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Scheme 3.4 MIFUATIZH Aryl ethenylquinolinium (AEQ)
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Scheme 3.6 msif&mswﬁ Aryl-ethenylpyridinium benzenesulfonates (AEP-An)
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Scheme 3.7 ﬂ1‘§’s°fﬂ!ﬂ51$ﬁ Aryl-ethenylquinolinium benzenesulfonates (AEQ-An)
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Scheme 3.8 MIFUATIT] Aryl ethenylpyridinium zinc iodide (AEP-ZnI)
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Scheme 3.9 msif&mswﬁ Aryl ethenylquinolinium zinc iodide (AEQ-ZnlI)
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AuvoInauiguiinll 5 °C Wuna 1 9 1w miEwanneldusseimamas lulassungumgi
o, & & a ] - ana d yo o v
60 °C iluran 5 9 Tue Jvewdadununaty ihwalgasen liasludiuilunar 1 3u arsluvaa
aaa a 4 3 v o S
UgasorRailluvewdanna nyesazneunuvaanuau lililiuielaeld vacuum Tdveandad

IMADIOUVD 1,4-dimethylpyridinium iodide (MPDI) (17.00 N4 72% mp. 140-142 °C)

M UM UVeWITMARIEOU (17.00 g 72%) yanasuIia) 140-142 °C, UV-Vis

(CH,OH) A (nm) (log &): 219.7 (3.78), 255.3 (3.16), FT-IR (KBr) V(em'): 1600-1500 (C=C

max

stretching), 'H NMR (CDCI, + DMSO-d,) (5ppm) (300 MHz): 9.13 (2H, d, J= 6.3 Hz), 7.88 2H, d, J

= 6.3 Hz), 4.62 (3H, ), 2.69 (3H, s)

MN8N 1,2-Dimethylquinolinium iodide (MQLI) M3 Scheme 3.2 10151 umMsFuns12 i

Aryl-ethynylquinolinium

X CHj,1 X
>
= hot MeOH o
N CH, N CH;
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a

< a aa H o 1
Aza19 quinaldine (0.07 Tua) lummueady 10 Nadans AudIsaza1eNgUUgl 5 °C ADEY)

G

a a aa 1 a o I
1A methyl iodide (CH,]) 4.651aaans (0.071ua) aslumisazaiedn auvesnauiguugi 5°C 1ilu
d ¥ A (o o v o A A o & & A
a1 1 ¥ 1 niniusdangmelausseimenia lulasnuigamgil 60 °C iihunar 3 ¥ 1w e
<3 ) ann o < I~ @ aan a d <
voudsdmaeuhualjnsen T ldiduludiwilune 1 srsluvialfasennaiiuve s
o Y <3 A A ) o Y 9 Y Y 3 A
Wua nsoInznounuuaanuau ldvesisdmmasuh T lduialaeld vacuum lavewndsd

1M299U04 1,2-dimethylquinolinium iodide (MQLI)

a o 7 3 <= A [ [e) .
NAAN UMY UYDIULVIT 1A D (14.00 N3N, 66%) AvauLlYal 182-184 "C, UV-Vis

(CH,OH) A (nm) (log &): 234.5 (3.47), 316.7 (2.90), FT-IR (KBr) V(em'): 1600-1500 (C=C

stretching), 'H NMR (CDCI, + DMSO-d,) (5ppm) (300 MHz): 9.07 (1H, d, J = 8.7 Hz), 8.55 (1H, d,
J=28.1Hz), 839 (1H, dd, J = 1.5, 8.1 Hz), 8.23 (1H, dt, J = 1.5, 8.1 Hz), 8.09 (1H, d, J = 8.7 Hz),

7.98 (1H, ¢, J= 8.1 Hz), 4.57 (3H, s), 3.20 (3H, s)

MIFuANZH Aryl ethenylpyridinium (AEP-I ttag AEP-II) 13 Scheme 3.3

\ 2-Furaldehyde
H,C—Ng CH,
Ig piperidine, CH;OH Io

reflux (AEP-T)

dmsumaesouasdsznou AEP-I 1 ldnansumiaudosns Taelanlasunaason'ly

[ J

Aaan @ 4 4 [ a I g 1 [
Ufnsenlumsdunsiziinaretouly ualdndasuiidluveunarviladinea Jsmainaistiag

IAAMT polymerization tag liasosmsuenas 14

/ \ Thiophene-2-carboxaldehyde H,C —N@{ \ \

H;C—Ng CH;4
Iy piperidine, CH;OH Io /

reflux (AEP-IT)
2218 1,4-dimethylpyridinium iodide 2.0 n5Y (8.51 Had lua) AIeunIUadou 10 Hadans
AUIUEITAZ DN NAANA15A2 18909 Thiophene-2-carboxaldehyde 0.78 Uadans (8.51 Uad lua)
. . Aa Aaa A A o w I
1A piperidine 0.84 Hadans (8.51 Haa lwa) asluasazarededumudidy auanasazaailu

j’ =) [ 9 ) A %’ [ ~ [ 4 Y [44 ~
Luammﬂu"lﬂmﬁaxmﬂamammma ‘ﬂWﬂﬁiWﬁﬂG}fﬁﬁWfﬁJﬂmﬁlﬁmﬁﬁmﬂ1ﬂﬂ1“l$ulu1ﬂili]u°ﬂ
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a o [ o { < ¥ @ 1 a3
gangll 55-60 °C naannsdlang 114 30 wiil asazarenlasuiludihara Svdndaeiuna 4

Q

'
3

o aan o 1 T N~4 Y I I [ o Y
2w ez ldvhae ldiduludiwiluna 1 70 nsesaznounuuaan Uiy d1aznou
4 o o <
deaaoTsvesy iaznoulvilduialaelsd vacuum lavoaudsdidennaoavos (AEP-II) (17

N5Y 75 %)

naasaail vy TMaRUREY (3.17 NTY, 75%) ganaeNa) 219221 °C, UV

(CH,OH) A (nm) (log &): 218.6 (4.12), 250.6 (2.51), 389.7 (4.16), IR (KBr) V(em'): 1607 (C=C

stretching), 1168 (C-O stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.89 (2H, d, J =
6.9 Hz), 8.10 2H, d, J = 6.9 Hz), 8.08 (1H, d, J = 15.6 Hz), 7.57 (1H, d, J = 5.1 Hz), 7.49 (1H, d, J =

5.1 Hz),7.16 (1H, t, J= 5.1 Hz), 7.04 (1H, d, J = 15.6 Hz), 4.40 (3H, s)

MIFAATIY Aryl ethenylquinolinium (AEQ-I tay AEQ-II) 1N Scheme 3.4

X 2-Furaldehyde
| I\(?/ y piperidine, CH;OH
| Ie CH; reflux
CH, CH;

(AEQ-T)

Y a o Jd 9y

dmsumaeseuasdszney AEQ-T li'ldnansaaianudeans Taelanlasumlaaden'ly

aaa o 4 4 N a o J a3 ¥ o 1A o
Ugnsnlumsdunszivaretou v ua ldndaduaiduve unarviladiaad wudednunsl

m@ﬂﬂTiﬁﬂLﬂiRﬁ AEP-1 Llfl8113jﬁ11|1§ﬂﬁ1ﬂ”liuﬂﬂﬁﬁll$§1}

\ Thiophene-2- carboxaldehyde
| iy piperidine, CH;OH -
T I@ CH; reflux
CH, CH;

(AEQ-II)

aza1y  1,2-dimethylquinolinium iodide 2.0 A5 (7.01 Wadlua) Arewniueaiou 40

Hanans ANIUATAZAONUAANT1TAZA18UDY thiophene-2-carboxaldehyde 0.64 Uaaans (7.01
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#adua) uay piperidine 0.69 Aaaaas (7.01 #adlua) asluasazaretisduaudidy auau
I j} = o 9 = A %’ o =) v 9 %)
asazawiluiemernu ldasazaredmasnihma mnssidndesnaumeldussormaniy
{ a o @ (A { I ¥ v d
TuTasoungumgil 55-60 °C wasonawand 114 30 il msazaedowiudmiamaSdndae
< o o aan o 1 < 3 I @ [
Wunan 5 93 Tue haaadasenlihae Tdigulugiwilunat 1 7u nsesazneunuvannuiy
v v a A ¢ o o q ¥ 9 v ) g a3 °
anaznoudle laeiiadmoes hazneuliilvudelasld vacoum ldvedsmiraradives

(AEQ-II) (1.99 A5 75 % mp. 191-192 °C)

naasaanuvoudamimad (1.99 N5u, 75%) yanaouiad 191-192 °C, 'H NMR
(CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.93 (1H, d, J = 9.0 Hz), 8.49 (1H, d, J = 9.0 Hz), 8.43 (1H,
d,J=9.0 Hz), 8.38 (1H, d, J = 15.6 Hz), 8.28 (1H, d, J = 9.0 Hz), 8.19 (1H, ¢, J = 9.0 Hz), 7.93 (1H, ¢,
J=175Hz),7.77 (1H,d, J= 33 Hz), 7.74 (1H, d, J= 5.1 Hz), 7.52 (1H, d, J = 15.6 Hz), 7.24 (1H, d, J

=3.9 Hz),4.63 (3H, s)

L] f’h!ﬂﬁwﬁ Benzenesulfonate salts (An-X) 11N Scheme 3.5

OH (l)Na OAg
O=—=S=—0 O0=—=S=—0 O0=—S—0
NaOH AgNO;
.H,0 ' o >
CH;0H CH;0H
CH; CHj; CH,4
An-CHj3

flask A : 82918 p-toluenesulfonic acid monohydrate 2 n3U (2.0 Uada lua) Meaunuoasou

15 Haaans AVIUAITAZAIIHNA
flask B : aza18 NaOH 0.42 n51 (2.0 Haa 1ua) a1eimusaioy 20 Haaans ALIUEITaza1snya
flask C : aza1e AgNO, 1.78 n5u (2.0 Jad Twa) Areumueasou 100 Jadans ALIUAITAZA1Y
Hua

o [ Y 2 3’1 a
Mansazare ]y flask A uaz B wauiu lqvearadlalulid snmiwaveasazatelu flask C
=1 A o A 3 o 9 U [P=P=)
adld Tagneuddunavu iin1snsesnznousen laelénsienses laarsazarelaluiad 11q
Py a9y I vy A KX A a d* = o

msazate lNgurgineuilunal 4 7u IwdnTu17909 An-CH, IAATU NTDINANUULAAAINAY
wazihwan I lduiaTaeld vacuum 1dnandu1ives Silver (I) 4-methylbenzenesulfonate (An-

CH,) (3.07 n5U 70% mp.260-262 °C)
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a o I3 <= @ () 1
HaNN UMY UVBIIITV (3.07 DTN, 70%) IANABULNAI 260-262 ~C (decomp.), HNMR
(CDCI, + DMSO-d,) (5 ppm) (300 MHz): 7.74 2H, d, J= 8.1 Hz), 7.17 2H, d, J= 8.1 Hz), 2.38 (3H,
s)

Cl OH ONa OAg
O0=—=S=—0 O0=—=S=—=0 O0=—S—0 O0=—=S=0
NaOH NaOH AgN03
CH;0H CH3OH CH3OH
Br
An-Br

flask A : 82218 4-bromobenzenesulfony! chloride 2 N3 (2.0 Had Iua) Mewmueasou
15 4aaanT AUIUAITAZAOHNA

flask Bl : az@18 NaOH 0.312 A5u(2.0 ad lua) Meaumusadon 15 1aaans AuavaIsazaly
nuA

flask B2 : az@18 NaOH 0.312 A5u(2.0 ad lua) Meumusadon 15 1adans AuavaIsazaly
nuA

flask C : 82819 AgNO, 1.324 n3u(2.0 ad lua) Aeumueaiou 15 adans AUIUAITAZA1Y
nua

a

vhensazanelu flask A wag Bl saufuiaznoudumeay @niindu 10 fadans
§1uam 2 %1 azneuvzazatenua Mnih I asade CH,CL, 3 a¥antiaz 15 flaaans thaui
affadan CHCL lUifin Na,SO, anhydrous tilegaiiieeniiaznses Na,S0, anhydrous eenlneld
5100504 ensazaneildllazmedviazaivesn ldnznouduivesans (1)
aza1eals (1) ﬁ’aammuaa%’au 25 Uadans wuasazalely flask B2 wag C adluaisazaie

A o

adduTinzneudd iRty hmsnsesaznoueonlaeldniensodldasazarela i 219

P Ay 3 v A 2 A a 2 = o
asazatw ingurgideuiiunar 4 SuTHANTV1I¥03 An-Br AU NTOIHANUVAAADINAY
waziiman 1 1dutalasls vacuum 1dnandvu12v04 Silver (1) 4-bromobenzenesulfonate (An-Br)

(0.71 U 18% mp. 219-221 °C)

a [ J 3 < [
HaRN U UY0ITITV1Y (0.71 NTY, 18%) JArAOUINAY 219-221 °C decomposed, 'H

NMR (CDCl, + DMSO-d,) (5ppm) (300 MHz): 7.81 (2H, d, J=8.4), 7.34 (2H, d, J = 8.4 Hz)
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Cl OH ONa OAg
O0—S—0 O0=—=8=—=0 O0=—S—0 O0=—=S=—0
NaOH NaOH AgNO3
CH;0H CH,;0H CH3OH
Cl
An-Cl

flask A : @218 4-chlorobenzenesulfonyl chloride 2 N3 (2.0 3iad Tua) Memueaiou
20 HadanNs AUIUEITAZAONUA

flask B1 : a¥a18 NaOH 0.388 n5u (2.0 Fad Tua) areumueaou 20 adans Auauasazaly

nua

flask B2 : a¥a18 NaOH 0.388 n51(2.0 Had Tua) areumuea’ou 20 adans auauasazay
nua

flask C : aza10 AgNO, 1.613 N§1 (2.0 iad lua) Mewmuoaio 20 Tadans ALIUAITAZAY
nua

a A

= a 3 a aol < a
Masazanely flask A uag Bl wauduliagnauav1unady @uiinay 10 Jaaans
Y Y Y Y ]
17U 2 159 aznouvzazaterua ntuih lilanadie CH,CL 3 A59 Aseaz 15 Taaaas Wdiun
' P
anaade CH,CL, 111 Na,SO, anhydrous 1WNo@a1i100n1tazn509 Na,SO, anhydrous 0on lagld
o d' ) 9 =
A578n399 thansazanen Ia llazimediazargesn ldaznouduivesars (1)
azaneas (1) @leunIueadou 25 Uaaans uaisazarely flask B2 uay C aqlu
o w A A o A dsf o 9y 9 1
AsazalgmusIsUlazneudauNa TN Mnsnsenzneuseon laslynitensed laaisazaielaly
A Py a9 I v A KR A a 49! =2
U mmsazae ngurgineuilunal 4 Julindndu11903 An-ClLIRAYY NTOIRANIDUAA

anuauaziihwan 1 1dufa Tae 1% vacuum 1dwanav11v049 Silver () 4-chlorobenzenesulfonate

(An-Cl) (1.40 P5Y 33% mp.220-222 °C)
p

nansuaiitluve i@ (1.40 ¥, 33%) 1nasuKal 220-222 °C (decomp.), 'H NMR

(CDCI, + DMSO-d,) (O ppm) (300 MHz): 7.76 (2H, d, J = 7.8), 7.50 (2H, d, J = 7.8 Hz)
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Cl OH ONa OAg
O0=—S—0 O0—=S=—=0 O0=—=S=—=0 O0=—=8=—0
NaOH NaOH AgNO3
CH3OH CH3OH CH3OH
OCH; OCH3 OCH;
An-OCH;

flask A : 2218 4-methoxybenzenesulfonyl chloride 2 A5H (9.7 §ad 1ua) MswMusasou

15 Uadans AUIUEITaZa1eNNA
flask B1 : a¥a18 NaOH 0.388 n5¥ (9.7 ad 1ua) aretumiueadou 15 1aaans avauasazalenua
flask B2 : 82a18 NaOH 0.388 N3 (9.7 Waa lua) dramuniueaion 15 1aaans AuIUaI5azald
nua
flask C : 82a10 AgNO, 1.648 n3u (9.7 iiad lua) arewmiueaion 75 adans AUILAITALA1Y
nua

a A

= a 2 a ¥ o a
u1ﬁ15€1$ﬁ181u flask A 0 Bl wauﬂuﬁmxﬂauamnmﬂﬁu KUUINAU 10 aaans

o

Y Y Y Y ]
17U 2 159 aznouvzazaterua ntwih lilanadie CH,CL 3 A59 Assaz 15 Taaaas Wdiun
' Pl
anaade CH,CL 11iAn Na,SO, anhydrous 1Wo@a1i100ntazn509 Na,SO, anhydrous 0on lagld

o d' % o 9 =
n318n394 WaTazaen 14 Wazed1viazareesn laaznoudunveaans (1)
azaleans (1) agmmuoasou 25 Naaaas wuaisazatslu flask B2 uaz C adlu

a

o v A A o K o 9y Y !
ATEAYNINAAVNASNDUFAAUNAVU “VHﬂTiﬂimmﬂau@aﬂﬂﬂ%ﬂiaﬂﬂimllﬂmsazawﬂﬁuln

A P Ay < = I a X =
ud '31\1’6715@3@’]81131/]qmqﬂﬂi]qﬂﬂ\uﬂu&ja'] 4 JUUANANTU1IVDN All'()CH3 DAV NIDINANLULUUARA

U

anuauuaziiman lUvi1lduiaTlaeld vacuum Tdnandurnung Silver )

4-methoxybenzenesulfonate (An-OCH,) (2.57 NN 59% mp. 243-245 °C)

nandaaiiluvew i@ 2.57 nfu, 59%) 9arasuinad 243-245 °C (decomp.), 'H NMR

(CDCI, + DMSO-d,) (8 ppm) (300 MHz): 7.78 (2H, d, J = 8.7), 6.86 (2H, d, ] = 8.7 Hz), 3.82 (3H, s)
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MIqANS 13‘?‘% Aryl-ethenylpyridinium benzenesulfonates (AEP-An) 1134 Scheme 3.6

I
e e
S\ / i
\_/ g
hot CH;OH HC 5l
0—S X
Il
0

ie X = CH, (AEP-I-An-Me) %30 PAC-1
Br (AEP-I-An-Br) %30 PAC-2

Cl  (AEP-I-An-Cl) W30 PAC-3

118y OCH, (AEP-I-An-OMe) 30 PAC-4

dmdumsaioua1slsznol PAC-1- PAC-4 1103910 ldamnsomsen AEP-T $uilueas

)

aadulumaeson PAC-1 18 39 luaunsoynmsdunsey PAC-1- PAC-4 18

MINAATIY Aryl-ethenylpyridinium benzenesulfonates (PAC 5)

l
oy
N/ ]

\ / hot CH;0H

flask A: 92818 An-CH, 0.084 N3 (0.30 a4 lua) A20tuMueasou 20 Haaans ALIUAITAZAY
nua laesazatelea lund
flask B : aza18 AEP-II 0.100 N5 (0.30 Uad 1ua) a1eniuoadsy 10 Jaaans Auauasazaly

Y a ¥
nua llﬂmsazmﬂﬁmma
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iesazanelu flask A 1ag B uwaunulingnoudaoives Agl {Revu ns0eATRELEDN
Tagldnsonsewazthasazated 18 liszmed ez ateeon ldveasad@ihmaves PAC-S (0.08
N3U 75% mp. 232-234 °C)

wanssaaniuvowdadinig 0.08 n$u, 75%) yanasuad 232-234 °C, UV (CH,OH)
}“max (nm) (log&): 220.9 (4.04), 251.4 (3.58), 379.2 (3.95), IR (KBr) V(cm_l): 1523, (C=C stretching),
1186 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (§ppm) (300 MHz): 8.72 2H, d, J = 6.9 Hz),
7.94 (1H, d, J = 15.6 Hz), 7.93 (2H, d, J = 6.9 Hz), 7.59 (2H, d, J = 8.4 Hz), 7.49 (1H, d, J = 5.1
Hz),7.37 (1H, d, J= 5.1 Hz), O7.04 (1H, t,J=5.1 Hz), 7.01 2H, d, J = 8.4 Hz), 6.91 (1H, d, J = 15.6

Hz), 4.22 (3H, s), 3.95 (3H, s)

m3 f’h!ﬂﬁwﬁ Aryl-ethenylpyridinium benzenesulfonates (PAC 6)

0
|

e et
A\ / \

O

\ / hot CH;OH

flask A: 82818 An-Br 0.089 N3 (0.3 1ad lua) Aamumueadou 60 1adans ALINAITazaNY
vualaasazatela 1uTa
flask B : aza19 AEP-II 0.100 N3 (0.3 1ad Jua) emumueadsy 10 Hadans ALIUaITazaNe
yiua ldasazareiihaany
iesazatelu flask A uaz B uwaunulingnoudinanaue Agl {RAvY N389AZNOUDEN
Tagl¥nsaenseanazihasazaiei 1dszmodviazaieenldueuiadhmaves PAC-6 (0.10
N34 70% mp. 231-233 °C)
waasuanduveniedhea 0.10 a3y, 70%) yananuiad 231-233 °C, UV (CH,0H)
A (nm) (log&): 222.3 (4.26), 258.0 (3.62), 381.8 (2.34), IR (KBr) V(cm']): 1577 (C=C stretching),

max

1208 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.82 (2H, J = 6.9 Hz), 8.15
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(2H,J=6.9 Hz), 8.14 (1H, d, J=15.6 Hz), 7.62 (1H, d, J= 5.1 Hz), 7.62 (2H, d, J= 8.4 Hz), 7.43 (2H,

d,J=8.4Hz), 743 (1H,d,J=5.1 Hz), 7.16 (1H, ¢,J=5.1 Hz), 7.10 (1H, d, J= 15.6 Hz), 4.29 (3H, s)

MIFUATZH Aryl-ethenylpyridinium benzenesulfonates (PAC 7)

— i
TN\ )

: \ /
hot CH;OH

flask A: a2a18 An-Cl1 0.089 N33 (0.30 Had 1ya) Aummusaiou 10 Jaaans ALIUAITAZANY
vua laesazanela lulia
flask B : aza18 AEP-II 1.000 n53 (0.30 Jad lua) mewmusaiou 10 Jadans avauansazale
yua 1dasazarsiihaady
iesazanelu flask A 1az B uwaunuiingnoudinanaue Agl {Redu ns0eATNELEDN
Tagl¥nenseaazinasazaren idllssmediazaeoenidueautadthaaves PAC7 (0.11
N34 90% mp.230-232 °C)
waasuanPuveniedhea (0.1 a3y, 90%) yAnanuia) 230-232 °C, UV (CH,0H)
7\,max (nm) (log&): 220.9 (4.35), 251.4 (3.02) 379.2 (3.42), IR (KBr) V(cmil): 1523 (C=C stretching),
1210 (S=O0 stretching), 'H NMR (CDCI, + DMSO-d,) (5ppm) (300 MHz): 8.79 (2H, J = 6.9 Hz), 8.02
(1H, d, J=15.6 Hz), 8.01 2H, d, J= 6.9 Hz), 7.79 (2H, d, J = 8.4 Hz), 7.58 (1H, d, J = 5.1 Hz), 7.47
(1H, d, J=5.1 Hz), 7.30 2H, d, J = 8.4 Hz), 7.14 (1H, t,J= 5.1 Hz), 6.99 (1H, d, J = 15.6 Hz), 4.34

(3H, s)
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MIFUATZH Aryl-ethenylpyridinium benzenesulfonates (PAC 8)

— I
ol sl AT
Ie\ ©

\ / hot CH;OH

(PAC-8)

flask A: 82818 An-OCH, 0.088 N5 (0.3 Jiad lua) Memmiueaion 30 Tadans AUIUEITAZAY
vua laasazanela Tuld
flask B : aza18 AEP-I1 0.100 N3 (0.3 §ad 1ua) Ar8unueaioy 10 Haaans ALIUaITazaly

Y a3 )
nua "lﬂmsazmﬂﬁmmmw

Y
ihasazatelu flask A tag B nnaunuiingnoudIasaved Agl INATU NTBIAZNBUBDN
) 1 ) <3
Tagl¥nsrenseaazinaisazaten la llszved1iazaieeon 1o iad a0 109 PAC-8 (0.11

N3 87% mp.234-236 °C)

nansuaiiuvewdsdmaes (0.1 nfu, 87%) yavasuial 234-236 °C, UV (CH,0H)
}\,max (nm) (logé&): 230.2 (2.83), 381.1 (3.58), IR (KBr) V(cm_l): 1590 (C=C stretching), 1188 (S=0O
stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.82 (2H, d, J = 6.9 Hz), 8.01 (1H, d, J
=15.6 Hz), 7.98 QH, d, J = 6.9 Hz), 7.77 (2H, d, J = 8.4 Hz), 7.57 (1H, d, J = 5.1 Hz), 7.46 (1H, d, J =
5.1Hz),7.16 (1H, t,J=5.1 Hz), 6.99 (1H, d, J= 15.6 Hz), 6.81 (2H, d, J = 8.4 Hz), 4.43 (3H, s), 3.79

(3H, s)
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MIqANS wﬁ Aryl-ethenylquinolinium benzenesulfonates (AEQ-An) M1 scheme 3.7

X
I
N AgO—SOX DN
(||) T Ar
'
o ﬁ/ Z Ar  hot CH;OH CH;
I | ﬁ
CH
? @o—s| X
o)

uaz X = CH, (AEQ-I-An-Me) %30 PAC-9
Br  (AEQ-I-An-Br) %38 PAC-10
Cl  (AEQ-I-An-C) %38 PAC-11

ita¢ OCH, (AEQ-I-An-OMe) %30 PAC-12

Ansumsesenaisilsznel PAC-9 - PAC-12 11103910 ldannsowsen AEQ-T Faiilu

Y v ~ v = ' ° o o v
asaadulumswioy PAC-9 — PAC-12 1d 39 lumansammsdunsiey PAC-9 - PAC-12 14

ag X = CH (AEQ-II-An-Me) Wio PAC-13

3
Br (AEQ-II-An-Br)  #30 PAC-14
Cl  (AEQ-II-An-CI)  %3® PAC-15

e OCH, (AEQ-1I-An-OMe) Wio PAC-16
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (PAC-13)

(PAC-13)

flask A: 82818 An-CH, 0.084 n31 (0.3 1A lua) ArtunmIueaiou 30 Haaans ALIUAITALANY
vua Jaasazaela lula
flask B : aza18 AEQ-II 0.114 n5¥ (0.3 Had lua) semueaiou 10 Jaaans aAusuaIsazaiy

Y o ¥ )
nua ”l@miazmﬂﬁmmmw

Y
warsazanelu flask A g B nwaunulingnouda1ved Agl INATU NTBIAZNOUBDN 1AY

9 o = (N Y 3 o ¥
Glﬂfﬂﬁ'JfJﬂfl@QllaguqﬁqiazaqﬂﬂqmﬂﬁglﬁfJﬂ')‘ﬂ'laga']ﬂ@@ﬂllﬂsllﬂ\ulsll\iﬁu']@']asll@\i PAC-13 (0.12

N34 71% mp.200-202 °C)

naasaaniuveadadthaa (0.12 P5N, 71%) YAKABUIKATY 200-202 °c, uv (CH,OH)
A (nm) (log&: 205.1 (9.83), 226.2 (10.97), 270.5 (2.61), 310.3 (1.92), 401.0 (4.27), IR (KBr)
V(em''): 1600, (C=C stretching), 1220 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300
MHz): 8.40 (1H, d, J = 8.1 Hz), 7.97 (1H, d, J= 8.7 Hz), 7.93 (1H, d, J = 7.8 Hz), 7.85 (1H, d, J = 15.6
Hz), 7.78 (1H, d, J = 8.1 Hz), 7.66 (1H, #, J = 7.8 Hz), 7.42 (1H, t,J=7.8 Hz), 7.28 (1H, d, J= 8.7
Hz), 7.25 (1H, d, J = 8.7 Hz), 7.19 (2H, ¢, J= 7.8 Hz), 7.03 (1H, d, J = 15.6 Hz), 6.74 (1H, t, J= 8.7

Hz), 6.60 (2H, d, J= 7.8 Hz), 4.10 (3H, s), 1.85 (3H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (PAC-14)

0
s hot CH OH o 9
3 6 Br

o)
(PAC-14)
flask A: 82a18 An-Br 0.103 n51 (0.3 1ad 1ua) A28Nueasou 30 Hagans AUIUEITazaeuNA
laensazarela lusid
flask B : a2a18 AEQ-II 0.114 A5¥ (0.3 ad Tua) Memmuoaisn10 Jaaans ausuaisazaie

Y o ¥ )
nua ”l@miazmﬂﬁmmmw

Y
ﬁ1ﬁ1iﬁ$’€ﬂﬂiu flask A 1lag B M?Wﬁi\lﬂuﬁﬁ&’ﬂ@u%ﬁﬁlﬁ)\i Agl mcﬁu ﬂi@ﬂ@gﬂﬂuﬂﬂﬂiﬂﬂ
] o Ay v v o Y 3 a ¥ )
Elf])’ﬂi’Jﬂﬂi’ENLLﬁZuTﬁTiﬁ$'€11EJ‘VIUlﬂulﬂi&’ﬂﬂ@]’ﬁ/ﬂfﬁfﬂﬂ@’E]ﬂul,ﬂGU@QL!GlNﬁUWHQLGUiJ"U’EN PAC-14

(0.18 T 95% mp.256-258 °C)

naasasituveaidaihaaty (0.18 NF1, 95%) ArABNINAY 256-258 °C, UV (CH,OH)
A (nm) (log&): 204.4 (11.8), 222.9 (12.70), 287.1 (2.76), 313.6 (2.21), 405.0 (4.75), IR (KBr)
V(cm_l): 1605, (C=C stretching), 1210 (S=0 stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300
MH?z): 9.30 (1H, d, J = 8.7 Hz), 8.55 (1H, d, J = 7.8 Hz), 8.53 (1H, d, J = 7.8 Hz), 8.40 (1H, d, J = 15.6
Hz), 8.30 (1H, d, J = 8.7 Hz), 8.16 (1H, ¢t, J= 7.8 Hz), 7.97 (1H, t,J= 7.8 Hz), 7.82 (1H, d, J = 8.4
Hz), 7.75 (1H, d, J = 8.4 Hz), 7.60 2H, d, J = 9.0 Hz), 7.58 (1H, d, J = 15.6 Hz), 7.45 2H, d, J = 9.0

Hz), 7.25 (2H, t, J = 8.4 Hz), 4.52 (3H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (PAC-15)

)
hot CH_OH %—§~©—c1
Il

o

(PAC-15)

flask A: 82818 An-Cl 0.090 N5 (0.3 a3 Iua) Aremumueasou 30 Haaans ALY
Msazaenua lamsazarela Lina
flask B : 2818 AEQ-II 0.114 A5¥ (0.3 3ad lua) semmueaiou 10 Jaaans ausuaisazaiy

Y a3 )
nua "lﬂmsazmﬂﬁmmmw

9
hasazaely flask A 1ag B MWaNAUIAZNOUTMUDS Al INATY NTBIATNBUBDN lAY
Y o Ay v v o v < a2 ]
l¥nsienseanazihnarsazareinla lsemeddiiazaiveen laveudsdiiaiaiuyes PAC-15

(0.15 N51 83%mp.230-232 °C)

naasasituveaidaihaaty (0.15 N1, 83%) AriaoNIHAl 230-232 °C, UV (CH,0H)
}\,max (nm) (logé&): 220.9 (9.47), 242.1 (11.02), 285.1 (2.73), 311.6 (2.58), 406.3 (3.65), IR (KBr)
V(cm_l): 1600, (C=C stretching), 1230 (S=0 stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300
MHz): 9.00 (1H, d, J= 8.4 Hz), 8.54 (1H, d, J= 7.8 Hz), 8.50 (1H, d, J= 7.8 Hz), 8.40 (1H, d, J= 15.6
Hz), 8.32 (1H, d, J = 8.4 Hz), 8.16 (1H, , J = 7.8 Hz), 7.98 (1H, d, J= 8.7 Hz), 7.97 (1H, t, J = 7.8
Hz), 7.80 (1H, d, J = 8.7 Hz), 7.60 (2H, d, J = 15.6 Hz), 7.59 2H, d, J= 8.1 Hz), 7.37 2H, t, J = 8.1

Hz), 7.35 (1H, ¢, J = 8.7 Hz), 4.50 (3H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (PAC-16)

(PAC-16)

flask A: 82810 An-OCH, 0.089 n3u (0.3 Haa lua) Aromwniueaiou 30 iaaans AUIY
myazaeviva lamsazarela Lina
flask B : aza18 AEP-II1 0.114 053 (0.3 Haa 1ua) @1emmusasou 10 aaans aAuauaIsazae

Y o ¥ )
nua ”l@miazmﬂﬁmmmw

y
wharsazanelu flask A g B nwaunulingnouda1ves Agl INATU NTBIAZNOUBDN 1AY

9 o P~ v o Y 3 a3
Elf’]fﬂi')flﬂif]\u!agu']ﬁ'ﬁaga']ﬂﬂulmﬂigl;Wﬂﬁjﬂ']agaWﬂf]’f]ﬂulﬂell@\ulell\iﬁu']ﬁ']aﬂlﬂq PAC-16 (0.15

N34 88% mp.218-220 °C)

naasaaniuveadadthaa (0.15 N5, 88%) yAMADNINAY 218-220 °C, UV (CH,0OH)
}\,max (nm) (logé&): 203.1 (9.39), 228.2 (10.70), 276.5 (2.52), 312.3 (1.74), 405.0 (3.61), IR (KBr)
V(cm_l): 1600, (C=C stretching), 1200 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300
MHz): 8.92 (1H, d, J= 8.4 Hz), 8.50 (1H, d, J= 7.8 Hz), 8.40 (1H, d, J= 7.8 Hz), 8.38 (1H, d, J=15.9
Hz), 8.25 (1H, d, J = 8.4 Hz), 8.15 (1H, ¢, J = 7.8 Hz), 7.90 (1H, ¢, J = 7.8 Hz), 7.76 (1H, d, J = 8.7
Hz), 7.75 2H, d, J= 8.1 Hz), 7.70 (1H, d, J = 8.7 Hz), 7.55 (1H, d, J= 159 Hz), 7.23 (1H, t, J = 8.7

Hz), 6.80 (2H, d, J= 8.1 Hz), 4.60 (3H, s), 3.80 (3H, s)

ﬂ?ﬂﬂ?iﬁﬂlﬂi?%ﬁ’ﬁTﬁﬁn\llmuﬂTﬁﬁl\iLﬂiigﬁﬁlﬂ scheme 3.3 L% scheme 3.4 "lajﬁ"m"rmm%u
9 1 l o aaa A Y a
a13 AEP-1 1y AEQ-I llﬂ U AN 2-furaldehyde hllllfl’ill'l%ﬁllcluﬂ'liV]Tﬂg‘]ﬂiﬂ']LW’chlﬁlﬂﬂﬁ']i
= 119/ o Aaw A

AEP-1 11az AEQ-1 {19634 Idvi3saindan Taemsdunsigriais AEP-II uag AEQ-III Taglu

A
d11vee0an ladaonlsd 4-(dimethylamino)benzaldehyde lAmagali
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MIFUATZH Aryl-ethenylpyridinium benzenesulfonates (AEP-III-X)

/ 4-(Dimethylamino)benzaldehyde H C_N/ \
HyC—Ng \ (@ F— R \ S
I@ piperidine, CH;O0H I@ — N
\

reflux

(AEP-III) CHj;

aza1e 1,4-dimethylpyridinium iodide 2.00 P5% (8.51 §ad 1ua) MBwMuUeaiou 5 Naaans

a [

AUIUAITAZAONUA ANT1TAZA18UDY 4-dimethylaminobenzaldehyde 1.27 N5 (8.51 dad lua)
a an a ) o o d
LA piperidine 0.84 Jaaans (8.51 #ad 1ua) avlumsazarededuamudidy ausuasazareilu

a

d" = o Y = 9 ) =) Y4 Y =
Luammﬂu"lﬂmiaza18ﬁummm mmﬁ‘Naﬂcﬁmswﬁnmﬂ“lmmimmﬁ”luimmqumwﬂu 55-60

QU

o . o v 2 d & a X o aaa o < 3 g
¢ mmssianailuna 3 911 Jagnouduaadunaiu hviadfnser Tl lvsuludiduilu
o [ Y Y 4 o o Yy Y 9
a1 2 U NTIAZNBUIUDAAANLAY d1aznoualsaas IsWesy 1hazneu T lduialaeld
< H ' . . Cae ..
vacuum  1AU0ILYIFUINA00UVD (E)-4-(4-(dimethylamino)styryl)-1-methylpyridinium iodide

(AEP-III) (3.11 ATY 99% m.p. 155-157 °C)

a o J I 3 a3y 1 @
wammmgﬂummmmmmaaau (3.11 NTY, 99%) arauInal 155-157 OC, uv

(CH,OH) A (nm) (logé&): 203.7 (5.49), 271.2 (6.42), 474.5 (5.70), IR (KBr) V(cm_l): 1579 (C=C

stretching), "HNMR (CDCI, + DMSO-d,) (5ppm) (300 MHz): 8.64 (2H, d, J=6.2 Hz), 7.97 2H, d, J
=6.2 Hz), 7.82 (1H, d, J= 15.9 Hz), 7.54 (2H, d, J = 8.7 Hz), 7.05 (1H, d, J = 15.9 Hz), 6.69 (2H, d, J

=8.7 Hz), 4.19 (3H, s), 3.02 (6H, s)

MINAATIY Aryl-ethenylpyridinium benzenesulfonates (AEP-III-CH,)

o H CO@—OAg e @N\ / \ N/CH3
H3C—N<< 7\ et 3 i \
P N _ o) CH;
\CH3 hot CH,0H o %—#@CH3
(0]
(AEP-TII-CH5)

flask A : 82818 An-CH, 0.15 N33 (0.55 A lua) MemMuoasou 20 Jadans AUIUEITAZAY

nua ldasazanelaluia
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flask B : aza18 AEP-III 0.20 N5 (0.55 Uad 1ua) a18nuoadsu 25 1aaans ALY a15azany
9 =
nua laasazangdnad

v ~ 2
mmiazmaalu flask A 4@ flask B mwauﬂuﬁﬂzﬂauﬁmmamm Agl mmdiu NI
a9

9 o Ay v () Y <
ﬁzﬂeuaaﬂiﬂﬂhﬂﬁwﬂim L!a$u1ﬁ15a$ﬁﬂfﬂ/lulﬂll'l]53Lﬁ8@]')1’nﬁ3ﬁ’]ﬂ@@ﬂ‘lﬂﬂlﬂﬂll"’U\‘]ﬁﬁiJGUfN

AEP-III-CH, (0.20 N33 86% m.p.126-127 °C)

nandaaifluveadesddu (0.20 ¥, 86%) AnaDUMAl 126-127 °C, UV (CH,0H) A,
(nm) (log&): 204.4 (5.01), 267.9 (5.44), 473.8 (5.04), IR (KBr) V(cm_l): 1587 (C=C stretching), 1370
(S=0 stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.65 (2H, d, J = 6.8 Hz), 7.94
(2H, d, J=6.8 Hz), 7.77 (1H, d, J = 15.8 Hz), 7.65 2H, d, J= 7.9 Hz), 7.56 2H, d, J = 7.8 Hz), 7.11
(2H, d,J=79 Hz), 7.02 (1H, d, J= 15.8 Hz), 6.73 (2H, d, J = 7.8 Hz), 4.24 (3H, s), 3.07 (6H, s), 2.33

