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In the title 1,5-diketone compound, C,,H»,05S,;, the benzene
ring makes dihedral angles of 41.51 (6) and 25.83 (6)° with the
two thiophene rings, while the dihedral angle between the
thiophene rings is 26.67 (7)°. An intramolecular C—H---O
interaction generates an S(9) ring motif. In the crystal,
molecules are linked into a three-dimensional network by
weak C—H---O and C—H---7 interactions, and a -7
interaction with a centroid—centroid distance of 3.6527 (8) A.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-
bond motifs, see: Bernstein et al. (1995). For background and
applications of 1,5-diketone compounds, see: Alagarsamy et al.
(2007); Favaro et al. (2002); Harrowven & Hannam (1999);
Pillai et al. (2004); Rai et al. (2008). For the preparation of the
title compound, see: Suwunwong et al. (2011). For the stability
of the temperature controller used in the data collection, see:
Cosier & Glazer (1986).
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Experimental

Crystal data

C5,H,,058, V =2054.35 (4) A3
M, = 430.54 Z=4

Monoclinic, P2, /c Mo Ko radiation
a=16.1955 (2) A =029 mm™!
b=175777 (1) A T =100 K

c=16.7706 (2) A
B = 93.490 (1)°

0.26 x 0.20 x 0.18 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tnin = 0.928, Tpax = 0.949

23337 measured reflections
6027 independent reflections
4962 reflections with I > 20(I)
Rin = 0.030

Refinement

R[F? > 20(F%)] = 0.038
wR(F?) = 0.102

S =1.04

6027 reflections

265 parameters

H-atom parameters constrained
Apmax =043 e A7

APmin = —0.46 ¢ A7

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

Cg2 is the centroid of the C14-C19 ring.

D—H---A D—H H---A D---A D—H---A
C2—H2A---02 0.95 2.57 3.5002 (18) 166
C3—H3A---02 0.95 2.48 3.3677 (17) 156
C8—HS8B---01" 0.99 2.58 3.3154 (16) 131
C21—H21A. .01 0.98 257 3.0692 (17) 112
C22—H224---01" 0.98 2.39 3.3489 (16) 165
C21—H21B---Cg2" 0.98 2.91 3.8317 (16) 158

Symmetry codes: (i) —x, —y +1, —z +1; (ii) x,y + 1, z; (iii)) —x+1, —y, —z +1; (iv)
—x+1Ly+L—z+% () —x+1,—y+1,—z+1

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); 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).

TS thanks the Crystal Materials Research Unit for financial
support. NW thanks the Prince of Songkla University for a
postdoctoral fellowship. The authors also thank the Prince of
Songkla University and Universiti Sains Malaysia for the
Research University Grant No. 1001/PFIZIK/811160.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: 1S5007).

References

Alagarsamy, V., Vijayakumar, S. & Solomon, V. R. (2007). Biomed.
Pharmacother. 61, 285-291.

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor,
R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1-19.

Bernstein, J., Davis, R. E., Shimoni, L. & Chang, N.-L. (1995). Angew. Chem.
Int. Ed. Engl. 34, 1555-1573.

Bruker (2009). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA.

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

03416

Fun et al.

doi:10.1107/5160053681104846X

Acta Cryst. (2011). E67, 03416—03417


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB5

organic compounds

Favaro, G., Ortica, F. & Romani, A. (2002). Chem. Phys. 280, 163-175. Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.
Harrowven, D. C. & Hannam, J. C. (1999). Tetrahedron, 55, 9333-9340. Spek, A. L. (2009). Acta Cryst. D65, 148-155.
Pillai, A. D., Rathod, P. D., Franklin, P. X., Padh, H., Vasu, K. K. &

Suwunwong, T., Chantrapromma, S. & Fun, H.-K. (2011). Chem. Zvesti, 65,
Sudarsanam, V. (2004). Biochem. Biophys. Res. Commun. 317, 1067-1074. 890-897.

