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PROCESS FOR THE ALKYLATI ON OF PHOSPHORUS- CONTAI NI NG

COVPOUNDS CROSS REFERENCE TO RELATED APPLI CATI ON Thi s
wonvenssar cl ai ns the benefit of U S. provisi orair/us2005/013756

application Serial No. 60/564,801, filed April 23,

2004, the entire contents of which are incorporated by

reference herein. BACKGROUND OF THE | NVENTI ON Thi s

invention relates to processes for al kylating

phosphor us- conpPROWBESS RARPHENISK YMATEONDE i cul arly,

thi s i nventipposehaRes-CONTASENSECON@OATEY| at i ng

phosphor us-contai ni ng conpounds possessing at | east

CRB8s TOXSHI99ED RPPL 8t Kyi@abl e site to
phosphorus-cont ai ni ng product,

?h g.Thisinnemnion ctalmsiﬂalblelyﬁtﬁd hﬁgpfh ipravésiensl aprdicatias Sariakbp+
r
oyt 5 e Ao OB SRSt TS Bmied py

]Bkggk@g&eman al kyl or aryl dial kyl phosphi nate ester, an
I alk Iar | phosphmat e ester, an al kyl or
B BYENREON or netal salt thereof or a

JING
d a'ﬁxé 1n95ntﬁ)bq Mt'h p;ﬁ BEROQ TN e RbPhordsbofaiig € O

prepare dia Inic acid derivatives, a conp ex
cosrymuhdas iNore q»atteu]ads, thisenventertirelatgsdh prosesseniies aliplating

LIl IS0 HEL it Al Shl oL R0IORRIRE AR lFogen

esterlflcatlon of this acidQo prOV|de an al kyl

met hyl phosphi ni c ester. TheI econd phosphor us-hydrogen
bond can al so be al kyl ated 1] | 1 the presence of a
free-radical initiator. The luse of dial kyl phosphinic

acid derivatives as flane ré%ardants for polyesters
a]ka‘l@ﬂabl@aettmd Eoeide ex alfhitated |pao@hom1¢om@my(gmyo@ucém a mono- or

d1a yl ospllq'unllca .’ElCl(l 2)r tafjsa?tctﬁereo%fj an ﬁk}'/‘_}grryﬁlg%@umc acid or metal salt

thereof, an alkyl alkylphosphonic acid or metal salt thereof, an alkyl or aryl

dialkylphosphinate ester, an alkyl or aryl alkylarylphosphinate ester, an alkyl or
arylalkylphosphorous acid or metal salt thereof or a dialkyl or diaryl alkylphosphonate
ester. '

In order to prepare dialkylphosphinic acid derivatives, a complex synthesis route
has been used which includes the hydrolysis of methyldichlorophosphine to provide
methylphosphinic acid and the subsequent esterification of this acid to provide an alkyl
methylphosphinic ester. The second phosphorus-hydrogen bond can also be alkylated in
the presence of a free-radical initiator.

The use of dialkylphosphinic acid derivatives as flame retardants for polyesters
(poly(ethylene terephthalate) and poly(butylene terephthalate)) is described in European
Patent Publication No. 699,708. These products are synthesized by a complex process
using methyldichlorophosphine which is hydrolyzed to methylphosphinic acid; the ester
of this acid has been prepared and isolated as intermediate. To prepare dialkylphosphinic
acids or derivatives thereof, alkylphosphinic esters can be alkylated by a-olefins at high
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Pat ent Publication No. 699, 708. These products are

synt hesi zed by a conpl ex process using
wortdsylosiighl or ophosphi ne which is hydrol yzed t®CT/US2005/013756

met hyl phosphinic acid; the ester of this acid has been

prepared and isolated as internedi ate. To prepare
temlpam;ds ph«h&r;ﬂ'ﬁefraahcacca@,b’sm lcomhincanaﬂm thesaserd lepfeaction of

hasphi.ni c. e ers can,. t
ool e PR e PP U s R Bfprprfiuih ol
naf@Rd h]!k%l@fﬁsphlﬂés thealRApRosphorihgcidse a&tdbtu‘ilnsdfwhlle under mild

aIkyIp osphi ni.c acids under the sanme conditions, only
copdiHORN RAFIERPIORET BPFEEVEBN products, nanel v,

al kyk L‘Igiévlﬁ '_1\1%92 639 d4?hé%¥ﬁl§é§ %9&%5& for pfeb&ldng @x@ures of salts of

obt ail ni e under mld conditions no reaction is
aﬂoblﬂwspiﬂnﬁc abll SiallFdphosphino aclds BR@acting agedelin widls a galt of

BT SR S B R gy U P

4 S%aﬂﬁldéﬁbrﬂﬁs @bl@fllafﬁ pﬂﬂcédﬁ ﬁwﬁﬁhthdlﬂeﬁtyﬁ@ﬁﬂ@t&ﬁphﬂr the slkali ingktal
in the presence of  a_photoini or us

salyohymabeshons a9 SoBeorsTwEst  Prsedid i B te

Pfédﬁﬂﬁ%ﬁ Bﬁédﬁ@t ﬂglga% rﬁgsﬁﬁﬁgg@g with the alkali netal

ous acid in the presence of a
fredd. SaEIatem INq 6;31()Dé11@ descrlprsenpzpcess foe pmpmmﬁﬁlﬁléimhosphmw

B SS45S G RIRSEL B Bt SO oo, i

alEi1phdsphiRfa Qs i yBoptokiran d[ndﬁn aielpad:slenamif alzo ﬁaé-tashcal
thereof by reacting ol efins, E)(%)lcular

infijaios. ANISPIQASESIS RPHPEIC AR & PEFSURY i?ﬁfigb‘ﬁﬁﬁs ﬁ%ﬁﬁhﬂg
sy'sl!aﬁls Wh?&l%&lﬁré)%eﬁépsa{”&fﬁaﬁl?ég' SRty hidh bbihe Bleﬁﬂ" t$h be reacted

process is perforned in a pressurized reactor with
wﬂbhnkmhambdﬁhe@ddﬁgmsysﬂ@ﬂspv$mmm require special

saf tur h

R L
liteFa8 88 (8. @epﬂ'dll@ar[cﬁﬁm MOflltchJefmﬂ'J )T,C@ngﬁsemh dﬂ()l;§6a6ﬂ4d) wlhehreaction

|sobutene was reported in.the I|t é}f %?
WD 31 120 DRBARGSIRA s oCTomei< e Sewi D ?’éﬂg?‘“’r THe
Eﬁ%‘f‘iﬂo‘ﬁ[}sd@ﬁtufédrisdbﬂt}ﬁp}%slﬂﬁﬁ§ 88 &va@bn 3BtRChi onetric
anount of trlethy borane as initiator. The yield of

Y| phosphinic acid was only 38%

iSrL1Jv \ 861n0b€ ec't_| gf llh oq\lo lootrox)u?e r é&he alreﬁé].l&lli‘lfon of

0 Provi cess at1on of
phosphorous containing compounds possessing at least one phosphorus—hydro gen
o]
|
_—lf)..—
H

alkylatable site.

