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Fate of Fluoroimide, N—(4-fluorophenyl)-2,3-dichloromaleimide, on/in Inu-apple trees
(Malus prunifolia BORKHOUSEN) was investigated using two 4C-labeled compounds at
either benzene ring or carbonyl group. Half lives of Fluoroimide applied on the leaves and
fruits were about 20 days and 30 days, respectively. It remained mainly unchanged on the
applied surface and was slowly absorbed by the plant. Only 2%, of applied Fluoroimide was
translocated into the leaves 9 days after treatment, and 99, and 189, of applied radioactivity
were absorbed and translocated into the leaves and fruits, respectively, after 93 days. A
main metabolite of Fluoroimide was sodium 4—fluorodichloromaleanilate, a hydrolyzed com-
pound of imide ring, that was identified by MS, IR, NMR and FX. Other four metabolites,
such as 4-fluoroaniline, (E)-2,3—dichloro-N—{4-fluorophenyl)acrylamide, N—(4—fluorophenyl)
maleimide and N-(4-fluorophenyl) succinimide, were identified by cochromatography on tl¢
and MS, but residual amounts of these metabolites were quite low both in the leaves and
fruits. It is considered that succinimide moiety of a reduced metabolite was derived from
dichloromaleic acid portion of Fluoroimide, but not from the plant component.

have been studied.**

This paper deals with absorption, translo-
cation and metabolism of Fluoroimide on/in
Inu-apple tree which is a similar species of
apples to be protected.

INTRODUCTION

Fluoroimide, [Spartcide®, N—(4—fluorophenyl)
~2,3—dichloromaleimide], is used as a promis-
ing fungicide against diseases of apple (alter-
naria leaf spot: Alternaria mali, etc.), citrus
(scab: Elsinoe fawcetts, etc.), grape (downy
mildew: Plasmopara viticola), coffee tree

MATERIALS AND METHODS
1. Plant

(berry disease: Colletorichum coffeanum) and
rubber plant (pink disease: Corticium salm-
onicolor).H®

It has been reported that the inhibitory
activity of Fluoroimide against spore germina-
tion or appressorial formation on Pyricularia
oryzae is extremely high and this compound
reacts with sulfhydryl group of cellular com-
ponent.® As to the fate of Fluoroimide,
absorption, distribution and excretion by rats

* Fate of Fluoroimide, N-(4-Fluorophenyl)-2,3—
dichloromaleimide (Part 1)
Presented at the Fourth International Con-
gress of Pesticide Chemistry (IUPAC), July
24-28, 1978, Zirich, Switzerland.

The leaves and fruits of ten year-old Inu-
apple trees (Malus prunifolia BORKHOUSEN)
at falling time of blossoms and fructifing time
were used for the experiments. Crossing was
carried out at the flowering time in a growth
chamber (Koito Ind. Ltd., Japan; about
20,000 1x). The illumination time was set for
the day time (11 hr) from July to September.

2. Chemicals

Two kinds of “C-Fluoroimide were ob-
tained from Daiichi Pure Chemicals Co. Ltd.,
Japan; one was labeled at benzene ring (BR—
Fluoroimide; specific activity 5.2 mCi/mmol,
radiochemical purity>999,) and the other
was labeled at carbonyl group (CO-Fluoro-
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imide; specific activity 3.9 mCi/mmol, radio-
chemical purity>999,). The name and struc-
ture of Fluoroimide and related compounds
synthesized and their properties are shown in
Table 1 and 2. fF-Glucosidase (Almonds; 4.97
u/mg) was obtained from Worthington Bio-
chem., U.S.A. Dain, a sticker, was obtained
from Takeda Chemical Ind. Ltd., Japan.

3. Preparation of **C—Fluoroimide Solution

The 1,000 ppm Fluoroimide aqueous solu-
tion was prepared by homogenizing 64 mg
of a wettable powder containing 789, of "*C-
Fluoroimide, 5%, of surfactants and 179, of
carrier, with one ml of water by a glass ho-
mogenizer and by diluting to 50 ml with
water. For the absorption and translocation
experiments, 750 ppm Dain aqueous solution
was used in the place of water.

