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A process for fthe prepamation of phosphonomethylglycine in nearly quantitative yields which eliminates the use of a noble metal
co-catalyst and its concomitant problems. The oxygen-containing gas is replaced with the much more chemically active hydrogen peroxide,
which in combination with activated carbon, oxidizes the PMIDA to PMG in very high yield. The amount of oxidant allowed to react with
PMIDA is a function of the concentration of oxygen in the gaseous reaction products, and is controlled by monitoring that concentration,
In another embodiment, the oxidizing agent is an oxygen-containing gas. In either case, the concentration of oxygen in the gaseous reaction

product is monitored to determine the end point of the reaction.




.nono- and di-salts of glyphosate in a single aqueous reaction system by
oxidizing a salt of PM DA with a nol ecul ar oxygen- containing gas in the
presence of platinum supported on an WO 96/ 38455
"PCT/ US96/ 05281 activated carbon substrate. The oxidation reaction is
- conduct ed ag\@% -at nospheric pressures in the range of IrcTnIsg6/Es281
kg/cmerr] r ﬁgﬁ r. U S Patent No. 4,898,972 discloses the production
“of glyphosate by the oxidation of PMDA using a salt of cobalt or
“manganese in the presence of brom delifahs. U S. Patent No. 4,002,672
di scl oses the production of glyphosate and salts thereof by the acid
catal yzed hydrolysis of PMDA. PMDA is contacted with a strong acid
having a pKa of less than 2.2, at an elevated tenperature so as to cause
the deconposition or hydrolysis of the osphononet hyl i m nodi acetic acid
into N- phosphononet hyl - gl yci ne and ot het ndeconposition products. U S

Pat ent No. 3,954,898 discloses how a |ar ariety of oxidizing agents,
i ncl &di ng hydrogen peroxi de, can be usédgg oxidize PMDA to glyphosate in
the presence of acetic or stronger acif& =& 70-100[err]C. U S. Patent

No. 4,696, 772 di scloses how the activay the activated carbon catal yst
can be enhanced by first renoving oxi @5 carbon fromthe surface of the
car bon. As can be seen fromthe PFb®@&bi ng, phosphononet hyl gl yci ne

can be made by oxidi zi ng phosphononet i~4Thodi acetic acid by a nyriad of
techni ques. However, all but a few hese produce an effluent that
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strong acids. The use of very strong acid solutions at el evated
tenperatures necessitates the use of corrosion resistance equipnent.
Moreover, sone of these processes must be run under very dilute
conditions, requiring |large amobunts of energy to concentrate the solutions
‘to all ow t he whwphbiasat e product to be recovered in an econegrasbdosas:
.attractive yield. Phosphononet hyl gl yci ne al so may be prepared by

Loxi di zi ng 2 WO 96/ 38455

PCT/ US96/ 05281 PM DA with an oxygen-2¢rg aining gas in the presence of a
noble netal co-catalyst for oxidizing by-product fornmal dehyde or formc
acid. Oxidation of PMDA in the presence of the noble netal but in the
absence of activated carbon does not produce any product, see U. S. Patent
No. 3, 950,402. The drawback to the noble netal catalysts is that they are
very expensive and nust be protected fromrapid am ne deactivation by
either coating themwth a polyner as disclosed in U S. Patent No.
4,578,689, or encapsulating themin a mcrocrystalline inorganic matrix,
as disclosed in U S Patent No. 4,582, 650. In accordance with U S
Patent No. 4,147,719, PMG salts may be prepared directly froma &alt of

PM DA using ap oxyden- Jcont@ininfy gasfin tnje preésencq or nobl et al
oxi dati on cat-al yst-—na L\Jl’ pl at-{oLum Qlllnlnf rtgd&ph and actihate car bon
substrate. AgaR—4hough—coryerst-phrs—ea hidh, s®js tlhe ¢ of ¢ he
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any catal yst during work-up of the product. The use of the noble netal
catalyst is said to provide concurrent oxidation of the formal dehyde
Go-product as it is forned, which significantly reduces the tine and
.expense otherwise required to renove this co-product fromthe final
reaction prod - '719 patent teaches that activated c f,%)ﬁa Ry ysts
al one do not provi‘de for this concurrent oxidation of formaldehyde, and in
fact cause increaseash | Legiéirei NOMEN gfluectse FROM It IS
therefore an object o FHOSTHONO! ' AGEfraci dexh process for
preparing phosphononethylgly0|ne that eI|n1nates t he drawbacks of the
prior art processes. =71 9LE gp2el8 of the present

i nvention to 455

P Us9t) 05281 o3 BESRER LRI ﬁl@ptﬁ% ﬁa %m&?&?@ﬁférﬁpm% hat
Cht v o el bR S 2RI NE o Al BRI LT BOSt O Lhe o ens

of the prior art have been overcone by the present invention, which

provi des a process for the prepammicon of phosphononethyl glycine in nearly
gquantitative yields, while sinultareously oxidizing the{Ioxic by-product
formal dehyde to formc acid and COPe€HANEH.s8PPH):t hereof. | n general
terms, the process of the presegi{invention elimnates the use of the
nobl e

and to N—phosphonomethylglycine. Compound I is an iﬁportant
intermediate in the formation of N-phosphonomethylglycine
{(*glyphosate"), which is a translocated, postemergence, broad
spectrum herbicide.

