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ABBREVIATIONS 

bae bls(acetyIacetone)ethylenednmmate dtamon 
dmf dtmethylformamide 
dmg dlmethylglyoxlmate Ion 
L a-donor hgand 
M metal 
salen bls(sahcyIaIdehyde)ethylenedummate &amon 
3F-salen bis(3-fluoro-sahcylaidehyde)ethylenedummate barnon 

A. INTRODUCTION 

Metal complexes of Schff bases have been of consIderable interest m the development 
of the morgamc chemistry of chelate systems’ 92 _ 

Recently, metal complexes of some tetradentate Schlff bases such as bis(acetylacetone) 

ethylenedumme and bis(sahcylaldehyde)ethylenedmnme have been mtenslvely studled 
because of their unusual properties. 

Many penta- and hexa-coordmate cobalt denvatlves with stable u Co-C bonds have been 

prepared and investigated3 _ Because of the stabihty of the (I Co-C bond and the overall 
physlco-chermcal behawour of such compounds 4, they are studled as model molecules of 

the vitamin B12 group Of particular interest are the transmethylatlon reactions Involving 
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TABLE 1 

Complexes included m the survey 

kialen complex Ref talen complex Ref bae complex Ref, 

DWW2 IO,11 
[Co(salen)] .CHCl3 12 
[Co(~leu)lpyl 13 
[CH&H#o(salen)J 2 14 
[Co+alcn)~.02 (dmfM 15 
((CH$OCH~)Co(snlen) CHjOH] 16 
[CHaO Co(salen).py] 16 
[CNCH2,Co(salen)ln 16 
[ ClCo(salen)] 2 17 
[CH&H,Co(salen) py] 18 

[Fe2WenhOl 19 
(ClFe(salen)] 2 20 
[ClFe(salen)] 21 
[CWen)(H20)2 1 Cl 22 
[Cu@len)] ,CHCl3 23 
[Cu(salen)] p-HOC6H4NOz 24 

W(bNl 25 
[Cu(bae)] CH3NH3C104 26 
[Cu@ae).HzO] 27 
[Cu(bae)] ‘/zHzO 28 
[C6H5Xo(bae) H20] 29 
[CH3 Co(badl 30 
[CHz=CH Co(bae) H20] 31 
[Cob=)1 .C6H6 32 
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TABLE 2 

Analysis of bond lengths in salen complexes 

Compound M-O M-N Cl -0 C7-N - 

[Co(salen)l2 

[Coblen) 2 

[CobaIen)] .CHf& 

[C&ah) PYI 
[CHsCH&o(salen)] 2 

[CozWenh 02 (dmfhl 

[(CH3COCH&o(salen)CH3OH] 

ICI430 Co6alen) PY] 

(CNCH&o(salen)], 

ICKo(=len)l2 

[CH+ZH Co(salen) py] 
IFe+len)$l 

[ClFe(salen)] 2 

[ClFe(salen)l 

ICrbaien)(H20)2 1 Cl 

[ Cubalen)] CHQJ 

[Cubalen) pHOGH4N02 

WeIghted average.(A) 

Range 

1 880(10) 
1.950(10) 
1901( 4) 
1 940( 4) 
1 83% 4) 
1 869( 5) 
1 900(10) 
l-901( 5) 
l-935( 4) 
1 900( 5) 
1 903( 6) 
1 918( 8) 
1 909( 8) 
1894( 8) 
1 907( 8) 
1 893(11) 
1 907(11) 
1 889(10) 
1 937(10) 
1879( 7) 
1915(16) 
1953(17) 
1919(17) 
1 886(17) 
1 898( 7) 
1978( 7) 
1 879(10) 
1 885(11) 
l-916( 8) 
1951( 8) 
1 920( 9) 
1 900( 9) 
l-906( 9) 
1 886( 9) 

1 904( 6) 

0.143 

1 880(10) 
1 880(10) 
1886( 5) 
1 907( 5) 
l-829( 5) 
1 864( 5) 
1 900(10) 
1 886( 6) 
1 880( 6) 
1 894( 7) 
1 872( 6) 
1909(10) 
1 860(10) 
1 904(10) 
1 906(10) 
1 880(13) 
1 889(11) 
1 903(10) 
1 884(10) 
1860( 8) 
2 089(18) 
2 112(18) 
2 087(21) 
2 059(20) 
2 098( 9) 
2 091(10) 
2 099(11) 
2 064(10) 
2005( 9) 
1 997( 8) 
1930( 9) 
1 950( 9) 
1 928( 9) 
1 904( 9) 

1912(12) 

0 283 

1 350(20) 
1 340(20) 
1311( 7) 
1325( 7) 
l-307( 8) 
1 302( 7) 
1 360(20) 
1 315( 9) 
l-331( 9) 
1 323(11) 
l-313(10) 
1 275(15) 
1 303(13) 
1 339(14) 
1 343(14) 
l-278(16) 
1 305(16) 
1 292(20) 
l-320(20) 
l-319(11) 
1 320(30) 
1 370(30) 
1.310(40) 
1 350(30) 
1 337(12) 
1 352(11) 
1 329(16) 
1 365(16) 
1 336(13) 
1 344(16) 
1 330(16) 
1 320(16) 
1.340(18) 
l-320(18) 

