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Crystal data 

C31H25P  
Mr = 428.48 Dx = 1.200 Mg m−3 

Monoclinic, P21/c Melting point: ? K 

Hall symbol: -P 2ybc Mo Kα radiation, λ = 0.71073 Å 

a = 14.1270 (6) Å Cell parameters from 8522 reflections 

b = 11.3350 (4) Å θ = 1.0–27.5° 

c = 16.5810 (5) Å µ = 0.13 mm−1 

β = 116.748 (2)° T = 173 K 

V = 2371.00 (15) Å3 Block, colorless 

Z = 4 0.40 × 0.35 × 0.30 mm 

F(000) = 904  
 

Data collection 

CCD area detector  
diffractometer 

3702 reflections with I > 2σ(I) 

Radiation source: fine-focus sealed tube Rint = 0.036 
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graphite θmax = 27.5°, θmin = 1.6° 

Detector resolution: ? pixels mm-1 h = −18 18 

phi and ω scans k = −14 13 

9678 measured reflections l = −21 21 

5442 independent reflections  
 

Refinement 

Refinement on F2 Secondary atom site location: difference 
Fourier map 

Least-squares matrix: full Hydrogen site location: inferred from 
neighbouring sites 

R[F2 > 2σ(F2)] = 0.046 H-atom parameters constrained 

wR(F2) = 0.120 w = 1/[σ2(Fo
2) + (0.0604P)2 + 0.0691P]  

where P = (Fo
2 + 2Fc

2)/3 

S = 1.03 (Δ/σ)max <0.001 

5442 reflections Δρmax = 0.19 e Å−3 

290 parameters Δρmin = −0.31 e Å−3 

0 restraints Extinction correction: none 

  
Primary atom site location: structure-
invariant direct methods  

 

Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S 
are based on F2, conventional R-factors R are based on F, with F set to zero for negative F2. 
The threshold expression of F2 > 2sigma(F2) is used only for calculating R-factors(gt), etc. 
and is not relevant to the choice of reflections for refinement. R-factors based on F2 are 
statistically about twice as large as those based on F, and R– factors based on ALL data will 
be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement 
parameters (Å2) 

