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Figure 1. Molecular structure and atom-numbering scheme for complex 4a 

without H atoms on Cp rings and phenyl groups. Thermal ellipsoids are shown at the 

30% probability level. 
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Table 1 Crystal data and structure refinement for 4a. 

Identification code  34 
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Empirical formula  C155 H142 Cl6 N8 O12 P8 W8 

Formula weight  4240.03 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  monoclinic 

Space group  C2/c (no 15) 

Unit cell dimensions a = 44.354(9) Å α= 90°. 

 b = 9.976(2) Å β= 98.01(3)°. 

 c = 34.402(7) Å γ = 90°. 

Volume 15074(5) Å3 

Z 4 

Density (calculated) 1.868 Mg/m3 

Absorption coefficient 6.331 mm-1 

F(000) 8152 

Crystal size 0.08 x 0.04 x 0.27 mm3 

Theta range for data collection 1.61 to 20.93°. 

Index ranges -44<=h<=43, -9<=k<=9, -34<=l<=34 

Reflections collected 27231 

Independent reflections 7846 [R(int) = 0.0775] 

Completeness to theta = 20.93° 98.1 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7846 / 0 / 893 

Goodness-of-fit on F2 0.885 

Final R indices [I>2sigma(I)] R1 = 0.0381, wR2 = 0.0682 

R indices (all data) R1 = 0.0758, wR2 = 0.0754 

Largest diff. peak and hole 0.793 and -0.672 e.Å-3 
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Table 2. Atomic coordinates ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 4a. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

W(1) 764(1) -5460(1) 6735(1) 60(1) 

O(1) 1029(2) -2956(14) 6479(3) 84(3) 

N(1) 921(3) -4031(15) 6573(3) 73(4) 

P(1) 1282(1) -6302(4) 7053(1) 59(1) 

W(2) 1189(1) -7031(1) 6096(1) 51(1) 

O(2) 1343(2) -9803(13) 5914(3) 89(4) 

N(2) 1269(3) -8699(14) 6023(3) 66(4) 

P(2) 623(1) -7189(4) 5908(1) 53(1) 

O(12) 919(2) -7114(10) 6519(2) 56(2) 

C(1) 303(6) -6010(40) 6944(6) 116(8) 

C(2) 329(6) -4620(40) 6942(7) 119(10) 

C(3) 558(7) -4270(30) 7219(8) 110(8) 

C(4) 660(6) -5400(50) 7394(5) 128(11) 

C(5) 517(6) -6490(30) 7228(9) 96(7) 

C(6) 1200(4) -6131(19) 5474(4) 71(5) 

C(7) 1130(4) -5096(19) 5712(5) 78(5) 

C(8) 1386(5) -4893(16) 5980(5) 77(5) 

C(9) 1599(4) -5850(20) 5899(4) 78(6) 

C(10) 1481(4) -6593(17) 5580(4) 71(5) 

C(11) 497(3) -5729(15) 6163(4) 58(4) 

C(12) 268(4) -4998(17) 5983(4) 85(6) 

C(13) 1483(3) -6837(15) 6650(4) 61(4) 

C(14) 1770(4) -7177(17) 6748(4) 83(5) 

C(21) 1229(3) -7831(19) 7338(4) 66(4) 

C(22) 1183(3) -9010(20) 7152(5) 72(5) 

C(23) 1110(4) -10174(19) 7350(6) 101(7) 

C(24) 1085(5) -10120(30) 7740(8) 119(8) 

C(25) 1131(4) -8940(30) 7927(5) 90(6) 

C(26) 1207(3) -7751(19) 7739(5) 78(5) 

C(31) 1543(3) -5223(18) 7368(4) 60(4) 

C(32) 1526(4) -3870(20) 7300(4) 75(5) 

C(33) 1742(5) -2990(20) 7489(6) 97(6) 

C(34) 1978(5) -3440(20) 7762(5) 89(6) 

C(35) 1995(4) -4800(30) 7834(4) 82(6) 
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C(36) 1783(4) -5670(20) 7643(4) 79(5) 

C(41) 434(3) -8577(15) 6097(4) 55(4) 

C(42) 128(3) -8586(17) 6076(4) 68(4) 

C(43) -32(4) -9650(20) 6209(5) 90(5) 

C(44) 115(4) -10752(18) 6370(4) 77(5) 

C(45) 429(4) -10783(17) 6401(4) 72(5) 

C(46) 583(3) -9706(18) 6260(4) 66(4) 

C(51) 468(3) -7240(17) 5387(4) 51(4) 

C(52) 455(3) -6123(17) 5149(4) 65(4) 

C(53) 378(4) -6250(20) 4744(4) 79(5) 

C(54) 329(3) -7440(20) 4573(4) 67(5) 

C(55) 346(3) -8578(18) 4807(5) 74(5) 

C(56) 413(3) -8458(17) 5208(4) 59(4) 

W(1B) 1866(1) -2077(1) 4257(1) 46(1) 

N(1B) 2018(2) -1371(12) 4693(3) 49(3) 

O(1B) 2132(2) -921(11) 5018(3) 78(3) 

P(1B) 1993(1) 107(4) 3898(1) 46(1) 

W(2B) 1314(1) 307(1) 4209(1) 42(1) 

N(2B) 997(2) 659(11) 3860(3) 46(3) 

O(2B) 764(2) 1102(11) 3661(3) 79(3) 

P(2B) 1148(1) -1973(4) 4429(1) 42(1) 

O(12B) 1492(2) -1296(9) 3972(2) 45(2) 

C(11B) 1515(3) -2763(15) 4583(3) 57(4) 

C(12B) 1537(3) -3570(17) 4887(4) 78(5) 

C(13B) 1632(3) 1004(15) 3846(4) 57(4) 

C(14B) 1581(3) 1917(17) 3550(4) 69(5) 

C(1B) 1967(8) -4318(19) 4252(9) 93(7) 

C(2B) 1841(5) -4080(30) 3890(12) 131(11) 

C(3B) 2027(10) -3240(30) 3761(7) 127(11) 

C(4B) 2265(6) -3090(20) 3985(17) 164(16) 

C(5B) 2222(9) -3720(30) 4345(8) 141(13) 

C(6B) 1171(3) 1045(15) 4801(4) 53(4) 

C(7B) 1488(3) 647(15) 4893(3) 50(4) 

C(8B) 1640(3) 1499(17) 4697(4) 59(4) 

C(9B) 1449(4) 2417(17) 4483(4) 66(5) 

C(10B) 1159(4) 2173(16) 4567(4) 63(4) 

C(21B) 2126(3) -88(13) 3416(4) 45(4) 

C(22B) 1916(3) -373(15) 3084(4) 58(4) 

C(23B) 2009(4) -598(17) 2724(4) 74(5) 
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C(24B) 2309(5) -545(19) 2692(4) 87(6) 

C(25B) 2516(4) -260(20) 3007(5) 102(7) 

C(26B) 2422(3) -12(16) 3371(4) 76(5) 

C(31B) 2290(3) 1219(17) 4135(4) 48(4) 

C(36B) 2321(4) 2500(20) 4002(6) 96(6) 

C(35B) 2552(4) 3311(18) 4175(7) 115(8) 

C(34B) 2753(4) 2860(30) 4458(6) 98(7) 

C(33B) 2728(4) 1610(30) 4607(5) 102(8) 

C(32B) 2498(3) 806(18) 4438(4) 78(5) 

C(41B) 952(3) -3019(17) 4037(3) 46(3) 

C(42B) 765(3) -2468(16) 3723(4) 65(5) 

C(43B) 609(4) -3270(20) 3448(4) 81(5) 

C(44B) 634(4) -4620(20) 3468(4) 85(6) 

C(45B) 809(4) -5187(18) 3766(6) 91(6) 

C(46B) 976(3) -4398(19) 4055(4) 71(5) 

C(51B) 902(3) -2188(13) 4811(3) 42(3) 

C(52B) 1001(3) -1884(13) 5201(4) 48(4) 

C(53B) 808(3) -1901(15) 5480(4) 55(4) 

C(54B) 509(4) -2188(16) 5380(4) 63(4) 

C(55B) 396(3) -2501(14) 4996(5) 61(4) 

C(56B) 596(3) -2484(13) 4718(3) 49(4) 

C(15) 1862(7) 1790(40) 1390(7) 270(20) 

Cl(1) 1907(2) 2091(10) 933(3) 219(4) 

Cl(2) 2116(2) 997(13) 1674(3) 267(5) 

C(16) 264(9) 370(50) 2658(19) 170(30) 

Cl(3) 0 1740(30) 2500 760(40) 

Cl(4) 0 -690(30) 2500 466(17) 

________________________________________________________________________________ 
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Table 3. Bond lengths [Å] and angles [°] for 4a. 