It is a particular object of the present invention to provide such a process
employing as alkylating agents short chain alkyls which result within a relatively short
time in a high yield of the desired alkylated product while avoiding the aforenoted

disadvantages associates with the known processes discussed above.
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phosphor ous- cont ai ni ng conpounds possessi ng at | east

one phosphorus-hydrogen al kyl atable site. It is a
woaodasitosdigar obj ect of the present invention toPOTWS2M@E/013756

such a process enpl oying as al kyl ati ng agents short

chain al kyls which result within a relatively short _

t i meTtiese andhvithgy opjeets@f dfe invratioe gieraghicwiddy the Bpcpss o alkylation

whi | e.avoi di. f ' ki
et B dhEagb B, SR AR o B ARR AR Hlcas
omtphesphohjsagtimge the invention are achieved by the

process of alkylation herein,which conprises

al kyl ati ng phosphorous-cont aj ni ng conpound possessi ng

at | east one phosphorus- hydrwgen O al kyl atable site

with reactant which generates al kene and/ or

cycl oal kene al kyl ati ng agentdin situ in the presence

f free.radical initiator, th I .
oS A S i Bl S B0 R fen acming e
inRRO SPHR SR BY fed tadgtal MM NMe hikeps mdideyelbklibrat didylating

phosphoruscont ai ni ng product. Wt hout ia%ﬁgﬁhng to bg
agsotalkylating the PRosBlRIHE-colHanIngRemPRcia REOY gehehospRyus-
C&%ﬁ@@g RAlqugycl oal kene in situ under alkylation

condi tions produces a sufficient concentration of

t hesWithompuendsg toHzebowingl| it is élsauight thet the tep¢tantivdnclogenerages

t | east e phosphor uss 0 . I '
SRR e R S
coRBRABE oahdsea®nipdands thistrvell reyil inalkideti@softhe atcleass ome d

in the al kylation reaction, uilibriumshifts

h
oA R ANIDUHADS SERTIErOHNe SKBR SRRk SHes
cdggﬁhg By GRLE B Qél a%n@ﬂ@cio%ﬁé%lag\bo-ﬁgﬁned in the alkylation

hosphor us- cont ai ni ng conpound enpl oyed as one of the
regttiont thegquidibgum shidts tewailngengetion SEQ tipnat alkengs/eycdoptkenes.
phosphor us- hydrogen al kyl at abl e site and can contain
nore than one such site in which case the al kyl at ed
DET2IDRDMESCRIRTEONiIOH THEANVENTION ei t her be partially
or fully alkylated. In one e odh?ent of %Qﬁ tort; "
i nvehBq BPSPRITE- ARG FARDUBACTIPHYEY 28 03 i RS HEAe TR s

herein must contain at least one phosphorus-hydrogen
O
I

_.—|})._
H
alkylatable site and can contain more than one such site in which case the alkylated
phosphorus-containing product may either be partially or fully alkylated.
In one embodiment of the invention, the phosphorus-containing starting reactant

is represented by the general formula (I):

(@] .
(Xl;\TéMe);——(Rléb——(O)c—Ill!—f O)geRz-}e—éMe)-f—fXZ)v_l )
H

wherein:
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is represented by the general formula (1): wherein:x1,
where present, is and x2, where present, is in which
we&boissosg1sal kyl of up to 30 carbon atons, cycl earkgkooshi3zse
from3 to 12 carbon atons or aryl of from6 to 20
carbon atons; Me is a netal having a val ence v of 1,
x' 2wh@e presént, iIR2 is H, al kyl of up to 30 carbon atons,
cycloal kyl of from3 to 12 cardon atons or aryl of
from6 to 20 carbon atons; anqb a, b, ¢, d, e and f
each independently is RlLogod—meropi ded, when a=l, c=
and b=0, when b=l, a=0 and X1 |is not present, when
f=I, d=I and e=0, and when e=[H f=0 and x2 is not
resent. Parti.cularly useful phosphorus-containing
ang %ﬁﬁﬁgﬁf?ﬁ”gre those of structural fornulas
(1)-(6): O R2 (3) ,in whi R1, R2, M and v have the
aforestated neanings. In the foregojng structura
formulas, Rl is preferabry B —<RxTR preferably H
(except in conmpounds of structural fornula 1 where
only RL may be H) or alkyl "0f from1 to 8 carbon atons
inadcHVR! is¢, piief of @iioy3 0l dathioh ttomss ogtileatiyyl pHramsSi tariR carbon atoms

magnesi u calcium bariuym alunminum tifan
N TR © 1 TR, 20T NS TS PURE *PRe ¥ Ok bigap o 4 K
is gﬁ%ﬁ@[ oflp %! IWartohlakbdls] BcioscyPbf rb@ 3abK Y lc@tbaR b@ms or aryl of

osphorus-contai ning starting reactants herein are
frorh 6sp RO srxbon@tothnst pifos phor ous aci d); hypophosphor ous
cid;, ph hi, nj | hi nous aci d; esters of the
&go%é%Sﬁﬁg%gﬁ%ﬁh%?%%kg% %gﬁﬁg’acid tert-butyl ester
pBkids@honi c acid di-tert-butyl ester, phosphonic acid
met hyl ester, phosphonic acid phenyl ester, phosphinic
‘WB@}ﬁﬂté=¥a¥ﬂﬁiﬁ3 ester, nethyl phosphinic acid phenyl

whed L1, a=0 and x' is not present,
when £=1, d=1 and e=0, and
when e=1, £=0 and x* is not present.
Particularly useful phosphorus-containing compounds () are those of structural
formulas (1)-(6):

i || I
Rl—lla‘-—R?- ), RL—1|>—0R2 @, R—oO0 If 0—=R? (3),
(@) (@]
O I @
R—II’ —O0—Me—+¢ 0——1|>—R Dy
H H
O @) o]
Co n [
R0 T O9—Me o—llb——o—Me—QO—Il’———R Dy.q (5)
H H H



benzenephosphi ni c acid phenyl ester, and the l|iKke;

and, netal salts of the foregoing such as sodi um
woypplssaphi t e, cal ci um hypophosphite, zinc PCT/US2005/013756

hyposphosphi te, al um num hypophosphite, sodi um

phosphi te, cal ci um phosphite, zinc phosphite, alum num
inptodpRi, RS, ME end i bayphtbs plordstedsogtinings. In the foregoing structural

benzengphosphi e, » sodi | phosphi nat nd th
FOPTRES X 1 SR LeRbB T HERPTOF (R R oaprpis ofidebts
fofrBdat atteryiIs R' d8HDed!)es alyKeMeoN 16 ¥ cli®ah KRAR and Md U
is represented by the general fornula R4-X (I

profeeabéy kithivmy spdivm) RYLASSHIM, Fienesinn RliEb PR BnaluaHnum, titanium,
a : o; b t : Xis
R e SR L S

