;) *%, -./0e3ePBBCAH r P6PTP"#. '. DESCRI PTI ON PHOSPHORUS- CONTAI

CARBOXYLI C ACI D DERI VATI VE, PROCESS FOR PRODUCI NG SAVE AND FLAN%"MMMWNH“I
TELHNI CAL FI ELD The present invention r elates to a novel

phosphor us-contai ni ng carboxylic acid derivative which is utilized &40
resin nolded article, flanme retardant, coloring preventive agent, heat

| Fke a process for proguci g the SUBYE FEndLONCd deri vat i LEgaHﬁﬁ\hﬁ @ﬁ@l\“{\m

thereof. More particularly, the present invention concerns wt

phosphor us-cont ai ni ng carboxylic acid derivative which is excel | entsolset
solubility i [ ; A i ' ] vesi n and
torage staB Ty OB s ae N AR BOKY TS QYOI D EHIN IV
favorabl e andpre)d BRI FOERIFROWDCIN G A ME A NES FLAMEI ®EBAHDANT
covering material, adhesive and the |ike each requiring flanme retardancy a
process for producing the above-nentioned derivative and usage such as a
flame retardant. BACKGROUND ART In general, a synthetic resin nol ded

articl erBOUENICALIFESLD ane retardancy is blended with any of various
flame retardants such as a phosphorus based fl ane retardant and a hal ogen
based fl| ameThet pregent imhastdon | eietesetandaone phesphais een tai nhag reagboryHC
to the heat, acting in the case of nolding and processing a gsynthetic éesin
or usi magid ﬂenummvafwbrchmisduﬁéu@ddaatatmlaamldedrearfa%@,dfiémeedeﬁ%% a5k,
inmpair the performances inherent in the synthetic resin such as water

resi st icaleyingharpreBtivel agent.ohpaheesistpBRRUSID ARHRE ARSI U408 AR hitg 2
conmpounds whi ch have hijther g qug_used as af|ane retar%gnt suf f er fﬂom
such defeeiRoseiing Fe51 a[S'rﬂiE/ he dike; a RypsPsR £aF poAEsIng the RRevwsirentigted

deteriorat.e the.stabjlity and, wat L StLVLE: SO r | nc . Of
the co %ﬂﬁai“ﬁ%v@' eﬁség%h%gﬁr%Pdi?@égztb%gh¥P§%gyfe%%€d§2F§§+ﬁ g%ggﬁﬁgﬁ,
si nce t t 0 - [Wall ; u :
a1 ke he PR SUBL AL D OB SRR A BB A0 Sty
have b%%”eiefélw%ﬁlﬂé iADBILbI ey RhOR YPgAE solife £ONEAHPE i ATiRy iy {th gubarﬂe@% of
honogeneously end In the resin, even if honbgeneous bl ending is possible,
the prokl&em dhatstoragh! stmiliey anddldndiessithud festn) bihd wHidAdca tingp £rt a
after nolding, thus failing to maintain the working effect thereof and al so
t he profalvermbie exidraditabppaaspna®mpositicdertot a pavsdncanddedearticle, covering
above- nenti oned probl ens, a phosphorus-contai ning epoxy resin is proposed
{refer matdnizdnaskeRavemndipheilike icachl e guiopeg fhome2rgasdancydaopresgss for
11)}. The aforesai d epoxy resin, in which phosphorus-containing groups, are
chemi caprodugingedthe aheveanentiomed xdemvativepl @y, usage he¥she 38  Rafbame
retardant excellent in water resistivity and stability, while maintaining
resin cYdPIE& stics to some extent. Neverthel ess, the

phosphor us-cont ai ni ng epoxy resin is inferior in solubility in nuch of
organic solvents and in conpatibility with a variety of resins, thereby

limti t { fronmul ations thereof. It also involves the problem
t hat i?ﬂ SQﬂh Ig}f‘lone to the purpose of the use which requires high
flame retar ggncy, PEGAYS e GRNh SIded 4idle?dRHINE! B8Gultes! T
of phosphorgg é%ggs tha? %&#ﬁgg %ﬂg§%%§ in aeresinlaﬁd thé Iikgé

retardancy is blended with any of various flame retardants such as a

phosphorus based flame retardant and a halogen based flame retardant. These
flame retardants are required to be resistant to the heat, acting in the case of
molding and processing a synthetic resin or using a product after molding and
at the same time, are desired not to impair the performances inherent in the
synthetic resin such as water resistivity and physical performances.

However, the phosphorus-containing compounds which have hitherto been

used as a flame retardant suffer from such defects that impair physical



On the other hand, although sone consideration is given to a

phosphor us-cont ai ni ng carboxylic acid having phosphorus atons and further a
carboxylic group which reacts with an epoxy group as an excellent reactive
flame retardant, the carboxylic acid involves the probl em about general

pur pose properties because of its being inferior in solubility in nuch of

se properties be |15 being or. pubil i o
T R e R N R M U e ek
the pr SERUMEITRaa ok h dfhe WRke &' SHEDSERALEAL htve BiqlE ek
PhosPhofdFAANEAHET NG £AED O iagagfkd Ot 2 Jcefibiound. GoRka! Nitfsd Neof _the

af oresal d reac group coexi st causes gelation during storage, limts a

usabl e Od(}ﬁ&gpﬁdﬁfg-Qélgﬂﬂmg%tc%ﬁw&ﬁ&@%g@ 2300l EQER s MRIRRMETv At P OFRSHe

for pr ci'ng the above-nenti oned phosphorus-containi ng carboxylic acid

i nvol vagtaeY8helarBrddeI compdaskili thewitie hawase! thdehRBe e bsoeght aboubg
carboxylic acid, especially a phosphorus-containing dicarboxylic acid has
been pribdupedbldmar thas tthec eo mipy valdsowira gd #fighds phohomogonpously béeud nig dhe
P-H bond such as 9, 10-di hydr o- 9- oxa- 10- phosphaphenant hr ene- 10- oxi de to
react wietsimarvensaf thomegkroiovar blending acipbssulcle, ahd prablemathat thel &lagme
acid or itaconic acid. The reaction is that called Mchael addition .
react i oretbedanénbleedsPont biyoah i thet meoksess pirsicle aibapomeddingl thus daibag do
bond in the unsaturated dicarhoxylic acid. The reaction has been put into
pract i deapytaing e tW@rbh’é)EpﬁéffeGg thaperince i t BlshethesRroblamg on external
di carboxylic acid and heating the resultant mxture to a tenperature in the
range GIPRYARCL00C , but has suffered the disadvantages of difficult
tenperature.control due to the reaction beinggpxother i c and alsggdifficult

separation OF t h8¥$HospHEr us F¥EFPHERI ng iR carPOXGI PEBIGE Y pt KT HYer 2
or . ety . re
i A R e

conpou € unsat urafe e Her in spi of "bein
extr e.”EA%PHgQHb!n 2:403'GPERIND D2 78D88PNPHYS- (AU 47} MthflnfGf MONY | d fodf it
poor in productivity, 1S expensive in production cost and contains a |arge

amount ;ef wmﬁrﬁtﬁaémﬁ)rr@%maemlﬁgs AupdTRitel thesicWl19r 8byidelde tor ged i alin
application thereof is generally |f§| cult. In order to overcone the

above- naatiranegftpr oM elding} hede becsineclaosPdnre prataedant oexsylithesizi matehe
phosphorus-contai ni ng dicarboxylic acid at a reaction tenperature in the
range afesi®fvity 200Gthpilibe, wheleom adntaimemn gsesin athed agké plsbiciscto some extent.
monocar boxylic acid having 1 to 5 carbon atons as a solvent 3  {refer to
Japanes¥epardmlepppthe ahiosnhoang-copdainimg epeiy resin 39énfexipr gnisolnbeldtyiiing
to the above-penti oned production process fdt is, Hade possi ble to obtain a
hi ghl y Bich phesgapiausolvsmtaanthin compalibility ithi & ity pErgsyys, thereby

LﬁL?LLﬁ?ﬁéf&% he flagass eﬁ%q'i%&‘éﬁﬂgﬁeﬁ?c ra Ry e peslera AL it
phosphck BSHEish 8P i A : & ot PERpleRAL
oo nintyeRBPPRERE AonfuEh, R MR s OO PREIMRERL RBfiKbey, el ahlthe

pr obl e%ttg?diflgf%nflkcﬁ’ﬁéé eg{ 4 TR A orftletPgeidG 4ol f)g't GHilht! Pfr fWer) of

making 1t di t to perfectly elimnating the 1rritating-sne even if
cl eani fgh b&p KG¥id 8o A4l tH LA D oM ddd O AfeSAEndXhEIiRG. @ suitable

sol vent. Moreover in the case where the carboxylic group in the

phosphor us- coiai thag odhear bend,i aleeddghs sogts Eorsideeapivnpoie givercatd i A
wi th an other functional group, residual carboxylic group in the saturated
al i phatpleospinnass-beuydiningcdat boagticsacid hheisgphovphoensastoabheowad dndtiar a
i nstance, when the carboxylic group is used as conononer for polyester,

t here icarbokghic grovpuwihight reagssowlimant epoxyagooupl gs | oneexaedlante reactive
nmol ecul ar wei ght of the objective_polyester. In such circunstances, there
has eadéame Heedardesits ethe hearbosalispracd anvelvssodhss preblemodikatly general
hi ghly pure phosphor uys-cont ai ni 29 cgr boxyli.c .aci.d iog Bi gh yield }/{/ﬂifch )
pr oces P RERPICIRT PR LIRS PREAYER CAI1L$ seng dnfedar i sodpbiiteinapye Yol grganic

tenperatyre and can also facil.jtate salvent renoval. . .
P so"fvens and 1n compatllmhty with ~a variety ‘of resins as mentioned

hereinbefore. In addition, since the carboxylic group and a reactive group are



DI SCLOSURE OF THE | NVENTI ON Much attention, which has been paid to the
above-nentioned problens with the prior arts, led to the acconplishnent of
the present invention. Thus an object of the present invention is to
provi de a phosphorus-contai ni ng carboxylic acid derivative which is
excellent in solubility in an organic solvent, conpatibility with a variety

of synthedh€ thesd Nt With shohafhed! R ! da¥od ﬁcvmiﬁm@gleg)ﬁ%re%rteg@(%ﬁgl;%eﬂg)trblem

characteristics such as ?%am& ret argancy ang t he cess

produci Aot babeves iRt ix?rt]?x‘%terd.o‘fﬁf)é)é/ﬁicﬁpCfnU%Q@h .Stlﬁce{]gﬁprsgh[)i‘ag%ontainin§

retardant. Another objéct of the present invention is vide a proces
whi ch i sagapallie aefd RmAIH Codp binRi Dhtyifll tRe HfOR 30 iAUFE QT 'g}’f)ﬁ? coexist
phosphor us-contai ni ng di carboxylic acid being one of raw materials Tor a
phosphotasseongalatioy daringylsitoragd,d 16@iisy/ahi Wadle ahlodW rfP8&f | Blbnding to
tenperature as conpared with prior arts, and al so capable of renoving the
heat geapplicadiapamd eafortdn and at the sane tine, facilitating renoval of
a solvent used in the reaction. In order to achieve the above-nentioned

obj ects, théipreeest i n¥ent precémve docunuipapddcimg enstlve extboseurentioned
research and investi %a,ti,on. As a result” it has been found that the objects
can be BRespheruggopiawnisgngarb prdiphsidsinyohves sengrabpbokldms agidescribed
derivatjve haying ecifig¢ styucture, a resin conposition using the same, a
resin nBFERMNGPY cl'ehandPROSP BpBRESeNtaINIPLsd fbirhgxyHe afsidsaieppecially a
phosphorus-cont ai ni ng carboxyli¢ acid derjvativye. That is to say, the
presentp#ﬂ%cﬁ?f‘b% CBB?‘?H}I% fy%cat whiq afhfag i]ee,g profuced: {pyamstance, by
conpri sj an eff i.we i ngredient phosphor us- conj aj ni ar boxylic
aci d deé]iqggﬁslge i c‘helg Had roucp?%B?nPﬁani PG A5HLE phdr u?ﬁonﬁ‘g’ﬁé h&¥CPn iaSs
mol ecul .1 024K -ge | ' ; la (1): O R~ 1].
-Co-G'Y CH %%%ﬁ%%?ﬁbﬁgsf? ﬁﬁbgggg%hgﬁggaiﬁk%{adr oé%n 5?%‘% orwé'léh an
hydr ocaiRoft el dR¥irBexyitAcl SRHPPE FRhRIEe a%pdj, thall§i OXNASE: PO acid.
sul fur atom [2] A phosphorus-containing carboxylic aci cf derivative P¢h
has a dFhepreaenica is nHaphd D Michdled 8 Blidi difte hBtibhShéRy &Y the P-HIHORd in
represented by 5 the followng formula (1): OR- Il | -GCOGCY- ... C

H R3 RZheher phosBhoriR2 @pthpR8ued e adac hC hydf odlembas oboad anhydie0Can bR GIt8HP
having 1 to 18 carbon atons, and Y is oxygen atomor sulfur atom [3] The

phosphaotigerbenylicnaeifl.c S xplaicticari iasldiearat put astosgiratoiceh biyn thheing the
preceding item[2] wherein the group represented by the formula (1) is a
group rlg}ﬂ U compon g dvi|tbqunfg ungaiuratqd dicatRxylE @cl ¥ heltiRez the
resultant mixture to a temperature in the range of 160 to 200°C, but has
suffered the disadvantages of difficult temperature control due to the reaction
being exothermic and also difficult separation of the phosphorus-containing
dicarboxylic acid obtained after the reaction from the starting raw materials
containing the phosphorus compound and the unsaturated dicarboxylic acid.
Hence, in spite of being an extremely useful substance, the
phosphorus-containing dicarboxylic acid is poor in productivity, is expensive in
production cost and contains a large amount of the starting raw materials as
impurities, whereby the practical application thereof is generally difficult.
In order to overcome the above-mentioned problems, there is disclosed a
process for synthesizing the phosphorus-containing dicarboxylic acid at a

reaction temperature in the range of 100 to 200°C by the use of a lower

saturated aliphatic monocarboxylic acid having 1 to 5 carbon atoms as a solvent



wherein Rl, R2 and R3 are each hydrogen atom or a hydrocarbon group havi ng
1 to 18 carbon atons, R4 is a hydrocarbon group having 1 to 18 carbon
atons, R3 and R4 nay be bonded to each other, and Y is oxygen atom or

sul fur atom [4] The phosphorus-containing carboxylic acid derivative as
set forth in the preceding item[2] wherein the group represented by the
formul g_ IS roup renresepnte . the f.ql i ngy f (437 ¢ 3
1o Qb i B RR TR tion g OREhrSls R TV heeg Gk e
at ons. - pal ia ) : S .cant al g i I
A?Jofalﬁgi %J‘fcﬁ'e %g{)% h¥R%io ‘&t ﬁgi?%ﬂﬁﬁlﬁgi hgbﬁ%mlﬁgisbéﬁoér%é G Aible to

derivative w e egorres o rece ri'ses as
repeat i anit, A ; 1 ; e lRh R
0 01 Jftai A hftfly, i PhoEPREIRTLEH dhih Rl BT A d kA Y el R b
Rl, R2 andiiB314r € reacdvigdr 0Ogehe A1QA O haally dn@eal bOPher O4RaREwNNY &f t OtAS

carbon atons, is oxygen atomor sulfur atom R5 is a bivalent organic
group Ry dithordsPcaRtLaiRENcAE 0811 NKLiRO ak Sa acdnpal 8 biv edy JRIW Ctedh pYPa tdeCh
has 1 to 30 carbon atons and conprises a group contai ni ng phosphorus atons.
[ 6] TheHpeoleylaenthe aifake $aidel gvhas patutigedonltiphatiegmoanbaxlybxyliacicid, which is
derivative as set forth in the preceding item[5] wherein the group

r epr esentheghlyy cormosive moleer{thaving sgrowp irkpatsgnsmellbystimbiemadit ig that
formula (5): OO0C-1g CH3 OCRs-COCOR-OCH--- (.5 ) Hwerein R5 is
a bi valrenfeotr gamayadrafuphe agidgs difficnlt, ddrezehy amekingatod ibicut do merdeedy
organi c group which has, 1 to 30 carbon iZt (ims and .conprjses a functiogpal .
group CUREARALME phedpridatingismall eyep A qleapmng de gearipd eaﬁﬁﬁw%eggv ¥rith
effective ingredjient, the Bho hor ys-cont ai ni ng carboxylic acid derivative
as set FEAULLE BHNSIPEtHE b'iajﬁécﬁ Yeftems [2] to [6]. [8] A process for

duci h h - ini b | i id deri i .
s 5 R T YR L e R,
o RrOSTORS AL SLOLAG6" RS ! doRPTROURMh D1 R0 JREbd, S b b

conpoungitia A Vdtheh EhRELioRATPED, Otedall BY LI REINSUC AP ENEsa hilllatdle
process for producing a phosphorus-containing dicarboxylic acid 7

deri Vatdl\iﬁhaﬁicsﬁioﬁﬁéﬂbokglﬂchﬁpﬂi geadtadn tBE §HbheWVAR{BhdYr tde above, and for
phosphor us- cont ai ni ng carboxylic acid conpound is produced by subjecting

(A) a Rnldtghoepwiwii shaicagbphebiehgroimp tonpednds anehdB)man fongailyeatead there
carboxylic acid each as a starting raw material to M chael addition .
reacti ds a fear of causing the problem of unreasonably lowering the molecular weight
of the objective polyester.
In such circumstances, there has eagerly been desired the development of
a process for produ\cing a highly pure phosphorus-containing carboxylic acid in

high yield which process can facilitate industrial reaction control at a relatively

low temperature and can also facilitate solvent removal.

DISCLOSURE OF THE INVENTION

Much attention, which has been paid to the above-mentioned problems
with the prior arts, led to the accomplishment of the present invention. Thus an
object of the present invention is to provide a phosphorus-containing carboxylic
acid derivative which 1is excellent in solubility in an organic solvent,
compatibility with a variety of synthetic resins and storage stability and which

can exert excellent characteristics such as flame retardancy and the like; a



by (i) using acetonitrile or nethoxypropyl acetate as a principal reaction
solvent at (ii) a reaction tenperature in the range of 50 to 150C. BRI EF
DESCRI PTION OF DRAWNGS FIG 1 is an infrared absorption spectrum of the
product obtained in Exanple 1; FIG 2 is a nuclear nagnetic resonance
spectrum of the product obtained in Exanple 1; FIG 3 is an infrared

absor ptpftesBedr YroduciNg HOUlsdved bieH tieHed Nd &xiaamlve; 2afill Cusdgeé Ssw¢h as a
i nfrared absorption spectrum of the product obtained in Exanple 3 FIG 5 is

an i nf rAnete absarddnnn spectrum of the product obtained in Exanple 4 FIG 6
is an infrared absorption spectrumof the product obtained in Exanple 5
FIG 7 is a/Anetlsar obpaptedf cheepresentel sypattionnisofo tprevpde duptrocddsaiwieidthi bs
Example 5 FIG 8 is an infrared absorption of the product obtained in
Exanpl ecapdhle 9of s produetiosy magnethighr esoeddce spediighly of pure prodiectfree
obtained in Exanple 6 FIG 10 is an infrared absorption spectrum of the
pr oductp lbosphewas canBxiaiplige dicgrimxylici acid heihgaonengferaw rmsteriate for a
spectrum of the product obtained in Exanple 7 FIG 12 is an infrared
absor ptR beseheris gantrining eridrcticoneid deriviatiwais bow reaation gmpgraturg,
I nfrared absorption .SBect.rum of the pioduct gPt ai.ned in, Exaﬂrgl e 9. 8 >
as compared with prior arts, and also capable of removing the heat generated
upon reaction and at the same time, facilitating removal of a solvent used in
the reaction.
In order to achieve the above-mentioned objects, the present inventors
have accumulated intensive extensive research and investigation. As a result,
it has been found that the objects can be attained by providing a
phosphorus-containing carboxylic acid derivative having specific structure, a
resin composition using the same, a resin molded article and a a process for
producing the aforesaid phosphorus-containing carboxylic acid derivative.
That is to say, the present invention pertains to the following:
[1] A flame retardant comprising as an effective ingredient, a
phosphorus-containing carboxylic acid derivative which has a group containing
phosphorus atom and has in its molecule, a group represented by the following

formula (1):

P F
—Co-oy— ()
CH-R?

I

R
wherein R_l, R? and RS are each hydrogen atom or a hydrocarbon group having
1 to 18 carbon atoms, and Y is oxygen atom or sulfur atom.
[2] A phosphorus-containing carboxylic acid derivative which has a group

containing phosphorus atom and has in its molecule, a group represented by



THE MOST PREFERRED EMBODI MENT TO CARRY OUT THE I NVENTION In the foll ow ng,
the present invention wll be described in nore detail. The novel

phosphor us-cont ai ni ng carboxylic acid derivative according to the present

i nvention has a group containing phosphorus atom and a group represented by
the followng formula (1): OR- Il | -CGCOGCY- ... CHR3 R2 wherein Rl, R2
and R3 are .egch.hyd a or a hydrocarbon group having 1 to 18 carbon
at ons, %fqﬁpleﬁ 5%1 Pbkfﬁ] sul fur atom The group represented by the
formula (1) is exemplified, for instance, by the group represented by the
following fornula (©): OR~- -G OCY-R4A A-HR3 R2 wherein Rl) R2 and R3 are
each hydrogen atom dr a hlydrocarbon group having 1 to 18 carbon atons, R4

i s a hydrocarbon Qredry Yg1 to 18. ca( ?n at ons, R3 and R4 may be bonded
to each other, and Y is S ?g atom or sul fur atom is possible in the
present invention to use e group represented by the af oresaid formul a
(1) or (2), the group re sented by the following formula (6): OR~- Il |
CHR3 RR9 wherein RL d R2 are each hydrogen atom or. a hydrocarbon
group having 1 to 18 carbon atonms, R3 is a hydrocarbon group having 1 to 18
carbon atons, and Y IS oxy. gen atom or sulfur atom The group represented by
the forepeirsin FoYRPard)R aré wdchehy @xeganh iaftb8tlor a hydrocarbon group having

1 to 18 carbon atoms, and Y is oxygen atom or sulfur atom.
[3] The phosphorus-containing carboxylic acid derivative as set forth in the
preceding item [2] wherein the group represented by the formula (1) is a group

represented by the following formula (2):

P
—C—o—?—Y—R“ e (2)
('SH—Ra

R?

wherein Rl, R2 and RS are each hydrogen atom or a hydrocarbon group having
1 to 18 carbon atoms, R4 is a hydrocarbon group having 1 to 18 carbon atoms,
R3 and R4 may be bonded to each other, and Y is oxygen atom or sulfur atom.
[4] The phosphorus-containing carboxylic acid derivative as set forth in the
preceding item [2] wherein the group represented by the formula (1) is a group
represented by the following formula (3):

CH,

I | .3
—C—0—C — 0 —R* 3)

H

wherein R4 is a hydrocarbon group having 1 to 18 carbon atoms.
[5] A polyhemiacetal type phosphorus-containing carboxylic acid derivative

within the categories of the preceding item [2] comprises as a repeating unit, a



by the group represented by the following formula (3): OCH3 Il ~ ...(3)
-COGCGOR4 Hwherein R4 is a hydrocarbon group having 1 to 18 carbon
atons. The group represented by any of the fornulae (1) to (3) and (6) is
contained in 1 to 10 nunbers, preferably 1 to 4 nunbers per one nol ecul e of
t he phosphorus-contai ning carboxylic acid derivative. The nunber of the
above- nenti oned group,  when exceeding 10 per e nol ecule of the

phosphof XBUE FAPEE PR C&awbﬁwfqléomna fgsmulat (4e, soneti nes gives rise to
deterioration in the reactivity between the phosphorus-contai ni ng

-~ carboxylic acid and vinyl ethergtonpound or_.vinyl thioether conpound that
are described hereigafter ;and aLso deteriorfiition in conmpatibility of the
phosphor us-contai nimg carloxyl it acid deri vhtive with a synthetic resin. In
addi ti on, thepn8sphomis—E€onPai¢rirg—83rb6xydiec—aci d derG4ative according to
the present invention is exenplified by a heni acet al type

phosphor us- cont ai ni ng car boxyl i@HaRRY derivat+~R® bearing the repeating unit
represented by the foll ow ng fg_{:nul a (4) RIR~ OO -~CRs.-C ~p- ~

N~ -R5-Y-C... (41 1 CH-R3 -R3 R2 R2R\Aherein R1, R2 and R3 are each
hydrogen atom or a hydrocarbon group having i 0 1 to 18 carbon atons, Y

i s oxygeRebMRY, REl{nd Rt ame da2hi Byarbiedlaabin QE%WrBE%ﬂ‘%\%ﬁg Rabhg
25 carbon atons) and R6 is a bival ent organic group ich has 1to 30

car bon RtorEs aadhermtonsESYdsgnoyR caté @i o 8glfthosal B & abivelehb@®rganic
above-nenti oned groups, the group representegd by the followng fornmula (5)
is prefgraiy davin® CHR Zb3ca2bOnREtENO; Grd BB @& GHbivalentSoygdhithgre@up whidls
a bival ent organic group having 1 to 25 carbon atons, and R6 is a bival ent
or gani chas dufp BAicarbleasatoms B0d camipaisestgrowpdondapringep hasp hoctsatams.
gr oup c[% t ai ni ng phosphorus atom

The polyhemiacetal type phosphorus-containing carboxylic acid derivative
as set forth in the preceding item [5] wherein the group represented by the

formula (4) is a group represented by the following formula (5):

T T fHs
~—0—C—R®*—~C—0—C—0—R5—0—CH

- (8)

H

wherein R is a bivalent organic group having 1 to 25 carbon atoms, and R6 is a
bivalent organic group which has 1 to 30 carbon atoms and comprises a
functional group containing phosphorus atoms.

[7] A flame retardant comprises as an effective ingredient, the
phosphorus-containing carboxylic acid derivative as set forth in any of the
preceding items [2] to [6].

[8] A process for producing a phosphorus-containing carboxylic acid derivative
as set forth in any of the preceding items [2] to [6] which comprises a step of
reacting a phosphorus-containing carboxylic acid compound bearing both a
carboxylic group and phosphorus atom with a vinyl ether compound, a vinyl
thioether compound, a divinyl ether compound or a diviny! thioether compound.

[9] The process for producing a phosphorus-containing dicarboxylic acid



The "phosphor us-cont ai ni ng carboxylic acid derivative having the group
represented by the above-nentioned fornmula (4) or formula (5) is
exenplified by a phosphorus-containing pol yhem acetal resin having the
aforesaid group as a repeating unit. The wei ght average nol ecul ar wei ght of
t he above-nenti oned phosphorus-contai ni ng pol yhem acetal resin is not

speci fi L ted, i ual:ly Lp.th f 500 t 00, Q0Q, .
preferabééky%&#ﬁg %gnggugf %?%go f% 138?00 ?5§£§§ﬁ§ ﬁ% gbhgﬁis Wherein  the
atom co el L 4Pbas i of, 1 3N Whi hor
therein@ggggggﬁpginedafﬁﬁggﬁéggggfygﬁu%Pq%g%?ggggpvwgkﬁguggp§$b§u§g¥gﬁﬁ£%A)
nore praf ePall gl cdRtdodiv gnep B p Rk ddhec HRAPSRRA Usnaonts®i niRg i
acid derivati veg. Thpe) cont ent g\(l)\?bt hep phosphor u?%a{igns,én&hgﬁgbgéﬁg lflgia?%? g%l&
2 % by werbkylisoaeidi eaeh gy es stasingoraivl atekial té Midaidli Aadiiioh f4£Ton
retardancy to a resin nolded article which is obtained fromthe resin
conposi biyoli)c arsingniangtdridriidospharathogeprapyl rgretatdoxy| i Cpairidpal reaction
derivative, whereas the content thereof, when being nore than 25% by

wei ght , sblvemsatiiha mactimehenperaderennahat eahpe of &4 to abaf@ct eri stics 11
of the objective resin nolded article. It is preferable that the

above- nenti oned phosphorus atom contai ning group be the group represented
by any aof ol ] owing _fornulae (7) to (10): O-1P-R8 ... O R- wherein R7
i s hydr FARPNSTHH ) WE DRAWINGDng 1 to 20 carbon atons, R8 is an
organic gro aving 1 to 20 carbon atans, and when poth R7 and are an
organi c groﬂ%%ath f%nﬁy'bﬁﬁ%ﬁﬁaeG%FBr%gﬂﬁ 6Pﬁ%V“EP-QEd&R'Pégguﬁhgﬁéﬁﬁnﬁé n
and RlOEﬁ{qﬂﬁﬂgq.hydrogen atom or an organic group having 1 to 20 carbon

at ons, and When both R9 and RLO are an organi ¢ group, they may be bonded to

each other Qrr®: Bli a nuclear magnetic resonance spectrum of the product obtained

—+

in Example 1;

FIG. 3 is an infrared absorption spectrum of the product obtained in
Example 2; FIG. 4 is an infrared absorption spectrum of the product obtained
in Example 3; FIG. 5 is an infrared absorption spectrum of the product
obtained in Example 4;

FIG. 6 is an infrared absorption spectrum of the product obtained in

- Example 5;

FIG. 7 is a nuclear magnetic resonance spectrum of the product obtained
in Example 5;

FIG. 8 is an infrared absorption of the product obtained in Example 6;

FIG. 9 is a nuclear magnetic resonance spectrum of the pfoduct obtained
in Example 6; FIG. 10 is an infrared absorption spectrum of the product
obtained in Example 7; FIG. 11 is a nuclear magnetic resonance spectrum of
the product obtained in Example 7;

FIG. 12 is an infrared absorption spectrum of the product obtained in

Example 8, and FIG. 13 is an infrared absorption spectrum of the product

obtained in Example 9.



