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Single crystal X-ray analysis reveals that RuCl,(CO)(CSe)(PPh,), is monoclinic, 
a = 10.470(l), b = 23.446(2), c = 14.507(2) A, p = 94.75(l)“, Z = 4, space 
group P2Jn, D, = 1.508 g cms3, D, = 1.525 g cms3. The structure has been 
solved using conventional Patterson and Fourier syntheses and refined by lea& 
squares methods to final residuals R and 15, of 0.074 and 0.091 respectively 
using 2208 observed reflections collected with an automated diffractometer. The 
benzene rings of the triphenylphosphine ligands have been constrained as rigid 
groups, all other non-hydrogen atoms have been assigned anisotropic thermai 
parameters. The complex is monomeric. The Ru coordination is octahedral with 
&CO and -CSe (linear), &-chlorides, and trans-phosphines. The Ru-P dis- 
tances are 2.425, 2.430(7), Ru-CO is 1.85(3), Ru-CSe is 1.83(3) A. The frans . 
influence of the -CSe ligand is very strong, as shown by the difference between 
the Ru-Cl distances (2.477, 2.428(6) a). 

Introduction 

Since the preparation of trans-RhX(CS)(PPh,), (X = Cl: Br) by Baird and Wil- 
kinson [l] in 1966, syntheses of transition metal-thiocarbonyl complexes have 

. steadi3y increased, until ti substitial number have now been formed with a 
variety of different transition metals [21-_8]. Physical properties and chemical 
reactivity indicate that coordintited -CS ligands are excellent o-donors, and are 
stronger r-acceptors than -CO [ 2,7-131. Crystal structure analyses of truns- 
RhCl(CS)(PPh& [ 141, [Ir(CO)I(CS)(PPh3)2]PFs - Me,CO j15 1, trans-W(C0)4- 
(CNC6HI,)(CS) [lS], (n-C,H,)Fe(CO)#S)]PF, [17], and (7r-C6H,C0&Hs)Cr- 
(CO),(CS) 1181 show that thiocarbonyl complexes are characterised by linear 
metal-CS coordination, with short metal-C and long C-S bonds. The C-S dis- 
tance has been correlated with v,, 1161. 

Attempts have been made to prepare analogous metal selenocarbonyl com- 
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plexes, even though the CSe molecule itself has not been isolated 1191. Using an 
indirect synthetic rouie, Butler et aL have succeeded in stabilising the CSe by 
coordination to the me”& atoms in the complexes (rr-C5Hs)Mn(CO),(CSe) and 
(n-C6H&0&H~)CrfCO)2(CSe) [%I]. In the mass spectra, fragments due to loss 
of CSe with retention of CO are of low abundance, suggesting very strong 
metal-Be bonding. Since met&-isoselenocarbonyl bonding could not be dis- 
counted, an X-ray study is reported to have been initiated 1291, but no results 
have yet been published. Meanwhile; techniques developed for the chemical con- 
version of n-bonded -CS2 to -CS ]21,22] have been successfully applied to the 
CSe, system producing some ruthenium selendcarbonyl complexes. Their prepa- 
ration, and a preliminary account of the crystal structure of RuClz(CO)(CSe)- 
(PFh& have recently been reported 1231. Details of the refined crystal structure 
are now presented. 

Experimental 

Crystals were generously supplied by Dr. R.O. Harris, University of Toronto. 
Preliminary X-ray photography showed the crystals to belong to the monoclinic 
system with systematic absences (ho1 h + 2 = 2n + 1; Ok.0 k = 2n + 1) character- 
istic of the centiosymmetic space group P2Jrz. Accurate unit eelI dimensions 

Compound: Dichlorocarbonybelenoc~bonylbiz(~phenylphosphine)ruthenium<lI) RuCI2(CO)(CSej 
(PPh312 

Formuk:C39H3oCI~OP2RuSe 
MolrcnIar weight: 815.54 
Cry,&habitr NeedIes~~~th2pproximately hexagonalcross-section 
c = 10.170 * G.001 A 
b = 23.446 + 0.002 A 
c = 14.507 t 0.002x 
.e =33.75 ?o.O1° 
V =3619x%= 

