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(1RS,2SR,7RS,8RS)-N-Benzoyltricyclo[6.2.2.02,7]dodeca-9,11-diene-1,10-

dicarboximide

Nigel McSweeney, Albert C. Pratt, Conor Long and R. Alan Howie

(1RS,2SR,7RS,8RS)-N-Benzoyltricyclo[6.2.2.02,7]dodeca-9,11-diene-1,10- dicarboximide 

Crystal data 

C21H19NO3

Mr = 333.37
Monoclinic, P21/c
Hall symbol: -P 2ybc
a = 8.111 (3) Å
b = 12.999 (7) Å
c = 16.256 (5) Å
β = 100.76 (3)°
V = 1683.8 (12) Å3

Z = 4

F(000) = 704
Dx = 1.315 Mg m−3

Melting point = 411–413 K
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 14 reflections
θ = 11.0–13.0°
µ = 0.09 mm−1

T = 298 K
Block, colourless
0.60 × 0.40 × 0.26 mm

Data collection 

Nicolet P3 four-circle 
diffractometer

Radiation source: normal-focus sealed tube
Graphite monochromator
θ–2θ scans
3882 measured reflections
3882 independent reflections
1880 reflections with I > 2σ(I)

Rint = 0.000
θmax = 30.1°, θmin = 2.0°
h = 0→11
k = 0→18
l = −22→22
2 standard reflections every 50 reflections
intensity decay: none

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.088
wR(F2) = 0.192
S = 1.03
3882 reflections
226 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0735P)2] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.32 e Å−3

Δρmin = −0.23 e Å−3
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Special details 

Experimental. Scan rates, dependent on prescan intensity (Ip), were in the range 58.6 (Ip>2500) to 5.33 (Ip<150) degrees 
2-theta per min. Scan widths, dependent on 2-theta, were in the range 2.4 to 2.7 degrees 2-theta. Stationary crystal, 
stationary counter background counts were taken on either side of the peak each for 25% of the total (peak plus 
background) count time.
Geometry. 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.
Least-squares planes (x,y,z in crystal coordinates) and deviations from them (* indicates atom used to define plane)
- 7.2306 (0.0071) x + 5.8226 (0.0186) y + 1.6136 (0.0260) z = 1.6557 (0.0174)
* -0.0185 (0.0020) C1 * 0.0197 (0.0020) C10 * 0.0112 (0.0020) C13 * -0.0131 (0.0019) C14 * 0.0007 (0.0020) N1 
0.0528 (0.0052) O1 - 0.0531 (0.0047) O2 - 1.1343 (0.0056) O3 - 0.1943 (0.0055) C15
Rms deviation of fitted atoms = 0.0143
- 0.6803 (0.0143) x + 10.2618 (0.0152) y - 9.4566 (0.0246) z = 2.4682 (0.0136)
Angle to previous plane (with approximate e.s.d.) = 61.97 (0.15)
* -0.0002 (0.0026) C16 * -0.0003 (0.0028) C17 * 0.0002 (0.0031) C18 * 0.0005 (0.0032) C19 * -0.0010 (0.0032) C20 * 
0.0009 (0.0029) C21 - 0.0135 (0.0068) N1 0.1449 (0.0070) O3 0.0297 (0.0059) C15
Rms deviation of fitted atoms = 0.0006
Refinement. 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 > σ(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

