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A number of N-(1,1,3-trimethylindan-4-yljaryl- or heteroaryl-carboxamides were syn-
thesized and their structure-activity relationships studied. A series of compounds showed
potent fungicidal activity against grey mold caused by Botrytis cinerea, in addition to rice
sheath blight caused by Rhizoctonia solani. Pyridine-3-carboxamides substituted by Cl, Br,
CH; or CF; at 2-position exhibited high activity against both diseases. Monosubstituted
pyrazine-3-carboxamides, furan-3-carboxamides, pyrazole-4-carboxamides and thiazole-5-
carboxamides gave as high activity against both diseases in pot tests and SDC of Botrytis
cinerea in an enzyme test as the 2-substituted pyridine-3-carboxamides. 2,5-Dimethylfuran-3-
carboxamide gave activity against both diseases and SDC as high as 2-methylfuran-3-carbox-
amide, whereas the activities of 2,4-dimethyl and 2,4,5-trimethylfuran derivatives were
Pyrazole-4-carboxamides and thiazole-5-
Among the

extremely low against grey mold in a pot test.
carboxamides showed the same substituent effects as the furan derivatives.
compounds of this series, 4-methylthiazole-5-carboxamide (BC340) and 2-chloropyridine-3-

carboxamide (BC723) were most potent against both diseases.

INTRODUCTION

Structure-activity relationships of N-(sub-
stituted-aryl)-2-chloropyridine- 3 -carboxamides
on the fungicidal activity against grey mold
caused by Botrytis cinerea and rice sheath
blight caused by Rhizoctonia solant have been
reported in our previous papers.©»? The studies
indicated that alkyl substituents at a position
ortho to the amino group and molecular hydro-
phobicity were important factors determining
antifungal activity against grey mold, and
that the presence of alkyl groups at meta-posi-
tion and the molecular size were significantly
influential towards antifungal activity against
rice sheath blight. Among the compounds of
the series, N-(1,1,3-trimethylindan-4-yl!)-2-
chloropyridine-3-carboxamide (BC723) demon-
strated the most potent activity against both
diseases. In order to study effects of the car-

boxylic acid moiety of the compounds on the
fungicidal activity, we synthesized various N-
(1,1,3-trimethylindan-4-yl)aryl- or heteroaryl-
carboxamides and evaluated their activities
both in pot tests (against grey mold and rice
sheath blight) and in enzyme tests (against the
mitochondrial succinate dehydrogenase com-
plex, SDC, of Botrytis cinerea). This paper
reports on the structure-activity relationships
of N-(1,1,3-trimethylindan-4-yl)aryl- or hetero-
aryl-carboxamides as fungicides in pot tests
against grey mold and rice sheath blight and as
inhibitors of the SDC of Botrvtis cinerea.

MATERIALS AND METHODS

1. Synthesis of Compounds
Compounds were prepared by reacting aryl-
or heteroaryl-carbonyl chloride (2) with 1,1,3-

trimethylindan-4-amine (3) in the presence of
a base as shown in Iig. 1. Aryl- or heteroaryl-
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Fig. 1 Synthetic route of N-(1,1,3-trimethyl-
indan-4-yl)carboxamide derivatives.

carbonyl chlorides (2) were given by reacting
corresponding acids with thionyl chloride.
Various acid derivatives (1) were either ob-
tained commercially or synthesized by known
methods as follows: 3-Chloro or methylpyri-
dine-2-carboxylic acid was prepared by hydro-
lysis of corresponding nitril derivatives which
had been synthesized from 3-chloro or methyl-
pyridine by known methods.®>*>  2-Chloro-
pyrazine-3-carboxylic acid was prepared from
commercially available 2-aminopyrazine-3-car-
boxylic acid via Sandmeyer reaction.>®  2-
Methyl-5, 6-dihydro-1,4-oxathiine-3-carboxylic
acid, furan-3-carboxylic acids, pyrazole-4-car-
boxylic acids, 5-methylisoxazole-4-carboxylic
acid, 4-methyl-1,2,3-thiadiazole-5-carboxylic
acid, thiazole-3-carboxylic acids and 3-
methylisothiazole-4-carboxylic acid were pre-
pared by hydrolysis of corresponding esters
which had been synthesized according to the
methods described in literature.”'*> The struc-
tures of the compounds were confirmed by IR
and 'H NMR spectra. Melting points were
measured with a Yanagimoto micromelting
point apparatus and uncorrected. Refractive
indexes were measured with an Atago Abbe-
refractometer IT. The following is an example
of typical procedures.

