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METAL—METAL BONDED COMPOUNDS

II *. TRIAZENIDO COMPOUNDS WITH METAL—MERCURY BONDS

P.I. van VLIET, J. KUYPER and K. VRIEZE **

Anorganisch Chemisch Laboratorium, van 't Hoff Instituut, University of Amsterdam,
Nieuwe Achtergracht 166, Amsterdam (The Netherlands)

(Received May 19th, 1976)

Summary

Reactions of [(Ph;P),(CO)MX?] (M = Rh!, Ir!; X2 = Cl, O,CCF;) with tria-
zenido compounds [X'Hg(RN;R")] (X! = Cl, I; R = CH;; R! = CH;, p-tolyl),
[I‘Ig(].'-\‘.DI3].'-\‘.l )2] and with Hg(OX)2 (OX = OzCCF3, OzCCH3, OzCCH(CH3)2) af-
forded, in almost all cases, metal—mercury bonded compounds. The triazenido
compounds gave a great variety of products. The type of structure formed is
critically dependent on M,X and on the groups R and R'. The triazenido group
can bond as (i) a metal—mercury bridging ligand, (ii) an acyltriazenido chelat-
ing group, or (iii) a chelate. In the case of the Ox groups only one type of struc-
ture was found, viz. that with the carboxylato ligand acting as monodentate.

Introduction

Previous publications have dealt with the preparation of novel Rh(Ir')-to-
Cu'(Ag!) bonded compounds of the type [L,(CO)MM'(RN;R")X] (L =R;P, Rs-
As; M = RhY, Ir'; M = Cu!, Ag!; X = Cl, Br, I) and [L,(CO)MAg(Ox),] (L = Ph;P,
p-tol,P; M = Rh!, Ir!; Ox = O,CCF;, ClO,) in which, in all cases, the M-to-M?
donor bond was bridged by either a triazenido group or a carboxylato group
[1—5]. It was also found that acyltriazenido—metal compounds can be formed
by CO insertion [2].

These results prompted us to investigate in more detail the coordination
properties of the triazenido ligands and of related carboxylato groups. In this
paper we show that reactions of [(R;P),(CO)MX] (M = Rhl, Ir!; X = Cl1, O,CCF5)
with triazenidomercury and carboxylatomercury compounds give a much
greater variety of products than in the case of Cu! and Ag! compounds.

* For part 1, see ref. 3.
** To whom correspondence shoul@ be addressed.
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Experimental

Al preparatibns were carried out under dry, oxygén' free, nitrogen. The sil-
ver triazenido * compounds were prepared by published methods [2,6,7].

Preparation of [XHg(RN;R!)] and [Hg(RN;R!),] (X = Cl, I; R = CH,;, p-tol;
R! = CH;, p-tol) :

A solution of [Ag(RN3;R')], (1 or 2 mmol) in THF (10 ml) was slowly added
to a solution of HgX, (X = Cl, I) (1 mmol) in THF (10 ml) with rapid stirring.
After 15 min the resulting suspension of AgX and [XHg(RN;R')] or [ Hg(RN,-
R'),] was used directly for the preparations below.

Preparation of [(PhyP),(CO)CI(Ox)MHg(Ox)] ** (M = RR., I'; Ox = O,CCF,,
O,CCH,, O,CCH(CH5).)

Hg(0Ox), (1 mmol) was added to a stirred suspension of [(Ph;P),(CO)MC1]
(1 mmol) in THF (20 ml). After 20 min hexane (60 ml) was added and the
white precipitate was filtered off and dried in vacuo (yield 95%).

Reaction of [X'Hg(DMT)] with [(PhsP),(CO)MX?] (X' =ClI, I; X* = Cl, O,CCF5;
M=Rn, Ir)

[(Ph,P),(CO)MX?] (1 mmol) was added to a stirred suspension of [ X'Hg-
(DMT)] (1 mmol) in THF (20 ml) and the mixture was stirred for 10 min (M
= Rh) and for 20 min (M = Ir). Thereafter the procedure was as in the next pre-
paration described below. In the case of M = Rh three different types of com-
pound were obtained viz. [(Ph;P),(CO—DMT)RhCl,] (yield 40%), [(Ph;P), -
(CO—DMT)CIRhHgl] (yield 60%) and [(Ph,P),(CO—DMT)(O.CCF;)RhHgI]
(vield 40%). In the case of M = Ir only one type of compound was isolated:
[(Ph;P),(CO—DMT)X'IrHgX?] (X! = Cl, I; X2 = Cl; yield 70% and X! = O,CCF;,
X? =[; yield 55%). No identificable products were obtained for X! = O,CCF;
and X? = Cl.

