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1.2Ueq(C), for methyl H atoms U(H) = 1.5Ueq(C)] using a 
riding model with C--H(methylene) = 0.99, C--H(aromatic) 
-- 0.95 and C--H(methyl) = 0.98 A. For each methyl group, 
the torsion angle H--C--O--C was refined. 

Due to the negligible anomalous dispersion, the absolute 
structure could not be determined. The Flack (1983) absolute- 
structure parameter converged to x = -0.5 (1). Origin re- 
straints were generated automatically by the program of Flack 
& Schwarzenbach (1988). The structure contains two nearly 
centrosymmetric radical anion molecules and two solvent- 
separated lithium countercations, each surrounded by three di- 
methoxyethane molecules (Fig. 3). The coordination spheres 
of both lithium cations differ significantly in their Li.. .O dis- 
tances, as do the torsion angles of the solvent molecules. The 
structure cannot be successfully refined in the centrosymmet- 
ric space group Pi.  The reciprocal space was thoroughly but 
unsuccessfully scanned for reflections that might give a hint 
of a superstructure. 

Data collection: DIF4 (Stoe & Cie, 1988a). Cell refinement: 
D1F4. Data reduction: REDU4 (Stoe & Cie, 1988b). Pro- 
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990a). 
Program(s) used to refine structure: SHELXL93 (Sheldrick, 
1993). Molecular graphics: XP in SHELXTL/PC (Sheldrick, 
1990b). Software used to prepare material for publication: 
SHELXL93 CIFTAB. 

This project is supported by the Deutsche Forschungs- 
gemeinschaft, the State of Hesse, the Fonds der Chemis- 
chen Industrie and the A. Messer Foundation. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: KH1040). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 
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Abstract 

The structure consists of discrete neutral molecules of 
[RuC12(PPh3)(PNP)] [PNP = CH3CH2CH2N(CH2CH2- 
PPh2)2] and dichloromethane solvent molecules. In the 
molecular structure of the complex a Ru n metal centre 
is pseudo-octahedrally coordinated by a meridional 
tridentate PNP ligand, by two CI ligands trans to each 
other, and by a triphenylphosphine ligand. The latter 
ligand is trans to the N-atom donor of the amino- 
diphosphine. 

Comment 

As part of our effort to control the chemo-, regio-, 
stereo- and enantioselectivity of organometallic re- 
actions, we have recently prepared a number of 
transition metal complexes containing aminodiphosph- 
ine ligands of the general formula RN(CHR'CH2PR"2)2 
[R and R' are (chiral) alkyl groups, R" is an aryl or 
cycloalkyl group] (Bianchini, Innocenti, Masi, Peruzzini 
& Zanobini, 1992; Bianchini et al., 1990; Bianchini, 
Farnetti et al., 1995). These ligands offer significant 
advantages over linear and tripodal polyphosphines in 
homogeneous catalytic reactions assisted by transition 
metal complexes, since the concomitant presence in the 
ligand framework of both hard and soft donor atoms 
provides easy access to coordination vacancies at the 
metal centre by different mechanisms. 

In this paper we report the crystal structure of 
the title complex, mer, trans-[RuCl2(PPha)(PNP)], (I), 
which represents the key compound for studying 
the organometallic chemistry of the (PNP)Ru I1 sys- 
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tern (Bianchini, Glendenning, Peruzzini, Romerosa & 
Zanobini, 1994; Bianchini, Peruzzini, Romerosa & 
Zanobini, 1995). 

~ , N  ~ R f i - - e e h  3 
CI 

~ , . . . jPPh2 

(I) 

A perspective drawing of mer, trans-[RuC12(PPh3)- 
(PNP)] is given in Fig. 1 with the atomic numbering 
scheme. The structure consists of discrete mer, trans- 
[RuCI2(PPh3)(PNP)] molecules and dichloromethane 
solvent molecules in the asymmetric unit in a 1:0.5 ra- 
tio. The metal atom is octahedrally coordinated by the 
three donor atoms of a meridional PNP ligand, by two 
mutually trans CI atoms and by one triphenylphosphine 
ligand trans to the N atom of PNP. The most rele- 
vant distortion from idealized octahedral geometry is 
due to bending of the two PNP phosphine groups to- 
wards the N atom [P(1)--Ru(1)--N(1) = 80.69 (10), 
P(2)--Ru(1)--N(1)  = 79.45 (9) °] probably on account 
of the size of the chelate-ring bite. The Ru atom is 
displaced by 0.158 (1)A from the least-squares plane 
through P(1), N(1), P(2) and P(3) towards CI(1). The 
Ru--P(1)  and Ru--P(2) distances are similar [2.375 (1) 
and 2.371 (1)A, respectively] and fall within the re- 
ported range for ruthenium-phosphine complexes (Sed- 

cff) 

