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Dimeric and polymeric ruthenium complexes with Ru—vinyl linkages
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Abstract

The carbonyl hydrido complex RuHCI(COXPPh ), reacted with diynes HC=C-R-C=CH (R = p-C,H,, p-CcH,~C¢H,) to give the
five-coordinate vinyl ruthenium dimeric compounds [RuCKCOXPPh,), |,(.-CH=CH-R-CH=CH) in high yields. Additions of 2,6-di-
methylphenyl isocyanide (CNCyHy) or 4-phenylpyridine (Ph—Py) to the vinyl complexes produced the six-coordinate adducts
[RuCI(COXC4HyNCXPPh,), |,(11-CH=CH-R-CH=CH) and [RuCI(COXPh—PyXPPh,), ],(n-CH=CH-R-CH=CH) respectively. Re-
actions of [RuCI(COXPPh,),],(1.-CH=CH-R-CH=CH) with L (L = 2,3,5,6-tetramethylphenyl diisocyanide or 4,4'-bipyridine) pro-
duced [RuC](CO)(PPh3)2(}L-CH=CH—R—CH=CH)RuCl(CO)(PPh3)2(p.-L)]X. © 1997 Elsevier Science S.A.
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1. Introduction

There has been increasing interest in the preparation
of conjugated metal-containing polymeric organometal-
lic complexes because of their unusual electrical, elec-
trochemical, and optical properties and their potential
technological applications (for reviews on conjugated
organometallic complexes, see for example Ref. [1]).
The most common conjugated organometallic polymers
with transition metals in the main chains include poly-
mers with metal acetylide linkages (for recent work on
metal acetylide polymers, see for example Ref. [2]) or
coordination bonds with diisocyanides [3], stacked poly-
mers [4], and metallocene polymers (see for example
Ref. [5]). As many useful conjugated organic materials
(for example polyacetylene and poly(phenylene viny-
lene)) have only sp” carbons in their backbones (see for
example Ref. [6]), it would be interesting to prepare
organometallic polymers with M-C(sp?) linkages.
However, examples of such complexes are still rare;
only a few complexes of the type [ML (j.-Ar-)], have
been reported [7].

We have attempted to prepare dimeric and polymeric
ruthenium complexes with Ru—vinyl linkages. This arti-
cle reports the details of the synthesis and characteriza-
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tion of these new compounds. Previously reported
dimeric complexes with metal-vinyl linkages include
[(TMP)Rul,(n-CH=CH) (TMP =
tetramesitylporphyrin) [8], Cp,ZrCI(p-
CH=CH)Ru(PPh,),Cp [9], [CpFe(LL)],(n-CH=CH-
CH=CH) (LL' = dppm, (CO),, (COXPMe,),
(COXPPh;)) [10], (DMEX(CF,;),MeCO),(ArN)Mo=
CH-CH=CH-CH=CH-CH=Mo(NAr(OCMe(CF,),)-
(DME) [11], (Cp,ZrCD),(p-p-CH=CH-C¢H ,-
CH=CH) [12], [RuCKCOXPPh;XL)],(j-p-CH=CH-
C4H,—~CH=CH) (L = PPh, [13], dppf [13]) and a few
complexes with w-CR=CR’ bridges (e.g.
CpRu(CO),(.-CR=CR)Ru(PPh,),Cp (R = CO,Me)
and [(PR ;)Aul,(n-CF,C=CCF,)) [14-16].

2. Experimental section

All reactions were carried out under a nitrogen atmo-
sphere using standard Schlenck techniques. Solvents
were distilled under nitrogen from sodium—benzo-
phenone (hexane, ether, THF, benzene) or calcium hy-
dride (CH,Cl,). Microanalyses were performed by
MEDAC Ltd. (Middlesex, UK) or M—H-W Lab.
(Phoenix, AZ, USA). 'H, ”C and *'P NMR spectra
were collected on a JEOL EX-400 spectrometer or a
Bruker ARX-300 spectrometer. "H and ’C NMR chem-
ical shifts are reported relative to TMS, and 3'p NMR
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chemical shifts relative to 85% H,PO,. IR spectra were
collected on a Perkin—Elmer 1600 spectrometer.

