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 S2 

 

Crystal data 

C27H38NP 

 

Mr = 407.55 Dx = 1.144 Mg m
−3

 

Monoclinic, P21/c Melting point: ? K 

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

a = 13.2100 (2) Å Cell parameters from 6697 reflections 

b = 10.0050 (2) Å θ = 1.0–30.0° 

c = 18.7160 (3) Å µ = 0.13 mm
−1

 

β = 106.9320 (12)° T = 173 K 

V = 2366.39 (7) Å
3
 Prism, colorless 

Z = 4 0.20 × 0.20 × 0.20 mm 

F(000) = 888 
 

 

Data collection 

KappaCCD  

diffractometer  

5101 reflections with I > 2σ(I) 

Radiation source: fine-focus sealed tube Rint = 0.035 
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graphite  θmax = 30.0°, θmin = 2.3° 

Detector resolution: ? pixels mm
-1

 h = −18 18 

π scans  k = −14 13 

12805 measured reflections l = −26 26 

6902 independent reflections 
 

 

Refinement 

Refinement on F
2
 

Secondary atom site location: difference 

Fourier map 

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

neighbouring sites 

R[F
2
 > 2σ(F

2
)] = 0.050 H-atom parameters constrained  

wR(F
2
) = 0.123 

w = 1/[σ
2
(Fo

2
) + (0.0501P)

2
 + 0.7481P]  

where P = (Fo
2
 + 2Fc

2
)/3 

S = 1.03 (Δ/σ)max = 0.003 

6902 reflections Δρmax = 0.28 e Å
−3

 

262 parameters Δρmin = −0.38 e Å
−3

 

0 restraints Extinction correction: none 

? constraints Extinction coefficient: ? 

Primary atom site location: structure-

invariant direct methods  
 

Refinement of F
2
 against ALL reflections. The weighted R-factor wR and goodness of fit S 

are based on F
2
, conventional R-factors R are based on F, with F set to zero for negative F

2
. 

The threshold expression of F
2
 > 2sigma(F

2
) is used only for calculating R-factors(gt), etc. 

and is not relevant to the choice of reflections for refinement. R-factors based on F
2
 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 (Å
2
)  

 
x y z Uiso*/Ueq  

P 0.75931 (3) 0.21632 (4) 0.136582 (18) 0.02309 (10) 
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N 0.93783 (10) 0.46404 (13) 0.18200 (7) 0.0305 (3) 
 

C1 0.73843 (10) 0.32748 (13) 0.05496 (7) 0.0216 (3) 
 

C2 0.63675 (10) 0.36664 (14) 0.01305 (7) 0.0252 (3) 
 

H2 0.5774 0.3330 0.0263 0.030* 
 

C3 0.62021 (11) 0.45282 (15) −0.04698 (7) 0.0290 (3) 
 

H3 0.5504 0.4783 −0.0742 0.035* 
 

C4 0.70601 (13) 0.50173 (16) −0.06714 (8) 0.0326 (3) 
 

H4 0.6954 0.5619 −0.1079 0.039* 
 

C5 0.80743 (12) 0.46259 (16) −0.02757 (8) 0.0315 (3) 
 

H5 0.8660 0.4953 −0.0421 0.038* 
 

C6 0.82525 (11) 0.37555 (14) 0.03353 (7) 0.0243 (3) 
 

C7 0.93676 (11) 0.33210 (14) 0.07210 (8) 0.0268 (3) 
 

C8 0.99034 (11) 0.37689 (14) 0.14449 (8) 0.0283 (3) 
 

C9 1.09366 (12) 0.33211 (17) 0.17868 (9) 0.0368 (4) 
 

H9 1.1306 0.3620 0.2275 0.044* 
 

C10 1.14181 (13) 0.24525 (18) 0.14198 (11) 0.0424 (4) 
 

H10 1.2117 0.2151 0.1659 0.051* 
 

C11 1.09037 (13) 0.20132 (17) 0.07121 (11) 0.0416 (4) 
 

H11 1.1251 0.1415 0.0466 0.050* 
 

C12 0.98768 (12) 0.24365 (16) 0.03508 (9) 0.0334 (3) 
 

C13 0.93261 (12) 0.18606 (17) −0.04340 (9) 0.0354 (3) 
 

H13A 0.9787 0.1193 −0.0563 0.053* 
 

H13B 0.9186 0.2584 −0.0803 0.053* 
 

H13C 0.8657 0.1440 −0.0433 0.053* 
 

C14 0.92627 (15) 0.60025 (17) 0.15370 (10) 0.0434 (4) 
 