C(6) 

C(4) 

c(5) 

C(2) 
C1(2) 

co 

P(3) 

don & Seddon, 1984). The Ru--PPh3 bond trans to the 
N(1) donor [2.315 (1),A] is somewhat shorter than pre- 
viously reported analogous bonds, thus indicating that 
the trans influence exerted by the P ligands is larger 
than that of the N donor (Bianchini et al., 1992). The 
Ru---C1 bond lengths [Ru---CI(1) 2.430(1), Ru---CI(2) 
2.441 (1),~] agree well with reported values for sev- 
eral dichloro complexes of ruthenium with a trans ar- 
rangement of C1 ligands (Krassowski, Nelson, Brower, 
Hauenstein & Jacobson, 1988; Kawamura, Ebihara, 
Katayama, Nishikawa & Yamabe, 1991). The R u - - N  
distance [2.337 (4)k,] is almost equal to that found in 
the related complex mer, trans-[RuH(C1)(PPh3)(PNP)] 
(Bianchini et al., 1992) and is slightly longer than that 
reported for other Ru--N(tertiary amine) complexes (Orpen 
et al., 1989). Finally, the intermolecular contacts appear 
normal and exclude forces other than the van der Waals 
interactions being active in the crystal packing. 

Experimental 

Deep-orange crystals of mer, trans-[RuCl2(PPh3)(PNP)] were 
grown by slow diffusion of ethanol into a diluted dichloro- 
methane solution of the crude microcrystalline material, which 
was prepared as previously described (Bianchini et al., 1992). 

Crystal data 

[RuCI2(C18HlsP)- Cu Ko~ radiation 
(C3~ H35NP2)].- A = 1.5418 ,~ 
0.5CH2C12 Cell parameters from 25 

Mr = 960.30 reflections 
Monoclinic 0 = 15-17.5 ° 
C2/c # = 5.944 mm-l  
a = 44.117 (9) ,~, T = 293 K 
b = 10.650 (2)/~ Needle 
c = 18.898 (4)k, 0.40 x 0.35 x 0.30 mm 
/3 = 92.16 (3) ° Orange 
V = 8873 (3) ,~3 
Z = 8  
Dx = 1.436 Mg m -3 

Data collection 
Philips PW 1100 diffractom- 

eter 
,~/20 scans 
Absorption correction: 

refined from AF 
(DIFABS; Walker & 
Stuart, 1983) 
Train = 0.10, Trnax = 0.15 

5232 measured reflections 
5232 independent reflections 

5231 observed reflections 
[I > 2o'(/)1 

0max = 60 ° 
h = -49  -+ 49 
k = 0 --+ 11 
l = 0 - - +  21 
3 standard reflections 

monitored every 200 
reflections 

intensity decay: none 

Fig. 1. ORTEPII (Johnson, 1976) drawing of the complex mol- 
ecule [RuCI2(PPh3)(PNP)] showing the atomic labelling scheme. 
Displacement ellipsoids are shown at the 50% probability level. 

Refinement 

Refinement on F 2 
R(F) = 0.0339 
wR(F 2) = 0.0999 

(A/or)max = --0.022 

Apmax = 0.611 e A -3 
mpmin = -0.672 e ~-3 
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S = 1.202 
5232 reflections 
450 parameters 
H atoms: see text 
w = 1/[a2(F 2) + (0.0469P) 2 

+ 41.3217P] 
where e = (Fo z + 2F2)/3 

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) and 
Stewart, Davidson & 
Simpson (1965) (H atoms) 

[RuC12(CISHI5P)(C31H35NP 2)].0.5CH 2C12 

Table 2. Selected geometric parameters (]k, °) 

