
A T R A N E S  

XXXI.* COMPLEXES OF CHROMATRANE-3,7,10-TRIONE 

M .  G .  V o r o n k o v  a n d  S .  V .  M i k h a i l o v a  UDC 54 7.89' 257.6:541.49:543.422.4.6 

The t r i -  and monohydra tes  of c h r o m a t r a n e ' 3 , 7 , 1 0 - t r i o n e  N.(CH2COO)3Cr and its complexes  
with mono-  and d iamines ,  d imethy l fo rmamide ,  H202, e tc .  were  obtained. The s t ruc tu r e s  
of these compounds were  studied by the rmography  and IR and UV spec t roscopy .  

The genera l  methods for  the p repara t ion  of me ta l l oa t r ane -3 ,7 ,10 - t r i ones  N(CH2COO)3M and some of 
the i r  p rope r t i e s  were  examined in previous  communica t ions  [2,3]. The p resen t  pape r  is devoted to the 
synthes is  and study of de r iva t ives  of ch roma t r ane -3 ,7 ,10 - t r i one  {I}, which is a hypothet ical  compound.  

O 

I 

A complex  of amino t r i ace t i c  acid with ch romium with the composi t ion [N(CH2COO)3Cr ] �9 2H20 had a l -  
r eady  been iso la ted  in 1947 [4-6]. Complexes  of t r iva len t  c h r o m i u m  with amino t r i ace t i c  acid were  su b se -  
quently obtained and invest igated in the fo rm of the i r  ammonium de r iva t ives  [7]. The polarographic  and 
spec t ropho tomet r i c  de terminat ion  of a ch romium der iva t ive  of aminot r iace t ic  acid has been descr ibed ,  and 
its t i t ra t ion curves  have been studied [8, 9]. 

DTG ~.. / 
T G  N ~ 1 1 o  ~ 14o ~ 200 ~ / z8o ~ 

�9 , ~ 

V .,s:~ I l 

~ ~8,37"I, 

Fig.  1. D e r i v a t o g r a m  of c h r o m a t r a n e - 3 , 7 , 1 0 -  

t r ione t r ihydra te  N(CH2COO)3Cr.3H20 (heating 
ra te  12 d e g / m i n ) :  T) heating curve ;  TG) 
t h e r m o g r a v i m e t r i c  curve ;  DTA) different ia l  
heating curve ;  DTG) weigh t - loss  ra te  cu rve .  

It s eemed  of in t e re s t  to us to inves t igate  the p o s s i -  
bi l i ty of the exis tence  of f ree  c h r o m a t r a n e - 3 , 7 , 1 0 -  
t r ione (I) and to obtain its var ious  de r iva t ives .  We 
have p rev ious ly  obtained [2] ch roma t r ane -3 , 7 , 10 - t r i o n e  
t r ihydra te  (I �9 3H20) f rom f ree  aminot r iace t ic  acid {II) 
and the ch romium sa l t s  of volati le acids:  

N (CH2COOH) 3 +CrX3 + 31-I20-+N (CH2COO) 3Cr. 3H20 + 3HX 
II lII 

X=CI, CH3COO, etc. 

A study of the t h e r m o g r a m s  of I �9 3H20 (Fig. 1) 
demons t r a t e s  that  it does not undergo any change when 
it is  heated to l l0~  An endothermic  min imum,  c o r -  
responding to the loss  of the f i r s t  molecule  of water ,  is 
obse rved  at 110-135-140 ~ A second molecule  of water  
is lost  on fu r the r  heating to 200 ~ . A second endothermic  

* See [1] for  communica t ion  XXX. 
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�9 ~ l  

175 ~ 

Fig. 2. Der iva togram of ch roma t r ane -  

3,7,10-trione monohydrate N(CH2COO)zCr �9 

�9 H20. 

/ 
,,0 ..... ,o.,, / 

...--.-.../ 

\ 

t 
Fig.  3. Der iva togram of NH4[N(CH2COO)3Cr. 

�9 (OH)OH2]. 

minimum (200-240-280~ corresponding to the loss of the 
third molecule of "water, then appears�9 The second and third 
molecules  of water  f rom I ' 3H~O, which are lost at high t em-  
pera tures  (200-280 ~ ) with ult imate destruction of the s t ruc ture  
of the atrane skeleton, apparently enter into the inne~ Sphere 
of chromat rane-3 ,7 ,10- t r ione .  For  this reason we were un-  
able to obtain anhydrous chromat rane-3 ,7 ,10- t r ione  and i so-  
lated only its monohydrate ,  the fur ther  dehydration of which 
leads to the formation of decomposition products .  

