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The asymmetric unit of the title compound, C,;H;3Os,
contains two crystallographically independent molecules. In
the crystal structure, there are intramolecular C—H- - -O and
intermolecular O—H- - -O hydrogen bonds.,

Related literature

For related literature, see: Lehn et al. (1978). For bond-length
data, see: Allen et al. (1987).
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Experimental

Crystal data

C4H1506
M, = 402.38
Triclinic, P1

a=173160 (15) A
b =14.067 (3) A
c=19386 (4) A

o = 85.55 (3)° Mo Ko radiation

B =8311 (3)° =010 mm™"

y = 8550 (3)° T=298 (2) K

V =1969.9 (7) A 0.40 x 0.20 x 0.10 mm
Z=4

Data collection

Nonius CAD4 diffractometer
Absorption correction: ¥ scan
(North ef al., 1968)
Tmin = 0.969, Tax = 0.988
8349 measured reflections
7704 independent reflections

4677 reflections with 7 > 20(1)

Rine = 0.045

3 standard reflections
frequency: 120 min
intensity decay: none

Refinement

R[F? > 20(F?)] = 0.062
wR(F?) = 0.185

§ =097

7704 reflections

541 parameters

H-atom parameters constrained
APpax = 025 e A3

Apmin = =026 ¢ A3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1—Hl1A. .07 0.82 1.78 2.598 (4) 174
O6—H6A- - -02" 0.82 1.96 2.760 (3) 167
O8—HSB---02' 0.82 1.95 2.770 (4) 179
O12—H12B---011' 0.82 1.87 2.671 (4) 166
C2—H2A---05 0.97 2.42 3.360 (5) 162
C47—H47A---05 0.97 2.39 3.139 (4) 134
C47—HA47B- --07 0.97 2.44 3.236 (4) 139

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

Data collection: CAD-4 Software (Enraf-Nonius, 1985); cell
refinement: CAD-4 Software; data reduction: XCAD4 (Harms &
Wocadlo, 1995); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: SHELXTL (Bruker, 2000);
software used to prepare material for publication: SHELXTL.

The authors thank the Center of Testing and Analysis,
Nanjing University for support.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HK2284).
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Comment

The chemistry associated with chiral compounds, such as chiral recognition and asymmetric synthesis, is of particular im-
portance. 1,1'-Bi-2-naphthol (BINOL) and its derivatives have been widely used in asymmetric synthesis, e.g. as effective

chiral ligands for various metal complex catalysts. We report herein the crystal structure of the title compound, (I).

The asymmetric unit of the title compound, (I), contains two crystallographicaly independent molecules, in which the

naphthyl ring systems are planar (Fig. 1). The bond lengths and angles are generally within normal ranges (Allen et al., 1987).
In the crystal structure, the intramolecular C—H-+-O and intermolecular O—H--O hydrogen bonds (Table 1, Fig. 2) link

the molecules, in which they seem to be effective in the stabilization of the structure.

Experimental

The title compound, (I), was prepared by the literature method with a minor change (Lehn ef al., 1978). Crystals of (I)
suitable for X-ray analysis were obtained by dissolving (I) (1.5 g) in acetic acid (20 ml) and evaporating the solvent slowly
at room temperature for about 60 d.

Refinement

H atoms were positioned geometrically, with O—H = 0.82 A (for OH) and C—H = 0.93 and 0.97 A for aromatic and
methylene H, respectively, and constrained to ride on their parent atoms, with Ujso(H) = xUeq(C,0), where x = 1.5 for OH
H, and x = 1.2 for all other H atoms.

Figures

Fig. 1. The molecular structure of the title molecule, with the atom-numbering scheme. Dis-
placement ellipsoids are drawn at the 50% probability level. Hydrogen bonds are shown as
dashed lines.

Fig. 2. A partial packing diagram of (I). Hydrogen bonds are shown as dashed lines.
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(1,1'-Binaphthyl-2,2'-dioxy)diacetic acid

Crystal data
C24H1806

M, = 402.38
Triclinic, PT

Hall symbol: -P 1
a=17.3160 (15) A

b=14.067 3) A
c=19.386 (4) A

a=185.55(3)°
B=83.11(3)°
v=85.50 (3)°

V'=1969.9 (7) A

Data collection

Nonius CAD4
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=298(2) K

®/26 scans

Absorption correction: y scan
(North et al., 1968)

Tinin = 0.969, Tinax = 0.988
8349 measured reflections
7704 independent reflections
4677 reflections with /> 2o(/)

Refinement

Refinement on F*
Least-squares matrix: full
R[F? > 206(F%)] = 0.062
WR(F%) = 0.185

§=0.97
7704 reflections

541 parameters

Primary atom site location: structure-invariant direct

methods

Z=4
Dy=1357Mgm>
Melting point: 211 K

Mo Ko radiation
A=0.71073 A

Cell parameters from 25 reflections
0=9-12°

p=0.10 mm '

