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METAL-METAL BONDED COMPOUNDS 

II *. TRIAZENIDO COMPOUNDS WITH METAL-MERCURY BONDS 

P-1. van VLIET, J. KUYPER and K. VRIEZE ** 

Anorganisch Chemisch Laboratorium. wan ‘t Hoff Instituut, University of Amsterdam, 
Nieuwe Achtergracht 166. Amsterdam (The Netherlands) 

(Received May 19th. 1976) 

Reactions of [(Ph,P)2(CO)MX2] (M = Rh’, Ir’; X2 = Cl, 0&CF3) with tria- 
zenido compounds [X’Hg(RN,R’)] (X’ = Cl, I; R = CH,; R’ = CH3, p-tolyl), 
[Hg(RN,R’),] and with H&Ox), (Ox = 02CCF3, 02CCH3, 02CCH(CH3),) 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- 
Cur(Ag’) bonded compounds of the type [L2(CO)MM’(RN3R’)X] (L = R3P, Rj- 
As; M = Rh’, Irr; M = Cu’, Ag’; X = Cl, Br, I) and [L,(CO)MAg(Ox),] (L = Ph3P, 
p-to13P; M = Rh’, I$; Ox = 02CCF3, (30,) in which, in all cases, the M-to-M’ 
donor bond was bridged by either a triazenido group or a carboxylato group 
-[l-5]. It was also found that acyltriazenido-metal compounds can be formed 
by CO insertion [ 23. 

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 [(R3P)2(CO)MX] (M = Rh’, Ir’; X = Cl, O,CCF,) 
with triazenidomercury and carboxylatomercury compounds give a much 
greater variety of products than in the case of Cu’ and Ag’ compounds. 

* For part I. see ref. 3. 
** To whom correspondence should be addressed. 



All preparations were carried out under dry, oxygen free, nitrogen. The sil- 
ver triazenido * compounds were prepared by published methods [2,6,7]. 

Preparation of [XHg(RNa’)] and [Hg(RN&‘)J (X = Cl, I; R = Cdi, p-tol; 
R’ = CH,, ~401) 

A sohrtion of [Ag(RNSR1)], (1 or 2 mmol) in THF (10 ml) was slowly added 
to a solution of HgX2 (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,- 
RI),] was used directly for the preparations below. 

Preparation of [(Ph~)2(CO)Cl(Ox)MHg(Ox)] ** (M = Rh_‘, I?; Ox = 02CCF3, 

OzCCHs, O,CCHtCH,),) 
Hg(Ox), (1 mmol) was added to a stirred suspension of [(Ph3P)2(CO)MCl] 

(1 mmol) in THF (20 ml). After 20 min hexane (60 ml) was added and the 
white precipitate was filtered off and dried in vacua (yield 95%). 

Reaction of [X’Hg(DMT)] with [(Ph$)2(CO)MX] (X’ = Cl, I; p = Cl, O&CF,; 
M = Rh=,. II-=) 

[(Ph3P)2(CO)MX2] (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. [(Ph3P)2(CO-DMT)RhC12] (yield 40%), [(Ph3P)z - 
(CO-DMT)ClRhHgI] (yield 60%) and [(Ph3P)2(CO-DMT)(02CCF3)RhHgI] 
(yield 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’ = 02CCF3, 
X2 = I; yield 55%). No identificable products were obtained for X’ = 02CCF3 
and X2 = Cl. 

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

Reaction of [XlHg(MpTT)] with [(Ph$)2(CO)MXrJ (Xl = Cl, I; M = Rh’, I#; 
x = Cl, O,CCF,) 

[(Ph3P)* (CO)MX] (1 mmol) was added to a stirred suspension of [X’Hg- 
(MpTT)] (1 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 frost type were [(Ph3P)2(CO)CIIrHg(MpTT)Cl] (yield 70%) and [(Ph,P),- 
(CO)(O,CCF,)IrHg(MpTT)X] (X = Cl, I) (yield 70%). The second type of com- 
pound was represented by [(Ph3P)2(CO-MpTT)ClIrHgI] (yield 50%). 

