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Abstract

Syntheses of the mono-, bis- and poly-nuclear Ru-o-acetylide complexes, trans-[Ru(CO),(P"Bu;),(-C=C-C¢Hj),], trans-
[CIRu(CO),(P"Bu 3),-C=C-p-C¢H 4-C¢H 4—p—C=C-Ru(CO),(P"Bu,),Cl] and trans-[-Ru(CO),(P"Bu,),-C=C-R-C=C-], (R =
p-Ce¢H,, p—-(CH,),C¢H,) are reported. A study of the electronic structure of model metal-acetylide complexes of Group 8,
M(L),(L"),(RH),, CIRu(L or L'),-R-Ru(L or L'),Cl, [M(PH,),(RH),R and [M(LXL),(R)], (M = Fe, Ru; L =L’ = PH;, PMe,;
L=CO, L'=PH,; R =-C=C-, -C=C-C¢H,~C=C-, -CH=CH-p-C4H ,~CH=CH-) has been carried out using the Fenske-Hall
molecular orbital model. These results and a comparison of the IR (v stretching frequencies) and optical absorption (7—m*
energy band gap) spectra of these complexes provide evidence for the role of (i) auxiliary ligands, (ii) metal, and (iii) the bridging
alkyne units in determining the extent of m-electron conjugation in the backbone of these rigid rod organometallic complexes.
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1. Introduction

Extended one-dimensional #-electron delocalization
in a macromolecule imparts intriguing physical and
chemical properties with potential technological ap-
plications [1]. Conjugated organometallic polymers,
[-M(L),C=C-R-C=C-],, containing transition metal
centers linked vie organic moieties [2] offer promise
for properties such as third-order non-linear optical
effects [3] and liquid crystalline behavior [4]. A detailed
understanding of structure-property relationships in
these complexes is essential to exploit the chemical
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design of new materials fully. Qur approach to gain
insight in this area has been to study the factors that
contribute to the extent of w-electron delocalization in
the backbone by varying the metal, the auxiliary ligands
and the connecting organic moieties. We report herein
synthesis and characterization of monomeric, trans-
[Ru{CO),(P"Bu,),(-C=C~C¢Hy),] and the first exam-
ples of a soluble dimeric complex, viz. [CIRu(CO),-
(P"Bu,),-C=C-p-C4H,-C,H,~C=C-Ru(P"Bu,),-

(CO),Cl], and for polymeric complexes, viz. [-Ru-
(CO),(P"Bu,;),-C=C-R-C=C-], (R =p-C¢H,, p-
(CH;),CcH,), and the results of a detailed study of
the electronic structure of the model Group 8 metal-
o-acetylide complexes, M(L),(L'),(RH),, CIRu(L or
L),-R-Ru(L or L),Cl, [M(PH,),RHL,R and
[M(L),(L'),(R)], (M =Fe, Ru; L=L'=PH,, PMe,;
L=CO, L'=PH;; R=-C=C-, -C=C-C,H,~C=C-,
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-CH=CH-C;H,—~CH=CH-). The calculations provide
a useful overview of the effects of tuning the properties
of such polymers by substitution of ancillary ligands at
the metal center, changing the metal, and altering the
nature of the conjugated backbone alkyne ligand. The
results are supported by a comparison of the IR vq_c-
stretching frequencies, and the electronic absorption
spectra of the title complexes.

2. Results and discussion

2.1. Synthesis

The synthetic strategy (Scheme 1) is based on a
Me;Sn-alkynyl ligand exchange route developed re-
cently for a series of transition metal o-acetylide com-
plexes [5]. The monomeric Ru-bis-acetylide complex
[Ru(CO),(P"Bu,),(-C=C-C¢Hy),] (3) was prepared
by reaction of Ru(CO),(P"Bu,),Cl, (1) with 2.5 equiv-
alents of Me;Sn—-C=C-C¢H, (2) in THF in the pres-
ence of a catalytic amount of Cul. A series of similar
Ru-bis-acetylide complexes, trans-{[Ru(CO),(PEt,),—
C=C-R),] (R =H, C(H, 'Bu, SiMe,) was prepared
recently from Ru(CO),(PEt;),Cl, and the correspond-
ing Li-alkynyl reagents by Sun et al. [6]. A rigid rod-type
trans arrangement of the acetylenic units around Ru in
such Ru-bisacetylide complexes was confirmed by

