1330 (sh), 1192 (m), and 818 (w) cm™1) as well as FeCO (580
(m) and 562 (m) cm™!) bands. The intensity pattern in the
carbonyl region closely resembles that observed in Fes-
(CO)¢S,.62 The electronic spectrum of 3 in dichloromethane
solution is consistent with the presence of both the coordinated
TTN (Amax 262 nm (e 2.15 X 10%), 370 (sh, 1.29 X 10%), 400
(sh, 1.35 X 10%), 422 (1.43 X 10*))2 and the Fe,(CO)¢(SR)>
moieties (Amax 338 nm (e 1.44 X 104), 472 (sh, 1.23 X 10%)).6b
Structure 111 with two Fe,(CO)¢ groups bridged by the TTN
ligand can readily be assigned to 3.

O\ 'O O\ O
C \ ,
\ Fe/
\ 2
C C ,
O' \O O
C 10 H4S4Fe4 (00)12

The present “tetrathiolene” systems differ from the normal
dithiolenes in the following ways. First, the bridging TTN li-
gand is capable of accommodating up to a total of four valance
electrons. Thus, upon coordination to transition metal com-
plexes via oxidative addition of both S-S bonds, the ligand may
exist as formally a neutral entity, mono-, di-, tri-, or tetraan-
ion.” This charge-buffering ability is qualitatively similar to
two dithiolenes combined.32 Second, though each of the two
chelating rings C3S, contains an “odd”’ number of = orbitals,
yet the ligand as a whole exhibits unusual charge delocalization
ability” similar to “even” dithiolenes such as S,C2R,% but in
sharp contrast to “odd” dithiolenes such as SacSac8t which
behaves “normally”. Third, the reaction of Co;(CO)g with
TTN does not lead to complete elimination of carbonyls as in
the case of the reaction of Co,(CO)g with the dithiolene ligand
S,C5(CF3)5 to give the dimeric COz(SzCz(CF3)2)4.8C Fourth,
the presumed polymerization of (TTN Ni), (1) rather than
the formation of TTN N1,(CO)4 or (TTN), Ni (cf. Ni(CO)4
+ 2S2C2(CF3)2 - Ni[SQCQ(CF3)2]2 + 4CO)8d is quite sur-
prising. On the other hand, 1 is probably analogous to the
polymeric [Ni(SR);]« (R = Et, Ph) compounds formed by the
reaction of Ni(CO), with disulfides.>¢

The most intriguing physical property of 1 and 2 is their
electrical conductivity. Figure | shows the temperature (7'
dependence of the powder resistance (R) of 1 and 2 which can
be characterized by the relation

R T\~-1/2
g ()
nR0 T )

where T is the square of the slope of In R vs. T-1/2and is in-
versely proportional to the density of localized states.®19 Plots
of this type have been observed for a number of known one-
dimensional systems® and taken as evidence for one-dimen-
sional hopping conductivity between localized states. This
theory has been questioned recently by Mott.10 Nevertheless,
this type of plot may be used to characterize the conductivity
of these materials. The 7T values of 1.7 X 105 K observed for
both 1and 2 are, however, significantly higher than that gen-
erally observed for one-dimensional conductors or semicon-
ductors (range: 0.5~5 X 104 K).?

In conclusion, TTN is a highly versatile tetradentate ligand
which can be used in synthesizing new coordination compounds
with unusual physical or structural properties. Its reaction
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chemistry, however, is quite different from the well-known
dithiolene systems. We believe that both 1 and 2 are first ex-
amples of a new class of organometallic compounds which
possess interesting electrical conductivity behavior. We are
actively pursuing the reactions of other transition metal
complexes with tetrathionaphthalene, tetrathiotetracene, and
their analogues.
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Synthesis and Structure of a Novel Perchlorinated
Organonickel Complex Containing a Bridging
Trichloropropenyl Ligand

Sir:

Previous studies of the interaction of cyclopropenium cat-
ions, C3R3*, with organometallic substrates have demon-
strated a wide variety of different modes of coordination and
reactivity for these species. Examples include trihapto coor-
dination,!-4 carbon monoxide insertion leading to formation
of a trihaptooxocyclobutenyl ligand,>¢ oxidative addition with
ring cleavage,’ electrophilic attack on ligands such as the cy-
clopentadienyl ring,® ring opening and oxygen insertion,?-? and
asymmetric 7 coordination.!® Here we wish to report a com-
pletely different mode of coordination exhibited by these ar-
omatic but highly strained 27 3C ring systems.

