
1980 1443 

Bis(q-cyclopentadieny1)-molybdenum (and -tungsten or -titanium) 
Complexes with Chelate lmidazole Derivatives and Related Ligands 

By Maria J. Calhorda and Albert0 R. Dias,’ Centro de Quimica Estrutural, Complexo I, lnstituto Superior 
Tdcnico, Av. Rovisco Pais, 1000 Lisboa, Portugal 

The new compounds [M(q-CSHS),(HL-L‘)][PF,],, [Mo(q-C5H5),(L-L‘)J[PF,I (M = Mo or W), [Ti(q-C5H5),- 
(HL-L‘) J [PFJ [HL-L‘ = 2-(2’-pyridyl)imidazoline, 2-(2’-pyridyl)imidazole, 2-(2’-pyridyl)benzimidazole, or 
8-aminoquinoline], and [M(Y~C,H,)~(HL-L‘)] [PF,] and [M(q-CSH5),(L-L)] ( M  = Mo or W) [H,L-L‘ = 
2- (2‘-hydroxyphenyl)imidazoline or 2- (2’- hydroxyphenyl) benzimidazole] have been prepared. The acid-ionis- 
ation constants of the co-ordinated ligands have been measured for the molybdenum and tungsten complexes. 
Some of the deprotonated complexes have been methylated, and dicationic titanium complexes [Ti(q-C5H5)2- 
(L-L)] [PF,], (L-L = 1,lO-phenanthroline or 2,2’-bipyridyl) have also been prepared. 

METAL complexes of imidazole derivatives have been 
prepared and studied by several w0rkers.I Studies have 
concentrated on the deprotonation of the co-ordinated 
ligands, formation constants, analytical applications, 
and spectroscopic and magnetic properties. Some of 
this work has been prompted by the biological signifi- 
cance of some of these ligands. 

To our knowledge no complexes of these ligands with 
titanium, molybdenum, or tungsten have been reported. 
In a previous note we described our preliminary results 
on the deprotonation reactions of some molybdenum 
and tungsten complexes with imidazole and imidazoline 
derivatives2 We now describe the synthesis, properties, 
and reactions of the complexes of the imidazole deriv- 
atives and related ligands shown below with the M(7- 
C,H,), moiety where M = TiIJI, MoI”, or W1\’; com- 
plexes of Ti1v(q-C5H& with 1 ,lo-phenanthroline (phen) 
and 2,2’-bipyridyl (bipy) are also described. 

RESULTS AND DISCUSSION 

The compounds [M(q-C5H,)2Br2] (M = Mo or W) 
reacted with the molten nitrogen-donor imidazole 
derivatives and 8-aminoquinoline ligands HL-L’ 
[Hpyim, Hpym, Hpyb, or 8-aminoquinoline (Haquin)] 
to give either the dications [M(q-C,H5),(HL-L’)I2’- or a 
mixture of the dication and the monocations [M(q- 
C,H,),(L-L’)] + which were then separated by treatment 
with either acid or base and isolated as the hexafluoro- 
phosphate salts. 

The dibromo-molybdenum and -tungsten complexes 
reacted also with the 2-hydroxyphenyl derivatives 
(H,hpim or H,hpb) in refluxing ethanol and in the pre- 
sence of triethylamine (to remove the phenolic proton) to 
yield the monocations [M(q-C,H,),(HL-L’)] + which were 
also isolated as the hexafluorophosphate salts and which 
could be further deprotonated. In the case of the 
2-(2’-hydroxypheny1)imidazoline derivatives it was not 
possible to obtain satisfactory analytical results for the 
products of the second deprotonation, probably due to 
contamination with the parent compound. The de- 
protonated complexes [M(q-C,H,),(L-L’)] O > l +  could be 
alkylated by reaction with alkyl halides. Similar 
alkylation reactions have been reported for the [Ni- 

