\A PHOSPHI NE SULFIDE, A NANUFACTURhlB@eE{RﬁEEe%?‘RIdlﬁ&EFm AND O"%'/
‘BACKGROUND OF THE | NVENTION 5 1. | nventi on%#ﬁ@%gﬂ n
relates to a novel and useful pho i" magﬂ' lﬁgtrepresent ed b Qﬁrml a (1)
and a ranufacturing process theref tion al so relg? stoa
process for 10 manufacturing a poly(al kyl ene oxi de) by polynerizing an
al kyl ene oxi AepHOSPHENE' SUEFIRE pfA t MANUINACTURING SPROCESS THREREEQR| AND ohe
oxide) is an inportant polyner, for exanple, as a starting material for a
pol yur et hane foam or el astoner by regSEiTEEREOR th an isocyanate or as a 15
surfactant.. This invention also relates to a process for manufacturing a
1, 2-di oxyet hane derivative by reacting .an epoxy conpound with a
car boxyl ate, carboxylic anhydride carbonate or phenol conpound in the

presence of the 20 phosphi neggi §§§hmﬁgllﬁvﬂnffgﬁthane derivative is
a very |nportant conmpound as an- |n ate for a pesticide or nedica

drug or rtlng,chE for e%%I r material. 2. Description of the
o Rraed s | |

Rel at ed t onates of alkali or alkaline earth
metals have been l'Jl'ix ds aJ.Srlvaen%%.%i%J Setla?: r%%geantngvoel %nd .useful

phosphine suifide represented by formula (1) and a

manufacturing process therefor.
This invention also relates to a process for
10 manufacturing a poly(alkylene oxide) by polymerizing an
alkylene oxide in the presence of the phosphine sulfide.

A poly(alkylene oxide) is an important polymer, for
example, as a starting material for a polyurethane foam or
elastomer by reacting it with an isocyanate or as a

15 surfactant.

This invention also relates to a process for
manufacturing a 1,2-dioxyethane derivative by reacting an
epoxy compound with a carboxylate, carboxylic anhydride,
carbonate or phenol compound in the presence of the

20 phosphine sulfide. Such a.1,2—dioxyethane derivative is a
very important compound as an intermediate for a pesticide

or medical drug or a starting compound for a polymer

material.
2. Description of the Related Art
25 Hydroxides or carbonates of alkali or alkaline earth
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variety of reactions because of their basicity. These are, however,

wat er - sol ubl e whi‘le generally insoluble in an aorganic solvent, and are, .
therefore, little applicable to a 5 reaction in an organic solvent. Thus, -
there have been disclosed a variety of highly basic organic conmpounds such
as 1;8-di azabi cycl o[ 5. 4. 0] -7-undecene, 1,5- diazabicyclo[4.3.0]-5-nonene
and 1, 4- di agetaly i . bedl] antexhaas k) catalysthexr reageait foar acat al ytic
action . based on their basicity are, however, limted. Recently, there have
been found ofgeidy cOfpesEsisi siesilgraiuke af ahetios basieitybasThesasazeing of
car-bon, hydrogen, nitrogen and phosphorous atonms which are strong bases

havi ng st r onghJhnels P9 B t - 4 Tl WHIA 62 R drieina 10¥a s oThdleTdah amab. , 38,
1214-1226 (1990)). It has been described that.a phosphazene base may act as

an ef f ect | veo£gidly Shol Min@D! A Nt MiicAIfore O 8l epp1aKatitei TG an
al cohol as an. Tnitiator (Martin 20 Molier et al., Macronp . Rapi d Conmmun.

17, 143148 (199603, fh COTRLEHI B0 QRS Sk BRefEPhEVnESh Pr opar i ng

a phosphaze e base, and he process, a stronger base such as potassium
ant e SN0l Gy Pichgdh £LyBIdAP 4U AP AR5 B Eligotrd such
' as 1,8-diazabicyclo[5.4.0]-7-undecene, 1,5-
diazabicyclo[4.3.0]-5-nonene and 1,4-
diazabicyclo[2.2.2]octane.

10 Their basicity or catalytic action based on their
basicity are, however, limited. Recently, there have been
found organic compounds designated as a phosphazene base
consisting of carbon, hydrogen, niﬁrogen and phosphorous
atoms which are strong bases having strong hydrogen-

15 withdrawing ability (Nachr.Chem.Tech.Lab., 38, 1214-1226
(1990)). |

It has been described that a phosphazene base may act
as an effectivé catalyst for anion polymerization of -
ethylene oxide using an alcohol as an initiator (Martin

20 Moller et al., Macromol.Rapid Commun., 17, 143-148 (1996)).

A complicated process should be employed for
preparing a phosphazene base, and in the process, a
stronger base such as potassium émide should be used for
making the phosphazene base strongly

25 Dbasic(Nachr.Chem.Tech.Lab., 38, 1216 (1990)). Preparation



of ‘a phosphazene base is, therefore, not industrially advantageous. In
addition, the base has a problemin handling that it is susceptible to
deterioration by carbon dioxide in the air due to its strong basicity. 5
Tris[tris(dinmethylan no)phosphoranylideneani no] phosphi ne oxide is also
known as a useful base (G N Koidan et al. Journal of general cfenistry of
the USSR, 55¢f 1a5phesphazene Thasehssphtherefpre, i BOt hindustriakiyYenel y
hygroscopic; for exanple, it may absorb noisture to 7 to 8 10 wt% after
storing i n aadeadtagegusat nukpladdi tiempcthe hase tas @ rqhden @n hunidity:
52 to 59 9% for 24 hours. Its solubility in water is 50 wt % or higher. Due
to its hi ghehahglingcobati iy, ishsuphepphbhe bai detemibopatierdby carben ed
applications as a catal yst and requires special precautions 15 in handling

for ensuringdsbabbe ¢atehst htradheoto Fos ptepagi basicpoyy(al kyl ene oxi de)
by pol ynerization of an al kyl ene oxide;, it is cormmon to form an

al kali-meg al salt oafj G (A4S BHIF e Ayl ilferreiniive Jhy dr ogen
ey ¥ 1 At AE (MG I ar@%mf%ﬂhb i ine ]

conpound such as a pol yhydric al cohol a 20 basic al kali-nmetal conpound

such as.pOtagﬁbgghﬁxgreiig§1iQYaQEBYQhaﬁhOHsbeQ&éfhmibhﬁéiPG.DfKoidan
pol yneri zati on. The process has been industrially put tb practical use.

