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(E)-4-Hydroxy-N’-(3,4,5-trimethoxybenzylidene) (E)-N"-(4-Ethoxybenzylidene)-4-

benzohydrazide hydroxybenzohydrazide dihydrate

(E)-4-Methoxy-N-(3,4,5-trimethoxybenzylidene) (E)-N’ -(5-Bromo-2-hydroxybenzylidene)-4-
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Abstract

Twenty-seven of benzohydrazide derivatives which are 4-Hydrozybromobenzohydrazide
derivatives (A1-A9), 4-Methoxybenzohydrazide derivatives (B1-B9) and 4-Bromobenzohydrazide
derivatives (C1-C9) were synthesized to search for antioxidant and antibacterial compounds. Their
structures were elucidated by spectroscopic method. In addition five compounds which are A2, A8, B2,
B9 and C2 were also characterized by single crystal X-ray diffraction. The antioxidant activity of the
twenty-seven synthesized compounds showed that there are fourteen compounds which are A3-A9,
B5-B6 and C3-C7 show interesting antioxidant activities. The antibacterial results show that eight
compounds which are A4, AS, A9, B3, B5, B6, C5 and C6 possess antibacterial activity in which B5
and2 CS show potent antibacterial activity, A9 shows good antibacterial activity whereas A4, A5, B3,

B6 and C6 show moderate antibacterial activity.
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A5 B5 cs 2,3-dihydroxyphenyl

A6 Bé6 Cé 3,4-dihydroxyphenyl

A7 B7 C7 4-hydroxyphenyl

A8 B8 C8 4-ethoxyphenyl

A9 B9 C9 2-hydroxy-5-bromophenyl




(E)-4-Hydroxy-N’-(3,4,5-trimethoxybenzylidene) (E)-N-(4-Ethoxybenzylidene)-4-

benzohydrazide hydroxybenzohydrazide dihydrate
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(E)-4-Methoxy-N-(3,4,5-trimethoxybenzylidene) (E)-N -(5-Bromo-2-hydroxybenzylidene)-4-
benzohydrazide methoxybenzohydrazidemonohydrate
B2 B9

(E)-4-Bromo-N-(3,4,5-trimethoxybenzylidene)benzohydrazide
C2

Crystal structures of compounds A2, A8, B2, B9 and C2
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14a2AT characterization aomaiianalnlnaInil UV-Vis, FT-IR uag 'H NMR

o @ o . { o 4
3. MimsannanasoyWUS benzohydrazides AFanT 1z Id01nde 1 uaz 2 el 1dwin
Yo o 1 é 9 o 1Y P @ o o )
wanzeau Taglddaiazaisaie q dedeainmadSunldsussuuvesdiazatsaunsenala
nannaneanulansazle 1ag ¥IABE1961 0.2x 0.2 x 0.2 mm’ We¥MIv1laseadeane
Y v

WMATIANIS IR AVUYDISTITIOAFUUNANIRLY

o o 3 ] w o o
4. fmsnageugniduduFeuuniievesaseyWus benzohydrazides iduns1zi 18

° = a @ o . { o
5. MAMINATOUGNIAUBYYADATTUDIATOYWUT benzohydrazides AFuns 13 18

[2))

. d3UMa 1WEUI18IU (a2 manuscripts

H,CO

Scheme 10 Tﬂsam’ﬁwmmiaqﬁuﬁ benzohydrazides (A1-A9, B1-B9 uaz C1-C9)
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YUNUN R UBI015 A1-A9, B1-BY uag C1-C9

Compound Compound Compound R
Al B1 C1 phenyl
A2 B2 C2 3,4,5-trimethoxyphenyl
A3 B3 C3 3-methoxy-4-hydroxyphenyl
Ad B4 C4 3-ethoxy-4-hydroxyphenyl
AS BS C5 2,3-dihydroxyphenyl
Ab Bé6 Ceé 3,4-dihydroxyphenyl
A7 B7 Cc7 4-hydroxyphenyl
A8 B8 C8 4-ethoxyphenyl
A9 B9 C9 2-hydroxy-5-bromophenyl
JEmInaaes
msfuATIZHmS

as 4 Y o aaa
qUATISNA1TOYNUT benzohydrazides  A1-A9,  B1-BY taz C1-C9lauiljisen
condensation §E¥I19 benzoylhydrazines (182 benzaldehydes ﬁlﬁﬂ’)‘fl}mﬁ\iﬂﬁﬂ?m Taodinis
[ a d' o aan q’: o d‘ dll 9
ﬂimﬂaaumau%ua:fdmax“lumimﬂgﬂimmqmﬁgn A0 AU ) ﬁ']ﬁJﬂ'J']iJLﬁﬂJT&’ﬂNLWE)GlW
Y a o o g Y . ¥
ndaduaiawidosns  Tao A1-A91%  4-hydroxybenzoyl hydrazine  uaz B1-B9 19

4-methoxybenzoyl hydrazine tlag C1-C9 1% 4-bromobenzoyl hydrazine

/@)‘\ NHz OHC Rg EtOH, reflux /@)]\ \J@[
R4

Scheme 11 MyFUATIZHA5OYWUS benzohydrazides A1-A9, B1-B9 Liag C1-C9

e” )

“
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[
L d

nsAnngnidudasenuaiide

mimﬁauqmaumwmmﬂmiamﬁ‘daﬁmimmzﬂmmmmﬁ Colorimetric microdilution
broth assay GNmmsfm1"114@1s'mﬁa‘uﬂmanumiumifmaamsmmmﬂmmmmmﬂmimn”lsn
nagevldoiesiaii uazldmsdiedriidesminageuludSuaiidosnniafsufums
wﬂaauﬂmauﬁﬁmsﬁugqmm?mmqﬁuw%’ﬁma‘l%’?% Disk diffusion assay itaz8aaunsanaey
tsdaegeldnans q frecandey q fu suszdaaldmsuenuazdaiendisiideansanse
Fl&Tasazaan saadaunsinnuuiudnnnia Tﬂﬂﬁ'lﬂﬁ‘l/lﬂﬁ”t]‘ﬂfm%(‘llﬂdﬁﬁaluﬂ’ligvgﬁﬂ”li
Lﬁﬂﬁli’)ﬂ%ﬂlmﬂﬁﬁﬂﬁmuﬁ”lmﬁ]‘lj’f]QIiﬂﬂ?ﬁ)lﬁﬂ’)%ﬂdﬂﬁﬁﬂﬂﬁlﬁﬂIiﬂﬁdtmﬂﬁﬁﬂ%ﬁﬂuﬂinu’m
wazunsuay 7 wile 18un uuafiFeunsuuan 4 mewus Ae B, subdlis (BA), S. aureus (SA),
Methicillin-Resistant S. aureus (MRSA) ag E. faecalis (EF) aznuARSsuNTNaY 3 d wﬁuﬁ Ao

P. aeruginosa (PA), S. typhi (ST) Wag S. sonnei (SS)

HINEHR
o o’: ‘5‘ A A 9o 4 [l A
- minadougniduiueunaite WWsuanueynEitazwilienn
1 4 Y a J o &£ o 4
Aeemans19158 as. 8a3Ing meyauTena uag WeTIANA otfuANIY AuTgATIMAITUINYAS
=N [ = a1 1Y) [] ao ° d{
i Inedrasumunsunsududeieiselulasamslumsimmaaeugns
Ay o Vo é‘ = ey
ladeuuniise B. substlis (14500 nmalsuna luladinmgamvnssy Au
a a = o, 4 o 4
QATMNITIAEAT W Inndoasauniund) WeuuaiiGe S aurens (1A5UFRIMN

a

AudyAuNIdngamw (Bangkok MIRCEN) aoniiu3feinuenansuazina TulaBuviaszmelng)
Fouuniide s faecalis, S. typhi, S. sonei Wag P. Aeruginosa (&3udenn madsundrimuas
dywgnuenaas auzndymand umanndsaavaiuaiuns)

- NS NATOUANBNT1TO1IBY Kanjana-Opas, A., 2002. New antifungal compounds from marine
Fungi. Ph.D. Thesis, University of California, San Diego.

- 9153AIFIU AD Vancomycin

)

<
msAnIgNEMMeYYaDaIZ

Qd, = 1 ot
mﬂﬁ‘nﬂaauqméfmm‘gu«aamz @erasnbnilu IC,) 416735 DPPH assay (Molyneux,

2004) 11ag 75 ABTS (Thaipong et al., 2006)

[~ { ]
-pppH-  fluarsfieglugil nitrogen radical Sty donlFlumsnageunslididnaseunse

lelasauaznouvesmsdiedn Tﬂﬂnﬁﬁuﬂﬂﬂ'mﬁ@ﬂnﬁuumqa’qmm DPPH- #in71NeIn0Y
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1 4 Qs ) { Qi = o 4
U919 492 nm Nanaslasarsdlednesngnidueyyadaszezyinlémsazars DPPH Wdeu

a 3| = A
mnmsa:maamaLﬂumia:maﬁmam

L0

O,N NO,

NO,

2,2-Diphenyl-1-picrylhydrayl radical ( DPPH radical)

- ABTS assay (Hudimsdnnsvanumusalumsdiueendiasu  Taold 2,2°-Azino-bis(3-
ethylbenzothia line-6-sulfonic acid) w1ildeglusloyyadase Taugnoendlad@ae Potassium
persulphate 1521181 14-17 ‘]?’JT&JQ I¥naneiilu ABTS cation radical (ABTS") éa;ﬂuaggaﬁﬁﬁﬂw-
Fe Samuenandugeqalugie 660, 734, 820 nm usgiouiammsaaniuuasii 415 uaz734

a (] o . - o (=}
mmlagasarediaasi liaisazats ABTS” nlasunindfr-@enduasazare luiiia

OH

A2,

2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
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AaN1INaasd

Series A

1. (E)-N ’-benzylidene-4-hydroxybenzohydrazide (A1)

N ” NH2 \Q
N + /@ EtOH
HO OHC Reflux

(E)-N -benzylidene-4-hydroxybenzohydrazide (A1) wisuldsnazare

4-hydroxybenzohydrazide (2 ¥a@ilua, 0.30 nfy) luemuea 15 Naaass wauduaIsazaw
v
benzaldehyde (2 Uad lua, 0.20 4addas) lwemuea ndsnmiudunsalalasnassn 1 Jadans
v ) 9 1
thvewaui 18 TS Wandifuna 3 FrlusswAal§soauysel asmsazaon 18 1iSuanis
Ay [y ) o 9 9 3
gaMIN DY nIBNaznauLLUaanuaULazihnznou T 1R Taeld vacuum
a o ¢ o a 2 .

WaRA MUY WIITUY, AraRunal 210-211 °C, UV-Vis (CH,0H) ﬂ.mx (nm): 218,
300, FT-IR (KBr) V(cm'l): 3070-3300 (O-H stretching), 3055 (Ar-H stretching), 1617 (asymmetric 2°
amide stretching), 1605 (C=C stretching), 1551 (symmetric 2° amide stretching), 'H NMR d,
DMSO/TMS) 5, ppm: 11.62 (1H, s), 8.42 (1H, s), 7.80 (2H, d, J = 8.7 Hz), 6.86 2H, d, J = 8.7 Hz),

771 (2H, d,J= 6.0 Hz), 7.47 (2H, d, J= 6.0 Hz), 7.43 (2H, t, J= 4.8 Hz)

2. E-N '—(3,4,5-trimethoxybenzylidene)-4-hydroxybenzohydrazide (A2)

NH, OCH;
Reflux
H

(E)-N"-(3,4,5-trimethoxybenzylidene)-4-hydroxybenzohydrazide (A2) wisnldanazae
4-hydroxybenzohydrazide (1 fiadTua, 0.15 n$u) Twenuea 15 iadaas nauduaIsazais 3,.4,5-

F
trimethoxybenzaldehyde (1 4ad lua, 0.19 dadans) luemuea ndsnmiudunsalalasaansn 1
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fiaddns dvowauit 1 lWSWdndiiunm 3 FrluesuRalfsnauysel drarsazarei 181ddy
= a9 [y ] o Y 9 Y
ﬂUGﬁqmﬂQNﬂﬂQ ﬂia\‘]ﬁzﬂﬂuuﬂﬂﬂﬂﬂ']'lllﬂullﬁgu1ﬁ$ﬂﬂu‘lﬂw11ﬁuﬁﬂiﬂﬂi“h’ vacuum
a o o o3 <= .

nannuIluveAIdTU1, yANaoUIal 259-260 °C, UV-Vis (CH,0H) Zm (nm): 214,
316, FT-IR (KBr) V(cm_l): 3300 (O-H stretching), 3121 (N-H stretching), 2942 (Ar-H stretching),
1641 (asymmetric 2° amide stretching), 1606 (C=C stretching), 1578 (symmetric 2° amide stretching),
'H NMR (d,-DMSO/TMS) 0, ppm: 11.62 (1H. s), 8.35 (1H, 5), 7.79 (2H, d, J = 8.4 Hz), 6.81 (2H, d, J

= 8.4 Hz), 7.00 (2H, s), 2.94 (3H, s), 3.83 (6H, s5)

3. (E)-N {(3-hydroxy-4-methoxybenzylidene)-4-hydroxybenzohydrazide (A3)

OH
0}
EtOH A
L JOC, e O
o OHC OCH, Reflux HO
A3

(E)-N /-(3-methoxy-4—hydroxybenzylidene)—4—hydroxybenzohydrazide (A3) 1aseulden
7218 4-hydroxybenzohydrazide (1 §iad lua, 0.15 n3y) luemuea 15 Hadans nauduaisazate
3-methoxy-4-hydroxybenzaldehyde (1 fiaalua, 0.15 fadaas) lueniuea ndsnniudynse
lelasnnedn 1 Haddns dveswauii I8 lSWdndidunm 3 FalusnudnlfAserauysd d
asazmeii I usuBegungites nsesmznouuuvasausuuazhaznew lvi it T
616%’ vacuum

nanduaiiiuvewdedun, 1AVAdNINAT 243-244 °C, UV-Vis (CH,OH) Zm (nm): 209,
325, FT-IR (KBr) V (cm-l): 3292 (O-H stretching), 3222 (N-H stretching), 2937-2966 (Ar-H
stretching), 1629 (asymmetric 2° amide stretching), 1607 (C=C stretching), 1575 (symmetric 2° amide
stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.46 (1H. ), 8.27 (1H, s), 7.78 (2H, d, J = 8.7 Hz),
6.85 (2H, d, J=8.7 Hz), 7.25 (1H, s),7.03 (1H, d, J= 8.4 Hz), 7.03 QH, d, J= 8.4 Hz),3.80 (3H, ),
10.11 (1H, ), 9.30 (1H, 5)
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4. (E)-N ’-(3-ethoxy—4-hydroxybenzylidene)-4-hydroxybenzohydrazide (Ad)

H
NH, OH N
EtOH
g/ " /(:[ /©/U\ E/ A OCH,CH;
H OHC ocH,cH, XM go

Ad

(E)-N ,-(3-ethoxy-4—hydroxybenzylidene)-4—hydroxybenzohydrazide (A4) wisuldnnazate
4-hydroxybenzohydrazide (2 #adlua, 030 nfu) lwemuea 15 Uaddas nauAUAITAZAY
3-ethoxy-4-hydroxybenzaldehyde (2 Jad lua, 0.32 dadans) lueniuen wdnthudunsalalas
ane3n 1 fadans vsswaui 8 rdndiunm 3 faTusufe§isoauysed smsazash
18 W dusudsguungiiies nsssnzneuuvvasanudunazthaznou livi ldud s Tag1d vacuum

naasuatiduvedisdun, yavnasumal 120-121 °C, UV-Vis (CH,0H) A_, (nm): 210,
326, FT-IR (XBr) V (cm'l): 3268 (O-H stretching), 2936-2980 (Ar-H stretching), 1603 (C=C
stretching), 1586 (symmetric 2° amide stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.43 (1H, s),
8.29 (1H, s), 7.78 (2H, d, J = 8.4 Hz), 6.84 (2H, d, J = 8.4 Hz), 7.28 (1H, 5), 7.05 (1H, d, J = 8.1 Hz),
6.85 (1H, d, J=8.1 Hz), 4.06 (g, J= 6.9 Hz), 1.34 (t,J=7.2 Hz), 10.09 (14, s5), 9.44 (1H, s)

5.(E)-N ,-(2,3-dihydroxybenzylidene)-4-hydroxybenzohydrazide (AS)

0 (0]
NH,
EtOH RS
D/©/»\ g * /©/L INI/ o
H
H OHC ol Reflux HO
H A5

(E)-N ’-(2,3-dihydroxybenzylidene)—4-hydroxybenzohydrazide (AS) wisnldeinazaie
4-hydroxybenzohydrazide (1 dadlua, 0.15 n5u) luwemuea 15 Naddas waudumsazaly
2,3-dihydroxybenzaldehyde (1 diadlua, 0.14 Hadaas) lueniuea ndnnudunsalalasaas
3n 1 Toddas o8 liWdndiunm 3 F2lueouRaU§Asnauysel Mmsazawi 14
Widusudsgungiites nsesmznounuuasnnuduuazimznou il lduislaels vacuum

Nﬁﬁﬁmﬁmﬂuﬂlaegﬁqﬁﬁ‘wma, YANABUINGY 246-247 °C, UV-Vis (CH,0H) A (nm): 211,

326, FT-IR (KBr) V(cm'l): 3257 (O-H stretching), 1615 (asymmetric 2° amide stretching), 1558 (C=C
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stretching), 1512 (symmetric 2° amide stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.92 (1H, s),
8.53 (14, s), 7.16 2H, d, J = 8.7 Hz), 6.75 2H, d, J= 8.7 Hz), 6.92 (1H, d, J = 7.5 Hz), 6.45 (1H, d, J
=7.5Hz),6.74 (1H,¢t,J="7.5 Hz)

6. E)-N ’-(3,4-dihydroxybenzylidene)—4-hydroxybenzohydrazide (A6)

H
I L
NH. OH N
N~ 2 EtOH [
(©/L B 1 on
H OH H Reflux HO
A6

(E)-N /-(3,4—dihydroxybenzy1idene)-4-hydroxybenzohydrazide (A6) wisn'ldnazane
4-hydroxybenzohydrazide (1 daalua, 0.15 nfy) lueniuea 15 Haddns wauAuaIsazany
3,4-dihydroxybenzaldehyde (1 dad lua, 0.14 fiadans) luwenivea wdnudunsalslasnae
$n 1 fiaddas thvesmauii 1815 Wdnddiunm 3 Gf}'ﬂmw!.ﬁﬂﬂﬁﬁ?manu"iiﬁéi"‘qmiazmﬂﬁ'lé’{
Tiusudsguugiives nsssaznountvasnnusuiasimznen Tl duda laold vacuum

naadauaniuveudedvun, yananumad 143-144 °C, UV-Vis (CH,0H) A, (am): 213,
331, FT-IR (KBr) V(cm'l): 3304 (O-H stretching), 1615 (asymmetric 2° amide stretching), 1589 (C=C
stretching), 1506 (symmetric 2° amide stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.39 (1H, s),
8.22 (1H, s), 7.77 (2H, d, J = 8.4 Hz), 6.84 (2H, d, J = 8.4 Hz), 7.22 (1H, s), 6.90 (1H, d, /= 8.1 Hz),
6.77 (1H, d, J= 8.1 Hz), 10.10 (1H, s5), 9.32 (1H, s)

7. (E)-N ’-(4-hydroxybenzylidene)—4-hydroxybenzohydrazide (A7)

\/©/OH
O
N NH, OH E{OH N’N\
H + e H
H OHC Reflux HO
A7

(E)-N /-(4-hydroxybenzylidene)-4-hydroxybenzohydrazide (A7) w3ou'1ds1nazale
4-hydroxybenzohydrazide (2 dadlua, 030 niu) luweniuea 15 dandas wauduaIsazaiy

¥
4-hydroxybenzaldehyde (2 0alua, 0.24 dndans) lwemusa vasnnduAunsalalasnaein
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=

[l v Ed ]
1 faddns theesraudldllindndidiunm 3 HluauRalfdsanauyse dumsazaon1ald
a3 -~ A Y [y Y o y 9 9
Buandungives asesmznounuvananuiuazthazneu i i lagls vacoum
a  a & o [~ =) .