RuHCI(COXPPh,); [17], RuHCICOXPCy,), [18],
HC=C-C(H,-C¢H,—C=CH [19], HC=C-C(H,-
C=CH [19], 2,3,5,6-tetramethylphenyl diisocyanide [20]
and RuCI(CH=CHPhXCOXPPh,), [21] were prepared
according to literature methods. All other reagents were
used as purchased from Aldrich or Fluka.

2.1. [RuCHCONPPh,),],( u-CH=CH-C,H ,~
CH=CH), 2a

To a suspension of RuHCKCOXPPh,), (200mg,
0.21 mmol) in CH,Cl, (8 ml) at room temperature was
added HC=C-C.H,~C=CH (12 mg, 0.095 mmol). The
reaction mixture was stirred for 15Smin to give a red
solution. The volume of the reaction mixture was re-
duced to 1ml under vacuum and 15ml of ether was
added to give a red precipitate. The red solid obtained
was collected by filtration, washed with ether and hex-
ane and dried under vacuum. Yield 122 mg, 85%. Anal.
Found: C, 66.55; H, 4.53. Cy,H;C1,0,P,Ru, Calc.: C,
66.98; H, 4.55%. IR (KBr, cm™'): 1924 vs [»(C=0)].
'"H NMR (CDCL,): & 823 (d, J(HH) = 13.7Hz; 2 H,
Ru-CH), 7.68-7.31 (m, 60 H, 4 PPh,), 6.54 (s, 4 H,
C4H,), 5.54 (d, J(HH) = 13.7Hz, 2 H, =CH). *'P
NMR (CDCl,): & 29.0 (s). *C NMR (CDCl,): 6 201.4
(t, J(PC)=14.3Hz, CO), 1449 (t, J(PC)= 11.3Hz,
Ru-CH), 1353 (1, J(PC)=3.9Hz, Ru-CH=CH),
135.1 (t, J(PC) = 2.1Hz, ipso-C{H,), 134.5 (t, J(PC)
=7.5Hz, 0-PPh,), 1317 (t, J(PC) =22.0Hz, ipso-
PPh,), 130.0 (s, p-PPh,), 128.2 (t, J(PC)=4.8Hz,
m-PPh,), 124.2 (s, C,H,).

2.2. [RuCHCONPPh,),],( u-CH=CH-C;H,~C,H ,~
CH=CH), 2b

To a suspension of RuHCHCOXPPh,), (200mg,
0.21 mmol) in CH,Cl, (8 ml) at room temperature was
added HC=C-C(H,-C(H,-C=CH (19.2 mg,
0.095 mmol). The reaction mixture was stirred for 15 min
to give a red solution. The volume of the reaction
mixture was reduced to 1 ml under vacuum and 15 ml of
ether was added to give a red precipitate. The red solid
was collected by filtration, washed with ether and hex-
ane and dried under vacuum. Yield 138 mg, 83%. Anal.
Found: C, 68.17; H, 4.76. Cy H,,Cl,0,P,Ru, Calc.: C,
68.31; H, 4.59%. IR (KBr, cm™'): 1936 vs [»(C=0)].
'"H NMR (CDCL,): & 8.46 (d, J(HH) = 13.2Hz, 2 H,
Ru-CH), 7.59-7.32 (m, 64 H, 4 PPh;, 1/2 C,H,—
C¢H,), 6.80 (d, J(HH)=83Hz, 4 H, 1/2 C,H,-
C¢H,), 5.62 (d, J(HH)=132Hz, 2 H, =CH). 'P
NMR (CDCl,): & 29.8 (s). °C NMR (CDCl,): & 201.5
(t, J(PC) =14.1Hz, CO), 147.3 (t, J(PC) =11.1Hz,
Ru-CH), 137.5 (t, J(PC) = 3.9Hz, 4-C4H,), 136.8 (s,
C¢H,), 135.1 (t, J(PC) =3.5Hz, Ru-CH=CH),
134.2-124.6 (m, other aromatic signals).