* DMT = CH3N3CH3: MpTT = CH3N3-p-tol; DpTT = p-tol-N3-p-tol. 

** The compound i<Ph3P)2<CO)CI<O2CCH3]~Hg<02CCH3)] has been described [8]. but was not 
COmPktely charactelized. 
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Reaction of [Hg(RN#)J with [(Phz)2(CO)MXJ (R = RI-= CH,; M = Rh’, 
I.; X = Cl and R = CH,; R1 = p-tol; M = Rh’; X = Cl, O,CCF,) 

In a typical experiment, the preparation of [(Ph,P)(DMT)(C&DMT)lrHgCl] 
is given: [(Ph,P),(CO)IrCI] (1 mmol) was added to a stirred suspension of [Hg- 
(DMT),] (1 mmol) in THF (20 ml). After 10 mm the AgX was filtered off and 
the solution concentrated to 5 ml under vacuum. Hexane/ether (50.ml) was 
added, and the precipitate recrystallized from CH&lJether/hexane (yield 70%). 
Table 1 shows that only [(Ph,P(MplT)(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. lH NMR spectra were recorded with an HA 100 
Varian spectrometer, and 31P 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 press&-e osmometer Model 
302 B. 

Results 

The reactions and structural characterizations are discussed below according 
to the type of structure. The 31P-, ‘H- NMR and IR data are given in Tables 2, 
3and4. 

I_ (Php),(CO)MCZ + Hg(Ox), + (Ph#),(CO)(Ox)ClMHg(Ox)(M = Rh, Ir; Ox 
= 02CCF3, 0,CCH3, O,CCH(CH,),) 

The complexes contain a M-Hg bond, as has been proposed for [(Ph3P)*- 
(CO)0,CCH3)C11rHg(0,CCH3)] by Nyholm and Vrieze [S]. 31P NMR data 
(Table 2) show that the phosphines are equivalent, with a 31P-ro5Rh coupling 
constant of about 85 Hz, indicating that the phosphine groups are tram to 
each other [9]_ It should be noted that there is coupling of 292-361 Hz be- 
tween the 31P 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 cm-‘, as expected for Cl trans to CO [lo]. The structure shown in Fig. 1 
therefore seems the most likely. 

2. (PhJ-')),(CO)RhCl + ClHg(DMT) -+ (Ph&(CO-DMT)RhCI, + Hg 
31P hMR data show the presence of equivalent Ph3P groups trans to each 

other. The stretching frequency of the CO group lies in the region of a ketonic 
carbonyl group (v(C0) = 1729 cm-‘), and so an acyltriazenido group appears 
to be present, as in the case of [(Ph,P)(CO)Jr(CO-DpTT)] 123. 

The CH3 resonance at 2.00 ppm (Table 3) shows small couplings with 3LP and 
lasRh and was therefore assigned to the N-CH3 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-CH3 group bonded to CO. The two Rh-Cl stretching frequen- 
cies of 308 and 342 cm-’ were tentatively assigned to the bonds frans to CO 
and tmns 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 [(Ph3Pl~<COl~O~l~IMHg<O~ll (L = Ph3P: OX = O2CCH3. O2CCF3. 

02CCH<CH3)2; M = Rk Irl 

Fig. 2. Proposed structure for [<Ph3Pl2<CO-DWTlMCl~l <L = Ph3P; R = CH3: M = Rh). 

3. L,(CO)RhCl f IHg(DMT) -+ L,(CO-DMT)ClRhHgI (L = Ph& (p-to&P); 
(Ph~),(CO)lrCI + IHgMpTT) + (Ph#),(CO-MpTT)ClIrHgI 

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-Cl stretch seems to 
indicate that the Cl atom is trans to N, so that the HgI group must be tram 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 [(Ph,P),(CO-MpTT)CIIrHgI] an IR band &as 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 [L2(CO)MM1(RN3R1)X] [l-3]. 

4. (Ph$‘),fCO)Rh(O,CCF,) + IHg(DMT) + (Phz),(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 cm-’ indicate the 
presence of an acyltriazenido group. The structure shown in Fig. 4 thus seems 
the only possible one. 

