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C54 0.151 (2) -0.4236 (9) 0.3609 (9) 
C55 0.0486 (9) -0.3518 (8) 0.3561 (8) 
C56 0.0511 (8) -0.2443 (7) 0.3044 (8) 
C61 -0.2531 (6) 0.0461 (6) -0.2080 (5) 
C62 -0.3509 (6) -0.0415 (7) -0.2045 (5) 
C63 -0.4779 (7) -0.0079 (9) -0.2029 (6) 
C64 -0.4983 (8) 0.118 (2) -0.2022 (7) 
C65 -0.4033 (9) 0.2075 (9) -0.2059 (7) 
C66 -0.2812(7) 0.1734(7) -0.2091 (6) 
C71 -0.0081 (6) 0.1185(6) -0.2636(5) 
C72 -0.0666 (7) 0.1461 (6) -0.3651 (6) 
C73 -0.0110 (8) 0.2333 (7) -0.4209 (6) 
C74 0.1086 (8) 0.2957 (7) -0.3725 (7) 
C75 0.1695 (7) 0.2703 (7) -0.2728 (7) 
C76 0.1127(7) 0.1825(7) -0.2157(6) 
C81 0.0608 (6) -0.2053 (6) -0.3295 (6) 
C82 0.1279(7) -0.1356(7) -0.3911 (6) 
C83 0.2509 (7) -0.1675 (8) -0.4045 (7) 
C84 0.3022 (7) -0.2665 (8) -0.3614 (7) 
C85 0.2386 (7) -0.3369 (7) -0.2979 (7) 
C86 0.1148(7) -0.3060(7) -0.2831 (7) 

0.093 (3) 
0.073 (3) 
0.064 (2) 
0.032 (2) 
0.040 (2) 
0.057 (2) 
0.069 (3) 
0.066 (2) 
O.O45 (2) 
O.O31 (2) 
0.042 (2) 
0.049 (2) 
O.056 (2) 
0.056 (2) 
O.045 (2) 
0.033 (2) 
0.045 (2) 
0.059 (2) 
0.060 (2) 
0.055 (2) 
0.053 (2) 

Table 2. Selected geometric parameters (~,, o) 
Mnl--CI 1.793 (7) Pl--O4 1.603 (5) 
MnI--C2 1.814 (7) Pl--O3 1.606 (5) 
Mn I--N2 2.050 (5) P2--P3 2.245 (2) 
MnI--NI 2.053 (5) P3--N5 1.588 (6) 
Mnl--PI 2.210(2) P3--N3 1.621 (5) 
Mnl--P2 2.362 (2) P4---N3 1.556 (5) 
CI l--P4 1.979 (3) P4--N4 1.566 (7) 
C12--P4 2.008 (2) P5--N4 1.569 (6) 
C13--P5 2.004 (3) P5--N5 1.579 (6) 
C14--P5 2.000(3) O 1 ~ 1  1.141 (7) 
PI---O5 1.581 (5) O2--C2 1.139 (7) 

C2--MnI--N2 171.4 (3) O~-PI - -Mnl  122.4 (2) 
CI--MnI--NI 173.8 (3) O3--P1--Mnl II 1.3 (2) 
C1--MnI--PI 86.2 (2) P3--P2--Mnl 120.1 (I) 
C2--Mn I--P1 88.9 (2) N5--P3--N3 I 15.5 (3) 
N2--MnI--PI 87.2 (2) N3--P4~-N4 119.2 (3) 
NI--MnI--PI  93.6 (2) CI 1--P4-----C12 101.0 (2) 
CI--MnI--P2 91.5 (2) N4---P5--N5 118.5 (3) 
C2--MnI--P2 86.0 (2) CI4---P5--CI3 100.0 (2) 
N2--MnI--P2 98.2 (2) P4--N3--P3 121.1 (3) 
N l--Mn I--P2 89.2 (2) P4---N4---P5 120.3 (4) 
PI--MnI--P2 174.3 (I) P5--N5--P3 122.8 (3) 
O5--PI--Mnl 115.8 (2) 

N2--Mnl--P2--P3 -24.5 (2) Mnl--P2--P3--N3 47.7 (2) 
N I--MnI--P2--P3 - 102.6 (2) 

