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Calculation of the Peak Concentration of 2-Chlorobenzamide
Generated in the Hydrolysis of the Benzoylphenylurea
Insecticide 1-(2-Chlorobenzoyl)-3-(4-chlorophenyl)urea
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1-(2-Chlorobenzoyl)-3-(4-chlorophenyl)urea (CCU), a new analogue of diflubenuron and PH-6038,
has been widely used in agriculture and forestry as a molt-inhibiting hormone insecticide which was
developed in China. 2-Chlorobenzamide, a main degradation product of CCU in the environment,
has been identified as a potential carcinogen, so the content of 2-chlorobenzamide from the breakup
of CCU will directly affect the environmental safety of CCU. In this paper we describe a simple, rapid,
and convenient prediction model for predicting the level and time of occurrence of the peak
concentration of 2-chlorobenzamide in the hydrolysis of CCU verified by experimental data. The time
for reaching the peak concentration of 2-chlorobenzamide () at 25 °C and pH 6 is 13.5 d, and the
maximum concentration of 2-chlorobenzamide (ym) is 3.2% of the initial concentration of CCU
according to the results from the prediction model. These results are similar to the real values from
the experiments, which are 22 d and 1.6% of the initial concentration of CCU, respectively. The
difference between the values of the prediction and experiment is discussed, and it is demonstrated
that the predicting model is highly credible.
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1. INTRODUCTION ing on its environmental behavior and toxicological character-
istics had been done, and the results showed that 2-chlorobenz-
amide is a main degradation product produced from the
t degradations, i.e., photodegradation, hydrolysis, and microbial

of research work on its persistence and fate in plants and thedegradation, which probably occurred when CCU entered the
environment has been dong~8). PH-6038, an analogue of environment (11—13). Moreover, 2-chlorobenzamide has been
diflubenzuron, was synthesized as an insecticide after diflu- /dentified as a potential carcinogen by DNA adduct experiments
benzuron, but it was not regarded as an applicable insecticide(14)- Therefore, the level of the peak concentration of 2-chloro-
due to its persistence in the environment, so it was not spreadP&nzamide and its occurrence time became the most important
once that was known. 1-(2-Chlorobenzoyl)-3-(4-chlorophenyl)- _factors to |mpact_the environmental safety of _CCU. Hydroly3|s_
urea (CCU) is a new molt-inhibiting hormone insecticide which 1S ©né of the main pathways of the degradation of CCU, so it
has a chemical structure similar to those of diflubenzuron and ' Of theoretical and practical value to establish a prediction
PH-6038 and was developed in China in the 1980)s CCU model for 2-chlorobenzamide formation from the hydrolysis of
has been widely used in China in agriculture and forestry due CCu.

to its advantages such as high effectiveness and low residual
and no toxic effects on nontarget organis8)( Nowadays, it 2. MATERIALS AND METHODS o

is produced in a great quantity for the real agriculture and  2.1. Apparatus and Reagents.Quantitative analyses of CCU,
forestry need in two factories, Anyang Forestry Insecticide 2-chlorobenzoic acid, and 2-chlorobenzamide were performed on a
Factory and Tonghua Farm Insecticide Factory, located in North ?\;ggépne)rfov:/ri?r?n;eslr:?r:g dZClTr%?gt%%tf‘/ptw?sh'r;;:czt‘:op?g?:riqeﬁc'%
China and Northeast China, respectively. Some research focus o - 0 5 o0 o S ORBAX-CS reversed-phase column.

