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bacteria!? (BChl ) and in green plants. Several new chlorophylls
have been reported in the latter.!*! One of these has been
proposed'’ to be part of the reaction center that initiates the
electron-transport chain that fixes carbon dioxide (photosystem

D).
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The #°:n5-fulvalene ligand constitutes an attractive matrix on
which to firmly affix two metal atoms in close enough proximity
to enable metal-metal bonding while allowing complexes to retain
dinuclear character after potential metal-metal bond fission. We
report here a new synthetic approach to dimetallafulvalenes,! some
preliminary chemistry of a diruthenium derivative, and its
unexpected photoreactions.

We have found that dihydrofulvalene, prepared in THF,!?
becomes suitable for direct reaction with metal carbonyls after
extraction into water-washed heptane.?2 Addition of the latter

(1) For alternative approaches from fulvalene dianion, see: (a) Smart, J.
C.; Curtis, C. J. Inorg. Chem. 1977, 16, 1788. (b) Davison, A.; Smart, J. C.
J. Organomet. Chem. 1973, 49, C43. (c) Smart, J. C.; Curtis, C. J. J. Am.
Chem. Soc. 1977, 99, 3518. (d) Smart, J. C,; Pinsky, B. L.; Fredrich, M. F,;
Day, V. W. Ibid. 1979, 101, 4369. (e) McKinney, R. J. J. Chem. Soc., Chem.
Commun. 1980, 603. (f) Koéhler, F. H.; Doll, K. H.; Prossdorf, W.; Miiller,
J. Angew. Chem. 1982, 94, 154; Angew. Chem., Int. Ed. Engl. 1982, 21, 151;
Angew. Chem. Suppl. 1982, 283. From n*-halocyclopentadienyl complexes
by Ullmann-type coupling, see: (g) Hedberg, F. L.; Rosenburg, H. J. Am.
Chem. Soc. 1969, 91, 1258, (h) Rausch, M. D.; Kovar, R. F.; Kraihanzel,
C. S. Ibid. 1969, 91, 1259. (i) Rausch, M. D.; Genetti, R. A. J. Org. Chem.
1970, 35, 3888. (j) Neuse, E. W.; Loonat, M. S. Transition Met. Chem. 1981,
6, 260. (k) Bednarik, L.; Neuse, E. W. J. Org. Chem. 1980, 45, 2032. (1)
Nesmeyanov, A. N.; Sedova, N. N.; Moiseev, S. K.; Sazonova, V. A. Izv.
Akad. Nauk. SSSR, Ser. Khim. 1980, 1171. From n*-cyclopentadienyl
complexes by reductive coupling, see: (m) Antropiusova, H.; Dosedlovi, A.;
Hanus, V.; Mach, K. Transition Met. Chem. 1981, 6, 90. (n) Gell, K. L.;
Harris, T. V.; Schwartz, J. Inorg. Chem. 1981, 20, 481. (o) Berry, M.;
Cooper, J.; Green, M. L. H,; Simpson, S. J. J. Chem. Soc., Dalton Trans.
1980, 29. (p) Barral, M. C,; Green, M. L. H.; Jimenez, R. /bid. 1982, 2495.
(q) Pez, G. P. Adv. Organomet. Chem. 1981, 19, 1. (r) Pez, G. P.; Apgar,
P.; Crissey, R. K. J. Am. Chem. Soc. 1982, 104, 482, (s) Pez, G. P, Ibid. 1981,
103, 8072. (t) Lemenovskii, D. A.; Konde, S. A.; Perevalova, E. G. J. Or-
ganomet. Chem. 1982, 226, 223 and the references therein.

(2) Details will be the subject of a full paper.
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Flgure 1. ORTEP drawing showing the geometry, labeling, and important
bond lengths (A) for all non-hydrogen atoms in tetracarbonyl(n®:p’-
fulvalene)diruthenium (2). Ellipsoids are scaled to represent the 50%
probability surface.

Ru, = Ru

1 1= 3.456(1)

Ce = C = 2.596(13)

Figure 2. ORTEP drawing of 6.

to boiling solutions of Co,(CO)z (CH,Cl,) or Ru3(CO),, (glyme)
and/or Mo(CO); (glyme) results in good yields of complexes 14.3
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The 18-electron rule requires metal-metal bonds in 2—4 which,
if present, necessitate significant deformations of the =-ligands
from planarity.'® A single-crystal X-ray diffraction study confirms
this for 2 (Figure 1), its structure contrasting with that of
[(n*-CsH5)Ru(CO),),, 5.4

The chemistry of 2 (and also 3 and 4)? is quite distinct from
that of 5.5 For example, iodine cleaves the Ru~Ru bond to the
diiodide, which when treated with LiEt;BH even at ~60 °C gives
2 and none of the dihydride,? indicating the possible operation
of a fast intramolecular H,-extrusion process, not available to
(75-CsH)Ru(CO),H.¢ 2, although thermally inert, undergoes
photosubstitution by alkynes (including ethyne) to give
(“parallel”)’ uyn?-alkyne tricarbonyl complexes, characterized by
a dirutheniacyclobutene nucleus and one bridging carbonyl group.?
In the absence of added ligands irradiation of yellow 2 in THF
with 350-nm or sunlight leads to rapid formation of the new,
thermally unstable, colorless compound 6.3 X-ray analysis (Figure
2) reveals the occurrence of a remarkable (and possibly unprec-
edented)® dinuclear oxidative addition to an sp?~sp® hydrocarbon
single bond.

