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Table 1.  Crystal data and structure refinement for [9]OTfCH2Cl2. 

Identification code  k0472 

Empirical formula  C27 H41 Cl4 F3 N3 O3 P S 

Formula weight  717.46 

Temperature  150(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P–1 

Unit cell dimensions a = 8.7008(2) Å  = 98.8000(16)° 

 b = 10.6081(3) Å  = 90.9900(18)° 

 c = 20.7723(6) Å  = 112.4650(15)° 

Volume 1744.88(8) Å
3 

Z 2 

Density (calculated) 1.366 Mg/m
3 

Absorption coefficient 0.493 mm
–1 

F(000) 748 

Crystal size 0.20 x 0.20 x 0.10 mm
3 

Theta range for data collection 2.60 to 27.53° 

Index ranges –11 ≤ h ≤ 11, –13 ≤ k ≤ 13, –26 ≤ l ≤ 26 

Reflections collected 19547 

Independent reflections 7963 [R(int) = 0.0628] 

Completeness to theta = 27.53° 99.0%  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.970 and 0.703 

Refinement method Full-matrix least-squares on F
2 

Data / restraints / parameters 7963 / 0 / 391 

Goodness-of-fit on F
2

 1.031 

Final R indices [I>2(I)] R1 = 0.0492, wR2 = 0.1194 

R indices (all data) R1 = 0.0808, wR2 = 0.1391 

Extinction coefficient 0.0044(11) 

Largest diff. peak and hole 0.490 and –0.458 e.Å
–3
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Table 2.  Atomic coordinates (  10
4

) and equivalent isotropic displacement parameters (Å
2

  

10
3

) for [9]OTfCH2Cl2.  U(eq) is defined as one third of  the trace of the orthogonalized U
ij

 

tensor. 

______________________________________________________________________________  

 x y z U(eq) 

______________________________________________________________________________ 

Cl(1) 2582(1) 4830(1) 2225(1) 40(1) 

Cl(2) 222(1) 6364(1) 2484(1) 39(1) 

P(1) 2656(1) 6765(1) 2423(1) 26(1) 

N(1) 3401(2) 7204(2) 3235(1) 26(1) 

N(2) 5572(2) 8066(2) 5119(1) 29(1) 

N(3) 3566(2) 7790(2) 2021(1) 27(1) 

C(1) 2639(3) 6400(3) 3693(1) 31(1) 

C(2) 3291(3) 6684(3) 4312(1) 31(1) 

C(3) 4836(3) 7845(2) 4527(1) 26(1) 

C(4) 5541(3) 8711(2) 4055(1) 28(1) 

C(5) 4846(3) 8362(2) 3434(1) 26(1) 

C(6) 4919(3) 7079(3) 5571(1) 36(1) 

C(7) 7111(3) 9278(3) 5360(1) 34(1) 

C(8) 4624(3) 8798(2) 1679(1) 24(1) 

C(9) 4476(3) 10088(2) 1729(1) 26(1) 

C(10) 5619(3) 11094(2) 1422(1) 29(1) 

C(11) 6842(3) 10873(2) 1058(1) 28(1) 

C(12) 6896(3) 9572(2) 998(1) 28(1) 

C(13) 5819(3) 8508(2) 1293(1) 25(1) 

C(14) 3080(3) 10429(3) 2071(1) 31(1) 

C(15) 3083(3) 10327(3) 2802(1) 35(1) 

C(16) 1374(3) 9459(3) 1714(1) 38(1) 

C(17) 3245(4) 11919(3) 2043(2) 46(1) 

C(18) 8041(3) 11976(3) 707(1) 33(1) 

C(19) 8041(5) 13408(4) 939(2) 79(1) 

C(20) 7543(5) 11567(4) -22(2) 79(1) 

C(21) 9825(4) 12082(4) 828(2) 68(1) 

C(22) 5964(3) 7085(3) 1182(1) 30(1) 

C(23) 7285(4) 7035(3) 705(2) 43(1) 

C(24) 6539(3) 6800(3) 1828(1) 35(1) 
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C(25) 4303(3) 5947(3) 860(1) 36(1) 

Cl(3) 9304(1) 8165(1) 3925(1) 56(1) 

Cl(4) 6506(1) 5547(1) 3478(1) 54(1) 

C(27) 8160(4) 6489(3) 4084(2) 47(1) 

S(1) -381(1) 2803(1) 4132(1) 39(1) 

F(1) -126(3) 2621(2) 2871(1) 86(1) 

F(2) -898(4) 674(2) 3206(1) 95(1) 

F(3) -2620(2) 1641(3) 3143(1) 78(1) 

O(1) 1312(3) 2955(3) 4224(2) 76(1) 

O(2) -584(3) 4074(2) 4124(1) 51(1) 

O(3) -1553(3) 1884(2) 4502(1) 55(1) 

C(26) -1041(4) 1904(3) 3295(2) 51(1) 

______________________________________________________________________________

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



Table 3.  Bond lengths [Å] and angles [°] for [9]OTfCH2Cl2. 

