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The title compound, C;5H;,03S, has two symmetry-indepen-
dent molecules in the asymmetric unit with almost identical
geometry. The dihedral angle between the benzene and
thiophene rings is 1.61 (11)° in one molecule and 7.21 (11)° in
the other. In both molecules, C—H---O hydrogen bonds
generate rings of graph-set motif S(5). The crystal structure is
stabilized by C—H---O hydrogen bonds, C—H: - -7 inter-
actions and n—7 interactions involving the benzene and
thiophene rings, with centroid-centroid distances of
3.5249 (13) and 3.6057 (13) A.

Related literature

For related literature on the biological and non-linear optical
properties of chalcone derivatives, see: Agrinskaya et al
(1999); Chopra et al. (2007); Patil et al. (2006); Patil, Ng et al.
(2007); Patil, Fun et al. (2007). For bond-length data, see:
Allen et al. (1987). For graph-set analysis of hydrogen-bond
patterns, see: Bernstein ef al. (1995).

OCH;
OCH,

Experimental

Crystal data

CysH,1,058 b=143118 (3) A
M, = 27432 c=163692 (4) A

Monoclinic, P2, /n

/ B = 106.570 (2)°
a=121509 3) A

V =272841 (11) A®

+ Permanent address: Department of Physics, Karunya University, Karunya
Nagar, Coimbatore 641 114, India

Z=8 T=100.0 (1) K
Mo Ko radiation 0.60 x 0.17 x 0.11 mm
w=024mm"!

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tonin = 0.871, Tyay = 0.974

31879 measured reflections
7997 independent reflections
4723 reflections with 7 > 20(1)
Rine = 0.074

Refinement

R[F? > 20(F?%)] = 0.060
wR(F?) = 0.158

S =107

7997 reflections

347 parameters

H-atom parameters constrained
Apimax = 046 € A7

Apmin = —0.44 ¢ A7

Table 1 .

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H.--A
CIA—HTAA---O1A 0.93 243 2.792 (3) 103
C1B—HI1BA. - -O1A 0.93 2.36 3.261 (3) 162
C7B—H7BA- --O1B 0.93 2.47 2.816 (3) 102
C14B—HI14F. - -O1B" 0.96 2.53 3.401 (3) 151
C15A—HI15A4. - -Cgl' 0.96 2.92 3.616 (3) 130
C10A—H10A- - -Cg3"™ 0.93 2.84 3.636 (3) 144
C3A—H3AA---Cgd 0.93 2.79 3.370 (3) 122

Symmetry codes: (i) —x+1,—y+1,—z+1; (i) —x,—y+1,—z+1; (i)
x—3,—y+iz-3% (iv) =x+Ly+1 —z+1 Cgl, Cg3 and Cg4 are the centroids of
the S1A/C1A-C4A, S1B/C1B-C4B and C8B-C13B rings, respectively.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX2;
data reduction: SAINT (Bruker, 2005); 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,
2003).

FHK and SRJ thank the Malaysian Government and
Universiti Sains Malaysia for the Science Fund grant No. 305/
PFIZIK/613312. SRJ thanks the Universiti Sains Malaysia for
a post-doctoral research fellowship.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: CI2626).
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(E)-3-(3,4-Dimethoxyphenyl)-1-(2-thienyl)prop-2-en-1-one

H.-K. Fun, S. R. Jebas, P. S. Patil and S. M. Dharmaprakash

Comment

The synthesis and structural studies of chalcone derivatives have been of immense interest because of their biological as well
as their increasingly important nonlinear optical properties (Agrinskaya et al., 1999; Chopra et al. 2007). We have previously
reported the crystal structures of D-n—A type chalcone derivatives (Patil ef al.. 2006; Patil, Ng et al., 2007, Patil, Fun et al.,

2007). In continuation of our interest in these compounds, we report herein the crystal structure of the title compound, (I).

