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Nitrosobenzene, reacts readily with [OsCl(NO)(PPh,),(L)] (L = C,H,, PPh,) to 
replace the labile ligand, L, and form of complex [OsCl(NO)(ONPh)(PPh,),1 in 
which the nitrosoarene ligand is coordinated through both nitrogen and oxygen. The 
nitrosobenzene complex reacts reversibly with hydrogen chloride to provide a l/l 
adduct, formulated as the divalent osmium hydroxylaminato complex [OsCl,{N- 
W-WWW’PW,l. 

Introduction 

The isolation of the complexes [Pt(ONAr)(PPh,),] (Ar = aryl), and subsequent 
reactivity studies with multiple-bond containing substrates [l-3] promise a diverse 
chemistry based on the coordinative activation of the N=O groups. The reactivity of 
coordinated nitrosoarenes is, however, not yet well understood. Some attempts to 
utilise nitrosoarenes as sources of an imino, or nitrene, fragment “Ar-N :” have 
been successful [4,5], but others less so 161. The nitroso group of nitrosoalkanes and 
nitrosoarenes may ligate to a metal in a number of ways depending primarily on the 
nature of the metal centre involved [7,8]. The bidentate mode of coordination tends 
to be irreversible. Thus the complex [Pt(ONPh)(PPh,),] treated with a variety of 
potential ligands (alkynes, alkenes, carbon disulphide, nitrosonium ion etc.) leads to 
coupling reactions involving the nitrosoarene ligand and the added reagent, rather 
than simple substitution [l-3,7] (Scheme 1). 
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Scheme 1. Coupling reactions of nitrosoarenes at low-dent metal centres. L,M = [(PPh,),Pt], A=3 
- OC=O, SC=S, 0-N +, OC=NR, RCkCR, (NC),C=C(CN),. 

We describe here the synthesis of a novel nitrosobenzene complex of zerovalent 
osmium and report an important reaction of the complex viz. reversible protonation 
to give hydroxylaminato complex of divalent osmium. 

Results and discussion 

Synthesis and spectroscopic characterisation of [OsCI(NO)(ON-Ph)(PPh,),] 
The ruthenium complex [RuCl(NO)(ONPh)(PPh,),1 has been prepared by 

treatment of the reactive 16-electron complex fragment [RuCl(NO)(PPh,),] with 
nitrosobenzene [3]. The complex was rather unstable and complete characterisation 
was not possible, although the identity of the compound was clear from elemental 
microanalysis and infrared data. We have found the osmium fragment 
[OsCl(NO)(PPh,),] (analogous to [RuCl(NO)(PPh,),]) very useful for the stabilisa- 
tion of small reactive molecules [S-12]. Unlike the corresponding ruthenium com- 
plex [13], [OsCl(NO)(PPh,),] is not available as the free complex [14]. The chem- 
istry of this fragment has nevertheless been extensively investigated through the use 
of labile adducts [OsCl(NO)(PPh,),(L)] (L = C,H,, PPh,) [9-12,14,15]. With a 
view to obtaining model complexes which might be more amenable to study than 
the unstable ruthenium compounds, we have investigated the synthesis of the 
complex [OsCl(NO)(ON-Ph)(PPh,>,1. 

The tris(phosphine) complex [OsCl(NO)(PPh,),] [9] reacts with l-2 equivalents 
of nitrosobenzene to provide, as the major product (60-70%), an orange compound 
formulated as [OsCl(NO)(ONPh)(PPh,),]. Unlike the ruthenium complex 
[RuCl(NO)(ONPh)(PPh,),], the product is indefinitely stable in the solid state 
under air. A band in the infrared spectrum (Nujol) at 1729 cm-’ is assigned to the 
nitrosyl ligand and the frequency compares well with those for the related com- 
plexes [OsCl(NO)(O,)(PPh,),] (1740 [14]) and [OsCl(NO)(CH,O)(PPh,),1 (1710 
[14,15]), and [RuCl(NO)(ON-Ph)(PPh,),] (1740 cm-l [3]). A band at 958 cm-’ 
may be attributed predominately to the nitrogen-oxygen stretch of the r-bound 
nitrosoarene. This frequency may be compared with those in the complexes 
[Pt(ONC,H,Me-2)(PPh,),1 (975 cm-’ [3]) containing n-bound nitrosotoluene, and 
with the oxygen-oxygen stretching frequency for [OsCl(NO)(O,)(PPh,),] (840 
cm-’ [14]), and contrasted with the position of the v(NO)-associated band in the 
spectrum of [PtCl,(ON-CMe,),] (1555 cm-’ [S]), which contains a monodentate 
coordinated nitrosoalkane. The low value of v(N0) supports the assumption of 
bidentate (N,O) coordination of the N-O moiety to osmium in [OsCl(NO)(ON- 
WW’h,M- 

