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“‘This invention relates to novel O-aryl N-
phosphonomethylglycinonitriles which are use-
ful as heribcides and to a process for their
production. This invention further relates to
‘heribicidal compositions and to herbicidal
methods employing said O-aryl N-phosphono-
methylglycinonitriles.

According to British Patent 1,445,087, N-
phosphonomethylglycirie can be produced by
reacting a dihydrocarbylphosphite with 1,3,5-
tricyanomethyl - hexahydro - 1,3,5 - triazine
in the presence of a catalyst, such as hydrogen
halide, a Lewis acid, a carboxylic acid halide
ora carboxyhc acid anhydnde and then hydro-
lyzing the resultant product. Yields by this
process are extremely low. British Patent

1,445,087 states that the reaction takes place
betwween the phosphite and the triazine to
produce an intérmediate estei of N-phosphono—

_methylglycinonitrile. The convement esters

(ArYI Xnﬁp)a_—_—»'—'l"_—CHz—_N—'- CH,—CN .R,

. (OH), -

wherein Aryl is selected from phenyl, naphthyl
and biphenylyl, each X is a- substituent on
said Aryl selected from halogen, alkyl .of from
1 t 4 carbon atoms, -alkoxy and alkylthio

l ;ﬁg gmoil atoms or phenyl-
alfe % shéiﬁgtﬁyl e

{e{s lackZRyBfdlyzed to

th de. It ha;l been fonind that
N-phosphonomethy 0-

el Mg

cess of British Patent 1 ,445,087 had no post-

emergent herbicidal activity at 4.48 kg/
hectare and no pre-emergent herbicidal

It has now been discovered that O,0-diaryl
N-phosphonomethylglycinonitriles can be pro-
duced by the reaction of a diaryl. phosphite
with. 13,5 - tricyanomethyl - hexahydro-
1,3, 5-tnazme without the need of any catalyst.
It has further been discovered that these
glycinonitriles so - produced, as. well .as the
corresponding mono-aryl esters produced by
mild hydrolysis of the diester compounds have
pre- and post-emergent herbicidal activity

- activity at 5.60 kg/hectare.

_Wthh is- totally unexpected in view of the

inactivity of 0,0 - diethyl . N - phosphono-
methylglycmomtnle

The N - phosphonomethylglycmomtnles
of this invention .are compounds havmg the
formula = .

I

‘of from 1 to 3 carbon atoms, alkoxycarbonyl
of 2 or 3 carbon atoms, methylenedioxy, cyano,

trifluoromethyl or nitro, Z is oxygen or sulfur,
a is zero or an integer from-1 to 3, b is.zero
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in the absence of an ac1d1c catalyst ‘The
reaction mixture is preferably hedted to a
temperature sufficiently elevated to initiate the
reaction and maintaining a temperature suffi-
cient to sustain the reaction of the phosphorous
acid ester with the triazine to produce satd
N-phosphonomethylglycmomtnle L

Although a solvent is not necessary in the:

process of the present invention, it is some-
times desirable to employ a solvent for con-
venience and ease of reaction. A solvent is
also- useful to control the temperature of the

réaction. The solvent employed is one in-which

the triazine is soluble, and which does not
react with either of the reactants. Such inert
solvents include for example acetonitrile, ethyl
acetate and tetrahydrofuran.

It has been found that the reaction tem-
‘perature can be as low as 25°C to 110°C.
Higher témperature can be employed but no
commensurate advantages are obtained thereby
since the reaction is essentially complete by
the time the temperature reaches about 85°C.

As can be seen from the above formulas II
and III, the ratio of the phosphorous acid
ester to triazine should be 3 to 1 for best
results. Higher or lower ratios could be em-
ployed but no commensurate advantages are
obtained thereby, since at higher ratios excess
phosphorous acid ester would have to be
separated and at lower ratios of ester to. triazine

by-product formation is possible.

The reaction -is generally conducted at
atmospheric pressure for economy. However,

tor ms a(g&lﬂl

[;zte pmlsh%ME Lol—

vent preferred for the hydrolysis is acetone.
The desired material is isolated by standard
procedures such as fractional crystallization or
viacuum evoporation of the solvent and other
volatile hydrolysis products wherein the desired
material can bé crystallized from a suitable
solvent. o o o
~ To produce the compounds of formula I
wherein b is zero and x is 1, ie, compounds
of the formula

Z

T
(Aryl X;—O)E—P—CH,-N—CHQ—CN R

(V).

wherein X, Z and a have the above-defined
meanings, one dissolves a compound of for-
mula V wherein' X, Z and a are as above
defined in an anhydrous solvent such as chloro-
form and adds to said solution a strong acid,
either in a solvent or in some instances the
acid is ‘added per se, with stirring at ambient
temperature for a time sufficient to allow said
compound of formula V and said acid to
react to produce the compound of formula
VI. In many instances the desired product

- precipitates in crystalline form from the

reaction solution. In other instances a 50—50
volume mixture of chloroform and diethyl
ether is added to induce product crystalliza-
tion or to separate it from the reacnan so!utlon
as- an . oil.

The compounds of formula VI are salts of

the diester of formula V and can also be 100

represented by the formula

of the for maleet of fwater and t)(amtﬂnsathdmnam et as abo
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15 wherein X, Z and a are as above defined and
[err] 1,3,5 - trlcyanomethyl hexahydro - 1,35 -

tri-

wherein X,. Z and a are as above def| ned in a solvent containing, at |east
one nol e equi- valent ‘of water and maintains the solution at 20

[err] anbi ent tenperatures at which one of the (Aryl
[err]-O groups is hydrolyzed. The sél- 70 vent preferred for the
hydrolysis is acetone The désired material is isolated by standard
procedures, such®as fractional crystallizat$%d2br in the absence of an 3
aci dic cat Mst The vacuum evaporatgon of ghe sol vent and other reaction
m xture is preferably heated to a - voljatil e |hydrol ysis products wherein the
desired 75 tenperature suf {ABiBmQy—E+-EHat- @™ Fai e (NB) material can
be crystaklized from a suitable reaction a mai ntai ning a tenperature
suffi - sol:&_ept 25 cient-to sustain the reaction of the phosphorous To
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phosphonic acid, perchloric acid and methane- 60° to 100°C -for from 20 minutes to. one g5
sulfonic acid. hour; until all of the phosphite or triazine
30 'In preparing the strong acid salts of for- has been consumed as determined by n.m.r.
mulas I, VI and VII it is preferred to employ spectral analysis. The products are purified
the dlester of the phosphonic acid and the by crystallization or chromatography. _
strong acid in equal molar ratios for ease The monoaryl esters of N-phosphonomethyl- g
, of isolation of the strong acid salt. Higher glycinonitrile are prepared by dissolving the
35 or lower ratios of ester to acid can be em- diaryl ester in acetone containing a -small
ployed although isolation of the product is amount of water (usually about 2%, by weight
made more difficult because of the presence water) and stirring the reaction mixture for .
of an excess of one of the reactants. from 18 to 72 hours. The mono esters are 95
Hydrolysis of the N - phosphonomethyl- usually crystalline and are collected by filtra-
40 glycononitriles represented by formula I or tion, washed with acetone and air dried.
- their HCl and HBr salts to yield N-phos- The strong acid salts of the diaryl esters
» phqnomethyl_glycme can be conveniently and are preferably prepared by the following
% rapidly carried out by heating the glycino- general procedure. A solution of the strong 100
nitrile to moderate temperatures acid (or the acid per -se) (0.01 mole) is
. 45 (60°—100°C.) in mixture with at least a added dropwise to a. chloroform solution of
2 " slight excess over one mole equivalent (for the diester at ambient temperature and allowed
example 1.01 mole equivalent) of aqueous to stand. If crystals form they are collected
hydrochloric acid or aqueous hydrobromic acid by filtration, washed with a 50 volume per- {05
which are conveniently 1.0 normal and prefer- cent chloroform-ether mixture and air dried.
50 ‘ably at least 2,0 normal. Using concentrated Otherwise a 50 volume percent, chloroform-
' aqueous hydrochloric or hydrobromic acid a -ether mixture is added to cause the salt to
satisfactory hydrolysis to N-phosphonomethyl- crystallize or to come out’ of solution as an
glycine -"occurs ~ within 24 “hours _at room  oil. 110
temperature. Hydrolysns of the N-phosphonomethyl- .
55 The compounds represented by formula 1 glycinonitriles represented by formula I o
are useful as herbicides for both pre-emergent yield N-phosphonomethylglycine is -readily
and post-emergent application. .. accomplished by the following general pro-
cedure. The crude or purified reaction pro- 115

Oidhic & | Heprathid

trifluoromethanesulfonic acid, nitric acxd sul-

furic acid, phosphoric acid, trichloromethane- -

~ The following general procedufes show the

Pd the t.i grl,ﬁ Eﬁmd;oé

1 35 S-tnazme (3 4 g ., 0.0167 mole) is charged
into_ a reaction vessel and heated to from
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" Example 1.

Di(p - chlorophenyl)phosphxte (23. 32 g,
78%, pure, - 0.06 mole) ‘and - 1,3,5-tricyano-
methyl - hexahydro - 13,5 - triazine (4.08
g., 0.02 mole) were mlxed in a reaction: vessel
‘at ambient - temperature and - the mixture
heated to 100°C for 20 minutes to give 0,0-

di(p - chlorophenyl) ' N - phosphonomethyl—

glycinonitrile in 1009, yield, 27 g,

nn’1=1 9747, . ; ' :
Example 2.

An acetonitrile solution (10 ml.) of di(3,4-
dimethylphenyl) phosphite (8.7 g, .03 mole)
was added to an acetonitrile solution (50 ml.)
of 1,3,5 - tricyanomethyl - hexahydro - 1,3,5-
triazine (2.04 g., 0.01 mole) and the mixture
was heated at 55°C for 90 hr. Filtration of the
solid present and evaporation of the solvent
gave a burgundy colored oil which by n.m.r.
analysis - contained the desired product and’
the animal of this product. Chromatography
of the oil (8.0 g.) over silica gel (450 g.)
with 50%, cyclohexane/50%, ethyl acetate (60
ml. fractions) | gave: 0,0 - di(3,4 - di~
methylphenyl) N - phosphonomethylglycino-
nitrile in-fractions 30—41 which melted at
61—64°C after removal of the solvent. The

L.nmpurities are pr esent,

rOQUC‘sLIutE‘)% | %} S me%:nd Pur
dse, 19,1 ﬁ:
apdl 21.35 of tr yasame i Redhydie:,

ety

oil (96 g.). The oil (5.8 g.) was adhered on
8 grams silica’ gel and extracted with 80 ml.
ethyl ‘acetate. The ethyl acetate solution was
concentrated ‘and the resulting oil adhered on
4.0 g. silica gel. This silica gel was extracted
with 70 ml. of ethyl acetate and the solution
concentrated under vacuum to yield a pale
yellow oil, ny?2=1.5542, The yellow oil was
found to - be 0,0 - di(o - methoxyphenyl)
N - phosphonomethylglycmomtnle containing
a small amount of o-methoxyphenol.

S Example 5.

" A solution of 13,5 - tncyanomethyl—
hexahydro-1, 3,5-trlazme (13 6 g.; 0.066 mole)
and diphenyl phosphite (46.8 g., 0.2 mole)
in acetonitrile (100 ml.) was heated at 55°C
for 48 hours. The n.m.r. of the crude reaction
mixture indicated complete conversion to O,0-
diphenyl N - phosphonomethylglycmomtnle
The acetonitrile was removed iz vacuo to0
yield 57 g. (94.4%) of a viscous black oil.
The oil was dissolved in chloroform, 114 g.
of silica gel added and the mixture evaporated
to dryness‘in vactio, The product-lmpregnated
silica gel was then placed on a column con-
taining a slurry of chloroform and silica gel
(200 g.) and eluted until the product was
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acid, trichloroacetic acid, oxalic acid, fluoboric hydrolysis occurs
during the attenpted acid, hydrogen chloride, hydrogen brom de,

i sol at i-e#- 80—hyart-odi-e—act,
trifluoroacetjc acid, penta- (B) A mxture of a diaryl phosphite (0.O05.

25 fl uar opropi onic acid, heptafluorobutyric acid, nole) and

1, 3,5-tricyanonet hyl - hexahydro- trifluoronet hanesul fonic acid, nitric acid, ] 5

sul- 1,3,5-triazine (3.4 g., O. 0167 nole) is charged furic aC|d,
phosphoric acid, trichloronethane- into a reaction vessel and heated to
from phosphoni c.3acid, perchloric acid and -hi%&%ne- [err] to 100C for. frof
20 m nut es\t/o one no&Eng&u bérate Clnahd eluent by n.m.r. hosphonomethylglycmomtnle as h@nr oﬂ,
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sol ution of sli ght excess over one nole equi V alafed tﬁ‘";‘g m&iymntﬂé
anbi ent tenper aturaalctdnd aI I ovved exanple 1.01 rrol e equr val ent) of aq ueous

to stand. If crys i 5188y Na8d8 col | ect ed hy@8c GYamPh@)’lorNaqn’wUSBS
hydr obrom c achgl Ll%g'sdgﬁst rRlsigpNN: W@ghed with a é

.21 e
conveniently 1.0 nornal "and prefer- cent chl orgﬁoé“&@ Eﬁrﬁmg}yﬁse an a|r _
dried. 50 ably at Ieast 2. Bxamplen®l . Usi n concentrate Othervvr se a 50

vol une percent chI é’Busm bR i =
ether mxture is %ﬁﬁ E“rfggg?hg ltgcg:?saitlr (§ M@ %* Pffﬁ"ed x
N- phosphononet by! uxazﬁi ys5alk) 1.018 nible) i ae@cm&nleutzwfaq& LblcdténB afd tha Molgtion Cetifted
occurs wthin 4washd)g¢eg wt 50°Gofer 20 gjoprs. Numr.  at ambient temperature for 6 days during

analysis indicated complete reaction. The solu- whlch rmeg,¢ The; golids were
110 t errper ature. tic as filte and ﬂ{lfp solvenf temoved col (3 abhe% §x zgo :tnd dried to 95
5

N—phOSphonOTTEt hyl n leavi ?gQ@ ail {deii- -5 lorophenyl N-
gl yci noni tril ed0r éigd essend,0d- liy(nf ermt:dpbcn}'l)t(N-arlmoapmﬁ ytgiyc enithile ik @ Q6lidf k-

bot h pre-energent % mwmmmg%w@%gm?p@ ylgg ﬁg‘ltﬂ%pw@ ,13&.-53%;: and hav-

post - ener gent app wipg gpqlysis - acconpl''& Ing B2 - | owi-ng
general ' pro- Caled: ' " Caled: ' 1007
- C: 4593; H: 3.34; N: 14.28 C: 41.5; H: 39; N: 10.8
i 45 Found: - . " PFound:
C: 45. 80; H: 339; N: 1427 . C: 415; H: 3.9; N: 108
® h Example 8. . o Example 12.

