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3-(xI1&H{X)-phenyl)-1-(2-furyl)propenone FTH 2| g

MUY - PR - WL - UEY

Faishn aeka, B o}1nF), SHPU shew

Z=E | Y 2§ 3-(4-% -phenyl)-1-(2-furyl)propenone, 13 3-(4-%) #-phenyl)-1-2-furyl)-3-thio-
phenylpropanone, 2 S=AZ A5t i vitroo) ] AW Tdo|d(Botntis cineria, BC),
Abat Bt (Valsa ceratosperma, VC), vVs T (Sclerotium cepivorum, SC) 2L 1%
AR F(Phytophthora capsici, PC) 5 &3o] THd W3 72-Jo84 #AGARE &
ofR ity 1 A, 28T} 10] vy & FH TS vehlilen 53], ESyn)E <l 4-chloro
group X&), 1dy H] X &A|, 1a7t 4712 752 BCTo) gt 713 23 FdEP(ECx
=10~11 ppm)E BET 19] 7leEa 8h8-5 5845 (logk)s odAteldll & ABA (=
090 22X e A7) X9 S3hdd puade] Fstde ASH FEEHE derd

Ho 7 ofAATHINYE 69 219 A4, 1994d 79 252 ).

HoE

Furyl groupo] Zg=loisle &5t € 344 v
2E 329 434 pyrethroidAl 318E3 145 9] A
2 A ZA carbamateA] FEEo] AUk o]F 17F9
furan FEAES AFAOT)7 AY gon o
FHAGF), 18T A2AQCH)S] o2 BHET 1
21} phytoalexins 2 Wyeromic acid®$} Ipomeamaron
59 A4 furan FEAE g FEEHo| LA
=k

A ZWEAZ furylfuramide’} AFEE d7F Ao
= o] 3L ;o E¢weld S vEhd BTk of
Yz}, nitrofuran? 35HE7 2o] 2d(LDs: mice 0.5
g/kgol dd o|F2 AEHA Hgeth?

Sung 5& N-X§ benzotriazolef+ =4 & 3433}
W S F(Pyricidaria oryzae), F7 A ESH T Fusa-
rium oxysperum f. sp. sesami), Ar3} B HH(Valsa cera-
tosperma) B AW Zdo| g Botrytis cineria) T& EF
Hog WAY ¢ g AuA(fungicide)E 7HLst7]19]
3 A7 4o = N-23} benzotriazoleF =59
DA T2-FAAA(QSARs, Quantitative Structure
Activity Relationships)oll thale] A 13tgomen ol&
FEAEL S8 By ol W(Oryzee Sativa L)
9} =)(Echinochloa Crus-gall)®] 333 Wk3-(PS-IDel A

o

i

ANADS 2P FogA AxBAHL DHI= A
g Bu g iz Jek?

B dpdye dde q2E 3-(4-23-phenyl)-1-2-
furyl)propenones, 1 % 3-(4-X]3k-phenyl)-1-2-furyD-3-
thiophenylpropanone, 2 =412 A3 in vitrod A
GAe Aol tREUE Al A 2 AW F
FolFS YABt nls I D(Scelerotium  cepivo-
rum), 2 113 S F(Phytophthora capsici) 52 3o
ZFo) g 1 2 29 P29 FagdTte] AA(Struc-
ture Activity Relationships, SARYE HEsiL 19 7}
SR W SEHFE SATY AR pEad
Zpeb 19] kA Wyl A HRE Gl
#ale) Bwmstaxl ok

Mz WU

Al % 7171

3tAjo] o]&F X $kbenzaldehyde, 2-acetylfuran,
thiophenol 4+ =4 % piperidine & Aldrich A|o]x
methanol 2 chloroform 5 &vj+= Merck 3 JunseiAl
GRZ M eke 7tz Ahgstglom Had 799 Perrin
Sl pgol e BASRE

71712% Bruker Superconduction FT-NMR, AM
300-Multinuclei Spectrophotometer, Perkin-Elmer 1338

Key words : Antifungal activity, 3-phenyl-1-(2-furyl)propenones, 3-phenyl-1-(2-furyl)-3-thiophenylpropanones, Hydrolysis

rate constant, SAR.
*Corresponding author : N.-D. Sung
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Grating Diffraction Infrared Spectrophotometer} JEOL
JMS-DX 303 Mass Spectrometer, Perkin-Elmer 240
CHN Analyzer ¥ Beckman model UV 5260 Spectro-
photometer & Z}7t o] &8t o FA4EY HeFe
Fisher Johns electrothermal melting point apparatus &

