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The title compound {systematic name: 2,2’ 2" 2"-[3,7,11,15-
tetraaza-1(1,4),5(1,3),9(1,4),13(1,3)-tetrabenzenacyclohexa-
decaphane-3,7,11,15-tetrayltetramethylene]tetrabenzonitrile},
Co4HsNg, is a centrosymmetric macrocycle that is consoli-
dated into the crystal structure by C—H- - -7 interactions.

Related literature

For synthesis, see: Chen & Martell (1991). For related litera-
ture, see: Vigato & Tamburini (2004). For related structures,
see: Chen & Martell (1991); Comba et al. (2001).
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Experimental

Crystal data

CeaHssNg y = 8340 (2)° .
M, =937.17 V =1295.0 (14) A?
Triclinic, P1 Z=1

Mo Ko radiation

u =007 mm™"
T=293(2)K

0.21 x 0.19 x 0.17 mm

a=9084 (5) A
b =10.999 (8) A
c=14.160 (8) A
o =7326 (2

B =73.012 (19)°

Data collection

Rigaku R-AXIS RAPID
diffractometer

Absorption correction: multi-scan
(ABSCOR; Higashi, 1995)
Tomin = 0.975, Tiyax = 0.983

12846 measured reflections
5868 independent reflections
2846 reflections with 7 > 20(1)
Rin = 0.045

Refinement

R[F? > 20(F%)] = 0.073
wR(F?) = 0.188

S =104

5868 reflections

325 parameters

H-atom parameters constrained
APmax =029 ¢ A3

APmin = =020 e A™?

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl and Cg2 are the centroids of the C3—C8 and C26-C31 rings, respectively.

D—H---A D—H H---A D---A D—H---A
C30—H30- - -Cgl! 0.93 2.60 3451 (4) 152
C2—H24- - -Cg2" 0.97 297 3.937 (4) 177

Symmetry codes: (i) —x, —y, —z +2; (i) x,y + 1, z.

Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine-
ment: PROCESS-AUTO; data reduction: PROCESS-AUTO;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: SHELXTL-Plus (Sheldrick, 2008); software used
to prepare material for publication: SHELXL97.

We thank the Program for New Century Excellent Talents
in Chinese Universities (grant No. NCET-05-0320) and the
Analysis and Testing Foundation of Northeast Normal
University for support.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: TK2307).
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1,8,16,23-Tetrakis(2-cyanobenzyl)bis-p-xylylbis-m-xylyldiamine

H.-Y. Bai, H. Wu and J.-F. Ma

Comment

Macrocyclic compounds and their derivatives have attracted much attention recently owing to their applications in bio-
chemistry, materials science, catalysis, encapsulation, activation, transport and separation phenomena, hydrometallurgy, efc.
(Vigato & Tamburini, 2004). As an extension of our research on the macrocyclic derivatives, compound (I) was synthesized

and its crystal structure determined, Fig. 1.

Bond lengths and bond angles found for (I) are within normal ranges for related crystal structures (Comba et al., 2001).
The crystal structure is stabilized by C—H--n packing interactions, Table 1 and Figs 2 & 3; Cgl and Cg2 are the centroids
of the C3—C8 and C26—C31 rings, respectively.

Experimental

All chemicals were obtained from commercial sources and used without further purification except for bis-p-xylyl-bis-m-
xylyldiamine which was synthesized according to the literature method (Chen & Martell, 1991). A mixture of bis-p-xy-
lyl-bis-m-xylyldiamine (0.472 g, 1 mmol) and K»>COj3 (1.00 g) in acetonitrile (30 ml) was stirred for 4 h. 2-Cyanobenzyl
chloride (1 mmol) was then added and the solution refluxed for 20 h. After completion of the reaction, the reaction mixture
was filtered and the filtrate was evaporated under vacuum. Colorless crystals suitable for X-ray diffraction were obtained

by slow evaporation of an acetone solution of (I) after several days at room temperature.

