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Abstract 

Azoarenes, ArN=NAr’, react with Ru,(CO),, to give Ru,(p3-NAr)(p3- 
NAr’)(CO), (Ar = Ph, Ar’ = Ph, C,H,Me-3, C,H,CF,-3, C,H,F-3 (ll), C,H,F-4; 
Ar = Ar’ = C,H,Me-3) in moderate yields; for Ar = Ar’ = Ph or C,H,Me-3, the 
mononuclear cyclometallated Ru(C,H3RN=NC,H,R-3),(CO), (R = H or Me) were 
also obtained in low yield. Fe,(CO),, and azobenzene afford Fe,(p3-NPh),(CO), 
in very low yield. An X-ray study of 11 confirms the structural assignments made on 
the basis of the spectroscopic measurements: an Ru, triangle with a non-bonded 
Ru.. . Ru vector is capped on both sides by a ~j-arylimido moiety. Electron 
transfer-catalysed reactions with isocyanides, tertiary phosphines and phosphites 
proceed to give CO-substituted products in moderate yields: complexes Ru,(p.,- 

NPh),(CO),(L) (L = CNC,H,Me,-2,6 (1% PPh, (W, P(OMe),), {Ru,(PT 

NPh),(CO),),(~-(PPh,),C,) and Ru,(pL,-NPh),(p-LL)(C0)7 (LL = dppm, dppe) 
were obtained. X-ray structural studies of 15 and 16 show that the isocyanide ligand 
occupies an axial position, whereas the tertiary phosphine takes up an equatorial 
position, both on a terminal ruthenium atom. Crystals of 11, 15 and 16 crystallize in 
the monoclinic system with space group P2,/n, a 11.496(2), b 14.020(2), c 15.735(2) 
A, p 99.43(l)“, Z = 4 for 11; space group P2,/n, a 11.933(2), b 18.952(2), c 

14.370(4) A, p 100.29(2)‘, Z = 4 for 15; and space group PC, a 17.507(3), b 

11.657(2), c 19.518(4) A, ,!? 100.41(2)“, Z = 4 for 16. The structures were refined by 

* For Part LII, see ref. 38. 
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least-squares methods and at convergence R r= 0.037. R,, := 0.048 for 3653 atatisti- 
ca11y significant reflections for 11; K -7 0.041. R, == O.04h for JO01 rztlrctiona for 
15; and R = 0.039. R,, = 0.!)47 I'or 5291 reflections for 16. 
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Results 

We have found that the reactions of azoarenes with Fe,(CO),, or Ru,(CO),, 
proceed as originally described, but that the trinuclear complexes so formed have 
the M,N, skeleton, a formal cleavage of the N=N double bond in the azoarene 
occurring. Thus, the purple trinuclear complex Fe,(p,-NPh),(CO), (3) was ob- 
tained in very low yield from the reaction between Fe,(CO),, and azobenzene in 
refluxing benzene. Similarly, Ru 3(CO),, afforded orange Ru,(~~-NPh),(CO), (5) 
in 20% yield, accompanied by a smaller amount of the mononuclear cyclometallated 

complex Ru(C,H,N=NPh),(CO), (8), and a dark brown solid which has not yet 
been identified. A slightly higher yield of 5 was obtained by carrying out the 
reaction under CO. Analogous trinuclear complexes were obtained from the reac- 
tions of Ru,(CO),, with C,H,RN=NC,H,R’; only the mixed complexes Ru,- 
(pL,-NR)(pL,-NR’)(CO), (R = H, R’= 3-Me (9), R= H, R’= 3-CF, (lo), R = H, 
R’ = 3-F (11). R = H, R’ = 4-F (12)) were obtained from the asymmetric azoben- 

zenes, no evidence for the formation of the homo-bis-arylimido complexes being 
obtained. In the case of azotoluene, both Ru,(p3-NC,H,Me-3),(CO), (13) and the 
dimethyl analogue of 8, Ru(C,H,MeN=NC,H,Me),(CO), (14), were isolated. 

