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compound (I), and (b) by the reaction of a methano- 
lic solution of FeC13 with the polyamine ligand tris[N- 
(2-pyridylmethyl)-2-aminoethyl]amine (TPAA), in the 
presence of NHnPF6, under an air atmosphere to give 
compound (II). This reaction involves the oxidation of 
the TPAA ligand through a metal-assisted oxidative de- 
hydrogenation. 
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We have shown recently that TPAA can form a hep- 
tadentate manganese(II) complex (MnTPAA) and have 
performed the first crystallographic characterization of 
the structure of this ligand (Deroche et al., 1995). In 
the present paper, we report the crystal structure of (I). 
An ORTEPII (Johnson, 1976) plot of the [Fe(py3tren)] 2÷ 
ion is shown in Fig. 1. The coordination polyhedron of 
the iron(II) ion is best described as a trigonal antiprism 
twisted 6 ° towards a trigonal prism. The Fe atom is 
bonded to three pyridine N atoms [Fe--N2, Fe--N4 and 
Fe--N6 are 1.983 (3), 1.980 (4) and 1.979 (3) A, respec- 

Abstract 
The coordination polyhedron of the Fe II ion in the title 
compound, [Fe(C24H27NT)](PF6)2, is best described as a 
trigonal antiprism twisted 6 ° towards a trigonal prism. 
The tris[4-(2-pyridyl)-3-aza-3-butenyl]amine ligand co- 
ordinates to the metal centre through the three pyridine 
and three imino N atoms, each set of atoms forming 
two parallel ideal equilateral triangles; the metal ion is 
located between these two planes. The average values 
for the Fe--Npyridine °and the Fe--Nimino bond lengths 
are 1.981 and 1.950 A, respectively. The tripodal bridg- 
ing amine N atom lies on the pseudo ternary axis of the 
molecule and is situated 3.427 (7)A from the Fe centre. 

Comment 
The potentially heptadentate tripodal ligand tris[4- 
(2-pyridyl)-3-aza-3-butenyl]amine (py3tren) has been 
found to form iron(II) and manganese(II) complexes 
characterized by sixfold coordination of the metal ion 
(Kichner et al., 1987). As part of our continuing stud- 
ies involving such hindered polydentate ligands and our 
general interest in their complexes, which may be pro- 
posed as iron or manganese superoxide mimics, we 
have found that the complex [Fe(py3tren)](PF6)2 can be 
formed in two different ways: (a) by the direct mixing 
of py3tren with FeC12 and NH4PF6 in methanol to give 
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Fig. 1. An ORTEPII (Johnson, 1976) drawing of the [Fe(C24HzTNT)] 2÷ 
cation with the atomic numbering scheme. Displacement ellipsoids 
are drawn at the 50% probability level. 
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tively] and three imino N atoms [Fe--N1, Fe--N3 and 
Fe--N5 are 1.952 (4), 1.953 (3) and 1.946 (4) ,~, respec- 
tively]. The tripodal bridging amine N atom, N7, lies 
on the pseudo ternary axis of the molecule and is situ- 
ated 3.427 (7)/~, from the Fe centre. The Fe..-N7 dis- 
tance is too long for any interactions between the atoms 
to be considered. This crystal structure is very similar 
to the structure of [Fe(py3tren)](BF4)2 reported previ- 
ously (Kichner et al., 1987); this complex was obtained 
by mixing py3tren with FeC12 and NaBF4 in methanol. 
The presence of the counter anion BF4- instead of PF6- 
does not induce significant changes in the structure. 
Nevertheless, in order to perform a reliable compari- 
son of (I) and (H), which are surprisingly different, it 
was necessary to obtain the molecular cationic complex 
[Fe(py3tren)] 2+ crystallized with the same counter an- 
ion, PF6-. The structure of (II) and its comparison with 
(I) are undergoing further study. 