1 310(20) 
1 340(20) 
1 301( 8) 
1 289( 8) 
1 286( 9) 
1 282( 9) 
1 270(20) 
1 290(11) 
1 279(11) 
1 302(1?) 
1 282(13) 
1 254(16) a 
l-280(16) 
1 3p$(l7) 
1 333(14) 
1 307(16), - 
1 290(16) 
1 289(20) 
1 310(20) 

t 1 264(15) 
1 230(30) 
1 300(30) 
1 280(30) 
1 270(30) 
1 252(13) 
1 314(14) 
l-317(17) 
L-314(17) 
l-294(14) 
1 296(14) 
1 270(16) 
l-290(16) 
1 310(18) 
1.310(18) 

1321( 3) 1 291( 3) 

0 095 0.110 

coord Chem Rev_, 7 (1972) 385-403 
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Compound cl-c2 c2-c3 c3-c4 c4-G 

ICo(salen)l2 

[W=~n)l2 

[CoWen)] .CHC13 

PWW.wl 
[CHgCH2.Co(salen)] 2 

P2Wenh.02(dm%l 

[UZH3COCH2)Co(salen)CH30H] 

[CH3OKo(salen).py J 

[CNCH2.Co(sakn)] n 

[ClCo(salen)] 2 

[CH2=CHXo(salen).py] 
[Fez(salen)20] 

[ClFe(slen)] 2 

[ClFe(salen) ] 

[(Sr(salen)&% 1 Cl 

[ Cu(skn) ] .CHC!13 

[CuWen)] g-HOC&N02 

Weighted average 

Range 

1 410(20) 

l-420(20) 
1426(10) 
l-419( 9) 
1414(10) 
1.397( 9) 

1400(20) 
l-413(11) 
1.409(11) 
1418(11) 
1 402(13) 

1.440(19) 
1.433(18) 
1 416(17) 
l-446(16) 
1 413(19) 
l-397(18) 
1.400(20) 
1.412(20) 
1.408(14) 
1 370(30) 
1 430(30) 
1 400(40) 
1 480(40) 
1 395(17) 
1 391(17) 
l-414(18) 
1 477(27) 
1 409<16) 
1 399(16) 

1410(20) 
1.400(20) 
1 410(23) 

1.380(23) 

1412( 3) 

0.110 

1 380(20) 

l-430(20) 
l-399(10) 
1 399(10) 
l-368(11) 
l-356(10) 

1 410(20) 
l-382(13) 
1 394(13) 
1.404(14) 
1 398(U) 

1416(18) 
1.387(19) 
1 395(19) 
l-408(1 7) 
1 376(17) 
l-340(19) 
1 385(30) 
1 405(30) 
l-36605) 
1.410(40) 
1 420(40) 
1 410(40) 
1 390(40) 

1 382(17) 
1 394(16) 
l-360(24) 
l-345(23) 
l-391(18) 
l-396(16) 

l-380(20) 
1 410(20) 
l-420(23) 
1 400(23) 

1 389( 4) 

0 090 

1 390(30) 

1 360(20) 
1 421(12) 

1 41002) 
l-402(1 3) 
1 357(11) 

1.380(30) 
l-395(12) 
l-363(13) 
1 376(14) 
1410(14) 

1418(23) 

1 437(21) 
1 447(21) 
1419(17) 
1 436(24) 
1 422(21) 
1 365(30) 
l-365(30) 
1.375(20) 
1 410(40) 
1.340(40) 
l-420(40) 
1 350(40) 

1417(20) 
1 367(20) 
1 410(22) 
1 398(21) 
1 407(18) 
l-378(21) 
1 390(20) 
1 390(20) 
l-370(23) 

1.430(23) 

1 395( 4) 

l-370(20) 
1 380(20) 
l-379(1 1) 
l-390(12) 
1 346(12) 
l-364(1 2) 

1 390(30) 
l-358(13) 
1 363(13) 
l-373(12) 
1 35404) 
l-367(22) 
1.363(21) 
1 354(19) 
1428(16) 
1 375(23) 
1 348(22) 
1 371(30) 
1 339(30) 
l-352(19) 
1 380(40) 
1 390(40) 
1 430(40) 
l-370(40) 
1 386(19) 

1 367(20) 
l-415(28) 
1 357(21) 
l-384(18) 
1403(20) 
1.370(23) 
1.380(20) 
1 370(23) 
1 370(23) 

1 372( 3) 

0 107 0 091 
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c5 46 c6 -c-I G-C9 cl --c6 Q-N Ref. 