WA NN UYDUVITUT, AN ABUNGT 250-251 °C, UV-Vis (CH,0H) lm (nm): 216,
316, FT-IR (KBr) V(cm'l): 3238 (O—H stretching), 1631 (asymmetric 2° amide stretching), 1604 (C=C
stretching), 1509 (symmetric 2° amide stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.44 (1H, s),
8.32 (1H, s), 7.78 (2H, d, J = 8.7 Hz), 6.83 (2H, d, J= 8.7 Hz), 7.53 (2H, d, J = 8.7 Hz), 6.85 2H,d,J
=8.7Hz)

8. (E)-N ’-(4-ethoxybenzylidene)-4-hydroxybenzohydrazide (A8)

OCH,CH;
NH, OCH,CH; \/©/
EtOH _
N + [ j N’
H OH Ref Tux HO

(E)-N ’-(4-ethoxybenzylidene)-4-hydroxybenzohydrazide (A8) wion'ldnazare
4-hydroxybenzohydrazide (2 Wadlwa, 030 nfu) lwemuea 15 Noddas waufumIazale
4-ethoxybenzaldehyde (2 3iadlun, 0.27 Uadans) “lmamuaa ndniudunsalslasnassn
| fasans dwewwaud 1dlUsWdndiunm 3 ‘B’JINQ%NLﬂﬂﬂQﬂSMﬁNUSﬂL Fransazaen 1319
Wusudagungiines assnznauntuanaNusuuaziiasneu T et a Taeld vacuum
nandaaniluvewdeduni, yavasumas 189-190 °C, UV-Vis (CH,0H) A, (am): 218,
316, FT-IR (KBr) V(cm-l): 3152-3265 (N-H stretching), 2927 (Ar-H stretching), 1625 (asymmetric 2°
amide stretching), 1604 (C=C stretching), 1573 (symmetric 2° amide stretching), 'H NMR dy
DMSO/TMS) 5, ppm: 11.50 (H, s), 8.36 (1H, s), 7.79 (2H, 4, J = 8.7 Hz), 6.99 2H, d, J = 8.7 Hz),
7.64 (2H, d, J = 8.4 Hz), 6.85 (2H, d, J= 8.4 Hz), 4.10 (¢, J = 6.9 Hz), 1.34 (£, /= 6.9 Hz)

9. (E)-N ’-(S-bromo-2-hydroxybenzylidene)—4-hydroxybenzohydrazide (A9)

0

Br
Br (0]
NH, N.
N~ EtOH AN
OH
H OHC Reflux HO
OH A9
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(E)-N ’-(5-bromo-2-hydroxybenzylidene)-4—hydroxybenzohydrazide (A6) wionldanazane
4-hydroxybenzohydrazide (2 %adlwa, 030 nsw) lueniuea 15 Naddns waududIsazale
5-bromo-2-hydroxybenzaldehyde (2 3ad lua, 0.40 dadans) luleniuea n&mntiudunsalalas
aneln 1 findans Mvewaud 18 Sndndidung 3 $1lusufal§Asnauysel sasazaed
18 iBuuigungiiies nsesnzneunuuaannudutaniagneulili lduia Tae1d vacuum

nandaatuveudedun, yanasumad 255-256 °C, UV-Vis (CH,0H) A (nm): 219,
293, 300, 337, FT-IR (KBr) V (cm'): 3259-3303 (O-H stretching), 1656 (asymmetric 2° amide
stretching), 1608 (C=C stretching), 1589 (symmetric 2° amide stretching), '"H NMR (d,-DMSO/TMS)
O, ppm: 11.41 (1H, s), 8.56 (1H, s), 7.82 (2H, d, J = 8.7 Hz), 6.87 (2H, d, J = 8.7 Hz), 6.90 (1H, d, J =
8.4 Hz), 7.41 (1H, dd, J= 8.4, 2.4 Hz), 7.76 (1H, 5), 10.19 (1H, 5)

Series B

1. (E)-N ’-benzylidene-4-methoxybenzohydrazide (B1)

0
N/ NHZ
H,CO OHC o

Reflux H,C

$818 4-methoxybenzhydrazide (0.33 n3u, 2 fadlua) A28 MUEA 10 Hadans
Tuvrndunanuuin 100 1adans ABEIAN benzaldehyde (0.2 dadans, 2 dad lua) AN LBNUDA
= A Aan a o o < 1 aas a 4 3 12 a 3 °
80 10 Hadans svdne dunm 4 $2Tus wuhfasoudaauysel ud liliazneufaduvagims
¥ ¥

o R o ¢ A a & . Ay v 9 w9
ﬂﬂa@QﬂQﬂQWQ‘l? 1 ﬁﬂﬂ’]ﬁWU'TnJﬁZﬂ@i‘llﬂﬂéuu qusﬂfJu‘Vlvlﬂﬂiﬂﬂﬂiﬂﬂiﬂdaﬂﬂimﬂumﬂ

Y S vy w
snoUuABeMIUDA Aane 1A IH LAY
a @ o a A .
nansusiiiuvewdsdun, AN ABUINAT 202-203 °C, UV-Vis (CH,0H) ),m (nm): 214,
302, FT-IR (KBr) V(cm'l): 3449 (OH streching), 3200 (NH streching), 3031 (Ar-H streching), 1629
(C=0 streching), 1605 (NH bending), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.74 (1H, s), 8.45 (1H, s),
7.92 (2H, d, /8.7 Hz), 7.73 (2H, d, J=5.77 Hz), 7.46 (3H, m), 7.07 (2H, d, J=8.7 Hz), 3.84 (3H, s)
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2. E)-N ’-(3,4,5-trimethoxybenzylidene)—4-methoxybenzohydrazide (B2)

OCH3
NH, OCH;
/©)J\ g/ t EtOH /©)‘\ oo
H,CO OHC CH, Reﬂ“‘

4-methoxybenzhydrazide (0.33 N3, 2 1iad la) aza1wde tLonuea 10 adans luviadu
= oS U ~ " o =y é
NANYUIA 100 UaaanT aogaaN (0.39 NI, 2 {jaalua) 109 3,4,5-trimethoxybenzaldehyde 4
azaudauevuea 10 Hadans SWdnd Wuna 6 9 Tus wudnl§seuiaauysel udwud luide
° < :,' Qy 9 @ I'd 1 'y a é’ 2 o
aznouvazINMINaassdemaned 1 dlai  wuh lufisgnewnaduiuildssimeonuvanany
[ Y A o 4 3 A
sunazldwansuadurewdafun
a o o o 3 A .

Hanf M UYBUITYI, JanasuMal 191-192 °C, UV-Vis (CH,0H) ﬂm (hm): 212,
327, FT-IR (KBr) V(cmhl): 3448 (OH streching), 3222 (NH streching), 1638 (C=0 streching), 1606
(NH bending), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.74 (1H,s), 8.36 (1H,s), 7.90 (2H, d, J/=8.7 Hz),

7.06(2H, d, J=8.7 Hz), 7.04 (2H,s), 3.83 (3H,s), 3.70 (SH,s)

3.(E)-N ’-(3-methoxy-4-hydroxybenzylidene)-4-methoxybenzohydrazide (B3)

OH
I i \/@
NH, OH N
EtOH X
D/©)L INI/ + C/@[ /©/l INI, OCH;
Refl
H,C OH OCH; "% H;cO

4-methoxybenzhydrazide (0.33 n¥u, 2 {iad Tua) azaralo @n1uea 10 Hadans luvladu
=y aa \J = a o = A
AAUYUIA 100 Yaaaas ABY AN (0.30 NTY, 2 Had lua) vos 3-methoxy-4-hydroxybenzaldehyde 9
azaredaeiomuea 10 aaaas 3Wana iWuna 3 %2 Tue wudaljasoufaauysel uawudr lide
° =2 3 ay 9 a '3 J 124 = dy KX o o
znauvaziMInaassdeiane 3 1 flaninuh lifesneunatiuinillsaenuvasanudu
uaz 1Anaasuaiiiuveudediun
A W 4 3 A .
naafuaniuvewdedun, AN adUYVIAT 218-219 °C, UV-Vis (CH,OH) A (am): 212,
259, 325, FT-IR (KBr) V(cm'l): 3518 (OH streching), 3245 (NH streching), 3060 (Ar-H streching),
1651 (C=0 streching), 1607 (NH bending), 'H NMR (d6-DMSO/TMS) 5, ppm: 9.33 (1H, s), 8.28 (1H,
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s), 7.89 (2H, d, J=8.7 Hz), 7.27 (1H, s), 7.05 (2H, d, J=8.7 Hz), 6.98 (1H, d, J=8.7 Hz), 6.95 (1H, d,
J=8.7 Hz), 3.83 (3H, s), 3.80 (3H, 5)

4. (E)-N ’-(3-ethoxy-4-hydroxybenzylidene)-4-methoxybenzohydrazide (B4)

H
NH, oH N
EtOH
SO O, e O
HyC OHC CH,CH, XMy o
B4

4-methoxybenzhydrazide (0.33 nu, 2 Tad Tua) aza1wdu en1uea 10 Aadaas luviadu
AANYUIR 100 Hadans ABEYLAY (0.33 Nadans, 2 Aaa lua) Y89 3-ethoxy-4-hydroxybenzaldehyde
2 FY) a aa o (o o & ) 1 aaa a o
Faazaredeeniusa 10 Saaans Wand 1uaan 5 ¥l wunlgnieunaduysel Inzney

14 ¥ 2 v
Batuvuziinsneass demill 1 Au hweswwaunlénsesannnududnasnoudigeniuea
wazaana 1319
a & o d A .

nann NI UUB VTV, YAraDUIMal 213-214 °C, UV-Vis (CH,0H) /Lm (nm): 211,
327, FT-IR (KBr) V(crnhl): 3394 (OH streching), 3231 (NH streching), 1641 (C=0O streching), 1609
(NH bending), 1H NMR (d6-DMSO/TMS) 5, ppm: 11.56 (1H, s), 8.31 (1H, 5), 7.90 (2H, d, J=8.7 Hz),
7.31 (1H, d, J/=8.1Hz), 7.06 (2H, d, J=8.7 Hz), 6.85 (1H, d, J=8.1Hz), 4.07 (2H, ¢4, J=6.9Hz), 3.83 (3H,
s), 1.38 (3H, ¢, J=6.9Hz)

5.(E)-N '—(2,3-dihydroxybenzylidene)—4-methoxybenzohydrazide (B5)

0 0
~NH, EtOH N
N
Refl OH
H,CO OHC H O HCco
H | B5

4-methoxybenzhydrazide (0.33 31, 2 fiadlua) aza1e@2e LM UDA 10 Nadans 1WYI9

A aa ' a [y a o . 2

Aunauuula 100 Uadans ABYUAN (0.28 N3, 2 Jiaa lua) 99 2,3-dihydroxybenzaldehyde 4
£V a an a 1w d o o 1 aan a @ a 43’
azaledneemuea 10 Naddas IWdng Wunar 5 ¥ lue wundgnTennaauysel iasnounaiu
9 ¥ 1 Yy ¥

waziinsnaase aana 1l 1 An heewaun ldnsssaaanududenznoudsemuoanazang

1319
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nansuaiiuvewdefivios, gavasuman 229-230 °C, UV-Vis (CH,0H) A___ (nm): 214,
303, FT-IR (KBr) V(cmhl): 3420 (OH streching), 3287 (NH streching), 3094 (Ar-H streching), 1642
(C=0 streching),» 1608 (NH bending), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.26 (1H, s), 8.57 (1H, s),
7.93 (2H, d, J=8.7 Hz), 7.08 (2H, d, J=8.7 Hz), 6.95 (1H, dd, J=7.5,1.5 Hz), 6.86 (1H, dd, J=7.6, 1.5
Hz), 3.84 (3H, s)

6. E)-N ’-(3,4-dihydroxybenzylidene)-4-methoxybenzohydrazide (B6)

OH
I \/@(
/@/‘]\ NHz /@0 __EOH _ /©)LN,N\ OH
H
Refl
H;CO M m1co

4-methoxybenzhydrazide (0.33 A5Y, 2 Tad lua) azarudie tLeMuea 10 Hadans luvIaduy
= s 1 =Y -7 o~y — é
AANYUIA 100 Hadans ABBAN (0.28 NTY, 2 dad lua) ¥eq 3,4-dihydroxybenzaldehyde ¥iazaiy

aan

9 a A A o o o @ ' " a
Auemusa 10 Yasans sWany Wuar 4 $alug W‘IJ’NlJ;]ﬂiEﬂLﬂﬂﬁiJ‘Uim uawud e
° = a’/‘ Ay 9 [ 4 1 1y 43 2 o @
znauvuziiNInaasddfing 13 1 dlavinuh lifieznewnavuiaildssmenuuananudu
@nansaaiiuyeudedinios
Nﬁmﬁmcﬁsﬂummuﬁqﬁmﬁm, AV ABNINAT 239-240 °C, UV-Vis (CH,0H) ﬂm (nm): 212,
363, FT-IR (KBr) V(cm'): 3292 (OH 1oz NH streching), 1604 (C=0 streching (/a2 NH bending), H
NMR (d,,-DMSO/TMS) 5, ppm: 11.50 (1H, s), 8.24 (1H, s), 7.88 (2H, d, J=8.7 Hz), 7.23 (1H, s), 7.04

(2H, d, J=8.7 Hz), 6.93 (1H, d, J/=8.1Hz), 6.74 (1H, d, J=8.1Hz), 3.84 (3H, s)

7.(E)-N ’-(4—hydroxybenzylidene)-4-methoxybenzohydrazide ®7

OH
0] \/@/
NH OH N
7 2 EtOH ”’ XD
Refl
H,CO OHC ™ g0

(E)-N ~(3-hydroxy-4-methoxybenzylidene)-4-methoxybenzohydrazide  (B7) wionldan

A1y 4-methoxybenzohydrazide (2 #ad 1@, 0.33 n51) lwenuea 15 Uaddas nauAuaITazay
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14
4-hydroxybenzaldehyde (2 {ad lua, 0.24 adans) lueniuea ndsnniluaunsalelasnaosn
1 daddas dwesnani1a lUSwdndidune 3 2 lusswdalfAsoauysel demsazaelgld
3 -~ a 9 ) a o V¥ v i
WUAUDIQUUNUN B NTBtaznauLuLasaNuaULaziinneau U 1FuR e Tae 14 vacuum

waadualifuvededun, yanasuman 289-290 °C, UV-Vis (CH,0H) A_ (am): 208,
324, FT-IR (KBr) V(cm-l): 3421 (O-H stretching), 3210 (NH streching), 1647 (C=0 streching), 1606
(C=N streching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.54 (1H, s), 9.93 (1H, s), 8.33 (1H, ), 7.90 (2H,
d, J=8.7 Hz), 7.56 (2H, d, J=8.4 Hz,), 7.06 (2H, d, J=8.7 Hz), 6.85 (2H, d, J=8.4 Hz), 3.83 (3H, s)

8. (E)-N ’-(4—ethoxybenzylidene)-4-methoxybenzohydrazide (B8)

