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Abstract

Fourteen of stilbene derivatives which are (E)-2-[4-(Diethylamino)styryl]-1-methylpyridinium 4-
substituted-benzenesulfonate and (E)-2-[4-(Diethylamino)styryl}-1-methylquinolinium 4-substituted-
benzenesulfonate; R = H(STBP-1; STBQ-1), CH,(STBP-2; STBQ-2), OH(STBP-3; STBQ-3),
OCH,(STBP-4; STBQ-4), NH,(STBP-5; STBQ-5), F(STBP-6; STBQ-6) and CI(STBP-7; STBQ-7)
were synthesized to search for antibacterial compounds. Their structures were elucidated by
spectroscopic method. In addition five compounds which are STBP-1, STBP-4, STBP-7, STBQ-6 and
STBQ-7 were also characterized by single crystal X-ray diffraction. Antibacterial results of the
fourteen synthesized compounds showed that eight compounds which are STBP-1, STBP-2, STBP-4
and STBP-7 exhibited weakly activity whereas STBQ-1, STBQ-2, STBQ-3 and STBQ-7 exhibited

moderate and strong antibacterial activity
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| I
CH; CH;

N(CH3CH3), o N(CH2CH3)
0—$§ R
Il
. o]
e R=H  (STBQ-1) NH, (STBQ-5)
CH, (STBQ-2) F (STBQ-6)
OH (STBQ-3) ez C1 (STBQ-7)

OCH, (STBQ-4)

Scheme 10 MIFUATIEHATOYWUS stilbene (STBQ-1-STBQ-7)

HaNInNaasd

MITUNT wﬁl 1,2-Dimethylpyridinium iodide (12-DMP)

\ \
+ CH;l —— |
= ®_~
N CH; © T CH;
1
CH;
12-DMP

van0 2-picoline (1) 10 daaans (0.10 wa) Tuwmueadu 10 Hadans niewau
msnzarefigungiiios 5 °C svu AN methyl iodide (CHD) 63 dadans (0.10 Twa) asly
v 9 a a o [~] ) :\51’ = 3 9 %)
msazaeeinedn q auveswaudigangil 5 °C Wlunar 1 91T nntiusannlaussonneie
. v F4 1
Tulasufigamgdl 60 °C funa 1 $lue Hvewdedurufiaiu w1 ludiduiold
a aaa [ o aaa a . < (g
Fadasendunm 1 fu mslunel§fioidaduveudmun sewmenouuiuaannudull
o ) . . ge e . . v
e Taold vacuum 1dveautadu1iues 1,2-dimethylpyridinium iodide (12-DMP) (21.23 A3U
89 % mp. 227-228 °C)
waafaonduveuiedann 2123 g 89%) yAnaADUIMAd 227-228 °C, UV-Vis (CH,0H)

A (aum): 2193, 265.7, IR (KBr) V (cm’): 1,600-1,500 (C=C Aromatic stretching), 'H NMR

(CDCl+d,-DMSO) (5 ppm) (300 MHz): 9.09 (1Hd,J=7.8Hz), 848 (1H,dJ=7.8Hz), 8.06
(1H,d,J=7.8Hz), 7.94 (1H,t,J=7.8Hz), 4.35 (3H,s), 2.90 (3H,s)
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MIFUNT wﬁ 1,2-Dimethylquinolinium iodide (12-DMQ)

m m\
+ CHyl —
D_~
NT CH, c;) 17 CH;

CH,

12-DMQ

£a78 2-methylquinoline (1) 1 Fafans (0.0074 Tua) ABYUAY methyl iodide (CH,I) 0.46

= a

fadans (0.07 Twa Tuwmueaitu 10 Faddns aumsazawiigungd 5°c) avlumsazawedie
$q auvewauiigunad 5°c lunm 1 42Tus nnhddndmeldussnmeame iy lasioud
gamgil 60°C fluna 2 $2Tus thwaBlugdudetifmigfifondunm 1 fu msluna
Ujasofadiuvewdivun nsesazneunuuaannudy  hlhldudeleeld vacuum 18
woudedimiod ¥e3 1,2-dimethylquinolinium iodide (12-DMQ) (14.00 N33 66% mp. 182-184 ° C)

wandaaiuvesudedinine (14.00 g, 66%) yANABNIMAY 182-184 °C, UV-Vis (CH,0H)
A (am): 2345, 3167, IR (KBr) V (cm’): 1,600-1,500 (C=C Aromatic stretching), 'H NMR
(CDCl,+d,-DMSO) (O ppm) (300 MHz): 9.07 (1H, d, J=8.7 Hz), 8.5 (1H, d, J=8.1 Hz), 8.39 (1H, dd,
J=8.1 Hz), 8.23 (1H, dt, J=8.1 Hz), 8.09 (1H, d, J=8.7 Hz), 7.98 (1H, t, /=8.1 Hz), 4.57 (3H, 5), 3.20

(3H, s)

ms&’asmwﬁ (E)-2-(4~(diethylamino)styryl)-1-methylpyridinium iodide (CAT-12DMP)

(\ OHCO—N(CHZCH3)2 | N
B% !

© IT CH;3

I

@
@ N
CH, piperidine CH;0H 1 (lIH3
reflux N(CH,CHj3),

CAT-12DMP
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aza1e 12DMP 0.5 N3 (2.13 Hadlua) Arowmiueadew 10 Hadans AUILEITAZAY
NUAANTITALD10UD 4-diethylaminobenzaldehyde 0.38 iadams (2.13 Had lua) iaz piperidine
021 fadans (2.13 Tadlua) aslumsazaednsdumudidy ausumsnzmoiuiomoafld
msazawdimies Mnsiddndmsnaunieldussomamalulasoufigumugd 5560 °
nfsnmndnT e 1 d2Tus msazmenFeududihmauas IEnddediuna 6 $1luufa
azneudduuas thwaadfaserlideldiduludiudunar 1 Tu nsewmzneuuuvaanudy
&anznoudionnoTswesy thaznoulUildudalaeld vacuum dndasudituvesddudy
(0.50 N3Y 60 % mp.254-256 °C)

wandmanduvewdaddudu 050 g, 60 %) yAvaBNIMAT 254-256 °C, UV-Vis (CH,0H)
A (am): 219.6, 273.9, 465.9, IR (KBr) V (cm'): 3,018 (sp’ CH Aromatic stretching), 1,616 (trans
RCH=CHR stretching), 'H NMR (CDCI,+d,-DMSO) (O ppm) (300 MHz): 8.73(1H, ¢, J = 9.0 Hz),
8.44(1H, d, J = 9.0 Hz), 8.32(1H, #, J = 9.0 Hz), 7.91 (1H, d, J = 15.6 Hz), 7.68 (2H, d, J = 9.0 Hz),
7.67(1H, d, J = 9.0 Hz), 7.50 (1H, d, J = 15.6 Hz), 6.76 (2H, d, J = 9.0 Hz), 4.28 (3H, 5), 3.44 (2H, g,
J=15.0Hz), 1.13 (3H, ¢, ]=15.0Hz)

msé’famﬂzﬁ (E)-2-(4-(diethylamino)styryl)-1-methylquinolinium iodide (CAT-12DMQ)

A ON(CH2CH3)2 O AN

P D

o
H, piperidine = CH;0H 1L H, O
reflux

CAT-12DMQ

- D
_2@

N(CH,CHj3),

aza1e 12DMQ 0.5 N3u (3.16 Tad Tua) Arumumueaiou 5 4adans AUIUAITATAIENUA

¥
aaoiludtimiauad BN 1502 018U8e 4-diethylaminobenzaldehyde (1) 0.34 NS (3.16 fiad lua)
ua piperidine (2) 0.31 AnAans (3.16 Tadlua) adlumsazaeddumudiAu ausumsazany

7=

4 =1 Y] a o A o o 4
dudledeatu Warsazmefuaady fimsSrdndasnaumeldvssomalulasnuigungd
0. @ s o @ o PO o a o Y a 4 o
55-60 °C RIM5SHANDIUIAT 6 ¥ TU9 A58z oAU INTULALUALNBUTNINYUNATY 11UIA
aaa ° 1 =4 o [ kY 9
Ujaso i s B3 IdEnluddudune 1 Ju nsesmznsuuuuasanuduLazdIanena
° o <3 9 o
ensuea thaznou Tl ldudelagld vacuum Tdveuded@iondy (NT1) (0.89 nTN 87 % mp.

225-227 °C)
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R k)

waafaiiuveaufafiionanns 089 g 87 %) gavasuIMAl 225227 °C, UV-Vis
(CH,0H) A, (nm): 225.6,275.9, 541.4, IR (KBr) V (cm): 3405 em’ (C-H aromatic stretching), 1560
cm’ (C=C aromatic stretching), 'H NMR (CDCl,+d,-DMSO) (5 ppm) (300 MHz): 8.77 (1H, d, J=9.3
Hz), 8.49 (1H, d, J = 9.3 Hz), 8.41 (1H, d, J = 7.5 Hz), 8.29 (1H, d, J = 7.5 Hz), 8.24 (1H, d, J= 15.3
Hz), 8.07 (1H, ¢, J = 7.5 Hz), 7.84 (2H, d, J = 8.7 Hz), 7.82 (1H, t, J = 7.5 Hz), 7.50 (1H, d, J = 15.3
Hz), 6.81 (2H, d, J = 8.7 Hz), 4.42 (3H, s), 3.47 (2H, ¢, J=6.9 Hz), 1.16 (3H, ¢, J=15.0Hz)

ﬂﬁfﬁ!ﬂﬂzﬁ Silver (I) benzenesulfonate salts (AN-R)

OH ONa OAg
0=—8——0 0=——=S——0 O0—S——=0
NaOH AgNO,
- —_—
hot CH;0H hot CH;0H
R R R
AN-R

e R =H(AN-H), CH, (AN-CH3), OH (AN-OH) and NH, (AN-NH2)

116392810 4-substituted benzenesulfonic acid (15.00 ad lua) azawlummiuen wauny
oo 9 (oW u’;‘ a A oa
NaOH (15.00 fiaa Twa) 1dveamnadlaliiifid miniuduasazais AgNO, (15.00 iadlua) luwm
1 4
S0 a = o

weaadldiinsnoudannauu Finisnssenznousenlagldnsionsesldmsazarelalulid e

vl a gy I v A 2 A = 4 < o
ﬁ'liﬂgﬁ'lﬁlll']ﬂqmﬁﬂﬂﬂﬂﬁlﬂunﬁ'l4 U UNANAVIIVDY AN-R 1NAYY NTDINANLUUARAINUAU

¥

uazﬂ1w5ﬂ"lﬂv‘h“lﬁ'uﬁ’ﬂﬂﬂ“l% vacuum MHANAU1IDY Silver (I) benzenesulfonate salts (AN-R)

Silver (I) benzenesulfonate (AN-H); Naﬂﬁm“ﬁmummu%dﬁ‘lﬂ? (2.18 g,65.1 %) 19
WaoIHa) 280-281 °C (decomp.) 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.60 (2H, d, J

=8.3 Hz), 6.73 (2H, d, J = 8.3 Hz), 7.89 (1H, 5)
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Silver (I) 4-methylbenzenesulfonate (AN-CH3); wﬁﬂﬁmqﬁxﬂumamﬁaﬁmq (3.07 g, 70 %)
AVABUMATY 264-266 °C (decomp.) 'H NMR (CDCI, + DMSO-d,) (& ppm) (300 MHz): 7.74 (2H,
d,J=8.1Hz),7.17 2H, d,J = 8.1 Hz), 2.38 (3H, 5)

Silver (I) 4-hydroxybenzenesulfonate (AN-OH); HanA sialituveudadu1n (2.07 g, 38.3 %)
JANABUNADI 275-276 °C (decomp.) 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.86 (2H, d,
J=8.1Hz),7.38 (2H, d,J=8.1 Hz),7.71 (1H, 5)

Silver (I) 4-aminobenzenesulfonate (AN-NH2); Naﬂﬁmﬁtﬂu wandi wnamm (2.73 g, 84%)
ANADUNAT 279-280 °C (decomp.), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.26 (2H,
d,J=8.1Hz), 6.45 (2H, d,J= 8.1 Hz), 5.19 (2H, 5)

m‘;t'r’amﬂzﬁ Silver (I) benzenesulfonate salts (AN-R)

Cl OH ONa OAg
o—s_—o o—s—-o o=é=:o o—s——o
NaOH NaOH AgNO;
hot CH;0H hot CH;0H hot CH;0H

R
AN-R

iflo R=F (AN-F), C1 (AN-CI), and OCH, (AN-OCH3)

a

HIH15a2 a8 4-substituted benzenesulfonyl chloride (15.00 ﬁaaiua) azaneluwniuea
b v v ¥
WerA1 NaOH (15.00 dad lua) ﬁ@]xﬂauﬁﬂmsﬁﬂﬁu ANHINAU 10 UaAAAT 1UIU 2 A9 AznU
TALAWHUA mﬂuum‘lﬂﬁﬂﬂmﬂ CH,CI, 3 ﬂi\‘l ﬂiaa“ 15 findans Whduiasadas cu,cl, 14
1A% Na,SO, anhydrous me@ﬂmaammzmm Na,SO, anhydrous ®8nlagldnsienses i
Ay Y v o Y - 9 3 A aa
Asazated 1o hszmeaiiiazaeesn ldaznoudun azasaznoudlsumueas oy 25 Naaans
v
MNTUAYEITAZA18 NaOH (15.00 Had Tua) uazaisagais AgNO, (15.00 iad lua) Tuwmniueaas

0 @ A A o a dy o 9 ki e
"lﬂmumﬂuumﬂauﬁmmmm Vl'lﬂﬁﬂ‘iﬂﬂﬂzﬂﬂ‘uﬂ@ﬂiﬂﬂﬁl‘vﬂiQﬂﬂiﬂﬂ‘lﬂﬁ1iﬂ$ﬁ181ﬁulﬂuﬁ
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a 8 o

eaavme3igungideafiuna 4 Tuilwindunves ANR fady nsesrdnuuuaanudy
uaziihwan T vudte Teeld vacuum 1dwdndunvos Silver (I) benzenesulfonate salts (AN-R)

Silver (I) 4-fluorobenzenesulfonate (AN-F); HaRS U uvo T @u (1.71 g, 53%)
JANDOUINAI >300 °C (decomp.), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.85 (2H, d, J
=8.4 Hz), 7.05 (2H, d, J = 8.4 Hz)

Silver (I) 4-chlorobenzenesulfonate (AN-CI); WaafaaiuvedaTI (4.56 g, 68%)
JANAOUINAI 227-229 °C (decomp.), 'H NMR (CDCL, + DMSO-d,) (O ppm) (300 MHz): 7.76 (2H,
d,J=1.8),7.50 (2H, d, J="1.8 Hz)

Silver (I) 4-methoxybenzenesulfonate (AN-OCH3); nanAauvo e d Y117 (4.53 g, 63%)
ANADUINAT 240-242 °C (decomp.), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.78 (2H,
d,J=8.7),6.86 (2H, d, J= 8.7 Hz), 3.82 (3H, s)

MIFUATZH (E)-2-(4-(diethylamino)styryl)-1-methylpyridinium benzenesulfonates (STBP-1-

STBP-7)
S
Lo
N ? b
Lo A0 _Q‘R o
elf — o 0 N(CH,CHj),

[
@
=
L)
Y
? )
——
=

N(CH,CH3);  hot CH;0H 0

dloR= H (STBP-1)
CH, (STBP-2)
OH (STBP-3)
OCH, (STBP-4)
NH, (STBP-5)
F (STBP-6)

iaz Cl (STBP-7)
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ihaisazals CAT-12DMP 0.14 nSu (0.36 §adlua) WauNUaI5azaIsvod AN-R 9

MeT09 (036 Hadlua) ludiasmewmuea auvewwaudunar 30 wiH lazneufinives
= 42’ Y ° d' by ]

Agl findu nyeenznou Agl eonlasldnsionses uazhmsazaieh 1 lilszmedniazaeeen

Y a o g I
22 IRnaasaanduvoauds

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium benzenesulfonates (STBP-1); W anda

L?Jummuaﬁeﬁﬁ’n (0.16 g, 98%) YAnABUINAY 193-195 °C, UV (CH,OH) A (nm): 207.6, 271.9,

475.1, IR (KBr) V(cm‘l): 3535 (C-H aromatic stretching), 1590 (C=C aromatic stretching), 1191 (S=O
stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.72(1H, ¢, J = 9.0 Hz), 8.42(1H, d, J
9.0 Hz), 8.31(1H, 1, J = 9.0 Hz), 7.90 (1H, d, J = 15.6 Hz), 7.60(1H, d, J = 9.0 Hz), 7.60 (2H, d, J =
9.0 Hz), 7.59 (2H, d, J = 6.6 Hz), 7.34 (2H, d, J = 6.6 Hz), 7.30 (1H, 1, J = 4.8 Hz), 7.18 (1H, d, J =

15.6 Hz), 6.76 2H, d, J = 9.0 Hz), 4.42 (3H, 5), 3.44 (2H, g, J=15.0Hz), 1.13 (3H, ¢, J~15.0Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium 4-methylbenzenesulfonates (STBP-2);

nansualduvewdaddudu (015 g 93%) yavasumad 103-105 °C, UV (CH,0H) A, (nm):
218.9, 270.5, 473.1, IR (KBr) V(cm']): 3509 (C-H aromatic stretching), 1588 (C=C aromatic
stretching), 1194 (S=O stretching), '"H NMR (CDCl, + DMSO-d,) (5 ppm) (300 MHz): 8.74(1H, d, J
=9.0 Hz), 8.44(1H, d, J = 9.0 Hz), 8.32(1H, ¢, J = 9.0 Hz), 7.90 (1H, d, J = 15.0 Hz), 7.68(1H, d, J =
9.0 Hz), 7.68 (2H, d, J = 9.0 Hz), 7.59 (2H, d, J = 6.6 Hz), 7.34 (2H, d, J = 6.6 Hz), 7.21 (1H, d, J =
15.0 Hz), 6.78 (2H, d, J = 9.0 Hz), 442 (3H, s), 4.31 (1H, s), 3.44 (2H, ¢, J/=15.0Hz), 1.13 (3H, ¢,

J=15.0Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium  4-hydroxybenzenesulfonates (STBP-3);
nansaatiluowdedindes 0.14 g, 89 %) yavaBuMAd 234236 °C, UV (CH,0H) A, (nm):
2249, 271.7, 475.1, IR (KBr) V(cm.]): 3531 (C-H aromatic stretching), 1592 (C=C aromatic
stretching), 1176 (S=O stretching), 'H NMR (CDCl, + DMSO-d,) (5 ppm) (300 MHz): 9.51 (1H, s),
8.72(1H, t, J = 9.0 Hz), 8.43(1H, 4, J = 9.0 Hz), 8.32(1H, ¢, J = 9.0 Hz), 7.90 (1H, 4, J = 15.0 Hz),
7.68(1H, d, J = 9.0 Hz), 7.68 (2H, d, J = 9.0 Hz), 7.40 (2H, d, J = 6.6 Hz), 7.18 (1H, d, J = 15.0 Hz),
6.76 (2H, d, J = 6.6 Hz), 6.66 (2H, d, J = 9.0 Hz), 4.42 (3H, s), 3.44 (2H, ¢, J=15.0Hz), 1.13 (3H, ¢,
J=15.0Hz)
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(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium  4-methoxybenzenesulfonates (STBP-4);

nanSauanuvewdsddud 0.12 g, 77%) yavasuman 148-150 °C, UV (CH,0H) A, (nm):
208.3, 229.5, 272.5, 475.8, IR (KBr) V(cmll): 3507 (C-H aromatic stretching), 1588 (C=C aromatic
stretching), 1192 (S=O0 stretching), '"H NMR (CDCl, + DMSO-dy) () ppm) (300 MHz): 8.72(1H, ¢, J
=9.0 Hz), 8.42(1H, d, J = 9.0 Hz), 8.31(1H, ¢, J = 9.0 Hz), 7.90 (1H, d, J = 15.0 Hz), 7.67(1H, d, J =
9.0 Hz), 7.67 (2H, d, J = 9.0 Hz), 7.52 (2H, d, J = 9.0Hz), 7.18 (1H, d, J = 15.0 Hz), 6.84 2H, d, J =
9.0 Hz), 6.76 (2H, d, J = 9.0 Hz), 4.42 (3H, s), 3.75 (1H, s), 3.44 (2H, ¢, J=15.0Hz), 1.13 (3H, ¢,

