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Summary: Reaction of Cp'Ru(bpy)CI (Cp" = C,Me,, bpy 
= 2,2'-bipyridine) with various moncdentate two-electron 
donor ligands (L) in the presence of NH,PF, gives 
[cp"Ru(bpy)L]+PF,- (L = Et02C-CH=CH-C02Et; 
CH2=CH-C02Et; Et02C-C=C-C02Et; 1 ,Cepoxy- 
1 ,Uihydronaphthalene; 2,5dihydrofuran; CO; Pph,). The 
molecular structure of the ethyl maleate complex deter- 
mined by X-ray diffraction studies is described. 

Transition-metal complexes containing electron-rich 
ligands have been the focus of recent studies in the field 
of organometallic chemistry of group VI11 metals. These 
metal complexes are known to be stable in high formal 
oxidation states, which, in some cases, has proven valuable 
to promote C-H activation reactions. 

The very strong a-donor ligands phenanthroline and 
bipyridine have been extensively used in the coordination 
chemistry of ruthenium where they play a key role.' 
However, the development of the organometallic chemistry 
of ruthenium complexes containing such ligands is still 
rather limited. Singleton et ala2 recently reported the 
synthesis of several cyclopentadienylruthenium complexes 
including [ (v5-C5H5)Ru(diamine)C1] where diamine = 
1,lO-phenanthroline (phen) or 2,2'-bipyridine (bpy). 

Pentamethylcyclopentadiene (Cp*), another electron- 
rich ligand, was used by Bercaw et aL3 for the synthesis 
of [Cp*RuC12],. This compound is a precursor for a 
number of complexes containing the (Cp*Ru) unit.4 
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Scheme I 

ICp*RuClzln ICp'R~C11, - 
1 2 L= EtOZC-CH=CH-COzEt 

L= CHpCH-COzEt 
4c L= EtOzCCr CC02Et 
44 L= PPh3 
le b C 0  

4f L= V o  

iii 
Cp*RuIbpy)Cl - 

3 

'Key: (i) Zn, THF, room temperature; (ii) bpy (1 equiv), THF, 
room temperature; (iii) NH4PF6, L (5 equiv or 1 atm (CO)), 
MeOH. 

So far, Cp*Ru(bpy)X (X = halide, OCH3)5 are the only 
known examples of ruthenium complexes where both 
electron-rich ligands, C5Me5 and bipyridine, are simulta- 
neously coordinated to ruthenium. To the best of our 
knowledge, no X-ray structure for any of these compounds 
has been previously reported in the literature. 

Here we describe the synthesis of various [Cp*Ru- 
(bpy)L]+PF6- complexes (Scheme I) and the molecular 
structure determination of the ethyl maleate complex [L 
= Et02C-CH=CH-C02Et] by X-ray diffraction. 

Results and Discussion 
The chloride [ (v5-C5Me5)Ru(bpy)C1] (3) was prepared 

in 91% yield by modified published  procedure^^*^ using 
THF as solvent. Treatment of the chloride 3 with an 
excess (5 equiv) of a ligand L (L = diethyl maleate, ethyl 
acrylate, diethyl acetylenedicarboxylate, PPh,, or CO) in 
methanol in the presence of ammonium hexafluoro- 
phosphate, resulta in the rapid displacement of the chloride 
ion and affords the cationic [Cp*Ru(bpy)L]+PF6- com- 
plexes 4a-e. 

(5) (a) Koelle, U.; Kossakowski, J. J. Chem. SOC., Chem. Commun. 
1988,549. (b) Koelle, U.; Kossakowski, J. J. Organomet. Chem. 1989,362, 
383. (c) Koelle, U.; Kossakowski, J. Inog. Chem. Acta 1989, 164, 23. 

(6) Chaudret, B.; Jalon, F. A. J. Chem. SOC., Chem. Commun. 1988, 
711. 
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Figure 1. ORTEP drawing of the molecule 4a. The thermal 
ellipsoids enclose 15% of the electron density. 