N - p hould be add o Tel. The mobile phase consisted of methanol and water mixed in a ratio of
T-O.W om correspondence should be addressed. Tel: 86-373-3325971.7.3 (v/v), and the detection wavelength, flow rate, and injection volume
E-mail: guoguangliu@263.net. . .
8 Henan Normal University. were set at 254 nm, 0.4 mL/min, and/&, respectively. A rotary
T Guangdong University of Technology. vacuum evaporator (ZFQ-972, Tianjin, China) was employed for sample

Diflubenzuron has been known since the 1970s, and widely
employed for protecting crops in the U.S. and Eurabe4). It
is one of the benzoylphenylurea (BPU) insecticides, and a lo
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concentration. The standard samples of 2-chlorobenzamide and 2- 9 9
chlorobenzoic acid were obtained from the Research Center of Eco- Q'c-ou + HzN'é‘HN'@'CI
Environmental Sciences, Chinese Academy of Sciences, Beijing, China. ‘ a 4-chiorophenyhurea
CCU was supplied by the Anyang Forestry Chemical Factory, which ° ‘(/;'chbwbmmimid
was used after being recrystallized three times with anhydrous ethanol. @_N, i a N—@-cn
2.2. Methods. 2.2.1. Preparation of Stock Solution€CU was Q H H AN “‘hb i
weighed accurately to 508- 0.1 mg, added to nearly 100 ML Of  1(2-chiorobenmyl)3--chioroph ymm(m%‘ k;T}{zo 4<hloroaniline
methanol under ultrasonication, then made up to 100 mL with methanol, o \— Co,
and stored in the refrigerator for further use. A CBA stock solution Qﬁ-m{z + Ho-B- C
was prepared in the same way with 4830.1 mg. o] H
2.2.2. Procedure of Sample Pretreatment. After a set interval, 5 mL 2-chlorobenzamide (CBA)

of hydrolytic solution was taken out and extracted wittk 3 mL of
freshly distilled dichloromethane. The extracts were combined, dried
with anhydrous N#5Q;, and then evaporated to near dryness with @ 7gjc acid, and the other is the rate constatto produce
rotary vacuum evaporator. The residue was dissolved in 0.5 mL of 5_cp|orohenzamide. These two degradation procedures occurred
freshly distilled methanol for further analysis on HPLC. simultaneously in the environment; in other worklsyas equal

2.2.3. Establishment and Verification of the Predication Mod@lae . . . .
predication model about the level and occurrence time of the peak to the addition ok, andk.. Besides the mentioned degradation

concentration of 2-chlorobenzamide in the hydrolysis of CCU was absorbing more attention, another process was also very
established by the analysis of the hydrolytic pathway of CCU, the important for the safety of CCU; that is, the hydrolysis of
establishment of the kinetic equation of every pathway, and the solution 2-chlorobenzamide occurred when it formed from the breakup
of the differential equation. The verification of the predication model of CCU simultaneously, ankt was the hydrolytic rate constant.
was carried out by the comparison of the results obtained from the Therefore, ifa was suggested as the original concentration of
predication model and the experiment about the level and occurrenceCCU and no 2-chlorobenzamide and 2-chlorobenzoic acid were
time of the peak concentration of 2-chlorobenzamide in the hydrolysis present initially, meanwhilex and y were suggested as the
of CCU at pH 6. concentrations of CCU and 2-chlorobenzamide afténterval,

egs 1 and 2 were obtained.

Figure 1. Hydrolytic pathway of CCU.

3. RESULTS AND DISCUSSION

3.1. Establishment of the Prediction ModelDiflubenzuron, _dx_ kX + kX 1)
1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)urea, is the first one dt
developed for use in a series of benzoylphenylurea insecticides, dy
and its chemical structure is as follows: i kX — kgy (2)

From eq 1, eqgs 3 and 4 were generated.

31 2
01—< >—Nl—fcfi l ﬁ) b a
N E—C\Q In M (k, + k)t (3)
F

x = ae (atkt (4)

The hydrolysis of diflubenzuron has been investigated in
detail (15,16), and the results showed that 2,6-diflorobenzoyl Substituting eq 4 into eq 2, eq 5 was obtained.
acid and (4-chlorobenzyl)urea were the main products owing
to the breakup of the €N bond at position 2 when the dy_ kzae_(k1+k2)‘— kay (5)
hydrolysis of diflubenzuron occurred. dt

CCU has the same basic molecular structure as diflubenzuron
except that the substituted atom and number are different at
the same phenyl ring. CCU has the following structure: k,a
3 1 2 Y kg — (ky + ko)

0 0
l I l l I The peak concentration of 2-chlorobenzamide and the time to
CION—C—N—C@ reach the peak concentration can be calculated with eqs 7 and
Cl

Integration of eq 5 gave eq 6.

