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(1E,4E)-1,5-Bis(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one
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WAHULLEAIAY Scheme 1

NH,
HO CH,*11C-111ICOOH

H

HO

Fig. 1 Tnsearsaves 3-(3’,4’-dihydroxyphenyl)-L-alanine %30 L-DOPA

Tyrosmase Tyrosmase
COOH HO COOH 0. COOH
L. m
HO
Dopa Dopaquinone
HO /
mCOOH Leucodopachrome (cyclodopa)

N

HO H

Tyrosmase Per0x1dase

5 6-1ndolequm0ne Dopachrome
5,6~ dlhydroxymdole (DHI) /‘\ Dopachrome
HO Tautomerase
Melamn - CO0H<— N\ COOH
N
HO H

5,6-dihydroxyindole-2-carboxylic acid (DHICA)
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wui il .. 1998 Kubo uas Kinst-Hori  siimsdnnansiudaoulasllnTsdma (tyrosinase
inhibitor) mmuﬁmmﬁ%ﬁqa Cuminum cyminum L. (Umbelliferag) (1 Scheme 3) 1uil
f.7. 2001 Jiménez uazﬂmzﬁﬂmmmﬁmmﬂﬁﬁ?ﬂwmmiéTﬁJga (K) ou'lad n s e veeans
nau 4-substituted benzaldehydes (2-8 Scheme 3) 1ud) .. 2004 Nerya  tazame Any
ANNFNTUTTEnI Adanagiuauvesny laasenda (hydroxyl group, -OH) ﬁ’quﬁdﬁugq
o lyd InTsdua (9-11 Scheme 3) 111l a.¢1. 2007 Yoon uazﬂmzﬁﬂymm%‘{ﬁugmu'lmﬁllﬂi
Fuaved isopanduratin A uag 4-hydroxypanduratin A ﬁ"lﬁ’mﬂﬁsmqa Kaempferia pandurata
ROXB. (12-13 scheme 1) uaz1ud) a.a. 2007 Jun uazﬂmzﬁﬂmqw%‘dﬁugmu"lcvﬂ"lﬂi?ﬁmﬁmm

a13nqu hydroxychal cones (14-16 Scheme 3)



HO

2 R
1;1Cg=0.05mM ig

5 R

6 R

7R

8 R

o)
NN
R TR
F A
9 Ry=H, R,=4-OH ;ICg=0.0218mM

10 R; =24-OH,R,=4-OH ; 1Cg,=0.0081 mM

HO

R
H K,=0.03 mM
CH,CHs K,=0.04 mM
C-(CHa)s K,=0.02 mM
CH-(CH2), K= 0.009 mM
OCH, K,=0.03 mM
OCH2CH2CH3 Kl =0.03 mM
OCH,CH,CH,CH; K,=0.03 mM
R ;/
/////,"
HO OH

12 R= OCH3 X |C50 =0.0105 mM

: 1C5y > 0.0300 MM

: 1Cap = 0.0050 MM
; |C50 =0.0031 mM

11 R, =24-OH, R, =34-OH ; IC5, = 0.0293 mM 13 R=0OH
0
NN
R TRz
G X
14 R, = 2,4-OH, R, = 2,4-OH
15 R, = 2,4-OH, 3-OCHj, R, = 2,4-OH
16 R, =2,4,6-OH, R, = 2,4-OH

Scheme 3

 1C5p = 0.0010 MM
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hl‘lfli‘i‘;]f!,uﬁ ﬂ’JEJLmﬂJ‘iWEI\ﬂUﬂﬁ'Jﬁ]ﬂhllliﬂﬂuﬂ 110919814 A.9. 2004 Adams HAZAMUSANHIONTD

anti-cancer 118% anti-angiogenesis Y9131 bischalcone (17-21 Scheme 4) 1 a.7. 2008 Liang t1ag
= 1 v J

AMZANYIGNT Anti-bacterial Y99A15NGY Mono-carbonyl UBIe150YNUT curcumin (22-35 Scheme

4
4) 111 .91, 2009 Lee uazﬂmzﬁﬂmqm anti-inflammatory, antioxidant L@i% anti-tyrosinase UDIH1T

NQu diarylpentanoid (36-54 Scheme 4)

17 R =2-OH

18 R =3-OH

19 R = 4-OH

20R=2-F

21 R = 2-OCH,

R, 0 R,
R> O X P O R,
R3 Rs
R4 R4
R1 R> Rs Ra
22 H H OCH,CH3 H
23 H H F H
24 H OCHg3; OCHg3; OCHg3;
25 H H N(CH3), H
26 Br H H H
O. 0]
27 H H Ty H
28 F CFs H H
29 H Br H H
O. ]

30 H OCHj U H
32 H H OH H
33 H OCHj; OH H
34 H H OCH,CH=CH, H
35 H OCHj; OCH,CH=CH> H
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36R=2-OH 45R = 2-OCH,, 3-OCHj
37R=3-OH 46R =2-OCHj, 4-OOCH,
38R=4-OH 47 R =2-OCHj, 5-OCH,
39R=2-Cl 49 R =2-OCH,, 6-OCHs
40R=3-Cl 50R=23-OCHj, 4-OH

41R=4-Cl 51R=2-F 4-OCH,

42R=2F  52R=2-OCHjy, 3-OCHj, 4-OCH,
43R=3F  53R=2-OCHg, 4-OCHg, 6-OCHj,
44R=4F  54R=3-OCHj, 4-OCHs, 5-OCH,

Scheme 4
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. w ) .
aldehyde i8¢ acetophenone MneIvea (NSAUUVDINMITUATIZH chalcones) 130 aldehyde §la1¢ acetone i
{ (% J o aaa . 3| v '
NeI¥09 (NTDVDINITHUATIZH bischalcones) 1811581 condensation Taeld NaOH 1iludanss
Aaaa o o 1< o {
TN tazdiazae)y ethanol  (Suwunwong ef al., 2009; Fun er al., 2010) Tasmsdsunlasu
A Aaaa 9 ] v o a a :fl Y qu
Roulvvelgasenlimunzan wu dniazats guvgll uaz a1 Muriavesdsasauilsuazna

A v o A Ay A WY a o Iy
w”lﬂclummzmmums’Jﬁlamaiﬂﬂwa@mmmmmmi



13

NINAasg

MIFUATIZHAS CC1-CC6

R, = R,

Br Rs R; Br Rs Rs

CCL R;=H,R,=H,R3=0OH,R;=H, R =H
CC2: Ry =H, Ry = H, Ry = OCH,CHa, R, = H, Rg = H
CC3: R, =H, Ry =H, R3=N(CHy),, R,=H, Rs = H

CC4: R; = H, Ry = OCHj, Ry = OCH3, R, =OCH3, Rs = H
CC5: R, = OCHg, R, = H, Ry = OCHg, R, = H, Ry = OCH,

CC6: R; = OCHg, R, = H, Ry = OCHs, R, =OCHj, Rs = H

Scheme5

15 CC1-CCé6 ﬁ’miwwﬂlﬁ’mﬂﬂﬁﬁ?m condensation §2¥IN 4-bromoacetophenone 1
aldehyde ludasidaudelua 1:1 ludhazmoeniuea Tasll NaoH 1ludusalgnser shnsnu
m‘iazmﬂ@mamamﬁqmwgﬁﬁ’mgﬂumm 3-6 1 Tua aunsziaRandasasiuveda imsnsea
nazdaaznoudiniingy Tay aldehyde T 19dmiuNsduns1ziars CC1 fie 4-hydroxybenzaldehyde
@15 CC2 1o 4-ethoxybenzaldehyde @15 CC3 flo 4-dimethylaminobenzaldehyde @15 CC4 flo
3,4,5-trimethoxybenzaldehyde @13 CC5 Ao 2,4,6-trimethoxybenzaldehyde (iag @13 CC6 Ao

2,4,5-trimethoxybenzaldehyde
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MIFUATIZHAS CCT-CC12

R, P R,

CH; H

HoN Rs Rz HyN Rs R3

Ra Ry

CCT7: R] = H, R2 = OCH3, R3 = OCH3, R4 :OCH3, R5 =H
CCs: R] = OCH3, R2 = H, R3 = OCH}, R4 = H, RS = OCH3

CC9: R] = OCH3, R2 = H, R3 = OCH3, R4 :OCH3, RS =H

Scheme 6
0 o) o)
s
M *Q — s
-\ |
H,N H,N /
CC10
o 0 0
Q* J\G ANy
—
N
HN 7 HN 7
CCl11
O o) O
d k@ — T
+
N N
H,N F HoN Pz
CC12

Scheme 7
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135 CC7-CC12 ﬁumwﬁ“lﬁmﬂﬂf]ﬁ?m condensation F¥NIN 4-aminoacetophenone apl
o 1 1 ) I o [ Aaan o
aldehyde Tudasraiudelua 1:1 ludniazargeniuea Tasll NaOH Wludnsalfnien Minmsau
A Ay g o v A a o Id 3 o
dsazareaasanangurgivieulunal 3-6 1143 sunszRuNaRNaad UM UYL 1INITNTDI
9 Y g’ M) ~Aq Yo [ o 4 A
HazdNAzNIUAIINGY 1A aldehyde NIsdmiumIduasizvals CC7  As 34,5
trimethoxybenzaldehyde 15 CC8 Ao 2,4,6-trimethoxybenzaldehyde @135 CC9 Ao 2,4,5-
trimethoxybenzaldehyde @5 CC10 f® 2-thiophenecarboxaldehyde @15 CCI11 o

3-pyridinecarboxaldehyde ia&a15 CC12 Ao 4-pyridinecarboxaldehyde

MIFUAIIZHas BC1-BCS

BC1:R,=H, R, =H, Ry = OCH,CH;, R, =H,Rs=H
BC2: R, =H,R,=H, R;=N(CHs),, R,=H,Rs=H

BC3: R, =H, R, = OCH3, R; = OCH;, R, =OCH;, Ry = H
BC4: R, = OCH;, R, = H, Ry = OCH;, R, = H, Ry = OCHj

BCS5: R] = OCH3, R2 = H, R3 = OCH3, R4 :OCH3, R5 =H

Scheme 8



16

0 0
H3C)J\CH3 . H
(1:2)
BC6
)OL I
HsC CHs . H N
/
(1:2)
BC7
0 0 0
He,c)J\CH3 . H N
_N N N
(1:2)
BC8
Scheme 9

@13 BC1-BCS8 ﬁqmswﬁ”lﬁmﬂﬂﬁﬁ?m condensation 3¥%701 acetone 11l aldehyde Tu
dandiuaelua 1:2 Taoll NaoH 1fluduswlfasen Mmsauasazawnasanaiigavgiveuilu

& 4 A A o od 3 v vy 3¢
1391 3-6%313“ AUNTTNUNARAAN NI UV ULVL BINMTNTOAZANAZNOUAIBINAY Iﬂﬂ aldehyde
nFdmsumsduagrians  BCl A®  4-ethoxybenzaldehyde 15 BC2 Ao
4-dimethylaminobenzaldehyde @13 BC3 Ao 3,4,5-trimethoxybenzaldehyde @13 BC4 Ao 2,4,6-
trimethoxybenzaldehyde @13  BCS Ao 2,4,5-trimethoxybenzaldehyde @17 BC6 Ao
2-thiophenecarboxaldehyde @13 BC7 o 3-pyridinecarboxaldehyde Hag @15 BCS8 Ao

4-pyridinecarboxaldehyde
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WHan1INaaal

@ I'd a ] Y
NNMIFURTIEHasuazmMIviilassadnasaromaianaan aa Inil ldrnadail

o O oW
OH NaOH(aq)

CC1

Br

nandaaiiluveisdinies (0.29 g, 42%) 1araouKal 264-265 °C, IR (KBr) Viem'): 1650
(>C=0 in conjugation with C=C), 1590, 1548 (>C=C< in conjugation with C=0), 654 (-Br), 1365 (-OH),
'H NMR (CDCL) (O ppm) (300 MHz): 8.92 (1H, s), 7.55 (2H, d, J = 8.7 Hz), 7.72 (2H, d, J = 8.7 Hz),
7.12 (1H, d, J=16.0 Hz), 7.76 (1H, d, J=16.0 Hz), 7.42 2H, d, J= 8.7 Hz), 6.56 (2H, d, J = 8.7 Hz)

et O ®
OFEt NaOH(aq)

cC2

Br OEt

nandaaniluveniadinaos (0.68 g, 82%) nanuKal 135-136 °C, IR (KBr) V(em'): 2988
(v, C-H stretching in aromatic), 2924 (s, C-H stretch ing6 —CH, and CH,), 1598 (s, C=0 stretching), 1582
(s, C=C stretching), and 1267 (s, C-O stretching), 809-813 (s, C-H out of plane bending in para-
disubstituted benzenes), 516 (s, C-Br stretching)., 'H NMR (CDCL,) (5 ppm) (300 MHz): 8.03 (2H, d, J =
8.7Hz),7.76 QH, d,J=8.7Hz), 7.75 (1H, d, J=15.6 Hz), 7.71 2H, d, J=8.7 Hz), 7.65 (1H, d, J=15.6

Hz), 6.96 2H, d, J=8.7 Hz), 4.10 2H, ¢, J= 7.2 Hz) and 1.39 (3H, ¢, J= 7.2 Hz)
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Br

et Fo O O
N~ NaOH(aq)
|

CC3

a o Jd I S Ay (o] -1
NaRN NI UVDILVITANLAY (0.71 g, 86%) AMadNLKaI 140 ~C, IR (KBr) V(cm ): 2885
(C—H stretching), 1649 (C=0 stretching), 1581 (C=C stretching), 1550 (C=C stretching), 'H NMR (CDCl,)
(5ppm) (300 MHz): 7.89 2H, d, J = 8.7 Hz), 7.81 (1H, d, J=15.3 Hz), 7.64 (2H, d, J = 8.7 Hz), 7.56

(2H, d,J=8.7Hz),7.29 (1H, d, J=15.3 Hz), 6.71 (2H, d, J = 8.7 Hz), 3.07 (6H, s)

o) (0]
CH; + H OCH;3 EtOH O O OCH;3
Br OCH, NaOH(a‘l) Br OCH;
OCH; OCH;

CC4

nansuRIuvewlsdidesdou (0.63 g 84%) AraouKa 128-129 °C, IR (KBr) Viem ):
3002-3058 (v, Ar C-H), 2944 (s, CH,), 1667 (s, C=0), 1584 (s, C=C), 1124 (s, C-O), 816 (s, C-H), 604 (s,
C-Br), 'H NMR (CDCI,) (O ppm) (300 MHz): 7.88 (2H, d, J = 8.4 Hz), 7.72 (IH, d, J = 15.6 Hz), 7.65

(2H, d,J=8.4Hz),7.34 (1H, d, J=15.6 Hz), 7.26 (2H, 5), 3.91-3.93 (9H, s)
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o O  OCH; OCH;

o O ®
Br H,CO OCH, NaOH(a‘J)

Br H;CO OCH;

CCs5

Hand s uved e divasioou (0.57 g, 76%) yAviaDULYIAY 152-153 °C, IR (KBr) V(em):
2979 (v, Ar C-H), 2941 (s, CH,), 1675-1690 (s, C=0), 1572 (s, C=C), 1418-1458 (m, Ar-C-C), 1209 (s, C-
0), 1028, 1117-1154 (s, C-(C=0)-C), 672 (s, C-Br), 'H NMR (CDCL,) ) ppm) (300 MHz): 8.26 (1H, d, J

=15.9 Hz), 7.87 (2H, d,J=9.0 Hz), 7.81 (1H, d, J=15.9 Hz), 7.61 (2H, d, J=9.0 Hz), 6.14 (2H, s), 3.87-

3.91 (9H, s)
o O OCH, OCH,
et O ®
Br OCH, NaOH(a‘l) Br OCH;
OCH, OCH,4
CC6

nansuaiiluvewdiadivided (0.68 g, 90%) yavasuKal 153-154 °C, IR (KBr) V(em'): 2952
(v, Ar C-H), 2910 (s, CH,), 1654 (s, C=0), 1577 (s, C=C), 1204 (s, C-O), 1007-1028 (s, Ar-O-R), 656 (s,
C-Br), '"H NMR (CDCL,) (5ppm) (300 MHz): 8.15 (1H, d, J = 15.9 Hz), 7.69-7.94 (4H, d, J = 8.4 Hz),

7.46 (1H, d, J=15.9 Hz), 6.59-7.18 (2H, s), 3.97-4.02 (9H, s).
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CH; + H OCH, EtOH O O OCH;
OCH, NaOH(aq) H,N OCH;
OCH; OCHj

cc7

rnansuaiiluvewdiadindod 0.58 g, 92%) yanasuKal 132-133 °C, IR (KBr) V(em'): 3216
(N-H stretching), 2929 (sz C-H aromatic stretching), 1617 (C=O stretching), 1567 (C=C aromatic
stretching), 1189 (s, C-O stretching), 'H NMR (CDCL,) (5 ppm) (300 MHz): 8.12 (2H, d, J = 15.3 Hz),
7.64 2H, d, J=18.1 Hz), 7.56 (1H, d, J=15.3 Hz), 6.85 (2H, d, J= 8.1 Hz), 6.27 (2H, s), 3.66 (3H, s),

3.64 (6H, s).

o) O OCH; OCH;

ot o— O ®
H;CO OCH; NaOH(aq) H,N H;CO OCH,4

CC8

H,N

nandaaniluveailsminies (0.48 g, 76%) yavasumal 117-118 °C, IR (KBr) V(em ): IR
(KBr) V(cm_l): 3301 (N-H stretching), 2957 (sp2 C-H aromatic stretching), 1621 (C=0 stretching), 1589
(C=C aromatic stretching), 1187 (s, C-O stretching), 'H NMR (CDCL,) (5 ppm) (300 MHz): 8.24 (2H, d,
J=153Hz),7.76 2H, d, J=8.1 Hz),7.42 (1H, d,J=15.3 Hz), 6.66 (2H, d, J=28.1 Hz), 6.13 (2H, s),

3.92 (9H, s)



21

o O  OCH; OCH;
ot O ®
H,N OCH; NaOH(aq) H,N OCH;
OCH; OCH;
CCY

nansuaiiluvewdiadinded 0.60 g, 96%) yanasuKal 120-121 °C, IR (KBr) V(em'): 3376
(N-H stretching), 2927 (sz C-H aromatic stretching), 1603 (C=O stretching), 1556 (C=C aromatic
stretching), 1206 (s, C-O stretching), 'H NMR (CDCL,) (5 ppm) (300 MHz): 8.24 (2H, d, J = 15.3 Hz),
7.53 2H, d, J=8.1Hz), 7.41 (1H, d, J=15.3 Hz), 6.71 (1H, s), 6.42 2H, d, J=8.1 Hz), 6.28 (1H, s),

3.82 (6H, 5), 3.79 (3H, s)

= S
CH; + @)‘\ EtOH \ /

NaOH(aq) H,N
CC10

nandaailuveaniadndos (0.58 g, 84%) anasuial 105-106 °C, IR (KBr) V(em'): 3342
(N-H stretching), 2400 (sp2 C-H aromatic stretching), 1597 (C=O stretching), 1437 (C=C aromatic
stretching), 'H NMR (CDCL,) (§ppm) (300 MHz): 7.67 2H, d, J= 8.1 Hz), 7.65 (1H, d, J=15.3 Hz),
723 (1H,d,J=8.7Hz),7.20 (1H, d, J=15.3 Hz), 7.12 (1H, d, J= 8.7 Hz), 6.90 (1H, ¢, J = 8.7 Hz), 6.50
(2H, d,J=8.1 Hz)
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0 o 0
CH; + Ni N H EtOH 7 | SN
—>
F NaOH P
H,N aOH@Q 4 N
CcC11

nandaaniluveaniadndod (0.46 g, 68%) yavasuial 180-181 °C, IR (KBr) V(em'): 3345
(N-H stretching), 2367 (sp2 C-H aromatic stretching), 1605 (C=0 stretching), 1416 (C=N stretching) and
1235 (C=C aromatic stretching), 'H NMR (CDCL,) (§ppm) (300 MHz): 8.59 (1H, d, J = 8.7 Hz), 8.30
(1H, d, J=8.7 Hz), 8.01 (1H, d, J=15.9 Hz), 7.95 (1H, bd, J= 1.0 Hz), 7.90 (2H, d, J = 8.1 Hz), 7.62
(1H, d, J=159Hz),7.48 (1H, dd, J=8.7,2.3 Hz), 6.63 (2H, d, J= 8.1 Hz), 6.19 (2H, s)

0 0 0
G
N A~ N
H,N NaOH(aq) H,N =
CC12

nansuaiiluvewdiadivnded (047 g, 70%) yavasuyal 213-214 °C, IR (KBr) V(em'): 3152
(N-H stretching), 2400 (sp2 C-H aromatic stretching), 1588 (C=0 stretching), 1346 (C=C aromatic
stretching), 'H NMR (CDCL,) (O ppm) (300 MHz): 8.65 (2H, d, J = 5.7 Hz), 7.90 (2H, d, J = 8.7 Hz), 7.80
(1H, d, J=15.6 Hz), 7.60 (1H, d, J=15.6 Hz), 7.55 2H, d, J= 5.7 Hz), 6.70 (2H, d, J = 8.7 Hz), 5.45
(2H, s)
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0 o 0
wen O s WA
ort NaOH(aq)

EtO

BC1

a o J I S A A (o] -1
HAAN NI UVDIUVITINADA (0.55 g, 86%) JANADUIMAD 176-177 ~C, IR (KBr) V(cm ): 2876
(sz C-H aromatic stretching), 1670 (C=0 stretching), 1602 (C=C aromatic stretching), 1232 (s, C-O
stretching), 'H NMR (CDCl,) (5ppm) (300 MHz): 7.65 (4H, d, J = 8.7 Hz), 7.57 2H, d, J=16.5 Hz),

