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1. Synthesis and characterisation of 1 and 2

Complex 1 was obtained as a microcrystalline yellow precipitate after 2h refluxing of [CpRuCl(PPh3)2]1 (3.0 g, 4.13 mmol) and PTA (1.3 g, 8.26 mmol) in toluene (75 cm3) under nitrogen, yield 2.0 g (67%) after workup. 31P{1H} NMR (CD2Cl2, 81.01 MHz)  -25.65 (s). 1H NMR (CD2Cl2, 400.13 MHz)  4.04, 4.17 (AB spin system, 2J(HAHB) 14.1 Hz, 12H, PCH2N); 4.51-4.62 (m, 17H, NCH2N + Cp). 13C{1H} NMR (CD2Cl2, 100.61 MHz) 57.2 (t, 2J(CP) 8.4 Hz, Cp); 73.4 (s, PCH2N); 76.0 (s, NCH2N). M (H2O, 25 °C) = 13 -1 cm2 mol-1. Anal. Found (calc.): C, 39.80 (39.45); H, 5.70 (5.67); N, 16.50 (16.29).

Complex 2 was recovered as yellow microcrystals either by (a) the same procedure applied for 1 using [Cp*RuCl(PPh3)2], yield 58% or (b) after stirring [Cp*RuCl2]2 (2.87 g, 4.7 mmol) in CH2Cl2 (130 cm3) with zinc dust (1.22 g, 18.6 mmol) and PTA (2.92 g, 18.6 mmol) under nitrogen for 1h, followed by filtration and evaporation of the filtrate. Yield 1.69 g (31%). 31P{1H} NMR (CD2Cl2, 81.01 MHz)  -34.23 (s). 1H NMR (CD2Cl2, 400.13 MHz)  1.74 (t, 2J(HP) 1.6 Hz, 15H, Me); 4.04, 4.13 (AB spin system, 2J(HAHB) 15.0 Hz, 12H, PCH2N); 4.54 (m, 12H, NCH2N). 13C{1H} NMR (CD2Cl2, 100.61 MHz) ( 11.2 (s, CH3); 55.2 (t, 2J(CP) 7.0 Hz, Cp); 73.4 (s, PCH2N); 89.0 (s, NCH2N). M (H2O, 25 °C) = 19 -1 cm2 mol-1. Anal. Found (calc.): C, 45.49 (45.61); H, 6.80 (6.71); N, 14.34 (14.52).

Catalytic hydrogenation of benzylidenacetone
a) Autoclave experiments. Typically, 45 mL of a 2:1 (v:v) mixture of n-octane/water was introduced by suction into a 120 cm3 autoclave, which contained 9 x 10-3 mmol of the precatalyst and 200 equivalents of benzylidene acetone BZA (263 mg). The autoclave was pressurised with 450 psig of hydrogen at room temperature and then heated to 130°C. As soon as the reaction mixture in the autoclave reached the desired temperature, stirring (1200 rpm) was applied for the desired time. The reaction was stopped by cooling the autoclave to room temperature with an ice-water bath. The pressure was then released. THF and methanol were added to the biphasic system, in order to obtain one phase, which was analysed by GC and GC/MS.

GC analyses were performed on a Shimadzu GC-14 A gas chromatograph equipped with a flame ionisation detector and a 30 m (0.25 mm i.d., 0.25 (m) film thickness) SPB-1 Supelco fused silica capillary column. GC/MS analyses were performed on a Shimadzu QP 5000 apparatus equipped with a column identical with that used for GC analysis. 

b) Recycling tests. The first cycle was carried out as in section 2a. The organic phase was separated and analysed by GC. The water phase containing the catalyst was placed in the autoclave and fresh n-octane was added together with BZA, 263mg.  The autoclave was pressurised with 450 psig of hydrogen at room temperature and then heated to 130°C. The sequence was repeated for 3 times.

2. HP-NMR experiments

A 10 mm sapphire HP NMR tube was charged with a solution of precatalyst (10 mg of 1 or 12 mg of 2) in 2 cm3 of 1:1 mixture H2O / THF-d8 under nitrogen, after which the first spectrum (reference) was recorded. The tube was opened and BZA, 55 mg, was introduced under nitrogen. The second spectrum was taken at RT. Thirdly, the tube was pressurised with H2, 450 psig (fourth spectrum, RT). The variable temperature experiment was started (Bruker AC 200 spectrometer), recording a sequence of spectra at 50 °C and 80 °C. After 150 min at 80 °C the probe was cooled to room temperature and another spectrum was recorded. The last spectrum was taken after venting the tube and flushing with nitrogen. 

3. Biological activity

The biological activity of compound 1 and 2 was tested on the proliferation of TS/A murine adenocarcinoma tumor cells (table 1). Compound 1 is devoid of antiproliferative effects at any tested concentration and at any time of tumor cell exposure. In contrast compound 2 significantly inhibits tumor cell proliferation. This activity is present starting from 10 (M concentration and is maximal (-62.6% vs controls) after 48 h treatment. 