[ef(k]_+k2)t _ e*kgt] (6)

8 by computing an extreme value of eq 6.

Ink;— In(k, + ky)

So CCU should undergo a degradation pathway similar to m ©)
that of diflubenzuron in principle, and the products generated ks = (kg + ko)
from the breakup of the €N bond at position 2 should be the
main products. However, a chlorine atom has a larger atomic _ko_[ki + ko|lattllkam ool 8
semidiameter than a fluorine atom, which inhibited the cleavage Y = k3a Ks ®

of CCU at bond 2 and made it possible to break down bonds 1

and 3 to a certain degree because of steric interference. TheAccording to eqs 7 and 8, the level of the peak concentration

study on the hydrolysis of CCU proved that the main degrada- of 2-chlorobenzamide and the time of the occurrence of the peak

tion products were 2-chlorobenzoic acid, (4-chlorobenzyl)urea, concentration can be predicted when the hydrolysis of CCU

2-chlorobenzamide, and 4-chloroanilirie2}, and the hydrolytic occurs in the environment.

pathway can be depicted ashigure 1 (17). 3.2. Application of the Prediction Model. From eqs 7 and
FromFigure 1, the hydrolytic rate constaktof CCU consists 8, as we have seen, the values of the kinetic rate coefficients

of two parts; one is the rate constdato produce 2-chloroben- ki, ko, andks are crucial for predicting the level and occurrence



Peak Concentration of CBA in the Hydrolysis of CCU

Table 1. Hydrolytic Rate Constants of CCU and 2-Chlorobenzamide
at 25 °C

pH5 pH6 pH7 pH8 pH9 pH 10
CCUk(d™Y  0.01950 0.07895 0.1217 0.1492  0.1965  0.3650
CCUk(h™Y)  0.000813 0.00329 0.00507 0.00621 0.00819 0.0152
CBAZk3(h™!) 0.00417  0.00286 0.00408 0.00109 0.00348 0.00411
a@2-Chlorobenzamide.
Table 2. Time for Reaching the Peak Concentration of
2-Chlorobenzamide at 25 °C (d)
pH 5 pH 6 pH7 pH8 pH9 pH 10
tn 135 9.14 141 7.57 491

time of the peak concentration of 2-chlorobenzamide. In this
study, the values ok; + k; and ks were obtained from the
references, and the value lofwas determined from a series of
experiments.

3.2.1. Values of k+ k; and k. Yang et al. has studied the
hydrolytic behavior of CCU, and the values of the hydrolytic
rate constank (i.e., ky + k) of CCU in different pH buffer
solutions has been reported in r&2. The hydrolytic rate
constanks of 2-chlorobenzamide in different pH buffer solutions
has also been investigated in detail by our research grigip (
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Figure 2. Chromatogram of CCU and its hydrolytic products over 30 h.

Peaks: (1) 2-chlorobenzoic acid, (2) 2-chlorobenzamide, (3) (p-chloro-
phenyljurea, (4) p-chloroaniline.

CCU were 5.0, 8.5, 11.3, 13.3, and 38.1 min, respectively. CCU,
2-chlorobenzoic acid, and 2-chlorobenzamide were quantified
with an external standard method. The results were as follows:
The concentrations of CCU, 2-chlorobenzoic acid, and 2-chloro-
benzamide were 1.4% 1072, 1.28 x 1073, and 1.16x 10°*
mmol/L, respectively.