T=298(2)K

Block, white

0.40 x 0.20 X 0.10 mm

Rint = 0.045

Omax = 26.0°
Omin = 1.1°
h=-8—9
k=-17-17

[=0-23

3 standard reflections
every 120 min

intensity decay: none

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

sites
H-atom parameters constrained

w = 1/[cX(Fo2) + (0.060P)> + 3.P]
where P = (F> + 2F.2)/3
(A/6)max < 0.001
Apmax =025 ¢ A3
APmin=-025¢ A

Extinction correction: none
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Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. 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 l.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al 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 calculat-

ing R-factors(gt) efc. 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 (/fz )

01
HIA
02
03
04
05
06
H6A
Cl
C2
H2A
H2B
C3
C4
C5
C6
C7
H7A
C8
HSA
C9
HOA
C10
HI10A
Cl1
HI11A
Cl12
HI2A
CI13
Cl14
CI15
Cl6
HI16A

X

0.1282 (5)
0.0835
~0.0989 (3)
~0.0114 (3)
0.2512 (3)
0.5061 (4)
0.6600 (3)
0.7205
0.0299 (5)
0.0985 (5)
0.2258
0.0942
0.0591 (4)
0.0597 (4)
0.1318 (4)
0.1987 (4)
0.1890 (5)
0.2306
0.1191 (5)
0.1115
0.1391 (5)
0.0919
0.2173 (6)
0.2263
0.2825 (6)
0.3305
0.2758 (5)
0.3223
~0.0051 (4)
~0.1729 (4)
~0.2220 (5)
~0.1044 (5)
~0.1338

y
0.6169 (3)
0.6059
0.73119 (17)
0.77416 (16)
0.92721 (18)
0.7891 (2)
0.88120 (19)
0.8311
0.6857 (3)
0.7004 (3)
0.7172
0.6417
0.8019 (2)
0.8975 (2)
0.9274 (3)
0.8567 (3)
0.7598 (3)
0.7135
0.7324 (3)
0.6679
1.0245 (3)
1.0719
1.0496 (4)
1.1137
0.9791 (5)
0.9968
0.8867 (4)
0.8407
0.9716 (2)
1.0295 (2)
1.1072 (2)
1.1245 (3)
1.1762

z

0.49477 (15)
0.5352
0.49653 (12)
0.35876 (11)
0.37989 (13)
0.4021 (2)
0.45775 (14)
0.4666
0.46559 (19)
0.39056 (18)
0.3856
0.3679
0.29089 (17)
0.27175 (17)
0.20207 (17)
0.15491 (18)
0.1771 (2)
0.1461
0.24370 (19)
0.2576
0.1785 (2)
0.2079
0.1109 (2)
0.0963
0.0648 (2)
0.0194
0.0860 (2)
0.0553
0.32173 (16)
0.31468 (17)
0.35663 (19)
0.4057 (2)
0.4330

Uiso*/Ueq
0.1021 (14)
0.153*
0.0496 (6)
0.0439 (6)
0.0565 (7)
0.0967 (12)
0.0645 (8)
0.097*
0.0489 (9)
0.0516 (9)
0.062*
0.062*
0.0383 (7)
0.0385 (7)
0.0446 (8)
0.0490 (9)
0.0567 (10)
0.068*
0.0480 (9)
0.058*
0.0558 (10)
0.067*
0.0780 (14)
0.094*
0.0844 (16)
0.101*
0.0742 (14)
0.089*
0.0372 (7)
0.0412 (8)
0.0457 (8)
0.0518 (9)
0.062*
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C17
H17A
CI18
C19
HI19A
C20
H20A
C21
H21A
C22
H22A
C23
H23A
H23B
C24
o7
08
H&B
09
010
O11
012
H12B
C25
C26
H26A
H26B
C27
C28
H28A
C29
H29A
C30
C31
C32
C33
H33A
C34
H34A
C35
H35A
C36
H36A
C37
C38
C39
C40
H40A
C41

0.0530 (5)
0.1288
0.0981 (5)
~0.2954 (4)
~0.2672
~0.4542 (5)
~0.5334
~0.5009 (5)
~0.6089
~0.3881 (5)
~0.4198
0.3781 (4)
0.3154
0.4373
0.5175 (5)
0.9951 (4)
1.2485 (4)
1.2045
1.0627 (3)
0.5807 (3)
0.4509 (4)
0.6800 (4)
0.6259
1.1379 (5)
1.2070 (5)
1.2994
1.2653
0.9372 (4)
0.9505 (5)
1.0445
0.8276 (5)
0.8391
0.6842 (5)
0.6660 (4)
0.7939 (4)
0.5600 (6)
0.5688
0.4273 (6)
0.3484
0.4119 (6)
0.3226
0.5238 (5)
0.5076
0.7715 (4)
0.8468 (4)
0.8064 (5)
0.8834 (5)
0.8547
0.9990 (6)

