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Protective and curative antifungal activities of 16 1-[1-(2-substituted hydroxy-5-sub-
stituted phenyl)vinyllimidazoles and 9 1-[2-(2-substituted hydroxy-5-substituted phenyl)-
allyllimidazoles were measured against Botrytis cinerea, a phytopathogenic fungus, under
greenhouse conditions. A relationship between their antifungal activity in greenhouse condi-
tions and that in vitro was examined quantitatively based on the regression analysis with the
aid of physicochemical and structural parameters. The higher the in vitro activity, the higher
the protective activity in greenhouse conditions. The protective activity was more persistent
in the vinylimidazoles than in the corresponding allylimidazoles. The curative activity in
greenhouse conditions increased as the activity in witro increased. Substitution of the 2,6-
dichlorobenzyloxy group at the 2-position on the benzene ring was favorable to the curative
activity. The curative activity does not seem to depend on the hydrophobicity of the mole-
cule, because the positive effect of the log P term on the ¢ vitro activity and the negative
effect on the mobility within the leaf cancel each other.

greenhouse and s#n witro conditions with the
INTRODUCTION aid of physicochemical and structural parame-

Recently we have synthesized series of 1-[1-  ters and regression analysis.®
(2-substituted hydroxy-5-substituted phenyl)-
vinyl]imidazoles (I)*® and 1-[2-(2-substituted
hydroxy-5-substituted phenyl)allyl]limidazoles

2.

<

(I)* which have antifungal activity against B. (CHoln
cinerea in vitro. Quantitative structure-activity E_'I"h
relationships showed that molecular hydro- N

. . . 1:n=0
phobicity as well as certain submolecular 1 net

steric and structural factors is important in
determining variations in the antifungal po-

tency.*® More recently, we have measured MATERIALS AND METHODS

their protective and curative antifungal ac- I. Compounds
tivities against B. cimerea under greenhouse Vinylimidazoles I and allylimidazoles II used
conditions. This paper reports the relation- in the present test are listed in Table 1. Com-

ships between the antifungal activities of pound 3 was newly synthesized using the same
vinylimidazoles I and allylimidazoles II in  method as described in our previous paper.*
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Table 1

Antifungal activity in vitro against B. cinerea and physicochemical parameters of

vinylimidazoles I and allylimidazoles II used in the regression analyses.

Compound
plse® log P® I,,,®) Ipg®

No. X2 Y n mp (°C) Molecular formula
1 CH;(CH,), CH, 0 9 CisH N0+ (COH), 4.76 3.94 0.0 0.0
2 CH;(CH,)s H 0 @ Cis:HsNO 5.32 3.82 0.0 0.0
3 CH;(CHy). Cl 0 129.5-130 Cy16H;;CIN,O.(CO.H); 6.05 5.20 0.0 0.0
4 Bz Cl 0 ® C1sH;;CIN;O-HC1-1/10H,0 5.50 4.85 0.0 0.0
5 2-CI-Bz H 0 D C1sH;;CIN;O 5.81 4.71 0.0 0.0
6 3-CI-Bz H 0 D CsH;5CIN;O-HCl 5.31 4.71 0.0 0.0
7 4-Cl-Bz H 0 d) ClsHlsNzo'HCI 5.45 4.71 0.0 0.0
8 2,4-Cly-Bz H 0 a C1sH14CI:NO 6.58 5.42 0.0 0.0
9 2,4Cly-Bz CH, 0 9 C19H,¢Cl:N,O 6.02 6.07 0.0 0.0
10 2,4-Cly-Bz F 0 9 C1sH,3Cl,FNO 6.52 5.71 0.0 0.0
11 2,4-Cl;-Bz Cl 0 o C1sH;5ClsNO 6.32 6.28 0.0 0.0
12 2,6-Cl;-Bz H 0 L) C1sH14C1;N0 6.39 5.52 0.0 1.0
13 2,6-Cl;-Bz CH, 0 @ Ci19H;16C1:NO 6.25 6.07 0.0 1.0
14 2,6-Cly-Bz F 0 4 C1sH,5C1,N,0 6.79 5.71 0.0 1.0
15 3,4-Cly-Bz H 0 &) CisH,,CI:N,O-HC1 5.74 5.42 0.0 0.0
16 2-Cl-Thi H 0 e C16H,5CIN,0S-HCl 5.76 4.44 0.0 0.0
17 CH;(CHy)s H 1 &) C16H3NO 5.26 3.84 1.0 0.0
18 CH;(CH,), H 1 &) C32oH3sN0+(CO:H), 6.60 5.95 1.0 0.0
19 4-C¢H;-Bz H 1 &) CosH2 N0 7.26 5.90 1.0 0.0
20 2,4-Cl,-Bz H 1 L2 C19H,6CL:N;O 7.14 5.44 1.0 0.0
21 2,4-Cly-Bz CH; 1 £ C30H;5C1;N0- (CO.H), 6.86 6.09 1.0 0.0
22 2,4-Cly-Bz F 1 £) C1H,5CLLEN,;O.(COsH), 7.199 5.73 1.0 0.0
23 2,6-Cly-Bz F 1 &) C1sH,;5C1,FN,0- (CO.H), 6.72 5.73 1.0 1.0
24 CH;(CHy)s H 1 &) Cy0H3 N0+ (CO:H), 5.63 4.35 1.0 0.0
25 CgH;0(CHy), H 1 £) CaoHzoN30;- (COH), 5.54 3.93 1.0 0.0

