
A T R A N E S  

XXXII.* FERRATRANE-3,7,10-TRIONE AND ITS COMPLEXES 

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 547.898'257.7:541.49 

Complexes of fe r ra t rane-3 ,7 ,10- t r ione  Fe(OCOCH~)aN (I) of the composit ion I �9 H20, I �9 H202, 
I �9 OS(CH3)2, and I �9 2OS(CH3) ~ were synthesized.  The IR spec t ra  and der iva tograms of these 
compounds were studied. 

We have previously descr ibed [1-4] general  methods for the synthesis of meta l loat rane-3 ,7 ,10- t r iones  

+ t. 
M (OCOCH2)3N and their hydrates ,  which are used to obtain a number of previously unknown heterocycl ic  
chelated inorganic salts and mixed anhydrides of aminotr iacet ic  acid. 

In the present  communication,  we examine chelate compounds of the indicated type that contain Fe(III) 
as the heteroatom - complex fe r ra t rane-3 ,7 ,10- t r ione  (I) der ivat ives:  

CH~ It~C-~ \ 2 Ct| H C 

oc oc  t co oc  / o ~  " c o  

B 
! H 

B=H20, H202, (CH3)250, 2(C|13)2SO 

Of these, only monohydrate I �9 H20 , which was f i rs t  obtained in the last  century [5], was known up 
until now. Methods for its preparat ion,  severa l  of its proper t ies ,  and the possibil i ty of using it in analytical 
chemis t ry  [11] were subsequently descr ibed [6-10]. 

We have developed a simple and convenient method for obtaining fe r ra t rane-3 ,7 ,10- t r ione  mono- 
hydrate (I �9 H20 ) f rom free aminotriacetic acid (HI) and fer r ic  hydroxide or the fe r r ic  salts ofvolat i le  acids:  

N(CH2COOH),+ Fe(OH) 3-+I" H20+ 2H20 (1) 
N (CH2COOH) 3 + FeXs + H20-->I �9 H20 + 3HX 

X=CI, CH~COO etc. (2) 

The I �9 H~O complex can also be obtained in 72% yield by the react ion of Fe(III) salts with the t r i sod i -  
um salt of acid III: 

FeX~ + (N aOCOCH2) aN + H20-->-I. H20 + 3N aX (3) 

Complex I �9 H20 decomposes  in aqueous ammonia solutions (with a yel low-brown coloration) and 
amines (in this case,  fe r r ic  hydroxide does not precipitate,  even on heating). The product of the decomposi -  
tion of I �9 H20 in ammonium hydroxide is  the diammonium salt of acid III. Aqueous NaOH and Na2CO 3 solu- 
tions convert  I �9 H20 to Fe(OH) 3. Complex I �9 H20 reacts  with a solution of ammonium thiocyanate in dilute 
acid to give an intense red colorat ion.  

*See [1] for communicat ion XXXI. 

Institute of Organic Synthesis,  Academy of Sciences of the Latvian SSR, Riga. Translated from 
Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp. 164-170, February ,  1973. Original article submitted 
September 17, 1971. 

�9 1975 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

151 



r b~
 

T
A

B
L

E
 

1
. 

Is
o

m
er

ic
 

C
h

em
ic

al
 

S
h

if
ts

 
(r

am
/s

ee
).

 
in

 t
h

e 
N

u
cl

ea
r 

G
am

m
a-

R
es

o
n

an
ce

 
S

p
ec

tr
a 

o
f 

F
er

ra
tr

an
e-

3
,7

,1
0

-t
ri

o
n

e 
a
n

d
 I

ts
 

C
o

m
p

le
x

es
 

Fo
rm

ul
a 

I 
+ 

N
 (C

H
~C

O
O

) s
Fe

- H
~O

 

N
 (C

H
2C

O
O

) 3
Fe

. H
20

2 
! 

§ 
N

 (C
H

~C
O

O
) 3

Fe
. l

O
S 

(C
H

s)
 21

2 
t N
 (C

H
2C

O
0)

 sF
e.

 O
S 

(C
H

s)
 

T
=

I
0

0
 ~
 K

 

01
72

 
0,

54
 

0,
48

 

0'
53

 
0,

66
 

0,
49

 

0.
59

 
0,

59
 

0,
49

 

0,
88

 
1,

92
 

0,
53

 T
=

30
0 

~ 
K

 0,
56

 

0,
60

 

0.
53

 

1.
76

 

T
A

B
L

E
 

2.
 

