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Several mono- and di-substituted urea pesticides were reacted with trifluoroacetic anhydride
and heptafluorobutyric anhydride to determine if the procedure normally used to derivatize
tri-substituted phenylureas yielded cleavage products instead of the derivatized phenylureas.
Compounds studied included 4-chlorophenylurea, N-demethoxy linuron (1-[3,4-
dichlorophenyl]-3-methyl urea), siduron (1-phenyl-3-[2-methyl cyclohexyl] urea, EL-494 (1-
[3-{5-methyl-6-(4-bromophenyl) pyrazinyl}] -3- [2,6-dichloropheny!] urea), and diflubenzuron
(1-[4-chlorophenyl] -3-[2,6-diflurobenzoyl] urea. All compounds yielded N-perfluoroacylated
cleavage products, indicating a generalized cleavage reaction for mono- and di-substituted
phenylureas.

INTRODUCTION

Trifluoroacetylation of thermally unstable trisubstituted urea herbicides

. proceeds to the expected tetra-substituted urea compounds;' this reaction

is often used to enhance GLC stability and to increase the effective
sensitivity of the electron capture detector to these compounds. Attempted
derivatization of the di-substituted phenylurea diflubenzuron with

oaQ
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trifluoroacetic anhydride (TFAA) resulted in cleavage of the molecule to
yield the trifluoroacetyl derivative of 4-chloroaniline and the imide
trifluoroacetyl derivative of 2,6-diflurobenzamide as the major products.?
Worobey and Webster? showed that the cleavage of diflubenzuron
occurred during reaction with perfluoroanhydrides and not as a result of
thermal degradation during gas-liquid chromatography (GLC) or mass
spectrometry (MS). Vandenheuvel et al.® reported that the reaction of
heptafluorobutyric anhydride with the mono-substituted urea drug, 4-(4'-
aminophenyl)-sulfonyl phenylurea, resulted in cleavage to the
corresponding N-heptafluorobutyramide derivatives. To determine if this

‘cleavage is a generalized reaction, several additional mono- and di-

substituted phenylureas were examined.

EXPERIMENTAL

Reagents and analytical standards

All solvents were glass-distilled residue-free grade. Trifluoroacetic
anhydride was purchased from Aldrich Co. (Milwaukee, WI, US.A).
Diflubenzuron and 4-chlorophenylurea were supplied by Thompson-
Hayward Chemical Co. (Kansas City, KA, U.S.A.). EL-494 was supplied
by Elanco Products Div. (Winnipeg, Manitoba, Canada), Siduron and N-
demethoxy linuron were supplied by E. I. DuPont de Nemours & Co.
(Wilmington, DE, U.S.A)). The identity of each analytical standard was

- confirmed from mass spectra obtained by direct insertion probe mass

spectrometry (DIP-MS) with source temperature ca. 130°C and ionization
potential of 70 ev in the EI mode.

Chromatographic conditions

A Varian 2440 gas chromatograph equipped with a tritium foil electron
capture detector was used. Operating conditions: temperatures: injector
180°C, column 130 or 150°C, detector 182°C; N, carrier 40 ml/min. The
borosilicate glass column, 1.7m x 2mm i.d., was packed with 5% OV-101
coated Chromosorb W (AW) DMCS (100-120 mesh).

GC-MS conditions

A DuPont Dimaspec GC-MS was used equipped with a 1.6 m x 2mm i.d.
borosilicate glass column packed with 5% OV-101 coated Chromosorb W
(AW) DMCS (100-120 mesh), and was operated in either the EI or CI
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mode. Operating conditions: temperatures: injector 180°C, column 150°C
or programmed 50-150°C at 8°C/min, glass jet separator 220°C, source
150 or 220°C; ionization potential 70 ev; CI reagent gas isobutane; CI
source pressure ca. 65 Pa. DIP temperature was set at “off” and the
source was run at its base temperature of ca. 130°C (filament on, heater

off).