CO_ ,P"Buy,
O
"Bu,P”  'CO

(©)]

Me3Sn— C=C—C4H;
2

single crystal X-ray diffraction study of trans-
[Ru(CO),(PEt,),(-C=C-R),] (R =H, C¢H,) [6] and
trans-[Ru(DPPE), (-C=C-C¢H;),], [7] where DPPE =
1,2-bis(diphenylphosphinoethane).

Treatment of 2.2 equivalents of (1) with one equiva-
lent of Me;Sn-C=C-p-C¢H ,—~C H ;-p-C=C-SnMe, (4)
in tetrahydrofuran yields the bimetallic complex, [Cl-
Ru(CO),(P"Bu;),-C=Cp-C(H ,~C¢H ,-p-C=C-Ru(P-
"Bu,;),(CO),Cl] (5). When a similar reaction is carried
out with an equimolar mixture of (1) and (6 or 7) in the
presence of a catalytic amount of Cul, the polymeric
complexes [-Ru(CO),(P"Bu,),~-C=C-R-C=C-], (R =
p-C¢H, (8), p—C,H,(CH,), (9)) are obtained. These
complexes (5, 8, 9) are soluble in common organic
solvents, and were purified by column chromatography
on alumina with dichloromethane as eluant. The
molecular weights of the polymeric complexes (8, 9)
were determined by gel permeation chromatography

(8]

2.2. Spectroscopy

Metal-to-alkyne ligand charge transfer (MLCT) is a
common spectral feature of the transition metal o-
acetylide complexes, and reflects the extent of m-clec-
tron conjugation in these complexes. With an increase
in mr-conjugation, strong shifts in the optical absorption

CO\ /PrlBu3 co_ , P"Bu, CO\ /P"3113
Cl—Ri—Cl Cl—Ry = C=C-R—C=C—Ru —Cl
. 1
"Bup” CO  Me,Sn—C=C—R—C=C—SnMe, B8P CO "Bu;P” CO
@ (R = p-CgH,-CgH, (4)) (R = p-CeHy-CeH, (5))

MeySn—C=C—R—C=C—SnMe;,
R =p-CgH, (6); p-CHy(CHs), (7))

CO, P"Bu,

—R{i-C=C-R—C=C—
"By,P° 'CO
n
R= P‘C6H4 (8); p-C¢H,(CHy), (9))

Scheme 1.
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[9] and v infrared transition to lower energies are
observed. The solubility of the Ru-o-acetylide com-
plexes (especially of the polymeric complexes) in
dichloromethane allows an evaluation of their optical
properties. The results of the optical absorption mea-
surements are summarised in Table 1. The complexes
show strong absorptions, which are assigned to MLCT
transitions. The optical absorption spectra of the com-
plexes provide minimum excitation energy values which
indicate that the band gap (Table 1) is lower for the
polymeric complexes (8, 9) than for the bimetallic
complex (5) by 0.90 eV. This is in agreement with the
previous results on platinum o-acetylide complexes [9],
and shows that the m-electron conjugation is main-
tained through the Ru?* centers in these complexes.
The band gaps for the polymeric complexes containing
mixed auxiliary ligands, [-Ru(CO),(P"Bu,),-C=C-
R-C=C-], (approximately 3.5 eV) are much higher
than for the analogous complexes containing only
phosphine ligands, [-Ru(DEPE),-C=C-R-C=C-],
(3.07-3.25 eV). Also the minimum excitation energies
for the Ru?* dimer (5, 44 eV) and the polymeric
complexes (8, 9 approximately 3.5 eV) containing the
mixed auxiliary ligands are higher than for the corre-
sponding Pt?>* complexes containing only phosphine
ligands (bimetallic complex, 3.60 eV; polymeric com-
plex, 3.26 eV) [9] (Table 1).