There are two independent molecules (A and B) in the asymmetric unit of (I), with similar geometries (Fig. 1). The bond
lengths and angles are found to have normal values (Allen ez al., 1987). The thiophene rings in both the molecules are planar,
with a maximum deviation of 0.002 (3) A for atom C2A and -0.007 (3) A for atom C3B. The dihedral angle between the
benzene and thiophene rings is 1.61 (11)° in molecule A and 7.21 (11)° in molecule B. In each of the independent molecule,

an intramolecular C—H--O hydrogen bond generates an S(5) ring motif (Bernstein et al., 1995).

The crystal structure is consolidated by weak C—H-+-O and C—H-n interactions (Table 1). The packing is fur-
ther strengthened by n—m interactions between the SIA/C1A—C4A (centroid Cgl) and C8A—C13A (centroid Cg2) rings

[Cgl"'CgZi = 3.5249 (13) A] and between the S1B/C1B-C4B (centroid Cg3) and C8B-C13B (centroid Cg4) rings
[Cg3--Cgdll = 3.6057 (13) A] [symmetry codes: (i) -x, 1-y, -z; (ii) -x, 1-y, z].

Experimental

The title compound was synthesized by the condensation of 3,4-dimethoxybenzaldehyde (0.01 mol, 1.66 g) with 2-acetyl-
thiophene (0.01 mol, 1.07 ml) in methanol (60 ml) in the presence of a catalytic amount of sodium hydroxide solution (5
ml, 30%). After stirring for 6 h, the contents of the flask were poured into ice-cold water (500 ml) and left to stand for 5 h.

The resulting crude solid was filtered and dried. The compound was recrystallized from acetone.

Refinement

H atoms were positioned geometrically [C-H = 0.93-0.96 A] and refined using a riding model, with Ujso(H) = 1.2Ueq(0)
and 1.5Ugq(Cethy1)- A rotating group model was used for the methyl groups.

Figures

Fig. 1. The asymmetric unit of the title compound, showing 50% probability displacement el-
lipsoids and the atom-numbering scheme.
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Fig. 2. The crystal packing of the title compound, viewed along the a axis. Hydrogen bonds
are shown as dashed lines.

(E)-3-(3,4-Dimethoxyphenyl)-1-(2-thienyl)prop-2-en-1-one

Crystal data
C15H14038
M, =274.32

Monoclinic, P2/n

Hall symbol: -P 2yn
a=12.1509 (3) A
b=1431183) A
c=16.3692 (4) A

B =106.570 (2)°
y=272841(11) A®
Z=8

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube
Monochromator: graphite

T=100.0(1) K

¢ and ® scans

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

Tonin = 0.871, Thnax = 0.974

31879 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 26(F%)] = 0.060
WR(F?) =0.158

§=1.07

7997 reflections

347 parameters

Primary atom site location: structure-invariant direct
methods

Fooo = 1152
Dy=1336Mgm>

Mo Ko radiation
A=0.71073 A

Cell parameters from 3182 reflections
0=2.3-229°

p=024mm '

T7=100.0 (1)K

Needle, white

0.60 x 0.17 x 0.11 mm

7997 independent reflections
4723 reflections with /> 2o(/)
Rint=0.074

Omax = 30.1°

Omin = 1.9°

h=-16—17

k=-20—20
[=-23—-23

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[6X(F,2) + (0.0645P)* + 0.0849P]
where P = (F,> + 2F.2)/3
(A/6)max = 0.001
ApPmax = 0.46 ¢ A3
Apmin=—044¢ A7

Extinction correction: none
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Special details

Experimental. The data was collected with the Oxford Cyrosystem Cobra low-temperature attachment.

