
502 [WCu 30S 3 (C4 H 10 OPS2 ) (C 18 H 15 P) 3 ] 

S(1)--W--S(3) 106.38 (8) W--S(2)--Cu(I) 74.63 (7) 
S(3)--W--S(2) 107.97 (8) W--S(2)--Cu(3) 74.25 (7) 
O(I)--W--S(1) 110.4 (2) W--S(3)--Cu(2) 74.42 (7) 
O(1)--W--S(2) 111.1 (2) W--s(a)--Cu(3) 74.46 (7) 
O(1)--W--S(3) 112.3 (2) P(4)--S(4)--Cu(1) 107.1 (1) 
S(1)--Cu(1)--S(4) 95.28 (9) P(4)--S(5)--Cu(3) 103.4 (1) 
S(2)--Cu(1)--S(1) 101.94 (8) O(2)--P(4)--S(5) 112.5 (3) 
S(2)--Cu(1)--S(4) 107.51 (8) 0(2)--P(4)--S(4) 106.4 (3) 
S(3)--Cu(2)--S(1) 99.89 (9) O(3)--P(4)--O(2) 99.1 (5) 
S(3)--Cu(3)--S(2) 102.32 (8) O(3)--P(4)--S(5) 108.3 (4) 
S(3)--Cu(3)--S(5) 104.8 (1) O(3)--P(4)--S(4) 110.6 (3) 
S(5)--Cu(3)--S(2) 117.5 (1) S(5)--P(4)--S(4) 118.3 (2) 
P(1)--Cu(1)--S(1) 109.70 (9) C(1)--O(2)--P(4) 124 (1) 
P(1)--Cu(1)--S(2) 121.42 (9) C(3)--O(3)--P(4) 127 (1) 
P(1)--Cu(1)--S(4) 116.8 (1) C(2)--C(1)--O(2) 118 (2) 
P(2)--Cu(2)--S(1) 119.5 (1) O(3)--C(3)--C(4) 120 (2) 
P(2)--Cu(2)--S(3) 117.42 (9) C(1 ll)--P(1)--Cu(1) 111.3 (3) 
P(3)--Cu(3)--S(3) 118.21 (9) C(131)--P(1)--Cu(1) 118.1 (3) 
P(3)--Cu(3)--S(5) 105.6 (1) C(121)--P(1)--Cu(1) 114.1 (3) 
P(3)--Cu(3)--S(2) 109.03 (9) C(231)--P(2)--Cu(2) 115.5 (3) 
Cu(1)--S(2)--Cu(3) 108.32 (9) C(211)--P(2)--Cu(2) 111.7 (3) 
Cu(2)--S(1)--Cu(1) 84.79 (8) C(221)--P(2)--Cu(2) 116.6 (3) 
C(321)--P(3)--Cu(3) 109.0 (3) C(311)--P(3)--Cu(3) 116.2 (3) 

Data collection used CONTROL software (Molecular Struc- 
ture Corporation, 1988). The scan speed varied between 2.4 
and 8 ° min -1 (in w) on the basis of SEARCH intensity. 
The scan width was (1.207 + 0.350tan0) ° with maximum 
(sin0)/A = 0.5946 A-1.  The structure was solved by conven- 
tional heavy-atom methods. The W atom was located from a 
three-dimensional Patterson synthesis and the remaining non- 
H atoms were located using the DIRDIF program (Beurskens, 
1984). H atoms were placed in geometrically calculated posi- 
tions ( C - - H  0.95 A) but were not included in the refinement. 
The structure was refined by full-matrix least-squares techniques 
with anistropic displacement parameters for the W, Cu, S, P and 
O atoms and isotropic displacement parameters for all C atoms. 
All calculations were performed on a VAX 785 computer using 
the TEXSAN (Molecular Structure Corporation, 1985) program 
package. The view of the molecule (Fig. 1) was produced using 
ORTEPII (Johnson, 1976). 
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Abstract 
The molecule [RuN3(CsHs){P(C6Hs)3}2] has a typical 
three-legged-piano-stool geometry; Ru--Cp ° (where 
Cp ° is the centre of the ring) is 1.843 (3) A, the three 
legs are 2.3293 (5) and 2.3304(5) (Ru--P) and 
2.135 (3)A (Ru--N) in length while the angles are 
P - -Ru- -P  105.22(2), P - -R u- -N  85.39(6) and 
86.65(5) ° . The azide group is almost linear 
[N- -N- -N 175.2 (3) °] and is coordinated to Ru with 
an R u - - N - - N  angle of 124.5 (2)°; there is a small  
difference between the N m N  distances [1.186 (3) and 
1.164 (3)A], the longer being adjacent to the Ru 
atom. 