4. Radioanalysis and Autoradiography
Radioactivity was measured by liquid scin-

tillation spectrometer (/sc; TRI-CARB 3385,
Packard Instrument Co. Inc., U.S.A.) using
15 ml of the scintillator A (4 g PPO and 0.1¢g
POPOP in 1 liter of toluene) or the scintillator
B (6 g PPO, 0.27 g POPOP, 112 g naphtha-
lene, 20 ml ethylene glycol, 60 ml methanol
and 920 ml of dioxane). Unextractable residues
in the plant pulps were treated by an auto-
matic sample oxidizer (TRI-CARB 306,
Packard) and determined by /sc. Auto-
radiograms (arg) of the plant and the developed
thin-layer chromatographic (flc) plates were
taken by exposing to X-ray film for 10 days
at 4°C.

5. Thin-layer Chromatography

Precoated t#/c plates with 0.25 mm thick
silica-gel 60 Fzs4 (E. Merck, W. Germany) were
used. The developing solvent systems used
were; A: benzene, B: ethanol/chloroform (1/
19), C: ethanol/chloroform (1/3), D: acetic
acid/ethyl acetate (1/99), E: ether/n—hexane

Table 1 Fluoroimide and its related compounds.

Compound No. Chemical structure

Chemical name

N-(4-Fluorophenyl)-2,3—dichloromaleimide

.. ClyCON
Fluoroimide C]JICO’N'O-F
I C1yCOOH
cilcoon
1I ClI[COOCH3
cidcoocn;
C17COOH
i arg
C17COOCH 3
v cily
v AL
F{ )-NHypCOS
Vi cilco N F
clyCoNE{ )-F
VII c1lcoon
VIII c1ycons-{ )-F
lI[COOCH3
X Cl CONH-< >—F
cillcoona
clyCoNHd )-F, . &
X cilcoo- HyN O F
c1ipcona{ »-F
XI cilla
ClyCOs
XII sl N<O-F
HyCOL
XIIT ulcood-OrF
HyrCOS
X1V 12LconOF
XV F-{_)-NHCOCH3

Dichloromaleic acid

Dimethyldichloromaleate
(E)-2,3-Dichloroacrylic acid

Methyl (E)-2,3—dichloroacrylate

4—Fluoroaniline

2—Chloro—3—(4—fluorophenylamino)-N-(4—fluorophenyl)
maleimide
4—Fluorodichloromaleanilic acid

Methyl 4-fluorodichloromaleanilate

Sodium 4-fluorodichloromaleanilate

4-Fluoroaniline salt of 4—fluorodichloromaleanilic acid
(E)-2,3-Dichloro-N-(4—fluorophenyljacrylamide
N—(4-Fluorophenyl) monochloromaleimide

N—(4-Fluorophenyl) maleimide

N-(4-Fluorophenyl) succinimide

4-Fluoroacetonanilide
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Table 2 Physical properties of Fluoroimide and its related compounds.