 x y z Uiso*/Ueq  
C1 0.31941 (12) 0.05649 (15) 0.71721 (10) 0.0314 (4)  
C2 0.38978 (14) 0.11332 (16) 0.79591 (11) 0.0408 (4)  
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H2 0.3932 0.1970 0.7977 0.049*  
C3 0.45525 (15) 0.04825 (18) 0.87204 (11) 0.0482 (5)  
H3 0.5033 0.0877 0.9254 0.058*  
C4 0.45039 (15) −0.07319 (17) 0.87014 (12) 0.0475 (5)  
H4 0.4944 −.1175 0.9223 0.057*  
C5 0.38160 (14) −0.12996 (17) 0.79255 (13) 0.0495 (5)  
H5 0.3788 −0.2137 0.7908 0.059*  
C6 0.31652 (13) −0.06569 (16) 0.71719 (12) 0.0426 (5)  
H6 0.2687 −0.1060 0.6642 0.051*  
C7 0.23416 (12) 0.28440 (14) 0.64601 (10) 0.0287 (4)  
C8 0.14840 (13) 0.32295 (16) 0.65905 (11) 0.0367 (4)  
H8 0.0934 0.2690 0.6512 0.044*  
C9 0.14195 (15) 0.43818 (17) 0.68317 (12) 0.0454 (5)  
H9 0.0831 0.4626 0.6923 0.055*  
C10 0.22068 (15) 0.51817 (17) 0.69409 (11) 0.0452 (5)  
H10 0.2156 0.5978 0.7096 0.054*  
C11 0.30641 (15) 0.48143 (16) 0.68227 (12) 0.0443 (5)  
H11 0.3612 0.5358 0.6906 0.053*  
C12 0.31352 (13) 0.36579 (15) 0.65836 (11) 0.0369 (4)  
H12 0.3731 0.3417 0.6503 0.044*  
C13 0.31834 (11) 0.13377 (13) 0.55586 (10) 0.0268 (3)  
C14 0.42828 (12) 0.12213 (14) 0.60248 (10) 0.0299 (4)  
H14 0.4605 0.1103 0.6660 0.036*  
C15 0.49139 (12) 0.12729 (13) 0.55888 (11) 0.0314 (4)  
H15 0.5660 0.1181 0.5922 0.038*  
C16 0.44598 (12) 0.14580 (14) 0.46661 (11) 0.0323 (4)  
H16 0.4892 0.1516 0.4364 0.039*  
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C17 0.33704 (12) 0.15577 (14) 0.41883 (11) 0.0311 (4)  
H17 0.3059 0.1679 0.3554 0.037*  
C18 0.27172 (12) 0.14847 (13) 0.46131 (10) 0.0263 (3)  
C19 0.15423 (12) 0.15430 (14) 0.40443 (10) 0.0287 (4)  
C20 0.09093 (12) 0.05268 (14) 0.38792 (10) 0.0294 (4)  
C21 −0.01770 (13) 0.06120 (16) 0.33100 (11) 0.0365 (4)  
H21 −0.0616 −0.0062 0.3211 0.044*  
C22 −0.06206 (13) 0.16624 (17) 0.28897 (11) 0.0423 (5)  
H22 −0.1356 0.1700 0.2485 0.051*  
C23 −0.00004 (13) 0.26565 (17) 0.30551 (11) 0.0407 (4)  
H23 −00314 0.3376 0.2763 0.049*  
C24 0.10804 (12) 0.26238 (15) 0.36437 (10) 0.0343 (4)  
C25 0.17240 (15) 0.37429 (16) 0.38470 (13) 0.0490 (5)  
H25A 0.2120 0.3761 0.3491 0.074*  
H25B 0.2221 0.3769 0.4492 0.074*  
H25C 0.1249 0.4426 0.3691 0.074*  
C26 0.13444 (11) −0.06497 (14) 0.42756 (10) 0.0291 (4)  
C27 0.21867 (12) −0.11688 (15) 0.41837 (11) 0.0342 (4)  
H27 0.2525 −0.0746 0.3891 0.041*  
C28 0.25362 (14) −0.22900 (16) 0.45135 (12) 0.0416 (4)  
H28 0.3111 −0.2629 0.4445 0.050*  
C29 0.20549 (14) −0.29206 (16) 0.49414 (12) 0.0450 (5)  
H29 0.2293 −0.3693 0.5163 0.054*  
C30 0.12258 (14) −0.24194 (17) 0.50441 (12) 0.0433 (4)  
H30 0.0897 −0.2845 0.5344 0.052*  
C31 0.08694 (13) −0.12974 (15) 0.47125 (11) 0.0357 (4)  
H31 0.0294 −0.0965 0.4784 0.043*  



 S6 

P1 0.23096 (3) 0.13002 (4) 0.61125 (3) 0.02832 (13)  
 

Atomic displacement parameters (Å2) 

 U11 U22 U33 U12 U13 U23 

C1 0.0301 (8) 0.0343 
(10) 0.0331 (9) 0.0050 (7) 0.0170 (7) 0.0028 (7) 

C2 0.0525 
(11) 

0.0366 
(10) 0.0323 (9) 0.0111 (8) 0.0183 (8) −0.0004 (8) 

C3 0.0544 
(12) 

0.0547 
(13) 0.0291 (9) 0.0165 (10) 0.0132 (8) 0.0006 (8) 

C4 0.0521 
(12) 

0.0530 
(13) 

0.0404 
(10) 0.0188 (10) 0.0234 (9) 0.0165 (9) 

C5 0.0495 
(11) 

0.0361 
(11) 

0.0582 
(13) 0.0048 (9) 0.0200 (10) 0.0137 (9) 

C6 0.0378 
(10) 

0.0364 
(11) 

0.0452 
(10) −0.0019 (8) 0.0112 (8) 0.0050 (8) 

C7 0.0283 (8) 0.0323 (9) 0.0238 (8) 0.0053 (7) 0.0104 (6) 0.0036 (7) 

C8 0.0333 (9) 0.0403 
(10) 0.0370 (9) 0.0049 (8) 0.0161 (7) −0.0011 (8) 

C9 0.0458 
(11) 

0.0469 
(12) 

0.0487 
(11) 0.0153 (9) 0.0256 (9) −0.0014 (9) 

C10 0.0589 
(12) 

0.0336 
(11) 

0.0412 
(10) 0.0112 (9) 0.0208 (9) −0.0005 (8) 

C11 0.0524 
(11) 

0.0346 
(11) 

0.0447 
(10) −0.0036 (9) 0.0209 (9) −0.0013 (8) 