.. R11 wherein R11 and R12 are each an organic group having 1 to 20 carbon
atons, and nmay be bonded to each other. X2XIXs(\-PX4.. . ('1 0) Xs~~X8X6X7
12 wherein X1 to X8, which are each an atomor group that may be the sane
as or different fromone another, are each hydrogen atom a hal ogen atom or
a hydrocarbon group having 1 to 5 carbon atonms. Exanples of the phosphorus
atomcontal n| ng, aroup represented b the above nentloned fornula (9

i ncl udeldhd MO gelols Bavhal) bV B\ : ARRY £ INVEN
(12): R21 QﬁZ where| n R21 and R22 are each h drogen atom or a
hydr ocar bon %?é&ﬁ)fﬁ wﬁ@gl the preseatyayeatops widkbe described [in modetdeatail.

t he benzene ng in ornmula (11) .npy conhal n _.a hal ogen atom such as

chl ori ne and oRPNE: p;imspllpé),rus ipW g carhexphissamidr deriyadive ascarding to

roup represented by the abpve- mantloned fornul a ncl ude the gr.ou
?eprgseﬁ? epgeu}lventlon R a group containing pi’losphorus atom agd apgroup

represented by the following formula (1):

o K
——C—O—(IB—Y-— e (1)
CH-R?

@

wherein Rl, R2 and R3 are each hydrogen atom or a hydrocarbon group having
1 to 18 carbon atoms, and Y is oxygen atom or sulfur atom.

The group represented by the formula (1) is exemplified, for instance, by

the group represented by the following formula (2):

o ¥
——C—O—CII-—Y—R4 e (2)
cI:H—R3
R?

wherein Rl, RZ and RS are each hydrogen atom or a hydrocarbon group having

1 to 18 carbon atoms, R%isa hydrocarbon group having 1 to 18 carbon atoms,

R3 and R4 may be bonded to each other, and Y is oxygen atom or sulfur atom.
It is possible in the present invention to use as the group represented by

the aforesaid formula (1) or (2), the group represented by the following formula

(6):
g ¥
oY - (6)
CH-R® |

@



foll'owing formula (13): O" I | -P~-O. .. o- R23 wherein R23 is a _

hydr ocar bon group having 1 to 40 carbon atons. 13 In addition, R1O in
the formula (8) and R23 in the fornula (13) may contain a hal ogen atom such
as chlorine and bromne. In what follows, sonme description will be given of
processes for producing the phosphorus-containing carboxylic acid
derivative which has the chem cal structure as described hereinbefore. The
phospho¥hereBhfai andgR¢ #e0xgeh bydepgenatomtorva hydrpravhieedroap having 1 to

represented by the follgwi ng reactiqon formula, by allow ng a

phosphok §aegﬂmtﬁ% gﬁﬁcﬁjha Keeinng BB WP 1 avdngok §pilB gathen atgms, and Y
phospharus atomto react ébl ocking) with a vinyl ether conpound or a vinyl
t hi oet HErOBRHAILALE™ ¢hSRITWr 8EP®ay | the above- nenti oned

h h - I ni b | | i d.derivatiyve is ohtai ngd by all ow pg,
E’ESSEJLS% i §%§¢s€gr8%jr?ﬁ§§%qﬁo§g§%imgqr%&g‘ﬁﬁg'r pgé@anﬁgﬁfq?ﬁfiﬁeﬁpiﬁwd
Q
co(rarp\(;luM tglér%‘@ug’t r‘% ecsgr?pr}érdaﬁ ngeyf%glg&}x}%f%}gi%gg& th the reaction, the

phosphor us-cont ai ning carboxylic acid derivative is obtained in high yield.
\/ \ /] oP=0-~-cH% 2 HHCE%J( H2C C, O~/ ~COOH\ / \ /| OP=O~O0 0O C O 00

Bei ng equi librium r”eact i on, 'the reactjon i4$3hccel erated by the use of the
vi nyl ether conﬁﬁuﬁd_olo Wn§|:I —TH? getRer conmpound i n an anmount somewhat

H

wherein R%is a hydrocarbon group having 1 to 18 carbon atoms.

The group represented by any of the formulae (1) to (8) and (8) is
contained in 1 to 10 numbers, preferably 1 to 4 numbers per one molecule of the
phosphorus-containing carboxylic acid derivative. The number of the
above-mentioned group, when exceeding 10 per one molecule of the
phosphorus-containing carboxylic acid derivative, sometimes gives rise to
deterioration in the reactivity between the phosphorus-containing carboxylic
acid and vinyl ether compound or vinyl thioether compound that are described
hereinafter and also deterioration in compatibility of the
phosphorus-containing carboxylic acid derivative with a synthetic resin.

In addition, the phosphorus-containing carboxylic acid derivative
according to the present invention is exemplified by a hemiacetal type
phosphorus-containing carboxylic acid derivative bearing the repeating unit

represented by the following formula (4):

R R
o) o) I
e ; I
——o——C—R——C—O—T—N—R——Y—T (4)
CH—R3 CH—R?
R2 R2

wherein Rl, R2 and R3 are each hydrogen atom or a hydrocarbon group having

10



| arger than that of the phosphorus-containing carboxylic acid, thereby
enhancing the yield thereof. Specifically it is desirable that the nolar
equi val ent ratio of the vinyl group of the vinyl ether conpound or vinyl

t hi oet her conpound to the carboxylic groups of the phosphorus-containing
carboxylic acid {nolar equivalent ratio (vinyl group/carboxylic group)} be
set on 14 = 1/1 to 2/1. Wen the nolar ratio thereof excgeds 2/1, it is
sonet i nestonhdcarhpasatams, Yols axygen wdom aEtswhur afpar, it tiie ahbivdlemthearganic
proceed with the reaction and at the sane tipge, the production cost is
unr easoREOND hagimgadete 25 cathen atems, aRfcRnoisar hivaleat eaganie igyormpywihich

set on 0.511 tq 1/1.. Exanpl es of the phosphorus-containing carboxylic acid
el udebpRdt tp 9 CAERAT & i appd AOTEREISTS b BRANRC B ARG Phayp RAE agpm.

by a1 ow ng @ sapav&TERRERPE WP EBE. e BEnE rheboepLT b Hhe fellening

acid or an I : ri ch as trinellitic anhydride to react with any
of vari f(‘)us g‘ﬁ%g%ﬁggﬁ’gegﬁa}@?m ng conpound: Cli~ HO n-G&Fi 1-P-OH ~~~ (14) 11

Il OOi COOHP\ i ... (y5 O Hoof In particular, the conmpound is useful
which is obtainable §y allgn ng g carboxyli (‘C}_EllCi d bearing unsaturated group
such as itaconic acijgl to react w th the phostHbrus-cont ai ni ng conpound
represent ed by—t+he—@HRS -0 Oeroria—RIS}O—EHR— . . (160515 The content
of the phosphorus atons in the phosphorus-containing carboxylic acid is
preferably 3 to 30% by wei ght, re preferably 5 to 20% by wei ght. The
content thereof, when being | ess than 3% by wei ght, sonetines |eads to
difficulty in inparting high flane retardancy to a nolded article obtained
by nol dWh@rallsﬁlr%)i%aibinaésnhocmhsgtdm heonhgi htn@5t terbon atoms, and RO is a
phosphor us-cont ai ni ng carboxylic _acid, whereas the content thereof, when
bei ng ndAvalepanosgansqmyeraeipgiwhialy imag hbbtut 3@ heartmmiemtoms oamdr loediprises a
deteriofate.the characteristics inherent in a nolded article. The vinyl

et her c{}*fb%ﬂﬁaéﬁHOVPn%nftaHPb’égWé%osdﬂ?ﬂfd%ﬂtqlﬁat are to be used in the

S KT RE R =L DY SR U
1 to 1 iaessntal i tul, S8R TN AORIR B RLE R o ey lE B e pbromp icieh
T 508 bap RO ekl S AT UEOEH LAY ey By o
(1 8) Rrrép€aBhg unit. -

The weight average molecular weight of the above-mentioned
phosphorus-containing polyhemiacetal resin is not specifically limited, but is
usually in the range of 500 to 200,000, preferably in the range of 1,000 to
100,000.

As the phosphorus atom-containing group, use is made of the group in
which phosphorus atoms therein are contained in a proportion of preferably 2
to 25 % by weight, more preferably 38 to 15 % by weight in the
phosphorus-containing carboxylic acid derivative. The content of the
phosphorus atoms, when being less than 2 % by weight, sometimes gives rise
to difficulty in imparting high flame retardancy to a resin molded article which
is obtained from the resin composition containing the phosphorus-containing
carboxylic acid derivative, whereas the content thereof, when being more than

25% by weight, brings about a tendency to deteriorate the resin characteristics

11



wherein RL and R2 are each hydrogen atom or a hydrocarbon group having 1 to
18 carbon atons, R12 is a hydrocarbon group having 1 to 18 carbon atons,
and Y is oxygen atomor sulfur atom That is to say, the conpound
represented by the fornmula (18) is a cyclic vinyl ether conpound such as a
het er ocycl i ¢ conpound that bears one vinyl type double bond and in which
oxygen atonms or sulfur atons_constitute 16 het er oat ons. Specific

exanpl esf dhetdhseetivporardnrmpl dedmrdicley any of the formulae (17) and (18)

i ncl ude al i phatic nonovinyl _ether conpounds such as _nethyl vi nyl ether%' )
ethyl vi nyl elthas prefepnbls thatythet aAbpve mprbioped mhosphorus atomr 9onigiping
et her, isobutylvhnyl et her, tert-sgéylviny ethr, Z-ethylhexyléin¥l et her
and cycB&ABRDE the sremmerenyqssmdedcbyamsiphihe dalloating fagapbambd) to (10):
correspondi ng to the above-nenti oned et her conpounds, respectively cyclic
monovi nyl ether cOmpounds such as 2, 3-di hydrofuran, 3, 4-dihydrofuran,

2, 3-di hydr o- 2H pyHan, . 3, 4- di hydr o- 2H pyran, 3, 4-di hydr o- 2- met hoxy- 2H pyr an,
3,4-dihydro-4,4?dPﬁé§%yl-2H—pyn -on, ‘3, 4-di hydro- 2- et hoxy- 2H pyran and
3,4-dihydro-2F+pyJan-Q-sodiun1car oxyl ate; cyclic nonovinyl thioether
conpounds corresp@ﬁﬂ?ng to the ether conpounds just nentioned. The

phosphor us-cont ai ni ng pol yhem acetal resin having the group represented by
any of the above-nentioned fornmulae (4) and (5) as the repeating unit is

pr oduced, Kureth! R%iiBthyd RRIPRESMSoF ARt G4 glinie siRd BAFYhECL 86120 E2PRMVAGoms,
bearing both two carboxylic groups and phosphorus atomto react wth a

di vi nyl Rét i@anc@fmﬁf&d%ﬁdﬁ halVi AEEB %0120 89AB6h MBS €T £id afhbA BSHORICkhATRS
as represented by the following reaction formula: n OOCH2 OCH2 CH2 Il |
I 11 | hrXarHe€e&nie Eréup) they m¥y Ha-banB6d QoGhdh bRher; O O CH2 O CH3 CH3
Z~0CCCCGCOCGCOR-0CZ22 HH2 HH m 17

ICI)
_ 10
P—O-R .t (8)

R

R10 are each hydrogen atom or an organic group having 1 to 20

r10

wherein R? and
carbon atoms, and when both RY and are an organic group, they may be

bonded to each other;

1
—p_pl2
R (9
R
wherein R1! and R12 are each an organic group having 1 to 20 carbon atoms,

and may be bonded to each other.

X! X3
3¢
—P x*

=+ (10)
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In the foregoing reaction fornmula, R5 is a bivalent organic group having 1
to 25 carbon atons, mis an integer from2 to 20, X and Y are each the
nunmber of noles of the starting raw nmaterials, respectively wherein X Y=
1/2 to 2/1, Z1 and Z2 are each a residual group of reaction term nal
derived fromthe divinyl ether and dicarboxylic acid. In the

above- nenti oned procegs, the phosphorus-containing dicarboxylic acid
conpounwhm‘ﬁibexglteriél dwhiich arepéaciplacr atemt arngioup thiatamayxbheitheasamie as or
conpound so that the resultant blend is reacted with the divinyl ether
conpoundiffererte fram rasctdamnthies, patey ramchy dridmogaadiatpon rehelogen atomsor a
possi bl e to adjust the nplecular weight of the objective resin by

cont r ol h¥Agoearb on @raupgha¥ing loto Prrardiomastmsl i ¢ acid conpound to the

di vi nyl et heé. Mor. eoveé, t he, di carboxylic acid conmpound and divi nyl ether
conpound as E¥amnlRg PhkhAaPBPFRRCT IR A 980 CoMtatRing gFored repre SR tedadyi the

systemt roceed. W t he reaction. A.ternatively, they nay be separatel

f ed res%gefl)? \fEFV.glolf’cﬂdqifI%fndH@e?b} Hacprde n@lile egwgcﬁﬁﬁﬁﬁﬁtﬁﬁygﬁe agydod the
dropwi s LN i canboxylivc agi onpound. In this case, any of the
above- rr@‘ﬁg‘i?"é’%‘ég fgﬁglsuplﬁgr%sl-)c%lﬁ‘?a{?%?hg di carboxylic acid, phosphorus-free

di carboxylic acid and divinyl ether conpound may be used alone or in
conbination with at |eas ther. Exanples of the aforesaid

phosphor us- cont ai niog digar poxylic acid include the conpound represented by
t he above-nentioned|fgrnmula (15). Also usable is the phosphorus-containing
carboxylic acid ohtginable by all.oMhp an unsaturated di basic carboxylic
acid such as itaconit acid or an acid anhydride such as trinellitic
anhydride to react w tRJanyyof various phosphorus-containing conpound. In
particul ar, the conpoundi#® R¥%ful which is obtainable by allowng a
carboxylic acid bearing an unsaturated group such as itaconic acid to react
with the pho_spkgzys-con?ai ni ng conpound represented by the foregoing

f or mul avhegpin apd RAE awsseaghdruinggen atamder afhydwoagrbop gepredentieg 1
by any of _the above-nentioned fornmulae (4) and (5) as the repeating unit,
the gr o'i?pltf’réﬂﬂr @1 EYMEl one or in conbination with at |east one other or
may be incorporated with a repeating unit other than the repeating unit
represented by any of the fornulae (4) and (5). The resin contains the
repeating unit reprgegsented by any of the fornmulae (4) and (5) in an anount
of usually at |ea Ny weight, preferably at | east 20% by wei ght,
particularly at |¢ o by \{vegm?rawhen used as a flame retardant. The
resin obtainabl e or egoi g nner has the chem cal structure
represented by the\fol\ 6w ng formula (19): ~ Os OCH3 CH3 Z -] -O=C
RCOCOR-0CG--~ Z2HH/m... (_-~ ~~ wherein R5 and R6 are each as
previ ously defined, and Z1 and Z2 are each hydrogen atom or the group
represented by any of the follow ng fornulae C20), (21) and (22): Z1 ; |+
... 20 c~+-0-~-0-Cc~- z~; 00, cH2 -OCRs_CGCORs-OCH... (21 00O
-OGCGRs-CGO.H~ ~- (22) wherein R5 and R6 are each as previously
defined. Thincagdidienothehenaemeuzing dnsthe formuda dddhonay- comtainnangalogen

| yhen | in.i f ly.2 to 25 % i gh f |
poy OGS e &5 LRl SinR S e omire. © 2° ¥ by weight, nore preferably 3

Further, examples of the phosphorus atom-containing group represented
by the above-mentioned formula (8) include the group represented by the

following formula (13):

O
I

_';"(,3 e (13)
Oo—R3

wherein R23 is a hydrocarbon group having 1 to 40 carbon atoms.
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19 - 15 % by weight. The content thereof, when being | ess than 2% by

wei ght, sonetines leads to difficulty in inparting high flame retardancy to
a resin nolded article obtained froma resin conposition containing the
phosphor us- cont ai ni ng pol yhem acetal resin, whereas the content thereof,
when being nore than 25% by wei ght, brings about the tendency to

det eri or at eIhhgddesion, CRAPapk efhiestfbemudh ($)e ands AP Tahdele afotrinehie. (E8Rnlags
of the phosphorus atomfree dicarboxylic acid conmpound include aliphatic

di car bayyltiaénac hd1bgeh nigtozn istichSa € ahbexinet @ bayvekims mal eic acid, funmaric
acid, nesaconic acid, citraconic acid, itaconic acid, chlorinated maleic
aci d, HET athdwhatdollviws,asume dalicriptianiwill deeghien afipetosedsesi foragrad aciadg
decanet hyl ene di carboxylic acid aromatic dicarboxylic acid such as phthalic
aci d, ithepphoaphorasi ehntaénopd tdaabioxylici a¢iddidenivatopttwihiclhe hasi the chemical
tetrachl orophthalic acid, tetrachl oroisophthalic acid and

t et r actitsnetere phtdrgaribed iherginbefanec di car boxylic acid such as

t et rahydroppthal ic acid, hexahydrophthalic acid,, hyl hexahydr opht hal i c
acid, hexah Mi%ﬂh@wcaewnana saxhediet éss'émqravwvscilﬂ.l)r uced,” as
addition, exanples of th ho orys atomfree digarboxylic, acid.conmpound

i ncl udée§r8?€§F xyl%c a ‘8 cZﬁﬂBWﬁthallTeaé%’c‘B} bg‘bﬁfn%ﬁ’ch [ ol?tlgivﬁ by &
addition reaction of ane nol of a di,l,and 2 I of an_aci d.anhydride

ol ace. SIS B PR B Eacr BRI oA Etk PaE oft s CERDORDRS | FOMRe an

et hyl en e et hyl ene gl wool .1, 2-propyl ene gl ycal . 1, 3- | eng.
gl ycol ’p %o&{ua %'gﬁl}no?f? ﬁ%%%bﬁtfqgﬁle‘%ﬁ %%Z“p %gﬁb‘ﬁ]tngﬂe%l o“% bﬁ’,ﬂé)-oh%((gg}eéd?oﬁnyl
pent anggli: j met edi o dr ggenated bi.gpheno , bl '
hydrog§§g§%gu%%spﬁgﬁgpukﬁabispEgggy F?gneoggntykaglycoﬁﬁﬁl,8é€€?%Eg%POOPed
1, 4- cyghwpiaiidboRtdiaial edwhokyTed akid ldekiRh PRANES iobltaike@ B3 @3lAFind&he
aci d anhydride which is used for the half ester body include an acid
anhydr icaebbxghicagtivgaod oy |p o s ot ustedn BE nsnig cohiowed do 1@ladt arith #nd dinyl
phthalic acid, maleic acid, dichlorophthalic acid, tetrachlorophthalic
aci d, tgromphyfithphtinyliatheci cbmhexaldyalr of lthkatingladide ek compound. Since it
met hyl hexahydrophthalic acid. 20 Speci fic exanples of the divinyl ether
conpound comparatizgly easyhto prodeed ivoithothe hreaptiopptibeushespherus-ggntaining
pol yhem acetal resin_according to the present invention include
trimet Gprbagyiicyeeid devivafivetineptainedinhigheyigldeol divinyl et her
(TEGDVE), 1, 4-bisvinyloxynethylcycl ohexene, ethylene glycol divinyl ether,
pol yet hyl ene gl ycol divinyl ether, 1,4-butanediol divinyl ether (1, 4BDVE)
pent anedi ol giyi ny}—et her, hexanedi ol divinyl ether, 1,4-cyclohexane
di met hanol ¢ Ay er (CHDVE) and a thioether conmpound which corresponds
e—% e—€xenplified divinyl ether cOmy
phosphor us- cont@rR¥@g car boxylic acid derivative 4
invention is obtaCHabl & By alf ow ng the above-nent'g:gg
phosphor ugqgori-af ni ng carhg@?‘tﬁAacrd_Lo react wt ége vi nyl et her
conpound, vinyl iogrdbiher conpound, vinxL\ljgoegher ound or divinyl
t hi oet her conmpound at a tenperature in the rafge rgom fenperature to
150C. It is possible in this case to use an acidQatarl ygt fgpf~ttie purpose
of accelerating the reaction. Exanples of such catalyst include an acidic
phosphoric acid ester conpound represented by the followng formula (23): O
m~RQO-P--~0OH~g-m~ ~ - ( 23)\MHeH]staanw gmmlmﬂng%
to 10 car boReR @Rk R geRGEIOE: dhe Beactionrif aggelapateth§ynthe useyptf the
Speci fic exanples of the acidic horic acid ester. conpound represente
byt heVIBEh STReRT FOMBR IR A1 ARSI RHCITe COMRA 112 301 G eNBE SRRt
phosphoric acjd di ester ch of rimary. al cohol such .as n-propanol
P Dot apbteen. Hialngpath, G2rthe) pReBbbIRM RRIs e P SulifoaPi e sy
such ag,h sopanal., 2- but - -ogt ano o X I
or covepnadRiARC e ARy HBLect”, SEERGaLS IF Ao ATy “HRRF TP mgter
the re [ t ' fiaci Lk [ h | On .
Eampl S uof PSRBT Shel WEngPURRTOL (e’ vihGE (Wbl SoRBARKS dor viny]
benzenghjdethdenNBompd 8 t& v ttedl%g&?(l)iézar BRbSC oPSIHS! SRR I Bon taining

tetralin, turpentine oil, Solvesso trade nane avall abl e from Exxon
Cheni cahrkexylit dcid datb1ael aefsivalén d 2Atict (36491 B2E8pAEHoANNR EFAIP)PLOBet on
Chem cal Co.,Ltd.); ethers such as di oxane and tetrahydrofuran; esters and
et her esters such as nethyl acetate, ethyl acetate, n-propyl acetate,

i sopropyl acetate, n-butyl acetate, isohytyl acetate, sec-butyl acetate,
anyl acetate, nethoxybutyl acetate and t hoxypropyl acetate (PMAC);

ket ones such as acetone, nethyl ethyl ketone, nethyl isobutyl ketone,

met hyl amyl ketone, cycl ohexanone, isophorone, nesitil oxide, nethyl

o o, o . . .




N, N-di met hyl acet oani de, N-met hyl -2-pyrrolidone, N-nethyl norpholine and
acetonitrile and di nethyl sul f oxi de. One of the objects of the present
tnvention is to provide a process capable of producing a highly pure
odor | ess phosphorus-contai ni ng carboxylic acid, especially

phosphor us- cont ai ni ng di carboxylic acid in high yield at a | ow reaction
tenperature as conpared with a conventional tenperature, while enabling
removal 16t teeddlgdMbent the umohar aadie dhezraf rexseedsaingits d% \aome tiapey anade
sai d carboxylic acid being a starting raw material for the i
phosphot BPAssHRlgi #e ntRissr %bﬁyr«#%cta@;ndt%pﬁvaﬁmw.a% ivathpyrerpceed with the
her ei nbefore, M chael addition . .reaction has heretofore been thought to

pr oceedBAtoNRA at ﬁﬁ@kﬁ%‘ééc‘c‘% MéPgPGF@W FOfthEs P&ﬁgesenaﬁgo Ipgreasede

. However, ag the result of intensiyve extensive research i nvestigation
e by (RifGH BERse LRSSHOUE SORIT METIR P AP BF bARUR AL Lol | ar
phosphor us Qund an = C,doubl e bond .of. an unsat urated alj phati
o boxyl 1o aERBBHiesnat ghe, PCPRtusdindiniie B b6 PO PPGuds that
proceed i [ i e u i hy. 1 t
T500 ansete RbRiRy iy 8L the MIoAny Akel SIRSUADA ' Fab nPERRAE sbo thegte
M chael di 41 J d use.;af annbLi e, or :
met hoxygggpyﬂghggbelégﬁgé ggﬂgﬂsﬂ(}%\?ean? a?%(ﬁ*}?ﬁce chéreesgrl:;?l??gg%i 012}.’ T%lell?winslgt oan
say, thanRagaedted PeeBok9NicabeRl RIRH da8SadrPioCLEd bPritREOSHCIARYd SBr an acid
phosphor us- cont ai ni ng carboxylic acid conpound whi ch conprises subjecting
(A) a Pahhgidatie cenichi na€ g tpiesiive uantyr9ded tandre@B)r awithnsahyr affedvarious
carboxylic acid each as a starting raw materials to M chael addition
react i ophbbgphiorusscortadanéhgriompodbendt net hoxypropyl acetate as a princi pal
reaction solvent at (ii) a reaction tenperature in the range of 50 to 1509C
The above-nenti oned process s preferably used for the production of a
phosphor us- cont ai ni ng car boxypi"é acid to be used as a starting raw nateri al
in the case of prci_g ci ng.t,he _géﬂ_{mr us-containing carboxylic acid
derivative accordi 0 “ptes i nventi 6 . I'n the above-descri bed
production process, tfAe conpopent (A) as the starting raw naterial is the
conmpound represented by the followng formula C4): 16 f215 ~~~1 -( 0O, 2-P=0
.. . (24) Hwherein R15 and R16 are each hydrogen atom or a sane or
different organic group having 1 to 20 carbon atons which may be bonded to
each other to forma ring, and nlkzand n2 are each independently 0 or 1 the
conponent (B) as the startingqo gt erial is fumaric acid, maleic acid or

itaconic acid each repr @ e followng formula (25): H COOH R17
"C_R‘*S... ( 25) 23 Ol -« (15)
HOOC

In particular, the compound is useful which is obtainable by allowing a
carboxylic acid bearing unsaturated group such as itaconic acid to react with

the phosphorus-containing compound represented by the following formula

(16):

' - (16)
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wherein R17 is hydrogen atom or -COOH group, when R17 is hydrogen atom R18
is -CH2COCOH group, and when R17 is -COOH group, R18 is hydrogen atom and
the product is represented by the following fornula (26) R15 (Oni R
is-'"~O n2 -P=OCOOH ... ( 26 ) RI~~-CCRist | HHwherein R15 R 16 R17
R18 nl and n2 are the sane as defined in the foregoing description. In the

formula (24),. Rl5 and R16 be. sa or different organic group having 1
to 20 car bonTQfaor?ém\KﬁPEhofg%%eﬁﬁpﬁggéﬂuﬁyaﬁ%mfﬁylmgr%l?p,P]é@m/}Fmg}%Q)'GQl}talnlng
- I L .opyl , sN-b , .1.sobutyl - but yl
ar oup. e boBRtigiaaRdapTefErakil Sgioupls |56 HOERE OTPrSEBIYID & G by
o oue WeBhRaal <G5t 0Bt T305, PR D och b iRy SBIRISRAL
cycl oheEé/Ad rpupdifﬁgﬁf%) Tl 9&% Qenz Ii r and the,like, and Rlb, and Rl

b d il P B el R S kit dondr auotisih R le
ol calpr i o ickmgbeian
9, 10- di ﬁyggg{%{]ox -10-pl1|os _ap'?en At hrene- L0-oxi d_eorr’cl &Sles}gﬁt eﬁoByaVH@g the
for egol B okphisihe-dolfthifiin gl AADMINATRAAT RIRSROL! e Obo LS | Bllr B! Shhen

resistivity of the phosphorus-contal ni ng di carboxylic aci e produc

after tBeifgaaidrenthand 30 %o wrewahgﬁt,e@rm,géil@éém hondr 4g8RCRRYSRY hia¥dly
excel | ent weat her resistance. The unsaturated carboxylic acid as the
conponedetéBprase ehenphikhetbiytiag riylhedeatiih aTehSlAGY birgicd6] Thd™RIAGPNther
acid, citraconic acid, cyclohexanecarboxylic acid, fumaric acid, maleic

aci d orcotgromd aaa aingf thivesher 2bmpbundriltataaie,tonlé eisedaim dhenpiroduction
itaconic acid are preferable. The acetonitrile as the solvent has a boiling
poi nt oPra¢ras aga@diagdta bbe mueisenypnyenticc anear thescempoundgepresentedd by
about 146C, in which reagent grade solvent and industrial grade solvent are
bot h usHde dollppangtonmy Ziﬁgsphere i ncl udes at nospheric pressure or
pressuri zed pressure, and a reaction tenperature in the range of 50 to
150C, preferably 60 to 150C . The reaction tenperature, when being |ower
than 50C, requires an unfeasonably long reaction tinme, whereas the

t enper at ure, when bei ng \hi gherat han 150C, brings about an anxiety of fierce
coloring of the objective pro%uct. The reaction 1i 57 that terned M chael

addi tion reacti on gt need -B=Hegr oure ( )

wherein Rl, R?2 and RS are each hydrogen atom or a hydrocarbon group having
1 to 18 carbon atoms, R4is a hydrocarbon group having 1 to 18 carbon atoms,
and Y is oxygen atom or sulfur atom. Among them, usable is the cyclic

compound represented by the following formula (18):

Y—R"

- (18)
R'—C=C—R?

wherein R1 and R2 are each hydrogen atom or a hydrocarbon group having 1 to
18 carbon atoms, R12 is a hydrocarbon group having 1 to 18 carbon 'atoms, and
Y is oxygen atom or sulfur atom.