The infrared absorption of the carbonyl group of 4e (vco 
= 1928 cm-', Nujol) occurs a t  a frequency lower than those 
reported for [ C ~ * R U ( P M ~ ~ ) ~ C O ] + P F ~  (vco = 1935 cm-l, 
Nuj01)~ and [CpRu(phenanthroline)CO]+BP~- (vm = 1948 
cm-l, Nujol)% and that we found for [CpRu(bpy)CO]+PF, 
(vco = 1963 cm-', Nujol) (see Experimental Section, com- 
plex 5). These differences are due to the enhanced elec- 
tron-donating ability of the [Cp*Ru(bpy)] moiety com- 
pared to [Cp*Ru(PMeJd, [CpRu(bpy)l, or [CpRu(phen)l 
moieties. The high-field chemical shift of the carbonyl 
carbon in the 13C NMR spectrum of 4e (6 = 199.3 ppm) 
reflects this property. 

All efforts to obtain complexes with unsaturated hy- 
drocarbons bearing no electron-withdrawing groups, such 
as ethylene, cyclohexene, ethyl vinyl ether, Z- or E-stilbene, 
diphenylacetylene and bis(trimethylsily1)acetylene were 
unsuccessful. The failure of these reactions is likely due 
to a weak back-bonding interaction of the electron-rich 
system [Cp*Ru(bpy)] with the T* orbitals of the elec- 
tron-rich olefins or alkynes. 

However, it was possible to obtain in good yields com- 
plexes of alkenes bearing an oxygen atom in the allylic 
position such as 2,5-dihydrofuran or l,Cepoxy-1,4-di- 
hydronaphthalene. We originauy hoped that the intriguing 
ruthenium complex [Cp*Ru(bpy)O]+ could be obtained 
after elimination of naphthalene from the complex 4g. 
However complex 4g remained unchanged even after re- 
fluxing in the THF for 24 h. 

An X-ray structure determination was carried out for 
[ Cp*Ru(bpy) ( EtOZC-CH=CH-CO2Et)]+PF6- (4a). 
Single crystals of 4a were obtained by allowing slow dif- 
fusion of cyclohexane into a dichloromethane solution of 
4a at  ambient temperature. 

The asymmetric unit of the centrosymmetrical triclinic 
unit cell contains two independent complexes A and B. 
Both molecules have the same geometrical shape therefore 
only the distances and angles of molecule A are discussed 
here. 

An ORTEP drawing of 4a is given in Figure 1. Experi- 
mental details are given in Table I, and positional and 
thermal parameters are in Table 11. Table I11 lists some 
of the relevant bond distances and bond angles. 

Table I. Experimental Data for the X-ray Study of 
[Cp*Ru(bpy)(EtOzC-CH=CH-CO2Et)]+PFc (4a) 

molecular formula C28H35FBN204PRU 
fw 709.63 
cryst syst triclinic 

a, A 14.726 (4) 
b, A 16.969 (2) 
C, A 14.547 (2) 
a, deg 98.75 (1) 
8, deg 104.69 (1) 

space group pi 

Y, d 4  v. A3 
114.15 (1) 
3070.9 

2' 4 
d(calc), pcm" 1.53 
p ,  cm-I 6.2 
no. of params refined 683 
resid density, 0.66 
R," % 7.9 
R,,b % 10.5 
goodness of fit 2.098 
final shift/error 0.0 

Table 11. Positional Parameters and Their Estimated 
Standard Deviations for 

[Cp*Ru(bpy)(Et02C-CH=CH-C02Et)]+PF< (4a) 
atom X N 2 B(ea), A2 
Ru 
01 
0 2  
0 3  
0 4  
N1 
N2 
c1 
c2 
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c10 
c11 
c12 
C13 
C14 
C15 
C16 
C17 
Cl8 
c19 
c20 
c21 
c22 
C23 
C24 
C25 
C26 
C27 
C28 

