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Abstract 

The nitrosyl complexes trans-[ReCl(NOXdppe),lA, (1; A = BF, or NO,; dppe = Ph,PCH,CH,- 
PPh,) and trans-[ReCI(NOXdppe),IBF,] (2) have been prepared from the reactions of NO[BF,] or NO 
with trans-[ReCl(N,Xdppe)z]. An unusual facile oxidation of NO to nitrate is involved in the formation 
of (1, A = NO,), the X-ray structure of which is reported. 

In spite of the known versatile coordination chemistry of nitrogen monoxide 
(NO) [1,2] and its possible role in the biological nitrogen cycle, NO is not a 
substrate of nitrogenase but is an inhibitor of its activity [3]. Therefore, at the 
active site of nitrogenase, it behaves quite differently from related unsaturated 
species such as dinitrogen, isocyanides, alkynes, etc., which are substrates of the 
enzyme and isoelectronic with NO+, a common form of ligated NO. Since we have 
been studying the coordination chemistry of those substrates at electron-rich 
dinitrogen binding metal sites, in particular trans-(ReChdppe),) [4], we have 
attempted to extend this investigation to NO and NO+. We now report the 
preliminary results obtained from the study of the reactions of NO[BF,] and NO 
with truns-[ReCl(N,Xdppe),]. 
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Upon treatment of a THF solution of this dinitrogen complex with NO[BF,l we 
observed an initial oxidation of the rhenium compound to Crans- 
[ReCl(N,Xdppe),][BF,] (eq. l), a known [51 complex which was isolated as a dark 
purple solid with properties identical to those previously reported. The oxidizing 
role of the nitrosonium cation is in agreement with the high value (1.28 V US. SCE 
[6]) of its reversible redox potential, well above that (0.28 V) [7] for the reversible 
oxidation of the neutral dinitrogen complex. 

However, if the reaction is allowed to proceed further in the presence of an 
excess of NO[BF,], replacement of N, by NO+ occurs to give trmzs- 
[ReCl(NOXdppe),]A, (1, A = BFJ (eq. 21, which was isolated as a yellow solid 
(above 50% yield) with v(N0) = 1680 cm-‘, indicative [8] of linear NO+ coordina- 
tion. 

A related salt, trans-[ReCl(NOXdppe),I[NO,l, (1, A = NO,) [v(NO) = 1700 
cm-‘], was isolated (cu. 70% yield) as a pale green species (recrystallized from 
CH,Cl,/Et,O) from the reaction of NO with truns-[ReCl(N,Xdppe),] in THF. 
The unexpected nature of this compound was fully elucidated only by an X-ray 
diffraction study [9*]. Its formation involves not only the replacement of N, by 
NO, but also the oxidation of the latter to nitrate. 

In contrast, simple substitution of N, by NO without oxidation of the latter 
occurs in trans-[ReCl(N,Xdppe)JBF,], giving trans-[ReCl(NOXdppe),l[BF,l (2), 
which was isolated (ca. 75% yield) as a yellow solid with v(N0) = 1690 cm-‘, also 
suggesting linearly coordinated NO+; complex 2 is isoelectronic with truns- 
[MX(NOXdppe),] (M = MO or W; X = H, OH, or NC01 [lo], which have been 
prepared by reaction of truns-[M(N,),(dppe>,] with some NO precursors, e.g., 
MeN(NOlC(O)NH 2 and Et 2 NNO. 

fruns-[ReC1(N,)(dppe)z] 3 truns-[ReCl(N,)(dppe),][BF,] (1) 

truns-[ReCl(N,)(dppe),] [BF,] NO[BF,l,-N! trem-[ReCl(NO)(dppe)Z] [Bhl, (2) 
(l,A=BF,) 

The structure of the cationic complex of (1, A = NO,) is depicted in Fig. 1, 
together with the most important bond distances and angles. The Re atom displays 
an octahedral coordination involving four P atoms from the two chelating dppe 
ligands in the equatorial positions, and a Cl atom and an N atom from the NO 
group occupying the apical positions. The complex has crystallographically im- 
posed Ci symmetry, so that the apical ligands are disordered in the two positions 
with equal occupancy factor. The NO is almost linearly coordinated [Re-N(l)- 
O(1) = 174.7(11Y] with N-O and Re-N bond lengths of 1.24(2) and 1.73003) A 
respectively; the former is within the expected range (1.10-1.25 A [1,2]>, for a 
@ear nitrosyl ligand, and the latter is comparable with the Re-N distance, 1.76(2) 
A [ll], found in [ReF(COXNOXPPh,),l[BF,l. 

Moreover, the X-ray analysis revealed the unexpected presence of the NO; 
counterions, derived from the oxidation of NO at the Re. Although the mechanism 
of this conversion of nitric oxide to nitrate has not yet been elucidated, it can be 

* Reference number with asterisk indicates a note in the list of references. 



Fig. 1. View of the structure of the cation truns-[ReCl(NOXdppe)2]2+ of 1 with the atomic labelling 
scheme. The Cl and NO are disordered between the two apical positions, one of the two forms being 
represented in the figure. Selected bond distances (& and angles c): Re-P(1) 2.479(l), Re-P(2) 
2.458(2), Re-Cl 2.388(5), Re-N(1) 1.730(13), N(l)-O(1) 1.24(2); P(l)-Re-P(2) 80.6(l), P(l)--Re-N(1) 
85.5(4), P(2)-Re-N(1) 87.5(4), Cl-Re-N(1) 178.8(4), Re-N(l)-O(1) 174.7(11). 

envisaged as resulting from the oxidation (by oxygen) of NO activated by the 
electron-rich Re centre in the hypothetical intermediate [ReCl(NOXdppe),], fol- 
lowing an overall 2N0/20, process. In fact, the activation of a NO ligand towards 
electrophilic attack by 0, to give nitrate or nitrite has been documented in a 
limited number of cases, in particular with some Group 8 [12] or 6 [13] transition 
metal-phosphine complexes, and has been shown to be promoted by electron 
release (e.g., by base addition to the metal [14] or by electrochemical reduction 
[13]) from the metal to the NO. Although adventitious air might be the source of 
0, in our system, we cannot yet rule out the possibility that bound NO can 
undergo deoxygenation [15], also facilitated by the transfer of electron density to 
the ligand [16]; moreover, the catalytic disproportionation of NO into N, and 0, is 
also a known 1151 reaction. 
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