Compound mp or bp IR MS NMR
No.* (°C) (em™) (m]e) (ppm)
Fluoroimide m: 240.5-241.8 1705, 1620, 1595 (KBr) 259 7.16 (2H, t), 7.32 (2H, m)
CDCls+DMSO—-ds
I 3200, 1755, 1715, 1605 (KBr)
11 2960, 1745, 1600 (liq. film) 212, 181 3.83 (s) CCl4
I11 m: 83-84 3400-2100, 1720, 1580 (KBr) 140,105 3.84 (s) CCly
v 2960, 1750, 1600 (KBr) 154, 119
\'% : 188 3325, 1210, 825 (lig. film) 111
VI m: 203-204 1780, 1710, 1665, 1610 (KBr) 334 7.12 (2H, t), 7.26 (2H, m)
CDCl3+ DMSO—ds
VII m: 217 3600-2200, 1650, 1620 (KBr) 277, 111 7.00 (2H, m), 7.95 (2H, t)
CDClg+MeOH-d,
VIII m: 148-149 1795, 1715, 1640, 1595 (KBr) 291, 259 3.86 (2H, s), 7.00 (2H, 1),
7.50 (2H, q), 8.01 (1H, m) CDCls
IX 3680-2800, 1640, 1540 (KBr) 334, 123 6.97 (2H, t), 7.55 (2H, m)
MeOH-d,
X m: 171-174 3300-2200, 1655, 1575 (KBr) 259, 111
XI m: 82.5 3260, 1650, 1610, 1595 (KBr) 233, 123 7.03 (2H, m), 7.52 (2H, m),
7.75 (1H, s) CDCl;
XI1 3110, 1790, 1730, 1605 (KBr) 225 6.78 (1H, s), 7.05 (2H, t),
7.32 (2H, m) CDCl;
XIII 3110, 1715, 1705, 1585 (KBr) 191, 157 6.81 (2H, s), 7.14 (2H, t),
7.32 (2H, m) CDCl;
XI1v 3080, 1765, 1710, 1515 (KBr) 193, 111 1.70 (4H, s), 6.80 (2H, t),
7.12 (2H, t) Benzene—dg
XV 3230, 1555, 1500, 1210 (KBr) 153 2.06 (3H, s), 6.92 (2H, t), 7.35
(2H, m), 7.40 (1H, s) CDClg
* cf. Table 1.

Table 3 Rf values of Fluoroimide and its related compounds on silica-gel #c.

Rf values in solvent system**

Compound No.*

(A) (B) (© (D) (E)

Fluoroimide 0.47 0.71 0.83 0.66 0.48

I 0.00 0.00 0.07 — —

11 0.33 — — — 0.59

111 0.01 0.13 — 0.41 —

v — — — — 0.48

v 0.11 0.40 0.71 0.50 —

VI 0.23 0.68 — 0.67 —

VII 0.00 0.00 0.19 0.07 —

VIII 0.47 0.71 0.83 0.66 —

IX 0.00 0.00 0.19 0.07 —

X 0.00 0.00 0.18 — —

X1 0.33 0.68 0.79 0.65 0.39

XII 0.31 0.67 — 0.63 —

XII1 0.16 0.63 — 0.58 —

X1v 0.03 0.48 0.79 0.41 0.14

XV 0.0t 0.18 0.67 0.56 —

* cf. Table 1.

** (A): benzene, (B): ethanol/chloroform (1/19), (C): ethanol/chloroform (1/3), (D): acetic acid/

ethyl acetate (1/99), (E): ether/n—hexane (1/1).
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(1/1).  The Rf values for Fluoroimide and
related compounds in these solvent systems
are shown in Table 3.

6. Absorption and Translocation on Leaves

“C—Fluoroimide solution was applied at the
center of both sides of a leaf at flowering time
using a pair of tweezers with urethane foam
tip (1 cm x4 cm). After one, 2, 3, 9, 21 and
45 days, the leaf was excised to monitor the
translocated radioactivity by arg method.

To determine the translocated amount of
radioactivity, '*C-Fluoroimide solution was
applied at the rate of 50 ug (1 uCi) per leaf
to basal part of either side of a leaf using
microsyringe. The leaf was excised after 9
days and divided into the applied part and the
translocated part which was cut one cm apart
from the applied part. These two parts were
extracted with 30 ml of dichloromethane and
then with 30 ml of methanol.

Radioactivities in these extracts and unex-
tractable residues were determined by /sc.