Glyphosate has heretofore been prepared by a variety of
oxidations of PMIDA. For example, U.S. Patent No. 3,954,848
discloses the production of glyphosate by the acid catalyzed
oxidation-hydrolysis of PMIDA. Specifically, PMIDA is mixed
with water and an acid and is heated to an elevated temperature.
An oxidizing agent such as hydrogen peroxide is then added to
convert the PMIDA to glyphosate, which is then isolated by
precipitation. U.S. Patent No; 3,969,398 discloses the
oxidation of PMIDA to glyphosate employing a molecular oxygen-
containing gas such as air, oxygen, oxygen diluted with helium,
argon nitrogen or other inert gases, oxygen-hydrocarbon
mixtures, etc., and employing activated carbon as the catalyst.
U.S. Patent No. 4,147,719 discloses the production of certain
mono~- and di-salts of glyphosate in a single aqueous reaction
system by oxidizing a salt of PMIDA with a molecular oxygen-

containing gas in the presence of platinum supported on an

1



netal co-catalyst and its concom tant problens. The oxygen- containing gas
Is replaced with the nuch nore chemcally active hydrogen peroxide, which
in conmbination with activated carbon, oxidizes the PMDA to PMGin very
high yield, and oxidizes formaldehyde by-product to formate and CJerr],

| eavi ng a no- wywAsesst oxi ¢ ef fluent that can be readily bi odqemdesksiThe
rate of oxidant addition is carefully controlled and nonitored.

BRI EF DESCRI BELOMatid HadrbbRANIDEIS-ate. THe guidatiiors reagtiph i candyqied
oxi dation of PMDA with hydrogen peroxide and activated carbon; and
Figure 2 i s &tgFHBETALRAFRhEWI® PERSERTER N the Fasgedafict-5 ke 1P Kedffe 5.

DETAI LED DESCRI PTI.ON OF TEE | NVENTI ON tarfin terial, PM DA,
can be prepaf&d fﬁhe"'é‘on\pe‘%‘i %ﬁ&?nﬁelg‘ﬁoo%' %I';t}gn %\ﬁci%s‘%ngg’@ PEPEREH P t he
art, 1daf 4 it

PCT/ Us9s/ 0528F SLYRRPSArES, PY, fBe, gxidation of E‘r"ln%%‘\dqéﬁﬁﬁaiaﬁ %%%& L e d
and ort hophegphgeh L1164 ithe! PecBERES VI pebmRas! 1o, a0).¢.Spabeds No.
hydrochl oric or sulfuric acid. The resulting N phosphononethyl -

i m nodi aceti é¢,802d6Ta xtiseloses beheas gorotiucetoh y ofn ghyphossitentandrsaklss, or

t he N-phosphononet hyl -i m nodi acetic acid can be isolated fromthe reaction
m xture priofheseaSebysthe sagid patalyzed hydrolysie of PMIDA. PMIDA is

contacted with a strong acid having a pKa of less than 2.2, at
an elevated temperature so as to cause the decomposition or
hydrolysis of the phosphonomethyl iminodiacetic acid into N-
phosphonomethyl-glycine and other decomposition products. U.S.
Patent No. 3,954,898 discloses how a large variety of oxidizing
agents, including hydrogen peroxide, can be used to oxidize
PMIDA to glyphosate in the presence of acetic or stronger acid,
at 70-100°C. U.S. Patent No. 4,696,772 discloses how the
activity of the activated carbon catalyst can be enhanced by
first removing oxides of carbon from the surface of the carbon.

As can be seen from the foregoing, phosphonomethylglycine
can be made by oxidizing phosphonomethyliminodiacetic acid by
a myriad of techniques. However, all but a few of these produce
an effluent that contains formaldehyde and toxic metals and/or
strong acids. The use of very strong acid solutions at elevated.
temperatures necessitates the use of corrosion resistance
equipment. Moreover, some of these processes must be run under
very dilute conditions, requiring large amounts of energy to
concentrate the solutions to allow the glyphosate product to be
recovered in an economically a;:tractive yield.

Phosphonomethylglycine alsc may be prepared@ by oxidizing



material in the instant process. The oxi di zi ng agent in accordance
with the present invention can be an inorganic peroxide, preferably
hydrogen peroxide, or a oxygen-containing gas, such as air, pure oxygen,
.ozone, etc. In one enbodiment of the invention, the oxygen- containing
gas is used tawousdshugse nost of the PM DA, and then peroxi depcprusssiszsh O
conpl ete the reaction. Mre specifically, since oxygen-containing gases
Sui tabl e for PMEDA rwitte aar esggén-coveiiniong gae U dtelpresenss ofpansehis
t han peroxi de, about 60- 90% of the oxidation of PM DA, preferably about

70- 80% of theme‘éékl d&pr§ﬁte$yw BRr cwFidieisar Mewreduchsi eb¥dgePr
cont ai ni ng g ere ox i de be, use ete
oxi dati on of <I'Dl\f"f 5”'8% ﬁfagM l?%r%%&@hyﬁgngﬁﬁﬁe?gtgﬁe ROk ng

peroxi de afteg @QP%@(}.{Q %fhe %g)sg%gpbgaéct Hadltid gB¥ust f6 ?roduce

oxygen- contalnlng gas i's not desira nce the presence o eact ed

PM DA seens tanpigiiciictaoeess). s . batent WRi.| 8poass, 489 b'rhémaraﬁwzmd de.cnhe
exact® point at which peroxide is used wll t heref ore depend upon a bal ance

bet ween the weikle seatialgcatshysvedisthati theyhare Megon expensginengngasustnd
the tol erabl e amount of del eterious, oxidation of PMG by the, peroxide,
Preferably tHe aRERFRCHRA o@ﬁ‘m ﬁa}iﬁ»dag"éﬁﬂ“%%c'r'é"a?%l By egikkerscpating

T oty bas SR TS, B e N BB o8- RV b Ty
fgg?an?bOUt 3¢ encapsﬁﬂailﬁﬁthﬁéﬁeﬁncﬂrﬂf@r&éﬂfﬁﬁ&iﬁiu@”Eh8¥ﬁgni8 hierix,
as disclosed in U.S. Patent No. 4,582,650.