H14A 0.9962 0.6422 0.1645 0.065* 
 

H14B 0.8821 0.6513 0.1779 0.065* 
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H14C 0.8928 0.5991 0.0996 0.065* 
 

C15 0.97877 (14) 0.46505 (19) 0.26340 (9) 0.0436 (4) 
 

H15A 0.9847 0.3730 0.2821 0.065* 
 

H15B 0.9304 0.5154 0.2843 0.065* 
 

H15C 1.0487 0.5074 0.2784 0.065* 
 

C16 0.67368 (10) 0.07300 (14) 0.09052 (7) 0.0240 (3) 
 

H16 0.6042 0.1098 0.0598 0.029* 
 

C17 0.72574 (13) 0.00130 (17) 0.03797 (9) 0.0374 (4) 
 

H17A 0.7303 0.0638 −0.0020 0.045* 
 

H17B 0.7987 −0.0246 0.0663 0.045* 
 

C18 0.66472 (13) −0.12347 (17) 0.00245 (10) 0.0400 (4) 
 

H18A 0.5947 −0.0968 −0.0309 0.048* 
 

H18B 0.7039 −0.1693 −0.0282 0.048* 
 

C19 0.64956 (13) −0.21898 (16) 0.06152 (10) 0.0401 (4) 
 

H19A 0.6077 −0.2972 0.0371 0.048* 
 

H19B 0.7193 −0.2514 0.0925 0.048* 
 

C20 0.59280 (13) −0.14949 (16) 0.11077 (9) 0.0361 (3) 
 

H20A 0.5858 −0.2121 0.1500 0.043* 
 

H20B 0.5208 −0.1239 0.0803 0.043* 
 

C21 0.65260 (12) −0.02444 (16) 0.14752 (8) 0.0336 (3) 
 

H21A 0.6108 0.0215 0.1763 0.040* 
 

H21B 0.7209 −0.0516 0.1830 0.040* 
 

C22 0.67366 (11) 0.29620 (15) 0.18947 (7) 0.0256 (3) 
 

H22 0.5990 0.2660 0.1667 0.031* 
 

C23 0.67538 (12) 0.44958 (15) 0.19024 (8) 0.0297 (3) 
 

H23A 0.7493 0.4809 0.2106 0.036* 
 

H23B 0.6479 0.4832 0.1384 0.036* 
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C24 0.60852 (13) 0.50650 (17) 0.23750 (8) 0.0362 (4) 
 

H24A 0.6144 0.6052 0.2387 0.043* 
 

H24B 0.5333 0.4831 0.2141 0.043* 
 

C25 0.64341 (14) 0.45302 (17) 0.31680 (8) 0.0372 (4) 
 

H25A 0.7153 0.4865 0.3426 0.045* 
 

H25B 0.5948 0.4862 0.3443 0.045* 
 

C26 0.64402 (15) 0.30151 (18) 0.31764 (8) 0.0403 (4) 
 

H26A 0.5706 0.2681 0.2978 0.048* 
 

H26B 0.6725 0.2696 0.3697 0.048* 
 

C27 0.71140 (13) 0.24585 (16) 0.27058 (8) 0.0346 (3) 
 

H27A 0.7082 0.1470 0.2708 0.041* 
 

H27B 0.7860 0.2727 0.2932 0.041* 
 

 

Atomic displacement parameters (Å
2
)  

 
U

11
 U

22
 U

33
 U

12
 U

13
 U

23
 

P 
0.02061 

(17) 

0.02650 

(18) 

0.02172 

(17) 

−0.00037 

(14) 

0.00548 

(12) 

0.00384 

(14) 

N 0.0283 (6) 0.0280 (6) 0.0321 (6) −0.0014 (5) 0.0037 (5) 
−0.0019 

(5) 

C1 0.0230 (6) 0.0224 (6) 0.0193 (6) −0.0009 (5) 0.0062 (5) 
−0.0009 

(5) 

C2 0.0231 (6) 0.0300 (7) 0.0227 (6) −0.0004 (5) 0.0068 (5) 
−0.0016 

(5) 

C3 0.0299 (7) 0.0308 (8) 0.0228 (6) 0.0050 (6) 0.0021 (5) 0.0005 (6) 

C4 0.0411 (9) 0.0297 (8) 0.0250 (7) 0.0009 (6) 0.0066 (6) 0.0062 (6) 

C5 0.0334 (8) 0.0319 (8) 0.0310 (7) −0.0056 (6) 0.0124 (6) 0.0048 (6) 

C6 0.0253 (7) 0.0235 (7) 0.0245 (6) −0.0025 5) 0.0082 (5) 
−0.0010 

(5) 

