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Owomous ion reacts with 3-pyridineacrylic acid, 
4-pyridineacrylic acid, maleic acid and fumaric acid 
to give remarkably inert organochromium(III) 
species. These species were isolated by ion exchange 
from acidic aqueous media and were characterized 
by a variety of techniques. An organochromium(III) 
compound was even isolated from the cL(III)-3- 
pyridineacrylic acid aqueous mixture in solid form. 
In all the organometallic compounds reported in 
this paper chromium(III) is believed to be a-bonded 
to carbon by the general scheme 

7’ 
RCH2CHCr [I]. 

Introduction 

Organochromium compounds with a carbon to 
metal bond can generally be prepared [2] from other 
organometallic compounds by replacement of the 
metal by Cr(II1) or by addition to Cr(II) of an organic 
free radical. In aqueous media, all a-bonded organo- 
chromium compounds reported in the literature [3] 
were prepared by free radical addition to Cr(II), but 
the method for generating these free radicals general- 
ly varied. 

In this paper we report on the preparation, separa- 
tion and characterization of some new organo- 
chromium species, differing from those known until 
now both in the method of preparation and in labi- 
lity. The method of preparation involves what can be 
considered as a two-step oxidative addition to Cr(II), 
of an olefinic double bond, according to the overall 
reaction: 

2Cr” + CH=CH + H’ + Cr”’ 

I! df 
3 

WCH2 t Cr”’ 

R 8’ (1) 

The species obtained by this reaction are remar- 
kably inert towards aquation. In acid aqueous solu- 
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tion they last for days, even for months. In fact we 
were able in one case to obtain in the solid form a 
species retaining the Cr-C a-bond - the first species 
of this kind obtained from a strongly complexing 
solvent such as water. 

The findings of this paper have also mechanistic 
implications for electron transfer reactions between 
metal ions, mediated by unsaturated ligands, since 
they imply that this transfer may proceed through 
formation of transient organochromium species. 

Experimental 

Materials and Composition of Reaction Mixtures 
The reagents used were of analytical grade. 

Chromous perchlorate solutions were prepared elec- 
trolytically on a mercury pool cathode. Reaction 
mixtures containing Cr(II) were prepared and kept 
under an argon atmosphere. 

The unsaturated organic compounds investigated 
are (in parenthesis the abbreviations): 

H COOH 

1. 3-pjridineacrylic 

acid (3-PA ) 

HOOC ,H 
\ 

c=c 

H’ 
\ 

CCQH 

4. fumaric acid 

(FA) 

H 

‘C=C’ 
COOH 

‘H 

2. 4-pyridine- 

acrylic acid 

(&-PA) 

W, ,H 

c=c 

H&X’ ‘COOH 

5. citraconic acld 

(CA) 

H\ H 

c=c< 

HOOC’ COOH 

3. maleic acid 

(MA) 

H COOH 

‘CZC’ 

H’ ‘CH$IOH 

6. itaconic acid 

(IA) 

HOOC COOH 
H\ ,COOH 

‘C=C’ 

H’ ‘CH,COOH 

7. aconitic acid 8. cinnamic acid 

(AA) (CNA) 
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TABLE I. A,, and emaX of the Red Bands.a 

hmax 
b b 

%nax hmax %ax hmax emax 

Excess organic acidC 512.5 62.04 400 386.9 287.5 5334.6 
Excess chromous iond 518.5 33.3 400 163.4 287.5 2258.6 

‘Eluted with 3 M HCl04 (excess organic acid) and 2 M HCIO4 (excess chromous). bA in nm, emaX in M-’ cm-‘. 
absorptivities of the band. ‘[3-PA], = 4.5 x lo-* M, [CT*+]~ = 4.8 x 1O-3 M. d[3-Pa], = 6.7 X lo-’ M, 
0.212 M. 

[$‘;fe= 

ally speaking the increase in absorbance reflects an 
2.0 increase in the concentration of the organochromium 

species and the subsequent decrease results from their 
transformation into ordinary Cr(II1) complexes. The 

15 continuing increase in absorbance around 550 nm at 

z very long times can be attributed to the slow oxida- 
c 
x tion of the excess chromous by perchloric acid. 

: 1.0 In mixtures of 3-PA and Cr(I1) the results of the 
UI 
2 

ion exchange separation depend on whether the 
organic acid or chromous ion is in excess. Thus, in 
excess organic acid and at the initial stages of the 
reaction only two colored bands appear on the resin, 
one red eluted with 3 M HC104 and one dark green, 

00 
which could not be moved even with 6 M HCl04. 

