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Methed for producing ayvnumetric {(thiniphosphate tiamides

The present fnvention relates o g methed for preparing asynunetrie {thiophosphoric

trizanides from {thiolphospherie richioride and priveary amines and smmonta.

Asymmetric  (thio)jphosphoric  tiamides,  puticnlarly  N-(n-batyiythiophosphoric
friamide (NBPTY, wre inhibitors of the near ubtquitous enzyine wease, and avs added as
sahahzv\ to ures-containing fertilizers which would otherwise, due to ursase, suffer
decomposition to ammonia and carbon diogide and thereby promature loss of efficacy
{see o EPOLID4ET). Further applications we, for cxample, the sishilization of
sanare with respoet to urease-dependent degradation of the urea present, described in
WO 2000061522, and also the addilion o intletries and hygiene articles fo reduce
odowr nuissnee in the sanllavy sector acoording to W 2008022825 and WO
2008822910,

The synthesis of NBPFT {and related compounds) was first desoribed in Goshring f o,

Chemn, Ber, 1986, 8% 1760, in which s-butylammosinm chloride was rethoed with a

et

farge excess of thiophosphaoric tdehloride, the N-butylthiophosphoric dichlorodianide
formed was isolsled by fractional dictillaion and reacted with excess condensed
ammonig, To iscelate the pure substance, the solubility of the amunonitm chloride

cocurring a5 by-produgt in the liquid snunonia sas utilizsd,
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Drisadvantages of the techuical implomentation of this synthesis ave the large exvesses
of (thioiphosphorie trichionide and ammonia {ea. 40 equivalents), which necessitate
compler purification and mcyciiﬁg aoperstions sinve disposal sy waste weuld be
uneconomic. Owing o the high wxicity and corresivity of gaseous hydrogen chioride

and {thioiphosphonic frichloride, » suitable plant ought to consiat predomdnantly of

spacial materials which withatand these compounds, even af reflux temperaturs.
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A contimuons industrial process for preparing NBPT and similer compounds i

therefore proposed in WO 19981683 (f alse WO 199831882 and WO
PRRR/013601 ) which avolds the major problems of the above preparvation rowte. Por

this purpose, the reaction steps described above are operated continuously v an
organte solveat iy two reactors connected in succession, where the intermediate §s not
isolated and the roaction mixture from the first step i3 roavted in the ssoond sep with at
least 16, profersbly at loast 20 gg. of ammania. o the first step, which i3 proferably
condacted at § to 1570, & jortary aming, for example 2 pyridine derivalive or a
sriafioviaming, serves ae auxiliary bass which ix vecovered and recycled. To avend
removing ammonium chiovide as a solid, this method uses the solubility of ammonium
chioride fn pad smmonia as alveady deserdbed in Goedolag ¢ al. Part of the large

exeuss of gnunonia s reliquefied by vapour compression and cooling and fed back into

the process, The anxiliary base and the selvent wee sepasted from the product by

distittation and lkewise fod back into the provess. The produwt in oblsined in high
yield of ca. S0-92.4%6 but valy 8t 2 purity of 92.4 10 93.3%. The ammonis/anmmoninm
chioride phase obtained in lgrge amounts s dissolved i water and has 1o be cost-
intenstvely processed.  This method has the disadvantage ~ In addition o the low,
often unsetisfactory prodoct purity ~ that 3 cannet be noaplomended in customary mudii-
purpose plands due o implamentation at 8-15°C and af elovated pressure {sp o e 7
bar), bot rather # regoives an lndividually coustrocted, pressure-tight production plant
and, because of the high process technology cost and the complexity of the plant
requived, high initial nvestments arise which we only amortized in the case of very
high production amounts. The resuling large anwomnt of ammoniacal ammoniam

chioride solution also necessiiates & snitable disposal or processing route.

WO NSRS desoribes a provess for preparing the compounds  speeified,
fncluding NBPT, wiich may be carried out in standard apparsinses i a bateh procesy,
which consisis of reavting two sguivalents of the amine with (thiophosphotic
trichdonide at room {femperature fu & sow-polar organie solvent, prefowsbly tolusne

wherein the second eguivalent binds the mokenle of hydrogen chloride formed s the
ammoniun salt, which precipiates and i filtered offl The filirate 15 then further

weaeted st OO0 with & large exosss (va. 15 og) of ammonia (Hauidy or &t reom
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temperature under pressure with an excess of ammondia {gastous) to form the produst,

which partisily precipitates, as does the smmoniom ciloride produced.

