
1968 [ S n C  14 (C 34 H28 FeO2 P2)] 

Sn----CI2 2.3818 (10) P2--C13 1.790 (3) 
Sn---CI1 2.3894 (9) P2--C19 1.794 (3) 
Pl-----Ol 1,505 (2) P2---C30 1.773 (3) 

O2--Sn---OI 85.31 (8) OI--P1---C25 112.97 (13) 
O2--Sn----C14 86.22 (6) OI--PI---CI I 11.30 (14) 
OI--Sn--CI4 86.09 (6) C25--PI----C1 106.58 (14) 
O2--Sn--C13 84.77 (6) OI--P1---C7 108.06 (14) 
O1--Sn--CI3 85.88 (6) C25--PI--C7 106,83 (14) 
CI4--Sn---CI3 168.38 (3) CI--PI--C7 111.03 (14) 
O2--Sn--C12 90.94 (6) O2--P2---C30 113.54 (13) 
OI--Sn----CI2 176.15 (6) O2--P2---CI3 108.46 (13) 
CI4---Sn---CI2 94.55 (4) C30--P2--C13 108.09 (14) 
C13--Sn---C12 92.91 (4) O2--P2--C19 112.87 (13) 
O2--Sn---CII 174.65 (6) C30--P2---C19 106.37 (13) 
OI--Sn--CII 89.39 (6) C13--P2---CI9 107.24 (14) 
CI4--Sn---CI1 92.71 (4) PI--O1--Sn 161.52 (14) 
CI3--Sn--Cll 95.58 (4) P2---432--Sn 158.88 (14) 
CI2---Sn--CII 94.37 (4) 

The title structure was solved by direct methods and refined by 
full-matrix least-squares techniques. All H atoms were located 
from difference maps and refined isotropically. 

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990a). Program(s) used 
to refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: SHELXTL/PC (Sheldrick, 1990b). Software used 
to prepare material for publication: SHELXL93. Geometric 
calculations: PARST (Nardelli, 1983). 
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and Universiti Sains Malaysia for research grants UKM 
20/94, and R & D  123-3402-1404 and 123-3417-2201. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: KHI088). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 
The title compound, [ReC10(CI8H14OP)2], contains 
severely distorted octahedra with a cis,cis, cis config- 
uration. One of the phenolate O atoms is trans to the 
R e d O  bond, whereas the two P atoms occupy cis sites. 
Departure from octahedral geometry can be interpreted 
in terms of the steric hindrance between the phosphine 
groups, the small bite of the P--O chelating agent and 
the tendency of the Re~----O bond to repel the adja- 
cent bonds. Bond lengths are R e = O  1.686 (4), Re- -  
C1 2.394 (2), Re--P 2.443 (2) and 2.451 (2), and Re- -  
O(phenolate) 2.003 (4) (trans to Re--toO) and 1.987 (4) ,~, 
(trans to P). 

Comment  
Chlorobis [ 2- (diphenylphosphino) phenolato- O, P ] oxo- 
rhenium(V), (I), was prepared as part of our ongoing 
research into rhenium complexes with various P---O 
chelating agents of potential interest in radiopharmacy. 
While this work was in progress, the same complex was 
prepared via a different route by Luo, Setyawati, Ret- 
tig & Orvig (1995). The present crystallographic study 
confirms the geometry proposed by those authors from 
NMR data. 

~ 4  I P4\ 
Ol Re Ol 1 

o 

(I) 

The crystal structure of (I) contains highly distorted 
cis,cis,cis-octahedral molecules (Fig. 1). The metal is 
a chiral centre and all molecules in the crystal studied 
have an absolute C configuration. The bulk sample is 
racemic, however, as evidenced from the zero rotatory 
power measured in CH2C12. 