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 Fz, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of > 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? 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
SIA 0.30263 (5) 0.34458 (4) 0.21155 (4) 0.03061 (17)
O1A 0.29234 (14) 0.52178 (12) 0.12000 (11) 0.0341 (4)
02A ~0.29137 (13) 0.76488 (11) —0.01772 (10) 0.0271 (4)
03A ~0.23198 (13) 0.90679 (11) ~0.08963 (10) 0.0263 (4)
CIA 0.2263 (2) 0.26572 (18) 0.24872 (16) 0.0347 (6)
HIAA 0.2582 0.2124 0.2787 0.042%*
C2A 0.1135 (2) 0.28805 (18) 0.23049 (18) 0.0381 (6)
H2AA 0.0602 0.2516 0.2470 0.046*
C3A 0.08511 (19) 0.37196 (15) 0.18408 (14) 0.0241 (5)
H3AA 0.0117 0.3975 0.1660 0.029*
C4A 0.18303 (19) 0.41151 (16) 0.16895 (14) 0.0254 (5)
C5A 0.1974 (2) 0.49958 (16) 0.12684 (14) 0.0261 (5)
C6A 0.09567 (19) 0.56023 (16) 0.09447 (14) 0.0276 (5)
H6AA 0.0244 0.5411 0.0987 0.033*
C7A 0.1065 (2) 0.64255 (17) 0.05911 (15) 0.0294 (5)
H7AA 0.1800 0.6572 0.0565 0.035%*
C8A 0.01813 (19) 0.71264 (17) 0.02396 (14) 0.0273 (5)
C9A 0.0492 (2) 0.79240 (17) —0.01259 (15) 0.0302 (5)
HOAA 0.1255 0.8011 -0.0114 0.036*
C10A ~0.03157 (19) 0.85911 (17) —0.05077 (14) 0.0279 (5)
HI10A —0.0096 0.9119 —0.0753 0.034*
Cl1A —0.14488 (19) 0.84704 (16) ~0.05229 (13) 0.0241 (5)
CI2A ~0.17800 (18) 0.76786 (16) ~0.01398 (14) 0.0228 (5)
CI3A ~0.09658 (19) 0.70150 (16) 0.02383 (14) 0.0248 (5)
HI3A —0.1181 0.6492 0.0493 0.030*
Cl4A ~0.3308 (2) 0.67985 (16) 0.01146 (17) 0.0321 (6)
HI14A —0.4124 0.6830 0.0020 0.048*
H14B —-0.2937 0.6720 0.0712 0.048*
H14C -0.3127 0.6278 —0.0194 0.048*
CISA ~0.2024 (2) 0.98748 (17) —0.13146 (16) 0.0323 (6)
HI5A —0.2698 1.0247 —0.1547 0.048*
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H15B
H15C
S1B
O1B
02B
O3B
CIB
H1BA
C2B
H2BA
C3B
H3BA
C4B
C5B
C6B
H6BA
C7B
H7BA
C8B
C9B
H9BA
C10B
H10B
Cl1B
CI12B
CI13B
H13B
Cl14B
H14D
HI14E
H14F
CI15B
H15D
HI15E
H15F

~0.1719
~0.1459
0.37037 (5)
0.16770 (14)
~0.10219 (14)
~0.24951 (13)
0.45590 (19)
0.5199
0.42056 (19)
0.4578
0.32112 (18)
0.2847
0.28323 (18)
0.18737 (18)
0.11733 (18)
0.1316
0.03331 (19)
0.0214
~0.04199 (18)
~0.12424 (19)
~0.1315
~0.19590 (19)
-0.2502
~0.18609 (18)
~0.10419 (18)
~0.03375 (18)
0.0200
~0.0190 (2)
-0.0230
0.0563
~0.0345
~0.3363 (2)
~0.3730
-0.3923
~0.3020

0.9677
1.0238
0.38880 (4)
0.30240 (11)
0.60874 (11)
0.49172 (11)
0.48496 (18)
0.4913
0.55139 (17)
0.6082
0.52442 (15)
0.5621
0.43643 (15)
0.38180 (16)
0.42482 (16)
0.4863
0.37724 (16)
0.3165
0.40867 (16)
0.34745 (16)
0.2884
0.37269 (16)
0.3307
0.45996 (16)
0.52376 (15)
0.49828 (16)
0.5406
0.67467 (17)
0.7300
0.6478
0.6906
0.43030 (18)
0.4583
0.4193
0.3720

