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Fluorinated Organophosphorus Compounds as a
New Class of Agrochemicals

CHENGYE YUAN, WEISHENG HUANG, SHOUJUN CHEN and
YIXIN ZHANG

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 354 Feng
Lin Lu, Shanghai 200032, CHINA

New methods for the synthesis of fluorinated aminophosphonic acids and phosphonopeptides
are described. Some structural effects on bioactivity of triflucromethylimidazole is discussed.
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INTRODUCTION

The increasing and sustained interest in aminophosphonic acids and deri-
vatives thereof has had an explosive impact on the design and synthesis
of functionalized aminophosphonic acids. Introduction of a fluorine atom
into a biologically active compound usually results, as a rule, in an
enhancenent of the parent molecule. Flynn et a1[1] described the synthe~
sis of B-fluorinated aminophosphonic acids, namely B-monofluorinated,
B-difluorinated, PB-trifluorinated a-aminophosphonic acids and showed
the inhibitory action as alanine racemace. Gruss and Hagele[zl, on the
other hand, reported a general method leading to nuclear fluorinated N-
phenyl phenylglycine and demonstrated that (N-p~trifluoromethoxyphenyl)
phenylglycine possesses remarkable insecticidal activity toward harmful
and parasitic insects. Recently, Green, Gruss, Hagele, Hudson and others
reported the synthesis of a series of gq-aminocarylmethylphosphonic acids
with a range ?;]fluoro' fluoroalkyl or fluoroalkoxyl substituents in the

benzene ring. Hass and Hagele reported an interesting reaction by
which fluorinated hydroxyphosphonic esters and fluorinated N-(phenylami-
no)phosphonic acid ester can be formed conveniently from corresponding
fluorinated aldehyde generated in situ.[Ll In our laboratory, we have
previously introduced a method for the synthesis of 3-amino-2-hydroxy-
1,1-difluoroalkylphosphonic acid.[5]Several synthetic methods for the
preparation of a-(N-substituted amino)- and B-(N-substituted amino)-2,2,2
trifluoroethylphosphonates were also introduced by us.[6‘7] Zhu and his
colleagues demonstrated the synthesis of perfluorcalkanesulfonyamino
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alkylphosphonic acids[B]

and q-~(N-pentafluorophenylamino)benzyl phos-
phonic acids and esters[9] by addition of diethylphosphite to corres-

ponding aldimines followed by subsequent hydrolysis.
RESULTS AND DISCUSSION °

For the preparation of chiral aminophosphonie acids we studied exten-
sively the induced asymmetric addition of dialkylphosphite to a chiral
aldimine including influence of structure of substract, catalysis as
well as nature of solvents on the de value of the reaction.[10’11]

The molecular mechanics calculation was also introduced by us to study
the stereochemistry involed in this reaction.[12]. We report in this
paper our preliminary trial on the synthesis of chiral trifluoromethyl-

aminophosphonic acids:

J &
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. Asymmetic base x Hydrolysis CFy o ~NH,
Cpg\//N—C/ CFQ\‘VN— ~ - \r

MeCN . P(O)(OEY)
lé’(O)(OEt), refiux 4 hr P(O)OEY), (O,

The base-catalyzed [1,3] proton shift in azasllylic system of appropri-
ate imines is widely used for the formation of a chiral carbon.[13_141
We use Cinchonine or Ephedrine as asymmetric base to induce the forma-
tion of optically active trifluoromethyl aminomethanphosphonate.[15].
Phosphonopeptides comprise a group of organophosphorus compounds with

biological significance. As far as we are aware, trifluoromethylated

phosphonpeptides were described only very recently.[16]
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cFy CFy” SP(O)OR?) CFy” TPIOXOR?)
CFaM nmeHmicon NHCOCHRINHCb2 NHCOCHRMNH,

depretecion
—_— -

PLO)(CEY, CF,/\ P(OXOR?) CF; P{O)(OR?)

Unfortunately, by this scheme we are not able to get N-protected tri-

fluoromethyl 1-aminophosphonates, sine N-carbobenzoxy trifluoroacetimi-
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doyl chloride did not give normal Arbuzov or Pudovik reaction product
with trialkylphosphite or dialkylphosphite even under high temperature
(100°C) and prolong heating (48h) due to the low reactivity of the for-
zer. In order to form a peptide linkage through the N-terminal, presence
of a free amino group ié essential. In our modification, NaBHBCN was
used to hydrogenate the C=N bond followed by subsequent remal of the
N-protecting group via hydrogenolysis with palladium black or oxidative
cleavage of p-methoxyphenyl moiety by CAN treatment. The manipulation
of these reactions is heavy and complicate, each step requires purifi-
cation with colucn chromatography on silica gel. As found by us, N-{ o -
nethylbenzyl)-2,2,2-trifluoroacetinidoyl chloride underwent Arbuzov
reaction smoothly with trialkylphosphite at 90°C for 40h without solvent
The thermo-rearrangement product afforded upon hydrolysis at pH 2 in a
nixed solvents consisting of THF:EtOH:H20(1:1:2).

Heterocyclics are interesting compounds with significant bio-activities.
Three types of imidazole derivatives namely 1-substituted-4-phosphoryl-
5-trifluoromethylinidazoles, 1-substituted-{-ethoxycarbonyl-5-trifluoro-
methylimidazoles and 1-substituted-4-phosphorylimidazoles were synthe-
sized and investigated as agrochemicals. Imidazoles with trifluoromethyl
poiety possess significant higher activity over those molecules without
trifluoromethyl group. In the meantime, phosphorylimidazoles are much
strong than corresponding ethoxycarbonylimidazole in vitro testa as

insecticide, fungacide, plant activitor and endoparaslicide.
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