N-(1,1, 3-Trimethylindan - 4-yl) - 4- methvithi-

azole-5-carboxamide (29, BC 340)

To a solution of 1,1,3-trimethylindan-4-
amine (10 g, 57.1 mmol) and triethylamine (6.6
g, 65.3 mmol) in ethyl acetate (50 ml) was
added 4-methylthiazole-5-carbonyl chloride
(9.3 g, 57.5 mmol) under ice cooling and the
mixture was stirred at room temperature for
2 hr. The reaction mixture was poured into ice
water and extracted with ethyl acetate. The
extract was washed with water and brine, and
concentrated in wvacuo. The residue was re-
crystallized from #-hexane and ethyvl acetate to
vield a white crystalline product (29, BC340)
(146 g, 85.19, vield); mp 104-105°C, Anal.

Caled. for CizH2N:0S: C, 67.97; H, 6.71; N,
9.329,, Found: C, 67.63; H, 6.77; N, 9.26%,,
'H NMR (CDCls) 8 ppm: 1.24 (3H, s, CHa),
1.35 (3H, s, CHs), 1.36 (3H, d, J=6.9 Hz,
CHs), 1.68 (1H, dd, J=14.6 and 5.4 Hz,-CH
(H)-), 2.25 (1H, dd, J=14.6 and 8.7 Hz,-CH
(H)-), 2.82 (3H, s, CHs), 3.37 (I1H, m, -CH
(CHs)-), 7.00 (1H, d, J=7.8 Hz, Ar-H), 7.26
(1H, t, J=7.8 Hz, Ar-H), 7.41 (1H, bs, NH),
7.74 (1H, d, J=7.8 Hz, Ar-H), 8.76 (1H, s,
thiazole-H), IR vi3f ecm=": 1660 (CO).

2. Biological Tests and Phvsicochemical Prop-
erty (log k')

We determined not only preventive activi-
ties against grey mold on cucumber and sheath
blight on rice in pot tests, but also inhibitory
activities against the mitochondrial succinate
dehydrogenase complex (SDC; mitochondrial
complex II) of Botrytis cinerea. All methods
used in biological tests have been reported in
our previous paper.” From the relationships
between the protective values and the concen-
trations in the pot tests, molar ECs (90%
prevention) or molar ECse (509, prevention)
values were determined. From the relation-
ships between the inhibition values and the
inhibitor concentrations in the enzyme tests,
molar s (509, inhibition) values were deter-
mined. The results are listed in Tables 1-3,
expressed as pECs (=log 1/ECs), pECso (=log
1/ECso) and plso(=1log 1/Ls0), respectively.

The log &’ values of compounds were used as
the index of hvdrophobicity in the study of
structure-activity relationships. The capacity
factor 2" was evaluated from retention time by
reversed-phase HPLC. All methods for evalua-
tion of log & values have been reported in our
previous paper.” The values are listed in
Tables 2 and 3 along with biological activities
of the compounds.

RESULTS AND DISCUSSION

Various N-(1,1,3-trimethylindan-4-yl)-2-sub-
stituted-pyridine-3-carboxamides and their
fungicidal activities are summarized in Table
1. Pyridine-3-carboxamides substituted by
Br, CHs or CFs at 2-position (4-6) showed ac-
tivitv as high as 2-chloropyridine-3-carbox-
amide (3, BC723) against both grey mold and
rice sheath blight. 2-Fluoropyridine derivative
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Table 1 N-(1,1,3-Trimethylindan-4-yl)pyridine-3-carboxamides and their biological ac-
tivities.
N _X
Y
Activity against grey mold Activity against
No < v mp (°C) of Botrytis cinerea rice sheath blight
or n¥
’ PECy® pls™ pECs®

1 H H 136-138 <2.20 5.37 <2.20

2 F H 1.5685 <2.20 6.00 3.11

3 Cl H 133-134 4.70 7.39 5.11

4 Br H 134-135 4.60 7.42 4.44

5 CH, H 123.5-124.5 4.40 7.29 4.30

6 CF, H 174-175 4.69 7.85 4.68

7 CN H 144 .5-147 3.18 6.12 3.18

8 OH H 218.5-220 <2.20 —D <2.20

9 OCH, H 108-109 <2.20 6.70 2.61
10 OCHF;, H 114.5-115.5 <2.20 6.10 <2.20
11 OCH,CF, H 127-128 <2.20 —D <2.20
12 SH H 222-224 <2.20 —D <2.20
13 SCH, H 134-136 3.00 —® <2.20
14 Cl 6-CH;, 146147 <2.20 5.38 3.07

*> Preventive activity against grey mold in pot tests.
> Inhibitory activity against SDC of Bo#ryiis cinerea in enzyme tests.

