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The structure of dichlorobis(aniline)(norbornadiene)ruthenium (aniline = 
phenylamine, norbomadiene = bicyclo[2.2.1] hepta-2,5-diene), R&l, (C, Hs )- 
(C, Hs NH, )*, has been determined from threedimensional X-ray data colkct- 
ed by counter techniques and refined by a least-squares procedure to a con- 
ventional agreement index of 0.025. The complex crystallizes in space group 
C$--C?~zc2, of the orthorhombic system in a cell of dimensions 52 x7.162(4), 
b 12.589(3), c 8.522(2) A, V 1341.3 A3 with 2 4. Observed and calculated 
densities are 1.61(l) and 1.62 g/cm 3. The coordination geometry about the 
ruthenium atom is distorted octahedral with the norbornadiene moiety bound 
through the two double bonds. The complex possesses crystalIographicalIy imc 
posed C,(m) symmetry with the tmns-chloro ligands, the ruthenium atom, and 
the three sp” carbon atoms of the diolefin constrained to the mirror plane. 
The coordination sphere is completed by &-aniline groups. Bond distances of 
interest are: Ru-Ct (where Ct is the center of the olefinic bond), 2.066(4); 
Ru-N, 2.213(3); Ru-Cl, 2.415(2) and 2.407(l) a. The C-C distance of the. 
olefink bond ia 1.386(6) A, compared with 1.35 A in the free ligand. The re- 
maining &bces in the bicyclic ligand are very close to the exp.ected value for 
C--C single bonds, 1.54 A. The Ct-Ru-CX angle is 70.0“ and the C~-RU-C~ 
angle is 156.5(5)“. 

Introduction 

A stiey of the r&cent literatwe indicates that komplexes of ruthenium 
have beenless extensively studied than those of-its second-row Group. VIII 
cou~terp@, rhodium and. palkdium.~ Borne client interest in ruthenikn 
chemistry arises from the employment of certainRu complexes as catalysts in 

* On leave from Universit& Paris VI. France. . . . 
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the h~~ogenatio~ of olefins. Abel et af. [lf have reported the formation of 
metal-olefin complexes based on. the bicyclic diolefin norbornadi&ie(bicycloY 
f212.11 hepta-2,5-diene), C7 Hs ,’ abbreviated herein as NBD. These authors have 
synthesized RuC& (NBD), whose presumed polymeric structure invoives chloro 
bridges. The aminep-toluidine causes fission of the chloro bridges to give a 
complex formulated as ~~hlorobis~~-tol~d~e)~orbor~~ene~~e~~. More 
recently, Potvin and Pannetier [2] have studied the fission of the halogen 
bridges with various amines, and a series of complexes, RuX2 (NBD)L* (L = I 
amine, X = halogen); has been prepared. Similar complexes have also been ob- 
tained with another potentially chelating diolefin; 1,5-cyclooctadiene (COD). 
Some hydrido complexes, e.g., RuHX(COD)L2 and RuHX(NRD)L* , also may 
be derived frrom these olefiuic complexes. Relatively few crystal structure in- 
vestigations of NBD complexes have been reported; PdCl, (NBD) [3] is the only 
complex whose structure is related to that proposed for RuXz (NBD)LZ . Con- 
sequently, to add to our information on the binding of olefins to transition 
metals and to aid in the interpretation of the IR and NMR spectra of these com- 
plexes we have carried out a structural investigation of a complex of the type 
Ru& (NBD)L, with L = aniline and X = chloro. The results of that study are 
reported here. 

Experimental 

Crystals of RuCl2 (C, Hs )fC, H,- NH, h suitable for X-ray analysis were 
grown by slow evaporation of a solution-of R&l2 (NBD) in aniline, Further 
details of the preparation and spectral properties of this and related complexes 
will be reported at a later date 123. A series of precession and Weissenberg 
photographs employing Cu-K, radiation show Laue symmetry mnnn indicating 
that the crystals belong to the orthorhombic system. The systematic absences 
hkl, h + k $ 2n and hOI, I T 2n are consistent with either the tientrosymmetric 
space group D:z -Cmcm or the noncentrosymmetric pair C&-CmcZ1 and 
C~$--CZ%cm _ The crystals give a positive piezeoelectric effect and hence must 
belong to one of the noncentrosymmetric space groups. 