The identities of these complexes were established by elemental microanalyses, 
comparison of their IR Y(CO) spectra with the literature values (for 3 and 4) and 
from the unit cells of 3 and 4, which were identical (within experimental error) with 
those reported in the literature. The similarities in the physical properties of the 
other trinuclear complexes suggested that they also contained the Ru,N, skeleton, 
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Mechuni.snl of the rc+x~rim 

The formation of the trinuclear his-arylimido complexc~ frk)rn azoarenea require 
that the N=N double bond is cleaved at some btage of the reaction. 11 1s likely,. that 
the first step of the transfc>rmation involves coordination of the a/cw-cne to the 
cluster by the nitrogen atoms. perhaps givin, I_ 0 *In intermediati~ in w%ictr one of the 
M-M bonds is bridged h> the azoarene such as .4 (Schrnle 1). Slippage of the 
azoarene and further interaction with the third metal atom result> 111 Z N h~mti 
cleavage tiigether with electron rearrangement follo~ving capping Ir,rdiry Ii) opening 
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ArN =NAr (A) 

Ar 

. = M(C0J3 

Scheme 1 

of the M, triangle. The intermediacy of A has not been established in the ruthenium 
system, but in an analogous reaction, Os,(CO),,,(CH,CN), (x = 1 or 2) reacts 
with dimethyl azodicarboxylate to give OS,{ IJ.~-N(CO,Me)NC(O)OMe}(CO),,, 
which when heated in benzene affords OS,{ p3-N2(C(0)OMe),}(CO),, [27]. 
Stabilisation of this intermediate is aided by coordination of the ester carbonyl 
oxygen atoms. 

The eventual cleavage of the N-N bond is also consistent with the formation of 
the o-semidine derivatives such as 6. An alternative reaction can take place when 
one nitrogen is coordinated to one metal atom, namely the well-known cyclometal- 
lation reaction. Interaction of the aryl C-H bond with the cluster results in 
formation of an Ru-C bond and addition of the hydrogen atom to the cluster, as 
found with the aryldiazo complex Ru 3 (p ,-PPhCH, PPh Z )( p-N=NPh)(CO) x recently 
[28]. However, reaction with a second molecule of azoarene affords the mononuclear 
complexes 8 or 14, the hydrogen being eliminated with the other two metal carbonyl 
fragments; ruthenium carbonyl hydrides are unstable (RuH,(CO),) or unknown 
(Ru,H,(CO),), and we have found that the possible cluster hydride, Ru,(p- 

H),(CO),,> reacts readily with azobenzene to give at least nine products. 

Substitution reactions 
No chemistry of Ru,(p3-NPh),(CO),, apart from its hydrogenation to give 

Ru,(p-H),(p3-NPh),(CO)s [15], has been reported previously. We have found that 
ready substitution of CO by isocyanide or tertiary phosphine ligands occurs under 
electron-transfer catalysed conditions. Thus, with m-xylyl isocyanide, red-orange 
Ru,(p.,-NPh),(CO),(CNxy) (15) was isolated in 40% yield. The IR spectrum 
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Ru(l).. .Ru(3) separation of 3.291(l) A is not indicative of a bonding interaction 
between these atoms. Not unexpectedly the presence of the m-fluorine atom on one 
of the phenyl groups in 11 does not exert any significant influence on the overall 
structure. However, the crystal structure analysis does confirm the nature of the 
reaction product derived from the reaction of Ru,(CO),, with asymmetric azoarenes. 

In complex 15, the isocyanide ligand replaces an ‘axial’ CO group on a terminal 

ruthenium atom (Fig. 2). In these trigonal bipyramidal M,N, complexes, the six CO 
groups that are not approximately coplanar with the Ru, core may be termed 
‘axial’, although the Ru-C-N vector is inclined at 96.3” to the Ru, plane, with the 
N(l)-Ru(l)-C(21) angle 162.7(2)“. This may be compared with the corresponding 
N-Ru-P angle of approximately 109” found in 16 (see below). However, the 
overall structure and disposition of the ligands is remarkably similar to those found 
in 4 and 11. The Ru-C-O angles range between 174.6(6) and 179.7(3) A, while the 
Ru(l)-C(21)-N(3) angle is 175.9(5)“. 