6.97 (4H, d, J=8.7 Hz), 6.67 (2H, d, J=16.5 Hz), 4.08 (4H, ¢, J= 6.9 Hz), 1.34 (6H, ¢, J= 6.9 Hz)

o) (0}
Hstj\CH3 + HJ\Q\ o
T/ NaOH(aq)

BC2

nandaaiduveudisddn (048 g 75%) anasual 187-188 °C, IR (KBr) V(em'): 3016
(sp2 C-H aromatic stretching), 1648 (C=0 stretching), 1592 (C=C aromatic stretching), 1234 (s, C-N
stretching), 'H NMR (CDCL,) (§ppm) (300 MHz): 7.61 (2H, d, J=15.9 Hz), 7.59 (4H, d, J= 8.7 Hz),
7.02 (2H, d,J=159 Hz), 6.79 (4H, d, J=18.7 Hz), 3.34 (12H, s)

OCH;
P —— .
OCH, NaOH(aq)

OCH;

H;C~ CH; + H

BC3

nansuaiiluvewdiadindes (0.72 g, 87%) 1avasuKal 163-164 °C, IR (KBr) V(em'): 2978

(sp2 C-H aromatic stretching), 1656 (C=0 stretching), 1601 (C=C aromatic stretching), 1227 (s, C-O
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stretching), 'H NMR (CDCl,) (§ppm) (300 MHz): 7.70 2H, d, J = 15.6 Hz), 7.42 2H, d, J=15.6
Hz), 6.86 (4H, s), 3.93 (12H, s), 3.90 (6H, s)

)Ol\ O  OCH, OCH; O OCH;
H;C~ “CH; + H O X O
H;CO OCH, NaOH("‘Q) H;CO OCH; HCO OCH;
BC4

a o o I S A A (o] -1
HAAN NI UVDIUVITINADA (0.65 g, 78%) JANADUMAD 221-223 “C, IR (KBr) V(cm ): 2886
(sz C-H aromatic stretching), 1662 (C=0 stretching), 1617 (C=C aromatic stretching), 1218 (s, C-O

stretching), 'H NMR (CDCL,) (§ppm) (300 MHz): 7.94 (2H, d, J =159 Hz), 7.30 2H, d, J=15.9 Hz),
6.31 (4H, s), 3.91 (12H, s), 3.86 (6H, s)

o O  OCH; OCH; O OCH;

H3C CH3 + H 3

OCH, NaOH(aq) H;CO
OCH3 OCH3 OCH3

BC5

nansuaiiluvewdiadindes (0.74 g, 89%) avasuKal 168-169 °C, IR (KBr) V(em'): 2978
(sp2 C-H aromatic stretching), 1653 (C=0 stretching), 1596 (C=C aromatic stretching), 1223 (s, C-O
stretching), '"H NMR (CDCL,) (5ppm) (300 MHz): 8.04 (2H, d, J = 15.9 Hz), 7.13 (2H, s), 7.03 2H, d, J
=15.9 Hz), 6.52 (2H, s), 3.95-3.90 (18H, s)
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- Q I

NaOH(aq)
BCo6

nandaailuveiadinaes (0.37 g, 45%) naouKal 168-169 °C, IR (KBr) V(em'): 2978
(sz C-H aromatic stretching), 1653 (C=0 stretching), 1596 (C=C aromatic stretching), 1223 (s, C-O
stretching), 'H NMR (CDCL,) (5ppm) (300 MHz): 7.85 (2H, d, J = 15.6 Hz), 7.41 (2H, d, J = 5.1 Hz),
7.34 (2H, d, J=3.6 Hz), 7.09 (2H, dd, J= 5.0, 3.7 Hz), 6.82 (2H, d, J= 15.6 Hz)

.

H;C~ CH; + H /%V NN |\N
X NaOH(aq) G

BC7

nandaaiduveudedivaes (0.74 g 89%) yanasuial 148-149 °C, IR (KBr) V(em ):
2963 (spz C-H aromatic stretching), 1670 (C=0 stretching), 1584 (C=C aromatic stretching), 'H NMR
(CDC13) (5ppm) (300 MHz): 7.11 2H, d, J=15.9 Hz), 7.32 2H, m), 7.71 (2H, d, J=15.9 Hz), 7.90 (2H,
d,J=6.2Hz),8.61 2H, d, J=4.6 Hz), 8.81 (2H, s).

HyC” cHy + B )
N NaOH(aq)

BCS8

nanfuaiiuvowied@inans 0.74 g 89%) yavaemIMAl 145-146 °C, IR (KBr) V(em):
3012 (spz C-H aromatic stretching), 1667 (C=0 stretching), 1576 (C=C aromatic stretching), 'H NMR
(CDCL,) (5ppm) (300 MHz): 7.17 2H, d, J = 15.9 Hz), 7.42 (4H, d, J = 5.6 Hz), 7.63 (2H, d, J = 15.9
Hz), 8.67 (4H, d, J= 5.6 Hz)
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CC9

CC10

CC11



BC4

BCS
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d v
msnaaeugniiudaeulesilnlsBiua (Tyrosinase assay)

#annls

L-Tyrosine + O,

L-Dopa

=
ansiny

Tyrosinase

Tyrosinase
— L-Dopa-quinone + H,O

L-Dopa

29

1. 19508 0.1 M phosphate buffer (NaH,PO, tta¢ Na,HPO,) Tawaza1e1u deionized water LA

Y
MmMsU5 pH TaemsdSusasiaiunauvesansazatenaaea it 14 pH 6.8 (§ 15014 lums

aza8substrate) iz pH 6.5 (dm35u1F lumsazareon land InTsdme)

= Y 9 9 I o o
2. 19583 L-Dopa (substate) AMUAINUY 0.85 mM Iaald buffer pH 6.8 1T UA11a2a19

=] . Yy 9 9 [~ L)
3. 19381 L-Tyrosine (substrate) ANMUNVYY 0.85 mM Tae 1% buffer pH 6.8 Wuaiazane

4. 1938UA1TMIATIIU Kojic acid ANMIUTIY 1 mM

5. 3 eueu Tl In TsFma 245 unit Tagmsaza18@ie buffer pH 6.5

AU AN

1. 183 Sample 40 pl 1UF0IVOI sample 1A blank sample (AatdATuA15199 1)

2. 1AW Solvent (DMSO) 40 p! 1u%®3U04 control 1tag blank control (Aauaadlua1siei 1)

3. 1A buffer pH 6.8 Tunnres Usuesdaaaslumsian 1

4. 1150210 L-dopa 130 L-Tyrosine 40 ul 813U blank control ttaziimsvumz IAngamngiidos

9 3 1 [~ ~
wseuNuvmasananiumal 10 N

5. 1ANE1TAZA1Y Tyrosinase 40 ul NIUFDY blank sample tazitimstiumwiz Ngungines

9 3 1 [~ ~
wseuNuvmasananiunal 20 N

6. MM TansganaundIfinue1INAL 490 nm

M99 1 naaadTuesvesansildanly 96-well plate

Reaction Sample Solvent Buffer L-Dopa/ Tyrosinase
mixtrue (DMSO) L-Tyrosine
Control - 40 80 40 40
Blank control - 40 120 - 40
Sample 40 - 80 40 40
Blank sample 40 - 120 40 -

HUGLHA N1NITNAAIE 3 A5

F

2
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() Blank sample

N19%1 % inhibition

> 100

(A—B)

(A-B)-(C-D)

05 inhibition

absorbance &+ blank control

B =

A = absorbance a4 control

C

Taodi

absorbance 184 blank sample

D=

absorbance 184 sample
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d v
a WV

nansnagevgnsiudueulasilnlsua

o 09/’ o a [ 4
vInmsnadougnEoudueu 1ol lnTsFiue vo9a150YWUT chalcones 1A% bischalcones ¥4
Y 1
@15 CC1-CC12 1az BC1-BC8 1Hounua1nnsgiu Kojic acid lanamsdudesanisnei 2 uag 3 uaz
Y v o J A =1 1 o . 1~ =1 = o
lauaasnnuduiusnlSeuiiount IC,, (mM) ¥09d1504 Fig. 4 uaziliouieunsoengninuais

1193514 Kojic acid A4 Fig. 5

' o v
mzmﬁ 2 wamﬁmaauqmﬂmmu%ﬂﬂwmﬁ

i @15670879 | % inhibition IC,, (mg/ml) IC,,(mM) | Time of Kojic acid
1 cC1 nt* nt* nt* -
2 cC2 39.12 0.062+0.001 0.187 0.22
3 CC3 45.90 0.0350.001 0.106 0.39
4 CC4 inactive Inactive inactive -
5 CCs 17.24 0.1160.001 0.308 0.14
6 CCo 47.80 0.03540.001 0.093 0.45
7 cCc7 45.90 0.021+0.0002 0.067 0.63
8 CC8 22.58 0.022+0.0004 0.070 0.60
9 CC9 16.12 0.075£0.0005 0.239 0.18
10 CC10 19.90 0.122+0.001 0.532 0.08
11 CC11 inactive inactive inactive -
12 CC12 inactive inactive inactive -
13 BC1 inactive inactive inactive -
14 BC2 inactive inactive inactive -
15 BC3 inactive inactive inactive -
16 BC4 31.04 0.028+0.0002 0.067 0.63
17 BCS inactive inactive inactive -
18 BC6 nt* nt* nt* -
19 BC7 inactive inactive inactive -
20 BCS8 inactive inactive inactive -

M 9 o A A o ) YA (Aa 9 ~ o @
* nt=not test 14 1AMMINATUITIDIINAITNFUATIZY lanlTuanlosun vaziieanadimsy
Y
Y 9 a Y
msv Iaseaswansaemadanan laa Indlmiiv

A1511M39 11 A9 Kojic acid IC,, = 0.042+0.002 mM
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IC,, (mg/ml) Equation R
No. an t d d t d d t d d
1 2" 3 Mean SD 1 2" 3" 1 2" 3

1

CcC2 0.061 0.061 0.062 0.062 0.001 y =0.8138x - 0.0067 y =0.8554x-2.519 y =0.8301x - 1.4409 0.998 0.999 0.997
2

CC3 0.035 0.035 0.035 0.035 0.001 y=1.6518x - 8.2167 y =1.6054x - 6.739 y=1.6197x - 6.989 0.992 0.996 0.996
3

CCs 0.117 0.116 0.116 0.116 0.001 y=0.5308x - 11.883 y=0.5254x - 10.73 y=0.5056x - 8.6499 0.998 0.991 0.998
4

CC6 0.035 0.034 0.035 0.035 0.001 y=1.7949x - 13.136 y=1.8507x - 13.74 y=1.8402x - 13.559 0.999 0.998 0.998
5

cC7 0.0209 0.0208 0.0212 0.0210 0.0002 y =2.8203x - 8.871 y =2.8695x —9.7329 y =2.7652x — 8.6436 0.985 0.993 0.980
6

CC8 0.0217 0.0219 0.0212 0.0216 0.0004 y=2.7834x — 10.484 y=2.797x — 11.349 y=2.840x — 10.283 0.996 0.988 0.987
7

CC9 0.0750 0.0758 0.0748 0.0752 0.0005 y =0. 5938x + 5.4469 y=0.5714x + 6.6667 y=0.5268x + 10.666 0.999 0.997 0.997
8

CCl10 0.121 0.123 0.123 0.122 0.001 y=0.4774x - 7.7213 y=0.4667x - 7.2222 y =0.4694x - 7.5865 0.998 0.998 0.998
9 0.992 0.990 0.999

BC4 0.0276 0.0280 0.0277 0.0278 0.0002 y=1601.9x + 5.7377 y=1611.4x+4.9194 y =1623.7x+ 5.0273
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=1 Q‘f 1 LY d' ] d'd'd Q" Y d'do []
tamlumseengnimunulasasivnyununildonor atoms HAAINNT 1@ Az a1 NTTMIUNY

A o 1 a"’ Y & 1 A 1 A 1 a‘i
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I A
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agudwamsautuanu

1. duns1ziuaym Iaseadaa1seysius chalcones (CC1-CC12) 1ag bischalcones (BC1-BCS)
$1uu 20 a5 Ao

(E)-1-(4-bromophenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (CC1)
(E)-1-(4-bromophenyl)-3-(4-ethoxyphenyl)prop-2-en-1-one (CC2)
(E)-1-(4-bromophenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one (CC3)
(E)-1-(4-bromophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (CC4)
(E)-1-(4-bromophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (CC5)
(E)-1-(4-bromophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (CC6)
(E)-1-(4-aminophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (CC7)
(E)-1-(4-aminophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (CC8)
(E)-1-(4-aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (CC9)
(E)-1-(4-aminophenyl)-3-(thiophen-2-yl)prop-2-en-1-one (CC10)
(E)-1-(4-aminophenyl)-3-(pyridin-3-yl)prop-2-en-1-one (CC11)
(E)-1-(4-aminophenyl)-3-(pyridin-4-yl)prop-2-en-1-one (CC12)
(1E,4E)-1,5-bis(4-ethoxyphenyl)penta-1,4-dien-3-one (BC1)
(1E,4E)-1,5-bis(4-(dimethylamino)phenyl)penta-1,4-dien-3-one (BC2)
(1E,4E)-1,5-bis(3,4,5-trimethoxyphenyl)penta-1,4-dien-3-one (BC3)
(1E,4E)-1,5-bis(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one (BC4)
(1E,4E)-1,5-bis(2,4,5-trimethoxyphenyl)penta-1,4-dien-3-one (BC5)
(1E,4E)-1,5-di(thiophen-2-yl)penta-1,4-dien-3-one (BC6)
(1E,4E)-1,5-di(pyridin-3-yl)penta-1,4-dien-3-one (BC7) a1

(1E,4E)-1,5-di(pyridin-4-yl)penta-1,4-dien-3-one (BC8)

2. anndnuazmiassadmesadendvesesfidunsizdd 767 e
(E)-1-(4-Bromophenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (CC4)
(E)-1-(4-Bromophenyl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (CC5)
(E)-1-(4-Aminophenyl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one (CC9)
(2E)-1-(4-Aminophenyl)-3-(2-thienyl)prop-2-en-1-one (CC10)
(E)-1-(4-Aminophenyl)-3-(pyridin-3-yl)prop-2-en-1-one (CC11)
(1E,4E)-1,5-Bis(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one (BC4) (LY

(1E,4E)-1,5-Bis(2,4,5-trimethoxyphenyl)penta-1,4-dien-3-one (BC5)
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9 a3 Taenilua1sngu chalcones 8 @13 Aio CC2 CC3 CC5CC6 CCT CC8 CCY 1Az CC10
waziiluansngu bischalcones 1 713 fio BC4  Tasurkinguensaumsesngni 14 3 nguie
- nquileengnia fie CC3 CC6 CC7 CC8 waz BC4 (0.39-0.63 111w84 Kojic acid)
- nquiteengnithunats fie CC2 CCs 1z CCY (0.14-0.22 11184 Kojic acid)
- nquileengnim e CC10 (0.08 Whves Kojic acid)

' da A~ = o N Yo . & g Aq Y A
’E)EJNIISﬂﬂlﬁJ’f)mEJiJﬂﬁi’)’f)ﬂi]Vl‘ﬁﬂJ@Qﬁﬁ QLﬂiR‘I’iulﬂﬂ‘]J Arbutin %Qgﬂumimiﬂuﬂmwumm

9
1 IS

v AA = g = 1 .
YUUAUNYUIAYIND LAZANIT Arbutin (IC50 =0.211

a

A
aszanalalunmeamsimuiensesngns luaud

+0.001 mM) LEAIAIR15190 3 uaznsidSeuiou (Fig. 7)

M319N 3 A1 1C,, (mM) YoIAIINBUAY Arbutin

15919814 IC,, (mM) Time of Arbutin
ccz | 0.1870.001 113 OH
+
CC3 0.106x0.001 1.99 OH
CC5 0.308+0.001 0.69 o)
HO
CCé6 0.093+0.001 2.27 HO Q
OH
CC7 0.067+0.001 3.15
CC8 0.070x0.001 3.01
Arbutin

CC9 0.239+0.001 0.88
CC10 0.532+0.001 0.40
BC4 0.067+0.001 3.15

Arbutin 0.211£0.001* 1.0

* Bao, K., Dai, Y., Zhu, Z.-B., Tu, F.-J., Zhang, W.-G. and Yao, X.-S. (2010). Bioorg Med Chem. 18, 6708-6714.
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- Hoong-Kun Fun, Pumsak Ruanwas and Suchada Chantrapromma
(1E,4E)-1,5-Bis(2,4,5-trimethoxyphenyl)penta-1,4-dien-3-one

Acta Crystallographica (2010) E66, 0307—0308 (Reprint 1)

- Pumsak Ruanwas, Suchada Chantrapromma and Hoong-Kun Fun (2011)
(1E,4E)-1,5-Bis(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one

Acta Crystallographica (2011) E67, 033—034 (Reprint 2)

- Suchada Chantrapromma, Thawanrat Kobkeatthawin, Kullapa Chanawanno, Pitikan Wisitsak and
Hoong-Kun Fun
(E)-1-(4-Aminophenyl)-3-(pyridin-3-yl)prop-2-en-1-one

Acta Crystallographica (2011) E67, 01770-01771 (Reprint 3)
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There are three molecules in the asymmetric unit of the title
compound, C,3H,¢05, in which the dihedral angles between
two benzene rings are 4.34 (9), 18.11 (8) and 8.54 (8)°. The
central penta-1,4-dien-3-one fragment makes dihedral angles
of 3.95 (9) and 3.32 (16)° with the two adjacent benzene rings
in one molecule, whereas the corresponding pairs of angles in
the other two molecules are 10.34 (9)/17.46 (8)° and 7.87 (8)/
13.33 (8)°. In the crystal, molecules are linked by inter-
molecular C—H. - -O and C—H- - -7 weak interactions into a
three-dimensional network. Finally, n—m interactions
[centroid- - -centroid ~ distances =  3.5984 (10) and
3.5545 (10) A] are observed.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-
bond motifs, see: Bernstein ez al. (1995). For a related struc-
ture, see: Harrison et al. (2006). For background to and
applications of chalcones, see: Baeyer & von Villiger (1902);
Gomes et al. (2009); Gould et al. (1995); Masuda et al. (1993);
Quincoces et al. (2002; 2003; 2008); Uchida et al. (1998). For
the stability of the temperature controller, see: Cosier &
Glazer, (1986).

OCH3 OCH;
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Thailand (King Rama IX) for his sustainable development of the country.

§ Thomson Reuters ResearcherID: A-3561-2009.

¢ Additional correspondence author, e-mail: suchada.c@psu.ac.th. Thomson
Reuters ResearcherID: A-5085-2009.

Experimental

Crystal data

Ca3Hz607 V = 6321.49 (15) A3
M, = 414.44 Z=12

Monoclinic, P2, /c Mo Ko radiation
a=94157 (1) A =010 mm™

b =36.8613 (5) A T =100 K

c=19.1226 (3) A
B = 107737 (1)°

0.37 x 0.22 x 0.13 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.965, Tiax = 0.988

81495 measured reflections
18387 independent reflections
12498 reflections with I > 20([)
Rint = 0.046

Refinement

R[F? > 20(F?)] = 0.067
wR(F?) = 0.150

S =1.06

18387 reflections

829 parameters

H-atom parameters constrained
Apmax =038 ¢ A7

APmin = —026e A3

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

Cg3 and Cg4 are the centroids of the C1C-C6C and C12C-C17C rings,
respectively.

D—H---A D—H H---A D---A D—H---A
C10B—H10B---01C" 0.93 2.29 3.149 (2) 153
C10C—H10C---O1B 0.93 2.33 3.195 (2) 155
Cl4B—H14B- - -O1A" 0.93 2.52 3.353 (2) 149
C21A—H21B.--03A™ 0.96 2.49 3.301 (2) 142
C22A—H22C---07C™ 0.96 2.50 3.435 (2) 165
C22B—H22D---024" 0.96 2.50 3.407 (2) 158
C22B—H22F.- - -O1A" 0.96 2.58 3227 (2) 125
C23A—H23A- - -O5A 0.96 2.52 3.308 (2) 140
C23A—H23C---03C 0.96 2.53 3.452 (2) 161
C23C—H23G---05C' 0.96 2.54 3.305 (2) 136
C18C—HI8H.- - -Cgd™ 0.96 2.80 3.678 (2) 152
C20A—H20B- - -Cg3" 0.96 2.94 3.855 (2) 159

Symmetry codes: i) x+1,y,z (ii) —x+1,-y+2,—z+1; (iii)
—x+2,-y+2,—z+2 (V) x,—y+3z+% V) x,y.z—1; (vi) —x+2,—-y+2,
—z+1L

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).

PR thanks the Graduate School, Prince of Songkla
University, for a research grant. The authors thank Prince of
Songkla University for financial support through the Crystal
Materials Research Unit. The authors also thank Universiti
Sains Malaysia for the Research University Golden Goose
grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HB5282).
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(1E,4E)-1,5-Bis(2,4,5-trimethoxyphenyl)penta-1.,4-dien-3-one

H.-K. Fun, P. Ruanwas and S. Chantrapromma

Comment

Bischalcones with the general formula Ar—CH=CH—CO—CH=CH—Ar (Baeyer & Villiger, 1902) are an important class
of compounds because they are widely used in many fields such as in organic solid-state photochemistry (Gould ef al.,
1995), anti-oxidative and anti-inflammatory activities (Masuda et al., 1993), cytotoxicity (Quincoces et al., 2002; 2003;
2008) and activities involving their non-linear optical (Uchida ef al., 1998) and fluorescence properties (Gomes et al., 2009).
However not much crystal structures of this type of compound were reported. The title bischalcone (I) was synthesized on
the account of its fluorescence property which will be reported elsewhere together with the other bichalcone derivatives.