(3H, s)

m3 f’h!ﬂﬁwﬁ Aryl-ethenylpyridinium benzenesulfonates (AEP-III-Br)

o/ o T/ N\ s
HyC—N CH, Br §0Ag N
’ \ /7 \ /7 o) \

I@ N o) CH3
\ - o I
CH, hot CH;0H O—ﬁ Br
O
(AEP-III-Br)

flask A : 82818 An-Br 0.19 N51 (0.55 128 1ua) @20mmusasou 50 aaans AUIUaITazagnun

Taasazanelaluiia
flask B : aza19 AEP-III 0.20 N33 (0.55 Haa 1ua) a1eimniueaiou 25 aaans Auauasazaly

9 =)
nua ldasazaneduad
9 A Y
asazatelu flask A wag flask B uwaunuiiaznoudiiniaves Agl 1NAUU n3e3
9 ) d' ) 9 I~ =} 9

aznouesn lasldnilensod tazihasazaten ld llszmediiazaisoon ldve s aduaaduuo

AEP-III-Br (0.22 N34 84% m.p.263-264 °C)

a o 7 3 A 9 o o
Wammmgﬂumammmmuw (0.22 NTU, 84%) YANADUINAI 263-264 C, UV (CH3OH)
7\,max (nm) (log&): 202.4 (5.22), 225.6 (5.51), 270.6 (5.90), 475.2 (5.26), IR (KBr) V(cm-l): 1578 (C=C

stretching), 1375 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.67 (2H, d,
J=6.6Hz),8.02 2H, d J=6.6 Hz), 7.86 (1H, d, J = 16.4 Hz), 7.60 (2H, d, J= 2.1 Hz), 7.58 (2H, d,
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J=2.1Hz), 748 (2H, d, J= 8.7 Hz), 7.12 (1H, d, J= 16.4 Hz), 6.75 (2H, d, J = 8.7 Hz), 4.20 (3H, s),
3.05 (6H, )

MIFUATZH Aryl-ethenylpyridinium benzenesulfonates (AEP-III-CI)

c14®—('s') 0A NN N/CH3
_ —OAg
H;C elgl\ / \ /CH3 I \

N ) CH,

O

\ > o |
CH, hot CH;0H O—ﬁ Cl

(0]

(AEP-III-CI)

[ a A 9 9 Aa aa
flask A : 92218 An-C1 0.16 N5U (0.55 llaﬁillﬁ) AYLUNIUBATDU 20 UAAANT AUIUTITAZANIHUA
k4 [
laasazanelaluna
o Aa a k4 9 Aa aa
flask B : aga18 AEP-III 0.20 A5 (0.55 llﬁﬁillﬁ) AIYUNIUBATIOU 25 UAAAAT AUIUTITALAY
9 =
Hnua Ulﬂt’fﬁﬁ%ﬁ?ﬂﬁuﬂ\i
= =S %7/ a 3
u1’ﬁ1ia$ﬁ181u flask A tag flask B WINTUNUNUASNDUTUINIAUDY Agl msﬁu NI
v o Ay ¥ v o Y 2 a
ﬁZﬂﬂufJ@ﬂTﬂﬂi%ﬂi’Jﬂﬂiﬂ\i uaxmmiazmwhlﬂllﬂigmammazmﬂaan”lmjmwuqmmwm

AEP-1II-CI (0.22 N5 92% m.p.171-172 °C)

nansuaiituvededuag 0.22 nFu, 92%) gavasmmad 171-172 °C, UV (CH,OH) A,
(nm) (logé&): 203.1 (5.57), 273.9 (7.10), 472.5 (5.78), IR (KBr) V(cm_l): 1589 (C=C stretching), 1384
(S=0 stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.66 (2H, d, J = 6.8 Hz), 7.97
(2H, d, J = 6.8 Hz), 7.81 (1H, d, J = 15.9 Hz), 7.73 (2H, d, J = 8.4 Hz), 7.58 (2H, d, J = 9.0 Hz), 7.32

(2H, d,J=8.4Hz), 7.05 (1H, d, J=15.9 Hz), 6.73 (2H, d, J = 9.0 Hz), 4.25 (3H, s), 3.07 (6H, s)

MsFUATIZH Aryl-ethenylpyridinium benzenesulfonates (AEP-III-OCH,)

HyC—N CH
. T/ N\ /7

Hy,C—N \ cH, H¢0 1 TOAs N
\_/ / o)

I@ N [e) CH3
\ > o
CH, hot CH;0H O—ﬁ OCHj;
(6]

(AEP-III-OCHj)
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flask A : 82818 An-OCH, 0.16 N5 (0.55 Had lua) AoMUDASOU 20 HAdaAT AUIUAITAZATY
nua ldasazanelaluia
flask B : 82818 AEP-IIT 0.20 N5 (0.55 183 1ua) @201n110a301 25 Haaans ALY a15a2a1d
Y =
nua laasazanganad
Y A Y
ansazatelu flask A uag flask B uwaunuiiaznaud@iiniaved Agl 1NAUY n3e3
] ° Ay Y o o Y 2
aznouean lagl¥niteniod uaziasazaten'ld llssmedivinazateoon 1duo VT AIUD

AEP-1II-OCH, (0.20 N3U 86% m.p.198-200 °C)

nansuaniluvedaduag 0.20 n¥u, 86%) yANasuHal 198-200 °C, UV (CH,0H) A,
(nm) (log&): 203.1 (5.28), 225.6 (5.43), 269.9 (5.81), 473.8 (5.26), IR (KBr) V(cm—l): 1577 (C=C
stretching), 1375 (S=O stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz): 8.67 (2H, J =
6.9 Hz), 8.02 2H, J= 6.9 Hz), 7.87 (1H, d, J=16.2 Hz), 7.59 2H, d, J= 8.9 Hz), 7.58 2H, d, J= 8.7
Hz), 7.12 (1H, d, J = 16.2 Hz), 6.83 (2H, d, J = 8.7 Hz), 6.75 (2H, t, J = 8.9 Hz), 4.19 (3H, s), 3.76

(3H, s), 3.04 (6H, s)

msi‘famswﬁ Aryl-ethenylquinolinium benzenesulfonates (AEQ-III-X)

N 4-(dimethylamino)benzaldehyde
‘ oz piperidine, CH3;0OH

T I@ CH, reflux

CH,

(AEQ-III)

CH,4

aza18 1,2-dimethylquinolinium iodide 2.00 N3 (7.01 Fad 1ua) AewNIULA 10 HAAANS

AUIUTITAZAIHUA ANT1TAZAOUDY 4-(Dimethylamino)benzaldehyde 1.04 N3N 1Ay piperidine
Aa aa 9 9 o w 3 dy =) @ 9 =

0.69 Hadans asluasazarededumuaidy avsuasazaeiuie@edny laasazaeduas
o = v I3 @ o aan o < < I o
immssandiluna 6 T thualfaser Tl ldauludiwilumar 3 7w nsesazneunu

o o o [ o
aAnMUAY dazneudsmmusatiaznou Iy liuialas1d vacuum ldvoaudadavea (£)-2-

(4-dimethylamino)styryl]-1-methylquinolinium iodide (AEQ-III) (2.60 NN 89% mp 218-219°C)
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nanduatfluveudedan (1.81 Sy, 89%) yanasumal 218-219 °C, UV (CH,0H) A,
(nm) (log &): 205.3 (4.12), 221.9 (2.51), 280.9 (3.16), 326.8 (4.02), 521.13 (4.89), IR (KBr) V(cm—l):
1600 (C=C stretching), 1280 (C-N stretching), 'H NMR (CDCI, + DMSO-d,) (5 ppm) (300 MHz):
8.70 (1H, d, J=9.0 Hz), 8.40 (1H, d, J=9.0 Hz), 8.31 (1H, d, J= 7.5 Hz), 8.14 (1H, d, J = 7.8 Hz),
8.05 (1H, d, J = 15.3 Hz), 8.01 (1H, #, J= 7.8 Hz), 7.80 (1H, ¢, J= 7.8 Hz), 7.78 (2H, d, J = 8.7 Hz),
7.50 (1H, d, J=15.3 Hz), 6.80 (2H, d, J= 8.7 Hz), 4.50 (3H, s), 3.15 (6H, s)

MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (AEQ-III-CH,)

(AEQ-II-CH))

Flask A : 82818 An-CH, 0.06 N33 (0.24 3iad lua) Memmiueaion 25 adaans AUIUAITAZaNY

vua ldasazanelaluid
Flask B : aza18 AEQ-IIT 0.10 n5U (0.24 Jad lua) Memnusadeu 40 1adans aAuauaisazald

Y =
viue Idasazanedyuy
Y
ansazanelu flask A 1ag flask B MIHANAUNAZNOUTMUDY Agl INATY NTBIATADY
Y o Ay ¥ ) A 9 <=

ponlagl¥nsrensed waziharsazaren 1a lUszmeaiazareeenvwnourua: lavesuded

1We2U09 AEQ-III-CH, (0.06 NFN 57% mp 284-285°C )

nansuaiitluveudsd®ion (0.06 nFu, 57%) yanasuiad 284-285 °C, UV (CH,OH) A
(nm) (logé&): 328.6 (4.26), 521.1 (3.62), IR (KBr) V(cm_l): 1567 (C=C stretching), 1167 (S=0
stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.71 (1H, d, J = 9.0 Hz), 8.42 (1H, d, J
=9.0 Hz), 8.35 (1H, d, J= 7.8 Hz), 8.35 (1H, d, /= 7.8 Hz), 8.12 (1H, t, J = 7.8 Hz), 8.00 (1H, d, J =
15.6 Hz), 7.80 (1H, ¢, J= 7.8 Hz), 7.73 (2H, d, J = 8.7 Hz), 7.60 (1H, d, J = 15.6 Hz), 7.55 2H, d,J =

8.1 Hz), 7.10 (2H, d, J= 8.1 Hz), 6.80 (2H, d, J = 8.7 Hz), 4.50 (3H, s), 3.15 (6H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (AEQ-III-Br)

(AEQ-III-Br)

1) a A Y 9 a aaa
Flask A : 82818 An-Br 0.08 5 (0.24 Wad lua) a18muoaioy 25 Haaaans ALIUaITazaly
) [
nua laasazarela lina
[ a A Y 9 Aa aa
Flask B : aza18 AEQ-IIT 0.10 n53(0.24 1ad 1ua) areuniueadeu 40 1adans aAuaualIsazald
Y ~
viua lamsazaredrun
Y . i
ihasazarelu flask A 1ag flask B WIHaNAUTInznouTi1A1a1A9v09 Agl 1NATYU AT
Y ° Ay Y @ o A Y
aznouoonlasldnitenios uaziaisazaren ld llszvedriazatgesnaunouvinaas e

YBUIFAVDI AEQ-III-Br (0.07 NTN 59% mp 282-283°C)

wansuaiituvendede (0.07 nFu, 59%) yaviaeNviad 282-283 °C, UV (CH,0H) A
(nm) (log&): 289.5 (4.52), 328.1 (3.14), 522.3 (2.72), IR (KBr) V(cm_l): 1570 (C=C stretching), 1190
(S=0 stretching), 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.70 (1H, d, J = 9.0 Hz), 8.41
(1H, d,J=9.0 Hz), 8.37 (1H, d, J= 7.8 Hz), 8.14 (1H, d, J= 7.8 Hz), 8.05 (1H, d, J = 15.3 Hz), 8.01
(1H, #,J = 7.8 Hz), 7.88 (1H, 1, J = 7.8 Hz), 7.82 (2H, d, J = 7.5 Hz), 7.72 (1H, d, J = 15.3 Hz), 7.63

(2H, d,J=18.7Hz), 6.95 (2H, d, J= 8.7 Hz), 6.80 (2H, d, J= 7.5 Hz), 4.52 (3H, s), 2.50 (6H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (AEQ-III-CI)

(AEQ-III-C1)

aaa

Flask A : 82218 An-C10.08 5¥ (0.24 11aa 1ua) Mewmueaion 20 Tadaans ALINAITAZANY

nua Idansazanelaluia
Flask B : aza18 AEQ-III 0.10 5% (0.24 Tad 1ua) semumueadon 50 1aaans ALILAITazae

9 =
vue ldasazanedyuy
Y
ansazanelu flask A 1ag flask B MIHANAUNAZNOU YB9AL] INATY NTBINTNBUBDN
o { ) 3

Tael¥n31ensed taziasazareh 18 llszimedlmazaiseonauinounuaz laueaudadnag

Y99 AEQ-ITI-CI (0.06 NTU 54% mp 284-285°C)

nansuaniluvedaduag (0.06 N5y, 54%) yAnasumal 284-285 °C, UV (CH,0H) A,
(nm) (logé&): 289.5 (4.38), 326.9 (3.76), 522.8 (2.36), IR (KBr) V(cm_l): 1571 (C=C stretching), 1164
(S=0 stretching), 'H NMR(CDCI, + DMSO-d,) (5ppm) (300 MHz): 8.90 (1H, d, J = 9.0 Hz), 8.46
(1H, d, J=9.0 Hz), 8.40 (1H, d, J = 7.8 Hz), 8.35 (1H, d, J = 7.8 Hz), 8.12 (1H, ¢, J = 7.8 Hz), 8.09
(1H, d, J=15.3 Hz), 7.91 (IH, ¢, J= 7.8 Hz), 7.88 (2H, d, J = 8.7 Hz), 7.63 (2H, d, J = 8.1 Hz), 7.50

(IH, d,J=15.3 Hz), 7.30 (2H, d, J= 8.1 Hz), 7.05 (2H, d, J= 8.7 Hz), 4.50 (3H, s), 3.12 (6H, s)
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MIqANS 13‘?“? Aryl-ethenylquinolinium benzenesulfonates (AEQ-III-OCH,)

(AEQ-III-OCHS)

Flask A : 82818 An-OCH, 0.07 n51 (0.24 Jiad lua) Memmueaiou 20 Jadans ALIUAITAZAY
vua ldasazaelalund
Flask B : aza18 AEQ-III 0.10 5% (0.24 Jad Jua) semumusadon 40 1aaans ALILAITazae
9 =
nua laasazawd
Y
ansazatelu flask A 1ag flask B MIHANAUNAZNOUTMUDY Agl INATY NTBIATADU
Y o Ay ¥ ) A FY <=
ponlael¥nstensed waziarsazaten la lUssmedrinazatgesnvunounuae lave audd

183999 AEQ-III-OCH, (0.09 N31 81% mp 279-281°C)

nansuanfluvedamden 0.09 n¥, 81%) yanasuival 279-281 °C, UV (CH,OH) A,
(nm) (log&): 254.6 (3.24), 521.7 (4.52), IR (KBr) V(cm_l): 1568 (C=C stretching), 1163 (S=0
stretching), "H NMR (CDCL, + DMSO-d,) (O ppm) (300 MHz): 8.70 (1H, d, J = 9.0 Hz), 8.41 (1H, d, J
=9.0 Hz), 8.31 (1H, d,J=7.9 Hz), 8.16 (1H, d, J= 7.9 Hz), 8.09 (1H, d, J= 15.3 Hz), 7.99 (1H, #, J =
7.9 Hz), 7.81 (1H, t, J = 7.9 Hz), 7.76 (2H, d, J = 8.7 Hz), 7.69 2H, d, J = 8.1 Hz), 7.50 (1H, d, J =

15.3 Hz), 6.81 (2H, d, J= 8.1 Hz), 6.80 (2H, d, J = 8.7 Hz), 4.50 (3H, s), 3.13 (6H, s)
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MIFUATZH Aryl-ethenylpyridinium zinc iodide (AEP-ZnlI) 74 scheme 3.8

B Ar N B Ar ]
/ /
Znl, m-
Znl
m m+2
‘ \ hot CH;0H | \
e @
N N
[S]
| |
CHg CHa
— — — —'m

AEP-1-Znl %50 PAC-17

AEP-II-Znl %39 PAC-18

dmsumswssuaslszney PAC-17 uay PAC-18 19193910 Iienansawsey AEP-T &4
Y

< Y = =2 1 [ @ d
Lﬂutﬁ"]i@mﬁuﬁluﬂ'ﬁlﬁﬁﬂu PAC-17 fﬂ\?ﬁﬂﬁ’]iﬂiﬂﬂ’]ﬂ’]iﬁ\uﬂi’]gﬁ PAC-17

) v ! o Ny Y A A aan Y
a3y PAC-18 llllﬁ’]ll’]iﬂﬁ\‘]m'5131(7[1@“lﬂ?qﬂglﬂﬁﬂulﬁﬂuqﬂlﬂl@\iﬂQﬂﬁfﬂ'ﬂﬁ’]ﬂﬁﬂ’nglla?

<
NATY
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MIFUATZH Aryl-ethenylpyridinium zinc iodide (AEQ-ZnI) 7114 scheme 3.9

Znl,
anm+2m_

hot CH;OH

Ar T Ar
C

\_/
\

o—2=
I
w

_O

AEQ-I-Znl %59 PAC-19

Hay

AEQ-II-ZnI %30 PAC-20

fnsumsessuaslseney PAC-19 taz PAC-20 1189910 lausawien AEQ-T ¥4

I~ g Y ~ =3 1 o @ d Y
LﬂUﬁ'Wiﬂ\‘]ﬁuﬁluﬂWiLﬁiﬂh PAC-19 ﬂﬁllNﬁWMWiﬂﬂTﬂWiﬁﬁlﬂi1$ﬁ PAC-19 UI,@

) o ] o Y Y A A aan Y
a3 PAC-20 Ull]ﬁnﬂiﬂﬁ\ilﬂi']gﬂll@l,lll'ﬂﬂglﬂﬁﬂulﬂ@ukl"ll"ll'é)\iﬂ%]ﬂiEJﬁ’iﬁWEJﬁﬂTJ%LLﬂ'J

<
NATY
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MNMIFUATIEHAITNUUNUNTTUATISHAY scheme 13.8 1A% scheme 13.9 lia1u150
v H v
$383a15 PAC-17, PAC-18, PAC-19 18z PAC-20 ¢ uaaadn ansnadans lwmnzaunozina

a g o Ya o KR v Av A a @ P4
ﬁ"ljﬂigﬂﬂﬂﬁfﬂcﬁﬂuﬂUIawg Zn(II) Z\l}')i]ﬂi]\?llﬂ'ﬂwjﬁlﬂlWNLﬁNIﬂﬂﬂTiaQLﬂ51$Wﬁ1ﬁ AEQ-1V,

) Y
AEQ-V, AEQ-VI 1182 AEQ-VII 1iioinsdunszriasilseneumadouny zn(n) lanaaail

N 4-hydroxy-3-methoxybenzaldehyde
‘ iy piperidine, CH;OH
T ° CH, reflux OCH;
CH; CH,

(AEQ-IV)

. . - . . o a A Y a aa
2¢0189 1,2-dimethylquinolinium iodide 2.98 AW (10.05 Had lua) Mewnuea 10 dadans
AUIUTITAZANIHUA IANA1TAZABYDI vanillin 1.60 NFY 1AL piperidine 1.00 Naaaas avlu
Y 9 o w G A A o e A o 24 & o
152218V NAUNMVAINY AUIUATaz ATl uiiB@eny i sIvanaiilumal 3 ¥ 1ue 1u0a
Aaan o YR~ Y 3 I Y] [ 9 9 a
Ugaser i ldiuludidwilumal 2 7u nsesaznounuvaannuay d1uaznoudlelaeia
J o o Y Y 9 9 < 9
amed nznoulUmilduielas 1y vacuum  lAveuleduaaduved 4-[(E)-2-(4-hydroxy-3-

methoxyphenyl)ethenyl]-1-methylquinolinium iodide (AEQ-IV) (2.87 N4 68% mp 248-250°C).

nandaaifluvedsduautdy 'H NMR (CDCI, + DMSO-4,) (O ppm) (300 MHz): 10.02
(1H, s), 8.94 (1H, d, J = 9.0), 8.53 (1H, d, J = 9.0), 8.50 (1H, d, J=7.5), 8.30 (1H, dd, J =1.2, 7.5 Hz),
8.17 (IH, d, J = 15.6 Hz), 8.15 (1H, d, J = 1.2, 7.5 Hz), 7.90 (1H, t, /= 7.5 Hz), 7.73 (IH, d, J = 15.6

Hz), 7.58 (1H, d,J= 1.8 Hz), 7.41 (1H, dd, J= 1.8, 8.1 Hz), 6.93 (1H, d, J= 8.1 Hz), 4.62 (3H, ), 3.95

(3H, s)
‘ N 3-hydroxy-4-methoxybenzaldehyde | N
oz piperidine, CH;OH I\(;a/ o
T Ie CHs reflux Ie
CH, CH,

(AEQ-Y) OCH,
aza18 1,2-dimethylquinolinium iodide 2.98 N3 (10.05 §ad lua) ABwNMUoa 10 Naaans
AUIUAITAZANBHUA IANF1TAZANBYD isovanillin 1.60 NTU LA piperidine 1.00 Uadans avlu
9 Y o w I Lg = [ o ~ v g o °
Azl NAUMNEIAY AvIuaITazaatluiomeny Mmnmssanaiuna 2 32 Tu e

aan o < < < @ [ a
Ugnser i ldiduludidwilunal 2 7u nsesazneunuuaanuau d1waznoudle laeia
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¢ o o < 3
dmes wazneu U lduralaeld vacuum ldvesudainiara-uasue 4-[(E)-2-(3-hydroxy-4-

methoxyphenyl)ethenyl]-1-methylquinolinium iodide (AEQ-V) (2.70 g 64% mp 218-220°C).

waasaauvewdsdihnia-uns 'H NMR (CDCL, + DMSO-4) (& ppm) (300 MHz): 9.52
(1H, 5), 8.95 (1H, d, J = 9.0 Hz), 88.52 (1H, d, J = 9.0 Hz), 8.49 (1H, d, J = 7.5 Hz), 8.32 (1H, d, J =
7.5 Hz), 8.18 (1H, dt, J= 1.5, 7.5 Hz), 8.09 (1H, d, J = 15.9 Hz), 7.93 (1H, 1, J = 7.5 Hz), 7.69 (1H, d, J
=15.9 Hz), 749 (1H, d, J= 2.1 Hz) , 7.41 (1H, br d, J = 8.4 Hz), 7.36 (1H, d, J = 8.4 Hz), 4.65 (3H, s),

3.95(3H, s)

’ N 4-hydroxybenzaldehyde ‘ N
o piperidine, CH;OH Ny
N
T Ie CH, reflux | Ie
CH, CH,
(AEQ-VI) OH

. . . . . . g a a 9) = an

22218 1,2-dimethylquinolinium iodide 2.00 N3 (7.01 uaaiua) AYLUNIUDA 10 Wananasg
AUIUTITASAYNUA IANT1TAZ Q18D 4-hydroxybenzaldehyde 0.86 NIU LA piperidine 0.69
a aa 9 9 o w I dy = Y] o = v Ja
Haaans adluaisazalgvaaumuaIay auauasazareiuiiomedny inssvanasilunal 3
] o Aaaa o Y I Y3 I o o 9
2 Tua el gnsen llildisuludisuiluna 2 7u nsesaznouunuanauau d19aznou

a J o o I %’

da1e'latonadmos eznau T ldudalasls vacoum  1duesudaiitaiaveq 4-[(E)-2-(4-

hydroxyphenyl)ethenyl]-1-methylquinolinium iodide (AEQ-VI) (1.99 134 73% mp 192-194°C).

nandaaniluveandisdiinia 'H NMR (CDCI, + DMSO-d,) (O ppm) (300 MHz): 9.64 (1H,
5), 847 (IH, d, J= 9.0 Hz), 8.22 (1H, d, J = 9.0 Hz), 8.15 (1H, d, J = 8.4 Hz), 8.05 (1H, br d, J = 8.1
Hz), 8.01 (1H, ddd, J = 1.5,7.2, 8.4 Hz), 7.98 (1H, d, J = 15.3 Hz), 7.72 (1H, dd, J = 7.2, 8.1 Hz), 7.68

(2H, d,J=9.0 Hz), 7.02 (1H, d, J = 15.3 Hz), 6.72 (2H, d, J = 9.0 Hz), 4.35 (3H, s)

N 4-methoxybenzaldehyde ‘ N

’ oz piperidine, CH;OH Ny L
T ° CH, reflux T Ie
CH, CH,

(AEQ-VII) OCH;
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2218 1,2-dimethylquinolinium iodide 1.00 n5Y (3.51 Fadlua) Areuniuea 10 Nadans
AUIUTITAZANWHUA ANAI1TALAOUDY 4-methoxybenzaldehyde 0.43 A3) LA piperidine 0.35
a aa 9 Y o W I dy = o o = v I3
Nadans avlumsazareddumudiay avaudisazareuiemernu iimsindanatlunar 7
] o aan o Jya Y3 I o (% FY
2 Tua el s lli mieuludiiuiiumal 2 7u nsesaznonunuaanuay A19aznow

a J o o < 3
ae'laeiadimes azneuldsiliuialasly vacuum  ldvesudaringraves 4-[(£)-2-(4-

hydroxyphenyl)ethenyl]-1-methylquinolinium iodide (AEQ-VII) (1.03 N4 73% mp 192-194°C).
naasuaiiiluveudisdinena 'H NMR (CDCL, + DMSO-d,) (O ppm) (300 MHz): 8.91 (1H,

d,J=9.0 Hz), 8.47 (1H, d, J = 9.0 Hz), 8.42 (1H, d, J= 8.1 Hz), 8.27 (1H, br d, J= 8.1 Hz), 8.17 (1H,

dt, J=15,8.1 Hz), 8.10 (1H, d, J = 15.6 Hz), 7.92 (1H, 1, J = 8.1 Hz), 7.90 (2H, d, J = 8.7 Hz), 7.72

(IH, d,J=15.6 Hz), 7.04 (2H, d, J = 8.7 Hz), 4.62 (3H, 5), 3.91 (3H, s)

MIFuANZH Aryl-ethenylpyridinium zinc iodide (AEQ-IV-Zn)

Znl, ‘ X 5
S Zl’lI4 g
5 hot CH;0H @

(AEQ-IV-Zn)

a2a18 AEQ-IV 0.40 n5W (0.80 1ad 1ua) AeuNIU0a 10 HAdanT ALIUEITALTAIHUA
ANA1TALa1884 zinc(ID) iodide 0.15 AFY (0.40 Had Tua) asluasazaredadumuaIAY ALY
msazaroiuiiodeatuna 1 $alue dmsazaren 1l szmediazarel it laels
evaporator dupauiariiaaues (AEQ-IV-zn) (0.14 N3 40% mp 225-226°C).

wanssaaniuvoudadihnig (0.14 nfu, 40%) yanasumad 225-226 °C, UV (CH,OH)
7\,max (nm) (log&): 217.3 (4.87), 311.6 (3.83), 440.9 (5.04), 561.8 (4.60), IR (KBr) V(Cm—l): 3437 (O-H
stretching), 1579 (C=C stretching), 'H NMR(CDCI, + DMSO-d,) (5 ppm) (300 MHz): 9.87 (1H, s),
8.89 (1H, d, J=9.0 Hz), 8.48 (1H, d, J=9.0 Hz), 8.45 (1H, d, J = 7.5 Hz), 8.27 (1H,dd, J=1.2, 7.5

Hz), 8.14 (1H, dt, J = 1.2, 7.5 Hz), 7.92 (1H, d, J = 15.9 Hz), 7.90 (1H, ¢, J = 7.5 Hz), 7.70 (1H, d,
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J=159Hz), 752 (1H, d, J= 1.8 Hz), 7. 39 (1H, dd, J = 1.8, 8.1 Hz), 6.95 (1H, d, J = 8.1 Hz), 4.62
(3H, s), 4.00 (3H, s)

MIFUATZH Aryl-ethenylpyridinium zinc iodide (AEQ-V-Zn)

Znl, | N
—_—
hot CH;0H ey
N

(AEQ-V-Zn)

aza18 AEQ-V 0.40 05U (0.80 1ad 1ua) AN 1U0a 10 Hadans AUINAITAZAIINUA
ANEI5aLa19U04 zinc(Il) iodide 0.15 NTW (0.40 ﬁaaiua) aaluasazaredadumuaIay ALy
msazaroiuiiodoatuna 1 92 lue msazaren 1l szmediazarel it lagls
evaporator ”lﬁ’mmu%ﬂ?mmmm (AEQ-V-Zn) (0.14 SN 40% mp 220-221°C).

waasuanduveniedhea (0.14 15U, 40%) yAraoNIKa) 220-221 °C, UV (CH,OH)
7\,mx (nm) (log&): 218.2 (5.24), 305.4 (4.51), 430.9 (4.99), IR (KBr) V(cm_l): 3436 (O-H stretching),
1585 (C=C stretching), 1221 (C-O stretching), '"H NMR(CDCI, + DMSO-d,) (5 ppm) (300 MHz): 9.31
(1H, s), 8.97 (1H, d, J= 9.0 Hz), 8.54 (1H, d, J= 9.0 Hz), 8.50 (1H, d, J= 7.5 Hz), 8.31 (1H, d, J=7.5
Hz), 8.15 (1H, dt, J = 1.5, 7.5 Hz), 8.11 (1H, d, J = 15.9 Hz), 7.91 (1H, t, J = 7.5 Hz), 7.70 (1H, d,
J=159Hz), 7.47 (1H, d, J= 2.1 Hz), 7.41 (1H, br d, J = 8.4 Hz), 7.04 (1H, d, J = 8.4 Hz), 4.57 (3H,

s),3.92 (3H, s)

Znl>
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MIFUATZH Aryl-ethenylpyridinium zinc iodide (AEQ-VI-Zn)

ZnI2

—_—_—

2-
hot CH;0H Znly

(AEQ-VI-Zn)

7 a A Y Aa aa
82018 AEQ-VI 0.60 N3y (1.54 Haalua) AgNIUea 10 Haaans ALIUEITAZAeNHNA
a . . . o a A 9 Y o w
WUA1I82018UDY zinc(IT) iodide 0.25 NN (0.77 uaaim) adlugisazaet A uMINaI Y ALY
< ¢ o & o ly v @ o ¥ v
asazareduiia@ernunal 1 ¥l diasazarenla ldszmeddvinazareldusialae 1

evaporator 1AV8TILAUTVDI (AEQ-VI-Zn) (0.37 ATY 43% mp 234-236°C).

nandaaifluveuisduaadi (037 n¥u, 43%) yAnasural 234-236 °C, UV (CH,0H)
A (nm) (log&): 220.9 (3.38), 260.6 (3.02), 312.2 (2.79), 426.8 (3.32), IR (KBr) V(em ): 3421 (O-H
stretching), 1586 (C=C stretching), 'H NMR(CDCI, + DMSO-d,) (5 ppm) (300 MHz): 9.68 (1H, s),
8.86 (1H, d, J=9.0 Hz), 8.46 (1H, d, J= 9.0 Hz), 8.41 (1H, d, J= 8.1 Hz), 8.25 (1H, br d, J= 8.1 Hz),
8.12 (1H, dt, J= 1.5, 8.1 Hz), 8.10 (1H, d, J = 15.3 Hz), 7.87 (1H, ¢, J= 8.1 Hz), 7.78 2H, d, J = 9.0

Hz), 7.64 (1H, d,J=15.3 Hz), 6.92 (2H, d, J= 9.0 Hz), 4.48 (3H, s)

MsFUATIZH Aryl-ethenylpyridinium zinc iodide (AEQ-VII-Zn)

Znl, ‘ X ,
- Zl’lI4-
hot CH;0H
@
i
CH,

(AEQ-VII-Zn)

OCH;3
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22218 AEQ-VII 0.60 n5¥ (1.48 1ad 1ua) Meun1uea 10 Yadans AUIUAITAZAIHUA

BUETaZa18U0d zinc(Il) iodide 0.24 N5 (0.74 Haa lua) adluaIsazalgd A UMNEIAY ALY
I ¥ [ < o 1 % o

asazargiuile@eddunal 1 9 lue imsazatenld ldszmediiazatelduialae e

a ¥ o o
evaporator llﬁ’mmmﬁmmmamm (AEQ-VII-Zn) (0.40 N3N 73% mp 229-231 C).

wanssaaniuvowdadihnig 0.40 n$u, 73%) yanasamad 220-231 °C, UV (CH,0H)
}“max (nm) (log&): 219.1 (3.92), 2.49.2 (3.73), 407.2 (3.68), IR (KBr) V(cm_l): 1581 (C=C stretching),
1220 (C-O stretching), 'H NMR(CDCI, + DMSO-d,) (O ppm) (300 MHz): 8.97 (1H, d, J = 8.7 Hz),
8.53 (IH, d, J = 8.7 Hz), 8.51 (1H, d, J = 7.2 Hz), 8.32 (1H, d, J = 7.2 Hz), 8.25-8.14 (1H, m), 8.20
(1H, d, J = 15.9 Hz), 8.02-7.90 (1H, m), 7.95 (2H, d, J = 8.7 Hz), 7.79 (1H, d, J = 15.9 Hz), 7.08 (2H,

d,J=8.7Hz), 4.57 (3H, s), 3.59 (3H, s)

A A o N Y = . = [ A
iosnnarsidunsizy laanmanlu centrosymmetric space group a4 lajnaaauiia second
. . = Y A Y a EaRl Ao
order non linear optical Gﬂlﬂ/]ﬂ?@ﬂﬂﬂﬂll'g LW@iWLﬂﬂﬂigiﬂ%uﬁﬁlﬂu’mﬂ 1NNITATIITDULDNET

A a ' o o { v { <
INILAUWUT F190YNWUTD pyridinium HAE quinolinium ﬁﬁwggmuﬂﬂu amino L1A¥ thiophene ¥ifNY

aA

A £ {1 o & 1y o o Ce . . ..
phauaasgninednminiaule auiugiteelfiharseywus pyridinium 1ag quinolinium il
' A g . ] . A o o Ly dy A A 1
WiJ“LW]UVIL“]Ju amino LAz thiophene T]ﬁ\‘ll,ﬂ'ﬂgWvl,@%ﬂlﬂWﬂﬁflﬂq%‘ﬁﬁWUL"]ﬂmLUﬂﬂliﬁl LASWUIN
o [ d'd ] d’ . A [} Q(9/ dy
ﬁ?ﬁiﬂﬁ?iﬂi%ﬂ@ﬂﬂﬂﬁﬂulmuﬂ thiophene A9®15 AEP-II L1ag PAC5 — PACS ”lmaﬂqmmuma
H 4 9 v
LL’Uﬂ‘VIl?iEJ Mﬂlmzﬁmi AEQ-IT itag PAC13 - PAC16 Llﬁﬂ\‘if,]Vl‘ﬁgﬁulfd]!f'f)l,l,ﬂﬂ‘i/lliﬂﬁuﬂﬂ

ﬁm‘i"‘umiﬂigﬂauﬁﬁwggmuﬁrﬂu dimethylamino (AEP-III-X (a2 AEQ-III-X) L@ad

Q{a} ¥ == d' 1 (% d' {
qmmuu,%ummﬁmmﬁu% AINTNN 111AZA1519N 2

H;,C—N

N/ \ Ve

CH,
|—< >—R

AEP-III = (E)-4-(4-(dimethylamino)styryl)-1-methylpyridinium iodide

n—0

€]
(o]

[e]
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MIC (ng/ml)
Gram-positive bacteria Gram-negative bacteria
Compound
S. B. E. P. S. S.
MRSA* VRE**
aureus  subtilis faecalis aeruginosa typhi sonnei
AEP-1II-CH, 18.75 - - - - 300 - -
AEP-III-Br 37.5 - - - - - - -
AEP-III-CI 18.75 - 300 300 300 150 - -
AEP-III-OCH, 18.75 - 300 300 300 150 - -
BZK 9.37 <2.34 150 9.37 9.37 300 9.37 -
Vancomycin <2.34 4.68 2.34 2.34 <2.34 2.34 4.68 4.68

- No activity was observed up to 300 [lg/mL.

* Methicillin-Resistant S. aureus ATCC 43300

** Vancomycin-Resistant E. faecalis ATCC 51299
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o
I
S
I

(o)

Q
o—

ORZ
AEQ-III = (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium iodide

v k4

= Q'{ t) A aA
MINNN 2 NTNULBDUUANLTIVDITTT AEQ-TTI-X

MIC (ng/ml)
Gram-positive bacteria Gram-negative bacteria
Compound
MRSA S. B. E. P. S. S.
VRE**
* aureus  subtilis faecalis aeruginosa  typhi sonnei
AEQ-III-CH, 2.34 2.34 2.34 2.34 2.34 300 300 2.34
AEQ-III-Br 2.34 2.34 2.34 2.34 2.34 300 300 2.34
AEQ-III-CI1 2.34 2.34 2.34 2.34 2.34 300 300 2.34
AEQ-III-
2.34 - 75 150 150 - - 150
OCH,
BZK 9.37 <2.34 150 9.37 9.37 300 9.37 -
Vancomycin <2.34 9.37 2.34 2.34 9.375 2.34 2.34 2.34
- No activity was observed up to 300 [lg/mL.
* Methicillin-Resistant S. aureus ATCC 43300
** Vancomycin-Resistant E. faecalis ATCC 51299
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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5. lassa319Kan

A o MY A o = A 9 Y a 2 o A
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In the title compound, C;,H;,NS*-C4H,ClO5S™, the cation is
almost planar and exists in the E configuration. The cations
and anions form alternate layers parallel to the ab plane.
Within each layer, both cations and anions form chains
directed along the b axis. The molecules are interconnected by
weak C—H-.-O interactions into a three-dimensional
network. The crystal structure is further stabilized by C—
H- - - interactions involving the thiophene ring. The sulfonate
and thiophene groups are involved in weak intramolecular
C—H--.0O and C—H- - -S interactions, respectively. The latter
intramolecular hydrogen bonds produce S(5) ring motifs.

Related literature

For bond lengths and angles, see Allen (2002); Allen et al.
(1987). For related literature on hydrogen-bond motifs, see
Bernstein et al. (1995). For related structures, see for example
Chantrapromma et al. (2005, 2006a,b, 2007a,b,c,d); Drost et al.
(1995); Jindawong et al. (2005); Subramaniyan et al. (2003).
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Experimental
Crystal data

C12H NS CoH,ClO5S ™ V =1766.41 (4) A®

M, = 39391 Z=4
Monoclinic, P2, /c Mo Ko radiation
a=73532(1) A =047 mm™
b = 14.0250 (2) A T =100.0 (1) K

c=183755(2) A
B =111232 (1)°

0.49 x 0.22 x 0.18 mm

Data collection

Bruker SMART APEX2 CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.883, Tiyax = 0.919

23692 measured reflections
4688 independent reflections
3913 reflections with I > 20(1)
Rint = 0.037

Refinement

R[F? > 20(F?%)] = 0.037
wR(F?) = 0.094

S =1.06

4688 reflections

227 parameters

H-atom parameters constrained
Apmax =057 ¢ A7

ApPmin = —042e A3

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

Cgl is the centroid of the S1/C8-C11 thiophene ring.