C12 0.0330 (9) 0.0359 
(10) 

0.0438 
(10) 0.0023 (8) 0.0192 (8) −0.0014 (8) 

C13 0.0267 (8) 0.0233 (8) 0.0308 (8) 0.0012 (6) 0.0132 (7) −0.0008 (6) 

C14 0.0273 (8) 0.0305 (9) 0.0278 (8) 0.0017 (7) 0.0087 (6) −0.0038 (7) 

C15 0.0227 (8) 0.0279 (9) 0.0424 (9) 0.0007 (7) 0.0136 (7) −0.0057 (7) 

C16 0.0336 (9) 0.0268 (9) 0.0435 
(10) −0.0027 (7) 0.0237 (8) −0.0044 (7) 
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C17 0.0325 (9) 0.0300 (9) 0.0321 (8) 0.0010 (7) 0.0157 (7) 0.0018 (7) 

C18 0.0266 (8) 0.0212 (8) 0.0309 (8) 0.0004 (6) 0.0127 (7) 0.0013 (6) 

C19 0.0283 (8) 0.0343 (9) 0.0240 (8) 0.0040 (7) 0.0121 (7) 0.0029 (7) 

C20 0.0269 (8) 0.0354 (9) 0.0260 (8) 0.0020 (7) 0.0119 (6) 0.0008 (7) 

C21 0.0280 (8) 0.0433 
(11) 0.0365 (9) −0.0013 (8) 0.0131 (7) 0.0008 (8) 

C22 0.0266 (9) 0.0574 
(12) 

0.0365 
(10) 0.0093 (8) 0.0087 (7) 0.0054 (9) 

C23 0.0379 
(10) 

0.0427 
(11) 

0.0403 
(10) 0.0153 (8) 0.0165 (8) 0.0110 (8) 

C24 0.0349 (9) 0.0365 
(10) 0.0326 (9) 0.0067 (8) 0.0162 (7) 0.0040 (7) 

C25 0.0498 
(11) 

0.0360 
(11) 

0.0576 
(12) 0.0075 (9) 0.0209 (10) 0.0088 (9) 

C26 0.0244 (8) 0.0320 (9) 0.0264 (8) −0.0030 (7) 0.0075 (6) −0.0019 (7) 

C27 0.0312 (9) 0.0335 
(10) 0.0379 (9) −0.0016 (7) 0.0155 (7) −0.0005 (8) 

C28 0.0365 (9) 0.0356 
(10) 

0.0492 
(10) 0.0054 (8) 0.0161 (8) −0.0009 (8) 

C29 0.0477 
(11) 

0.0299 
(10) 

0.0488 
(11) −0.0014 (8) 0.0140 (9) 0.0043 (8) 

C30 0.0473 
(11) 

0.0381 
(10) 

0.0433 
(10) −0.0098 (9) 0.0194 (8) 0.0027 (8) 

C31 0.0319 (9) 0.0370 
(10) 0.0396 (9) −0.0033 (8) 0.0172 (7) −0.0025 (8) 

P1 0.0259 (2) 0.0307 (2) 0.0287 (2) 0.00177 
(17) 

0.01255 
(17) 

0.00028 
(17) 

 

Geometric parameters (Å, °) 

C1—C6 1.386 (2) C16—C17 1.383 (2) 

C1—C2 1.392 (2) C16—H16 0.9500 

C1—P1 1.8348 (16) C17—C18 1.393 (2) 



 S8 

C2—C3 1.394 (2) C17—H17 0.9500 

C2—H2 0.9500 C18—C19 1.497 (2) 

C3—C4 1.378 (3) C19—C24 1.406 (2) 

C3—H3 0.9500 C19—C20 1.407 (2) 

C4—C5 1.374 (3) C20—C21 1.397 (2) 

C4—H4 0.9500 C20—C26 1.492 (2) 

C5—C6 1.380 (2) C21—C22 1.379 (2) 

C5—H5 0.9500 C21—H21 0.9500 

C6—H6 0.9500 C22—C23 1.377 (3) 

C7—C8 1.393 (2) C22—H22 0.9500 

C7—C12 1.394 (2) C23—C24 1.394 (2) 

C7—P1 1.8365 (16) C23—H23 0.9500 

C8—C9 1.381 (2) C24—C25 1.508 (2) 