2 =4 

PC =1_525gcm-3 

PO =lSl gcmw3 (by flotationinCHCl3/CC4I 
Spree group: P2I/n (No. 14.aItemativesetting) 
Cry~~dimensionstO.14X 0.12X O.lOmm 
Crystalfaces: (20 l.-2 01.010.011.0-11.0-1 3.0-l-1.0 1-l) 
lMosaicspread: 0.30° 
Temperaturet291K 
X-radiation: CzzK,.A= 1.5418A 
~=74.14cm-' 
Pnmaryc0ilimat01: o-7 mm 
SecondarycoUimatorz 5.0mm 
T&r-off angle: 4" 
Scanspeed: in26persecond.using28lws.can 
Scarira.nge:Symmetricscanof1.20° in28. 
Bacisgronndz 10sstationarycountateachend ofsanmge. 
6 limits: o-57". 
Standerdreflectionsz 3 atandards~emeasure d after every-200 reflekions. Maximum variation 3.8% 
Observeddafacriterionr2208umauerefIectionswithI>3u(1). 
IG~~~lxrofrefined%arisbIesz 160_ 
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were derived by a least squares fit to the diffractometer setting angles [24] of 12 
reflections (representative of all regions of reciprocal space and in the theta range 
15.4” < 0 < 32.8”). Unit cell parameters and details of intensity data collection 
on a Hilger and Watts Y290 computer-controlled diffractometer are given in 
Table 1. Although the crystal mosacity-was greater than that generally consider- 
ed acceptable for the 20/w scan technique the importance of the compound 
justified the acceptance of this par&z&r crystal. (All other crystals tested were 
found to have an even greater mosaic spread-) The generally satisfactory refine- 
ment and physically meaningful thermal parameters and standard deviations in- 
dicate that the effects of the large mosaic spread did not adversely affect the . _ 
structure refinement_ 

The intensities of 5158 unique reflections were measured. Of these, 2208 
were considered observed, [I > 3a(1)], and were used in subsequent calculations 
(a(1) = (T + [t/(tl + t*)]*(& + B*) + @I)z)“z, where 2’ is the total counts in time- 
& B, tid B2 are background counts in times fI and t2. The value assigned to p 
was 0.04, but this was later increased to 0.06 as a result of a weighting scheme 
agreement analysis [25]. The data were corrected for Lorentz and polarisation 
effects, and for absorption (maximum and minimum transmission coefficients 
were 0.5658 and 0.423’1 respectively [26]. Seven reflections whose count rates 
e-uceeded 8000 c s-l were remeasured after insertion of an aluminirrm foil at- 
tenuator. 

Structure determination and refinement 

The position of the ruthenium atom was deduced from a threedimensional 
Patterson synthesis and all other non-hydrogen atoms were located from subse- 
quent electron density maps. The structure was then refined using full matrix 
least squares techniques [ 271. The atomic scattering factors used were tabulated 
values, corrected for the real component of dispersion [28]. The six phenyl 
groups were refined as rigid planar bodies with constant C-C distances of 1.392 
_& and isotropic thermal parameters. The function minimised was IZw(lF,,I - IFJ)*, 
with weights being 4F02/02(F’). The residuals quoted below are R = C(lF, --F,I)/ 
ECF,, Rw = [Zw(lF, I - IFc1)2/~wFo2]“*. After two least squares cycles em- 
ploying isotropic temperature factors, first the ruthenium and selenium atoms 
(R = 0.080, Rw = 0.090), and then all remaining non-group atoms (R = 0.077, 
Rw = 0.088) were allowed to assume anisotropic thermal parameters. This model 
appeared satisfactorily, but on examination of a weighting scheme agreement 
analysis it was obvious that the more intense reflections were generally being j 
overweighted in the least squares equations. Accordingly, the parameter ‘p’ in’ 
the CT calculation was increased to 0.06, and the structure was refined through 
two further cycles employing the new weights (R = 0.074, Rw = 0.091). A 
weighting analysis then showed that the contributions to the least squares equa- 
ti&s of reflections in all F,, regions were approximately equal and refinement 
was terminated-The differences between F, and F, for the most intense reflec- 
tions were random, indicating no extinction effects. A final “difference” eiec- 
tron density synthesis was then computed, and the absence of any large paeks 
indicated that there‘were no solvent molecules present. 