Lattice parameters at 22” were determined from a least-squares refinement 
[4] of the setting angles of sixteen hand-centered reflections in the range 
50” < 20 < 60”. Au measurements were made using a Picker FACS-1 difftacto- 
meter with h&filtered Cu-K& radiation (h 1.54056 BL). The cell constants are: 
cb 17.962(4), b 12589(S), c 8.522(2) A. The calculated density, 1.62 g/cm3, 
based on four formula units of RuCl, (C, H, )(C, H5 NH2 )* in the unit cell, 
agrees well with a value of 1.61(l) g/ cm3 measured by flotation in a methyl 
iodide/carbon tetrachloride mixture. With 2 4, the complex has imposed C2 or 
C, symmetry- 

The crystal selected for data collection exhibited a prismatic habit with 
bounding faces of the forms {llO) and Cl113 with approximate dimensions 
0.23 & -0.21 X .0.65 mm along the principal _ciystallographic directions. In order 
to minimize multiple diffraction effects [5] the crystal was mounted with the 
[OOl] direction misset by apprdximately 5” from the diffractometer spindle 
axis, A total of 2974 reflections w& collected by the 6 -28 scan ~eh~~ue 
employing both the bisecting and parallel modes of diffraCtO~eb3 Operation. 
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TABLE 1 

DETAILS OF DATA COLLECTION FOR RuC~~(CC~HB)(C~H~NH~)~ 

Radiation 
Filter 
Take-off angle 
scan rate 
Background times 
Receiving aperture 
Attenuators 
Scan range 

Data collection limits 

Standards 

“!y+* h = I.64056 A 
1 mfi i foil prefiiter 
3.25O 
2” &in 
10 sec. at scab limits 
5.0 X 4.0 nun. 32 cm from crystal 
Cu foil, ratio = 2.3: inserted at 7000 cps 
bisectinz mode: -O.Sa (Kor ) to +O.@ (K 
parallel mode: -1.S” (K f to 11.2” (Kn, _“t 

1 

biiecting mode: 3” G 26% 127O 
pamlIe mode: 120° G 28 G 160” 
bisecting mode: 6 every 100 reflections, all within 3a 
paxallel mode-. 3 every 100 reflections. aI1 within 3a 

Pertinent data collection details are given in Table 1, Throughout the entire --- 
range in.20, the reflections kk2 and kkl were collected in order to facilitate the 
determination of the absolute configuration. In addition, all eigbt members of 
the form {kkI] were collected in the range 3” f 28 f 60’. 

The data were processed in a manner previously described [4, 61 to yield 
values of Fz and o(Fz ) where IF,1 is the observed structure amplitude. A value 
of 0.04 for p was used in the estimation of o(I?z ). Of the 2974 data, 2642 were 
observed IF: > 3a(Fz )I. An absorption correction was applied*, based on a 
linear absorption coefficient of 98.2 cm -I . The transmission factors ranged 
from 0.10 to 0.32. 

The members of {kkl) which remain equivalent when Friedel’s Law fails 
differ depending upon the aspect of the space group 171. Accordingly, the 
compete data for 26 < 60” were averaged under the assumption (1) that the 
aspect is mm2 (data split into two groups depending upon the sign of 1) and 
(2) that the aspect is 2mm (data split into two groups depending upon the sign 
of h). The corresponding R-factors for averaging were 0.021, and 0.045, re- 
spectively, providing clear proof that the aspect is mm2 and the space group is 
c:5-cmc2~. 

Solution and refinement of the structUre 

The structure was solved by standard heavy-atom techniques. Trial posi- 
tions for the Ru and two Cl atoms were derived from an analysis of a tbree- 
dimensional origin-removed Patterson function. The Ru and the two Cl atoms 
were found to lie on the mirror plane in C’mc2, and hence symmetry m is im- 
posed on the molecule. The remaining carbon and nitrogen atoms were located 
by the usual combination of Fourier and least-squares techniques although 
some difficulty was encountered in the early stages because of pseudosymmetry. 
The trial structure was refined (on F) by a ful-matrix least-squares procedure. 

