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Abatraetaxidation of aromatic primary amines with chromyl chloride results in the formation of inter- 
mediatesolidEtardadducts(C. Nallaiahand J.A. Strickson, Terrahedron42,4083(1986)). Elementalanalysis 
oftheadductsindicatesthattheanilines, whichgive 1,4-L~nzoquinoneanilsingood yields, formadductsclose 
to a 1: 1 stoichiometry with the oxidant while those forming 1 +benzoquinones in substantial yields form 
1: 2 adducts. Magnetic measurements on the adducts reveal that chromium atoms are mainly present in the 
oxidation state chromium(fV). IR studies indicate that the adducts comprise of 1 +benzoquinone imines and 
di-iminea as lignds and that giant molecules are formed by chloro and hydroxy bridges. 

Etard reaction of hydrocarbons and phenols are well 
documented.‘*3 The lack of firm structural infor- 
mation, however, has prevented a clear understanding 
of the nature of Etard adducts. The exothermicity and 
colour changes that accompany Etard reaction and 
also magnetic and ESR studies strongly suggest 
changes in the oxidation state of chromium in the 
adduct. 

RESULTS AND DKXXJSSION 

The colour of the adducts formed with anilines, 
depends on the nature and position of the substituents 
in the ring The adducts of methyl substituted anilines 
were generally deep brown in colour while those of 
halo-substituted anilines had various colours ranging 
from deep violet (adduct of 2,4,6&bromoaniline) to 
greenish blue (adduct of 2,4,6-trichloroaniline). 

Likeother Etardadducts,anilineadducts werefound 
to be completely insoluble in non-polar solvents and 
reacted irreversibly with polar solvents. Insolubility of 
the adducts prevented examination of the solution 
spectra of the adducts. The IR spectra of the adducts 
were recorded in the solid state using KBr discs. The 
spectra of adducts which on hydrolysis gave high yields 
of discrete organic products had more defined sharp 
absorption bands than those adducts which yielded 
mainly polymeric materials. The spectra in the regions 
1550-1650 cm-’ and 650-300 cm- ’ were remarkably 
similar in most ofthe adducts. A broad absorption band 
in the 3300-3450 cm- ’ region was observed in all the 
adducts and was assigned to hydroxy and imino 
groups.@j All the adducts had strong absorption bands 
in the 530-560 cm- ’ and 34&360 cm- ’ regions. The 
former bands could be assigned to either Cr-OH or Cr- 
OCr vibrations,4*7 while the latter could be assigned 
to CrCl. Weak absorption bands also appeared in the 
300-280 cm-’ region which could be assigned to 
terminal Cr-Cl and bridged Cr-Cl-Cr groups.**a The 
spectra of the adducts obtained when the KBr discs 

were made under normal laboratory conditions instead 
of under anhydrous conditions (i.e. using a dry box), 
were remarkable. In most cases additional absorption 
bands appeared in the 1660-1685 cm-’ region, 
characteristic ofa&unsaturated carbonyl compounds. 
This could be attributed to hydrolysis of imino groups 
to carbonyl groups. 

Elemental analyses of the adducts indicated that 
anilines which gave quinones as the major product on 
hydrolysis formed adducts close to a I:2 (anihne- 
oxidant) stoichiometry, while those that formed 
quinone anils as the major product formed adducts 
close to a 1: 1 stoichiometry (Table 1). Anilines which 
formed a high proportion of polymeric materials, 
formed non-stoichiometric adducts. 

Magnetic studies on the adducts were carried out to 
determine the oxidation state of the chromium atoms. 
The magnetic susceptibility (x3 of the adducts 
measured at 298 K and the effective magnetic moment 
@,rr) corresponding to these values are presented. 
in Table 2. The molar susceptibilities of 2,4,6-t+ 
chloroaniline and 3,5-dimethylaniline adducts were 
investigated over the range 113-273 K. These two 
adducts were chosen as the representative adducts for 
1: 1 and 1:2 adducts, respectively. The exhibited 
normal magnetic behaviour (i.e. obeying the Curie- 
Weiss law) (Figs 1 and 2) and, consequently, the Weiss 
constants were found to be low (6.43 and 7.10, 
respectively). It has been shown that, in the case of 
polynuclear chromium complexes with one or more 
bridging groups, the interaction between metal centres 
via the ligands is reflected by high Weiss constants. 
However, for chromium compounds containing 
hydroxy and chloro bridges, such interactions have 
been shown to be very small and these decrease with 
increasing multiplicity of the bridging gr,oup~.~ The 
average value of the eKective magnetic moment of 
chromium atoms in the aniline adducts varied between 
3.07 and 3.3 BM (Table 2). In contrast to the values 
obtained for chromium atoms in substituted anilines, 