200 300 400 500 600 In more advanced stages a third (blue) band appears, 
Lnm eluted with 2 M HC104. The first species to come out 

Fig. 2. Spectra of a typical 4-PA-C? mixture at various 
(with 1 M HC104) are the colorless organic product 

times after mixing; [4-PA], = 7.63 x II)-’ M, [Q*+], = 
and unreacted 3-PA. 

7.3 X 10m3 M, [HCI04], = 1 M, 5 cm cell, 23 “C. (1) 2 min, 
In excess of chromous ion the situation is similar, 

(2) 53 min, (3) 89 hr, (4) 47 d, (5) 97 d, (6) 166 d, (7) except that the red band can be eluted with 2 M 

256 d. HC104, namely somewhat easier. In addition the spec- 
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Fig. 3. Histograms of the fractional collection of the ‘red band’ in the 3-PA-Cr” system when 3-PA is in excess. Each column 
represents a fraction. [3-PA], = 5.7 x lo-* M, [Cr*‘], = 2.96 X lo-* M, [HCl04]o = 1 M. Elution with 3 M HC104. Reaction 
time 25 hr. 
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Fig. 5. Histogram of the fractional collection of the ‘red band’ in the ~-PA-CT” system when chromous ion is in excess. Each 
column represents a fraction. [3-PA], = 1.66 X lo-* M, [CT*+]~ = 0.375 M, [HCl04], = 1 M. Elution with 2 M HCl04. Reaction 
time 66 hr. 
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Pig. 6. IR spectra (in KBr) in the 1800-1200 cm-’ and 
600400 cm-r regions. A) 3-pyridineacrylic acid. B) Red 
solid obtained by precipitation with n-butanol from 3-PA- 
Cr” reaction mixtures. 

the precipitate was obtained from solutions contain- 
ing 3-PA in excess or from solutions containing 
Cr(II) in excess. 

The carbonyl band of the ligand at 1700 cm-’ 
does not appear in its chromium compound, strongly 
suggesting presence in this compound of carboxylate 
ion rather than of the undissociated carboxyl group. 
The carboxyl ion absorption is presumably merged 
into the broad band between 1580 and 1530 cm-‘. 
It seems, therefore, that in the process of precipita- 
tion the protons of the ligands are removed. In fact, 

the elemental analysis indicates that most of the pro- 
tons of the coordinated water have been removed. 
With large excess of Cr(I1) in the initial reaction mix- 
ture the chromium to the organic ligand ratio in the 
precipitate is 1: 1. Hydrogen, however, barely exceeds 
that corresponding to the organic ligand. It seems 
that precipitation involves extensive hydrolysis and 
condensation and this is probably the reason of the 
insolubility of the precipitate in water and other sol- 
vents and of the irreversibility of their formation. It 
is, therefore, remarkable that the precipitate retains 
the red color. The quite drastic chemical change 
which took place did not significantly affect the 
ligand field around chromium. It is particularly 
remarkable that this field does not seem to be 
affected drastically, in spite of the fact that the 
undissociated carboxyl group favored in the strongly 
acidic solutions was transformed into its anion. 

The ir region between 600 and 400 cm-’ is also 
included in Fig. 6, because this is where the 
chromium-carbon bond is expected to absorb 
(around 450 cm-‘). The broadness of the peak in 
this region does not allow a definite statement to be 
made, but it is certainly consistent with the presence 
of such a bond in the isolated complex. 

Makic and Fumaric Acids 
It is known that the reduction of maleic acid and 

related compounds by aqueous chromous ion 
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Fig. 7. UV-vis spectra of the red complexes obtained by ion exchange from reaction mixtures containing chromous ion and 
excess maleic acid. A) Red complex of lower charge. B) Red complex of higher charge. C) Blue complex of lower charge. D) 
Cr3+ (aq). E) (dotted line) maleic acid. Perchloric acid concentrations for spectra A and B: 0.11 M, 1 M, and 2 M. Within this acid 
concentration range the spectra do not change. Spectra C, D, and E were obtained in 1 M HC104. 
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Fig. 8. UV-vis spectra of the red complexes obtained by ion exchange from reaction mixtures containing chromous ion and 
excess fumaric acid. A) Red complex of lower charge. B) Red complex of higher charge. C) Blue complex of lower charge. D) 
Cr3+ (as). E) (dotted line) fumaric acid. Perchloric acid concentrations as in Fig. 7. 

proceeds through formation of an intermediate red chromium is attached to the oxygens of the two 
complex [5] (or complexes), but no attempt carboxyl groups forming a seven-membered ring. 
had been made to characterize it (them). Castro, This assumption was later accepted by SevEik and 
Stephens and MojC [7] assumed that the inter- Treindl [8], but again direct supporting evidence 
mediate in the reduction is a chelate, in which was not given. 
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Complex 9 (or 9’) is formed both in excess 3-PA 
and in excess chromous ion. The difference in the 
two cases is that the ordinary complex in excess 
3-PA contains the unsaturated reagent (Fig. 3), 
whereas in excess chromous ion the ordinary 
chromium species formed is purely inorganic. 

