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Results of a study of the metabolic products identi-
fied in rat and cow urine and rat feces from oral
ingestion of the new herbicide N-(1,1-dimethyl-
propynyl)-3,5-dichlorobenzamide (Compound A)
are presented. Half the radioactivity in rat feces
and less than 1% in rat urine was unchanged Com-
pound A. Cow urine contained no Compound A.
In rat feces the metabolites were: 2-(3,5-dichloro-
phenyl)-4,4-dimethyl-5-methyleneoxazoline (I), N-
(1,1-dimethylacetonyl)-3,5-dichlorobenzamide  (II),
2 - (3,5 - dichlorophenyl) - 4,4 - dimethyl - 5 - hy-
droxymethyloxazoline  (III), AN-(1,1-dimethyl-3-
hydroxyacetonyl)-3,5-dichlorobenzamide (IV), N-
(1,1 - dimethyl - 3 - hydroxypropyl) - 3,5 - dichloro-

benzamide (V), N-(1,1-dimethyl-2,3-dihydroxy-
propyl)-3,5-dichlorobenzamide  (VI),  3-(3,5-di-
chlorobenzamido)-3-methylbutyric acid (VII), «-
(3,5-dichlorobenzamido)isobutyric acid (VIII), plus
one metabolite which has not been identified. In
rat urine the metabolites were III, IV, VI, VII, VIII,
plus 3-(3,5-dichlorobenzamido)-a-hydroxy-G-meth-
ylbutyric acid (XII), and three unidentified metab-
olites different from that found in the feces. In cow
urine the metabolites were VII, VIII, XII, and one
of the unidentified metabolites found in rat urine.
A tentative pathway by which these metabolites may
have been formed is discussed.

parative metabolism of N-(1,1-dimethylpropynyl)-3,5-

dichlorobenzamide (Kerb, Rohm and Haas RH-315,
hereafter designated Compound A) in soil, plants, and an-
imals.

The initial transformation of Compound A in soil has been
reported (Yih et al., 1970). Nine metabolites were identified
in Cl4-labeled Compound A treated soil and alfalfa (Yih and
Swithenbank, 1971). The present study concerns the isola-
tion, identification, and synthesis of metabolites of Compound
A in rat and cow urine and rat feces. As a result, sufficient
data exist to postulate tentative metabolic pathways for Com-
pound A, and its comparative metabolism in soils, plants, and
mammals.

T his is the continuation of studies to determine the com-

EXPERIMENTAL

Synthesis of Compounds and Metabolites. The syntheses
of N-(1,1-dimethylpropynyl)-3,5-dichlorobenzamide (Com-
pound A), and the compounds found in soil and alfalfa are
described in the preceding paper (Yih and Swithenbank,
1971). Following is the synthesis of the one additional com-
pound found in urine

B-(3,5-DICHLOROBENZAMIDO)-«-HYDROXY-
B-METHYLBUTYRIC ACID (COMPOUND XII)

This preparation is a modification of that described by
Danilov and Martynov (1952).

3-METHYL-3-AMINO-2-HYDROXYBUTYRAMIDE, A two-phase
mixture of methyl 2,3-epoxy-3-methylbutyrate (62.7 g, 0.483
mole) and 28 % ammonium hydroxide (313.5 ml, 5.15 moles)
was stirred at 25° C for 24 hr until homogeneous to give a
solution of 3-methyl-2,3-epoxybutyramide. This solution was
transferred to pressure bottles and heated on a steam bath for
8 hr. After cooling, the solution was concentrated under
reduced pressure to a syrup which was dissolved in methanol.
The solution was treated with anhydrous hydrogen chloride to
give 3-methyl-3-amino-2-hydroxybutyramide hydrochlioride
(39.2,23%): m.p.233-240° C(dec).

Rohm and Haas Company, Research Laboratories, Spring
House, Pa. 19477
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Neutralization equivalent. Calcd. for CsH;5CIN,Os:
168.6. Found: 160.

B3-(3,5-DICHLOROBENZAMIDO)-a-(3,5 - DICHLOROBENZOXY) - 3-
METHYLBUTYRAMIDE, A solution of 3,5-dichlorobenzoyl-
chloride (97.2 g, 0.464 mole) in benzene (200 ml) was slowly
added to a well stirred solution of 3-methyl-3-amino-2-
hydroxybutyramide hydrochloride (39.2 g, 0.232 mole) and
sodium hydroxide (27.9 g, 0.696 mole) in water (200 ml) at
20-25° C over 90 min. After stirring a further 90 min, the
aqueous phase was neutral and $-(3,5-dichlorobenzamido)-
a-(3,5-dichlorobenzoxy)-8-methylbutyramide (80 g, 72 %) was

filtered off and washed with water, benzene, and methanol, and

air dried. A sample was recrystallized from ethanol:
m.p. 196-198°C.
ANAL. Caled. for CsH;¢Cl:N.O4: C, 47.43; H, 3.37;

N,5.86. Found: C,648.10; H, 3.68; N,6.03,

3-(3,5-DICHLOROBENZAMIDO)--HYDROXY - 3 -METHYLBUTYR-
AMIDE. Sodium hydroxide (2 g, 0.05 mole) was dissolved in
ethanol (200 ml) and the solution heated under reflux with
8-(3,5-dichlorobenzamido)-a-(3,5-dichlorobenzoxy)-3-methyl-
butyramide (23.9 g, 0.05 mole). After 1 hr the solid had dis-
solved and the solution was only slightly alkaline. The
solvent was removed under reduced pressure and the residue
slurried with water, filtered, and the solid washed with water
and benzene and air dried to give 8-(3,5-dichlorobenzamido)-
a-hydroxy-8-methylbutyramide (12 g, 79%) which was re-
crystallized from ethanol: m.p. 225-227°C.

