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The main residue of the title compound, C;gH,,NsO¢-C,H4Cl,
is a derivative of glycoluril. The six-membered heterocycle
adopts a chair conformation and shares two N atoms with two
five-membered rings of the glycoluril unit to form the flexible
sidewalls of a molecular clip. Two ethyl fragments and the
solvent molecule are disordered; the site occupancy factors for
the ethyl groups are 0.72/0.28 and 0.75/0.25 and for the solvent
molecule 0.54/0.46. Intermolecular N—H---O and N—H- --N
hydrogen bonds link the cyclopenta[cd]indene molecules into
two-dimensional layers parallel to the bc plane.

Related literature

For details of the synthesis, see: Li et al. (2006). For general
background, see: Behrend er al. (1905); Freeman et al. (1981);
Rebek (2005); Rowan et al. (1999); Wu et al. (2002).
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Experimental

Crystal data

C1sH5,N¢O4-C,H,Cl, vV =23412 (3) A3

M, = 517.37 Z=4

Monoclinic, P2, /c Mo Ko radiation
a=12.9023 (9) A_ =033 mm™!

b =16.4032 (11) A T =294 (2) K
c=121719 (8) A 0.20 x 0.10 x 0.10 mm
B = 114.657 (1)°

Data collection

Bruker SMART 4K CCD area-
detector diffractometer

Absorption correction: none

13883 measured reflections

4114 independent reflections
2684 reflections with I > 20(1)
Rine = 0.058

Refinement

R[F? > 20(F*)] = 0.073
WwR(F?) = 0225

S =1.04

4114 reflections

359 parameters

26 restraints

H-atom parameters constrained
APmax = 035 ¢ A7

APmin = —0.46 ¢ A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N6—H6- - ~Nli“ 0.86 2.07 2.892 (4) 160
N5—Hs5---01" 0.86 2.03 2.862 (3) 162

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

Data collection: SMART (Bruker, 2001); cell refinement: SAINT
(Bruker, 2001); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
PLATON (Spek, 2003); software used to prepare material for
publication: PLATON.

We thank Dr Xiang-Gao Meng for the X-ray data collec-
tion.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: CV2321).
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Diethyl 1,4-diox0-6-(3-pyridyl)perhydro-2,3,4a,6,7a-pentaazacyclopentacd]indene-2a,7b-di-
carboxylate 1,2-dichoroethane solvate

L. Cao, Z. Wang and Y. Hu

Comment

In 1905, Behrend reported that the condensation of glycoluril and formaldehyde in dilute HCI yielded an insoluble polymeric
material now known as Behrend's polymer (Behrend et al., 1905). Glycoluril and its derivatives have during the past two
decades established an impressive career as building blocks for supramolecular chemistry (Freeman ef al., 1981; Rebek,
2005; Rowan et al., 1999; Wu et al., 2002). As a part of our ongoing investigation into glycoluril derivatives (Li et al.,
20006), we report here the structure of the title compound, 1,2-dichoroethane solvate of (I) (Fig. 1).

The molecular structure of the main residue, (I), and solvent molecule are shown in Fig. 1. Molecule (I) has three fused
rings, namely, two nearly planar imidazole five-membered rings that adopt envelope conformation with the C=0 groups at

the flap position and one non-planar triazine six-membered ring that adopts a chair conformation.

In the crystal, the intermolecular N—H---O and N—H--*N hydrogen bonds (Table 1) link the molecules of (I) into two-

dimensional layers parallel to bc plane.

Experimental

The title compound was synthesized according to the procedure of Li et al. (2006) in 45% isolated yield. Crystals for X-ray
data collection were obtained by slow evaporation of a 1,2-dichoroethane and methanol solution in a ratio of 4:1 at 293 K.