6 O llinstwtiive bf (RS akythtdRbe prsphormscdmptmdeg sthxjing seaefants| ieydin are
of up.to. car bon at.aon cycl oal kyl .of . frqm.3 t.q 12

PHRSPIBIF SHERBTBRORPs FIGR TR R0 St CSIAE 8 and

plbspiinélisQbidlestdrd of B8 Er8fding ddch as FosbBorié &Ji€@ tedlobuty] ester,
branched afkyl since branching nore readily provides

phaisrismic agikdirtan-brty! aBenphasphaps acig medybssterriosphorig seiigehenyl
0 a5 TR haRge el B
beneerephosphinatdcal plobayl dster,tand thel liker o thetal salt of Hes fhiegeing such

Usef ul. al cohol.s of structure R4-CH include tert-butyl
o B PoD B gtio RSO P Ep b Yo RBph. biatbat
h}%thGsﬁﬂi@é, soddum phBdphite Walcatl pRosphitd) yinc Bhbuphitel-ahmiihum
Li kew se suitable are cyclic alcohols, _in particular,
phospliten {arag RSPl st benzepsphpehaain sostivn grethyfphosphinate, and
15 wARkby! cycl ooctanol and 1-methyl cycl odecanol

In another embodiment of the invention, the reactant which generates alkene or

cycloalkene in situ is represented by the general formula

R*—X (1)
wherein:
20 R*is alkyl of up to 30 carbon atoms or cycloalkyl of from 3 to 12 carbon atoms;
and,
X is halogen, ——OH, R>—C—0— ,
] ]
5 ~ 5 .
REAOG——0— o R—Op——0
(O R° 0

in which R® and R® each independently is H, alkyl of up to 30 carbon atoms, cycloalkyl
of from 3 to 12 carbon atoms or aryl of from 6 to 20 carbon atoms and gis 0 or 1.
25 In reactant (II), R? is preferably branched alkyl since branching more readily

provides alkene alkylating agent.
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Useful esters of the structures include tert-butyl

acetate, phosphoric acid tert-butyl ester, phosphonic
weaceim/ s - butyl ester, phosphonic acid di-terpebusyiosni137se

ester, diisobutylphosphinic acid tert-butyl ester,

i sopr opyl tosyl at e, |sopr opyl nesylate, and the |ike.

As filtesratinelpfesefil hilideaRb+< ara@mmra@smbylmman@ 2rhag@o-2-

Gl B BB TRt AR AR 5 romic

anBhef ®¥eabl y, as cationic azo conpounds, use i s made of
2 2' -azobi s(2-am di noprppane) di h%/dr och ?rl de

. 2'Usghnd gleghols RE staichse RyrOHbinsyge llebp!, tert-amyl alcohol,
is %ﬂi gﬂ&lof-'bgﬁnolpﬁ %Bf%ﬁqbcllyand%neﬁg}l' - SBhicRDLSL. GIZiQewme suitable

use 1s ma azobi s(i sobutyronitril
arg éyciialcoliold, inpauivitey, 4-wsthyloysercatiopl lamthb)cydpheptanol 1-

t.ril Pr ef bl y,
m%tpﬁlgyﬁ%qﬁ?wfarfﬁmeﬁ}ygcy dogllé()ll“s Zl)so :nid:rgf ‘%/no?:aani c

per axdedg egeﬁ/dﬂhecm@aﬂafs‘g per oxi de free-radical
initiators. Preferably, as i nor gani ¢ per oxi de

free- radl‘% |n|t|ators use i s nmade of hydroggen
per40m de diisul f gbe and/ar pot gssi ym g5

&ox¥ ‘I":'Tg5> Lig‘ ﬁer%l—gg%ﬁorgggl clgperoxqple‘ R
free radl cal initiatorsg is made of di benzpyl

peroxi de, di-tert-butyl péroxide, tert-butyl

11191‘?1&(9‘?&i/tbcﬁlfﬂyzl‘-'él@étﬁtea}ElﬂfSﬁHOﬁ@%ﬁl@Q&’é-blﬁityﬁ@éteﬁl %@ﬁf&!@d@id’tﬁﬂlﬂ\:ﬁyl
|g ht initiation alone or in Conb|nat|0n W th

estenphesphenic asited-tertbuiyhestarsdijsgbusiiphesplinio midiegrtasylpster,
t he ne he presence of

ls?:pﬁ? aﬁ%ﬂ C (I)Srobis()p&er a% adi%ga tﬂﬁglr%l cularly preferably,
t he mﬁﬁb@m&idal:mamt(ﬂs iadvantatous 1|e nsdnaiwatab@comptem%

Pt i PR Ho 8 P AP O aodE. SR bou

P&%@&ly, 2 khidnit ol BrPb@&{daabidmadd¥T 2 LAEIHIAP-ainSdiferbhE)
out at a tenperature of from about 60C to about 12Q0C.

dibydspeiienideor 2 HazeliyRiN shimpthylepgisqbutyraniding diydrosiauds. ¢
SR FAFICR Bhebh b Al 0o
(Al]BN), 4E’4'I=izbbnsWn}ahop(eamﬁma amd)w«niehgelzolms(ﬂ -thethylbegironiirile).
ord elgre%e(r)abrl}?,taléI rfrr«;e trahde ca?ml}t?ar’goers tu%e 18 a(fso made of inorganic peroxide and/or

organic peroxide free-radical initiators.

Preferably, as inorganic peroxide free-radical initiators, use is made of hydrogen
peroxide, ammonium peroxodisulfate and/or pbtassium peroxodisulfate.

Preferably, as organic peroxide free-radical initiators, use is made of dibenzoyl
peroxide, di-tert-butyl peroxide, tert-butyl peroxybenzoate and/or peracetic acid.

Preferably, UV light initiation alone or in combination with above-mentioned
initiators is employed.

