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Preparative-Scale Synthesis of Two Metabolites Isolated from
Soil Treated with Zoxium Fungicide and Kerb Herbicide
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The preparation in multigram scale of two metabolites 3-(3,5-dichloro-4-methyl-benzoylamino)-2-
hydroxy-3-methyl-pentanoic acid and 3-(3,5-dichloro-benzoylamino)-3-methyl-2-oxo-butyric acid
isolated from soil treated with either Zoxium fungicide or Kerb herbicide was efficiently accomplished
using a common 5-step synthetic process starting from easily available raw materials.
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INTRODUCTION o} o}

ol OH o

3,5-DichloroN-(3-chloro-1-ethyl-1-methyl)-4-methylbenz- q)v = %

amide (Zoxium, RH-7281, compourid Figure 1) is a new, Oy -NH A// Oy NH © %OH
high-performance fungicide currently under development by O O -NH 0
Rohm and Haas Co. for foliar use on potatoes, vines, and
vegetables). RH-7281 exhibits excellent preventive efficacy CH, “ ol o “ CH, “ o ol
against Plasmopara viticola, Phytophthora infestansand
Pseudoperonospora cubensis.also has exceptionally low 1 2 3 4

mammalian toxicity and is very safe to the environmeljt (
RH-7281 and Pronamide (Kerb herbicid®, have similar Figure 1.
structural featuresFjgure 1). Metabolism studies witH“C-
aromatic ring labeledl have shown that 3-(3,5-dichloro-4- ammonia could yield the key intermedigtehydroxyamine6
methyl-benzoylamino)-2-hydroxy-3-methyl-pentanoic a@yl (  or 11 (5). Benzoylation of the amino group presentGror 11
can be isolated from treated sdl| ¥, 8). The structurally related ~ would afford7 or 13, followed by hydrolysis to the carboxylic
3-(3,5-dichloro-benzoylamino)-3-methyl-2-oxo-butyric aci)l ( acid9 or 14, and finally, oxidation of the hydroxy group should
was reported by Yih and Swithenbar®) (n 1972 as a minor lead to the desired compoun@sand4 (Schemes Jand 2).
metabolite of2 in both soil and alfalfa. Multigram quantities Synthesis of compour@was accomplished in moderate yield
of metabolites3 and 4 were required to complete the safety by this pathway $cheme ] starting from methyl 2,3-epoxy-
assessment of both Zoxium fungicide and Kerb herbicide. This 3-methyl pentanoateb) (4), which was prepared in 59% yield
paper describes the preparation on a multigram scale of thesérom butanone and methyl chloroacetate following the method
two metabolites (compoundsand4). of J. R. Sjolande et al3] Ring-opening ob by treatment with
aqueous ammonia in a sealed tube using a modified literature
(4) procedure yielded the key-hydroxy{3-aminoamide deriva-
tive 6 in 61% yield. Benzoylation 06 with an equimolecular

Compounds3 and 4 show a common 3-amino-2-oxo0-3,3- amount of 3,5-dichloro-4-methylbenzoyl chloride afforded ben-
dialkyl moiety. A general synthesis for the preparation of zamide7 in 60% yield. On the contrary, the use of an excess
multigram amounts of these two compounds can be envisionedof 3,5-dichloro-4-methylbenzoyl chloride in aqueous sodium
as starting from epoxides or 10, Schemes land 2, readily hydroxide led to a 1:1 mixture of diacyl derivative and
prepared by the Darzens condensation of ketones and chlorobenzamider. Treatment of this mixture with ethanolic sodium
acetate esters4). Ring-opening of5 or 10 with aqueous hydroxide yielded the desired benzamita only 41% yield.

