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Introduction

Herbicides,
constitute one of the indispensable tools in modern

like other pesticide chemicals,

agriculture.” Their ultimate fate and persistence

in the environment after use, however, are of.

_great concern to the public as a whole especially

in terms of environmental pollution and public,

health, as well as agricultural practices. Pesticides
released into the environment can be chemically
changed not only by microbielogical, plant ,insect,
and animal metabolism,but also by chemical
reactions on soil surfaces. and physical - forces.
Among other factors, solar radiation can comprise
one of the most powerful ' factors affecting . the
fate of these chemicals. Knowledge of pesticide
photolysis will be important for the effective use,

environmental safety, and potential for intentional -

these chemicals.
Sufficient energy is supplied by the ultraviolet
light (290-450 nm) to permit a number of types

reduction,

destruction . of residues of

of reactions - involving  oxidation,
polymerization, isomerization, and displacement.

Theoretically, a compound, on - absorbing
sunlight, will acquire excess energy to be in an
excited electronic state. Once a molecule becomes

excited, it may lose this excess energy to

convert the excitation energy into translational
and vibrational energy by losing it to the
surroundings. Secondly, the excited molecule can
emit through fluorescence or phosphorescence
depending on the nature of the excited states of
singlet or triplet, respectively. And, finally, it
can undergo chemical reactions. Grotthuss and
Draper®® state that only radiation absorbed in a
system, directly or “indirectly, is effective in
producing a chemical change. In addition, as the
lowest recorded Wavelength of sunlight reaching

the earth’s surface is 286.3 nm“:®" and solar

_radiation may probably be considered . negligible

below about 295 nm,“® it is, in practice, extremely
significant to adopt wavelengths greater than
286.3 nm of wavelength in- simulating the envi-

ronmental conditions in laboratory experiments.

-Photochemical approaches to pesticide degradation

were not begun until about 1960. Ever since,
numerous research papers have appeared in
various journals. . )

It has been well known that substituted diphenyl
ether compounds have excellent herbicidal activity
when applied as a preemergence or as an early
postemergence applications to a wide variety of
annual broad leaf and grass weeds. C-6989 was

reported to be especially suitable for use in rice,
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cotton, and many large-seeded legumes,
Nitrofen was the first compound of this type
developed as a herbicide, and is used for selective,
postemergence weed control in Brassica crops in
Western Canada, and for preemergence weed
control in transplanted rice in Oriental countries.

The other MC-compounds are now being developed

by the Mobil Chemical Company for . the same’

purpose. The diphenyl ethers are reported to
function essentially as inhibitors of chloroplast
noncyclic electron transport and ranked in the
following decreasing order of inhibitory effec-
tiveness: MC-1478 (M0-338)=C-6989> Nitrofen.
The main site of action appeared to be associated
with light reaction 11 and the oxygen evolution
pathway 47,

Walter et al.®® treated two types of soils with
C-6989. Less than 10% of the herbicide remained
6 months after application. Its decomposition was
believed to be rapid at the soil surface, suggesting
that volatility or photodecomposition is an im-
portant means of dissipation. After one year of
application, only traces of parent compound were
detected. This herbicide persisted 3-6 weeks at
phytotoxic concentrations based on weed counts.
Ebner et al.® reported that C-6989 was active
for 8—12 weeks. Eastin‘® also adopted ultraviolet
light (254 nm) and phytotron light .to investigate
photolysis of C-6989 in a solid state. He detected
p-nitrophenol, p-aminophenol, 2-nitro-4~trifiuoro-
methyl phenol, 2-amino-4-triflucromethyl-phenol,
p-nitrophenyl-a,e,a-trifluoro-2-amino-p-tolyl et
her, p-aminophenyl—a,a,a;triﬂuoro—2~amino-p—
tolyl ether, and p-aminophenyl-a,o,a-trifluoro-2-
nitro-p-tolyl ether.

Gutenmann et al. @ reported that 2,4-
dichloro-4’-amino-diphenyl ether (amino-Nitrofen)
was rapidly detected in rumen fluid as a meta-
bolite of Nitrofen, and this metaholite was absent
in the chromatograms of milk, urine, and feces.
Aromatic amines may undergo ring hydroxylation
followed by elimination as a conjugate®®”. Crosby
et al.""” demonstrated that Nitrofen was rapidly
photolyzed in water to 2,4-dichlorophenol and

p-nitrophenol, and the nitro group also underwent

both reduction (to 2,4-dichlorophenyl-4’~amino-
phenyl ether) and nucleophilic displacement by
hydroxide ions to give the corresponding phenol
and nitrite ion. Ichihashi®® et al. compared the
residual soil of CNP (MO-338),
Nitrofen, and X-52 (2, 4-dichloro-3’-methoxy-4’/-
nitro-diphenyl ether) by bioassay with barnyard
grass and other weeds. They found that X-52
had a long residual effect and that in enriched

effects in

reduced amino derivatives
formed from all these diphenyl ethers. CNP(MO-
338), Nitrofen, X-52, and MO-500 (2, 4-dichloro
6-fluorophenyl-4’-nitrophenyl ether) were com-
pared by Kuwatsuka®® as to their degradation in

soils under flooded and upland conditions. It was

soil solution, the

pointed out that amino compounds of the diphenyl
ethers were detected only in flooded soils treated
with diphenyl ethers, that degradation was much’
than’
flooded ones, ‘and that no amino derivatives were

slower under wupland conditions

under
detected in soils under upland conditions. It is
also shown that under flooded conditions, Nitrofen
and MO-500 were degraded much faster than
CNP and X-52, and amino derivatives wére the
major metabolites in the earlier stages of
incubation, whereas later, amino compounds were
also metabolized to other compounds. The fate
of Nitrofen in the foliage of rape, redroot pig-
weed, and green foxtail was investigated by
Hawton et al.® with the aid of C¥*-Nitrofen.
They concluded that at least two of the meta-
bolites were lipid-Nitrofen conjugates or Nitrofen
polymers and others may be formed by cleavage
of Nitrofen at the ether linkage.

The test compounds contain a p-nitro subs-
tituent on one phenyl ring and Matsunaka 44,4
found that diphenyl ether herbicides” could be
classified into two grourc depending upon ‘their
requirement for light and other properties. One
group, such as Nitrofen or CNP having ortho-
substituent(s) on one benzene ring, required
light energy to kill the plant. This group is
inactive in the dark. Meanwhile, the other group
with a meta-substituent on one benzene ring was

not thought to réquire light for herbicidal
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activity.

Water represents a rather general solvent, is
important in the environment,
essentially transparent to sunlight. Many classes
of pesticides, including the chlorobenzoic acids
42,49 chloro-phenylacetic acids"®, halogenated
phenylureas @450 chilorinated phenoxyacetic

acids @119 chloroanilines 5, 1-naphthalene acetic

acid®®, and Diquat®® were photolyzed as aqueous
" solutions or suspensions.

In this experiment, water was used as one of
the main solvents and 300 nm wavelength(95.3
Kcal/mole) of artificial ultraviolet light was used
as a light source to simulate the environmental
conditions. Photoproducts resulting from each

compound in various solvents were isolated,
purified, and characterized in order to evaluate its
importance in the formation or degradation of

a toxic residue-in the environment.

Materials and Methods

1. Substituted diphenyl ether herbicides

Skeletal structure and designations of these
compounds are presented in Fig. 1.and Table I

C-6989 (2, 4’~Dinitro-4-trifluoromethyl-diphenyl
ether) was obtained from CIBA Agrochemical
Company, Division of CIBA Corp., Vero Beach,
Fla. It was recrystallized from ethanol until gas-

Table L. Substituted diphenyl ether herbicides

and it also is.
- point (mp),

liquid chromatography (glc) and thin-layer chro-
matography (tlc) showed no impurities. Chemical
authenticity ‘was supported by observed 'melting
infrared (ir) spectrum, nuclear
magnetic resonance (nmr) spectrum, and mass
spectrum (ms).

TOK E-25 (Nitrofen,NIP, 2,4-Dichloro-4’-nitro-
diphenyl ether) was supplied by the Rohm and
Mall

as a technical

Haas Chemical Company, Independence

West, Philadelphia, Pa., 19105,
grade and was purified by dissoiving in ethanol
and filtering by suction, the residue being discar-
ded. The filtrate was evaporated to dryness on
a rotary evaporator and the residue was dissolved

in acetone and recrystallized from =-hexane.

This compound was dissolved again in a mixture

R Rz
NOp — -Q R3
Re

Fig. 1.Skeletal structure of substituted diphenyl
ether herbicides
I: R1=H, Rz:N02, R3=CF3, R4"—“H
. R1=H, Rz':Cl, R3=C1, R4=H
111 R1:H, R2=CI, Rs-':Cl, R4=CI
IV: R;=COOCH;, R;=Cl, Rs=Cl, R,=H
V: R;=COOCH3, Ry=Cl, Rs=Cl, Ry=Cl
VI R1=COOCH2CH3, Rz=Cl, R3=CI, R4=H
VII: Ry=CO0CH3, R;=Cl, Rs=F, R,=H
VIII: R;=CO0CH,3, Ry=Cl, R3=Cl, Ry=F

Common name Designation Chemical name
C-6989, Preforan, Fluorodifen I 2, 4/~dinitro-4-trifluoromethyl-diphenyl ether
TOK E-25, Nitrofen, NIP I 2, 4~dichloro-4’-nitro-diphenyl ether
MO-338, MC-1478, CNP | 2,4, 6-trichloro-4’-nitro-diphenyl ether
MC-4379 \) 2, }zll—dichloro-s’ ~carboxymethyl-4'-nitro-diphenyl
ether
MC-3761 v 2,4, 6-tr1chloro—3’-carboxymethyl—4' ~nitro-
d:phenyl ether
MC-5127 Vi 2, ﬁ—dlchloro—?”—carboxyethy1—4' ~nitro-diphenyl
) ether
MC-6063 Vi 2-chloro-4-fluoro-3’-carboxymethyl-4’-nitro-
diphenyl ether
MC-7181 Vi 2, 4-dichloro-6 -ﬂuoro—3’—carboxymethyl—4'—mtro-
dlphenyl ether
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of benzene-chloroform (1:1 v/v) and column
chromatographed using the benzene-chloroform
as eluting solvent (Silica gel : 0.2-0.5 mm, 30-70
mesh ASTM for Column Chromatography, Merck,
Germany). With this column most of the colored
material was removed.

The eluates were collected, evaporated on a
rotary evaporator and passed again through
aluminum oxide column (Activity 1I-1II, according
to Brockmann, M. Woelm Eschwege, Germany).
The eluates were evaporated on a rotary eva-
porator, dissclved in acetone, recrystallized from
n-hexane, and washed with dilute hydrochloric
acid and distilled water and finally with n-hexane.
More than 99% purity was obtained. The purity
was confirmed by tlc, glc, nmr, and ms.

MO-338 (MC-1478, CNP, 2,4,6-Trichloro~4’-
nitro-diphenyl ether) was obtained from the Mobil
Chemical Company, Edison, N.J. The compound
dissolved in a mixture of chloroform-benzene
(1:1 v/v) was passed through the aluminum
oxide column with the chloroform-benzene mixture
as eluting solvent. The eluates were concentrated
on a rotary evaporator, dissolved in acetone, and
recrystallized from n-hexane. The resulting
crystals were washed with n-hexane. The purity

was confirmed by tle, gle, nmr, and ms.

MC-6063 (2-Chloro-4-fluoro-3/-carboxymethyl-

4’-nitro-diphenyl ether) was obtained from

the Mobil Chemical Company, Edison, N.J.
The compound was dissolved in the chloro-
form-benzene mixture (1:1 v/v), passed

through the aluminum oxide column and eluted
with chloroform-benzene. Eluates were concen-
trated to dryness on a rotary evaporator, dissolved
in acetone, and recrystallized from n-hexane.
The crystals were washed successively with IN-
HCl, distilled water, and z-hexane. The purity
was confirmed by the chromatographic and
spectrometric methods mentioned above.
MC-4379 (2, 4-Dichloro-3’~carboxymethyl-4'-
nitro-diphenyl ether), MC-3761 (2,4, 6-Trichloro-
3’-carboxymethyl-4’-nitro-diphenyl ether), MC-
5127 (2, 4-Dichloro-3’-carboxyethyl-4’-nitro-dip-
henyl ether), and MC-7181 (2, 4-Dichloro-6-

fluoro-3'-carboxymethyl-4’-nitro-diphenyl ether)
were also obtained from the Mobil Chemical
Company and used with no further purification.
Ir, nmr, and ms (direct probe, 70 eV ionizing
voltage) all gave spectra consistent with  these

compounds.

