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2-Aryl-3-(5-nitro-2-furyl) acrylamide3g2|
BRI TiEEMO BESH Mg

N
i}
=g

P il

.

(Received August 8, 1974)

Jung Sup Park: Studies on the Synthesis and Antimicrobial Activity

of 2-Aryl-3-(5-nitro-2-furyl) acrylamides

Abstract—Eighteen 2-aryl-3-(5-nitro-2-furyl) acrylamides were synth-
esized as antimicrobial agent, by the condensation of 2-(p-substituted phen-
y1)-3-(56-nitro-2~furyl) acryloyl chloride with amino component, such as
sulfisoxazole, sulfamethoxypyridazine and sulfadimethoxine. All compounds
showed fair bacteriostatic activity against Staphylococcus aureus 6538p, Bac-
illus subtilis, Escherichia coli, and Klebsiclla pneumoniae. 2-(p-Hydroxyphen-
yD- and 2-(p-acetoxyphenyl) compounds also showed antimicrobial activity

against Saccharomyces cerevisiac 396 and Aspergillus oryzae.
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= 5onitro- 2-furylvinylene #%g#(NF—CH=CH—R), z2]3 2-phenyl-3-(5-nitro
_2-furyl) acrylamide s (NF—CH=CR—CONHR")¢]|4 R} R’9] FfH W& 3L
BitES #iEtd Yoshina @ Saikachie] g0 %8 ZEYEHS 2-(p-substituted phenyl)-3
~(5-nitro-2-furyl) acrylic acid (p-substituent2 A -NO,, -NH,, -OH %)% #Hdte] ol ¢
amino component®.4] sulfisoxazole, sulfamethoxypyridazine @ sulfadimethoxine 4§ sulfon-
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Scheme 1—-Course of synthesis
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9-(p-Substituted phenyl)-3-(5-nitro-2-furyl) acrylic acid $52| &m——NF(DY 0. Imole
s} phenylacetic acid$g 1L, 1L, IV, V % 0. 1mole-- OglialoroK! A1 7] o 2 A] &Rkl ot
g1 I =+ phenylacetic acid (II) of 4] 2-phenyl-3-(5-nitro-2-furyl) acrylic acid (VI) &, I 2t
p-nitrophenylacetic acid (III)1#' e} 4] 2-(p-nitrophenyl)-3-(5-nitro-2- furyDacrylic acid (VII)
2-, 1 # p-aminophenylacetic acid (IV)!¥¢] 4] 2-(p-acctaminophenyl)-3- (5-nitro-2-furylacry-
lic acid (VIID &, zzx I 3} p-hydroxyphenylacetic acid (V) o] A] 2-(p-acetoxyphenyl)
-3-(5-nitro-2-furyDacrylic acid AX)%& #4% o vt
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2-(p-Substituted phenyl)-3-(5-nitro-2-furyl) acryloyl chlorideX§e| &g§!'s —— 9] ol 4]
AREr @ VI, VIL VIIL, IXE  thionyl chloride® chlorfhslo] #h#&l= acid chloride X,
XI, XII, XIII %2 o9l v},

2-Aryl-3-(5-nitro-2-furyDacrylamide$g®| &m——acid chloride¥i(X, XI, X, XIII
0. 0lmole2] Me,CO #i 50mlg sulfonamidel§i 0. 0lmole2] Me,CO e 50mlo]  Erilel] A
2 @Rt A #RiRs] meks 3% KOH 7GR 20mlS iiinshe] 3uef ST The-, 24iH]
fEsh s RS el TS ke BERS . EE oAb ks e, EtOHol A
st of, o] gk zto] dtel XIV~AXXI 9! XXVI~XXVII% 12/E8 o 7 XXII~XXV o
XXIX~XXXI e XX~XXIT 2 XXVI~XXVIIe] Hirao$] 7398 sEHiclel deacetyla-
tiondlz EtOHel A E&5hstZ 24 4 ef,

RELERYA SiF 2 BER—ERY XIVAXXXIo] #iste] C=Cff{3-2 bromine
test'” @ Baeyer’s test'® &, amided Ferrox test'™ 2, NO,= ferrous hydroxide test?® 3,
NH,¥= diazoft, B . 2, phenoltt OHE: Millon's test?® = 27 gl 52 Dehne] #
B o2 JKafgst gl ¥ekol zbzt diazoft MERE 178l

22 52 Beckman IR 4 infrared spectrophotometerd] 438} o} &2 IR spectrum (KBr disk)
& Witers

= XXII~XXV 1 XXIX~XXXIe] #fslel= = e} Aoz acetylfhdlel EtOH
ol A Ffsane 2 g KBS XX~XXID gl XXVI~XXVIILsE 242t st g o

MEEE-— Yuasar} 1730 PRI o #al9 5 Staphylococcus aureus 6538p, Bacillus subt-
ilis, Escherichia coli X Klebsiclla pneumoniae= 24WsRY, Saccharomyces cerevisiae 3962 48
Rpfl, Aspergillus oryzaet= 7THRT 1i33le] ol &9 Wi =& BT MEMES 1 Pt-loop¥
Zh2pe) Hidtholl RS of.

