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Tricarbonylchromium complexes of cyclophanes have been studied to demon- 

strate transannular electronic interaction between the aromatic rings in the 

ligand cyclophanes.2' In a series of tricarbonylchromium complexes of [m.n]- 

paracyclophanes, it was reported that the electronic interaction between the two 

benzene rings in the cyclophanes was increased with shortening of methylene 

bridge lengths m and n, and that bis-tricarbonylchromium complex was formed only 

in the case of [4.5]- or [6.61-homolog where the two benzene rings are far apart 

from each other. 2aj We now wish to report the syntheses and properties of mono- 

and bis-tricarbonylchromium complexes of multilayered [2.2lparacyclophanes, with 

a view to pursue further the electronic interaction among their benzene rings" 
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and the physical properties of organochromium complexes. 41 

Mono-complexes 1-4 and bis-complexes 1'~ 3' were prepared by treatment of 

the corresponding cyclophanes with hexacarbonylchromium in purified diglyme at 

140 -150°C for 2 -3 hrs in a nitrogen atmosphere. Mono-complexes were separated 

from bis-complexes and inorganic chromium by extraction with dichloromethane, 

and purified by chromatography on a short column of silica gel with dichloro- 

methane-hexane (1:l) and recrystallization from the same solvent: 1: yellow 

prisms, dec.p. 188'C; 2: yellow columns, dec.p. 18O'C; 3: yellow leaflets, dec.p. 

185V; 4: yellow leaflets, dec.p. 149'C." Bis-complexes insoluble in dichloro- 

methane were extracted continuously with tetrahydrofuran using a Soxhlet type of 

extractor in a nitrogen atmosphere and crystallized out of the extract; 1': 

yellow fine crystals, dec.p. 183V; 2': yellow fine crystals, dec.p. 181'C; 3': 

yeilow fine crystals, dec.p. 182V." Complex 5 was prepared as a reference 

according to the literature. 61 All the yields are summarized in Table 1. 

Table 1. Yields of paracyclophane complexes 

cyclophane molar ratio yield (%) 
Cr(CO)s/cyclophane mono- bis-complex 

[2.2]paracyclophane 1.1 (1) 50 (1') 0 
2.2 52 8 

triple-layered 1.3 (2) 27 (2') 0 
12.2lparacyclophane 2.1 30 29 
quadruple-layered 
[2.2]paracyclophane 
[8]paracyclophane 

1.2 (3) 17 (3') 6 

1.2 (4) 4 

Cram et al. pointed out that bis-complex of [2,2]paracyclophane was not formed 

from the same reaction since the non-complexed benzene ring of complex 1 was 

deactivated by electron-withdrawing character of the attached,tricarbonyl- 

chromium group. za1 In the present case, bis-complex 1' was obtained in 8% yield 

by use of two molar ratio of hexacarbonylchromium to [2.2]paracyclophane. Simi- 

larly bis-complex 2' of triple-layered one was prepared in a 

1'. Bis-complex 3' of quadruple-layered one was formed even 

molar ratio. These results indicate that the first attached 

group exerts less transspacial electronic interaction on the 

benzene ring as the layer number increases. 

The PMR data of these complexes are shown in Table 2. 
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Table 2. PMR data (6, ppm) of the complexes 
(in DMSO-d6) (values in paretheses: 

267 

1-5 (in CDCls) and l'r3' 

Ab=6coxPlex -6free ligand ) 

average 
of A6 (1') (2') (3') 

1st ring 5.32 5.25 4.64 4.37 4.29 5.33 4.83 4.66 
(-1.73) (-1.83) (-1.83) (-1.82) (-1.82) (-1.81, 

2nd ring 6.77 5.77 5.51 6.16 5.60 
(0.30) (0.37) (0.36) (0.34) 

3rd ring 6.28 5.27 
(0.09) (0.12) (0.11) 

4th ring 6.15 
(0.06) (0.06) 

Methylene protons appear as multiplets in the range of 62.0-3.5 except 4 
(6 0.7-2.5). 

mono-complexes, the aromatic protons of the ring to which tricarbonylchromium 

group is attached are shifted to higher field by an average 1.81 ppm than the 

corresponding protons of free ligand cyclophanes. This is considered to be due 

to both a principal effect of decreasing ring current of the complexed benzene 

ring and a minor effect of additional magnetic anisotropy of chromium metal. 7’) 

The former effect is also responsible for the apparent downfield shifts of the 

aromatic protons of the other benzene rings as indicated in Table 2. The 'Ii- 

chemical shifts of the bis-complexes can be explained by an additivity of the 

both shielding effects. 

The IR spectra of both series of mono- and bis-complexes show two strong 

bands at 1951-1962 and 1872-1884 cm-', associated with carbonyl stretching 

vibrations, and the bands are successively shifted to lower wavenumber as the 

layer increases (Table 3). Such decreases of the carbonyl bond strength are 

Table 3. IR (vcq1 and W spectra of all the complexes 
vc=o in THF(cm-'1 W in THF 

complex Al E lmax(nm) E(XIOS) 
4 1962 1883 324 10.3 
5 1962 1884 318 9.72 
1 1959 1878 341 10.9 
2 1954 1873 342 9.95 
3 1952 1872 341 9.86 
1' 1952 1884 358 22.8 
2' 1951 1874 346 19.4 
3' 1951 1873 342 18.4 



probably caused by a strong electron donation from the cyclophane to the metal, 

indicating the increase of s-basicity in the series of multilayered [2.2]para- 

cyclophanes. 

The electronic absorption maxima in long wavelength region, associated 

with charge-transfer transition from chromium to aromatic ring, a\1 for all the 

complexes are presented in Table 3. The three mono-complexes 1@3 show signifi- 

cant bathochromic shifts compared with the complex 5 or 4 in which appreciable 

distortion of the benzene ring comparable to that of [2.2]paracyclophane was 

observed by X-ray crystallography. 9) Such bathochromic shifts may therefore 

arise from the transannular delocalization in the ligand cyclophanes. A 

stronger bathochromic shift of bis-complex 1' than mono-complex 1 indicates that 

the excited state of the former is more stabilized by electron withdrawing of 

another tricarbonylchromium group. The effect decreases with increasing 

distance between the two metalcarbonyl groups, that is, the increase of layer 

number, as seen in the case of 3 vs. 3'. 
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