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

1 * * Ueq = ( /3)Ei~jUija i a) ai.aj. 

x y z Ueq 
Ru(1) 0.3667 (1) 0.2927 (1) 0.0966 (1) 0.025 (1) 
P(1) 0.3149 (1) 0.2321 (1) 0.0890 (1) 0.030 (1) 
P(2) 0.4125 (1) 0.3773 (I) 0.0552 (1) 0.030 (1) 
P(3) 0.3715 (1) 0.3647 (1) 0.2121 (1) 0.027 (1) 
CI(1) 0.3456 (1) 0.4956 (!) 0.0628 (1) 0.036 (1) 
C1(2) 0.3858 (1) 0.0871 (1) 0.1342 (1) 0.035 (1) 
N(1) 0.3634 (1) 0.2294 (4) -0.0218 (2) 0.030 (1) 
C(I) 0.3076 (1) 0.2626 (5) -0.0063 (2) 0.038 (1) 
C(2) 0.3319 (1) 0.1917 (5) -0.0451 (2) 0.037 (1) 
C(3) 0.4038 (1) 0.3869 (5) -0.0418 (2) 0.041 (1) 
C(4) 0.3721 (1) 0.3421 (5) -0.0634 (2) 0.036 (1) 
C(5) 0.3843 (1) 0.1224 (5) -0.0351 (2) 0.040 (1) 
C(6) 0.3891 (1) 0.0874 (6) -0.1123 (3) 0.054 (2) 
C(7) 0.4074 (2) -0.0322 (8) -0.1159 (4) 0.088 (2) 
C(2,1) 0.2673 (1) 0.0574 (3) 0.0813 (2) 0.053 (1) 
C(3,1) 0.2547 (1) -0.0613 (4) 0.0724 (2) 0.063 (2) 
C(4,1) 0.2733 (1) -0.1667 (3) 0.0731 (2) 0.061 (2) 
C(5,1) 0.3045 (1) -0.1534 (2) 0.0825 (2) 0.055 (2) 
C(6,1) 0.3172 (1) -0.0347 (3) 0.0914 (2) 0.045 (1) 
C(I,I) 0.2986 (1) 0.0708 (2) 0.0907 (2) 0.035 (1) 
C(2,2) 0.2732 (1) 0.4305 (3) 0.1106 (2) 0.051 (I) 
C(3,2) 0.2525 (1) 0.4950 (3) 0.1506 (2) 0.069 (2) 
C(4,2) 0.2444 (I) 0.4478 (3) 0.2158 (2) 0.061 (2) 
C(5,2) 0.2569 (1) 0.3359 (4) 0.2409 (1) 0.053 (2) 
C(6,2) 0.2777 (I) 0.2713 (3) 0.2009 (2) 0.042 (1) 
C(1,2) 0.2858 (1) 0.3186 (3) 0.1358 (2) 0.034 (1) 
C(2,3) 0.4550 (1) 0.1797 (3) 0.0798 (2) 0.046 (1) 
C(3,3) 0.4826 (1) 0.1196 (3) 0.0710 (2) 0.058 (2) 
C(4,3) 0.5054 (1) 0.1795 (3) 0.0351 (2) 0.059 (2) 
C(5,3) 0.5006 (1) 0.2994 (3) 0.0078 (2) 0.055 (2) 
C(6,3) 0.4730 (1) 0.3594 (2) 0.0166 (2) 0.046 (1) 
C(1,3) 0.4502 (1) 0.2996 (3) 0.0526 (2) 0.037 (1) 
C(2,4) 0.4462 (1) 0.5537 (3) 0.1336 (2) 0.042 (1) 
C(3,4) 0.4542 (1) 0.6737 (3) 0.1563 (2) 0.057 (2) 
C(4,4) 0.4405 (1) 0.7780 (2) 0.1246 (2) 0.066 (2) 
C(5,4) 0.4188 (1) 0.7624 (2) 0.0702 (2) 0.061 (2) 
C(6,4) 0.4107 (1) 0.6424 (3) 0.0475 (2) 0.048 (1) 
C(1,4) 0.4244 (1) 0.5380 (2) 0.0792 (2) 0.036 (1) 
C(2,5) 0.4206 (I) 0.4767 (3) 0.2943 (2) 0.045 (1) 
C(3,5) 0.4498 (1) 0.4763 (3) 0.3243 (2) 0.056 (2) 
C(4,5) 0.4691 (1) 0.3757 (4) 0.3126 (2) 0.057 (2) 
C(5,5) 0.4591 (1) 0.2755 (3) 0.2708 (2) 0.060 (2) 
C(6,5) 0.4298 (1) 0.2758 (3) 0.2408 (2) 0.046 (1) 
C(1,5) 0.4106 (1) 0.3764 (3) 0.2525 (2) 0.032 (1) 
C(2,6) 0.3533 (1) 0.3342 (2) 0.3514 (2) 0.046 (I) 
C(3,6) 0.3389 (1) 0.2747 (3) 0.4063 (1) 0.052 (1) 
C(4,6) 0.3256 (1) 0.1578 (3) 0.3953 (1) 0.048 (1) 
C(5,6) 0.3266 (I) 0.1003 (2) 0.3294 (2) 0.042 (1) 
C(6,6) 0.3410 (1) 0.1598 (3) 0.2745 (1) 0.033 (1) 
C(1,6) 0.3544 (I) 0.2767 (3) 0.2855 (1) 0.030 (1) 
C(2,7) 0.3720 (1) 0.6291 (3) 0.2092 (2) 0.043 (1) 
C(3,7) 0.3594 (1) 0.7477 (2) 0.2179 (2) 0.054 (2) 
C(4,7) 0.3306 (1) 0.7599 (2) 0.2440 (2) 0.060 (2) 
C(5,7) 0.3142 (1) 0.6536 (3) 0.2616 (2) 0.056 (2) 
C(6,7) 0.3267 ( 1 ) 0.5350 (3) 0.2530 (2) 0.044 ( 1 ) 
(2(1,7) 0.3556 (1) 0.5228 (2) 0.2268 (2) 0.034 (1) 
O(1S) 1/2 0.9410(3) 1/4 0.114(1) 
CSt 0.5347 (4) 0.9357 (18) 0.2087 (8) 0.096 (5) 
CI(2S)t 0.5306 (1) 0.8301 (5) 0.1417 (3) 0.114 (2) 