1450(20) 
1 470(20) 
l-426( 9) 
l-430( 9) 
1 398(10) 
1.406(10) 
1450(20) 
1.433(12) 
l-429(12) 
l-432(13) 
l-429(13) 
1422(18) 
1404(19) 
1402(17) 
1 438(16) 
l-421(18) 
1429(19) 
l-389(30) 
l-434(30) 
1432(X) 
1430(40) 
1 380(30) 
1410(30) 
1 430(40) 

1 428(16) 
1409(15) 
l-430(21) 
l-424(17) 
1410(17) 
1 396(17) 
1 410(20) 
1 440(20) 
1.410(23) 
1 430(23) 

1 422( 3) 

0.090 

1 390(20) 
1430(20) 
1.432(10) 
1462(10) 
1.436<10) 
1406(10) 
1.440(20) 
l-432(1 1) 
1443(11) 
1420(11) 
l-432(12) 
1436(19) 
1 438(19) 
1432(17) 
1451(16) 
1 407(21) 
1 450(20) 
1 387(30) 
1433(30) 
1411(15) 
1 420(30) 
1 480(40) 
1 520(30) 
1400(30) 
1 436(17) 
1449(17) 
1.449(19) 
l-434(20) 
l-433(16) 
l-453(16) 
1 440(20) 
l-430(20) 
1430(23) 
l-450(23) 

1434( 3) 

0.133 

1 .530(20) 

1 %x(10) 

1.4420 3) 

1 440(30) 
1531( 9) 

1 532(14) 

1 587(21) 

1.515(19> 

1 485(19) 

l-537(30) 

1 520(28) 
1 510(30) 

1 570(40) 

1 496(16) 

1 620(20) 

1.518(16) 

1.500(20) 

1.490(23) 

1510(11) 

0 188 

l-430(20) 
l-370(20) 
l-438(10) 
1.410( 9) 
l-399< 9) 
l-424( 7) 
1420(20) 
l-420(10) 
1.411(10) 
l-428(12) 
l-430(12) 
1 439(20) 
1 439(18) 
l-432(16) 
1.404(15) 
1 442(20) 
1423(18) 
1 420(30) 
1 414(30) 
l-398(15) 
l-370(30) 
1 350(30) 
1 370(30) 
1.420(30) 
1.408(17) 
1 399(17) 
1.431(21) 
1.400(19) 
l-403(14) 
1424(15) 
1.390(20) 
l-420(20) 
1 380(23) 
1 430(23) 

1416( 3) 

0 092 

l-460(20) 
1 450(20) 
l-484( 8) 
1.477( 8) 
1.498(10) 
l-476(10) 
l-480(20) 
l-469( 9) 
14&x3(10) 
1.473(10) 
1.460(10) 
1507(17) 
l-498(17) 
1.480(19) 
1 482(18) 
l-484(20) 
1 499(18) 
l-461(20) 
1 498(20) 
l-440(22) 
1 SOO(30) 
1.500(30) 
1 470(30) 
1..500(30) 
1516(16) 
1.498(16) 
1 472(19) 
1481(20) 
l-484(14) 
l-468(16) 
1.500(16) 
1480(16) 
l-460(16) 
1510(16) 

1.481( 3) 

0 066 

10 

11 

12 

13 ’ 
14 

15 

16 

16 

16 

17 

18 
19 

20 

21 

22 

23 

24 
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TABLE 3 

Analyss of bond lengths m bae complexes 

Compound M-O M-N c-o C, -N 

I OWbae) 1 

[Cutbae)] .CH3NH3C104 

CCuCbae) H201 

KW=dl?4H20 

KkH@0ae)H201 
[CH3 Co@ae)]. 

[CHpCH Co&ae) HzO] 

[Cohe)] C6H6 

Weighted average (A) 

Range 

1945( 7) 2059( 9) 
1 956( 8) 2.048( 8) 
1 900( 8) l-930( 8) 
l-940( 8) l-930( 8) 
1929( 3) 1 950( 4) 
l-928( 3) l-952( 4) 
1914(10) l-916(10) 
1 926(10) 1 922(10) 
1.910(10) l-890(20) 
l-874(11) 1.860(13) 
1871(11) 1 870(12) 
1913( 7) 1 888( 8) 

t l930( 7) 1 892( 8) 
l-854(11) 1 864(12) 
1 852( 9) 1 884(13) 

I 922( 6) 1941(13) 

0 104 0 195 

1 305(12) 
1 294(13) 
1.310(15) 
1 290(U) 
l-286( 6) 
1 292( 5) 
l-300(20) 
1 350(20) 
1 290(30) 
1 313(19) 
1 266(19) 
1 302(13) 
1 290(12) 
1 304(17) 
1 297<16) 

1 294( 3) 

0 084 

1.292(14) 
1 298(14) 
1 320(15) 
1 300(15) 
1 303( 6) 
l-300( 6) 
1 340(20) 
1 330(20) 
1 360(30) 
1 342(20) 
1318(21) 
1.318(13) 
1 299(13) 
l-354(19) 
1 330(19) 

f-308( 4) 

0068 

these complexes’ Furthermore the property of Co(salen) to absorb reversibly molecular 

oxygen has been known for many years’ _ Recently, some oxygen adducts of formula 

Dwell do2 P-2 h ave b een isolated and studied6 Fmally, evrdence for the existence 

of some oxygen adducts of formula Co(salen)(O,)L (refs 7,8) and Co(bae)(02)L (ref. 9) 
has been reported 