24 shsc

3-phenyi-1-{2-furyl)propenone {2 B

Reinhardte] ¥!VE o] &3le] 22 g3e] X &-ben-
zaldehyde(10 mM)9}  2-acetylfuran(10 mM)-&  metha-
nol 30 mlo] =o]i, P7|&Fv|E potassium hydroxide
(01M)9) ¢24 &9 5mis 713 thgel] —5C oA 24
A7t E¢F g AlA 3-(4-XF-phenyl)-1-(2-furyl)prope-
none S =A), 18 4335t ethanolz A ARSI A
o] FAARE 50~83% FEE AUtk

th2o 0T A AxVAZ 238 2o £7] F9
thiophenol - £ 41(1.1 mM)Z ethanol 15 mio] =< 1(1
mM)o| 718tz ZwjZ piperidine(0.3 m)S P& I,
0C o] A 3~4A|ZF FQt WhAlA wale] JAES] 3-
(4-2)3-phenyl)-1-(2-furyl)-3-thiophenylpropanone  #%

AR R E R

A, 28 A3t #3F 3L ethanol® 3L chloro-
formo 2 A AR AN FFAPEL ARem?
F82 35~85%0| Atk FAE }FEL B-(4-X) F-phe-
nyDX| 24, 1a~1e9} B-(4-2]3-phenylthiophenyl %] &
Al 2a~2e2 7tz TR BHFE U2 58 1n
22N AAE Table 1o 893910, 717184 2
7, IR, MS @ NMR ~HEZZREH Fidol At
olF RS HABHLY

24 ALt £H

E 2 Z39 e o] A SN ANE & A=7A
2244+ PC Model program'¥g Al&3le] PCZ 7|
Astgom 1 A#ES Table 20 Aw)3tgch

19) ZHREE SR F5E FezfdM 25T e
4A9 50% methanol -89l phosphate bufferg %
o] pH7.002 ZAsT o] A7]E sodium chlo-
ride2 0.1Mo] S22 g thge] 1& 7Ft(107° M)
A1Zrel Aol wze A8 FRHsHAbs)E A
AUV) E37] (e =330 nm, loge=4.79)2 ZA3ln

e APk sec S

kinetic program@o.2 1x3 S S

Table 1. Melting points and elemental analysis of 3-phenly-1-(2-furyl)- propenones, 1 and 3-phenly-1-(2-furyl})-

3-thiophenylpropanones, 2

5 Calc. (%) Found (%)
Compounds Sub. X) Mp. (C)
H C H
1a 4-H 88 788 51 78.6 5.2
1b 4-CH, 113~115 79.2 5.7 78.6 58
1c 4-NO, 157~158 64.2 3.7 64.2 3.7
1d 4-Cl 137~139 67.2 39 67.3 4.0
1e 4-OCH;3 81~82 73.7 5.2 735 5.3
2a 4-H 105~106 74.0 5.5 74.3 5.5
2b 4-CH; 105~106 74.5 5.9 74.9 5.9
2c 4-NO, 174~175 64.6 45 64.7 4.7
2d 4-Cl 72~173 66.7 4.7 66.4 46
2e 4-OCH; 93~95 71.0 5.6 70.2 54
Weygand, C. and Strobelt, F.: Ber,, 1839 (1935)
Table 2. Physical constants of the E and Z conformer of 1a
Conformer MME®? TOR® VDWe DPM¢ Hf®
E (Syn) 11.61 10.60 7.76 3.17 20.06
E (Ant) 12.03 13.80 7.49 2.90 20.55
Z (Syn) 24.63 13.80 9.38 342 33.34
Z (Ant) 2481 11.60 9.66 3.23 34.00

“Minimization energy (kcal/mol)., torsion energy (kcal/mol)., “Van der waals force. dipole moment (Debye). &