D—H.--A D—H H---A D---A D—H---A
C3—H3A. --03' 0.93 231 3211 (2) 164
C6—H6A- - -S1 0.93 2.84 3.228 (2) 106
C7—H7A...01" 0.93 2.39 3.266 (2) 157
C9—HYA. - -03" 0.93 2.58 3.495 (2) 166
C10—H10A- - -02 0.93 2.39 3.302 (2) 167
Cl1—H11A.--02" 0.93 2.55 3.063 (2) 115
CI12—HI12C---02! 0.96 2.39 3.334 (2) 168
C17—HI17A. --02" 0.93 2.41 3.318 (2) 166
CI18—HI18A---03 0.93 2.51 2.892 (2) 105
C12—H12B.--Cgl’ 0.96 2.69 3.515 (2) 144

Symmetry  codes: (i) —x+2,—y+2,—z+1; (i)
—x+2,—y+1,—z+1L@{v)x—1,y,z

x,—y+3iz+L (i)

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX?2;
data reduction: SAINT (Bruker, 2005); program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).
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1-Methyl-4-[(E)-2-(2-thienyl)ethenyl|pyridinium 4-chlorobenzenesulfonate

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

Comment

Molecules with extended m systems have been extensively used in attempts to obtain materials with non-linear optical
(NLO) properties. Organic crystal with the required conjugated = electrons are attractive candidates because of the large
NLO coefficients. In our research for second-order NLO materials, we have previously synthesized and crystallized several
organic ionic salts of pyridinium and quinolinium derivatives to study their non-linear optical properties (Chantrapromma
et al., 2005; 2006a; 2006b; 2007a; 2007b; 2007¢; 2007 d; Jindawong ef al., 2005). An earlier study carried out by Drost
et al. (1995) has revealed that the products of the dipole moment and the molecular hyperpolarizability () of thiophene-
containing conjugated moieties are larger than those of the phenyl analogues. Based on this reason, we have synthesized
the title compound which was designed by replacement of the cationic phenyl ring by the thiophene ring that is present in

4-(4'-Hydroxy-3'-methoxystyryl)-1-methylpyridinium 4-chlorobenzenesulfonate (Chantrapromma et al., 2005).

The asymmetric unit of the title compound consists of the C12H{,NS ™ cation and the CsH4C103S™ anion. The cation is
almost planar and exists in the £ configuration with respect to the C6=C7 double bond [1.334 (3) A]. The cation is almost
perpendicular to the anion as is indicated by the angles between the mean planes of the chlorophenyl ring to the pyridinium
as well as to the thiophene ring being 87.64 (9)° and 86.73 (9)°, respectively. The dihedral angle between the pyridinium
and the thiophene rings is 5.74 (10)°. The ethenyl unit is nearly planar. The torsion angles C4-C5-C6—C7 = —4.3 (3)° and
C6—C7-C8-S1=-1.5 (3)°.

The atom O3 of the sulfonate and the S atom of the thiophene contribute to the C—H--O and C—H:-+-S intramolecular
weak interactions (Fig. 1 and Table 1) forming S(5) ring motifs (Bernstein ef al., 1995). The bond lengths and angles are
normal (Allen ef al., 1987) and are comparable with closely related structures (Chantrapromma et al., 2005; 20065; 2007c;
2007 d).

All the O atoms of 4-chlorobenzenesulfonate anion are involved in the C—H--O weak interactions (Table 1). The
cations and anions form alternate layers parallel to the ab plane. Within each respective layer, the ions are interconnec-
ted by C—H--O weak interactions and in each respective layer can be distinguished chains directed along the b axis.
The alternating layers are separated by 4.282 (2) A and are further linked into a three dimensional network by C—H:---O
weak interactions (Table 1). The sulfonate as well as the thiophene are involved in C—H:+-O and C—H:--S intramolecular

weak interactions, respectively. These weak hydrogen bonds participate in S(5) ring motifs. The crystal structure is fur-
ther stabilized by the C12—H12B--w interaction to the thiophene ring C8—C11/S1: C12—H12B=0.96; H12B--Cgl i=2.692;

C12—Cg1'=3.515(2) A; C12—H12B--Cgl'= 144°. [Cg1' i the centroid of the S1/C8-C11 thiophene ring (symmetry code:
():2-x2-y1-2)]

A very interesting feature is the short non-bonding contact between C11 and O3 that is 2.963 (1) A long only. A search in
the Cambridge Structural Database (version 5.29 and addenda up to 25-th January 2008; Allen, 2002) among the structures

which have been flagged with no error or disorder as well as with R-factor < 0.05 and which contained chloro-phenyl with

sup-1
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any substituent in the para position showed that the present structure contains an unprecedentedly short contact of this kind.
The up-to-now shortest contact of this type was 2.996 (2) A long and it was observed in MUTDOU [Spiro(2-carbometh-

oxy-3-(4-chlorophenyl)-5-(S,R)-(cis-1-(4-methoxyphenyl) —3-phenyl-4-oxoazetidin-2-(S,R)-yl)pyrrolidine-4,3 !_chroman-
41—one)] determined by Subramaniyan ez al. (2003).

Experimental

4-(2-Thiophenestyryl)-1-methylpyridinium iodide (compound A) was synthesized by mixing a solution (1:1:1 molar ratio)
of 1,4-dimethylpyridinium iodide (2.00 g, 8.5 mmol), 2-thiophenecarboxaldehyde (6.00 ml, 8.5 mmol) and piperidine (0.84
ml, 8.5 mmol) in hot methanol (40 ml). The resulting solution was refluxed for 5 h under a nitrogen atmosphere. The resultant
solid was filtered off, washed with diethyl ether and recrystallized from methanol. The title compound was synthesized
by mixing compound A (0.10 g, 0.3 mmol) in hot methanol (20 ml) and silver(I) 4-chlorobenzenesulfonate (0.08 g, 0.3
mmol) in hot methanol (30 ml). Silver(I) 4-chlorobenzenesulfonate was synthesized according to our previously reported
procedure (Chantrapromma ef al., 2006b). The mixture immediately yielded a grey solid of silver iodide. After stirring the
mixture for ca 30 min, the precipitate of silver iodide was removed and the resulting solution was evaporated and a brown
solid was obtained. Brown block-shaped single crystals of the title compound suitable for x-ray structure determination
were recrystalized from methanol solvent by slow evaporation of the solvent at room temperature after several days (Mp.
503-505 K).

Refinement

All the hydrogen atoms could have been discerned in the difference Fourier map. Nevertheless, all the H atoms attached

to the carbon atoms were constrained in a riding motion approximation with Cary1—H=0.93 and Cyehy1—H=0.968 A. The
Uiso values were constrained to be 1.5Ueq of the carrier atom for methyl H atoms and 1.2Ueq for the remaining H atoms. A

rotating group model was used for the methyl groups. The highest residual electron density peak is located at 0.75 A from
C8 and the deepest hole is located at 0.50 A from S1.

Figures

Fig. 1. The title molecules showing 50% probability displacement ellipsoids and the atom-
numbering scheme. The intramolecular C—H-+-O and C—H--S weak interactions are drawn
as dashed lines.

Fig. 2. The packing diagram of the title structure viewed along the a axis. The weak C—H---O
and C—H:--S interactions are drawn as dashed lines.
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1-Methyl-4-[(E)-2-(2-thienyl)ethenyl] pyridinium 4-chlorobenzenesulfonate

Crystal data

C1oH NS CH4Cl05S™ Fooo = 816

M, =393.91 Dy =1.481 Mgm >
Monoclinic, P2;/c Melting point: 503-505 K
Hall symbol: -P 2ybe }LMS g‘;lrg%ag‘m
a=173532(H)A Cell parameters from 4688 reflections
b=14.0250 (2) A 0=1.9-29.0°
c=18.3755(2) A w=047 mm '
B=111.232(1) T=100.0 (1)K
V=1766.41 (4) A> Block, brown

Z=4 0.49 x 0.22 x 0.18 mm

Data collection

Bruker SMART APEX2 CCD area-detector 4688 independent reflections

diffractometer

Radiation source: fine-focus sealed tube 3913 reflections with /> 20(/)
Monochromator: graphite Rin = 0.037

Detector resolution: 8.33 pixels mm™! Omax = 29.0°

T=100.0(1)K Omin = 1.9°

® scans h=-10—10

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

Tonin = 0.883, Thnax = 0.919 [=-21-25

23692 measured reflections

k=-19—19

Refinement

Refinement on F° Secondary atom site location: difference Fourier map
Least-squares matrix: full Hydrogen site location: difference Fourier map

R[F2 > 2(5(F2)] =0.037 H-atom parameters constrained

w = 1/[6*(Fo?) + (0.0415P) + 1.1208P]

WR(F?) = 0.094 ) )
where P = (F," + 2F.%)/3

S§=1.06 (A/6)max = 0.001

4688 reflections ApPmax =0.57 ¢ A

227 parameters Apmin =—0.42 ¢ A7

63 constraints Extinction correction: none

Primary atom site location: difference Fourier map

Special details

Experimental. The low-temparture data was collected with the Oxford Cryosystem Cobra low-temperature attachment.
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Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-
al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 25igma(F2) is used only for calculat-

ing R-factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice

as large as those based on F, and R— factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

x ¥ z Uiso™/Ueq
Sl 0.57131 (7) 0.72654 (3) 0.43805 (3) 0.02450 (11)
s2 1.05267 (5) 0.60506 (3) 0.27447 (2) 0.01477 (10)
cll 0.37650 (6) 031936 (3) 0.25045 (2) 0.02092 (10)
ol 1.09007 (17) 0.58763 (9) 0.20315 (7) 0.0219 (3)
02 1.21870 (16) 0.58102 (9) 0.34443 (7) 0.0196 (3)
03 0.97435 (17) 0.69943 (8) 0.27824 (7) 0.0210 (3)
N1 0.8323 (2) 1.24164 (11) 0.49389 (9) 0.0214 (3)
Cl 0.6981 (3) 1.10669 (14) 0.41625 (11) 0.0273 (4)
HIA 0.6342 1.0808 0.3669 0.033*
C2 0.7408 (3) 1.20156 (14) 0.42351 (11) 0.0265 (4)
H2A 0.7060 1.2394 0.3790 0.032*
C3 0.8863 (3) 1.18711 (14) 0.55895 (11) 0.0259 (4)
H3A 0.9501 1.2150 0.6075 0.031*
c4 0.8481 (3) 1.09132 (14) 0.55424 (11) 0.0267 (4)
H4A 0.8881 1.0547 0.5995 0.032*
C5 0.7490 (2) 1.04783 (13) 0.48184 (11) 0.0216 (3)
C6 0.6999 (3) 0.94698 (14) 0.47236 (11) 0.0239 (4)
H6A 0.6262 0.9252 0.4226 0.029*
C7 0.7537 (3) 0.88364 (13) 0.53044 (11) 0.0227 (4)
H7A 0.8268 0.9066 0.5799 0.027*
8 0.7098 (2) 0.78300 (13) 0.52426 (10) 0.0213 (3)
C9 0.7700 (2) 0.72058 (12) 0.58541 (10) 0.0190 (3)
H9A 0.8451 0.7379 0.6363 0.023*
C10 0.7037 (3) 0.62467 (13) 0.56186 (11) 0.0234 (4)
HI10A 0.7313 0.5730 0.5958 0.028*
Cl1 0.5956 (3) 0.61854 (13) 0.48386 (11) 0.0234 (4)
HI1A 0.5415 0.5622 0.4586 0.028*
C12 0.8779 (3) 1.34470 (13) 0.50102 (12) 0.0287 (4)
HI12A 0.8119 1.3754 0.4518 0.043*
HI12B 1.0161 1.3535 0.5159 0.043*
H12C 0.8353 1.3722 0.5400 0.043*
Cl13 0.8648 (2) 0.52345 (12) 027171 (9) 0.0151 (3)
Cl4 0.8824 (2) 0.42781 (12) 0.25482 (9) 0.0165 (3)
HI14A 0.9944 0.4067 0.2475 0.020*
C15 0.7332 (2) 0.36386 (12) 0.24892 (10) 0.0174 (3)

sup-4



supplementary materials

HISA 0.7434
Cl16 0.5682 (2)
C17 0.5512 (2)
HI7A 0.4417
C18 0.7013 (2)
HISA 0.6920

0.3000
0.39778 (12)
0.49151 (12)
0.5120
0.55480 (12)
0.6183

Atomic displacement parameters (A’Z )

Ull

S1 0.0255 (2)
S2 0.01233 (18)
Cll 0.01861 (19)
ol 0.0200 (6)
02 0.0144 (5)
03 0.0181 (6)
N1 0.0225 (7)
Cl 0.0289 (9)
C2 0.0298 (10)
c3 0.0309 (9)
C4 0.0329 (10)
Cs 0.0192 (8)
c6 0.0219 (8)
c7 0.0192 (8)
cs8 0.0181 (8)
C9 0.0176 (8)
C10 0.0219 (8)
Cll 0.0225 (8)
C12 0.0318 (10)
C13 0.0139 (7)
Cl4 0.0145 (7)
Cl5 0.0186 (7)
Cl16 0.0148 (7)
C17 0.0148 (7)
C18 0.0182 (8)

Geometric parameters (4, °)

S1—Cl11
S1—C8
S2—O01
S2—03
S2—02
S2—C13
Cl1—C16
N1—C2
N1—C3
N1—C12
Cl—C2

U22

0.0248 (2)
0.01553 (19)
0.0189 (2)
0.0292 (7)
0.0239 (6)
0.0143 (6)
0.0214 (7)
0.0304 (10)
0.0285 (10)
0.0293 (10)
0.0273 (10)
0.0227 (9)
0.0285 (9)
0.0274 (9)
0.0239 (9)
0.0251 (9)
0.0249 (9)
0.0211 (9)
0.0219 (9)
0.0171 (8)
0.0190 (8)
0.0148 (7)
0.0176 (8)
0.0180 (8)
0.0148 (8)

1.7105 (19)
1.7335 (18)
1.4541 (12)
1.4550 (12)
1.4560 (12)
1.7806 (16)
1.7428 (16)
1.346 (2)
1.352 (2)
1.479 (2)
1.363 (3)

0.2372 0.021*

0.26093 (9) 0.0165 (3)

0.28055 (10) 0.0186 (3)

0.2902 0.022*

0.28563 (10) 0.0181 (3)

0.2984 0.022*
U33 U12 U13 U23
0.0196 (2) ~0.00284 (17)  0.00382 (17) 0.00120 (17)
0.01604 (19) 0.00021 (14) 0.00465 (14) 0.00095 (14)
0.0272 (2) ~0.00466 (14)  0.01069 (16) ~0.00201 (16)
0.0181 (6) ~0.0020 (5) 0.0090 (5) 0.0007 (5)
0.0174 (6) 0.0000 (4) 0.0022 (5) 0.0013 (5)
0.0314 (7) ~0.0003 (4) 0.0099 (5) 0.0002 (5)
0.0240 (8) ~0.0001 (6) 0.0127 (6) 0.0011 (6)
0.0204 (9) ~0.0058 (8) 0.0063 (7) ~0.0019 (7)
0.0192 (8) ~0.0031 (8) 0.0066 (7) 0.0034 (7)
0.0174 (8) ~0.0016 (8) 0.0085 (7) ~0.0019 (7)
0.0208 (9) 0.0009 (8) 0.0108 (8) 0.0035 (7)
0.0256 (9) ~0.0001 (6) 0.0114 (7) ~0.0001 (7)
0.0209 (8) ~0.0034 (7) 0.0073 (7) ~0.0016 (7)
0.0224 (9) 0.0001 (7) 0.0086 (7) ~0.0019 (7)
0.0227 (8) ~0.0015 (6) 0.0085 (7) ~0.0015 (7)
0.0133 (7) ~0.0012 (6) 0.0045 (6) 0.0008 (6)
0.0220 (9) ~0.0019 (7) 0.0061 (7) 0.0044 (7)
0.0242 (9) ~0.0038 (7) 0.0058 (7) 0.0004 (7)
0.0376 (11) ~0.0020 (8) 0.0186 (9) ~0.0005 (8)
0.0142 (7) ~0.0002 (6) 0.0048 (6) ~0.0002 (6)
0.0170 (8) 0.0024 (6) 0.0068 (6) ~0.0008 (6)
0.0192 (8) 0.0016 (6) 0.0075 (6) ~0.0010 (6)
0.0166 (7) ~0.0027 (6) 0.0051 (6) 0.0008 (6)
0.0249 (9) 0.0018 (6) 0.0094 (7) 0.0001 (6)
0.0217 (8) 0.0011 (6) 0.0078 (6) ~0.0014 (6)

C7—C8 1.443 (3)

C7—H7A 0.9300

C8—C9 1.366 (2)

C9—C10 1.443 (2)

C9—HI9A 0.9300

Cl0—Cl1 1.367 (3)

C10—HI10A 0.9300

Cl1—HI1A 0.9300

Cl2—HI2A 0.9600

Cl2—HI2B 0.9600

Cl12—HI2C 0.9600
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C1—Cs
C1—HIA
C2—H2A
C3—C4
C3—H3A
C4—Cs
C4—HA4A
C5—C6

Cc6—C7
C6—H6A
C11—S1—C8
01—82—03
01—82—02
03—S2—02
01—S2—C13
03—S2—C13
02—S2—C13
C2—NI—C3
C2—NI—CI2
C3—NI—CI2
C2—C1—C5
C2—C1—HIA
C5—C1—HIA
NI1—C2—Cl
N1—C2—H2A
C1—C2—H2A
N1—C3—C4
N1—C3—H3A
C4—C3—H3A
C3—C4—C5
C3—C4—H4A
C5—C4—H4A
C1—C5—C4
C1—C5—C6
C4—C5—C6
C7—C6—C5
C7—C6—H6A
C5—C6—H6A
C6—C7—C8
C6—C7—HTA
C8—C7—H7A
C9—C8—C7
C9—C8—S1
C7—C8—S1
C3—NI—C2—Cl
C12—NI—C2—Cl
C5—C1—C2—N1
C2—NI—C3—C4

1.395 (3)
0.9300
0.9300
1.369 (3)
0.9300
1.404 (3)
0.9300
1.455 (3)
1.334(3)
0.9300

91.87 (9)
113.77 (7)
112.64 (7)
112.86 (7)
105.32 (7)
105.65 (7)
105.68 (7)
119.87 (16)
120.78 (16)
119.34 (16)
120.86 (18)
119.6

119.6
121.28 (17)
119.4

119.4
120.76 (17)
119.6

119.6
120.70 (17)
119.6

119.6
116.51 (17)
119.63 (17)
123.86 (17)
124.26 (17)
117.9

117.9
126.54 (17)
116.7
116.7
124.44 (16)
111.55 (13)
124.01 (14)
1.0 (3)
179.98 (18)
-03(3)
-0.4(3)

C13—C18
C13—Cl14
C14—C15
Cl4—H14A
C15—Cl16
CI5—HI15A
Cl16—C17
C17—C18
Cl17—H17A
CI18—HI18A
C8—C9—C10
C8—C9—HOA
C10—C9—HO9A
C11—C10—C9
C11—C10—HI10A
C9—C10—H10A
C10—C11—S1
C10—Cl11—HI11A
S1—C11—HI11A
N1—C12—H12A
N1—C12—H12B
H12A—C12—HI12B
N1—C12—H12C
H12A—C12—H12C
H12B—C12—H12C
C18—C13—C14
C18—C13—S2
C14—C13—S2
C15—C14—C13
C15—C14—H14A
C13—C14—H14A
C14—C15—Cl16
C14—CI15—HI15A
Cl16—C15—HI15A
C17—C16—C15
C17—Cl16—Cl1
Cl15—Cl16—Cl1
C16—C17—Cl18
Cl16—C17—H17A
C18—C17—HI17A
C13—C18—Cl17
C13—C18—H18A
C17—C18—HI18A

C8—C9—C10—Cl11
C9—C10—C11—S1
C8—S1—C11—C10
01—S2—C13—C18

1.388 (2)
1.393 (2)
1.390 (2)
0.9300
1.393 (2)
0.9300
1.381 (2)
1.393 (2)
0.9300
0.9300

112.16 (15)
123.9
123.9
112.22 (16)
123.9
123.9
112.19 (14)
123.9
123.9
109.5
109.5
109.5
109.5
109.5
109.5
120.17 (15)
120.39 (13)
119.44 (12)
120.28 (15)
119.9
119.9
118.36 (15)
120.8
120.8
122.20 (15)
118.91 (12)
118.89 (13)
118.65 (15)
120.7
120.7
120.27 (15)
119.9
119.9

—0.1(2)
-0.2(2)
0.36 (15)
~130.91 (14)
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C12—N1—C3—C4
N1I—C3—C4—C5
C2—C1—C5—C4
C2—C1—C5—Ceo
C3—C4—C5—Cl1
C3—C4—C5—Co
C1—C5—C6—C7
C4—C5—C6—C7
C5—C6—C7—C8
C6—C7—C8—C9
C6—C7T—C8—S1
C11—S1—C8—C9
C11—S1—C8—C7
C7—C8—C9—C10
S1—C8—C9—C10

Hydrogen-bond geometry (4, °)

D—H-A

C3—H3A--03!
C6—H6A-S1

C7—H7A-O11"
C9—HYA--031

CI10—HI10A--
CI1—H11A--
Cl12—H12C--

C17—H17A-
C18—HI18A"

CI12—HI12B-

Oplil
Oziv
o2
Oziv
O3

'Cgli

~179.30 (17)
~1.1(3)
-1.0(3)
179.41 (18)
1.7(3)
~178.76 (17)
175.16 (18)
-4.4(3)
~179.72 (17)
179.23 (18)
-1503)
—0.44 (14)
~179.82 (15)
179.78 (16)
0.40 (19)

D—H
0.93
0.93
0.93
0.93
0.93
0.93
0.96

0.93
0.93
0.96

03—S2—C13—C18
02—S2—C13—C18
01—S2—C13—C14
03—S2—C13—Cl14
02—S2—C13—C14
C18—C13—C14—C15
S2—C13—C14—Cl15
C13—C14—C15—C16
C14—C15—C16—C17
Cl14—C15—Cl16—Cl1
C15—C16—C17—C18
Cl1—C16—C17—C18
C14—C13—C18—C17
S2—C13—C18—Cl17
C16—C17—C18—C13

HA
231
2.84
2.39
2.59
2.39
2.55
2.39

241
2.51
2.69

DA
3211 (2)
3.228(2)
3.266 (2)
3.495 (2)
3302 (2)
3.063 (2)
3.334 (2)
3318 (2)
2.892(2)
3.515(2)

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

~10.19 (16)
109.65 (14)
48.59 (15)
169.30 (13)
~70.85 (14)
2.4(2)
~177.09 (12)
—0.5(2)
-1.903)
177.84 (12)
2.4 (3)
~177.33 (13)
-1.9(2)
177.59 (13)
—0.5(2)

D—H-4
164
106
157
166
167
115
168

166
105
144
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Fig. 1
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Fig. 2
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In the title compound, C,oH,N,"-C;H,0,S™-H,0, the cation
is nearly planar and exists in the E configuration. The cations
and anions form individual chains along the b axis and are
interconnected by weak C—H-.-O interactions. The 4-
methoxybenzensulfonate anions are linked to water molecules
through O—H- - -O hydrogen bonds, forming a three-dimen-
sional network. The crystal structure is further stabilized by a
C—H- . .7 interaction involving the methoxyphenyl ring. The
sulfonate anion is also involved in a weak intramolecular C—
H- - -O interaction which generates an S(5) ring motif.
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For bond lengths and angles, see: Allen (2002); Allen et al.
(1987). For details of hydrogen-bond motifs, see: Bernstein et
al. (1995). For background to NLO materials research, see:
Chia et al., (1995); Otero et al., (2002). For related structures,
see for example: Chantrapromma et al. (2006, 2007, 2007a,b);
Jindawong et al. (2005); Dittrich et al. (2003); Nogi et al.
(2000); Sato et al. (1999).
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Experimental
Crystal data

CaoHy N, C;H;0,8 ™ H,0 V =2379.94 (16) A’

M, = 494.60 Z=4
Monoclinic, P2, /c Mo Ko radiation
a = 14.6064 (5) A w=018 mm™'
b =104253 (4) A T =100.0 (1) K

¢ =19.5025 (6) A
B = 126737 (2)°

0.58 x 0.27 x 0.19 mm

Data collection

Bruker SMART APEX2 CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.904, Trax = 0.967

33983 measured reflections
6953 independent reflections
5445 reflections with I > 20(1)
Rint = 0.045

Refinement

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

S =1.06

6953 reflections

350 parameters

H-atom parameters constrained
Apmax =074 ¢ A7

ApPmin = —042e A3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
OlW—HIW...02' 0.84 2.04 2.875 (3) 169
O1W—H2W-.-04" 0.85 2.10 2.926 (2) 161
C7—H7A- - .03 0.93 2.49 3.015 (3) 116
C8—HB8A- - -03 0.93 2.57 3.049 (3) 113
C20—H20A- - -04" 0.96 2.46 3.325 (2) 151
C23—H23A---O1W" 0.93 2.44 3.365 (2) 176
C26—H26A---04 0.93 2.56 2.921 (2) 104
C27—H27A---O1W" 0.96 2.58 3.160 (3) 119
C27—H27A---01" 0.96 2.55 3282 (2) 133
C16—HI16A---Cgl™ 0.93 2.81 3.6513 (19) 151

Symmetry codes: (i) —x +1, —y, —z + 1; (i) x, =y + 3,z — 3 (i) —x + 1,y + 3, —z+ %
(iv) —x+1,—y+1,—z+1 (v) x,—y—Lz+% () —x+2,y—% —z+% (vi)
—x+2,—y =1, —z+ 2. Cgl is the centroid of the C21-C26 methoxyphenyl ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX?2;
data reduction: SAINT (Bruker, 2005); program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).

The authors thank Prince of Songkla University for finan-
cial support. The authors also thank the Malaysian Govern-
ment and Universiti Sains Malaysia for Scientific
Advancement Grant Allocation (SAGA) No. 304/PFIZIK/
653003/A118.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SJ2466).
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(E)-2-[4-(Dimethylamino)styryl]-1-methylquinolinium 4-methoxybenzenesulfonate monohydrate

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

Comment

A lot of research have been done to search for second-order nonlinear optic (NLO) materials. Organic crystals with the re-
quired conjugated = electrons are attractive candidates because of their large NLO coefficients (Chia ef al., 1995; Dittrich et
al., 2003; Otero et al., 2002; Nogi et al., 2000; Sato et al., 1999). In our research on this kind of materials, we have previously
synthesized and crystallized several organic ionic salts of quinolinium derivatives to study their non-linear optical proper-
ties (Chantrapromma et al., 2006; 2007a,b; 2007; Jindawong et al., 2005). Previous studies (Dittrich et al., 2003; Nogi et
al., 2000; Sato et al., 1999) have shown that the 1-methyl-4-(2-(4-(dimethylamino)phenyl)ethynyl)pyridinium p-toluenes-
ulfonate (DAST) and its analogues exhibit second-order non-linear optical properties. Based on these previous studies, we
have synthesized the title compound which was designed to increase the m-conjugation in the system with the replacement
of the cationic 4-hydroxy-3-methoxyphenyl ring that is present in 2-[(£)-(4-Hydroxy-3-methoxyphenyl)ethenyl]-1-methyl-
quinolinium 4-methoxybenzenesulfonate (Chantrapromma et al., 2007a) by the 4-dimethylaminophenyl ring. The synthesis
and crystal structure of the title compound, (I), Fig 1, are reported in this study. Unfortunately this crystal does not have

second-order NLO properties because it crystallized out in a centrosymmetric space group.

The asymmetric unit of the title compound consists of the C20H21N2Jr cation, CJH704S  anion and one H>O molecule.
The cation exists in the E configuration with respect to the C10=C11 double bond [1.350 (2) A] and is nearly planar as
indicated by the dihedral angle between the quinolinium and the dimethylaminophenyl rings being 3.41 (7)° and the tor-
sion angles C8—C9-C10-Cl11 = -8.7 (2)° and C10-C11-C12—C17 = 3.2 (3)°. The relative arrangement of cation and an-
ion is shown by the angles between the mean plane of the methoxyphenyl ring and those of the quinolinium and dimethyl-
aminophenyl systems which are 81.29 (7)° and 78.29 (8)°, respectively.

The atom O4 of the sulfonate contributes to a weak intramolecular C—H:--O interaction (Fig. 1 and Table 1) forming
an S(5) ring motif (Bernstein et al., 1995). The bond lengths and angles are normal (Allen et al., 1987) and are comparable
with closely related structures (Chantrapromma et al., 2006; 2007a; 2007b; 2007¢).

In the crystal packing, the O2 and O4 atoms of 4-methoxybenzenesulfonate anion are involved in the O—H--O hydrogen
bonds whereas O3 and O4 atoms are involved in weak C—H:---O interactions (Table 1). The cations and anions form indi-
vidual chains along the b axis and are interconnected by weak C—H---O interactions. The 4-methoxybenzensulfonate anions
are linked to water molecules through O—H:--O hydrogen bonds forming a three dimensional network (Fig. 2). The crystal
structure is further stabilized by a C16—H16A-w interaction to the methoxyphenyl ring [C21-C26]: C16—H16A=0.93;

H16A-Cg'=2.8096; C16—Cg,'=3.6513 (19) A; C16—HI16A-Cg;'= 151°. [Cg;' is the centroid of the C21-C26 meth-
oxyphenyl ring (symmetry code: (i): 1 —x, 1 —y, 1 —z2).]
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Experimental

2-(4-dimethylaminostyryl)-1-methylquinolinium iodide (compound A) was synthesized by mixing a solution (1:1:1 mol-
ar ratio) of 1,2-dimethylquinolinium iodide (2.00 g, 7.01 mmol), dimethylaminobenzaldehyde (1.05 g, 7.01 mmol) and
piperidine (0.70 g, 7.01 mmol) in hot methanol (50 ml). The resulting solution was refluxed for 6 h under a nitrogen atmo-
sphere. The resultant solid was filtered off, washed with methanol and recrystallized from methanol to give green crystals
of compound A. Silver(I) 4-methoxybenzenesulfonate (compound B) was synthesized according to our previously reported
procedure (Chantrapromma et al., 2007a). The title compound was synthesized by mixing compound A (0.2 g, 0.48 mmol)
in hot methanol (50 ml) and compound B (0.14 g, 0.48 mmol) in hot methanol (20 ml). The mixture immediately yielded
a grey precipitate of silver iodide. After stirring the mixture for ca 30 min, the precipitate was removed and the resulting
solution was evaporated yielding a brown solid. Brown block-shaped single crystals of the title compound suitable for x-ray
structure determination were recrystalized from methanol/ethanol solvent (3:1 v/v) by slow evaporation of the solvent at
room temperature after a few weeks. (Mp. 545-547 K).

Refinement

All H atoms were placed in calculated positions with d(O—H) =0.85 A, U;s,=1.2 Ueq(0), d(C—H)=0.93 A, Uigo=1.2 Ueq(O)
for aromatic and CH, 0.96 A, Ujso = 1.5 Ueq(C) for CH3 atoms. A rotating group model was used for the methyl groups. The
highest residual electron density peak is located at 0.88 A from C9 and the deepest hole is located at 0.69 A from S1.

Figures

Fig. 1. The asymmetric unit of (I) showing 50% probability displacement ellipsoids and the
atom-numbering scheme. The weak intramolecular C—H-+-O interaction is drawn as a dashed
line.

Fig. 2. The crystal packing of (I) viewed along the b axis. The O—H--O and weak C—H--O
interactions are drawn as dashed lines.

(B)-2-[4-(Dimethylamino)styryl]-1-methylquinolinium 4-methoxybenzenesulfonate monohydrate

Crystal data

C20H21N2+‘C7H704S_'H20 F()()() = 1048

M, = 494.60 Dy=1380 Mgm ™
Monoclinic, P2y/c Melting point: 545-547 K
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Hall symbol: -P 2ybc
a=14.6064 (5) A
h=10.4253 (4) A
¢=19.5025 (6) A
B=126.737 (2)°
V'=2379.94 (16) A>
Z=4

Data collection

Bruker SMART APEX2 CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Monochromator: graphite

Detector resolution: 8.33 pixels mm’!
7=100.0(1)K
o scans

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

Tnin = 0.904, Tinax = 0.967

33983 measured reflections

Refinement

Refinement on F2
Least-squares matrix: full
R[F? > 26(F?)] = 0.052
wR(F?) = 0.139

S=1.06
6953 reflections

350 parameters

Primary atom site location: structure-invariant direct

methods

Special details

Mo Ka radiation
A=0.71073 A

Cell parameters from 6593 reflections
0 =2.1-30.0°

p=0.18 mm '

T7=100.0(HK

Block, brown

0.58 X 0.27 x 0.19 mm

6953 independent reflections
5445 reflections with /> 20(/)
Rine = 0.045

Omax = 30.0°

Omin = 2.1°

h=-20—19

k=-14—14

[=-24-27

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[6*(Fo?) + (0.0641P)* + 1.1852P]
where P = (F,> + 2F.2)/3
(A/6)max = 0.001
Apmax=0.75 ¢ A7
Apmin = —0.42 ¢ A3

Extinction correction: none

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

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F* against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> 2sigma(F 2) is used only for calculat-
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ing R-factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R— factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
S1 0.61826 (3) 0.05907 (4) 0.76956 (2) 0.02112 (11)
01 0.95438 (10) ~0.35916 (12) 0.95862 (7) 0.0250 (3)
02 0.53003 (10) 0.00579 (13) 0.68519 (7) 0.0275 (3)
03 0.57692 (12) 0.08820 (15) 0.81913 (8) 0.0360 (3)
04 0.67900 (11) 0.16597 (13) 0.76497 (8) 0.0301 (3)
O1W 0.66931 (11) 0.09083 (15) 0.33524 (10) 0.0429 (4)
H1W 0.6058 0.0660 0.3224 0.058 (8)*
H2W 0.6633 0.1682 0.3187 0.050 (7)*
N1 0.56771 (11) 0.67419 (14) 0.49475 (8) 0.0215 (3)
N2 0.05342 (12) 1.30700 (15) 0.29537 (8) 0.0235 (3)
Cl 0.64527 (13) 0.57400 (17) 0.54367 (9) 0.0217 (3)
c2 0.70847 (15) 0.51470 (19) 0.52077 (11) 0.0277 (4)
H2A 0.7021 0.5417 0.4726 0.038 (6)*
C3 0.77995 (16) 0.4162 (2) 0.56969 (11) 0.0322 (4)
H3A 0.8227 0.3772 0.5545 0.055 (7)*
c4 0.79097 (16) 0.37240 (19) 0.64227 (11) 0.0304 (4)
H4A 0.8393 0.3040 0.6737 0.043 (6)*
cs 0.73095 (14) 0.42956 (18) 0.66701 (10) 0.0268 (4)
H5A 0.7384 0.4009 0.7153 0.024 (5)*
C6 0.65650 (13) 0.53407 (17) 0.61789 (10) 0.0229 (3)
c7 0.59337 (14) 0.59648 (18) 0.64128 (10) 0.0237 (3)
H7A 0.5989 0.5687 0.6889 0.026 (5)*
C8 0.52447 (14) 0.69699 (18) 0.59453 (10) 0.0241 (3)
HSA 0.4857 0.7396 0.6120 0.024 (5)*
Cc9 0.51057 (13) 0.73831 (17) 0.51874 (9) 0.0216 (3)
C10 0.43701 (13) 0.84531 (17) 0.46835 (10) 0.0220 (3)
HIO0A 0.4384 0.8763 0.4243 0.032 (6)*
C11 0.36646 (13) 0.90197 (17) 0.48240 (9) 0.0211 (3)
HIIA 0.3685 0.8710 0.5280 0.033 (6)*
C12 0.28800 (13) 1.00599 (16) 0.43337 (9) 0.0197 (3)
C13 0.22320 (13) 1.05721 (17) 0.45820 (9) 0.0218 (3)
HI3A 0.2324 1.0239 0.5062 0.039 (6)*
Cl4 0.14611 (13) 1.15578 (17) 0.41354 (9) 0.0215 (3)
HI4A 0.1048 1.1876 0.4321 0.029 (5)*
C15 0.12911 (12) 1.20908 (16) 0.33990 (9) 0.0188 (3)
Cle 0.19398 (13) 1.15699 (17) 0.31446 (9) 0.0202 (3)
HI16A 0.1845 1.1893 0.2661 0.025 (5)*
C17 0.27101 (13) 1.05893 (17) 0.36003 (9) 0.0206 (3)
H17A 0.3128 1.0270 0.3419 0.023 (5)*
C18 —0.01161 (15) 1.3601 (2) 0.32301 (11) 0.0292 (4)
HI8A 0.0396 1.3844 0.3821 0.029 (5)*
H18B —0.0642 1.2968 0.3162 0.034 (6)*
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HI8C ~0.0532 1.4341 0.2890 0.054 (8)*
Cl19 0.03078 (15) 1.35334 (19) 0.21618 (10) 0.0260 (4)
HI9A 0.1000 1.3866 0.2277 0.036 (6)*
H19B ~0.0257 1.4200 0.1926 0.043 (7)*
H19C 0.0031 1.2839 0.1760 0.028 (5)*
€20 0.54745 (16) 0.7057 (2) 0.41323 (11) 0.0288 (4)
H20A 0.4713 0.7384 0.3738 0.051 (7)*
H20B 0.5564 0.6299 0.3898 0.044 (7)*
H20C 0.6014 0.7695 0.4228 0.048 (7)*
C21 0.72090 (13) ~0.06494 (16) 0.82541 (9) 0.0190 (3)
22 0.68657 (13) ~0.19286 (17) 0.81620 (9) 0.0210 (3)
H22A 0.6094 -0.2136 0.7793 0.024 (5)*
23 0.76655 (14) ~0.28880 (17) 0.86144 (9) 0.0218 (3)
H23A 0.7432 ~0.3737 0.8553 0.032 (6)*
C24 0.88269 (13) ~0.25763 (16) 0.91662 (9) 0.0198 (3)
C25 0.91782 (13) ~0.13092 (16) 0.92572 (9) 0.0209 (3)
H25A 0.9950 ~0.1102 0.9623 0.030 (5)*
C26 0.83634 (13) ~0.03516 (17) 0.87967 (9) 0.0207 (3)
H26A 0.8596 0.0497 0.8853 0.021 (5)*
C27 1.07377 (14) ~0.33401 (19) 1.02041 (11) 0.0272 (4)
H27A 1.1131 ~0.4129 1.0475 0.024 (5)*
H27B 1.0848 ~0.2755 1.0628 0.031 (5)*
H27C 1.1035 ~0.2968 0.9924 0.038 (6)*

Atomic displacement parameters (A’Z )