~0.1766
~0.0910
0.72047 (4)
0.59734 (11)
0.21110 (10)
0.12281 (10)
0.73969 (15)
0.7868
0.67877 (15)
0.6791
0.61500 (14)
0.5690
0.62777 (14)
0.57549 (14)
0.49650 (14)
0.4842
0.44176 (15)
0.4577
0.36023 (14)
0.31244 (14)
0.3340
0.23295 (14)
0.2018
0.20059 (14)
0.24885 (14)
0.32695 (14)
0.3583
0.25647 (16)
0.2226
0.2683
0.3091
0.07416 (16)
0.0199
0.1043
0.0656

Atomic displacement parameters (142 )

S1A
O1A
02A
0O3A
CIA
C2A
C3A
C4A
C5A

Ull

0.0259 (3)
0.0258 (9)
0.0241 (8)
0.0254 (8)
0.0423 (15)
0.0387 (15)
0.0225 (11)
0.0240 (11)
0.0283 (12)

U22

0.0293 (3)
0.0367 (10)
0.0226 (9)
0.0255 (9)
0.0250 (13)
0.0299 (15)
0.0194 (12)
0.0258 (13)
0.0251 (13)

U33

0.0321 (3)
0.0373 (10)
0.0342 (9)
0.0270 (9)
0.0364 (15)
0.0513 (17)
0.0285 (12)
0.0236 (12)
0.0205 (11)

U12

0.0024 (2)
0.0039 (7)
0.0016 (7)
0.0027 (7)
0.0033 (11)
~0.0063 (11)
0.0018 (9)
0.0038 (9)
0.0043 (10)

0.048*
0.048*
0.03122 (17)
0.0326 (4)
0.0298 (4)
0.0307 (4)
0.0318 (6)
0.038*
0.0293 (5)
0.035%
0.0236 (5)
0.028*
0.0230 (5)
0.0240 (5)
0.0240 (5)
0.029*
0.0262 (5)
0.031*
0.0236 (5)
0.0254 (5)
0.030%
0.0249 (5)
0.030%
0.0237 (5)
0.0218 (5)
0.0231 (5)
0.028*
0.0336 (6)
0.050*
0.050*
0.050*
0.0374 (6)
0.056*
0.056*
0.056*

Ul 3

0.0008 (2)
0.0047 (7)
0.0076 (7)
0.0060 (7)
0.0104 (12)
0.0219 (13)
0.0041 (9)
0.0021 (9)
0.0001 (9)

U23

~0.0001 (3)
0.0070 (8)
0.0018 (7)
0.0050 (7)
~0.0002 (11)
~0.0096 (13)
~0.0080 (10)
~0.0081 (10)
~0.0052 (10)
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C6A
C7A
C8A
C9A
CI0A
CIl1A
CI2A
CI3A
CIl4A
CI5A
S1B
O1B
02B
O3B
CIB
C2B
C3B
C4B
C5B
C6B
C7B
C8B
C9B
C10B
Cl1B
CI12B
CI13B
Cl14B
CI15B

0.0247 (11)
0.0256 (12)
0.0245 (11)
0.0237 (12)
0.0276 (12)
0.0262 (11)
0.0229 (11)
0.0300 (12)
0.0343 (13)
0.0313 (13)
0.0260 (3)

0.0321 (9)

0.0342 (9)

0.0332 (9)

0.0221 (11)
0.0239 (11)
0.0219 (11)
0.0227 (11)
0.0236 (11)
0.0253 (11)
0.0263 (12)
0.0225 (11)
0.0262 (11)
0.0240 (11)
0.0229 (11)
0.0247 (11)
0.0229 (11)
0.0400 (14)
0.0413 (15)