(pym),]+ complex.lb The ligands Hpyim, Hpym, Hpyb, 
and Haquin reacted with the titanium(rrr) dimer [{Ti(q- 
C,H,),Cl},] in dry tetrahydrofuran (thf) a t  room temper- 
ature to give the complexes [Ti(q-C,H,),(HL-L’)] +. 
Attempts to deprotonate the co-ordinated ligands in 
these complexes lead to decomposition. Reaction of the 

N 

2 - (2’ - pyridy1)imtdazoline 2 -( 2’-pyridyl)imidazote 

Hpyim HPY m 

2 - (  2’- pyridyl) benzirnidazole 

HPYb 

N 
OH 

2 - (2’- hydroxypheny1)irnidazoline 

H2 hpim 

OH 

2 - (  2‘- hydroxypkenyl) benzirnidazol e 

H, hPb 

titanium dimer with ligands H,hpim and H,hpb gave 
intractable species. 

Attempts to oxidise the titanium(II1) complexes pre- 
pared were unsuccessful and the complexes were de- 
composed by both HNO, and [NO][PF,]. However, 
we were able to oxidise the known related complexes 
[Ti(?-C,H,),(bipy)] + and [Ti(?-C,H,),(phen)]+ with [NO]- 
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[PF,] obtaining the analogous titanium(1v) dications 
[Ti(q-C,H,),(bipy)]2+ and [Ti(q-C,H,)?(phen)l2+. These 
are the first bis(q-cyclopentadienyl) titanium(1v) deriv- 
atives with neutral bidentate ligands to be isolated. 

All the new compounds described are well crystallised 
solids and the cationic complexes were isolated as the 
hexafluorophosphate salts. The molybdenum and tung- 
sten complexes are stable in air for prolonged periods but 
the titanium ones react readily with molecular oxygen, 
both in the solid state and in solution, to give yellow 

Compound 

at 3 360 cm-l in complex (3e). This band was not 
observed for complexes (3a) and (3c) being presumably 
under a broad band at 2 900 cm-l. It is not possible to 
make a meaningful comparison between the N-H 
stretching frequencies in the co-ordinated and in the 
free ligands. In fact, in KBr pellets this band for the 
free ligands is broad and appears at 3 300 (Hpyim), 
3020 (Hpym), and 3050 cm-l (Hpyb) due to inter- 
molecular hydrogen bonding ; in dilute CHC1, solutions 
the same band appears at 3 460 cm-l for all the three 

TABLE 1 
Analytical and conductimetric data 

Colour 
Red 
Orange 
Red 
Orange 
Mauve 
Pink 
Orange 
Dark yellow 
Red 
Yellowish orange 
Purple 
Salmon pink 
Salmon pink 
Red 
Carrot 
Red 
Carrot 
Purplish blue 
Pink 
Red 
Mauve 
Orange 
Mauve 
Purplish brown 
Red 
Orange- brown 
Brown 
Brown 
Brown 
Brown-orange 
Green 
Green 

Decomp. 
temperature 

280 
270 
260 
300 
210 
290 
290 
275 
300 
290 
160 
310 
315 
310 
270 
315 
290 
260 
290 
250 
240 
200 
215 
190 
155 
180 
210 
250 
210 
250 

(%/ "C) 

a Calculated values are given in parentheses. 

solids, presumably oxygen-bridged polymers. The com- 
plexes are thermally stable up to ca. 200-300 "C. The 
analytical and conductimetric evidence for the formul- 
ations proposed are given in Table 1. 