For the removal thereof, the reaction mixture I heated to 33 - 80°C, whereupon the
product goes into solutivn and the anumeninm chloride iy filtered off. On cooling the
filtrate, the product procipitates and may be Shered offl In order fo achieve 8
conmneretatly useinl NBPT having a g:am‘s-.y of >08%, the produst must be repeatediy
recrystailized vsually from toluene. The yields stated for the orude product are 88-84%
and for the recrystatlized produet 68% to 7% of theory (puritication losses ca. 15%)
At a hatch size of 25 numed, while at & baich scale~up 0 205 wol the erude yigld
devreases o anly 70%. In the industial conversion, this method has the disadvamage,
in addition o the low vield, that af least fowr solid separation steps by Gltmalion are
required in order to olain w sufficiently pure product, which requires a very complex
plant setup. This in ton results in high manofactoring costs, The use of tohwene as

solvent alse leads to long drying Gimes owing to the low meliing point o NBPT.
S & e Y god]

WO 20074054392 describes a preparation method in which, sindlar o that of WO
196803 1693, thiophosphurie trichlonde is reatted with n-hutylaing at 30°C m 2
polar organic solvent to the presence of an suxiliary base (g, te-n-butylamine} and
the praduct mixture iz then rescied at O0°C with snumenda. For the wark-up, the
precipitated anwnonium chiforide s fivstly dissolved fn # sufficient amount of water, the
homogensous organic phase is sepsrated and the selvent wemoved by distillation such
that an organic biphasic system of figuid product phase sd auxifiary base is formed
which are hruiscible with sach other, The product phase is separated and precipitated
by placing In water. The yvield is $684 of theoretial vield of NBPT ot 2 purtty ol only
T6%. The reaction can be conduoted batehwise or {semi-kontinnousty. This methad,
however, hue the disadvantages of & low vield and 8 very low puity of the olated
presduct such that further pucification sfeps are generally reguired in order to obtain a

srarkeiable product.

WO 2009/121 788 discloses 8 methed for preparing avvrumetric thiophosphorie amides

inclading NBPT starding from  NefnealkyDibitophosphoric  dichleride. which i

characterized in that particelacly fow by-products are formad, This was achieved by
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cooling the N-{n-alkylithiophosphorde dichlonide as & solution to below 8°C and
mixing in the shortest possible thme with o shotlardy cooled excess of Byuid ammonia
{180 o 20 g} without backmixing such that no resction takes place during the mixing.
After mixing, the reaction mixture, via g wubnlar reactor, preforstly o heat exchanger,
wag fod o g colunmn which separated the reaction mixture. Qrverall yvields bebwesn ca.
B83%% and 96.4% weore specified  for osubstwsce mixtores of NEPT with N-
_;3{';3pyiiﬁhﬁ:cﬁgszifsszasﬁtsﬁtz{}ﬁs:: trinnide (kewise a urease inhibitor) where the madmam vield

of NBRPT was HL3%. The process van be operated continuously or batehwise,

However, this method alse regoives s individually constructed, pressure-fight
production plant having spectfie devices in onder to cosure mixing of the reactants
without buckmixing. In addition, the method is designed for the prepastion of
subsfance mixiurey and significatly excess amounts of 16 3¢ 20 og. of ammonia we

reguived.

Therefors, gll of the above methods have ooe or more disadvantages, 1o the effeet that
special phants of bigh complexity or highly elevated pressare resistance we requived,
highly conteninated crude products are obtained requiring very laboriouns purification,
fow viekly of NBPFT are obained v large oxeossses of ammonia am requived, |

partivularly when using the same as co-spbvent.

The low yiclds sad poor produt parities tn the wethods described are dus inpari o
fow sclectivity, especially in the Brst stage, tn which, in addition to hath the desired
monoamide or dlamide of the (thivlphosphoric acld, the uadesived diamide or

mmoandde and also the triamide of the (thioyphosphorio acid ave also formed in cach
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However, the by-praducts sre formed t an even greater degree in the second stage, in
which the moncamide o diamide formsed in the frst steop can roset with the tHamide of

the {thiviphosphoric actd, whereby dimeric and oligomerie {partly by subseguent
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reactions with primsey amine or ammonis and also phosphasene-iike) by-products sre

formad {of, alze WO 2009121788}, e g avvording o the scheme below:

3

e

om e B LB WH: R P By WK
et &.’:‘:{ By e Rf{}? O
1 WO, H oM, W ONM

e A

o

o,
5
E2

WO 200121786 evades this problem by means of complex technivg! mwasures by

L

reacting the (thin)phusphorie dickloroanide with ammonm i 8 very short time
withowt backmiking i a special plast tn the continuons reaction proposed, m which
the concentration of the (thinjphesphoric dichioroamide Is kept very low. However,

this ix scoompanted by the dissdvantages almady mentioned shove.

