
103 

Journal of Organometallic Chemistry, 220 (1981) 103-113 
ELsevier Sequoia S.A., Lausaune -Printed in The Netherlands 

MONO- AND POLYNUCLEAR RHODIUM(I) COMPLEXES WITH 
NITROGEN-DONOR LIGANDS 
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(Received May 20th, 1981) 

The preparation of cationic rhodium(I) complexes of the type [Rh(diolefin)- 
LJCIO, (L = 4-NHzpy, 2-Nl&py, 4-NMe,py, 4-CNpy or 2-CNpy) and of poly- 
nuclear compounds of the type [ Rh, (diolefin),(L-L), ] (C104)n (L-L = 4,4’-bipy, 
pyz or 4-CNpy), in which the metal centres are bridged by the nitrogen-donor 
ligands, are described. Related rhodium(I) mono- and polynuclear carbonyls 
are also reported. 

Introduction 

Several types of cationic rhodium(I) complexes contaiulng diolefins along 
with mono- or bidentate nitrogen-donor ligands have been described [l] _ The 
only hitherto described binuclear cation, which uses the bridging capacity of 
the 4aminomethylpyridine for linking two rhodium atoms, corresponds to the 
formula [Rh2(COD)Z(NH,CHzpy);12+ [2]. 

In the present paper we describe several rhodium(I) complexes with a series 
of ligands. Each of these ligands contains two nitrogen atoms, which are poten- 
tially capable of coordination to the metal ion. The following ligands were 
used: 4-aminopyridine (4-NH,py), 2-aminopyridine (2-NH,py), b(dimethyl- 
amino)pyridine (4NMe,py), 4-cyanopyridine (6CNpy), 2-cyanopyridine 
(2-CNpy), 4,4’-bipyridine (4,4’-bipy) and pyrazine(pyz). 

a) Cationic mononuclear complexes of the type [Rh(diolefin)LJClU, 
Complexes of this type can be prepared by two methods, according to eqs. 

land2. 

]Rh(diolefin),]ClO, + 2 L + [Rh(diolefin)LJC104 + diolefin (1) 

0022-328X/81/0000-0000/$02.50 @ 1981 Elsevier Sequoia S.A. 
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l/2 [ RhCl( diolefin)] 2 a 

[Rh(diolefin)(Me,CO),]ClO, a [Rh(diolefin)L,]C104 (2) 

(diolefin = TFB; L = 4-NH*py(I), 2NH2py(II), 4CNpy(III), 2CNpy(IV). 
diolefin = COD; L = 4-NH*py(V), 2NH,py(VI), 4-NMe,py(VII), 4-CNpy(VIII), 

2-CNpy( IX) _ 

diolefin = NBD; L = 4-NH*py(X), 2-NH,py(XI), 4-CNpy(XI1)) 

Table 1 lists the analytical and other data for the yellow air-stable complexes 
I-XII, which are 1 : 1 electrolytes in acetone. In all cases the ligand is linked 
to the metal atom via the heterocyclic nitrogen, since the absorption due to 
v(CZN) in the free ligand is not changed by coordination. Moreover, the ‘H 
NMR spectra of the aminopyridine ligands show peaks due to the protons of 
the -NH2 and -NMe2 groups with chemical shifts rather similar to those for the 
free ligands (see Table 2). Complex VI crystallizes together with a molecule of 
Me&O (v(C=O) at 1710 cm-’ (Table 1); ‘H NMR peak due to Me at 7.9 ppm). 

Carbonylation (at room temperature and normal pressure) of dichloro- 
methane solutions of complexes I-XII leads to the displacement of the diolefin 
and formationof a solution of [Rh(C0)2L2]C104. Complex XIII, with L = 
4-NH,py, has been isolated (~(Ck0): 2090 and 2028 cm-’ (CH2C12 solution); 
2095 and 2025 cm‘-’ (Nujol mulls))_ Its dichloromethane solutions react with 
one mole of triphenylphosphine to give the mixed complex [Rh(C0)(4-NH2py)2- 
(PPh3)]C104 (XIV). Similar mixed complexes (XIV-XVI) can be obtained by 
the reaction represented in eq. 3. 