L 57555, SYBETER 6 aohbRa QL yRRLERICchaNspbeg of erionger, Tos, cra €.
using a 3 (1985)). The phosphine oxide is, however, extremely
hygroscopic; for example, it ﬁay absorb moisture to 7 to 8
10 wt% after storing in an ordinary atmosphere (temperature:
18 to 24 °C; humidity: 52 to 59 %) for 24 hours. Its
solubility in water is 50 wt% or higher. Due to its highef
hygroscopicity, the phosphine oxide can be used in limited
applications as a catalyst and requires special precautions
15 in handling for ensuring stable catalytic action.

For preparing a poly(alkylene oxide) by
polymerization of an alkylene oxide, it is common to form
an alkali-metal salt of an active hydrogen compound from an
active hydrogen compound such as a polyhydric alcohol and a

20 basic alkali-metal compound such as potassium hydroxide, by
dehydration before initiation of polymerization. The
process has been induétrially put to practical use.

Initiator systems of other combinations have been

disclosed. For example, USP 3,829,505 has disclosed

25 preparation of a polymer of propylene oxide using a



conpound represented by Zn[err][Fe(CN)[err]][err] Herr] O di oxane as an
-active hydrogen conpound. JP-A 2-276821 has di scl osed preparation of a

pol ymer by reacting a pol yol prepared using zinc-hexacyanocobal tate conpl ex
wi th sodi um net hoxi de 5 and then with ethyl ene oxide. JP-A 62-232433 has
di scl osed preparation of a polymer by polynerizing ethyl ene oxide using a
product whi cdompoynd peepredantattibhyy Zns§Fe(CNYal pfHaN wlipnanen@s Mhexane to
a di'spersion of 1,4-butanediol and a nonionic surfactant in a slurry of
funed sili caadtiveXaydrodén ArommfuridhesdP-ho2e22682t ohps i déschoaedal
conponent. If there remains the netal conmponent in a poly(al kyl ene oxide)
product, it prapacyeisel of & fmsiynier &8¢ heaetdny agpplypdr priepared

pol yur et hane or the physical properties of polyurethane. Thus, a speci al

procedure Ory&HRep! & Crid Stbdde R Micssa lith ties ¢ompaeéx Githdegdium ywethionddeg the
metal conponent Tn preparing the poly(al kyl ene oxide). On the other hand,

JP- A 50- $59595 hage 4l w0 SOh PIGRAALIGY) OfpaaPebypBR4BBORREt AykEenesedi de,
using an initiator systemwhi'ch 1s.a conbination of an al kanepol yol 20 as

mcer SR ERRUES Ay R Sener e s ||

Compl | cat od W Heee VEopat B oL paiaREd B sy W SRR 005

Hhas diSC|OsggiégﬁyfgfgéQﬂncﬁeég&gﬂégng &gsﬁg}éion of 1,4-butanediol and
a nonionic surfactant in a slurry of fumed silica in hexane.

10 Any of these, however, comprises a metal component. If
there remains the metal component in a poly(alkylene oxide)
product, it may adversely affect a reaction during
preparation of polyurethane or the physical properties of
polyurethane. Thus, a special procedure or complicated

15 process is required for adequately removing the metal
component in preparing the poly(alkylene oxide).

On the other hand, JP-A 50-159595 has disclosed
preparation of a polymer from ethylene oxide, using an -
initiator system which is a combination of an alkanepolyol

20 as an active hydrogen compound and boron trifluoride-
etherate. It is, however, known for the initiator system
that a specific impurity in the polymer may adversely
affect physical properties of polyurethane and thus a
complicated process is required to adequately remove it.

25 JP-A 57-12026 has disclosed preparation of a polymer of an



al kyl ene oxi de using an al cohol and-am nophenol. JP-A 56- 38323 has

di scl osed pol yneri zati on of propyl ene oxide using sorbitol and

t et ramet hyl ammoni um hydr oxi de. These systens, however, have probl ens such
as insufficient polynerization 5 activity and residual am ne odor. A
process for preparing a poly(al kyl ene oxide) is known, in which an al kyl ene
oxi de is polaywefiams dxidd adims if & lohb 1o hanp ariatpHeard .andPaf 86ti ve
hydr.ogen conpound (EP 0763555; WMacronol . Rapid Conmun., Vol.17, 10

pp. 143- 148 (9953 ' hd ) osB Tpo 1 yitdr bk i dip - 0B Jpry (e @xidel s ing
phosphazene base in the process is an initiator having a strong basicity. A

conpl i cat ed I V. ' re 5BQ ,
%ﬁf@@nm %}é}?améﬁyleﬁxﬁnorﬁw %@rﬂcéﬁdé) RRALEBIsyBeems

phosphazene e process, a stro base such as potassium 15

am de shoul ;@ﬁd {E@ 'Hﬁf %&% rﬁjﬂ}ﬁé 3G
Preparationqg?ﬁ% P b§£ azehe agéyﬁé, Eﬁ?e ore,lu£é€% ustrrally on
advant ageous, JIn addition, t.h se has oblemin handling that it is
suscepti bl e IG- LY | Cgt"feoﬁ‘l“ﬁ?b'@m (ﬁaq)c%r'de inthe air due to its 20

strong basicity. EP 0791600 _has di scl gsed a prtoge or _preparing_a
pol y(al kyl ene oxiﬂe?rﬁﬁeﬁﬁl§ﬁ€rPE?HBI&HgaPk?gixzaiiyagqﬁﬁ°fﬁ§ekrg§ence of

subst-antially a phosphazeni um salt of an active hydrogen coppound. In this
process, prilErovRy 250 jiShiiahpMerlsns ioskde s (BRL gt h%alt of
the 5