7. Metabolism on Leaves and Fruits

At fructifing time, *C-Fluoroimide solu-
tion was applied on the leaves and fruits by
spotting 50 ug (1 uCi) per leaf or fruit by
microsyringe.
7.1 Extraction

After one, 3, 9, 21, 45 and 93 days, three
leaves and two fruits were excised and washed
respectively by dipping in 50 ml ether for one
min, and then extracted successively with
50 ml dichloromethane, 45 ml methanol and
40 ml water for 5min at 3,000 rpm in ho-
mogenizer (Nihon Seiki Co. Ltd., Japan).
Then, radioactivities of surface washes, di-
chloromethane extracts, methanol-water ex-
tracts and unextractable residues were mea-
sured.
7.2  Hydrolysts

A half of methanol-water extracts was
evaporated to dryness, and hydrolyzed with
44mg of pf-glucosidase in 4ml of 0.1Mm
phosphate buffer (pH 4.7) at 38°C for 3 hr and
extracted three times with 3 ml ether. The
residual solution was subjected to hydrolysis
again under 2 N HCI acidic condition at 80°C
for 3 hr and extracted in the same manner.
In the case of BR-Fluoroimide, the residual

aqueous solution was re-extracted with ether
at pH 10.
7.3 Meta bolites

The radioactive metabolites in those ex-
tracts were detected and identified by cochro-
matography with authentic samples on #c, and
analyzed by Isc.

Main metabolite (IX) was obtained from
methanol extracts of Inu-apple leaves on
which a large amount of unlabeled Fluoroimide
was applied and which were excised 9 days
after treatment. Since reduced metabolite
(XIV) is formed more on bean plant leaves
(about 39,) than on Inu-apple leaves, it was
obtained from ether extracts of the bean leaves
on which unlabeled Fluoroimide was applied
and which were excised 3 days after treat-
ment. These metabolites were purified by
preparative tlc using the following solvent
systems; ethanol/chloroform (1/2) [(IX) shows
the Rf value 0.22] and benzene followed by
ethanol/chloroform (1/9) [(XIV) shows the Rf
value 0.30]. These metabolites were identi-
fied by GC-MS (Hitachi M-52, Hitachi Ltd.,
Japan), IR (Hitachi 295), NMR (Hitachi R~
24, 60 MHz) and fluorescence X-ray (FX;
Philips PW-1450-AHP, Netherlands).

RESULTS

1. Absorption and Translocation on Leaves

Fluoroimide remained at the applied por-
tion of the leaves one day after treatment, but
translocated upward slowly after 9 days and
uniformly distributed in the upper part of
the leaves after 21 days, as shown in Fig. 1.

The results of translocation of **C-Fluoro-
imide in the leaves were shown in Table 4.
More radioactivity was observed in the trans-
located part when treated on the back of the
leaves than on the face. However, it was at
most 2.3%, even when treated on the back,
and only 1.5%, was translocated as Fluoro-
imide.  Fluoroimide decomposed into un-
extractable residues more easily on the back
than on the face.

2. Metabolism on Leaves and Fruits

Figure 2 shows the distribution of “C in
the case of leaves and fruits treatments.
Eighty-five percent of the residual radio-
activity was in the both surface washes after
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Photo. arg Photo. arg
After one day After 21 days
Fig. 1 Autoradiograms of Inu-apple leaf treated with #C—Fluoroimide
Table 4 Translocation of ¥C-Fluoroimide on leaves after 9 days.
Percent of 14C
Labeled Face application Back application
compound* Applied Translocated Applied Translocated
part part part part
Extracts** 95.6 1.6 92.7 2.1
BR ( Fluoroimide 60.9 1.0 53.9 1.5)
Unextractable residues 2.6 0.2 5.0 0.2
Total 98.2 1.8 97.7 2.3
Extracts** 97.7 0.4 90.0 1.2
CO ( Fluoroimide 75.3 0.2 55.2 0.9)
Unextractable residues 1.8 0.1 8.3 0.5
Total 99.5 0.5 98.3 1.7

* BR: benzene ring labeled Fluoroimide,

** dichloromethane and methanol extracts.

Leaf application

100

Per cent of applied 1¢C

] S

CO:

100

0.1

carbonyl labeled Fluoroimide.