t Occupancy = 0.5. 

Ru(1)---P(I) 2.375 (1) C(1)---C(2) 1.520 (7) 
Ru(I)----P(2) 2.371 (1) C(3)---C(4) 1.522 (7) 
Ru(I)---P(3) 2.315 (1) C(5)----C(6) 1.527 (7) 
Ru(1)----CI(1) 2.430 (1) C(6)----C(7) 1.511 (9) 
Ru(1)----CI(2) 2.441 (1) N(I)---C(2) 1.499 (6) 
Ru(I)--N(I) 2.337 (4) N(1)---C(4) 1.493 (6) 
P(1)----C(I) 1.848 (5) N(I)---C(5) 1.494 (6) 
P(2)---C(3) 1.861 (5) 

P(3)--Ru(1)--N(1) 176.91 (10) Ci(I)--Ru(I)----CI(2) 177.14 (4) 
P(3)----Ru(1)--P(2) 97.87 (5) C(4)---N(!)-----C(5) 110.6 (4) 
N(I)---Ru(I)---P(2) 79.45 (9) C(4)---N(1)--C(2) 108.4 (3) 
P(3)--Ru(1)---P(I) 101.55 (5) C(5)---N(1)--C(2) 108.6 (4) 
N(I)---Ru(I)---P(1) 80.69 (10) C(4)---N(1)--Ru(I) 105.3 (3) 
P(2)---Ru(1)---P(I) 155.97 (4) C(5)---N(I)---Ru(I) 111.4 (3) 
P(3)--Ru(1)----CI(I) 88.51 (4) C(2)---N(I)---Ru(1) 112.5 (3) 
N(I)--Ru(1)---CI(I) 89.69 (10) C(2)---C(I)---P(I) 106.4 (3) 
P(2)---Ru(I)--CI(1) 84.18 (4) N(1)---C(2)----C(I) 112.8 (4) 
P(I)---Ru(I)---CI(1) 82.33 (4) C(4)----C(3)---P(2) 113.6 (3) 
P(3)---Ru(i)---CI(2) 90.30 (4) N(I)---C(4k--C(3) 111.3 (4) 
N(I)----Ru(I)---CI(2) 91.61 (10) N(1)----C(5)----C(6) 117.1 (4) 
P(2)---Ru(i)---CI(2) 98.56 (4) C(7)---C(6)----C(5) 110.1 (5) 
P(I)--Ru(I)---CI(2) 95.37 (4) 