Thus I �9 3H~O apparently has the III* or ,  mos t  likely, the 
IIIa s t ruc ture  (this compound behaves like an acid), in which 
the chromium atom has a coordination number  of six and is co -  
ordinately bonded to two water molecules  (the third H 20  mole-  
cule is water  of crystal l izat ion) .  

 o,j .,o 
I I I  

o/!.o o. 
I l i a  

The monohydrate of I [I �9 H20 (IV)], obtained by heating I 
in vacuo, is isolated as dark-viole t  c rys t a l s .  Two endothermic 
minima are observed on the derivatographic curve (Fig. 2) of 
I " H 20 :  the f i rs t  at 160-165-170 ~ cor responds  to the loss of 
0.5 mole of water,  the second at 170-175-195 ~ cor responds  to 
the loss of another 0.5 mole of water .  The substance decom-  
poses above 200 ~ . Thus the dehydration of I �9 H 20  is in te r -  
molecular  in cha rac te r  (anhydrocondensation) and leads to 
crossl inking of two chromium atoms by an oxygen bridge.  
Compound IV most  likely does not contain a pentacoordinated 
chromium atom and has a polymeric  s t ruc ture .  

Compound I �9 3H~O forms  complexes with ammonia,  
amines,  and diamines in aqueous solutions (Table 1). 

Heatingof I �9 3H20 with excess 20% ammonium hydroxide gives, after removal  of the solvent by 
vacuum distillation, violet c rys ta l s  with the composition C6HI4CrN208 (V), which are readi ly soluble in 
water�9 The the rmogram of this compound is represented  by two endothermic minima (Fig. 3). The f i rs t  
(50-55-709 corresponds  to the loss of one molecule of water  of crys ta l l iza t ion.  The second endothermic 
minimum (80-105-125 ~ cor responds  to the loss of a second molecule of water  and a molecule of ammonia.  
This cha rac te r  of the thermal  decomposition makes it possible to assign the V s t ruc ture  to the complex 
obtained. 

Blue c rys ta l s  that are readi ly soluble in water  and have the C6H23CrN4OI0 (VI) composit ion were ob- 
tained f rom the reaction of III with excess 20% ammonium hydroxide in the cold af ter  removal  of the sol -  
vent in vacuo. This compound is more  thermal ly  stable than V, descr ibed above, and does not change on 
heating to 170 ~ . Compound VI loses one molecule of water  at 170-192 ~ . The great  endothermic minimum 
at 192-225-273 ~ cor responds  to the loss of the remaining three molecules of water  and three molecules  of 
ammonia .  This makes it possible to assign s t ructure  VI, in which II is a tr identate ligand, to this com-  
pound. (See scheme on following page.) 

Ammonium sal ts  VH-X, which are s imi lar  to V (VII contains one molecule of crysta l l izat ion water,  
while VIII contains two molecules  of crysta l l izat ion water),  are formed in the reaction of III with e thyl-  
amine, diethylamine, piperidine, and pyridine.  

*In the s t ruc tura l  formulas ,  N ~ O corresponds  to the N - C H 2 C O - O  fragment .  
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Y VI 

Endotherms that indicate the loss of three and four molecules of water ,  respect ively ,  are present  on 
the the rmograms  of these compounds.  

2 
V I I - X  

V I I  B:C,zH~Nli '~,,  n = l i  VI I I  B = C ~ H s N H ,  n=2; 
r , - - -~1  

IX B=CH2(CI I2 )4NH,  n:=O; X B=CsHsN, n = 0  

Dimethylformamide displaces two molecules  of water  f rom III and fo rms  complex XI with the c o m -  

position [N(CH2COO)3Cr. B. H20]B, where B is (CH3)2NCHO, 

Compound III reac t s  with 1,2-diamines (ethylenediamine, o-phenylenediamine,  ~ ,~-d ipyr idy l ,  and o-  
phenanthroline) to give der ivat ives  XII-XV with a 1 : 1  composit ion,  to which one can most  likely assign .the 
XIX s t ruc tu re  (where N ' - N '  is the 1,2-diamine molecule) .  

o, 

XIX 

�9 n llzO 

XX 

�9 n H20 

One cannot, however,  exclude the possibil i ty that these complexes have the [CrO4N2] s t ruc ture ,  in 
which one ni trogen atom is protonated, ra ther  than the [CrO3N3] s t ruc ture  (XIX). 

8-Hydroxyquinoline reac t s  with III to form complex XVI, which cor responds  to formula  XX ((9 '-N'  is 
the 8-hydroxyquinoline molecule) .  

Po tass ium salt  XVII=  a blue crys ta l l ine  substance with the formula  K[N(CH2COO~CrOH).H2_O] - i s  
formed in the react ion of III with KOH in aqueous solution. This se rves  as an additional confirmation of 
the acid c h a r a c t e r  of III, i.e., s t ruc ture  IIIa. 

