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a planar three-coordinate geometry about each metal center on
the basis of the crystal structure of Pt,(dppm); in which the
stereochemistry about each metal is essentially identical with that
of monomeric Pt(PPh;);.° The nature of the emissive species in
our experiments is clouded by the fact that the monomeric com-
plexes are known to exist in solution as equilibrium mixtures of
ML, (rn = 2-4) with the position of the equilibrium depending
to a large extent upon the steric bulk of L.” On the basis of a
number of lines of evidence we believe that the observed solution
luminescence in this class of complexes comes from species that
are three-coordinate in both the ground and excited states.®
The radiative decay rates for all of the complexes in Table I
are slow which suggests that the electronic transitions responsible
for the observed emission spectra are only weakly allowed. We
have observed that organic triplet quenchers will quench the
emissive excited states of Pd(PPh;),, Pd,(dppm);, and Ni(P(O-
o-tol);); with rates that depend systematically upon the organic
triplet energy, indicating that emission from the d'° complexes
originates from low-lying triplet states. The relative insensitivity
of the observed emission spectra to the nature of the phosphine,
phosphite, or arsine ligands suggests an excited state that is by
and large metal localized in character. This is in accord with our
extended Hiickel molecular orbital calculations® which indicate
that the lowest excited state for the planar ML, d!° complexes
should correspond to the promotion of an (n)d electron to a vacant
metal localized (n + 1)p, orbital. An analogy exists between the
d!® p < d excited states and the previously investigated!® p
d excited states of square-planar d® complexes. In essence the
trigonal symmetry of the d!° complexes causes the metal d,, and
d,2,2 orbitals to become degenerate and to lie lower in energy than
the'(n + 1)p, level. In contrast for d® complexes with four-fold
symmetry d,, and d,._. are split and d,2_,> lies above (n + 1)p,.
As a result the lowest energy excited states for both systems
become the p < d states. The important difference between the
d® and d!° complexes lies in the lifetimes of the p < d excited
states. For the d® complexes the emissive excited states are im-
measurably short lived at room temperature in fluid solution,!!
which has been a major factor in preventing the investigation of
bimolecular photochemistry of these types of complexes.
Given the microsecond excited-state lifetimes of the complexes
in Table I in solution it seemed likely to us that bimolecular
photochemical reactions of these complexes could be observed.
This is indeed the case as shown in eq 1 where low-energy visible

hV
Pd,(dppm); + CH,Cl, — sz(#'CHz)(ldppm)z(Cl)z + dppm

(1

irradiation of Pd,(dppm); in the presence of CH,Cl, leads cleanly
and quantitatively to the formation of the methylene bridged dimer
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1 in which a formal net four-electron oxidation of the dimer has
been effected with one visible photon.!> The monomeric com-
plexes are also photochemically reactive as shown in eq 2 where

Pd(PPhy), + CgH,Cl — trans-Pd(PPhy),(CaH)(CD)  (2)
2

the oxidative addition product 2 can be isolated in 20% yield.1?
Significantly 2 has been isolated from the thermal reaction of
Pd(PPh,), with chlorobenzene at 120 °C!2* whereas the photo-
chemical reaction proceeds at room temperature. As a variety
of catalytic reactions of d!° phosphine and phosphite complexes
involve initial activation of halocarbons!? via oxidative addition,
our photochemical results suggest the possibility of expanding the
scope of these catalytic reactions to thermally unreactive substrates.
We are also investigating the possibility that some of the previously
identified radical reaction pathways in the thermal reactions of
halocarbons with d° metals may in fact be photochemically in-
itiated.!