Selective hydrolysis of pentanamideto the corresponding
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address: Locus Discovery Inc., Four Valley Square, 512 Township Line yielding 9 in a 71% yield. The latter can be easily oxidized to
Roggbﬁlmueaﬁglh:gé %?gﬁ%any_ the desired using DMSO/oxaly! chloride) with 51% yield.
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2 (i) 30% NHs(aq), 100 °C, 8 h. (ii) 3,5-Dichloro-4-methylbenzoyl chloride,
NaOH. (iii) NaOH, ethanoal, reflux 3 h. (iv) HNO,, H;O. (v) DMSO/oxalyl chloride,
TEA.
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2(i) 30% NHs(ag), 100 °C, 8 h. (i) 3,5-Dichlorobenzoyl chloride, NaOH.
(i) NaOH, ethanol, reflux 3 h. (iv) HNO,, H,0. (v) DMSO/oxalyl chloride,
TEA.

Compound4 was synthesized in a similar way starting from
acetone and 3,5-dichlorobenzoyl chloridéceme 2. Thus,
epoxidel0 was prepared in 44% vyield by the condensation of

acetone and methyl chloroacetate. Ring-openind ®sing
aqueous ammonia yieldeggthydroxyaminell in 32% yield,

which by treatment with 3,5-dichlorobenzoyl chloride yielded
the diacyl derivativel2 in 69% yield. Selective hydrolysis of

12 in ethanolic sodium hydroxide afforded compoub8 in

guantitative yield, which in turn can be hydrolyzed to the
corresponding carboxylic acid4) by treatment with nitrous
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acid in dioxane in 68% vyield. Finally, oxidation 4# yielded
4in 77% vyield.

CONCLUSIONS

The preparation in multigram scale of two metabolitargd
4) isolated from soil treated with either Zoxium fungicide or
Kerb herbicide was efficiently accomplished using a common
5-step synthetic process starting from either acetone or butanone.

EXPERIMENTAL PROCEDURES

Infrared spectra were recorded in a Nicolet Magna 560 Fourier
transform infrared spectrophotometé and *3C nuclear magnetic
resonance (NMR) spectra were determined in a Varian Gemini-300
operating at field strengths of 300 and 75.5 MHz, respectively, or a
Varian-200 operating at a field strength of 200 MHz. Chemical shifts
are reported in parts per milliord), and coupling constantsl)(are
reported in Hertz using, in the case 'vf NMR, tetramethylsilane or
sodium 2,2,3,3-tetradeuteriotrimethylsilylpropionate as an internal
standard and setting, in the case® NMR, the references at the
signal of the solvent. Standard and peak multiplicities are designated
as follows: s, singlet; t, triplet; m, multiplet. Tetrahydrofuran (THF)
was distilled from LiAlH; and kept ove 4 A molecular sieves.
Triethylamine was freshly distilled before use. Dimethyl sulfoxide was
distilled in vacuo and kept ovet A molecular sieves.

Methyl 2,3-Epoxy-3-methylpentanoate (5)A mixture of distilled
butanone (61.2 g, 0.85 mol) and of methyl chloroacetate (92.2 g, 0.85
mol) was added dropwise to a stirred cooled (ice bath) suspension of
sodium methoxide (51.0 g, 0.94 mol) in diethyl ether (165 mL) over a
period of 3 h. The reaction mixture was allowed to warm gradually to
room temperature and stirred overnight. The resulting orange mixture
was heated on a water bathr f® h and poured into ice water;80,
(98%) (380 mL:7.5 mL); diethyl ether (300 mL) was added, and the
layers were separated. The aqueous phase was extracted once with
diethyl ether (300 mL), and the combined ether extracts were washed
with water (400 mL), 10% aqueous NaHE€@ x 400 mL), and water
(400 mL) and dried over anhydrous magnesium sulfate. The ether was
removed under vacuum, and the resulting oily residue was distilled in
vacuo through a short Vigreux column to afford 80.2 g (65%)pof
(diastereomeric mixture) as a colorless liquid collected &1G#& mm
Hg). IR (film, cm™): 2973, 2942, 2883 (€EH), 1757, 1735 (€0).