Ull U22 U33 U12 U13 U23

S1 0.02159 (18) 0.0248 (2) 0.01629 (17) 0.00406 (15) 0.01098 (14) 0.00242 (14)
ol 0.0220 (5) 0.0216 (6) 0.0234 (5) 0.0026 (5) 0.0093 (4) 0.0033 (5)
02 0.0230 (6) 0.0336 (7) 0.0176 (5) 0.0029 (5) 0.0077 (5) 0.0016 (5)
03 0.0390 (7) 0.0486 (9) 0.0284 (6) 0.0158 (7) 0.0244 (6) 0.0072 (6)
04 0.0289 (6) 0.0248 (7) 0.0309 (6) 0.0018 (5) 0.0148 (5) 0.0054 (5)
01w 0.0259 (7) 0.0310 (8) 0.0591 (9) 0.0033 (6) 0.0186 (7) 0.0143 (7)
N1 0.0211 (6) 0.0261 (8) 0.0164 (6) 0.0002 (5) 0.0107 (5) 0.0007 (5)
N2 0.0241 (6) 0.0285 (8) 0.0181 (6) 0.0070 (6) 0.0128 (5) 0.0032 (5)
Cl 0.0180 (7) 0.0230 (8) 0.0167 (6) ~0.0035 (6) 0.0065 (5) ~0.0007 (6)
C2 0.0264 (8) 0.0331 (10) 0.0228 (7) 0.0006 (7) 0.0143 (7) ~0.0013 (7)
c3 0.0326 (9) 0.0343 (11) 0.0284 (8) 0.0044 (8) 0.0175 (7) ~0.0010 (7)
C4 0.0309 (9) 0.0274 (10) 0.0274 (8) 0.0069 (7) 0.0145 (7) 0.0042 (7)
Cs 0.0231 (7) 0.0299 (10) 0.0210 (7) 0.0015 (7) 0.0097 (6) 0.0015 (7)
c6 0.0194 (7) 0.0258 (9) 0.0205 (7) ~0.0050 (6) 0.0102 (6) ~0.0058 (6)
c7 0.0238 (7) 0.0290 (9) 0.0165 (6) ~0.0025 (7) 0.0109 (6) ~0.0001 (6)
cs8 0.0213 (7) 0.0291 (9) 0.0210 (7) 0.0012 (7) 0.0121 (6) 0.0021 (6)
C9 0.0176 (6) 0.0240 (9) 0.0205 (7) ~0.0033 (6) 0.0099 (6) ~0.0048 (6)
C10 0.0205 (7) 0.0253 (9) 0.0177 (6) 0.0007 (6) 0.0101 (6) ~0.0001 (6)
Cll 0.0207 (7) 0.0237 (8) 0.0171 (6) ~0.0009 (6) 0.0103 (6) ~0.0007 (6)
C12 0.0179 (6) 0.0217 (8) 0.0173 (6) ~0.0011 (6) 0.0094 (5) ~0.0020 (6)
C13 0.0215 (7) 0.0276 (9) 0.0169 (6) ~0.0001 (6) 0.0117 (6) 0.0012 (6)

sup-5



supplementary materials

Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
Cc23
C24
C25
C26
C27

Geometric parameters (4, °)

S1—03
S1—04
S1—02
S1—C21
01—C24
01—C27
O1W—HIW
O1W—H2W
N1I—C9
N1—C1
N1—C20
N2—C15
N2—C18
N2—C19
Ccl1—C2
C1—Ce6
C2—C3
C2—H2A
C3—C4
C3—H3A
C4—C5
C4—H4A
C5—C6
C5—HSA
C6—C7
C7—C8
C7—H7A
Cc8—C9
C8—HSA
C9—C10
Cl10—C11
C10—HI10A

0.0211 (7)
0.0169 (6)
0.0202 (7)
0.0180 (6)
0.0274 (8)
0.0251 (8)
0.0325 (9)
0.0202 (7)
0.0188 (7)
0.0247 (7)
0.0221 (7)
0.0187 (7)
0.0221 (7)
0.0216 (7)

0.0278 (9)
0.0208 (8)
0.0256 (8)
0.0275 (9)
0.0354 (10)
0.0296 (9)
0.0341 (10)
0.0234 (8)
0.0259 (9)
0.0210 (8)
0.0222 (8)
0.0239 (8)
0.0210 (8)
0.0300 (10)

1.4455 (13)
1.4602 (14)
1.4628 (12)
1.7754 (16)
1.3644 (19)
1431 (2)
0.8450
0.8529
1.353 (2)
1.411 (2)
1.470 (2)
1.368 (2)
1.453 (2)
1.455 (2)
1.388 (2)
1.418 (2)
1.365 (3)
0.9299
1.402 (3)
0.9301
1.365 (3)
0.9300
1.429 (2)
0.9301
1.409 (2)
1.358 (2)
0.9300
1433 (2)
0.9301
1.450 (2)
1.350 (2)
0.9299

0.0174 (6)
0.0158 (6)
0.0160 (6)
0.0178 (6)
0.0247 (8)
0.0191 (7)
0.0243 (8)
0.0139 (6)
0.0162 (6)
0.0178 (6)
0.0156 (6)
0.0157 (6)
0.0175 (6)
0.0230 (7)

0.0014 (6)
~0.0003 (6)
~0.0007 (6)
0.0009 (6)
0.0099 (8)
0.0019 (7)
0.0077 (8)
0.0012 (6)
~0.0012 (6)
~0.0019 (6)
0.0028 (6)
~0.0011 (6)
~0.0016 (6)
0.0039 (7)

Cl1—HI1A
C12—C13
C12—C17
C13—Cl14
CI3—HI13A
C14—C15
Cl14—H14A
C15—Cl16
C16—C17
Cl16—H16A
C17—H17A
CI18—HI18A
C18—H18B
C18—H18C
CI19—HI19A
C19—H19B
C19—H19C
C20—H20A
C20—H20B
C20—H20C
C21—C26
C21—C22
C22—C23
C22—H22A
C23—C24
C23—H23A
C24—C25
C25—C26
C25—H25A
C26—H26A
C27—H27A
C27—H27B

0.0126 (6)
0.0082 (5)
0.0114 (6)
0.0114 (5)
0.0156 (7)
0.0110 (6)
0.0195 (7)
0.0105 (5)
0.0093 (6)
0.0118 (6)
0.0115 (6)
0.0080 (6)
0.0110 (6)
0.0095 (6)

0.9299

~0.0017 (6)
~0.0020 (5)
~0.0005 (6)
~0.0027 (6)
0.0014 (7)
0.0039 (6)
0.0077 (7)
0.0017 (6)
0.0004 (6)
0.0006 (6)
0.0020 (6)
0.0000 (6)
~0.0006 (6)
0.0039 (7)

1.401 (2)
1.410 (2)
1.382 (2)

0.9301

1.417 (2)

0.9297

1.415 (2)
1.380 (2)

0.9299
0.9299
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

1.387 (2)
1.398 (2)
1.382 (2)

0.9300

1.399 (2)

0.9301

1.390 (2)
1.393 (2)

0.9300
0.9301
0.9600
0.9600
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Cl1—C12
03—S1—04
03—S1—02
04—S1—02
03—S1—C21
04—S1—C21
02—S1—C21
C24—01—C27
HIW—O1W—H2W
C9—N1—Cl1
C9—NI1—C20
C1—N1—C20
C15—N2—CI18
C15—N2—CI19
C18—N2—CI19
C2—C1—NI1
C2—C1—C6
N1—C1—C6
Cc3—C2—C1
C3—C2—H2A
Cl—C2—H2A
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C4—C5—C6
C4—C5—H5A
C6—C5—H5A
C7—C6—Cl1
C7—C6—C5
C1—C6—C5
C8—C7—C6
C8—C7—H7A
C6—C7—HT7A
C7—C8—C9
C7—C8—HS8A
C9—C8—HS8A
N1—C9—CS8
N1—C9—C10
C8—C9—C10
C11—C10—C9
C11—C10—HI10A
C9—C10—HI10A
C10—C11—C12
C10—C11—H11A
C12—C11—H11A
C13—C12—C17

1.447 (2)

113.13 (9)
113.11 (8)
112.31 (8)
106.25 (7)
105.80 (7)
105.44 (8)
118.33 (14)
109.3
122.94 (14)
119.79 (14)
117.24 (14)
120.55 (14)
120.40 (14)
118.91 (14)
122.11 (15)
120.29 (16)
117.60 (15)
119.21 (17)
120.4
120.4
121.91 (18)
119.0

119.1
120.31 (18)
119.8

119.8
119.22 (16)
120.5

120.3
119.76 (16)
121.21 (16)
119.03 (16)
120.31 (16)
119.8

119.9
121.03 (16)
119.5

119.5
118.18 (15)
120.42 (14)
121.40 (15)
123.04 (15)
118.5

118.5
126.36 (15)
116.8

116.9
117.13 (15)

C27—H27C

C13—C14—H14A
C15—C14—H14A
N2—C15—C16
N2—C15—C14
Cl6—C15—C14
C17—C16—C15
C17—Cl6—HI16A
C15—Cl6—HI16A
Cl16—C17—Cl12
Cl16—C17—H17A
C12—C17—H17A
N2—C18—HI8A
N2—C18—HI8B
H18A—C18—H18B
N2—C18—HI18C
H18A—C18—HI18C
H18B—C18—H18C
N2—C19—HI9A
N2—C19—HI19B
H19A—C19—H19B
N2—C19—HI19C
H19A—C19—HI19C
H19B—C19—H19C
N1—C20—H20A
N1—C20—H20B
H20A—C20—H20B
N1—C20—H20C
H20A—C20—H20C
H20B—C20—H20C
C26—C21—C22
C26—C21—S1
C22—C21—-S1
C23—C22—C21
C23—C22—H22A
C21—C22—H22A
C22—C23—C24
C22—C23—H23A
C24—C23—H23A
01—C24—C25
01—C24—C23
C25—C24—C23
C24—C25—C26
C24—C25—H25A
C26—C25—H25A
C21—C26—C25
C21—C26—H26A
C25—C26—H26A
01—C27—H27A

0.9600

119.6
119.6
121.37 (14)
121.43 (14)
117.20 (14)
121.17 (14)
119.4
119.4
121.62 (15)
119.2
119.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.36 (15)
120.01 (13)
120.63 (11)
120.46 (14)
119.7
119.8
119.73 (16)
120.1
120.2
124.66 (14)
115.07 (15)
120.28 (15)
119.41 (14)
120.3
120.3
120.74 (16)
119.6
119.7
109.5

sup-7



supplementary materials

C13—C12—C11
C17—C12—C11
C14—C13—Cl12
C14—CI13—H13A
C12—C13—H13A
C13—C14—C15
C9—NI1—C1—C2
C20—N1—C1—C2
C9—NI1—C1—C6
C20—N1—C1—Ceo
N1I—C1—C2—C3
C6—C1—C2—C3
Cl1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—Co
C2—C1—C6—C7
N1I—C1—C6—C7
C2—C1—C6—C5
N1I—C1—C6—C5
C4—C5—C6—C7
C4—C5—C6—Cl1
Cl1—C6—C7—C8
C5—C6—C7—C8
C6—C7—C8—C9
Cl—N1—C9—C8
C20—N1—C9—C8
C1—N1—C9—C10
C20—N1—C9—C10
C7—C8—C9—N1
C7—C8—C9—C10
N1I—C9—C10—Cl11
C8—C9—C10—Cl11
C9—C10—C11—C12
C10—C11—C12—C13
C10—C11—C12—C17
C17—C12—C13—C14
C11—C12—C13—C14

Hydrogen-bond geometry (4, °)

D HA
O1W—HIW--02!
O1W—H2W--04'!
C7—H7A-031
C8—H8A-03li
C20—H20A-04"

C23—H23A-01W"
C26—H26A-04

119.28 (14)
123.58 (15)
121.99 (15)
119.0
119.0
120.88 (15)

~175.88 (16)
59(2)

4.6 (2)
~173.66 (15)
~178.39 (16)
1.1 (3)

0.4 (3)
~1.1(3)

0.3 (3)
178.90 (16)
~1.6(2)
-1.9(2)
177.59 (14)
~179.62 (17)
1.2(2)
-1.9(2)
178.93 (16)
273)
-3.9(2)
174.28 (15)
176.41 (14)
-5.4(2)
0.2(2)
179.86 (16)
170.96 (15)
-8.7(2)
~177.83 (15)
~177.82 (16)
32(3)
-0.3(2)
~179.40 (15)

0.84
0.85
0.93
0.93
0.96

0.93
0.93

01—C27—H27B
H27A—C27—H27B
01—C27—H27C
H27A—C27—H27C
H27B—C27—H27C

C12—C13—C14—C15
C18—N2—C15—C16
C19—N2—C15—C16
C18—N2—C15—Cl14
C19—N2—C15—C14
C13—C14—C15—N2
C13—C14—C15—C16
N2—C15—C16—C17
Cl14—C15—C16—C17
C15—C16—C17—C12
C13—C12—C17—C16
C11—C12—C17—C16
03—S1—C21—C26
04—S1—C21—C26
02—S1—C21—C26
03—S1—C21—C22
04—S1—C21—C22
02—S1—C21—C22
C26—C21—C22—C23
S1—C21—C22—C23
C21—C22—C23—C24
C27—01—C24—C25
C27—01—C24—C23
C22—C23—C24—01
C22—C23—C24—C25
01—C24—C25—C26
C23—C24—C25—C26
C22—C21—C26—C25
S1—C21—C26—C25
C24—C25—C26—C21

HA
2.04
2.10
2.49
2.57
2.46

2.44
2.56

DA
2.875 (3)
2.926 (2)
3.015(3)
3.049 (3)
3.325(2)

3.365(2)
2.921(2)

109.5
109.5
109.5
109.5
109.5

0.3(2)

~179.39 (16)

5.0 (2)
0.4 (2)

~175.14 (15)
~179.73 (15)

0.1(2)

179.42 (15)
—0.4(2)

0.4 (2)
0.0 (2)

179.05 (15)
~97.34 (14)
23.18 (15)
142.35 (13)
81.83 (14)
~157.66 (13)
-38.48 (15)

0.8 (2)

~178.35 (12)
-0.2(2)

3.9(2)

~175.95 (14)
179.57 (14)
-0.3(2)
~179.62 (14)

0.2(2)

—0.9(2)
178.29 (12)

0.4 (2)

D—H-4
169
161
116
113
151

176
104
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C27—H27A~O1W"i 0.96 2.58 3.160 (3) 119
C27—H27A--01"1 0.96 2.55 3.282 (2) 133
Cl16—H16ACgl™" 0.93 2.81 3.6513 (19) 151

Symmetry codes: (i) —x+1, =y, —z+1; (ii) x, —y+1/2, z—1/2; (iii) —x+1, y+1/2, —z+3/2; (iv) —x+1, —y+1, —z+1; (v) x, =—1/2, z+1/2; (vi)
—x+2, y—1/2, —z+3/2; (vii) —x+2, —y—1, —z+2.
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Fig. 1
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Fig. 2
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In the title compound, C,yH,N,"17-1.5H,0, the cation exists
in the E configuration and is not planar. The dihedral angle
between the quinolinium and dimethylaminophenyl rings is
9.26 (6)°. The O atom of one of the solvent water molecules
lies on a twofold rotation axis. In the crystal structure, the
cations form one-dimensional zigzag chains along the [001]
direction. The cations are linked to water molecules and
iodide ions through weak C—H---O and C—H--I inter-
actions, respectively. Water molecules and iodide ions form
O—H:.-O and O—H- - -I hydrogen bonds, which stabilize the
crystal structure. A C—H- - -7 interaction is also present.

Related literature

For bond lengths, see: Allen et al. (1987). For background to
non-linear optical (NLO) materials research, see: Chia et al.
(1995); Marder et al. (1994); Otero et al. (2002); Pan et al.
(1996). For related structures, see for example: Chan-
trapromma et al. (2006, 2007a,b,c,d); Dittrich et al. (2003);
Jindawong et al. (2005); Kobkeatthawin et al. (2008); Nogi et
al. (2000); Sato et al. (1999); Umezawa et al. (2000).

-T"-1.5H,0

Experimental

Crystal data

CooH, N, " 17-1.5H,0
M, = 44331

Monoclinic, C2/c¢
a =20.8997 (4) A

f Additional correspondence author, e-mail: hkfun@usm.my.

Mo Ko radiation
uw=172mm™"
T=1000 (1) K

0.52 x 0.35 x 0.12 mm

b =10.5941 (2) A

¢ =18.4020 (4) A

B =113.047 (1)°
V = 3749.24 (13) A®
Z=8

Data collection

Bruker SMART APEX2 CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
T'min = 0.469, Tyax = 0.818

50083 measured reflections
8240 independent reflections
7476 reflections with 1 > 20(1)
Rin = 0.032

Refinement

R[F? > 20(F?)] = 0.029
wR(F?) = 0.068

S =1.07

8240 reflections

237 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Apmax = 1.58 ¢ A7

APmin = —0.80 e A3

Table 1 .

Hydrogen-bond geometry (A, °).

D—H.--A D—H H---A D---A D—H---A
O1W—HIW1...I1! 0.85 (3) 2.74 (3) 3.5832 (16) 172 (3)
O2W—HIW2---O1lW 0.83 (3) 2.10 (3) 2.9164 (19) 167 (3)
O1W—H2W1.- 11" 0.79 (3) 2.94 (3) 3.7267 (16) 174 (3)
C3—H3A4.--02WH 0.93 2.60 3371 (2) 141
C7—H74.--11" 0.93 3.04 3.9290 (18) 161
C17—H17A.--11" 0.93 3.01 3.8784 (14) 157
C2—H24.--Cgl" 0.93 3.02 3.7648 (17) 138

Symmetry codes: (i) —x,y, —z +% (i) x, —y+ 1,z =% (i) —x+1 -y +32, —z; (iv)
x+3%, —y+3 z—1 Cgl is the centroid of the C12-C17 ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX?2;
data reduction: SAINT (Bruker, 2005); program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).

The authors thank the Prince of Songkla University for
financial support. The authors also thank the Malaysian
Government and Universiti Sains Malaysia for Research
University Golden Goose grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SJ2479).
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(E)-2-[4-(Dimethylamino)styryl]-1-methylquinolinium iodide sesquihydrate

S. Chantrapromma, T. Kobkeatthawin, K. Chanawanno, C. Karalai and H.-K. Fun

Comment

Organic molecules with large © systems have been extensively used in attempts to obtain non-linear optical (NLO) materials
(Chia et al., 1995; Dittrich et al., 2003; Marder et al., 1994; Nogi et al., 2000; Otero et al., 2002; Pan ef al., 1996; Sato et al.,
1999). We have previously synthesized and crystallized several ionic organic salts of quinolinium derivatives which have a
conjugate 7 system to study their non-linear optical properties (Chantrapromma et al., 2006; 2007a; 2007b; 2007c; 20074,
Jindawong et al., 2005). Previous investigations by Marder ef al., 1994, Pan et al., 1996 and Umezawa et al., 2000 reported
that 1-methyl-4-(2-(4-(dimethylamino)phenyl)ethenyl)pyridinium p-toluenesulfonate (DAST) is a promising second-order
NLO material. Based on this information and our previous investigation (Chantrapromma et al., 2007¢), we have designed
and synthesized the title compound (I) with the replacement of the 3-hydroxy-4-methoxyphenyl ring in the cation of 2-[(E)-
(3-hydroxy-4-methoxyphenyl)ethenyl]-1-methylquinolinium iodide monohydrate which showed second-order NLO prop-
erties (Chantrapromma ef al., 2007¢) by the 4-dimethylaminophenyl ring and its crystal structure was reported here. However
since second-order NLO effects are created only when chromophores are arranged in a non-centrosymmetric manner, the title

compound, which crystallized in the centrosymmetric space group C2/c, does not exhibit any second-order NLO properties.

The asymmetric unit of the title compound consists of one C2()H21N2Jr cation, one I” anion and 1.5 H>O molecules. The
remaining cell contents are generated by symmetry with the O2W atom (symmetry code: -x, y, 1/2 - z) lying on a two-fold
rotation axis. The cation exists in the £ configuration with respect to the C10=C11 double bond [1.357 (2) A] and is not
planar as indicated by a dihedral angle of 9.26 (6)° between the quinolinium and the dimethylaminophenyl rings. This value
is relatively wider than the corresponding angle (3.41 (7)°) reported for the closely related structure of the 4-methoxyben-
zenesulfonate salt of the same cation (Kobkeatthawin ez al., 2008). This may be due to packing effects involving the different
counterions. The orientation of the ethenyl unit with respect to the quinolinium and the dimethylaminophenyl rings can
be indicated by the torsion angles C8—C9—C10-C11 = 8.5 (2)° and C10—-C11-C12-C17 =-1.2 (2)°. The bond lengths and
angles are in normal ranges (Allen ef al., 1987) and are comparable to those in closely related structures (Chantrapromma
et al., 2006; 2007a; 2007b; 2007c; Kobkeatthawin et al., 2008).

In the crystal packing (Fig. 2), the cations form one-dimensional zigzag chains along the [0 0 1] direction. Water molecules
contribute to an O2W—HI1W2---O1W hydrogen bond. The cations are linked to water molecules and iodide ions through
weak C—H--O and C—H--I interactions respectively (Table 1). Water molecules and iodide ions are interconnected by
O—H:-'I hydrogen bonds (O1W—H1W1--I1 and OlW—H2W1---I1 symmetry codes: -x, y, 1/2-zand x, 1 -y, -1/2 + z,
respectively). The crystal is further stabilized by O—H---O and O—H-I hydrogen bonds together with weak C—H:--O and
C—H--Tinteractions. A C2—H2A--w interaction to the dimethylaminophenyl ring [C12—-C17] was also observed: C2—H2A

=0.93; H2A~Cg' = 3.0219; C2—Cg;' = 3.7648 (17) A; C2—H2ACg,' = 138°. [Cg; ' is the centroid of the C12-C17 ring
(symmetry code: (i): x, 1 -y, -1/2 + 2)].
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Experimental

The title compound was synthesized by mixing a 1:1:1 molar ratio solution of 1,2-dimethylquinolinium iodide (2.00 g,
7.01 mmol), dimethylaminobenzaldehyde (1.05 g, 7.01 mmol) and piperidine (0.70 g, 7.01 mmol) in hot methanol (50 ml).
The resulting solution was refluxed for 6 h under a nitrogen atmosphere. The resulting solid was filtered off, washed with
methanol and recrystallized from methanol to give green crystals. Single crystals of the title compound suitable for x-ray
structure determination were recrystalized from methanol/ethanol solvent (1:1 v/v) by slow evaporation of the solvent at
room temperature after a few weeks. (Mp. 491-493 K).

Refinement

Water hydrogen atoms were located in a difference map and refined isotropically. H atoms attached to C were placed in
calculated positions with d(C—H) =0.93 A, Ujso=1.2 Ueq(C) for aromatic and CH, 0.96 A Ugo=1.5 Ueq(C) for CH3 atoms.

A rotating group model was used for the methyl groups. The highest residual electron density peak is located at 0.57 A from
I1 and the deepest hole is located at 0.46 A from I1.

Figures

Fig. 1. The asymmetric unit of (I) showing 50% probability displacement ellipsoids and the
atom-numbering scheme. O2W (symmetry code: -x, y, 1/2 - z) lies on a two-fold rotation axis.

Fig. 2. The crystal packing of (I) viewed along the a axis, showing the one-dimensional zig-
zag chains of the cations running along the ¢ direction. The O—H:--O and O—H--"I hydrogen
bonds and weak C—H:--O interactions are drawn as dashed lines.

(E)-2-[4-(Dimethylamino)styryl]-1-methylquinolinium iodide sesquihydrate

Crystal data

C20H21N2+'Ii'1.5H20 Foop=1784

M, =443.31 Dy=1.571 Mgm >
Monoclinic, C2/c Melting point = 491-493 K

Hall symbol: -C 2yc Mo Ka radiation

A=0.71073 A
a=20.8997 (4) A Cell parameters from 8240 reflections
b=10.5941 (2) A 0=2.1-35.0°
c=18.4020 (4) A p=1.72mm"
B=113.047 (1)° T=100.0 (1)K
V=3749.24 (13) A’ Block, green
Z=8 0.52 x 0.35 x 0.12 mm
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Data collection

Bruker SMART APEX2 CCD area-detector 8240 independent reflections

diffractometer

Radiation source: fine-focus sealed tube 7476 reflections with /> 20(J)
Monochromator: graphite Rint =0.032

Detector resolution: 8.33 pixels mm’' Bmax = 35.0°

7=100.0(1) K Omin = 2.1°

® scans h=-33-33

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

Tnin = 0.469, Tynax = 0.818 [=-29-28

50083 measured reflections

k=-17—15

Refinement

Refinement on 7~ Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

H atoms treated by a mixture of
independent and constrained refinement

w=1/[c2(Fy?) + (0.0246P)> + 7.1959P]
where P = (Fy> + 2F.2)/3

R[F* > 26(F?)] = 0.029

WR(F?) = 0.068

S=1.07 (A/6)max = 0.001

8240 reflections Apmax = 1.58 ¢ A

237 parameters Apmin=—0.80 e A7

Primary atom site location: structure-invariant direct I .
Extinction correction: none

methods

Special details

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

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

Refinement. Refinement of 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?, convention-

al R-factors R are based on F, with F set to zero for negative F?. The threshold expression of F> G(FZ) is used only for calculating R-

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
11 0.121463 (5) 0.401312 (10) 0.489877 (6) 0.02205 (3)
N1 0.34849 (6) 0.45765 (12) —0.04848 (7) 0.0163 (2)

sup-3



supplementary materials

N2

Cl
C2
H2A
C3
H3A
C4
H4A
Cs
H5A
C6
Cc7
H7A
C8
H8A
(Y
C10
H10A
Cl1
H11A
Cl12
C13
H13A
Cl4
H14A
Cl15
Cl6
H16A
Cl17
H17A
C18
HI18A
H18B
H18C
C19
HI19A
H19B
H19C
C20
H20A
H20B
H20C
Oo1w
o2wW
H1W2
H1W1
H2W1

0.16088 (7)
0.39458 (7)
0.38630 (8)
0.3488
0.43416 (9)
0.4283
0.49123 (8)
0.5234
0.49965 (8)
0.5371
0.45170 (8)
0.45974 (8)
0.4961
0.41475 (8)
0.4206
0.35853 (7)
0.31320 (7)
0.2735
0.32564 (7)
0.3652
0.28250 (7)
0.29994 (7)
0.3396
0.26020 (7)
0.2730
0.20009 (7)
0.18213 (7)
0.1428
0.22208 (7)
0.2088
0.17497 (9)
0.2231
0.1646
0.1465
0.09759 (8)
0.1078
0.0792
0.0640
0.28968 (8)
0.2575
0.2667
0.3064
0.03830 (8)
0.0000
0.0114 (15)
0.0030 (16)
0.0580 (16)

0.23257 (14)
0.47357 (14)
0.57284 (16)
0.6279
0.58795 (17)
0.6533
0.50731 (18)
0.5202
0.40906 (16)
0.3542
0.39079 (14)
0.29187 (16)
0.2347
0.27979 (15)
0.2142
0.36612 (14)
0.35646 (14)
0.4065
0.27790 (14)
0.2275
0.26643 (13)
0.18026 (14)
0.1309
0.16647 (14)
0.1075
0.24148 (14)
0.32815 (14)
0.3783
0.33918 (14)
0.3964
0.13464 (18)
0.1376
0.0535
0.1481
0.30611 (17)
0.3939
0.2943
0.2788
0.54554 (16)
0.5167
0.5494
0.6280
0.54957 (15)
0.6809 (2)
0.633 (3)
0.508 (3)
0.564 (3)

0.29101 (8)
~0.08616 (8)
~0.13994 (9)
~0.1525
~0.17383 (10)
~0.2096
~0.15566 (9)
~0.1784
~0.10418 (9)
~0.0929
~0.06823 (8)
~0.01383 (9)
~0.0029
0.02247 (9)
0.0581
0.00684 (8)
0.04900 (8)
0.0326
0.11134 (8)
0.1265
0.15584 (8)
0.21874 (9)
0.2309
0.26310 (9)
0.3038
0.24709 (8)
0.18357 (8)
0.1714
0.13970 (8)
0.0981
0.35064 (10)
0.3857
0.3254
0.3801
0.27093 (10)
0.2680
0.3107
0.2208
~0.07022 (10)
-0.0483
~0.1267
~0.0499
0.13362 (8)
0.2500
0.2215 (16)
0.1033 (17)
0.1055 (18)

0.0219 (2)
0.0173 (2)
0.0222 (3)
0.027*
0.0249 (3)
0.030*
0.0244 (3)
0.029*
0.0219 (3)
0.026*
0.0183 (2)
0.0211 (3)
0.025%
0.0201 (3)
0.024*
0.0163 (2)
0.0173 (2)
0.021*
0.0170 (2)
0.020%
0.0157 (2)
0.0185 (2)
0.022*
0.0193 (2)
0.023*
0.0164 (2)
0.0177 (2)
0.021*
0.0176 (2)
0.021*
0.0262 (3)
0.039*
0.039*
0.039*
0.0236 (3)
0.035%
0.035%
0.035%
0.0223 (3)
0.034*
0.034*
0.034*
0.0297 (3)
0.0385 (5)
0.044 (8)*
0.049 (8)*
0.049 (8)*
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Atomic displacement parameters (A’Z )

Ull U22 U33 U12 U13 U23
1 0.01875 (5) 0.02151 (5) 0.02561 (5) ~0.00453 (3) 0.00840 (4) ~0.00498 (4)
N1 0.0154 (5) 0.0157 (5) 0.0180 (5) 0.0016 (4) 0.0066 (4) 0.0002 (4)
N2 0.0203 (5) 0.0256 (6) 0.0235 (6) 0.0038 (5) 0.0126 (5) 0.0083 (5)
Cl 0.0164 (5) 0.0198 (6) 0.0165 (5) ~0.0016 (5) 0.0073 (5) ~0.0020 (5)
C2 0.0190 (6) 0.0242 (7) 0.0236 (6) 0.0016 (5) 0.0086 (5) 0.0041 (5)
c3 0.0233 (7) 0.0289 (8) 0.0229 (7) ~0.0006 (6) 0.0096 (6) 0.0055 (6)
C4 0.0214 (6) 0.0351 (8) 0.0199 (6) ~0.0028 (6) 0.0117 (5) ~0.0010 (6)
Cs 0.0180 (6) 0.0282 (7) 0.0205 (6) 0.0022 (5) 0.0088 (5) ~0.0032 (5)
C6 0.0177 (6) 0.0205 (6) 0.0167 (5) 0.0008 (5) 0.0067 (5) ~0.0009 (5)
c7 0.0198 (6) 0.0222 (7) 0.0219 (6) 0.0056 (5) 0.0088 (5) 0.0013 (5)
cs8 0.0183 (6) 0.0222 (7) 0.0214 (6) 0.0051 (5) 0.0095 (5) 0.0036 (5)
C9 0.0168 (5) 0.0153 (5) 0.0173 (5) 0.0002 (4) 0.0072 (5) ~0.0001 (4)
C10 0.0182 (6) 0.0172 (6) 0.0185 (6) ~0.0002 (5) 0.0093 (5) ~0.0006 (5)
Cll 0.0149 (5) 0.0184 (6) 0.0179 (5) 0.0003 (4) 0.0068 (4) ~0.0001 (5)
C12 0.0149 (5) 0.0160 (5) 0.0162 (5) ~0.0004 (4) 0.0060 (4) 0.0004 (4)
C13 0.0162 (5) 0.0194 (6) 0.0199 (6) 0.0031 (5) 0.0071 (5) 0.0036 (5)
Cl4 0.0183 (6) 0.0193 (6) 0.0208 (6) 0.0028 (5) 0.0082 (5) 0.0057 (5)
Cl5 0.0152 (5) 0.0173 (6) 0.0164 (5) ~0.0011 (4) 0.0059 (4) 0.0012 (4)
Cl16 0.0161 (5) 0.0182 (6) 0.0187 (6) 0.0021 (4) 0.0067 (5) 0.0036 (5)
C17 0.0179 (6) 0.0179 (6) 0.0178 (6) 0.0023 (5) 0.0079 (5) 0.0041 (5)
C18 0.0246 (7) 0.0310 (8) 0.0267 (7) 0.0036 (6) 0.0143 (6) 0.0111 (6)
Cl19 0.0213 (6) 0.0291 (8) 0.0236 (6) 0.0040 (6) 0.0125 (5) 0.0025 (6)
C20 0.0209 (6) 0.0212 (7) 0.0284 (7) 0.0064 (5) 0.0133 (6) 0.0048 (5)
O1W 0.0271 (6) 0.0340 (7) 0.0266 (6) 0.0012 (5) 0.0092 (5) 0.0014 (5)
02W 0.0530 (13) 0.0278 (10) 0.0469 (12) 0.000 0.0329 (11) 0.000

Geometric parameters (4, °)

N1—C9 1.3614 (19) Cl1—C12 1.4411 (19)
N1—Cl1 1.4001 (18) Cl1—HI1A 0.9300
N1—C20 1.4672 (19) Cl12—C13 1.406 (2)
N2—Cl15 1.3611 (18) Cl12—C17 1.408 (2)
N2—C19 1.453 (2) C13—Cl4 1381 (2)
N2—CI8 1.454 (2) CI13—HI3A 0.9300
Cl—C2 1.408 (2) Cl4—Cl5 1417 (2)
C1—C6 1412 (2) Cl4—HI4A 0.9300
C2—C3 1.380 (2) C15—C16 1417 (2)
C2—H2A 0.9300 Cl6—C17 1.3750 (19)
C3—C4 1.397 (2) Cl16—HI6A 0.9300
C3—H3A 0.9300 C17—HI7A 0.9300
C4—C5 1372 (2) C18—HI8A 0.9600
C4—H4A 0.9300 C18—HI8B 0.9600
C5—C6 1.414 (2) C18—HISC 0.9600
C5—HS5A 0.9300 C19—HI9A 0.9600
C6—C7 1.413 (2) C19—HI19B 0.9600
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C7—C8
C7—H7A
C8—C9
C8—H8A
C9—C10
C10—C11
C10—HI10A
C9—NI—Cl
C9—NI1—C20
C1—N1—C20
C15—N2—CI9
C15—N2—CI8
C19—N2—CI8
NI1—C1—C2
N1—C1—C6
C2—C1—C6
C3—C2—Cl
C3—C2—H2A
C1—C2—H2A
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C4—C5—C6
C4—C5—HS5A
C6—C5—HSA
C1—C6—C7
C1—C6—C5
C7—C6—C5
C8—C7—C6
C8—C7—H7A
C6—C7—HTA
C7—C8—C9
C7—C8—H8A
C9—C8—H8A
N1—C9—C8
N1—C9—C10
C8—C9—C10
C11—C10—C9
C11—C10—H10A
C9—C10—HI10A
C10—C11—C12
C10—C11—H11A
C9—NI—CI1—C2
C20—NI—CI1—C2
C9—NI—CI1—C6

1.356 (2)
0.9300
1.427 (2)
0.9300
1.4442 (19)
1.357 (2)
0.9300

121.43 (12)
121.57 (12)
116.99 (12)
120.78 (13)
120.43 (13)
118.03 (12)
121.28 (13)
119.48 (13)
119.22 (13)
119.55 (15)
120.2
120.2
121.53 (15)
119.2
119.2
119.73 (14)
120.1
120.1
120.29 (14)
119.9
119.9
118.76 (13)
119.66 (14)
121.58 (14)
120.39 (14)
119.8
119.8
121.03 (14)
119.5
119.5
118.76 (13)
120.71 (13)
120.53 (13)
123.26 (13)
118.4
118.4
125.20 (13)
117.4

~176.27 (14)
2.6 (2)
1.9 (2)

C19—H19C
C20—H20A
C20—H20B
C20—H20C
O1W—H1W1
O1W—H2W1
O2W—H1W2

CI12—Cl11—HI11A
C13—C12—C17
C13—C12—C11
C17—C12—C11
C14—C13—Cl12
C14—CI13—H13A
C12—CI13—H13A
C13—C14—C15
C13—C14—H14A
C15—C14—H14A
N2—C15—C14
N2—C15—C16
C14—C15—Cl16
C17—C16—C15
C17—Cl6—HI16A
C15—Cl16—HI16A
Cl16—C17—Cl12
Cl16—C17—H17A
C12—C17—H17A
N2—C18—H18A
N2—C18—H18B
H18A—C18—H18B
N2—C18—HI18C
H18A—C18—HI18C
H18B—C18—H18C
N2—C19—HI19A
N2—C19—H19B
H19A—C19—H19B
N2—C19—H19C
H19A—C19—HI19C
H19B—C19—H19C
N1—C20—H20A
N1—C20—H20B
H20A—C20—H20B
N1—C20—H20C
H20A—C20—H20C
H20B—C20—H20C

HIWI—O1W—H2W1

C7—C8—C9—N1
C7—C8—C9—C10
N1—C9—C10—Cl11

0.9600
0.9600
0.9600
0.9600
0.85 (3)
0.79 (3)
0.83 (3)
117.4
116.83 (12)
120.29 (13)
122.88 (13)
122.22 (13)
118.9

118.9
120.47 (13)
119.8

119.8
121.92 (13)
120.54 (13)
117.54 (12)
120.92 (13)
119.5

119.5
122.01 (13)
119.0

119.0

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

102 (3)
3.4(2)
~176.63 (14)
~171.48 (14)
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C20—N1—C1—C6 ~179.27 (14) C8—C9—C10—Cl1 8.5(2)
N1—C1—C2—C3 177.80 (15) C9—C10—C11—C12 179.05 (14)
C6—C1—C2—C3 -0.3(2) C10—C11—C12—C13 179.02 (14)
Cl—C2—C3—C4 -0.4(3) C10—C11—C12—C17 -12(2)
C2—C3—C4—C5 13(3) C17—C12—C13—Cl4 0.0 (2)
C3—C4—C5—C6 ~1.4(2) Cl11—C12—C13—Cl4 179.79 (14)
N1—C1—C6—C7 1.5(2) C12—C13—C14—C15 -1.0(2)
C2—C1—C6—C7 179.65 (14) C19—N2—C15—Cl4 ~176.95 (15)
N1—C1—C6—C5 ~177.92 (13) C18—N2—C15—Cl4 ~72(2)
C2—C1—C6—C5 0.2(2) C19—N2—C15—Cl6 3.7(2)
C4—C5—C6—Cl 0.6 (2) C18—N2—C15—Cl6 173.45 (15)
C4—C5—C6—C7 ~178.79 (15) C13—C14—C15—N2 ~178.22 (15)
Cl1—C6—C7—C8 -23(2) C13—C14—C15—Cl16 12(2)
C5—C6—C7—C8 177.06 (15) N2—C15—C16—C17 178.95 (15)
C6—C7—C8—C9 —0.1(2) Cl14—C15—C16—C17 —0.5(2)
Cl1—N1—C9—C8 -42(2) C15—C16—C17—C12 —0.5(2)
C20—N1—C9—C8 176.94 (14) C13—C12—C17—Cl16 0.7 (2)
C1—N1—C9—C10 175.76 (13) Cl11—C12—C17—C16 ~179.05 (14)
C20—N1—C9—C10 -3.1(2)

Hydrogen-bond geometry (4, °)

D—H-4 D—H H-A DA D—H-A
O1W—HIWI-I1! 0.85 (3) 2.74 (3) 3.5832 (16) 172 3)
02W—HIW2--01W 0.83 (3) 2.10 (3) 2.9164 (19) 167 (3)
O1W—H2W1--111 0.79 (3) 2.94 (3) 3.7267 (16) 174 (3)
C3—H3A-02W' 0.93 2.60 3371 (2) 141
C7—H7A-11" 0.93 3.04 3.9290 (18) 161
Cl17—HI17A--111 0.93 3.01 3.8784 (14) 157
C2—H2A-Cgl! 0.93 3.02 3.7648 (17) 138

Symmetry codes: (i) —x, y, —z+1/2; (ii) x, —y+1, z—1/2; (iii) —x+1/2, —=y+3/2, —z; (iv) x+1/2, =y+1/2, z—1/2.
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Fig. 1
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Fig. 2
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In the title compound, C;sH,NS*-I", the cation has an E
configuration about the C—C double bond of the ethylene
unit. The dihedral angle between the thiophene ring and the
quinolinium ring system is 11.67 (11)°. A weak C—H---S
intramolecular interaction involving the thiophene ring
generates an S(5) ring motif. In the crystal structure, the
iodide ion, located between the cations arranged in an
antiparallel manner, forms weak C—H- - I interactions. The
crystal structure is further stabilized by a s—7m interaction
between the thiophene and pyridine rings; the centroid—
centroid distance is 3.6818 (13) A.
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ground literature on non-linear optical properties, see, for
example: Chou et al. (1996); Dittrich et al. (2003); Drost et al.
(1995); Morley (1991).

