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equilateral triangle which is symmetrically bound to the Re re­
sulting in a tetrahedral framework. The conversion of 3 to 4 
represents the first structural rearrangement of a four-metal core 
simply upon protonation.14 Also noteworthy is the fact that 
protonation converts the meridional arrangement of PMe2Ph 
ligands in 3 to a facial array in 4. 

In summary, the reaction of Ph3PAuOR with transition-metal 
hydrides proceeds smoothly and rapidly at room temperature to 
give one product in essentially quantitative yield. The number 
of hydrides can also be increased by simple addition of H+ and 
such protonation, which does not change the total valence electron 
count, can nevertheless cause reconstruction of the metal poly­
hedron. One feature of dinuclear reductive elimination (eq 2) 

M-X + R3PAuY — R3PAuM + X-Y (2) 

as a synthetic procedure for Au/other metal(M) compounds is 
that it occurs without change in charge on the species containing 
M; it is thus particularly suitable for (but not limited to) the 
synthesis of uncharged molecules. This sets the methodology apart 
from procedures which add AuPR3

+. Finally, the observation that 
proton transfer within [(PhMe2P)3ReH3(AuPPh3)3]OR completes 
what is stoichiometrically a dinuclear reductive elimination (even 
in a nonpolar solvent) emphasizes the Bronsted acidity of certain 
transition-metal polyhydrides.15 Consequently, reductive elim­
ination is not a concerted extrusion of the molecule X-Y in certain 
of the reactions reported here. 
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°(i) 2 equiv of BuLi; (ii) 0.5 equiv of Mo2(OAc)4. 

benzotetramethyltetraaza[14]annulene dianionic ligand1,2 (tmtaa2" 
= C22H22N4

2"; see Scheme I), although resembling porphyrins, 
shows important differences relative to electronic derealization, 
core size, and framework flexibility.3 

With hopes that some of them would be used as catalysts in 
redox processes, or would mimic naturally occurring systems, many 
"[Mn(tmtaa)]-type" complexes have been synthesized.4 However, 
facing the wide field of the metalloporphyrin chemistry — 
especially the new class of dinuclear [ML4J2 metal complexes 
recently reported5"8 —chemistry of [M"(tmtaa)]2 dimers with 
nonbridging macrocycles remains still undeveloped in spite of the 
promising reactivity of dimeric Ru-Ru bonded complexes.9 This 
lack may be attributed to the difficulties encountered in the 
synthesis of such nonbridged dimers. 

The in situ formation of an organic dianionic species by ab­
straction of two protons from the neutral macrocycle tmtaaH2 

may be involved in complexation processes leading to [M"-
(tmtaa)J-type complexes, but so far, isolation of such an inter­
mediate has not been reported.10 Furthermore, with M = Mo 
and W, tetradentate coordination of tmtaa2" is not observed, the 
only known species being the M0 carbonyl monomers M(CO)4-
(»)2-tmtaaH2) obtained from M(CO)6 and tmtaaH2." 

Thus to obtain [Mo"(tmtaa)]-type complexes, a new synthetic 
approach was necessary. We report a convenient and high-yield 
synthesis of complex 3, [Mo(tmtaa)]2, involving (i) the isolation 
of the lithium salt Li2tmtaa 2 and (ii) the reaction of 2 with 
Mo2(OAc)4.12 We also describe some of the redox properties 
of 3 and the first X-ray crystal structure of a mixed-valence 
Mo1YMo11' macrocyclic complex, compound 5, obtained by 
chemical oxidation of 3 (see Scheme I). 
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Coordination of small macrocycles such as tetraazaannulenes 
to transition metals is of current interest due to the complemen-
taries of these ligands with other well-known N4 macrocyclic 
derivatives such as porphyrins and phtalocyanines. The di-
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Figure 1. ORTEP plot of [{Mo(tmtaa)J2]'
+ viewed down the Mo-Mo bond 

axis illustrating the almost eclipsed configuration of the two MoN4 
moieties. 

Treatment at low temperature of a THF solution of tmtaaH2 

with 2 equiv of rc-BuLi affords, after warming up at 20 0C and 
crystallization (THF/n-hexane), pyrophoric bright red THF-
solvated crystals of Li2tmtaa (2) (see Scheme I). The diamagnetic 
compound 2 ( ( / ( N = C = C = C = N ) = 1545 cm"1) is obtained 
in nearly quantitative yield. 

At -30 0C, a THF solution of 2 reacts with 0.5 equiv of 
Mo2(OAc)2, affording, after extraction and crystallization 
(CH2C12/Et20), brown-black crystals of [Mo(tmtaa)]2 (3) in 70% 
yield. 