Geometric parameters (4, °)

SIA—CIA
S1A—C4A
O1A—C5A
02A—C12A
02A—C14A
03A—CI11A
03A—C15A
CIA—C2A
CIA—HIAA
C2A—C3A
C2A—H2AA
C3A—C4A
C3A—H3AA
C4A—CS5A
C5A—C6A
C6A—CT7A
C6A—H6AA

0.0285 (14)
0.0331 (14)
0.0309 (14)
0.0369 (15)
0.0289 (13)
0.0273 (13)
0.0249 (12)
0.0215 (12)
0.0246 (13)
0.0298 (14)
0.0321 (4)

0.0229 (9)

0.0224 (9)

0.0256 (9)

0.0390 (15)
0.0277 (13)
0.0222 (12)
0.0224 (12)
0.0230 (12)
0.0200 (12)
0.0198 (12)
0.0257 (13)
0.0233 (12)
0.0211 (12)
0.0239 (12)
0.0164 (11)
0.0214 (12)
0.0223 (13)
0.0332 (15)

1.681 (3)
1.714 (2)
1.232 (3)
1.362 (2)
1.439 (3)
1.362 (3)
1.439 (3)
1.355 (3)
0.93

1.410 (3)
0.93

1.402 (3)
0.93

1.471 (3)
1.479 (3)
1.336 3)
0.93

0.0261 (12) 0.0042 (10) 0.0015 (9) ~0.0030 (10)
0.0261 (13) 0.0038 (10) 0.0017 (10) ~0.0016 (11)
0.0214 (12) 0.0037 (10) ~0.0015 (9) ~0.0015 (10)
0.0271 (13) 0.0002 (10) 0.0027 (10) 0.0032 (11)
0.0251 (12) ~0.0016 (10) 0.0040 (10) 0.0036 (10)
0.0157 (11) 0.0042 (10) 0.0009 (9) ~0.0006 (9)
0.0203 (11) 0.0015 (9) 0.0054 (9) ~0.0034 (9)
0.0220 (12) 0.0008 (9) 0.0059 (9) ~0.0002 (9)
0.0423 (15) ~0.0019 (10) 0.0185 (12) 0.0014 (11)
0.0351 (14) 0.0028 (10) 0.0082 (11) 0.0120 (11)
0.0313 (3) 0.0046 (2) 0.0013 (2) 0.0055 (3)
0.0387 (10) ~0.0015 (7) 0.0036 (8) 0.0055 (8)
0.0284 (9) ~0.0067 (7) 0.0017 (7) 0.0020 (7)
0.0260 (9) ~0.0052 (7) ~0.0034 (7) 0.0010 (7)
0.0312 (13) 0.0035 (10) 0.0027 (10) ~0.0071 (12)
0.0344 (13) ~0.0022 (10) 0.0054 (10) ~0.0032 (11)
0.0243 (12) 0.0016 (9) 0.0027 (9) 0.0017 (10)
0.0233 (12) 0.0032 (9) 0.0058 (9) ~0.0011 (9)
0.0263 (12) 0.0019 (9) 0.0083 (9) ~0.0018 (10)
0.0253 (12) ~0.0010 (9) 0.0048 (9) 0.0014 (9)
0.0315 (13) 0.0013 (9) 0.0068 (10) 0.0034 (10)
0.0220 (11) ~0.0024 (9) 0.0053 (9) ~0.0029 (9)
0.0251 (12) ~0.0024 (9) 0.0048 (9) 0.0001 (10)
0.0274 (12) ~0.0037 (9) 0.0036 (9) ~0.0055 (10)
0.0218 (11) 0.0003 (9) 0.0025 (9) ~0.0007 (10)
0.0255 (12) ~0.0007 (9) 0.0091 (9) 0.0014 (9)
0.0240 (12) ~0.0037 (9) 0.0052 (9) ~0.0041 (9)
0.0343 (14) ~0.0124 (11) 0.0041 (11) ~0.0027 (11)
0.0284 (14) ~0.0105 (12) ~0.0051 (11) 0.0002 (11)
SIB—CIB 1.699 (3)
S1B—C4B 1.724 (2)
01B—C5B 1.235 (3)
02B—CI12B 1.368 (3)
02B—C14B 1.426 (3)
03B—C11B 1.364 (3)
03B—CI15B 1.429 (3)
C1B—C2B 1.356 (3)
C1B—HIBA 0.93
C2B—C3B 1.407 (3)
C2B—H2BA 0.93
C3B—C4B 1.377 3)
C3B—H3BA 0.93
C4B—C5B 1.460 (3)
C5B—C6B 1.466 (3)
C6B—C7B 1.337(3)
C6B—H6BA 0.93
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C7A—CRA
C7TA—H7AA
C8A—C9A
C8A—CI13A
CO9A—C10A
C9A—HO9AA
C10A—C11A
CI0A—HI10A
CI11A—CI12A
CI12A—CI13A
CI3A—HI3A
Cl4A—HI14A
Cl14A—H14B
Cl14A—H14C
CI5A—HIS5A
CI15A—HI15B
CI5A—HI15C