Rai, N. S., Kalluraya, B., Lingappa, B., Shenoy, S. & Puranic, V. G. (2008). Eur.
J. Med. Chem. 43, 1715-1720.

Acta Cryst. (2011). E67, 03416-03417 Fun et al. = CyH,0sS, 03417


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=is5007&bbid=BB12

supplementary materials



supplementary materials

Acta Cryst. (2011). E67, 03416-03417 [ doi:10.1107/S160053681104846X ]
1,5-Bis(thiophen-2-yl)-3-(2,4,5-trimethoxyphenyl)pentane-1,5-dione

H.-K. Fun, T. Suwunwong, N. Boonnak and S. Chantrapromma

Comment

Ketones are obviously one of the most important compounds in organic chemistry. There are many interesting applications
of the compounds with the ketone group and the heterocyclic unit, which exhibit not only bioactivity such as antibacterial
(Rai et al., 2008), anti-inflammatory (Pillai ef al., 2004) and analgesic (Alagarsamy et al., 2007) activities, but also fluor-
escent property (Favaro ef al., 2002). The 1,5-diketone compound is conventionally prepared by the oxidative cleavage of

cyclopentenes or the conjugate addition of enolates to a,p-unsaturated ketones (Harrowven & Hannam, 1999).

In the molecule of the title compound (Fig. 1), the pentane-1,5-dione unit (C5—C9/01/02) is puckered with the torsion
angles C5—-C6—C7-C8 = 170.36 (10)° and C6-C7-C8—C9 = -71.81 (13)°, making the two ketone groups pointing towards
opposite directions. A weak intramolecular C3—H3A-O2 interaction (Table 1) which generates an S(9) ring motif (Bern-
stein et al., 1995) helps to stabilize this conformation. The dihedral angle between the two thiophene rings is 26.67 (7)°.
The 2,4,5-trimethoxyphenyl ring makes dihedral angles of 41.51 (6) and 25.83 (6)° with the S1/C1-C4 and S2/C10-C13
thiophene rings, respectively. The three substituted methoxy groups of 2,4,5-trimethoxyphenyl unit have two different ori-
entations in which the ortho- and para-methoxy groups (at atom C15 and C17 positions) are co-planar with the phenyl ring
with torsion angles C20—-0O3—-C15-C16 = -0.50 (18)° and C21-04-C17-C18 = 179.46 (12)° whereas the meta-methoxy
(at atom C18) is twisted with the torsion angle C22—05-C18-C19 = 10.08 (19)° The bond distances in (I) are in normal
ranges (Allen et al., 1987).

In the crystal packing (Fig. 2), the molecules are linked into a three dimensional network through the enone unit by weak
C—H--O interactions (Table 1), a weak C—H--'x interaction (Table 1) and a n—m interaction with a Cgl---Cgl distance of
3.6527 (8) A; Cgl is the centroid of S1/C1-C4 thiophene ring.

Experimental

The title compound (I) is a symmetrical 1,5-diketone compound which was alternatively synthesized by the stirring of
(E)-1-(2-thitenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (0.57 g, 1.5 mmol) (Suwunwong et al., 2011) in methanol
(15 ml) with a freshly prepared sodium methoxide (1.5 mmol of sodium in 40 ml of methanol). Excess malononitrile (0.20
g, 3.0 mmol) was then added with continuous stirring at room temperature until the precipitate separated out. The resulting
solid was filtered. Colorless single crystals of the title compound suitable for X-ray structure determination was obtained
by recrystalization from acetone/methanol (1:1 v/v) by the slow evaporation of the solvent at room temperature after several

days.