L This paper is dedicated to the late Her Royal Highness Princess Galyani
Vadhana Krom Luang Naradhiwas Rajanagarindra for her patronage of
science in Thailand.

§ Additional correspondence author, e-mail: hkfun@usm.my.

Experimental

Crystal data

Ci6HNS™T7

M, =379.25
Triclinic, PT
a=78243(1) A
b =9.6906 (1) A
c=107633 (2) A
a =97.521 (1)°
B=95338 (1)°

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan

y = 112.758 (1)°

V =736.82 (2) A®
Z=2

Mo Ko radiation
=230 mm™"
T=100.0 (1) K

0.58 x 0.28 x 0.14 mm

17060 measured reflections
4261 independent reflections
4118 reflections with 7 > 20(1)

(SADABS; Bruker, 2005)
Tmin = 0.346, Tpox = 0.725

Rin = 0.018

Refinement

R[F? > 20(F%)] = 0.022
wR(F?) = 0.059
S=110

4261 reflections

173 parameters

H-atom parameters constrained
ApPmax =150 e A3

APmin = —0.90 e A3

Table 1

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
C10—H104---S1 0.93 2.80 3.189 (2) 106
Cl1—H11A---11" 0.93 3.06 3.934 (2) 157
Cl6—HI16B- - 11" 0.96 3.06 3.962 (2) 156

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

Data collection: APEX2 (Bruker, 2005); cell refinement: APEX?2;
data reduction: SAINT (Bruker, 2005); program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).

The Center for Innovation in Chemistry: Postgraduate
Education and Research Program in Chemistry (PERCH-
CIC), Commission on Higher Education, Ministry of Educa-
tion and the Graduate School, Prince of Songkla University
are gratefully acknowledged for providing financial support to
PR. The authors thank the Prince of Songkla University for a
research grant and also the Universiti Sains Malaysia for the
Research University Golden Goose grant No. 1001/PFIZIK/
811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: 1S2311).
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1-Methyl-2-[(E)-2-(2-thienyl)ethenyl|quinolinium iodide

P. Ruanwas, T. Kobkeatthawin, S. Chantrapromma, H.-K. Fun and C. Karalai

Comment

The design and synthesis of conjugated compounds to search for second-order nonlinear optic (NLO) materials have gener-
ated extensive interest. From previous reports, both molecular orbital calculations (Morley, 1991) and experimental studies
(Drost et al., 1995) have revealed that the products of dipole moment and molecular hyperpolarizability (vp) of thiophene-
containing conjugated moieties are superior to that of benzene analogues. Based on this reason we have previously stud-
ied the compound containing thiophene unit, namely, 1-methyl-4-[(E)-2-(2-thienyl)ethenyl]-pyridinium 4-chlorobenzenes-
ulfonate (Chantrapromma et al., 2008). In this paper we have synthesized the title compound which was designed by the
replacement of the cationic 3-hydroxy-4-methoxyphenyl ring that is present in a compound possessing second-harmon-
ic-generation (SHG) properties, 2-[(E)-2-(3-hydroxy-4-methoxyphenyl)ethenyl]- 1 methylquinolinium, iodide monohydrate
(Chantrapromma, Jindawong, Fun & Patil, 2007) by the thiophene unit. Herein we report the synthesis and crystal structure

of the title compound.

The asymmetric unit of the title compound (Fig. 1) consists of the C16H14NS+ cation and I” ion. The cation exists in the F
configuration with respect to the C10=C11 double bond [1.350 (3) A] and is almost planar with the interplanar angle between
the quinolinium and the thiophene ring being 11.67 (11)° and the torsion angles C9—-C10-C11-C12 = -178.56 (17)°. The
ethenyl unit is co-planar with the thiophene ring as can be indicated by the torsion angles C10—-C11-C12—-C13 =-179.42 (18)°
and C10-C11-C12-S1 = 1.4 (3)°. It is slightly deviated from the quinolinium ring with the torsion angle C8§—C9-C10-C11
=-14.2 (3)°. The atom S1 of the thiophene ring contributes to the C—H--S intramolecular weak interaction (Fig. 1 and Table
1) forming S(5) ring motifs (Bernstein et al., 1995). The bond lengths and angles are normal (Allen ef al., 1987) and are
comparable with closely related structures (Chantrapromma et al., 2006, 2008; Chantrapromma, Jindawong & Fun, 2007;

Chantrapromma, Jindawong, Fun & Patil, 2007).

In the crystal packing (Fig. 2), the I ion is in between each pair of the two antiparallel cations and is linked with the
cations through weak C—H--I interactions. The crystal is stabilized by weak C—H---S and C—H--I interactions (Table

1). A m— interaction was observed with the Cg;-+Cg, distance of 3.6818 (13) A; Cg1i and ngi are the centroids of the

S1/C12—C15 and N1/C1/C6—C9 rings, respectively [symmetry code: (i): 1 - x, 1 - y, 1 - z]. The perpendicular distances of
Cgj on the S1/C12—C15 ring and Cg, on the N1/C1/C6—C9 ring are 3.200 and 3.500 A, respectively

Experimental

2-(2-Thiophenestyryl)-1-methylquinilinium iodide was synthesized by mixing a solution (1:1:1 molar ratio) of 1,2-dimethyl-
quinolinium iodide (2.00 g, 7.0 mmol), 2-thiophenecarboxaldehyde (0.64 ml, 7.0 mmol) and piperidine (0.69 ml, 7.0 mmol)
in hot methanol (40 ml). The resulting solution was refluxed for 5 hr under a nitrogen atmosphere. The resultant solid
was filtered off and washed with diethyl ether. Brown block-shaped single crystals of the title compound suitable for x-ray
structure determination were obtained after recrystalization from methanol by slow evaporation of the solvent at room tem-

perature after a few weeks.
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Refinement

All H atoms were placed in calculated positions (C—H = 0.93-0.96 A) and were refined as riding, with Ujso(H) = 1.2 Ueq(C)
or 1.5Ugq(methyl C). A rotating group model was used for the methyl group. The highest residual electron density peak is
located at 0.75 A from atom I1 and the deepest hole is located at 0.38 A from atom S1.

Figures

_|Fig. 1. The title compound showing 50% probability displacement ellipsoids and the atom-
numbering scheme. The weak C—H--S intramolecular interaction was drawn as a dashed
line.

Fig. 2. The packing diagram of the title structure, viewed approximately along the b axis.
Weak C—H--I interactions were drawn as dashed lines.

1-Methyl-2-[(F)-2-(2-thienyl)ethenyl]quinolinium iodide

Crystal data

CiHaNS* T
M, =379.25
Triclinic, PT
Hall symbol: -P 1

a=17.8243 (1) A
b=9.6906 (1) A
c=10.7633 (2) A
a=97.521 (1)°
B=95338 (1)
y=112.758 (1)°
V=1736.817 (18) A3

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Monochromator: graphite

Detector resolution: 8.33 pixels mm’!

T=100.0(1)K
® scans
Absorption correction: multi-scan

zZ=2

Fooo =372

Dy=1.709 Mgm™>
Mo Ko radiation
A=0.71073 A

Cell parameters from 4261 reflections
0=2.3-30.0°

u=2.30 mm
T=100.0 (1)K

Block, brown

0.58 x 0.28 x 0.14 mm

4261 independent reflections

4118 reflections with /> 26(/)
Rint=0.018

Omax = 30.0°

min = 2.3°

-11-11

-13—13

0
h
k
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(SADABS; Bruker, 2005)
Tin = 0.346, Tinax = 0.725 /=-15—15

17060 measured reflections

Refinement

Refinement on F2 Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

R[F2 > 20(F2)] =0.022 H-atom parameters constrained
w=1/[c*(Fy?) + (0.0282P)* + 0.8519P]

WR(F?) = 0.059 5 )
where P = (F," + 2F.%)/3

S=1.10 (A/6)max = 0.002

4261 reflections Apmax = 1.50 e A7

173 parameters Apmin=-0.89 ¢ A

Primary atom site location: structure-invariant direct L .
Extinction correction: none

methods

Special details

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

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

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

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
I 0.681003 (17) 0.790360 (14) 0.269777 (12) 0.02186 (5)
S1 0.65928 (8) 0.89200 (6) 0.69144 (6) 0.02828 (11)
N1 0.0896 (2) 0.54762 (17) 0.31586 (15) 0.0162 (3)
Cl ~0.0473 (3) 0.4405 (2) 0.21950 (17) 0.0167 (3)
2 ~0.1289 (3) 0.4838 (2) 0.11749 (18) 0.0198 (3)
H2A —0.0945 0.5863 0.1138 0.024*
c3 ~0.2600 (3) 0.3734 (2) 0.02336 (19) 0.0227 (4)
H3A —-0.3128 0.4025 —0.0441 0.027*
C4 —0.3158 (3) 0.2180 (2) 0.02687 (19) 0.0227 (4)
H4A —0.4034 0.1452 —0.0382 0.027*
cs ~0.2405 (3) 0.1739 (2) 0.12667 (19) 0.0206 (3)
H5A —-0.2781 0.0711 0.1297 0.025%*
C6 ~0.1062 (3) 0.2843 (2) 0.22486 (18) 0.0180 (3)
c7 ~0.0267 (3) 0.2412 (2) 0.32868 (18) 0.0193 (3)
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H7A
C8
H8A
C9
C10
H10A
Cl1
H11A
Cl12
C13
H13A
Cl4
H14A
Cl15
HI15A
Cl16
H16A
H16B
H16C

~0.0686
0.1112 (3)
0.1644
0.1745 (2)
0.3282 (3)
0.3838
0.3950 (3)
0.3399
0.5444 (3)
0.6158 (3)
0.5752
0.7577 (3)
0.8203
0.7946 (3)
0.8850
0.1413 (3)
0.1810
0.0345
0.2418

0.1391
0.3491 (2)
0.3198
0.5058 (2)
0.6203 (2)
0.7174
0.5929 (2)
0.4946
0.7036 (2)
0.6721 (2)
0.5776
0.8091 (3)
0.8145
0.9321 (3)
1.0285
0.7112 (2)
0.7677
0.7250
0.7471

Atomic displacement parameters (A’Z )

I
S1
N1
Cl
C2
C3
C4
C5
Co
Cc7
C8
C9
C10
Cl1
Cl12
C13
Cl4
C15
Cl6

Ull
0.02044 (7)
0.0287 (3)
0.0151 (7)
0.0158 (7)
0.0179 (8)
0.0202 (8)
0.0178 (8)
0.0188 (8)
0.0161 (8)
0.0195 (8)
0.0183 (8)
0.0153 (7)
0.0178 (8)
0.0158 (8)
0.0168 (8)
0.0121 (7)
0.0231 (9)
0.0263 (10)
0.0219 (9)

Geometric parameters (4, °)

S1—C15
S1—C12
N1—C9
N1—C1

U22
0.02041 (7)
0.0207 (2)
0.0161 (7)
0.0191 (8)
0.0227 (9)
0.0295 (10)
0.0262 (9)
0.0193 (8)
0.0187 (8)
0.0165 (8)
0.0177 (8)
0.0175 (8)
0.0154 (7)
0.0173 (8)
0.0163 (8)
0.0217 (9)
0.0395 (12)
0.0248 (10)
0.0163 (8)

1.697 (2)
1.7273 (19)
1.354 (2)
1.397 (2)

0.3357
0.41844 (18)
0.4855
0.41052 (17)
0.50081 (18)
0.4822
0.61089 (17)
0.6273
0.70463 (18)
0.82202 (19)
0.8468
0.8930 (2)
0.9724
0.8350 (2)
0.8706
0.31385 (19)
0.3991
0.2756
0.2655

U33 U12
0.02481 (7) 0.00758 (5)
0.0312 (3) 0.00775 (19)
0.0176 (7) 0.0066 (5)
0.0165 (8) 0.0083 (6)
0.0192 (8) 0.0082 (7)
0.0184 (8) 0.0101 (7)
0.0197 (8) 0.0065 (7)
0.0213 (8) 0.0068 (7)
0.0184 (8) 0.0068 (6)
0.0217 (8) 0.0075 (7)
0.0181 (8) 0.0077 (6)
0.0164 (7) 0.0074 (6)
0.0188 (8) 0.0064 (6)
0.0190 (8) 0.0070 (6)
0.0198 (8) 0.0069 (6)
0.0238 (9) 0.0014 (6)
0.0201 (9) 0.0132 (9)
0.0295 (11) 0.0056 (8)
0.0245 (9) 0.0075 (7)

C7—H7A
c8—C9
C8—HSA
C9—C10

0.023*
0.0180 (3)
0.022*
0.0161 (3)
0.0175 (3)
0.021*
0.0174 (3)
0.021*
0.0177 (3)
0.0217 (4)
0.026*
0.0282 (4)
0.034*
0.0300 (4)
0.036*
0.0211 (3)
0.032*
0.032*
0.032*
U13 U23
0.00089 (5) 0.00842 (5)
~0.0017 (2) 0.00210 (19)
0.0021 (5) 0.0033 (5)
0.0035 (6) 0.0031 (6)
0.0029 (6) 0.0058 (7)
0.0013 (7) 0.0056 (7)
~0.0009 (7) ~0.0006 (7)
0.0007 (7) ~0.0005 (7)
0.0023 (6) 0.0019 (6)
0.0028 (7) 0.0028 (6)
0.0017 (6) 0.0033 (6)
0.0036 (6) 0.0030 (6)
0.0023 (6) 0.0021 (6)
0.0026 (6) 0.0023 (6)
0.0026 (6) 0.0015 (6)
0.0068 (6) ~0.0071 (7)
~0.0010 (7) 0.0002 (8)
~0.0030 (8) ~0.0066 (8)
~0.0003 (7) 0.0051 (7)
0.9300
1.421 (2)
0.9300
1.446 (3)
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N1—C16 1.481 (2) Ccl10—Cl1 1.350 (3)
Cl—C2 1.410 (3) C10—HI10A 0.9300
Cl1—C6 1.413 (3) Cl1—C12 1.436 (3)
C2—C3 1377 3) Cl1—HI1A 0.9300
C2—H2A 0.9300 Cl2—Cl13 1.450 (3)
C3—C4 1.403 (3) C13—Cl4 1.420 (3)
C3—H3A 0.9300 CI13—HI3A 0.9300
C4—C5 1371 (3) Cl4—Cl5 1.361 (4)
C4—H4A 0.9300 Cl4—HI14A 0.9300
C5—C6 1.412 (3) C15—HISA 0.9300
C5—H5A 0.9300 Cl16—HI6A 0.9600
C6—C7 1.415 (3) Cl16—H16B 0.9600
C7—C8 1.364 (3) Cl16—H16C 0.9600
C15—S1—C12 91.58 (11) N1—C9—C8 119.08 (16)
C9—N1—Cl 121.89 (16) N1—C9—C10 119.79 (16)
C9—N1—C16 119.57 (16) C8—C9—C10 121.13 (17)
Cl—N1—C16 118.53 (15) C11—C10—C9 123.13 (17)
N1—C1—C2 121.92 (17) C11—C10—HI10A 118.4
N1—C1—C6 118.98 (16) C9—C10—HI10A 118.4
C2—C1—C6 119.09 (17) C10—C11—Cl12 125.11 (17)
C3—C2—Cl 119.54 (18) Cl10—Cl11—HI11A 117.4
C3—C2—H2A 120.2 Cl2—Cl11—HI11A 117.4
Cl—C2—H2A 120.2 Cl11—C12—CI13 124.49 (17)
C2—C3—C4 121.53 (19) Cl1—CI12—S1 123.74 (15)
C2—C3—H3A 119.2 C13—C12—S1 111.77 (14)
C4—C3—H3A 119.2 Cl4—C13—C12 108.83 (19)
C5—C4—C3 119.69 (18) Cl4—C13—HI3A 125.6
C5—C4—H4A 120.2 C12—C13—HI3A 125.6
C3—C4—H4A 120.2 C15—C14—C13 114.4 (2)
C4—C5—C6 120.20 (18) C15—Cl14—HI4A 122.8
C4—C5—H5A 119.9 C13—Cl14—HI4A 122.8
C6—C5—H5A 119.9 Cl4—C15—S1 113.38 (17)
C5—C6—Cl 119.91 (18) Cl4—C15—HI5A 123.3
C5—C6—C7 121.09 (17) S1—C15—HI5A 123.3
Cl—C6—C7 118.99 (17) N1—C16—HI6A 109.5
C8—C7—C6 120.12 (17) N1—C16—HI16B 109.5
C8—C7—H7A 119.9 H16A—C16—H16B 109.5
C6—CT—HTA 119.9 N1—C16—H16C 109.5
C7—C8—C9 120.69 (18) H16A—C16—H16C 109.5
C7—C8—HS8A 119.7 H16B—C16—H16C 109.5
C9—C8—HS8A 119.7

C9—N1—C1—C2 ~176.75 (17) Cl—N1—C9—C8 -5.6(3)
Cl16—N1—C1—C2 3.6 (3) C16—N1—C9—C8 173.99 (16)
C9—N1—C1—C6 3.5(3) C1—N1—C9—C10 173.83 (16)
Cl16—N1—C1—C6 ~176.05 (16) C16—N1—C9—C10 —6.6(2)
N1—C1—C2—C3 178.41 (17) C7—C8—C9—NI1 32(3)
C6—C1—C2—C3 -1.903) C7—C8—C9—C10 ~176.23 (17)
Cl—C2—C3—C4 0.5 (3) N1—C9—C10—Cl1 166.39 (17)
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C2—C3—C4—C5
C3—C4—C5—Co
C4—C5—C6—Cl1
C4—C5—C6—C7
NI—C1—C6—C5
C2—C1—C6—C5
N1I—C1—C6—C7
C2—C1—C6—C7
C5—C6—C7—C8
Cl1—C6—C7—C8
C6—C7—C8—C9

Hydrogen-bond geometry (4, °)
D—H-A

C10—HI10A--S1

Cll—H11A~11!
C16—H16B-11"

0.8 (3)
0.6 (3)
-0.8(3)
~179.96 (18)
~178.25 (16)
2.0(3)

0.9 (3)
~178.77 (17)
175.96 (18)
-3203)
1.2(3)

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

0.93
0.93
0.96

C8—C9—C10—Cl11
C9—C10—C11—C12
C10—C11—C12—C13
C10—C11—C12—S1
C15—S1—C12—C11
C15—S1—C12—CI13
Cl11—C12—C13—C14
S1—C12—C13—C14
C12—C13—C14—C15
C13—C14—C15—S1
C12—S1—C15—C14

2.80 3.189 (2)
3.06 3.934(2)
3.06 3.962 (2)

~14.2(3)
~178.56 (17)
~179.42 (18)
1.4 (3)
178.33 (17)
~0.98 (15)
~177.85 (18)
1.5(2)
-13(3)

0.6 (3)

0.22 (19)

D—H-4
106
157

156
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Fig. 2
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In the title compound, C;sH 9N, -CcH,BrOsS™, the cation is
nearly planar, with a dihedral angle of 3.19 (15)° between the
pyridinium and the dimethylaminophenyl rings, and exists in
the trans configuration. In the crystal packing, the cations and
anions are linked into chains parallel to the ¢ axis. These
chains are stacked along the b axis. The crystal is stabilized by
weak C—H---O and C—H--.-7 interactions, and a 7-7w
interaction is also observed with a Cg---Cg distance of
3.5675 (19) A.

Related literature

For background to NLO materials research, see: Chia et al.
(1995); Sato et al. (1999); Nogi et al. (2000); Otero et al. (2002);
Dittrich et al. (2003). For related structures, see, for example:
Adachi et al. (1999); Chantrapromma et al. (2006; 2008);
Jagannathan et al. (2007); Ogawa et al. (2008); Rahman et al.
(2003); Yang et al. (2007). For comparison bond lengths, see
Allen et al. (1987).
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Experimental
Crystal data

C16H1oN,"-CgH,BrO;S ™ V =2039.37 (15) A®

M, = 47539 Z=4
Monoclinic, Cc Mo Ka radiation
a=103712 (4) A w=215mm™"
b =10.9937 (5) A T =100.0 (1) K

¢ =17.9027 (8) A 049 x 0.31 x 0.11 mm

B = 92.442 (3)°

Data collection

Bruker SMART APEX2 CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.414, Tax = 0.787

13146 measured reflections
6479 independent reflections
4811 reflections with I > 20([)
Rint = 0.043

Refinement

R[F? > 20(F?)] = 0.046
wR(F?) = 0.097
S§=1.02

6479 reflections

265 parameters

2 restraints

H-atom parameters constrained

ApPmax = 1.01 ¢ A3

Apmin = =138 ¢ A™?

Absolute structure: Flack (1983),
1997 Friedel pairs

Flack parameter: 0.024 (7)

Table 1 .

Hydrogen-bond geometry (A, °).

D—H-:--A D—H H---A D---A D—H-:--A
C2—H24. - -0l 0.93 2.44 3.366 (4) 175
C4—H4A. . .021 0.93 245 3.375 (4) 175
C6—H6A- - -03' 0.93 2.44 3.175 (4) 136
C7—H7A...02" 0.93 2.36 3.285 (4) 173
Cl4—H14C- --03' 0.96 2.36 3.304 (4) 168
C15—HI154---02 0.96 2.57 3.515 (4) 168
C19—H194. --01" 0.93 2.47 3.306 (4) 149
C3—H3A---Cg3" 0.93 2.76 3.601 (4) 151
Cl4—H14B. - -Cg2" 0.96 2.55 3.468 (4) 161

Symmetry codes: () x — 1, —y + 1,z + % (i) x =L,y — 4, z; (i) x =L, =y + 3, 2 + L (iv)
x =4 y+1 2z (v)x—1,y,z. Cg2 and Cg3 are the centroids of the C8-C13 and C17-C22
rings.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).

The authors thank Prince of Songkla University for a
research grant and Universiti Sains Malaysia for the Research
University Golden Goose grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: PK2136).
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(E)-4-[4-(Dimethylamino)styryl]-1-methylpyridinium 4-bromobenzenesulfonate

S. Chantrapromma, P. Jansrisewangwong, R. Musor and H.-K. Fun

Comment

Organic crystals with extensive conjugated © systems are attractive candidates for non-linear optic (NLO) studies because of
their large NLO coefficients (Chia et al., 1995; Dittrich et al., 2003; Otero et al., 2002; Nogi et al., 2000; Sato et al., 1999).
4-N,N-dimethylamino-4'-N'-methyl-stilbazolium tosylate (DAST) is one such promising NLO material (Adachi et al., 1999).
Previous studies (Dittrich et al., 2003; Nogi et al., 2000; Sato et al., 1999) have shown that DAST and its analogues exhibit
second-order non-linear optical properties. To investigate the effect of counter anion on the NLO properties of DAST, the
title compound was prepared by changing the counter anion from 4-toluenesulfonate in DAST to 4-bromobenzenesulfonate.
The title compound is found to crystallize with the non-centrosymmetric space group Cc and therefore has second order

nonlinear optical properties.

The asymmetric unit of the title compound (Fig. 1), consists of the C16H19N2+ cation and CgH4BrO3S™ anion. The cation
exists in the E configuration with respect to the C6=C7 double bond [1.342 (5) A] and the cation is nearly planar as indicated
by the dihedral angle between the pyridinium and the dimethylaminophenyl rings 3.19 (15)°, and by the torsion angles
C4-C5-C6-C7 = 1.0 (5)° and C6—C7-C8—C13 = 2.4 (5)°. Both methyl groups of the dimethylamino group are co-planar
with the C8—C13 ring with the torsion angle C15—N2-C11-C10 of 2.3 (5)° and C16-N2—-C11-C12 = 1.5 (5)°. The relative
arrangement of cation and anion is shown by the angles between the mean plane of the 4-bromophenyl ring and those of
the pyridinium and dimethylaminophenyl systems which are 74.81 (16)° and 77.99 (16)°, respectively. The bond lengths
and angles are normal (Allen ef al., 1987) and the cation bond lengths and angles are comparable with related structures
(Chantrapromma ef al., 2008).

In the crystal packing, all O atoms of sulfonate group are involved in weak C—H---O interactions (Table 1). The cations
and anions are linked by weak C—H--O interactions into chains along the ¢ axis and these chains are stacked along the b
axis (Fig. 2). The crystal structure is further stabilized by a C—H---x interactions (Table 1). n—x interactions with the distance
Cg1-+Cgr =3.5675 (19) A (symmetry code -1/2 +x, -1/2 + y, zand 1/2 + x, 1/2 + y, z) are observed; Cgy, Cgs and Cgj are
the centroids of the N1/C1-C5, C8—C13 and C17-C22 rings.

Experimental

(E)-4-[4-(Dimethylamino)styryl]-1-methylpyridinium iodide (compound A) was synthesized by mixing a solution (1:1:1
molar ratio) of 1,4-dimethylpyridinium iodide (2.00 g, 8.5 mmol), 4-dimethylaminobenzaldehyde (1.27 g, 8.5 mmol) and
piperidine (0.84 ml, 8.5 mmol) in hot methanol (50 ml). The resulting solution was refluxed for 3 h under a nitrogen at-
mosphere. The resultant solid was filtered off, washed with diethylether to give red solid of compound A (2.86 g, 92%)),
Mp. 536537 K). Silver(I) p-bromobenzenesulfonate (compound B) was synthesized according to our previously reported
procedure (Chantrapromma et al., 2006). The title compound was synthesized by mixing compound A (0.20 g, 0.5 mmol) in
hot methanol (25 ml) and a solution of compound B (0.17 g, 0.5 mmol) in hot methanol (50 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
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and the resulting solution was evaporated yielding a red solid. Red plate-shaped single crystals of the title compound suitable
for x-ray structure determination were recrystalized from methanol by slow evaporation of the solvent at room temperature
over several days, Mp. 536-537 K.

Refinement

All H atoms were placed in calculated positions with d(C—H) = 0.93 A, U;s=1.2 Ueq(C) for aromatic and CH, 0.96 A, Ui
= 1.5U¢q(C) for CH3 atoms. A rotating group model was used for the methyl groups. The highest residual electron density

peak is located at 0.47 A from Brl and the deepest hole is located at 0.71 A from Brl. A total of 1997 Friedel pairs were
used to determine the absolute structure.

Figures

Fig. 1. The asymmetric unit showing 50% probability displacement ellipsoids and the atom-
numbering scheme.

Fig. 2. Crystal packing viewed along the a axis. The weak C—H---O interactions are drawn as
dashed lines.

(B)-4-[4-(Dimethylamino)styryl]-1-methylpyridinium 4-bromobenzenesulfonate

Crystal data

C 1 6H 1 9N2+'C6H4BI’O387
M, =475.39
Monoclinic, Cc

Hall symbol: C -2yc
a=103712(4) A
b=10.9937 (5) A
c=17.9027 (8) A
p=192.442 (3)°

V'=2039.37 (15) A®
Z=4

Data collection

Bruker SMART APEX2 CCD area-detector
diffractometer

Fooo =976

Dy=1548 Mgm >
Melting point = 536-537 K

Mo Ka radiation
1=0.71073 A

Cell parameters from 6479 reflections
0=2.7-35.0°

p=215 mm !
T=100.0 (1)K
Plate, red

0.49 x 0.31 x 0.11 mm

6479 independent reflections
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Radiation source: fine-focus sealed tube

Monochromator: graphite

Detector resolution: 8.33 pixels mm’!
7=100.0(1)K
o scans

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

Tonin = 0.414, Tyax = 0.787

13146 measured reflections

Refinement

Refinement on 7>

Least-squares matrix: full
R[F? > 26(F)] = 0.046

WR(F?) = 0.097
§=1.02
6479 reflections

265 parameters

2 restraints

4811 reflections with 7> 2o(/)
Rine = 0.043

Omax = 35.0°

Omin =2.7°

h=-16—16

k=-17—14

[=-28—19

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[c2(Fy?) + (0.022P)* + 0.6614P]

where P = (Fy> + 2F.2)/3

(A/6)max = 0.001

Apmax = 1.01 e A7

Apmin=-138¢ A3

Extinction correction: none
Absolute structure: Flack (1983), 1997 Friedel pairs

Primary atom site location: structure-invariant direct

methods Flack parameter: 0.024 (7)

Secondary atom site location: difference Fourier map

Special details

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

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

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

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large
as those based on F,, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
Brl 0.36598 (3) 0.77042 (3) 0.68824 (2) 0.02730 (9)
S1 0.98401 (6) 0.80532 (7) 0.66253 (5) 0.01869 (16)
01 1.0332 (2) 0.6820 (2) 0.65917 (15) 0.0260 (5)
02 1.0299 (2) 0.8717 (2) 0.72875 (14) 0.0264 (5)
03 0.9990 (2) 0.8740 (2) 0.59428 (14) 0.0275 (5)
N1 0.1505 (2) 0.3126 (2) 0.93738 (17) 0.0235 (6)
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N2

Cl
H1A
C2
H2A
C3
H3A
C4
H4A
Cs
C6
H6A
Cc7
H7A
C8
(Y
HOA
C10
H10A
Cl1
Cl12
HI12A
C13
H13A
Cl4
H14A
H14B
H14C
C15
HI15A
H15B
H15C
Cl6
H16A
H16B
H16C
C17
C18
HI18A
C19
HI19A
C20
C21
H21A
C22
H22A

1.1241 (3)
0.3252 (3)
0.3595
0.2023 (3)
0.1538
0.2213 (3)
0.1854
0.3442 (3)
0.3909
0.4003 (3)
0.5317 (3)
0.5609
0.6126 (3)
0.5821
0.7443 (3)
0.8152 (3)
0.7775
0.9406 (3)
0.9842
1.0015 (3)
0.9307 (3)
0.9690
0.8055 (3)
0.7608
0.0170 (3)
0.0039
~0.0409
0.0007
1.1928 (3)
1.1404
1.2110
1.2722
1.1872 (3)
1.1782
1.1480
1.2771
0.8138 (3)
0.7402 (3)
0.7809
0.6080 (3)
0.5594
0.5489 (3)
0.6187 (3)
0.5774
0.7524 (3)
0.8008

0.6429 (3)
0.3957 (3)
0.4215
0.3507 (3)
0.3462
0.3179 (3)
0.2908
0.3621 (3)
0.3646
0.4034 (3)
0.4507 (3)
0.4749
0.4612 (3)
0.4373
0.5069 (3)
0.5165 (3)
0.4917
0.5618 (3)
0.5690
0.5969 (3)
0.5851 (3)
0.6066
0.5421 (3)
0.5363
0.2686 (3)
0.2197
0.3367
0.2206
0.6611 (3)
0.7084
0.5835
0.7032
0.6788 (3)
0.6151
0.7518
0.6932
0.7927 (3)
0.8978 (3)
0.9732
0.8917 (3)
0.9624
0.7790 (3)
0.6722 (3)
0.5970
0.6800 (3)
0.6094

0.91479 (17)
1.0096 (2)
1.0557
1.0041 (2)
1.0466
0.8760 (2)
0.8305
0.8789 (2)
0.8357
0.9463 (2)
0.9554 (2)
1.0029
0.8992 (2)
0.8519
0.9063 (2)
0.84225 (19)
0.7967
0.8439 (2)
0.7998
0.9124 (2)
0.9777 (2)
1.0237
0.9742 (2)
1.0179
0.9326 (2)
0.8885
0.9302
0.9760
0.8465 (2)
0.8119
0.8246
0.8579
0.9852 (2)
1.0213
1.0030
0.9781
0.6710 (2)
0.6780 (2)
0.6797
0.6823 (2)
0.6858
0.6814 (2)
0.6750 (2)
0.6743
0.6696 (2)
0.6649

0.0288 (6)
0.0267 (7)
0.032*
0.0248 (7)
0.030%
0.0230 (7)
0.028*
0.0238 (7)
0.029%
0.0231 (7)
0.0265 (8)
0.032*
0.0231 (7)
0.028*
0.0238 (7)
0.0224 (7)
0.027*
0.0229 (7)
0.027*
0.0225 (7)
0.0260 (7)
0.031*
0.0250 (7)
0.030%
0.0298 (8)
0.045%
0.045%
0.045%
0.0295 (8)
0.044*
0.044*
0.044*
0.0304 (8)
0.046*
0.046*
0.046*
0.0176 (6)
0.0192 (7)
0.023*
0.0209 (7)
0.025%
0.0207 (6)
0.0220 (7)
0.026*
0.0191 (7)
0.023*
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Atomic displacement parameters (A’Z )

Brl
S1
0Ol
02
03
N1
N2
C1
C2
C3
Cc4
C5
C6
C7
C8
C9
C10
Cl1
C12
C13
Cl4
Cl5
Cl6
C17
C18
C19
C20
C21
C22

Ull
0.01676 (11)
0.0163 (3)
0.0167 (9)
0.0198 (10)
0.0247 (10)
0.0221 (12)
0.0305 (13)
0.0304 (15)
0.0302 (15)
0.0269 (14)
0.0249 (14)
0.0235 (13)
0.0229 (14)
0.0247 (14)
0.0245 (14)
0.0281 (14)
0.0265 (14)
0.0284 (14)
0.0308 (15)
0.0277 (15)
0.0250 (14)
0.0299 (15)
0.0354 (17)
0.0174 (12)
0.0182 (12)
0.0229 (14)
0.0167 (12)
0.0230 (14)
0.0226 (14)

Geometric parameters (4, °)

Br1—C20

S1—03
S1—O01
S1—02
S1—C17
N1—C3
N1—C2
N1—C14
N2—C11
N2—C16
N2—C15
Cl1—C2
C1—C5

U22
0.03575 (17)
0.0187 (4)
0.0242 (12)
0.0342 (13)
0.0308 (13)
0.0201 (13)
0.0347 (16)
0.0215 (16)
0.0235 (16)
0.0220 (16)
0.0245 (16)
0.0176 (14)
0.0271 (17)
0.0203 (15)
0.0215 (15)
0.0203 (15)
0.0208 (15)
0.0164 (14)
0.0245 (17)
0.0258 (16)
0.0274 (16)
0.0315 (18)
0.0309 (18)
0.0168 (14)
0.0177 (16)
0.0202 (16)
0.0293 (16)
0.0181 (16)
0.0150 (15)

1.909 (3)
1.450 (3)
1.451 (2)
1.455 (2)
1.784 (3)
1.349 (4)
1.355 (4)
1.466 (4)
1.367 (4)
1.451 (4)
1.455 (5)
1.367 (5)
1.405 (5)

U33 U12
0.02948 (18) ~0.00106 (18)
0.0211 (4) 0.0010 (2)
0.0375 (16) ~0.0007 (8)
0.0251 (14) ~0.0022 (9)
0.0270 (14) ~0.0007 (9)
0.0287 (18) 0.0065 (10)
0.0212 (16) ~0.0087 (12)
0.028 (2) 0.0070 (12)
0.0210 (19) 0.0080 (12)
0.0197 (19) 0.0052 (12)
0.0223 (19) 0.0063 (12)
0.0285 (19) 0.0062 (11)
0.030 (2) 0.0064 (12)
0.0240 (19) 0.0036 (11)
0.025 (2) 0.0047 (11)
0.0185 (18) 0.0035 (11)
0.0214 (19) 0.0036 (11)
0.0228 (19) 0.0018 (11)
0.0224 (19) 0.0005 (12)
0.0217 (19) 0.0003 (12)
0.037 (2) 0.0018 (13)
0.027 (2) ~0.0053 (13)
0.024 (2) ~0.0066 (14)
0.0186 (18) 0.0008 (10)
0.0215 (19) ~0.0021 (11)
0.0197 (18) 0.0029 (11)
0.0160 (17) 0.0013 (12)
0.025 (2) ~0.0009 (11)
0.0197 (19) 0.0036 (11)
C9—HI9A
Cl10—Cl1
C10—HI10A
Cl1—C12
Cl2—Cl13
Cl2—HI2A
CI3—HI3A
Cl4—HI4A
Cl4—H14B
Cl4—H14C
Cl15—HISA
C15—HI5B
C15—HI5C

U13 U23
0.00199 (10) ~0.0056 (2)
0.0013 (3) 0.0020 (3)
0.0055 (10) 0.0016 (11)
~0.0010 (9) ~0.0054 (11)
0.0021 (9) 0.0068 (10)
0.0035 (12) 0.0037 (12)
0.0001 (12) ~0.0013 (14)
~0.0003 (14) ~0.0023 (14)
0.0049 (14) 0.0013 (14)
~0.0011 (13) 0.0028 (13)
0.0044 (12) 0.0034 (14)
0.0033 (13) 0.0004 (14)
0.0001 (14) ~0.0039 (15)
~0.0007 (13) ~0.0008 (13)
0.0022 (13) ~0.0003 (14)
~0.0031 (13) ~0.0020 (13)
0.0017 (13) ~0.0004 (13)
0.0008 (13) 0.0023 (13)
~0.0014 (14) ~0.0009 (14)
0.0023 (13) ~0.0035 (14)
0.0038 (14) 0.0079 (16)
~0.0018 (14) 0.0038 (16)
~0.0055 (15) ~0.0007 (16)
0.0004 (12) ~0.0001 (12)
0.0002 (12) ~0.0015 (13)
0.0012 (12) ~0.0028 (13)
0.0003 (11) ~0.0020 (14)
~0.0009 (13) ~0.0004 (14)
~0.0001 (13) 0.0039 (13)

0.9300

1.409 (5)

0.9300

1.413 (5)

1.380 (4)

0.9300

0.9300

0.9600

0.9600

0.9600

0.9600

0.9600

0.9600
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Cl—HIA
C2—H2A
C3—C4
C3—H3A
C4—C5
C4—H4A
C5—Ce6
C6—C7
C6—HO6A
C7—C8
C7—H7A
Cc8—C9
C8—C13
C9—C10
03—S1—O01
03—S1—02
01—S1—02
03—S1—C17
01—S1—C17
02—S1—C17
C3—NI1—C2
C3—N1—Cl14
C2—N1—C14
Cl1—N2—C16
Cl11—N2—C15
Cl16—N2—Cl15
C2—C1—C5
C2—C1—HI1A
C5—C1—HI1A
N1I—C2—C1
N1I—C2—H2A
Cl—C2—H2A
N1—C3—C4
N1—C3—H3A
C4—C3—H3A
C3—C4—C5
C3—C4—H4A
C5—C4—H4A
C4—C5—C1
C4—C5—C6
C1—C5—C6
C7—C6—C5
C7—C6—H6A
C5—C6—H6A
C6—C7—C8
C6—C7—H7A
C8—C7—H7A
C9—C8—C13
Co—C8—C7