Structures related to 6 have been postulated as precursors to
(fulvalene)dimetal complexes,!™* the former reacting by the
thermal reverse of the 2 — 6 interconversion, although reported
cases have involved metal hydride species at some stage of their
formation. Nevertheless, 6 thermally reverts cleanly to 2 (THF,
room temperature) following first-order kinetics (£, =21.9 % 1.0
kcal mol™!, log 4 = 11.7). This also occurs sharply in the crys-
talline state (208 °C; AG = —29.8 % 1.5 kcal mol™! by DSC). The
2 — 6 — 2 sequence represents a new photochemical energy
storage cycle.

A crossover experiment involved a 1:1 mixture of 2 and 90%
deuterated 2.° The absence of any crossover was ascertained by
mass spectral analyses of the resulting 6 and of subsequently
regenerated 2. This rules out the presence of monomeric (met-
al-carbene?)' intermediates in either process.

Although the exact mechanistic details of the reported reactions
are not understood, it is clear that hydrides are not necessary for
their occurrence. It is tempting to postulate initial photocleavage
of the Ru—Ru bond,* followed by rotation and rearrangement,
possibly involving bridging cyclopentadienylidenes.!! Interestingly,
2 converts to 6 in the presence of chlorinated solvents, normally
excellent traps for 17-electron metal centers,'? making this pathway
less attractive. An alternative is a concerted process through a
tetrahedral transition state.!

(3) 1: dark red cubes, 80%; mp 97-98 °C. 2: yellow plates, 78%; mp
288-290 °C; 'H NMR (200 MHz, acetone-dg) 6 5.90 (dd, 4 H, J = 2.2, 2.1
Hz), 4.40 (dd, 4 H, J = 2.1, 2.1 Hz); IR (CH,Cl,) vco 2020 (vs), 1952 (vs)
cm™; UV A« (THF) 243 nm (log € 3.99), 273 (4.04), 329 (3.85), 388 sh
(3.18). 3: purple crystals, 60%; mp 279-280 °C (lit.* mp not reported). 4:
orange flakes, 18%; mp 256-258 °C. 6: colorless plates, 62%; mp 208 °C
(isomerization point to 2); 'H NMR (CDCl,) § 5.39 (dd, 4 H, J = 2.1, 2.1
Hz), 4.68 (dd, 4H, J = 2.1, 2.1 Hz); IR (KBr) vcq 2000 (vs), 1960 (vs) cm™;
UV Anax (THF) 239 nm (log € 3.90), 286 sh (3.18).

(4) (a) Mills, O. S,; Nice, J. P, J. Organomet. Chem. 1967, 9, 339. See
also: Bailey, N. A.; Radford, S. L.; Sanderson, J. A; Tabatabaian, K.; White,
C.; Worthington, J. M. J. Organomet. Chem. 1978, 154, 343, (b) Abra-
hamson, H. B.; Palazzotto, M. C.; Reichel, C. L.; Wrighton, M. S. J. Am.
Chem. Soc. 1979, 101, 4123.

(5) See: Dyke, A. F,; Knox, S. A. R.; Naish, P. J.; Taylor, G. E. J. Chem.
Soc., Dalton Trans. 1982, 1297, Davies, D. L.; Dyke, A. F.; Knox, S. A. R ;
Morris, M. J. J. Organomet. Chem. 1981, 215, C30.

(6) Humphries, A. P.; Knox, S. A. R. J. Chem. Soc., Dalton Trans. 1975,
1710.

(7) Hoffman, D. M.; Hoffmann, R.; Fisel, C. R. J. Am. Chem. Soc. 1982,
104, 3858.

(8) The related reaction of a fulvalene dimolybdenum dihydride might
proceed through stepwise H-transfer mechanisms.!?P

(9) From 90% C;sDg, modified from McLean et al.: McLean, S.; Webster,
C. J.; Rutherford, R. J. D. Can. J. Chem. 1969, 1557.

(10) Baker, E. C.; Raymond, K. N.; Marks, T. J.; Wachter, W. A. J. Am.
Chem. Soc. 1974, 96, 7586.

(11) Hermann, W. A ; Kriechbaum, G.; Bauer, C.; Guggolz, E.; Ziegler,
M. L. Angew. Chem. 1981, 93, 838; Angew Chem., Int. Ed. Engl. 1981, 20,
815.

(12) Eisenstadt, A.; Tannenbaum, R.; Efraty, A. J. Organomet. Chem.
1981, 221, 317. Caspar, J. V.; Meyer, T. J. J. Am. Chem. Soc. 1980, 102,
7794.
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Binuclear transition—metal complexes bridged by phosphine
ligands such as bis(diphenylphosphino)methane (dpm)' and 2-
(diphenylphosphino)pyridine (Ph,Ppy)? have been shown to
provide a rich array of structural forms and an extensive reaction
chemistry. We have become interested in obtaining complexes
containing linear or nearly linear arrays of several metal atoms
and have chosen to examine the coordinating properties of several
polyphosphines related to dpm and Ph,Ppy. Here we describe
complexes formed from bis(diphenylphosphinomethyl!)phenyl-
phosphine (dpmp).> This ligand represents an elaboration of the
structural elements found in dpm. It has the potential for binding
three metal centers in a row, A, or forming a chelate ring about
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one metal ion, B. In the cases described here, the interaction of
this ligand with two different d® metal ions, Pd(II) and Rh(I),
leads to the formation of both structural types.

The reaction of equimolar quantities of dpmp with bis(ben-
zonitrile)palladium(II) chloride in dichloromethane solution
followed by the addition of ethyl ether yields the cream-colored
crystalline complex 1 in 76% yield. The 3'P{! H} NMR spectrum
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