J=15.0Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium 4-aminobenzenesulfonates (STBP-5);
waaduatduvededdudu 0.15 g, 95%) yanasuman 183-185 °C, UV (CH,0H) A, (nm):
207.6, 256.6, 474.4, IR (KBr) V(cm'l): 3775 (N-H stretching), 3544 (C-H aromatic stretching), 1588
(C=C aromatic stretching), 1194 (S=O stretching), 'H NMR (CDCl, + DMSO-d,) (5 ppm) (300
MHz): 8.73(1H, ¢, J = 9.0 Hz), 8.42(1H, d, J = 9.0 Hz), 8.33(1H, t, J= 9.0 Hz), 7.92 (1H, d, J = 15.0
Hz), 7.68(1H, 4, J = 9.0 Hz), 7.68 (2H, d, J = 9.0 Hz), 7.59 (2H, d, J = 6.6 Hz), 7.34 (2H, d, J = 6.6
Hz), 7.20 (1H, d, J = 15.0 Hz), 6.78 CH, d, J = '9.0 Hz), 5.17 (1H, s), 4.42 (3H, s), 3.44 (2H, q,
J=15.0Hz), 1.13 (3H, ¢, J/=15.0Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium 4-fluorobenzenesulfonates (STBP6);

nAafnanduvesudaddudin 0.14 g, 97%) gananumal 241243 °C, UV (CH,0H) A, (om):
218.9, 274.5, 465.8, IR (KBr) V(cm'l): 3446 (C-H aromatic stretching), 1592 (C=C aromatic
stretching), 1192 (S=O stretching), 'H NMR (CDCY, + DMSO-dy) (5 ppm) (300 MHz): 8.72(1H, ¢, J
=9.0 Hz), 8.43(1H, d, J = 9.0 Hz), 8.33(1H, ¢, J= 9.0 Hz), 7.90 (1H, d, J = 15.0 Hz), 7.68(1H, d, J =
9.0 Hz), 7.68 (2H, d, J = 9.0 Hz), 7.62 (2H, d, J = 6.6 Hz), 7.18(1H, d, J = 15.0 Hz), 7.11 2H, d, J =

6.6 Hz), 6.76 (2H, d, J = 9.0 Hz), 4.42 (3H, 5), 3.44 (2H, g, J=15.0Hz), 1.13 (3H, ¢, J=15.0Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylpyridinium 4-chlorobenzenesulfonates (STBP-7);
naasaanduvedaddu 0.1 g 70%) 3avasmal 173-175 °C, UV (CH,0H) A, (nm): 206.3,
2222, 271.2, 475.1, IR (KBr) V(cm-l): 3544 (C-H aromatic stretching), 1588 (C=C aromatic
stretching), 1194 (S=0 stretching), 'H NMR (CDCL, + DMSO-dy) (5 ppm) (300 MHz): 8.72(1H, ¢, J
=9.0 Hz), 8.43(1H, d, J = 9.0 Hz), 8.31(1H, ¢, J = 9.0 Hz), 7.89 (1H, 4, J = 15.0 Hz), 7.68(1H, d, J =
9.0 Hz), 7.68 (2H, d, J = 9.0 Hz), 7.60 (2H, d, J = 9.0Hz), 7.50 (1H, 4, J = 15.0 Hz), 7.38 (H,d,J=
9.0 Hz), 6.76 (H, d, J = 9.0 Hz), 4.42 (3H, 5), 3.44 (2H, ¢, J/=15.0Hz), 1.13 (3H, ¢, J=15.0Hz)
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mif'famﬂzﬁ (E)-2-(4-(diethylamino)styryl)-1-methylquinolinium benzenesulfonates (STBQ-1-

STBQ-7)

o R = H (STBQ-1)
CH, (STBQ-2)

OH (STBQ-3)

OCH, (STBQ-4)

NH, (STBQ-5)

F (STBQ-6)

uay Cl1 (STBQ-7)

asazany CAT-12DMQ 0.16 3y (0.36 Nodlua) WaunUa1sazaIsves AN-R 9
Aeates (036 Hadlua) ludhazmewmues auvewwauiiuma 30 Wi Tagneudimuss
b4 1
Agl fiadu nBeaznau Agl oonlasldnsaonses uazimsazaiehn 1@ lszmedavhazaiween

Y a w d o [
22 landad sl uyo s

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium benzenesulfonates (STBQ-1); HanSIA

Wuvoadedidondn 0.16 g, 88%) yanasumar 183-185 °C, UV (CH,0H) A, (am): 2123,

272.6, 238.3, 537.1, IR (KBr) V(cm'l): 3399 (C-H aromatic stretching ), 1569 (C=C aromatic
stretching), 1188 (S=0 stretching), '"H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.77(1H, d, J

=9.0 Hz), 8.49(1H, d, J = 9.0 Hz), 8.40(1H, d, J = 6.9 Hz), 8.25(1H, d,J = 6.9 Hz), 8.23 (1H, d, J =
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15.7 Hz), 8.07(1H, ¢, J = 6.9 Hz), 7.83 (2H, d, J= 9.0 Hz), 7.82(1H, t, /= 6.9 Hz), 7.82 (1H, d, J = 15.7
Hz), 7.61 2H, d,J=5.1 Hz), 7.33 2H, d,J = 5.1 Hz), 6.82 (2H, d,J = 9.0 Hz), 4.42 (3H, 5), 3.47 (2H,
g,J=6.9Hz), 3.11 (1H, s), 1.16 (3H, ¢, J=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium  4-methylbenzenesulfonates (STBQ-2);
niafuaiiiuvowdadiFoudu 0.16 g 94 %) yanasuma 205-207 °C, UV (CH,0H) A.___ (am):
219.6, 273.8, 329.5, 536.7, IR (KBr) V(cm-]): 3450 (C-H aromatic stretching), 1569 (C=C aromatic
stretching), 1191 (S=O stretching), 'H NMR (CDCl, + DMSO-d,) (5 ppm) (300 MHz): 8.77(1H, d, J
=9.0 Hz), 8.49(1H, 4, J= 9.0 Hz), 8.40(1H, d, J = 9.0 Hz), 8.25(1H, d, J= 9.0 Hz), 824 (1H,d, J =
15.9 Hz), 8.07(1H, ¢, J = 9.0 Hz), 7.83 (2H, d, J = 8.7 Hz), 7.82(1H, ¢, J= 9.0 Hz), 7.50 (1H, d, J= 15.9
Hz),7.47 2H,d,J=7.8 Hz), 7.11 2H, d,J= 7.8 Hz), 6.81 (2H, d,J = 8.7 Hz), 4.42 (3H, 5), 4.31 (3H,
s), 3.47 (2H, q, J=6.9Hz), 1.16 (3H, ¢, J=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium 4-hydroxybenzenesulfonates (STBQ-3);
naafaaniuvssudadidod (0.17 g, 96%) 9AnasNIMAY (Decomp.) 231233 °C, UV (CH,0H)
7\,max (nm): 230.1, 272.5, 335.4, 537.3, IR (KBr) V(cm'l): 3530 (C-H aromatic stretching), 1578 (C=C
aromatic stretching), 1188 (S=O stretching), '"H NMR (CDC, + DMSO-d)) (5 ppm) (300 MHz): 9.49
(1H, 5), 8.78(1H, d, J = 9.3 Hz), 8.70(1H, ¢, J = 8.7 Hz), 8.49(1H, d, J = 9.3 Hz), 8.41(1H, d, J = 8.7
Hz), 8.26(1H, d, J = 8.7 Hz), 8.24 (1H, d, J = 15.3 Hz), 7.84 2H, d, J = 9.0 Hz), 7.82(1H, ¢, J = 8.7
Hz), 7.51 (1H, d, J = 15.3 Hz), 7.40 2H, d, J = 9.3 Hz), 6.82 2H, d, J = 9.0 Hz), 6.67 2H, d, J = 9.3
Hz), 4.42 (3H, s), 3.47 (2H, q, J=6.9Hz), 1.16 (3H, ¢, J/=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium 4-methoxybenzenesulfonates (STBQ-4);
naaduaiduvendeddlondu 0.15 g, 88%) yanasuman 169-171 °C, UV (CH,0H) A, (nm):
231.5, 272.6, 329.6, 535.8, IR (KBr) V(cm'l): 3449 (C-H aromatic stretching), 1579 (C=C aromatic
stretching), 1188 (S=0 stretching), 'H NMR (CDCl, + DMSO-d,) (5 ppm) (300 MHz): 8.77 (1H, d, J
=9.0 Hz), 8.49 (1H, d, J = 9.0 Hz), 8.41(1H, d, J = 8.7 Hz), 8.40(1H, d, J = 8.7 Hz), 8.22 (1H, d, J =
15.0 Hz), 8.07(1H, t,J=8.7 Hz), 7.84 (2H, d, J = 6.9 Hz), 7.82(1H, ¢, J= 8.7 Hz), 7.53 (1H, d, J = 15.0
Hz), 7.50 2H, d, J=9.0 Hz), 6.85 (2H, 4, J = 6.9 Hz), 6.83 (2H, d, J = 9.0 Hz), 4.42 (3H, s), 3.75 (3H,
s), 3.47 (2H, ¢, J=6.9Hz), 1.16 (3H, ¢, J/=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium  4-aminobenzenesulfonates (STBQ-5);

nanduanduvoaudadidioad (0.17 g, 96%) yanasunad 208-210 °C, UV (CH,0H) A, (am):

max
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223.5, 262.0, 338.9, 537.8, IR (KBr) V(cm'l): 3770 (N-H stretching), 3406 (C-H aromatic stretching ),
1560 (C=C aromatic stretching), 1152 (S=O stretching), 'H NMR (CDCl, + DMSO-d,) (5 ppm) (300
MHz): 8.74(1H, d, J = 9.0 Hz), 8.73(1H, d, J = 9.0 Hz), 8.46(1H, d, J = 9.0 Hz), 8.22(1H, 4, J = 9.0
Hz), 8.10 (1H, d,J = 15.3 Hz), 8.06(1H, ¢, = 9.0 Hz), 7.83 (2H, d,J = 9.0 Hz), 7.80(1H, £, J=9.0 Hz),
7.50 (1H, d, J = 15.3 Hz), 7.28 (2H, d, J = 8.4 Hz), 6.81 (2H, d,J = 9.0 Hz), 6.46 (2H, d, J = 8.4 Hz),
5.18 (3H, s), 4.42 (3H, s), 3.47 (2H, ¢, J=6.9Hz), 1.16 (3H, t, J=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium 4-fluorobenzenesulfonates (STBQ-6);
waasariuuowfadiFe 0.15 g 85%) 9ananuina) (Decomp.) 230-232 °C, UV (CH,0M) A,
(nm): 218.2, 275.2, 332.3, 537.1, IR (XBr) V(cm-l): 3423 (C-H aromatic stretching), 1560 (C=C
aromatic stretching), 1186 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) () ppm) (300 MHz):
8.78(1H, d, J = 9.0 Hz), 8.49(1H, d, J = 9.0 Hz), 8.41(1H, d, J = 8.7 Hz), 8.26(1H, d, J = 8.7 Hz), 8.24
(1H, d, J = 9.0 Hz), 8.07(1H, ¢, J = 8.7 Hz), 7.84 (2H, d,J = 9.0 Hz), 7.82(1H, ¢, J = 8.7 Hz), 7.63 (2H,
d,J=28.7Hz),7.51 (1H,d,J=9.0 Hz), 7.14 (2H, d,J=8.7Hz), 6.81 2H, d,J=9.0 Hz), 4.42 (3H, s),
3.47 (2H, q,J=6.9Hz), 1.16 (3H, ¢, J=6.9Hz)

(E)-2-(4-(Diethylamino)styryl)-1-methylquinolinium 4-chlbrobenzenesulfonates (STBQ-7);
waasaanduvowieiifon (0.17 g 97%) Javiasumal 198200 °C, UV (CH;0H) A, (nm):
224.2, 272.5, 329.5, 536.7, IR (KBr) V(cm'l): 3450 (C-H aromatic stretching), 1567 (C=C aromatic
stretching), 1191 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.77(1H, d, J
=9.0 Hz), 8.49(1H, d, J = 9.0 Hz), 8.41(1H, d, J = 6.6 Hz), 8.26(1H, d, J = 6.6 Hz), 8.23 (1H, d, J =
15.3 Hz), 8.07(1H, ¢, J = 6.6 Hz), 7.84 (2H, d,J=9.0 Hz), 7.82(1H, t,J = 6.6 Hz), 7.51 (1H, d,J=15.3
Hz), 7.50 2H, d,J = 9.0 Hz), 6.85 (2H, d,J=9.0 Hz), 6.82 (2H, d, J = 9.0 Hz), 4.42 (3H, s), 3.47 (2H,
q,J=6.9Hz), 1.16 (3H, ¢, J=6.9Hz)
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MIC (pg/ml)
Gram-positive bacteria Gram-negative bacteria
Compounds
S. B. E. P. S.
MRSA* VRE** S. typhi
aureus | subtilis faecalis | aeruginosa sonnei

12DMP | 375 | 75 75 | 315 | 75 300 75 75
STBP-1 75 375 75 75 75
STBP-2 75 75 150 75 75
STBP-3 150 150 150 150 150 300 150 150
STBP-4 | 375 | 75 75 | 315 | 150 75 75 75
STBP-5 75 150 150 75 300 75 150 150
STBP-6 75 75 75 75 150 300 75 75
STBP-7 | 375 | 75 75 | 375 | 150 75 75 75
BZK*** 9.37 <2.34 150 9.37 9.37 300 9.37 2.34

*  Methicillin-Resistant S. aureus ATCC 43300

** Vancomycin-Resistant E. faecalis ATCC 51299

4 ¢ g aa
MmN 2 gniAUFeLUATNISv09a1s 12DMQ Lag STBQ-1 - STBQ-7

MIC (pg/ml)
Gram-positive bacteria Gram-negative bacteria
Compounds
S. B. E. P. S.
MRSA* VRE** S. typhi
aureus | subtilis faecalis | aeruginosa sonnei

12DMQ 18.75 | 150 S 1875 | 37 75 150 150
STBQ-1 75 - 37 | 75 |- -
STBQ-2 75 300 (1937 | 75 300 | 300
STBQ-3 75 300 75 300 300
STBQ-4 300 - 75 300 150 150 - -
STBQ-5 - - 300 - - - - -
STBQ-6 - - 300 - - - - -
STBQ-7 150 | 300 150 | 375 300 | 300
BZK*** 9.37 <2.34 150 9.37 9.37 300 9.37 2.34
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Bacteria strains

Gram-positive bacteria Gram-negative bacteria

- Bacillus subtilis - Pseudomonas aeruginosa
- Enterococcus faecalis - Salmonella typhi

- Staphylococcus aureus - Shigella sonnei

- Methicillin-Resistant Staphylococcus aureus

- Vancomycin-Resistant Enterococcus faecalis
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Tns9er$14 X-ray Y0415 STBP-4 (Reprint 1)
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TA59e519 X-ray ¥99a15 STBQ-6 (Reprint 2)
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Tassada X-ray U84€15 STBQ-7 (Reprint 3)
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Suchada Chantrapromma, Narissara Kaewmanee, Nawong Boonnak,Teerasak Anantapong and
Hoong-Kun Fun
(E)-2-[4-(Diethylamino)styryl]-1-methylpyridinium 4-methoxybenzenesulfonate monohydrate

Acta Cryst. (2012). E68, 02728-02729. (Reprint 1)

Hoong-Kun Fun, Narissara Kaewmanee, Kullapa Chanawanno, Nawong Boonnak and Suchada
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In the cation of the title compound, C;gH3N, -C/H,0,S™--
H,0, one ethyl group of the diethylamino unit is disordered
over two sets of sites in a 0.665 (6):0.335 (6) ratio. The
styrylpyridinium unit is nearly planar, with a dihedral angle
between the pyridinium and benzene rings of 4.27 (8)°. In the
crystal, the anion ring is almost perpendicular to the aromatic
rings of the cation; the sulfonate-substituted benzene ring
forms dihedral angles of 89.60 (8) and 89.37 (8)°, respectively,
with the pyridinium and benzene rings of the cation. In the
crystal, the three components are linked into a three-
dimensional network by O—H- --O and C—H- - -O hydrogen
bonds. n—m interactions with centroid—centroid distances of
3.6999 (9) and 3.7106 (9) A are also present.
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Experimental
Crystal data
CysHsN,*CH,0,5™ H,0 y = 102281 (1)° _
M, = 47260 V = 1206.39 (5) A®
Triclinic, P1 . Z=2
a=74430 (2) A, Mo Ka radiation
b=103298 (2) A =017 mm™!
c=163817 (4) A T =298 K

a = 91265 (1)
B = 100.794 (1)°

0.53 x 0.19 x 0.13 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2009)
Tmin = 0.914, Tra = 0.978

28598 measured reflections
6988 independent reflections
4465 reflections with I > 20(1)
Riy = 0.029

Refinement

R[F? > 20(F%)] = 0.049
wR(F?) = 0.145
§=1.06

6988 reflections

312 parameters

H-atom parameters constrained
Apmax =029 AT

ApPpin = —032e A2

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D-H--.A
OlW—HIWI...02' 0.99 253 3371 2) 143
OlW—HIWI.--03 0.99 215 3073 (2) 155
O1W-—-H2W1..-02" 0.89 1.90 2791 (2) 176
C1—H1A4..-03" 0.93 2.54 3.419 (2) 158
C2—H24.--03" 0.93 247 3349 (2) 158
C4—H44---O1W" 0.93 247 3381 (2) 166
C71—H7A-- -OlWY 093 258 3479 (2) 163
C17—H17A.--01' 0.96 2.58 3435 (3) 149
C18—H184. --03% 096 2.54 3.466 (2) 162
C18—HI8B---04" 0.96 247 3221 (2) 135

Symmetry codes: (i) —x+1,—y+1,—z+1; (i) x —1,y,z; (i) —x,~y +2,—z+1;
(V) x—=2,y,z(v) =x, =~y +1,—z+1; (vi) =x+1,—-y+2,—z+1.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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(E)-2-[4-(Diethylamino)styryl]-1-methylpyridinium 4-methoxybenzenesulfonate
monohydrate

Suchada Chantrapromma, Narissara Kaewmanee, Nawong Boonnak, Teerasak Anantapong and
Hoong-Kun Fun

Comment

For a long time, quaternary ammonium compounds (QACs) have been used as disinfectants in both medical and domestic
purposes due to their low toxicity and wide-ranging antimicrobial properties (Domagk, 1935). We have during the course
of our research reported on the synthesis and antibacterial activity of pyridinium derivatives (Chanawanno et al., 2010).
The title compound (I) was synthesized and tested for antibacterial activity. Our antibacterial assay showed that (I)
exhibits moderate activity against Pseudomonas aeruginosa with the MIC value of 37.5 ug/ml. Herein its crystal
structure is reported.

The asymmetric unit of the title compound (Fig. 1) consists of a C;sHz;N,* cation, a C;H,0,S- anion and one H,O
molecule. The cation exists in the E configuration with respect to the C6=C7 double bond [1.332 (2) A] and the torsion
angle C5-C6—C7-C8 = -177.25 (15)°. The cation is nearly planar with the dihedral angle between the C1-C5/N1
pyridinium and the C8-C13 benzene rings being 4.27 (8)°. One ethyl unit of the diethylamino moiety is disordered over
two positions; the major component 4 and the minor component B (Fig. 1), with the refined site-occupancy ratio of
0.665 (6)/0.335 (6). The diethylamino moiety with the disordered ethyl unit deviated from the attached benzene ring and
the disordered ethyl units point opposite to each other as indicated by the torsion angles C11-N2-C14A-C15A =
-103.6 (3)° for the major component 4 and C11-N2—-C14B—C15B = 101.7 (5)° for the minor component B. The other di-
ethylamino moiety also deviated from its bound benzene ring with the torsion angle C11-N2-C16-C17 = -80.5 (2)° and
point toward the same direction as the ethyl unit of the minor component B. The cation and anion are inclined to each
other as indicated by the dihedral angles between the pyridinium and benzene rings of cation, and the sulfonate
substituted benzene ring being 89.60 (8) and 89.37 (8)°, respectively. The bond lengths are in normal ranges (Allen et al.,
1987) and comparable with related structures (Fun et al., 2011a,b)

In the crystal packing, the cations, anions and water molecules are linked into a network by O—H---O hydrogen bonds
and C—H--O weak interactions (Fig. 2 and Table 1). z--x interactions with the centroid—centroid distances of
Cgl--Cgl¥i=3.7106 (9) A and Cgl--Cg2i=3.6999 (9) A were observed; Cgl and Cg2 are the centroids of N1/C1-C5
and C8-C13 rings, respectively.

Experimental

A solution of 2-[(E)-4-(diethylamino)styryl]-1-methylpyridinium iodide (0.13 g, 0.33 mmol) (Kaewmanee et al., 2010) in
hot methano! (20 ml) was mixed with a solution of silver(I) 4-methoxybenzenesulfonate (0.10 g, 0.33 mmol) in hot
methanol (20 ml). The mixture immediately yielded a grey precipitate of silver iodide. After stirring the mixture for 30
min, the precipitate of silver iodide was removed and the resulting solution was evaporated yielding a deep orange solid.

Acta Cryst. (2012). £68, 02728-02729 sup-1
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Orange single crystals of the title compound suitable for X-ray structure determination were recrystallized from methanol

by slow evaporation of the solvent at room temperature after a few weeks (m.p. 421-423 K).

Refinement

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with O—H = 0.89 and 0.99 A, C—
H=0.93 A for aromatic and CH and 0.96 A for CH; atoms. The Ui,(H) values were constrained to be 1.5U,, of the
carrier atom for methyl H atoms and 1.2U., for the remaining H atoms. A rotating group model was used for the methyl
groups. One ethyl unit of the diethylamino is disordered over two sites with refined site occupancies of 0.665 (6) and
0.335 (6).

Computing details

Data collection: 4PEX2 (Bruker, 2009); cell refinement: S4/NT (Bruker, 2009); data reduction: S4INT (Bruker, 2009);
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication:
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009).

Figure 1
The asymmetric unit of the title compound, showing 30% probability displacement ellipsoids and the atom-numbering

scheme. Open bonds show the minor component.

Acta Cryst. (2012). E68, 02728-02729 sup-2
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Figure 2

A crystal packing diagram of the major component viewed along the ¢ axis. The O—H---O hydrogen bonds and weak C—

H--O interactions are drawn as dashed lines.