CRh(CO)(PPh,)(Me,CO),lC1O~~o CRh(CO)LAPPh,)lClO, (3) 

L = 4-NH,py(XIV), 4-CNpy(XV), 4,4’-bipy(XV1) 

b) Polynuclear complexes of the type [Rh,(diolefin),(L-L),](C104), 
If reactions 1 and 2 are carried out with bidentate non-chelating ligands, such 

as 4,4’-bipyridine (4,4’-bipy) or pyrazine(pyz), polynuclear complexes of the 

TABLE 2 

lH NMR SPECTRA = FOR [Rh(COD)L2]Cl04 AND RhCI(COD)L COMPLEXES 

Complex Aminopyridine &and Cyclooctadiene 

Aromatic AlIdllO CH CH2 

[Rh(COD)(4-NH2py)2lClO4 8.1 (Ha). 6.65 (Hp, 6.2 (NH21 4.0 2.6.1.9 
[Rh(COD)(2-NH~py)zlClO~ 8.55 <I-&). 6.65 <HP>. 7.45 (H$ 6.95 <NH21 a_2 2.6.1.9 
[Rh(COD)(4NMe~PY~~C104 8.2 <H,-& 6.67 <Hp) 3.04 <N&fez) -3.9 2.6. 1.9 
B,~C~(COD)(~-NH~PY) 7.95 (H&. 6.4 (HP, 6.5 (NH2) 3.9 2.3.1.7 
R~C~(COD)(~-NH~PY) 8.1 (H,). 6.5 (HP,. 7.27 (H+ 5.8 (NH2) 4.14 2.5.1.8 
RhCl(COD)(4-NMe2py) 8.18 (H&. 6.40 (HP) 2.98 (NMe2) 4.1 2.4.1-S 

= 6 values (ppm). 
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general formula [Rh,(diolefin),(L-L), ](ClO,), (diolefin = TFB or NBD, L-L = 
4,4’-bipy or pyz; diolefin = COD, L-L = pyz) (XVII-XXI) are obtained_ 

Complexes XVII-XXI are yellow air-stable solids, which are conducting 
in nitromethane. Thus, for [Rh,(TFB),(4,4’-bipy),](ClO,), the conductivity/ 
concentration plot gives a slope of 620 (Onsager’s equation 133). In the solid 
state these .complexes probably have n > 2, but their nitromethane solutions 
give rather lower values. Owing to their low solubility in other solvents no 
additional data could be obtained_ 

The reaction of compiexes XVII-XXI with carbon monoxide at room 
temperature and normal pressure gives rise to complete displacement of the 
diolefin group and formation of [Rh,(CO),,(L-L),](ClO,), (complexes 
XXH-XXIII). The IR spectra of both complexes show two strong bands due 
to Y(EO) at 2100 and 2040 or at 2120 and 2050 cm-‘, respectively, as expected 
for ck-dicarbonyls [4]. 

Complex XXIII can also be prepared by the following reaction (eq. 4). 

WWCOMMe&OL lC104 _Gz& IRh,W%,@yz), lW04), (4) 

Addition of triphenylphosphine to complex XXII (Rh/PPh3 = l/l) causes 
displacement of half of the CO groups and formation of [Rh,(CO),(4,4’-bipy),- 
(PPh,),](ClO,), (XXIV), with retention of the structure. The same reaction 
with complex XXIII leads to more profound changes, since only the mono- 
nuclear complex [Rh(CO)(pyz)(PPh,),]C104 (XXVI) can be isolated. How- 
ever, the polynuclear complex with pyz (XXV) analogous to XXIV can be 
prepared by the following reaction (es_ 5). 

n[Rh(CO)(PPh~)tMe~CO)lC104~o [Rh,(CO),(L-L),(PPh&](ClO4), (5) 

L-L = 4,4’-bipy, pyz 

The same method also allows the synthesis of XXIV. 
The reaction between the mononuclear complex XVI, which contains 4,4’- 

bipy as unidentate ligand, and [Rh(CO)(PPh,)(Me,CO),]C104 gives rise to the 
displacement of the acetone and to formation of XXIV (eq; 6). 

n/B[Rh(CO)(PPh,)(4,4’-bipy),]ClO, + n/2[Rh(CO)(PPh,)(Me,CO), JC104 + 

=/2 Me&O + CRh,(CO),(4,4’-bipy),(P.Ph&l(ClO4), (6) 

