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TABLE I. Analytical Data of Chromium(lI1) Schiff Base Complexes. 

K. Dey und K. C. Ray 

- 

I. 
II. 
III. 
IV. 
V. 
VI. 
VII 
VIII. 
IX. 
X. 
Xl. 
XII. 
XIII. 
XIV. 

Complex Found % 

C H N Cl Cr 

Calcd. % Akla 
~~__ - Ohm-’ 
C H N Cl Cr Cd 

mole-’ 

[Cr(SALEN)(NH,),]SCN 
[Cr(SALOPH)(NH,),]SCN 1 SH,O 
[Cr(7,7’-Me,-SALEN)(NH,),JSCN 
[Cr(ACACEN)(H,O),]Cl 

P(ACACEV(w)(C1)1 
K[Cr(SALEN)(ONO),]H,O 
K[Cr(ACACEN)(ONO),]H,O 
[Cr(ACACEN)(acac)] 
[Cr(ACACEN)(dipy)]ClO,, .H,O 
[Cr(SALEN)(acac)] 
H[Cr(SALAA),] 
H[Cr(SALOAP),] 
H[Cr(SALGLY),] 
[Cr(SALENOL-H),]ClO, 

50.02 4.24 16.68 - 12.88 
51.82 4.58 14.02 - 10.08 
52.34 5.51 16.62 - 12.08 
41.81 6.08 8.1 1 10.54 15.12 
52.67 6.00 11.24 9.69 13.50 
41.72 3.22 11.88 - 11.35 
34.38 5.20 13.08 - 12.33 
54.71 6.88 7.78 - 14.08 
48.40 4.98 IO.31 - 9.52 
60.71 4.98 6.69 - l2.54 
63.21 4.01 5.60 - 10.04 
65.00 4.61 5.76 - 10.33 
52.98 3.81 6.32 - 12.13 
45.33 4.02 5.70 - 11.21 

49.75 4.88 17.07 - 12.69 
51.96 4.74 14.45 - 10.74 
52.05 5.48 15.99 - 11.87 
41.62 6.3s 8.09 10.40 15.03 
52.45 5.91 10.80 9.24 ‘13.37 
41.20 3.43 12.01 - 11.15 
34.05 4.73 13.24 - 12.29 
54.69 6.70 7.50 - 13.94 
48.17 5.10 10.22 - 9.48 
60.43 5.03 6.71 - 12.47 
63.21 3.58 5.27 - 9.79 
65.69 4.00 5.89 - 10.95 
53.08 3.68 6.88 - 12.77 
45.01 4.16 5.83 - 10.x3 

65.8” 
60.7b 
78.Sb 
96.Sh 
C 
6Xh 
71.5” 
C 
52.7b 
2X” 
49.7* 
50.1” 
47.6d 
6Oh 

a 10w3M Soln. b Aqueous soln.; thevalues ofA, changed with time. 5 Non-conducting in nitromethane. ’ In methanol. 

filtered while hot. The brown filtrate gave brown crys- 
talline compound on standing overnight in a refrige- 
rator. This was filtered and recrystallized from ethanol 
and dried in a vacuum desiccator. 

[Cr(SALOPH)(NH,),)TCN .1.5 H,O (II) 
This reddish-brown compound was prepared and 

purified as described above. 

[Cr(7,7’-Me,-SALEN)(NH,),]SCN (III) 
This reddish-brown crystalline complex was also 

isolated and purified by the above method. 

[Cr(ACACEN) (H,O),]Cl (IV) 
A mixture of chromium(II1) chloride hexahydrate 

(0.001 mol), THF (60 ml), and 2,2-dimethoxypropane 
(25 ml) was refluxed for 30 min, to which was then 
added ACACEN-Na, (0.001 mol) (prepared from 
stoichiometric amounts of ACACEN-H, and metallic 
sodium in alcohol) immediately followed by the addi- 
tion of Zinc dust (in excess) and the whole mixture 
was refluxed for 5 hours and filtered while hot. The 
brown filtrate was evaporated to dryness under vacuum 
and the remaining mass was dissolved in a mixture of 
methanol and hexane (40:60 v/v) and filtered. This 
filtrate was again evaporated to dryness under vacuum. 
This procedure with the residue was repeated thrice, 
and finally a red-brown crystalline compound was 
separated out from the solution on standing in a refri- 
gerator for 3 days. The compound was collected on 
filtration and dried under vacuum. 

