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Introduction

In the previous investigation‘, Alachlor, 2-

chloro-2’,6"-diethyl-N- (methoxymethyl) aceta-

nilide, was shown to produce 1-formyl-,3-di-
hydro-7-ethylindole, 2,6-diethylaniline, - 2,6
diethyl-N-(methoxymethyl) acetanilide, 2-hy-
droxy-2’,6’-diethyl-N-(methoxymethyl) aceta-

nilide, and three unidentifiable compounds as
its degradation products, when incubated under
the flooded paddy soil condition. Of all these
products, 2,6-diethyl-N-(methoxymethyl) ace-
tanilide and 2-hydroxy-2’,6'-diethyl-N-(met-
hoxymethyl) acetanilide turned out to be the
major degradation products and were synthesiz-
ed for the purpose of examining their phytot-

oxicity, using rice, radish, and mungbean seeds
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at their germinating stage®,.

In the present investigation, the degradation
products of Alachlor obtained under an upland
soil condition were elucidated, since the pro-
ducts were a little different from those obt-

ained under the flooded paddy soil condition.
Materials and Methods

The soils used

The physico-chemical properties of the sam-

ple soils are presented in Table 1.

Incubation of the soils treated with Ala-
chlor

100g of each soil ‘was put in 500-ml erlen-
meyer flasks and 100ml of distilled water
added. Alachlor dissolved in a small volume
of acetone Was\ added to .the flasks to give a
final concentration of 500 ppm and the soil and
Alachlor were mixed well. The soil moisture
was adjusted to be 609 of the -maximum wa-
ter-holding capacity of each soil by adding
distilled water once a week. The Alachlor-tr-
eated soils were incubated at 28°C for 80days.
For the controls, 100 g of each soil was autoc-
laved at 121°C for 30min, the same procedure
being repeated two more times. After sterili-
zing the soils, 100ml of sterile distilled water

was added to them and the wet soils were

incubated in the same way as the above. -

Extraction of the soils

After the given periods of incubation time,
the soils were extracted with 50 ml of ‘MeOH
by shaking for 30 min at 180 rpm on a rotary
shaker and by centrifuging at 4,000 rpm for 5
min. The same extraction procedure was rep-
eated 5 times. The extracts combined aftgr
filtration were concentrated to almost dryness
to remove MeOH. The water residues were
extracted with CHCl; three times and the CH-
Cl; extracts were concentrated to small amo-

unts by air bubbling.

Gas-liquid chromatography -

The gas-liquid chromatograms‘ were obta’ined
with an instrument of Shimadzu, gas chrom-
atograph GC-4C(PTF) eqdipped with a flame
ionization detectof‘ The column was a pyrex
glass of 6 mm(OD)X8 ft packed with 5% Sl
icone rubber SE-30 on 60-80 mesh Shimalite
W(AW-DMCS). The operating parameters are
as follows: column temp., 170°C; injectibri
port temp., 220°C; defector temp., 250°C. He-
lium carrier flow, 50ml/min.; air, 0.8kg/cm?
hydrogen, 0.7kg/cm?. For better i-esolutidn, é
Hewlett-Packard HP 5840 A GC equipped with
a flame ionization detector was also used. The

column was an OV-101 fused silica capilliary

Table 1. Physico-chemical properties of the soils used

Sample . pH (1:1) S -
soils Sand(9) Silt(%) Clay(%) Textural class H0 INKC % OéN C(%) O.M.(%)
Ca 12 .
A 81.3 13.7 5.0 Loamy sand 5.7 5.1 5.0 "2.2 3.79 =
B 67.9 25.7 6.4 Sandy loam 4.9 3.6 4.1 4.1 7.09.:
. Exchangeable .cation (me/lOO‘g) C.E ;C‘,
Available P,0s(ppm) T-N(%) Na s M '(me/lﬁoqg)
A - 80 ©0.07 - 0.32 = 2.6 L0 4.4
B 100 008 0.38

- 3.7 L2 7.5
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column(0.2 mm i.d.X12 m). Helium -carrier
flow was 20cm/sec. The column temp. was
programmed from 160°C (3min.) to 240°C at

a rate of 5°C/min.
Maegs spectrometry

A Hewlett-Packard HP 5985 BGC/MS system
was used fnr the GC-MS. For the direct inlet
probe of the purified sample for further info-
rmation. a Kratos MS 25 was also used. The
source temp. was 200°C and the electron ioni-

zation potential was 70 eV in both cases.
IR spectrometry

The IR spectrum was obtained using a Per-
kin-Elmer model 298. Chloroform was used
as the dissolving solvent for the sample.