Refinement

H atoms were treated as riding with C—H = 0.93 - 0.97 A (CH), and with Ujs, = 1.2 Ueq(O).

Figures

Fig. 1. Molecular structure of (I). Displacement ellipsoids are drawn at the 30% probability
level and H atoms are omitted for clarity. The unlablled atoms are related by -x+1, -y+1, -z+1.
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Fig. 2. The C—H--'x interactions in (I).

Fig. 3. A view down the b-axis of the unit cell contents for (I).

2,2',2",2"".[3,7,11,15-tetraaza-1(1,4),5(1,3),9(1,4),13(1,3)- tetrabenzenacyclohexadecaphane-3,7,11,15-
tetrayltetramethyleneltetrabenzonitrile

Crystal data

CeaHs6Ng V'=1295.0 (14) A*
M, =937.17 Z=1

Triclinic, P1 Fooo =496

Hall symbol: -P 1 Dy=1202Mgm™>
a=9.084(5) A ;42 (Ifglrgg;agon
b=10.999 (8) A p=0.07 mm '
c=14.160 (8) A T=293(2) K
a=73.26 (2)° Block, colorless
B=73.012 (19) 0.21 x 0.19 x 0.17 mm
y=183.40 (2)°

Data collection

ngaku R-AXIS RAPID 5868 independent reflections
diffractometer

Radiation source: fine-focus sealed tube 2846 reflections with /> 2o(/)
Monochromator: graphite Rins = 0.045

Detector resolution: 10.0 pixels mm™! Omax = 27.5°

T=293(2)K Omin = 3.0°

® scans h=-10—11

Absorption correction: multi-scan k= —14—14

(ABSCOR; Higashi, 1995)
Tinin = 0.975, Tinax = 0.983 [=-17—18

12846 measured reflections
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Refinement

Refinement on F~ Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

R[F2 > 20(F2)] =0.073 H-atom parameters constrained

w = 1/[62(Fy2) + (0.072P)% + 0.2406P]
where P = (F,> + 2F.2)/3
§=1.04 (A/6)max < 0.001

5868 reflections ApPmax =0.29 ¢ A3
ApPmin=-020¢ A

WR(F%)=0.188

325 parameters

Primary atom site location: structure-invariant direct

Extinction correction: none
methods

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Ls. planes) are estimated using the full covariance mat-
rix. 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 1.s. planes.

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F* 2, convention-
al R-factors R are based on F, with £ set to zero for negative F?. The threshold expression of F> cs(Fz) 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 (ffz )

X y z Uiso*/Ueq
Cl 0.2541 (3) 0.7033 (3) 0.7026 (2) 0.0587 (7)
H1A 0.3350 0.6744 0.7368 0.070*
H1B 0.1856 0.7611 0.7371 0.070*
2 0.1184 (3) 0.5227 (3) 0.8221 (2) 0.0580 (7)
H2A 0.0346 0.4692 0.8316 0.070*
H2B 0.0791 0.5823 0.8632 0.070*
c3 0.2436 (3) 0.4416 (2) 0.85999 (19) 0.0514 (7)
c4 0.2980 (4) 0.4604 (3) 0.9363 (2) 0.0685 (8)
H4 0.2593 0.5290 0.9633 0.082*
cs 0.4080 (4) 0.3798 (3) 0.9728 (3) 0.0793 (10)
H5 0.4430 0.3942 1.0240 0.095*
c6 0.4666 (3) 0.2779 (3) 0.9339 (2) 0.0648 (8)
Hé 0.5409 0.2236 0.9592 0.078*
c7 0.4163 (3) 0.2554 (3) 0.85783 (19) 0.0499 (6)
cs 0.3047 (3) 0.3377 (2) 0.82186 (19) 0.0495 (6)
H8 0.2697 0.3230 0.7707 0.059*
9 0.4840 (3) 0.1459 (3) 0.8133 (2) 0.0548 (7)
HOA 0.5684 0.1758 0.7528 0.066*
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H9B
C10
H10A
H10B
Cl11
Cl12
H12
Cl13
H13
Cl14
Cl15
H15
Cl6
H16
C17
H17A
H17B
CI18
C19
H19
C20
H20
C21
H21
C22
H22
C23
C24
C25
H25A
H25B
C26
C27
H27
C28
H28
C29
H29
C30
H30
C31
C32
N1
N2
N3
N4

