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spectrum exhibited the parent with 1% relative intensity. The 
peak with the highest intensity was detected at m/e 195 with 
a composition of C7H,0P2Nz. An isomeric structure where 
the oxygen atom migrates into the P-P bond can be excluded 
because the spin-spin coupling of 2Jpop should be 10 times 
smaller. 
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Although the conversion of a coordinated nitrosyl ligand to 
a nitro species by molecular oxygen in cobalt nitrosyl com- 
plexes is ~ell-known,l-~ no complex having a coordinated 
thionitro group (as an N donor) has yet been reported. We 
report here for the first time the synthesis of a thionitro 
complex Co(NSO)Cl, [P(OPh),] 2.  

Experimental Section 
All the reagents used were analytical or chemical pure grade. All 

the solvents were dried and thoroughly degassed before use. Carbon, 
hydrogen, and nitrogen were analyzed by the Microanalytical Lab- 
oratory of Indian Institute of Technology, Kanpur, India. The analyses 
for chloride and cobalt were carried out by standard  method^.^ 

For the phosphorus estimation the sample was decomposed with 
sodium peroxide, sugar, and sodium nitrate in the ratio 20:1:3 in a 
Parr-Bomb crucible, and the mass was extracted with water. A few 
milliliters of concentrated sulfuric acid was added to the water extract 
which was then heated until SO3 fumes were evolved. It was diluted 
with water and filtered if necessary. Phosphorus in this solution was 
estimated as phosphorus ammonium molybdate. 

The infrared spectra were recorded as CsI pellets with a Perkin- 
Elmer model 580 infrared grating spectrophotometer in the range 
4000-250 cm-I. Conductivity measurements were carried out on an 
Elico conductivity meter type CM-80 using millimolar solutions in 
nitrobenzene. Magnetic measurements were made with a Gouy 
balance at  room temperature. 

A green solution of (NSC1): (0.08 g) in tetrahydrofuran (15 mL) 
was slowly added with stirring over about 15 min to a solution of 
CoH[P(OPh),]: (0.40 g) in tetrahydrofuran (20 mL) at  30 OC under 
pure and dry argon. The stirring was continued for about 30 min 
more when the solution turned dark green. It was concentrated to 
10 mL at rmm temperature under reduced pressure and filtered under 
an argon atmosphere. On addition of degassed petroleum ether to 
the filtrate, a green complex precipitated out. The solid was washed 
with water and dried in air whereby its color changed from green to 
yellowish green. The yellowish green complex Co(NSO)C12[P(OPh),], 
(I) (mp 118 "C) thus obtained was analyzed (yield, 0.107 g; 43%). 

Anal. Calcd for Co(NSO)C12[P(OPh),],: C, 53.4; H, 3.7; N ,  1.7; 
P, 7.6; Co, 7.1; S, 3.9; C1, 8.8. Found: C, 53.5; H, 3.8; N ,  1.6; P, 
7.7; Co, 7.0; S, 4.1; CI, 9.0. 
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Figure 1. Infrared spectrum of Co(NS0)Cl2[P(OPh)3]2. 

The solution obtained in the above washings was concentrated on 
a waterbath to about 10 mL. On cooling, bright yellow needles of 
S4N4 were separated out. 
Results and Discussion 

Dichlorothionitrobis(tripheny1 phosphito)cobalt(III) is a 
yellowish green, diamagnetic solid that dissolves in dichloro- 
methane, chloroform, and benzene and is insoluble in ether. 
The compound is reasonably stable in air but is best stored 
under an inert atmosphere. Its molecular weight was found 
to be 772. Its conductivity data (6 0-l cm2 mol-') rules out 
the ionic character of the compound. 

Its IR spectrum in CsI exhibited absorption bands at 1540 
and 990 cm-' besides the characteristic bands of triphenyl- 
phosphite. The band at 1540 cm-' is assigned to v(N0) since 
the band due to u(NS) should not appear at such a high wave 
number (e.g., the NS triple bond of NSF absorbs at only 1372 
cm-'). The peak at 990 cm-' is asigned to v(NS). 

