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from triplet states of a ligand-to-metal charge transfer
character that mix with metal-centered (ds/dp) states modi-
fied by Au--- Au interactions (LMMCT; S — Au), whereas the
high-energy emission at ca. 500 nm is attributed to metal-
perturbed intraligand phosphorescence.
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Metal-Mediated Transfer of Electrons between
Two Different C—C Single Bonds That Function
as Electron-Donor and Electron-A cceptor
Units**

Federico Franceschi, Euro Solari, Rosario Scopelliti,
and Carlo Floriani*

Two complementary electron-storage and -releasing units
are the fundamental constituents of storage cells!!! and
molecular devices devoted to long-range electron-transfer
processes.!l. The C—C single bonds formed by oxidative
(Scheme 1a)P! or reductive coupling™ (Scheme 1b) can be
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Scheme 1. Reversible two-electron oxidative (a) and reductive coupling
(b) to form C—C bonds. R =Et.
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used for storing and releasing pairs of electrons
in a reversible manner.

The novelty of the system reported here lies
in the nature of the electron-storage and
-release units, both of which are ubiquitous
C—C single bonds, and on how the communi-
cation between them is mediated by metal ions.
In addition, the two complementary C—C units
operate without being involved, at any stage, in
chemical reactions.

Redox chemistry involving exclusively C—C
single bonds was investigated for complexes 1,
2a, and 2b, and the complementary behavior of
the two different C—C bonds was demonstrat-
ed. Although the two complementary systems
are chemically quite different, they both bind
alkali metal cations at the periphery.> % They
form tight ion-pair structures, in which the
pyrrolyl anions or the Schiff base oxygen
atoms, respectively, function as binding sites
for the alkali metal cations. The oxidizing
properties of 1 were demonstrated, among
others, in its reaction with LiMe,”! which led
to the expected evolution of a mixture of CH,
and C,Hg and the cleavage of the cyclopropane
unit (Scheme 2). The partner reaction of 2a or
2b with CH,I™ also resulted in the formation of
C,H; and cleavage of the C—C bond across the
two salophen units, whereby the C—C bond
functioned as a two-electron donor.

The complementarity of the two processes
was then proved by adding a solution of 2a or
2b in THF to a solution of 1 in THF, which led
to immediate precipitation of Sa or Sb, re-
spectively (Scheme 3). The latter was recov-
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Scheme 2. A C—C bond functioning as a two-electron oxidizing (a) and reducing agent (b).
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ered as the ion-separated compound 68 under the
crystallization conditions, rather than in the ion-
pair form. The crystal structure of 6 is shown in
Figure 10,

The occurrence of intermolecular electron
transfer and the nature of the final compound
emphasizes the assistance of both the central
transition metal ion and the alkali metal ion in the
redox process. The chemical transformation dis-
played in Scheme 3 could be exploited for energy
storage (e.g., storage cells) or transfer. Although
for both model compounds, 2 and 1, the C—C bond
is the site of storage or deficiency, respectively, of
a pair of electrons, these functional groups are not
involved in any chemical reactions; the metal
atom assists electron transfer from the C—C bond
to the substrate.l*fl This chemical behavior en-
sures complete chemical and energetic reversibil-
ity of the system. Apart from the practical
applicability of this system, the novel concept of
exploiting ubiquitous C—C bonds for energy-
storing and electron-transfer processes is note-
worthy.
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Figure 1. Crystal structure of 6 (hydrogen atoms and interstitial CH;CN
solvent molecules omitted for clarity).

Experimental Section

1: A solution of iodine (3.21 g, 12.7 mmol) in THF (100 mL) was added
dropwise to a solution of [NiEtsPy,Na,]-2Et,O"l (10 g, 12.7 mmol; Py =
pyrrolyl) in THF (100 mL). The resulting red suspension was stirred for
12 h and then concentrated to dryness. The residue was extracted with
CH,Cl, (60 mL) to give a suspension from which a red microcrystalline
solid was collected and dried in vacuo (5.97 g, 79 %). Elemental analysis
caled for C;sHygN,Ni: C 72.61, H 8.12, N 9.41; found: C 72.58, H 8.05, N
9.23; 'TH NMR (400 MHz, [D4]benzene, 298 K): 6 =6.67 (d, /=5.1 Hz, 2H,
CH), 6.53(d,/=2.7Hz,2H, CH), 6.32 (d,/=2.7Hz,2H, CH), 6.11 (d,J =
5.1Hz, 2H, CH), 3.57 (q, J=70Hz, 2H, CH,), 2.87 (q, /=74 Hz, 2H,
CH,),2.50 (q,/=72 Hz,2H, CH,), 2.28 (m, 2H, CH,), 1.84 (m, 4H, CH,),
1.69 (q, J=6.8 Hz, 2H, CH,), 1.31-1.18 (m, 8H, CH,, CH;), 1.02 (t, /=
70 Hz, 3H, CH;), 0.88 (m, 6H, CHj;), 0.70 (m, 6H, CHj;), 048 (t, J=
6.85 Hz, 3H, CH;); BC NMR (100.6 MHz, [Dg]benzene, 298 K): 6=
147.6, 139.3, 130.7, 130.0, 104.5, 104.0, 85.8, 67.1, 57.7, 51.8, 47.5, 44.8, 39.3,
33.3, 30.0, 27.9, 25.1, 11.2, 11.1, 11.0, 10.7, 10.3, 10.1.