_____________________________________________________  

W(1)-N(1)  1.713(13) 

W(1)-O(12)  1.973(9) 

W(1)-C(11)  2.169(15) 

W(1)-C(2)  2.304(17) 

W(1)-C(1)  2.32(2) 

W(1)-C(3)  2.333(19) 

W(1)-C(5)  2.375(19) 

W(1)-C(4)  2.375(16) 

W(1)-P(1)  2.545(4) 

O(1)-N(1)  1.235(14) 

P(1)-C(31)  1.823(16) 

P(1)-C(13)  1.831(13) 

P(1)-C(21)  1.845(17) 

W(2)-N(2)  1.727(13) 

W(2)-O(12)  2.011(8) 

W(2)-C(13)  2.162(14) 

W(2)-C(6)  2.328(13) 

W(2)-C(7)  2.333(15) 

W(2)-C(9)  2.348(14) 

W(2)-C(8)  2.360(15) 

W(2)-C(10)  2.378(14) 

W(2)-P(2)  2.508(4) 

O(2)-N(2)  1.223(14) 

P(2)-C(41)  1.788(15) 

P(2)-C(51)  1.827(12) 

P(2)-C(11)  1.828(15) 

C(1)-C(5)  1.35(3) 

C(1)-C(2)  1.39(3) 

C(2)-C(3)  1.34(3) 

C(3)-C(4)  1.33(3) 

C(4)-C(5)  1.34(3) 

C(6)-C(10)  1.329(19) 

C(6)-C(7)  1.38(2) 

C(7)-C(8)  1.38(2) 

C(8)-C(9)  1.40(2) 

C(9)-C(10)  1.368(19) 

C(11)-C(12)  1.331(18) 
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C(13)-C(14)  1.314(18) 

C(21)-C(22)  1.34(2) 

C(21)-C(26)  1.399(18) 

C(22)-C(23)  1.41(2) 

C(23)-C(24)  1.36(3) 

C(24)-C(25)  1.34(3) 

C(25)-C(26)  1.42(2) 

C(31)-C(32)  1.37(2) 

C(31)-C(36)  1.393(18) 

C(32)-C(33)  1.39(2) 

C(33)-C(34)  1.38(2) 

C(34)-C(35)  1.37(2) 

C(35)-C(36)  1.38(2) 

C(41)-C(42)  1.351(18) 

C(41)-C(46)  1.383(19) 

C(42)-C(43)  1.39(2) 

C(43)-C(44)  1.36(2) 

C(44)-C(45)  1.38(2) 

C(45)-C(46)  1.395(19) 

C(51)-C(56)  1.369(19) 

C(51)-C(52)  1.380(19) 

C(52)-C(53)  1.392(18) 

C(53)-C(54)  1.33(2) 

C(54)-C(55)  1.39(2) 

C(55)-C(56)  1.375(18) 

W(1B)-N(1B)  1.711(11) 

W(1B)-O(12B)  1.965(7) 

W(1B)-C(11B)  2.152(14) 

W(1B)-C(3B)  2.26(2) 

W(1B)-C(5B)  2.27(2) 

W(1B)-C(1B)  2.281(17) 

W(1B)-C(4B)  2.345(16) 

W(1B)-C(2B)  2.36(2) 

W(1B)-P(1B)  2.604(4) 

N(1B)-O(1B)  1.244(11) 

P(1B)-C(31B)  1.823(14) 

P(1B)-C(13B)  1.825(14) 

P(1B)-C(21B)  1.845(12) 

W(2B)-N(2B)  1.753(11) 
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W(2B)-O(12B)  2.006(8) 

W(2B)-C(13B)  2.126(15) 

W(2B)-C(6B)  2.336(12) 

W(2B)-C(9B)  2.350(16) 

W(2B)-C(8B)  2.375(13) 

W(2B)-C(10B)  2.386(14) 

W(2B)-C(7B)  2.397(11) 

W(2B)-P(2B)  2.538(4) 

N(2B)-O(2B)  1.238(12) 

P(2B)-C(11B)  1.821(13) 

P(2B)-C(41B)  1.827(13) 

P(2B)-C(51B)  1.834(12) 

C(11B)-C(12B)  1.313(18) 

C(13B)-C(14B)  1.360(18) 

C(1B)-C(5B)  1.28(3) 

C(1B)-C(2B)  1.31(3) 

C(2B)-C(3B)  1.30(3) 

C(3B)-C(4B)  1.23(4) 

C(4B)-C(5B)  1.42(3) 

C(6B)-C(10B)  1.380(18) 

C(6B)-C(7B)  1.452(17) 

C(7B)-C(8B)  1.326(17) 

C(8B)-C(9B)  1.387(19) 

C(9B)-C(10B)  1.379(18) 

C(21B)-C(26B)  1.345(17) 

C(21B)-C(22B)  1.399(16) 

C(22B)-C(23B)  1.377(17) 

C(23B)-C(24B)  1.35(2) 

C(24B)-C(25B)  1.35(2) 

C(25B)-C(26B)  1.395(19) 

C(31B)-C(32B)  1.359(18) 

C(31B)-C(36B)  1.37(2) 

C(36B)-C(35B)  1.37(2) 

C(35B)-C(34B)  1.31(2) 

C(34B)-C(33B)  1.36(3) 

C(33B)-C(32B)  1.36(2) 

C(41B)-C(42B)  1.381(17) 

C(41B)-C(46B)  1.381(19) 

C(42B)-C(43B)  1.353(19) 



10 

C(43B)-C(44B)  1.35(2) 

C(44B)-C(45B)  1.32(2) 

C(45B)-C(46B)  1.40(2) 

C(51B)-C(56B)  1.384(15) 

C(51B)-C(52B)  1.387(15) 

C(52B)-C(53B)  1.372(16) 

C(53B)-C(54B)  1.353(18) 

C(54B)-C(55B)  1.381(17) 

C(55B)-C(56B)  1.392(16) 

C(15)-Cl(2)  1.59(2) 

C(15)-Cl(1)  1.64(2) 

C(16)-Cl(4)  1.62(4) 

C(16)-Cl(3)  1.83(5) 

Cl(3)-C(16)#1  1.83(5) 

Cl(3)-Cl(4)  2.42(4) 

Cl(4)-C(16)#1  1.62(4) 

 

N(1)-W(1)-O(12) 113.2(5) 

N(1)-W(1)-C(11) 90.1(5) 

O(12)-W(1)-C(11) 74.2(4) 

N(1)-W(1)-C(2) 101.2(10) 

O(12)-W(1)-C(2) 140.4(11) 

C(11)-W(1)-C(2) 87.1(9) 

N(1)-W(1)-C(1) 135.3(11) 

O(12)-W(1)-C(1) 106.7(9) 

C(11)-W(1)-C(1) 81.8(7) 

C(2)-W(1)-C(1) 34.9(7) 

N(1)-W(1)-C(3) 91.5(8) 

O(12)-W(1)-C(3) 152.6(8) 

C(11)-W(1)-C(3) 119.5(10) 

C(2)-W(1)-C(3) 33.6(7) 

C(1)-W(1)-C(3) 56.7(9) 

N(1)-W(1)-C(5) 147.2(8) 

O(12)-W(1)-C(5) 97.4(7) 

C(11)-W(1)-C(5) 110.2(9) 

C(2)-W(1)-C(5) 56.4(8) 

C(1)-W(1)-C(5) 33.4(6) 

C(3)-W(1)-C(5) 56.3(8) 

N(1)-W(1)-C(4) 115.6(13) 
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O(12)-W(1)-C(4) 120.4(11) 

C(11)-W(1)-C(4) 135.6(8) 

C(2)-W(1)-C(4) 54.2(7) 

C(1)-W(1)-C(4) 54.2(8) 

C(3)-W(1)-C(4) 32.8(7) 

C(5)-W(1)-C(4) 32.9(8) 

N(1)-W(1)-P(1) 91.8(4) 

O(12)-W(1)-P(1) 63.0(2) 

C(11)-W(1)-P(1) 134.0(4) 

C(2)-W(1)-P(1) 137.1(7) 

C(1)-W(1)-P(1) 124.7(9) 

C(3)-W(1)-P(1) 106.4(9) 

C(5)-W(1)-P(1) 91.7(7) 

C(4)-W(1)-P(1) 83.2(6) 

O(1)-N(1)-W(1) 175.5(12) 

C(31)-P(1)-C(13) 106.6(7) 

C(31)-P(1)-C(21) 106.9(7) 

C(13)-P(1)-C(21) 105.9(8) 

C(31)-P(1)-W(1) 121.4(5) 

C(13)-P(1)-W(1) 106.0(5) 

C(21)-P(1)-W(1) 109.1(5) 

N(2)-W(2)-O(12) 102.7(5) 

N(2)-W(2)-C(13) 95.9(5) 

O(12)-W(2)-C(13) 73.3(4) 

N(2)-W(2)-C(6) 102.0(6) 

O(12)-W(2)-C(6) 140.6(6) 

C(13)-W(2)-C(6) 133.5(6) 

N(2)-W(2)-C(7) 136.5(6) 

O(12)-W(2)-C(7) 114.3(5) 

C(13)-W(2)-C(7) 115.5(7) 

C(6)-W(2)-C(7) 34.5(5) 

N(2)-W(2)-C(9) 105.1(7) 

O(12)-W(2)-C(9) 142.5(5) 

C(13)-W(2)-C(9) 79.2(5) 

C(6)-W(2)-C(9) 54.8(5) 

C(7)-W(2)-C(9) 56.7(6) 

N(2)-W(2)-C(8) 139.3(6) 

O(12)-W(2)-C(8) 115.5(5) 

C(13)-W(2)-C(8) 82.8(6) 
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C(6)-W(2)-C(8) 56.0(5) 

C(7)-W(2)-C(8) 34.1(5) 

C(9)-W(2)-C(8) 34.5(5) 

N(2)-W(2)-C(10) 85.7(6) 

O(12)-W(2)-C(10) 171.3(5) 

C(13)-W(2)-C(10) 108.5(6) 

C(6)-W(2)-C(10) 32.8(5) 

C(7)-W(2)-C(10) 57.0(6) 

C(9)-W(2)-C(10) 33.7(5) 

C(8)-W(2)-C(10) 57.0(5) 

N(2)-W(2)-P(2) 97.0(4) 

O(12)-W(2)-P(2) 60.6(2) 

C(13)-W(2)-P(2) 133.8(4) 

C(6)-W(2)-P(2) 86.4(5) 

C(7)-W(2)-P(2) 82.9(5) 

C(9)-W(2)-P(2) 138.1(4) 

C(8)-W(2)-P(2) 113.2(5) 

C(10)-W(2)-P(2) 116.6(5) 

O(2)-N(2)-W(2) 169.0(12) 

C(41)-P(2)-C(51) 101.8(7) 

C(41)-P(2)-C(11) 104.5(6) 

C(51)-P(2)-C(11) 113.3(7) 

C(41)-P(2)-W(2) 117.2(5) 

C(51)-P(2)-W(2) 118.7(4) 

C(11)-P(2)-W(2) 100.9(5) 

W(1)-O(12)-W(2) 120.9(5) 

C(5)-C(1)-C(2) 108(2) 

C(5)-C(1)-W(1) 75.4(12) 

C(2)-C(1)-W(1) 71.8(13) 

C(3)-C(2)-C(1) 108(2) 

C(3)-C(2)-W(1) 74.4(11) 

C(1)-C(2)-W(1) 73.3(12) 

C(4)-C(3)-C(2) 106(3) 

C(4)-C(3)-W(1) 75.4(12) 

C(2)-C(3)-W(1) 72.0(12) 