Data were collected (Enraf-Nonius, 1989) with profile analysis 
over all reflections (Lehmann & Larsen, 1974; Grant & Gabe, 
1978). Friedel pairs were measured from 0 to 20 ° (0). Standard 
drift corrections were applied. Cell refinement was performed 
using DIRDIF CRYSDA (Beurskens et al., 1992). DATAR 
(Van der Maelen Urfa, 1991) was used for data reduction. 
The structure was completed by the DIRDIF phase-expansion 
procedure. Isotropic least-squares refinement used a local 
version of SHELX76 (Sheldrick, 1976; Van der Maelen Ur/a, 
1991). Final refinement used SHELXL93 (Sheldrick, 1993). 
The absolute configuration was checked with a new version 
of the BIJVOET program (Beurskens, Noordik & Beurskens, 
1980) giving a Bijvoet coefficient of 0.933 (2) for the strongest 
I00 Friedel pairs. Further geometrical calculations were made 
with PARST (Nardelli, 1983) and Fig. 1 was produced using 
the EUCLID package (Spek, 1982). 

We thank the Spanish DGICYT for support (project 
PB91-0664). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and hydrogen-bonding geometry 
have been deposited with the IUCr (Reference: HRI019).  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 structure of tetrahydridobis[I,2-bis(diphenyl- 
phosphino)cthane-P.P']molybdenum(IV), [MoH4- 
(dppe)_q (dppe = Ph_@CH~CH~PPh_~), is reported as 
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24 [MoH4(Cz6H24P2)2 ].C4H80 

the tetrahydrofuran solvate. The molecule has 
dodecahedral geometry with the four P atoms in the 
B sites and the hydrides in the A sites. Mean Mo--P 
and Mo--H distances are 2.420 (3) and 1.67 (2)A, 
respectively. 

Comment 
The tetrahydride [MoH4(dppe)2], (I), (dppe = Ph2- 
PCH2CH2PPh2) can be prepared either by hydridic 
reduction of a halide complex such as [MoCl4(dppe)] 
in the presence of dppe or, more conveniently, 
by treatment of trans-[Mo(N2)2(dppe)2] with H, 
(Archer, George & Noble, 1981). Apart from H2, a 
number of species can act as hydrogen-transfer 
agents to trans-[Mo(N2)2(dppe)2], to give the tetra- 
hydride complex: these include 2-propanol, tetra- 
hydrofuran (thf), pyrrolidene or indoline (Tatsumi, 
Tominaga, Hidai & Uchida, 1977), l-alkynes (which 
we have also shown to give alkynyl-hydride com- 
plexes) (Pombeiro, Hills, Hughes & Richards, 1990) 
and, as observed in this work, even EtPh3PNH2 or 
acrylonitrile. The last reagent was the source of the 
crystals of [MoHq(dppe)2] used in this study. 

H_, 

H C 

P" / .  . \ 

J 

Ph Ph 

H, 

(I) 

Treatment of trans-[Mo(N2)2(dppe)2] under argon 
in tetrahydrofuran (thf) solution for 2 d with 2.2 mol 
equivalents of acrylonitrile gave a dark brown solu- 
tion. Addition of hexane gave a mixture of a brown 
amorphous solid (which could be removed by rapid 
washing with dichloromethane) and brown rectangu- 
lar prisms. The yield of crystalline material was 
about 15% and the compound, which was yellow 
when crushed, had bands in its infrared spectrum at 
1725 cm 1 (broad, Mo--H stretch) and 1090 cm 
(CO stretch of thf). 

The molecular structure of [MoH4(dppe)2].thf 
is shown with the atom-numbering scheme in Fig. 1. 
The structure is well resolved and the hydride atoms 
are clearly identified and refined. The molecule lies 
about a twofold symmetry axis and shows typical 
dodecahedral coordination (Hoard & Silverton, 
1963), with the four P atoms in the pseudo- 
equatorial B sites and the hydrides in the A sites. The 
mean Mo--P  and Mo- -H distances are 2.420 (3) 
and 1.67 (2)/~, respectively. The Mo--P  distances 
are among the shortest recorded for dodecahedral 
phosphine complexes of M (M = Mo or W) and the 

pseudo-trans P - - M o - - P  angles [157.70(2) and 
160.20 (2)] are among the largest (Guggenberger, 
1973: Cloke, Gibson, Green, Mtetwa & Prout, 1988; 
Lobkovskii, Makhaev, Borisov & Semenenko, 1979, 
1980: Lobkovskii, Borisov, Makhaev & Semenenko, 
1980a,h). 

