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In the title compound, C,;H,,03, the enone group adopts an
s—cis conformation. The planes of the aromatic rings are
inclined at an angle of 6.1 (1)°. The alkoxy tail is not linear,
with the maximum deviation from the least-squares plane
being 0.375 (2) A. Molecules are connected into extended
chains along the a axis through O—H- - -Ocyrpony1 hydrogen
bonds and are interlinked via C—H- - -O interactions to form a
two-dimensional array parallel to the ab plane.

Related literature

For the biological properties of chalcone derivatives, see: Bhat
et al. (2005); Xue et al. (2004); Zhao et al. (2005); Satyana-
rayana et al. (2004); Won et al. (2005). For related structures,
see: Razak et al (2009); Razak et al. (2009a,b); Ngaini,
Fadzillah et al. (2009); Ngaini, Rahman et al. (2009). For the
stability of the temperature controller used in the data
collection, see: Cosier & Glazer (1986).
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Experimental

Crystal data

C,1H,,0;4 V = 345896 (12) A3
M, = 324.40 Z=8

Orthorhombic, Pbca Mo Ka radiation
a=10.0237 (2) A =008 mm™!

b =9.7695 (2) A T=100K

¢ =353220 (6) A 0.25 x 0.12 x 0.07 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
T'min = 0.980, Tax = 0.995

25370 measured reflections
5659 independent reflections
3311 reflections with I > 20(1)
Rin = 0.086

Refinement

R[F? > 20(F*)] = 0.073
wR(F?) = 0.139

S =1.02

5659 reflections

222 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Apmax =027 e A7

APmin = —025 ¢ A7

Table 1

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
O1—H101.--02 0.89 (3) 1.77 (3) 2.6466 (19) 169 (2)
Cl1—HI1A.--01" 0.93 2.55 3.458 (2) 164

Symmetry codes: (i) x +1,y, —z 4+ % (i) —x+ 1,y — 4, —z + 1.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).

HKF and IAR thank the Malaysian Government and
Universiti Sains Malaysia for a Science Fund grant (No. 305/
PFIZIK/613312) and a Research University Golden Goose
grant (No. 1001/PFIZIK/811012). ZN and HH thank Univer-
siti Malaysia Sarawak for a Geran Penyelidikan Dana Khas
Inovasi grant [No. DI/01/2007(01)]. NIAR thanks the Malay-
sian Government and Universiti Malaysia Sarawak for
providing a scholarship for postgraduate studies.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: TK2457).

References

Bhat, B. A., Dhar, K. L., Puri, S. C.,, Saxena, A. K., Shanmugavel, M. & Qazi,
G. N. (2005). Bioorg. Med. Chem. Lett. 15, 3177-3180.

Bruker (2005). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA.

Cosier, J. & Glazer, A. M. (1986). J. Appl. Cryst. 19, 105-107.

Ngaini, Z., Fadzillah, S. M. H., Rahman, N. I. A., Hussain, H., Razak, I. A. &
Fun, H.-K. (2009). Acta Cryst. E65, 0879-0880.

Ngaini, Z., Rahman, N. I. A., Hussain, H., Razak, I. A. & Fun, H.-K. (2009).
Acta Cryst. E65, 0889-0890.

Razak, I. A., Fun, H.-K., Ngaini, Z., Fadzillah, S. M. H. & Hussain, H. (2009a).
Acta Cryst. E65, 0881-0882.

Acta Cryst. (2009). E65, 01439—01440

doi:10.1107/51600536809019436

01439

Razak et al.


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB1
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB2
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB3
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB4
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB5
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB6
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB6
https://crossmark.crossref.org/dialog/?doi=10.1107/S1600536809019436&domain=pdf&date_stamp=2009-05-29

organic compounds

Razak, I. A., Fun, H.-K., Ngaini, Z., Fadzillah, S. M. H. & Hussain, H. (2009b).

Acta Cryst. E65, 01133-01134.

Razak, I. A., Fun, H.-K., Ngaini, Z., Rahman, N. I. A. & Hussain, H. (2009).

Acta Cryst. E65, 01092-01093.

Satyanarayana, M., Tiwari, P, Tripathi, B. K., Srivastava, A. K. & Pratap, R.