C(3)-C(4)-C(5) 112(2) 

C(3)-C(4)-W(1) 71.9(11) 

C(5)-C(4)-W(1) 73.5(11) 

C(4)-C(5)-C(1) 105(3) 
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C(4)-C(5)-W(1) 73.6(13) 

C(1)-C(5)-W(1) 71.2(12) 

C(10)-C(6)-C(7) 112.2(16) 

C(10)-C(6)-W(2) 75.7(9) 

C(7)-C(6)-W(2) 73.0(8) 

C(8)-C(7)-C(6) 105.8(16) 

C(8)-C(7)-W(2) 74.0(9) 

C(6)-C(7)-W(2) 72.6(9) 

C(7)-C(8)-C(9) 106.5(14) 

C(7)-C(8)-W(2) 71.9(9) 

C(9)-C(8)-W(2) 72.3(9) 

C(10)-C(9)-C(8) 109.7(15) 

C(10)-C(9)-W(2) 74.4(9) 

C(8)-C(9)-W(2) 73.2(9) 

C(6)-C(10)-C(9) 105.7(15) 

C(6)-C(10)-W(2) 71.6(8) 

C(9)-C(10)-W(2) 72.0(8) 

C(12)-C(11)-P(2) 118.5(12) 

C(12)-C(11)-W(1) 129.8(12) 

P(2)-C(11)-W(1) 111.7(7) 

C(14)-C(13)-P(1) 115.9(11) 

C(14)-C(13)-W(2) 130.2(11) 

P(1)-C(13)-W(2) 113.4(7) 

C(22)-C(21)-C(26) 119.7(16) 

C(22)-C(21)-P(1) 119.5(12) 

C(26)-C(21)-P(1) 120.6(15) 

C(21)-C(22)-C(23) 121.5(17) 

C(24)-C(23)-C(22) 120(2) 

C(25)-C(24)-C(23) 119(2) 

C(24)-C(25)-C(26) 123.0(19) 

C(21)-C(26)-C(25) 117.2(18) 

C(32)-C(31)-C(36) 116.5(16) 

C(32)-C(31)-P(1) 117.8(12) 

C(36)-C(31)-P(1) 125.3(14) 

C(31)-C(32)-C(33) 121.5(17) 

C(34)-C(33)-C(32) 121(2) 

C(35)-C(34)-C(33) 117.4(19) 

C(34)-C(35)-C(36) 121.1(18) 

C(35)-C(36)-C(31) 122.0(18) 
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C(42)-C(41)-C(46) 115.8(14) 

C(42)-C(41)-P(2) 120.3(12) 

C(46)-C(41)-P(2) 123.9(11) 

C(41)-C(42)-C(43) 122.9(15) 

C(44)-C(43)-C(42) 121.2(15) 

C(43)-C(44)-C(45) 118.0(16) 

C(44)-C(45)-C(46) 119.5(15) 

C(41)-C(46)-C(45) 122.7(14) 

C(56)-C(51)-C(52) 117.3(12) 

C(56)-C(51)-P(2) 119.0(12) 

C(52)-C(51)-P(2) 122.6(12) 

C(51)-C(52)-C(53) 120.3(15) 

C(54)-C(53)-C(52) 121.8(16) 

C(53)-C(54)-C(55) 118.6(15) 

C(56)-C(55)-C(54) 120.0(16) 

C(51)-C(56)-C(55) 121.9(14) 

N(1B)-W(1B)-O(12B) 118.5(4) 

N(1B)-W(1B)-C(11B) 84.2(5) 

O(12B)-W(1B)-C(11B) 76.4(4) 

N(1B)-W(1B)-C(3B) 138.2(11) 

O(12B)-W(1B)-C(3B) 99.4(8) 

C(11B)-W(1B)-C(3B) 123.9(12) 

N(1B)-W(1B)-C(5B) 89.8(6) 

O(12B)-W(1B)-C(5B) 151.3(7) 

C(11B)-W(1B)-C(5B) 103.8(13) 

C(3B)-W(1B)-C(5B) 56.1(8) 

N(1B)-W(1B)-C(1B) 110.8(10) 

O(12B)-W(1B)-C(1B) 122.6(10) 

C(11B)-W(1B)-C(1B) 81.3(7) 

C(3B)-W(1B)-C(1B) 53.7(7) 

C(5B)-W(1B)-C(1B) 32.7(8) 

N(1B)-W(1B)-C(4B) 107.4(13) 

O(12B)-W(1B)-C(4B) 127.3(15) 

C(11B)-W(1B)-C(4B) 135.3(8) 

C(3B)-W(1B)-C(4B) 30.8(9) 

C(5B)-W(1B)-C(4B) 35.9(9) 

C(1B)-W(1B)-C(4B) 54.1(8) 

N(1B)-W(1B)-C(2B) 143.2(10) 

O(12B)-W(1B)-C(2B) 95.6(7) 
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C(11B)-W(1B)-C(2B) 91.5(11) 

C(3B)-W(1B)-C(2B) 32.5(8) 

C(5B)-W(1B)-C(2B) 55.8(7) 

C(1B)-W(1B)-C(2B) 32.8(7) 

C(4B)-W(1B)-C(2B) 53.3(8) 

N(1B)-W(1B)-P(1B) 89.2(4) 

O(12B)-W(1B)-P(1B) 69.9(2) 

C(11B)-W(1B)-P(1B) 137.2(4) 

C(3B)-W(1B)-P(1B) 87.8(9) 

C(5B)-W(1B)-P(1B) 118.4(13) 

C(1B)-W(1B)-P(1B) 139.6(5) 

C(4B)-W(1B)-P(1B) 87.0(9) 

C(2B)-W(1B)-P(1B) 117.0(12) 

O(1B)-N(1B)-W(1B) 176.8(10) 

C(31B)-P(1B)-C(13B) 108.4(7) 

C(31B)-P(1B)-C(21B) 99.5(6) 

C(13B)-P(1B)-C(21B) 110.4(6) 

C(31B)-P(1B)-W(1B) 119.3(5) 

C(13B)-P(1B)-W(1B) 102.2(5) 

C(21B)-P(1B)-W(1B) 117.0(4) 

N(2B)-W(2B)-O(12B) 101.8(4) 

N(2B)-W(2B)-C(13B) 93.7(5) 

O(12B)-W(2B)-C(13B) 72.0(4) 

N(2B)-W(2B)-C(6B) 104.2(5) 

O(12B)-W(2B)-C(6B) 140.9(4) 

C(13B)-W(2B)-C(6B) 133.8(5) 

N(2B)-W(2B)-C(9B) 103.3(5) 

O(12B)-W(2B)-C(9B) 141.7(4) 

C(13B)-W(2B)-C(9B) 77.8(5) 

C(6B)-W(2B)-C(9B) 56.8(5) 

N(2B)-W(2B)-C(8B) 137.2(6) 

O(12B)-W(2B)-C(8B) 116.8(4) 

C(13B)-W(2B)-C(8B) 82.1(5) 

C(6B)-W(2B)-C(8B) 55.8(5) 

C(9B)-W(2B)-C(8B) 34.1(5) 

N(2B)-W(2B)-C(10B) 86.4(5) 

O(12B)-W(2B)-C(10B) 171.8(4) 

C(13B)-W(2B)-C(10B) 108.1(6) 

C(6B)-W(2B)-C(10B) 34.0(4) 
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C(9B)-W(2B)-C(10B) 33.8(4) 

C(8B)-W(2B)-C(10B) 55.6(5) 

N(2B)-W(2B)-C(7B) 139.7(5) 

O(12B)-W(2B)-C(7B) 114.9(4) 

C(13B)-W(2B)-C(7B) 112.4(5) 

C(6B)-W(2B)-C(7B) 35.7(4) 

C(9B)-W(2B)-C(7B) 56.7(5) 

C(8B)-W(2B)-C(7B) 32.3(4) 

C(10B)-W(2B)-C(7B) 57.2(5) 

N(2B)-W(2B)-P(2B) 98.4(4) 

O(12B)-W(2B)-P(2B) 63.5(2) 

C(13B)-W(2B)-P(2B) 135.4(4) 

C(6B)-W(2B)-P(2B) 84.1(4) 

C(9B)-W(2B)-P(2B) 138.8(3) 

C(8B)-W(2B)-P(2B) 114.3(4) 

C(10B)-W(2B)-P(2B) 115.4(4) 

C(7B)-W(2B)-P(2B) 84.3(4) 

O(2B)-N(2B)-W(2B) 167.9(10) 

C(11B)-P(2B)-C(41B) 106.4(7) 

C(11B)-P(2B)-C(51B) 109.7(6) 

C(41B)-P(2B)-C(51B) 101.1(6) 

C(11B)-P(2B)-W(2B) 100.9(5) 

C(41B)-P(2B)-W(2B) 114.9(5) 

C(51B)-P(2B)-W(2B) 123.0(5) 

W(1B)-O(12B)-W(2B) 117.8(3) 

C(12B)-C(11B)-P(2B) 117.3(11) 

C(12B)-C(11B)-W(1B) 129.4(10) 

P(2B)-C(11B)-W(1B) 113.1(6) 

C(14B)-C(13B)-P(1B) 116.9(11) 

C(14B)-C(13B)-W(2B) 127.3(10) 

P(1B)-C(13B)-W(2B) 115.3(8) 

C(5B)-C(1B)-C(2B) 113(2) 

C(5B)-C(1B)-W(1B) 73.1(14) 

C(2B)-C(1B)-W(1B) 76.9(13) 

C(3B)-C(2B)-C(1B) 103(2) 

C(3B)-C(2B)-W(1B) 69.5(15) 

C(1B)-C(2B)-W(1B) 70.3(11) 

C(4B)-C(3B)-C(2B) 113(3) 

C(4B)-C(3B)-W(1B) 78.4(17) 
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C(2B)-C(3B)-W(1B) 78.0(14) 

C(3B)-C(4B)-C(5B) 107(2) 

C(3B)-C(4B)-W(1B) 70.8(13) 

C(5B)-C(4B)-W(1B) 69.1(12) 

C(1B)-C(5B)-C(4B) 102(2) 

C(1B)-C(5B)-W(1B) 74.2(14) 

C(4B)-C(5B)-W(1B) 75.0(12) 

