
241 

Contribution from the Anorganisch-Chemisches Laboratorium 
der Technischen Universitiit, 8 Miinchen 2, Arcisstr. 21, Germany 

Ligand-Ligand Interactions in Arene Chromium 

Dicarbonyl-( Maleic anhydride) Complexes * 

M. Herberhold and C. R. Jablonski** 

Received August 31, 1972 

A series of 10 maleic anhydride (MA) complexes of 
the general type ArCr(CO)z(MA) (Figure 1) has been 
prepared photochemically, starting from ArCr(CO)j 
compounds in which the nature of the x-bonded ben- 
zene ring (Ar) is modified by ring substituents. Com- 
parison of IR and ‘H-NMR data in both AtCr(CO)3 
and ArCr(CO)?(MA) compounds indicates that X- 
bonded maleic anhydride is a more powerful electron- 
withdrawing ligand in these chromium complexes 
than carbon monoxide. Empirical Hammett corre- 
lations are used to demonstrate transmission of elec- 
tronic enects through the metal atom. The different 
ligands coordinated at chromium in ArCr(CO)z(MA) 
complexes are involved in extensive ligand-ligand iv- 
teraction. 

Electronic interactions between different ligands 
coordinated to the same metal atom are a well-docu- 
mented phenomenon in coordination chemistry. It 
is known, for example, that the C= 0 stretching f==- 
quencies in metal carbonyl complexes are very sensi- 
tive to variations in electronic structure of the com- 
plex caused by changes in ligand composition. It 
is more difficult, however, to demonstrate directly the 
ligand-ligand interactions between x-bonded olefins 
and x-bonded arene rings. The present study has 
been undertaken to investigate such interactions in 
complexes of the general type ArCr(CO)z(MA) (Figure 
1). In these bona-fide octahedral’ complexes the cen- 
tral metal, chromium, is enclosed by three different 
neutral ligands: the x-bonded monoolefin, maleic 
anhydride (MA), the two carbon monoxide ligands, 
and the x-bonded arene ring (Ar), the nature of which 
can easily be modified by various ring substituents 
(S): 
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Figure 1. ArCr(COh(MA). 

The choice of maleic anhydride as a n-olefinic li- 
gand in these model compounds of the type ArCr- 
(CO)l(MA) was prompted by two main reasons: 

(a) The unsaturated cyclic anhydride, MA, has 
generally been found to be a good coordinating ligand 
if the metal is in a low oxidation state. Several 
maleic anhydride complexes have been prepared start- 
ing from either metal carbonyls or substituted metal 
carbonyl derivatives, e.g. [ M(CO)~(MA)JX]- (M = 
MO, W; X = Cl, Br),2 CpM(CO)(NO)(MA) (M = 
Cr? Mo4), CpMn( CO)l( MA),‘f5s6 Fe( CO)r( MA)7~8~9*‘0.” 
Fe(CO)~(PPh?)(MA),8~‘0~‘1 CsH”Co(C0)2(MA)‘Z (C8H13= 
x-cycle-octenyl) and Ni(MA)2.13 An additional group 
of olefin complexes is formally obtained by way of 
addition of maleic anhydride to coordinatively unsa- 
turated d8 and d” complexes, this group includes com- 
pounds such as (But-N = C)2Ni(MA)14 and the triphe- 
nylphosphine complexes (PPhj)zM(NO)(MA) (M = 
Co, Rh, Ir),‘la (PPh3)&Cl(CO)(MA)‘S and (PPh&M- 
(MA) (M = Pd,‘6*‘7~‘8 Pt’7r’9s20); related complexes of 

(8) G.O. Scbcnck. E. Koerner van Gustorf, and M.-J. Jun, l‘elra- 
hctlror~ Lelfcrs. 1059. Nr. 23 (19621. 

(9) E. Kocrncr v&n Gustorf; M.-j. Jun, and G.O.Scbcnck, Z. Nrrfur- 
lorsclr., 186, 767 (1963). 

(IO) E. Kocrncr YO” Gustorf, M.-j. jun, H. Kbller, and G.O. 
Schenck. ( Industrial Uses of Large Radiation Sources ., Vol. Il. p. 
73-85. Inlcmationnl Atomic Energy Agency. Wien 1963. 