In accordance with U.S. Patent No. 4,147,719, PMG salts may
be prepared directly from a salt of PMIDA using an oxygen-
containing gas in the presence of a noble metal oxidation
catalyst, namely, platinum, supported on an activated carbon
substrate. 2Again, though conversions are high, so is the cost
of the catalyst. Thus, extreme care must be taken not to lose
any catalyst during work-up of the product. The use of the
noble metal catalyst is said to provide concurrent oxidation of
the formaldehyde co-product as it is formed, which significantly
reduces the time and expense otherwise required to remove this
co-product from the final reaction product. The ‘719 patent
teaches that activated carbon catalysts alone do not provide for
this concurrent oxidation of formaldehyde, and in fact cause
increased production of undesirable by-products.

. It is therefore an object of the present invention to
provide a process for preparing phosphonomethylglycine that

eliminates the drawbacks of the prior art processes.

It is a more-specific object of the present invention to



invention are comrercially available, and include Norit SX+ and RO 0.8,
Darco KB, Calgon RB, RD, CAL, CPG and BL, for exanple. Either granular or
powder ed activated carbon is suitable. The activated carbon should have a
specific surface area of from100 to 2000 nierr]/g, preferably about 400
to about 1600woioengssd 9. The anount of activated carbon usedTasssasige
fromabout 0.1 wunit/PMDA to greater than about |10 unites/PM DA as would
occur in a pxokddecentprosess rfctpreparimg phospbohowetbylglycine that
preferred ratio of carbon to PM DA ranges from about Q.2 to about 0.4,

Sur pri si ngl y S1iReDARGR NERR sd%@qq?éoﬁﬁe?Eﬁ%u‘?’?ﬁ/é\m Brindmizes bR (CPRR(OF 1
the feed rat f [err] to the reaction mx is continuously

regul at ed so%gg Fﬂ%ﬂfé%]t?al n the %9[err] in the vent gases at a |low | evel,
such as | ess than about 10% preferably |ess than about 3% then the
deconposition of the Herr]([err] by t he actlvated carbon, to Jerr] and
Herr] O becones nerely an i nsgums R_THE INVENEION On, although t hose
skilled in the art know that the oxygen in the vent gas coul d be

controlled at a hFameproblsmeenf dhe IP‘-’(J@é'c RTEs have, bﬁexzowewwﬁ Dy the
di i
oxi dat o bYTeRERE  TRRLAGr Rt REOTReE I BEREPEE SHF (P PPEPATEREPR en

gases al | owgget r g“g&iir@g
Sur prl Si ngl y, ﬁgol %%z% or syﬁgig&bﬁsoﬁgl(ﬁségg\?gr t hat r?'g?t gg'f}lds' smt1 lee rate
of oxi dati ongfiuTeafesuBiGt dullaarihe thet oxid by ioduek dafmendeﬁyww at

all conditions studied, but the
formic acid and CO, or salts thereof. "In general terms, the

process of the present invention eliminates the use of the noble
metal co-catalyst and its concomitant problems. The oxygen-
containing gas is replaced with the much more chemically active
hydrogen peroxide, which in combination with activated carbon,
oxidizes the PﬁIDA to PMG in very high yield, and oxidizes
formaldehyde by-product to formate and CO,, leaving a no-longer
toxic effluent that can be readily biodegraded. The rate of

oxidant addition is carefully controlled and monitored.

RIEF DE TT W
Figure 1 is a graph of a typical oxidation of PMIDA with
hydrogen peroxide and activated carbon; and
Figure 2 is a graph of an oxidation of PMIDA in accordance

with Example 5.

DET. DE, IPTI OF THE
The starting material, PMIDA, can be prepared by

conventional methods well known to those skilled in the art,
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concentration of Qerr] rapidly increases by nmuch greater than 5% at the
ti me when all of the PM DA has been consuned. This has been confirnmed by
HPLC anal ysis, and allows the reaction to be stopped when the conversion
of PM DA to PMpbéssads @ maxi num and the undesirabl e oxi dati gar@kedtsisl s at
a mninmum For exanple, the reaction can be stopped when the oxygen

concentrati onsucRCAEaSE Tha! réa¢tich O Eodnaldabfid, 2RNTadeiadétic acid and
Preferably the oxidation is carried out at a tenperature of from about

30[err] C to abwthophesphetaus @icddbdhn| therpresansiee pibi ystzond ashdalsugh as

50[err] C to about G‘ﬂer,r]c. At _hi gher .tenperatures,, formc acid
by- product t eHYSrPERieEte of FRLGINAhBcite FPEARTULLipE RURFRRANOMEEHN LS| o

N-forayl -gl ypg&i?}%@f%ﬁ% Poami’g ﬁ@%:gnré ncars Y é’t%%% fog{:(%%fﬁf tth% instant
E

N-f or nyl - am nOne By ‘operating a enperatures,

the rate of HoEhEMe, f @EMRiHO NIghdepHidhRbet Al Cimidil B ikAlid can be

oxi dation. The reaction tenperature and the concentration of activated
carbon shoul dsbtatédseroms tlns deachion ddxtusbopriorart uwse tasa atédrting
mnimze the formati on of HCO PMa The concentration of the
phosphononet hpatariali i dthe instantsnsaces®e from about 1% to about 60% or

hi gher in water. Preferaply .the concentration is about 35%tq about 55%
Salts of PMG can b&%r R) uggﬁﬁtth’enar?&"t?ﬁiﬁﬁ B s"i‘;t’rt't!il e present

N phosphonore iyl BdLaaetle AC1 dhASddie Ydtiddind, "BBrkabory filagks

salt formng catrons include al . earth ne ;
trimethyl sul f garURI a8 Y @ Bipden LESua TN GHE) Sith Q50N C RUPFE byHen,