The IR spectra of the Ru-cg-acetylide complexes
show a single strong v.. absorption consistent with
trans-configuration of the acetylenic units around Ru.
Several important features are evident from the IR
data presented in Table 1:

(i) the vo_c-stretching frequency for the polymeric

complexes, [-Ru(CO),(P"Bu,),-C=C-R-C=C-],
(2085 cm™ 1) (8, 9) is 21 wave numbers lower than for
the bimetallic complexes (5) (2106 cm™!), indicating a
higher degree of conjugation in the former;

(i) the v _-stretching frequency is higher for the
monomeric complex, [Ru(CO),(P"Bu,),(-C=C-
CcHj),] 3), by 39 cm™! than for [ Ru(DEPE),(-C=
C-C4Hs),] [7], a complex containing only phosphine
ligands on Ru;

(iii) similarly, the v._-stretching frequency for the
polymeric complexes, [-Ru(CO),(P"Bu,),-C=C-R-
C=C-}], (8, 9) is about 39 cm™! higher than for the
analogous complexes conaining only the phosphine lig-
ands, [-Ru(DEPE),-C=C-R-C=C-],;

(iv) a comparison of the IR spectra of [Ru(PMe,),-
(-C=C-C4Hy),] (2055 cm™") [5b], [Ru(DEPE),(-C=
C-C¢Hj),] (2054 cm™!) [7], and [Pt(PEt;),(-C=C-
C¢Hs),] (2100 cm™!) [10] indicates that the v,
stretching frequency is lowered by approximately 45
cm~! when a Group 10 (d®) metal is replaced by a
Group 8 (d®) metal. However, there is a small change
(7 cm™Y) in the stretching frequency when the mixed
auxiliary ligand complex [Ru(CO),(P"Bu,),(-C=C-
Ce¢Hy),]l (3 (2093 ecm™') and [PH(PEt,;)(-C=C-
C¢H;),] are compared. These results, together with
those of optical spectra presented above, demonstrate
that auxiliary ligands on the metal play a vital role in
determining the metal-to-alkyne ligand charge transfer.
The strong mr-acceptor character of the CO ligands
introduces considerable back bonding to bound car-
bonyls in [-Ru(CO),(P"Bu,),-o-alkyne)] complexes,
and hence there is less electron charge transfer to
alkyne ligands than in the corresponding complexes

TABLE 1.
Compound IR veec Band gap,
(cm™Y) E, (eV)
[Ru(CO),(P"Bu,),(-C=C-C4Hs),]1 (3) 2093 -
[Ru(DEPE),(-C=C-C4H,),] ? [7] 2054 3.60
[Ru(PMe,),(-C=C-C4H,),] 2 [5b} 2055 -
[Pt(PEt,),(~C=C-C4H;),] 2 (5] 2100 -
[CIRu(CO),(P"Bu ;) ,(-C=C-p-C¢H ,~C¢H ,-C=C- 2105 4.40
Ru(CO),(P"Bu,),Cl] ® (5)
[CIP(P"Bu),~C=C—p-C¢H ,—~C=C-Pt(P"Bu,),Cl] * [9] 2114 3.60
[-Ru(DEPE),-C=C-p-CH,-C=C-],* 2046 3.19
[-Ru(DEPE),-C=C—p-C¢H ,(CH3),-C=C-] ? 2045 3.25
[-Ru(DEPE),-C=C-p—C¢H ,~C¢H ,—p-C=C-] * 2046 3.07
{-Ru(PMe,),~C=C-p-CcH,~CcH —p-C=C-1,° 2046 -
[-Ru(CO),(P"Bu,),-C=C-p-C4H,~C=C-],? (8) 2084 3.51
[-Ru(CO),(P"Bu,),-C=C—p-(CH ,),CcH,-C=C-],* (9) 2085 3.50
[-P(P"Bu,),-C=C—p-CcH,~C=C-],2 [9] 2095 3.26

@ IR measured in dichloromethane. P IR measured in Nujol.
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Scheme 2.

bearing strong donor auxiliary ligands on the metal.
This in turn increases or decreases the extent of 7-con-
jugation in the backbone.