"presence of a phosphazene base and an active hydrogen
édmpound (EP 0763555; Macromol.Rapid Commun., Vol.17,

10 .pp.143—148 (1996); Macromol.Symp., Vol.107, pp.331-340
(1996)). The phosphazene base in the process ié an
initiator having a strong basicity. A complicated process
should be, however, employed for preparing the phosphazene
base, and in the process, a stronger base such as potassium

15 amide should be used for making the. phosphazene base
strongly basic. Preparation of a phosphazene base is,
therefore, not industrially advantageous. In addition, the
base has a prdblem in handling that it is susceptible to
deterioration by carbon dioxide in the air due to its

20 . strong basicity.

EP 0791600 has disclosed a process for preparing a
poly(alkylene oxide) by polymerizing an alkylene oxide in
the presence of substantially a phosphazenium salt of an
active hydrogen compound. In this process, prior to

25 initiating polymerization, the phosphazenium salt of the



“active hydrogen conpound shoul d be prepared by, for exanple, dehydration as
in the process using an active hydrogen conpound and an al kal i - net al
hydroxi de as .an initiation system or desalting, which requires an
additional 5 equipnment. Furthernore, inorganic salts forned during the stéep
may interfere with successful proceeding of the polynerization, and

t herefore, tdetbeethydbhogen dempanmdy exhoulnk ibey prieparedc bys fore example,
conplicated. Thus, the process should be industrially inproved. 10 It -

i's known thadehpdr£xbom| £s t b {16 YprroGeras usduRf ennacy iremhyidoogeal t s and
guat ernary phosphonium salts may enhance a reaction of an epoxy conpound

with a car boxymhgé®nd Cand oy | & DAl e }gdﬁﬁﬁ!a@ﬁ alse alno ipiefard on
1, 2-di oxyet hane derivative (K Funabashi, Bulletin Chem cal 15 Society of

Japan, vol S%Y%%ﬂ€§€gg§§gﬁtlJ€9WcW'ﬁﬁd&% aflldaggegenafyokai Shi,

vol .49 ('3) HoweVer, such & catalyst as the tertiary am nes,

uat ‘er nar, ' al ' er ' i DLt
hatequaty SROHRET Pl el 190¢GHAIRPRALE TEOCd BURLRY the |
concentration,_or the reaction nay,.,be con%gﬁaﬁg

adequat el y p?‘b%%e’&é’( he T ey ?f%n‘,’.%}h_ts Sl m#%u%%tdﬁg‘:ée%rr&y%?aégistei gpiin te?ns
Jield or selRerrietyRRtiohe R drotere, e waiEs B b oA o
such as boron
making the process more complicated. Thus, the process
should be industrially improved.
10 It is known that for example tertiary amines,
quaternary ammonium salts and quaternary phosphonium éalté
may enhance a reaction of an epoxy compound with a
carboxylaté, carboxylic anhYdride or carbonate to prepare a
1,2-dioxyethane derivative (K.Funabashi, Bulletin Chemical
15 Society of Japan, vol.52, p.1488 (1979); Tadaomi Nishikubo,
Yuki Gosei Kyokai Shi, vol.49 (3), p.219 (1991)). However,
such a catalyst as the tertiary amines, quaternary.ammonium
salts and quaﬁérnary phosphonium salts exhibits inadequate
activity. The catalyst may be used in an increased amount
20 or concentration or the reaction may be conducted under
severe conditions, to adequately proceed the reaction, but
such a manipulation may cause problems such as side
reactions and deéomposition of a reactant or product, and

an yield or selectivity is inadequate.

25 It is also known that an acid such as boron



6 trifluoride or a base such as a tertiary amne and a tertiary
-phosphi ne may accelerate a reaction of an epoxy conpound and a phenol
conpound to prepare a 1,2-di'oxyethane derivative. These .conventional acid
or base catal ysts, 5 however, have inadequate catalytic activity. SUMVARY
OF THE | NVENTI ON An object of this invention is to provide an organic

conpound whi ghi fPubPPléE @R0a SASE! Suth a8 arpentiasyl ambhe dfddmes not have
a problemin preparation or handling as described above and exhibits

catal ytic actbybiyrSpRoRfiific GRAYONGEe10atECE pBACELonof M epoeplion s
S or

to provide a proce manuf acturi ng the above conpound. 15 Furt her

.obj ect of théémﬁ8¥ﬁ@2%ﬁ§y+Z%ﬁQnBi0¥§ﬂ€o&n@r€69§§e§9feeéfE 2.dpb¥yethane

manuf act uri ng a poly e oxl de y pol yneri zing an al kyl ene oxide in
t he presence,of .t he.above,.conpa d QRS § | I @V diseat ment
prior to polgﬁ’éﬂrigﬂ'%h %%es no ﬂg;ledéte]argte rd]eg%'%lua 20 am ne odor.
Further object of this invention is to find a. c which is highly
active fot ah?@ﬁE?FOnhﬁYeahnﬁﬁﬁﬁﬁaﬁﬁnﬁﬁgﬁgyﬁf?hQQE%%ﬁ xyl ate, carboxylic
anhydri de, carbonate or phenol conpound and to provide an effective 25
process for manufacturing a 1, 2-di oxyethane derivative-

SUMMARY OF THE INVENTION

An object of this invention is to provide an organic
compound which is basic and soluble in an organic solvent,

10 does not have a problem in preparation or handling as
described above and exhibits catalytic activity as a basic
compound.

Another object of this invention is to provide a
process for manufacturing the above compound.