*heat of formation (kcal/mol).
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Table 3. Hydrolysis rate constants and /n-vitro antifungal activities (ECso ppm) of 1 and 2 against the four

fungi
BC vc PC SC
Compds. k* (Typ)P

Obs. Calc® Obs. Calcs Obs. Calc.s Obs. Calc.*
1a 12.70 (15.1) 10.2 12.8 195 27.1 34.3 338 24.4 29.7
1b 8.55 (22.5) 11.8 10.6 216 17.6 447 48.2 31.2 277
1c 53.00 ( 3.6) 25.5 22.8 80.0 70.6 52.4 53.2 40.3 39.0
1d 21.00 ( 9.2) 11.1 15.8 235 39.9 58.3 56.0 314 324
1e 741 (26.0) 125 9.3 22.6 12.0 44.9 435 279 26.6
2a 30.3 30.3 62.0 824 64.8 63.7 46.2
2b 25.2 20.1 42.0 48.0 80.7 784 28.6
2c 25.9 26.9 40.0 46.6 735 75.7 40.1
2d 10.7 13.1 254 15.7 75.1 75.2 38.1
2e 24.6 26.1 1144 91.0 69.1 70.2 33.3

*The values (k. 107®sec™!) were determined at pH 7.0, "half life (hour)., & ‘The values were calculated by the

equations in Table 4.
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1 2 2 f=A9 237 X)Hsd w2 $adds
AE37] 95le] QSAR-PC; PARY L& 128 ]85
X9 22)-883 sajn el Obs. ECsogk o2 SSP(Sim-
ple substituent parameter)4] % DSP(Dual substituent
parameter)2Q] SAR21S PCg AAdlm 1 EAFRS
Aot ne SFE Apeln Fe 4#s, ' 73
ARAG 28 s FFEHFoT)

E8]-33832 ggn ¥R & electronic(s), molar ref-
ractivity(MR), Tafte] <JA4(Es), hydrophobicity(m,

phenol 2 benzamide solute system) Z1#]3 STERI-
MOL parameter’ (L; 2 B) 5] o|&=4h
Fo % oy

At (1a)2 HEY

Vg AT A HelE Yotry] fste kA
o & 2-furoyl groupo] styryl group?] Bekiol ZAdd
439 313E<9 3-phenyl-1-2-furyl)-propenone, 1a2]
E¢t ZE o) el o) 4AES Fig 19 JYepli At fur-
fural& furyl group® formyl groupd % AIAdAE
Atole] wjskolute} Syn, (0,0-cis)EH Anti, (0,0-trans)
ol glor o]F AlojollE ouiR|Atel7t #7] wEd
Ho] BE FEY F Jovt SynFe 4 B9 F
A 223 Antige F7)1Eel A b EAlge
Aoz dejz Ak

lat= conjugate HololM Tl o5t 2-furyl
group?] 3de] Ao} lovt F kAt Ato
whabg =) Bake] oh el dwuhvt 2 JEFE AR
dolR 7] 3t furyl groupe] 281 ©A9k carbonyl
grtolel @AY BAFo R o] 180% M
Exlxl 239 Havzol uste] HESIFGeH Z¥L
Aol F 7k AsvrE nHEeh o8 4714 FH
0] A A € 2] minimization energy, torsion energy, Van

2 0

der Waals force, dipole moment % A4 € 59 &
A4 Se Aatste Table 20 Adn 71 gES
vl 3 v}, E(Syn)>E@nt)>Z(Syn)> L ZAnt)9] &
N2 ZgrRo EY 28a 22 ) FdME Antid



290 A28y B g A

Hot Syn¥o| AR(F AFolglon oA AGH upg)
2ol SynBF Antiq Atol 9] <+RA4 Aol Wl it
a3y 2 FeFolA SymPol AntidHT v
A7Z AT AAE HoleRL olF AH/IX &g
d59] Atolzt wig ZAeFAoz wR] JAaYA; Alo) g
WhlBR oh= conjugation effect7} E2te} ¢rAsle} ¢
A JNdste 232 B odH L HEM
w2t FhpEE Whgolu 3EEY whgol dojue =
AoA 7H4 8% Fele EGm)E ez PojAch

A A

47}A Fgo] goltiste] 3 d=2 &3 F(Obs)
g B X XA FEddol nXe 93
ZAE37] S5t =¥ £ 2F3AF @ R 2
SSP2E(Table 4)ol o]t A4t F(Calc) o BAZL
E(ECs)S Table 3o AeEl3idtt. Obs.3gtx Calc.3tol
A7h vlmd 27 SSPA FolA 3 2 ke u

\
(o]
E(Anti)
X Q X 0, ol
] S
— o —
Z(Anti) Z(Syn)

Fig. 1. Conformational isomers of 3-phenyl-1-{2-fu-
ryl)propenone, 1a.