Addition of triphenylphosphine to complex XXIV (Rh/PPhB = l/l ratio) 
yields the binuclear complex- [Rh,(CO),(4,4’-bipy)(PPhs),](C104),, which was 
previously prepared by a different route [5]. The binuclear complex [Rh2(COD)2- 
(4-CNPY)*l(ClO4); (XXVII) was synthesized by using [ Rh( COD)( 4-CNpy),]- 
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C104 as precursor (eq. 7) 

[Rh(COD)(4-CNpy),]ClO, + [Rh(COD),]ClO, 4 

IRh,(COD),(4-CNpy),l(C10,), + COD (7) 

The 4-cyanopyridine ligand in the resulting complex is also coordinated via the 
nitrile group, since the vibration Y(CN) is shifted towards higher energies 
(Av(CN) = 37 cm-‘)j pointing to coordination through the N atom of the 
nitrile group [6,7] _ 

Complex XXVII reacts with triphenylphosphine (Rh/PPh3 = l/l) to give 
CRhz(CoD),(4-CNpy)(PPh,),l(C10,), (=VIW- 

Analytical and other * data-for the above-described complexes are listed in 
Table 3. 

0 ther neutral complexes 
Several neutral rhodium(I) complexes were made by the following reaction 

(eq. 8). 

l/2 [ RhCl( diolefin)] 2 + L + RhCQ diolefin)L (8) 

diolefin = TFB; L = 4-NH*py (XXIX), 2-NH,py (XXX) 
diolefin = COD; L = 4-NHzpy (XXXI), 4-NMe*py (XXXII), 4,4’-bipy (XXXIII) 

The molecular weights (in CHQ) of these complexes show them as mono- 
nuclear, with L acting as a monodentate ligand. The ‘H NMR data for RhCl- 
(COD)(4-NH,py), RhCl(COD)(4-NMe*py) and RhCl(COD)(B-NH,py) confirm 
their coordination via the nitrogen of the pyridine group (see Table 2). 

In dichloromethane solution complex XXX1 reacts with carbon monoxide 
to give RhCl(C0),(4-NH,py) (XXXIV), which can also be prepared according 
to eq. 9. 

l/B[RhCl(CO),], + 4-NHspy + RhCl(CO)z(4NI%py) (9) 

The reaction of XXX111 with carbon monoxide, however, gives an orange- 
coloured, non-conducting solid, which corresponds to the formulation Rh&12- 
(C0)4(4,4’-bipy) (XXXV), and was previously obtained by treating [RhCl- 
(CO)2]2 with 4,4’-bipy.[8]. 

The analytical and other properties for the neutral complexes are listed in 
Table 4. 

Experimental 

C, H and N analyses were carried out with a Perkin-Elmer 240 microanalyzer. 
IR spectra were recorded on a Perkin-Elmer 577 spectrophotometer (over the 

range 4000-200 cm-l) using Nujol mulls between polyethylene sheets. Conduc- 
tivlties were measured in 5 X lo4 M nitromethane or acetone solution with a 
Philips 9501/01 conductimeter. Molecular weights were determined osmome- 
t&ally with a Perk-in-Elmer 115 instrument. 

* Caution: Violent explosions occurred on heating some of the complexes. especieHy[Rh,<CO)~,- 

@Yz)nl<c104)n- 
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Preparation of complexes of the-type [Rh(diolefin)LJClO, (I-XII) 
These complexes were each prepared by two routes, which are illustrated 

below for two representative compounds. 
i) Preparation of [Rh(NBD)(4-NH~y)JClO+ Addition of 25.3 mg (0.26 

mmol) of 4-NHzpy in 2 ml of acetone to 49.6 mg (0.128 mmol) of [Rh(NBD),]- 
C104 [9] in 5 ml of the same solvent caused a change in colour from red to 
yellow. After 30 min stirring the solution was concentrated to ca. 1 ml, and 
slow addition of ether gave a’precipitate of a yellow solid, which was filtered 
off, washed with ether, and air-dried. 

ii) Preparation of [Rh(COD)(4-CNpy)JClO~. To a solution of 46.6 mg (0.094 
mmol) of [RhCl(COD)]2 [lo] in 10 ml of dichloromethane was added silver 
perchlorate (39.8 mg; 0.192 mmol) in 10 ml of acetone, silver chloride was 
immediately precipitated. After 45 min stirring the silver chloride was filtered 
off and the filtrate was added to 39.8 mg (O-382 mmol) of 4-CNpy in 2 ml of 
acetone. The resulting yellow dolution was concentrated to ca. 2 ml; the preci- 
pitation of yellow crystals was completed by adding ether. The yellow micro- 
crystalline complex was filtered, washed with ether, and air-dried. 