I \/©/O
N CH,CH, _Bon
H +
R fl
H,CO OHC erux

4-methoxybenzhydrazide (0.33 N5, 2 {iad lua) aza1eAle L8N Uea 10 Hadansluviedy

CH,CH,

= oy \J a —~y aa ) = é
AANYIIA 100 UadaAs Aveq@AN (0.30 Naddns, 2 Uad lua) ¥D9 4-ethoxybenzaldehyde Feazany
] b4
deemuea 10 daddas Sudnd Hunar 4 $11ue wuinl§AsenRaauysal fnznoudaiuvae
o Sy a . Y v g Y S Ly v
MiMsnaaes Asis 13 1 fu thusawauiildnsesannnududnznoudisenueaiazana 1314
L
U
A w 'S o .
waﬂﬂmwﬂmmummn, Va0 181-182 °C, UV-Vis (CH,0H) ZM (nm): 215,
316, FT-IR (KBr) V(cmhl): 3425 (OH streching), 3291 (NH streching), 3101 (Ar-H streching), 1644
(C=O streching), 1606 (NH bending), 'H NMR (4,-DMSO/TMS) O, ppm: 11.60(1H, s), 8.37(1H, s),
7.90 (2H, d, J=8.7 Hz), 7.65(2H, d, J=8.4Hz), 7.05(2H, d, J=8.7 Hz), 6.99(2H, d, J=8.4Hz), 4.08(2H, q,
J=6.9Hz), 3.83(3H, s), 1.34(3H, ¢, J=6.9Hz)

9. (E)-N ,-(S-bromo-Z-hydroxybenzylidene)-4-methoxybenzohydrazide (B9)

£l
H,CO Re ux

B9



30

4-methoxybenzhydrazide (0.33 A5W, 2 Had lua) azareale tonuea 10 Hadans luviadu
ARNYUIA 100 HadaaT ABeAN (0.40 ATV, 2 Nadlua) ¥BY 5-bromo-2-hydroxybenzaldehyde
é s Aan =i Y u‘; U aaa = =)
Fazmearseniuen 10 Jaddas Sdnd Junm s Falus wuhuljAsoudaauyse fazneu
a 4 ° g 2y A ° Y Y Y S 2 yyg v
favuvaziimsnanss danald 1 Auhweswaunldnsesaaanududnaznouazaang131s

9

YR

nanSaatiluvoudadun, anaaunan 207-208 °C, UV-Vis (CH,0H) ﬂ,mx (nm): 217,
243, 290, 301, 338, FT-IR (XBr) V(cm-l): 3498 (OH streching), 3221 (NH streching), 3045 (Ar-H
streching), 1647 (C=0 streching), 1608 (NH bending), 'H NMR (d;-DMSO/TMS) 5, ppm: 11.38 (1H,
5), 8.60 (1H, 5), 7.94 (2H, d, J=8.7 Hz), 7.78 (1H, d, J=1.8 Hz), 7.43 (1H, dd, J=8.85, 2.0Hz), 7.08 (2H,
d, J=8.7 Hz), 6.91 (1H, d, J=8.7 Hz), 3.85 (3H, 5)

Series C

1. (E)-N ,-benzylidene-4-bromobenzohydrazide Cy

O 0
~NH, N.
~
EtOH
Br ' OHC

Reflux Br

==p

C1

(E)-N -benzylidene-4-bromobenzohydrazide (c1) wisu'ldnazare

4-bromobenzohydrazide (2 #adlua, 0.43 n3y) lwemuea 15 Nadans HauduaITazaly
8

benzaldehyde (2 8@ lua, 0.20 Jaaans) huemuea nasntuaunialalasanesn 1 dadans

o d‘ =

1 k4 [
hvewwaui I8 lUsvdndiilunat 3 1 TussuRad§ATonauysal daasazaed1d1fiduands

ay as o ° ¥y 9 k)
DUNNNYIDI NTRazRoULLUAAA NUsULazIzneu I 1R LR Tae 1 vacuum

wansuaiiuvewdsdun, yavasuman 100-101 °C, UV-Vis (CH,0H) A__ (am): 249,
306, FT-IR (KBr) V(cm) 3176 (N-H stretching), 3023-3052 (Ar-H stretching), 1639 (asymmetric 2°
amide stretching), 1606 (C=C stretching), 1553 (symmetric 2° amide stretching), 'H NMR (ds
DMSO/TMS) 5, ppm: 11.92 (1H. s), 8.45 (1H, s), 7.88 (2H, d, J = 8.4 Hz), 7.75 (2H, d, J = 8.4 Hz),
7.46 (3H, m), 7.75 2H, d, J = 8.1 Hz)
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2. E)-N ’-(3,4,5-trimethoxybenzylidene)-4-bromobenzohydrazide (C2)

. CH;
0 CH, o OCH;
~NH, CHs  giom N
Br OHC ocH, Xeflix o ,

C2

(E)-N’-(3,4,5-trimethoxybenzylidene)-4-bromobenzohydrazide  (C2) wienldvinazate

4-bromobenzohydrazide (2 3iad lua, 0.43 n5u) lweniuen 15 Uadans nauduaIsazaly 3.4,5-
3

trimethoxybenzaldehyde (2 ad lua, 0.39 Hadans) lweniuea nasnniuiunsalalasaassn 1

°

] ' 9 ]
fiaddes hvewanii 18 lSvdndiilunm 3 1 TusswdnlfASonemuysel dsmsazared'id1fiiu
= sy o ) o Yy 9 3
MW DgUNYiifes nsssazneuuannuauuazthazneu T Idud s Taold vacuum
a a d ad .

nanAuaiuYewdIdU, 3ANa0NMA 193-194 °C, UV-Vis (CH,OH) A__ (nm): 242,
323, FT-IR (KBr) V (cm-l): 3212 (N-H stretching), 3059 (Ar-H), 1641 (asymmetric 2° amide
stretching), 1575 (C=C stretching), 'H NMR (d,-DMSO/TMS) 0, ppm: 11.92 (1H, s), 8.37 (1H, s7.86

(2H, d,J=8.4 Hz), 7.75 (2H, d, J = 8.4 Hz), 7.05 (2H, s5), 3.71 (3H, s), 3.84 (6H, s)

3.(E)-N ’-(3-methoxy—4-hydroxybenzylidene)-4-bromobenzohydrazide (C3)

OH
I I \/@
NH, OH N.
EtOH
/©/u\ g/ ’ C/@[ /@JL }NI/ A OCH;
B OH OCH, Reflux B
C3

(E)-N /—(3—methoxy-4-hydroxybenzylidene)-4—bromobenzohydrazide (Cc3) wisnldnnazae
4-bromobenzohydrazide (2 dadlua, 043 n3u) luwemuea 15 Hadans waudumsazaney
¥
3-methoxy-4-hydroxybenzaldehyde (2 #adlua, 030 Hadans) lweniuea vasnNiuAuNIa
a a an o 4 I 4 & a aan L4 q’/l
lelasnaesn 1 fladdas vewwauii I8 ldSwandiduna 3 F1luswuRad§asoauysel as
<4 yq ¥ d 2 a g o o e Q¥ ¥
msazareh 14 Miduautigangiives nsesasnounuuaannuautazihnznou lum ldudelas
‘1‘135‘Vacuum
a o L4 d a .
naafuiiluvoudadun, AvaBUIMal 178-179 °C, UV-Vis (CH,0H) /?,m (nm): 241,

326, FT-IR (KBr) V (cm'l): 3441 (O-H stretching), 3277 (N-H stretching), 2920-2925 (Ar-H
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stretching), 1647 (asymmetric 2° amide stretching), 1591 (C=C stretching), 1514 (symmetric 2° amide
stretching), 'H NMR (d,-DMSO/TMS) 0, ppm: 11.73 (1H, s), 8.29 (1H, s), 7.85 (2H, d, J = 8.4 Hz),
7.74 2H, d, J = 8.4 Hz), 7.27 (1H, d, J = 1.8 Hz), 6.97 (1H, d, J = 8.4 Hz), 7.50 (1H, d, J = 8.4 Hz),
3.41 (3H, s), 9.32 (1H, s)

4, 8 (E)-N ’—(3-ethoxy-4-hydroxybenzylidene)—4-bromobenzohydrazide (C4)

H
NH OH N
-2 EtOH
Y O e (S e
B OHC OCH,CH, ReflUX o
c4

(E)-N ’—(3—ethoxy-4—hydroxybenzylidene)-4-bromobenzohydrazide (€4 wivyldnnazae
4-bromobenzohydrazide (2 3ad 1@, 0.43 nT1) Tuemuoa 15 Tadans naunuaITazals 3-ethoxy-
4-hydroxybenzaldehyde (2 iiadlua, 032 fiadans) luwemusa vdsnniudunsalalasnassn
1 fiaddes vewmaui 18 105Wdndiuna 3 Frlusswind§isnauysel dsensazarei 181
o P} a g ar o o Y 9 v
wualdIgungiivies nsosaznauuuvasaNudutaniazneu lli lnuve Taols vacuum

a o o o @ A .

naafuaiiuvewdadyd, yavasumad 136-137 °C, UV-Vis (CH,OH) A__ (nm): 324,
328, FT-IR (KBr) V(cm‘l): 3422 (O-H stretching), 3215 (N-H stretching), 3050 (Ar-H stretching),
1645 (asymmetric 2° amide stretching), 1598 (C=C stretching), 1518 (symmetric 2° amide stretching),
'H NMR (d,-DMSO/TMS) 5, ppm: 11.72 (1H, s), 8.31 (1H, ), 7.85 2H, d,J= 8.4 Hz), 7.74 2H, d, J
= 8.4 Hz), 7.29 (1H, s), 7.08 (2H, d, J = 8.1 Hz), 6.85 (1H, d, J = 8.1 Hz). 4.80 (¢, J = 6.9 Hz), 9.49
(1H,s),41.43 (¢, J=6.9 Hz)

5.(E)-N '—(2,3-dihydroxybenzylidene)-4-bromobenzohydrazide (C5)

O (0]
NH N.
N~ 2 EtOH A
oo+ —_— N OH
B OHC OH Reflux B H
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(E)-N /-(2,3-dihydroxybenzylidene)—4-bromobenzohydrazide (C5) wiou'ldanazaie
4-bromobenzohydrazide (2 #adlwa, 043 nsu) lulemuesa 15 Uaddas wauduasazaly
2,3-dihydroxybenzaldehyde (2 #iadlua, 0.27 Jadans) luemuen niamniudunsalalasaas
$n 1 faddaes esmaud 18103t 3 FaluuRnufAsoauysed smsazaied 14
TWiduautagungiites nsesmzneuuuuaannuduuazthaznoulii it Taeld vacuum

wﬁﬁﬁmeﬁaﬂuﬂlam%ﬁi{wma, ANADUINAI 235-236 °C, UV-Vis(CH,0H) ﬁ.m (nm): 238,
303, FT-IR (KBr) V(cmhl): 3280 (N-H stretching), 3928-3063 (Ar-H stretching), 1665 (asymmetric 2°
amide stretching), 1618 (C=C stretching), 1594 (symmetric 2° amide stretching), 'H NMR s
DMSO/TMS) 5, ppm: 11.04 (1H, s), 8.59 (1H, s), 7.88 (2H, d, J = 8.4 Hz), 8.4 (2H, d, J = 8.4 Hz),
6.98 (1H, dd, J=1.5, 1.2 Hz), 6.86 (1H, dd, J=1.5, 1.2 Hz), 6.48 (1H, 1, J= 7.5 Hz)

6. E)-N ,-(3,4-dihydroxybenzylidene)-4-bromobenzohydrazide (C6)

OH
I I \/@
NH, OH N,
EtOH [
/©/U\ FI/ ? C/©i /©)L INI, .
B OH OH Reflux B
Cé6

(E)-N ’-(3,4—dihydroxybenzy1idene)-4-bromobenzohydrazide (Ce) wisu'ldanazane
4-bromobenzohydrazide (2 #adlwa, 043 n3y) lwewniuea 15 Uaddas wandvMIsazay
3,4-dihydroxybenzaldehyde (2 §adlua, 0.27 Hadans) lueniuea nianmiudunsalalasaae
$n 1 findans thuewwauni ldlSvdndidunm 3 $2TusaudalfAseauysel Mmsazaneitld
Tidurusgungiifes nsesazneunuvansudunazihzneu lihlduddlasls vacuum

nandaanduveaulieduni, gavasumnal 239-240 °C (decompose), UV-Vis (CH,OH) A__,
(nm): 238, 330, FT-IR (KBr) V (cm'l): 3212-3349 (O-H stretching), 1648 (asymmetric 2° amide
stretching), 1604 (C=C stretching), 1562 (symmetric 2° amide stretching), 'H NMR (d-DMSO/TMS)
5, ppm: 11.67 (1H, s), 8.25 (1H, s), 7.84 (2H, d, J = 8.7 Hz), 7.73 (2H, d, J = 8.7 Hz), 7.27 (1H, s),
6.78 (1H, d,J=8.1 Hz), 6.93 (1H, d, J = 8.1 Hz), 9.35 (1H, 5)
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7.(E)-N ’-(4-hydroxybenzylidene)-4-bromobenzohydrazide (CT)

I \/©/O
N,NHZ OH E {OH
H +
B OH Ref Tux

(E)-N ’-(4-hydroxybenzylidene)-4—bromobenzohydrazide (o)) wssu'ldainazaie
4-bromobenzohydrazide (2 #adlua, 043 nsy) lulemuea 15 dadass woudvasazaiy
4-hydroxybenzaldehyde (2 #iaflua, 0.24 fiadans) lweniuea niannthudunsalalasnansn
1 finddns thuesau 1 lUivdndilunm 3 $rluenuAnuitoauysel damsazarei 141
WuauBeguuaniiies nsesaznounuvasanuiutazthaznou I ldudelasld vacuum

nansuaifluvesudedmdes, AV ADUNAI 260-261 °C, UV-Vis (CH,OH) A, (am): 237,
325, FT-IR (KBr) V(cm-l): 3033-3057 (Ar-H stretching), 1606 (C=C stretching), 1556 (symmetric 2°
amide stretching), 'H NMR (ds-DMSO/TMS) 5, ppm: 11.70 (1H, s). 8.33 (1H, 5), 7.85 2H, d, J= 8.4
Hz), 6.74 2H, d, J=8.4 Hz), 7.56 2H, d, J= 8.7 Hz), 6.84 (2H, d, J= 8.7 Hz)

8. (E)-N ’-(4-ethoxybenzylidene)—4-bromobenzohydrazide (C8)

OCH,CH
0o 2 3
NH, OCH,CH; E (OH
H +
B Ol Reflux

(E)-N /-(4-ethoxybenzylidene)-4-brom0benzohydrazide (C8) wTenldanazale

4-bromobenzohydrazide (2 ¥Hadlua, 043 n5u) lwemusa 15 daddes naududIsazaly
3
4-ethoxybenzaldehyde (2 Hadlua, 027 Wadans) lwemuea ndsnniwaunsalalasaasin
1 fladdas thuessauit I8 lUSWdnditlung 3 FrlusowRal§isoauysel dsansazaeilaln
o = a9 Y o o Yy 9 kY
Iurudeguugiines nsesmznoutuvanauiuuazthaznou lilvin it laeld vacoum
A @ o o q o .

waaNaaNuUBUYITU, IANadUYAL 197-198 °C, UV-Vis (CH,0H) /1m (nm): 235,

323, FT-IR (KBr) V (cm'l): 3258 (N-H stretching), 3078 (Ar-H stretching), 1651 (asymmetric 2°

amide stretching), 1600 (C=C stretching), 1551 (symmetric 2° amide stretching), 'H NMR ds
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DMSO/TMS) 5, ppm: 11.77 (1H, s), 8.38 (1H, s), 7.86 (2H, d, J = 8.4 Hz), 7.74 (2H, d, J = 8.4 Hz),
7.66 (2H, d,J = 8.7 Hz), 7.01 (2H, d, J= 8.7 Hz), 4.08 (¢, J = 6.9 Hz), 1.34 (¢, J = 6.9 Hz)

9. (E)-N ,—(S-bromo—2-hydroxybenzylidene)-4-bromobenzohydrazide (C9)

(0] Br
N2 _EOH
H +
B OH Ref Tux
OH

(E)-N “(5-bromo-2-hydroxybenzylidene)-4-bromobenzohydrazide (C9) wisn'ldnazay
4-bromobenzohydrazide (2 Uadlua, 030 n5u) lwemuea 15 Hadaas wanduaIsazaly
1
5-bromo-2-hydroxybenzaldehyde (2 iiad 1ua, 0.40 fiadans) luenuea ndsnnuuaunsalalas
) a aAaa o Ay Y A (o & & a aana 4 3 P
Aasn 1 Hoaans thveswaui 18 lSudndidunar 3 F Tlusvuadlfsoauysel dsasazaten
181 dusudgungiites nsesnznenuuvaanudurasihazneu lii IdudaTae1d vacuum
A e g 3 A .
naadaanduveadiadun, ANADULNAD 236-237 °C, UV-Vis (CH,OH) lm (nm): 220,
251, 293, 345, FT-IR (KBr) V(cm'l): 3400 (O-H stretching), 3216 (N-H stretching), 3037 (Ar-H
stretching), 1647 (asymmetric 2° amide stretching), 1604 (C=C stretching), 1590 (symmetric 2° amide
stretching), 'H NMR (d,-DMSO/TMS) 5, ppm: 11.23 (1H, s), 8.61 (1H, s), 7.89 (2H, d, J = 8.4 Hz),
7.77 (2H, d, J = 8.4 Hz), 6.90 (1H, d, J = 9.0 Hz), 7.43 (1H, dd, J = 9.0, 2.7 Hz), 7.81 (1H, d, J = 2.7
Hz)

ﬂ]iﬁﬂ‘ﬂ]i]?l% mwmmﬂmiﬂ

e = ¥ A Y4 3
nmsfnantianiseengnidrudeuuniis sveaa158Y WU T benzohydrazides 119 27
k1)
415 Ao A1-A9, B1-B9 1oz C1-C9 aoidouunfiSeunsuuin 4 ¥ia Ao B. subtilis, E. faecalis,
9
Methicillin-Resistant S. aureus (MRSA) LaE S. aureus FouuanFeunsual 3 ¥iia Ao P. aeruginos,
. R v Y] A a(sl .&l A o Q2 A
S. sonnei QL S. typhl llﬂﬂﬂﬂﬂﬂ'ﬁ”ﬁﬂ 2-4 W“]_lﬁ'liﬂ'ﬂﬂf]mﬁﬁ']ulalf'f]!.l‘l.lﬂ'ﬂﬁﬂiu5$ﬂUﬂTUﬂa'Nﬂ\3ﬂ