2)  Symbols Bz and Thi indicate benzyl and thiophen-3-yl groups, respectively.
b)  Compounds 1, 2 and 4-16 are reported in Ref. 5) and compounds 17-25 in Ref. 4).

¢) Indicator variables; see text.
4> Reported in Ref. 5).
e>  Reported in Ref. 2).
) Reported in Ref. 1).
&) Reported in Ref. 4).

The others were the same samples as used in
the previous tests.!»#*%

2. Biological Tests
2.1 Awntifungal activity in vitro

An Iso value (molar concentration for 509%,
inhibition of mycelial growth) of a compound
against B. cinerea was determined by the agar
medium dilution method after 2 days of incuba-
tion at 20°C. The activity of the present test
compounds, except 3, was previously re-
ported.*®
2.2 Protective and curative activities

Cucumber plant and application of com-

pound: Water-soaked seeds of cucumber (cv.,
Tsukuba shiroibo) were grown in plastic pots
(350 ml in volume) filled with sandy loam soil
containing some fertilizers. The pots were
kept in a greenhouse. Seedlings in the second-
leaf stage were used for the assessment of bio-
logical activity. A 50 mg/ml dimethylform-
amide solution of each compound was diluted
with distilled water containing a 20 ppm
surfactant to give a concentration of 500 ug/
ml. The solution was subsequently diluted
(four fold) with distilled water to reach the
final concentrations of 500-0.5 xg/ml. Then
the water suspension of each compound was
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sprayed on the cucumber seedlings, 24 hr be-
fore inoculation for the evaluation of protective
activity and 24 hr after inoculation for the
evaluation of curative activity.

Inoculation of fungus: B. cinerea was grown
on a potato-sucrose-agar (PSA) medium for 2
days at 20°C to form colonies. Agar disks 4 mm
in diameter, including hyphal tips, were cut
off at the peripheral regions of fresh colonies.
Four disks were inoculated facedown on the
leaf surface of a cucumber seedling. The seed-
lings were incubated for 3 days after the inocu-
lation at 20°C in a humid chamber and the
diameters of diseased areas around the four
disks were measured and the values were
averaged. Potency to inhibit the growth rela-
tive to an untreated seedling was expressed by

the following equation as percentage inhibition
value 4.