* In addition to various local programs for the CDC 6400 computer. modified versions of the following 
programs were employed: Zalkin’s FORDAP Fouxier s ummati~n progwm, Johnson’s ORTEP 
thexmal ellipsoid plotting program. Bushxg. and Levy’s ORFFE aor-fonction program, and Dewar’s 
FAME normalized structure-factor pro’ograre Our full-matxix least-squares program. NUCLS, in ita 
non-group form, closely resembles the Busing-tivy ORFLS program. Our absorption program, 
AGNOST, incorpoxates the CopWns-I,&$?OWitZ-~biio-fich lotiC for Gaussian integration. 
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The fu&tion minimized is I: w (IF,, I --IF,1 )* , where IF, I and IF,1 are the observed 
a@ ca&ulated stkcture amplitudes and the weights, w, are taken as 4.F:/ 
a* (Ff,). The atomic scattering factors for ah non-hydrogen atoms were taken 
from the usual tabulation 181, while those for H were taken from the cakula- 
tiOnS Of SteWa& et al. [9] . Two cycle5 of least-squares refinement of an iso- 
tropic thermal model for the complete trial structure using the 769 observed 
inner reflections resulted in convergence with values of 0.063 for R 1 and 
0.089 for R2. The agreement indices R 1 and R2 are defined as R, = 
XilF,I-lF,lIIZIF,I and& = (~~(l~~l-lF,l)~/~:~~,)~. 

At this point the refinement was expanded to include an enantiomeric 
model (B) related to the original arbitrary choice (A) by inversion. The complete 
data set, consisting of 2005 unique reflections in the range 3” B 28 d 160” of 
which 1713 were observed, was generated by averaging those members of a given 
form that remain equivalent under mm2. The anomaIous terms for Ru, Cl, N, and 
C, as obtained from the tabulation of Cromer and Libennan [lo], were intro- 
duced, and included in F, [ll] during subsequent calculations. One cycle of 
refinement of each of the enantiomorphous models resulted in values of 0.070 
(R, ) and 0.096 (R, ) for enantiomer (A) and 0.057 (R, ) and 0.080 (R2 ) for 
enantiomer (B). With the two weighted agreement factors as the basis for the 
Hamilton Ratio Test [l&133, and assuming only random errors in the data, 
the hypothesis that enantiomer (A) is the correct absolute configuration may 
be rejected at the 99.5% confidence level. The refinement was therefore con- 
tinued on enantiomer (B). 

Suitable positions for the twelve independent hydrogen atoms were de- 
termined from a difference Fourier map based on the refined positions of 
enantiomer (B), The C(N)-H distances ranged from 0.80 to 1.15 W. The posi- 
tion of a given hydrogen atom was idealized using a C(N)-H distance of 0.95 A 
and bond angles appropriate to the atom to which it is bonded. The thermal 
parameter for a given hydrogen atom was arbitrarily taken as 1 A2 higher than 
the atom to which it is bonded. The contributions to the calculated structure 
factors from the idealized hydrogen atoms were included as fixed contribu- 
tions during subsequent refinement of the model. After a further cycle of 
refinement, inspection of the structure factors suggested that the data are af- 
fected by extinction. An additional cycle of least-squares refinement including 
an anisotropic model for all non-hydrogen atoms and an isokropic correction 
for secondary extinction lowered the discrepancy indices to 0.031 and 0.052 
for R i and RZ , respectively, and provided-the basis for an improved model for 
the idealized hydrogen atoms. A difference Fourier map reveakd that the idea- 
lized positions for the two hydrogen atoms bonded to the tertiary carbon atoms 
of the NBD moiety were somewhat unrealistic, possibly because of distortion 
of the bond angles about these atoms. Idealized positions for the ten remaining 
hydrogen .atoms were recomputed and a final cycle of least-squares refinement 
of 123 variables based on 1713 observations resulted in values of 0.025 for R 1 
and 0.035 for R2. The details of the model include a correction for secondary 
extinction, an anisotropic thermal model for each non-hydrogen atom, variable 
positional but fixed thermal pammeters for the two hydrogen atoms bonded. 
to the tertiary carbon atoms, and fixed idealized positional and thermal param* 
eters for ‘the ten remaining hydrogen atoms. 
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TABtiE 3 ': .- 
IDE-iLiZEI) POSITXONAL'CGORDINATESFORHYDRGGENATOP.IS 

&a’ 0.162 0.174 0.019 4.03 5. 

