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C + C6H5=CC6H5 
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CH2CH, CN 

ing these reactions, some comment on other possible 
routes is warranted. We believe that the absence of 
2,3-disubstituted benzocyclobutenes in the cooligom-
erizations reported here makes it unnecessary to in
voke metallocycle rearrangement via a complexed 
cyclobutadiene intermediate411 (i.e., H ?± I ^± J). 
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However, it is conceivable that the first metallocycle 
formed in the cooligomerization is K, which arises 
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from interaction of two different acetylene molecules. 
Format ion of product would then require direct in
sertion of the third acetylene group into the C o - C 
bond, leading to L, which could extrude the metal via 
"metal lonorcaradiene" M (insertion into the C o - C 
bond is, of course, also a possibility in E). Finally, it is 
quite possible that cluster complexes such as those 
formed8 during the photochemistry of 1 are also pro
duced thermally, and that these are involved in the acet
ylene dimerizations. Experiments are now under way 
aimed at distinguishing these alternatives. 
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Isolation of Unstable Bis(rj5-cyclopentadienylcobalt) 
Tricarbonyl from the Irradiation of 
775-Cyclopentadienylcobalt Dicarbonyl. Thermal 
Reactions of This Binuclear Complex Leading to 
Starting Material and Trinuclear and Tetranuclear 
Cobalt(I) Complexes 

Sir: 

Irradiation of ?;s-cyclopentadienylcobalt dicarbonyl1 

(r;6-C5H5Co(CO)2; 1) efficiently produces a new bi-

Co 
O C ^ "^CO 

1 

Cp- -Co—V-Co—Cp 

i Co 
! \ 

CO 

2 

Cp 

Cp = „5—C5H5 

nuclear cobalt complex which reverts to starting ma
terial at room temperature in solution. Because (a) 
our observations significantly amplify earlier ac
coun t s 2 3 of the photochemistry of 1, (b) this reaction 
can be used as the starting point in the preparation of 
two additional polynuclear cobalt complexes, one of 
them a new compound, and (c) these substances are 
effective acetylene trimerization4 catalysts,6 we wish 
to report our preliminary results here. 

Irradiation of 1 in rc-hexane for long periods of time 
has been reported by King to yield black crystalline 
precipitates.2 This material was separated2 into two 
fractions, which were assumed to be two forms of a 
trinuclear complex possibly having structure 3a or 
3b. Dahl isolated from a similar irradiation a small 
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amount of black crystals determined to have structure 
2 by X-ray diffraction.3 

We have studied the course of this irradiation more 
closely using nmr techniques. Under normal con
ditions extensive line-broadening occurs, rendering nmr 
observation difficult; this complication disappears, 
however, when oxygen and water are rigorously ex
cluded and the irradiation is carried out in a sealed 
nmr tube. Employing this technique we find that 1-2 
hr of irradiation of 1 in benzene-cfe, cyclohexane, or 
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toluene-rfg at 5° leads to a deep brown solution which 
contains an apparent photostationary mixture made 
up of ca. 50% 1 and 5 0 % of a new substance (4). This 
new material shows a single resonance in the proton 
nmr at 4.82 ppm downfield from T M S (0.10 ppm upfield 
from that of 1; cf. Figure 1) and is not the previously 
reported2 trinuclear complex 3. Upon standing at 
room temperature, 4 regenerates 1 (along with some 3 
and a small amount of another unidentified com
pound) as is shown in Figure 1. On standing for 
longer periods of time, the peaks due to 3 and the un
known complex6 also disappear with the formation of 
additional 1. 

When the irradiation is carried out on a preparative 
scale until about a 2 0 % yield of CO is evolved (based 
on starting 1), cooling the irradiated solution to —65° 
yields violet crystals of 4. After isolation these exhibit 
bands at 1965 and 1814 c m - 1 (Nujol mull) attributable 
to terminal and bridging carbonyl ligands, respectively.7 

This material also shows a parent peak in the mass 
spectrum at m/e 332. On the basis of these data, 
elemental analysis, and the X-ray determined struc
ture of an analogous rhodium compound,8 we assign 
to 4 the dinuclear complex structure shown in Scheme I.9 
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The violet crystals of 4 are stable in the solid state but, 
surprisingly, still rapidly regenerate 1 when redissolved 
in «-octane or other solvents, even when no free carbon 
monoxide is present. However, under these conditions 
greater amounts of 3 are produced, and the solution 
begins to precipitate this material as dark green crystals. 
This complex can be obtained preparatively by alter
nately irradiating 1 on a vacuum line followed by stirring 
at room temperature with removal of CO.1 0 