In 16 one of the carbonyl groups on a terminal Ru atom of 4 has been substituted 
for a PPh, ligand (Fig. 3). The PPh, molecule coordinates the Ru, triangle 
equatorially; for molecule A of the asymmetric unit, the P atom lies 0.11 A above 
the Ru, plane (i.e. in the direction of the N(1A) atom) and in molecule B the P 
atom lies 0.03 A below the Ru, plane. The asymmetry in the Ru-Ru bonds found 
in the structures of 4 and 11 persists in 16 in which the longer Ru-Ru bond involves 
the Ru atom coordinated by PPh,. The Ru-P distance of 2.318(3) A (2.327(3) A for 
molecule B) is equal within experimental error to that found for the closely related 
compound (19) in which the dppm ligand equatorially spans the non-bonded 
Ru . . . Ru vector such that the Ru,P, atoms are almost coplanar [20]. The presence 
of the bulky PPh, ligand is responsible for the deviation from linearity of the 
Ru(l)-C(2)-O(2) bond (167.1(9)“) as is shown in Fig. 3. There are no major 
differences between chemically equivalent parameters defining the two molecules of 
16 which comprise the asymmetric unit for this compound. 

A common feature of the bis-p,-phenylimidotriruthenium structures reported 
above, as well as the earlier examples, is the unequal distances of the Ru-Ru bonds 
in the Ru, triangles. It has been suggested [9] that it is the relative disposition of the 
ligands which is responsible for the disparate Ru-Ru distances. We now develop 
this point further. As can be seen from Table 2, in each of the molecules there exists 
a weak intermolecular interaction, of ca. 3.0 A, between the terminal Ru atom and a 
carbonyl group bonded to the middle Ru atom. The geometry of this interaction is 
such that the ‘semi-bridging’ carbonyl is coplanar with the Ru, triangle and, further, 
it is noted that the greatest deviation from linearity of the Ru-C-O groups in these 
structures (except for that mentioned for 15 above) is found for the carbonyl groups 
involved in these intermolecular interactions. It is proposed that the presence of 

these additional, albeit weak, Ru . . . CO contacts is a major contributing factor to 
the minor asymmetry observed in the Ru-Ru bonds. 

There is a systematic variation in the non-bonded Ru.. . Ru distances in these 
clusters which can be related to the substitution pattern of the coordination 
geometries. For the compounds 4, 11 and 15 the non-bonded Ru . . Ru distances lie 
in the narrow range 3.284(1)-3.291(l) A. An expansion of the Ru . . . Ru distance of 
ca. 0.3 A is found in 19 and of ca. 0.7 A in 16. The opening of the Ru, triangles is 
undoubtedly related to the presence of the sterically demanding phosphine sub- 
stituents in equatorial positions in these structures. 



The separation of the imido N atom5 in the cluiters lies in the range 
2.41(1)--2.4.5(l) ,& and it has been suggested by others that home direct interaction 

between these atoms is likrlv [9]. 

Conclusion 

The trinuclear complexes obtained from previously; described reactions between 
M;(CO),; (M= Fe [lXJ. M .= Ru 1191) and azoarenex h‘ive been iho\\ n to bc 

bia-p.,-arylimidotrimetal clusters. M3( pLI-NAr-),(C‘O),,. h. L ~7ectro1copic and ?i-rah ~ 1 
structural comparisons with examples of known structure obtained frcm other 

nitrogen-containing prccur5nra. Electron transfer-c~~talvsrd huhtitiition reactions 

with 2e donor ligands result in the formation <It .1*i:rllv- ~i~i~c\;:~nide) or 

equatorially-substituted products (tertiary phosphines and phlyhites): the latter 
reactions are analogous to those of Fe,( p.,-PPh),((‘O)., [35]. .md ;trr: ;~s~~metl tcl 

proceed in 3 similar manner via opening of the Ru :N trranplc. 