The well-established reaction of phosphines with nitroso compounds leading to 
phosphine oxides and iminophosphoranes, i.e.: 

2 R,P + O=N-R’+ R,P-0 + R,P-N-R’ 
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is presumably responsible for the moderate yields obtained after chromatographic 
purification of [OsCl(NO)(ONPh)(PPh,),1. Indeed, the product itself, [OsCl(NO)- 
(ONPh)(PPh,),] may be sensitive to the presence of excess of phosphine, as, for 
example, is the ruthenium analogue [3]. In an attempt to improve the synthesis, the 
reaction of the ethylene complex [OsCl(NO)(C,H,)(PPh,),1 (14,151 with nitroso- 
benzene was investigated. Treatment of the ethylene complex with one equivalent of 
nitrosobenzene in tetrahydrofuran gives the desired complex [OsCl(NO)(ONPh)- 
(PPh3)J in quantitative yield as indicated spectroscopically, and in 94% isolated 
yield. 

[OsCl(NO)(C,H,)(PPh,),] + O=N-Ph --) [OsCl(NO)(ON-Ph)(PPh,),1 + C,H, 

Protonation of coordinated nitrosobenzene 

The reactions of coordinated nitrosoarenes with electrophiles typically result in 
coordination of the electrophile to the nitrogen atom of the nitroso group, followed 
by metallacyclic ring closure [l-3] (Scheme 1). In contrast to these observations, the 
reactions of electrophiles with the isolobahy related molecule formaldehyde when 
bound to low-valent osmium centres give products derived from electrophilic attack 
at the oxygen atom [Ml. It was therefore of interest to investigate the ambidenticity 
of the nucleophilic nitrosoarene ligand in [OsCl(NO)(ONPh)(PPh,),]. Treatment of 
a dichloromethane solution of the nitrosoarene complex with aqueous hydrochloric 
acid immediately gave an orange-brown complex, which was isolated following 
addition of ethanol and concentration of the solution under reduced pressure_ 
Surprisingly, attempts to further purify this compound by column chromatography 
on silica gelled to complete recovery of the starting complex. Similarly, treatment of 
the protonated complex with the non-nucleophilic base l&diazabicyclo[5.4.0]un- 
dec-7-ene (DBU), gave good yields of [OsCl(NO)(ONPh}(PPh,),1. 

The infrared data support the formulation of the protonated product as the 
divalent hydroxylaminato-osmium complex [OsCl 2 { N(OH)Ph)(NO)(PPh, ) J: the 
appearance of a band at 3243 cm-’ corresponds to a hydroxyl group rather than a 
metal hydride which would be expected to be apparent at ca. 2000 cm-‘. The 
v(N0) stretching band observed at 958 cm-’ in the precursor complex is replaced 
by a band at 884 cm-’ in the protonated product. This is consistent with a formal 
reduction in the N-O bond order upon conversion of a r-bound nitroso group 
(which retains a degree of multiple bonding between N and 0) to a hydroxyl- 
aminato ligand in which the bond order would more closely approach unity. Clearly 
in neither case are the N-O bond orders integral. At this point we can not exclude 
an alternative formulation in which protonation occurs at the nitrogen atom to give 
the complex “[OsCl,(ONHPh)(NO)(PPh,),]“, but further arguments (vide supra) 
support the former formulation. Finally, the nitrosyl-associated band in the infrared 
moves upon protonation from 1729 to 1798 cm-‘. This value is typical of divalent 
osmium (cf. 1171) suggesting an oxidation of the osmium center [OS’ + OS”], whilst 
the appearance of two bands in the v(OsC1) region of the far-infrared (319, 303 
cm-‘) indicate the presence of two c&disposed chloride ligands. Thus we describe 
the reaction by the equation: 

[OsCl(NO)(ONPh)(PPh,),] -t HCl-+ [OsCl,(N(OH)Ph}(NO)(PPh,),] 

The protonation of [Os(NO), (PPh,), ] by aqueous hydrochloric acid leads ulti- 
mately to [OsCl,{N(OH)H}(NO)(PPh,),], and a reasonable intermediate proposed 
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for this reaction is [OsCl(NO)(ONH)(PPh,),] [18]. This formulation was further 
supported by the reaction of [OsCl(NO)(CO)(PPh,),] with HCl to provide a stable 
complex of “HN==O” [18] which was subsequently structurally characterised as 
[OsCl,(N(=O)H}(CO)(PPh,),] [19] (Scheme 2). 