4089 



4090 C. NALLAIAH and J. A. fhlKXSON 

Table 1 

Aniline adduct 

Found 
N (%) 

Cr 

talc for Calc for 
1:ladduct 1:2adduct 

0 (“/.) 
N Cr N Cr 

Major 
oxidation 
product 

Aniline 
2-Methyl- 
eMethyl- 
2.&Dimethyl- 
2+Dimethyl- 
3,4Dimcthyl- 
3,5Dimethyl- 
2,4,6_Trimethyl- 
2,4,5-Trimetbyl- 
2-Chloro- 
4-Chloro- 
2&Dichloro- 3.02 15.73 4.42 
2.4Dichloro- 3.63 18.07 4.42 
2;5Dichloro- 3.92 15.44 4.42 
2,4,6-Tricbloro- 
2.4,5-Trichloro- 
CBromo- 
2-Bromo- 
2,CDibromo- 
2,dDibromo- 
2,SDibromo- 
2,4,6-Tribromo- 

4.71 21.63 5.64 
2.97 21.43 5.34 
3.62 19.85 5.34 
5.65 16.78 5.07 
2.68 20.71 5.07 
3.05 23.51 5.07 
3.46 21.72 5.07 
3.52 ;z; 4.83 
3.41 4.83 
3.03 20137 4.95 
3.88 19.57 4.95 

3.81 12.02 3.98 
3.59 11.34 3.98 
3.17 18.27 4.28 
3.97 17.38 4.28 
284 10.68 3.45 
2.91 11.53 3.45 
2.98 12.08 3.45 
2.68 9.71 289 

24.96 
19.84 
19.84 
18.83 
18.83 
18.83 
18.83 3.24 24.12 
17.93 3.15 23.37 
17.93 
18.42 
18.42 
16.40 
16.40 
16.40 
14.79 
14.79 
15.90 
15.90 
1281 
1281 
1281 
10.72 

3.47 
3.28 
3.28 
3.24 
324 
3.24 

3.15 
3.20 
3.20 
2.99 
2.99 
2.99 
276 
2.76 
290 
2% 
2.49 
2.49 
2.49 
2.19 

25.81 
24.94 
24.94 
24.12 
24.12 
24.12 

23.37 
23.77 
23.77 
22.04 
22.04 
22.04 
20.53 
20.53 
21.57 
21.57 
18.54 
18.54 
18.54 
16.26 

Polymer 
Polymer 
Quinone 
Quinone anil 
Quinone 
Quinone 
Quinone 
Quinone anil 
Quinone 
Polymer 
Quinone anil 
Quinone anil 
Quinone 
Quinone anil 
Quinone aniJ 
Quinone anil 
Quinone anil 
Polymer 
Quinone 
Quinone anil 
Quinone anil 
Quinone anil 

the value for an unsubstituted aniline adduct was found or chrornium(IV) but was somewhere in between.* The 
to be high (3.80 BM). values obtained for aniline adducts indicate that 

The effective magnetic moment of chromium atoms chromium atoms were present largely in the 
in toluene adducts’O was 3.18 BM which corresponds chromium(IV) state thus demonstrating that a 
to two unpaired electrons [i.e. chromium(N)]. That of substantial part of the oxidation had been completed by 
phenol adducts did not even approximately cor- the time the solid adduct precipitated. 
respond to the spin-only value for either chromium(II1) The hydrolysis of the adduct obtained from 2,4,6- 