2.3. [RuCHCO)CzH,N=C)PPh,),],( u-CH=CH-
C,H,~CH=CH), 3a

To a solution of 2a (200mg, 0.133mmol) in 8ml
CH,Cl, was added 2,6-dimethylphenyl isocyanide
(38 mg, 0.29 mmol). The reaction mixture immediately
turned to yellow brown and was stirred under nitrogen
for 15min at room temperature. The volume of the
reaction mixture was reduced to 1 ml under vacuum.
15 ml of ether was added to the reaction mixture to give
a yellowish brown precipitate. The solid was collected
by filtration, washed with ether (20ml) and hexane
(20ml), and then dried under vacuum. Yield 172mg,
73%. Anal. Found: C, 68.54; H, 4.81; N, 1.61.
C02HgCl,N,0,P,Ru, Calc.: C, 69.26; H, 4.90; N,
1.58%. IR (KBr, cm™'): 2099 vs [#(C=N)], 1960 vs
[»(C=0)]. '"H NMR (CDCL,): 6 7.71-6.93 (m, 68 H, 2
Ru-CH, 4 PPh,, 2 C;H,), 6.62 (s, 4 H, C¢H,), 5.83
(d, J(HH) =17.6Hz, 2 H, =CH), 2.11 (s, 12 H, 4
CH,). *'P NMR (CDCl,): 8 24.8 ().

2.4. [RuCHCO)CzH,N=C)PPh,),],( u-CH=CH-
C,H,~C4H,~CH=CH), 3b

The procedure is analogous to that for 3a, starting
from 2b (200 mg, 0.126 mmol) and 2,6-dimethylphenyl
isocyanide (36 mg, 0.27 mmol). The product is a yellow-
ish brown solid. Yield 198 mg, 85%. Anal. Found: C,
70.11; H, 5.20; N, 2.13. C,,4H,,CI,N,0,P,Ru, Calc.:
C, 70.31; H, 491; N, 1.51%. IR (KBr, cm™!): 2116 vs
[#(C=N)], 1954 vs [»(C=0)]. '"H NMR (CDCl,): &
8.04 (d, J(HH) =179Hz, 2 H, Ru-CH), 7.73-6.74
(m, 74 H, 4 PPh,, C(H,—~C,H,, 2 C(H;), 591 (d,
J(HH) = 17.9Hz, 2 H, =CH), 2.11 (s, 12 H, 4 CH,).
*'P NMR (CDCl,): 6 25.1 (s).

2.5. [RuCH(CO)Ph~Py)(PPh,), ],( u-CH=CH~C,H ~
CH=CH), 4a

To a solution of 2a (200mg, 0.133mmol) in 8 ml
CH,Cl, was added 4-phenylpyridine (46 mg,
0.29 mmol). The reaction mixture turned to green and
was stirred under nitrogen for 15 min at room tempera-
ture. The volume of the mixture was reduced to 1ml
under vacuum. 15mil of ether was added to give a
greenish yellow precipitate. The solid was collected by
filtration, washed with ether (20 ml) and hexane (20 ml),
and then dried under vacuum. The product is a yellow
solid. Yield 174 mg, 72%. Anal. Found: C, 69.50; H,
4.73; N, 1.53. C,psHCl,N,0,P,Ru, Calc.: C, 70.08;
H, 4.77; N, 1.54%. IR (KBr, cm™'): 1937 vs [#(C=0)].
'H NMR (CDCL,): 8 8.50-6.65 (m, 84 H, 4 PPh,, 2
C, HyN, 2 Ru-CH=), 5.75 (d, J(HH) = 16.6Hz, 2 H,
=CH). P NMR (CDCl,): & 252 (s). °"C NMR
(CDCl1,): & 203.4 (t, J(PC) = 14.4Hz, CO), 154.5 (br,
C(a)-Py), 149.9 (t, J(PC) = 13.7Hz, Ru—-CH), 139.0
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(s, Ru—-CH= CH), 147.6—-121.3 (m, other aromatic and
pyridine signals).

