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1. A process for the production of
N-phosphonomethylglycine comprising contacting
N-phosphonomethyliminodiacetic a¢id with a molecular
oxygen~-containing gas in the presence of a catalyst
selected from the group consisting of the salts and
salt complexes of mangadanese, cobalt, iron, nickel,
chromium, ruthenium, aluminum, molybdenum, vanadium
and cerium, and an effective amount of a dipyridyl
compound represented by the formula:

(1)

wherein R! and R? are independently selected from the
group ¢onsisting of hydreogen, alkyl having from cne
to about 18 carbon atoms, ortho-phenylene, oxygen,
sulfur, 80, 5063, N=R5 wherein RS is alkyl having
from one to six carbon atoms and R! and R? todether
can form a bridge with groups &salected from alkylene
having from one to about six carbon atoms wherein the
alkylene bridge can contain branching or double bonds;
or salts thereof represented by the formula
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wherein R! and R? are as defined above, Y is one or
two depending on whether X is a dianion or a mono=
anion, and X is selected from the group COnsistigg of
halide, sulfate and nitrate, phosphate, and perchlor-
ate; and R® and RY are individually selected from the
group consisting of hydrogen or alkyl having from one
to about 18 carben atoms, andé R® and RY together can
form a bridge with groups selected from alkylene

having from one to about six carbon atoms

wherein the alkylene bridge can contain branching or
double bonds.
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The following statement is a full description of this invention
including the best method of performing it known to us.
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Background of the Invention

This invention relates to a process for pre-
paring N-phosphonomethylglycine by the oxidation of
N-phosphonomethyliminodiacetic acid using a homo~
geneous catalyst system. More particularly, this in-

wventicn relates to a process for producing N-phos=

phonomethylglycine by the oxidation of N-phosphono-=
methyliminodiacetic acid using a salt of a selected
metal in the presence of a dipyridyl compound.

N-Phosphonomethylglycine, known in the agri-
cultural chemical art as glyphosate, is a highly effec-
tive and commercially important phytotoxicant useful
in controlling the growth of germinating seeds,
emerging seedlings, maturing and established woody and
herbaceous vegetation, and aquatic plants. N-Phosphono-
methylglycine and its salts are conveniently applied
in an aqueous formulation as a postemergent phytotoxi-
cant for the control of numerous plant species.
N-Phosphononmethylglycine and its salts are character-
ized by broad spectrum activity, i.e., the controlled
growth of a wide varieéety of plants.

Numerous methods are kriown in the art for
the oxidation of the N-phosphonomethyliminodiacetic
acid to N-phosphonomethylglycine. For example, U.S.
Patent 3,969,398 to Hershman discloses a process for
the production of N-phosphonomethylglycine by the
oxidation of K<phosphonomethyliminodiacetic acid
utilizing a molecular oxygen-containing gas as the
oxidant in the presence of a catalyst comnsisting es-
sentially of activated carbon. U.S. Patent 3,950,402
discloses a method where N-phosphonomethyliminodi-
acetic¢ acid is oxidized to N-phosphonomethylglycine in
an aqueous media using a free oxygen-containing gas
and a noble metal catalyst, such as palladium, plati-
num ot rhodium on a support. U.S. Patent 3,954,848
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discloses the oxidation of N-phosphonomethyliminodia-
cetic acid with hydrogen peroxide and a acid such as
sulfuric acid. Hungarian Patent Application No.
011706 discloses the oxidation of N~phosphonomethyl-
iminodiacetic acid with peroxide in the presence of
metals or metal compounds.

The dipyridyl compounds useful in the
process of the present invention are known to those
skilled in the art to be useful as electron transfer
agents. Examples of references for the latter use
include: Endo, et al., Tetrahedron Letters 26, No.
37, pp 4525-4526 (1985); Ledwith, Accounts of
€Chemical Research, S, pp 133-139 (1972); Farrington,
et al., Chemical Communications, pp 259-260 (1969);
and Rieger, et al., J. Org. Chem., 53, No. 7, pp
1481-1485 (1988).