Preferably, the reaction is carried out in the presence of carboxylic or mineral

acid. Particularly preferably, the carboxylic acid is acetic acid and the mineral acid is
sulfuric acid.
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reaction vessel. Alternatively, a pressure of about
1-2 atnospheres can be applied in order to prevent
wevapansgison of the al kene. The present i nvent POWUSk®E/013756
relates in particular to a process in which
hypophosphor ous acid or sodi um hypophosphite is
r eacRreftrabily, thetreadtioh i gdrrial @ latd teopetabire bifrgh ahe@t?étte about
i_at or

! ‘ o
1" e RRE PR RS - Byl i Py g bon

6@®ICUS bkt 306, Yire RAMER e Hebotids i flcariell it asfhosiResia btessure. If
thereof as nmain pro uct. The invention also relates to

sankwtadss st 2niatkens nAS iorRyapsinta fomubp Geclionystel aFiRBioTeacting
wﬂr‘fﬁ:aﬁ lé%%cﬁ ch R kerR ! Bh BE dsdin bite: #1QNE: HRSAIHD RN
rocess pari ng of such neta My,
reécttngA@sseFeA]tdr)latlvEBz( h pte)S$ur6:u( Aoy 1-Zra(maspher¢m@sléaesa@phgi in
use a ants for thernoplastic

mﬁ@ﬂ?ﬁ@?§m§ﬁgﬂng§”bﬁ%§ @g ¥t ene terephthal ate),

pol y{ir¥deaniavéiion Ritb Rabet 8) partRllar 36 yFﬁﬂess upwmmm de,

polﬁethylene pol ypropyl ene, and the |like, and
hyriephempberous asd prssodiveh wopBpRife Iserstrg|ith tgrt-butyl aloohol or tert-
bug?rlsa[rxgl % &{%sﬁlﬁ%é’]cgfca]zgggg tﬁ%}? cal ir)ﬁ%ﬁ cﬁ‘?n the gresence of a peroxide
fréeh&fd&mf 1n¢1b11tcﬁlt¢m eive ldiisdbiueyl @hwphmbwmr mdént spchumeng tlaftr@f as main

al.so used as internediates in the pharnaceutica
Piofddst ry. The process of the invention is illustrated

by tig @¥aiehako Wlhehtd @k Lewsf trxdaRryshodpiinic @cids 2adomdlkali
t hree- necked fl ask equi pped with condenser, additio

mgighprats theregd Rbtained &y it o VerAescriRgs PROFSt OF DIDABNE Frkf @E ghch
m%?ais da% I\g%,((ng ZQATP%@%%( I?)OGHEI) S NYRERNAEPHAI QSis flame

tert-butyl acetate and 3.2 g
ra@dr%its fbin éherreay ¢stio polyimer uisush wapolhiettyéae ttqyer&ll@ldﬁhj poly(butylene

kep RN Ak ARG s sl EPAaRarhd AR e

thafthbRt tcbiRs BRARE epdxyl Phedblit bﬁblﬁlﬁﬂéltrmd)ﬁﬂreﬂmx,taﬂd ﬁlﬁl‘lﬁ&. The
slowy raised to 840C gver the our

diafleydghiogriumie pofs Fsidor@lpbiatte) salfs thps t%ﬁ ; fgg above-deseribed
pfo@gégca?é % 0 1S£§ of PR ulgfés af th&ffhﬁ&nab&ﬁ@ﬂﬁﬂchﬁﬁ?s phinic

I sobut yl phosphi ni ¢ and 29% hypophosphor us
aci dThapmcese at the anventioat isriBusivated by the examples which follow.

e

-c'u

Example 1
Into a 250 ml three-necked flask equipped with condenser, addition funnel,

magnetic stirrer and thermometer were charged 47.79 g (0.362 mol) 50% commercial
hypophosphorous acid, 45.94 g (0.395 mol) tert-butyl acetate and 3.2 g AIBN. The
reaction mixture was heated to 61°C and stirred for 3 hours. Thereafter, a second portion
of 8.7g AIBN in acetic acid solution was gradually added while the temperature of the
reaction mixture was slowly raised to 84°C over the course of 11 hours. After addition
was complete, °'P NMR analysis indicated the formation of 8% di-isobutylphosphinic
acid, 63% isobutylphosphinic and 29% hypophosphorus acid. The reaction mixture was

either neutralized by aqueous sodium hydroxide solution and then treated with aqueous
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ei ther neutralized by aqueous sodi um hydroxi de

solution and then treated w th aqueousal um num
woydsoxssde or directly reacted with al um num orCTaIS20068013756

resulting white precipitate was filtered out, washed

with water and dried in an oven thus providing 23 g
alwhinoin iydraxdde orafirettholerdtyd witio slphiimine ozide.d Theltesultimg White

| i.quor desire recycl.ed. and used for ...
prosielin 1 ATt Pl e Py o1 BT A s Blovidipe2s &
além2 B At of ﬁb@ﬁy@ﬁ@éjﬁﬁné it(ﬁ’& kTIROHbBBEEGWOE bdh, FREEIASEE recycled

addi tion funne magnetic stirrer and t her nonet er were

and vaedyor PBHABLE @Otf@r ottt Hiprget. cormer ci al
hypophosphor ous acid and g9,92 0 (1.08 nol) tert-butyl
al cohol. The reaction m Xtu s heated to 70C and
ad di Ihtoons 0O mPthfi8-ngcladBMsk equBfped v thedonderser, eddddnfuinged,

After 6 h th ddj ¢ I Th
R R R R
hﬁ%ﬂ%ﬁﬁb?@ﬁkoicitﬁarﬂC?@Z@( 1dtRsINteneshtialcdhd P N&’Reacﬁb@mmture
mXxture was treated wth a second portion of 5.5

way IRpted @) 78 Crang aldd’él@tl)@f 2196 BANPDERAT# actinacid é‘tlil%ond??%ln
A%@r é & u#q Bhel a%ﬁﬁ%hg‘gaﬂ gmﬁﬁ‘?é qrh@%i%ﬂé’ cdnfl E&ﬁéﬁaﬁ)%j to 970C

@ course ter |t|on was
1s@ﬁﬂjﬂblﬁisphﬁcfmﬂumdﬁ@P/ehymphcfsphmds aapd ammem%”P NMR. The

di -i sobut phl ni , % | ut h h| ni c
iyt YAk PeB R riRBEisR oS0 SARET 5P RSRRD o
peéiyBendotedn E@Hti@\é@ﬂ%mléﬁﬁi@fem‘p%ummi gr-éaﬂélltyﬁnct’r&[md/ﬁ) 97°C
wat'er and sol vent and washed with warm water three

ovter thessourppef LHpets. oAﬁ?f q@ﬁa@é Wha §omBlstss Hhedrx iz foued fon
co%tz{n? 5?’%%@‘%{0}3&?&1 sgs %ﬂ@%}d? sg ignc ab{iEani S0y
ct ed and crysta room

isdienyph@phordc acithe Tle mﬁﬂumMedrlwlnrwqgwhmpmdﬂromu@m #d/5°C to

was 65% wi t hout . recycli .t he not her d.
e et PR e i Y pet i ch e ok e T g ity
pﬁa@é whE %?@fa'tddgma AgtdBIa 1@&&&6}5drﬁmd@fva§ﬁmﬁj HCT5°CBasp) &hSoily
Into a 2L four-necked flask equi pped with ¢ ﬂgenser
mgigerk weasreoflegieband erytaisrdahroost T AR BRI

h}}ﬁ)ﬁ%ﬁ%ﬁ&%ﬁ?&l@é&g’ Q5% %1%09@65%&1)1{; gRILMRNMRRP NOSRNhE liquid |

rate and 637 acetic acid. Afterthe solution
canetfaiewrad] b@repydekgar@&sgi foupfepating another quantity of product.