2. Analytical methods

Ultraviolet (uv) spectra were obtained in
spectrophotometric grade solvents (Mallinckrodt
Chemical Works, St.
recorded with a Beckman DB-G grating spectro-

Louis, Mo.), and were
photometer (Beckman Instruments, Inc., Fullerton,
Calif.).

The ir spectra were determined as potassium
bromide disc (or micropellet) with a Perkin-Elmer
337 grating spectrophotometer  (Perkin-Elmer
Corp., Norwalk, Conn.).

Nmr spectra were recorded using a Varian
T-60 NMR Spectrometer (Varian Associates,
Palo Alto,

carbon tetrachloride and deuterated chloroform-d

Calif.). Samples were dissolved in

(Mallinckrodt). Tetramethylsilane was used as
an internal standard.

Gas-liquid chromatographic analyses were
performed with a Beckman GC-65 instrument
equipped with a flame ionization detector. The
column packing was a mixture of 15% QF-1
and 10% DC-200 L(by weight) liquid phases on
80-100 mesh Gas Chrom Q (Applied Science
Laboratories, Inc., State College, Pa.)®. Opera-
ting parameters were generally as follows:
Stainless steel column of 4 mm i.d., 2 ft in length
(Column A) and pyrex glass tube of 2 mm i.d.,
6 ft in length (Column B); Column flow of 20 ml
prepurified helium (99.997% purity) per min.
in column A and 120 m! per min. in column B,
respectively. These columns were conditioned at
250°, with a helium flow, for 5 days.

Injection temp. of 210°; Detector temp. of 310°;
All analyses were made by temperature-program-
ming from 70° (2min.) to 230° at a rate of a
linear temperature increase of 7.5° per min. for
column A and from 100° to 240° at a rate of

temp. increase of 10° per min. for column B,
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Thin-layer chromatography was gccbmplished
on precoated- analytical plates of silica gel HF-
254 with fluorescent indicator containing zinc
silicate phosphor (Brinkmann Instruments, Inc.,
Westbury, N.Y.) using solvent systems consisting
of (A) benzene-chloroform (1:1 v/v), (B)
chloroform-ethyl acetate-acetic acid 6:3:1
v/v), (C) chloroform-ethanol-acetic acid (90 :
5:5v/v), and (D) chloroform-methanol-acetic
acid (95:5:1 v/v). The separated substances
_were detected by means of light absorption and
‘fluorescence at 254 nm.

Mass spectra were obtained using a ' 21—490
(CEC/
Analytical instruments Division, Bell & Howell)

gas chromatograph-mass spectrometer

and an LKB 9000 gas chromatograph-mass spe-
ctrometer. Spectra were determined using the
direct probe and gc inlet system at an ionizing
potential of 70 electron volts (eV).

Column chromatography was accomplished
with a 1X75 ¢cm column of 0.2—0.5 mm (30—70
mesh ASTM) silica gel, chloroform-ethanol-acetic
acid (90:5 :5 v/v) and n-butanol-water-acetic
aci&’(lOO 150 : 20 v/v) eluents, and an automated
fraction collector.

Diazomethane was prepared from Diazald
(Aldrich Chemical Co., Inc., Milwaukee, Wis.)

according to Kirkland. 8

3. Photolysis

Photochemical equipment: Samples were irra-
diated in a Rayonet Photochemical Reactor (The
southern N.E. Ultraviolet Co., Middletown,
Conn.). This reactor was equipped with filtered
medium pressure lamps having a peak output of
300 nm (Cat.- No. N.P.R. —3000). Photolysis was
carried out at approximately 30° to 40° with
constant stirring. Unless otherwise stated, the
irradiations were carried out in a 2-liter boros-
ilicate glass round-bottomed flask surrounded
by aluminum foil to increase the photochemical
efficiency of the radiation. A borosilicate filter
(2 mm. thick) effectively absorbed all radiation
below 290 nm. As there is very little radiation
in Sunlight with a wavelength below 300 nm and

none below 290 nm, it was assumed that . the
photochemical breakdown in solution would be
similar to that occurring in sunlight.

Solvents: The solvents used in the photochemical
experiments were glass-distilled methanol (Bur-
dick and Jackson Laboratories, Inc., Muskegon,
Mich.), acetone (Mallinckrodt Chemical Works,
St. Louis, Mo. 63160, Analytical Reagent), n-
hexane and cyclohexane (Burdick and Jackson
Laboratories‘, Inc., Muskegon, Mich.). All water

used as a solvent in photolysis was distilled and

deionized, having a pH of approximately 7. .

Photolysis of C-6989 in distilled water: Half
a gram of C-6989 was suspended in two liters of
distilled water with the aid of a small amount of
methanol. This suspension was irradiated in a
Rayonet photochemical reactor. The photoreaction v
mixture was evaporated to dfyness on .a rotary
evaporator. The residue was dissolved in acetone
and applied on column and tlc plates, succeésively,
to isolate photoproducts. Each band on tle plateé
was scraped. off, extracted with acetone or
methanol, depending on the polarity of photo;
products, and concentrated by bubbling with
nitrogen gas. The “dark control” held in the
dark was also checked in order to test the pos-
sible decomposition of the compound without
light. The duration includes 1-, 2-, 3-, 4?, 5-,
6-, 7-, 8-, 9, 10-, 11-, 12—, 13-, 14, 15,
30-days, 6 months, and 9 months.

Photolyses of C-6989 in other solvents:
~In an attempt to investigate the ether linkage
breakdown - and ‘the possible photosensitizing
activities of organic solvents used for dissolving

-pesticides in formulating emulsion . concentrates,

C-6989 was dissolved in xylene, ’cyclohexane-
acetone (5 : 5 v/v), toluene, acetone, cyclohexane-
acetone (8:2 v/v), .
respectively, to give a solution of 2,000 ppm.
These solutions were irradiated for 24 hrs. The

methanol, and benzene,

reaction mixtures were concentrated to dryness
by bubbling with nitrogen gas. The residues
were dissolved again in a small amount of acetone.
Gas chromatography was performed to analyze

the photoproducts,
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Photolysis of Nitrofen in distilled water:

One gram of Nitrofen was suspended evenly with
magnetic stirrer in 2 liters of distilled water (500
ppm) and photoreacted for 2 and 10 days. After
photolysis, the mixture was evaporated to dryness
on a rotary evaporator and the residue dissolved in
acetone. The acetone solution was applied on tlc
plates as a band and developed using chloroform-
benzene (1:1 v/v) mixture as solvent. The
‘developed bands were scraped off separately and
eluted with acetone. Each portion was concentrated
in the same manner as before.
- Photolysis of MO-338 in distilled water: One
gram of MO-338 was dispersed evenly in distilled
water with the aid of magnetic stirrer to make
a 500 ppm. suspension. This suspension was
photolyzed in a magnetically stirred and cooled
system. After photolysis, the same procedures
were adopted for the isolation of photolysis pro-
ducts. The products were identified by means of
gle-ms, tlc, and ir spectrometry.

Photolyéis of MC-4379 in distilled water:

Two grams of MC-4379 were dispersed in 4
liters of distilled water contained in each of the
two pyrex round-bottomed flasks with the aid of
a small amount of methanol. The suspensions
were irradiated for 2 and 10 days, respectively.
After photolysis, the reaction mixtures were
evaporated to dryness on a rotary evaporator
,rediséolved in acetone, and concentrated by
This

concentrated acetone solution was applied as a

bubbling with purified nitrogen gas.

band on 20X 20 cm precoated tle plates 2.5cm
from one edge and developed in a solvent mixture
of chloroform-ethanol-acetic acid (90 : 5 : 5 v/v).
Each band was scraped off the plates separately,
extracted with acetone, and concentrated to a
small volume or to dryness for ir, ms, gle, and
tle.

Photolyses of 3-carboxymethyl-4-nitrophenol
in methanol and distilled water:

Since 3-carboxymethyl-4-nitrophenol is one of
the main products of the photolyses of MC-4379
and its related compounds in distilled water, it

will be of significance to pursue its photolysis

behavior in order to elucidate the photochemical

reaction. Prior to phetolysis, the 3-carboxyme-

. thyl-4-nitrophenol was purified on precoated tlc

plates using solvent C.

(1) Photolysis in methanol

One 1073 M methanol solution of the standard
compound was irradiated in a screw-capped vial
for the following periods : 30 hrs,. 2,3,5,9,12,

15,16,20, and 33 days. After each photolysis

period, a small aliquot was subjected to glc
analysis using column A. For further identifica-
tion, an aliquot of 20 day photolysis was applied
on tlc plates as a band and developed -in the
solvent B for about 2 hrs. After development,
extracted with

each band was scraped off,

acetone, and concentrated to a small volume or
to dryness for the analyses of glc, ms, ir, tle,
and nmr.

(2) Photolysis in distilled water

Another 107® M aqueous solution of the
compound was irradiated in a screw-capped vial
for the following periods : 24, 58, 90, 136, 218,
and 336 hrs. After photolysis, the products were
identified by glc-ms.

Photolyses of MC-3761, MC-5127, MC-6063,
and MC-7181 in distilled water:

Half a gram of each of the compounds was
suspended in distilled water by magnetic  stirrer
and irradiated for 2and 10 days, . respectively,
in a magnetically cooled system. The subsequent
workup procedures were the same as the above.

Photolyses of C-6989, Nitrofen, MO-338,

MC-4379, MC-3761, MC-5127, MC-6063, and
MC-7181 in methanol:
Each of the compounds was dissolved in 25 ml
of methanol, respectively, to be the concentration
of 107® M. These solutions were irradiated for
48 hrs. The photoproducts were identified by
glc-mass spectrometry. v

Photolyses of MC-4379, MC-3761, MC-5127,
MC-6063, and MC-7181 irn cyclehexane:

Each of the 107 M cyclohexane solutions of
the above compounds was irradiated for 48 hrs
and the photoproducts therefrom were identified
by gle-mass spectrometry,
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Photolysis of p-nitrophenol:

Since p-nitrophenol is the predominant photo-
product of C-6989 resulting from the ether linkage
cleavage, it seems quite significant to pursue the
fate of p-nitrophenol under the environmental

. conditions. The following photolysis periods were
checked: 10, 30 min., 1, 2, 4, 8 hr., 1, 2, 3,
4, 5, 15, 20, and 25 days. All the photoproducts
were identified by means of tlc, glc, ms, and ir.

Photolysis of C-6989 in ethanol:

In order to check the formation of p-nitrophenol
from C-6989 photolysis as a function of time,
5x107* M C-6989 solution in ethanol was pho-
tolyzed for the following periods: 0, 0.5, 1, 2,
3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
48, 72, 96, 120, and 144 hrs, respectively.

Photolyses of C-6989, Nitrofen, MO-338,
MC-4379, MC-3761, MC-5127, MC-6063, and
MC-7181 in n-hexane:

In order to compare the photolysis behaviors .

of the above structurally similar compounds as
affected by different substituents, each of the
compounds was dissolved in n-hexane at 1073 M
concentrations, respectively. Two milli-liters -of
each solution were irradiated in screw-capped vials.
Photolysis periods were 24, 48, and 72 hrs. The
photoproducts were analyzed by means of the
temperature-programming on glc. Identifications

were made by ms.