0.27236 (6) 
0.2095 (6) 
0.0514 (6) 
0.3713 (6) 
0.3879 (6) 
0.2780 (6) 
0.4304 (6) 
0.1947 (8) 
0.2064 (8) 
0.3052 (9) 
0.3911 (9) 
0.3760 (8) 
0.4617 (8) 
0.5655 (8) 
0.6403 (8) 
0.6076 (9) 
0.5042 (9) 
0.2862 (8) 
0.1806 (8) 
0.1457 (8) 
0.234 (1) 
0.3194 (9) 
0.345 (1) 
0.105 (1) 
0.033 (1) 
0.232 (1) 
0.427 (1) 
0.1683 (8) 
0.1497 (9) 
0.018 (1) 

-0.092 (1) 
0.2516 (7) 
0.3400 (8) 
0.4797 (9) 
0.530 (1) 

0.47514 (5) 
0.3260 (6) 
0.3116 (5) 
0.3209 (5) 
0.3109 (5) 
0.5194 (5) 
0.5195 (5) 
0.5179 (7) 
0.5586 (7) 
0.6012 (8) 
0.6003 (7) 
0.5590 (6) 
0.5591 (6) 
0.5930 (7) 
0.5902 (7) 
0.5514 (8) 
0.5157 (7) 
0.5073 (7) 
0.4543 (6) 
0.4980 (8) 
0.5830 (7) 
0.5894 (7) 
0.486 (1) 
0.365 (1) 
0.463 (1) 
0.6561 (9) 
0.672 (1) 
0.3381 (6) 
0.3252 (7) 
0.3004 (9) 
0.284 (1) 
0.3370 (6) 
0.3235 (6) 
0.2990 (8) 
0.303 (1) 

0.20244 (6) 
0.3638 (5) 
0.2809 (5) 
0.3010 (5) 
0.1507 (5) 
0.3472 (6) 
0.2912 (6) 
0.3713 (8) 
0.4636 (8) 
0.5389 (9) 
0.5176 (8) 
0.4203 (7) 
0.3884 (7) 
0.4499 (8) 
0.4107 (8) 
0.312 (1) 
0.2525 (8) 
0.0650 (8) 
0.0473 (7) 
0.1091 (8) 
0.1634 (9) 
0.1352 (9) 
0.004 (1) 

-0.0316 (9) 
0.111 (1) 
0.234 (1) 
0.173 (1) 
0.1972 (7) 
0.2912 (8) 
0.366 (1) 
0.340 (1) 
0.1650 (7) 
0.2158 (8) 
0.1874 (9) 
0.115 (1) 

3.33 (2) 
6.3 (3) 
5.3 (2) 
5.4 (2) 
5.0 (2) 
3.7 (2) 
3.7 (2) 
4.9 (3) 
5.0 (3) 
6.0 (4) 
4.7 (3) 
3.7 (3) 
3.6 (3) 
4.5 (3) 
4.7 (3) 
6.0 (4) 
4.8 (3) 
4.2 (3) 
4.1 (3) 
5.3 (3) 
6.2 (3) 
5.5 (3) 
8.4 (5) 
8.0 (5) 
9.2 (5) 

12.1 (5) 
12.4 (6) 
4.2 (3) 
4.6 (3) 
7.0 (4) 

10.8 (6) 
3.7 (3) 
4.0 (3) 
5.8 (3) 
8.3 (5) 

"The form of the anisotropic displacement parameters is exp- 
[-(h2B(1,1) + k2B(2,2) + PB(3,3) + hkB(l,2) + hlB(1,3) + klB- 
(2,3))1. 