(E)-2-[4-(Diethylamino)styryl]-1-methylpyridinium 4-methoxybenzenesulfonate monohydrate

Crystal data

C13H23N2+'C7H7O4S_’H20
M, =472.60

Triclinic, P1

Hall symbol: -P 1
a=174430(2) A
5=103298 (2) A
c=16.3817 (4) A
a=91.265(1)°
B=100.794 (1)°

y=102.281 (1)°

V=1206.39 (5) A’

zZ=2

F(000) = 504

D,=1.301 Mgm™

Melting point = 421423 K

Mo Ka radiation, A = 0.71073 A

Cell parameters from 6988 reflections
#=2.0-30.0°

Acta Cryst. (2012). E68, 02728-02729
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4=0.17mm™!
T=298K

Data collection

Bruker APEXII CCD area-detector
diffractometer

Radiation source: sealed tube

Graphite monochromator

¢ and w scans

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

Tmin = 0914, Trux =0.978

Refinement

Refinement on /2

Least-squares matrix: full

R[F? > 24(F%)]=0.049

wR(F?) =0.145

§=1.06

6988 reflections

312 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

Needle, orange
0.53 x0.19 x 0.13 mm

28598 measured reflections
6988 independent reflections
4465 reflections with I > 2¢(l)
Ry =0.029

Oemax = 30.0°, Opin = 2.0°
h=-10—10

k=-14—14

[=-23-523

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w=1/[6%(F?) + (0.0616P)* + 0.1741P]
where P = (F;? + 2F2)/3

(A/G)max = 0.001

Apmax =029 € A3

Apmin=—0.32e A7

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

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

x y z Uio*/Usq Occ. (<1)
N1 —0.50562 (17) 1.00872 (12) 0.61471 (8) 0.0443 (3)
N2 0.6382 (2) 0.95002 (15) 0.87724 (11) 0.0724 (5)
Cl —-0.6858 (2) 0.98155 (17) 0.57237 (10) 0.0522 (4)
HI1A -0.7540 1.0476 0.5693 0.063*
C2 —-0.7688 (2) 0.85902 (18) 0.53425 (11) 0.059%4 (4)
H2A -0.8923 0.8413 0.5053 0.071*
C3 —0.6657 (3) 0.76154 (18) 0.53944 (11) 0.0615 (5)
H3A -0.7199 0.6772 0.5142 0.074*
c4 —0.4839 (2) 0.78983 (16) 0.58190 (11) 0.0548 (4)
H4A —0.4149 0.7243 0.5845 0.066*
Cs —-0.3994 (2) 0.91516 (15) 0.62153 (9)' 0.0448 (3)
Cé6 —0.2092 (2) 0.94942 (16) 0.66919 (10) 0.0499 4)
H6A ~0.1625 1.0363 0.6914 0.060*
c7 —0.0969 (2) 0.86422 (16) 0.68320 (10) 0.0494 (4)

Acta Cryst. (2012). E68, 02728-02729
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H7A
C8
C9
HO9A
Ci0
H10A
Cl1
C12
H12A
C13
HI13A
Cl6
H16A
H16B
C17
H17A
H17B
H17C
C18
H18A
H18B
H18C
S1

01
02
o3
04
C19
HI%A
C20
H20A
C21
C22
H22A
C23
H23A
C24
C25
H25A
H25B
H25C
Cl4A
H14A
H14B
Cl5A
HI5A
H15B
H15C
Cl4B

—0.1447
0.0914 (2)
0.1915 (2)
0.1356
0.3691 (2)
0.4304
0.4595 (2)
0.3604 (2)
0.4165
0.1826 (2)
0.1217
0.7364 (3)
0.8703
0.7119
0.6778 (3)
0.7471
0.5461
0.7029
-0.4297 (2)
~0.5196
-0.3154
-0.4050
0.85883 (5)
0.14269 (17)
0.8984 (2)
0.8267 (2)
0.99412 (18)
0.6343 (2)
0.7427
0.4652 (2)
0.4600
0.3033 (2)
0.3100 (2)
0.2010
0.4813 (2)
0.4871
0.6431 (2)
-0.0281 (3)
—0.1299
-0.0474
~0.0228
0.7158 (4)
0.7805
0.6145
0.8500 (5)
0.9023
0.7844
0.9489
0.7614 (10)

0.7789
0.88967 (15)
0.78913 (16)
0.7070
0.80681 (16)
0.7369
0.92947 (16)
1.03119 (16)
1.1138
1.01232 (16)
1.0824
0.84251 (19)
0.8796
0.7867
0.7585 (2)
0.6898
0.7192
0.8131
1.14455 (15)
1.1983
1.1828
1.1406
0.64249 (4)
0.50219 (14)
0.52093 (14)
0.72821 (16)
0.70754 (16)
0.61781 (16)
0.6557
0.58362 (18)
0.5972
0.52931 (16)
0.50668 (16)
0.4699
0.53940 (15)
0.5232
0.59581 (14)
0.4442 (3)
0.4370
0.4989
0.3575
1.0661 (3)
1.0379
1.1036
1.1693 (4)
1.2430
1.1994
1.1314
1.0907 (7)

0.6583
0.73292 (9)
0.74038 (10)
0.7124
0.78742 (11)
0.7907
0.83076 (10)
0.82244 (10)
0.8498
0.77504 (10)
0.7709
0.89166 (13)
0.9060
0.8407
0.96027 (14)
0.9679
0.9456
1.0111
0.65430 (11)
0.6384
0.6364
0.7137
0.33983 (3)
0.09686 (8)
0.37195 (11)
0.40326 (10)
0.29340 (10)
0.18441 (11)
0.1655
0.12927 (11)
0.0730
0.15715 (10)
0.24013 (11)
0.2590
0.29535 (10)
0.3513
0.26792 (10)
0.12097 (15)
0.0742
0.1653
0.1397
0.9384 (2)
0.9897
0.9511
0.9030 (2)
0.9433
0.8534
0.8897
0.8914 (5)

0.059*
0.0456 (3)
0.0508 (4)
0.061*
0.0524 (4)
0.063*
0.0509 (4)
0.0519 (4)
0.062*
0.0495 (4)
0.059*
0.0641 (5)
0.077*
0.077*.
0.0828 (6)
0.124*
0.124*
0.124*
0.0539 (4)
0.081*
0.081*
0.081*
0.05481 (14)
0.0711 (4)
0.0983 (6)
0.0928 (5)
0.0853 (4)
0.0535 (4)
0.064*
0.0591 (4)
0.071*
0.0518 (4)
0.0528 (4)
0.063*
0.0504 (4)
0.061*
0.0446 (3)
0.0874 (7)
0.131*
0.131*
0.131*
0.0620 (10)
0.074*
0.074*
0.0837 (13)
0.126*
0.126*
0.126*
0.067 (2)*

0.665 (7)
0.665 (7)
0.665 (7)
0.665 (7)
0.665 (7)
0.665 (7)
0.665 (7)
0335 (7)
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H14C 0.8900 1.0911 0.8876 0.080* 0.335(7)
H14D 0.7132 1.1497 0.8520 0.080* 0.335(7)
C15B 0.7461 (11) 1.1271 (9) 0.9771 (5) 0.085 (3)* 0.335(7)
H15D 0.8186 1.2155 0.9935 0.127* 0.335(7)
HISE 0.7928 1.0661 1.0144 0.127* 0.335(7)
HISF 0.6171 1.1235 0.9792 0.127* 0.335(7)
ow 0.2163 (2) 0.42954 (15) 0.44206 (9) 0.0802 (4)
H1wW1 0.2043 0.4060 0.4991 0.096*
H2W1 0.1179 0.4626 0.4195 0.096*
Atomic displacement parameters (4?)

lj]l UZZ l]33 U12 l}13 l/'l3
N1 0.0394 (6) 0.0452 (7) 0.0455 (7) 0.0056 (5) 0.0063 (5) —0.0013 (5)
N2 0.0520 (8) 0.0551 (9) 0.1020 (13) 0.0181 (7) -0.0109 (8) —0.0106 (8)
Cl 0.0411 (8) 0.0600 (10) 0.0536 (9) 0.0101 (7) 0.0061 (7) 0.0001 (7)
C2 0.0443 (8) 0.0672 (11) 0.0569 (10) ~-0.0012 (8) 0.0018 (7) —0.0034 (8)
C3 0.0620 (10) 0.0512 (9) 0.0599 (10) —0.0032 (8) 0.0026 (8) —0.0072 (8)
C4 0.0582 (10) 0.0439 (8) 0.0582 (10) 0.0074 (7) 0.0058 (8) —0.0013 (7)
Cs 0.0455 (8) 0.0422 (8) 0.0448 (8) 0.0067 (6) 0.0077 (6) 0.0019 (6)
C6 0.0454 (8) 0.0453 (8) 0.0545 (9) 0.0070 (6) 0.0030 (7) —0.0030 (7)
Cc7 0.0493 (8) 0.0469 (8) 0.0503 (9) 0.0100 (7) 0.0065 (7) 0.0004 (7)
C8 0.0467 (8) 0.0449 (8) 0.0455 (8) 0.0107 (6) 0.0094 (6) 0.0032 (6)
C9 0.0533 (9) 0.0422 (8) 0.0555 (9) 0.0112 (7) 0.0067 (7) —0.0010 (7)
C10 0.0536 (9) 0.0443 (8) 0.0622 (10) 0.0186 (7) 0.0093 (8) 0.0029 (7)
cl 0.0447 (8) 0.0494 (9) 0.0579 (9) 0.0128 (7) 0.0063 (7) 0.0016 (7)
Ci2 0.0520 (9) 0.0432 (8) 0.0587 (10) 0.0127 (7) 0.0049 (7) —0.0048 (7)
C13 0.0509 (9) 0.0452 (8) 0.0545 (9) 0.0169 (7) 0.0086 (7) 0.0007 (7)
C16 0.0504 (9) 0.0674 (11) 0.0759 (12) 0.0243 (8) 0.0039 (%) —0.0013 (9)
C17 0.0948 (16) 0.0816 (14) 0.0772 (14) 0.0340 (12) 0.0137 (12) 0.0032 (11)
C18 0.0488 (9) 0.0458 (8) 0.0636 (10) 0.0095 (7) 0.0048 (7) —0.0107 (7)
S1 0.0428 (2) 0.0440 (2) 0.0716 (3) 0.01129 (16) ~0.00529 (19) —0.00146 (19)
01 0.0525 (7) 0.0869 (9) 0.0627 (8) 0.0079 (6) —0.0074 (6) 0.0003 (7)
02 0.0759 (10) 0.0629 (9) 0.1366 (14) 0.0167 (7) —0.0315 (9) 0.0240 (9)
03 0.0668 (9) 0.1074 (12) 0.0924 (11) 0.0314 (8) —0.0219 (8) —0.0470 (9)
04 0.0450 (7) 0.0923 (10) 0.1062 (11) —0.0044 (7) 0.0055 (7) 0.0094 (9)
C19 0.0482 (8) 0.0485 (9) 0.0628 (10) 0.0058 (7) 0.0137 (7) 0.0038 (7)
C20 0.0594 (10) 0.0637 (11) 0.0501 (9) 0.0069 (8) 0.0076 (8) 0.0069 (8)
C21 0.0463 (8) 0.0493 (9) 0.0555 (10) 0.0103 (7) 0.0003 (7) —0.0018 (7)
C22 0.0433 (8) 0.0525 (9) 0.0596 (10) 0.0041 (7) 0.0105 (7) —0.0003 (7)
C23 0.0511 (9) 0.0469 (8) 0.0501 (9) 0.0073 (7) 0.0062 (7) 0.0016 (7)
C24 0.0421 (7) 0.0345 (7) 0.0547 (9) 0.0092 (6) 0.0030 (6) —0.0014 (6)
C25 0.0442 (10) 0.1211 (19) 0.0871 (15) 0.0093 (11) 0.0008 (10) —0.0126 (14)
Cl4A 0.0534 (16) 0.0638 (18) 0.064 (2) 0.0186 (13) —0.0045 (14) —0.0106 (15)
Cl15A 0.079 (2) 0.060 (2) 0.096 (3) —0.0026 (17) 0.0013 (18) —0.0063 (17)
O1wW 0.0792 (9) 0.0933 (10) 0.0774 (9) 0.0416 (8) 0.0134 (7) 0.0030 (8)
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Geometric parameters (4, )

N1—Cl 1.3572 (19) C18—HI8A 0.9600
N1—C5 1.367 (2) C18—HI18B 0.9600
N1—CI18 1.4811 (19) C18—HI18C 0.9600
N2—Cll 1.374 (2) S1—03 1.4364 (15)
N2—C16 1.454 (2) S1—04 1.4372 (15)
N2—Cl4A 1.487 (4) S1—02 1.4383 (14)
N2—C14B 1.531 (8) S1—C24 1.7706 (15)
Cl1—C2 1.364 (2) 01—C21 1.3732 (19)
Cl—HIA 0.9300 01—C25 1.416 (2)
C2—C3 1.385 (3) C19—C20 1.377 2)
C2—H2A 0.9300 C19—C24 1.383 (2)
C3—C4 1.368 (2) C19—H19A 0.9300
C3—H3A 0.9300 C20—C21 1.380 (2)
C4—C5 1.399 (2) C20—H20A 0.9300
C4—H4A 0.9300 C21—C22 1.378 (2)
C5—C6 1.449 (2) C22--C23 1.389 (2)
C6—C7 1332 (2) C22—H22A 0.9300
C6—H6A 0.9300 C23—C24 1.381 (2)
C7—C8 1.450 (2) C23—H23A 0.9300
C7—H7A 0.9300 C25—H25A 0.9600
C8—C9 1.396 (2) C25—H25B 0.9600
C8—Cl13 1.401 (2) C25—H25C 0.9600
C9—C10 1373 (2) Cl4A—C15A 1.504 (6)
C9—H9A 0.9300 Cl4A—H14A 0.9700
Cl0—Cl1 1.407 (2) Cl4A—H14B 0.9700
C10—H10A 0.9300 C15A—HI5A 0.9600
Cl1—C12 1.402 (2) C15A—HISB 0.9600
C12—CI13 1.375 (2) C15A—H15C 0.9600
Cl12—HI12A 0.9300 Cl14B—C15B 1.477 (12)
C13—HI3A 0.9300 Cl14B—H14C 0.9700
C16—C17 1.507 (3) C14B—H14D 0.9700
C16—HI16A 0.9700 C15B—H15D 0.9600
C16—H16B 0.9700 C15B—HISE 0.9600
C17—HI7A 0.9600 C15B—HISF 0.9600
C17—H17B 0.9600 O1W—HIW1 0.9855
C17—HI7C 0.9600 OlW—H2W1 0.8948
C1—N1—C5 121.85 (13) H17B—C17—H17C 109.5
Cl—NI1—C18 116.77 (13) N1—CI18—HI8A 109.5
C5—N1—C18 121.38 (12) N1—C18—HI18B 109.5
C11—N2—C16 121.76 (14) HI18A—C18—HI8B 109.5
Cl11—N2—Cl4A 121.37 (16) N1—C18—HI18C 109.5
C16—N2—Cl4A 113.64 (17) H18A—CI18—HI8C 109.5
C11—N2—C14B 119.6 (3) H18B—C18—HI18C 109.5
C16—N2—C14B 115.9 3) 03—S1—04 113.46 (10)
N1—C1—C2 121.17 (16) 03—S1—02 111.88 (11)
N1—C1—HIA 119.4 04—S1—02 112.97 (10)
C2—C1—HIA 119.4 03—S1—C24 105.87 (8)
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C1—C2—C3 118.79 (16) 04—S1—C24 106.18 (8)
Cl—C2—H2A 120.6 02—S1—C24 105.71 (8)
C3—C2—H2A 120.6 C21—-01—C25 117.97 (15)
C4—C3—C2 119.71 (15) C20—C19—C24 120.06 (15)
C4—C3—H3A 120.1 C20—C19—HI9A 120.0
C2—C3-—H3A 120.1 C24—C19—HI19A 120.0
C3—C4—C5 121.47 (16) C19—C20—C21 120.26 (16)
C3—C4—H4A 119.3 C19—C20—H20A 1199
C5—C4—H4A 119.3 C21—C20—H20A 119.9
N1—C5—C4 117.00 (14) 01—C21—C22 124.66 (15)
N1—C5—C6 119.21 (13) 01—C21—C20 115.03 (15)
C4—C5—C6 123.79 (15) C22—C21—C20 120.31 (15)
C7—C6—C5 124.12 (14) C21—C22—C23 119.25 (15)
C7—C6—H6A 117.9 C21—C22—H22A 1204
C5—C6—H6A 117.9 C23—C22—H22A 1204
C6—C7—C8 127.23 (15) C24—C23—C22 120.60 (15)
C6—CT7T—H7TA 116.4 C24—C23—H23A 119.7
C8—C7—H7A 116.4 C22—C23—H23A 119.7
C9—C8—C13 116.61 (14) C23—C24—C19 119.50 (14)
C9—C8—C7 119.95 (14) C23—C24—S1 119.97 (12)
C13—C8—C7 123.44 (14) C19—C24—S1 120.51 (12)
C10—C9—C8 122.58 (14) 01—C25—H25A 109.5
C10—C9—H9A 118.7 01—C25—H25B 109.5
C8—C9—HO9A 118.7 H25A—C25—H25B 109.5
C9—C10—C11 120.76 (15) 01—C25—H25C 109.5
C9—C10—HI10A 119.6 H25A—C25—H25C 109.5
Cl11—C10—H10A 119.6 H25B—C25—H25C 109.5
N2—C11—C12 12141 (14) N2—Cl14A—CI15A 109.7 (3)
N2—C11—C10 121.78 (15) N2—Cl14A—HI14A 109.7
Ci12—C11—C10 116.78 (14) CI15A—C14A—HI14A 109.7
Cl13—C12—Cl11 121.91 (14) N2—C14A—H14B 109.7
C13—C12—H12A 119.0 C15A—C14A—H14B 109.7
Cl1—Cl12—HI12A 119.0 H14A—C14A—HI14B 108.2
C12—C13—C8 121.35 (14) C15B—C14B—N2 101.4 (6)
Cl12—C13—HI13A 119.3 C15B—Cl14B—H14C 111.5
C8—C13—HI13A 119.3 N2—C14B—H14C 111.5
N2—C16—C17 112.53 (17) C15B—C14B—H14D 111.5
N2—C16—HI16A 109.1 N2—C14B—H14D 111.5
C17—C16—HI16A 109.1 H14C—Ci14B—H14D 109.3
N2—Cl16—H16B 109.1 C14B—C15B—HI15D 109.5
C17—Cl16—H16B 109.1 C14B—C15B—HI5E 109.5
H16A—C16—H16B 107.8 H15D—C15B—HI15E 109.5
Cl6—C17—HI17A 109.5 C14B—C15B—HI15F 109.5
Cl6—Cl17—H17B 109.5 H15D—C15B—H15F 109.5
H17A—C17—H17B 109.5 H15E—C15B—HI15F 109.5
Cl16—C17—H17C 109.5 HIW1—0O1W—H2W1 108.6
H17A—C17—H17C 109.5
C5—N1—Cl1—C2 -0.3 (2) C9—C8—Cl13—C12 -1.2(2)
Acta Cryst. 2012). E68, 02728-02729 sup-8
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C18—N1—C1—C2 —-179.54 (15) C7—C8—C13—C12 179.05 (15)
N1—C1—C2—C3 0.1(3) C11-—-N2—C16—C17 —80.5 (2)
C1—C2—C3—C4 -0.4(3) Cl14A—N2—C16—C17 79.5(3)
C2—C3—C4—Cs5 093 C14B-—N2—C16—C17 118.5(4)
C1—N1—C5—C4 0.8 (2) C24—C19—C20—C21 1.1(3)
C18—NI—C5—C4 179.99 (14) C25—01—C21—-C22 -1.4 (3)
C1—N1—C5—C6 -178.59 (14) C25—01—C21—C20 178.95 (18)
C18—NI1—C5—C6 0.6 (2) C19—C20—C21—01 178.51 (15)
C3—C4—C5—N1 -1.1(2) C19—C20—C21—C22 -1.1(3)
C3—C4—-C5—C6 178.25 (16) 01—C21—C22—C23 —179.48 (15)
N1—C5—C6—C7 176.57 (15) C20—C21—-C22—C23 0.1 (3
C4—C5—-C6—C7 -2.8(3) C21—C22—C23—C24 0.9 ()
C5—C6—C7—C8 —177.25 (15) C22—C23—C24—C19 -1.0(2)
C6—C7—C8—C9 —179.16 (16) C22—C23—C24—S1 177.67 (12)
C6—C7—C8—C13 0.6 (3) C20—C19—C24—C23 0.0()
C13—C8—C9—C10 1.1 (2) C20—C19—C24—S1 —178.67 (13)
C7—C8—C9—C10 -179.14 (15) 03—S1—C24—C23 —54.23 (15)
C8—C9—C10—C11 -0.1(3) 04—S1—C24—C23 —-175.13(13)
C16—N2—CI11—Cl12 175.03 (17) 02—-81—C24—C23 64.62 (15)
Cl14A—N2—C11—C12 16.6 (3) 03—S1—C24—C19 124.45 (15)
C14B—N2—Cl11—C12 —24.6 (4) 04—S81—C24—C19 3.56 (16)
C16—N2—C11—C10 -6.8 (3) 02—S1—C24—C19 ~-116.70 (15)
Cl14A—N2—C11—-C10 -165.2 (2) C11—N2—C14A—CI15A —103.6 (3)
C14B—N2—C11—C10 153.6 (4) C16—N2—C14A—CI15A 96.4 (3)
C9—C10—C11—N2 —179.06 (17) C14B—N2—C14A—CI5A =5.6 (5)
C9—C10—C11—C12 -0.8(3) C11-—N2—C14B—CI15B 101.7 (5)
N2—C11—C12—C13 178.98 (17) C16—N2—C14B—C15B —96.8 (5)
C10—C11—C12—C13 0.7(3) C14A—N2—C14B—CI15B -1.84)
C11—C12—C13—C8 033

Hydrogen-bond geometry (4, 9

D—H-4 D—H H-4 D4 D—H--4
O1W—H1w1---02i 0.99 253 3371 (2) 143
O1W—H1W1--03i 0.99 2.15 3.073 (2) 155
O1W—H2W1--02% 0.89 1.90 2.791 (2) 176
Cl1—H14--03i 0.93 2.54 3419 (2) 158
C2—H24--03" 0.93 247 3.349 (2) 158
C4—H44---0O1W" 0.93 247 3.381 (2) 166
C7—H74--01W 0.93 2.58 3.479 (2) 163
C17—H174--0O1! 0.96 2.58 3.435(3) 149
C18—H184--03iii 0.96 2.54 3.466 (2) 162
C18—H18B--04" 0.96 247 3.221(2) 135

Symmetry codes: (i) —x+1, —=y+1, —z+1; (i) x-1, y, z; (ifi) —x, —y+2, =z+1; (iv) x-2, y, z; (v) =x, —p+1, —z+1; (vi) >+l =p42, —z+1.
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In the title hydrated molecular salt, CHysN, - CgHFOS8 ™ -
H,O, the cation displays whole molecule disorder over two
sets of sites in a 0.780 (5):0.220 (5) ratio. The quinolinium ring
system is essentially planar, with r.m.s. deviations of 0.0162
and 0.0381 A for the major and minor disorder components,
respectively. The dihedral angles between the mean plane of
the quinolinium ring system and the benzene ring are 5.1 3)
and 7.7 (11)°, respectively, for the major and minor compo-
nents in the cation. In the crystal, cations, anions and water
molecules are linked into chains along [010} by O—H---O
hydrogen bonds and are further connected into a three-
dimensional network by weak C—H.--O and C—H---F
interactions. In addition, m—7 interactions with centroid-
centroid distances of 3.634 (3), 3.702 (5) and 3.838 (5) A are
observed.

