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Analytical Method of Piperonyl Butoxide in Agricultural Products (III)

Impurities in Piperonyl Butoxide

Kenji IssHIKI*!, Shusaku TSUMURA*! and Tadao WATANABE*?

(*'The Kitakyushu Municipal Institute of Environmental Health Sciences: 2-1, Shin’ike
1-chome, Tobata-ku, Kitakyushu; **Department of Food Science & Technology,
Faculty of Agriculture, Kyushu University: Hakozaki, Higashi-ku, Fukuoka)

Impurities in piperonyl butoxide were analysed by gas chromatography. Each of the
samples contained 80.5~98.6% pure piperonyl butoxide and another 5 kinds of foreign
matters.

The sample was fractionated with a column and thin layer chromatography. Each of
the cleaned up components showed a single peak by gas chromatography.

For the identification of each component, the elementary analysis and spectrometry
(FD-Mass, EI-Mass, IR and NMR) were carried out. The following substances were identified
as the impurities; 6-hydroxymethy! dihydrosafrole, 6-propylpiperonyl n-butylethyleneglycol
ether, 6-propylpiperony! n-butyldiethyleneglycol ether, 2-propyl-4, 5-dimethoxybenzyl n-butyl-
diethyleneglycol ether, bis(2-propyl-4, 5-methylenedioxyphenyl) methane and di(2-propyl-4, 5-
methylenedioxbenzyl) ether.

(Received November 7, 1977)
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Table 1. Condition of Gas Chromatography

2% OV-1 1% OV-17 2% OV-17 2% OV-225

Model

Column Inner diameter (mm)
Length (m)

Support
Mesh
Treatment

Carrier gas
Flow rate (ml/min)
Detector
Temperature Column (°C)

Programmed rate (°C/min)

Injection (°C)

Shimadzu GC-5A
3 3 3 3
2 1.5 2 2
Chromosorb
60/80
AW. DMCS.
Nitrogen
80 45 80 80
FID
120~270
5
200
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Fig. 1. Gas chromatograms of the samples
(I), piperonyl butoxide as a food addi-
tive; (II), piperonyl butoxide as a stand-
ard for the residual analysis; column,
19 silicone OV-17 (1.5mX3mm I.D.);
carrier gas, N; (45 ml/min); temp., 120~
270°C (5°C/min); detector, FID
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Fig. 2. Gas chromatograms of samples
(III), piperonyl butoxide as a reagent;
(IV), piperonyl butoxide as a pesticide
synergist
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Fig. 3. Distribution of the eluted substances
by column chromatography of piperonyl
butoxide as a food additive

Column, silica gel (50 cmXxX5cem 1.D.);
solvent, benzene:acetone (97:3)
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Fig. 4. Thin-layer chromatograms of piperonyl
butoxide as a food additive

(A), kiesel gel plate (Merck 60 F254);

(B), silica gel plate (Wako B-5F); de-

veloping solvent, benzene:acetone=97:3

Table 2. Developing Solvent for the Purifica-
tion of Each Component

Peak Developing solvent

Benzene:acetone 9:1
Benzene:acetone 97:3
Benzene:acetone 97:3
Benzene:acetone 9:1
Benzene:n-hexane 2:1
Benzene:cyclohexane 2:1

