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Summary 

The coordination site of Cr(CO)s in diarylimines derived from aromatic alde- 
hydes or ketones and aromatic amines has been studied. The results show that 
electron density is not a unique determining factor. It is suggested that consider- 
ation of the three ligand x levels (energy, symmetry, representativity) can account 
for the results. 

Introduction 

There has been much mterest in the nature of the bonding between the 
Cr(CO)s moiety and benzenoid rings-but question is still open about the various 
relevant factors and the extent to which they operate. It should be possible to 
get insight into that problem by studying effects of substituents on complexation. 

It is known that the energy of the mefal-ligand r-bond is larger for &Me, 
(137 kcal/mol) than for CsHs (120 kcal/mol) [ 11. If one accepts the Dewar- 
Chatt MO description of this bonding, this fact is in agreement with the known 
r-donor ability of methyl groups. For substituted naphthalene it has been ob- 
served that the position of the methyl groups on the ring affects the site of com- 
plexation- On the other hand it has been shown that complexation can be dis- 
favoured by electron-releasing groups as well as by electron-withdrawing groups 
[Z] , and so factors other than electron-density appear to determine the position 
of attachment of the Cr(CO), moiety. 

Attempts to compare electron-withdrawing and -releasing groups and to study 
the effects of methyl substituents on complexation are described below. 

Results 

Imines of type I have been converted into complexes as in Scheme 1. The re- 
sults are listed in Tables 1 and 2. 

+ Author to whom correspondence should be addressed. 
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Conformations and electronic interactions in these aromatic imines have been 
much studied [3,4] and it is accepted that ring A (with mr interaction) is elec- 
tron rich, whereas ring B (with ‘1r7i interaction is electron deficient [ 5,6] _ Thus 
these aromatic imines are good models for comparing effects of electron-with- 
drawing and -releasing groups. As we are dealing with unfused multiring systems, 
formation of binuclear complexes (Complex AB) is not exceptional [ 71, but 
these binuclear complexes may be formed via either of the mononuclear com- 
plexes (Complex A or Complex B) or via both depending on the relative magni- 
tudes of the constants k3 and k, in Scheme 2. 

TABLE 1 

COMPLEXATION SITE IN ALDIMINES 

(IO I (Ibl (ICI (Id1 

Method 4 

Yidd of products b 
U-acted imine 5 

a 

28 
70 

b b 

58 62 

a 

45 

55 

%?I& of CompIex A = 0 81 77 100 
YkId Of comp1er BC 0 10 16 0 
Yield of Complex AB = 100 9 7 0 

R-efen-ed ae 1 RiIlgA Ring A Ring A 

a See Experimental. b Yields (9) are calculated with respect to the stating imine. CSee Scheme 1. 
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TABLE 2 

COMPLEXATION SITE IN RETIMINES 

met <f/ (rgl L’hJ (IiJ - 

Method = a a b a b 
Yields of products 5 68 43 83 59 75 

Wnreacted imine b 32 57 42 7 

Yield of Complex A c 8 38 100 43 62 

Yield of Complex Bc 81 0 0 57 15 
Yield of Complex ABC 11 62 0 0 22 

Referred site RingB RingAd Ring A Ring B Ring A 

aSee experiment& b Yield (46) are c&x.&ted with respect to the starting imine. c See Scheme 1. ’ Because 

Complex AB comes from Complex A <see Table 3). 

SCHEME 2 

mononuclear complex 
(Complex A) 

imine:A,B binuclear complex 

\ / 

(Complex Al3 1 
k2 k4 

mononuclear complex 

(Complex 5) 

Since the proportions of Complex AB formed are important for establishing 
the preferred site of complexation in the case of imines Ia (Table 1) and If 
(Table 2), we have examined the variation with time of the amounts of the 
several complexes present, the results are shown in Table 3. During complexa- 
tion of benzalanihne, ‘even at the very beginning of the reaction no mononuclear 
complexes are detected, NMR spectroscopy shows that Complex AI3 [14] is the 
only complexed species formed. As the reaction was conducted with equimolec- 
ular quantities of ligand and chromium hexacarbonyl, this behaviour requires 
that the constants k3 and/or k, are much larger than kl and/or k2. This unex- 
pected result requires further investigation. 