In view of the considerable number of X-ray drffractlon structural determmatrons of 
salen and bae complexes, carried out both m our laboratory and m others (see references of 

Table 1) and the particular importance of the structural results to clarify the chermcal 

properties of these compounds, rt seems appropnate to summarize these data and to point 
out some interesting features wmch they suggest Table 1, which covers the literature 
unttl 1970, hsts the complexes whtch have been mcluded in this survey- 

B. INTERATOMIC DISTANCES 

interatomrc distances for salen and bae complexes are listed in Tables 2 and 3, comprhng 
the two values for each chemmally equivalent drstance. The labelhng of atoms IS shown m 
Fig_ 1. The range of each distance, together wtth the calculated average values (A) with then 
standard devratron (oA) in parentheses, 1s also reported The averages were calculated by 

werghtmg each measurement of all the avdable three-drmensronal determinatrons by the 
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C6--N Cl42 c2-c3 c3-G G-G c6-c7 Ref 

1 505(19) 
1512(15) 

1430(15) 
1.450(14) 
l-450( 6) 

1455( 7) 
l-480(20) 
l-460(20) 
l.SOO(30) 

1453(23) 
1 494(23) 

1476(15) 
1.466(13) 

l-484(22) 
l-494(20) 

1.462( 5) 

0.082 

l-487(16) 
1 497(20) 
1 510(18) 
1560(18) 

1522( 7) 

1 532( 7) 
1 540(30) 
1.540(30) 
1530<30) 

1 498(28) 
1 560(24) 

1 518(17) 
1 508(15) 

l-494(28) 
1 519(22) 

1 523( 4) 

0 073 

l-373(16) 
l-359(16) 

l-330(18) 
1.330(18) 
1375( 7) 

1380( 8) 
1 380(30) 
1 350(30) 
1.380(30) 
l-325(23) 
l-329(24) 

1 357(15) 

1 389(15) 
1 338(23) 
1 368(24) 

1:366( 5) 

0.064 

1.391<17) 
l-389(16) 

1420(18) 
1.470(18) 
l-423( 7) 

1 433( 8) 
1 380(3G) 
1 390(30) 
1 400(30) 
1 387(24) 
1.430(25) 

1423(16) 

1.458(15) 

1 420(26) 
1409(24) 

1.423( 6) 

0.090 

1.480(19) 
l-534(17) 

l-480(18) 
1490(18) 
1.521( 7) 

1.515( 8) 
1.530(30) 
1560(30) 
1.47OUO) 
1611(25) 
1 513(26) 

1517(16) 
1.512(17) 

1.523(22) 
1 534(26) 

1517( 6) 

0 141 

1.421(21) 25 

1.480(18) 26 

1508( 8) 27 

1430(30) 28 

1.590(30) 29 
l-516(26) 30 

1 528(14) 31 

1 513(20) 32 

1.503(12) 

0.169 

s 

c3wc2 

0) 

Fig 1 Numbenng scheme and average bond lengths for (a) salen and (b) bae metal complexes 

Cooni Gem Rev, 7 (1972) 385-403 
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mverse square of its mdividual standard devratron. No two-drmensronal determmatron has 

been taken mto account, because such results can mvolve very large errors. 

(1) Metal-lzgand bond length 

Companson of cA values of the metal-salen bond lengths wrth mdrvidual e 

determmatrons shows variation of these drstances among the compounds examined, as 

would be expected for drfferent metal atoms. The influence of the nature of the metal 1s 
clearly Illustrated by the followmg trend of the mean values of the metal-mtrogen bond 
lengths m salen complexes Co-N, 1.884 ii; Cu-N, 1.928 ii, Cr-N, 2 001 A; Fe-N 

2 087 A. However, slgmficant differences also appear m complexes contamng the same 
metal atom. Thrs can arrse from the different hnd of coordmatron and/or from extra bond 
formatron of the coordmated oxygen atoms. In fact a slgnrficant lengthenmg of the Co-0 
&stance ss observed where the oxygen atom 1s coo&mated to the metal atom of another 

M&den) umt to give dimenc molecules [M(salen)] 2 or when rt 1s mvolved m hydrogen 

bonds. 
It must be emphasized that no sign&cant difference is observed m Co-O(N) distances 

wrth the same metal m different formal oxidation states. 
Perhaps because of the last two effects, no trend m the metal-oxygen bond lengths can 

be observed_ Smce few examples are avarlable for drfferent coordmatron types with the same 

metal, it is difficult at present to correlate bond lengths with different stereochemistry_ 
However, it seems that the coordination bond lengths m the tetracoorchnate Co(salen) are 
significantly shorter than m the other compounds 

m 
N\I/N c ) o,/co\ I 02 

( j 

03\J0 I 

./I’ 

w 

Fig 2 A sketch of drmerrc Co(salen) compounds 

Examination of the axial bond lengths shows strong evidence of trans influence in the 
octahedral cobalt compounds I4 For the drmenc [XCo(salen)] a complexes in which an . 