(2004). Bioorg. Med. Chem. Lett. 12, 883-889.
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Spek, A. L. (2009). Acta Cryst. D65, 148-155.

Won, S.J, Liu, C. T,, Tsao, L. T., Weng, J. R., Ko, H. H., Wang, J. P. & Lin, C. N.
(2005). Eur. J. Med. Chem. 40, 103-112.

Xue, C. X., Cui, S. Y., Liu, M. C, Hu, Z. D. & Fan, B. T. (2004). Eur. J. Med.

Chem. 39, 745-753.

Zhao, L. M., Jin, H. S., Sun, L. P, Piao, H. R. & Quan, Z. S. (2005). Chem. Lett.

15, 5027-5029.

01440 Razaketal. - Cy1H,,05

Acta Cryst. (2009). E65, 01439—-01440


https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB8
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB9
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB10
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB11
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB12
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB13
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB13
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB14
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=tk2457&bbid=BB14

supporting information

Acta Cryst. (2009). E65, 0143901440  [doi:10.1107/S1600536809019436]
(E)-3-[4-(Hexyloxy)phenyl]-1-(4-hydroxyphenyl)prop-2-en-1-one

Ibrahim Abdul Razak, Hoong-Kun Fun, Zainab Ngaini, Norashikin Irdawaty Abd Rahman and

Hasnain Hussain

S$1. Comment

Chalcones derivatives are reported to demonstrate biological properties such as an anti-malarial (Xue et al., 2004), anti-
cancer (Bhat ef al., 2005), anti-inflammatory (Won ef al., 2005), anti-platelet (Zhao et al., 2005) as well as anti-
hyperglycemic (Satyanarayana et al., 2004) activities. Synthetic and naturally occurring chalcones have been extensively
studied and developed as pharmaceutically important molecules. As part of our studies, we have synthesized the title
chalcone derivative, (I), and tested its anti-bacterial activity against E. coli ATCC 8739; the compound showed anti-
microbial activity. In this paper, we report the crystal structure of (I).

The conformation of the enone (02/C7—C9) moiety in (I) is s—cis with the 02—C7—C8—C9 torsion angle being
5.7 (3)°. The mean plane through the enone moiety makes dihedral angles of 15.9 (1)° and 10.9 (1)°, with the C1-C6 and
C10-C15 aromatic rings, respectively. The two aromatic rings form a dihedral angle of 6.1 (1)°.

The short HIA--H8A (2.16 A) contact resulted in the slight widening of the C1—C6—C?7 (123.0 (2)°) and C6—C7—
C8 (120.7 (2)°) angles whereas the widening of C8—C9—C10 and C9—C10—C15 angles to 129.0 (2)° and 123.7 (2)°
respectively, resulted from the close interatomic contact of H8A---H15A (2.34 A). Correspondingly, the opening of the O3
—C13—C12 (124.9 (2)°) angle is the consequence of strain induced by short HI2A---H16A (2.28 A) and H12A---H16B
(2.38 A) contacts. Similar features can also be found in previously reported related structures (Razak et al., 2009; Razak
et al., 2009a,b; Ngaini, Fadzillah et al., 2009; Ngaini, Rahman et al., 2009).

Even though the C16—03—C13—C12 torsion angle is 0.8 (3)°, only part of the alkoxyl tail, O3/C16—C18, is co-planar
with the attached aromatic ring [maximum deviation of the least-squares plane of 03/C16-C18 is -0.002 (2) A]. The
alkoxyl chain is twisted about the C19—C20 bond as shown by the C18—C19—C20—C21 torsion angle being
-73.4 (2)°. The least-squares plane through the the alkoxyl chain, 03/C16—C21, [maximum deviation of 0.375 (2) A at
C16] makes a dihedral angle of 49.1 (2)° with the attached aromatic ring.

In the crystal structure, intermolecular O1—H101---O2 hydrogen bonds between the hydroxy and keto groups link the
molecules into extended chains along the a axis, Table 1. The chains are interlinked via C1—H1A--O1 interactions into a

2-D array parallel to the ab-plane, Table 1 and Fig. 2.