1.0671 (3)
1.0797
0.9890 (2)
1.0097 (3)
0.9582
1.0658 (3)
1.0514
1.1439 (3)
1.1818
1.1643 (3)
1.2164
0.9458 (2)
0.9531
1.0041
0.8630 (3)
0.4283 (2)
0.33147 (19)
0.3133
0.48722 (16)
0.59017 (17)
0.5109 (2)
0.56388 (19)
0.5375
0.3985 (3)
0.4393 (3)
0.4838
0.3881
0.4332 (2)
0.3324 (2)
0.2999
0.2822 (3)
0.2157
0.3280 (3)
0.4297 (2)
0.4826 (2)
0.2773 3)
0.2109
0.3232 (3)
0.2885
0.4234 (3)
0.4551
0.4749 (3)
0.5413
0.5891 (2)
0.6408 (2)
0.7410 (2)
0.7916 (3)
0.8570
0.7457 (3)

0.41447 (19)
0.4474
0.37306 (18)
0.26709 (19)
0.2395
0.2616 (2)
0.2303
0.3016 (2)
0.2964
0.3482 (2)
0.3750
0.42561 (18)
0.4721
0.4097
0.42612 (19)
0.37652 (15)
0.37122 (14)
0.4105
0.23955 (12)
0.28705 (11)
0.41261 (13)
0.46200 (13)
0.4970
0.34557 (18)
0.27429 (18)
0.2783
0.2468
0.21556 (16)
0.22164 (18)
0.2442
0.19487 (19)
0.1996
0.16040 (18)
0.15515 (17)
0.18415 (16)
0.1296 (2)
0.1345
0.0929 (2)
0.0720
0.0871 (2)
0.0617
0.11768 (19)
0.1141
0.17765 (16)
0.11561 (16)
0.10647 (17)
0.04569 (19)
0.0390
~0.0032 (2)

0.0512 (9)
0.061*
0.0442 (8)
0.0482 (9)
0.058*
0.0610 (11)
0.073*
0.0613 (11)
0.074*
0.0542 (9)
0.065*
0.0438 (8)
0.053*
0.053*
0.0497 (9)
0.0893 (11)
0.0630 (7)
0.095*
0.0485 (6)
0.0474 (6)
0.0653 (8)
0.0593 (7)
0.089*
0.0482 (9)
0.0513 (9)
0.062*
0.062*
0.0401 (7)
0.0497 (9)
0.060*
0.0535 (9)
0.064*
0.0486 (9)
0.0427 (8)
0.0379 (7)
0.0675 (11)
0.081*
0.0729 (12)
0.088*
0.0683 (12)
0.082*
0.0551 (9)
0.066*
0.0389 (7)
0.0417 (8)
0.0432 (8)
0.0552 (10)
0.066*
0.0660 (12)
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H41A
C42
H42A
C43
H43A
C44
C45
H45A
C46
H46A
C47
H47A
H47B
C48

1.0511
1.0399 (6)
1.1179
0.9660 (5)
0.9954
0.6597 (4)
0.6222 (5)
0.5512
0.6894 (5)
0.6588
0.6854 (4)
0.7004
0.8071
0.5953 (5)

0.7801
0.6477 (3)
0.6166
0.5965 (3)
0.5310
0.6392 (2)
0.7385 (3)
0.7706
0.7875 (2)
0.8527
0.5974 (2)
0.6643
0.5658
0.5537 (2)

Atomic displacement parameters (142 )

01
02
03
04
05
06
Cl1
C2
C3
C4
C5
C6
C7
C8
C9
C10
Cl11
C12
Cl13
Cl14
Cl15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24

Ull

0.100 (2)
0.0481 (14)
0.0453 (13)
0.0537 (15)
0.075 (2)
0.0557 (16)
0.047 (2)
0.049 (2)
0.0336 (16)
0.0326 (16)
0.0401 (18)
0.0354 (18)
0.052 (2)
0.048 (2)
0.049 (2)
0.072 (3)
0.068 (3)
0.049 (2)
0.0368 (17)
0.0429 (18)
0.0454 (19)
0.048 (2)
0.051 (2)
0.0428 (19)
0.0359 (18)
0.051 (2)
0.042 (2)
0.046 (2)
0.0411 (18)
0.051 (2)

U22

0.125 (3)
0.0529 (15)
0.0425 (13)
0.0574 (16)
0.067 (2)
0.0639 (17)
0.052 (2)
0.055 (2)
0.0438 (19)
0.0440 (19)
0.053 (2)
0.073 (3)
0.074 (3)
0.0422 (19)
0.064 (2)
0.096 (4)
0.128 (5)
0.125 (4)
0.0347 (17)
0.0371 (18)
0.0401 (19)
0.045 (2)
0.051 (2)
0.0413 (19)
0.055 (2)
0.069 (3)
0.066 (3)
0.046 (2)
0.051 (2)
0.048 (2)

