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Photolysis of Benzoic Acid 2-(2,4,6-Trichlorophenyl)hydrazide

K. Thomas Koshy,* Alan R. Friedman, Allen L. VanDerSlik, and David R. Graber

The photolysis of benzoic acid 2-(2,4,6-trichloro-
phenyl)hydrazide was studied in the solid state as
a thin film on 170-230 mesh glass beads under a
3000-A light source without and with a filter that
absorbed radiation below 2900 A. Both 4C-la-
beled and unlabeled material was used. Under the
experimental conditions the photolytic half-lives
were 12 and 16 hr, respectively. Eight photolysis
products were identified by TLC, GLC, and
GLC-MS by comparison to known standards. The
major photolysis products were benzoic acid 2-

(2,4-dichlorophenyl)hydrazide and 2,4,6-trichloro-
benzophenone. Others were 2,4,6-trichlorobenza-
nilide, 2,4-dichlorobenzanilide, 2,6-dichlorobenza-
nilide, 2,4-dichlorobenzophenone, 1,2-dibenzoyl-
1-(2,4,6-trichlorophenyl)hydrazine, and 1,2-diben-
zoyl-1-(2,4-dichlorophenyl}hydrazine. Benzene
unextractable radioactivity accumulated on the
beads to 13% after 36 hr of irradiation. There was
11% unaccountables at this time, probably due to

-volatile products.

Benzoic acid 2-(2,4,6-trichlorophenyl)hydrazide (I) is the
principal hydrolysis product of benzoyl chloride (2,4,6-tri-
chlorophenyl)hydrazone, a compound that has shown good
miticidal activity for citrus and other crops (Kaugars et al.,
1973). Residues of I were found on citrus leaves that were
sprayed with wettable formulations of the hydrazone (Sta-
ten, 1972). The photolysis of the hydrazone was reported
(Friedman et al., 1974); three non-oxygen-containing com-
pounds and six oxygen-containing photoproducts were
identified. Even though I was identified as one of the pho-
toproducts of the hydrazone, it was only a minor one. Two
reasons prompted a study of the photolysis of I. Firstly,
since it was detected as a residue on the citrus leaves
sprayed with the hydrazone, it was desirable to know the
photolytic fate of 1. Secondly, it was necessary to show if
the oxygen-containing photoproducts of the hydrazone
were the same as the photoproducts of I.
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Since the photolysis of benzoyl chloride (2,4,6-trichloro-
phenyl)hydrazone (Friedman et al., 1974) was more exten-
sive in the solid state as a thin film on 170-230 mesh glass
beads than in hexane solution, the photolysis of I was also
carried out in a similar manner. A light source with a maxi-
mum energy output at 3000 A was used. In order to simu-
late sunlight conditions, the experiment was also per-
formed using a filter which cuts out radiation below 2900 &
(30% transmission at 3000 A, 6-7% transmission at 2900 A).

+ HCI

EXPERIMENTAL SECTION

Special equipment used included: Rayonet RPR module
with RUL 3000-A fluorescent uv lamp (Southern New En-

The Upjohn Co., Agricultural Division, Kalamazoo,
Michigan 49001.
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gland Ultraviolet Co., Middletown, Conn.); gas chromato-
graph with Hy flame ionization detector (MicroTek MT
220, Tracor, Inc., Austin, Tex.); gas chromatograph-mass
spectrometer (LKB 9000, LKB Producter AB Stockholm,
Bromma, Sweden); liquid scintillation spectrophotometer
(Packard Model 3375); glass beads, regular 170-230 mesh
(Applied Science Laboratories, Ann Arbor, Mich.); Corning
no. 7740, 5 X 8 in., uv filter (Corning Glass Works, Corning,
N.Y.).

Coating of Glass Beads. The glass beads were consecu-
tively washed with hot concentrated HCI, hot concentrated
HNO3, water (until the washings were neutral), acetone,
chloroform, and anhydrous ethanol. Beads were dried at
140°C and stored in a desiccator.