Refinement

C-bound H atoms were geometrically positioned (C—H= 0.93 A (aromatic), 0.96 A (methyl) or 0.97A (methylene)) and
refined as riding, with Ujso(H) = 1.2Ueq(C), or =U,q(C) for disordered C atoms. N-bound H atoms were found in difference,
but placed in idealized positions (N-H= 0.86 A), and refined as riding, with U;so(H)=1.2Ueq(N). Two ethyl fragments in (I)
were treated as disordered between two orientations each, with the refined occupancies 0.720 (9)/0.280 (9) and 0.754 (11)/

0.246 (11), respectively. The solvent molecule was also treated as disordered between two positions, with the refined occu-
pancies 0.458 (10) and 0.542 (10), respectively.
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Figures

A Fig. 1. A content of asymmetric unit of the title compound, showing the atomic numbering
. and displacement ellipsoids at the 10% probability level. H atoms are represented by spheres
- of arbitrary radius. Only major parts of disordered fragments are shown.

Diethyl 1,4-dioxo-6-(3-pyridyl)perhydro-2,3,4a,6,7a-pentaazacyclopenta[cd]indene- 2a,7 b-dicarboxylate 1,2-

dichoroethane solvate

Crystal data
C18H20Ng06 CoH4Cly
M, =517.37

Monoclinic, P2;/c

Hall symbol: -P 2ybc
a=12.9023 (9) A
b=16.4032 (11) A
c=12.1719 (8) A
B=114.657 (1)°
V=23412(3) A’
Z=4

Data collection

Bruker SMART 4K CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=2942)K

¢ and o scans

Absorption correction: none

13883 measured reflections

4114 independent reflections

Refinement
Refinement on 7>

Least-squares matrix: full

Fooo = 1080
Dy =1.468 Mgm >

Mo Ko radiation
A=0.71073 A

Cell parameters from 2658 reflections
0=2.3-21.1°

p=033 mm '

T=294(2)K

Block, colourless

0.20 x 0.10 x 0.10 mm

2684 reflections with /> 2o(/)

Rint =0.058
Omax = 25.0°
Omin = 1.7°

h=-15-12
k=-19—19
I=-14—14

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites
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R[F2 > 2(;(F2)] =0.073 H-atom parameters constrained
w = 1/[cX(F,2) + (0.1319P)?]

WR(F%) = 0.225 , 5
where P = (Fy* + 2F%)/3

S=1.04 (A/6)max < 0.001

4114 reflections Apmax =035 ¢ A2

359 parameters Apmin = —0.46 € A7

26 restraints Extinction correction: none

Primary atom site location: structure-invariant direct
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 F* 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 F set to zero for negative F2. The threshold expression of F?> ZSigma(Fz) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? 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 (A’Z )

X y z Uiso™/Ueq Occ. (<1)
C19 0.4234 (19) 0.4751 (19) 0.346 (3) 0.30 (2) 0.458 (10)
H19A 0.4754 0.4958 0.4241 0.30* 0.458 (10)
H19B 0.4679 0.4570 0.3028 0.30* 0.458 (10)
C1 0.5988 (3) 0.24533 (17) 0.1119 (3) 0.0434 (8)
H1A 0.5250 0.2406 0.0438 0.052*
H1B 0.6482 0.2039 0.1028 0.052*
C2 0.6934 (3) 0.24312 (19) 0.3264 (3) 0.0490 (9)
H2A 0.7476 0.2025 0.3252 0.059*
H2B 0.6830 0.2356 0.4002 0.059*
c3 0.5798 (3) 0.39281 (18) 0.0564 (3) 0.0440 (8)
C4 0.7221 (3) 0.3900 (2) 0.3877 (3) 0.0496 (9)
C5 0.7473 (3) 0.35055 (18) 0.2168 (3) 0.0398 (7)
C6 0.8552 (3) 0.3164 (2) 0.2086 (3) 0.0502 (9)
C7 0.9642 (4) 0.3216 (4) 0.0915 (5) 0.1029 (18)
H7A 0.9511 0.2693 0.0508 0.10* 0.720 (9)
H7B 1.0312 0.3174 0.1676 0.10* 0.720 (9)
H7C 0.9487 0.3301 0.0072 0.10* 0.280 (9)
H7D 0.9793 0.2641 0.1092 0.10* 0.280 (9)
C8 0.9803 (9) 0.3879 (6) 0.0128 (10) 0.139 (4) 0.720 (9)
H8A 0.9284 0.3790 —0.0699 0.14* 0.720 (9)
H&B 1.0572 0.3863 0.0199 0.14* 0.720 (9)
H&C 0.9656 0.4402 0.0388 0.14* 0.720 (9)
(&3 1.0650 (19) 0.3728 (16) 0.146 (3) 0.139 (4) 0.280 (9)
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H8'1
H82
H8'3
C9
C10
Cl11
H11A
H11B
Cl12
HI12A
H12B
H12C
cir'
H11C
H11D
C12'
H12D
HI12E
H12F
Cl13
HI13A
H13B
Cl14
Cl15
H15
Cl6
H16
C17
H17
CI18
H18
C20
H20A
H20B
C19'
H19C
H19D
C20'
H20C
H20D
Cll1
Cl2
CIr'
C12'
N1
N2
N3
N4
N5