Comment 
The complex CpRu(C1)(PPh3)2 (Bruce, Cifuentes, 
Snow & Tiekink, 1989) has been used as the starting 
material for the synthesis of several complexes 
because of its substitutionaUy labile chloride and 
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phosphines (Albers, Robinson & Singleton, 1987). 
Structure determinations were undertake~n to show 
the effect on CpRu(L)(PPh3)2 of changing the sub- 
stituent L. The title compound (I) was prepared by 
refluxing a mixture of  CpRu(CI)(PPh3)2 and NaN3 in 
95% ethanol. The dark-brown precipitate obtained 
on cooling was recrystallized from a CH2C12-n- 
hexane mixture. 

I 
P h 3 P - -  Ru ~ P P h  3 

1 
N~. 

N% 
N 

(I) 

The coordination geometry of the Ru atom can be 
described as distorted tetrahedral if Cp is considered 
to occupy one coordination site. Alternatively, it 
may be viewed as distorted octahedral if Cp is 
allowed three facial coordination sites. We prefer to 
describe it as a three-legged piano stool (Frank & 
Selegue, 1991); this geometry is typical of  
CpRu(L)(PPh3)2 complexes (Wisner, Bartczak & 
Ibers, 1985). The dihedral angles between the Cp ring 
and the planes containing Ru, P1, P2 and P1, P2, N1 
are 58.64 (9) and 3.1 (8) °, respectively. 

The R u - - C  distances in the present structure 
[2.187 (2)-2.230 (4)A] compare well with those in 
CpRuCI(PPh3)2 (Bruce, Hambley, Rodgers, Snow & 
Wong, 1982) showing the pseudo-halide nature of 
the azide substituent (Birkenbach & Kellerman, 
1925). The Cp ring coordination is influenced by the 
substituent L in the CpRu(L)(PPh3)2 system. When L 
is N3-, atoms C(39) and C(40) of the Cp ring, which 
are almost trans to the N atom, are 2.202 (3) and 
2.190 (2)A from Ru; when L is CO, the equivalent 
R u - - C  distances are 2.256 (3) and 2.227 (3) A, while 
those for L equals --C-~----CPh are 2.265 (2) and 
2.271 (2) A (Wisner et al., 1985). 

C39 C40 

C2~ 

C34 

Fig. 1. Perspective view (ORTEPII; Johnson, 1976) of the mol- 
ecule showing the atom-numbering scheme. 

As suggested by Pauling (1967), and later con- 
firmed from several X-ray structure determinations 
(Dori & Ziolo, 1973), the canonical forms A and B 
are the main contributors to the ground state in a 
metal-azide coordination compound: 

- + - -  + 

M / N - - N ~ N  < > M//N=N=N 

A B 

A copper-azide complex with N l - - N 2  = 1.196 (18) 
and N 2 - - N 3  = 1.076 (18) A is a clear case of  A being 
the dominant form (Gaughan, Ziolo & Dori, 1971). 
In the present structure, the difference between 
N 1 - - N 2  [1.186(3)A] and N 2 - - N 3  [1.164(3)A] is 
not as large as in the earlier example but is signifi- 
cant at about the 7~r level, suggesting that resonance 
form A is slightly more dominant than B. 