C(10B)-C(6B)-C(7B) 108.0(13) 

C(10B)-C(6B)-W(2B) 75.0(8) 

C(7B)-C(6B)-W(2B) 74.5(7) 

C(8B)-C(7B)-C(6B) 104.9(13) 

C(8B)-C(7B)-W(2B) 72.9(7) 

C(6B)-C(7B)-W(2B) 69.8(6) 

C(7B)-C(8B)-C(9B) 112.3(14) 

C(7B)-C(8B)-W(2B) 74.8(8) 

C(9B)-C(8B)-W(2B) 71.9(8) 

C(10B)-C(9B)-C(8B) 106.8(14) 

C(10B)-C(9B)-W(2B) 74.5(9) 

C(8B)-C(9B)-W(2B) 73.9(9) 

C(9B)-C(10B)-C(6B) 107.8(14) 

C(9B)-C(10B)-W(2B) 71.6(9) 

C(6B)-C(10B)-W(2B) 71.0(8) 

C(26B)-C(21B)-C(22B) 117.8(12) 

C(26B)-C(21B)-P(1B) 122.4(11) 

C(22B)-C(21B)-P(1B) 119.8(9) 

C(23B)-C(22B)-C(21B) 121.2(13) 

C(24B)-C(23B)-C(22B) 119.3(14) 

C(25B)-C(24B)-C(23B) 120.7(14) 

C(24B)-C(25B)-C(26B) 120.2(16) 

C(21B)-C(26B)-C(25B) 120.8(14) 

C(32B)-C(31B)-C(36B) 116.7(14) 

C(32B)-C(31B)-P(1B) 121.9(13) 

C(36B)-C(31B)-P(1B) 121.3(13) 

C(31B)-C(36B)-C(35B) 120.5(18) 

C(34B)-C(35B)-C(36B) 121(2) 

C(35B)-C(34B)-C(33B) 121(2) 

C(34B)-C(33B)-C(32B) 118.5(18) 

C(31B)-C(32B)-C(33B) 122.5(18) 

C(42B)-C(41B)-C(46B) 117.8(13) 



18 

C(42B)-C(41B)-P(2B) 121.5(13) 

C(46B)-C(41B)-P(2B) 120.7(11) 

C(43B)-C(42B)-C(41B) 120.2(16) 

C(42B)-C(43B)-C(44B) 121.7(16) 

C(45B)-C(44B)-C(43B) 119.9(17) 

C(44B)-C(45B)-C(46B) 120.5(18) 

C(41B)-C(46B)-C(45B) 119.9(15) 

C(56B)-C(51B)-C(52B) 116.0(10) 

C(56B)-C(51B)-P(2B) 121.4(9) 

C(52B)-C(51B)-P(2B) 121.9(9) 

C(53B)-C(52B)-C(51B) 122.1(12) 

C(54B)-C(53B)-C(52B) 120.5(13) 

C(53B)-C(54B)-C(55B) 120.3(12) 

C(54B)-C(55B)-C(56B) 118.3(12) 

C(51B)-C(56B)-C(55B) 122.7(11) 

Cl(2)-C(15)-Cl(1) 120.5(16) 

Cl(4)-C(16)-Cl(3) 89(2) 

C(16)#1-Cl(3)-C(16) 84(3) 

C(16)#1-Cl(3)-Cl(4) 41.9(13) 

C(16)-Cl(3)-Cl(4) 41.9(13) 

C(16)#1-Cl(4)-C(16) 98(4) 

C(16)#1-Cl(4)-Cl(3) 49(2) 

C(16)-Cl(4)-Cl(3) 49(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 -x,y,-z+1/2       
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Table 4. Anisotropic displacement parameters  (Å2x 103) for 4a. The anisotropic 

displacement factor exponent takes the form: -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

W(1) 64(1)  65(1) 53(1)  7(1) 14(1)  20(1) 

O(1) 90(8)  103(10) 61(6)  5(7) 19(5)  7(8) 

N(1) 72(9)  89(13) 62(7)  40(7) 23(6)  -31(8) 

P(1) 65(3)  59(3) 53(2)  6(2) 3(2)  1(2) 

W(2) 51(1)  52(1) 51(1)  -2(1) 10(1)  2(1) 

O(2) 73(8)  66(10) 126(9)  -22(7) 11(6)  8(7) 

N(2) 67(9)  39(10) 90(9)  -17(7) 3(7)  22(7) 

P(2) 49(2)  48(3) 60(2)  12(2) 4(2)  8(2) 

O(12) 48(5)  64(7) 56(5)  1(5) 6(4)  9(5) 

C(1) 100(18)  190(30) 62(13)  9(16) 17(12)  18(19) 

C(2) 96(19)  160(30) 108(19)  50(20) 58(16)  100(20) 

C(3) 120(20)  120(30) 97(17)  14(16) 41(15)  36(18) 

C(4) 110(20)  240(40) 44(11)  0(20) 49(12)  80(30) 

C(5) 94(18)  110(20) 97(18)  17(16) 58(15)  15(15) 

C(6) 89(14)  79(14) 50(9)  3(9) 27(9)  -16(11) 

C(7) 89(13)  79(16) 69(11)  20(10) 22(11)  10(11) 

C(8) 126(16)  41(13) 74(11)  -15(8) 53(13)  -8(11) 

C(9) 72(11)  128(18) 37(8)  -4(9) 19(8)  -24(12) 

C(10) 75(13)  72(15) 72(11)  -8(9) 28(9)  8(10) 

C(11) 52(9)  36(11) 90(10)  16(8) 22(8)  19(8) 

C(12) 118(15)  68(15) 73(10)  -6(9) 29(10)  15(12) 

C(13) 59(10)  57(13) 70(9)  -11(8) 17(8)  18(9) 

C(14) 106(15)  87(14) 63(9)  -9(9) 38(9)  10(12) 

C(21) 67(10)  64(14) 66(11)  11(9) 9(8)  1(10) 

C(22) 64(11)  73(16) 77(11)  28(11) 8(9)  16(10) 

C(23) 104(15)  72(16) 114(15)  46(13) -30(12)  -11(12) 

C(24) 112(17)  90(20) 140(20)  63(17) -22(15)  -7(15) 

C(25) 63(12)  120(20) 94(13)  59(14) 35(10)  15(13) 

C(26) 52(10)  94(16) 91(12)  22(10) 17(8)  11(10) 

C(31) 76(11)  41(12) 59(9)  -4(8) 1(8)  28(9) 

C(32) 88(13)  75(16) 60(10)  -26(10) 2(9)  21(12) 

C(33) 106(15)  77(16) 107(14)  -12(13) 11(13)  -2(14) 

C(34) 99(16)  100(20) 74(12)  -27(11) 22(11)  -4(14) 

C(35) 72(12)  140(20) 40(9)  -9(11) 20(8)  -10(14) 
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C(36) 67(11)  105(17) 60(9)  11(10) -4(9)  20(11) 

C(41) 41(10)  59(12) 59(8)  13(8) -9(7)  5(8) 

C(42) 40(10)  66(13) 96(11)  19(9) 5(8)  13(9) 

C(43) 48(10)  104(18) 120(13)  22(13) 23(10)  7(12) 

C(44) 85(14)  59(15) 90(11)  14(9) 22(10)  -18(11) 

C(45) 71(13)  66(15) 80(11)  12(9) 17(9)  -4(10) 

C(46) 55(10)  76(14) 67(9)  9(9) 16(8)  3(11) 

C(51) 53(9)  46(12) 52(8)  -3(9) -7(7)  5(8) 

C(52) 77(11)  56(13) 57(10)  -5(8) -9(8)  -6(9) 

C(53) 86(13)  78(16) 66(12)  11(10) -9(9)  -1(11) 

C(54) 58(10)  95(18) 48(9)  -8(10) 3(7)  1(10) 

C(55) 62(11)  64(14) 99(14)  -11(11) 24(9)  21(9) 

C(56) 61(10)  63(14) 57(10)  10(8) 17(8)  14(9) 

W(1B) 40(1)  49(1) 49(1)  3(1) 11(1)  8(1) 

N(1B) 30(6)  73(9) 41(6)  14(6) -2(5)  6(6) 

O(1B) 60(7)  105(10) 66(6)  7(6) -4(5)  0(6) 

P(1B) 40(2)  48(3) 51(2)  0(2) 13(2)  0(2) 

W(2B) 39(1)  42(1) 47(1)  1(1) 11(1)  2(1) 

N(2B) 49(7)  36(8) 52(6)  -1(5) 5(5)  5(6) 

O(2B) 55(7)  77(9) 98(7)  18(6) -11(6)  16(6) 

P(2B) 39(2)  41(3) 47(2)  4(2) 11(2)  -2(2) 

O(12B) 35(5)  57(7) 41(4)  6(4) -1(4)  -9(5) 

C(11B) 81(11)  56(11) 29(7)  14(7) -10(6)  32(9) 

C(12B) 32(9)  103(16) 101(12)  2(11) 15(8)  25(9) 

C(13B) 55(10)  41(11) 66(9)  -16(7) -23(7)  13(8) 

C(14B) 24(8)  89(14) 96(11)  -4(10) 17(7)  28(9) 

C(1B) 150(20)  33(14) 111(18)  4(12) 57(15)  10(14) 

C(2B) 77(17)  120(30) 180(30)  -100(20) -37(19)  34(16) 

C(3B) 140(30)  120(30) 128(17)  53(17) 50(20)  90(20) 

C(4B) 52(14)  80(20) 390(50)  -40(30) 160(30)  26(15) 

C(5B) 150(30)  110(30) 140(20)  -83(19) -60(20)  80(20) 

C(6B) 56(10)  43(11) 68(9)  -3(8) 31(8)  18(8) 

C(7B) 41(9)  60(12) 49(8)  5(7) 11(7)  -1(8) 

C(8B) 52(10)  65(13) 61(9)  -21(8) 14(8)  -17(10) 

C(9B) 63(11)  83(16) 58(9)  3(8) 27(8)  -3(10) 

C(10B) 76(12)  45(12) 67(9)  -9(8) 10(8)  15(9) 

C(21B) 35(8)  40(10) 66(9)  6(7) 30(7)  -4(7) 