The averaged diameter
in a treated plot

The averaged diameter
in a control plot

X 100

A=|1-

From relationships between the percentage
(A) value and concentration in the protective
and curative tests, molar ECe (90% protec-
tion) and molar ECs (509 cure) concentra-
tions of each test compound were determined,
respectively. The results are listed in Table 2,
expressed as log 1/ECs and log 1/ECse. The
ranges of the experimental errors: ECs; 1-16
%, average 7%: ECso; 4239, average 11%.
2.3 Duration of protective activity

Protective activity was evaluated in the

Table 2 Antifungal activities of vinylimidazoles I and allylimidazoles II against B. cinerea

in greenhouse conditions.

Protective activity: log 1/ECg Curative activity: log 1/ECs
Conll%?;und Obsd. Calcd. by Obsd. Calcd. by

Eq. (3) Eq. (4) Eq. (5) Eq. (6)
1 2.18 2.14 2.28 3.42 3.24 3.33
2 2.50 2.43 2.48 3.78 3.92 3.85
3 3.08 2.98 2.96 3.54 3.62 3.60
4 2.59 2.64 2.69 3.41 3.32 3.37
5 2.85 2.79 2.80 3.85 3.75 3.70
6 2.18 2.52 2.60 3.13 3.23 3.31
7 2.72 2.60 2.65 3.56 3.37 3.42
8 3.22 3.29 3.20 4.08 4.00 3.89
9 3.18 3.06 3.07 b) 2.93 3.06
10 3.37 3.29 3.21 3.83 3.72 3.67
11 3.19 3.24 3.21 b) 3.09 3.17
12 3.31 3.20 3.14 4.34 4.30 4.30
13 3.18 3.18 3.16 3.66 3.73 3.86
14 3.27 3.44 3.32 4.60 4.57 4.50
15 2.83 2.83 2.87 2.92 3.13 3.22
16 2.72 2.74 2.74 3.68 3.90 3.82
17» 2.53 2.40 2.28 3.92 3.84 3.79
18 2.99 3.36 3.10 3.71 3.62 3.59
19> 3.04 3.71 3.35 3.86 4.34 4.14
20 3.18 3.60 3.24 4.14 4.57 4.32
21 3.13 3.51 3.22 3.96 3.78 3.71
22 3.35 3.66 3.30 4.19 4.40 4.19
23+ 3.38 3.40 3.12 4.50 4.48 4.44
24®> 2.77 2.66 2.50 3.83 3.83 3.78
25 2.15 2.56 2.40 3.84 4.06 3.96

a)

b)  Not determined.

Not used in the derivation of Eq. (3) and Eq. (5).
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Table 3 Duration of the protective activity of
vinylimidazoles 8 and 10, and allylimidazoles 20
and 22 against B. cinerea (spore).

lOg 1/EC90
Compound Inoculation X day(s)
No. after application
X=8 X=1 A®
8 4.02 4.84 —0.82
10 4.73 5.13 —0.40
20 3.90 5.72 —1.82
22 4.11 5.65 —1.54

&) A=(log 1/ECg, 8 days)— (log 1/ECg, 1 day).

same manner as described above using a spore
as an inoculum. Cucumber seedlings were kept
in the greenhouse for 1 or 8 days after the ap-
plication of a compound suspension. The ap-
plied seedlings were inoculated with four
droplets (10 x4l each) of conidia suspension
(1 X 10° spores/ml) per leaf. Duration of protec-
tive activity was determined by comparing
the ECs value of a spore inoculated 8 days
after the application with that of a spore
inoculated 1 day after the application. The
results are listed in Table 3.

3. Partition Coefficient

A log P (l-octanol/H:0) value was used to
represent molecular hydrophobicity. Log P
values of the compounds except compound 3
were reported previously.**> They were esti-
mated by using the CLOGP3 (Ver. 3.3)™®
program on a Vax 11/780 computer.