0.9300
0.9300
1.363 (4)
0.9300
1.393 (5)
0.9300
1.461 (4)
1.342 (5)
0.9300
1.455 (4)
0.9300
1.393 (5)
1.402 (5)
1.391 (4)

113.63 (15)
112.50 (15)
113.53 (14)
104.72 (14)
106.37 (13)
105.09 (15)
119.8 (3)
120.8 (3)
119.4 (3)
120.8 (3)
120.8 (3)
118.3 (3)
120.8 (3)
119.6

119.6

120.5 (3)
119.7

119.7

121.6 3)
119.2

119.2

120.3 (3)
119.8

119.8

117.0 (3)
124.4 (3)
118.6 (3)
123.9 (3)
118.1

118.1

125.4 (3)
117.3

117.3

117.2 (3)
118.8 (3)

Cl16—H16A
Cl6—H16B
Cl16—H16C
C17—C18
C17—C22
C18—C19
CI8—HI18A
C19—C20
CI19—HI19%A
C20—C21
C21—C22
C21—H21A
C22—H22A

C10—C11—C12
C13—C12—C11
C13—CI12—HI12A
Cl1—C12—HI2A
C12—C13—C8
C12—CI13—H13A
C8—C13—HI13A
N1—C14—H14A
N1—C14—H14B
H14A—C14—H14B
N1—C14—H14C
H14A—C14—H14C
H14B—C14—H14C
N2—C15—HI15A
N2—C15—H15B
H15A—C15—H15B
N2—C15—H15C
HI15A—C15—H15C
H15B—C15—H15C
N2—C16—H16A
N2—C16—H16B
H16A—C16—H16B
N2—C16—H16C
H16A—C16—H16C
H16B—C16—H16C
C18—C17—C22
C18—C17—S1
C22—C17—S1
C19—C18—Cl17
C19—CI18—HI18A
C17—C18—HI18A
C18—C19—C20
C18—C19—HI19A
C20—C19—HI19A
C19—C20—C21

0.9600
0.9600
0.9600
1.392 (4)
1.393 (4)
1.378 (4)
0.9300
1.382 (5)
0.9300
1.387 (5)
1.396 (4)
0.9300
0.9300

117.7 (3)
121.0 3)
119.5
119.5
121.6 3)
119.2
119.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
119.2 (3)
119.4 (2)
121.4(2)
121.0 3)
119.5
119.5
119.0 (3)
120.5
120.5
121.8 3)
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C13—C8—C7 124.0 3)
C10—C9—C8 122.4 (3)
C10—C9—H9A 118.8
C8—C9—HIA 118.8
C9—C10—Cl1 120.0 (3)
C9—C10—HI10A 120.0
C11—C10—HI10A 120.0
N2—C11—C10 120.7 (3)
N2—Cl11—Cl12 121.6 3)
C3—N1—C2—Cl 0.7 (5)
Cl4—N1—C2—Cl ~177.9 (3)
C5—C1—C2—N1 0.0 (5)
C2—N1—C3—C4 —0.7 (5)
Cl4—N1—C3—C4 177.9 3)
N1—C3—C4—C5 0.0 (5)
C3—C4—C5—Cl 0.7 (4)
C3—C4—C5—C6 179.1 3)
C2—C1—C5—C4 —0.7 (5)
C2—C1—C5—C6 ~179.2 (3)
C4—C5—C6—C7 1.0 (5)
Cl1—C5—C6—C7 179.4 (3)
C5—C6—C7—C8 ~179.5 (3)
C6—C7—C8—C9 ~177.8 (3)
C6—C7—C8—CI13 24 (5)
C13—C8—C9—C10 ~1.7(5)
C7—C8—C9—C10 178.5 (3)
C8—C9—C10—Cl1 1.8 (5)
C16—N2—C11—C10 ~179.9 3)
C15—N2—C11—C10 23(5)
Cl16—N2—C11—C12 1.5 (5)
C15—N2—C11—Cl12 ~176.4 (3)
C9—C10—C11—N2 ~179.2 3)

Hydrogen-bond geometry (4, °)
D—H-4
C2—H2AO1
C4—H4A-021
C6—H6A-+031
C7—H7A-021
Cl4—H14C-03!
C15—H15A02
C19—H19A01"Y
C3—H3A-Cg3!
Cl4—H14BCg2"
C16—HI16ACg3"

0.93
0.93
0.93
0.93
0.96
0.96
0.93

0.93
0.96
0.93

C19—C20—Brl 119.0 (2)
C21—C20—Brl 119.1 (2)
C20—C21—C22 118.5 3)
C20—C21—H21A 120.8
C22—C21—H21A 120.8
C17—C22—C21 120.5 (3)
C17—C22—H22A 119.7
C21—C22—H22A 119.7
C9—C10—C11—C12 ~0.5 (4)
N2—C11—C12—C13 177.9 (3)
C10—C11—C12—C13 -0.8 (5)
Cl11—C12—C13—C8 0.9 (5)
C9—C8—C13—C12 0.3 (5)
C7—C8—C13—C12 ~179.9 (3)
03—S1—C17—C18 -61.5(3)
01—S1—C17—C18 177.9 (3)
02—S1—C17—C18 57.2(3)
03—S81—C17—C22 117.4 3)
01—S81—C17—C22 -32(3)
02—S81—C17—C22 ~123.8(3)
C22—C17—C18—C19 -1.0 (5)
S1—C17—C18—C19 178.0 (3)
C17—C18—C19—C20 1.5 (5)
C18—C19—C20—C21 -1.1(5)
C18—C19—C20—Brl 179.5 (3)
C19—C20—C21—C22 0.2 (5)
Brl—C20—C21—C22 179.6 (3)
C18—C17—C22—C21 0.1(5)
S1—C17—C22—C21 ~178.9 (3)
C20—C21—C22—C17 0.4 (5)
2.44 3.366 (4) 175
2.45 3.375 (4) 175
2.44 3.175 (4) 136
2.36 3.285 (4) 173
2.36 3.304 (4) 168
2.57 3.515 (4) 168
247 3.306 (4) 149
2.76 3.601 (4) 151
2.55 3.468 (4) 161
2.98 3.446 (4) 111
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Symmetry codes: (i) x—1, —y+1, z+1/2; (i) x—1/2, y—1/2, z; (iii) x—1/2, —+3/2, 2+1/2; (iv) x=1/2, p+1/2, z; (v) x—1, , z; (vi) x+1/2,
—+3/2, z+1/2.

Fig. 1
03
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In the title compound, C,H,NS"-C;H,03S™, the cation exists
in an E configuration with respect to the ethenyl C—C bond.
The cation is essentially planar with a dihedral angle of
1.94 (10)° between the pyridinium and thiophene rings. The
benzene ring of the anion makes dihedral angles of 75.23 (10)
and 76.83 (10)°, respectively, with the pyridinium and thio-
phene rings. In the crystal structure, cations and anions form
alternate layers parallel to the bc plane. Within each layer,
both cations and anions are arranged into chains directed
along the b axis. The cation chain and the anion chain are
interconnected by weak C—H- - -O interactions into a three-
dimensional network. The crystal structure is further stabi-
lized by C—H- - -7 interactions.

Related literature

For bond lengths, see: Allen et al. (1987). For related literature
on hydrogen-bond motifs, see: Bernstein et al. (1995). For
related structures, see, for example: Chantrapromma, Jinda-
wong & Fun (2007); Chantrapromma, Jindawong, Fun & Patil
(2007); Chantrapromma et al. (2008); Lakshmanaperumal et
al. (2002, 2004); Rahman et al. (2003); Ruanwas et al. (2008);
Usman et al. (2000, 2001).

0—s CH;

L This paper is dedicated to the late Her Royal Highness Princess Galyani
Vadhana Krom Luang Naradhiwas Rajanagarindra for her patronage of
science in Thailand.

§ Additional correspondence author, e-mail: hkfun@usm.my.

Experimental

Crystal data

C1,HNS*-CH,058~
M, = 37349

y=88712 (1)°
vV =87021 (1) A3

Triclinic, PT Z=2

a=929%7 (1) A Mo Ko radiation
b =96144 (1) A w=032mm’
¢=10.7790 (1) A T =100.0 (1) K

a = 87.817 (1)°
B = 64702 (1)°

0.36 x 0.35 x 0.18 mm

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tinin = 0.893, Tpax = 0.945

18024 measured reflections
4606 independent reflections
4122 reflections with 7 > 20([)
Rine = 0.023

Refinement

R[F? > 26(F%)] = 0.051
wR(F?) = 0.148

S =104

4606 reflections

228 parameters

H-atom parameters constrained
APmax =098 ¢ A3

Appin = —0.71 e A™?

Table 1 .

Hydrogen-bond geometry (A, °).

D—H-:--A D—H H---A D---A D—H:--A
C2—H24. - -03' 0.93 2.31 3219 (3) 166
C3—H3A4.--01" 0.93 2.49 3.168 (2) 130
C6—H6A- --02 0.93 2.56 3.378 (3) 147
C11—H11A...01" 0.93 2.54 3.303 (3) 139
Cl2—H124. - -0l 0.96 2.52 3.455 (3) 165
Cl2—H12C- --O1' 0.96 2.47 3.341 (3) 151
C15—HI15A.- --02" 0.93 242 3272 (2) 152
C17—H17A. - -03 0.93 243 3202 (2) 141
C4—H4A- - .Cgl’ 0.93 2.62 3.431 (2) 145
C10—H10A- - -Cgl¥ 0.93 2.95 3.666 (3) 135

Symmetry  codes: (i) —x+1,—y+1,—z+1; (i) x-1,y,z4+1; (i)
—x+1,-y+2,-z (v) —x+1,-y+1,-z (v) —x,—y+1,—-z+1 (vi
x—1,y+1,z. Cglis the centroid of the C13-C18 benzene ring.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2003).

The authors thank the Prince of Songkla University for a
research grant. The authors also thank the Malaysian
Government and Universiti Sains Malaysia for the Research
University Golden Goose grant No. 1001/PFIZIK/811012.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: 1S2338).
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1-Methyl-4-[(E)-2-(2-thienyl)ethenyl|pyridinium 4-methylbenzenesulfonate

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

Comment

Pyridinium derivatives have been found to have nonlinear optical properties (Lakshmanaperumal et al., 2002, 2004; Usman
et al., 2000, 2001). We have previously synthesized and crystallized several compounds of pyridinium and quinolinium
derivatives to study their non-linear optical properties (Chantrapromma, Jindawong & Fun, 2007; Chantrapromma, Jinda-
wong, Fun & Patil, 2007; Chantrapromma et al., 2008; Ruanwas et al., 2008). As part of our research on nonlinear optic

materials, the title compound was synthesized.

The asymmetric unit of the title compound consists of the C;pH N S cation and the C7H703S"™ anion. The cation exists
in an E configuration with respect to the ethenyl C=C bond [C6=C7 = 1.346 (3) A]. The cation is essentially planar with
a dihedral angle between the pyridinium and thiophene rings of 1.94 (10)°. The orientation of the anion with respect to the
cation can be indicated by the interplanar angles between the benzene ring [C13—C18] with the pyridinium [C1-C5/N1]
and thiophene [C8—C11/S1] rings of 75.23 (10) and 76.83 (10)°, respectively. The ethenyl unit is nearly coplanar with the
pyridinium and thiophene rings with the torsion angles C4-C5-C6—C7 = 3.0 (3)° and C6-C7-C8-S1 =-3.7 (3)°. The atom
O3 of the sulfonate and the S1 atom of the thiophene contribute to the weak intramolecular C—H--O and C—H-+-S interac-
tions (Fig. 1 and Table 1), forming S(5) ring motifs (Bernstein ez al., 1995). The bond lengths and angles are normal (Allen
et al., 1987) and are comparable with closely related structures (Chantrapromma, Jindawong & Fun, 2007; Chantrapromma,
Jindawong, Fun & Patil, 2007; Chantrapromma et al., 2008; Ruanwas ef al., 2008).

All the O atoms of 4-methylbenzenesulfonate anion are involved in the C—H--O weak interactions (Table 1). In the
crystal packing (Fig. 2), the cations and anions form alternate layers parallel to the bc plane. Within each layer both cations
and anions are arranged into chains directed along the b axis. The cations and anions chains are interconnected by C—H--O
weak interactions into a three dimensional network. The crystal structure is further stabilized by the C4—H4A:--w and
C10—HI10A -« interactions (Table 1); Cgq is the centroid of the C13—C18 benzene ring.

Experimental

The title compound was synthesized by mixing 4-(2-thiophenestyryl)-1-methylpyridinium iodide (0.1 g, 0.3 mmol) which
was prepared in a similar manner to that previously reported (Chantrapromma et al., 2008) in hot methanol (40 ml) and
p-toluenesulfonate (0.09 g, 0.3 mmol) in hot methanol (30 ml) (Rahman et al., 2003). The mixture immediately yielded
a yellow solid of silver iodide. After stirring the mixture for 30 min, the precipitate of silver iodide was removed and the
resulting solution was evaporated and the green-yellow solid was obtained. Yellow block-shaped single crystals of the title
compound suitable for x-ray structure determination were recrystalized from the methanol/ethanol (1:1 v/v) solvent by slow

evaporation of the solvent at room temperature after several weeks (m.p. 507-509 K).
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Refinement

All H atoms could have been discerned in a difference Fourier map. Nevertheless, all the H atoms attached to the carbon

atoms were constrained in a riding motion approximation with Cyry—H = 0.93 and Cpeghy—H = 0.96 A. The Uiy, values
were constrained to be 1.5Ugq of the carrier atom for methyl H atoms and 1.2Ueq for the remaining H atoms. A rotating

group model was used for the methyl groups. The highest residual electron density peak is located at 1.01 A from C6 and
the deepest hole is located at 0.33 A from S1.

Figures

£

Fig. 1. The molecular structure of the title compound, showing 50% probability displacement
ellipsoids and the atom-numbering scheme. The weak C—H:+-O and C—H---S interactions are
.| drawn as dashed lines.

Fig. 2. The packing diagram of the title compound, viewed along the c axis. The weak
C—H--O and C—H--'S interactions are drawn as dashed lines.

1-Methyl-4-[(F)-2-(2-thienyl)ethenyl]pyridinium 4-methylbenzenesulfonate

Crystal data
C12H2NS™-C7H;038™ zZ=2
M, =373.49 Fooo =392

Triclinic, PT

Hall symbol: -P 1
a=9.2947 (1) A
b=9.6144 (1) A
¢=10.7790 (1) A
a=87.817 (1)°
B=64.702 (1)°
vy=288.712 (1)°
V=2870.214 (15) A3

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Monochromator: graphite

Dy=1425Mgm>
Melting point = 507-509 K

Mo Ko radiation
A=0.71073 A

Cell parameters from 4606 reflections
0=2.4-29.0°

n=032mm '

T=100.0(1)K

Block, yellow

0.36 x 0.35 x 0.18 mm

4606 independent reflections

4122 reflections with /> 26([)
Rint=0.023
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Detector resolution: 8.33 pixels mm™! Bmax = 29.0°

7=100.0(1)K Omin = 2.4°

o scans h=-12—-12

Absorption correction: multi-scan _

(SADABS: Bruker, 2005) k=-13-13

Tinin = 0.893, Tinax = 0.945 /=-14—14

18024 measured reflections

Refinement

Refinement on F~ Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring

Least-squares matrix: full .
sites

R[F2 > 20(F2)] =0.051 H-atom parameters constrained
w=1/[c2(Fy?) + (0.0809P) + 1.1333P]

WR(F?) = 0.149 5 5
where P = (F," + 2F.°)/3

§=1.04 (A/6)max = 0.001
4606 reflections Apmax = 0.98 ¢ A
228 parameters Apmin=—0.71e A3

Primary atom site location: structure-invariant direct

Extinction correction: none
methods

Special details

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

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two L.s. planes) are estimated using the full covariance mat-

rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

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

factors(gt) efc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice as large
as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
S1 0.15733 (7) 0.99833 (6) 0.16005 (6) 0.02891 (16)
S2 0.55035 (5) 0.58728 (4) 0.20813 (4) 0.01428 (13)
01 0.69298 (18) 0.61236 (15) 0.08113 (15) 0.0220 (3)
02 0.40517 (17) 0.63620 (15) 0.19977 (15) 0.0194 (3)
03 0.56449 (18) 0.63482 (14) 0.32920 (14) 0.0196 (3)
NI ~0.0092 (2) 0.50151 (17) 0.75333 (17) 0.0169 (3)
Cl 0.1573 (2) 0.6066 (2) 0.5395 (2) 0.0221 (4)
H1A 0.2574 0.6145 0.4662 0.026*
2 0.1351 (2) 0.5142 (2) 0.6456 (2) 0.0208 (4)
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H2A
C3
H3A
C4
H4A
Cs
Coé
H6A
Cc7
H7A
C8
C9
HOA
C10
H10A
Cl1
H11A
Cl12
HI12A
H12B
H12C
C13
Cl4
H14A
Cl15
HI15A
Cl6
C17
H17A
C18
HI18A
C19
HI19A
H19B
H19C

0.2199
~0.1335 (2)
-0.2317
~0.1159 (2)
-0.2025
0.0314 (2)
0.0632 (2)
0.1643
~0.0453 (3)
~0.1461
-0.0211 (3)
~0.1401 (2)
~0.2454
~0.0793 (3)
-0.1417
0.0787 (3)
0.1367
~0.0343 (3)
0.0649
~0.0740
~0.1099
0.4960 (2)
0.5220 (2)
0.5273
0.5401 (2)
0.5573
0.5323 (2)
0.5046 (2)
0.4983
0.4864 (2)
0.4674
0.4833 (3)
0.3967
0.5807
0.4644

0.4597

0.5809 (2)

0.5721

0.6742 (2)

0.7279

0.6894 (2)
0.7841 (2)

0.7827

0.8733 (2)

0.8719

0.9713 (2)
1.0515 (2)

1.0489

1.1440 (2)

1.2086

1.1230 (2)

1.1709

0.3981 (2)

0.3795
0.3134
0.4341

0.1137 (2)
0.1820 (2)

0.1303

0.3257 (2)

0.3694

0.40335 (18)
0.33792 (19)

0.3899

0.1940 (2)

0.1505

~0.0423 (2)

—0.0675
—0.0809
—-0.0779

Atomic displacement parameters (A’Z )

S1

S2
01
02
03
N1
Cl
C2
C3

Ull

0.0231 (3)
0.0174 (2)
0.0223 (7)
0.0224 (7)
0.0284 (7)
0.0175 (7)
0.0187 (9)
0.0163 (8)
0.0150 (8)

U22

0.0296 (3)
0.0119 (2)
0.0188 (7)
0.0171 (6)
0.0151 (6)
0.0161 (7)
0.0242 (10)
0.0210 (9)
0.0234 (9)

0.6437

0.7588 (2)

0.8342

0.6539 (2)

0.6586

0.5397 (2)
0.4220 (2)

0.3497

0.4121 (2)

0.4849

0.2998 (2)
0.29383 (19)

0.3591

0.1689 (2)

0.1474

0.0896 (2)

0.0070

0.8657 (2)

0.8710
0.8479
0.9510

0.2619 (2)
0.1374 (2)

0.0643

0.12029 (19)

0.0367

0.22945 (18)
0.35510 (19)

0.4283

0.3702 (2)

0.4543

0.2771 (3)

0.3632
0.2744
0.2034

U33

0.0285 (3)
0.0122 (2)
0.0167 (7)
0.0200 (7)
0.0183 (7)
0.0172 (7)
0.0180 (9)
0.0229 (10)
0.0190 (9)

U12

0.0008 (2)
0.00110 (15)
~0.0017 (5)
0.0047 (5)
0.0020 (5)
0.0001 (6)
~0.0016 (7)
0.0035 (7)
0.0000 (7)

0.025%
0.0195 (4)
0.023*
0.0206 (4)
0.025%
0.0196 (4)
0.0220 (4)
0.026*
0.0235 (4)
0.028*
0.0225 (4)
0.0151 (3)
0.018*
0.0247 (4)
0.030*
0.0262 (4)
0.031*
0.0241 (4)
0.036*
0.036*
0.036*
0.0178 (4)
0.0179 (4)
0.021*
0.0161 (3)
0.019*
0.0141 (3)
0.0158 (3)
0.019%
0.0174 (4)
0.021*
0.0260 (4)
0.039*
0.039*
0.039*

U13

~0.0063 (2)
~0.00523 (17)
~0.0007 (6)
~0.0105 (6)
~0.0129 (6)
~0.0076 (6)
~0.0028 (7)
~0.0062 (7)
~0.0061 (7)

U23

0.0060 (2)
0.00122 (15)
0.0020 (5)
0.0004 (5)
~0.0014 (5)
~0.0002 (6)
~0.0009 (7)
~0.0033 (7)
~0.0007 (7)
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C4
Cs
Co
Cc7
C8
(@Y
C10
Cl1
Cl12
C13
Cl4
C15
Cl16
C17
C18
C19

0.0182 (9)
0.0252 (9)
0.0215 (9)
0.0218 (9)
0.0275 (10)
0.0091 (7)
0.0281 (10)
0.0295 (11)
0.0322 (11)
0.0158 (8)
0.0181 (8)
0.0167 (8)
0.0147 (8)
0.0172 (8)
0.0172 (8)
0.0313 (11)

Geometric parameters (4, °)

S1—Cl1
S1—C8
S2—02
S2—03
S2—01
S2—Cl16
N1—C3
N1—C2
N1—CI12
C1—C2
C1—C5
Cl—HIA
C2—H2A
C3—C4
C3—H3A
C4—C5
C4—H4A
C5—C6
C6—C7
C6—H6A
C7—C8
C7—H7A
C8—C9
C11—S1—C8
02—S2—03
02—S2—01
03—S2—01
02—S2—Cl6
03—S2-—Cl6
01—S2—Cl6

0.0221 (9)
0.0169 (9)
0.0222 (10)
0.0251 (10)
0.0195 (9)
0.0229 (9)
0.0218 (10)
0.0243 (10)
0.0195 (9)
0.0145 (8)
0.0169 (9)
0.0172 (9)
0.0123 (8)
0.0160 (8)
0.0165 (9)
0.0141 (9)

1.707 (2)
1.715 (2)
1.4569 (15)
1.4574 (14)
1.4587 (14)
1.7769 (18)
1.351 (2)
1352 (3)
1.479 (3)
1.367 (3)
1.400 (3)
0.9300
0.9300
1371 (3)
0.9300
1.403 (3)
0.9300
1.458 (3)
1.346 (3)
0.9300
1.447 (3)
0.9300
1.357 (3)

92.72 (11)
112.96 (8)
113.06 (9)
113.19 (9)
105.46 (9)
105.73 (9)
105.54 (8)

0.0235 (10)
0.0181 (9)
0.0205 (9)
0.0218 (10)
0.0225 (10)
0.0135 (8)
0.0280 (11)
0.0242 (10)
0.0224 (10)
0.0243 (9)
0.0187 (9)
0.0139 (8)
0.0141 (8)
0.0142 (8)
0.0190 (9)
0.0367 (12)

C9—C10

0.0023 (7)
~0.0040 (7)
~0.0015 (7)
~0.0018 (8)
~0.0024 (8)
0.0019 (6)
~0.0013 (8)
~0.0038 (8)
~0.0001 (8)
0.0013 (6)
0.0016 (7)
0.0014 (6)
0.0012 (6)
0.0013 (6)
0.0000 (6)
~0.0006 (8)

C9—HOA
Cl10—C11
C10—HI10A
Cl1—HI1A
CI12—HI12A
C12—H12B
C12—H12C
C13—C18
C13—Cl14
C13—C19
C14—C15
Cl4—HI14A
C15—Cl16
CI5—HI5A
Cl16—C17
C17—C18
C17—H17A
CI18—HI18A
CI19—HI19A
C19—H19B
C19—H19C

C11—C10—C9
C11—C10—H10A
C9—C10—H10A
C10—C11—S1
C10—Cl11—HI11A
S1—C11—HI11A
N1—C12—HI12A

—0.0112 (8)
~0.0104 (8)
~0.0074 (8)
~0.0077 (8)
—0.0127 (8)
~0.0051 (6)
~0.0162 (9)
~0.0115 (9)
~0.0137 (9)
~0.0098 (7)
~0.0079 (7)
~0.0061 (7)
~0.0051 (6)
~0.0069 (7)
~0.0086 (7)

0.0002 (7)
0.0005 (7)
0.0003 (7)
0.0010 (8)
0.0015 (7)
~0.0011 (7)
0.0061 (8)
0.0076 (8)
0.0034 (8)
0.0004 (7)
~0.0030 (7)
0.0001 (6)
0.0004 (6)
0.0007 (6)
0.0043 (7)

~0.0186 (10) 0.0020 (8)

1.484 (3)
0.9300
1.362 (3)
0.9300
0.9300
0.9600
0.9600
0.9600
1.394 (3)
1.398 (3)
1.504 (3)
1.391 (3)
0.9300
1.393 (3)
0.9300
1.393 (3)
1.393 (3)
0.9300
0.9300
0.9600
0.9600
0.9600

112.07 (19)
124.0
124.0
111.84 (17)
124.1
124.1
109.5
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C3—NI1—C2
C3—N1—C12
C2—N1—C12
C2—C1—C5
C2—C1—HI1A
C5—C1—HI1A
N1I—C2—C1
N1I—C2—H2A
Cl1—C2—H2A
N1—C3—C4
N1—C3—H3A
C4—C3—H3A
C3—C4—C5
C3—C4—H4A
C5—C4—H4A
Cl1—C5—C4
C1—C5—C6
C4—C5—C6
C7—C6—C5
C7—C6—H6A
C5—C6—H6A
C6—C7—C8
C6—C7—HT7A
C8—C7—H7A
Co—C8—C7
C9—C8—S1
C7—C8—S1
C8—C9—C10
C8—C9—HOA
C10—C9—HO9A
C3—N1—C2—C1
Cl12—N1—C2—C1
C5—C1—C2—N1
C2—N1—C3—C4
C12—N1—C3—C4
N1—C3—C4—C5
C2—C1—C5—C4
C2—C1—C5—Ceo
C3—C4—C5—Cl1
C3—C4—C5—Co
C1—C5—C6—C7
C4—C5—C6—C7
C5—C6—C7—C8
C6—C7—C8—C9
C6—C7T—C8—S1
C11—S1—C8—C9
C11—S1—C8—C7
C7—C8—C9—C10
S1—C8—C9—C10

120.63 (17)
118.95 (17)
120.41 (17)
120.85 (18)
119.6

119.6
120.52 (18)
119.7

119.7
120.49 (18)
119.8

119.8
120.62 (18)
119.7

119.7
116.87 (18)
117.82 (18)
125.30 (19)
123.75 (19)
118.1

118.1

126.6 (2)
116.7

116.7

122.8 (2)
112.58 (16)
124.57 (17)
110.76 (17)
124.6
124.6
-0.7(3)
177.87 (19)
-0.3(3)
1.0 3)
~177.58 (19)
-0.3(3)
0.9 (3)
~179.05 (19)
0.6 (3)
179.3 (2)
~177.1 (2)
3.0 (3)
178.9 (2)
175.6 (2)
-3.703)
1.40 (18)
~179.3 (2)
178.64 (19)
-2.0(2)

N1—C12—H12B
H12A—C12—H12B
N1—C12—H12C
H12A—C12—H12C
H12B—C12—H12C
C18—C13—C14
C18—C13—C19
C14—C13—C19
C15—C14—C13
C15—C14—H14A
C13—C14—H14A
C14—C15—Cl16
C14—CI15—HI15A
Cl16—C15—HI15A
C15—C16—C17
C15—C16—S2
C17—C16—S2
C16—C17—Cl18
Cl16—C17—H17A
C18—C17—HI17A
C17—C18—C13
C17—C18—H18A
C13—C18—H18A
C13—C19—HI19%A
C13—C19—H19B
H19A—C19—H19B
C13—C19—H19C
H19A—C19—HI19C
H19B—C19—H19C

C8—C9—C10—Cl11
C9—C10—C11—S1
C8—S1—C11—C10
C18—C13—C14—C15
C19—C13—C14—C15
C13—C14—C15—C16
C14—C15—C16—C17
C14—C15—C16—S2
02—S2—C16—C15
03—S2—C16—C15
01—S2—C16—C15
02—S2—C16—C17
03—S2—C16—C17
01—S2—C16—C17
C15—C16—C17—C18
S2—C16—C17—Cl18
C16—C17—C18—C13
C14—C13—C18—C17
C19—C13—C18—C17

109.5
109.5
109.5
109.5
109.5
118.08 (18)
121.03 (18)
120.87 (18)
121.46 (18)
119.3
119.3
119.38 (17)
120.3
120.3
120.27 (17)
119.07 (14)
120.61 (14)
119.45 (17)
120.3
120.3
121.35 (18)
119.3
119.3
109.5
109.5
109.5
109.5
109.5
109.5

1.8(3)
-0.7(3)
~0.32 (19)
0.9 (3)
~177.44 (18)
0.0 (3)
-0.8(3)
~178.34 (14)
69.43 (16)
~170.67 (14)
-50.48 (17)
~108.10 (16)
11.80 (18)
131.99 (16)
0.7 (3)
178.16 (14)
0.3 (3)
-1.0(3)
177.30 (18)
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Hydrogen-bond geometry (4, °)

D—H-4 D—H H-A DA D—H-A
C2—H2A03! 0.93 231 3.219 (3) 166
C3—H3A-011" 0.93 2.49 3.168 (2) 130
C6—H6A+02 0.93 2.56 3.378 (3) 147
Cl11—H11A--01' 0.93 2.54 3.303 (3) 139
C12—H12A--O1! 0.96 2.52 3.455 (3) 165
Ccl12—H12¢-011 0.96 2.47 3.341 (3) 151
C15—H15A02" 0.93 2.42 3272 (2) 152
C17—H17A--03! 0.93 243 3.202 (2) 141
C4—H4ACgl" 0.93 2.62 3.431(2) 145
C10—HI10A~Cgl¥ 0.93 2.95 3.666 (3) 135

Symmetry codes: (i) —x+1, —y+1, —z+1; (ii) x—1, y, z+1; (iii) —x+1, —y+2, —z; (iv) —x+1, —y+1, —z; (v) —x, —p+1, —z+1; (vi) x—1, y+1, z.
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Fig. 2
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In the title compound, C;sH4NS*-C¢H,BrOsS™, the cation
exists in an E configuration and is essentially planar, the
dihedral angle between the quinolinium and thiophene rings
being 3.45(9)°. The anion is inclined to the cation with
dihedral angles of 75.43 (8) and 72.03 (11)°, respectively
between the benzene ring and the quinolinium and thiophene
rings. In the crystal, the cations and anions are arranged
individually into separate chains along the c axis. The cation
chains are stacked in an antiparallel manner along the a axis
by m---m interactions with centroid—centroid distances of
3.7257 (13) and 3.7262 (14) A. Weak C—H---O and C—
H- - .7 interactions link the cations and anions into a three-
dimensional network. Short Br- - -S [3.7224 (5) 1&] and Br---O
[3.4267 (16) A] contacts are also observed.

Related literature

For bond-length data, see: Allen et al. (1987). For background
to non-linear optical materials research, see: Chantrapromma
et al. (2009a,b), Fun et al. (2009); Raimundo et al. (2002). For
related structures, see: Chantrapromma et al. (2006); Ruanwas
et al. (2008). For the stability of the temperature controller
used in the data collection, see Cosier & Glazer, (1986).

F Thomson Reuters ResearcherID: A-3561-2009.
§ Additional correspondence author, e-mail: suchada.c@psu.ac.th. Thomson
Reuters ResearcherID: A-5085-2009.

Experimental

Crystal data
C6H4NS™-CsH,BrO;S™

V =2001.89 (4) A’

M, = 488.41 Z=4
Monoclinic, P2L /c Mo Ka radiation
a=79026 (1) A =229 mm™
b =18.8211(2) A T=100K

c=13.4816 (1) A
B =93.292 (1)°

0.34 x 0.32 x 0.24 mm

Data collection

Bruker APEXII CCD area detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tinin = 0.511, Tppax = 0.612

51446 measured reflections
5827 independent reflections
5163 reflections with I > 20(1)
Rine = 0.030

Refinement

R[F* > 20(F?%)] = 0.035
wR(F?) = 0.089
S=112

5827 reflections

263 parameters

H-atom parameters constrained
Apmax = 1.18 ¢ A3

Apmin = —0.46 ¢ A3

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

Cg4 is the centroid of the C17-C22 benzene ring.

D—H---A D—H H---A D---A D—H---A
C3—H3A---03' 0.93 2.51 3.409 (3) 162
C7—H7A.-.01" 0.93 2.47 3.241 (3) 140
C8—HB8A- - -021 0.93 2.29 3218 (3) 175
C10—H10A- - -S1 0.93 2.77 3.185 (2) 108
Cl1—H11A. .02 0.93 2.31 3238 (3) 176
C15—HI154- --03" 0.93 2.40 3.265 (3) 154
C16—H16B---01" 0.96 2.43 3.321 (3) 155
C17—H17A.--01 0.93 2.54 2.915 (3) 105
C20—H20A4- --01" 0.93 2.32 3242 (3) 172
C13—HI13A.- - -Cg4l 0.93 257 3.434 (2) 155

Symmetry codes: (i) x, y, z + 1; (i) —x + 1, —y, —z + 1; (iii) —x+ 1,y =%, —z + % (iv)
x—1,y,z;(v) x, —y+%,z+§: (vi)x+1,y,z.

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

The authors thank the Prince of Songkla University for a
research grant and Universiti Sains Malaysia for the Research
University Golden Goose grant No. 1001/PFIZIK/811012.
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: SJ2736).
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1-Methyl-2-[(E)-2-(2-thienyl)ethenyl|quinolinium 4-bromobenzenesulfonate

H.-K. Fun, T. Kobkeatthawin and S. Chantrapromma

Comment

During the course of our NLO (non-linear optical) materials research, we have previously reported the crystal structures
of the NLO-active compounds (Chantrapromma et al., 2009a, b; Fun et al., 2009). With the knowledge that the organic
dipolar compounds with extended m systems and having terminal donor and acceptor groups are likely to exhibit large
hyperpolarizability (#) (Raimundo et al., 2002), the title compound (I) was designed and synthesized in order to study its
NLO properties. Unfortunately (I) crystallizes out in a centrosymmetric P21/c space group which precluded the second-order

nonlinear optical properties.

The asymmetric unit of the title compound (Fig. 1) consists of the C16H14NS " cation and CgH4BrO3S™ anion. The cation
exists in the E configuration with respect to the C10=C11 double bond [1.348 (3) A] and is essentially planar with the
dihedral angle between the quinolinium and the thiophene rings being 3.45 (9)° and the torsion angles C9—C10-C11-C12
=-179.8 (2)°. The ten non-H atoms of quinolinium unit lie on the same plane with an r.m.s. deviation of 0.0184 (2) A. The
relative arrangement of cation and anion is shown by the angles between the mean plane of the 4-bromophenyl ring and
those of the quinolinium and thiophene rings which are 75.43 (8)° and 72.03 (11)°, respectively. The bond lengths are normal

(Allen et al., 1987) and are comparable with those in related structures (Chantrapromma et al., 2006; Ruanwas et al., 2008).

In the crystal, all O atoms of sulfonate group are involved in weak C—H-+O interactions (Table 1). The cations and
anions are arranged individually into chains along the ¢ axis (Fig. 2) . The cation chains are stacked in an antiparallel manner
along the a axis by n—n interactions with Cgy--Cgy = 3.7257 (13) A (symmetry code: -x,-y, 1-z) and Cg;--Cgz = 3.7262 (14)
A (symmetry code: 1-x, -y, 1-z); Cgj, Cgp and Cg3 are the centroids of the S1/C12—-C15, N1/C1/C6-C9 and C1-C6 rings,
respectively. Weak C—H:--O and C—H--'w interactions (Table 1) link the cations and anions into a three-dimensional net-

work; Cgy4 is the centroid of the C17-C22 benzene ring. Short Br--S [3.7224 (5) A] and Br--O [3.4267 (16) A] contacts
(symmetry code for both: 1+x, 1/2-y, 1/2+z) are also observed.

Experimental

2-(2-Thiophenestyryl)-1-methylquinolinium iodide (compound A) was synthesized by mixing a solution (1:1:1 molar ratio)
of 1,2-dimethylquinolinium iodide (2.00 g, 7.0 mmol), 2-thiophenecarboxaldehyde (0.64 ml, 7.0 mmol) and piperidine (0.69
ml, 7.0 mmol) in hot methanol (40 ml). The resulting solution was refluxed for 5 h under nitrogen atmosphere. The resultant
solid was filtered off and washed with diethyl ether. Silver(I)4-bromobenzenesulfonate (compound B) was synthesized
according to our previously reported procedure. (Chantrapromma et al., 2006). The title compound was synthesized by
mixing compound A (0.10 g, 0.26 mmol) in hot methanol (50 ml) and compound B (0.09 g, 0.26 mmol) in hot methanol
(20 ml). The mixture immediately yiclded a grey precipitate of silver iodide. After stirring the mixture for ca. 45 min,
the precipitate was removed and the resulting solution was evaporated yielding a brown solid. Brown block-shaped single
crystals of the title compound suitable for x-ray diffraction analysis were recrystallized from methanol solvent by slow

evaporation at room temperature over a few weeks. (Mp. 538-539 K).
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Refinement

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

CH and 0.96 A for CH3 atoms. The Ujg, values were constrained to be 1.5 Ueq of the carrier atom for methyl H atoms and

1.2Ugq for the remaining H atoms. A rotating group model was used for the methyl groups. The highest residual electron

density peak is located at 0.75 A from Brl and the deepest hole is located at 0.55 A from S1.
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Fig. 1. The molecular structure of the title compound, with 50% probability displacement el-
lipsoids and the atom-numbering scheme.

Fig. 2. The crystal packing of the title compound viewed down the a axis. Hydrogen bonds
and weak C—H--O interactions are shown as dashed lines.