Refinement

All H atoms were placed in calculated positions, with C—H =0.95, 1.00 and 0.99 A for aromatic, CH and CH,, respectively,
and Ujso(H) = 1.2U¢q(C), and with C—H = 0.98 A and Ujgo(H) = 1.5 Ueq(C) for CH3 atoms. A rotating group model was
used for the methyl groups.
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Figures
N
o - _H_|H # Fig. 1. The molecular structure of the title compound, showing 50% probability displacement
| ellipsoids and the atom-numbering scheme. The weak C—H---O interaction was shown as a
. dashed line.
s i | i
T e e o "'\-\.I -

Fig. 2. The crystal packing diagram of the title compound viewed along the b axis. Weak
C—H---O interactions were shown as dashed lines.

1,5-Bis(thiophen-2-yl)-3-(2,4,5-trimethoxyphenyl)pentane-1,5-dione

Crystal data
C22H22058;

M, = 430.54
Monoclinic, P2;/c
Hall symbol: -P 2ybc
a=16.1955(2) A
b=17.5777 (1) A
c=16.7706 (2) A
B=193.490 (1)°
V=2054.35 (4) A3
Z=4

Data collection

Bruker APEXII CCD area-detector
diffractometer

Radiation source: sealed tube
graphite

¢ and ® scans

Absorption correction: multi-scan
(SADABS; Bruker, 2009)

Tmin = 0.928, Tnax = 0.949

23337 measured reflections

Refinement

Refinement on 7~

Least-squares matrix: full

F(000) =904
Dy=1392Mgm >
Mo Ka radiation, A =0.71073 A

Cell parameters from 6027 reflections

0=2.4-30.1°
p=0.29 mm!
=100 K

Block, colorless
0.26 x 0.20 x 0.18 mm

6027 independent reflections
4962 reflections with /> 2o(/)
Rint=10.030

Omax = 30.1°, Oppin = 2.4°

h=-22-22
k=-10—10
[=-23-23

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map
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Hydrogen site location: inferred from neighbouring

R[F? > 20(F?)] = 0.038 sites

WR(Fz) =0.102 H-atom parameters constrained

S loa w=1/[62(Fy?) + (0.0476P)* + 0.7947P]
where P = (F,> + 2F.2)/3

6027 reflections (A/6)max = 0.001

265 parameters Apmax =043 ¢ A7

0 restraints ApPmin=—0.46 ¢ A~

Special details

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat (Cosier &
Glazer, 1986) operating at 120.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance matrix. The
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used
for estimating esds 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 F?> 2sigma(F2) 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 (/fz )

X y z Uiso*/Ueq
S1 0.15320 (2) —0.05956 (5) 0.46899 (2) 0.02686 (9)
S2 0.05511 (2) 0.83742 (5) 0.76099 (2) 0.02604 (9)
01 0.26302 (6) —0.04470 (12) 0.61509 (6) 0.0210 (2)
02 0.11405 (6) 0.57870 (14) 0.64643 (6) 0.0245 (2)
03 0.31333 (5) 0.28911 (14) 0.48626 (5) 0.0200 (2)
04 0.60447 (5) 0.28712 (14) 0.57867 (6) 0.0221 (2)
05 0.56590 (6) 0.37664 (15) 0.72042 (6) 0.0228 (2)
Cl 0.07060 (9) 0.0369 (2) 0.41872 (9) 0.0287 (3)
HI1A 0.0469 —0.0046 0.3690 0.034*
2 0.04213 (9) 0.1804 (2) 0.45787 (9) 0.0261 (3)
H2A —0.0042 0.2484 0.4388 0.031*
C3 0.08930 (8) 0.21756 (18) 0.53040 (8) 0.0203 (3)
H3A 0.0790 0.3136 0.5648 0.024*
C4 0.15231 (8) 0.09482 (17) 0.54423 (8) 0.0171 (2)
C5 0.21609 (7) 0.08266 (16) 0.60996 (7) 0.0154 (2)
C6 0.22329 (7) 0.23228 (17) 0.66977 (7) 0.0158 (2)
H6A 0.2561 0.1920 0.7181 0.019*
Hé6B 0.1674 0.2641 0.6858 0.019*
c7 0.26495 (7) 0.39825 (16) 0.63566 (7) 0.0144 (2)
H7A 0.2345 0.4293 0.5839 0.017*
c8 0.25704 (7) 0.55376 (17) 0.69304 (8) 0.0169 (2)
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H8A
H&B
C9
C10
Cl11
H11A
Cl12
HI12A
Cl13
HI13A
Cl14
Cl15
Cl6
H16A
C17
CI18
C19
HI19A
C20
H20A
H20B
H20C
C21
H21A
H21B
H21C
C22
H22A
H22B
H22C