(11) 8. Kocrncr van Gustorf. H. KGller. M.-J. Jun. and G.O. Schenck. 
Atomstrdhlung Med. Tech”., 259 (1964). 

(12) S. Otsuka and M. Rossi. I. Chem. Sot. (A), 497 (1969). 
(13) E. Weiss and K. Stark, Z. Nafurforsch., 206, 490 (1965). 
(14) S. Olsukn, T. Yoshida, and Y. Totsuno, Chem. Commun., 67 

ilQ711 \.-. .,. 
(14a) G. La Monica, G. Navazio, P. Sandrlni, and S. Cenlni, I. 

Orgrmomef. Chem., 31, 89 (1971). 
.,,,!!z) I.P. Collman and I.W. Kang, I. Amer. Chcm. Sot., 89, 844 

\L>“#,. 

(16) P. Fitton and I.E. McKeon, Chem. Commun., 4 (1968). 
(17) S. Takahashi and N. Hagihara, Nippon Kagoku Zasshi, 88. 

1306 (1967); C.A., 69, 27514g (1968). 
(IS) S. Takahasht and N. Hagihara, Yuki Gosci Kagaku Kyokay Shl, 

28, 360 (1970); C.A., 72, 132933c (1970). 
(19) S. Cenini. R. Ugo. F. Bonatl, and G. La Monica, Inorg. Nucl. 

Chem. Letfers, 3. 191 (1967). 
(20) S. Cenini, R. Ugo, and G. La Monica, /. Chem. Sot. (A), 

409 (1971). 

Herberhold, Jablonski 1 Ligand-Ligand Interactions 



242 

the type L2Pd(MA) (e.g., L = P(OMe)J,2’ P(OPh)s;” 
LZ = 1 ,2-his(diphenylphosphino)ethane,’7 bipyridyl” 
and o-phenanthroline2’) are also known.= In all ma- 
leic anhydride complexes the backLdonation from 
the metal to the x-coordinated monoolefin appears 
to play an important part. It was of interest, there- 
fore, to have two good “acceptor ligands”, maleic 
anhydride and carbon monoxide, within the same 
molecule and to compare their electron-withdrawing 
capacity in ArCr(CO)z(MA) type complexes (Figure 
1). 

(b) Free maleic anhydride possesses characteristic 
IR absorptions, in particular the C=C stretching 
band ( 1596 cm-’ in nujol (solid))” and the C = 0 
stretching bands of the dicarboxylic anhydride group 
( 1869 and 1783 in nujol (solid)).” It could be rea- 
sonably expected that these absorptions would be 
detectable in the IR spectra of the x-olefin complexes, 
ArCr(CO)z(MA), and would reflect modifications of 
the olefin due to the complex formation. In a simi- 
lar manner, the singlet due to the olefinic protons in 
the ‘H-NMR spectrum of maleic anhydride (7 = 2.67 
in acetone-ds) should also be observed as a characte- 
ristic signal in the ‘H-NMR spectra of the n-corn- 
plexes. Thus, we hoped that these characteristic IR 
and ‘H-NMR absorptions could be used to monitor 
electronic interactions in the complexes, just as it is 
usual to discuss metal carbonyl complexes in terms 
0: the C=O stretching frequencies of the carbon 
monoxide ligands. 

Experimental Section 

General Remarks. All operations were carried out 
under an atmosphere of purified nitrogen. Solvents 
(THF, benzene, n-hexane) were anhydrous and Nz- 
saturated, and were distilled before use from deep 
blue solutions of benzophenone ketyl (PhzCO + Na). 
Silica gel (Kieselgel, 0.05-0.20 mm) was activated at 
150-180°C under high vacuum for six hours and 
then allowed to cool under an atmosphere of dry 
nitrogen. 

Photochemical reactions were carried out using a 
water-cooled medium pressure mercury arc (Hanovia 
S-200 W). The solutions were irradiated in Schlenk 
tubes (Jenaer Glas or Duran); the tubes served as 
light filters, absorbing light with wavelengths below 
300 nm. 