Related literature

For background to and applications of quarternary ammo-
nium compounds, see: Babalola (1998); Collier ez al. (1953);
Gutsulyak (1972); Chanawanno et al. (2010a,b). For related
structures, see: Fun ef al (2010, 2011); Kaewmanee et al.
(2010). For standard bond lengths, see: Allen et al. (1987). For
the stability of the temperature controller used in the data
collection, see Cosier & Glazer (1986).

+ Thomson Reuters ResearcherID: A-3561-2009.
§ Additional correspondence author, e-mail: suchada.c@psu.ac.th. Thomson
Reuters ResearcherID: A-5085-2009.
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Experimental
Crystal data
CyH,sN,"-CsHFO38™-H,O V =2504.1 (7) A?
M, = 51062 Z-4
Monoclinic, P21/c Mo Ko radiation
a=13366(2) A u =018 mm™*
b =10.2326 (17) A T=100K

c=19.891 (3) A
B = 113.004 (8)°

0.29 x 0.18 x 0.10 mm

Data collection

Bruker SMART APEXII DUO
CCD area-detector
diffractometer

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

Tnin = 0.951, Tpax = 0.982

13569 measured reflections
4396 independent reflections
3379 reflections with I > 20(J)
Rin = 0.038

Refinement

R[F? > 20(F?)] = 0.058
wR(F%) = 0172
§=1.04

4396 reflections

427 parameters

761 restraints

H-atom parameters constrained
ADmax = 074 A2

ApPuin = —048 ¢ A™3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
O1W—H1W1-..01 0.94 1.95 2.872 (4) 168
O1W—H2W1..-02 090 2.09 2.909 (4) 151
C204—H20B- - FI¥ 097 250 3471 (6) 179
C25—-H254. - -O1w" 093 243 3.341 (4) 167

Symmetry codes: () —x + 1,y +3 —z +§ (i) —x, y +3, —z + 3Gi)xny-1.2

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, PLATON (Spek,
2009) and pubICIF (Westrip, 2010).

The authors thank. Prince of Songkla University for a
research grant and extend their appreciation to the Deanship
of Scientific Research at King Saud University and Universiti
Sains Malaysia for the APEX DE2012 grant No. 1002/
PFIZIK/910323.
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(E)-2-[4-(Diethylamino)styryl]-1-methylquinolinium 4-fluorobenzenesulfonate
monohydrate

Hoong-Kun Fun, Narissara Kaewmanee, Kullapa Chanawanno, Nawong Boonnak and Suchada

Chantrapromma

1. Comment

The antibacterial significance of synthetic quinolinium derivatives has been discovered by many scientists (Babalola,
1998; Collier et al., 1953; Gutsulyak, 1972). Due to these well-known bioactivities of quinolinium chemophores, our
research group has designed and synthesized several quinolinium stilbene derivatives in order to investigate their ability
to overcome some of Gram-positive and Gram-negative pathogenic bacteria and the title compound (I) is an example of
one of these compounds of which previous examples have been reported (Chanawanno et al., 2010a,b; Fun et al., 2010).
The title compound was tested for antibacterial activities against Bacillus subtilis, Staphylococcus aureus, Enterococcus
faecalis, Methicillin-Resistant Staphylococcus aureus, Vancomycin-Resistant Enterococcus faecalis, Salmonella typhi,
Shigella sonnei and Pseudomonas aeruginosa, and it was found to be inactive (MICs against all strains were more than
300 xg/ml). Herein, the crystal structure of (I) is reported.

The asymmetric unit of (I) (Fig. 1) consists of a C;,HysN,* cation, CHFSO;5™ anion and one H,O molecule. The cation
molecule displays whole molecule disorder over two positions with 0.780 (5):0.220 (5) site occupancies, and the
configuration of diethylamino group of the major 4 and minor B components are shown in Fig. 2 and Fig. 3. The cation
exists in the E configuration with respect to the C10=C11 double bond [1.330 (6) A for major component 4 and
1.323 (16) A for minor component B]. The C1-C9/N1 quinolinium ring system is essentially planar with an z.m.s. of
0.0162 and 0.0381 A for the major and minor components, respectively. The dihedral angle between the mean-plane of
the quinolinium ring and that of C12-C17 benzene ring is 5.1 (3)° and the torsion angle C9-C10-C11-C12 = 174.7 (13)°
for the major component A4 [the correspondening values are 7.7 (11)° and -178 (4)° for the minor component B]. The di-
ethylamino group deviates from the attached benzene ring which can be indicated by the torsion angles C15-N2-C18-
C19 =-78.4 (6)° and C15-N2-C20-C21 = 78.1 (6)° for the major component 4 whereas these values are 95 (2) and
-82 (2)° for the minor component B. The bond lengths are in normal ranges (Allen et al., 1987) and comparable with
some related structures (Fun et al., 2010,2011; Kaewmanee et al., 2010).

In the crystal, the cations, anions and water molecules are linked into chains along [0 1 0] by O—H:-O hydrogen bonds
and further connected into a three dimensional network by weak C—H--O and C—H-F weak interactions (Fig. 4 and
Table 1). In addtion, 7— interactions with the centroid distances of Cg,-Cg,"” = 3.702 (5) A, Cg,Cg," = 3.838 (5) A
and Cg;~-Cgs’ = 3.634 (3) A are observed; Cg, Cg; and Cg; are the centroids of the N1A/C1A/C6A-C9A, C1A-C6A and
C12A-C17A rings, respectively [symmetry codes: (iv) 1-x,1-y,2-z; (v) 1-x,2-y,2-z].

Acta Cryst. (2013). £69, 01510-01511 sup-1
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2. Experimental

The title compound was prepared by mixing silver (I) 4-fluorobenzenesulfonate (0.90 g, 3.16 mmol) and (E)-2-(4-(di-
ethylamino)styryl)-1-methylquinolinium iodide (1.44 g, 3.16 mmol) in methanol (100 ml) and stirred for 0.5 h. The
precipitate of silver iodide which formed was filtered and the filtrate was evaporated to give the title compound as a
purple solid. Purple needle-shaped single crystals of the title compound suitable for X-ray structure determination were

recrystallized from ethanol by slow evaporation at room temperature over a week, Mp. 503-505 K.

3. Refinement

All H atoms, excepting the water molecule hydrogen atoms, were positioned geometrically and allowed to ride on their
parent atoms with d(C-H) = 0.93 A for aromatic and CH, 9.97 A for CH; and 0.96 A for CH; atoms. The Ui, values were
constrained to be 1.5U,, of the carrier atom for methyl H atoms and 1.2U,, for the remaining H atoms. A rotating group
model was used for the methyl groups. The water molecule hydrogen atoms were located from the difference map and
then allowed to ride on the water oxygen atom with the Uy, values being constrained to be 1.5U,, of the carrier atom. The
cation is disordered over two sites with refined site occupancies of 0.780 (5) and 0.220 (5). The SHELX (Sheldrick,
2008) DELU, SIMU, SAME and FLAT restraints were used. The same Uy parameters were used for atom pairs
C21B/C19B.

Computing details

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: S4INT (Bruker, 2009);
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication:
SHELXTL (Sheldrick, 2008), PLATON (Spek, 2009) and pubICIF (Westrip, 2010).
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Figure 1

The asymmetric unit of (I) showing 40% probability displacement ellipsoids. Open bonds show the minor component.

Figure 2

The molecular structure of the major component A showing the configuration of diethylamino group.

Acta Cryst. (2013). £69, 01510-01511 sup.3
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Figure 3
The molecular structure of the minor component B showing the configuration of diethylamino group which differs from
that of the major component.
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Figure 4

The crystal packing of the major component viewed along the 4 axis. The O—H--O hydrogen bonds and weak C—H--O
and C—H-F interactions are drawn as dashed lines.

(E)-2-[4-(Diethylamino)styryl]-1-methylquinolinium 4-fluorobenzenesulfonate monohydrate

Crystal data

CHasN,y"CsH4FO38™HO F(000) = 1080

M, =510.62 D,=1.354Mgm™

Monoclinic, P2,/c Melting point = 503-505 K
Hall symbol: -P 2ybc Mo Ko radiation, 4 = 0.71073 A
a=13.366 (2) A Cell parameters from 4396 reflections
b=10.2326 (17 A 8=1.7-25.0°

c=19.891 (3)A £=0.18 mm™

£ =113.004 (8)° T=100K

V=2504.1(7) A Needle, purple

Z=4 0.29 x 0.18 x 0.10 mm

Data collection

Bruker SMART APEXII DUO CCD area- @ and w scans
detector Absorption correction: multi-scan
diffractometer (SADABS;, Bruker, 2009)
Radiation source: fine-focus sealed tube Tin = 0.951, Tipax = 0.982
Graphite monochromator 13569 measured reflections
Acta Cryst. (2013). E69, 01510-01511 sup-5
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4396 independent reflections
3379 reflections with 7 > 2a(J)
Rim = 0038

Omax = 25.0%, Opin = 1.7°

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F?)] = 0.058
wR(F?)=0.172

S=1.04

4396 reflections

427 parameters

761 restraints

Primary atom site location: structure-invariant
direct methods

Special details

h=-15-15
k=-12—12
1=-23-23

Secondary atom site location: difference Fourier

map

Hydrogen site location: inferred from

neighbouring sites
H-atom parameters constrained

w = 1/[c2(F2) + (0.0816P)* + 2.6528P]

where P= (F,2+2F2)/3

(A/6)max = 0.001
Apmax=0.74 ¢ A7
Aprin=—0.48 ¢ A3

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 1.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 F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (4?)

x y z Uie*/Ueq Occ. (<1)
N1A 0.5759 (6) 0.6654 (9) 1.0560 (3) 0.0378 (13) 0.780 (5)
N2A 0.0845 (3) 1.3098 (4) 0.89515 (18) 0.0513 (11) 0.780 (5)
ClA 0.6440 (4) 0.5581 (6) 1.0605 (3) 0.0354 (13) 0.780 (5)
C2A 0.6899 (4) 0.4835 (6) 1.1236 (3) 0.0447 (12) 0.780 (5)
H2AA 0.6767 0.5028 1.1651 0.054* 0.780 (5)
C3A 0.7542 (4) 0.3818 (5) 1.1228 (3) 0.0485 (12) 0.780 (5)
H3AA 0.7859 0.3322 1.1650 0.058* 0.780 (5)
C4A 0.7751 (5) 0.3483 (6) 1.0623 (3) 0.0456 (14) 0.780 (5)
H4AA 0.8211 0.2785 1.0651 0.055* 0.780 (5)
Cs5A 0.7293 (7) 0.4160 (7) 0.9987 (4) 0.0400 (15) 0.780 (5)
HS5AA 0.7423 0.3923 0.9577 0.048* 0.780 (5)
C6A 0.6608 (8) 0.5245 (8) 0.9965 (4) 0.0383 (15) 0.780 (5)
C7A 0.6110 (7) 0.5995 (10) 0.9331 (4) 0.0435 (17) 0.780 (5)
H7AA 0.6240 0.5800 0.8915 0.052* 0.780 (5)
C8A 0.5442 (6) 0.7001 (9) 0.9315 (4) 0.0421 (17) 0.780 (5)
H8AA 0.5116 0.7481 0.8888 0.050* 0.780 (5)
C9A 0.5227 (9) 0.7340 (11) 0.9940 (4) 0.0374 (16) 0.780 (5)
Cl0A 0.4479 (6) 0.8365 (9) 0.9914 (4) 0.0381 (15) 0.780 (5)
H10A 0.4407 0.8582 1.0347 0.046* 0.780 (5)
Cl1A 0.3881 (6) 0.9027 (7) 0.9316 (49 0.0352 (15) 0.780 (5)
Acta Cryst. (2013). £69, 01510-01511 sup-6
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HI11A
CI12A
C13A
H13A
Cl4A
H14A
CI5A
Cl16A
H16A
Cl17A
H17A
C18A
H18A
HigB
C19A
HI19A
Hi9B
H19C
C20A
H20A

H20B .

C21A
H21A
H21B
H21C
C22A
H22A
H22B
H22C
N1B
N2B
C1B
C2B
H2BA
C3B
H3BA
C4B
H4BA
C5B
H5BA
C6B
C7B
H7BA
C8B
H8BA
C9B
C10B
H10B
CliB

0.4013
03052 (7)
0.2533 (4)
0.2700
0.1781 (4)
0.1442
0.1513 (4)
0.2008 (4)
0.1818
0.2768 (5)
03111
0.0513 (4)
0.0281
0.1146
—0.0402 (4)
~0.0528
-0.0191
~0.1055
0.0338 (4)
0.0871
0.0110
-0.0621 (4)
-0.0821
~0.1219
~0.0440
0.5617 (8)
0.5413
0.6288
0.5059
0.558 (3)
0.0273 (10)
0.6367 (15)
0.7007 (16)
0.6885
0.7748 (17)
0.8139
0.788 (2)
0.8337
0.734 (3)
0.7456
0.659 (3)
0.593 (3)
0.5975
0.524 (2)
0.4838
0.510 (3)
0.429 (3)
0.4187
0.370 (2)

0.8844
0.9996 (10)
1.0610 (6)
1.0352

- 1.1590 (5)

1.1960
1.2045 (5)
1.1394 (5)
1.1613
1.0439 (6)
1.0070
1.3506 (5)
1.4410
1.3477
1.2713 (6)
1.3046
1.1811
1.2787
1.3769 (5)
1.3874
1.4634
1.3048 (6)
1.3406
1.3132
1.2141
0.7009 (9)
0.7912
0.6872
0.6475
0.667 (3)
1.2446 (12)
0.5738 (17)
0.5049 (19)
0.5269
0417 (2)
0.3838
0.376 (3)
0.3064
0.440 (3)
0.4151
0.544 (4)
0.597 (3)
0.5658
0.694 (3)
0.7343
0.737 (4)
0.834 (3)
0.8562
0.893 (3)

0.8900
0.9231 (4)
0.8559 (3)
0.8166
0.8458 (2)
0.7997
0.9036 (2)
0.9701 (2)
1.0089
0.9792 3)
1.0252
0.9530 (2)
0.9443
0.9987
0.9629 (3)
1.0040
0.9712
0.9197
0.8250 (3)
0.8034
0.8332
0.7728 (3)
0.7247
0.7877
0.7723
1.1235 (4)
1.1213
1.1647
1.1283
1.0533 (14)
0.8830 (6)
1.0603 (13)
1.1165 (13)
1.1580
1.1319 (12)
1.1784
1.0676 (13)
1.0691
1.0039 (14)
0.9627
0.9966 (14)
0.9290 (14)
0.8862
0.9271 (14)
0.8827
0.9909 (14)
0.9861 (16)
1.0281
0.9239 (16)

0.042%
0.0366 (16)
0.0406 (13)
0.049*
0.0449 (11)
0.054*
0.0413 (10)
0.0409 (12)
0.049*
0.0415 (15)
0.050*
0.0514 (12)
0.062*
0.062*
0.0591 (14)
0.089*
0.089*
0.089*
0.0540 (12)
0.065*
0.065*
0.0648 (14)
0.097*
0.097*
0.097*
0.060 (2)
0.089*
0.089*
0.089*
0.045 (5)*
0.043 (3)*
0.036 (4)*
0.059 (5)*
0.070*
0.057 (5)*
0.068*
0.050 (5)*
0.061*
0.044 (5)*
0.052*
0.045 (5)*
0.039 (5)*
0.047*
0.032 (4)*
0.039*
0.034 (4)*
0.039 (5)*
0.047*
0.036 (5)*

0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.780 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
0.220 (5)
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H11iB 0.3793 0.8681 0.8816 0.043* 0.220 (5)

Cl12B 0.292 (3) 0.994 (4) 0.9199 (14) 0.042 (5)* 0.220 (5)

C13B 0.2278 (17) 1.040 (2) 0.8512 (13) 0.049 (5)* 0.220 (5)

H13B 0.2449 1.0157 0.8119 0.059* 0.220 (5)

Cl4B 0.1405 (13) 1.1185 (17) 0.8385(9) 0.044 (4)* 0.220 (5)

H14B 0.0969 1.1423 0.7908 0.052* 0.220 (5)

C15B 0.1149 (12) 1.1647 (16) 0.8973 (8) 0.044 (4)* 0.220 (5)

Cl6B 0.1760 (15) 1.108 (2) 0.9659 (10) 0.048 (5)* 0.220 (5)

H16B 0.1602 1.1309 1.0058 0.057* 0.220 (5)

C17B 0.2577 (18) 1.020 (2) 0.9755 (13) 0.037 (5)* 0.220 (5)

H17B 0.2903 0.9771 1.0201 0.044* 0.220 (5)

C1i8B —0.014 (2) 1.276 (2) 0.9409 (11) 0.085 (6)* 0.220 (5)

HI8C —-0.0923 1.2803 0.9183 0.102* 0.220 (%)

H18D 0.0053 1.2044 0.9754 0.102* 0.220 (5)

CI19B 0.0258 (19) 1.399 (2) 0.9825(12) 0.088 (5)* 0.220 (5)

H19D —-0.0351 1.4486 0.9823 0.132* 0.220 (5)

HI19E 0.0655 1.4485 0.9603 0.132* 0.220 (5)

HI9F 0.0725 1.3779 1.0319 0.132* 0.220 (5)

C20B —0.0412 (12) 1.2854 (16) 0.8110 (8) 0.046 (4)* 0.220 (5)

H20C -0.1114 1.3058 0.8121 0.055* 0.220 (5)

H20D -0.0519 1.2097 0.7796 0.055* 0.220 (5)

C21B -0.012 (2) 1.396 (2) 0.7738 (13) 0.088 (5)* 0.220 (5)

H21D —0.0657 1.4033 0.7248 0.132* 0.220 (5)

H21E 0.0578 1.3805 0.7727 0.132* 0.220 (5)

H21F —0.0106 1.4753 0.7999 0.132* 0.220 (5)

C22B 0.533 (2) 0.695 (3) 1.1170 (15) 0.045 (7)* 0.220 (5)

H22D 0.4567 0.7132 1.1016 0.067* 0.220 (5)

H22E 0.5742 0.7695 1.1424 0.067* 0.220 (5)

H22F 0.5516 0.6206 1.1489 0.067* 0.220 (5)

S1 0.40215 (6) 0.56285 (7) 0.69386 (4) 0.0354 (2)

F1 0.04851 (17) 0.1870 (2) 0.64756 (11) 0.0674 (6)

0Ol 0.3504 (2) 0.6701 (2) 0.64418 (12) 0.0549 (6)

02 0.48201 (19) 0.4957 (2) 0.67312 (13) 0.0545 (6)

03 0.4401 (2) 0.5969 (2) 0.76877 (12) 0.0552 (6)

C23 0.2963 (2) 0.4464 (3) 0.67789 (14) 0.0361 (7)

C24 03173 (3) 03131 (3) 0.68582 (14) 0.0379 (7)

H24A 0.3879 0.2828 0.6983 0.045*

C25 0.2335 (3) 0.2245 (3) 0.67521 (15) 0.0412 (7)

H25A 0.2467 0.1351 0.6803 0.049*

C26 0.1313 (3) 0.2732 (4) 0.65717 (17) 0.0481 (8)