The electronic spectra are of the type usually found 
for bent sandwich complexes3 and are very similar to 
those recently reported for analogous complexes with 
other nitrogen-donor l i g a n d ~ . ~  I t  was also observed 
that the deprotonation of the dicationic complexes leads 
to the appearance of a new charge-transfer band in the 
visible region 

The i.r. spectra in KBr pellets show bands character- 
istic of a 4-cyclopentadienyl ring, of the anion PF,- (in 
the case of the cationic complexes), and those of the 
other ligands. For ligands Hpyim, Hpym, and Hpyb it 
is observed that the N-H stretching frequency appears 
a t  3 415 cm-l in the spectra of complexes (la),  (Ic), and 
(le), a t  3 350 cm-l in complexes (2a), (2c), and (2e), and 

Analysis (yo) 
h F 

C 
32.7 (32.6) 
42.2 (41.8) 
28.7 (28.8) 
35.8 (35.7) 
45.2 (46.0) 
32.9 (32.5) 
32.9 (32.7) 
41.7 (42.0) 
28.9 (28.9) 
35.1 (35.8) 
46.1 (46.2) 
33.0 (33.8) 
29.75 (29.9) 
36.7 (37.15) 
46.5 (46.7) 
33.1 (33.1) 
40.5 (40.45) 
50.2 (51.0) 
37.6 (38.1) 
34.6 (34.6) 
45.1 (44.4) 
29.8 (30.5) 

48.5 (48.8) 
42.8 (42.9) 
36.75 (36.8) 
47.2 (47.6) 
61.3 (63.6) 
41.3 (41.3) 
52.2 (52.9) 
41.1 (40.8) 
39.2 (38.5) 

37.3 (37.9) 

H 
3.0 (2.9) 

2.4 (2.5) 
3.5 (3.0) 
3.8 (4.1) 
3.2 (3.2) 
2.4 (2.6) 
3.2 (3.1) 
2.4 (2.3) 
2.7 (2.7) 
4.1 (3.7) 
2.8 (2.8) 
2.8 (2.5) 
2.7 (2.7) 
3.2 (3.2) 
2.5 (2.4) 
2.8 (2.8) 

3.0 (2.9) 
2.9 (2.75) 

2.4 (2.4) 
2.8 (2.8) 
4.2 (3.9) 
3.7 (3.6) 
3.1 (3.1) 

4.3 (4.2) 
3.2 (2.9) 

3.0 (2.8) 
3.1 (2.9) 

4.3 (3.5) 

3.9 (3.7) 

3.4 (3.3) 

3.3 (3.3) 

3.5 (3.5) 

N 
6.7 (6.3) 
7.8 (8.1) 
6.2 (5.6) 
6.9 (7.0) 
8.2 (9.0) 
6.4 (6.3) 
6.8 (6.4) 
8.0 (8.2) 
5.9 (5.6) 
7.3 (7.0) 
8.7 (9.0) 
5.8 (6.2) 

6.1 (5.9) 
5.5 (5.5) 

7.3 (7.4) 
5.5 (5.3) 
6.3 (6.4) 
8.2 (8.1) 
5.8 (5.8) 
4.3 (4.2) 
5.7 (5.45) 
3.9 (3.7) 

4.9 (5.3) 

5.0 (4.65) 
5.8 (6.0) 

5.1 (4.5) 
4.6 (4.8) 
6.2 (6.45) 
4.85 (4.2) 

5.6 (4.3) 
5.9 (5.4) 

4.7 (4.5) 

210 
94 

245 
91 

104 
185 
200 
88 

215 
90 
82 

150 
150 
215 

82 
176 
80 
98 

165 
191 
72 

254 
87 

104 
88 
80 
74 

7 
97 
4 

186 
193 

b For 10-3 mol dm-3 solutions in nitromethane. 

ligands. However, the complexes are not soluble in 
CHC1, being only soluble in solvents such as (CH,),CO 
and CH,CN in which a strong interaction between solute 
and solvent is to be expected. The usual shifts of the 
o-substituted pyridinic ligand upon co-ordination were 
also observed. Deprotonation causes the disappearance 
of the N-H stretching as well as small shifts in other 
bands. 

In  the l H  n.1n.r. spectra the chemical shifts of the pro- 
tons of the ligands generally move towards lower fields 
upon co-ordination. On deprotonation a general shift 
to higher field is observed. 