Preparation of [Rh(C0),(4-NH$y)JC104 (XIII) 
Carbon monoxide at normal pressure was bubbled through a suspension of 

[Rh(TFB)(4-NH,py),]ClO, in dichloromethane for 30 mm, during which the 
solid dissolved and small crystals separated. Ether was added to complete the 
precipitation of the complex, which was washed with ether, and air-dried. 

Preparation of complexes of the type [Rh(CO)L2(PPh3)]C10G (XIV-XVI) 
These complexes of this type were each made by two routes, which are 

illustrated below. 
i) Preparation of [Rh(C0)(4-N&py),(PPh,)]ClO,. A stoichiometric amount 

of triphenylphosphine in dichloromethane was added to a solution of [Rh- 
(CO),(4-NH,py),]C104 (obtained by 10 min bubbling of carbon monoxide 
through a dichloromethane solution of [Rh(COD)(4-NHzpy)JC104). After 
20 min stirring followed by concentration to ca. 1 ml, ether was added to 
complete the precipitation of a pale-yellow solid, which was filtered off, 
washed with ether and air-dried. 

ii) Preparation of [Rh(CO)(4,4’-bipy),(PPh3)]C10G. To a solution of [RhCl- 
(CO)(PPh,)], [ll] (87-l mg; O-101 mmol) in 10 ml of dichloromethane was 
added silver perchlorate (96 mg, O-463 mmol) in 10 ml of acetone. The silver 
chloride (which precipitated immediately) was filtered off after 45 min stirring 
and the filtrate was added to 96.6 mg (O-618 mmol) of 4,4’-bipy in 5 ml of 
dichloromethane. After 10 min stirring and concentration to ca. 2 ml, addition 
of pentane gave a yellow oil which was kept under vacuum. The resulting solid 
was filtered off and air-dried. 

Preparation of complexes of the type [Rh,(diolefin),(L-L)J(ClO,), (XV_U- 
XXI) 

These complexes were each prepared by the two routes illustrated below. 
i) Preparation of [Rh,(COD),(pyz),l(ClO&,. To a solution of 35.8 mg 

(O-085 mmol) of [Rh(COD),]ClO, [lZ] in 5 ml of acetone were added 8.3 mg 
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(0.103 mmol) of pyz in 2 ml of the same solvent, whereupon the colour changed 
immediately from reddish to yellow and a yellow solid appeared. After 20 min 
stirring the solid was filtered off, washed with acetone and air-dried. 

ii) Preparation of [Rh,(TFB),(4,4’-bipy),,O,. Addition of 23.1 mg 
(0.111 mmol) of silver perchlorate in 10 ml of acetone to a suspension of 40 
mg (0.055 mmol) of [RhCl(TFB)], 1131 in 10 ml of the same solvent gave 
an immediate precipitate of silver chloride. The suspension was stirred for 
30 min, the precipitate was filtered off, and the filtrate was added to 8.6 mg 
(0.055 mmol) of 4,4’-bipy in 2 ml of acetone. The resulting intense-yellow 
solution was stirred for further 15 min and vacuum-concentrated to half its 
volume, whereupon a yellow solid separated. The precipitation was completed 
by adding ether, and the complex was filtered off, washed with ether, and 
air-dried. 

Preparation of complexes of the type [Rh,(CO),,(L-L),l(ClO,), (XXII-XXIII) 
Both complexes were made by the two routes described below. 
i) Preparation of [Rh,(C0),,(4,4’-bipy),](C104), . Carbon monoxide at 

normal pressure was bubbled for 40 min throug’h a suspension of 18 mg of 
CRh,(TFB),(4.4’-bipy), I(ClW, in 10 ml of dichloromethane. The suspension 
was concentrated to ca. 4 ml and the precipitation was completed by addition 
of ether. The pale-yellow solid was filtered off, washed &th ether, and air-dried. 

ii) Preparation of [Rh,(CO),,(pyz),](ClO,),. Addition of 33.1 mg (0.160 
mmol) of silver perchlorate in 10 ml of acetone to a solution of 31 mg 
(0.0797 mmol) of [RhCI(CO),], [14] in 10 ml of dichloromethane gave an 
immediate precipitate of silver chloride_ After 30 min stirring, the silver 
chloride was filtered off and the filtrate was added to 12.9 mg (0.161 mmol) 
of pyz in 2 ml of acetone. Addition of ether completed the precipitation of 
the complex, which was filtered off, washed with ether, and air-dried. 