C8—H8 0.9500 C25—H25A 0.9800 

C9—C10 1.382 (3) C25—H25B 0.9800 

C9—H9 0.9500 C25—H25C 0.9800 

C10—C11 1.376 (3) C26—C27 1.396 (2) 

C10—H10 0.9500 C26—C31 1.397 (2) 

C11—C12 1.386 (2) C27—C28 1.384 (2) 

C11—H11 0.9500 C27—H27 0.9500 

C12—H12 0.9500 C28—C29 1.382 (3) 

C13—C14 1.395 (2) C28—H28 0.9500 

C13—C18 1.411 (2) C29—C30 1.380 (3) 

C13—P1 1.8411 (16) C29—H29 0.9500 

C14—C15 1.379 (2) C30—C31 1.387 (2) 

C14—H14 0.9500 C30—H30 0.9500 

C15—C16 1.383 (2) C31—H31 0.9500 
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C15—H15 0.9500   

C6—C1—C2 118.12 (15) C18—C17—H17 119.1 

C6—C1—P1 116.52 (12) C17—C18—C13 119.01 (14) 

C2—C1—P1 125.35 (13) C17—C18—C19 118.56 (13) 

C1—C2—C3 120.46 (18) C13—C18—C19 122.43 (14) 

C1—C2—H2 119.8 C24—C19—C20 120.13 (13) 

C3—C2—H2 119.8 C24—C19—C18 118.90 (14) 

C4—C3—C2 120.14 (18) C20—C19—C18 120.92 (13) 

C4—C3—H3 119.9 C21—C20—C19 118.91 (14) 

C2—C3—H3 119.9 C21—C20—C26 117.98 (14) 

C5—C4—C3 119.75 (17) C19—C20—C26 123.11 (13) 

C5—C4—H4 120.1 C22—C21—C20 120.81 (16) 

C3—C4—H4 120.1 C22—C21—H21 119.6 

C4—C5—C6 120.19 (19) C20—C21—H21 119.6 

C4—C5—H5 119.9 C23—C22—C21 120.13 (15) 

C6—C5—H5 119.9 C23—C22—H22 119.9 

C5—C6—C1 121.33 (17) C21—C22—H22 119.9 

C5—C6—H6 119.3 C22—C23—C24 121.05 (16) 

C1—C6—H6 119.3 C22—C23—H23 119.5 

C8—C7—C12 117.88 (15) C24—C23—H23 119.5 

C8—C7—P1 116.56 (12) C23—C24—C19 118.87 (16) 

C12—C7—P1 125.54 (12) C23—C24—C25 119.63 (15) 

C9—C8—C7 121.13 (17) C19—C24—C25 121.49 (14) 

C9—C8—H8 119.4 C24—C25—H25A 109.5 

C7—C8—H8 119.4 C24—C25—H25B 109.5 

C8—C9—C10 120.28 (17) H25A—C25—H25B 109.5 

C8—C9—H9 119.9 C24—C25—H25C 109.5 
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C10—C9—H9 119.9 H25A—C25—H25C 109.5 

C11—C10—C9 119.40 (17) H25B—C25—H25C 109.5 

C11—C10—H10 120.3 C27—C26—C31 117.85 (15) 

C9—C10—H10 120.3 C27—C26—C20 122.09 (14) 

C10—C11—C12 120.59 (18) C31—C26—C20 119.96 (14) 

C10—C11—H11 119.7 C28—C27—C26 120.93 (16) 

C12—C11—H11 119.7 C28—C27—H27 119.5 

C11—C12—C7 120.71 (16) C26—C27—H27 119.5 

C11—C12—H12 119.6 C29—C28—C27 120.48 (17) 

C7—C12—H12 119.6 C29—C28—H28 119.8 

C14—C13—C18 118.26 (14) C27—C28—H28 119.8 

C14—C13—P1 123.41 (12) C30—C29—C28 119.44 (17) 

C18—C13—P1 118.34 (11) C30—C29—H29 120.3 

C15—C14—C13 121.79 (14) C28—C29—H29 120.3 

C15—C14—H14 119.1 C29—C30—C31 120.37 (17) 

C13—C14—H14 119.1 C29—C30—H30 119.8 

C14—C15—C16 119.94 (14) C31—C30—H30 119.8 

C14—C15—H15 120.0 C30—C31—C26 120.93 (16) 

C16—C15—H15 120.0 C30—C31—H31 119.5 

C17—C16—C15 119.25 (15) C26—C31—H31 119.5 

C17—C16—H16 120.4 C1—P1—C7 102.85 (7) 