The shape and size of the diphosphine ligands 
strongly influence the dimensions in this type of 
complex. Our molecule is very similar to [MoH4- 
(dippe)2] (dippe='Pr2PCH2CH2PiPr2) and [CrH4- 
(dmpe)2] (dmpe = Me2PCH2CH2PMe2), which, as 
far as we are aware, are the only other tetra- 
hydride bis(diphosphine) complexes to have been 
structurally characterized (Cloke, Gibson, Green. 
Mtetwa & Prout, 1988: Salt et al., 1985). In both the 
Mo molecules, there is relatively little steric crowding 
and the four P atoms take up positions close to the 
equatorial plane and close to the Mo atom. For the 
analogous tetrahydride monophosphine complexes, 
the Mo--P  distances often range widely, e.g. between 
2.433 (2) and 2.512 (2) A in [MoH4(PMePh2)4] 
(Guggenberger, 1973): the pseudo-trans P - - M o - - P  
angles of [MoH4(PMePh2)4], at 141.5(1) and 
144.1 (1),  are also rather smaller than in the diphos- 
phine complexes. 

In the crystal of [MoH4(dppe)2].thf, the complex 
molecules are discrete moieties, separated from each 
other and from the unresolved molecules of thf by 
normal van der Waals distances. 

'f 
15a ~[.~) 22a' 22a ( ~ f  25a 

25~ 1211 25b 

14b 
Fig. 1. The molecular structure of [MoH4idppe):]. showing the 

atom-numbering scheme: C atoms arc shown as e.g. 22a for 
C(22a). 

Experimental 
Crystal data 

[MoH4(C26H24P2)2].C4HsO Mo Ka radiation 
Mr = 968.9 A = 0.71069 
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Monoclinic 
P2/n 
a = 15.743 (1) 
b = 10.300 (1) ,~ 
c = 15.830 (1) A 
fl = 104.638 (7) ° 
v = 2483.5 ~3 
z = 2  
Dx = 1.295 Mg m -3 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w-0 scans 
Absorption correction: 

empirical 
Train = 0.99, Tmax = 1.00 

4573 measured reflections 
4373 independent reflections 
3882 observed reflections 

[I > 2or(I)] 

Refinement 

Ref inemen t  on F 
R = 0.032 
wR = 0.040 
S =  2.13 
4373 ref lect ions 
330 parameters  
w = 1/or2(F) 

( A / o r ) m a x  = 1.33 (in 
parameters of disordered 
solvent  a toms)  

Cell parameters from 25 
ref lect ions 

0 = 10-11 ° 
# = 0.42 mm-m 
T = 293 K 
Rec tangu la r  pr isms 
0.55 x 0.45 × 0.20 m m  
B r o w n - y e l l o w  

Rim = 0.005 
0max = 25 ° 
h = 0 ---, 18 
k = 0 ---, 12 

l = - 1 8  ~ 18 
2 s tandard  ref lect ions 

f requency:  167 min  
in tensi ty  variat ion:  s teady 

decrease  to 86.3% o f  
start ing values  

mpmax = 0.35 e A - 3  
mpmin = - 0 . 2 9  e A - 3  

Ext inc t ion  correct ion:  none  
A t o m i c  scat ter ing factors  

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

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

Uiso for H and thf atoms; Ueq = ( 1 / 3 ) E i ~ j U o a * a f a i . a  j for others. 