I A need therefore exists fur 2 method for preparing asynumetric {thio)phospheric
riamides, particalarly NBPT, which provides these sobstances in good yields, high
ity and high spaco-time viekds and can also be implomented with only minor
adjustment in tevms of apparsing to the customary multipupose stirved taek plands in
the fine chemdesl industry, ideally without the necesstty of elevated pressures and laege

15 socosses of ammpnian

The olject of the present nvention, thersfore, was to provide @ method which can be
cartied owt in convertional stired fank-based typically Hne chamical multipurpose
plants, which fu contrast o the prioy ant documended shove 18 capable of alfording
20 asymmetric (thio)phesphorie triamades, particudardy NBPT, in g{.si.sii vields aud purities,
withowst lnconvenent purification steps {e.g. repeated recrystalization) or continuously
operating special reactors being requived, where particularly large excessss of

arunanda should be avaided

25 I has now been found, surpsisingly, that in the reaction in the specified omperature

vy

ange, the secondary reactiony of the second stage can be largely suppressed, and the
seaction  of  the {thioiphosphore  amidodichloride  andior  (thiophosphoric

Hamidomonochloride with ammonia still proveeds with an exvellent space-time yigld,

el
P
s

The object of the nvention was achieved by a method Ror preparing asymmetric

{thiviphosphoric trlamides by reacting 2 primgry amine with {thinihosphorie
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irichloride {0 give the corresponding  (thioiphosphoric  amidodichloride  andfor

of  the

Sarb

{thiviphosphoric  diamidomonochloride  snd  subseguent  reaction
{thiviphosphoric amidodichloride or (thiejphosphoric digmddemonochioride frmed
with ammenia  characterized o that the weaction of the  (thio)phosphoric

amidodichionde andior {thio)phoyphoric damidomonochioride with ammonta 35
carried out af feast partly, maindy, substantially or completely at @ oporature below -
30, preferabdy in the tange of <8O°C o «32°C, particularly preforabdy in the range of
SO0 o S350 and espucially prefecably in the range of <35°C to 47T, The methad
aecording Yo the invention is cavied out a3 3 sue-pot vaniant, Lo, the reaction of the
primary  amine  with  (hivphosphorie tnchloride to give the  comssponding
(thiowhosphoric smidadichionide andior {thiniphosphoric dlamidomonochioride and
the subaegnent reaction of the {thinjphoxphorie amidodichioride or (thiciphosphuoric
diamidomonochloride formed with ammonia are cavried o sequentially By the same

rerctivn vessel, and the (thigiphosphorie amidodichlonide audior (thiciphosphorie

dimmndomonochloride obtained by reacting o primwy amive with (t}vu}pimxy}ww.
irichloride i3 mot fsolated. AL least partial implemenistion of the s iz here

snderstood {0 mean o regetion with prononia of at least 20%, wadnly i3 wnderstood o
mean at least 30% and substantially to mean at feast 80%, of the acid ehloride groups
of {thioiphosphorte  amidedichiveide snd  {thio)phosphorie  dismidomonochioride

present af the start of the ammeonia addition,

In the context of thix application, the partial tevn {thiviphosphoric can be Dmterpreted
either as thiophosphoric or as phosphorie. The prefored  inferprotation @
thiophosphoric. In the context of the present invention, asymmetric (thiojphusphoric
triamidis e wnderstood to mean thiophospheric tlamides or phoaphoric triamides in
which the phosphorus atom bears two MH; groops and one MNHR gronp or one NH;
group and two NHE groups, where R s an crganie resides. Since a mixture of
thinphosphorie friamides or phosphoric trianvdes having one or twoe NHR groups en
the phosphoras atom 13 also obtained, depending ow the reloction of the amounts wsed
of priviary anvue and (thiolphosphorie tichloride, such wivtures also fall under the

definition of asymmetric {thioiphosphoric trigmides.
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fn a preferved ewbodivent, the present ipvestion relates o the preparation of
asynunetric  (thioiphosphorie  twinmddes by reacting 8 pebumary wwing with
{teowphosphorie wichindde  to give  de  corresponding  {thiniphosphorie
amidodichloride and subseguent reaction of the same with smmonia o give the

asyrametric {thiojphosphone tiamide.