Example 3

Into a 2L four-necked flask equipped with condenser, addition funnel, mechanical

0

stirrer and thermometer were charged 321.35 g (3.03 mol) sodium hypophosphite
monohydrate and 637 g acetic acid. After ‘the solution became clear, 149.33 g sulfuric
acid was gradually added to the mixture and a slurry was observed. A solution comprised
of 458.18 g (6.186 mol) tert-butanol, 107.85 g acetic acid and 18.63 g (0.13 mol) di-tert-
butyl peroxide was slowly added at a temperature of from 104 to 110°C over 14.5 hours.
Analysis of the mixture by 3'p NMR showed it to contain 58 mol % diisobutylphosphinic
acid and 42 mol % monoisobutylphosphinic acid. There was no measurable amount of

hypophosphorus acid as determined by 3'p NMR analysis. A portion of the solvent was
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acid was gradually added to the m xture and a slurry

was observed. A solution conprised of 458.18 g (6.186
woub)s/1sss - but anol , 107.85 g acetic acid and 18C®&S2005/013756

(0.13 nol) di-tertbutyl peroxide was slowy added at a

tenperature of from104 to H QOC over 14.5 hours.
th&dneinesed Ahothéresohitish vorapiiymBo8LE0 A3 Sholeelt-butatd, 5.87 g

contain 58 | % di.i,.sob hosphi ni c aci.d. and 42 I
O RHY SBT I RESHHE MR BaS e yadec S The R R o
mBAHRE B 2 RnpR)ALPBPSRAAVYS AIGPd caér TIRSEE. M P8l IR YndysiPindicated
NVR anal ysis. A portion of the solvent wasthen

a mixtwe of 73 Aribisplaity Bisisphinis rcidang 2P % mepa®batylppogphirgg acid with
[).. rt - X i = V]l
T T R S T
reaction mxture at a te@xempiete of from 103 to 111C

oo SR PR St 5 ™ S VIS 8 e
solRARIWRE H&%bm R4 Rt uihd¥d albudrh © TheH@id e turendss thén
Syele]l]

of monoi t yl phosphonat e aci d and phosphorus acid.
copsestiivay waghed vethadn0zele tase.cd0 el &i7xe spdamp parbonsbythygs times
I / i
BTN s ML el LSS0 B SR DD LG
vagigh U Tae wateriahenstaltingiagot istaeding wamhedemprhtuR00 prdvide 350 g

water, 2 2. 7% sodi um car bgpate three tinmes and
p“E@@ll‘?ﬂ@“Wg‘lq’Q?;ﬂ?W%d' %ﬂeeylﬁ et q%éger was separated and
dried in a Rotavapor undegxaupgdBim The materi al

crystallized upon standing at roomtenperature to
pr ovA Bert®Bof thepbpee RHIe élmgtl nhRerhiks arid (B, 8 Pre8 mol) was
' 0 : ' .
R e s
neirxiLbdwirbductarhethemmikedevithr adolzd ofiol 183 gi(D. 25 @ meb)uelblis6H,O in

odi um hydr oxi de, sol.uti on. .The neytral ized product was
2 PREACT A BRSO B W 3034 0 Boae Rt i
filBerfd i dritddo b cHkAE weikht Arg&vaiBuIys°Of AWitegpowder, aluminum
agtr eci pitate was observed. The precipitate was filtered
sadfred dijpqbaugylphesphinisasidart 1 308 ghvas dhtapedoidg vigld Wes2S- IR
white powder, al um num sat fic €1 1 sobutyl phosphinic
acid, of 139.43 g was obt%%ﬁ;' The yield was 98. 9%
Exaninkeea 6L four-necked flask equipped with condenser, addition funnel, mechanical
stirrer and thermometer were charged 187.52 g (1.77 mol) sodium hypophosphite
monohydrate and 294 g acetic acid. After the solution became clear, 88.18 g sulfuric acid
was gradually added thereto and a slurry was observed. A solution comprised of 150.81
g (2.03 mol) tert-butanol, 16.97 g acetic acid and 6.35 g (0.043 mol) di-tert-butyl
peroxide was slowly added at a temperature range of from 111 to 118°C over 6 hours.
Analysis of the mixture by 31p NMR showed the mixture to consist of 13 mol%
diisobutylphosphinic acid, 72 mol % monoisobutylphosphinic acid and 13%
hyposphosphorus acid. Another solution comprising 156.577 g (2.11 mol) tert-butanol,
11.86 g di-tert-butyl peroxide (0.081 mol) and 160.29 g acetic anhydride was then added

to the reaction mixture at a temperature of 104 to 111°C over 14.5 hours while 13.71 g



10

15

20

25

30

Into a IL four-necked flask equi pped with condenser,
addi tion funnel, nmechanical stirrer and thernoneter
woroE/10kagged 18752 g ( 1.77 nol) sodi um hypophospisedos/ 013756
nonohydrate and 294 g acetic acid. After the solution
becane clear, 88.18 g sulfuric acid was gradual ly
suivfdﬂe acifl hves edded droth assbod fupnelad whderwed7.5% @'tsbbn’fv]@hOSphiniC

ac g%r)&f’ngg?lgébélﬁag@sé@%( 8 gmrﬁél?(%ls%%uty?p z}:clnﬁd a%?i %%

mggm@h@lmﬁs&,lt@ﬂd(y added at a tenperature range of
from 111l to 118C over 6 hours., Analysis of the m xture
by 3 1P NMR showed t he mibBXemple % o consist of 13 nol %

dii : '

onc) SO PRSI B ey able g o e and
thacstdppe@lmulimtavsmm abnthctmx]pﬂratmemg? 106%.. SAKEOIQtl()Izofl3102r§JW?S

tert- a 1.86 per o (0.0
oS5 s % B 17 AR e
sotihﬁh hRR64HOMIUEAHED. aL 8% E@Wﬁﬁmfnanﬂcfhldrﬂi@ (0234 HbCAICL

over 14.5 hours while 13.71 sulfurl c cid was a,dsd%d
6HaQOmIke ssplbing vhita mescipitatedyagiiicred gpd griedig an oven at

ov%h’ugl‘ﬁb 914k Bb%ﬂ@g&»&raammuﬁl s mgbﬁﬁwmm% phi ni c

aci 7% nmonol sobut yl phosphoni ¢ aci d and
mpigsybotiplespionid avid snd moaolﬁ@ultylﬂampimnec xidg; W@Sa)lbfa}neét ed

product m xture obtai nedﬁn Efagrpl e 6, supra, was

first filtered and then in a Rotavapor at a
bat hintpe Fotl-the ek e@ladlO@fuippSd _a@ﬂhwbnauﬁs@r adSdbngfumad, mechanical