_____________________________________________________  

Cl(1)-P(1)  2.0065(9) 

Cl(2)-P(1)  2.0044(9) 

P(1)-N(3)  1.467(2) 

P(1)-N(1)  1.725(2) 

N(1)-C(5)  1.381(3) 

N(1)-C(1)  1.383(3) 

N(2)-C(3)  1.321(3) 

N(2)-C(7)  1.470(3) 

N(2)-C(6)  1.472(3) 

N(3)-C(8)  1.414(3) 

C(1)-C(2)  1.337(4) 

C(2)-C(3)  1.439(3) 

C(3)-C(4)  1.431(3) 

C(4)-C(5)  1.350(3) 

C(8)-C(9)  1.410(3) 

C(8)-C(13)  1.420(3) 

C(9)-C(10)  1.398(3) 

C(9)-C(14)  1.548(3) 

C(10)-C(11)  1.387(4) 

C(11)-C(12)  1.385(3) 

C(11)-C(18)  1.531(3) 

C(12)-C(13)  1.396(3) 

C(13)-C(22)  1.545(3) 

C(14)-C(15)  1.538(4) 

C(14)-C(16)  1.541(4) 

C(14)-C(17)  1.541(3) 

C(18)-C(20)  1.518(4) 

C(18)-C(19)  1.521(4) 

C(18)-C(21)  1.527(4) 

C(22)-C(24)  1.536(4) 

C(22)-C(23)  1.542(4) 

C(22)-C(25)  1.543(3) 

Cl(3)-C(27)  1.760(3) 

Cl(4)-C(27)  1.764(3) 
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S(1)-O(1)  1.426(2) 

S(1)-O(2)  1.428(2) 

S(1)-O(3)  1.440(2) 

S(1)-C(26)  1.818(4) 

F(1)-C(26)  1.325(4) 

F(2)-C(26)  1.342(4) 

F(3)-C(26)  1.315(4) 

 

N(3)-P(1)-N(1) 114.16(11) 

N(3)-P(1)-Cl(2) 117.20(8) 

N(1)-P(1)-Cl(2) 101.94(7) 

N(3)-P(1)-Cl(1) 120.21(9) 

N(1)-P(1)-Cl(1) 100.08(7) 

Cl(2)-P(1)-Cl(1) 100.27(4) 

C(5)-N(1)-C(1) 118.4(2) 

C(5)-N(1)-P(1) 119.34(16) 

C(1)-N(1)-P(1) 122.16(17) 

C(3)-N(2)-C(7) 122.6(2) 

C(3)-N(2)-C(6) 121.5(2) 

C(7)-N(2)-C(6) 115.9(2) 

C(8)-N(3)-P(1) 172.95(18) 

C(2)-C(1)-N(1) 122.0(2) 

C(1)-C(2)-C(3) 121.0(2) 

N(2)-C(3)-C(4) 122.5(2) 

N(2)-C(3)-C(2) 121.6(2) 

C(4)-C(3)-C(2) 115.8(2) 

C(5)-C(4)-C(3) 120.6(2) 

C(4)-C(5)-N(1) 122.0(2) 

C(9)-C(8)-N(3) 119.1(2) 

C(9)-C(8)-C(13) 120.9(2) 

N(3)-C(8)-C(13) 120.0(2) 

C(10)-C(9)-C(8) 117.5(2) 

C(10)-C(9)-C(14) 118.2(2) 

C(8)-C(9)-C(14) 124.2(2) 

C(11)-C(10)-C(9) 123.5(2) 

C(12)-C(11)-C(10) 117.0(2) 
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C(12)-C(11)-C(18) 120.5(2) 

C(10)-C(11)-C(18) 122.5(2) 

C(11)-C(12)-C(13) 123.5(2) 

C(12)-C(13)-C(8) 117.4(2) 

C(12)-C(13)-C(22) 119.3(2) 

C(8)-C(13)-C(22) 123.3(2) 

C(15)-C(14)-C(16) 110.1(2) 

C(15)-C(14)-C(17) 105.3(2) 

C(16)-C(14)-C(17) 106.5(2) 

C(15)-C(14)-C(9) 113.36(19) 

C(16)-C(14)-C(9) 109.2(2) 

C(17)-C(14)-C(9) 112.2(2) 

C(20)-C(18)-C(19) 109.0(3) 

C(20)-C(18)-C(21) 108.7(3) 