Results and Discussion

Photoproducts of C-6989 in distilled water:
Products of 2- and 10-day photolyses are pre-

sented at Table II.and Table III,

The period of irradiation did not affect the for-
mation of photoproducts. The predominant amount
of p-nitrophenol strongly indicates the readiness
of the ether linkage cleavage. Photoreduction of
one or both of the nitro groups eccurred as minor
reactions. This reaction is supposed to proceed by
way of —NO,— —NO— —NHOH— —NH;. %%
Formation of 2,4’-diamino-4-carboxy-diphenyl
ether and 4-hydroxy~3-nitro-benzoic acid proves

Table II. Photoproducts of C-6989 in distilled
water (glc)

Photoproducts Retention time (min.)
Column A Column B
1) undecomposed C-6989 41 13.1

2) p-nitro-phenyl-e, @, a-tri-
fluoro-2-amino-p-tolyl ether
3) p-amino-phenyl-a, a, a- ‘
trifluoro-2-nitro-p-tolyl ether 32.25 11.3
4) p-amino-phenyl-a, a, a-tri-

4.7 12

fluoro-2-amino-p-tolyl ether  28.5 10
5) p-nitrophenol 22.5 5.6
6) 2-amino-4-trifluoromethyl

phenol 18.25 2.96
7) 2-nitro-4-trifluoromethyl

phenol 14.5 1.36
8) 2,4'-diamino-4-carboxy-

diphenyl ether - 13.8
9) 4~hydroxy-3-nitrobenzoic acid — 8,99
10) hydroquinone 16.8 2.36

* Column A: Stainless steel column of 4 mm
id., 2 ft in length
Column B: Pyrex glass tube of 2 mm 1id.,
6 ft in length

Table III. Photoproducts of C-6989 in distilled water(tle)

Photoproducts

1) undecomposed C-6989

2) p-nitro-phenyl-a, a, a~trifluoro-2-amino-p-tolyl ether
3) p-amino-phenyl-a, &, a-trifluoro-2-nitro-p-tolyl ether
4) p-amino-phenyl-a, a, a-trifluoro-2-amino-p-toly!l ether

5) p-nitrophenol

6) 2-amino-4-trifluoromethyl phenol

7) 2-nitro-4-trifluoromethyl phenol

8) 2,4'-diamino-4~carboxy-diphenyl ether

Rf

Solvent A B C D
0.37 0.66 —_— =
0.24 064 — —
0.09 0.42 —. —
0.04 0.27 — 0.46

— 0.55 0.50 0.37

- — o — (.28

- — — 0.49

— 013 - 017
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Absorbance
(a% 400 nm)

9) 4-hydroxy~-3-nitrobenzoic acid
10) hydrequinone

0.51

0.44

—

#* Solvent A :benzene-chloroform (1:1 v/v)

B :chloroform-ethy! acetate-acetic acid (6:3:1v/v)

C : chloroform-ethanol-acetic acid (90:5:5v/v) D :chloroform-methanol-acetic acid (95:5:1 v/¥)

the oxidation of -CFs to -COOH group during
aqueous photolysis. Hydroquinone detected in a
trace amount is thought to be formed from »-
nitrophenol by the mechanism as shown later.
Besides the compounds appearing in Table II, I1I,
more than eight unknown compounds were also
All the - carboxyl-
containing compounds were treated with ethereal
diazomethane

detected in small amounts.

solution to give corresponding
methyl esters, because these carboxyl compounds
do not elute from the glc column. The ir spectra
of undecomposed parent compound and p-nitro-
phenol were identical with those of authentic
compounds, respectively. Fig.2 shows the ir
spectra of the authentic p-nitrophenol and the

isolated photoproduct. The strong -OH stretches
are remarkable in the region of 3,000-3,500 cm™
in both specira, the rest being identical with
each other. The ir spectra of the other photop-
roducts could not be measured beeause of the
paucity of amounts.

Photoproducts of C-6989 in ethanol:

In order to check the amount of p-nitrophenol
formation from C-6989 as a function of time,
its 5X 1074 M ethanolic solution was photolyzed for
various time intervals and the absorbance of the
photolyzed solution was measured with spectrop-
hotometer at 400nm. The absorbance plotted
against irradiation time is shown in Fig.3.

.0

ABSCREANCE

3500

Fig. 2.

0.2 9

0.1 1

A i i

. " . . . ) — . s
3000 2300 2000 100 200 M WO . 509 500 700 600 00 409
yaarr (o)

Infrared spectra of the authentic p-nitrophenol (upper line)
and the isolated photoproduct (lower line)

As seen in the figure, the largest amount of
p-nitrophenol was formed at 3 hr. irradiation.
This fact suggests that C-6989 undergoes rapid
cleavage at the ether linkage.

Photoproducts of p-nitrophenol in distilled

water:

As shown in Fig.4, in order to check light

5 10

" absorption of p-nitrophenol in water, the absor-

& 6 123 200

Irradfated time {ars.) {log)

Fig.3. p-Nitrophenol formation from C-6989 pho-
tolysis as a function of time (5x107*M
ethanol solution)

bance of a 1 X107 M aqueous solution was meas-
ured against the wavelengths of 300 to 480 nm.
It is obvious from this spectrum that this
compound absorbs sufficient light energy at 300 nm
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Fig. 4. Ultraviolet absorption spectrum of an
aqueous solution of 1072 M p-nitrophenol

to undergo photolysis. Gas chromatogram of p-
nitrophenol photoproducts from aqueous solution
photolysis of 30-day irradiation is presented in
Fig.5. The photoproducts include quinone (0.

28 %), hydroquinone (0.66 %), p-aminophenol

(0.42 %), unchanged p-nitrophenol (98.6 %),
and a relatively small amount of an unidentified
product. ‘As time goes on, these photoproducts
increased in amounts, but not sharply. The
quantitation was performed on gle by measuring

the peak areas with a planimeter, normalizing,

and. expressing as a percentage of the total peak

area, The retention times of quinone, hydroquin-
one, ‘ p-aminophenol, and = p-nitrophenol. were
11.25, 16.8, .19.25, and 22.5 min, respectively,
on column A by the above-mentioned temperature
programining.

. On tlec (Fig.6), the Rf’s in solvent C of quinone,
hydroquinone, p-aminophenel, and p-nitrophenol
were 0.79, 0.23, 0.04, and. .55, respectively.
The postulated mechanisms for the photolysis of
an aqueous p-nitrophenol solution are presented

in Fig. 7 and 8,

¢ I

2 L L i [ 1

30 25 20 15 10 3
—_—

Betention tixe (min.)

Fig. 5. Gas chromatogram of p-nitrophenol pho-
toproducts from aqueous solution photolysis
for 30 days (7.5°/min., temperature pro-
grammed from 70° to 230°)

A : Quinone (0.28%), B : Hydroguinone
(0.66%), C : p-Aminophenol (0.42%), D :
p-Nitrophenol (98.6%), E:An unknown
compound

In Fig. 7, the mechanism of photochemical
formation of quinone and hydroquinone from p-
nitrophenol can be rationalized by the following
scheme 919,380, The key feature of the n—or*
excited state of a nitro group is the overlap of
the half-vacant nonbonding orbital with the
adjacent orbital of the. aromatic ring. This
overlap, which is a result of the out-of-plane nitro
group, leads to the formation of an oxaziridine
ring which collapses to a nitrite thermally. The
process of the nitrite formation may be accele-
rated by a polar solvent, water. The resulting aryl
nitrite is very labile and is solvolysed by water
to yield the p-semiquinone radical, which has
been’ shown to be produced from hydroquinone
and quinone by flash photolysis work %,
38,89,40 This intermediate radical, instead of
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K 3 ¢ D z
Fig. 6. Thin-layer chromatogram - of photopro-
ducts of an aqueous p-nitrophenol solution

A : Hydroquinone, B : Photoproducts of

aqueous photolysis of p-nitrophenol for

20 days, C:Quinone, D : p-nitrophenol,
E : p-aminophenol, Developing solvent : C
X *
HO ONOZ
excitation

(nitrite)

HO@OH .
—
207

Fig. 7. Proposed mechanism of nitro-nitrite
) rearrangement leading to the formation of
hydroguinene and quinone from the aque-
ous p-nitrophenol photolysis

HO—QNO Lid HO NOpH
2 Tho 2 T NO

Hydrogen
abstraction l b, K20
Ho U N
2 i 0 WOH «—— Ho Non
2 .
J Coupling

.
HO 1}::;@_0“
S

Fig. 8. Postulated pathway of the formation of
p-aminophenol from the agueous photolysis
of p-nitrophenol

HO-@-O- &Y, 10 o-@-o
A——
F
*«NQ

combining, may disproportionate rapidly® (K=
4.6%10% M~! sec™) to hydroquinone and quinone
as presented.

In a hydrogen donating solvent, a competition
reaction between nitro-nitrite rearrangement and
photoreduction obviously occurs, and the compe-
tition may depend on the degree of steric hind-
rance of a nitro group and probably on the

polarity of the solvent®®,

In addition, -it has been known that the ultra-
violet irradiation of easily oxidized aromatics in
rigid media leads to electron ejection and the
stabilization of the resulting free-radical products
18,4140 More recent work has shown that
photolysis of aromatics in aqueous solution
produces radical products and the same hydrated
electron species that is generated- by the action
of ionizing radiation on water9:2%5),  Gros-
sweiner and Joschek®® showed that e~ag. optical
generation correlates with low gas-phase photoio-
nization potential (PIP), negative Hammett o,
constants, and low reactivity of the parent
molecules with e~aq. Joschek and Grossweinerk33’
also observed that in the disubstituted benzenes
which have been studied the substituents with
0,>0 suppress e ag. generation even when com-
bined with those with ¢,<0. According to them,
nitrophénol did not produce any radical product,
presumably due to the positive Hammett &,
constant of the nitro group irrespective of the
negative one of the OH substituent. This fact
indicates that the p-aminophenol resulting from
the aqueous photolysis of p-nitrophenol will be
formed by some mechanisms other than the
above hydrated electron mechansim. Fig. 8 gives
the proposed pathway of p-aminophenol formation
from the aqueous photolysis of p-nitrophenol®®,
Hydrogen abstraction of the excited nitro compound
from water leads to a radical intermediate 7,00,
This further abstracts hydrogen from water
followed by dehydration to give nitrosophenol. The
latter undergoes photochemical hydrogen abstra-
ction to give a p-hydroxyphenyl nitroxide radical
1,31,48,500 which will also couple to give 4,4’-

dihydroxy-azoxybenzene. Mostly the p-hydroxy-
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phenyl nitroxide radical abstracts hydrogen to
form p-hydroxyphenyl hydroxylamine: The latter
will be reduced slowly to p-aminophenol.

Photolyses of the eight herbicides in n-

hexane:

In the cases of 24 and 48 hr. photolyses, C-6989
produced p-nitrophenol and 1-nitro-3-trifiuorom-
ethyl benzene as the main photoproducts on glc,

Meanwhile, Nitrofen showed 4-amino-2’,4'-
dichloro-diphenyl ether  (amino-Nitrofen) in a
small amount as its main photoproduct. MO-338
also exhibits 4~amino-2’, 4’, 6'-trichloro-diphenyl
ether (amino-MO-338) the
photoproduct in somewhat a larger amount than

as predominant
in the case of Nitrofen, In 72 hr. photolyses,
they showed all the same decomposition patterns
as in the cases of 24 and 48 hr. photolyses,
except that some fragments resulting from =z-
hexane photolysis were produced. While in the
photolysis of C-6989, it is likely that the  ether
linkage will be cleaved before the reduction of
4-nitro group of one benzene ring to amino
group, the nitro groups of Nitrofen and MO-338
are reduced to amino groups before the ether
linkages are broken. In the cases of photolyses
of MC-4379, MC-3761, MC-5127, MC-6063, and
MC-7181, decarboxymethylation or decarboxye-
thylation depending on the . substituent of each
compound "dominates over the other various
reactions irrespective of the irradiation time.

Ultraviolet spectrometry:

In order to check the ultraviolet absorptions of
the test compounds, C-6989 was dissolved in
ethanol to give the concentration of 5X107° M
and the rest were dissolved in n-hexane to the
concentration of 1x1075 M. All these compounds
exhibit the same absorption curves-as shown in
Fig. 9. The photochemical ‘behavior of organic
nitro compounds is of interest because of the
comparative similarity of their absorption chara-
cteristics to carbonyl compounds. As seen in Fig.
9, organic nitro compounds display short and long
wavelength abéofptions assigned to a—sn* and
n—x* transitions. The molar absorptivities (¢ 300)
of the compounds at 300 nm wavelength are

Absorbande

04k

814

L R10 220 230 &0 230 260 270 280 290 300 310 320 330 240 350 350
nr)

Wavelength!

Fig. 9. Ultraviolet absorption of C-6989 (5% 107
M in ethanol)

shown in Table IV.