Although satisfactory results are obtained
by the processes of the prior art to prepare N-phos-
phonomethylglycine using heterogeneous catalysts such
as activated carbon or a noble metal on a support,
there is now provided a process for preparing N-phos-

phonomethylglycine using a homogeneous catalyst system

which produces outstanding results through high
conversions and selectivities, while minimizing the

formation o# undesirable byproducts such as phosphate.

The process alsp simplifies separation of the product
from the catalyst.
Summary of the Invention

These and other advantages are achieved by
a process fox the production of N-phosphonomethylgly-
cine comprising contacting N-phosphonomethyliminodi=
acetic acid with e molecular oxygen-containing gas in
the presence of a catalyst selected from the group
consisting of the salts and salt complexes of manga-
nese, cobalt, iron, nickel, chromium, truthenium,

- . - Py . rir 1 . oy .o

P

©oagy s

AR

=




-3- 09-21(2771)A f

aluminum, molybdenum, vanadium and cerium, and an ef- !
fective amount of a dipyridyl compound represented by
the formula

_@_@_ 1)

5 wherein R! and R? are independently selected from the
group consisting of hydrogen, alkyl having from one
to about 18 carbon atoms, ortho-phenylene, oxygen,

‘ sulfur, SO, SOz, N-R5 wherein R® is alkyl having from 5

o one to six carbon atoms, and R! and R2 together can
S0 10 form a bridge with groups selected from alkylene

(:& having from one to about six carbon atoms; wherein the
,”, alkylené bridge can contain branching or double bonds;

or salts thereof represented by the formula

G- an |
coT »~

+ 15 wherein R! and R? are as defined above, Y is one or
" two depending on whether X is a dianion or a mono-
anion, and X is selected from the group consisting of o
halide, sulfate and nitrate, phosphate, perchlcrate,
. and the like; and R® an& RY are individually selected %
20 from the group consisting of hydrogen or alkyl having ’ o
from one to about 18 carbon atoms, and R® and R¢*
together can form a bridge with groups selected from
J alkylene having from one to about six carbon atoms
wherein the alkylene bridge c¢can ¢ontain branching or
25 double bonds.
Detailed Description of the Iavention
The process of the present inveéntion
involves contacting N-phosphonomethyliminodiacetic
acid with & water-soluble salt or a salt complex of
30 selected metals in a mixture or solution in the
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presence of a dipyridyl compound. The mixture or
solution is contacted with a molecular oxygen-contain-
ing gas while heating the reaction mass to a tempera-
ture sufficiently high to initiate and sustain the

5 oxidation reaction o6f N-phosphonomethyliminodiacetic
acid to produce N-phosphonomethylglycine.

The catalyst in the present invention can

be any one or more of the salt and salt complexes of
manganese, cobalt, iron, nickel, chromium, ruthenium,

10 aluminum, molybdenum, vanadium or cerium. Suitable
LR salts include manganese acetate, manganese sulfate,
L manhganese(Il or I1II1) acetylacetonate, cobalt sulfate,
:‘ﬂ:. cobalt(II or III) acetylacetonate, cobalt chloride,
e cobalt bromide, cobalt nitrate, cobalt acetate, ceric
et 15 ammonium sulfate, ceric ammonium nitrate, ferric
i:'} ammonium sulfate, and salts such as nickel bromide,

chromium chloride, ruthenium chloride, ruthenium
bromide, aluminum nitrate, vanadyl sulfate, vanadium
bromide, vanadium chloride, and the like. Preferred

Teadd? 20 catalysts are the salt and salt complexes of manganese,
":?.; cobalt, vanadium and cerium thkat are soluble under the
. reaction conditions. Vanadium and cobalt salts are
s e especially preferred.
The catalyst can be added to the N-phos-
vaas 25 phonomethyliminodiacetic acid in the salt form, or the i
Tesas” salt may be generated in situ by the addition of a _
E“':' source of the metal ion, such as manganese dioxide, )

cobalt oxide or vanadium péntoxide which dissolves in i
the reaction mixture. Vanadyl sulfate is especially »
30 preferred.

