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Radiosynthesis of a Chloroacetanilide Herbicide ( [~henyl-4-~H] Acetochlor) 

and a Dich1oroacetami.de Safener for Herbicides ( [2, 2-dimethyl-3H]R-29148) 
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SUMMARY 

2-Chloro-~-(ethoxynutthyl)-~-(2-ethyl-6-methylphenyl)acetamide 
(the chloroacetanilide herbicide acetochlor) and 3-(dichloroacetyl)- 
2,2,5-trimE?thyl-l,3-oxazolidine (the dichloroacetamide safener R- 
29148) are required at high specific activity for studies on their 
metabolism and mode of action. [phe11yl-4-~H]Acetochlor was obtained 
at 22 Ci/mol in 71% yield by reductive dehalogenation of 
iodoacetochlor with tritium gas in ethanol in the presence of 
palladium on carbon and triethylamine. [2,2-di1nethyl-~H]R-29148 was 
prepared at 15 Ci/molby treating acetone and 1-amino-2-propanol in 
pentane with two equivalents of NaOH in tritiated water (&.g. 
hydroxide ion-catalyzed enolization of acetone) followed by 
dichloroacetyl chloride. 

Keywords: acetochlor, chloroacetanilide, deuteriumlabeling, dichloroacetamide, 
herbicides, R-29148, safeners, tritiated water, tritium gas, tritium 
labeling 

INTRODUCTION 

Chloroacetanilides are one of the most important classes of herbicides 

because they provide selective control of annual grasses and many broad-leaved 

weeds in corn, soybean and cotton. The major compounds are acetochlor (1) (Rl 
= 2-Et,6-MePh; R, = CH,OEt) (see below) and its homologs alachlor (2) (q = 2,6- 

Et,Ph; R, = CH,OMe) and metolachlor (3) The 

chloroacetamide allidochlor (4) (Rl = R, = CH,CH=CH,) was the first herbicide of 

this class but is no longer used.' The mechanism of herbicidal action of 

chloroacetanilides and chloroacetamides is not defined, although it may involve 

derivatization of a target thiol since they readily alkylate glutathione (GSH) 

in biological systems.'-' The use of chloroacetanilide herbicides is restricted 

because they are carcinogens in laboratory animals and possible or probable 

carcinogens in humans , 5 , 6  Their carcinogenic activity may be associated with 

derivatization of DNA by metabolites formed on oxidation of the R, or R, 

substituent .'-' 

(R1 = 2-Et, 6-MePh; R, = CHMeCH,OMe) .l 
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Dichloroacetamide safeners prevent injury to corn from chloroacetanilide 

and thiocarbamate herbicides. Two of the most effective safeners are R-29148 (2) 
(see below) and dichlormid (6) They elevate the GSH 

level and GSH S-transferase activity in corn thereby facilitating herbicide 

detoxification and conferring crop Metabolism of dichloroacetdde 

6 by rat liver enzymes with GSH and NADPH yields the corresponding glycolamide, 

glyoxylamide and o x d c  acid. Chloramphenicol, a dichloroacetamide 

antibacterial, although not an effective safener for thiocarbamate herbicides in 

corn," is metabolized by rat liver microsomes and NADPH to yield derivatized 

microsomal protein possibly via a reactive oxamyl chloride intermediate.15 It 

is not clear how these metabolic steps relate to safener action in plants and 

biochemical disruptions in mamls. 

(% = R, = CH,CH=CH,) .lo,ll 

- 

Progress in defining the mechanisms by which chloroacetanilides act as 

herbicides and carcinogens and dichloroacetamides act as herbicide safeners would 

be greatly facilitated by 3H-labeled compounds of high specific activity, g.g. 

[phen~l-4-~H] 1 and [2,2-~fimethyl-~H] 2. 

RESULTS AND DISCUSSION 

[~henvl-4-~H] Acetochlor 

The 'H N M R  spectrum of 1 revealed trans (major) and & (minor) rotational 

isomers for the chloromethyl group relative to the aniline ring resulting from 

restricted rotation of the chloroacetyl group by the ortho alkyl substituent~'~"~ 
with 15-20% of the isomer in methanol and 5-10% in chloroform. Heating a 

solution of 1 in deuterated methanol at 310 'K did not significantly change the 

rotational isomer ratio. 