Experimental 
Crystal data 

[RuN3(CsHs)(CIsHIsP)2 ] 
Mr -- 732.8 
Triclinic 

a = 11.969 (3) k, 
b = 14.541 (1)A 
c = 11.284 (1) ,~, 
a = 111.51 (1) ° 
/3 = 110.69 (1) ° 
"), = 88.27 (2) ° 
V= 1698 (13) A 3 
Z = 2  

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w/20 scans 
Absorption correction: 

empirical (North, Phillips 
& Mathews, 1968) 
Tmi~ = 0.65, Tr~x = 0.93 

6084 measured reflections 
(symmetry equivalents not 
collected) 

Refinement 

Refinement on F 
R = O.O38 
wR = 0.041 
S = 0.51 
5544 reflections 
424 parameters 
H-atom parameters not 

refined 
w = l/a2(F) with Dunitz- 

Seiler weighting factor 
(Dunitz & Seiler, 1973) 

D, = 1.433 Mg m -3 
Cu Ka radiation 
A = 1.5418 ,~ 
Cell parameters from 16 

reflections 
0 = 20- 36 ° 
# = 4.979 mm- 
T = 295 K 
Plate 
0.12 x 0.10 x 0.04 mm 
Dark red-brown 

5544 observed reflections 
[I > 40"(/)] 

0max = 65  ° 

h = 0 ---~ 14 
k = -17 ~ 17 
l = -13 ~ 13 
3 standard reflections 

frequency: 60 min 
intensity variation: not 

significant 

(A/or)max = 0.01 
mpmax = 0.37 e / t~  - 3  

Apmin = - 0 . 6 9  e A- 3 
except for three peaks of 
ca -1.5 e A -3 near Ru 

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 
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Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) 

Beq = (4/3)~i~y/3ijai.aj. 

x y z Beq 
Rul 0.15105 (1) 0.25284 (1) 0.34868 (1) 2.549 (2) 
P1 0.24983 (4) 0.20202 (3) 0.19457 (4) 2.718 (7) 
P2 0.29715 (4) 0.27250 (3) 0.56057 (4) 2.746 (7) 
N1 0.2157 (2) 0.4004 (1) 0.3879 (2) 3.69 (3) 
N2 0.1603 (2) 0.4697 (1) 0.4077 (2) 3.39 (3) 
N3 0.1133 (3) 0.5421 (2) 0.4299 (4) 6.09 (7) 
C1 0.2727 (2) 0.0698 (1) 0.1254 (2) 3.21 (3) 
C2 0.2369 (2) 0.0028 (2) 0.1703 (2) 3.84 (4) 
C3 0.2603 (3) -0.0964 (2) 0.1239 (3) 5.02 (6) 
C4 0.3184 (3) -0.1282 (2) 0.0326 (4) 5.39 (7) 
C5 0.3527 (3) -0.0619 (2) -0.0140 (4) 5.44 (6) 
C6 0.3295 (2) 0.0368 (2) 0.0310 (3) 4.66 (5) 
C7 0.1511 (2) 0.2230 (2) 0.0416 (2) 3.21 (3) 
C8 0.0867 (2) 0.1465 (2) -0.0802 (2) 4.11 (4) 
C9 0.0084 (3) 0.1669 (3) -0.1911 (3) 5.21 (6) 
C10 -0.0074 (3) 0.2629 (3) -0.1820 (3) 5.38 (6) 
Cll  0.0554 (3) 0.3416 (2) -0.0576 (3) 5.14 (5) 
C12 0.1337 (2) 0.3218 (2) 0.0537 (3) 4.20 (4) 
C13 0.3997 (2) 0.2567 (1) 0.2250 (2) 3.13 (3) 
C14 0.4185 (2) 0.3108 (2) 0.1531 (3) 4.88 (5) 
C15 0.5351 (3) 0.3467 (2) 0.1792 (4) 5.94 (6) 
C16 0.6324 (2) 0.3279 (2) 0.2752 (3) 4.77 (6) 
C17 0.6136 (2) 0.2713 (3) 0.3437 (3) 4.75 (6) 
C18 0.4973 (2) 0.2354 (2) 0.3174 (2) 4.17 (4) 
C19 0.2979 (2) 0.1576 (1) 0.5924 (2) 3.28 (3) 
C20 0.2421 (3) 0.1430 (2) 0.6742 (3) 5.02 (5) 
C21 0.2318 (5) 0.0484 (3) 0.6783 (4) 7.12 (8) 
C22 0.2808 (5) -0.0289 (2) 0.6070 (4) 7.64 (9) 
C23 0.3368 (4) -0.0154 (2) 0.5255 (4) 5.94 (7) 
C24 0.3433 (2) 0.0768 (2) 0.5159 (2) 4.05 (4) 
C25 0.2716 (2) 0.3682 (1) 0.7069 (2) 3.13 (3) 
C26 0.3525 (2) 0.3890 (2) 0.8410 (2) 4.04 (4) 
C27 0.3389 (3) 0.4668 (2) 0.9500 (2) 4.39 (5) 
C28 0.2440 (3) 0.5241 (2) 0.9272 (2) 4.62 (5) 
C29 0.1641 (3) 0.5036 (2) 0.7945 (3) 4.53 (5) 
C30 0.1780 (2) 0.4266 (2) 0.6859 (2) 3.62 (4) 
C31 0.4572 (2) 0.3126 (1) 0.6136 (2) 3.07 (3) 
C32 0.4846 (2) 0.4003 (2) 0.6009 (2) 3.95 (4) 
C33 0.6031 (2) 0.4393 (2) 0.6457 (3) 4.45 (5) 
C34 0.6959 (2) 0.3891 (2) 0.7010 (3) 4.48 (5) 
C35 0.6692 (2) 0.3031 (2) 0.7142 (3) 4.31 (5) 
C36 0.5507 (2) 0.2642 (2) 0.6724 (2) 3.73 (4) 
C37 -0.0327 (2) 0.2856 (2) 0.3437 (3) 4.32 (5) 
C38 0.0072 (2) 0.2221 (2) 0.4164 (2) 4.51 (5) 
C39 0.0307 (2) 0.1306 (2) 0.3255 (2) 4.15 (4) 
C40 0.0016 (2) 0.1396 (2) 0.1960 (2) 3.86 (4) 
ca  1 -0.0351 (2) 0.2354 (2) 0.2084 (3) 4.29 (5) 

