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1) Copies of 1H NMR, 13C NMR and 31P NMR Spectra of All New Compounds 
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2) Copies of 1H NMR Spectra of All Reported Compounds 
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4) X-ray Crystallographic Studies for 9i 

 

SFig. 1 ORTEP drawing of 9i with 30% ellipsoids. Hydrogen atoms, except that on 
nitrogen atom N2, are omitted for clarity. 
 

STable 1 Crystal data and structure refinement for 9i. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification code 9i 

Empirical formula C26H29N2P 

Formula weight 400.48 

Temperature/K 180 (2) 

Crystal system monoclinic 

Space group P21 

a/Å 6.1617(8) 

b/Å 10.5098(13) 

c/Å 17.3476(17) 

α/° 90 

β/° 98.607(10) 

γ/° 90 

Volume/Å3 1110.7(2) 

Z 2 

ρcalcmg/mm3 1.197 

m/mm-1 0.138 

F(000) 428.0 

Crystal size/mm3 0.2×0.2×0.2 

2Θ range for data collection 6.132 to 50.042° 

Index ranges -7≤ h ≤ 7, -12 ≤ k ≤ 12, -20 ≤ l ≤ 20 

Reflections collected 16480 

Independent reflections 3941[R(int) = 0.0864] 

Data/restraints/parameters 3941/1/264 

Goodness-of-fit on F2 1.039 

Final R indexes [I>=2σ (I)] R1 = 0.0508, wR2 = 0.1192 

Final R indexes [all data] R1 = 0.0618, wR2 = 0.1290 

Largest diff. peak/hole / e Å-3 0.28/-0.36 
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STable 2. Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for 9i. Ueq is defined as 1/3 of of the trace of the 

orthogonalised UIJ tensor. 

 

Atom         x                 y               z   U(eq) 
_____________________________________________________________________  
P1 1394.9(17) 5711.7(11) 2261.7(5) 32.2(3) 

N1 2826(6) 5116(3) 3814.1(17) 34.0(9) 

N2 4382(6) 3917(4) 2940.7(19) 38.0(9) 

C1 1804(7) 4618(4) 1469(2) 31.2(9) 

C2 212(7) 3689(5) 1261(2) 40.2(11) 

C3 477(8) 2773(5) 711(3) 44.7(12) 

C4 2331(7) 2753(4) 351(2) 37.6(11) 

C5 3883(7) 3691(5) 538(2) 39.9(11) 

C6 3641(7) 4609(5) 1092(2) 36.7(10) 

C7 2673(9) 1734(5) -231(2) 48.9(12) 

C8 3243(7) 7017(4) 2108(2) 32.7(10) 

C9 2368(8) 7986(5) 1608(2) 39.6(11) 

C10 3653(8) 8993(5) 1444(3) 45.2(12) 

C11 5865(8) 9081(4) 1765(2) 38.8(11) 

C12 6696(8) 8137(4) 2275(2) 38.5(11) 

C13 5428(7) 7114(4) 2440(2) 35.3(10) 

C14 7279(10) 10154(5) 1550(3) 53.7(13) 

C15 3012(6) 4863(4) 3111(2) 28.7(9) 

C16 1421(7) 6102(4) 4001(2) 30.4(10) 

C17 2135(7) 7364(4) 4071(2) 35.7(10) 

C18 824(7) 8281(5) 4336(2) 39.4(11) 

C19 -1160(7) 7969(5) 4551(2) 39.4(11) 

C20 -1895(7) 6730(5) 4468(2) 38.7(11) 

C21 -597(6) 5808(5) 4204.9(19) 32.7(9) 

C22 5314(7) 2959(4) 3499(2) 36.6(10) 

C23 3835(8) 1794(5) 3521(3) 54.3(14) 

C24 5351(8) 709(6) 3814(3) 51.7(12) 

C25 7662(8) 1132(4) 3705(3) 41.5(11) 

C26 7410(7) 2404(5) 3281(3) 40.1(11) 
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STable 3. Anisotropic Displacement Parameters (Å2×103) for 9i. The Anisotropic 
displacement factor exponent takes the form: -2π2[h2a*2U11+...+2hka×b×U12] 

Atom   U11 U22    U33      U23         U13        U12 

_____________________________________________________________________  
    

P1 36.7(6) 29.0(6) 31.7(5) 4.3(5) 7.4(4) 6.5(5)

N1 48(2) 26(2) 29.1(18) 2.8(14) 7.4(14) 11.8(17)

N2 48(2) 36(2) 31.9(18) 7.1(16) 12.3(15) 17.8(19)

C1 33(2) 28(2) 32(2) 7.1(17) 2.6(16) 7(2)

C2 39(3) 39(3) 44(2) 3(2) 10.0(18) -4(2)

C3 46(3) 40(3) 47(3) -7(2) 5(2) -15(2)

C4 50(3) 32(3) 30(2) 3.9(18) 1.2(18) 5(2)

C5 43(3) 45(3) 33(2) -3(2) 11.3(18) -4(2)

C6 38(2) 37(3) 36(2) -2.6(19) 8.0(17) -7(2)