1.0879
1.0479
1.1258
0.7366 (3)
0.8353 (3)
1.0337 (10)
1.0406
1.1006
1.0264 (11)
0.9529
1.0847
1.0368
1.019 (4)
1.0947
1.0094
1.006 (3)
0.9722
1.0799
0.9584
0.4906 (3)
0.4957
0.4967
0.3768 (3)
0.2997 (3)
0.3170
0.1963 (3)
0.1429
0.1738 (3)
0.1040
0.3455 (3)
0.3966
0.348 (2)
0.3948
0.3185
0.353 (2)
0.2866
0.3791
0.4474 (14)
0.5008
0.4881
0.3467 (12)
0.2351 (10)
0.3153 (13)
0.3591 (9)
0.2469 (3)
0.5853 (2)
0.6469 (2)
0.7410 (2)
0.6352 (2)

0.3756
0.4266
0.3499
0.44625 (18)
0.4977 (2)
0.5246 (6)
0.5275
0.4970
0.6081 (6)
0.6309
0.6416
0.6056
0.543 (2)
0.5202
0.5860
0.5791 (19)
0.5391
0.5938
0.6265
0.2760 (2)
0.3327
0.2738
0.24205 (19)
0.2838 (2)
0.3358
0.2484 (2)
0.2764
0.1718 (2)
0.1484
0.1646 (2)
0.1359
0.5359 (12)
0.5781
0.5588
0.4923 (11)
0.5249
0.5102
0.5059 (9)
0.4608
0.5567
0.3958 (6)
0.5258 (4)
0.3950 (6)
0.5093 (2)
0.12886 (18)
0.23011 (15)
0.32622 (14)
0.32533 (14)
0.46129 (16)

0.2317
0.1121
0.1299
0.2187 (3)
0.2176 (3)
0.3268 (11)
0.2506
0.3850
0.3702 (13)
0.3216
0.3641
0.4530
0.333 (3)
0.3755
0.3833
0.211 3)
0.1486
0.2157
0.1927
0.2311 (3)
0.2112
0.3132
0.1459 (3)
0.0490 (3)
0.0311
~0.0223 (4)
~0.0880
0.0053 (4)
~0.0432
0.1670 (3)
0.2334
0.281 (2)
0.2682
0.3352
0.3537 (19)
0.3050
0.4370
0.3103 (15)
0.3308
0.3397
0.3638 (8)
0.1477 (5)
0.3439 (13)
0.1587 (5)
0.0982 (3)
0.2236 (2)
0.1092 (2)
0.3273 (2)
0.1113 (3)

0.14*
0.14*
0.14*
0.0439 (8)
0.0545 (9)
0.103 (3)
0.10%
0.10%
0.192 (5)
0.19*
0.19*
0.19%
0.103 (3)
0.10%
0.10%
0.192 (5)
0.19%
0.19%
0.19%
0.0488 (8)
0.059*
0.059*
0.0454 (8)
0.0596 (10)
0.072*
0.0684 (11)
0.082*
0.0645 (11)
0.077*
0.0559 (9)
0.067*
0.191 (10)
0.19%
0.19%
0.177 (9)
0.18*
0.18%
0.145 (7)
0.145%
0.145%
0.194 (5)
0.204 (6)
0.285 (8)
0.177 (4)
0.0627 (9)
0.0428 (7)
0.0380 (6)
0.0418 (7)
0.0544 (8)

0.280 (9)
0.280 (9)
0.280 (9)