C(19)-C(18)-C(21) 107.3(3) 

C(20)-C(18)-C(11) 109.0(2) 

C(19)-C(18)-C(11) 112.6(2) 

C(21)-C(18)-C(11) 110.2(2) 

C(24)-C(22)-C(23) 105.9(2) 

C(24)-C(22)-C(25) 113.3(2) 

C(23)-C(22)-C(25) 105.4(2) 

C(24)-C(22)-C(13) 110.0(2) 

C(23)-C(22)-C(13) 112.0(2) 

C(25)-C(22)-C(13) 110.06(19) 

Cl(3)-C(27)-Cl(4) 111.37(16) 

O(1)-S(1)-O(2) 114.12(15) 

O(1)-S(1)-O(3) 116.22(16) 

O(2)-S(1)-O(3) 114.35(14) 

O(1)-S(1)-C(26) 104.33(17) 

O(2)-S(1)-C(26) 102.73(15) 

O(3)-S(1)-C(26) 102.73(14) 

F(3)-C(26)-F(1) 108.8(3) 

F(3)-C(26)-F(2) 106.3(3) 

F(1)-C(26)-F(2) 107.0(3) 

F(3)-C(26)-S(1) 111.5(2) 

F(1)-C(26)-S(1) 111.8(2) 
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F(2)-C(26)-S(1) 111.2(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4.  Anisotropic displacement parameters (Å
2
  10

3

) for [9]OTfCH2Cl2.  The anisotropic 

displacement factor exponent takes the form:  –
2

[ h
2

 a*
2

U
11

 + ...  + 2 h k a* b* U
12

 ] 

______________________________________________________________________________  

 U
11

 U
22

  U
33

 U
23

 U
13

 U
12

 

______________________________________________________________________________  

Cl(1) 54(1)  21(1) 45(1)  8(1) 12(1)  12(1) 

Cl(2) 26(1)  43(1) 43(1)  12(1) 3(1)  9(1) 

P(1) 27(1)  22(1) 29(1)  6(1) 3(1)  8(1) 

N(1) 26(1)  23(1) 29(1)  10(1) 3(1)  6(1) 

N(2) 28(1)  30(1) 30(1)  12(1) 6(1)  9(1) 

N(3) 31(1)  24(1) 29(1)  8(1) 6(1)  12(1) 

C(1) 26(1)  26(1) 38(1)  13(1) 6(1)  5(1) 

C(2) 28(1)  30(1) 35(1)  15(1) 8(1)  6(1) 

C(3) 27(1)  24(1) 29(1)  8(1) 6(1)  12(1) 

C(4) 28(1)  23(1) 33(1)  8(1) 4(1)  8(1) 

C(5) 27(1)  21(1) 31(1)  11(1) 5(1)  7(1) 

C(6) 37(1)  40(2) 33(1)  17(1) 6(1)  11(1) 

C(7) 35(1)  30(1) 33(1)  7(1) 1(1)  8(1) 

C(8) 26(1)  23(1) 21(1)  5(1) -1(1)  8(1) 

C(9) 30(1)  24(1) 24(1)  3(1) 0(1)  13(1) 

C(10) 35(1)  22(1) 30(1)  6(1) -1(1)  11(1) 

C(11) 29(1)  28(1) 24(1)  6(1) 0(1)  8(1) 

C(12) 30(1)  28(1) 23(1)  5(1) 4(1)  10(1) 

C(13) 29(1)  26(1) 21(1)  3(1) 0(1)  12(1) 

C(14) 34(1)  26(1) 37(1)  8(1) 7(1)  16(1) 

C(15) 40(1)  35(1) 35(1)  2(1) 7(1)  21(1) 

C(16) 35(1)  40(2) 44(2)  11(1) 3(1)  19(1) 

C(17) 50(2)  36(2) 65(2)  17(1) 18(2)  28(1) 

C(18) 37(1)  30(1) 30(1)  11(1) 2(1)  9(1) 

C(19) 97(3)  33(2) 104(3)  25(2) 54(3)  15(2) 

C(20) 87(3)  75(3) 38(2)  30(2) -8(2)  -16(2) 

C(21) 41(2)  60(2) 102(3)  45(2) 16(2)  8(2) 

C(22) 34(1)  27(1) 32(1)  3(1) 5(1)  15(1) 

C(23) 49(2)  33(2) 48(2)  3(1) 17(1)  20(1) 

C(24) 35(1)  30(1) 43(2)  8(1) 2(1)  17(1) 

C(25) 44(2)  26(1) 33(1)  0(1) 1(1)  10(1) 
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Cl(3) 49(1)  44(1) 71(1)  6(1) 6(1)  13(1) 

Cl(4) 50(1)  42(1) 68(1)  17(1) 3(1)  12(1) 