(provi ded that when t he organic group is aryl, the ammoniumsalt is a
primary am neogehé¢) ehcl udingohdoswbodiment of the invention, the oxygen-
containing gas is used to oxidize most of the PMIDA, and then
peroxide is used to complete the reaction. More specifically,
since oxygen-containing gaées suitable for use in the present
invention are generally less expensive than peroxide, about 60-
90% of the oxidation of PMIDA, preferably about 70-80% of the
oxidation of PMIDA, can be carried out using the oxygen-
containing gas. Thereafter, peroxide can be used to complete
the oxidation of the PMIDA and to oxidize formaldehyde
generated. Adding peroxide after about 90% of the PMIDA has
been oxidized by the oxygen-containing gas is not desirable,
since the presence of unreacted PMIDA seems to protect against
the oxidation of PMG by the peroxide. The exact point at which
peroxide is used will therefore depend upon a balance between
. the cost savings achieved by using the oxygen-containing gas and
the tolerable amount of deleterious oxidation of PMG by the

peroxide. Preferably the amount of oxidizing agent used is

regulated so as to maintain the concentration of oxygen in the



prepared from organi c am nes such as al kyl am nes, al kyl ene

7 WD 96/ 38455 PCT/ US96/ 05281
am nes and al kanol am nes contai ning not nore than 2 am ne groups, such
as nethylamne, ethylamne, n-propylamne, isopropylam ne,
n- but yl am ne, wesgaigs! am ne, sec-butylam ne, n- anyl am ne, pERERKLREL NE,
hexyl am ne, heptyl am ne, octylam ne, nonyl am ne, decyl am ne,
undecyl am ne,vent Ogskeeny |#iYens thandebpuenide, inoké apeefdiBrlye,less than
pent adecyl am ne, hexadecl yam ne, heptadecyl am ne, oct adecyl am ne,

met hyl et hyl arﬁl?@t 3ot hyI [ sopropyl am ne, thyI hexyl am ne

nmet hyl nonyl am ne, rret h ent am ne th ct adecyl a

et hyl but yl ami ne, %%78 %mq‘% VﬁE\F/ 5\?& d' 31 the instant
hexyl hept yl ang fafent 3.%&86&&@%%@%@{% Bfa ﬂlﬁh‘&' ﬁH}:ﬁE SX+ and
di - n- propyl am ne, | sopr opyl am ne ém ne I soanyl am n

di hexyl am ne,ro @ -g)epaytankng, caligamt RBANRDE, CAL) rnﬁdmhamsnﬁ féfléai&mﬂlzan ne,
tri-n-propylam ne, triisopropylam ne, tri-n-anylam ne, ethanol am ne,
n- pr opanol amEne;harsgpaup&avl Qi powdediedt aanbv@medneqarbon is suitable. The

N, N- di et hyl et hanol am _ne, N- et hl/l pr opanol am ne, N butyl et hanol am ne
al I yl ami ne, rﬁqﬁ}t @rWF1 Eaﬁlﬁ?’hém’ﬁ ptrenp specifif surface area of £rom 10

o7 opyl encd: athe 008 | TA%) HAREeAPLESABARE 400 5A1 1ARREE AePRoR Ll 1| y

et hoxyani | i ”eamodi‘rtm Bft%«yl%ee cabeBY! %P{éﬁ[ Bhfi€range from about. 0.

2,4,6-tribronoanal i ne, benzi di ne, napt hyl am ne, , m p- g}'ul oroani i ne

and the lixié®;/PMIBAJE o greater than about 10 unites /PMIDA as would occur
in a packed continuous reactor. For a batch reaction, the
preferred ratio of carbon to PMIDA ranges from about 0.2 to
about 0.4.

Surprisingly, the inventors of the present invention have
found that if the feed rate of H)0, to the reaction mix is
continuocusly regulated so as to maintain the %0, in the vent
gases at a low level, such as less than about 10%, preferably
less than about 3%, then the decomposition of the H,0, by the
actixfated carbon, to O, and H,0, becomes merely an insignificant
side reaction, although those skilled in the art know that the
oxygen in the wvent gas could be contreolled at a higher
concentration {such as 50% or 20%) with a corresponding increase
in raw material costs. Controlling the oxidation by
continuously measuring the concentration 0, in the vent gases
allows the efficiency of the reaction to be wmaximized.
Surprisingly, the inventors have also discovered that not only

is the rate of oxidation of co-product CH,0 faster than the

oxidation of PMIDA at all conditions studied, but the



het erocyclic am nes. such as pyridine, norpholine, piperidine,

pyrrolidine, indoline, azepine and the |ike. The instant invention
will be better understood by reference to the follow ng specific but
non-limting exanples. It is understood that said invention is not limted
by these pro dagss Which are offered nerely as illuspepikdsnsist

WD 96/ 38455 Wb PCT/ US96/ 052%’?&1

nodi fi cati onscépdederaids Vet Godip EBAincieabes By BMRCENyFédtex Ehancopea®f

t he inventi on. EXAMPLE 1 Aslurry O

PM DA aci d (Och¥Zive whenrakl oddtie tBMIPIABall badn 28usunedni This hascoee5%
slurry of PM DA acid equivalent, as an equinolar m xture of the nono- and

di - amm oni um @eRfiEmer, by hHPLE, AnadyEd£40 Rl we cEi% aFBRCERPB OO B8 gon

ol uti on of HLETI SRR ShE SR BISRoar AL e B o o wAdi g ane
5575 o) P 1l bl St eorleHe? shoa kit Tos acRral

was nai ntai ned between-25[err] and 30[err] C during the reaction by

I mrer si ng.t haaleagbhopibhadan banstobpad eshens teo| exiyrgei ecohaéfit tat iy
the addition. Periodically, sanples were wthdrawn, filtered to renove
sol i ds and arlmgrensesy atPeCratSiexreesing pbous 2@%rm:dé1waae or any ot her

i mpurities normall found when oxygen,is used in place of H[erwl’ *er
were found, especiFiPTARINaFEE %ﬁ%’?&?rbflﬁ fREZd8t PBR HheR ctEYRE %t‘lgk? DA
remains to kg PPl 268ur Yot ENEnchesJREL ST bl vd A, hbefChfe AlthiRly

at from about 50°C to about 65°C. At higher temperatures,

formic acid by-product tends to react with glyphosate product,
yielding water soluble N-formyl-glyphosate (HCO-PMG), which in
turn can be oxidized to N-férmyl -aminomethylphosphonic acid.
By operating at lower temperatures, the rate of HCO-PMG
formation is reduced faster than the rate of oxidation. The
reaction temperature and the concentration of activated carbon
should be chosen so as to provide a short reaction time and
minimize the formation of HCO-PMG.