Acid-ionisation constants of the co-ordinated ligands 
were determined by potentiometric titration in acetone- 
water (1 : I )  solution; the calculated pK, values are 
given in Table 2. The titanium(r11) compounds were too 
unstable to oxidation in solution for such studies to  be 
undertaken. Attempts to calculate the acid-ionization 
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constants of the hydrogen bonded to the sp3 nitrogen in C,H,),(bipy)][PF,] were prepared as described in the liter- 
the free ligands using this method were unsuccessful due ature.1°-12 
to the very high value of the constants. In agreement Proton n.m.r. spectra were determined on a JEoL JNM 
with published data (with the possible exception of 100 PFT instrument. Infrared spectra were recorded on a 

Perkin-Elmer 457 instrument as KBr pellets or in chloro- 

upon co-ordination. This has been taken to show that ductivity measurements were made at 25 oc using a Radio- 
the electronic shift which occurs as a consequence of meter CDM3 conductivity meter calibrated with standard 
metal-nitrogen, and to Some extent metal-oxygen, KCl solution. Electronic spectra were measured in 
bond formation can be transmitted through the aromatic solution in a Cary 17 instrument. 
ring, decreasing the electron availability at the imino- Ionisation constants were determined by potentiometric 

Hhpim)* the acidity Of the ligands generally increased form solution and were calibrated with polystyrene. Con- 

TABLE 2 

Acid-ionisation constants for [M(q-C,H,),(HL-L’)][PF,], + [M(q-C,H,),(L-L’)][PF6]n-l + H+ (n = 1 or 2) 
Complex PKa * Complex PK. 

9.12 f 0.03 
4.60 f 0.03 
3.53 f 0.03 
3.14 f 0.03 

[Mo(?-CSHS),(Hpyim)l[PF61, 
5.20 ca. 10 o.03 

CMo(r-CsHs) z(Hhpim)l [PF,I >11 ~ W ( ~ - C S H S ) ~ ( H h ~ l m ) I I P F , I  8.03 > 11 o.03 

[W (7-cs H 6) a (HPYW 1 [PF,I a 
~ W ~ ~ - C ~ H ~ ~ , ~ H P Y ~ ~ I ~ P F , I ~  [Mo(+sHJ z ( H ~ ~ m ) l  P J ,  

[Mo(+sHs) z ( H P Y ~ ) I  [PFJz 
[Mo(q-C,H,) a (  Haquin)] [PF,] 

[Mo(r-C,Hs)z(Hhpb)l PF,I 8.40 & 0.03 [W(r-CsHs) z(HhPb)l PF6I 

3.98 f 0.03 [W(?-CSHS)Z(Hpyb)~[PF61, 
[W(&,H,),(HaqUin)] [PF J a 4.08 f 0.03 

* 0.03 = .r,t where T~ is the mean standard deviation and t is the Student parameter for 95% probability and between six and eight 
degrees of freedom. Calculations were made using the method of ref. 13. 

nitrogen and thus facilitating the deprotonation re- 
action .a 

The relative acidities of the various co-ordinated 
ligands, as measured by the pK, values, follow the extent 
of delocalisation of the x-electron density of the ligands 
and reflect the electron-withdrawing and -donating 
properties of the nitrogen and oxygen donor atoms 
respectively, As expected, the increase in acidity upon 
co-ordination is maximal for ligands Hpym and Haquin 
and negligible for H hpim. 

It has been suggested that the increase in acidity of the 
imino-hydrogen of the imidazole or imidazoline nucleus is 
a function of the metal-nitrogen bond ~ t r e n g t h , ~  but this 
claim has recently been disputed.’ On these grounds our 
observation of a consistently higher acidity for the tung- 
sten complexes seems to indicate the following order for 
the bond strengths: W-N > Mo-N. Thermochemical 
studies now initiated may provide the necessary evidence 
to establish this point. 