L,M-~0 SL,MC~{ N(=O)H} 

L,M-NO 

PPh, 

_~;l+L,MCl{N(=o)H) -%L,MC~,{N(OH)H} 

%L,MC~,{ N(OH)H, I 

I 

Scheme 2. Protonation of nitrosyl and nitrosyl hydride ligands [18]; LjM = [OsCI(CO)(PPh,),]; L,M = 

KWNWPPh,),l; L,M = WW’h,),l. 

Thus [OsCl(NO)(ON-Ph)(PPh3)J corresponds to a derivative of the proposed 
intermediate [OsCl@JO)(ON-H)(PPh,),], which could not be isolated owing to the 
speed of proton transfer reactions at oxygen. 

Experimental 

General experimental procedures and instrumentation have been given elsewhere 
[ll]. Nitrosobenzene was purchased (Fluka), and used without further purification. 
The compounds [OsCl(NO)(PPh,),(L)] (L = PPh, [9], C,H, [15]) have been de- 
scribed previously. 

[OsCl(NO)(ON-Ph)(PPh,), j 
(A): A suspension of [OsCl(NO)(PPh,),] (0.50 g, 0.48 mmol) and nitrosobenzene 

(0.11 g, 1.03 mmol) in toluene (20 cm3) was stirred for ten minutes and solvent was 
then removed under reduced pressure. The residue was dissolved in a minimum of 
dichloromethane and chromatographed on silica gel, with dichloromethane as 
eluant. The bright orange band was collected and concentrated in vacua, and 
ethanol was added to induce crystallisation of the orange complex. Yield 0.26-0.30 
g (60-70%). 

(B): A solution of [OsCl(NO)(C,H,)(PPh,),] (0.40 g, 0.50 mmol) and nitroso- 
benzene (0.055 g, 0.51 mmol) in tetrahydrofuran (20 cm3) was stirred for five 
minutes, then ethanol (30 cd) was added and the solution was concentrated under 
reduced pressure. Additions of ethanol gave a precipitate of the bright orange 
complex, which was filtered off. Yield 0.42 g (94%) (spectroscopically quantitative). 
M-p. 121°C (decomp.). Anal. Found: C, 57.17; 0, 3.96; N, 4.07. C,,H,,ClN,O,OsP, 
calcd.: C, 57.04; 0, 3.62; N, 3.17%. 

A solution of [OsCl(NO)(ONPh)(PPh,),1(0.25 g, 0.27 mmol) in dichloromethane 
(20 cm3) was treated with one drop of concentrated hydrochloric acid. The solution 
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Table 1 

Spectroscopic characterisation 

Compound Infrared (Nujol) NMR (CDCl,) D 
(cm-‘) a(ppm) 

v(NO) Y (OsCl) other ‘Hb “P-{‘H) = 

[OsCl(NO)(ON-Ph)(PPh&] 1729 297 1207 [ v(CN)] - 6.02 
(orange) 958 [ v(NO)] - 6.66 d 
[OsCl,(N(OH)Ph)(NO)(PPh,),l 1798 319 3243 [ v(OH)] 1.64(OH] - 14.9 
(orange-brown) 303 884 [ v(NO)] 

o Data were obtained from saturated solutions of the complex in CDCl, at room temperature. b Data 
are reported relative to internal S(SiMe,) = 0.00. c Data are reported relative to external 6(D,PO,) = 
0.00. ’ Outer pair and AB-quartet not observed. 

was stirred rapidly for five minutes, then ethanol was added, and the solvent volume 
was reduced to ca. 10 cm3 in vacua (rotary evaporator) to induce crystallisation. The 
concentrated solution was cooled to - 30 o C overnight and the product filtered off, 
washed with cold (0’ C) ethanol (5 cm3), and dried in vacua. Yield 0.18 g (69%). The 
complex decomposes without melting at 154°C. It may be reerystallised from 
dichloromethane/ethanol mixtures in which a trace of hydrogen chloride gas has 
been dissolved. The complex crystallises with 0.25 mol of dichloromethane, as is 
evident from ‘H NMR integration and elemental microanalysis. Anal. Found: C, 
53.75; H, 4.04; N, 3.03; Cl, 9.17. C,,H,,Cl,N,O,OsP, - (0.25CH,Cl,) calcd.: C, 
53.70; H, 4.11; N, 2.96; Cl, 9.38%. 
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