The concentration of the phosphonomethylimin_odiacetic acid
should be from about 1% to about 60% or higher in water.
Preferably the concentration is about 35% to about 55%.

Salts of PMG can be prepared by using the appropriate salt
of N-phosphonomethyliminodiacetic acid as the starting material.
Suitable salt forming cations include alkali metals, alkaline

. earth metals, trimethylsulfonium, guanidinium, urea, ammonium
and organic ammonium (provided that when the organic group is
aryl, the ammonium salt is a primary amine salt) including those

prepared from oxrganic amines such as alkyl amines, alkylene



trace of N-fornyl-PMG were found. EXAMPLE 2
The reaction of Exanple 1 was repeated, except that the

nono- i sopropyl am ne salt of PM DA was used as the starting reactant, and
25% H err]derr] was used. Essentially the sane results were obtained.
EXAMPLE 3 wo ohgss eaction of Exanple 1 was repeated, excegtrrosysussthe

9 WD 96/ 38455 PCT/ US96/ 05281
tri-sodi um satnimfs RMdDAsliesnals eshiiased heorstadntingg nokactiaard |, thard 2 588%Ene
Herr]Jerr] was used. The tri-sodiumsalt did not oxidize as _readily as

the | ower salgeeups, suck as methylamine, ethydamine,, n-PropXlsppng; .
Parr pressure, bottle.was_ charge Lt h water PM DA (0. 37 . pl us,
when ©equi r eceSPIRRARREDS o B-Daty tetyind” A EbpRLyEamial | BRE b AR  oF
powder). T 1GAL S5 Shidd ,© eyl BmnSRORELEPL Shidd Elocdtyd afigabed t O
and mai nt ai ne a%%tﬁﬁé é&?@%]a reaction-tenperature %th an ecTe t?ic

heati ng t ape.non{figminequi r edeciiembnéf | e wetidquydsminezed aaddeeybamine(d at
the desired pressure with a back-pressure control valve; otherwise the
bottl e was vdmidécybawineyspitradeciianisa; pratedeCybaine hexadeclyandne,
continuously nonitored for, % Jerr] and the reaction conditi%ns recor ded
every minut e PeREREEEYLRRIDG 1o opEtRAYSRYLlamine, methylethylamine,

methylisopropylamine, methylhexylamine, methylnonylamine,
methylpentadecylamine, methyloctadecylamine, ethylbutylamine,
ethylheptylamine, ethyloctylamine, hexylheptylamine,
hexyloctaylamine, dimethylamine, diethylamine, di-n-propylamine,
diisopropylamine, di-n-amylamine, diisoanylamine, dihexylamine,
di-heptylamine, dioctylamine, trimethylamine, triethylamine,
tri-n-propylamine, triisopropylamine, tri-n-amylamine,
ethanolamine, n-propanolamine, isopropanclamine, diethanolamine,
N,N-diethylethanolamine, N-ethylpropanolamine, N-
butylethanolamine, allylamine, n-butenyl-2-amine, n-pentenyl-2-
amine, 2,3-dimethylbutenyl-2-amine, di-butenyl-2-amine, n-
hexenyl-2-amine and propylenediamine; primary aryl amines such
as aniline, methoxyaniline, ethoxyaniline, o,m,p-toluidine,
phenylenediamine, 2,4,6-tribromoanaline, benzidine,
napthylamine, o,m,p-chloroaniline, and the like; and
heterocyclic amines such as pyridine, morpholine, piperidine,
pyrrolidine, indoline, azepine and the like.

The instant dinvention w;ill be better understood by
reference to the following specific but non-limiting examples.
It is understood that said invention is not limited by these

procedures which are offered merely as illustrations;

.



conditions for each of the 42 experinents. Typically the % Jerr] in
the vent gases was below 10% for the |ower reaction tenperatures, and when
the reaction tenperature was raised to [err]60[err]C, the vent gas
contained essentially no free O[err]. Wen approximately 2 equival ents of

Her]O[err] hagobasuassadded, the % (err] increased rapidly, pchdisssaiskgig t he
reaction to PMGto be conplete. This was confirnmed by HPLC anal ysis of the

sanpl es. Tabhpdd fhcat $ohs ot bl hsad rilthRué 2aepder it Frem Em@tﬁpirhtshﬁus
a graph of a typical oxidation.
WD 96/ 38455 scope of the invention. PCT/ US96/ 05281 [err]

E LE

A slurry of PMIDA acid (0.375 M) was reacted with 0.56 M
of 28% ammonia to give a 25% slurry of PMIDA acid equivalent,
as an equimolar mixture of the mono- and di-ammonium salts. To
this was added 40 grams of activated carbon (Calgon type RB
pulverized) and- the slurry was rapidly stirred. A 10.2%
solution of H,0, was then pumped into the slurry at a rate of
0.575 g./min. until a total of about 2.3 M has been added. The
temperature was maintained between 25° and 30°C during the
reaction by immersing the reaction flask in an unheated or
cooled water bath during the addition. Periodically, samples
were withdrawn, filtered to remove solids and analyzed by HPLC.
Surprisingly, no formaldehyde or any other impurities normally
found when oxygen is used in place of H,0, were found, especially
towards the end of the addition where little PMIDA remains to
be oxidized. Only PMG, a small amount of formic¢ acid and a

trace of N-formyl-PMG were found.