Preparation of complexes of the type [Rh,(CO),(L-L),(PPh3),J(C10& 
(XXIV-XXV) 

The three possible routes are described below. 

Preparation of [Rh,(C0),(4,4’-bipy),(PPh,), J(ClO,), 
i) 27 mg (0.103 mmol) of triphenylphosphine in dichloromethane were 

added to a solution of [Rh,(CO)zn(4,4’-bipy), ](ClO,), (prepared by bubbling 
carbon monoxide at normal pressure for 30 min through a dichloromethane 
solution of 48 mg of [Rh,(COD),(4,4’-bipy),](ClO,),). After 20 min stirring 
and concentration to ca. 1 ml, the complex was precipitated by addition of 
ether. The pale-yellow compound was filtered off, washed with ether and air- 
dried. 

ii) Addition of 8.96 mg (0.041 mmol) of silver perchlorate in 10 ml of 
acetone to 17 mg (0.019 mmol) of [RhCl(CO)(PPh,)], [ll] in dichloromethane 
gave a precipitate of silver chloride, which after 45 min stirring was removed by 
filtration. The filtrate was added to 30.9 mg (0.038 mmol) of [Rh(C0)(4,4’- 
bipy)z(PPha)]C104 in 5 ml of dichloromethane. Evaporation to ca. 1 ml and 
addition of ether gave a yellow solid, which was filtered off, washed with ether. 
and air-dried. 
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iii) Preparation of [R~hti(CO),(pyz),(PPh,),~(CIO,), 
Addition of 13.5 mg (0.065 mmol) of silver perchlorate in 10 ml of acetone 

to a suspension of 25.7 mg (0.030 mmol) of [RhCl(CO)(PPh,)12 in 10 ml of 
acetone gave a precipitate of silver chloride. After 45 min stirring this was 
filtered off and the filtrate was added to 5 mg (0.062 mmol) of pyz in 2 ml 
of acetone. The resulting solution was stirred for 20 min and concentrated to 
ca. 1 ml. The precipitation of the yellow solid was completed by addition of 
ether. The product was filtered off, washed with ether, and air-dried.. 

Preparation of [Rh(CO)(pyz)(PPh,)JC104 (XXVI) 
A mixture of 15.6 mg (O-059 mmol) of triphenylphosphine in 2 ml of 

dichloromethane with a suspension of 20 mg of [Rh,(CO),,(pyz),](ClO,), in 
5 rni of dichloromethane was stirred for 20 min. Theunchanged starting material 
was filtered off and the filtrate was concentrated to ca. 1 ml. Slow addition of 
ether caused precipitation of a yellow solid, which was filtered off, washed 
with ether, and air-dried. 

Preparation of [Rh2(C0),(4,4’-bipy)(PPh3)J(Ci0,)2 
Carbon monoxide at normal pressure was bubbled for 10 min through a 

suspension of 11.8 mg of [ Rh, (COD), (4,4’-bipy), ] (C104), in dichloromethane 
to give [Rh,(CO),,(4,4’-bipy),](C104),. Addition of 13.2 mg (0.050 mmol) of 
triphenylphosphine in dichloromethane caused dissolution of the solid. After 
15 min stirring the solution was concentrated to ca. 1 ml and ether was added 
to precipitate the yellow microcrystalline solid, which was filtered off, washed 
with ether and air-dried. 

This complex was prepared previously by another method [ 51. 

Preparation of [Rh,(COD),(CCNpy), ](ClO,), (XXVII) 
Addition of 44.4 mg (0.085 mmol) of (Rh(COD)(4-CNpy),]ClO, in 5 ml 

of acetone to a solution of 71.9 mg (0.172 mmol) of [Rh(COD),]ClO, 1121 
in 10 ml of the same solvent caused a change in colour from red to orange- 
yellow and formation of a precipitate. After 10 min stirring the suspension 
was concentrated to ca. 1 ml and precipitation was completed by addition of 
dichloromethane. The complex was filtered off, washed with dichloromethane, 
and air-dried. 