Table IV. Molar absorptivities of the test

compounds
Compound  Solvent Concentration Molar
absorptivity
C-6989 ethanol 5% 107M 5,720
Nitrofen n-hexane 1x107M 20,000
MO-338 n-hexane 1x107°M 9,000
MC-3761  n-hexane  1x107°M 5,000
MC-4379  n-hexane 1x1075M 6,500
MC-5127  n-hexane 1%x1075M 7,500
MC-6063  n-hexane  1x107M 4,400
MC-7181 n-hexane 1x1075M 5,500

As seen in Fig. 9, 2 max appears to be around
between 218 nm and 220 nm. These data indicate
that the compounds absorb enough ultraviolet
energy to undergo some photochemical reactions
under the experimental conditions.

Photoproducts of C-6989 in other organic
solvents:

The results of glc analyses are as follows:

Xylene solution: C-6989 (Unchanged), p-nitroph-
enol, 1-nitro-3-trifluoromethyl benzene, p-nitro-p-
henyl-a, a, a-trifluoro-2-amino-p-tolyl ether, 2,2’

-dinitro-4, 4’-bis(trifluoromethyl) biphenyl (dimer
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of 1-nitro-3~trifluoromethyl benzene radical),
and 5 unknowns.

Cyclohexane-Acetone (5:5 v/v): C-6989, p-
nitrophenol, 1-nitro-3-trifluoromethyl benzene, p-
nitrophenyl-a, a, a-trifluoro-2-amino-p-tolyl ethe-
r, 1-amino-3-trifiuoromethyl benzene, 2, 2’-dinitr-
0-4,4’-bis-(trifluoromethyl) biphenyl, and about
14 unknown peaks.

Toluene solution: C-6989, p-nitrophenol, 1-ni-
tro-3-trifluoromethyl benzene, and about 5 unkno-
wn peaks. ‘

Acetone solution: C-6989, p-nitrophenyl-a,«, a-
trifluoro-2-amino-p-tolyl ether, p-nitrophenol, 1-
nitro-3-trifluoromethyl benzene, and four unknow-
ns.

Methanol solution: C-6989, p-nitrophenol, 1-
methoxy-2-nitro-4-trifluoromethyl benzene, 1-m
ethoxy-2-amino-4-triffluoromethyl benzene, and
about five unknowns.

Benzene solution: C-6989, p-nitrophenol, p-nit-
rophenyl-a, a, a-trifluoro-2-amino-p-tolyl ether,
1-nitro-3~trifluoromethyl benzene, 2,2’-dinitro-4,
4/-bis-(triflusromethyl) biphenyl, and two unk-
nowns. There is little difference between solvents
in which the compound is dissolved in producing
photoproducts, except that acetone-cyclohexane
mixture exhibited quite a few unidentifiable prod-
ucts, indicating that there is some possibility of
photosensitization.

In the light of the metabolic studies carried
out by some others,(0,21,22,23,26,59 it will be
reasonable to mention that the C-6989 photolysis
in an aqueous solution undergoes a similar
chemical change to the metabolism in plants.

2, 4/-dinitro-4-
ether, 2-nitro-4-carboxyl-
phenol, 2,4/~diamino-4-carboxyl-diphenyl ether,
2-amino-4-carboxyl-phenol,

In the present experiment,

carboxyl-diphenyl

and hydroquinone
were detected, in addition to the compounds
identified in the Eastin’s work
and photolysis. 20,21,22,23,20)

Products of Nitrofen photolysis in distilled
water:

of metabolism

By means of a combination of gle and ms, the

following photoproducts were identified:

(1). Unaltered Nitrofen: the parent peak occur-
red at m/e 283.

and P44 were in good agreement with those

Isotopic abundances at P+2

expected for a compound containing two chlorines
&4 Jons at P-30 and P-81 indicate P-NO and
P-NO, Cl, and O, successively, consistent with
the expected fragmentation.

(2). 2,4-Dichloro-4’-amino-diphenyl ether: the
parent ion appeared at m/e 253. The P+2 and
P+4 peaks indicate the presence of two chlorines.
Tons at P-70 and P-145 are consistent with the
expected fragmentation.

(3). 2,4-Dichloro-4'-hydroxy-diphenyl ether:
the parent ion occurred at m/e 254. The P+2
and P44 ions comply with the isotopic abun-
dances of two chlorines. The P-1 ion indicates
the presence of the hydroxyl substituent. The
P-70 and P-145 peaks support the structure.

(4). 4-Chloro-4’-nitro-diphenyl ether:  the
parent ion occurred at m/e 249. The P-35 and
P-111 peaks comply with the expected fragmen-
tation pattern.

(5). 2-Hydroxy-4-chloro-4/-nitro-diphenyl et-
her: the parent ion occurred at m/e 265. The
P42 peak' indicates the presence of one chlorine.
The P-47 and P-82 peaks support the expected
fragmentation pattern.

(6). 2,4,6-Trihydroxy-4’-nitro~diphenyl ether:
the parent ion appeared at m/e 263.

(7). Hydroxylated Nitrofen: the parent ion ap-
peared at m/e 299. Two chlorines are indicated
by the P+2 and P+4 ions. The P-1 ion suggests
the presence of hydroxy group. The P-17, P-47,
P-82, and P-191 peaks comply with the expected
fragmentation pattern.

(8). Hydroxylated amino-Nitrofen: the parent
peak appeared at m/e 269. The spectra are
characterized by the P-1, P-33, and P-92 peaks;

(9). 2,4-Dichloro-diphenyl ether: the
ion occurred at m/e 238, the P42 and P+4 ions
indicating the presence of two chlorines. Pro-

parent

minent ions occurred at P-35 and P-70, which

will mean the loss of one or two chlorines.
(10). p-Nitrophenol : the parent ion appeared

at m/e 139. The P-30 and P-47 peaks indicate
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the loss of NO and OH groups. The spectrum is
consistent with that of the authentic compound.

(11). 2,4-Dichlorophenol : the “parent ion
occurred at m/e 162. The P+2 and P+4 peaks
prove the presence of two chlorines. The P-35 peak
supports the expected fragmentation pattern.

(12). Hydroxylated 2,4-dichlorophenol: the
parent peak occurred at m/e 178. The spectra
are characterized by the P+2, P+4, P—1, and
P17 ions, being consistent with the expected
fragmentation.

As indicated above, amino-Nitrofen is the predo-
minant photoproduct of Nitrofen photolysis. p-
Nitrophenol and 2, 4-dichlorophenol resulting from
the ether linkage cleavage are also found in small
amounts. Gas chromatography showed the reten-
tion times of Nitrofen and amino-Nitrofen to be
34.7 min. and 28.5 min., respectively; on column
A. The retention times of the other products
were not meastured. The ir spectra of authentic
amino-Nitrofen and the isolated product are
identical, showing the characteristic ~-NH; absor-
ption in the3,300-3,400 cm™! region.

In the present experiments, 12 compounds
including undecomposed parent were identified.
For the most part, photochemical reduction lea-
ding to the p-amino derivatives and hydroxylation
predominate over the ether linkage cleavage con-
trary to C-6989 photolysis. - Photodechlorination
and photodenitration reactions were also observed.
The complete displacement of chlorines.on benzene
ring by hydroxyl groups will suggest the possibil-
ity of forming polymeric humic acid in the long
run®®, All these kinds of reactions will be com-
petitive depending on thé actual environmental
conditions. The photodecomposition pattern of
Nitrofen in aqueous suspension is quite similar
to the corresponding ‘metabolism in animals and
plants. In the -course of photolysis, some tarry
products were formed and precipitated, increasing
in amounts with time. The fact that these prddu-
cts were insoluble in organic solvents is probably
suggestive of the formation of polymers. This
kind of polymerization was also observed on

thin-layer chromatograms. Black materials always

remained at the origin after the development.

No basic difference was observed between 2
and 10 day protolyses, except that more tarry
products were formed in 10 day photolysis and
the amounts of products increased “with time.
Products of MO-338 photolysis in - distilled
water:

By the same method as the above, the following
products were identified. .

(1). Unaltered MO-338 : the parent ion occur-
red at m/e 317. The isotopic abundances at P+
2, P44, and P+6 were consistent with those
of the authentic compound. The P-30. and P-81
peaks support the expected fragmentation pattern.

(2). 2,4,6-Trichloro-3-hydroxy-4/-nitro-diphe-
nyl ether : the parent ion appeared at m/e 333.
The P+2, P+4, and P+6 peaks indicate the
presence of -three - chlorines. The P-17, P-87,
and P-138 peaks are in good agreement with the
expected fragmentation, strongly indicating the hy-
droxylated product. This is thought to be the main
product of the aqueous photolysis of MO-338.

(3). Chlorinated MO-338 : the  parent
occurred at m/e 351. The isotopic = abundances
at the P+2, P+4, P+6, and P+8 peaks indi-
which will
mean the substitution of a hydrogen on the ring

peak

cate the presence of four chlorines,

by a chlorine atom during the aqueous photolysis.
The position of the substitution was not known.
The P-30 and P-81 peaks show the losses of
NO, O, and Cl from the structure, successively.

@.

The parent ion occurred at m/e 231. The P-17,
P-93, and P-123 peaks are consistent with the
expected fragmentation. The absence of the
characteristic P+4-2, P+4-4, and P+6 peaks indif
cates the loss of the three chlorines, one of which

~OH

was probably replaced by a hydroxyl group.
(5). 2-Hydroxy-4, 6-dichloro-4’ -amino—diphenyi
ether: the parent ion appeared at m/e 269. The
presence of two chlorines is characterized by
the isotopic abundances of the P+2 and P+4
peaks. The P-35, P-70, and P-161 peaks are
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also indicative of the expected fragmentation patt-
ern. This compound was found in a trace amount.

(6). p-Nitrophenol: the parent peak occurred
at m/e 139. The P-30 peak indicates the loss of
NO from the rearranged nitro group.

(7). 2,4,6-Trichlorophenol: the parent ion
appeared at m/e 196. The isotopic abundances
at the P+2, P+4, and P+6 peaks indicate the
presence of three chlorines. The P-35 peak shows
the loss of one of the three chlorines.

(8). 2,4,6-Trichloro-4’-amino-diphenyl ether:
the parent peak appeared at m/e 287. The frag-
mentation pattern was not distinct to characterize.

(9). 2,4-Dichloro-4’-nitro-diphenyl ether: the
parent peak occurred at m/e 283. It is most
likely that one of the ortho chlorines will be
readily lost during irradiation.

(10). oH

NO2 0 OH OH

OH
The parent peak appeared at m/e 279. The P~

17, P-64, P-97, and P-114 peaks indicate the
successive losses of OH, NO, OH, O, OH, and
OH from the structure, The fragmentation is
consistent with what is expected. This product
will arise from the replacement of chlorines - by
hydroxyl groups.

Besides those compounds identified, some other
products were also present. Identification of those
products was not possible due to their poor resolu-
tion on gle and the paucity of the amounts. As ph-
otolysis proceeds, some polymerized products app-
eared. In addition, in an attempt to confirm the
identities of the products, the 10-day irradiated
mixture dissolved in a small amount of acetone
was applied-as a band on precoated tlc plates and
developed in solvent C for about 1.5 hrs.

Quite a large amount remained at the origin,
comprising black-colored material. Four bands
were scraped off the plates, extracted with ace-
tone, and concentrated to a small volume by
bubbling with purified nitrogen, separately. Only
one band could be characterized by ir, gle, and

ms (direct probe). This product turned out to

be the above-mentioned 2, 4, 6-trichloro~3-hydro-
xy-4’-nitro-diphenyl ether. The ir spectrum ex-
hibits the characteristic OH stretching absorption
in the 3,200-3,600 cm™ region. The glc analyses
on column A show the retention times of 2,4, 6~
trichloro-3-hydroxy-4’-nitro-diphenyl ether, MO-
338, 2,4-dichloro-4'-nitro-diphenyl ether, and
‘2,4,6—trichloro—phenol to be 49.9 min., 39 min.,
34.4 min., and 17.6 min., respectively.

Basically, no difference was recognized between
2- and 10-day photolyses. However, it seems likely
that more hydroxylated products will be formed
in the 10-day photolysis:

Products of MC-4379 phoetolysis in cycloh-
exane:

Gas chromatogram of these products is shown
in Fig.10. The following compounds were iden-
tified by a combination of glc and ms.

(1). Cyclohexanol (< >f0H) : the molecul-
ar ion occurred at mfe 100.

(2).Cyclohexanone (< >:O) : the molecular
ion appeared at m/e 98.

(3). 1-Hexenone or 1-hexenal: the molecular
ion appeared at m/e 98.