C7 0.0232 (7) 0.0250 (7) 0.0341 (7) −0.0033 (5) 0.0115 (5) 0.0059 (6) 
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C8 0.0229 (7) 0.0261 (7) 0.0361 (7) −0.0029 (6) 0.0089 (6) 0.0041 (6) 

C9 0.0259 (7) 0.0375 (9) 0.0439 (9) −0.0020 (6) 0.0051 (6) 0.0061 (7) 

C10 0.0263 (8) 0.0390 (9) 0.0622 (11) 0.0040 (7) 0.0133 (7) 0.0113 (8) 

C11 0.0342 (8) 0.0351 (9) 0.0635 (11) 0.0039 (7) 0.0270 (8) 0.0029 (8) 

C12 0.0313 (8) 0.0316 (8) 0.0434 (9) −0.0022 (6) 0.0206 (7) 0.0019 (6) 

C13 0.0345 (8) 0.0413 (9) 0.0367 (8) −0.0025 (7) 0.0199 (7) 
−0.0027 

(7) 

C14 0.0520 (10) 0.0281 (8) 0.0469 (10) 0.0018 (7) 0.0093 (8) 
−0.0020 

(7) 

C15 0.0425 (10) 0.0492 (11) 0.0338 (8) −0.0007 (8) 0.0026 (7) 
−0.0046 

(8) 

C16 0.0218 (6) 0.0255 (7) 0.0245 (6) −0.0008 (5) 0.0066 (5) 0.0030 (5) 

C17 0.0380 (9) 0.0353 (9) 0.0471 (9) −0.0072 (7) 0.0252 (7) 
−0.0082 

(7) 

C18 0.0410 (9) 0.0358 (9) 0.0507 (10) −0.0048 (7) 0.0249 (8) 
−0.0118 

(7) 

C19 0.0338 (8) 0.0249 (8) 0.0594 (10) 0.0029 (6) 0.0101 (7) 0.0002 (7) 

C20 0.0429 (9) 0.0290 (8) 0.0375 (8) −0.0076 (7) 0.0132 (7) 0.0061 (6) 

C21 0.0375 (8) 0.0327 (8) 0.0302 (7) −0.0067 (6) 0.0092 (6) 0.0053 (6) 

C22 0.0259 (7) 0.0304 (7) 0.0213 (6) −0.0032 (6) 0.0081 (5) 0.0002 (5) 

C23 0.0342 (8) 0.0311 (8) 0.0256 (7) 0.0035 (6) 0.0115 (6) 0.0040 (6) 

C24 0.0422 (9) 0.0377 (9) 0.0303 (7) 0.0077 (7) 0.0131 (6) 0.0011 (6) 

C25 0.0478 (10) 0.0397 (9) 0.0285 (7) −0.0011 (7) 0.0181 (7) 
−0.0024 

(7) 

C26 0.0576 (11) 0.0401 (9) 0.0288 (7) −0.0068 (8) 0.0214 (7) 0.0009 (7) 

C27 0.0477 (9) 0.0330 (8) 0.0241 (7) −0.0008 (7) 0.0122 (6) 0.0039 (6) 
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Geometric parameters (Å, °) 

P—C1 1.8442 (13) C15—H15C 0.9800 

P—C16 1.8738 (14) C16—C21 1.5294 (19) 

P—C22 1.8843 (14) C16—C17 1.532 (2) 

N—C8 1.4206 (19) C16—H16 1.0000 

N—C14 1.454 (2) C17—C18 1.529 (2) 

N—C15 1.461 (2) C17—H17A 0.9900 

C1—C2 1.3997 (18) C17—H17B 0.9900 

C1—C6 1.4055 (18) C18—C19 1.518 (2) 

C2—C3 1.3822 (19) C18—H18A 0.9900 

C2—H2 0.9500 C18—H18B 0.9900 

C3—C4 1.384 (2) C19—C20 1.516 (2) 

C3—H3 0.9500 C19—H19A 0.9900 

C4—C5 1.385 (2) C19—H19B 0.9900 

C4—H4 0.9500 C20—C21 1.532 (2) 

C5—C6 1.4017 (19) C20—H20A 0.9900 

C5—H5 0.9500 C20—H20B 0.9900 

C6—C7 1.5036 (19) C21—H21A 0.9900 

C7—C8 1.407 (2) C21—H21B 0.9900 

C7—C12 1.410 (2) C22—C23 1.535 (2) 

C8—C9 1.402 (2) C22—C27 1.5382 (19) 