( The concentration of the catalyst in the
process of the present invention can vary within wide
i limits. The concentration can vaty between about 1
molar to about 0.0001 molar total metal ion concen-
35 tration. For most of the metal salts, the reaction
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appears to have a first order dependency on the cata-
lyst concentration, i.e. the reaction rate increases
linearly as a catalyst concentration increases., The
preferred concentration for the catalyst metal ion is
in the range of about 0.1 molar to about 0.001 molar
which gives a suitably fast rate of reaction that can
be easily controlled and favors selectivity to N-phos-
phonomethylglycine.

The dipyridyl compounds of the present in-
vention are known to the art, and can be represented
by the formula

(1)

wherein R! and R? are independently selected from the
group consisting of hydrogen, alkyl having from one

to about 18 carbon atoms, ortho-phenylene, oxygen,
sulfur, SO, N-R® wherein R® is alkyl having from one
to six carbon atoms, and R! and R? together can form a
bridge with groups selected from alkylene having from
oné to about six carbon atoms,wherein the alkylene
bridge can contain branching or double bonds.

when R! and R? form a bridge, thé compounds can be
represented by formulas such as

(1II)

S E——— PETEN . “\:\ ’ .




e g r—— i sy %o+ r——— ——p =~ = — . - R e e e v e e e -

L X RN 5
- €

v
-y L]
L
. ]

LY N
L] .

e

Teet
. »

.-»

. €
L)
see ¢

LAY lo
b4 ¢

“aree

(TR
L3 LS}

(X L]
* s
. e
L] LI

tett
[}

L
Ty ot
5 4
] i

" M{{,
o |
"
2
L,
i
6= 09~21(2771)A ’
or
iy
\ (1IV) K
OO
N \-

where n is from one to about 18.
The salts of the dipyridyl compounds can be
used and can be represented by the formula:

‘n‘-—‘—-—+ #e v (11)

~

wherein R! and R? are as defined above, Y is one or
two depending on whether X is a dianion or a mono-

anion, and X is selected from the group consisting of
halide, sulfate and nitrate, phosphate, perchlorate, Y
and the like; and R® and R* are individually selected
from the group consisting of hydrogen or alkyl having
from one to about 18 carbon atoms, and R® and R*
together can form a bridge with groups selected from
alkylene having from one to about six carbon atoms
wherein the alkylene bridge can contain branching or N
double bonds.

When R3 and R* form a bridge, the dipyridyl
compounds can be rgpresented by the formula:
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where n is from one to about 18. It should be noted,
however, that the free bases of the 2,2-dipyridyl .
compounds are not as effective as the other isomers in ;
the process of the present invention due to its rate
5 inhibiting effects.
The compounds represented by Formula II
where R3 and R* are each methyl and X is chloride and
y is 2 are preferred, but especially preferred are the
compounds of Formula V wherein X is bromide and n
10 and Y are 2.
The concentration of the dipy;idyl compound
in the process of the present invention can vary

within wide limits, depending upon the amount of

the catalyst salt and the amount of N-phosphonomethyl-
15 iminodiacetic acid present in the reaction medium

that are used, and the particular dipyridyl compound

that is selected. In general, it has been found that

the concentration of the dipyridyl compound can vary
from about 0.005 molar in the reaction solution to

B

20 one molar, and higher concentrations of the dipyridyl
compound can be used, although such higher concentra-
tions do not seem to have a significant effect on the
selectivity of the oxidation 6f N-phosphonomethyl-~
iminodiacetic acid to N-phosphonomethylglycine. It

25 has been fbund’that<concentrations of the dipyridyl .
compound Hetween about 0.01 molar to about 0.5 molar '
provides satisfactory results, and these are the
concentrations that we prefer to use.