It is noteworthy that compound 3, which is slightly air sensitive 
and unstable in solution, could not be obtained by reaction of 
Mo2(OAc)4 with tmtaaH2 in various solvents, even in the presence 
of bases such as DBU.13 

The cyclic voltammetry of 3 in acetonitrile (0.1 M Bu4NPF6; 
200 mV/s) shows four redox processes corresponding to two 
reductions and two oxidations. The first reduction {Exl2 = -0.90 
V/Fc) and the firt oxidation (E1/2 = -0.44 V/Fc) are associated 
with chemically and electrochemically reversible one-electron 
transfer steps. The second reduction wave (E]/2 = -2.48 V/Fc) 
is irreversible (both chemically and electrochemically) whereas 
the second oxidation at El/2 = +0.42 V/Fc is an electrochemically 
reversible process. The magnitude of the second oxidation peak 
current suggests it is due to a two-electron transfer step. These 
results indicate that access to mixed-valence Mo n /Mo l n and 
Mo'/Mo" complexes may be expected by chemical redox pro­
cesses. Indeed the CV of 5 starting from 0 V/Fc is identical with 
that of 3 except that the redox process at -0.44 V/Fc is now a 
reduction wave. 

Characterization of the unstable reduced species 4, obtained 
by reduction of 3 with Na-Hg (toluene, -10 0C, 2 h), has been 
carried out by ESR spectroscopy. Evidence for the electron being 
delocalized over two molybdenum nuclei comes from the obser­
vation at room temperature of low-intensity 6- and 11-line spectra 
near the intense central signal (g = 1.964; AMo = 23.3 X 1O-4 

cm"1). 
Room-temperature oxidation of 3 with ferricinium salts is easily 

realized, quantitatively yielding the dark-purple cationic para­
magnetic Mo"/Mo'" species 5 as a thermally and air stable 
complex. ESR spectroscopy measurements (CH2Cl2; room tem­
perature) are indicative of a S = ' / 2 metal-centered radical {g 
= 1.959; AMo = 32.2 X 10"4 cm"1). 

The X-ray crystal structure of 5 (Figure 1) confirms the dimeric 
nature of this species.14 The two "saddle-shaped" ligands are 

(13) Kerbaol, J. M., unpublished results. DBU = 1,8-diazabicyclo-
[5.4.0]undec-7-ene. 

rotated by nearly 90° relative to one another with the molybdenum 
atoms displaced 0.57 A from the N4 coordination mean plane. 
The eclipsed configuration of the two MN4 moieties and the 
Mo-Mo distance of 2.221 ( I )A are consistent with a metal bond 
order of 3.5.12 These parameters may be compared with those 
of the recently structurally characterized metalloporphyrin dimer, 
[Mo(TPP))2, in which the Mo-Mo distance is 2.239 ( I )A, the 
Mo atoms are displaced 0.46 A from the plane, and the two 
porphyrin moieties are rotated 18° relative to one another.8 

In conclusion we would emphasize that use of the reactive 
species Li2tmtaa instead of tmtaaH2 constitutes an excellent ap­
proach for the synthesis of new tmtaa-metal derivatives. Further 
examples are presently under study. 
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C2/c with a = 34.483 (8) A, b = 15.749 (5) A, c = 16.991 (7) A, /3 = 101.06 
(6)°, V= 9056 (2) A3, Z = 8, dc = 1.625 g cm"3, n = 7.61 cm"1. Intensity 
data were collected on a CAD-4 Enraf Nonius automated diffractomer with 
Mo Ka radiation up to a 26 limit of 50°. The structure was solved by 
Patterson and Fourier methods and refined to present discrepancy indices R 
and i?w of 0.054 and 0.063, respectively, for 4599 independent reflections with 
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Although both fluorine and allene chemistry are active areas 
of research, there are few documented examples of fluoroallenes,2,3 

— C = C = C — F 
I I 

This type of functional group is not only of fundamental chemical 
interest but could also have important applications in the design 
of enzyme-activated irreversible inhibitors4 and other biologically 
active species. It is well-known, for example, that the replacement 
of a hydrogen by a fluorine atom at saturated and unsaturated 
carbon centers of enzyme substrates5,6 and inhibitors7 can have 
profound metabolic consequences. 

However, the lack of a practical route to fluoroallenes has 
limited their availability. We wish to report a simple and efficient 
means of preparing fluoroallenes that avoids the use of highly 
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