ERl 7] 3o} o] SSPAEo] AEX)e 4 F Ul
70%73x=qto] Mo 71Edtg 7] wWiEoly AAHo=R
10] 2H} & IJFEFS YepAd 53, SCe &
dAFo g I sHAllium Fistulosum)ol A5}
dtie Eauvl ot zAbE vis I F S
H7|E Fog uAdd FAE T FHORA A
71 i 0.25~0.85X0.3~1.22 mm(F, 0.6X0.75
mm)°] At

oH HEx BC>SC2VC> % PCeo A2 BCY
st AU Z3k §aEEYECs=10~11 ppm)S YE
Witk 1as 471x) o) diste] vn= 2 LS
yehliglon, 2de F2 BCT el & F78AHS
2ok

gurA e g X7t AAE BFE BT FHEHE B
Goy 1d7t 43t ARAEAY nitro groupAFAS1 1
cHil & JagAHL Hol=AL electronic effect(c)wt
sz JEEPS 4UY F gdeRs £33 o=
para-halogen=18} azole7] 3}3E2] 3929 FAF &
oz Holxlth?

FZE-§4 BA(SAR)

Xe) ofei7ba] Bel-shetn sebuly skl R
of TN YL dohry) Asted JuAo] WY F&
(r*>0.65) SSPAE(Table )& HE & 47, 19 X&
BC, VC % SCo th3tel(1~34) ARE B55(>0)
aga PCel Wste] UA)E Xo| EB)ol F&5%
Fg4o) 2 ol s

BEESRES SR IOEEPEEEED &
AR F5EAd F X9 Asarlsh 2z st
BAFE porael FoA 27l HE FRBYL F2

Table 4. SSP equations® for the fungicidal activity (ECso. ppm) with various physicochemical parameters in

vitro against the four fungi

Compds.  Species Eq. No. Equations r S F
la—1e BC 1) ECs=12.86 (4.65)c+12.80 (1.80) 0.72 3.88 7.66
ve 2) ECs=55.82 (16.10)c+27.07 (6.30) 0.81 13.45 12.01
SC (€)) ECs=11.64 (4.05)6+29.71 (1.82) 0.67 3.88 6.27
PC ()] ECs=27.73 (4.15)B;+6.05 (6.22) 0.94 2.62 44.74
2a—2e BC ® ECsy=—1891 (4.77)n*+30.34 (2.34) 0.84 342 15.73
ve (©)] ECs=—7190 (22.95)n°+82.43 (11.97) 0.77 1947 9.76
SC 10) EC5=9.63 (5.61)Es+44.52 (4.89) 0.50 549 2.95
PC 11) ECs=—11.79 (2.08)Es+63.75 (1.82) 0.90 2.04 32.02

“Figures in parentheses are 95% confidence intervals., The number (n) of data used in the equation is 5., *benza-

mide solute system., & °phenol solute system.

r?: Adjusted coefficient of determination., s: Standard deviation. & F: Calculated F values.



3HANX)-phenyl)-1-2-furyl)propenone FEA) 9] T4 291

2.8 |- e

2.6 |

logk+ 7

1 1 1 1

—0.4 0.0 0.4 0.8
g

Fig. 2. Hammett plot, and parameter focusing bet-
ween hydrolysis rate constant {logk) and electronic
effect (o) in fungicidal activity (ECso) of 1 derivatives
in vitro against Botrytis cineria (BC). Active compou-
nds (@®): Between Obs. ECs 10.2 and 11.1. The
line is drawn according to the equation (1).
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3 peael Fatd sl

e gy @E—S dotr 7] fjste] T4 pHeA
=)

Togk)2 =3t W8S A

E3}gth
T2 o BYA-BA o|FZAF <Y carbonyl
group> conjugate =o{917] W&o carbonyl groupo]

—M groupl @ 28-3le] Bebhel] oFstdo] AAHW
X7t Azs Z4F prhhe] Jsbde] S stmz Xe
dao e logkstel #AE Uolrr) 9ste] Ham-
mett2*¥(5)e] A-&(Fig. 2)3t¥th o] A, 7ppis] ur
T X ARE BEs UedSU ARR(>0) Y
Aol oFstad A7lel AH2l(96%) vl (p=0.82)0.=
EEA7 waA A8 FrwkeS sl o, fErA-EA
olF Aol ¥alslo] 4-X18 benzaldehyde$} 2-acetylfu-
rang 443H= Michael3d*9] APAY 1WA/ wrg
HlHEFo 2 wgo] AYPP-L Lggrh?