The lengthening of the carbon-carbon double bond in 
complex 4s (1.43 A) compared to free maleate (1.34 A); 
is somewhat greater than usually observed in the com- 

(7) The structure of free diethyl maleate wtis c*iilculritrd 11y 11 ~ t w i i w -  
trical optimization in a force field ( M M 2 ) .  ( 1 1 )  Alli i igt~r,  N .  I.. ,I ,Am, 
Chem. SOC. 1977, 99, 8172. (1)) Ihirkerl. (1.; Allii iKtv. N I.. A f o / t w i / c i r  
Mechanics; American (!hemiciil Siicioty: WiisliiiiKtoii. IN', l!W?, 
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Table 111. Selected Bond Distances (A) and Angles (deg) 
for ~CD*RU(~DY)(E~O~C--CH~H~~~E~)I+PF~-" 

Bond Distances 
Ru-N1 2.094 (6) Ru-N~ 2.097 (6) 

Ru-Cl3 2.223 (8) Ru-Cl4 2.233 (9) 
RuC15 2.240 (9) Ru-centroid-Cp* 1.873 (1) 
Ru-C21 2.175 (8) Ru-C25 2.197 (7) 
C21425 1.43 (1) 

Bond Angles 

RuC11 2.187 (8) Ru-Cl2 2.206 (7) 

Nl-Ru-N2 75.8 (2) C21-Ru-C25 38.1 (3) 
Ru-Nl-Cl 124.8 (5) Ru-N2-C10 122.4 (5) 
Ru-C25-C26 116.8 (5) Ru-C21-C22 116.2 (6) 
CII-RU-C~~ 36.3 (3) Cll-RuC15 37.0 (3) 
C12-Ru-Cl3 36.9 (3) C13-Ru-Cl4 36.9 (4) 
C14-RuC15 36.1 (4) 

Numbers in parentheses are estimated standard deviations in 
the least significant digits. 

plexation of olefin. This reflects the strong back-bonding 
which is further confirmed by the disappearance of the 
infrared absorption of the carbon-carbon double bond in 
4a, which was a t  1640 cm-' in the free ligand. This also 
explains the large chemical shift toward high field of the 
NMR signal. Atoms of the double bond give signals a t  6 
= 3.60 ppm for 'H and 6 = 54.3 ppm for 13C in the complex 
(see Experimental Section) compared to 6 = 6.21 ppm and 
6 = 130.0 ppm, respectively, in the free ligand. The 
structure of 4a (Figure 1) shows that ethyl carboxylate 
substituents are located on the leas sterically hindered side, 
i.e., opposite to the C5Me5 unit. The failure of diethyl 
fumarate complexation, which has electronic requirements 
similar to diethyl maleate, is undoubtedly due to the steric 
repulsion between the bulky C5Me5 ligand and one of the 
ethyl carboxylate Substituents. 

In conclusion, we report in this paper a variety of new 
cationic ruthenium complexes obtained in high yields from 
the very electron-rich [Cp*Ru(bpy)]+ parent unit and the 
appropriate ligand L. The [Cp*Ru(bpy)]+ unit promises 
to be a useful precursor to stable RuN organometallic 
complexes and work in this field is in progress. 

Experimental Section 
Crystallographic Structure Determination for the Com- 

plex 48. An orange crystal of 4a (0.30 X 0.16 X 0.16 mm3) was 
mounted on an Enraf-Nonius CAD4-F diffractometer equipped 
with graphite-monochromated Mo Ka radiation (A = 0.71073 A). 
Cell parameters were determined by a least-square refinement 
of angular coordinates of 23 reflections. Data were collected at  
room temperature by the d scan technique [scan width (0.75 
+ 0.35 tan e)o]. A total of 17232 independent reflections was 
measured in the range 1' I 0 I 30° (+h,*k,Al), of which 6228 
with I 1 3 4  were used in the subsequent refinements. 

Of particular note is the presence of two independent complexes 
A and B in the asymmetric unit. Weissenberg and precession 
photographs revealed no systematic extinction or other indications 
of a unit cell and space group of higher symmetry. There was 
no evidence either for any correlations between any atom of A 
and B in the least-squares refinements. Some correlations were 
identified however in single atoms between the anisotropic pa- 
rameters in the last cycles of refinement. Albeit rather faint, 
observation of the expected extinctions by examination of single 
crystals with polarized light suggests the absence of significant 
twinning. Nevertheless this latter possibility cannot be totally 
excluded. 