A solution of I was prepared in dry benzene to contain
100 mg/5 ml. Three grams of the dry glass beads was trans-
ferred into a dry 15-ml medium porosity sintered glass fun-
nel. The benzene solution of I was poured into the funnel,
mixed with a glass rod, and allowed to stand for 2-3 min
under dry Ng. The solution was then filtered quickly under
positive nitrogen pressure. The beads were transferred to a
dry petri dish and dried in a vacuum oven at 75°C.

The 4C-labeled I (uniform label on the trichlorophenyl
ring) was incorporated by the same technique using 1 mg of
labeled I (2.1 X 107 dpm/mg) and 99 mg of cold material
dissolved in 5 ml of benzene.

Exposure of the Coated Beads to Uv Light. One gram
or less of the coated beads was spread uniformly onto a 4 X
8 in. section of a clean glass plate which had a %-in. glass
ridge along the sides. The beads were exposed with and
without the Corning no. 7740 filter to the uv lamp held ho-
rizontally exactly 3.5 in. from the glass plate for fixed inter-
vals up to 48 hr. The lamp was a 1-in. tube, bent into a U
configuration. The width of the two arms was about 4 in.,
the same width as the glass plate; therefore, the beads were
uniformly exposed to the light. The whole assembly was
enclosed in a box for safety reasons. The temperature at
the surface of the beads was 34°C.

Gas-Liquid Chromatography. The following proce-
dure was used to determine the rate of photolysis of I.
Three-tenths of a gram of the beads was accurately
weighed into a 1-ml glass stoppered tube. Exactly 250 ul of
a 1.02 mg/ml benzene solution of n-pentacosane (internal
standard for GLC) was added and mixed thoroughly to ef-
fect dissolution. The solution was analyzed by gas-liquid
chromatography.

The GLC conditions were: instrument, MicroTek MT
220; detector, Ho flame ionization; columns, 1% OV-1, 1%
QF-1, or 3% QF-1 on Gas-Chrom Q, 100-120, 3 mm i.d.
glass, 18-in. U columns; temperatures, inlet 220°C, detector
240°C, column, see Figure 4 and Table I; gas flow, He 40,
H, 40, and air 400 ml/min.
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Figure 1. Ultraviolet absorption spectrum of compound .
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Figure 2. Energy spectrum of the Rayonet RUL 3000-A lamp.

Thin-Layer Chromatography. One gram of the beads
was transferred to a dry 2-ml sintered glass funnel and ex-
tracted using four 2-ml portions of warm benzene and fil-
tered into a 15-ml tube under Ns pressure. The solution
was evaporated under a stream of N; while the tube was
immersed in warm water (45-50°C). The residue was trans-
ferred to a 1-ml tube and reconstituted in 0.5 ml of ben-
zene.

Precoated commercial silica gel GFos4 plates (Analtech
Inc., Newark, Del.), 8 X 8 in. scored into 2 X 8 in. sections,
0.25 mm thick, were used. The solvent systems used were:
solvent 1, acetic acid-ethyl acetate-hexane (1:20:80); sol-
vent 2, acetic acid-benzene-hexane (3:30:70); solvent 3,
ethyl acetate—chloroform (2:98).

Solvent system 1 was very versatile in separating the ma-
jority of the photolysis products. Solvent systems 2 and 3
were used to separate unresolved components that were
eluted from the first TLC plate. The TLC zones were locat-
ed using short-wave uv light. If the component of interest
was to be used for any subsequent analysis (GLC, TLC,
GLC-MS), the zones were scraped and eluted with ben-
zene. When the zone of interest was used for scintillation
counting, the scrapings were added directly to the counting
vials.

Liquid Scintillation Counting. The liquid scintillation
counting was performed in a Packard Model 3375 scintilla-
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Figure 3. Decline curves for the photodecomposition of I: (curve A)
with the no. 7740 Corning filter; (curve B) without the filter.

tion spectrophotometer using Diotol fluor solution. Effi-
clency correction was made by internal standardization
using [14C]toluene. The data were used to quantitate the
radioactivity distribution on the TLC plate.