NN 89T AD A4, A5, A9, B3, BS, B6, C5 1o C6
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Compound Compound Compound R
Al B1 C1 phenyl
A2 B2 C2 3,4,5-trimethoxyphenyl
A3 B3 C3 3-hydroxy-4-methoxyphenyl
A4 B4 C4 3-ethoxy-4-hydroxyphenyl
AS BS C5 2,3-dihydroxyphenyl
A6 B6 Cé 3,4-dihydroxyphenyl
A7 B7 C7 4-hydroxyphenyl
A8 B8 C8 4-ethoxyphenyl
A9 B9 C9 2-hydroxy-5-bromophenyl

M5en 2 gniaud

¥y

b7
A

ouUANITIYBIAT A1-A9

. MIC (ug/mL)

‘Gram-positive bacteria

| = Gram-negative bacteria

AR S LN

 No. B R : S : —p s LS
subttlts faec;lltv'.vs“f | MBsaT aureus iiérdg;'nosd 4 &bn;zei typhl
Al 300 75 300 - 150 - 300
A2 - 300 - - - - -
A3 150 - - - 75 - 75
Ad 150 75 | 375 | 75 s _‘ 75 |- 75
AS 9375 | 315 | 315 75 9375 75 1875
A6 150 37.5 - - 150 - 150
A7 150 - - - 37.5 - 150
A8 - - - - 18.75 - -
A9 1875 - - - - 4.68 - | 3750
Vancomycin | <2.34 4.68 <2.34 <2.34 <2.34 <234 | <2.34

- No activity was observed up to 300 xg/mL
* Methicillin-Resistant S. aureus ATCC 43300
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d' a’sl dy A A
MINN 3 NI UDULANITEVDIT1T B1-BY

: . ' MIC (pg/mL)

"No. b . Gram—posmve bacteria | Gram-negative bacteria =
L s&ft'ilis faef;zlis MRSA* aufeus aéfu?’ho.’va sorf;iéi"v' tyiht
B1 - - - - - - -

B2 - - - - - - -
B3 375 300 300 300 375 - 37.5 |
B4 - - - - - - -
B5 4.68 - - - 468 | 150 | 4.68
B6 75 150 150 300 75 150 | 18.75
B7 75 - - - 150 - 75
B8 - - - - - - -
B9 - - - - - - -
Vancomycin | <2.34 4.68 <234 | <234 <2.34 <234 | <2.34
No activity was observed up to 300 pg/mL
*  Methicillin-Resistant S. aureus ATCC 43300
ms1ah 4 qmmummmﬂmiwmmi C1-C9
il - 2o MIC (ug/mL) 00
N o ‘—— ‘ Gram—posmve bac1ter1a : Gram-negatwe bacteria
| subtilis faecalis MRSA* au‘féi{s : ‘aerufg')inosa. sorfnez tyihz
C1 - - - - - - -
C2 150 37.5 150 - - - -
C3 75 - 150 - 37.5 - 75
C4 - - - 75 - - -
C5 468 | 1875 | 1875 | 75 468 | 75 | 468
c6 | 375 | - 75 - 375 | 75 | 37150
c7 - - - - - - -
C8 - - - - - - -
C9 - - - - - - -
Varé‘i’gmy <234 | 468 | <234 | <234 <234 | <234 | <234

No activity was observed up to 300 ug/mL
* Methicillin-Resistant S. aureus ATCC 43300
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Bacteria strains

Gram-positive bacteria Gram-negative bacteria

- Bacillus subtilis . - Pseudomonas aeruginosa
- Enterococcus faecalis - Shigella sonnei

- Staphylococcus aureus - Salmonella typhi

- Methicillin-Resistant Staphylococcus aureus
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M990 5 qw%éfmﬂqgaﬁ’diz DPPH uaz ABTS radical scavenging activity 489615 A1-A9

~ Compounds | DPPH % inhibition | ABTS % inhibition
- Al “ 'inac.tive | B inactive
A2 inactive - 40.41
A3 42.01 96.25
A4 83.75 98.97
AS 86.46 90.74
A6 88.82 99.09
A7 inactive 98.28
A8 inactive 72.39
A9 inactive 83.45
Ascorbic Acid 0.022+0.000 0.022+0.000
100 -
90 -
80 -
c 70-
% 50 -
£ 401 W DPPH
R 30 -
20 - m ABTS
10 -
0 -i-m— e SR g
O I T R R
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&
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51/# 1 namsgnBAvoYYadesz DPPH taz ABTS 409815 A1-A9 UasA15UIATFIU Ascorbic acid
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~ Compounds | ' DPPH % inhibition | ABTS % inhibition
B1 inactive inactive
B2 inactive ‘inactive
B3 inactive inactive
B4 inactive inactive
B5S 86.41 66.66
B6 86.97 73.53
B7 inactive inactive
BS inactive inactive
B9 inactive inactive
Ascorbic Acid 0.022+0.000 0.022+0.000
100 -
90 -
80 -
S 60 ?
o
€ a- M DPPH
X 30
B ABTS |
20 -
10 -
O - M. NS g I W W ’
¥R PP PP PP L '
{0\0
S |
}
1 2 wansgnidueyyadass DPPH uaz ABTS 1843 B1-BY LAZa1301A§ 1M Ascorbic acid
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M3 7 gnidueyyadass DPPH waz ABTS radical scavenging activity 494815 C1-C9

~ Compounds | DPPH % inhibition | ABTS % inhibition
- C1 o inactive | - inactive |
C2 inactive inactive
C3 31.34 94.33
C4 80.35 85.74
C5 86.10 88.20
Ceé 85.48 92.07
C7 75.61 85.80
C8 inactive inactive
Cc9 inactive 51.40
Ascorbic Acid 0.022+0.000 0.022+0.000
100 3
80
70
§ 60
% 50 W DPPH
= 0 ™ ABTS
20
10 -
O -— w— - ' : o . —_ : -
c1 c2 c3 c4 cs c6 c7 c8 C9  Ascorbic
acid

& 9

317 3 uaRIgMIAIULYYABTTZ DPPH Uag ABTS 483813 C1-C9 4aza1suIns§1u Ascorbic acid
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The benzohydrazide molecule of the title compound,
Ci6H6N,052H,0, exists in a trans conformation with respect
to the C=N double bond. The central O=C—~NH-—-N=C
plane [r.ms. deviation of 0.0165 (1) A for the five non-H
atoms] makes dihedral angles of 6.04 (8) and 2.38 (8)°,
respectively, with the hydroxy- and ethoxy-substituted
benzene rings. The dihedral angle between these benzene
rings is 3.82 (7)°. The ethoxy group is almost coplanar with the
attached benzene ring with a C—O—C—C torsion angle of
—176.58 (11)°. In the crystal, the benzohydrazide and water
molecules are linked by N—H..-O, O—H---O, O—H:---N
and C—H---O hydrogen bonds into a three-dimensional
network.

Related literature

For bond-length data, see: Allen et al. (1987). For related
structures, see: Fun et al. (2011); Horkaew er al. (2011, 2012).
For applications of benzohydrazides, see: Loncle er al. (2004);
Molyneux (2004); Promdet et al. (2011); Raj et al. (2007). For
the stability of the temperature controller used in the data
collection, see: Cosier & Glazer (1986).

OCH,CH
o 2 3
N ANy
H

HO 2(H,0)

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

Experimental

Crystal data

C16H16N,05-2H,0 V = 1585.74 (4) A®

M, = 320.34 Z=4

Monoclinic, P2, /c Mo Ko radiation
a=71655(1) A i =010 mm™"
b=173895 (3) A T=100K

¢ =13.6202 (2) A , 0.29 x 0.16 x 0.16 mm
B =110.875 (1)°

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tooin = 0.971, Trpax = 0.984

22228 measured reflections
5737 independent reflections
4310 reflections with I > 20(/)
R = 0.032

Refinement

R[F? > 20(F?)] = 0.055
wR(F?) = 0.155

S =1.03

5737 reflections

209 parameters

H-atom parameters constrained
ApPmax =073 ¢ A7

Apmia = =028 ¢ A

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
02—H1---0T 0.84 1.77 2.6106 (15) 174
N1—H2...01wh 0.85 2.10 2.9278 (16) 167
O1W—H3. .02 0.81 2.06 2.8683 (15) 177
O1W—H4---O2W 0.88 1.84 2.7159 (19) 169
O2W—HS- - -01™ 0.87 2.14 2.8558 (18) 139
02W—H5- . N2 0.87 2.55 3.3363 (19) 151
O2W—H6---03" 0.89 2.11 29791 (17) 165
C6—H6A- - -0O1W* 0.95 2.36 3.2942 (18) 169
C8—HS8A- - -O1W® 0.95 2.49 3.3222 (18) 146

Symmetry codes: (i) x, ~y + =% (i) —x +1,y+L —z+% i) x, —y + 32+ (v)
x—=1—y+5z—L M —x+1—y+2,-z+1

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT
(Bruker, 2005); data reduction: SAINT, program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL,; software used
to prepare material for publication: SHELXTL and PLATON (Spek,
2009).
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Prince of Songkla University and Universiti Sains Malaysia for
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: 185130).
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(E)-N'-(4-Ethoxybenzylidene)-4-hydroxybenzohydrazide dihydrate - -
Hoong-Kun Fun, Jirapa Horkaew, Suchada Chantrapromma and Chatchanok Karalai

Comment

It has been known that a majority of benzohydrazides possesses various biological properties, such as antibacterial and
antifungal (Loncle et al., 2004), and antiproliferative (Raj et al., 2007) activities. The title benzohydrazide derivative (I}
was synthesized as part of our study on the bioactivity of benzohydrazide derivatives (Fun et al., 2011; Horkaew et al.,
2011, 2012; Promdet et al., 2011) and was evaluated for antioxidant activity by DPPH scavenging (Molyneux, 2004). It
was found to be active. Herein we report the synthesis and crystal structure of (I).

The title compound (Fig. 1), Ci6H6N>03.2H,0, comprises one benzohydrazide molecule and two water molecules. The
molecule of benzohydrazide exists in a trans-configuration with respect to the C8=N2 bond and the torsion angle N1—
N2—C8—C9 =-179.90 (11)° with the dihedral angle between the two benzene rings being 3.82 (7)°. The middle
fragment are planar with an z.m.s. deviation of 0.0165 (1) A for the five non-H atoms (01, C7, N1, N2 and C8). The mean
plane through this middle fragment makes the dihedral angles of 6.04 (8) and 2.38 (8)° with the 4-hydroxypheny! and 4-
ethoxypheny! rings, respectively. The ethoxy group is co-planar with the bound benzene ring with the torsion angle C12
—03—C15—C16 =-176.58 (11)°. The molecule is therefore approximately planar. The two water molecules are linked
to each other by an O—H---O hydrogen bond (Fig. 1). Bond distances of benzohydrazide are of normal values (Allen er
al., 1987) and are comparable with the related structures (Fun et al., 2011; Horkaew et al., 2011, 2012).

In the crystal packing (Fig. 2), the molecules of benzohydrazide and water are linked by N—H--O, O—H--O, O—H-N
and C—H---O hydrogen bonds (Table 1) into a three-dimensional network.

Experimental

The title compound (I) was prepared by dissolving 4-hydroxybenzohydrazide (2 mmol, 0.30 g) in ethanol (15 ml). A
solution of 4-ethoxybenzaldehyde (2 mmol, 0.27 ml) in ethanol (15 ml) was then added slowly to the reaction. The
mixture was refluxed for around 6 hr. The solution was then cooled to room temperature and a white solid appeared.
Colorless block-shaped single crystals of the title compound suitable for X-ray structure determination were recrystallized
from a methanol solution by slow evaporation of the solvent at room temperature after several days (m.p. 373-374 K).

Refinement

All H atoms were positioned geometrically [d(O—H) = 0.84 A for the hydroxy group and 0.81-0.89 A for water
molecules, d(IN—H) = 0.85 A, d(C—H) = 0.95 A for aromatic and CH, 0.99 A for CH, and 0.98 A for CH; groups] and
allowed to ride on their parent atoms, The Ui,(H) values were constrained to be 1.5U, of the carrier atom for methyl H
atoms and 1.2U,, for the remaining H atoms. A rotating group model was used for the methyl group.

Computing details

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: S4INT (Bruker, 2005);
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL
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(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication:

SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009).

o
02w

02

Figure 1

The molecular structure of the title compound, showing 60% probability displacement ellipsoids and the atom-numbering

scheme. The O—H:-O hydrogen bond is shown as a dashed line.
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Figure 2

The crystal packing of the title compound viewed along the a axis. Hydrogen bonds are shown as dashed lines.

(E)-N'-(4-Ethoxybenzylidene)-4-hydroxybenzohydrazide dihydrate

Crystal data

C16H15N203‘2H20 b = 173895 (3) A
M,=320.34 c=13.6202 (2) A
Monoclinic, P2,/c £ =110.875 (1)°
Hall symbol: -P 2ybc V=158574 (4) A
a=71655(1) A Z=4

Acta Cryst. (2012). E68, 01655-01656

sup-2



supplementary materials

F(000) = 680

D, =1.342 Mg m™

Melting point = 373-374 K

Mo Ka radiation, A = 0.71073 A

Cell parameters from 5737 reflections

Data collection

Bruker APEXTI CCD area-detector
diffractometer

Radiation source: sealed tube

Graphite monochromator

¢ and w scans

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

Toin=0.971, T = 0.984

Refinement

Refinement on F?

Least-squares matrix: full

R[F?>20(F*)] = 0.055

wR(F*) =0.155

S§=1.03

5737 reflections

209 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Special details

6=2.0-32.5°
#=0.10 mm™
T=100K

Block, colorless

0.29 x 0.16 x 0.16 mm

22228 measured reflections
5737 independent reflections
4310 reflections with 1 > 2¢(J)
Rix=0.032

Omax = 32.5°, O = 2.0°
h=-10—10

k=-26—19

[=-20—18

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w = U[cA(F>2 + (0.0735P)* + 0.7894P]
where P=(F 2+ 2F2)/3

(A/0)max = 0.001

Apmax =073 ¢ A3

Apmin =—0.28¢ A_:‘

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat

(Cosier & Glazer, 1986) operating at 120.0 (1) K.

Geometry. All esds (except the esd in the dihedral angle between two Ls. planes) are estimated using the full covariance

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

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

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters Ay

X y 4 (/iso*/Ueq

ol 0.75546 (15) 0.81977 (6) 0.40609 (8) 0.0174 (2)
02 0.60182 (15) 0.81464 (6) —0.08291 (8) 0.0188 (2)
Hl 0.6435 0.7704 —0.08%4 0.028*

03 0.85596 (15) 1.15548 (6) 0.90045 (8) 0.0198 (2)
NI 0.70782 (16) 0.94655 (7) 0.37373 (9) 0.0146 (2)
H2 0.6729 0.9842 0.3315 0.018*