Table 2. Selected geometric parameters (~,, °) 
Rul--P1 2.3293 (5) PI--C1 1.843 (2) 
Rul--P2 2.3304 (5) P1--C7 1.842 (3) 
RuI--N1 2.135 (3) P1--CI3 1.848 (2) 
RuI--C37 2.222 (2) P2--C19 1.833 (2) 
Rul--C38 2.230 (4) P2--C25 1.845 (2) 
Rul--C39 2.202 (3) P2--C31 1.835 (2) 
Rul--C40 2.190 (2) N1--N2 1.186 (3) 
RuI--C41 2.187 (2) N2--N3 1.164 (3) 

P1--Rul--P2 105.22 (2) Rul--P1--C13 125.22 (6) 
P1--Rul--N1 85.39 (6) C1--P1--C7 103.31 (8) 
P2--Rul--NI 86.65 (5) CI--P1--CI3 98.0 (1) 
N1--Rul--C37 96.17 (9) C7--P1--C13 103.2 (2) 
N1--Rul--C38 122.3 (1) Rul--P2--C19 110.65 (6) 
N1--Rul--C39 158.93 (9) Rul--P2--C25 113.69 (7) 
N1--Rul--C40 137.70 (9) Rul--P2--C31 124.66 (7) 
N1--Rul--C41 103.0 (1) C19--P2--C25 104.7 (2) 
Rul--P1--C1 119.01 (8) C19--P2--C31 • 103.62 (9) 
Ru I--P 1--C7 105.37 (7) 

All  compu ta t ions  w e r e  c a r d e d  out  on  a PDP-11]73  c o m p u t e r  us-  
ing SDP so f tware  ( E n r a f - N o n i u s ,  1985). 
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Abstract 

The structure o f [Yb(C4H1002)(C4H80)2(C12HsN)2] is 
monomeric with a distorted octahedral environment 
at Yb. The metal centre is surrounded by two 9- 
carbazolyl ligands which are cis to each other, two 
cis tetrahydrofuran ligands and one chelating 
dimethoxyethane ligand. Yb---N distances are 
2.45 (2) and 2.43 (3)A with a cis N--Yb-- -N angle 
of 107.3 (7) ° . 

t Organoamido-  and aryloxolanthanides (VIII). 
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