_ Dl(p-methoxyphenyl)phosphme (0.05 mole, The diester prepared in Example 9 (2 38 105
1563 g, 949 'pure). and 1,3,5-tricyano- g., .069 mole) was dissolved in 2%, aqueous
50 methyl - hexahydro - 13,5 - triazine (3.4 acetone (100 ml) and stirred at ambient
8., 0167 mole) were dissolved in acetonitrile temperature for 3. days. The resulting slurry
and the solution heated to reflux for 1 hour. was filtered and the solids washed with acetone

. The solvent was evaporated off in vacuo yield- glvmg 0.87 g. of a tan solid having a melting 110
* ing a dark pink oil (19.0 g.). This.cil (5 g.). point of 258—262°C. The mother liquor was
SS was sub;ected to htgh pressure liquid chromato- allowed to stand for six weeks and the result-
: graphy using a mixture of cyclohexane and ing solids were collected and washed with
ethyl acetate (40760 vol. %) to recover 4.1 acetone to give an additional 0.8 grams of

g. of 0,0 - di(p - methoxyphenyl) N- material having the same melting point which 115




The follow ng general procedures show the cedure. The crude or purified

reaction pro- 115 4 . 1, 556, 322
from carbon tetra- cyanonethyl - hexahydro - 1,3,5 - triazine .
chloride-isooctane, mp. 63-[err], 3.1 g. 65 are hydrol yzed by addi ng

ereto at | east a obtained (40% yield). slight excess over one nole
ivalent (for 5 exanpl e at least 1.01-nole) aqueous hydro-
nple 3. chlori.c acid or hydrobrom c acid and heating A stirred mxture
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e 1hen) codledsin 4n; ige;
uelig bty
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Bon at oms
cd: Calc' d:-

E ®547179hylﬁr 6}?‘!»31‘13 12894 salt

B2 B9 §9¢ N2hkifo N
phosphonoretf hyl gl'yci ne -
W|th a_catEsmple 14.

- Di(m_- tolyl) - N - phosphono-
methylglycmomtnle (4.0 g, 0.012 mole) was
dissolved in acetone (50 ml.) containing water
(1 ml) and stirred for 60 days at: ambient
temperature, - Three crops of crystals ‘were
obtained. The first two crops of crystals had
a melting -point of 161—166°C -and were
détermined to be impure. The third crop had
a melting point of 179—179.5°C and were
found to be analytically pure O-in-tolyl N-
phosphonomethylglycmomtnle which was
obtained in 53%, yield and had the follow:ng
analysis.

Calc’d:
C: 50.0; H: 55 N
Found:
C 500 H 5.5; N 11.7 -

11.7

Example 15

00 Dl(m - nitrophenyl). N - phos-

phonomethylglycmomtnle (3.15 g., .008 mole)'

was dissolved in acetone (50 'ml) and water
(1 ml.) and stirred at room temperature for

16 hours. ‘Solids formed' which- were collected:

and washed with acetone yielding 1.1 grams
(51%,) yield of a material identified as O-
m - nitrophenyi N - phosphonomethyl-

‘sanpl e was" tgg

pBd&phohdMRthPC UE OpS adeﬁt‘ﬁﬁiiesso
omkule;dl Sla,, 0.V0femdd) wak stirtedar edﬂtandalye)p
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Found:85gl yci ne and

by ocmt iy Nehlorpheny

e 19 (16RRPPR diGk:

aeeamm* 13
and solids began formmg T

tat _€x.640 gdlr pokigs.
ed in water and

ogletgyl
Qﬂgundéi'sf;élﬁﬁ 9

resdtematinllr ade mar K) .

el ystal i zed é om70 m.
rac

loride to

The sol i ds

ed to OC.
(Celite
The

qg* mﬁ'%&@%pﬁ '!S‘d%is of - centrat ed

(39 5%)

glpg'g,‘t
e€h¥l

1. sflidew&us mlaamwumei Fith stc&&:ed to gi ve
of a white

e

0,0 - dl(p

dolidwing amlysis. 35 hydrOX| des V\/nerel n the aI kyl

dggq the foll ow.ng anal ysi s.

fromlto

36%;,ducampagngsand base in vvat ers

of G hﬁb@ioHpﬁéﬁdﬁ‘e?ﬂyl

C 51.7; g N 7.1

Ighycibonitrile (9.0 g., 0.024 mole)
_was dlsso ved ini acetone (50 ml.) and water
(1 ml.) and stirred at room temperature for
two days. A solid formed which was collected
and welghed 235 grams. The solid had 1

melting point of 170°C with decomposition

and ‘was identified as O-p-chlorophenyl N-
phosphonomethylglycinonitrile. - The mother
liquor was allowed to stand for several weeks
and an’ additional ' 0.85 grams was collected.
The total yield of the product was 3.2 grams

(51%, yieid).

Example- 18..

21 g. of a solution containing 83. 8°/° by
weight of di(3 - methyl - 4 - nitrophenyl)-
phosphte (0.05 mole) and 1,3 »3-tricyano-
methyl - hexahydro - 13,5 - triazine (3.4
g, 0.0167 .mole) were dlssolved in" 160 ml.

- .of acetonitrile and heated to' 70°C for -one

hour. The acetonitrile solvent was then . re-
moved under vacuim and the residue dissolved
in 50 ml. of acetone containing 1 ml. of warter
and stirred at’ ambient temperature. The
crystals (4.3 -g., 30% yield) were identified
as-O - (3-- methyl - 4 nitrophenyl) N-
phosphonomethylglyc1nomtnle, having-a melt-
ing point of 181—182°C. The matenal had
the following analysis.
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C. 51.8;, H

ueuspree! ution of the



exchange resin.
nmet hoxyphenyl ) -
g., 91% ,
and 1,3,5 - tr| cyanonet hyl - hexahydro- 35 by wei ght unl ess ot herw se

speciflcaLIy set *1,3:5-triazine (1.7 g., 0.0083 nple) was 95 forth.
The

A sol ution

_ of di([err] -
The foll owi ng Exanples serve to further

phosphite (8.05

heated at [err] for 73 hours and then filtered. The filtrate was

concentrated to a dark brown Exanple:rl ‘ oil (9.6 g.).
oil (5.8 g.) was adhered on Di (pr- chl orophe%)phosphlte (23.32 g. 8 4
grans silica g&l and extracted with 80 nl3%¢ pure Q06 npl nA. .

1, 3,5-trickano- @fhyl acetate. The ethyl aceca¢® sol ution was 100 40
met hyl - hexahydr oC: 42.1;3H5 42; tN:i Bzt ne ~ (4. 08 _ Coftentl 40el: 4dd St ré

resulting oil" adrfep@ﬁ 0 le) were i ft: 20! K26l @N7¥essel 60
4.0 g. sikigca gel %g 3 I4I3¢gq gﬁm\/\/as extract d g? angl ent terrperature and
the mxturg mith 70 m . O'Bxﬂpnyi9 acetate and the sol utExmlhéht ed to QPC
for 20 m nut €5 t0 ©i0ve Dp0-methomyphensld) r 3 © H‘ﬁndetﬁ'

; Oenzentl Thisl benzéhed solgiop was

st1r Y heddSidht Jnlpoﬁmrd Ning Ik
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The yel | ow oi |- W'E%I tﬁg@§§. fﬂ?ﬁz and &gtvitélwpx@kﬁt r &ch y- aze
found to be 01 -fod
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acetonitril e sol updsiten. (B8 matesal gqgg(gﬁy lpyiing 3 regul éit o:,xt:otqnlxéﬁ
nole) of 1,3,5 - ‘E“F‘iY%%/anorret hyl - hexahydro hﬁ ,,degmﬂd ﬁhgmgmenesulfomc

phosphi te (46 8 Ogcaie®- 2 ol e) triazine (2.04 gcid QIO n@,De dlahvdyltﬁ‘é mh

in acetonitri Iq% (%Qﬁ@;ﬁb H:wak Neated at 55C Mynﬁ%{%‘rﬂ “‘t‘égf';{“
Filtration of 4heko 48, hpur enmr.

present and evaporg"{m'gf f#eﬁsé ?/ent m xture |n |ca1('ge‘§ conpl e
ave a burgundy coI@k’éd 0|I gé

’s He 4% n the deS| resg

conversiom to 0,0- 115 55

A
%ﬁs

whi ch

di phenyl N - phosphono onl '
product and The QE&Q I tgm va@ugs,iont he,an sal of this
product. Ghrong ogk'q 5(‘5og|n1)( 9f414% of a viscous black-oil. of the

oil (8.0 overtricydno

the m xture evapo

dryness in vacgyp. smd.ugtmdnme ﬂamci amgt
phosphononet hyl gl qudoovemghﬂ dering gwg'

nitrile in fracti
and silica gel 617

eluted until tbe pl‘ 0 ophmﬁ N - phosphonomethyl-
glycinonitrile having a  melting point of
170—-171°C and the followmg analys1s

Calcd:
C: 415, H 39; N: 108
Found: :
C414H39N107_
: o Example 21.
00 Di(p - fluorophenyl) N - phos-
phonomethylglycmomtnle (238 g., .069 mole)
45 was stirred in a 50 volume percent mixture
* of carbon tetrachloride and methylene chloride,
© filtered :and methanesulfonic acid - (0.67
grams, .069 mole) was added. The- solution
was allowed to stand overnight, the crystals
formed were collected by filtration and washed
with carbon tetrachloride ‘to. give 2.68 grams.
of a white crystalline material identified as
the methanesulfonic acid salt - of O,0-di(p-
fluorophenyl) N - phosphonomethylglycino-
nitrile. This salt had a melting point of
132—132.5°C and gave the following analysis.

50

55

lsamea Qﬂs)addeﬂatbe a

. diphenyl

plephonomethylglycmomtnle

hp*!b FN

and

chloroform leaving 4.0 grams of a white solid
(81%,), melting point 149—151°C; identi-
fied as the p-chlorobenzenesulfonic acid salt
of 0,0 - diphenyl N - phosphonomethyl-
glycmomtnle, having the following analys:s

Calc’d:
C: 51.0; H: 41; N: 5.7

Found :
507 H 41 N 57

Example 24,

A chloroform solution (20 ml.) of trichloro-
acetic acid (1.63 grams, .01 mole) was added
to a chloroform solution (100 ml.) of O,0-
N.- phosphonomethylglycmomtnle

114 é Wt h) 50% c %1 ah&%‘itsll%;@ ol %ﬁ m@oﬁﬁ.ﬁlﬂt%z @gg%oform

&formd s¢hatiod of OLO- t O

it T e, Al Teld SO B
2 daT
c;é}t; P 1deQ|iﬁe& heal&fohil@f]t ﬁlteiEbeand( 9&01@: washed with

95

100

105

(3.0 grams; .01 mole) and stirred "overnight -

at room temperature; Crystallization could not
be induced and the solvents were removed in
vacuo leaving: a light yellow oil, 3.75° grams
(80%) n,*=1.5410, 1dent1ﬁed as the tri-
chloroacetic acid- salt of 0,0-dipheny! N-
phosphonomethylglycmomtnle, having the
following analysis.

110



5 1, 556, 322

' eluent by n.mr. phosphononethyl gl ycinonitrile
"5 no Ionger deEe ESP"IE‘E\)hE‘ eluents ‘%'/\,ere concentrated, dis- [err]=1 5541,
gZ% ;;Iel EI“ ’ 60 solved in methylene chloride and washed twice with
d 5% KOH (100 ml.), then with Example 9.° 5 wat er .
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d leaving
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cror) Rasnabtain y
e\?gbso? %Sﬁmo‘ ’r‘?? (Th?ﬂ hyvingethe follewing analysk, 3, 5- tri cyano- 75 12.4
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£r | azi the oxa(i® addl sak Oof Q)OJdn 10N h()s- wascclmz;nm ags aphgd over silica g., (?/1
nol 0R0msY 14°n1tfdeemérhatlrﬂ1¢ dol{ 5o eluted with 60% cyclohgxane/ 40%
et i T8 PeARy ¢ he m xture was heat 66({0H{érzr]NfZ)2 acetate with 60 nl .

fractlcdnﬁdtaken
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[err]

92% pure’ E; 8;

Fr. 45-63
G: -52dj Hn 44t Dk yL) N -

(mc

N- plﬁosphonorret h)&gﬁp}eczmonl trile.

cal c'

35

45
50

S5

Fystlized mowhite rpii
sa of

rR mm%m etl'?glglycmom

were collected and washed with ether-chloro-
form to give 0.73 gram, 18%, yield, .melting

point 166—168°C. The salt had the followmg .

analysls

Calc’d o

C: 44.7; H 4.0; N 7.0
Found:

C: 44.8; H: 40, N: 70

Example 27.

