Metabolism of 3,4-Dichloropropionanilide in Plants:
The Metabolic Fate of the 3,4-Dichloroaniline Moiety

Abstract. Studies to elucidate the fate of 3,4-dichloropropionanilide (propanil)
in rice (Oryza sativa L. var. Nato) plants have shown that the propanil molecule
is cleaved and the propionic acid moiety metabolized. To ascertain the fate of
the 3,4-dichloroaniline moiety of propanil, rice plants were exposed to propanil
in liquid culture. The roots and shoots of treated rice plants were extracted and
quantitatively assayed for four aniline-containing metabolites. One of the four
metabolites proved to be 3,4-dichloroaniline, while the remaining three metabolites
contained complexed 3,4-dichloroaniline. N-(3,4-dichlorophenyl)-glucosylamine was
identified as one of the complexes. A time-course study of the four metabolites in-
dicated the appearance of the 3,4-dichloroaniline-containing metabolites within
6 hours. After 14 days of treatment, the complexed aniline metabolites amounted
to only 10 percent of the total propanil administered to the rice plants.

3,4-Dichloropropionanilide  (propa-
nil), a selective herbicide used as a post-
emergence treatment, has found wide
use both nationally and internationally
in the cultivation of rice (Oryza sativa
L. var. Nato). Propanil is very effec-
tive in controlling both monocotyledo-
nous and dicotyledonous weeds in rice
(Z). Investigations on propanil metab-
olism in intact rice plants have shown
that roots readily absorb propanil and
translocate and metabolize the propionic
acid moiety of propanil (2). However,
the metabolic fate of the 3,4-dichloro-
aniline (3,4-DCA) moiety of pro-
panil is still unknown. This report will
describe investigations which showed
that the free 3,4-DCA was first com-
plexed as N-(3,4-dichlorophenyl)-glu-
cosylamine. Two other metabolites were
isolated that yielded 3,4-DCA after hy-
drolysis. A precursor-product relation
was shown to exist between propanil
and its metabolites.

The roots of 1-month-old rice plants
were treated with 8.3 X 10—5M to 9.2
X 10—5M propanil in full-strength
Hoagland’s solution. The plants were
harvested after 5 days of exposure. The
root and shoot portions were separated
and lyophilized. The methanol extract
of the dried tissue was chromatographed
on silica gel in butanol : ethanol : water
(2:1:0.5, by volume). The metabolites
containing aniline were identified on the
chromatogram by use of the sensitive
Bratton-Marshall diazotization reaction
with 1-N-naphthylethylenediamine di-
hydrochloride (3). The chromatograms
were sprayed with 6N HCI and allowed
to stand at room temperature for 10
minutes to hydrolyze the aniline com-
plexes before color development. Un-
der these conditions, propanil was not
hydrolyzed. Four aniline-positive spots
were detected by this procedure. For
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means of identification the metabolites
were designated as M-1, M-2, M-3, and
M-4 with increasing R values. Metabo-
lite M-4 was identified as 3,4-DCA
as indicated by thin-layer chromatog-
raphy and gas-liquid chromatography
(4). Isolation of metabolites M-1, M-2,
and M-3 from paper or thin-layer chro-
matograms followed by hydrolysis and
gas-liquid chromatography proved that
the only isomer of aniline present was
3,4-DCA.

Metabolite M-1 was readily hydro-
lyzed to an unknown derivative and
metabolite M-3. Metabolite M-2 was

present in small quantities and seemed
to be stable. A survey of the hydrolysis: -

products with various indicating reagents
showed that the predominant compo-
nent of all three metabolites was reduc-
ing sugars. Gas-liquid chromatography
of the trimethyl silyl ether derivatives
(5) of the hydrolysis products of M-1,
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Fig. 1. Infrared spectrum of the trimeth-
ylsilyl ether derivatives of synthetic N-
(3,4-dichlorophenyl)-glucosylamine (lower)
and the metabolite (upper) isolated from
intact rice plants.

M-2, and M-3 showed that these sugars
were hexoses and predominantly glu-
cose in the case of metabolite M-3.
The data indicated that N-(3,4-di-
chlorophenyl)-glucosylamine was a pos-
sible structure for metabolite M-3. This
compound was chemically synthesized
as described by Kadunce (5). The iso-
lated metabolite M-3 and the synthetic
glucoside were compared by thin-layer
and paper chromatographic analysis.
The trimethyl silyl ether derivative
of the N-(3,4-dichlorophenyl)-glucosyl-
amine had a retention time of 20.4
minutes on a Carbowax (5 percent) gas-
liquid chromatograph column at a tem-
perature of 195°C and coincided with
the retention time of the 3,4-DCA
complex (M-3) isolated from rice. The
trimethyl silyl ether derivatives were
collected directly on KBr crystals, by
use of a modification of the method
of Giuffrida (6) to collect the effluent
from the gas-liquid chromatographic
column. Figure 1 shows that the in-
frared spectra of the trimethyl silyl
ether derivatives of synthetic N-(3,4-
dichlorophenyl)-glucosylamine  (lower)
and the isolated M-3 metabolite (upper)
were superimposable. This confirmed
that metabolite M-3 isolated from
treated intact rice was N-(3,4-dichloro-

-phenyl)-glucosylamine. Efforts to char-

actetize metabolites M-1 and M-2 have
failed because of the instability of M-1
and our failure to separate and purify
M-1 and M-2 sufficiently to carry out
structural analysis.