Pasticwlar preforence i given to the preparation of thiophosphorie triamides by
feacting & primary amine with thiophosphorie trichionide o give the comesponding

thiophosphorie smidodichlonide and subsequent reaction of the same with ammenia,

The primary amine nsed for the present method corresponds to the formuls R-NH,,
wheve B i3 an organite residue, preferably an vosebstitnted alkyl, oycloatkyd, avyl or
hetercaryt reaidue o an alkyl c‘ych}ﬁiky‘i, aryl or heteroary} residue subsatitated with
one of more groups nert under the teaction conditions. The atkyl, eveloalkyd, arvl or
heteroary! residie s preferably a O allkyl, OOy ovelonlkyd, Co-Chrg arvl or -l
heteraaryl residue, particwlarly preforably a U-Cp alkoyl residue, especially proforably
an wsebstitaded U0 slioy] residee and wost prefombly nebuyl, Preforred inent
groups are adkvd, arvl, heteroeayl, alkoxy, srvioxy, beteroaryioxny, alkylthio, arviihin,
heteroaryithie, fhuoring, chloving, bromine, eyane, particalarly ;}:r&.fémhi FRRTSTE g
Colre aryl, Gy heteroaryd, T-Cyp alkoxy, Celig arvloxy, (O heteroarvioxy,
Oy alkylthin, CeoCUyy arylihio, CCypy heteroaryvithio, fluorine, chlorine, bromine,

oyano and espeeially preferably Cp-Cy allyl, Gl aryll UGy heteroaryl, Gl
alkpay, Caliy arvioxy, Cely heteroarvloxy, OpCy allovlthin, el srylihio, Cells

heterngryhitbso, fuoring, chlorine, bremine sd oyvano.

To prepare {hiviphosphorie smidodictdornids asing the present method, the primary
amine iy nsed preferably oo smoont of 0.8 © 1.2, particulaely preferably .98 (0 105
eguivalents and especially preferably 1 eguivalent. To prepare {thiojphosphorie
diamidomonochloride on the other hand, the vgr\if.nar}f amine is used prefévably i an
amopat of 1.8 to 2.2, partiondarly preforably 186 o 2.1 equivalents and especially

preferably 2 egnivalents, based on {thiokphosphoric trickloride,
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The reaction of the primary amine with (thiviphosphoric trichloride preferably takes
place in the prosence of an auxilizey buse in order to bind the hydrogen chluride
formed during the resotion. A tertiary amine preferably serves as suxiliary base,
pacticularly preforably a tortiary iralkylaming, Nealkvipyreoliding, N-alkyipiporidine,
N-athyimorpholine, dialiylanilive, a pyadioe or 2 polyoyehe fertiory amine with a

heteraeyetio sirnoture such as DABCO, DRU or quinuchidine.

To synthestze (thiniphosphorie amidodichionide, the awiiliary base in the prosent
method 5 advantageonsly used I an amonnt of 8.7 © 10, proforahly 08 © 3,
pantionialy preforgbly .98 o 12 eguivaleonts and ospecially preforably of ety 1

sepatvalent, and to syothestze {thinjphosphorie diamidornonnchionide in an amount of
16 to 1), praferably 1.8 to 4, partioularly preferably 196 o 2.4 equivalents and

sapecially preferably exactly 2 equivalents, based on (thioiphosphoric frichloride.

Due to the particulsrly smoeth course of the resction @ the conversion o
(thisiphosphoric tianvde in the tempomture range mentioned above, it s sufficten o
use not move than 10 ogpivalents, proforably not meee than S eguivalents of ammonia,
hased on (thiolphosphoric iramide. The wse of larger amowats of ammonia i evidently
possible, but nsually not very atiractive for ecological snd economic reasons. The
minimen amount of ammonda 18 apperent to those skilled in the art from the number

of waide groups to be infroduced wnd the binding of the resulting hydrogen chioride.