15 Further object of this invention is to provide a
process for effectively manufacturing a poly(alkylene
oxide) by polymerizing an alkylene oxide in the presence of
the above coméound, which does not require any treatment
prior to polymerization and does not generate residual

20 amine odor.

Further object of this invention is to find a
catalyst which is highly active for a reaction of an epoxy
compound with a carboxylate, cérboxylic anhydride,
carbonate or phenol compound and to provide an effective

25 process for manufacturing a 1,2-dioxyethane derivat;ve



IA using the catalyst in a-higher yield. W have intensely attenpted to
achi eve these objects. and finally have prepared.a phosphine sulfide

- consi sting of carbon, hydrogen, nitrogen, phosphorous and sul fur atons 5
represented by formula (1), which is suitable for solving the above
probl.ens. The first_ aspect _of this invention, is a phosphine sulfide

repr esent ed EﬁlﬂgrﬁhPaCFE?lYNRZlPePrPlﬂhﬁFeYheigfs the same or different
and each represents a hydrocarbon group having 1 to 10 carbon atonms. The
second aspect of tWe shavecntensely a g’&r agh igyeutHesS i ts
phosphine sulfide represented by formula (1), conprising reacting, one

nol ecule of andofhioephyr hevehpoepdredi ahphospbhing| selfide o¥ons bFbindoPane
represented by fornmula (2): NR2 25 R2N-P  NH '
(2) [err] carbon, hydfogenyhaierogénj sphbspbaneusrandfselfer ahomsach

5 represented by formula (1), which is suitable for solving
the above problems.

The first aspect of this invention is a phosphine

sulfide represented by formula (1):

NRz
10 '
RoaN—P—NR2
NR2 N
thk—-T===N-——T=== 3 - (1)
NR2 N
NRz

wherein R is the same or different and each
represents a'ﬁydrocarbon group having 1 to 10 carbon atoms.
The second aspect of this invention is a process for
20 manufacturing a phosphine sulfide represented by formula
(1), comprising reacting one molecule of thiophosphoryl
chloride with three molecules of a phosphorane represented
by formula (2):
NR2 _
25 RoN—P==NH (2)
NR2



represents a hydrocarbon group having 1 to 10 carbon atons. "Reacting one
ol ecul e of thiophosphoryl chloride with 5 three nol ecul es of a phosphorane
represented by fornmula (2)" indicates stoichionetry that three chlorine
atons in the thiophosphoryl chloride are replaced with the phosphorane;
thus it does not indicate the ratio of quantity between themin a practical
manuf acturing reaction. 10 The third aspect of this inventionis a
process for manufacturing a poly(alkyl ene oxide), conprising polynerizing

an al kyl ene oxi devmﬂrtnlﬂﬁ R’ €sePRE 9hma BRoapkraeent! hAhdeesehr esent ed by
formula (1) or of the phosphine sulfide and an active hydrogen conpound

SeL20Le0 1 LGIANEY Wy Bt SRR S 19 @ Y b b of
?23?222%?25”%@9#%?%%?;5” g wﬂf@sﬂ@%@ g ve

[err] mherel

oxygen atom %%dgo %c'g#salq%pr?atﬁl}?sl)jﬁ%% aron‘%or}%? hydr ocar bo

g(r)lgg(rjlr ,S:j gg ' (e a)c"g Iflgdfgategsoxg/t01c 1Oolfnnedtx\"¥r ttr}xa%_ t rxbé)é( ylhafprlncearaQ:cﬁtYé 'ih

the thiophosphoryl chloride are replaced with the
phosphorane; thus it does not indicate the ratio of
quantity between them in a practical manufacturing reaction.
10 The third aspect of this invention is a process for
manufacturing a'pOIY(alkylene oxide), comprising
polymerizing an alkylene oxide in the presence of a
phogphine sulfide represented by formula (1) or of the
phosphine sulfide and an active hydrogen compound selected
15 from water and organic compounds having a partial structure
of -OH or ~-NH-.
The fourth aspect of this invention is a process for
manufacturing‘a 1,2-dioxyethane derivative having a partial

structure represented by formula (3), (4), (5) or (6):

20 ()
|l | :
c—c—o—clz—cl:—o—-c (3)
0 O
I I I
Cc—C—0—C—C—0—C—C ().
25 ‘ l



10 carbonate or phenol- conpound, respectively, in the presence of a
-phosphi ne sulfide represented by formula (1). BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig.1 shows a 31P-NWR spectrum for 15

tris[tris(di methyl am no)phosphoranyl i deneam no] phosphi ne sul fide (sol vent:
DVMBO-d6). Fig.2 shows a 1K NVR spectrumfor tris
trls(dlnethylanlno)phosphﬁ?anylldageaqlno phosphi ne sul fide (sol vent:
DMSO-d[err]). 20 3 sho | R spectrum by a KBr pell et

techni que fof tri§tr CbTU[hET [£F Eanyl i deneani no] - pHBYphi ne
sul fide (solvent: DMSO-d[err]). SCRIIPTI ON OF THE PREFERRED EMBODI MENTS 25
Formula (1) is alimting structure for a phosphine 10 sulfide in this

i nvention, where phosphorous and sul fur atonms are bound via a doubl e bond,
but alternatively, the conpound ngy hdve a limting structure where

el ectrons are. localized op-+h@-suJ--Cr-e@-+6Cf orm an ani on whil gg)he 5
phosphorous has a cationic form ij.e.,] P-S.  The positive charge on the
phosphor dus atom may be del ocal i zed over the mpl ecul e via a conjugat ed
system It should be, therefore, notedthat the hos hine-sul fid
represented by foWRErgiplp FarkoncasA@nEs AFbred FFE$H%¢h5°a?I°?£kP¢Y%1t|ng

structures. 10 The first and the second aspects of this _invention
group Or an oxygen atom belongs to an aliphatic, alicyclic

or aromatic hydrocarbon, comprising reacting an epoxy
compound with a carboxylate, carboxylic anhydride,
10 carbonate or phenol compound, respectively, in the presence

of a phosphine sulfide represented by formula (1).