Table 1. Effects of compounds 1 and 2 on tumor cell proliferation

	
	
	1
	
	
	2
	

	[(M]
	24h
	48h
	72h
	24h
	48h
	72h

	0
	100±12.8
	100±14.7
	100±21.0
	100±12.8
	100±14.7
	100±21.0

	1
	95.1±9.20
	91.9±2.50
	90.6±7.65
	88.2±0.20
	91.9±3.40
	95.8±2.20

	3
	97.2±5.90
	90.2±7.90
	84.9±3.10
	83.7±2.00
	92.5±4.00
	93.6±1.60

	10
	96.5±7.11
	85.9±10.3
	81.4±6.30
	81.1±3.20
	64.4±8.10*
	92.0±0.30

	30
	87.6±5.80
	87.5±7.40
	88.4±1.40
	88.1±3.20
	76.6±3.30
	86.8±1.10

	100
	93.3±5.11
	83.6±6.10
	85.4±6.90
	77.8±3.63
	37.4±5.60**
	53.5±16.9


Murine adenocarcinoma TS/A cells, sown 24 h before, were treated with compounds 1 or 2 at 1(100 (M concentrations for 24, 48 or 72 h in complete medium supplemented with 5% fetal calf serum. Cell viability was evaluated at the end of each treatment by the MTT assay.1 The reported data are the mean of three different experiments and each value is expressed as percentage of optical density of treated cells versus controls (% T/C) ± S.E. calculated on the average of four separate wells per experiment.

Statistical analysis: ANOVA and Dunnett post-test. (* p<0.05, ** p<0.01, vs controls).

[1] T. Mosmann, J.  Immunol.  Methods 1983, 65, 55.

4. X-ray Diffraction Structural Data for [Cp*RuCl(PTA)2].C2H4Cl2, 2.C2H4Cl2
Crystals of 2 suitable for an x-ray diffraction analysis were grown at –18 °C from a diluted pentane/dichloroethane solution.

The data collection was performed on a Nonius Kappa CCD diffractometer using combined φ-(-scans. Cell refinement, data reduction, and the empirical absorption correction were done by Denzo and Scalepack programs.2
All structure determination calculations were carried out using SHELXTL NT 5.10 including SHELXS-973 and SHELXL-97.4 Final refinements on F2 were carried out with anisotropic thermal parameters for all non-hydrogen atoms. The hydrogen atoms were included using a riding model with isotropic U values depending on Ueq of the adjacent carbon atoms. The C2H4Cl2 solvent molecules are disordered.
[2]
Z. Otwinowski, W. Minor. In Methods in Enzymology, Vol. 276, Macromolecular Crystallography, Part A; C.W. Carter, Jr., R.M. Sweet, Eds.; Academic Press: New York, 1997; pp. 307-326.
[3]
G.M. Sheldrick, Acta Crystallogr., Sect. A , 1990, 46, 467.
[4]
G.M. Sheldrick, SHELXL-97, a computer program for crystal structure determination, University of Göttingen, Germany, 1997.
Table 2.  Crystal data and structure refinement for 2.C2H4Cl2.

      Empirical formula                 C24 H43 Cl3 N6 P2 Ru 

      Formula weight                    685.01 

      Temperature                       213(2) K 

      Wavelength                        0.71073 Å 

      Crystal system, space group       triclinic, P-1  

      Unit cell dimensions              a = 12.5986(2) Å alpha = 64.0661(8)°. 

                                        b = 16.2139(3) Å beta = 82.934(1)°. 

                                        c = 16.3454(3) Å gamma = 80.159(1)°. 

      Volume                            2954.1(1) Å3 

      Z, Calculated density             4,  1.541 Mg/m3 

      Absorption coefficient            0.751 mm-1 

      F(000)                            1416 

      Crystal size                      0.3 x 0.2 x 0.2 mm 

      Theta range for data collection   1.39 to 27.52°. 

      Limiting indices                  -1<=h<=16, -20<=k<=21, -20<=l<=21 

      Reflections collected / unique    25086 / 13313 [R(int) = 0.0180] 

      Completeness to theta = 27.52     99 % 

      Refinement method                 Full-matrix least-squares on F2 

      Data / restraints / parameters    13313 / 0 / 704 

      Goodness-of-fit on F^2            1.093 

      Final R indices [I>3sigma(I)]     R1 = 0.0548, wR2 = 0.1085 

      R indices (all data)              R1 = 0.1086, wR2 = 0.1341 

      Largest diff. peak and hole       0.770 and -1.110 eÅ-3 

Table 3.  Atomic coordinates ( x 104) and equivalent isotropic 

         displacement parameters (Å2 x 103) 2.C2H4Cl2.

         U(eq) is defined as one third of the trace of the orthogonalized 

         Uij tensor. 

         ________________________________________________________________ 

                         x             y             z           U(eq) 

         ________________________________________________________________ 

          Ru(1)        3195(1)       7126(1)       1194(1)       15(1) 

          Ru(2)        6805(1)       2872(1)       3810(1)       34(1) 

          Cl(1)        3264(1)       6252(1)       2863(1)       26(1) 

          Cl(2)        6728(2)       3740(2)       2143(2)       79(1) 

          P(1)         2378(1)       6008(1)       1119(1)       22(1) 

          P(2)         1605(1)       7863(1)       1530(1)       19(1) 

          P(3)         8392(1)       2138(1)       3469(1)       32(1) 

          P(4)         7621(2)       3991(1)       3884(1)       37(1) 

          C(11)        4950(6)       7021(6)        919(7)       73(3) 

          C(12)        4546(8)       7081(6)        197(8)       73(3) 

          C(13)        3843(6)       7918(5)       -192(4)       45(2) 

          C(14)        3919(5)       8416(4)        322(4)       32(1) 

          C(15)        4574(5)       7875(6)       1047(5)       50(2) 

          C(1A)        5726(8)       6282(11)      1527(12)     212(12) 

          C(1B)        4785(11)      6506(8)       -376(9)      127(6) 

          C(1C)        3289(12)      8344(11)     -1072(7)      152(8) 

          C(1D)        3476(8)       9433(5)        -35(9)       98(5) 

          C(1E)        4893(9)       8200(11)      1686(6)      124(6) 

          C(21)        6112(7)       1583(6)       4711(6)       73(3) 

          C(22)        6149(5)       2110(9)       5177(5)       73(3) 