5a: A red solution of 1 (0.75 g, 1.26 mmol) in THF (50 mL) was added to a
dark green suspension of 2al*l (1.32 g, 1.26 mmol) in THF (50 mL). A
brown-red precipitate separated immediately from the resulting brown
solution. The suspension was stirred for 12 h then the solid was collected
and dried in vacuo (1.41g, 75%). Elemental analysis calcd for Sa,
CgHg,Li,NgNi;Oq: C 65.87, H 6.05, N 7.31; found: C 65.38, H 5.75, N 7.30.
IR (Nujol): 7=1606 (s), 1578 (s) 1534 (s), 1488 (m), 1444 (s), 1326 (s), 1262
(w), 1196 (s), 1152 (m), 1129 (m), 1068 (w), 1042 (m), 950 (w), 929 (m), 880
(w), 840 (w), 813 (m), 747 (s), 735 (s), 721 (m), 700 (m), 622 (w), 570 (w),
547 (m), 507 (w), 450 (w), 408 cm~! (w).

5b and 6: A red solution of 1 (0.87 g, 1.46 mmol) in THF (100 mL) was
added to a dark green solution of 2bl*l (1.79 g, 1.46 mmol) in THF
(100 mL). A red precipitate separated immediately from the resulting dark
orange-red solution. The suspension was stirred overnight then the solid
was collected and dried in vacuo (1.81 g, 81 %). Elemental analysis calcd for
5b, CgHy,NgNa,Ni;O4: C 65.87, H 6.05, N 7.31; found: C 65.38, H 5.75, N
7.30. IR (Nujol): 7 =1608 (s), 1578 (s), 1527 (s), 1483 (s), 1356 (m), 1330 (s),
1317 (s), 1286 (s), 1258 (m), 1235 (w), 1193 (s), 1151 (s), 1129 (m), 1053 (w),
1025 (w), 929 (m), 901 (w), 871 (w), 848 (w), 808 (W), 755 (s), 744 (s), 713 (s),
649 (w), 612 (w), 584 (w), 565 (s), 545 (s), 483 (w), 452 (m), 410 cm~" (m).
The product was recrystallized from acetonitrile to give deep red crystals of
6 that were suitable for X-ray analysis. The crystals were collected, dried in
vacuo, and analyzed. Elemental analysis calcd for 6 - CH;CN, CogHy;N,Na,-
Ni,Og: C 65.33, H 5.20, N 8.55; found: C 65.23, H 4.65, N 8.38.

Received: November 18, 1999 [Z14294]

Angew. Chem. Int. Ed. 2000, 39, No. 9

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

[1] a) A. Cisak, L. Werblan, High-Energy Non-Aqueous Batteries, Ellis

Horwood, Chichester, 1993; b) C. A. Vincent, B. Scrosati, Modern

Batteries, 2nd ed., Arnold, London, 1997; c) Chemistry for the Energy

Future (Eds.: V.N. Parmon, H. Tributsch, A. V. Bridgewater, D. O.

Hall), Blackwell Science, Oxford, UK, 1999.

a) Electron Transfer in Biology and the Solid State (Eds.: M. J. Johnson,

R.B. King, D. M. Kurtz, Jr., C. Kutal, M. L. Norton, R. A. Scott),

American Chemical Society, Washington, DC, 1990; b) A. G. Lappin,

Redox Mechanisms in Inorganic Chemistry, Ellis Horwood, New York,

1994.

a) S. De Angelis, E. Solari, C. Floriani, A. Chiesi-Villa, C. Rizzoli, J.

Am. Chem. Soc. 1994, 116, 5691 -5701; b) S. De Angelis, E. Solari, C.

Floriani, A. Chiesi-Villa, C. Rizzoli, J. Am. Chem. Soc. 1994, 116,

5702-5713; c) C. Floriani in Transition Metals in Supramolecular

Chemistry (Eds.: L. Fabbrizzi, A. Poggi), Kluwer, Amsterdam, 1994,

pp- 191-209; d) C. Floriani, Chimia 1996, 50, 608 —611; ¢) C. Floriani,

Chem. Commun. 1996, 1257 -1263; f) U. Piarulli, E. Solari, C. Floriani,

A. Chiesi-Villa, C. Rizzoli, J. Am. Chem. Soc. 1996, 118, 3634 -3642;

g) R. Crescenzi, E. Solari, C. Floriani, A. Chiesi-Villa, C. Rizzoli, Inorg.