N2 0.75068 (16) 0.96088 (7) 0.47938 (9) 0.0151 (2)
Cl 0.67580 (17) 0.86049 (7) 0.22842 (10) 0.0130 (2)
2 0.67471 (19) 0.78444 (8) 0.19463 (11) 0.0156 (2)
H2A 0.6925 0.7437 0.2436 0.019*
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C3 0.64817 (19) 0.76747 (8) 0.09099 (11) 0.0162 (2)
H3A 0.6461 0.7155 0.0690 0.019*
ca 0.62471 (18) 0.82718 (8) 0.01968 (10) 0.0145 (2)
C5 0.62192 (19) 0.90311 (8) 0.05149 (11) 0.0163 (2)
HSA 0.6018 0.9436 0.0020 0.020*
Cé6 0.64847 (19) 0.91980 (8) 0.15534 (11) 0.0156 (2)
H6A 0.6481 09718 0.1768 0.019*
c7 0.71456 (17) 0.87382 (7) 0.34201 (10) 0.0127 (2)
c8 0.73020 (19) 103161 (8) 0.50069 (1) 0.0162 (2)
HSA 0.6885 1.0676 0.4446 0.019*
o 0.76804 (19) 105918 (8) 0.60712 (1) 0.0155 (2)
C10 0.8108 (2) 1.01088 (8) 0.69423 (11) 0.0200 (3)
HI0A 0.8197 0.9569 0.6858 0.024*
Cll 0.8404 (2) 1.04100 (8) 0.79300 (11) 0.0201 (3)
H11A 0.8681 1.0077 0.8517 0.024*
Cl12 0.82933 (18) 1.12032 (8) 0.80608 (11) 0.0166 (2)
13 0.7880 (2) 116903 (8) 0.72028 (11) 0.0186 (3)
HI13A 0.7809 1.2230 0.7291 0.022%*
Cl4 0.7570 (2) 113863 (8) 0.62170 (1) 0.0189 (3)
HI14A 0.7279 1.1721 0.5631 0.023*
Cls 0.9043 (2) 1.10800 (9) 0.99250 (11) 0.0196 (3)
H15A 1.0348 1.0825 1.0066 0.024*
HI15B 0.8012 1.0678 0.9820 0.024*
Cl16 09131 (2) 115890 (9) 108336 (11) 0.0207 (3)
HI16A 0.9521 1.1283 1.1479 0.031*
Hl16B 0.7815 1.1818 1.0702 0.031*
H16C 1.0116 1.1998 1.0912 0.031*
o1w 0.36756 (19) 0.59100 (6) 0.24443 (9) 0.0301 (3)
H3 0.4370 0.6177 0.2921 0.045*
H4 0.2664 0.6197 0.2059 0.045*
02W 0.0731 (2) 0.67607 (8) 0.10548 (11 0.0471 (4)
H5 —0.0331 0.6558 0.0590 0.071*
Hé6 0.0705 0.7267 0.0963 0.071*
Atomic displacement parameters (42)
Ull UZZ Ui} U|2 Ul3 Lfl}
o1 0.0255 (5) 0.0134 (5) 0.0125(4)  —0.0004 (3) 0.0059 (4) 0.0019 (4)
02 0.0281 (5) 0.0179 (5) 0.0100 (4) 0.0064 (4) 0.0062 (4) ~0.0004 (4)
03 0.0277 (5) 0.0181 (5) 0.0126 (5) 0.0025 (4) 0.0059 (4) —~0.0014 (4)
NI 0.0212 (5) 0.0134 (5) 0.0086 (5) 0.0002 (4) 0.0047 (4) 0.0005 (4)
N2 0.0184 (5) 0.0170 (5) 0.0097 (5) ~0.0007 (4) 0.0044 (4) ~0.0015 (4)
Cl 0.0142 (5) 0.0133 (6) 0.0111 (5) 0.0001 (4) 0.0041 (4) ~0.0003 (4)
2 0.0220 (6) 0.0125 (6) 0.0129 (6) 0.0000 (4) 0.0067 (5) 0.0008 (5)
c3 0.0223 (6) 0.0132 (6) 0.0132 (6) 0.0008 (4) 0.0063 (5) ~0.0010 (5)
C4 0.0159 (5) 0.0165 (6) 0.0103 (6) 0.0025 (4) 0.0037 (4) 0.0000 (4)
cs 0.0227 (6) 0.0142 (6) 0.0123 (6) 0.0039 (4) 0.0067 (5) 0.0025 (5)
c6 0.0211 (5) 0.0129 (6) 0.0134 (6) 0.0024 (4) 0.0070 (5) 0.0012 (5)
c7 0.0137 (5) 0.0139 (6) 0.0105 (5) ~0.0006 (4) 0.0042 (4) 0.0000 (4)
s 0.0203 (5) 0.0161 (6) 0.0125(6)  —0.0015 (4) 0.0061 (5) ~0.0004 (5)
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C9 0.0173 (5) 0.0176 (6) 0.0117 (6) —0.0005 (4) 0.0052 (4) —0.0018 (5)
C10 0.0275 6) 0.0163 (6) 0.0162 (7) 0.0028 (5) 0.0078 (5) 0.0004 (5)
Cl1 0.0274 (6) 0.0175 (6) 0.0140 (6) 0.0030 (5) 0.0055 (5) 0.0020 (5)
Cl2 0.0166 (5) 0.0184 (6) 0.0139 (6) —0.0005 (4) 0.0043 (5) —0.0032 (5)
Ci3 0.0246 (6) 0.0145 (6) 0.0168 (7) 0.0002 (5) 0.0075 (5) —=0.0005 (5)
Cl4 0.0247 (6) 0.0154 (6) 0.0169 (6) —0.0012 (5) 0.0080 (5) —0.0005 (5)
C1s 0.0236 (6) - 0.0212 (7) 10.0144 (6) 0.0014 (5) 0.0073 (5) 0.0014 (5)
Cleé 0.0235 (6) 0.0247 (7) 0.0137 (6) —0.0009 (5) 0.0066 (5) —0.0027 (5)
O1W 0.0463 (7) 0.0148 (5) 0.0187 (6) 0.0027 (5) —0.0014 (5) —0.0031 (4)
o2wW 0.0469 (8) 0.0341 (8) 0.0342 (8) 0.0181 (6) —0.0176 (6) —-0.0151 (6)
Geometric parameters (4, °

01—C7 1.2445 (16) C8—H8A 0.9500

02—C4 1.3651 (16) C9—C10 1.3957 (19)
02—HI 0.8415 Co9—Cl4 1.402 (2)
03—Cl12 1.3738 (16) Cl10—Cl1 1.388 (2)
03—CI5s 1.4368 (17) Cl10—HI10A 0.9500

N1—C7 1.3428 (17) Cll—Cl12 1.397 (2)
N1—N2 1.3828 (15) Cil—H11A 0.9500

Ni—H2 0.8479 C12—C13 1.387 (2)
N2—C8 1.2841 (18) C13—C14 1.385(2)
Cl1—Cé6 1.3977 (18) CI3—HI13A 0.9500

cl—C2 1.3994 (18) Cl4—HI14A 0.9500

Cl1—C7 1.4894 (18) Ci5—Cl6 1.504 (2)
C2—C3 1.3872 (19) CI15—HISA 0.9900
C2—H2A 0.9500 C15—HISB 0.9900

C3—C4 1.3906 (19) Cl6—HI16A 0.9800
C3—H3A 0.9500 Cl6—HI16B 0.9800

C4—C5 1.3920 (19) Cl6—H16C 0.9800

C5—C6 1.3890 (19) O1W—H3 0.8092
C5—HS5A 0.9500 O1W—H4 0.8829
C6—Ho6A 0.9500 O2W—HS 0.8715

C8—C9 1.4575 (18) O2W—H6 0.8889
C4—02—H1 109.6 C10—C9—C8 123.66 (13)
C12—03—C15 118.06 (11) C14—C9—C8 117.71 (12)
C7—NI—N2 118.98 (11) C11—C10—C9 120.55 (13)
C7—N1—H2 123.0 Cl1—CI10—HI0A 119.7
N2—N1—H2 117.9 CS—C10—H10A 119.7
C8&—N2—NI1 114.02 (12) C10—Cl11—C12 120.03 (13)
Co—Cl—C2 118.69 (12) C10—CIl1—HIIA 120.0
C6—C1—C7 123.50 (12) Ci2—CIl11—HI1A 120.0
C2—C1—C7 117.77 (11) 03—CI12—Cl13 115.67 (12)
C3—C2—Cl1 121.23 (12) 03—Cl12—Cl11 124.31 (13)
C3—C2—H2A 119.4 C13—Cl12—ClI1 120.02 (13)
Cl—C2—H2A 119.4 Cl14—Cl13—C12 119.73 (13)
C2—C3—C4 119.37 (12) Cl14—CI13—HI3A 120.1
C2—C3—H3A 120.3 Cl12—CI3—HI13A 120.1
C4—C3—H3A 120.3 C13—C14—C9 [21.04 (13)

Acta Cryst. (2012). £E68, 0165501656

sup-5



supplementary materials

02—C4—C3 122.42 (12) C13—Cl14—H14A 119.5
02—C4—C5 117.41 (12) C9—C14—HI14A 119.5
C3—C4—C5 120.16 (12) 03—C15—C16 107.82 (12)
C6—C5—C4 120.21 (12) 03—C15—HI15A 110.1
C6—CS—HSsA 1199 Cl6—CI15—HI5A 110.1
C4—C5—H5A 119.9 03—C15—H15B 110.1
C5—C6—ClI 12031 (12) .~ Cl6—CI15—HI15B 110.1- -
C5—C6—H6A 119.8 H15A—C15—HI15B 108.5
C1—C6—H6A 119.8 C15—Cl6—HI16A 109.5
0O1—C7—N1 120.81 (12) C15—Cl16—H16B 109.5
01—C7—Cl1 121.40 (12) H16A—Cl6—H16B 109.5
N1—C7—C1 117.78 (11) Cl15—Cl6—H16C 109.5
N2—C8—C9 122.96 (13) H16A—C16—H16C 109.5
N2—C8—HB8A 118.5 H16B—C16—H16C 109.5
C9—C8—HS8A 118.5 H3—OQ1W—H4 106.9
C10—C9—C14 118.62 (12) H5—02W—H6 109.2
C7—N1—N2—C8 —176.66 (11) Ni1—N2—C8—C9 =179.90 (11)
C6—C1—C2—C3 0.32 (18) N2—C8—C9—C10 —-6.5(2)
C7—C1—C2—C3 -177.23 (11) N2—C8—C9—C14 174.70 (12)
C1—C2—C3—C4 0.81 (19) Cl14—C9—C10—C11 0.4(2)
C2—(C3—C4—02 178.72 (11) C8—C9—C10—Cl1 —178.38 (12)
C2—C3—C4—C5 -1.92 (19) C9—Cl10—Cl11—C12 —0.6 (2)
02—C4—C5—C6 ~178.70 (11) C15—03—C12—CI3 ~178.41 (11)
C3—C4—-C5—C6 1.91 (19) C15—03—Cl12—C11 1.97 (18)
C4—C5—C6—Cl ~0.77 (19) C10—C11—C12—03 179.87 (12)
C2—C1—C6—C5 ~0.34 (18) C10—C11—C12—C13 0.3 (2)
C7—C1—C6—C5 177.06 (11) 03—C12—C13—Cl4 ~179.40 (12)
N2—NI—C7—01 1.17(17) Cil—Cl12—C13—C14 0.2 (2)
N2—N1-—-C7—Cl1 —177.57 (10) C12—C13—C14—C9 —-0.4 (2)
C6—C1—C7—01 -173.58 (12) C10—C9—C14—C13 0.1 (2)
C2—C1--C7—01 3.85(17) C8—C9—C14—C13 178.96 (12)
C6—CI—C7—NI1 5.15(17) Cl12—03—Ci5—Cl6 —-176.58 (11)
C2—C1—C7—NI1 ~177.43 (11) .

Hydrogen-bond geometry (4, 9)

D—H-A D—H H--A DA D—H--A
02—HI1--0}i 0.84 1.77 2.6106 (15) 174
NI—H2--O1 Wt 0.85 2.10 2.9278 (16) 167
O1W—H3--Q2ii 0.81 2.06 2.8683 (15) 177
O1W—H4--02W 0.88 1.84 2.7159 (19) 169
O2W—HS5---01¥ 0.87 2.14 2.8558 (18) 139
O2W—H5--N2w 0.87 2.55 3.3363 (19) 151
O2W—H6'-03Y 0.89 2.11 29791 (17) 165
C6—H64--O1 Wi 0.95 2.36 3.2942 (18) 169
C8—HRA4--O1 Wi 0.95 2.49 3.3222 (18) 146

Symmetry codes: (i) x, —y+3/2, 2-1/2; (i) —x+1, y+1/2, —z+1/2; (iii) x, =+3/2, z+1/2; (iv) x=1, ~y+3/2, z~1/2; (v) =x+], —y+2, —z+1.
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The title compound crystallizes as a hemihydrate,
C,sH,N,05-0.5H;0. The molecule exists in an E conforma-
tion with respect to the C=N imine bond. The 4-methoxy-
phenyl unit is disordered over two sets of sites with a refined
occupancy ratio of 0.54 (2):0.46 (2). The dihedral angles
between the benzene rings are 29.20 (9) and 26.59 (9)°,
respectively, for the major and minor components of the 4-
methoxy-substituted ring. All methoxy substituents lie close to
the plane of the attached benzene rings [the Chetnyn—O—C—
C torsion angles range from —4.0 (12) to 3.9 (2)°]. In the
crystal, the components are linked into chains propagating
along [001] via N—H- - -O and O—H: - -O hydrogen bonds and
weak C—H- - -O interactions.

Related literature

For standard bond-length data, see: Allen et al. (1987). For
related structures, see: Fun ef al. (2012); Horkaew et al. (2011).
For applications of benzohydrazide derivatives, see: Molyneux
(2004); Raj et al. (2007); Sathyadevi et al. (2012); Wang et al.
(2012). For the stability of the temperature controller used in
the data collection, see: Cosier & Glazer (1986).
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§ Thomson Reuters ResearcherlD: A-3561-2009. Additional correspondence
author, e-mail: hk[un@usm.my.

OCH,
OCH
fs) 3
/N ™
OCH;
H3CO \
- 0.5(H20)
Experimental
Crystal data
C1sH20N,05-0.5H,0 V=173734 (7) A®
M, =353.37 Z=4
Monaoclinic, P2, /c Mo Ka radiation
a=134405 (3) A @ = 0.10 mm™*
b=169172 (3) A T=100K

c=76841 (2) A

0.28 x 0.18 x 0.08 mm

B =96.084 (1)°

Data collection

Bruker SMART APEXII CCD
area-detector diffractometer
Absorption correction: multi-scan
(SADABS;, Bruker, 2009)
Tnin = 0.972, Tipax = 0.992

13808 measured reflections
4606 independent reflections
2993 reflections with I > 20(0)
Rin = 0.044

Refinement

R[F?> 20(F?)] = 0.059
wR(F?) = 0.138
§=104

4606 reflections

293 parameters

264 restraints

H atoms treated by a mixture of
independent and constrained
refinement

Apmax = 034 A7

Apmin = =031 ¢ A7

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HINI--0Ol' 0.89 (2) 1.94(2) 2.8086 (19) 166 (2)
O1W—-H2W1.- ~05f 0.85 2.36 3.068 (4) 141
O1W—H1W1...04" 0.85 233 3.036 (5) 141
C6A—H6BA. - ~_Ol' 0.93 2.55 3.294(17) 138
C8—HB8A---Ol' 0.93 249 32786 (19) 143
Symmetry codes: (i) x, —y +4 e — 5 (i) x,y.z— 1.

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT
(Bruker, 2009); data reduction: SAINT; program(s) used to solve
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL, PLATON (Spek.
2009) and pubICIF (Westrip, 2010).
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(E)-4-Methoxy-N'-(2,4,5-trimethoxybenzy|idene)benzohydrazide hemihydrate

Suchada Chantrapromma, Nawong Boonnak, Jirapa Horkaew, Ching Kheng Quah and Hoong-
Kun Fun

1. Comment

Benzohydrazide derivatives and their complexes have been found to exhibit various biological properties, such as
analgesic, antifungal and antibacterial (Raj et al., 2007 and Wang et al., 2012 ), including antioxidant and biocidal
activities (Sathyadevi et al., 2012). In contiuation of our on-going research on the bioactivity of benzohydrazides, the title
compound (I} was synthesized and evaluated for antioxidant activity by DPPH free radical scavenging method
(Molyneux, 2004), but was found to be inactive. It was also screened for antibacterial activity against B. subtilis, S.
aureus, P. aeruginosa, S. typhi and S. sonnei and also found to be inactive. Herein we report the synthesis and crystal
structure of (I).

The asymmetric unit of (I) (Fig. 1) consists of a C;3H;0N,Os molecule and half an H,O molecule. The 4-methoxyphenyl
unit is disordered over two positions with a refined site-occupancy ratio of 0.538 (2):0.462 (2). The benzohydrazide exists
in an E configuration with respect to the C8=N2 imine bond [1.285 (2)A] and the N1—N2—C8—C9 torsion angle is
178.38 (15)°. The molecule is twisted with a dihedral angle between the two substituted benzene rings being 29.20 (9)
and 26.59 (9)° for the major 4 and minor B components, respectively. Five atoms (01, C7, N1, N2 and C8) of the middle
bridge fragament lie on the same plane with the r.m.s. deviation of 0.0187 (2) A. The mean plane through this middle
fragment makes the dihedral angles of 22.67 (9) and 19.51 (9)° with the C1-C6 benzene ring for the major 4 and minor B
components, respectively, and 6.84 (10)° with the C9-C14 benzene ring. The methoxy substituent of 4-methoxyphenyl
lies close to the plane of the attached benzene ring with the torsion angle C15-02-C4—C5 = 0.1 (11)° and the r.m.s.
deviation of 0.0236 (2) A for the eight non-H atoms of 4-methoxyphenyl moiety for the major 4 component [the
corresponding values are -4.0 (12)° and 0.0210 (2) A for the minor B component]. The three methoxy substituents of
2,4,5-trimethoxyphenyl unit are essentially co-planar with the bound benzene rings with the r.m.s. deviation of 0.0113 (2)
A for the twelve non-H atoms, and the torsion angles C16-03-C10-C11=3.9 (3)°, C17-04-C12-C13 = -179.46 (15)°
and C18-05~C13-C14 = -0.6 (3)°. These torsion angles indicated that the methoxy group at the para-position or at atom
C12 points towards an opposite direction with the other two at the ortho-position or at atom C10 and the meta-position or
at atom C13 (Fig. 1). Bond distances are of normal values (Allen et al., 1987) and are comparable with the closely related
structures (Fun et al., 2012 and Horkaew et al., 2011).

In the crystal packing (Fig. 2), the benzohydrazide and water molecules are linked by O—H--O, N—H:--O hydrogen
bonds and weak C—H---O interactions (Table 1) into chains along [0 0 1]. The crystal is consolidated by these

interactions.
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2. Experimental |

The title compound (I) was prepared by dissolving 4-methoxybenzohydrazide (2 mmol, 0.30 g) in ethanol (10 ml). The
solution of 2,4,5-trimethoxybenzaldehyde (2 mmol, 0.40 g) in ethanol (10 m!) was then added slowly to commence the
reaction. The reaction mixture was refluxed for around 3 hr. The solution was then cooled to room temperature yielding a
white solid, which was collected by filtration, washed with ethanol and dried in air. Colorless plate-shaped single crystals
of the title compound suitable for X-ray structure determination were recrystallized i’rom ethanol by slow evaporation of

the solvent at room temperature after several days.

3. Refinement

The amide H atom was located a the difference map was refined freely. The remaining H atoms were positioned
geometrically and allowed to ride on their parent atoms, with d(O—H) = 0.85 A, d(C—H) = 0.93 A for aromatic and C—
H and 0.96 A for CH; atoms. The U, values were constrained to be 1.5U, of the carrier atom for methyl H atoms and
1.2U, for the remaining H atoms. A rotating group model was used for the methyl groups. The 4-methoxypheny! unit is
disordered over two sites with refined site occupancies ratio 0.538 (2):0.462 (2). Similarity and simulation restraints were
applied. The thermal ellipsoids of each pair of atoms i.e. "C1A CIB", "C2A C2B", "C5A C5B" and "C6A C6B" were

restrained to be equal.

Computing details

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

/

- 18

Figure 1
The molecular structure of (I) showing 60% probability displacement ellipsoids. Open bonds show the minor component.
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Figure 2

The crystal packing viewed along the b axis showing hydrogen bonds drawn as dashed lines. Only the major component

of disorder is shown.