Experimental 
To a st irred solut ion  con ta in ing  0 . 2 9 4 g  (0.71 m m o l )  o f  
py3tren in me thano l  (15 ml)  was  added  a solut ion  o f  0 .140 g 
(0.71 m m o l )  o f  F e C I 2 . 4 H 2 0  d i s so lved  in me thano l  (5 ml).  The  
red so lu t ion  that  f o r m e d  was  stirred for  1 h at r o o m  tempera-  
ture under  air a tmosphere ,  af ter  wh ich  0.347 g (2.13 m m o l )  o f  
NI-I4PF6 in me thano l  (5 ml)  was  added  to induce  precip i ta t ion  
o f  the complex .  The  so lu t ion  was  fi l tered and  the c o m p l e x  
recrys ta l l ized  f rom a 1:1 C H 3 O H / a c e t o n e  solut ion,  y ie ld ing  
0.42 g (78%) o f  (I), c rys ta ls  o f  wh ich  were  sui table for  X- ray  

c rys ta l lograph ic  analys is .  

Crystal data 

[Fe(C24H27NT)](PF6)2 
Mr = 759.29 
Monoc l in i c  

e2n/c 
a = 14.806 (2) ,~, 
b = 10.677 (2)/~, 
c = 19.669 (5)/~, 
/3 = 108.55 (2) ° 
V = 2947.8 (10) ,~3 

Z = 4  
D,, = 1.71 M g  m -3  

M o  Ka radia t ion 
)~ = 0 .71073 ,~, 
Cel l  parameters  f rom 25 

ref lect ions  
0 = 8 . 3 - 1 7 . 5  ° 
# = 0 .720 m m - I  
T = 293 K 
Para l le lep iped  
0.33 × 0.21 × 0.09 m m  
B l a c k - r e d  

Data collection 

E n r a f - N o n i u s  C A D - 4 F  
d i f f rac tomete r  

w/20 scans  
Absorp t ion  correct ion:  

scans 
Tmi, = 0.92, Tmax = 1.00 

6292 m e a s u r e d  ref lec t ions  
5963 independen t  ref lect ions  
2802 obse rved  ref lec t ions  

[ I  > 3cr(h] 

Refinement 

Ref inemen t  on F 
R = 0.051 

Rim = 0.009 
0max ---- 27 ° 
h = 0 --. 18 
k = 0 --, 13 
l = - 2 4  --. 22 
3 s tandard  ref lect ions  

f requency :  60 min  
in tens i ty  decay:  1.2% 

w = 1/[cr2(Fo) + 0 . 0 0 1 6 F  2] 

(m/o')max ( 0.001 

wR = 0.061 
S = 1.854 
2802 ref lect ions  
416 paramete r s  
H - a t o m  parameters  not  

ref ined 

Apmax = 0.63 e / ~ - 3  
Apmi, = - 0 . 3 8  e / ~ - 3  
A t o m i c  scat ter ing factors  

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters  (/~2) 

* * . . Beq = (1/3)Ei~jBoa i aj a,.aj. 