~0.0426 0.079%

0.0054 (2) 0.0644 (11)

~0.0285 0.077*

0.06357 (18) 0.0534 (9)

0.0687 0.064*

0.22741 (16) 0.0413 (8)

0.21914 (18) 0.0469 (8)

0.2543 0.056*

0.15982 (18) 0.0483 (9)

0.1537 0.058*

0.34339 (16) 0.0418 (8)

0.3487 0.050%

0.3330 0.050%

0.40964 (17) 0.0444 (8)
U33 U12 U13 U23
0.0570 (19) 0.072 (2) 0.0118 (17) 0.0372 (18)
0.0468 (14) 0.0151 (11) ~0.0153 (11) ~0.0012 (11)
0.0418 (13) 0.0081 (10) ~0.0111 (10) 0.0080 (10)
0.0638 (17) 0.0224 (12) ~0.0366 (13) ~0.0196 (13)
0.163 (4) 0.0281 (16) ~0.068 (2) ~0.048 (2)
0.081 (2) 0.0169 (13) ~0.0441 (15) ~0.0138 (14)
0.046 (2) 0.0129 (17) ~0.0149 (16) 0.0039 (16)
0.048 (2) 0.0143 (17) ~0.0112 (17) 0.0089 (17)
0.0392 (18) 0.0014 (14) ~0.0150 (14) 0.0000 (14)
0.0410 (18) ~0.0020 (13) ~0.0188 (14) 0.0051 (14)
0.0420 (19) ~0.0010 (15) ~0.0206 (15) 0.0079 (16)
0.0380 (19) 0.0085 (17) ~0.0094 (15) ~0.0023 (17)
0.046 (2) 0.0091 (19) ~0.0164 (18) ~0.0129 (19)
0.054 (2) 0.0096 (15) ~0.0149 (17) ~0.0074 (16)
0.054 (2) ~0.0004 (18) ~0.0195 (18) 0.0143 (19)
0.064 (3) ~0.012 (3) ~0.021 (2) 0.037 (3)
0.050 (3) ~0.002 (3) ~0.007 (2) 0.030 (3)
0.044 (2) 0.007 (2) ~0.0062 (18) 0.009 (3)
0.0412 (18) ~0.0003 (13) ~0.0148 (14) 0.0047 (14)
0.0454 (19) ~0.0006 (14) ~0.0208 (15) 0.0072 (14)
0.052 (2) ~0.0010 (15) ~0.0152 (16) 0.0065 (16)
0.063 (2) 0.0119 (16) ~0.0148 (18) ~0.0103 (17)
0.057 (2) 0.0043 (17) ~0.0279 (18) ~0.0131 (18)
0.051 (2) 0.0065 (15) ~0.0232 (16) 0.0002 (15)
0.055 (2) ~0.0006 (15) ~0.0178 (16) 0.0002 (17)
0.066 (3) 0.0055 (19) ~0.030 (2) 0.005 (2)
0.076 (3) 0.0097 (18) ~0.025 (2) 0.012 (2)
0.070 (3) 0.0088 (16) ~0.0147 (19) 0.0042 (18)
0.0417 (19) 0.0079 (15) ~0.0215 (15) ~0.0062 (15)
0.053 (2) 0.0108 (16) ~0.0249 (17) ~0.0068 (17)
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o7

08

09

010
O11
012
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46
C47
C48

0.083 (2)
0.0590 (16)
0.0542 (14)
0.0498 (14)
0.0611 (17)
0.0638 (17)
0.049 (2)
0.048 (2)
0.0417 (18)
0.054 (2)
0.066 (2)
0.058 (2)
0.0380 (18)
0.0383 (17)
0.083 (3)
0.072 (3)
0.053 (2)
0.056 (2)
0.0402 (17)
0.0422 (18)
0.050 (2)
0.071 (3)
0.091 (3)
0.078 (3)
0.066 (2)
0.0367 (17)
0.047 (2)
0.055 (2)
0.0404 (18)
0.047 (2)

Geometric parameters (4, °)

01—C1
O1—HI1A
02—C1
03—C3
03—C2
04—C18
04—C23
05—C24
06—C24
O6—H6A
Cl—C2
C2—H2A
C2—H2B
C3—C4
C3—C8
C4—Cs

0.119 (3)
0.0675 (18)
0.0470 (14)
0.0608 (15)
0.093 (2)
0.0755 (19)
0.049 (2)
0.058 (2)
0.0448 (19)
0.045 (2)
0.046 (2)
0.047 (2)
0.052 (2)
0.0440 (18)
0.057 (3)
0.074 (3)
0.087 (3)
0.059 (2)
0.0447 (19)
0.051 (2)
0.0458 (19)
0.052 (2)
0.069 (3)
0.069 (3)
0.053 (2)
0.056 (2)
0.051 (2)
0.0407 (19)
0.049 (2)
0.048 (2)