That is to say, the compound represented by the formula (18) is a cyclic
vinyl ether compound such as a heterocyeclic compound that bears one vinyl

type double bond and in which oxygen atoms or sulfur atoms constitute
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of the phosphorus conmpound and C = C doubl e bonds of an unsaturated
carboxylic acid, and is represented as the followng: R-5 ~~)nl
R-6-(On2-P=OH (2 4) R5 (Oni RI6-(ONn2-P=OCOOH R~ CGCCR81 i HH (2
5) (26) wherein R15, R 16 R17 R18 n 1 and n2 each are the sanme as

previ ously defined. Acetonitrile and met hoxypropyl acetate are each a

sol vent havi ng hi gh general - purpose properties, and solubilize the
phosphoheseroafmansd and unsaturated di carboxylic acid. However, much of the
phosphor us-cont ai ni ng di carboxylic acids as the product are insoluble in
acetonitrile and Bmevafigpespyiplesevdt thancompoesnd trepyrepensed| byt enyuraff ghe
the product fromthe sta{ting raw materials only by filtration after the
react i oformmlaed1dasends (18)comlnde mliphgic mgnovizyl ethampremuoundssmchyas
residual acetonitrile, renoval thereof under v cuugli facilitatTd, i nce
it has Beidiylviaybether oethpyinybethetinirarrop %Wr?@‘e&r’e%'sﬂfro@y yinylsether,

Kk h . ' ' ' her m The h h |
SR T N R
t hi ion, I LAty [e] th . di to t
2 oA e OB BRSBTS BBEERL Bl
P ooeetipB g 1650 SISt L, Bl RELEANGE BUEECH I, Lol

acet oni {rd A &34 r@cm%quggﬁgghnageﬁ}& apge fﬁ§&ﬁﬁ@§%ﬂh@:‘i’?%,@ﬁ%9&% 4,

146C. In additiron) the reaction under conparative ow t enperature nakes
it posshbseihgdebiHIp ,,p@gr-aﬁ;%&m-@lmlp%aﬁl, G4 RERYdire - 2Gh 8t Wb P 2H -pyran,
unfavorabl e cdloring.” 1t i's possible for the above-déscribed reaction to
suppr esg,4 ihiyd26t4,andieriey DR H-pytana2loeivver3 deditly drioad- €t oxg - 2B0Fyk int hend
prior arts. However in the case of carrying out the reaction at 84 to 150C,
reacti o8,4mdbydaoRHssyrd r-@dspdiennur earboxgladssar gy dec ausmwmifviagkt othicether
having a boiling point of about 80C under atnospheric pressure. In the

f or egoi pgmatndegorvesnarding tethe evthenceyppoppis duet mentigmiedh i s used as
a solvent, may be used in conbination wth an other organii solvent for the
pur pose of r'Eém Rhogphorasserntaiging Rolyhemigeetal sresin yhaygpgorthe group

O b P o S oL bR Bl o BT o0
thyl b . i t g ol tha, tetralinm, .t ti. .
e oeRiE0ga RRSL5 BFAASUEY DA Ao PSR iogpponotic

Sol vess ey, i.{a I : , r
such as e, SRARCHERFRA YIS LEOMAVIRS JrtiRT 63 Bhosphirlis EOR B
acet at ere £4NWitRCLIAVEnyNe PROPYbnAf AR QthisS PPE N i AGEhAI 1S m R PiMe¥led to as
acetate, isobutyl acetate, tert-butyl acetate, anyl acetate, nethoxybutyl

acet at ebhoukimgd hax\wepaeyenécd byt the2bollowing reaction formula:

0—P=0

PP q ik ik
X » H—O—C—C—C—C—O0—H + Y+ CH—O0O—R5>—O0—CH
H Hy
o—Tzo
CH, 0 CHs CHs



(PMAc); ketones such as acetone, nmethyl ethyl ketone, nethyl isobutyl
ket one, nethyl anyl ketone, cycl ohexanone, isophorone, nesitil oxide,
met hyl isoanyl ketone, ethyl-n-butyl ketone, ethyl anyl ketone, diisobutyl
ket one, diethyl ketone, nethyl propyl ketone and diisobutyl ketone
phosphoric acid esters such as trinmethyl phosphate, triethyl phosphate and
tributyl pho t e, di net hyl sul f.oxi de; and N- di,met hyl f or manmi de. .
ahove- exerpl fﬁgﬁe gPPRHRY SEREHIORHERIIS, Lot HAT Y taﬂeswch%s&}mﬁawngl
acetate | add an anpunt_ of. refe abl 6Q9%b. ht ba d .o
the uhol® 22 O%Pt?WeS Eﬁﬁﬂse%ﬁ inBERE R 2. B 2 =R ¥ A d R e Sk
based { BeLeAR hE%y [P fBIAIL Gl 9ﬁ§é’fefewth%q'e rwlytsezuole
FRven |on ove- nenflon

t he presen , he a reaction amount of th
acet on I | t 0
based IC)'Irilfl%i h% ?drcfteg%? éw%p‘éﬁg&ﬁg tlgf(;h gﬁgt;egplera l‘%g@ ﬂg%l%?ﬁ%/%lm ;

based thﬁ;&ogndmﬁaqm*?qmogcﬂhe acetonl tr| l e or net hoxypropyl acet at e,
when being | ess than 10% by wei ght based thereon, sonetines brings about

deteriorati dn itRe’ £B6¥é-\héNtiduedt pr@e@s%wh\éebhobpﬁbrﬁs <6a%hiningf didrboxylic
reaction system and difficulty in solubilizing at roomtenperature, the
phosphoacisl compauntd andy usns bl en de é dwtihc ar phayp herwchdo mhfitecadcoadolkydie acid
unreacted starting raw material, thereby deteriorating the refining

ef fici eeemponnest ees that dhher oxauditamp tendwienreacteg moitd ttlen &dmpl ether
wei ght based thereon, sonetines |eads not only to necessity for a long tine
in sol veempoarislal , but also to |lowered rate of reaction acconpanyi ng a

decrease in éhe co centratl on, of {he reactants In t he ahove-.nenti one
reaction, IR ANer BRAC AR i§ B YRETIFASEPh A tiosmseantoandtisr Reseble to

di b h ted t f

ot oup) Séémsi %anoxeg'uiguéh{s?& tﬁetqi’léepgl?@i?%%%aio%ﬁti K ftheshlepding
Th I f t t 1/0..5, d
excossi UAHBNGE A HecArg AN o EoenrORRIa LS Ao BBV cbor oMEHenter the
phospho&fb%r%% E‘é”%fc%&t% %&&”Rhﬁt 'd‘?{?u%lt eftﬁei'fe@é?ﬁ{p%’%m& b DERAIRE Paw

| arge 27 nt of the acetonitrile or hox acet ate Upon

refini nﬂlat@mélbenfagn%aememee@If@a Eoe%ﬂer@édc%&h%&%eém weﬂ}&%bagwlﬁ%he

than 1/2, in other words, excessive unsaturated dicarboxylic acid, results

ina Iaf@a:twmunmafnanﬁee@uadhetynﬁﬁiwoat@@baiia&@hbcfwlﬂe@pa@tﬁewtFbrtlh@tance,
conpletion of the reaction, thus needing a | arge anount of the acetonitrile

or et hitheyphivpyyl atheate@mponndehiay g allde dadovpwisnttootlked dieaeborylic acid
proceeds even in the absence of a catalyst, however for the purpose of
accel ereathpgumide heathtisonasean aagi d)fctahalgllmve beeseticne dl phosphetas- contpinang
catal yst, or radical generating agent is usable. A m xed catal yst by the
conbi naticgaborElisof acksy drlzesmionrsetrecExdiarboxslict hacidei andat diyistylasether

menti oned above, i ncl ude an a i di ¢ phosphori c .aci d, ester conpound
r epr esetBRO ed[ BFe‘{ﬁﬁ%@ RE REILR ‘(%gm%ﬁé&‘f’?@ éf(é%?'é@nSfOt‘Pﬁé aci di c

Phosphor | ¢ %’%aamﬁi%%reg?mmouggh%sg - PhogpRYrb Sontpiink, | BidarbiRylicr acid
al cohol; ;3468 ahd cghggg(ﬁﬂ? re&rggéﬁﬁ b 128%% b5 A ?fi’lfg?’gﬂ{la 85) Also

2-et hyI]hexanoI condar as 1 sopropano

2- hexangdablé- %CEH@%h@d%(Fr |9(§'&?B?ﬁﬂ?ﬁ$ rBBﬁ%gl'baz?élﬁ. ?ﬁﬁfﬂhﬁléhﬁ’ ?IL g an

2- et hyl hexyl acid phosphate "AP-8 e na avai rom Da

Chem caknéatiusite @basibichrbok§hcesaat sklP¥st iechRId AW 9rfLh rﬁ‘éh& z(r?ﬂ}drl@e
(Rs_On_P*OH) ... ( 27 wherein R19 is 2-ethyl hexyl group. The base

cat al yssuds mast i ofr¢thelbioie | anbyeipde fi @8 bysealktit iveithot hhii t esf t Ovarious
nonoam nes, diam nes, triam nes, polyam nes, cyclic am nes, al cohol
phosphorus-containing compound.
In particular, the compound is useful which is obtainable by allowing a
carboxylic acid bearing an unsaturated group such as itaconic acid to react with

the phosphorus-containing compound represented by the foregoing formula

(16).
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am nes and ether am nes, and is specifically exenplified by triethylam ne;
N, N-di met hyl cycl ohexyl am ne; N, N, N, N -tetranet hyl et hyl enedi am ne;

N, N, N, N -tetranet hyl propane- 1, 3-di am ne;

N, N, N , N -tetranet hyl hexane- 1, 6-di am ne; 28 N, NN N, N, N'-pe

nt amet hyl di et hyl e netriam ne N, N, N, N', N'- pent anet hyl di propyl enetri am ne;
tetramet hyl gyamedicA8e Whblréli d£0!i%oxmRtchvf eth) %E@ﬁ?%éiﬁ!e@%hted by any of the
N, N- di (pol yoxyet hyl ene) beef -t al | ow am ne; triethyl enedi am ne;

N, N - dabB¥ByiRenResed T6rmiiaet@Y | and (62 adi tHS Rypaating uaif)yihy pesagimay be
N- met hyl mor phol i ne; 1, 8-di azabi cycl o[ 5. 4. O-undece-7-ene; pyridine

N- et hy ugedpliilirin@r D (¥mBinatiowtwithaei ieeshydne obhphalri nesy be incorporated
1, 2-di met hyl i m dazol e; di et hyl am noet hanol ; di et hyl am noet hoxyet hanol ;

N, N, N stithretrepleating etrtiy|lodhleantdisanithe; repeating unit represented by any of the
N- met héy -N -(2- %dr oxyet h,i(l ) - pi perazi ne; N-(2-hydroxyethyl)-norpholine,;

bi s( 2- Bormubge {4 maut k§).)The mesirtcoptains ghe aepebiting Jndt rephgsentedobyoryy )
ether. O these, pyridine and 1, 8-di azabi cycl o[ 5. 4. 0] undece-7-ene are .

pr ef er ablthe ﬁ@rmngmdﬁbet@d d&pinean; ﬁmwm%%mmajéﬁiai leapindi0Vs by weight,
coordinated in a central épatal exenplifies the above-nment iO?n d m::t;é:l

conpl eRrefarablytat E%“rfp?@ o By (Welehdnpasticidanly phdeask 54%nbynvekght when

cobal tgx ryt heniym rhodium palladium platinumand iridium O these,

rut hen ﬁﬁili %acﬁfame b%l"?arrg@i’l% and platinumare preferable, and palladiumis
e Pt LS TR R 3R BT AeoR SRR BR 5 e ol L
sui t ab). réé?erb(f%rdt i[)g;ftkﬁerfolPovUFﬁ%Eozcﬁrmlaq)M?aVi ng zero valency is preferable

whi ch contalns a Iary phosphine or a tertiary phosphite as a |igand.
Moreover it is also preferable to use a precursory conplex which can easily
be converted in the reagion system C'hnto pal | %g_&gm conpl ex having zero
val ency. It is gl a_pnef ergblie enbd ?meng toj t a nethod which

conpri ses mixi fg T\n T e GealiTdi QsEeMRnerd 2x whi ch does not
contain a tertiary phosphine or a t et | ary pho§‘phi & as a ligand and a
tertiary phosphine or a tertiary phosphite, thus generating pal | adi um
conpl ex having zero val ency which contains the tertiary kjﬂo%ghi ne or
tertiary phosphiste as_a |ligand, and using the aforesaid pg | adium conpl ex
as 29 Whegeln BYaapHeR ofire reaqh genare vipusdx definedamnghivan disare each
perfor ce in any of the above-nentioned nethods, include a variety of
terti aPyIpABRPH & Anthe grwarsﬁpmgaﬁ?éj &y, apyeqfeﬂa%ﬁ@qaglaag OFFH'ﬁﬁGs(%Q)e
exenpl {%@ed By@l phenyl phosphi ne, di phenyl net hyl phosphi ne, phenyl di net hyl
phosph 2R hyl phosphi ne, triethyl phosphi ne,

di phenyl cycl ohexg{phbiphi ne, phenyl di cycl ohexyl phosphi ne,

1, 4- bi s(di phenyl phos&hi no) but ane, tri et hyl phosphite and '

tri phenyl phosphite. | kb net al conﬁill'dy whi ch does not contain a tertiary
phosphine or a terti h hit e a ligand.a ych is used in

conbi nation with anyéi)'r‘(f)ﬁg%?'r e@%ﬂ'i fied by, O?um s not limted to

bi s(benzyl i deneacet one) pal |l adium and pal | adi um acetate. Preferably usable
conpl ex of a phogdhi ne or phosphite is exenplified by

di met hyl bi s(tri phenyl phosphi ne) pal |l adi um

di met hyl bi s(di phenyl net hyl phosphi ne) pal | adi um {abbreviated to cis - PdMe2
(Pph2Me) 2), dinethyl bis(triethyl phosphiéﬁ%| pal | adi um

(ethyl ene) bi s(triphenyljphospii ne) 'Pal | agi<um and

. tetrakis(triphenyl phéspbi-RErCofd+RUOmCHn addi'tiGh 1 X here may be used as
such a conpl ex having two val enci es such as pall adi um whi ch has been
treated with a reducing agent such as butyllithium More preferable exanple
t hereof is dinethyl bis(@i pheyl net hyl phosphi ne) pal |l adi um {abbreviated to
ci s- PdMe2( Pph2Me) 2)+dE_x('§1_ bg%';_c&_g_,he above-nent. i O{?% adi cal generating
agent include diacyl peroXi dés such as acetyl peroxide, isobutyl peroxide,

oct anwhﬁPE{elgﬁﬁgn%nﬂ%zggg%iﬁa gﬁ)&({;i%%;%l/gidiesfﬁ%@_pyl péroxydi carbonat e and

di - 2- et per oxy peroxy’ esters such as tert-butyl

per oxyl SOthtH/ef al®ntbflit - it élho%g)'hWr‘(l@l a%f"oxﬁgd i Lotee3- E)?ltorsﬁh‘&ﬁg'containing
per oxy- 2- et hyl hexanoat e; and azoObi's such as

2, 2" - gyslyheitid ity Ires PRk At b &)1y 2, £ 2Bz opi §§2weﬂ%m,nﬁfol?xlﬁ@f@fm§ 13 t&)
and dinmethyl -2, 2'-azobi s(2-net hyl propi onate. Preferable exanple thereof is
1,1, 3,3-tetrabytyl peroxy-2-ethyl hexanoate. Optimumreaction time, which is
di fferent depending on starting raw 30 speci es and presence/ absence of a
catalyst, is 1 to 16 hours. A reaction 8 me of Iess than one hour |eads to
| ower ed production efficiency of a phosphorus-containing dicarboxylic acid.
The novel process for produci ng the above-descri bed



phosphor us- cont ai ni ng di carboxylic acid nakes it possible to refine both
the product and starting raw material only by nmeans of filtration after the
Feaction through the use of acetonitrile or nethoxypropyl acetate each

havi ng hi gh general - pur pose properties, and easily refine the residual
acetonitrile or nmethoxypropyl acetate as the solvent by neans of vacuum
renoval_ in,the case,of npl et el enovi.ng .t he ;sol vent ereby, hy . e
obj ect i]x;'é érgﬁ'ué‘(e]igg‘%ob ?n‘é’d‘.teﬁﬁr{}heé"ref)f’t eh%‘? Jedeg P%gfs ﬁﬁ%&ugi@]gb?%&m’
above-descrj.bed phosphpruszgconi.ai ni ng di carboxylii id_] o] :
pr oceecﬁ(’rﬂet\'ﬁni‘?ls ﬁﬁ@age Oct‘fl c'é#tya"f d%‘?%ﬁb%?aﬁ/ﬁhe%%@&ﬁ%gaﬁeg ngt ﬁot%eresm
prior e whi ph -cqnt gi,ni.ng gdicar (e L dis th
obt ai n%@d?‘ﬁhh?gﬁx% elé}&aﬁgrg?he?%%irﬁe, %t hgjegirﬁlocegdslﬁﬁgrgﬂgér{%dug?ﬁg tﬂﬁeg ©

above- f&gﬁ%ﬁﬁ&%sﬂ Qﬁ%%#géﬁgitﬂyﬂhﬂi’iﬂeeéélc%g%,yIwﬁe@&aléﬂ ahabt astemt SWRREEES

uncontr e sudden te ure rise by proceeding wth the reaction at a

| ow t enpREAtBE iR i oTe AL E 5% t By Wsight] Bfirdid 8boWwt eB€edndehby tthed & teaidiate
under reflux, since the boiling points of the acetonitrile and

met hox WHOPY$int€leh P4 & el stiad0Bith8GEstmdn dUd artishect i vel y. The
phosphor us-cont ai ni ng di carboxylic acid derivative according to the present
i nvention, \Ehempééngf hRatpdchsphdrusaationt dee evidi ba datiyntiat acid esnepgyundermluden
as ultraviolet ray or electron beam causes elimnation of a vinyl ether.
conmpounaliphbbid didd bexdydic aonbdianingd2vinygh eatern aopousdichr adi madgic acid,
t hi oet her conpound, thus enabling to regenerate the original car boxgl ic, .
gr oups fudabriscatity) meapconicaekt, ijraconie Acddad tacorir A Qdgehdoripagpd maleic
reaction qof the free_acid. _Exanpl_&s o(i, the acjd cai]aal yst .(incl ude proté)ni c
aci d su¥das AT ogsibe sussigic Acidi adipie f apd acelpicndsitstehage agid uppd

id, t f 31. h horic,acid i . f nph hor i id .
Dol ypholtoRpEhElans. SdsatbonDHo s s A50malY ISR dear Beth s phthalic
id d. i S. i h b ihde- ( BFa) . 4f i | Qri (F )

s ann; il or EOPLREE) “Relll ol CaRkid) o) e ftoBitHBICChtta,

ZnC 2 j . il . i , Ad : Opt
Sori o FFaGhRIGBLAANE D | AR, 2 2 PORaep MM M ACPKRIEP! 2 ERndP

Phosphofetsa ERTYFRIEEE1th ARIROXYd GAACT AASINAL | MecdiboRG 1RO aindedl | Nsddle  as
aforesaid manner 1s utilized also as a curing agent for various synthetic
resins gaehhhdybpHtiRalieacicide heRshydrephitalip. adite qaetiopiHexahyrdrophthalic
regenerated after deblocking rapidly reacts with a reactive functi onal
group odcid, hyerdietdwisephmnhalectcdyafid drexathstdarodarepktltaliedhcsgint hetic resin
is easily obtained. Exanples of the reactive functional groups include
epoxy group Insiddhidlomr expmpldsoxfsithanphgsphprusydtemyfregr siparkansdic acid
group, imno group, isocyanate group, bl ocked isocyanate group, . .
cycl ocatyvRaradgrisghidei Ay diearhoxydico asid v eomap opmido 4l e@?%’uﬁ’,‘)dy which 1s

i t.hyl, ol .. .al kyl atd i t hyl ol s t al ket al.
o e 950 B 55, ISPELLY Py ACGhal 23R4t b
o120 | YT RESRAB R BL R Bl ApBAIR G 0 P8R S i
rovel S BBe ARV BNBIDS LR KBRS Tcofher RIS AGEID O-plpenc
gl yci dy%ﬂ;ﬁ?%?,h) a‘fﬁ-&’-b%ﬁ&%\xﬁéd%lf" ei’%lﬂﬁ%g@%ﬁﬂ{' MtHphtaREAIACT Y186 exanediol,

dyl” ¢ ic y th

pol ygly onpoun i's obtal ne e reaction between

pol ycarhoxyd h&ddti ddfthe BRY MRl tadediSRi HYdR0eBHEEED; bESFIONGIISA s UBTspdferidle A,
condensati on product of the conpound represented by the follow ng fornula
(28) (RRPIrofénd R 1pisphervlCZB) hisphenol RF) anrdpRatyhr glyamth 3/8-attamediol,
group having 1 to 18 carbon atons or an aryl group, and nis 0, 1 or 2
horopol Vecy dndecamel \dimre hiaro], ahdl -Armeetdyd at,8dp xid awesl iobmtxamples cof ddhe
acryl oyl oxypropyl trinmet hoxysil ane, 32 i . .
met hacr§(¢ld§auhy|d|rb¢ﬂjmhlcﬂﬁetsnuﬁ9éifpaﬁé\eah@llfsﬁﬂt&ﬁé)%iﬂrb@@h‘d@ aparidsanhydride
acryl oyl oxypropyl tri met hoxysil ane, methacryl oyl .oxypropyl tri et hoxysi | ane,
and” com¥omhda &a@ﬁb%ﬁb&i ArHY sdtaha@§ syeeiEpc oﬁmgb k@W@H%ﬁ@l ,ragﬁ%ahc acid,

S?ﬁS‘JLi%{ﬁgﬁécKté‘iﬁﬁ% 5 'tﬁéqyllﬁ’é3?&%%3@%@@P%§§ﬁlﬁﬁélii§?‘&iﬂf‘gsﬁqaﬁfy?dr":g%stﬁlic
onbpol g B BERRRRGr B Ad 2 gteviane e Be ke BhBIRG At e o

2- hydr oxyet hyl (nmet h) acryl ate and 2- hydr oxypropyl (neth)acryl ate and an
adduct of any of these polyols with E -caprol actone; am no group-contai ni ng
conpound such as aliphatic and aromatic & am no conpounds, pol yani no
conpounds and pol yam no conpounds each bei ng obtai ned by reducing

cyanoet hyl ati on reacti on product of the above-nentioned polyols; imno
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gr oup- cont ai ni ng conpounds and car bon di oxi de conpounds containing a vinyl
ether group or vinyl thioether ether group such as polyval ent vinyl ether
conpounds obtai ned by the reaction between the aforesaid pol yval ent

hydr oxyl group-containi ng conpounds and hal ogenat ed al kyl vi nyl et her,

pol yvi nyl ether conpounds obtained by the reacti on between

hydr oxyal kylSpeuvificeekampled pdl yheal dintingdr bthkett @mppuadntai bengsednmiorinthe
or the above-exenplified polyi socyanate compound, vinyl ether conpounds
exenpl i pratudtion e the phasph oaisveantiadnired pylyhemhi) eetall ssén satoadinmg ,to the
(err) -unsaturated conpound, and vinyl thioether conpounds each

cor r esgp¥iery twvemtionf indudeotmysthylenengdyock diomydi etieg, dniethiytenetdlykcol
group or. al kyl ated am nonet hyl ol g{’.oup such as nel anm ne-for nal dehlyde resin
gl ycol ylivigyhee thew L EEH V.E) ur b4~ bisviay eaivpaethweyalohesemss| 9theylemed glycol
copol yg?.r .of an_a , a -unsaturat ?d conpound cont ai ni ng an am nonet hyl ol
group dHVApRY efhed, prlys I”Lﬂ}}‘blg yeolugruiylcebbeuind < -bytanpdiolgdivingdcether

group o roup sych as pol yval ent ketones, polyvalent al.dehyde
corrpoun@sjhﬁw?gal el gll"]conﬂbw obttheted HheXanreqi®dct i Nl%ijweé’ﬁhﬁﬁe

f oregoing_pol,yyal ent yinyl. ether,.congound a cohol .oxoaci d ester,
condensiz;i'%l g‘h"lﬁ%é&&e éﬁ?’&éhﬂngﬁ)?l‘%’fn h@ ?fnggﬁ@o?ngﬁrgb ?‘eﬁoﬁ%‘ﬁ‘@l"%’?éir
and co r t Vi QX L kRt late with an

al cohowyﬁgﬁog%%%%ﬁjgejg ea_rr?SI ?ﬁgﬁf’edswecgéén%_%]@%flgﬁ @g@éf/ﬁﬁ%e{ SOP}PeO"b?%s?nt
I nvention CqRy 'ﬁ%ﬁ%fd@béﬂ%ﬁ@ﬂk?cé@ﬁqwrﬁap Qe WS | £edogif bﬁ@réﬂ%g
inits nmolecule,™ at 'l east two reactive functional groups reactive mFt a
car box\grese@tounvadidihe {Hr egPiaifdaBlOSPHPr Usiifiiird Ni fie CaghovY hendondd
derivative. Those which the synthetic resin possesses and whi ch have

al r eady hesyrhalasc cohtgindn gt deerboxylitgasige s resetwithytid1@inghethe® compound,
functional groups. The synthetic resin bearing in is nolecule, at |east two
react i wanfylin¢hiaethlergronpsourdst viny Iwithioethear koxypowndr oup disirglerthlioétlag:
by epoxy resin. The synthetic resin, which bears at |east two reactive
functi sempeundpat o dempernaduze iimk tbie stamget of erooan temeperature to 150°C. It is
phosphor us- cont ai ni ng carboxylic acid derivative. The above-nentioned resin
34  c®N58Lhke U thig cpeeHiochBe @meacikbeatalystfoy ther pngpesref accelerating the

Ph 7 oxpRCRoM:oERRRIRCS Al Cit cintabyet Rchi e Aesdty slpoabogic @iad oster
debl i _ P b i Td deri . .
or of or Shp G0 R rEeRRASH U5y ERY SBUBRIR BB LERTE ot of the rencti ve

functional groups reactive with a carboxylic group, nore preferably 0.2 to
3.0 equivalents. The gfntent t hereof, when being less than 0.1 equival ent,
brings about markedl y{jl onered phosphorus concentration in a resin nol ded
article, therehﬁFdéﬁeFFe&@Emﬁg t he workiongyef fect on flame retardancy,
coloring preventiveness and heat resistance, whereas the content thereof,
when being nore than 5.0 equivalents, gives rise to a tendency to
deteriorate the nechanical properties of the resin nolded article. The
content .of the_phosphorus atons in the resin conposition is preferably in
the ralgersinR 1stan pdbyberagpghavimnd twohferarbomes tuhs, wharelbelky Eewmsp or
than 0.1% by weight, |leads to failure in sufficiently exhibiting the
functi%ﬁsa’@ty}cﬁ' naad mels §oane and flame ret ardancy, whereas the content
t her eof bei ng nore than 15% by wei.ght, ~brings. about, deterioration

t he propert Q%CL YhePARMRISS, h%tlsﬁﬁ? h&qlég“r eShosphREicpHaeLd rré’ﬁtt?’bn&&mpoung

N t _ © hett© Testh. rong |

P Db, By 4™ oV ifeMofedF BoRias ), JRiudR Fhpghatie acid
i st . i . 1 h h - t ai ni

o by aefestBE Ah10pRdsHrarld’ A8 GR8GeHNShEN BF PIERRARKYSAEIRLT, BLEE as

h u obn . - - a ! Ie r

that t&e eIl oh tthr g,dﬁ?g%%b@a,arfg%&%;ﬁan@%thgm@f 865 dhd'Y d6daary

article (cured resin) no e resin tonposi

regul adkedhiod sutth 68ig6pP6pAnsl,t - bhPr, Yeh8Rhnol 2 10e€ahaf and Y EBBex MM €
an other flame retardant Is used in conbinati on, the content tHereof even

| ess than Mboedyeryed glorgaatc esivdnf nidiebuaidd o the Purporet dfeufpoe nfeh 8
the phosphorus-containing carboxylic acid derivative is used as a coloring
pr everfitieveeagfaon, syistte bs apided e thblsa nidaimb héa ciditheirig ohe treacpioos M0 mp1at Qs
35 contained in the resin nolded article be regulated to the range of 0.1
to 15% by weight. In the case where the phosphorus-containing carboxylic
acid derivative is used as a heat resistance-inparting agent, it is
preferable that the content of the phosphorus atons contained in the resin
nol ded article be regulated to the range of 1 to 15% by wei ght. The content
t hereof, when being | ess than each of the lower limts, unfavorably results

o - - o



Lam'nating such resin-nolded article with a substrate can forma | am nated
sheet. Practical exanples of the substrate include woven fabric and
honwoven fabric each conposed of inorganic fibers such as glass, organic
fi bers such as pol yester, aram d, polyam de, polyacrylate or polyimde and
natural fibers such as cotton and al so include papers, etc. It is possible

' he. ' iti it.n th b i :
b ormos S opgaRiY RAMEmICTEIRLe grore b BTG AT RoRRLFucl AR RN . B enR) "