Chem. 1998, 37, 6044 —6051; h) R. Crescenzi, E. Solari, C. Floriani, A.

Chiesi-Villa, C. Rizzoli, J. Am. Chem. Soc. 1999, 121, 1695 -1706.

a) S. Gambarotta, F. Urso, C. Floriani, A. Chiesi-Villa, C. Guastini,

Inorg. Chem. 1983, 22,3966 -3972;b) S. De Angelis, E. Solari, E. Gallo,

C. Floriani, A. Chiesi-Villa, C. Rizzoli, Inorg. Chem. 1996, 35, 5995 —

6003; c) E. Gallo, E. Solari, N. Re, C. Floriani, A. Chiesi-Villa, C.

Rizzoli, J. Am. Chem. Soc. 1997, 119, 5144-5154; d) E. Solari, C.

Maltese, F. Franceschi, C. Floriani, A. Chiesi-Villa, C. Rizzoli, J. Chem.

Soc. Dalton Trans. 1997, 2903-2910; e) F. Franceschi, E. Solari, C.

Floriani, A. Chiesi-Villa, C. Rizzoli, M. Rosi, Chem. Eur. J. 1999, 5,

708-721; f) M. Rosi, A. Sgamellotti, F. Franceschi, C. Floriani, Chem.

Eur. J. 1999, 5, 2914 -2920.

a) S. De Angelis, E. Solari, C. Floriani, A. Chiesi-Villa, C. Rizzoli, J.

Chem. Soc. Dalton Trans. 1994, 2467 -2469; b) S. De Angelis, E. Solari,

C. Floriani, A. Chiesi-Villa, C. Rizzoli, Organometallics 1995, 14,

4505-4512; c¢) D. Jacoby, S. Isoz, C. Floriani, K. Schenk, A. Chiesi-

Villa, C. Rizzoli, Organometallics 1995, 14, 4816-4824; d) C. Floriani,

Pure Appl. Chem. 1996, 68, 1-8; e) C. Floriani, E. Solari, G. Solari, A.

Chiesi-Villa, C. Rizzoli, Angew. Chem. 1998, 110, 2367 —2369; Angew.

Chem. Int. Ed. 1998, 37, 2245 —-2248.

[6] a) N.Bresciani-Pahor, M. Calligaris, P. Delise, G. Nardin, L. Randaccio,
E. Zotti, G. Fachinetti, C. Floriani, J. Chem. Soc. Dalton Trans. 1976,
2310-2316;b) J. C. Pessoa, J. A. L. Silva, A. L. Vieria, L. Vilas-Boas, P.
O’Brien, P. Thornton, J. Chem. Soc. Dalton Trans. 1992, 1745-1749;
¢) S. C. Ball, I. Cragg-Hine, M. G. Davidson, R. P. Davies, M. 1. Lopez-
Solera, P. R. Raithby, D. Reed, R. Snaith, E. M. Vogl, J. Chem. Soc.
Chem. Commun. 1995, 2147-2149; d) D. A. Atwood, D. Rutherford,
Inorg. Chem. 1995, 34, 4008 -4010; e) H. Miyasaka, N. Matsumoto, H.
Okawa, N. Re, E. Gallo, C. Floriani, J. Am. Chem. Soc. 1996, 118,981 —
994; f) N. Re, E. Gallo, C. Floriani, H. Miyasaka, N. Matsumoto, Inorg.
Chem. 1996, 35, 5964-5965; g) E. Gallo, E. Solari, C. Floriani, A.
Chiesi-Villa, C. Rizzoli, Inorg. Chem. 1997, 36, 2178 —2186.

[7] For experimental details see Supporting Information.

[8] In such complexes, the ligand distribution often gives rise to the least
soluble complex in the solid state; hence, the [Ni(salophen)]/Na ratio is
3:2 rather than 1:1.1%°

[9] Crystal structure analysis of 6: [CgHsNoNa,NizOg][CssHysN,Ni]-
3CH;N, M,=2006.92, orthorhombic, space group Pna2,, a=
20.868(3), b=21.738(3), ¢ =20.9686(14) A, V=9512.0(19) A3, Z=4,
Peaica = 1401 gem3, F(000) = 4200, Moy, radiation (A=0.71073 A),
u(Mog,) =0.855 mm~!; crystal dimensions 0.20 x 0.14 x 0.10. For
13108 observed reflections (/>20(I)) and 1227 parameters, the
conventional R is 0.0926 (wR2=0.1572 for 15798 independent
reflections). 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-137426. Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
(+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).

5

—_

0570-0833/00/3909-1687 $ 17.50+.50/0 1687