The CLOGP3 program is to calculate a log
P value of a compound by summing up the
component value (f) assignable to each sub-
structure.® Since the f value of 1-NV atom of
the vinylimidazole ring is not available, an
estimated log P value does not represent that
of the whole molecule. Since the 1-N atom is
common in all vinylimidazoles I, the difference
between the observed and estimated log P
values of compounds 26 and 27 were averaged
and —0.52 was taken as the f value of the 1-
N.» The log P value used in the regression
analysis was corrected by the factor as shown
in Eq. (1).

log P=10g Pcalcd.—0-52 ( 1 )

Although compounds were used in free-base
form or acid-addition-salt form, hydrophobicity
of the free-base was regarded as that of the
corresponding salt. The antifungal activity
was not affected by adding acid, as described

below.
@ci(CHZ)SOH : :OCH?_CH=CH2
r T

C iy
26 27

4. Relationships between Activities in Green-
house and in Vitro Conditions
Relationships were analyzed on the basis of
Eq. (2).9

log 1/BA =aplsi+b(log P)*+dlog P
+€IA11+fID01+C (2)

In Eq. (2), BA is biological activity in green-
house conditions, ECso or ECso, a, b (£0), 4, ¢
and f are susceptibility constants, and ¢ an
intercept. Iin and Ipe: are indicator vari-
ables. The I, takesa value of 1 for allylimid-
azoles II and the Ipc, takes a value of 1 for
derivatives having two chlorine atoms at the
2- and 6-positions on the benzene ring of the
benzyl substituent at the X position. Relevant
physicochemical parameters and indicator vari-
ables are listed in Table 1. The level of signifi-
cance of each term was evaluated by F and
the student’s ¢ tests.

RESULTS AND DISCUSSION

1. Effect of Acid of Acid-addition Salts on
Protective and Curative Activities
Our previous reports®® showed that anti-
fungal activities ¢»n vitro were not influenced
by a form of the molecule, a free-base or acid-

Table 4 Protective and curative activities of
acid-addition salts of compound 82> against B.
cinerea.

Acid log 1/ECy, log 1/ECs
HNO; 3.34 3.66
(CO:H); 3.38 3.76
HCl 3.41 3.58
8 (free base) 3.53 3.36

®) Compounds formulated as 509, wettable

powder were used for biological tests.
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addition salts. We, therefore, prepared several
acid-addition salts of compound 8 as a re-
presentative, and determined their protective
and curative activities against B. cinerea. As
shown in Table 4, the antifungal activities of
the salts were almost identical with those
of free-base 8, suggesting that the protective
and curative activities are not influenced by
the counter anions which form the salts.

2. Relationships between Protective Activity in
Greenhouse Conditions and Antifungal Ac-
tivity in Vitro

First, we examined the protective activity

data on vinylimidazoles 1-16 in Table 2.

Equation (3) showed the best correlation.

log 1/ECss=0.660(0.130)pIse—1.00 (3)
n=16, s=0.134, =0.941, Fy,14=108.7

In this and the following equations, # is the
number of data used in the correlation, s the
standard deviation, » the multiple correlation
coefficient, and F,,,, the F ratio of the cor-
relation where vi=m, and ve=n—m—1; m is
the number of independent variables used in
the correlation. Figures in the parentheses are
the 959, confidence intervals. In Eq. (3), all
terms were justified above a 99.59%, level. The
correlation between the protective activity and
the activity #» vitro was excellent.

An addition of log P or Ipc: term to Eq. (3)
did not afford any significant improvement.
Equation (3) indicates that the higher the
antifungal activity 4n wvitro, the higher the
protective activity in greenhouse conditions.

We have suggested® that the mode of interac-
tion of vinylimidazoles I with a target site is
similar to that of allylimidazoles II, since the
quantitative structure-activity relationship is
similar between the vinylimidazoles and the
allylimidazoles. We, therefore, estimated the
log 1/ECeo value of the allylimidazoles by Eq.
(3). The observed log 1/ECs values of allyl-
imidazoles 17-25 were generally lower than
those estimated from Eq. (3) (Table 2). We
assumed that this could be represented by the
indicator variable, I,,,. What it means will be
discussed later. Thus, Eq. (4) was derived for
all vinyl- and allyl-imidazoles 1-25, as shown
in Table 2.

log 1/EC90=0.534(:|:0.125)1)150
—0.253(4-0.175)1 411
—0.312 (4)
n=25, s=0.187, r=0.887, F3,:2=40.5

In Eq. (4), all terms were justified above a
99.59%, level. The addition of log P or Ipa
term to Eq. (4) did not afford any significant
improvement.

