996, 108, 1242 -1286; Angew.
Chem. Int. Ed. Engl. 1996, 35, 1154 -1196.

[5] a) P. J. Stang, D. H. Cao, S. Saito, A. M. Arif, J. Am. Chem. Soc. 1995,
117, 6273-6283; b) P. J. Stang, B. Olenyuk, Angew. Chem. 1996, 108,
798-802; Angew. Chem. Int. Ed. Engl. 1996, 35, 732-736; c) P.J.
Stang, N. E. Persky, J. Manna, J. Am. Chem. Soc. 1997, 119, 4777 -
4778.

[6] C.K. Chan, K. K. Cheung, C. M. Che, Chem. Commun. 1996, 227 —
228.

[7] a) R. V. Slone, J. T. Hupp, C. L. Stern, T. E. Albrecht-Schmitt, Inorg.
Chem. 1996, 35,4096 —4097; b) B. C. Tzeng, W. C. Lo, C. M. Che, S. M.
Peng, J. Chem. Soc. Chem. Commun. 1996, 181 —182.

L. Tschugajeff, M. Skanavy-Grigorjewa, A. Posnjak, Z. Anorg. Allg.

Chem. 1925, 148, 37-42.

[9] a) G. Rouschias, B. L. Shaw, J. Chem. Soc. A 1971, 2097 -2104; (b)
W. M. Butler, J. H. Enemark, J. Parks, A. L. Balch, Inorg. Chem. 1973,
12,451-457.

[10] Crystal data for 2: CzH,pN3Pts- 10 CH;CN; M =2920.94, triclinic,
space group P1 (no.2), a=14.713(6), b =18.186(6), c =14.042(8) A,
a=101.03(3), f=105.84(4), y=113.83(3)°, V=3106(2) A3, Z=1,
Pealed = 1561 gem™3, u=6755cm™!, F(000)=1420, T=301K. A

8

—_

184 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

yellow crystal of dimensions 0.25 x 0.20 x 0.35 mm? was used for data
collection at 301 K on a Rigaku AFC7R diffractometer (graphite-
monochromatized Moy, radiation; 2 =0.71073 A), w-26 scan mode,
w-scan angle (0.7340.35 tan 6)°, scan speed 16.0° min~" (up to six scans
for reflections with / < 150(1)). Measurement range: 26,,,, =46°; h: 0
to 16; k: —19 to 19; [: —15 to 15. Three standard reflections were
measured after every 300 reflections and showed a decay of 3.74%.
The intensity data were corrected for decay, Lorentz, and polarization
effects, and empirical absorption corrections based on the ¥ scan of six
strong reflections (min./max. transmission factors 0.671/1.000) were
made. Of 9041 reflections measured, 8644 were unique with R, =
0.026. 5738 reflections with /> 30(f) were considered observed and
used in the structural analysis. The structure was solved by Patterson
methods, expanded by Fourier methods (PATTY), and refined by full-
matrix least squares with the software package TeXsan on a Silicon
Graphics Indy computer. The crystallographic asymmetric unit
consists of one half of the complex molecule and five molecules of
acetonitrile. The six CN groups forming the 18-membered ring system
were disordered; all the atomic sites were occupied half by N atoms
and half by C atoms. Atoms N(1) to N(6) and C(1) to C(6) were
refined isotropically with occupation numbers of 0.5, whereby the
positions and thermal parameters of the C atoms were constrained to
those of the corresponding N atoms (i.e. N/C(1) to N/C(6)). The C and
N atoms of the five solvent molecules had large temperature factors
and were also refined isotropically. The other non-hydrogen atoms of
the complex were refined anisotropically. The hydrogen atoms
bonded to the N atoms of the ligand molecules were not located in
difference Fourier synthesis. The other 69 H atoms (including solvent)
were introduced at calculated positions with thermal parameters equal
to 1.3 times that of the attached Catoms and were not refined.
Convergence for 490 variable parameters by least-squares refinement
on F with w=4F2/c*(F%) (0*(F%)=[0*(I)+ (0.035F2)’]) for 5738
reflections with I>30(I) was reached at R=0.038 and wR=0.056
and GOF = 1.67. (A/0);.. = 0.04 for atoms of the complex. The final
difference Fourier map was featureless with maximum positive and
negative peaks of 2.40 and —0.71eA-3. Crystallographic data
(excluding structure factors) for the structure reported in this paper
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-100633. Copies of
the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB21EZ, UK (fax: int. code + (44) 1223-
336033; e-mail: deposit@ccdc.cam.ac.uk).

[11] a)J. Lorberth, W. Massa, M. E.-Essawi, L. Labib, Angew. Chem. 1988,
100,1194-1195; Angew. Chem. Int. Ed. Engl. 1988, 27,1160-1161; b)
B. Longato, G. Bandoli, G. Trovd, E. Marasciulo, G. Valle, Inorg.
Chem. 1995, 34, 1745 -1750.

[12] J. T. Chen, W. H. Tzeng, F. Y. Tsai, M. C. Cheng, Y. Wang, Organo-
metallics 1991, 10, 3954 —3955.

[13] R. A. Michelin, R. Bertani, M. Mozzon, L. Zanotto, F. Benetollo, G.
Bombieri, Organometallics 1990, 9, 1449 —1459.

[14] R.F Stepaniak, N. C. Payne, Inorg. Chem. 1974, 13, 797 -801.

[15] L. Malatesta, F. Bonati, Isocyanide Complexes of Metals, Wiley,
London, 1969, p. 169.

[16] S. W. Lai, C. M. Che, unpublished results.

[17] J. W. Schindler, R. C. Fukuda, A. W. Adamson, J. Am. Chem. Soc.
1982, 104, 3596 —3600.

[18] a) H. C. Foley, L. M. Strubinger, T. S. Targos, G. L. Geoffroy, J. Am.
Chem. Soc. 1983, 105, 3064-3073; b) A. D. Rooney, J. J. McGarvey,
K. C. Gordon, R.-A. McNicholl, U. Schubert, W. Hepp, Organo-
metallics 1993, 12,1277-1282; c) L. S. Hegedus, Tetrahedron 1997, 53,
4105-4128.

1433-7851/98/3701-0184 $ 17.50+.50/0 Angew. Chem. Int. Ed. 1998, 37, No. 1/2