We reported herein the crystal structure of (I).

There are three crystallographic independent molecules 4, B and C in the asymmetric unit of (I) (Fig. 1) with slight dif-
ferences in bond angles. The molecular structure of (I), Co3H¢07, is not planar. The dihedral angle between the C1-C6 and
C12—C17 benzene rings is 4.34 (9)° in molecule 4 whereas its is 18.11 (8) and 8.54 (8)° in molecules B and C, respectively.
The central penta-1,4-dien-3-one fragment (C7-C11/01) is planar with the r.m.s. 0.0204 (2) A for molecule 4 [0.0227 (2)
and 0.0252 (2) A for molecule B and C, respectively]. This fragment makes the dihedral angles of 3.95 (9) and 3.32 (16)°
with the two adjacent C1-C6 and C12—C17 benzene rings, respectively in molecule 4 whereas the corresponding values are
10.34 (9) and 17.46 (8)° in molecule B; and 7.87 (8) and 13.33 (8)° in the molecule C. The three methoxy groups on C1-C6
benzene ring are essentially planarly attached [C18—02-C1-C2, C19—03-C3—C2 and C20-04—C4—CS5 torsion angles of
-3.7 (2), 1.4 (3) and -3.9 (2)° in molecule 4; -0.2 (3), 3.5 (3) and -1.7 (2)° in molecule B; 3.8 (3), 4.4 (3) and -4.3 (3)° in
molecule C]. The middle methoxy group of the 2,4,5-trimethoxyphenyl moeity is co-planar with the C12—C17 benzene ring,
with the C22-06—C15—C14 torsion angle being 1.1 (3)° whereas the other two methoxy groups are twisted with the torsion
angles C21-05-C13-C14 and C23-07-C16-C17 being -111.48 (18) and -14.4 (3)°, respectively in molecule A [the three
corresponding values are -7.6 (3), -30.2 (2) and 9.6 (2)° in molecule B and 0.4 (3), 73.5 (2) and -8.2 (3)° in molecule C].
Intramolecular C—H---O weak interactions (Table 1) generate S(5) ring motifs (Bernstein ef al., 1995). The bond distances

agree with the literature values (Allen ef al., 1987) and are comparable with the related structure (Harrison et al., 2006).

In the crystal packing (Fig. 2), the molecules are linked by intermolecular C—H--O weak interactions (Table 1) into
a supramolecular three-dimensional network. The crystal is stabilized by intra- and intermolecular C—H---O weak interac-
tions and C—H:--x interactions (Table 1). n—= interactions were observed with the distances of Cgq--Cgg = 3.5984 (10) A
(symmetry code: x, y, z) and Cgp-Cgs = 3.5984 (10) A (symmetry code: 1 +x, 3/2 - y, 1/2 + z); Cgy, Cgs, Cg3, Cg4 and
Cgs are the centroids of C12A-C17A, C1B-C6B, C12B-C17B, C1C-C6C and C12C—-C17B rings, respectively.

Experimental

The title compound was synthesized by dissolving 2,4,5-trimethoxybenzaldehyde (0.5 g, 4.85 mmol) in acetone (50 ml).
NaOH 50% aqueous solution (2 ml) was then added. After stirring at room temperature for 1 hr, the resulting orange solid
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was collected by filtration, washed with distilled water and dried. Pale yellow blocks of (I) were recrystalized from acet-

one/ethanol (1:1 v/v) by the slow evaporation of the solvent at room temperature after a week, Mp. 441442 K.

Refinement

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with C—H = 0.93 A for aromatic

and CH; 0.96 A for CH3 atoms. The U, values were constrained to be 1.5 Ueq of the carrier atom for methyl H atoms and
1.2Ugq for the remaining H atoms. A rotating group model was used for the methyl groups. The highest residual electron

density peak is 0.71 A from C12C and the deepest hole is 0.45 A from C9A.

Figures

Fig. 1. The molecular structure of (I) showing 50% probability displacement ellipsoids. H
atoms of molecules B and C are omitted for clarity.

Fig. 2. The crystal packing of (I) viewed along the a axis, showing the three-dimensional net-
work. Hydrogen bonds are shown as dashed lines.

(1E,4F)-1,5-Bis(2,4,5-trimethoxyphenyl)penta-1,4-dien-3-one

Crystal data

Cy3H607 F(000) = 2640

M, =414.44 Dy =1.306 Mgm >
Monoclinic, P2/c Melting point = 441-442 K
Hall symbol: -P 2ybc Mo Ko radiation, 1 = 0.71073 A
a=94157 (1) A Cell parameters from 18387 reflections
b=36.8613 (5) A 0=1.1-30.0°

c=19.1226 3) A p=0.10mm '

B=107.737 (1)° T=100 K

V=6321.49 (15) A3 Block, colorless

Z=12 0.37 x0.22 x 0.13 mm
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Data collection

Bruker APEXII CCD area-detector
diffractometer

Radiation source: sealed tube
graphite
phi and ® scans

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

Tmin = 0.965, Tax = 0.988

81495 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 26(F%)] = 0.067
WR(F?) =0.150

S=1.06

18387 reflections

829 parameters

0 restraints

Special details

18387 independent reflections
12498 reflections with /> 26(/)
Riny =0.046

Omax = 30.0°, Opyin = 1.1°

h=-13—-13
k=-45-51
[=-26—-26

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[62(Fy?) + (0.0517P)* + 4.2947P]
where P = (F 02 +2F, 62)/3

(A/6)max = 0.002

Apmax =038 ¢ A3

ApPmin=-025e¢ A~

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 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 /2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F> G(FQ) is used only for calculating 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 (A’Z )

X y z Uiso*/Ueq
O1A 0.61853 (14) 0.99343 (4) 0.88798 (8) 0.0259 (3)
02A 0.77349 (15) 1.09843 (4) 1.05130 (7) 0.0262 (3)
03A 1.27431 (15) 1.14769 (4) 1.10886 (7) 0.0279 (3)
O4A 1.34759 (15) 1.09825 (4) 1.03136 (7) 0.0274 (3)
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O5A
O6A
O7A
Cl1A
C2A
H2AA
C3A
C4A
C5A
H5AA
C6A
C7A
H7AA
C8A
H8AA
CoA
Cl10A
H10A
Cl1A
H11A
CI2A
CI3A
Cl4A
H14A
CI5A
Cl6A
Cl7A
H17A
CI8A
HI18A
H18B
H18C
CI9A
HI19A
H19B
H19C
C20A
H20A
H20B
H20C
C21A
H21A
H21B
H21C
C22A
H22A
H22B
H22C
C23A

0.47925 (14)
0.83737 (14)
1.03708 (14)
0.9167 (2)
1.0225 (2)
0.9977
1.1646 (2)
1.2038 (2)
1.0980 (2)
1.1233
0.95201 (19)
0.84093 (19)
0.7457
0.86455 (19)
0.9607
0.74500 (19)
0.78751 (19)
0.8828
0.69497 (19)
0.5998
0.72921 (19)
0.62264 (18)
0.65461 (19)
0.5822
0.79434 (19)
0.90353 (19)
0.87092 (19)
0.9437
0.7343 (2)
0.6322
0.7469
0.7976
1.2386 (2)
1.3210
1.2186
1.1520
1.3885 (2)
1.4908
1.3260
1.3762
0.4405 (2)
0.3344
0.4888
0.4723
0.7279 (2)
0.7709
0.6445
0.6949
1.1351 (2)

0.89473 (3)
0.84534 (3)
0.89136 (4)
1.09853 (5)
1.12410 (5)
1.1416
1.12340 (5)
1.09658 (5)
1.07165 (5)
1.0542
1.07169 (5)
1.04502 (5)
1.0472
1.01757 (5)
1.0138
0.99314 (5)
0.96863 (5)
0.9706
0.94367 (5)
0.9424
0.91817 (5)
0.89351 (5)
0.86840 (5)
0.8519
0.86815 (5)
0.89331 (5)
0.91748 (5)
0.9338
1.12439 (6)
1.1209
1.1485
11212
1.17568 (5)
1.1922
1.1651
1.1886
1.07307 (6)
1.0769
1.0766
1.0488
0.86423 (5)
0.8636
0.8664
0.8423
0.82026 (5)
0.8055
0.8334
0.8051
0.92146 (5)

0.70474 (7)
0.59545 (7)
0.66503 (8)
1.04751 (10)
1.08416 (10)
1.1134
1.07698 (10)
1.03338 (10)
0.99736 (10)
0.9681
1.00345 (9)
0.96501 (9)
0.9695
0.92372 (9)
0.9214
0.88200 (9)
0.83046 (10)
0.8260
0.78996 (10)
0.7949
0.73880 (9)
0.69924 (10)
0.65119 (10)
0.6260
0.64133 (10)
0.67985 (10)
0.72729 (10)
0.7526
1.09820 (11)
1.0964
1.0819
1.1477
1.15221 (11)
1.1683
1.1942
1.1233
0.98420 (12)
0.9867
0.9346
0.9995
0.74166 (11)
0.7323
0.7935
0.7239
0.55365 (11)
0.5240
0.5225
0.5864
0.68810 (12)

0.0242 (3)
0.0238 (3)
0.0257 (3)
0.0203 (4)
0.0225 (4)
0.027*
0.0218 (4)
0.0212 (4)
0.0198 (4)
0.024*
0.0189 (3)
0.0191 (3)
0.023*
0.0184 (3)
0.022*
0.0182 (3)
0.0193 (3)
0.023*
0.0190 (3)
0.023*
0.0180 (3)
0.0192 (3)
0.0201 (4)
0.024*
0.0191 (3)
0.0191 (3)
0.0191 (3)
0.023*
0.0297 (4)
0.045%
0.045%
0.045%
0.0315 (5)
0.047*
0.047*
0.047*
0.0319 (5)
0.048*
0.048*
0.048*
0.0258 (4)
0.039*
0.039*
0.039*
0.0271 (4)
0.041*
0.041*
0.041*
0.0271 (4)
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H23A 1.2172 0.9192 0.6685 0.041*
H23B 1.1720 0.9220 0.7407 0.041*
H23C 1.0821 0.9435 0.6706 0.041*
01B 0.67886 (14) 0.79921 (4) 0.36869 (8) 0.0296 (3)
02B 0.90239 (14) 0.70489 (4) 0.53331 (8) 0.0273 (3)
03B 1.41632 (14) 0.66614 (4) 0.58013 (7) 0.0267 (3)
04B 1.45884 (14) 0.71537 (4) 0.49398 (8) 0.0297 (3)
05B 0.52194 (14) 0.92198 (3) 0.26449 (7) 0.0223 (3)
06B 0.84488 (14) 0.99180 (3) 0.15955 (7) 0.0236 (3)
07B 1.04120 (13) 0.94003 (3) 0.19064 (7) 0.0213 (3)
C1B 1.04099 (19) 0.70706 (5) 0.52494 (10) 0.0201 (4)
C2B 1.1587 (2) 0.68375 (5) 0.56056 (10) 0.0202 (4)
H2BA 1.1447 0.6659 0.5921 0.024*
C3B 1.2953 (2) 0.68751 (5) 0.54854 (10) 0.0209 (4)
C4B 1.3190 (2) 0.71448 (5) 0.50116 (10) 0.0220 (4)
C5B 1.20241 (19) 0.73714 (5) 0.46616 (10) 0.0204 (4)
HSBA 1.2170 0.7549 0.4346 0.024*
C6B 1.06154 (19) 0.73390 (5) 0.47726 (10) 0.0191 (3)
C7B 0.93671 (19) 0.75743 (5) 0.44029 (10) 0.0195 (3)
H7BA 0.8464 0.7524 0.4486 0.023*
C$B 0.93721 (19) 0.78538 (5) 0.39580 (10) 0.0201 (4)
HSBA 1.0248 0.7913 0.3856 0.024*
C9B 0.80148 (18) 0.80706 (5) 0.36257 (10) 0.0183 (3)
C10B 0.82631 (19) 0.83942 (5) 0.32294 (10) 0.0199 (4)
H10B 0.9200 0.8424 0.3169 0.024*
Cl11B 0.72314 (18) 0.86483 (5) 0.29492 (9) 0.0170 (3)
HIIB 0.6277 0.8612 0.2983 0.020*
C12B 0.75129 (18) 0.89799 (4) 0.25939 (9) 0.0154 (3)
C13B 0.64957 (18) 0.92681 (5) 0.24499 (9) 0.0164 (3)
C14B 0.67679 (19) 0.95861 (5) 0.21126 (10) 0.0183 (3)
H14B 0.6070 0.9773 0.2009 0.022*
C15B 0.80799 (19) 0.96226 (5) 0.19337 (9) 0.0170 (3)
C16B 0.91373 (18) 0.93376 (5) 0.20913 (9) 0.0169 (3)
C17B 0.88319 (18) 0.90239 (5) 0.24028 (9) 0.0171 (3)
H17B 0.9517 0.8835 0.2490 0.021*
C18B 0.8747 (2) 0.67823 (5) 0.58179 (11) 0.0277 (4)
HI8D 0.7715 0.6790 0.5795 0.042*
HISE 0.9356 0.6832 0.6311 0.042*
HISF 0.8985 0.6546 0.5674 0.042*
C19B 1.3972 (2) 0.63691 (5) 0.62517 (11) 0.0271 (4)
H19D 1.4889 0.6236 0.6429 0.041*
HI9E 1.3200 0.6211 0.5969 0.041*
HI9F 1.3698 0.6463 0.6660 0.041*
C20B 1.4894 (2) 0.74387 (6) 0.45006 (13) 0.0386 (5)
H20D 1.5918 0.7426 0.4510 0.058*
H20E 1.4711 0.7669 0.4692 0.058*
H20F 1.4258 0.7413 0.4004 0.058*
C21B 0.4564 (2) 0.95365 (5) 0.28354 (11) 0.0254 (4)
H21D 0.3852 0.9469 0.3080 0.038*
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H21E
H21F
C22B
H22D
H22E
H22F
C23B
H23D
H23E
H23F
ol1C
02C
03C
04C
0s5C
06C
o7C
C1C
ca2cC
H2CA
C3C
c4acC
CsC
H5CA
CeC
c7C
H7CA
C8C
H8CA
cocC
C10C
H10C
Cl1C
H11C
C12C
C13C
Cl14C
H14C
C15C
C16C
C17C
H17C
C18C
H18G
H18H
H18I
C19C
H19G
HI19H

0.4070
0.5326
0.7315 (2)
0.7693
0.7033
0.6461
1.1362 (2)
1.2174
1.0804
1.1747
0.17116 (13)
0.36440 (14)
0.88225 (14)
0.93952 (13)
0.00738 (14)
0.33553 (14)
0.54343 (14)
0.50778 (18)
0.62239 (19)
0.6031
0.76404 (19)
0.79536 (18)
0.68220 (18)
0.7024
0.53558 (18)
0.41633 (18)
0.3206
0.42894 (18)
0.5230
0.29764 (18)
0.32957 (18)
0.4278
0.22491 (18)
0.1277
0.25297 (18)
0.14380 (18)
0.16725 (19)
0.0928
0.30085 (19)
0.41492 (19)
0.38995 (19)
0.4652
0.3321 (2)
0.2274
0.3597
0.3876
0.8569 (2)
0.9477
0.8244

0.9671
0.9685
1.01884 (5)
1.0381
1.0284
1.0081
0.90947 (5)
0.9161
0.8901
0.9016
0.85328 (4)
0.94816 (3)
0.98683 (3)
0.93975 (3)
0.74097 (3)
0.68688 (3)
0.73320 (4)
0.94655 (5)
0.96902 (5)
0.9860
0.96585 (5)
0.94012 (5)
0.91813 (5)
0.9012
0.92067 (4)
0.89700 (4)
0.9029
0.86764 (4)
0.8606
0.84615 (4)
0.81622 (5)
0.8127
0.79370 (5)
0.7966
0.76502 (5)
0.73940 (5)
0.71267 (5)
0.6958
0.71122 (5)
0.73680 (5)
0.76270 (5)
0.7792
0.97249 (5)
0.9717
0.9967
0.9654
1.01450 (5)
1.0277
1.0036

0.2398
0.3157
0.13343 (12)
0.1103
0.1740
0.0985
0.19467 (11)
0.1768
0.1652
0.2447
0.35904 (7)
0.52907 (7)
0.59876 (7)
0.51207 (7)
0.20661 (7)
0.08487 (7)
0.14497 (8)
0.52632 (9)
0.56811 (9)
0.6000
0.56170 (9)
0.51384 (10)
0.47306 (9)
0.4413
0.47832 (9)
0.43687 (9)
0.4374
0.39794 (9)
0.3967
0.35702 (9)
0.31329 (9)
0.3141
0.27220 (9)
0.2735
0.22576 (9)
0.19315 (9)
0.14619 (10)
0.1254
0.13060 (10)
0.16373 (10)
0.20996 (10)
0.2316
0.58045 (10)
0.5750
0.5714
0.6295
0.64584 (11)
0.6674
0.6839

0.038*
0.038*
0.0280 (4)
0.042*
0.042*
0.042*
0.0255 (4)
0.038*
0.038*
0.038*
0.0250 (3)
0.0225 (3)
0.0230 (3)
0.0228 (3)
0.0238 (3)
0.0235 (3)
0.0269 (3)
0.0174 (3)
0.0182 (3)
0.022*
0.0176 (3)
0.0178 (3)
0.0168 (3)
0.020*
0.0163 (3)
0.0165 (3)
0.020%
0.0164 (3)
0.020%
0.0157 (3)
0.0178 (3)
0.021*
0.0168 (3)
0.020*
0.0167 (3)
0.0180 (3)
0.0197 (3)
0.024*
0.0191 (3)
0.0196 (4)
0.0196 (4)
0.023*
0.0225 (4)
0.034*
0.034*
0.034*
0.0271 (4)
0.041*
0.041*
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H191 0.7815 1.0308 0.6178 0.041*
C20C 0.9770 (2) 0.91258 (6) 0.46759 (12) 0.0299 (4)
H20G 1.0814 0.9141 0.4724 0.045%*
H20H 0.9197 0.9163 0.4172 0.045%*
H201I 0.9552 0.8890 0.4832 0.045*
C21C —0.0131 (2) 0.71272 (6) 0.25332 (12) 0.0330 (5)
H21G —0.1110 0.7146 0.2587 0.049*
H21H 0.0604 0.7149 0.3006 0.049*
H211 —0.0026 0.6896 0.2322 0.049*
C22C 0.2219 (2) 0.66088 (5) 0.05013 (11) 0.0283 (4)
H22G 0.2587 0.6449 0.0200 0.042*
H22H 0.1352 0.6734 0.0202 0.042%*
H221 0.1960 0.6471 0.0870 0.042*
C23C 0.6505 (2) 0.76178 (5) 0.16901 (12) 0.0302 (5)
H23G 0.7337 0.7574 0.1511 0.045%*
H23H 0.6843 0.7625 0.2217 0.045%*
H231 0.6051 0.7845 0.1504 0.045%*
Atomic displacement parameters (A’Z )

Ul U2 33 U2 U3 3
O1A 0.0184 (6) 0.0268 (7) 0.0349 (8) ~0.0002 (5) 0.0116 (5) ~0.0028 (6)
02A 0.0277 (7) 0.0229 (7) 0.0320 (8) 0.0025 (5) 0.0152 (6) ~0.0038 (6)
03A 0.0293 (7) 0.0241 (7) 0.0269 (7) ~0.0018 (5) 0.0033 (6) ~0.0076 (6)
O4A 0.0213 (7) 0.0316 (8) 0.0291 (7) ~0.0044 (5) 0.0072 (5) ~0.0085 (6)
05A 0.0151 (6) 0.0236 (7) 0.0350 (8) 0.0000 (5) 0.0092 (5) 0.0000 (6)
O6A 0.0234 (7) 0.0235 (7) 0.0270 (7) 0.0004 (5) 0.0112 (5) ~0.0027 (5)
07A 0.0188 (6) 0.0252 (7) 0.0376 (8) ~0.0012 (5) 0.0155 (6) ~0.0026 (6)
CIA 0.0244 (9) 0.0181 (9) 0.0196 (9) 0.0037 (7) 0.0084 (7) 0.0048 (7)
C2A 0.0314 (10) 0.0172 (9) 0.0183 (9) 0.0046 (7) 0.0069 (7) 0.0014 (7)
C3A 0.0266 (9) 0.0181 (9) 0.0170 (9) ~0.0005 (7) 0.0010 (7) 0.0021 (7)
C4A 0.0217 (9) 0.0228 (9) 0.0185 (9) 0.0005 (7) 0.0054 (7) 0.0019 (7)
C5A 0.0225 (9) 0.0186 (9) 0.0175 (9) 0.0019 (6) 0.0051 (7) 0.0018 (7)
C6A 0.0217 (9) 0.0173 (9) 0.0173 (8) 0.0018 (6) 0.0054 (7) 0.0027 (7)
C7A 0.0184 (8) 0.0195 (9) 0.0201 (9) 0.0019 (6) 0.0071 (7) 0.0049 (7)
C8A 0.0168 (8) 0.0174 (8) 0.0212 (9) 0.0015 (6) 0.0060 (6) 0.0036 (7)
C9A 0.0193 (8) 0.0154 (8) 0.0196 (9) 0.0027 (6) 0.0058 (6) 0.0057 (7)
C10A 0.0156 (8) 0.0211 (9) 0.0222 (9) 0.0021 (6) 0.0072 (6) 0.0029 (7)
ClIA 0.0157 (8) 0.0190 (9) 0.0231 (9) 0.0030 (6) 0.0070 (6) 0.0044 (7)
CI2A 0.0165 (8) 0.0181 (9) 0.0194 (9) 0.0017 (6) 0.0053 (6) 0.0036 (7)
CI3A 0.0144 (8) 0.0190 (9) 0.0247 (9) 0.0018 (6) 0.0065 (6) 0.0042 (7)
Cl4A 0.0170 (8) 0.0200 (9) 0.0222 (9) ~0.0006 (6) 0.0045 (7) 0.0016 (7)
CI5A 0.0211 (9) 0.0180 (9) 0.0188 (9) 0.0029 (6) 0.0069 (7) 0.0024 (7)
C16A 0.0151 (8) 0.0199 (9) 0.0234 (9) 0.0021 (6) 0.0076 (6) 0.0045 (7)
Cl7A 0.0158 (8) 0.0183 (9) 0.0227 (9) ~0.0005 (6) 0.0052 (6) 0.0021 (7)
CI8A 0.0340 (11) 0.0280 (11) 0.0315 (11) 0.0058 (8) 0.0165 (9) ~0.0032 (9)
C19A 0.0364 (11) 0.0216 (10) 0.0291 (11) 0.0049 (8) —0.0010 (8) ~0.0069 (8)
C20A 0.0237 (10) 0.0398 (12) 0.0347 (11) ~0.0057 (8) 0.0124 (8) ~0.0117 (9)
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C21A
C22A
C23A
O1B
02B
O3B
04B
O5B
06B
O7B
C1B
C2B
C3B
C4B
CsB
Co6B
C7B
C8B
C9B
C10B
Cl11B
C12B
C13B
Cl14B
C15B
Cl16B
Cl17B
C18B
C19B
C20B
C21B
C22B
C23B
ol1C
02C
03C
04C
0s5C
06C
o7C
C1C
ca2cC
C3C
c4acC
CsC
CeC
c7C
C8C
coC