'H NMR (300 MHz, CDC}): ¢ 3.79 (s, 3H,—OCH), 3.36 (s, 1H,
H2), 1.771.56 (m, 2H, H4), 1.40, 1.35 (s, 3H, G 0.99 (t, 3H,
H5). 13C NMR (75.5 MHz, CDC}): ¢ 169.0, 168.8 (C1), 63.6, 63.4
(C3), 59.3, 58.0 (C2), 52.0 (OGH 30.4, 25.2 (C4), 20.8, 15.7 (GH
9.4, 8.8 (C5).

Methyl 2,3-Epoxy-3-methylbutyrate (10). To a cooled (5°C)
mixture of acetone (26.7 g, 0.46 mol), diethyl ether (160 mL), and
methyl chloroacetate (50 g, 0.46 mol) was added sodium methoxide
(39.8 g, 0.74 mol) portionwise over a period of 2 h. After the addition
was completed, the reaction mixture was stirred &€ %or an additional
8 h. The reaction mixture was warmed to room temperature and stirred
overnight. The reaction mixture was poured into a mixture of crushed
ice:HCI (36%) (200:30 mL. The phases were separated, and the organic
phase was washed with water (2 100 mL), saturated aqueous
NaHCG; (1 x 100 mL), water (1x 100 mL), and brine (x 100 mL)
and dried over anhydrous sodium sulfate. The solvent was removed in
vacuo to give 26.4 g (44%) of the desired product as a pale yellow
liquid. *H NMR (200 MHz, CDC}): 6 1.4 (s, 3H), 1.5 (s, 3H), 3.4 (s,
1H), 3.8 (s, 3H).

3-Amino-2-hydroxy-3-methylpentanamide Hydrochloride (6).A
mixture of5 (76.9 g, 0.53 mol) and 30% aqueous ammonia (340 mL)
was heated in an autoclave at 100 for 8 h. The resulting mixture
was cooled to room temperature overnight, and the solvent was removed
in vacuo. The residue was dissolved in methanol (500 mL) and was
acidified to pH 1 with concentrated HCI. The solvent was removed
under vacuum. The resulting orange oil was taken up in the minimum
amount of methanol, diethyl ether was added slowly until cloudiness,
and the solution was cooled yielding a solid that was collected by
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vacuum filtration yielding 59.1 g (61%) of 3-amino-2-hydroxy-3-
methylpentanamide hydrochloridg IR (KBr, cm™): 3415, 3314,
3190 (N-H, O—H), 2980, 2921 (G-H), 1672 (G=0). *H NMR (300
MHz, D;O): 6 4.19 (s, 1H, H2), 1.881.60 (m, 2H, H4), 1.36 (s, 3H,
CHs), 0.99 (t, 3H, H5).33C NMR (75.5 MHz, DO): ¢ 177.8 (C1),
74.0 (C2), 60.6 (C3), 29.1 (C4), 20.3 (6)}8.2 (C5).
3-Amino-2-hydroxy-3-methylbutyramide Hydrochloride (11).
Compoundll was prepared in analogous fashion frafas a white
solid in 32% yield.*H NMR (200 MHz, D;O): 6 0.3 (s, 3H), 1.35 (s,
3H), 4.1 (s, 1H), 4.7 (s, 7H).
N-[1-(Carbamoyl-hydroxy-methyl)-1-methyl-propyl]-3,5-dichloro-
4-methyl-benzamide (7). Procedure A.To a solution of sodium
hydroxide (6.6 g, 0.164 mol) an@l (10.0 g, 0.055 mol) in water (51
mL) was added dropwise a solution of 3,5-dichloro-4-methylben-
zoyl chloride (24.5 g, 0.109 mol) in toluene (66 mL) over a period of
1 h, and the resulting mixture was stirred  h atroom tempera-
ture. The solid formed was collected by vacuum filtration, washed
with water, toluene, and methanol, and dried in vacuo atG@ver-
night to afford 17.1 g of a yellow solid 1:1 mixture of 3,5-dichloro-
4-methyl-benzoic acid 1-carbamoyl-2-(3,5-dichloro-4-methyl-benzoyl-
amino)-2-methyl-butyl esteBf and7. This mixture was suspended in
a solution of sodium hydroxide (1.31 g, 33 mmol) in ethanol (125 mL)
and refluxed for 3 h. The reaction mixture was cooled to room
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1.81-1.74 (m, 2H, H4), 1.21 (s, 3H, G4 0.79 (t, 3H, H5)*C NMR
(75.5 MHz, DMSO#¢): 6 174.6 (C1), 164.2 (CONH), 136.8, 135.6,
134.8,127.0 (Ph), 72.4 (C2), 59.0 (C3), 27.3 (C4), 19.0 (PR}yCH .6
(CHg), 8.0 (C5).
3-(3,5-Dichloro-benzoylamino)-2-hydroxy-3-methyl-butyric Acid
(14). Compoundl4 was prepared in an analogous fashion frb8mas
a white solid in 68% vyield; mp= 162—164 °C (lit mp = 161-163
°C). 'H NMR (200 MHz, DMSO¢k): 6 1.4 (d, 6H), 4.5 (s, 1H), 5.6
(s, b, 1H), 7.8 (s, 3H), 8.0 (s, 1H), 12.6 (s, b, 1H).
3-(3,5-Dichloro-4-methyl-benzoylamino)-2-hydroxy-3-methyl-
pentanoic Acid (3). A solution of dimethyl sulfoxide (5.0 g, 0.066
mol) in dichloromethane (46 mL) was added dropwise to a solution of
oxalyl chloride (6.0 g, 0.048 mol) in dichloromethane (73.2 mL) keeping
the temperature below55 °C. The resulting mixture was stirred for
5 min, and then, a solution & (10.0 g, 0.030 mol) in tetrahydrofuran
(73 mL) was added dropwise over a 20 min period. Stirring was
continued at-50 to —60 °C for 30 min. Triethylamine (15.0 g, 0.150
mol) in dichloromethane (23.2 mL) was added, and the mixture was
stirred for another 10 min. The reaction mixture was allowed to warm
to room temperature over a 30 min period and diluted with water:
dichloromethane (1:1, 1000 mL), and the two layers were separated.
The organic layer was evaporated in vacuo, and water was added to
the residue, acidified to pH 1 with concentrated hydrochloric acid, and