G Fraretdt i A ) .
30 To 89 IRR. Sy HiRYEnG, rebBAlTF o GRIROR) et ofeafh | PupEaIaRE oM,
conposid 108 L0 BATHa TS SaARE 10918814 St MBSS0hOCHdRINA 7. 4R} I sha

cont ent ate. S case, solid content 1n the resin
conposid|19Rs5ONEI 1 (Bfadd'@d RS dv PEabINGreth ERash CMenmiRatt CygLiaNCtdthRab
groups reactive wth a carboxylic group, phosphorus-containing carboxylic
aci d derjichabkV@iokithd Badcusiratydgenirds betdrsemaéce thie rdestend. sudie aammethyl
t hereof to be used, when being |less than 30 parts by mass, sonetines

i nducesiceabe defthel @cetaneyanpdopyl i dudtaoe, dopiwdokicdtatent arhurivanetate,
be inpregnated into the substrate, thereby deteriorating the heat

resi st dgcbuofl tavetatd,estibarthrcetnée, smert axedatmusiathoxyhatyhtacatade aneé
el ectrical characteristics. On the contrary, the anount thereof to _be used,
when benethoxyerdppnasotager (RMiAe) mkesonepsdichnas asetone, 1 gihed sloetamey
| arge variation of the thickness of the objective |am nated SQEF
[

t. »
Ther eafmethzl jFodprtad Kedonbt matdal mymrlkeiope Hy clele ¥ RoRpoSOPhOROBY, Femtil
f heating, |ight irradiati mbi na i f t] i ght

rrod AgR, Pt daeRTUHorketoRg 1 SERRBOMBBY: (RO BoneanNG beh Jgfone.
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possi bl g peihe C?ﬁ'ﬁosg)fha{tgfm Non{th§el ABRRL B ndheet dompoahline thech as
above- nént1 oned prepreg and a prepr%g in which a resin conposition other
than t hatNodirh b PIrsseRimideyenti on has been inpregnatedNidihte thydabstoaanile, A
covered product 1I's obtainable which has a covering |ayer or |ayers over

ei ther N-sthabe-pyrislidossy f ad¢smethyliyonfholdne ousaadbst makesnityileppl yand
the resin conposition according to the present invention over the surfaces.
The cowhimedtlpyleadulfdxide.used usual |y after curing, but may be used in a
state of uncuring. Exanples of the use in an uncured state include a se
tape whi ch iGné o%rtb@ wlyjecdy of ithg nresensdnyesdiaioss to Proyide agPEeRese eaPalist
the covered surface constitutes a tacky adhesive surface., Ex

a es of the
cover ediprdadecing caabghlyr mwee oot oSty B 08P QFPB'ﬁPE‘th’rIHd’l?ctcg?' Qf‘?’ﬁ‘(?t AFdly
wooden producy,s, tallic products astics products, rubher. . duct s,
proces ed’é%@?’, P@&S&h"&é‘sg‘i &{"sd%g c&rh%y Fo&ﬁ%‘i JRL r%l%ﬁg 4t" &' low

speci fical l el ectronj c products, a iles I a .

st eel slf?@é'ttgqnt -Rﬁ’é%#lérfp \/aésnicg%a}rel#a%lgl vaesc,soé.]lr{;ghgirld(i"l @h?%g‘fﬁe%%ﬁa%ys‘”hﬂe
rol i ngerﬁl?ﬁég! gh{o[vaa}ngf’hé#f nééﬁ&r%te&“ﬁ?%ﬁl ?Qéfi[)ﬂ”%'ﬁtd_s1fa€11?§$t’ih§akolvent
appl i ances, if Ing materrals,” contal ners, of 1 ce suppl i es, sporting goods
and t oY% mE0at,i Nehiket BRMSofAc t Beid ePlein EONPOStAH@AgaGGAY dimgtéSal hdor the
present invention is exenplified by conventionally used nethods such as
brush cgrbipHoreHcantaain @ garboXHEli6iaeid deaivagvel | ow coating and the Iike.
Further, a resin cast material is obtainable by casting the resin

conposi ti on Agie wticasdiereinbdfaed Mivdmed urddigidmheescnen agbreetiforadeieng
met hod is exenplified by vacuum casting met hod, namely a nethod which

conpr i s wglif teipeoteyd wnilionndgr hehighgeasdon tempeiaturgvianthe nange efilgo
conposi tion, nixing the conposition by meaps of an agitator or the like, 38
vacuum %ns%QgCthelgI@@fﬁwg‘i,t asn thed reghilhgof hinteasveyertensing deseaschi pa
to obtain a cast product, The cast material thus btaiaed, when %ﬁf'iﬁﬁ'to
cover i ngvestigationtmader by the presqnbohnrrentars of theeadditian reaction befwgen

into a resjn product inparted with fl retargda .Jdn addition, the resin
corrposi%linéﬂaécé’groép rpg CABRAERGE RN mm ﬁgrfij(?‘g’c%sé‘ﬂl a%df an egpﬁaglé’éa}etieﬁg
material,.for an electronic part and the like. |n LS. Case, [ .
seal | ngalr’ragé‘ﬂcalcaF sxelig) acidy ity aﬁoﬁ?ﬁ%fa’lsf’aﬁ?’éﬁé g?‘aﬁyﬁf%bﬁftg?gﬁéﬁﬁggagtmn
di mensi on and mass matching with nol ding conditions. As a nethod in which
epoxy resin is used as the resin sealing material for sealing a device, a
| ow- pressure transfer nolding method is #bst common, but injection nolding

met hod and conpressi on nol ding nethod may al so be used. Exanpl es of
electronic parts obtainable by sealing a device with the resin sealing

e e N . o I



whi ¢ch is produced by sealing, with the epoxy resin nolded article for
sealing, an active elenent such as a sem conductor chip, transistor, diode
and thyristor and/or passive el ement such as a capacitor, resistor and
coil, each being connected onto wirings forned on a wiring board or gl ass
by means of wire bonding, flip chip bonding, soldering or the |like hybrid

| C~ nul proceeids bl @Bfér 4 Bakly Gowd rAattiph WoingRrasuiy AHUERE Rihg® Wit 5000
an elenment to the surface of an organic substrate in which a termnal for
connect159°G whdenga bepedifics réactiend comditéonsannd de haoheest fognidheut that
element_to the wiring formed on the organic substrate by wire bonding or
bunp anMichaekafliditionerddctjon Iprodeed s dynihé usecof asetoni tripe irt nevhargp £571
(Chip Size Package). Mdreover the resin conposition according to the

pr esentagetadat aom splepnéclorytheg afoabbaid areagtiom.nThdtcisr ¢ai saposhd. present
addition, a covering material, an adhesive and the |ike are obtained from
the phd<R&LRD caki%i Providesr oxgracesacifar dpreduginge arphosphpruseapseiningn
cont ai ni nq the, sane.. ., The covering terial and .adhesi ve, obtai ned therefrom
can narﬁafrg’wincela’rcéﬁt §8I"EH)‘?‘F’F€y PhighgaseEREFe®nt Subjesibrgbl Ak | ate P-H

retardancy, _heat resistance and the |ike, on t basis of the ) )
char act rrol\{i& F8’é‘£?‘rﬂ%8lge?£°?ﬁ‘%‘és Bﬂ%‘?ﬂﬂ&i’r%?%@aﬁﬂi‘h‘bs%té‘rrl%ﬁ9lqaé'bé?§yé|‘c acid
derivatj,y tor di to resent_inveption. escri bed.herei nphef or.e,
t he phoésaﬁlo?a%u%- ng%?ginr% ﬁé%a’ﬁ%g 1Iﬁisc e lcmlvé‘ﬁfi&é(’%&?ﬂ%il% A {iﬁeusmg
pr esenty deRY AN [ [ | r . gne tfied (bl ocked
with t hae evi nﬁﬂ%{]ﬁér%e\\w'ﬁ%p%%lg? hgga%dlh\(s;l %ﬁ%gﬁ . Zarl %‘ir?ci&% n%ﬂl‘.('?ﬂ?oagtt ﬁ%)r ,a
i's | owgleadtioh Eé)ﬁnﬁb@'rh)furé"i'ﬂ tHReF £¥e 0% B ESIFHRE Thesgi)gpé!xggi{tfo'ﬁe(argﬁ&e(\ss
sol vents, especially in non-polar organic solvents and beside, In

conpat iibigrefyrablyhused #6+ eh¥ pYoduedidiebf @ pESépIorReeS@SnihBLarboxylic acid
phosphor us-cont ai ni ng carboxylic acid derivative according to the present

I nvent iton basusedoraabl 2 stabiihigt yravsi meeteriah ihebhbeicage Mofeprodiftiagr ehien
bearing a group reactive with a carboxylic acid, curing reaction based on
t he caPhwephorugreuptadoéngnoaripoxydéedacidld deia tiveeraccohdi red otee - thent p reset t
phosphor us-contai ning carboxylic acid derivative, which contains
phosphdP¥&nitYm as an essential conponent, is excellent-in

self-fire-extipgui shing properties and flane retardancy. Further, the

f or egoi ng pﬁbs@ﬂ%r%@‘-’ %ﬁiteéicg%%r‘i’él QPMWT{: RXq9egsferthbgacrmpongic HA)s as the
endowe LEhoaptioxidant _action, is excellent in co]ori pf evention and
besi deg?%%ﬁgex%{”bﬁa SXCB Mot ehg%?‘proé’squrrﬁmf‘é?e%?erdc y; fhie ollayipe formula
proper{9gs as absorbing excess energy locally applied by heat or |ight.

Furt hernore, the phosphorus-containing carboxylic acid derivative according
to the present inventieqsisyeasily producible in high yield by allow ng the
phosphorus-contaiqing r lic acid bearing both a carboxylic group and
phosphor us atorrBRg—(@gaigi_pi;t-dj a vinyl ‘??r conmpound or vinyl thioether
conpound. The above-nentioned resin corg'?o ftion is obtained fromthe
phosphor us-cont ai ni ng carbbikylic acid derivative according to the present
invention and the synthetic resin bearing in its nolecule, at |east two
reactive functional groups reactive with a carboxylic group, and is capable

of exertin .tgglghar(il%%i stics inherent in the aforesaid derivative. )
Li kewi Y3510 3 n-ant did e erehrlydrerasy atom g & rramesom diffepent tar@anie

N AL N L
Sesor g, T LY ot e SHEPER bRl RS o S
Separ A E e SR DAL ARE, BRI lehE L) ok SEARLES
Cepr osent oo By P A §25 avai  abi & {rom Sanko Co.. Lid.
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41 " the trade nane "SANKO HCA'~, hereinafter abbreviated to"HCA". (b)

M Acid {avail able from Sanko Co., Ltd.}, common nane, which will be al so
used as such in this specification, the conpound represented by
above-nmentioned fornmula (15). (c) diethyl hydrogen phosphite (hereinafter
abbreviated to "DEHP"), the conpound represented by the | 1 owi ng fornul a

f
(c): OwkakkiOHl Oigatfifogen) atbidpr DO Igrsdpooehe phRS phist Ry hegen netbtuer
abbreviated to "DPHP"), the conpound reprei ented by the foll O\Yhng formul a
(d): i Rl Hs( e H2CODHsS ghouppuirehewhed, B-t'r icaC@RH igroapi, dR(Heieilyadtogen
abbreviated to "PBTC') avail able from Jouhoku Chem cal Industrial Co.,
Ltd.), dteencamdoting prefgueséntrepréyentesl bylthevfollpworgnidempdi:(26M:0=P- OH (e)
In the follow ng, explanations will be described about the neasuring nethod
and eval uation nethod used in the working exanples of the present
I nvention. 1. Measuring gondi tions for 1H NWVR 42 Type of instrunent:
400MHz type "Advance 4®™(@noduced by Japan Bul car Co., Ltd. Number of

times of integratrR'®r:o)§-Lipe

?OOH . con (2 6)
H H

wherein R15, R16, R17, R18, nl and n2 are the same as defined in the foregoing
description. 4
In the formula (24), R15 and R16 may be same or different organic group
“having 1 to 20 carbon atoms which is exemplified by methyl group, ethyl group,
n-propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group,
tert-butyl group, n-hexyl group, iso-hexyl group, n-heptyl group, isoheptyl
group, n-octyl group, isooctyl group, n-dodecyl group, isododecyl group,
n-octadecyl group, iso-octadecyl group, cyclopentyl group, cyclohexyl group,
phenyl group, benzyl group and the like, and R1® and Rl6 may be bonded to
each other.

The P-H group-containing phosphorus compound as the component (A) is
preferably exemplified by
9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide represented by the
foregoing formula (16) or diphenylhydrogen phosphite for excellent water
resistivity of the phosphorus-containing dicarboxylic acid as the product after
the reaction, and also exemplified by diethylhydrogen phosphite for excellent
weather resistance.

The unsaturated carboxylic acid as the component (B) is exemplified by

acrylic acid, methacrylic acid, mesaconic acid, citraconic acid,

cyclohexanecarboxylic acid, fumaric acid, maleic acid or itaconic acid. Of these,



Sol vent: CDsOD, TMS standard in Reference Exanples 1 to 7 and in
Conparative Reference Exanple 1 and CDCls, TMsS standard in Exanples 1 to
10. 2. Measurenent of acid equival ent The acid equival ent was neasured in
accordance with JIS K 0070-3 (1992). 3. Measurenent of yield and purity The
yield and puri ty were determ ned by liquid chromat ography (hereinafter
abbreviated to "LC'), followed by conversion. Measuring conditions for LC
Type of fumsa rigranid;, Mseleigendd anditamnioecidsote toefeandieon. Col um:
“Inertsil ODS:3" produced by G Science Co., Ltd. Elute: mxed |iquid of

met hanol / pr o%‘h@n&@emlﬂrléel/aﬁ) the sieesut hag « bodlingopeirftoof ARowy R 6, and the
I nstrunent:. "FT/1 R 600" produced by Japan Spectroscopy Co., Ltd. Cell:

t abl et meﬂwwmglu agetedeabas uin bnidimgi@omas offuabent 14616 ,1inuwbeeh ofeagent
times of i e ration 6 tine Measur enment of nol ecul ar wei ght The

nol ecul & ; f"eﬂésa’&‘iIleé!“&f@&?fgrréﬁlieg@1V§inie’1‘r|§e\’?rﬁht“lséﬁ’ lehr omat ogr aphy

' bb d f 'SC- 8010" duced
éCerTﬁ'SSﬁfEEH@Pa%%h lto(éola RiesPhanpoidRdss, s PRioshICats mresAbR vk B sesized
part by TREeghFE oREY AL REAG A0n o R GE B i E'rpdaa i O oy A0 e EpablihnBo
vere pl agegs (?‘@.OTﬁeV @Acu@ﬂ?thtr&zefml ol 3Ph pr(é Mld’@?ﬁsttﬂ r%% ét r%?l(ﬁg%es an

tenperature tor one hour w € use a I’O I rr1ng,

sol ubi | ifnredfsohBB 1y aBRLEr MRRion THAL! Y 1DRENs Vﬁge temperature, when being higher
than 150°C, brings about an anxiety of fierce coloring of the objective product.

The reaction is that termed Michael addition reaction between P-H group

of the phosphorus compound and C = C double bonds of an unsaturated

carboxylic acid, and is represented as the following:

() III ?OOH
R16—(0)n2-—||==o + R'—C=C—R"® —»
H
(2 4) (25)
R15_(o)n1
R'"*—(0),;—P=0
COOH
R7—C—C—R'®
I
H H
(26)

wherein R15, R16, R17, R18, hl and n2 each are the same as previously defined.

Acetonitrile and methoxypropyl acetate are each a solvent having high
general-purpose properties, and solubilize the phosphorus compound and
unsaturated dicarboxylic acid. However, much of the phosphorus-containing
dicarboxylic acids as the product are insoluble in acetonitrile and
methoxypropyl acetate and thus, it is possible to purify the product from the

starting raw materials only by filtration after the reaction. In the case of

25



7. Storage stability test One part by weight of each of sanples and one
part by wei ght of epoxy resin of phenol/novolak type ("YDPN 638", trade
hane; available from Toto Kasei Co., Ltd.) were placed into a vial and the
resultant mxture was stirred at roomtenperature for one hour with the use
of arotor, and after the stirring, it was allowed to stand at room

t t f 30 _days. The i | .ob L t :
erper abutebely F0etite, TR By boU RS FR R AR vl
Vet er 1 r oAt SalEn R e "tk AARATRA by SOC TRl e st e
was Ca}p‘i%ﬁﬁ?«g. by accurately weighing a sanple, and by titration wth
pot assium hydr oxi de/ et hanol sol uti on having a known concentration. 10.
r

Sol vent resiSiARGR wEthaPAheedadtesh 5 BXoeh¥Amit CThedh byt "gHBQEEﬁb@u%@W!;Ee
in 30 reciprocation tinmes wth kimw pe (trade nane available from Kresi a

Co., LtdattiofPREINALEEr i bbe RGREAuseABH uricsHEtd1YalesQudd e t8aiiiturd Irise
bservation of coloring A sanple filmwas heated in a hot air wind oven
under thethgatéagticAnNEVvOthedés230Gsf posIBlanifovt @ prodeshacentéintg ab the
coloring was visually observed. 12. Heat resistance test A sanple fil mwas
heat ed prarent haveertjper dbuseppresshibée wineonveplable Farddedn wem pryartaas exisbybp
% was regarded as thermal deconposition 44 tenperature. The heat )

resi st aroccedingwilthathed rbgcting wndat aefl wh et rete nire natar o weeac biagp st tlos
tenperature is at least 330Cor not. Reference Exam 1R a 1 (synthesis af .
M Aci d PBjoY atessinge baeteiling Bomrts; Hades atanesp hexig pressaper9tzage titrbed
with a reflux condenser, a stirrer and a .t hermmneter s charged, w 0,1
o 15 B SHROBO B 26 6 okt RYPRERYRDY (DA B0 o288, AaRE KEG 1
parts of acetonitri

b i gh | e, d | ' d .whth
one. andt¥BRe Whcrerugansaie” sam Ty FRl JRum it s R pipatlé
ne a | _ . . A
and actBrdvRg) <BBaPanbAnEIORA AR CHRotNE RIE . SHidlBRLY FRRdabse

obt ai n%glm%g?ri ed with the use of a vacuum dryer under the conditions of
20 mmHg, 80 or one hour, there was obtained 44.7 g of a white crystal
having a netf ij8% eMible ifor iR PPIR-désckPed Greh8idn aBds@pppedsd thal téadtion
171 g/ nol. A neasurenent was nmade of 1H NVR of the product with a result

t hat peskspeverteareanfa lowdrdevél BahG@td 3 5080 {imthel@)rioatards 3Hotwe v2r3ih ppen
(m Hl) and at 2.50 to 2.82 ppm(m H2), and thus the structure of product
r epr eseasedobyatipnigooetdhegrdé artiuh sat( 83) tordS0d0onfreantion Budenex prassurized
measur ement was nmade of the purity of the product. As a result, the purit
was 98 pMesbyredisghecesshiryebeonuse mfnacetopismle hsiving afborlmpmodnsce ahgu}én
i npuri t%if The}wg eld theLeof cal cul ated on the basis of the anpbunt of charge
was 88. /@b?‘ GREMORBNEFENRECESU®- | p a 2 (synthesis of MAcid by the use
of acetonirile and PMAC as the solvents) .A four-neck flask, equjpped wth.a
et ux condlmabp foregping Epaclio aabRanIbHLR S WELOENAPERRY Lhehae, v BigH 48
by wei ght 0f HCA,.19.9 I iL.f aconi Cj r

vt ont BeCRasrErrontihbioR 45 Fhynatt BERILE fihtheBrpnRR dtsute for
acet al Ghe SR of F3BLIATh IR BoRINB oAt thesaGE ShaibLity AR R0P! {tuility

110 C for 4 ur s under stirring. e reaction lrquid thus fornmed was

cool ed otfosféhoc'ih?emﬁ_r ahHteniali 4:18d CENeS tdke WaBx D@L Pi 6 RIRRhARS] PEEONigichad ¥
separated by filtration. Wien the white crystal thus obtained was dried

with thaousgtiol leydraeuubodsyauchndes bleazeasdi tohremef @lenoHge tIBPIB dmyenene
hour, there was obtained 46.6 g of a white crystal having a nelting point

i n the arangetiof pa@mleoml 3hhtdred tetrading tatpentihelddl, Solvessd\ Rek3r@rade
was nmade of 1H NMR of the product with a result that peaks were confirned
at 7.2hame8. d&ippble froms)Exxan 3ChenticaB. Ge., bpin) ( andHBoluessat #2180 (tvade
2.82 ppm(m H2), and thus_the structure of Ero uct represented by the
foregoinagnfebraﬁﬂlgalqlg5frqmsEg{qmm Ehemical Co.,Ltd.); ethers such as dioxane and

tetrahydrofuran; esters and ether esters such as methyl acetate, ethyl acetate,
n-propyl acetate, isopropyl acetate, n-butyl acetate, isobutyl acetate, tert-butyl

acetate, amyl acetate, methoxybutyl acetate and methoxypropyl acetate
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Further, a measurenent was nmade of the purity of the product. As a result,
the purity was 99. 4% by wei ght, while containing 0.6% by wei ght of itaconic
acid as an inpurity. The yield thereof calculated on the basis of the
amount of charge was 92. 6% by wei ght. Reference Exanple 3 (synthesis of

M Acid by the use of PMAc as the solvents) A four-neck flask equi pped with

areflu ser, a stiyyrer and a thernmgneter s charged wt 0 arts
by wei ohF VERCEEongd Sd 68 a@NRaf Uit Te0 Fetonts anéi Bipobuial ectBpe;
wei ght C t r s he r l.tant_.m xtur S

react ed%vﬁ i oan]élrg;gno er%’%&\éb}gééalggrrﬁ)z W%@gé’gﬂﬁﬁeﬁééﬁl?ﬁr?’ﬂ ?’A{lemlsﬁaﬁl&’l
white CLY$tRd AR vPLEBLR Fu er, | N4 ‘s I AU Q

hour, the reacti orsl’ Irflgu!@%I '?%wsnfe(’)r%r%}I méﬁ%%o]{éggggﬁlégw%gag{)ﬁéb,(ﬂgﬁlayl
the whi k@t6hyShé tWAS ps6PRI A aBnlY ahid s Abb@Ry1 Theond; t

obtained in an arml}ljsﬁt pofﬁgo par tns gy weilght wgs drioed wﬁ%ﬁéﬁ%ﬂhsé&o eaSters
vacuum duykr agndeimebleyl oplloép leate, ot rid@hiHghoSPkater apae thMiitylt ReoRphate;
obtained 48.4 g of a white crystal having a nelting point in the range of
196 to dddeChghduHoxidd;davadlNEN afindethydfomhanfideeasur ement was made of

1H NWVR of the product with a result that peaks were confirned at 7.27 to
8.15 ppm (mThB) ,abovaexemplified? pplweuty Hthemndtlen 2. Gk t ac2t6Ritpple (Bnd
H2), and 46 thus the structure of product represented by the foregoing

f or mul axyetbpxypgopphacetpte iFrdded ingancamnuwnteof preferably at moet PO %t by
of the product. As a result, the purity was 99. 6% by weight, while

cont ai ng'ﬁcjgg? 2%95391 f8i He YHeole aegm%t iél?éifdlea§0]é’i¢1§tﬁ¥@md ?Whellh@@d%i dy more
t her eof ,cal c ted on .t basi f the amount of charge s 96. 4% by

wer gne . t5en 0T S hiEPE BERAE iBheedS, SPmatupta lydento dadvar i asbHFe the
as the as _the catal yst.) A four-neck flask equipped with a
refl ux @g%gﬁé;ﬁ?&ﬁgﬁﬁ gfe%%laeénY%léﬁl%r‘reter was charged with 30.1 parts
by wei ght ofyH . i . i opi.c i d .0 parts.hb

wei ght of actt gﬁ!iet %%ﬁﬁidé%t.lgxﬁgftrg%m&éf g%l?gogbﬁé%& aonfdﬁgﬁe q[')cgéﬁﬂté%e or
m Xt ur enihok§PebEHl Wekba QNEs FNRAFERILIS 1816 80/ 4pPONETIN§ed! A T {HWY tota]
When the reaction liquid thus for ned was cooled t0 room tenperature, wArte
cryst al fesds api@ch Qi ) 2 Reu Ry 56T FUBIg Z0SRPB0Y Sl Ryeilghltt b A4 PRIhe YOS, TR
white crystal thus obtained was dried with the use of a vacuum dryer under
t he conatimovartsoHthe @ catrgtrB6G:f methogypeery] idstate Waheabbainelek/tia f 1T%a
white crystal having a nelting point in the range of 193 to 198 C and an
aci d vadvieveight7 bagedotherkomsasumetines iaingadeboit HéthiMiratidmhénpresewvity

with a result that peaks were confirnmed at 7.27 to 8.15 ppm (m H8), at
3.31 t 1e 3t ppracerivaly) hagly Hiscesiy tof pPheoreamti¢m sytpm,amad nligfichkty in

structur f,.product represented by the foregoing formula (15) was
conf i rr‘?seog}l%f:]d%t%ta, ?Qfga‘éq.ﬂngﬁﬁ?ﬁ“’iﬁast Bg‘oéPﬁPHES rﬁﬂ‘!‘P?“Bé and prowinnateds
ontaining 1.2%b

a resuli. rify. 8. 7% by, wei ght, while i gh
of itac%ﬁ?%gg}é caééllg\r,\v%ﬁﬂglﬂ’ietﬁ?&f’hﬁny}lgrﬁa‘ftﬁgré TLE{R tg’d’%ﬁl%ﬁh\ﬁ}%@ ¥
of the AR : % haht . Reference anpl e 5, .
(synt hesi slxlo rag%%g?@%%fwgmﬂf%%%%}é@#gegéitgneb ogﬁ%aﬁé%%umh%g heing
sol ventphoftd thah 80% - ; ggaq;g Wi T ef | Lrrer
and a t hgr rmrrgt er %sﬁsg%rl }elg%vﬁst%ﬂué 6. gil)lérs%)%%}l/fn\%esi %ﬁtd%g‘?‘g%@@{ t%i.eggﬁglﬁs
by wei dot af umﬁcmn@ agi folaRet3Qe oAl by MBbId HwEME x(ﬂ%t *&?W%@@Xh
acetate), and the resultant m xture was reacted with one another at

for 6 loeompapgingti decregse\ihethé BenBbAeravasn dfhd F&acktaway. under reduced
pressure (20 mmHg) at the tenperature of 80C for one hour, 70.3 parts by
vei ght of y&n|the hbquedneasiaindiraadiiol, thasmodae feedan tindsd e pHodMRoohis
the product with a result that peaks were confirmed at 4.05 to 4.20 ppm (m
He), atommeund/wnggysated dicapboxplic a@dd, mhizhls ppdidatedHiy thedequivaleat
1.34 (m_ ,H6) é)ang_;t hus, it was_confirnmed that the structure of the product
was reﬁf"&‘bﬂf d By sreupfdevbla hendeismwsaally) seConshe warse of preferablyHL 0.5
HOOC- C—tol%@% molilaereFurther, a mea}"suremant was nade of the purity of the

pr oduct ed ratio thereof, when being more than 1/0.5, in other words,
excessive phosphorus compound, results in a large amount of residual

phosphorus compound after the completion of the reaction, thus needing a large
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result, the purity was 97.6% by wei ght, while containing PMAc, DEHP and
itaconic acid each as trace inpurity. The yield thereof calculated on the
basis of the amount of charge was 98.0 % by weight. Hereinafter, the
resul tant phosphorus-containing carboxylic acid conpound is referred to as
DEHP-1ta A. Reference Exanple 6 (synthesis of adduct of DEHP with malefic
acid by the use of acetonitrile as the solvent) A four-neck fIa;k_ equi pped
with a parowurt cfhdhasaeetonisrile rer rapth exy pramtmeceta teasipoimargéh inigt hO3B the
parts by weight of DEHP, 32.0 parts by weight of nmalefic acid and 30.0
parts b§oRETamt The mekagrieed; r%t,watha:eh% fhsmh@ng hﬁsxttgrael Mtaas imeatdt ea'\%gtr‘]dm
one anot her i.n an autoclave at 110C for 4 hours 48 under stirring. _
the PMARXGRESINESERPRBiratgdy disigdoxybiguaed, giesad ty én(azr;danﬁﬂ@f lTllatlnttll"@f r_esdldual
enperature of 100C.for. one. hour, £9.4 parts by wei of yellow liquid was
bt a1 not SRt HEAGH GifAmb AR atid afteriRuAempId Hant fedgiionatheuanding
at 3.28 to 3. pp m

O e e  TaT

o o o TR 58 b ¥ Uy P SBREY e,
: roduct . ;As a,result

The. por FOSGRISRUETER pUeBoteT Shoqiafabitly o DbedalfoR! BR'B61d P QULSE bhse

aci d eagitalysty aRal BBWp Ik cafady¥i 8 Qaam@élegénéﬁéﬁﬁga&ﬁm& h@ﬁb?&shsm%ed

the amount of charge was 69.7% by weight. Hereinafte e resultant
phosphocatsalgenthyi thagoaitinatydh ¢hasédf arpawbesudsf. erred to as DEHP- Mal
A

Examples of the acid catalyst as mentioned above include an acidic
phosphoric acid ester compound represented by the foregoing formula (23).