C9—C10 1.373 (2) C22—H22 1.0000 

C9—H9 0.9500 C23—C24 1.530 (2) 

C10—C11 1.373 (3) C23—H23A 0.9900 

C10—H10 0.9500 C23—H23B 0.9900 

C11—C12 1.394 (2) C24—C25 1.518 (2) 

C11—H11 0.9500 C24—H24A 0.9900 

file:///C:/Users/bsben/AppData/Local/Temp/shelxl%20_geom_bond_distance
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C12—C13 1.548 (2) C24—H24B 0.9900 

C13—H13A 0.9800 C25—C26 1.516 (2) 

C13—H13B 0.9800 C25—H25A 0.9900 

C13—H13C 0.9800 C25—H25B 0.9900 

C14—H14A 0.9800 C26—C27 1.528 (2) 

C14—H14B 0.9800 C26—H26A 0.9900 

C14—H14C 0.9800 C26—H26B 0.9900 

C15—H15A 0.9800 C27—H27A 0.9900 

C15—H15B 0.9800 C27—H27B 0.9900 

C1—P—C16 98.96 (6) C18—C17—C16 112.52 (12) 

C1—P—C22 102.21 (6) C18—C17—H17A 109.1 

C16—P—C22 101.06 (6) C16—C17—H17A 109.1 

C8—N—C14 114.19 (13) C18—C17—H17B 109.1 

C8—N—C15 115.72 (13) C16—C17—H17B 109.1 

C14—N—C15 109.95 (13) H17A—C17—H17B 107.8 

C2—C1—C6 118.29 (12) C19—C18—C17 111.21 (14) 

C2—C1—P 121.37 (10) C19—C18—H18A 109.4 

C6—C1—P 120.34 (10) C17—C18—H18A 109.4 

C3—C2—C1 121.92 (13) C19—C18—H18B 109.4 

C3—C2—H2 119.0 C17—C18—H18B 109.4 

C1—C2—H2 119.0 H18A—C18—H18B 108.0 

C2—C3—C4 119.61 (13) C20—C19—C18 110.35 (13) 

C2—C3—H3 120.2 C20—C19—H19A 109.6 

C4—C3—H3 120.2 C18—C19—H19A 109.6 

C3—C4—C5 119.71 (13) C20—C19—H19B 109.6 

C3—C4—H4 120.1 C18—C19—H19B 109.6 

C5—C4—H4 120.1 H19A—C19—H19B 108.1 
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C4—C5—C6 121.21 (13) C19—C20—C21 111.47 (13) 

C4—C5—H5 119.4 C19—C20—H20A 109.3 

C6—C5—H5 119.4 C21—C20—H20A 109.3 

C5—C6—C1 119.23 (12) C19—C20—H20B 109.3 

C5—C6—C7 118.65 (12) C21—C20—H20B 109.3 

C1—C6—C7 122.07 (12) H20A—C20—H20B 108.0 

C8—C7—C12 119.68 (13) C16—C21—C20 112.47 (12) 

C8—C7—C6 121.20 (13) C16—C21—H21A 109.1 

C12—C7—C6 119.12 (13) C20—C21—H21A 109.1 

C9—C8—C7 119.19 (14) C16—C21—H21B 109.1 

C9—C8—N 121.42 (13) C20—C21—H21B 109.1 

C7—C8—N 119.37 (12) H21A—C21—H21B 107.8 

C10—C9—C8 120.35 (15) C23—C22—C27 108.58 (12) 

C10—C9—H9 119.8 C23—C22—P 114.80 (9) 

C8—C9—H9 119.8 C27—C22—P 107.94 (10) 

C11—C10—C9 120.92 (15) C23—C22—H22 108.5 

C11—C10—H10 119.5 C27—C22—H22 108.5 

C9—C10—H10 119.5 P—C22—H22 108.5 

C10—C11—C12 120.60 (15) C24—C23—C22 111.59 (12) 

C10—C11—H11 119.7 C24—C23—H23A 109.3 

C12—C11—H11 119.7 C22—C23—H23A 109.3 

C11—C12—C7 119.26 (15) C24—C23—H23B 109.3 

C11—C12—C13 117.98 (14) C22—C23—H23B 109.3 

C7—C12—C13 122.71 (14) H23A—C23—H23B 108.0 

C12—C13—H13A 109.5 C25—C24—C23 111.85 (13) 

C12—C13—H13B 109.5 C25—C24—H24A 109.2 

H13A—C13—H13B 109.5 C23—C24—H24A 109.2 
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C12—C13—H13C 109.5 C25—C24—H24B 109.2 

