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Physical Properties. PDPL showed the following character-
istics:14 air-sensitive greenish black fine scales with a metallic luster;
mp 155 °C dec; MS, m/e 350 (M*, 38%); 'H NMR (360 MHz,
CS, and C,D,;)"** 6 4.42 (d, 4 H, J = 8.5 Hz, H-5, -6, -12, -13),
5.23(d, 4 H, J = 8.5 Hz, H-4, -7, -11, -14), 5.54 (4 H, B part
of an AB, system, J = 8 Hz, H-1, -3, -8, -10), 5.57 (2 H, A part
of an AB, system, J = 8 Hz, H-2, -9); UV/vis Ay, (in THF)!%*
666 (log € 5.13), 636 (4.41), 610 (4.24), 544 sh (3.69), 4.68 (3.52),
442 (3.74), 400 (4.04), 346 (4.70), 324 (4.61), 309 (4.49), 282
(4.48), 230 nm sh (4.40). The striking feature is that the chemical
shifts of all protons are at markedly upfield regions for a condensed
conjugated hydrocarbon and are even at higher field by over 1
ppm than those of pyracylene (8 6.01 and 6.52), which is regarded
as a perturbed 127-electron system.!> Interestingly, the shifts
can be compared to those of the outer protons of [24]annulene
(6 4.73),' and 3,11,16,24-tetra-zert-butyl-1,12,14-trisdehydro-
{24]annulene (& 4.70, 4.71, 5.00, and 5.14).11% A reasonable
explanation for the NMR finding resides in the presence of an
induced paramagnetic ring current in PDPL, the highly anti-
aromatic molecule, which implies net energy destabilization with
electron delocalization in this system.

Direct insight into the amphotericity of PDPL was obtained
by electrochemical studies, and the results are summarized
schematically in Figure 1. The CV measurement! was carried
out at —50 °C since no reversible cyclic voltammogram was ob-
tained at room temperature due to its instability. For comparison,
the corresponding data for some related compounds are included.
Apparently, PDPL exhibits the smallest E,™™ (0.99 V) and the
highest E,™ (=0.43 V) among the hydrocarbons reported so far.*!®
The E™ values, which are comparable to that of well-known
w-electron acceptors 1,4-benzoquinone (E,;"d = -0.38 V, E,* =
-1.17 V)2%2b and 1,2-naphthoquinone (E, = -0.46 V, E, =
-0.77 V),2% can be correlated to the feature that the LUMO of
PDPL is a nonbonding MO (NBMO) that retains the charac-
teristic of the NBMO of the phenalenyl in the Hiickel level ar-
guments.?!

From the viewpoint of the electrochemical phenomena, PDPL
is the potential hydrocarbon from which two types of solid com-
plexes are isolated in which it behaves as a donor with a molecule
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and as an acceptor with another.?? To test this possibility we
attempted to prepare such complexes. Although PDPL forms 1:1
complexes with 2,4,7-trinitrofluorenone (greenish black solid, mp
>360 °C) and tetracyanoquinodimethane (greenish black solid,
mp 295 °C dec), our attempts to use donors to form complexes
with PDPL have led to failure to date.”* Further examinations
are currently being pursued.
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Activation of thermally stable polyhydrido phosphine complexes
has been one of our major research objectives.> With this in
mind, the oxidation of MoH,L, (L = PMe,Ph (=P) and PMePh,
(=P")) by Ag(I) in MeCN was investigated® and shown to produce
MoH,P,(MeCN),2* and MoH,P’3(CH;CN);2* along with H, and
Ag®. Among the many mechanisms proposed for this reaction,
the intermediacy of an inner-sphere electron-transfer precursor
complex [MoL,H,Ag]* seemed most attractive. We now report
the isolation of analogues of such an intermediate from the reaction
of the milder oxidant Cu(I) with the isoelectronic (d?) hydride
ReH;L; as well as the unusual outcome of electrophilic attack
upon Re,HgL,.

Addition of Cu(MeCN),PF; to a cooled (=70 °C) THF solution
of ReH;P’; followed by warming to room temperature results in
precipitation of a colorless solid. NMR spectral assay of this
reaction* indicates an unexpected 2:1 Re/Cu stoichiometry. Lack
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S H)
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Figure 1. (A) ORTEP drawing of the inner coordination sphere of
[ReHs(PMePh,),],Cu*, showing the crystallographic C; axis through
Cu. The dodecahedron about rhenium is composed of the trapezoids P3,
P5, H3, and H4 and P4, H1, H2, and H5. (B) ORTEP and space-filling
drawings of [Re,Hg(PMe,Ph),],Cu,?* viewed perpendicular to the
Re,Cu; plane. The center of symmetry is shown as a solid dot. Only six
of the 16 hydride ligands were located.

of H, evolution, integration of the 'H NMR spectrum, and the
absence of Cu® deposition suggest the formulation
[(ReHsP’;),Cu]PF, (1a) for the colorless solid (eq 1). An X-ray

2ReH;L; + Cu(MeCN)PF, —
[(ReH,L,),Cu]PF, + 4MeCN (1)
1a, L = PMePh,
1b, L = PMe,Ph

structure determination’ of colorless crystals of 1a grown from
hot MeCN confirmed this formulation and revealed some unique
features of the molecule (Figure 1A). The formally Cu(I) center
is coordinated to six hydrides in an unprecedented octahedral
configuration. The Cu center binds to three cisoid hydrides of
the dodecahedron about Re. Thus, each ReHP’; unit is func-
tioning as a tridentate ligand to the Cu center. The possibility
of Re — Cu donation cannot be excluded. Compound 1a is the
first isolated molecule in which a Cu(I) center is ligated exclusively
by hydrides.