A chloroform-methanol solution of trichloro-
methane phosphonic acid (1.99 grams, 0.01
mole) was added to a chloroform solution of
0,0 - diphenyl N - phosphonomethylglycmo-
mtn!e (3.0 grams, 10 mole). After 10 minutes,
ether was added, and no crystals formed.
Petroleum ether was then added until just
before the cloud - point. After 10 minutes,
crystals began. to form, and it was allowed
to stand an. addmonal 10 minutes. The crystals
were collected in two crops, 2.9 grams, 58%,
yield, melting point 145—146°C. The crystals
were identified as the trichloromethane phos-
phonic acid salt of O ,O-diphenyl - N-phos-
phonomethylglycmomtnle, and had the follow-
ing’ analysis. :

70 ‘hours.
phos-

04ph q,rqet hyl gl yci nﬁ‘ﬁ Br

[ orophenyl ). 25g,ags :hpngﬂ

&rﬂﬁ?lﬁl{d 0,0 - di

"BE® solids, Cnitrife]

med

slgzuon was allowe:

w1 ~ether, |

leaving 3.0 gram o
1denuﬁed as 9, Byt

the hydrogen bromide salt o

. oo

;-;C .47.0; H: 4.2; N: 73
Found:

C: 47.1, H: 43; N: 74

. Example 30 :

A 57%, solution of. hydriodic acid’ (2 ml )
was added to a chloroform solution of 0,0-
diphenyl N . phosphonomethylglycmomtrﬂe
(3.0 grams, 10 mole). The solution became
cloudy and turned golden color. After: two
hours no solids formed, so ether was added
to the cloud point and crystallization com-
menced. The solution was stirred an addi-
tional hour and the- sohds, identified ds the
hydriodic - acid salt of 0,0-diphenyl N-phos-
phonomethylglycmomtnle, ‘were collected as
light yellow plates, melting-point 163—164°C,
2.4 grams, 569, yield. The salt had the fol-
lowing analys1s

Calc’d: :
- C: 41.9; H: 338; I 295

C418H381293.-

Example 31 _
Trifluoroacetic acid (1:14 grams, 10 mole)

onmyethﬁgl&ﬂno-
0S:. B‘ponorret hyl gl ycr nonitri I e Exanpl e 7.

The agghobibbrile was renoved in were
Graxouso hydesgtl bebubiel waN butBiea K O |
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: cyanorxlarengﬂ.n)s,
pho¥®o rrbwh%
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A solution of di([err] - Exampl e 11.

ni t rophenyl ) phos-

phite (15.2 g., 83% pure, .0392 nole) and The diester (4.0 g., .099 nole)
prepare ' %€ g ; -
di ssolved in 100rr1 of 35 triazine (2.66 g., .013 nole) in acetonitrile

2% aqueoys acetone and the solution stirred was heated to [err] for 20

hours. Nmr. at anbient tenperature for 6 days during analysis indicated:
conpl ete reaction. The solu- which tine a solid forned. The solids were
tion was filtered and the solvent renpved collected, washed with acetone

and dried to 9% in vacue |eaving 13 g. ofl.58®323nmber oil identi-- vield. 1.%5

g. (60% 0% chl OWA[HAGAYL aNhlofdformfsbigGbn D,00, Gras. 78H,( ffCihécky. -Tuals‘almad]myfo)

N- phosphononet h ycﬁtemhthh@eﬁtﬂglwl&umld% Hewing analysis. .

phosphononet hyl gl th 7 1 i é pg. a nmel ting p0| nt . of
181-[err]+apd haviad ‘ﬂ%ﬂ esovenafva VED grams, 96%,  C: 4932; H: 442; N: r195”“3 |

foll owi ng anal ysi gield,@gtre16172, identified as the trifluoro-  Found: | c' d: 65
100 C 45.93; H @*‘—Mudl‘sﬁk oiﬂ,(z-glphenyl N'PhOSPhOHO' ce: 4&2,5['1 H42s3N911N 10. 8 45
Found: . methylglycinonitrile 7 Found: C:. 45. énm 353 39; N
14.27 C 41. EBxa e 32. 9, N 10,8 Exg5Tal Sohfdion of O,0-diphenyl N-phos-

Exanpl e 12. D|

h @cicp 1. S0egr4rhy, 05hmh&hylglycmﬂﬂflﬁlew3 B%‘.,Eﬂ’ 01 mole)
prepared in Exarrpl
g.,

ghlorof
T iriasine (eé-\ﬁam&qade&em(igéﬂn mﬁ;aﬁmztzf%’: %ﬁ%ﬁmi gwoh @Jl:ﬂ%)

wer e di ssol ved1s ntvadlyunarund mhérewas taddep @e e iwtoed f mere&exd@zyd; by Tih@tiiead| washag w:th

slurry and the so Z? fAftgn, stndy Ihleﬁi? elfslail oaw ?hds
sol i ds washed wi t [J§ m S BT (586 {,viﬁ’ﬁf ;ﬁfg
giving 0.87 g. .of yiadt®an gﬁe.ls ay\umgne&m Hofnt N@lydi mmag han fa K miglki dain

ldeqyﬁcdnasotheZBﬁﬂ ®f I [131-F138.576) (The it iwa t;med/\msw%

was subjected to HfS hgo 119:&9 t gleld and jhad,ghy f?‘BWS‘EaPPéVS‘Por si x 80
weeks and the res i uf'®e @fgycl ohexane and ing solids
were col lected and was ed: W|th et hyI acet ate (4cY £ \/Id}l428’/<)st8301recover 4.1

acetone to gi FagndQ, 0 - di .
Ho“r%% %Fl’}‘n 115

(19.0 g.). Th|300ill9—(150°§

afaledid) t i naI
met hoxyphenyl )fs @5’& orfiap ’ng{n

1, 556, 322«

O[err] fl uorophényl
phononet hyl gl yci norn{l trile: |1#mapsa
deconposi tion jmdN

foll owi ng anal ysi
Calc'd: 5
N.: 15.6

35

C: 42.7; H: 36; N 6.2
N- phos-

o

grams, .05 mole) was added methaktSlfors

C. Adkid3(S.0 grants, D51 Mole) indSthe solutmi

stirred for two hours at ambient temperatures.
A solid precipitated and was collected, washed
with ether and dried. The solid welghed 15.90
grams and was identified as the methanesul-
fonic acid salt of 0,0-diphenyl N-phosphono-
methylglycinonitrile, having a melting point
of - 147—150°C. The yield of the salt. was
82. 1% The salt had the follawmg analysxs

Cald: ;
C: 44.2; H 40 N 65,8 74

- Found:

45

55

C440H40N66875

-~ Example 34. .

An ether solution (10 ml) of mtnc acid
(70%, by weight, 0.9 g., .01 mole) was added
to a chloroform solution (100 ml.) containing
0,0 - diphenyl N - phosphonomethylglycino-
nitrile (3.0 g, .01 mole). -No clouding
occurred. Additional diethyl ether was added,
and then isooctane (20 milliliters) . at which
time: solids began. crystalhzmg out of the solu-
tion. The mixture was stirred for- one hour
at ambient temperatures, the crystals collected,
washed with chloroform and air-dried. The
crystals weighed 2.66 grams and were. identi-
fied as. the nitric acid salt of O,0-diphenyl
N - phosphonomethylglycinonitrile, having
a melting point of 116—116.5°C. The yield

rams-of g.
?1% t he sane ne?t‘f“r?ﬁ

|non|tr|Ie havi-n

‘6 was identified as

a nﬂkdnpla 6. poi nt. of
ETA pfphorus acid (.01
o a chloroform s

“of
%ﬁ&% " N.- phosphonometbyi;[}
niile (3.6 g, 01 mc;l[e‘g at ambient tem-
perature with stir(hg. 4Be Golutidn Budei
immediately. An oil was.present in the bottom
of the flask. After cooling, the solvent was
decanted off, evaporated to dryness and dried
over anhydrous magnesium sulfate. The solid
material was identified as the phosphoric acid
salt . of . 0,0-diphenyl N—nhosphonomethyl—
glycinonitrile, - -having. ‘a melting point of
74.5~~78.5°C. The salt was obtained in 25%,
yield and had the following- analysls :

Calc’d:

C: 450; H: 45; N: 70
Found:

C: 448; H: 46; N: 7.1

Example 37,

‘A heterogeneous -solution- of O O-dlphenyl_

N - phosphonomethylglycmomtnle (604 g,
02 mole) .in ethanol (500 ml) was cooled
in an ice bath, and dry HCI ‘was bubbled
through. The so!uuon was allowed to -stand,
ethyl ether was added, and a white solid was
collected by suction. ﬁltranon More white solid
formed on- bubbling dry HCl through the
ethanol-ether mother liquor at about 0°C.,

and it was collected and washed with ether.
The yield was 62.7 g. (93%) of the hydro-
chloride salt of O,0-diphenyl N-phosphono-
methylglycmommle, m.p. 112—123°C. The
salt had the followmg analys1s
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Found:

Found: C 44.3; H 4.2; N 11.5

C 40.0; H 3.4; N 15.5 Exarrp!e 13.

acetonitrile sol ution (160 n1'.)
nole) was stirred

0

( 5
was feated at

ing until all
grans, 0.0105 hours).
[err]

trifluorotolyl)phosphite
hydrochl oric acid with heat-
of the material
An anber

of di(m 10 glycinonitrile (1.51 g.,
0.03814 in 50 nl.
and 1,3,5 - tricyanonethyl -
di ssol ved (2 hydro-1,3,5-triazine

was. noted in the bottom
overni ght, 1396822 70 of the flask and found 00 be phenol .

(11.64 g.,°
nol e)

oi |

Exanpl e
0. 005

nol e)

The flagk. acetonitrile was evapor@m@@ of f under vacuum-15. was ceeled to

room t eqpes.m; H:er.AnW: &g hydr.o--

mat er iEpnde h| or j c, acid
acet oneC{ 3B Imt:)

m .-); and stlrre@
phenol sz,medtdmethyqpmlﬂyphnsphldu(img WhinCdaetbniitrile sol

r eact |g@n005T1|l1

W|th %

ncacgte:

i

1R atsd hi °C|

Wer e fhalglm a‘lanblatkls T
wat er anq -genqgnfr ‘
cr yst aﬂl"g (}%ﬁ{,ﬂ‘ Y

Hoyp te\(60-mlp &hpﬁo

and hal;D ng - dl4§t)| raft Oufd|-tdi
anal ysqlréhylphenyl) N phosph
Found ;
85 ﬂéouﬁai theaﬁllawmanalﬁiZ 52 H:

7. 0,0 - Di(p - chloropheﬁylyyls N - phos- ‘Exanple 14.

lll

Exanpl e
phono }g,l %IMUN.H% se (9.0 g.
- p O% O_

days,.

90 dlssolved in
Asolid f

days at Aaétiion of the diestbr piod

crops i)f(0€25y91°’a) snvm écet (t5
The fl%

O [grr RFG
phosprml:dmetgivylag ngnpumoim

third gskd?d%owedwt%

35

45

50
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d a\t,haxﬁbxent tem-

perature. for 30 additional days. The result-
ing suspension was filtered, and the solid was
washed with acetone (50 -ml.). There . was
obtained 4.5. g.. (66%) of O-p-methylthio
N-phosphonomethylglycmomtnle a4 white
solid, m.p. 250—253°C.. (dec.). The product
had the following analysis. .

Calc’d:

C: 44.12; H: 4.81;
Found:

C: 44.26; H: 4.86; N: 10.22

Example 40.

Diphenyl - thiophosphite (8.2 g., 0.0246
mo]e) and 1,3 5-tr1cyanomethyl—hexahydro—
13,5-tnazme (1 .68 g., 0.00823 mole) were
dissolved in acetonitrile (50 ml.) and heated
to 60—65°C. for 2 hours. The resulting oil

N: 1029 - -

was chromatographed- over silica gel (450 g.)

eluted - with- 60°%, cyclohexane/40%, * ethyl

" acetate (60 ml. fraCtions) to give 1.6 g. (20%)

of 0,0 - diphenyl "N - thiophosph‘oho-
methylglycmomu'lle, np**=1.5847, in fraction
30. The product had the followmg analysis.

é'm**&*@f"?k”

m,ph%f it

|nrrrt aﬁﬂhée mkmalog

0.01Foymd] e

andc: sﬁlmdﬂ Bggan: fsmo;rmngooﬂhe resi due

ihY}Wh"sgbﬂel 1 cete) ¢

ﬁgﬁ"’

MRAed

to ﬂwe
nap th
lycmomtnle as a buﬁ
The ptoduct gave the following

CQIC,Q24 ol e) 0,0 - Di([erf]

was di ssolved - in acet @%8(6501{{71473 nndgyvater
met hyl gCyﬁmrHt?(ﬂl;él (7480 g.
tenperature for

acét: cﬁ?ég’( 30417r?’

opqxphcepﬂ)

°3i‘§3*’?£.

oa chloro
ml.) of said-oil (7.6'g., 0.02- mole), methane-
sulfonic acid (1.92 g., 0.02 mole) was added
dropwise. After stirring for 15 minutes, ether
(200 ml.) was added, and a white solid pre-
cipitated. The solid ‘was recrystallized twice
from- acetone to give 4.6 g.:(47%) of the
methanesulfonic acid salt of 0,0-di(3,4-
methylenedioxyphenyl) N - phosphono-
methylglycinenitrile, m.p. 135—136.5°C. The
product had the followmg analys:s

Calc’d

C: 4445, H: 394, N: 576
Found :
C 4426, I-I 394, N 571

: : Example 43 :

A soluuon of 0.01 mole of the amber oxl
of Example 42 in wet acetone (70 ml.) was
refluxed for 4 -days. The amber solution was
then allowed to stand: for-one day at ambient
temperature.
filtered to give 1.7 g. of O-(3,4-methylene-
dioxyphenyl) N - phosphonomethylglycino-
mtnle as a wh1te sohd ‘m.p. 160—161°C

m.) and’sti 80 ed at
: &¥ht ai ni ng, wat er
gyn ch was coI | ect ed 35 pghrh lgrb,z) .and: stirred for» 60
riarmdehmmo { di(BachetylerRaiper at ur e.

(@08 rlpoltée@méﬁért i on obt ai ned.
T
ke

isdlid- (GBhem smﬁheramh%t mhaipemmenmlmtgm be i npure.
$9PPsefle d The, resyl resylengsofugien g
an-amber o

- 100

The - resulting suspension was

"sol ution % ce W th s_dj ssolyed in
AR aBer eyl end st PdSeblt Ay 8 ieo st (1
r4g ght at anbi ent -tern- mﬁlé 4ng -materi aI and_gfhe ’
ondSOOfnnr)rmdh(,BT he t he

4 ed and ywashed

me o ¥isel ding 3.5
c&Q&muea'he crystal s

mhnh foghed] 9f9-4 ‘wd-blowa il A &0 keﬁ@nﬂdwawmhed with cold

%rtogrmhy dried. The

,{"",5‘;1;5 gyd having
hiids hycsm&omb exana nteBttdesligy anal ysi s.
\Pa'slalh@df@nt ow ng
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40 a nelting point of 179-[err] and were and an additional 0.85 grans
was col | ect ed. found to be analytrcally pure 0 [err] tonI N The total

A Ah
O0u 'A'(o B O P OSSP U 1k i y V U ||L,||

yi el d of—tH
was (51% vyi el d) obt ai ned in 53%y| eId and had the fol |l ow ng anal ysi s.