H13A—C13—H13C 109.5 C23—C24—H24B 109.2 

H13B—C13—H13C 109.5 H24A—C24—H24B 107.9 

N—C14—H14A 109.5 C26—C25—C24 111.22 (13) 

N—C14—H14B 109.5 C26—C25—H25A 109.4 

H14A—C14—H14B 109.5 C24—C25—H25A 109.4 

N—C14—H14C 109.5 C26—C25—H25B 109.4 

H14A—C14—H14C 109.5 C24—C25—H25B 109.4 

H14B—C14—H14C 109.5 H25A—C25—H25B 108.0 

N—C15—H15A 109.5 C25—C26—C27 111.14 (13) 

N—C15—H15B 109.5 C25—C26—H26A 109.4 

H15A—C15—H15B 109.5 C27—C26—H26A 109.4 

N—C15—H15C 109.5 C25—C26—H26B 109.4 

H15A—C15—H15C 109.5 C27—C26—H26B 109.4 

H15B—C15—H15C 109.5 H26A—C26—H26B 108.0 

C21—C16—C17 110.87 (12) C26—C27—C22 111.95 (13) 

C21—C16—P 112.02 (9) C26—C27—H27A 109.2 

C17—C16—P 109.26 (9) C22—C27—H27A 109.2 

C21—C16—H16 108.2 C26—C27—H27B 109.2 

C17—C16—H16 108.2 C22—C27—H27B 109.2 

P—C16—H16 108.2 H27A—C27—H27B 107.9 

C16—P—C1—C2 55.56 (12) C10—C11—C12—C7 −0.2 (2) 

C22—P—C1—C2 −47.90 (12) C10—C11—C12—C13 −177.65 (15) 

C16—P—C1—C6 −124.70 (11) C8—C7—C12—C11 0.4 (2) 

C22—P—C1—C6 131.84 (11) C6—C7—C12—C11 −178.87 (13) 

C6—C1—C2—C3 −1.6 (2) C8—C7—C12—C13 177.77 (13) 

P—C1—C2—C3 178.19 (11) C6—C7—C12—C13 −1.5 () 
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C1—C2—C3—C4 0.5 (2) C1—P—C16—C21 −166.41 (10) 

C2—C3—C4—C5 0.8 (2) C22—P—C16—C21 −62.00 (11) 

C3—C4—C5—C6 −1.0 (2) C1—P—C16—C17 70.33 (11) 

C4—C5—C6—C1 −0.1 (2) C22—P—C16—C17 174.75 (10) 

C4—C5—C6—C7 177.37 (14) C21—C16—C17—C18 51.83 (18) 

C2—C1—C6—C5 1.3 (2) P—C16—C17—C18 175.77 (11) 

P—C1—C6—C5 −178.40 (11) C16—C17—C18—C19 −55.29 (18) 

C2—C1—C6—C7 −176.05 (12) C17—C18—C19—C20 57.22 (18) 

P—C1—C6—C7 4.20 (18) C18—C19—C20—C21 −57.05 (17) 

C5—C6—C7—C8 110.05 (15) C17—C16—C21—C20 −51.50 (17) 

C1—C6—C7—C8 −72.54 (18) P—C16—C21—C20 −173.84 (11) 

C5—C6—C7—C12 −70.70 (18) C19—C20—C21—C16 54.89 (17) 

C1—C6—C7—C12 106.71 (16) C1—P—C22—C23 −39.39 (11) 

C12—C7—C8—C9 −0.2 (2) C16—P—C22—C23 −141.20 (10) 

C6—C7—C8—C9 179.02 (13) C1—P—C22—C27 −160.61 (10) 

C12—C7—C8—N −178.82 (13) C16—P—C22—C27 97.57 (10) 

C6—C7—C8—N 0.4 (2) C27—C22—C23—C24 −56.21 (16) 

C14—N—C8—C9 107.75 (16) P—C22—C23—C24 −177.08 (10) 

C15—N—C8—C9 −21.4 (2) C22—C23—C24—C25 56.14 (18) 

C14—N—C8—C7 −73.69 (17) C23—C24—C25—C26 −54.46 (19) 

C15—N—C8—C7 157.15 (14) C24—C25—C26—C27 54.59 (19) 

C7—C8—C9—C10 −0.2 (2) C25—C26—C27—C22 −56.95 (18) 

N—C8—C9—C10 178.38 (14) C23—C22—C27—C26 56.96 (16) 

C8—C9—C10—C11 0.4 (3) P—C22—C27—C26 −178.02 (11) 

C9—C10—C11—C12 −0.3 (3) 
  

 

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 
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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). 
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