Equation (4) shows that the higher the anti-
fungal activity s» vitro, the higher the protec-
tive activity. The coefficient of the [,u term
in Eq. (4) is negative, indicating that the protec-
tive activity of compound II is lower than that
of compound I although their plso values are
the same. The term 7,,, was not a necessary
factor to determine the curative activity of
imidazoles I and II, however. For the evalua-
tion of protective activity, a compound was
applied to the seedlings 24 hr before inocula-
tion, while for the evaluation of curative ac-
tivity, the compound was applied 24 hr after
inoculation. = We, therefore, examined the
persistency of their protective activity. Table
3 shows that the duration of the protective ac-
tivity was longer in vinylimidazoles I than in
allylimidazoles II. The I, term would sug-
gest a difference in a rate of decomposition or
metabolism on or within the leaf between I and
II.

3. Relationships between Curative Activity in
Greenhouse Conditions and Antifungal Ac-
tivity in Vitro

First, we analyzed the curative activity data
on vinylimidazoles, 1-8, 10, and 12-16 in

Table 2. Equation (5) showed the best correla-

tion.

log 1/EC50 =1.04(+0.309)pIso
—0.764 (+-0.277) log P
+0.569 (+0.284) Ipc
+1.31 (5)
n=l4, S=0.155, 7’=0.952, Fs,10=32.2

In Eq. (5), all terms were justified above a
99.59%, level. The correlation of the curative
activity with pIse, log P, and Ipc: was excellent.
An addition of (log P)? term to Eq. (5) did not
afford any significant improvement.

Equation (5) shows that the higher the anti-
fungal activity 4n vitro, the higher the curative
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Table 5 Development of Eq. (6)%).

F of difference

plso log P Iocy  Intercept #® s F, .9 between Eqgs.® Eq. No.

0.344 1.71 0.616 0.321 Fy,=12.8 (7)
(£0.199)

0.281 0.410¢> 2.03 0.724 0.288 F3,50=11.0 Fy,3=6.09% (8)
(£0.187) (£0.345)

0.714  —0.407* 1.53 0.739  0.281 Fj,30=12.0 Fy,3=7.38®™ 9)
(£0.335) (40.313)

0.791 —0.597 0.621 1.92 0.919  0.173 Fs,19=24.4 Fy,1,=38.2,D 35.6» (6)
(£0.203) (+£0.200) (40.215)

®)  Figures in the parentheses are the 959% confidence intervals.

All terms are justified above

a 99.5%, level by the #-test unless noted otherwise.

®>  Multiple correlation coefficient.
¢ Standard deviation.

4> F value of the correlation. vi=m, vo=n—m—1, » and m are the number of data and indepen-
dent variables used in the correlation, respectively.

®)  Justified at a level between 99.5 and 959.
£ F1,20,0.025=5-37, F1,19,0.005= 10.1.

&) Egs. (7) and (8).

B> Egs. (7) and (9)
1> Egs. (8) and (6)
3 Egs. (9) and (6)

activity. The coefficient of term I, was posi-
tive. Substitution of the 2,6-dichlorobenzyloxy
group at the 2-position on the benzene ring was
favorable to the curative activity although the
physicochemical meaning has not yet been
clarified. The log P term will be discussed in
detail later.