          C(23)        5473(5)       2878(7)       4859(6)       56(2) 

          C(24)        5036(5)       2966(5)       4024(6)       53(2) 

          C(25)        5433(8)       2115(5)       3973(5)       55(2) 

          C(2AA)       6531(14)       578(7)       5007(11)     218(13) 

          C(2B)        6666(8)       1790(14)      6087(6)      169(9) 

          C(2C)        4999(10)      3671(13)      5113(15)     234(13) 

          C(2D)        4231(8)       3737(7)       3427(12)     170(9) 

          C(2E)        5055(15)      1872(11)      3256(8)      170(9) 

          N(1)         2518(4)       4375(4)        884(5)       51(2) 

          N(2)          916(4)       5548(4)        292(4)       40(1) 

          N(3)         1081(4)       4585(3)       1958(4)       32(1) 

          C(1)         3174(4)       5060(5)        876(6)       43(2) 

          C(2)         1381(5)       6323(4)        251(4)       32(1) 

          C(3)         1584(4)       5250(4)       2112(4)       24(1) 

          C(4)         1922(5)       3944(5)       1727(6)       47(2) 

          C(5)         1716(5)       4897(6)        123(5)       48(2) 

          C(6)          351(5)       5087(5)       1172(5)       39(2) 

          N(4)         -317(4)       7932(4)       2567(4)       38(1) 

          N(5)          775(4)       9178(3)       2203(4)       33(1) 

          N(6)         -252(4)       9152(3)       1024(3)       26(1) 

          C(1AA)        568(5)       7266(4)       2420(5)       37(2) 

          C(2A)         654(4)       8648(4)        662(4)       24(1) 

          C(3A)        1779(5)       8679(4)       1996(4)       31(1) 

          C(4A)        -894(5)       8490(4)       1758(5)       38(2) 

          C(5A)          92(6)       8535(5)       2882(5)       43(2) 

          C(6A)         168(5)       9702(4)       1390(4)       26(1) 

          N(7)         7500(7)       5595(4)       4161(5)       66(3) 

          N(8)         9095(6)       4444(4)       4721(4)       54(2) 

          N(9)         8928(5)       5401(4)       3071(4)       45(2) 

          C(1BB)       6809(7)       4958(4)       4112(5)       59(3) 

          C(2BB)       8611(7)       3655(4)       4752(5)       51(2) 

          C(3B)        8420(6)       4737(5)       2887(5)       48(2) 

          C(4B)        8107(7)       6034(4)       3276(5)       60(3) 

          C(5B)        8179(9)       5146(5)       4853(7)       82(4) 

          C(6B)        9614(7)       4938(4)       3810(5)       47(2) 

          N(10)        9222(4)        825(4)       2801(3)       32(1) 

          N(11)       10245(5)        859(5)       3990(4)       52(2) 

          N(12)       10314(4)       2092(4)       2394(4)       39(1) 

          C(1CC)       8203(5)       1320(4)       3002(4)       34(1) 

          C(2CC)       9367(7)       1340(5)       4335(5)       52(2) 

          C(3C)        9429(5)       2719(4)       2587(5)       36(2) 

          C(4C)        9831(6)        284(5)       3637(5)       48(2) 

          C(5C)       10876(6)       1489(5)       3263(6)       50(2) 

          C(6C)        9905(5)       1477(4)       2108(4)       32(1) 

          Cl(3)       -1733(3)       7284(3)        336(3)       90(1) 

          Cl(3A)      -1970(7)       8256(7)        -51(6)       78(2) 

          Cl(4)       -3878(5)       8970(6)      -1761(6)      180(3) 

          Cl(4A)      -3170(7)       9507(5)      -2008(6)       74(2) 

          C(31)       -2501(12)      7693(12)      -627(13)      74(5) 

          C(32)       -3170(30)      8235(18)      -920(20)     270(20) 

          C(31A)      -3100(30)      8620(20)      -730(30)      82(14) 

          Cl(5)        8383(5)       7429(5)       5282(5)      114(2) 

          Cl(5A)       7786(7)       8197(6)       4971(6)       89(2) 

          Cl(6)        6380(4)       9188(3)       3069(3)      125(1) 

          C(33)        7517(9)       7774(7)       4267(7)       74(3) 

          C(34)        7048(16)      8706(19)      4100(20)     149(14) 

          C(34A)       6520(30)      8244(17)      3811(17)      81(8) 

         ________________________________________________________________ 

           Table 4.  Bond lengths [Å] and angles [°] for 2.C2H4Cl2.

           _____________________________________________________________ 

            Ru(1)-C(13)                   2.193(6) 

            Ru(1)-C(11)                   2.194(7) 

            Ru(1)-C(15)                   2.216(5) 

            Ru(1)-C(12)                   2.222(7) 

            Ru(1)-C(14)                   2.229(5) 

            Ru(1)-P(1)                    2.2845(14) 

            Ru(1)-P(2)                    2.2872(16) 

            Ru(1)-Cl(1)                   2.4679(16) 

            Ru(2)-C(22)                   2.163(8) 

            Ru(2)-C(24)                   2.202(7) 

            Ru(2)-C(25)                   2.211(8) 

            Ru(2)-C(21)                   2.217(8) 

            Ru(2)-C(23)                   2.248(7) 

            Ru(2)-P(3)                    2.2842(18) 

            Ru(2)-P(4)                    2.285(2) 

            Ru(2)-Cl(2)                   2.465(2) 

            P(1)-C(3)                     1.850(5) 

            P(1)-C(1)                     1.853(6) 

            P(1)-C(2)                     1.854(6) 

            P(2)-C(3A)                    1.844(6) 

            P(2)-C(2A)                    1.841(6) 

            P(2)-C(1AA)                   1.868(6) 