S2. Experimental

A mixture of 4-hydroxyacetophenone (1.36 g, 10 mmol), 4-hexyloxybenzaldehyde (2.06 ml, 10 mmol) and KOH (2.02 g,
36 mmol) in methanol (30 ml) was heated at reflux for 24 h. The reaction was cooled to room temperature and acidified
with cold diluted HCI (2 N). The resulting precipitate was filtered, washed and dried. After redissolving in a hexane—

ethanol (7:1) solution, followed by few days of slow evaporation, crystals were collected.

Acta Cryst. (2009). E65, 01439-01440 sup-1
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$3. Refinement

The O-bound H atom was located in a difference Fourier map and refined freely; O—H = 0.89 (3) A. All the C-bound H
atoms were positioned geometrically and refined using a riding model with C—H = 0.93-0.97 A. The Ui, values were
constrained to be 1.5U, (methyl-H atoms) and 1.2U,, (other H atoms). The rotating model group was applied for the

methyl group.
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The molecular structure of (I), showing 50% probability displacement ellipsoids and the atom numbering scheme.
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Figure 2

The crystal packing in (I), viewed down the a axis. Intermolecular O—H---O hydrogen bonding and C—H:--O contacts

are shown as dashed lines. H atoms not involved in hydrogen bondings are omitted for clarity.

(E)-3-[4-(Hexyloxy)phenyl]-1-(4-hydroxyphenyl)prop-2-en-1-one

Crystal data
C21H2403 Cc= 353220 (6) A
M,=324.40 V=3458.96 (12) A®

Orthorhombic, Pbca
Hall symbol: -P 2ac 2ab
a=10.0237(2) A
b=9.7695 (2) A

Z=8

F(000) = 1392

D,=1246 Mg m™

Mo Ko radiation, 2 =0.71073 A
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Cell parameters from 2200 reflections
0=2.3-22.0°
4 =0.08 mm™

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: sealed tube

Graphite monochromator

@ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2005)

Twin = 0.980, Tax = 0.995

Refinement

Refinement on F?

Least-squares matrix: full

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

wR(F?) =0.139

§=1.02

5659 reflections

222 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

T=100K
Block, colourless
0.25 x0.12 x 0.07 mm

25370 measured reflections
5659 independent reflections
3311 reflections with /> 2a(/)

R, =0.086

Omax = 31.3°, Opin = 1.2°
h=-14—14
k=-14—14
[=-51-50

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[c*(F,?) + (0.0389P)* + 1.4637P]
where P = (F,2 + 2F2)/3

(A/G)max < 0.001

Apax =0.27 € A7

Apmin=-025¢ A7

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat
(Cosier & Glazer, 1986) operating at 100.0 (1) K.

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.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > o(F?) 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?
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 (42)

X y z Uiso*/Ueq

0Ol 0.45711 (14) 0.93154 (14) 0.31262 (3) 0.0203 (3)
02 0.17214 (13) 0.81942 (14) 0.15690 (3) 0.0216 (3)
03 0.47446 (13) 0.24927 (13) 0.00413 (4) 0.0207 (3)
Cl 0.43756 (18) 0.74282 (19) 0.22313 (5) 0.0177 (4)
HI1A 0.4783 0.6696 0.2109 0.021%*

C2 0.47890 (19) 0.77884 (18) 0.25929 (5) 0.0183 (4)
H2A 0.5452 0.7286 0.2714 0.022*

C3 0.42085 (18) 0.89013 (19) 0.27736 (5) 0.0172 (4)
C4 0.32103 (19) 0.96503 (19) 0.25923 (5) 0.0198 (4)
H4A 0.2827 1.0402 0.2712 0.024*