0.754 (11)
0.754 (11)
0.754 (11)
0.754 (11)
0.754 (11)
0.754 (11)
0.754 (11)
0.246 (11)
0.246 (11)
0.246 (11)
0.246 (11)
0.246 (11)
0.246 (11)
0.246 (11)

0.458 (10)
0.458 (10)
0.458 (10)
0.542 (10)
0.542 (10)
0.542 (10)
0.542 (10)
0.542 (10)
0.542 (10)
0.458 (10)
0.458 (10)
0.542 (10)
0.542 (10)
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H5
N6
Hé6
0O1
02
03
04
05
06

0.6118
0.7249 (2)
0.7201

0.4855 (2)
0.7055 (3)
0.9188 (2)
0.8647 (2)
0.8239 (3)
0.9320 (2)

0.5094
0.45955 (16)
0.5073

0.38855 (13)
0.38493 (16)
0.26940 (19)
0.34583 (18)
0.54950 (18)
0.47937 (16)

Atomic displacement parameters (142 )

C19
Cl1
C2
C3
C4
C5
C6
C7
C8
(&3
C9
C10
Cl11
C12
cir'
C12'
Cl13
Cl14
Cl15
Cl16
C17
CI18
C20
C19'
C20'
Cll1
C12
cIr'
C12'
N1
N2
N3
N4
N5
N6

Ull

0.31 (6)
0.0462 (19)
0.053 (2)
0.045 (2)
0.054 (2)
0.0342 (17)
0.042 (2)
0.076 (3)
0.134 (9)
0.134 (9)
0.0421 (19)
0.053 (2)
0.055 (4)
0.157 (9)
0.055 (4)
0.157 (9)
0.056 (2)
0.047 (2)
0.059 (2)
0.056 (3)
0.046 (2)
0.055 (2)
0.19 (3)
0.19 (2)
0.165 (15)
0.292 (10)
0.250 (11)
0.368 (13)
0.290 (10)
0.058 (2)
0.0431 (16)
0.0371 (14)
0.0445 (16)
0.0477 (17)
0.063 (2)

U22

0.30 (7)
0.0367 (16)
0.0409 (17)
0.0413 (17)
0.053 (2)
0.0398 (16)
0.054 (2)
0.150 (5)
0.160 (8)
0.160 (8)
0.0399 (16)
0.0460 (19)
0.088 (6)
0.148 (8)
0.088 (6)
0.148 (8)
0.0442 (17)
0.0416 (17)
0.0439 (18)
0.057 (2)
0.061 (2)
0.052 (2)
0.19 (3)
0.16 (2)
0.060 (7)
0.208 (9)
0.163 (5)
0.199 (9)
0.112 (3)
0.0494 (17)
0.0396 (14)
0.0378 (13)
0.0393 (14)
0.0368 (14)
0.0413 (15)

0.0844

0.3290 (2)

0.3556

~0.0294 (2)

0.4792 (2)

0.2803 (3)

0.1125 (2)

0.1454 (3)

0.3110 (3)
U33 U12
0.29 (5) 0.00 (4)
0.0449 (18) ~0.0002 (14)
0.0445 (19) ~0.0002 (15)
0.0375 (18) 0.0022 (14)
0.0408 (19) ~0.0112 (16)
0.0399 (17) 0.0013 (13)
0.052 (2) 0.0006 (16)
0.108 (4) 0.018 (3)
0.176 (9) ~0.044 (6)
0.176 (9) -0.044 (6)
0.0415 (18) ~0.0001 (14)
0.057 (2) ~0.0039 (16)
0.139 (5) ~0.020 (5)
0.236 (11) ~0.009 (7)
0.139 (5) ~0.020 (5)
0.236 (11) ~0.009 (7)
0.049 (2) ~0.0032 (15)
0.0496 (19) ~0.0017 (15)
0.069 (2) 0.0009 (17)
0.072 (3) 0.0049 (19)
0.069 (3) ~0.0062 (18)
0.054 (2) ~0.0024 (17)
0.19 (3) 0.01 (2)
0.180 (19) 0.026 (17)
0.187 (18) ~0.044 (9)
0.166 (5) 0.138 (8)
0.131 (4) ~0.074 (6)
0.458 (17) 0.014 (7)
0.167 (4) -0.010 3)
0.070 (2) ~0.0098 (15)
0.0403 (15) ~0.0009 (11)
0.0338 (13) 0.0005 (11)
0.0339 (14) ~0.0030 (11)
0.0565 (18) 0.0019 (12)
0.0565 (18) ~0.0040 (13)