0.2753
0.2946
0.16998 (8)
0.15454 (8)
0.20817 (8)
0.2656
0.16658 (9)
0.1931
0.08427 (9)
0.0472
0.35481 (7)
0.37699 (7)
0.46025 (7)
0.4744
0.52174 (7)
0.50086 (7)
0.41810 (7)
0.4040
0.33368 (9)
0.2827
0.3655
0.3668
0.62830 (8)
0.6888
0.6079
0.6046
0.54575 (8)
0.5967
0.5158
0.5109

0.5152
0.6493
0.62670 (17)
0.75825 (17)
0.83333 (17)
0.8079
0.95354 (18)
1.0169
0.96710 (19)
1.0412
0.36293 (16)
0.31052 (16)
0.28376 (17)
0.2485
0.30865 (17)
0.35820 (17)
0.38428 (17)
0.4177
0.2389 (2)
0.2213
0.1288
0.3320
0.2351 (2)
0.2286
0.3219
0.1191
0.39764 (19)
0.4118
0.2931
0.5024

Atomic displacement parameters (142 )

S1

S2

01
02
03
04
05
Cl1
C2
C3
C4
C5
C6
C7

Ull

0.02481 (18)
0.01850 (16)
0.0187 (4)
0.0178 (4)
0.0151 (4)
0.0122 (4)
0.0134 (4)
0.0254 (7)
0.0195 (6)
0.0166 (6)
0.0155 (5)
0.0130 (5)
0.0143 (5)
0.0124 (5)

U22
0.0312 (2)
0.02694 (18)
0.0189 (5)
0.0264 (5)
0.0313 (5)
0.0352 (6)
0.0392 (6)
0.0389 (9)
0.0287 (7)
0.0212 (6)
0.0176 (6)
0.0167 (6)
0.0171 (6)
0.0155 (5)

0.7477 0.020%

0.6777 0.020*

0.69406 (8) 0.0176 (2)

0.75553 (8) 0.0172 (2)

0.81330 (8) 0.0184 (2)

0.8194 0.022*

0.86262 (8) 0.0229 (3)

0.9059 0.027*

0.84048 (9) 0.0269 (3)

0.8668 0.032*

0.61902 (7) 0.0141 (2)

0.54348 (7) 0.0152 (2)

0.52796 (7) 0.0164 (2)

0.4762 0.020*

0.58790 (8) 0.0163 (2)

0.66468 (7) 0.0161 (2)

0.67889 (7) 0.0155 (2)

0.7309 0.019*

0.40790 (8) 0.0235 (3)

0.3742 0.035%

0.4107 0.035%

0.3849 0.035%

0.50147 (8) 0.0224 (3)

0.5018 0.034*

0.4617 0.034*

0.4880 0.034*

0.80143 (8) 0.0205 (3)

0.8354 0.031*

0.8184 0.031*

0.8061 0.031*
U33 U12 U13
0.02430 (18) -0.00215 (14)  —0.00106 (13)
0.0325 (2) 0.00698 (13) ~0.00001 (13)
0.0252 (5) 0.0036 (4) 0.0008 (4)
0.0284 (5) 0.0055 (4) ~0.0049 (4)
0.0136 (4) 0.0000 (4) 0.0000 (3)
0.0194 (5) 0.0024 (4) 0.0040 (3)
0.0156 (4) 0.0004 (4) ~0.0007 (3)
0.0209 (7) ~0.0112 (6) ~0.0061 (5)
0.0292 (7) ~0.0066 (5) ~0.0054 (5)
0.0227 (6) ~0.0059 (5) ~0.0017 (5)
0.0183 (6) ~0.0029 (4) 0.0008 (4)
0.0168 (6) ~0.0014 (4) 0.0031 (4)
0.0162 (6) ~0.0001 (4) 0.0023 (4)
0.0152 (5) 0.0008 (4) 0.0011 (4)