0.0184 (9)
0.0307 (10)
0.0157 (9)
0.0167 (6)
0.0206 (7)
0.0198 (6)
0.0185 (7)
0.0175 (6)
0.0194 (6)
0.0169 (6)
0.0194 (8)
0.0233 (9)
0.0201 (9)
0.0174 (8)
0.0208 (9)
0.0188 (8)
0.0158 (8)
0.0150 (8)
0.0154 (8)
0.0118 (8)
0.0131 (8)
0.0143 (8)
0.0126 (7)
0.0169 (8)
0.0179 (8)
0.0132 (8)
0.0139 (8)
0.0292 (10)
0.0267 (10)
0.0231 (10)
0.0282 (10)
0.0249 (10)
0.0186 (9)
0.0131 (6)
0.0175 (6)
0.0173 (6)
0.0134 (6)
0.0167 (6)
0.0228 (7)
0.0189 (6)
0.0152 (8)
0.0189 (8)
0.0181 (8)
0.0139 (8)
0.0148 (8)
0.0156 (8)
0.0137 (7)
0.0118 (7)
0.0149 (8)

0.0304 (11)
0.0241 (10)
0.0274 (10)
0.0280 (7)
0.0277 (7)
0.0260 (7)
0.0335 (8)
0.0169 (6)
0.0195 (7)
0.0215 (7)
0.0194 (9)
0.0165 (9)
0.0187 (9)
0.0238 (9)
0.0182 (9)
0.0168 (9)
0.0197 (9)
0.0198 (9)
0.0161 (8)
0.0207 (9)
0.0178 (8)
0.0151 (8)
0.0169 (8)
0.0145 (8)
0.0143 (8)
0.0205 (9)
0.0177 (8)
0.0247 (10)
0.0226 (10)
0.0437 (13)
0.0212 (10)
0.0202 (10)
0.0259 (10)
0.0277 (7)
0.0241 (7)
0.0227 (7)
0.0262 (7)
0.0236 (7)
0.0217 (7)
0.0256 (7)
0.0168 (8)
0.0157 (8)
0.0159 (8)
0.0181 (9)
0.0172 (8)
0.0149 (8)
0.0168 (8)
0.0169 (8)
0.0140 (8)

0.0297 (10)
0.0277 (10)
0.0399 (12)
0.0447 (9)
0.0363 (8)
0.0323 (8)
0.0384 (8)
0.0377 (8)
0.0342 (8)
0.0284 (7)
0.0216 (9)
0.0192 (9)
0.0202 (9)
0.0237 (9)
0.0213 (9)
0.0198 (9)
0.0227 (9)
0.0251 (9)
0.0219 (9)
0.0268 (9)
0.0204 (9)
0.0155 (8)
0.0195 (8)
0.0224 (9)
0.0179 (8)
0.0165 (8)
0.0189 (8)
0.0336 (11)
0.0291 (10)
0.0514 (14)
0.0328 (11)
0.0412 (12)
0.0354 (11)
0.0340 (8)
0.0276 (7)
0.0262 (7)
0.0285 (7)
0.0338 (7)
0.0272 (7)
0.0410 (8)
0.0204 (9)
0.0187 (8)
0.0159 (8)
0.0203 (9)
0.0176 (8)
0.0168 (8)
0.0186 (8)
0.0199 (8)
0.0173 (8)

0.0001 (7)
~0.0030 (8)
0.0005 (7)
0.0014 (5)
0.0024 (5)
0.0043 (5)
0.0035 (5)
0.0012 (5)
0.0009 (5)
0.0008 (5)
~0.0014 (6)
~0.0012 (6)
0.0022 (6)
0.0004 (7)
~0.0011 (6)
0.0007 (6)
~0.0006 (6)
0.0013 (6)
0.0005 (6)
~0.0015 (6)
~0.0025 (6)
~0.0016 (6)
~0.0030 (6)
0.0011 (6)
~0.0024 (6)
~0.0018 (6)
0.0010 (6)
~0.0028 (8)
0.0047 (7)
0.0011 (9)
0.0048 (7)
0.0035 (7)
0.0047 (7)
~0.0007 (5)
~0.0011 (5)
~0.0032 (5)
~0.0025 (5)
~0.0039 (5)
~0.0021 (5)
~0.0032 (5)
0.0004 (6)
0.0002 (6)
~0.0013 (6)
0.0001 (6)
0.0000 (6)
~0.0009 (6)
~0.0001 (6)
~0.0004 (6)
~0.0008 (6)

0.0089 (7)
0.0107 (8)
0.0110 (8)
0.0103 (6)
0.0125 (6)
0.0049 (5)
0.0105 (6)
0.0159 (5)
0.0114 (5)
0.0113 (5)
0.0064 (7)
0.0042 (7)
0.0009 (7)
0.0047 (7)
0.0051 (7)
0.0029 (6)
0.0051 (6)
0.0056 (7)
0.0034 (6)
0.0055 (6)
0.0054 (6)
0.0025 (6)
0.0047 (6)
0.0044 (6)
0.0039 (6)
0.0040 (6)
0.0035 (6)
0.0159 (8)
0.0042 (8)
0.0148 (9)
0.0182 (8)
0.0138 (8)
0.0135 (8)
0.0070 (5)
0.0093 (5)
0.0026 (5)
0.0056 (5)
0.0118 (5)
0.0096 (5)
0.0162 (6)
0.0058 (6)
0.0039 (6)
0.0010 (6)
0.0039 (6)
0.0036 (6)
0.0025 (6)
0.0043 (6)
0.0038 (6)
0.0036 (6)

0.0029 (8)
~0.0049 (8)
0.0049 (9)
0.0142 (6)
0.0091 (6)
0.0127 (6)
0.0149 (6)
0.0003 (5)
0.0082 (6)
0.0036 (5)
~0.0017 (7)
0.0016 (7)
0.0014 (7)
0.0017 (7)
0.0028 (7)
~0.0008 (7)
~0.0017 (7)
0.0012 (7)
0.0001 (7)
0.0008 (7)
~0.0011 (7)
~0.0013 (6)
~0.0023 (7)
~0.0014 (7)
~0.0004 (6)
~0.0021 (7)
~0.0009 (7)
0.0034 (8)
0.0104 (8)
0.0236 (11)
0.0007 (8)
0.0092 (8)
0.0057 (8)
~0.0082 (6)
~0.0071 (5)
~0.0091 (5)
~0.0082 (5)
~0.0013 (6)
~0.0085 (5)
~0.0091 (6)
0.0021 (7)
~0.0011 (7)
~0.0001 (7)
0.0005 (7)
~0.0006 (7)
0.0011 (6)
0.0035 (7)
0.0002 (7)
0.0017 (6)
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C10C 0.0135 (8) 0.0174 (8) 0.0230 (9) 0.0009 (6) 0.0062 (6) 0.0003 (7)
Cl1C 0.0138 (8) 0.0171 (8) 0.0202 (9) 0.0007 (6) 0.0060 (6) 0.0017 (7)
C12C 0.0161 (8) 0.0158 (8) 0.0183 (8) ~0.0006 (6) 0.0054 (6) 0.0009 (7)
C13C 0.0142 (8) 0.0191 (9) 0.0210 (9) 0.0002 (6) 0.0058 (6) 0.0021 (7)
Cl14C 0.0180 (8) 0.0167 (9) 0.0227 (9) ~0.0037 (6) 0.0035 (7) ~0.0018 (7)
C15C 0.0203 (8) 0.0175 (9) 0.0197 (9) 0.0002 (6) 0.0063 (7) ~0.0009 (7)
C16C 0.0147 (8) 0.0199 (9) 0.0256 (9) 0.0003 (6) 0.0081 (7) 0.0003 (7)
C17C 0.0154 (8) 0.0188 (9) 0.0243 (9) ~0.0035 (6) 0.0057 (7) ~0.0028 (7)
C18C 0.0220 (9) 0.0237 (10) 0.0241 (9) 0.0004 (7) 0.0107 (7) ~0.0035 (8)
C19C 0.0246 (10) 0.0252 (10) 0.0281 (10) ~0.0024 (7) 0.0028 (8) ~0.0109 (8)
C20C 0.0170 (9) 0.0371 (12) 0.0367 (11) ~0.0013 (8) 0.0096 (8) ~0.0126 (9)
C21C 0.0330 (11) 0.0345 (12) 0.0387 (12) ~0.0051 (9) 0.0217 (9) 0.0023 (9)
C22C 0.0293 (10) 0.0265 (10) 0.0285 (10) ~0.0045 (8) 0.0079 (8) ~0.0109 (8)
C23C 0.0166 (9) 0.0306 (11) 0.0469 (13) ~0.0052 (7) 0.0150 (8) ~0.0111 (9)

Geometric parameters (4, °)

O1A—C9A 1.230 (2) C11B—C12B 1.461 (2)
02A—CI1A 1.372 (2) Cl11B—HI11B 0.9300
02A—CI18A 1.435 (2) C12B—C13B 1.401 (2)
03A—C3A 1.363 (2) C12B—C17B 1.407 (2)
03A—CI19A 1.427 (2) C13B—C14B 1.399 (2)
O4A—C4A 1.367 (2) C14B—C15B 1.385 (2)
04A—C20A 1.426 (2) C14B—H14B 0.9300
O5A—CI13A 1.386 (2) C15B—C16B 1.415(2)
O5A—C21A 1.433 (2) C16B—C17B 1.371 (2)
O06A—CI15A 1.363 (2) C17B—H17B 0.9300
0O6A—C22A 1.433 (2) C18B—H18D 0.9600
O7A—C16A 1.373 (2) C18B—HI8E 0.9600
O7A—C23A 1.425 (2) C18B—HI18F 0.9600
CIA—C2A 1.396 (3) C19B—HI19D 0.9600
C1A—C6A 1.403 (2) CI19B—HI19E 0.9600
C2A—C3A 1.386 (3) C19B—HI19F 0.9600
C2A—H2AA 0.9300 C20B—H20D 0.9600
C3A—C4A 1.413 (3) C20B—H20E 0.9600
C4A—CS5SA 1.376 (2) C20B—H20F 0.9600
C5A—C6A 1.415 (2) C21B—H21D 0.9600
C5A—HS5AA 0.9300 C21B—H21E 0.9600
C6A—CT7A 1.460 (2) C21B—H21F 0.9600
C7A—CS8A 1.343 (2) C22B—H22D 0.9600
C7A—HT7AA 0.9300 C22B—H22E 0.9600
C8A—CO9A 1.472 (2) C22B—H22F 0.9600
C8A—HS8AA 0.9300 C23B—H23D 0.9600
C9A—CI10A 1.479 (2) C23B—H23E 0.9600
Cl10A—CI11A 1.340 (2) C23B—H23F 0.9600
Cl10A—HI10A 0.9300 01C—CoC 1.232(2)
Cl11A—CI2A 1.462 (2) 02C—CIC 1.368 (2)
Cl1A—HI11A 0.9300 02C—C18C 1.430 (2)
CI12A—C13A 1.394 (2) 03C—C3C 1.363 (2)
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CI12A—C17A
CI13A—C14A
Cl14A—CI15A
Cl4A—HI14A
CI5A—CI16A
Cl16A—C17A
Cl17A—HI17A
CI8A—HIBA
C18A—HI18B
CI8A—HIS8C
CI9A—HI9%A
CI19A—HI19B
CI19A—HI19C
C20A—H20A
C20A—H20B
C20A—H20C
C21A—H21A
C21A—H21B
C21A—H21C
C22A—H22A
C22A—H22B
C22A—H22C
C23A—H23A
C23A—H23B
C23A—H23C
O1B—C9B
02B—CI1B
02B—C18B
03B—C3B
03B—C19B
04B—C4B
04B—C20B
05B—C13B
05B—C21B
06B—C15B
06B—C22B
07B—C16B
07B—C23B
C1B—C6B
C1B—C2B
C2B—C3B
C2B—H2BA
C3B—C4B
C4B—C5B
C5B—C6B
C5B—HSBA
C6B—C7B
C7B—C8B
C7B—H7BA

1.417 (2)
1.400 (3)
1.385 (2)
0.9300
1.414 (2)
1371 (2)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.230 (2)
1.365 (2)
1.428 (2)
1.366 (2)
1.425 (2)
1.366 (2)
1.428 (2)
1.374 (2)
1.419 (2)
1.364 (2)
1.435 (2)
1.370 (2)
1.425 (2)
1.398 (2)
1.404 (2)
1.381 (3)
0.9300
1.408 (3)
1.379 (2)
1.411 (2)
0.9300
1.459 (2)
1.337(3)
0.9300

03C—C19C
04C—C4C
04C—C20C
05C—C13C
05C—C21C
06C—C15C
06C—C22C
07C—C16C
07C—C23C
cic—C2C
C1C—CeC
C2C—C3C
C2C—H2CA
C3C—C4C
C4C—C5C
C5C—Ce6C
C5C—HSCA
C6C—C7C
C7C—C8C
C7C—H7CA
C8C—C9C
C8C—HSCA
coCc—C10C
Cl10Cc—C11C
C10C—H10C
Cl1Cc—C12C
Cl1C—HI1IC
C12C—C13C
C12C—C17C
C13C—Cl14C
Cl14C—Cl15C
C14C—H14C
C15C—C16C
C16C—C17C
C17C—H17C
C18C—H18G
C18C—HI18H
C18C—H18I
C19C—H19G
CI19C—H1%H
C19C—H191
C20C—H20G
C20C—H20H
C20C—H20I
C21C—H21G
C21C—H21H
C21C—H211
C22C—H22G
C22C—H22H

1.428 (2)
1.368 (2)
1.426 (2)
1.386 (2)
1.423 (2)
1.360 (2)
1.439 (2)
1.369 (2)
1.433 (2)
1.401 (2)
1.403 (2)
1.381 (2)
0.9300
1.410 (2)
1.376 (2)
1.417 (2)
0.9300
1.452 (2)
1.339 (2)
0.9300
1.476 (2)
0.9300
1.470 (2)
1.344 (2)
0.9300
1.456 (2)
0.9300
1.395 (2)
1.414 (2)
1.395 (2)
1.379 (2)
0.9300
1.425 (2)
1.369 (2)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
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C8B—C9B 1.477 (2) C22C—H22I 0.9600
C8B—HSBA 0.9300 C23C—H23G 0.9600
C9B—C10B 1.470 (2) C23C—H23H 0.9600
C10B—C11B 1.338 (2) C23C—H23I 0.9600
C10B—H10B 0.9300

CIA—02A—CI8A 118.38 (15) C13B—C14B—H14B 120.1
C3A—03A—CI9A 117.03 (16) 06B—C15B—CI14B 124.72 (15)
C4A—04A—C20A 116.68 (15) 06B—C15B—CI16B 115.41 (15)
CI3A—05A—C21A 114.34 (14) C14B—C15B—C16B 119.86 (15)
CI5SA—06A—C22A 116.90 (14) 07B—C16B—C17B 124.78 (15)
C16A—07A—C23A 116.30 (14) 07B—C16B—CI15B 115.77 (15)
02A—CIA—C2A 122.55 (16) C17B—C16B—C15B 119.45 (15)
02A—CI1A—C6A 116.50 (16) C16B—C17B—C12B 121.93 (16)
C2A—CI1A—C6A 120.95 (17) C16B—C17B—H17B 119.0
C3A—C2A—CI1A 120.04 (17) C12B—C17B—H17B 119.0
C3A—C2A—H2AA 120.0 02B—C18B—H18D 109.5
CIA—C2A—H2AA 120.0 02B—C18B—HI18E 109.5
03A—C3A—C2A 124.48 (17) H18D—C18B—HI18E 109.5
0O3A—C3A—C4A 115.16 (17) 02B—C18B—H18F 109.5
C2A—C3A—C4A 120.34 (17) H18D—C18B—HIS8F 109.5
04A—C4A—CS5A 126.01 (17) H18E—C18B—HI18F 109.5
04A—C4A—C3A 115.09 (16) 03B—C19B—H19D 109.5
C5A—C4A—C3A 118.90 (17) O3B—C19B—HI19E 109.5
C4A—C5A—C6A 122.12 (17) H19D—C19B—HI19E 109.5
C4A—CS5A—HSAA 118.9 O3B—C19B—HI19F 109.5
C6A—CS5A—HSAA 118.9 H19D—C19B—HI19F 109.5
CIA—C6A—CS5A 117.64 (16) HI19E—C19B—HI19F 109.5
CIA—C6A—CT7A 120.82 (16) 04B—C20B—H20D 109.5
C5A—C6A—CT7A 121.53 (16) 04B—C20B—H20E 109.5
C8A—C7A—C6A 125.57 (16) H20D—C20B—H20E 109.5
C8A—CT7A—H7AA 117.2 04B—C20B—H20F 109.5
C6A—CTA—HTAA 117.2 H20D—C20B—H20F 109.5
C7A—C8A—C9A 122.90 (16) H20E—C20B—H20F 109.5
C7A—C8A—HSAA 118.6 O5B—C21B—H21D 109.5
C9A—C8A—HSAA 118.6 O5B—C21B—H21E 109.5
O1A—C9A—C8A 123.11 (16) H21D—C21B—H21E 109.5
O1A—C9A—CI10A 122.22 (16) O5B—C21B—H21F 109.5
C8A—C9A—CI10A 114.65 (15) H21D—C21B—H2I1F 109.5
Cl11A—C10A—C9A 122.98 (16) H21E—C21B—H21F 109.5
Cl11A—C10A—HI10A 118.5 06B—C22B—H22D 109.5
C9A—CI10A—HI10A 118.5 06B—C22B—H22E 109.5
C10A—C11A—CI12A 126.25 (16) H22D—C22B—H22E 109.5
Cl10A—CI11A—HI1A 116.9 06B—C22B—H22F 109.5
CI12A—CI11A—HI11A 116.9 H22D—C22B—H22F 109.5
CI3A—C12A—C17A 117.40 (16) H22E—C22B—H22F 109.5
CI13A—C12A—C11A 120.89 (16) 07B—C23B—H23D 109.5
C17A—C12A—C11A 121.71 (16) O7B—C23B—H23E 109.5
O5A—CI3A—CI12A 119.63 (16) H23D—C23B—H23E 109.5
O5A—CI3A—C14A 118.70 (16) O7B—C23B—H23F 109.5
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CI12A—C13A—C14A
CI5A—C14A—C13A
CI15A—C14A—HI14A
CI13A—C14A—HI14A
O6A—CI5A—C14A
O6A—CI15A—C16A
Cl14A—C15A—C16A
C17A—C16A—07A
C17A—C16A—C15A
O7A—C16A—CI15A
C16A—C17A—C12A
Cl16A—C17A—H17A
CI12A—C17A—H17A
02A—CI18A—HISA
02A—CI18A—HI8B
H18A—C18A—H18B
02A—CI18A—HI18C
H18A—C18A—H18C
H18B—C18A—H18C
O3A—CI9A—HI9%A
O3A—CI9A—HI9B
H19A—C19A—H19B
O3A—CI9A—HI19C
H19A—C19A—H19C
H19B—C19A—H19C
04A—C20A—H20A
04A—C20A—H20B
H20A—C20A—H20B
04A—C20A—H20C
H20A—C20A—H20C
H20B—C20A—H20C
O5A—C21A—H21A
O5A—C21A—H21B
H21A—C21A—H21B
O5A—C21A—H21C
H21A—C21A—H21C
H21B—C21A—H21C
O6A—C22A—H22A
O6A—C22A—H22B
H22A—C22A—H22B
O6A—C22A—H22C
H22A—C22A—H22C
H22B—C22A—H22C
O7A—C23A—H23A
O7A—C23A—H23B
H23A—C23A—H23B
O7A—C23A—H23C
H23A—C23A—H23C
H23B—C23A—H23C

121.61 (16)
119.79 (16)
120.1
120.1
124.94 (16)
115.38 (15)
119.68 (16)
125.07 (16)
119.80 (16)
115.13 (15)
121.71 (16)
119.1
119.1
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
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