x y z Beq 
Fe -0.27522 (5) 0.24738 (8) 0.19130 (4) 2.84 (1) 
P! 0.0784 (1) 0.2261 (2) 0.5988 (1) 4.87 (4) 
P2 -0.5484 (1) 0.2315 (2) 0.3685 (1) 4.95 (4) 
FI -0.0323 (3) 0.2281 (5) 0.5703 (3) 8.9 (1) 
F2 0.1896 (3) 0.2185 (6) 0.6259 (3) 12.7 (12) 
F3 0.0755 (4) 0.1572 (7) 0.5291 (3) 13.7 (2) 
F4 0.0741 (4) 0.1015 (5) 0.6385 (3) 11.9 (2) 
F5 0.0822 (4) 0.3482 (5) 0.5588 (3) 13.8 (2) 
F6 0.0798 (5) 0.2975 (7) 0.6648 (3) 17.1 (3) 
F7 -0.4434 (3) 0.2807 (4) 0.4045 (3) 8.2 (1) 
F8 -0.6522 (3) 0.1801 (5) 0.3333 (3) 8.9 (1) 
F9 -0.5266 (4) 0.1169 (5) 0.4164 (3) 14.9 (2) 
F10 -0.5696 (4) 0.3486 (5) 0.3166 (3) 11.4 (2) 
FI1 -0.5169 (3) 0.1631 (5) 0.3084 (3) 10.0 (1) 
FI2 -0.5828 (3) 0.3145 (5) 0.4197 (2) 10.5 (1) 
N1 -0.3295 (3) 0.3756 (4) 0.2375 (2) 3.1 (1) 
N2 -0.4122 (3) 0.2084 (4) 0.1458 (2) 2.7 (1) 
N3 -0.2698 (3) 0.1144 (4) 0.2607 (2) 3.1 (1) 
N4 -0.2296 (3) 0.1092 (4) 0.1436 (2) 3.3 (1) 
N5 -0.1433 (3) 0.3006 (5) 0.2325 (2) 3.6 (1) 
N6 -0.2707 (3) 0.3728 (4) 0.1184 (2) 3.0 (1) 
N7 -0.1807 (4) 0.3049 (5) 0.3716 (3) 4.7 (1) 
C1 -0.4211 (4) 0.3788 (5) 0.2183 (3) 3.6 (1) 
C2 -0.4715 (4) 0.2845 (5) 0.1677 (3) 3.2 (1) 
C3 -0.5699 (4) 0.2708 (6) 0.1438 (3) 4.2 (1) 
C4 -0.6087 (4) 0.1747 (6) 0.0963 (3) 4.3 (2) 
C5 -0.5492 (4) 0.0967 (6) 0.0754 (3) 4.2 (2) 
C6 -0.4524 (4) 0.1160 (5) 0.1004 (3) 3.8 ( 1 ) 
C7 -0.2491 (4) 0.0054 (5) 0.2428 (3) 3.7 (1) 
C8 -0.2221 (4) -0.0030 (5) 0.1782 (3) 3.3 (1) 
C9 -0.1926 (4) -0.1106 (6) 0.1535 (3) 4.4 (2) 
C10 -0.1643 (4) -0.1052 (6) 0.0929 (3) 4.9 (2) 
C 11 - 0.1680 (4) 0.0093 (6) 0.0589 (3) 4.4 (2) 
C12 -0.2019 (4) 0.1131 (6) 0.0846 (3) 4.0 (1) 
C13 -0.1138 (4) 0.3822 (6) 0.1964 (3) 3.9 (1) 
C14 -0.1850 (4) 0.4284 (5) 0.1308 (3) 3.4 (1) 
C15 -0.1659 (4) 0.5152 (6) 0.0856 (3) 4.4 (2) 
C16 -0.2394 (4) 0.5496 (6) 0.0254 (3) 4.5 (2) 
C17 -0.3274 (4) 0.4968 (6) 0.0127 (3) 4.2 (2) 
C18 -0.3416 (4) 0.4080 (5) 0.0593 (3) 3.4 (1) 
C19 -0.2767 (4) 0.4695 (5) 0.2895 (3) 3.9 (1) 
C20 -0.2405 (5) 0.4128 (6) 0.3649 (3) 4.6 (2) 
C21 -0.2942 (4) 0.1260 (6) 0.3273 (3) 4.2 (1) 
C22 -0.2124 (5) 0.1829 (6) 0.3882 (3) 4.6 (2) 
C23 -0.0738 (4) 0.2523 (7) 0.2991 (3) 4.6 (1) 
C24 -0.0863 (5) 0.3160 (7) 0.3654 (3) 5.3 (2) 

T a b l e  2. Selected geometric parameters  (,~,, °)  

Fe--N1 1.952 (4) Fe--N4 1.980 (4) 
Fe--N3 1.953 (3) Fe--N6 1.979 (3) 
Fe--N5 1.946 (4) Fe--N7 3.427 (7) 
Fe--N2 1.983 (3) 