0
¢ /O
[ v
/
It is known that these structures are formed

from the above compound (2) as the following'®.
[+]
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The a-cleavage may be viewed as a homolytic
fission to formula(b) which can undergo intramo-
lecular abstraction of a hydrogen atom from the
carbon adjacent to the acyl radical giving the
ketene (¢) or from the carbon adjacent to the
alkyl radical giving the unsaturated aldehyde (d).

(4). Dicyclohexyl ether (<—>—O-—<_>)=
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Fig.10. Gas chromatogram of products from MC-

4379 photolysis for 48 hrs in cyclohexane,
temperature programmed from 110° to
230°, 7.5°/min.
A ¢ Cyclohexanol, B : Cyclohexanone, C:
Unknown, D :1-Hexenone or 1-Hexenal,
E : Dicyclohexyl ether, F : 2, 4-dichloro-3’~
carboxymethyl-4’-amino~diphenyl  ether,
G : Monodechlorinated MC-4379, H: Un-
changed MC-4379

the parent ion occurred at m/e 182. The P-83
(P-CeHii), P-09 (P-CoHy0), and P-113 (P-
"CeHy, O, CH,) peaks were in good agreement
with the expected fragments®. It seems likely
that this product will arise from the condensation
of two molecules of cyclohexanol by irradiation.

(5). 2,4-Dichloro-4"-nitro-diphenyl ether: the
parent.ion occurred at m/e 283. It is possible
that the decarboxymethylation from the parent
compound and hydrogen abstraction from cyclo-
hexane will occur to give the above structure.
The amount was too small to be further charac-
terized.

(6). 2,4-Dichloro-3/-carboxymethyl-4’-amino~
diphenyl ether (amino-MC-4379): the
abundances of the P+2 sand P44 peaks are
consistent with those of the authentic compound.
The P-31 peak indicates the loss of OCHs.

isotopic

(7). Monodechlorinated MC-4379: the parent
ion appeared at m/e 307. The P-2peak is in
good agreement with the expected isotopic abun-
dance, indicating the loss of one chlorine.

(8). Unchanged MC-4379 (parent compound):
the parent peak occurred at m/e 341. The
isotopic abundances of the P+2 and P+4 peaks
are well indicative of the presence of two chlo-
tines. The P-31 peak is also consistent with the
expected fragmentation. One product having the
molecular ion at m/e about 100 could not be
identified. Amino-MC-4379 is the predominant
product. The above results indicate that photore-
duction of nitro to amino group and photodechlo-
rination are the main processes  in cyclohexane
solution phase photolysis.

Products of MC-4379 photolysis in methanol:

The following products were identified by the
gle-ms method. »

(1). Unchanged MC-4379: the parent ion occur-
red at m/e 341. The P+2 (67% relative to the
parent peak) and P-4 peaks are in good agree-
ment with the isotopic abundances. The P-31
and P-101 peaks indicate the successive losses
of OCHs and two chlorines from the parent com-
pound.

(2). Methyl formate: the parent peak appeared
at m/e 60. The P-15 and P-31 peaks indicate
P-CH; and P-OCHj, respectively. :

(3). 2,4-Dichlorophenol: the parent peak occur-
red at m/e 162. The P+2 (67% relative to the
parent ion) and P+4 peaks indicate the presence
of two chlorines. The P-35 (P-Cl) peak was
also observed.

(4). 2, 4-Dichloro-6-methoxy-phenol: the parent
peak appeared at m/e 192. The P+2 and P+4
peaks were recognized, but not distinct.

(5). 2, 4—Dichloro-3’—carboxyrhethyl-4’ —amino-
diphenyl ether (amino-MC-4379): the parent
ion appeared at m/e 311. The P+2 (about 80%
relative to the parent ion) and P-+4 peaks were
observed. The P-31 peak represents P-OCHs.

(6). 2-Methoxy-4-chloro-3/~carboxyl-4/-nitro-
diphenirl ether: the parent peak occurred at m/e
323. The P+2 peak indicates the presence of one
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nlorine. The P-31, P-61, and P-112 peaks
correspond to P-OCH,, P-OCH3, NO, and P-OCHj,
NO, 0, Cl, respectively.

Products of MC-4379 photolysis in distilled
water:

Products isolated from tlc plates and identified
by the combined glc and ms include the following.

(1). 3-Carboxymethyl-4-nitrophenol:

direct probe mass spectrum,

in  the
the  parent ion
occurred at m/e 197. The P-31 peak represents
P-OCH;, the other fragments being indistinct.
On tle, the Rf values of this product in solvents
B and C were 0.508 and 0.549,
These values are identical with

respectively.
those of the
authentic compound. The ir spectrum is consistent
with that of the authentic compound, exhibiting
the strong OH stretch at 3,000 to 3,500cm™%,
carbonyl stretch at 1670 cm™!, and almost the
same finger print region.

(2). 2,4-Dichloro-3’~hydroxy-4/-nitro-diphenyl
ether: in ms(direct probe), the parent ion
appeared at m/e 299, The isotopic abundances
at the P+2 and P+4 peaks indicate the presence
of two chlorines. The P-30 peak amounts to P-
NO from the rearranged nitro group.

On tlc, the Rf wvalues of this product in
solvents B and C are 0.255 and (.58, respecti-
vely. For comparison, the Rf values of 2,4~
dichloro-3’~carboxyl-4’~amino-diphenyl ether in
the same solvents were shown to be 0.448 and
0.55, respectively. Under an ultraviolet lamp,
these two compounds phosphoresce brightly, but
they are completely different from each other
based on the Rf values. The ir spectrum shows
the OH stretching absorption in the 3,000 to
3,500.cm™ region.

(3). 2,4-Dichloro-6-hydroxy-3'-carboxymethyl-
4’-nitro-diphenyl ether: the mass spectrum of
direct probe shows the parent ion to occur at
m/e 357. The isotopic abundances at the P2
and P44 peaks prove the presence of two chlor-
ines. The P-17 and P-31 peaks represent P-OH
and P-OCHj;, respectively. The ir spectrum shows
the OH stretch in the region of 3,100 to 3,500 cm™

and the characteristic carbonyl absorption at

1,700 em™,

(4). 2,4-Dichloro-3’-carboxymethyl-4’-hydroxy-
diphenyl ether: in the direct probe mass spec-
trum, the parent ion cccurred at m/e 312. The
P-+2 and P+4 peaks were enough to support the
presence of two chlorines. The P-1, P-17, and
P-31 peaks correspond to P-H, P-OH, and P-
OCHs, respectively. The ir spectrum was mnot
distinct enough to show the OH stretch, but the
carbonyl absorption occurred at 1,650 cm™. This
product was isolated from the undecomposed MC-
4379 band which was scraped off the tlc plates,
extracted with n-hexane, and concentrated to a
small volume by bubbling with nitrogen gas.
This concentrated hexane solution was applied
on 20X 20 cm precoated tlc plates as a band and
developed in solvent A. The predominant band
was collected as the above product by the same
procedures. This compound was first considered
to be amino-MC-4379. However, the ir, ms, and
glc confirmed that they are completely different.
For comparison, the Rf values of this product
and amino-MC-4379 in solvent A were 0.44 and
0.17, respectively.

(5). Undecomposed MC-4379: in the direct probe
ms, the fragmentation' behavior was all the same
as the above mentioned, the parent ion occurring
at m/e 341.

(6). 2,4-Dichloro-3’-carboxymethy-4’-amino-
ether (amino-MC-4379): this was

identified as a minor product with the parent ion

diphenyl

occurring at m/e 311 in ms.

(7). 2,4-Dichlorophenol: the parent peak occur-
red at m/e 162. This combound‘was detected as
a minor product, presumably due to the loss
resulting from its high volatility.

(8). p-Nitrophenol: the parent peak appeared
at m/e 139. This muct be formed from the
decarboxymethylation, ether linkage cleavage of
the parent compound, and hydrogen abstraction fr-
om water. It wasdetected only in a trace amount.

(9). 2, %-Dihydroxy-4-chloro-4’-nitro-diphenyl
ether: the parent peak appeared at m/e 281. It
was detected only as a trace product, still indi-
cating the possibility of decarboxymethylation
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and dechlorination. It is likely that the radicals
formed will abstract hydrogen from water..

(10): 2,3’,4-Trihydroxy-4'-amino-diphenyl et-
her: the parent ion occurred at m/e 233. Only a
trace amount was detected. This product shows
the possibility of the nitro group reduction, deca-
rboxymethylatior'l, and dechlorination, followed by
the replacement by hydroxyl groups.

(11). 2,4-Dichloro-4’-nitro-diphenyl ether (Ni-
trofen): the parent peak appeared at m/e 283.
It shows the possibility of decarboxymethylation
by irradiation. This turned out to be a minor
-product. Besides the above, sdme trace products
could not be identified. In this aqueous phbtolysis,
compound (4) was the predominant product,
indicating the readiness of the nitro group
replacement by hydroxyl group. Quite a large
amount of methyl formate will prove the decar-
boxymethylation. The ether linkage cleavage was
~also thought to be one of the main reactions.

Products of 3-carboxymethyl-4-nitrophenol
photolysis in methanol:

(1). Methyl
the parent ion occurred at m/e 108. The P-31
peak corresponding to P-OCHj is in good agree-
ment with the fragment species of the authentic

phenyl ether (anisole) : on ms,

compound. This product strongly indicates the
possibility that the denitration, decarboxymet-
hylation, and replacement of hydroxyl group by
methoxy group can occur in methanol solution.
On glc, the retention time (temperature program-
ming oncolumn A) was 3.7 min., being consistent
with that of the authentic compound. ‘

(2). 3-Methoxy-4-nitrophenol : on ms,  the
parent ion appeared at m/e 169. The P-31 peak
corresponds to P-OCH;. On - glc, the retention
time was 23 min.; representing one of the main
prodiicts.

(3). 3-Carboxymethyl-4-nitrophenol (Unchan-
ged parent compound) : the ms shows that the
parent ion occurred at m/e 197, giving the P-31
(P-OCH,), P-48 (P-OCHs, OH), and P-61 (P-
OCH;, NO) peaké as fragment species. The re-
tention time on glc (on column A) was 26.1
min., being identical with that of the authentic

compound.

(4). - 1-Methoxy-3-carboxymethyl-4-nitrobenz- - .
ion occurred .at m/e‘ 211, sho-
wing the P-30 (P-NO), P-31 (P-OCHj), and
P-62 (P-OCHs, OCHs) peaks as the prominent
fragment species. The glc exhibits the retention
time to be 28.75 min,

ene : the parent

(5). p-Nitrophenol : the parent ion appeared at
m/e 139, representing a minor product. This will
indicate the possibility of decarboxymethylation
in methanol. )

(6). 1,5-Dimethoxy-3-carboxymethyl-4-nitro-
benzene: the parent ion appeared at m/e 241, but
had an indistinct fragmentation pattern. It is
considered to be a trace amount. In the photolysis
of methanol solution, the decarboxymethylation
followed by methoxylation and the replacement
of hydroxy group by methoxy group were the
predominant reactions, resulting in products (2)
and (4), respectively. )

Products of 3-carboxymethyl-4-nitrophenol
photolysis in distilled water:

The following compounds were identified as
products. .

(1). 3-Hydroxy—4-nitrosophenol : on ~ms, the
showing P-31
(P-NO, H, weak) and P-32 (P-NO, H, H, strong)

peaks as noticeable fragment species®. On gle,

parent ion occurred at m/e 139,

the retention time was 20.25 min. This was
recognized as a trace product. ‘

(2). 3-Hydroxy-4-nitrophenol : the parent ion
appeared at m/e 155. The prominent fragment
species correspond to the P-17 (P-OH), P-30
(P-NO), and P-46 (P-NO;) peaks. The retention
time on glc was 21.75 min.

(8). Undecomposed parent . compound : the
parent ion occurred at m/e 197, having the
prominent P-31 peak (P-OCH;). The retention
time on glc was 25.7 min.

(4). 3-Carboxymethyl-4-nitrosophenol: the pa-
rent ion appeared at m/e 181. Ihe strong P-31
peak corresponds to the loss of OCHs group. On
glc, the retention time was 27.75 min. In the
cases of 24 and 58 hr. irradiations, compound (2)

was the main product. However, as the photolysis
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proceeded after 90 hr. irradiation, the compound
(4) increased remarkably, predominating over all
the other products including parent compound
especially in 336 hr. photolysis.