&,c 
0.076 0.061 0.071 4.03 
0_212 0.260 -. 0.132 455 

H(3) 0.330 0.235 0.264 6.57 
H(4) 0.356 0.080 0.393 5.86 
N(5) 0.267 .' -0.061' 0.382 5.66 
H(6) 0.148 -0.039 0.246 4.71 
H(6) 0.045 0.403 0.634 5.52 
H(l6) 0.104 0.340 0.273 4.21 
H(ll> 0.104 0.181 0.466 4.29 

~H,andHbarebonded tothenitrogenatom oftbeaiIine.b A hydro6emafomwasasigmda tempera- 
ture factor 1 A* larger than that of the atom (nitrogen or carbon) to wbicb it is attached. C The number of 
the hydrogenatolnindicatesthec~onatomtowhi~itisbo~dclded. 

The largest parameter shifts in the final cycle were less than 0.1. of their 
estimated standard deviations except for the positional parameters of the two 
hydrogen atoms which were 0.3 times their estimated standard deviations. The 
standard deviation of an observation of unit weight is 0.99 e-. A final difference 
map shows nq peak higher than 0.3 e’/A3, whereas the average electron density 
of a carbon atom in this structure is 2.5 e-/A3 . The value of the isotropic ex- 
tinction parameter is 7.39(l) X 10d3 e-2. A comparison of ZUJ(~F~I--IF,~)~ for 
~ariaus classes of reflections based on Miller indices, IF, t, and setting angles 
shows no significant dependence on any of these quantities. Of the 292 unique 
reflections omitted from the refinement (Fz < 3ofp0)), none had IF:--Ff f > 
3a(Fij. 

The parameters obtained from the final cycle of refinement are given in 
Tables 2 and 3 along with their estimated standard deviations as obtained from 
the inverse matrix. A tabulation of observed and calculated structure amplitudes 

TABLE4 

ROOT-MEAN-SQUAEEAMPLITUDESOFVIBRATION <A) ALONGTHEPRfNCIPALAXES 

Atom hfinimum intermediate ruaxirnum 

RU 0.1661(6) O.l'7P6(6> 0.176617) 
CxlI 0.180(2) 0.242(l) O-267(2) 
cx2) 0.167<1) 0.208(l) 0.265(2, 

ii&, ,. 
0.184f4) 0.193(5) 0.230<3) 
0.X57(5) 0.195f4) O-222(4) 

C(2) 0.196(5) 0.208(5) t&242(5) 

C(3) 0.187(44) 0.236(7) 0.299(S) 
C(4) .- 6.183(5> 0.244(?) O-327(6) 
C(5) 0.189(5) .0.242(5) 0.326(6) 
C(6) 0.177(5) 0.210(6> O-285(7) 
a71 1 ., ,- gm;;! 0.2,29(7) 0.265(S) 
C(S) -.-' 0.231<7) O-333(9) 
gg;,. ..'. ~0:186(8, 0.218(7) 0.291(10) 

C(II) ' -' ;: 
0.175(S) 0.207(5) 0.247(6) 
'o*13g(6). I--... :_ .'I' o.2O3(5) 1 - -0.233s(5t 
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(X 20) has been deposited *. The root-mean-square amplitudes of vibration of 
the fifteen atoms refined anisotropicaily are given in Table 4. 

Description of the structure and disixmion 

The structure consists of discrete molec&s of RuClz (NBD)(C, WS NH, )* 
Situated about Sites of mirror symmetry in space group Cr?zcZ1 . A stereoscopic 
view of the contents of the unit cell is presented in Fig. 1. There are significant 
it&rmolecular H--Cl contacts between two of the mirror-related amine hydro- 
gen atoms of one molecule and one of the chlorine atoms on an adjacent mole- 
cule. The length of this intermolecular contact, H,~XX(Z), 2.42 W, is significant- 
ly less than the sum of the van der Wadis’ radii 1143 for H and Cl and well with- 
-h the range for an H--Cl hydrogen bond 1151. Thus the packing is dominated 
by a hydrogen-bonded network consisting of intermolecular H--Cl contacts 
resulting in helicoidal chains of RuCl, (NBD)(C& H5 NH2 )2“turn.ing about the 2, 
screw axes. There are no abnormally short intermolecular contacts between the 
chains, all distances being greater than the sum of the van der -Waals’ radii. A 
similar arrangement is found in p1atinum-oIefi.n complexes with aryl El63 and 
allylic 1171 amines. 