It iy alss possible to wmitially charge (hiojphosphoric amidedichloride andiew

{thiniphosphorie damidomonochionde or 8 reaction mbture comprising at least one of

thesy compounds and o ald aoumontd, Lo o oparate the start of the reaction with a

defictency of sivenonia,

The low regction temperature in the reaction with wrnonia also allows the methed o
b carried oot ot 3 low gheohude pressure of Tess than 3, preferably in e range of 83
2 bar, especially preferably wn the range of 08 fo LS bar In g very parbiomisrly

preforred frony, the methad i carrted out “unpressurized”, Lo, gt almospherie pressur:
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In the present methed, the reaction of the primary amise with (tduo)phosphonic
trichloride andfor the resction of the (duoiphosphorie amidodichioride sadfor
{thioiphosphovie damidomonochloride with ammonia is typieally caried ot v @
polar aprotic organic solvent or selvent mixtire which prefevably comprises one ot
awwe of the follewing selvents ot consists of theser othyl acetnie, propyl avelate,
wmopropyl  scetate,  huivl  acetate,  isobutyl  acelste,  tebshydrofuran, &
methyleteahydrofiman, 1 d-dioxane, divthyl other, ditsopropyd ether, di-nepropyl ether,
di-n-butyl e\i&mn methy! fort-hutel other, disobubyl other, dimethoxyethane, avetong or

methy! sobutyl kotone,

The amowst of soblvent is selocted advantageowsly so that the reaction minture can be
readily stired st the resction tompersture but s ot wwecessarily diluted, It i
dependent on the nature of the darting matenials and the type of sodvent selected. In a
preforred cmbodiment, the organic solvart or solvent mixture 18 used i such sn
anwunt that the concentration of (thiciphosphorie trichloride at the start of the reaction
with the primary aming i in the raage of .5 to 3 molkg.
Astonishingly, it has alse boon revealed that the Hrst siep o the preseng method, Lo the
caction of the primary drganie suvine with (hiolphosphoric tohioride, proceeds st a
very low teroperatare with very bigh selectivily such tha the targel vompouand

N

whtirmately obtained s alvo formed o high vigld and pority i conventivaad bately mnde.
The reaction of the pimary smine with (hioyphosphorie wickderide it therefore
wreforably carrded ount partly, mudaly, substantislly or completely ot 2 tomperature
below 2070, peeferably dn the range of -BO%C to 225, purticnlwly preferably in the
mage of 3000 o foss than 300 Partial implomentation of the reaction 1 here
gnderstosd to mean a conversion of at least 20 mol¥e, mainly 1 understood t© mean at

least 30 mol% and sobstantially fo mean at least 30 mwol%e of the {(this)phosphorie

trichloride,

For the workeup of the produgt mixtures compeising the asynmmetric {thiniphosphorie
iramides, the ammonham salis formed in the reaction can be removed Hom the

reaction wmixture by filtsation or aguesws extraction. An extraction is preferably camisd
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out where particular proforence I given o ating the minimwmn anowy of water

requaired o dissodve the ammonirs salls,

in an advantageons embodinent, {thinjphosphoric irlamide v preciphiated from the
vroduct misiure, The precipitation is typieally done by adiusting the concentration of
{ihiciphosphorie triamide in the prodoet nrixtues, either by dilution or concentration,
preferably by removing some of the reaction solvent by dstillation, and optionally by
addittion of 8 non-polar antisolvent conglsting of or comprising one or myom
pnbranched, branched or ovelic hydrocarbons, particularly preferably an albave o
albape mintore, especially preferably pentane, hexane, bheplane, svelohexane,
isohexane, nooctane {2:234&:;‘&a-ze{hyi;zksznmne} or petroleum other or mixtures thereaf,
whereupon the product can be isolated by filtmation. In this form of the purification, the
intermedinte solation of e crude product can be omitied and {thiciphosphoric
triamide can be olained at a puwity of >98%, preferably »97% and particudarty

proformbly >98%.

A standurd pressure the andisolvent preferably bas & boiling point of less than 1209C,
partionlarly preferably foss than 90°C, especially preferably less than 70°C, 1o cnable
short deying times of the moist product solsted and Yo allew g staple reruoval by
distillation of the reaction solvent and recycling into the process. With preference,

gither 83 the sntisehvent at 3 mperatire in the range of <070 o 80°C, preferably
the range of 30°C o 60°C, is added o the reaction mixture and then cooled 1o °C
PO, or by the reaction muxtre at a ix’mp yature W the raoge of 70 o 8050,
weferably at 13°C 10 357, & added 1o the antisodvent and the mixtures then maintained
at a tenperature of 0°C to 307, The Bnsl temperatire v preforably 15°C 10 25%0 in
both cases. Variant a) is proferred i the ssymmetric {thioiphosphoric triamide 15 1o be
isodated by means of a cendrifuge and variard b} i preferred i isolation is by means of