Thin-layer chromatography

As the preparative plates, Kieselgel GF 254
(Typ 60) (Art. 7730, Merck) was coated on
20X20cm glass plates and used after activa-
tion at 110°C for 3 hr. The precoated analyti-
cal plates of silica gel HF-254 with a fluores-
cent indicator were used for comparison of the
Rf’s the test compounds. The developing solv-
ents were the same as those used in the pre-
vious papers®:®,

Results and Discussion

Formation of the degradation products

Fig. 1 shows the gas-liquid chromatogram
of the degradation products of Alachlor which
was incubated under an upland soil condition
for 80 days (Shimadzu GC-4C). As can be
seen in this spectrum, the controls did not
show any products exeept for the solvent peak,
whereas both soil A and B treated with 300ppm
of Alachlor formed a few degradation produ

cts, in addition to the biggest peak of the

intact Alachlor.
Elucidation of the degradation produets

Since the degradation products of Alachlor

. UL
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Fig. 1. Gas-liquid chromatogram showing the
microbial degradation of Alachlor
which was incubated under an upland
soil condition for 80 days,

1: Control (extract from soil A wi-
thout Alachlor)

2: Extract from Alachlor (300 ppm)-
treated soil A

3: Control (extract from soil B wit
hout Alachlor)

4: Extract from Alachlor (300 ppm)
treated soil B

2.02 1.87

E
L ' i i L}\l
719 7.5 10.84

Retention time {(min)

Fig. 2. Gas-liquid chromatogram obtained with
a capillary column of the exiract
from soil B which was treated with
300 ppm-Alachlor and incubated under
an upland soil condition for 80 days.
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Fig. 3. Mass spectrum of product A, 8-ethyl-2-hydroxy-N-methoxymethyl-1,2,3,4-tetrahydroqu-

inoline.

obtained from soil A and B were all alike,
the extract from soil B was used for the GC-
MS. Fig. 2 shows the chromatogram obtained
with a capillary column as described in mat-
erials and methods. Each peak was elucidated
with a mass spectrometer which was hooked
up with the gas liquid chromatograph.

Produect A (Retention time: 7.19): Fig. 3
shows the mass spectrum and proposed che
mical structure of the product A. In this spec
trum, the molecular ion appears at m/z 221
with the base peak at m/z 45 which correspo-
nds to (CH;OCH,)*. The fragment peaks at
m/z 190 and 176 are thought to fit M-CH,0
and M-CH;0CH,, respective]y. Based on these
observations, this product was termed 8-ethyl
~2-hydroxy-N-methoxymethyl-1,2, 3,4-tetrahy-
droquinoline.

Product B (retention time: 7.51): Fig. 4

shows the mass spectrum and proposed chemi

cal structure of the product B. As can be seen
in this spectrum, the molecular ion appears at
m/z 205. The major fragment peaks at m/z
188 and 174 are believed to correspond to M-
OH and M-CH,0OH, respectively. Based on this
fragmentation pattern, the entity of this pro-
duct is believed to be N-hydroxyacetyl-2,3-
dihydro-7-ethylindole. Tiedje and Hagedorn®
reported N-chloroacetyl-2,3-dihydro-7-ethylin-
dole as one of the degradation products of
Alachlor by a soil fungus, Chaetomium globo-
sum. The same product was also found by Mc
Gahen and Tiedje® in the degradation of An-
tor herbicide which is an analogous acylanilide
of Alachlor.