H23D—C23B—H23F
H23E—C23B—H23F
C1C—02C—C18C
C3C—03C—C19C
C4C—04C—C20C
C13Cc—05C—C21C
C15C—06C—C22C
C16C—07C—C23C
02Cc—C1Cc—C2C
02C—C1C—Ce6C
C2C—C1C—C6C
C3C—C2C—CIC
C3C—C2C—H2CA
C1C—C2C—H2CA
03Cc—C3c—C2C
03C—C3C—C4C
C2C—C3C—C4C
04C—C4C—Cs5C
04C—C4C—C3C
C5C—C4C—C3C
C4C—C5C—C6C
C4C—C5C—H5CA
C6C—C5C—H5CA
C1C—C6C—C5C
C1C—C6C—C7C
C5C—C6C—C7C
C8C—C7C—C6C
C8C—C7C—HT7CA
C6C—C7C—HT7CA
C7C—C8C—C9C
C7C—C8C—HS8CA
C9C—C8C—HS8CA
01C—C9C—C10C
01C—C9C—C8C
C10C—C9C—C8C
C11C—C10C—C9C
C11C—C10C—H10C
C9C—C10C—H10C
Cl10C—C11C—C12C
C10C—C11C—H11C
C12C—C11C—H11C
Cc13¢c—C12¢—C17¢C
C13C—C12C—C11C
C17C—C12C—C11C
05C—C13C—C12C
05C—C13C—C14C
C12C—C13C—C14C
C15C—C14C—C13C
C15C—C14C—H14C

109.5
109.5

118.19 (14)
117.77 (14)
116.72 (14)
113.38 (14)
116.48 (14)
115.83 (14)
123.35 (15)
115.95 (15)
120.70 (15)
119.73 (16)
120.1

120.1

124.29 (16)
114.83 (15)
120.88 (15)
125.64 (16)
115.35 (15)
119.01 (16)
121.57 (16)
119.2

119.2

118.11 (15)
119.90 (15)
121.98 (15)
127.18 (16)
116.4

116.4

121.77 (15)
119.1

119.1

123.05 (15)
122.05 (15)
114.90 (14)
123.76 (15)
118.1

118.1

124.63 (15)
117.7

117.7

117.36 (15)
121.21 (15)
121.40 (15)
119.15 (15)
119.10 (15)
121.74 (15)
120.00 (16)
120.0
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C1B—02B—C18B 119.11 (14) C13C—C14C—H14C 120.0
C3B—03B—C19B 117.48 (15) 06C—C15C—C14C 125.29 (16)
C4B—04B—C20B 116.76 (15) 06C—C15C—C16C 115.24 (15)
C13B—05B—C21B 116.60 (13) C14C—C15C—C16C 119.47 (16)
C15B—06B—C22B 116.72 (14) C17C—C16C—07C 125.18 (16)
C16B—07B—C23B 115.94 (14) C17C—C16C—C15C 119.61 (16)
02B—C1B—C6B 116.44 (15) 07C—C16C—C15C 11521 (15)
02B—CI1B—C2B 123.29 (16) C16C—C17C—C12C 121.81 (16)
C6B—C1B—C2B 120.27 (16) C16C—C17C—H17C 119.1
C3B—C2B—CIB 119.69 (16) C12C—C17C—H17C 119.1
C3B—C2B—H2BA 1202 02C—C18C—HI8G 109.5
C1B—C2B—H2BA 1202 02C—C18C—HI8H 109.5
03B—C3B—C2B 124.24 (16) HI8G—C18C—HI8H 109.5
03B—C3B—C4B 114.66 (16) 02C—C18C—HI8I 109.5
C2B—C3B—C4B 121.10 (16) H18G—C18C—HI8I 109.5
04B—C4B—C5B 125.85 (17) HI8H—C18C—HI8I 109.5
04B—C4B—C3B 11539 (16) 03C—C19C—H19G 109.5
C5B—C4B—C3B 118.76 (17) 03C—C19C—HI9H 109.5
C4B—C5B—C6B 121.41 (17) H19G—C19C—HI19H 109.5
C4B—C5B—H5BA 119.3 03C—C19C—HI19I 109.5
C6B—C5B—H5BA 119.3 H19G—C19C—H191 109.5
C1B—C6B—C5B 118.77 (16) HI9H—C19C—H191 109.5
C1B—C6B—C7B 119.06 (16) 04C—C20C—H20G 109.5
C5B—C6B—C7B 122.17 (16) 04C—C20C—H20H 109.5
C8B—C7B—C6B 127.45 (16) H20G—C20C—H20H 109.5
C8B—C7B—H7BA 116.3 04C—C20C—H201 109.5
C6B—C7B—H7BA 116.3 H20G—C20C—H201 109.5
C7B—C8B—C9B 121.37 (16) H20H—C20C—H201 109.5
C7B—C8B—HSBA 119.3 05C—C21C—H21G 109.5
C9B—C8B—HSBA 119.3 05C—C21C—H21H 109.5
OI1B—C9B—CI0B 122.79 (15) H21G—C21C—H21H 109.5
O1B—C9B—C8B 123.08 (16) 05C—C21C—H211 109.5
C10B—C9B—C8B 114.11 (15) H21G—C21C—H211 109.5
C11B—C10B—C9B 124.36 (16) H21H—C21C—H211 109.5
C11B—C10B—H10B 117.8 06C—C22C—H22G 109.5
C9B—C10B—H10B 117.8 06C—C22C—H22H 109.5
C10B—C11B—CI2B 124.00 (15) H22G—C22C—H22H 109.5
C10B—C11B—HI1B 118.0 06C—C22C—H221 109.5
C12B—C11B—HI1B 118.0 H22G—C22C—H221 109.5
C13B—C12B—C17B 117.80 (15) H22H—C22C—H221 109.5
C13B—C12B—CI1B 121.06 (15) 07C—C23C—H23G 109.5
C17B—C12B—CI1B 121.12 (15) 07C—C23C—H23H 109.5
05B—C13B—C14B 122.15 (15) H23G—C23C—H23H 109.5
05B—C13B—CI12B 116.78 (14) 07C—C23C—H231 109.5
C14B—C13B—CI2B 121.07 (15) H23G—C23C—H231 109.5
C15B—C14B—CI3B 119.85 (15) H23H—C23C—H231 109.5
C15B—C14B—H14B 120.1

C18A—02A—CI1A—C2A -3.7(2) O1B—C9B—C10B—CI1B 55(3)
C18A—02A—C1A—C6A 177.34 (16) C8B—C9B—C10B—C11B ~173.08 (17)
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02A—CI1A—C2A—C3A
C6A—CIA—C2A—C3A
CI9A—03A—C3A—C2A
CI19A—03A—C3A—C4A
CIA—C2A—C3A—O03A
CIA—C2A—C3A—C4A
C20A—04A—C4A—CS5A
C20A—04A—C4A—C3A
O3A—C3A—C4A—04A
C2A—C3A—C4A—O04A
0O3A—C3A—C4A—CS5A
C2A—C3A—C4A—C5A
04A—C4A—C5A—C6A
C3A—C4A—C5A—Co6A
02A—CI1A—C6A—CS5A
C2A—CI1A—C6A—C5A
02A—CI1A—C6A—CTA
C2A—CIA—C6A—CT7A
C4A—C5A—C6A—C1A
C4A—C5A—C6A—CTA
CIA—C6A—C7A—C8A
C5A—C6A—CT7A—C8A
C6A—CT7TA—C8A—CIA
C7A—C8A—C9A—OI1A
C7A—C8A—C9A—C10A
O1A—C9A—C10A—C11A
C8A—C9A—C10A—C11A
CI9A—CI10A—C11A—C12A
Cl10A—C11A—C12A—CI13A
Cl10A—C11A—C12A—C17A
C21A—0O5A—CI3A—CI12A
C21A—0O5A—CI3A—C14A
C17A—C12A—CI13A—05A
Cl11A—CI12A—C13A—O05A
C17A—C12A—CI13A—C14A
Cl11A—CI2A—C13A—C14A
O5A—CI3A—C14A—CI15A
CI12A—C13A—C14A—C15A
C22A—06A—CI15A—C14A
C22A—06A—CI15A—C16A
CI13A—C14A—C15A—06A
CI13A—C14A—C15A—C16A
C23A—07A—C16A—C17A
C23A—07A—C16A—CI15A
O6A—CI5A—C16A—C17A
Cl14A—C15A—C16A—C17A
06A—CI15A—C16A—07A
Cl14A—C15A—C16A—O07A
O7A—C16A—C17A—CI12A

~178.51 (16)
0.4 (3)
-0.2(3)
178.80 (16)
178.18 (16)
-0.8(3)
3.8(3)
~176.10 (17)
1.9 (2)
~179.01 (16)
~178.01 (16)
1.1 (3)
179.13 (17)
-1.0(3)
178.71 (15)
-03(3)
—0.8(2)
~179.84 (16)
0.6 (3)
~179.88 (16)
~177.55 (17)
2.9(3)
~175.45 (16)
-82(3)
170.30 (16)
-4.0 (3)
177.49 (16)
~179.03 (16)
~179.58 (17)
0.4 (3)
~111.48 (18)
71.4 (2)
~175.63 (15)
43(2)

1.4 (3)
~178.64 (16)
176.04 (16)
-1.0(3)

1.1 (3)
~177.98 (15)
~179.14 (16)
-0.1(3)
~14.4 (3)
164.98 (16)
179.90 (15)
0.8 (3)
0.5(2)
~178.62 (16)
178.97 (16)

C9B—C10B—C11B—C12B
C10B—C11B—C12B—CI13B
C10B—C11B—C12B—C17B
C21B—0O5B—CI13B—CI14B
C21B—O5B—CI13B—CI12B
C17B—C12B—C13B—O05B
C11B—C12B—C13B—05B
C17B—C12B—C13B—C14B
C11B—C12B—C13B—CI14B
05B—C13B—C14B—CI15B
C12B—C13B—C14B—C15B
C22B—06B—C15B—C14B
C22B—06B—C15B—C16B
C13B—C14B—C15B—06B
C13B—C14B—C15B—C16B
C23B—07B—C16B—C17B
C23B—07B—C16B—CI15B
06B—C15B—C16B—O07B
C14B—C15B—C16B—0O7B
06B—C15B—C16B—C17B
C14B—C15B—C16B—C17B
07B—C16B—C17B—CI12B
C15B—C16B—C17B—C12B
C13B—C12B—C17B—C16B
C11B—C12B—C17B—C16B
C18C—02C—C1C—C2C
C18C—02C—C1C—C6C
02C—C1C—C2C—C3C
Cc6C—C1C—C2C—C3C
C19C—03C—C3C—C2C
C19C—03C—C3C—C4C
C1C—C2C—C3C—03C
Cl1C—C2C—C3C—C4C
C20C—04C—C4C—C5C
C20C—04C—C4C—C3C
03C—C3C—C4C—04C
C2C—C3C—C4C—04C
03C—C3C—C4C—C5C
C2C—C3C—C4C—CsC
04C—C4C—C5C—C6C
C3C—C4C—C5C—Co6C
02C—C1C—C6C—C5C
C2C—C1C—C6C—C5C
02C—C1C—C6C—C7C
c2c—C1Cc—C6C—C7C
C4C—C5C—C6C—C1C
C4C—C5C—C6C—C7C
C1C—C6C—C7C—C8C
C5C—C6C—C7C—C8C

176.23 (16)
~166.56 (17)
11.8 (3)
-30.2(2)
150.82 (16)
~179.65 (15)
-13(2)

1.4 (2)
179.73 (16)
179.36 (15)
-1.703)
~7.6(3)
171.36 (16)
179.04 (16)
0.2 (3)

9.6 (2)
~169.73 (15)
2.1(2)
~178.93 (15)
~177.28 (15)
1.72)
178.63 (15)
-2.1(3)

0.6 (2)
~177.81 (16)
-3.9(2)
176.17 (15)
~179.51 (16)
0.4 (3)
-1.7Q2)
177.40 (16)
178.69 (16)
-0.3(3)
-43(3)
176.31 (16)
0.6 (2)
179.66 (15)
~178.86 (15)
0.2 (3)
~179.61 (16)
-0.2(3)
179.51 (15)
—0.4(2)
~1.6(2)
178.44 (16)
0.3 (3)
~178.49 (16)
~168.99 (17)
9.8 (3)
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CI5A—C16A—C17A—CI12A
CI13A—C12A—C17A—C16A
Cl11A—CI2A—C17A—CI16A
C18B—02B—C1B—C6B
C18B—02B—C1B—C2B
02B—C1B—C2B—C3B
C6B—C1B—C2B—C3B
C19B—03B—C3B—C2B
C19B—03B—C3B—C4B
C1B—C2B—C3B—O03B
C1B—C2B—C3B—C4B
C20B—04B—C4B—C5B
C20B—04B—C4B—C3B
03B—C3B—C4B—04B
C2B—C3B—C4B—04B
03B—C3B—C4B—C5B
C2B—C3B—C4B—C5B
04B—C4B—C5B—C6B
C3B—C4B—C5B—C6B
02B—C1B—C6B—C5B
C2B—C1B—C6B—C5B
02B—C1B—C6B—C7B
C2B—C1B—C6B—C7B
C4B—C5B—C6B—C1B
C4B—C5B—C6B—C7B
C1B—C6B—C7B—C8B
C5B—C6B—C7B—C8B
C6B—C7B—C8B—C9B
C7B—C8B—C9B—O01B
C7B—C8B—C9B—C10B

Hydrogen-bond geometry (4, °)

-03(3)
-0.7(3)
179.33 (16)
~179.45 (16)
1.4 (3)
179.33 (17)
0.2 (3)
3.5(3)
~176.27 (16)
~179.63 (17)
0.2 (3)

44 (3)
~176.09 (18)
-0.2(2)
179.97 (17)
179.36 (16)
-0.5(3)
179.85 (17)
0.3 (3)
~179.52 (16)
-0.4(3)
0.1(2)
179.22 (16)
0.1(3)
~179.51 (17)
176.72 (18)
-3.703)
~179.50 (17)
-6.0(3)
172.61 (17)

C6C—C7C—C8C—C9C
C7C—C8C—C9C—O01C
C7C—C8C—CIC—C10C
01C—Co9C—C10C—C11C
C8C—C9C—C10C—Cl11C
C9C—C10C—C11C—C12C
C10C—C11C—C12C—C13C
C10C—C11C—C12C—C17C
C21C—05C—C13C—Cl12C
C21C—0O5C—C13C—Cl14C
C17C—C12C—C13C—05C
Cl11C—C12C—C13C—05C
C17C—C12C—C13C—C14C
C11C—C12C—C13C—C14C
05C—C13C—C14C—C15C
C12C—C13C—C14C—C15C
C22C—06C—C15C—C14C
C22C—06C—C15C—C16C
C13C—C14C—C15C—06C
C13C—C14C—C15C—C16C
C23C—07C—C16C—C17C
C23C—07C—C16C—C15C
06C—C15C—C16C—C17C
C14C—C15C—C16C—C17C
06C—C15C—C16C—07C
C14C—C15C—C16C—0O7C
07C—C16C—C17C—C12C
C15C—C16C—C17C—C12C
C13C—C12C—C17C—C16C
Cl11C—C12C—C17C—C16C

Cg3 and Cg4 are the centroids of the C1C—C6C and C12C—C17C rings, respectively.

D—H-4
C10B—H10B--01C'
C10C—H10C+01B
Cl14B—H14B01A!
C21A—H21B-03A'!
C22A—H22C-07CY
C22B—H22D+02A"
C22B—H22F--01A!

C23A—H23A-05A!
C23A—H23C--03C

C23C—H23G--05C!
C18C—HI8H-Cgal
C20A—H20B--Cg3"

D—H
0.93
0.93
0.93
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96

Hed DA
2.29 3.149 (2)
2.33 3.195 (2)
2.52 3.353(2)
2.49 3301 (2)
2.50 3.435(2)
2.50 3.407 (2)
2.58 3.227 (2)
2.52 3308 (2)
2.53 3.452(2)
2.54 3305 (2)
2.80 3.678 (2)
2.94 3.855(2)

~178.94 (16)
-3.0(3)
176.17 (16)
-0.7(3)
~179.82 (16)
176.90 (16)
170.52 (17)
~11.6 3)
~107.71 (19)
73.5(2)
~179.32 (15)
-13(2)
—0.6(3)
177.38 (16)
178.35 (16)
-0.4(3)

0.4 (3)
~179.51 (16)
~178.86 (16)
1.0 (3)
-82(3)
171.17 (17)
179.22 (16)
-0.7(3)
-0.2(2)
179.96 (16)
178.97 (17)
-0.3(3)

1.0 (3)
~177.03 (17)

D—H-A
153
155
149
142
165
158
125

140
161
136

152
159
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Symmetry codes: (i) x+1, y, z; (ii) —x+1, —p+2, —z+1; (iil) —x+2, —y+2, —z+2; (iv) x, —=y+3/2, z+1/2; (v) x, y, z—1; (vi) —x+2, =42, —z+1.

Fig. 1
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There are two crystallographically independent molecules in
the asymmetric unit of the title bischalcone derivative,
Cy3H2607. The molecules are unsymmetrical and almost
planar: the dihedral angle between two benzene rings is
1.04 (7)° in one molecule and 2.31 (7)° in the other. The
central penta-1,4-dien-3-one fragment makes dihedral angles
of 7.61 (7) and 6.82 (7)° with the two adjacent benzene rings in
one molecule, while the corresponding values are 7.85 (7) and
9.42 (6)° in the other. In both molecules, the three methoxy
groups of the two 2.4,6-trimethoxyphenyl units are coplanar
with the attached benzene rings [C—O—C—C- torsion angles
of —1.5(2), —72(2) and 4.1 (2)° in one molecule and
—0.7 (2), —5.5 (2) and —0.6 (2)° in the other]. The molecular
conformations are stabilized by weak intramolecular C—
H---O interactions generating two S(6) ring motifs. In the
crystal, molecules are linked by weak intermolecular C—
H- - -O interactions into zigzag chains parallel to the c axis. The
crystal structure is further stabilized by C—H- - -7 interactions
and m-m interactions with centroid—centroid distances of
3.6433 (8) A.

Related literature

For bond-length data, see: Allen et al. (1987). For hydrogen-
bond motifs, see: Bernstein et al. (1995). For related structures,
see: Fun et al. (2010); Harrison et al. (2006). For background to
and applications of bischalcones, see: Gomes ef al. (2009); Lee
et al. (2009); Quincoces et al. (2008); Uchida et al. (1998). For
the stability of the temperature controller used in the data
collection, see: Cosier & Glazer (1986).

+ Thomson Reuters ResearcherID: A-5085-2009.
§ Additional correspondence author, e-mail: hkfun@usm.my. Thomson
Reuters ResearcherID: A-3561-2009.

H;CO OCH:

Experimental

Crystal data

Co3H,60, V = 410021 (11) A
M, = 414.44 Z=8

Monoclinic, P2, /c Mo Ko radiation
a=157417 (2) A =010 mm™’
b=151192 (2) A T =100 K

¢ =19.4803 (3) A 0.39 x 0.32 x 0.17 mm
B=117.827 (1)°

Data collection

Bruker APEXII DUO CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tinin = 0.963, Tppax = 0.983

50384 measured reflections
10908 independent reflections
7903 reflections with I > 20([)
Ry = 0.032

Refinement

R[F? > 20(F?%)] = 0.052
wR(F?) = 0.139
S=1.04

10908 reflections

553 parameters

H-atom parameters constrained
APmax = 036 ¢ A3

ApPuin = =024 ¢ A3

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

Cgl, Cg2 and Cg3 are the centroids of the C1A-C6A, C124A-C17A and C12B--
C17B rings, respectively

D—H---A D—H H---A D---A D—H---A
C7IA—HTAA---O14 0.93 242 2.787 (2) 104
CTIA—HTAA---024 0.93 2.29 2.704 (2) 106
C8A—HSAA---04A 0.93 2.18 2.7844 (17) 121
C7B—HT7BA---O1B 0.93 2.49 2.8351 (19) 102
C7B—HT7BA---O2B 0.93 2.33 2.704 (2) 104
C8B—HSBA---O4B 0.93 2.16 2.7643 (18) 121
C10A—H104- - -O5A 0.93 2.26 2.852 (2) 121
C10B—H10B- --O5B 0.93 226 2.855 (2) 121
Cl1A—H114---0O74 0.93 2.23 2.6599 (17) 108
C11B—H11B---07B 0.93 2.23 2.6700 (17) 108
C20A—H20C---O1B 0.96 2.47 3.339 (2) 151
C20B—H20E- - -O1A! 0.96 2.37 3.0238 (19) 125
C23A—H23C---0O1A" 0.96 2.39 3319 (2) 162
C23B—H23D---O1B" 0.96 2.41 3.262 (2) 148
C184—HI8C- - -Cgl™ 0.96 2.65 3.4503 (17) 141
C21A—H21C---Cg2" 0.96 2.94 3.5813 (18) 126
C21B—H21E---Cg3" 0.96 2.72 3.5809 (16) 150

Symmetry codes: (i) x+1,y,z4+1; (i) x, =y + 4,z + % (i) —x+1, -y +1, —z; (iv)
—x, =y, —z;(v) =x =1, —y+1,—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).

PR thanks the Center of Excellence for Innovation in
Chemistry (PERCH-CIC), Commission on Higher Education,
Ministry of Education, and the Graduate School, Prince of

Acta Cryst. (2011). E67, 033—034

doi:10.1107/51600536810049299

033

Ruanwas et al.



organic compounds

Songkla University, for financial support. The authors thank
the Prince of Songkla University and Universiti Sains
Malaysia for the Research University Golden Goose grant No.
1001/PFIZIK/811160.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: RZ2523).

References

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

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

Fun, H.-K., Ruanwas, P. & Chantrapromma, S. (2010). Acta Cryst. E66, 0307—
0308.