Final positions and-thermal parameters for individual atoms together with 
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TABLE3 

DERIVED~POSITIONALANDlSOTROPICTHERMALPAR_~~ETERS FOR PHENYLRINGCARBON 
ATOMS 

-Atom x/a y/b z/c 

all) 0.1904 0.2230 0.3401 
C(12) 0.2241 0.2486 Cf.4248 

cc131 0.1608 0.2337 0.5027 
C<l4) 0.0636 0.1930 0.4959 
C<15) 0.0299 0.1674 0.4112 
C<l6) 0.0932 0.1823 0.3333 
cx21) d.1058 0.1407 0.1913 
a221 -0.1979 0.1649 0.2442 
C(23) -0.3271 0.1602 0.2159 
~(24) -0.3642 0.1313 0.1347 
a251 -0.2721 0.1071 0.0818 

Ct26) 4.1429 0.1118 0.1101 
C<31) 0.1285 0.1885 0.1383 
C(32) 0.0502 0.2349 0.1143 
cc331 0.0897 0.2754 0.0520 
a341 0.2075 0.2695 0.0137 
C(35) 0.2858 0.2231 0.03iT 
C(36) 0.2463 0.1826 0.1000 
a=) 0.3045 4.0638 0.3731 

C(42) 0.4347 -0.0644 0.3996 
C<43) 0.4752 -0.0696 0.4926 
C<44) 0.3855 -0.0742 0.5589 
C<45) 0.2553 -0.0736 0.5324 
.C(46) 0.2148 -0.0684 0.4394 
a5u 0.3854 -0.0667 0.1881 
C(52) - 0.4534 -0.0262 0.1410 
C(53) 0.5600 -0.0425 0.0949 

C(54) 0.5986 -0.0993 0.0959 
C(55) 0.5306 d-1398 0.1430 
C(56) -0.4240 -0.1235 0.1891 
Cc611 0.1336 -0.1059 0.2237 
‘X62) 0.1238 d-1545 0.2780 
C(63j 0.0382 -0.1976 0.2504 
'X64) -0.0376 -0.1921 0.1683 
Cc651 -0.0278 -0-l-435 0.1140 
CC661 0.0578 -0.1004 0.1416 

B 

5.2 
7.3 

6.1 
5.4 
5.3 
3.7 
3.4 
4.4 
5.9 
4.9 
5.5 

4.2 
5.2 
6.7 
8.9 
6.9 
6.1 
6.0 
4.2 

5.0 
6.5 
7.5 
5.2 
5.1 
4.1 
4.8 
5.1 

4.5 
6.4 
5.8 
3.1 
3.5 
4.5 
5.0 
4.0 

3.6 

rigid group parameters are given in Table 2. Derived parameters for phenyl ring 
carbon atoms are listed in TabIe 3. Tables of observed and calculated structure 
factors are available on request from the authors. 

Description of the structure 

The atomic numbering scheme-is given in the ORTEP diagram, Fig. 1, to- 
gether with bond distances in the tier coordination sphere. The tberxnal el- 
lipses represent 30% probability boundarik The molecular packing is seen in 
the stereoscopic diagram of Fig. 2. 

The crystal contains monomers of neutral complex, packed such that there is 
only qne intermolecular approach which is shorter than 3.5 A (C(43)-C(43)’ at 
3.31 A). The octahedral ruthenium coordination consists of cis-carbonyl and 
selenocarbonyl, &s-chlorides, and frans-phosphine ligands. The selenocarbonyl 
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Fik 1. The inner ~oordi~tion geomeLrV in R~Cl~(co)(Cse)(P~h~)~. 

rather than isoselenocarbonyl mode of coordination is confirmed. The two 
Ru-I? distances are equivaIent (2.425,2.430(7) A ), and are typical of the Ru-P 
distances found in other octahedral ruthenium complexes where t.he two phos- 
phine ligands are mutidally fnzns, e.g. RuCl&-N#QLJvie)(PPh3)2 (2.429, 2.438(4) 