oxygen atom of a Co(salen) moiety IS bonded to the cobalt atom of the other morety, the 

&-o(3) distance IS 2 342(3) A when X = CHaCHa (ref. 14) and 1 995(13) A when X = Cl 
(Frg 2) and the differences between Co-O(l) and Co-O(2) drstances are 0.048 and 0.034A 
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respectrvely. In the oxygen adduct of Co(3F-salen)33 the Co-O(3) drstance IS 2 193 A 

when X = O2 and the drfference between Co-O(l) and CO-O(~) bond lengths IS 0.087 A, 

however, these values have to be consrdered unth some care because of the lcw accuracy of 
thrs structure determinatron (R = 0 IS) 
The values reported above seem mdrcattve of some charge transfer m the cyclic 

CoO(3)0(2)Co group influenced by the nature of the X hgand 
Further evrdence of tram influence m octahedral salen compounds arises from 

comparrson of the Co-N bond lengths @am to -OCH3 (ref 16), -CH2 CN (ref_ 16) and 

-CH=CH* (ref 18) groups, which assume the values 2.031(g), 2 092(17) and 2 119(10) A 
respectively, and from comparison of the Co-O distances rrans to -02 (ref 15) and to 
-CHa COCH3 (ref 16), then values being 2 1 SO(7) and 2 202(9) A respectively The trend 

in these bonds lengths 1s to increase wrth increasng ratio S* /AE (Table 4), where S is the 
overlap integral between, and AE the absolute separation rn energy of, the mteractmg 
orbit& In fact from perturbatron theory this ratio may be taken as a measure of the 
strength of a bond and, as recently proposed, may be assumed to be related to the trans- 
mfluencmg abrhty of a hgand m square plana? or octahedral complexes35 _ 

TABLE 4 

Relation between Co-O(N) &stances and the quantity S’/AE*of the truns-mfluencmg hgands 

Compound 

[CH3O_Co(salen) py] 
[NCCH&o(saIen)], 

[CHz==CH Co(salen) py] 

[Coz@en)2.02 @mf321 

[CH~COCHZ Co(salen) CH30H] 

*Data from ref 3.5 

Bond 

Co-N 
Co-N 
Co-N 

co-o 

co-o 

Tram-&and sz/AE Distance 
(eV+ x 10v2) 6) 

-0 <09 2 031 (9) 

-C (SP3) 14 2 092 (17) 
-C 6P2) 15 2 119 (10) 

-0 <09 2 150 (7) 
-C (SP3 ) 14 2 202 (9) 

Finally, the Co-C o-bond lengths of the organometalhc denvatrves are 1 990(7) A m 
Co-CH2CH3 (ref. 14), 1 988(22) Am Co-CH2CN (ref 16), 2.019(14) A m 
Co-CH2COOCH3 (ref. 16) and 1.93 A m C2-CH=CH2 (ref. 18). Whereas the first 

three values are srmrlar (mean value 1 999 A), the Co-C drstance m the vmyl derivative 
appears srgmficantly shorter, even after correction for different carbon u-covalent radu. 

The variations m the M-O and M-N distances m bae complexes are srmrlar to those of 
salen denvatrves However, because &menc specres have not been found in the compounds 
exammed, the M-O bonds are affected only by hydrogen bondmg m some cases, and thus 

provokes a neghgrble lengthemng of the M-O drstances. In fact neglectmg the hydrogen 

bondmg effect and the different coorclmation type, the followmg average values are 
obtained. 

Cixwd Chem Rev., 7 (1972) 385-403 
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Co-O 1 886 A Co-N 1.881 A 
cu-0 1.923 A Cu-N 1.933 A 

v-o 1 951 A V-N 2 054 a 

The variation in the M-O distances follows the same order as the metal-oxygen distances 
m the correspondmg acetylacetonate compounds36 _ 

Making allowance for the drfferent a-covalent radu of the hybrrdrzed carbon atom, 

the values of the u cobalt-carbon bond lengths are 1 91 A for the Co-CH=CH2 group31, 
1.95 A for the Co-C6 HS group” and 1.95 A for the Co-CHa group= _ 

We must note that comparison of Co-C drstances in bae and salen organocobalt 

denvatrves suggests evrdence of czs influence In fact the Co-alkyl distance of 1.999 A 111 
salen compounds seems srgmficantly longer than the value of 1 95 A m bae compounds. 

Tlus drfference rs only ascribable to the different nature of the equatonal hgand, because 

the trmzs influence of the hgands tram to carbon atom 1s very snmlar, as shown by the 

values of the Co-C bond lengths m compounds wrth the same equatonal hgand. 