BRIEF DESCRIPTION OF THE DﬁAWINGS
Fig.1l shows a 31p_NMR spectrum for
15 tris[tris(dimethylamino)phosphoranylideneamino]phosphine
sulfide (solvent: DMSO-dg). |
Fig.2 shows a 1H-NM§ spectrum for
tris[tris(diméthylamino)phosphoranylideneamino]phosphine
sulfide (solvent: DMSO-dg).
20 ' Fig.3 sﬁows an IR specfrum by a KBr pellet technique
for tris[tris(dimethylamino)phosphoranylideneamino]-

phosphine sulfide (solvent: DMSO-dg).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Formula (1) is a limiting structure for a phosphine

10



wi |l be described. Rin the phosphine sulfide represented by forrmula (1) is
the sane or different and each repsents a hydrocarbon group having 1 to 10
carbon atons, including, aliphatic, alicyclic and aromatic hydrocarbon
groups such 15 as nethyl, ethyl, n-propyl, isopropyl, altyl, n-butyl, sec-
butyl, tert-butyl, 2-butenyl, 1-pentyl, 2-pentyl, 3-pentyl,

2- et hyl -1 - byt | sope . - t : = 2 Y. N&ePRENE V! .
2- hexy: , g nﬁ?%?f‘dé%gg??ﬁ %@%%%%ﬁp'yﬁhe(%m%}f%%eiﬁ% , 3-heptyl,
-octyl, 2-octyl, 2-et yl - 20, . 1- hex ll’ # | 5 di r%'iérxgaigi )h’yl,glxgyl
(comonly, t8 ¥‘-“éo§1’?ll oupd via ‘ﬁeci le, bond . }%ﬁo Ve enz{/% 1-
phenyl et hyl and 2-phenyl et hyl . fernativel t WO ékf rgi ane
ni trogen at oﬁ?ﬂﬁ?uga 'ngkléﬁ‘y? d@ﬁiﬂ'élrnt%; f%%tqlﬁg%’é%%%e. % ¢ R
is preferably nethyl, ethyl or n-propyl, nor ref er abl thyl . The
phosphi ne sulpradized reachhe swlfyn dham R‘l)gqlgnagrh%"%r%hﬁ?n
conpound, and a manufacturing process therefor or its catalytic action has
not been,5 of phoapherossi has cateatnnit fipred. {9 arf 'k%ovvnT%?t BPELLLE® The
phosphi ne sul fide represented by fornula (1) may be prepared by reacting
one nol ecul echarghi ophtbehphysphdrtans rtom Ay r#%ed%&’@%lli%%d oPver the

phosphorane represented by fornula (2). The reaction can be represented by
10 equation fidlecule via a conjugated system. It should be, therefore,

noted that the phosphine sulfide represented by formula (1)
is a resonance hybrid including all the limiting structures.
10 . The first and the second aspects of this invention
will be described. R in the phosphine sulfide represented
by formula (1) is the same or different and each repsents a
hydrocarbon group having 1 to 10 carbon atoms, including,
aliphatic, alicyclic and aromatic hydrocarbon groups such
15 as methyl, ethyl, n-prdpyl, isopropyl, allyl, n-butyl, sec-
butyl, tert-butyl, 2-butenyl, 1l-pentyl, 2-pentyl, 3-pentyl,
2-methyl-1-butyl, isopentyl, tert-pentyl, 3-methyl-2-butyl,
neopentyl, n-hexyl, 4-methyl-2-pentyl, cyclopentyl,
cyclohexyl, 1l-heptyl, 3-heptyl, 1l-octyl, 2-octyl, 2-ethyl-
20 1l-hexyl, 1,1-dimethyl-3,3-dimethylbutyl (commonly, tert-
octyl), nonyl, decyl, phenyl, 4-tolyl, benzyl, 1-
- phenylethyl and 2-phenylethyl. Alternatively, two Rs
attached to the same nitrogen atom may be linked together
to form a ring structure.

25 R is preferably methyl, ethyl or n-propyl, more

i1



‘Cllerr]P=S + 3(Rlerr]N)[err]P=NH [err] [(Rerr]NJ[err]P=N[err]P=S + 3HC
{7) In this preparation process, the practical amount of the phosphorane
represented by fornmula (2) to one nole of thiophospheryl chloride is
generally at least 3 noles, 15 preferably 3 to 20 noles, nore preferably 6
to 8 nol es. Another basic conpound may be present as a receptor for

hydr ogen chl ori de by pr €u t of the reaction. Alternatively, 6 noles or
nore of the Bﬁ%gﬁﬁﬁggﬁégﬁg Yﬁe present to use the excessive phosphorane as

a hydrogen 20 chloride receptor, wheye the phosphprane aftear recei.ying
hydr ogen chl ori de 1™k Ogﬂ%d'lnﬁl & tﬁﬁﬁﬁ%eﬂ%%fibé{e,%om‘ﬁa (17°1¢' 3
(Rlerr]N)[err]P[err](NH err])CL. A reaction tenperature pay be generally
-30 to 250 [BPYEE apdcuRkngwy eoppovsd. | EPH] e, ERBPgaﬁ{”éFéPébP’g’P fo 150
[err]C. The 25 reaction tenperature may be stepw se graded; for exanple, a
12 . lower thepefaruer itsamatalytie aekient BagnnetchaeBd PEnPRYEERre in
the final stage. The reaction may be conducted under a reduced, atnospheric
or incredsedipdisated; oyeseggesedndnr any knawsphéterapuessure. 5 A
reaction duration may vary dependi ng on vari-ous factors such as a reaction
tenperature, but The gphosphine Gul fide Ofepgresenteast dherfdxmula t(d )5@ayour s,

nore preferably 2 to 30 hours. In the reaction, a solvent is generally

used. be prepared by reacting one molecule of thiophosphoryl
chloride with three molecules of a phosphorane represented
by formula (2). The reaction can be represented by

10 equation (7): |

Cl3P=S + 3(RyN)3P=NH — [(R2N)3P=N]3P=S + 3HCl (7)

In this preparation process, the practical amoun; of
the phosphorane represented by formula (2) to cne mole of
thiophosphoryl chloride is generally at least 3 moles,

15 preferably 3 to 20 moles, more preferably's to 8 moles.
Another basic compound may be present as a receptor for
hydrogen chloride, a byproduct of the reaction.
Alternatively, 6 moles or more of the phosphorane may be
present to use the excessive phosphorane as a hydrogen

20 chloride receptor, where the phosphorane after receiving
hydrogen chloride takes a form of phosphonium chloride,
(RaN) 3Pt (NHy)C1".