temperature, and the solvent was removed in vacuo. The residue wasxtracted with ethyl acetate. The organic extracts were combined,

slurred in water, and the solid was collected by vacuum filtration,
washed with toluene, and dried in vacuo at %0 overnight to
yield 7.5 g of 7. IR (KBr, cm™%): 3445, 3334, 3283 (NH, O—H),
2974, 2939, 2879 (€H), 1678, 1650 (€=0). *H NMR (200 MHz,
DMSO-ds): 0 8.49 (s (D), 1H, NH), 7.82 (s, 2H, Ph), 7.58 (s, 2H,
NH,), 6.15 (s, 1H, OH), 4.15 (s, 1H, H2), 2.50 (s, 3H, Ph4;12.14—
1.93 (m, 2H, H4), 1.27 (s, 3H, G§)} 0.81 (t, 3H, H5)*C NMR (75.5
MHz, DMSO-dg): ¢ 176.3 (C1), 162.7 (Ph-CO), 136.4, 135.5, 134.5,
126.4 (Ph), 70.9 (C2), 58.9 (C3), 26.4 (C4), 19.2 (Phs)CH7.3 (CH),

7.7 (C5).

Procedure B. A solution of sodium hydroxide (16.5 g, 0.413 mol)
and6 (25.0 g, 0.137 mol) in water (128 mL) was added dropwise with
vigorous stirring ovea 1 hperiod to a solution of 3,5-dichloro-4-
methylbenzoyl chloride (15.4 g, 0.069 mol) in toluene (41 mL). After
the addition was completed, the reaction mixture was stirre@ foat
room temperature. The resulting solid was collected by vacuum
filtration, washed with water, toluene, and methanol, and dried in vacuo
at 50°C overnight to give 11.6 g (51%) of a white solid 14:1 mixture
of 7 and an unidentified impurity.