[~henyl-4-~H]L was synthesized from 4-iodoacetochlor (2) via 2-ethyl-6- 

methylaniline and 2-ethyl-4-iodo-6-methylaniline (2) by described  procedure^"^'^ 
in 58% overall yield (see scheme). The aniline was treated with iodine 
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monochloride in chloroform l9 to give iodoaniline 1 which was heated with 
paraformaldehyde in heptane in the presence of ethanol and triethylamine with 

continuous removal of water f o r  6 h. Enamine 2 was then reacted with 

chloroacetyl chloride in toluene to give 3-chloromethyl intermediate 9 (which 
hydrolyzed easily in the presence of moisture), Freshly prepared 2 was treated 
with ethanol and triethylamine to obtain 2 which was isolated by preparative 
TLC. Tritium-iodine exchange in ethanol catalyzed by 10% palladium on carbon 

gave [phenyl-4-3H]& (see 3H NMR which shows trans and rotational isomers) 

with a specific activity of 22 Ci[mcl calculated by HPLC analysis versus an 

unlabeled standard f o r  amount and scintillation counting for radioactive content. 

There are also minor products from tritium exchange at aryl positions 3 and 5 .  

Preparative HPLC gave [phenyl-rl-’HH]A of >98% radiochemical purity. 

a: IC1, CHCl,, 90%. b: 
C :  ClCH,C(O)Cl, toluene, 73%. d: 25% Et3N, EtOH, CH,Cl,, 0 8 % .  e: H,, 
Pd/C (lo%), Et,N, EtOH, 71%. 

(CH,O),, heptane, 25% Et,N, EtOH, A, 1002. 

decoupled 

cis 

-- -- 

7.36 7.’26 ppm 

’H NMR of [phenyl-4-’H]L 
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[2,2-di1nethvl-~H] R-29148 

Synthesis of 5. was achieved in 92% yield and >95% purity (NMR and TLC) by 
mixing acetone and 1-amino-2-propanol inpentane with onemolar equivalent of 25% 

NaOH aqueous solution, then adding dichloroacetyl chloride (see scheme). Two 

strategies were considered for preparing [3H]acetone at high specific activity 

as an intermediate: reduction of 1,3-dichloroacetone by tritium gas; hydroxide 

ion-catalyzed enolization of acetone (previously prepared at 1.2 Ci/rmnol) . 2o The 

first approach was abandoned once acetone-d, (NMR grade, 99.9% deuterium) was 

used to prepare [ 2 H ] z  and most of the deuterium was lost, A, .= .  <lo% of the 
product contained deuterium, even when 0.5 molar equivalent of acetone-d, was 

used. Accordingly, regular acetone was used with a fresh solution of NaOH 

dissolved in 'H20 resulting in >70% deuterium incorporation into [2H]S. 

0 

a: NaOH, 3H,0. b: DL-1-amino-2-propanol, pentane. c: C1,CHC (0) C1, 
pentane 

I 0 
6.65 

'II NMR monitoring of 'H:'H exchange of 
C1$AC(01NR2 proton of 2 in C2H302H using 
1.2 equlv. 25% aqueous NaOH in 'H,O. 

'H 
decoupled 

1.'62 1.'44 ppm 

'H NMR o f  [2,2-~ii~nethyl-~H]~ 
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TO synthesize [2,2-di1nethyl-~H]5, tritiated water (2.5-3.0 Ci/mmol) was 

mixed with 50% NaOH solution and then with acetone and 1-amino-2-propanol in 

pentane followed by dichloroacetyl chloride. The product had a specific activity 

of 15 Ci/mol calculated from 'H and 3H NMRs and was more than 98% pure as judged 

by reverse phase HPLC. The major labelled species was CHZ3H plus significant 

amounts of CH3Hz and even C3H3 (see 3H NMR). The proton in the dichloroacetyl 

group is very acidic and exchanges in the process with 'H and 3H (see 'H NMR). 

Dichloroacetamide 2 has a chiral center at C-5 so, although not detailed 
here, the individual enantiomers were prepared from ( R )  - (-1 - and ( S )  - (+) -1-amino- 

2-propanol (Aldrich), but no difference was observed in their activity for 

elevating GSH levels in corn seedlings (procedure of Lay and Casida") .21 

Accordingly, r a c d c  I3H]S was prepared for mode of action research. 