1.295 (4)
0.8200

1.219 (4)
1.392 (4)
1.411 (4)
1.376 (4)
1.410 (4)
1.184 (4)
1.322 (4)
0.8200

1.485 (5)
0.9700

0.9700

1.367 (4)
1.400 (5)
1.434 (5)

0.0491 (17) 0.056 (2)
0.0552 (16) 0.0246 (13)
0.0458 (14) ~0.0003 (11)
0.0323 (12) ~0.0097 (11)
0.0433 (15) ~0.0236 (15)
0.0393 (14) ~0.0134 (14)
0.046 (2) 0.0165 (16)
0.048 (2) 0.0098 (17)
0.0324 (17) ~0.0032 (14)
0.049 (2) 0.0071 (17)
0.047 (2) ~0.0014 (18)
0.0397 (19) ~0.0085 (17)
0.0372 (18) ~0.0017 (15)
0.0294 (16) ~0.0010 (14)
0.067 (3) ~0.018 (2)
0.080 (3) -0.023 (2)
0.068 (3) -0.010 (2)
0.050 (2) 0.0007 (18)
0.0316 (17) 0.0036 (14)
0.0315 (17) 0.0014 (15)
0.0344 (18) 0.0070 (15)
0.043 (2) ~0.0036 (19)
0.037 (2) -0.022 (2)
0.041 (2) ~0.007 (2)
0.0374 (19) 0.0066 (18)
0.0300 (17) 0.0035 (15)
0.042 (2) 0.0071 (16)
0.049 (2) 0.0085 (16)
0.0351 (18) 0.0022 (15)
0.0375 (19) 0.0061 (16)

07—C25

08—C25

08— HSB

09—C27

09—C26

010—C44

010—C47

011—C48

012—C48

012—HI2B

C25—C26

C26—H26A

C26—H26B

C27—C32

C27—C28

C28—C29

0.0016 (15) 0.0225 (17)
~0.0069 (13) 0.0137 (13)
~0.0205 (11) 0.0062 (11)
~0.0069 (10) 0.0017 (11)
~0.0045 (13) 0.0043 (14)
~0.0126 (12) 0.0104 (12)
~0.0166 (17) ~0.0023 (16)
~0.0168 (17) 0.0008 (17)
~0.0053 (14) 0.0083 (14)
~0.0145 (17) 0.0050 (16)
~0.0104 (18) 0.0088 (17)
~0.0036 (16) 0.0073 (16)
~0.0071 (14) 0.0045 (15)
~0.0024 (13) 0.0054 (13)
~0.020 (2) 0.006 (2)
~0.032 (2) 0.000 (2)
~0.024 (2) 0.009 (2)
~0.0141 (18) 0.0067 (18)
~0.0119 (14) 0.0048 (14)
~0.0113 (14) 0.0055 (14)
~0.0159 (15) 0.0025 (14)
~0.0196 (19) 0.0168 (17)
~0.002 (2) 0.0161 (19)
0.009 (2) 0.0014 (19)
0.0020 (17) 0.0022 (16)
~0.0064 (13) 0.0026 (15)
~0.0059 (16) ~0.0073 (16)
~0.0173 (17) 0.0016 (16)
~0.0059 (14) 0.0029 (15)
~0.0083 (15) ~0.0023 (15)

1.203 (4)

1.302 (4)

0.8200

1.380 (4)

1.418 (4)

1.387 (4)

1.421 (4)

1.250 (4)

1.273 (4)

0.8200

1.500 (5)

0.9700

0.9700

1.388 (4)

1.411 (5)

1.358 (5)
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Cc4—Cl13
C5—C9
C5—C6
Cc6—C7
C6—Cl12
Cc7—C8
C7—H7A
C8—HSA
C9—C10
C9—H9A
cl0—Cl1
C10—HI0A
Cl1—C12
Cl1I—H11A
C12—HI2A
C13—C18
C13—Cl4
Cl4—C15
C14—C19
C15—Cl6
Cl15—C22
Cl6—C17
Cl6—HI6A
C17—C18
C17—HI7A
C19—C20
C19—HI9A
C20—C21
C20—H20A
C21—C22
C21—H21A
C22—H22A
C23—C24
C23—H23A
C23—H23B
Cl—O1—HIA
C3—03—C2
C18—04—C23
C24—06—H6A
02—C1—01
02—C1—C2
01—Cl1—C2
03—C2—Cl
03—C2—H2A
Cl—C2—H2A
03—C2—H2B
Cl—C2—H2B
H2A—C2—H2B
C4—C3—03