(B)-4-Methoxy-N'-(2,4,5-trimethoxybenzylidene)benzohydrazide hemihydrate

Crystal data

C1sH2N;050.5H:0
M,=353.37
Monoclinic, P2,/c
Hall symbol: -P 2ybc
a=13.44053) A
b=1691723) A
c=7.6841(2) A
£=96.084 (1)°
V=1737.34 () A’
Z=4

Data collection

Bruker SMART APEXII CCD area-detector
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

Detector resolution: 8.33 pixels mm™!

@ scans

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

Tmin = 0972, Tm:\x =0.992

Refinement

Refinement on F?
Least-squares matrix: full
R[F* > 20(F*)] = 0.059
wR(F?)=0.138

§=104

4606 reflections

293 parameters

F(000) = 748

D,= 1351 Mg m™

Mo Ka radiation, 2 =0.71073 A

Cell parameters from 4606 reflections

6= 1.9-29.0°
#=0.10 mm™
T'=100K

Plate, colorless
0.28 x 0.18 x 0.08 mm

13808 measured reflections
4606 independent reflections
2993 reflections with I > 2a(J)

Rix=0.044

Orax = 29.0°, Onin = 1.9°
h=—17—-18
k=-20—23
[=~-10—10

264 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites
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H atoms treated by a mixture of independent
and constrained refinement

w = l/[c*(F;?) + (0.0568P)* + 0.440P]
where P = (F,* + 2F /3

(A0 = 0.001
Apran = 0.34 ¢ A=
Apmin=—031e A3

Special details

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

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

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

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso™/Ueq Occ. (<1)

o1 0.29968 (9) 0.15688 (7) 1.03678 (15) 0.0175 (3)

03 0.55282 (9) 0.46403 (8) 0.75008 (15) 0.0213 (3)

04 0.78081 (9) 0.49186 (8) 1.28062 (16) 0.0217 (3)

05 0.69285 (10) 0.37759 (8) 1.42709 (16) 0.0244 (3)

Ni 0.32902 (11) 0.25582 (9) 0.8489 (2) 0.0163 (3)

HINI 0.3183 (16) 0.2756 (13) 0.741 (3) 0.033 (6)*

N2 0.41000 (11) 0.28402 (9) 0.95977 (18) 0.0166 (3)

02A —0.0765 (6) 0.0960 (5) 0.4836 (12) 0.0297 (14) 0.54 (2)
ClA 0.1810 (10) 0.1723 (12) 0.787 (2) 0.0149 (6) 0.54 (2)
C2A 0.1424 (9) 0.0957 (10) 0.8016 (18) 0.0163 (10) 0.54 (2)
H2BA 0.1757 0.0602 0.8798 0.020* 0.54 (2)
C3A 0.0560 (8) 0.0726 (7) 0.7023 (13) 0.0183 (15) 0.54 (2)
H3BA 0.0312 0.0218 0.7142 0.022* 0.54 (2)
C4A 0.0057 (6) 0.1252 (6) 0.5839 (14) 0.0202 (15) 0.54 (2)
C5A 0.0422 (10) 0.2013 (7) 0.569 (2) 0.0203 (7) 0.54 (2)
HSBA 0.0086 0.2369 0.4910 0.024* 0.54 (2)
C6A 0.1292 (12) 0.2241 (10) 0.670 (3) 0.0159 (8) 0.54 (2)
H6BA 0.1532 0.2753 0.6597 0.019* 0.54 (2)
CI5A ~0.1282 (7) 0.1466 (6) 0.3551 (17) 0.043 (2) 0.54 (2)
HI15D —0.1855 0.1194 0.2988 0.065* 0.54 (2)
HI15E —0.0842 0.1607 0.2694 0.065* 0.54 (2)
HISF —0.1495 0.1935 0.4107 0.065* 0.54 (2)
02B ~0.0920 (6) 0.1119 (6) 0.5300 (14) 0.0279 (16) 0.46 (2)
CIB 0.1849 (12) 0.1741 (14) 0.783 (3) 0.0149 (6) 0.46 (2)
C2B 0.1382 (10) 0.1019 (12) 0.816 (2) 0.0163 (10) 0.46 (2)
H2AA 0.1695 0.0664 0.8959 0.020* 0.46 (2)
C3B 0.0463 (9) 0.0839 (8) 0.7286 (16) 0.023 (2) 0.46 (2)
H3AA 0.0154 0.0363 0.7508 0.028* 0.46 (2)
C4B ~0.0008 (8) 0.1368 (8) 0.6073 (17) 0.0228 (18) 0.46 (2)
C5B 0.0434 (12) 0.2084 (8) 0.575 (2) 0.0203 (7) 0.46 (2)
HSAA 0.0117 0.2440 0.4952 0.024* 0.46 (2)
C6B 0.1360 (14) 0.2261 (12) 0.664 (3) 0.0159 (8) 0.46 (2)
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H6AA 0.1660 0.2742 0.6431 0.019* 0.46 (2)
C15B —0.1472 (7) 0.1666 (6) 0.4161 (15) 0.034 (2) 0.46 (2)
HISA -0.2100 0.1434 0.3716 0.051* 0.46 (2)
Hi5B —-0.1096 0.1793 0.3204 0.051* 0.46 (2)
H15C —0.1592 0.2139 0.4796 0.051* 0.46 (2)
C7 0.27597 (13) 0.193%96 (10) 0.8996 (2) 0.0150 (4)

.C8 0.45543 (12) 0.34220 (10) 0.8953 (2) 0.0157 4
H8A 0.4335 0.3599 0.7832 0.019*
C9 0.54027 (13) 0.38105 (10) 0.9932 (2) 0.0158 (4)
C10 0.58893 (13) 0.44309 (10) 0.9176 (2) 0.0164 (4)
Cll 0.67034 (13) 0.48128 (11) 1.0102 (2) 0.0180 (4)
HI1A 0.7027 0.5222 0.9581 0.022*
CI2 0.70267 (13) 0.45794 (11) 1.1801 (2) 0.0176 (4)
C13 0.65430 (13) 0.39560 (11) 1.2589 (2) 0.0184 (4)
Cl4 0.57447 (13) 0.35826 (10) 1.1662 (2) 0.0175 4)
H14A 0.5424 0.3172 1.2185 0.021*
Cl16 0.60554 (14) 0.52397 (12) 0.6663 (2) 0.0235 (4)
HI16A 0.5719 0.5343 0.5521 0.035*
Hl6B 0.6725 0.5064 0.6556 0.035*
H1eC 0.6076 0.5715 0.7350 0.035*
C17 0.83064 (14) 0.55583 (11) 1.2041 (2) 0.0209 (4)
HI7A 0.8844 0.5746 1.2859 0.031*
H17B 0.7839 0.5980 1.1752 0.031*
H17C 0.8570 0.5378 1.0998 0.031*
Cl18 0.64432 (16) 0.31540 (13) 1.5103 (3) 0.0299 (5)
HISA 0.6775 0.3071 1.6257 0.045*
H18B 0.6470 0.2678 1.4430 0.045*
H18C 0.5757 0.3295 1.5181 0.045*
ow 0.9194 (3) 0.3907 (3) 0.5262 (5) 0.0688 (12) 0.50
H2W1 0.8632 0.3689 0.5354 0.103* 0.50
HIW] 0.9088 0.4310 0.4608 0.103* 0.50
Atomic displacement parameters (4?)

UH LIIZ (j}l U12 UIS U23

Ol 0.0241 (7) 0.0158 (6) 0.0120 (6) 0.0003 (6) —0.0013 (5) 0.0002 (5)
03 0.0216 (7) 0.0246 (7) 0.0166 (7) —0.0069 (6) -0.0028 (5) 0.0070 (6)
04 0.0245 (7) 0.0180 (7) 0.0211 (7) —0.0073 (6) —0.0048 (5) 0.0000 (6)
05 0.0314 (7) 0.0232 (7) 0.0163 (7) —0.0086 (6) —-0.0079 (5) 0.0035 (6)
NI 0.0190 (8) 0.0170 (8) 0.0118 (7) —=0.0027 (7) —0.0037 (6) 0.0008 (6)
N2 0.0177 (7) 0.0174 (8) 0.0139 (7) —0.0015 (7) —=0.0017 (6) —0.0021 (6)
02A 0.023 (2) 0.030 (3) 0.033 (3) —0.0094 (18) —0.0111 (19) 0.008 (2)
ClA 0.0169 (11) 0.0155 (12) 0.0127 (9) -0.0008 (9) 0.0028 (9) —0.0026 (8)
C2A 0.0180 (11) 0.016 (2) 0.0148 (18) 0.0016 (11) 0.0013 (12) 0.0020 (15)
C3A 0.020 (2) 0.013 (3) 0.021 (3) —-0.002 (2) 0.003 (2) 0.000 (2)
C4A 0.017(2) 0.020 (3) 0.023 (3) —0.009 (2) —0.0001 (19) 0.001 (2)
C5A 0.0193 (9) 0.0210 (18) 0.0199 (12) 0.0010 (11) —0.0009 (8) 0.0044 (14)
Co6A 0.0162 (17) 0.0156 (11) 0.0162 (13) —0.0025 (10) 0.0032 (13) 0.0015 (9)
CI5A 0.032 (3) 0.039 (4) 0.052 (5) =0.013 (3) =0.025 (3) 0.018 (4)
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02B 0.020 (2) 0.029 (3) 0.032 (3) ~0.010 2) ~0.010 (2) 0.010 (2)
CIB 0.0169 (1) 0.0155(12) 0.0127 (9) —0.0008 (9) 0.0028 (9) —0.0026 (8)
C2B 0.0180(11)  0.016(2) 0.0148(18)  0.0016(11) 0.0013 (12) 0.0020 (15)
C3B 0.022 (3) 0.023 (4) 0.026 (3) —0.008 (3) 0.002 (3) 0.001 (3)
C4B 0.018 (2) 0.026 (3) 0.023 (3) ~0.002 (2) ~0.004 (2) 0.004 (3)
C5B 0.0193 (9) 0.0210 (18) 0.0199 (12) 0.0010 (11) —0.0009 (8) 0.0044 (14)
C6B 0.0162 (17) 0.0156 (11) 0.0162 (13) —0.0025 (10) 0.0032 (13) 0.0015 (9)
C15B 0.024 (3) 0.039 (4) 0.037 (4) -0.012 (3) -0.012 (3) 0.012 (3)
c7 0.0175 (8) 0.0145 (9) 0.0132 (8) 0.0023 (7) 0.0022 (6) -0.0040 (7)
c8 0.0170 (8) 0.0167 (9) 0.0133 (8) 0.0021 (8) 0.0004 (6) 0.0002 (7)
C9 0.0166 (8) 0.0148 (9) 0.0155(9) 0.0013 (7) —0.0001 (6) —0.0022 (7)
Cl0 0.0180 (9) 0.0147 (9) 0.0159 (9) 0.0033 (7) -0.0008 (7) —0.0001 (7)
cil 0.0181 (9) 0.0146 (9) 0.0212 (9) ~0.0003 (8) 0.0019 (7) 0.0006 (8)
Cl12 0.0176 (9) 0.0145 (9) 0.0199 (9) -0.0005 (7) —0.0018 (7) —0.0038 (7)
13 0.0232 (9) 0.0176 (9) 0.0136 (9) 0.0007 (8) ~0.0019 (7) ~0.0024 (8)
Cl4 0.0202 (9) 0.0135 (9) 0.0186 (9) ~0.0005 (8) 0.0013 (7) 0.0002 (7)
Cl6 0.0239(10)  0.0267(11)  0.0194(10)  ~0.0063 (9) 0.0004 (8) 0.0054 (8)
17 00220 (10)  0.0163(10)  0.0244(10)  —0.0040 (8) 0.0013 (8) ~0.0029 (8)
CI8 00416 (12) 00283 (11)  0.0175(10)  -0.0129(10)  ~0.0073 (8) 0.0045 (9)
OIW  0.059(2) 0.083 (3) 0.064 (3) 0.011 (2) 0.006 (2) 0.031 (2)
Geometric parameters (4, 9)

01—C7 1239 (2) C2B—C3B 1.374 (6)
03—C10 1.373 (2) C2B—H2AA 0.9300

03—Cl6 1.429 (2) C3B—C4B 1.395 (6)
04—Ci2 1.363 (2) C3B—H3AA 0.9300

04—C17 1.431 (2) C4B—C5B 1.383 (6)
05—Cl13 1.375 (2) C5B—C6B 1.388 (6)
05—C18 1.425 (2) CSB—HSAA 0.9300

N1—C7 1347 2) C6B—H6AA 0.9300

N1—N2 1.393 (2) CI5SB—HI15A 0.9600
NI—HINI 0.89 (2) C15B—HI15B 0.9600

N2—C8 1.285(2) CI5B—HI15C 0.9600
02A—C4A 1.370 (5) C8—C9 1455 (2)
02A—CISA 1.430 (5) C8—HSA 0.9300
ClIA—C6A 1.387 (5) Co9—Cl10 1.395 (3)
Cl1A—C2A 1.404 (5) C9—Cl14 1.413 (2)
ClA—C7 1.511(7) Cl10—Cll1 1.398 (2)
C2A—C3A 1377 (5) ClI—CI12 1.389 (2)
C2A—H2BA 0.9300 Cl{—HI1IA 0.9300
C3A—C4A 1.395 (5) Cl12—C13 1.409 (3)
C3A—H3BA 0.9300 Ci13—C14 1.377 (2)
C4A—C5A 1.388 (5) Cl4—HI4A 0.9300
C5A—C6A 1.389 (5) Cl6—HI6A 0.9600
C5A—HSBA 0.9300 Cl6—HI16B 0.9600
C6A—H6BA 0.9300 Cl6—Hl16C 0.9600
CI5A—HI5D 0.9600 Cl7—HI17A 0.9600
CI5A—HIS5E 0.9600 Cl17—H17B 0.9600
C15A—HI5F 0.9600 C17—H17C 0.9600
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02B—C4B
02B—CI15B
CIB—C6B
CiB—C2B
CIB—C7

C10—03—Cl16
C12—04—C17
CI13—05—CI8
C7—N1—N2
C7—NI—HINI
N2—NI—HINI
C8—N2-—NI
C4A—02A—CI15A
C6A—CIA—C2A
C6A—C1A—C7
C2A—CIA—C7
C3A—C2A—CI1A
C3A—C2A—H2BA
Cl1A—C2A—H2BA
C2A—C3A—C4A
C2A—C3A—H3BA
C4A—C3A—H3BA
02A—C4A—C5A
02A—C4A—C3A
C5A—C4A—C3A
C4A—C5A—C6A
C4A—C5A—HSBA
C6A—C5A—HSBA
CIA—C6A—C5A
CIA—C6A—H6BA
C5A—C6A—H6BA
C4B—02B—CI15B
C6B—C1B—C2B
C6B—C1B—C7
C2B—C1B—C7
C3B—C2B—CI!B
C3B—C2B—H2AA
CIB—C2B—H2AA
C2B—C3B—C4B
C2B—C3B—H3AA
C4B—C3B—H3AA
02B—C4B—C5B
02B—C4B—C3B
C5B—C4B—C3B
C4B—C5B—C6B
C4B—C5B—HSAA
C6B—C5B—HS5AA
CIB—C6B—C5B

1.371 (5)
1.427 (6)
1.384 (6)
1.408 (6)
1.475 (9)

117.55 (14)
116.85 (14)
116.14 (14)
119.49 (15)
121.5 (14)
118.6 (14)
113.50 (15)
118.5 (5)
118.2(5)
123.6 (11)
118.2 (1)
120.9 (6)
119.6
119.6
120.2 (5)
119.9
119.9
123.9 (6)
116.4 (5)
119.7 (5)
119.6 (6)
120.2

120.2
121.4 (6)
119.3
119.3
116.7 (6)
118.5 (6)
124.2 (13)
116.6 (13)
120.1 (7)
119.9
119.9
120.2 (6)
119.9
119.9
124.9 (7)
114.5 (7)
120.6 (6)
118.7(7)
120.7

120.7
121.9(7)

CIg8—HI18A
CI18—HI8B
CI8—HI18C
OIW—H2W1
OIlW—HIW1

02B—CI15B—HI5C

H15A—C15B—HI15C
H15B—C15B—HI5C
01—C7—N1
01—C7—CIB
NI—C7—CIB
01—C7—CIA
NI—C7—CIA
N2—C8—C9
N2—C8—HSA
C9—C8—HBA
C10—C9—C14
C10—C9—C8
C14—C9—C8
03—C10—C9
03—C10—Cl1
C9—C10—Cl1
C12—C11—C10
Cl2—Cl1—HI1I1A
Cl10—C11—H11A
04—C12—Cl1
04—C12—CI13
Cl1—C12—C13
05—C13—C14
05—C13—C12
C14—CI13—CI12
CI13—C14—C9
C13—Cl4—H14A
C9—Cl4—HI4A
03—C16—HI16A
03—C16—H16B
HI6A—C16—H16B
03—C16—HI16C
H16A—C16—H16C
H16B—C16—HI16C
04—C17—HI7A
04—C17—H17B
H17A—C17—H17B
04—C17—H17C
H17A—CI17—HI17C
HI7B—C17—HI7C
05—C18—H18A
05—C18—HI8B

0.9600
0.9600
0.9600
0.8500
0.8500

109.5

109.5

109.5
122.91 (16)
121.5 (9)
115.6 (9)
119.5 (8)
117.6 (8)
121.65 (16)
119.2

119.2
118.47 (16)
120.03 (16)
121.49 (16)
116.72 (15)
122.50 (16)
120.77 (16)
119.79 (17)
120.1

120.1
123.95 (16)
115.79 (16)
120.25 (16)
125.45 (16)
115.12 (15)
119.43 (16)
121.28 (17)
119.4
119.4
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