which was found in the present investigation is

The N-hydroxyacetyl derivative

believed to be readily formed by dechlorination
followed by subsequent hydroxylation.
Product C (retention: 10.84) : The mass spe-

ctrum and proposed chemical structure of prod-

100, 45 s 259
50]
ol T e 76 93 106 2 . 60
100. 60 ' 8o, ' 100 ' 120 " 4o 60
He—N~C-cHon  [22°
50
: CH,CH,
188
o) . :71 I 205
80 ' T200 7T 220
m/z ; .
Fig. 4. Mass spectrum of product B, N-hydroxyacetyl-2,3-dihydro-7-ethylindole.
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Fig. 5. Mass spectrum of product C, 2-hydroxy-2’,6"-diethyl-N- (methoxymethyl) acetanilide.
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Fig. 6. Mass spectrum of product E, 9-ethyl-1,5-dihydro-1-(methoxymethyl)-5-methyl-4,1-ben-

zoxazepin-2 (3H)-one (GC-MS).

uct C are shown in Fig. 5. In this spectrum,
the ‘molecular ion occurs at m/z 251 as a weak
peak. The major fragment peaks at m/z 220,
219, and 206 correspond to M-OCH,, M-CH,0H
and M-CH;OCH,-respectively. The base peak
appears af m/z 45 which corresponds to(CH,
OCH,)*-.
these observatlons is believed to be 2-hyd-

The chemlcal structure which fits

roxy-2’,6"-diethyl-N- (methoxymethyl) acetani-
lide.
the flooded paddy soil condition used in the

This product was also formed under

previous research.®> The same evidence of
dechlorination and subsequent -hydroxylation
of the N-chlordacetyl moiety in the structure
of Alachlor was also observed in the micro-
bial metabolism of Alachlor and its related
acylanilide herbicides, Antor and Metolach-
lor. 3,4

Product D (retention time: 11.87) : This pro-
duct has the molecular ion at m/z 269,

which corfésponds to-the intact Alachlor. -

Product E (retention time: 14.50) : Fig. 6 shows
the mass spectrum of the product E and its
proposed chemical structure. As can be seen
in this spectrum, the molecular ion occurs at
m/z 249 qnd the prominent fragment ion at
m/z 248 seems to correspond to the M-H peak.
The major fragment at m/z 206 is conistent
with the possible M-CH,CHO peak. And besi-
des, the fragments at m/z 190 and 160 are
thought to correspond to the M-CH;CONH, and
M-CH,;CONH,, CH,0, respectively. The base
peak at m/z 45 is believed to be the fragment
ion, (CH;OCH,)*-.
formed under the flooded paddy soil condition

The same product was also

described in the previous paper.® Howévgr,
its chemical structure could not be elucidated
at that time. Based on the degradation pattern
of Butachlor which is an analogous acylanilide
herbicide of Alachlor and was described in the
previous paper®, the formation of this prod-
“uct‘could be- easily verified. For furthér con-
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Fig. 7. Mass spectrum of product E, 9-ethyl-1,5-dihydro-1-(methoxymethyl)-5-methyl-4,1-

benzoxazepin-2(3H)-one (direct probe).

firmation, the mass spectrum of this product
was taken again by direct probe as seen in
Fig. 7. The fragmentation pattern in this spe-
ctrum is identical with that of the above GCMS.
The small peaks beyond m/z 249 are believed
to be due to impurities. Mc Gahen and Tiedje’
proposed the oxoquinoline formation in the
metabolism of Antor herbicide and Metolachlor
which are the analogous acylanilide herbicides
of Alachlor. According to their conclusion, the
product E which has the molecular ion of m/z
249 could be 8-ethyl-3-hydroxy-N-(methoxym-
ethyl)-4-methyl-2-0x0-1,2, 3,4-tetrahydroquin-
oline, as can be seen in Fig 8 which also sho
ws another plausible structure. For its confir-

mation,the IR spectrum of the product E was

0]
CH
BOCHZ\ N OH CHBTE%TKEOH
(@) (b)

Fig. 8. The other plausible chemical structures
having m/z 249.