            P(3)-C(3C)                    1.855(7) 

            P(3)-C(1CC)                   1.854(6) 

            P(3)-C(2CC)                   1.864(7) 

            P(4)-C(2BB)                   1.842(9) 

            P(4)-C(3B)                    1.850(6) 

            P(4)-C(1BB)                   1.873(7) 

            C(11)-C(12)                   1.301(15) 

            C(11)-C(1A)                   1.475(14) 

            C(11)-C(15)                   1.480(13) 

            C(12)-C(13)                   1.415(13) 

            C(12)-C(1B)                   1.561(12) 

            C(13)-C(14)                   1.417(9) 

            C(13)-C(1C)                   1.499(13) 

            C(14)-C(15)                   1.392(10) 

            C(14)-C(1D)                   1.515(10) 

            C(15)-C(1E)                   1.481(11) 

            C(21)-C(22)                   1.379(14) 

            C(21)-C(25)                   1.422(12) 

            C(21)-C(2AA)                  1.500(13) 

            C(22)-C(23)                   1.313(14) 

            C(22)-C(2B)                   1.535(12) 

            C(23)-C(24)                   1.474(11) 

            C(23)-C(2C)                   1.526(12) 

            C(24)-C(25)                   1.419(10) 

            C(24)-C(2D)                   1.512(10) 

            C(25)-C(2E)                   1.537(11) 

            N(1)-C(4)                     1.425(10) 

            N(1)-C(1)                     1.490(7) 

            N(1)-C(5)                     1.543(10) 

            N(2)-C(5)                     1.425(9) 

            N(2)-C(2)                     1.448(8) 

            N(2)-C(6)                     1.457(9) 

            N(3)-C(3)                     1.461(6) 

            N(3)-C(4)                     1.488(8) 

            N(3)-C(6)                     1.510(9) 

            N(4)-C(4A)                    1.435(9) 

            N(4)-C(5A)                    1.473(9) 

            N(4)-C(1AA)                   1.488(8) 

            N(5)-C(6A)                    1.454(8) 

            N(5)-C(5A)                    1.455(8) 

            N(5)-C(3A)                    1.468(8) 

            N(6)-C(6A)                    1.463(7) 

            N(6)-C(4A)                    1.476(7) 

            N(6)-C(2A)                    1.502(7) 

            N(7)-C(5B)                    1.359(14) 

            N(7)-C(4B)                    1.482(8) 

            N(7)-C(1BB)                   1.493(11) 

            N(8)-C(6B)                    1.477(8) 

            N(8)-C(2BB)                   1.489(8) 

            N(8)-C(5B)                    1.542(11) 

            N(9)-C(6B)                    1.418(10) 

            N(9)-C(4B)                    1.445(8) 

            N(9)-C(3B)                    1.492(10) 

            N(10)-C(6C)                   1.471(8) 

            N(10)-C(1CC)                  1.476(8) 

            N(10)-C(4C)                   1.484(9) 

            N(11)-C(5C)                   1.440(11) 

            N(11)-C(2CC)                  1.444(9) 

            N(11)-C(4C)                   1.479(10) 

            N(12)-C(6C)                   1.457(8) 

            N(12)-C(3C)                   1.477(8) 

            N(12)-C(5C)                   1.507(10) 

            C(13)-Ru(1)-C(11)            61.2(3) 

            C(13)-Ru(1)-C(15)            62.7(2) 

            C(11)-Ru(1)-C(15)            39.2(4) 

            C(13)-Ru(1)-C(12)            37.4(4) 

            C(11)-Ru(1)-C(12)            34.2(4) 

            C(15)-Ru(1)-C(12)            61.7(3) 

            C(13)-Ru(1)-C(14)            37.4(2) 

            C(11)-Ru(1)-C(14)            61.7(3) 

            C(15)-Ru(1)-C(14)            36.5(3) 

            C(12)-Ru(1)-C(14)            61.1(2) 

            C(13)-Ru(1)-P(1)            105.83(18) 

            C(11)-Ru(1)-P(1)            115.8(3) 

            C(15)-Ru(1)-P(1)            154.7(2) 

            C(12)-Ru(1)-P(1)             95.2(2) 

            C(14)-Ru(1)-P(1)            142.16(18) 

            C(13)-Ru(1)-P(2)            112.0(2) 

            C(11)-Ru(1)-P(2)            150.9(3) 

            C(15)-Ru(1)-P(2)            111.8(2) 

            C(12)-Ru(1)-P(2)            149.4(3) 

            C(14)-Ru(1)-P(2)             95.26(16) 

            P(1)-Ru(1)-P(2)              93.30(5) 

            C(13)-Ru(1)-Cl(1)           155.44(19) 

            C(11)-Ru(1)-Cl(1)            95.5(3) 

            C(15)-Ru(1)-Cl(1)            94.73(19) 

            C(12)-Ru(1)-Cl(1)           124.8(4) 

            C(14)-Ru(1)-Cl(1)           126.78(18) 

            P(1)-Ru(1)-Cl(1)             90.69(6) 

            P(2)-Ru(1)-Cl(1)             84.38(6) 

            C(22)-Ru(2)-C(24)            62.6(3) 

            C(22)-Ru(2)-C(25)            62.2(3) 

            C(24)-Ru(2)-C(25)            37.5(3) 

            C(22)-Ru(2)-C(21)            36.7(4) 

            C(24)-Ru(2)-C(21)            62.5(3) 

            C(25)-Ru(2)-C(21)            37.5(3) 

            C(22)-Ru(2)-C(23)            34.6(4) 

            C(24)-Ru(2)-C(23)            38.7(3) 

            C(25)-Ru(2)-C(23)            61.7(3) 