0.065*
0.0533 (8)
0.064*
0.0559 (7)
0.0753 (9)
0.0830 (9)
0.0712 (8)
0.0846 (10)
0.0705 (8)

U13

0.14 (5)
0.0168 (16)
0.0114 (17)
0.0093 (17)
0.0190 (18)
0.0101 (14)
0.0157 (18)
0.063 (3)
0.116 (8)
0.116 (8)
0.0092 (15)
0.0147 (19)
0.014 (3)
0.048 (9)
0.014 (3)
0.048 (9)
0.0244 (18)
0.0218 (17)
0.020 (2)
0.006 (2)
0.007 (2)
0.0152 (19)
0.08 (2)
0.079 (17)
0.051 (14)
0.180 (6)
0.013 (5)
0.342 (13)
0.134 (6)
0.0156 (18)
0.0119 (13)
0.0095 (12)
0.0085 (12)
~0.0004 (14)
0.0256 (16)

U23

~0.01 (5)
~0.0029 (14)
0.0092 (14)
0.0071 (14)
~0.0049 (15)
0.0041 (13)
0.0011 (17)
0.007 (3)
~0.033 (7)
~0.033 (7)
0.0056 (13)
0.0068 (17)
0.023 (4)
~0.033 (8)
0.023 (4)
~0.033 (8)
~0.0043 (15)
0.0000 (15)
0.0131 (17)
0.014 (2)
0.000 (2)
0.0075 (16)
~0.003 (18)
~0.027 (15)
~0.009 (8)
0.093 (5)
0.025 (3)
0.091 (8)
0.017 (2)
0.0085 (15)
0.0013 (11)
0.0037 (11)
0.0045 (11)
0.0115 (13)
~0.0062 (13)

sup-5



supplementary materials

ol 0.0483 (15)
02 0.105 (2)
03 0.0560 (18)
04 0.0566 (17)
05 0.078 (2)
06 0.0419 (15)

Geometric parameters (4, °)

C19—C20
C19—Cl1
C19—HI19A
C19—HI19B
C1—N2
C1—N3
Cl—H1A
Cl1—HIB
C2—N2
C2—N4
C2—H2A
C2—H2B
C3—O01
C3—N5
C3—N3
C4—02
C4—N6
C4—N4
C5—N4
C5—N3
C5—C6
C5—C9
C6—03
C6—04
C7—C8'
C7—04
C7—C8
C7—H7A
C7—H7B
C7—H7C
C7—H7D
C8—H7C
C8—HBA
C8—HSB
C8—HS8C
C8'—HS'l
C8'—HS8"2
C8'—HS'3
C9—N6
C9—NS5

0.0497 (13)
0.0729 (18)
0.093 (2)
0.095 (2)
0.0799 (19)
0.0689 (17)

1.388 (18)
1.70 (2)
0.9700
0.9700
1.463 (4)
1.471 (4)
0.9700
0.9700
1.449 (4)
1.480 (4)
0.9700
0.9700
1.231 (4)
1.349 (4)
1.375 (4)
1.222 (4)
1.355 (4)
1.368 (4)
1.442 (4)
1.462 (4)
1.542 (5)
1.577 (4)
1.197 (4)
1.318 (4)
1.455 (16)
1.464 (5)
1.519 (9)
0.9700
0.9700
0.9700
0.9700
1.0229
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.428 (4)
1.433 (4)

0.0466 (14) 0.0023 (11)
0.0578 (17) ~0.0234 (15)
0.093 (2) 0.0292 (15)
0.0707 (18) 0.0124 (14)
0.087 (2) ~0.0123 (15)
0.0802 (19) ~0.0131 (12)