5. (PhP)2(CO)IrX 4 -t X bHg(DMT) -+ (Php),(CO-DMT)X’IrHgX(X a = Cl, 
O,CCF,; X b = Cl, I; X’ = Ci, I; p = Cl and X1 = O,CCF,; p = I) 

The “P NMR data show two P-Hg coupling constants which greatly differ 
in size. This indicates that one Ph3P group is cis 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(SnMe3)2 (diphos) in which J(Sn-P) = 143 Hz (cis) and 
J(Sn-P) = 1554 Hz (trans) 1161. 
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R R 
Fig. 3. Proposed structure for [Lz(CO-DMT)ClMHgI] (L = PhsP, p-tol3P; x = I; XI = Cl; M = Rh; R = R* 

=CH3) and [(Ph3P)z(CO-MpTT)ClMHgI] (L = Ph3P: X = I: ~1 = Cl: M = Ir: RI = CH3: R = p-tol) 

Fig. 4. Proposed structure for [(Ph3P)2<CO-DMT)(O2CCF3)MHgI] (L = Ph3P: X = I: X1 = O2CCF3: 
M = Rh: R = CH3). 

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 [(Ph3P)2- 
(CO-DMT)XIrHgCl] (X = Cl, I), and one at 2.14 ppm in the case of [(Ph3P)*- 
(CO-DMT)(O,CCF,)IrHgI], both bands showing a clear doublet of 1.5 Hz 
which indicates that this N-CH3 is bonded frans to Ph3P. The other resonan- 
ces, which lie between 3.29 and 3.35 ppm, must therefore be assigned to the 
N-CH3 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-CH3 re- 
sonance when this group is cis to Hg. 

- In the case of [(Ph3P)2(CO-DMT)XIrHgC1] one IR h-Cl band was found at 
287 and 267 cm-’ (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. (PhP),(CO)IrX + X’Hg(MpTT) + (Ph$‘)2(CO)x21rHg(MpTT)X’(x2 = X’ 
= Cl and X = O,CCF,; X’ = ClJ) 

31P NMR data show that the phosphine groups are bonded to Ir, equivalent 
and tram to each other. ‘H NMR data, the terminal carbonyl stretching fre- 
quencies, which lie at 1996 cm-’ for [(Ph3P),(CO)ClIrHg(MpTT)Cl] and at 
about 2030 cm-’ for [(Ph3P)2(CO)(02CCF3)IrHg(MpTT)X] (X = Cl, I), and the 
asymmetric NNN vibration at about 1355 cm-’ clearly show that there is no 
acyltriazenido group present [l-3], but, instead, a bridging azenido group- The 
small couplings for the N-CH3 group indicate that this group is bonded to Ir, 
analogous to the crystal structure of [(Ph3P)2(CO)IrAg(Me-N3-p-tol)(O&CH- 
(CH3)2)] [HO&CH(CH&] [5]. The precise location of the CO and O2CCF3 
groups in the case of the trifluoroacetato compounds is not known. It should 
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L X 

Fig. 5. Proposed structure for [(Ph3P)2<CO-~MT)XMHgXl] <L = Ph3P: M = Ir; R = CR3: X = Cl. I: 

X1 =ClandX=OZCCF3;Xt=I). 

Fig_ 6. Proposed structure for [<Ph3P)?(CO)XMHg(MpTT)Xl I <L = Ph3P; R = p-tol; R1 = CH3; X = XI 
=ClandX=O~CCF3;X’=Cl,I;M=Ir). 

be noted, however, that the trifluoroacetato group now has a downfield influ- 
ence on the N-CH3 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 O2CCF3 and CO groups have exchanged positions, is not excluded. 

7- L,(CO)MX + HgTz + L(T)(CO-T)MHgX + L (L = PhJ’, p-to@; M = Ir; 
T=DMT;X=ClandL=Ph&M=Rh;T=DMT;X=ClandL=Ph#;M=Rh; 
T = MpTT; X = Cl, 02CCF3) 

From the 31P 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 

Fig. 7. Proposed structure for [L(T)<CO-T)MHgX] (L = Ph3P. tol3P; R = RI = CH3; M = IX; X = Cl and 
L = Ph3P: R = CH3: RI =p-tol. CH3: M = Rh: X = Cl, O2CCF3). 
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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 (v(Hg-Cl) = -270 cm-‘). 