In aqueous solution, the parent compound unde-
rgoes decarboxymethylation followed by hydroxy-
lation by hydroxyl group stemming from water.
However, the nitroso compound formation was
the predominant reaction at the later stages of
irradiation. Gas chromatogram of products from
aqueous solution photolysis of this corhpound is
presented in Fig. 11. Photoproduct D, 3-carbo-
xymethyl-4-nitrosophenol is most remarkable.
Fig. 12, 13 present the nmr spectra in deuterated
chloroform (60 MHz) of 3-carboxymethyl-4-
nitrophenol and 3-carboxymethyl-4-nitrosophenol
(photoproduct), respectively. It is seen from

these data that the OCHs group was still intact

- L
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Fig. 11. Gas chromatogram of photoproducts
_from aqueous solution photolysis of 3-
carboxymethyl-4-nitrophenol for 90 hrs,
temperature programmed from 70° to 230°
A:3-Hydroxy-4-nitrosophenol,- B: 3-Hy-
droxy-4-nitrophenol, C:Undecomposed pa-
rent compound, D :3-Carboxymethyl-4-
nitrosophenol '

oty .
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Fig. 12. Nmr spectrum of 3-carboxymethyl-4-
nitrophenol in chloroform-d

70 [ 0 [T
PPN

Fig. 13. Nmr spectrum of 3-carboxymethyl-
4-nitrosophenol (21.5 day photoproduct)
in chloroform-d

(6 4.0) during photolysis and both spectra are
identical, which supports the fact that the carbo-
xymethyl group in the parent compound did not
Fries

undergo the rearrangement known to a

variety of aromatic esters, only to cause the
in this
type of ester compounds. The decarboxymethyla-

conversion of nitro to nitroso group

tion is suggestive of the possibility that MC-
compounds with the carboxymethyl group as
one of the substituents on one of the benzene
rings will undergo such reaction in an aqueous
solution.

Products of MC-5127 photolysis in cyclohe-
xane:

(1). Cyclohexanol (2).Cyclohexanone (3).1-
Hexenone or 1-hexenal (4). Dicyclohexyl ether:

— 167 —




the parent ion occurred at m/e 182, giving the
P-83 (P-C¢Hy), P-99 (P-CeHy0), and P-113
(P-CeHy, O, CHy) peaks as the characteristic
fragment species. This product is thought to
arise from the condensation of two molecules of
cyclohexanol by irradiation.

(5). 2,4-Dichloro-4/-nitro-diphenyl ether: the
parent ion appeared at m/e 283. The isotopic
abundances at the P+2 and P+4 peéiks indicate
the presence of two chlorines. The P-30 (P-NO)
and P-81 (P-NO, O, CI) peaks were suggestive of
the expected fragmentation. It can be observed
that decarboxyethylation more readily occurs than
decarboxymethylation in other MC-compounds.

(6). 2, 4-Dichloro-3'-carboxyethyl-4’-amino-di-
phenyl ether: the parent ion occurred at m/e 325,
also having the P+2 and P44 peaks. The P-31
(P-OCHs) peak was recognized. From the
intensity of the parent ion, it is likely that the
photoreduction predominates over the other
reactions in cyclohexane s'olvent.

(7). 4-Chloro-3'-carboxyethyl-4’-nitro-diphenyl
ether: the parent ion occurred at m/e 321. The
P+2 peak indicates the loss of one chlorine. The
P-45 peak corresponds to P-OCH,CHs. The
dechlorination is thought to occur in a trace amo-
unt based on the observed spectrum. '

(8).2, 4-Dichloro-3’-carboxyethyl-4/-nitro-diphe-
nyl ether (unchanged parent compound): the
parent ion occurred at m/e 355. The P42 and
P-+4 peaks and the P—30 and P—46 peaks were
in characteristic features.

Products of MC-5127 photolysis in methanol:

(1). 2,4-Dichloro-4’-nitro-diphenyl ether: the
‘parent ion occurred at m/e 283. The P+2 and
P-4 peaks indicate the presence of two chlorines.
The P—30 (P-NQ), P—46 (P-NO, 0), and P—81
(P-NO, ‘O, CI) peaks were typical of the frag-
mentation. The strongkspectrum is indicative of
the readiness of decarboxyethylation followed by

"-the hydrogen abstraction from solvent methanol

more readily than the decarboxymethylation in

other MC-compounds to form Nitrofen.
(2). 4-Chloro~3’~carboxyethyl-4'-nitro-diphenyl
ether: the parent ion occurred at m/e 323, giving

~ peaks as fragment species®,

the P—27 (P-C.H;*) and P—45 (P-OCH,CHj)
The P+2 peak
represents the loss of one chlorine. Only a trace
amount of dechlorination is thought to occur
based on the weak spectrum.

(3). 2,4-Dichlorophenol: the parent ion occur-
ring at m/e 162 has the P+2 and P+4 peaks
indicating two chlorines based on the isotopic
abundances. The P—35 peak exhibits the loss of
one chlorine. The cleavage of ether linkage in
the parent compound is suggested by this product.

(4). p-Nitrophenol (m/e:139): only a trace

amount was recognized, resulting from the

" decarboxyethylation and ether linkage cleavage,

followed by hydrogen abstraction from methanol
in both cases. The fragmentation was not distinct
enough to read due to the paucity of the amount.

5). l,3—Dimethoky—4—nitrobenzene: the parent
ion occurred at m/e 183, giving the P-30 (P-NO)
and P-46 (P-NO, O) peaks consistent with the
expected fragments. This product is considered
to arise from the decarboxyethylation and ether -
linkage cleavage, followed by the methoxyl
abstraction from solvent methanol.

(6). Unchanged parent compound: the parent
ion occurred at m/e 355. The P-27 (P-C;Hs*)
and P-45 (P-OCH,CHs) peaks were recognized ‘as
fragment species.

(7). Methyl formate: the parent ion occurred at
m/e 60. The P-29 peak indicates the loss of H-
and CO to form (HOCHz)* (m/e 31) ion®,
This product suggesfs the possibility that methyl
formate can be formed from ethyl formate by
Besides the
three spectra could not be

irradiation in methanol solution.
above products,
identified.

Products of MC-5127 photolysis in distilled

water:

(D). 2,4-Dichlorophenol (m/e 162): the same
spectrum as that of the product in methanol. On
gle, the Rt was 13.8 min. consistent with that of
the authentic compound.

. 3—-Carb6xyethyl—4-—aminophenol: the parent .
ion ‘occurred at m/e 181. The P-17 peak indicates
the loss of OH group. The Rt on glc was 22.8
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min.

(3). 2,4-Dichloro-4’-nitro-dipheny! ether (m/e
283): the same spectrum as in the methanol case.
On glc, the Rt was 33.7 min. consistent with
that of Nitrofen. It is suggested that decarboxye-
thylation followed by hydrogen abstraction is
one of the predominant reactions.

(4). 2, 4-Dichloro-3'-carboxyethyl-4’-amino-
diphenyl ether: the parent ion occurred at m/e
325. Only a weak spectrum was recognized. The
P-108 peak indicates P-Cl, COOCH,CHs. On glc,
the Rt was 41.5 min.

(5).4-Chloro-3’-carboxyethyl-4’-nitro-diphenyl
ether (m/e 321): only a trace was detected on
ms. On glc, the Rt was 44.5 min,

(6). 4-Chloro-3’-hydroxy-4’-amino-diphenyl
ether (m/e 235): only a trace was recognized.

(7). Unchanged parent compound (m/e 355)

Products of MC-3761 photolysis in
cyclohexane:

The following were identified as products by
the combined glc-ms method.

(1). Cyclohexanol (m/e 100) (2). Cyclohexa-
none (m/e 98)

(3). 1-Hexenone or 1-hexenal (m/e 98)

@. Dicyélohexyl ether (m/e 182)

(5). 4,6-Dichloro-3/-carboxymethyl-4’-nitro-
diphenyl ether: the parent peak appeared at m/e
341. The P+2 and P+4 peaks indicate the
presence of two chlorines resulting from the loss of
one chlorine from the parent compound. The
strong P-31 peak corresponding to P-OCH; sug-
gests the presence of the carboxymethyl group.

(6). 2,4,6-Trichloro-3'-carboxymethyl-4’-ami-
no-dipheny! ether (amino-MC-3761): the parent
peak occurred at m/e 345, giving the intense
fragment at the P-31 (P-OCHi). The isotopic
abundances at the P42, P+4, and P+6 peaks
indicate the presence of three chlorines.

(7). Undecomposed parent compound: the
parent ion occurred at m/e 375. The intense P-
31 peak and P42, P-+4, and P+6 peaks support
the structure.

From the above observations, it is obvious

that the photoreduction of nitro substituent and

the dechlorination, as well as the ether linkage
cleavage can occur on a competitive basis.
Products of MC-3761 photolysis in methanol:
Photoproducts identified include the following:
(1). 2, 4-Dichloro-3’~carboxymethyl-4’-nitro-
diphenyl ether: the parent peak occurred at m/e
341, giving an intense fragment at the P-31 cor-
responding to P-OCH;. The P+2 and P+4 peaks
This
turned out to be one of the major products,

indicate the presence of two chlorines.

indicating photodechlorination from the benzene
ring, 48,51,

(2). Unchanged parent compound: the parent
peak at m/e 375. An intense P-31 (P-OCHs)
peak and P+2, P+4, and P46 peaks were the

main features.

(3). 2,4,6-Trichlorophenol:

giving an intense P-35

the parent ion
appeared at m/e 196,
(P-C) fragment. The isotopic abundances of the
P+2, P+4, and P+6 peaks are indicative of the
presence of three chlorines. This material arises
from the, ether linkage cleavage and abstraction
of the hydrogen from 'the solvent, methanol.
(4). 1-Methoxy-3-carboxymethyl-4-nitroben-
zene: the parent ion occurred at m/e 211. The
P—31 peak (P-OCHj) and the strong base peak
at P—77 (P-NO,, OCHs)
fragmentation of the structure. This product

support the expected

arises from the ether linkage cleavage, followed
by the OCHz abstraction from methanol, com-
prising one of the predominant products.

(5). 2,4,6-Trichloro~3'-methoxy-4'~amino-dip-
henyl ether: the parent peak occui‘red at m/e
317, giving the P—31 (P-OCHs) peak as an
intense fragment. The P-+2, P+4, and P+6
peaks were recognized in support of the struc-
ture. It will be conceivable that the photoreduc-
tion of the nitro to amino group and the deca-
rboxymethylation followed by the QCHz abstra-
ction from solvent methanol can occur in an ap-
preciable amount.

(6).2, 6-Dimethoxy-4~chloro-3’-carboxymethyl-
4'-nitro-diphenyl ether: the parent ion appeared
at m/e 367. The P+2 and P—31 (P-OCHs)
peaks suggest the structure. Only a trace amount .
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was detected.

(7). Methyl formate: the parent peak appeared
at m/e 60. The P—15 and P—31 peaks corre-
sponding to the P-CHj; and P-OCHjs respectively
fit the expected fragmentation. This product im-
plies the possibility of decarboxymethylation
from the parent compound followed by the hy-
drogen abstraction from methanol. An apbreciable
amount was detected.

(8). 2,4,6-Trichloro-3’-carboxymethyl-4'~ami-
nodiphenyl ether: the parent ion occurred at m/e
345, exhibiting the P—31 (P-OCHs) peak as a
fragment. The presence of three chlorines was
recognized by the isotopic abundances of the P+
2, I:‘+4, and P+6 peaks. It is seen that the
nitro group can be reduced to amino group in
methanol.

Products of MC-3761 ph‘otolysis in distilled
water:

(1). Methyl formate: the parent ion appeared
at m/e 60, giving the P—15 (P-CHs) and P—31
(P-OCH3) peaks as fragment species. On glc, the
retention time was 8.6 min., being identical with
that of the authentic compound. It is obvious
that this product was most readily formed during
irradiation, based on the observed peak height
of the gas chromatogram.

