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W H I L E  ATTEMPTING TO PREPARE diamines of 
the type I, in order to use such diamines as comonomers 
in polymerization studies, it  was found that using most 
of the common procedures for the preparation of chelates 
similar to I led only to the recovery of the ligand. 

~ - H ~ N C ~ , H ~ C = C H C O C I H ~  
I I1 
0, ,o 

I II 
O'M\O 

~ - H ~ K C ~ H I C = C H C O C ~ H ~  
I M =metal 

Therefore, a very convenient new technique was devised 
which allows the preparation of very pure chelates in 
20 to 60 minutes. 

It is known that toluene forms a binary azeotrope with 
either acetic acid or water ( 4 )  and that the composition 
of the toluene-acetic acid azeotrope is 66% toluene and 
34% acetic acid a t  105" and that the composition of the 
toluene-water azeotrope is 80.4% toluene and 19.6% water 
a t  64.1". These substances do not form a ternary azeotrope 
(1). Since metal acetates are readily available, it was 
decided to attempt to exchange acetic acid for ligand and 
thus form the desired chelate complex using toluene as a 
vehicle for removal of the acetic acid formed to drive the 
reaction to completion. 

2 4&NC,H,COCH,COzCzH, t M(OOCCHa)z+I + 2 CHaCOzH 
I1 

To test the idea, a number of well known ligands were 
put through the reaction with a variety of metal acetates. 
The results of these reactions are shown in Table I. 

The data in Table I show that the reaction goes quite 
well. The yields of recrystallized product were good in 
all cases except where thorium acetate was used. It appears 
that in this case, the thorium acetate used was impure. 
Where the metal acetate employed was hydrated, the water 
azeotrope distilled off before the acetic acid azeotrope. 

The reaction procedure was now applied directly to the 
synthesis of the desired complexes (I). Prior to working 
out the reaction conditions, 4-aminobenzoylacetic acid 
ethyl ester (11) (2) was synthesized by catalytic reduction 
of 4-nitrobenzoylacetic acid ethyl ester (111) (3). To  our 
knowledge, no isolated complexes of I1 and I11 are known. 
Using the technique described above, the Pb(II), Zn(II), 
and Co(I1) chelates of I1 were prepared, and the Fe(I1I) 
and Cu(1I) complexes of 111 were prepared. Table I1 
displays the results of these experiments. 

In all reactions carried. out, it was found desirable to 
use a slight excess of ligand. Where the products were 
insoluble in all available solvents, it  was found desirable 
to employ 0.1 molar excess of ligand. 

EXPERIMENTAL 
It was not found necessary to use dry toluene to run 

the reactions because any water present in the toluene 
as well as water of hydration present in the metal acetate 
distilled off first. 

Table I. Reaction of Several Ligands 
with Various Metal Acetates in Boiling Toluene 

% Yield 
of Chelate Ligand Metal acetate 

Acetylacetone T h A C l D  22' 
Oxine CuAcz.H*O 95' 

Dibenzoylmethane CUAQ Q H20 68' 
'Rhopolone CuAcp.HsO 5Tb 

Acetylacetone AIAC3 70' 
Acety lacetone Ah(S0,) 65' 

"Ac = CHEOI-. 'Infrared spectrum identical to that of an 
authentic sample. 'The acetate was not ueed here. The metal was 
precipitated with ammonia and the precipitate centrifuged, washed, 
and diemlved in acetic acid. The acetic acid solution was used in 
place of the metal acetate. 
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Table II. Preparation and Properties of Various Metal Complexes 
of Ligands II and Ill 

Metal Analyses Metal % Yield 
Ligand Acetate of Chelate Calcd. Found Infrared Data in cm.-'O 

I1 ZnAcz + 2H20 loob 13.6 13.2 

I1 COAC?. 4H20 lOO* 12.5 12.8 

I11 C U A C ~ .  H20 41"' 11.9 11.6 

I11 FeCl: 22' 7.29 7.55 

I1 PbAcg.3H20 l0Ob 33.4 33.1 3450m, 3350m, 3235w 
3100w, 2975w, 2920w, 
1726w, 1695w, 1680m, 
1585s, 1520s, 1410s, 
1325m, 126Ow, 1255w, 
1250w, 1215m, 1170s, 
1155w, 1145w, lOOOm, 
925m, 820m 
3440m, 3350m, 320Ow, 
3160w, 296Ow, 29OOw, 
1745w, 1675m, 1590s, 
1525s, 1490w, 1450w, 
1180s. 104Ow, 1035w, 
lOOOw, 955w, glow, 
845w, 835w 
3350m, 320Ow, 3100w, 
2900w, 1725m, 1675m, 
1610w, 1590s, 1525s, 
1435m, 1420m, 1410s, 
1395s, 1350w, 1325s, 
1215m, 1175s, 1160s, 
1035m, 1020m, lOOOw, 
975w, 955w, 945w, 
925w, 915w, 885w, 
8 4 0 ~ .  820m, 815m 
2900w, 1610m, 1560s, 
1535s, 1485m, 1360w, 
1340s, 1315m, 1290s, 
1215s, 1180m, 1110m. 
1040s, 1015m, 920m, 
865m, 845m 
2920w, 1615w, 1580s, 
1520s, 1485s, 1345s, 
132Ow, 1280s, 1205s, 
1115m, 1030m, l O l O w ,  
955w, 915w, 855w 

'w = weak absorption, m = medium absorption, s = strong absorp- 
tion. bProduct was insoluble in all common solvents and did not 
melt up to  300", but appeared to begin to decompose above 200". 

'Recrystallized from chloroform in a Xohxlet extractor. dSame 
procedure employed as described in foot note c of Table I.  'Re- 
crystallized from chloroform and ligroin. 

The quantity of toluene employed did not seem to be 
important as long as there was sufficient toluene to allow 
for removal of all the acetic acid and all the water present. 
The rate of distillation also appeared to be unimportant. 
The toluene azeotropes could be distilled off as rapidly as 
the stillhead allowed. I t  was important not to distill off 
all the toluene to protect the product from decomposition. 

General Procedure. The ligand, if a solid, was ground in 
a mortar as was the metal acetate. For divalent, trivalent, 
and tetravalent metal ions, 0.02 mole, 0.03 mole, and 0.04 
mole respectively, of ligand were used per 0.008 mole of 
metal acetate. The ligand, the metal acetate, and 125 ml. of 
toluene were mixed and heated with stirring (magnetic 
stirrer) until 100 ml. of toluene was distilled off. At this 
point, if the product was soluble in toluene, the solution 
was filtered, and the filtrate concentrated. The product 
either crystallized or could be induced to crystallize 
by the addition of ligroin to the concentrate. If the product 
was insoluble in toluene, it was removed by filtration and 
recrystallized in an appropriate solvent system where 
practicable. 

Where metal salts other than the acetate were employed, 
the desired molar quantity of the salt was dissolved in 
water and the solution treated with aqueous ammonia 
until precipitation was complete. The precipitate was 

centrifuged and washed three times with water in the 
centrifuge tube. The precipitate was then dissolved in hot 
glacial acetic acid and this solution mixed with the ligand 
and the toluene. The procedure employed a t  this point was 
the same as that previously employed except that  sufficient 
toluene had to be employed to allow removal of the some- 
what larger quantities of acetic acid present. When the 
distillate no longer contained acetic acid, the previously 
employed isolation procedures were followed. 
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