U23

~0.00875 (14)
~0.00871 (14)
~0.0002 (4)
~0.0080 (4)
~0.0038 (4)
~0.0034 (4)
~0.0041 (4)
0.0037 (6)
0.0131 (6)
0.0037 (5)
~0.0005 (5)
0.0008 (4)
~0.0006 (4)
~0.0006 (4)
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C8 0.0131 (5) 0.0180 (6) 0.0194 (6) 0.0017 (4) 0.0002 (4) ~0.0030 (5)
C9 0.0162 (6) 0.0167 (6) 0.0199 (6) 0.0024 (4) 0.0007 (5) ~0.0004 (5)
C10 0.0154 (5) 0.0169 (6) 0.0195 (6) 0.0023 (4) 0.0022 (4) 0.0002 (5)
Cll 0.0193 (6) 0.0177 (6) 0.0183 (6) 0.0009 (5) 0.0023 (5) ~0.0007 (5)
cl12 0.0273 (7) 0.0214 (6) 0.0202 (6) ~0.0016 (5) 0.0029 (5) ~0.0034 (5)
C13 0.0291 (7) 0.0223 (7) 0.0300 (7) 0.0041 (6) 0.0082 (6) ~0.0074 (6)
Cl4 0.0129 (5) 0.0146 (5) 0.0149 (5) 0.0003 (4) 0.0021 (4) 0.0005 (4)
C1s 0.0145 (5) 0.0169 (6) 0.0141 (5) ~0.0007 (4) ~0.0001 (4) 0.0011 (4)
C16 0.0163 (5) 0.0188 (6) 0.0146 (6) 0.0007 (4) 0.0038 (4) ~0.0003 (4)
C17 0.0127 (5) 0.0189 (6) 0.0174 (6) 0.0006 (4) 0.0030 (4) 0.0004 (5)
C18 0.0138 (5) 0.0191 (6) 0.0152 (6) 0.0002 (4) 0.0000 (4) 0.0000 (4)
C19 0.0149 (5) 0.0175 (6) 0.0144 (5) 0.0004 (4) 0.0020 (4) ~0.0008 (4)
€20 0.0236 (6) 0.0320 (7) 0.0148 (6) 0.0027 (6) ~0.0004 (5) ~0.0045 (5)
c21 0.0189 (6) 0.0279 (7) 0.0212 (6) 0.0034 (5) 0.0072 (5) ~0.0021 (5)
22 0.0178 (6) 0.0279 (7) 0.0156 (6) 0.0006 (5) ~0.0008 (5) ~0.0024 (5)

Geometric parameters (4, °)

S1—Cl1 1.7021 (16) C8—H8A 0.9900
S1—C4 1.7214 (13) C8—HSB 0.9900
S2—C13 1.6998 (15) C9—C10 1.4665 (18)
S2—C10 1.7261 (13) C10—Cl1 1.3835 (19)
01—C5 1.2283 (15) Cl1—C12 1.4266 (18)
02—C9 1.2259 (16) Cl1—HI11A 0.9500
03—CI5 1.3747 (15) Cl12—C13 1.366 (2)
03—C20 1.4258 (15) Cl2—HI2A 0.9500
04—Cl17 1.3678 (14) CI13—HI3A 0.9500
04—C21 1.4288 (16) Cl4—Cl5 1.3954 (16)
05—CI8 1.3722 (15) C14—C19 1.3998 (17)
05—C22 1.4253 (15) C15—C16 1.4035 (16)
cl1—C2 1.365 (2) Cl6—C17 1.3842 (18)
Cl—HIA 0.9500 Cl6—HI6A 0.9500
C2—C3 1.425 (2) C17—C18 1.4022 (17)
C2—H2A 0.9500 C18—C19 1.3897 (16)
C3—C4 1.3897 (19) C19—HI9A 0.9500
C3—H3A 0.9500 C20—H20A 0.9800
C4—C5 1.4669 (18) C20—H20B 0.9800
C5—C6 1.5136 (17) C20—H20C 0.9800
Cc6—C7 1.5527 (17) C21—H21A 0.9800
C6—H6A 0.9900 C21—H21B 0.9800
C6—H6B 0.9900 C21—H21C 0.9800
C7—Cl4 1.5222 (16) C22—H22A 0.9800
Cc7—C8 1.5317 (17) C22—H22B 0.9800
C7—H7A 1.0000 C22—H22C 0.9800
Cc8—C9 1.5155 (17)