The solution structure of the more soluble [(ReHsP;),Cu]* 1b
was found by low-temperature '"H NMRS to be consistent with
the presence of three bridging hydrides and two terminal hydrides.
The 'H NMR of 1b at both +16 °C and +75 °C shows a quartet
for the hydride resonances, indicating a bridge/terminal hydride
scrambling process that maintains Re-H bonds: the hydride never
migrates rapidly past the copper (via a terminal Cu-H) to the
other rhenium.

(5) Crystallograihic data (-168 °C): a =25.486 (13) A, b = 12.010 (4)
A, c=13340 (5) A, B =116.26 (2)°, V' = 3661.9 A%, Z = 2 in space group
P2/a; RF = 3.9%, R,F = 3.9%. All hydrogen atoms were refined isotropi-
cally. Selected structural parameters: Re-Cu = 2.607 (2), Re-P3 = 2,375
(2), Re-P4 = 2.398 (2), Re-P5 = 2.417 (2), Re-HI = 1.52 (12), Re-H2 =
1.35 (12), Re-H3 = 1.67 (10), Re-H4 = 1.50 (8), Re-H5 = 1.67 (8), Cu-H3
= 2,20 (8), Cu-H4 = 1.81 (7), Cu-H5 = 1.78 (8) A. /Re-Cu—Re’ = 169.2
(1)°.

(6) 360-MHz 'H NMR (acetone-dg) (-80 °C) § -5.17 (quartet, Jpy = 18
Hz, 2 H), —6.49 (br s, 3 H); the latter resonance is broad by virtue of direct
(bridging) interaction with quadrupolar *Cu and %°Cu (I = 5/2).
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To probe the interaction of the Cu(l) electrophile with a rhe-
nium polyhydride that also contains a Re/Re multiple bond, we
have characterized the purple precipitate that is isolated in 83%
yield from the reaction of equimolar Cu(MeCN),PF¢ with
Re,HgP,. The absence of gas evolution (established quantitatively
by Toepler pumping) and of copper metal deposition, in addition
to spectral data,’ are indicative of a Re,/Cu ratio of 1:1. An
X-ray diffraction study’® shows this ratio of metal atoms to be
correct, but reveals that the actual structural unit consists of two
Re dimers and rwo Cu cations (Figure 1B, eq 2). This hexa-
2Re,H;L, + 2Cu(MeCN),PF, ——

[Re,Cu,H 4Ls](PFs), + 8MeCN (2)
2a, L = PMePh,
2b, L =PMe,Ph

nuclear product displays an unprecedented planar rhomboidal
metal array. While this is contrary to the closed polyhedral
structures commonly seen for molecular six metal atom com-
pounds, the raft-like aggregate represents an attractive geometric
analogue of a metal surface. Re,Cu,H;sLs?* is the most hy-
dride-rich species demonstrated to date. The unique geometry
of the metals about copper and the steric accessibility (Figure 1B,
space-filling model) of copper suggest possible enhanced reactivity
of this dication.

Proton NMR of both 2a and 2b (hydride quintets) reveal that,
as with 1, the hydrides execute facile migration only in zones
localized about one Re,L, unit; even on a flat “raft” of metals,
hydride migration past copper is significantly hindered.

The unpredictable stoichiometry ((ReHsP;),Cu*) and aggre-
gation ((Re,HgP,Cu),?*) revealed in this work is associated with
the total loss of acetonitrile from Cu*, coupled with an aversion
on the part of Cu* to tolerate ligation from only one side. Cu-
(NCMe),*, as an operational source of “naked” Cu*, is thus an
attractive reagent for considerably aggregated (i.e., not merely
dimeric) mixed-metal species.
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Supplementary Material Available: Table of fractional atomic
coordinates, thermal parameters, and structure factors for 1a and
2b (65 pages). Ordering information is given on any current
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(7) (a) 220-MHz 'H NMR (acetone-d) (16 °C) § —5.86 (quintet, Jpy =
9 Hz, 12-14 H), +1.97 (d, J = 9 Hz, 24 H), +7.40—+7.70 (multiplets, 80
H). (b) Integration of the 220-MHz or 360-MHz proton NMR spectra of
this compound gave hydride counts (12-14) consistently short of the 16
required. Toepler pump measurements, GC analysis of solvent, and 2H NMR
of (Re,DgP,Cu),** show that the “missing” hydrides are not lost as H,, not
used in reduction of the solvent, nor resonate at unusual frequencies (i.e.,
downfield of Me,Si). Furthermore, subsequent derivatization reactions (to
be reported later) of 2b with phosphines show recovery of all 16 hydrides. On
the basis of the structure found for 1a, we feel certain that the hydrides not
found by X-ray diffraction bridge not only the Re, unit but also the Re-Cu
and perhaps the Cu—Cu bonds. The bridging hydrides may not be detectable
in the NMR because of extreme broadening caused by quadrupolar Cu.

(8) Crystallographic data (-162 °C): a = 14.964 (8) A, b = 12.866 (8)
A, c=11.585 (5) ,f a=93.11(3)°, 8 =93.37 (3)°, vy = 98.03 (3)°, V' =
2200.5 A3, Z = 1 in space group P1; RF = 5.7%; R,,F = 5.2%. All hydrogen
atoms located were refined isotropically. However, only six of the metal-bound
hydrogens were located. Selected structural parameters: Rel-Re2 = 2.572
(1), Rel-Cu3 = 2.627 (2), Rel-Cu3’ = 2.704 (2), Re2-Cu3’ = 2.708 (2),
Cu3-Cu3’ = 2.493 (3), Re-P ranges from 2.343 (4) to 2.398 (4), Rel-H2
;2.18 (14), Re2-H1 = 1.24 (13), Re2-H3 = 0.94 (13), Re2-H2 = 2.12 (13)