©) Preventive activity against rice sheath blight in pot tests.

9 Not tested.

(2) were 25-fold less active against the SDC of
Botrytis cinerea in an enzyme test, inactive
against grev mold in a pot test and 100-fold
less active against rice sheath blight than the
other halide derivatives (3 and 4). Pyridine-3-
carboxamide derivatives unsubstituted or sub-
stituted bv CN, OH, OCH;, OCHF., SH or
SCHs (7-13) were low in activity against both
diseases and against the SDC. 2-Chloro-6-
methylpyridine-3-carboxamide (14), a disub-
stituted compound, was 100-fold less active
against the SDC in an enzyme test and over
100-fold less active against grey mold and rice
sheath blight in pot tests than monosubstituted
compounds 3. These effects of substituents in
the pyridine ring of N-(1,1,3-trimethylindan-
4-yl)-pyridine-3-carboxamides on the activity
against both diseases were almost the same as
those of substituted-phenylcarboxanilides on
the activity against rice sheath blight.!%1®

We then examined biological activities of
miscellaneous aryl- or heteroaryl-carboxamides
which had been substituted by Cl, CFs or

alkyl groups at a position ortho to the carbox-
amide group. The results along with the log &’
of the compounds are summarized in Table 2.
2-Methylfuran-3-carboxamide and 2-methyl-
4,5-dihydrofuran-3-carboxamide (22 and 24)
showed activity as high as 2-chloropyridine-
3-carboxamide (3, BC723) against both grey
mold and rice sheath blight. 2-Ethylfuran
derivative (23) were 3-, 70- and 10-fold less
active respectively against the SDC in an
enzyme test, grey mold and rice sheath blight
in pot tests than the corresponding 2-methyl-
furan derivative (22). 3-Methylfuran-2-car-
boxamide (25), a geometrical isomer of 2-
methylfuran-3-carboxamide (22), showed al-
most 100-fold less activity against grey mold
in both pot and enzyme tests and 6-fold less
activity against rice sheath blight than com-
pound 22. In the same way, both 3-chloro and
methylpyridine-2-carboxamide (15 and 16) ex-
hibited significantly lower activity against
both diseases than the corresponding pyridine-
3-carboxamides (3 and 5). Such drastic varia-
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Table 2 N-(1,1,3-Trimethylindan-4-yl)aryl- or heteroaryl-carboxamides and their biological
activities and physicochemical properties.

A—CONHB<

Activity against grey mold Activity against
No. A mp (°C) log &'® or Botrytis cinerea rice sheath blight
or n¥ 8
PECg™ plse® PEC;®

3 @:‘ 133-134 0.181 4.70 7.39 5.11
15 QI? 92.5-93.5  0.503 3.35 6.55 4.20
16 @ICH" 1.5805 0.480 <2.20 5.89 3.42
17 ({éﬁ' 124-125 0319 5.05 8.24 4.10
18 O 1.5890 0.503 3.90 8.20 5.07
19 ((;}f"“ 145-147  0.227 2.70 5.15 4.20
20 @f 127-128 0.434 <2.20 7.26 5.02
21 OW 159-160  0.457 2.53 7.87 4.91
22 Qws 144-145 0.342 4.75 8.09 4 61
23 “‘j(‘:zﬂs 123-124 0.480 2.90 7.60 3.68
24 ‘SK% 103-106 0.319 4.45 7.57 4.15
25 q;{:" 84-86 0.457 2.80 6.40 3.85
26 r{qc“a 163165 0.250 <2.20 5.15 2.63
27 FycHe 93.5-96 0.227 <2.20 — 3.20
28 'g’jchg 76-78 0.227 <2.20 —® <2.20
29 gNKCHG 104-105 0.250 4.86 7.97 5.22
30 &cng 149-150 0.273 4.16 6.85 4.32
31 H.ﬂtcﬂa 98-101 0.135 3.90 7.38 3.97

4> Capacity factor in HPLC.

b Preventive activity against grey mold in pot tests.