Exanpl e 18. ’ 100 21 g. of a solution containing 83.8% by 45

Cal ¢' d: wei ght of di (3 - nethyl- 4 - 7

ni trophenyl)- C 50.0; H 5.5 N 11:7 phosphte (0.05 nol e_l--q-

and 1,3,5-tri cyano- Found: - met hyI - :

hexahydro - 1,315 - triazine. (3 4 C. 50. 05568225 5;. N 11,7 : 1

g., O. 01670l e) were di ssokd@pleisf 100 m . 105edadd taqeaf’onhttérlﬂsemaﬁsd ahesaued

to [err] for one Ex‘a dasowon?éf d1(3 4&d1§1:$°;:$1:eny1)- rhouhydmiftlaqegab@t ?esgqutedu% gl;esﬁiwent

was then re- “ ri -

Vacuum and thesr e T glf%%% A T T,

nole) in &Q« euned)m T8 Hourl rhd zed ikl @orkediGp aki cﬁﬁﬂﬂbe\iendEtaﬁnple

acet one (50 n1 algcbolumnewas congehtrsted rtfreldmé}"gwanﬁﬁe'f‘he fire@m@tlw ddryYnenr. indp 1

m.) and sti rred é‘q?::s &?;u(ﬁq&’? rg?%our ftlﬁl:mg :ﬁrFyé:th? ?;& comd e o iﬁ%@%x

identified 16 fgou s1o (g Vﬁtvﬁl difier lighdor | d1ca

- 4- nit rophenyl wi/thsdmdaevmso hnlactet o:ﬁﬁuzyr el di ng 1.1 grams. .

phosphononet hyl gl ﬁr 18 (53%) éM-‘h ozopheayl) - (5199 yi e a material

i dentified as O- g‘;ﬁi ?L°n_ r]. ®he Bt ery al u i‘p Mosphm (196

ni t rophenyl N - phos ononet hyI the foI | @uiolag A gf,gb&e) and 1,3,5-tricyano- &

115 7 15 = " - Example 45. nikthyl 6 he@@dro - 1,3,5 - tnazme 3 41

7 Cal ¢' d: _ Dlphenyl phosphue (234 g, 1.0 mole) wasC§ @067 moley s erg - mq:qlc_i fgm

14.7 added : a%%oghl luu éto "1 3§f5’hea m&(%o@é 20 mmute‘snzr{ was

Found: C. 42.2; th ,6%' 53'y?7 mole) and heated at ahquothdléLﬂ:d Réactidh “é:"loﬁ

S. 7.5 2(50 75-—82°C for 3 hours. The s@mmp#ae 1@111% gm workup and hydrolys1s procedll:é;sl

Exanple22.00- ed ap ec m &5 RN ¢

I 1075 an SRS PRERATLAG RS eRR ,

was refluxed in be;asz gel \(wlsich( Sﬂi

wat er and theZSNals@\red n eblerﬂlorms @ijcapgel W@-C%@ewﬁm’)ﬂamdhas tthfr h!e’dolsals
Z BAE YEEs) 0 hash ioferptimes viglds.

anbi ent terrperatuf“él
for three*nonths. el o,g,er(i &d, ) added to ap,mi;;ge,ge met hyl ene

chl ori de sol u- fomrihns 'Iilae-lsodverds:ommﬁ rcamwed irdniethglammbriivpn h{dr&kids Osalt

vol ume percent 30 1@3@71 and geerytallizedt jfeom %@@é"@ﬁ?’lﬁ?@ I
di phenyl N - phog}ﬁ T}Yé? @ﬁfoh ethgg 1ssolvmg mole) o?%e

p'ﬂ 1- phenyl - - phosphonomethylglycmommle

: glycmommle in 30 ml, of water containing ‘14.5 g.: (0.08

o mole) of tetramethylammomum hydroxide

Example 46 o and then heating the mixture for 16 hours at

35 Diphenyl phosphite (3343 g, 0.1 mole 100°C. until by n.m.r. spectrum -analysis it
(70% pure) and 1,3,5-tricyonomethyl-hexa- was determined that all of the glycinonitrile
hydro - 13,5 - triazine 6.73° g, 0.033 had been . converted to the tetramethyl-
mole) were stirred in a flask and heated to ammonium. hydroxide salt of N-phosphono-
100°C. (by an oil bath). After 40 minutes methylglycine. The solution was cooled and

40 the reaction was complete (n.m.r. analysis). extracted with methylene chloride to remove
The crude reaction mixture was hydrolyzed the phenol -and. then -vacuum .concentrated,
by ‘adding -150 ml. of 2N HCI and refluxing y1eld1ng a mixture of the tetramethylammo—
for 16 hr. The resulting material was extracted nium salts, The recovered salt product was
with chloroform (to remove the phenol) twice dissolved in 20 ml. ‘water and placed in an

45 and the aqueous layers were filtered and eva- jon _exchange column. packed with a com-.
porated to dryness to give a burned orange mercial cation exchange resin (“Dowex 50”)
solid which was dissolved in 60 ml. of water and then eluted with water. at room tem-
and cooled to 0°. The resulting crystals were perature. (Dowex is a registered trade mark).

. * collected and air dried to give 10.7 g. of The eluate was concentrated yielding 2.4 g.

50 N-phosphonomethylglycine. Analysis—95+9%, of a beige colored crystalline solid (71,
: pure, Additional crops were isolated by eva- yield). The . crystalline solid was found by
porating and adding ethanol, ‘all these n.m.r. spectrum analysis to be essentially pure-
materials contained varying amounts of ammo- N—phosphonomethylglycme L o
nium chloride and -aminomethyl phosphonic

55 acid. Mother liquors from the above crystal-. '. Example 50..
lizations contained mainly phosphorous acid The disodium salt of N-phosphonomethyl—
(44 g.). glycine was prepared by mixing 6.04 g. (0.02
' mole) of O,0 - diphenyl - N - phosphono-
Example 47. methylglycinonitrile with 50 ml. of water con-

Di(p - methoxyphenyl) phosphite (30.82 taining 3.2 g. (0.08 mole) of sodium

60 g., 0.1 mole 95.5%, pure) and 1,3,5-tricyano- hydroxide and then heating the mixture with
methyl - hexahydro - 1,3,5 - triazine (6.81 continuous stirring for one hour at 70°C. at

g., 0.0333 mole) were mixed, stirred and which time the n.m.r. specttum analysis of

%
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material was identified as O-[err]-nethoxyphenyl (3.02 grans, 0.1 nole).
The m xture was N - phosphononet hyl gl ycinonitrile and had a stirred for
.one mnute at room-tenperature—70—15 reHng—potnt—of—185=ferr—wth-
decom during which crystallization occurred. The position. The materi al
gave the following resulting slurry was stirred at roomtenpera- analysis.
e overnight and then filtered to yield a white solid, identified as the
;‘] t ol uenesul fonic Cal ¢' d: , acid salt of
WY - di phenyl N - phos- 75 C_469; H 5. 1 N: “11.0 i :
yi el dyhe ﬂamianng:xa;mmﬂtatﬁdgapp@mmtelmf ph&gh plespt e, vﬁth 11?7 S-irjcyddomeﬂ:ylz N 6. 8
The CG %%‘“{“ ﬁ%a%@mls%_.. o e mec';e o 60
C. 554 ' redc on at 70°C indi-  described iff the p p
chlor eakesy| :ﬁhOﬁ)BchduInEa ©.a540%. ,a yitl@ bR nlya_@ of a.evuaguéf'u l;ffi 05 moi e) was
added congersion ¢ theShisodfum pglt. lf t!her peat-5 was Eﬁam%!msmammnﬂlel BYsokldt | ong;'&o m.)
of 1- dnedor 15 4ddisis i ngg;—d i3 Myemple. >, Ge%f;; oy, > - Example
23, (ifF e reabliR ; ?ﬁdﬁ‘ Ok GF Gamgisol ut i ore of
[ et0 ] watad Qtembgrnzdamamborcolzreﬂn@ms mmd floylt plosphisk withel, . 2act ant

sul forrhé @1°- noticyynomerhyl-hemhydest LkS-wiritkas concentrated and
di ssol, , mﬁ t"g‘;&,ﬁg‘;orm sol utlg&m{ejq 0- 30 acetﬂfe (50 m.)
and vva&l abke emapbua&yhx-N = TRhPE] theglc@biystingnést ril e stirred

" ovéed nn@hgem(‘mwm%hmmwwsmn co@lp thnﬁnﬁithum demon-The m xture was
f or e @luteq pyth Hef g% SRR %ﬁ o‘i?%‘ _"ﬁ“fé{e 10 nmi nut es
cryot SET TR o T “-cogrenced. The
sl urryhgwaan%ﬁ@aaﬂﬁm arnﬁlmb vavessenualso “(a& dbvexﬂ ater maﬁmucaﬂ- identified as

he soli ds mgwwl@sang}gwﬁicmt @3l or ophenyl N
ol Meq‘\?ﬁg _ A sol i d

ey On i l
- Geactan RERTdidg W ,:aﬁB?Lft 11NGolR01 g  149- 151C;
i dent ipho - ]w"lthC m;ﬂmcyahgneﬂwl-!iem ymadx;ds ms 1 molefmledul)ass dppHied

[ e2P] hlqﬁrér?»émaf?e ‘F%(% b’ﬁs stam\e @iam? in: dxﬁeéﬁugsqu ciwﬁsngr:t s
Th _

phosp

ls d Th L
gl yci mmtdmmsh&vmugidic ent._ The mmd ot ﬂ&ﬁj’ﬁ,ﬁ ogs N 10.8 40
Foundas a hydrogen halide, a =Lewis ac1d, a recorded . after @ﬂirdlmhtelsCZ Avkekd ortH: 3.9; N 10.7

331@51:&%3%39 %ﬁ rﬁiﬁﬂg%x §_4weeksThedata1sgwenmC 50.7: H:
le le ‘of
a.1; Qe dy,e;d*?,fomym%;of i0 Qg%hgmélwmhexa{my N - phos-

phonoeesr vy INyphoephioromethylglycizio liileS&sg index K3 I and II is as folE%a be 24.
obtained in the reaction of a solution of diethyl

35 phosphite and '1,3,5-tricyanomethyl-hexahydro- Plant Response Index
~ 13,5-triazine  saturated - with hydrogen 0—24%, Injury .., 0

chloride. In contrast to such low yields, the . 25—49Y%, Injury . 1

presently disclosed process is characterized by © 50~74% Imjury - .. . 2

yields of the diaryl esters of N-phosphono- = 75—99%, Injury & 3 95
40 methvlglycmomtnle ranging between 45%, and Al Killed o 4.

100%,.- Surprisirigly, when 'the - Exaniple of Species not present .

British Patent * 1,445,087 was run with . _::at tlme of treatment »

stoichiometric amounts of reactants and with
the omission of the hydrogen chloride catalyst,  In said Tables, WAT ‘indicates ‘weeks ‘after-
45 no reaction could be’detected when run at treatment, and the. plant species treated are 100

40°C. or even after 24 hours of reaction at each represented by a code letter as follaws
100°C. The same negative tault was obtained

when the example was run as above ‘(no acid c -
catalyst) using acetonitrile as a solvent for A— CanadaThlstle - Ke— Barnyard_G'rass

SO the reactants and the reaction was conducted” B — Cocklebur © L-—Soybean = -
for 24 hours at’ 100°C." In another expéri- C-—Velvet Leaf - - M — Sugar Beet
ment, running as above the example of the D— Morning Gloty N -—Wheat = 105 .
reference but using chloroform as a solvent E — Lambsquirters© O — Rice . R
for the reactants, no reaction at'40°C. or at — Smartweek - ‘P — Sorghum

55 100°C. was observed. = : G—Nutsedge T Q—Wild Buckwheat

. When an acidic catalyst of the type ‘dis- H-—Quackgrass - R Hemp Sesbania
closed in British Patent 1,445,087 was used I — Johnson Grass S — Panicum Spp 110
in the reaction of a diaryl phosphite, i.e. di- J = Downy Brome T — Crabgrass "



45 was stirred in a 50 volune percent m xture A chl orof orm sol ution (20
m.) of trichloro- of carbon tetrachl oride and nethylene chlorlde acetic

acid (1- 2c A acid ~——
(0.67 to a chloroforn1solut|on (100 m".) - of 0 0- grans 069 nDIe) was
added. The sol ution diphenyl N - phosphononethylgly0|nonltrlle 105 was
all owed to stand overnight, the crystals (3.0 grans, .01 nole) and stirre
overnight - 50 forned were collected by filtration and washed at room
tenperature. Crystallization could not with carbon tetrachloride to give
2.68 grans, be ¥nduced and the solvents wdr’#32nmpved in of a white 13
crystallins—material jdentified as vacuo leaving a light yellow oil, 3.j75
grams the nmethanesul fpnid agi dnsadt of D, Br din( [@FTF- « (80% [8r 1= T 544.0
identified as the tri} 120 fluorophenyl) N - phosphononet hyl gl ycino-

chl oroacetic acid salf of|f 0,0-di phenyl N- 55 nitrile. This salt had a

mel ting poiday of phopphdnoget Qyl gl y¢i ponit r iyl e, hawvi ngn theq132-132.5¢

and gave the foll ow np anaIyS|s fol l'owi ng anal ysi s. 1, 556, 322

8 Calc'd:s . Calc'd: C 43.9; H 3.5 N

6.0 : Ci1 38. 3 H, 3.4, N, 5.6 Found: o

Found: “60 ¢ 43.8 B 55N 59"

C 38.3; H 3.5 N 5/6 5 Exanpl e 25.