Analogous reactions with [XHg(DpTT)] did not give well defined products.

Reaction of [X'Hg(MpTT)] with [(Ph,P),(CO)MX?] (X' =ClI, I; M = RR, Ir';
X?=Cl, 0,CCF,)

[(Ph;P), (COYMX] (1 mmol) was added to a stirred suspension of [X'Hg-
(MpTT)] (3 mmol) in THF (20 ml). After 10 min the AgX was removed by fil-
tration and the solution was concentrated to 5 ml under vacuum. Then 50 ml
ether/hexane were added, and the precipitate was filtered off and recrystallized
from CH,Cl,;/ether/hexane. In the case of Rh no products could be isolated. In
the case of Ir two different types of compound were obtained. Compounds of
the first type were [(Ph;3P).(CO)CIIxHg(MpTT)C1] (yield 70%) and [(Ph;P),-
(COXO,CCF3)IrHg(MpTT)X] (X = Cl, I) (yield 70%). The second type of com-
pound was represented by [(Ph;P),(CO—MpTT)ClIrHgl] (yield 50%).

* DMT = CH3N3CH3: MpTT = CH3N3-p-tol; DpTT = p-tol-N3-p-tol.
** The compound [(Ph3P);(CO)CI{O, CCH3)IrHg(0O2CCH3)] has been described {8}, but was not
completely characterized.
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Reaction of [Hg(RN,R!'),] with [(Ph;P),(CO)MX] (R = R' = CH;; M = Rh!,
Ir'; X = Clend R = CH;; R! = p-tol; M= Rh!; X = CI, O,CCF5)"

In a typical experiment, the preparation of [(Ph;P)(DMT)(CO—DMT)IrHgCl]
is given: [(Ph,P),(CO)IrCl] (1 mmol) was added to a stirred suspension of [Hg-
(DMT).] (1 mmol) in THF (20 ml). After 10 min the AgX was filtéered off and
the solution concentrated to 5 ml under vacuum. Hexane/ether (50 ml) was
added, and the precipitate recrystallized from CH,Cl,/ether/hexane (yield 70%).
Table 1 shows that only [(Ph;P(MpTT)(CO—MpTT)RhHgCl] analyzed satisfac-
torily. All other compounds of this type clearly contained impurities. NMR
spectra, however, showed that the complexes [ (R;P)(RN;R!){CORN;R)MHgX]
were present in solution as the most important product.

Elemental analysis (C, H were carried out in this laboratory and Hg and N in
the Organic Chemistry Laboratory (TNO) in Utrecht) colours and molecular
weights are listed in Table 1. 'H NMR spectra were recorded with an HA 100
Varian spectrometer, and 3'P NMR spectra with a Varian XL-100 spectrometer.
IR spectra were recorded with a Beckman IR 4250 spectrometer and molecular
weights measured with a Hewlett Packard vapour pressure osmometer Model
302 B.

Results

The reactions and structural characterizations are discussed below according
to the type of structure. The 3'P-, 'H- NMR and IR data are given in Tables 2,
3 and 4.

1. (Ph3P),(CO)MCI + Hg(Ox), - (Ph:P),(CO)}(Ox)CIMHg(Ox)(M = Rh, Ir; Ox
= 0,CCF,;, G,CCH,, O,CCH(CH),)

The complexes contain a M—Hg bond, as has been proposed for [(Ph;P),-
(CO)O,CCH;)ClIrHg(O,CCHj;)] by Nyholm and Vrieze [8]. *'P NMR data
(Table 2) show that the phosphines are equivalent, with a 3'P—'9°Rh coupling
constant of about 85 Hz, indicating that the phosphine groups are trans to
each other [9]. It should be noted that there is coupling of 292—361 Hz be-
tween the 3'P nuclei and the '*°Hg nucleus. 'H NMR data show that the car-
boxylato (Ox) groups are inequivalent, while IR data indicate that they are
both monodentate. The Rh—Cl and Ir—Cl stretching frequencies lie at about
305 em™!, as expected for Cl trans to CO [10]. The structure shown in Fig. 1
therefore seems the most likely.