Conductance studies gave a slope of 407 (Onsager’s equation), which 
corresponds to a 1 : 2 electrolyte. 

Preparation of [Rh,(COD),(4-CNpy){PPh3)JfC10& (XXVIII) 
A suspension of 9 mg (0.011 mmol) of [Rh2(COD),(4-CNpy)z](C10~)~ in 

10 ml of acetone was stirred for 15 min together with 6.1 mg (0.023 mmol) 
of triphenylphosphine in 2 ml of the same solvent. Concentration to ca. 1 
ml and slow addition of ether gave a precipitate of an orange-coloured solid, 
which was filtered off, washed with ether, and air-dried_ 

Preparation of complexes of the type RhCl(diolefin)L (XXIX-XXXIII) 
The preparation of RhCl(TFB)(B-NH,py) is described as an example. 
Addition of 8 mg (0.085 mmol) of 2-NH*py in 2 ml of dichloromethane 
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to a suspension of 30.6 mg (0.042 mmol) of [RhCI(TFB)], in 10 ml of the 
same solvent caused immediate dissolution of the solid. After 15 min stirring 
the solution was vacuum-concentrated to give a yellow solid. The precipitation 
was completed by addition of ether. The complex was filtered off, washed with 
ether, and air-dried. 

Preparation of RhCI(C0),(4-NHzpy) (XXXIV) 
The complex was prepared by two different routes, as follows: 
i) Carbon monoxide at normal pressure was bubbled for ca_ 30 min through 

a dichloromethane solution of 40 mg (0.117 mmol) of RhCl(COD)(CNH,py). 
Addition of hexane gave an orange-yellow solid, and after 15 min stirring, this 
was filtered off, washed with pentane and air-dried. 

ii) 19.8 mg (0.210 mmol) of 4-NHzpy in dichloromethane suspension were 
added to a solution of 40.6 mg (0.104 mmol) of ]RhCl(CO),], [14] in the 
same solvent. After 30 min stirring the solution was vacuum-concentrated 
to ca. 1 ml to give th.e orange-yellow complex, which was filtered off and 
air-dried. 

Preparation of Rh,Cl,(C0)4(4,4’-bipy) (XXXV) 
Carbon monoxide at normal pressure was bubbled for 30 min through a 

solution of 56.4 mg (0.140 mmol) of RhCl(COD)(4,4’-bipy) in 10 ml of 
dichloromethane. Vacuum-concentration to ca. 5 ml gave an orange-reddish 
solid, whose precipitation was completed by addition of ether. The complex 
was filtered off, washed with ether, and air-dried. 

References 

1 M.A. Garralda and L.A. Oro. Transition Met. Chem.. 5 (1980) 65. 
2 D. Brodzki and G. Parmetier. J. Organometal. Chem.. 104 (1976) 241. 
3 R.D. Feltham and R.G. Hayter. J. Chem. Sot.. 1964) 4587. 

4 R. Us& L.A. Oro. C. Claver and M.A. Garrahia. J. Organometal. Chem.. 105 (1976) 365. 

5 G.K.N. Reddy and B-R. Ramesh. J. Organometal. Chem.. 87 (1975) 347. 
6 R.D. Faust. Jr. and P-C. Ford, Inorg. Chem.. 11 (1972) 899. 

7 R. Us&q L.A. 010. J. Artigas and R. Sariego, J. Organometal. Chem.. 179 (1979) 65. 

8 Yu.S. Varshavskii. N.V. Kiseleva and N.A. Buzina. Russ. J. Inorg. Chem.. 16 (1971) 863. 
9 R. Usbn. L.A. Ore. J.A. Cuchi and M.A. Ganalda. J. Organometal. Chem., 116 (1976) C35. 

10 G. Giordano and R.H. Crabtree. Inorg. Synth.. 19 (1979) 218. 
11 D.F. Steele and T-A. Stephenson, J. Chem. Sot.. A. (1972) 2161. 

12 R. Us&x. L.A. Oro and F. Ibaaez. Rev. Acad. Ciencias Zaragoza, 31 (1975) 169. 
13 D-M. Roe and A.G. Massey. J. Organometi. Chem.. 28 (1971) 273. 

14 J-A. McCleverty and G. Wilkinson. Inorg. Synth.. 8 (1966) 211. 