Occupancy 
Mo 1.0 
C(lla) 1.0 
C(12a) 1.0 
C(13a) 1.0 
C(14a) 1.0 
C(15a) 1.0 
C(I 6a) 1.0 
C(llb) 1.0 
C(12b) 1.0 
C(I 3b) 1.0 
C(14b) 1.0 
C(15b) 1.0 
C(16b) 1.0 
P(I) 1.0 
C(I ) 1.0 
C(2) .0 
P(2) .0 
C(21a) .0 
C(22a) .0 
C(23a) .0 
C(24a) .0 
C(25a) .0 
C(26a) .0 
C(21b) .0 
C(22b) 1.0 
C(23b) 1.0 
C(24b) 1.0 

x y z Ueq 
1/4 0.14111 (2) 1/4 0.0325 (1) 
0.0086 (1) 0.1101 (2) 0.2120 (1) 0.0448 (7) 

-0.0432 (2) 0.1792 (3) 0.2540 (2) 0.064 (1) 
-0.1076(2) 0.1171 (3) 0.2862(2) 0.081 (1) 
-0.1192(2) -0.0144(4) 0.2753(2) 0.082(1) 
-0.0684 (2) -0.0837 (3) 0.2342 (2) 0.083 (1) 
-0.0038 (2) -0.0226 (3) 0.2033 (2) 0.064 (1) 

0.0585 (1) 0.3547 (2) 0.1555 (1) 0.0430 (7) 
-0.0237 (2) 0.3805 (2) 0.1022 (2) 0.0549 (9) 
-0.0534 (2) 0.5065 (3) 0.0849 (2) 0.066 (1) 
-0.0013 (2) 0.6081 (3) 0.1199 (2) 0.070 (1) 

0.0814 (2) 0.5858 (3) 0.1709 (2) 0.075 (1) 
0.1111 (2) 0.4598(2) 0.1889(2) 0.0606(9) 
0.09885 (3) 0.18650 (5) 0.17609 (3) 0.0366 (2) 
0.0805 (1) 0.1269 (2) 0.0625 (1) 0.0450 (7) 
0.1592 (1) 0.1644 (2) 0.0284 (1) 0.0457 (8) 
0.26071 (3) 0.10064 (5) 0.10217 (3) 0.0368 (2) 
0.2640 (1) -0.0670 (2) 0.0627 (1) 0.0424 (7) 
0.2966(2) -0.1646(2) 0.1208(2) 0.076(I) 
0.3018 (3) -0.2909 (3) 0.0935 (2) 0.097 (2) 
0.2733 (2) -0.3225 (3) 0.0077 (2) 0.074 (1) 
0.2410 (2) -0.2283 (3) -0.0514 (2) 0.070 (1) 
0.2360 (2) -0.1008 (3) -0.0245 (2) 0.0595 (9) 
0.3459 (2) 0.1802 (2) 0.0593 ( 1 ) 0.0464 (8) 
0.3976(2) 0.1169(3) 0.0152(2) 0.077(1) 
0.4640 (2) 0.1801 (4) -0.0108 (3) 0.095 (2) 
0.4792 (2) 0.3063 (4) 0.0055 (3) 0.099 (2) 

C(25b) 1.0 0.4294 (3) 0.3732 (3) 0.05 i I (3) 
C(26b) !.0 0.3632 (2) 0.3107 (3) 0.0765 (2) 
H(3) 1.0 0.2597 (12) 0.2758 (20) 0.1954 (12) 
H(4) 1.0 0.1871 (14)  0.0070 (23) 0.2220 (13) 
0(50) 0.4 - i/4 0.4228 (14) i/4 
C(51) 0.4 -0.1817 (18) 0.5066 (32) 0.3132 (15) 
C(52) 0.4 -0.2194 (22) 0.6196 (26) 0.3281 (15) 
C(53) 0.4 -0.1911 (17)  0.4812 (28) 0.2361 (22) 
C(54) 0.4 -0.1633 (16) 0.5776 (33) 0.2770 (24) 
0(55) 0.4 - I/4 0.6888 (20) 1/4 
C(61) 0.2 -0.2353 (45) 0.6470 (40) 0.1902 (33) 
C(62) 0.2 -0.2517 (29) 0.4990 (33) 0.1846 (20) 
C(63) 0.2 -0.1897 (36) 0.6335 (40) 0.2897 (33) 
C(64) 0.2 -0.1995 (36) 0.6108 (62) 0.2084 (41) 
C(65) 0.2 -0.1883 (18) 0.4614 (28) 0.2816 (28) 