CIA—S1A—C4A
CI12A—02A—C14A
CI1A—O3A—CI15A
C2A—C1A—S1A
C2A—Cl1A—HIAA
SIA—C1A—HI1AA
CIA—C2A—C3A
CIA—C2A—H2AA
C3A—C2A—H2AA
C4A—C3A—C2A
C4A—C3A—H3AA
C2A—C3A—H3AA
C3A—C4A—C5A
C3A—C4A—S1A
C5A—C4A—S1A
O1A—C5A—C4A
O1A—C5A—C6A
C4A—C5A—C6A
C7A—C6A—C5A
C7A—C6A—H6AA
C5A—C6A—H6AA
C6A—CT7TA—CBA
C6A—CT7TA—H7AA
C8A—C7A—H7AA
COA—CRA—CI13A
CO9A—CRA—CTA
CI3A—C8A—CT7A
CI0A—C9A—CB8A
CI0A—C9A—HO9AA
C8A—CY9A—HO9AA
CI1A—CI10A—C9A
CI11A—C10A—HI10A

1.462 (3)
0.93
1.390 (3)
1.402 (3)
1.384 (3)
0.93
1.381 (3)
0.93
1.408 (3)
1.384 (3)
0.93
0.96
0.96
0.96
0.96
0.96
0.96

91.80 (12)
116.11 (17)
116.73 (17)
112.9 (2)
123.5
123.5
113.4 (2)
123.3

123.3
110.4 (2)
124.8
124.8
130.5 (2)
111.49 (18)
118.01 (16)
120.2 (2)
121.6 (2)
118.2 (2)
119.8 (2)
120.1

120.1
128.6 (2)
115.7

115.7
119.0 (2)
118.3 (2)
122.7 (2)
121.1 (2)
119.5

119.5

119.8 (2)
120.1

C7B—C8B
C7B—H7BA
C8B—C9B
C8B—C13B
C9B—C10B
C9B—HO9BA
C10B—C11B
C10B—H10B
C11B—C12B
C12B—C13B
C13B—HI13B
C14B—H14D
C14B—HI14E
C14B—H14F
C15B—HI15D
C15B—HI15E
C15B—HI15F