0.5259
0.5508 (3)
0.4759
0.6264
0.4700 (3)
0.3422 (3)
0.3026
0.2726 (3)
0.1867
0.3260 (3)
0.4526 (3)
0.4907
0.5235 (3)
0.6089
0.0341 (3)
0.0640
-0.0426
~0.0369 (3)
0.0540 (4)
0.1600
~0.0083 (4)
0.0554
~0.1693 (5)
-0.2118
~0.2617 (4)
~0.3679
~0.1967 (3)
~0.2924 (4)
0.2686 (3)
0.2388
0.3237
0.1259 (3)
0.0631 (3)
0.1111
~0.0698 (3)
~0.1100
~0.1422 (3)
-0.2307
~0.0843 (3)
~0.1338
0.0486 (3)
0.1041 (3)
0.3723 (2)
0.1680 (2)
0.1478 (4)
~0.3737 (4)

0.0820
0.9901 (2)
1.0474
1.0412
0.9112 (2)
0.9611 (3)
1.0412
0.8938 (3)
0.9299
0.7751 (3)
0.7244 (3)
0.6437
0.7914 (3)
0.7551
0.6353 (3)
0.6999
0.6735
0.5274 (3)
0.4340 (3)
0.4334
0.3423 (3)
0.2816
0.3400 (3)
0.2776
0.4274 (3)
0.4252
0.5224 (3)
0.6135 (3)
0.0107 (3)
0.0577
~0.0663
~0.0250 (2)
0.0487 (3)
0.1227
0.0151 (3)
0.0662
~0.0942 (3)
~0.1176
~0.1679 (3)
—0.2411
~0.1339 (2)
~0.2134 (3)
0.08726 (19)
0.5945 (2)
~0.2784 (3)
0.6894 (4)

0.8628
0.2845 (2)
0.2558
0.2901
0.39063 (19)
0.4501 (2)
0.4231
0.5488 (2)
0.5871
0.5925 (2)
0.5325 (2)
0.5592
0.4334 (2)
0.3949
0.6741 (2)
0.6095
0.7220
0.6582 (2)
0.6196 (2)
0.6088
0.5969 (2)
0.5691
0.6158 (3)
0.6002
0.6561 (3)
0.6690
0.6789 (2)
0.7200 (3)
0.8774 (2)
0.9289
0.9042
0.8603 (2)
0.7840 (2)
0.7409
0.7699 (3)
0.7178
0.8331 (3)
0.8232
0.9101 (2)
0.9534
0.9241 (2)
1.0065 (3)
0.78530 (15)
0.71309 (16)
1.0735 (3)
0.7527 (3)

0.066*
0.0554 (7)
0.066*
0.066*
0.0497 (6)
0.0602 (7)
0.072*
0.0600 (8)
0.072*
0.0502 (6)
0.0584 (7)
0.070*
0.0570 (7)
0.068*
0.0650 (8)
0.078*
0.078*
0.0600 (7)
0.0643 (8)
0.077*
0.0792 (10)
0.095*
0.0818 (10)
0.098*
0.0772 (9)
0.093*
0.0632 (8)
0.0710 (9)
0.0560 (7)
0.067*
0.067*
0.0504 (6)
0.0677 (8)
0.081*
0.0784 (10)
0.094*
0.0726 (9)
0.087*
0.0638 (8)
0.077*
0.0516 (7)
0.0674 (8)
0.0472 (5)
0.0511 (6)
0.0995 (10)
0.1080 (11)
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Atomic displacement parameters (142 )