Experimental 

Gerwul conditions. All reactions were run under nitrogen except those in\ olving 
CO or H,; no special precautions were taken to exclude air during work-up. since 

most complexes proved to he stable in air AS colitis. amI I’or- short times 11-1 solution. 
Solvents were dried and distilled (dme and thf frcm hodium diphen?Ikctyl) before 
use. Pressure reactions n~e carried out in a small sr>iinle>h htt*c! labr~rator\ 
autoclave (Carl Riith, K;trlsruhe) of intern:\! volume IOii ml. cquq~ped \vlth ‘m 
internal glass liner. 

ftistrumet7t.v. Perkin Eimer 683 double-beam spectrometer. N:I(‘~ optics (IR): 
Bruker WPXO spectrometer (‘H NILIR at X0 MHr. “C NYlR ai ‘ii.1 R-IHz): 
GEC-Kratos MS3074 mas\ spectrometer (masx cpcctr:l ;~t 7!1 ~1‘ ic,ni>ing energ?. X 
kV accelerating potential). 

FAB mass spectra were ohtaincd on a VG ZAB 2HF instrument qujpped with ‘i 
FAB source. .4rgon was used as the exciting gas. with hc)urce pre>rure> typicall! 
10~ ’ mbar; the FAB gun voltage was 7.5 kV. current 1 mA. The ioll accelerating 
potential was X kV. The matrix was ?-nitrc)benzyl alcohi~l. ‘The c~~mpIc.xes were 

made up as ca. 0.5 M sc&_~t~ons in acetone or dic!iioromcthani: ;t ilrcip \~a:, ,~ddrd to 
a drop of matrix and the mixture was applied to the F.%H probe tip Spectra arc 
recorded as m/: (calculated for ““Ku or iOiRu 7 ), asGgnment. 5 rel;ltivc intenait!. 

Peaks marked + are centrch of multiplets consisting of o\.zrlapping iijn* related t-r\ 
loss of one or two H from the indicated ion. 

Sturting materiuir. Fq(CO) ,? was obtained from Strrm (‘hem~cal<. Danvers. 
Mass., and used after drying in vacuum; Ru,(C’O),, was prepared l-b ;I Ilteraturc 
method [2X]. Azoarenes were either commercial product>. or were prepared b\ 
condensation of the appropriate amine with PhNO or C,, ii-‘iNO. 

Keuction hetlrvzen Fq(COIIJ urzd azohenzcnc 
,4 mixture of Fe,(CO),: (I .OO g. 1.99 mmol) and azobenzene (I.00 p. 5.4X mmol) 

in benzene (90 ml) was heated at reflux point for 4.5 h. After cooling. solvent was 
removed in vacuum. and the residue chromatographed (Florisil). Light petroleum 
eluted a purple band (mixture of Fe,(COi,-. Fel(p.,-NPh) ,(CO),, 63) ,md ayohrn- ._ 
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zene, see below) and diethyl ether/light petroleum (l/3) eluted an orange band 
(azobenzene, identified by comparison with an authentic sample). Preparative TLC 
of the purple band (silica, light petroleum eluant) gave four bands. Band 1 
(R, = 0.90) green, trace, Fe,(CO),, (IR identification). Band 2 (R, = 0.78) purple, 

Fe,(p,-NPh),(CO), (3) (30 mg, 2.5%) recrystallised (n-hexane), m.p. 138” C (dec). 
Found: C, 41.74, H, 1.80; N, 4.63%; C,,HiON,O,Fe, calcd. C, 41.91; H, 1.67; N, 
4.65%. IR (cyclohexane): v(C0) 2059~s 2037~s 2017~s 2011s 1986s 1972s cm-i 
(lit. [18] 2050~s 2028s 2008s 1987m, 1970~ cm-‘). ‘H NMR: 6 (CDCl,) 7.2886.99 

ppm (m, Ph). i3C NMR: S (CDCl,) 209.6-191.6 (m, CO); 128.4, 125.5, 123.1 ppm 
(m, Ph). The identity of complex 3 was confirmed from its unit cell: monoclinic, 
space group P2,/n, u 11.34, h 13.66, c 15.42 A, /? lOO.O”, V 2352 A3 (lit. [Xl: 
monoclinic, P2,/n, a 11.282(2), b 13.658(l), c 15.379(4) A, fi = 99.81(2)“, V 2335.1 
A3). Band 3, (R, = 0.60) orange, azobenzene (TLC identification). Band 4. (R, = 

0.42) red (trace), Fe,@,-C,H,NHNC,H,)(CO), (6) (IR identification). 

