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Chimica fisica. — The structure o f anti—tricycio | 4 . 2. 2 . o2*51 — 
deca—̂ ÿ-d ien e—f f i —endo-dicarboxyhc anhydride. Nota di G i u s e p p e  

F i l i p p i n i  e M a s s i m o  S i m o n e t t a ,  premontata(#) dal Corrisp. M. 
S i m o n e t t a .

R iassunto. — È stata determinata mediante diffrazione di raggi X e impiego dei metodi 
diretti la struttura cristallina e molecolare delPanidride anti-triciclo | 4 .2 .2 .o2-5 | deca-3, 
9-dien-7,8-endo-dicarb ossifica.

The conform ation and the reactiv ity  of bicyclo [2.2.2] octane and its 
derivatives is a subject of considerable interest and discussion [1, 2].

In  the sequence of studies undertaken in our Laboratory, the structure 
of anti-tricyclo [4.2.2 .o2-5]-deca~3,9~diene~7,8-endo-dicarboxylic anhydride 
has been determ ined by X -ra y  diffraction.

Crystals of the substance (m.p. 167°) were obtained by Diels-Alder reac­
tion of cyclooctatetraene with maleic anhydride [3]. T hey  are monoclinic, 
space group P21/^, with a =  6.385 ( ±  0.001), b =  21.922 ( ±  0.002), c =  6.622 A  
(=t 0.001), ß =  91.76° (dz 0.02°) and four molecules per unit cell. These 
data  were obtained by Cohen’s back reflection method, as described by 
Buerger [4], using C uK a radiation (Xx =  1.54051 , X2 =  1.54433 Â) at a room 
tem perature of 2 i°C . The effective radius of the cam eram an ordinary  
W eissenberg) was determ ined by m ounting the film according to the Strau- 
m anis technique. The standard  deviations were taken from the sum  of the 
residuals, according to W hittaker and Robinson [5].

The m easured density is 1 .44^ cm “ 3 and the corresponding calculated 
value is 1.448.

The structure was solved by direct m ethods and refined by least-squares.
A t the present stage of the refinement, the R index is 0.123 on 579 

observed independent reflections with intensity  greater than  twice their e.s.d. 
Anisotropic tem perature factors for carbon and oxygen atoms were used 
in the last cycles of least-squares. The uncertain ty  of the bond distances 
does not exceed 0.025 A  and of bond angles 1.50: the most salient details 
of the m olecular geom etry are reported in fig. 1. The molecular sym m etry 
(non crystallographic) is close to m.

In  the bicyclo-octene nucleus, m ost of the angles centered on sp3 carbon 
atoms are almost tetrahedral. The angles C(2)—C (i)—C(8) and C(5)—C(6)—C(7) 
are somewhat sm aller th an  norm al ; the angles centered on sp2 carbon 
atoms C(9) $ n d 'C (io ) are showing a significant deviation from 1200. All 
these values,, however, are very close to the corresponding bicyclo [2.2.2]- 
oct-5-ene-2 ,3~endo-dicarboxylic anhydridefi] and bicyclo [2.2.2] octane-

(*) Nella seduta del 12 dicembre 1970.
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1,4-dicarboxylic acid [6] data. The bond distance C(2)—C(5) is significantly 
longer than  usual: other examples of this kind can be found in strained 
molecules such as tricyclo [5.2.1 .o2,6]-deca~4,8-dienyl-/>-brom obenzoate [7] 
and dichlorobenzocyclobutene [8].

Fig. I .  -  Bond distances and angles in anti-tricyclo 4 . 2 . 2 . 0 2 -5 deca- 
3,9-diene~7,8-endo~dicarboxylic anhydride. The molecule is seen 
along the direction corresponding to the maxim um  mom ent of. inertia.

The atoms C(2), C(3), C(4), C(5), which form the butene ring, are 
coplanar w ithin the experim ental uncertain ty  (P i); the same situation occurs 
for the other three planes (P2 , P3 , P4) defined by the atoms C (i), C(6), 
C ( 9 ) , !C ( io ) ,  the atoms C (i), C(2), C(5), C(6) and the atoms C (i), C(6), C(7), 
C(8) Respectively, which form the bicyclo-octene nucleus. This excludes any 
significant tw isting from ‘ eclipsed ’ configuration around the C (i)-C (6) axis.

The geom etry of the anhydride group is close to the situation observed 
for sim ilar compounds [1]. The atoms €(7), C(8), C (i2), O (i) and C ( i i )  
are coplanar w ithin the range of experim ental error.

(The dihedral angles between the P3 and the P i and P2 planes are 1190 
and Ì240 respectively; the ones between the P4 plane and the P2, P3 planes 
and the anhydride ring are 122°, 1140, and 1200 respectively.

The financial support of Consiglio Nazionale delle Ricerche (C.N.R.) is 
gratefully  acknowledged.



[ IOI] G. F ilippini e M. Simonetta, The structure o f anti-tricyciò, ecc. 3 9 1

R e f e r e n c e s

[1] R. Destro, G. F ilippin i, C. M. Gramaccioli andM. Simonetta, « Tetrahedron Letters », 
29, 2493 (1969), and references therein.

[2] A. C. Cope, A. C. Haven jr., F. L. Ramp and E. R. Trum bull, « J. Amer. Chem. Soc. », 
74, 4867 (1952).
E. W. Abel, M. A. Bennett and G. W ilkinson, « J. Chem. Soc. », 3178 (1959).
M. Avram, G. M ateescu and C. D. N enitzescu, «Ann.», 636, 174 (i960).
E. G rovenstein  JR., D. V. RAO and J. W. R aylor, « J. Amer. Chem. Soc. », 1703 (1961). 
D. G. FARNUM and J. P. Snyder, «T etrahedron Letters», 43, 3861 (1965).
G. O. Schenck, J. Kuhls and C. H . Krauch, «Ann.», 693, 20 (1966).

[3] W. Reppe, O. S chichting , K. K lag er and T. Toeppel, «Ann.», 560, 1 (1948).
[4] M. J. BUERGER, X -r a y  Crystallography, p. 431, J. Wiley & Sons, New York (1943).
[5] E. WHITTAKER and G. ROBINSON, The Calculus o f  Observations, p. 246. Blackie & Sons, 

London (1924).
[6] O. Ermer and J. D. Dunitz, «Chem. Comm un.», 567 (1968).
[7] I. R. Bellobono, R. D estro , C. M. G ram accioli andM. Sim onetta, « J. Chem. Soc. » 

(B), 710 (1969).
[8] G. L. Hardgrave, L. V. Templeton and D. H. Templeton, « J . Phys. Chem.», 72, 

668 (1968).