(Ii) Bond lengths of the tetraderztate hgands 

The mean values and oA of the salen hgand bond lengths have been calculated for all the 

awlable complexes and for the cobalt complexes alone, the same values are obtained 
Furthermore, since the ffA values (see Table 2) are three to five times less than the 0 of 

an mdivrdual determmation, rt can be assumed that the hgand bond lengths are 
mdependent of the nature of the metal The mean values are also reported m Fig. l(a). 
They agree very well wrth those reported by Lmgafelter and BraunJ6 for the sahcyl- 
aldnnmate group The drfference n-r the C-C bond lengths between the ‘near’ and ‘far’ sides 
(wrth respect to the metal atom) of the benzene rmg 1s smular to that previously observed 
for the sahcylaldrmmate hgand. These differences are srgmficant and do not seem ascnbable 

to lrbratlonal matrons. Indeed the bond lengths corrected for the rrgid body motion of 

molecules according to Schomaker and Trueblood3’ follow the same trend m the same 
molecule. Bond length correctron was apphed using a programme wntten by Frhpp~m and 
Gramaccroh38 . Furthermore, as shown by Lmgafelter and Braun36, the values of the bond 
lengths m the benzene rmg may be explamed on the basrs of calculatrons usmg the srmple 
Huckel MO method apphed to the rr-electron system of the sahcylaldrminate ion. 

It may also be assumed for the bae hgand that the bond lengths are independent of the 

nature of the metal (see Table 3 and Fig l(b)). An interesting feature 1s that the 

C(3)--C(2) and C(3)-C(4) &stances are not equivalent, the latter being srgmflcantly longer. 
Thrs result 1s m agreement wrth the calculated n-overlap populations evaluated by the 
EHMO methodzg The C(l)-C(2) and C(4)-C(5) distances of 1 517(6) atld 1 523(4) ii 

have the value expected for a carbon (sp3 )-carbon (sp*) bond length On the other hand, 
the CH2-CH2 bond length of 1 503(12) a 1s shorter, both m salen and m bae, than the 
value expected for a C(sp” jC(sp”) bond However, the discrepancy may not be srgnificant 
owmg to the hrgh value of the correspondmg UA 
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It 1s mterestmg to observe that the mean value of the C-O distance m the salen 
complexes IS longer than the corresponchng distance m bae complexes, whereas the N-C 

distance m the former l&and IS shorter 

C CONFORMATIONAL ASPECTS 

In the octahedral complexes the salen hgand can act both as tetradentate apd as a bls- 
bldentate hgandti In the first case two &fferent arrangements of the four donor atoms 
around the metal atom have been found, one m which the donors occupy the four 

equatonal positions, the other in which one oxygen IS lsplaced from the equatorial plane, 
occupymg an axlal posltlon of the coordmation polyhedron40*41 (Fig 3). 

In the tetra- and penta-coordmate complexes so far exammed, the salen hgand has been 
always found urlth the conformatron sketched m Fig. 3(a)_ Some conformatlonal data of 

salen complexes in the latter geometrical arrangement are shown m Table 5 

FIN 3 Possble arrangements of sakn as (a) and (b) a tetradentate &and and (cl a bls-bldentate &and 

The four donor atoms are almost always coplanar urlth small devlaoons towards a 
tetrahedral geometry, as mdcated by the values of their deviation from the equator& 

e 
plane and by the ‘torsional’ angle NOON as shown m the first two columns of Table 5 The 
uon complexes show the most sgnlficant deviations from plananty when compared with 

those of cobalt and copper. In the third column of Table 5 the Qsplacements of metal 
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atoms from the coordinatron plane are gwen The values of the out-of-plane distances are 
manly mfluenced by the nature of the metal a& & .S nd of coordmatron. They are m fact 
markedly greater for the non compounds and for the pentacoordrnate stereochemrstry. It rs 

interestmg to note that sirmlar drsplacements of the iron atom have been found m the non 
porphine (0 38 A in chloroirontetraphenylporphme4* and 0 20 A in aquohydroxyuontetra- 
phenylporphme4”) and iron porphyrm derivatrves (0 475 A m ch.lorohaemr# and 0 455 A 
in methoxyironmesoporphynn-IX-drmethylester45) On the other hand, the cobalt atom 
hes almost rn the coordmanon plane as also found rn vrtamm Bra (0 05 A in air-dried 

crystals46 and 0 04 A m wet crystals4’). 

Three conformatrons of the salen hgand(Frg. 3(a)) are observed, as shown m the fourth 
column of Table 5 The hgand m the tetracoordmate complexes is very nearly planar, 

whereas umbrella-shape and stepped-shape conformations seem to be preferred m penta- 
and hexa-coordinates specres. The last two cases are rllustrated 111 Fig. 4. They are 

described by the angles o! and P between the coordmatron plane and the planes defined by 
the two sahcylaldunme resrdues and the angle -r between the last two planes For a planar 
conformatron a! = P = 7 = 0, for the umbrella-shape conformatron 7 = QI f p and for the 

stepped one p = (Y + y These relatrons are only approxunate because of some twistrng of 
the above planes 

Fig 4 Salen hgmd umbrella-shape and stepped-shape conformatlons 

Data reported m the last column of Table 5, where dsplacements dl and d2 of ethylene 
carbon atoms from the coordmatron plane and the torsional angle +J around the CH2-CH2 

bond are reported, suggest a quahtatrve mterpretatron of the possrble conformations of the 
five-membered ring containing the ethylene bndge. A symmetric stepped arrangement of 
the molecule causes a symmetrical displacement of the ethylene carbon atoms above and 
below the coorcbnatlon plane, favounng a ‘half-charr’ (gmche conformatron of the ethylene 
bndge) conformatron of the ringI . A symmetric umbrella-shape arrangement leads to an 