C(27) 55(2)  45(2) 52(2)  16(1) 7(1)  27(2) 

S(1) 31(1)  29(1) 59(1)  19(1) 5(1)  10(1) 

F(1) 90(2)  80(2) 70(2)  30(1) 44(1)  7(1) 

F(2) 124(2)  48(1) 111(2)  3(1) 50(2)  33(1) 

F(3) 49(1)  100(2) 60(1)  4(1) -3(1)  8(1) 

O(1) 41(1)  78(2) 120(2)  32(2) -2(1)  30(1) 

O(2) 46(1)  29(1) 78(2)  17(1) 9(1)  14(1) 

O(3) 66(1)  36(1) 52(1)  20(1) 13(1)  3(1) 

C(26) 49(2)  42(2) 59(2)  17(2) 24(2)  11(1) 

______________________________________________________________________________ 
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Table 5.  Hydrogen coordinates (  10
4

) and isotropic  displacement parameters (Å
2

  10
3

) 

for [9]OTfCH2Cl2. 

______________________________________________________________________________ 

 x  y  z  U(eq) 

______________________________________________________________________________ 

  

H(1A) 1622 5621 3565 37 

H(2A) 2724 6112 4614 37 

H(4A) 6506 9538 4180 34 

H(5A) 5367 8931 3124 32 

H(6A) 4585 6132 5332 55 

H(6B) 3949 7193 5763 55 

H(6C) 5787 7256 5920 55 

H(7A) 7004 10113 5256 50 

H(7B) 8057 9159 5150 50 

H(7C) 7296 9370 5834 50 

H(7D) 7901 8982 5571 50 

H(7E) 6848 9936 5677 50 

H(7F) 7609 9725 4992 50 

H(10A) 5554 11976 1465 35 

H(12A) 7710 9394 743 33 

H(15A) 4206 10870 3016 53 

H(15B) 2752 9356 2850 53 

H(15C) 2292 10689 3004 53 

H(16A) 1232 8493 1703 57 

H(16B) 1323 9633 1265 57 

H(16C) 483 9632 1945 57 

H(17A) 4303 12578 2277 69 

H(17B) 2316 12079 2249 69 

H(17C) 3221 12047 1587 69 

H(19A) 8316 13664 1413 118 

H(19B) 6933 13398 833 118 

H(19C) 8873 14084 720 118 

H(20A) 6431 11563 -110 119 

H(20B) 7526 10640 -175 119 

H(20C) 8352 12234 -253 119 
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H(21A) 10114 12234 1300 102 

H(21B) 10595 12858 643 102 

H(21C) 9911 11220 621 102 

H(23A) 8378 7743 882 64 

H(23B) 6980 7212 281 64 

H(23C) 7338 6119 648 64 

H(24A) 5769 6863 2158 52 

H(24B) 7664 7486 1978 52 

H(24C) 6552 5869 1760 52 

H(25A) 3376 6034 1098 54 

H(25B) 4326 5034 871 54 

H(25C) 4151 6049 405 54 

H(27A) 7704 6558 4516 57 

H(27B) 8912 5990 4101 57 

______________________________________________________________________________

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



Table 6.  Crystal data and structure refinement for 16. 

Identification code  k05127a 

Empirical formula  C18 H30 F2 N P 

Formula weight  329.40 

Temperature  150(1) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  Pnma 

Unit cell dimensions a = 19.0219(7) Å  = 90 

 b = 15.6776(8) Å  = 90 

 c = 6.1422(3) Å  = 90 

Volume 1831.71(15) Å
3 

Z 4
 

Density (calculated) 1.194 Mg/m
3

 

Absorption coefficient 0.166 mm
–1 

F(000) 712 

Crystal size 0.40 x 0.26 x 0.14 mm
3

 

Theta range for data collection 3.37 to 27.48 

Index ranges –22 ≤ h ≤ 23, –20 ≤ k ≤ 20, –7 ≤ l ≤ 7 

Reflections collected 8784 

Independent reflections 2133 [R(int) = 0.0431] 

Completeness to theta = 27.48 99.5%  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.978 and 0.839 

Refinement method Full-matrix least-squares on F
2

 

Data / restraints / parameters 2133 / 0 / 125 

Goodness-of-fit on F
2

 1.040 

Final R indices [I>2(I)] R1 = 0.0472, wR2 = 0.1141 

R indices (all data) R1 = 0.0713, wR2 = 0.1288 

Extinction coefficient none 

Largest diff. peak and hole 0.289 and –0.293 e.Å
–3
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Table 7.  Atomic coordinates (  10
4

) and equivalent isotropic displacement parameters (Å
2 

 

10
3

) for 16.  U(eq) is defined as one third of  the trace of the orthogonalized U
ij

 tensor. 