The coordination arrangement about the Ru atom is that of a distorted 
octahedron with the two chloro ligands tmns to each other and an equatorial 
plane consisting of the two nitrogen atoms of cis-aniline groups and the mid- 
points of the olefinic bonds of the chelating NBD l&and. The Ru atom is 
displaced by only 0.025 K from the equatorial plane. This arrangement was 
somewfiat surprising in view of our expectation of a trans-aniline, c&halogen 
structure. The geometry of the inner coordination sphere is illustrated in 
Fig. 2 and a stereoscopic view of the entire molecule is presented in Fig. 3. 
A tabulation of selected interatomic distances and angles will be found in 
Tables 5 and 6, respectiveiy . 

The molecule possesses crystallographically imposed C,(m) symmetry with 

Firr. 1. Astereoscopic drawing of the unit cell of Ru~~<C~H~)(C~HSNH~)~. The ellipsoids for non- 
hydrogen atoms in this and the following drawings represent 50% probability contours of tbermJ motion. 
The therma parameters of the hvdrogen atoms have been made artiiicially smaU for the sake of &xs.y. 
The origin is at the front upper right. The horizontal axis is x and points to the left: the Y axiS points intO 
the plane of the pap?: the vertical axisis z and points downward. 

. 

* This List has been deposited s.document no. 02310 with A.S.I.S. National Am &bI&&iom 
Sexvice. c/o Microfiche Publications, 305 E. 46th St., New York. N.Y. 10017. A copy my be 
secured by &ing the document number and remittiq8 $1.60 for a microfiche or $5.00 for 
photocopies. Advance payment is required- Make checks or money orders payable to Microfiche 
Publications. 
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Fig. 2. A perspective view of the inner coordination sphere of RuC~~(C~H~)(C~H~NH~)~. Atoms C(7). 
C(8). C(9). Ru. CI(1). and Cl(2) lie on the mirror plane. Atoms related by the mirror are primed. We have 
jointi by a thin line the Ru atom and the midpoints (Ct in the tables) of the double bonds of tbe NBD 
liaand. 

the mirror plane passing though the Ru and the two Cl atoms as well as C(7), 
C(8), and C(9) of the NBD &and (Fig. 2). The mutually Pans-Ru-CI bond 
lengths, 2.4X(2) and 2.407(l) A are slightly longer than the Ru-Cl distances 
found in a number of Ru” complexes [ l8-211 in which mutuaIly trans-chloro 
ligands are present (2.37-2.39 A). They are, however, slightly less than the 
&&s-Ru--C1 distances of 2.446 and 2.442 A found in the structure of 
[Ru2 Cl3 CP(C2 Hs )Z (C6 H5 )16 I [Ru% CPG & )2 G 2% )I3 3 1221 =d a v&e 
of 2.421 A found in RuHC1[P(C6 H5 )3 ] 3 [23]_ The Cl(l)-Ru--CI(2) angle 
.of 156.5(2)” is also deserving of comment. The distortion from the expected 
180” appears to result from non-bonded repulsions between the two chlorine 
atoms and the hydrogen atoms bonded to both the terfAry [C(7) and C(9), 
Fig. 21 and olefikc [C(lO), C(lO)‘, C(ll), C(ll)‘, Fig. 21 carbon atoms of the 
NBD moiety. There are short intramolecular contacts between Cl(l) and the 

F&3.-A stereoscopic view cktbe molecule of RuC~~(C~H~XCBH~NR~‘)~. The hydrogen atoms &we 
heen’dmitted for clarity. 

: 
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TABLE5 

SELECTEDDISTANCES (A) 

Ru-CI(l) 2.415(2) WI) *-mCl(2) 4.722<2) 
Ru-Cl(2) 2.407(l) Cl(l) .-ON 3.002(8) 
Ru-N 2.213<3) Cl<21 ---N 3.073(3) 
RU-c(ll) 2.177<4) cl(l) -C<ll) 3.939<5) 
Ru-C<lO) 2.181<4) cl(l) **.C(lO) 2.998<5) 
Ru-Ct" 2.066 W2) .--C(ll) 2.986(4) 

cK2) ---C<lO) 3.933(4) 
N-'Xl) l-447(4) C<ll,---C(l1)' 2.375(7) 

C<lO)---c!(lO)' 

W1)--cG?) l-390(4) -**C(lO) z-%x:',: 