Table 2 

Aniline adduct x,m’/mol x lo-’ 
kf Cr 
(BW 

Aniline 7.6560 3.8 
2-Methylaniline 4.9871 3.07 
4-Methylaniline 5.0319 3.08 
2&Diiethyhmiline 5.0370 3.09 
2,CDimethylanilinc 5.1840 3.13 
3,4Dimethylaniline 5.1870 3.13 
3,5Dimethylaniline 5.0968 3.10 
2,4,6-Trimeihyhmiline 4.9772 3.07 
24,5-Trimethylaniline 5.0103 3.08 
2khioroanilke 5.4438 3.21 
4Chloroaniline 5.1127 3.11 
2$-DichJoroaniline 5.4628 3.21 
2&Dichloroanilinc 5.6112 3.26 
25-Dichloroanilinc 5.3764 3.19 
24,6-Trichloroaniline 5.5205 3.23 
2.4,5-Trichloroaniline 5.4657 3.22 
CBromoaniline 5.2180 3.14 
2-Bromoaniline 5.3246 3.17 
2&Dibromoaniline 5.3927 3.19 
2,dDibromoaniline 4.9738 3.07 
2,5Dibromoanilinc 5.2380 3.15 
2,4,6-Tribromoaniline 5.3816 3.19 

No. of 
unpaired 
electrons 

(h) 

3.0 
2.0 
20 
2.0 
20 
20 
20 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
20 
2.0 
20 
2.0 
2.0 
2.0 
20 
20 
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Figs 1 and 2. 

trimethylauiline (this adduct gave the highest yield of 
quinone anil and the lowest yield of polymeric 
material)’ with water emiched with heavy oxygen(‘*O) 
gave the corresponding quinone anil and the quinone 
which contained a high proportion of heavy oxygen 
(Experimental). This clearly suggests that the oxygen 
atom of the quinone anil and one of the oxygens of the 
quinone are derived from water during hydrolysis. This 
also indicates the presence of quinone imines and di- 
imines in the adducts. 

The proposed structures for the 1: 1 and 1: 2 adducts 
are shown in Figs 3 and 4, respectively. The chromium 
atoms can easily acquire a stable co-ordination number 
of six by utilizing the quinone imines and di-imines as 
ligands. Giant molecules can be formed by chloro and 
hydroxy bridges and this could account for the 
precipitationofthesolidadducts.TheIR,magneticaud 
elemental analyses data are consistent with the 
proposed structures. 

EXPERIMENTAL 

Most of the details have been described previously.’ 
Magnetic measurements were made using a variable temp 
Gouy balance, manufactured by Newport Instruments and 
calibrated for a range of magnetic fields using H~Co(CNS) ;I 

Fig 3. 

0 

Fig. 4. 

as standard. Magnetic currents of 10 and 15 A were used, 
corresponding to magnetic fields of 5.65 and 6.59 LGauss, 
mspectively. 

Hydrolysis of the 2,4,Mrimethylaniltne adduct using Hz’sO. 
A slurry of the adduct (0.25 g) in dry CC& (5 ml) was added to 
Hz’*O(l ml)aod themixturewasstirred vigorously by means 
of a magnetic stirrer for 1.5 h. The temp was maintained at 
0-5” by external cooling. 

The deep red CClb layer was separated and dried overnight 
with NazSO,. The mixture was filtered and evaporated to 
dryness under reduced pressure. The reddish purpk residue 
was chromatographed on silica gel using petroleum cther- 
EtOAc (7 : 1). 

The fast running yellow band on evaporation and 
recrystallization from MeOH gave yellow crystals of 2,6- 
dimethyl-1&benzoquiinooe: m.p. 72-73” (jit 73”); ‘H-NMR 
(CClJ: 6 3.55(3H,s), 8.05(6H,s);IR ecm-‘: lwO,l645; 
[M] + m/z 138 (2% of the base peak at m/z 108). ‘I 

The slow running deep reddish purple band on evaporation 
and recrystallization from MeOH gave deep reddish purple 
crystals of 2,6-dimethyl-l,4-benxoquinone4(2,4,6-trimethy1 
anil): m.p. 9%X?’ (lit 97”); ‘H-NMR (CClJ: 6 2.84 (lH, m), 
3.17(2H.s), 3.6O(lH,m), 7.73 (3H,s), 7.91(3H, d), 8.(#1(3H,d), 
8.13(6H,s);lRv~cm- ‘: 1655,156O;[M]‘m/z255(3C%of 
the base peak at m/z 225). 
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