B
 

n 0 

H
2

0
 

I 

H
20

2 
1 

(C
H

3)
2S

O
 

1 
(C

H
s)

2S
O

 
2

 
H

C
O

N
 (C

H
3)

 2 
3 

*
F

o
u

n
d

,%
: 

S
 1

0
.4

. 

t 
F

o
u

n
d

,%
: 

S
 1

6
.4

. 

F
er

ra
tr

an
e-

3
,7

,1
0

-t
ri

o
n

e 
(I

) 
an

d
 I

ts
 

D
er

iv
at

iv
es

 
N

(C
H

2C
O

O
)a

Fe
.n

B
 

C
ol

or
 

S
ol

ub
il

it
y 

in
 

w
at

er
 

at
 2

0~
 

g/
10

0,
 m

l 

0,
0 

0,
0 

0,
0 

2,
0 

2,
85

 
0,

0 

D
ec

om
po

si
ti

on
 

te
m

p.
 ~

 

24
0-

-2
45

 

19
0-

-1
95

 

17
0-

-1
75

 
16

0-
-1

65
 

18
0-

-1
85

 

B
ro

w
n

 

Y
el

lo
w

-g
re

en
 

B
ro

w
n 

O
ra

ng
e-

br
ow

n 

C
 a

lc
u

la
te

d
,%

: 
S 

9
.9

. 
C

al
cu

la
te

d
,%

: 
S 

1
6

.0
. 

E
m

pi
ri

ca
l 

fo
rm

ul
a 

C
6H

6F
eN

O
s 

C
6H

sF
eN

O
7 

C
eH

sF
eN

O
8 

C
sH

t~
Fe

N
O

T*
 

C
,o

H
,s

Fe
N

O
sS

2 r
 

C
.~

H
~r

Fe
N

4O
g 

29
,3

 

27
,1

 

25
,3

 
29

.2
 

30
.4

 
38

,2
 

Fo
un

d,
 

%
 

H
 

J 
Fe

 

2,
5 

] 
21

,9
 

3,
3 

20
,5

 

3,
1 

20
 1

 
a,

8 
i 

16
',9

 
4,

1 
i1

4,
6 

5,
1 

i 
11

,8
 

N
 

C
 

6,
0 

29
,5

 

5,
6 

27
,5

 

5.
4 

25
,9

 
4,

2 
29

,8
 

3,
5 

30
,0

 
12

,3
 

38
,9

 

C
al

c.
. 

%
 

H
 

F
e 

2,
5 

22
,9

 

3,
1 

21
,3

 

2,
9 

20
,1

 
3,

8 
17

,3
 

4,
5 

14
,0

5 
5,

9 
12

,1
 

Y
ie

ld
, 

%
 

(p
re

pa
ra

t.
 

N
 

m
et

ho
d)

 

5,
7 

89
 (

4)
 ; 

76
 (

5)
 

5,
4 

72
 (

1)
; 

77
 (

2)
 ; 

72
 (

3)
 

5,
0 

79
 

4,
4 

54
 

3,
5 

23
 

12
,1 

25
 



T A B L E  3 ,  A b s o r p t i o n  F r e q u e n c i e s  ( c m  - l )  i n  t h e  I R  S p e c t r a  o f  F e r r a -  

t r a n e - 3 , 7 , 1 0 - t r i o n e  a n d  I t s  C o m p l e x e s  

N(CH2COO)aFe (I) 

572s 
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850w 

995 m 

1166 w 

1325 m 

1400s 

1435 m 

1615 vs 

1660 vs 

I .  H~O 

l 

I .H~O~ 

9 3 

405 m 
420 w 425 w 

.476 w 
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N o t e .  s i s  s t r o n g ,  w i s  w e a k ,  m 

v w  i s  v e r y  w e a k .  

I - OS(CH3)2 
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I �9 2OS(CH~)= Assignment 
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S=O 

v, CHa 

v.8 CHa 

v. (CO0-) 

1549 s 

1595w 
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,,, v (COOH) 
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m m e d i u m ,  v s  i s  v e r y  s t r o n g ,  a n d  

T h e  p a r a m a g n e t i c  c h a r a c t e r  o f  I i s  c o n f i r m e d  b y  a n  i n v e s t i g a t i o n  o f  i t s  m a g n e t i c  s u s c e p t i b i l i t y  (a t  