The IR spectrum of the green solution obtained after the 
addition of (NSCI), to CoH[P(OPh),], exhibited a band at 
1130 cm-' together with weak bands at 1540 and 990 cm-'. 
The 1130-cm-' band is assigned to V(NS) .~  This band dis- 
appears on exposing the solution to oxygen or air. It has been 
concluded that the green solution is a mixture of thionitrosyl 
and thionitro complexes, which on further exposure to air or 
oxygen were converted to pure thionitro complex. Presumably, 
first a five-coordinated air-sensitive intermediate thionitrosyl 
complex Co(NS)C12[P(OPh),], (v(NS) = 1130 cm-') was 
formed which in the presence of air or oxygen was oxidized 
to a thionitro complex: 

Co(NS)C12[P(OPh),], + H+ + C1- + 2NS 

2NS - 1/2S4N4 

Co(NS)CI,[P(OPh),], + '/202 - 
Co(NSO)ClZ[P(OPh),] 

I 
In transition-metal thionitrosyl complexes the thionitrosyl 

group is generally coordinated through the nitrogen atom of 
the NS  group.* This has been supported by the fact that in 
the thionitrosyl group (N8-S8+) the nitrogen end is negatively 
charged and the sulfur end is positively ~ h a r g e d . ~  Therefore, 
it is presumed that in the cobalt thionitrosyl complex Co- 
(NS)C12[P(OPh)3]2 the thionitrosyl group is coordinated 
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through the nitrogen atom (Co-NS) and not through the sulfur 
atom. The oxidation of the Cc-NS moiety with oxygen may 
lead to the formation of two possible products CoNSO- (linear 
thiazate) or CoN(0)S- (thionitro), which could be distin- 
guished by IR spectrum.1° Thus the bands due to asymmetric, 
symmetric stretching, and bending modes of the coordinated 
thiazate group (NSO-) appear at 1160, 1060, and 565 cm-’, 
respectively, and those of thiazate ion (linear NSO- group) 
at 1270, 990, and 515 cm-’, respectively. It is therefore 
presumed that the ligand NSO- in the cobalt complex is 
bonded not as thiazate but in the thionitro 

- 
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I 

form. The far-IR spectrum of (I) showed two bands at 355 
and 390 cm-I assigned to v(Co-Cl). 

The complex was prepared a number of times. In each case 
the melting point of the compound was found in the range f2 
OC. Under the experimental conditions the possibility of 
formation of a mixture of many geometrical isomers exists. 
However, the consistancy of the product suggests that it is one 
of the many possible isomers. 

The reduction of trithiazyl trichloride to tetrasulfur tetra- 
nitride by iron” and copper12 has been reported recently, but 
no one has used a complex for the reduction of (NSC1)3. This 
novel route for the preparation of S4N4 is of importance since 
it is one of the most valuable starting materials for preparing 
other inorganic sulfur-nitrogen compounds. 
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We wish to correct two labeling errors in our previously 
published paper’ having the above title and to make two ad- 
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Figure 1. Numbering system for BgHg2- valence structures. 

ditions, prompted by recent interest2J in these topological 
three-center bond structures. 

For B6Hlo the doubly degenerate valence structure should 
be labeled as 1-2,2-6. For hypothetical B8Hs2- of Dqd sym- 
metry, the labeling should read 1-2,l-5,5-8. These errors 
arose from translation of the numbering system used in the 
computer program into the conventional numbering system 
of the publication.’ The computer program itself produced 
correct results, and in particular yielded correctly both the 
number and the topology of these valence structures. 

The first addition is the list of two-center, three-center 
valence structures for B8Hs of Dld symmetry, which is con- 
nected as shown in Figure 1. We list here the type (a-e), 
two-center bonds, and number of equivalent structures (in 
parentheses) as follows: a, 12,47,48 (4); b, 12,48,67 (2); c, 
12,48,78 (4); d, 23,26,56 (2); e 25,26,36 (2). Thus, there are 
14 valence structures. 

The second addition concerns B12H122-, for which we refer 
the reader to the publication by Gielen.2 Our program has 
selected 240 structures as follows: 20 of type 27b+, 20 of type 
27b- (both of C3 symmetry); 60 of type 31+, 60 of type 31- 
(both of C1 symmetry); 20 of type 39 (of C3, symmetry); and 
30 of type 40+, 30 of type 40- (both of C2 symmetry). Gielen’s 
paper contains a complete specification of the two-center and 
three-center bonds in these valence structures. Thus, our 240 
structures correct the 5430 structures proposed by Gielen2 and 
the 132 structures of an incomplete study supplied by us at 
the request of Aihara.3 Finally, in all of our valence structures 
the specification of locations of single bonds is sufficient to 
establish uniquely the positions of three-center bonds. 
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