Reactions of Ru,(CO),, with uzourenes 

(a) Azobenzene 
(i) Under nitrogen. A mixture of Ru,(CO),, (500 mg, 0.78 mmol) and azoben- 

zene (285 mg, 1.56 mmol) was heated in refluxing n-octane (80 ml) until the reaction 
was judged to be complete (monitoring the disappearance of the 2061 cm-i band of 
Ru,(CO),, (ca. 4 h)). Solvent was removed under reduced pressure and the residue 
was chromatographed (Florisil). Light petroleum eluted an orange band, which was 

recrystallised (n-pentane) to give Ru,(pL,-NPh),(CO), (4) (115 mg, 20%) m.p. 
157°C (Found: C, 34.18; H, 1.43; N, 3.79%, M, 740. C,,H,,N,O,Ru, calcd.: C, 
34.20; H, 1.37; N, 3.80%; M, 739.) IR (cyclohexane): Y(CO) 2098w, 2077~s 2053~s 
2027~s 2020~s 2016~s 1995s, 1984m cm-‘. ‘H NMR: S (CDCl,) 6.7-7.3 (m, Ph). 
13C NMR: 6 (CDCl,) 123.2. 124.2, 128.4 (Ph), 191.7 ppm (m, CO). FAB mass 
spectrum: 739, [M+], 31; 711, [M - CO]+, 93; 683, [M - 2CO]‘, 100; 655, [M - 
3CO]+, 17; 641, [Ru~(CO),~]+ or [Ru3N2(C0)i,]+ (EM’), 14; 627, [M- 4CO]+, 
59; 613, [M’- CO]+, 10; 599, [M- 5CO]+, 21; 585, [M’ - 2CO)]+, 10; 571, 
[M- 6CO]+, 41; 557, [M’- 3CO]+, 14; 543, [M- 7CO]+, 48; 529, [M’- 4CO]+, 
21; 515, [M - 8CO]+, 31; 501, [M’ - 5CO]+, 31; 487, [M - 9CO]+, 31. The identity 
of complex 4 was confirmed from its unit cell: orthorhombic, space group Pna2,, a 
19.72, b 9.65, c 13.03 A, V 2478 A3 (lit. [9]: orthorhombic, Pna2,, u 19.730(2), b 

9.67(l), c 13.043(l) A, V 2487.7 A3). Light petroleum/CH,Cl, (9/l) eluted an 
orange band, which was recrystallised (n-hexane) to give Ru(C~H,N=NC,H,)~(CO), 
(8) (20 mg, 3.8%) m.p. 130°C (dec) (Found: C, 60.18; H, 3.64; N, 10.73; 
C2,H,,N,0,Ru calcd.: C, 60.11; H, 3.49; N, 10.78%.) IR (cyclohexane); v(C0) 
2036~s 1986~s cm -I. ‘H NMR: S (CDCl,) 8. - 7 6.5 m, Ph). The brown band eluted ( 
by dichloromethane was recrystallised (CH ,Cl ,/hexane) to give a brownish-black 
powder (unidentified, 490 mg), with v(C0) (CH,Cl,) at 2034s(br). 1984s(br) cm-‘. 

