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Summary 

[M(CO),(NO)(o-phen or 2,2’-bipy)],(M = MO, W) are formed when a slow 
stream of NO is passed through a benzene solution of M(C0)4(o-phen or 2,2’- 
bipy). Under similar conditions M(C0)&Ph2PCH2CH,AsPhz) (M = Cr, MO) gives 
M(NO),(Ph,PCH,CH,AsPh,), but W(CO),(Ph,PCH,CH,AsPh,) &es the nitrosyl 
carbonyl complex W(CO)(NO)t(PhtPCH,CHzAsPhz). 

Introduction 

Simple nitrosyl carbonyls of Group VI metals are unknown. Recent communi- 
cations [ 1,2] reported complete displacement of all the carbonyl groups in chro- 
mium hexacarbonyl when nitric oxide is passed through its UV irradiated pen- 
tane solution. 

Preparation of substituted derivatives, mainly cationic, by nitrosylation of 
substituted metal carbonyls with NOCl or NOPFs has been reported [3,4]. A 
neutral complex, [Mo(CO),(NO)(C,,H,N,)1,, has been reported [5] to form 
when NO reacts with the carbonyl bridged complex [Mo(CO),(C,~H~N~)]~_ 
We describe below the nitrosylation of some substituted metal carbonyls like 
M(CO),(C,2H,N, or C10H8N,) or M(CO),(Ph,PCH,CH,AsPh,)(M = Cr, MO, W). 

Results and discussion 

Nitric oxide reacted with M(CO),(o-phen) and M(CO),(2,2’-bipy) at room 
temperature (25°C) to-give the diuuelear complexes, M,(C0)4(N0)2(C,,H,N,), 
aud Mz(CO),(NO),(C,0H8N,)z (M = MO and W), respectively in 30-40% yield. 
The complexes are yellow solids, soluble in polar solvents such as acetone, metha- 
nol and dichloromethane, and insoluble in non-polar solvents such as aliphatic 
and aromatic hydrocarbons, including light petroleum (60~80°C). The molyb- 
denum derivatives are more stable than their tungsten analogues. Passage of 

*To whomcorrespondenceshouldbeaddrened. 



326 : _:. -..._ 

nitric oxide through a sbltition of Cr(CO)&-phenj ‘arid Q(CO)4(2,2’:biiy) 
caused a siniilar change but the yellowiskgreen sticky products could n&-be 
peed. : 

Under similar conditions nitric oxide displaced all ‘the CO &ups iti Cr(CO), 
(Ph2PCH,CH,AsPh,) and Mo(CO)e(Ph,PCHzCHzAsPh,) to give the-trinitrosyl 
complexes, Cr(N0)&?h2PCH&H&Phz) and Mo(NO)~(Ph2PCHzCH2AsPhz), 
respectively. W(C.0)4(Ph2PCH2CH2AsPhz) reacted differently to give a substituted 
nitrosyl carbonyl product, W(CO)(NO),(Ph,PCH2 CH2AsPh2). 

IR and inolecular conductivity data for the molybdenum and tungsten deriva- 
tives, [M(CO)2(NO)(o-phen or 2,2’-bipy)]2, are shown in Table 1. All the corn- 
plexes are non-electrolytes. The IR spectra exhibit two bands in the CO stretching 
region and four bands in the NO stretching region, of which only two are strong. 
Bands attributable to bridging CO and bridging NO groups were absent in all cases. 

The two strong CO bands at -2030 and 1940 cm-’ observed in the IR spectra 
of these’ complexes resembled closely those in the complex [Mo(CO),(NO)(C,~- 
HsN,)]* which was prepared by the action of nitric oxide on the carbonyl bridg- 
ed complex, [Mo(CO),(C,,H8N2)1,. However, whereas Behrens et al. [ 51 reported 
only one strong NO band at 1653 cm-’ for this complex, we observed an addi- 

TABLE 1 

IR AND CONDUCTMTY DATA FOR [M(C0)2<NO) (o-phen OR 2.2'-bipy)]2 COMPLEXES 

Complex Y<CO) NNO) 
<Cm-') (Cm -1) 

Molarconductivity 
<A_R. acetone) 

<ohm-~ Crn2) 

2040s. 1785ms.1666~. 2.6 
19405 1638(sh).1626<sh) 

2032s. 1785ms.1680~. 2.5 
1932s 1638kb).1618m 
2028s. 1653sC51 
1942s[5] 

2020s. 1738ms.l666<sh). 3.0 

1940s 1638s 

2040s. 179Oms.1666s. 2.8 
-1940s 1638(sh).1618(sh) 



: 

TABLE 2 

VALUES OF u(CO) AND v(NO) FOR NITROSYL DERIVATIVES OF Cr. MO AND W 
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Complex v(NO)(cm-l) 

Cr(NO)i(Ph2PCHZCH;!AsPh2) 1793s. 1758(sh). 1662s 
Mo(NO)g(Ph2PCH2CHZAsPhp) ~1770s,1739(sh).1652s 

W<CO)(N0)2(Ph2PCH2CH2AsPh2) 1790s. 1652s 

u(CO)(cm-1) 

- 
- 

2037 ms 

tional medium strong NO band at -1785 cm-‘. The-diamagnetic character of the 
complexes suggested structure I, which includes a metal-metal bond. 

