Absorption, Translocation, and Metabolism of

p-Nitrophenyl-a,a,e-trifluoro-2-nitro-p-tolyl Ether by Soybeans
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Soybeans growing in nutrient solution containing
HC-C-6989 (p-nitrophenyl-a,a,a-trifluoro-2-nitro-p-
tolyl ether) progressively absorbed radioactivity with
time. There was limited translocation of the ab-
sorbed radioactivity out of the roots. If the site of
action of this herbicide is in the shoots of plants, this
limited mobility could be a major factor in the rela-
tive resistance of soybean to C-6989. When +C-C-
6989 was applied to soybean leaves, translocation

was limited to an acropetal direction. Metabolic
studies revealed soybean rapidly degraded !'*C-C-
6989. Metabolism was indicated to involve limited
reduction of the nitro substituents and rapid cleavage
of the ether linkage to form the corresponding
phenolic derivatives. The rate of degradation was
sufficient to serve as a protective mechanism to the
soybean plant if the degradation products are rela-
tively nonphytotoxic.

ether) is a relatively new herbicide which was intro-

duced by CIBA Corporation. This compound shows
considerable potential as a preemergence herbicide in 2 num-
ber of crops, including soybean at rates to 2 to 4 Ib of
active ingredient per acre. It is formulated as a 5097 wet-
table powder, 159 granules, and as a 3 lb per gal
emulsifiable concentrate. Its solubility in water is less than
2.0 ppm (CIBA, 1967).

Presently, extensive research is being conducted by several
companies to determine the phytotoxicities of various ana-
logues of the diphenyl ether moiety (Toyama, 1969). Thus,
it is probable that additional herbicides of this type will soon
be introduced. Matsunaka (1969) reported that the diphenyl
ether type herbicides can be divided into two large groups.
One of these groups requires light for activation, whereas the
other exhibits herbicidal activity in the dark. The xantho-
phylls appear to be the pigments involved in this photoactiva-
tion. The former group is characterized by having at least
one substituent in one of the ortho positions of one of the
benzene rings. Those compounds which exhibit herbicidal
activity in the dark strongly inhibit root emergence. Appar-
ently no more specific information has been published con-
cerning the basic mode of action of the diphenyl ether type
herbicides.

Nitrofen (2,4-dichloro-4’-nitrodiphenyl ether) was the
first compound of this type to be developed as a herbicide.
Gutenmann and Lisk (1967) reported that nitrofen was rapidly
reduced to 2,4-dichloro-4’-aminodiphenyl ether in the rumen
of dairy cows. Walters ef al. (1968) reported that no C-6989
was present in the seed of soybeans treated preemergence with
2 to 6 lb active ingredient per acre. The basic diphenyl
ether moiety is thought to be quite stable in biological sys-
tems. The principal metabolite of diphenyl ether fed to

C -6989 (p-nitrophenyl-a,a,«-trifluoro-2-nitro-p-tolyl
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rabbits was 4-hydroxydiphenyl ether which was excreted
mainly as a glucuronide. The derivatives 4-methoxy- and
4,4’'-dimethoxydiphenyl ether were converted to the corre-
sponding hydroxy derivatives by the rabbit (Williams, 1959).

METHODS AND MATERIALS

Experiments were conducted with ring labeled '4C-C-6989
(1’ position, ring with p-nitro substituent) with a specific
activity of 8.3 uc per mg. All radioassays were conducted
with a Beckman Model LS 250 liquid scintillation system.
Soybeans (Glycine max L. variety Lee) were used in all experi-
ments. Experiments were conducted in a growth chamber
programmed for a 16 hr day and 8 hr night. Temperatures
were 32° and 24° C, respectively. Light intensity was about
1500 ft candles.