Specific examples of the acidic phosphoric acid ester compound
represented by the formula (23) include phosphoric acid monoester and
phosphoric acid diester each of a primary alcohol such as n-propanol, n-butanol,
n-hexanol, n-octanol and 2-ethylhexanol, and secondary alcohol such as
isopropanol, 2-butanol, 2-hexanol, 2-octanol and cyclohexanol. A preferable
example thereof is 2-ethylhexyl acid phosphate "AP-8" (trade name, available
from Daihachi Chemical Industry Co., Ltd.) represented by the following
formula (27): |

o]
19 I
(R™-0)—P—(OH) = (27)

wherein R19

is 2-ethylhexyl group.

The base catalyst as mentioned above is exemplified by, but is not limited
to, monoamines, diamines, triamines, polyamines, cyclic amines, alcohol
amines and ether amines, and is specifically exemplified by triethylamine;
N,N-dimethylcyclohexylamine; N,N,N',N'-tetramethylethylenediamine;
N,N,N',N'-tetramethylpropane-1,3-diamine;

N,N,N',N'-tetramethylhexane-1,6-diamine;
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Ref erence Exanple 7 (synthesis of adduct of DPHP with itaconic acid by the
use of PMAc as the solvent) A four-neck flask equi pped with a reflux
tondenser, a stirrer and a thernoneter was charged with 45.0 parts by

wei ght of DPHE, 25.0 parts by weight of itaconic acid and 30.0 parts by
wei ght of PMAc (et hoxypropyl acetate), and the resultant m xture was

d Cf & der st When the PNMA
vas i sHR S S e R EHeh et 8 Bintig) &t the Terperature o dc
100C f " tai ne
A moasurERER Al T oaf‘*ﬁ%kﬁxl%‘l‘?pw“’?é Bilhe) Feh bbb AR D,
were CORf N-g% &&ozyé&ﬂ%n%)@éarfpmﬁ%eH10) at 4.00 to 4.09 ppm (m H2)

at 3.32 to 3. and at 2.04 to 2.05 (m H2), and thus, it was
confirmpdN- lila(p61%x§b'th9lé&i@)lféfefttmld%%ﬂd?ﬁeW@ﬁ e LEPleaRAN SRaNkasdy the

followngforrrua ~COCH Further, a

measur epgIN'- &\ﬁﬁetmﬁﬁ)lpfarhbﬁlélUNl hﬁéthﬁrlil*me(mrdqeh&hylé\ﬁu@ob %%Wytlplﬂ)éﬁiﬁhil’e', ty
was 98.5% by wei ght, while containing PMAc, DEHP and itaconic acid each as
trace i dNputethylnitwplyokhd; tih@rdiakabidynlbEs 4dohmdée-hashs; pyridiaeanmount of
charge was 97.8% by weight. Hereinafter, the resultant
phosphoNJsthmfmarphn@lmarNO()N1 N¢- chmeﬂxydarpumrm@thyl)raf(n'tpr}sﬂlme), as DPHP-Ita
A. Conxi arative Reference ExamlIn a 1 (synthesis of MAcid by the use of
pr opi onite2 ddme thylimédaaeles timetydamimoethangdkd bmet hpkomin e et o xesthaool;

condens stirre nd. a thernmonmeter was charged with 30.1 parts by
wei ght gl‘h@& rl’@eéflﬁ ninget th@nﬁiam%%om c acid and 50.0 parts by

anot her NG eltiv%églﬁdiz%Mgﬁhabfpgfﬁ%ﬁ?? E;‘u??ﬁg@fﬁ’aﬁbreaCféayﬁ?%ia:Qpr?&me,
_ aiadn)

L@Zﬁtiﬁﬁisr@i@i; éﬂlﬂraéafﬁ%@ FaPRE: emgi’ecr?eoleiaffé‘%%e Vé%%@ﬁﬁgqﬁ?%?v

Separ ot SRy 101 dpRas A And LR FRIAMBR ABIEG QLR REE N ke

use of grygeapredryer under the condltl ons of 20 mﬂ-lg, 80C for one hour,
but renoval of propionic acid odor was inpossible. As a result, there was

obt ai ned 46.%n prfarombtike compibaliatiol an"®}ddnie RehAH ié‘cbbﬁdﬁﬁd’c@a A a
193 to 196 C and an acid value of 167 g/nol. A neasurenent was nmade of

1H NWVR odntra¢ pnethlct exémiplifieesthe tdiatvepraittiowsd eaafalr nRtnplex . 24tdlgst.
8.15 ppm(m H8), at 3.31 to 3.32 ppm(m H1l) and at 2.50 to 2.82 ppm (m
H2), anBxemplestef the centrad wietal ntladeriepneséckel copal therttheaguimgr Hadimmh 2

(15) Wagal g(nlfnlurnrrepdlatlnum and iridium. Of these, ruthenium, rhodium, palladium and
platinum are preferable, and palladium is more preferable.

There are usable metal complexes having any of a variety of structures, of
which a metal complex having so called a low valency is suitable. In particular,
a metal complex having zero valency is preferable which contains a tertiary
phosphine or a tertiary phosphite as a ligand. Moreover it is also preferable to
use a precursory complex which can easily be converted in the reaction system,
into palladium complex having zero valency. It is also a preferable embodiment
to adopt a method which comprises mixing in the reaction system, a metal
complex which does not contain a tertiary phosphine or a tertiary phosphite as
a ligand and a tertiary phosphine or a tertiary phosphite, thus generating a

palladium complex having zero valency which contains the tertiary phosphine

or tertiary phosphite as a ligand, and using the aforesaid palladium complex as
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Further, a nmeasurenent was made of the purity of the product. As a result,
the purity was 98. 7% by wei ght, while containing 0.5% by weight of itaconic
acid and 0.4% by wei ght of propionic acid each as an inpurity. The yield

t hereof cal cul ated on the basis of the anmount of charge was 95. 2% by

wei ght. The white crystal thus obtained had strong odor originating from

i oni id. In vi f 1.he ab 10. by ,wei ght of the i .
Cr yot alP Uik EEapIgBact AheobEants Biny SAMBHE 3P AAPBRIARRGUS K BLmATGE, in
suspensi on filtered. 'Ehe oper a i on of washin yvitth 100 parts \A%iiggg
{*hat disal The, abpTa entine R dne R nr Paiishy 4 BalPly mios
L T S PSR SLEHE AT, ok AR 1y
M Aci dabny t e UEeY off Waber  as tge seoﬁv nt) S% ?our- eck flask qu&?‘%peé‘ Wi t¥|

a refl yx; tirg; er I i h It S
by wei PSR opifig®, | difheRim® hpRINTHIRSle, Moo ERAIHRL (LT pXoch 103!

wei ght t?fm@@ﬁffph@d}ﬂaih@? resybicn 1@6@%@@4@8 Stdi'bh%‘i’ly@éycjlg_ﬁ@ﬁgfﬁfh@é‘;ﬂiine,

hour. During the stirring, the solfution turned into powder w thout

pr oceeqjHih WidigpylohRasilpddsphine, Covpas@iphe npépRosphendPhanlme,3 (synthesis
of MAcid by the use of isopropanol as the solvent) A four-neck flask

equi ppedimethyh kafpghite condlerigdrenydphiosphete. dilte and tzdreonplex wisishcheegadt

with 30.1 parts by weight of HCA) 19.9 parts by weight of itaconic acid and
50. 0 paonsahy avtegtinrpfpheadrinpaonla tertdathehephitans ailgand awed whach éd

at 140C for 8 hours under stirring. After the con‘&! etion_of the reaction,

t he reattedoin |dogabination wathheaynas thent és exe mplifiedehpebattuisenofhiimated to

stirring for 12 hours, but no solid was precjpjtated. Then,_ the reaction
i qui d hiahenmlidereadntongd meldadtinaanded | P%ﬁ?ﬁaﬁaé?i\}%"qg@%? hagsable

Exanpl e 4 t hesj f MAcid by th f thyl isobutyl ket t
so?\?e)nt%)0 t]?%‘lrjlr-escE 195} agkﬁ%ﬁﬁ%@d \(/a\,i#rﬁeaoﬂ}éqr%eakﬁ?oh?%%z?/?’;’gneig?ﬂ?‘?‘?? zg §
a thernpnet.gr s¢.char ge . : wei o : : arts
wei ght DGy BREEIRh %Wm%??lb‘nﬁiﬂ{o"?ﬁ%é“\?\‘érghtgof methy! i sobutyl ket one,
d they; | oyl j L rp
Ater HErSHIPL AT HEHY FrtfPiy [ARAGEING) Ll Bt Gali do Bla TP e
cool ed (100 o} 08N X, EMRELREHY B isMHib th Pl JdpMnkPp alBadiQih s, but no solid was
pr eci pi tatpec?. Then, ‘the reaction |iquid was anal yzed, but no M Acid was

det ect E(dthﬂéﬁ@b@é(ltyﬁ)Mﬁ?ﬁﬂ@phﬁ%@)ﬁphﬂaﬂiﬁﬁy it 3k 6r 201 s MrAp honhip hbep hise)
of cycl ohexanone as the solvent) A four-neck flask equi pped with a refl ux

condengerlladiwahi r heradditien t heponmiagr besasisedamgedusht h 80mblpar havibyg two
wei ght of HCA, 19.9 parts by weight of itaconic acid and 50.0 parts by

wei ght wiflenyid sotrestarsnealladoumhe hies diasanee mitxeatresl wath mered ecingt a gepoCs fioh
8 hours under_ stirring. After_the conpletion of the reaction, the reactian
|i qui d @shus fbrREdithkds ool edVioser compreipiaieur e, am@mplest rr thereddr 1218

ggg[ ;Zéﬁﬁgﬂ&lﬁgﬂgﬂgﬁ%yﬁg%ﬁ{pﬂ@ :inggen’ E)gﬁardelﬁ%i on l{zillglkl)Jli'edvi\g@gd to
cis— PdMez(P-phz-Me)s}.

Examples of the above-mentioned radical generating agent include diacyl
peroxides such as acetyl peroxide, isobutyl peroxide, octanoyl peroxide and
decanoyl peroxide; diisopropyl peroxydicarbonate and di-2-ethylhexyl
peroxydicarbonate; peroxy esters such as tert-butyl peroxyisobutyrate,
tert-butyl perpivalate and 1,1,3,3-tetrabutyl peroxy-2-ethylhexanoate; and
azobis such as 2,2"-azobis(2-methylpropylnitrile), 2,2'-azobis(2,
4-dimethylvaleronitrile) and dimethyl-2,2'-azobis(2-methylpropionate.
Preferable example thereof is 1,1,3,3-tetrabutyl peroxy-2-ethylhexanoate.

Optimum reaction time, which is different depending on starting raw
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Conpar ati ve Reference Exanple 6 (synthesis of MAcid by the use of xylene
as the solvent) A four-neck flask equipped with a reflux condenser, a
stirrer and a thernoneter was charged with 30.1 parts by wei ght of HCA,
19.9 parts by weight of itaconic acid and 50.0 parts by wei ght of xylene)
and the resultant m xture was reacted at 140C for 8 hours under stirring.
After the conpletion of t reactipn, the reaction Jiquid thus for.nmed.was
cool ed ﬁBeFWPé%WZa%%ﬂqeeogﬁi ‘far‘iaﬁﬁs'f’olts a%ohio% ,urﬁup‘ reaclPp tigas of
precipitated. ,Then, the reactipn Jiquid s anal yzed ut._ no Aci d_wa
det ect ed®SExahte lo?ephoéBHBr u]ge- nt if’ni x@wgﬁ?cﬁox%qdcucg%?% d%%({/léflf’xe 8f a
pr oduced.b di. fying, M Aci d,w t - pr.o vinyl ether) A four-neck fl ask
equi ppe(?}‘/gstpﬁ"oogqﬁ\e{??%&algéﬁge%fggfpogygtcia?%ﬂeif and a thernoneter was charged
with 53.4 p by pght o id j.ch hﬁﬂo bt ajyned i Be-d ibed
Ref erence Exa’gir%%l e 3*,5\6{\'3 .9 pg#t%sé%%y \Ne\Af;nght 0 n‘?‘gﬁg‘ yl vitn].)[/l?e et %go 149.87crl ¢
parts by MRLHYrultcAiihdONEicaiBofy e £AAL nikaei OHoseib1BPtS rePIRS MRhI €he
acid ca (}11 ylgt, r{l;va(l; | abl e férJo_mcby (E)g%'hachi Cheni cal F’tr?dustri al Co.,Ltd.).
The resyrbanict Hnd YEfrtAE rabi i £Ebrialen]y B9 mendktdfoiBratio®Sa teerthd furdtion
The reactivity which was calculated fromthe neasured acid val ue was 99. 3%
Then whi-eaghedha- prepyf \bceydbneitler oanthethorppi sy 12 aeutateona che haviagohigh
with the use of an evaporator under the conditions of 20 mHg and 50C (the
aci d valgemeahi grurtposev aoovper tieac eand akiasilybaiefimes. 3 mpsidual) acTromiprideluot
t hus obtai ned was col orl ess transparent highly viscous liquid. The infrared
absor pt invetlsgrsmrapylideatesé assthheetvent by Gneansafdvatium-remwrvapdst thancase
thereof is showmn as FIG 2. The facts that the acid value of, the prodyct
was rem@fkeginpletely e raoving dhewselventatwberabye haghly purgeplieghiveapyoduct is
absorpti %n assigned to the carboxylic group was not confirnmed fromthe
i nfrare®PdB¥®®Bti on spectrum have 53 rendered it possible to confirmthat

h b [ f the Macid dified,wi.th th - L vinyl .
ether - That Hieday. Mo obpRiede pAbSphob R tREa nithg cariiguyl fescribed
der | . i Y LY
S I S BRI, LSNP A e
car boxylyp§cfibnda fer %d@tﬂ.e\fﬁp urd 44 So5a B GGUh Shel YRiok UDGsi MR r O URSI te

represented by the foregoing formula (2) and had phosphorus atom cont’ent of

5. 98% by, WiipHYrud-Bohtgirfialgl @waagox@@ dd1aSiRsl taSna B &h High g1BoxXylic
acid derivative thus obtained is referred to as Block acid A The
solubility tPatthefmohe, st ohege pybabsd i t Yoit esprodueingar r tipel outboverdédwribed
Bl ock acid A The results are shown in Table 1. Exanple 2

( phos phehusphoruah comgindn podidairboaglid deid vatablesptodsepprdss moadidntirntiable
MAcid with tert-butylvinyl ether) A four-neck flask equipped with a reflux
condenséeuddgnst¢ mperatnre aisehbyvraseedingsvidhathedeastipn gt a loay temperature
wei ght of M Acid whi ¢ch had been obt ai ned i({] t.he foregoing Reference Exanple
3, 17.625aft@PEyedely the RIAPY AFiiey PYPERAD BtifRrtherrqactipp apger & X, srnce
2- but angpe ,and. 0. 025 par wei ght. gf AP-8 hosphori ¢ aci d, catal yst o
avat | anrBer it PATR R kBN At M ratle, Fhd mBROREIRYT ARE tHe€ B b s0°C
m xture bk I e conditions of 85C for 2 hours. The reactivity
whi ch \Ng\gﬁg%?%u a?gsd#‘?&g{ﬁwe{ He nmeasured acid value was 99.1 % . Then

unr eact ed te"l"}iéjgt%sgih%\fhseéﬁlﬁ%iﬁﬂggc‘d’i&&ﬁ%:ﬁqi@;amﬁ WP oL TFAYRE Y tRe
t he use of an evaporator under the Tonditions o
present invention, when being heated or irradiated with activation energy
beam such as ultraviolet ray or electron beam, causes elimination of a vinyl
ether compound, vinyl thioether compound, divinyl ether compound or divinyl
thioether compound, thus enabling to regenerate the original carboxylic groups
(deblocking). An acid catalyst accelerates this regeneration reaction of the free

acid. Examples of the acid catalyst include protonic acid such as

halogenocarboxylic acid, sulfonic acid, monoester of sulfuric acid, monoester of
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54 +20 mmtHg and 50C (the acid value after the vacuum concentration being
9.61 ng KOH g). The product thus obtained was |ight yellow transparent

hi ghly viscous liquid. The infrared absorption spectrumthereof is shown as
FIG 3. The facts that the acid value of the product was renmarkably | ow as
conpar ed vvith that of the Macid) and that any absorption assigned to the
car boxyl ] %oup was not_.confir the infrared a so tion spectrum

have repesRloric rfdd; piddestsre |P ’E ?rlfh@cé‘ér bBRIR RO e ofACEf e ester,
M Aci d f with t 1 t- tvlv A
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the pho &g'@ g;ia @)cmg,neéf tﬂws'e'ri:emt&&éewaﬁé' \A%a'ﬂQBfe Q'P&ﬁ' A%tﬁr}]ﬂ iSDenka

referred to” as the sanme manner as in Exanple 1,
sol ubi |Iﬁd’u§ﬁ§51@]ﬂ Lie)storage stability test were carried out for the
Bl ock acid B. The results are shown in Table 1. Exanple 3

(phosphor us-Taat ?hﬁsﬁlﬂoi?@é ROKYAIingC cAriieylvatdcy@ daudueird by bodbitiingd in
M Acid with ethyl hexylvinyl ether) A four-neck flask equi pped with a refl ux

condenstie afogésdidemsanger is hetilimedt slsonas «largeg agdit 2dr Garasts dypthetic
wei ght of M Acid which had been obtained in the foregoing Reference Exanple
3, 22.8rqmnss dachwehghingf ab5reacting| Hoxgtiona)| gyober, e parb@xx)l}c\/vegrgnp
of 2-butanone and 0,025 part. by wei ght of AP-8 %Lhosphorl c acid catalyst

avai | abTegenenated; aienidetesk i ranuilé’t rqagts opith 2 pepctmecfunetipnahgroup of

m xture was stirred under, the copditions afé 120C for 2 hqurs. The
react i vt SV RHISIRC VESS1R o ERPER S Hame TofarAa e sured VY %cml@@%e@bﬁly

Th t th d 2-but
wieh ¢ habEauSE: TEtEs: AF Cthe madEtio huB AR ner S SR Rge ARRO B CETA T
acid val.

t hus ob? ?Hgg g\%[géltplr’]?ad 9‘%@?5‘%”%?0”%%%?@5??% 5 ?ép \Z}IZl cousgﬁl)qgi d;m$ﬁpé9%t

infrar r t [ 1 Jact

aci d val ol SfREh AR ORLe NI AELERhaL? SR BRIaroby (B B
M Aci d, gpdigh | Q"i‘ﬁ}\;ﬁ%16@@%19tg'r6ﬁpasﬁngﬁsﬁlettﬁy‘l(’fle g¢80pOXMikivEa 6 ORI MBMm Al 1ol
confi rrred fromthe infrared absorptl on spectrum have rendered it possible

t o confgrang hatetdiegeaipoayd ilce gl oghoyi. ERanldléci ¢f vhe spsiHdted rekim héﬂang
et hyl hexylvinyl ether. That is to say, the objective phosphorus-containing
car boxysuch aendtider fmattiveahagsotipeirmtindetapoxy gpoesaninddibyng kenfpaldwdismgh
Formi aas( Iéz)poxy resin of bisphenol A type, epoxy resin of bisphenol F type, epoxy resin
of cresol novolak type, epoxy group-modified silicone resin, epoxy resin of
phenol novolak type, alicyclic epoxy resin, homopolymer and copolymer of
glycidyl(meth)acrylate or 3,4-epoxycyclohexylmethyl(meth)acrylate,
polyglycidyl compound which 1is obtained by the reaction between
polycarboxylic acid or polyol and epichlorohydrin; compounds such as the
condensation product of the compound represented by the following formula
(28):
®29), si (OR2D), __ (28)
wherein R20 and R2! are each an alkyl group having 1 to 18 carbon atoms or an
aryl group, and n is 0, 1 or 2, homopolymer and copolymer of a,f -unsaturated

silane compounds such as acryloyloxypropyltrimethoxysilane,
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0 P-o Ck) OO CH2 OO O O The obj ective phosphorus-contai ning carboxylic
acid derivative had in its one nolecule, two functional groups represented
by the foregoing fornula (2) and had phosphorus atom content of 4.71 % by
weight. In the follow ng, the phosphorus-containing carboxylic acid
derivative thus obtained is referred to as Block acid C. In the sanme manner
as in Exa

wer e Icame%ﬁégwﬁgﬁ}qy&ywﬁﬁfﬁﬁéﬁbﬁiﬁE%%?elthea” D B RhRR S by ae
moai y i APALR PP bR LB GrOPRGRE oF nerd Cas TR B Q| AL REREEY Blare

by wei dind PRI ds §aPhidonthifiitk BIRHET HRAED B JFDACRRGLTEHI o anh PAEAS
Exanpl W6l aht. o6 ui YANG B &t ; '
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avai | abfie f41009 i Racontpedhas) lﬁfi‘&iﬂﬁi i @ougP cohtdiningThenipswhdansuch as
m xture was stirred undgrqS'the condi ti or?g %:‘ 1%00 for 4ghours. The

react i liyhwhicchpedpoleal cphaheld, f rpshytahley leasuyed ghpdalsyalhemopsl@iet %and
Then unreacted isobutylvinyl ether and unreacted 2-butanone were renoved
with thepdgndr ehaavapof atasatndeted bempondid sunk af 20 g and 50C (the
acid value after the vacuum concentration being 6.73 ng KOH g). The product
thus off-hiydedxweasthy Kok 3hageylade tandsparhsroxygbpy Uisetdiacrykpted. amde an
infrared absorption spectrumthereof is showmn as FIG 5. The facts that .the
aci d vadduet of r@nﬁrqu@beswlyekﬁaﬁmm ¥ 1conralaciengarsaging t8roupicoBtamag
M Acid, and that any absorptjon assigned to .the, carboxylic group was not.
conf i r rRYAOPPBRAL Ha1ChNds, il dP B LS, ﬁt‘i"grﬁ‘”é’ﬁ%ﬂlFuﬁfW&\}Eor éﬂHE’r‘g{P‘#lg 6’(93%?81180

t fi t hat, th b | i. f the MAcid. dified,wth

| obut yiPRgRRgendind TRAN T Ea e Qi npRte Vi R0 BB HRTC Y b ine
boxy].j [ [ ive. . 3 he, ol |; 0w

For mut 3 ESE ol ol pmobhes *BE (PR, BHAPERRHU AP PTFaleS; 00
mul LCHTOEE0 At &5 €t Ve pRoSpror us- co

¢ apr os i P YRR P HEpORRAST 145 DR R AR ARRR AR pObRHAR,

4. 71% by MBbERYS; | DsdY@nfaqk! ﬁo%-cfﬂﬁaiﬂh\ﬂgpfwmm akQitRY KA PPHenene

acid derivative thus oObtaine s referred to as Block acid D. In the sane

manner &iﬁsb%’yaﬁ%@f@'lﬁpheﬁ}}‘lﬁiwcyairﬂaitbytdl@iiénédlﬂsbhﬁaﬁa@e!,age stability test
were carried out for the Block acid D. The results are shown in Table 1.
Exanpl €3,3'{dihosthlybr4id!-bopmh eanplexge ddasdeyaylaite, aci b, ddbetiraaté thylpnedusedy dyate,
modi fyi ng MAcid with cycl ohexyl di met hanol di vinyl ether) A four-neck flask
equi ppeaewimte thylehedisconaeater?, 234 srimeshy Hnexane He b eevanpate,char ged
with 31.3 garts by wei ght of Macid which haﬂw&een Sb,tai ned in the

f or egoi WG thaleneiedp heaybisocyanpge), lysinemeyhylssigrdpsocyanate,

ot hoxy BIAACT ARRAE EnY PR T . 1e6RAOFOREAHERELR B bes 211 rr ad under t he

he medBarhdisetanos TS ed sy, BT bhK kel ZRIRRSAHE B xh bR

ver e ! PRuRY thifede%iddiFaRlindle CHARAGE" Un WML RODSGRE! BSaR) 8P {HUR
isocyanates with the above-mentioned polyols; blocked 1socyanate
group-containing compounds such as a blocked product of any of the
above-exemplified isocyanate group-containing compounds blocked with any of
phenols, lactams, active methylenes, alcohols, acid amides, imides, amines,
imidazoles, ureas, imines and oximes; cyclocarbonate group-containing
compounds such as homopolymer and copolymer of

3-(meth)acryloyloxypropylene carbonate, polyvalent cyclocarbonate

group-containing compounds obtained by the reaction between any of the epoxy

33



The product thus obtained was |ight yellow transparent highly viscous
liquid. The infrared absorption spectrumthereof is shown as FIG 6, and
the 1H NVR spectrumthereof is shown as FIG 7. Further the nol ecul ar

wei ght thereof was nmeasured in accordance with the foregoi ng GPC procedure.
As a result, the weight-average nol ecul ar weight (Myv) was about 12, 000,

EE?W%?@%}% %%Pﬁéfﬁ'af ecgﬁﬁ%ﬁ\?ﬁfﬁzaﬁﬁlﬁyﬁgﬁéhﬁ loride; ConBBme Sin Blinkpg h, PR
i t 1 t t ACi h i i
Eﬁfﬁﬁii‘ﬁ}?ﬂgrwﬁm&‘i S0P, S5 thos BIRER Pl Ul ARAPTRL LR SRRLAN S Ll
_ i3 _ 2!
vree: o 0siEbEAnds PERHNIILY GHEONd il BtwEOR AR BRSYsatd HolP0aling HEdroxyl

| ner easgfl aPIBGh AP LORlpduiale BAWNEIGEal08 JIB3GHLAN daRk, HAGeindhathdrs

to say, obj e phorus-contal ni ng carboxylic acid derivative

the strachpoRndd@Pdiathed By the {oddowh NBeiwesH! Aydibxy Y100 dthe® @n@

ii OOnl . . The objective phosphorus-containing carboxylic acid

deri vatpyBwiddnitn cakBoRPE BPd€FWoRta B nfgunéimpoahdgrenipshé epbeserdxanplifielde
foregoing formula (3) and had phosphorus atom content of 5.6% by weight. In
t he f ol polyingcydmete hosypoarnds - iarytl aithien gomap hon gk iexxeacp Hfiddr by dhieveopdipmer
obtained is referred to as Block acid E. In the same manner as in Exanple
1, the sbivimylaxyelkpbimetidachplateorndast abifl iunsatagatograoepeundd amg vinyl
the Block acid E. The results are shown_in Table 1. Exanple 6,

( phosphthtieetbenteampayndsr pasly| qaarespendidrs Jat2uE ¢ dBacodeByingrdreypneynds
M Acid with 1,4-butanedioldivipyl ether) A four-neck flas gui pped with a
Fof | ux COSASEE, AT ABiB e tAFLP L8 X0Y B rlkala a@n%ogvéahwelpﬁ EIRUP puFh a8

b Vet O, R MAELS 1L had been oD e £ o8B g PeL St nbe .
o =0 PRk, BolShoimgl TR SSIGRy L0, DI TIEuEShM lhgouna
Rt A STl PG TRIEAL S B thnd
evapor at O pbRfls (R tadndid | PRNSaBEtad0 gt 8PdkEEA -group such as polyvalent
ketones, polyvalent aldehyde compounds, polyvalent acetal compounds
obtained by the reaction between the foregoing polyvalent vinyl ether
compound and an alcohol or oxoacid ester, condensation product between any of
them and a polyol compound, homopolymer and copolymer of an adduct of the
vinyloxyalkyl(meth)acrylate with an alcohol or an oxoacid ester.