Exanpl e 28. An acetonp spLutlon (25 m.) of oxalic acid An ether solutlon
of fluoboric acid was|aldeddiflydPat® (1.26 §rafs, V10" ndl eT' was dddad ~tlo a

chl orof orm et fier sol ufi onf of 0, O-di phenyl to an acetone sol ution of

0, 0-di phenyl N N-phpsphpnomnet hyl gl ycinonitrile (3.0 grans, 65
phosphononet hyl gl yci npnPtfitre (3022 grams, @ 10 nol &) . —“The' sOl uti on vas
stirred overnight, 20| 10 nole). After 10 mnutes, the salt started the
solids were filtere@d, | washed with ether- crystallizing fromthe sol ution
The solution - chlor@f prm )56/ 58) heavi Rg whi ke erystat s+ 1=l waswst+rr<ed
overni ght, cool ed -agd|{the| solids grans, 28%yield, nelting point :
156-[err]s (1.9 grags) weye collected and washed with identified as the
fluoboric acid salt of Q P-< 7Q agetone A sqcond ¢rap was<obtai seds by cpn-
di phenyl N - phosphon)nethngIyCInonltrlIe 15 centrating the nother
liquor, 0¢8 gram The| hajing the follow ng analysis. yield was 2.7 grang,
69% nelting point [e r£ degc. Lhe crgsgglgqmgge |dgng*f|ed as_ Calc.,d: the
oxalic acid saltmof 0} O- phenyl N-phos- C. 46. H: 4.1, N 7.2 .
phononet hyl gl yci gioni t |Ie and had the fol - Found :

75 20 | ow ng angl ysi C 46.0; H 4.2; N
o -l TN N N o

\* 24

7.9 _ O] & & e on oo = ¢ o o <
R} & oo < oo v <+ < 0 T < F ¢ 0 A, ¥ e
< " ¢ ¢ n ¢+ F N en on N N N e
o0 N
N\QN.._\ON.\ON\ONH’Q'\DN.\DN\O
. el g v dv g wogd w g ¥ g g g
L 3
[:t" ¢ < < <+ <+ & + <+ &+ <+ &+ &+ F & O+ <
=
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1

2

3

4
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Cal c' d: Exampl e 29. C

52.1; H 4.4, N 7.1 Gaseous hydrogen brom de was
ubbled—+ound: into a chloroform

solution of 0,0-diphenyl C 52.1; H 4.4, N 7.1 N -

phosphononet hyl gl ycinonitrile (3.0 80 grans, 10 nole).- The:sol ution-was

owed 25 Exanpl e 26. to stand overni ght

aﬁ; \he hydrobromi de crystal- An ether solution of perchl oric acid was

I d. The crystals were coll ected and washed. added to a chl orof or m et her
#ion of 0,0- with ether, hessgeng 3.0 grans, 78%.yield, daphenyl N -

phosphonongt hyl gl ycinonitrile 1i1dentified as the hydr ogen brom de\salt of

85 (3.0 grans,| 10 npl eg Jhe pgrchlorate salt  Q,0_- di pherlyl N -

phosphonongt™hyl gl yci no.. 30 sl owl y crystal TiZed as whi't e7 prisjns. The

solids, njtrille, having the follow ng analysrs identified gs the .,

- perchloric|acijd salt of 0,0- diphenyl N - phosphononethyl gl ydi nonu;rr | e,

Cal c¢' d: wef & dol Pected® aftl Wasfed™wi Th Bt Her “thford- @ ¢ 47 0 K 4. 2 N:

7.3 formtp gijve 0.73 gram 18%yield, nelting Found: . .

90 35 poipt 1Y66-[err]. The salt had the foll ow ng QC: 47.11; H '4.'3; N:

7.4analysS“Ex‘arrp1‘e"30 CalcHd: ¥ » ¥+ o & & o v < « A 57%

solution of hydriodic acid (2 m.) C 44.7, H 4.0; N 7.0 ' :

- was added fo g chloroformsolution of 0,0- Found: '.

-di phenyl N -mghosphencaetdiylegl yCi A0ndtrel en 96 40 '« & H44.8;|H 4.0; N

7.0 (3.0 grans, 10 nole). The sol utr on becare cl oudy and
turned gol Hen |color. After two Exanple 27. . hours no solids
formed, so|ebHer~was added A chi oxof@ar g et hanol. sglutian  fkrichloro- to
the cloug poirnt and crystallization com nethane phosphonic id (1.99

granms, 030f menced. The solution was stirred an addi- 100 | e) was. added

to a chldrpforim golytipn pf  tiongl Qour qpd ghg s Irgs identified as the
45 0,0 g HipHenyl N - phosphonorret hyl gl'yci no- hydri odi T aci d salt of
O, O di phgnyl N-phos- nitrile (3.0 grans, 10 nole). After 10 nut es,
‘phononet hy %y.crgonr trjl e, were coI I gct ed as St her Jas added and no
crystgls fprmgd. = 1|1 gh‘f yel “ow pI Ates, Treltin ng- por Tt 163 [err] . Petrol eum

et her 3was fher| added until just 2.4 granms, .56% yield. Thesalt had the
fol - -.505 btf orfe the cl oud por nt. After 10 m nut es, low.ng anal ysis. 50
crystgls bedhn td fori &hd™it “Wa® T oted t & sfan® an additilonal 10
m nutgs. The dqrystals Calc'd: were collected in two crops, 4.9 granms, 58%
, C 41.9;1H |3.8; I: 29.5 yield, nelting point 145-1460C. THe crystals
FOUI’]CE o 4 & o A+ F n T et en ¥+ o o ’
m T ¢+ ¢+ ;T ¢ ¢ o« # % < o0 & <+ < <
< + &+ & e ¢ F F N <+ 0 0 T <
[ BN \D N o &8 v o % N o N v & o
Ha| & v o W 5w 4 6 d F H o\ oHoEb Ao .
B : 4+ ¢ ¢ & &% F o+ &+ W
=

Conipound of
Example No



were identified as the trichloromethane phos-
110 55 phonic acid salt of 0, 0-di phenyl

and had

C. 41.8; H 3.8; |
N- phos-

29. 3.
phononet hyl gl yci nonitrile,

1, 556, 322
soI uti on of 0, O-

ttre—if-att-aw E)‘Q!'T"r)! e 31 i ng anal \JIQi [
Trifl uoroacetic aC|d (1 14 grans, 10 nol e) 9 ,
9 was added to a chloroform
was 72% of theory. The salt had the fol- diphenyl N -
phosphononet hyl gl ycinonitrile |ow ng analysis. (3.0 grams, 10 nole). The

solution was stirred overnight and the sol vent evaporated in vacuo

Calc'd: 5

| eavithg a |ight yellow oil,

_ 4. OLY63285, 96%.

N 11.5 yléLd, [err] {
65 aceti¢ acid-salt of
11. 6 nethyl gl yci noni t 1fi

sol ution of _O, 0-di phernyy

granms, -phosgnet hyl gl y
added to a chl orof orm
solution ef 0, 0-dipher
(1.01 g., 0.01 glycind
chl or of orm was added 4
m xture stirred for ty
added to the cloud w4
product crystallized.

give 3.9 75 ing for (
material identified ag
to acid salt of O0,0-
yield, nmelting points
119-Jerr], i dentifi e
in 100% net hanesul f @i
foll owi ng anal ysi;s. § &
anal ysis. * a

Found: 25 . 5;
S: 8.05 Found.

"0
TABLE I-(Continued) S

0 h

51

1

I
cin
imn
yl
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net
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Compoﬁnd of
Example No

|dent|f|ed as the trlfluoro- " Found:
dj pheny B posahono-, o, G, 49 2, H, %42 N
Exanpl e 35. Exanpl e 32
10

2,

Tri f | uor omet hanesul foni ¢ aci d (1
0. 01 nDIe) 10 nDIe funes) was

9 Was “adTedYan"ether™ «
phosphononet hyl - sol uti on of .98%
ile (3.0 grams, 10 nole). The nole). Additionag
edttion Wag st rTed”at™ r donft efiperattrerf ot -tH
urs. The solids 15 two hours, and ether was
enoved by filtration and washed with point. Thg
r «st anhd« chl or oform -then et her,~and dried to0
our, the solids were collected grans of a

phos-
nitrile ( g
cﬁ?oroforn1(1 of

sul furic and washed with chloroforn}etherj(SUT

nyd ke phosphorsondt hyl -« yicel e 338 Gr a#s,+.849% «
inonitrile, having a melting point of 20 _
the trifluoro- 151-[err] The salt was obt ai ne
i de &) t O 40, Q- diphgnyd N oyi gl deand had ¢ he
osphononet hyl gl ycinonitri.l e, having the foll ow

Calc'd: C 45.0;, H 4. 28; S 8. 01 Calc'd:
@ 624 o C

= n o+ + <+ F

5.6
56

11.2
5.6

11.2
5.6

11.2
56
11.2
5.6
11.2
56
11,2
11.2
11.2
5.6

17
18
19
21
22
23
%

sul furic adi

44.90; H_ 4.27;
<+ Tt ¢ W

G 49.32; H 4. 425

90

d

[
I
e

d

ng



C 42.7;
An et her
Q,0-di phe

H 3.6; N 6.2 Exanple 36. 85 Exanpl e 33.

sol ution of phosphorus acid (.01 To a chl orof orm sol uti on of
ny| mol e) was added to a chloroform solution of 30 N_-

phosphono
phosphono
0 g.,
ut i on
s at
mA_
cool i ng,
decant ed
t he met ha
salt of O
phosphori
0, 0- di phe
gl yci noni
fol | ow ng
had the f
Cal c'-d:
C. 45.0;
44.8; H
m.) of n
nol e) was
chl or.of or
(60.4 g3
(500 M 3
bat h, add
t hroughyg
mllilige
time sol
filtratio
form& on
crystaéal s
wi th&hlo
et hefl2

(939
A

of
de
ono
rr]

chlo
- phos
112-

Cr

met hyl gl ycinonitrile (15.1 0,0 - diphenyl N - )
met hyl gl yci no- grans, .05 nole) was added nethanesul fonic nitrile
.01 nole) at anbient tem acid (5.0 grans, .051 nole) and the
perature with stirring. The sol.ution clouded 90 stirred for two
anmbi ent tenperatures. inmediately. .An oil was present in the
: e h

1
evapgrated to dryness _and dried grams gpdqmag_identifiéd as
esul -~ over" anhydfols magnesium sulfate.” TRe Sol i'd|fonic acid

O- di phenyl N-phosphono- material was identified ag the.

¢ acid 95 nethylglycinonitrile, having a nelting p¢int Salt of
YT IN- PhoSphdndirethy ™ 8F T47S[ eTr] The Vi & d Yof St lhe saft was
trille, having a nmelting point of 40 82.1% The salf had the

and)l ysi s. 74.5-78.5C. The salt was obtained in 2%%yield and
b+ ow 1g @nabysits.~ Cal c'd: —C. ¥44n2, HN4.0; <N ¥%6. &, |S: 7.4
100 Found:. - '

£ 45 N 7.0 C 44.0; H 4.0; N 6.6; S 7.5 Found: C
4.6 | Nn 74l 45 4 ~ = = o —Exanphe 34.« A ethew gol ution (10
trifc acid Exanple 37. (70% by weight, 3.9 g., .01
added A het erogeneous sol ution of 0, 0-di phenyl 105 to a- .

n& | utj oQ (A0Q-mM. ) cort aini g «N & phosphqenoret hyligl yci nonitrile
0,0 - di phenyl N - phosphononet hyl gl yci no- 0.:2.nolle) in ethanol
was| cooled 50 nitrile (3.0 g., .01 nole). No cloudqing in an ice

dry] HGL was_ bubbled occurred, Additiopal, dimetoI- <Etjher was added,
The kolutTon was al | owed to stand, and then |Isooctane (20

s) fat which ethyl. ether was added, and a white sol{id was 110
IS gan crystallizing out of the solu- collected Ry suction
. Mor & whi t8 Bl Yof, The™ni Rt ufe has st r®ed¥ dr one hour
ﬁ bupbling dry HCL through the 55 at anbi ent tenperatures,* the
tol ljected, ethanol-ether nother |iquor at about [enr], washed

dRor nand afr -Wried ™ THe “ant i vWAs TolY ect ed affd lwashed with

stal s weighed 2.66 grans and were identi- The yielld was 62.7 g.
{he jhydro- 115 fied as the nitric acid salt of O, 0-diphenyl
sPt]| ofr Oy0-«di phenyl «N- phospheno® No -0 o o <+ « :
thglglycinonitrile, having nethylglycinonitrile} mp.
Th
- 4+ & ¢+ o n < F n .o n o n .. v T <«
< N L - T - T s I L G . T - . N <+ o
N o N v & 9w NV A o N o N o 8 W
el & W 5 W S w d v W d W 4w d oW .
—t - -] w—t . - - - ) -y
3
: < <t < ~r < o b 'd‘ < < b A <t b S <
B .
L 8 & & 8 = b
28 '
g x
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60 a nelting point of 116-[err]. The yield salt had the follow ng

anal ysi s. 10 1, 556, 322

10 Cal c—&- e e Gate—e—C—5339——H—4-79; N: -
8. 27 . C. 56.60; H 4.75; N 8.80;, S 10.07 Found:

Found: C: 53.51; 'H 4:78; N 8.30 . C- 56.40; H 4.80; N

8.73; S 10.26 60 5 Exanpl e 38.

Exanple 41. Di(2,4,6 - trinethyl phenyl)phosphite (17.8 An acetonitrile = {«
solution (100 ml ) of di([err]- g., 0.05 ';%23 s added to an acetonitri{
napht hyl )phosphi-z_e—esgﬁ_s.-g—-a.—;len@l-e) and 2% | on (50 o ——o+

1, 3, 5-trickanonet hyl }

i S -\ . -

, 3,5 - tricyanonethyl - hexahydro - 1, 3, 5-
hexahydro - 1,3,5 - jr#azine $3.94 g7, 9. 61l64 trivwzinme 2@ 4g. 01 wole)
was heated to 65 10 | e), and the m xture was heated at [err]. reflux
for one hour _and thep concentrated for 18 hours. The black solution which
formed toia.red-brom ofi len AnlOn(Q.co SHIPk WASaPUET -mWas & | kerad ante -
concentrated to an o} l. fled by high pressure |iquid chromatography
portion (# g.) was cpronftographed over over silica gel, eluting with 609
cycl ohexane/ silica pel (430 g.).WJ4h . 70% gyclohexanel, 40%ethyl acgtage
(20 M. fractions). fFracf 70 15 30% ethyl acetate (60 m. fractions) to
give tions 45-64 wefe cpnbi ned and concentrated, 1.0 g. (14% of OO0 -
di(2,4,6 - tri- and egul;i n o!il was_cr s;[ﬂalelﬁizmed from rret;‘QyI phenylr)‘
N - phosphononet hyl g| y¢iho~ Tarbon”tétrachforide"to give 1. T g7 of 070-
nitrile, mp. 118-[{efr],|lin fractions 28-40 di([err] - naphthyl) N -
phosphononet hyl - whi gh _cfystallized on standing. The product
glycinonitrile as g puPf| c8l oPed™sdti @ M p™ 75 20 “h& thefolMoWing
anal ysi's. 51 | 104-[err]. The product gave the follow ng

anal ysis. Calc'd: g, 65.P7;, H 7.04; N 7.25 Cal ¢' d: Found:
C. 68.65, H 4.76; _N| B.P6¥C.¥65¥38 H #O0% N .18 © & <+« ~Foundsy
80 C 68.58; H 4.%9 N|[6.92 25 ' Exanpl e 39.