C27 0.1072 (3) 0.4044 (4) 0.6492 (2) 0.0581 (9)

H27A 0.0364 0.4336 0.6373 0.070*

C28 0.1900 (3) 0.4909 (4) 0.65940 (18) 0.0499 (8)

H28A 0.1753 0.5800 0.6539 0.060*

O1wW 0.3226 (2) 0.9163 (3) 0.70409 (15) 0.0648 (7)

HIW1 0.3216 0.8340 0.6832 0.097*

H2W1 0.3726 0.9220 0.7502 0.097*
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Atomic displacement parameters (4%)

L]ll (jZZ U33 UZ (]13 (]23
N1A 0.037 (3) 0.053(2) 0.0248 (17) —-0.001 (2) 0.0136 (18) 0.0013 (14)
N2A 0.064 (2) 0.056 (2) 0.0405 (18) 0.014 (2) 0.0270 (17) -0.0012 (17)
Cl1A 0.031 (2) 0.042 (3) 0.032 (2) —0.0005 (18) 0.0114 (16) —0.0020 (19)
C2A 0.047 (2) 0.059 (3) 0.027 (2) -0.003 (2) 0.0137(17) 0.0107 (19)
C3A 0.046 (3) 0.050 (3) 0.041 (2) —-0.009 (2) 0.008 (2) 0.004 (2)
C4A 0.039(3) 0.040 (3) 0.055(3) —-0.007 (2) 0.015 (2) 0.001 (2)
C5A 0.036 (2) 0.042 (4) 0.047 (3) -0.005 (3) 0.0215 (19) —0.007 (2)
C6A 0.036 (2) 0.042 (4) 0.035(2) —0.009 (2) 0.0110 (15) 0.002 (2)
C7A 0.044 (4) 0.061 (3) 0.034 (2) —-0.005 (3) 0.024 (2) —0.0020 (19)
C8A 0.037 (4) 0.056 (3) 0.035(2) 0.004 (3) 0.016 (2) 0.001 (2)
C9A 0.035 (4) 0.043 (3) 0.028 (2) -0.008 (2) 0.0059 (19) 0.0067 (17)
Cl10A 0.036 (3) 0.053 (3) 0.029 (2) ~0.005 (2) 0.017 (2) —0.0057 (18)
Cl1A 0.039 (3) 0.040 (3) 0.030 (2) —0.008 (2) 0.018 (2) —-0.0060 (19)
Cl12A 0.040 (3) 0.041 (2) 0.030 (2) —0.006 (2) 0.0155 (19) —0.0029 (17)
Ci3A 0.050 (3) 0.046 (3) 0.030 (2) 0.007 (3) 0.021 (2) 0.0022 (19)
Cl4A 0.055 (3) 0.053 (3) 0.0305 (19) 0.013(2) 0.0199 (19) 0.0087 (19)
CI5A 0.047 (2) 0.044 (2) 0.036 (2) 0.002 (2) 0.0196 (18) —0.0002 (18)
Cl6A 0.044 (3) 0.056 (3) 0.0276 (19) -0.005 (2) 0.0191 (18) —0.0061 (19)
CIi7A 0.039 (3) 0.057 (3) 0.0267 (19) —-0.004 (3) 0.0111 (19) 0.003 (2)
C18A 0.065 (3) 0.051 (3) 0.051 (2) 0.013(2) 0.036 (2) —=0.009 (2)
CI19A 0.042 (2) 0.086 (4) 0.050 (3) 0.003 (2) 0.019 (2) —0.024 (3)
C20A 0.058 (3) 0.047 (3) 0.058 (3) 0.005 (2) 0.024 (2) —0.003 (2)
C21A 0.063 (3) 0.068 (3) 0.062 (3) 0.007 (3) 0.023 (3) 0.003 (3)
C22A 0.071 (6) 0.082 (4) 0.033 (3) 0.020 (5) 0.029 (3) 0.006 (3)
S1 0.0494 (4) 0.0337 (4) 0.0266 (3) —0.0060 (3) 0.0186 (3) 0.0029 (3)
F1 0.0611 (12) 0.0785 (15) 0.0584 (12) —-0.0244 (11) 0.0188 (10) 0.0086 (11)
01 0.0774 (16) 0.0423 (13) 0.0472 (13) —0.0046 (12) 0.0268 (12) 0.0079 (11)
02 0.0652 (15) 0.0529 (14) 0.0595 (14) —0.0084 (12) 0.0398 (12) —0.0089 (12)
03 0.0698 (15) 0.0590 (15) 0.0406 (12) -0.0161 (12) 0.0254 (11) —0.0065 (11)
C23 0.0494 (17) 0.0384 (16) 0.0223 (12) —0.0012 (14) 0.0160 (12) 0.0002 (12)
C24 0.0490 (17) 0.0416 (17) 0.0255 (13) 0.0001 (14) 0.0172 (12) 0.0020 (12)
C25 0.0591 (19) 0.0381 (16) 0.0292 (14) —0.0028 (15) 0.0202 (13) 0.0047 (13)
C26 0.0504 (19) 0.057 (2) 0.0358 (16) —0.0153 (17) 0.0159 (14) 0.0061 (15)
C27 0.049 (2) 0.068 (3) 0.060 (2) 0.0066 (18) 0.0236 (17) 0.0137(19)
C28 0.058 (2) 0.0440 (18) 0.0507 (19) 0.0068 (16) 0.0245 (16) 0.0088 (16)
o1w 0.0586 (15) 0.0543 (15) 0.0797 (18) 0.0086 (12) 0.0251 (13) —0.0061 (13)
Geometric parameters (4, 9
N1A—C9A 1.354 (5) C2B—H2BA 0.9300
N1A—CIlA 1.406 (6) C3B—C4B 1.420 (16)
N1A—C22A 1.472 (5) C3B—H3BA 0.9300
N2A—C15A 1.366 (5) C4B—C5B 1.361 (15)
N2A—CI18A 1.448 (5) C4B—H4BA 0.9300
N2A—C20A 1.463 (6) C5B—C6B 1.427 (15)
CIA—C2A 1.390 (6) C5B—HS5BA 0.9300
Cl1A—C6A 1.420 (5) C6B—C7B 1.394 (15)
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C2A—C3A
C2A—H2AA
C3A—C4A
C3A—H3AA
C4A—CSA
C4A—HAAA
C5A—C6A
C5A—HSAA
C6A—CT7A
C7A—CS8A
C7A—H7AA
C8A—C9A
C8A—HBAA
C9A—Cl10A
C10A—Cl11A
C10A—HI10A
Cl11A—CI12A
Cl1A—HI11A
CI12A—CI17A
C12A—CI13A
C13A—Cl4A
CI3A—HI3A
Cl14A—CI5A
Cl4A—HI14A
C15A—CI6A
Cl16A—CI7A
Cl16A—HI16A
C17A—H17A
CI8A—CI9A
C18A—HIBA
C18A—HI18B
C19A—HI9A
C19A—HI19B
C19A—H19C
C20A—C21A
C20A—H20A
C20A—H20B
C21A—H21A
C21A—H21B
C21A—H21C
C22A—H22A
C22A—H22B
C22A—H22C
N1B—C9B
NIB—CI1B
N1B—C22B
N2B—C15B
N2B—C20B
N2B—C18B

1.354 (6)
0.9300
1.381 (6)
0.9300
1.360 (6)
0.9300
1.428 (6)
0.9300
1.403 (6)
1.356 (6)
0.9300
1.423 (5)
0.9300
1.436 (6)
1.330 (6)
0.9300
1.447 (6)
0.9300
1.387 (5)
1.393 (6)
1.377 (6)
0.9300
1.410 (5)
0.9300
1.395 (5)
1.370 (6)
0.9300
0.9300
1.543 (6)
0.9700
0.9700
0.9600
0.9600
0.9600
1.492 (6)
0.9700
0.9700
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.355 (14)
1.393 (14)
1.457 (15)
1.364 (13)
1.427 (14)
1.492 (15)

C7B—C8B
C7B—H7TBA
C8B—C9B
C8B—H8BA
C9B—C10B
C10B—C11B
C10B—H10B
C11B—C12B
Cl11B—HI11B
C12B—CI17B
C12B—C13B
C13B—C14B
C13B—H13B
C14B—CI5B
Ci14B—H14B
C15B—C16B
C16B—C17B
Cl16B—H16B
C17B—H17B
C18B—CI9B
C18B—HI18C
C18B—H18D
C19B—HI19D
C19B—HI9%E
CI9B—HI9F
C20B—C21B
C20B—H20C
C20B—H20D
C21B—H21D
C21B—H21E
C21B—H21F
C22B—H22D
C22B—H22E
C22B—H22F
S51—03
S1—01
S1—02
S1—C23
F1—C26
C23—C24
C23—C28
C24—C25
C24—H24A
C25—C26
C25—H25A
C26—C27
C27—C28
C27—H27A
C28—H28A

1.354 (15)
0.9300
1.423 (15)
0.9300
1.436 (15)
1.323 (16)
0.9300
1.451 (15)
0.9300
1.382(15)
1.382 (15)
1.357 (15)
0.9300
1.422 (14)
0.9300
1.412 (15)
1.370 (15)
0.9300
0.9300
1.478 (17)
0.9700
0.9700
0.9600
0.9600
0.9600
1.482 (16)
0.9700
0.9700
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1417 (2)
1.458 (2)
1.458 (2)
1.781 (3)
1.369 (4)
1.390 (4)
1.398 (4)
1.392 (4)
0.9300
1.363 (5)
0.9300
1.375 (5)
1.369 (5)
0.9300
0.9300
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ClB—C2B 1.315 (14) OlW—HIW1 0.9377
C1B—C6B 1.442 (15) O1W—H2W1 0.9007
C2B—C3B 1.287 (15)

C9A—N1A—CIA 124.0 (4) C7B—C6B—CI1B 120.0 (17)
C9A—NIA—C22A 119.6 (5) C5B—C6B—CI1B 116.2 (15)
ClA—NIA—C22A 116.4 (5) C8B—C7B—C6B 118.4 (18)
C15A—N2A—CI8A 121.2 (3) C8B—C7B—H7BA 120.8
C15A—N2A—C20A 121.6 (3) C6B—CT7B—HT7BA 120.8
C18A—N2A—C20A 116.8 (3) C7B—C8B—C9B 122.1 (18)
C2A—C1A—NIA 122.2 (5) C7B—C8B—HSBA 1189
C2A—C1A—C6A 120.5 (5) C9B—C8B—HSBA 118.9
N1A—C1A—C6A 117.2 (4) N1B—C9B—C8B 118.3 (16)
C3A—C2A—CI1A 118.0 (4) N1B—C9B—C10B 119.8 (17)
C3A—C2A—H2AA 121.0 C8B—C9B—C10B 120.7 (17)
ClA—C2A—H2AA 121.0 C11B—C10B—C9B 122 (2)
C2A—C3A—C4A 123.2 (5) C11B—C10B—H10B 119.0
C2A—C3A—H3AA 118.4 C9B—C10B—H10B 119.0
C4A—C3A—H3AA 118.4 C10B—C11B—CI12B 122 (2)
C5A—C4A—C3A 120.9 (5) C10B—C11B—HI1B 119.0
CSA—C4A—H4AA 119.6 C12B—C11B—HI1B 119.0
C3A—C4A—HAAA 119.6 C17B—C12B—C13B 116.8 (16)
C4A—C5A—C6A 1183 (5) C17B—CI2B—Cl1B 123.5 (18)
C4A—C5A—H5AA 120.8 CI13B—CI12B-C11B 117.1 (18)
C6A—CSA—H5AA 120.8 C14B—C13B—CI2B 123.1 (17)
C7A—C6A—CIA 119.2 (5) Cl14B—CI13B—HI13B 118.5
C7A—C6A—C5A 121.7 (5) C12B—C13B—HI13B 118.5
C1A—C6A—C5A 119.0 (4) C13B—C14B—C15B 120.6 (15)
C8A—CTA—C6A 120.8 (5) C13B—C14B—H14B 119.7
C8A—CTA—HT7AA 119.6 C15B—CI14B—H14B 119.7
C6A—CTA—HTAA 119.6 N2B—C15B—C16B 125.0 (13)
C7TA—C8A—C9A 121.4 (6) N2B—CI15B—C14B 119.3 (12)
C7A—C8A—HSAA 119.3 C16B—C15B—C14B 115.0 (13)
C9A—C8A—HSAA 119.3 C17B—C16B—C15B 122.3 (16)
N1A—C9A—C8A 117.1 (5) C17B—C16B—H16B 118.8
N1A—C9A—CI0A 121.5 (5) C15B—C16B—H16B 118.8
C8A—C9A—C10A 121.4 (5) C16B—C17B—C12B 120.8 (17)
C11A—C10A—C9A 124.8 (5) C16B—C17B—HI17B 119.6
C11A—C10A—HI10A 117.6 C12B—C17B—H17B 119.6
C9A—C10A—HI10A 117.6 C19B—C18B—N2B 117.3 (18)
Cl0A—C11A—CI12A 128.2 (5) C19B—C18B—H18C 108.0
Cl0A—Cl1A—HI11A 115.9 N2B—C18B—H18C 108.0
Cl12A—Cl1A—HI11A 115.9 C19B—C18B—H18D 108.0
C17A—CI2A—CI3A 115.7 (5) N2B—C18B—H18D 108.0
C17A—CI2A—Cl11A 124.6 (5) H18C—C18B—H18D 107.2
C13A—CI12A—Cl11A 119.5 (5) C18B—C19B—H19D 109.5
Cl4A—C13A—CI2A 121.9 (4) C18B—C19B—HI9E 109.5
Cl4A—C13A—HI3A 119.0 H19D—C19B—HI19E 109.5
C12A—CI13A—HI13A 119.0 C18B—C19B—HI19F 109.5
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C13A—C14A—CI5A 121.7 (4) H19D—C19B—HI9F 109.5
C13A—Cl4A—H14A 119.1 H19E—C19B—HI9F 109.5
C15A—C14A—HI14A 119.1 N2B—C20B—C21B 122.3 (15)
N2A—C15A—C16A 122.5 (3) N2B—C20B—H20C 106.8
N2A—CI5A—Cl4A 121.5 (4) C21B—C20B—H20C 106.8
Cl6A—CI5A—CI4A 115.9 (4) N2B—C20B—H20D 106.8
C17A—C16A—CI15A 121.2 (4) C21B—C20B—H20D 106.8
C17A—C16A—HI16A 119.4 H20C—C20B—H20D 106.6
C15A—C16A—HI16A 119.4 C20B—C21B—H21D 109.5
C16A—C17A—CI2A 123.3 (5) C20B—C21B—H21E 109.5
C16A—C17A—HI17A 1183 H21D—C21B—H21E 109.5
C12A—C17A—HI17A 118.3 C20B—C21B—H21F 109.5
N2A—C18A—C19A 117.0 (4) H21D—C21B—H21F 109.5
N2A—C18A—HI8A 108.0 H21E—C21B—H2IF 109.5
C19A—CI18A—HI8A 108.0 N1B—C22B—H22D 109.5
N2A—C18A—H18B 108.0 N1B—C22B—H22E 109.5
C19A—C18A—H18B 108.0 H22D—C22B—H22E 109.5
H18A—C18A—H18B 107.3 N1B—C22B—H22F 109.5
N2A—C20A—C21A 112.5 (4) H22D—C22B—H22F 109.5
N2A—C20A—H20A 109.1 H22E—C22B—H22F 109.5
C21A—C20A—H20A 109.1 03—S1—01 114.07 (15)
N2A—C20A—H20B 109.1 03—81—02 114.35 (15)
C21A—C20A—H20B 109.1 01—S1—02 111.62 (14)
H20A—C20A—H20B 107.8 03—81—C23 106.58 (13)
C9B—N1B—CIB 121.5 (16) 01—S81—C23 104.45 (14)
C9B—N1B—C22B 120.5 (17) 02—S1—C23 104.65 (14)
C1B—NIB—C22B 117.9 (17) C24—C23—C28 119.3 (3)
C15B—N2B—C20B 123.2 (1) C24—C23—S1 121.7 (2)
C15B—N2B—C18B 120.8 (13) C28—C23—S1 119.0 (2)
C20B—N2B—CI8B 115.2 (13) C23—C24—C25 120.5 (3)
C2B—C1B—NIB 132.0 (17) C23—C24—H24A 119.8
C2B—C1B—C6B 1103 (15) C25—C24—H24A 119.8
N1B—CIB—C6B 117.7 (15) C26—C25—C24 117.8 3)
C3B—C2B—CIB 139.7 (18) C26—C25—H25A 121.1
C3B—C2B—H2BA 110.1 C24—C25—H25A 121.1
C1B—C2B—H2BA 110.1 C25—C26—F1 1182 (3)
C2B—C3B—C4B 1103 (17) C25—C26—C27 123.6 (3)
C2B—C3B—H3BA 124.8 F1—C26—C27 118.2 (3)
C4B—C3B—H3BA 124.8 C28—C27—C26 118.3 (3)
C5B—C4B—C3B 119.2 (18) C28—C27—H27A 120.9
C5B—C4B--H4BA 120.4 C26—C27—H27A 120.9
C3B—C4B—H4BA 120.4 C27—C28—C23 120.6 (3)
C4B—C5B—C6B 123.7 (18) C27—C28—H28A 119.7
C4B—C5B—HS5BA 118.1 C23—C28—H28A 119.7
C6B—CSB—HSBA 118.1 HIW1—O1W—H2W1 112.6
C7B—C6B—C5B 122.4 (18)

C9A—N1A—CIA—C2A ~174.4 (9) C3B—C4B—C5B—C6B -3(5)
C22A—N1A—C1A—C2A 42(11) C4B—C5B—C6B—CTB -171 (4)
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CIA—N1A—CIA—C6A
C22A—N1A—C1A—C6A
N1A—Cl1A—C2A—C3A
C6A—C1A—C2A—C3A
C1A—C2A—C3A—C4A
C2A—C3A—C4A—C5A
C3A—C4A—C5A—CoA
C2A—C1A—C6A—CTA
N1A—C1A—C6A—CTA
C2A—C1A—C6A—CS5A
NIA—CIA—C6A—C5A
C4A—C5A—C6A—CTA
C4A—CSA—C6A—CI1A
Cl1A—C6A—CTA—CBA
C5A—C6A—C7A—CBA
C6A—CTA—C8A—CIA
ClA—NIA—C9A—CS8A
C22A—NI1A—C9A—CBA
C1A—NIA—C9A—CI0A
C22A—N1A—C9A—CI10A
C7A—C8A—C9A—NIA
C7A—C8A—C9A—CI10A
N1A—C9A—C10A—Cl11A
C8A—C9A—CI10A—CI11A
C9A—C10A—C11A—C12A
C10A—C11A—C12A—C17A
C10A—C11A—C12A—C13A
C17A—C12A—C13A—Cl14A
C11A—C12A—C13A—CIl4A
C12A—CI13A—Cl14A—CI5A
C18A—N2A—CI15A—CI16A
C20A—N2A—C15A—Cl16A
C18A—N2A—CI5A—CIl4A
C20A—N2A—C15A—Cl14A
C13A—C14A—C15A—N2A
C13A—C14A—C15A—CI16A
N2A—C15A—C16A—CI17A
C14A—C15A—C16A—CI17A
C15A—C16A—C17A—CI2A
C13A—C12A—C17A—CI6A
C11A—C12A—C17A—Cl16A
C15A—N2A—C18A—C1%A
C20A—N2A—C18A—CI19A
C15A—N2A—C20A—C21A
C18A—N2A—C20A—C21A
C9B—NI1B—CI1B—C2B
C22B—NI1B—C1B—C2B
C9B—N1B—C1B—C6B
C22B—N1B—C1B—C6B

2.9 (14)
~178.4(8)
179.9 (7)
2.6 (8)
0.8 (8)
-1.3 (10)
1.3(11)
178.2 (8)
0.8 (13)
-2.6(12)
~180.0 9)
179.7 (9)
0.6 (13)
-2.4 (16)
178.4 (10)
0.5 (16)
-4.8(17)
176.6 (10)
175.2 (10)
-3.4(17)
3.1(17)
~177.0(10)
~175.9 (11)
4.1(18)
174.7 (11)
2.7(17)
1783 (10)
-0.4(13)
-176.4 (8)
1.5 (10)
-72(7)
179.8 (5)
175.7 (5)
2.6 (7)
173.8 (5)
~3.5(8)
=172.5 (5)
43 (8)
-4.1(11)
1.7 (13)
1774 (8)
~78.4 (6)
95.0 (5)
78.1 (6)
-95.3 (5)
172 (3)
-3 (5)

-6 (6)

179 (3)

C4B—C5B—C6B—CI1B
C2B—CI1B—C6B—C7B
N1B—C1B—C6B—C7B
C2B—CI1B—C6B—C5B
N1B—C1B—C6B—CSB
C5B—C6B—C7B—C8B
C1B—C6B—C7B—C8B
C6B—C7B—C8B—C9B
C1B—N1B—C9B—C8B
C22B—N1B—C9B—C8B
C1B—N1B—C9B—CI10B
C22B-—N1B—C9B—C10B
C7B—C8B—C9B—NIB
C7B—C8B—C9B—C10B
N1B—C9B—C10B—Cl11B
C8B—C9B—C10B—C11B
C9B—C10B—C11B—C12B
C10B—C11B—C12B—C17B
C10B—C11B—C12B—CI13B
C17B—C12B—C13B—C14B
C11B—C12B—C13B—Cl14B
C12B—C13B—C14B—C15B
C20B—N2B—C15B—CI16B
C18B—N2B—C15B—C16B
C20B—N2B—C15B—C14B
C18B—N2B—C15B—C14B
C13B—C14B—C15B—N2B
C13B—C14B—C15B—Cl16B
N2B—C15B—C16B—C17B
C14B—C15B—C16B—Cl17B
C15B—C16B—C17B—C12B
C13B—C12B—C17B—Cl16B
C11B—C12B—C17B—C16B
C15B—N2B-—C18B—C19B
C20B—N2B—C18B—C19B
C15B—-N2B—C20B—C21B
C18B—N2B—C20B—C21B
03—S1—C23—C24
01—S1—C23—C24
02—S81—C23—C24
03—S81—C23—C28
01—S1—C23—C28
02—S1—C23—C28
C28—C23—C24—C25
S1—C23—C24—C25
C23—C24—C25—C26
C24—C25—C26—F1
C24—C25—C26—C27
C25—C26—C27—C28

—4 (6)

174 (4)
—8(6)
7(4)
~175 (4)
179 (4)

13 (6)
~5(6)

13 (7)
-171 (4)
~179 (4)
=3(7)
—-8(7)
-176 (4)
~171 (4)
—4(7)
~178 (4)
-13 (7)
~174 (4)
7(6)

169 (3)
4(4)
-171.0(17)
-23)
0Q2)
169.3 (17)
179.4 (19)
-9(3)

175 (2)
3(3)

7 (4)
-12(6)
-173 (3)
95 (2)
~95(2)
-82(2)
108 (2)
-89.9 (2)
149.0 2)
31.6 (3)
87.8 (3)
-333(3)
-150.7 (2)
0.2 (4)
178.0 (2)
~0.2 (4)
~179.2 (2)
-0.2 (5)
0.6 (5)
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N1B—C1B—C2B—C3B 179 (3) F1—C26—C27—C28 179.5(3)
C6B—C1B—C2B—C3B -3(2) C26—C27—C28—C23 —0.5(5)
C1B—C2B—C3B—C4B -4.1(16) C24—C23—C28—C27 0.14)
C2B—C3B—C4B—CSB 6(3) S1—C23—C28—C27 -177.7(3)

Hydrogen-bond geometry (4, °)

D—H-A D—H H-A DA D—H-A
O1W—H1W1--01 0.94 1.95 2.872 (4) 168
O1W—H2W1-+02 0.90 2.09 2.909 (4) 151
C204—H20B-F1¥ 0.97 2.50 3.471 (6) 179
C25—H254-+01 Wi , 0.93 2.43 3341 (4) 167

Symmetry codes: (i) —x+1, y+1/2, =z+3/2; (i1) —x, y+3/2, —z+3/2; (iii) x, y—1, z.
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Key indicators: single-crystal X-ray study; T = 100 K; mean o(C~C) = 0.007 A;
disorder in main residue; R factor = 0.076; wR factor = 0.201; data-to-parameter
ratio = 15.1.