‘envelope’ conformatron (CIS conformation of the ethylene bndge). As can be seen by 
mspectron of molecular models, the tngonal nature of the bonds of the rmrne mtrogen 
atoms IS retwned, as suggested by the sum of bond angles around these atoms -whrch 1s very 
close to 360° However, rf neither arrangement of the molecule 1s symmetrrcal (1 e. a! # p 
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for umbrella and OL # 7 for stepped case) a ‘half-chair’ conformatron ag, in arrses, but the 
ethylene carbon atoms are asymmetncally drsplaced from the coordmatro.. ,:..E,. ims xx+- 
be summanzed m the scheme 

symmetric stepped M half-chatr (symmetric) 

symmetric umbrella h envelope 

asymmetrrc stepped -half-chair (asymmmetric) 

asymmetric umbrella- half-chair (asymmetric) 

Obvrously rt may happen that a srmultaneous asymmetric bendmg and twisting of the 

two halves of the salen hgand can produce a more symmetric displacement of the carbon 
atoms than expected 

Although isomers of cis-(NH3)zCo(bae) m which the four donor atoms of bae do not he 

m the same glane’ have been isolated, no X-ray data have been obtained so far for such an 

arrangement In fact m the complexes examined by X-ray analysrs the hgand 1s always 
found to be planar or nearly planar Table 6 reports some srgmficant data on the 
conformatron of bae compounds The values hsted have the same meaning as the 
correspondmg columns in Table 5 y is the angle between the two planes passmg through 
the two chemrcally equrvalznt halves of the hgand 

Inspectron of Table 6 shows that the bae hgand can exist m strictly planar, asymmetnc 

umbrella-shaped and distorted conformations Like salen complexes, the tetracoordmate 
compounds seem to prefer a planar geometry wrth the metal m the plane of the donor 
atoms, whereas m the hexa- and penta-coordmate compounds srgnificant devratrons from 
piananty are observed It 1s worthwhile to note that m the penta-coordmate species the 
metal atom 1s more displaced from the basal plane towards the apical hgand than rt is from 
the equator& plane m the hexacoordmate complexes_ 

Regardmg the other conformatrons illustrated m Frg 3, too few accurate structural data 
are avarlable for a comparison However, rt may be stated that plananty of the two 
sahcy!aldrmme resdues 1s agam marntamed. In the complexes of Frg 3(b), the nng 
ethylene bridge has an approxrmately ‘half-chair’ conformatron, whereas m the bis-brdentate 

salen hgand the ethylene bridge adopts an exact frons conformatror?’ . 

D DISCUSSION 

Salen and bae hgands have a strong tendency towards plananty, as shown from the 
structural determmations of tetracoordmate complexes Such a tendency may be explamed 
together withthe values of the hgand bond lengths, rn terms of n-electron delocahzatron on 
the tetradentate hgand, delocahzatron wluch IS mdependent of the nature of the metal atom. 

The devrahons from plananty observed m hexa- and penta-coordmate specres are to be 
attnbuted to mnteractrons of the bae and salen ligands wrth axral (or apical) ligands, as 
confirmed by the fact that the more bulky are the latter, the larger are the drstortrons m 
the tetradentate hgands13 _ 



TABLE 6 

Some conformatlonal data for bat? complexes 

Compound OlWhNz NOON 
(A, (angle In degrees) 

d 
(A) h 

dl d2 
cyk) 

PV(bad 0.180 
[Cu(bae>] NH3CH3C104 0 
[Cu(bae),H20] 0.042 
[ Cu(bae)] .‘hH20 0.102 
(Co(bae).C~Hs.H~OJ 0 020 
[ CHa.Co(bae) 0.018 
[CH2=CH.Co(bae).H20] 0 015 
ICo(Wl .CbH6 0 

6.1 0580 umbrella 35 3 0.34 -0 02 21 7 
0 0 phar 0 0 0 0 
17 0 !38 umbrella 11 8 -0 11 -0.15 41 
42 0.005 ncdrly phndr 35 -0 11 0 10 117 
0.8 0112 umbrella 89 0 31 -0421 32.9 
0.8 0 118 nearly planar 40 0 15 011 22 
06 0 060 dlstorted 11.2 0 17 -0 42 4246 
0 0 plduar 0 0 0 0 

_ -. . -..... - - - 
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The coordmation bond lengths involvmg the equatorial hgand are partrcularly short for 

cobalt compounds and rndependent of the formal oxidatron state of the metal, whereas 
Co”-N(0) and Co” -N(O) o-bond lengths are usually found to vary srgruficantly. For 
example, Co-N (peptrde) ranges from 2.12-2 14 A and Co-O from 2 07-2.15 A m 
brs-L-hrstnirnate Con Hz0 (ref 48) and PL-lustrdmate Co’ 2Hz 0 (ref 49) Co-N (peptide: 
IS 1 87 A and Co-O ranges from 1 93-l 98 A u-r brs(glycylglycmate) Co” (ref. 50) The 
observed phenomenon may be interpreted assurrung a n-bondmg contribution between the 
metal and the tetradentate hgand, the amount of rr-bonding depending on the oxrdatron 

state of the metal Such a model 1s consistent wrth the redox properties of cobalt chelate 
systems” 