Departure from idealized octahedral geometry (Table 
2) can be rationalized from the three factors discussed 
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~ C 4 5  
C63 C43 ~ j ~  

C65~ ' C53 

Oll 

C21 

3 C25 

C15 

Fig. 1. ORTEPII (Johnson, 1976) drawing of the title molecule. In 
the atomic symbols for ring atoms, the last digit corresponds to the 
position around the ring and the first two digits (first for the phenol 
ring) are used to identify the ring. H atoms have been omitted for 
clarity and ellipsoids correspond to 40% probability. 

by Luo et al. (1995) for complexes with a related 
tridentate O--P-- -O ligand, i.e. P - - O  chelation imposes 
an O - - R e - - P  angle of ca 80 ° in the ring, bulky Ph2P 
groups in cis positions open the P l l - - R e - - P 4 1  angle 
to ca 100 ° and the Re==O bond tends to repel the 
cis ligands. The latter effect increases the O I ~ R e - -  
C1 and O l ~ R e - - O 4 1  angles to 99.5 (2) and 107.8 (2) °, 
respectively, but for phosphines, this effect is either 
less important [O 1- -Re- -P41  93.7 (2) ° ] or non-existent 
[O 1 ~ R e - - P  11 89.4 (2) ° ]. 

The Re~--~-O1 distance [1.686(4)A,] is typical of 
mono-oxo compounds (Nugent & Mayer, 1988). The 
Re---C1 distance o[2.394(2)A] is also in the normal 
range (2.37-2.44 A) for this type of compound (Lebuis 
& Beauchamp, 1994). The R e a P  bonds [2.443 (2) and 
2.451 (2)A] are approximately equal, but somewhat 
longer than that reported [2.428 (1) A] for the same P - -  
O ligand in [ReO(P-O)(O-P-O)]  (Luo et al., 1995). The 
R e - - O  11 bond [2.003 (4) A], which is trans to Re==O 1, 
is significantly longer than Re---O41 [1.987(4)A,], 
which is trans to a PPh2 group. This difference can 
be ascribed to the trans influence of Re- -O.  Both 
these distances are not very different from the one 
reported for the same phenolate ligand [1.994 (3) ~,; Luo 
et al., 1995], but definitely longer than those found 
in O==Re--OR units with aliphatic R groups (Lebuis, 
Roux & Beauchamp, 1993; Lebuis & Beauchamp, 
1994). 

The metal atom does not lie exactly along the 
expected lone-pair direction of the phosphine; chelation 
imposes an Re--P--C(phenola te)  angle of ca 100 °, 
whereas the two Re- -P- -C(pheny l )  angles are ca 18 ° 
greater. The Re- -P41- -C42- -C41- - -O41  chelate ring 
is planar within 0.017 (4)~, (mean deviation 0.011 A), 
but the Re--P11---C12---C11--O11 chelate ring is more 
puckered °[mean deviation 0.035 A, maximum deviation 
0.053(3)A for Ol l ] .  The phenyl rings display no 
unusual features. It is worth noting that the C51-C56 
ring is nearly parallel to the phenolate C l l - C 1 6  unit 
and is probably involved in intramolecular stacking 
interactions with it. 

Compounds containing the ~ R e - - - O R  unit are 
common in Re v chemistry and the present structure 
provides extra support for this marked preference. The 
presence of phosphine groups in cis positions is not the 
best way to minimize steric hindrance. However, the 
fact that the Ni(P-O)2 complex with the same ligand 
adopts the cis square-planar arrangement rather than the 
less crowded trans geometry (Dartiguenave et al., 1996) 
indicates that the steric effect is not the predominant 
factor here. The phosphine group does not seem to 
be bulky enough to overcome an electronic preference 
for phosphines to position themselves trans to O or C1 
atoms, instead of trans with respect to one another. 

Experimental 
The title compound was obtained by mixing a solution of 
[ReOC13(PPh3h] (0.50g, 0.6 mmol) in toluene (25 ml) with 
the ligand (0.334g, 1.20mmol) and triethylamine (0.121 g, 
1.20 mmol) also dissolved in toluene (25 ml). The solutions 
were stirred separately at 353 K for 30 min and the rhenium 
solution was transferred into the other by means of a 
cannula. Upon mixing, the solution turned bottle green and 
became progressively darker. The mixture was stirred for a 
further 15 min at 353 K and the khaki-green precipitate was 
filtered, washed with ethanol and diethyl ether, and dried in 
vacuo (84% yield). The same compound was obtained from 
(AsPh4)[ReOCh] (0.50 g, 0.69 mmol) dissolved in refluxing 
ethanol (50 ml), to which the ligand (0.383 g, 1.38 mmol) was 
added. The yellow-green solution quickly turned khaki green 
and a green precipitate appeared. The mixture was refluxed for 
5 h and the khaki-green precipitate was filtered, washed with 
diethyl ether and dried in vacuo (82% yield). Crystals were 
obtained by recrystallization from CH2C12 at 273 K. 