asucsion fler

e an advantageous configuration of the nvention, the solvent andfor the antisolvent
used for the precipiiation is recovered and again f&d into the process. The sobvent ia
prefombly recovered by distiliation which is also effected in part or conpletely in the

context of the inerease in the product concentration by distillation, whereas in the

i
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distillation of the mother Hquors and filtrate washes in the prodoct solation an at least
partial recovery of the solvent andior antisolvent can alen be effected. As an

altermative, distillates, wother lguors and filsate washes having @ posttive energy

balance van be wiitlized thermally.

The awitimy base can be recovered wad fod again into the process, The recovery is

preferably effected by distillation iy the context of the recyeling of the sobvent amd

antisolvent andéor in the work-up of the agueous extracty.

In contrast i the prior art dosamented above, the method desertbed has the advantage
of being able © be conducted at oy virlually af standard pressurs, fe. of requirting no
special apparatus, bot rather of being able to be cavded oud in standard batch fank
systems customary in the Soe chendeal tndustry withowt major adiustments to the

verfiguration being necessary. In this case, the prodocis can be obisined in goad

vields, high puritiey and high spece-time vields st comparstively fow excesses of
SNENOIA.

Examples

The present method 1 ilpstrated by meany of the exanples below withowt being

rostrivies o them

Esomuples §ia dy

Proparation of NBET st different lemperatores:

S

1 eq. of thiophosphoric trichioride was dissolved s dry ethyl acetate with exchssion of
siv and moeisture and the resulting solution was cooled 1o the lower limil of the
specified tomperatire range. By addition of 1 eg. of pisthviaming with S{ﬁ‘i:‘f;‘i?}é; a
yvellow suspenston was fumed, Subsequently, 1 o of n-butylamine was meterad in
with stirring such that the temperature of the regchicn mixthure remained W the staled
range. Afler the end of the reaction, 8.99 eq. of ammonia were iitroduced such that the
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temperature of the resction mixtwe romamed in the stated range. The white suspension
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obtained was stitred for 1 h, the lemperature then slowly ncreased 0 H0°C whereupon
exvess dissalved anmonda escaped as 8 gas. The reaction mixture was quenched with

35 eyq. of water, the aqueous phase was separated, the organic phase washed with water

and concentrated 1o dryness on & rotary evaporator. The puritios determined by HPLC

e

(i) and the vields corrented for purtly are given m Table L

Examply | Temperstwemange | Crnde product purity Yield
¥ ~13 o300 : 4% &1%
3 ETRTT TG &1% Ti%
3 40 103570 ; 8194 89%%
4 235 o -S09C . Q184 BOYL

¥rta-inventive

Example 8:

Prevaration of KBPT and precinitation of the moduct by addition of an antisalvent

HY) g of thophospharic trichlonide were dissolved in 3436 g of dvy ethyl scetate with
exclusion of aly and moisture and the resulting solution was cocled to -SO°C. By
addition of 337 ¢ of wiethviamine with stirring 8 yellow sospersion was formad and
then 42,3 ¢ of ne-butylamine were metered In such that the temperaturs of the reaction
nixture revained it the vange of W30 to 40°C, After the end of the reaction, 985 ¢
of ammonta (.99 eqb were introduced with stirring such that the tempersture of the
reaction mixtre remained i the rangs of ~40 0 -80°C The white suspension obataed
was stirred for 1 h gt SS0°C, the temperatnre was then slowly inoreased to 1°C
wheregposy excess dissobved amwnoniy escaped as 8 gay. The reaction mixture was
guenched with 2699 ¢ of water and the agueous phast was soparsted. The organie
phase was washed with 58 g of water and the combined agueous phases backeextracted
twioe with 100 g of ethyl acetwte such time. The combined organic phases were freed
from solvent by distillation under reduced pressure af SO0 vl 2 ca. 30% sohaion

of NBPT remained in the bottom. 125 g of hevane were added at o temperature of
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40°C and the nuxture was slowdy cooled with stuning whergupon the product

crystallized ss needles, The mixtwee was father cooled to 10°C, the precipitated

erystals were filtered of werder suction on a suotion flter and washed twice with 3 g

of vold hexare each time. The filter cabe was dried at roown temperatiws under

T

yvacuum. The NBPT isolated was Gixmn 4 at g ey of 987 and the yvield was

5. ot theory

ES‘;mm i s‘i;