EXPERIMENTAL 

All preparations and further nranipvlations were carried 
out under dinitrogen unless otherwise stated. Tetra- 
hydrofuran and diethyl ether were dried over sodium and 
acetonitrile was dried over calcium hydride. %Amino- 
quinoline (Fluka), 2,2’-bipyridyl (B.D.H.), 1,lO-phenan- 
throline (Fluka) , and 2-( 2’-pyridyl) benzimidazole (Aldrich) 
were commercial products and were used without further 
purification. 

2- (2’-Pyridy1)imidazoline was prepared by condensing 
a-picolinic acid (pyridine-2-carboxylic acid) with ethylene- 
diamine. 2-( 2’-Hydroxypheny1)-imidazoline and -benzimid- 
azole were obtained by condensing salicylamide with 
ethylenediamine and l,Z-phenylenediarnine, respectively. 
2-( 2’-Pyridyl) imidazole was prepared from pyridine-2- 
carbaldehyde, glyoxal, and ammonia. The experimental 
details have been reported.** @ 

The compounds [M(q-C,H,),Br,] (M = Mo or W), 
[(Ti(i-C,H6)ZC1)Z1, [Ti(q-C,H6),(phen)l[PF,I J and [Ti(?- 

titration of mol dm-3 solutions, of the metal complexes 
in acetone-water (1 : 1) with a 0 . 1 0 0 ~  solution of K[OH] in 
water at 20 “C using a Radiometer GK 2301 C combined 
electrode connected to a Radiometer 4 pH meter. Poten- 
tial values were converted into pH values by comparison 
with a titration of 0 . 1 0 0 ~  HCl in the same mixed solvent 
with the same solution of K[OH]. Calculations were based 
partly on the method of Silva,13 according to an adaptation 
of Irving and Stacey“ of Bjerrum’s method and using 
8-10 experimental points. 

Analyses for C, €3, and N were carried out in this labor- 
atory and a t  the Inorganic Chemistry Laboratory, Oxford. 
The conditions used for the preparation of the complexes 
are shown in Table 3; typical methods of synthesis are 
described below. 

1 .-Bis (q-cyclopentadienyl) [2-( Z’-pyridyl)imid- 
azoline]molybdenum bis( hexafluorophosphate) , (la).  The 
compound [Mo(q-C,H,),Br,] (0.4 g, ca. 1 mmol) and 2-(2’- 
pyridy1)imidazoline (200 mg, ca. 1.5 mmol) were heated for 
1 h a t  110 “C so that the ligand acted also as the solvent. 
The dark sticky mixture obtained was extracted with water 
giving a red solution from which a red precipitate was 
obtained by addition of [NH,][PF,]. The product was 
recrystallised from acetone-water as red crystals. 

Method 2.-Bis(q-~yclopentadienyl) [Z-( Z’-pyridyl)imid- 
azolinato]molybdenum hexafEuorophosphate, ( lb) . A satu- 
rated solution (10 cm3) of Na[OH] was added to a red solution 
of [M(Y$~H,) , (H~~~~)] [PF, ] ,  (0.2 mmol) in acetone (10 
cm3) and the mixture was shaken for a few minutes. The 
orange organic phase was separated from the aqueous 
phase and pumped to dryness under vacuum. The residue 
was extracted with acetone, and addition of ethanol followed 
by evaporation of the acetone yielded an orange precipitate, 
which was recrystallised twice from acetone-ethanol as 
orange crystals. 

Method 3.-Bis(q-~yclopentadienyl) [2-( Z’-pyridyl)imid- 
azole]molybdenum bis(hexafluorophosphate) , (2a) , and bis(q- 
cyclopentadienyl) [ 2- (2’-pyridyl) imidazolato] molybdenum 
hexafluorophosphate, (2b). The compound [Mo(q-C,H,),- 
Br,] (0.4 g, ca. 1 mmol) and 2-(2’-pyridy1)imidazole (0.3 g, 
ca. 2 mmol) were heated for 4 h at 140 “C so that the ligand 

Method 
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acted also as the solvent. The dark orange mixture was 
extracted with water and the solution was treated as in 
method I .  Orange crystals were obtained after recrystal- 
lisation from acetone-ethanol. These were divided into 
two parts (a) and (b). 