3 9 9 ~  )~g = 6 2 . 1 7 ,  ~ m  = 0 . 0 1 6 3 7 5 ,  # e x p  = 6 . 2 8 ,  a n d  # c a l c =  5 . 9 2 ) .  T h e  m a g n i t u d e  o f  # e x p  i n d i c a t e s  t h a t  t h e  

i r o n  a t o m  i n  I �9 H 2 0  c o n t a i n s  f i v e  u n p a i r e d  e l e c t r o n s .  T h e  s o m e w h a t  g r e a t e r  m a g n i t u d e  o f  t h e  e f f e c t i v e  

m a g n e t i c  m o m e n t  o f  I �9 H~O a s  c o m p a r e d  w i t h  t h e  c a l c u l a t e d  v a l u e  i s  due  t o  t h e  c o n t r i b u t i o n  o f  t h e  s p i n -  

o r b i t a l  i n t e r a c t i o n  c h a r a c t e r i s t i c  f o r  c o m p l e x e s  [12].  
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Fig.  1. Der iva tograms of N(CH~COO)3Fe.H20 

Ca), N(CH~COO)3Fe. OS(CH3)2 (b), and 

N(CH~COO)aFe .[OS(CHs)~h (c) at a heating rate of 
12 d e g / m i n  (T is the heating curve,  TG is the 
the rmograv imet r i c  curve ,  DTA is the dif fer-  
ential heating curve,  and DTG is the weight- 
loss rate curve).  

The nuclear  y - re sonance  spect ra  of all of the com-  
pounds are  represented  by two lines charac te r i s t ic  for 
i ron compounds with quadrupole splitting (Table 1). The 
i somer ic  chemical  shifts relat ive to stainless steel 
(0.48-0.53 m m / s e c  at 300~ and 0.53-0.88 m m / s e c  at 
100~ are  charac te r i s t i c  for  t r ivalent  i ron compounds.  
The small  quadrupole splittings of I �9 H20 and its com-  
plexes are also charac te r i s t ic  for t r ivalent  i ron com-  
pounds. 

The quadrupole splitting of I �9 OS(CH3) 2 (Table 1), 
the magnitude of which is close to the quadrupole spl i t -  
ting of divalent iron compounds, differs considerably 
f rom that of I �9 H20. Two additional lines, the i somer ic  
shift and quadrupole splitting of which coincide with the 
corresponding values of I �9 2OS(CH~) 2, are observed in 
the NGR spect rum of this compound. Complex I �9 OS(CI-I3) 2 
apparently contains about 10% I �9 2OS(CH~)2. 

The der iva togram of I �9 H20 (see Fig. 1, curve a) 
demonstra tes  that the compound does not change and that 
the associated water is not split out when it is heated to 
190~ A water molecule is lost on subsequent heating 
to 240 ~ and is accompanied by an endothermic minimum. 
The bond of I with an H20 molecule of such strength in- 
dicates that water enters  into the inner sphere and is co-  
ordinately bonded to the iron atom (structure II). 

When I �9 H20 is heated for a long time at ?00 ~ in 
vacuo, it is dehydrated to give free I (dark-brown c r y s -  
tals), which is apparently somewhat contamined by de-  
composit ion products.  P u r e r  anhydrous I was obtained 
in 76~ yield by react ion of FeC13 with III in dimethyl-  
formamide .  In addition to free I, its complex with DMF 
[I �9 3HCON(CH3)2] can be isolated. 

Starting f rom I �9 H20, we obtained the previously unknown complexes of f e r ra t rane-3 ,7 ,10- t r ione  with 
dimethyl sulfoxide (DMSO) - I �9 OS(CH3) 2 and I �9 2OS(CH3) 2. The react ion of I �9 H20 with 30% H202 gives a 
complex with the I �9 H202 composit ion (see Table 2). 

The der iva tograms of these compounds (Fig. I ,  curves  b and c) show that the complexes are stable up 
to 160 ~ Above this tempera ture ,  I �9 2OS(CH3) 2 dissociates  (two endothermic minima at 170-215-250~ The 
f i r s t  OS(CH3) 2 molecule is lost  even before 170 ~ (25% weight loss),  after which the second OS(CH3) 2 molecule 
is lost (39.5% weight loss).  

Complex I �9 H202 does not decompose up to 180 ~ An endothermic minimum corresponding to the loss 
of f rom 10 to 20% of the initial weight, i.e.,  1 mole of H202, is observed at 240-280 ~ 

The aminotr iacet ic  acid entering into the composit ion of I and its derivatives functions as a t e t r a -  
dentate ligand. This is confirmed by the IR spectroscopic  data (Table 3). The absence of absorption at 
1700-1750 cm -i  in the spec t ra  of all of the compounds (except for I �9 H20) indicates that there are no un- 
ionized COOH groups in the molecules of I and its der ivat ives .  All of the CH2COO groups in I �9 OS(CH3) ~ 
and I �9 H~O 2 are  equivalent and bonded to the i ron atom; this is confirmed by the presence  of only one s trong 
Pas(COO- ) absorption band at 1624-1658 cm - i ,  respect ively .  The Vas(COO-) band in the spec t ra  of the res t  
of the compounds is split into two bands; this may attest to their  polymeric  s t ruc ture .  