IR spectra were measured as KBr pellets on a 
Perkin-Elmer spectrometer Model 2 1; the v(C = 0) 
and v(C=O) region (4-6 EL) was also recorded for 
CHXli solutions using LiF optics. Calibration of 
the so!ution spectra was carried out using the atmo- 
spheric Hz0 band at 1869.4 cm-’ (cf. ref. 1). 

‘H-NMR spectra were measured on a Varian A 60 
spectrometer in acetone-d5 solution. The spectra were 

(21) T. Ito, Y. Takahashi, nnd Y. Ishii, Chem. Conrmun., 629 
(1972). 

(22) Transition metal complexes of maleic anhydride we, in general, 
mononuclear, the olefin being cordinated to one metal atom. A bmuc- 
lear complex, Fe,(CO),L(MA) (L = 3.6.diphenylpyridazine), containing 

a bridging MA ligand has recently been dcscribed.zJ 
(23) H.A. Pate1 and A.J. Carty. M. Mathew, and G.J. Palenik, 

I. Chem. Sot.. Chem. Commun., 810 (1972). 
(24) P. Mirone and P. Chiorboli, Specfrochim. Acta, Ig, 1425 (1962). 

Inorganica Chimica Acta 7:2 June 1973 

calibrated by a (external) TMS/CHCL mixture 
(=436 Hz). 

Preparation of Arene Chromium Tricarbonyls, Ar- 
Cr( CO)5 Direct thermal reaction of Cr(CO)A with 
a substituted benzene (Ar) in solution2S,26.27 has been 
used to prepare the starting complexes of the general 
type ArCr(CO)j, according to 

In the case of liquid arenes with boiling points above 
12O”C, a solution of Cr(CO):, in the aromatic solvent 
was refluxed until the calculated volume of CO had 
been evolved (Ar = p-xylene,25 mesitylene,25, aniso- 
1eZf26); in the case of liquid arenes with boiling points 
below lOO”C, the reaction was carried out in an 
autoclave at about 150°C (Ar = benzene,% fluoro- 
benzene). Solid arenes were best converted into the 
desired ArCr(CO)s complex in a polyether solvent 
such as “diglyme” (b-p. - 165’C) 25f27 (Ar = hexa- 
methylbenzene, p-trimethylsilyl toluene?’ methyl p- 
methyl benzoate,27 p-(trimethylsilyl)-N,N-dimethyl ani- 
line27). If a small amount of a more volatile ether 
(p-dioxane, dimethoxyethane) is added to the solution, 
Cr(CO)(, is continuously washed back into the reac- 
tion vessel and does not solidify in the lower part of 
the retlux condenser.27 The use of diglyme as a 
solvent may also be recommended for the reaction 
of liquid arenes with Cr(CO), to give ArCr(CO)3 
type complexes.Zz27 Other high-boiling ethers such 
as di(n-butyl) ether can be used instead of diglyme 
(Ar = dimethyl terephthalate2*). 

The ArCr(CO)s complexes, prepared according to 
literature procedlrres,Z-2* were purified, if possible, 
by high vacuum sublimation at elevated temperatures: 
ArCr(CO)J, Ar = hexamethylbenzene (loo-12o”C), 
mesitylene (80-loo”), p-xylene (SO-loo’), benzene (70- 
90*), iiuorobenzene (70-80’), anisole (70-SO’), p-(tri- 
methylsilyl)toluene (90-loo”), methyl p-methyl ben- 
zoate (70-80”). The ArCr(CO)3 complexes contain- 
ing either p-(trimethylsilyl)-N.N-dimethyl aniline or 
dimethyl terephthalate were recrystallised from n- 
hexane/THF mixtures. 

Preparation o/ Arene Chromium Dicarbonyl-(Maleic 
anhydride) Complexes, ArCr(CO)?(MA). Displace- 
ment of a single CO ligand from ArCr(CO)J com- 
plexes by maleic anhydride was carried out photo- 
chemically: ’ 

ArCr(CO),+MA hv -ArCr(CO)2(MA) + CO 
UHF) 

Two procedures were used to effect this photo-induc- 
ed suhstitution (cf. ref 29): 

Method A: Direct irradiation of the starting com- 
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