Prepasation of NBPT sstng s redueed srovund of ansnonia

The method was carried owt analogously to Example 3 but using only 788 g of
smmonia {7.99 eq.) The NBPT isolated was obtamed at a purity of »28.9% and the
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yiohi wag 81,3% of

::v}
o
z
%
s
ot

Examude s

Proparation of NBPT with anhvdeons worksup

The method was carried ot analogousty © Example & but replacing the exiractive
werk-up by fiberng the precipiiated anumenium salis Bom the resction mixinee
followed by washing the filter residue with othyl acotate. The NBPT isolsted was

obtained gt a purtty of 99.8% and the yield was 82.53% of theory,

Example &

The method was camied out snslogousdy 1o Example & but using only 300.6 g ol ethyl

acutate as sodvend. The NBPT ixolated was obtained at @ purity of 98.0% and the yield

was T9.7% of theory.
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Szabadalmd fgényponick

. Bljaras sazivavetrikes (todenforaviviamidok ol8aiiasion sxy priver amin & {io)foszorsay-

g 3

trkionid reagditatdsdval @ mexfeleld (Hoosrforsmanidodiionid seivagy {ticHesziorsavdromidoblond olosite

tasa o3 et Koverden a képrauldtt (o Hosaforsavansidoditiorid divagy {tebariarsavdiamidoldond ammdnidval
vald reagdltatdss ian, aaest jellomenye, hogy & moghleld {thibseforsmamidodiionid dsivagy (ofose-
forsaediamidokionid cliallitdedra a priver amin & (Hofossforsaveiderid reapdliating 8% et koverien 2

{tojfosaforsavamidodidonid Syvagy (Hofossforsavdiamiduilond anundniival vadd reagiiatisar sgyadsmye

viiarakent haj rsavdiamidokiend

sk vegre, tovdbbd bogy s (toifesafrsavamidodikiond dsivagy (Hoihed
ammoniaval vald reagdliatisat részben, fleg vagy teljesen 307U alath, elfsevtisen -80°C 88 <33°C kanatth, ki
fondsen ellnyheen B &8 3590 Rzttt S @ loginkdbb eltnvisen ~§5°C 85 4070 kozoti himeraskisten vl

3

£ hogy a {efosziasavaraidodiicdoridor salvagy oo ey diomidokioridot nem Kitdaitak ol

oAz L fgdnypont seeriott elfinds, seesd jellemeave, bogy a primer amiy az R-MH, Répletnel folel meg,
ahel R jelentése helventesiteton alkile, c8doalkil, i vagy beteroarifosopont vagy olvas kil cikioalkils, arfl-
vagy beteroarilesopart, amely helystiositve van sl aril, heteroarit-, alkoxi- arifoxie, heteroartoxd, alkihin,

ariliio-, heteroariitler vagy clancesoporttal vagy flnor, Kide vagy brimatommal

e \

olfmybsen £2,-Cg alhil,

=N

~ya Arib, Uy heterparils, CpCyp alkond~, Tl metlone, {0y hetervariloxi-, Cs*{lg o aikathon, Gl

ariliios, Gy hetereasy
g I3

o vagy clrncesoportial vagy fluor, ke vagy bromatemmal, kilbadeon slinydsen

Cpy alklls, CyUyy anily, Ty haternanil, €U wikoxd, ol ariloxi-, LTy haterorriioxiy, £-Cy
% & b £oY B & x4 H ] E i(\ - 3 3

afhiBioy, C-lyy ariliion, Uy heternarilio- vagy slanocsopontal vagy fheors, ko vagy bromatoramal, 65 e

T

lonidse slinydsen CpCp alkily Oy Chy eikdoatiil, CpCly g axil vagy € gy hetervasilosopornt, kilndses -

nyisen Up-Cyy alklosoport, rodglokétd sldnydsen he

vettesitetion ©-C alliiosopart 85 & leginkahd olimedeen
rr;zvimztiicsagmrt\

- Az eltzd igenypontok bdnnelyike seorinti elfdeds, azeal jellomenve, Sogy & primer waiin {Hoiossfor