C(22B) 55(9)  57(11) 60(9)  7(8) 6(8)  0(9) 

C(23B) 91(14)  82(14) 47(9)  -2(8) 5(9)  4(11) 
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C(24B) 96(14)  114(17) 55(10)  -7(10) 23(10)  -20(13) 

C(25B) 79(13)  150(20) 78(12)  -20(12) 30(11)  -14(13) 

C(26B) 67(12)  96(16) 64(10)  -11(9) 10(8)  -17(10) 

C(31B) 31(8)  60(13) 55(8)  -13(8) 14(7)  -10(8) 

C(36B) 84(14)  58(16) 139(16)  -12(12) -6(12)  11(11) 

C(35B) 65(13)  40(15) 230(20)  -48(14) -14(15)  3(11) 

C(34B) 42(11)  140(20) 106(14)  -40(15) -11(11)  -7(14) 

C(33B) 57(13)  170(20) 79(12)  27(14) 2(9)  -40(14) 

C(32B) 35(9)  113(17) 85(11)  9(10) 4(9)  -32(10) 

C(41B) 44(8)  54(12) 40(7)  -9(7) 9(6)  7(8) 

C(42B) 67(10)  57(13) 66(9)  -12(9) -5(8)  -10(9) 

C(43B) 116(15)  60(15) 64(11)  2(10) 4(10)  -17(12) 

C(44B) 96(14)  110(20) 46(10)  -23(11) -2(9)  -7(14) 

C(45B) 127(16)  42(13) 102(13)  -13(11) 13(12)  -36(12) 

C(46B) 64(11)  61(15) 91(12)  -1(10) 16(9)  14(10) 

C(51B) 44(9)  33(9) 49(8)  7(7) 4(6)  -1(7) 

C(52B) 39(8)  39(10) 68(9)  15(7) 17(7)  -2(7) 

C(53B) 58(10)  60(12) 53(8)  16(7) 25(8)  10(9) 

C(54B) 71(12)  55(11) 75(11)  9(9) 47(9)  8(9) 

C(55B) 38(8)  56(13) 96(11)  7(8) 33(9)  3(7) 

C(56B) 39(9)  61(13) 48(7)  -6(6) 8(7)  0(7) 

C(15) 220(30)  480(60) 122(19)  120(30) 60(20)  210(40) 

Cl(1) 128(6)  295(12) 243(8)  82(8) 58(6)  47(7) 

Cl(2) 224(10)  372(16) 202(8)  63(9) 23(7)  0(10) 

C(16) 50(20)  90(40) 370(80)  10(50) -10(30)  -20(30) 

Cl(3) 1290(100)  240(30) 980(70)  0 980(80)  0 

Cl(4) 560(50)  340(40) 560(40)  0 300(40)  0 

______________________________________________________________________________ 
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Figure 2. Molecular structure and atom-numbering scheme for complex 4b without H 
atoms on Cp rings and phenyl groups. Thermal ellipsoids are shown at the 30% 
probability level. 
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Table 1. Crystal data and structure refinement for 4b. 

Identification code  35 

Empirical formula  C38 H34 N2 O3 P2 W2 

Formula weight  996.31 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  monoclinic  

Space group  P21/n 

Unit cell dimensions a = 11.2348(11) Å α= 90°. 

 b = 23.222(3) Å β= 100.037(12)°. 

 c = 13.4925(14) Å γ = 90°. 

Volume 3466.3(6) Å3 

Z 4 

Density (calculated) 1.909 Mg/m3 

Absorption coefficient 6.764 mm-1 

F(000) 1912 

Crystal size 0.19 x 0.12 x 0.27 mm3 

Theta range for data collection 2.18 to 25.96°. 

Index ranges -12<=h<=13, -28<=k<=28, -16<=l<=16 

Reflections collected 24071 

Independent reflections 6632 [R(int) = 0.0611] 

Completeness to theta = 25.96° 97.8 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6632 / 0 / 424 

Goodness-of-fit on F2 1.067 

Final R indices [I>2sigma(I)] R1 = 0.0565, wR2 = 0.1479 

R indices (all data) R1 = 0.0859, wR2 = 0.1668 

Largest diff. peak and hole 3.168 and -2.428 e.Å-3 
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Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for 4b. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

W(1) 1114(1) 1202(1) 1523(1) 38(1) 

W(2) 777(1) 1226(1) 4098(1) 38(1) 

O(12) 901(7) 1629(3) 2790(6) 36(2) 

N(1) 837(12) 458(5) 1572(8) 55(3) 

O(1) 633(13) -65(4) 1529(9) 81(4) 

N(2) 1195(12) 490(4) 4088(7) 50(3) 

O(2) 1500(12) -9(4) 4163(9) 74(3) 

P(1) -972(3) 1369(1) 1888(2) 41(1) 

P(2) 2821(3) 1445(1) 3734(2) 36(1) 

C(11) 2835(12) 1058(5) 2581(8) 39(3) 

C(12) 3803(16) 753(6) 2442(11) 64(4) 

C(13) -903(12) 986(5) 3080(9) 44(3) 

C(14) -1737(17) 615(8) 3200(13) 83(6) 

C(21) -1363(12) 2110(5) 2227(8) 43(3) 

C(31) -2330(14) 1132(6) 955(11) 54(3) 

C(41) 3128(10) 2188(5) 3379(8) 36(2) 

C(51) 4152(11) 1225(5) 4635(8) 41(3) 

C(22) -722(12) 2580(5) 1991(10) 47(3) 

C(23) -964(13) 3123(6) 2357(10) 53(3) 

C(24) -1862(17) 3194(7) 2923(10) 64(4) 

C(25) -2515(13) 2730(7) 3130(9) 57(4) 

C(26) -2276(12) 2181(7) 2790(9) 54(3) 

C(32) -2143(17) 639(7) 439(15) 84(6) 

C(33) -3058(19) 433(8) -283(15) 88(6) 

C(34) -4190(20) 711(9) -445(16) 95(7) 

C(35) -4334(16) 1210(9) 73(13) 83(6) 

C(36) -3383(14) 1413(8) 779(12) 67(4) 

C(42) 4066(12) 2290(6) 2832(9) 47(3) 

C(43) 4271(12) 2849(6) 2513(9) 51(3) 

C(44) 3578(13) 3293(6) 2727(10) 51(3) 

C(45) 2674(14) 3200(5) 3269(10) 51(3) 

C(46) 2464(12) 2649(5) 3601(8) 41(3) 

C(52) 4063(16) 735(6) 5207(11) 64(4) 

C(53) 4970(20) 528(7) 5903(15) 88(6) 
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C(54) 6044(18) 820(7) 6099(12) 72(5) 

C(55) 6174(13) 1321(8) 5600(11) 66(4) 

C(56) 5241(12) 1528(7) 4865(9) 52(3) 

C(1) 2479(14) 1641(7) 593(10) 56(4) 

C(2) 1585(15) 2038(6) 599(9) 55(4) 

C(3) 495(14) 1797(6) 108(8) 51(3) 

C(4) 773(17) 1258(7) -224(9) 67(4) 

C(5) 2019(18) 1145(7) 92(10) 72(5) 

C(6) 1153(15) 1311(6) 5832(9) 56(4) 

C(7) 1274(15) 1871(6) 5485(9) 53(3) 

C(8) 141(14) 2058(6) 4964(11) 56(4) 

C(9) -681(17) 1629(7) 4991(11) 67(4) 

C(10) -95(18) 1161(7) 5524(11) 76(6) 

________________________________________________________________________________ 
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Table 3. Bond lengths [Å] and angles [°] for 4b. 

_____________________________________________________  

W(1)-N(1)  1.759(13) 

W(1)-O(12)  2.025(7) 

W(1)-C(11)  2.220(12) 

W(1)-C(4)  2.325(12) 

W(1)-C(5)  2.339(12) 

W(1)-C(3)  2.361(11) 

W(1)-C(1)  2.374(13) 

W(1)-C(2)  2.415(13) 

W(1)-P(1)  2.507(3) 

W(2)-N(2)  1.772(11) 

W(2)-O(12)  2.023(7) 

W(2)-C(13)  2.204(13) 

W(2)-C(10)  2.311(12) 

W(2)-C(6)  2.312(12) 

W(2)-C(7)  2.386(11) 

W(2)-C(9)  2.388(16) 

W(2)-C(8)  2.429(14) 

W(2)-P(2)  2.483(3) 

N(1)-O(1)  1.236(15) 

N(2)-O(2)  1.208(14) 

P(1)-C(13)  1.828(12) 

P(1)-C(21)  1.853(12) 

P(1)-C(31)  1.883(15) 

P(2)-C(11)  1.800(11) 

P(2)-C(51)  1.827(11) 

P(2)-C(41)  1.840(11) 

C(11)-C(12)  1.337(19) 

C(13)-C(14)  1.304(19) 

C(21)-C(22)  1.375(18) 

C(21)-C(26)  1.389(18) 

C(31)-C(36)  1.34(2) 

C(31)-C(32)  1.37(2) 

C(41)-C(46)  1.367(16) 

C(41)-C(42)  1.408(16) 

C(51)-C(52)  1.389(18) 

C(51)-C(56)  1.398(19) 

C(22)-C(23)  1.398(18) 
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C(23)-C(24)  1.38(2) 

C(24)-C(25)  1.36(2) 

C(25)-C(26)  1.40(2) 

C(32)-C(33)  1.37(2) 

C(33)-C(34)  1.41(3) 

C(34)-C(35)  1.38(3) 

C(35)-C(36)  1.38(2) 

C(42)-C(43)  1.400(18) 

C(43)-C(44)  1.35(2) 

C(44)-C(45)  1.37(2) 

C(45)-C(46)  1.389(16) 

C(52)-C(53)  1.35(2) 

C(53)-C(54)  1.37(3) 

C(54)-C(55)  1.37(2) 

C(55)-C(56)  1.397(19) 

C(1)-C(2)  1.37(2) 

C(1)-C(5)  1.39(2) 

C(2)-C(3)  1.40(2) 

C(3)-C(4)  1.38(2) 

C(4)-C(5)  1.42(2) 

C(6)-C(7)  1.397(19) 

C(6)-C(10)  1.43(2) 