Ull U22 U33 U12 U13 U23

Cl 0.0600 (16) 0.0602 (18) 0.0538 (16) ~0.0240 (14) ~0.0019 (13) ~0.0173 (14)
2 0.0576 (17) 0.0523 (17) 0.0537 (16) ~0.0098 (13) ~0.0020 (13) ~0.0086 (14)
c3 0.0557 (16) 0.0462 (16) 0.0452 (15) ~0.0195 (12) ~0.0032 (12) ~0.0054 (12)
C4 0.091 (2) 0.0562 (19) 0.0636 (19) ~0.0270 (17) ~0.0185 (17) ~0.0172 (16)
Cs 0.100 (3) 0.079 (2) 0.076 (2) ~0.035 (2) ~0.042 (2) ~0.017 (2)
C6 0.0634 (18) 0.068 (2) 0.0703 (19) ~0.0209 (15) ~0.0335 (15) ~0.0071 (16)
C7 0.0452 (14) 0.0513 (16) 0.0501 (15) ~0.0185 (12) ~0.0111 (12) ~0.0041 (13)
Cs 0.0525 (15) 0.0523 (16) 0.0426 (14) ~0.0136 (12) ~0.0107 (12) ~0.0089 (12)
C9 0.0454 (14) 0.0527 (17) 0.0609 (17) ~0.0097 (12) ~0.0132 (13) ~0.0049 (13)
C10 0.0556 (16) 0.0425 (15) 0.0572 (16) ~0.0061 (12) ~0.0049 (13) ~0.0056 (13)
Cll 0.0474 (14) 0.0432 (15) 0.0530 (16) ~0.0099 (11) ~0.0060 (12) ~0.0090 (13)
c12 0.0643 (17) 0.0432 (16) 0.0645 (18) 0.0013 (13) ~0.0060 (15) ~0.0142 (14)
C13 0.0529 (16) 0.0539 (18) 0.0624 (18) ~0.0030 (13) 0.0020 (14) ~0.0168 (15)
Cl4 0.0516 (15) 0.0484 (16) 0.0499 (15) ~0.0155 (12) ~0.0068 (12) ~0.0139 (13)
Cls 0.0598 (17) 0.0494 (16) 0.0565 (17) ~0.0009 (13) ~0.0111 (14) ~0.0047 (13)
C16 0.0537 (16) 0.0557 (18) 0.0501 (16) 0.0009 (13) ~0.0028 (13) ~0.0093 (14)
C17 0.0586 (17) 0.0560 (18) 0.081 (2) ~0.0091 (14) ~0.0219 (15) ~0.0129 (16)
C18 0.0638 (18) 0.0516 (17) 0.0633 (18) ~0.0141 (14) ~0.0229 (14) ~0.0029 (14)
C19 0.0703 (19) 0.0523 (18) 0.077 (2) ~0.0072 (15) ~0.0324 (16) ~0.0137 (16)
C20 0.105 (3) 0.060 (2) 0.074 (2) ~0.0093 (19) ~0.033 (2) ~0.0090 (17)
C21 0.105 (3) 0.061 (2) 0.084 (2) -0.034 (2) ~0.038 (2) ~0.0013 (18)
22 0.071 (2) 0.064 (2) 0.084 (2) -0.0225 (17) ~0.0196 (18) 0.0067 (18)
23 0.0585 (17) 0.0620 (19) 0.0653 (19) ~0.0165 (15) ~0.0245 (15) 0.0020 (15)
24 0.0563 (19) 0.077 (2) 0.082 (2) ~0.0035 (17) ~0.0257 (17) ~0.0179 (19)
25 0.0569 (16) 0.0549 (17) 0.0497 (15) ~0.0153 (13) ~0.0077 (13) ~0.0060 (13)
26 0.0467 (14) 0.0479 (16) 0.0516 (15) ~0.0080 (12) ~0.0044 (12) ~0.0125 (13)
27 0.0641 (18) 0.0572 (19) 0.073 (2) -0.0102 (15) ~0.0192 (16) 0.0002 (16)
C28 0.0607 (19) 0.075 (2) 0.094 (3) -0.0022 (17) ~0.0288 (18) ~0.007 (2)
29 0.0494 (17) 0.075 (2) 0.093 (2) ~0.0097 (16) ~0.0119 (17) -0.026 (2)
C30 0.0489 (16) 0.0608 (19) 0.071 (2) ~0.0116 (14) ~0.0001 (15) ~0.0135 (16)
C31 0.0428 (14) 0.0478 (16) 0.0543 (16) ~0.0078 (12) 0.0019 (12) ~0.0116 (13)
32 0.0583 (18) 0.061 (2) 0.070 (2) ~0.0208 (15) ~0.0060 (16) ~0.0015 (17)
N1 0.0459 (11) 0.0448 (12) 0.0458 (12) ~0.0136 (9) ~0.0057 (9) ~0.0066 (10)
N2 0.0495 (12) 0.0473 (13) 0.0531 (13) ~0.0104 (10) ~0.0115 (10) ~0.0073 (10)
N3 0.092 (2) 0.090 (2) 0.094 (2) ~0.0329 (17) ~0.0286 (18) 0.0232 (19)
N4 0.080 (2) 0.115 (3) 0.132 (3) 0.004 (2) ~0.034 (2) ~0.036 (2)