Data were corrected for absorption8 (transmission factor: 0.998 
max, 0.935 min) and Lorentz-polarization effects. Calculations 
were performed on a Micro VAX computer using the Enraf- 

(8) North, A. C. T.; Phillips, D. C.; Mathews, F. S. Acta Crystallogr., 
Sect. A 1968,24, 351. 

Nonius Structure Determination Pa~kage .~  The structure was 
solved by a combination of direct methods and Fourier techniques. 
The two independent cations in the asymmetric unit were refined 
anisotropically, and the hexafluorophcephate anions, isotropically. 
Hydrogen atoms were included in structure factor calculations 
at  idealized positions. Fractional atomic coordinates of non- 
hydrogen atoms are given in Table 11. 

Synthesis. Syntheses were performed under an inert atmo- 
sphere (nitrogen or argon) with Schlenk tube techniques. Solvents 
were dried by standard methods, freshly distilled, and degassed 
before we. The nuclear magnetic resonance spectra were recorded 
on a Brudcer AC 200 spectrometer. Infrared spectra were recorded 
on a Perkin-Elmer 883 spectrophotometer (4000-200 mi1) us' 

were prepared by literature methods. 
Cp*Ru(bpy)Cl (3). A suspension of 1.536 g (5.0 "01) of 

[Cp*RuClz], and 8.17g (25 equiv) of zinc in THF leads to rapid 
dissolution of the ruthenium complex and appearance of a green 
coloration which totally disappears after 15 min.6 The solution 
was stirred during 2 h and filtered; 0.781 g (1 equiv) of 2,2'-bi- 
pyridine was then added to the solution. Solvent was removed 
after 1 h, and the residue was extracted with CH2C12. After 
removal of the solvent, the solid was washed twice with ether and 
dried. The yield was 1.95 g (91%). NMR and IR spectral data 
were in accordance with ref 5. 

[ Cp*Ru(bpy) (Et02C--CH=CH-C02Et )]+PF6- (4a). To 
a solution of 0.50 g (1.2 mmol) of Cp*Ru(bpy)Cl and 0.95 g (5.8 
mmol) of NH4PF6 in methanol (40 mL) was added 1.9 mL (6 
"01) of diethyl maleate. After 1.5 h, the solvent was removed 
and the residue extracted with CH2C12. After evaporation to 
dryness, a yellow crystalline solid is obtained, which is washed 
with ether and mxysbhd * from CHzC12-cyclohexane. The yield 

J(HJ-Id = 5.6 Hz, J(Iz,HJ = 1.4 Hz), 8.28 (&) (2 H, dd, J(HJ-€.J 

H, br t), 3.60 (CHJ (4 H, q, J(H,H) = 7.1 Hz), 3.60 (CH) (2 H, 

Nujol mulls or KBr pellets. [CP*RUC~~],S'~ and CpRu(bpy)Cl 22 

W ~ S  0.71 g (85.7%). 'H NMR (CD2C12, 6): 8.62 (Ha) (2 H, dd, 

= 8,l Hz, J(Hb,Hd) = 1.2 Hz), 8.06 (H,) (2 H, br t), 7.57 (Hb) (2 

s), 1.42 (Cp*) (15 H, s), 1.02 (CH3) (6 H, t). 13C NMR (CD2C12, 

124.0 (cd), 98.4 (cp*, cyC13 60.5 (CH2), 54.3 (CH), 14.1 (CH,), 

C & ~ ~ N ~ O , P R U :  C, 47.39; H, 4.97; N, 3.95. Found C, 46.99; 