N 1--Fe--N2 81.0 (1) N2--Fe--N6 94.6 (1) 
NI--Fe--N6 88.7 (1) N2--Fe--N3 88.4 (1) 
N 1--Fe--N5 96.2 (2) C20---N7---C24 120.8 (4) 
N 1--Fe--N4 175.3 (2) C20---N7---C22 120.3 (4) 
N1--Fe--N3 96.6 (1) C22--N7--C24 118.8 (4) 

The  empi r ica l  absorp t ion  correc t ion  was  based  on az imutha l  
0 scans  o f  three ref lec t ions  hav ing  a Euler ian  X near  90 ° 
(k > 100 °) a round  the d i f f rac t ion  vector.  The  s t ructure  was  
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solved by direct methods using MULTAN11/82 (Main et al., 
1982) and refined by full-matrix least-squares calculations, 
initially with isotropic and finally with anisotropic displace- 
ment parameters for non H-atoms. All H atoms were found 
from a difference Fourier map and included in the structure- 
factor calculations. All calculations were performed on DEC 
MicroVAX II and IBM RS/6000 computers using the Enraf- 
Nonius SDP-Plus (Frenz, 1985) and Xtal3.2 (Hall, Flack & 
Stewart, 1992) systems. Molecular graphics were prepared us- 
ing ORTEPII (Johnson, 1976). 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates, complete geometry and root-mean-square amplitudes 
have been deposited with the IUCr (Reference: NA 1171). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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another molecule arranged about a threefold axis are 
contained in the asymmetric unit. Both molecules have 
almost the same geometry for the octahedral FeO3N3 
chromophores, but opposite chirality of the arrangement 
of the ligands around the Fe atoms. 

Comment 
Iron(III) triphenylphosphine oxide complexes of com- 
position FeX3(OPPh3)2 (X = CI- ,  Br-  or SCN-)  
act as oxidation catalysts of PPh3 with 02 in 
acetonitrile solutions (Ondrejkovi6ovd, Van~ovd & 
Ondrejovi~, 1983, 1991). These complexes show dif- 
ferent catalytic activity, which depends not only on 
the redox potentials X2/X- but also on their crys- 
tal structures. Chloro and bromo complexes have 
the ionic structure [FeX2(OPPh3)4][FeX4] (Dur~ansk~i, 
Gtowiak, Ko~i~ek, Ondrejkovi6ov~i & Ondrejovi6, 
1989; Dur6ansk~i, Gtowiak, Gyepes, Ondrejkovi6ov~i & 
Ondrejovi~, 1991) and [Fe(NCS)3(OPPh3)2] has a non- 
ionic structure (Cotton & Gibson, 1971). 
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Abstract 
The iron(III) complex [Fe(NCS)3(CIsH15PO)3] crystal- 
lizes in space group R3. One complex molecule with no 
crystallographically imposed symmetry and one-third of 
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The title compound, (I), the crystal structure of 
which we present here, exhibits catalytic properties 
similar to those of [Fe(NCS)3(OPPh3)2] (Van6ov~i, 
Ondrejkovi6ov~i & Ondrejovi6, 1984). The unit cell con- 
tains twelve molecules of [Fe(NCS)3(OPPh3)3], in each 
of which three NCS- and three OPPh3 ligands are coor- 
dinated at facial sites octahedrally around the Fe atom. 
Three of the complex molecules (type A) have crys- 
tallographic threefold symmetry and the remaining nine 
(type B), situated at general positions, have approximate 
threefold symmetry. In Fig. 1 an ORTEPII (Johnson, 
1976) view of both molecules projected along the c axis 
is presented. As can be seen, molecules A and B have 
opposite chirality, probably imposed by the crystal pack- 
ing and/or the arrangement of triphenylphosphine oxide 
ligands. More pronounced differences between the inde- 
pendent molecules A and B are observed in the F e - - N - -  
C and Fe--O---P angles (see Table 2), which are more 
acute in A. Both molecules have very similar coordi- 
nation octahedra, the weighted r.m.s, deviation for the 
FeO3N3 cores being 0.0129A. All Fe--N and Fe----O 
bond distances are almost equal and the N- -Fe - -N  and 
O---Fe---O bond angles do not exhibit deviations from 
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