The resin composition according to the present invention comprises as
indispensable ingredients, a synthetic resin bearing in its molecule, at least
two reactive functional groups reactive with a carboxylic group, and the
foregoing phosphorus-containing carboxylic acid derivative. Those which the
synthetic resin possesses and which have already been described on the curing
agent exemplify the reactive functional groups. The synthetic resin bearing in
is molecule, at least two reactive functional groups reactive with a carboxylic
group is exemplified by epoxy resin. The synthetic resin, which bears at least
two reactive functional groups, forms crosslinked structure for the

phosphorus-containing carboxylic acid derivative. The above-mentioned resin
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The product thus obtained was |ight yellow transparent highly viscous
I'itquid. The infrared absorption spectrumthereof is shown as FIG 8, and
the 1H NWR spectrumthereof is shown as FIG 9. Further the nol ecul ar

wei ght thereof was nmeasured in accordance with the foregoi ng GPC procedure.
As a result, the weight-average nol ecul ar weight (Myv) was about 8,000, from
whi ch the average degrege of. po] yjreri zati.on

The facEQMpPLitiORe MRY gb¢ ablen t%enﬁﬁédu‘ﬂgt%vaﬂsmf@ﬁﬁlsﬁgls%gf é@fﬁgegg 1?"&1
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n2 ... The 0bj ective phosphorus-containing carboxylic acid derivative
had in FhficABRaTE RGP LredétiteneithoRadaBoRkyPie Bfow@, aVfeafeefc@RbEs@Reh BYO
the foregoing fornmula (3) and had phosphorus atom content of 6.3% by

wei ght . ehaivdk dtel IThé rRentéhe theossdh)orlenCloding hédxgthanb®ybyaivgletht, brings
derivative 60 thus obtained is referred to as Block acid F. In the sane
manner aboiut meaieldéy 1lowdreds phiosphirys t @atceartdatioa sn ox ageistmbilded yartede,
were carried out for the Block acid F. The results are shown in Table 1.
Exanpl etletehtosdeterioratinmai bheg wankiogyldféectci en détamat ingdapdancgedcdlpring
nodi fying MAcid with triethylene glycol divinyl ether) A four-peck flask
equi ppeBrarentiyeness gnd dnaerhiesistange, phareagdthe cpatpphdbereohsvass jewne
with 30.9 parts by i ght.of Macid which had been obtained i he

For cgor TP Tor B1mes Ex SADIA IS tag EVAAr F50yt 0t g ROPALY | £0 niPLSOgR IR ofhe
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(Prec) . P ARERTERaperiAe Fo e oy Inalfel i iene. cond 11 ons of 100G f or
3 h . Th LV [ 3.4 h d | .
vas 99 1 96 TiRotohiehl: BEo e cBliesRhituR, Eeble b CoPERCR RO R e
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t hus obtain i ght yellow transparent “hi ghly viscous |iqui

i nfraregdeahsqeps ItAArS PELYS WY WlBiéﬁﬁ,f 1d 5 & 69 Wai RfreHrGs utfl cicdtly tdighiblitiNyRthe

spectrumthereof is shown as FIG 11. Further the nol ecul ar wei ght thereof
was neafunhetions sxclhralaheatwdsistditcel anhdgflange @e€apd aneyundherfasathesohtent
t he wei ght-average nol ecul ar wei ght (Mv) was about 11,000, from which the
aver agetblerpafe whepobgimg mertd dhannlbWasby areighdt ddings bdiawt deteriheatiaot sn
that the acid value of the product was remarkably | ow as conpared with that
of the Khadirgpeahies htherant whthe synshetisslegidd to the carboxylic group was

Possi bl e 1 0 LB FANGABE S BRI CTASGR AR GRS TRPAENE 48 SpHvFiLEE? is
GREL i AL SN O N A
oh <0 YBLIORRIE VSR MR G B MY Vo, ey s
p~C2 a~£:?1'6‘§pﬁ/or§sjco41taining carboxylic acid derivative is used as a flame retardant,
it is preferable that the content of the phosphorus atoms contained in the resin
molded article (cured resin) produced by molding the resin composition be
regulated to the range of 1.5 to 15% by weight. In the case, however, where an
other flame retardant is used in combination, the content thereof even less
than 1.56% by weight can exhibit the working effect. In the case where the

phosphorus-containing carboxylic acid derivative is used as a coloring

preventive agent, it is preferable that the content of the phosphorus atoms
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. The obj ective phosphorus-containing carboxylic acid derivative had in
its one nol ecule, 20 functional groups on an average represented by the
foregoing formula (3) and had phosphorus atom content of 5.5% by weight. In
the follow ng, the phosphorus-containing carboxylic acid derivative thus
obtained is referred to as Block acid G In the same manner as in Exanple

T SR b g
ety s el g e AL
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evaporat or “u he ‘condi tiohs of 20 mrHg and 50C (the acid val ue after
the vacyyg RINGEMN had, 0fin PR} 19 bdy Or 81 KOHNI hin réBEg RiARdU e npiriwe nidtitaii A efl ands
yel |l ow transparent highly viscous liquid. The infrared absorption spectrum
t her eof ri ga & VY, a%01bkag bZevihetiveaebs ddthddie rasisdanesd uehafretbetlpy eduteént
was renarkably low as 62 conpared with that of the PBTC before the
react i ophepeut, Wiaén deynghaoreothan H%i diyeweight he angr dxsey hinfagooablynwdeadoto
confirmed fromthe infrared absorption spectrum have rendered it possible

t o conf ummetlsahabhye highbexyti abgoopiioof oftﬂee PBI @ wed dedoaxtieke.wi t h .t he
n-propylvinyl ether. That is to say, the objective phosphorus-containin

](c:ar boryl i ¢ aShbseeuentlyi, wairhag theeresinueemposiidppearatmgldng Hae f&ﬂmevw?ﬁ@ a
ormula (p).~ (P ) The objective phosphorus-caontai.njng,carboxylic.,acjd .
deri vat PYBRSRFIAING SHGHRE RBIESEY % FeSUr BHRIGeEN AF HElDups CHEREL SRR BFiRR e

f [ f I 2 d d gh .08, 45% ! y

| b the 28nr8ém-”%f#@e?‘nég e lRorBebERlT I R ERRRRMartaitirg ShelBIE brid
t t B i : ]

T the Sgrhuf irE ACet af o 1B pRels tldh PR, SATTATENH Bnb MR

the Bl 0akeds! BultcalBer ESuH 18 BLfh il WithabhetHer 4@g foont. Usable other

(phospho us;bontalnlng carboxylic acid derivative produced by nodifying
DEHP- 1t 26 ¥%h & B JA R RPYKYIPIIfi&d B8 Any of the customarily used curing agents such

as an acid anhydride, polyamine based compound and phenol based compound,
and a compound produced by modifying a carboxylic acid with the compound
bearing the group represented by the foregoing formula (8). The amount of the
other curing agent to be used is limited to preferably at most 120% by weight
based on the phosphorus-containing carboxylic acid derivative. When the
amount thereof is 120% or more by weight, the content of the phosphorus
atoms in the resin molded article is lowered, thereby sometimes causing a
failure in obtaining the required flame retardancy.

According to the purpose of use, there is adopted as a method for molding
the resin composition, cast molding method, injection molding method,
extrusion molding method, vacuum molding method and compression molding
method that have hitherto been used for molding a synthetic resin.

The resin-molded article (cured resin) produced by molding the resin

composition becomes practical by adding the same to any of various synthetic
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A four-neck flask equipped with a reflux condenser, a stirrer and a
thernoneter was charged with 56.5 parts by wei ght of DEHP-ItaA which had
been obtained in the Reference Exanple 5, and 43.5 parts by wei ght of

n- propyl vinyl ether. The resultant m xture was stirred under the conditions
of 10C for 6 hours. The reactivity which was cal cul ated fromthe neasured

t ﬁ%d- "o e cupdinpes  0f e TyP00RFG: FeBrTifaer® malednin iRy ;%%%%3 rEatay
0 . 11

Ko o) PR gll?cr Tl e M 0 YBE PRI RSk s cous

iauid, The 1 ALEChIR0FOLiomAARGE LML NELE Y a%ﬁmpelasngwov%% o,

facts that t e aci e errar OW as co

with t hﬁim%nﬁ@mé@%"ﬁ‘ﬂet ﬁ@sﬁe&ﬂ:ﬁ%ogﬂ%ﬁEiﬁﬁ&'WufrTlgggghQ%d Vo ?lsﬂ{(ﬂt ailc or

assigned to the carboxylic group was not confir romthe infrare

absor pt¢,0h ik e ifBY SiAME mi SIS EGnl Eh@%?inbb? ﬁBePO'ﬂBhWB\;ehﬁtfab?Fc or woven
carboxylic group of the DEHP-itaA was nodified with the n-propyl vinyl

ether. fHmaticland ehepyafttheuebiasid \h@oMW@bU@nﬂ@l@é 2Bl ntmeldedmaitle. aci d
derivative has the structure represented by the followng fornmula (Qq):

O C2Hs O=P- QxGRkhra it ~DdiC £xif-mbhéedbpeticle ewptios pheubsicotet atam nform a
carboxylic acid derivative had in its one nolecule, 2 functional groups

r epr eselamithafed: hbeébr Byaiigalf exaunipeg 2)f thdshhdtpitesipivdnds wiovem dabrenandf
7.59 % by weight. In the foll ow t he phosphorus-cont ai ni ng carboxylic
aci d denowwoven fahric eschi mppgetg ef d enpégam fbens sukhans glass, |argamdc Siers

manner as |n ExaErpIe 1, the sol ubillty test and ihe storage stability test
were cattiedorely te@h@r@% Rebv@midephpolyaciyiateaps RHSHRIAR Jad| Bafural

| e h h | d d db
Ty B ERBORL aent o pod 4] 3%?%%1) Plﬁg§ ?gé& 1536 NIt f PR e b
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B s GRS S BB R e gHe f ”ﬁﬁtr%%a t, hOS AR, g6 SR BRcti g ol Fé?f@g
Exanpl %Jbs&a@e%@ AR ts?‘n?)fh\éﬁélﬂgklttrgfte 25 p%p%éé%p n%sg&%ﬁoﬂhe resul tant

m xt ure was st|rre he co trons o ours. The reactivity

whi ch was Carﬁﬂlé‘ﬁl%dlﬂtr Qf'nthfé%é@%s%ﬁﬂnﬁ&h@ﬂ% Yo WREdOR pHeferHMP 30 to 80
unreacted n-propylvinyl ether was renoved wth the use of an evaporat or

under tgert@obyli thia@BSe i red@e ATiHJ t&¥ s ICs lilec A t Vidl YRe afels@h ddifp ¥SIRUSHMin
concentration being 9.75 ng KOH g).

parts by mass per 100 parts by mass totalizing said solid content and the

substrate. In this case, solid content in the resin composition consists of the

resin bearing at least two reactive functional groups reactive with a carboxylic

group, phosphorus-containing carboxylic acid derivative and the curing agent

to be blended on demand. The amount thereof to be used, when being less than

30 parts by mass, sometimes induces such defect as uneven distribution of the

solid content amount to be impregnated into the substrate, thereby

deteriorating the heat resistance of the objective laminated sheet and causing

fluctuation of the electrical characteristics. On the contrary, the amount thereof

to be used, when being more than 80 parts by mass, sometimes brings about

unreasonably large variation of the thickness of the objective laminated sheet.

Thereafter a prepreg is obtained by curing the resin composition by means

of heating, light irradiation or combination of heating and light irradiation. In

the case where the resin composition contains a solvent, the solvent may be
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The facts that the acid value of the product was remarkably | ow as conpared
with that of the DPHP-1taA before the reaction, and that any absorption
assigned to the carboxylic group was not confirnmed fromthe infrared
absorption spectrum have rendered it possible to confirmthat the
carboxylic group of the DPHP-ItaA was nodified with the n-propylvinyl

et her. That
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5Bl ock Aci d £xexaxafABREANAB aeiptad nabibe aelkichchas pALAYERASBRRAAR é\wr@ over
7Bl ock Aci.d GAAAAAAA BBAAAAExarrpI e. %gl ock Acid HAAAAAAAABBAAAAExanP

9Bl ock AT AsteAAsAOTARAE SHTIREes DOEIRE I0T AGHOYASMYS AP RRAREP Y Ing the

E?ggﬁl;? N e dBBW? N%rrié%(gﬂﬁpgentlon over the surface/s. The

e | %@%ﬁﬁ?ﬁﬁ%ﬁgg 2@8%%%15{6 afteT B0Rn% but apay he ved (iBnacRtatheof
resul ts,, utrm%sﬂlxkr‘igﬁlge%yoit ﬁ'fébuste h&%rﬁcmma@at ﬂ&lhﬁk'ao‘é‘eﬁg ap?&vhi@??g

conpat i ble or t means certarn tur
obser Vefbl‘lﬁeahﬁys%%ﬂlﬁ% #RE rddin 0B sFHBA’ 8DLE Ya ’ereliogygﬁ{‘éa@%ﬁe covered

Regardi ng evaluation onthe results of the stability test, the marks nean

as the §obfael fdhistiftes"BanskHa dhedige élhffﬁéé/eExﬁ&lp’l'e%C&StKé’ covEeld Ripr8lucts
nmeans that the sanple rendered clear viscosity increase in the fluid and

(coated articles) include electronic products, structures, wooden products,

metallic products, plastics products, rubber products, processed paper,
ceramics products and glass products and more specifically, electronic products,
automobiles, metallic sheet such as steel sheets, two-wheeled vehicles, marine
vessels and ships, railway rolling stocks, airplanes, furniture, musical
instruments, electrical appliances, building materials, containers, office
supplies, sporting goods and toys.

Coating methods for the resin composition according to the present
invention is exemplified by conventionally used methods such as brush coating,
spray coating, immersion coating, flow coating and the like.

Further, a resin cast material is obtainable by casting the resin
composition into a casting mold and then curing the same. A general casting
method is exemplified by vacuum casting method, namely a method which
comprises sufficiently uniformly heating and mixing in advance, the resin

composition, mixing the composition by means of an agitator or the like,
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"Hardened" neans that a hardened product non-flowable in a vial even when
the vial was brought down, and the figure in parentheses shows 66 past ure
of tinme before hardening expressed by mnutes. * MBK is an abbrevi ation of
met hyl isobutyl ketone. * AcN is an abbreviation of acetonitrile. * PMAC is
an abbrevi ati on of nethoxypropyl acetate. * Ep828 is epoxy resin of

bi sph I A (. | abl e f ] ' ; o .
n;_ﬁg CEERERN B 628HE B BRI OSTUoR, BRdr GETLO8 D Phm Bvehaat i BF ket
A asi it S g . . T
E:?M lpé? B it LEPUPRE &?i%ﬁéai%?&?%teﬁ??h%% 21280 bl ghotied %o
5 . " " ) i | ,
Touro ket tng ol ThbTidbletd dn Msetite ity b L IAAND R BHE M08

wei ght fésm'\ﬁg‘f%lﬁ[‘%%‘?ﬁ’fﬁé& 4R ﬂéﬁﬁ]r@ﬁéﬁjdla% from NOF Corporation heat

| at ent type ereafter, e resin conposition thus prepared was

appl i ed overalHigRtiBaNelhel 44 $inG388% dsPHbB) ac@d’ﬁiih?btcﬁ theoprdapanidesh tibang
OCsaka Co.,Ltd.} wth the use of a bar coater, followed by curing under the

condi ti gesbRf ad0RGdsph Qik®Uhateriabifal md etedt@dnid pArefaidehectike. In this
conposition. Then the resultant cured filmwas peeled apart fromthe tin

panel teaeht the mesinl swalingheaftetianl Aswasablbjiactles foomexf digaid,appday dabtet
observation, solvent resistance test, conbustibility test, coloring

obser vahauvmard dhesnsiesisdnoass esatching wedumelding etrglitiqnes. TAs|ae npethod
Examlp a 12 (Preparation of filmblended with Block acid B) A resin |
conposi in grhishsepexpaesin iy upediasgthenresiyi sealing mataeriel for sealipgpudeviosy a
wei ght of the Block acid B whi¢ch had been synthesized in Exanple.2, 4. ?&5
parts bloWenTgReuEs tm&f%m&dm&.%%@& tleyﬂ%ifgmmn’Rb%dPéefL@li.mo Ing

e P g D 0 BB B R £ 0y L 11T
condi tions OEEnglples of electronic parts obtainable by sealing a device with the resin
sealing material include a device which is mounted to a carrying member and
necessary portion of which is sealed with epoxy resin, wherein the carrying
member is exemplified by lead frame, already wired tape carriers, wiring
boards, glass, silicon, wafer and the like, and the device is exemplified by
active elements such as a semiconductor chip, transistor, diode and thruster;
passive elements such as a capacitor, resistor and coil; a light-emitting diode
(LED) and the like.
Further, examples of the electronic parts include general resin-sealed type
IC, which is produced by fixing a semiconductor device on a lead frame,
connecting a terminal part of an element such as a bonding pad to a lead part
by wire bonding or bump and thereafter, sealing the connection by transfer
molding or the like by the use of an epoxy resin molded article for sealing; such
as DIP (Dual Inline Packing), PLCC (Plastic Leaded Chip Carrier), QFP (Quad
Flat Package), SOP (Small Outline Package), SOJ (Small Outline J-lead
Package), TQFP (Thin Quad Flat Package), etc.; TCP (Tape Carrier Package) in
which a semiconductor that is connected to a tape carrier by bump is sealed

with the epoxy resin molded article for sealing; COB (Chip On Board) Module
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200C for one hour to obtain a cured filmof the resin conposition. Then the
resultant cured filmwas peeled apart fromthe tin panel to obtain a film
B. In the same manner as the filmA, the filmB was subjected to external
appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in

Tabl 2. .Exam 1~ 13 (P ti . fil bl ded with.B . i C )
Fasi n GBIER! 15 BROGHCeEn S Eng, ki the ARG Sgiasn: MoIRed 2R, (5 dealin
BALS ot peied0g samblE S 8 AR b mediU il Fhue R BUNLDBED piGHe bR R for
Nof cur e; Ther.eaf i L& ¥
boor Ut pahfdr JAGIO8! ERmeht SR Ay SOTRAM LR YBURBE CRRHCLoME e ARE! bothe

the con%ﬁﬁ@@t%dofon%eox@im[ﬁsomxﬁe&roﬁ 0% feﬁﬁgs@%@g 2’3 gia{s@ 9} MbearLSE%ifnwire

conposi tion. Then the resultant cured ~apart fromthe tin
panel tBoRAImE NP chif Kondihd, hR188F8 "BPRBE 3Ref B9bEId TCAMELNS- dHibMnediAs;

subj ected to external appearance observation, solvent resistance test,

conbust B@Ai {Balle€iridCcArehiyNowBbaerisabroduadd bgamdasifkangae el&®bntTh® the
results are shown in Table 2. Exanple 14 (Preparation of filmblended with
Bl ock asurifaldp 4f rasiorgaaipasiisteatevda whiphr &dtdymiriali fuy aofinagiihgt anyirihga
vial, 5.61 parts by weight of the Block acid D which had been synthesi zed

i n Exanbberd isfo@meihonstivy reairgitlepicoXDRMIBRS thecklem2hnt gar théyw wen gHforofed
Nof cure-LC-.1. Thereafter, the resin conposition thus prepared was applied
over thentthe paganiqispbstrateuds wireabpadingarbunp|a eygaflgri sealingethe
t he congitjons, f ﬁOOC for one hour to obtain a cured filmof the resin
conposi (evite Wik theerasin gampesitipwoand| GORaChirSize fnckage) oMareover the

anel to abtain a fi.lmD. In.the sane manner.as the fil . .the fil D was
gubj ect’é"d“f’oc%%’é’ﬁﬁéi’n accorglng%o t%e present 1nvenﬂon 18 g%féctlvefy usable for a

printed circuit board.

In addition, a covering material, an adhesive and the like are obtained
from the phosphorus-containing carboxylic acid derivative or a resin
composition containing the same. The covering material and adhesive obtained
therefrom can manifest excellent solubility in organic solvents, favorable flame
retardancy, heat resistance and the like on the basis of the characteristics
inherent in the phosphorus-containing carboxylic acid derivative according to
the present invention.

As described hereinbefore, the phosphorus-containing carboxylic acid
derivative according to the present invention, in which the carboxylic groups
are modified (blocked) with the vinyl ether, vinyl thioether, divinyl ether or
divinyl thioether, is lowered in polarity, and thereby is excellent in solubility in
organic solvents, especially in non-polar organic solvents and beside, in
compatibility with a variety of synthetic resins. Besides, the
phosphorus-containing carboxylic acid derivative according to the present
invention has favorable stability, since even when being mixed with a resin
bearing a group reactive with a carboxylic acid, curing reaction based on the

carboxylic group does not proceed.
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appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in

Table 2. 68 Exanpl e 15 (Preparation of filmblended with Block acid A~-2)

A resin conposition was prepared by m xing and agitating in a vial, 4.57

parts by weight of the Block acid A which had been synthesized in Exanple
nane, vallable Japan

o o, St by S S ST HE T ot S A
v omberBadlen i offouE BALFREE Brolf B Fiehuler:
gﬁg ﬁgufﬁf ﬁg}q‘tcoé’f‘erseﬁuﬁs{%\%‘ 1rb%/ucum ﬁg ﬁn § tt?\ge congltlons of 5%@%&?9

F @ll}(r&gdﬂng f%r(g\gfiﬁ%egflegbﬂf)rﬁ 5‘%§irﬁﬁ§0tl i )ér' aci@Brii&ive, Wthh

resul t ant apart rom tfo obtain a fil

A2. In the, cHBRACh Aftiokedhht rac%mﬁhesfé;kdm&%ﬁfvatﬁ Solbir ped %’retv(érﬁi(é@raﬂﬂﬂ

appear ance o servation, solvent resistance test, conbustibility test,

col ori ngcQR$es, Vedh Cé"k}ﬁ’b‘iit Reablleasi lpépneesistahce Tbﬁldee$ﬂ1|11'fai‘s i €h S;il@mlltms as
Tabl e 2. Exarrpl e 16 (Preparation of film bl ended with Bl ock acid A~3) A

resin cemzogbingrxvassRirpgyedchllyyphiedany hraittat lightin a vial, 3.88
parts by weight of the Block acid A which had been synthesized in Exanpl e

1, 4.51 partEubyhesinglre, othEpi phosp18@s)s-toBtaipang btyankmxgﬂltc oacil daeirveative
from d C aci d by n-propylvinyl ether and 0.21 part f/ ght of

Nof cur e-alcCottdinithéo dhetmresentd nvesitiorc bsrpasilyi mrodunib qorrebagbdflm byppllowing
over the tin panel with the use of the bar coater, followed by curing under
the condbei phesphonwoconsaingng trrhoxdicopeil Reariig bathia ﬁ%bME ¢ g&gpR and
conposition. Then the resultant curﬁd fil mvva%]ageel ed apart romthﬁﬁl her

panel t @TASPRTUE ALPMSARO TeAGHE1ERNR HHBHePthRT (GRInPPPRAACT { HIN
was subj ect ed ta ext er nal
compound.

The above-mentioned resin composition 1is obtained from the
phosphorus-containing carboxylic acid derivative according to the present
invention and the synthetic resin bearing in its molecule, at least two reactive
functional groups reactive with a carboxylic group, and is capable of exerting
the characteristics inherent in the aforesaid derivative. Likewise, a

resin-molded article formed by curing the resin composition is also capable of

exerting the characteristics inherent in the aforesaid resin.

In what follows, the embodiments of the present invention will be
described in more detail with reference to working examples, which however
shall never limit the present invention thereto insofar as it does not depart

form the spirit and purport thereof.

In the following, the compounds to be used in the present invention will
be described.
(a) 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, the compound
represented by the foregoing formula (16) {available from Sanko Co., Ltd. under
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appear ance observation, solvent resistance test, conbustibility test,
coloring observation and heat resistance test. The results are shown in
Table 2. 69 Exanpl e 17 (Preparation of filmblended with Block acid A~4)
A resin conposition was prepared by mxing and agitating in a vial, 2.51
parts by weight of the Block acid A which had been synthesized in Exanple
1, 4.65 parts by weight of Epicote 828, 2.61 part by weight of a derivative
from Cl €hadird deyn anyer SpANK Oy H@ANsrherrin@fpar phbreviated g GA".

Nof cure-LC-1. Thereafter, the resin conposition thus prepared was applied
over théb} M-AcidelawilabidérameSankon€obaktddacemmpa| nawky \M;u@h:rwﬂg bgnafkso
the conditions of 200C for one hour to obtain a cured filmof the resin
conposi tised. Wsensugh réryl thist epeedi¢atiphnasthsecicomponnd frepsaseatedn by
panel to_obtain a filmA4. In él? same manner as the filmA, the filmA4
was subja@@tV@an%ltéQP@ﬁrf&Fn&Hﬁe énce observation, solvent resistance test,

conbustibjlity test, coloring observation a heaf, resi stance t, e
resul ts(gr edﬁﬂi\ﬁzﬁyﬂrﬁ?ﬂ‘e .OSB%AE%I g8y g‘brarﬁf’pﬁ‘ﬁv@fsteai 149, bﬁiﬁﬁygﬂw the
Bl ock acid A~5) ;A resin _conposj.ti was_prepar .mxing and agitating in
a vial, cﬁ%‘béﬁt?pﬁ'ﬁs%?%%yo#h? ﬁ(gl%WdE% ig’gflhue% \%l‘ch had been synt hesi zed
in Exanple 1, 4.54 paids Ly \eight of Epicote 828, 0.60 part by weight of a
derivative fromtri meIC;i tic?atid by n-propylvinyl ether and 0.21 part by

wei ght of Nof curedCJp T@L__e_q-%ztppr, the resin conpgsition thus prepared was
Wi

applied over the tin ppnel tff the use of the bar coater, followed by
curing under the condijgions of 200C for one hour to obtain a cured film of
the resin conposition. Then the

(d) diphenylhydrogen phosphite (hereinafter abbreviated to "DPHP"), the

compound represented by the following formula (d):

: O':T—O—@ (d)

(e) 2-phosphonobutane-1,2,4-tricarboxylic acid (hereinafter abbreviated to
"PBTC", available from Jouhoku Chemical Industrial Co., Ltd.), the compound

represented by the following formula (e):
OH
O—P—OH

W

COOH

(e)

In the following, explanations will be described about the measuring
method and evaluation method used in the working examples of the present

invention.

1. Measuring conditions for ly1.NMR
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resul tant cured filmwas peeled apart fromthe tin panel to obtain a film
A5. In the sane manner as the filmA, the filmA5 was subjected to external
appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in
Tabl e 2. Exanpl el9 (Preparation of filmblended with Block acid A~6) A

resin conpagsition.was prepar.ed 1.X1 ng. angd itati hn i 9
parts by we %ﬁ’l? 8f WéQEPgW'aégéhﬁ{%itgﬂeha‘éﬁgggﬁ%sgﬁph’e |rzoet51%|&ril é%a?gﬁlpgn
1, 70 %g%;@{ti@é wei ght of Epicote 828, 1.14 part by weight of a

deri vat vé FomtH* el titic acid by n-propylvinyl ether and 0.21 part by

wei ght of Ngfj e&{ bflﬁ’lmeybqriglﬁhg?iﬁohhqgﬁﬁ%%ecorrposi tion thus prepared was

applied over t I'n panel w e use o bar coater, followed by

curing undegofvagt¢ 00 OPNSTHIS 2RAhde0 PRCRRGeri@ Fhidhplés CUrRd 7 iddd ofn
the resin conposition. Then the resultant cured fil mwas peeled apart from

the ti nCpaphrafiveRefdredcti ExaMple! NandeCTIOR, MMBestaasd diitein iIRxafiplédd to
filmA6 was subjected to external appearance observation, solvent

resi stampe test, conbustibility test, coloring observation and heat

resi stance test. The results are shown in Table 2. Conbarative Exanple 1
(Prepar 2t i oMeafsurienmerit obtachd eqdedaldrith Bl ock acid A) A resin conposition
was prepared by mxing and agitating in a vial, 5.06 parts by wei ght of

Epi cot e 828, Thedacpdr ¢quinaleaitgmasofmeasterdd, dni aecordana ovid d sy K 0070-3
n- propyl vinyl ether and 0.21 part by weight of Nofcure-LC-1. Thereafter,

t he resﬂq9%é)npositi on thus prepared was applied over the tin panel wth the

use of the _har coater, fol d curing under the conditions of
E’,. I\Reasurement ofoyleq\c’ieang%)urlfy 9

The yield and purity were determined by liquid chromatography
(hereinafter abbreviated to "LC"), followed by conversion.
Measuring conditions for L.C
Type of instrument: "SC-8010" produced by Tosoh Corporation.
Column: "Inertsil ODS-3" produced by GL Science Co., Ltd.
Elute: mixed liquid of methanol/propionic acid (4/1)
4. Measuring conditions for IR
Type of instrument: "FT/IR-600" produced by Japan Spectroscopy Co., Ltd.
Cell: tablet method employing potassium bromide
Resolution: 4 cm™!
Number of times of integration: 16 times
5. Measurement of molecular weight
The molecular weight was calculated from gel size permeation
chromatography (hereinafter abbreviated to "GPC")
Type of instrument: "SC-8010" produced by Tosoh Corporation.
Column: "SHODEX K-801" produced by Showa Denko Co., Ltd.
Elute: tetrahydrofuran (THF)
Detector: RI

6. Solubility test
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200C for one hour to obtain a cured filmof the resin conposition. Then the
resultant cured filmwas peeled apart fromthe tin panel to obtain a film
1. In the same manner as the filmA, the film1l was subjected to external
appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in

SPo 2o RIIHRLTSUBAS SRR BBl Do T o
ial, 5.69 i Epi 8, 4, . i .
T e P

el Ot B BOLEHTE: Y05 LonE SR (Bl (S LFR] N CRIRSST WA (e BiERA cheS

applie e tin panel "w € use o ar ¢oa

curi N JynBIiEAS AL gNe vl TsuaB)Qbdediogne hour to obtain a cured

_ pfl‘ (
filmof the resin conposition. n e resultant cured fil mwas peel ed
apart f7omgpedddspmditylsebtain a filmz2. In the same manner as the film
A the film2 was subjected to external appearance observation, solvent

resi stance 0aid paG@nbystéipHt 6F eheht of 8ahNRI1eB 00D PlairebypRekilgdat of epoxy
resi stance test. The results are shown in Table 2. Conparative Exanple 3

( Pr eparrtsinnobdip Herohidwllekdegp oV (' FDPN0EBBI' edrMAch aneAmavdil eble fvom Made
to prepare a resin conposition by mxing and agitating in a vial, 5.06
parts Dfasei gbo.,ofLtBpi coere SPliced. dutpaat siddy amd gthie afesmltent vatikterd roas
Cl C acid by n-propylvinyl ether, 20.0 parts by weight of unnodified MAcid
and 0. Btiyred: st poweitghpayfatNoé dar eneChour I-\blﬁ;év‘i-hrq usheofin aotelr,vard redter the
di ssol ved, .thereby form ng non- honogeneous and opaque suspensi on.