Acta Cryst. (2014). E70, 0150-0151

sup-7



supplementary materials

CIB—C6B—H6AA 119.1 HI8A—CI8—HI18B 109.5
C5B—C6B—H6AA 119.1 05—C18—H18C 109.5
02B—CI15B—HI5A 109.5 H18A—C18—HI8C 109.5
02B—C15B—HI5B 109.5 H18B—C18—H18C 109.5
HiSA—CI15B—HI5B 109.5 H2W1—OIW—HI1W1 107.7
C7—NI—N2—C8 178.86 (15) C2B—CIB—C7—CIlA =37 (47)
C6A—C1A—C2A—C3A 0.6 (2) C6A—C1A—C7—O01 156.2 (7)
C1—CIA—C2A—C3A 179.9 (16) C2A—C1A—C7—O01 —23.0 (15)
CIA—C2A—C3A—C4A 0.3(2) C6A—C1A—C7—N1 -21.0(13)
CI5A—02A—C4A—CSA 0.1(11) C2A—CIA—C7—NI1 159.8 (7)
C15A—02A—C4A—C3A -177.4 (7) C6A—Cl1A—C7—CI1B —48 (48)
C2A—C3A—C4A—02A 176.5 (10) C2A—CIA—C7—CIB 133 (49)
C2A—C3A—C4A—CSA -1.0(5) NI—N2—C8—C9 178.38 (15)
02A—C4A—C5A—C6A —176.6 (11) N2—C8—C9—C10 178.79 (16)
C3A—C4A—C5A—C6A 0.8 (6) N2—C8—C9—Cl4 -2.2(3)
C2A—CIA—C6A—C5A -0.9 (5) C16—03—C10—C9 —176.08 (16)
C7T—C1A—C6A—CS5A 179.9 (17) C16—03—C10—C11 392
C4A—CSA—C6A—CIA 0.2 (6) Cl14—C9—C10—03 -179.31 (15)
C6B—C1B—C2B—C3B 0.6 (2) C8—C9—C10—03 -0.2 (2)
C7—CIB—C2B—C3B 171.5 (18) C14—C9—C10—C11 0.7 (3)
C1B—C2B—C3B—C4B 0.4 (3) C8—C9—C10—Cl11 179.74 (16)
C15B—02B—C4B—C5B -4.0(12) 03—C10—CI11—C12 179.27 (16)
Cl5B—02B—C4B—C3B 174.8 (7) Co—Cl10—Cl11—Ci2 -0.7 (3)
C2B—C3B—C4B—O02B =179.9 (11) C17—04—Cl12—Cl1 0.7 (2)
C2B—(C3B—C4B—C5B -1.1(5) C17—04—C12—C13 —179.46 (15)
02B—C4B—C5B—C6B 179.5 (13) Cl10—Cl11—C12—04 —179.64 (16)
C3B—C4B—CS5B—C6B 0.8(7) C10—C11—C12—C13 0.53)
C2B—CIB—C6B—C5B -0.8 (5) C18—05—C13—Cl14 —0.6 3)
C7—C1B—C6B—C5B -171 (2) C18—05—C13—CI12 179.22 (16)
C4B—C5B—C6B—CI1B 0.1 (7) 04—CI12—C13—05 0.0(2)
N2—N}—C7—O01 =5.0(2) Cl11—C12—CI13—05 179.89 (16)
N2-—N1—C7—CIB 173.2 (12) 04—C12—CI13—Cl4 179.86 (16)
N2—N]—C7—CIA 172.1 (10) Cl1—C12—CI13—Cl14 —0.3 (3)
C6B—C I B—C7—01 157.6 (8) 05—C13—C14—C9 —179.94 (16)
C2B—C1B—C7—O01 —12.7 (18) C12—C13—C14—C9 023)
C6B—C1B—C7—NI —20.6 (15) Cl10—C9—C14—C13 -0.4 (3)
C2B—C|B—C7—NI 169.0 (8) C8—C9—C14—C13 —179.49 (16)
C6B—CI1B—C7—CIlA 133 (49)

Hydrogen-bond geometry (4, 9

D—HA D—H H-4 DA D—H-
NI-—HINI--O! 0.89 (2) 1.94 (2) 2.8086 (19) 166 (2)
OlW—H2W1--Q5" 0.85 2.36 3.068 (4) 141
OlW—HI1W1---04i 0.85 233 3.036 (5) 141
C64—H6BA4--01 0.93 2.55 3.294 (17) 138
C8—Hg4--0Ol 0.93 249 3.2786 (19) 143
Symmetry codes: (1) x, —y+1/2, z—1/2; (ii} x, y, z~1.
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Abstract

Six 4-bromobenzohydrazide derivatives (1-6) were synthesized by the
condensation reaction of 4-bromobenzohydrazide and benzaldehydes, and
evaluated for antibacterial activity. Their structures were determined by
spectroscopic methods. In addition, the crystal structure of compound 6 was
characterized by single crystal X-ray structure determination: orthorhombic

system, space group Pbca, Z = 8; a = 12.5053(4), b = 8.5165(3) and ¢ = 26.6226(9)



2
A, and V = 2835.34(17) A’. In crystal packing, the molecules are linked by
N—H...O and N—H...N hydrogen bonds into two dimensional network parallel
to the (0 O 1) plane. The crystal is further stabilized by weak C—H...O and

C—H...© interactions.

INTRODUCTION

In the recent year, there has been a growing interest in substances which
exhibit antibacterial and antioxidant properties that can find application in
medicinal fields [1]. Benzohydrazide derivatives, compounds containing poly-
functional groups such as C=0 and NH in the molecule, which can be synthesized
by condensation reaction of aldehyde and hydrazine have been shown to possess
various biological properties, such as antibacterial [2-4], antifungal [2],
antitubercular [5], antimalarial [6] and antiproliferative [7] activities. In this work,
six 4-bromobenzohydrazide derivatives (1-6) with different substituent groups
(Fig. 1) were synthesized and evaluated for antibacterial activity, and to study the
effect of substituent groups towards their bioactivities. Herein, we reported the
synthesis, characterization and antibacterial activity of compounds 1-6, and also
the crystal structure of (E)-N'-((1H-indol-3-yl)methylene)-4-bromobenzohydrazide
(6). The antibacterial assays showed that compounds 2 and 3 exhibited moderate

antibacterial activity against both Gram positive and Gram negative bacteria.



0
NH, N AR
ﬁ/ + ARCHO —0H ”/ N
Reflux
Br ’ Br
1-6
- , S
1; AR = —é@ 3; AR = QQOH 5; AR = -3@
OCHs
8 -2 OH ).
Fig. 1. Synthesis of compounds 1-6.
EXPERIMENTAL

Reagents and techniques

Melting points were recorded in degree celsius (°C) by measuring on the
electrothermal melting point apparatus. The FT-IR spectra were recorded on
Perkin—Elmer FT-IR spectrophotometer. The "H NMR spectra were recorded on a
300 MHz Bruker FTNMR Ultra Shield™ spectrometer in DMSO-ds with TMS as
the internal standard. Chemical shifts are reported in ppm and coupling constants
are expressed in Hertz. The UV-Vis absorption spectra were recorded using a
SPECORD S100 (Analytikjena) UV-Visible spectrophotometer. Crystallographic
data were collected on a Bruker APEX-II D8 Venture area-detector diffractometer
with a microtube Mo-Ka 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 [8] and the empirical absorption corrections were performed using
SADABS program [8]. The structure was solved by direct method and refined by
least-squares using the SHELXTL [9] software package. All reagents and solvents
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for synthesis and analysis were commercially available and used as received

without further purification.

General synthesis of compounds (1-6)

Compounds 1-6 were synthesized by " mixing a solution of
4-bromobenzohydrazide (2 mmol) in ethanol (15 mL) with the corresponding
benzaldehyde (2 mmol) in ethanol (15 mL) [benzaldehyde for (1); 3,4-
dihydroxybenzaldehyde for (2); 4-hydroxy-3-methoxybenzaldehyde for (3);
3-ethoxy-4-hydroxybenzaldehyde for (4); thiophene-2-carbaldehyde for (5) and
1H-indole-3-carbaldehyde for (6)]. The resulting mixture was refluxed for 6 hr and
then cooled to room temperature for several days. The obtained precipitate was

collected by filtration.

RESULTS AND DISCUSSION

The condensation reaction of 4-bromobenzohydrazide with the
corresponding benzaldehyde readily yields the 4-bromobenzohydrazide derivatives
(1-6) in good yield. The structures of compounds 1-6 were characterized on the
basis of spectroscopic analyses. The crystal structure of 6 was characterized by

single crystal X-ray structure determination.

Spectroscopic data of compounds 1-6
(E)-N“-benzylidene-4-bromobenzohydrazide (1)

White solid was obtained in ca. 55% yield (mp. 100-101 °C). UV-Vis (CH;0H)
Anax 249, 306 nm. FT-IR (KBr) vy 3176 (N-H stretching), 3023-3052 (Ar-H
stretching), 1639 (asymmetric amide stretching), 1606 (C=C stretching), 1553
(symmetric amide stretching) cm’. '"H NMR (DMSO-d;) J, ppm: 11.92 (1H. s,
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NH), 8.45 (1H, s, N=CH), 7.88 (2H, d, J = 8.4 Hz, Ar-H), 7.75 (2H, d, J = 8.4
Hz, Ar-H), 7.46 (3H, m, Ar-H), 7.75 (2H, d, J = 8.1 Hz, Ar-H).

(E)-N*~(3,4-dihydroxybenzylidene)-4-bromobenzohydrazide (2)

White solid was obtained in ca. 70% yield (mp. 239-240 °C (decomposed)). UV-
Vis (CH30H) Anax 238, 330 nm. FT-IR (KBr) vinax 3212-3349 (N-H stretching),
1648 (asymmetric amide stretching), 1604 (C=C stretching), 1562 (symmetric
amide stretching) cm™. 'H NMR (DMSO-ds) 6, ppm: 11.67 (1H, s, NH), 8.25 (1H,
s, N=CH), 7.84 (2H, d, J = 8.7 Hz, Ar-H), 7.73 (2H, d, J = 8.7 Hz, Ar—-H), 7.27
(1H, s, Ar—H), 6.78 (1H, d, J= 8.1 Hz, Ar-H), 6.93 (1H, 4, J= 8.1 Hz, Ar-H).

(E)-N'-(4-hydroxy-3-methoxybenzylidene)-4-bromobenzohydrazide (3)

Yellow solid was obtained in ca. 93% yield (mp. 240-241 °C (decomposed)). UV-
'Vis (CH30H) Apax 236, 328 nm. FT-IR (KBr) vy 3454 (O-H stretching), 3274
(N-H stretching), 2963-3088 (Ar—H stretching), 1643 (asymmetric amide
stretching), 1519 (symmetric amide stretching) cm™. "H NMR (DMSO-d) J, ppm:
11.74 (1H, s, NH), 8.33 (1H, s, N=CH), 7.85 (2H, 4, J = 8.1 Hz, Ar-H), 6.74 (2H,
d, J = 8.1 Hz, Ar-H), 7.33 (1H, s, Ar-H), 6.85 (1H, d, J = 8.1 Hz, Ar-H), 7.08
(1H, d, J= 8.1 Hz, Ar-H), 3.84 (3H, s, -OCH3).

(E)-N'-(3-ethoxy-4-hydroxybenzylidene)-4-bromobenzohydrazide (4)

White solid was obtained in ca. 94% yield (mp. 136-137 °C). UV-Vis (CH;0H)
Amax 324, 328 nm. FT-IR (KBr) Vinax 3422 (O-H stretching), 3215 (N-H stretching),
3050 (Ar-H stretching), 1645 (asymmetric amide stretching), 1598 (C=C
stretching), 1518 (symmetric amide stretching) cm”. '"H NMR (DMSO-d) J, ppm:
11.72 (1H, s, NH), 8.31 (1H, s, N=CH), 7.85 (2H, d, J = 8.4 Hz, Ar-H), 7.74 (2H,
d, J= 8.4 Hz, Ar-H), 7.29 (lH, s, Ar-H), 7.08 2H, d, J = 8.1 Hz, Ar-H), 6.85
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(1H, d, J = 8.1 Hz, Ar-H). 4.08 (g, J = 6.9 Hz, -OCHy-), 1.43 (¢, J = 6.9 Hz, —
CH).

(E)-N'-((thiophen-2-yl)-methylene)-4-bromobenzohydrazide (5)

White solid was obtained in ca. 95% yield (mp. 237-238 °C). UV-Vis (CH;0H)
Amax 251, 324 nm. FT-IR (KBr) v 3180 (N-H stretching), 3042-3072 (Ar-H
stretching), 1635 (asymmetric amide stretching), 1596 (C=C stretching), 1557
(symmetric amide stretching) cm’. '"H NMR (DMSO-d) 6, ppm: 11.87 (1H, s,
NH), 8.65 (1H, s, N=CH), 7.84 (2H, d, J = 8.4 Hz, Ar-H), 7.75 (2H, d, J = 8.4 Hz,
Ar-H), 7.49 (1H, d, J= 3.6 Hz, Ar-H), 7.15 (1H, 7, J= 3.6 Hz, Ar-H), 7.69 (1H, d,
J=3.6 Hz, Ar—H).

(E)-N'-((1H-indol-3-yl)methylene)-4-bromobenzohydrazide (6)

White solid was obtained in ca. 72% yield (mp. 231-233 °C). UV-Vis (CH;0H)
Amax 279, 331 nm. FT-IR (KBr) v 3195-3346 (N-H stretching), 1619 (C=0O
stretching), 1601 (asymmetric amide stretching), 1534 (symmetric amide
stretching) cm™. 'H NMR (DMSO-ds) 6, ppm: 11.52 (1H, s, NH), 8.53 (1H, s,
N=CH), 8.34 (1H, d, J = 8.3 Hz, Ar-H), 7.88 (2H, d, J= 9.3 Hz, Ar-H), 7.82 (1H,
s, Ar—-H), 7.72 2H, d, J = 9.3 Hz, Ar-H), 7.43 (1H, d, J = 8.3 Hz, Ar-H), 7.21
(1H, t, J= 8.3 Hz, Ar-H), 7.15 (1H, #, J= 8.3 Hz, Ar-H).

The UV-Vis spectra of compounds 1-6 showed absorption bands at the
region of 238-324 nm which was considered to be the allowed n—7* transitions of
the aromatic system, and another band in the region of and 324-331 nm, which was

the allowed n—n* transition.

The UV-Vis, FT-IR and "H NMR spectrum of 6 were displayed in Figs 2, 3
and 4, respectively. FT-IR spectrum of 6 exhibited N-H stretching and C=0
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stretching at vy 3195-3346 and 1619 cm’, respectively, while aromatic C-H
stretching, asymmetric amide stretching and symmetric amide stretching were
observed at vmax 2963-3088, 1601 and 1534 cm’, respectively. For the 'H NMR
data of 6, the successfully syntheses of 6 was confirmed by the appearing of imine
proton signal in the range of 8.53 ppm. Two doublets of equivalent aromatic
protons of ring A (see Fig. 4) were appeared around 7.88 and 7.72 ppm. For the
proton signals of aromatic ring B (see Fig. 4), the signals were shown in the range

of 7.15-8.34 ppm.
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Fig. 2. UV-Vis spectrum of 6 in CH;OH.
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Fig. 3. FT-IR spectrum of 6.
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Fig. 4. 'H-NMR (300 MHz, DMSO-d;) spectrum of 6.



X-RAY CRYSTALLOGRAPHY
Preparation of the Single Crystal for Structure Determination

Yellow plate-shaped single crystals of 6 suitable for X-ray diffraction study
were obtained from acetone solution by slow evaporation at room temperature after
several days. A single crystal of dimensions 0.59 mm x 0.24 mm x 0.06 mm was
selected optically for the diffraction study. Crystallographic data were coliected at
100.0 (1) K using the Oxford Cryosystem Cobra low-temperature attachment. The
data were collected with a Bruker APEX-II D8 Venture area-detector
diffractometer with a microtube Mo Ka (A = 0.71073 A) radiation at a detector
distance of 5 cm using APEX?2 [8]. The collected data were reduced using SAINT
program [8], and the empirical absorption corrections were performed using
SADABS program [8]. The structures were solved by direct methods and refined by
least-squares using the SHELXTL software package [9]. All non-hydrogen atoms
were refined anisotropically. Amide H atom was located in a difference map and
the remaining H atoms were placed in calculated positions with C-H = 0.93 A for
CH and aromatic and the U;,(H) values were constrained to be 1.2U, of the
carrier atoms The final refinement converged well. Materials for publication were
prepared using SHELXTL [9], PLATON [10] and Mercury [11]. The crystal data of
6 are summarized in Table 1. The selected bond lengths, angles and torsion angles

are listed in Table 2.
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Table 1 Crystal data and structure refinement parameters of C;sH;,BrN;O (6)

System, sp. gr., Z
ab,c A

a, B,y deg

v, A°

Dy g.cm™

Radiation, A, A
u, mm’
T,K
Sample size, mm
Diffractometer

Scan mode

Absorption correction, Tiin, Tmax

Omax, deg
h, k, [ ranges

Number of reflections: measured/unique
(N1), Ry/with 1> 20(]) (N2)

Refinement method

Number of refined parameters
R1/wR?2 relative to NI
R1/wR2 relative to N2

S

APmax/ DPmin, /A

Programs

Orthorhombic, Pbca, 8
12.5053(4), 8.5165(3), 26.6226(9)
90, 90, 90

2835.34(17)

1.603

Mo Ka, 0.71073

2.901

100.0(1)

0.59x 0.24 x 0.06

APEX 11

/20

multi-scan, 0.8429, 0.2807
40.00

—22<=h<=22, -15<=k<=15,
—48<=]<=48

151083/8802, 0.0706/6470

Full-matrix least-squares on F2
198

0.0629/0.0964

0.0380/0.0866

1.032

0.161 and —0.500

APEX?2 (8], SAINT (8], SADABS
[8], SHELXTL [9], PLATON [10]
and Mercury [11]
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Table 2 Selected molecular structure parameters [A and °] of Cy6H;2BrN;O (6)

Bond lengths

Br1-C3 . 1.8868(11) | O1-C7 1.2478(13) | N1-C7 1.3386(14)
N1-N2 1.3999(13) | N1-HIN1 0.84(2) N2-C8 1.2920(14)
N3-C10 1.3601(15) | N3-Cl11 1.3877(15) | N3-HIN3 0.93
Cl-C2 1.3880(17) | C1-H1A 0.93 © | C8-H8A 0.93

Bond angles

C7-N1-N2 117.92(9) C7-N1-HIN1 124.8(13) N2-N1-HIN1 116.6(13)
C8-N2-N1 113.46(9) C10-N3-C11 109.20(9) C10-N3-HIN3 | 123.5(13)
C11-N3-HIN3 127.0(13)

Torsion angles

C7-N1-N2-C8 -157.46(10) | C1-C2-C3-B3 178.31(10) | N2-N1-C7-O1 | 1.79(16)

Crystal Structure of 6

Single crystal X-ray diffraction analysis reveals that 6 crystallized with a
orthorhombic unit cell in the Pbca space group. As shown in Fig. S, the molecule
of 6 is twisted and exists in trans-configuration with respect to the N=N bond
[1.3999(13) A] and the torsion angle C7—NI1—N2—C8 = -157.46(10)°. The
dihedral angle between the phenyl and indole rings is 12.15(5)°. Atoms Ol, C7,
N1 and N2 of the middle bridge fragment is essentially planar with the torsion
angle N2—NI1—C7—01 = 1.79(16)° and the r.m.s 0.0054(1) A for the four non H
atoms. The mean plane through the middle bridge (O1/C7/N1/N2/C8) makes the
dihedral angles of 16.56(7)° and 27.41(6)° with the adjacent phenyl C1—C6 and
indole C9—C16/N1 rings, respectively. Bond lengths of 6 are found to be in

normal ranges [12] and comparable with the related structures [13-14].
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Fig. 5. The molecular structure of 6, showing the atom numbering. Displacement
ellipsoids are drawn at the 60% probability level. H atoms are presented as small

spheres of arbitrary radius.