2.3. Molecular orbital calculations

The results of Fenske-Hall molecular orbital calcu-
lations on the model complexes (Scheme 2, 10-23) are
presented in Table 2. For the [ML,KRH), (Fig. 1) and
[M(L),(RH)L,R (L = PH;, PMe;; R = alkynyl, alkenyl)
(Fig. 2) complexes, the molecular orbital scheme ob-
tained is that expected for a d® metal ion in an approx-
imately octahedral field, with the alkynyl or alkenyl

ligands and the phosphine ligands interacting nearly
equally with the metal d-orbitals. The metal d,. and
dxz_yz orbitals [11*] interact with lone pair orbitals of
the six ligands to form occupied o-bonding orbitals and
a high-lying unoccupied e,like set of orbitals. The
t,,-like occupied metal d,, d,,, and d,, orbitals do
not mix substantially with the ligand orbitals. Instead,
they form a set of metal-based orbitals close in energy

to the d-orbitals of the metal (as indicated by the

* Reference number with an asterisk indicates a note in the list
references.



M.S. Khan et al. / Rigid rod octahedral Ru-c-acetylide complexes 251

Fig. 1. Molecular orbital diagram for [RuL ((—C=C- p-C4H ,~C=C-

H),] (L = PH, (10); CO (17)).

diagonal atomic d-orbital energies of the Fock matrix).
The highest-energy orbital of this t,-like set (the d vz
or d, orbital) is therefore the highest occupied molec-
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Fig. 2. Molecular orbital diagram for [H-C=C-p-C¢H,~-C=C-
Ru(PH,),-C=C- pC¢H ,~C=C-Ru(PH,),-C=C- p-C(H ,-C=C-H]

(20).

ular orbital (HOMO) of the compound. In a similar
manner, the 7, antibonding molecular orbitals of the
alkynyl or alkenyl ligands, which do not mix signifi-
cantly with the metal orbitals, are close in the energy to
the 7* orbitals of the ligand fragments, and are spread

TABLE 2.
Compound Energy (eV)
HOMO LUMO GAP

[Ru(PH.,)(-C=C—p-C4H,~C=C-H),] (10) -635 ~0.86 5.49
[Ru(PMe ;) (—C=C-p-C4H ,~C=C-H),] (11) -4.78 —-0.58 4.20
[Fe(PH ;) (~C=C-p—~C4H ,~C=C-H),] (12) -522° -1.01 421
[Fe(PMe,)y(-C=C-p-C¢H ,~C=C~-H),] (13) —3.50 -0.75 275
[Ru(PH ;),(CO),(-C=C-p-C¢H ,~C=C-H0,] (14) -8.23 -1.15 7.08
[Ru(CO),(-C=C-p-C4H ,~C=C-H),] (15) —-10.54 -1.42 9.12
[Ru(PH ;)(-C=C-H),] (16) -5.85 -17.09 12.94
(to 7, instead of LUMO) - 8.99 14.84
[Pt(PH 3),(-C=C-p-C4H ,~C=C-H),] (17) -9.70 -1.96 7.74
[Ru(PH,),Cl),(-C=C-p-C¢H ,~C=C-)] (18) -543 0.64 6.07
[Ru(CO),Cl](-C=C-p-CcH ,~C=C-)] (19) -9.20 -1.22 7.98
[Ru(PH 3),],(-C=C-p-C¢H ,~C=C-X~-C=C-p-C;H ,-

C=C-H),1" (20)
n=0 —-5.98 —0.61 537
n=1+ —9.83 (t,,) —2.65 (mr;) 7.18
n=1- —3.88(1,,) 219 () 6.07
[Fe(PH 3),](~C=C-p-C¢H ,-C=C-X-C=C~p-C¢H ,- -493 -0.85 408