            C(21)-Ru(2)-C(23)            59.6(3) 

            C(22)-Ru(2)-P(3)            113.1(3) 

            C(24)-Ru(2)-P(3)            148.9(2) 

            C(25)-Ru(2)-P(3)            111.7(2) 

            C(21)-Ru(2)-P(3)             95.1(2) 

            C(23)-Ru(2)-P(3)            147.6(3) 

            C(22)-Ru(2)-P(4)            105.4(3) 

            C(24)-Ru(2)-P(4)            117.7(2) 

            C(25)-Ru(2)-P(4)            154.7(2) 

            C(21)-Ru(2)-P(4)            140.6(3) 

            C(23)-Ru(2)-P(4)             95.23(18) 

            P(3)-Ru(2)-P(4)              93.37(7) 

            C(22)-Ru(2)-Cl(2)           154.8(2) 

            C(24)-Ru(2)-Cl(2)            93.0(2) 

            C(25)-Ru(2)-Cl(2)            95.0(2) 

            C(21)-Ru(2)-Cl(2)           128.1(3) 

            C(23)-Ru(2)-Cl(2)           126.7(3) 

            P(3)-Ru(2)-Cl(2)             84.27(8) 

            P(4)-Ru(2)-Cl(2)             90.94(9) 

            C(3)-P(1)-C(1)               95.6(3) 

            C(3)-P(1)-C(2)               97.5(3) 

            C(1)-P(1)-C(2)               95.2(3) 

            C(3)-P(1)-Ru(1)             120.93(18) 

            C(1)-P(1)-Ru(1)             121.19(17) 

            C(2)-P(1)-Ru(1)             120.3(2) 

            C(3A)-P(2)-C(2A)             97.3(3) 

            C(3A)-P(2)-C(1AA)            95.9(3) 

            C(2A)-P(2)-C(1AA)            96.6(3) 

            C(3A)-P(2)-Ru(1)            113.7(2) 

            C(2A)-P(2)-Ru(1)            123.04(18) 

            C(1AA)-P(2)-Ru(1)           124.2(2) 

            C(3C)-P(3)-C(1CC)            95.9(3) 

            C(3C)-P(3)-C(2CC)            95.6(4) 

            C(1CC)-P(3)-C(2CC)           97.1(3) 

            C(3C)-P(3)-Ru(2)            125.0(2) 

            C(1CC)-P(3)-Ru(2)           113.3(2) 

            C(2CC)-P(3)-Ru(2)           123.6(3) 

            C(2BB)-P(4)-C(3B)            98.2(4) 

            C(2BB)-P(4)-C(1BB)           96.8(4) 

            C(3B)-P(4)-C(1BB)            95.8(3) 

            C(2BB)-P(4)-Ru(2)           119.2(2) 

            C(3B)-P(4)-Ru(2)            120.3(3) 

            C(1BB)-P(4)-Ru(2)           121.0(3) 

            C(12)-C(11)-C(1A)           129.2(15) 

            C(12)-C(11)-C(15)           109.6(7) 

            C(1A)-C(11)-C(15)           121.1(14) 

            C(12)-C(11)-Ru(1)            74.0(5) 

            C(1A)-C(11)-Ru(1)           124.1(5) 

            C(15)-C(11)-Ru(1)            71.2(3) 

            C(11)-C(12)-C(13)           110.5(7) 

            C(11)-C(12)-C(1B)           133.7(12) 

            C(13)-C(12)-C(1B)           115.3(12) 

            C(11)-C(12)-Ru(1)            71.7(4) 

            C(13)-C(12)-Ru(1)            70.2(4) 

            C(1B)-C(12)-Ru(1)           130.9(6) 

            C(12)-C(13)-C(14)           106.0(7) 

            C(12)-C(13)-C(1C)           130.2(10) 

            C(14)-C(13)-C(1C)           122.7(10) 

            C(12)-C(13)-Ru(1)            72.4(4) 

            C(14)-C(13)-Ru(1)            72.7(3) 

            C(1C)-C(13)-Ru(1)           129.2(6) 

            C(15)-C(14)-C(13)           109.5(6) 

            C(15)-C(14)-C(1D)           129.6(8) 

            C(13)-C(14)-C(1D)           120.0(8) 

            C(15)-C(14)-Ru(1)            71.3(3) 

            C(13)-C(14)-Ru(1)            69.9(3) 

            C(1D)-C(14)-Ru(1)           133.0(5) 

            C(14)-C(15)-C(11)           104.2(7) 

            C(14)-C(15)-C(1E)           124.1(10) 

            C(11)-C(15)-C(1E)           131.1(10) 

            C(14)-C(15)-Ru(1)            72.2(3) 

            C(11)-C(15)-Ru(1)            69.6(4) 

            C(1E)-C(15)-Ru(1)           128.4(5) 

            C(22)-C(21)-C(25)           107.5(7) 

            C(22)-C(21)-C(2AA)          127.0(12) 

            C(25)-C(21)-C(2AA)          124.6(13) 

            C(22)-C(21)-Ru(2)            69.5(5) 

            C(25)-C(21)-Ru(2)            71.0(4) 

            C(2AA)-C(21)-Ru(2)          132.9(6) 

            C(23)-C(22)-C(21)           111.0(7) 

            C(23)-C(22)-C(2B)           120.8(11) 

            C(21)-C(22)-C(2B)           126.6(12) 

            C(23)-C(22)-Ru(2)            76.2(6) 

            C(21)-C(22)-Ru(2)            73.8(4) 

            C(2B)-C(22)-Ru(2)           128.8(6) 

            C(22)-C(23)-C(24)           108.7(7) 

            C(22)-C(23)-C(2C)           138.8(11) 