In view of the behavior of complex 9 on the ion 
exchange resin, as compared to the behavior of Cr’+ 
(aq) and the ordinary Cr”’ species, it is unlikely 
that its overall charge is two. Chelation, therefore, 
involving removal of the hydroxyl proton, must be 
ruled out, although weak interaction with the car- 
bony1 group is possible. The absence of chelation 
can be used as an argument in choosing structure 
9 over 9’. 

For the species obtained from maleic acid and 
fumaric acid we propose the formulae: 

2+ 

Ii c - Cr”’ Ii;-- Cfl OOCCH=CHCOOH 

I I I I 
H,C 0 

‘C’ 

“2C 

\‘O 

b ;: 

10 High charge red complex 11 Low charge red complex 

11 is formed from 10 by replacement of one coordi- 
nated water molecule (not shown in the formulae) 
by MA or FA. The structure of the high charge com- 
plexes of MA and FA are identical. The low charge 
complexes differ in the unsaturated ligand. 

Citraconic, itaconic, aconitic, and cinnamic acids 
did not give organochromium species. Itaconic acid 
does not react at all, and cinnamic acid reacts slowly 
without accumulation of any organochromium inter- 
mediate. If we speculate that the first step in the 
formation of the (I Cr”‘C bond is the formation of 
incipient p-bond, we could perhaps attribute the lack 
of reactivity of itaconic to poor acceptor properties 
and the low reactivity of cinnamic to poor donor 
properties. Methylmaleic (citraconic) and aconitic 
on the other hand are reduced either by a path not 
involving metal to carbon bond formation or through 
highly labile organochromium species e.g for steric 
reasons (CH3 and CHzCOOH at the double bond). 

On looking now more closely at the electronic 
spectrum of Fig, 4, we first note the dramatic 
decrease on the absorptivity of the complex in the uv 
region, compared to the free unsaturated acid. This 
decrease is of course consistent with the partial des- 
truction of the conjugation and/or planarity implied 
by structure 9. 

The weak 4A,, + 4T2g absorptions (Figs. 4,8 and 
9) are centered around 530 nm, whereas the corres- 
ponding absorptions of ordinary Cr(II1) complexes 
have maxima above 570 nm. This large hypsochromic 
shift is consistent with the strong field carbon-bound 
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ligand. The 4A29 + 4Tr transition at CQ. 410 nm does 
not show an analogous shift. The absorptivity at this 
wavelength increases by as much as an order of 
magnitude or even more, but the position of X,, 
is hardly affected. As is seen in the figures the 
increased absorptivity is to a large extent due to the 
tail of the strong absorption in the near uv. 

The separation between the first states having the 
same spin multiplicity corresponds to just 10 Dq 
[lo]. In a strong field organochromium compound 
it is therefore expected this transition to be shifted 
to shorter wavelengths, as is indeed observed. The 
energy separation on the other hand between the 
ground level (4A2) and the second quartet (4T1) 
is approximately equal to 10 Dq + 12B, where B is 
the Racah electrostatic parameter. In the organo- 
metallic complexes Dq is larger than in the corres- 
ponding ordinary complexes. Since the observed 
energies of the 4Azrr -+ 4Tr transition are approx- 
imately equal, it follows that B is smaller in the 
organometallic species. This decrease in the electro- 
static interaction parameter has been related to 
orbital expansion resulting in an increase of the inter- 
electronic distances [ 1 l] and to covalency [12], 
which is also related to orbital expansion. The Crrrr- 
carbon bond is indeed expected to have a large 
covalent character. 

The bands at 325 and 287.5 nm of the 3-PA com- 
pound can both be assigned to ligand-to-metal charge 
transfer. The first from an orbital polarized towards 
the ring system, similar to that of pyridinemethyl- 
chromium(I11) [3b, 131. The second (287.5 nm) can 
be assigned to transitions from a chaincentered 
orbital and it should therefore have its analogues in 
the maleic and fumaric acid complexes (at -280 nm). 
The absorptivity of the 3-PA complex in this region 
is significantly higher than the corresponding absorpti- 
vities of the maleic and fumaric acid complexes. This 
may be due to an overlapping transition at 280 nm 
of the free acid. The charge transfer bands of the 
organochromium compounds prepared by Cohen and 
Meyerstein [3g, h] have X,, in the range 256 < 
h max < 310nm. 
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