C1B—S1B—C4B
C12B—02B—C14B
C11B—03B—C15B
C2B—C1B—SI1B
C2B—C1B—HIBA
S1B—C1B—HI1BA
C1B—C2B—C3B
C1B—C2B—H2BA
C3B—C2B—H2BA
C4B—C3B—C2B
C4B—C3B—H3BA
C2B—C3B—H3BA
C3B—C4B—C5B
C3B—C4B—SI1B
C5B—C4B—SI1B
0O1B—C5B—C4B
0O1B—C5B—C6B
C4B—C5B—C6B
C7B—C6B—C5B
C7B—C6B—H6BA
C5B—C6B—H6BA
C6B—C7B—C8B
C6B—C7B—H7BA
C8B—C7B—H7BA
C9B—C8B—C13B
C9B—C8B—C7B
C13B—C8B—C7B
C8B—C9B—C10B
C8B—C9B—HI9BA
C10B—C9B—H9BA
C11B—C10B—C9B
C11B—C10B—H10B

1.457 (3)
0.93
1.390 (3)
1.408 (3)
1.391 (3)
0.93
1.375 3)
0.93
1.414 (3)
1.370 3)
0.93
0.96
0.96
0.96
0.96
0.96
0.96

91.86 (12)
117.02 (18)
116.49 (18)
112.52 (18)
123.7
123.7
112.2 (2)
123.9
123.9

113.1 (2)
123.5
123.5
130.2 (2)
110.32 (17)
119.42 (17)
120.7 (2)
122.0 (2)
117.2 (2)
121.2(2)
119.4
119.4

128.1 (2)
116.0
116.0
118.4 (2)
118.9 (2)
122.7 (2)
121.4 (2)
119.3

119.3

119.7 (2)
120.1
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CO9A—C10A—H10A
03A—C11A—CI10A
0O3A—CI11A—CI2A
CI10A—C11A—CI12A
02A—CI12A—C13A
02A—CI12A—C11A
CI3A—C12A—CI11A
CI12A—C13A—CS8A
CI12A—C13A—HI13A
C8A—C13A—HI13A
02A—C14A—HI14A
02A—C14A—HI14B
H14A—C14A—H14B
02A—C14A—H14C
H14A—C14A—H14C
H14B—C14A—H14C
O3A—CI15A—HI5A
O3A—CI15A—HI15B
H15A—C15A—HI15B
O3A—CI15A—HI5C
H15A—CI15A—HI15C
H15B—C15A—H15C

C4A—S1A—C1A—C2A
SIA—C1A—C2A—C3A
CIA—C2A—C3A—C4A
C2A—C3A—C4A—C5A
C2A—C3A—C4A—S1A
CIA—S1A—C4A—C3A
CIA—S1A—C4A—C5A
C3A—C4A—C5A—O01A
S1A—C4A—C5A—O1A
C3A—C4A—C5A—C6A
S1A—C4A—C5A—C6A
O1A—C5A—C6A—CT7A
C4A—C5A—C6A—CT7A
C5A—C6A—CTA—CS8A
C6A—CT7TA—C8A—CIA
C6A—CT7TA—CBA—CI13A
CI3A—C8A—CI9A—CI10A
C7A—C8A—C9A—C10A
C8A—C9A—C10A—CI11A
CI5A—03A—C11A—C10A
CI5A—03A—C11A—CI12A
CO9A—C10A—C11A—O03A
COA—C10A—C11A—CI2A
CI14A—02A—C12A—CI13A
CI14A—02A—C12A—C11A
0O3A—CI11A—CI12A—02A
CI10A—C11A—C12A—02A

120.1
124.9 (2)
114.88 (19)
120.2 (2)
125.7 (2)
114.77 (19)
119.53 (19)
120.4 (2)
119.8

119.8

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5
-0.2(2)
0.3 (3)
-03(3)
~177.2 (2)
0.1(2)
0.04 (18)
177.78 (18)
~180.0 (2)
2.8(3)

0.8 (3)
~176.47 (16)
-2.003)
177.2 (2)
~179.6 (2)
~177.7 (2)
0.7 (4)
-1.703)
176.7 (2)
0.5 (4)

1.0 (3)
~178.46 (19)
~178.4(2)
1.0 (3)
-7.8(3)
172.71 (19)
-2.103)
178.4 (2)