2.6. [RuCl(CO)Ph-Py)PPh,),],( u-CH=CH-C,H,~
C,H,~CH=CH), 4b

The procedure is analogous to that for 4a, starting
from 2b (200mg, 0.126 mmol) and 4-phenylpyridine
(43 mg, 0.28 mmol). The product is a greenish yellow
solid. Yield 188 mg, 79%. Anal. Found: C, 71.22; H,
4.89; N, 1.67. C,,,H,,Cl,N,0,P,Ru, Calc.: C, 71.07;
H, 4.79; N, 1.48%. IR (KBr, cm™!): 1928 vs [»(C=0)].
'"H NMR (CDCl,): & 8.88 (d, J(HH) = 16.6Hz, 2 H,
Ru-CH), 8.55-6.81 (m, 86 H, 4 PPh,, C,H,~CH,, 2
C,H,N), 5.88 (d, 2 H, J(HH) = 16.6Hz, =CH). *'P
NMR (CDCL,): & 27.6 (s). °C NMR (CD,Cl,): &
203.3 (t, J(PC)=14.3Hz, CO), 1543 (t, J(PC) =
13.4Hz, Ru—-CH), 153.9 (s, C(a)-Py), 138.0 (s, Ru-
CH=CH), 147.8-121.6 (m, other aromatic and pyri-
dine signals), 121.6 (s, C(B)-Py).

2.7. [RuCI(CH = CHPh)(CO)PPh,), ],( -
C=NC,,H,,N=C), 5

To a solution of RuCI(CH=CHPhXCOXPPh,),
(200mg, 0.253mmol) in 8ml CH,Cl, was added
2,3,5,6-tetramethylphenyl diisocyanide (23.3 mg,
0.127mmol). The reaction mixture turned to orange
brown and was stirred under nitrogen for 15min at
room temperature. After that, the volume of the reaction
mixture was reduced to 1 ml under vacuum and 15 ml of
ether was added to give a pale brown precipitate. The
pale brown solid was collected by filtration, washed
with ether (20ml) and hexane (20ml), and then dried
under vacuum. Yield 173mg, 68%. Anal. Found: C,
68.83; H, 4.89; N, 1.54. C,;,H4,Cl,N,0,P,Ru, Calc.:
C, 69.26; H, 4.90; N, 1.58%. IR (KBr, cm™'): 2090 vs
[»(C=N)], 1964 vs [¥(C=0)]. '"H NMR (CDCL,): &
8.05 (d, J(HH) = 18.7Hz, 2 H, Ru-CH), 7.72-6.84
(m, 70 H, 4 PPh,, 2 Ph), 5.85 (d, J(HH) = 18.7Hz, 2
H, =CH), 1.98 (s, 12 H, 4 CH,). *'P NMR (CDCl,): &
26.9 (s).

2.8. [RuCH(CO)(CH = CHPh)(PPh,), |, u-NCsH ,
C,H,N), 6

To a solution of RuCI(COXCH=CHPh)PPh,),
(200 mg, 0.253 mmol) in 8 mi CH,Cl, was added 4,4-
bipyridine (20mg, 0.13 mmol). The reaction mixture
turned to orange and was stirred under nitrogen for
15min at room temperature. After that, the volume of
the reaction mixture was reduced to 1 ml under vacuum
and 15ml of ether was added to give a yellow precipi-
tate. The yellow solid was collected by filtration, washed
with ether (20ml) and hexane (20ml), and then dried
under vacuum. Yield 144 mg, 65%. Anal. Found: C,
68.25; H, 4.73; N, 1.57. C,;,,H,,Cl,N,0,P,Ru, Calc.:
C, 69.00; H, 4.75; N, 1.61%. IR (KBr, cm™'): 1914 vs

[¥(C=0)]l. 'H NMR (CDCl,): 6 8.82 (d, J(HH) =
17.0Hz, 2 H, Ru-CH), 8.61-6.55 (m, 78 H, 4 PPh,, 2
Ph, bipy), 5.83 (d, J(HH) = 17.0Hz, 2 H, =CH). ’'P
NMR (CDCl,): 8§ 27.6 (s).