______________________________________________________________________________ 

 x y z U(eq) 

______________________________________________________________________________ 

P(1) 2059(1) 2500 3841(1) 34(1) 

F(1) 2629(1) 1768(1) 4252(2) 49(1) 

N(1) 2030(1) 2500 1176(3) 25(1) 

C(1) 1404(1) 2500 -174(4) 23(1) 

C(2) 1112(1) 1713(1) -845(3) 23(1) 

C(3) 503(1) 1743(1) -2123(3) 25(1) 

C(4) 186(1) 2500 -2769(4) 23(1) 

C(5) 1409(1) 822(1) -213(3) 25(1) 

C(6) 1224(1) 623(1) 2169(3) 31(1) 

C(7) 2209(1) 749(1) -579(3) 33(1) 

C(8) 1078(1) 102(1) -1586(3) 35(1) 

C(9) -485(1) 2500 -4139(4) 27(1) 

C(10) -755(3) 3371(3) -4712(11) 64(2) 

C(11) -1055(2) 2037(4) -2888(11) 79(2) 

C(12) -344(3) 2029(4) -6270(9) 81(2) 

______________________________________________________________________________
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Table 8.  Bond lengths [Å] and angles [] for 16. 

_____________________________________________________  

P(1)-F(1)#1  1.5990(12) 

P(1)-F(1)  1.5990(12) 

P(1)-N(1)  1.637(2) 

N(1)-C(1)  1.452(3) 

C(1)-C(2)  1.4143(19) 

C(1)-C(2)#1  1.4143(19) 

C(2)-C(3)  1.401(2) 

C(2)-C(5)  1.556(2) 

C(3)-C(4)  1.389(2) 

C(4)-C(3)#1  1.389(2) 

C(4)-C(9)  1.529(3) 

C(5)-C(6)  1.537(2) 

C(5)-C(7)  1.541(2) 

C(5)-C(8)  1.543(2) 

C(9)-C(10)#1  1.501(4) 

C(9)-C(10)  1.501(4) 

C(9)-C(11)  1.515(5) 

C(9)-C(11)#1  1.515(5) 

C(9)-C(12)  1.526(5) 

C(9)-C(12)#1  1.526(5) 

 

F(1)#1-P(1)-F(1) 91.72(9) 

F(1)#1-P(1)-N(1) 100.40(7) 

F(1)-P(1)-N(1) 100.40(7) 

C(1)-N(1)-P(1) 126.72(16) 

C(2)-C(1)-C(2)#1 121.5(2) 

C(2)-C(1)-N(1) 119.22(10) 

C(2)#1-C(1)-N(1) 119.22(10) 

C(3)-C(2)-C(1) 117.28(15) 

C(3)-C(2)-C(5) 118.07(14) 

C(1)-C(2)-C(5) 124.63(15) 

C(4)-C(3)-C(2) 123.20(16) 

C(3)#1-C(4)-C(3) 117.5(2) 

C(3)#1-C(4)-C(9) 121.27(10) 
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C(3)-C(4)-C(9) 121.27(10) 

C(6)-C(5)-C(7) 110.44(14) 

C(6)-C(5)-C(8) 106.17(14) 

C(7)-C(5)-C(8) 105.65(14) 

C(6)-C(5)-C(2) 109.66(14) 

C(7)-C(5)-C(2) 112.87(14) 

C(8)-C(5)-C(2) 111.80(14) 

C(10)#1-C(9)-C(10) 131.0(4) 

C(10)#1-C(9)-C(11) 55.8(4) 

C(10)-C(9)-C(11) 108.0(4) 

C(10)#1-C(9)-C(11)#1 108.0(4) 

C(10)-C(9)-C(11)#1 55.8(4) 

C(11)-C(9)-C(11)#1 57.3(6) 

C(10)#1-C(9)-C(12) 54.5(3) 

C(10)-C(9)-C(12) 107.4(4) 

C(11)-C(9)-C(12) 109.2(4) 

C(11)#1-C(9)-C(12) 142.4(3) 

C(10)#1-C(9)-C(12)#1 107.4(4) 

C(10)-C(9)-C(12)#1 54.5(3) 

C(11)-C(9)-C(12)#1 142.4(3) 

C(11)#1-C(9)-C(12)#1 109.2(4) 

C(12)-C(9)-C(12)#1 57.9(6) 

C(10)#1-C(9)-C(4) 114.50(19) 

C(10)-C(9)-C(4) 114.50(19) 

C(11)-C(9)-C(4) 108.6(2) 

C(11)#1-C(9)-C(4) 108.6(2) 

C(12)-C(9)-C(4) 109.0(2) 