Tetrachlorocyclopropene, as prepared and characterized
by West and coworkers,!! is easily converted to the aromatic
2m 3C trichlorocyclopropenium ion in the presence of Lewis
acids such as AICIl3, SbCls, or FeCls. This fact together with
the known reactivity of Ni(CO)4 toward allyl chloride!? and
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Figure 1. Molecular configuration of the [Nis(CO)a(us-C3Cl3) (u2-Ch]

cluster.

triphenylcyclopropenium chloride! 4 to generate = complexes
suggested that it may be possible to stabilize the C;Cl3* moiety
through trihapto coordination to a nickel carbonyl fragment.
We were unable to realize this desired result, but, fortunately,
were able to stabilize the C;Clj; species as a ring-opened pro-
penyl ligand in a unique bonding configuration bridging two
metal atoms. This communication describes the preparation
and single-crystal x-ray crystallographic identification of the
novel perchlorinated organometallic complex [Niy(CO),-
(u2-C3Cl3) (u2-CD ]

Nickel tetracarbonyl reacts with C3Cly in a wide variety of
different solvents (benzene, paraffins, ether, cyclohexene) to
generate in high yield (60--70% isolated) a red-orange crys-
talline material which is insoluble in all solvents with which
it does not react. The reaction can be summarized as

ANI(CO)4 + 2C3Cly
— [Niz(CO)a(u2-C3Cl3) (2-Cl)]2 + 12CO

based upon the x-ray analysis of the product. Complete char-
acterization of this air stable molecule was precluded by its low
solubility and extreme shock sensitivity.!* Needle-shaped
crystals suitable for single-crystal x-ray work were isolated
directly from the reaction mixture when benzene was used as
the solvent.

The results of the solid-state structural investigation!# are
shown in two representative views of the [Niy(CO)2(ua-
C;Cl3){(u2-Cl)] 5 cluster (Figures 1 and 2). The centrosym-
metric unit cell contains two formula units and, since each
formula unit is found to lie on a crystallographic center of in-
version, two half-molecules comprise the independent unit.!3
The [Niz(CO)2(u2-C3Cl3) (u2-Cl)]2 complex consists of a
six-membered NisCl, ring which is planar in each case to
within a maximum deviation of 0.03 A from the least-squares
best plane through the six atoms. Chlorine atoms bridge non-
bonded pairs of nickel atoms, Ni(1)--Ni(2)" and Ni(2)--Ni(1),
while, symmetrically disposed in a unique position bridging
the bonded pair of nickel atoms, Ni(1)—Ni(2), lies a trichlo-
ropropenyl ligand. This C3Cl; ring-opened species is planar
to within a maximum deviation of 0.05 A and is orthogonal to
the Ni4Cl, plane as can be seen in Figure 2. The coordination
sphere of each nickel atom is completed by a terminal carbonyl
ligand which is bent away from the C3Cl; bridging group.

Examination of the bond lengths within the Ni,Cl, ring gives
no indication of extremely short, multiply-bonded, nickel atoms
even though a crude electron count demonstrates that the
nickel atoms are electron deficient. The independent Ni—Ni
bonds bridged by the trichloropropenyl ligands are 2.528 (1)
and 2.544 (1) A6 and are long when compared with those of

Figure 2. Alternate view of the [Ni2(CO)a(p2-C3Cl3)(u-Ch] cluster
displaying the orthogonality of the C3Cl; and NisCl; fragments.

some hydrocarbon-bridged nickel complexes, e.g., 2.36 A in
[(7%-CsHs)Ni(u2-CO)]2,17 2.338 (7) A in Nig(CN-1-Bu)5,'#
2.329 (4) A in [(#7-CsHs)>Nia(u-CsPh,)],19 2.265 (1) Ain
[(n%-CsHs)aNiz(u2-PhaP(0)C=CCF;)],20 and 2.345 (3) A
in [(5°-CsHs)aNis(u2-CyH5)],2! but more reasonable when
compared with those of others, e.g., 2.617 (2) A in [(1,5-
COD)Niy(u2-CsPhy)], 22 247 A in [(CO)sCo]a(ua-
C,Ph,),2324 2,463 (1) A in [(CO)3C0]2(u2-Ca-t-Buy), 2420
and 2.540 (1) A in [Ni(u2-CsH7)1.2” The Ni--Ni separation
in nickel metal measures 2.492 A2, The M—M separations
in bridged binuclear organometallic complexes are observed
to vary over a wide range and to be dependent upon the steric
requirements of both the bridging and terminal ligands. Cotton
and co-workers?® have estimated the Ni-—Ni separation in
bridged complexes of this type to be in the range 2.32-2.36 A
for a single bond when bridged in a sterically favorable manner.
In the case of the C3Cl; bridged pair of nickel atoms, very short
interatomic C---C contacts of 2.79-2.84 A are found between
C(3) and the carbonyl carbon atoms CO(1) C and CO(2) C.
These short nonbonded contacts, when compared with the sum
of the van der Waals radii of carbon of >3.30 A, no doubt
restrict the closcness of approach of the two nickel atoms. The
chlorine-bridged pair of nickel atoms are separated by non-
bonded distances of 3.687 (1) A while the Ni—Cl bond mea-
sures 2.237 (1) A (four values, range 2.235-2.240). The av-
erage bond angles within the ring are 111.1 (1)° for Ni(1)’-
CI(7)-Ni(2), 123.6 (1)° for Ni(1)-Ni(2)-CI(7), and 125.4
(1)° for the Ni(2)-Ni(1)-CIl(7)’ angle.