[Cr(ACACEN)pyCl] (V) 
The Schiff base ACACEN-H, (0.001 mol) and 

chromium(II1) chloride hexahydrate (0.001 mol) was 

taken in boiling pyridine (SO ml), immediately followed 
by the addition of Zinc dust (in excess). The mixture 
was refluxed for 2 hours and then filtered. The filtrate 
yielded brown crystalline complex on addition of few 
ml (- 5 ml) of water. Recrystallized from methanol 
containing pyridine. 

K[Cr(SALEN)(ONO),yl,O (VI) 
A suspension of [Cr(SALEN)(H,O),]Cl”’ (0.01 

mol) and potassium nitrite (0.05 mol) in 60 ml of 
methanol was refluxed on a water-bath for about two 
hours, and the solid KC1 was filtered off. The filtrate, 
on concentration, gave the desired product as yellow- 
brown crystals, which were washed with ethanol and 
ether. 

K[Cr(ACACEN)(ONO),]H,O (VII) 
This light brown compound was prepared following 

the method used for the preparation of (VI) above. 
The compound was purified by washing several times 
with methanol. 

[Cr(ACACEN)(ucac)] (VIII) 
When an equimolar mixture of (V) and acac-Na 

was refluxed (1 hr) in methanol on a water-bath, a 
brown solution was obtained, which yielded a grey 
brown crystalline compound. It was recrystallized from 
methanol. Addition of acetone to the refluxed solution 
yielded better crystals. 

[Cr(ACACEN) (dipy) ]ClO, H,O (IX) 
This brown compound was prepared by the above 

method using dipy instead of acac-Na and then adding 
sodium perchlorate (saturated aqueous solution) to 
the solution. It was recrystallized from aqueous alcohol. 
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[Cr(.SALEN)(acac)] (X) 
This brown compound was prepared following the 

method of (VIII) using [Cr(SALEN)pyCl]” in place 
of [Cr(ACACEN)pyCl]. I.R. spectrum: 1645(s); 
163O(vs); 1600(s); 1560(s); 1550(sh); 1540(m); 
1525(m); 1508(s); 1470(m); 1440(s); :400(w); 
138c)(s); 1340(m). 

H[Cr(SALAA),] (Xl) 
Cr,(CH,COO),.2H,O (0.001 mol) and SALAA-H, 

(0.004 mol) in methanol (60 ml) was refluxed on a 
water-bath for 3 hours and then filtered while hot. The 
volume of the filtrate was reduced to one-third of its 
original volume and ether was added to it, while a 
crystalline brown compound was separated, washed 
with ethanol, and dried under vacuum. 
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H[Cr(SALOAP),] (XII) 
This reddish-brown compound was prepared fol- 

lowing the -method of (XI). Addition of ether was not 
necessary, volume reduction yielded this compound, 
which was washed with alcohol and ether and dried 
under vacuum. 

H[Cr(SALGLY),] (XIII) 
Cr,(CH,COO), .2H,O (0.001 mol) was added to 

a boiling mixture of salicylaldehyde (0.001 mol) and 
glycine (0.001 mol) in water-ethanol mixture (1 :4 
v/v) followed by 2 hours reflux. The brown filtrate 
yielded crystalline brown compound on standing over- 
night. This was collected by filtration, washed with 
aqueous alcohol and dried under vacuum. 

[Cr(SALENOLH),]C104 (XIV) 
A mixture of Cr,(CH,COO), .2H,O (0.0005 mol) 

and SALENOL-H, (0.002 mol) was refluxed in etha- 
nol (50 ml) for 2 hours and filtered. The volume of 
the filtrate was reduced to half and then a stoichio- 
metric amount of sodium perchlorate solution was 
added. This, on standing in a refrigerator for 15 days, 
yielded brown crystals. These were filtered and washed 
with aqueous alcohol (2 :3 v/v) and dried under 
vacuum. 