C(12)#1-C(9)-C(4) 109.0(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 x,-y+1/2,z       
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Table 9.  Anisotropic displacement parameters  (Å
2 

 10
3

) for 16.  The anisotropic 

displacement factor exponent takes the form:  –2p
2

[ h
2

 a*
2

U
11

 + ...  + 2 h k a* b* U
12

 ] 

______________________________________________________________________________  

 U
11

 U
22

  U
33

 U
23

 U
13

 U
12

 

______________________________________________________________________________  

P(1) 40(1)  34(1) 28(1)  0 -8(1)  0 

F(1) 58(1)  40(1) 48(1)  3(1) -25(1)  8(1) 

N(1) 22(1)  25(1) 27(1)  0 0(1)  0 

C(1) 23(1)  24(1) 21(1)  0 -1(1)  0 

C(2) 25(1)  21(1) 23(1)  1(1) 3(1)  1(1) 

C(3) 26(1)  20(1) 28(1)  -1(1) 0(1)  -3(1) 

C(4) 22(1)  23(1) 25(1)  0 0(1)  0 

C(5) 29(1)  20(1) 27(1)  2(1) -2(1)  3(1) 

C(6) 35(1)  27(1) 32(1)  7(1) 1(1)  0(1) 

C(7) 34(1)  25(1) 39(1)  4(1) 4(1)  6(1) 

C(8) 44(1)  20(1) 41(1)  -1(1) -7(1)  2(1) 

C(9) 25(1)  23(1) 34(1)  0 -3(1)  0 

C(10) 50(3)  34(2) 107(5)  12(3) -47(3)  0(2) 

C(11) 31(2)  107(4) 98(4)  58(4) -21(3)  -23(3) 

C(12) 61(3)  124(5) 57(3)  -45(3) -33(3)  39(3) 

______________________________________________________________________________ 
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Table 10.  Hydrogen coordinates (  10
4

) and isotropic  displacement parameters (Å
2 

 10
3

) 

for 16. 

______________________________________________________________________________ 

 x  y  z  U(eq) 

______________________________________________________________________________ 

  

H(1A) 2437 2500 492 29 

H(3A) 296 1220 -2569 30 

H(6A) 1419 1067 3115 47 

H(6B) 1424 69 2575 47 

H(6C) 712 605 2337 47 

H(7A) 2457 1058 576 49 

H(7B) 2330 996 -1995 49 

H(7C) 2347 147 -549 49 

H(8A) 1298 -443 -1209 52 

H(8B) 1152 221 -3136 52 

H(8C) 572 72 -1286 52 

H(10A) -852 3690 -3374 96 

H(10B) -1188 3316 -5563 96 

H(10C) -401 3675 -5572 96 

H(11A) -1158 2347 -1540 118 

H(11B) -895 1459 -2535 118 

H(11C) -1481 2005 -3781 118 

H(12A) -772 2026 -7158 121 

H(12B) -203 1440 -5953 121 

H(12C) 34 2317 -7066 121 

______________________________________________________________________________
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Table 11.  Crystal data and structure refinement for 18. 

Identification code  k0638 

Empirical formula  C18 H29 Cl N O2 P 

Formula weight  357.84 

Temperature  150(1) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/n 

Unit cell dimensions a = 9.1257(3) Å  = 90 

 b = 13.9396(7) Å  = 95.608(3) 

 c = 15.6039(6) Å  = 90 

Volume 1975.45(14) Å
3

 

Z 4 

Density (calculated) 1.203 Mg/m
3

 

Absorption coefficient 0.283 mm
–1 

F(000) 768 

Crystal size 0.34 x 0.30 x 0.18 mm
3

 

Theta range for data collection 2.68 to 27.48 

Index ranges –11 ≤ h ≤ 11, –16 ≤ k ≤ 18, –20 ≤ l ≤ 20 

Reflections collected 13533 

Independent reflections 4506 [R(int) = 0.0802] 

Completeness to theta = 27.48 99.4%  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.958 and 0.808 

Refinement method Full-matrix least-squares on F
2

 

Data / restraints / parameters 4506 / 0 / 217 

Goodness-of-fit on F
2

 1.053 

Final R indices [I >2(I)] R1 = 0.0575, wR2 = 0.1372 

R indices (all data) R1 = 0.1084, wR2 = 0.1615 

Largest diff. peak and hole 0.433 and –0.613 e. Å
–3
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Table 12.  Atomic coordinates  (  10
4

) and equivalent  isotropic displacement parameters (Å
2 

 

10
3

) for 18.  U(eq) is defined as one third of  the trace of the orthogonalized U
ij

 tensor. 

