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Stabilization of Methyl

[1-(Butylcarbamoyl)-1H-benzimidazol-2-yl]Jcarbamate (Benomyl) in

Hydrochloric Acid Solutions

INTRODUCTION

The systemic fungicide benomyl [methyl [1-(butylcar-
bamoyl)-1H-benzimidazol-2-yl]Jcarbamate] has been suc-
cessfully used for the control of many plant diseases for
many years (Chiba et al., 1987; Delp, 1987; Hall, 1980;
Hammerschlag and Sisler, 1973; Koller et al., 1982).
According to a recent paper (Liu et al., 1990) the U.S.
National Research Council has estimated the use of
benomyl at 2 000 000 lbs of active ingredient per year.
Because of its widespread use and suspected carcinogenic
activity, the determination of benomyl in various crops,
such as apples, peaches, oranges, and tomatoes, and water
is frequently required.

Duetoitsinstability in water and organicsolvents (Chiba
and Doornbos, 1974; Chiba, 1977; Chiba and Cherniak,
1978), benomyl was determined by many workers as its
stable degradation compound, carbendazim (methyl 1H-
benzimidazol-2-yl-carbamate, commonly known as MBC).
The determination was made by high-performance liquid
chromatography (HPLC) after quantitative conversion of
the parent benomyl to carbendazim (Austin et al., 1976;
Bardalaye and Wheeler, 1985; Gorbach, 1980; Kirkland,
1973; Kirkland et al., 1973; Spittler et al., 1984; Zweig and
Gao, 1983). The major problem associated with this
method is that carbendazim, which is produced from
benomyl as its degradation product during the analysis,
cannot be distinguished from the carbendazim that was
present in the sample as the natural degradation product
of benomyl. Moreover, since carbendazim is also fungi-
toxic, and its biological activity is different from that of
benomyl, analytical determination of benomyl as carben-
dazim has only limited applications.

Considering the above-mentioned problems, Chiba and
Singh (1986) developed an indirect reversed-phase HPLC
(RP-HPLC) method for the simultaneous determination
of benomyl and carbendazim in water. In this method,
benomyl is determined as 3-butyl-2,4-dioxo-s-triazino{1,2-
a}benzimidazole (STB) after its quantitative conversion
to STB at pH 13. During the treatment of henomyl (and
carbendazim) with alkaline solution (pH 13), carbenda-

0021-856 1/92/ 1440-1303$03.00/0

zim remained mostly intact and was determined as car-
bendazim along with STB. Although this method can be
used for the accurate determination of benomyl and car-
bendazim in water and other matrices, such as wettable
powders, development of a RP-HPLC method for direct
determination of benomyl and stabilization of benomyl
samples after sampling remained highly desirable.

Inrecent papers (Singh et al., 1990; Marvin et al., 1990),
we have shown that low concentrations of benomyl in water
can be determined by a RP-HPLC method without any
observable conversion of benomyl to carbendazim. How-
ever, it was not possible to prepare benomyl stock solutions
of the desired strength. Stock solutions of benomyl are
normally prepared in organic solvents. Due to its insta-
bility in organic solvents, benomyl rapidly converts to car-
bendazim before aqueous solutions can be prepared by
dilution with water.

Aqueous solutions of benomyl can be prepared by using
an ultrasonic technique (Singh and Chiba, 1985) or with
the aid of a surfactant (Chiba and Northover, 1988). These
methods are rather impractical for routine HPLC analyses
because it is very difficult to prepare standards containing
known and desired concentrations of benomyl in aqueous
media. Inview of the above difficulties, it is quite obvious
that direct determination of benomyl in aqueous media,
preparation of stable stock standards of benomy! of desired
concentrations in aqueous media, and stabilization of
benomyl-containing samples after sampling are desirable
goals for the determination of benomyl in various types
of samples.

In this paper, we report that, contrary to previously
published papers (Pyysalo, 1977; Spittler et al., 1984),
benomyl cen be stabilized in acidic media. Standard
aqueous solutions of desired concentrations of benomyl
can be prepared in hydrochloric acid (HC)) and are stable
over long periods of time.

MATERIALS AND METHODS

Solvents. Acetonitrile was of HPLC grade from Caledon
Laboratories, Ltd., Georgetown, ON, Canada. Water wasdistilled
in glass in the laboratory.
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Table I. Observed First-Order Rate Constants (k) for
Benomyl Decomposition to Carbendazim at Ambient
Temperatures in Various Concentrations of Hydrochloric
Acid

HCI, M k, g1 to.5, h
0.001 3.6 X 1075 5.3
0.01 3.1x10°% 6.0
0.1 1.2x 105 1.6 X 10
1.0 7.7 X 1077 2.5 X 102
2.5 1.3 X 1077 1.5 x 103
5.0 stable

10.0 stable

Chemicals. Benomyl and carbendazim analytical standards
were obtained from E. I. du Pont de Nemours and Co., Inc.