Compound 3 exhibits one resonance in the proton 
nmr (4.75 ppm downfield from TMS in cyclohexane). 
Its mass spectrum was previously reported2 to exhibit a 
parent peak at m/e 552; this was accounted for by pos
tulating2 the occurrence of a thermal reaction on the mass 
spectrometer inlet probe which led to an unknown tetra-
nuclear complex having the composition (C5Ho)4Co4-
(CO)2. This does in fact occur when the probe is 
heated; however, when the mass spectrum is run at 75 °, 
a parent peak at m/e 456 can be observed. Further-

(6) This material was not isolated; possibly its structure is that of 
coordinatively unsaturated [CpCoCOJz. 
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try," 3rd ed, Interscience, New York, N. Y., 1972, Chapter 22. 
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(c) / . Organometal. Chem., 10, 331 (1967); (d) E. F. Paulus, E. O. 
Fischer, H. P. Fritz, and H. Schuster-Wolden, ibid., 10, P3 (1967). 
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(10) A referee has requested brief details of this procedure. Com
pound 1 (3.6 g) in 30 ml degassed methylcyclohexane was irradiated in a 
closed system under vacuum at 0° for 2 hr. The CO evolved was 
pumped out and the dark brown mixture stirred at 25c for 12 hr. After 
repeating this cycle three times, CO evolution essentially ceased due to 
the formation of a light-absorbing polymer film on the surface of the 
flask. The solvent and remaining starting material were vacuum trans
ferred out of the system (recovered 1, 50%), and the residual green 
powder was recrystallized from toluene to give 0.51 g of analytically 
pure 3 (20% absolute yield, 40% based on recovered starting material). 
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Figure 1. Changes in nmr spectrum observed at 38° following 1 hr 
of irradiation (sealed tube) of 0.5 M »j5-cyclopentadienylcobalt di-
carbonyl (1) in cyclohexane. 

more, we have found that the thermal reaction can be 
carried out on a preparative scale at 130° and low pres
sure ; under these conditions 1 distils out leaving behind 
black crystals of tetranuclear complex 5. This material 
shows a parent peak in the mass spectrum at m/e 552, 
triply bridging carbonyl groups in the ir (v = 1665, 1680 
c m - 1 ) , 1 1 and two resonances (4.65 and 4.76 ppm down-
field from TMS in to luene-^) in the proton nmr. On 
the basis of this data it is assigned the structure shown in 
Scheme II. 

Scheme II 

C p - G / " =?=*= Cp-Co—CO + CO 

CO A 

1 
O 

Cp-Co—CO + C p - C o . 

Cp 

O4. I J> 

.CO 

CO 

OC. 

Cp / 
Co- -Co' 

..Cp 

CO 

W ,CO 

Cp 
/ 

.Co Co, •Cp—O) + C p - C o C o - C p 
\ Cp 

CO Y 
O 
B 

Cp / C p 

Co Co 

i XJ-co . 
Co—j—Co 

C p / j Cp 
CO 
5 

Our observations are well accounted for by the mech
anism outlined in Scheme II. Irradiation of 1 causes 
photodissociation to ?76-cyclopentadienyl monocarbonyl 
(A), and this reacts with another molecule of 1 to give 4. 
4 is both thermally and photochemically unstable and 
can apparently redissociate to 1 and A. In the pres
ence of CO, A returns mostly to 1, but in the absence 
of CO it trimerizes12 to 3. At somewhat higher tem-

(11) This material does not seem to be identical with the compound 
obtained by King2 in the pyrolysis of 3, for which an ir band at 1705 
cm - 1 was reported. 
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peratures, 3 can also extrude 1, leaving the coordinatively 
unsaturated dinuclear complex B which rapidly dim-
erizes to 5. At no time do we observe any 2 in these 
reactions3 and therefore suggest that it is formed by 
reaction of 1 or a derived photoproduct with trace 
amounts of atmospheric oxygen. 
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Convenient Synthesis of Silver Hyponitrite 

Sir: 
Silver hyponitrite is the starting material for the syn

thesis of alkyl hyponitrites, which are useful low-tem
perature sources of alkoxy radicals.1-6 Numerous syn
theses of sodium and silver hyponitrites have appeared 
in the literature.5-9 Most are tedious, hazardous, 
poorly described, or require large quantities of mercury. 
In our hands, one procedure gave no product and the 
reaction mixture from another ignited during work-up. 