EXAMPLE 2
The reaction of Example 1 was repeated, except that the
mono-isopropylamine salt of PMIDA was used as the starting
. reactant, and 25% HO0, was used. Essentially the same results
were obtained.
EXAMPLE 3
The reaction of Example 1 was repeated, except that the
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tri-sodium salt of PMIDA was used as the starting reactant, and
50% H,0, was used. The tri-sodium salt did not oxidize as

readily as the lower salts.

EXAMPLE 4

A 500 ml. Parr pressure bottle was charged with water plus
PMIDA (0.375 M) plus, when reguired, a guantity of base, and
activated carbon (granular or powder). The contents were
stirred with a magnetic stirrer and heated to and maintained at
the desired reaction temperature with an electric heating tape.
When required, the bottle was pressurized and maintained at the
desired pressure with a back-pressure control valve; otherwise
the bottle was vented to atmosphere. The vent gases from the
reactor were continuously monitored for % O, and the reaction
conditions recorded every minute. Table 1 lists the operating
conditions for each of the 42 experiments.

Typically the % O, in the vent gases was below 10% for the
lower reaction temperatures, and when the reaction temperature
was raised to =260°C, the vent gas contained essentially no free
0,. When approximately 2 equivalents of H,0, had been added, the
% 0, increased rapidly, indicating ﬁhe reaction to PMG to be
complete. This was confirmed by HPLC analysis of the samples.
Table 2 lists the results of the 42 experiments. Figure 1 shows

a graph of a typical oxidation.
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EXAMPLE 5 A 500 mM Parr pressure bottle equipped with a sintered
stainl ess steel (s.s.) sparge tube for (Qerr] dispersion, a simlar tube
f.or sanpling, a magnetic stirrer, a [err]" s.s. 100 [err] DIN Pt RID, a
S.s. air condewosss@dped with a pressure relief valve set q,ta.]%g?&% ; @
pressure gauge, a vent valve and an adjustable back-pressuré con

val ve. The bottle was charged with 200g Herr]O 160g PM DA and 40g Norit

SX+ activated carbon. The vessel was heated and nai nt ai ned at
60[err]C with an trdoc Ll e ¢ - contralled by )
Maci ntosh Il rungip \/*br ds} |1 yglaj pr obe
and neter were usg @ (np 8fd Jf oflolbidi bl ginlatent
gases fromthe ba&k} prldsk PRI QPG| M SIS 1=
mai nt ai ned at a net ant n singal | jh:hqfted
recei ver. Oxygen 5 . -2 g nGilerra
mass fl ow controliFef | |The r] tief {dndf t Hel mass.
flow controller e | fled 30, tEEpisels pgicht [tjo the
[
mass fl ow control gam T Tis 9 qPia} .| 0[ err]
Ijléjwrate,d‘yﬂier nd d aT hej ¢g JIEI’V a:pq t he ,
ata recorde evyelr ny phiigal |y |]n Fifour e 2.
When al |l of the @@_%g@a | 3 .a%@Lﬁ;JE&’. 352&% xygen,
the O[err] concen®iH iR} 5 FiepnPia ‘rei"""
do/qerr]/dt, the f ! a J i 11} Thn [ Ctlon
became readily apShtgrntipd 36 du#JQU...,.QDiﬁJ.&a{”Y
shut of f the fl oWEel<i qRi¥H 'i’iF 'ﬁ&?ﬁfﬁﬁ&ﬁwﬁﬁsﬁ i >20%
O[err]/hr., an al.é.r..l s
= .
3 | sagaks %3 FHsYAT RS 5i8i3(8
8 < Do o|ata Of v Qf Of Of = O v | »=t O] > Of O wof v
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turned on and the O[err] was turned off manually.

13 WD 96/ 38455

RPCT/ US96/ 05281 After cooling to roomtenperature and allowing to stir
overnight, a sanple of liquor was analyzed by HPLC with the follow ng
‘resul ts: wo¥sAgkLY ! am nonmet hyl phosphoni ¢ acid (MeAVPA)  eeinisobleshid

am nonet hyl phosphoni ¢ acid (AMPA) [err] O 1% N- et hyl - PMG
0.4% f or mal dehyde EXAMPLE 5 6% PMG

2. 7% formc acid 3. 2%

N-formyl - PMG A 500 ml Parr pressure botth eepqq:'@peﬁs%ith a Pmyered
trace nple .5 was re eated

but the PM DE%RiSlesgusEaelolfes ¢ %rgégtwmperﬁ%%rﬁé&&lﬁrﬁ

50% JTh fl t opped_af t e teg.) %

amount of OE[V%% é’gd\g%’%?&inggﬁ%’&%%"?‘ﬁ‘ec &m B5n 8 WY s[%%‘?@ ‘%vgjsn} %’%pl ed
for HPLC angy % LqteLdabyd rpﬁ/lé%a tt&x‘)% neggu}e/" f@iﬁef’@*‘qjldre

have *been [err 4 2% T t he charge o rena at 160g as

Exanpl e 5). |#sxiagti g60psl\ RAprassaeegitde,nal véievalve@nd an adj[hﬁ:able
pressure was vented to atnospheric and 50% H err]O[err] slowy punped into
the reacti on back-presehrkecontrolhivilvg .t h¥hedmtils vaOcbarpedtwitd 00000 by

adjusting the Herr]gerr ngl ng rate. After a 15.5g had been added, no
unr eact ed PMHER- \/\h@ Q(RHHJ-’# 0ch 40g; NOBit 5%+ aotd PseAFAER9Re concentration