The react ion of III with H202 leads to the formation of a red-vio le t  crys ta l l ine  substance (XVIII) of 
[ + 

the formula  [N (CH2COO) 3Cr. H2Q. H20]. 2H20. 

The IR spec t ra  of III and all of its studied derivat ives {Table 2) contain two s t rong bands at 1610- 
1650 and 1450-1480 cm -l ,  which correspond,  respect ively ,  to the an t i symmetr ica l  and symmet r i ca l  s t r e t ch -  
ing vibrations of the C O 0 -  group.  The absence of an absorption band at 1710-1730 cm -I indicates that 
there  is no free carboxyl  group in these compounds.  These data are evidence that all of the bonds of the 
chromium atom with the carboxyl  groups are equivalent. 

The IR spec t ra  of the compounds contain an absorption band at 620-630 cm -l,  which cor responds  to 
the vibrations of the C r - O  bonds [10]. 

A s t rong band at 520-540 cm -l ,  which apparently cor responds  to the vibrations of the Cr  ---N coord i -  
nate bond, is observed in the spec t ra  of all of the investigated complexes .  There  is a band at 750-760 cm -i,  
which we assigned to the vibrations of H - O - H  in the coordinately  bonded water  molecule .  The absorption 
at 3350-3490 cm -1 cor responds  to the symmet r i ca l  and an t i symmetr ica l  vibrations of the OH group of the 
water of crys ta l l iza t ion.  
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TABLE 3. Absorption 
Maxima in the UV Spectra 

max, nm) 

Compound 

X 
XIII 
XIV 
XV 

250 
225 
225 
225 

253 
275 
300 
268 

An absorption band at 3190-3570 cm -i ,  which cor responds  to the NH 3 
stretching vibrations,  is observed in the spec t rum of V. 

The spec t ra  of VII-IX (amine derivatives) contain an absorption band 
at 1650 cm -1, which is due to the deformation vibrations of the NH 2 group. 
However, since the Vas (CO0-) vibrations also appear in this region,  the 
presence  of vibrations of the NH 2 group can be judged from the two absorp-  
tion bands at 3440 and 3415 cm -I . 

In addition to the bands indicated above, the spec t rum of X contains 
s t rong absorption bands at 755 em -~, which corresponds  to the deformation 
vibrations of the C - H  bonds, and at 1385 cm -1, which cor responds  to the 
vibrations of the C ----C and C ----N bonds in the pyridine ring. 

The spec t rum of XIV contains absorption bands at 1195 and 1220 cm -1, which cor respond  to the ring 
vibrations and the deformation vibrations of the C - H  bonds of the hydroxyquinoline ring [11]. 

The UV spect ra  of III and its der ivat ives  (V-IX) do not have absorption maxima.  There are  two ab- 
sorption maxima in the UV spec t ra  of X and XIII-XV (Table 3). The f i rs t  of them (1) cor responds  to the 
absorption of the he te roaromat ic  or aromat ic  ring, while the second (2) is due to the coordination of the 
latter with the centra l  chromium atom. 

EXPERIMENTAL 

Aminotriaeetic acid (II) was obtained via the method in [12] and was purified by recrystallization 
from hot water. The chromium acetate was a chemically pure preparation . All of the starting amines and 
dimethylformamide were chemically pure preparations, which were additionally purified by distillation or 
recrystallization prior to introduction into the reaction. 

The carbon and hydrogen were determined by combustion in a stream of oxygen, while nitrogen was 
determined by the Dumas micromethod. Chromium was determined as Cr203 after calcining the substances 
at I000 ~ in a stream of oxygen. 

The derivatograms were obtained with the derivatograph of the system in [13]. 

The IR spectra of KBr pellets of the solid compounds were recorded with UR-10 and IKS-14 spectro- 
graphs. The UV spectra were recorded with a UV-2 automatic recording spectrophotometer, which was 
constructed in the Institute of Organic Synthesis of the Academy of Sciences of the Latvian SSR. The inves- 
tigated substances were recorded in 2 . 10 -4 M aqueous solutions (for complexes with o-phenanthroline and 

,~-dipyridyl, i0 -4 M solutions were investigated). The euvette thickness was 1 era. 