Crystal Packing for 6

The crystal packing of 6 was depicted in Fig. 6. The molecules of 6 are
linked by N1-—HI1N1...01, N3-—HIN3...01 and N3—HI1N3...N2 hydrogen bonds
together with C5—HS5A---O1 and C12—H12A---O1 interactions (Table 3) into two
dimensional network parallel to the (0 0 1) plane. The crystal is further stabilized
’by C—H...w interactions (Fig. 7), C10—HI10A:--Cg; (Table 3) where Cg; is the
centroid of C11—C16 ring.
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Fig. 6 Molecular packing of 6 viewed approximately along the b-axis. Hydrogen

bonds were drawn as dashed lines.

Fig. 7 C—H...wn contacts for 6, shown as dotted lines, with ring centroid Cg; shown

as sphere. Cg is the centroid of the C11-C16 ring.



Table 3 Hydrogen bond geometry and C—H:--n contacts of C,¢H;,BrN;0 (6)

[A and ‘]

D_H...A ’ D-H H:--4 D--A4 <D-H---4
N1-HIN1--01' 0.840(17) 2.079(18) 2.9091(13) 169.7(18)
N3-HIN3--01%  0.89(2) 2.371(19) 3.0710(13) | 135.5(16)
N3-HIN3--N2!  0.89(2) 2.49(2) 3.3331(14) 157.8(16)
C5-H5A--01' 0.93 2.43 3.2390(14) 145
C12-H12A--01"  0.93 2.49 3.2194(14) 135
C10-H10A--Cg,® 0.93 2.66 3.5762(12) 167

Cg, is the centroid of C11-C15 rings. Symmetry codes: 11/2-x, 172+y, z; i _1/2+x, y, 1/2-z and

i _x, 1/2+y, 1/2-z.

Antibacterial activity of 1-6

14

Compounds 1-6 were screened for in-vitro antibacterial activity against

Gram-positive bacteria including of B. subtilis, E. faecalis, MRSA and S. aureus

and Gram-negative bacteria including of P. aeruginosa, S. sonnei and S. typhi as

compared with the vancomycin standard. The antimicrobial assay was employed

by the colorimetric microdilution broth technique using RPMI1640 medium and

Alamar Blue as an indicator [15]. The results as shown in Table 4 indicated that

only compounds 2 and 3, the compounds bearing the hydroxyl and either hydroxyl
or methoxy groups, exhibited antibacterial activities in which 2 possesses moderate

anti-bacterial activity against B. subtilis, P. aeruginosa and S. typhi whereas 3

shows moderate anti-bacterial activity against P. aeruginosa with the MIC value of

37.5 pg/mL.
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Table 4 Antibacterial activity of 1-6

1

2 37.5 - 75 - 37.5 75 37.5

3 75 - 150 - 37.5 - 75

4 - - - 75 - - -

5 - - 150 - - - -

6 - - - - - - -
Vancomycin | <2.34 4.68 <234 | <34 <2.34 <2.34 | <2.34

(a) Bacillus subtilis, Enterococcus faecalis TISTR 459, Methicillin-Resistant Staphylococcus aureus
(MRSA) ATCC 43300, Staphylococcus aureus, (b) Pseudomonas aeruginosa, Shigella sonnei and
Salmonella typhi.

- No activity was observed up to 300 ug/mL
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ABSTRACT

Five 4-bromobenzohydrazide derivatives (1-5) were synthesized and investigated
for antioxidant and antibacterial activities. The structures were characterized by FT-IR,
UV-Vis and 'H NMR techniques. Most of the synthesized compounds exhibited
promising antioxidant activity whereas compound 3, the compound containing dihydroxy
substituent groups on the molecule possesses strong antibacterial activity against the
Bacillus subtilis, Pseudomonas aeruginosa and Salmonella typhi.

Keyword: Benzohydrazide, Synthesis, Antioxidant, Antibacterial

1. Introduction

Benzohydrazide derivatives which are derived from the reaction of aldehyde and
hydrazine have been shown to possess various biological properties, such as antibacterial
and antifungal [1], antitubercular [2], antimalarial [3] and antiproliferative [4] activities.
In this work, five derivatives of 4-bromobenzohydrazide (1-5) with different substitutions
on the B-ring (Figure 1) were synthesized and screened for antibacterial and antioxidant
activities by the DPPH and ABTS scavenging method [5], and in order to study the effect
of functional groups to their bioactivities.

2. Experimental
2.1 Materials and methods

All reagents and solvents for synthesis and analysis were commercially available
and used as received without further purification. Melting point was recorded in °C and
measured using an Electrothermal melting point apparatus. The FT-IR spectra were
recorded using Perkin—Elmer FT-IR System Spectrum BX spectrophotometer in the range
of 4,000—400 cm™ in KBr pellet. The 'H NMR spectra were recorded on a 300 MHz
Bruker FT-NMR Ultra ShieldTM spectrometer in DMSO-ds with TMS as the internal
standard. Chemical shifts reported in ppm are expressed in hertz. The UV-Vis absorption
spectra were recorded using a Shimadzu UV-2450 UV—Vis spectrophotometer.



2.2 General synthetic procedure of compounds 1-5

Compounds 1-§ were synthesized by mixing a solution of 4-
bromobenzohydrazide (2 mmol) in ethanol (15 mL) and the corresponding benzaldehyde
(2 mmol) in ethanol (15 mL) [benzaldehyde for (1); 3-hydroxybenzaldehyde for (2); 2,3-
dihydroxybenzaldehyde for (3); 3,4-dihydroxybenzaldehyde for (4) and 3-hydroxy-4-
methoxybenzaldehyde for (5)], was slowly added to the solution. The mixture was
refluxed for 6 hr and the reaction was then completed (confirmed by TLC). The solution
was then cooled to room temperature for several days. The obtained precipitate was
collected by filtration.

0 o]

/B LR
N~ N -
/@*H + | -—R EtOH N N
/ >
Br OHC Reflux Br

R

R

R = 2,3-dihydroxy

R = 3,4-dihydroxy

R = 3-hydroxy-4-methoxy

Figure 1. Synthesis of compounds 1-5

3. Results and discussion

3.1 Spectroscopy data

(E)-N’-benzylidene-4-bromobenzohydrazide (1) White solid was obtained in ca. 55%
yield (mp. 100-101 °C). UV-Vis (CH;0H) Amax (nm): 249, 306. FT-IR (KBr) Ycm™)
3176 (N-H stretching), 3023-3052 (Ar—H stretching), 1639 (asymmetric 2° amide
stretching), 1606 (C=C stretching), 1553 (symmetric 2° amide stretching). 'H NMR (ds-
DMSO/TMS) 6, ppm: 11.92 (1H. S, NH), 8.45 (1H, s, N=CH), 7.88 (2H, d, J = 8.4 Hz,
Ar-H), 7.75 (2H, d, J = 8.4 Hz, Ar-H), 7.46 (3H, m, Ar—H), 7.75 (2H, d, J = 8.1 Hz,
Ar—H).

(E)-N’-(3-hydroxybenzylidene)-4-bromobenzohydrazide (2) White solid was obtained
in ca. 60% yield (mp. 223-224 °C). UV-Vis (CH30H) Amax (nm): 236, 329, FT-IR (KBr)
Uem'™'): 3422 (O-H stretching), 3215 (N-H stretching), 3050 (Ar—H stretching), 1645
(asymmetric 2° amide stretching), 1598 (C=C stretching), 1542 (symmetric 2° amide
stretching). 'H NMR (ds-DMSO/TMS) 6, ppm: 11.87 (1H, s, NH), 8.23 (1H, s, N=CH),
7.83 (2H, d, J = 8.4 Hz, Ar-H), 7.73 (2H, d, J = 8.4 Hz, Ar—H), 7.18 (1H, s, Ar—H), 6.83
(1H, dd. J = 6.0, 1.8 Hz, Ar-H), 7.25 (IH, ¢, J= 7.8 Hz, Ar—H), 6.96 (1H, d, J= 7.5 Hz,
Ar—H).



(E)-N’-(2,3-dihydroxybenzylidene)-4-bromobenzohydrazide (3) White solid was
obtained in ca. 81% yield (mp. 235-236 °C). UV-Vis (CH;0H) Amax (nm): 238, 303,
FT-IR (KBr) ucm™): 3280 (N-H stretching), 3028-3063 (Ar—H stretching), 1665
(asymmetric 2° amide stretching), 1618 (C=C stretching), 1594 (symmetric 2° amide
stretching). 'H NMR (dg-DMSO/TMS) &, ppm: 11.04 (1H, s, NH), 8.59 (1H, s, N=CH),
7.88 (2H. d, J = 8.4 Hz, Ar-H), 8.4 2H, d, J = 8.4 Hz, Ar—H), 6.98 (IH, dd, J=17.5, 1.2
Hz, Ar-H), 6.86 (1H, dd, J=17.5, 1.2 Hz, Ar-H), 6.48 (1H, ¢, J= 7.5 Hz, Ar-H).

(E)-N’-(3,4-dihydroxybenzylidene)-4-bromobenzohydrazide (4) White solid was
obtained in ca. 70% yield (mp. 239-240 °C (decompose)). UV-Vis (CH30H) Amax (nm):
238, 330. FT-IR (KBr) W(cm™"): 3212-3349 (O—H stretching), 1648 (asymmetric 2° amide
stretching), 1604 (C=C stretching), 1562 (symmetric 2° amide stretching). 'H NMR (dg-
DMSO/TMS) 4, ppm: 11.67 (1H, s, NH), 8.25 (1H, s, N=CH), 7.84 (2H, d, J = 8.7 Hz,
Ar-H), 7.73 (2H, d, J = 8.7 Hz, Ar-H), 7.27 (1H, s, Ar-H), 6.78 (1H, d, J = 8.1 Hz,
Ar-H), 6.93 (1H, d, J= 8.1 Hz, Ar-H), 9.35 (1H, s, —OH).

(E)-N’-(3-hydroxy-4-methoxybenzylidene)-4-bromobenzohydrazide (5) Yellow solid
was obtained in ca. 93% yield (mp. 240-241 °C (decompose)). UV-Vis (CH;O0H) Amax
(nm): 236, 328. FT-IR (KBr) Wcm™): 3454 (O-H stretching), 3274 (N-H stretching),
2963-3088 (Ar—H stretching), 1643 (asymmetric 2° amide stretching), 1519 (symmetric
2° amide stretching). "H NMR (ds-DMSO/TMS) 6, ppm: 11.74 (1H, s, NH), 8.33 (1H, s,
N=CH), 7.85 (2H, d, J = 8.1 Hz, Ar-H), 6.74 (2H, 4, J = 8.1 Hz, Ar-H), 7.33 (1H, s,
Ar-H), 6.85 (1H, d, J = 8.1 Hz, Ar-H), 7.08 (1H, 4, J = 8.1 Hz, Ar-H), 3.84 (3H, s,
—OCHs3), 9.58 (1H, s, —OH).

Compounds 1-5 show two UV-Vis absorbance bands at the UV region of 236-249
nm which were considered to be the allowed n—n* transitions of the aromatic system and
the forbidden n—mn* transitions of carbonyl, and another band in the region of 303-330
nm was the allowed n—n* transition. The FT-IR data of compounds 1-5 show that
compounds 1-5 show N-H stretching around 3176-3280 cm™' . The peaks of aromatic C-H
stretching were observed at 2963-3088 cm™. The medium peak of asymmetric amide and
symmetric amide stretching vibration were observed at 1604-1665 and 1519-1594 cm’!
respectively.

For the '"H NMR data of 1-5, all the synthesized compounds which are related
structures showed a similar NMR spectra pattern. The successfully syntheses of
4-bromobenzohydrazide derivatives (1-5) were confirmed by the appearing of imine
proton signal in the range of 8.23-8.59 ppm. Two doublets of equivalent aromatic protons
of ring A (see Figure 1) were appeared around 7.83-7.88 and 6.74-8.40 ppm. For the
proton signals of aromatic ring B (see Figure 1), the signals were shown in the range of
6.48-7.78 ppm. In addition the OH and OCHj3 signals of compounds 2-5 were appeared at
9.35-9.58 and 3.84 ppm, respectively.

3.2 Antioxidant activity

The antioxidant assays of 1-5 were performed using the 1,1’-diphenyl-2-
picrylhydrazyl (DPPH) radical and 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS™) scavenging methods [5] and compared to ascorbic acid as a standard
reference. The percentage inhibitions of free radical scavenging activities were presented



in Table 1 and Figure 2, and the 1Cso values were presented in Table 2. Compounds 2-5
which contain substituent groups on the B (Figure 1) ring showed strongly antioxidant
activity with the percentage inhibition of free radical scavenging activity in the range of
31-94 %. Compounds 4-5 which contain two substituent groups on meta- and para-
positions exhibit the most potent activity whereas compound 1 which has no substituent
group on the B ring (Figure 1) show no antioxidant activity.

Table 1 % Inhibition of DPPH radical and ABTS™ scavenging activities of 1-5

Compounds | DPPH % inhibition | ABTS % inhibition
1 . 682
2 75.61 85.80
3 86.10 88.20
4 85.48 92.07
5 31.34 94.33
Ascorbic Acid 92.06 93.00

Table 2 [Cso (mM) of DPPH radical and ABTS™ scavenging activities of 1-5

Compounds | ICsSD (DPPH) ICsSD (ABTS)
1 >10° >10°
2 >10° 0.157+0.002
3 0.224+0.002 0.170+0.000
4 0.254+0.000 0.084+0.001
5 >10° 0.126+0.000
Ascorbic Acid 0.022+0.000 0.023+0.001

100

%0 #DPPH Y% inhibition |
80 ABTS % inhibition |
% ‘

60

% inhibition

1 2 3 4 5 Ascorhit acid

Compounds i
i

Figure 2. Percentage inhibitions of free radical scavenging activities of 1-5 observed with
DPPH and ABTS™ assay using ascorbic acid as reference.



3.3 Antibacterial Activity

Compounds 1-5 were screened for In-vitro antibacterial activity against gram-
positive bacteria (B. subtilis, E. faecalis, MRSA and S. aureus) and gram-negative
bacteria (P. aeruginosa, S. sonnei and S. typhi) as compared with the vancomycin
standard. The antimicrobial assay was employed by the colorimetric microdilution broth
technique using RPMI1640 medium and Alamar Blue as an indicator [6]. The results as
shown in Table 3 indicated that only compounds 3-4 exhibited promising antibacterial
activities against the tested bacterial strains.

Table 3 Antibacterial activity of 1-§

MIC (pg/mL)
Compounds Gram-positive bacteria® Gram-negative bacteria®
B. E. ~ S. P. S. S
subtilis | faecalis MRSA aureus aeruginosa | sonnei | typhi
5 - - - i} " - ~
2 - - - - - - -
3 4.68 18.75 18.75 75 4.68 75 4.68
4 37.5 - 75 - 37.5 75 375
5 - - - - - - 75
Vancomycin | <2.34 4.68 <234 | <234 <2.34 <234 | <2.34

(a) Bacillus subtilis, Enterococcus faecalis TISTR 459, methicillin-resistant Staphylococcus
aureus (MRSA) ATCC 43300, Staphylococcus aureus, (b) Pseudomonas aeruginosa, Shigella
sonnei and Salmonella typhi.

- No activity was observed up to 300 xg/mL

4. Conclusion

Compounds 1-5 were successfully synthesized in good yield. Most of the
4-bromobenzohydrazide derivatives with substituent groups on the B ring exhibited
interesting antioxidant activity especially the compounds containing two substituent
groups on meta- and para-positions (compounds 3-5). However all compounds exhibit
less activity than that of standard ascorbic acid. For antibacterial activity, compound 3,
the compound containing 2,3-dihydroxy substituent groups on the molecule possesses
strong antibacterial activity against the B. subtilis, P. aeruginosa and S. typhi whereas
compound 4 shows moderately strong antibacterial activity against both Gram-positive and
Gram-negative bacteria.
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