Procedure

A solution of each standard was prepared in ethyl acetate (ca. 100 ug/ml).
In each case, 1.0ml of solution plus 0.2m! TFAA were placed in a glass
stoppered 5ml centrifuge tube and reacted at 50°C for 30 min. The solvent
was removed just to dryness under a stream of dry N, and the residue
made up to a final volume of 1.0ml with hexane for GC- and DIP-MS
analysis. Injections of 1-5ul or 100-500 ng were examined in the EI and
CI modes.

RESULTS AND DISCUSSION

Table 1 describes the reaction products identified in these studies in
addition to those reported for diflubenzuron? and penfluron.* Both GC-
MS (a) and DIP-MS (b) evidence is presented.

When diflubenzuron was reacted with TFAA, the major products were
the TFA derivative of 4-chloraniline and the more labile TFA imide
derivative of 2,6-diflurobenzamide. Other products detected inciuded 4-
chlorophenyl isocyanate and 2,6-difluorobenzoyl isocyanate. These
structures were confirmed using EC-GC, GC-MS, DIP-MS and TL
followed by DIP-MS. '

Similar reaction products were obtained for other mono- and di-
substituted phenylureas. The metabolite of diflubenzuron, 4-
chlorophenylurea, yielded the TFA derivative of 4-chloroaniline, 4-
chlorophenyl trifluoroacetamide, and 4-chlorophenyl isocyanate. The N-
demethoxy metabolite of linuron, 1-(3,4-dichlorophenyl)3-methylurea,
yielded 3,4-dichlorophenyl trifluoroacetamide and 4-chlorophenyl
isocyanate. The herbicide siduron yielded phenyltrifluroacetamide,
phenylisocyanate, 2-methylcyclohexyl isocyanate, and 2-methylcyclohexyl
trifluoroacetamide. Similarly, the new experimental chitin inhibitor, EL-
494, yielded the trifluoroacetamide I, 2,6-dichlorobenzoylisocyanate, the
isocyanate III, and 2,6-dichlorobenzoy! trifluoroacetamide. All products
were identified using a combination of EC-GC, GC-MS, and DIP-MS.

Reaction of both diflubenzuron and 4-chlorophenylurea with
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TABLE I

Cleavage products from trifluoroacetylation of several mono- and di-substituted urea
pesticides characterized by (a) GC-MS and (b) DIP-MS

CF, 0 0Ox. CF:
N TFAA ST N N \N( ’
N. —_——— ~ + 2N~ + Ny + ~N~,
A’ \{N\R E10A AR TR ARG, TR
1 I I iva
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6. Penfluron (7) CF,Q \(\Q a - - —
F

heptafluorobutyric anhydride under the same conditions yielded products
analogous to those encountered with TFAA.

Perfluoroacylation of mono- and di-substituted ureas apparently
proceeds via a concomitant cleavage reaction which yields derivatized
products similar to those obtained if the ureas were first hydrolyzed and
then derivatized with the perfluoroacyl anhydride.

Although the perfluoroacylation of mono- and di-substituted urea
pesticides does not yield the expected direct derivatization product, a new
one-step quantification method is possible for each compound examined
based on the formation of cleavage product I. The method may also be
used as a confirmatory test. '

In conclusion, the following observations can be made regarding the
reaction of mono- and di-substituted phenylureas and related compounds
with perfluoroacyl anhydrides:

1) The cleavage appears general for mono- and di-substituted aryl
ureas. ‘

2) The cleavage occurs during derivatization rather than as a result of
thermal degradation in the GC.
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3) The major quantifiable portion of the molecule is the aryl moiety;
viz., 4-chloroaniline, 3,4-dichloroanile, aniline, 5-methyl-6-p-bromopheny!
pyrazine-3-amine, and 4-trifluoromethylaniline are detectable as their N-
perfluoroacyl derivatives.

4) Both GC-MS and DIP-MS are required to establish that this
cleavage takes place in vitro. EC-GC is suitable for routine quantification
of N-perfluoroacyl derivatives.
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