was reduced to 1. Mor.e 50% rr]Qlerr s .added ,ve | o whlle
mRi Nt ai ni ng t he t erzﬁﬁﬁ'eel as heLg aLxg nlalvr\ﬁa:.ne at’ €6deC \;{.\4:%

electric mantle and the temperature controlled by a Macintosh
IT running Workbench™, A Microelectrodes, Inc. oxygen probe
and meter were used to monitor the concentration of .02 in the
vent gases from the back-pressure control valve. The O, probe
was maintained at a constant temperature by mounting it in a
small jacketed receiver. Oxygen was metered into the reactor
through a 0-2 1/min Sierra mass flow controller. The outputs
from both the O, meter and the mass flow controller were fed to
the Mac+Workbench™., Flow set point to the mass flow controller
came from the Mac+Workbench™. Temperature, 0, flow rate, %0,
and d%0,/dt were charted on the computer and the data recorded
every minute. The results are shown graphically in Figure 2.

When all of the PMIDA became oxidized, 6:40 after the start
of the oxygen, the O, concentration increased rapidly. By
monitoring the d%0,/dt, the rate of change in the %0,, this point
in the reaction became readily apparent and could be used, if
desired, to automatically shut off the flow of oxygen. 1In this
case, when the rate increased to >20% 0O,/hr., an alarm was

turned on and the O, was turned off manually.

13



60[err]C. After a total of 27.3g had been added, the liquor was sanpled
and anal yzed by HPLC. The fornmal dehyde concentration was reduced to 0.17%
and the AMPA had increased fromnil to [err]0.6%and the MeAMPA to

[err]0.4% 14 WO 96/ 38455
PCT/ US96/ 05280 oiiass 1 s cl ai med i s: 1. A process for peepessosshi
N- phosphononet hyl glycine or salts thereof which conprises: (a)

oxi di zi ng N-phospheseseicaphihgi Bediracnt temperdtfe dand aklldwiigofo i Btir
vessel with an oxidizing agent consisting essentially of hydrogen peroxide
in the presemr@ﬁ-ght;t | ratsamplearfodiguon vagpapalyzed eby cHPLGewih the
produci ng said_N hononmet hyl gl ycine or salts thereof; (b)
venting the §&¢ éSYi% ?‘FJcﬁF‘product s fromsaid vessel; (¢)

nmoni toring the cogc a products
and (d) r eg&@f&%’ i’iﬁéﬁ%%g%gﬁgsg&%ﬂ q’g‘?; ?ﬁéigig’éﬁ ,aﬂ e
react with said y I'mnodi acetic acid at any (gupgen t| rre
based upon the nopotwibdelypdeeentration of oxygen in said gasgeous reaction
product. . 2. PM@Ghe process of claim1l, wherein the anoum.? said
oxi di zi ng agent i Eormbelaedl so that said concentration of béﬁg%n in said

gaseous reaction grm%’%s not exceed about i

EXAMPLE 6
Example 5 was repeated, but the PMIDA was reduced to half

to 80g to shorten the reaction time by 50%. The oxygen £low was
stopped after 160 minutes, or =B0% of the amount of O, needed to
complete the reaction. The ligquor was sampled for HPLC
analysis. The formaldehyde concentration was 2.1% (but would
have been ~4.2% if the charge of PMIDA had remained at 160g as
in Example 5). Unoxidized PMIDA was seen but not gquantified.

The pressure was vented to atmospheric and 50% H,0, slowly
pumped into the reaction mixture while maintaining thé vent gas
%0, at <10% by adjusting the H,0, pumping rate. After a 15.5g
had been added, no unreacted PMIDA was found in the liquor and
the formaldehyde concentration was reduced to 1.2%. More 50%
H,0, was added very slowly while maintaining the temperature at
60°C. After a total of 27.3g had been added, the liquor was
sampled and analyzed by HPLC. The formaldehyde concentration
was reduced to 0.17% and the AMPA had increased from nil to

~0.6% and the MeAMPA to =~0.4%.
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50% 3. The process of claim1, wherein the anount of said oxidizing
agent is reqgulated so that said concentration of oxygen in said gaseous
reacti on products does not exceed about 20% 4. The process of claim
1, wherein the amount of said oxidizing agent is regulated so that said
concentration %95/%&5&3” I n said gaseous reaction products deegussgosseiceed
about 10% . The process of claiml1l, wherein said anount of said

15 Weh 86/ B8 48mimed is: PCT/ US96/ 05281
oxidizing agent is regulated so that said concentration of oxygen in said
gaseous reaction ptoduktipracesisefort parpabbog B9phosphonomgthyFhalyeire wr of
claiml wherein the reaction,is carried out at a tenperature of from about
20[err] to ab®ltaggiergqafcwhich comprisgf: nrocess of claim 1 wherein the

reaction is carri efialrog:t:ié’fzi %%ﬁgﬁﬁ% asé’:f{‘ﬁ%f%fﬁ,ﬁ'% 0 AR 2 G ]acgacggﬁt,&h

65[err]C. 8. he proce ein sard activate
has a specifigaptir LREFG¥ Cfn Oh LEBHERLRYER1EE bRiAPAMG 2088nt NEEAE1£Ging

9. The process of claim1l wherein said activated carbon as a specific
surface area eédséntimlilyuf dfdrbgeabpeatoititdsd imthg presence of activated
carbon at a temperature effective for producing said N-
phosphonomethyl glycine or salts thereof;

{b) venting the gaseous reaction products from said vessel;

(c) monitoring the concentration of oxygen in said gaseous
reaction products; and

(d) regulating the amount of said oxidizing agent allowed
to react with said N-phosphonomethyliminodiacetic acid at any
given time based upon the monitored concentration of oxygen in
said gaseous reaction product.