Crystal data 

[ReC10(C 18 H 14 OP)2 ] 
Mr = 792.18 
Orthorhombic 
P212121 
a = 10.223 (3) ,4, 
b = 14.096 (3) 
c = 21.454 (8) * 
V = 3091.6 (16) ,~3 
Z = 4  
Dx -- 1.702 Mg m -3 
Dm not measured 

Cu Ka radiation 
A = 1.54056 A, 
Cell parameters from 25 

reflections 
0 = 20.0--25.0 ° 
#=9 .51  nun -I 
T = 293 (2) K 
Parallelepiped 
0.16 × 0.16 × 0.11 mm 
Khaki green 



1970 [ReC10(C18H14OP)2] 

Data collection 

Nonius  C A D - 4  d i f f rac tom-  

eter  
0/20 scans 
Absorp t ion  correct ion:  

by  in tegra t ion  f r o m  crys ta l  
shape 

Train = 0.29, Tmax = 0.48 
22 362 m e a s u r e d  ref lect ions 
5871 independen t  ref lect ions 

4936 observed reflections 
[I > 2o'(/)] 

Rint = 0.101 
0max = 69.93 ° 
h = 0 ---~ 12 
k = 0 - ~  17 
1 = - 2 6  - ,  26 
5 standard reflections 

frequency: 30 min 
intensity decay: 9.0% 

Refinement 

R e f i n e m e n t  on F 2 

R(F)  = 0 .0310 
wR(F 2) = 0.0650 

S = 0.740 
5871 reflections 
389 parameters 
H atoms riding (C--H = 

0.93 ,~,) 
w = 1/tr2(Fo 2) 

(A/o")max = 0.003 
Apmax = 0.876 e ~ -3  
Apmin -- -0.963 e ,~-3 

Ext inc t ion  correct ion:  
SHELXL93 (Sheldrick, 
1993) 

Extinction coefficient: 
0.000211 (14) 

Atomic scattering factors 
f rom International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Abso lu te  conf igurat ion:  
F lack  (1983) pa ramete r  = 
- 0 . 0 3 3  (10) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) 

1 * * Ueq = ( /3)E,EjUoa i aj ai.aj. 

x y Z Ueq 
Re 0.87048 (3) 0.95958 (2) 0.14206 (l) 0.03362 (7) 
Cl 0.7371 (2) 0.90959 (I 4) 0.22769 (9) 0.0569 (5) 
Ol 0.7542 (5) 1.0083 (3) 0.0964 (2) 0.0480 (13) 
Ol 1 1.0308 (4) 0.9369 (3) 0.1937 (2) 0.0384 ( l l ) 
Cll 1.0997 (6) 1.0018 (5) 0.2262 (3) 0.036 (2) 
C12 1.0522 (6) 1.0940 (5) 0.2332 (3) 0.036 (2) 
C13 1.1244 (8) 1.1597 (5) 0.2679 (3) 0.049 (2) 
C14 1.2409 (7) 1.1337 (6) 0.2939 (3) 0.055 (2) 
C15 1.2900 (7) 1.0433 (7) 0.2851 (3) 0.058 (2) 
C16 1.2205 (7) 0.9756 (5) 0.2523 (3) 0.048 (2) 
Pll 0.9027 (2) l.11394 (12 )  0.19234 (7) 0.0357 (4) 
C21 0.7836 (6) 1.1558 (5) 0.2490 (3) 0.039 (2) 
C22 0.6707 (6) 1.1981 (5) 0.2287 (3) 0.049 (2) 
C23 0.5755 (7) 1.2262 (6) 0.2701 (4) 0.058 (2) 
C24 0.5933 (7) 1.2122 (6) 0.3329 (4) 0.058 (2) 
C25 0.7050 (7) 1.1707 (6) 0.3538 (4) 0.063 (2) 
C26 0.7990 (7) 1.1420 (6) 0.3122 (3) 0.059 (2) 
C31 0.9216 (6) 1.2173 (4) 0.1426 (3) 0.0406 (14) 
C32 0.9668 (8) 1.3022 (6) 0.1639 (3) 0.059 (2) 
C33 0.9886 (9) 1.3783 (6) 0.1241 (4) 0.078 (3) 
C34 0.9641 (10) 1.3672 (6) 0.0619 (5) 0.076 (3) 
C35 0.9176 (9) 1.2852 (6) 0.0402 (4) 0.075 (3) 
C36 0.8940 (8) 1.2093 (5) 0.0790 (3) 0.057 (2) 
041 0.8826 (5) 0.8227 (3) 0.1209 (2) 0.0407 (10) 
C41 0.9625 (6) 0.7859 (5) 0.0772 (3) 0.0375 (15) 
C42 1.0450 (6) 0.8450 (4) 0.0418 (3) 0.0353 (15) 
C43 1.1204 (8) 0.8055 (5) -0.0058 (3) 0.046 (2) 
C44 1.1187 (8) 0.7108 (5) -0.0180 (3) 0.050 (2) 
C45 1.0385 (7) 0.6516 (5) 0.0178 (3) 0.052 (2) 
C46 0.9616 (7) 0.6883 (5) 0.0645 (3) 0.047 (2) 
P41 1.0388 (2) 0.96815 (15)  0.06143 (7) 0.0348 (4) 
C51 1.2022 (7) 1.0046 (5) 0.0861 (3) 0.038 (2) 
C52 1.2984 (7) 0.9385 (5) 0.0958 (3) 0.046 (2) 
C53 1.4188 (7) 0.9665 (7) 0.1183 (3) 0.061 (2) 
C54 1.4424 (7) 1.0586 (7) 0.1315 (4) 0.067 (3) 
C55 1.3483 (7) 1.1251 (6) 0.1228 (3) 0.055 (2) 
C56 1.2257 (7) 1.0974 (5) 0.1004 (3) 0.044 (2) 