Geometric parameters (4, °)

C1—N2 1.453 (3) Cl6—H16 0.9300
C1—Cl14 1.515 (4) C17—N2 1.452 (3)
Cl—HIA 0.9700 C17—C18 1.514 (4)
C1—HIB 0.9700 C17—HI17A 0.9700
C2—N2 1.477 (3) C17—H17B 0.9700
C2—C3 1.491 (4) C18—C19 1.378 (4)
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C2—H2A
C2—H2B
C3—C4
C3—C8
C4—C5
C4—H4
C5—C6
C5—H5
Cc6—C7
C6—H6
C7—C8
C7—C9
C8—H8
C9—NI
C9—H9A
C9—H9B
C10—N1!
C10—Cl1
C10—HI10A
C10—H10B
Cl1—C12
Cl11—C16
Cl12—CI13
CI2—HI2
CI13—Cl4
CI3—HI3
Cl4—Cl15
C15—C16
C15—HI15
N2—Cl—Cl4
N2—Cl—HIA
Cl4—Cl1—HIA
N2—Cl1—HIB
Cl4—C1—HIB
HIA—Cl—HIB
N2—C2—C3
N2—C2—H2A
C3—C2—H2A
N2—C2—H2B
C3—C2—H2B
H2A—C2—H2B
C4—C3—C8
C4—C3—C2
C8—C3—C2
C5—C4—C3
C5—C4—H4
C3—C4—H4
C4—C5—C6

0.9700
0.9700
1.386 (4)
1.393 (4)
1.373 (4)
0.9300
1.375 (4)
0.9300
1.378 (4)
0.9300
1.390 (4)
1.506 (4)
0.9300
1.461 (3)
0.9700
0.9700
1.460 (3)
1.517 (4)
0.9700
0.9700
1.380 (3)
1.381 (4)
1.377 (4)
0.9300
1.374 (4)
0.9300
1.382 (4)
1.383 (4)
0.9300

113.9 (2)
108.8
108.8
108.8
108.8
107.7
113.7 2)
108.8
108.8
108.8
108.8
107.7
117.4 3)
123.0 3)
119.5 (2)
121.2 (3)
119.4
119.4
120.3 (3)

C18—C23
C19—C20
C19—H19
C20—C21
C20—H20
C21—C22
C21—H21
C22—C23
C22—H22
C23—C24
C24—N4
C25—N1
C25—C26
C25—H25A
C25—H25B
C26—C27
C26—C31
C27—C28
C27—H27
C28—C29
C28—H28
C29—C30
C29—H29
C30—C31
C30—H30
C31—C32
C32—N3