Y

Goriddal vald reagalintdei sagadanysghent sy biubs, elbnyisen sgy torcisr amin, Miloadsen aldnydeen

ey wrcier triafitlamin, MNoaldipivolidie, ?N-{t?i\'ii‘;}ime i, Nealkitmorfolin, dalldianilln, piddis vagy gy e

voriklusos azerkezetll polioikiuacs tereler anvin, ldae! DABCO, BDU vagy Kimukldie jdenléndben hajtink
VEQIR,

A Az olbzd ipdnypontok blrmelyike szorint elidrds, sexal jollemerve, kogy 8 (Hoyossfesaviriamides

£

wesmatkomtatva feglolichl 1) ekvivalens, eltgen leglolebt § akvivalens anvimeniat busordion:,

§

S Az o8 tgdnypontok birmelyike spevinti sliieas, sorsd jeflamenve, hogy a2 frveagdh
tatdst 3 barndl kivebb, olénpfsen 8.5 bar 6 2 bar ds kiilonisen chHiaydsen 48 bar & 1,3 bar koot abueoit

myomason by

6. Az el tgényponiok birmelvike szerintl ofjdras, aezal jellomervs, hugy @ primer amiy Gloosefor
savirivinriddal vadd reagdliatisdt doivagy & (Hoplossfursavamidodikiaid Saivagy {Hodoseforsavdiamidaklonid
ammdniaval vald reagditatdsii oy polivos apratikuy szerves olddsrerben vagy ohan olddszerclegyben hajjuk
wégre, antely a Kdvetherdiben folsorolt olddeserak koeny cevbaf vagy bbbt 41 wilpondt, propiaceli, o

propslavetdt, butthootdr,  foobutilzentds, terrahidrofiwin,  2-metibeirabddrofidn, 1 4-dloxdn, Agtilter,
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Gizopropiidter, di-propiidter, diw-butiiéter, metiere-butil-dter, dilzohutiioter, shimsteoisiin, sooton & omeibe

eabutib-hieton,

7o Az elad gdoyponiok barmelyile seerint sliaes, aoval jplemerye, Rogy & priver s Slotoszfor-
savirikioriddal vald reagaliatisdt 20°C alatth, sldnylacn ~30°C & 23 kétotttl, ktlondven elbmudsan 3000 &

.

<3O kadin Mbmdrséilaten bajyul véges,

BoAz clied indoypomick binmelvike szerintl clidnds, svesl jollomenve, hogy @ reakeld sovin hépeddag

i

e gxirakcidval & reakeideiomy bl ehdvoliuk,

soandnitmuelat vin
2. Az izt igdnypeatak hérmehvike szering elideda, azeal Jellemerve, hogy & roskedd sondy Répaddion

28

sef & reakeiowtenvhi slifvoltuk.

1Az elfad igdnypontok biemelyike soorioti sljacis, amal jellomenvy, hogy & teomskel & reakeidka~

2eghdd sgy apelicos spevves oldisanr, eltnytacn ogy vagy 1bh cgvencs wagy eligard Bocd vagy Quinls seéo-

X

hidrogdnbdl alls vagy Heent vagy Hyensket tartalmess oidészer adagolasa %

-§i‘§‘$§§‘;§<’,

T Az el828 fgdnypontok bérmelyike szerintl olisnds, axeat hemerve, bogy a Qloiosclomsavamido.

RN

diddond  8shvagy  {HoMoszimsavdiamidoklond ammdnidval vals seayabistisdhor o (Go)ossforsavamido-
dikloridet vagy {tioMosdfrsavdiamidokloridot vagy & {tioHossforsavanidedibloridor vagy {tie)isseforsaye
duennidokioridet tantatnraes reskciselegyet piahink be eldsntr & cantdn hovadadink a2 avwdnisn

e S
A

vés, azzal jellemezve, hogy a peimer amint {toMone:

12 Az elied igdnyponioh bérmelyile szering elign
forsavirikloriddd reagdltatiul & o Képatidint {tinffoszforcavamidediMloridot arormdnidval {oroszforsav-
il honvertifhak,

13,4 12 i»,g;éxs:}ps:rzzx awerint elidnls, azzsd Jellemerve, hogy a {theifosatorsaviriamidna vonutkostatva
0.8-1.2 ehvivalons privser amint haszasluni,

PRI -égé;g«mm szerins oljdede, aweal fellonverve, hogy 0.8 — 1.3 ehvivalons biciat mind s segsdamyas
2ot bacendbenk a priver amin & 2 {tndSeaforsaviritiorid reagiliatdsdndl o megfeleld (Ha)oniirsiaanide-

diklootd cldailissn,
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