Gomes, A., Neuwirth, O., Freitas, M., Couto, D., Ribeiro, D., Figueiredo, A. G.
P. R, Silva, A. M. S, Seixas, R. S. G. R,, Pinto, D. C. G. A., Tomé, A. C.,
Cavaleiro, J. A. S., Fernandes, E. & Lima, J. L. F. C. (2009). Bioorg. Med.
Chem. 17, 7218-7226.

Harrison, W. T. A., Sarojini, B. K., Vijaya Raj, K. K., Yathirajan, H. S. &
Narayana, B. (2006). Acta Cryst. E62, 01522-01523.

Lee, K.-H., Ab Aziz, F. H., Syahida, A., Abas, F., Shaari, K., Israf, D. A. & lajis,
N. H. (2009). Eur. J. Med. Chem. 44, 3195-3200.

Quincoces, J., Peseke, K., Kordian, M., Carvalho, J., Brunhari, H., Kohn, L. &
Antonio, M. (2008). US Patent No. 7 432 401 B2.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

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

Uchida, T., Kozawa, K., Sakai, T., Aoki, M., Yoguchi, H., Abduryim, A. &
Watanabe, Y. (1998). Mol. Cryst. Lig. Cryst. 315, 135-140.

034 Ruanwaset al. - Cy3H2607

Acta Cryst. (2011). E67, 033—034



supplementary materials



supplementary materials

Acta Cryst. (2011). E67, 033-034 [ d0i:10.1107/S1600536810049299 |
(1E,4E)-1,5-Bis(2,4,6-trimethoxyphenyl)penta-1.,4-dien-3-one

P. Ruanwas, S. Chantrapromma and H.-K. Fun

Comment

Bischalcone is an important class of compounds due to their variety of properties such as non-linear optical (Uchida et
al., 1998) and fluorescence properties (Gomes et al., 2009) and activities involving anti-inflammatory, antioxidant and
anti-tyrosinase activities (Lee et al., 2009) and cytotoxic activities (Quincoces et al., 2008). We have previously reported the
crystal structure of (1E,4E)-1,5-bis(2,4,5-trimethoxyphenyl)penta-1,4-dien-3-one (I) (Fun ez al., 2010). The title bischalcone
(IT) was synthesized in order to study the effect of the positions of the trimethoxy substituents to its fluorescence property
and anti-tyrosinase activity. Our anti-tyrosinase activity testing showed that the title bischacone possesses anti-tyrosinase

activity. We report herein the crystal structure of (II).

There are two crystallograpich independent molecules (4 and B) in the asymmetric unit of (II) (Fig. 1) with the same
conformation but with slight differences in bond angles. The molecular structure of (II) is unsymmetrical and almost planar.
The dihedral angle between the C1-C6 and C12—-C17 benzene rings is 1.04 (7)° in molecule 4 whereas it is 2.31 (7)° in
molecule B. The central penta-1,4-dien-3-one unit (C7-C11/01) is planar with zm.s. of 0.0124 (1) and 0.0433 (1) A for
molecule 4 and B, respectively. This unit makes a dihedral angles of 7.61 (7) and 6.82 (7)° with the two adjacent C1-C6 and
C12—C17 benzene rings, respectively, in molecule 4 whereas the corresponding values are 7.85 (7) and 9.42 (6)° in molecule
B. The three methoxy groups on the C1-C6 benzene ring are planarly attached, with the C18-02-C1-C2, C19-03-C3-C2
and C20—04—C5—C4 torsion angles of -1.5 (2), -7.2 (2) and 4.1 (2)° in molecule 4 and -0.7 (2), -5.5 (2) and -0.6 (2)° in
molecule B. The same orientation is observed for the three methoxy groups on the C12—C17 benzene ring as indicated by the
torsion angles C21-05—C13-C14, C22—-06—C15-C14 and C23-07-C17—C16 of -0.1 (2),-0.7 (2) and 0.8 (2)°, respectively,
for molecule 4 and the corresponding values of -0.9 (2), 1.6 (2) and -4.9 (2)° for molecule B. In each molecule, intramolecular
C8A—HS8AA--O4A and C10A—H10A-O5A [in molecule A]; C§SB—H8BA:O4B and C10B—H10B--O5B [in molecule
B] weak interactions (Table 1, Fig. 1) generate S(6) ring motifs (Bernstein ef al., 1995). The bond distances are in normal
ranges (Allen ez al., 1987) and are comparable with those of related structures (Fun et al., 2010; Harrison et al., 2006).

However there are less C—H--O weak interactions but more C—H:'x interactions in (II) than in ().

In the crystal packing (Fig. 2), the molecules are linked by intermolecular C—H:--O weak interactions (Table 1) into
zigzag chains along the c axis. The crystal is stabilized by intermolecular C—H---O weak interactions and C—H---w inter-

actions (Table 1). n—x interactions are observed with Cglnggi =3.6433 (8) A (symmetry code: (i) x, 1/2 -y, -1/2 + z; Cgy
and Cgj3 are the centroids of the C1A—C6A and C12B—C17B rings, respectively).

Experimental

The title compound was synthesized by dissolving the 2,4,6-trimethoxybenzaldehyde (0.5 g, 2.55 mmol) in acetone (50 ml).
A NaOH 50% aqueous solution (2 ml) was then added and, after stirring at room temperature for lh, the resulting yellow
solid was collected by filtration, washed with distilled water and dried. Pale yellow block-shaped single crystals of the title
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compound suitable for x-ray structure determination were recrystalized from ethanol by the slow evaporation of the solvent
at room temperature after a week. M. p. 494-495 K.

Refinement

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with d(C—H) = 0.93 A for aromatic
and 0.96 A for CH3 atoms. The Ujg, values were constrained to be 1.5 Ueq of the carrier atom for methyl H atoms and 1.2Ueq
for the remaining H atoms. A rotating group model was used for the methyl groups. The highest residual electron density
peak is located at 0.70 A from C12B and the deepest hole is located at 1.24 A from C13B.

Figures
Fig. 1. The molecular structure of the title compound, showing 50% probability displacement
ellipsoids and the atom-numbering scheme. Intramolecular C—H:---O interactions are shown
as dashed lines.
! F
- ’ I.
™y e i
=
3 |y
| ¥ "'_
;| .I\.I:'. '
MO
lawlTH "-_'Ia’!_ Fig. 2. The crystal packing of the title compound showing the zigzag chains along the ¢ axis.
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(1E,4E)-1,5-Bis(2,4,6-trimethoxyphenyl)penta-1,4-dien-3-one

Crystal data

C23H607 F(000) = 1760

M, =414.44 Dy=1.343Mgm>

Monoclinic, P2y/c Melting point = 494-495 K

Hall symbol: -P 2ybc Mo Ka radiation, A = 0.71073 A
a=157417(2) A Cell parameters from 10908 reflections
b=15.1192(2) A 0=2.1-29.0°

c=19.4803 (3) A p=0.10 mm '

B=117.827 (1)° T=100K
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V'=4100.21 (11) A3 Block, pale yellow
z=3 0.39 x 0.32 x 0.17 mm

Data collection

Bruker APEXII DUO CCD area-detector 10908 independent reflections

diffractometer

Radiation source: sealed tube 7903 reflections with /> 2c0(/)
graphite Rint = 0.032

¢ and o scans Omax = 29.0°, Oppin = 2.1°

Absorption correction: multi-scan

(SADABS; Bruker, 2005) h=-20-21
Tinin = 0.963, Tiax = 0.983 k=-20—18
50384 measured reflections [=-26—26

Refinement

2 Primary atom site location: structure-invariant direct
Refinement on F*

methods
Least-squares matrix: full Secondary atom site location: difference Fourier map
5 2 Hydrogen site location: inferred from neighbouring
R[F*>20(F")]=0.052 sites
wR(Fz) =0.139 H-atom parameters constrained
G- Lod w=1/[62(Fy?) + (0.0631P)* + 1.5299P]
' where P = (Fy* + 2F:%)/3
10908 reflections (A/6)max = 0.001
553 parameters ApPmax =036 ¢ A3
0 restraints Apmin =—024 ¢ A2
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 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 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 2 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 F?. The threshold expression of F> c(Fz) is used only for calculating 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 )

X y z Uiso*/Ueq
O1A 0.17578 (9) 0.23957 (10) —0.12657 (6) 0.0395 (3)
02A 0.45629 (7) 0.37966 (7) —0.07200 (6) 0.0219 (2)
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O3A
O4A
O5A
O6A
O7A
Cl1A
C2A
H2AA
C3A
C4A
H4AA
C5A
C6A
C7A
H7AA
C8A
H8AA
CoA
C10A
H10A
Cl1A
H11A
CI2A
CI3A
Cl4A
H14A
CI5A
Cl6A
H16A
Cl7A
CI8A
HI18A
H18B
H18C
CI9A
HI19A
H19B
H19C
C20A
H20A
H20B
H20C
C21A
H21A
H21B
H21C
C22A
H22A
H22B

0.72990 (7)
0.43772 (7)
~0.05667 (7)
~0.07167 (8)
0.20935 (7)
0.50181 (11)
0.59599 (11)
0.6305
0.63756 (10)
0.58625 (10)
0.6148
0.49247 (10)
0.44650 (10)
0.35023 (10)
0.3314
0.28416 (10)
0.2963
0.19240 (11)
0.12089 (11)
0.0631
0.13474 (10)
0.1931
0.07555 (10)
~0.01944 (10)
~0.07145 (11)
~0.1340
~0.02790 (11)
0.06571 (11)
0.0937
0.11655 (10)
0.50745 (11)
0.4664
0.5630
0.5273
0.78857 (12)
0.8528
0.7627
0.7896
0.47734 (12)
0.4308
0.4938
0.5339
~0.15303 (11)
~0.1695
~0.1962
~0.1580
~0.16834 (11)
~0.1905
~0.1710

0.41499 (7)
0.29181 (7)
0.12267 (7)
0.03212 (8)
0.16050 (7)
0.37297 (9)
0.40105 (9)
0.4261
0.39085 (10)
0.35517 (10)
0.3497
0.32789 (9)
0.33541 (9)
0.30407 (9)
0.3105
0.26743 (10)
0.2625
0.23482 (10)
0.19400 (10)
0.1753
0.18232 (9)
0.2040
0.14215 (9)
0.11210 (9)
0.07451 (10)
0.0547
0.06729 (10)
0.09625 (10)
0.0912
0.13254 (10)
0.41912 (10)
0.4221
0.3840
0.4777
0.44273 (12)
0.4535
0.4961
0.3973
0.28718 (12)
0.2620
0.3456
0.2509
0.09395 (10)
0.1054
0.1255
0.0317
0.00175 (11)
-0.0197
~0.0451

0.18177 (6)
0.15211 (5)
~0.05942 (6)
0.17332 (6)
0.18551 (6)
0.00690 (8)
0.05208 (9)
0.0292
0.13221 (9)
0.16765 (8)
0.2214
0.12218 (8)
0.03973 (8)
~0.01164 (8)
~0.0643
0.00458 (8)
0.0559
~0.05818 (8)
~0.04001 (8)
~0.0809
0.03281 (8)
0.0708
0.06315 (8)
0.01869 (8)
0.05295 (8)
0.0226
0.13332 (9)
0.17972 (9)
0.2334
0.14487 (8)
~0.10866 (9)
~0.1637
~0.0983
~0.0886
0.14764 (10)
0.1878
0.1185
0.1136
0.23484 (8)
0.2480
0.2564
0.2556
~0.10841 (9)
—0.1616
~0.0951
~0.1013
0.13032 (10)
0.1655
0.0962

0.0257 (2)
0.0209 (2)
0.0218 (2)
0.0287 (3)
0.0233 (2)
0.0176 (3)
0.0196 (3)
0.023*
0.0199 (3)
0.0200 (3)
0.024*
0.0180 (3)
0.0169 (3)
0.0180 (3)
0.022*
0.0191 (3)
0.023*
0.0209 (3)
0.0204 (3)
0.024*
0.0175 (3)
0.021*
0.0177 (3)
0.0183 (3)
0.0202 (3)
0.024*
0.0221 (3)
0.0224 (3)
0.027*
0.0193 (3)
0.0235 (3)
0.035%
0.035%
0.035%
0.0325 (4)
0.049*
0.049*
0.049*
0.0264 (3)
0.040%
0.040%
0.040%
0.0229 (3)
0.034*
0.034*
0.034*
0.0271 (3)
0.041*
0.041*
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H22C ~0.2085 0.0497 0.1004 0.041*
C23A 0.25648 (12) 0.15076 (12) 0.26804 (8) 0.0272 (4)
H23A 0.3190 0.1774 0.2894 0.041*
H23B 0.2629 0.0890 0.2811 0.041*
H23C 0.2192 0.1793 0.2890 0.041*
01B 0.68800 (7) 0.20303 (8) 0.36386 (6) 0.0241 (2)
02B 0.99141 (7) 0.09844 (7) 0.41753 (6) 0.0225 (2)
03B 1.26319 (8) 0.06825 (8) 0.67341 (6) 0.0287 (3)
04B 0.96545 (7) 0.18131 (7) 0.63905 (6) 0.0223 (2)
05B 0.48221 (7) 0.36335 (7) 0.43616 (6) 0.0209 (2)
06B 0.47137 (8) 0.44271 (8) 0.67297 (6) 0.0260 (2)
07B 0.75115 (7) 0.31918 (7) 0.67890 (6) 0.0211 (2)
C1B 1.03565 (10) 0.10545 (10) 0.49647 (8) 0.0185 (3)
C2B 1.13074 (10) 0.07922 (10) 0.54267 (9) 0.0206 (3)
H2BA 1.1665 0.0549 0.5205 0.025%
C3B 1.17063 (10) 0.09028 (10) 0.62243 (9) 0.0213 (3)
C4B 1.11777 (11) 0.12564 (10) 0.65642 (8) 0.0220 (3)
H4BA 1.1457 0.1329 0.7100 0.026*
C5B 1.02313 (10) 0.14997 (9) 0.60976 (8) 0.0184 (3)
C6B 0.97838 (10) 0.14116 (9) 0.52777 (8) 0.0172 (3)
C7B 0.87935 (10) 0.16500 (9) 0.47616 (8) 0.0169 (3)
H7BA 0.8555 0.1456 0.4252 0.020*
C$B 0.81720 (10) 0.21120 (9) 0.49162 (8) 0.0174 (3)
HSBA 0.8372 0.2320 0.5418 0.021*
C9B 0.71850 (10) 0.22977 (9) 0.43148 (8) 0.0164 (3)
C10B 0.65299 (10) 0.28005 (9) 0.45157 (8) 0.0174 (3)
H10B 0.5947 0.2990 0.4115 0.021*
Cl11B 0.67345 (10) 0.29988 (9) 0.52518 (8) 0.0163 (3)
HIIB 0.7353 0.2846 0.5620 0.020*
C12B 0.61648 (10) 0.34076 (9) 0.55742 (8) 0.0162 (3)
C13B 0.52085 (10) 0.37092 (9) 0.51463 (8) 0.0169 (3)
C14B 0.46987 (10) 0.40590 (9) 0.55087 (8) 0.0190 (3)
H14B 0.4072 0.4259 0.5217 0.023*
C15B 0.51478 (11) 0.41016 (9) 0.63141 (9) 0.0195 (3)
C16B 0.60879 (11) 0.38162 (10) 0.67653 (8) 0.0194 (3)
H16B 0.6376 0.3849 0.7304 0.023*
C17B 0.65853 (10) 0.34824 (9) 0.63965 (8) 0.0171 (3)
C18B 1.04507 (11) 0.06389 (11) 0.38133 (9) 0.0248 (3)
HI8D 1.0042 0.0593 0.3264 0.037*
HISE 1.0694 0.0064 0.4021 0.037*
HISF 1.0978 0.1027 0.3911 0.037*
C19B 1.31903 (11) 0.02436 (11) 0.64289 (10) 0.0280 (4)
H19D 1.3822 0.0125 0.6843 0.042*
HI9E 1.3238 0.0615 0.6049 0.042*
HI19F 1.2885 ~0.0303 0.6191 0.042*
C20B 1.00518 (12) 0.18825 (12) 0.72165 (8) 0.0293 (4)
H20D 0.9576 0.2116 0.7344 0.044*
H20E 1.0597 0.2271 0.7413 0.044*
H20F 1.0249 0.1308 0.7446 0.044*
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C21B
H21D
H21E
H21G
C22B
H22D
H22G
H22E
C23B
H23G
H23D
H23E

0.38459 (10)
0.3672
0.3787
0.3427
0.37374 (12)
0.3517
0.3344
0.3697
0.80039 (12)
0.8652
0.7680
0.8009

0.39154 (10)
0.3838
0.4528
0.3568
0.47159 (12)
0.4916
0.4233
0.5192
0.33050 (12)
0.3097
0.2974
0.3920

Atomic displacement parameters (A’Z )

Ol1A
02A
O3A
O4A
O5A
O6A
O7A
Cl1A
C2A
C3A
C4A
C5A
C6A
C7A
C8A
CoA
C10A
Cl1A
CI2A
CI3A
Cl4A
CI5A
Cl6A
Cl7A
CI8A
CI9A
C20A
C21A
C22A
C23A
O1B
02B

Ull

0.0300 (7)
0.0209 (6)
0.0156 (5)
0.0176 (5)
0.0171 (5)
0.0247 (6)
0.0178 (5)
0.0195 (7)
0.0194 (7)
0.0143 (7)
0.0179 (7)
0.0173 (7)
0.0155 (7)
0.0185 (7)
0.0183 (7)
0.0208 (8)
0.0166 (7)
0.0162 (7)
0.0171 (7)
0.0190 (7)
0.0172 (7)
0.0226 (8)
0.0235 (8)
0.0177 (7)
0.0253 (8)
0.0198 (8)
0.0226 (8)
0.0188 (8)
0.0235 (8)
0.0224 (8)
0.0171 (5)
0.0181 (5)

U22
0.0677 (9)
0.0262 (6)
0.0298 (6)
0.0289 (6)
0.0276 (6)
0.0382 (7)
0.0333 (6)
0.0141 (7)
0.0167 (7)
0.0175 (7)
0.0214 (7)
0.0162 (7)
0.0161 (7)
0.0174 (7)
0.0208 (7)
0.0220 (7)
0.0217 (7)
0.0155 (7)
0.0157 (7)
0.0160 (7)
0.0190 (7)
0.0208 (8)
0.0252 (8)
0.0184 (7)
0.0243 (8)
0.0420 (10)
0.0380 (9)
0.0230 (8)
0.0286 (8)
0.0403 (10)
0.0371 (6)
0.0317 (6)

0.38923 (8)

0.3354

0.3992

0.4018

0.63068 (10)

0.6664

0.6006

0.5967

0.76164 (8)

0.7818

0.7845

0.7740
U33 U12
0.0156 (5) ~0.0216 (6)
0.0191 (5) ~0.0032 (4)
0.0281 (6) ~0.0049 (4)
0.0148 (5) ~0.0008 (4)
0.0170 (5) ~0.0012 (4)
0.0270 (6) ~0.0021 (5)
0.0154 (5) ~0.0011 (4)
0.0196 (7) 0.0018 (5)
0.0258 (7) 0.0003 (6)
0.0252 (7) 0.0003 (6)
0.0174 (7) 0.0017 (6)
0.0197 (7) 0.0024 (5)
0.0175 (7) 0.0012 (5)
0.0153 (6) 0.0021 (6)
0.0147 (6) ~0.0002 (6)
0.0164 (7) ~0.0005 (6)
0.0202 (7) ~0.0015 (6)
0.0185 (7) 0.0015 (5)
0.0193 (7) 0.0023 (5)
0.0185 (7) 0.0042 (6)
0.0236 (7) 0.0002 (6)
0.0264 (8) 0.0029 (6)
0.0184 (7) 0.0038 (6)
0.0200 (7) 0.0027 (6)
0.0257 (8) 0.0001 (6)
0.0378 (9) ~0.0093 (7)
0.0156 (7) ~0.0009 (7)
0.0218 (7) ~0.0007 (6)
0.0330 (8) ~0.0006 (7)
0.0166 (7) ~0.0001 (7)
0.0154 (5) 0.0035 (5)
0.0179 (5) 0.0030 (4)

0.0226 (3)
0.034*
0.034*
0.034*
0.0315 (4)
0.047*
0.047*
0.047*
0.0273 (4)
0.041*
0.041*
0.041*

U13

0.0063 (5)
0.0099 (4)
0.0072 (5)
0.0064 (4)
0.0049 (4)
0.0151 (5)
0.0049 (4)
0.0094 (6)
0.0133 (6)
0.0069 (6)
0.0055 (6)
0.0080 (6)
0.0065 (6)
0.0056 (6)
0.0047 (6)
0.0058 (6)
0.0064 (6)
0.0061 (6)
0.0078 (6)
0.0076 (6)
0.0088 (6)
0.0145 (7)
0.0099 (6)
0.0074 (6)
0.0158 (7)
0.0152 (7)
0.0064 (6)
0.0052 (6)
0.0162 (7)
0.0072 (6)
0.0053 (4)
0.0085 (4)

U23

0.0002 (6)
0.0011 (4)
~0.0042 (5)
0.0027 (4)
~0.0006 (4)
0.0055 (5)
0.0006 (4)
~0.0001 (5)
~0.0008 (6)
~0.0035 (6)
~0.0003 (5)
0.0006 (5)
~0.0002 (5)
0.0005 (5)
~0.0002 (5)
0.0019 (6)
~0.0011 (6)
~0.0007 (5)
0.0000 (5)
~0.0001 (5)
~0.0010 (6)
0.0024 (6)
0.0014 (6)
~0.0008 (5)
0.0025 (6)
~0.0138 (8)
0.0028 (6)
~0.0039 (6)
0.0025 (7)
0.0002 (6)
~0.0032 (4)
~0.0004 (4)
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O3B
04B
O5B
06B
O7B
C1B
C2B
C3B
C4B
CsB
Co6B
C7B
C8B
C9B
C10B
Cl11B
C12B
C13B
Cl14B
C15B
Cl16B
Cl17B
C18B
C19B
C20B
C21B
C22B
C23B