C(7)-C(8)  1.41(2) 

C(8)-C(9)  1.36(2) 

C(9)-C(10)  1.40(3) 

 

N(1)-W(1)-O(12) 113.6(4) 

N(1)-W(1)-C(11) 88.1(5) 

O(12)-W(1)-C(11) 75.5(4) 

N(1)-W(1)-C(4) 95.4(5) 

O(12)-W(1)-C(4) 143.7(4) 

C(11)-W(1)-C(4) 129.1(5) 

N(1)-W(1)-C(5) 94.6(6) 

O(12)-W(1)-C(5) 149.0(5) 

C(11)-W(1)-C(5) 93.8(5) 

C(4)-W(1)-C(5) 35.3(6) 

N(1)-W(1)-C(3) 125.2(5) 

O(12)-W(1)-C(3) 109.6(4) 

C(11)-W(1)-C(3) 135.1(5) 
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C(4)-W(1)-C(3) 34.3(5) 

C(5)-W(1)-C(3) 58.3(5) 

N(1)-W(1)-C(1) 125.2(5) 

O(12)-W(1)-C(1) 114.8(4) 

C(11)-W(1)-C(1) 80.4(5) 

C(4)-W(1)-C(1) 56.4(6) 

C(5)-W(1)-C(1) 34.3(6) 

C(3)-W(1)-C(1) 56.5(5) 

N(1)-W(1)-C(2) 149.9(5) 

O(12)-W(1)-C(2) 96.4(4) 

C(11)-W(1)-C(2) 102.0(5) 

C(4)-W(1)-C(2) 56.2(5) 

C(5)-W(1)-C(2) 56.9(5) 

C(3)-W(1)-C(2) 34.1(5) 

C(1)-W(1)-C(2) 33.1(5) 

N(1)-W(1)-P(1) 88.1(4) 

O(12)-W(1)-P(1) 60.5(2) 

C(11)-W(1)-P(1) 129.6(3) 

C(4)-W(1)-P(1) 101.3(5) 

C(5)-W(1)-P(1) 136.6(5) 

C(3)-W(1)-P(1) 85.1(4) 

C(1)-W(1)-P(1) 138.6(4) 

C(2)-W(1)-P(1) 105.9(4) 

N(2)-W(2)-O(12) 112.4(4) 

N(2)-W(2)-C(13) 87.2(5) 

O(12)-W(2)-C(13) 75.8(4) 

N(2)-W(2)-C(10) 95.4(6) 

O(12)-W(2)-C(10) 149.3(6) 

C(13)-W(2)-C(10) 93.5(6) 

N(2)-W(2)-C(6) 95.1(5) 

O(12)-W(2)-C(6) 144.6(4) 

C(13)-W(2)-C(6) 129.6(5) 

C(10)-W(2)-C(6) 36.1(6) 

N(2)-W(2)-C(7) 125.8(5) 

O(12)-W(2)-C(7) 110.6(4) 

C(13)-W(2)-C(7) 134.8(5) 

C(10)-W(2)-C(7) 57.5(5) 

C(6)-W(2)-C(7) 34.5(5) 

N(2)-W(2)-C(9) 126.0(5) 
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O(12)-W(2)-C(9) 114.6(5) 

C(13)-W(2)-C(9) 79.9(5) 

C(10)-W(2)-C(9) 34.7(6) 

C(6)-W(2)-C(9) 58.4(6) 

C(7)-W(2)-C(9) 56.3(6) 

N(2)-W(2)-C(8) 150.5(5) 

O(12)-W(2)-C(8) 97.1(4) 

C(13)-W(2)-C(8) 102.0(5) 

C(10)-W(2)-C(8) 56.5(5) 

C(6)-W(2)-C(8) 57.5(5) 

C(7)-W(2)-C(8) 34.1(5) 

C(9)-W(2)-C(8) 32.8(5) 

N(2)-W(2)-P(2) 86.6(4) 

O(12)-W(2)-P(2) 61.7(2) 

C(13)-W(2)-P(2) 130.5(3) 

C(10)-W(2)-P(2) 136.0(5) 

C(6)-W(2)-P(2) 99.8(4) 

C(7)-W(2)-P(2) 85.9(4) 

C(9)-W(2)-P(2) 139.4(4) 

C(8)-W(2)-P(2) 107.0(4) 

W(2)-O(12)-W(1) 123.1(4) 

O(1)-N(1)-W(1) 175.2(10) 

O(2)-N(2)-W(2) 174.8(10) 

C(13)-P(1)-C(21) 102.1(5) 

C(13)-P(1)-C(31) 110.5(6) 

C(21)-P(1)-C(31) 103.8(6) 

C(13)-P(1)-W(1) 101.5(5) 

C(21)-P(1)-W(1) 117.5(4) 

C(31)-P(1)-W(1) 120.0(5) 

C(11)-P(2)-C(51) 107.8(5) 

C(11)-P(2)-C(41) 102.3(5) 

C(51)-P(2)-C(41) 105.5(6) 

C(11)-P(2)-W(2) 102.5(4) 

C(51)-P(2)-W(2) 119.3(4) 

C(41)-P(2)-W(2) 117.7(4) 

C(12)-C(11)-P(2) 121.0(10) 

C(12)-C(11)-W(1) 128.9(9) 

P(2)-C(11)-W(1) 110.0(6) 

C(14)-C(13)-P(1) 120.6(11) 
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C(14)-C(13)-W(2) 130.2(11) 

P(1)-C(13)-W(2) 109.0(6) 

C(22)-C(21)-C(26) 119.9(12) 

C(22)-C(21)-P(1) 121.6(9) 

C(26)-C(21)-P(1) 118.4(10) 

C(36)-C(31)-C(32) 121.7(14) 

C(36)-C(31)-P(1) 124.4(11) 

C(32)-C(31)-P(1) 113.9(12) 

C(46)-C(41)-C(42) 118.1(11) 

C(46)-C(41)-P(2) 122.9(9) 

C(42)-C(41)-P(2) 119.0(9) 

C(52)-C(51)-C(56) 115.7(12) 

C(52)-C(51)-P(2) 117.9(10) 

C(56)-C(51)-P(2) 126.1(10) 

C(21)-C(22)-C(23) 119.5(13) 

C(24)-C(23)-C(22) 120.7(14) 

C(25)-C(24)-C(23) 119.5(13) 

C(24)-C(25)-C(26) 120.9(13) 

C(21)-C(26)-C(25) 119.4(14) 

C(33)-C(32)-C(31) 119.2(17) 

C(32)-C(33)-C(34) 119.6(17) 

C(35)-C(34)-C(33) 119.5(16) 

C(34)-C(35)-C(36) 119.3(18) 

C(31)-C(36)-C(35) 120.7(16) 

C(43)-C(42)-C(41) 119.7(12) 

C(44)-C(43)-C(42) 120.6(12) 

C(43)-C(44)-C(45) 120.1(12) 

C(44)-C(45)-C(46) 120.2(13) 

C(41)-C(46)-C(45) 121.4(12) 

C(53)-C(52)-C(51) 124.2(17) 

C(52)-C(53)-C(54) 119.4(16) 

C(55)-C(54)-C(53) 119.5(15) 

C(54)-C(55)-C(56) 120.9(16) 

C(55)-C(56)-C(51) 120.2(14) 

C(2)-C(1)-C(5) 110.7(15) 

C(2)-C(1)-W(1) 75.1(8) 

C(5)-C(1)-W(1) 71.5(8) 

C(1)-C(2)-C(3) 107.9(13) 

C(1)-C(2)-W(1) 71.8(8) 
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C(3)-C(2)-W(1) 70.8(7) 

C(4)-C(3)-C(2) 106.7(14) 

C(4)-C(3)-W(1) 71.4(7) 

C(2)-C(3)-W(1) 75.1(7) 

C(3)-C(4)-C(5) 109.8(15) 

C(3)-C(4)-W(1) 74.3(7) 

C(5)-C(4)-W(1) 72.8(7) 

C(1)-C(5)-C(4) 104.8(13) 

C(1)-C(5)-W(1) 74.3(7) 

C(4)-C(5)-W(1) 71.8(8) 

C(7)-C(6)-C(10) 106.0(14) 

C(7)-C(6)-W(2) 75.6(7) 

C(10)-C(6)-W(2) 71.9(7) 

C(6)-C(7)-C(8) 108.7(13) 

C(6)-C(7)-W(2) 69.8(7) 

C(8)-C(7)-W(2) 74.6(7) 

C(9)-C(8)-C(7) 108.6(14) 

C(9)-C(8)-W(2) 71.9(9) 

C(7)-C(8)-W(2) 71.3(8) 

C(8)-C(9)-C(10) 108.6(16) 

C(8)-C(9)-W(2) 75.2(9) 

C(10)-C(9)-W(2) 69.6(9) 

C(9)-C(10)-C(6) 108.0(13) 

C(9)-C(10)-W(2) 75.7(8) 

C(6)-C(10)-W(2) 72.0(7) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4. Anisotropic displacement parameters (Å2x 103) for 4b. The anisotropic 

displacement factor exponent takes the form: -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

W(1) 42(1)  48(1) 24(1)  -3(1) 4(1)  4(1) 

W(2) 42(1)  47(1) 27(1)  1(1) 6(1)  -11(1) 

O(12) 36(5)  42(4) 29(4)  1(3) 5(3)  -1(3) 

N(1) 57(8)  77(8) 29(5)  -8(5) 0(5)  11(6) 

O(1) 122(11)  45(6) 75(8)  -12(5) 12(7)  -4(6) 

N(2) 68(8)  48(6) 32(5)  2(4) 1(5)  -20(5) 

O(2) 95(10)  43(5) 81(8)  10(5) 5(7)  -8(5) 

P(1) 37(2)  50(2) 35(2)  -5(1) 2(1)  -4(1) 

P(2) 38(2)  42(1) 26(1)  2(1) 2(1)  -2(1) 

C(11) 44(8)  39(6) 32(6)  0(4) 4(5)  7(5) 

C(12) 92(13)  61(8) 39(7)  -10(6) 7(7)  21(8) 

C(13) 47(8)  53(7) 32(6)  -2(5) 3(5)  -16(6) 