______________________________________________________________________________ 

 x y z U(eq) 

______________________________________________________________________________ 

Cl(1) 4357(1) 3813(1) 2201(1) 51(1) 

P(1) 3987(1) 2508(1) 2677(1) 36(1) 

O(1) 4291(2) 1795(1) 1921(1) 33(1) 

O(2) 2530(2) 2469(2) 2996(1) 41(1) 

N(1) 5505(2) 2319(2) 3344(1) 35(1) 

C(1) 5678(2) 1268(2) 2133(2) 29(1) 

C(2) 6675(3) 1419(2) 1442(2) 30(1) 

C(3) 8134(3) 1518(2) 1648(2) 28(1) 

C(4) 8725(3) 1507(2) 2563(2) 29(1) 

C(5) 7909(2) 1570(2) 3234(2) 28(1) 

C(6) 6327(3) 1731(2) 2967(2) 28(1) 

C(7) 5226(3) 183(2) 2234(2) 36(1) 

C(8) 4396(3) -147(2) 1385(2) 47(1) 

C(9) 6589(3) -457(2) 2433(2) 40(1) 

C(10) 4216(3) 78(2) 2961(2) 46(1) 

C(11) 9226(3) 1618(2) 970(2) 33(1) 

C(12) 10018(3) 2581(2) 1109(2) 49(1) 

C(13) 10363(3) 805(2) 1079(2) 47(1) 

C(14) 8476(3) 1574(2) 57(2) 45(1) 

C(15) 8500(3) 1593(2) 4179(2) 32(1) 

C(16) 10095(3) 1221(2) 4303(2) 43(1) 

C(17) 7554(3) 945(2) 4701(2) 40(1) 

C(18) 8482(3) 2627(2) 4530(2) 41(1) 

______________________________________________________________________________
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Table 13.  Bond lengths [Å] and angles [] for 18. 

_____________________________________________________  

Cl(1)-P(1)  2.0064(11) 

P(1)-O(2)  1.4660(18) 

P(1)-O(1)  1.5872(17) 

P(1)-N(1)  1.670(2) 

O(1)-C(1)  1.473(3) 

N(1)-C(6)  1.291(3) 

C(1)-C(2)  1.492(3) 

C(1)-C(6)  1.520(3) 

C(1)-C(7)  1.580(4) 

C(2)-C(3)  1.346(3) 

C(3)-C(4)  1.477(3) 

C(3)-C(11)  1.528(3) 

C(4)-C(5)  1.346(3) 

C(5)-C(6)  1.480(3) 

C(5)-C(15)  1.520(3) 

C(7)-C(8)  1.531(4) 

C(7)-C(9)  1.537(4) 

C(7)-C(10)  1.538(4) 

C(11)-C(14)  1.521(3) 

C(11)-C(12)  1.530(4) 

C(11)-C(13)  1.535(4) 

C(15)-C(17)  1.536(4) 

C(15)-C(16)  1.539(3) 

C(15)-C(18)  1.543(4) 

 

O(2)-P(1)-O(1) 117.32(11) 

O(2)-P(1)-N(1) 120.44(11) 

O(1)-P(1)-N(1) 99.78(10) 

O(2)-P(1)-Cl(1) 110.54(9) 

O(1)-P(1)-Cl(1) 104.18(8) 

N(1)-P(1)-Cl(1) 102.41(9) 

C(1)-O(1)-P(1) 110.74(14) 

C(6)-N(1)-P(1) 107.43(17) 

O(1)-C(1)-C(2) 109.79(19) 
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O(1)-C(1)-C(6) 103.59(18) 

C(2)-C(1)-C(6) 110.16(19) 

O(1)-C(1)-C(7) 105.86(18) 

C(2)-C(1)-C(7) 113.0(2) 

C(6)-C(1)-C(7) 113.9(2) 

C(3)-C(2)-C(1) 120.1(2) 

C(2)-C(3)-C(4) 119.3(2) 

C(2)-C(3)-C(11) 122.8(2) 

C(4)-C(3)-C(11) 117.9(2) 

C(5)-C(4)-C(3) 125.0(2) 

C(4)-C(5)-C(6) 112.9(2) 

C(4)-C(5)-C(15) 125.8(2) 

C(6)-C(5)-C(15) 120.9(2) 

N(1)-C(6)-C(5) 124.2(2) 

N(1)-C(6)-C(1) 117.7(2) 

C(5)-C(6)-C(1) 117.7(2) 

C(8)-C(7)-C(9) 108.8(2) 

C(8)-C(7)-C(10) 109.1(2) 

C(9)-C(7)-C(10) 109.1(2) 

C(8)-C(7)-C(1) 108.3(2) 

C(9)-C(7)-C(1) 111.2(2) 

C(10)-C(7)-C(1) 110.2(2) 

C(14)-C(11)-C(3) 112.4(2) 