Fig. 2. A sterecscopic~view of the moIecukr packing. 
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TABLE 4 

lXTBRATOMIC DISTANCES <a> AND ANGLES <“) IN [RuClz(CO)(CSe)(PPh3)2] (Standard deviations 
are given in parentheses) 

Ru-CS<I) 2.428<6; 
Ru-cl(2) Z-47?(7) 
Rm-P(l) 2_425<7) 

Ru-P(2) 2430(7) 

.Ru--C0) 1.828(23) 
Ru-c(Z) l-854(34) 
C<l)-se 1.668(25) 

C(2) 1.196(40)_ , 

Cl(l)--Ru--C1~2~ 94.8(3) 
Ci(l)-Ru-P(1) 89.6(3) 

CI(l)-_Ru-P<2) 88.5<3) 

Cl(l)-Ru--C(l) 95.5(8) 

Cl<l)_Ru-C(Z) 
C1(2)-Ru-P(1) 
C1(2)-Ru-P(2) 

C1(2)_Ru-C(1) 

CI(2)_Ru--C(2) 
P<l)_Ru-P(2) 
P(l)-Ru-C<l) 

P<ltRu-C<2) 
P(2)_Ru-C<1) 

P(2)--Ru-C(2) 
C(l)_Ru-C(2) 

Ru-C(l)-se 

Ru-c(2)-0 

176.1(11) 
87.6(3) 

90.8(3) 
169.6(9) 

81.3(11) 
177.4(4) 

91.2(8) 
89.9(11) 

90.8(S) 

91.9(11) 
88.4(13) 

176.1<2) 

178.8(11) 

A [29]); [RuCl(CO),(HN2C6H,)(PPh3)21C104 - CH,C& (2.439, 2.4X(2) A [30]), 
RuC1z(NO)(PPhzMe)l (2.441, 2.429(2) A) [31]; Ru(NPEt,Ph)C13(PEhPh)2 _ 
(2.425, 2.426(2) A [32]), and RuCI(SO,)(NO)(PPh,), 2.454(3) A [ 331. The 
P(l)-Ru-P(2) angle is 177.4(4)“. 

The equatorial plane is occupied by the -CO, -CSe, and two -Cl ligands. 
Since the -CO and -CSe Bgands are each trans to -Cl, any difference in t.he 
Ru-C bond lengths reflects a difference in the ability of the donor atom to ac- 
cept z electron density by back-donation from the metal centre. The observed 
bond lengths are Ru-C0,1.85(3) and Ru-CSe, l-83(3) A. The Ru-CSe dis- 
tance is the shorter, but the standard deviations are such that no significance 
can be placed on the difference. Both are within the wide range of distances 
found for Ru-CO, 1.77-2.05 A 1341. The C-Se bond distance [l-67(3) A] in 
a metal-elenocarbonyl complex has not been previously measured crystallo- 
graphically, although a value of 1.7090 A has been found for CSe in the com- 
pound OCSe using microwave spectroscopy 1351. 

The Ru-Cl distances [2.428(6) and 2.477(7) A] are at the upper end of the 
range found in many octahedral complexes. Typical values are 2.393, 2.386, 
2.385(3) A in RuCl&-N,C,H,Me)(PPh,), [29], 2.392, 2.398, 2.384(2) A in 
Ru(NPE~Ph)Cl,(PE~Ph), 1321, and 2.357,2.405, 2.391(2) A in RuCI,(NO)- 
(PMePh& 131’1. 

The most obvious irregularity in the coordination geometry involves these 
two Ru-Cl bond lengths, wi+h Ru-Cl(P) [Cl irans to Ccl] being 2.428(s) A 
while Ru-Cl(2) [Cl 0un.s to CSeJ is 2.477(7) A. The difference (7.5 (T) shows 
that the coordinated selenocarbonyl ligand exerts a very high tram effect, 
gre&er even than CO. In the few crystal structures of complexes containing co- 
ordinated thiocerbonyl, no mention has been made of a structural trans effect 
Zor -CS [ 16j. However, the comparatively long W-C(-CNC,H, 1) distance of 
2.158(23) A for the l&and CNC6H11 trans @D CS in Pans-W(CO),(CNC,H,,)(CS) 
may possibly be a mzinifestation of a strong irans effect for the -CS &and [16]. 
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