C61 1.0088 (7) 1.0274 (5) -0.0126 (3) 0.041 (2) 
C62 1.1070 (8) 1.0757 (5) -0.0432 (3) 0.060 (2) 
C63 1.0835 (10) 1.1159 (6) -0.1005 (4) 0.076 (3) 
C64 0.9627 (10) 1.1108 (6) -0.1269 (4) 0.071 (3) 
C65 0.8631 (10) 1.0652 (6) -0.0971 (3) 0.074 (3) 
C66 0.8853 (8) 1.0235 (6) -0.0395 (3) 0.062 (2) 

Table 2. Selected geometric parameters (,4, o) 
Re---C1 2.394 (2) PI 1 --C 12 1.784 (6) 
Re--PI 1 2.451 (2) P11---C21 1.819(7) 
Re--P41 2.443 (2) PI 1--C31 1.816 (7) 
Re--OI 1.686 (4) O41---C41 1.347 (7) 
Re--Oil 2.003 (4) C41---C42 1.408 (8) 
Re--O41 1.987 (4) P41---C42 1.787 (6) 
O11---CI 1 1.348 (7) P41--C61 1.820 (6) 
C1 I---CI2 1.396 (8) P41---C51 1.826 (7) 

OI--Re--CI 99.5 (2) Ol I---CI 1---CI 2 120.4 (6) 
OI--Re--P11 89.4(2) CI 1--CI2--PII 113.0(5) 
OI--Re--P41 93.7 (2) CI2--PI 1---C31 108.9 (3) 
OI--Re----OI 1 164.3 (2) CI2--PI 1---C21 107.2 (3) 
OI--Re--O41 107.8 (2) C3 I--PI 1---C21 101.8 (3) 
C1--Re--PI1 90.01 (6) C12--PII--Re 101.1 (2) 
CI--Re--P41 163.57 (7) C31--P1 l--Re 117.9 (2) 
CI--Re---O 11 89.70 (13) C2 l--P1 l--Re 119.5 (2) 
CI--Re---O41 85.71 (13) C41--O41--Re 124.8 (4) 
PI I--Re--P41 99.96 (6) O41--C41---C42 120.7 (6) 
PI l--Re--Ol I 77.77 (13) C41---C42--P41 115.2 (5) 
P11--Re---O41 162.72(13) C42--P41---C51 108.0(3) 
P41--Re--OI1 79.82 (12) C61--P41----C51 106.1 (3) 
P41--Re--O41 80.92 (14) C42--P41--Re 98.3 (2) 
O11--Re--O41 85.5 (2) C61--P41--Re 121.4 (2) 
CI 1---O11--Re 127.2(4) C51--P41--Re 117.0(2) 