2. (Ph3P),(CO)RARCI + CIHg(DMT) » (Ph;P),(CO—DMT)RhC!, + Hg

31p NMR data show the presence of equivalent Ph;P groups trans to each
other. The stretching frequency of the CO group lies in the region of a ketonic
carbonyl group (»(CO) = 1729 cm™!'), and so an acyltriazenido group appears
to be present, as in the case of [(PhiP)(CO),Ir(CO—DpTT)] [2].

The CH; resonance at 2.00 ppm (Table 3) shows small couplings with 3'P and
105Rh and was therefore assigned to the N—CH; group bonded to Rh, so that
the resonance at 3.00 ppm for which no couplings were observed, has to be as-
signed to the N—CH; group bonded to CO. The two Rh—Cl stretching frequen-
cies of 308 and 342 cm™! were tentatively assigned to the bonds trans to CO
and trans to N respectively [11,12]. The structure is thus that shown in Fig. 2.

(continued on p. 102)
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Fig. 1. Proposed structure for {(Ph3P)2(CO)(Ox)CIMHg(Ox)] (L = Ph3P; Ox = O,CCH3, O5CCF3,
02CCH(CH3)2: M = Rh, Ir)

Fig. 2. Proposed structure for [(Fh3P)2(CO—DMT)MCL 1 (L = Ph3P; R = CH3: M = Rh).

3. Lo,(CO)RAC! + IHg(DMT) - L,(CO—DMT)CIRhHgI (L = PhP, (p-tol);P);
(Ph3P),(CO)IrCl + IHg(MpTT) - (Ph3P),(CO—MpTT)ClIrHgl

In the case of Rh and Ir, the '"H NMR data (Table 3) and IR data (Table 4)
indicate the presence of an acyltriazenido group. The phosphine groups are
equivalent and trans to each other. In the case of the rhodium complexes, the
tentative assignment of the band around 330 cm™! to a Rh—CI stretch seems to
indicate that the Cl atom is trans to N, so that the Hgl group must be trans to
the ketonic CO group. The P—Hg coupling constants are similar to those of the
carboxylato compounds of Fig. 1. The most likely structure is shown in Fig. 3.

In the case of [(PhsP),(CO—MpTT)ClIrHgl] an IR band was formed at 267
cm™! (Table 4), which is in the region of Hg—Cl stretching frequencies [13,14].
If the 267 cm ™! band is indeed due to a metal—halide stretch, it is possible that
Cl and I have exchanged positions, which is possible in view of the similar mi-
gration observed in [L,(COYMM!(RN;R!")X] [1—38].

4. (Ph3P),(CO)Rh(O,CCF;) + IHg(DMT) - (Ph;P),(CO—DMT)(O,CCF ;)RhHgI
In contrast to the results for the complexes discussed above, it was found

that the phosphine groups are inequivalent with a J(P—P) coupling of 19 Hz,

as is usual for cis-phosphines [15]. Two P—Rh coupling constants of 103 and

136 Hz were also observed. 'H NMR. methyl resonances (Table 3) and the ap-
pearance of a ketonic carbonyl stretching frequency at 1643 em™! indicate the

presence of an acyltriazenido group. The structure shown in Fig. 4 thus seems
the only possible one.

5. (Ph3P)(CO)IrX ® + X *Hg(DMT) - (Ph3P),(CO—DMT)X'IrHgX*(X = Cl,
O,CCF;; X =CLI;X'=ClL I; X*=Cland X' = O,CCF; X*=1I)

The 3'P NMR data show two P—Hg coupling constants which greatly differ
in size. This inidicates that one PhiP group is ¢is to Hg while the other, which
has the bigger coupling constant, is trans to the Hg atom. A similar situation
has been found in Pt(SnMe,), (diphos) in which J(Sn—P) = 143 Hz (cis) and
J(Sn—P) = 1554 Hz (trans) [16].
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Fig. 3. Proposed structure for [ L,(CO—DMT)CIMHgI] (L = Ph3P, p-tol3P; X =I; X! = CI; M = Rh; R = R!
=CH3) and [(Ph3P)2(CO—-MpTT)CIMHgl] (L = Ph3P: X =I: X! =C: M =Ir: R! = CH3: R = p-toD)

Fig. 4. Proposed structure for [(Ph3P)2(CO—DMT)(02CCF3)MHegl] (L. = Ph3P: X =13 x! = 02CCF3;
M= Rh: R = CHj3).

The appearance of ketonic carbonyl stretching frequencies (~1640 cm™)
again show the presence of an acyltriazenido group.