(ii) Under CO. A mixture of Ru,(CO),, (500 mg, 0.78 mmol) and azobenzene 
(145 mg, 0.79 mmol) was heated in refluxing n-octane (70 ml) for 7 h with CO gas 
(high purity) bubbling through. After cooling, solvent was removed under reduced 
pressure and the residue chromatographed (Florisil). After multiple chromatography 

[necessary to separate Ru,(CO),, and Ru,(c~~-NP~),(CO),] pure Ru,(CO),, (50 
mg, 10%; IR identification) and Ru3(p3-NPh)2(C0)9 (4) (130 mg, 25%; IR identi- 

(Continued on p. 212) 
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fication) were obtained. ‘T‘ht: complex Ru 7( ~~,y-NPh)( ,u ,-C’Oj((‘Oj,, (2~ ~\:;fs not 
detected. 
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graphite-monochromatized MO-K, radiation, h 0.71073 A. No decomposition of the 
crystals occurred during their respective data collections. Corrections were routinely 
applied for Lorentz and polarization effects and for absorption [36]. Crystal data for 
the three compounds are listed in Table 3. 

The structures were solved by direct-methods [36] and refined by a full-matrix 
least-squares procedure for 11 and 16. For 15 two cluster molecules, as well as a 
CHCl, molecule, comprise the asymmetric unit and hence the large number of 
refinable parameters required the use of blocked-matrix least-squares method. 
Anisotropic thermal parameters were introduced for all non-hydrogen atoms in 11. 
A difference map calculated at this stage revealed that the fluorine atom of the 

Table 4 

Fractional atomic coordinates (X lo5 for Ru, X lo4 for other atoms) for Ru,(p3-NPh)(p,-NC,H,F- 

3)(CO), (11) 

Atom 

RW) 

Ru(2) 

Ru(3) 

F(1) 

FU’) 

N(1) 

N(2) 

C(1) 

O(l) 

C(2) 

O(2) 

C(3) 

O(3) 

C(4) 

O(4) 

C(5) 

O(5) 

C(6) 

O(6) 

C(7) 

O(7) 

C(8) 

O(8) 

C(9) 

O(9) 

C(l0) 

C(l1) 

C(l2) 

C(13) 

C(14) 

C(15) 

C(l6) 

C(l7) 

C(l8) 

C(19) 

C(20) 

C(21) 

x 

85297(3) 

92875(3) 

97822(3) 

5134(9) 

13689(10) 

10126(3) 

8207(3) 

6909(5) 

5951(3) 

9064(4) 

9336(4) 

8519(4) 

8578(5) 

8585(8) 

8218(8) 

10756(6) 

11655(6) 

8653(8) 

8153(7) 

9768(6) 

9748(6) 

9269(4) 

8975(4) 

11374(5) 

12309(4) 

11237(4) 

11569(5) 

12648(6) 

13388(7) 

12979(5) 

11933(5) 

7050(5) 

6672(5) 

5503(7) 

4717(6) 

5121(6) 

6258(6) 

16558(3) 

34824(3) 

28406(3) 

2256(10) 

472(10) 

2183(2) 

2689(3) 

1480(4) 

1358(4) 

999(4) 

628(3) 

536(4) 

- 108(4) 

3407(4) 

3477(4) 

4048(4) 

4328(4) 

4686(4) 

5373(4) 

1838(5) 

1276(5) 

3834(4) 

4442(3) 
3207(4) 

3431(3) 

1818(3) 

1903(5) 

1542(5) 

1032(5) 

898(5) 

1280(4) 

2876(4) 

2529(5) 

2665(6) 

3151(7) 

3549(6) 

3393(5) 

8082(2) 

9436(2) 

25218(2) 

3339(7) 

2295(7) 

1392(3) 

1668(2) 

262(3) 

- 27(3) 

- 144(3) 
- 721(3) 

1471(4) 

1917(3) 

- 252(5) 

- 957(3) 

802(5) 

778(5) 

1753(4) 

1301(5) 

3349(4) 

3869(3) 

3202(3) 

3594(3) 

2934(3) 

3166(3) 

1248(3) 

459(4) 

311(5) 

953(6) 

1719(5) 

1890(4) 

1799(4) 

2535(4) 

2639(6) 

2050(7) 

1360(7) 

1200(4) 
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Table 6 

Fractional atomic coordinates (X lo5 for Ru, x lo4 for other atoms) for Ru,(p,-NPh),(CO),(PPh,) 