Instrumentation. Theliquid chromatograph used was a Per-
kin-Elmer Series 3 equipped with a 50-xL Rheodyne syringe loop-
type injector and a Perkin-Elmer LC-55 UV detector.

HPLC Operating Conditions. A Vydac reversed-phase C-
18, 5 um, 15 cm X 4.6 mm (i.d.), column was used. The UV
detector was operated at 280 nm. The chart speed was 1 cm
min!, and the detector sensitivity was 0.05 AUFS at a recorder
range of 1.0 mVFS. The total system was operated at ambient
temperature.

Mobile Phase. A mixture of 45% acetonitrile and 55% water
was used isocratically.

Flow Rate. The flow rate was fixed at 1.0 mL min.

Procedure. A sample of benomyl was dissolved at 1130 mg
L1 in 10 M HC], and the kinetic rate constant of benomyl
decomposition in the solution was determined by measuring the
benomyl peak height with time as

k = (2.303/At) log (C,/Cy)

where C is the benomyl peak height at time ¢;, C; is the benomyl
peak height at 2, and At = t; - ¢,. Similarly, benomyl solutions
were prepared in various concentrations of HCI (0.001-5 M), and
the kinetic rate constants were determined. The k values so
calculated at different time intervals compared favorably,
confirming first-order rate kinetics. Since the use of the analytical
column is recommended between pH 2 and 7, these benomyl
solutions were diluted to an HCI concentration of 0.01 M prior
to the injection of 50 nL of solution onto the analytical column.

Mass Spectrometry. Analysis of benomyl solution (in 5 M
HCl) was carried out on a Kratos Concept IS double-focusing
mass spectrometer (Kratos Analytical, Urmston, Manchester,
U.K.) using a fast atom bombardment (FAB) source, at room
temperature.

RESULTS AND DISCUSSION

In a recent paper (Singh et al., 1990) we observed that
the value of the rate constant (&) of benomyl conversion
to carbendazim in aqueous solutions remained nearly
constant between pH 2 and 7 with mean & at (3.16 £ 0.38)
X 1075 g7, However, at pH 1, the value of k decreased
sharplyto1 X 1075571, Asimilar trend in the & vs pH plots
was also observed by Calmon and Sayag (1976), in partially
aqueous (50 % methanol + 50% water, v/v) solutions. The
sharp decrease in the value of & at pH 1 prompted us to
investigate the kinetics of benomyl conversion to carben-
dazim in higher (higher than 0.1 M) HCI concentrations.

Theresults of the kinetic studies of benomyl conversion
to carbendazim in various HC] concentrations are pre-
sented in Table I. These results clearly indicate that
benomyl is substantially more stable in 1.0 M HCI
compared with more dilute acid concentrations. The
stability of benomyl increased with an increase in acid
concentrations. Benomyl remained stable (within exper-
imental error) in 5 and 10 M HCl solutions for at least 14
days at ambient temperatures. There was no difference
in the peak heights of benomyl immediately after, and 14
days after, the preparation of sample solutions in 5 and
10 M HCL
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Figure 1. Reversed-phase HPLC chromatogram of a benomyl

solution (1.13 ugmL1)in 0.01 M HC). Thesolution was prepared

just before the HPLC determination by diluting a 1130 ug mL"!

benomyl stock solution in 10 M HCI kept at room temperature

for 14 days.

The stabilization of benomyl in relatively higher con-
centrations of HC] may be explained on the basis of its
protonation at the nitrogen of benzimidazole group in the
presence of acid. This was first suggested by Calmon and
Sayag (1976) during their work on the kinetics of benomyl
conversion to carbendazim, in water-methanol (50 % v/v)
solutions of pH 0~7. We believe thatin high concentrations
of HCIl benomyl is easily protonated as benomyl-H* + Cl-.
This may be explained on the basis of very high solubility
of benomyl in concentrated acidic solutions. Benomyl,
which is difficult to dissolve in weakly acidic or neutral
solutions (the solubility of benomyl is 4 mg/L or less in
aqueous solutions of pH 3-7) (Singh and Chiba, 1985),
can be dissolved in very large concentrations (we have
dissolved up to 10 000 mg/L) in 5 M or higher concen-
trations of HCI, almost instantaneously. In contrast, the
low solubility of benomyl in neutral and weakly acidic
solutions (pH 2-7) can be explained by the lack of pro-
tonation. Since stabilization of benomyl is related to its
protonation at the nitrogen of benzimidazole group, non-
protonated benomyl will slowly hydrolyze to carbenda-
zim in aqueous solutions of pH 2-7.