Sy Uk W N

Table 3. Elementary Analysis

Peak Empirical formula |Molecular formula
1 Cs.e2H4.6501.00 C11H140s
2 Cs.24He.4401.00 C17H240,
3 Cs.78Hs5.0601.00 Ci1oH3005
4 Cs.00He.8501.00 C20Hs405
5 CE.lBHD.QboLOO C21H2404
6 C4.45H5.2601.00 C?ZHZGOb
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Fig. 5. Field-desorption mass spectra of the
impurities in the samples
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Fig. 6. Electron-impact mass spectra of the
impurities in the samples
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Table 4. NMR Spectra of the Components in Samples
ppm Type Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6
0.9 Triplet 3 6 6 6 (3 6
1.6 Multiplet 3 6 6 6 4 4
2.6 Triplet 2 2 2 2 4 4
3.5 Triplet 0 2 2 2 2 0
3.7 Triplet 0 4 8 8 0 0
3.85 Singlet 0 0 0 0 2 0
3.95 Singlet 0 0 0 6 0 0
4.6 Singlet 2 2 2 2 0 4
6.05 Singlet 2 2 2 0 4 4
6.85 Singlet 1 1 1 1 2 2
7.05 Singlet 1 1 1 1 2 2
Table 5. Assignment of NMR Peaks
Peak 1 ppm Structure
0.9 C(Satd.)—CH;
. . . \ . 1.6 C(Satd.)—CH,—C(Satd.)
2.6 Ar—CH,—CH,—
Peak 2 3.5 C(Satd.)—CH,—CH,—
3.7 —0—CH,—CH,—0—
) , ) 3.85 Ar—CH,—Ar
3.95 Ar—O0—CH,
Peak 3 4.6 Ar—CH,—0—
6.05 —0—CH,—0—
6.85 Ar—H
' : ' ' ' 7.05 Ar—H
Peak 4
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Table 6. Molecular Weight, Formula and Structure of Each Component in Samples

Peak Molecular weight Molecular formula Structure
CHoCHoCH
1 194 Cy3H1405 2
CHyOH
CHyCHyCH3
2 294 Cy7H260.
CHyOCHoCHo0CHg
CH,CH,CH
3 338 Ci1oH:o0s <:©I 2CHCH3
CHyOCH,CHy0CH,CH,0C Hg
CH30 CHyCH,CH3
4 354 CoH3405
CH30 CHOCH,CHyOCH,CHH0C,Hg
5 340 CaHalO, <:©ICH2CH2CH3
CHp
CH3CH2CH2<jEZ>
6 370 CosHusOs <<:U:CH2CH2CH3
CH
2\0\
CH3CH2CH2

Table 7. Composition of Each Component in Samples

Weight %
Compound Peak
(1) () (1m) V)
Piperonyl butoxide 3 8.9 98.6 95.7 80.5
Bis(2-propyl-4, 5-methylenedioxyphenyl)methane 5 4.55 0.73 1.98 5.22
2-Propyl-4, 5-dimethoxy n-butyldiethyleneglycol ether 4 2.00 0.05 0.11 0.26
Di(2-propyl-4, 5-methylenedioxybenzyl)ether 6 0.65 0.16 0.63 0.65
6-Propylpiperonyl n-butyl ethyleneglycol ether 2 0.48 0.22 0.60 3.65
6-Hydroxymethy! dihydrosafrole 1 0.22 0.03 0.60 0.65
Unaccounted for — 7.20 0.21 0.38  9.07

(1). Piperonyl butoxide as a food additive; (II), Piperonyl butoxide as a standard for the residual
analysis; (I), Piperonyl butoxide as a reagent; (IV), Piperonyl butoxide as a insecticide synergist.

ether methane

v — 7 3: 6-propyl piperonyl n-butyldiethylenegly- ¥ — 7 6: di(2-propyl-4, 5-methylenedioxybenzyl)-
col ether (PB) ether

¢ — 7 4; 2-propyl-4, 5-dimethoxy =-butyldiethyl- Fro A RRFDOEES DEHFERIL Table 7T DL 5T
eneglycol ether Holc.

v — 7 5: bis(2-propyl-4, 5-methylenedioxyphenyl)- RO EHDI L, v©—274, BRLV6X Albro
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(2) iy, 6-hydroxymethyl dihydrosafrole,
6-propylpiperonyl n-butylethyleneglycol ether, 2-
propyl-4, 5-dimethoxybenzyl n-butyldiethyleneglycol
ether, bis(2-propyl-4, 5-dimethoxyphenyl) methane,
di(2-propyl-4, 5-dimethoxybenzyl) ether T - 7.
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