Next, we analyzed the curative activity data
in Table 2 including those on the allylimida-
zoles, and obtained Eq. (6), which almost is
equivalent to Eq. (5).

log 1/ECs0=0.791(4-0.203)pIso
—0.597(4-0.215) log P
+0.621(:|:0.215)11)01
+1.92 (6)
n=23, s=0.173, »r=0.919, Fs,1:=24.4

In Eq. (6), all terms were justified above a2 99.5%,
level. Tables 5 and 6 show the development of
Eq. (6) and the internal correlation of indepen-
dent variables, respectively. Although a squared
correlation coefficient between variables plso
and log P was relatively high (»*=0.724), the
addition of log P term to Eq. (8) to give Eq.
(6) was statistically significant since the F
value'® of 38.2, a difference between Eqgs. (8)
and (6), was larger than the critical F value of

Table 6 Squared correlation matrix of the
variables used in Eq. (6).

Plso log P Ipe
plso 1.000 0.724 0.081
log P 1.000 0.166
Ine 1.000

10.1 at a 99.59%, level, as shown in Table 5.
Edgington'® reported that one of chemical
requisites for the mobility of the xenobiotics
within plants is their log P value. In the region
where the log P value is higher than 2, the
mobility decreases as the logP wvalue in-
creases. The log P value for the present series
of imidazoles I and II remains in the range of
3.82-6.09. In Egs. (5) and (6), therefore, the
log P term may indicate an effect on the mobili-
ty of the molecule within the leaf. As the
curative activity was assessed by the applica-
tion of a compound to the leaf inoculated 24 hr
before, the mobility of the molecule within the
leaf may be important in determining the ac-
tivity. As the protective activity was assessed
by the application of the compound to the
leaf 24 hr before the inoculation, however, the

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 13 (1), February 1988 55

mobility may be less important.

In Egs. (5) and (6), the plso and the log P
terms statistically contributed to the curative
activity.  Since hydrophobicity (log P) 'is
most important in determining the i witro
activity (pIse) of I and II,*® the curative ac-
tivity does not seem to depend on the log P
term, because the positive effect of the log P
term on the plso value and the negative effect
on the mobility cancel each other in Egs. (5)
and (6); the coefficient of the log P term in
Egs. (5) or (6) is —0.764 and —0.597, respec-
tively, and that of the pIso is 0.55-0.67.4%

The relationship between the curative and
wn vitro activities of vinylimidazoles I and the
relationship between those of allylimidazoles
IT were combined by Eq. (6). The combination
shows that the difference in the rate of decom-
position on or within the leaves between I and
IT might be relatively small, when imidazoles
I and II were applied to the leaf inoculated 24
hr before.
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1-[1-(B7z=L)EZL] M 34— LEEE
1-2-(B#7 =) TYL]A 35/ —LED
BEATORKRIE L in vitro DREEFEE L
¥ <] PER
FFErERE, HMETT, Bl Sk, BY %
16 {HD 1-[1-(2-FBHfie Fr¥o-5-Bifa7 = = L)
=1L I EYV - FHE 9 D 1-[2-(2-BHie Fr ¥ -
5-BHA7 = =) T Y N]A I XY - LD, BENF
FRER BT CORE » CFRE (Botrytis cinerea) \Zx}
TEFOHRLEEDRZAE L. Ky PREBOD
R ELTERE L in vitro OFRETEM L O OBEKR%,
WE{LERR I OHEE T A — 22 AV CERFRSITIC
XV EBRICHENT LTz, £ DFER in vitro DiEMERE L
EhERDEETFHPHRIEL R L ¥broT. €
=4 3 EY - A EHOFHHRENETHT YL I X
V- LJHO it R CEHGEE S D o /2. 7, Ko b
RERDIAESIF in vitro DIEWERE L R 5 IFEHEL
brErd, VEVEROD2AMIZ?2 6-V7ruXyY
NAXEBRFETDE, REHRCLIFELVC L
EBELPTR o, ILRGFOEHKEDOTHR LDV
TiL, in vitro [EHITHNT HEDOHR LENTOR EB
THET2E80HREBEVCHEEZR IS LITX
D, BESHRISTFOBKERCIEKELRNEELLR
7.
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