EXPERIMENTAL 

Preparation of [~henvl-4-~H] 1 

2-Ethyl-4-iodo-6-methylaniline (1): to a solution of 2-ethyl-6- 

methylaniline (1.35 g, 10 m o l )  in chloroform (10 a) was added iodine 

monochloride (1.62 g, 10 m o l ) .  The resulting dark solution was stirred 

overnight before it was diluted with chloroform, washed with a saturated solution 

of NaHSO,, dried (MgS04), filtered and concentrated in vacuo to give 2.33 g of 

an oil which was used in the next step without further purification. 'H NXR 

(CDCl,) 6:7.23 (s,2H), 3.59 (s,2H, exchangeable), 2.46 (q, 5=7.02 Hz, 2H), 2.15 

( s , 3 H ) ,  1.22 (t, p7.02 Hz, 3H). I3C NMR (CDC1,) 6:141.8, 136.2, 134.4, 129.7, 

124.3, 19.5, 23.8, 17.2, 12.7. 

2-Ethyl-4-iodo-6-methyl-~-1nethyleneaniline (8): a suspension of 2 (1.3 g, 
5 mmol) and paraformaldehyde (0.2 g, 6 m o l )  and a solution of triethylamine 

(25%) in ethanol (50 pL) in heptane (50 a) was heated overnight using a Dean- 
Stark distilling receiver for continuous removal of water. Then it was filtered 

and concentrated in vacuo to give 1.36 g of a dark brown oil which was used 

without further purification. 'H NMR (CDC1,) 6:7.68 (s,lH, =CH,), 7.37 (br s,3H, 

phenyl, =CH2), 2.41 (q, 2=7.02 Hz, 2H), 2.07 (s, 3H), 1.11 (t, 2=7.02 Hz, 3H). 

I3C NMR (CDC1,) S:156.5, 150.9, 136.5, 134.9, 134.7, 128.4, 88.0, 24.2, 17.8, 

14.4. 

2-Chloro-~-(chloromethyl)-~-(2-ethyl-4-iodo-6-methylphenyl)acetamide ( 9 ) :  
to M n e  (0.63 g, 2.3 m o l )  in toluene (10 a) was added chloroacetyl chloride 

(284 mg, 2.5 m o l )  in toluene (5 XI&). After stirring for 2 h at room 

temperature, it was concentrated in vacuo and purified by flash chromatography 

on silica gel using chloroform as eluent to give 0.65 g of a yellowish oil. 'H 
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NMR (CDC1,) 6: 7.60 ( s , l H ) ,  7.57 (S,lH), 5.41 (s,2H), 3.72 ( S , 2 H ) ,  2.53 (m,2H), 

2.26 (s,phenyl-C&, trans), 2.19 (s, phenyl-C&, &), 1.26 (t, 5=7.02 Hz, 

phenyl-CH,C&, trans), 1.15 (t, 5=7.02 Hz, phenyl-CH,C&, Cis) . 13C NMR (CDC1,) 

6: 166.7, 144.0, 138.3, 137.6, 136.6, 136.0, 96.0, 58.6, 41.0, 23.8, 18.3, 14,9. 

2-Chloro-~-(ethoxymethyl)-~-(2-ethyl-4-iodo-6-methylphenyl)acet~de (2) : 

to a solution of chloromethyl derivative 9 (0.34 g, 0.88 m o l )  in methylene 

chloride (5 mL) was added a solution of triethylamine in ethanol (25%, 1 mL) 

after which it was stirred for 24 h at room temperature, concentrated and diluted 

in methylene chloride. The solution was washed with H,O, dried (MgSO,) , filtered 
and concentrated in vacuo. Preparative TLC purification (silica gel, 1 nun plate) 

with chloroform gave 310 mg of the desired product. 'H NMR (CDC1,) 6: 7.55 

(s,lH), 7.53 (s,lH), 4.98 (dd, J=l0.02, 4.9 Hz, NCHZO, trans), 4.90 (dd, 5=10.02, 
16.58 Hz, NCH,O, cis), 3.70 (m, CH,C1 and OCH2, trans), 3.52 (q, 5=7.02 Hz, OCH,, 
- cis), 2.52 (m,2H), 2.26 ( 5 ,  phenyl-CH,, trans), 2.22 (s, phenyl-CH,, &), 1.23 

(t, 5=7.56 Hz, phenyl-CH,C%), 1.16 (t, p7.02 Hz, OCH,C&). 13C NMR (CDCl,) 6: 

167.3, 144.1, 138.5, 137.9, 137.2, 136.2, 95.2, 78.4, 65.9, 41.7, 23.6, 18.0, 

15.0, 14.1. Fast atom bombardment-high resolution mass spectrum (FAB-MS) MH': 