C15—C16—H16 120.4 C1—P1—C13 99.65 (7) 

C16—C17—C18 121.70 (15) C7—P1—C13 101.96 (7) 

C16—C17—H17 119.1   
C6—C1—C2—C3 0.1 (3) C19—C20—C21—C22 2.2 (2) 

P1—C1—C2—C3 −178.44 (14) C26—C20—C21—C22 −177.05 (15) 

C1—C2—C3—C4 −0.4 (3) C20—C21—C22—C23 −2.5 (3) 
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C2—C3—C4—C5 0.7 (3) C21—C22—C23—C24 0.2 (3) 

C3—C4—C5—C6 −0.9 (3) C22—C23—C24—C19 2.4 (3) 

C4—C5—C6—C1 0.7 (3) C22—C23—C24—C25 −176.78 (17) 

C2—C1—C6—C5 −0.3 (3) C20—C19—C24—C23 −2.6 (2) 

P1—C1—C6—C5 178.39 (15) C18—C19—C24—C23 174.82 (15) 

C12—C7—C8—C9 0.2 (2) C20—C19—C24—C25 176.54 (16) 

P1—C7—C8—C9 −178.48 (13) C18—C19—C24—C25 −6.0 (2) 

C7—C8—C9—C10 0.6 (3) C21—C20—C26—C27 125.78 (16) 

C8—C9—C10—C11 −1.1 (3) C19—C20—C26—C27 −53.5 (2) 

C9—C10—C11—C12 0.9 (3) C21—C20—C26—C31 −50.6 (2) 

C10—C11—C12—C7 −0.1 (3) C19—C20—C26—C31 130.13 (17) 

C8—C7—C12—C11 −0.4 (2) C31—C26—C27—C28 0.2 (2) 

P1—C7—C12—C11 178.13 (13) C20—C26—C27—C28 −176.29 (14) 

C18—C13—C14—C15 1.5 (2) C26—C27—C28—C29 0.1 (2) 

P1—C13—C14—C15 −178.93 (12) C27—C28—C29—C30 −0.5 (3) 

C13—C14—C15—C16 0.8 (2) C28—C29—C30—C31 0.7 (3) 

C14—C15—C16—C17 −1.7 (2) C29—C30—C31—C26 −0.5 (2) 

C15—C16—C17—C18 0.5 (2) C27—C26—C31—C30 0.0 (2) 

C16—C17—C18—C13 1.8 (2) C20—C26—C31—C30 176.58 (14) 

C16—C17—C18—C19 −177.10 (14) C6—C1—P1—C7 166.92 (13) 

C14—C13—C18—C17 −2.7 (2) C2—C1—P1—C7 −14.47 (17) 

P1—C13—C18—C17 177.70 (11) C6—C1—P1—C13 −88.34 (14) 

C14—C13—C18—C19 176.15 (14) C2—C1—P1—C13 90.26 (16) 

P1—C13—C18—C19 −3.5 (2) C8—C7—P1—C1 −100.54 (12) 

C17—C18—C19—C24 −71.07 (19) C12—C7—P1—C1 80.91 (15) 

C13—C18—C19—C24 110.10 (17) C8—C7—P1—C13 156.52 (12) 

C17—C18—C19—C20 106.35 (18) C12—C7—P1—C13 −22.0 (15) 
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C13—C18—C19—C20 −72.5 (2) C14—C13—P1—C1 −19.81 (14) 

C24—C19—C20—C21 0.3 (2) C18—C13—P1—C1 159.81 (12) 

C18—C19—C20—C21 −177.04 (14) C14—C13—P1—C7 85.65 (14) 

C24—C19—C20—C26 179.61 (14) C18—C13—P1—C7 −94.73 (12) 

C18—C19—C20—C26 2.2 (2)   
 

All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated 
using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the 
estimation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in 
cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

 

Computing details 

Data collection: Collect (Nonius B.V., 1998); cell refinement: DENZO (Nonius B.V., 
1998); data reduction: DENZO (Nonius B.V., 1998); program(s) used to solve structure: 
SHELXS97 (Sheldrick, 1997); program(s) used to refine structure: SHELXL97 (Sheldrick, 
1997); molecular graphics: PLATON 98 (Spek, 1998); software used to prepare material 
for publication: SHELXL97 (Sheldrick, 1997). 

 

 