C7 71(3) 36(3) 39(2) -6(2) 6(2) 4(3)

C8 41(2) 27(3) 30(2) 1.0(17) 7.3(17) 8.1(19)

C9 42(3) 37(3) 39(2) 5(2) 4.4(18) 8(2)

C10 63(3) 33(3) 40(2) 12(2) 8(2) 7(3)

C11 55(3) 28(3) 35(2) -3.8(19) 11.7(19) 1(2)

C12 49(3) 35(3) 31(2) -1.2(19) 3.8(18) 3(2)

C13 42(3) 33(3) 31(2) 2.1(18) 6.4(17) 8(2)

C14 76(4) 33(3) 54(3) -2(2) 18(2) -9(3)

C15 31(2) 21(2) 34(2) 6.6(17) 5.1(16) 2.6(17)

C16 37(2) 32(3) 21.9(19) 0.8(15) 1.5(15) 6.6(19)

C17 39(2) 28(3) 41(2) 1.0(19) 9.0(17) 2(2)

C18 49(3) 25(2) 44(2) 0.1(19) 8.7(19) 7(2)

C19 42(3) 37(3) 40(2) -2(2) 6.1(18) 13(2)

C20 35(2) 47(3) 35(2) 1(2) 5.5(17) 6(2)

C21 39(2) 29(2) 30.2(19) -1(2) 2.4(15) -1(2)

C22 48(3) 30(3) 32(2) 5.1(18) 7.2(17) 11(2)

C23 42(3) 53(4) 68(3) 19(3) 7(2) 4(3)

C24 60(3) 33(3) 65(3) 5(3) 20(2) 4(3)

C25 51(3) 33(3) 39(2) 2.2(18) 2.2(19) 14(2)

C26 41(3) 32(3) 48(2) 3(2) 8.0(19) 7(2)

____________________________________________________________________ 
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STable 4. Bond Lengths for 9i. 
_______________________________________________________ 

Atom Atom Length/Å Atom Atom   Length/Å

_______________________________________________________ 
P1 C8 1.828(4)   C9 C10 1.377(7) 

P1 C1 1.839(4)   C10 C11 1.396(7) 

P1 C15 1.876(4)   C11 C12 1.376(6) 

N1 C15 1.270(5)   C11 C14 1.506(7) 

N1 C16 1.419(5)   C12 C13 1.384(6) 

N2 C15 1.365(5)   C16 C21 1.377(6) 

N2 C22 1.455(5)   C16 C17 1.397(6) 

C1 C6 1.390(6)   C17 C18 1.380(6) 

C1 C2 1.393(6)   C18 C19 1.371(7) 

C2 C3 1.382(6)   C19 C20 1.379(7) 

C3 C4 1.382(6)   C20 C21 1.377(6) 

C4 C5 1.378(6)   C22 C26 1.516(6) 

C4 C7 1.507(6)   C22 C23 1.530(7) 

C5 C6 1.385(6)   C23 C24 1.512(7) 

C8 C13 1.387(6)   C24 C25 1.530(7) 

C8 C9 1.393(6)   C25 C26 1.523(6) 

________________________________________________________________ 

 

STable 5. Bond Angles for 9i. 

______________________________________________________ 

Atom Atom  Atom Angle/˚ Atom  Atom  Atom Angle/˚ 

____________________________________________________________ 
C8 P1 C1 101.66(19)   C10 C11 C14 121.2(4) 

C8 P1 C15 101.65(18)   C11 C12 C13 121.8(4) 

C1 P1 C15 100.00(18)   C12 C13 C8 120.9(4) 

C15 N1 C16 121.2(3)   N1 C15 N2 120.5(4) 

C15 N2 C22 123.7(3)   N1 C15 P1 122.8(3) 

C6 C1 C2 117.7(4)   N2 C15 P1 116.7(3) 

C6 C1 P1 124.7(3)   C21 C16 C17 118.4(4) 

C2 C1 P1 117.5(3)   C21 C16 N1 120.0(4) 

C3 C2 C1 121.0(4)   C17 C16 N1 121.2(4) 

C2 C3 C4 120.9(4)   C18 C17 C16 119.9(4) 

C5 C4 C3 118.3(4)   C19 C18 C17 120.9(5) 

C5 C4 C7 120.3(4)   C18 C19 C20 119.3(4) 

C3 C4 C7 121.5(4)   C21 C20 C19 120.1(4) 

C4 C5 C6 121.3(4)   C16 C21 C20 121.2(4) 
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C5 C6 C1 120.7(4)   N2 C22 C26 111.5(3) 

C13 C8 C9 117.8(4)   N2 C22 C23 113.1(4) 

C13 C8 P1 125.6(3)   C26 C22 C23 103.4(4) 

C9 C8 P1 116.6(3)   C24 C23 C22 105.7(4) 

C10 C9 C8 120.7(4)   C23 C24 C25 106.2(4) 

C9 C10 C11 121.7(4)   C26 C25 C24 106.5(4) 

C12 C11 C10 117.1(4)   C22 C26 C25 104.2(4) 

C12 C11 C14 121.7(4)      

______________________________________________________________________ 