It seems hkely that tlus participation of the metal atom electrons m delocabzed rr-orbrtah 
IS marnly responsrble for the abrhty of Co(saien)-type compounds to form stable 
o-cobalt-carbon bonds and to bmd reversibly molecular oxygen As prevrously reported52, 
both these properties are stnctly reIated, depending upon the orbital arrangement of the 
metal atom However, whereas both penta- and hexa-coordinate species of Co(salen) and 
Co(bae) form stable o -Co-C bonds, for stabrhzatron of the Co-O2 bond rn oxygenated 
forms, bondmg of a tram a-donor seems indispensable since oxygenation can occur only u-r 
the presence of o-donor hgands6-’ 

The mfluence of different equatorial hgands on the cobalt atom has been studied by 

means of polarographrc tech.niques51 The trends of the half-wave potentials of the 

Co”-Co= and Con -Co’ couples m salen, bae and dmg complexes show an increase of 

electron affiruty of the oxrdrzed form m passmg from salen to dmg. The different electron 

srtuation of the metal atom wrth different chelate systems rs reflected in different 

structural aspects of these complexes For example, the order of increasing czs influence m 

the organo-cobalt denvatrves IS dmg > salen > bae In fact, the mean values of the Co-C 

bond length are 2 04 (ref 53), 2 00 and 1 95 A respectrvely Similar trends have been 

observed for other aspects of physrco-chemrcal behavrour of these complexes, suchas the 

ground-state and thermodynanuc CIS effect4 

The shorter Co-C r&stances rn vrnyl salen and bae derrvatrves seem to Indicate some 

n-bondrng contrrbutron to the total bond order of the Co-C bond, which significantly 
affects thrs &stance 

Another important difference arises from the abrbty of salen denvatrves to give drmers, 
whereas such species have not so far been obtained for the bae derrvatrves. Thrs could be 
related to the chfferent electron arrangement of the metal atom induced by the different 
equatorial hgands However, the mam reason seems to he in the nature of the hgand rtself, 
as shown by comparison of the O-C and N-C bond distances, whrch, as already observed, 
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are independent of the nature of the metal. The mean value of the O-C bond length m 

salen denvatrves is greater (1.321 + 0 003 A) than that found m bae compounds 

(1.294 i 0.003 a), whereas the N-C bond length IS greater m the latter &and 
(1.308 * 0 004 A) than rn salen (1 29 1 + 0.003 A) These values are m agreement, as 
prevrously proposedr4, with a lesser bond order in the O-C bond of the salen hgand than 

m that of bae, the reverse being observed for the N-C bonds. The same conclwons may be 
denved from the calculated a-overlap populatrons of the O(N)-C bonds3’ Thus the abrhty 

of salen complexes to form dunenc molecules could derrve from the greater avarlabrhty of 
2p, orbrtals on oxygen atoms (the z-axrs 1s taken perpendrcular to the x,~ plane of the 

tetradentate hgand) whrch can form a further o-bond wrth the cobalt atom of another 
Co(sa!en) unit Moreover, a weakemng of the CO-O(~) bond (see Fig 2) results. The 
importance of the nature of the equatonal hgand m determmmg the abrhty to dtmenze IS 
also illustrated by the fact that even hydrogen bondmg mvolvmg the coordmated O(2) 

atom can substantrally alter thrs abrhty, e g m Cu-salen complexes. Whereas m Cu(saien)54 
there is drmer formation, in the chloroform and p-mtrophenol adducts the Cu-OftI 

drstance mcreases wrth mcreasmg hydrogen bond strength until no drmerrzatlon occurs m 

the latter compound On the other hand, Van der Waals forces between the two halves of 

the drmer can play an important role It seems hkely that such stabrhzmg effects are larger 
m salen than m bae complexes 

E CONCLUSIONS 

A good deal of work has been done on the structural aspects of these Schrff base 

complexes m order to provide further mslght into then physrco-chemrcal behavrour, 
partrcular mterest bemg devoted to reversible oxygenation, and to the nature of the 
chenucal bondrng m these coordmatlon compounds_ Perhaps the most excrtmg results 
concern the geometry of the oxygen bridge m the oxygenated adducts” *33 

However, we tbmk that oxygenated systems need further mvestrgatron, partrcularly to 

clarify the nature of the bond in the Co-O2 group present u-r biological systems” *% 
With regard to the nature of the coordmatton bond, it would be mterestmg to obtain 

further results on the rrans and cis influence m these and related systems 
Fmally, m our oplmon more extensive structural studies are reqmred on salen and bae 

derlvatlves wth other metal Ions of the transItIon series, m order to correlate more widely 
the vanablhty of chermco-phyacal and structural propertles 
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