A reaction temperature may be generally -30 to 250 °C,

preferably 0 to 200 °C, more preferably 20 to 150 °C. The

25 reaction temperature may be stepwise graded; for example, a

12



10 Sol vents which nay be used include saturated aliphatic and saturated
alicyclic hydrocarbons such as pentane, hexane,, cycl ohexane, heptane,
oct ane, nonane and decane; unsubstituted or al kyl-substi-tuted aromatic
hydr ocar bons such as benzene, toluene, o-xylene, mxylene, p-xylene, 15
et hyl benzene, n-propyl benzene, cunene, 1,2,3- trinmethyl benzene,

Syel ohexyl pehdRRE EgRBer BRI V10 SEEID Bedid Mo BE vy e

cycl ohexyl be enzene, t hyl benzene, 1,
4-di et hyl benzene, 1 2-di|sopropyl benzene, 1, I IR% fae, 1,4- 20
di i sopropyl bﬁﬁ’ﬂﬁﬂb?t‘i?’i,ﬂ‘}t%%t%ﬂ%grﬁ%e £ 1;}&35&:3??:&2?% gﬁzene and
.dodecyl benzene; _hal ogenated aronatic. hydrocar,bons such _as. chl ofobenzene,
o- di chl or obefioRARCtEI BR ﬁFd?oEéghﬁﬁﬁﬂ ﬁ”@8§PQQH%ﬁﬂQﬁxﬂﬂﬁﬁﬁ§%§d
br onobenzene, o- di bronbbenzepe, m di bronbbenzene,, 1-bronn-%§chlorobenzene,
25 1- br onp- PEREBREBeng@RRTaLLY ARG % sure.
chl oronapht hal ene; and hal ogenated al kyl -substi tuted, aromati c hydrocarbons
such as 2 chl or ot 8 F@actipn durstion BarevarycAeBeBEINdeRB, Var3PBfot ol uene,
3- bronotol uene, 2, 4-dichlorotoluene, 3,4-dichlorotoluene, 1- 5
br ono- 2- et hyfbeheraesuthbasna- reattidn tenparatunsy dut-2As gengithiene,
1- chl or o- 4- et hyl benzene, 1-chloro-4- isopropyl benzene,
1- br ono- 4- i s6plopy| bedzkoers pepreferatilyrl d 50 didurs- oxg aretgrpbly
2- chl or o- 0- xyl ene.
2 to 30 hours.

In the reaction, a solvent is generally used.

10 Solvents which may'be used include saturated aliphatic and
saturated alicyclic hydrocarbons such as pentane, hexane,
cyclohexane, heptane, octane, nonane and decane;
unsubstituted or alkyl-substituted aromatic hydrocarbons
such as benzene, toluene, o-xylene, m-xylene, p-xylene,

15 ethylbenzene, n-propylbenzene, cumene, 1,2,3-
trimethylbenzene, 1,2,4-trimethylbenzene, mesitylene,
tetralin, butylbenzene, p-cymene, cyclohexylbenzene, 1,2-
diethylbenzene, 1,3-diethylbenzene, 1,4-diethylbenzene,
1,2-diisopropylbenzene, 1,3-diisopropylbenzene, 1,4-

20 diisopropylbenzene, 1,2,4-triethylbenzene, 1,3,5-
triethylbenzene and dodecylbenzene; halogenated aromatic
hydrocarbons such as chlorobenzene, o-dichlorobenzene, m-

dichlorobenzene, 1,2,4-trichlorobenzene, bromobenzene, o-

dibromobenzene, m-dibromobenzene, l-bromo-2-chlorobenzene,

25 1l-bromo-3-chlorobenzene, l-bromonaphthalene and 1-

13



Any ot her solvent may be used as long as it does not 10 adversely affect

t he process of thi's invention. Preferable solvents are al kyl -substituted
-aromati c hydrocarbons having 7 to 9 carbon atonms such as tol uene, o-xylene,
m xyl ene, p- xylene, ethylbenzene and nesityl ene; chlorinated benzenes
having 1 to 3 chlorine atons such as chl orobenzene, o- 15 dichl orobenzene
and 1, 2, 4- t ihdlemanaphtiadenesn@nsh haloganated ladkwlnsnhatitated omat i c

hydr ocarbons having 7 to 9 carbon atons and 1 to 2 chlorine atons such as
2- chl or ot olammeat iz; hyllxddeothoind sy als Arahleeptmlngneanzgene and mesityl
chl oride. 20 These sol vents may be used al one or in conbination of

t wo -or . nor-e.chlfwfctdingernty, |4-thladoutldere t B-taramottoloferidhe 3ol vent, but it
is generally bel ow 500 wt parts, preferably 1 to 100 w. parts, nore
preferably hiforictAete, B4-diklodotdiaidnef 3,bB-dichlioruroiaieard,all-

t hi ephosphoryl 25 chloride. It nay be acceptable that |iquid thiophosphoryl
14 chlsor iglenics RadtHAldenddied) WlKronfiEletilifl Bapidned, 1 i qipphi ne
sul fide represented by fornmula (1) which has béen generated may be_isol ated
by a common daahidiiRnd 0" RAABRG4 I s PhastieRdL hl or i de as a
byproduct is generally precipitated as solid 1n_the reaction solution.
Thus, it may;

Jus LT 1 RpSEPMSsh Rnd | |1l dnl 4 HUb Ay Tindddd | Giés 781 e washed

chloride, 4-chloro-o-xylene and 2-chloro-o-xylene.