©> Inhibitory activity against SDC of Botrvtis cinerea in enzyme tests.
4 Preventive activity against rice sheath blight in pot tests.

¢ Not tested.
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Table 3 N-(1, 1,3-Trimethylindan-4-yljsubstituted-furan, pyrazole of thiazolecarboxamides
and their biological activities and physicochemical properties,

Activity against grey mold

Activity against

No. Q‘ mp (°C) log &’ or Botrytis cinerea rice sheath blight
pECQOh) pIsoc) pEC50d)
Cl
22 @( s 144-145 0.342 4.75 8.09 4.61
32 ”sc“gl% 103-104 0.480 4.66 8.15 4.39
33 “3°Q°Fa 149-150 0.526 <2.20 7.96 4.59
CHy
34 Hacﬁ( 105.5-107  0.411 2.70 8.00 4.34
35 H3C 0, CH3 148-149 0.526 <2.20 7.48 4.49
H
31 H,‘{«__{cua 98-101 0.135 3.90 7.38 3.97
36 %c..ﬁtcua 159-161 0.181 4.24 7.34 5.24
37 HaCENPy-CHg 130-131 0.388 3.81 5.72 3.91
38 ,,Mg,f__«t% 115-116 0.618 4.18 5.92 3.98
39 '\'Eiac*% 163-165  0.158 2.76 6.65 3.36
40 Hsc..&cug 176.5-178 0.273 <2.20 7.02 5.45
HiC
41 Haerﬂzﬂh 132.5-134 0.319 <2.20 6.95 5.21
[&]
29 g"(c'*s 104-105 0.250 4.86 7.97 5.22
42 HaC _(wa 117-118 0.342 4.35 7.57 5.02
43 qu.gr_«l(ma 258-259 0.158 3.69 7.28 4.58
44 m.gllcmg 187-188 0.250 3.42 5.89 3.81
45 Hsc-g'j(% 145-147 0.365 2.86 7.45 4.72

*> Capacity factor in HPLC.
"> Preventive activity against grey mold in pot tests.

¢> Inhibitory activity against SDC of Botrytis cinerea in enzyme tests.
©> Preventive activity against rice sheath blight in pot tests.
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tions in the activities among the geometrical
isomers suggested that the heteroatom in the
ring played an important role in the antifungal
activities. Phenvlcarboxamides (20 and 21),
derivatives having no heteroatoms in the ring,
showed almost the same levels of fungicidal
activities against rice sheath blight and inhibi-
tory activity against the SDC of Botrytis cinerea
as the corresponding pyridine-3-carboxamides
(3 and 6), whereas their activity against grey
mold in a pot test was extremely low. One of
the reasons may have been the systemicity of
compounds 20 and 21, because their hydro-
phobic levels (log &) were relatively high com-
pared with compounds 3, 17, 22, 24 and 29
which were highly active against grey mold as
shown in Table 2. 5,6—Dihydro-2—methyl—1,4—
oxathiin-3-carboxamide (18) gave relatively
high activity against rice sheath blight and the
SDC of Botrytis cinerea, whereas the activity
against grey mold in a pot test was six times
lower than compounds 3. One of the reasons
may have been due to the metabolism of the
compound on or in plants or fungi to give a
dioxide analogue (19), which was low in the
activity against grey mold in both pot and
enzyme tests. 2-Chloropyrazine-3-carbox-
amide, 4—methylthiazole—5—carboxamide, 3-
methylisothiazole-4-carboxamide and  3-me-
thylpyrazole-4-carboxamide derivatives (17
and 29-31) were highly active against both
diseases in pot tests and the SDC in an enzyme
test. Especially a 4-methylthiazole derivative
(29, BC340) exhibited the same or higher level
of activity than a 2-chloropyridine-3-carbox-
amide derivative (3, BC723). On the other
hand, 4-methyloxazole-5-carboxamide (27), 5-
methylisoxazole-4-carboxamide (26) and 4-
methylthidiazole-5-carboxamide (28) were not
so active against both diseases. This again sug-
gested that the heteroatom in the ring playved
some role in the fungicidal activity.