C,,H,,ClINO,, calc. 396.02273, found 396.02229. Analytical reverse phase HPLC, 

Supelco 0.25 x 20 cm, h = 205 nm, 75% methanol in water, flow 1 mL/min, = 13 

min . 
- 1: a suspension of 2 (20 mg, 0.05 mmol) , triethylamine (10 pL, 0.07 m O l )  

and palladium on carbon (lo%, 10 mg) in ethanol (3 mL) was degassed three times 

and then stirred under slight positive pressure of hydrogen. After 2 h the 

suspension was filtered and concentrated in vacuo. Preparative TLC (silica gel, 

chloroform) gave 14 mg of &. & = 7.3 min, analytical HPLC as above. 'H NMR 

(CD,OD) 6: 7.20-7.32 (m, phenyl) , 4.99 (s, NCH,O, trans, 85%), 4.59 (5, NCH,O, 
Cis, 15%), 3.78 (s, CH,Cl), 3.66 (q, 5=7.04 Hz, OCH,, trans), 3.52 (9, 5=7.04 Hz, 
OCH,, &), 2.59 (m, phenyl-CH,), 2.26 ( s ,  phenyl-CH,, trans), 2.19 (s, phenyl- 
CH,, cis), 1.24 (t, 5=7.52 Hz, phenyl-CH,C&), 1.18 (t, 5=7.04 Hz, OCH,C&). 'H 

NMR (CDC1,) 6 :  7.14-7.30 (m, phenyl), 5.02 (dd, J=lO.O3, 4.92 Hz, NCH,O, trans, 
93%), 4.90 (dd, J=l0.03, 16.58 Hz, NCHZO, Cis, 7%), 3.74 (9, 5Z7.02 HZ, OCH,, 

trans), 3.70 (s,CH,Cl), 3.50 (9, 5=7.02 Hz, OCH,, cis), 2.57 (m, phenyl-CH,), 
2.26 ( 5 ,  phenyl-CH,, trans), 2.22 (5, phenyl-CH,, &), 1.25 (t, 5=7.57 Hz, 

phenyl-CH,C&) , 1.19 (t, 3=7.02 Hz, OCH,C&) . 

[pi-1enyl-4-~H]&: a solution of 2 (20 mg, 0.05 mmol) and triethylamine (10 
pL, 0.07 m o l )  in absolute ethanol (3 mL) was degassed with three freeze, pump, 

thaw cycles and then a mixture of 10% palladium on carbon (10 mg) was added 

during the last thaw. The mixture was stirred under slight negative pressure of 



Radiosynthesis of a Herbicide and a Safener for Herbicides 153 

tritium gas for 3 h at room temperature. After freeze degassing three t h s  to 

remove the tritium gas, the mixture was filtered through a 

polytetrafluoroethylene membrane and lyophilized to give 1.27 Ci of residue. 

Purification involved HPLC (HP 1040A equipped with diode array W and p-ram ,H 

detectors and Waters pumps and controllers) on a semi-preparative column (Supelco 

0.5 x 20 cm, LC 18 DB) using 85% methanol in water with a flow of 2.5 mt/min, 

%=9.05 min. The combined fractions were lyophilized, dissolved in 2.0 mL of 

methanol and counted. A total of 800 mCi of pure product was obtained in 71% 

radiochemical yield at a specific activity of 22 Ci/mol. 'H NMR (CD,OD) 6: 7.27 

(d, p8.25 Hz, phenyl, trans), 7.20 (d, J=8.25 Hz, phenyl, trans), 7.14 (d, 
- J=8.25 Hz, phenyl, cis), 7.11 (d, 2=8.25 Hz, phenyl, &), 5.03 ( 5 ,  NCH,O, trans, 
85%), 4.54 (S ,  NCH,O, &, 15%), 3.78 ( 5 ,  CHzCl), 3.66 (q, 2=7.02 HZ, OCH,, 

trans), 3.52 (q, 5~7.02 Hz, OCH,, cis), 2.56 (m, phenyl-CH,), 2.26 (s,phenyl-CH,, 
trans), 2.19 (s, phenyl-CH,, &), 1.24 (t, 2=7.51 Hz, phenyl-CH,C&), 1.16 (t, 

- J=7.02 Hz, OCH,C&). 3H NMR (lH-decoupled, CD,OD) 6: 7.36 (s, trans, 85%), 7.32 
(1% 3H on phenyl positions 3 and 5), 7.26 (s, cis, 15%). 3H NMR (lH-coupled, 

CD,OD) 6: 7.36 (t, 5=8.12 Hz, trans), 7.26 (t, p8.12 Hz, &). 