2.9. [(u-C=N-C,yH,—-N=C)RuCI(CO)X PPh,),( p-
CH = CH-C4H,-~CH = CH)RuCI(COX PPh,),]_, 7a

To a solution of 2a (200mg, 0.133 mmo!) in K ml
CH,Cl, was added 2,3,56-tetramethylphenyl diiso-
cyanide (24 mg, 0.13 mmol). The reaction mixture turned
to yellow and was stirred under nitrogen for an hour at
room temperature to give a greenish yellow solid. The
solid was collected by filtration, washed with ether
(20ml) and hexane (20ml), and then dried in vacuo.
Yield 179 mg, 80%. Anal. Found: C, 67.24; H, 4.72; N,
1.71. CyHyg,C1,N,0,P,Ru, Calc.: C, 68.20; H, 4.77;
N, 1.66%. The sample was probably contaminated with
solvents, for example Cy,H;,Cl,N,0,P,Ru, -
0.3CH,Cl, Calc.: C, 67.40; H, 473; N, 1.63%. IR
(KBr, cm™'): 2090 vs [#(C=N)], 1950 vs [¢¥(C=0)].

2.10. [( u-C=N-C,y H;,~N=C) RuCKCOX PPh,)( u-
CH=CH-C4H,~Cy H,—~CH = CH) RuCI(COX PPh;), ]
7b

x°

The procedure is analogous to that for 7a, starting
from 2b (200 mg, 0.126 mmol) and 2,3,5,6-tetramethyl-
phenyl diisocyanide (23 mg, 0.13 mmol). The product is
a yellow solid. Yield 192mg, 86%. Anal. Found: C,
68.26; H, 4.74; N, 1.63. C,,,H,,CI,N,0,P,Ru, Calc.:
C, 69.34; H, 4.79; N, 1.58%. The sample was probably
contaminated with solvents, for example
C,02H44CL,N,0,P,Ru, - 0.5CH,Cl, Calc.: C, 68.05; H,
4.73: N, 1.55%. IR (KBr, cm™'): 2099 vs [»(C=N)],
1950 vs {v(C=0)].

2.11. [(u-NCsH,~CsH,N)RuCI(CO)PPh,),( -
CH = CH-C4H,~CH=CH)RuClCO)PPh,),],, 8a

To a solution of 2a (200mg, 0.133 mmol) in 8ml
CH,Cl, was added 4,4-bipyridine (21 mg, 0.13 mmol).
The reaction mixture turned to orange brown and was
stirred under nitrogen for an hour at room temperature
to give a brown orange solid. The solid was collected
by filtration, washed with ether (20ml) and hexane
(20ml), and then dried under vacuum. The solid is
insoluble in common organic solvents. Yield 183 mg,
83%. Anal. Found: C, 67.66; H, 4.80; N, 1.38.
C4H,(CI,N,0,P,Ru, Calc.: C, 6791; H, 4.60; N,
1.69%. IR (KBr, cm~'): 1928 vs [»(C=0)].

2.12. [(u-NCsH,~C5H,N)RuCI(CO)(PPh,),( -
CH=CH-C,H,~C,H,CH= CH)RuCl(CO)(PPh,), ],
8b

The procedure is analogous to that for 8a, starting
from 2b (200mg, 0.126mmol) and 4,4'-bipyridine
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(20 mg, 0.126 mmol). The product is an orange brown
solid. Yield 183 mg, 83%. Anal. Found: C, 68.15; H,
4.57, N, 1.73. C,;,,H4,C1,N,0,P,Ru, Calc.: C, 69.08;
H, 4.64; N, 1.61%. The sample was probably contami-
nated with solvents, for example
C00HgCL,N,0,P,Ru, - 0.5CH,Cl, Calc.: C, 67.78;
H, 4.58; N, 1.57%. IR (KBr, cm™'): 1937 vs { v(C=0)].

2.13. [RuCHCONPCy,),],(u-CH=CH-C,H ,—
CH=CH), 10

The experimental procedure was analogous to that
described for 2a; starting materials were
RuHCI(CO)PCy,), (200mg, 0.276 mmol) and pheny-
lacetylene (17.4 mg, 0.138 mmol). The product is a pur-
ple red solid. Yield 188mg, 87%. Anal. Found: C,
64.07; H, 8.49. C,,H,,,Cl1,0,P,Ru, Calc.: C, 63.89;
H, 8.94%. IR (Nujol, cm™'): 1907 vs [»(C=0)]. 'H
NMR (CDCl,): & 8.28 (d, J(HH)=13.3Hz, 2 H,
Ru-CH), 6.82 (s, 4 H, C,H,), 5.82 (d, J(HH)=
13.3Hz, 2 H, =CH), 2.59-1.13 (m, PCy,). *'P NMR
(CDClL,): & 29.1 (s).