            C(24)-C(23)-C(2C)           112.5(11) 

            C(22)-C(23)-Ru(2)            69.2(4) 

            C(24)-C(23)-Ru(2)            69.0(4) 

            C(2C)-C(23)-Ru(2)           128.0(7) 

            C(25)-C(24)-C(23)           104.4(6) 

            C(25)-C(24)-C(2D)           127.7(10) 

            C(23)-C(24)-C(2D)           127.4(10) 

            C(25)-C(24)-Ru(2)            71.6(5) 

            C(23)-C(24)-Ru(2)            72.4(3) 

            C(2D)-C(24)-Ru(2)           126.0(7) 

            C(24)-C(25)-C(21)           107.6(7) 

            C(24)-C(25)-C(2E)           121.3(10) 

            C(21)-C(25)-C(2E)           130.9(10) 

            C(24)-C(25)-Ru(2)            70.9(4) 

            C(21)-C(25)-Ru(2)            71.5(5) 

            C(2E)-C(25)-Ru(2)           126.7(6) 

            C(4)-N(1)-C(1)              113.3(6) 

            C(4)-N(1)-C(5)              108.6(5) 

            C(1)-N(1)-C(5)              107.3(6) 

            C(5)-N(2)-C(2)              111.5(5) 

            C(5)-N(2)-C(6)              109.6(6) 

            C(2)-N(2)-C(6)              111.1(5) 

            C(3)-N(3)-C(4)              110.2(4) 

            C(3)-N(3)-C(6)              110.0(5) 

            C(4)-N(3)-C(6)              108.1(5) 

            N(1)-C(1)-P(1)              114.1(4) 

            N(2)-C(2)-P(1)              114.3(4) 

            N(3)-C(3)-P(1)              115.0(4) 

            N(1)-C(4)-N(3)              114.5(6) 

            N(2)-C(5)-N(1)              113.8(5) 

            N(2)-C(6)-N(3)              114.2(5) 

            C(4A)-N(4)-C(5A)            109.4(5) 

            C(4A)-N(4)-C(1AA)           111.9(5) 

            C(5A)-N(4)-C(1AA)           111.5(6) 

            C(6A)-N(5)-C(5A)            107.6(5) 

            C(6A)-N(5)-C(3A)            110.4(5) 

            C(5A)-N(5)-C(3A)            110.7(5) 

            C(6A)-N(6)-C(4A)            108.4(5) 

            C(6A)-N(6)-C(2A)            110.7(4) 

            C(4A)-N(6)-C(2A)            110.5(4) 

            N(4)-C(1AA)-P(2)            112.2(4) 

            N(6)-C(2A)-P(2)             113.1(4) 

            N(5)-C(3A)-P(2)             115.2(4) 

            N(4)-C(4A)-N(6)             113.4(5) 

            N(5)-C(5A)-N(4)             114.0(5) 

            N(5)-C(6A)-N(6)             115.7(5) 

            C(5B)-N(7)-C(4B)            111.0(7) 

            C(5B)-N(7)-C(1BB)           111.4(6) 

            C(4B)-N(7)-C(1BB)           109.8(7) 

            C(6B)-N(8)-C(2BB)           110.2(5) 

            C(6B)-N(8)-C(5B)            106.1(5) 

            C(2BB)-N(8)-C(5B)           108.4(7) 

            C(6B)-N(9)-C(4B)            108.8(6) 

            C(6B)-N(9)-C(3B)            111.7(5) 

            C(4B)-N(9)-C(3B)            110.3(6) 

            N(7)-C(1BB)-P(4)            112.4(6) 

            N(8)-C(2BB)-P(4)            113.9(5) 

            N(9)-C(3B)-P(4)             112.9(5) 

            N(9)-C(4B)-N(7)             113.9(5) 

            N(7)-C(5B)-N(8)             115.6(7) 

            N(9)-C(6B)-N(8)             117.0(7) 

            C(6C)-N(10)-C(1CC)          110.9(5) 

            C(6C)-N(10)-C(4C)           108.8(5) 

            C(1CC)-N(10)-C(4C)          110.7(5) 

            C(5C)-N(11)-C(2CC)          111.9(6) 

            C(5C)-N(11)-C(4C)           107.8(6) 

            C(2CC)-N(11)-C(4C)          110.7(6) 

            C(6C)-N(12)-C(3C)           111.4(5) 

            C(6C)-N(12)-C(5C)           107.0(5) 

            C(3C)-N(12)-C(5C)           108.2(5) 

            N(10)-C(1CC)-P(3)           113.7(4) 

            N(11)-C(2CC)-P(3)           114.2(5) 

            N(12)-C(3C)-P(3)            115.3(4) 

            N(11)-C(4C)-N(10)           114.0(6) 

            N(11)-C(5C)-N(12)           116.1(6) 

            N(12)-C(6C)-N(10)           115.0(5) 

           _____________________________________________________________ 

    Table 5.  Anisotropic displacement parameters (A2 x 103) 2.C2H4Cl2.