C10—06
C11—06
Cl1—C12
Cl1—HI11A
Cl11—HI11B
C12—HI12A
C12—H12B
C12—H12C
C11'—06
Cl11'—C12'
Cl1'—HI11C
C11'—H11D
C12'—H12D
CI12'—HI12E
CI12'—HI12F
C13—N2
C13—C14
C13—HI13A
C13—H13B
C14—C15
C14—C18
C15—C16
C15—H15
Cl16—C17
Cl6—H16
C17—N1
C17—H17
C18—NI1
C18—H18
C20—CI12
C20—H20A
C20—H20B
Cc19—C20'
C19—CI11'
C19'—H19C
C19'—H19D
C20—CI12'
C20'—H20C
C20'—H20D
N5—HS

~0.0032 (12) 0.0108 (10)

0.0442 (17)
0.0242 (16)
0.0348 (15)
0.0253 (18)
0.0053 (14)

~0.0146 (13)
0.0342 (17)
0.0108 (15)
0.0347 (17)
0.0163 (14)

1.325 (4)
1.449 (9)
1.485 (9)
0.9700
0.9700
0.9600
0.9600
0.9600
1.48 (2)
1.542 (11)
0.9700
0.9700
0.9600
0.9600
0.9600
1.470 (4)
1.507 (5)
0.9700
0.9700
1.368 (5)
1.389 (5)
1.380 (5)
0.9300
1.362 (5)
0.9300
1.333 (5)
0.9300
1.332 (4)
0.9300
1.672 (17)
0.9700
0.9700
1.538 (17)
1.658 (17)
0.9700
0.9700
1.718 (16)
0.9700
0.9700
0.8600
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C9—C10
C10—05

C20—C19—Cl1
C20—C19—H19A
CI1—C19—HI19A
C20—C19—H19B
CI1—C19—HI19B
H19A—C19—H19B
N2—C1—N3
N2—C1—HI1A
N3—C1—HIA
N2—C1—HIB
N3—C1—HIB
H1A—C1—HIB
N2—C2—N4
N2—C2—H2A
N4—C2—H2A
N2—C2—H2B
N4—C2—H2B
H2A—C2—H2B
01—C3—N5
01—C3—N3
N5—C3—N3
02—C4—N6
02—C4—N4
N6—C4—N4
N4—C5—N3
N4—C5—C6
N3—C5—C6
N4—C5—C9
N3—C5—C9
C6—C5—C9
03—C6—04
03—C6—C5
04—C6—C5
C8'—C7—04
C8'—C7—C8
04—C7—C8
C8'—C7—H7A
04—C7—H7A
C8—C7—HT7A
C8—C7—H7B
04—C7—H7B
C8—C7—H7B
H7A—C7—HT7B
C8—C7—H7C
04—C7—H7C
C8—C7—H7C
H7A—C7—H7C

1.532 (5)
1.187 (4)

108.4 (18)
110.0
110.0
110.0
110.0
108.4
112.9 (2)
109.0
109.0
109.0
109.0
107.8
112.8 (2)
109.0
109.0
109.0
109.0
107.8
126.8 (3)
123.9 (3)
109.2 (3)
126.2 (3)
125.1 (3)
108.7 (3)
112.6 (2)
111.1 (3)
109.2 (2)
103.5 (2)
103.6 (2)
116.7 (3)
126.4 (3)
1233 (3)
110.2 (3)
116.6 (11)
62.8 (12)
106.1 (5)
132.4
110.5
110.5
483
110.5
110.5
108.7
98.6
109.7
41.6
70.7

N6—H6

06—C11—H11A
C12—C11—HI11A
06—C11—H11B
C12—C11—HI11B
H11A—C11—HI11B
06—C11'—C12'
06—C11'—H11C
C12—C11'—H11C
06—C11'—H11D
C12—C11'—H11D
H11C—CI11'—HI11D
C11'—C12'—H12D
C11'—C12'—HI12E
H12D—CI12'—H12E
C11'—C12'—HI12F
H12D—CI12'—HI12F
H12E—CI12'—HI12F
N2—C13—C14
N2—C13—HI13A
C14—CI13—H13A
N2—C13—H13B
C14—C13—H13B
H13A—C13—H13B
C15—C14—C18
C15—C14—C13
C18—C14—C13
C14—C15—Cl16
C14—C15—HI15
Cl16—C15—HI15
C17—C16—C15
C17—Cl16—H16
C15—Cl16—HI16
N1—C17—C16
N1—C17—H17
Cl16—C17—H17
N1—C18—C14
N1—C18—H18
C14—C18—H18
C19—C20—CI12
C19—C20—H20A
C12—C20—H20A
C19—C20—H20B
Cl12—C20—H20B
H20A—C20—H20B
C20—C19'—C11'
C20'—C19'—H19C
Cl1'—C19'—H19C