N1—cC10

Cl11—C16—H16
C15—Cl16—HI16
N2—C17—C18
N2—C17—HI17A
C18—C17—HI17A
N2—C17—H17B
C18—C17—H17B

H17A—C17—H17B

C19—C18—C23
C19—C18—C17
C23—C18—C17
C20—C19—C18
C20—C19—H19
C18—C19—H19
C19—C20—C21
C19—C20—H20
C21—C20—H20
C22—C21—C20
C22—C21—H21

1.399 (4)
1.365 (4)
0.9300
1.411 (5)
0.9300
1.343 (5)
0.9300
1.412 (4)
0.9300
1.392 (5)
1.156 (4)
1.459 (3)
1.499 (4)
0.9700
0.9700
1.379 (4)
1.394 (4)
1.385 (4)
0.9300
1.377 (4)
0.9300
1.360 (4)
0.9300
1.387 (4)
0.9300
1.427 (4)
1.154 (4)
1.460 (3)

119.4
119.4
112.8 (2)
109.0
109.0
109.0
109.0
107.8
118.2 (3)
121.1 (3)
120.7 (3)
121.5 (3)
119.3
119.3
119.8 (3)
120.1
120.1
120.3 (3)
119.9
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C4—C5—H5
C6—C5—H5
C5—C6—C7
C5—C6—H6
C7—C6—H6
C6—C7—C8
C6—C7—C9
C8—C7—C9
C7—C8—C3
C7—C8—H8
C3—C8—H8
N1—C9—C7
N1—C9—H9A
C7—C9—H9A
N1—C9—H9B
C7—C9—H9B
H9A—C9—H9B
N1'—C10—C11
N1—C10—H10A
C11—C10—H10A
N1'—C10—H10B
C11—C10—H10B

H10A—C10—H10B

Cl2—C11—C16
C12—C11—C10
C16—C11—C10
Cl13—C12—Cl1
C13—CI2—HI2
Cll—Cl2—HI12
Cl4—C13—Cl12
Cl4—CI13—HI13
Cl2—CI13—HI13
C13—Cl14—CI5
C13—Cl14—Cl
C15—C14—Cl
C14—C15—Cl6
Cl4—C15—HI5
Cl6—C15—HI5
Cl1—C16—Cl15
N2—C2—C3—C4
N2—C2—C3—C8
C8—C3—C4—C5
C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—C7
C5—C6—C7—C8
C5—C6—C7—C9
C6—C7—C8—C3

119.9
119.9
120.6 (3)
119.7
119.7
118.4 (3)
120.5 (3)
121.1 (2)
122.0 (3)
119.0
119.0
1132 (2)
108.9
108.9
108.9
108.9
107.7
112.9 (2)
109.0
109.0
109.0
109.0
107.8
117.5 (2)
120.0 (2)
122.4(2)
120.9 (3)
119.6
119.6
122.0 (3)
119.0
119.0
117.1 2)
122.2 (2)
120.7 (3)
121.3 (3)
119.4
119.4
1212 (2)

116.7 (3)
~66.8 (3)
0.1(4)
176.6 (3)
0.0 (5)
0.1(5)
-0.3(4)
178.2 (3)
0.3 (4)