Exanpl e 42. A sol uti pn of the diester product of Example . A stirred

sol ution of di(3,4-ngtdy] eredir- | (. G225 sDke) wi Newet agetOne (B0 H .+ «
oxyphenyl ) phosplite {0.0p nole) and 1,3,5- was heated at reflux tenperaturpe
for 2 hours trizcyanpnethyl - hexahydro - 1,3,5 - triazine 85 and then

allowed to stan® at ankient t&M< (0. Q64 Mal ey iA agetonidrd e (73 nk. )e

=4

was O
S’
Lol
E O] o ¢ & & oo & &+ &8 ¢ & =w ©0 o & = < o
m
-4
b=
M| <+ # < e < v F T T F = A F 0 N F oo
< | <+ ¢ T N & T 0 F T F O o0 N N = S <
m, [ JENERV- T o NNV T o REY - TR o BV T o BNV B IRV T » JEEY- T o B N BV 1
[ R I Y T T ¥ S | - W e o = N i Y
2
;ﬁ'ﬁ'ﬁ'ﬁ‘ﬂ'ﬁ'ﬁ'ﬁ'ﬂ’ﬁ'NNv*ﬂ'ﬁ'ﬂ'
=

C(_;mpound of
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30 peratur
hours and t

—=gt=—arhi ent

heated to [err] for 3
to stand

e for 5 days. The suspension was fil -

hen allowed tered to give an inpure pinkish solid (0.9
tepperature overnight . g ) The filtrate was placed in a

st opper ed

stand at anbient tem

Nature fo
82 nol e),
foni ¢ ac
el8e was

The resulting solution was concentrated to flask and allowed to
an anber oil. To a chloroformsolution (100 90
r 30 additional days. The result- ml.) of said oil (7.6 g.,

nmet hane- 35 ing suspension was filtered, and the solid was
id (1.92 g., 0.02 nole) was added washed with acetone (50 ni.).
dropwi se. After stirkgssesp2for 15 m nutes, ether.obtadned 4.5. g.

(669 of O-[

N- phosphono
recrystalli
acetone to
met hanesul f
phosphono-
mp. 135-[e
fol |l ow'ng a
Calc'd: C
Found: Di ph
5.71- nole)
- 0.00823 nol
acetonitri
50 to 60-]
acetone (70
for 4 days.
then al |l oge
gi ve 1. 608
di phenyl &N
0- (3, 4- ngfh
di oxyphenyl
anal ysi s.

1, 556, 322
heated to [

di (3, 4-di chj org

phosphilt e (
reactign t o

TABL

errf-nethylthio (200 nL) was added, and a white sol i pre-

et hy| @l yoi neni<rid e-as<a whi #e «ciqi tated. vThe golid was .

ved fwice 95 solid, mp. 250-[err] (dec.). The product from

glg 4.6 - L4779 of Lhe 4Q nad the fol lpow ng_anal ySI&

oyl aC|d salt of O, O- d|(3 nethylenedloxyph nyl) «_% N

Cal df d: met hyl ¢l ycinthitrile,

[ r%.] THe T '214"12 H<=4"’81N N* 19.29 © < .Y o Iproduct bad the

hal yisi s. 100 Found: C. 44.26; H  4.86; N . 1¢.22

N4 45, aH =3.84;en N 5 /6B 6 = = o <« Ex.anp.l ¢ 40.

enyl| t hi ophosphite (8.2 g., 0.0246  C 44.26; |H 3.94; N
cgag 1,3 5, trlcyanonethyl hexahydro- 1, 3 5-tri gzine (1.68 g.,

b))~ Wer € Exanpl € 43. ® 105 dissolved in

e (530 mM.) and heated A solution of-0.01 nole off the anber oi

rik ]| for @ hours. <The resuttiag oile 6 Exarpl e 42 in wet

m .[) was was chromat ographed over silica gel (430 g.) refluxed
e ambes sQl WiQp wasqel yted with,6Q% Lcygl ohexane/ 40% et hyl

0 tg stand for one day at anbient acetate (60 ml .| fractions) to

209% tenperature. The resulting suspen3|on was |110 of 0,0 -

% |t hTophosphoho™ i Mt eFed®t N give <. * g™ of

e- 55 ‘methylglycinonitrile, [err] =1.5847, iln fractieon
-=phesphoronet hy ghyckno- 39. ;Theapaoductmhad the follow ng

rile as a white solid, mp. 160-[err]. 1l _

11 Fxapple 44,
rrlj. After 15 i Autés all TofSthe A stirred solut
phenyl ) - - hexahydrotriazine had dissolved in

ndl €' ahd 1, 3 5t rT"cy'and“ phit e~ arr ati quot
65

o

| en
aN
nit
i on of
t he phos-
i ndi cated the

0.%4
be
A

N = o - - o en

o

Compound of

ke
h
5.6
1.12
.28
5.6
1.12
.28
5.6
12
28
5.6
1.12
.28
' 4.48
112
224
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nmet hyl - hexahydro - 1,3,5 - triazine (0.013 about 50% conpl ete. The
m xture was heated 5 nole) in acetonltrlle (40 mM.) was heated to for an
addi ti ona 2 =
The result - Iyzed and wor ked up as descrl bed in Exarrpl e |ng sol ut| on was
concentrated to an oil©, wet 46. The first crop 10.1 g. (dry) n.mr. indi-
acetone (80 m.) was added, and the m xture cates pure _

N- phosphononet hyl gl ycine. No 70 was.refluxed for 80 hours. The resulting
sus- other crops could be obtained in pure form 10 pensi on was flltere

to give a whitd9solid N.mr. of nother [M5%u832 i ndicates a conplex whi chl®

was washed (i th acetcTne (50 mM.) to mxture. give 6.3 g. (53% of

0- (3, 4-di chl orophenyl)) N|- phesphonemetthykglycidioritidl ey < WP <+ <

Exanpl e 48. 169-[err]] Di - [err] -
chl orophenyl  phosphite (19 6,759, 0.05 nole, 78% pure) angd , -
1,3, 5-tfi cyago- 15 » Bxanpl & 45. - ¥ u et hyl

hexahydro - 1,3,5.- tkiagine (3.41 D phenyl phosphite (234 g., ‘1.0 nole
was g.: 0.0167 nol e)| werle i xed —at er oem teny added to0 anh dcetronit r| e
solution (300 m.) of| pdqrature (no exotherm). The slurry was 1,3,5 -
tricyanonet hyl - hexahy_dro s L3> o heatgd Lo 10QC. Jor 2Q MWNULESn =
(n.mr. 80 triazine 81g.; 0.333 nole) and heated at aliquot indicated
reaction was conplete). Hol- 20 75-[err] for 3 hours. The solution was
| owi ng the workup and tﬂlcro‘ryﬁsﬁ)r Gcellur8s TodT ed ant Gbné'ent"r ated’i if
vacuo to give a descfibdd in Exanple 46, 4.8 g. of N phos- black oil whjch
was mai nly the product wff Phenomet byl ¢l yei ne wereri sol at eeh (dSt—Ccroep »
Exanple 5. A sanple of tHis oil (101 g. ) 56% . The 2nd crop 0.44 g. was
[err], 85 was adheref orto_ S|I|ca el ch sdis; Nmr, apal Df
the nother |iquors wel u925 soI ved |%n ghl oro?o¥¥§1 <(r;imre Silica ge aédde”g

hg tlhat the hydrol ysis and sol vent evaporated), and

Nd¥ tli oms were too<harsh¥f or optivrumyrel ffs.— ¥ =
chr onmat ographed ove§ 5ilijca gel (1.1 kg.) eluted. with chloroform (1 lifer
fractions). & | Bxdmplhe 49.- Frqacti ops &43-44 yerse conbi ned, ~CaoRceR-
The tetranethyl ammnl pm  [hydroxide salt go 30 trated and recrystalliged
from djchl oro- sof N phosphonorret hyl gl yci ne was prepar ed net hane -
cycl ohekane to Egive| 31 " by? dissdl vitngT6 T. <(O D2 “hole) “of 70, "0 of - of
0, O - diphenyl & - p1osphonomet hyl - phenyl - N
phosphononet hyl g]:ym nprrtiride gl yci mONic{ ril een &8 0 @ =~ @ o ~ « «ajf
30 m . of wat er conta ning 14:5 g. (0.08 nole) of tetranethyl ammonium
hydr oxi de 95 Exgrrpl el 46. . = « and,then heagting them xtuge ,Lorv
16 hours at 35 <« Di ppenyjl phosphlte (33.43 g., 0.1 nole [err] until by
n.mr. spectrum &nalykis it (70% pure) and 1,3,5-tricyononmethyl -hexa- pas
determined that all o ‘?He gl yCi oni®rit ehyttro™- 1,375~ Tiazifle °6.73
g., 0.033 had been tonverted to the tetranethyl-

e
very conpl ex |nd|caE| g
this material was <Copd¥

z vl - (=4 I~ — (] o~ LR o | (o] — (2] - o o L]

= - e o o 2w N N = o o e L B ] o o
P | o -t o - -+ (3] - o (o] - en - et oy 3]

. . -«

Wel = 8 @ = 4 o = Q4 ¢ 4 & % = g 9 -
: ] — . v e < - v o

[E‘ < < < < < < < < < A4 <+ <t < < <t A

=
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nole) were stirred in a flask and heated to

N- phosphono- 100 1000C. (by an oi

bat h) .

ammoni um hydr oxi
After 40 m nutes

de salt of

nmet hyl gl yci ne.

The—soluyti-on—was—cooled and 40

anal ysi s) .

m xture was hydrol yzed
of 2N HC1 and refluxing yielding a m xture of the tetranethyl anmo-
was extracted

6

130yl .
fp
d

hr .

filtered a
dryness to
solid whic
roomtem
a register
The el uate
Anal ysi s-9
Crops were
porating
essenti al |
_N- phosphon
phosphoni c
Exanple' 5
salt of N
gl yci ne wap
phosphong-
wat er cog-
g. (0.08&.
hydr oxi dg
tr|a2|ne,L
mol e) gwer e
12 S

12- the rea
1,3,58tr|c
hexah¥dr o-
sal t.~Cont
~for &Bnore
ref er@nce,
15% Bf th
was obt ai n

the reaction was conplete (n.mr

extracted with nethylene chloride to renove The crude reaction
and then vacuum concentrated, by adding

t he phenol

The resulting materi al

hd eva;,
dTve a burned. orange

N W&
hnel
pd t
wWals
b+ O

rade mark).

D

hnd | addiTig ©
Driet
55
Dz, |
bhogphononet hyl -

2

12q -
Tt 4
and
§=E
m X

C1 g
yand
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5 L1l 76-100%

3 The pre-energent herbicidal activity index used bel ow is based upon the
——average-percent Pl ant—speci-es—-are i-dentiti-edin—TFableH1—by-eontrol—of
each species as follows: the sane code letters used in Exanple 51.
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27 1,556,322
28 - . 1, 556322
1, 556, 322
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cient to render a given conposition readily the active ingredient of this
i nvention include dlsperS|bIe in mater or in oil. The incorpora-

hydr ocarbons is T-PE-Ta o3 :
into the com . esters or ketones. The enulslflable 0|I con} 20 pos|t|ons “
greatly enhances their efficacy. By positions generally contain from5 to

95 parts the term "surface-active agent" it is under- active ingredient,,

1 to 50 parts surface active 85 stoed that wetting agents, dispersing .
agents, agent and 4 to 94 parts.solvent, all parts suspending agents and

ermul si fying agells are  being by wejght bab#63%h the total weight include® °

t herein. AnLeni c, dﬁia:tsldmmmglarudd Rv@fdring. Ak tlﬁrthl fl abl @erhd Conft 1 Whes agent s
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can Preferred wet{ ﬁ%ﬁg}%f}%‘:ﬁlﬁ I’;(“llgeﬁﬂgéne aI SO ngz(;pn ot he%r

addi taments, <f ar qn naphthalen eSHeokonat es,3 sul fat ed
fatty fertidd zers Tlprp;&-aﬁet‘gentdamcmanndwgl iadk growt h al cohofs, ami'nes or
aci d ami des, | ong“@ﬁ%ﬁ:g’ is bé?eéjueﬂnttbe GerdgeRerset i Rlass smgesdarasdeetdie@uvraﬂ’a@e (EH l&ci d
esters ofesodi um F les BdPlOME of i n  tBOWBE goeilB uiidtin Exaple Shr 15
the above- 30 sodium sul fosuccinate, sulfated or sulfonated descrlbed
adjuvants, it is preferred to enploy fatty acid esters petrol eum
sul fonates, sul- the conpositions of this invention alone with 95 fonated
vegetabl e oils, polyoxyethylene deriva- sequential treatnments with the
ot her phyto- tives of phenols and al kyl phenols (particularly toxicants,
fertilizers and the |ike for maxi-mum isooctyl phenol and nonyl phenol) and
pol yoxy- effect. For exanple, the field could be sprayed 35 ethylene
derivatives of the nono-higher fatty wth a conposition of this invention
either acid esters of hexitol anhydrides (e.g., sor- before or after being
treated with fertilizers, 100 bitan). Preferred dispersants are nethyl
cellu- other phytotoxicants and the |ike. The com |ose, polyvinyl
al cohol, sodium lignin, sul- positions of this invention can also be
adm xed fonates, polyneric al kyl naphthal ene sul fonates, with the other
materials, e.qg., fertilizers, other 40 sodium naphthalene sul fonate,
pol ynet hyl ene phytotoxicants, etc., and applied in a single
bi snapht h&l enesul f onate and sodi um N-net hyl - appl i cation. Chenlcals ‘usef ul
in conbination 105 N- (long chain acid) taurates. with the
active ingredients of this invention Water dispersible powder conpositions
can either sinultaneously or sequentially include, be made containing one
or nore active ingre- for exanple, triazines, ureas, carbamates, acet- 45
dients, an inert solid extender and one or am des, acetanilides, uracils,
acetic acids, nore wetting.and di spersing agents. The inert phenols,
t hi ol carbamates, triazoles, benzoic 110 solid extenders are usually of
m neral origin acids and nitriles. such as the natural clays, diatonmaceous
earth Fertilizers useful in conmbination wth the and synthetic mnerals
derived from silica. active ingredients include, for exanple, ammp- 50
Exanpl es of such extenders include kaolinites, niumnitrate, urea, potash;
and superphosphate. attapul gite day and synthetic magnesiumsili- - Wen
operating in accordance with the 115 cate. The water- dlsper5|ble powder of
this present invention, effective anmounts of the
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o Caim 1 herbici daIIy effective amount of a
heRylafl 2 i€ oXyg@n.° Acordirg o & aPm$
npound accordlng to Caim 7 18. A herbicid
0 wherein x is one and bis zero.
unt of a conpound 100 9. A conpound according
AdAiMm7%n® aff i RerT (ﬁ’l JenfS fheTei® ® i€ 2Br
19. A herbicidal conposition conprising a 10.
herbicidally effective amunt of:a conpo
erg. . accordln to daim8 and anin
ouRd @ccor & n§ t8 Faith 20° £ hé& bfciTal®
05 which is 0,0 - diphenyl N - phosphono-
unt. -of ‘a conpound net hyl gl ycinonitrile,

henyl%

1. “A RerBi cT dal conp03|t|on cofip
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phenyl N --
of a conpound O - [err]
—~¢l-aim 11..and-an-inert diluent.
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phosphononet hyl gl yci nonitrile,
chl or ophenyl