Acta Cryst. (2009). E65, 01439-01440
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C5 0.27945 (18) 0.92715 (19) 0.22348 (5) 0.0193 (4)
H5A 0.2127 0.9773 0.2116 0.023*
C6 0.33582 (18) 0.81466 (18) 0.20480 (5) 0.0163 (4)
C7 0.28184 (18) 0.77389 (19) 0.16745 (5) 0.0175 (4)
C8 0.35542 (18) 0.67861 (19) 0.14301 (5) 0.0177 (4)
H8A 0.4336 0.6379 0.1516 0.021%*
C9 0.30968 (18) 0.65064 (19) 0.10828 (5) 0.0184 (4)
H9A 0.2357 0.7010 0.1007 0.022%*
C10 0.35965 (18) 0.55225 (18) 0.08071 (5) 0.0169 (4)
Cl11 0.29114 (19) 0.5369 (2) 0.04661 (5) 0.0201 (4)
H11A 0.2197 0.5948 0.0415 0.024*
C12 0.32554 (19) 0.43872 (19) 0.02008 (5) 0.0201 (4)
H12A 0.2773 0.4303 —0.0023 0.024*
C13 0.43319 (18) 0.35286 (18) 0.02730 (5) 0.0176 (4)
Cl4 0.50604 (18) 0.3682 (2) 0.06095 (5) 0.0193 (4)
H14A 0.5795 0.3125 0.0655 0.023*
C15 0.46928 (18) 0.46577 (19) 0.08730 (5) 0.0180 (4)
HI15A 0.5176 0.4743 0.1096 0.022*
C16 0.40164 (19) 0.2288 (2) —0.03062 (5) 0.0207 (4)
H16A 0.4010 0.3125 —0.0454 0.025%*
H16B 0.3101 0.2034 —0.0251 0.025%*
C17 0.47013 (19) 0.11601 (19) —0.05233 (5) 0.0211 (4)
H17A 0.4708 0.0334 —0.0371 0.025%*
H17B 0.5620 0.1420 —0.0571 0.025%*
C18 0.4013 (2) 0.0863 (2) —0.08992 (5) 0.0229 (4)
H18A 0.3874 0.1717 —0.1033 0.027*
H18B 0.3145 0.0462 —0.0850 0.027*
C19 0.48161 (19) —0.0107 (2) —0.11501 (5) 0.0219 (4)
HI9A 0.4997 —0.0939 —0.1009 0.026*
H19B 0.5667 0.0318 —0.1208 0.026*
C20 0.4129 (2) —0.0490 (2) —0.15221 (5) 0.0274 (5)
H20A 0.3798 0.0336 —0.1642 0.033*
H20B 0.4781 —0.0899 —0.1691 0.033*
C21 0.2977 (2) —0.1482 (2) —0.14688 (6) 0.0286 (5)
H21A 0.2614 —0.1722 —0.1711 0.043*
H21B 0.2297 —0.1057 -0.1317 0.043*
H21IC 0.3291 —0.2292 —0.1344 0.043*
H101 0.529 (3) 0.886 (3) 0.3205 (7) 0.057 (8)*
Atomic displacement parameters (42)
Ul] U22 U33 U12 Ul3 lj23
Ol 0.0221 (7) 0.0227 (7) 0.0162 (6) 0.0010 (6) —0.0029 (6) —0.0022 (6)
02 0.0217 (7) 0.0263 (7) 0.0169 (6) 0.0043 (6) —0.0023 (5) —0.0003 (6)
03 0.0243 (7) 0.0219 (7) 0.0160 (6) 0.0026 (6) —0.0010 (5) —0.0046 (5)
Cl 0.0195 (9) 0.0155 (9) 0.0182 (9) —0.0003 (8) 0.0009 (8) —0.0010 (7)
C2 0.0206 (10) 0.0158 (9) 0.0184 (9) 0.0010 (8) —0.0036 (8) 0.0011 (7)
C3 0.0191 (9) 0.0193 (9) 0.0132 (8) —0.0041 (7) —0.0003 (7) 0.0001 (7)
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C4 0.0196 (9) 0.0177 (9) 0.0221 (9) 0.0013 (8) 0.0019 (8) —0.0025 (8)
CS 0.0192 (9) 0.0193 (9) 0.0194 (9) 0.0008 (8) —0.0023 (7) —0.0002 (8)
C6 0.0179 (9) 0.0163 (8) 0.0148 (8) —0.0011 (7) 0.0003 (7) 0.0014 (7)
C7 0.0199 (9) 0.0173 (9) 0.0153 (9) —0.0027 (8) 0.0010 (7) 0.0023 (7)
C8 0.0172 (9) 0.0183 (9) 0.0175 (9) 0.0012 (8) 0.0004 (7) 0.0023 (7)
C9 0.0179 (9) 0.0194 (9) 0.0178 (9) —0.0005 (7) 0.0020 (7) 0.0020 (8)
C10 0.0189 (9) 0.0177 (9) 0.0141 (8) —0.0026 (7) 0.0012 (7) 0.0015 (7)
Cl11 0.0201 (10) 0.0217 (10) 0.0184 (9) 0.0016 (8) —0.0006 (8) 0.0025 (8)
C12 0.0228 (10) 0.0239 (10) 0.0135 (8) —0.0005 (8) —0.0026 (8) —0.0007 (8)
C13 0.0211 (9) 0.0161 (9) 0.0155 (9) —0.0023 (7) 0.0032 (7) 0.0018 (7)
Cl4 0.0167 (9) 0.0218 (9) 0.0195 (9) 0.0001 (8) 0.0001 (7) 0.0021 (8)
C15 0.0198 (9) 0.0214 (9) 0.0128 (8) —0.0032 (8) 0.0001 (7) 0.0017 (7)
Cl6 0.0235 (10) 0.0228 (10) 0.0157 (9) —0.0004 (8) —0.0013 (8) 0.0010 (8)
C17 0.0238 (10) 0.0208 (9) 0.0188 (9) 0.0022 (8) 0.0017 (8) —0.0009 (8)
C18 0.0270 (11) 0.0223 (10) 0.0194 (9) 0.0038 (8) 0.0010 (8) —0.0017 (8)
C19 0.0253 (10) 0.0203 (9) 0.0201 (9) —0.0005 (8) 0.0050 (8) —0.0014 (8)
C20 0.0399 (13) 0.0245 (10) 0.0178 (10) —0.0012 (10) 0.0031 (9) —0.0018 (8)
C21 0.0344 (12) 0.0286 (11) 0.0228 (10) 0.0021 (10) —0.0038 (9) —0.0021 (9)
Geometric parameters (A, ©)