In this case, the values aft, andy were 1.55x 10-2 mmol/
L, 30 h, and 1.16< 10~4 mmol/L, respectively. Froriable 1,
the value ofk; + k, (namely,k) at pH 6 can be obtained as

The rate constant values of CCU and 2-chlorobenzamide are3.29 x 10-2 h~1. Further substituting the according values of

listed in Table 1.
3.2.2. Prediction of 4. The values ok (k; + kp) andks in

Table 1 were applied to eq 7, and the time to reach the peak

concentration of 2-chlorobenzamide in different pH water
solutions was determined and is listedTiable 2. No data at
pH 5 in Table 2were due to the fact that the hydrolytic rate

constant of 2-chlorobenzamide was larger than that of CCU,

which led to no store of 2-chlorobenzamide when CCU

a,y, t, andk into eq 6, thek; value was calculated as 2.68
104 h™L,

3.2.4. Prediction of y. The values ok; + k, (namely,k)
andks at pH 6 were obtained as 3.3910°2 and 2.86x 1073
h~1. The value ofk; was determined as 2.68 10 h™1 in
section 3.2.3. Substituting these valueskpft- ko, ks, andky
into eq 8,ym was calculated as (3.2%)Therefore, the maximum
concentration of 2-chlorobenzamide produced from CCU hy-

hydrolyzed at pH 5. Thus, a peak concentration would never drolysis could reach 3.2% of the original concentration of CCU

be found under this condition.
3.2.3. Measurement of the Value of Besides the time of

in pH 6 buffer solution.
3.3. Verification and Discussion of Predicted Results3.3.1.

occurrence of the peak concentration, the level of the peak Verification. The prediction model has been established, and
concentration was also of interest. However, it would never be the level and time of occurrence of the peak concentration of

obtained from eq 8 unless thgvalue was obtained first. Hence,

2-chlorobenzamide were also achieved. Yet, whether it is valid

ko has become the bottleneck for predicting the level of the peak or not still needs further confirmation. To verify the prediction

concentration of 2-chlorobenzamide in the hydrolysis of CCU.

model, another experiment was performed.

A series of experiments were designed and performed for the A 0.5 mL sample of CCU stock solution was diluted to 5

hydrolysis of CCU to obtain the rate constdnt

mL with methanol and then transferred into buffer solution (pH

In the experiment’ the reaction solution was prepared as 6), and the terminal volume was controlled as 300 mL. The

follows: 0.5 mL of CCU stock solution was diluted to 5 mL
with methanol, then transferred into about 500 mL of buffer
solution (pH 6), and increased to 500 mL with the buffer. The
buffer solution was obtained from the mixing of solutions of
250 mL of 0.1 M KH,PO, and 28 mL of 0.1 M NaOH and by
diluting to 500 mL. The reaction solution was kept in a

hydrolysis occurred with keeping the solution in the thermostatic
water bath and avoiding light at 2%C. Every 5 d, duplicate
samples were taken out for analyzing the content of CCU and
2-chlorobenzamide on HPLC, and the results are shown in
Figure 3.

FromFigure 3, the hydrolytic half-life of CCU was about 8

thermostatic water bath, avoiding light, and the temperature wasd, which was close to the reported 8.78 d (12). And the
controlled at 25°C. A 5 mL sample was removed from the 2-chlorobenzamide reached the peak concentration near the 22nd
reaction solution immediately, pretreated as described in sectionday, and the peak concentration was about 1.6% of the original
2.2.2, and then analyzed by high-performance liquid chroma- concentration of CCU.

tography (HPLC) to determine the initial concentration of CCU In the previous section, predicted values of the time of
as 1.55x 1072 mmol/L. After 30 h, the residue of CCU and occurrence of the peak concentration and the level of 2-chloro-
the degradation products were analyzed by HPLC. As we canbenzamide were 13.5 d and 3.2% of the initial concentration of
see fromFigure 2, four hydrolytic products have been detected CCU in pH 6 water buffer solution without light. The predicted
and identified by comparing the retention times and the UV values are similar to the experimental data.

spectra of the analyte and the standard solutions as 2-chloro- 3.3.2. Discussion. Although the predicted values were close
benzoic acid, 2-chlorobenzamidey-¢hlorophenyl)urea, and  to the experimental data, there was a difference between the
p-chloroaniline. The retention times of the four products and predicted values and experimental data. The predicted peak
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LML B B B B S B A B B e L when CCU hydrolyzes in the real environment, related to the
100 1 environmental safety of CCU.
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