(16) 

Atom x Y z Atom x J z 

Ru(lA) 

Ru(2A) 

Ru(3A) 

WA) 

N(lA) 
N(2A) 

C(lA) 

WA) 

C(2A) 

O(2A) 

C(3A) 

O(3A) 

C(4A) 

O(4A) 

C(5A) 

O(5A) 

C(6A) 

O(6A) 

C(7A) 
O(7A) 

C(8A) 

WA) 

C(9A) 

C(lOA) 

C(11A) 

C(12A) 

C(13A) 

C(14A) 

C(15A) 

C(16A) 

C(17A) 

C(18A) 

C(19A) 

C(20A) 

C(21A) 

C(22A) 

C(23A) 

C(24A) 

C(25A) 

C(26.4) 

C(27A) 

C(28A) 

C(29A) 

C(30A) 

C(31A) 

C(32A) 

C(33A) 

C(34A) 

C(35A) 

C( 36A) 

C(37A) 

C(38A) 

Ru(lB) 

Ru(2B) 

30625(-) 

30152(5) 

16759(5) 

2479(2) 

2139(5) 

2738(4) 

3475(5) 

3793(5) 

3953(7) 

4471(5) 

3974(7) 

4534(4) 

3394(X) 

3647(7) 

2741(g) 

2516(7) 

848(7) 

317(6) 

lOOl(8) 

565(5) 

1563(7) 

1458(7) 

1804(3) 

2249(3) 

1890(3) 

1086(3) 

642(3) 

lOOl(3) 

3138(3) 

3936(3) 

4283(3) 

3833(3) 

3035(3) 

2688(3) 

1811(5) 

1459(5) 

966(5) 

826(5) 

1178(5) 

1671(5) 

3225(5) 

3686(5) 

4146(3) 

4145(5) 

3684(5) 

3224(5) 

2089(4) 

1292(4) 

982(4) 

1470(4) 

2266(4) 

2576(4) 

69370(5) 

69678(5) 

72279(6) 

77167(7) 

84866(6) 

7157(2) 

6909(7) 

8757(5) 

5770(7) 

4876(7) 

7805(7) 

8209(7) 

6923(7) 

6338(6) 

8949(12) 

9724(7) 

7000(11) 

6482(9) 

8684(10) 

8767(10) 

8029(11) 

7737(7) 

10046(10) 

10828(7) 

5808(S) 

4854(5) 

3798(5) 

3696(5) 

4650(5) 

5706(5) 

9844(4) 

9973(4) 

11042(4) 

11982(4) 

11853(4) 

10783(4) 

6118(6) 

6133(6) 

5240(6) 

4332(6) 

4317(6) 

5210(6) 

6927(6) 

5945(6) 

5633(6) 

6304(6) 

7287(6) 

7598(6) 

8597(5) 

8721(5) 

9798(5) 

10751(5) 

10627(5) 

9550(5) 

72175(7) 

77114(7) 

56891(-) 

43209(5) 

45056(5) 

6664(2) 

4778(5) 

5149(4) 

5834(5) 

5958(5) 

6276(6) 

6610(6) 

4569(5) 

4597(5) 

3905(7) 

3555(6) 

3475(9) 

2941(6) 

5012(6) 

5226(6) 

3715(8) 

3225(4) 

4141(7) 

3853(6) 

4611(4) 

4502(4) 

4332(4) 

4269(4) 

4378(4) 

4548(4) 

5322(4) 

5355(4) 

5508(4) 

5628(4) 

5596(4) 

5443(4) 

6769(4) 

7355(4) 

7470(4) 

6998(4) 

6412(4) 

6297(4) 

7505(4) 

7546(4) 

8179(4) 

8771(4) 

8729(4) 

8097(4) 

6813(5) 

6789(5) 

6888(S) 

7012(5) 

7036(5) 

6936(5) 

6891(5) 

6765(5) 

Ru(3B) 

PUB) 

NUB) 

N(2B) 

CUB) 

WB) 

