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Transition metal nitrosyls are becoming increas- 
ingly more important because of their interesting 
electron transfer properties [2] and catalytic uses 
in organic syntheses [3]. Though the reductive 
nitrosylation of tetraoxometallates using NH20H 
is known [4, 51, until our recent systematic work 
[ 1, 6-91 , its synthetic potentialities had only been 
sporadically explored. Excepting a single attempt 
[lo] such a reaction on 0~0~ substrate is unknown. 
In fact the osmium nitrosyl system is less well studied 
[I l] . Moreover, azido nitrosyl complexes of any 
metal are extremely rare and literature records only 
two successful attempts for the isolation of such com- 
plexes [7, 121. We describe in the present paper the 
reductive nitrosylation of 0~04 using NH20H*HC1 
and & in a slightly acidic medium. The process 
generates the {OS(NO)}~’ moiety, as confirmed by 
the isolation of the complexes of the types Rz- 

PWXW,I CR = PM’ (11, Bud G% EbN (3) 
and [Os(NO)(Nshphen] (4)). 

Experimental 

Preparation and Charactetisation of [(C6Hs)4p12- 

LOslNOKN3 )sl 
To a solution of 0~04 (0.1 g; 0.39 mmol) in 25 ml 

of water was added NH,OH*HCl (0.4 g; 5.7 mmol) 
and NaN3 (035 g; 5.38 mmol), and the resulting 
solution was stirred at 60-70 “C for 15 min. Another 
0.35 g of NaN3 was then added and the solution 
was heated at -80 “C for 30 min when a clear deep 
red-brown solution was obtained. The solution (PH * 
6.8-7.0) was cooled to room temperature and the 
pH of the solution was adjusted to -5 (Solution A) 
with 6 M HCl. 

water was added to the solution A at room tempera- 
ture. The resulting solution was then concentrated 
on a steam bath to about 5 ml and kept in a cold 
condition (-10 “c) for 3-4 h, when a reddish brown 
solid was precipitated. This was filtered off, washed 
with water, 90% ethanol and ether and dried over 
CaC12 at reduced pressure. The substance was then 
crystallised from DMF-ether mixture. Yield: 0.05 g, 
20%. Found, C 27.5, H 6.1, N 36.1;Calcd., C 27.8, 
H 5.8, and N 36.5%. IR: %N 2055(s), &o 1785(s), 
vOsN(NO) 620 (w), uO$N3) 372 (w). AM (in DMF) = 
150 ohm-’ cm2 mol- . W-k: A,, (DMF:CH3CN 
= 2:8) 496 (e = 1200) and 360 (E = 800) nm. 

Preparation and Characterisation of [OS(NO)(N~)~- 
phenl 

A hot solution of PbPBr (0.4 g; 0.95 mmol) in 
20 ml of water was added to the above solution with 

To the solution A, a hot aqueous (25 ml) solution 
of phen (0.16 g; 0.88 mmol) was added with cons- 

constant stirring at room temperature, when a choco- 
late brown precipitate was obtained. This was filtered 

tant stirring at room temperature. and the stirring 
was continued for another 20 min. The separated 

off, washed with water, 60% isopropanol and ether, 
and dried over CaC12 in vacua. The product was 
crystallised from nitromethane-ether mixture and 
the slightly sticky solid was worked up with n- 
pentane to get a chocolate-brown powder. This was 
further washed with water, isopropanol and ether, 
and recrystallised from the same solvent. Yield: 
0.13 g,3O%.Found,C51.6,H3.5,N20.0andP5.7; 
Calcd., C 52.0, H 3.6, N 20.2 and P 5.6%. IR: *N 
2040(s), VNO 1775(s), vOsN(NO) 620(w) and uosN. 
(N,) 380(w) cm-‘. AM (in CHsNO,) = 175 ohm-’ 
cm2 mol-‘. UV-vis: X,, (CH,NO,) 375 nm (e = 
14200 1 mol-’ cm-‘). 