A series of time-course studies were
conducted to determine the precursor-
product relationship between the three
metabolites containing 3,4-DCA. Roots
of 1-month-old rice plants were treated
with 8.3 X 10-5M to 9.2 X 10—5M
propanil in full-strength Hoagland’s so-
lution. Plant samples were harvested at
6- and 12-hour and at 1-, 2-, 4-, 5-,
7-, 8-, 10-, and 14-day intervals. A sam-
ple of the treating solution was taken
at each harvest. The roots were washed
and the plant was severed at the crown,
and the shoots and roots were analyzed
separately. All tissues were frozen and
lyophilized. The ground, dry tissues
were extracted with anhydrous metha-
nol, and unchanged propanil and its
metabolites were separated by paper
and thin-layer chromatography. Metha-
nolic eluates from the chromatograms
were quantitatively analyzed by the
Bratton-Marshall colorimetric proce-
dure. Propanil was positive to the Brat-
ton-Marshall colorimetric procedure
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Fig. 2. A time-course study of propanil metabolism in rice.

only after a 6N HCI hydrolysis for 30
minutes at 100°C. Therefore, we were
able to determine propanil and 3,4-DCA
separately in a chromatographic system
in which they were not widely sepa-
rated.

Figure 2 shows the time-course me-
tabolism of propanil in rice. The propa-
nil concentration in the roots reached a
maximum at 1 to 2 days and fell to a
constant level at 6 days. This was con-
trasted to the simultaneous increase of
propanil concentration in the shoots
which fell to zero concentration at 7
days after treatment.

3,4-Dichloroaniline, the first hydrol-
ysis product of propanil, was detected
only within the first 24 hours in the
shoots. The roots showed a slow in-
crease in 3,4-DCA concentration fol-
lowed by a decrease approaching zero
at 14 days of treatment. After 24 hours
of exposure to propanil, the shoots
contained no free 3,4-DCA. However,
these same tissues contained a high con-
centration of propanil after 24 hours
of treatment. These observations sug-
gest that the foliar tissues have the
enzymatic capability to rapidly complex
free 3,4-DCA. The persistence of free
3,4-DCA in the roots suggests that root
tissues may not have the same enzymat-
ic capabilities as the shoots.

The concentration of metabolite M-3
increased abruptly in the shoots and
decreased in concentration after 3 days.
Simultaneously, M-3 concentration in-
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creased in the roots, reaching a maxi-
mum at 4 days. There was a steady
decrease in concentration of metabolite
M-3 in the roots thereafter, until a
constant concentration was established
at 10 to 13 days.

The same relationship was observed
with metabolites M-1 and M-2, which
are represented in these curves as the
sum of the two metabolites. These me-
tabolites increased in the foliar mate-
rial, and shifted in time with relation to
metabolite M-3, reaching a plateau be-
tween 2 and 6 days. They reach a
maximum concentration at 5 days, and
subsequently decrease in concentration
to the termination of the experiment.

The results of these studies show that
a precursor-product relationship does
exist between propanil and its me-
tabolites. The first stable catabolic inter-
mediate of propanil metabolism, M-3,
is found in both the shoot and root in
about equal concentrations (435 pmole
per total treated root, 371 pmole per
total shoot treated). Propanil and free
3,4-DCA are found in much lower con-
centrations in the shoot (propanil, 343
pmole per total treated root and 121
wmole per total treated shoot; 3,4-DCA,
95 pmole per total treated root and 10
wmole per total treated shoot). This dif-
ference in propanil and 3,4-DCA con-
centration suggests that the foliar tissues
more readily hydrolyze propanil and
complex the liberated 3,4-DCA to M-3.
Both root and shoot appear to con-

vert M-3 to metabolites M-1 and M-2.
When rice plants are grown in the
presence of 3,4-DCA in Hoagland’s so-
lution, the metabolites M-1, M-2 and
M-3 are all found in the foliar and
root tissues of these treated plants, in
concentrations similar to that found in
the propanil-treated rice. An extensive
time-course study using free 3,4-DCA
as substrate has not been performed,
but the observed translocation and en-
zymatic glucoside formation yielded a
precursor-product relationship identical
to that seen with the herbicide propanil.
Bartha (7) demonstrated that soil
microflora readily hydrolyzed propanil
to 3,4-DCA. Subsequent metabolism of
the free aniline resulted in the accumu-
lation of 3,3’,4,4’,-tetrachloro-azoben-
zene in soil cultures. We have no evi-
dence that azobenzene is one of the
metabolites of propanil in rice.

At 6 days of treatment an assay of
the total aniline content in the treating
solution and root and shoot tissues
gave the following percentage distribu-
tion: 12.5 percent of the total admin-
istered propanil remained unchanged in
the treating solution; the roots con-
tained 7.1 percent and the shoots 4.9
percent of the total administered pro-
panil aniline equivalents. Thus at 6
days 75.5 percent of the total aniline
equivalent from propanil had not been
accounted for as propanil, 3,4-DCA,
or as a metabolite intermediate con-
taining 3,4-DCA. A similar assay at
14 days of treatment accounted for
only 10 percent of the total aniline
equivalent administered to the system.
Thus, there is a rapid rate of turn-
over of the parent propanil molecule
and its catabolic intermediates to some
unknown intermediate or intermediates.
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