ANAL. Caled. for CppH.,CLN.O;: C, 47.22;
N,9.18. Found: C,47.42; H,4.57; N,9.15.

3-(3,5-DICHLOROBENZAMIDO)--HYDROXY-(3-METHYLBUTYRIC
Acip. Finely powdered sodium nitrite (45.0 g, 0.655
mole) was added to a solution of §-(3,5-dichlorobenz-
amido)-a-hydroxy-8-methylbutyramide (20 g, 0.065 mole)
and concentrated hydrochloric acid (54.6 ml, 0.65 mole) in
dioxane (375 ml) and the solution stirred vigorously at 20—
25° C for 24 hr until nitrogen evolution ceased. The mixture
was diluted with water (1200 ml) and extracted with ether.
The extract was dried and the solvent removed to give
B-(3,5-dichlorobenzamido)-a-hydroxy-G-methylbutyric ~ acid
(17.5 g, 85%) which was recrystallized from 20%, acetone in
benzene: m.p.161-163°C.

H, 4.63;






Table II. 1dentities and Amounts of Compound A Metabolites in Rat and Cow Urine and Rat Feces

Metabolite R; Rat Feces Rat Urine Cow Urine
Number Structure® Values® A 1g/s % mg/1. % mg/1.
Compound A (? CH;
I H
R—C—N—?—CECH 0.62# 53.7 351.74 0.6 1.36
CH;,
/O’—C=CHZ
1 R—C{ ‘ 0.828 0.9 5.90
N—$——CH3
CH,
(¢ CH;
| H |
11 R—C——N—IC—COCH;, 0.420 1.5 9.83
CH;
/O-—C,—CHZOH
111 R—C ’ 0.23 15.0 98.25 5.9 13.38
N—f—CHJ
CH
(o] CH;
| H |
v R-—C—N—C—COCH,OH 0.61° 4.7 30.79 3.6 8.17
CH;
(o] CH;
|l H |
v R—C—N—(‘:_CHECH2OH 0.49> 1.2 7.86
CH;
O CH;
lH
VI RVC—N~$—CHOHCHEOH 0.46° 2.2 14.41 3.1 7.03
CH;
(¢] CH;
| H |
VIl R-—C—N—C—CH.COOH 0.71¢ 1.9 12.45 2.4 5.44 3.3 0.47
CH;
O CH;
| H |
VIII R—C—N—~‘C—COOH 0.49° 1.8 11.79 22.4 50.82 4.4 0.63
CH;
0] CHs
| H
IX R—C—N—’C—COCOOH 0.49¢
CH;
0
I
X R—C—R;: 0.63¢
O
I
XI R—C—R: 0.32¢ 1.1 7.21 24.1 54.67
(continued)
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Figure 3. Proposed metabolic pathways of Compound A in soil, alfalfa, rat and cow urine and rat feces

It is most interesting to compare the metabolism of Com-
pound A in soil, plants, and mammals, even though the pres-
ence of a particular metabolite may be missed through being
present below the detectable concentration. [In particular, the
chemically unstable keto-acid (metabolite IX) is required by the
proposed scheme to be the sole precursor to metabolite VIIIL.]
Nevertheless, the pattern of metabolites in cow urine suggests
that only one metabolic pathway is operating in this case to the
practical exclusion of all others; Compound A — metabolite
VII — metabolite XII — metabolite IX (not detected) — me-
tabolite VIII. The presence of metabolites IV and VI, in
addition to these in rat urine, suggests that the oxidation/
reduction sequence may be operating and that these metab-
olites are not obtained vig metabolites I, I, and III.

The metabolism pattern in rat feces, alfalfa, and soil con-
trasts with that in urine in that metabolite X1II is absent in each
of these cases, suggesting (perhaps) that the enzyme respon-
sible for the hydroxylation of metabolite VII is not available
in these cases. The absence of metabolite VI from rat feces
has been ascribed to insufficient quantities being present for
its detection, since its formation is required by the metabolism
sequence as proposed.

In summary, the pattern of Compound A metabolites in
soil, alfalfa, and rat feces appears to be essentially similar,
following at least two major pathways. Over the period of
the investigation the final products in the metabolic chain are
metabolites VII and VIII. In striking contrast, a third
pathway is uniquely followed in rat and cow urine in which
metabolite VII is ultimately converted to metabolite VIII,
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It is interesting that all of the identified metabolites are the
result of manipulations on the two terminal carbon atoms,
We have not been able to identify 3,5-dichlorobenzoic acid as
a metabolite, although it is possible that one or more of the
unidentified ‘“‘conjugates™ have, in fact, lost the alkyl side
chain. We have also been unable to find any evidence of ring
hydroxylation (with or without loss of chlorine, or rearrange-
ment) by the absence of compounds with R;’s similar to those
of methyl 2- or 4-hydroxy-3,5-dichlorobenzoate in the hy-
drolyzate of the unknowns, although this evidence is clearly in-
sufficient for a firm conclusion.
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