Figure 1 shows the HPLC chromatogram of a sample
of benomy] prepared in 10 M HCl and kept at room tem-
perature for 14 days. Asrevealed in Figure 1, asmall peak
corresponding to carbendazim (approximately 0.7% of the
peak height of benomyl) was always present in the chro-
matogram, even when using the analytical standard grade
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benomyl. The presence of a constant level of a trace of
carbendazim in the chromatogram for the maximum study
- period of 14 days suggests that carbendazim is present as
a trace impurity in the analytical standard of benomyl.

The presence of benomyl in a 5 M HCl solution was also
confirmed by mass spectrometry using a FAB source. A
very strong molecular ion of benomyl at mass 291 has
indicated the presence of benomyl in the acid solution.
The signal counts for benomyl-H* molecular ion at m/e
291, in the FAB mass spectra of a 100 mg/L benomyl
solution in 5 M HCI, remained virtually the same at 0 and
14 days after the preparation of the solution. This
confirmed the stabilization of benomylin 5 M HCl solution
for 14 days.

The results discussed above also suggest that benomyl
can be determined quantitatively using the HPLC con-
ditions reported in this paper. The results for the de-
termination of benomyl in a wettable power sample
compared well with those obtained using the method
developed by Chiba and Singh (1986).

The above results also indicate that stable reference
standard aqueous solutions of benomyl can be prepared.
Benomyl in water can be stabilized by strongly acidifying
the solutions. The acidified benomyl solutions will keep
for at least 14 days at room temperature, and probably for
longer periods, by storing them at lower temperatures (for
example, at 4 °C in a refrigerator). Other alkylisocyanate
homologues of benomyl (Chiba and Northover, 1988;
Northover and Chiba, 1989) could also be stabilized in a
similar fashion.

CONCLUSIONS

In conclusion, in this paper we report that, for the first
time, the preparation of stable stock solutions of benomyl
[methyl [1-(butylcarbamoyl)-1H-benzimidazol-2-yl]car-
bamate] in an aqueous medium is possible. The stab-
ilization of benomyl in acidic solutions was confirmed by
RP-HPLC. Mass spectrometry, using a FAB source, also
confirmed the stabilization of benomyl in a 5 M hydro-
chloric acid solution. On the basis of these investigations,
known amounts of benomyl can be easily dissolved and
stabilized in 5 M or higher concentrations of hydrochloric
acid. This opens up a real possibility for the preparation
of reference standards of benomyl in aqueous (acidic)
media. The stability of benomyl in 5-10 M hydrochloric
acid also suggests that water samples containing benomyl
can be stabilized upon acidification. This stabilization of
benomyl-containing aqueous samples was not possible in
the past.

ACKNOWLEDGMENT

We thank the Ontario Ministry of the Environment for
funding this work under the Research Advisory Committee
(Grant 1384).

LITERATURE CITED

Austin, D. J.; Lord, K. A,; Williams, I. H. High pressure liquid
chromatography of benzimidazoles. Pestic. Sci. 1976, 7, 211.

Bardalaye, P. C.; Wheeler, W. B. Simplified method for the clean-
up and reversed-phase high-performance chromatographicde-
termination of benomyl in mangoes. J. Chromatogr. 1985,
330, 403-407.

Calmon, J. P.; Sayag, D. R. Kinetics and mechanism of conversion
of methyl 1-(butylcarbamoyl)-2-benzimidazolecarbamate
(benomyl) to methyl 2-benzimidazolecarbamate (MBC). /.
Agric. Food Chem. 1976, 24, 311-314.

Chiba, M. A rapid spectrophotometric method for the simulta-
neous determination of intact benomyl and its degradation

J. Agric. Food Chem., Vol. 40, No. 8, 1992 130§

product, methyl 2-benzimidazolecarbamate (MBC), in organic
solvents and water. J. Agric. Food Chem. 1977, 25, 368-373.

Chiba, M.; Cherniak, E. A. Kinetic study of reversible conver-
sion of methyl 1-(butylcarbamoyl)-2-benzimidazolecarbam-
ate (benomyl) to methyl 2-benzimidazolecarbamate (MBC)
and n-butyl isocyanate (BIC) in organic solvents. J. Agric.
Food Chem. 1978, 26, 573-576.

Chiba, M.; Doornbos, F. Instability of benomyl in various
conditions. Bull. Environ. Contam. Toxicol. 1974, 11, 273-
274.

Chiba, M.; Northover, J. Efficacy of new benzimidazole fungicides
against sensitive and benomyl-resistant Botrytis cinerea. J.
Phytopathol. 1988, 78, 613-618.

Chiba, M.; Singh, R. P. High performance liquid chromatographic
method for simultaneous determination of benomyl and car-
bendazim in aqueous media. J. Agric. Food Chem. 1986, 34,
108-112.