The bands at 420, 425, and 446 cm -i (see [13]) cor respond to the stretching vibrations of the F e - O  
bond in the spec t ra  of I �9 H20, I �9 H~O2, and I �9 2OS(CH3) 4. 

The absence of absorption at 3200-3350 cm -i in the spec t rum of I " H20 shows that the water  mole-  
cule in it is not crys ta l l iza t ion water  but coordinated water;  this is also confirmed by the presence of a 
strong band at 900 cm -i (this frequency is evidence for  the presence of vibrations of the H - O - H  group of 
coordinated water) [13]. This compels us to assign a s t ructure  of possibly polymeric  charac te r  to I . H20 
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(the free COOH group part ic ipates  in in termolecular  coordination).  The iV s t ruc ture  is confirmed by the 
presence  of the absorption of a free carboxyl  group in the spec t rum of I �9 H20. 

/ r---Nf ~ 
od o~ ~ co 

O i l  

I V  

The spec t ra  of I �9 ~(CH3) 2 and I �9 2OS(CH3) 2 are evidence that coordination of DlVISO with the iron 
atom is accomplished through oxygen, since the frequency of the SO stretching vibrations (950 and 955 cm -1) 
lies lower than in free DlVlSO (1050-1100 cm -l) [14]. 

The bands at 724 and 730 cm -1 in the spec t ra  of I �9 OS(CH3) 2 and I �9 2OS(CH3) ~ are  related to the s t re tch-  
ing vibrations of the C - S  bond [15]. 

The presence  of a coordinated Fe -.- N bond in all of the investigated compounds is confirmed by the 
maximum at 250 nm in their  UV spect ra .  

E X P E R I M E N T A L  

Aminotr iacet ic  acid (III) was obtained via the method in [16] and purified by recrys ta l l iza t ion  f rom 
hot water .  The fe r r ic  chloride (hexahydrate) was a chemical ly  pure preparat ion.  Fe r r i c  hydroxide was 
prepared  immediately p r io r  to introduction into the react ion by precipitat ion with ammonia f rom a fer r ic  
chloride solution. The dimethyl sulfoxide was a chemical ly  pure preparat ion and was dried and vacuum 
distilled p r io r  to use.  

Analysis .  Carbon and hydrogen were determined by combustion in a s t ream of oxygen, while nitrogen 
was determined by a microanalyt ica l  Dumas method. I ron was determined as Fe203, which remained after 
calcination of the substance at 1000 ~ in a s t r eam of oxygen. 

The der iva tograms were obtained with the derivatograph of the sys tem in [17]. The IR spec t ra  of 
KBr pellets of the compounds were recorded  with UR-10 and IKS-14 spec t rographs .  The UV spec t ra  were 
r ecorded  with a UV-2 automatic recording spect rophotometer  prepared and designed in the Institute of Or-  
ganic Synthesis of the Academy of Sciences of the Latvian SSR. The spec t rograms  were obtained f rom 
2 �9 10 -4 M aqueous solutions of the compounds.  The cuvette thickness was 1 cm.  

The nuclear  gamma resonance (NGR) for  Fe 57 nuclei was measured  with a device of the e l ec t ro -  
dynamic type with a constant acce le ra to r .  The NGR spec t ra  were recorded  with an A-100 analyzer .  The 
source (Co 57 in stainless steel) was at room temperature  in all of the measurements .  The NGR m e a s u r e -  
ments of the investigated samples were made at 100 and 300~ 

Fer ra t r ane -3 ,7 ,10- t r ione  Hydrate (I �9 H20). Method 1. A 4.2-g (0.04 mole) sample of f resh ly  p r e -  
pared fe r r ic  hydroxide was added to a hot solution of 7.6 g (0.04 mole) of II in 500 ml of water .  The mix-  
ture was refluxed for 3 h, as a resul t  of which all of the fe r r ic  hydroxide went into solution, f rom which a 
greenish-yel low finely crysta l l ine  precipitate of I �9 H20 formed.  It was removed by filtration, washed with 
hot water ,  alcohol, and ether,  and dried in vacuo to give 4,73 g (72~) of product.  