0.115 (2) 
0.088 (2) 
0.044 (5) 
0.057 (7) 
o. 146 (4) 
o. 176 (9) 
o. 175 (9) 
o. 184 (9) 
0.193 (9) 
0.215 (8) 
0.149 (13) 
o. 135 (9) 
0.153(13) 
0.144 (19) 
0.102 (7) 

Table 2. Selected geometric parameters (/~,, o) 

About the Mo atom 
Mo---P(I) 2.417 (1) Mo---H(3) i.661 (20) 
Mo----P(2) 2.424 ( 1 ) Mo----H(4) 1.692 (23) 

P( I )---Mo---P(1') 157.70(2) P(2)---Mo----H(3) 66.7(7) 
P( 1 )---Mo--P(2) 82.30 (2) P(2)---Mo---H(3 t) 133.1 (7) 
P( 1 )---Mo---P(2 i) 101.56 (2) P(2)--Mo--H(4) 77.6 (7) 
P( 1 )--Mo--H(3! 78.2 (7) P(2)--Mo--H(4') 86.2 (7) 
P(I)--Mo---H(3') 83.2 (7) H(3)--Mo----H(3 i) 66.8 (9) 
P( 1 )--Met---H(4) 65.9 (7) H(3)--Mo----H(4) 132.1 (10) 
P(I)--Mo---H(4') 136.4 (7) H(3)--Mo---H(4') 133.9 (9) 
P(2)---Mo---P(2 i) 160.20 (2) H(4)---Mo--H(4') 70.6 (10) 

In the dppe ligands 
P( I h---C( 1 ) 1.852 (2) P(2)----C(2) i .845 (2) 
P(1)--C(I la) 1.835 (2) P(2)---C(21a) 1.841 (2) 
P(I)--C(IIb) 1.845 (2) P(2)---C(21b) 1.841 (2) 

Mo---P( I)---C( 11 a) 120.8(1) Mo--P(2)--C(21 a) 120.2(I) 
Mo--P(I)--C(1 lb) 121.3 (1) Mo---P(2)----C(21b) 120.9 (1) 
Mo--P(I)--C(I) 107.4 (1) Mo---P(2)---C(2) 106.8 (1) 
C( 11 a)-----P( 1 )----C( 11 b) 101.5(1) C(21 a)--P(2)---C(21 b) 101.9(1) 
C(1 la)----P(I)----C(I) 102.4 (1) C(2)----P(2)---C(2 la) 102.3 (1) 
C(I Ib)---P(1)----C(I) 100.2 (1) C(2)----P(2)---C(2 lb) 101.8 (1) 

Torsion angle in the dppe ligand 
P(I)--C(I)---C(2)--P(2) 55.7 (2) 

Symmetry code: (i) ½ - x, y, ½ - z. 

All  non-H a toms  o f  the M o  complex  were  a l lowed anisot ropic  
d i sp l acemen t  parameters ;  H a toms  in the dppe l igands  were  
inc luded in ideal ized posi t ions  wi th  isotropic d i sp lacement  
parameters  and  ref ined freely.  The  two dis t inct  hydr ide  a toms  
were located in d i f ference  maps  and refined independent ly .  A 
single molecu le  o f  solvent ,  thf, lies d i sordered  over  several  
or ienta t ions  about  a twofo ld  s y m m e t r y  axis. Eleven part ial ly 
occupied  a tom sites were  inc luded in the re f inement  process  
but total resolut ion o f  the d isorder  has not  p roved  feasible.  
C o m p u t e r  p rograms  used in this analys is  include SHELX76 
(Sheldr ick,  1976) and others have been listed in Table 4 
o f  Anderson ,  Richards  & Hughes  (1986) and were  run on 
the DEC Mic roVAX II mach ine  in the Ni t rogen Fixa t ion  
Laboratory .  

This work was partially supported by JNICT, INIC 
(Portugal) and the British Council.  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: MU1119). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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both complexes, O - - C  bonds of the coordinated ring 
are shorter than those of the uncoordinated ring. 