Preparation of [2,2-dirneth~l-~H and 3Hl 5. 

['HlZ: acetone (11 pL, 0.15 mmol, HPLC grade) was diluted in pentane (0.3 

mL) in a small vial. To this, DL-1-amino-2-propano1 (23 pL, 0.3 m o l l  and a 

freshly-made aqueous solution of NaOH in 2H,0 (99.8 atom % 2H, 25%, 47 pL, 0.3 

m o l )  were added and the biphasic solution was stirred for 2 h at 25'C. Then it 

was cooled to O'C in an ice bath and dichloroacetyl chloride (30 pL, 0.3 mol) 

in pentane (0.3 mL) was added dropwise, A precipitate formed inunediately and the 

mixture was stirred overnight. Water (1 mt) was added and the mixture was 

extracted with pentane (2 mL x 2), which was then dried (MgS04),  filtered and 

concentrated in vacuo to give 20 mg of a white solid. 'H NMR (CDC1,) 6: 6.03 (s, 

0.4 H, 0.6 2H), 4.28 (dq, p 5 . 6  , 9.5 Hz, l H ) ,  3.98 (dd, p5.6, 9.5 Hz, lH), 3.28 

(t, J=9.5 Hz, lH), 1.64 (m, 1.3H corresponding to 79% deuterium incorporation 

into the methyl groups of acetone), 1.38 (d, p 5 . 6  Hz, 3 H ) .  *H NMR (C6Dc) 6: 5.6 

(s), 1.59 (s), 1.42 (s). 13C NMR (CDC1,) 6: 159.2, 95.5, 70.3, 66.5, 51.8, 24.5 
(m), 22.2 (m), 17.4. FAB-MS MH+ : C,1H,,2H4C1,N0, as the major product : calc. 

230.06527, found : 230.06466. 

[3H]z: platinum oxide (63 mg, 0.27 mmol) was placed in a side-arm round- 

bottom flask. Carrier free tritium gas was passed in and 3H,0 (2.5-3.0 Ci/mmol) 

was condensed into another vessel and kept under nitrogen atmosphere. An aqueous 

solution of NaOH in water (50%, 27 pL, 0.33 nunol) was added at O'C followed by 

pentane (0.3 m L ) ,  acetone (11 pL, 0.15 mmol) and DL-1-amino-2-propanol (23 pL, 
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0.3 mmol) . The mixture was stirred at 25'C for 2 h then cooled again to O'C and 

dichloroacetyl chloride (30 KL, 0.3 mmol) in pentane (0.3 XI&) was added. The 

reaction was warmed to 25'C and stirred overnight. Most of the pentane was 

evaporated leaving an orange-colored slurry to which pentane (1 a) and water 

(0.5 mL) were added. The upper colorless organic phase was transferred by a 

double-ended needle to a tube containing MgSO, (0.5 9). The aqueous phase was 

extracted twice with pentane (2.5 a). The combined organic extracts were 
transferred to another tube containing MgSO,. Then the mixture and a pentane 

rinse (1 XI&) were filtered through glass wool into a conical flask and 

lyophilized under static pressure to give a white solid, which was more than 98% 

pure as judged by HPLC on an aliquot in a reverse phase Supelco column as above 

at h 216 nm and using 75% methanol in water at 1.6 a/min, = 4.52 min. No 

further purification was necessary. The product (700 mCi) had a specific 

activity of 15 Ci/mol. 'H NMR (lH-coupled, C,D,) 6: 5.58 ( s ) ,  3.60 (dq, 2=5.6, 

9.5 Hz), 3.06 (dd, J=5.6, 9.5 Hz), 2.53 (t, J=9.5 Hz), 1.65 (s, CH,), 1.61 ( 5 ,  

CHz3H), 1.47 (s, CH,), 1.42 (s, CHz3H). 3H NMR (lH-decoupled, C6D6) 6: 5.55 (s, 
C3HC1,), 1.65 ( 5 ,  CHZ3H), 1.62 (d, J=9.7 Hz, CH3Hz), 1.47 (s, CHZ3H), 1.44 (d, 

- J=9.7 Hz, CH3H,). 3H NMR (lH-coupled, C,D,) 6: 5.55 (s), 1.65 (t, g=13.88 Hz), 

1.47 (t, 2=13.88 Hz) . 
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