[N(CH2COO)3Er(OU)2]. H20 (Ill). A solution of 22.9 g (0.I mole) of chromium acetate~in 300 m[ of dis- 
tilled water was added to a hot aqueous solution of 19.1 g (0.I mole) of II, and the mixture was refluxed for 
30 rain. The hot solution, which changed from dark green to dark violet, was filtered, and the water was 
completely removed from it in a rotary vacuum film evaporator. The residual shiny violet crystals were 
reprecipitated twice fro'm aqueous solution by the addition of alcohol and ether and dried in vacuo to give 
29.0 g (98%7 of III. During the evaporation of the solution obtained above to about 20 ml, IH can be pre- 
cipitated from it by the addition of alcohol. Similar purification of the latter gave 25.0 g (85.57c) of HI. 
Compound III was obtained as shiny violet crystals that were readily soluble in water (the solution is violet) 
and insoluble in the usual organic solvents. It dissolved readily in dimethyl sulfoxide, and mono-, di-, and 
triethanolamines on heating. It gave an orange coloration (reaction for Cr 3+) with alkaline H202 solutions. 

[N(CH2COO)3Cr(OH2)] (IV). Finely ground powdered III was dehydrated by heating to constant weight in 
vacuo at 2 mm and 200 ~ 

NH4[N(Cn2COO),CrOH. On2]. H20 (V). A 1.17-g (4 mmole) sample of III was dissolved in 20 ml of cold 20~ 
ammonium hydroxide, and the water was removed from the dark blue soiution by vacuum distillation. The 
residual dark blue crystals were washed with absolute alcohol and ether and dried in vacuo. 

I + 
(NH0,[N(CH2COO)3CrOHOH2] (VI). A 1.17-g (4 mmole) sample of III was dissolved by heating in 20 ml of 

207c ammonium hydroxide, the solution was refluxed for I0 rain, and the solvent was removed by vacuum 
distillation. The residual violet crystals were washed with absolute alcohol and ether and dried in vacuo. 
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Complexes  of [N(CH2CO0)3Cr(OH2)2IH20 with Ethylainine (VII), Diethylamine (VIII), P iper id ine  (IX), 
Pyr id ine  (X), and Ethylenediamine (XII). A 5 -ml  sample  of the appropr ia te  amine was added to a solution 
of 1.17 g (4 mlnole) of III in 5 ml  of wa te r .  The solutions changed color  during the addition. The solvent  
was r e m o v e d  by vacuum dist i l lat ion,  and the res idue  was suspended in absolute ethanol.  The suspension 
was f i l t e red ,  and the solid was washed with absolute  alcohol and e the r  and dr ied in vacuo.  

[ 
N(CH2COO)~Cr- HCON(CHa)2. OH2]. HCON(Cn3)2 (XD. A hot solution of 1.91 g (0.01 mole) of II in 40 ml  of di -  

me thy l fo rmamid e  was added to a solution of 2.32 g (0.01 mole) of Cr  (OCOCH3) 3 in 30 ml  of d ry  d imethy l -  
f o rmamide ,  during which the co lor  of the solution gradual ly  changed f rom green  to da rk  violet .  The r e a c -  
tion mix tu re  was ref luxed for  4 h, and the solvent  was r emoved  in vacuo.  The res idue  was washed with ab-  
solute e ther  and dr ied  in vacuo.  

Complexes  of [N(CH2COO)3Cr(0~2)2]~20 with 1 ,2-Phenylenediamine  (XIII), a,c~-Dipyridyl (XIV), o -  

Phenanthrol ine  (XV), and Hydroxyquinoline (XVI). A solution of 4 mmole  of the appropr ia t e  diamine or  
hydroxyquinoline in 10 ml  of wa te r  was added to a solution of 1.17 g (4 Inmole) of III in 20 ml  of water ,  and 
the mix tu re  was heated on a wa te r  bath for  30 rain, during which the color  of the solution changed.  The so l -  
vent was r emoved  in a r o t a r y  vacuum evapora to r ,  and the res idue  was suspended in absolute ethanol.  The 
prec ip i ta ted  c r y s t a l s  were  t r e a t ed  with acetone and dr ied in vacuo.  

I- 
K[N(CH~COO)3CrOH]. H~O (XVII). A total  of 5 ml  of 50~ KOH solution was added to a solution of 1.17 g (4 

mmole )  of III  in 5 Inl of wa t e r .  The solvent  was r emoved  in vacuo, and the res idua l  blue c r y s t a l s  were  
washed with absolute alcohol and e ther  and dr ied  in vacuo.  

[N(CH2COO)~Cr. H202. H20]. 2H20 (XVIII). A solution of 1.17 g (4 mmole)  of III in 20 ml  of 30% hydrogen 
peroxide  was heated caut ious ly  with s t i r r ing  on a wa te r  bath.  A vigorous  reac t ion  ensued,  as a r e su l t  of 
which the dark  violet  color  of the solution changed to red  violet .  Violet c r y s t a l s  were  prec ip i ta ted  f rom 
the cooled solution by the addition of absolute alcohol.  
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