01—C3 1.359 (2) C12—C13 1.390 (3)
O1—H101 0.89 (3) CI12—HI2A 0.9300

02—C7 1.243 (2) C13—Cl14 1.403 (2)
03—C13 1.366 (2) C14—C15 1.382 (3)
03—Cl16 1.442 (2) Cl4—HI14A 0.9300

Cl1—C2 1.388 (2) CI15—HI5A 0.9300

C1—C6 1.397 (2) Cl6—C17 1.508 (3)
Cl—HI1A 0.9300 Cl6—HI16A 0.9700

C2—C3 1.389 (2) Cl6—H16B 0.9700
C2—H2A 0.9300 C17—C18 1.524 (3)
C3—C4 1.395 (3) C17—HI17A 0.9700

C4—C5 1.380 (2) C17—H17B 0.9700
C4—HA4A 0.9300 C18—C19 1.526 (3)
C5—C6 1.401 (2) C18—HI8A 0.9700
C5—H5A 0.9300 C18—H18B 0.9700

C6—C7 1.481 (2) C19—C20 1.530 (3)
C7—C8 1.468 (3) C19—HI19A 0.9700

C8—C9 1.338 (2) C19—H19B 0.9700
C8—HS8A 0.9300 C20—C21 1.519 (3)
C9—C10 1.457 (2) C20—H20A 0.9700
C9—H9A 0.9300 C20—H20B 0.9700
C10—C11 1.394 (2) C21—H21A 0.9600
C10—C15 1.405 (3) C21—H21B 0.9600
Cl11—Cl12 1.385 (3) C21—H21C 0.9600
Cl1—HI11A 0.9300