R A2 N, N-dimethyl formamide (DMF)e] ¥fgsle] ol @pnstoler ol =
Ky DMFe] @B 1%F7F 555 Filstolc. #iaea®el #EEE bacteriad] I
8, e 50pg/ml, yeast I molde] ¥slel = 600pg/mlz shod 5(% FE o {SEFHES If
Fsted 17314

R EE

SRR XIV~XXXI$ bromine test, Bacyer's test, Ferrox test, ferrous hydroxide
testo] Z7b Ehtkol b, Diazofh RExel Bithiel A2 XXHI~XXVoly =z whejAe faph
ol vt 3} Dehne] Hyko 2 HKsr st Amidy-> diazofh RERel Bhido] ot

&3 Millon’s testol] BEEel A& XXIX~XXXIe] o},

gl XXII~XXV 2 XXIX~XXXI %9 acetylfh Ao XX~XXI @ XXVI~
XXVHIL % 7b-2-v} Gh#sle A=be] ikl A 27 Hrkghel FeT7b glvkh

o] 5-2] IR spectrai= 1,700~1,630cm~'2} amide I W&, 1,650~1,530cm~128} amide 11
WM 7F Wit 1, 370~1,330cm "o JE¥EE SO, 1,180~1,160cm™'e} ¥fE SO, 1,370
~1,250cmto] 5E&} ¥F3 NO,9 stretching vibratione] x2.@lt}. £ 880~870cm~'2] furan
o] EEMETR U 8} 1,200cm ! HEY] ¥ C-O-C9) stretching vibration®. 3.¢] g},
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Table [—N*— [2 (P -R phenyl) 3- (o nitro-2- furyl)acryl] -N!- (R’)sulfamlamlde

Com(fd' R R’* Appearance** Mp }{;Zl)d Formula ——A:—a"}lgésm (I\iﬁa—r
X1V H DI Y 109~110 62.5  CoHyoSOsNs  11.38 12.01
XV H MP PY 133~134 72.6  CuHpO/NsS  13.43 13.27
XVI H DP Y 149~151 59.1  CosHpOsNsS  12.70 12.96

XVII  NO, DI Y 211~212 65.6  CuHieOsNsS  13.03 12.99

XVIII  NO, MP PY 218~220 73.3  CuHisONeS  14.83 14.81
XIX  NO, DP 0 221~222 61.8  CosHy010NeS  14.09 14.13
XX NHAc DI B 132 56.2  CyHpO:NsS  12.74 12.82
XXI NHAc MP DY 148~150(dec.) 58.6  CaH220sNeS  14.53 14.60

XXII NHAc DpP PY 146~148(dec.) 52.8  CyH;00NgS  13.81 13.92

XXIIT  NH, DI B 118~119 43.4  CuHO¢NsS  13.80 13.91

XXIV  NH, MP Y 153~154 51.7  CuHyO:NS  15.66 15.64

XXV  NH, DP B 148~149 42.3  CyHpOsNgS  14.83 14.89

XXVI  OAc DI RB 97 51.5  CaeHpOsNS  10.35 10.41

XXVII  OAc MP Y 106 60.1  CoeHyiOgNSs  12.08 12.12
XXVIII  OAc DP DY 118 54.5  CyHpa050NsS  11.49 11.55
XXIX OH DI B 116~117 39.2  CyuHpO:N,S  11.02 11.10
XXX OH MP B 157~159 44.3  CyuHiOeNsS  13.03 13.09

5  CosHyOuN:S  12.34 12.39

XXXI OH DP DY 138~139(dec.) 37.

* DI, 3,4-dimethyl-5-isoxazolyl; MP, 6-methoxy-3-pyridazinyl; DP, 2, 6-dimethoxy-4-pyrimidinyl.
# Y, yellow; PY, pale yellow; DY, dark yellow; O, orange; B, brown; RB, reddish brown.