(2). 2, 4-Dichlorophenol: the parent ion appeared
at m/e 162. The isotopic abundances at the P+2
and P+4 peaks indicate the presence of two
chlorines. The fragmentation pattern was not

distinct, because of its trace formation. However,
it is suggested that the -ether linkage cleavage
and dechlorination from the benzene ring can

occur. The Rt on.glc was 14.25 min.
(3). 2,4,6-Trichlorophenol: on ms, the parent

peak appeared at m/e 196, exhibiting the P—35
(P-ChH aé an intense fragment. The P+2, P+4,
and P+6 peaks support the three chlorine subs-
tituents. On glc, the rather large peak, the Rt
of which was 17.25 min., supports the readiness
of the photochemical cleavage of the ether
linkage, followed by the hydroxyl abstraction
from water.

(4). 3-Carboxymethyl-4-nitrosophenol: the pa-

rent ion occurred at m/e 181, the fragment
species being indistinct because of the paucity of
its formation during irradiation. The Rt on glc
was 22.2 min., only a small peak area being
recognized. )

(5). 3-Hydroxy-4-nitrophenol: the parent ion
occurring at m/e 155 has the P—17 peak as a
fragment suggestive of P-OH. Only a trace
amount was detected. The Rt was 24.05 min.
on gle.

(6). 3-Carboxymethyl-4—nitro-6—hydroxyphen-
ol: the parent peak occurred at m/e 213, giving
the P—30 (P-NO) and P—31 (P-OCHs) fragment
species. Only a trace- amount was recognized.
The Rt on glc was 25.1 min. ‘

(7.2, 4,6-Trichloro-3’, 6'-dihydroxy-4'-amino-
diphenyl ether: the parent ion occurred at m/e
319. The P—34 (P-OH, OH) and P—62 (P-OH,
OH, HCN, H.) fragment species are in good
agreement with what were expected®. The P+2,
P44, and P+6 peaks support the presence of
three chlorines. The Rt on glc was 32 min. Based
on the rather large peak, this ’must be one of the
main products arising from the reduction of nitro
to amino group, the decarboxymethylation followed
by the hydroxyl abstraction, and the replacement
of hydrogen by hydroxyl group from water.

(8)." 2,4, 6-Trichloro-3’-hydroxy-4'-nitroso-di-
phenyl ether: the parent ion appeared at m/e
317. The isotopic. abundances at the 'P+2, P+
4, and P46 peaks indicate the presence of
three chlorines. The P-30 (P-NO) and P-82 (P-
NO, OH, CI) peaks are consistent with the
expected fragment species. On glc, the rather
large peak corresponding to this product, the Rt
of which is 36.6 min., represents the readiness
of the decarboxymethylation followed by the im:
mediate hydroxyl abstraction from water and the
photoreduction mechanism leading to the nitroso
group formation (see Fig. 8).

(9). 2,4-Dichloro-3’~-carboxymethyl-4’-nitro—
dipheny!l ether: the parent ion occurring at m/e
341 indicates the loss of one chlorine. Because
of the modicum of this product, the fragmenta-

tion pattern was not distinct. On glc, the Rt was
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47. 25min.

(10). The unchanged parent compound: the
parent ion occurring at m/e 375 has the same
fragmentadtion pattern as before. On glc, the Rt
was 55.25 min.

Products of MC-6063 photolysis in cycloh-
exane:

(1). Cyclohexanol (m/e 100)

(2). Cyclohexanone (m/e 98)

(3). 1-Hexenone or 1-hexenal (m/e 98)

). Dicyc]qhexyl ether (m/e 182)

(5). 2-Chloro-4-flusro-3’~carboxymethyl-4'-
amino-diphenyl ether: the parent ion occurred at
m/e 295. The isotopic abundance at the P4-2
peak indicates the presence of one chlorine. The
P-35 (P-F, NHy), P-101 (P-F, NH,, Cl, OCHa),
and P-129 (P-F, NH,, Cl, OCHs;, CO) peaks were
in good agreement with the expected fragment
species. The photoreduction of nitro to amino
group was indicated by this product.

(6). 4-Fluoro-3’~carboxymethyl-4’-nitro-diph-
enyl ether: the parent ion occurred at m/e 291.
The absence of the P42 peak proves the loss of
the chlorine. The P—31 (P-OCH;) peak was
noticeable. This product shows the preferential
loss of chlorine in photolysis.

(7). Unchanged parent compound (2-Chloro-4-
fluoro-3'-carboxymethyl-4'-nitro-diphenyl ether):
the P+2 peak is indicative of the pre'sence of
one chlorine. The P—31 (P-OCH3) and P—59
(P-COOCH;) peaks were characteristic features.
The decarboxymethylation product was not dete-
cted based on the spectrum.

Products of MC-6063 photolysis in methanol:

(1). Methyl formate (m/e 60): the P31 peak
appeared as a fragment.

(2). 4-Fluoro-4’-nitro-diphenyl  ether: the

parent ion occurred at m/e 233. The P—19 P-F

peak was noticeable as a fragment.

(3). 4-Fluoro-3’-carboxymethyl-4/-nitro-diph-
enyl ether: the parent ion appeared at /e
291. The absence of the P+2 peak exhibits the
loss of the chlorine. The P—31 peak corresponds
to P-OCHs.

(CHR 2-Chlorg -4-fuorophenol: the parent peak

appeared at m/e 146. The fragmentation was
indistinct due to its small amount.

(5). 1-Methoxy-3-carboxymethyl-4-nitroben-
zene: the parent ion occurred at m/e 211. The
P—59 peak indicates the loss of the carboxymethyl
group.

(6). The wunchanged parent compound: the
parent ion appeared at m/e 325. The isotopic
abundance of the P2 peak indicates the presence
of one chlorine. The P—31 (P-OCHs) and P-59
(P-OCH,, CO) peaks are agrecable. Besides these
products, one compound could not be identified
due to its weak spectrum (m/e: about 279).

Products of MC-6063 photolysis in distilled
water:

(1). Methyl formate (m/e 60): the P—31 peak
corresponds to the P-OCH; ion. On glc, the Rt
was 8.7 min. )

(2). 2-Chloro-4-fluorophenol: the parent ion
occurred at m/e 146. The isotopic abundance of
the P+2 peak confirms the presence of one chlo-
rine. The P—35 (P-C) and P—54 (P-Cl, F) peaks
are in good agreement with the actually expected
fragments. This compound turned out to be one
of the predominant products resulting from the
ether linkage cleavage of the parent MC-6063.
On glc, the Rt was 10 min.

(3). 3-Carboxymethyl-4-nitrophenol:the parent
ion appeared at m/e 197, showing an indistinct
fragmentation largely due to its small quantity.
On gle, the Rt was 28 min.

(4). 2-Chloro-3',4-dihydroxy-4'-nitro-diphenyl
ether: the parent ion appeared at m/e 281. Only
a trace spectrum was obtained, indicating the
possibility of the decarboxymethylation and
defluorination, followed by hydroxyl abstractions
from water. The Rt on gle was 31.8 min.

(5). 4-Fluoro-3’-carboxymethyl-4’-nitro-diph-
enyl ether: the parent ion appeared at m/e 291.
The absence of the characteristic P42 peak proves
the photodechlorination. The P—31 peak (P-OC
Hj) was noticeable. Based on the observed intense
spectrum, it seems likely that this will be one of the
main photoproducts. On glc, the Rt was 33.5 min.

(6). 2-Chloro-3'-carboxymethyl-4’ ~nitro-diph-
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enyl ether: the parent ion occurred at m/e 307,
giving the characteristic P+2 peak. The P—35
peak exhibits the loss of chlorine as a fragment
species. The photochemical defluorination was
_indicated by this spectrum.

(7). The unchanged parent compound (m/e
325): On glc, the Rt was 38 min.

Products of MC-7181 photolysis in cyclohe-
Xane;

(1). Cyclohexanol

(2). Cyclohexanone

(3). 1-Hexenone or 1-hexenal

(4). Dicyclohexyl ether

(5).2, 4-Dichloro-6-fluoro-3'-carboxymethyl-4'- -

amino-diphenyl ether: the parent ion occurred at
~ m/e 329, giving the P—31 (P-OCH;) peak as a
fragment species. The isotopic abundances at the
P42 and P44 peaks prove the presence of two
chlorines.

(6). 4-Chloro-6-fluoro-3'-carboxymethyl-4/~ni-
tro-diphenyl ether: the parent ion occurring at
m/e 325 shows the P—31 (P-OCH;) peak as a
fragment. The P2 peak indicates the loss of
one chlorine.

(7). 2,4-Dichloro-6-fluoro-3’-carboxymethyl-
4'-nitro-diphenyl ether (Unchanged parent compo-
und): the parent peak appeared at m/e 359. The
'presence of two chlorines was indicated by the
isotopic .abundances at the P42 and P44 peaks.
The P—31 (P-OCHs) and P—59 (P-COOCHs) or
P—30 (P-NO) and P—46 (P-NO,) peaks were
consistent with the expected fragments. In this
case, the decarboxymethylation product was not
recognized. -

Products of MC-7181 phetolysis in methanol:

(1). Unchanged parent compound

(2).- 2,4-Dichloro-4'-nitro-dipheny! ether: the
parent ion occurred at m/e 283. Two chlorines
were indicated by the isotopic abundances at the
P+2 and P+4 peaks. The P—30 (P-NO) and
P—46 (P-NO;) peaks were in good agreement
with the expected fragments. This product is
thought to arise from the decarboxymethylation
and defluorination, followed by the hydrogen
abstraction from solvent methanol.

(3). 4-Chloro-6-fluoro-3/-carboxymethyl-4/~ni-
tro-diphenyl ether: the parent peak appeared at
m/e 325. The P42 peak indicates the loss of
one chlorine. The P—31 (P-OCHs) peak was
recognized. o

(4). 6-Fluoro-4’~nitro~diphenyl ether: the paren-
t ion occurred at m/e 233, The P—19 (P-F) peak
was remarkable. The m/e 138 ion was present as
a fragment species. This preduct will result from

. the decarboxymethylation and dechlorination, fol-

lowed by the hydrogen abstraction from the
solvent. This was one of the main products.

(5). 2,4-Dichloro-6-fluoro-4'-nitro-diphenyl
ether: the parent ion occurred at m/e 301. The
presence of two chlorines was - indicated by the
isotopic abundances at the P-+2 and P--4 peaks.
The P—19 (P-F) peak was shown as a fragment.
The m/e 108 ion was indicative of the p-nitro-
phenoxy ion as a fragment. This product is
thought to result from the decarboxymethylation
followed by the hydrogen abstraction. Only a
small amount was recognized.

(6). 2, 4-Dichloro-6-flucrophenol:the parent peak
appeared at m/e 180. The isotopic abundances at
the P+2 and P+4 peaks prove the presence of two
chlorines. The P—19 (P-F) peak was rémarkable
as a fragment. This compound is thought to arise
from the ether linkage cleavage by irradiation.

(7). 4-Nitroanisole: the parent ion occurred at
m/e 153. The fragmentation was not able to read
due to the paucity of the amount. Only a trace
was recognized, indicating the possibility of
decarboxymethylation followed by the hydrogen
abstraction and ether linkage cleavage followed
by the methoxyl abstraction from the solvent.

(8). Methyl formate (m/e 60) : the P—31 r—
OCHjs) peak was remarkable.

(9). The unchanged parent compound

Products of MC-7181 photolysis in distilled
water: ;

(1). Methyl formate: the parent ion occurred

at m/e 60. The P-31 (P—OCH;) peak was pro-

.minent. On glc, the Rt was 8.5 min.

(2). 2,4-Dichloro-6-fluorophenol: the parent

. ion appeared at m/e 180. The same fragmentation -

— 1z~



was observed as the above. The Rt on glc was
22,2 min. Only a small amount was shown to
be formed.

(3). 3-Hydroxy-4-nitrophenol: the parent ion
occurred at m/e 155. The P-17 ion indicates the
loss of one hydroxyl group. Only a trace amount
was thought to be formed based on the weak
spectrum. On glc, the Rt was 24 min. '

(4). 2,4-Dichloro-6-fluoro-4'-nitro-diphenyl et-
her: the parent ion appeared at m/e 301. The
presence of two chlorines was exhibited by the
isotopic abundances of the P+2 and P+4 peaks.
The P—30 (P—NO) and P—46 (P—NO,) peaks
were consistent with the expected fragments.
This compound is shown to be one of the main
products. On gle, the Rt was 30.6 min.