1.490 (4)
1.410 (5)
1.422 (5)
1.402 (5)
1.431 (5)
1.369 (5)
0.9300
0.9300
1.395 (6)
0.9300
1.403 (7)
0.9300
1.336 (7)
0.9300
0.9300
1.367 (4)
1.433 (4)
1.412 (5)
1.417 (4)
1.403 (5)
1.422 (5)
1.373 (5)
0.9300
1.406 (5)
0.9300
1.363 (5)
0.9300
1.391 (6)
0.9300
1.354 (5)
0.9300
0.9300
1.487 (4)
0.9700
0.9700

109.5
113.5 (2)
119.9 (3)
109.5
123.8 (3)
126.1 (3)
110.1 (3)
109.8 (3)
109.7
109.7
109.7
109.7
108.2
118.1 (3)

C28—H28A 0.9300
C29—C30 1.399 (5)
C29—H29A 0.9300
C30—C33 1.410 (5)
C30—C31 1.423 (5)
C31—C36 1.422 (5)
C31—C32 1.430 (5)
C32—C37 1.492 (4)
C33—C34 1.365 (6)
C33—H33A 0.9300
C34—C35 1.403 (6)
C34—H34A 0.9300
C35—C36 1.350 (5)
C35—H35A 0.9300
C36—H36A 0.9300
C37—C44 1.386 (4)
C37—C38 1.431 (4)
C38—C43 1.403 (5)
C38—C39 1.418 (5)
C39—C40 1.409 (5)
C39—C46 1.426 (5)
C40—C41 1.359 (6)
C40—H40A 0.9300
C41—C42 1.390 (6)
C41—H41A 0.9300
C42—C43 1.367 (5)
C42—H42A 0.9300
C43—H43A 0.9300
C44—C45 1.403 (5)
C45—C46 1.354 (5)
C45—H45A 0.9300
C46—H46A 0.9300
C47—C48 1.483 (5)
C47—H4ATA 0.9700
C47—H4TB 0.9700
C25—08—HSB 109.5
C27—09—C26 118.5 (3)
C44—010—C47 110.3 (2)
C48—012—HI12B 109.5
07—C25—08 123.8 (3)
07—C25—C26 122.0 (3)
08— C25—C26 114.2 (3)
09—C26—C25 112.0 (3)
09—C26—H26A 109.2
C25—C26—H26A 109.2
09—C26—H26B 109.2
C25—C26—H26B 109.2
H26A—C26—H26B 107.9
09—C27—C32 116.9 (3)
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C4—C3—C8
03—C3—C8
C3—C4—C5
C3—C4—C13
C5—C4—C13
C9—C5—C6
CO—C5—C4
C6—C5—C4
C7—C6—C5
C7—C6—C12
C5—C6—C12
C8—C7—C6
C8—C7—HT7A
C6—C7—HT7A
C7—C8—C3
C7—C8—HSA
C3—C8—HSA
C10—C9—Cs
C10—C9—H9%A
C5—C9—HOA
Co—C10—C11
C9—C10—H10A
C11—C10—H10A
C12—CI11—C10
Cl12—CI1—HI11A
C10—CI1—HI11A
Cl11—C12—C6
Cl11—C12—HI12A
C6—C12—HI12A
C18—C13—Cl14
C18—C13—C4
Cl14—C13—C4
C15—C14—C19
C15—C14—C13
C19—C14—C13
Cl16—C15—C14
Cl16—C15—C22
Cl14—C15—C22
C17—C16—Cl15
C17—Cl16—HI16A
C15—C16—HI16A
C16—C17—CI18
C16—C17—H17A
C18—C17—HI17A
C13—C18—04
C13—C18—C17
04—C18—C17
C20—C19—C14
C20—C19—HI19A

122.0 (3)
119.8 (3)
118.9 (3)
122.1 (3)
118.9 (3)
118.6 (3)
122.4 (3)
119.0 (3)
119.3 (3)
121.8 (4)
118.9 (4)
121.0 (4)
119.5
119.5
119.7 (3)
120.2
120.2
119.9 (4)
120.0
120.0
120.8 (5)
119.6
119.6
120.1 (4)
120.0
120.0
121.5 (5)
119.2
119.2
118.6 (3)
120.8 (3)
120.5 (3)
118.2 (3)
120.2 (3)
121.6 (3)
118.2 (3)
122.6 (3)
119.2 (3)
121.9 (3)
119.1
119.1
119.2 (3)
120.4
120.4
115.7 (3)
121.8 (3)
122.5 (3)
120.3 (4)
119.8