Any other solvent may be used as long as it does not

10 advérsely affect the prbcess of this invention. Preferable
solvents afe alkyl-substituted aromatic hydrocarbons having
7 to 9 carbon atoms such as toluene, o-xylene, m-xylene, p-
xylene, ethylbenzene and mesitylene; chlorinated benzenes '
having 1 to 3 chlorine atoms such as chlorobenzene, o-

15 dichlorobenzene and 1,2,4-trichlorobenzene; and chlorinated
alkyl-sﬁbstituted aromatic hydrocarbons having 7 to 2
carbon atoms and 1 to 2 chlorine atoms- such as 2-
chlorotoluene,‘2,4-dichlorotoluene, l-chloro-4-ethylbenzene
and mesityl chloride.

20 These solvents may be used alone or in combination of
two or more. There are no limitations for the amount of
the solvent, but it is generally below 500 wt parts,
preferably 1 to 100 wt. parts, more preferably 1.5 to 20 wt.
parts per wt. part of the starting material, thiophosphoryl

25 chloride. It may be acceptable that liguid thiophosphoryl

14



After. evaporation of the solvent, the phosphine sulfide is isolated as a
solid. A further purification technique such 10 as recrystallization may
be, if necessary, conducted. Thus, phosphine sulfide represented by fornula
(-1) can be prepared by a convenient process of this invention. The
phosphi ne sulfide is soluble in non-polar to polar organic solvents. It has

been surpriséﬂgg¥i&§ugg é?é?ié g 1 ng@ﬁﬁgﬂ!ne oxi'de is not hygroscopic at
all. A hygroscopicity te or 2% fours under a ordi nary at nosphere
(tenperature: 18 tQ 4‘||_§rr]_c'q unm dity: 5§to 59 (V% $ 4L.ndi.cat,
wei ght increase dd?iﬁ3:a oﬁﬁhc O %&F%? PEPREPE, ul8ide reﬁ-,ggnﬂgd
tris[tris(di tg | am no) phospho Iideneaniqgﬂ hosphi ne suj fide
conpound r-epg§s ﬁ%ﬁlﬁy%ibrﬁﬁyéﬁ?{gsvm% gen %ﬁ‘f‘lﬂ@y%ﬁe ];ﬁﬂjlﬁ)frﬁ‘ﬁeby
sul fide is considerably advantageous in its handling, in_conparison with
tris[tris(di feFAYMARi EBFPRLIPRor HRA iQFEHPLHn ShEn 8PPV PhosPhRNdAM\hi ch
absorbs noisture in an amount of 7 to 8 w%for 15 24 hours under the
sanme condl ti ehioridgeaer abeyproduet i coenrEmhinerrgipikated A 2
i nsol uble in water, but may provide a 0.003 M aqueous solution. The pH of
the | ow consehidainobhagueacticn| selwhnion. p@hus, 23t mayi bet regmovied: by t he
phosphine sulfide is basic. The phosphine sulfide represented by formul a
(1) is filtration, and then the filtrate may be washed with water.
After evaporation of the solvent, the phosphine sulfide is
isolated as a solid. A further purification technique such
10 as recrystallization may be, if necessary, conducted.

Thus, phosphine sulfide represented by formula (1)
can be prepared by a convenient process of this invention.
The phosphine sulfide is soluble in non-polar to polar
organic solvents. It has been surprisingly found that the

15 phosphine oxide is not hygroscopic at all.

A hygroscopicity test for 48 hours under a ordinary
atmosphere (temperature: 18 to 24 °C; humidity: 52 to 59 %)
has indicated no weight increase due to absorption of
moisture for

20 tris[tris(dimethylamino)phosphoranylideneamino]phosphine
sulfide, a compound represented by formula (1) where R is
methyl. The phosphine sulfide is considerably advantageous
in its handling, in comparison with

tris[tris(dimethylamino)phosphoranylideneamino]phosphine

25 oxide which absorbs moisture in an amount of 7 to 8 wt% for

15



very useful, for exanple, .in a process for preparing a poly(al kyl ene oxi de)
by polynerizing an al kyl ene oxide or a process for preparing a

| , 2- di oxyet hane derivative by 10 reacting an- epoxy conpound with a

car boxyl ate, carboxylic anhydride, carbonate or phenol conpound, as
described |l ater, The third asgect of this invention wll, bﬁ dgscribe . The
third aspect 28f BPHFE PRI®R: FBR pamg pPBEdLiops, agafgFsIibPA gbgve. The

pol y(al kyl ene_oxi de), conprising 15 pol ynerizing an al kyl ene oxide in the
presence of Qhﬂﬁ9§ﬁﬁ?n§ugEFﬂPdésrEbig§ehﬂéelbylﬁo#ﬁuW§t€E) Butomayhe
phosphi ne sul fide and an active hydrogen conpound sel ected from water and
organi ¢ conp®¥e¥ddradi Ag083 pMr agupousr aedutdont -TheopH-@f theplow- - |
the process of this invention, the phosphine sulfide represented by formula
(1) may reacrconcehtrhbtiankageeeusxsddubndhoist pd ddt.2% hpdicgsiangotpetind
to forma derivative of the phosphine sulfide, which may act as an
initiator5s Usheophesphinedsulfidevésobashie.phosphine 25 sulfide prepared in
advance or separately, in the 16 . polynerization of the al kyl ene oxi de,

i s enconpassed i n tHe phREineo sl idd etd suntddt b NE iyl £nEL pXigle

conmpound is polynerized in the presence of a phosphine sul fide represented
by formula ($brgr ugbrtils pbeseRhmpi1sy! fhdg precesan fa¢! p¥e8pA¥rdhgoan

conmpound sel ected from wat er and organi c
poly(alkylene oxide) by polymerizing an alkylene oxide or a
process for preparing a 1,2-dioxyethane derivative by

10 réacting an epoxy compound with a carboxylate, carboxylic
anhydride, carbonate or phenol compound, as described later.