    The anisotropic displacement factor exponent takes the form: 

    -2 pi2 [ h2 a*2 U11 + ... + 2 h k a* b* U12 ] 

    _______________________________________________________________________ 

              U11        U22        U33        U23        U13        U12 

    _______________________________________________________________________ 

    Ru(1)    17(1)      14(1)      15(1)      -7(1)       1(1)      -5(1) 

    Ru(2)    40(1)      34(1)      31(1)     -18(1)      -8(1)       7(1) 

    Cl(1)    35(1)      26(1)      15(1)      -3(1)      -8(1)      -7(1) 

    Cl(2)    94(2)      90(2)      36(1)     -24(1)     -14(1)      30(1) 

    P(1)     16(1)      29(1)      33(1)     -23(1)      -3(1)      -6(1) 

    P(2)     21(1)      15(1)      20(1)      -6(1)       2(1)      -3(1) 

    P(3)     38(1)      31(1)      32(1)     -20(1)      -7(1)       5(1) 

    P(4)     62(1)      15(1)      24(1)      -4(1)      16(1)      -2(1) 

    C(11)    19(3)      53(5)      78(6)      22(5)      27(4)       6(3) 

    C(12)    85(7)      35(4)      98(8)     -38(5)      73(6)     -38(5) 

    C(13)    65(5)      53(4)      16(3)      -4(3)       8(3)     -45(4) 

    C(14)    32(3)      26(3)      41(4)     -17(3)      16(3)     -16(3) 

    C(15)    33(3)      92(6)      38(4)     -29(4)      18(3)     -54(4) 

    C(1A)    27(5)     183(15)    206(17)    101(13)     36(7)       9(7) 

    C(1B)   180(12)    116(9)     138(10)   -104(9)     138(10)   -120(9) 

    C(1C)   183(14)    236(17)     33(5)      -5(8)       0(7)    -169(14) 

    C(1D)    71(6)      23(4)     159(11)    -13(5)      58(7)     -16(4) 

    C(1E)    96(7)     280(17)     42(5)     -77(8)      34(5)    -141(10) 

    C(21)    72(6)      40(4)      49(5)      14(4)      32(4)      20(4) 

    C(22)    13(3)     176(11)     40(4)     -60(6)       8(3)      -9(5) 

    C(23)    26(3)     109(7)      84(6)     -84(6)      14(4)     -29(4) 

    C(24)    34(3)      31(4)      93(6)     -16(4)     -38(4)      -5(3) 

    C(25)   117(7)      32(4)      32(4)     -17(3)     -18(4)     -28(4) 

    C(2AA)  229(17)     55(7)     178(15)     54(8)     175(14)     51(8) 

    C(2B)    53(6)     390(30)     22(4)     -38(9)       7(4)     -76(10) 

    C(2C)   102(9)     330(20)    490(30)   -390(30)    207(15)   -164(13) 

    C(2D)    64(6)      46(6)     282(19)     66(8)    -111(9)     -12(5) 

    C(2E)   320(20)    200(15)     76(8)     -84(9)      54(10)   -223(17) 

    N(1)     23(3)      56(4)     112(6)     -71(4)       6(3)     -13(3) 

    N(2)     20(2)      71(4)      47(3)     -39(3)      -3(2)     -15(2) 

    N(3)     24(2)      29(3)      61(4)     -32(3)      -4(2)     -11(2) 

    C(1)     16(3)      44(4)      93(6)     -52(4)       6(3)     -11(3) 

    C(2)     25(3)      44(4)      30(3)     -16(3)      -8(2)      -6(3) 

    C(3)     27(3)      22(3)      29(3)     -14(2)      -4(2)      -8(2) 

    C(4)     27(3)      34(4)     104(6)     -52(4)      -9(4)      -2(3) 

    C(5)     36(3)      82(6)      64(5)     -64(5)       3(3)     -21(4) 

    C(6)     20(3)      51(4)      68(5)     -41(4)      -6(3)     -13(3) 

    N(4)     41(3)      28(3)      36(3)     -12(2)      23(2)      -5(2) 

    N(5)     40(3)      25(3)      37(3)     -16(2)      -2(2)      -3(2) 

    N(6)     22(2)      15(2)      38(3)     -12(2)       4(2)       0(2) 

    C(1AA)   42(4)      25(3)      36(3)     -11(3)      22(3)      -7(3) 

    C(2A)    22(3)      25(3)      31(3)     -18(2)       3(2)      -6(2) 

    C(3A)    34(3)      37(3)      31(3)     -23(3)      -1(3)      -8(3) 

    C(4A)    26(3)      32(3)      51(4)     -18(3)      19(3)      -9(3) 

    C(5A)    63(5)      37(4)      27(3)     -15(3)      16(3)     -14(3) 

    C(6A)    34(3)      17(3)      26(3)      -7(2)      -8(2)      -1(2) 

    N(7)    112(6)      17(3)      51(4)     -10(3)      64(4)     -23(3) 

    N(8)    110(5)      23(3)      35(3)     -14(3)      24(3)     -37(3) 

    N(9)     65(4)      20(3)      31(3)      -4(2)      29(3)      -3(2) 

    C(1BB)   90(6)      22(3)      49(4)     -12(3)      49(4)     -13(4) 

    C(2BB)   99(6)      21(3)      37(4)     -14(3)      14(4)     -30(4) 

    C(3B)    60(5)      29(3)      38(4)      -9(3)      26(3)      -1(3) 

    C(4B)    80(6)      18(3)      55(5)      -2(3)      51(4)     -10(3) 

    C(5B)   150(10)     32(4)      69(6)     -32(4)      81(7)     -55(5) 

    C(6B)    80(5)      21(3)      35(4)     -12(3)      24(4)     -16(3) 

    N(10)    42(3)      31(3)      30(3)     -21(2)       1(2)      -1(2) 

    N(11)    60(4)      60(4)      44(4)     -35(3)     -28(3)      24(3) 

    N(12)    32(3)      35(3)      63(4)     -34(3)      -7(3)       0(2) 

    C(1CC)   38(3)      26(3)      36(4)     -13(3)      -1(3)      -1(3) 

    C(2CC)   68(5)      49(4)      40(4)     -27(4)     -29(4)      31(4) 

    C(3C)    32(3)      28(3)      55(4)     -26(3)      -9(3)       2(3) 

    C(4C)    59(5)      33(4)      53(5)     -27(3)       7(4)       6(3) 