'H NMR data (Table 3) show a band at 3.14 ppm in the case of [(Ph;P),-
(CO—DMT)XIrHgCl] (X = Cl, 1), and one at 2.14 ppm in the case of [(Ph;P),-
(CO—DMT)(0,CCF3)IrHgl], both bands showing a clear doublet of 1.5 Hz
which indicates that this N—CH; is bonded trans to PhiP. The other resonan-
ces, which lie between 3.29 and 3.35 ppm, must therefore be assigned to the
N-—CH; bonded to the ketonic CO group. It should be noted that the introduc-
tion of a trifluoroacetato group has a large upfield influence on the N—CHj; re-
sonance when this group is cis to Hg.

- In the case of [(Ph;P),(CO—DMT)X1rHgCl] one IR Ir—Cl} band was found at
287 and 267 ecm™ (for X = Cl and I resp.). These values indicate that in both
cases the mercury is bonded to a chloride ligand.

In view of these data the structure shown in Fig. 5 seems the most likely.

6. (Ph3P),(CO)IrX* + X'Hg(MpTT) - (PhsP),(CO)X*IrHg(MpTT)X'(X* = X'
= Cl and X* = O,CCF;; X' = CLI)

31p NMR data show that the phosphine groups are bonded to Ir, equivalent
and trans to each other. 'H NMR data, the terminal carbony! stretching fre-
quencies, which lie at 1996 em™' for [(Ph;P),(CO)ClIrHg(MpTT)Cl] and at
about 2030 cm™! for [(Ph3P),(CO)(O,CCF;)IrHg(MpTT)X] (X = Cl, 1), and the
asymmetric NNN vibration at about 1355 cm™! clearly show that there is no
acyltriazenido group present {1—8], but, instead, a bridging azenido group. The
small couplings for the N—CH; group indicate that this group is bonded to Ir,
analogous to the crystal structure of [(Ph;P),(CO)rAg(Me—N,—p-tol}(OQ,CCH-
(CH,),)1 [HO,CCH(CHj;),] [5]1- The precise location of the CO and O,CCF;
groups in the case of the trifluoroacetato compounds is not known. It should
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Fig. 5. Proposed structure for [(Ph3P)2 (CO—DMT)XMHgXll (L=Ph3P;M=Ir; R=CH3: X=CLI
X! =Cland X = O2CCF3: X!=1).

Fig. 6. Proposed structure for [(Ph3P)> (CO)XMHg(MpTT)X‘] (L = Ph3P; R = p-tol; rl = CH3: X = x1
=Cland X=03CCF3: X! =CL,L ;M =Ir).

be noted, however, that the trifluoroacetato group now has a downfield influ-
ence on the N—CHj; group, indicating that this latter group is situated different-
ly from that in the structure shown in Fig. 5.

A possible structure is shown in Fig. 6, although another alternative, in which
the O,CCF; and CO groups have exchanged positions, is not excluded.

7. L,(CO)MX + HgT, - L(T)(CO—T)MHgX + L (L = Ph,P, p-tol,P; M = Ir;
T=DMT;: X=Cland L = Ph;P; M= Rh; T=DMT; X=Cland L = Ph;P; M = Rh;
T=MpTT; X=Cl, O,CCF3)

From the 3'P NMR spectra it can be concluded that only one phosphine
group is bonded to Rh in the light of the size of the coupling constants between

W
Y
7 7 \T/

R

Fig. 7. Proposed structure for {L(T)(CO—T)MHgX]} (L = Ph3P, tol3P; R = Rl = CH3:M=1Ir; X=Cland
L = Ph3P;: R = CH3; R! = p-tol, CH3: M = Rh; X = Cl, 0, CCF3).
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P and Hg or Rh (Table 2). Combination of the 'H NMR and IR data seem to
indicate that there is one acyltriazenido group and one chelating triazenido
group. A possible structure, in which the halide atom has migrated from the
Rh(Ir) atom to Hg, is shown in Fig. 7 (»(Hg—Cl) =~270 cm™).

It should be noted that satisfactory analyses were only obtained for [(Ph;P)-
(MpTTHCO—MpTT)RhHgCl]. In the other cases the C and H analyses were too
high, while the Hg analysis was too low. This indicates the possible presence of
some extra R;P, which might be coordinated to the Hg atom. Nonetheless 'H
and 3'P NMR indicate that the main component is [ (R;P)(T)(CO—T)MHgX].