Cl1—S1—C4 91.71 (7) C10—C11—HI11A 124.1
C13—S2—C10 91.55 (7) Cl2—Cl11—HI11A 124.1
C15—03—C20 117.99 (10) C13—C12—Cl1 112.20 (13)
C17—04—C21 117.13 (10) C13—C12—HI2A 123.9
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C18—05—C22
C2—C1—S1
C2—Cl—HIA
S1—Cl—HIA
Cl—C2—C3
Cl—C2—H2A
C3—C2—H2A
C4—C3—C2
C4—C3—H3A
C2—C3—H3A
C3—C4—C5
C3—C4—S1
C5—C4—S1
01—C5—C4
01—C5—C6
C4—C5—C6
C5—C6—C7
C5—C6—HG6A
C7—C6—H6A
C5—C6—H6B
C7—C6—H6B
H6A—C6—H6B
Cl14—C7—C8
C14—C7—C6
C8—C7—C6
Cl4—C7—H7A
C8—C7—H7A
C6—C7—HTA
C9—C8—C7
C9—C8—HSA
C7—C8—HSA
C9—C8—HSB
C7—C8—HS8B
H8A—C8—HSB
02—C9—C10
02—C9—C8
C10—C9—C8
C11—C10—C9
C11—C10—S2
C9—C10—S2
C10—C11—C12
C4—S1—C1—C2
S1—C1—C2—C3
Cl—C2—C3—C4
C2—C3—C4—C5
C2—C3—C4—S1
C1—S1—C4—C3
C1—S1—C4—C5
C3—C4—C5—01

116.74 (10)
112.47 (11)
123.8

123.8
112.88 (13)
123.6
123.6
111.13 (13)
124.4
124.4
130.07 (12)
111.80 (10)
118.11 (9)
120.42 (12)
121.32 (12)
118.25 (11)
112.35 (10)
109.1

109.1

109.1

109.1

107.9
111.59 (10)
111.52 (10)
109.69 (10)
108.0
108.0
108.0
113.65 (10)
108.8

108.8

108.8

108.8

107.7
120.59 (11)
122.38 (12)
117.03 (11)
130.18 (11)
111.58 (9)
118.23 (10)
111.72 (12)
~0.79 (12)
1.29 (16)
~1.21(17)
178.95 (12)
0.60 (14)
0.09 (10)
~178.48 (10)
174.25 (13)

Cl11—C12—HI2A
C12—C13—S2
C12—C13—H13A
S2—C13—HI13A
C15—C14—C19
C15—C14—C7
C19—C14—C7
03—C15—C14
03—C15—C16
C14—C15—Cl16
C17—C16—C15
C17—Cl6—HI16A
C15—Cl6—HI16A
04—C17—C16
04—C17—C18
C16—C17—C18
05—C18—C19
05—C18—C17
C19—C18—C17
C18—C19—Cl14
C18—C19—HI19A
C14—C19—HI19%A
03—C20—H20A
03—C20—H20B
H20A—C20—H20B
03—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
04—C21—H21A
04—C21—H21B
H21A—C21—H21B
04—C21—H21C
H21A—C21—H21C
H21B—C21—H21C
05—C22—H22A
05—C22—H22B
H22A—C22—H22B
05—C22—H22C
H22A—C22—H22C
H22B—C22—H?22C