The asymmetric unit of the title hydrated salt, C,,H,sN,*--
CsH4ClO58™-H,0, comprises two 2-[4-(diethylamino)styryl]-
1-methylquinolin-1-jum cations, two 4-chlorobenzenesulfon-
ate anions and two solvent water molecules. One ethyl group
of both cations displays disorder over two positions in a
0.659 (2):0.341 (2) ratio in one molecule and in a
0.501 (2):0.499 (2) ratio in the other. The sulfonate group of
one anion is also disordered over two positions in a
0.893 (7):0.107 (7) ratio. The dihedral angle between the mean
plane of the quinolinium ring system and that of benzene ring
is 10.57 (18)° in one cation and 14.4 (2)° in the other. In the
crystal, cations, anions and water molecules are linked into
chains along the [010] direction by O—H- - -Ogyionate hydrogen
bonds, together with weak C—H: - -Ogygonare and C—H- - -Cl
interactions. The cations are stacked by — interactions, with
centroid—centroid distances in the range 3.675 (2)—4.162 (3) A.

Related literature

For standard bond lengths, see: Allen et al. (1987). For back-
ground to and applications of quarternary ammonium
compounds, see: Barchéchath et al. (2005); Chanawanno et al.
(2010a,b); Bolden et al. (2013). For related structures, see:
Chantrapromma et al. (2012); Fun, Kaewmanee et al. (2011,
2013); Kaewmanee et al (2010). For the stability of the
temperature controller used in the data collection, see: Cosier
& Glazer (1986).

1 Thomson Reuters ResearcherID: A-5085-2009.
§ Additional correspondence author, e-mail: hkfun@usm.my. Thomson
Reuters ResearcherID: A-3561-2009.
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(o)
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Experimental
Crystal data
CpHasN, -CeH, ClO,8™ H,0 V = 5176.8 (14) A®
M, = 527.07 Z=8

Monoclinic, Pzt Jc
a=25814(4) A |
b = 10.5563 (16) A
c=20333(3) A
B =110.883 (2)°

Mo Ka radiation

# =027 mm™!
T=100K

0.31 x 0.19 x 0.15 mm

Data collection

Bruker SMART APEXII DUO
CCD area-detector
diffractometer

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

Tin = 0.923, Ty = 0.961

28821 measured reflections
10657 independent reflections
6269 reflections with I > 20(J)
R = 0.064

Refinement

R[F? > 20(F%)] = 0.076
wR(F?) = 0201
§=1.04

10657 reflections

708 parameters

H-atom parameters constrained
Aprax = 0.61 e A7

Appin = =043 e A3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D-H H---A D--.A D—H.--A
O1WB—HIWB...01B! 0.85 2.36 2.815(7) 114
O1WB-—-H2WB. . .02B" 0.83 212 2.953 (7) 177
O1WA—~HIWA. - 024 0.84 2.07 2.891 (5) 166
O1WA —-H2WA.-.014 0.76 2.10 2.844 (4) 169
C8A—HBAA---034" 093 2.54 3.146 (5) 123
C2B—H2BA. - -O3B" 0.93 2.57 3314 (7) 137
Cl1B—HI1B---O1B" 0.93 241 3.237(6) 148
C18Y—HIBE- --CllA"Y 097 272 3.673 (19) 169
C19B~-HI19D- - -Cl1B"# 0.96 273 3.531(14) 142
C22B—H22D- - -02B"% 0.96 2.55 3.259 (7) 131
C25A—H25A4: - 034" 0.93 2.56 3.359(5) 144

Symmetry codes: () x +1,y, 2, (if) ~x + 1,y —§, —z + 5 (i) ~x + 1,y +4, —z + L (v
—x+l-y+l -z (V) x+Llyz+l () x+l—y+dz+k  (vid)
~x+1, -y, —z+1; (viii) —x+ 1,y — %. -~z +%.

Data collection: APEX2 (Bruker, 2009); cell refinement: APEX2;
data reduction: SAINT (Bruker, 2009); 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, PLATON (Spek,
2009), Mercury (Macrae et al., 2008) and pubICIF (Westrip, 2010).

The authors thank the Prince of Songkla University for a
research grant. An antibacterial assay by Dr Teerasak
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(E)-2-[4-(Diethylamino)styryl]-1-methylquinolin-1-ium 4-chlorobenzene-
sulfonate monohydrate

Suchada Chantrapromma, Narissara Kaewmanee, Nawong Boonnak, Ching Kheng Quah and
Hoong-Kun Fun

1. Comment

The bioactivity of compounds containing the quinolinium chemophore has been the subject of a number of reports
(Barchéchath er al., 2005; Chanawanno et al., 2010a, 20105 and Bolden et al., 2013). The title quinolinium derivative (I)
was synthesized and tested for antibacterial activities against gram positive bacteria including Bacillus subtilis,

" Enterococcus faecalis, Staphylococcus aureus, Methicillin-Resistant Staphylococcus aureus and Vancomycin-Resistant
Enterococcus faecalis, and gram negative bacteria including Pseudomonas aeruginosa, Shigella sonnei and Salmonella
typhi. Our antibacterial assay has shown that (I) is strongly active against B. subtilis and P. aeruginosa with a minimum
inhibition concentration (MIC) of 9.37 ug/ml for both strains. In addition (I) also showed moderate activity against E.
faecalis with an MIC value of 37.5 ug/ml. Herein the crystal structure of (I} is reported.

The asymmetric unit of the title compound (I) (Fig. 1) consists of two C;,HasN,* cations, two CsHsCl0sS" anions and
two solvent HO molecules [the two molecules are denoted as molecules 4 and B]. One ethy! unit of diethylamino group
of both cation molecules displays disorder over two positions with refined site occupancy ratios of 0.659 (2):0.341 (2)
and 0.501 (2):0.499 (2) for molecules 4 and B, respectively. The sulfonate group of the anion B also shows disorder over
two positions with a refined site occupancy ratio of 0.893 (7):0.107 (7). The cations exist in the £ configuration with
respect to the C10=C11 double bond [1.343 (6) A] and the torsion angle is C9—C10-C11-C12 of 174.6 (4)° for molecule
A [the corresponding values are 1.324 (6) A and -172.5 (4)° for molecule B]. The C1-C9/N1 quinolinium ring system is
essentially planar with zm.s. deviations of 0.0293 (4) and 0.0198 (5) A for molecules A and B, respectively. The dihedral
angle between the mean-plane of the quinolinium ring system and that of C12-C17 benzene ring is 10.57 (18) and
14.4 (2) ° for molecules 4 and B, respectively. The disorder of the ethyl groups in each cation result in the diethylamino
substituents having two different configurations in which the two ethyl groups either point away from one another (Fig. 1
and Fig. 2), or towards one another (Fig. | and Fig. 3). The diethylamino substituents also deviate from the planes of the
benzene rings to which they are attached as indicated by the torsion angles C15A-N2A~C18A~C19A =-84.1 (7)° and
C15A-N2A-C20A-C21A = -96.3 (8)° (major component A) and C15A-N2A—-C20X~C21X = 100.0 (11)° (minor
component X). In molecule B, the torsion angles C15B-N2B-C20B-C21B = 79.0 (8)° and C15B-N2B-C18B-C19B =
-83.7 (10)° (major component B) and C15B-N2B-C18Y-C19Y = 112.6 (10)° (minor component ¥). The bond lengths
are in normal ranges (Allen ez al., 1987) and comparable to those found in some closely related structures
(Chantrapromma et al., 2012; Fun, Kaewmanee et al., 2011, 2013 and Kaewmanee et al., 2010).

In the crystal packing, the cations, anions and water molecules are linked into chains along the [0 1 0] direction by O—
H-+*Oguifonzee hydrogen bonds together with weak C—H-**Ogyionare and C—H-+Cl interactions (Fig. 4 and Table 1). The
cations are stacked through z— interactions with the centroid distances Cg;Cg,™ = 3.675 (2) A, Cg;~-Cg," = 4.106 (3)
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A, Cg-Cgs*=4.018 (3) A, Cgis-Cgis* =3.687 (3) A, Cgie--Cgi* =3.714 (3) A and Cgis-Cgisi=4.162(3) A
[symmetry codes are as in in Table 1 and (ix) = 1-x, -y, -z; (x) = 2-x, 2-y, 2~z and (xi) = 2-x, 1-y, 2-z]; Cg,, Cgs, Cgs, Cgus,
Cgi7 and Cgs are the centroids of the N1A/C1A/C6A-C9A, C1A-C6A, C12A-C17A, N1B/C1B/C6B-C9B, C1B-C6B
and C12B-Cl17B rings, respectively. Fig. 5 shows these 77 interactions only for the major disorder components.

2. Experimental

The title compound was prepared by stirring silver (I) 4-chlorobenzenesulfonate (0.95 g, 3.16 mmol) and (E)-2-(4-(di-
ethylamino)styryl)-1-methylquinolinium iodide (1.44 g, 3.16 mmol) in methanol (100 ml) for ca. 0.5 h. The precipitate of
silver iodide which formed was filtered out and the filtrate was evaporated to give the title compound as a brown solid.
Brown block-shaped single crystals of the title compound suitable for X-ray structure determination was recrystallized
from ethanol by slow evaporation at room temperature over a few weeks, Mp. 471-473 X.

3. Refinement

All H atoms were positioned geometrically and allowed to ride on their parent atoms with d(O-H) = 0.76-0.85 A, d(C-H)
=0.93 A for aromatic and CH, 0.97 A for CH, and 0.96 A for CH; atoms. The U, values were constrained to be 1.5 Ue,
of the carrier atom for water and methyl H atoms and 1.2U,, for the remaining H atoms. A rotating group model was used
for the methyl groups. The two cations (molecules 4 and B) and one anion (molecule B) are disordered over two sites

Figure 1

The asymmetric unit of (I) showing 40% probability displacement ellipsoids and the atom-numbering scheme. Open

bonds show the minor disorder component.
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Figure 2
The molecular structure of the major component 4 showing the configuration of diethylamino group. Only cation A is

shown.

Figure 3
The molecular structure of the minor component X showing the configuration of diethylamino group which differs from

that of the major component 4. Only cation A is shown.
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Figure 4
The crystal packing of the major component viewed along the a axis showing chains running along the b axis. The O—
H-O hydrogen bonds and weak C—H-+-O and C—H---C! interactions are drawn as dashed lines.
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@ Cg1 = NIA'CIA/CBA-CBA “ Cg16 = N1B/C1B/CBB--CoB

® Cg2 = C1A-CBA
@ Cg3=C12A-Cl17A

Figure 5

@ Cg17 = C1B--C8B
+ Cg18=C128-C178

7— interactions between the aromatic rings of the major disorder components of the cations.

(E)-2-[4-(Diethylamino)styryl]-1-methylquinolin-1-ium 4-fluorobenzenesulfonate monohydrate

Crystal data

C22H25N2+'C5H4C103S_'H20
M,.=527.07

Monoclinic, P2,/c

Hall symbol: -P 2ybc
a=25814(4) A
b=10.5563 (16) A
c=20333(3)A

S =110.883 (2)°
V=5176.8 (14) A

Z=8

Data collection

Bruker SMART APEXII DUO CCD area-
detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and  scans

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

Tin = 0.923, Trax = 0.961

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F?)]=0.076
wR(F?)=0.201

S=1.04

10657 reflections

708 parameters

F(000) =2224

D,=1352Mgm™

Melting point = 471-473 K

Mo Ka radiation, 1 = 0.71073 A

Cell parameters from 10657 reflections
0=2-26.5°

4 =027 mm™!

T=100K

Block, brown

0.31x0.19 x 0.15 mm

28821 measured reflections
10657 independent reflections
6269 reflections with 1> 20(J)
R, =0.064

Omex = 26.5°, Opin = 2.0°
h=-30—32

k=-13—-13

[=-25—-25

0 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites
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H-atom parameters constrained
w=1/[a*(F?) + (0.0652P) + 7.6849P]
where P = (F,2+ 2F.2)/3

(A6 )max = 0.001
Apmex = 0.61 € A7
Apmin=—0.43 ¢ A3

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 Ls. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on P,
conventional R-factors R are based on F, with F set to zero for negative F?. The threshold expression of F2 > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (4?)

X y z Usso*/Ueq Occ. (<1)
CliA 0.27801 (5) 0.17454 (13) 0.13432 (7) 0.0684 (4)
SIA 0.46207 (4) 0.58226 (11) 0.26409 (5) 0.0415 (3)
OlA 0.43655 (13) 0.6836 (3) 0.29041 (14) 0.0512 (8)
0O2A 0.50670 (12) 0.5209 (3) 0.31975 (14) 0.0578 (9)
03A 0.47678 (12) 0.6192 (3) 0.20454 (14) 0.0538 (8)
C23A 0.32927 (17) 0.2876 (4) 0.17242 (19) 0.0404 (10)
C24A 0.38262 (17) 0.2482 (4) 0.2059 (2) 0.0411 (10)
H24A 0.3915 0.1625 0.2090 0.049*
C25A 0.42288 (17) 0.3380 (4) 0.23497 (18) 0.0388 (9)
H25A 0.4594 0.3127 0.2578 0.047*
C26A 0.40971 (14) 0.4651 (4) 0.23066 (16) 0.0311 (8)
C27A 0.35560 (17) 0.5029 (4) 0.1966 (2) 0.0415 (10)
H27A 0.3467 0.5886 0.1933 0.050*
C28A 0.31469 (17) 0.4142 (5) 0.1674 (2) 0.0483 (11)
H28A 0.2780 0.4389 0.1447 0.058*
NI1A 0.45312 (13) 0.3584 (3) 0.01622 (15) 0.0406 (8)
N2A 0.7161 (2) ~0.2368 (5) 0.1056 (2) 0.0799 (15)
Cl1A 0.41975 (15) 0.4623 (4) —0.01354 (19) 0.0402 (10)
C2A 0.39663 (18) 0.5404 (5) 0.0243 (2) 0.0529 (12)
H2AA 0.4035 0.5240 0.0716 0.064*
C3A 0.3643 (2) 0.6400 (5) —-0.0077 (3) 0.0632 (13)
H3AA 0.3492 0.6909 0.0183 0.076*
C4A 0.35306 (19) 0.6681 (5) -0.0783 (3) 0.0570 (12)
H4AA 0.3298 0.7354 —-0.0995 0.068*
CsA 037609 (17) 0.5973 (5) ~0.1160 (2) 0.0520 (12)
HSAA 0.3695 0.6179 -0.1627 0.062*
C6A 0.41001 (16) 0.4924 (4) —0.0853 (2) 0.0443 (10)
C7A 0.43683 (17) 0.4199 (5) —0.12117 (19) 0.0489 (11)
H7AA 0.4310 0.4386 —0.1680 0.059*
C8A 0.47081 (18) 0.3236 (5) —0.0897 (2) 0.0489 (11)
H8AA 0.4885 0.2782 —0.1148 0.059*
C9A 0.48013 (15) 0.2900 (4) ~0.01798 (18) 0.0388 (9)
Acta Cryst. (2014). E70, 0395-0396 sup-6
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C10A
HI10A
CllA
HI11A
Cl12A
Cl13A
HI13A
Ci4A
H14A
Cl5A
CleA
H16A
C17A
H17A
C18A
H18A
H18B
CI9A
HISA
H19B
H19C
C20A
H20A
H20B
C21A
H21A
H21B
H21C
C20X
H20C
H20D
C21X
H21D
H21E
H21F
C22A
H22A
H22B
H22C
CilB
S1B
O1B
0O2B
O3B
010 ¢
o2y
o3y
C23B
C24B

0.51864 (16)
0.5250
0.54617 (16)
0.5367
0.58865 (16)
0.61718 (17)
0.6074
0.65862 (19)
0.6770
0.67463 (19)
0.64536 (18)
0.6543
0.60460 (16)
0.5868
0.7320 (2)
0.7491
0.6990
0.7719 (2)
0.7793
0.7558
0.8059
0.7593 (5)
0.7613
0.7957
0.7402 (4)
0.7679
0.7061
0.7343
0.7305 (7)
0.7008
0.7401
0.7817 (9)
0.7937
0.8111
0.7718
0.45767 (19)
0.4675
04227
0.4857
0.22680 (5)
0.04143 (5)
—0.00922 (17)
0.0603 (2)
0.03461 (16)
0.0265 (16)
0.075 (2)
0.0062 (12)
0.17478 (17)
0.18873 (19)

0.1924 (4)
0.1775
0.1210 (4)
0.1329
0.0282 (4)
~0.0274 (4)
-0.0054
-0.1123 (5)
~0.1450
-0.1524 (5)
~0.0960 (4)
-0.1190
~0.0093 (4)
0.0261
~0.2810 (5)
-0.3639
-0.2901
-0.1921 (6)
~0.2224
-0.1091
~0.1882
—0.2587 (10)
-0.1855
-0.2733
-0.3732 (10)
-0.3966
—0.3541
~0.4422
—0.3315 (18)
-0.3424
~0.4128
-0.265 (2)
-0.3111
~0.2615
~0.1801
0.3216 (5)
0.2336
0.3352
0.3719
0.59222 (12)
1.00755 (13)
0.9418 (5)
1.0986 (4)
1.0545 (4)
1.006 (4)
1.122 (5)
0.977 (3)
0.7065 (4)
0.8286 (5)

0.01698 (19)
0.0643
-0.01445 (19)
-0.0626
0.01772 (18)
~0.02134 (19)
-0.0685
0.0065 (2)
-0.0217
0.0774 (2)
0.1171 (2)
0.1640
0.08862 (19)
0.1167
0.1780 (2)
0.1819
0.1899
0.2300 (2)
0.2770
0.2251
0.2209
0.0703 (5)
0.0424
0.1055
0.0241 (7)
0.0050
~0.0137
0.0514
0.0610 (10)
0.0159
0.0844
0.0534 (10)
0.0209
0.0984
0.0361
0.0879 (2)
0.0953
0.0936
0.1216
0.37098 (6)
0.30263 (6)
0.3027 (2)
0.35813 (19)
0.23477 (17)
0.359 (2)
0.278 3)
0.2366 (14)
0.35240 (19)
0.3746 (2)

0.0412 (10)
0.049*
0.0435 (10)
0.052*
0.0403 (10)
0.0460 (11)
0.055*
0.0515 (12)
0.062*
0.0515 (11)
0.0488 (11)
0.059*
0.0443 (10)
0.053*
0.0714 (15)
0.086*
0.086*
0.0733 (16)
0.110%
0.110*
0.110*
0.056 (3)
0.067*
0.067*
0.075 (4)
0.113*
0.113*
0.113*
0.049 (6)
0.059*
0.059*
0.057 (5)
0.086*
0.086*
0.086*
0.0559 (13)
0.084*
0.084*
0.084*
0.0612 (3)
0.0579 (3)
0.0866 (18)
0.0867 (19)
0.0595 (13)
0.075 (11)*
0.113 (17)*
0.048 (9)*
0.0402 (10)
0.0515 (11)