09—C27—C28
C32—C27—C28
C29—C28—C27
C29—C28—H28A
C27—C28—H28A
C28—C29—C30
C28—C29—H29A
C30—C29—H29A
C29—C30—C33
C29—C30—C31
C33—C30—C31
C36—C31—C30
C36—C31—C32
C30—C31—C32
C27—C32—C31
C27—C32—C37
C31—C32—C37
C34—C33—C30
C34—C33—H33A
C30—C33—H33A
C33—C34—C35
C33—C34—H34A
C35—C34—H34A
C36—C35—C34
C36—C35—H35A
C34—C35—H35A
C35—C36—C31
C35—C36—H36A
C31—C36—H36A
C44—C37—C38
C44—C37—C32
C38—C37—C32
C43—C38—C39
C43—C38—C37
C39—C38—C37
C40—C39—C38
C40—C39—C46
C38—C39—C46
C41—C40—C39
C41—C40—HA40A
C39—C40—HA40A
C40—C41—C42
C40—C41—H41A
C42—C41—H41A
C43—C42—C41
C43—C42—H42A
C41—C42—H42A
C42—C43—C38
C42—C43—HA43A

122.8 (3)
120.2 (3)
120.7 (3)
119.6
119.6
121.6 3)
119.2
119.2
122.5 (4)
118.5 (3)
119.0 (3)
117.7 (3)
122.3 (3)
120.0 (3)
118.9 (3)
122.3 (3)
118.7 (3)
121.7 (4)
119.1
119.1
118.9 (4)
120.6
120.6
121.4 (4)
119.3
119.3
121.2 (4)
119.4
119.4
118.5 (3)
120.9 (3)
120.2 (3)
117.9 (3)
122.3 (3)
119.8 (3)
119.4 (3)
122.0 (3)
118.6 (3)
120.6 (4)
119.7
119.7
120.3 (3)
119.8
119.8
120.4 (4)
119.8
119.8
121.3 (4)
119.3
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C14—C19—HI9A
C19—C20—C21
C19—C20—H20A
C21—C20—H20A
C22—C21—C20
C22—C21—H21A
C20—C21—H21A
C21—C22—CI5
C21—C22—H22A
C15—C22—H2A
04—C23—C24
04—C23—H23A
C24—C23—H23A
04—C23—H23B
C24—C23—H23B
H23A—C23—H23B
05—C24—06
05—C24—C23
06—C24—C23
C3—03—C2—Cl
02— C1—C2—03
01—C1—C2—03
C2—03—C3—C4
C2—03—C3—C8
03—C3—C4—C5
C8—C3—C4—C5
03—C3—C4—C13
C8—C3—C4—CI3
C3—C4—C5—C9
C13—C4—C5—C9
C3—C4—C5—C6
C13—C4—C5—C6
C9—C5—C6—C7
C4—C5—C6—C7
C9—C5—C6—Cl12
C4—C5—C6—Cl12
C5—C6—C7—C8
C12—C6—C7—C8
C6—C7—C8—C3
C4—C3—C8—C7
03—C3—C8—C7
C6—C5—C9—C10
C4—C5—C9—C10
C5—C9—C10—Cl1
C9—C10—C11—C12
C10—C11—C12—C6
C7—C6—Cl12—Cl1
C5—C6—Cl12—Cl1
C3—C4—C13—CI8

119.8
121.6 (4)
119.2
119.2
119.6 (3)
120.2
120.2
121.0 (4)
119.5
119.5
107.1 (3)
110.3
110.3
110.3
110.3
108.5
122.8 (3)
125.8 (3)
111.4 3)

171.3 3)
~1.7 (6)
178.8 (3)
~135.6 3)
47.3 (4)
~180.0 3)
-2.9(5)
2.5(4)
179.6 (3)
~179.3 3)
~1.7(4)
0.5 (4)
178.2 (3)
~178.7 (3)
1.5 (5)

1.7 (5)
~178.1 3)
-12(5)
178.3 (3)
~1.1(5)
3.2(5)
~179.8 3)
-23(5)
177.5 3)
2.6 (6)
-22(7)
1.6 (7)
179.1 (4)
~1.4(6)
72.8 (4)

C38—C43—HA43A
C37—C44—010
C37—C44—C45
010—C44—C45
C46—C45—C44
C46—C45—HA45A
C44—C45—HA45A
C45—C46—C39
C45—C46—HA40A
C39—C46—HA40A
010—C47—C48
010—C47—H47A
C48—C47—HA4TA
010—C47—H47B
C48—C47—H47B
H47A—C47—H47B
011—C48—012
011—C48—C47
012—C48—C47

C27—09—C26—C25
07—C25—C26—09
08—C25—C26—09
C26—09—C27—C32
C26—09—C27—C28
09—C27—C28—C29
C32—C27—C28—C29
C27—C28—C29—C30
C28—C29—C30—C33
C28—C29—C30—C31
C29—C30—C31—C36
C33—C30—C31—C36
C29—C30—C31—C32
C33—C30—C31—C32
09—C27—C32—C31
C28—C27—C32—C31
09—C27—C32—C37
C28—C27—C32—C37
C36—C31—C32—C27
C30—C31—C32—C27
C36—C31—C32—C37
C30—C31—C32—C37
C29—C30—C33—C34
C31—C30—C33—C34
C30—C33—C34—C35
C33—C34—C35—C36
C34—C35—C36—C31
C30—C31—C36—C35
C32—C31—C36—C35
C27—C32—C37—C44