C(14)-C(11)-C(12) 109.3(2) 

C(3)-C(11)-C(12) 108.3(2) 

C(14)-C(11)-C(13) 108.2(2) 

C(3)-C(11)-C(13) 109.6(2) 

C(12)-C(11)-C(13) 109.1(2) 

C(5)-C(15)-C(17) 109.8(2) 

C(5)-C(15)-C(16) 110.9(2) 

C(17)-C(15)-C(16) 108.0(2) 

C(5)-C(15)-C(18) 110.4(2) 

C(17)-C(15)-C(18) 109.5(2) 

C(16)-C(15)-C(18) 108.2(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 14.  Anisotropic displacement parameters  (Å
2

  10
3

) for 18.  The anisotropic 

displacement factor exponent takes the form:  –2p
2

[ h
2

 a*
2

U
11

 + ...  + 2 h k a* b* U
12

 ] 

______________________________________________________________________________  

 U
11

 U
22

  U
33

 U
23

 U
13

 U
12

 

______________________________________________________________________________  

Cl(1) 48(1)  42(1) 60(1)  -1(1) -4(1)  9(1) 

P(1) 27(1)  47(1) 33(1)  -7(1) 1(1)  7(1) 

O(1) 25(1)  42(1) 29(1)  -6(1) -2(1)  8(1) 

O(2) 21(1)  66(1) 37(1)  -8(1) 7(1)  5(1) 

N(1) 28(1)  47(1) 31(1)  -6(1) 5(1)  5(1) 

C(1) 20(1)  37(2) 28(1)  -1(1) 0(1)  4(1) 

C(2) 31(1)  36(1) 23(1)  0(1) 2(1)  5(1) 

C(3) 28(1)  31(1) 26(1)  0(1) 3(1)  3(1) 

C(4) 24(1)  35(1) 29(1)  0(1) 1(1)  2(1) 

C(5) 25(1)  31(1) 28(1)  -1(1) 1(1)  -1(1) 

C(6) 26(1)  33(1) 26(1)  3(1) 3(1)  0(1) 

C(7) 30(1)  37(2) 41(2)  -5(1) 2(1)  -2(1) 

C(8) 37(2)  44(2) 57(2)  -14(2) -6(1)  0(1) 

C(9) 36(1)  34(2) 50(2)  3(1) 2(1)  2(1) 

C(10) 38(2)  45(2) 58(2)  1(2) 15(1)  -7(1) 

C(11) 32(1)  39(2) 30(1)  2(1) 7(1)  3(1) 

C(12) 51(2)  56(2) 41(2)  2(2) 17(1)  -8(2) 

C(13) 38(2)  67(2) 37(2)  2(2) 10(1)  16(1) 

C(14) 41(2)  67(2) 28(1)  3(1) 9(1)  7(1) 

C(15) 26(1)  42(2) 27(1)  2(1) 2(1)  0(1) 

C(16) 33(1)  69(2) 27(1)  4(1) -2(1)  4(1) 

C(17) 37(1)  52(2) 30(1)  7(1) 3(1)  1(1) 

C(18) 46(2)  49(2) 29(1)  -3(1) -1(1)  -7(1) 

______________________________________________________________________________ 
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Table 15.  Hydrogen coordinates (  10
4

) and isotropic displacement parameters (Å
2 

 10
3

) 

for 18. 

______________________________________________________________________________ 

 x  y  z  U(eq) 

______________________________________________________________________________ 

  

H(2A) 6279 1446 856 36 

H(4A) 9762 1452 2688 35 

H(8A) 4018 -798 1454 70 

H(8B) 5065 -145 931 70 

H(8C) 3572 289 1228 70 

H(9A) 6282 -1130 2451 60 

H(9B) 7096 -276 2992 60 

H(9C) 7257 -373 1984 60 

H(10A) 3884 -589 2989 69 

H(10B) 3360 500 2847 69 

H(10C) 4760 255 3511 69 

H(12A) 9310 3105 992 73 

H(12B) 10792 2631 718 73 

H(12C) 10459 2625 1706 73 

H(13A) 9858 185 1011 70 

H(13B) 10899 842 1654 70 

H(13C) 11059 868 642 70 

H(14A) 7748 2091 -27 67 

H(14B) 7983 953 -37 67 

H(14C) 9214 1651 -354 67 

H(16A) 10139 577 4057 65 

H(16B) 10428 1198 4919 65 

H(16C) 10734 1654 4013 65 

H(17A) 6531 1169 4632 59 

H(17B) 7929 971 5311 59 

H(17C) 7600 284 4494 59 

H(18A) 7476 2880 4449 62 

H(18B) 9131 3031 4219 62 

H(18C) 8826 2626 5145 62 

_____________________________________________________________________________ 
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