2.14. [RuCl(COXCyH,N=C)PCy,), L( u-CH = CH-
C,H,~CH=CH), 11

To a solution of 10 (200mg, 0.128 mmol) in 8 ml
CH,Cl, was added 2,6-dimethylphenyl isocyanide
(37mg, 0.28 mmol). The reaction mixture turned to
orange brown and was stirred under nitrogen for 15 min
at room temperature. After that, the volume of mixture
was reduced to 1 ml under vacuum and 15ml of ether
was added to give a brown precipitate. The solid was
collected by filtration, washed with ether (20ml) and
hexane (20ml), and then dried under vacuum. Yield
176 mg, 76%. Anal. Found: C, 66.76; H, 8.33; N, 1.49.
C9oH,53C1,N,0,P,Ru, Calc.: C, 66.98; H, 8.65; N,
1.52%. IR (Nujol, cm™!): 2105 vs [#(C=N)], 1922 vs
[»(C=0)]. '"H NMR (CDCL,): & 8.35 (d, J(HH) =
13.3Hz, 2 H, Ru~CH=), 7.36-7.10 (m, 10 H, C(H, 2
C¢H;), 6.63 (d, J(HH) = 13.3Hz, 2 H, =CH), 2.65-
1.15 (m, PCy,, CH,). *'P NMR (CDCl,): & 28.1 (s).

3. Results and discussion

3.1. Synthesis of conjugated dimeric complexes by in-
sertion reactions of RuHCI(CO)(PPh;),

It has been reported that monomeric five-coordinate
ruthenium vinyl complexes RuCI(CH=CH-
R)XCO)(PPh;), can be prepared from insertion reactions
of RC=CH with RuHCI(CO)(PPh,), [21]. In principle,
reactions of HC=C-R-C=CH with
RuHCI(CO)(PPh,), can lead to coordinatively unsatu-
rated dimeric complexes [RuCI(CO)PPh,),],(p-

CH=CH-R-CH=CH), which can be linked with ap-
propriate bifunctional ligands to give polymers. Thus
we studied the reactions of HC=C-~Ar—C=CH (Ar=
CH,. C;H,~C(H,) with RuHCI(COXPPh,),. Reac-
tions of RuHCI(CO)(PPh;), with p-diethynyl benzene
and 4,4'-bis(ethynyl) biphenyl produced the red dimeric
complexes [RuCI(CO)(PPh;),],(n-CH=CH-Ar-
CH=CH), 2, in high yields (Eq. (1)). During the course
of this work, the synthesis of 2a was bricfly rcperted
[13]. 1t is interesting to note that monomeric vinyl
complexes such as RuCKCH=CH-R)(COXPPh,), [21]
and RuCl(CH=CH-R)XCOXP(i-Pr);), [22] are also red
in color.

PPhy
| o
PheP—Ru—H + Hozc-R—C=CH
oc
PPh,

PPhy PPhy
cl | cl
RI—CH=CH-RA-CH=CH—RU (1)
e
oc oc
PPhy PPhg

2a, H:—@—

1

The red complexes 2 are soluble in CH,Cl,, CHCl,
and benzene, and insoluble in ether, methanol and
hexane. The complexes have been characterized by
elemental analysis, 'H and *'P NMR and IR spec-
troscopy. The >'P NMR spectra of complexes 2 in
CDCl, displayed singlets at 29.0ppm for 2a and
29.8 ppm for 2b, indicating that the two phosphine
ligands are equivalent and trans to each other. Com-
plexes 2 showed a strong IR band near 1930cm™'
assignable to »(CO). The 'H NMR spectra showed
resonances for the two vinylic hydrogen atoms near 8.3
and 5.5ppm with J(HH) = 13-14Hz. The magnitude
of the coupling constants indicates that the two vinylic
protons are trans to each other and that the acetylenes
are cis inserted into the Ru-H bond [21-27]. The
geometry of the dimeric complexes around ruthenium
was assigned by analogy to those of the monomeric
complexes RuCI(CR=CHR'CO)PR?),, some of
which have been characterized by X-ray diffraction
[21,22].