In summary we have identified a new class of p < d excited
states general to low-valent metal complexes which have potential
applications in photocatalysis. In addition to pursuing the pho-
tochemistry we are also expanding our studies of the fundamental
photophysics and spectroscopy of these complexes and we are
trying to assess the generality of these types of excited states for
other metals (e.g., Ag(I), Au(l)) and other coordination envi-
ronments.
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We wish to report the synthesis and structural and partial
spectral characterization of a novel Ni(0) complex of a planar
dehydroannulene,! complex I (Figure 1). The incorporation of
a nickel atom into the cavity of the dehydroannulene II leads to
novel chemistry when compared to transition-metal complexes
of other unsaturated hydrocarbons?~ and provides compelling
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Figure 1. Labeling diagram of Ni(C,4H,,). The hydrogen atoms are
drawn arbitrarily small for clarity.

arguments that I may lead to a new class of one-dimensional
conductors. The planarity of molecules of I can be compared to
that of phthalocyanine® and porphyrin’ metal complexes. (Some
of these nitrogen donor complexes are one-dimensional conductors
when partially oxidized or reduced.) In contrast to the nitrogen
donor complexes, complex I contains soft donor atoms; a feature
found in the conducting metal chalcogenides. A final parallel to
one-dimensional conducting systems®? is found upon examination
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Communications to the Editor

of the molecular packing. Molecules of I stack in a2 manner
reminiscent of the component compounds of the one-dimensional
conductor TTF-TCNQ!? and very similar to undoped nickel(II)
phthalocyanine.®

All manipulations, unless otherwise stated, were done by using
inert atmosphere techniques.!! Reaction of the dehydroannulene
I1, 1,2:5,6:9,10-tribenzocyclododeca-1,5,9-triene-3,7,11-triyne!2
(0.100 g, 3.33 X 10~ mol) with Ni(COD),"* (0.092 g, 3.3 X 10™*
mol) in 10 mL of C¢Hy gives a deep blue solution from which long
needle-shaped crystals form. The 'H and 13C spectral* indicate
the formation of a symmetric monomeric species containing the
cyclyne II as the only carbon and hydrogen moiety. Elemental
analysis’® of the material is consistent with the formula Ni-
(Cy4Hyy). The field desorption mass spectrum gives a moiecular
weight!® for the parent ion of 358.2 (5) amu. Benzene and THF
solutions of the complex are stable indefinitely under argon or
vacuum. Benzene solutions of the complex decompose instantly
on exposure to air, while THF solutions are stable for short periods.
In contrast, the crystalline solid is air-stable.

The IR spectrum (KBr) of I strongly resembles that of the free
cyclyne II except for a C=C stretching band which occurs as a
strong band at 1955 (3) cm™! in the spectrum of I and as a weak
band at 2200 em™ in the spectrum of 11.17  The 13C resonance
for the acetylenic carbon at 101.8 ppm, the infrared data, and
the crystal structure (vide infra) are consistent with the carbon-
carbon triple bonds acting as three two-electron donors.'®1° The
UV=-vis spectrum (THF) in the 800-290-nm region shows a
maximum at 587.5 nm (e = 2.5 (3) X 10%) and a shoulder at 370
nm (¢ = 10%). The absence of bands in the visible region in the
spectrum of free II and the high extinction coefficient of the
587.5-nm band in the spectrum of the complex suggest that this
band is a metal to ligand charge-transfer band. This is consistent
with an electron-rich Ni(0) and an easily reducible ligand.!»20
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Figure 2. ORTEP stereoview of Ni(Cy4H,,) along the ¢ axis with the b axis to the right. The ellipsoids are drawn at the 50% probability level except

for the hydrogen atoms which are drawn arbitrarily small for clarity.

S5 »
fr(;(;‘/f){{r ﬁ%@
3 //(_'/ g V)
% A wR, A
LL;@\ p%éic g S:%\L&t\q‘@( i
/‘.‘\. Yy 4
¥

i
W
\& %‘O
S AN
77 ;?\ ., 7
! prS

e

1>y
=
L
v .
Az
<

&
oy ya]
J

) ey
b

P

-

Sy

R Y/

T oy

SR <7 ~
&k (e
K&;ﬁ@g }J’J@\E%
{06 9] A
(040 50

'efe S
< {C{J (,_)

Figure 3, ORTEP packing diagram along the b axis with the @ axis to the
right.