0.8600

109.8
109.8
109.8
109.8
108.3
109.0 (17)
109.9
109.9
109.9
109.9
108.3
109.5
109.5
109.5
109.5
109.5
109.5
111.4 (3)
109.4
109.4
109.4
109.4
108.0
117.0 (3)
123.9 (3)
119.1 (3)
119.8 (3)
120.1
120.1
118.8 (3)
120.6
120.6
123.3 (4)
118.4
118.4
124.2 (3)
117.9
117.9
127 (2)
105.6
105.6
105.6
105.6
106.1
111.3 (12)
109.4
109.4
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H7B—C7—H7C
C8'—C7—H7D
04—C7—H7D
C8—C7—HT7D
H7A—C7—H7D
H7B—C7—H7D
H7C—C7—H7D
C7—C8—H7C
C7—C8—HSA
H7C—C8—HBA
C7—C8—HS8B
H7C—C8—H8&B
C7—C8—HSC
H7C—C8—H8C
C7—C8'—H&8'1
C7—C8'—HS"2
H8'1—C8'—H82
C7—C8—H8'3
H8'1—C8'—H&'3
H82—C8'—H&'3
N6—C9—N5
N6—C9—C10
N5—C9—C10
N6—C9—C5
N5—C9—C5
C10—C9—Cs
05—C10—06
05—C10—C9
06—C10—C9
06—C11—C12
N4—C5—C6—03
N3—C5—C6—03
C9—C5—C6—03
N4—C5—C6—04
N3—C5—C6—04
C9—C5—C6—04
N4—C5—C9—N6
N3—C5—C9—N6
C6—C5—C9—N6
N4—C5—C9—N5
N3—C5—C9—N5
C6—C5—C9—N5
N4—C5—C9—C10
N3—C5—C9—C10
C6—C5—C9—C10
N6—C9—C10—05
N5—C9—C10—05
C5—C9—C10—05
N6—C9—C10—06

136.7
113.7
109.6
140.2

39.5

72.6

107.9

39.1

109.5

72.8

109.5
110.5
109.5
136.2
109.5
109.5
109.5
109.5
109.5
109.5
114.6 (3)
109.8 (3)
110.1 (3)
102.1 (2)
102.1 (2)
118.0 (3)
125.4 (3)
123.6 3)
110.8 (3)
109.3 (9)
6.1(5)
~118.7 (4)
124.4 (4)
~174.5 (3)
60.7 (3)
-56.3 (4)
-0.6(3)
117.1 (2)
~122.9 3)
~119.4 (3)
-1.703)
118.3 (3)
119.8 (3)
~122.5(3)
-2.5(4)
~118.2 (4)
8.9 (5)
125.5 (4)
58.3 (4)

C20'—C19'—H19D
Cl1'—C19'—H19D

H19C—C19'—H19D

C19—C20—CI12'
C19'—C20'—H20C
C12—C20'—H20C
C19'—C20'—H20D
C12—C20'—H20D

H20C—C20'—H20D

C18—N1—C17
C2—N2—Cl1
C2—N2—C13
Cl—N2—C13
C3—N3—C5
C3—N3—Cl1
C5—N3—Cl1
C4—N4—C5
C4—N4—C2
C5—N4—C2
C3—N5—C9
C3—N5—H5
C9—NS5—H5
C4—N6—C9
C4—N6—H6
C9—N6—H6
C6—04—C7
C10—06—Cl11
C10—O06—C11"
Cl11—O06—C11"

