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This article reviews factors affecting the metal-metal bond lengths in the quintuple bonded complexes
and reactivity thereof. The metal-metal bond length is the most intriguing metric in the multiple bonded
dinuclear complexes. This is not only the case in the well-developed triple and quadruple bonding, but
also in the newly-born quintuple bonding. Akin to the wide range of Cr—Cr quadruple bond lengths found
among the quadruple bonded complexes, the quintuple bonded dichromium complexes also show a large
variation in the Cr—Cr bond lengths, although only fifteen dichromium compounds have been character-
ized thus far. Donor atoms and steric pressure of the supporting ligands are two main factors affecting the
Cr—Cr quintuple bond lengths. The highly reducing nature and low coordination of the quintuple bonded
bimetallic complexes render them reactive towards many small inorganic molecules and organic func-
tionalities, and many interesting reactions, such as addition, complexation, cycloaddition and reductive
cleavage, were discovered from them.
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1. Introduction

Synthesis of multiple bonded dinuclear complexes has grasped
interest of scientists for many decades and thousands of such com-
plexes have been structurally characterized. A new era of multiple
bonded inorganic compounds was initiated by Cotton’s landmark
discovery of the first quadruple bonded dirhenium complex [Re;.
Clg]> in 1964 [1]. Since then, many bimetallic transition metal
complexes with a formal quadruple bond have been subsequently
characterized [2]. Furthermore, the identification of simple dia-
tomic transition metal molecules with a quintuple (Nb,) [3] and
a sextuple (Crp, and Mo,) [4-10] bond from the metal atom-argon
matrix condensation experiments encouraged the interest of
scientists for going beyond the element-element bond order of
four. On the theoretical side, in 1979, Hoffmann and co-workers
speculated that a dinuclear complex featuring a D3}, configuration
could possibly have a metal-metal quintuple bond [11]. Moreover,

Landis and Weinhold, according to their calculations, indicated
that the Gy, trans-bent MyH, (M = Cr, Mo, W) complexes have a for-
mal M-M quintuple bond [12-15]. The hybridization tendencies of
s and d,,? orbitals of transition metals are responsible for the trans-
bent geometry of M,H,. The strong tendency toward sd,2,? hybrid-
ization in M,H, results in the strongest M-M o bonds and bent
ligand arrangement around the metal centers [14]. As a matter of
fact, the trans-bent geometry has been recognized in the multiply
bonded dimeric main group compounds. Power and co-workers
employed the sterically hindered unidentate terphenyl ligand 2,6-
(2,6-'Pr,CgH5)-CsH, (Ar) to synthesize many trans-bent multiply
bonded dimeric complexes Ar'EEAr’ (E = Group 13 and 14 heavy ele-
ments) [16,17]. Inspired by their trans-bent ArEEAr’ compounds and
the quintuple bonded Cr,H, model complex, Power and co-workers
subsequently applied Ar’ to stabilize transition metals as well. The
quest for a quintuple bonded complex was achieved by the
characterization of the first isolable quintuple bonded dichromium
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