C(14) 78(14)  109(13) 55(10)  10(9) -4(9)  -56(11) 

C(21) 48(8)  58(7) 24(5)  -3(5) 12(5)  3(6) 

C(31) 47(9)  54(7) 62(9)  -17(6) 13(7)  -16(6) 

C(41) 24(7)  50(6) 32(6)  5(5) -2(5)  -5(5) 

C(51) 29(7)  60(7) 27(5)  -4(5) -12(4)  4(5) 

C(22) 31(8)  54(7) 55(8)  0(6) 2(6)  11(5) 

C(23) 47(9)  53(7) 55(8)  -1(6) -5(7)  10(6) 

C(24) 88(13)  66(9) 35(7)  -7(6) 5(7)  36(9) 

C(25) 40(9)  102(11) 28(6)  -16(7) -1(6)  18(7) 

C(26) 33(8)  95(10) 31(6)  -9(6) 1(5)  -3(7) 

C(32) 59(12)  62(9) 109(15)  -15(9) -46(10)  6(8) 

C(33) 87(16)  77(11) 81(12)  -23(9) -38(11)  3(10) 

C(34) 86(17)  98(14) 87(14)  -13(11) -27(11)  -38(12) 

C(35) 42(10)  143(17) 58(10)  -10(10) -9(8)  -9(10) 

C(36) 42(10)  99(11) 58(9)  -28(8) 3(7)  -14(8) 

C(42) 39(8)  64(8) 37(6)  8(5) 8(6)  1(6) 

C(43) 35(8)  86(9) 34(6)  18(6) 5(5)  -10(6) 

C(44) 45(9)  58(8) 46(7)  16(6) 0(6)  -11(6) 

C(45) 57(10)  44(6) 53(8)  -1(6) 11(7)  -3(6) 

C(46) 46(8)  50(6) 29(6)  6(5) 11(5)  -1(5) 

C(52) 73(12)  70(9) 42(8)  9(7) -5(7)  0(8) 

C(53) 108(18)  53(9) 85(13)  13(8) -32(11)  10(9) 
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C(54) 75(13)  80(10) 53(9)  6(8) -7(8)  29(9) 

C(55) 31(8)  120(13) 45(8)  5(8) 1(6)  6(8) 

C(56) 34(8)  90(10) 34(6)  12(6) 9(6)  9(6) 

C(1) 52(9)  90(10) 30(6)  1(6) 19(6)  -2(7) 

C(2) 71(11)  67(8) 30(6)  7(6) 19(7)  7(7) 

C(3) 55(9)  79(9) 20(5)  15(5) 9(6)  15(7) 

C(4) 92(13)  85(10) 17(6)  -8(6) -8(6)  16(9) 

C(5) 105(15)  89(11) 32(7)  15(7) 36(8)  40(10) 

C(6) 77(11)  65(8) 24(6)  -7(5) 5(6)  -7(7) 

C(7) 67(10)  64(8) 26(6)  -15(5) 9(6)  -18(7) 

C(8) 62(10)  64(8) 47(8)  -8(6) 24(7)  -8(7) 

C(9) 79(12)  93(11) 33(7)  -8(7) 19(7)  -12(9) 

C(10) 104(15)  87(11) 52(9)  -15(8) 58(10)  -47(10) 

______________________________________________________________________________  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 

Figure 3. Molecular structure and atom-numbering scheme for complex 5 without H 
atoms on Cp rings and phenyl groups. Thermal ellipsoids are shown at the 30% 
probability level. 
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Table 1. Crystal data and structure refinement for 5. 

Identification code  ipa55 

Empirical formula  C104 H168 N8 O12 P8 W8 

Formula weight  3441.02 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  monoclinic 

Space group  P21/c 

Unit cell dimensions a = 10.1365(12) Å α= 90.067(14)°. 

 b = 14.4120(16) Å β= 109.257(14)°. 

 c = 21.374(2) Å γ = 89.950(14)°. 

Volume 2947.8(6) Å3 

Z 1 

Density (calculated) 1.938 Mg/m3 

Absorption coefficient 7.936 mm-1 

F(000) 1656 

Crystal size 0.35 x 0.27 x 0.34 mm3 

Theta range for data collection 2.40 to 25.88°. 

Index ranges -12<=h<=12, -17<=k<=16, -26<=l<=26 

Reflections collected 20908 

Independent reflections 5687 [R(int) = 0.0501] 

Completeness to theta = 25.88° 99.2 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5687 / 0 / 316 

Goodness-of-fit on F2 1.039 

Final R indices [I>2sigma(I)] R1 = 0.0226, wR2 = 0.0580 

R indices (all data) R1 = 0.0273, wR2 = 0.0596 

Largest diff. peak and hole 1.271 and -0.735 e.Å-3 



36 

Table 2. Atomic coordinates (x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for 5. U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

W(1) -102(1) 2723(1) 4375(1) 27(1) 

N(1) 2(4) 3860(3) 4081(2) 36(1) 

O(1) -96(4) 4660(2) 3887(2) 56(1) 

C(1) -1984(5) 2150(4) 4694(3) 47(1) 

C(2) -1852(5) 3120(4) 4800(2) 47(1) 

C(3) -573(6) 3275(4) 5304(2) 49(1) 

C(4) 65(6) 2412(4) 5499(2) 49(1) 

C(5) -827(6) 1714(4) 5128(2) 49(1) 

P(1) 2537(1) 2641(1) 4819(1) 34(1) 

C(13) 3042(5) 2505(3) 4085(2) 38(1) 

C(14) 4195(6) 2900(5) 4063(3) 70(2) 

C(21) 3310(6) 1621(4) 5363(3) 52(1) 

C(22) 2728(6) 697(4) 5086(3) 57(1) 

C(23) 4897(7) 1612(6) 5556(5) 115(3) 

C(24) 3553(5) 3630(4) 5296(2) 48(1) 

C(25) 3113(6) 4532(4) 4922(3) 67(2) 

C(26) 3413(8) 3717(6) 5986(3) 85(2) 

O(12) 692(3) 1692(2) 3991(1) 28(1) 

W(2) 1452(1) 1810(1) 3245(1) 28(1) 

N(2) 1270(4) 2915(3) 2881(2) 44(1) 

O(2) 1289(5) 3658(3) 2605(2) 76(1) 

C(6) 2327(5) 227(3) 3297(3) 47(1) 

C(7) 1323(5) 357(3) 2673(2) 46(1) 

C(8) 1800(5) 1061(4) 2349(2) 52(1) 

C(9) 3101(5) 1368(4) 2771(3) 57(1) 

C(10) 3406(5) 848(4) 3363(3) 52(1) 

P(2) -1176(1) 1658(1) 2874(1) 28(1) 

C(11) -1671(4) 2519(3) 3384(2) 34(1) 

C(12) -2802(5) 3033(4) 3128(3) 54(1) 

C(31) -2235(5) 1895(3) 1996(2) 39(1) 

C(32) -1682(7) 2762(4) 1757(3) 59(2) 

C(33) -2276(6) 1085(4) 1534(2) 55(1) 

C(34) -1899(5) 522(3) 3012(2) 38(1) 

C(35) -1104(6) 40(4) 3658(2) 51(1) 
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C(36) -3433(5) 580(4) 2938(3) 64(2) 

________________________________________________________________________________ 
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Table 3. Bond lengths [Å] and angles [°] for 5. 

_____________________________________________________  

W(1)-N(1)  1.772(4) 

W(1)-O(12)  1.989(2) 

W(1)-C(11)  2.209(4) 

W(1)-C(2)  2.315(4) 

W(1)-C(3)  2.328(4) 

W(1)-C(1)  2.377(4) 

W(1)-C(4)  2.396(5) 

W(1)-C(5)  2.456(4) 

W(1)-P(1)  2.5289(12) 

N(1)-O(1)  1.219(5) 

C(1)-C(5)  1.383(8) 

C(1)-C(2)  1.416(7) 

C(2)-C(3)  1.404(7) 

C(3)-C(4)  1.400(7) 

C(4)-C(5)  1.409(8) 

P(1)-C(13)  1.813(4) 

P(1)-C(24)  1.855(5) 

P(1)-C(21)  1.878(5) 

C(13)-C(14)  1.315(7) 

C(13)-W(2)  2.217(5) 

C(21)-C(22)  1.498(8) 

C(21)-C(23)  1.523(8) 

C(24)-C(25)  1.515(8) 

C(24)-C(26)  1.531(7) 

O(12)-W(2)  1.995(2) 

W(2)-N(2)  1.755(4) 

W(2)-C(9)  2.310(4) 

W(2)-C(8)  2.323(4) 

W(2)-C(10)  2.361(4) 

W(2)-C(7)  2.406(4) 

W(2)-C(6)  2.437(5) 

W(2)-P(2)  2.5256(11) 

N(2)-O(2)  1.227(5) 

C(6)-C(10)  1.384(7) 

C(6)-C(7)  1.398(7) 

C(7)-C(8)  1.402(7) 

C(8)-C(9)  1.401(8) 
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C(9)-C(10)  1.415(8) 

P(2)-C(11)  1.825(4) 

P(2)-C(34)  1.857(4) 

P(2)-C(31)  1.861(4) 

C(11)-C(12)  1.323(6) 

C(31)-C(33)  1.521(6) 

C(31)-C(32)  1.526(7) 

C(34)-C(36)  1.513(6) 

C(34)-C(35)  1.518(7) 

 

N(1)-W(1)-O(12) 117.71(13) 

N(1)-W(1)-C(11) 83.76(16) 

O(12)-W(1)-C(11) 76.52(13) 

N(1)-W(1)-C(2) 93.11(17) 

O(12)-W(1)-C(2) 144.28(15) 

C(11)-W(1)-C(2) 90.39(17) 

N(1)-W(1)-C(3) 92.29(17) 

O(12)-W(1)-C(3) 146.07(15) 

C(11)-W(1)-C(3) 125.31(17) 

C(2)-W(1)-C(3) 35.19(18) 

N(1)-W(1)-C(1) 124.86(17) 

O(12)-W(1)-C(1) 109.30(15) 

C(11)-W(1)-C(1) 80.62(17) 

C(2)-W(1)-C(1) 35.09(18) 

C(3)-W(1)-C(1) 57.62(18) 