Method 2. A solution of 6.76 g (0.025 mole) of FeC13 �9 6H20 in 100 ml of water  was added to a f i l tered 
hot solution of 4.75 g (0.025 mole) of II in 400 ml of distilled water .  The water  and result ing hydrochlor ic  
acid were completely removed f rom the solution in a r o t a ry  vacuum evaporator  at 50 ~ and the residual  
greenish-yel low fine c rys ta l s  of I �9 H20 were washed with hot distilled water,  alcohol, and ether  and dried 
in vacuo to give 5.04 g (77%) of product .  

~ 

Method 3. A solution of 1.62 g (0.01 mole) of anhydrous FeC13 in 10 ml of water  was added to 30 ml 
of an aqueous solution of 2.11 g (0.01 mole) of the t r isodium salt of III, and the mixture was refluxed for 20 
rain. The solvent was removed by distil lation in a ro t a ry  vacuum evaporator  at 50 ~ the residue was t reated 
with distil led water  to dissolve the NaC1, and the insoluble portion (greenish-yellow c rys ta l s  of I �9 H20) was 
removed by filtration, washed with water,  alcohol, and ether,  and dried in vacuo to give 1.95 g (72~c) of 
product .  

Fe r ra t r ane -3 ,7 ,10- t r ione  (I). Method 4. A weighed sample of I �9 H20 was heated on an oil bath at 
200 ~ and 1 mm to constant weight (4 h). The result ing dark-brown c rys ta l s  were anhydrous I (apparently 
somewhat contaminated with decomposit ion products) .  The yield was 89~. 
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Method 5. A solution of 4.86 g (0.03 mole) of anhydrous FeC13 in 20 ml of dry  dimethylformamide 
(DMF) was added to a solution of 5.73 g (0.03 mole) of III in 50 ml of DMF and the mixture  was refluxed for 
3 h, during which l ight-brown crys ta l s  began to precipi tate  f rom the solution, The c rys ta l s  were  removed  
by f i l t rat ion,  washed with DMF, alcohol, and e ther ,  and dr ied  in vacuo to give 5.57 g (76%) of product .  
Found,%: C 29.3; H 2.8; Fe 21.8; N 6.0. CsHsFeNO s. Calculated,%: C 29.5; H 2.5; Fe 22.8; N 5.7. 

J $ 
N(CH2EOO)~Fe. H202. A2.61-g  (0.01 mole) sample of I �9 H20 was added to 50 ml of 30% hydrogen pe r -  

oxide, and the mixture  was s t i r r ed  and heated carefu l ly  to 60 ~ on a water  bath, during which there  was a 
vigorous react ion and a l ight-brown finely crystal l ine precipi ta te  of I �9 H202 formed.  It was removed  by 
f i l t rat ion,  washed severa l  t imes with water ,  alcohol, and e ther ,  and dr ied  in vacuo to give 2.18 g (78%) of 
product .  

N(CN2COOhFe. OS(CUsh. A6.02-g (0.023 mole) sample of I �9 H20 was dissolved by heating in 50 ml of 
dimethyl sulfoxide (DMSO). After  some t ime,  an orange precipi ta te  of I �9 OS(CH~) 2 formed.  It was removed  
by f i l t rat ion,  washed with alcohol and e ther ,  and dried in vacuo to give 4.00 g (54%) of product .  

N(CH2COO)3Fe. 2OS(CH3)~ A solution of 2.62 g (0.01 mole) of I �9 H20 in 15 ml of DMSO was heated at 100 ~ 
for 30 min and f i l tered hot.  The resul t ing I �9 2OS(CH~) 2 was precipi ta ted  f rom the cooled solution with an-  
hydrous ace tone -xy lene  (1 : 1). The precipi tate  was washed with dry  acetone and vacuum dried to give 
1.73 g (23%) of yellow c rys ta l s  that decomposed on heating. 

N(CU2COOhFe. 3NCON(CM3)~. A 4.86-g (0.03 mole) sample of anhydrous FeCI~ was dissolved in 20 ml of 
d ry  DMF, and the solution was added to a solution of 5.73 g (0.03 mole) of II in 50 m l  of DMF. The mixture  
was refluxed for  3 h, and the precipi ta ted l ight-brown c rys ta l s  of I were  removed  by f i l t rat ion.  The f i l t ra te  
was allowed to stand at 0 ~ for  7 days, and the precipi ta ted o range - red  c rys ta l s  of I �9 3HCON(CH3) 2 were 
washed with DMF and vacuum dried to give 3.45 g (25%) of product .  
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