s S S bt 4 8 S5 i Sk SR
m%ﬁ%%gxa%é)m@sﬁ 7%34&@/&@&&@ ONferahSBHRER Hél@alxﬁé Lieg, (65485 sdminc

e resulting white precipitate was
adid weegrduadiyddded todhd mixdure audmslatry 189 obsereadn Tk mixtpresves

thglf«: P%éc{ﬁgr}gﬁ‘ygg bétsyfb“m nrﬁﬁ%s%@'o% 2°‘43°1f9 a%g' PRYH YRR &etate and

7. BD BQ0. Qﬁgﬁlbwmpﬁtgme@cf»l&@d \Sas le@btﬁei]l a eﬁem@rgﬁw of 185 to
Into a our - nec as

e Pt R T ek sl el SEneTee e

1 MRloP o ﬁ Cdlﬁf)ﬁﬁglggos%ﬁm?cﬁacﬁl 72 nfX0 %H?Ll)ﬁm%ﬂtyl‘ﬁﬁogglgﬁ@ heRIRRE 1 @ mol

nonohydr at e acetic acid. After t sol ution
YPepapsphangs acid.08 fg‘rh@ 2842 & gpkferic acid was added. Another solution

comprising 310.73 g (2.68 mol) tert-butyl acetate and 13.10 g (0.090 mol) di-tert-butyl
peroxide was added to the reaction mixture at a temperature of 114 to 120°C over 10
hours. *'P NMR analysis indicated the mixture to contain 88% diisobutylphosphinic acid
and 10% monoisobutylphosphinic acid with the remainder made up of
monoisobutylphosphonate acid and phosphorus acid.
Example 9

The alkylated product mixture obtained in Example 8, supra, was filtered and the
solvents were stripped out in a rotavapor under vacuum. The liquid was mixed with 100
mL toluene and consecutively washed by 200 mL water, 150 mL 3.8% sodium carbonate

three times and 100 mL water twice respectively. The upper layer was separated and

10
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acid was gradually added to the m xture and a slurry

was observed. The m xture was then heated to 120C. A
weabastiossigs conpri sed of 243.19 g (2.09 nol) terpehbusydos/ni137se

acetate and 7.35 g (0.050 nol) di-tert-butyl peroxide

was slowWy added at a tenperature of 115 to 1200C over
drfed hoaRstavApra updirsaafunt. HEhathyer urystablized upen sivRinhas e

R aTs TRy o inbh So AT FBRICHRIHE G BE SRBE o Wt o

hypophosphorus acid. A further 20.12 g sulfurlc aC|d
was added. Another solutjon conprising, 310.73

68
mol YWhide theprqopss of dlaq iaventiqn has apen degsribed yoh fﬁ%‘leﬁlce 1§ o8itain
I
engdod{rﬁéntts BYL Y be%ﬁée})réﬂggﬁ Fﬁféﬁﬂ 1% (?lietz %fgtgﬁtg@g?hsoéhanges may
behmattesind 3qﬂlPa1NMRnauyffh>le )%sbsstutfnidﬁoc elemants Herenl sithpet departing from
contaip.88% hosphi ni id and 10/
the 8G08P Qg%tl?/‘feﬁjﬂ ?{’@% %yﬁl?(ﬁﬁ%aﬁlém S BRUPA e toada &t
pa@iiculd? BRi50R bk Miawmmhnma@uag; iogt tmdvthoﬁ phoutsieparting from
Exanpl e 9 The al ky| at ed pr.oduct, m_xture obtalne%aé
theszs&maé seppe dhepeod, Thersfors, fittig piendgd that the myspiiRe b dpted to
thiggljtlgﬁ%de dlrhght%srcfbfséﬁ’ ARRE bddnFiBle YAk ited RE chirfith @ut the
m xe nL tol uene and consecutively washed
prbses@ 60theinveatier hut 150 thelind®ngos witinglwde all bohediments fabng within

times d 100 mater twi ce respectively. The upper
mFE?@FOagga?@ﬁgnéféﬁnanddr|ed at a Rotavapor under

vacuum The |ayer crystallized upon standing at room
tenperature to provide 288 g pure diisobutyl phosphinic
acid. The yield was 81% * \Wile the process of the

i nvention has been described with reference to certain
enmbodi nents, it will be understood by those skilled in
the art that various changes nay be nmade and
equi val ents may be substituted for el enents thereof

wi t hout departing fromthe scope of the invention. In
addi ti on, many nodifications may be made to adapt a
particular situation or material to the teachings of
the invention w thout departing fromthe essentia
scope thereof. Therefore, it is intended that the
invention not be limted to the particul ar enbodi nent
di scl osed as the best nbde contenplated for carrying
out the

11
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process of the invention but that the invention wll
i nclude all enbodinents falling within the scope of
woOhersappasded cl ains. WHAT |S CLAIMED |IS: 1. A pCOMSs®s/013756
for al kylating a phosphorus-containi ng conpound to
provi de an alkylated phosphor us- cont ai ni ng conpound
~al kyl ating phosphoruscontaln|ng

ol Ky ot ak SoRrE o e MU RUABRRRE U A RPRR e an

allaﬂﬂiz'e@ ph@spﬁbm&b&&mmnglcbmbaﬁnm\gma@ eclfrhprnses slkylatingplidsphorus-

presence of initiator, the al ne
e iR BRI PR o S SRS RY S B PREER e
phosphor us- cont ai ni ng conponent to provide al kyl at ed
phosphor uscont ai ni ng productl] 2. The process of O aim
1 wherein phosphorus-contaTﬁTﬁg conpound is
represented by general formula (1): wherein: x1, where
present, is and x2, where pr&sent, is in which RL is
alklla@ble¥lte VithWéhctaat @HLCE géﬂi@ﬁteﬁﬂm and/MEE@idakiyehe alkyfatiogmgent
3 to 12 carbon atons aqr ar g[rom6 to 20 cg{bon
ingites i theposproe of Fratiapr, Higal en& apdoppicdpaliyme plkyhating agent
1 Gl 2ahcy!
ofylaite 8 ghbopfyV ho %3%%;%0@9%? " penaaieBiedeche
cangaihiog petdocts ; and ‘a, d, e and f each

O Do e rodede & (g‘ﬁlén xi‘%eerﬂ AP npE RopBfifha i

regrdserﬁéuibﬁg&wraaﬂﬂmme(m.e |, f=0 and x2 is not present.
. The process of C ain1% wherei n the reactant which
gener ates al kene or

(Xlév_—l-éMe)a—-(Rléb—-(O}c—{I)l—(- Oyt RI—Mey—(X7) o

H
wherein:
xl, where present, is
O
(RlHoag—ﬂ—o-—
i
and x2, where present, is
O

1
O—P—(0)—R

H
in which R' is H, alkyl of up to 30 carbon atoms, cycloalkyl of from 3 to 12 carbon atoms
or aryl of from 6 to 20 carbon atoms; Me is a metal having a valence v of 1, 2, 3 or 4; R?
is H, alkyl of up to 30 carbon atoms, cycloalkyl of from 3 to 12 carbon atoms or aryl of
from 6 to 20 carbon atoms; and,
a, b, ¢, d, e and f each independently1s O or 1,
provided,