Absorption and Translocation. Initially '*C-C-6989 root
absorption and translocation were followed by growing 7-day
old soybean plants in 300 ml of nutrient solution containing 1
ppm of 4C-C-6989 for 0, 12, 24, 48 and 96 hr. Treatment
solutions were contained in 500 ml glass bottles which were
attached to a standard aeration system. There were four
plants per replication and two replications per treatment.
Foliar absorption and translocation were followed by spot-
ting 2.5 uc of 1C-C-6989 contained in 25 A of acetone inside
lanolin rings on the upper surface of the leaves. Treatment
time was 48 hr. Upon termination of a treatment, the plants
were positioned between two pieces of screen wire, frozen,
freeze-dried in a Virtis Model 10-100 freeze drier, and ex-
posed to Kodak No-Screen X-ray film for 2 weeks.

A second C-6989 absorption and translocation experiment
was conducted by growing 7-day old soybean plants in 1 ppm
14C-C-6989 solutions for 0, 1, 2, 4, 8, and 16 days. Treat-
ments were applied as indicated in the initial study and were
changed at 4-day intervals. The volume and radioactivity
of the treatment solutions was determined at the initiation
and termination of a treatment as well as when treatment
solutions were changed. The fresh weights of the plants
were also measured at the initiation and termination of treat-
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Figure 2. Distribution of radioactivity in extracts of soybean
shoots from plants growing in a 1 ppm 4C-C-6989 solution
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Figure 3. Distribution of radioactivity in extracts of soybean roots
from plants growing in a 1 ppm 4C-C-6989 solytion
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sible amino derivatives appear primarily in the hexane frac-
tion, whereas phenolic derivatives formed by cleavage of the
ether linkage appear primarily in the ethyl ether fractions, and
more polar materials are retained in the aqueous residue
(Geissbuhler, 1970). It is apparent that there was a general
decrease in the quantity of radioactivity appearing in the
hexane and first ethyl ether fractions with time, while the con-
verse was true of the second ethyl ether and aqueous residue
fractions. Thus, the extraction data suggested cleavage of the
ether linkage was involved in C-6989 metabolism in soybeans.
Progressive increases in the quantity of radioactivity appear-
ing in the second ethyl ether fraction indicated the degrada-
tion products were bound in the plant in some form whereby
they could be partially extracted as a phenolic derivative
upon acid hydrolysis. A balance sheet on the extraction of
absorbed radioactivity from the treated plants is shown in
Table III.

The R; values of the radioactive components of the extracts
of 1C-C-6989 treated soybeans and of several synthesized
probable metabolites are shown in Table IV. A comparison
of the R; values of the !“C-compounds in the extracts with
those of the synthesized probable metabolites indicated the
radioactive components of the roots and shoots were C-6989,
4-trifluoromethyl-2-amino-4‘-nitrodiphenyl  ether, 4’,2-di-
amino-4-trifluoromethyldiphenyl ether, and p-nitrophenol.
When the indicated reference compound(s) were spotted
with the extracts, the reference compounds cochromato-
graphed with the respective components of the extracts in both
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Table III. Balance Sheet of Radioactivity
from C-C-6989 Treated Soybeans

Time Absorbed  Acetonitrile Fibrous Recovery
(days) 7)) Extract (ug) Residue (ng) 1$79)
1 74.6 49.6 38.6 118.5
2 136.4 66.2 70.9 100.6
4 222.0 118.8 125.9 108.5
8 500.1 126.5 221.4 78.2
16 874.6 236.8 702.6 107.4

Table IV. R; Values of Several Synthesized Probable
Metabolites and of Radioactive Constituents of Extracts
of 14C-C-6989 Treated Soybean Plants

R; Values
Benzene: Chloroform:
1,2-dichloroethane ethanol:acetic acid
Compounds (1:1 v/v) (90:5:5 v/v)
Extract Components
1 0.69 0.91
2 0.35 0.82
3 0.28 0.60
4 0.1 0.75
5 0 0
Reference Compounds
C-6989 0.65 0.93
CFA-170 0.35 0.85
CFA-171 0.28 0.61
E-192 0.15 0.75