Aqueous HCl (1 : 1) (3 cm3) was added to a solution of (a) 
in acetone. The pink solution obtained was pumped under 
vacuum, to eliminate the excess of HC1, excess of Tl[PF,] 
was added, and the mixture stirred for 2 h a t  room temper- 
ature to precipitate all the chloride as TlC1. The solution 
was then filtered and, upon reducing the volume of the 
filtrate under vacuum, pink crystals precipitated. These 

r.t. = Room temperature. 

(2d), or (3b) (0.3 mmol) in acetone (30 cm3) was refluxed in 
the presence of CH,I (2 cm3) for 10 h. The excess of CH,I 
was evaporated under vacuum, and excess of Tl[PF,] was 
added to the reaction mixture (the precipitate then dis- 
solved). After 2 h the mixture was filtered, the volume was 
reduced under vacuum, and addition of diethyl ether pre- 
cipitated a solid. This was recrystallised from either 
acetone-diethyl ether or acetone-ethanol. In  the latter 
case pink crystals precipitated on removing the acetone 
under vacuum. 

Method 6.-Bis (q-cyclopentadienyl) [Z-( 2'-pyridyZ)imidazo- 
line]titanizcm(i~~) IzexafEuorophosphate, (lc) . 2-(2'-Pyridy1)- 

TABLE 3 

Experimental conditions for the preparation of the complexes 

Reactants 
[R.lo(q-C,H,),Br,] ,Hpyiin 
( la) .  NarOHl 
~W~&C,H,),Br,],Hpyim 
fld. NarOHl 

Conditions 
1 h, 110 "C 
5 min, r.t. 
1 h, 110 "C 
5 min, r.t. 
30 min, r.t. 
10 h, reflux 
4 h, 140 "C 
4 h, 140 "C 
4 h, 140 "C 
4 h, 140 "C 
30 min, r.t. 
10 h, reflux 
10 h, reflux 
6 h, 210 "C 
5 min, r.t. 
12 h, '210 "C 
5 min, r.t. 
30 min, r.t. 
10 h, reflux 
1 11, 110 "C 
5 min, r.t. 
1 h, 110 "C 
1 h, 110 "C 
30 min, r.t. 
3 h, reflux 
3 h, reflux 
2.5 h, reflux 
5 min, r.t. 
2.6 h, reflux 
5 min, r.t. 
5 min, r.t. 
1 min, r.t. 

were recrystallised from acetone-water as reddish orange 
crystals which were identified as [Mo(q-C,H,),(Hpym)]- 
[PF,],. Crystals (b) were treated as described in method 2, 
giving dark yellow crystals identified as [Mo(?-C&),- 

MetJiod 4.-Bis(q-cycZopentndienyZ) [2-( Y-hydroxypheny1)- 
benzivnzdazolato]moZyhdenztm I ~ e ~ ~ ~ f l u ~ ~ o ~ J ~ ~ s ~ I ~ a t e ,  (cia). The 
compound [Mo(q-C,H,),Br,] (ca. 1 mmol) and 2-(2'-hydroxy- 
pheny1)benziniidazole (300 mg, ca. 1.5 mmol) were refluxed 
in ethanol (10 cm3) in the presence of triethylamine (2 cn13) 
during 2.5 h. The reaction mixture was filtered, the volume 
of the filtrate reduced under vacuum, and addition of 
water and [NH,][PF,] gave a dark solid. This was dis- 
solved in acetone and chromatographed on an alumina 
column using acetone as the solvent. A dark yellow band 
was collected ; this was filtered, the filtrate concentrated 
under vacuum, and diethyl ether added to give brown 
cry st als. 