Chiba, M.; Bown, A. W.; Danic, D. Inhibition of yeast respiration
and fermentation by benomyl, carbendazim and other fun-
gicidal chemicals. Can. J. Microbiol. 1987, 33, 157-161.

Delp, C. J. Benzimidazole and related fungicides. In Modern
Selective Fungicides—Properties, Applications, Mechanisms
of Action; Lyr, H., Ed.; Longman Group: London, 1987; pp
233-244,

Gorbach, S. A review of methods for the residue analysis of the
systemic fungicides benomyl, carbendazim, thiophanate meth-
yland thiabendazole. Pure Appl. Chem. 1980, 52, 2569-2590.

Hall, D. J. Comparative fungicidal activity of benomyl and its
breakdown product methyl 2-benzimidazolecarbamate (MBC)
on citrus. Proc. Fla. State Hortic. Soc. 1980, 93, 341-344.

Hammerschlag, R. S.; Sisler, H. D. Benomyl and methyl-2-benz-
imidazolecarbamate (MBC): biochemical, cytological and
chemical aspects of toxicity to Ustilago maydis Saccharo-
myes cerevesiae. Pestic. Biochem. Physiol. 1973, 3, 42-54.

Kirkland, J. J. Method for high-speed liquid chromatographic
analysis of benomyl and/or metabolite residues in cow milk,
urine, feces, and tissues. J. Agric. Food Chem. 1973, 21, 171-
1717.

Kirkland,J.J.;Holt,R.F.; Pease, H. L. Determination of benomyl
residues insoils and plant tissues by high-speed cation exchange
liquid chromatography. J. Agric. Food Chem. 1973, 21, 368-
371.

Kéller, W.; Allan, C. R.; Kolattukudy, P. E. Inhibition of cut-
inase and prevention of fungal penetration onto plants by
benomyl—A possible protective mode of action. Pestic.
Biochem. Physiol. 1982, 18, 15-25.

Liu, C. H.; Mattern, G. C.; Yu, X.; Rosen, J. D. Determination
of benomyl by high performance liquid chromatography/mass
spectrometry/selected ion monitoring. J. Agric. Food Chem.
1990, 38, 167-171.

Marvin, C. H,; Brindle, I. D.; Singh, R. P.; Hall, C. D.; Chiba, M.
Simultaneous determination of trace concentrations of ben-
omyl, carbendazim (MBC) and nine other pesticides in water
using an automated on-line pre-concentration high-perfor-
mance liquid chromatographic method. J. Chromatogr. 1990,
518, 242-249.

Northover, J.; Chiba, M. Stability of benomyl homologues and
their efficacy against benomyl-resistant Botrytis cinerea. oJ.
Agric. Food Chem. 1989, 37, 1416~1421.

Pyysalo, H. A rapid gas-liquid chromatographic method for
determining benomyl residues in foods. J. Agric. Food Chem.
1977, 25, 995-997.

Singh, R. P.; Chiba, M. Solubility of benomyl in water at different
pHs and its conversion to methyl 2-benzimidazolecarbamate,
3-butyl-2,4-dioxo[1,2-a]-s-triazinobenzimidazole, and 1-(2-
benzimidazolyl)-3-n-butylurea. J. Agric. Food Chem. 1985,
33, 63-67.

Singh, R. P.; Brindle, I. D.; Hall, C. D.; Chiba, M. Kinetic study
of the decomposition of methyl [1-(butylcarbamoyl)-1H-
benzimidazol-2-yl}carbamate (benomyl) to methyl 1H-benz-
imidazol-2-ylcarbamate (MBC). J. Agric. Food Chem. 1990,
38, 1758-1762.

Spittler, T. D.; Marafioti, R. A.; Lahr, L. M. Determination of
benomy! and its metabolites by cation-exchange high perfor-
mance liquid chromatography. J. Chromatogr.1984,317,527-
531.



1306 J. Agric. Food Chem., Vol. 40, No. 8, 1992

Zweig, G.; Gao, R. Determination of benomyl by reversed-phase
liquid chromatography. Anal. Chem. 1983, 55, 1448-1451.

Received for review April 6, 1992. Revised manuscript received
May 27, 1992. Accepted June 8, 1992.

Raj P. Singh, Chris H. Marvin, and Ian D. Brindle
Chemistry Department, Brock University,
St. Catharines, Ontario L2S 3A1, Canada

Short Communications

C. David Hall
Ontario Ministry of the Environment, Rexdale,

Ontario M9W 5L1, Canada

Mikio Chiba*
Research Station, Agriculture Canada,
Vineland Station, Ontario LOR 2E0, Canada

Registry No. HCl, 7647-01-0; benomy!, 17804-35-2.