2. The process of claim 1, wherein the amount of said
oxidizing agent is regulated so that said concentration of
oxygen in said gaseous reaction products does not exceed about
50%. |

3. The process of claim 1, wherein the amount of said
oxidizing agent is regulated so that said concentration of
oxygen in said gaseous reac;tion products does not exceed about
20%.

4., The process of claim 1, wherein the amount of said
oxidizing agent is regulated so that said concentration of
oxygen in said gaseous reaction products does not exceed about
10%.

5. The process of claim 1, wherein said amount of said

15

e



10. The process of claim1l wherein the initial ratio of activated carbon
t o phosphononet hyl i m nodi acetic acid is between about 0.01 to about 10.
11. The process of claim1 wherein the initial ratio of activated carbon
t o phosphononet hyl i m nodi acetic acid is between about 0.1 to about 1.

12. The proce aim1l wherein the initial ratio of actjp&ph@doess bon
to phosphonorreﬁ?%g |894m5nodi acetic acid is between about 0.2 to about O.4.

13.  The pr%%&iﬁhgclﬁe{nﬁl,wheﬁgﬁmééw SOOHRAL Olsai@Xicdnteflrat BHENLE

al | oned to react W sai N phosphononet hyl i m nodi acetic acid
i s decreased ¢xygeer dnwiaeihd g sousoneartiat prodettsxig desisntbam calypssedls
reaction products increases by a rate exceedi ng 20% per hour. 14. A

process for preparing N phosphononethyl glycine or

16 Vo 96/6%835%?%%%9%5 of cl(aéi)m % ewé}ﬁrﬁa.n the reactionpg /cgggﬁé85281

salts thereof whi H _ : _ _
N- phosphonomeslyy o) i Refbassthfe a6 E:m abagt t204 QS @@butni§odcvessel ;

(b) oxidizing said N phosphononethyl -i m nodiacetic acid wth an
oxygen-cont ai ni ng 7gas The plecpsesrnetadin Aevheraiad-he acheniah s tcampdedt ure
effective for producing said NN phosphononet hyl glycine or salts thereof;
(c) venting tomt @ks@otemperaturm qff FIom sbeul R kP wboys| 65°C.

8. The process of claim 1 wherein said activated carbon
has a specific surface area of from about 100 to about 2000
m?/g.

9. The process of claim 1 wherein said activated carbon
has a 'specific surface area of from about 400 to about 1600
m/g.

10. The process of claim 1 wherein the initial ratio of
activated carbon to phosphonomethyliminodiacetic acid is between
about 0.01 to about 10.

11. The process of claim 1 wherein the initial ratio of
activated carbon to phosphonomethyliminodiacetic acid is between
about 0.1 to about 1.

12. The process of claim 1 wherein the initial ratio of
activated carbon to phosphonomethyliminodiacetic acid is between
about 0.2 to about 0.4.

13. The process of claim 1, wherein the amount of
oxidizing agent allowed to react with said N-
phosphonomethyliminodiacetic acid is decreased to zero when said
concentration of oxygen in said gaseous reaction products
increases by a rate ‘exceeding 20% per hour.

14. A process for preparing N-phosphonomethyl glycine or

18
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(“d) nmonitoring the concentration of oxygen in said gaseous reaction
products; and (e) ceasing feeding said

N phosphononet hyl -i m nodi acetic acid or a salt thereof when the nonitored
concentration of oxygen increases at a rate exceeding 20% per hour.

15. A process paring N phosphononet hyl glycine or s f
whi ch conpri sﬁs&gm%sg (a) feeding N phosphononethyl-im nod%@%%ﬁg%?d or

a salt ther eg%ﬁgt@lé}e\&s%kéh_ comprigeté)v oxidizing 70-80% of sai d

N- phosphononet I m nodi acetic aci-d wi'th an oxygen-containing gas in the

presence of acti v@l)edeedihgm-gihokphefipes iyl cintifricdibiceeitacigl oduai st
sai d N-phosphononet hyl glycine or salts thereof; (c) venting the
gaseous reactthergnfodadios af vemsehi d vessel ; (d) nonitoring the

concentration of oxygen jp, said gasgous ., reaction products;.. . (e) .

oxi di zi ng subst ant¥Hl | <259 t#fmqﬂq@%ometgy&lmmddlacenc dcia
phosphononet hyd,»i m oq; gg L | S i Reeel Wdhudrage, { de;
and - (e;%bteﬂasiniﬂng gl ngogg%l%xﬁgph%gséph%ﬁontg’t%h él m n%di6}2e%ltlz%'p‘%é?é&i

17 MR 384553 temperature effective for prodicihySOSALE28Y-

acid or a salt thereof when the nonitored concentration of oxygen
i ncreases at phosphonemedsbiiinglf0ear kadts thereof;

{c) venting the gaseous reaction products from said vessel;

(d) monitoring the concentration of oxygen in said gaseous
reaction products; and

{e) ceasing feeding said N-phosphonomethyl-iminodiacetic
acid or a salt thereof when the monitored concentration of
oxygen increases at a rate exceeding 20% per hour.

15. A process for preparing N-phosphonomethyl glycine ox
salts thereof which comprises:

(a)} feeding N-phosphonomethyl-iminodiacetic acid or a salt
thereof into a wvessel;

(b) oxidizing 70-80% of said N-phosphonomethyl-~
iminodiacetic acid with an oxygen~containing gas in the presence
of activated carbon at a temperature effective for producing
said N-phosphonomethyl glycine oxr galts thereof;

(c) venting the gaseous reaction products from said vessel;

{d) monitoring the concentration of oxygen in said gaseous
reaction products;

. (e) oxidizing substantially all of the remaining N-
phosphonomethyl -iminodiacetic acid or salt thereof with hydrogen
peroxide; and

(e} ceasing feeding said N-phosphonomethyl-iminodiacetic

17
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acid or a salt thereof when the monitored concentration of

oxygen increases at a rate exceeding 20% per hour.
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