N1 0.3644 (3) 0.6274 (2) 0.39508 (16) 0.0392 (7)
O1 0.4530 (3) 0.7657 (2) 0.32558 (15) 0.0603 (8)
O2 0.3050 (3) 0.51618 (19) 0.49727 (15) 0.0500 (7)
O3 0.4287 (3) 0.5436 (2) 0.28269 (16) 0.0619 (8)
C1 0.4954 (4) 0.7640 (3) 0.47789 (19) 0.0373 (8)
C2 0.6906 (4) 0.7617 (3) 0.5097 (2) 0.0414 (8)
H2 0.7172 0.6884 0.5171 0.050*
C3 0.8167 (5) 0.8014 (4) 0.4613 (2) 0.0713 (13)
H3A 0.8087 0.8757 0.4567 0.086*
H3B 0.7957 0.7725 0.4053 0.086*
C4 0.9903 (5) 0.7707 (4) 0.5070 (3) 0.0714 (13)
H4A 1.0038 0.6972 0.5005 0.086*
H4B 1.0731 0.8049 0.4807 0.086*
C5 1.0262 (5) 0.7962 (4) 0.5997 (3) 0.0722 (13)
H5A 1.0452 0.8696 0.6063 0.087*
H5B 1.1286 0.7615 0.6257 0.087*
C6 0.8865 (5) 0.7655 (4) 0.6452 (2) 0.0690 (13)
H6A 0.8822 0.6912 0.6498 0.083*
H6B 0.9075 0.7943 0.7012 0.083*
C7 0.7247 (4) 0.8045 (3) 0.5978 (2) 0.0476 (9)
H7 0.7447 0.8779 0.5904 0.057*
C8 0.5568 (4) 0.8011 (3) 0.6343 (2) 0.0489 (10)
H8 0.5752 0.8166 0.6944 0.059*
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C9 0.4719 (4) 0.6989 (3) 0.6132 (2) 0.0442 (9)
H9 0.4473 0.6528 0.6530 0.053*
C10 0.4362 (4) 0.6823 (3) 0.5311 (2) 0.0375 (8)
C11 0.4270 (4) 0.8654 (3) 0.4999 (2) 0.0481 (9)
H11 0.3711 0.9111 0.4602 0.058*
C12 0.4543 (4) 0.8834 (3) 0.5814 (2) 0.0523 (10)
H12 0.4139 0.9416 0.6044 0.063*
C13 0.4398 (4) 0.7243 (3) 0.3902 (2) 0.0423 (8)
C14 0.3603 (4) 0.5969 (3) 0.4789 (2) 0.0387 (8)
C15 0.3223 (4) 0.5619 (3) 0.3224 (2) 0.0428 (9)
C16 0.1475 (4) 0.5261 (3) 0.2993 (2) 0.0418 (8)
C17 0.0221 (4) 0.5567 (3) 0.3415 (2) 0.0548 (11)
H17 0.0475 0.6006 0.3873 0.066*
C18 −0.1412 (5) 0.5220 (4) 0.3155 (3) 0.0674 (12)
H18 −0.2250 0.5426 0.3440 0.081*
C19 −0.1789 (5) 0.4577 (4) 0.2485 (3) 0.0709 (13)
H19 −0.2884 0.4346 0.2311 0.085*
C20 −0.0557 (6) 0.4274 (4) 0.2069 (3) 0.0730 (13)
H20 −0.0822 0.3833 0.1612 0.088*
C21 0.1079 (5) 0.4610 (3) 0.2314 (2) 0.0594 (11)
H21 0.1905 0.4399 0.2024 0.071*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

N1 0.0374 (15) 0.0425 (17) 0.0380 (16) −0.0070 (14) 0.0082 (12) −0.0007 (14)
O1 0.0765 (19) 0.0623 (18) 0.0420 (15) −0.0096 (15) 0.0103 (13) 0.0145 (14)
O2 0.0512 (15) 0.0449 (15) 0.0555 (16) −0.0120 (13) 0.0138 (12) 0.0067 (13)
O3 0.0498 (16) 0.084 (2) 0.0578 (17) −0.0057 (14) 0.0247 (13) −0.0184 (15)
C1 0.0352 (18) 0.042 (2) 0.0345 (18) −0.0005 (16) 0.0055 (14) 0.0031 (16)
C2 0.0350 (18) 0.048 (2) 0.043 (2) −0.0049 (16) 0.0131 (15) −0.0030 (17)
C3 0.055 (3) 0.114 (4) 0.050 (2) −0.020 (3) 0.022 (2) −0.007 (2)
C4 0.043 (2) 0.102 (4) 0.075 (3) −0.012 (2) 0.026 (2) −0.016 (3)
C5 0.038 (2) 0.103 (4) 0.076 (3) −0.004 (2) 0.011 (2) −0.013 (3)
C6 0.054 (3) 0.104 (4) 0.047 (2) 0.002 (3) 0.0052 (19) −0.015 (2)
C7 0.0389 (19) 0.063 (3) 0.043 (2) −0.0021 (18) 0.0137 (16) −0.0008 (19)
C8 0.048 (2) 0.060 (3) 0.042 (2) −0.0055 (19) 0.0191 (17) −0.0104 (19)
C9 0.042 (2) 0.053 (2) 0.041 (2) −0.0024 (17) 0.0180 (16) 0.0046 (18)
C10 0.0336 (17) 0.041 (2) 0.0398 (19) −0.0024 (16) 0.0119 (14) 0.0032 (17)
C11 0.039 (2) 0.043 (2) 0.062 (3) 0.0039 (17) 0.0101 (17) 0.007 (2)
C12 0.045 (2) 0.050 (2) 0.068 (3) 0.0012 (19) 0.0238 (19) −0.011 (2)
C13 0.0377 (19) 0.049 (2) 0.041 (2) 0.0005 (17) 0.0084 (15) 0.0081 (18)
C14 0.0303 (17) 0.040 (2) 0.048 (2) −0.0008 (16) 0.0134 (15) 0.0039 (17)
C15 0.044 (2) 0.047 (2) 0.039 (2) −0.0005 (17) 0.0102 (17) 0.0019 (17)
C16 0.0396 (19) 0.051 (2) 0.0351 (19) −0.0026 (17) 0.0070 (15) 0.0000 (17)
C17 0.043 (2) 0.072 (3) 0.049 (2) −0.003 (2) 0.0085 (17) −0.014 (2)
C18 0.039 (2) 0.100 (4) 0.065 (3) −0.011 (2) 0.0138 (19) −0.008 (3)
C19 0.050 (2) 0.099 (4) 0.060 (3) −0.030 (3) 0.001 (2) −0.001 (3)
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C20 0.075 (3) 0.088 (4) 0.051 (3) −0.023 (3) −0.001 (2) −0.016 (2)
C21 0.064 (3) 0.068 (3) 0.047 (2) −0.015 (2) 0.0128 (19) −0.009 (2)