Comment  
The title complexes were synthesized, following a previ- 
ously described procedure (Sutherland, Pi6rko, Gill & 
Lee, 1982), by the reaction of catechol with (r/6-1,2 - 
dichlorobenzene)(r/5-Cp)iron(II) hexafluorophosphate 
and with (r/6-2,3-dichlorotoluene)(r/5-Cp)iron(II) hexa- 
fluorophosphate to give (1) and (2), respectively. Crys- 
tals of both complexes were grown from 
acetone-Michloromethane-diethyl ether solutions at ca 
255 K. Crystals of complex (2) contain molecules of 
diethyl ether in the complex:solvent ratio 2:1. Results 
obtained in the course of this study add to earlier studies 
on the synthesis, reactivity and, in particular, the struc- 
ture of tricyclic heterocycles complexed with an FeCp 
moiety. It had been noted earlier that the effect of 
complexing iron, the presence of substituents on the 
heterocycle and the packing forces in the crystal all may 
influence the overall geometry of the heterocycle. Our 
results provide additional information on the influence 
of the above factors on the structure of the heterocycle. 
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Abstract 
The structures of (r/5-cyclopentadienyl)[(1,2,3,4,4a, 10a- 
r/6)-dibenzo[b,e][ 1,4]dioxin]iron(II) hexafluorophos- 
phate (1), [Fe(CsHs)(C12H802)]PF6, and (r/5-cyclopenta - 
dienyl)[(1,2,3,4,4a, 10a- r/6) - 1 -methyldibenzo[b,e] [ 1,4]- 
dioxin]iron(II) hexafluorophosphate diethyl ether sol- 
vate (2), [Fe(CsHs)(CI3H1002)]PF6.0.5C4HI00, have 
been determined. The dihedral angle between the outer 
rings of dibenzodioxin was found to be 175.8 (2) in (1) 
and 177.55 (19) ° in (2). The planes of the coordinated 
arene and cyclopentadienyl (Cp) rings are nearly parallel 
for both complexes. The Fe atom is centered above the 
Cp ring while F e - - C  distances involving the quaternary 
C atoms of the coordinated arene rings are slightly 
longer than those involving the other aromatic C atoms, 
particularly for complex (2). In the central dioxin ring of 

FeC. ÷ PF,- F~C£ PF,- 

(1) (2) 

Many of the structural features of complexes (1) and 
(2) resemble those reported for the FeCp complex of 2- 
methyldibenzodioxin (Abboud, Simonsen, Pi6rko & 
Sutherland, 1991). The Fe atom is centered above the Cp 
ring in both complexes, while bonding to the benzene 
ring is asymmetrical. The longest F e - - C  distances are 
found for the quaternary C atoms [average 2.107 (6) ver- 
sus 2.091 (6) A for the other F e - - C  distances in (1) and 
2.104 (5) versus 2.079 (5)A, for the other F e - - C  dis- 
tances in (2)]. This phenomenon has been reported ear- 
lier for similar complexes (Abboud, Simonsen, Pi6rko & 
Sutherland, 1991; Simonsen, Lynch, Sutherland & 
Pi6rko, 1985; Sutherland, Pi6rko, Lee, Simonsen & 
Lynch, 1988; Lynch, Thomas, Simonsen, Pi6rko & 
Sutherland, 1986). The C - - C  distances within the coor- 
dinated rings are slightly longer than those of the unco- 
ordinated rings [average 1.411 (10) versus 1.380 (11)/~ 
in (1) and 1.410 (7) versus 1.383 (12)A, in (2)]. Asym- 
metry of the central dioxin ring, exemplified by the 
shortening of the O - - C  bonds of the coordinated ring, 
was noted earlier for the FeCp complex of 2- 
methyldibenzodioxin (Abboud, Simonsen, Pi6rko & 
Sutherland, 1991) and is also evident in (1) and (2) 
[average 1.364 (7) A, for O--C(coordinated) versus 
1.399 (7)~  for the others in (1) and 1.367 (6),A, for 
O--C(coordinated) versus 1.393 (6) ~ for the others in 

© 1995 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Cr.vstallographica Section C 
ISSN 0108-2701 ~,~1995 