The reaction temperature is sufficient to

30 initiate and sustain the oxidation reaction and can
vary from about 25°C to 150°C. In general, as the re-
action temperature increases, the reaction rate in-
creases. To achieve an easily controlled reaction
rate and favor selectivity of the reaction to the for-

35 mation of N-phosphonomethylglycine, a preferred tem-
perature range is from about 50°C to about 90°C. I£
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temperatures above the boiling point are used, pres-
sure should be maintained on the reaction system to
maintain a liquid phase.

To carry out the process of the present in-
vention, it is only necessary to bring N-phosphono-~
methyliminodiacetic acid together with an effective
amount of the catalyst salt and an effective amount
of the dipyridyl compound in the presence of a molec-
ular oxygen-containing gas. The term "molecular
oxygen-containing gas' means molecular oxygen gas or
any gasegus mixture containing molecular oxygen with
one or more diluents which are nonreactive with the
oxygen or with the reactants or the products under the
conditions of the reactién. Examples of such diluent
gases include air, helium, argon, nitrogen, or other
inert gases, or oxygen-hydrocarbon mixtures. A
preferred molecular oxygen-containing gas is undiluted
oxygen gas.

The oxygen concentration, i.e., the partial
pressure of oxygen, affects the reaction rate and se-
lectivity to the desired N-phosphonomethylglycine.

As the partial pressure of oxygen increases, the re-
action rate generally increases. The partial pressure
of oxygen can be increased by increasing the overall
reaction pressure or by increasing the molecular
oxygen concentigation in the oxygen-containing gas.
when the partial pressure of oxygen is below about
2.07 x 105 N/m? (30 psig) the reaction is somewhat
slow, and we prefer to use at least this partial
pressure of oxygen. Although there is no upper limit
to the partial pressure of oxygen, we have found that
satisfactory results cém be achieved at a partial
pressure of oxygen up o 3.45 x 108 N/m? (500 psig),
or higher if ﬁesirgdeb The preferred partial pressure

e DR R SR AT A T s s ol W A e ae I %ﬂﬁmme@%?wm 2 ¥ ra
TR W B R T L T




b ool N 3 Mitrseboie e

[

e i e

10

15

20

25

30

35

*9« 09-21(2771)A

of oxygen will vary from metal salt to metal salt, and
the preferred partial pressure of oxygen for each salt
can be determined by routine experimentation.

As will occur to those skilled in the art
in view of the present disclosure, the manner in
which the solution or mixture of N-phosphonomethyl-
iminodiacetic a¢id is contacted with a molecular oxy-
gen-containing gas in the presence of the metal salt
catalyst and the dipyridyl compound can vary dgreatly.
For example, the N-phosphonomethyliminodiacetic acid
solution can be contacted with the oxygen-containing
gas by agitation, such as bubbliing, stirring, shaking,
and the like. The process of the present invention
only requires actively contacting the molecular oxy-
gen~-containing gas with the aqueous solution or mix-
ture of N-~phosphonomethyliminodiacetic acid contain-
ing the metal catalyst salt and the dipyridyl com-
pound.

The initial pH of the reaction affects the
reaction rate and the selectivity to N-phosphono-
methylglycine. The initial pH of the reaction can
vary between about pH 0.1 to about pH 7. A preferred
range is from about pH 0.1 to pH 3, and a more pre-
ferred pH range is the unadjusted pH of the N-phos-
phonomethyliminodiacetic acid in an aqueous media,
which varies with the N-phosphonomethyliminodiacetic
acid concentration and the reaction temperature.

The oxidation reaction can take place in a
solution or a slurry. For a solution, the initial
concentration of tfie N-phosphonomethyliminodiacetic
acid in the reaction mass is a functien of the solu-
bility of the N-phesphonomethyliminodiacetic acid in
the solvent (i.e. water) at both the desired reaction
temperature and the initial pH of the solution. As
the solvent temperature and the initial pH changes,
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the solubility of N-phosphonomethyliminodiacetic acid
changes. It has been found that the process of the
present invention works with very dilute solutions or
even with a slurry of the N-phosphonomethyliminodi-
acetic acid in an agueous solution. The reaction is
typically carried out in an aqueous solvent, i.e.,
containing at least about 50 wt.) water. The pre-~
ferred aqueous solvent is distilled, deionized water.