C(2B) 

O(2W 

C(3B) 

O(3B) 

C(4B) 

O(4B) 

C(5B) 

O(5B) 

C(6B) 

O(6B) 

C(7B) 

O(7B) 

C(8B) 

O(8B) 

C(9B) 
C(lOB) 

C(llB) 

C(12B) 

C(13B) 

C(14B) 

C(l5B) 

C(16B) 

C(17B) 

C(18B) 

C(19B) 

C(2OB) 

C(21B) 

C(22B) 

C(23B) 

C(24B) 

C(25B) 

C(26B) 

C(27B) 

C(28B) 

C(29B) 

C(3OB) 

C(31B) 

C(32B) 

C(33B) 

C(34B) 

C(35B) 

C(36B) 

C(37B) 

C(38B) 

C(39) 

Cl(l) 

CK2) 

CK3) 

83148(5) 84926(7) 

7479(2) 7183(2) 

7227(5) 8726(8) 

7783(4) 6884(6) 

6044( 7) 7776(10) 

5462(5) 8050(S) 

6628(8) 5650(12) 

6331(6) 4792(7) 

6008(7) 6887(13) 

5413(6) 6523(9) 

7274(6) 6916(10) 

7436(5) 6539(9) 

6542(7) 8961(10) 

6328(7) 9716(9) 

8374(7) 9962(10) 

8384(6) 10880(8) 

9001(6) 7942(8) 

9348(6) 7652(g) 

9151(g) 8640(10) 

9734( 6) 8700(10) 

6932(4) 9846(6) 

6145(4) 10040(6) 

5831(4) 11131(6) 

6306(4) 12028(6) 

7093(4) 11833(6) 

7406(4) 10742(6) 

8143(3) 5800(5) 

7689(3) 4896(5) 

8024( 3) 3X24(5) 

8814(3) 3657(5) 

9268(3) 4560(5) 

8933(3) 5632(5) 

8102(5) 8406(6) 

8897(5) 8393(6) 

9280(5) 9408(6) 

8868(5) 10436(6) 

8072(5) 10449(6) 

7689(5) 9434(6) 

6874(5) 6972(5) 

6858(5) 7752(5) 

6376(5) 7555(5) 

5909(5) 6577(5) 

5925(5) 5796(5) 

6407(5) 5994(5) 

8169(4) 5954(6) 

8278(4) 5086(6) 

8728(4) 4129(6) 

9070(4) 4041(6) 

8962(4) 4908(6) 

851 l(4) 5865(6) 

5123(11) 8131(g) 

4321(10) 7286(14) 

4973(9) 9417(5) 

5825(6) 7353(7) 

4808(5) 

- 1693(2) 

- 173(6) 

149(4) 

- 1268(7) 

- 1663(5) 

- 875(7) 

- 904(6) 

475(7) 

323(5) 

1554(6) 

2075(5) 

1156(g) 

1347(5) 

936(6) 

1201(6) 

1310(6) 

1835(6) 

- 74(9) 

- 293(6) 

- 363(5) 

- 369(5) 

- 520(5) 

- 665(5) 

- 659(5) 

- 508(5) 

392(4) 

561(4) 

732(4) 

734(4) 

565(4) 

394(4) 

- 1786(6) 

- 1792(6) 

~ 1901(6) 

- 2004(6) 

- 1999(6) 

~ 1890(6) 

- 2517(4) 

- 3061(4) 

- 3701(4) 

~ 3797(4) 

- 3253(4) 

- 2613(4) 

- 1748(3) 

- 1248(3) 

- 1338(3) 

- 1928(3) 

- 2428(3) 

- 2338(3) 

2668(15) 

2606(13) 

2450(8) 

2452(5) 



refined. In the refinement of IS. the phenyl groups of the imido ligands were 

constrained as hexagonal rigid groups. remaining non-hy-drogen atom\ uere refined 

with anisotropic thermal parameters and hvdrogen-atom> were included in the 

model at their calculated positiolis. Final refinement details for ttw three corn- 

pound\ are given in -1 able ? 
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