Fruit application

T T VoI T™=T"TT T T ryrvrrm

45 93
days

19 2l 45
days

93

Fig. 2 Distribution of radiocarbons after treatment of !4C-Fluoroimide to Inu-apple trees.
O: total #C, @: surface washes, (R: dichloromethane extracts, A: methanol-water extracts,
A: unextractable residues, B: Fluoroimide
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45 days. Methanol-water extracts and un-
extractable residues increased gradually and
were more on the fruits than on the leaves.
This shows that the fruits can absorb and
metabolize Fluoroimide more easily than the
leaves. When methanol-water extracts from
leaves and fruits were hydrolyzed with -
glucosidase and then with acid, the respective
radioactivities of hydrolyzed extracts from
“C—(BR)-Fluoroimide were 13% and 669,
and those from "*C—(CO)-Fluoroimide were 89,
and 339%,.

Figure 2 also shows the half life of Fluoro-
imide, which is about 20 days on the leaves
and 30 days on the fruits. About 979, of
radioactivity in surface washes at the half life
time was Fluoroimide.

Sixteen kinds of radioactive spots in all the
extracts were detected by #c—arg method, 7
of which were identified as Fluoroimide, (V),
(VD), (IX), (XI), (XIII) and (XIV) by co-
chromatography, MS and GC-MS.

Although (VI) was found small amount in
surface washes, it can not be supported as a
metabolite because it is formed about one
percent from Fluoroimide after one hour on
tic plate® and the surface washes contain large
amount of Fluoroimide.

The metabolite (IX) was found to have 4-

‘MS
00—
(] 233
Metabolite
X 10 %)
83 {37163 308
1} | Il 259 [334
0 —a L frobep b L
100 ) X |2,3 .
Authentic
X10 (%)
0 . hl' l.ll '[l‘ 'l I'
|UD A A e " 'l 1. 5
i
Authentic
(vin
X0
ol il'l..l,/;' T
0 100 200 300
m/e

fluorophenyl and dichloroethylene moieties by
MS spectrum (mfe 111: HZN@-F , wmfe
233: ClCH=CCl-CONH-{)F ) and NMR

s % 6.97 (2H, triplet), 7.55

spectrum [3TMS ’
ppm  (2H, multiplet): —NH-@—F ], and
mer; 1620

carbonyl ion by IR spectrum (vzix;
cm™) and sodium by FX (Na; calculated
8.29,, found 6.89%,). IR and MS spectra of the
metabolite agreed with those of authentic
sample (IX) as shown in Fig. 3. From these
results, it has become apparent that the
metabolite was sodium salt of (VII).

The metabolite (XIV) was found to have
imide ring by IR spectrum (viii: 1765, 1710,
1515, 1395, 1180 cm™) and did not contain
chlorine atom and was presumed to have suc-
cinimide ring and 4-fluorophenyl moieties
from its MS fragment peaks (m/e 193, 165, 137,
111). The spectra of the metabolite agreed
with those of authentic sample (XIV).

Table 5 shows the amount of extractable
Fluoroimide and its metabolites in the leaves
and fruits after 21 days. A main metabolite
was (IX) in surface washes. (V) was obtained
by acid hydrolysis of methanol-water extracts
and (XIV) was detected mainly in dichloro-
methane extracts. U-8 (an unknown meta-

IR

Lt Lt 2 2 ) 1 2 2 J 1 1 ¢ ¢ 1 13

Metabolite

x)

D)