N(1)-W(1)-C(4) 122.47(17) 

O(12)-W(1)-C(4) 111.64(15) 

C(11)-W(1)-C(4) 136.67(17) 

C(2)-W(1)-C(4) 57.48(19) 

C(3)-W(1)-C(4) 34.43(18) 

C(1)-W(1)-C(4) 56.25(18) 

N(1)-W(1)-C(5) 147.88(15) 

O(12)-W(1)-C(5) 94.40(13) 

C(11)-W(1)-C(5) 105.87(18) 

C(2)-W(1)-C(5) 56.99(18) 

C(3)-W(1)-C(5) 56.87(17) 

C(1)-W(1)-C(5) 33.21(18) 

C(4)-W(1)-C(5) 33.75(18) 

N(1)-W(1)-P(1) 89.80(12) 
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O(12)-W(1)-P(1) 66.30(8) 

C(11)-W(1)-P(1) 133.72(10) 

C(2)-W(1)-P(1) 135.80(14) 

C(3)-W(1)-P(1) 100.65(14) 

C(1)-W(1)-P(1) 136.56(14) 

C(4)-W(1)-P(1) 84.21(13) 

C(5)-W(1)-P(1) 103.58(14) 

O(1)-N(1)-W(1) 171.6(3) 

C(5)-C(1)-C(2) 109.1(5) 

C(5)-C(1)-W(1) 76.5(3) 

C(2)-C(1)-W(1) 70.1(2) 

C(3)-C(2)-C(1) 107.1(5) 

C(3)-C(2)-W(1) 72.9(2) 

C(1)-C(2)-W(1) 74.8(2) 

C(4)-C(3)-C(2) 107.9(5) 

C(4)-C(3)-W(1) 75.4(3) 

C(2)-C(3)-W(1) 71.9(2) 

C(3)-C(4)-C(5) 108.6(5) 

C(3)-C(4)-W(1) 70.1(3) 

C(5)-C(4)-W(1) 75.5(3) 

C(1)-C(5)-C(4) 107.4(5) 

C(1)-C(5)-W(1) 70.3(2) 

C(4)-C(5)-W(1) 70.8(3) 

C(13)-P(1)-C(24) 107.1(2) 

C(13)-P(1)-C(21) 105.9(2) 

C(24)-P(1)-C(21) 102.6(3) 

C(13)-P(1)-W(1) 104.27(15) 

C(24)-P(1)-W(1) 119.82(17) 

C(21)-P(1)-W(1) 116.26(18) 

C(14)-C(13)-P(1) 119.6(4) 

C(14)-C(13)-W(2) 125.7(4) 

P(1)-C(13)-W(2) 114.2(2) 

C(22)-C(21)-C(23) 110.0(5) 

C(22)-C(21)-P(1) 114.9(4) 

C(23)-C(21)-P(1) 111.2(4) 

C(25)-C(24)-C(26) 109.5(5) 

C(25)-C(24)-P(1) 110.8(4) 

C(26)-C(24)-P(1) 112.4(4) 

W(1)-O(12)-W(2) 125.48(13) 
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N(2)-W(2)-O(12) 114.92(15) 

N(2)-W(2)-C(13) 83.76(19) 

O(12)-W(2)-C(13) 76.17(13) 

N(2)-W(2)-C(9) 92.3(2) 

O(12)-W(2)-C(9) 148.50(17) 

C(13)-W(2)-C(9) 92.33(18) 

N(2)-W(2)-C(8) 94.5(2) 

O(12)-W(2)-C(8) 145.36(16) 

C(13)-W(2)-C(8) 127.53(17) 

C(9)-W(2)-C(8) 35.21(19) 

N(2)-W(2)-C(10) 122.79(19) 

O(12)-W(2)-C(10) 113.26(16) 

C(13)-W(2)-C(10) 79.51(17) 

C(9)-W(2)-C(10) 35.24(19) 

C(8)-W(2)-C(10) 57.73(19) 

N(2)-W(2)-C(7) 125.73(18) 

O(12)-W(2)-C(7) 111.14(14) 

C(13)-W(2)-C(7) 135.02(17) 

C(9)-W(2)-C(7) 57.60(19) 

C(8)-W(2)-C(7) 34.43(18) 

C(10)-W(2)-C(7) 56.41(18) 

N(2)-W(2)-C(6) 148.55(17) 

O(12)-W(2)-C(6) 96.48(14) 

C(13)-W(2)-C(6) 103.23(17) 

C(9)-W(2)-C(6) 57.18(19) 

C(8)-W(2)-C(6) 56.76(18) 

C(10)-W(2)-C(6) 33.48(17) 

C(7)-W(2)-C(6) 33.56(17) 

N(2)-W(2)-P(2) 89.71(13) 

O(12)-W(2)-P(2) 66.28(8) 

C(13)-W(2)-P(2) 134.71(11) 

C(9)-W(2)-P(2) 132.78(15) 

C(8)-W(2)-P(2) 97.60(13) 

C(10)-W(2)-P(2) 137.96(14) 

C(7)-W(2)-P(2) 83.67(12) 

C(6)-W(2)-P(2) 105.23(12) 

O(2)-N(2)-W(2) 171.9(4) 

C(10)-C(6)-C(7) 108.1(5) 

C(10)-C(6)-W(2) 70.3(3) 



42 

C(7)-C(6)-W(2) 72.0(3) 

C(6)-C(7)-C(8) 107.9(5) 

C(6)-C(7)-W(2) 74.5(3) 

C(8)-C(7)-W(2) 69.5(3) 

C(9)-C(8)-C(7) 108.4(5) 

C(9)-C(8)-W(2) 71.9(3) 

C(7)-C(8)-W(2) 76.0(2) 

C(8)-C(9)-C(10) 106.8(5) 

C(8)-C(9)-W(2) 72.9(2) 

C(10)-C(9)-W(2) 74.4(2) 

C(6)-C(10)-C(9) 108.7(5) 

C(6)-C(10)-W(2) 76.3(3) 

C(9)-C(10)-W(2) 70.4(3) 

C(11)-P(2)-C(34) 107.67(19) 

C(11)-P(2)-C(31) 107.2(2) 

C(34)-P(2)-C(31) 101.3(2) 

C(11)-P(2)-W(2) 102.85(14) 

C(34)-P(2)-W(2) 117.27(15) 

C(31)-P(2)-W(2) 119.86(15) 

C(12)-C(11)-P(2) 120.3(4) 

C(12)-C(11)-W(1) 125.0(3) 

P(2)-C(11)-W(1) 114.2(2) 

C(33)-C(31)-C(32) 110.2(4) 

C(33)-C(31)-P(2) 113.4(3) 

C(32)-C(31)-P(2) 109.6(3) 

C(36)-C(34)-C(35) 109.8(4) 

C(36)-C(34)-P(2) 112.4(4) 

C(35)-C(34)-P(2) 115.4(3) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4. Anisotropic displacement parameters (Å2x 103) for 5. The anisotropic 

displacement factor exponent takes the form: -2π2[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

W(1) 30(1)  25(1) 28(1)  -2(1) 12(1)  1(1) 

N(1) 38(2)  34(2) 35(2)  -3(2) 9(2)  1(2) 

O(1) 76(3)  25(2) 61(2)  11(2) 14(2)  2(2) 

C(1) 43(3)  54(3) 54(3)  -8(2) 30(2)  -12(2) 

C(2) 48(3)  54(3) 51(3)  -5(2) 32(2)  8(2) 

C(3) 65(3)  50(3) 42(3)  -10(2) 31(3)  -3(2) 

C(4) 60(3)  59(3) 35(2)  -3(2) 26(2)  0(3) 

C(5) 70(3)  39(3) 50(3)  5(2) 39(3)  2(2) 

P(1) 31(1)  32(1) 35(1)  -1(1) 6(1)  0(1) 

C(13) 33(2)  40(3) 42(2)  -5(2) 13(2)  0(2) 

C(14) 46(3)  95(5) 81(4)  -39(4) 37(3)  -29(3) 

C(21) 48(3)  48(3) 49(3)  11(2) -2(2)  10(2) 

C(22) 65(3)  44(3) 56(3)  17(2) 14(3)  11(3) 

C(23) 50(4)  73(5) 180(9)  36(6) -19(5)  14(4) 

C(24) 38(2)  53(3) 47(3)  -11(2) 5(2)  -6(2) 

C(25) 59(3)  39(3) 90(4)  -15(3) 8(3)  -9(3) 

C(26) 103(5)  96(6) 51(3)  -38(4) 19(4)  -29(4) 

O(12) 30(1)  25(1) 30(1)  2(1) 12(1)  2(1) 

W(2) 27(1)  27(1) 32(1)  0(1) 14(1)  2(1) 

N(2) 45(2)  43(2) 48(2)  6(2) 17(2)  -3(2) 

O(2) 87(3)  48(2) 92(3)  35(2) 27(3)  -9(2) 

C(6) 52(3)  33(3) 57(3)  -9(2) 19(2)  13(2) 

C(7) 46(3)  40(3) 54(3)  -18(2) 21(2)  6(2) 

C(8) 52(3)  70(4) 42(2)  -8(2) 24(2)  9(3) 

C(9) 47(3)  68(4) 70(3)  -12(3) 40(3)  4(3) 

C(10) 37(2)  57(3) 62(3)  -17(3) 15(2)  14(2) 

P(2) 29(1)  26(1) 28(1)  -1(1) 11(1)  3(1) 

C(11) 33(2)  32(2) 36(2)  -4(2) 11(2)  2(2) 

C(12) 43(3)  64(4) 47(3)  -13(3) 4(2)  21(3) 

C(31) 40(2)  39(3) 33(2)  2(2) 4(2)  10(2) 

C(32) 72(4)  52(4) 42(3)  17(2) 3(3)  9(3) 

C(33) 65(3)  61(4) 34(2)  -9(2) 9(2)  7(3) 

C(34) 43(2)  32(2) 42(2)  -5(2) 17(2)  -3(2) 

C(35) 66(3)  36(3) 53(3)  11(2) 23(3)  -10(2) 
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C(36) 45(3)  61(4) 90(4)  -2(3) 28(3)  -12(3) 

______________________________________________________________________________ 
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