(a) 8-Ethyl-3-hydroxy-N-(methoxy-
methyl)-4-methyl-2-0x0-1,2,3,4-
tetrahydroquinoline

(b) 2-Hydroxy-N-(2’-ethyl-6'-vinyl-
phenyl)-N-(methoxymethyl) ace-
tamide

obtained as shown in Fig. 9. In this spectrum,

there is no characteristic absorption band cor-
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Fig. 10. Plausible pathways for the degradation of Alachlor under an upland soil condition,
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responding to the OH stretching vibration.
Accordingly, neither a nor b in Fig. 8 can be
the suitable structure for this product. Instead,
the proposed structure was named 9-ethyl-1,5-
dihydro-1-(methoxymethyl)-5-methyl-4,1-ben-

zoxazepin-2(3 H)-one.

Comparison of the degradation patterns of
Alachlor under the different soil conditions

The plausible pathways of Alachlor degrad-
ation under an upland soil condition are shown
in Fig. 10. Product A, 8-ethyl-2-hydroxy-N-
(methoxymethyl)~1, 2, 3, 4-tetrahydroquinoline
and product B, N-hydroxyacetyl-2,3-dihydro-
7-ethylindole could not be detected under the
flooded paddy soil condition®”. Meanwhile,
2,6-diethyl-N-(methoxymethyl) acetanilide wh-
ich was one of the major degradation products
in the flooded paddy soil® and turned out to
be ineffective in the phytotoxicity test® was
not produced under the present upland condi-
tion. Product C which turned out to be 2-hyd
roxy-2/,6'-diethyl-N-(methoxymethyl) acetan-
ilide was formed as one of the major products
both under the flooded paddy and the upland
soil conditions. In the previous paper®, the
phytotoxicity of this product was also evalua-
ted. Product E which is named 9-ethyl-1,5-
dihydro-1~(methoxymethyl)-5-methyl-4,1-ben-
zoxazepin-2(3H)-one was also formed in the
flooded paddy soil. In the previous investiga-
tion®, however, this product could not be elu-
cidated. The other minor products which were
formed under the flooded paddy condition were

not noticeable in the present investigation.
Abstract

Alachlor, 2-chloro-2’,6"~diethy!-N- (methoxy-

methyl) acetanilide produced four major degra-

dation products, when incubated under an upl-
and[soil condition for 80 days. They include 8-
ethyl-2-hydroxy-N-(methoxymethyl)-1, 2, 3,4-
tetrahydroquinoline (m/z 221), N-hydroxyace-
tyl-2,3-dihydro-7-ethylindole (m/z 205), 2-
hydroxy-2',6"-diethyl-N- (methoxymethyl) ace-
tanilide (m/z 251), and 9-ethyl-1,5-dihydro-
1-(methoxymethyl)~5-methyl-4,1-benzoxazepin
-2 (3H)-one (m/z 249). The products turned
out to be a little different from those obtained
under the flooded paddy soil condition used
in the previous paper. The plausible pathways
for the degradation were proposed.

Acknowledgment

The author expresses his gratitude to Dr.
Sang Chul Shim, Korea Advanced Institute of
Science & Technology for his help and valua-
ble suggestions about the elucidation of chem-
ical structures. He is also indebted to Dr. By-
ung Hoon Han, Natural Products Research In-
stitute, Seou! National University and Dr. Ka-
eipel, Institute of Biotechnology, Nuclear Re-
search Center, Jilich, West Germany, for mass

specirometry.

References

1. Lee, ]J.K.: J. of the Kor. Agric. Chem. Soc.,
27 (2) : 64 (1984).

2. Lee, J. K.: Kor. J. of Environ. Agric,
3(1): 1(1984).

3. Tiedje, J.M. and Hagedorn, M.L.: J.Agric.
food Chem., 23: 77(1975).

4. Mc Gahen, L.L. and Tiedje, J.M.: J. Agric.
Food Chem., 26(2): 414(1978).

5. Lee, J.: J. of the Kor. agric. Chem., 26
(1) : 53(1983).



