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Summary Stable I r m  and Ptn complexes containing the 
ligand (CF,),NO have been obtained by oxidative 
addition of the radical (CF,),NO- to IrI and Pt* compounds 
and by metathetical chlorine atom exchange using 
Hg [ON(CF,),], ; (CF,),NONa reacts with the cations 
[M(CO)(MeCN)(PPh,),]+ (M = Rh or Ir) to  afford the IrI 
and RhI complexes [M(CO) {(CF,),NO }(PPh,),], and with 
the PtII cations [PtX(CO)L,]+ (X  = C1, Br;  L = PPh,: 
X = C1, L = AsPh,) to  give the compounds of type 
[PtX (CO.ON(CF,), )L2]. 

ALTHOUGH bis(trifluoromethy1)nitroxy derivatives of main 
group elements may often be prepared by reaction of the 
radical (CF,),NO-,l very little information is available about 
derivatives of the transition metals, apart from a report 
of an unstable cobalt(I1) species, [Co (ON(CF,),},],2 and a 
communication on the manganese(1) complex [(CF3)2- 
NOMn(CO),] formed by reaction of the radical with [HMn- 
(CO),].3 In  our hands this last reaction has always re- 
sulted in a mixture of the reported complex and ~n , (CO) , , ] ,  
and we have not yet succeeded in obtaining a pure sample. 
Thermally- and air-stable IrI, Ir*I, RhI, and Ptn deriva- 
tives of the (CF,),NO ligand have now been prepared by the 
methods outlined in Scheme 1, doubtless applicable to  the 
preparation of (CF,),NO derivatives of other transition 
metals. 

Oxidative addition of (CF,),NO* occurs readily a t  room 
temperature in benzene or carbon tetrachloride to give the 
complexes (1)-(111) as white, crystalline solids with v(C0) 
bands typical of I r m  complexes (see Table), and strong 
bands a t  1260, 1150, and 950 cm-l for v(C-F); the (CF,),NO 
ligand also gives a singlet a t  cu. 10p.p.m. to  low field of 
CF,CO,H in the 'OF n.m.r. spectra (CDC1, solution). The 

lH  n.m.r. spectrum of compound (111) shows an apparent 
triplet centred a t  T 7.28 (apparent Jp-n 5-9 Hz), establishing 

Oxidative addition 

[IrCl (CO) L,] --+ [IrCI {ON(CF,), },(CO) L,] 
(CFS),NO* 

(I) L = PPh,; (11) L = AsPh,; 
(111) L = PPh,Me 

(CF,),NO* 
[Pt(PPh3),(Cd%)] - [Pt(PPhs)s {ox(cF3)2 121 

Halogen displacement 

[PtC12(AsPh3)d LPt {0N(CF3)a)s(AsPh3)21 

(CF,),NONa reaction with metal carbonyl cations 
(CF,) ,NONa 

[ Pt X (CO) L,] fBF4- 

(IV) 

[(CF,) 2NOlaHg 

(V) 

[ Pt X (CO*ON (CF,), }La] 

(VII) L = PPh,, X = Br 
(VI) L = PPh,, X = C1 

(VIII) L = AsPh,, X = C1. 

(CF,) ,NONa 
Ligand displacement 

[M(CO) (MeCN) (PPh,),]+ClO,- ------+ 
[M {ON(CF3)2 }(CO) (PPhJ21 
(IX) M = I r ;  (X) M = Rh 

SCHEME 1. Preparative methods for bis(trifluoromethy1) 
nitroxy compounds. 

that  the two phosphine ligands remain trans in this com- 
pound, and presumably in the other compounds, although 
the stereochemistry of the remaining ligands cannot be 
unambiguously assigned. The white crystalline PtII com- 
plex (IV) has been fully characterised by i.r. and 19F n.m.r. 
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spectroscopy, but its stereochemistry has not yet been 
established. These examples of radical additions to low- 
valent iridium and platinum complexes substantiate recent 
observations* that a free-radical oxidative addition mechan- 
ism can occur readily, and can often be preferred to alterna- 
tive mechanisms. 

TABLE 

(CF,),NO derivatives of transition metals 
M.p. (decomp.) v(M-CO) 

Compound" Yield/ % /"C /cm-l 
(I)-CCl, . . .. 50 170b 2052 
(11) . . .. .. 44 150-5b 2058 
(111) . . . .  .. 49 140b 2058 
(IV) . .  .. . * 54 176-1 77b 

. .  . . 48 148-152b 
.. 47 196C 

(VIII) . . .. 36 142c 
(IX).tetrahydrofuran 70 190-200' 1957 
(X)*O*SCH,Cl, . . 51 160-1 80' 1960 

tained solvent of crystallisation. 
melting. C Decomposition on melting. 

(V) * * 
(VI) . . 
(VII).CH,Cl,' * .. 66 1800 

* Satisfactory analysis obtained; the crystals sometimes con- 
b Decomposition point before 

Use of the mercurial [(CF,>,NO],Hg in CFCl, solutions in 
the metathetical halogen exchange readily yields the tri- 
phenylarsine compound (V) , and although the similar 
reaction with [PdCl,(PPh,),] results only in decomposition, 
preliminary investigations have shown that other PtII 
complexes and a AuI complex can be prepared, suggesting 
that the method may have wider application for the syn- 
thesis of other (CF,),NO derivatives of transition metals. 
It is not known whether these reactions involve oxidative 
addition followed by reductive elimination of a mercury(I1) 
halide, or a four-centre exchange reaction as suggested for 
main group halides.6 

The sodium salt of bis(trifluoromethy1) hydroxylamine, 
(CF3),NONa,6 reacts only with the most reactive metal 
carbonyl cations, in which the CO ligand has a high electro- 
philic character,' to afford the novel derivatives (V1)- 
(VIII), characterised by the disappearance in the i.r. 
spectrum of the metal carbonyl stretching vibration and the 

appearance of a new carbonyl absorption in the region of 
1707-1709 cm-1; their 19F n.m.r. spectra (CDCl, solution) 
show a singlet in the range 24.1-24.8p.p.m. downfield 
from CF,CO,H for the (CF,),NO group, compared with 
11.70 and 11.75 p.p.m. for the PtII derivatives (IV) and (V) 
respectively. The sodium salt does not cause halide ion 
displacement from compounds such as [IrCl(CO) (PPh,)J or 
[RhCl(PPh,),], or halogen-bridge cleavage reactions with, 
for example, [ (PtCl(PPh,),},] [BF,],, but it will displace 
weakly co-ordinated ligands from ionic rhodium and 
iridium complexes to give the complexes (IX) and (X). 

[IrR(CO)L2(O2)1 (5%) 

DrRI(CH3)(COlLJ (89%) 

Y 
[IrRI(CF3)(CO)Ld 

(55%) 
[ I r  x,(co)L~'] [X=C[ ( 3 7 ~  or I WYJ] 

R = ON(CFJ2, L = PPh, 

SCHEME 2. i ,  O,, 1 atm; ii, MeI; iii, E t I ;  iv, PhCH,COCl; 
v, CF,CO,H; vi, I, or Cl,; vii, CFJ; viii, (CF,),NO*; ix, 

The iridium complex (IX) undergoes oxidative addition 
reactions (Scheme 2) ;  halogens or acyl halides result in 
replacement of the (CF,),NO ligand, whereas the reaction 
with an excess of (CF,),NO. results in an interesting CO 
'insertion' reaction which warrants further investigation. 
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