Ther eaftteFringpdt, Fag ablowed dgertand adoapp teaperadurentor 30 daysr Then a
the use .of the bar coater, followed by curing und t he conditions,.of 200C
for ondiRal ORFeSBREIGR ¥ ASMad el RPAHOAN GRETFESS Hh CHRPUSEOPIN. LHREAL he
resul tapt gur f#ilmvva peel ed apart fromthe tin panel to obtain a filmM
whi ch wis WORUHRPFSMMt®Bpaque and extrenely brittle. In the same nanner as

the filmaA, ﬁl@ecgﬁllbryslﬂaq@z%@ngguét%%ﬁdﬁi{;(g Jutt £ ng?xacﬂﬂ?@er FER VLSAS ﬂ&&f\g?ﬁgg .

sol vent resistance test test, coloring observation and

resi st gnegof L3trie HNG4 MESIH Mo t_EEISVOWI AN BlaRiRgredxam lie 20 (Preparation
of filmblended wth Block acid E) A resin conposition was prepared by

m Xi ng ANdVBgH edd ABnkt dfacyd dlalud- 57 parts by weight of the Block acid E
whi ch had been synthesized in Exanple 5, 2.70 parts by wei ght of YDPN 638

and 0. 13 pafhe byidwiadht whsNefleul£tddChy. adherataly eveighiagr assampdepasidt ben
t hus prepared was applied over the tin panel with the use of the bar
coat er titmiti emedwitth c upitagsivmier hydeostalethamsl ofsolution having a known
concentration.
10. Solvent resistance test
Solvent resistance was tested by rubbing a sample in 30
reciprocation times with kim wipe (trade name; available from Kresia Co., Ltd.)
impregnated with acetone, and visually observing scratch.
11. Observation of coloring
A sample film was heated in a hot air wind oven under the heating
conditions of 230°C for 30 minutes, and the extent of coloring was visually
observed.
12. Heat resistance test

A sample film was heated, and the temperature at which the weight

thereof was decreased by 5 % was regarded as thermal decomposition
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72 - 200C for one hour to obtain a cured filmof the resin conposition.
Then the resultant cured filmwas peeled apart fromthe tin panel to obtain
afilmE |In the same manner as the filmA, the filmE was subjected to

ext ernal appearance observation, solvent resistance test, conbustibility
test, coloring observation and heat resistance test The results are shown
in Table 2. ExamIn 21 (Preparation of f|| ed.wth Blo F
resin c&ﬁﬁﬁ’ﬁ”@it@ﬁev\é@"% r ERPIBLARG & (AP ﬁﬁa gan Agei #t aé“{ﬂ‘éi()wal?&?l) the
parts by t .of the Bl.ock acid F which nth sized in Exanple
B 67 BT PR b SoRmE e G POVEPRP S A SCE 8356 P B Oy TGt  of

Nof cur e- LC-l Thereafter, the resin conposition thus prepared was applied
over the tin panel with the use of the bar coater, followed by curing under

the COﬂ tfl 98 E2 9G lfeorl ?é;)??tt}xoe%rist f;iFI&élia %gggflgdugél(gg%ff, (ﬂﬁ[r% S'aré the

corrp05| cure m Was ed apar
panel %?p afilmF. In the sanme manner as the filmA, thefllmeas
subj ect 8 to external appear ance observation, solvent resistance test,

combusti bi | iy fBﬁ§tne&P|@£élE‘ge%§ﬁ?ﬂé@tW% ad’@e'i’ﬁ?ﬁ é(ﬁfdé{s%'}ceat%l‘rer-r%d a
results are shown in Table ?~ a 22 (Preparation of film bl ended

with Bl Qilkrafdiefdr Avdedih@RaPasithi 90, MWaarps aparesight ot X OA,an8. Kgdmsi by
inavial, 3.61 parts by weight of the Block acid G which had been

synt hesmz@sthtn offx ttmelonid , add62mphriG.0bpasts ghy wleiybPNo 3R etomlitdiled padt thy
wei ght of Nofcure-LC-1. Thereafter, the resin conposition thus prepared was
appl i ed reseltarite mlxtupansdawehctelde wish ohet anotlwr adaBerC fal Hohearpyunder
curing under the conditions of
stirring. When the reaction liquid thus formed was cooled to room temperature,
white crystal was precipitated and accordingly separated by filtration. When
the white crystal thus obtained was dried with the use of a vacuum dryer under
the conditions of 20 mmHg, 80°C for one hour, there was obtained 44.7 g of a
white crystal having a melting point in the range of 191 to 198 C and an acid
value of 171 g/mol. A measurement was made of 1H-NMR of the product with a
result that peaks were confirmed at 7.27 to 8.15 ppm (m, H8), at 3.31 to 3.32
ppm (m, H1) and at 2.50 to 2.82 ppm (m, H2), and thus the structure of product
represented by the foregoing formula (15) was confirmed.
Further, a measurement was made of the purity of the product. As a
result, the purity was 98.4% by weight, while containing 1.6% by weight of

itaconic acid as an impurity. The yield thereof calculated on the basis of the

amount of charge was 88.0% by weight.

Reference Example 2 (synthesis of M-Acid by the use of acetonirile and PMAc
as the solvents)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid, 20.0 parts by weight of acetonitrile and 30.0 parts by

weight of PMAc (methoxypropyl acetate), and the resultant mixture was
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200C for one hour to obtain a cured filmof the resin conposition. Then the
resultant cured filmwas peeled apart fromthe tin panel to obtain a film
G In the sane nmanner as the filmA, the film G was subjected to external
appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in

fasin cBRPEIGA EHARAAE B g {ahcdaBPREE | RGAPh spnag When the

S 5 S ARG S
LG . i 1.0 op. d

appi 1 ca?SeEP AR Fd, BoaoRlielf deF B L8R e RPichl TRl Wil St grvotan

curing YRHE o HAEnEQ WL id%i‘édt itk %€ L84 OPQEVM?I;[ {?ﬂféﬁt #hQef th r&%éi‘tiﬁsﬁf&f

the resin conposition. Then e resultant cured was peel ed apart

the tingpapghHE 0@ ford onel Moldr, | thelrBewSdMBL PRMRN 48561 P&off bl WiAte &S stal
filmH was subjected to external appearance observation, solvent resistance

test, chaRisgiPichélting@dintdal Hd RENGBST Y96 iten @@ heatd aesheidvadud 831172
The results are shown in Table 2. Exampl e 24 (Preparation of film blended
wi th Bl gfikodciAdmeastire@séemt dapatddd of MaN MR pAr b pyoduxi Rdthng ragultathagy
inavial, 4.96 parts by weight of the Block acid |I which had been
synt hespeeltsiweEx @opfirnded 4t8D.2Fatd 8. Ly ppen dhi, HB) YBPS.5B80a31820pRin f(my, tH by
wei ght of Nofcure-LC-1. Thereafter, the resin conposition thus prepared was
appl i edavdeat 2:80ttion2 H2npp nwi(th HEbh ané thfus Hee isaructoaeert pfad wcteeptepgented
curing lL;nd r }he condj tions <()f )

y the foregoing formula (15) was confirmed.

Further, a measurement was made of the purity of the product. As a
result, the purity was 99.4% by weight, while containing 0.6% by weight of
itaconic acid as an impurity. The yield thereof calculated on the basis of the

amount of charge was 92.6% by weight.

Reference Example 3 (synthesis of M-Acid by the use of PMAc as the solvents)
A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid and 30.0 parts by weight of PMAc (methoxypropyl
acetate), and the resultant mixture was reacted with one another at 122°C for
2 hours under stirring. At that time, white crystal was precipitated. Further
stirring was continued for one hour, the reaction liquid thus formed was cooled
to room temperature, and the white crystal was separated by filtration. The
white crystal thus obtained in an amount of 20 parts by weight was dried with
the use of a vacuum dryer under the conditions of 20 mmHg, 80°C for one hour,
there was obtained 48.4 g of a white crystal having a melting point in the range
of 196 to 198 °C and an acid value of 172 g/mol. A measurement was made of
IH-NMR of the product with a result that peaks were confirmed at 7.27 to 8.15
ppm (m, H8), at 3.31 to 3.32 ppm (m, H1) and at 2.50 to 2.82 ppm (m, H2), and
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200C for one hour to obtain a cured filmof the resin conposition. Then the
resultant cured filmwas peeled apart fromthe tin panel to obtain a film
. In the same manner as the filmA, the filmIl was subjected to external
appear ance observation, solvent resistance test, conbustibility test,

col oring observation and heat resistance test. The results are shown in

composi 11'5h Wiks ShraaPEg Sty PiddittcramsBhRE T, e b ) () B3I

wei ght &;nﬁ?&h% ock acid J which had been synthesized in Exanple 10, 4.29
parts by wei get ‘'of YDPN 638 and 0.21 part by weight of Nofcure-LC-1. 74

Thereafter, phed §i ﬁ%gggg%h{e% w}ésf[%ﬁwa(;fgggéva@ugﬁgl deth%V?)"rﬁFeilﬁ%tf[ Ay a

panel with the use’o coat er, owe uri hg under 't

condi ti pns,1f %ﬁgoﬁum& & B9t ByoRiaERt awAHIEEohithihidfg ONBY &5 Rveight of

conposi tion. en the'resultant cured frlmwas peeled apart fromthe tin
panel tRa@Bhet Acad fdd BMn) impuritie Theeyigddngierasf tdadchldtedfonttire bialsis dfvere

subj ected to external appearance observation, solvent resistance test,
conbust ahiduntyof eBhrge ot as O6g4 YUbdeyr watighh. and heat resi stance test. The
results are shown in Table 2. Table 2 FilnP content (~ by wt)Film
Appear anceSol vent Resi st ance
Reference Example 4 (synthesis of M-Acid by the use of acetonitrile as the
solvent and DBU as the catalyst)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid, 50.0 parts by weight of acetonitrile and 0.5 part by
weight of DBU, and the resultant mixture was reacted with one another at 81°C
for 4 hours under stirring. When the reaction liquid thus formed was cooled to
room temperature, white crystal was precipitated and accordingly separated by
filtration. When the white crystal thus obtained was dried with the use of a
vacuum dryer under the conditions of 20 mmHg, 80°C for one hour, there was
obtained 47.4 g of a white crystal having a melting point in the range of 193 to
198 °C and an acid value of 170 g/mol. A measurement was made of 1H-NMR of
the product with a result that peaks were confirmed at 7.27 to 8.15 ppm (m,
H8), at 3.31 to 3.32 ppm (m, H1) and at 2.50 to 2.82 ppm (m, H2), and thus the
structure of product represented by the foregoing formula (15) was confirmed.

Further, a measurement was made of the purity of the product. As a
result, the purity was 98.7% by weight, while containing 1.2% by weight of

itaconic acid as an impurity. The yield thereof calculated on the basis of the

amount of charge was 93.6% by weight.

Reference Example 5 (synthesis of adduct of DEHP with itaconic acid by the
use of PMAc as the solvent)
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UL94TM Col ori ngHeat Resi st anceExanpl e 11A4. 1AAAAV- 0AAAAExanpl e

12B3. 5AAAAV- 0AAAAExanpl e 13C3AAAAV- 0AAAAExampl e 14D2AAAAV- 0AAAAExanpl e
15A23. 5AAAAV- 0AAAAEXanpl e 16A33AAAAV- 0AAAAExanpl e 17A44. 1AAAAV- 0AAAAEXanpl e
18A54. 1AAAAV- 0AAAAEXxanpl e 19A64. 1AAAAV- 0AAAAExanpl e

20E4. 1AAAAV- OAAAAEXanpl e 21F4. 1AAAAV- 0AAAAExanpl e 22G4. 1AAAAV- 0AAAAExanpl e

e RSO ENEND ALy v
Coam) AP RISWIL, SoO R b M o b

conpongnt cgﬂtt hyst hﬁcgg%%élﬂn a2fd @0 pepabts o) cwbalid offr PMRlce('ﬂl'e@Hoxypropyl'

conposi ti *"Regardi ng Fi | mappearance, it" was Vvisually observed and

means GRleht&R Sl dhie’ A4 ED mikure ‘w REGRaltod with oNeldnsiher af 1a@°®ef6r
resistance test, "AA" nmeans free fromdefect and "CC' neans that the film

was aparesiirsy Iﬁ&ﬂélersQﬁrﬁﬁQmW&mthe PMAQ4¥Msi ddlétdtileds afmasyl ifdef reduced
conmbustion test and "CC' neans non-standardi zed. * Regardi ng the eval uation

of the pelsenirag(2h3emidg) cit, théAe mpearsturiet b680Celfonwineg hoeiror 20 8ngaatd dry
heating and "CC' nmeans with yell owi ng apparently confirnmed befor e or after
heat i ngvetgltegfiydilog diqiidawiasroltfainkd. Hemeassiesment avaesnade A " HelMMR of
that the thermal deconposition tenperature of the sanple being 330C or

hi gher theBproduahsvithaa resalt Hérrartape@éemucpnéwntedmér 41Qf gooft. 2hersarfmm e
bei ng |ower than 330C and at ,| east, 310C, means that the _thermal
deconpddfli 8h 3t dber Adm BPBRi(RYy g?l\e?ttQh%ﬁ tSl%)ézERHFPpI B, 2@15 Iﬁrrébz}r 57|t8n1§f4

| am nate A n I kachasf refard ) Aresin 0 nvvas
pr epar éw’bﬁﬂ’ gﬁg gﬁﬂsad tV&?Pn"gO’? r‘é‘e\% ﬁ* t3&‘7"7 ShERERuLS, Q?\.eﬁg‘h ‘l“ﬁewas
Bl ock acid A iz n Exanple 1, 3.24 parts by wei ght
of YD@%pfﬁfenf?ﬁg)&'e?ﬁﬁgg QB fﬁ' g‘)ﬁn Tout o Kasei Co.,Ltd. ~ epoxy resin
of cresol novol ak tyce’\é5 35 parts by wei ght of "Nof cur e- LC- 1 " (trade
nane, avail able from &)r poration heat |atent type catal yst) and 3.90
parts by weight ofc L pethyl ketone. Thereafter, the resin conposition
thus prepared was applied |over M surface of a copper foil "3EC 111" (trade
nane, available fromMts M ning and Snelting Co.,Ltd. and having the
thickness of 18 a m wth &t use of the bar coater. After prebaking at
145C for 3 m nutes, a tack-free resin coated surface was obtained.

Subsequent | vy, three "LCP@@T‘sC oL THOQsul t ant. rgsi n coated foils were

| am nated so that the .cop I r||_f0|l and the resin coating were alternately

superi nposed, and the exposed resin coated surface was covered with S
surface of the copper foil, followed by curing with a press under pressing

condi tions 60 m nutes and 200 /cC After. the essin her e

condi (T ons, o1 4800 S0TAINLS3 200, 200 kel 9 thé HhithgSh e Rrbflckndes 2

of about 2?9 the purity was 97.6% by weight, while containing PMAc, DEHP and
itaconic acid each as trace impurity. The yield thereof calculated on the basis of
the amount of charge was 98.0% by weight. Hereinafter, the resultant

phosphorus-containing carboxylic acid compound is referred to as DEHP-Ita A.

Reference Example 6 (synthesis of adduct of DEHP with maleic acid by the use
of acetonitrile as the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and .a
thermometer was charged with 38.0 parts by weight of DEHP, 32.0 parts by
weight of maleic acid and 30.0 parts by weight of acetonitrile, and the resultant

mixture was reacted with one another in an autoclave at 110°C for 4 hours
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Exanpl e 27 (Preparation of LED covered with resin conposition blended with
Block acid A) Aresin conposition was prepared by m xing and agitating in a
Vial, 4.70 parts by weight of the Block acid A which had been synthesi zed
in Exanple 1, 3.24 parts by weight of "EHPE-3150" (trade name, avail able
from Dai cel Chem cal Industries Ltd. alicyclic epoxy resin in solid form,
0.40 part by weight of "Nofcure-LC 1" (trade nane, avail able from NOF

Cor por afriduy atiredtg) aWéhént thpe RMiAd wety dastdlledd@wrar ttender wedghed of ressuirg|
ethyl ketone. Thereafter, an LED (light emtting diode, available on the
mar ket (20d@mi 4t aHe teanpetasRBAHBI0Cwéer dhppeeiu,n69He paats by weight of
conposi tion thus prepared, then dried at roomtenperature fog 10 m nutes
and hegedkbvat ligd s obdabwed. fAirmeasuzemeadcWas wadenodr - HralMdbvel it
filmthus obtained was col orless transparept, and had a filmthi cbnei_f of
about 3eoduchwithea cevutethaEpeaks veeis eerBames ahr hantard-ds Redy (1gy H4), at

[ h [ h | fl f h A -
ED cadgiB 1 3 Lpper (Endd).ateuas 2-1BmiAcis, D whd a0 Bt SN, Ho),
| et el [ t f t he f . On th
Contr aApd ERESCH, Brece P WL U e HeLhee Fgrh e 5 XaEdrpdcsented by

t hereafter nd. when_ it sykept at a distance after catching fire, the

f1 ame éhﬁgwfl‘f%b?%g?r%gg\ggh-exti ngui shed. | NDUSTRI AL APPLI CABI LI TY The
phosphor us- cont ai ni ng carboxylic acid derivative according to the present
invention is utiIizeq% s_a flame retardant, coloring preventive agent and
heat resistance-inparzﬁﬁg|agent, and for a resin nolded article, |am nate,
resin casting mat ite0T&5+@ sealing material, adhesive, covering nmateri al
and the |like on the basis |of such characteristics that are inparted thereto
as self 77 and heat resistﬁnce-inparting"agé t, and for a resin nolded
article, lamnate, He®O+—CasCrPPterial, resin sealing materi al

adhesi ve, covering nateriﬂl énd the like on the basis of such
characteristics that are inparted thereto as self fir e-extinguishing
property, flame retardancy, coloring preventiveness and heat resistance. 78
CLAIMS 1 . Aflane retardant conprising as an effective ingredient, a
phosphor us-cont ai ni ng carboxylic acid derivative which has a group
cont ai ni ng phosphorus atomand has in its nolecule, a group represented by

the foll ow formula (1): OR~ Il -CGCOGY- . ... CH wher.ei n. R1 d

R3 are each%ﬂy&g‘ﬁﬁeﬁ" éﬁﬁ%’?‘b‘?elﬁeﬁ)tzdwaéam?gr? é’lfohlbe t%\l/giﬁ 9 ttglelgrgg‘rlg%n%% a

atorms, r%g%l’zf Itﬁeof)(l)fﬂet?f %%%%8?5%”%9”%%89} while containing PMAc, DEHP and
itaconic acid each as trace impurity. The yield thereof calculated on the basis of
the amount of charge was 69.7% by weight.

Hereinafter, the resultant phosphorus-containing carboxylic acid

compound is referred to as DEHP-Mal A.

Reference Example 7 (synthesis of adduct of DPHP with itaconic acid by the use
of PMAc as the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 45.0 parts by weight of DPHE, 25.0 parts by
weight of itaconic acid and 30.0 parts by weight of PMAc (methoxypropyl
acetate), and the resultant mixture was reacted with one another at 120°C for
6 hours under stirring. When the PMAc was distilled away under reduced

pressure (20 mmHg) at the temperature of 100°C for one hour, 69.5 parts by
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2 . A phosphorus-containing carboxylic acid derivative which has a group
.cont ai ni ng phosphorus atom and has in its nolecule, a group represented by
the following formula (1): OR~- 1l | -GOCY- ... (y) CHR3 wherein R1,
R2 and R3 are each hydrogen atom or a hydrocarbon group having 1 to 18
carbon atons, and Y is oxygen atomor sulfur atom 3 . The

phosphor us-cont ai ni ng carboxylic acid derivative according to daim 2,

wher ei n waightgobHypllosplrpedt wadshyb ttaheefloAm eagudement vgammp)ademfegélﬂNMRbyf
the followng fornmula (2): 79 OR- -GCOCY-R- CHR3 R2 wherein Rl, R2
and R3 dhe paefuhyavidhea wasoit dhad peakeoae botogfivopediati Aglil tbo7 A5 pampdm,

atons, R4 is a hydrocarbon group having 1 to 18 carbon atons, R3 and R |
may be tﬁﬂ@gdat 88de 4:0ppmadam,YH2, aty$82 te Gn3dmmml fmy Hlbandiat 2184 to

phosphor us-cont aj ni ng carboxylic acid _ derivative according to Claim 2,

wher ei n = 80d\®\r &é}’ radpt dBust ab was eonfirmedithat thej stracgnse o rtder prediteldwns
the following forpyla (3),:.,OCHs |I ( ..,(3) -G O- C- O-Ra Hwherein R4
is a hyd't%’é'&ﬁ%ﬁﬁe‘grubé’ubhﬁzgﬂlﬁ@”?gt rpgulafBhn atons. 5 . A pol yheni acet al

t ype phosphorus-containing carboxylic acid derivative within the categories
of Claim2 conprising as a repeating unit, a group represented by the

followng formula (4): R@O

Further, a measurement was made of the purity of the product. As a
result, the purity was 98.5% by weight, while containing PMAc, DEHP and
itaconic acid each as trace impurity. The yield thereof calculated on the basis of

the amount of charge was 97.8% by weight.

Hereinafter, the resultant phosphorus-containing carboxylic acid

compound is referred to as DPHP-Ita A.

Comparative Reference Example 1 (synthesis of M-Acid by the use of propionic

acid as the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid and 50.0 parfs by weight of propionic acid, and the
resultant mixture was reacted with one another at 140°C for 8 hours under
stirring. During the course of the reaction, temperature control was difficult
because of vigorous refluxing. When the reaction liquid thus formed was cooled

to room temperature under stirring for 12 hours, white crystal was precipitated
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-p-CR-CGCOCY-R-Y-C- (4) CH-RBCH-R3 RR2 ~ R2 wherein Rl, R2 and R3
.are each hydrogen atom or a hydrocarbon group having 1 to 18 carbon atons,
Y is oxygen atomor sulfur atom R5 is a bivalent organic group having 1 to
25 carbon atonms, and R6 is a bivalent organic group which has 1 to 30
carbon atons and conprises a group containing phosphorus atons. 80 6 .

e 7o XRATSER T e PR B AT P, SR S L e,
0 00 SEIE L Vb RN BRAPAD) nD UBEE 20 mmite, s

to 25 cabeRe HOHE baldRovSl 8f Hr6di6Rtc QEHP%H%r%%EpiMPBQQbT@gA% %ﬁre@sqllt,

carbon atons and conpri'ses a group containing phosphorus atom

phosphogiysre @alsd Biaide 8 U BXY bF & Wit Qﬂ‘ét‘é@‘lﬂa%n?%ﬁiélitﬂﬂg beiiin Ohe Padiges
2 to 6 wherein said group containing phosphorus atomis represented by the

fol I owi §f108r t81186( 7T &hdPam acid ¥abue®dR16Theeold Rimbastysiheatnyatofade ¢
organi c_group having 1 to 20 carbon atonms, RS is an organic group having 1

to 20 cAHBIM® ofrthe anddueewitht i rBEunth&Bpanksaners ganfiengydup,7. ey Smyp
be bonded to each other. 8 . The phosphorus-containing carboxylic acid
deri vat pym &g dd8),nat B3 by HB2P@minnem2 HD #ndiedr 2i60 tai2d82paup (conti)nang
phosphorus atomis represented by the following fornmula (8): O -~P~--Q-R~
o- Rothus the structure of product represented by the foregoing formula (15) was
confirmed.

Further, a measurement was made of the purity of the product. As a
result, the purity was 98.7% by weight, while containing 0.5% by weight of
itaconic acid and 0.4% by weight of propionic acid each as an impurity. The
yield thereof calculated on the basis of the amount of charge was 95.2% by
weight.

The white crystal thus obtained had strong odor originating from
propionic acid. In view of the above, 10 parts by weight of the white crystal was
suspended in 100 parts by weight of water, and the resultant suspension was
filtered. The operation of washing with 100 parts by weight of water was

repeated 5 times, but removal of irritating odor of propionic acid remained

impossible.

Comparative Reference Example 2 (synthesis of M-Acid by the use of water as

the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid and 50.0 parts by weight of water, and the resultant
mixture was stirred at 100°C for one hour. During the stirring, the solution

turned into powder without proceeding of any reaction.
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S wherein RO and R10 are each hydrogen atom or an organic group having 1 to
.20 carbon atons, and when both RO and RLO are an organic group, they may be
bonded to each other. 9 . The phosphorus-contai ni ng carboxylic acid
derivative according to any of Clains 2 to 6 wherein said group containing
phosphorus atomi s represented by the follow ng fornula (10):

X2X1Xs~-F¥d v ardativd i’n'ef@g}{ce E%ﬁéﬁﬁe vr;lpegs Xlrsteﬁ{) %%]cdﬁg bi{]gpﬁgfh gpé)f

atom or @ group tnat nay pe the Sdane as o

each hyqsggggpghgmasat%gmql tomor a hyd_roear bon group having 1 to 5

carbon at ane re ardant conprising as an effective

i ngredi ent, EAhQ'oQJi'Oﬁ@aPrﬂﬁsEOQ&ﬁi@&Q ﬁ?ﬂp%yllé@f‘cé&(g&{ée\ﬁat hVEtidFerCind a

forth in any of Clainms 3 to 9. rocess producin
phosphortkereosinaitsr ﬂﬁaé“&ﬁhkg@@”vh%hagodl Tty y K9 s h f
Clainms 2 to 6 which conprises a step of ??actr n% aeg%})tsgﬁolggs‘&c%?tr%tﬁlntg by
car boxylweiglti dfcorqrowid heidr iargl bBOI0 P 085 bbyyhieigBE ObHP 1§6§rmﬂhoﬁﬁa the
atomwith a vinyl ether conpound, a vinyl thioether conpound, a divinyl

et her cowpultahbmixtdirei was tddaedher 1d0iPofnnd8 Rodrs urdepsoaesss § difter the
produci ng a 1’%‘:‘tosphorus cont ai ni n di carboxylic acid derivative according to
d ai m 1xromueredion sérfdxqoneemonut, cm@atmméq&id thns éoiboeg | wa s aviode & dopmon
i's produced by subject] ng (A), a P- r oup- cont ai ni ng phosphorus conpound
and (B) §H3Eﬁ1"s"é3t“r}’@at"\é]d1 8 Y tBBBi e ﬁoraégdl@a@a st @osselidiwas mawcipitatedl Then,

M chael ,additi actr n by us acetonitrjle or methoxypropyl
acet at e '2€ L£af F?f& pay E’éét@’gﬂ ‘i/g’rﬂt Be MjAgidywasadetestedenper at ure in

the range of 50 to 150C

Comparative Reference Example 4 (synthesis of M-Acid by the use of methyl

isobutyl ketone as the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid and 50.0 parts by weight of methyl isobutyl ketone, and
the resultant mixture was reacted at 140°C for 8 hours under stirring. After
the completion of the reaction, the reaction liquid thus formed was cooled to
room temperature, while stirring for 12 hours, but no solid was precipitated.

Then, the reaction liquid was analyzed, but no M-Acid was detected.

Comparative Reference Example 5 (synthesis of M-Acid by the use of

cyclohexanone as the solvent)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.1 parts by weight of HCA, 19.9 parts by
weight of itaconic acid and 50.0 parts by weight of cyclohexanone, and the
resultant mixture was reacted at 140°C for 8 hours under stirring. After the
completion of the reaction, the reaction liquid thus formed was cooled to room
temperature, while stirring for 12 hours, but no solid was precipitated. Then,

the reaction liquid was analyzed, but no M-Acid was detected.
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1 3: Aresin conposition which conprises a synthetic resin bearing inits
ol ecul e, at |least two reactive groups that are each reactive with a
tarboxylic group and the phosphorus-containing carboxylic acid derivative
as set forth in any of Clains 2 to 6. 1 4 . The resin conposition according
to Caim13, wherein said reactive groups are each an epoxy group. 1 5. A
resin nolded article obtained by curing the resin conposition as set forth
in daiml1l3. 1 6 . A lamnated sheet conprising a substrate and the
resi n- mob @ 3hkivd ® e B9 @¢hhésis df Ni- Ac’fdoc%)’?ﬁgqls%r bt Kyfene as
conprising a substrate an a coverlng ' ayer forned applying saird resin
conposi tthens@dvemd) forth in Caim13 over at |east a part of surfaces of
said substrate. 1 8 . The covered article according to Claim17, wherein
sai d coveringd Ifayernéck fflatkeeqalgmel ¥dth a reflux condenser, a stirrer and a
AAF.AS. A, (T.AS(T. A & A Ay. AL. ALe. Ase. Ae. A&e. A@ . A. Afy. A@ A9?. A9. ANL. Af s. A%
AL A& AleAid{@mAtdis . wiSs Ath g eASwith ABO ASphyrté\. By Ay éight Af ASCA ALB. A F@ts by
CACATL AL AS AL, L AA AT A Al @ A& AS9. AAy. A, & A ASL. Af {?. Ays. A@ AS. AS. Af 9. A1
AS. A ; . ABSighs. ofataconis. Asfy andAb0 ASpasyd b SreAght Affvxydéned(dnd sHeTvdSultEnt
TWIW( W #. 2° <?| 8x<<><<B| xxppppx0<0>?<<8<xpxx| 8>>>| 8| 8Bx8xpx| p8<?<8<<?| >px]| <
>| <p8x<ixiguexwas| reanirdoak 148fC fox| 8| howrm under Btirring-Adtex the>¢ommp]etion

xX>0p| <x <p>8| < >’7’7 ?| KXX<SX<>X| <?Pp<<>~<<pX?8<| 8?2XX<LK~P<yXX<><BXpp| <~?~| |
2<8x7?<| f:% 14 3cthon gyhe geaction liquid thus formed was cooled to room temperature,
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5555‘V6nﬁg ained 1n t eference Example 8, 31.9 parts by weight of n-propylvinyl
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The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, two functional groups represented by the foregoing formula (2)
and had phosphorus atom content of 5.98% by weight. In the following, the
phosphorus-containing carboxylic acid derivative thus obtained is referred to as
Block acid A. The solubility test and the storage stability test were carried out

for the Block acid A. The results are shown in Table 1.