We then examined substituent effects of
furan-3-carboxamides, pyrazole-4-carboxamides
and thiazole-4-carboxamides which had shown
relatively high activity against both diseases
among the series of miscellaneous heteroaryl
carboxamide compounds. Activities and log
k' values of the compounds are given in
Table 3. For the following discussion, we
commonly numbered the positions of 53-

4@2
5 1CONH

Fig. 2 Numbering of the positions of 5-mem-
bered-heteroaryl carboxamides.

membered-heteroaryl as shown in Fig. 2. 2,4-
Dimethyl derivatives of furan-, pyrazole- and
thiazole-carboxamides (32, 36 and 42) ex-
hibited as high activity against both diseases
in pot tests and SDC in an enzyme test as the
corresponding monomethyl derivatives (22, 31
and 29). Thiazole derivatives substituted by
amino or mercapto group at 4-positon (43 or 44)
were relatively low in the activity against both
diseases. 2,5-Dimethyl derivative of furan-
carboxamide (34) and 2.4 5-trisubstituted de-
rivatives of furan and pyrazolecarboxamides
(35, 40 and 41) were as highly active against
rice sheath blight and the SDC of Botrytis
cinerea as the corresponding 2-methyl deriva-
tives (22 and 31), whereas they were extremely
inactive against grev mold in a pot test. Furan
and thiazole derivatives substituted by CI%s
group at 2-position (33 and 45) showed almost
the same tendency towards the activities as
above. This suggested that both substituents
at 5-position and the CFs group at 2-position
were unfavorable for controlling the fungicidal
activity against grev mold in the pot test. The
substituent effects may have been due to other
factors than the systemicity of compounds be-
cause the 2, 4-disubstituted (32 and 36) and the
2 5- or 2,4,5-substituted derivatives (34, 35, 40
and 41) and also the 2,4-dimethyl (32 and 42)
and the 2-CFs derivatives (33 and 45) had al-
most the same levels of log #'. The 2,3-di-
methyl derivative of pyrazolecarboxamide (39)
was low in activity against both diseases.
Pyrazoles acylated at 4-position (37 and 38)
showed almost the same levels of fungicidal
activitv against grey mold and rice sheath
blight in pot tests as a deacylated compound
(31), notwithstanding relatively low activity
against the SDC of Bofrytis cinerea in an en-
zyme test. This may have been due to the
metabolism of the compounds (37 and 38) to
give a deacylated compound (31). Our SAR
studies on various 5-membered-heteroaryl-
carboxamides suggested that 2-methyl or 2,4-

NI | -El ectronic Library Service



Pestici de Science Society of Japan

Journal of Pesticide Science 18 (3) August 1993 251

dimethyl derivatives had potent fungicidal
activity against both diseases as well as the
SDC, and that substitution at 5-position was
unfavorable towards the activity against grey
mold in a pot test. Among the compounds of
the series, N-(1,1,3-trimethylindan-4-yl)-4-
methylthiazole-5-carboxamide (29, BC340) and
N-(1, 1, 3-trimethylindan-4-yl) - 2-chloropyri-
dine-3-carboxamide (3, BC723) had the most
potent activity against both diseases.
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DEEEEMEBEAY B Ui, RRH®IT, 8GR (Rhizoc-
tonia solani) D75 RGO (Bolrylis cinerea)
L ChEWEERR bR, 2 0z Cl, Br, CHs ¥
7213 CFs TEBIR Y S U-3-h Vv EVBY 3 N5
HEL, MRFCH LTEWEELR L.
B-IWVELCBT I, 750-3-FECET IR, ¥
V= -4-HVEVEBT I FRBLEUFF S —1-5-%
WVARVERT I NEEEAD, 2-BiYY) O UEEAL B
WCEW SDC BERFEEHEEXR L, TREICHT5#
FERBCTORWEEER LA, 2,5-UxF1 75 -3
HNVECEBT I KX 2-2F 10750 FHEKLEFBER
SDC B#EHFCH LT MRFCH LTh Bhidks
IRLTIED, 24-C 2 F L8 2,4,5- Y x FUREE
WIREAIRICT 58y FARBRITE 40 TIRWIERE L
NEIe ot SV —V-4-nVECERT I P L
CF 7 —v-5-H VR B7 I FHEHKDL 75 058
EERARDOBREDRLR L. ThbDaYDHRT
2-7ve Y or-3-2 VR BT ¢ F(BC723)icinz
T4 AFNVFTIT—V-5-HVEL BT 3 F (BC340)
B WTRORFCH LR RFREELRTC &
MBREZ R,

s Uo-
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