Compounds I to IV, VI and VII, IX and XIV are 
soluble in water, alcohol and coordinating solvents, but 
insoluble in carbon tetrachloride, benzene, and ether. 
The crystals of V, VIII and X are soluble in methanol, 
coordinating solvents, but insoluble in water, ether and 
benzene. The complexes X to XIII are slightly soluble 
in water, highly so in coordinating solvents, fairly 
soluble in methanol and insoluble in chloroform, car- 
bon tetrachloride, benzene, and ether. 

Results and Discussion 

Previous1y’o we observed that the aerial oxidation 
of chromium(I1) salts in presence of dibasic quadriden- 

tate Schiff bases of salicylaldehyde or substituted sali- 
cylaldehyde in suitable solvents is a good method for 
the synthesis of Schiff base complexes of chromium(II1). 
In the present investigation, however, we observed 
that the reaction of chromium(I1) chloride or chro- 
mium(I1) acetate with ACACEN-H, in refluxing 
ethanol produce tris(acetyIacetonato)chromium(III) 
instead of the desired complex [Cr(ACACEN) 
(H,O),]X (X = Cl or CH,COO). It has also been 
observed that when ACACEN-H, and [Cr(Urea),] 
Cl, .3H,O in equimolar proportions was refluxed (3 hr) 
in ethanol, followed by neutralization with saturated 
aqueous solution of sodium carbonate, tris(acetyl- 
acetonato) chromium(II1) in about 50% yield was ob- 
tained. On the other hand, reaction (refluxing 2 hr) 
of SALEN-H, and [Cr(Urea),]Cl, .3H,O in equi- 
molar proportions in ethanol and in presence of stoi- 
chiometric amounts of sodium acetate yielded (about 
40%) [Cr(SALEN)(H,O),]Cl. 

We further observed that the reaction of Reinecke- 
salt, NH,[Cr(NCS),(NH,),] .H,O with dibasic quadri- 
dentate Schiff bases SALEN-H,, SALOPH-H, or 7,7’- 
Me,-SALEN-H, (in equimolar proportions) in re- 
fluxing ethanol yields beautiful crystalline chelates (I) 
to (III) (Table I). In this connection mention may be 
made that Yamada and Iwasaki’ recently reported the 
isolation of [Cr(SALEN)(H,O),]NCS by the reaction 
of SALEN-H, (0.03 mol) and NH,[Cr(NCS),(NH,),] 
H,O (0.02 mol) in refluxing (3 hr) methanol. The 
chromium(II1) complexes (V) to (X) (Table I) have 
been prepared by the methods which we have recently 
described’0-‘3 for the syntheses of analogous cobalt 
(III) complexes. 

Since the dibasic quadridentate Schiff base SALEN- 
H,, SALOPH-H,, 7,7’-Me,-SALEN-H, or ACACEN- 
H, usually (but not always3j13) demand a square- 
planar coordination, it is inferred that in the present 
chromium(II1) complexes, (I) to (VII) each of them 
occupies a square-planar configuration and the two 
unidentate ligands occupy two Runs-positions in an 
octahedral configuration. It may be mentioned here 
that a large number of cobalt(II1) chelates of the 

type [Co(Lig)(L-L)l o(orl+) (where L-L = neutral or 
monobasic bidentate ligands), with a strained non- 
planar quadridentate ligand (i.e., Lig), have been iso- 
lated and characterized.3g’3,‘4 This non-planar structure 
is proven in the solid state for two compounds by 
X-ray ana1yses.14a,b It has also been demonstrated 
that the non-planar stereochemistry of “Lig” in some 
of these complexes of cobalt (III) is retained in non- 
donor so1vents.‘4 The structures of the chelates VIII 
to X of the present study, by analogy with that shown 
for the above type of cobalt(II1) chelates, apparently 
involve SALEN or ACACEN bonding in a non-planar 
manner, determined by the chelating nature of the 
acac or dipy group. 

The ionic nature of SCN- in compounds (I) to (III) 
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TABLE II. ElectronicSpectralData(methanol)”andMagneticMomenta(at 298°K) ofChromiun(ll1) SchiffBase 
Complexes. 