    C(5C)    40(4)      54(5)      81(6)     -55(5)     -30(4)      19(3) 

    C(6C)    30(3)      33(3)      39(4)     -25(3)       0(3)       6(2) 

    Cl(3)    64(2)     114(3)     118(3)     -71(3)     -20(2)     -10(2) 

    Cl(3A)   73(5)     117(7)      78(5)     -63(5)     -11(4)     -32(5) 

    Cl(4)   111(4)     174(7)     176(7)       1(5)       6(4)     -41(4) 

    Cl(4A)   85(5)      53(4)      83(5)     -33(4)      29(4)     -17(4) 

    C(31)    60(8)      81(11)    121(14)    -76(11)     -4(8)     -18(7) 

    C(32)   240(30)    150(20)    310(40)     60(20)   -100(30)   -120(20) 

    C(31A)   70(20)     42(17)    120(30)    -24(18)     70(20)    -39(16) 

    Cl(5)    93(4)     159(6)     139(5)     -98(5)      -5(3)     -41(4) 

    Cl(5A)   90(5)      85(5)     105(6)     -51(5)      -8(4)     -16(4) 

    Cl(6)   141(3)     107(3)      92(2)     -28(2)     -13(2)      39(2) 

    C(33)    89(7)      61(6)      76(7)     -33(5)      20(6)     -24(5) 

    C(34)    68(11)    190(20)    310(40)   -230(30)     59(17)    -40(14) 

    C(34A)  120(20)     50(14)     47(13)      4(11)    -19(14)     -9(14) 

    _______________________________________________________________________ 

         Table 6.  Hydrogen coordinates ( x 104) and isotropic 

         displacement parameters (A2 x 103) 2.C2H4Cl2.

         ________________________________________________________________ 

                         x             y             z           U(eq) 

         ________________________________________________________________ 

          H(1AA)       6438          6460          1363         319 

          H(1AB)       5713          5720          1469         319 

          H(1AC)       5531          6186          2146         319 

          H(1BA)       5215          6826          -917         191 

          H(1BB)       4118          6426          -542         191 

          H(1BC)       5170          5911           -21         191 

          H(1CA)       3801          8610         -1569         228 

          H(1CB)       2721          8817         -1063         228 

          H(1CC)       2990          7876         -1148         228 

          H(1DA)       3900          9780          -569         147 

          H(1DB)       3508          9646           424         147 

          H(1DC)       2741          9519          -186         147 

          H(1EA)       5632          8311          1551         186 

          H(1EB)       4810          7737          2299         186 

          H(1EC)       4442          8763          1623         186 

          H(2AA)       6265           230          5620         327 

          H(2AB)       7305           498          4981         327 

          H(2AC)       6290           361          4609         327 

          H(2BA)       6458          2250          6318         254 

          H(2BB)       7437          1704          5996         254 

          H(2BC)       6427          1216          6517         254 

          H(2CA)       4275          3588          5366         351 

          H(2CB)       4992          4247          4579         351 

          H(2CC)       5430          3677          5555         351 

          H(2DA)       3514          3577          3626         255 

          H(2DB)       4377          3824          2806         255 

          H(2DC)       4290          4298          3471         255 

          H(2EA)       4504          1474          3527         255 

          H(2EB)       5654          1562          3032         255 

          H(2EC)       4770          2429          2760         255 

          H(1A)        3550          5327           283          51 

          H(1B)        3714          4740          1325          51 

          H(2A)         804          6768           326          38 

          H(2B)        1730          6623          -349          38 

          H(3A)        2055          4911          2614          29 

          H(3B)        1024          5635          2295          29 

          H(4A)        2423          3649          2211          56 

          H(4B)        1578          3463          1704          56 

          H(5A)        2116          5220          -446          57 

          H(5B)        1360          4450            49          57 

          H(6A)         -55          4647          1138          47 

          H(6B)        -161          5545          1293          47 

          H(1AD)        265          6865          2238          44 

          H(1AE)        912          6883          2989          44 

          H(2AD)       1044          9097           164          29 

          H(2AE)        352          8293           421          29 

          H(3AA)       2165          8339          2550          37 

          H(3AB)       2225          9128          1562          37 

          H(4AA)      -1535          8831          1913          45 

          H(4AB)      -1125          8088          1536          45 

          H(5AA)       -517          8885          3063          52 

          H(5AB)        500          8151          3417          52 

          H(6AA)        630         10107           919          32 

          H(6AB)       -434         10091          1527          32 

          H(1BD)       6311          5307          3632          71 

          H(1BE)       6387          4699          4683          71 

          H(2BD)       8260          3351          5351          61 

          H(2BE)       9184          3210          4671          61 

          H(3BA)       8981          4349          2707          57 

          H(3BB)       7954          5081          2383          57 

          H(4BA)       7603          6312          2795          73 

          H(4BB)       8446          6526          3281          73 

          H(5BA)       7757          4822          5408          98 

          H(5BB)       8499          5603          4939          98 

          H(6BA)      10006          5390          3838          57 

          H(6BB)      10140          4495          3678          57 

          H(1CD)       7757           870          3436          40 

          H(1CE)       7819          1659          2447          40 

          H(2CD)       9665          1693          4581          62 

          H(2CE)       8980           887          4833          62 

          H(3CA)       9076          3118          2026          43 

          H(3CB)       9739          3109          2779          43 

          H(4CA)       9364          -116          4107          57 

          H(4CB)      10435          -108          3507          57 

          H(5CA)      11510          1132          3121          60 

          H(5CB)      11123          1887          3482          60 

          H(6CA)      10514          1125          1928          38 

          H(6CB)       9491          1851          1574          38 

         ________________________________________________________________ 
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