6): 170.4 (co) ,  155.7 (CbA ), 154.3 (ca), 138.9 (c,), 126.3 (Cb), 

8.0 (Cp*, methyl). IR (KBr): uco = 1734 cm-'. Anal. Calcd for 

H, 4.73; N, 3.90. 
[Cp*Ru(bpy)(CH&H-COzEt)]+PF8- (4b). Prepared as 

described above for 4a, using CH2=CH-C02Et as ligand L. 
Yield 87.3%. 'H NMR (CD2C12, 6): 8.70 (Ha, H:) (2 H, m), 8.32 
(Hd, &' (2 H, m), 8.02 (Hb, Hd (2 H, m), 7.60 (€Ic, H,') (2 H, 
m), 3.55 (Hl& (1 H, m), 3.28 (HJ (1 H, d, J(H2, HI&) = 8.4 Hz), 
3.05 (Hltnnl, CHz) (3 H, m), 1.42 (Cp*) (15 H, s), 0.76 (CH,) (3 
H, t). '9C NMR (CDZClz, 6): 172.5 (CO), 155.3 (C-), 154.8 and 
154.2 (c., c:), 138.7 and 138.1 (c, c,'), 127.0 and 126.0 (Cb, Cd), 
123.4 and 123.1 (Cd, Cd'), 95.4 (Cp*, cycle), 59.7 (CHzCHs), 57.8 
(CH+.XR), 56.3 (CH), 13.9 (CH& 8.1 (Cp*, methyl). IR (KBr): 
vco = 1691 cm-'. Anal. Calcd for C25H31F6N202PR~: C, 47.10; 
H, 4.90; N, 4.39. Found C, 47.04; H, 4.86; N, 4.24. 

[ C p * R u ( b p y ) ( E t 0 ~ ~ - - C O z E t ) ] + P F 6 -  (4c). Prepared 
as described above for 4a, using Et02C-C=C--C02Et as ligand 
L. Yield 87.5%. 'H NMR (CDCl,, 6): 9.05 (Ha) (2 H, br d, 
J(Ha,HHb) = 5.3 Hz), 8.47 (I&) (2 H, br d, J(&,I&) = 8.5 Hz), 8.10 
(H,) (2 H, br t), 7.65 (Hb) (2 H, br t), 4.22 (CH,) (4 H, q, J(H,H) 

(Cd), 99.2 (cp*, cycle), 62.5 (CH,), 14.3 (CH,), 8.6 (cp*, methyl). 
The CO and c?= resonances were not observed. IR (KBr): uCo 
= 1694 cm-'. Anal. Calcd for CzeHssF6N204PRu: C, 47.53; H, 
4.70; N, 3.96. Found C, 47.08; H, 4.48; N, 3.68. 

[Cp*Ru(bpy)PPh3]+PF6- (4d). Prepared as described above 
for 48, using PPh3 as ligand L. Yield 78.0%. 'H NMR (CD2C12, 

7.39-7.34 (Hb, Hm) (5 H, m), 7.22 (Hma) (6 H, m), 6.90 (Hortho) 
(6 H, m), 1.39 (Cp*) (15 H, 8). '3c NMR (CD2C12, 6): 155.5 (0, 

(Cd), 87.7 (cp*, cycle), 9.1 (Cp*, methyl). And. Calcd for 

(9) Frenz, B. A. Computing in Crystallography; Delft University 

= 7.0 Hz), 1.52 (Cp*) (15 H, s), 1.25 (CH3) (6 H, t). 13C NMR 
(CDCl3,6): 155.5 ( C k d ,  154.8 (Ca), 139.2 (CJ, 126.4 (Cd, 124.5 

6): 8.86 (Ha) (2 H, d, J(Ha,Hb) = 5.7 Hz), 7.73 (H,, Hd) (4 H, m), 

152.9 (CJ, 135.9 (CJ, 133.3 and 133.1 ( C h ) ,  131.6 (C-P) (J(P,C) 
= 38.6 Hz), 130.2 ( C d ,  128.6 and 128.4 126.1 (Cb), 122.9 