GLC-Mass Spectrometry. The mass spectra of I and
its photolysis products were obtained on an LKB 9000
GLC-mass spectrometer with an electron impact source
and a total ion current detector. A 1% OV-1, 3-mm i.d., 2-ft
glass column was used. The column temperature varied ac-
cording to the sample. The ionizing current was 60 uA and
the ionizing voltage was 70 eV. The identity of the photo-
products was made by comparison of R; values on TLC
plates, retention times on the GLC, and confirmed from
the mass spectra of authentic reference compounds.

Synthesis of Standards. Compounds I, II, III, IV, V, VI,
and IX were prepared by literature methods: I, Johnstone
et al. (1971); I1, Jaeger (1907); 111, Boeseken (1908); IV and
IX, Schwartz and Skaptason (1966); V, Grammaticakis
(1949); VI, Chattaway and Pearce (1915).

Compounds VII and VIII were prepared by the reaction
of benzoyl chloride 2,4,6-(trichlorophenyl)hydrazone or
benzoyl chloride 2,4-(dichlorophenyl)hydrazone (Kaugars
et al.,, 1973) with sodium benzoate analogous to the reac-
tion described by Butler and Scott (1970). Compound VII,
mp 151.5-152.5°C, and compound VIII, mp 142.5-144°C,
both had satisfactory elemental analyses.

RESULTS AND DISCUSSION

Figure 1 shows the uv spectrum of I in ethanol. Figure 2
shows the energy spectrum of the Rayonet RUL 3000-A
lamp. With the use of the filter, only radiation above 2900

was transmitted. Since I absorbs poorly in this region,
the compound was not expected to be very susceptible to
photolysis, but this assumption proved to be wrong.

The coating technique described in the Experimental
Section gave beads with a uniform amount of I on the
beads. There was always some variation from one batch to
another. GLC analysis of the beads used in this study had
1.10 mg of I per g of beads. The surface area of the glass
beads was 1.63 X 10° ¢cm?/g as determined by the BET
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Table III. Percent Composition of Photolysis Products Based on Scintillation Counting of

Benzene Extractables after TLC Separation

% radioactivity at hr

TLC fraction® Compd
(top to bottom) identified” 0 4 8 16 24 36
Above zone A * 0.4 0.6 1.0 1.0 2.1 1.8
Zone A-1 * 0.4 0.6 0.5 0.7 1.6
A-2 II 0.3 1.7 1.9 4.1 5.2 6.5
A-3 II1 0.2 1.0 0.8 2.1 2.4 3.2
A-4 * 0.3 0.9 1.1 1.3 2.5 1.5
Zone B? v 1.8 2.4 3.1 6.1 5.3 6.9
Zone C° V + IX 1.0 2.7 4.9 5.2 7.9 7.0
Zone D¢ I 94.9 83.6 76.9 63.5 54.8 51.1
Zone E° VI 0.4 3.9 5.9 8.6 8.4 8.4
Zone F-1 * 0.1 0.5 0.4 1.1 1.7 1.6
F-2 VII 0.1 0.4 0.5 1.0 1.1 1.2
F-3 VIII 0.1 0.2 0.3 0.8 0.8 1.0
F-4 * 0.1 0.2 0.3 0.5 0.7
Zone G * 0.2 1.0 1.8 2.6 3.6 3.6
Zone H * 0.1 0.7 0.6 1.8 2.9 4.1

@ The solvent system for the first TLC was acetic acid-ethyl acetate-n-hexane (1:20:80). Zone A was rechromatographed in acetic acid-
benzene-hexane (3:30:70) and zone F was rechromatographed in ethyl acetate-chloroform (2:98). ® There were several minor GLC peaks in
this zone. ¢ Showed one additional peak. ¢ Showed a minor peak on the GLC having the same molecular ion as [. ¢ Had a minor peak on the
GLC having the same molecular ion as VI. The tx did not agree with any of the five known isomers. / An asterisk indicates the compound was

not identified.
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