C=C-H),] (21)
[Ru(PH ), ],(~CH=CH-p~C4H ,~CH=CH-X~CH=(CH-p- ~5.96 —246 3.50

C4H,~CH=CH,),] (22)
[Fe(PH 5),],(-CH=CH—p-C¢H ,~CH=CH-X~CH=CH-p- -5.14 -264 2.50

C¢H,~CH=CH,),] (23)
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relatively little in energy, with the lowest-lying of these
orbitals serving as the lowest-unoccupied molecular
orbital (LUMO) for the compound. The molecular
orbital pattern obtained for the M(CO),(RH), com-
pounds is similar, but with the expected greater inter-
action of the CO = and #* orbitals with the d-orbitals
of the metal. For the Pt(PH;),(RH), compounds, the
splitting pattern is that expected for an approximately
square planar d® system, also with a metal-based
HOMO and acetylenic #* LUMO. The dominant in-
teractions and orbital compositions obtained here with
the Fenske-Hall model are in good qualitative agree-
ment with the results of closely related extended Hiickel
calculations carried out by Frapper and Kertesz [12].
As found by Kostic and Fenske [13] for Cp-metal
acetylide complexes, the 7* acetylide ligand orbitals
do not contribute significantly to the occupied frontier
orbitals for these complexes.

The predominantly metal-d-orbital character of the
HOMO and ligand =*-orbital character of the LUMO
for all of these compounds provide a ready rationaliza-
tion for the trends observed in Table 2. Replacing PH,
by the better o-donor PMe, should increase the elec-
tron density on the metal ion, destabilize the metal
d-orbitals, and raise the energy of the HOMO (without
significantly changing the energy of the predomi-
nantly ligand 7= LUMO), and thereby decrease
the HOMO-LUMO gap. Comparison of the data
for [M(PH,),(C=C-C,H,-C=C-H), (10, 12) and
[M(PMe,), (C=C-C(H,-C=C-H), (1, 13) (M =Fe,
Ru) shows that replacing PH; by PMe; destabilizes the
t,.-like HOMO by 1.6-1.7 eV, while the acetylenic 7"
LUMO is destabilized by only 0.3 eV, lowering the
HOMO-LUMO gap by 1.3-1.4 eV, as expected. The
reverse is true, as expected, for the w-acceptor ligand
CO. Replacing two of the four PH; ligands with CO to
make [Ru(PH ;),(CO), (C=C-C4H,-C=C-H), (14) re-
moves electron density from the t,-like HOMO, low-
ering its energy by 1.9 eV (while the LUMO is stabi-
lized by only 0.3 eV), and increasing the HOMO-
LUMO gap by 1.6 eV. Replacing the two remaining
PH, ligands by CO to form [Ru(CO),(C=C-CH,~
C=C-H), (15) increases the HOMO-LUMO gap by an
additional 2.0 eV. Similar trends are evident for the
dichloro complexes, where replacing the four PH, lig-
ands of [ CIRu(PH ,),-C=C-C4H ,-C=C-Ru(PH,),Cl]
(18) by CO (19) ligands increases the HOMO-LUMO
gap by 1.9 eV. These shifts in electron density are also
reflected by the Mulliken atomic charge on the metal,
which changes from —0.69 e for ruthenium in
[Ru(PH,),KC=C-C;H,-C=C-H), to —024 e for
ruthenium in [Ru(PH ,),(CO),(C=C-C,H ,-~C=C-H),,
and to +0.03 e for the ruthenium in {[Ru(CO),J(C=C-
C¢H,~C=C-H),.

The effects of oxidation and reduction on the fron-
tier orbitals are shown by examining the series
(H-C=C-C¢H ,-C=C-Ru(PH,),~C=C-C(H ,-C=C-
Ru(PH,),-C=C-C,H,~C=C-H)" (20) with n =0, +1.
Oxidizing the neutral compound to its monocation
removes an electron from the t,-like HOMQ, stabiliz-
ing it by 3.8 eV, while the ligand-based LUMO is
stabilized by only 2.0 eV, giving rise to an increase of
1.8 ¢V in the HOMO-LUMO gap. Reducing the neu-
tral compound to its monoanion adds an electron to
the ligand-based m* LUMO, destabilizing it by 2.8 eV
while the metal-based HOMO is destabilized by only
2.1 eV, increasing the HOMO-LUMO gap by 0.7 eV.
Thus, both removing an clectron from the metal-based
HOMO and adding an electron to the ligand-based
LUMO lead to an increase in the HOMO-LUMO
gap.