Press: Delft, Holland, 1978. 
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C38H38F6N2P2Ru: C, 57.07; H, 4.79. Found C, 56.49; H, 4.69. 
[Cp*Ru(bpy)CO]+PF, (4e). Carbon monoxide was bubbled 

through a methanol solution of (s5-C5Me5)Ru(bpy)C1 (0.5 g, 1.2 
"01) and NH4PF6 (0.95 g, 5.8 "01). After 1 h, the solvent was 
removed and the residue was extracted with methylene chloride, 
followed by evaporation to dryness. The yellow solid obtained 
was washed with ether and recrystallized from CH2C12-pentane. 
The yield was 0.45 g (71.6%). 'H NMR (CDC13, 6): 8.70 (Ha) 
(2 H, br d, J(H,,Hb) = 4.3 Hz), 8.47 (Hd) (2 H, br d, J(H,,Hd) = 
7.9 Hz), 8.14 (H,) (2 H, br t), 7.67 (Hb) (2 H, br t), 1.68 (Cp*) (15 

methyl). IR (Nujol mulls): vco = 1928 cm-'. Anal. Calcd for 
C21H23F6N20PRu: C, 44.61; H, 4.10; N, 4.95. Found C, 44.64; 
H, 4.11; N, 4.95. 
[Cp*Ru(bpy)(C1H60)]'PF6- (4f). Prepared as described 

above for 4a, using 2,fi-dihydrofuran as ligand L. Yield: 45%. 

(Hb,&) = 1.4 Hz), 8.00 (H3 (2 H, br t), 7.64 (Hb) (2 H, br t), 3.82 

H, 9). 13C NMR (CDC13, 6): 199.3 (CO), 155.7 (C 
139.5 (c,), 127.3 (Cb), 124.2 (Cd), 94.1 (cp*, 

) 154.1 (CJ, 
9.4 (cp*, 

'H NMR (CD2C12, 6): 8.78 (Ha) (2 H, dd, J(Ha,Hb) = 5.8 Hz, 
J(H,,H,) = 1.4 Hz), 8.19 (Hd) (2 H, dd, J(H,,Hd) = 7.9 Hz, J- 

(CHIHI') (2 H, s), 3.63 (CHlHi') (2 H, d, J(H1,H) 10 Hz), 2.70 
(CH) (2 H, d), 1.43 (Cp*) (15 H, 9). "C NMR (CDZC12,6): 153.8 
(c,), 153.0 (Cbri e), 137.4 (cc), 126.8 (Cb), 123.1 (cd) ,  94.2 (cp*, 
cycle), 70.7 ( C 3 ,  65.1 (CH 2), 8.0 (Cp*, methyl). 
[Cp*Ru(bpy)(ClOH8O)]+PF6- (4g). Prepared as described 

above for 4a, using 2,5-epoxy-2,5-dihydronaphthalene as ligand 
L. Yield: 82%. 'H NMR (CD2C12, 6): 9.00 (H3 (2 H, dd, J(H,,Hb) 
= 5.4 Hz, J(H,,H,) = 0.8 Hz), 8.22 (Hd) (2 H, dd, J(H,,Hd) = 7.9 

Hz, J(Hb,Hd) = 0.9 Hz), 8.04 (H,) (2 H, br t), 7.69 (Hb) (2 H, br 
t), 7.13 and 6.93 (CHh) (2 X 2 H, m), 4.25 (CHehr) (2 H, s), 3.54 
(CHe* lene) (2 H, s), 1.40 (Cp*) (15 H, 8) .  13C NMR (CDZC12,6): 
156.0 (&,,&e), 153.8 (ca), 148.6 (Ch,bridge), 137.7 (CC), 126.2 ( c b ) ,  
125.8 (cmeb), 123.3 (Cd), 120.3 (c,,&o), 95.6 (cp*, Cycle), 82.6 
(CHe* 68.4 (CHe*er), 8.0 (Cp*, methyl). Anal. Calcd for 
CmH31b6N20PRu: C, 52.86; H, 4.58; N, 4.11. Found: C, 52.22; 
H, 4.53; N, 4.30. 