4000

LI ) L B | l 1 L l ¥ L] LR l ¥ LB ] l LA
3000 2000 1500 1000
cm1

Fig. 3 MS and IR spectra of main metabolite (IX).
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Table 5 Extractable* 4C-Fluoroimide and its metabolites on/in Inu-apple trees after 21 days.
Percent of applied 4C
imi 1 * %k
Fh;c;lré) lil,?slde Detection Leaf application "Fruit application
metabolites SWH DM* MW#* BR CcO BR cO
Fluoroimide -+ + -+ + 66.2 38.2 43.5 73.3
A% — — + 0.6 — 0.3 —
VI + — — 0.1 0.1 0.0 0.3
IX + + -+ —+ 16.1 23.6 14.2 2.8
XI — — — 0.0 0.1 0.1 0.0
XIII — — — 0.1 0.1 0.0 0.3
X1V — + + 0.4 0.4 1.0 0.4
U-8 — + + 0.2 0.1 1.0 0.6
Others + + + 0.7 1.7 2.0 0.9
Total 84.4 64.3 62.1 78.6
* Surface washes (SW), dichloromethane extracts (DM) and methanol-water extracts (MW).
** _: not detected and less than 0.19,, +: 0.1-29,, + 4 : more than 29, as average of the
results obtained after 9, 21 and 45 days.
. . Fl imid
bolite), Rf values of which by solvent A and a u;g'ml )
C were 0.00 and 0.11, respectively, was detected CJ[CO/N@F
mainly in hydrolyzed extracts of methanol- \
water extracts.
HyC FONHTCO, ClrCONHOF
DISCUSSION i ellag [ Cl]Ico’N@E] cllcoona
L . S e Wl (1X)
Fluoroimide decreased to 509, in 20 and 30 (X'")l S / l
days on the leaves and fruits of Inu-apple ™~
~ . ] H2rCO Y F s HINCYF <—— C'][CONH@F
trees respectively under our experimental con N % cilin
dition. (XIV) Q) XD
Eighty-five percent of residual radioactivity Fig. 4 Tentative metabolic pathways on/in

was derived from Fluoroimide and a main
metabolite (IX). The amount of (IX) is con-
sidered to vary by extent of adherence on the
plants. When in the field conditions, dis-
sipation of these compounds from the plants
should be more accelerated by such physico-
chemical factors as wind, sunlight and rain-
fall, because (1) Fluoroimide adheres loosely,
and is absorbed and translocated very little,
(2) (IX) is very soluble in water. Consequently,
fate of Fluoroimide and (IX) in the soils must
be studied.

As reported, some N-phenylimides were
easily hydrolyzed to form anilamic acids as
a main metabolite in Ohric™ and Sumilex,®?
the latter of which was unstable on silica-gel
tlc plate where reversible reaction of ring-
cleavage and -closure of the imide was ob-
served. Half life of Fluoroimide on silica-gel
tlc plate was 4 hr® and the resulting maleanilic

Inu-apple trees.

acid (VII) showed the same Rf values with
those of (IX) on #lc. Therefore, (IX) must be
separated quickly and analyzed from Fluoro-
imide which decomposes to (VII) on silica-gel
tlc plate. (IX) was formed from sodium and
dissociated (VII) on the plants by water and
sunlight. Sodium of (IX) was presumably
derived from the plant surface, because the
plants generally contain several hundred ppm
of sodium ion as a usual component.

Since (XIII) and (XIV) were not detected
in the surface washes but were found in the
dichloromethane extracts, it is apparent that
they were the resulting metabolites within the
plants. Succinimide moiety of (XIV) is sup-
posed to be derived not from the component
in the plants but from the dichloroethylene
moiety of Fluoroimide which might undergo
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enzymatic reduction as was observed in DDT
metabolites.'” This was suggested by the fact
that the amount of (XIV) produced from BR—
Fluoroimide was relatively equivalent to that
from CO-Fluoroimide.

Although Fluoroimide reacts with thiol com-
pounds® and some of the metabolites of
organochlorine pesticides are glutathione con-
jugates in plants,’® such conjugates of Fluoro-
imide were not detected.

From these results, tentative metabolic path-
ways of Fluoroimide on/in Inu-apple trees
are proposed as shown in Fig. 4.
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TAFAAA I VO ERMW T A I VIR O ks i)
T, MS, IR, NMR B XU X #iEiC X b sodium
4-fluorophenyldichloromaleanilate T 3%z &%
[, il 7. fhuic RO 4 EDHRGEHY, 4-fluoroan-
iline, (E)-2,3-dichloro-N-(4-fluorophenyl) acrylam-
ide, N-(4-fluorophenyl) maleimide 3¥3k¢t N-(4-
fluorophenyl) succinimide [A], 2T, [A] ©
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