Changing the metal also alters the HOMO-LUMO
gap, as seen from the results for [ML ,(C=C-C,H ,~C
=C-H), (L = PH;; PMe,; M = Fe (12, 13), Ru (10, 11).
Replacing ruthenium with iron has little effect on the
ligand-based LUMO (stabilizing it by only 0.2 eV), but
a significantly larger effect on the metal-based HOMO,
destabilizing the latter by 1.1-1.3 eV to lower the
HOMO-LUMO gap by 1.3-1.4 ¢V. This change largely
reflects the relative energies of the metal d-orbitals,
with the diagonal term of the Fock matrix for the iron
3d orbitals lying 1.3-1.4 eV above that for the ruthe-
nium 4d orbitals in this set of compounds. A corre-
sponding comparison for the bimetallic alkyne and
alkene compounds [M(PH,),],(C=C-C,H ,~C=C-H),-
(C=C-C(H,-C=C-) (20, 21) and [M(PH,),],(CH=
CH-C(H,-CH=CH-H),(CH=CH-C4H ,~CH=C-H)
(22, 23) reveals a similar decrease in the HOMO-
LUMO gap of 0.7-1.0 eV when ruthenium is replaced
with iron.

The nature of the conjugated ligand “backbone” for
these polymers also plays a crucial role in the energe-
netics of the frontier orbitals by controlling the relative
energy of the 7* LUMO. As shown by Frapper and
Kertesz [12] for conjugated acetylenes of the type
{-C=C-},, initial coupling of acetylenes produces a
large decrease in the energy of the acetylenic 7*-anti-
bonding orbitals, and a somewhat smaller increase in
the energy of acetylenic w-bonding orbitals to reduce
the HOMO-LUMO gap greatly, but the additional
stabilization gained with added acetylenic units be-
comes quite small after n =4 or 5. Similarly, we find a
large decrease in the energy of the acetylenic =*
orbitals on going from [Ru(PH,),(C=C-H), (16) at
+8.99 eV to [Ru(PH ;),(C=C-C,H ,~C=C~H), (10) at
—0.86 eV with a corresponding large decrease in the
HOMO-LUMO gap, but further ligand conjugation is
likely to provide only marginal decreases in the ligand
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7" energy and consequently in the HOMO-LUMO
gap. It is tempting to view the decrease in the
HOMO-LUMO gap with an increasing number of
acetylenic units in the compound (from 6.07 eV for
[Ru(PH ,),],(C=C-C4H ,-C=C-)Cl, (18) with one con-
jugated ligand to 5.49 eV for [Ru(PH,),(C=C-C(H ,-
C=C-H), (10) with two, and finally to 5.37 eV for
[Ru(PH ,),(C=C-C4H ,—~C=C-H),(C=C-C¢H ,—C=C-)
(20) with three) as a reflection of conjugation through-
out the compound and, by implication, an expected
further decrease in band gap upon polymerization.
However, the rather small drop (0.1 eV) in the
HOMO-LUMO gap upon going from two ligands to
three suggests that conjugation between adjacent lig-
ands through the linking metal ion is small, as would
be expected since the LUMO and other slightly higher
energy " orbitals have very little metal character.
From these calculations it appears that although the
“valence band” for these polymers may contain signifi-
cant mixing of the metal d-orbitals and the ligand
m-orbitals as judged from the composition of the
HOMO and orbitals immediately below in energy), the
“conduction band” will be composed primarily of lig-
and 7" orbitals that will be delocalized within each
individual ligand but not significantly delocalized be-
tween ligands across the metal centers. For a more
complete picture of these effects, see the band struc-
ture calculations of Frapper and Kertesz [12].