The invention is further illustrated by,
but not limited to, the following examples. 1In all
cases the reactions were conducted in an Autoclave
Enginee: s 300 ml pressure reactor in which a stirrer
was installed in the head as were three additional
valve ports that were used as a sample port, a gas
inlet #nd purged gas outlet. The stirrer maintained
sufficient agitation to afford thorough gas liquid
mixing. The indicated amount of catalyst salt and
dipyridyl compound was dissolved or suspended in a
distilled deionized water solution containing the
indicated amounts of N-phosphonomethyliminodiacetic
acid. The reactor was sealed, pressurized to the
indicated pressures with an oxygen gas sweep at about
300 cc per minute and heated to the indicated reaction
temperatures with agitation.

The percent selectivity to N-phosphono-
methylglycine was determined by dividing the moles of
N-phosphonomethylglycine and N~formyl-N-phosphono-
methylgly¢ine produced by the total moles of N-phos-
phonomethyliminodiacetic acid consumed and multiply-
ing by 100. The percent conversion of N-phosphono-
methyliminodiacetic acid was determined by dividing
the moles of N~phosphonomethyliminodiacetic ac¢id that
wére reacted by the total moles of starting N-phos-
phonomethyliminodiacetic acid and multiplying by 100.
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Into the autoclave was added water (100 ml)
and N-phosphonomethyliminodiacetic acid (3%.2 g, 0.1

mol). Vanadyl sulfate hydrate was added in a sufficient

amount to provide the vanadyl sulfate molarity indi-

cated in Table 1.

sufficient amount of 1,1'-ethylene-2,2'-dipyridinium
dibromide to provide the molarity of the digquat indi-

cated in Table 1.

In addition, there was then added a

The autoclave was sealed and an

oxygen flow through the autoclave was begun at 300

cc/minute. Then,

with stirring for the indicated times.

are shown in Table 1.

e o e ek e e e SN

the autoclave was heated to 75°C

The results
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TABLE 1
Reactor ] VOS50, Diquat Time Conversion Selectivity
Pressure (N/m?) (molarity) (molarity) (hours) (%) %)
1.38x10¢ 0.001 0 3 95 59
1.38xi08 0.001 0.00S 2 78 78
1.38x10¢€ 0.0011 0.01 2 75 85
1.38x108 0.0011 0 6.5 94 64
1.38x106 0.0049 0.01 3. 82 - 90
6.89%105 0.0049 0 .5 84 48
6.89x105 0.0049 0.01 5.5 83 94 '
3.45x10% 0.0049 0 5.5 66 41 §
3.45x10% 0.0049 0.01 5.5 79 88
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Example 10
A. To the autoclave was added water (125

‘'ml) and N-phosphonomethyliminodiacetic acid (20 g,

0.088 mol), Cobalt sulfate (1.471 g, 0.0045 mol) was
then added to the autoclave which was then sealed and
heated to 95°C and maintained at an oxygen pressure of
1.38 x 10% N/m2 (200 psig) at a constant oxygen flow
rate of 300 cc/minute. After 2.5 hours, analysis
indicated a conversion of 91% and a selectivity of
58.5%.

B. The procedure of Example 10A was
repeated except that 1,1'-dimethyl-4,4'-bipyridiniun
dichloeride (0.351 g, 0.0022% mol) was added to the
autoclave along with the cobalt sulfate. After 4
hours, analysis indicated a conversion of 80.3% and a
selectivity of 77.6%.