C9B—C10B—H10B
03B—C11B—C10B
03B—C11B—C12B
C10B—C11B—C12B
02B—C12B—C13B
02B—C12B—C11B
C13B—C12B—C11B
C12B—C13B—C8B
C12B—C13B—HI13B
C8B—C13B—HI13B
02B—C14B—H14D
02B—C14B—HI4E
H14D—C14B—HI14E
02B—C14B—HI14F
H14D—C14B—HI14F
H14E—C14B—H14F
03B—C15B—HI15D
03B—C15B—HISE
H15D—CI15B—HI15E
03B—C15B—HI5F
H15D—C15B—HI15F
H15E—C15B—HI15F

C4B—S1B—C1B—C2B
S1B—C1B—C2B—C3B
C1B—C2B—C3B—C4B
C2B—C3B—C4B—C5B
C2B—C3B—C4B—S1B
C1B—S1B—C4B—C3B
C1B—S1B—C4B—C5B
C3B—C4B—C5B—O01B
S1B—C4B—C5B—OI1B
C3B—C4B—C5B—C6B
S1B—C4B—C5B—C6B
01B—C5B—C6B—C7B
C4B—C5B—C6B—C7B
C5B—C6B—C7B—C8B
C6B—C7B—C8B—C9B
C6B—C7B—C8B—C13B
C13B—C8B—C9B—C10B
C7B—C8B—C9B—C10B
C8B—C9B—C10B—C11B
C15B—03B—C11B—C10B
C15B—03B—C11B—C12B
C9B—C10B—C11B—0O3B
C9B—C10B—C11B—C12B
C14B—02B—C12B—C13B
C14B—02B—C12B—C11B
03B—C11B—C12B—02B
C10B—C11B—C12B—02B

120.1
125.0 (2)
115.24 (19)
119.7 (2)
124.9 (2)
114.97 (19)
120.2 (2)
120.6 (2)
119.7
119.7
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

0.18 (19)
0.5(3)
~1.1(3)
~177.3 (2)
1.2(2)
~0.78 (17)
177.88 (17)
178.9 (2)

0.6 (3)
-0.5(3)
~178.83 (15)
-4.4(3)
175.0 (2)
~178.5(2)
179.7 (2)

0.8 (4)

1.1 (3)
~177.9 (2)
-0.2(3)
3.4(3)
~177.40 (19)
178.4 (2)
-0.8(3)

1.0 (3)
~178.52 (19)
13(3)
~179.50 (19)
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0O3A—C11A—C12A—C13A
C10A—C11A—C12A—C13A
02A—CI12A—C13A—C8A
CI11A—C12A—C13A—C8A
COA—C8A—CI13A—CI2A
C7TA—C8A—C13A—CI2A

Hydrogen-bond geometry (4, ©)
D—H-4
C7A—H7AA-O1A

CIB—HIBA--O1A!
C7B—H7BA--0O1B

C14B—HI14F-01B"
CI15A—HI15A~Cgl'l
C10A—H10A~Cg3"
C3A—H3AA-Cgd

178.34 (19)

~1.13)

~179.7 (2)

-0.2(3)

1.6 3)

~176.8 (2)
D—H
0.93
0.93
0.93
0.96
0.96
0.93
0.93

03B—C11B—C12B—C13B
C10B—C11B—C12B—CI13B
02B—C12B—C13B—CS8B
C11B—C12B—C13B—CS8B
C9B—C8B—C13B—CI12B
C7B—C8B—C13B—CI12B

H-A
2.43
236
2.47
2.53
2.92
2.84
2.79

DA
2.792 (3)
3.261 (3)
2.816 (3)
3.401 (3)
3.616 (3)
3.636 (3)
3.370 (3)

~178.29 (18)
1.0 (3)
~179.62 (19)
-0.1(3)
-0.9(3)
178.1 (2)
D—H-A
103
162
102
151
130
144
122

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