1; log k=0.820—4.90 ®)

(0.03) (0.01)
n=5, s=0.03, F=639.8, 1*=0.96

®2e) wel logks PEAe FIH Fow 759
s glon FAME prrael Fabd =7\t FBA
A g3ke the VC>BC>SC> 2 PCY £49)
At} BCo| W8t parameter focusing®™ (Fig. 2)ol ¢} 3},
H 3 B2 FaBAL Hol=AL 1a9) 1d (Obs. ECy,
=10~11 ppm)o| =2 FFHH L Beki el Fstd =7)
o 9&EFe)R] gdth= AL & F Utk

Za 2 Ve A%, FFEAIHA logkol thit SSPA&
o (6)2)3% 2ok

1, VC: EC;=65.53logk+348.80 ®
(21.74)  (104.84)
n=5, s=15.0, F=9.10, r*=0.75

PCE A2(r*=030)3 =] 3712 FA thet (6)
A3 Ze@AE vad o FBAEE>065)S BY
wab opel, Algel ANE AT Klogk>0)2) %L
Hehaoes prash 29l god 271 w%ﬂon
o & %3 FEORLE FFSE FA e
etk B9, @A) A9 oisel FHE (s)ﬂoﬂ
Hate] o7t 2 e ABAl &S HEhiT gk o9
2ol 3ol e SlEAe) glol oggolRt & Aol
20 A8 1A Al 328 3l 20808
FAFI Atk A SJu@e

0,0-diethyl-O-(1,3 dlsub -1,2,4-triazol-5-yl)phosphoro-
thioate 2] 73-9-9l: electronic effectE PAE3}7]19 3l
o e logh® ol SIROUD 19 FTRAL
F2 ool 2lE&A(Table 4)0]014 HAAZ A (c>0)9
g X AAe) Lo puagiel el ue
72l whdo] logke AUt F3bA Arlowt &
Ho|7] W&ol o9} logkE w2 AH FEnE=
AE 4 glvk mEbA logks o3t A @A G WA=
WAl S Pty 95t FFES Tyt
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3 Az BCY 49, ##Ao] g & DSPAE T
GRER

1, BC: ECs= —115.88logk+108.326—555.78  (7)
(59.68) (49.27)  (292.81)
n=5, s=2.80, F=9.21, r*=0.90

(DAIN o355} logke) ¥37} tzBg ¥ 447
92 BefBes $TRAY 988 4D 9L
AR ES F A BUgte R mastee ge
Az GREY L plAReY, Xh A4 ¥
5 2(c>0) logkate Zolob "Hrhe RA(logk<0)o.8 A
z2)9] 24 3 0%k ANAULh 2 YRBe
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WRES X9 33y perao) ofsido] Fa@Ao)
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Fungicidal Activity of 3-(X-Sub. phenyl})-1-(2-furyl)propenone Derivatives
Nack-Do Sung*, Hee-Deog Kang!, Joo-Yang Maeng? and Dong-Rin Shin' (Department of
Agricultural Chemistry, Chung-nam National University, Taejon 305-764, 'Dong-Bang Agro-
chemical Co., Chungnam, Buyoe, 323-930, ?Department of Chemistry, Soonchunhyang Uni-
versity, Onyang, P. O. Box 97, Chungnam, 336-600, Korea)

Abstract : New 3-phenyl-1-(2-furyl)propenones, 1 and 3-phenyl-1-(2-furyl)-3-thiophenyl-pro-
panone, 2 derivatives were synthesized, and their fungicidal activities in vitro against Botry-

tis cineria (BC), Vaisa ceratosperma (VC), Scelerotium cepivorum (SC) and Phytophthora cap-

sici (PC) were investigated using a generalized structure-activity relationship (SAR). The
activity of 1 was superior to those of 2, and nonsubstituent, 1a and chloro group substi-
tuent, 1d of E (Syn) conformer were the most effective (ECs=10~12 ppm) compound
to BC. Antifungal activities were able to predict to depend essentially on the B carbon
and their positive charge from the results that the good correlation (*=0.90) was observed
between hydrolysis rate constant (logk) of 1 and the electronic parameter (o) of X-substi-
tuent on the B-phenyl ring.