(5). 4-Chloro-6-fluoro-3’~carboxymethyl-4/-
nitro-diphenyl ether: the parent’ion occurred at m/
e 325. The P-31 (P-OCHj) peak was noticeable.
An appreciable amount was formed, indicating
the preferential dechlorination in photolysis. On
gle, the Rt was 40 min.

(6). Mono-hydroxylated MC-7181: the parent
ion occurred at m/e 375. The P-17 peak indicates
the loss of hydroxyl group. The presence of two
chlorines was shown by the P42 and P44 peaks.
Only a trace amount was recognized.

(7).2,4-Dichloro-3, 6’-dihydroxy-6-fluoro-3/-car-

boxymethyl-4’-nitro-diphenyl ether: the parent

ion appeared at m/e 391. The noticeable P—17
peak indicates the loss of hydroxyl group. Only
a trace amount was detected.

(8).2,4-Dichloro-6, 6’-dihydroxy-3’-carboxyme-
thyl-4’-nitro-diphenyl ether: the parent ion ap-
peared at m/e 373. The presence of two chlorines
was indicated by the isotopic abundances at the
P+2 and P44 peaks. It is thought to be a
minor product. )

(9). Unchanged parent compound

Summary

Eight substituted diphenyl ether herbicides
and some of their photoproducts were studied in
terms of solution phase photolysis under simulated

environmental conditions by using a Rayonet
photochemical reactor. The test compounds
absorbed sufficient light energy at the wavelength
of 300 nm to undergo various photoreactions. All
the photoproducts were confirmed by means of
tle, gle, ir, ms, and/or nmr spectrometry. The
results obtained are summarized as follows:

Solution phase photolysis of C-6989:

An exceedingly large amount of p—nitropheno]
formed strongly indicates the readiness of the
ether linkage cleavage of this compound as the
main reaction in all solvents used. Photoreduction
of nitro to amino group(s) and photooxidation
of triﬂuoromefhy] to carboxyl group were reco-
gnized as minor reactions,

Aqueous photolysis of p-nitrophenol:

Quinone(0.28%), hydroquinone (0.66%), and
p-aminophenol (0.42%) were confirmed as phot-
oproducts, in addition to a relatively small amount
of an unknown compound. The mechanisms of
formation of these products were proposed to be
the nitro-nitrite rearrangement via n—>a* excitation
and the photoreduction through hydrogen abstra-
ctions by radicals, respectively. ‘

Solution phase photolysis of Nitrofen:

Photochemical reduction leading to the p-amine
derivative was the main reaction in n-hexane.
In aqueous solution, the photoreduction of nitro
to amino group and hydroxylation predominated
over the ether linkage cleavage. Nucleophilic
displacement of the nitro group by hydroxide
ion and replacement of chlorine substituents by
hydroxyl group or, to a lesser extent, hydrogen
were also observed as minor reactoins.

Solution phase photolysis of MO-338:

Photoreduction of the nitro to amino group
was marked in the n-hexane solution photolysis.
In the aqueous solution, photoreduction of the
nitro substituent and hydroxylation were the
main reactions with replacement of chlorine
substituents by the hydroxyl group and hydrogen,
and cleavage of the ether linkage as minor reactions.

Photolyses of MC-4379, MC-3761, MC-5127,
MC-6063, and MC-7181 in n-hexane and cycl-
ohexane:

Photoreduction of the nitro group leading to the



corresponding amino derivative and 'replacement
of one of the halogen substituents by hydrogen
from the solvent used were the key reactions
in each compound.

Aqueous photolysis of MC-4379:

Cleavage of the ether linkage, replacement of
the carboxymethyl by hydroxyl group, hydroxy-
lation, and replacement of the nitro by hydroxy
group were prominent with photoreduction  and

'~ dechlorination as minor reactions.

Aqueous photolysis of MC-3761:

Cleavage of the ether linkage, replacement of
the carboxymethyl by hydroxyl group, and pho-
toreduction  followed by hydroxylation were the

main reactions. i

Aqueous photolysis of MC-5127:

Replacement of carboxyethyl by hydrogen was
predominant with ether linkage cleavage, photore-
duction, and dechlo‘rination as minor reactions.
It was obvious that the decarboxyethylation
proceeded more readily than decarboxymethyla-
tion occurring in the other compounds.

Agueous photolysis of MC-6063:

Cleavage of the ether linkage and photodechlo-
rination were the main reactions. -

Agqueous photolysis of MC-7181:

Replacement of the carboxymethyl group by
hydrogen and monodechlorination were the remar-
kable reactions. Cleavage of the ether linkage
and hydroxylation were thought to be the minor
reactions,

Aqueous photolysis of 3-carboxymethyl-4-
nitrophenol:

The photo-induced Fries rearrangement common
to aromatic esters did not appear to occur in the
carboxymethyl group of this type of compound.
Conversion of nitro to nitroso group was the
main reaction.

Acknowledgment

The author wishes to give his thanks to FAO
for financial support throughout this work. Dr.
Matthew J. Zabik, acting director of Pesticide
Research Center, Michigan State University, " is

hereby gratefully acknowledged for the helpful
guidance and assistance with all this investiga-

tion. Special appreciation is also cordially

‘expressed to Dr. Chun Yung Leé, Dr. C. K. Park,

and all the faculty members of the Department
of Agricultural Chemistry, College of Agriculture,
Seoul National University, for invaluable advice
and suggestions.

Literature Cited

(1). Baird, J.C., Thomas, J.R., J. Chem. Phys.
35, 1507 (1961)

(2). Bandal, S.K., Casida,
Chem. 20, 1235 (1972)

(3). Bridge, N.K., Porter, G., Proc. Roy. Soc.
(London), A 244, 259, 276 (1958)

(4). Brown, J.K., Williams, W.G., Chem. Comm.
495 (1966)

(5). Budzikiewicz, H., Djerassi, C., Williams,
D.H., “Mass Spectrometry of Organic Com-
pounds”, Holden-Day, 1967

(6). Burke, J.A., Holswade, W., J. Associ. Offic.
*Anal. Chemists 49, 374 (1966)

(7). Chachaty, C., Forchioni, A., Tetrahedron
Letters 307 (1968)

(8). Chapman, O.L., in “Advances in Photoche-
mistry”, Vol. 1, Noyes, W.A., Jr., Ham-
mond, G.S., Pitts, J.N., Jr., Eds., Intersci-
ence, New York, 1963, p.367 .

(9). Chapman, O.L., Griswold, A.A., Hoganson,
E., Lenz, G., Reasoner, J.W., Pure Appl.
Chem. 9, 586 (1964)

(10). Chapman, O.L., Heckert, D.C.,  Reasoner,
L.W., Thackaberry, S.P., J. Am. Chem.
Soc. 88, 5550 (1966)

(11). Crosby, D.G., Tutass, H.O., J. Agr. Focd
Chem. 14, 596 (1966)

(12). Crosby, D.G., Leitis, E., J. Agr. Food
Chem. 17, 1033 (1969)

(13). Crosby, D.G., Leitis, E.,
Chem. 17, 1036 (1969)

(14). Crosby, D.G., Tang, C.-S., J. Agr. Food
Chem. 17, 1041 (1969) ‘

(15). Crosby, D.G., Tang, C.-S., ]. Agr. Food

J.E., ]. Agr. Food

J. Agr. Food

= 174 —



(16).
Qan.

Meet. Amer. Chem. Soc. Washington, D.C.,
(18).
19).
(20).
2.
(22).
(23).

(20).
(25).

(26).
@n.

(28).

(29).
(30).
3.

(32).

(33).
(34).

(35).
(36).

3nD.

(38).

Chem. 17, 1291 (1969)

Crosby, D.G., Wong, A.S., Abstr. 160th
Meet. Amer. Chem. Soc. Chicago, September
(1970)

Crosby, D.G., Nakagawa, M., Abstr. 162nd

September (1971)

Debye, -P., Edwards, J.O., Science 116, 143
(1952); J. Phys. Chem. 20, 236 (1952)
Dobson, G., Grossweiner, L.I., Trans.
Faraday Soc. 61, 708 (1965)

Eastin, E.F., Plant Physiol. 44, 1397 (1969
Eastin, E.F., WSSA Abst. No. 164 (1970)
Eastin, E.F., Weed Science 19, 261 (1971)
Eastin, E.F., Weed Res. 11, 120—123(1971)
Eastin, E.F., Weed Science 20, 255 (1972)
Ebner, L., Green, D.H., Pande, P., Proc.
9th Br. Weed Control Conf. 1026—1032
(1968)

Gotz, F.W.P., Strahlentler 40, 690 (1931)
Grossweiner, L.I., Swenson, G., Zwicker,
E.F., Science 141, 805 (1963)
Grossweiner, L.1., Joschek, H.I., Advances
in Chemistry Series, No. 50, American
Chemical Society, Washington, D.C., 1965,
PD. 279—288, referred to as I

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

Hawton, D., Stobbe, E.H., Weed Science 19,
555 (1971)

Hellmann, H., Teichmann, K., Angew. Chem.
67, 110 (1955)

Ichihashi, M., Takahashi, R., Kimura, F.,

Yokomichi, Y., Abstr. 10th Meet. Weed
Soc., Japan, 35 (1971
Joschek, H.-1., Grossweiner, L.I., J. Am.

Chem. Soc. 88, 3261 (1966)

Joschek, H. -H., Mille;, S.L, J. Am. Chem.
Soc. 88, 3273 (1966)

Kirkland, J.J., Anal. Chem. 33, 1520 (1961)
Kitaura, Y., Matsuura, T., Tetrahedron 27,
1583—1595 (1971)

Koller, L.R., “Ultraviolet Radiation” 2nd
Ed., Wiley, New York, N.Y. (1965)

Kuwatsuka, S., Environmental Toxicology

(39).

(40).

(1.

42).

(43).

.

(45).

(46).

.

(48).

(49).
(50).

(5D).

(52).

(53).

(54).

(55).

(56).

(GIOR

(58).

— 176 —

of Pesticides, U.S.-Japan Seminar, Oiso,
Japan, October (1971)

Land, E.J., Porter, G., Strachan, E., Trans,
Faraday Soc. 57, 1885 (1961)

Land, E.]., Porter, G., Trans. Faraday Soc,
59, 2016 (1963)

Lewis, G.N., Lipkin, D., J. Am. Chem. Soc,
64, 2801 (1942) '
Linschitz, H., Berry, M.G., Schweitzer, D.,
J. Am. Chem. Soc. 76, 5833 (1954)
Luckiesh, M., “Artificial Sunlight”, Crosby
Lockwood and Sons, London, 1930
Matsunaka, S., Residue Rev. 25, 45—58
(1969

Matsunaka, S., J. Agr. Food Chem. 17,
171175 (1969)

Mauser, H., Heitzer, H., Z. Naturforsch,
20 b, 200 (1965) '
Moreland, D. E., Blackmon, W. J., Todd,
H. G., Farmer, F.S., Weed Science 18, 636
(1970)
Plimmer, J.R., Hummer, B.E., J. Agr.
Food Chem. 17, 83 (1969)

Plimmer, J. R., Residue Rev. 33, 47 (1970)
Ristau, O., Rein, H., Jung, F., Naturwissen-
schaften 51, 262 (1964)
Rosen, J.D., Strusz, R.F.,
Chem. 16, 568 (1968)
Rosen, J.D., Siewierski, M., Winnett, G., I.
Agr. Food Chem. 18, 494 (1970)

Rosen, J. D., “Environmental Toxicology of
Pesticides”, Matsumura, F., Boush, G.M.,
Misato, T., Ed. 435 (1972)

Silverstein, R.M., Bassler, G.C., “Spectro-
metric Identification of Organic Compounds”,
ond Ed., Wiley, New York (1967)

Smith, A. E., Grove, J., ]. Agr. Food Chem.
17, 609 (1969)

Swenson, G., Zwicker, E.F., Grossweiner,
L.I., Science 141, 1042 (1963)
Szychlinski, J., Roczniki Chem. 35, 1709
(1961)

Szychlinski, J., Litwin, L., Roczniki Chem,
37, 671 (1963)

J. Agr. Food -



(59). Walter, J.P., Eastin, EF, Merkle, M.G.,
Weed Res. 10, 165-171 (1970)

(60). Ward, R.L.,, J. Chem. Phys. 38, 2588
(1963)

(61). Williams, R.T., “Detoxication Mechanisms”,

John Wiley and Sons, Incorporated, New
York (1959)

— 176 —