0.66 (2)
0.66 (2)
0.66 (2)
0.66 (2)
0.66 (2)
0.66 (2)
0.66 (2)
034 (2)
0.34 (2)
034 (2)
034 (2)
034 (2)
034 (2)
034 (2)

0.893 (7)
0.893 (7)
0.893 (7)
0.107 (7)
0.107 (7)
0.107 (7)
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H24B
C25B
H25B
C26B
C27B
H27B
C28B
H28B
N1B
N2B
CIB
C2B
H2BA
C3B
H3BA
C4B
H4BA
CSB
H5BA
Cé6B
C7B
H7BA
C8B
HE8BA
C9B
CI10B
H10B
C11B
H11B
C12B
C13B
H13B
Cl4B
H14B
C15B
C16B
H16B
Ci7B
H17B
C18B
H18C
H18D
C19B
HI19D
HI19E
HI9F
C18Y
H18E
H18F

0.2254
0.14773 (19)
0.1570
0.09301 (17)
0.08004 (18)
0.0433
0.12075 (18)
0.1117
1.03757 (14)
0.7638 (2)
1.07121 (16)
1.0951 (2)
1.0896
1.1261 (2)
1.1421
1.1352 (2)
1.1571
1.1124 (2)
1.1185
1.07887 (18)
1.0522 (2)
1.0571
1.01959 (19)
1.0021
1.01126 (17)
0.97260 (17)
0.9677
0.94348 (18)
0.9526
0.89936 (17)
0.8711 (2)
0.8823
0.82772 (19)
0.8104
0.8085 (2)
0.8378 (2)
0.8274
0.88144 (19)
0.8994
0.7377 (4)
0.6995
0.7385
0.7729 (7)
0.7571
0.8101
0.7734
0.7654 (8)
0.7575
0.7998

0.8500
0.9191 (4)
1.0021
0.8887 (4)
0.7646 (4)
0.7425
0.6726 (4)
0.5892
0.8261 (4)
0.2637 (6)
0.9334 (4)
1.0019 (5)
0.9767
1.1042 (6)
1.1485
1.1459 (5)
1.2170
1.0837 (5)
1.1117
0.9748 (5)
0.9091 (5)
0.9355
0.8085 (4)
0.7671
0.7638 (4)
0.6636 (4)
0.6381
0.6051 (4)
0.6256
0.5137 (4)
0.4738 (5)
0.5046
0.3919 (5)
0.3683
0.3420 (5)
0.3800 (6)
0.3478
0.4641 (5)
0.4884
0.2303 (11)
0.2045
03013
0.1191 (16)
0.0886
0.1476
0.0519
0.1500 (17)
0.0654
0.1505

0.3997
03592 (2)
0.3741
0.32205 (19)
0.3010 (2)
0.2763
03161 (2)
03018
1.05282 (18)
0.8629 (2)
1.0564 (2)
1.1184 (3)
1.1592
1.1192 (3)
1.1611
1.0598 (4)
1.0623
0.9981 (3)
0.9581
0.9949 (3)
0.9319 (3)
0.8909
0.9299 (2)
0.8873
0.9921 (2)
0.9875 (2)
1.0287
0.9283 (2)
0.8893
0.9161 (2)
0.8474 (2)
0.8118
0.8300 (2)
0.7832
0.8811 (2)
0.9517 2)
0.9878
0.9675 (2)
1.0141
0.9135 (6)
0.8896
0.9441
0.9558 (7)
0.9890
0.9806
0.9242
0.9252 (11)
0.9055
0.9655

0.062*
0.0501 (11)
0.060*
0.0409 (10)
0.0474 (11)
0.057*
0.0449 (10)
0.054*
0.0477 (9)
0.100 (2)
0.0478 (11)
0.0644 (14)
0.077*
0.0761 (16)
0.091*
0.0747 (16)
0.090*
0.0654 (14)
0.079*
0.0537 (12)
0.0593 (13)
0.071*
0.0533 (12)
0.064*
0.0426 (10)
0.0447 (10)
0.054*
0.0486 (11)
0.058*
0.0441 (10)
0.0578 (13)
0.069*
0.0562 (13)
0.067*
0.0624 (14)
0.0713 (16)
0.086*
0.0527 (12)
0.063*
0.039 (4)
0.047*
0.047*
0.059 (4)
0.089*
0.089*
0.089*
0.073 (5)
0.087*
0.087*

0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
0.50 (2)
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Cl19Y 0.7197 (6) 0.2047 (14) 0.9404 (7) 0.081 (5) 0.50 (2)
H19G 0.7132 0.1565 0.9768 0.122* 0.50 (2)
H19H 0.6870 0.2033 0.8987 0.122* 0.50 (2)
H191 0.7284 0.2906 0.9558 0.122* 0.50 (2)
C20B 0.7343 (2) 0.2220 (6) 0.7893 (2) 0.0650 (14)
H20E 0.7304 0.2936 0.7580 0.078*
H20F 0.6974 0.1936 0.7845 0.078*
C21B 0.7635 (2) 0.1176 (6) 0.7675 (3) 0.0732 (15)
H21G 0.7438 0.0970 0.7190 0.110*
H21H 0.7652 0.0443 0.7961 0.110*
H211 0.8005 0.1442 0.7733 0.110*
C22B 1.0325 (2) 0.7835 (5) 1.1179 (2) 0.0666 (14)
H22D 1.0187 0.6982 1.1123 0.100*
H22E 1.0071 0.8377 1.1296 0.100*
H22F 1.0681 0.7865 1.1550 0.100*
O1WA 0.40302 (13) 0.9141 (3) 0.21471 (18) 0.0667 (9)
HIWB 09111 0.8460 0.2208 0.100*
H2WB 09173 0.7813 0.1665 0.100%*
O1WB 0.9093 (2) 0.8517 (5) 0.1784 (3) 0.1310(19)
HIWA 0.4309 0.9315 0.2043 0.197*
H2WA 0.4077 0.8524 0.2351 0.197*
Atomic displacement parameters (42)

Ull UZZ U33 U12 (Jl} IJZS
Cl1A 0.0795 (8) 0.0702 (9) 0.0648 (7) —0.0410 (7) 0.0372 (6) —0.0300 (7)
S1A 0.0496 (6) 0.0487 (7) 0.0280 (4) —0.0144 (5) 0.0162 (4) —0.0073 (4)
O1A 0.071 (2) 0.0453 (18) 0.0434 (15) —0.0149 (16) 0.0283 (15) —0.0155 (14)
02A 0.0490 (17) 0.079 (2) 0.0356 (14) —0.0096 (17) 0.0026 (13) —0.0031 (15)
O3A 0.0645 (19) 0.065 (2) 0.0391 (15) —0.0277 (17) 0.0270 (14) —0.0083 (14)
C23A 0.053 (2) 0.038 (2) 0.0353 (19) -0.017 (2) 0.0216 (18) —0.0094 (18)
C24A 0.060 (3) 0.030 (2) 0.044 (2) 0.000 (2) 0.032 (2) 0.0002 (19)
C25A 0.047 (2) 0.043 (3) 0.0308 (18) 0.004 (2) 0.0203 (17) 0.0016 (18)
C26A 0.038 (2) 0.036 (2) 0.0213 (15) —0.0057 (18) 0.0139 (14) —0.0020 (15)
C27A 0.052 (2) 0.032 (2) 0.040 (2) 0.005 (2) 0.0160 (19) 0.0017 (18)
C28A 0.040 (2) 0.055(3) 0.046 (2) -0.002 (2) 0.0107 (19) —0.006 (2)
N1A 0.0411 (18) 0.054 (2) 0.0299 (15) —0.0039 (18) 0.0160 (14) 0.0051 (16)
N2A 0.099 (3) 0.095 (4) 0.047 (2) 0.049 (3) 0.027 (2) 0.018 (2)
ClA 0.035(2) 0.048 (3) 0.0354 (19) -0.010 (2) 0.0100 (16) 0.0043 (19)
C2A 0.050 (3) 0.064 (3) 0.051 (2) -0.001 (3) 0.026 (2) 0.006 (2)
C3A 0.056 (3) 0.070 (4) 0.070 (3) 0.003 (3) 0.030 (3) 0.007 (3)
C4A 0.049 (3) 0.054 (3) 0.064 (3) -0.002 (2) 0.014 (2) 0.011 (3)
Cs5A 0.039 (2) 0.063 (3) 0.043 (2) —0.008 (2) 0.0005 (19) 0.014 (2)
C6A 0.036 (2) 0.058 (3) 0.037 (2) —0.014 (2) 0.0114 (17) —-0.002 (2)
C7A 0.048 (2) 0.068 (3) 0.0252 (18) —0.011 (2) 0.0063 (17) 0.008 (2)
C8A 0.052 (2) 0.063 (3) 0.0303 (19) 0.001 (2) 0.0139 (18) 0.007 (2)
C9A 0.034 (2) 0.051 (3) 0.0316 (18) -0.010 (2) 0.0125 (16) —0.0017 (18)
C10A 0.044 (2) 0.053 (3) 0.0271 (18) —0.008 (2) 0.0129 (17) 0.0007 (18)
Cl1A 0.044 (2) 0.059 (3) 0.0250 (17) -0.012 (2) 0.0087 (16) 0.0010 (18)
Cl2A 0.041 (2) 0.048 (3) 0.0304 (18) —0.004 (2) 0.0112 (16) 0.0003 (18)
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CI13A 0.051 (2) 0.059 (3) 0.0266 (18) 0.003 (2) 0.0123 (17) 0.0004 (19)
Cl4A 0.062 (3) 0.060 (3) 0.034 (2) 0.011 (3) 0.019 (2) -0.001 (2)
CI15A 0.057 (3) 0.056 (3) 0.039 (2) 0.006 (2) 0.013 (2) 0.003 (2)
Cl6A 0.058 (3) 0.057 (3) 0.0323 (19) 0.000 (2) 0.0169 (19) 0.006 (2)
Cl17A 0.044 (2) 0.059 (3) 0.0317 (19) 0.000 (2) 0.0153 (17) 0.001 (2)
CI18A 0.087 (4) 0.068 (4) 0.055 (3) 0.025 (3) 0.020 (3) 0.024 (3)
Ci%A 0.077 (3) 0.093 (5) 0.048 (3) 0.008 (3) 0.021 (3) 0.033 (3)
C20A 0.061 (7) 0.045 (5) 0.051 (5) 0.011 (6) 0.008 (4) 0.007 (4)
C21A 0.089 (7) 0.055 (6) 0.069 (7) 0.016 (5) 0.013 (5) 0.000 (5)
C20X 0.054 (9) 0.038 (10) 0.051 (10) —0.011 (8) 0.014 (7) 0.000 (8)
C21X 0.056 (12) 0.060 (12) 0.060 (10) 0.004 (9) 0.026 (8) 0.009 (8)
C22A 0.066 (3) 0.074 (4) 0.036 (2) 0.007 (3) 0.028 (2) 0.011 (2)
Cl1B 0.0747 (8) 0.0558 (8) 0.0571 (6) 0.0224 (7) 0.0284 (6) -0.0002 (6)
SIB 0.0768 (8) 0.0564 (8) 0.0458 (6) 0.0258 (7) 0.0285 (6) 0.0085 (6)
Ol1B 0.069 (3) 0.111 (4) 0.102 (3) 0.033(3) 0.059 (3) 0.043 (3)
02B 0.122 (4) 0.082 (3) 0.048 (2) 0.061 (3) 0.020 (2) —0.009 (2)
03B 0.077 (3) 0.060 (3) 0.0453 (19) 0.021 (2) 0.0270 (18) 0.0125 (18)
C23B 0.055 (3) 0.038 (2) 0.0343 (19) 0.011 (2) 0.0236 (19) 0.0012 (18)
C24B 0.050 (3) 0.052 (3) 0.053 (2) —0.004 (2) 0.019 (2) -0.015 (2)
C25B 0.065 (3) 0.035 (2) 0.057 (3) -0.004 (2) 0.030 (2) -0.011 (2)
C26B 0.051 (2) 0.042 (3) 0.0334 (19) 0.003 (2) 0.0192 (18) 0.0005 (18)
C27B 0.051 (2) 0.049 (3) 0.043 (2) —0.004 (2) 0.0179 (19) —0.011 (2)
C28B 0.062 (3) 0.033 (2) 0.047 (2) —0.005 (2) 0.030 (2) —0.0081 (19)
Ni1B 0.050 (2) 0.045 (2) 0.049 (2) 0.0006 (19) 0.0180 (16) —0.0041 (17)
N2B 0.111 (4) 0.154 (5) 0.045 (2) ~-0.086 (4) 0.039 (2) -0.033 (3)
CIB 0.037 (2) 0.037 (3) 0.067 (3) 0.003 (2) 0.015 (2) 0.003 (2)
C2B 0.052 (3) 0.064 (4) 0.066 (3) 0.000 (3) 0.007 (2) —0.010 (3)
C3B 0.055 (3) 0.062 (4) 0.094 (4) —-0.006 (3) 0.006 (3) -0.013 (3)
C4B 0.049 (3) 0.048 (3) 0.118 (5) -0.005 (3) 0.018 (3) —0.008 (4)
C5B 0.054 (3) 0.049 (3) 0.101 (4) 0.000 (3) 0.035(3) 0.008 (3)
Cé6B 0.043 (2) 0.046 (3) 0.071 (3) 0.010 (2) 0.020 (2) —0.005 (2)
C7B 0.067 (3) 0.058 (3) 0.065 (3) 0.003 (3) 0.038 (3) 0.006 (3)
C8B 0.063 (3) 0.047 (3) 0.057 (3) —0.011 (2) 0.030 (2) 0.000 (2)
C9B 0.050 (2) 0.035 (2) 0.044 (2) 0.004 (2) 0.0179 (19) —0.0065 (19)
Cl10B 0.052 (2) 0.042 (3) 0.043 (2) —-0.003 (2) 0.0211 (19) 0.000 (2)
Cl1B 0.064 (3) 0.046 (3) 0.045 (2) —0.005 (2) 0.030 (2) —0.002 (2)
C12B 0.055 (2) 0.039 (3) 0.045 (2) -0.003 (2) 0.0257 (19) —0.0014 (19)
CI13B 0.073 (3) 0.063 (3) 0.044 (2) —0.019 (3) 0.029 (2) —0.010 (2)
Cl4B 0.064 (3) 0.070 (4) 0.039 (2) —0.013 (3) 0.025 (2) —0.009 (2)
CI15B 0.066 (3) 0.084 (4) 0.042 (2) —-0.030 (3) 0.026 (2) -0.014 (2)
C16B 0.088 (4) 0.096 (4) 0.040 (2) -0.040 (3) 0.036 (2) -0.018 (3)
Cl17B 0.063 (3) 0.057 (3) 0.040 (2) —-0.011 (3) 0.021 (2) -0.013 (2)
Cl18B 0.035 (5) 0.045 (7) 0.048 (6) —0.016 (5) 0.027 (4) —-0.013 (5)
CI19B 0.091 (9) 0.045 (9) 0.036 (6) -0.021 (7) 0.016 (7) 0.003 (5)
C18Y 0.101 (12) 0.045 (10) 0.081 (13) —-0.007 (9) 0.043 (11) —-0.007 (9)
Cl19Y 0.082 (10) 0.108 (11) 0.061 (7) —-0.012 (8) 0.035(7) 0.011 (D)
C20B 0.056 (3) 0.085 4) 0.053 (3) —0.021 (3) 0.019 (2) —0.020 (3)
C21B 0.072 (3) 0.073 (4) 0.068 (3) -0.008 (3) 0.017 (3) —-0.003 (3)
C22B 0.081 (3) 0.069 (4) 0.048 (3) —-0.011 (3) 0.020 (2) —-0.003 (2)
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OIWA  0.0540(19)  0.072 (2) 0.074 (2) 0.0148 (18) 0.0227(17)  0.0020(19)
OIWB  0.103 (4) 0.110 (4) 0.169 (5) 0.040 (3) 0.036 (3) 0.045 (4)

Geometric parameters (A, °)

Cl1A—C23A
S1A—O03A
S1A—O2A
S1IA—O1A
SIA—C26A

C23A—C24A

C23A—C28A
C24A—C25A
C24A—H24A
C25A—C26A
C25A—H25A
C26A—C27A
C27A—C28A
C27A—H27A
C28A—H28A
NI1A—CO9A
NIA—CIA
NIA—C22A
N2A—CIS5A
N2A—C18A
N2A—C20X
N2A—C20A
CIA—C2A
Cl1A—C6A
C2A—C3A
C2A—H2AA
C3A—C4A
C3A—H3AA
C4A—C5A
C4A—H4AA
C5A—C6A
C5A—HS5AA
C6A—C7A
C7A—C8A
CTA—HTAA
C8A—C9A
C8A—HSAA
C9A—CI10A
C10A—Cl1A
C10A—H10A
Cl1A—CI2A
Cl1A—HI11A
C12A—C13A
C12A—CI17A
Ci13A—Cl4A

1.745 (4)
1.446 (3)
1.449 (3)
1.455 (3)
1.779 (4)
1.366 (6)
1.382 (6)
1.375 (6)
0.9300
1.379 (5)
0.9300
1.378 (5)
1.378 (6)
0.9300
0.9300
1.355 (5)
1.393 (5)
1.473 (5)
1.352 (6)
1.457 (6)
148 (2)
1.546 (15)
1.398 (6)
1,425 (5)
1.356 (7)
0.9300
1.392 (6)
0.9300
1.350 (6)
0.9300
1.411 (6)
0.9300
1.400 (6)
1.346 (6)
0.9300
1.435 (5)
0.9300
1.433 (6)
1.343 (6)
0.9300
1.442 (6)
0.9300
1.391 (5)
1.408 (5)
1.355 (6)

S1B—02B
Si1B—OI1B
S1B—02Y
S1B—C26B
C23B—C24B
C23B—C28B
C24B—C25B
C24B—H24B
C25B—C26B
C25B—H25B
C26B—C27B
C27B—C28B
C27B—H27B
C28B—H28B
N1B—C9B
N1B—CI1B
N1B—C22B
N2B—C15B
N2B—C18B
N2B—C20B
N2B—C18Y
CiB—C2B
C1B—C6B
C2B—C3B
C2B—H2BA
C3B—C4B
C3B—H3BA
C4B—C5B
C4B—HA4BA
C5B—C6B
C5B—H5BA
C6B—C7B
C7B—C8B
C7B—H7BA
C8B—C9B
C8B—H8BA
C9B—C10B
C10B—C11B
C10B—HI10B
C11B—Cl12B
Cl11B—HI11B
C12B—C17B
C12B—C13B
C13B—Cl14B
C13B—H13B

1.430 (4)
1.481 (4)
1.67 (5)
1.768 (4)
1.371 (6)
1.373 (6)
1.377 (6)
0.9300
1.382 (6)
0.9300
1.382 (6)
1.383 (6)
0.9300
0.9300
1.349 (5)
1.413 (6)
1.448 (5)
1.359 (6)
1.460 (13)
1.483 (6)
1.74 (2)
1.392 (6)
1.404 (6)
1.341 (7)
0.9300
1.381 (8)
0.9300
1.351 (8)
0.9300
1.426 (7)
0.9300
1.402 (7)
1.346 (6)
0.9300
1.438 (6)
0.9300
1.434 (6)
1.324 (6)
0.9300
1.445 (6)
0.9300
1.387 (5)
1.392 (6)
1.357 (6)
0.9300
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C13A—HI3A
Cl14A—CI5A
Cl4A—H14A
CI1SA—CI6A
Cl6A—C17A
Cl16A—HI16A
C17A—H17A
C18A—CI9A
C18A—HI18A
C18A—H18B
CI19A—HI%A
C19A—HI19B
CI9A—HI19C
C20A—C21A
C20A—H20A
C20A—H20B
C21A—H21A
C21A—H21B
C21A—H21C
C20X—C21X
C20X—H20C
C20X~—H20D
C21X—H21D
C21X—H21E
C21X—H21F
C22A—H22A
C22A—H22B
C22A—H22C
Cl1B—C23B
S1B—O01Y
S1B—03Y
S1B—O03B

O3A—S1A—02A
03A—S1A—O0I1A
02A—S1A—O01A
O3A—S1A-—C26A
02A—S1A—C26A
OlA—S1A—C26A
C24A—C23A—C28A
C24A—C23A—Cl1A
C28A—C23A—Cl1A
C23A—C24A—C25A
C23A—C24A—H24A
C25A—C24A—H24A
C24A—C25A—C26A
C24A—C25A—H25A
C26A—C25A—H25A
C27A—C26A—C25A

0.9300
1.416 (6)
0.9300
1.418 (6)
1.358 (6)
0.9300
0.9300
1.511 (8)
0.9700
0.9700
0.9600
0.9600
0.9600
1.503 (17)
0.9700
0.9700
0.9600
0.9600
0.9600
1.55 (3)
0.9700
0.9700
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.743 (4)
1.34 (4)
1.36 (3)
1.417 (3)

113.70 (18)
113.45 (19)
112.33 (18)
104.97 (16)
105.79 (19)
105.65 (17)
122.1 (4)
118.9 3)
119.0 (3)
118.6 (4)
120.7
120.7
120.8 (4)
119.6
119.6
119.7 (4)