N -

herbicidally effective anmount
phosphononet hyl - according to

1, 556, 322
aquatic nmedia in the
N rol of the aquatic plants is

o

can be fromO0.56 to 22.4 or

30 the conpositions to the
nore Kil ograns area where

per hectare. In applications for the

rol desired. - of aquatic plants, the
fve ingredients are 20 The application of: an ef fective amunt of
app®ed in amounts of from0. 015¥ed22s per 5 the compounds of 28his.
inventionito fthe plant mllion to 1000 parts per m.lion, based Q@ is
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response {leTife® i ® tfie Pl &t s a®ph§t ot oxi ¢ or herbicidal anpount. It is
10 well @s sphch other factors as the pl ant species believed that one
"skilled ip the art can readily and stage|of develgpment 4 hereof; and the
determ ne|from the teachings of this speg¢i- amount of rainfall as well as
the specific | ficaliofl, nc?ud® n@ eXanBl s, the_approxi mate glycine
enpl oyed. |In foliar treatment for the appl iEGEPHEAESEIE S8
30 control offvegetative growth, the act|ve&iggge B, «dl eld5Eare applied
in amount$ frpmo0.112 to WHAT WE CLAI M BSE g@gﬁbﬁﬁmr@é i | ograns per
hectare. InTpfe® < 19 A'cohp&und® o tfe f0§ a;e\qgwggﬁﬁ%g.‘é ments, the
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glycinoni{rilke, the hydrogen brom d¢ 3§§ a3 '“g_\‘/g' ‘geach X is a
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2. A conpound accordi ng
di luent. wherein a is zero.
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to CQaim 1 according to daim2 and an inert
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herbicidally effective anmobunt of .a conmpound wherein x is one and b is zero.

according,to Claim3 dnd an inert diluent.
to Claim 1 15. A herbi ci dal
zero and b i s one.

5. A conpound accor di ng to-

50
conposition conprising a 90 wherein x is
her bi cirdal Iy effective anbunt of a conpound
Claim 1 according to Caim4 and an inert

4. A conpound accordi

ng

di | uent. _\/\hﬂ@f)n both b and x are zero. 1556322 . . 16.. A herbicidal 29 -
conposi tio B4 B fim YIRRH def@zﬁCOMi Chgdefe arfd & I .
her bi ci dal |y ef AL u»gyﬁfﬂﬁtlliﬁg@ il t&ﬁ%la;lﬂ £1m§g£$§gs153% s

a pKa in water
| ess. =

compositions in the form of fine
a7 A cor%aancgr'éﬁﬂ,

Ll
conmpound wher ei mpe Avad %ﬁg&

and an inert di Iduqusohsal&uld@b redigin.Cvater;d i

her bi ci dal c §Y°Et}n5ﬁseera
her bi ci dal | ng})g t or mﬂ fm Te@g‘; bmauon%d

to daim 7 ac&arvdndnge, ‘waeﬁmerpr&‘emdﬂm in
and b is one. The herbicidal coprpositinnsef this dpve|

conmpound acc di‘ﬁgi% cﬁ:gl idsand \f
wherei n_ bot h B E@m@e%ﬁrqzm?‘wa‘ggﬂﬂ
inert diluent. GEnt to feiider A gmaompmpumdoramdllyd

her bi ci dal co
phosphono- gﬁgﬁgg
met hyl gl yci noni ttﬁdt “Ghrrfdce=a
an inert dil uentsmocpldenyfbt)mg N:ents, mmst

her bi ci dal corrpd%’ﬂtd x| mm qlpgﬁgi%;?sna;fd
phosphono* grl} e Yon Cf
met hyl gl yci noni t r Pdeferre d Getung em telzat-

inert diluent. <1 @ummfw.
her bi ci dat  conpdzff e}s&@m'x‘f‘ﬁsgﬁ

phosphononet l&ﬂ!&kut:dida St 'bB'slﬁﬂo

O - [err] - chl cfatwpmmy#teeretrqlﬂumspﬂfma@smsuhy
i nert dil uent. fonated yegetable oils,\polyexy e deriva-

1, 556, 322 : tives of p! nols and lphenols particularly

iscoctyl henol and nonylphenol) and polyoxy-
conposi tion 3sc ):’ifgdehﬁuves Gﬁe ) Ei@ﬂ@dt@a
any of O ains 12cit st ofithexitol en!!ngndcsséesg,asor-

feged Wts are methyl cellu- .
plant is a surf )a?F nyl “alcolol, sodium lignin, sul-
any of the lett %rgteg‘op%w Hneric alkyl naphthalene sulfonates,

40 sodium naphthalene sulfonate, polymethylene
‘bisnaphthalenesulfonate and sodium N—methyl-
"N- (long chain acid). taurates.

Water dispersible powder composmons can
be made containing one or more active ingre-
dients, an inert solid extender and one or
more wetting and dispérsing agents. The mert
solid extenders_are usually of mineral origin
such as the natural clays, diatomaceous earth
and synthetic minerals derived from silica.
Examples of such extenders include kaohmtes,

< attapulgite .clay and synthetic magnesium ‘sili-_
cate. The water-dispersible powder of this
invention usually contain from 5 to about 95
parts by weight of active mgredlent, from
0.25 to 25 parts by weight of wetting agent,
from 0.25 to 25 parts by weight of dis-
persant and from 4.5 to 94.5 parts by weight
of inert solid extender, all parts being by
weight of the total composition. Where re-
quired, from 0.1 to 2.0 parts by weight of
.the solid inert extender can be replaced by a -
corrosion inhibitor or anti-foaming agent or
both. _ _

Aqueous suspensions can be prepared by
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| withied hﬁiﬁboﬂﬁtﬁmdifdﬂlﬁ Oindefitiod Ngfther 65
ceforg] agjafrer iRingt
other phytotoxica
positions of this in
with the other matenals, e.g., femhzers, other

phytotoxicants, etc., and applied in a_single
application. Chemlcals useful ' in combination

either simultaneously or sequentially include,
for example, triazines, ureas, carbamates, acet-
amides, acetanilides, uracils, -acetic acids,

" phenols, thlolcarbamates, trlazoles, benzo:c

acids and nitriles.

camcm radtil reonditionif agems 5o amdnd;n preaerce oibldliipg@m agents toftaigfa @n5 or
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Ofpoﬁtl B'dcontam from 5 to 95 parts
a| éh{”r - is u Qaétyve in, @ﬂﬁm it 60 pades @iir&temcaveamis

seiq growth22 A
as adjuvants or
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105
 with the active ingredients of this-invention

110

_ Fertilizers useful in combination with the °-

active ingredients include, for example, ammo-
‘nium nitrate, urea, potash and superphosphate.
When' operating 'in accordance with the

“present invention, effective amounts of the
: glycmomtnles are applied to the plants; or to

soil containing the plants, or are incorporated
into aquatic media in any convenient fashion.

The application of liquid and particulate solid
compositions to plants or soil can be carried .

out by conventional methods, e.g., power
dusters,” boom and hand sprayers and spray
dusters. The compositions can also be applied
from airplanes as a dust or a spray because
of their effectiveness at low dosages. The
application of herbicidal compositions
aquatic plants is usually carned out by addmg
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24. A herbicidal conposition according to Kand Qto T in Exanple 51. 5
any of Claims 12 to 23 which is in the form 41. A process for producing

forml a 70 a solution, a dispersion or an enulsion. 25. A
her bi ci dal nethod which conprises contacting a plant or 'the plant growh
I um [err] 10 with a herbicidally effective
fgunt of a conpound according to Caim1l. 26. A herbicidal. method which
rises contacting a plant or the plant growth nedium wherein Aryl is
el¥cted from phenyl, napht hyl1,396:328 a herbicidally effective38nount of a

and binpbeinchs 1oCBE Bouifticd fedd AURST bah UL MHomOfls6LR 22400 RN E rdi nghndia_C ai m
2 area where con:ro(ljsﬁl 1(%2 Aquahce iplahte dd eﬁerfh’e&ﬁgb hinl aypiidations | fbry the (;bgir?tgfom 27. Q\

her bl@ﬁluécl et hod whi ¢ ri-sesof aq}!at oplaptsg gheagtiveal H?Fbentsaﬂfko@ and
al kyl 3 (69 a‘i “’*‘?%“ ngﬁﬁaﬁ ’;hﬁ%mﬁi’ . tﬁh%‘;ﬁ%@ Aﬁ?ﬂz‘l‘ fm  from1 to 3
car boj Ssserftia Exftc om»y cObf Whe Rqutid1gl Siveli daﬁtt:ove a t of a
?I cargggm@%m%mmzleﬂuednm of- cylarmlcgr herbicidahtotaeh : ditba:@:lnmlt ng to d ai m 3.

uorsHstipgyadie EEplere Ren szygeqﬁewv U lcj:%eemve corol, i he Bi ci das

S
e ‘51-@ £ SR o e Kl S
cont aﬁﬁld?@e af [@eropmedt tli lthe J8cdMnie TRAI thEN teacHinREE |t15£3peﬁeact| ng t oget her
aa?}ohnt ptfospifallt es welD awtheh sn;clﬁser fidationg incluging> éxpraples the agprowwngte of a  of the

for mA 4e s ﬁrlcvile“ M@“ﬁg‘ tf§ am“amnz'@ A herbici dal met-hod®whi ch
COf¥DI dienfsSa lné‘cpﬂ td ' HorRt oﬁ ONwiAE WE WAL fSALh mediumwith a

herbuzmd:&ld:gte efdgamt |pv:eheaﬂﬁumple-f a Icangomponiod afcheofainalg to Claim 5. 30. A
her bi elergent . treatriqnss) %F%Ofcmw?ﬂp@es wherein X, Z and . a are as above defined
contacting a plant or the_plant growth nedium "and - 1,3,5 -

tri cyanonethyl - hexahydrg- 30 th a herbicidally effectlve amount of a
1,3,5-triazi ne(Arylgh.@)gps _QN_a@Hg_Cd;Idlﬁ (8 corrpound according to Caim
6. cat alyst. A her bi.ci dal: od which cenpri ses 42. A

prgcess as\lﬁordl ng to @Té)bm 41 contacti ng a plant or:the plant growth
medi um erein the reaction i$. conducted atem w herb| ci dal |
4 from i Giten M £ y
o ot bt o pemil R e e e o
{'ybp%e sén, alkyl of from 1" methy itrild) [ O GriffudrodterzOr dbﬂ‘lg to Caim 42
-90 32t Achteﬁrbmems;i alkoxyeind Otkylthi csaitrrpofl @6 - Msnsél N Hnb;osnhoewyl phosphite

and t frem tlrto $zéarben etoms, alkesyergbony 1y fum -are
reg&t & u(l)srgﬁ é‘f’m‘l’i‘{‘m’ Eg)'f’o g gf‘d ‘zggﬁ %{mﬁ'e %ﬁmf’cfa‘f"‘figgef fggcti ve anount
' /11 Cro 386 C | Rgleﬂﬂ:lm &mposRion comprising a . 44. A

and
a slifti§alis. g& int .
pl‘ ocebds agcor dj Bglsta)stm@ atidncapglile ~ herbicidally effective amount of a compound
of forming a salt with the amino group, and according to Claim 1 and' an inert diluent.

x is zero or 1, provxded that x must be zero  13. A herbicidal composition comprising a -
45 whenbisl. -  herbicidally effective amount of a compound - §5
2. A compound accordmg to Claim 1. according to Claim 2 and an inert diluent. T
- wherein a is zero. .. 14. A herbicidal composition comprising a
3.A ~compound according to Claim 1 herbicidally effective amount of a compound
wherein x is one and b is zero. ", according t0 Claim 3 and an inert diluent. . -
50 4. A compound according to. Claim 1 = 15. A herbicidal composition comprising a 90
wherein x is zero and b is one. herbicidally effective amount of a compound
5. A compound according to Clanm 1. according to Claim 4 and an inert diluent.”
wherein both b and x are zero. . . 16. A herbicidal composmon comprising a
6. A compound according to Claim .1 herbicidally efféctive amount of a compoéund
55 wherein the strong acid has a pKa in water according to Claim 5 and ‘an inert diluent. - 95
of 2.5 or less. . 17."A herbicidal composition comprising a- 3
7. A compound “according to Claim 1. herbicidally effective amount of a compound
wherein . Aryl is phenyl and Z is oxygen. ~ according to Claim 6 and an inert diluent.