'X2)--c(3) l-389(7) : .*X(11) 3:312(5) 
C(3)--c(4) 1.349<7) N _.A& 3.231(5) 
C(4)-c(5) 1.392<6) 
C(5F-‘X6) l-395(5) cl(l) ---ct 3.431 
C(6WXl) 1.382<5) Cl(B) ---Ct 3.423 

Average 1.382<17)b ct ..,ct' 2.371 
N . ..a 3.233 

C(lOI-c<ll) l-385(6) 
C(ll)_C(7) l-536(6) Cl(l) -*-Ha 2.58 
C(lO)--c(9) l-538(5) Cl(l) -..H(lO) 2.73 
C(9)-=(8) 1.530(12) 
C(7)-w8) l-518(9) IntermoIecuIar 

CW)_HW9) = 0.85(S) C1(2) ***Hb e 2.41 

(.X7)-H(7) 0.78(10) Cl<2) e--N 3.230(3) 

Non-bonded distances H<lO)---H(5) f 2.68 
~ntramoiecuhrd H<8) *--H(9) 2.69 
Rue.-C(7) 2.798(7) 
RIP-C(8) 3.615<7) Cl(l) ---H(4) 2.99 
Rw*C(S) 2.813(6) 

oThemidpointofthedoublebondC<10)-C(11)islabeledCt. b The estimatedstandarddeviationin 
parenthesesisthelargerofanaverage individualstandarddeviationorofthe standarddeviationofasingle 
observationascalculatedfromthemean. CRecallthatthepositionsofthehydrogenatomsH<7)andH(9)_ 
wexerefined.dAtomsrelatedbythe mirror symmetrybave aprime. e Hydrogen-bonddistances. f These 
distances are the shortestintermolecularH...-.H distances. 

TABLE6 

SELECTEDBONDANGLES(DEG.) 

Intramolecular 

Cl(l)-Ru-Cl(2) 
N-Ru-N' 
C<l1)-Ru--c(1l~ 
C(lO)-Ru--c<lO)' 
C.<IO)-Ru-N 
C(ll)-Ru-N 
N-Ru-C1(1) 
N-Rw-Cl(2) 
C(11)_Ru--c(lO) 
C(ll)-Ru--c1(2) 
C(lO)-Ru--Cl(l) 

X6.5(5) 
93.7(l) 
66.1(2) 
65.7<2) 
97.3(l) 
97.9(l) 
80.7(l) 
83.2(l) 
37.00) 
81.1(l) 
81.2(l) 

Ct-Ru-Ct' 70.0 
N-Ru-Ct 98.1 
Cl(S)-Ru-Ct 99.5 
Cl(l)-Ru--ct 99.6 

C~FX5)--c<6) 
Average 

N-CcIF’X6) 
N-C<1 P’X2) 

119.5<3) 
119.9(9) 

119.7(3) 
119-E(3) 

93.9(5) 
100.3(5) 
100.5<4) 
106.8(4) 
101.3(5) 
101.7(4) 
10&O(3) 

115(4) 
120(8) 

C(l)-N-Ru 117.4(2) W9)-+x9wx10) 107(4) 

H(9FCX9WX8) 
c(6)-cW-JX2) 120.4<3) 

136(8) 

'X3)--c(2)--c0) 118.7(3) ZntermoZecuZor 

C(4)-cx3)--c(B> 121.5(4) 
Ci3)--c(4)--c(5) 120-l(4) N-I-&-C1(2) 144.5 

C(4FW5FCX6) 119.5<4) 
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two symmetry-related hydrogen atoms of the aniline ligands not involved in 
the intermolecular hydrogen-bonding network. However, i&does not appear to 
be possible to relate either the hydrogefi-bonding arrangement or the close 
Ha--Cl(l) contacts to the Cl(l jRu-Cl(Z) angle. 

The two symmetry-related aniline groups are cis to each other and tmns 
to the olefinic bonds of the chelating NBD &and. The Ru-N distance, - 
2.213(3) A, is rather long compared with the Run-N distances usually found 
in amine complexes of ruthenium [24],2.11-2.14 A, suggesting that perhaps 
a structural trans effect for NBD is operative. 