Geometric parameters (Å, º) 

N1—C13 1.408 (4) C6—H6B 0.9700
N1—C14 1.425 (4) C7—C8 1.584 (5)
N1—C15 1.444 (4) C7—H7 0.9800
O1—C13 1.203 (4) C8—C9 1.506 (5)
O2—C14 1.200 (4) C8—C12 1.519 (5)
O3—C15 1.194 (4) C8—H8 0.9800
C1—C11 1.500 (5) C9—C10 1.330 (4)
C1—C13 1.504 (5) C9—H9 0.9300
C1—C10 1.504 (4) C10—C14 1.462 (5)
C1—C2 1.571 (4) C11—C12 1.323 (5)
C2—C3 1.493 (5) C11—H11 0.9300
C2—C7 1.514 (5) C12—H12 0.9300
C2—H2 0.9800 C15—C16 1.473 (5)
C3—C4 1.518 (6) C16—C21 1.380 (5)
C3—H3A 0.9700 C16—C17 1.387 (5)
C3—H3B 0.9700 C17—C18 1.389 (5)
C4—C5 1.516 (6) C17—H17 0.9300
C4—H4A 0.9700 C18—C19 1.361 (6)
C4—H4B 0.9700 C18—H18 0.9300
C5—C6 1.518 (6) C19—C20 1.366 (6)
C5—H5A 0.9700 C19—H19 0.9300
C5—H5B 0.9700 C20—C21 1.383 (5)
C6—C7 1.481 (5) C20—H20 0.9300
C6—H6A 0.9700 C21—H21 0.9300

C13—N1—C14 113.0 (3) C9—C8—C12 108.3 (3)
C13—N1—C15 121.3 (3) C9—C8—C7 109.1 (3)
C14—N1—C15 125.0 (3) C12—C8—C7 100.8 (3)
C11—C1—C13 118.0 (3) C9—C8—H8 112.7
C11—C1—C10 108.2 (3) C12—C8—H8 112.7
C13—C1—C10 103.4 (3) C7—C8—H8 112.7
C11—C1—C2 109.4 (3) C10—C9—C8 112.1 (3)
C13—C1—C2 114.3 (3) C10—C9—H9 123.9
C10—C1—C2 102.0 (3) C8—C9—H9 123.9
C3—C2—C7 110.4 (3) C9—C10—C14 134.1 (3)
C3—C2—C1 124.6 (3) C9—C10—C1 115.4 (3)
C7—C2—C1 107.4 (3) C14—C10—C1 110.3 (3)
C3—C2—H2 104.1 C12—C11—C1 113.2 (3)
C7—C2—H2 104.1 C12—C11—H11 123.4
C1—C2—H2 104.1 C1—C11—H11 123.4
C2—C3—C4 108.4 (3) C11—C12—C8 114.5 (3)
C2—C3—H3A 110.0 C11—C12—H12 122.8
C4—C3—H3A 110.0 C8—C12—H12 122.8
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C2—C3—H3B 110.0 O1—C13—N1 124.0 (3)
C4—C3—H3B 110.0 O1—C13—C1 127.9 (3)
H3A—C3—H3B 108.4 N1—C13—C1 108.1 (3)
C5—C4—C3 114.7 (3) O2—C14—N1 123.9 (3)
C5—C4—H4A 108.6 O2—C14—C10 130.9 (3)
C3—C4—H4A 108.6 N1—C14—C10 105.1 (3)
C5—C4—H4B 108.6 O3—C15—N1 118.4 (3)
C3—C4—H4B 108.6 O3—C15—C16 123.8 (3)
H4A—C4—H4B 107.6 N1—C15—C16 117.7 (3)
C4—C5—C6 113.8 (3) C21—C16—C17 119.3 (3)
C4—C5—H5A 108.8 C21—C16—C15 117.9 (3)
C6—C5—H5A 108.8 C17—C16—C15 122.8 (3)
C4—C5—H5B 108.8 C16—C17—C18 120.1 (4)
C6—C5—H5B 108.8 C16—C17—H17 119.9
H5A—C5—H5B 107.7 C18—C17—H17 119.9
C7—C6—C5 109.1 (4) C19—C18—C17 120.2 (4)
C7—C6—H6A 109.9 C19—C18—H18 119.9
C5—C6—H6A 109.9 C17—C18—H18 119.9
C7—C6—H6B 109.9 C18—C19—C20 119.8 (4)
C5—C6—H6B 109.9 C18—C19—H19 120.1
H6A—C6—H6B 108.3 C20—C19—H19 120.1
C6—C7—C2 110.8 (3) C19—C20—C21 121.1 (4)
C6—C7—C8 122.4 (3) C19—C20—H20 119.4
C2—C7—C8 109.0 (3) C21—C20—H20 119.4
C6—C7—H7 104.3 C16—C21—C20 119.5 (4)
C2—C7—H7 104.3 C16—C21—H21 120.3
C8—C7—H7 104.3 C20—C21—H21 120.3