C14B—C15B
Cl4B—H14B
C15B—Cl16B
Ci6B—Cl17B
C16B—HI16B
C17B—HI17B
C18B—C19B
C18B—HI18C
C18B—HI18D
C19B—H19D
C19B—HI19E
C19B—HI19F
C18Y—C19Y
C18Y—HISE
C18Y—HISF
C19Y—HI19G
C19Y—HI9H
C19Y—HI191
C20B—C21B
C20B—H20E
C20B—H20F
C21B—H21G
C21B—H21H
C21B—H211
C22B—H22D
C22B—H22E
C22B—H22F
O1WA—HIWA
O1WA—H2WA
O1WB—H1WB
O1WB—H2WB

02B—S1B—O01B
01Y—S1B—02Y
03Y—S1B—02Y
03B—S1B—02Y
02B—S1B—02Y
01B—S1B—02Y
O1Y—S1B—C26B
03Y—S1B—C26B
0O3B—S1B—C26B
02B—S1B—C26B
O1B—S1B—C26B
02Y—S1B—C26B
C24B—C23B—C28B
C24B—C23B—CI1B
C28B—C23B—Cl11B
C23B—C24B—C25B

1.403 (6)
0.9300
1.422 (6)
1.379 (6)
0.9300
0.9300
1.55(2)
0.9700
0.9700
0.9600
0.9600
0.9600
1.44 (3)
0.9700
0.9700
0.9600
0.9600
0.9600
1.490 (7)
0.9700
0.9700
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.8388
0.7583
0.8496
0.8297

111.5(3)
127 (2)
96 (2)
49.6 (17)
71.5 (17)
153.8(17)
103.0 (16)
103.8 (12)
106.73 (19)
106.4 (2)
105.2 (2)
98.3 (16)
121.3 (4)
119.2 (3)
119.5 (3)
119.2 (4)
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C27A—C26A—S1A 119.1 (3) C23B—C24B—H24B 120.4
C25A—C26A—S1A 121.0(3) C25B—C24B—H24B 120.4
C28A—C27A—C26A 120.2 (4) C24B—C25B—C26B 121.1 (4)
C28A—C27A—H27A 119.9 C24B—C25B—H25B 119.5
C26A—C27A—H27A 119.9 C26B—C25B—H25B 119.5
C27A—C28A—C23A 118.6 (4) C25B—C26B—C27B 118.5(4)
C27A—C28A—H28A 120.7 C25B—C26B—S1B 1199 (3)
C23A—C28A—H28A 120.7 C27B—C26B—S1B 121.6 (3)
C9A—NI1A—CIA 123.2(3) C26B—C27B—C28B 121.1 (4)
COA—NI1A—C22A 119.6 (4) C26B—C27B—H27B 119.5
CIA—NIA—C22A 117.2 (3) C28B—C27B—H27B 119.5
CI15A—N2A—CIBA 122.4 (4) C23B—C28B—C27B 118.8 (4)
C15A—N2A--C20X 121.1(7) C23B—C28B—H28B 120.6
CI18A—N2A—C20X 111.1 (7) C27B—C28B—H28B 120.6
C15A—N2A—C20A 119.6 (5) C9B—N1B—CI1B 122.5 (4)
C18A—N2A—C20A 115.6 (5) C9B—N1B—C22B 120.3 (4)
N1A—CI1A—C2A 123.0 (3) C1B—N1B—C22B 117.2 (4)
NIA—CIA—C6A 118.5 (4) C15B—N2B—CI18B 121.0 (5)
C2A—CIA—C6A 118.5(4) C15B—N2B—C20B 122.5(4)
C3A—C2A—ClA 1203 (4) C18B—N2B—C20B 116.0 (5)
C3A—C2A—H2AA 119.9 C15B—N2B—C18Y 115.2(7)
Cl1A—C2A—H2AA 119.9 C20B—N2B—C18Y 113.6 (7)
C2A—C3A—C4A 1217 (5) C2B—C1B—C6B 119.1(5)
C2A—C3A—H3AA 119.2 C2B—CI1B—NI1B 121.9 (4)
C4AA—C3A—H3AA 119.2 C6B—CIB—NIB 118.9 (4)
C5A—C4A—C3A 119.7 (5) C3B—C2B—CI1B 120.0 (5)
C5A—C4A—H4AA 120.2 C3B—C2B—H2BA 120.0
C3A—C4A—H4AA 120.2 C1B—C2B—H2BA 120.0
C4A—C5A—C6A 120.9 (4) C2B—C3B—C4B 122.2 (6)
C4A—C5A—HS5AA 119.6 C2B—C3B—H3BA 118.9
C6A—C5A—H5AA 119.6 C4B—C3B—H3BA 118.9
C7A—C6A—CS5A 122.9 (4) C5B—C4B—C3B 120.2 (5)
C7A—C6A—CI1A 118.2(4) C5B—C4B—H4BA 119.9
C5A—C6A—CIA 118.9 (4) C3B—C4B—H4BA 119.9
C8A—CTA—C6A 121.7 (4) C4B—C5B—C6B 119.5 (5)
C8A—C7A—H7AA 119.2 C4B—C5B—HSBA 120.3
C6A—CTA—HTAA 119.2 C6B-—C5B—HS5SBA 120.3
C7A—C8A—C9A 121.0 (4) C7B—C6B—CI1B 118.7 (4)
C7A—C8A—HBAA 119.5 C7B—C6B—C5B 122.2(5)
C9A—CRA—HBAA 119.5 C1B—C6B—C5B 119.0 (5)
NIA—C9A—CI10A 121.4 (3) C8B—C7B—C6B 121.1 (4)
NI1A—C9A—CBA 117.3 (4) C8B—C7B—H7BA 119.5
C10A—C9A—CBA 121.2 (4) C6B—C7B—H7BA 119.5
C11A—C10A—C9A 124.0 (3) C7B—C8B—C9B 121.3 (4)
Cl11A—C10A—HI0A 118.0 C7B—C8B—H8BA 1193
CO9A—C10A—HI0A 118.0 C9B—C8B—HS8BA 1193
C10A—C11A—CI12A 127.7(3) N1B—C9B—C10B 122.1 (4)
C10A—CI11A—HI11A 116.2 N1B-—C9B—C8&B 117.4 (4)
C12A—Cl11A—H11A 116.2 C10B—C9B—C8B 1203 (4)
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CI3A—CI2A—Cl17A
C13A—CI12A—C11A
Cl17A—CI12A—Cl11A
Cl14A—CI13A—CI12A
Cl4A—CI13A—HI3A
CI2A—C13A—HI3A
CI3A—C14A—CI15A
C13A—Cl14A—HI14A
CI5A—Cl4A—HI14A
N2A—CI5A—CIl4A
N2A—C15A—C16A
Cl4A—C15A—CI6A
C17A—CI16A—CIS5A
C17A—Cl16A—HI16A
CI5A—C16A—HI16A
C16A—C17A—CI2A
Cl16A—Cl17A—H17A
CI12A—C17A—HI17A
N2A—CI8A—CI9A
N2A—CI8A—HI18A
CI9A—C18A—HIBA
N2A—C18A—HI18B
C19A—CI18A-—H18B
H18A—C18A—H18B
CI8A—CI9A—HI19A
CI8A—C19A—HI19B
H19A—C19A—HI19B
Ci18A—CI19A—HI19C
H19A—C19A—HI19C
H19B—C19A—H19C
C21A—C20A—N2A
C21A—C20A—H20A
N2A—C20A—H20A
C21A—C20A—H20B
N2A—C20A—H20B
H20A—C20A—H20B
N2A—C20X—C21X
N2A—C20X—H20C
C21X—C20X—H20C
N2A—C20X—H20D
C21X—C20X—H20D
H20C—C20X—H20D
C20X—C21X—H21D
C20X—C21X—H21E
H21D—C21X—H21E
C20X—C21X—H21F
H2i1D—C21X—H21F
H21E—C21X—H21F
NIA—C22A—H22A

116.4 (4)
120.0 (3)
123.6 (4)
122.7 (4)
118.6
118.6
121.6 (4)
119.2
119.2
121.9 (4)
122.5 (4)
115.6 (4)
122.0 (4)
119.0
119.0
121.7 (4)
119.2
119.2
112.6 (5)
109.1
109.1
109.1
109.1
107.8
109.5
109.5
109.5
109.5
109.5
109.5
106.3 (12)
110.5
110.5
110.5
110.5
108.7
99.4 (16)
111.9
1119
111.9
111.9
109.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5

C11B—C10B—C9B
C11B—C10B—HI10B
C9B—C10B—H10B
C10B—C11B—CI12B
C10B—C11B—H11B
C12B—C11B—H11B
C17B—C12B—C13B
C17B—C12B—C11B
C13B—C12B—C11B
C14B—C13B—CI12B
C14B—C13B—HI13B
C12B—CI13B—HI13B
C13B—C14B—CI15B
Ci13B—Cl14B—H14B
C15B—C14B—H14B
N2B—C15B—C14B
N2B—CI15B—C16B
C14B—C15B—C16B
C17B—C16B—C15B
C17B—C16B—H16B
C15B—C16B—H16B
C16B—C17B—C12B
C16B—C17B—HI17B
C12B—C17B—HI17B
N2B—C18B—C19B
N2B—C18B—H18C
C19B—C18B—HI8C
N2B—C18B—HI18D
C19B—C18B—HI18D
H18C—C18B—HI8D
C19Y—CI18Y—N2B
C19Y—C18Y—HIBE
N2B—C18Y—HI8E
C19Y—C18Y—HIS8F
N2B—CI18Y—HI8F
HI18E—C18Y—HI18F
C18Y—C19Y—H19G
C18Y—C19Y—HI19H
H19G—C19Y—HI19H
C18Y—C19Y—H191
HI9G—C19Y-—H191
HI9H—C19Y—H191
N2B—C20B—C21B
N2B—C20B—H20E
C21B—C20B—H20E
N2B—C20B—H20F
C21B—C20B—H20F
H20E—C20B—H20F
C20B—C21B—H21G

124.0 (4)
118.0
118.0
128.6 (4)
115.7
115.7
116.5 (4)
125.3 (4)
1182 (4)
122.9 (4)
118.6
118.6
121.5 (4)
119.2
119.2
121.1 (4)
122.8 (4)
116.1 (4)
120.9 (4)
119.6
119.6
122.1 (4)
118.9
118.9
104.4 (10)
110.9
110.9
110.9
110.9
108.9
94.1 (15)
112.9
112.9
112.9
112.9
110.3
1095
109.5
109.5
109.5
109.5
109.5
112.8 (5)
109.0
109.0
109.0
109.0
107.8
109.5
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NI1A—C22A—H22B
H22A—C22A—H22B
NIA—C22A—H22C
H22A—C22A—H22C
H22B—C22A—H22C
01Y—S1B—03Y
01Y—S1B—03B
03Y—S1B—O03B
01Y—S1B—O0O2B
03Y—S1B—O02B
03B—S1B—02B
01Y—S1B—01B
03Y—S1B—OIB
03B—S1B—O01B

C28A—C23A—C24A—C25A
Cl1A—C23A—C24A—C25A
C23A—C24A—C25A—C26A
C24A—C25A—C26A—C27A
C24A—C25A—C26A—S1A
O3A—S1A—C26A—C27A
02A—S1A—C26A—C27A
Ol1A—S1A—C26A—C27A
O3A—S1A—C26A—C25A
02A—S1A—C26A—C25A
Ol1A—S1A—C26A—C25A
C25A—C26A—C27A—C28A
SIA—C26A—C27A—C28A
C26A—C27A—C28A—C23A
C24A—C23A—C28A—C27A
Cl1A—C23A—C28A—C27A
CIA—NIA—CI1A—C2A
C22A—N1A—C1A—C2A
COA—NIA—CIA—C6A
C22A—NIA—CI1A—C6A
NIA—CIA—C2A—C3A
C6A—C1A—C2A—C3A
Cl1A—C2A—C3A—C4A
C2A—C3A—C4A—C5A
C3A—C4A—C5A—Co6A
C4A—C5A—C6A—CTA
C4A—C5A—C6A—ClA
NIA—C1A—C6A—CT7A
C2A—C1A—C6A—CTA
N1IA—C1A—C6A—C5A
C2A—Cl1A—C6A—C5A
C5A—C6A—CTA—CBA
ClA—C6A—C7A—C8A
C6A—CTA—C8A—COA

109.5
109.5
109.5
109.5
109.5

123 (2)
150.2 (16)
46.8 (13)
56.5 (18)
148.7 (12)
115.0 3)
58.0 (18)
67.2 (13)
1112 (3)

~0.4 (5)
179.1 (3)
0.2 (5)
~0.3 (5)
-176.7 (3)
-83.0 (3)
156.5 (3)
37.2(3)
93.5(3)
-27.0 (3)
~146.3 (3)
0.5 (5)
177.0 (3)
~0.6 (6)
0.6 (6)
-178.9 (3)
~173.2 (4)
8.1 (6)

5.0 (6)
~173.7 (4)
~179.7 (4)
2.1(6)
-0.1(7)
-2.0(7)
2.0 (7)
~176.9 (4)
~0.1 (6)
-3.2(6)
175.0 (4)
179.8 (4)
~1.9 (6)
1772 (4)
0.3 (6)
1.1(7)

C20B—C21B—H21H
H21G—C21B—H21H
C20B—C21B—H211
H21G—C21B—H211
H21H—C21B—H211
N1B—C22B—H22D
N1B—C22B—H22E
H22D—C22B—H22E
N1B—C22B—H?22F
H22D—C22B—H22F
H22E—C22B—H22F
HIWA—OIWA—H2WA
HIWB—O1WB—H2WB

C24B—C25B—C26B—C27B
C24B—C25B—C26B—S1B
01Y—S1B—C26B—C25B
03Y—S1B—C26B—C25B
03B—S1B—C26B—C25B
02B—S1B—C26B—C25B
O1B—S1B—C26B—C25B
02Y—S1B—C26B—C25B
01Y—S1B—C26B—C27B
03Y—S1B—C26B—C27B
03B—S1B—C26B—C27B
02B—S1B—C26B—C27B
O1B—S1B—C26B—C27B
02Y—S1B—C26B—C27B
C25B—C26B—C27B—C28B
S1B—C26B—C27B—C28B
C24B—C23B—C28B—C27B
Cl1B—C23B—C28B—C27B
C26B—C27B—C28B—C23B
C9B—N1B—C1B—C2B
C22B—N1B—C1B—C2B
C9B—N1B—C1B—C6B
C22B—N1B—C1B—C6B
C6B—C1B—C2B—C3B
N1B—C1B—C2B—C3B
C1B—C2B—C3B—C4B
C2B—C3B—C4B—C5B
C3B—C4B—C5B—C6B
C2B—C1B—C6B—C7B
N1B—C1B—C6B—C7B
C2B—C1B—C6B—C5B
N1B—CI1B—C6B—C5B
C4B—C5B—C6B—C7B
C4B—C5B—C6B—C1B

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
110.0
107.8

0.6 (6)
-179.5 (3)
-88.0 (19)
142.4 (14)
93.9 (4)
~29.4 (4)
~147.9 (4)
43.6 (18)
91.9(19)
-37.7 (14)
~86.3 (4)
150.4 (4)
32.0 (4)
~136.5 (18)
~0.6 (6)
179.6 (3)
0.9 (6)
-179.3 (3)
—0.1(6)
175.6 (4)
-4.9 (6)
-1.8 (6)
177.7 (4)
~1.6 (7)
-179.1 (4)
0.5 (8)

0.3 (8)
0.0 (8)
-176.7 (4)
0.9 (6)

1.9 (6)
179.5 (4)
177.4 (5)
-1.1(7)
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C1A—N1A—C9A—CI10A 173.3 (4) C1B—C6B—C7B—C8B 03
C22A—N1A—C9A—CI10A 8.0 (6) C5B—C6B—C7B—C8B -178.3 (4)
C1A—NIA—C9A—CS8A -3.6 (6) C6B—C7B—C8B—C9B -0.6 (7)
C22A—NIA—C9A—CS8A 175.2 (4) C1B—N1B—C9B—C10B -173.2 (4)
C7A—C8A—C9A—NIA 0.4 (6) C22B—N1B—C9B—C10B 7.3 (6)
C7A—C8A—C9A—CI10A —176.5(4) C1B—N1B—C9B—CS8B 1.5 (6)
N1A—C9A—CI10A—C11A 179.4 (4) C22B—N1B—C9B—C8B -178.0 4)
C8A—C9A—C10A—C11A -3.8(6) C7B—C8B—C9B—N1B -03(7)
C9A—C10A—Cl11A—CI12A 174.6 (4) C7B—C8B—C9B—C10B 1745 (4)
C10A—C11A—C12A—C13A -173.0 (4) N1B—C9B—C10B—C11B 175.8 (4)
C10A—C11A—C12A—C17A 5.6 (7) C8B—C9B—C10B—C11B 13D
C17A—C12A—CI3A—C14A =0.7 (6) C9B—C10B—C11B—CI12B =172.5 (4)
Cl1A—CIi12A—C13A—Cl4A 178.0 (4) C10B—C11B—C12B—C17B —4.1(8)
C12A—C13A—Cl14A—CI5A 1.7(7) C10B—C11B—C12B-—C13B 173.9 (5)
C18A—N2A—C15A—Cl4A —178.5(5) C17B—C12B—C13B—C14B 0.7(7)
C20X—N2A—C15A—Cl4A -26.7 (11) C11B—C12B—C13B—C14B —177.5(5)
C20A—N2A—CI15A—C14A 20.0 (9) C12B—C13B—C14B—C15B 0.1(8)
C18A—N2A—C15A—CI16A 3.2(8) C18B—N2B—C15B—Cl14B —168.8 (7)
C20X—N2A—C15A—CI16A 154.9 (8) C20B—N2B—C15B—C14B 2.7(9)
C20A—N2A—CI15A—C16A —158.4 (6) C18Y-—N2B—C15B—C14B 148.1 (8)
C13A—C14A—C15A—N2A -179.8 (5) C18B—N2B—C15B—C16B 10.1 (11)
C13A—C14A—C15A—C16A -1.3(7) C20B—N2B—CI15B—C16B —178.5 (6)
N2A—C15A—C16A—C17A 178.6 (5) C18Y—N2B—C15B—C16B —33.1(10)
C14A—CI5A—C16A—C17A 0.1(7) C13B—C14B—C15B—N2B 177.6 (6)
C15A—C16A—C17A—CI12A 08(7) C13B—C14B—C15B—C16B —1.4(8)
C13A—CI12A—C17A—C16A —0.5 (6) N2B—C15B—C16B—C17B -177.1 (6)
Cl11A—C12A—C17A—CI16A -179.1 (4) C14B—C15B—C16B—C17B 1.8 (8)
C15A—N2A—C18A—CI9A -84.1 (7) C15B—C16B—C17B—CI12B -1.1(8)
C20X—N2A—C18A—CI19A 121.6 (8) C13B—C12B—C17B—C16B -0.2(7)
C20A—N2A—CI18A—CI19A 78.1 (7) C11B—C12B—C17B—C16B 177.9 (5)
C15A—N2A—C20A—C21A —96.3 (8) C15B—N2B—C18B—CI19B —83.7 (10)
C18A—N2A—C20A—C21A 100.9 (7) C20B—N2B—C18B—CI19B 104.4 (8)
C20X—N2A—C20A—C21A 8.0(10) C18Y—N2B—C18B—C19B 8.6 (14)
C15A—N2A—C20X—C21X 100.0 (11) C15B—N2B--C18Y-—C19Y 112.6 (10)
C18A—N2A—C20X—C21X —105.4 (10) C18B—N2B—C18Y—CI19Y 3.8(8)
C20A—N2A—C20X—C21X —0.3 (10) C20B—N2B—C18Y—C19Y -98.9 (10)
C28B—C23B—C24B—C25B 0.8 (6) C15B—N2B—C20B—C21B 79.0 (8)
Cl1B—C23B—C24B—C25B 179.3 (3) C18B—N2B—C20B—C21B -109.2 (7)
C23B—C24B—C25B—C26B 0.1(6) C18Y—N2B—C20B—C21B —66.9 (9)
Hydrogen-boud geometry (4, 9

D—H--4 D—H H-4 D4 D—H--4
O1WB—HI1WB-01B! 0.85 2.36 2.815(7) 114
O1WB—H2WB---02Bi 0.83 2.12 2953 (7) 177
O1 WA—HI1WA--024 0.84 2.07 2.891 (5) 166
O1WA—H2WA---0Ol14 0.76 2.10 2.844 (4) 169
C8A4—HBAA 034" 0.93 2.54 3.146 (5) 123
C2B—H2BA4---0O38" 0.93 2.57 3.314(7) 137
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CliB—HI1B--01B" 0.93 2.41 3.237 (6) 148
C18Y—HI8E--Cl14"i 0.97 2.72 3.673 (19) 169
C19B—H19D---Cl1Bi 0.96 273 3.531 (14) 142
C22B-—H22D--02Bi : 0.96 2.55 3.259(7) 131
C254—H254:-034° 0.93 2.56 3.359(5) 144

Symmetry codes: (i) x+1, y, z; (ii) —x+1, y—1/2, —z+1/2; (iii) —x+1, y+1/2, —z+1/2; (iv) —x+1, —y+1, —z; (v) x+1, y, z+1; (vi) x+1, =y+3/2, z+1/2; (vii) ~x+1,
—y, —z+1; (viii) —x+1, y—1/2, —z+3/2.
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