The trichloropropenyl ligand is planar and symmetrically
bridges the bonded pair of nickel atoms such that its plane is
approximately orthogonal to the NisCl, plane.?! The Ni—C
distances which measure 1.961 (3) (four values, range
1.947-1.978) for Ni—C(1), 2.293 (3) (four values, range
2.254-2.328) for Ni—C(2), and 1.925 (4) A (four values,
range 1.920-1.929) for Ni—C(3) indicate a slight degree of
asymmetry between the two ends of the propenyl ligand with
C(3) being on average ~0.03 A closer to the nickel atoms. The
terminal C(1,3)—Ni distances compare quite favorably with
the 1.90-2.00 A Ni—C bond lengths observed in acetylene-
bridged nickel complexes!?-23.26

The C—C and C—ClI bond lengths within the trichloro-
propenyl bridging ligand suggest a high degree of electron
delocalization. C—C bond lengths average 1.396 (5) A (four
values, range 1.381-1.404) and may be compared with C—C
distances in acetylene bridged complexes (1.35-1.40),!9-23-26,32
allyl complexes (1.35-1.48),33 and propenyl, cyclopropenyl,
and cyclobutenyl complexes (1.37-1.48).43.7-10.34 The
C(1)-C(2)-C(3) bond angle spans 99.7 (6)°. The chelating
C(1)--C(3) distance measures 2.132 A and agrees with pre-
viously observed values obtained for complexes contain-
ing terminal propenyl ligands, viz., 2.15 A in [Ir(CO)Cl-
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[P(Me)g]z[C3(C(,H5)3]]+ 7 and 2.06 and 2.10 A in the [[é’l’ld()-
and [[ex0-C4(CeHs)4(OC;Hs)Pd(u;-Cl)]; complexes, res-
pectively.3* The C--Cl bond lengths which average 1.715 (3)
A (six values, range 1.710-1.721) are typical of C—-Cl dis-
tances found in many chloro-substituted olefins,?3

The short C—C and C—Cl bond distances, the planarity
of the C;Cl; moiety, and its orthogonality to the Ni—Ni bond,
are indicative of a completely delocalized Nij(u,-CiCl3)
fragment. One aspect of the bonding can be explained in terms
of the modified Dewar-Chatt-Duncanson model3® used to
describe the bonding in dinuclear acetylene bridged complexes
where the C-—C vector of the acetylene triple bond (and con-
sequently the = electron cloud) is orthogonal to the M-M
vector. In the [Niz(CO)a(u2-C3Cl3)(u,-Cl)2] complex the open
three-carbon propenyl fragment C(1,2,3) with its = cloud is
also positioned orthogonal to the Ni-Ni vector. However, this
bonding rationale is not totally satisfactory since opening of
the strained cyclopropenium ion results in a three-carbon
fragment which possesses considerable electron density on the
terminal carbon atoms, C(1) and C(3). A more in-depth mo-
lecular orbital analysis is required to rationalize fully all aspects
of the delocalized Ni;(u,-C3Cls) bonding.

The preparation and isolation of this novel perchlorinated
propenyl cluster complex extends our current ideas of the mode
of coordination of cyclopropenyl and propenyl species from
those involving only one metal atom as enumerated previously
to binuclear and possibly polynuclear types of metal
interactions. The oxidative addition adduct [Ir(CO)Cl-
[P(CH3)3]5[C3(CeHs)3]]* cation” where a four-membered
iridocycle is formed serves as an example of a mononuclear
precursor to the binuclear complex reported here. It also
suggests that the use of halosubstituted C3;X4 and C3X3*
species may prove a fruitful synthetic approach into perhalo-
genated organometallic complexes. We are currently pursuing
synthetic work to probe the utility of these ideas.
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Sterically Hindered Isomers of Retinal from Direct
Irradiation of the All-Trans Isomer.

Isolation of 7-cis-Retinal!

Sir:

Wald, Hubbard, and Brown established that the all im-
portant 11-cis-retinal can be obtained by direct irradiation of
the all-trans isomer in a dilute ethanol solution.? In a steady-
state mixture, the amount of 11-cis was estimated to reach 25%
of the combined isomer composition. They further showed in
a simple and elegant experiment that from the photolysate
all-trans, 13-cis, and | 1-cis isomers can be isolated by frac-
tional recrystallization.2® To the vision researchers this pro-
cedure remains the most direct route to small amounts of pure
11-cis-retinal.

The mechanistic details of the photoreaction have since been
examined in great detail, but much confusion still exists. The
product mixtures have been analyzed by UV spectroscopy,?-3
thin layer chromatography (TLC),* and more recently by high
pressure liquid chromatography (HPLC).® quantum yields
determined under direct and sensitized irradiation condi-
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