3.2. Formation of six-coordinate dimeric complexes

As complexes 2 are coordinatively unsaturated, one
might expect that coordination oligomers or polymers
would be produced if one uses appropriate bifunctional
ligands to link the metal centers. Since coordination
polymers with metal centers bridged by diisocyanoaryls
[3] or bipyridine derivatives [28] have been extensively
studied and some of these polymers are reported to
exhibit electrical conducting properties, it would be
interesting to link dimers 2 with these ligands to prepare
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PPhs PPh,

| < | o 38, R= -~}
QNEC—Ru—CH:CH—R-CH:CH—Hu—CEN
oc oc 36, R=
PPhg PPhg
Q*NEC
Tpha TPha
cl cl 2a, A=~ )
/Ru/—CH:CH—R—CHch—HU/
oc” | oc” | Y A A
PPhg PPhs
OLn
PPh PPh
o - 48, A=
@—CN—/RL:—CH:CH-R-CHICH—HU{—ND—@
oc” | o’ | T R -
PPhy PPh,
Scheme 1.

polymers. To determine if complexes 2 can be used as
precursors to such polymers, and to prepare model
compounds for the targeting polymers, we have studied
the reactivity of 2 and RuCl(CH=CHPh)XCOXPPh,),
toward 2,6-dimethylphenyl isocyanide, 4-phenylpyri-
dine, 2,3,5,6-tetramethylphenyl diisocyanide and 4,4'-
bipyridine.

Treatment of 2 with 2,6-dimethylphenyl isocyanide
and 4-phenylpyridine in CH,Cl, resulted in an almost
instantaneous color change of the reaction mixture,
from which, after concentration and addition of ether,
complexes 3 and 4 were isolated in high yields (see
Scheme 1).

The geometry of the adducts 3 and 4 around ruthe-
nium was assigned by analogy to those of similar
reported six-coordinate monomeric complexes. Com-
plexes RuCI(CH=CHR)(COXPPh,), are known to re-
act with L, such as Me,Hpz (3,5-dimethylpyrazole)
[29], BSD (2,1,3-benzoselenadiazole) [26] and RNC
[30], to give the six-coordinate compounds
RuCI(CH=CHRXCOXPPh;),(L) with two mutually
trans PPh, ligands and the vinyl group cis to the
carbonyl ligand.

Consistent with the structure, the °' P NMR spectra
showed the triphenylphosphine signal as a singlet near
25ppm, indicating that the two PPh, are trans dis-
posed. The IR spectra of the adducts of 2,6-dimethyl-
phenyl isocyanide 3 showed a strong absorption band in
the region 2099-2116 cm ™' assignable to »(C=N), and
a strong band near 1960cm ™' assignable to »(CO). The
IR spectra of adducts 4 displayed a strong band near
1930cm ' assignable to v(CO). The structures of com-
plexes 4a and 4b are also supported by the *C NMR
data. Unfortunately, the solubility of complexes 3a and
3b is too low to obtain "C NMR spectra.

Dinuclear complexes 5 and 6, in which the two metal
centers are bridged with 2,3,5,6-tetramethylphenyl di-
isocyanide and 4,4-bipyridine, could also be easily

prepared by reactions of RuC(COXCH=CHPhXPPh,),
with 2,3,5,6-tetramethylphenyl diisocyanide and 4,4’-bi-
pyridine respectively. The IR and *'P spectroscopic data
for complexes 5 and 6 are very similar to those of 3 and
4.

Tph3 TPha
c c
Q—CH:CH—HuﬁczN—Q—NEC—RuicH:CH ¢y s
Ve v =
oc” | oc” |
PPhy PPhg
PPhy PPh,
[ c, | _c
O—(m:CH—;Ru—ND—CN—/F{u—CH:CH—@ 6
oc” | oc” |
PPhg PPhs

3.3. Synthesis of conjugated ruthenium organometallic
oligomers or polymers with metal—vinyl linkages

Easy production of adducts of isocyanides and pyri-
dine derivatives from complexes 2 and
RuCl(CH=CHPh)(PPh,), in high yields infers that
complexes 2 can be used to prepare oligomeric or
polymeric complexes.