A change of hybridization for the conjugated ligand,
however, may be more promising as a means of reduc-
ing the HOMO-LUMO gap. Changlng from acetylenic
(with a C=C triple bond at 1.20 A) to ethylemc groups
(with a C=C double bond at 1.40 A) in the ligand
should lower the energy of the ligand-based =* LUMO
by decreasing the overlap of the 2pw carbon orbitals,
and by providing a better energy match between the
mr-orbitals of the spZ-hybridized ethylene (as opposed
to sp-hybridized acetylene) and the r-orbitals of the
sp>-hybridized phenyl ring. That this is indeed the case
can be seen by comparing [M(PH,),,(-C=C-C H ,~

=C-H),(-C=C-C4H,-C=C-) (20, 21) and [M-
(PH,),],(-CH=CH-C H ,~-CH=CH-H),(-CH=CH-
C¢H,—~CH=C-H-) (22, 23) (M = Ru, Fe). Replacing
the acetylenic ligand by an ethylenic ligand lowers the
energy of the ligand-based =* LUMO significantly (1.8
eV) while the metal-based t,,-like HOMO is less af-
fected (stabilized by only 0.0-0.2 eV), significantly low-
ering the HOMO-LUMO gap by 1.6-1.9 eV.

3. Summary
The particular transition metal, auxiliary ligands,

and the bridging alkyne units play a significant role in
determining the degree of w-electron delocalization in

rigid rod transition metal o-acetylide complexes. The
fact that these effects appear to be roughly separable
and additive gives support to arguments from chemical
intuition and experience, and act as guides for design-
ing new systems for synthesis and evaluation. Although
calculations on these smaller idealized molecuiar model
systems should not be expected to be in quantitative
agreement with band gaps observed experimentally for
polymeric materials, the HOMO-LUMO gap of 4.20
eV predicted for [Ru(PMe;),C=C-C,H,-C=C-H),
with its more realistic trialkylphosphine ligands, is en-
couragingly near the band gaps of 3.1-3.2 eV observed
experimentally here for the Ru(DEPE),-based poly-
mers.

4. Experimental details

All reactions (unless otherwise specified) were car-
ried out under nitrogen by glove box or Schlenk line
techniques. Solvents were dried and distilled from ap-
propriate drying agents. Infrared spectra were recorded
on a Perkin-Elmer 1710 Fourier Transform Spectrome-
ter. Optical absorption measurements were carried out
using a Q-switched Nd:YAG laser operating at 266 nm.
The spectra were recorded for dilute solutions in
dichloromethane. Me;Sn-C=C-C,H; (2) was pre-
pared from phenylacetylene, and the bis-Me ;Sn-alkyne
reagents (4,6,7) were prepared by modification and
adaptation of literature procedures [10]. Synthesis of
the complexes M(DEPE),(-C=C-C(H,), and [-M-
(DEPE),(-C=C-R-C=C-], (M =Fe, Ru; DEPE =
1,2-bis(diethylphosphino)ethane; R = p-C(H,, p-
(CH,),)C4H,) has been reported previously [7].

Molecular orbital calculations were carried out us-
ing the Fenske-Hall Model [14]. For the molecular
structures, idealized from the results of the X-ray crys-
tal structural study of trans-Ru(DPPE),(C=C-CHj),,
71 tne bond lengths used were M-P, 2. 36 A M C=C,
206A M-CH-C, 206A M-CO, 1916A M-Cl, 2.39
A, P- H, 142 A, P- C, ‘84n,\,-0 1125A C,-C
1.20 A Cyp—Cyp2, 146 A Cyp=Cyp2, 1.40 A Cp ,
106A C p—H, 110AandC »~H, 1.10 A. Bond
angles were 180° for Cg,, 120° for Cspz, and 99° for PH,
and PMe,. The DPPE llgands were modeled as PH; or
PMe;, and an all-trans configuration for the alkene
ligand was used. Basis functions [15] for ground state
atomic configurations were used, except for transition
metals, which assumed d"*!s® cationic configurations
with exponents of 2.00 (Fe), 2.20 (Ru), and 2.40 (Pt) for
the outermost s and p orbitals. Calculations were car-
ried out initially for each ligand separately, then for
each molecule transformed from the ligand fragments
with low-lying occupied o-bonding and the correspond-

sp’
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ing unoccupied virtual o-antibonding orbitals frozen
out of the calculation as ligand core orbitals [16].

