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What are the Requirements in the Glyphosate
Molecule in Order to be Herbicidally Active?

LUDWIG MAIER

Novartis International Inc., R-1098, CH-4002 Basel, Switzerland

The synthesis of Glyphosate derivatives and the requirements for herbicidal activity shall be
discussed.
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K-Dihydroxyphosphonylmethylglycine is the most active phosphorus
containing herbicide1. What are the requirements for herbicidal
activity? To answer this question, we have segmented the molecule
into five sections as shown below:
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We have undertaken synthetic efforts to vary each of the five
molecule segments widely. At the same tine the biological activi-
ty of the compounds prepared were determined. The following vari-
ations were synthesized:
Segment 1: HO-groups on phosphorus replaced by HOCH2, R,

HOOCCH2NHCH2
Segroent 2: CH2 replaced by cyclopropyl
Segment 3: H on nitrogen replaced by CH3, NH2, HOOCCH2NHCH2
Segment 4: CH2 replaced by cyclopropyl; furthermore compounds

prepared where a cycloaliphatic ring is substituted
between segments 2 and 3, 2 and 4, or 3 and 4

Segment 5: COOH replaced by CHO, tetrazole, and SO3H

Let us start with segment 1. We have tried to substitute one or
both HO-groups by other groups. Thus the interaction of hypophos-
phorous acid with formaldehyde gives hydroxymethylphosphonous
acid. This acid when treated with formaldehyde and benzylglycine
yields hydroxyaethyl-N-benzyl-N-glycinomethylphosphinic acid in
88% yield2. Instead of phosphonous acids, alkylphosphonous di-
halides my be used in this Mannich type reaction2. As is well
known, these compounds react with water with the formation of
phosphonous acids. Also a phosphinic acid is formed, when hypo-
phosphorous acid is treated with two equivalents of formaldehyde
and N-benzylglycine-*.

RPCi * GH,CH:NHCH:COiH -r- CHjO

CHiCH,
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Tha benzyl derivatives can easily be debenzylated with Hg in the
nresence of 5% Pd/C as a catalyst in acetic acid or alcohol-water
as solvent All phosphinic acids are obtained as crystalline
solids with high decomposition points.

To replace both HO-groups on phosphorus by alkyl groups secondary
phosphine oxides were heated with tris(N-ethoxycarbonylaethyl)-
hexahydrotriazine. This afforded a high yield of the correspond-
ing phosphine oxides which on hydrolysis gave a quantitative
yield of N-glycinomethyl-dialkylphosphine oxides as crystalline
solids4-s.

c
v

The sane compounds were obtained by the interaction of amino-
methyl-dialkylphosphine oxides and bromoacetic acid followed by
hydrolysis with HC1.
All compounds described so far showed a much weaker herbicidal
activity than Glyphosate, e.g. nethyl-N-glycinonethylphosphinic
acid controls only some weeds at 4 kg/ha but not all weeds as
Glyphosate does1.
To get a better insight into the structure-activity relationship
of this class of compounds it seemed of interest to synthesize
cyclic compounds which still contain the structural element of
Glyphosate. The following compounds were synthesized6:

V
CCCH

All cyclic Glyphosate derivatives were tested for herbicidal
activity against seven weeds pre- and postemergent. At 4 kg/ha
no activity could be detected.
What are the requirements on nitrogen? It is known that the
K-benzyl-, N-phosphonylmethyl-, H-hydroxycarbonylmethyl- and H-
nethyl-Glyphosate showed only week herbicidal activity, on the
other hand N-hydroxy-Clyphospate is an active herbicide but less
active than Glyphosate1.
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OH

b

CH3

For this reason we synthesized N-amino-Glyphosate:

9
i-p-

R2 * « t 2

and aza-Glyphosate:

These two compounds exhibit plant growth regulating properties at
4 kg/ha7.
Replacement in segment S of the COOH-group by CHOa, tetrazole and
SO3H9 produced herbicidally inactive compounds:

o
II

(NaOljPCR.MHCHjSOjNa

Of all the compounds synthesized only the formulated N-di(meth-
oxycarbonyl)methyl-aminomethylphosphonic acid has about the same
herbicidal activity than Glyphosate10.

o

( EO 1 jPOj.-rac: (cc-31),

It is found that the activity is due to a decomposition product
i.e. Glyphosate methyl ester.

I
iaoi2?c3J,MBcaiC3I3l2

Thus any change of the structure of the Glyphosate aolecul*
results in a decrease of the herbicidal activity.
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