-- 

Complex v “lax (log E) /icrr(B.M.) 
cm-’ 

[Cr(SALEN)(NH,),]SCN 20,00O(sh): 25,000(3.5); 31.71 l(3.Y): 36.500(sh) 3.70 
[Cr(SALOPH)(NH,),]SCN 1.5H,O 18,115(sh);21.505(4.0); 29,850(5.0); 32,00O(sh) 3.78 
[Cr(7,7’-Me,-SALEN)]SCN 19,67Y(sh); 25,974(3.3); 31,746(3.8); 37.000(3.5) 3.90 
[Cr(ACACEN)(H,O),]Cl 16,56O(sh); 22,950(3.1); 27,X)0(3.9); 36,000(4.1) 3.78 
[Cr(SALEN)(acac)] 20,65O(sh); 22,00O(sh); 25,850(3.7); 37.000(4.4) 3.81 
H[Cr(SALAA),] 17,69X(2.3); 24,096(3.7): 26,SOO(sh) 3.95 
H[Cr(SALOAP),] 20,202(sh); 20,409(3.3): 23,256(sh): 26,666(\h) 3.5 
H[Cr(SALGLY),] 19,667(1.9); 26,052(2.3) 3.6 
Free ligand SALEN-H, 25,980(3.1); 32,500(3.7); 36,90O(sh): 39,500(4.3) 
Free ligand SALOPH-H, 30,310(4.3); 37,40O(sh); 39.220(4.7) 
Free ligand ACACEN-H, 3 1,000(4.5): 33,000(4.4) 
Free ligand SALOAP-H, 30,303(3.74); 35,087(3.70); 39.220(4.1) 

a Spectra in nujol mull are almost identical. 

is demonstrated by the appearance of infrared bands 
at about 2068 cm-’ (strong) and 755 cm-’ (weak or 
medium) which may be considered as CN stretching 
and CS stretching vibrations respectively.” The com- 
plexes K[Cr(SALEN)(ONO),]H,O (VI) and K[Cr 
(ACACEN)(ONO),]H,O (VII) showed infrared ab- 
sorption bands at about 1455 cm-‘, 1050 cm-’ and 
830 cm-’ which may be ascribed to the oxygen-bonded 
nitrite ion.16 Similarly, a strong and broad band around 
1100 cm-’ observed for the complexes (IX) and (XIV) 
can be assigned to v3 mode of CIO, ion vibration (in 
T, symmetry’7-‘9). The NH stretching frequency20,21 
of NH, in (I) to (III) occurs around 3000 to 34c’O 
cm-‘. For the complex [Cr(SALEN)(acac)] (X), 
the oxygen bonded chelating acetylacetonate anion has 
been inferred from the vibrational spectral data,‘4,22.23 
despite the added complexities due to the C=N and 
C=C stretching modes of the SALE! ligand. It may 
be mentioned here that the C=O stretch for carbon- 
bonded acetylacetone occurs above 1650 cm-1.24 The 
room temperature magnetic moment values (without 
TIP correction) are set out in Table II, which show 
octahedral stereochemistry for the present chromium 
(III) chelates. The marked deviation of the magnetic 
moments of H[Cr(SALOAP),] (XIIj and H[Cr 
(SALGLY),] (XIII) from the room temperature 
spin-only values strongly suggest that there is anti- 
ferromagnetic exchange interactions in these systems. 

The electronic absorption spectra of some of the 
chromium(II1) complexes in solution are recorded in 
Table II. Some of the chelates, when taken in nujol 
mull give almost identical spectra. specially in the range 
18,000-25,000 cm-i. This suggests that the environ- 
ment of the chromium(lI1) is substantially the same 
in both solid and solution. The bands observed in the 
range 18,000-25,000 cm-l may be considered as the 
split components of the 4T,r (0,) and 4T,, (F) 

(Oh) term5 despite their high molar extinction coeffi- 
cients. Similar high extinction coefficients were ob- 
served for band in this region in the chromium(II1) 
complexes of N-substituted salicylaldimines,h N,N’- 
ethylenebis(salicylaldimines)‘~8~1” and N,N’-ethylene- 
bis(acetylacetoneiminate)‘. If they are at all d-d 
bands, then the high molar extinction coefficients are 
possibly due to contributions from ligand transitions. 
However, according to Yamada. e? n1.*,” the d-d bands 
in such chelates might appear around 15.000 cni-‘. 
which in the present case are hidden under much more 
intense bands. 
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