Discussion

Recent work on triazenidometal compounds has shown that the triazenido
group occasionally acts as monodentate [17—19] or bidentate [17,20,21],
although it generally binds as a ligand bridging two metal centers [1—5,22—27].
One example is known in which a chelate acyltriazenido is formed by CO in-
sertion [2]. It has also been observed that otherwise unstable metal—metal
bonds such as the Rh'(Ir')-to-Cu’(Ag') donor bonds may be stabilized by tri-
azenido groups, by amidino groups (which are very similar to the triazenido
groups [28,291]), by carboxylato, and even by ClO,; and NO; groups [3]. In
each case the stabilization clearly involved the formation of a five membered
bimetallic ring. In view of these results it is remarkable that reactions of [(Ph;-
P),(CO)MX] (M = Rh!, Ir!) with Hg(Ox),, [Hg(RN5R"),] and with [ XHg(RN;-
R!)] give quite different results.

In the case of the reactions with Hg(Ox), (Ox = O,CCH;, O,CCH(CH,),,
0,CCF;) only one type of compound was formed which contained monoden-
tate carboxylato groups in addition to a metal—mercury bond. The structure
is therefore similar to that of [(Ph;P),(CO)Cl,IrHgCl1] [8]. It is interesting that
Rh—Hg bonded compounds could be made since reaction of [(Ph;P).(CO)-
RhCl1] with HgCl, did not yield a compound with a Rh—Hg bond [8].

Compounds containing Ir—Hg and Rh—Hg bonds were formed by reaction
of [(Ph;P).(CO)MX2?] (M = Rhl, Irl; X2 = Cl, O,CCF;) with [X'Hg(RN;R!)]
(X! =Cl, I; R = CH,, R! = CH; and R = CHj;, R! = p-tol), although the rhodium
compounds were generally less stable in solution. These reactions resulted in a
great variety of products, the formation and stability of which are clearly criti-
cally dependent on M, X! X2 R and R!.

In the case of rhodium, reaction of [(Ph,;P),(CO)RIhCI1] with [CIHg(DMT)]
afforded [(Ph3P),(CO—DMT)RhCI,] with formation of metallic mercury. How-
ever reaction of [THg(DMT)] with [(Ph;P),(CO)RIhCIl] and [(Ph,P),(CO)Rh-
(0,CCFs,)] yielded [(Ph;P),(CO—DMT)CIRhHgI] and [(Ph;P),(CO—DMT)}(O-.-
CCF3;)RhHgI] in which the phosphine ligands are trans to each other in the
first case and cis in the other (Figs. 3 and 4). The compounds slowly decom-
posed to form Hg and [(Ph;P),(CO—DMT)RhXI] (X = Cl, O,CCF3). In all com-
pounds the triazenido group is present as a chelated acyltriazenido group,
which forms a five-membered ring with Rh.

In the case of iridium the structure shown in Fig. 3 was only formed from
the reaction of [(Ph;P),(CO)IrCl] with [IHg(MpTT)]. Different structures were
found for the other iridium complexes, since reaction of [(Ph;P),(CO)IrX?]
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’(Xz =(Cl, OZCCF3) with. [X‘Hg(DMT)] (X! =.C1, 1) gave compoundsfm whlch
the: phosphme groups are cis, while one:of these phosphme groups is-trans tc
Hg: (Fig. 5). Exchange may’ ‘have occurred. of X' and X2.:° -

‘In the case of the methyl-p-tolyltnazemdo hga.nd itis found that reactmn of
[Cng(MpTT)] with [(Ph;P),(CO)rX?] (X2 =Cl, OzCCF3) and of- [IHg(MpTT)]
with [(Ph;P),(CO)Ir(0,CCF3)] did not produce the structure shown in Fig. 3,
but instead that shown in F1g 6, in which the tnazemdo group acts asa bndg-
ing ligand as in Cu! and Ag! compounds [1-5]. -

The great difference between the Hg metal and the Cu’(Ag’) metal compounds
is that formation of the Hg metal bond is easy and not very dependent on the -
presence of stabilizing. bndgmg ligands. Consequently the azenido group may - -
‘bridge, although it can also prefer other bondmg modes, such as the acyltrl-
azenido one. :

The mechanism by wh1ch these dlfferent compounds are formed is not very .
clear. It seems quite possible that the first step involves the formation of a
metal-to-Hg!'! donor bond [13,14,30,31], which is a well established mode of
bonding. In this type of addition complex the Rh'(Ir') atom is five-coordinate,
so that Berry pseudorotations may easily occur. This and the migration of X
ligands from Rh'(Ir")-to-Hg'" and vice versa might then account for the forma-
tion of so many different types of product.