1-Methyl-2-[(F)-2-(2-thienyl)ethenyl]quinolinium 4-bromobenzenesulfonate

Crystal data

C16H14NS™-CgH4BrO3S™
M, =488.41

Monoclinic, P2;/c

Hall symbol: -P 2ybc
a=7.9026 (1) A
b=188211 (2) A
c=13.4816 (1) A
B=93.292 (1)°
¥'=2001.89 (4) A

Z=4

Data collection

F(000) =992
Dy=1.620 Mgm >
Melting point = 538-539 K

Mo Ka radiation, A =0.71073 A
Cell parameters from 5827 reflections

0 =2.2-30.0°
n=229 mm’ !
T=100K

Block, brown
0.34 X 0.32 x 0.24 mm

Bruker APEXII CCD area detector

diffractometer
Radiation source: sealed tube
graphite

¢ and o scans

Absorption correction: multi-scan

(SADABS; Bruker, 2005)
Tmin = 0.511, Tipax = 0.612

5827 independent reflections

5163 reflections with /> 20(J)
Rint=0.030
Omax = 30.0°, Oin = 2.2°

h=-11-11

k=-26—26
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51446 measured reflections

Refinement

Refinement on F~
Least-squares matrix: full
R[F? > 26(F%)] = 0.035
WR(F?) = 0.089

S=1.12

5827 reflections

263 parameters

0 restraints

/=-18—18

Primary atom site location: structure-invariant direct
methods

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w=1/[62(Fy?) + (0.0325P) + 3.2344P]
where P = (Fy2 + 2F.2)/3

(A/G)max = 0.001

Apmax = 1.18 ¢ A7

ApPmin =—0.46 ¢ A7

Special details

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

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

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F?> ZSigma(Fz) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F? are statistically about twice
as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (/fz )

X y z Uiso*/Ueq
S1 0.00270 (7) 0.06224 (3) 0.28565 (4) 0.02261 (11)
N1 0.3667 (2) 0.04462 (9) 0.63104 (13) 0.0179 (3)
Cl 0.4567 (3) 0.03115 (11) 0.72171 (15) 0.0178 (4)
2 0.4926 (3) 0.08556 (12) 0.79170 (16) 0.0219 (4)
H2A 0.4584 0.1320 0.7780 0.026*
C3 0.5783 (3) 0.06935 (13) 0.87999 (17) 0.0246 (4)
H3A 0.6020 0.1053 0.9260 0.030*
C4 0.6314 (3) ~0.00053 (14) 0.90275 (17) 0.0257 (5)
H4A 0.6896 —0.0104 0.9631 0.031*
Cs 0.5967 (3) ~0.05415 (12) 0.83528 (16) 0.0220 (4)
H5A 0.6308 —0.1004 0.8501 0.026*
C6 0.5094 (3) ~0.03885 (11) 0.74348 (15) 0.0185 (4)
C7 0.4708 (3) ~0.09311 (11) 0.67292 (16) 0.0198 (4)
H7A 0.5081 —0.1393 0.6856 0.024*
cs 0.3799 (3) ~0.07819 (11) 0.58700 (16) 0.0204 (4)
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H8A
Cc9
Cl10
H10A
Cl1
H11A
C12
C13
HI13A
Cl4
HI14A
Cl15
HI15A
Clé6
H16A
H16B
H16C
Brl
S2

01
02
03
Cl17
H17A
C18
HI18A
C19
C20
H20A
C21
H21A
C22

0.3542
0.3237 (3)
0.2217 (3)
0.1787
0.1837 (3)
0.2259
0.0821 (3)
0.0397 (3)
0.0709
~0.0574 (3)
~0.0965
~0.0870 (3)
~0.1489
0.3192 (3)
0.3170
0.4009
0.2091
1.28408 (3)
0.66919 (6)
0.51250 (19)
0.6865 (2)
0.7004 (2)
0.8027 (3)
0.6913
0.9364 (3)
0.9153
1.1011 (3)
1.1376 (3)
1.2492
1.0033 (3)
1.0251
0.8362 (2)

Atomic displacement parameters (A’Z )

S1
N1
Cl
C2
C3
C4
Cs
Coé
Cc7
C8
(Y
C10

Ull

0.0243 (3)
0.0176 (8)
0.0151 (9)
0.0207 (10)
0.0239 (11)
0.0229 (11)
0.0206 (10)
0.0170 (9)
0.0218 (10)
0.0235 (10)
0.0176 (9)
0.0237 (10)

~0.1143 0.5415
~0.00778 (11) 0.56601 (15)
0.00785 (12) 0.47635 (16)

0.0537 0.4692
~0.03853 (11) 0.40215 (16)
~0.0845 0.4089
~0.02164 (11) 0.31320 (16)
~0.06890 (11) 0.23773 (17)
~0.1166 0.2387
~0.03622 (13) 0.15811 (18)
~0.0603 0.1010
0.03424 (13) 0.17442 (18)
0.0635 0.1301
0.11898 (12) 0.60670 (18)
0.1256 0.5360
0.1507 0.6383
0.1288 0.6300
0.278131 (13) 0.464999 (17)
0.23502 (2) 0.13641 (3)
0.23380 (8) 0.18823 (12)
0.29873 (8) 0.07625 (11)
0.16993 (8) 0.08184 (11)
0.25412 (11) 0.32873 (15)
0.2560 0.3474
0.26436 (12) 0.39958 (15)
0.2731 0.4656
0.26130 (11) 0.36972 (15)
0.24670 (11) 0.27242 (16)
0.2436 0.2544
0.23684 (10) 0.20250 (15)
0.2274 0.1367
0.24106 (10) 0.23020 (14)

U22 U33 U12

0.0173 (2) 0.0262 (3) 0.00428 (19)

0.0160 (8) 0.0201 (8) ~0.0014 (6)

0.0204 (9) 0.0182 (9) ~0.0018 (7)

0.0209 (10) 0.0243 (10) ~0.0012 (8)

0.0281 (11) 0.0220 (10) ~0.0047 (9)

0.0358 (12) 0.0183 (10) ~0.0039 (9)

0.0230 (10) 0.0226 (10) ~0.0011 (8)

0.0211 (10) 0.0177 (9) ~0.0025 (7)

0.0154 (9) 0.0222 (10) ~0.0007 (7)

0.0160 (9) 0.0217 (10) ~0.0026 (8)

0.0173 (9) 0.0189 (9) ~0.0023 (7)

0.0192 (9) 0.0221 (10) 0.0007 (8)

0.025%
0.0179 (4)
0.0217 (4)
0.026*
0.0197 (4)
0.024*
0.0197 (4)
0.0210 (4)
0.025%
0.0261 (5)
0.031*
0.0258 (5)
0.031*
0.0254 (5)
0.038*
0.038*
0.038*
0.02491 (7)
0.01276 (9)
0.0197 (3)
0.0202 (3)
0.0211 (3)
0.0177 (4)
0.021*
0.0203 (4)
0.024*
0.0174 (4)
0.0173 (4)
0.021*
0.0161 (4)
0.019*
0.0141 (3)

U13

0.0006 (2)
0.0019 (6)
0.0033 (7)
0.0026 (8)
0.0020 (8)
0.0000 (8)
0.0026 (8)
0.0035 (7)
0.0026 (8)
0.0013 (8)
0.0027 (7)
0.0007 (8)

U23
0.00228 (19)
~0.0001 (6)
~0.0004 (7)
~0.0038 (8)
~0.0083 (8)
0.0013 (9)
0.0053 (8)
0.0001 (7)
0.0016 (7)
~0.0030 (7)
0.0001 (7)
0.0001 (8)
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Cll 0.0191 (10) 0.0179 (9) 0.0222 (10) 0.0000 (7) 0.0021 (8) 0.0020 (7)
C12 0.0178 (9) 0.0180 (9) 0.0232 (10) 0.0002 (7) 0.0002 (8) 0.0040 (8)
C13 0.0195 (10) 0.0158 (9) 0.0279 (11) ~0.0001 (7) 0.0024 (8) 0.0010 (8)
Cl4 0.0260 (11) 0.0250 (11) 0.0266 (11) ~0.0017 (9) —0.0039 (9) 0.0001 (9)
Cl5 0.0219 (10) 0.0273 (11) 0.0274 (11) 0.0046 (9) —0.0056 (8) 0.0065 (9)
Cl16 0.0293 (11) 0.0152 (9) 0.0310 (11) ~0.0001 (8) —0.0046 (9) ~0.0004 (8)
Brl 0.02009 (11) 0.03105 (12) 0.02239 (11) ~0.00586 (8) —0.00934 (8) 0.00605 (8)
S2 0.0121 (2) 0.0129 (2) 0.01296 (19) ~0.00040 (15)  —0.00194 (15)  0.00143 (15)
o1 0.0130 (7) 0.0228 (7) 0.0230 (7) ~0.0007 (5) —0.0006 (5) 0.0033 (6)
02 0.0221 (7) 0.0189 (7) 0.0193 (7) ~0.0012 (6) —0.0031 (6) 0.0072 (6)
03 0.0228 (7) 0.0187 (7) 0.0211 (7) 0.0018 (6) —0.0048 (6) ~0.0048 (6)
C17 0.0147 (9) 0.0231 (10) 0.0156 (9) ~0.0020 (7) 0.0022 (7) 0.0008 (7)
Cl18 0.0206 (10) 0.0269 (10) 0.0132 (8) ~0.0032 (8) —0.0004 (7) 0.0011 (7)
Cl19 0.0141 (9) 0.0196 (9) 0.0178 (9) ~0.0032 (7) ~0.0058 (7) 0.0041 (7)
C20 0.0118 (8) 0.0178 (9) 0.0221 (9) 0.0002 (7) —0.0001 (7) 0.0030 (7)
C21 0.0153 (9) 0.0168 (9) 0.0164 (8) ~0.0001 (7) 0.0016 (7) 0.0003 (7)
22 0.0138 (8) 0.0123 (8) 0.0160 (8) ~0.0005 (6) —0.0014 (7) 0.0008 (6)
Geometric parameters (4, °)

S1—C15 1.705 (2) C12—C13 1.378 (3)

S1—C12 1.731 (2) C13—C14 1.423 (3)

N1—C9 1.350 (3) CI13—HI13A 0.9300

N1—C1 1.402 (3) C14—C15 1.367 (3)
N1—C16 1.481 (3) Cl14—HI14A 0.9300

C1—C6 1.407 (3) CI15—HI15A 0.9300

C1—C2 1.410 (3) Cl16—H16A 0.9600

C2—C3 1.370 (3) Cl6—H16B 0.9600

C2—H2A 0.9300 Cl6—H16C 0.9600

C3—C4 1.409 (4) Br1—C19 1.9050 (19)
C3—H3A 0.9300 S2—O01 1.4565 (16)
C4—C5 1.376 (3) S2—O03 1.4572 (15)
C4—H4A 0.9300 S2—02 1.4585 (15)
C5—C6 1.412 (3) S2—C22 1.778 (2)
C5—H5A 0.9300 C17—C22 1.391 (3)

Cc6—C7 1.417 (3) C17—C18 1.396 (3)

C7—C8 1.357 (3) C17—H17A 0.9300

C7—H7A 0.9300 C18—C19 1.385 (3)

C8—C9 1.421 (3) C18—HI18A 0.9300

C8—HS8A 0.9300 C19—C20 1.387 (3)
C9—C10 1.444 (3) C20—C21 1.391 (3)
C10—C11 1.348 (3) C20—H20A 0.9300
C10—HI10A 0.9300 C21—C22 1.395 (3)
Cl1—C12 1.440 (3) C21—H21A 0.9300
Cl1—HI11A 0.9300

C15—S1—Cl12 91.95 (11) Cl2—Cl3—Cl4 112.1 (2)
C9-N1—Cl 122.04 (18) Cl2—CI3—HI3A 124.0
C9—N1—Cl16 119.69 (18) Cl4—CI3—HI3A 124.0
Cl1-N1—Cl16 118.27 (18) C15—Cl4—Cl13 112.8 (2)
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N1—C1—C6
N1—C1—C2
C6—C1—C2
C3—C2—Cl
C3—C2—H2A
C1—C2—H2A
C2—C3—C4
C2—C3—H3A
C4—C3—H3A
C5—C4—C3
C5—C4—H4A
C3—C4—H4A
C4—C5—C6
C4—C5—HS5A
C6—C5—HSA
C1—C6—C5
C1—C6—C7
C5—C6—C7
C8—C7—C6
C8—C7—H7A
C6—C7—HTA
C7—C8—C9
C7—C8—H8A
C9—C8—HBA
N1—C9—C8
N1—C9—C10
C8—C9—C10
C11—C10—C9
C11—C10—H10A
C9—C10—HI10A
C10—C11—C12
C10—C11—H11A
C12—Cl1—H11A
C13—C12—Cl1
C13—C12—Sl1
Cl11—C12—S1
C9—NI—CI1—C6
C16—NI1—CI1—C6
C9—NI—CI1—C2
C16—NI—CI1—C2
NI1—C1—C2—C3
C6—C1—C2—C3
C1—C2—C3—C4
C2—C3—C4—C5
C3—C4—C5—C6
N1—C1—C6—C5
C2—C1—C6—C5
N1—C1—C6—C7
C2—C1—C6—C7

118.71 (18)
121.65 (19)
119.6 (2)
119.4 (2)
120.3

120.3

121.6 (2)
119.2

119.2

119.7 (2)
120.2
120.2

119.9 (2)
120.0
120.0

119.8 (2)
119.02 (19)
121.1 (2)
120.5 (2)
119.8

119.8
120.48 (19)
119.8

119.8
119.19 (19)
120.16 (19)
120.65 (19)
125.4 (2)
117.3

117.3

124.4 (2)
117.8

117.8

124.9 (2)
111.13 (16)
123.91 (17)
2.6 (3)
~177.04 (19)
~176.27 (19)
4.1(3)
178.8 (2)
0.0 (3)
-0.1(3)
0.1 (4)
0.5 (3)
~178.50 (18)
0.4 (3)

0.4 (3)
179.31 (19)

C15—C14—H14A
C13—C14—H14A
C14—C15—S1
C14—CI15—HI15A
S1—CI15—HI15A
N1—C16—H16A
N1—Cl16—H16B
H16A—C16—H16B
N1—C16—H16C
H16A—C16—H16C
H16B—C16—H16C
01—S2—03
01—S2—02
03—S2—02
01—S2—C22
03—S2—C22
02—S2—C22
C22—C17—C18
C22—C17—H17A
C18—C17—HI17A
C19—C18—Cl17
C19—CI18—HI18A
C17—C18—HI18A
C18—C19—C20
C18—C19—Brl1
C20—C19—Br1
C19—C20—C21
C19—C20—H20A
C21—C20—H20A
C20—C21—C22
C20—C21—H21A
C22—C21—H21A
C17—C22—C21
C17—C22—S2
C21—C22—S2

C9—C10—C11—C12
C10—C11—C12—C13
C10—C11—C12—S1
C15—S1—C12—C13
C15—S1—C12—C11
C11—C12—C13—C14
S1—C12—C13—C14
C12—C13—C14—C15
C13—C14—C15—S1
C12—S1—C15—C14
C22—C17—C18—C19
C17—C18—C19—C20
C17—C18—C19—Brl1

123.6
123.6
112.02 (17)
124.0
124.0
109.5

109.5

109.5

109.5

109.5

109.5
113.71 (9)
112.89 (9)
112.74 (9)
106.05 (9)
105.82 (9)
104.69 (9)
119.99 (19)
120.0
120.0
118.81 (19)
120.6
120.6
122.23 (18)
119.13 (16)
118.64 (15)
118.37 (18)
120.8
120.8
120.55 (18)
119.7
119.7
120.02 (18)
121.09 (15)
118.77 (15)

~179.8 (2)
~178.7(2)
3.4(3)
0.22 (18)
178.3 (2)
~178.2(2)
—0.1(2)
-0.2(3)
0.3 (3)
-0.3(2)
0.1(3)
-1.6(3)
178.06 (16)
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C4—C5—C6—Cl1
C4—C5—C6—C7
Cl1—C6—C7—C8
C5—C6—C7—C8
C6—C7—C8—C9
Cl—N1—C9—C8
Cl16—N1—C9—C8
Cl—N1—C9—C10
C16—N1—C9—C10
C7—C8—C9—N1
C7—C8—C9—C10
N1I—C9—C10—Cl11
C8—C9—C10—Cl1

Hydrogen-bond geometry (4, °)

0.6 (3)
~179.5 (2)
-2.003)
176.9 (2)
0.7 (3)
-3903)
175.7 (2)
176.08 (19)
-43(3)
22(3)
~177.8 (2)
173.8 (2)
-62(3)

Cg4 is the centroid of the C17—C22 benzene ring.

DH-A
C3—H3A03!
C7—H7A--O1!
C8—H8A--021
C10—H10AS1
Cl11—H11A-02'
C15—H15A-03"

Cl16—HI16B--01"
C17—H17A--01

C20—H20A--01"
C13—HI3A-Cgall

D—H
0.93
0.93
0.93
0.93
0.93

0.93
0.96
0.93
0.93
0.93

C18—C19—C20—C21
Br1—C19—C20—C21

C19—C20—C21—C22

C18—C17—C22—C21
C18—C17—C22—S2

C20—C21—C22—C17

C20—C21—C22—S2
01—S2—C22—C17
03—S2—C22—C17
02—S2—C22—C17
01—S2—C22—C21
03—S2—C22—C21
02—S2—C22—C21

HA
2.51
2.47
2.29
2.77
231
2.40
243
2.54
232
2.57

DA
3.409 (3)
3.241(3)
3218 (3)
3.185(2)
3.238 (3)
3.265 (3)
3.321 (3)
2.915 (3)
3.242 (3)
3.434 (2)

1.8 (3)
~177.86 (15)
-0.5(3)
12(3)
~174.80 (16)
-1.0(3)
175.11 (15)
~9.57 (19)
~130.66 (17)
110.03 (17)
174.37 (15)
53.28 (18)
~66.04 (17)

D—H-A
162
140
175
108
176
154
155
105
172
155

Symmetry codes: (i) x, y, z+1; (ii) —x+1, —y, —z+1; (iii) —x+1, y—1/2, —z+1/2; (iv) x—1, y, z; (v) x, =y+1/2, z+1/2; (vi) x+1, y, z.
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The series of pyridinium (1—10) and quinolinium (11—20) stilbene benzenesulfonates have been
synthesized and their structures were investigated by UV—vis, FT-IR and 'H NMR spectroscopy. In
addition, compound 5 was also determined by single crystal X-ray diffraction technique. The antibac-
terial activity of the synthesized compounds against both Gram-positive and Gram-negative bacteria has
been determined. The quinolinium derivatives exhibited two very potent characteristic activities,
namely, (i) specific activity to Methicillin-Resistant Staphylococcus aureus and (ii) with broad band
spectrum activity. Compounds 11, 13 and 14 are the most active showing broad spectrum antibacterial
activity against Gram-positive (Methicillin-Resistant S. aureus, S. aureus, Bacillus subtilis, Vancomycin-
Resistant Enterococcus faecalis and E. faecalis) and Gram-negative bacterium (Shigella sonnei). The MICs of
these compounds were found to be better than that of Benzalkonium chloride (BZK), the commercially
used disinfectant.

Quinolinium
Stilbene

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

The discovery of an alarming growth rate of bacterial resistance
phenomena against common antibacterial agents has limited the
use of commercial disinfectants [1]. In the field of synthetic
chemistry, numerous studies of the synthesis and antimicrobial
characteristics of quaternary ammonium compounds (QACs) have
been used since 1935 [2]. Among these compounds, pyridinium and
quinolinium salts represent the important groups of chemicals
widely used as biocides, drugs and herbicides [3,4]. Disinfectants
based on this class are widely used in hospital environments and in
the food industry due to their low toxicity to humans and animals
and to their wide antimicrobial spectra [5,6]. Benzalkonium chlo-
ride (BZK; Fig. 1) is the quaternary ammonium disinfectant which
consisted of a mixture of alkylbenzyldimethylammonium chlorides
of various alkyl chain lengths and usually used as a biocide. BZK
solutions are rapidly-acting biocidal agents with a moderately long

* Corresponding author. Tel.: +66 7428 8447; fax: +66 7421 2918.
E-mail address: suchada.c@psu.ac.th (S. Chantrapromma).

0223-5234/$ — see front matter © 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2010.06.014

duration of action. They are mostly active against bacteria, viruses,
fungi, and protozoa. Gram-positive bacteria are generally more
susceptible to BZK than Gram-negative [7]. However, the allergic
problems reported worldwide [8,9] and the BZK-resistant bacteria
[10—14] have restricted the use of this agent.

Among the various structure types of QAC, stilbene derivative
seem to be an effective candidate according to the literature which
suggested that the aminated stilbenes possess some pharmaco-
logical properties and biological role in plant defense against
pathogens [15]. Moreover, introducing new molecular parameters
such as heteroatoms [16], chemical functions [17,18] and aromatics
[19] may lead to potential compounds which can overcome the
increasing resistance phenomenon. There are numerous reports on
antibacterial agents containing dimethylamino [20,21] and ethoxy
[22,23] groups so these two groups were applied to our designed
compounds.

In addition, the well-known antibacterial drugs sulfonamides
also represented wide application in synthetic bioactive
compounds for a long period of time [24,25]. These interesting
features of QAC and sulfonamides led us to design and synthesize
the hybrid disinfectant between QAC (pyridinium and quinolinium
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n=38§,10, 12, 14, 16, 18

Fig. 1. The structure of the well-known quaternary ammonium disinfectant Benzal-
konium chloride (BZK).

stilbene) and sulfonamide-like skeletons in order to study their
antibacterial activities.

In this study, the series of twenty pyridinium (1-10) and qui-
nolinium (11-20) stilbene benzenesulfonates (see Fig. 2) were
designed and synthesized on the basis of the combination of two
efficient chemophores which were (i) stilbene-QAC and (ii)
sulfonamide-like structures. The purpose of this investigation was
to elucidate the influence of the presence of pyridinium and qui-
nolinium rings, as well as the ethoxy and dimethylamino
substituents in the phenyl ring on the antibacterial activities of
these compounds in order to acquire further information on the
structural characteristics enhancing their activities. The antibac-
terial activities of the compounds have been screened in vitro
against the tested pathogenic bacteria by microliter plate colori-
metric assay.

2. Chemistry
2.1. Materials

Melting points were determined on the Fisher-Johns melting
point apparatus. UV—vis spectra were obtained in the methanol
solutions with a SPECORD S100 (Analytikjena) spectrometer in the
range of 200—800 nm. FT-IR spectra were recorded in the
4000—400 cm ™! region with a PerkinElmer FT-IR System Spectrum
BX spectrophotometer using KBr pellets. Elemental analyses were
performed with a CE Instruments Flash 1112 Series EA CHNS-O
Analyzer and were consistent with theoretical values within +0.4%.

TH NMR spectra were recorded on a 300 MHz Bruker FT-NMR
Ultra Shield™ spectrometers in DMSO-dg and CDCl3 mixed solvent
with TMS as the internal standard. Chemical shifts are reported in
6 (ppm) and coupling constants (J) are expressed in Hertz.

All chemicals and solvents used for the synthesis were of
reagent grade and used as received.

§" 5"

LR =N(CH), R, =CH, &R =0E4R,=CH,
),-R,=OCH, 7;R =OEt, R, = OCH,
8 R~OELR = Br
iR, o R, 9;R,=OEL R, =Cl
5,R=N(CH), R,=NH, 10;R,~ Ot R,~NH,

11; R=N(CH:)s, Ry = CH;  16; Ry= OEt, Ry = CH;
12; R;=N(CH;),, Ry = OCH;  17; Ry= OEL, R, = OCH,
13; Ry=N(CH),, Ry = Br  18; R,= OEt, R, = Br
14; R;=N(CH;),, R, = C 19; R,= OEL, R, = CI
15; R;=N(CH;),, R, = NH,  20; R,= OEL, R; = NH,

Fig. 2. Structure and 'H designation of the synthesized pyridinium (1-10) and qui-
nolinium (11-20) stilbene benzenesulfonates.

2.2. Synthesis of all pyridinium and quinolinium stilbene
derivatives

The synthesis of compounds PAM, PET, QAM, QET and 120 are
as following (Fig. 3).

2.2.1. (E)-2-(4-(dimethylamino )styryl)-1-methylpyridinium iodide
(PAM)

(E)-2-(4-ethoxystyryl)-1-methylquinolinium iodide was synthe-
sized by mixing a solution (1:1:1 mole ratio) of 1,2-dimethylpyr-
idinium iodide (2.00 g, 8.5 mmol) which was synthesized by the
previous method [26], 4-dimethylaminobenzaldehyde (1.27 g,
8.5 mmol) and piperidine (0.84 ml, 8.5 mmol) in hot methanol. The
resulting red solution was refluxed for 6 h under nitrogen atmo-
sphere. The resultant red solid was filtered off, washed with diethyl
ether, dried in vacuo and purified by recrystallization. M.p.
273—-274°C,1.92 g (61%) yield. UV (CH30H) Amax (nm): 202.0, 219.0,
281.0, 461.0; IR (KBr, cm™"): vC=C; 1559 s, vC—N; 1370 s; 'H NMR
(ds-DMSO mixed with CDCl3): 6 4.20 (s, 1-CH3), 8.17 (d, ] = 7.5, H-3),
8.27(d,]=7.5,H-4),7.54(d,]=7.5,H-5),8.63 (d,] = 7.5, H-6), 7.06 (d,
J=15.6,H-1"),7.71(d,] = 15.6,H-2"), 7.55 (d, ] = 8.4, H-2",H-6"), 6.60
(d,]=8.4,H-3",H-5"),2.95 (s, N-(CH3)3). Anal. calcd. for C16H19IN3: C,
52.47; H, 5.23; N, 7.65. Found: C, 52.31; H, 5.18; N, 7.88.

2.2.1.1. (E)-2-(4-(dimethylamino)styryl)-1-methylpyridinium 4-meth-
ylbenzenesulfonate (1). A 0.26 g (0.71 mmol) solution of PAM in hot
methanol (50 ml) was mixed with 0.20 g (0.71 mmol) of silver (I) 4-
methylbenzenesulfonate in hot methanol (50 ml). The mixture
turned to deep red and cloudy immediately. After stirring for 30 min,
the precipitate of silver iodide was filtered and the filtrate was
evaporated to give a deep red solid. The resultant yellow solid was
filtered off, washed with diethyl ether, dried in vacuo and purified by
recrystallization. M.p. 195—196 °C, 0.21 g (71%) yield. UV (CH30H)
Amax (Nm): 202.0, 219.0, 284.0, 462.0; IR (KBr, cm™!): vC=C; 1591 s,
vC—N; VS = 0; 1195 s; 1440 s; 'H NMR (dg-DMSO mixed with CDCl3):
0 4.34 (s, 1-CHs), 8.28 (d, ] = 7.2, H-3), 8.25 (t,] = 7.2, H-4), 7.73 (d,
J =72, H-5), 878 (d, ] = 7.2, H-6), 7.77 (d, ] = 15.3, H-1), 713 (d,
J=15.3,H-2"),7.65(d,] = 7.5,H-2",H-6"),7.10 (d,] = 7.5, H-3", H-5"),
3.10 (s, N-(CHs),), 7.70 (d, ] = 7.8, H-2"", H-6""), 6.70 (d, ] = 7.8, H-3"",
H-5""), 2.32 (s, 4"-CHs). Anal. calcd. for Cp3Hy6N20s3S: C, 67.29; H,
6.38; N, 6.82; S, 7.82; O, 11.69. Found: C, 67.09; H, 6.48; N, 7.00; S,
7.72; O0,11.71.

Compounds 2—5 were synthesized with identical procedure of 1
by replacing silver (I) 4-methylbenzenesulfonate with silver (I)
4-methoxybenzenesulfonate (for 2), silver (I)4-bromobenzenesul-
fonate (for 3), silver (I) 4-chlorobenzenesulfonate (for 4), and silver
(I) 4-aminobenzenesulfonate (for 5). All of the resulting solids
were further purified by recrystallization whereas silver (I)
4-substituted-benzenesulfonates were synthesized according to
previously reported procedure [26—29].

2.2.1.2. (E)-2-(4-(dimethylamino)styryl)-1-methylpyridinium 4-meth
oxybenzenesulfonate (2). M.p. 175—176 °C, 0.25 g (89%) yield. UV
(CH30H) Amax (nm): 202.0, 229.0, 273.0, 461.0; IR (KBr, cm™!): vC=
C; 1596 s, vC—N; 1207 s, vS = O; 1189 s; 'H NMR (dg-DMSO mixed
with CDCl3): 6 4.33 (s, 1-CH3), 8.40 (d, J = 8.1, H-3), 8.29 (t, ] = 8.1, H-
4),7.70 (d,] = 8.1, H-5),8.77 (d, ] = 8.1, H-6), 7.20 (d, ] = 15.6, H-1'),
7.85(d,J =15.6,H-2'),7.65 (d,] = 8.7, H-2",H-6"), 7.64 (d, ] = 8.7, H-
3”, H-5"), 3.08 (s, N-(CH3),), 6.81 (d, J = 8.1, H-2"", H-6""), 6.74 (d,
J = 81, H-3", H-5"), 3.78 (s, 4”-OCHs3). Anal. calcd. for
Co3H6N204S: C, 64.77; H, 6.14; N, 6.57; S, 7.52; 0, 15.00. Found: C,
64.84; H, 6.20; N, 6.55; S, 7.50; O, 14.91.

2.2.1.3. (E)-2-(4-(dimethylamino)styryl)-1-methylpyridinium 4-bro-
mobenzenesulfonate (3). M.p.(decompose) 280—281 °C, 0.25 g
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Fig. 3. Synthesis scheme of pyridinium stilbene derivatives (a) and quinolinium stilbene derivatives (b); (i)=MeOH, reflux, 50—55 °C, 4 h, N, atmosphere (PET) and 6 h (PAM),
(ii)=MeOH, stir, 50 °C, 0.5 h (iii)=MeOH, reflux, 50—55 °C, 6 h, N, atmosphere (both QET and QAM).

(91%) yield. UV (CH30H) Amax (nm): 203.0, 223.0, 461.0; IR (KBr,
cm™1): vC=C; 1636 s, vC—N; 1191 s, vS = O; 1191 s; '"H NMR (ds-
DMSO mixed with CDCl3): ¢ 4.30 (s, 1-CH3), 8.17 (d, ] = 7.5, H-3), 8.17
(d,] = 7.5, H-4), 7.54 (d, ] = 7.5, H-5), 8.66 (d, ] = 7.5, H-6), 7.02 (d,
J=15.6, H-1'), 7.71 (d, ] = 15.6, H-2'), 7.49 (d, ] = 8.4, H-2", H-6"),
6.60 (d, ] = 8.4, H-3", H-5"), 2.94 (s, N-(CH3),), 7.56 (d, ] = 8.7, H-2"",
H-6""),6.82 (d, ] = 8.7, H-3", H-5""). Anal. calcd. for C;3H23BrN,05S:
C, 55.58; H, 4.88; N, 5.89; S, 6.74; 0, 10.10. Found: C, 55.42; H, 4.89;
N, 5.89; S, 6.70; O, 10.21.

2.2.14. (E)-2-(4-(dimethylamino)styryl)-1-methylpyridinium 4-
chlorobenzenesulfonate (4). M.p.243—244°C,0.22 g (79%) yield. UV
(CH30H) Amax (nm): 201.0, 223.0, 284.0, 462.0; IR (KBr, cm™!): vC=
C; 1683 s, vC—N; 1198 s, vS = O; 1198 s; 'H NMR (de-DMSO mixed
with CDCl3): 6 4.35 (s, 1-CH3), 8.24 (d, ] = 8.1, H-3), 8.30 (t, ] = 8.1, H-
4),7.70(t,] = 8.1,H-5),8.74 (d, ] = 8.1, H-6), 7.77 (d, ] = 15.6, H-1"),
712 (d,] = 15.6,H-2'), 7.64 (d,] = 8.7, H-2", H-6"), 6.73 (d, ] = 8.7, H-
3", H-5"), 3.11 (s, N-(CH3),), 7.78 (d, ] = 8.4, H-2", H-6""), 7.28 (d,
J = 8.4, H-3"”, H-5""). Anal. calcd. for C;5H23CIN,03S: C, 61.31; H,
5.38; N, 6.50; S, 7.44; 0, 11.14. Found: C, 61.35; H, 5.36; N, 6.43; S,
7.49; 0, 11.12.

2.2.1.5. (E)-2-(4-(dimethylamino )styryl)-1-methylpyridinium 4-ami-
nobenzenesulfonate (5). M.p. 257—258 °C, 0.19 g (66%) yield. UV
(CH30H) Amax (nm): 204.0, 253.0, 461.0; IR (KBr, cm™!): vC=C;
1611 s, vC—N; 1297 s, vS = O; 1195 s; "H NMR (dg-DMSO mixed with
CDCl3): 6 4.32 (s, 1-CH3), 8.42 (d, ] = 8.7, H-3), 8.31 (t, ] = 8.7, H-4),
7.69(d,]=8.7,H-5),8.77 (d,] = 8.7,H-6), 7.87 (d,] = 15.9,H-1"), 7.22
(d,J=15.9,H-2"),7.69 (d, ] = 8.4, H-2", H-6"), 7.37 (d, ] = 8.4, H-3",
H-5"),3.07 (s, N-(CH3)3), 6.75 (d,] = 8.1, H-2"", H-6"),6.48 (d, ] = 8.1,
H-3", H-5""), 5.00 (br s, 4””-NH>). Anal. calcd. for C32H25N30s3S: C,
64.21; H, 6.12; N, 10.22; S, 7.79; 0, 11.66. Found: C, 64.31; H, 6.09; N,
10.18; S, 7.90; O, 11.52.

2.2.2. (E)-2-(4-ethoxystyryl)-1-methylpyridinium iodide (PET)
(E)-2-(4-ethoxystyryl)-1-methylpyridinium iodide was synthe-
sized by mixing a solution (1:1:1 mole ratio) of 1,2-dimethylpyr-
idinium iodide (2.00 g, 8.5 mmol) which was synthesized by the
previous method [26], 4-ethoxybenzaldehyde (1.16 ml, 8.5 mmol)
and piperidine (0.84 ml, 8.5 mmol) in hot methanol. The resulting
deep yellow solution was refluxed for 4 h under nitrogen atmo-
sphere. The resultant yellow solid was filtered off, washed with

diethyl ether, dried in vacuo and purified by recrystallization. M.p.
208—210°C, 2.08 g (66%) yield. UV (CH30H) Amax (nm): 202.0, 218.0,
366.0; IR (KBr, cm™!): vC=C; 1601 s, vC = O; 1237 s; 'H NMR (dg-
DMSO mixed with CDCls): § 4.44 (s, 1-CHz), 8.40 (d, J = 8.7, H-3),
8.46 (t,] = 8.7, H-4), 7.74 (t,] = 8.7, H-5), 8.95 (d, ] = 8.7, H-6), 7.41 (d,
J = 15.9, H-1"), 7.85 (d, ] = 15.9, H-2'), 7.80 (d, ] = 8.7, H-2", H-6"),
6.98 (d, ] = 8.7, H-3", H-5"), 412 (¢, ] = 6.9, 0—CH5), 1.43 (t, ] = 6.9,
CH3). Anal. calcd. for C1gH1gINO: C, 52.33; H, 4.94; N, 3.81; O, 4.36.
Found: C, 52.28; H, 4.92; N, 3.92; 0, 4.30.

2.2.2.1. (E)-2-(4-ethoxystyryl)-1-methylpyridinium 4-methylbenzen-
esulfonate (6). A 0.22 g (0.58 mmol) solution of PET in hot
methanol (50 ml) was mixed with 0.20 g (0.58 mmol) of silver (I)
4-methylbenzenesulfonate in hot methanol (50 ml). The mixture
turned to yellow and cloudy immediately. After stirring for 30 min,
the precipitate of silver iodide was filtered and the filtrate was
evaporated to give a yellow solid. The resultant yellow solid was
filtered off, washed with diethyl ether, dried in vacuo and purified
by recrystallization. M.p. 171-172 °C, 0.26 g (88%) yield. UV
(CH30H) Amax (nm): 202.0, 246.0, 366.0; IR (KBr, cm™!): vC=C;
1597 s, vC = 0; 1220 s, vS = O; 1180 s; 6 'H NMR (ds-DMSO mixed
with CDCl3): 6 4.44 (s,1-CH3), 8.42 (d,] = 8.4,H-3),8.49(t,] = 8.4, H-
4),7.78 (t,] = 8.4, H-5),8.98 (d, ] = 8.4, H-6), 741 (d, ] = 15.9, H-1"),
7.85(d,]J =15.9,H-2'),7.80 (d,] = 8.7, H-2",H-6"),6.98 (d, ] = 8.7, H-
3", H-5"), 413 (q, ] = 6.9, 0—CHy), 141 (¢, ] = 6.9, CH3), 7.79 (d,
J=28.7,H-2"", H-6"), 6.98 (d, ] = 8.7, H-3", H-5""), 2.32 (s, 4"”"-CH3).
Anal. calcd. for C;3H25NO4S: C, 67.14; H, 6.12; N, 3.40; S, 7.79; O,
15.55. Found: C, 66.11; H, 6.09; N, 3.41; S, 7.81; 0O, 15.58.

Compounds 7—10 were synthesized with identical procedure of
6 by replacing silver (I) 4-methylbenzenesulfonate with silver (I)
4-methoxybenzenesulfonate (for 7), silver (I) 4-bromobenzene-
sulfonate (for 8), silver (I) 4-chlorobenzenesulfonate (for 9), and
silver (I) 4-aminobenzenesulfonate (for 10). All of the resulting
solids were further purified by recrystallization.

2.2.2.2. (E)-2-(4-ethoxystyryl)-1-methylpyridinium 4-methoxybenz-
enesulfonate (7). M.p. 153—155 °C, 0.21 g (72%) yield. UV (CH30H)
Amax (nmM): 202.0, 230.0, 271.0, 366.0; IR (KBr, cm~!): vC=C; 1618 s,
vC = 0; 1230 s, vS = O; 1183 s; 'H NMR (dg-DMSO mixed with
CDCl3): 6 4.40 (s, 1-CH3), 8.46 (d, ] = 8.4, H-3), 8.40 (t, ] = 8.4, H-4),
7.78 (d,] = 8.4,H-5),8.90 (d,] = 8.4,H-6),7.41 (d,] = 15.9,H-1"), 7.85
(d,] =15.9,H-2'), 7.66 (d, ] = 8.4, H-2", H-6"), 6.97 (d, ] = 8.4, H-3",
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H-5"),4.11(q,] = 6.9, 0—CH3), 1.41 (t,] = 6.9, CH3), 7.66 (d, ] = 8.7, H-
2" H-6"), 6.82 (d, ] = 8.7, H-3", H-5""), 3.78 (s, 4”-OCH3). Anal.
calcd. for Cy3H,5NO05S: C, 64.62; H, 5.89; N, 3.28; S, 7.50; 0O, 18.71.
Found: C, 64.55; H, 6.10; N, 3.20; S, 7.49; O, 18.66.

2.2.2.3. (E)-2-(4-ethoxystyryl)-1-methylpyridinium 4-bromobenzen-
esulfonate (8). M.p. 190—193 °C, 0.20 g (73%) yield. UV (CH30H)
Amax (nm): 210.0, 266.0, 366.0; IR (KBr, cm™'): vC=C; 1595 s,
vC = 0; 1224 s, vS = 0; 1179 s; 'H NMR (dg-DMSO mixed with
CDCl3): 6 4.40 (s, 1-CH3), 8.42 (d, ] = 8.7, H-3), 8.51 (t,] = 8.7, H-4),
7.64(t,] =8.7,H-5),8.91 (d,] = 8.7, H-6), 741 (d,] = 15.9, H-1'), 7.85
(d,]J=15.9,H-2"),7.80 (d,] = 8.7, H-2", H-6"), 6.91 (d, ] = 8.7, H-3",
H-5"),4.12(q,] =6.9,0—CH;), 143 (t,] = 6.9, CH3), 7.86 (d,] = 8.7, H-
2", H-6"), 698 (d, ] = 8.7, H-3”, H-5"). Anal. calcd. for
CoH2oBrNO4S: C, 55.47; H, 4.65; N, 2.94; S, 6.73; 0, 13.43. Found: C,
55.44; H, 4.60; N, 2.87; S, 6.61; O, 13.69.