C. ‘The procedure of Example 10A was
repeated except that 1,1'-ethylene-2,2'-dipyridinium
dibromide (0.757 g, 0.0022 mol) was added to the auto~
clave along with the cobalt sulfate. After 3.5 hours,
analysis indicated a conversion of 75.4% and a
selectivity of 77.9%. »

D. The procedure of Example 10A was
repeated except that a compound (0.8057 g, 0.0022
mol) represented by the formula

N

+

was added to the autoclave along with the cobalt
sulfate. After 4 hours, analysis showed that the
coniversion was 85.1% and the selectivity was 78.6%.
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Example 11
A. 1Into the autoclave was added water (100

ml) and N-phosphonomethyliminodiacetic acid (26.7 g).
Then cobalt II sulfate ®7H,0 (3.3 g) was added.

The autoclave was sealed and pressurized to 3.1 x
106N/m2 (450 psig) and an oxygen flow through the
autoclave was begun at 300 cc/minute. The autoclave
was heated to 95°C with stirring for three hours.
Analysis showed that there was 99.9% conversion with a
selection of 61.5%.

B. The procedure of part A above was
repeated except that the 1,1'-dimethyl-4,4'-bipyridi-
nium dichloride (1.5 g) was added to the autoclave.
Analysis showed that there was 73.6% conversion with -
a selectivity of 90.1%.

Examples 12-18

The procedure of Examples 1-9 was repeated
except that different guantities of vanadyl sulfate
in water (100 ml) and different dipyridyl compounds
The results are shown in Table 2.

were used.
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Table 2 )
!
’ Dipytidyl“ Compound Reactor VOSO4 Temp. Time Conver- Selec- L
- Example Formula - (g)  Pressure (N/m?)  (g) (°C) (hours) sion (%) tivity (%) i
- 12 none none 3.1 x 108 3.8 80 i 97.7 51.0 -
t , \
i 5 2.4 3.1 x 108 1.2 70 2.5 99.2 84
i |
f ‘
;
f
g} 1.5 3.6 x 10% 1.¢ 80 i 74.3 88.4
¥
f§ '
“ e
§ 10 15 2.0 3.1 x 108 1.0 75 2 94.5 69.9 '
ki
|
e 16 2.6 3.1 x 10% 1.2 70 2 93.7 62.4
15
B o !
1 0 !
E;:‘s‘i - 9 a 3 ; ¥ [ l
e 17 i 1.6 1.4 x 10 0.73 80 1.25 98 78 :::
| S
1 18 p— 4.06 3.1 x 108 1.45 68 2.6 95 88 3
. ' >
] b 20 g of N-phosphonomethyliminodiacetic acid was used
. 20 32.09 g of N-phosphonomethyliminodiacetic acid was used




=16~ 09-21(2771)A !

Example 19 3
The procedure of Example 10 is repeated
except that manganese and cerium are substituted for
the cobalt. Improved results are achieved over the
5 control without‘the qipyridyl compound.
' " Example 20 §
The procedure of Example 10 is repeated
except that iron, nickel, chromium, ruthenium, alumi-
num and molybdenum are substituted for the cobalt.
10 Improved results are achieved over the control with-

out the dipyridyl compound.
Although the invention has been described

in terms of specified embodiments, which are set

forth in considerable detail, it should be understood
15 that this by way of illustration only, and that alter-

native embodiments and operating techniques will be-

come apparent to those skilled in the art im view of

the disclosure. For example, there are numerous other

(AR dipyridyl compounds of the 4,4-dipyridyl and the 2,2-

20 dipyridyl series of compounds known to those skilled in the art

(KRR

that are not described in the examples. For example,
* there are compounds such as 1,1-di-g-~hydroxyethyl-<4,4'-

ssae se

bipyridinium dibromide, 1,1*-di-f-carboxyethyl-4,4'-bi-
‘ pyridinium dichloride, 1,1'-e¢thylene~5,5'~dimethyl-2, g
‘i 25 2'-bipyridinium dibromide, 1,1'-ethylene-4,4'-di- v
T methyl=-2,2'-bipyridinium dibromide, and 1,1'-tri-
methylene-2,2'~bipyridinium dibromide. Such compounds

may be substituted for the dipyridyl.compounds of the

present invention provided that the substituents do

s 30 not cause a deleterious effect on the selectivity to
N~phosphonomethylglycine. Accordingly, modifications

can be made without departing from the spirit of the §3
invention as defined in the following claims,
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The claims defining the invention are as follows:

1. A process for the production of
N-phosphonomethylglycine comprising contacting
N-phosphonomethyliminodiacetic acid with a molecular
oxygen-containing gas in the presence of a catalyst
selected from the group consisting of the salts and
salt complexes of manganese, cobalt, iron, nickel,
chromium, ruthenium, aluminum, molybdenum, wvanadium
and cerium, and an effective amount of a dipyridyl
compound represented by the formula: "

L (A, (1)
G

wherein R! and R? are independently selected from the
group consisting of hydrogen, alkyl hawving from one
to about 18 carbon atoms, ortho-phenylene, oxygen,
sulfur, S©,, SOz, N-RS wherein R® is alkyl having
from one to six carbon atoms and R! and R? together
can form a bridge with groups selected from alkylene
having from ¢ne to about six carbon atoms wherein the
alkylene bridge can contain branching or double bonds;
or zalts thereof represented by the formula

¥ @ @ e v (11)
A

wherein R! and R? are as defined above, Y is one or
two depending on whether X is a dianion or a mong-
anion, and X is selected from the group consisting of
halide, sulfate and nitrate, phosphate, and perchlor-
ate; and R? and R* are individually selected from the
group consisting of hydrogen or alkyl having from one
to about 18 carbon atoms, and R? and R* together can
form a bridge with groups selected from alkylene

.having from one to about six catbon atoms
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wherein the alkylene bridge can contain branching or
double bonds.
2. A process of Claim

]

wherein the dipyridyl
.005 molar.
wherein the dipyridyl

compound.concentration is at least
3. A process of Claim

compound concentration is at least 0.01 molar.

P O Fr O B

4. A process of Claim 1 wherein the dipyridyl
compound concentration is between 0.01 and 0.5 molar.

5. A process of any one of claims 1 to 4
wherein the dipyridyl compound is a compound represented

T by Formula I of claim 1.

. 6. A process of Claim 5 wherein the dipyridyl
R compound is a 4,4-dipyridyl compound.
. 7. A process of Claim 6 wherein R! and R?

are each methyl.
8. A process of any one of Claims 1 to 4
wherein the dipyridyl compound is a salt represented by

Formula II of claim 1.

9. A process of Claim 8 wherein Y is two and
X is halide ions.
10. A process of Claim 9 wherein X is bromide

ions. |
11. A process of any one of Claims 1 to 4

wherein R3 and R4 together are selected from alkyl Q

having from one t6 about six carbon atoms to form a bridge 4

to provide a dipyridyl compound represented by the
5 formula:
(V) !
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wherein X is chloride or bromide ion and n is between 1
and 18.

12. A process of Claim 11 wherein n is 2.

13. A process of Claim 11 or 12 wherein X is
bromide ion.

1l4. A process of any one of Claim 1 to 13
wherein the catalyst salt concentration is between 1 molar
and 0.001 molar total metal ion concentration.

15. A process of Claim 14 wherein the catalyst
salt concentration is between 0.1 molar and 0.001 molar
total metal ion concentration.

16. A process of any one of Claims 1 to 15
wherein the catalyst is selected from the group consisting
of the salts and salt complexes of cobalt, mangamese,
vanadium and cerium.

17. A proeess of Claim 16 whereim the catalyst
is selected from the group consisting of the salts of
cobalt, manganese, vanadium and cerium.

18. A process of Claim 17 wherein the catalyst
is a vanadium salt.

19. A process of Claim 17 wherein the catalyst
is a cobalt salt.

20. A process of any one of CGlaims 1 to 18
wherein the N-phosphonomethyliminodiacetic acid is present
as a slurty.

21. N-phosphonomethylglycine when obtained by
the process of any orie of claims 1 to 20.

DATED this 3uech  day of July, A.D. 4990

MONSANTO COMPANY,
By its Patent Attorneys;
E. F. WELLINGTON & CO.,
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