Data  col lect ion:  CAD-4 Software (En ra f -Non ius ,  1989). Cel l  
ref inement :  CAD-4 Software. Data  reduct ion:  NRC-2, NRC- 
2A (Ahmed ,  Hall ,  P ippy  & Huber,  1973). Program(s)  used  to 
solve structure:  SHELXS86 (Sheldrick,  1985). Program(s)  used  
to refine structure: SHELXL93 (Sheldrick,  1993). Molecu la r  
graphics:  ORTEPII ( Johnson (1976); NRCVAX (Gabe,  Le  
Page,  Char land ,  Lee  & Whi te ,  1989). Sof tware  used  to prepare  
mater ia l  for publ icat ion:  SHELXL93. 

The financial support of  the Natural Sciences and 
Engineering Research Council of  Canada and the Fonds 
F C A R  du Minist6re de l 'l~ducation du Qu6bec is 
gratefully acknowledged.  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and torsion angles have been 
deposited with the IUCr (Reference: FG1173). Copies may be obtained 
through The Managing Editor, International Union of Crystallography, 
5 Abbey Square, Chester CHI 2HU, England. 
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The reaction of iron(III) chloride with the Schiff 
base p-bromophenylsalicylaldimine is one from which 
several complexes with similar steric and magnetic 
properties may be derived. The present five-coordinate 
monomeric iron(III) complex, (I), is a distorted square 
pyramid with the C1 atom at the apex. The Fe atom 
is 0.495 (2)~, above the least-squares plane defined by 
the Schiff base N- and O-donor atoms, which show a 
small tetrahedral distortion with an r.m.s, displacement 
of 0.199 (3) ,~,. 
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Abstract 
In the title complex, bis[2-(4-bromophenyliminomethyl)- 
phenolato-N,O]chloroiron(III), [FeCl(C13H9BrNO)2], the 
Fe 3÷ ion shows a distorted square-pyramidal geometry, 
with the N and O ligand atoms forming the base 
[Fe--O 1.857 43) and 1.864 (3) ,~, and Fe--N 2.144 (3) 
and 2.164(3)A] and the C1 atom at the apex [Fe--C1 
2.238 (1) A]. 

Comment 
The complexes of transition metal ions with Schiff 
bases are a large and growing class of compounds of 
both stereochemical and magnetochemical interest (Gar- 
novskii, Nivorozhkin & Minkin, 1973; Maggio, Pizzino 
& Romano, 1974; Morassi, Bertini & Sacconi, 1973). 
Characteristically, several distinct compounds may be 
isolated from one reaction mixture. The products may 
differ in the coordination number of the metal ion, 
the stereochemistry of ligand isomers or the degree 
of molecular complexity. The nature of the products 
appears to depend on many factors which include the 
solvent system, steric constraints imposed by ligand side 
groups, crystal-packing considerations and hybridization 
which, if any, is the predominant effect (Elmah, Eler- 
man, Svoboda & Fuess, 1993; Elmah, Atakol, Svoboda 
& Fuess, 1993; Gerloch & Mabbs, 1967). 
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Br 

 c+H 
° \  I/N=c, 

= N / F e  ~ 0 - ~  

Br 

fl) 

The bond lengths of Fe 3÷ (Table 2) are close to those 
in the related five-coordinate salen [salen is N,N-ethyl- 
enebis(salicylideneaminato)] complexes [FeCl(salen)] 
(Gamovskii et al., 1973) and [Fe2(salen)20] (Maggio 
et al., 1974), and also in chloro(1,1'-diphenyl-3,3'- 
ethylenediiminodi-1-butanonato)iron(III) (Morassi et al., 
1973). The Fel atom is located 0.268 (3) and 0.499 (3) ~, 
above the least-squares planes through O1, C7, C13, 
N1 (chelate 1) and 02, C14, C20, N2 (chelate 2), re- 
spectively. The chelate planes are inclined at angles of 

C3 C2 

18 ~ C2G C21 

C26 C 2 ~  Brl 

Fig. 1. The molecular structure and atomic numbering of the title 
compound (ORTEPII; Johnson, 1976). The displacement ellipsoids 
are drawn at the 50% probability level. 
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