Method 5.-MetJzyZation reactions to give ( 1 f )  , (2f),  (2g), 
and (3f). A solution of the deprotonated species ( lb) , (2b), 

(pym)l [pF6i* 

Yield (yo) 
80 

ca. 100 
70 

ca. 100 
70 
60 
60 
80 
60 
80 
70 
60 
80 
80 

ca. 100 
60 

ta. 100 
70 
60 
70 

ca. 100 
5 

70 
70 
70 
70 
60 

ta .  100 
60 

ca. 100 
90 
90 

iiiiidazolirie (0.3 g, CIZ. 2 mmol) was added to a solution of 
[(Ti(?-C,H,),Cl),] (0.4 g, ca. 1 mmol) in dry thf (30 cm3) and 
the mixture was stirred at room temperature for 30 min. 
The mixture was then filtered and the solid extracted with 
water giving a dark blue solution. Upon addition of 
[NH,][PF,] a grey solid precipitated which was recrystal- 
lised from acetone-ethanol as purple crystals. 

MetJLod 7.-Bis(q-cyclopentadienyl) (1,lO-pJLenantJwo1ine)- 
titanium(1v) bis(ILexafEuorophospkate), (7). Solid [NO][PF,] 
in excess was added to a solution of [Ti(q-C,H,),(phen)]- 
[PF,] (200 mg, ca. 0.4 mmol) in dry acetonitrile (5 cm3). 
The solution immediately became olive green and stirring 
was continued for 5 min. The solution was filtered, the 
filtrate concentrated under vacuum, and addition of diethyl 
ether precipitated green crystals. 

[9/091 Received, 19th January, 19793 

REFERENCES 

See for instance: (a) T. J. Lane, I. Nakagawa, J. L. Walter, 
and A. J. Kandathil, Inorg. Chew. ,  1962, 1, 267; (b) B. Chiswell, 

http://dx.doi.org/10.1039/DT9800001443


1447 
F. Lions, and B. S. Morris, ibid., 1964, 8, 110; (c) R. J.  Dosser 
and A. E. Underhill, J .  Inorg. Nuclear Chem., 1974, 86, 1239; 
(d )  N. S .  Biradar, T. R. Goudar, and V. H. Kulkarni, ibid., 
p. 1181; (e) S. P. Ghosh and A. Mishra, J .  Indian Chem. Soc., 
1975, 52, 791. 

M. J.  Calhorda and A. R. Dias, Rev. Port. Quim., 1978, 20, 
109. 

A. R. Dias, Rev. Port. Qudm., 1971, 18, 222. 
M. J. Calhorda and A. R. Dias, Rev. Port. QuZm., 1978,20, 77. 

5 T. R. Harkins and H. Freiser, J .  Amer. Chem. Soc., 1956, 78, 

6 Q. Fernando, Adv. Inorg. Chem. Radiochem., 1966, 7 ,  246. 
1143. 

R. K. Boggess and R. B. Martin, Inorg. Chem., 1974, 18, 

* J. L. Walter and H. Freiser, Anulyt. Chem., 1953, 25, 127. 
J. L. Walter and H. Freiser, Analyt. Chem.. 1954, 26, 217. 

lo R. L. Cooper and M. L. H. Green, J. Chem. Soc. ( A ) ,  1967, 

l1 M. L. H. Green and C. R. Lucas, J.C.S. Dalton, 1972, 1000. 
l2 R. S. P. Coutts and P. C. Wailes, Austral. J .  Chem., 1969, 21, 

la J. J. R. Fralisto da Silva, D.Phi1. Thesis, Oxford, 1962. 
l4 H. Irving and M. Stacey, J. Chem. SOC., 1961, 2019. 

1525. 

1155. 

2199. 

http://dx.doi.org/10.1039/DT9800001443

