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Summary H-H spin-spin coupling constants have been 
determined for benzocyclobutadiene- and anthracene- 
iron tricarbonyl and the electronic structure of the 
ligands is discussed with respect to these data and those 
for related compounds. 

INDIRECT spin-spin coupling constants between protons 
provide valuable information about the .rr-electronic 
structure of cyclic conjugated systems.1 The extension of 
correlations derived for cyclic olefins and aromatic com- 
pounds to  ligands in metal carbonyl complexes recently 
established the aromatic and homoaromatic structures of 
the chromium tricarbonyl complexes (1) and (2) derived 
from I,ci-methano flO]annulenea and tricycl0[4,3,1,01~~]- 
deca-2, 4-dieneJ3 respectively. 

In ordzr to test further the effect of metal carbonyl 
groups on the .rr-electron distribution in unsaturated 
ligands, we have analysed the n.m.r. spectra of benzo- 
cyclobctadiene- and anthracene-iron tricarbonyl (3,4),*s5 
and, for comparison, those of benzocyclobutene (5)s and 

2 q  3 \  

Fe(C013 

bicyclo [a, 2,0]octa-2,4-dieneiron tricarbonyl (6) .'3* 
of the analyses will be given in the full paper. 
discussed here are shown in the Table. 

Details 
The results 

For (3),  the observed ratios of the vicinal as well as the 
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H-H Coupling constants (in Hz) for compounds (3)-(6), naphtha- 
lene, and anthracene 

Ji12=J3,4 J z , ~  J1,3=J2r4 Jir4 Lit. 

(3) 6.298 4.21 1-48 CU. 0 33 

(4) 8-14b 6-95 1.26 0.63 3 9  

7-36 7.78 0.98 1.06 n 

6.59 4.23 1.62 0.20 

8.61 6.77 0.68 1.57 This work 

(5)  
(6) 

1.24 0.74 Ref.’iO Naphthalene 8.28 6.85 
Anthracene 8.55 6.59 1920 0.82 Ref. 10 

a Co-ordinated ring. 
b Unco-ordinated ring. 

long-range coupling constants indicate bond fixation in the 
six-membered ring. This becomes especially evident on 
comparing the data with those found for (5 )  where similar 
strain effects due to the presence of the four-membered ring 
should operate. t In (3), therefore, the electron demand 
of the iron tricarbonyl group leads to a reduction of delocal- 
ization of =-electrons in the benzene ring9 

In contrast, complex formation with the anthracene 
ligand as in (4) results in the fixation of a “butadiene” unit 

in the ring bonded to the iron tricarbonyl group and 
enhanced v-delocalization for the residual “naphthalene” 
unit. The coupling constants in the former part of the 
molecule are similar to those found for olefinic systems, as 
for example (6). On the other hand, the coupling constants 
in the uncomplexed outer ring are closer to those in naph- 
thalene than those in anthracene.1° 

The bonding requirements of the iron tricarbonyl group 
are sufficient to change the nature of the =-electron distribu- 
tion in the ligand. A possible loss of delocalization energy, 
therefore, must be overcome by the bonding energy gained 
in the complex. Preliminary results on the X-ray struc- 
ture determination of several vinyl-substituted benzenes 
and naphthalenes and especially the bond length reported 
for a methoxycarbonyl derivative of (3)u support our 
conclusions drawn from the n.m.r. results. The suggestionll 
that unlike the Fe(CO), group the Cr(COj, group does not 
lead to appreciable w-bond fixation in the ligand, is also 
borne out by n.m.r. results for (1)2 and naphthalenechrom- 
ium tricarbonyl.12 

(Received, March 19th, 1970; COWL 392.) 

t Since the strain effect tends to  increase the magnitude of J2 and to decrease that of J1,2 (ref. lb) ,  the actual alteration of these 

1 (a) H. Gunther, Tetrahedroron Letters, 1967, 2967; (b) J. B. Pawliczek and H. Gunther, Tetrahedron, 1970, 26, 1755, and literature 

constants in (3) due to the presence of the iron tricarbonyl grouG\s larger than observed. 
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