[CpRu(bpy)CO]+PF6- (5). Prepared as described above for 
4e, using CpRu(bpy)Cl as reagent. Yield 45%. 'H NMR (CD2C12, 
6): 8.96 (Ha) (2 H, br d, J(H,,Hb) = 5.4 Hz), 8.33 (Hd) (2 H, br 
d, J(H,,Hd) = 8.1 Hz), 8.14 (H,) (2 H, br t), 7.53 (Hb) (2 H, br 

IR (Nujol mulls): vco = 1963 cm-'. 

the financial support of this work. 

t), 5.22 (Cp) (5 H, 8).  13C NMR (CD2C12, 6): 197.6 (CO), 157.7 
(Ca), 156.5 (Cb,&,), 139.6 (cc), 126.9 (Cb), 124.2 (Cd), 89.5 (cp). 
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New Access to 1,3-Diphospholyi Anions. Appllcatlon to the Synthesis of 
the First Phosphorus Analogue of a Ferrocenophane 

Michael L. Sierra, Nicole Maigrot, Claude Charrier, Louis Ricard, and Fraqois Mathey' 
Laboratoire de Chimie du Phosphore et des M6taux de Transition, UM13 CNRS, 

DCPH Ecole Polytechnique, 9 1 128 Palaiseau Cedex, France 
Received April 18, 199 1 

Summary: The reaction of acyl chlorides RC(0)CI with a 
2-sila- 1,3diphosphacycIopent-4-ene gives the corre- 
sponding 24-2-siloxy- 1,3diphosphacyclopent4enes via 
the formal replacement of the silicon by the acyl carbon 
in the five-membered ring. The substituents at P1, P3, 
and C2 in the resulting heterocycles are all cleaved by an 
excess of lithium in THF to afford the 1,3diphospholyl 
anions. The dianion obtained from glutaryl dichloride, 
Cl(O)C(CH,),C(O)Cl, reacts with a bis($-p-xylene)iron(I I )  
salt, ([ @ -xylene),Fe] [ PF,] ,, to give the corresponding 
2,2'-trimethylene- 1,1',3,3'-tetraphosphaferrocene, 
{ [(PhC)2P,CCH,] ,CH,]Fe (9), whose structure has been 
established by X-ray crystallography. 9 crystallizes in the 
monoclinic space group P2,lc with unit cell parameters 
a = 18.913 (1) A, b = 11.362 (1) A, c = 29.621 (3) A, 
@ = 106.49 (l)', and d-,& = 1.396 g cm-, for Z = 8. 
Least-squares refinement based on 244 1 observed re- 
flections with intensities F, 1 3 4 F )  in the range of 2' I 
28 I 50' converged at R = 4.5% (R,  = 5.6%). 

In a recent paper,' we have described the first general 
synthesis of 1,3-diphospholyl anions. Compared to earlier 
syntheses of the 2,4,5-tris-tert-butyl-l,3-diphospholyl an- 

(1) Maigrot, N.; Ricard, L.; Charrier, C.; Mathey, F. Angew. Chem., 
Int. Ed. Engl. 1990,29, 534. 

ion,2 the new method produces these species free from 
other phosphorus-containing products and allows for 
various substitution schemes on carbons C4 and Cg. It has 
one major drawback, however; the substitution on carbon 
C2 is not possible. Thus, we have looked for access to those 
anions that would circumvent this limitation. 

Results and Discussion 
We chose the readily available 1,2,3,4-tetraphenyl-1,2- 

dihydro-1,2-diphosphete3 as our starting product. Lithium 
cleavage of the P-P bond followed by reaction with di- 
methyldichlorosilane afforded the corresponding l-sila- 
2,5-diphosphacyclopent-3-ene (1) as a single isomer ac- 
cording to the 31P NMR spectrum of the reaction mixture 
(es 1). 

1 

The crude product was used as such without further 
purification due to ita very high sensitivity toward oxygen 

~ _ _ _ _ _ _ ~ ~  ~ 

(2) Cowley, A. H.; Hall, S. W. Polyhedron 1989,8, 849. Bartsch, R.; 

(3) Ricard, L.; Maigrot, N.; Charrier, C.; Mathey, F. Angew. Chem., 
Nixon, J. F. Polyhedron 1989,8, 2407. 

Int. Ed. Engl. 1987,26, 548. 
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