C11—C1—C2—C3 −86.5 (4) C7—C8—C12—C11 59.5 (4)
C13—C1—C2—C3 48.3 (5) C14—N1—C13—O1 −178.3 (3)
C10—C1—C2—C3 159.1 (4) C15—N1—C13—O1 10.9 (5)
C11—C1—C2—C7 44.9 (4) C14—N1—C13—C1 0.9 (4)
C13—C1—C2—C7 179.7 (3) C15—N1—C13—C1 −169.8 (3)
C10—C1—C2—C7 −69.5 (3) C11—C1—C13—O1 57.3 (5)
C7—C2—C3—C4 58.4 (5) C10—C1—C13—O1 176.6 (4)
C1—C2—C3—C4 −171.5 (3) C2—C1—C13—O1 −73.4 (5)
C2—C3—C4—C5 −49.9 (5) C11—C1—C13—N1 −121.9 (3)
C3—C4—C5—C6 46.7 (6) C10—C1—C13—N1 −2.6 (3)
C4—C5—C6—C7 −49.5 (5) C2—C1—C13—N1 107.4 (3)
C5—C6—C7—C2 58.7 (5) C13—N1—C14—O2 −178.3 (3)
C5—C6—C7—C8 −170.5 (4) C15—N1—C14—O2 −7.9 (5)
C3—C2—C7—C6 −65.8 (4) C13—N1—C14—C10 1.3 (3)
C1—C2—C7—C6 155.5 (3) C15—N1—C14—C10 171.6 (3)
C3—C2—C7—C8 156.7 (3) C9—C10—C14—O2 1.5 (6)
C1—C2—C7—C8 18.0 (4) C1—C10—C14—O2 176.6 (3)
C6—C7—C8—C9 −87.4 (4) C9—C10—C14—N1 −178.0 (4)
C2—C7—C8—C9 44.1 (4) C1—C10—C14—N1 −2.9 (3)
C6—C7—C8—C12 158.8 (4) C13—N1—C15—O3 51.8 (5)
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C2—C7—C8—C12 −69.7 (4) C14—N1—C15—O3 −117.8 (4)
C12—C8—C9—C10 50.0 (4) C13—N1—C15—C16 −125.1 (3)
C7—C8—C9—C10 −58.8 (4) C14—N1—C15—C16 65.3 (4)
C8—C9—C10—C14 178.1 (3) O3—C15—C16—C21 5.2 (6)
C8—C9—C10—C1 3.3 (4) N1—C15—C16—C21 −178.1 (3)
C11—C1—C10—C9 −54.7 (4) O3—C15—C16—C17 −173.4 (4)
C13—C1—C10—C9 179.5 (3) N1—C15—C16—C17 3.3 (5)
C2—C1—C10—C9 60.6 (4) C21—C16—C17—C18 0.0 (6)
C11—C1—C10—C14 129.2 (3) C15—C16—C17—C18 178.6 (4)
C13—C1—C10—C14 3.4 (3) C16—C17—C18—C19 0.0 (7)
C2—C1—C10—C14 −115.4 (3) C17—C18—C19—C20 0.1 (7)
C13—C1—C11—C12 166.6 (3) C18—C19—C20—C21 −0.2 (7)
C10—C1—C11—C12 49.9 (4) C17—C16—C21—C20 −0.1 (6)
C2—C1—C11—C12 −60.5 (4) C15—C16—C21—C20 −178.8 (4)
C1—C11—C12—C8 3.4 (4) C19—C20—C21—C16 0.2 (7)
C9—C8—C12—C11 −54.9 (4)