Crystals suitable for X-ray diffraction studies were obtained
on recrystallization from benzene.?! Intensity data were collected
in air on a Syntex P2, single-crystal diffractometer. The structure
was solved and refined to a final R, = 0.044 (I = 34(I)).22 The
molecule is nearly planar with Ni-acetylenic-carbon distances
averaging 1.958 (5) A as compared to 1.899 (19) A in Ni(z-
BuN==C),(PhC=CPh).2> The acetylene linkages are distorted
from linearity with C—C=C angles averaging 173.8 (9)° com-
pared to 178.3 (9)° for the free cyclyne?* and 148.6 (14)° for
Ni(z-BuN=C),(PhC=CPh). The distortion from linearity is the
least that has been reported for any w-bound acetylene complex
and may be imposed by the benzo rings. The acetylenic car-
bon—carbon bond length in the complex is 1.240 (10) A compared
with 1.192 (2) A in the free cyclyne and 1.284 (16) A for Ni-
(¢-BuN=C),(PhC=CPh). The oRTEP packing diagram along
the c axis (Figure 2) shows a slipped-stack arrangement with the
benzo groups eclipsed. A view along the b axis (Figure 3) shows
a herringbone pattern with an interplanar distance of 3.37 (1)
A. The free cyclyne is also slipped stacked?* with an interplanar
spacing of 3.29 A and the benzo groups staggered.

Further synthetic work will center upon using modified ligands
and different metal centers as well as controlled oxidation and
reduction. Preliminary reactions with I, with TCNQ as oxidizing
agents have given several solid phases that are presently under
study. Electrochemical, conductometric, spectral, and theoretical

(21) Crystallographic data; Space group, Prna2;, a = 15.518 (3) A, b =
18.761 (4) A, ¢ = 5375 (1) A; praed = 1.528; Popsa = 1.54; Z = 4, FW =
359.07. The intensity data were collected from 3.0 < 26 < 55.0. Refinement
to convergence on the 848 independent reflections, I 2 3¢(J), resulted in final
isotropic R = 0.046 and R, = 0.044.

(22) The U.C.L.A. Crystallographic Computing Package, Jan 5, 1982.

(23) Dickson, R. S.; Ibers, J. A. J. Organomet. Chem. 1972, 36, 191-207.

(24) Irngartinger, H.; Lesiserowitz, L.; Schmidt, G. M, J. Chem. Ber.
1970, 103, 1119-1131,

studies are in progress.
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The evidence in favor of 2 monomeric metaphosphate inter-
mediate in the reactions of monosubstituted phosphates appears
to be persuasive.! However, recent stereochemical studies’ on
nucleophilic displacement reactions of phosphate monoesters have
demonstrated that they occur with inversion of configuration in
protic solvents, which argues against a “free” metaphosphate in
these instances. A considerable amount of the direct evidence
for the intermediacy of monomeric metaphosphate has been ob-
tained in organic solvents (the three-phase test,> Conant and Swan
fragmentation,* phosphorylation of hindered alcohols®). It remains
a significant possibility that a metaphosphate-like intermediate
may have a longer lifetime in organic solvents. We report here
one of the first determinations of the stereochemical course of a
phosphoryl transfer reaction in an organic solvent. A chiral
[160,170,80]pyrophosphate derivative has been used to determine
the stereochemical course of the phosphoryl transfer reaction of
a P!, Pl-disubstituted pyrophosphate. This reaction may represent
a good model for the hypothetical enzyme-catalyzed “dissociative”
phosphoryl transfer, particularly since such enzyme-catalyzed
reactions often involve a pyrophosphate phosphoryl donor.

The dianions of P! P!-disubstituted pyrophosphates have been
shown to be extremely reactive® as compared to the corresponding
mono-, PL,P2.di-, and trisubstituted pyrophosphates. This reactivity
has been explained in terms of a facile dissociative decomposition
to give a metaphosphate intermediate, Scheme Ia. The study
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