The IR spectra of Cr(N0)3(Ph2PCH2CH2AsPh2) and Mo(N0)3(Ph2PCH&H2- 
AsPh*) exhibited one shoulder and two strong NO bands (Table 2). The absence 
of absorption bands in the CO region indicated complete displacement of all the 
carbonyl groups. In the spectrum of the tungsten complex, W(CO)(NO),(Ph,- 
PCH2CH2AsPh2), two strong NO bands were noted and a medium strong CO 
band_ The diamagnetic character and non-ionic nature (in acetone) of this prod- 
uct support the proposed formula. 

Experimental 

All experiments were performed under dry nitrogen or in vacua. (o-Phenanth- 
roline, 2,2’-bipyridine and 1-diphenylphosphino-2-diphenylarsinoethane)metal 
tetracarbonyls (metal = Cr, MO, CV) were prepared by methods given in the Iiter- 
ature [S-S]. Infrared spectra were recorded on a Perkin-Elmer spectrophotom- 
eter model 221 in KBr discs. Conductiviw measurements were made with a 
Toshniwal conductivity bridge (model 302). 

Preparation of di-o-phenanthrolinedinitrosyltetracarbonyldimolybdenum(I) 
Nitric oxide gas, free from nitrogen peroxide, was passed through a solution 

of o-phenanthrolinemolybdenum tetracarbonyl(O.2 g in 50 ml benzene) at 
room temperature (25°C) with constant swirling_ The red colour of the soltition 
disappeared-after half an hour and yellow crystals began to appear. After 1 h the 
passage of nitric oxide was stopped, and benzene was decanted off under nitrogen. 
The precipitate was washed several times with benzene and dried in vacua. (Re- 
crystallisation was not used because of the instability of the complex in solution.) 
The product was shown to be di-o-phenanthrolinedinitrosyltetracarbonyldimol- 
ybdenum(1) (yield 37%). (Found: C, 45.2; H, 2.1; N, 11.2. C~SH~~N~O~MO~ 
calcd.: C, 46.4; H, 2.2; N, 11.6%) 

Preparation of di-o-phenanthromlinedinitrosyltetracarbonylditungsten(I) 
Nitric oxide reacted with o-phenanthrolinetungsten tetracarbonyl(O.2 g in 

60 ml benzene) at room temperature to give a yellow precipitate_ It was isolated 
in the sanie way as its more stable molybdenum analogue (yield 38%). (Found: 
C, 36.2: H, l-6; N, 9.1. CZsH,,N,O,W, &cd.: C, 37.3: H, 1.7; N,-9.3%) 

Preparation of di-2,2’-dipyridinedinitrosyltetra~a~bonyl~imolybdenum(I) 
Nitric oxide reacted with 2,2’-bipyridinemolybdenum tetracarbonyl(O.2 g in 



Nitic oxide.reacted with 2,2’-bipyridine&mgsten tetrac&bon$l(O.2 g in 60 
ml benz&e) to give the expected prdduct (yield 38%). (Found: C, 32.4; H, 1.8; 
N, 9.3. C&H1&06W2 caicd,: C, 33.8; H, 1.8; N, 9.8%.) 

Prepamtion of (l-diphenylphosphino-Z-diphenylarsinoethane)trinitrosylchro- 
mium(0) 
- Nit& oxide was passed through a solution of (l-diphenylphosphino-Z-di- 

phenylarsinoethtie)chromium tetracarbonyl(O.2 g in 25 ml benzene) at room 
temperature. No change in colour of the solution was observed, but after 15 
min a yellow precipitate appeared. After a further half hour the bubbling of 
nitic oxide was stopped and beniene was decanted off under nitrogen. The 
precipitate was washed well with benzene and dried in vacua. Analytical data 
and IR measurements were consistent with the formula (l-diphenylphosphino- 
2-diphenylarsinoethane)trinitrosylchromium(O) (yield 35%). (Found: C, 52.6; 
H, 4.0; N, 7.0. C26H24Na03Cr c&d.: C, 53.4; H, 4.1, N, 7.2%). 

Preparation of (l-diphenylphosphino-2’~iphenylarsinoethane)trinitrosylmolyb- 
denum(0) 

Passage of nitric oxide through a solution of (l-diphenylphosphino-2-diphen- 
ylarsinoethane)mo~ybdenum tetracarbonyl(O.2 g in 25 ml benzene) for 1 h at 
room temperature gave a greenish yellow precipitate, which was worked up as 
described for the chromium complex. It was shown to be (l-diphenylphosphino- 
2-diphenylarsinoethane)trinitrosyhnolybdenum(O) (yield 41%). (Found: C, 
48.5; H, 3.5; N, 6.5. G6HZ4N303Mo calcd.: C, 49.6; H, 3.8; N, 6.6%.) 

Preparation of (I-diphenylphosphino-2-diphenyla~inoethane)dinitrosylcarbonyl- 
ismgsten(0) 

A similar colour change was observed on passing nitric oxide gas through a 
solution of (l-diphenylphosphino-2diphenylarsinoethane)~ungs~en tetracarbonyl 
(0.2 g in 25 ml benzene) for 1 h, but isolation by a similar procedure gave (l-di- 
phenylphosphino-2_enylarsinoethane)dinitrosylcazbonyltungsten(O) (yield 
41%) (Found: C, 44.2; H, 3.1; fi, 3.8. C2,H24NzO3W &cd.: C, 45.3; H, 3.3; N, 
3.9%_) 
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