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lx this 

oerning 

tion of 

AS 

communioation a preliminary report is presented oon- 

a dimer of cyolobutadiene, formed in the decomposi- 

the previously described 04H4*A@03 complex. 1 

it was shown, ' on treatment of this complex with 

water, a volatile oompound is evolved with the elementary 

oomposition CIHl. If the decomposition of the silver ni- 

trate complex is carried out with an aqueous solution of so- 

dium chloride in the presenoe of an organic solvent, solu- 

tions of the decomposition product are obtained. The gas- 

ohromatogram of the ethereal solution thus prepared reveals 

the presence of only one oomponent, in the range correspon' 

ding to a C8 hydrooarbon. 

A solution in ethyl chloride obtained as indicated 

above, leaves after evaporation of the solvent a colour- 

1eSS liquid which was analysed mass-spectrometrically. The 

I A4. Avram, E. Marica and C. D. Menitzescu, Chem.Ber: 

92, 1088 (1959). Z 
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22 A dimer of ayclobutadiene No. 1 

mass-speotrogram thus obtained is identical with the mass- 

spectrogram of the volatile compound evolved in the thermal 

dissociation of the oomplex 04H4*AgNO3 heated under vaouum. 

Ionizing tensions of 20 and 40 volts were employed. A prin-. 

oipal peak of .mass number (MN) 104 is observed, together 

with a smalhr peak of MN 103 end an isotopic peak of IvlN 

105. Beaides these, the only other important peaks have h!JN 

52 and 51, awompanied by smaller peaks with MN 53 end $0. 

At ionizing tensions of 40 volts or more, the intensities 

of peaks 51 and 52 are about the same as of peak 104, while 

at 20 volts ionizing tension, peak 32 is about loo times 

smaller than peak 104. The conclusion emerges that the com- 

pound obtained from the U4H4.AgN03 oomplax is aC8R8hydro- 

carbon which under electron impaot undergoes, besides the 

usual hydrogen splittings, a breakdown into C4H4 molecules, 

and that this breakdown is defPni.tely favoured over other 

possible breaking modes. 

The infrared absorption spectrum of the "$I8 compound 

was then determined in Ce2 (660-1330 cm-") and Gal4 solu- 

tion (1330-1810 ; 2260-3300 cm"). A table of band maxima 

is appended. The IR spectrum was also determined of the 

C8H8 in gaseous state, by deoomposition of the 04H4*AgN03 

complex with a sodium chloride solution in heavy water,in 

an evacuated cell. The vapour spect-rum differs from the 

solution spectrum through small shifts due to the change 
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Infra-red frequencies of C8H8 in solution 

(OS2 6604330 oil+ ; ccl4 1330-3300 cRT1> 
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(W) weak, (nS> medium, (S) strong and (VS) 

very strong bands. The relative intensities 

only were estimated. 



24 A dimer of cyclobutadiene 

in aggregation state (ca. lo cm -l), through 

of a weak band at 1550 -1 om which cannot be 

No. 1 

the appearance 

seen in the so- 

lution spectrum (in this region CC14 presents itself ab- 

-' sorption), through fine structure of the 800 cm band in 

the vapour spectrum (780-830 om 'l), and through the split- 

ting in two of the 735 cm-l band in the solution spectrum. 

The IR speotrum is relatively simple and agrees with 

a provisionally proposed structure of a tricyclooctadiene (I) 

for the C8H8 compound. Unsaturated character is manifested 

in the presence of CH stretohing bands at 3094 and 3033 cm-l. 

The double band at 2967-2975 cm-1 is probably due to CH stret- 

ching of the saturated central ring in (I), with a displa- 

cement towards highe$ frequencies owing to ring strain. A 

band, similar in position (2970 cm-l) and intensity was 

found also in the tricyclio diner of benzocyolobutadiene 2 

(II). In the 1 ow frequency region there appear deformation 

vibrations of saturated and olefinic C-H bonds. The in- 
. 

tense band at 1288 cm-1 can be assigned to the deformation 

vibration of the C-H bond in the saturated ring, and the 

band at 957 cm'1 is probably due to the deformation vibra- 

tion of the four-membered saturated rings. The 1550 

band in the vapour spectrum is undoubtedly a C&C stret- 

ching vibration of double bonds in the side-rings. A band 

at 1566 cm -1 has been found in the cyolobutene spectrum. 3 

2 

5 

llJI. kvram, D. Dinu w6C.D. Nenitzescu, Chemistry 
and Industry B, 257. 
R. C. Lord and D. G. Rea, J.Amer.Chem.Soc. 2, 
2401 (1957). 
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The proposed structure (I) involves a dimerixation of 

cyclobutadiene through cycloaddition, similarly with the 

dimerizationa observed with benzooyclobutadiene, 2 tetra- 

methyloyolobutadiene, 4 and 1,3-diphen~yloyclobutadiene. 5 

From the two possible configurations (III) and (IV), 

the trans-structure (IV) with c2h symmetry is more pro- 

bable on symmetry grounds. 

The ethereal solution of the 08H8 dimer yields on 

treatment with silver nitrate solution a C4H4*A@?Q3 com- 

plex, identical in every respect, IR spectrum included, 

with the initial C4H4*AgX03 complex. In a detailed snaly- 

sia of the IR spectrum of this silver nitrate complex, 

Fritz, W0mi.e and Sheppard have shown 6 that the spectrum 

provides support for a monomeric formulation C,H,*Ag I~+, 

R. Criegee and G. Louis, Chem. Ber. a, 417 (1957) 
R. Criegee, G, Schrb'der, G. Maier and h, G. Fischer, 
Ohem. Ber. 2, 1593 (1960). 

E. H. Ehite and H. C. Dunathan, Amer.chem.Soc. 
Xeeting Chicago, Sept. 1958, Abstracts p. 41 P ; 
cited after E. Vogel, Angew. Chem. g, 4 (1960). 

H. P. Fritz, J. B. 
Tetrahedron Letters 

V. ticOmie and N. Sheppard, 
, under print. 
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involving G4H4 units as hydrooarbon ligands. This means 

that when the silver-nitrate complex is formed from the 

dimer, a dissociation O&is - 2 C4H4 must take place. 

Although inusual, suuh a hypothesis would not be altoget- 

her excluded 'because breakage of single bonds on complexa- 

tfon of olefinio ligands with metals was observed in some 

'cases. ?g ' Also., oonsiderable stabilization fox oyclo- 

butadiene on c3omplexation with metals may be anticipated. 

Attempts to solve this problem ohemically, with larger 

aounts of substance, are under way. 

The mass-speotrometrio determinations were performed 

by Professor M. Martalogu and Miss D. Mumuianu from the 

Institute of Atomic Physics, Buoharsst, to whom our best 

thanks are given. We also are particularly grateful to Dr. 

J. B. V. MoOtie, Dr. N. Sheppard and Dr. H, Fritz for dis- 

ouasions. 

7 R. B. fling and F. G. A. Stone, J.Amer.chern.Soc. 82, 

4557 (19601. 
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