It should be noted that satisfactory analyses were only obtained foi- [(Ph,P)- 

(MpTT)(CO-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 R3P, which might be coordinated to the Hg atom. Nonetheless ‘H 
and “P NMR indicate that the main component is C(R3P)(T)(CO-T)MHgXI. 

Discussion 

Recent work on triazenidometal compounds has shown that the tiazenido 
group occasionally acts as monodentate [17-191 or bide&ate [17,20,21], 
although it generally binds as a ligand bridging two metal centers [l-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-CuI(Ag’) donor bonds may be stabilized by tri- 
azenido groups, by amidino groups (which are very similar to the triazenido 
groups [28,29]), by carboxylato, and even by C104 and NO3 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(RN,R’),] and with [XHg(RN3- 
R’)] give quite different results. 

In the case of the reactions with Hg(Ox), (Ox = 02CCH3, 02CCH(CH3)2, 
0&CF3) 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 [(Ph3P)2(CO)C121rHgCl] [S]. It is interesting that 
Rh-Hg bonded compounds could be made since reaction of [(Ph,P),(CO)- 
RhCl] with HgCl, did not yield a compound with a Rh-Hg bond ES]. 

Compounds containing Ir--Hg and Rh-Hg bonds were formed by reaction 
of [(Ph3P)2(CO)MX2] (M = Rh’, Ir’; X2 = Cl, O,CCF,) with [X’Hg(RN,R’)] 
(X’ = Cl, I; R = CH3, R’ = CH3 and R = CH3, R1 =p-tol), although the rhodium 
compounds were generalIy 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)RhCl] with ]ClHg(DMT)] 
afforded [(Ph,P),(CO-DMT)RhCl,] with formation of metallic mercury. How- 
ever reaction of [lHg(DMT)] with [(Ph3P)2(CO)RhCl] and ](Ph3P)2(CO)Rh- 
(O&CF,)] yielded ](Ph,P),(CO-DMT)ClRhHgI] and [(Ph,P),(CO-DMT)(O,- 
CCF,)RhHgI] in which the phosphine ligands are tram 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, O2CCF3). 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 [(Ph3P)2(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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[CJHg(MpTT)] with [(Ph,P),(CO)Ir$*.] (X2 ?=..Cl, -0;CCF3) 99 o?- [Il!$j(MpTT)] 
with [ (Ph3P)2(C0.)Ir(02CCFs)] did not prodixe the .$+cture shown in:-Fig.- 3, 
but instead.that shownin Fig. 6, in which the ti?enido g&up ace as a-bridg-_ 
ing.ligand as ti_ Cu’ and Ag’ compokds [l-5]. .- . . -. _’ : 

The great differ+mce between the Hg rnem and the Cu’(Ag’) metal compoun& 
is that formation of the Hg metal bond is easy and not very dependent on the 
presence of stabilizing.bri$ging egands. Consequently the azenido group-may 
bridge, although it can also prefer other bonding modes, Such. as the acylti- 
azenido one. 

The mechanism by which these different compounds are formed is not very 
clear. It seems quite possible that the first step involves the formation of a 
metal-to-Hgl.T donor bond.[13,14,30,31], which & a well established mode of 
bonding. In this type of addition complex the Rh’(Ir’) atom is five-coordinate, 
so that Berry pseudorotations may ea@ly occur. This and the ‘migration of X 
ligands from Rh’(IrI)-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 
such different structures, as is clearly apparent from the difference in reactions 
between [IHg(MpTT)] with [(Ph,P),(CO)IrCl] (Fig. 3), and [ClHg(MpTT)] 
with [ (Ph,P),(CO)IrCl] (Fig. 6). 

Very little is understood about the reactions of [(Ph,F$(CO)MX] with [Hg- 
(RN,R’),]. From NMR it is clear that the main product is the sa&e 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 acyltriazenido group seem always to be present (Fig. 7). 
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