C20—C21—H21 119.9
C21—C22—C23 119.7 3)
C21—C22—H22 120.1
C23—C22—H22 120.1
C24—C23—C18 119.9 (3)
C24—C23—C22 119.7 3)
C18—C23—C22 120.4 (3)
N4—C24—C23 178.5 (4)
N1—C25—C26 114.0 (2)
N1—C25—H25A 108.8
C26—C25—H25A 108.8
N1—C25—H25B 108.8
C26—C25—H25B 108.8
H25A—C25—H25B 107.7
C27—C26—C31 117.2 3)
C27—C26—C25 1223 (2)
C31—C26—C25 120.5 (2)
C26—C27—C28 121.6 (3)
C26—C27—H27 119.2
C28—C27—H27 119.2
C29—C28—C27 119.9 (3)
C29—C28—H28 120.1
C27—C28—H28 120.1
C30—C29—C28 119.9 (3)
C30—C29—H29 120.0
C28—C29—H29 120.0
C29—C30—C31 120.0 (3)
C29—C30—H30 120.0
C31—C30—H30 120.0
C30—C31—C26 121.4 (3)
C30—C31—C32 118.1 3)
C26—C31—C32 120.6 (3)
N3—C32—C31 179.3 (3)
C25—N1—C10! 110.5 (2)
C25—N1—C9 109.9 (2)
C10—N1—C9 111.2(2)
C17—N2—Cl 110.6 (2)
C17—N2—C2 109.7 (2)
Cl—N2—C2 109.6 (2)
C18—C19—C20—C21 -1.9(5)
C19—C20—C21—C22 -0.1(5)
C20—C21—C22—C23 0.5 (5)
C19—C18—C23—C24 178.6 (3)
C17—C18—C23—C24 -3.6 (4)
C19—C18—C23—C22 2.9 (4)
C17—C18—C23—C22 174.9 (3)
C21—C22—C23—C24 179.5 (3)
C21—C22—C23—C18 1.1(5)

sup-7



supplementary materials

C9—C7—C8C3
C4—C3—C8C7
C2—C3—C8C7
C6—C7—C9—NI1
C8—C7—C9—NI1
N1'—C10—C11—C12
N1'—C10—C11—C16
C16—C11—CI12—C13
C10—C11—CI12—C13
Cl11—CI2—CI13—Cl4
C12—C13—C14—C15
Cl12—C13—Cl4—Cl
N2—Cl—C14—C13
N2—C1—Cl14—C15
C13—C14—C15—Cl16
C1—C14—C15—Cl16
C12—Cl11—C16—CI5
C10—C11—C16—C15
Cl14—C15—C16—Cl1
N2—C17—C18—C19
N2—C17—C18—C23
C23—C18—C19—C20
C17—C18—C19—C20

Symmetry codes: (i) —x+1, —y+1, —z+1.

Hydrogen-bond geometry (4, ©)
D—H-A

C30—H30--Cgl'
C2—H2A-Cg2l

~178.2 (2)
0.2 (4)
~176.9 (2)
145.3 (2)
-36.2 (3)
~151.7 (2)
31.4 (4)
0.8 (4)
~176.3 (3)
—0.1(5)
0.8 (4)
177.2 3)
109.1 (3)
~72.9 (3)
1.0 (4)
~177.0 (3)
0.6 (4)
176.4 (3)
0.3 (5)
~39.2 (4)
143.0 (3)
3.4(4)
~174.5 (3)

Symmetry codes: (ii) —x, —y, —z+2; (iii) x, y+1, z.

D—H
0.93
0.97

N1—C25—C26—C27
N1—C25—C26—C31
C31—C26—C27—C28
C25—C26—C27—C28
C26—C27—C28—C29
C27—C28—C29—C30
C28—C29—C30—C31
C29—C30—C31—C26
C29—C30—C31—C32
C27—C26—C31—C30
C25—C26—C31—C30
C27—C26—C31—C32
C25—C26—C31—C32
C26—C25—N1—C10'
C26—C25—N1—C9
C7—C9—N1—C25
C7—C9—NI—C10'
C18—C17—N2—Cl1
C18—C17—N2—C2
Cl14—C1—N2—C17
Cl14—C1—N2—C2
C3—C2—N2—C17
C3—C2—N2—Cl

2.60 3.451 (4)
2.97 3.937 (4)

-27.7 (4)
154.1 (2)
~1.0 (4)
~179.3 (3)
0.1(5)
0.9 (5)
—0.8(5)
—0.3 (4)
179.3 (3)
1.2 (4)
179.4 (2)
~178.4 (3)
—0.1 (4)
~72.3 (3)
164.6 (2)
~74.6 (3)
162.7 (2)
165.5 (2)
~73.5(3)
~65.6 (3)
173.4 (2)
161.1(2)
~77.4 (3)

D—H-4
152
177
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Fig. 1
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Fig. 2
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