119.3
119.5 (3)
121.9 (3)
118.6 (3)
119.9 (3)
120.1
120.1
121.3 (3)
119.3
119.3
111.8 (3)
109.3
109.3
109.3
109.3
107.9
124.2 (3)
122.4 (3)
113.4 (3)
~72.3 (4)
217 (5)
160.7 (3)
177.6 3)
-2.6(5)
~177.5 (3)
23(5)
0.1(6)
177.2 (4)
~1.5(5)
177.7 3)
~1.1(5)
0.6 (5)
~178.1 (3)
176.7 (3)
-3.1(5)
~1.5()
178.8 (3)
~175.3 (3)
1.6 (5)
2.9(5)
179.8 (3)
~176.3 (4)
2.4 (6)
~1.5(7)
~0.7(7)
2.0 (6)
~1.1(5)
175.9 (4)
—93.5 (4)
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C5—C4—C13—C18
C3—C4—C13—C14
C5—C4—C13—C14
C18—C13—C14—C15
C4—C13—C14—C15
C18—C13—C14—C19
C4—C13—C14—C19
C19—C14—C15—C16
C13—C14—C15—C16
C19—C14—C15—C22
C13—C14—C15—C22
Cl14—C15—C16—C17
C22—C15—C16—C17
C15—C16—C17—C18
C14—C13—C18—04
C4—C13—C18—04
C14—C13—C18—C17
C4—C13—C18—C17
C23—04—C18—CI13
C23—04—C18—C17
C16—C17—C18—C13
C16—C17—C18—04
C15—C14—C19—C20
C13—C14—C19—C20
C14—C19—C20—C21
C19—C20—C21—C22
C20—C21—C22—C15
C16—C15—C22—C21
C14—C15—C22—C21
C18—04—C23—C24
04—C23—C24—05
04—C23—C24—06

Hydrogen-bond geometry (4, ©)

D—H-4
O1—HI1A-07
06—H6A021
08—H8B-02!

012—H12B--011!
C2—H2A--05
C47—H4TA~05
C47—H47B--07

~104.8 (4)
~110.4 (3)
72.0 (4)
47 (5)
~172.1 3)
~173.9 3)
9.2 (5)
177.5 3)
-12(5)
-2.0(5)
179.3 (3)
~1.3(6)
178.2 (4)
0.2 (6)
176.1 (3)
~7.1(5)
-5.9(5)
171.0 3)
172.5 (3)
-5.5(5)
3.5(6)
~178.6 (3)
1.1 (5)
179.8 (3)
0.5 (6)
~1.2(6)
0.2 (6)
~178.1 (4)
1.3 (6)
1752 (3)
~11.5 (6)
168.9 (3)

0.82
0.82
0.82
0.82

0.97
0.97
0.97

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

C31—C32—C37—C44
C27—C32—C37—C38
C31—C32—C37—C38
C44—C37—C38—C43
C32—C37—C38—C43
C44—C37—C38—C39
C32—C37—C38—C39
C43—C38—C39—C40
C37—C38—C39—C40
C43—C38—C39—C46
C37—C38—C39—C46
C38—C39—C40—C41
C46—C39—C40—C41
C39—C40—C41—C42
C40—C41—C42—C43
C41—C42—C43—C38
C39—C38—C43—C42
C37—C38—C43—C42
C38—C37—C44—010
C32—C37—C44—010
C38—C37—C44—C45
C32—C37—C44—C45
C47—010—C44—C37
C47—010—C44—C45
C37—C44—C45—C46
010—C44—C45—C46
C44—C45—C46—C39
C40—C39—C46—C45
C38—C39—C46—C45
C44—010—C47—C48
010—C47—C48—O011
010—C47—C48—012

H-A
1.78
1.96
1.95
1.87

2.42
2.39
2.44

DA
2.598 (4)
2.760 (3)
2.770 (4)
2.671 (4)

3.360 (5)
3.139 (4)
3.236 (4)

88.3 (4)
94.2 (4)
-83.9 (4)
177.9 3)
9.7 (5)
0.1(5)
172.6 3)
1.2 (5)
179.1 (3)
~178.3 (3)
—0.5(5)
~1.6(5)
177.9 (4)
1.4 (6)
—0.8(7)
0.5 (6)
—0.7 (5)
~178.5 (4)
178.1 (3)
57(5)
~13(5)
~173.7 3)
98.8 (3)
—81.7 (4)
2.9(5)
~176.5 (3)
-32(5)
~177.5 (3)
2.1(5)
174.6 3)
43 (5)
~176.2 (3)

D—H4
174
167
179
166
162

134
139
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Fig. 1
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Fig. 2
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