The structure was solved by Patterson and Fourier methods 
and refined by full-matrix least squares with anisotropic 
displacement parameters for all non-H atoms. All phenyl rings 
were treated as rigid bodies with D6h symmetry (C---C = 
1.39,3,). H atoms were introduced at calculated positions (C--  
H = 1.08 A,). 

The programs SHELXS86 (Sheldrick, 1985), SHELXTL-Plus 
(Sheldrick, 1991) and SHELXL93 (Sheldrick, 1993) were used 
for the structure determination and refinement. 

The work of AR at ISSECC has been supported by 
a grant from the Ministerio de Educati6n y Ciencia 
(Spain). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: NAIl78).  Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
Hexaaammineruthenium(III) tristhiocyanate has space 
group P21/n at 20K with typical bond lengths and 
angles, with two of the six ammine groups rotationally 
disordered. Eight further limited data sets from 100 
to 290K show a reversible, probably second-order, 
phase transition to a C2/c cell at 283 (2)K. The C2/c 
cell contents are derived from those of P21/n by 
orientationally disordering one thiocyanate site together 
with small but well defined displacements of the other 
atoms. 

Comment 
The structure of the title compound, (I), has been deter- 
mined at 295 K (Blake et al., 1993) and at 92 K (Figgis, 
Reynolds & Sobolev, 1994) by X-ray diffraction. These 
studies also examined the charge density, the magnetic 
susceptibility and the e.s.r, of single crystals. As a 

D3N ND3 ND3 

Ru 3SCN - 

/ T \  
D3N ND3 ND3 

(I) 
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precursor to further polarized neutron diffraction and 
theoretical work, we present here the structure at 20 K 
determined by neutron diffraction. 

The geometry and thermal motion of the molecu- 
lar fragments are as expected, and warrant no spe- 
cial comment except to note that two of the six 
independent ammonia molecules are disordered in their 
deuterium positions. On each of the two disordered am- 
monia sites there are two fractional molecules with sig- 
nificant population. These are related by a predominant 
rotation of ca 45 ° in the torsion angle. The refined 
deuterium scattering lengths imply 0.46 (2)/0.54 (2) and 
0.45 (2)/0.55 (2) occupancies on each molecular site. 
The large and anisotropic thermal motion of N5 and 
N9, compared with the remaining N atoms, shows that 
there is also a small nitrogen translation associated with 
this deuterium rotation. We note that the R factors seem 
high, but this is because of the large amount of useful, 
but weak, high sin0/A data collected by the time-of- 
flight method. 

The data show no evidence of a supercell (which this 
time-of-flight SCD experiment would reveal clearly) so 
it would appear that there is true disorder even at this 
very low temperature. 

H51a ~ H51 

H81 / H 5 2 ~ ' ~ ' ~  

~ . ~ ~  ~ ~ H53 

~ )  ~ " ~  H73 ,,, ( ~ H 9 1 a  
H~l / ( , ~  ~ n ~ N 9  H9/'9~2/'~_ 

~ H 4 1  H93 

Fig. 1. Molecular structure of [Ru(ND3)6] 3÷ showing 50% probability 
displacement ellipsoids (ac projection). 

The structure is close to C2/c. If we compare the 
20 K P21/n and the 295 K C2/c structures, the major 
difference is that an SCN site is disordered in the lat- 

l 3 1. the ter. In addition the Ru atom moves onto 4, 4, 2, 
ammonia molecules, in pairs, develop strict centrosym- 
metry, as do a pair of thiocyanate ions. Nevertheless, 
as can be seen in Fig. 2, these displacements are small. 
The largest changes, apart from the SCN disordering, 
are the alterations in the ND3 torsional arrangements. 
The RuN6 and SCN fragments move 0.1-0.2A, with 
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