N-(2-Carbamoyl-2-hydroxy-1,1-dimethyl-ethyl)-3,5-dichloro-ben-
zamide (13).A 2:1 mixture of 3,5-dichloro-benzoic acid 1-carbamoyl-
2-(3,5-dichloro-benzoylamino)-2-methyl-propyl estd2) and N-(2-
carbamoyl-2-hydroxy-1,1-dimethyl-ethyl)-3,5-dichloro-benzamide was
prepared using the same procedure as above in 69% Yyi¢INNMR
(200 MHz, DMSO6ég): mix 0 1.35 (s), 0.4 (s), 1.5 (s), 1.6 (s), 3.4 (s,
b), 4.2 (s), 5.7 (s), 6.1 (s, b), 7.45 (s, b), 7.5 (s, b), 7.7 (s, b), 7.75 (s),
7.95 (1), 8.0 (t), 8.4 (s, b), 8.45 (s, b). Hydrolysis of the ester was carried
out in standard procedure to yield quantitatively butyrani@eH
NMR (200 MHz, DMSO¢g): 6 1.4 (d, 6H), 4.2 (s, b, 1H), 6.0 (s, b,
1H), 7.4 (d, b, 2H), 7.8 (s, 3H), 8.4 (s, b, 1H).

N-[1-(Carbamoyl-hydroxy-methyl)-1-methyl-propyl]-3,5-dichloro-
4-methyl-benzamide (9).To a suspension of (17.0 g, 0.051 mol) in
dioxane (283 mL) was added dropwise concentrated hydrochloric acid
(43 mL, 0.516 mol), followed by portionwise addition of solid sodium
nitrite (35.2 g, 0.510 mol). The resulting mixture was stirred overnight
at room temperature. The reaction mixture was poured into iced water
(680 mL) and extracted with diethyl ether £2340 mL). The combined

organic layers were dried over anhydrous magnesium sulfate, the ether

was removed in vacuo, and water (250 mL) was added to the resulting
residue. The resulting suspension was cooled’& nd 50% sodium
hydroxide solution was added until most of the solid was dissolved
(approximately 180 mL). The suspension was filtered, and the filtrate
was brought to pH 1 with concentrated hydrochloric acid. Trituration
in hexane afforded 12.0 g &f(71%) as a light yellow solid. IR (KBr,
cm™1): 3400-3080 (O-H, N—H), 2972, 2939, 2881 (€H), 1719,
1652 (C=0).H NMR (300 MHz, DMSOd): 6 8.22 (s (D), 1H, NH),
7.82 (s, 2H, Ph), 4.42 (s, 1H, H2), 2.47 (s, 3H, Phi12.20-2.11,

dried over anhydrous magnesium sulfate, filtered, evaporated in
vacuo, and washed with hexane to give 5.0 g (50%3 af a white
solid. IR (KBr, cnml): 3358-3084 (O-H, N—H), 2988, 2974, 2884
(C—H), 1742, 1727 (€0). *H NMR (300 MHz, acetonek): ¢ 8.43
(s (D), 1H, NH), 7.85 (s, 2H, Ph), 2.49 (s, 3H, Ph-H2.20-2.06
(m, 2H, H4), 1.57 (s, 3H, C#), 0.91 (t, 3H, H5)23C NMR (75.5 MHz,
acetoneds): 0 195.8 (C2), 165.4, 163.0 (C1, CONH), 138.4, 135.9,
134.1, 127.6 (aromatic protons), 63.4 (C3), 21.2 (Phy)CH/ .6 (CH),
7.9 (C5).

3-(3,5-Dichloro-benzoylamino)-3-methyl-2-oxo-butyric Acid (4).
Compound4 was prepared in an analogous fashion frbofras a white
solid in 77% yield; mp= 155-157°C. *H NMR (200 MHz, acetone-
dg): 0 1.6 (s, 6H), 7.7 (m, 1H), 7.85 (m, 2H), 8.5 (s, b, 1H).
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