Geometric parameters (4, °)

O1A—C9A
02A—CI1A
02A—CI18A
03A—C3A
03A—CI19A
04A—C5A
04A—C20A
O5A—CI13A
O5A—C21A
O06A—CI15A
0O6A—C22A
O7A—C17A
O7A—C23A
CIA—C2A
C1A—C6A
C2A—C3A
C2A—H2AA
C3A—C4A

0.0161 (5)
0.0188 (5)
0.0158 (5)
0.0224 (6)
0.0169 (5)
0.0180 (7)
0.0165 (7)
0.0137 (7)
0.0190 (8)
0.0171 (7)
0.0153 (7)
0.0155 (7)
0.0176 (7)
0.0170 (7)
0.0144 (7)
0.0150 (7)
0.0178 (7)
0.0180 (7)
0.0151 (7)
0.0218 (8)
0.0212 (8)
0.0169 (7)
0.0238 (8)
0.0163 (8)
0.0307 (9)
0.0168 (7)
0.0232 (9)
0.0224 (8)

0.0345 (7)
0.0312 (6)
0.0258 (6)
0.0326 (6)
0.0304 (6)
0.0176 (7)
0.0186 (7)
0.0190 (7)
0.0229 (8)
0.0170 (7)
0.0158 (7)
0.0194 (7)
0.0185 (7)
0.0174 (7)
0.0186 (7)
0.0147 (7)
0.0145 (7)
0.0143 (7)
0.0168 (7)
0.0167 (7)
0.0206 (7)
0.0166 (7)
0.0286 (8)
0.0273 (9)
0.0356 (9)
0.0251 (8)
0.0388 (10)
0.0412 (10)

1.2341 (17)
1.3631 (17)
1.4324 (17)
1.3668 (17)
1.430 (2)
1.3600 (17)
1.4327 (16)
1.3607 (16)
1.4314 (17)
1.3661 (18)
1.4277 (19)
1.3637 (17)
1.4294 (17)
1.391 (2)
1.418 (2)
1.391 (2)
0.9300
1.393 (2)

0.0036 (5)
0.0044 (4)
0.0042 (4)
0.0144 (5)
0.0059 (4)
0.0081 (6)
0.0101 (6)
0.0046 (6)
0.0026 (6)
0.0070 (6)
0.0057 (6)
0.0054 (5)
0.0054 (6)
0.0079 (6)
0.0055 (6)
0.0070 (6)
0.0089 (6)
0.0066 (6)
0.0089 (6)
0.0159 (6)
0.0098 (6)
0.0076 (6)
0.0164 (7)
0.0084 (7)
0.0053 (7)
0.0045 (6)
0.0165 (7)
0.0063 (6)

0.0276 (6) 0.0042 (5)
0.0133 (5) 0.0019 (4)
0.0169 (5) 0.0038 (4)
0.0266 (6) 0.0046 (5)
0.0142 (5) 0.0040 (4)
0.0190 (7) ~0.0025 (6)
0.0267 (8) ~0.0001 (6)
0.0259 (8) ~0.0006 (6)
0.0172 (7) ~0.0018 (6)
0.0191 (7) ~0.0017 (6)
0.0179 (7) ~0.0023 (5)
0.0141 (6) ~0.0038 (5)
0.0138 (6) ~0.0021 (6)
0.0151 (6) ~0.0026 (5)
0.0170 (6) 0.0006 (5)
0.0183 (7) 0.0000 (5)
0.0172 (6) ~0.0008 (5)
0.0167 (6) ~0.0014 (5)
0.0245 (7) 0.0006 (5)
0.0258 (7) ~0.0012 (6)
0.0175 (7) ~0.0001 (6)
0.0173 (6) ~0.0006 (5)
0.0273 (8) 0.0000 (6)
0.0360 (9) 0.0032 (6)
0.0151 (7) 0.0042 (7)
0.0208 (7) 0.0016 (6)
0.0357 (9) 0.0053 (7)
0.0152 (7) 0.0045 (7)
O1B—C9B
02B—CIB
02B—C18B
03B—C3B
03B—C19B
04B—C5B
04B—C20B
05B—C13B
05B—C21B
06B—C15B
06B—C22B
07B—C17B
07B—C23B
C1B—(C2B
C1B—C6B
C2B—C3B
C2B—H2BA
C3B—C4B

0.0039 (5)
~0.0025 (4)
0.0001 (4)
~0.0028 (5)
0.0000 (4)
0.0008 (5)
0.0022 (6)
0.0042 (6)
0.0009 (6)
~0.0001 (5)
0.0007 (5)
0.0006 (5)
~0.0005 (5)
0.0008 (5)
0.0015 (5)
0.0015 (5)
~0.0001 (5)
~0.0005 (5)
~0.0006 (6)
~0.0017 (6)
~0.0006 (5)
0.0006 (5)
~0.0014 (6)
0.0064 (7)
~0.0030 (6)
0.0028 (6)
~0.0035 (7)
~0.0010 (6)

1.2404 (16)
1.3643 (17)
1.4282 (18)
1.3672 (18)
1.433 (2)
1.3631 (18)
1.4324 (17)
1.3607 (16)
1.4379 (17)
1.3716 (17)
1.4316 (19)
1.3648 (17)
1.4357 (17)
1.396 (2)
1.410 (2)
1.388 (2)
0.9300
1.390 (2)
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C4A—CS5A
C4A—H4AA
C5A—C6A
C6A—CT7A
C7A—CS8A
C7A—HT7AA
C8A—CO9A
C8A—HBAA
C9A—CI0A
C10A—CI11A
Cl10A—HI10A
Cl11A—CI2A
Cl1A—HI11A
CI12A—CI13A
CI12A—C17A
CI13A—C14A
Cl14A—CI15A
Cl4A—HI14A
CI5A—CI16A
Cl16A—C17A
Cl16A—HI6A
CI8A—HIBA
CI18A—HI18B
CI18A—HIS8C
CI9A—HI9%A
CI9A—HI19B
CI19A—HI19C
C20A—H20A
C20A—H20B
C20A—H20C
C21A—H21A
C21A—H21B
C21A—H21C
C22A—H22A
C22A—H22B
C22A—H22C
C23A—H23A
C23A—H23B
C23A—H23C

CIA—02A—CI8A
C3A—03A—CI9A
C5A—04A—C20A
CI3A—05A—C21A
CISA—06A—C22A
C17A—07A—C23A
02A—CI1A—C2A
02A—CI1A—C6A
C2A—CI1A—C6A
CIA—C2A—C3A

1.383 (2)
0.9300
1.4250 (19)
1.451 (2)
1.340 (2)
0.9300
1.475 (2)
0.9300
1.465 (2)
1.342 (2)
0.9300
1.449 (2)
0.9300
1.408 (2)
1.4186 (19)
1.396 (2)
1.390 (2)
0.9300
1.392 (2)
1.382 (2)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

118.11 (11)
117.06 (12)
118.13 (11)
118.64 (11)
118.28 (12)
118.30 (12)
122.34 (13)
115.35 (12)
122.31 (13)
118.70 (13)

C4B—C5B
C4B—H4BA
C5B—C6B
C6B—C7B
C7B—C8B
C7B—H7BA
C8B—C9B
C8B—HSBA
C9B—C10B
C10B—C11B
C10B—H10B
C11B—C12B
Cl1B—HI1B
C12B—C13B
C12B—C17B
C13B—C14B
C14B—C15B
C14B—H14B
C15B—C16B
C16B—C17B
Cl16B—HI16B
C18B—H18D
CI18B—HI18E
C18B—HI18F
C19B—HI19D
CI19B—HI19E
C19B—HI19F
C20B—H20D
C20B—H20E
C20B—H20F
C21B—H21D
C21B—H21E
C21B—H21G
C22B—H22D
C22B—H22G
C22B—H22E
C23B—H23G
C23B—H23D
C23B—H23E

C1B—02B—C18B
C3B—03B—C19B
C5B—04B—C20B
C13B—0O5B—C21B
C15B—06B—C22B
C17B—07B—C23B
02B—C1B—C2B
02B—C1B—C6B
C2B—C1B—C6B
C3B—C2B—CIB

1.384 (2)
0.9300
1.4194 (19)
1.4518 (19)
1.346 (2)
0.9300
1.4717 (19)
0.9300
1.474 (2)
1.3484 (19)
0.9300
1.4514 (19)
0.9300
1.413 (2)
1.4238 (19)
1.397 (2)
1.389 (2)
0.9300
1.391 (2)
1.382 (2)
0.9300
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

118.46 (12)
117.61 (12)
117.96 (12)
118.29 (11)
117.81 (12)
117.80 (11)
122.27 (13)
115.09 (12)
122.64 (13)
118.43 (14)
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CIA—C2A—H2AA 120.6 C3B—C2B—H2BA 120.8
C3A—C2A—H2AA 120.6 C1B—C2B—H2BA 120.8
0O3A—C3A—C2A 123.44 (13) O3B—C3B—C2B 123.77 (14)
O3A—C3A—C4A 115.15 (13) O3B—C3B—C4B 114.82 (13)
C2A—C3A—C4A 121.41 (13) C2B—C3B—C4B 121.41 (13)
C5A—C4A—C3A 119.37 (13) C5B—C4B—C3B 119.32 (13)
C5A—C4A—H4AA 120.3 C5B—C4B—H4BA 120.3
C3A—C4A—H4AA 120.3 C3B—C4B—H4BA 120.3
04A—C5A—C4A 123.06 (13) 04B—C5B—C4B 122.72 (13)
04A—C5A—C6A 115.16 (12) 04B—C5B—C6B 115.21 (12)
C4A—C5A—C6A 121.78 (13) C4B—C5B—C6B 122.04 (13)
CIA—C6A—CS5A 116.41 (13) C1B—C6B—C5B 116.16 (13)
CIA—C6A—CT7A 118.89 (12) C1B—C6B—C7B 119.47 (13)
C5A—C6A—CT7A 124.64 (13) C5B—C6B—C7B 124.37 (13)
C8A—C7A—C6A 130.38 (13) C8B—C7B—C6B 129.17 (13)
C8A—C7A—H7AA 114.8 C8B—C7B—H7BA 1154
C6A—CTA—HTAA 114.8 C6B—C7B—H7BA 1154
C7A—C8A—C9A 120.69 (13) C7B—C8B—C9B 121.91 (13)
C7A—C8A—HSAA 119.7 C7B—C8B—HSBA 119.0
C9A—CS8A—HSAA 119.7 C9B—C8B—HSEBA 119.0
O1A—C9A—CI10A 119.07 (13) O01B—C9B—C8B 121.64 (13)
O1A—C9A—C8A 120.49 (14) 01B—C9B—C10B 118.57 (12)
C10A—C9A—CBA 120.42 (12) C8B—C9B—C10B 119.77 (12)
Cl11A—C10A—C9A 123.14 (13) C11B—C10B—C9B 123.21 (13)
Cl11A—C10A—HI10A 118.4 C11B—C10B—H10B 118.4
C9A—CI10A—HI10A 118.4 C9B—C10B—HI10B 118.4
C10A—C11A—CI12A 131.90 (14) C10B—C11B—C12B 131.73 (13)
Cl10A—CI11A—HI11A 114.0 C10B—C11B—HI11B 114.1
CI12A—CI11A—HI11A 114.0 C12B—C11B—HI11B 114.1
CI3A—C12A—C17A 116.96 (13) C13B—C12B—C17B 116.47 (12)
CI13A—C12A—C11A 125.77 (13) C13B—C12B—C11B 125.83 (12)
C17A—C12A—C11A 117.27 (13) C17B—C12B—C11B 117.65 (12)
O5A—CI3A—C14A 122.67 (13) O5B—C13B—CI14B 122.59 (13)
O5A—CI3A—CI12A 115.42 (13) O5B—C13B—CI12B 115.46 (12)
Cl14A—C13A—CI12A 121.91 (13) C14B—C13B—C12B 121.95 (13)
CI5A—C14A—C13A 118.66 (14) C15B—C14B—C13B 118.61 (13)
CI5A—C14A—H14A 120.7 C15B—C14B—H14B 120.7
CI13A—C14A—H14A 120.7 C13B—C14B—H14B 120.7
O06A—CI15A—C14A 123.94 (14) 06B—C15B—CI14B 123.52 (13)
O06A—CI15A—C16A 114.52 (13) 06B—C15B—CI16B 114.49 (13)
Cl14A—C15A—C16A 121.54 (14) C14B—C15B—C16B 121.99 (13)
C17A—C16A—CI15A 119.10 (14) C17B—C16B—C15B 118.61 (13)
C17A—C16A—HI16A 120.5 C17B—C16B—H16B 120.7
CI5A—C16A—HI16A 120.5 C15B—C16B—H16B 120.7
O7A—C17A—C16A 123.15 (13) 07B—C17B—C16B 122.87 (12)
O7A—C17A—CI12A 115.01 (13) 07B—C17B—CI12B 114.76 (12)
Cl16A—C17A—CI12A 121.83 (14) C16B—C17B—C12B 122.37 (13)
02A—CI18A—HISA 109.5 02B—C18B—H18D 109.5
02A—CI18A—HI8B 109.5 02B—C18B—HI8E 109.5
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H18A—C18A—H18B
02A—CI18A—HI18C
H18A—C18A—H18C
H18B—C18A—H18C
O3A—CI9A—HI9%A
O3A—CI9A—HI9B
H19A—C19A—H19B
O3A—CI19A—HI19C
H19A—C19A—H19C
H19B—C19A—H19C
04A—C20A—H20A
04A—C20A—H20B
H20A—C20A—H20B
04A—C20A—H20C
H20A—C20A—H20C
H20B—C20A—H20C
O5A—C21A—H21A
O5A—C21A—H21B
H21A—C21A—H21B
O5A—C21A—H21C
H21A—C21A—H21C
H21B—C21A—H21C
O6A—C22A—H22A
O6A—C22A—H22B
H22A—C22A—H22B
O6A—C22A—H22C
H22A—C22A—H22C
H22B—C22A—H22C
O7A—C23A—H23A
O7A—C23A—H23B
H23A—C23A—H23B
O7A—C23A—H23C
H23A—C23A—H23C
H23B—C23A—H23C

CI18A—02A—CI1A—C2A
CI18A—02A—CI1A—C6A
02A—CI1A—C2A—C3A
C6A—CIA—C2A—C3A
CI9A—03A—C3A—C2A
CI19A—03A—C3A—C4A
CIA—C2A—C3A—O03A
CIA—C2A—C3A—C4A
03A—C3A—C4A—C5A
C2A—C3A—C4A—C5A
C20A—04A—C5A—C4A
C20A—04A—C5A—C6A
C3A—C4A—C5A—04A
C3A—C4A—C5A—CoA
02A—CI1A—C6A—C5A

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

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
-15(02)
178.45 (12)
~179.22 (13)
0.8 (2)
-72(2)
173.26 (13)
179.02 (13)
~1.4(2)
~179.30 (13)
1.12)
4.1(2)
~176.28 (13)
179.50 (13)
-0.1(2)
~179.87 (12)

H18D—C18B—HI18E
02B—C18B—H18F
H18D—C18B—HI8F
H18E—C18B—HI18F
0O3B—C19B—HI19D
O3B—C19B—HI19E
H19D—C19B—HI19E
O3B—C19B—HI19F
H19D—C19B—HI19F
H19E—C19B—HI19F
04B—C20B—H20D
04B—C20B—H20E
H20D—C20B—H20E
04B—C20B—H20F
H20D—C20B—H20F
H20E—C20B—H20F
O5B—C21B—H21D
O5B—C21B—H21E
H21D—C21B—H21E
O5B—C21B—H21G
H21D—C21B—H21G
H21E—C21B—H21G
06B—C22B—H22D
06B—C22B—H22G
H22D—C22B—H22G
06B—C22B—H22E
H22D—C22B—H22E
H22G—C22B—H22E
07B—C23B—H23G
07B—C23B—H23D
H23G—C23B—H23D
O7B—C23B—H23E
H23G—C23B—H23E
H23D—C23B—H23E

C18B—02B—C1B—C2B
C18B—02B—C1B—C6B
02B—C1B—C2B—C3B
C6B—C1B—C2B—C3B
C19B—03B—C3B—C2B
C19B—03B—C3B—C4B
C1B—C2B—C3B—03B
C1B—C2B—C3B—C4B
O3B—C3B—C4B—C5B
C2B—C3B—C4B—C5B
C20B—04B—C5B—C4B
C20B—04B—C5B—C6B
C3B—C4B—C5B—04B
C3B—C4B—C5B—C6B
02B—C1B—C6B—C5B

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

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

0.7 (2)
179.23 (13)
178.78 (13)
~1.1(2)
-5.5(2)
174.68 (13)
~179.09 (14)
0.7 (2)
~179.89 (13)
0.3(2)
—0.6(2)
177.44 (13)
176.94 (13)
-0.9(2)
~179.37 (12)
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C2A—CIA—C6A—C5A
02A—CI1A—C6A—CT7A
C2A—CI1A—C6A—CT7A
04A—C5A—C6A—C1A
C4A—C5A—C6A—C1A
04A—C5A—C6A—CTA
C4A—C5A—C6A—CTA
CIA—C6A—CT7A—C8A
C5A—C6A—CT7A—C8A
C6A—CT7TA—C8A—CIA
C7A—C8A—C9A—OI1A
C7A—C8A—C9A—C10A
O1A—C9A—C10A—C11A
C8A—C9A—C10A—C11A
CI9A—CI10A—C11A—C12A
C10A—C11A—C12A—CI13A
C10A—C11A—C12A—C17A
C21A—0O5A—CI3A—C14A
C21A—0O5A—CI3A—CI12A
C17A—C12A—C13A—05A
Cl11A—CI12A—C13A—O05A
C17A—C12A—CI13A—C14A
Cl11A—CI2A—C13A—CI14A
O5A—CI3A—C14A—CI15A
CI12A—C13A—C14A—C15A
C22A—06A—CI15A—C14A
C22A—06A—CI15A—C16A
CI13A—C14A—C15A—06A
CI13A—C14A—C15A—C16A
O6A—CI5A—C16A—C17A
Cl14A—C15A—C16A—C17A
C23A—07A—C17A—C16A
C23A—07A—C17A—CI12A
CI5A—C16A—C17A—O07A
CI15A—C16A—C17A—CI12A
CI13A—C12A—C17A—O07A
Cl11A—CI12A—C17A—07A
CI13A—C12A—C17A—C16A
Cl11A—CI2A—C17A—C16A

Hydrogen-bond geometry (4, °)

0.1(2)
2.78 (19)
~177.23 (13)
179.88 (12)
-0.5(2)
-2.9(2)
176.72 (14)
~179.23 (15)
3.7(2)
~175.78 (14)
1.12)
179.37 (14)
176.83 (15)
~1.4(2)
~178.22 (15)
6.6 (3)
173.70 (15)
-0.1(2)
~179.80 (12)
179.72 (12)
0.1(2)

0.0 (2)
~179.66 (14)
~179.28 (13)
0.4 (2)
-0.7(2)
179.22 (13)
179.70 (14)
-0.2(2)
179.69 (13)
—0.4(2)

0.8 (2)
~178.34 (13)
~178.23 (14)
0.8 (2)
178.48 (12)
~1.82 (19)
0.6 (2)
179.06 (13)

C2B—C1B—C6B—C5B
02B—C1B—C6B—C7B
C2B—C1B—C6B—C7B
04B—C5B—C6B—C1B
C4B—C5B—C6B—C1B
04B—C5B—C6B—C7B
C4B—C5B—C6B—C7B
C1B—C6B—C7B—C8B
C5B—C6B—C7B—C8B
C6B—C7B—C8B—C9B
C7B—C8B—C9B—O01B
C7B—C8B—C9B—C10B
01B—C9B—C10B—C11B
C8B—C9B—C10B—C11B
C9B—C10B—C11B—C12B
C10B—C11B—C12B—CI13B
C10B—C11B—C12B—C17B
C21B—O5B—CI13B—CI14B
C21B—O5B—CI13B—CI12B
C17B—C12B—C13B—O05B
C11B—C12B—C13B—05B
C17B—C12B—C13B—C14B
C11B—C12B—C13B—CI14B
05B—C13B—C14B—CI15B
C12B—C13B—C14B—C15B
C22B—06B—C15B—C14B
C22B—06B—C15B—C16B
C13B—C14B—C15B—06B
C13B—C14B—C15B—C16B
06B—C15B—C16B—C17B
C14B—C15B—C16B—C17B
C23B—07B—C17B—C16B
C23B—07B—C17B—CI12B
C15B—C16B—C17B—O7B
C15B—C16B—C17B—C12B
C13B—C12B—C17B—O07B
C11B—C12B—C17B—O07B
C13B—C12B—C17B—C16B
C11B—C12B—C17B—C16B

0.5(2)
1.53 (19)
~178.56 (13)
~177.51 (12)
0.5 (2)
1.5(2)
179.55 (14)
~169.16 (14)
11.8 (2)
179.71 (13)
0.5(2)
179.49 (13)
169.13 (14)
-9.9(2)
~173.57 (14)
-0.5(3)
176.71 (15)
—0.9(2)
179.03 (12)
179.84 (12)
-2.9(2)
-0.3(2)
177.01 (13)
179.29 (13)
0.6 (2)

1.6 (2)
~178.63 (14)
~179.60 (13)
0.7 (2)
~179.62 (13)
0.1(2)
-4.9(2)
175.67 (13)
179.56 (13)
-1.0(2)
~179.45 (12)
3.04 (18)
1.1(2)
~176.40 (13)

Cgl, Cg2 and Cg3 are the centroids of the CIA-C6A, C12A—C17A and C12B—C17B rings, respectively

D—H-A
C7A—H7AAOIA
C7TA—HT7AA~02A
C8A—HSAA04A
C7B—H7BA-O1B
C7B—H7BA-02B

D—H
0.93
0.93
0.93
0.93
0.93

2.42 2.787 (2)
2.29 2.704 (2)
2.18 2.7844 (17)
2.49 2.8351 (19)
2.33 2.704 (2)

D—H-4
104
106
121
102
104
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C8B—H8BA--04B 0.93 2.16 2.7643 (18) 121
C10A—H10AO5A 0.93 2.26 2.852(2) 121
C10B—H10B-05B 0.93 2.26 2.855 (2) 121
Cl1A—HI1A~O7A 0.93 2.23 2.6599 (17) 108
C11B—HI11B--O7B 0.93 2.23 2.6700 (17) 108
C20A—H20C-O1B 0.96 2.47 3.339(2) 151
C20B—H20E--O1A! 0.96 2.37 3.0238 (19) 125
C23A—H23C-01A" 0.96 2.39 3.319(2) 162
C23B—H23D--0O1B" 0.96 2.41 3.262 (2) 148
CI18A—HI8C-Cgl' 0.96 2.65 3.4503 (17) 141
C21A—H21CCg2" 0.96 2.94 3.5813 (18) 126
C21B—H21E--Cg3" 0.96 2.72 3.5809 (16) 150

Symmetry codes: (i) x+1, y, z+1; (ii) x, —y+1/2, z+1/2; (iii) —x+1, —p+1, —z; (iv) —x, —y, —z; (v) —x—1, —=y+1, —z—1.
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The title chalcone derivative, C;4;H,N,O, consists of 4-
aminophenyl and pyridine rings bridged by a prop-2-en-1-
one unit and exists in a trans configuration with respect to the
C=C double bond. The molecule is slightly twisted with a
dihedral angle of 29.38 (7)° between the benzene and pyridine
rings. The prop-2-en-1-one bridge is nearly planar with an
r.m.s. deviation of 0.0384 (1) A and makes dihedral angles of
15.40 (9) and 16.30 (9)°, respectively, with the benzene and
pyridine rings. In the crystal, molecules are linked by N—
H:--N and N—H-: - -O hydrogen bonds into a layer parallel to
the ab plane. A m—m interaction with a centroid—centroid
distance of 3.6946 (10) A is also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For a related
structure, see: Horkaew et al. (2010). For background to and
applications of chalcones, see: Gaber et al. (2008); Avila et al.
(2008); Mei et al. (2001); Ohad et al. (2004); Patil ez al. (2007);
Svetlichny et al. (2007); Tewtrakul et al. (2003); Wu et al
(2006); Xu et al. (2005). For the stability of the temperature
controller used in the data collection, see Cosier & Glazer
(1986).