Treatment of red solutions of 2 with 2,3,5,6-tetra-
methylphenyl diisocyanide or 4,4’-bipyridine in CH,Cl,
resulted in an almost instantaneous precipitation of yel-
low or greenish yellow solids of the oligomeric or
polymeric complexes 7 and 8 (see Scheme 2). Unfortu-
nately, these solids are too insoluble in common organic
solvents to collect NMR and GPC data. Thus they were
primarily characterized by elemental analysis and IR
spectroscopy. In particular, the IR spectra of the insolu-
ble materials are quite similar to those of analogous
dimers. For example, the stretching frequencies of the
C=0 and C=N groups of dimer 3a appeared at 1960
and 2099 cm ™', and those of 7a at 1950 and 2090cm™';
the stretching frequency of the C=0 group of dimer 4b
was observed at 1928cm™! and that for polymer 8b

appeared at 1937cm™ !,

PPhg PPhy

| o cl - _< >_
{———/HU{CH:CH—FI—CH:CH~—;FI}U£CEN‘—%;§—NEC—]; e R=
oc
PPhy Tpna
o cl -
/Rlu——CH:CH—H-CH:CH—/R‘u 2o A=)~
oc
PPhy oc PPh3 2.r=~ -
’ N'_\>—<_‘N
PPhqy TPh:,
¢! cl 8a, R= < )
{——Ru{CH:CH—H—CH:CH—RuﬁNC}—CN—}-
oc” | o”| T T 8b.R=—{ 34
PPhy PPhy '
Scheme 2.
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3.4. Synthesis of conjugated dimeric complexes by in-
sertion reactions of RuHCICO)XPCy;,),

Soluble rigid-rod organometallic polymers have been
achieved with alkylated phosphines such as P(n-Bu);.
To explore the possibility of preparing soluble polymers
analogous to 7 or 8, we have studied the model reac-
tions starting from RuHCI(COXPCy,), (9) (see Scheme
3).

As expected, complex 9 reacted smoothly with p-di-
ethynyl benzene to give the red dimeric complexes
[RuCCOXPCy,),,(n.-CH=CH-C H,-CH=CH)
(10). Complex 10 is readily characterized by the 'H
NMR which showed vinyl signals at 8.28 (Ru—CH) and
5.82ppm (=CH) and the *'P NMR which showed the
PCy, signals at 29.1 ppm.

In order to determine if the dimeric complex 10 can
be linked with bipyridine derivatives or diisocyanides to
give polymers, complex 10 was treated with 4-phenyl-
pyridine and 2,6-dimethylphenyl isocyanide. No reac-
tion was observed between 4-phenylpyridine and com-
plex 10, presumably due to the steric bulkiness of the
PCy, ligand. On the other hand, complex 10 reacted
with 2,6-dimethylphenyl isocyanide to give complex 11.

Complex 11 is characterized by 'H, ”'P NMR and IR
spectroscopy. The 'P NMR spectra showed the PCy,
signal as a singlet at 28.1 ppm, indicating that the two
PCy, are trans disposed. The IR spectrum showed
strong absorption bands at 2105cm™' assignable to
v(C=N) and at 1922cm™! assignable to v(CO). The
'"H NMR spectrum (in CDCl;) showed vinyl signal at
8.35 (Ru—CH) and 6.63 ppm (=CH). Like complexes 3,
the solubility of complex 11 is so low that good Pc
NMR spectrum could not be obtained. Thus it was
reasoned that incorporation of PCy, may not improve
the solubility of the targeting polymers and therefore no
further study was carried out. Use of phosphines with
long alkyl chains such as P(n-Bu), may produce poly-
mers soluble in organic solvents. Unfortunately, there
are no suitable starting materials for the preparation
based on the chemistry described above.

H
Cl

Cyap—/auépcn + 12 He=c{-C=cH
oc” ,

PCys TCYS
< N
I d —
/Ru/—CH:CH—O—CH:CH—;Hu
oc . ac
PCy3 ° PCys

‘ )

PCys PCy3

c | o
QNEC—n|u/—CH:CH—O—cH:CH—/HuécsN<Q
oc” | oc” |

PCy; " PCya

no reaction

Scheme 3.
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