N4—C5—N3—C3
C6—C5—N3—C3
C9—C5—N3—C3
N4—C5—N3—C1
C6—C5—N3—C1
C9—C5—N3—C1
N2—C1—N3—C3
N2—C1—N3—C5
02—C4—N4—C5
N6—C4—N4—C5
02—C4—N4—C2
N6—C4—N4—C2
N3—C5—N4—C4
C6—C5—N4—C4
C9—C5—N4—C4
N3—C5—N4—C2
C6—C5—N4—C2
C9—C5—N4—C2
N2—C2—N4—C4

109.4
109.4
108.0
96.2 (12)
1125
1125
1125
1125
110.0
116.9 (3)
109.4 (3)
113.4 (3)
1132 (2)
110.6 (2)
122.5 (3)
116.8 (2)
111.7 (2)
123.0 3)
116.0 (2)
113.7 (2)
123.2
123.2
113.8 (3)
123.1
123.1
118.0 (3)
118.3 (5)
111.6 (16)
15 (3)

107.4 (3)
~128.6 (3)
-3.703)
-38.9(3)
85.0 (3)
~150.0 (3)
—94.8 (3)
473 (3)
174.7 3)
-5.2(4)
29.4 (5)
~150.5 (3)
~107.7 (3)
129.4 (3)
3.5(3)
40.1 (3)
-82.7(3)
151.3 (3)
93.3 (4)
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N5—C9—C10—06
C5—C9—C10—06
N2—C13—C14—C15
N2—C13—C14—C18
C18—C14—C15—C16
C13—C14—C15—C16
Cl14—C15—C16—C17
C15—C16—C17—N1
C15—C14—C18—N1
C13—C14—C18—N1
CI1—C19—C20—CI12
Cl1'—C19'—C20'—C12'
C14—CI18—N1—C17
C16—C17—N1—C18
N4—C2—N2—C1
N4—C2—N2—C13
N3—C1—N2—C2
N3—C1—N2—C13
Cl14—CI13—N2—C2
Cl14—C13—N2—Cl1
01—C3—N3—C5
N5—C3—N3—C5
01—C3—N3—C1
N5—C3—N3—C1

Hydrogen-bond geometry (4, ©)

D—H-4
Cl—HI1A-O1
C19'—H19D--02!
Cl1—H1B-02"
N6—H6--N11
N5—H5--01"

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

~174.6 (3)
~58.0 (4)
~114.8 (4)
66.8 (4)
0.1(5)
~178.3 3)
~0.6 (6)
0.0 (7)

1.0 (5)
179.6 (3)
~53(5)
82.1 (15)
~1.6 (6)
1.1 (6)
55.9 (3)
~71.5 3)
~54.3 (3)
732 (3)
~162.3 3)
72.3 (3)
~173.6 (3)
8.1(4)
~29.5 (5)
152.1 (3)

D—H
0.97
0.97
0.97
0.86
0.86

N2—C2—N4—C5
01—C3—N5—C9
N3—C3—N5—C9
N6—C9—N5—C3
C10—C9—N5—C3
C5—C9—N5—C3
02—C4—N6—C9
N4—C4—N6—C9
N5—C9—N6—C4
C10—C9—N6—C4
C5—C9—N6—C4
03—C6—04—C7
C5—C6—04—C7
C8'—C7—04—C6
C8—C7—04—C6
05—C10—06—C11
C9—C10—06—C11
05—C10—06—C11'
C9—C10—06—C11'
C12—C11—06—C10
C12—C11—06—C11"
C12—C11'—06—C10
C12'—C11'—06—C11

H-A
2.56
2.47
2.42
2.07
2.03

DA
2.918 (4)
3.166 (17)
3.305 (4)
2.892 (4)
2.862 (3)

-50.7 (4)
172.1 3)
9.6 (4)
~102.7 (3)
133.0 3)
6.8 (4)
~175.0 (4)
4.9 (4)
107.0 (3)
~128.6 (3)
-2.6(3)
-2.2(6)
178.5 (3)
~89.6 (15)
~156.8 (5)
~1.3(8)
~177.7 (6)
14 (2)
~163 (2)
73.4 (10)
6(5)

-35 (4)
84 (6)

D—H4
102
128
152
160
162
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Fig. 1
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