2.2.24. (E)-2-(4-ethoxystyryl)-1-methylpyridinium 4-chlorobenzene-
sulfonate (9). M.p. 185—186 °C, 0.24 g (85%) yield. UV (CH30H) Amax
(nm): 202.0, 222.0, 366.0; IR (KBr, cm™!): vC=C; 1627 s, vC = O;
12305, vS = O; 1179 s; '"H NMR (de-DMSO mixed with CDCl3): 6 4.40
(s,1-CHs), 8.42 (d, ] = 7.5,H-3),8.30 (t, ] = 7.5, H-4), 7.77 (d.] = 7.5, H-
5),8.90 (d,] = 7.5, H-6), 7.41 (d,] = 15.9, H-1'), 7.84 (d,] = 15.9, H-2'),
7.71 (d, ] = 8.4, H-2", H-6"), 6.98 (d, ] = 8.4, H-3", H-5"), 4.12 (q,
J = 6.9, 0—CHy), 142 (¢, ] = 6.9, CH3), 7.72 (d, ] = 8.4, H-2"", H-6"),
7.30 (d, ] = 8.4, H-3", H-5""). Anal. calcd. for Co52H22CINO,4S: C, 61.18;
H, 5.13; N, 3.24; S, 7.42; 0,14.82. Found: C, 60.95; H, 5.09; N, 3.22; S,
7.43; 0, 15.11.

2.2.2.5. (E)-2-(4-ethoxystyryl)-1-methylpyridinium 4-aminobenzen-
esulfonate (10). M.p. 216—218 °C, 0.20 g (68%) yield. UV (CH30H)
Amax (nm): 204.0, 252.0, 366.0; IR (KBr, cm™"): vC=C; 1603 s,
vC = 0; 1230 s, vS = 0; 1179 s; 'H NMR (dg-DMSO mixed with
CDCl3): 6 4.40 (s, 1-CH3), 8.43 (d, ] = 8.4, H-3), 8.39 (¢, ] = 8.4, H-4),
7.94 (d,] = 8.4,H-5),8.89(d,] = 8.4,H-6),7.39(d,] = 15.9,H-1"), 7.82
(d,]J=15.9,H-2),7.76 (d, ] = 8.4, H-2", H-6"), 6.98 (d, ] = 8.4, H-3",
H-5"),4.12 (q,] = 6.9, 0—CHy), 143 (t,] = 6.9, CH3), 7.46 (d, ] = 8.4,
H-2"",H-6"),6.52 (d,] = 8.4, H-3"", H-5""), 4.72 (br s, 4”-NH3). Anal.
calcd. for C3oH24N204S: C, 64.06; H, 5.86; N, 6.79; S, 7.77; O, 15.52.
Found: C, 64.00; H, 6.11; N, 6.70; S, 7.69; O, 15.50.

2.2.3. (E)-2-(4-(dimethylamino )styryl)-1-methylquinolinium
iodide (QAM)
(E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium iodide was
synthesized by mixing a solution (1:1:1 mole ratio) of 1,2-dime-
thylquinolinium iodide (2.00 g, 7.01 mmol) 4-dimethylamino-
benzaldehyde (1.05 g, 7.01 mmol) and piperidine (0.69 ml, 7.01 mmol)
in hot methanol (50 ml). The resulting solution was refluxed for 6 h
under a nitrogen atmosphere. The resulting solid was filtered off,
washed with methanol, dried in vacuo and recrystallized from
methanol to give green crystals. M.p. 218—219 °C, 2.52 g (89%) yield.
UV (CH30H) Amax (nm): 205.3, 221.9, 280.9, 326.8, 521.1; IR (KBr,
cm™1): vC=C; 1600 s, vC—N; 1280 s; 'H NMR (dg-DMSO mixed with
CDCl3): 64.50(s,1-CHs), 3.15 (s, N-(CHs)3), 8.40 (d,] = 9.0, H-3),8.70(d,
J=9.0,H-4),8.14(d,]=7.8,H-5),7.80(t,J]=7.8,H-6),8.01 (t,]=7.8,H-
7),831(d,] = 7.5,H-8), 7.50 (d, ] = 15.3, H-1'), 8.05 (d, ] = 15.3, H-2'),
7.78 (d,] = 8.7,H-2",H-6"),6.80 (d,] = 8.7, H-3", H-5"). Anal. calcd. for
CooH21INy: C, 57.70; H, 5.08; N, 6.74. Found: C, 57.65; H, 5.10; N, 6.90.

2.2.3.1. (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium 4-met
hylbenzenesulfonate (11). A 0.23 g (0.58 mmol) solution of QAM in
hot methanol (50 ml) was mixed with 0.20 g (0.58 mmol) of silver
(I) 4-methylbenzenesulfonate in hot methanol (50 ml). The mixture
turned to green and cloudy immediately. After stirring for 30 min,
the precipitate of silver iodide was filtered and the filtrate was

evaporated to give a yellow solid. The resultant yellow solid was
filtered off, washed with diethyl ether, dried in vacuo and purified
by recrystallization. M.p. 218—219 °C, 0.20 g (89%) yield. UV
(CH30H) Amax (nm): 328.6, 521.1; IR (KBr, cm™'): vC=C; 1600 s,
vC—N; 1280 s, vS = O s; 1167; 'H NMR (de-DMSO mixed with
CDCl3): 6 4.50 (s,1-CH3), 3.15 (s, N-(CH3)3), 8.42 (d,] = 9.0, H-3), 8.71
(d,] =9.0, H-4), 8.35 (d, ] = 7.8, H-5), 7.80 (t, ] = 7.8, H-6), 8.12 (¢,
J=178,H-7),8.35 (d, ] = 7.8, H-8), 7.60 (d, ] = 15.6, H-1'), 8.00 (d,
J=15.6,H-2"),7.73 (d,] = 8.7, H-2", H-6"), 6.80 (d, ] = 8.7, H-3", H-
5"),710(d,J = 8.1, H-2"", H-6""), 7.55 (d, ] = 8.1, H-3", H-5""), 2.28 (s,
4" -CHs). Anal. calcd. for C;7H8N»05S: C, 70.71; H, 6.13; N, 6.08; S,
6.96; 0, 10.42. Found: C, 70.49; H, 6.26; N, 6.19; S, 6.94; O, 10.12.

Compounds 12—15 were synthesized with identical procedure
of 11 by replacing silver (I) 4-methylbenzenesulfonate with silver
(I) 4-methoxybenzenesulfonate (for 12), silver (I) 4-bromobenze-
nesulfonate (for 13), silver (I) 4-chlorobenzenesulfonate (for 14),
and silver (I) 4-aminobenzenesulfonate (for 15). All of the resulting
solids were further purified by recrystallization.

2.2.3.2. (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium 4-me-
thoxybenzenesulfonate (12). M.p.279—281 °C, 0.26 g (81%) yield. UV
(CH30H) Amax (nm): 311.6, 524.5; IR (KBr, cm™!): vC=C; 1568 s,
vC—N: 1339 s, vS = O; 1162 s; 'H NMR (dg-DMSO mixed with
CDCl3): 6 4.50 (s, 1-CHs), 3.13 (s, N-(CH3)3), 8.41 (d,] = 9.0, H-3), 8.70
(d, ] = 9.0, H-4), 8.16 (d, ] = 7.9, H-5), 7.81 (¢, ] = 7.9, H-6), 7.99 (t,
J =79, H-7), 831 (d, ] = 7.9, H-8), 7.50 (d, ] = 15.3, H-1"), 8.09 (d,
J=15.3,H-2'), 7.76 (d, ] = 8.7, H-2", H-6"), 6.80 (d, ] = 8.7, H-3", H-
5"),6.81 (d, ] = 8.1, H-2"", H-6""), 7.69 (d, ] = 8.1, H-3", H-5""), 3.82 (s,
4" -0CH3). Anal. calcd. for Co7H2gN204S: C, 68.04; H, 5.92; N, 5.88; S,
6.73; 0, 13.43. Found: C, 68.11; H, 5.89; N, 5.79; S, 6.76; O, 13.45.

2.2.3.3. (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium 4-bro-
mobenzenesulfonate (13). M.p. 282—283 °C, 0.18 g (59%) yield. UV
(CH30H) Amax (nm): 289.5, 328.0, 522.2; IR (KBr, cm™1): vC=C;
1569 s, vC—N; 1377 s, vS = O; 1189 s; '"H NMR (dg-DMSO mixed with
CDCl3): 6 4.52 (s,1-CH3), 2.50 (s, N-(CH3),), 8.41 (d,] = 9.0, H-3), 8.84
(d,] =9.0, H-4), 8.14 (d, ] = 7.8, H-5), 7.88 (t, ] = 7.8, H-6), 8.01 (¢,
J=78,H-7),837 (d, ] = 7.8, H-8), 7.72 (d, ] = 15.3, H-1"), 8.05 (d,
J=153,H-2),7.82 (d,] = 7.5, H-2", H-6"), 6.74 (d, ] = 7.5, H-3", H-
5"), 6.95 (d, ] = 8.7, H-2"", H-6"), 7.63 (d, ] = 8.7, H-3"", H-5""). Anal.
calcd. for C,gH25BrN,03S: C, 59.43; H, 4.80; N, 5.33; S, 6.10; O, 9.13.
Found: C, 59.24; H, 4.77; N, 5.51; S, 6.01; O, 9.17.

2.2.3.4. (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium 4-chl-
orobenzenesulfonate (14). M.p. 284—285 °C, 0.17 g (54%) yield. UV
(CH30H) Amax (nm): 289.5, 326.9, 522.8; IR (KBr, cm™!): vC=C;
1570's, vC—N; 1335 5, vS = O; 1164 s; 'H NMR (dg-DMSO mixed with
CDCls3): 6 4.50 (s, 1-CH3), 3.12 (s, N-(CH3)3), 8.46 (d, ] = 9.0, H-3), 8.90
(d,J =9.0, H-4), 835 (d, ] = 7.8, H-5), 7.91 (¢, ] = 7.8, H-6), 8.12 (¢,
J =178, H-7),8.40 (d, ] = 7.8, H-8), 7.70 (d, ] = 15.3, H-1"), 8.09 (d,
J=15.3,H-2"),7.88 (d, ] = 8.7, H-2", H-6"), 7.05 (d, ] = 8.7, H-3", H-
5"),7.30(d, ] = 8.1, H-2"", H-6""), 7.63 (d, ] = 8.1, H-3", H-5""). Anal.
calcd. for Cy6H25CIN,O5S: C, 64.92; H, 5.24; N, 5.82; S, 6.67; 0, 9.98.
Found: C, 64.81; H, 5.44; N, 5.86; S, 6.65; 0, 9.99.

2.2.3.5. (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium 4-am-
inobenzenesulfonate (15). M.p. 265—266 °C, 0.29 g (89%) yield. UV
(CH30H) Amax (nm): 203.0, 235.0, 252.0, 282.0, 327.0, 522.0; IR (KBr,
cm™1): vC=C; 1582 s, vC—N; 1334 s, vS = O; 1182 s; 'H NMR (ds-
DMSO mixed with CDCl3): ¢ 4.49 (s, 1-CH3), 3.12 (s, N-(CH3)3), 8.40
(d,]=8.2,H-3),8.69 (d,] = 8.2, H-4), 8.30 (d, ] = 8.2, H-5), 7.78 (¢,
J = 8.2, H-6), 8.08 (t, ] = 7.8, H-7), 8.18 (d, ] = 7.8, H-8), 7.47 (d,
J=159,H-1"),7.90 (d, ] = 15.9, H-2'), 7.75 (d, ] = 8.4, H-2", H-6"),
6.52 (d, ] = 8.4, H-3", H-5"), 7.89 (d, ] = 8.1, H-2""", H-6""), 6.78 (d,
J = 81, H-3", H-5"), 465 (br s, 4"-NH3). Anal. calcd. for
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Ca6H27N303S: C, 67.65; H, 5.90; N, 9.10; S, 6.95; 0O, 10.40. Found: C,
67.64; H, 5.89; N, 9.08; S, 6.96; O, 10.43.

2.2.4. (E)-2-(4-ethoxystyryl)-1-methylquinolinium iodide (QET)
(E)-2-(4-ethoxystyryl)-1-methylquinolinium iodide was synthe-
sized by mixing a solution (1:1:1 mole ratio) of 1,2-dimethylquino-
linium iodide (2.00 g, 7.0 mmol) which was synthesized by the
previous method [29], 4-ethoxybenzaldehyde (4.32 ml, 7.0 mmol)
and piperidine (0.69 ml, 7.0 mmol) in hot methanol. The resulting red
solution was refluxed for 6 h under nitrogen atmosphere. The
resultant orange-brown solid was filtered off, washed with diethyl
ether, dried in vacuo and purified by recrystallization. M.p.
219-221 °C, 2.20 g (68%) yield. UV (CH30H) Amax (nm): 217.5, 252.8,
314.1, 416.2; IR (KBr, cm™): vC=C; 1605 s, vC = 0; 1233 s; 'H NMR
(de-DMSO mixed with CDCl3): 6 4.60 (s, 1-CH3), 1.42 (t,] = 7.2, CH3),
415(q,]=7.2,0CH;), 8.50(d,] =9.0,H-3),8.93 (d,] = 9.0, H-4), 8.27
(d,J=7.5,H-5),7.90(t,J=7.5,H-6),8.15(t,]=7.5,H-7),8.45(d,] = 7.5,
H-8),7.74(d,J=15.6,H-1"),7.95(d,] = 15.6,H-2'),7.89(d,] = 8.7, H-2",
H-6"),7.02(d,] = 8.7, H-3",H-5"). Anal. calcd. for CooH,0INO: C, 57.57;
H, 4.83; N, 3.36; 0, 3.83. Found: C, 57.45; H, 4.89; N, 3.37; O, 3.79.

2.24.1. (E)-2-(4-ethoxystyryl)-1-methylquinolinium 4-methylbenze-
nesulfonate (16). A 0.24 g (0.58 mmol) solution of QET in hot
methanol (50 ml) was mixed with 0.20 g (0.58 mmol) of silver (I) 4-
methylbenzenesulfonate in hot methanol (50 ml). The mixture
turned to brown and cloudy immediately. After stirring for 30 min,
the precipitate of silver iodide was filtered and the filtrate was
evaporated to give a yellow solid. The resultant yellow solid was
filtered off, washed with diethyl ether, dried in vacuo and purified
by recrystallization. M.p. 219—221 °C, 0.14 g (54%) yield. UV (CH30H)
Amax (nm): 202.7, 217.6, 256.2, 413.9; IR (KBr) v(cm™'): vC=C;
1605 s, vC—0; 1233 s; 'H NMR (dg-DMSO mixed with CDCls3): 6 4.52
(s,1-CH3),1.39(t,J = 7.2, CH3),4.09 (g,] = 7.2, OCH,), 8.42 (d,] = 9.0,
H-3),8.85(d,] = 9.0, H-4), 8.22 (d, ] = 7.5, H-5), 7.83 (t, ] = 7.5, H-6),
8.08(t,J =7.5,H-7),8.05(d,] = 7.5,H-8),7.70 (d,] = 15.9, H-1'), 7.89
(d,J=15.9,H-2"),7.88 (d,] = 8.7, H-2",H-6"),6.95 (d,] = 8.7, H-3", H-
5"),7.04(d,] = 7.8, H-2"", H-6"), 7.58 (d, ] = 7.8, H-3"", H-5""), 2.25 (s,
4""-CH3). Anal. calcd. for Co7H27NO4S: C, 70.25; H, 5.90; N, 3.03; S,
6.95; 0, 13.87. Found: C, 70.20; H, 5.88; N, 3.01; S, 7.10; O, 13.81.

Compounds 17—20 were synthesized with identical procedure
of 16 by replacing silver (I) 4-methylbenzenesulfonate with silver
(I) 4-methoxybenzenesulfonate (for 17), silver (I) 4-bromobenze-
nesulfonate (for 18), silver (I) 4-chlorobenzenesulfonate (for 19),
and silver (I) 4-aminobenzenesulfonate (for 20). All of the resulting
solids were further purified by recrystallization.

2.2.4.2. (E)-2-(4-ethoxystyryl)-1-methylquinolinium 4-methoxyben-
zenesulfonate (17). M.p. 256—257 °C, 0.26 g (80%) yield. UV (CH30H)
Amax (nm): 330.3, 413.1; IR (KBr, cm™!): vC=C; 1571 s, vC = O;
12195,vS=0; 1163 s; TH NMR (ds-DMSO mixed with CDCl3): 6 4.60
(s,1-CH3), 145 (t,] = 7.2, CH3),4.15(q, ] = 7.2, OCH>), 8.47 (d,] = 9.0,
H-3),8.89 (d,] = 9.0, H-4), 8.25 (d, ] = 7.5, H-5), 7.89 (t, ] = 7.5, H-6),
8.18 (t,J] = 7.5,H-7),8.40 (d,] = 7.5, H-8), 7.70 (d, ] = 15.6, H-1), 8.09
(d,J=15.6,H-2"),7.85(d,] = 8.7, H-2",H-6"), 7.70 (d, ] = 8.7, H-3", H-
5"),7.01 (d,] = 7.8, H-2"",H-6"),6.80 (d, ] = 7.8, H-3"", H-5""), 3.78 (s,
4""-0CHj3). Anal. calcd. for C,7H,7NOsS: C, 67.90; H, 5.70; N, 2.93; S,
6.72; 0, 16.75. Found: C, 67.92; H, 5.66; N, 2.90; S, 6.70; O, 16.82.

2.24.3. (E)-2-(4-ethoxystyryl)-1-methylquinolinium 4-bromobenze-
nesulfonate (18). M.p. 249—251 °C, 0.24 g (72%) yield. UV (CH30H)
Amax (NM): 221.0, 255.5, 413.9; IR (KBr, cm™~): vC=C; 1591 s, vC = O;
1223 5,vS = 0; 1168 s; 'H NMR (dg-DMSO mixed with CDCl3): 6 4.60
(s,1-CH3),1.43 (t,J=7.1,CH3),4.15(q,] = 7.1,0CH;), 8.48 (d,] = 9.0, H-
3),8.89(d,J=9.0,H-4),8.25(d,] = 7.5,H-5),7.87 (t,] = 7.5, H-6), 8.09
(t,J]=175,H-7),8.44 (d,] = 7.5,H-8),7.72 (d,] = 15.6, H-1’), 8.03 (d,

J=15.6,H-2),7.84(d,]=8.7,H-2",H-6"),6.98 (d,] = 8.7, H-3",H-5"),
7.41(d,] =8.4,H-2"",H-6"),7.60(d, ] = 8.4,H-3",H-5""). Anal. calcd.
for Co6H24BrNO4S: C,59.32; H, 4.60; N, 2.66; S, 6.08; 0,12.16. Found:
C,59.29; H, 4.58; N, 2.60; S, 6.01; 0,12.32.

2.2.4.4. (E)-2-(4-ethoxystyryl)-1-methylquinolinium 4-chlorobenzen-
esulfonate (19). M.p. 254—256 °C, 0.26 g (84%) yield. UV (CH30H)
Amax (NM): 228.7, 268.4, 410.2; IR (KBr, cm~!): vC=C; 1590’5, vC = O;
12245, vS = 0; 1152 s; 'H NMR (dg-DMSO mixed with CDCl3): 6 4.60
(s,1-CH3),1.46 (t,] = 7.2, CH3),4.18 (q,] = 7.2, OCH;), 8.45 (d,] = 9.0,
H-3),8.90 (d,] = 9.0, H-4), 8.28 (d, ] = 7.8, H-5), 7.91 (¢, ] = 7.8, H-6),
8.12(t,J=7.8,H-7),8.41(d,] = 7.8,H-8),7.72 (d,] = 15.9, H-1), 8.10
(d,J=15.9,H-2"),7.88 (d,] = 8.7, H-2",H-6"), 7.00 (d, ] = 8.7, H-3", H-
5"),7.30(d, ] = 8.7, H-2"", H-6""), 7.74 (d, ] = 8.7, H-3"", H-5""). Anal.
calcd. for C6H24CINO4S: C, 64.79; H, 5.02; N, 2.90; S, 6.65; O, 13.28.
Found: C, 64.70; H, 5.17; N, 2.68; S, 6.60; O, 13.45.

2.2.4.5. (E)-2-(4-ethoxystyryl)-1-methylquinolinium 4-aminobenzen-
esulfonate (20). M.p. (decompose) 242—244 °C, 0.21 g (64%) yield.
UV (CH30H) Amax (nm): 204.0, 248.0, 302.0, 412.0; IR (KBr, cm™!):
vC=C; 1588 s, vC = O; 1221 5, vS = O; 1150 s; 'H NMR (dg-DMSO
mixed with CDCl3): ¢ 4.65 (s, 1-CH3), 8.83 (d, J = 8.3, H-3), 8.39 (d,
J=83,H-4),7.90(t,J] = 8.3,H-5),8.19(t,] = 8.3, H-6), 8.23 (t,] = 8.3,
H-7),8.24(d,] = 8.3,H-8),7.66 (d,] = 15.6, H-1"), 8.01 (d, ] = 15.6, H-
2'),7.89 (d, ] = 8.7, H-2", H-6"), 7.01 (d, ] = 8.7, H-3", H-5"), 7.01 (d,
J=7.8,H-2",H-6"),7.85(d,] = 7.8, H-3"",H-5""), 4.34 (br s, 4”-NH3).
Anal. calcd. for CogHN204S: C, 67.50; H, 5.67; N, 6.06; S, 6.93; O,
13.84. Found: C, 67.44; H, 5.88; N, 6.01; S, 6.81; O, 13.86.

All 'H NMR spectra were available as supplementary materials.

2.3. Crystal structure determination

In addition, single crystals of compound 5 were obtained by
recrystallization from methanol and further determined by X-ray
diffraction analysis. Crystallographic data were collected on
a Bruker SMART APEXII CCD area-detector diffractometer with
a graphite monochromated Mo-Ko. radiation (A = 0.71073 A) at
100.0(1) K with the Oxford Cryosystem Cobra low-temperature
attachment. The collected data were reduced using SAINT and the
empirical absorption corrections were performed using SADABS
program [30]. The structures were solved by direct methods and
refined by least-squares using the SHELXTL [31] software package.
The crystallographic data, selected bond lengths, bond angles and
torsion angles for compound 5 were listed in Tables 1 and 2,
respectively. The hydrogen bonding geometries were listed in Table
3. X-ray ORTEP diagram and packing diagram of compound 5 are
shown in Figs. 6 and 7, respectively.

3. Antibacterial assay

All of the purified compounds were tested against both Gram-
positive bacteria i.e. B. subtilis, E. faecalis, S. aureus, Methicillin-
Resistant S. aureus and Vancomycin-Resistant E. faecalis and
Gram-negative bacteria i.e. Pseudomonas aeruginosa, Salmonella typhi
and S. sonnei. Bacteria S. typhi, S. sonnei, B. subtilis and P. aeruginosa
were obtained from culture collection, Department of Industrial
Biotechnology and Department of Pharmacognosy and Botany, Prince
of Songkla University. Methicillin-Resistant S. aureus (MRSA) ATCC
43300, Vancomycin-Resistant E. faecalis (VRE) ATCC 51299, S. aureus
TISTR517 and E. faecalis TISTR459 were obtained from Microbial
Research Center (MIRCEN), Bangkok, Thailand. The antimicrobial
assay employed was the colorimetric microdilution broth technique
using RPMI1640 medium and Alamar Blue as an indicator. Microbial
inoculation were prepared as suspension in RPMI1640 medium and
mixed with 1% 100x Alamar Blue indicator. The cell suspension was
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Table 1
Crystal data and structure refinement parameters for the compound 5.

Chemical formula: C;6H;9N3.CgHgNO3S.H,0

Formula weight: 429.53

Crystal system: monoclinic

Space group: P2,/cZ =2

a = 6.9229(6) A

b =12.6106(10) A

c=11.9705(10) A

8 = 94.849(6)°

V =1041.31(15) A3

Deqt = 1.370 g cm 3

w(Mo—K,) = 0.190 mm™!

T=100.0(1) K

F(000) = 456

Crystal size = 0.53 x 0.33 x 0.25 mm?

0 range for data collection 2.35—35.00°

R =0.1151

Ry =0.3534

No. of unique data measured = 8910

No. of observed data with [I > 2¢(I)] = 8910

No. of parameters = 275

Goodness-of-fit = 1.104

(4p)max = 2.502 e. A3

(4p)min = —2.551 e. A3

Measurements; Bruker APEX2 CCD diffractometer

Program system: Apex2

Structure determination; direct method (SHELXTL)

Refinement: full-matrix least-squares

CCDC759537 contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from the Cambridge
Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

then transferred into a 96-well microliter plate (100 ul/well except for
first row which contained 190 ul/well). Sample (10 pl) dissolved in
DMSO at a concentration of 25 mg/ml was added to each well of the
first row and mixed well with a micropipette. Half of the mixtures of
cell suspension and compounds in the first rows were then trans-
ferred to the next well in the second row to perform a half-fold dilu-
tion. The dilution process was repeated as a sequence until the
compounds were diluted 128 times in the last row. The excess 100 pl of
the mixture in the last row was discarded. The plates were incubated
at 37 °C for 8—12 h. The antimicrobial activity was determined as the
MIC value which was the least concentration of the compound that
could inhibit the change of Alamar Blue indicator from blue to red. All
assays were repeated at least three times [32].

4. Result and discussion
4.1. Synthesis of all pyridinium and quinolinium stilbene derivatives
4.1.1. FI-IR and UV—vis spectroscopy

The (E)-2-(4-ethoxystyryl)-1-methylpyridinium iodide (PET)
was conventionally prepared by refluxing the mixture of 1,2-

Table 2

Selected bond lengths (A), bond angles (o) and torsion angles (o) of compound 5.
N2—C11 1.367(7) O1W—-H1W1 0.8501
N2—-C15 1.471(8) O01W—-H2W1 0.8500
N1-C1 1.346(7) S1-01 1.446(4)
N1-C5 1.357(7) S1-02 1.459(5)
N1-C14 1.483(8) S1-03 1.474(4)
C6—C7 1.351(8) S1-C17 1.773(5)
C11-N2—C16 120.5(5) C15—-N2—-C16 119.9(5)
C5—-N1-C1 121.9(5) 01-S1-02 112.9(3)
C5—-N1-C14 120.6(5) 01-S1-C17 106.6(3)
C4—C5—C6—C7 -4.7(9) C16—N2—C11—C10 —174.5(5)
C5—-C6—C7—C8 —179.3(6) C15-N2—-C11-C12 1.0(8)
C6—C7—C8—C13 —1.3(10)

Table 3

Hydrogen bonding geometry (A, o) of compound 5.
D-HA D-H H...A D..A D—H...A
OTW-H1W1...03. 0.85 1.97 2.822(7) 180
O01W—H2W1...01! 0.85 2.04 2.849(7) 158
N3—H3B—02 0.86 244 3.193(8) 147
N3—-H3C-03" 0.86 2.21 3.041(7) 163
C1-H1A-01WV 0.93 2.14 3.038(7) 162
C14-H14C-03 0.96 2.58 3.398(8) 143
C19-H19A-02" 0.93 2.48 3.286(7) 145
C21-H21A-02™ 0.93 2.59 3.495(7) 163
C22—H22A—-03 0.93 2.58 2.957(7) 105
C3—H3A...Cg} 0.93 2.76 3.519(7) 140
C12—H12A...Cg; 0.93 2.76 3.601(5) 150

Symmetry codes: (i) 1+ x,y,z; (ii) —x,V2+y,1 —z; (ili) 1 —x, Y2+ y,1 — z; (iv) 1 — X,
Y5 +y, -z, (V) X, ¥, —1 + z. Cg; is the centroid of C17—C22 ring.

dimethylpyridinium iodide, 4-ethoxybenzaldehyde and piperidine
for 4 h in methanol. The product could be easily purified by
recrystallization from methanol or ethanol [33]. All three stilbene
iodide derivatives (PAM, QAM and QET) were achieved from the
same synthesis method. The structures of all compounds were
confirmed by UV—vis absorption spectra, IR, and 'H NMR data.

The UV—vis absorption spectra were made using methanol in
the wavelength range of 200—800 nm. The UV—vis absorption
spectrum of 5 was shown in Fig. 4. It should be mentioned that
analysis of UV—vis spectra revealed trans-configuration for all
obtained compounds since trans-stilbenes exhibit the values of
Amax in the range 290—360 nm [34,35]. The UV—vis spectra of
quinolinium derivatives in methanol showed absorption bands
between 200 and 415 nm. The position of the absorption maximum
(ca. 415 nm) ascribed to the w—=* transition of the quinolinium
ring.

IR spectra of all compounds have been investigated in the
frequency range 400—4000 cm~! and shown typical aromatic
absorption i.e. for compound 5 (Fig. 5), there were resonance
conjugated unsaturated stretching modes in the chromophore (C=C
at 1611 cm~!) and C—N at 1297 cm ™. The peak found at 1195 cm™!
wave number pertains to S=0 bond of sulfonate.

4.1.2. Crystallographic study

The crystallographic-information file for the monohydrated of
compound 5 has been deposited in the Cambridge Crystallographic
Data Center as CCDC759537. These data can be obtained free of
charge via http://www.ccdc.cam.ac.uk/data_request/cif, or by
e-mailing data_request@ccdc.cam.ac.uk, or by contacting the
Cambridge Crystallographic Data Center, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.
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Fig. 4. UV—vis spectrum of compound 5 in CH30H.
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Fig. 5. FT-IR spectrum of compound 5.

The crystallographic and experimental parameters used for data
collection and determination of the structure are given in Table 1.
All non-hydrogen atoms were refined anisotropically. All H atoms
were positioned geometrically and allowed to ride on their parent
atoms, with N—-H = 0.86 A, O—H = 0.85 A, C—H = 0.93 A for
aromatic and CH and 0.96 A for CHs atoms. The Ui, values were
constrained to be 1.5Ueq of the carrier atom for methyl H atoms and
1.2Ueq for the remaining H atoms. The molecular structure and
atom numbering of compound 5 are shown in Fig. 6, and the crystal
packing is presented in Fig. 7. The selected bond lengths, bond
angles and selected torsion angles were listed in Table 2. Compound
5 crystallizes in the P2¢/c space group with Z = 2. The asymmetric
unit of the title compound consists of a CijgHigN5  cation,
a CgHgNOsS™ anion and one H,0 molecule (Fig. 6). This crystal is
a twin with the ratio for the two twin components obtained by
least-squares structure refinement being 0.639(6):0.361(6). The
molecule exists in trans-configuration as indicated by the torsion
angle C5—C6—C7—C8 = —179.3(6)° and slightly twisted with the
dihedral angle between the pyridinium and the phenyl ring
(C8—C13) being 7.3(3)°. It can be found that the carbon—carbon

Fig. 6. The ORTEP plot of compound 5 showing the atom numbering scheme. Thermal
ellipsoids of non-H atoms are drawn at the 50% probability level.

bond lengths of 5 are basically intermediate between typical C—C
single (1.45 A) and C—C double (1.35 A) bonds. The dimethylamino
is co-planar with the attached phenyl ring in which one methyl
group is slightly deviated as indicated by torsion angles
C15—N2—C11—C10 = 1.0(8)° and C16—N2—C11—C12 = 5.1(8)°. The
anion is inclined to the cation with the dihedral angles between the
benzene ring of the anion and pyridinium and benzene rings of the
cation being 88.0(3) and 81.7(3)°, respectively.

In the crystal packing as shown in Fig. 7, the cations are linked
with water molecules by weak C1-H1A...O1W interaction
(symmetry code; 1 — x, —%2 + y, —z) whereas the anions are linked
with water molecules by OTW—H1W1...03 (symmetry code; x, y, z)
and O1W—H2W1...01 (symmetry code; 1 + x, y, z) hydrogen bonds
(Table 3). The molecules are linked into two-dimensional network
parallel to the ab plane by C—H...O and N—H...O hydrogen bonds
and C—H...w interactions (Table 3). The crystal structure is further
stabilized by C—H---mw interactions involving pyridinium and
anionic benzene rings with the C3—H3A...Cgy and C12—H12A...Cg;
(Table 3, symmetry code; x, ¥, —1 + z and x, y, z respectively); Cg; is
the centroid of C17—C22 ring.

4.2. Biological results

The antibacterial activity results showed that these synthesized
hybrid disinfectants exhibited interesting antibacterial activity in
which all compounds were active against at least one of the tested
strains and none of the compounds was totally inactive. The results
suggested that this combination concept could lead to the potent
antibacterial agents which can be easily modified by the variation
of stilbene-QAC moiety or benzenesulfonate parts. The MIC values
have proved that all compounds were active against MRSA and the
main reason for the antibacterial activity in these hybrid
compounds were related to the types of QAC-head groups.

Our antibacterial study (Table 4) showed that these compounds
were more effective against Gram-positive than Gram-negative
bacteria as generally found which may be due to the “intrinsic
resistance” of Gram-negative bacteria [36,37]. In general,
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Fig. 7. The crystal packing of compound 5, viewed down the c-axis. Hydrogen bonds are shown as dashed lines.

quaternary ammonium halides such as 1-alkylpyridinium halides
exhibit strong bacteriostatic activity against Gram-positive bacteria
rather than those against Gram-negative bacteria [38]. In this study,
the QAC-headgroups which are pyridinium and quinolinium, seem
to be the key factor to the activity. The quinolinium headgroup-
containing compounds exhibited more potent activity, especially
against MRSA, than that of the pyridinium headgroup-containing
compounds (see Table 4). Fig. 8 clearly showed the higher activity

against MRSA (1/logMICyrsa) of quinolinium (11—-20) compared
with pyridinium (1-10) derivatives.

The quinolinium derivatives (11-20) showed the better activity
against Gram-positive than Gram-negative bacteria. Compounds
11, 13 and 14 showed similar activity and were the most active
compounds with the MICs value = 2.34 ug/ml against all tested
Gram-positive bacteria and were better than that of the standard
references BZK and vancomycin. For the tested results against

Table 4

Antibacterial activity of the synthesized compounds PAM, PET, QAM, QET and 1—20.
Compound MIC (pg/ml)

Gram-positive bacteria Gram-negative bacteria
MRSA* S. aureus B. subtilis VRE** E. faecalis P. aeruginosa S. typhi S. sonnei

PAM? 375 300 300 300 300 300 300 300
1 37.5 300 150 300 300 150 300 300
2 75 150 150 150 150 150 150 150
3 75 - - - - - - -
4 37.5 — 300 150 - 300 300 —
5 375 — — 300 — — — —
PET® 375 - - - - - - 300
6 375 150 300 300 150 375 150 150
7 150 — — — — — — —
8 18.75 = = = = = 300 300
9 75 — — - - — — —
10 75 — — — - — — —
QAM* 9.37 18.75 9.37 4.68 18.75 300 300 4.68
11 234 2.34 2.34 2.34 234 300 300 2.34
12 2.34 — 75 150 150 - — 150
13 2.34 2.34 2.34 2.34 2.34 300 300 2.34
14 2.34 2.34 2.34 234 234 300 300 234
15 234 75 18.75 18.75 75 150 75 75
QET¢ 2.34 — 375 375 75 — — 150
16 234 — 9.37 37.5 37.5 — — 150
17 2.34 — 18.75 18.75 75 — — 150
18 2.34 300 18.75 18.75 37.5 — — 75
19 2.34 — 75 150 75 — — 300
20 4.68 37.5 375 75 375 = 75 75
BZK 9.37 <2.34 150 9.37 9.37 300 9.37 —
Vancomycin <2.34 9.37 2.34 2.34 9.375 2.34 2.34 2.34

— No activity was observed up to 300 pg/mL.

* Methicillin-Resistant S. aureus ATCC 43300.

** Vancomycin-Resistant E. faecalis ATCC 51299.
2 (E)-2-(4-(dimethylamino)styryl)-1-methylpyridinium iodide.
b (E)-2-(4-ethoxystyryl)-1-methylpyridinium iodide.
¢ (E)-2-(4-(dimethylamino)styryl)-1-methylquinolinium iodide.
4 (E)-2-(4-ethoxystyryl)-1-methylquinolinium iodide.
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Fig. 8. The comparison of antimicrobial activities between pyridinium and quinoli-
nium stilbenes salts against Methicillin-Resistant S. aureus ATCC 43300.

Gram-negative bacteria, compounds 11, 13 and 14 were very active
only against S. sonnei (MICs = 2.34 pg/ml) while all quinolinium
derivatives were inactive against the rest Gram-negative bacteria
(P. aeruginosa and S. typhi).

While comparing between two quinolinium derivatives series
i.e. compounds 11-15 (dimethylamino-containing compounds)
and compounds 16—20 (ethoxy-containing compounds), the
results showed that both series showed the desirable activity with
a bit different characteristic in which compounds 11-15 showed
broad band spectrum against the tested Gram-positive and one
Gram-negative (S. sonnei) whereas compounds 16—20 showed the
very specific activity against only MRSA.

The pyridinium derivatives (1-5 and 6—10 series) showed
moderate to low activity against MRSA and low activity against the
rest Gram-positive bacteria (S. aureus, B. subtilis, E. faecalis and
Vancomycin-Resistant E. faecalis). These compounds were inactive
against all tested Gram-negative bacteria (MICs > 150 pg/ml).
While comparing between the two pyridinium derivatives series
i.e. 1-5 and 6—10 series, it was found that the activity of 1-5 series
was better than that of 6—10 which might be due to the presence of
the dimethylamino group which was able to enhance the activity
compared to the effect of the methoxy group in the 6—10 series.

All pyridinium derivatives (1-10) were less potent than the
standard BZK and vancomycin so it might be concluded that the
pyridinium-QAC-headgroup was not the promising molecular
parameter for this hybrid antibacterial agents. However,
compounds 1, 2 and 6 were the most active compounds among the
pyridinium derivatives with MIC values ranging from 37.5 to
300 ug/ml for the Gram-positive antibacterial activity.

From the antibacterial activity results (Table 4) it was seen that
when the benzenesulfonate moiety was introduced (in 1-20) in
place of I” (in PAM, PET, QAM, QET) the activity were clearly changed
with the MIC values changing from 9.37 pg/ml in QAM to 2.34 pg/ml
in compound 11. The introduction of 4-substituted-benzenesulfo-
nate part seems to promote the activity by 2—4 times only in qui-
nolinium derivatives (11—20), especially in compounds 11,13 and 14.
However, the introduction of 4-substituted-benzenesulfonate
moiety did not significantly enhance the antibacterial activity for the
pyridinium derivatives as displayed by the comparison the anti-
bacterial activity between iodide-containing and 4-substituted-
benzenesulfonate-containing compounds for example, by changing
fromiodide (in PET) to 4-methylbenzenesulfonate (in compound 6).
The comparative antibacterial activity against MRSA can also be
found in compounds PAM and compound 1 (see Table 4).

5. Conclusion

The new class of hybrid disinfectants were synthesized and
reported in this study. The structural characterizations of the

synthesized compounds were made by the spectroscopic methods.
The structure of compound 5 was also confirmed by single crystal
X-ray diffraction studies. All compounds showed the antibacterial
activities as expected and the quinolinium derivatives displayed
more potent activity than that of the pyridinium derivatives against
the bacteria tested, whereas the dimethylamino-containing series
exhibited better activity than ethoxy-containing series. The hybrid
between quinolinium-QAC and sulfonamide-like structures
showed good antibacterial activity. Among all compounds, 11-15
are wide-spectrum antibacterial substances while compounds
16—20 showed very specific activity against MRSA. For the wide-
spectrum antibacterial substances, compounds 11,13 and 14 are the
most active compounds which indicated the dominant antibacte-
rial effect of quinolinium-QAC-headgroup and dimethylamino
group.
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