8. A compound accordmg to Claim 7. 18. A herbicidal composition comprising 2
60 wherein x is one and b is zero. ~ herbicidally- effective amount of a compound 100 ¥
9..A compound according to Claim 7 according to Claim 7 and an inert diluent. E
wherein x is zero and b is one. ' 19. A herbicidal composition comprising a
10. A compound according to Claim 7  herbicidally’ ¢ffective amount of a compound
~wherein both b and x are zero. © " according to Claim 8 and an inert diluent. N
65 11. A. compound according to Claim 1 20. A herbicidal -composition comprising a 105
which, is. 0,0 - diphenyl N - phosphono- herb1c1dally effective amount of a compound :
methylglycmomtnle, 0,0 - di(p - methoxy- according to Claim: 9 and an inert diluent.
phenyl). N - phosphonomethylglycmommle, * 21. A herbicidal composition comprising a =
0,0 .- di(p - ﬂuorophenyl) N - phosphono- herbicidally effective amount of a compound
70 methylglycmomtnle, O - phenyl N - phos- according to Claim 10 and an inert diluent. 110
phonomethylglycmomtnle, O - m - nitro- 22. A herbic¢idal composition comprising a.
phenyl N - phosphonomethylglycinonitrile, herbicidally effective amount of a compound
- o - chlorophenyl N - phosphonomethyl- according to Claim 11 and an inert diluent.
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effectivela

33. A herbicidal | rfet hod whi ch conpri ses Mefem%dpa%p@phl te
hos- 95 contacting a plant or the pI an owt h nmedi um -
ferr] - chlorophenyl)phosphite, di- m ﬂ 'i '
nt of a ([err] - ’ ﬂ" '“”L”J
conpound ding.to daim9. di et hyl phenyl ) phosphl e or
-fperr]-fl ud®- 34 A herbjcidal net hodL#fi6i3gh conpri ses phenyl )

phosphite. 45  cfdtadpbiiitgs & 8¢ AlatiOmedi' & Bk aNhn & 9%%5%9'2??”0: Frdre 16)
process accor di a wh;re Ginerplnof thd. aa;eﬂc wildnts & Iper Béctired dh | applRbtioRL tor iRe

of a- wherein tHeY e actian produ urifi of a Lthel agtive dmaghidiagys tac 20
Claim 10. 5 the comp ng % “ﬁ““tﬁt h{fm OYRESt ?fo{ﬂm"?.‘/\tﬁ’roé arts, per

. 00 " parts illion
conpri ses 46.is Asseqﬁalosxﬁs&naﬂcmf dlhengracticé) of Cl ﬁf {t leffdd C%nﬁafl r or
the plant grow rHhqretseptyinventigve (Tae rexach@mmma@t‘l (phvtqnmmdumtrbicﬁal&ubgoectlﬁdanﬁoamSO

uith  herbici GRS BHTERD V8 ARG, S [ evpy o ore

ant as
105 conpound 18C Q&l’l Qs Beh b sltie plant species  belie vedm::cmé xlp lﬁg t 0
ei ther of d ai HBHQGBgAOthVbIOpmdahhd?ﬁbf mecaeélnng frén Y tea a61= th pec,-
wherein the re me

’E&Hgﬁt*}lt asj S’elbfﬂ“s Gh"‘alslPPE‘ﬁQS ficagio3 Sncjuding exampteheth«:appmmd is
el uted through ;ﬁ, e i

Z%Lt[, §°’ f e *BRLTPRAAD. 112 to 22.4 kilo- P
48. A procesS aiia@eraed %lxed’hﬁ o&itmro to O SWBARCWENECARM §5:—

wherein the el ueg# o gnagd kitpgrafe pen hecanbbnpteet r ak. Alddthp3ufd of diecfodniviai dal
according to C &M HpEFTHShe s gf 2pplieatiar e or cycl ohexane ethyl 36
wherein the conpound is applied at a_rate acetate. of fromO0.56 to 22.4
kil ograms per hectare. 48. A proces§ accorgling to Caim4l sub- 38. A
her bi ci dal nethod accor diagyl Xo—eny ,—BLaM, L NLyHASCRERE E}l;()efore described in
any of 60 of Clains 25 to 36 whereih the conpound is anples |1 to 10,
38, 40, 41 and 45. 115 appl | ePHY the plant post errergence
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49. A diester has been produce - :?9 1A her, al {lnat hod ccqrdi ng
to any cess ﬁccﬁﬁﬂﬂ g" %0 ‘f‘;‘u mpﬁ% o O ﬁ dfd A7
wherein the COMAryl selefled x{arﬂaﬁg& ¥ of [3F uCIMy@yan ril 5VI | &zid

applied to the pbantarineatense nly aycad dllybhib of mskla of QD - dlphenyl N phosphono-

1, 556, 322 from 113 carbon atoms, alkoxycarbonyl of m

and Z have thg sa e i LR @ﬁqﬁé’,@qﬂ h\d&g’é ?ﬁ%@%ﬁ%ﬁgsw

3 carb
rometh! _an
as in Caim4l aaiur]£hd ferd 6r

=

i Regdt | fdin 1ato [, OCERS AcKeeHiidil B@nposxioR tymprisinglaal Ms
55 to 57. O a sl:tf fso%eTp ercl,ldR infaj mqng: rcmbls derbicidilly qg%uvel alﬁé@mt ~ ‘uic;am{’g@ for
o m aat 1 0 0 im 1 and an in iluent.
producing a salt cr;erfoq%)r pr{éfv\F_l Ttgpmﬁs? t H‘égquﬁgmgc1 e"a;.{bﬁ!co osition comprising &
phosphononet hygl gi] thi o ana 5(9,e oua© % e und 85
formng a m xture2 A ncoumdnﬁd @fording | tyccmmm Ir |aboerdhg\to Qlint &@nd o indt diluent.
wherein a is zero. 14. A herbicidal composition comprising a
3. A compound accordmg to Claim 1 herbicidally effective amount of a compound
wherein x is one and b is zero. according to Claim 3 and an inert diluent.
50 4. A compound according to Claim 1 15. A herbicidal composition comprising a 90
wherein x is zero and b is one. herbicidally effective amount of a compound
5. A compound according to Claim 1 according to Claim 4 and an inert diluent.’
wherein both b and x are zero. 16. A herbicidal composition comprising a
6. A compound according to Claim 1 herbicidally effective amount of a compound
55 wherein the strong acid has a pKa in water according to Claim 5 and an inert diluent. 95
of 2.5 or less. 17. A herbicidal composition comprising a
7. A compound according to Claim 1 herbicidally effective amount of a compound
wherein Aryl is phenyl and Z is oxygen. according to Claim 6 and an inert diluent,
8. A compound according to Claim 18. A herbicidal composition comprising a
60 wherein x is one and b is zero. herbicidally effective amount of a compound 100

65 11. A compound according to Claim 1 20. A herbicidal composition comprising a 105
which is 0,0 - diphenyl N - phosphono- herbicidally effective amount of a compound
methylglycinonitrile, 0,0 - di{p - methoxy- according to Claim 9 and an inert diluent.
phenyl) N - phosphonomethylglycinonitrile, 21. A herbicidal composition comprising a
0,0 - di(p - fluorophenyl} N - phosphono- herbicidally effective amount of a compound

70 methylglvcinonitrile, O - phenyl N - phos- according to Claim 10 and an inert diluent. 110

wherein x is zero and b is one.
10. A compound according to Claim
wherein both b and x are zero.

7
9. A compound according 1o Claim 7
7

phonomethylglycinonitrile,. O - m - nitro-
phenyl N - phosphonomethylglvcinonitrile,
O - o - chlorophenyl N - phosphonomethyl-

according 1o Claim 7 and an inerr diluent.
19. A herbicidal composition comprising a

herbicidally effective amount of a compound

according to Claim 8 and an inert diluent.

22. A herbicidal composition comprising a
herbicidally effective amount of a compound

according to Claim 11 and an inert diluent.
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Tises
contacting a plant or the plant growth medium
with a herbicidally effective amount of a
compound according to Claim 6.

31. A herbicidal method : which - compnses
contacting a plant or the plant growth medium
with a herbicidally effective amount of a
compound according to Claim 7.

32. A herbicidal method. which compnses: '
- contacting a plant or the plant growth medium-

with a . herbicidally effective amount of 2
compound dccording to Claim 8.

33, A herbicidal method which compnses
contacting a plant or the plant growth medium
with a berbicidally effective amount of a
compound according to Claim 9, . .

34. A herbicidal method which compnses
contacting a plant or the plant growth medium
with a herbicidally effective amount of a
compound according to Claim 10.

35. A herbicidal method which comprises
contacting a plant or the plant growth medium
with a herbicidally effective amount of a
compound according to Claim 11.

36. A herbicidal method according to any
of Claims 25 to 35 wherein the compound. is -

applied at a rate of from 0.112 to 22.4 kilo-
grams per hectare. .

37. A herbicidal method accordmg to Claim
36 wherein the compound .is applied at a rate
-of from 0.56 to 22.4 kilograms per hectare. -

38. A herbicidal method according to any
of Claims 25 to 36 wherein the compound is
applied to the plant post-emergence.

39. A herbicidal method according to any
of Claims 25 to 35 and 37 wherein the com-

pound is applied to the plant pre-emergence..

henyI

Z and
and
1,3, S-trlazme in the absence of an acidic
catalyst..

e{ach X is a substituent
rem a are as above defined .

1,3.5 - tricvanomethyl - hexahydro- .

85

42. A process accordmg to Claim 41
wherein the reaction is conducted at a tem-

perature between 25° and 110°C,-
43. A process according to Claim 42

wherein the diaryl phosphite and the triazine .

are reacted together in the presence of an
inert solvent.

44. A process according to Claim 41
wherein the diaryl phosphite is diphenyl phos-

- phite, di - (s - chlorophenyl)phosphite, di-

(p - methoxyphenyl)phosphite, di - (3,4-
dimethylphenyl) phosphite or dx-(p—ﬁuoro—
phenyl) phosphite..

45. A process accordmg to Claim . 41,-

wherein ‘the reaction: product is purified by
chromatography.

46. A process according - to Claim 45
wherein the reaction product is sub]ected to
fractional chromatography..

47. A process according to either of Claims
45 and 46 wherein the .reaction product is
eluted through silica gel.

48. A - process * according to. Claim 47
wherein the eluent is chloroform, carbon tetra-

95
100
105

110

chloride, ethyl acetate or cyclohexane ethyl _

acetate.
48. A process accordmg to Claim 41 sub-

stantially -as hereinbefore described in any of
Examples 1 to 10, 38, 40, 41 and 45.

49. A diester has been produoed by a pro-
cess according to any of Claims 41 to 48.

50. A process for producmg a salt having
the formula .

115
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_ 1l | o
' Aryl'X.-_-'-O-_e-P-—CHr-N'—-CHg—-CIﬂ
. OH B .
wherein Aryl, X, a and Z have the same "

meanings as in Claim 41, which comprises

hydrolyzing a diester having the formula
zZ H

I [ '
(Aryl X,—O),—-P—-CH,—N—CH,—-CN
wherein Aryl, X, a and Z are as defined. supra

dissolved in an inert solvent containing an
equivalent amount of water effective for the

-hydrolysis of one (Aryl X.,—O) group.

56. A process according to- Claim 55
wherein the diester is O,0-di(phenyl) N-
phosphonomethylglycmommle, 0,0 - di(m-
nitrophenyl) * N- - phosphonomethylglycmo—
nitrile or 0,0 - di(e - chloro - phenyl)
N-phosphonomethylg!ycrnonnnle

57. A process according to Claim 55 sub-
stantially as hereinbefore described with
reference to any of Examples 11 to 20, 39,
43 and 44.

srvrﬁgbp-gos&ctnometl(%ylglyc:me: or

£the thm analog thereof that has been produced

-,  process accordmg to- either of Claims
59 and 60. :
62. A process for producing N-phosphono-

‘methylglycine or the thio analog thereof from

a glycmomtrile havmg the formula

2 H
| R

(OH),

- whereiri Aryl is selected from ‘phenyl, naph—

thyl -or biphenylyl, each X is a substituent

on said ‘Aryl selected from halogen, alkyl of -

from 1 to 4 carbon atoms, alkoxy and alkyl-
thio of from 1 to' '3 carbon atoms, alkoxy-
carbony! of 2 or 3 carbon atoms, methylene-
dioxy, cyano, trifluoromethyl and nitro, Z is
oxygen or sulfur, a is zero or an integer from
one to thre¢ and b is zero or one which

75

85

comprises formmg a- mixture of said glycino- -

nitrile and a base in water- and heating the

" mixture to obtain a salt of N-phosphono-
methylglycine or the thio analog thereof, con-

tacting an aqueous solution of said salt with
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a cationic exchange resin, eluting the resin
with water and then concentrating the eluate
to yield N-phosphonomethylglycine or said
thio analog, said base being selected from
alkali metal hydroxides and tetraalkyl-ammo-
nium hydroxides wherein the alkyl radicals
contain from 1 to 4 carbon atoms,

63. A process according to Claim 62 sub-
stantially as hereinbefore described with refer-
ence to either of Examples 49 and 50.

64. N-Phosphonomethylglycine or the thio
analog thereof that has been produced by a
process according to either of Claims 62 and
63.

65. A process for producing N-phosphono-
methylglycine or the thio analog thereof which
comprises forming a mixture of a glycino-

nitrile having the formula

S

g

Z H
|
(Aryl X.—O)H—Il’—-CH,—ILT—-CHg—CN
(OH), =

wherein Aryl is selected from phenyl, naph-

thyl, or biphenylyl, each X is a substituent
on said Aryl selected from halogen, alkyl of
from 1 to 4 carbon atoms, alkoxy and alkyl-
thio of from 1 to 3 carbon atoms, alkoxy-
carbonyl of 2 or 3 carbon atoms, methylene-
dioxy, cyano, trifluoromethyl and nitro, Z is

oxygen or sulfur, a is zero or an integer .

from 1 to 3 and b is zero or one and at
least a slight excess over one mole equi-
valent of aqueous hydrochloric acid or
aqueous hydrobromic. acid, and heating the
mixture. until substantially all the glycino-
nitrile hydrolyzes to N-phosphonomethyl-
glycine or said thio analog. -

66. A process according to Claim 65 sub-
stantially 4s’ hereinbefore described with
reference to any of Examples 46 to 48.

67. N-Phosphonomethylglycine or the thio

‘analog thereof that has been produced by a
process according to either of Claims 65 and 40

66.
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