C3—O01—H101 110.8 (17) C15—C14—H14A 119.8
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C13—03—Cl6 117.35 (14) C13—Cl4—H14A 119.8
C2—C1—C6 121.13 (17) Cl14—C15—C10 120.75 (17)
C2—Cl—HIA 119.4 Cl4—C15—HISA 119.6
C6—Cl—HIA 119.4 C10—C15—HI5A 119.6
Cl—C2—C3 119.76 (17) 03—C16—C17 107.68 (15)
Cl—C2—H2A 120.1 03—C16—HI6A 110.2
C3—C2—H2A 120.1 C17—C16—HI6A 110.2
01—C3—C2 122.84 (16) 03—C16—H16B 110.2
01—C3—C4 117.15 (16) C17—Cl16—H16B 110.2
C2—C3—C4 120.01 (16) H16A—C16—H16B 108.5
C5—C4—C3 119.72 (17) Cl16—C17—C18 112.12 (16)
C5—C4—H4A 120.1 Cl6—C17—HI7A 109.2
C3—C4—H4A 120.1 C18—C17—HITA 109.2
C4—C5—C6 121.30 (17) Cl6—C17—H17B 109.2
C4—C5—H5A 119.4 C18—C17—HI7B 109.2
C6—C5—H5A 119.4 HI17A—C17—H17B 107.9
Cl—C6—C5 118.05 (16) C17—C18—C19 112.69 (16)
Cl—C6—C7 123.00 (16) C17—C18—HI8A 109.1
C5—C6—C7 118.90 (16) C19—C18—HI8A 109.1
02—C7—C8 119.66 (16) C17—C18—HISB 109.1
02—C7—C6 119.61 (16) C19—C18—HISB 109.1
C8—C7—C6 120.73 (16) HI8A—C18—HI8B 107.8
C9—C8—C7 119.77 (17) C18—C19—C20 114.40 (17)
C9—C8—HSA 120.1 C18—C19—HI9A 108.7
C7—C8—HS8A 120.1 C20—C19—HI9A 108.7
C8—C9—C10 129.03 (18) C18—C19—HI9B 108.7
C8—C9—HIA 115.5 C20—C19—H19B 108.7
C10—C9—HIA 115.5 HI9A—C19—HI19B 107.6
Cl11—C10—Cl15 117.62 (17) C21—C20—C19 113.07 (16)
C11—C10—C9 118.60 (17) C21—C20—H20A 109.0
C15—C10—C9 123.68 (16) C19—C20—H20A 109.0
C12—C11—C10 122.42 (18) C21—C20—H20B 109.0
Cl2—CI1—HI1A 118.8 C19—C20—H20B 109.0
C10—Cl11—HI11A 118.8 H20A—C20—H20B 107.8
Cl1—CI12—CI3 119.14 (17) C20—C21—H21A 109.5
Cl1—C12—HI2A 120.4 C20—C21—H21B 109.5
C13—CI12—HI2A 120.4 H21A—C21—H21B 109.5
03—C13—CI2 124.91 (16) C20—C21—H21C 109.5
03—C13—Cl4 115.42 (16) H21A—C21—H21C 109.5
Cl12—CI13—Cl4 119.66 (17) H21B—C21—H21C 109.5
C15—C14—C13 120.37 (18)

C6—C1—C2—C3 -1.6(3) C8—C9—C10—C15 0.9 (3)
Cl—C2—C3—0l ~179.56 (16) C15—C10—C11—C12 1.6 3)
Cl—C2—C3—C4 02(3) C9—C10—C11—C12 ~174.97 (17)
01—C3—C4—C5 ~179.55 (16) C10—C11—C12—C13 0.8 (3)
C2—(C3—C4—C5 0.7 (3) C16—03—C13—CI12 0.8 (3)
C3—C4—C5—C6 0.2 (3) C16—03—C13—Cl4 179.42 (15)
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C2—C1—C6—C5 2.003) C11—C12—C13—03 177.71 (17)
C2—C1—C6—C7 —175.46 (17) C11—C12—C13—C14 -0.9 ()
C4—C5—C6—Cl1 -1.1(3) 03—C13—C14—C15 —177.06 (16)
C4—C5—C6—C7 176.46 (17) C12—C13—C14—CI15 1.7(3)
C1—C6—C7—02 162.42 (17) C13—C14—C15—C10 -0.8(3)
C5—C6—C7—02 -15.0 (3) C11—C10—C15—C14 -0.8(3)
C1—C6—C7—C8 —16.6 (3) C9—C10—C15—C14 175.58 (17)
C5—C6—C7—C8 165.93 (16) C13—03—C16—C17 176.52 (15)
02—C7—C8—C9 5.703) 03—C16—C17—C18 —179.69 (15)
C6—C7T—C8—C9 —175.26 (17) Cl16—C17—C18—C19 170.71 (16)
C7—C8—C9—C10 —174.51 (17) C17—C18—C19—C20 177.08 (17)
C8—C9—C10—C11 177.22 (19) C18—C19—C20—C21 =734 (2)
Hydrogen-bond geometry (4, °)

D—H-A4 D—H H-4 D—H-4
O1—H101--02i 0.89 (3) 1.77 (3) 169 (2)
Cl—H14--0lf 0.93 2.55 164

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