Finally, it is not at all clear why small differences in X, R and M give rise to 7
such different structures, as is clearly apparent from the difference in reactions
between [IHg(MpTT)] with [(Ph;P),(CO)IxCl] (Fig. 3), and [Cng(MpTT)]
with [(Ph;P),(CO)IxCl] (Fig. 6).

Very little is understood about the reactlons of [(Ph3P)2(CO)MX] W1th [Hg-
(RN;R!),]. From NMR it is clear that the main product is the same in all cases,
but since a pure compound was obtained in only one case, further discussion -
is unwarranted. However, it seems clear that both a chelate azenido and a che-
late acyliriazenido group seem always to be present (Fig. 7). '

Acknowledgement .

We thenk Dr. A. OSkam and Dr. B.R. Steele, for helpful discussions and Mr.
E.C. Alders, Mr. J. Wever and Mr. D.G. Prins for their experimental assistance.

References

-J. Kuyper, P.I. van Vliet and K.Vrieze, J. Organometal. Chem., 96 (1975) 289.

J. Kuyper, P.I. van Vliet and K. Vrieze, J. Organometal. Chem., 105 (1976) 379.
J. Kuyper and K. Vrieze, J. Organometal. Chem_, 107 (1976) 129.

R.T. Kops. A. R. Overbeek and H. Schenk, Cryst. Struct. Commun., 5(1976) 125.
J. Kuyper, K. Vrieze and K. Olie, Cryst. Struct. Commun., 5 (1976) 179

F.R. Dwyer, J. Amer. Chem. Soc., 63 (1941) 78."

E. O Dimroth, Chem. Ber., 38 (1905) 670. .

“R.S. Nyholm and K. Vrieze, J. Chem. Soc., (1965) 5337 .

B.E. Mann, C. Masters and B.L. Shaw, J. Chem. Soc., (A), (1971) 1104. .

10 B.L. Shaw and A.C. Smithies, J. Chem. Soc., (A), (1968) 2784. - ’

11 AJ. Deeming and B.L. Shaw, J. Chem. Soc.. (A), (1969) 597.

12 R.J.H. Clark and C.S. Williams, Inorg. Chem., 4 (1965) 350. .

13 D.M. Adams, D.J. Cook and R.D.W. Kemmitt, J. Chem: Soc., (A). (1968) 1067. .
14 J.L.Dawes and R.D.W. Kemmitt, J. Chem. Soc., (A), (1968) 2093.. )

WA RWNH



15-

16
17
18

19

20
21
22
23
24

26
27
28
29
30

e " 111

8.0. Grim and R.A. Ference, Inorg. Chim. Acta, 4 (1970) 277.
B.R. Steele, brivatp communication (to be published).
L.D.Brown and J.A. Ibers, J. Amer. Chem. Soc., 98 (1976) 6.
S.D. Robinson and M.F. Uttley, Chem. Commun., (1971) 1315.
C.M. Harris, B.F. Hoskins and R.L. Martin, J. Chem. Soc.. (1959) 3728.
M. Corbett and B.F. Hoskins, J. Amer. Chem. Soc;. 89 (1967) 1530.
E. Pfeiffer and K. Olie, Cryst. Struct. Commun., 4 (1975) 605.
L. Busetto, A. Palazzi and R. Ros., Inorg. Chem., 9 (1970) 2792.
I.D. Brown and J.D. Dunitz, Acta Crystallogr., 14 (1961) 480.
M. Corbett and B.F. Hoskins, Chem. Commun., (1968) 1602.
P. Hendriks, K. Olie and K. Vrieze, Cryst. Struct. Commun., 4 (1975) 611.
S.C. de Santis, L. Toniolo, T. Boschi and G. Deganello, Inorg. Chim. Acta, 12 (1975) 251.
J.E. O’Connor, G.A. Janusonis and E.R. Corey, Chem. Commun., (1968) 445.
F.A. Cotton, T. Inglis, M. Kilner and T.R. Webb., Inorg. Chem., 14 (1975) 2023.
F.A. Cotton and L.W. Shive, Inorg. Chem., 14 (1975) 2027.
D.J. Cook, J.L. Dawes and R.D.W. Kemmitt, J. Chem. Soc., (A), (1967) 1547.
W.H. Morrison and D.N. Hendrickson, Inorg. Chem., 11 (1972) 2912,