4.1. Synthesis

4.1.1. Ru(CO),(P"Bu,),(C=C-C4H,), (3)

To a solution of Me,;Sn-C=C-C.H, (2) (0.120 g,
0.25 mmol) in 60 mL of tetrahydrofuran (THF) were
added 0.063 g (0.1 mmol) of Ru(CO),(P"Bu,),Cl, (1)
and 5 mg of Cul. The mixture was stirred at 40°C for
about 14 h and THF was then removed in vacuo. The
residue was purified by column chromatography on
neutral grade 1 alumina with dichloromethane as elu-
ant. Compound (3) was obtained as a very pale yellow
solid in 80% yield.

Anal. Found: C, 65.89; H, 8.48. C,,H,0,P,Ru
calc.: C, 66.02; H, 8.44%. Mass spectrum (+FAB m /z)
of parent ion: found 764; calc. 764.3. (IR, CH,Cl,) v
1987 ecm™!, v 2093 cm ™

4.1.2. ClCO),(P"Bus),Ru—C=C-p-C4H~CzH ,~
C=Ru(P"Bu;),(CO),ClI (5)

To a solution of Ru(CO),(P"Bu,),Cl, (1) (0.190 g,
0.3 mmol) in 50 mL THF was added 0.078 g (0.15
mmol) of Me;Sn-C=C-C¢H ,~-C(H,-C=C-SnMe, (4),
and the mixture was stirred at 35-40°C for 24 h, the
THF was then removed in vacuo, and the residue
purified on an alumina column with dichloromethane
as eluant. The solid residue obtained after evaporation
of dichloromethane in vacuo was washed several times
with dry methanol to give compound (5) as a yellow
solid in 84% yield.

Anal. Found: C, 58.51; H, 8.30. C,:H,,,0,P,Cl,Ru,
calc.: C, 58.56; H, 8.38%. (+ FAB, m/z) of parent ion:
found 1395; calc. 1394.5 (IR, CH,Cl,) v 1989 cm ™},
Veec 2106 cm ™

4.1.3. [-(CO),(P"Bu;),Ru-C=C-R-C=C-], (R=
p-CeH, (8), P"C6H2(CH3)2 (9)

The polymeric complexes (8,9) were prepared by the
general procedure outlined here for [-(CO),(P
"Bu,),Ru-C=C-C,H,-C=C-],. A solution of Ru-
(CO),(P"Bu,),Cl, (1) (0.126 g, 0.2 mmol), Me,;Sn-C=
C-C.H ,~C=C-SnMe, (6) (0.09 g, 0.2 mmol) and 10
mg of Cul in 50 mL of dichloromethane was stirred at
40°C for 24 h. The solution was cooled to room tem-
perature and eluted through an alumina column with
dichloromethane. The volume of dichloromethane elu-
ate was reduced by half in vacuo and methanol was
added to precipitate the product. The crude solid was
washed with methanol several times and dried in vacuo
to yield the polymer as a yellow solid in 81% vyield.

Anal. Found: C, 6291; H, 8.57. C;,H;;O,P,Ru

calc: C, 63.04; H, 8.52%. M, = 58064 (n, = 80). (IR,
CH,Cl,) v 1988 cm ™!, veo 2084 cm ™1

4.14. [~(CO),(P"Bu;),Ru-C=C-C4H,(CH,),~C=
c-1,(9

Anal. Found: C, 63.78; H, 8.62. C,;3H,P,O,Ru
calc.: C, 63.93; H, 8.75%. My, = 59568 (n, = 83). (IR,
CH,Cl,) v¢o 1989 cm ™!, v 2085 cm™ .
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