12



cycl oal kene in situ is represented by general formula
(I1): RA-X (H wherein: R4 is alkyl of up to 30 carbon
wabtessossiscycl oal l cyl of from3 to 12 carbon aPOomaIS2005/013756
and, O X is halogen, -OH, R- CO, in which R5 and
R6 each independently is H, allcyl of up to 30 carbon
wlahars, cdywd dsPkyl of from 3 to 12 carbon atons or aryl
of tfon%p %0120 ?akQQR atons and g is 0 or 1. 4. The
WhEn PEdsE A AR5 TAAY ei n phosphor ous- cont ai ni ng
wiRmROURd ali k=05ngel ected fromthe group (1)-(6)
consisting of; O R2 $3) , OOR-POM- OP- Rl) (4
whenggrd, FHO[EnA XWHitohPIRISNR2, Me and v have t he
5 af or£st atjgd E&%&' J148aine? whOEinRhO&8&EntGihiéR Sdndtates alkene or
wherein in S osphorus-cont ai ni ng conpounds (l)- (6),
cyRbalksneHnartd isviepiesentddthi generabioanult(Ilpot assi um
magnesi um cal ci um barfum al umn titani um
vanadi um chrom um "nolybdenum iron, cobalt, nickel,
whk®giper or zinc. 6. The process of Caim5 wherein in

g h ©3 422 %]E{g]_c%gjg)ttg %‘)8 I@?;r p]lgrgtg o g g&lcg?%zyl %? g‘ox(nag to 1%%21{133011 gtoms;
10 apahosphorus-cont ai ni ng conpound (1) is at |east one
nenber sel ected fromthe group (I)-(6) consisting of:

OOOR- P- R (1) , R P- OR2 ( , R1 O P- O R

(3) X is halogen, —OH, RX—C—O0O—
g I

RS_-(o;_g 1|>—0— o R (0, Is| O
(O%R° o

in which R> and R® each independently is H, alkyl of up to 30 carbon atoms, cycloalkyl
of from 3 to 12 carbon atoms or aryl of from 6 to 20 carbon atoms and gis O or 1.
4. The process of Claim 2 wherein phosphorous-containing compound (I) is

15  selected from the group (1)-(6) consisting of:
0 0] O
|
I

I I
RLp—R: (1), Rl-—ltla—OR2 @), Rl—O—II’—O—RZ 3),

H H H
] I
RI—II’—O——Me—é O———II’——RI) L @ d
H H
| ] |
1 A — pnpl 5
R—0 T O—)v—_—]Me—O—lr 0—Me—O 1|> R, O
H H H

13
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HHHOOR PO M- OPRL) ] (4) and HH in which
Rl1, R2, Me and v have the aforestated neanings. 8. The

wonrosasssi®f Cl aim 7 wherein in phosphor us- cont aCmiUsSgo05/013756

compounds (1)- (6), RLis Hand Me is lithium sodium

pot assi um magnesi um cal cium barium alum num
intwitietnRUR?, Mzradivinaye thhefmistatgd mednjdadenum i ron,

cobalt, nickel, copper or.zinc. 9. The proce of

G aiin B wHGHEPSFST o s SRR BaRP G 0 BVGL Adwopas (-
(6?,'1@‘ i B) andR4e isSithlum] Sbdivkh S opdseiaes faghesfng ichlciimybarian)

he phosphorus-contai ning conpound is at | east. one

alyesriay, tisgnivmevagrdiug, SuomBivst My e ERJEPn eRhat %}Elfﬁ’ga copper ot
ZiHé/pophosphorous aci d, phosphinic acid, phosphinous

aci d, phosphonic acid tert-butyl ester, phosphonic

aci dé.di t eFlie fratess o&Glnian 5 whisrspinghiosphavisetomaining camspaands (2)

h fggon'c aci d phenyl ester, phosphinic acid

mﬁgﬁ,_ dfbf ester, nethyl phosphinic acid phenyl ester,

benzgnephpghtbédss oBCliafin BRERYEIn Sisdspliorusashitaiming compound () is at

hypophosphi te, cal ci um hypophosphite, zinc
lepsf 908 presbshsalesteddramihe 2R R/ biH SepHitng of's odi um

phosphi te, cal ci um phosphite, zinc phosphite, alum num

phosphite, ferric phosphite, sodium

berizeﬁephosphinate a sodi um net hyl phospiy nate. 11.

The _prpcess of d aj wher ei n. t he reactantll whi ch

geBéra'esﬁglk@ﬁe ORE%§ET6QREéﬁb’in:éTTUbr§4LF'p€5§?z(3)>

one er of the gro@p consi sting of 2-ch@;ro-2-

nmet hylpr opane, 2-brono- 2- net hyl pr opane,
2- chl oropr opane, 2-bronopropane, tert-amnyl chloride,

tert- | brom de, text-butyl alcohol, tert-anyl
alcohq , 1 sopropyl alﬁohol, 2- butanol, 2-buten-I-ol,
2- L - g byeny 2y-olp_Llyipt hyl cyé) or @ndanol , 1-

met hycycl ohept anol, 1} met hytkcycl ooct anol ,

1- net Yl cycl odecanol ,Htert-butyl acetate, phosphoric
acid tert-butyl ester, phosphonic acid tert-butyl
ester, phogphonic acid di-gertbutyl o

|
®R'—0 II) o) v_1Me—o—1|>——o——Me—eO—1|>——R‘)v_1 (5)
H H H

in which R, R%, Me and v have the aforestated meanings.

e

8. The process of Claim 7 wherein in phosphorus-containing compounds (1)-
(6), R' is H and Me is lithium, sodium, potassium, magnesium, calcium, barium,

aluminum, titanium, vanadium, chromium, molybdenum, iron, cobalt, nickel, copper or

zinc.