For complexat:ion of imines If we note that at the beginning of the reaction 
(the first 20%) Complex A is the only complexed species formed, then Complex 
AB appears and becomes the major product. This result indicates that Complex 
AB may be formed from Complex A, and not from Complex B, which is 
not detec’kd by ‘H h%R. 

While no conclusion can be drawn from the behaviour of imine Ia we note 
that the presence of one methyl group on the azomethine carbon (Ie) or on ring 
A (Ib) leads to more expected behaviour, that is formation of mixtures of Com- 



TABLE-3 ‘_. -. : 

COMPLEXATION 02 IlW.N~ Ia Ati If AS A FUNCTION OF TIME b . 

S-... Ro_+-= Time of -pIing= 

con&x 
2 4 6 8 

Ia Imilk 100 86 84 80 : .- 
Complex A or B(%> 0 0 0 0 

Complex AB(Q) 0 14 16 20 

T+e of mplinga 

0.45 2.45 4.15 8 

If Imine (%) 100 81 61 35 
Complex A<!%) 0 13 15 19 
Corn&x B(S) 0 0 0 0 
Com~Iex-AB<%) 0 6 23 46 

o The time is given in houn after the bea of the reaction_ ’ Conditionsr 5 X lO-3 mol of Iigand 

+5x10-3 moI of Cr(CO)b in 40 ml diglymefieptane (l/l). c Determined by NMR titration. 

plex A, Complex B and Complex AB. It appears that in the absence of methyl 
subsf%uents on ring A, the electron-deficient ring B is preferred as the site of 
complexation (Ie and Ih), but introduction of one or two methyl groups on ring 
A restores this ring as site of complexation.(Ib, Id, If, Ig and Ii). Introduction of 
a methyl group on ring B does not much change the results (compare Ic to Ib, 
Table I), but the variation is in the expected way. It is noteworthy that introduc- 
tion of a methyl group on ring B perturbs the conformation of the compound 
more than an extra methyl group on ring A, which is already twisted, and varia- 
tions in the electronic factors are accompanied by variations in the steric factors, 

Conclusion 

These resuits confirm that electron-density is not in itseIf a determining factor, 
since ring B is preferred in cases Ie and Ih_ They confirm also the infiuence of a 
methyl group, one ortko-methyl group sufficing to restore ring A as the complex- 
ationsite. 

Very little is known about the mechanism of these reactions, but it seems like- 
&that a complicated series of equilibria is invoIved [S] . Thus, rigorously, final 
products rather-than intermediates must be considered and at first sight, it seems dif- 
ficult to detect correlations between the properties of the ligands and the types 
of complexes formed. However, it is known [9] that the metal-ligand bond in 
benchrotrene comes essentially from interactions between its 4p,, 3d, metal 
orbitals and the 2p, ligand orbit&; such interactions lead to stabihsation (Fig. 1) 
[lo]; and the closer the initial levels, the larger the stabilisation. So, it should be 
possible to.acccnmt,for the results by considering the three I&and K orbitals rep- 
resentative df a ring *, which, in our opinion must f&XI the following conditions 

t This 4 correct in SO &r as orbital interactions are indicative of the stability, &ict.Iy one should also 

COILS%& other facto& &ch as steric interactions. However. since the ligands are planar and methyl 
-~~pSare ?eIativel~smaU.steriefactorscan be assumed to b; constant in the series_ 
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Fig. 1. Qualitative interaction diagram for the occupied x-ligand orbitals and the unoccupied metal orbitals. 

to give good bonding and thus stable compounds: (a) energy (the ligands’ energy 
level must be as close as possible to those of the vacant metal orbitals), (b) repre- 
sentativity (the larger coefficients must be in the ring carbon atoms); and (c) 
symmetry (this must correctly match the metal orbitals). 