C-6989—p-nitrophenyl-a,a,a-trifluoro-2-nitro-p-tolyl ether
CFA-170—4-trifluoromethyl-2-amino-4 '-nitrodiphenyl ether
CFA-171—4’-2-diamino-4-trifluoromethyldiphenyl ether
E-192—p-nitrophenol

solvent systems. However, identification via thin-layer
chromatography should be regarded as tentative. A small
amount of radioactivity was retained at the origin and was not
identified. The first three !4C-compounds appeared pri-
marily in the hexane extracts, while p-nitrophenol and the
unidentified fraction appeared in the ether and aqueous resi-
due extract fractions. The most abundant !*C-compound
in the shoots was p-nitrophenol at all treatment times, while
C-6985 was the most abundant constituent of root extracts
until the eighth day. The relative quantities of radioactivity
which appeared in these component fractions of the root and
shoot extracts are shown in Figures 2 and 3. The mono-
and diamino derivatives were present in only trace amounts,
and are not represented in these figures. The former me-
tabolite was observed more consistently and in larger quantities
than the latter. Thus, these data indicate that metabolism of
C-6989 in the soybean plant primarily involves a cleavage of
the diphenyl ether linkage. Reduction of the nitro substit-
uents was of minor importance. Reduction of nitro substit-
uents has been reported to be involved in the degradation
of other herbicides (Gutenmann and Lisk, 1967; Probst et a/.,
1967). Cleavage of a diphenyl ether type moiety has not
been reported to occur with other herbicides of this type.
A similar scheme of degradation of C-6989 has been observed
by Geissbuhler (1970) and by Boyd (1969).

CONCLUSIONS

Soybeans growing in nutrient solution containing *C-C-
6989 will progressively absorb the herbicide with time. The
absorbed radioactivity exhibits little mobility within the plant,
with limited quantities of radioactivity being present in shoots
of soybean plants grown in nutrient solution containing



14C-C-6989 for 16 days. Metabolic studies revealed most of
this radioactivity to be a H4C-C-6989 metabolite. 14C-C-6989
applied to soybean leaves was translocated to a limited extent
in an acropetal direction.

Metabolic studies revealed soybeans readily degrade
14C-C-6989. C-6989 metabolism was observed to primarily
involve a cleavage of the ether linkage. Reduction of the
nitro substituents of the rings was of minor importance. The
rate of metabolism of C-6989 was sufficient to serve as a pro-
tective mechanism to the soybean plant if the degradation
products are relatively nonphytotoxic.

ACKNOWLEDGMENT

Appreciation is expressed to V. Frank Boyd and Hans
Geissbuhler for their cooperation on this study, and to
Richard Dunand for technical assistance.

LITERATURE CITED

Boyd, V. F., CIBA Agrochemical Co., Vero Beach, Fla., private
communication (1969).

CIBA Agrochemical Co., Research Bull. No. 19 (1967).

Geissbuhler, H., Proc. International Union of Pesticides Analytical
Committee, In Press (1970).

Gutenmann, W. H., Lisk, D. J., J. Dairy Sci. 50, 1516-1518 (1967).

Matsunaka, S., J. AGR. Foonp CHEM, 16, 143-144 (1969).

Probst, G. W., Golab, T., Herberg, R. J., Holzer, F. J., Parka, 8. J.,
(nghg%s’ C. Vander, Tepe, J. B, J. AGR. Foop CHEM. 15, 592-599

Toyama, T., U.S.-Japan Seminar on Biochemical Approaches to
Weed Control, Raleigh, N.C. (1969).

Walters, J. P., Ketchersid, M. L., Merkle, M, G., J. AGr. Foop
CHEM. 16, 143-144 (1968).

Williams, R. T., “Detoxification Mechanisms,” pp. 324-330, Chap-
man and Hall, London (1959).

Received for review May 14, 1970. Accepted September 2, 1970,
Radiolabeled C-6989, synthesized merabolites, and partial support of
this research was provided by the CIBA Agrochemical Co.

J. AGR. FOOD CHEM,, VOL. 19, NO. 1, 1971 35