XX~XXIIo] gle] 29lel 3,500m [iife} amide Bobtt o5& IkFMee Q&
XXII~XXVe] gle] 8,350cm~! 3 3,450cm™" 7 ¢] primary amine®] N-H stretching
vibrationgl 711 8] WM E ol 2

= XXVI~XXVII of A= 1,783em™ ff$3553F 1,300~1, 050cm™1e] acetoxy 3£e] C=0
stretching vibrationo] 3.ojul, o] &2 fukzfid 4y XXIX~XXXIe] A = 1, 200cm™ [T
s} 1,410~1,310cme] phenolf: OHe] C-O, 3,610cm™ [ff¥re]l O-H stretching vibration
o] mdlth,

o= ko % E, Et,0d 2 &AW %] o #$v, EtOH, Mce,CO, DMFE %ol
ok o] 5] Mk, JERAMY KR Table Ish 3t

]9Jr 2o fERT vl o] KRR fEiiE XIVAXXXIE FIRFed el glet

o] Eo BUBHRBRAER, f’fﬁ[ﬂﬂm&f& (pg/ml)E& Table 1o} 7339l et

Table 1o 4] F.i=u} o] & thA& 2% BgJrel PuEEtE-e bR k#BE Bacillus subtilis
of %3}l s fyetx Klebsiella pneumoman] #lalol = 4/ "ol A = ffifFe] . Amino com-
ponent & 4 sulfamethoxypyridazineﬂ’l BHB, PUEre]l nth Hsls sulfisoxazoleql 1<
P I Aol [hatel 53HA viELES

2-v7. phenyl%-% p-EEE 2 A NO,, NHAc, OH %9 iAoz who|gbol HEHIL
Josl= el ® #53) NHAc, OHQl gliol Bl fiksch =elvh NH, OAce] 2

o o3lE BEHLT WA E EEE vk = OAc ¥ OH 44 Saccharomyces
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cerevisiae 396, Aspergillus oryzae % yeasiv} moldel] $8F HLEg 18 V3 3 4ol Aspergillus
oryzaed] ¥alo] ®oh FRIIEITR. A PTERYl glel &gy eo.® Heol OH fhia4 XXIX,
XXX 2 XXXIo] figsel 74 gmatels Aol #ggs Aot

u/J"\

Table II—Minimal inhibitory concentration (/m/ml) of acrylamides.

Compd. Staphylococcus Escherichia  DBacillus Klebszella Saccharomyces Aspergillus
No. aureus 6538P  coli subtilis prneumoniae cerevisiae 396  oryzae
X1v 12.5 5.0 1.0 12.5

XV 0.5 1.0 1.0 5.0
XVI 1.0 2.5 0.2 12.5

Xvll 1.0 5.0 0.5 5.0

XVIII 0.2 1.0 0.2 2.5
XIX 12.5 2.5 0.2 5.0

XX 0.5 1.0 0.5 5.0
XXI 0.1 0.2 0.04 1.0

XXI 0.2 0.2 0.1 2.5

XXIII 2.5 2.5 1.0 12.5

XXi1v 1.0 0.5 1.0 12.5
XXV 2.5 2.5 2.5 25.0

XXVI 12.5 2.5 2.5 12.5 300 150

XXVII 5.0 1.0 1.0 2.5 300 150
XXVIII 12.5 2.5 1.0 5.0 300 300

XXIX 0.2 0.1 0.2 2.5 150 150
XXX 0.04 0.04 0.1 1.0 150 75

XXXI 0.1 0.2 0.04 1.0 300 150

Control A) 5.0 2.5 0.5 12.5
Control B) 300 150

A) mtrofurylacrylamlde, B) butyl p-hydroxybenzoate.
Microbes were obtained from the National Industrial Standard Research Imstitute and
the National Institute of Health in Korea.

=

A Trrel A Q& T kEdekdd ehgsk 2k

i) 5—Nitr042—furaldchydc (D¢} phenylacetic acid (II), p-nitro- (I, p-amino-(IV)
9 p-hydroxyphenylacetic acid (V) %] Oglialoro [fEe 2 2-(p-substituted phenyl) -3-
(5-nitro-2-furyl) acrylic acidfgi (VI, VII, VI, IX)& <leo] o] E& 72t SOCL& chlor
fh3he] ol i acid chlorideffi (X, XI, XII, XIID o sulfisoxazole, sulfamethoxypyric-
azine, sulfadimethoxine 258 KA 7 o)A 7bA S 3cpkel Al ol B 4§l 2-aryl-5-
(5-nitro-2-furyl) acrylamidedff (XIV~XXXID) 18FF& %3S

2) o) & ity BF tme HUiES JEbl ok KR Bacillus subtilisoll ¥f3stol I
= Klebsiella pnewmoniaeo| ¥3}ol = %/ oz o

Sulfamethoxypyridazine s XV, XVIII, XXI, XXIV, XXVII, XXX¢] pregjr2

#
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o} 588tz sulfisoxazole FF#ps XIV, XVII, XX, XXII, XXVI, XXIX: & Aol k3t
o 353 fgael

283 267 phenyldie] p-iukkz A OH, NHACKE 714 &4 XXIX, XXX, XXXI,
XX, XXI, XXIIo] §ig#:e 3873 #nk ofv e} O, OAckE 743 éady XXIX, XXX,
XXXI, XXVI, XXV, XXVIIL& Saccharomyces cerevisiae 396, Aspergillus oryzae% yeast
4 moldel] #fsted & HiEk S 713l o8 molde] #ale] xmdh pstchE Aol WLks ATk
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