Recently Little and Ibers 1251 summarize&the Ru-N-distances found in 
a series of porphinato-metal- e crystal structure investigations. The long 
RuKr-N(sp’ ) distance of 2.193 A found by these authors in the structure of 
Ru(TPP)(py)(CO); (TPP = tetraphenylporphinato dianion, py = pyridine), is 
interpreted as resulting from a trans influence of the carbonyl group. Similarly, 
March and Ferguson [ZS] in the structure determination of [Ru(NH, )5 - 
{(CH, )z SO}] [PFs ] 2 found a Ru u-N distance of 2.209 A and attributed it 
to the considerable trans influence of the S-bonded dimetbylsulfo_xide ligand. 
Thus it would appear that a simdural tmns influence is responsible for the 
somewhat long Ru-N distance in the present complex. However, tbe structure 
determination of the square-planar complex PdCl* (NBD) [ 31 did not reveal 
unusua3ly long Pd-Cl bond lengths. Clearly, further structural work is needed 
to confirm the existence of a trans effect for coordinated norbomadiene. 

The phenyl group of the aniline ligand is unremarkable, all distances and 
angles associated with the ring being witbin the range of accepted values 
(Tables 5 and 6). The best weighted least-squares plane through the six carbon 
atoms of the phenyl group is given by 7.1511~ - 4.309y - 7.176~ - Cl.574 = 0 
(ortborhombic coordinates). None of the six atoms deviates from the mean 
plane by more than 0.01 A. The nitrogen atom is displaced 0.07 A out of this 
plane. 

The NBD ligand is’ bonded to the Ru atom through the carbon-carbon 
double bonds of the diolefin thus completing an octahedral configuration about 
the metal atom. The distances from. the Ru atom to the olefinic carbon atoms, 
2.177(4) and 2.181(4) A, and to the centers (Ct) of the double bonds, 2.066 A, 
are consistent with the corresponding distances in PdC12 (NBD) [ 3 3 , 
Co2 (CO), (NBD) 1271, and Xz Sn(Co(CO), (NBD))l, X = Cl, Cs I& 1281. The 
NBD ligand possesses imposed C,(m) symmetry with the mirror plane containing 
the three saturated carbon atoms and relating the two olefinic linkages. The 
bond distances and angles within the NBD ligand are in general conformity with 
the results of other structural investigations of chelating NJ3D ligands [3,27, 
283. These results are collected in TabIe 7 together with the available structural 
parameters for the free NBD molecule as obtained from an electron diffraction 
study [29]. Reference to the table reveals that, as expected, coordination leads 
to a lengthening of the C-C double bonds from 1.35 A in the free molecule 
to an average value of 1.38 A in the chelate.‘This lengthening of the C-C 
double bonds upon coordination is easily accommodated within the framework- 
of the Dewar [303, Chatt and Duncanson 1311 model for the bonding of olefins 
to transition metals. 



’ The major bond angle reorgani&tions that occur upon coordination~ take 
place :at she three ‘sateted .carbon atoms wl@le the angles -at. the olefinic carbon 
.atomsarer~ati~elyunaffected.~The mostsignificant ofthesebhangesinterms 
of the effect ‘of coordination are these -occur&g at the tertiary carbon at&s 
where-the angles EBG &nd DAPdecrease from a value of 10.4” m the free.- 
molecule to.ari average value of 100.3” in the coordinated species. Concurrently, 
the remaining angles about-the tertiary carbon atoms, CBG, .&IF,. CBE, and 
CAD in&ease from 97” in free:NBD to an average value of 3_09.5° in the &elate. 
The net result of these changes is apparently to enable the hTBD l&and- to ap- 
preach the n&al.more closely by an adjustment of its-bite to conform more 
nearly td the spatial requirements imposed by the metal orbitals. The change 
in the-angle at the-bridging carbon atom from 97’ (free) to 94” (coordinated) 
probably reflects the cumulative effects of small changes in the distances and 
angles at the,olefinic carbon atoms. The values-do, however, serve to point up 
the fact that norbomadiene is considerably strained [32] and that the distor- 
tions resulting from coordmation increase the strain. 

As noted above, we were somewhat surprised at the stereochemical armnge- 
ment about the Ru atom in the present complex, expecting a c&halogen 
rather than a cis-amine slructure by analogy with the PdCl* (NBD) skeleton [3]. 
It remains to be established whether the present c&amine structure is the ex- 
ception or the .rule for complexes of the general formula RuXz (diolefin)L* , 
X = halogen, L = amine. The structure of RuXz (NBD)L2 complexes with L = 
pyridine should prove enlightening in this-regard. 
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