C11—C12—C13—S2
C10—S2—C13—C12
C8—C7—C14—CI15
C6—C7—C14—CI15
C8—C7—C14—C19
C6—C7—C14—C19
C20—03—C15—C14
C20—03—C15—Cl16

123.9
112.93 (11)
123.5
123.5
117.79 (11)
121.22 (11)
120.98 (10)
116.35 (10)
122.80 (11)
120.85 (11)
120.17 (11)
119.9
119.9
124.60 (11)
115.38 (11)
120.02 (11)
125.25 (11)
115.77 (10)
118.98 (11)
122.17 (11)
118.9
118.9
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

0.05 (17)
0.45 (12)
~142.95 (12)
93.99 (14)
36.21 (16)
~86.85 (14)
178.82 (12)
~0.50 (18)
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S1—C4—C5—01
C3—C4—C5—C6
S1—C4—C5—C6
01—C5—C6—C7
C4—C5—C6—C7
C5—C6—C7—Cl14
C5—C6—C7—C8
C14—C7—C8—C9
C6—C7T—C8—C9
C7—C8—C9—02
C7—C8—C9—C10
02—C9—C10—Cl11
C8—C9—C10—C11
02—C9—C10—S2
C8—C9—C10—S2
C13—S2—C10—C11
C13—S2—C10—C9
C9—C10—C11—C12
S2—C10—C11—C12
C10—C11—C12—C13

Hydrogen-bond geometry (4, ©)

~7.49 (16)
~6.94 (19)
171.32 (9)
103.44 (13)
~75.37 (13)
—65.51 (13)
170.36 (10)
164.10 (10)
~71.81 (13)
~8.19 (18)
171.37 (11)
~178.32 (14)
2.1(2)

2.17 (18)
~177.40 (9)
~0.83 (11)
178.76 (11)
~178.53 (13)
1.00 (15)
~0.68 (17)

Cg?2 is the centroid of the C14—C19 ring.

D—H-A
C2—H2A02!
C3—H3A02
C8—H8B01"
C21—H21A-0111
C22—H22A01"
C21—H21B-Cg2"

D—H
0.95
0.95
0.99
0.98
0.98
0.98

C19—C14—C15—03
C7—C14—C15—03
C19—C14—C15—C16
C7—C14—C15—C16
03—C15—C16—C17
C14—C15—C16—C17
C21—04—C17—Cl16
C21—04—C17—C18
C15—C16—C17—04
C15—C16—C17—C18
C22—05—C18—C19
C22—05—C18—C17
04—C17—C18—05
C16—C17—C18—05
04—C17—C18—C19
C16—C17—C18—C19
05—C18—C19—C14
C17—C18—C19—C14
C15—C14—C19—C18
C7—C14—C19—C18

H-A
2.57
2.48
2.58
2.57
2.39
291

Dot
3.5002 (18)
33677 (17)
33154 (16)
3.0692 (17)
3.3489 (16)
3.8317 (16)

179.39 (11)
~1.42 (17)
~1.26 (18)
177.92 (11)
179.52 (11)
0.22 (19)
~0.06 (19)
179.46 (12)
~179.56 (12)
0.94 (19)
10.08 (19)
~169.80 (12)
~0.66 (17)
178.88 (12)
179.45 (11)
~1.01 (19)
~179.96 (12)
~0.08 (19)
1.20 (19)
~177.99 (11)

D—H-A
166
156
131
112
165
158

Symmetry codes: (i) —x, —y+1, —z+1; (ii) x, y+1, z; (iil) —x+1, —y, —z+1; (iv) —x+1, y+1/2, =z+3/2; (v) —x+1, —p+1, —z+1.
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Fig. 1
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Fig. 2
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