The method described below is a modification of that 
of Weitz and Vollmer10 which takes advantage of the 
known solubility of sodium in benzophenone solutions.u 

The yield is low (it might be improved by inverse addi
tion), but the synthesis is shorter and more convenient 
than earlier procedures. The reaction of sodium in 
hexamethylphosphoramide12 with nitric oxide pro
ceeded exothermically, but the product was more dif
ficult to isolate. 

A 500-ml three-necked flask was equipped with a gas 
inlet, a magnetic stirrer, and an outlet connected to a 
bubbler. The inlet tube was connected by a T-joint so 
either N2 or NO could be added. The flask was charged 
with 100 ml of 1,2-dimethoxyethane and 150 ml of tolu
ene (each distilled from blue Na and benzophenone solu
tions). Benzophenone (26 g) was added and the solu
tion was flushed with N2. Sodium (6.9 g) was then ex
truded as wire into the solution, and the flask was sur
rounded by an ice bath. After flushing with N2, stirring 
was begun, and nitric oxide was admitted at a rate such 
as to maintain a slight positive pressure. Shaking the 
flask greatly increased the rate of gas uptake. The re-

(1) I. Harris, I. Marshall, and K. B. Jarrett, Nature (London), 159, 843 
(1947). 

(2) S. K. Ho and J. B. de Sousa, / . Chem. Soc, 1788 (1961). 
(3) H. Kiefer and T. G. Traylor, Tetrahedron Lett., 6163 (1966), and 

references therein. 
(4) D. Lindsay, J. A. Howard, E. C. Horswill, L. Iton, K. U. Ingold, 

T. Cobbley, and A. Ll, Can. J. Chem., Sl, 870 (1973). 
(5) R. C. Neuman and R. J. Bussey, J. Amer. Chem. Soc, 92, 2440 

(1970). 
(6) W. P. Neumann and H. Lind, Chem. Ber., 2837 (1968). 
(7) A. W. Scott, J. Amer. Chem. Soc., 49, 986 (1927). 
(8) G, Brauer, "Handbook of Preparative Inorganic Chemistry," 

Vol. I, Academic Press, New York, N. Y., 1963, p 493 ft. 
(9) P. Karrer and R. Schwyzer, Reel Trau. Chim. Pays-Bas, 69, 474 

(1950). 
(10) E. Weitz and W. Vollmer, Ber., 57, 1015 (1924). 
(11) E. Backmann and T. Paul, Justus Liebigs Ann. Chem., 266, 1 

(1891). 
(12) G. Fraenkel, S. H. Ellis, and D. T. Dix, J. Amer. Chem. Soc, 87, 

1406 (1965). 

action was nearly complete within 20 min. After stir
ring 1 hr under NO, the solution was flushed with N2. 
Water (10 ml) was added dropwise with stirring (foam
ing), and the solution was extracted with additional 
water (70 ml) in three portions. Absolute ethanol (200 
ml) was added to the combined extracts, and the solu
tion was swirled with cooling if necessary to induce 
crystallization. The Na salt was filtered off and washed 
with absolute ethanol and ether. After drying in air, 
the cream solid weighed 3.5 g but contained bound 
ethanol and water. 

A solution of silver nitrate (6.0 g) in water (600 ml) 
was added slowly with vigorous stirring to a 1 % solution 
of the Na salt until the precipitate began to discolor.13 

About 420 ml was required. The product was filtered 
off, washed with water, and dried over P2O6 at 25° and 
0.5 Torr. The yellow solid contained 77.5% Ag (VoI-
hard method14) and weighed 3.5 g (8% based on Na). 
With excess methyl bromide the product afforded 
methyl hyponitrite, a spontaneously explosive liquid that 
will be described elsewhere in detail. 
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Chemistry of the Sulfur-Nitrogen Bond. VIII. 
N-Alkylidenesulfinamidesl 

Sir: 
We wish to report the synthesis of a new class of re

active sulfur-nitrogen compounds,2 iV-alkylidenesul-
finamides(Ar-(arylsulfinyl)imines), 1. Compounds la-e 
were prepared in good yield by dropwise addition of 1 
equiv of m-chloroperbenzoic acid to a two-phase system 
containing the corresponding N-alkylidenesulfenamides3 

in chloroform and water-sodium bicarbonate. Al
though the C-N double bond in imines is known to be 
oxidized to oxaziridines4 under these conditions, we were 
unable to detect any of these products. 
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la, X = H; R = R ' = CH3 
b, X = H; R = H; R ' = C6H5 
c, X = 4-Cl; R = H; R ' = C6H5 
d, X = 3-NO2; R = H; R ' = CH3 
e, X = 3-NO8; R - H ; R ' = C6H6 
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2a, X = H; R = CH3 
b, X = 3-NO2; R = H 
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