Exémple 2 (phosphorus-containing carboxylic acid derivative produced by
modifying M-Acid with tert-butylvinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 25.4 parts by weight of M-Acid which had been
obtained in the foregoing Reference Example 3, 17.6 parts by weight of
tert-butylvinyl ether, 7.1 parts by weight of 2-butanone and 0.025 part by
weight of AP-8 (phosphoric acid catalyst, available from Daihachi Chemical
Industrial Co.,Ltd.). The resultant mixture was stirred under the conditions of
85°C for 2 hours. The reactivity which was calculated from the measured acid
value was 99.1 % . Then unreacted tert-butylvinyl ether and unreacted

2-butanone were removed with the use of an evaporator under the conditions of
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group was not confirmed from the infrared absorption spectrum have rendered
it possible to confirm that the carboxylic group of the M-Acid was modified with
the tert-butylvinyl ether. That is to say, the objective phosphorus-containing

carboxylic acid derivative has the structure represented by the following

0-P=0
CH,

AR 3 S WAV

The objective phosphorus-containing carboxylic acid derivative had in its

formula (j):

= ()

one molecule, two functional groups represented by the foregoing formula (2)
and had phosphorus atom content of 5.67% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid B. In the same manner as in Example
1, the solubility test and the storage stability test were carried out for the

Block acid B. The results are shown in Table 1.

Example 3 (phosphorus-containing carboxylic acid dérivative produced by
modifying M-Acid with ethylhexylvinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 21.0 parts by weight of M-Acid which had been
obtained in the foregoing Reference Example 3, 22.8 parts by weight of
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xylvinyl ether, 6.2 parts by weight of 2-butanone and 0.025 part by
weight of AP-8 (phosphoric acid catalyst, available from Daihachi Chemical
Industrial Co.,Ltd.). The resultant mixture was stirred under the conditions of
120°C for 2 hours. The reactivity which was calculated from the measured acid
value was 99.6 % . Then unreacted ethylhexylvinyl ether and unreacted
2-butanone were removed with the use of an evaporator under the conditions of
20 mmHg and 50°C (the acid value after the vacuum concentration being 4.47
mg KOH/g.)

The product thus obtained was light yellow transparent highly viscous
liquid. The infrared absorption spectrum thereof is shown as FIG. 4. The facts
that the acid value of the product was remarkably low as compared with that of
the M-Acid, and that any absorption assigned to the carboxylic group was not
confirmed from the infrared absorption spectrum have rendered it possible to
confirm that the carboxylic group of the M-Acid was modified with the
ethylhexylvinyl ether. That is to say, the objective phosphorus-containing

carboxylic acid derivative has the structure represented by the following

\/\j\/ 0—2;:) o
RE Sy
/)/\/\

The objective phosphorus-containing carboxylic acid derivative had in its

formula (k):

one molecule, two functional groups represented by the foregoing formula (2)
and had phosphorus atom content of 4.71% by weight.
In the following, the phosphorus-containing carboxylic acid derivative

thus obtained is referred to as Block acid C. In the same manner as in Example
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Example 4 (phosphorus-containing carboxylic acid derivative produced by

modifying M-Acid with isobutylvinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was chargéd with 25.4 parts by weight of M-acid which had been
obtained in the foregoing Reference Example 3, 17.6 parts by weight of
isobutylvinyl ether, 7.1 parts by weight of 2-butanone and 0.025 part by weight
of AP-8 (phosphoric acid catalyst, available from Daihachi Chemical Industrial
Co.,Ltd.). The resultant mixture was stirred under the conditions of 100°C for 4
hours. The reactivity which was calculated from the measured acid value was
99.1% . Then unreacted isobutylvinyl ether and unreacted 2-butanone were
removed with the use of an evaporator under the conditions of 20 mmHg and
50°C (the acid value after the vacuum concentration being 6.73 mg KOH/g).
The product thus obtained was reddish yellow transparent highly viscous liquid.
The infrared absorption spectrum thereof is shown as FIG. 5. The facts that the
acid value of the product was remarkably low as compared with that of the
M-Acid, and that any absorption assigned to the carboxylic group was not
confirmed from the infrared absorption spectrum have rendered it possible to
confirm that the carboxylic group of the M-Acid was modified with the
isobutylvinyl ether. That is to say, the objective phosphorus-containing

carboxylic acid derivative has.the structure represented by the following

O—P=0

/I\/O o CH | = ()
\r 0
\(l;,_<—u\o/Lo/\l/

formula (1):
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The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, two functional groups represented by the foregoing formula (2)
and had phosphorus atom content of 4.71% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid D. In the same manner as in Example
1, the solubility test and the storage stability test were carried out for the
Block acid D. The results are shown in Table 1.

Example 5 (phosphorus-containing carboxylic acid derivative produced by
modifying M-Acid with cyclohexyldimethanoldivinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 31.3 parts by weight of M-acid which had been
obtained in the foregoing Reference Example 3, 18.7 parts by weight of
cyclohexyldimethanoldivinyl ether (CHDVE) and 50 parts by weight of
methoxypropyl acetate (PMAc). The resultant mixture was stirred under the
conditions of 100°C for 3 hours. The reactivity which was calculated from the
measured acid value was 98.3%. Then unreacted CHDVE and unreacted PMAc
were removed with the use of an evaporator under the conditions of 20 mmHg
and 50°C.

The product thus obtained was light yellow transparent highly viscous
liquid. The infrared absorption spectrum thereof is shown as FIG. 6, and the
lg-NMR spectrum thereof is shown as FIG. 7. Further the molecular weight
thereof was measured in accordance with the foregoing GPC procedure. As a
result, the weight-average molecular weight (Mw) was about 12,000, from
which the average degree of polymerization “n” was calculated as being 22.

The facts that the acid value of the product was remarkably low as
compared with that of the M-Acid, and that any absorption assigned to the

carboxylic group was not confirmed from the infrared absorption spectrum have

rendered it possible to confirm that the carboxylic group of the M-acid was
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represented by the following formula (m):

0=P—0O

o.__0O =
X0 OTO\“—}_O"/ \r

O ni

(m)

~—

The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, 22 functional groups represented by the foregoing formula (3) and
had phosphorus atom content of 5.6% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid E. In the same manner as in Example
1, the solubility test and the storage stability test were carried out for the

Block acid E. The results are shown in Table 1.

Example 6 (phosphorus-co'ntaining' carboxylic acid derivative produced by
modifying M-Acid with 1,4-butanedioldivinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 34.9 parts by weight of M-Acid which had been
obtained in the foregoing Reference Example 3, 15.1 parts by weight of
1,4-butanedioldivinyl ether (1,4-BDVE) and 50 parts by weight of

methoxypropyl acetate (PMAc). The resultant mixture was stirred under the

h Y
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measured acid value was 98.6% . Then unreacted 1,4-BDVE and unreacted
PMAc were removed with the use of an evaporator under the conditions of 20
mmHg and 50°C.

The product thus obtained was light yellow transparent highly viscous
liquid. The infrared absorption spectrum thereof is shown as FIG. 8, and the
l1H-NMR spectrum thereof is shown as FIG. 9. Further the molecular weight
thereof was measured in accordance with the foregoing GPC procedure. As a
result, the weight-average molecular weight (Mw) was about 8,000, from which
the average degree of polymerization “n” was calculated as being 16.

The facts that the acid value of the product was remarkably low as
compared with that of the M-Acid, and that any absorption assigned to the
carboxylic group was not confirmed from the infrared absorption spectrum have
rendered it possible to confirm that the carboxylic group of the M-Acid was
modified with the CHDVE. Moreover, it can be seen from the increased
molecular weight that polymerization reaction took place. That is to say, the
objective phosphorus-containing carboxylic acid derivative has the structure

represented by the following formula (n):

0=P-0
X
oo JLYTe
Z o ‘T’ I 0 ~

- (n)

The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, 16 functional groups on an average represented by the foregoing
formula (3) and had phosphorus atom content of 6.3% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
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(G%hgx)s obtained is referred to as Block acid F. In the same manner as in Example
1, the solubility test and the storage stability test were carried out for the

Block acid F. The results are shown in Table 1.

Example 7 (phosphorus-containing carboxylic acid derivative produced by
modifying M-Acid with triethylene glycol divinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 30.9 parts by weight of M-acid which had been
obtained in the foregoing Reference Example 3, 19.1 parts by weight of
triethylene glycol divinyl ether (TEGDVE) and 50 parts by weight of
methoxypropyl acetate (PMAc). The resultant mixture was stirred under the
conditions of 100°C for 3 hours. The reactivity which was calculated from the
measured acid value was 99.1% . Then unreacted TEGDVE and unreacted
PMAc were removed with the use of an evaporator under the conditions of 20
mmHg and 50°C.

The product thus obtained was light yellow transparent highly viscous
liquid. The infrared absorption spectrum thereof is shown as FIG. 10, and the
1H-NMR spectrum thereof is shown as FIG. 11. Further the molecular weight
thereof was measured in accordance with the foregoing GPC procedure. As a
result, the weight-average molecular weight (Mw) was about 11,000, from
which the average degree of polymerization “n” was calculated as being 20.

The facts that the acid value of the product was remarkably low as
compared with that of the M-Acid, and that any absorption assigned to the
carboxylic group was not confirmed from the infrared absorption spectrum have
rendered it possible to confirm that the carboxylic group of the M-Acid was
modified with the TEGDVE. Moreover, it can be seen from the increased
molecular weight that polymerization reaction took place. That is to say, the
objective phosphorus-containing carboxylic acid derivative has the structure

represented by the following formula (0):
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The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, 20 functional groups on an average represented by the foregoing
formula (3) and had phosphorus atom content of 5.5% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid G. In the same manner as in Example
1, the solubility test and the storage stability test carried out for the Block acid

G. The results are shown in Table 1.

Example 8 (phosphorus-containing carboxylic acid derivative produced by
modifying PBTC with n-propylvinyl ether)

A four-neck flask equipped with a reflux condenser, a stirrer and a
thermometer was charged with 46.6 parts by weight of PBTC and 53.4 parts by
weight of n-propylvinyl ether. The resultant mixture was stirred under the
conditions of 53°C for 4 hours. The reactivity which was calculated from the
measured acid value was 97.3% . Then unreacted n-propylvinyl ether was
removed with the use of an evaporator under the conditions of 20 mmHg and
50°C (the acid value after the vacuum concentration being 226 mg KOH/g).

The product thus obtained was yellow transparent highly viscous liquid.
The infrared absorption spectrum thereof is shown as FIG. 12.

The facts that the acid value of the product was remarkably low as

N
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structure represented by the following formula (p):

OH
O—P—0H
\/\O/LOC co’Lo/\/ (p)
COYO \/\

The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, 8 functional groups represented by the foregoing formula (2) and
had phosphorus atom content of 6.45% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid H. In the same manner as in Example
1, the solubility test and the storage stability test were carried out for the

Block acid H. The results are shown in Table 1.

Example 9 (phosphorus-containing carboxylic acid derivative produced by
modifying DEHP-ItaA with n-propylvinyl ether)

A four-neck flask equippéd with a reflux condenser, a stirrer and a
thermometer was charged with 56.5 parts by weight of DEHP-ItaA which had
been obtained in the Reference Example 5, and 43.5 parts by weight of
n-propylvinyl ether. The resultant mixture was stirred under the conditions of
10°C for 6 hours. The reactivity which was calculated from the measured acid

value was 97.2%. Then unreacted n-propylvinyl ether was removed with the
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The objective phosphorus-containing carboxylic acid derivative had in its.
one molecule, 2 functional groups represented by the foregoing formula (2) and
had phosphorus atom content of 7.59% by weight. In the following, the
phosphorus-containing carboxylic acid derivative thus obtained is referred to as
Block acid I. In the same manner as in Example 1, the solubility test and the
storage stability test were carried out for the Block acid I. The results are

shownlin Table 1.

Example 10 (phosphorus-containing carboxylic acid derivative produced by
modifying DPHP-ItaA with n-propylvinyl ether)
A four-neck flask equipped with a reflux condenser, a stirrer and a

thermometer was charged with 63.8 parts by weight of DPHP-ItaA which had
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absorption assigned to the carboxylic group was not confirmed from the
infrared absorption spectrum have rendered it possible to confirm that the
carboxylic group of the DPHP-ItaA was modified with the
n-propylvinyl ether. That is to say, the objective phosphorus-containing
carboxylic acid derivative has the structure represented by the following

- formula (r):

\/\o*oo i L
o gV

The objective phosphorus-containing carboxylic acid derivative had in its
one molecule, 2 functional groups represented by the foregoing formula (2) and
had phosphorus atom content of 6.14% by weight.

In the following, the phosphorus-containing carboxylic acid derivative
thus obtained is referred to as Block acid J.

In the same manner as in Example 1, the solubility test and the storage
stability test were carried out for the Block acid J. The results are shown in

Table 1. For the purpose of comparison, the M-Acid that had been obtained in
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Example. 9 Block Acid | AA AA AA AA AA AA AA
Example. 10 Block Acid J| AA AA AA AA AA AA AA
Ref. Example. 3 M-Acid BB CC CC CC CC CC Gellation
Marketed Product PBTC AA AA AA AA CC CC Hardened (15)
Ref. Example. 5 | DEHP-ItaA AA AA AA AA CC CC Hardened (5)
Ref. Example. 7 | DEHP-ItaA AA AA AA AA CC CcC Hardened (5)
{Remarks}

*Regarding evaluation on the results of the solubility test, the marks mean as
the following:

“AA” means compatible or completely soluble;

“BB” means that a certain turbidity was observed in the solution; and

“CC” means apparently not homogeneous.
* Regarding evaluation on the results of the stability test, the marks mean as
the following:

“AA” means no change observed on viscosity;

“Gellation” means that the sample rendered clear viscosity increase in the
fluid; and

“Hardened” means that a hardened product non-flowable in a vial even when

the vial was brought down, and the figure in parentheses shows
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panel {JIS G3303 (SPTE), available from Japan Test Panel Osaka Co.,Ltd.} with
the use of a bar coater, followed by curing under the conditions of 200°C for one
hour to obtain a cured film of the resin composition. Then the resultant cured
film was peeled apart from the tin panel to obtain a film A.

The film A was subjected to external appearance observation, solvent
resistance test, combustibility test, coloring observation and heat resistance

test. The results are shown in Table 2.

Example 12 (Preparation of film blended with Block acid B)

A resin composition was prepared by mixing and agitating in a vial, 5.76
parts by weight of fhe Block acid B which had been synthesized in Example 2,
4.06 parts by weight of YDPN 638 and 0.21 part by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin

panel with the use of the bar coater, followed by curing under the conditions of
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Example 13 (Preparation of film blended with Block acid C)
A resin composition was prepared by mixing and agitating in a vial, 6.16
parts by weight of the Block acid C which had been synthesized in Example 3,
3.60 parts by weight of YDPN 638 and 0.21 part by weight of Nofcure-LC-1.
Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
. 200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film C.
In the same manner as the film A, the film C was subjected to external

appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Example 14 (Preparation of film blended with Block acid D)

A resin composition was prepared by mixing and agitating in a vial, 5.61
parts by weight of the Block acid D which had been synthesized in Example 4,
4.09 parts by weight of YDPN 638 and 0.21 part by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of a bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film D.

In the same manner as the film A, the film D was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.
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Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film A2.

In the same manner as the film A, the film A2 was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Example 16 (Preparation of film blended with Block acid A~3)

A resin composition was prepared by mixing and agitating in a vial, 3.88
parts by weight of the Block acid A which had been synthesized in Example 1,
4.51 parts by weight of Epicote 828, 1.36 part by weight of a derivative from
CIC acid by n-propylvinyl ether and 0.21 part by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film A3.

In the same manner as the film A, the film A3 was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.
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In the same manner as the film A, the film A6 was subjected to external

appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Comparative Example 1 (Preparation of film 1 not blended with Block acid A)

A resin composition was prepared by mixing and agitating in a vial, 5.06
parts by weight of Epicote 828, 4.94 parts by weight of a derivative from CIC
acid by n-propylvinyl ether and 0.21 part by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film 1.

In the same manner as the film A, the film 1 was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Comparative Example 2 (Preparation of film 2 not blended with Block acid A)
A resin composition was prepared by mixing and agitating in a vial, 5.69
parts by weight of Epicote 828, 4.32 part by weight of a derivative from
trimellitic acid by n-propylvinyl ether and 0.21 parts by weight of
Nofcure-LC-1.
Thereafter., the resin composition thus prepared was applied over the tin

panel with the use of the bar coater, followed by curing under the conditions of
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1f %4099 o arate®] Magnple 3 (Preparation of film M blended with unmodified
M-Acid)

An attempt was made to prepare a resin composition by mixing and
agitating in a vial, 5.06 parts by weight of Epicote 828, 4.94 parts by weight of
a derivative from CIC acid by n-propylvinyl ether, 20.0 parts by weight of
unmodified M-Acid and 0.21 parts by weight of Nofcure-LC-1. However, the
M-Acid was not dissolved, thereby forming non-homogeneous and opaque
suspension.

Thereafter, the resultant suspension was applied over the tin panel with
the use of the bar coater, followed by curing under the conditions of 200°C for
one hour to obtain a cured film of the resin composition. Then the resultant
cured film was peeled apart from the tin panel to obtain a film M which was
non-uniform, opaque and extremely brittle.

In the same manner as the film A, the film M was subjected to external

appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Example 20 (Preparation of film blended with Block acid E)

A resin composition was prepared by mixing and agitating in a vial, 3.57
parts by weight of the Block acid E which had been synthesized in Example 5,
2.70 parts by weight of YDPN 638 and 0.13 parts by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin

panel with the use of the bar coater, followed by curing under the conditions of
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200°C for one hour to obtain a cured film of the resin composition. Then the

resultant cured film was peeled apart from the tin panel to obtain a film F.
In the same manner as the film A, the film F was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Example 22 (Preparation of film blended with Block acid G)

A resin composition was prepared by mixing and agitating in a vial, 3.61
parts by weight of the Block acid G which had been synthesized in Example 7,
2.62 parts by weight of YDPN 638 and 0.14 part by weight of Nofcure-LC-1.

Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film G.

In the same manner as the film A, the film G was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.
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Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film I.
In the same manner as the film A, the film I was subjected to external

appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Example 25 (Preparation of film blended with Block acid J)

A resin composition was prepared by mixing and agitating in a vial, 5.48
parts by weight of the Block acid J which had been synthesized in Example 10,
4.29 parts by weight of YDPN 638 and 0.21 part by weight of Nofcure-LC-1.

74



10% & ()- zY8vU461 8 10%&R& ()- 6@LI0%R&E ()- - 4&10%&R& ()--
OF10%&R& ()-- . @L09&R& ()-m!aS -&10% * & ()- vU46l - &10%p&p&' () -
y&10%p&p&' ()- 91 10%& ()- Yl 10%wp& ()-10&10&&10& =10%&&' ()-i|[:vU461
f3"FL0%&p& ()-F T PLO%E& ()-9 10%&p& ()- 109\ ()- 3 10%&p& () -
fg&10%&p& ()- O vy

Thereafter, the resin composition thus prepared was applied over the tin
panel with the use of the bar coater, followed by curing under the conditions of
200°C for one hour to obtain a cured film of the resin composition. Then the
resultant cured film was peeled apart from the tin panel to obtain a film J.

In the same manner as the film A, the film J was subjected to external
appearance observation, solvent resistance test, combustibility test, coloring

observation and heat resistance test. The results are shown in Table 2.

Table 2
P content Film Solvent Heat
Film | (% by wt) Appearance Resistance| UL94TM |Coloring| Resistance

Example 11 A 4.1 AA AA V-0 AA AA
Example 12 B 35 AA AA V-0 AA AA
Example 13 o] 3 AA AA V-0 AA AA
Example 14 D 2 AA AA V-0 AA AA
Example 15 A2 35 AA AA V-0 AA AA
Example 16 A3 3 AA AA V-0 AA AA
Example 17 Ad 4.1 AA AA V-0 AA AA
Example 18 A5 4.1 AA AA V-0 AA AA
Example 19 A6 41 AA AA V-0 AA AA
Example 20 E 4.1 AA AA V-0 AA AA
Example 21 F 4.1 AA AA V-0 AA AA
Example 22 G 4.1 AA AA V-0 AA AA
Example 23 H 3.8 Yellow & transparent AA V-0 AA AA
Example 24 | 4.9 Yellow & transparent AA V-0 AA AA
Example 25 J 43 Yellow & transparent AA V-0 AA AA
Comp. Example 1| 1 0 AA AA CC CC CC
Comp. Example 2| 2 0 AA AA CcC CC CC
Comp. Example 3| M 1.5 Not uniform CC CC CC BB

{Remarks}

* “P content (% by wt)” means Phosphorus component with the dimension of %
by weight calculated from blending composition.

* Regarding Film appearance, it was visually observed and “AA” means

colorless and transparent
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non-standardized.

* Regarding the evaluation of the coloring observation, “AA” means without
yellowing before and after heating and “CC” means with yellowing apparently
confirmed before or after heating.

* Regarding evaluation of the heat resistance test, “AA” means that the
thermal decomposition temperature of the sample being 330C or higher, “BB”
means that the thermal decomposition temperature of the sample being lower
than 330°C and at least 310°C, and “CC” means that the thermal decomposition

temperature being lower than 310°C

Example 26 (Preparation of laminate A using Block acid A as flame retardant)

A resin composition was prepared by mixing and agitating in a vial, 3.77
parts by weight of the Block.acid A which had been synthesized in Example 1,
3.24 parts by weight of "YDCN 701" (trade name, available from Touto Kasei
Co.,Ltd.; epoxy resin of cresol novolak type), 0.35 parts by weight of
"Nofcure-LC-1" (trade name, available from NOF Corporation; heat latent type
catalyst), and 3.90 parts by weight of methyl ethyl ketone.

Thereafter, the resin composition thus prepared was applied over M
surface of a copper foil "3EC-111" (trade name, available from Mitsui Mining
and Smelting Co.,Ltd. and having the thickness of 18 u m) with the use of the
bar coater. After prebaking at 145°C for 3 minutes, a tack-free resin coated
surface was obtained. Subsequently, three sheets of the resultant resin coated
foils were laminated so that the copper foil and the resin coating were
alternately superimposed, and the exposed resin coated surface was covered
with S surface of the copper foil, followed by curing with a press under pressing

conditions of 180°C, 60 minutes and 200 kgf/cmz. After the pressing, there was
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Example 27 (Preparation of LED covered with resin composition blended with
Block acid A)

A resin composition was prepared by mixing and agitating in a vial, 4.70
parts by weight of the Block acid A which had been synthesized in Example 1,
3.24 parts by weight of "EHPE-3150" (trade name, available from Daicel
Chemical Industries Ltd.; alicyclic epoxy resin in solid form), 0.40 part by
weight of "Nofcure-LC-1" (trade name, available from NOF Corporation; a heat
latent type catalyst) and 5,40 parts by weight of methyl ethyl ketone.

Thereafter, an LED (light emitting diode, available on the market under
the trade name "NSPW310BS") was dipped in the resin composition thus
prepared, then dried at room temperature for 10 minutes, and heated at 100°C
for one hour further at 120°C for one hour. The covering film thus obtained was
colorless transparent, and had a film thickness of about 30 u m.

The covered LED was subjected to inflammation test by exposing the
same in the blue flame of methane gas burner. A non-covered LED caught fire
after about 4 seconds from the start of the test, and completely burnt even
when it was kept away from the flame. On the contrary, the covered LED did
not catch fire for about 25 seconds thereafter, and when it was kept at a

distance after catching fire, the flame caught thereby was self-extinguished.

INDUSTRIAL APPLICABILITY

The phosphorus-containing carboxylic acid derivative according to the
present invention is utilized as a flame retardant, coloring preventive agent
and heat resistance-imparting agent, and for a resin molded article, laminate,
resin casting material, resin sealing material, adhesive, covering material and

the like on the basis of such characteristics that are imparted thereto as self
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@&10% an¥d bleattré3ddtab@®EhdYntti%o( dgent, and for a resin molded article, laminate,

resin casting material, resin sealing material, adhesive, covering material and
the like on the basis of such characteristics that are imparted thereto as self

fire-extinguishing property, flame retardancy, coloring preventiveness and heat

resistance.
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1 . A flame retardant comprising as an effective ingredient, a
phosphorus-containing carboxylic acid derivative which has a group containing
phosphorus atom and has in its molecule, a group represented by the following

formula (1):

o K
——C——O——?——Y—- e (1)

C|3H—R3
L |

wherein Rl, R2 and R3 are each hydrogen atom or a hydrocarbon group having

1 to 18 carbon atoms, and Y is oxygen atom or sulfur atom.

2. A phosphorus-containing carboxylic acid derivative which has a group
containing phosphorus atom and has in its molecule, a group represented by

the following formula (1):

-
—C—O——(I}—Y—— e (1)
CH-R?

2

wherein Rl, RZ and RS are each hydrogen atom or a hydrocarbon group having

1 to 18 carbon atoms, and Y is oxygen atom or sulfur atom.
3. The phosphorus-containing carboxylic acid derivative according to Claim 2,

wherein said group represented by the formula (1) is a group represented by the

following formula (2):
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4 . The phosphorus-containing carboxylic acid derivative according to Claim 2,

wherein said group represented by the formula (1) is a group represented by the
following formula (3):

CH,4

|| | ~(3)
~—c—o0—C —o0o—R*

H
wherein R4 is a hydrocarbon group having 1 to 18 carbon atoms.
5 . A polyhemiacetal type phosphorus-containing carboxylic acid derivative

within the categories of Claim 2 comprising as a repeating unit, a group

represented by the following formula (4):

1
R R1
o) o) ,
o -l ] |
—0—C—R®—C—0—C—Y—R -—Y-—(l: (4)
CH—R?3 CH—R?
F‘<2 ' R?

wherein Rl, R? and R3 are each hydrogen atom or a hydrocarbon group having
1 to 18 carbon atoms, Y is oxygen atom or sulfur atom, Risa bivalent organic
group having 1 to 25 carbon atoms, and RE is a bivalent organic group which

has 1 to 30 carbon atoms and comprises a group containing phosphorus atoms.
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group represented by the following formula (5):

R fre
——0—C—R*—C—0—C—0—R°—0—CH

C
|
H

- (5)

wherein RPisa bivalent organic group having 1 to 25 carbon atoms, and RS is
a bivalent organic group which has 1 to 30 carbon atoms and comprises a group

containing phosphorus atom.

7. The phosphorus-containing carboxylic acid derivative according to any of
Claims 2 to 6 wherein said group containing phosphorus atom is represented by

the following formula (7)

—bP—R’ =+ (7)

wherein R7 is hydrogen atom or an organic group having 1 to 20 carbon atoms,
R8 is an organic group having 1 to 20 carbon atoms, and when both R7 and R8

are an organic group, they may be bonded to each other.

8. The phosphorus-containing carboxylic acid derivative according to any of
Claims 2 to 6 wherein said group containing phosphorus atom is represented by
the following formula (8):

Il 10
—P_O—R ces (8)

o—r0
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wherein RY and R10 are each hydrogen atom or an organic group having 1 to 20
carbon atoms, and when both RY and R0 are an organic group, they may be

bonded to each other.
9. The phosphorus-containing carboxylic acid derivative according to any of

Claims 2 to 6 wherein said group containing phosphorus atom is represented by

the following formula (10):

s (1 O)

V=0 <
R asas
<%

wherein X! to XS, which are each an atom or a group that may be the same as
or different from one another, are each hydrogen atom, a halogen atom or a

hydrocarbon group having 1 to 5 carbon atoms.

1 0 . A flame retardant comprising as an effective ingredient, the
phosphorus-containing carboxylic acid derivative as set forth in any of

Claims 3 to 9.

1 1. A process for producing a phosphorus-containing dicarboxylic acid
derivative as set forth in any of Claims 2 to 6 which comprises a step of
reacting a phosphorus-containing carboxylic acid compound bearing both a
carboxylic group and phosphorus atom with a vinyl ether compound, a vinyl

thioether compound, a divinyl ether compound or a divinyl thicether compound.

1 2. The process for producing a phosphorus-containing dicarboxylic acid

derivative according to Claim 11 wherein said phosphorus-containing
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carboxylic acid compound is produced by subjecting (A) a P-H group-containing
phosphorus compound and (B) an unsaturated carboxylic acid each as a
starting raw material to Michael addition reaction by (i) using acetonitrile or
methoxypropyl acetate as a principal reaction solvent at (ii) a reaction

temperature in the range of 50 to 150°C.

1 3. A resin composition which comprises a synthetic resin bearing in its
molecule, at least two reactive groups that are each reactive with a carboxylic
group and the phosphorus-containing carboxylic acid derivative as set forth in

any of Claims 2 to 6.

1 4. The resin composition according to Claim 13, wherein said reactive groups

are each an epox& group.

1 5. A resin molded article obtained by curing the resin composition as set

forth in Claim 13.

1 6. A laminated sheet comprising a substrate and the resin-molded article as

set forth in Claim 15.
1 7. A covered article comprising a substrate and a covering layer formed by
applying said resin composition as set forth in Claim 13 over at least a part of

surfaces of said substrate.

1 8. The covered article according to Claim 17, wherein said covering layer is

further cured.
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