\

H,N N

+ Thomson Reuters ResearcherID: A-5085-2009.
§ Thomson Reuters ResearcherID: A-3561-2009. Additional correspondence
author, e-mail: hkfun@usm.my.

Experimental

Crystal data

Ci HoN,O

M, = 22426
Orthorhombic, PanJ
a =12.0046 (12) A
b =7.9329 (9) A
c=229253) A

Data collection

Bruker APEX DUO CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Toin = 0.956, Ty = 0.985

Refinement

R[F? > 20(F%)] = 0.048
wR(F?) = 0.132

S =103

V =21832 (4) A’

Z =8

Mo Ko radiation

# =009 mm™!
T=100 K

0.52 x 0.32 x 0.18 mm

12726 measured reflections
3177 independent reflections
2433 reflections with I > 20([)
Ry = 0.043

202 parameters
All H-atom parameters refined
APmax =037 ¢ A3

3177 reflections Apmin = —0.18 ¢ A™?

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HINI- - -0l 0.88 (2) 213 2) 2.9920 (16) 170 (2)
N1—H2N1- - -N2" 0.93 (2) 226 (2) 3.1471 (17) 161.7 (19)

Symmetry codes: (i) —x+2,y — 1, —z +3 (i) —x+1,y -1, —z +3.

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).

The authors thank the Thailand Research Fund (TRF) for a
research grant (RSA 5280033) and the Prince of Songkla
University for financial support. The authors also thank
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: 1S2731).

References

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.

Avila, H. P, Smania, E. de F. A., Delle Monache, F. & Smania, A. Jr (2008).
Bioorg. Med. Chem. 16, 9790-9794.

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

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

Gaber, M., El-Daly, S. A., Fayed, T. A. & El-Sayed, Y. S. (2008). J. Opt. Laser
Techol. 40, 528-537.

Horkaew, J., Chantrapromma, S., Saewan, N. & Fun, H.-K. (2010). Acta Cryst.
E66, 02346-02347.

Mei, L., Prapon, W. & Mei, L. G. (2001). J. Med. Chem. 44, 4443-4452.

Ohad, N., Ramadan, M., Soliman, K., Snait, T. & Jacob, V. (2004). J.
Photochem. 65, 1389-1395.

Patil, P. S., Dharmaprakash, S. M., Ramakrishna, K., Fun, H.-K., Kumar, R. S.
S. & Narayana Rao, D. (2007). J. Cryst. Growth, 303, 520-524.

01770

Chantrapromma et al.

doi:10.1107/5S1600536811023634

Acta Cryst. (2011). E67, 01770-01771



organic compounds

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

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

Svetlichny, V. Y., Merola, F., Dobretsov, G. E., Gularyan, S. K. &
Syrejshchikova, T. I. (2007). Chem. Phys. Lipids, 145, 13-26.

Tewtrakul, S., Subhadhirasakul, S., Puripattanavong, J. & Panphadung, T.
(2003). Songklanakarin J. Sci. Technol. 25, 503-508.

Wu, X., Tiekink, E. R. T., Kostetski, I., Kocherginsky, N., Tan, A. L. C., Khoo,
S. B., Wilairat, P. & Go, M.-L. (2006). Eur. J. Pharm. Sci. 27, 175-187.

Xu, Z., Bai, G. & Dong, C. (2005). Bioorg. Med. Chem. 13, 5694-5699.

Acta Cryst. (2011). E67, 01770-01771

Chantrapromma et al. + Cy4H;,N,O 01771



supplementary materials



supplementary materials
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(E)-1-(4-Aminophenyl)-3-(pyridin-3-yl)prop-2-en-1-one

S. Chantrapromma, T. Kobkeatthawin, K. Chanawanno, P. Wisitsak and H.-K. Fun

Comment

Chalcones are 1,3-diaryl-2-propen-1-ones which can be obtained from both synthetic and natural sources. They have a
wide variety of biological activities such as antimalarial (Mei et al., 2001), HIV-1 protease inhibitory (Tewtrakul et al.,
2003), antityrosinase (Ohad et al., 2004), antibacterial (Avila ez al., 2008) and antiplasmodial (Wu ez al., 2006) properties.
Moreover, chalcones have also been studied for non-linear optical (NLO) (Patil ez al., 2007) and fluorescent materials (Gaber
et al., 2008). These compounds have also been used for sensor, liquid crystal display and fluorescence probe for sensing of
DNA or proteins (Svetlichny ez al., 2007; Xu et al., 2005). These interesting properties has lead us to synthesize the title
compound (I), which contains the amino and pyridine groups in order to study its bioactivity and fluorescent properties. Our
results show that (I) was inactive for antibacterial and tyrosinase inhibitory activities. However (I) exhibits weak fluorescence

with the maximum emission at 437 nm when was excited at 310 nm. Herein the crystal structure of (I) is reported.

The molecule of the title chalcone derivative (Fig. 1), C14H2N70, exists in a E configuration with respect to the C8=C9
ethenyl bond [1.332 (2) A] and the torsion angle C7-C8—C9—-C10 = -176.57 (13)°. The molecule is twisted with a dihedral
angle between the phenyl and pyridine rings being 29.38 (7)°. The prop-2-en-1-one unit (C7-C9/01) is nearly planar [rm.s.
of 0.0384 (1) A] and the torsion angle O1-C7—C8-C9 being -12.5 (2)°. This middle bridge makes the dihedral angles of
15.40 (9) and 16.30 (9)° with the phenyl and pyridine rings, respectively. The bond distances are of normal values (Allen
et al., 1987) and are comparable with the related structure (Horkaew et al., 2010).

In the crystal packing, the molecules are linked by N—H-*N and N—H---O hydrogen bonds (Table 1) into sheets parallel
to the ab plane (Fig. 2). A n—x interaction with a Cgl--Cgl distance of 3.6946 (10) A is observed in the crystal; Cgl is
the centroid of the C10—C14/N1 ring. In addition C--C [3.3505 (19) A; symmetry code 3/2-x, 1/2+y, z and 3.3776 (19) A:
symmetry code 3/2-x, -1/2+y, z], -0 [3.1312 (18) A; symmetry code 3/2-x, -1/2+y, z] and N---O [2.9920 (16) A; symmetry

code 2-x,1/2+y,3/2-7] short contacts are also observed.

Experimental

The title compound was synthesized by condensation of 4-aminoacetophenone (0.40 g, 3 mmol) with 3-pyridinecarboxal-
dehyde (0.18 ml, 3 mmol) in ethanol (15 ml) in the presence of 10% NaOH (aq) (5 ml). After stirring for 2 hr at room
temperature, the resulting yellow solid was collected by filtration, washed with distilled diethyl ether, dried and purified by
repeated recrysallization from acetone. Yellow block-shaped single crystals of the title compound suitable for x-ray structure
determination were recrystalized from methanol by the slow evaporation of the solvent at room temperature after several
days, Mp. 453-454 K.

Refinement

All H atoms were located in a difference Fourier map and refined isotropically. The highest residual electron density peak
is located at 0.74 A from C8 and the deepest hole is located at 1.35 A from C14.
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Figures

Fig. 1. The molecular structure of the title compound, showing 50% probability displacement

“| ellipsoids and the atom-numbering scheme.

Fig. 2. The crystal packing of the title compound viewed along the b axis, Hydrogen bonds
were shown as dashed lines.

(B)-1-(4-Aminophenyl)-3-(pyridin-3-yl)prop-2-en-1-one

Crystal data

Ci4H12N20

M, =224.26
Orthorhombic, Pbca
Hall symbol: -P 2ac 2ab
a=12.0046 (12) A
b=17.9329 (9) A
c=229253)A
V=21832 (4) A®

Z=8

F(000) =944

Data collection

Dy =1.365Mgm >

Melting point = 453-454 K

Mo Ko radiation, L = 0.71073 A

Cell parameters from 3177 reflections

0=2.5-30.0°
p=0.09 mm !
T=100K

Block, yellow
0.52 x 0.32 x 0.18 mm

Bruker APEX DUO CCD area-detector

diffractometer
Radiation source: sealed tube
graphite

¢ and o scans

Absorption correction: multi-scan

(SADABS; Bruker, 2009)
Tmin = 0.956, Tpnax = 0.985

12726 measured reflections

Refinement

Refinement on F>

Least-squares matrix: full

3177 independent reflections
2433 reflections with /> 26(/)
Rint=0.043

Omax = 30.0°, Oppin = 2.5°

h=-16—14
k=-11—10
[=-32—-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* > 26(F?)] = 0.048 sites

WR(FZ) =0.132 All H-atom parameters refined

G- 103 w=1/[62(Fy?) + (0.0702P)* + 0.5761P]
where P = (F,> + 2F.2)/3

3177 reflections (A/6)max = 0.001

202 parameters ApPmax =037 e A3

0 restraints Apmin =—0.18 ¢ 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 100.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two L.s. 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 Ls. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?, 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 (/f2 )

X y z Uiso*/Ueq
01 0.87481 (8) ~0.00829 (13) 0.62116 (4) 0.0274 (2)
N1 0.88749 (10) ~0.40307 (16) 0.86417 (5) 0.0262 (3)
HINI 0.9537 (17) ~0.447 (3) 0.8695 (9) 0.037 (5)*
H2N1 0.8278 (17) -0.431 (3) 0.8878 (9) 0.043 (5)*
N2 0.34284 (10) 0.06758 (18) 0.57106 (5) 0.0317 (3)
Cl 0.82037 (9) —0.14511 (16) 0.70829 (6) 0.0195 (3)
C2 0.92774 (10) —0.20798 (16) 0.72041 (6) 0.0210 (3)
H2A 0.9864 (14) -0.193 (2) 0.6922 (7) 0.023 (4)*
C3 0.95058 (10) —0.29288 (16) 0.77139 (6) 0.0214 (3)
H3A 1.0254 (14) ~0.340 (2) 0.7786 (7) 0.029 (4)*
C4 0.86642 (10) —0.31820 (17) 0.81357 (6) 0.0208 (3)
Cs 0.75956 (10) —0.25227 (18) 0.80220 (6) 0.0234 (3)
H5A 0.7024 (17) —0.265 (3) 0.8321 (9) 0.045 (5)*
Coé 0.73797 (10) —0.16943 (17) 0.75074 (6) 0.0214 (3)
H6A 0.6624 (14) -0.121 (2) 0.7442 (7) 0.025 (4)*
Cc7 0.79831 (10) —0.05897 (16) 0.65285 (6) 0.0205 (3)
C8 0.68037 (10) —0.03488 (18) 0.63425 (6) 0.0226 (3)
H8A 0.6213 (16) —0.097 (3) 0.6564 (9) 0.042 (5)*
C9 0.65435 (10) 0.06655 (17) 0.58997 (6) 0.0232 (3)
H9A 0.7163 (14) 0.126 (2) 0.5705 (7) 0.031 (4)*
C10 0.54235 (10) 0.10884 (17) 0.56899 (6) 0.0219 (3)
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Cl1
H11A
Cl12
HI12A
C13
H13A
Cl4
H14A

0.52786 (11)
0.5968 (15)
0.42183 (12)
0.4105 (16)
0.33284 (12)
0.2553 (16)
0.44619 (11)
0.4500 (15)

0.2397 (2)
0.303 (2)
0.2841 (2)
0.374 (3)
0.1966 (2)
0.229 (2)
0.0255 (2)
~0.070 (3)

Atomic displacement parameters (A’Z )

01
N1
N2
Cl
C2
C3
C4
C5
Coé
Cc7
C8
C9
C10
Cl1
Cl12
C13
Cl4

Ull

0.0178 (4)
0.0177 (5)
0.0186 (5)
0.0148 (5)
0.0143 (5)
0.0135 (5)
0.0169 (5)
0.0156 (5)
0.0142 (5)
0.0158 (5)
0.0159 (5)
0.0162 (5)
0.0186 (6)
0.0214 (6)
0.0264 (7)
0.0210 (6)
0.0190 (6)

Geometric parameters (4, °)

01—C7
N1—C4
NI—HINI1
NI1—H2N1
N2—C13
N2—C14
C1—Ce6
cl1—C2
c1—C7
C2—C3
C2—H2A
C3—C4
C3—H3A
C4—C5
C5—C6

C4—NI1—HIN1

U22

0.0354 (6)
0.0342 (7)
0.0466 (8)
0.0193 (6)
0.0216 (6)
0.0219 (6)
0.0219 (6)
0.0296 (7)
0.0243 (6)
0.0210 (6)
0.0263 (7)
0.0267 (7)
0.0265 (7)
0.0339 (8)
0.0358 (8)
0.0440 (9)
0.0348 (8)

1.2381 (16)
1.3649 (18)
0.88 (2)
0.93 (2)
1.339 (2)
1.3410 (17)
1.4011 (18)
1.4097 (16)
1.4671 (18)
1.3767 (19)
0.963 (16)
1.4127 (18)
0.988 (17)
1.4097 (17)
1.3749 (19)

118.9 (13)

0.52922 (6)

0.5147 (8)

0.51084 (7)

0.4827 (9)

0.53375 (7)

0.5245 (8)

0.58784 (6)

0.6168 (8)
U33 U12
0.0292 (5) ~0.0004 (4)
0.0267 (6) 0.0028 (4)
0.0299 (6) ~0.0020 (5)
0.0245 (6) 0.0002 (4)
0.0271 (6) ~0.0001 (4)
0.0286 (7) 0.0010 (4)
0.0237 (6) 0.0004 (4)
0.0248 (6) 0.0029 (5)
0.0255 (6) 0.0023 (4)
0.0246 (6) 0.0004 (4)
0.0257 (6) ~0.0015 (5)
0.0267 (6) 0.0002 (5)
0.0205 (6) 0.0019 (4)
0.0298 (7) 0.0001 (5)
0.0316 (7) 0.0036 (5)
0.0290 (7) 0.0039 (6)
0.0262 (7) ~0.0019 (5)

C5—H5A

C6—H6A

C7—C8

C8—C9

C8—HS8A

C9—C10

C9—HI9A

Cl0—Cl1

Cl10—Cl4

Cl1—C12

Cl1—HI1A

Cl2—C13

Cl2—HI2A

CI3—HI3A

Cl4—HI14A

01—C7—C8

0.0284 (3)

0.030 (4)*

0.0313 (3)

0.040 (5)*

0.0313 (3)

0.041 (5)*

0.0267 (3)

0.034 (5)*
U13 U23
0.0009 (4) 0.0037 (4)
~0.0018 (4) 0.0020 (5)
~0.0015 (5) 0.0051 (5)
~0.0024 (4) ~0.0034 (5)
0.0004 (5) ~0.0027 (5)
~0.0020 (4) ~0.0031 (5)
~0.0026 (4) ~0.0043 (5)
0.0011 (5) ~0.0027 (5)
~0.0015 (4) ~0.0051 (5)
~0.0013 (4) ~0.0038 (5)
~0.0013 (5) ~0.0001 (5)
0.0014 (5) ~0.0009 (5)
~0.0003 (4) ~0.0019 (5)
0.0019 (5) 0.0049 (6)
~0.0038 (6) 0.0071 (6)
~0.0043 (5) 0.0027 (6)
~0.0015 (5) 0.0039 (6)

0.97 (2)
0.996 (17)
1.4909 (17)
1332 (2)
1.00 (2)
1.4668 (17)
0.986 (18)
1392 (2)
1.3986 (19)
1.3864 (19)
1.023 (18)
1378 (2)
0.97 (2)
0.99 (2)
1.01 (2)

119.67 (12)
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C4—N1—H2N1 118.2 (12) Cl1—C7—C8
HINI—NI1—H2N1 121.7 (19) C9—C8—C7
C13—N2—Cl4 117.14 (13) C9—C8—HS8A
C6—C1—C2 117.38 (12) C7—C8—HSA
C6—C1—C7 122.58 (11) C8—C9—C10
C2—C1—C7 120.04 (11) C8—C9—HIA
C3—C2—Cl 121.50 (12) C10—C9—H9A
C3—C2—H2A 119.0 (10) Cl11—C10—Cl4
Cl—C2—H2A 119.5 (10) C11—C10—C9
C2—C3—C4 120.55 (11) C14—C10—C9
C2—C3—H3A 120.7 (10) C12—C11—C10
C4—C3—H3A 118.8 (10) Cl12—Cl1—H11A
N1—C4—C5 120.58 (12) C10—CI11—H11A
N1—C4—C3 121.28 (11) C13—Cl12—Cl1
C5—C4—C3 118.13 (12) C13—CI2—HI2A
C6—C5—C4 120.50 (12) Cl11—CI12—H12A
C6—C5—H5A 121.3 (12) N2—CI13—CI2
C4—C5—H5A 118.2 (12) N2—CI13—HI3A
C5—C6—Cl 121.92 (11) Cl12—CI3—HI3A
C5—C6—H6A 119.0 (10) N2—C14—C10
C1—C6—H6A 119.0 (10) N2—Cl4—HI14A
01—C7—Cl 121.71 (11) C10—CI14—HI4A
C6—C1—C2—C3 1.23 (18) 01—C7—C8—C9
C7—C1—C2—C3 ~178.45 (12) C1—C7—C8—C9
Cl—C2—C3—C4 -0.56 (19) C7—C8—C9—C10
C2—C3—C4—NI1 179.56 (12) C8—C9—C10—C11
C2—C3—C4—C5 -0.85(19) C8—C9—C10—C14
N1—C4—C5—C6 ~178.84 (13) Cl14—C10—C11—C12
C3—C4—C5—C6 1.57 (19) C9—C10—C11—C12
C4—C5—C6—Cl 0.9 () C10—C11—C12—C13
C2—C1—C6—C5 -0.50 (19) Cl14—N2—C13—CI12
C7—C1—C6—C5 179.18 (12) Cl11—C12—CI13—N2
C6—C1—C7—O01 165.18 (12) C13—N2—C14—C10
C2—C1—C7—O01 ~15.15 (19) C11—C10—C14—N2
C6—C1—C7—C8 ~15.74 (19) C9—C10—C14—N2
C2—C1—C7—C8 163.92 (12)

Hydrogen-bond geometry (4, °)

D—H-4 D—H H-A
NI—HINI--O1! 0.88 (2) 2.13(2)
N1—H2N1-N21 0.93 (2) 2.26(2)

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

118.61 (11)
121.19 (12)
121.1 (11)
117.8 (11)
127.07 (12)
117.1 (10)
115.8 (10)
116.83 (12)
119.98 (12)
123.18 (12)
120.21 (13)
121.3 (10)
118.5 (10)
117.90 (14)
121.0 (12)
121.1 (12)
123.98 (13)
115.0 (11)
121.0 (11)
123.89 (14)
114.7 (10)
121.4 (10)
~12.5(2)
168.37 (12)
~176.57 (13)
168.40 (14)
~10.3 (2)
1.1(2)
~177.71 (14)
0.9 (2)
1.8(2)
-25(2)
0.5(2)
-1.9(2)
176.92 (14)

D—H-A
170 (2)
161.7 (19)
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Fig. 2
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