9. The process of Claim 8 wherein in phosphorus-containing compounds (2)
and (3), R?*is H.

10.  The process of Claim 1 wherein the phosphorus-containing compound is

at least one member of the group consisting of phosphonic acid, hypophosphorous acid,

phosphinic acid, phosphinous acid, phosphonic acid tert-butyl ester, phosphonic acid di-

14



10

15

20

25

30

ester, diisobutylphosphinic acid tert-butyl ester,
i sopropyl tosylate and isopropyl nesylate. 12. The
wonrosasssi®f Cl aim 10 wherein the reactant whi cRCT/US2005/013756
generates al kene or cycloalkene in situ is at |east
one nmenber of the group consisting of 2-chl oro-2-
termbubyy egen paosehorie hrdmsty] aerhptiosplopinasid phenyl ester, phosphinic

2: chl.or gpr.opan - br.onopt. - ¥
ack Ly B BT ot PP B Ot EofioperPppGighic HRd pheny
esgér,%tlﬁxhll h}gﬁ@]‘iﬁsgm‘j{dz, cﬂ}:ﬁﬁhl@pppﬁosrlhit& aino hyp@phasphbite, kluglinum
-met hyl - 3-buten-2-0l, 1-nmet yCl § t [, 1-.
IREPPYEYS, BHSBE RIPRR. STy PRAFEH o G ABY P, alifiioum
- hyl G . - . tR POr
PR B e SRk st
est el phisphomwscofAcinh Hiwbeeit e reprtagiswiieh generatés alkene or

di i sobutyl.ph hi ni id tent- i I
exclselRat & s’ ROty RSt e p on SR ot 2300620
mghgipﬁﬁr%nm_eﬁr_ﬁinﬁ-2t~ﬁhethiylp}r¢ﬁaaé,dr-cHl&oplbphr&a%ﬂarmm@rbpaae, tert-amyl
radi cal initiator, i ght [ I h f.
RO T AT AR o o
btRhdi! ﬁBﬁén-h§/1?i-rﬂe%ﬁ§I3_-t%§a-%P,_ ICRIBM IéE}@l_?%éﬂ?@fog ani c
. e

peroxi de and/or organi c peroxide. 15 rocess of
el yrldepiabels bimpitylesclaostanelaitinssiiylqysiopemo byl acciate

| east . one r . i St
L
bty Pested a3l b sphlintvedolty destrbaityd edted, Jsopropyli tnggate and isopropyl

di hydrochl ori de, azobi s(isobutyronitrile),
mesylateqz obi s(4- cyanopent anoi ¢ aci d),

2, 2" 12Z0obiRd 90 0RE ByCRh Y0 Whefeld the teactai i BIEE BerRedtedlit@e or
amoni um peroxodi sul fate, potassi um peroxodi sul fate,

cytilérditeneyr sipids eidieaib oneinemberof g grpuansitiig0fgehloro-2-
racetic i d. . ' j t

e gtie Sl eR B SR preh, DiokoRBHoRAH, Gilamy
cl&llﬁil;idiel, teiZamyitgomidecegbutf] altohslnedt-anyd piedimlf sepropyl alcohol, 2-

al kyl ation _reaction.is carried ou t t rature of
bpiapoh 2HBise- 1Y %W%Qﬂﬁdmte&%@gd'gﬁhlygcy @B%‘ﬁ%ﬁ’i Yangi ng
iRy @b tanst MReRRAEYTodéRinbD 1 2hIkKlcytlclesmBR e t-Betyl acetate,
phosphoric acid tert-butyl ester, phosphonic acid tert-butyl ester, phosphonic acid di-tert-

butyl ester, diisobutylphosphinic acid tert-butyl ester, isopropyl tosylate and isopropyl
mesylate.

13.  The process of Claim 1 wherein the initiator is at least one free radical
initiator, UV light or a combination thereof.

14.  The process of Claim 13 wherein the free radical initiator is at least one
azo compound, inorganic peroxide and/or organic peroxide.

15.  The process of Claim 13 wherein the free radical initiator is at least one
member selected from the group consisting of 2,2'-azobis(2-amidinopropane)
dihydrochloride, 2,2'-azobis(N,N'-dimethyleneisobutyramidine) dihydrochloride,

azobis(isobutyronitrile), 4,4'-azobis(4-cyanopentanoic acid), 2,2'-azobis(2~
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18. The process of Claim?7 wherein

phosphor us-cont ai ni ng conpound (1) is at |east one
wornizawsael ected fromthe group consisting of e2)y/uanws/013756

(3), the alkylated reaction product thereafter being

converted to the corresponding netal salt. 19. The
mghyibetsonifilel laidmees peside) anmoEURPEEKOGFULELS. FOTRETYR

salt.is sel.ect f t LS ~
peproely iRy el o, PR S GBPfib i Baciye M. A1
process afheQravess df Glkiar Bearied dre ipthegptsenassf carhoaylisiat

conpound is at | east one nenber of the group
ang(w 818¥ 2k 7§1%f phosphoni ¢ acid, hypophosphorous aci d,

phosphi ni eg%édzss Haskh Meusindseé tikyRhes pacitnds aatied out at a
tert-buty ster, Fhosphonlc acid di-tert-butyl ester;
tempaspinoof froraebout 25t Gd abeyt B0, C gpd 3 Prsfire raa8ing f‘iﬂ%%iﬂut

est er,. phosphi ni¢ ' ertbutyl ester,

a@@fﬂi@?ﬁﬁ%gopﬂ)loﬁl?%atér(i:%lcsgﬁ%%sényl ester, benzenephosphi nic

ﬁCI dlslro]herr%ie pe6dess of (Slgﬂi Tmhbpoghosgipimis eontaizihg pempound (I) is at
ypophosphite, zinc osphosphite,. al um .

ey pOpGTIH ecteC R BB AL R (DT O Bl ipjaged rection

plég%ﬁ a}%?%%@pbéiﬁg Ve N ThdPhREBiUndfhe th@iliskie. phosphi te,

enzenephoslphi nat e and_sodi um ) .
rrrelt hid. ph oﬁ;ﬂprn«la:[s@g) Clan | & whergit thoaickah o%g%mgﬁag%alt is selected
a ene or ¢ [ i i t nb
s oyt SuRCaR o Y Ry 2 P e P e
2 2risiyipsopane il or opr opane.
- , tert-a ch| or t - i
Cer t DB RbPaRE BRI TRalRH 4] ot meuBEh argd EBe
cgrlsiis‘aﬁgbf 1Rss PN Rhd, hdpdikbsihotoud beid ZohvesHinit adid pHogphinous acid,
-0l,” 1-methyl cycl opentanol , 1-nethycycl aheptanol,
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phosphite, ferric phosphite, sodium benzenephosphinate and sodium methylphosphinate,
the reactant which generates alkene or cycloalkene in situ is at least one member of the
group consisting of 2-chloro-2-methylpropane, 2-bfomo-2-methy1propane, 2-
chloropropane, 2-bromopropane, tert-amyl chloride, tert-amyl bromide, tert-butyl
alcohol, tert-amyl alcohol, isopropy! alcohol, 2-butanol, 2-buten-1-01, 2-methyl-3-buten-
2-01, 1-methylcyclopentanol, 1-methycycloheptanol, 1-methylcyclooctanol, 1-
methylcyclodecanol, tert-butyl acetate, phosphoric acid tert-butyl ester, phosphonic acid
tert-butyl ester, phosphonic acid di-tert-butyl ester, diisobutylphosphinic acid tert-butyl

ester, isopropyl tosylate and isopropyl mesylate; and,

the initiator is at least one free radical initiator, UV light or a combination thereof.
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