Thus it is possible to understand why the electron-rich ring A is not always 
preferred. We assume that in such aromatic imines the fragment (ring A + nitrogen 
lone pair) is independent of the rest of the molecule (ring B + C=N double bond), 
and then build up (qualitatively) the energy level diagrams as usually [ 11-131 
(Figs. 2 and 3), it is obvious that depending on the position of the ~T(C=N) level 
with respect to the n(ring) levels in Fig_ 2, the n orbitals representative of ring B 

(continued on p_ 191) 
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Fig. 2. Qualitative interaction diagram: case where orbita& 1. 2 and 3 are representative of ring B. 
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Fig. 3. Qualitative interaction diagram; case where orbitals 2.3 and 4 are representative of the ring A. 

will be 1,2,3 or 1,2,4. Similarly, depending on the level of the n-lone pair 
(Scheme 5), x orbital 1 is (or is not) representative of ring A. 

Photoelectron spectroscopy may throw some light onto this problem, and 
studies are in progress in collaboration with Dr. G. Pfister-Guilouzo. 

Experimental 

Identification of the various complexes was by IR and ‘H NMR spectroscopy. 
An average shielding of 1.8 to 2 ppm is observed for the chemical shift of pro- 
tons belonging to a complexed ring compared with the same protons in the 
starting imine; this allows an unambigous assignment of the site of complexa- 
tion. The two carbonyl stretching modes characteristic of Cr(CO), groups are 
easily detected, and they fall in the correct region. 

Very good elemental analyses were obtained for chromatographed samples 
which were shown to be pure on the basis of NMR spectroscopy, and so NMR 
can be safely used for identification_ Titration was carried out subsequently_ 

Spectral and physical properties are shown in Tables 4, 5 and 6. For conve- 
nience the spectral properties of starting imines are also given in Table 7. The 
IR spectra in CHCls were recorded on a Perkin-Elmer 257 spectrometer and 
‘H NMR spectra on a Perkin-Elmer R-24A instrument (in CD& with TMS as 
internal reference). 

Preparation of the complexes 

Equimolar quantities of chromium hexacarbonyl and the ligand are refluxed 
at 150-160°C under argon in a l/l mixture of diglyme/heptane in a Strohmeier 
apparatus. The concentration of each reactant is about 0.1 M. Heating is main- 
tained until Cr(CO)6 no longer condenses in the cool part of the apparatus, and 
the mixture is then cooled to room temperature under argon, and the solvents 



Ib 8.33 s 7.12 m. 4H 7.85 m. 2H 2.35 s 1625 m 

7.42 m. 3H 

IC 863 s 7.15 m. 4H 8.06 m. 1H 2.35 s 1625 m 

7.30 m. 3H (2.60 s] 

Id 820 5 7.02 m, 3H 7.92 m, 28 2.15 s 1640 m 

7.50 m. 3H 

Ie 22s 7.25 m. 3H 89m.2H 1640 m 
.6_8 m. 2H 7-45 rn. 3H 

If 215s 7.1 m. 3H 8.0 m. 2H 2.1 S 1635 m 

. . 6.62 m. 2H 7.45 m. 3H 

u PO5 s 6.9 m, 3H 8.0 m. 2H 1.98 s 1640 m 
7.4 m. 3H 

Ih 7.2 rn. 7.05 m. 3H 7.75 m..2H 1615 m 
5H 6.75 rn. 2H 7.40 m. 3H 

Ii 5.15 6.95 m, 3H m, 7.78 m. 2H 2.18 s 1620 m 

5H 6.48 m. 1H 7.48 m. 3H 

are removed in vacuum (argon, 1 mmHg, at 80” C). 
Method-a, for sp&iroscopiC examination and identification. T&e residue is 

cooled to-room temperature, anhydrous ether is added, the solution is rapidly 
filtered to remove traces of chromium oxide, and the ether is removed under 
vacuum; The residue is weigbed “d studied by NMR and IR spectroscopy. 

@thod b, to get pure samples for analysis and titration. The residue is cooled 
to room temp.erature under argon and chromatographed on Silicagel 60 -with a 

.’ 
mrxture of ether and -petzoleum ether. The ooloured fractions, which contain the 
various complexes, are evaporated to dryness, weighed and studied (IR; NMR 
snd elemental analysis)_ 
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