Preparation and Characterisation of [(C4H9)4NJ2- 
IOs(NO)(N, Is / 

A hot solution of Bu4NI (0.35 g; 0.95 mmol) in 
20 ml water was added to the solution A with cons- 
tant stirring at room temperature, resulting in a 
brown precipitate which was filtered off, washed 
with water, 60% isopropanol and ether, and dried 
over CaCl, in vacua. The product was crystallised 
from nitromethane-ether mixture and the crystal- 
lised product was worked up with n-pentane. The 
brown solid was again washed with water, isopro- 
pan01 and ether and recrystallised from the same 
solvent. Yield: 0.035 g, 10%. Found, C 41.8, H 
7.8, N 27.3; Calcd., C 42.0, H. 7.9 and N 27.6%. 
IR: %N 2040(s), ho 1780(s), vOsN(NO) 620(w) 

a;ngdg ;~<YB) 378211~ cm-‘. AM (in CH&W = 
UV-vis: hmS (in CH3- 

N02) 380 nrnTF= 19400 nm). 

Preparation and Characterisation of [(C, H&N] 2 - 
IO~(NOKN&I 

A solution of Et4NCl (0.2 g; 1.2 mmol) in 10 ml 
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solid was filtered off, washed with water, 60% 
ethanol and ether, and dried over CaClz under reduc- 
ed pressure. The product was crystallised from 
acetoneather mixture and the solid was worked up 
with n-pentane when a deep brown solid was 
obtained. This was further washed with water, 70% 
ethanol and ether, and recrystallised from the 
acetone-ether mixture. Yield: 0.11 g, 50%. Found, 
C 27.0, H 1.7, N 31.5, M.W. 514 (osmometric, DMF); 
Calcd. for [Os(NO)(Na)aCr2HsN2], C 27.4, H 1.5, 
N 31.9%, M.W. 526. IR: +rN 2050(s), r+ro 1790(s), 
vOsN(NO) 615(w), v&Ns) 385(w). UV-vis: h,, 
(DMF:CHaCN = 2:8) 388 nm (E = 900). 

Results and Discussion 

the NO’ formalism, the formal oxidation state of 
osmium in the {OS(NO)}~ moiety should be +2, 
confirmed by the observed diamagnetism of the 
isolated complexes. The symmetry species in these 
[OsNN,] or [OsNNsN,] chromophores may be 
approximated to Qv and the two electronic absorp- 
tion bands observed in the compound 3 may be due 
to bz + e and bz + br transitions (in order of increas- 
ing energy), respectively [17] . Other compounds 
however recorded only a single absorption band 
around 380 nm (the range studied being 800-300 
nm), which in the compounds 1 and 2 has compar- 
able intensities, whereas compound 4 possesses a 
much reduced intensity. This band may be originated 
from a b2 -+ br transition, the bz -+ e one being 
missing. 

While in the case of rhenium the azido nitrosyl 
complexes are quite unstable in solution and their 
purification by crystallisation in a suitable solvent 
is almost impossible [7] , in the case of osmium these 
could be crystallised quite pure and complexes could 
be obtained in a solid condition much more easily 
than their thiocyanato analogues where it is 
extremely difficult to solidify the gummy products 
[13] . The rarity of the known azido nitrosyl com- 
pounds of metals can be traced to the mechanistic 
study of Feltham and Douglas [14] according to 
which an incoming azide ion attacks preferentially 
the NO group already coordinated to the metal ion 
(with the evolution of N2 and NzO) and an incoming 
NO ligand preferentially attacks the azido group 
bound to the metal ion (to produce a dinitrogen 
complex after the evolution of N20), thereby break- 
ing the metal-nitrosyl or metal-azido bonds. The 
successful isolation of the azido nitrosyl complex 
of osmium in the pure state may imply that the 
reductive nitrosylation in the present case proceeds 
via a concerted mechanism. The lower yield in com- 
pound 2 is due to the fact that after one crop of the 
crystals were separated, the mother liquor 
subsequently deposits shining crystals of a com- 
pound containing no azido nor NO groups (IR evid- 
ence). However, after the isolation of all the desired 
osmium complexes described here, the mother liquors 
can be collected together, boiled with alkaline hydro- 
gen peroxide and from the [Os4(OH),]*- solution 
thus obtained 0~04 can be recovered by distillation 
with HNOa [ 11 (a)] . 
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