The third aspect of this invention will be described.
The third aspect of this invention is a process for
manufacturing a poly(alkylene oxide), comprising

15 polymerizing an alkylene oxide in the presence of a
phosphine sulfide represented by formula (1) or of the
phosphine sulfide and an active hydrogen compound selected
from water and organic compounds having a partial structure
of -OH or -NH-.

20 In the process of this invention, the phosphine
sulfide represented by formula (1) may react with the.
alkylene oxide and/or the active hydrogen compound to form
a derivative of the phosphine sulfide, which may act as an

initiator. Use of such a derivative of the phosphine.

25 sulfide prepared in advance or separately, in the
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conpounds having a partial structure of -OH or -NH. An al kyl ene oxide in
t he process for manufacturing a poly(al kyl ene oxide) is a conpound
conprising a three- nmenbered epexy group such as ethyl ene oxide, propylene
10 oxide, 1,2-butylene oxide, 2,3-butylene oxide, styrene oxide,

cycl ohexene oxi de, epichl orohydrin, epibromhydrin, nethyl glycidyl ether,

allyl glycidyl gther.and. phenyl_.al yci.dvl et her... Any ot her al kyl ene_oxide
may be used £°f36ﬂ%r’a%a‘ﬁ‘9’bo ﬂgﬁ a;'dgéegbq f’ﬂfdreécﬁst ﬁé‘cﬁf“BEEé?%of"“t )ﬁ':h% 15
i nvention. These be used jn conpi nat.i on of or nore,. where t or
nore al kyl enec%‘}?%é‘g FhyEibe JRReRERn (it A f%l?é‘&ué’ﬁtlfiﬁl f“fi’mé’f’u\é\’%
sequential usge of these, may pe repeated. The al kyl ene_qxide is . preferably
et hyl-ene oxi d¥® W%W%%é’bx‘f%,f’@sﬁ%ﬁ Ao e PRospbige §P§§éﬁ€ oxi de,
nmore preferably ethyl ene oxide or propyl ene oxide, further preferably .
propyl ene oxi¥RPTreFLRELq kY HiRmeth Q:ﬁ)mf&:r&f- ithe phogphines spdfide and

manuf acturing a poly(al kyl ene oxide) is a conpound selected 25 fromwater
and organibc cpRRiktEe exdregen wonpaund tselsahes from waterCOandr oxganic t
may be water. Organi c conpounds having a partial structure of -OH may -
i ncl ude car bogmpaunds dsaving rey gaxrtoi #10 standwdurst ofs ~-OHcbrasNHernni ¢ aci d,
acetic acid, propionic
An alkylene oxide in the process for manufacturing a
pply(alkylene oxide) is a compouhd comprising a £hree-
membered epoxy group such as ethylene oxide, propylene

10 . oxide, 1,2-butylene oxide, 2,3-butylene oxide, styrene
oxide, cyclohexene oxide, epichlorohydrin, epibromohydrin,
methyl glycidyl ether, allyl glycidyl ether and phenyl
glycidyl ether. Any other alkylene oxide may be used as '
long as it does not adversely affect the process of this

15 invention. These may be used in combination of two or more,
where two or more alkylene oxides may be used
simultaneousl¥ or sequentially or sequential use of these
may be repeated.

The alkylene oxide is preferably ethylene oxide,

20 propylene oxide, 1,2-butylene oxide or styrene oxide, more
preferably ethylene oxide or propylene oxide, further
preferably propylene oxide.

An active hydrogen compound in the process for

manufacturing a poly(alkylene oxide) is a compound selected

25 from water and organic compounds having a partial structure
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5-acid, butyric acid, isobutyric acid, lauric acid, stearic acid, oleic
acid, phenylacetic acid, dihydrocinnam c acid, cycl ohexane carboxylic-acid,
benzoi ¢ acid, - p-net hyl benzoi c acid and 2-car boxynapht-hal ene; pol ycarboxylic
acids having 2 to 20 carbon atons and 2 to 6 earboxyl groups such as 10
oxalic acid, nmalonic acid, succinic acid, maleic aci-d, fumaric acid, adipic
acid, itaconPf aBHdorbalHne tetracarboxylic acid, phthalic acid, '

i sophthalic acid, terephthalic-acid, trinellitic acid and pyronellitic

aci d; carbam c aci¥Hs Mg tbexgater di frgandsr sempoundsdhaningsa partial

car boxypyrrol i done, N-carboxyaniline and N, N[ err]-dicarboxy-

2, 4-t ol uenedst&mugturegl ofhePH mayi Agclutle 28rbaxpdbacaacidsshaning hetdanol ,

et hanol , n-propanol, isopropanol, n-butyl alcohol, sec-butyl alcohol,
tert-butyl aRéobkalrbonsatpmst plichl ashdéibrmier acpdpt gatetlicoaeid, npoapidnic
al cohol, lauryl 20 al cohol, cetyl alcohol, cyclopentanol, cyclohexanol,

al 'yl al cpholeidyobykyzticohelid, mekbputyriyl actdhi hatribeazyd, astedeic
1- phenyl et hyl al cohol, triphenyl carbinol and cinnanyl alcohol; polyhydric

al cohol s haviaBgd? blelf &8iB9NpAbAYEadeEié hEid, hHEnpdybc OhRaRSEC SAETd AS
et hyl ene glycol, 25 propylene glycol, diethylene glycol; dipropylene

glycol, 18 cyd1oReRhRBABEEHS llc3aE§Han§gPQBic1aéiHFt StR¥1bdnfoic

hexanedi ol , 1, 4-cycl ohexanedi o ,_trlnetﬁy propane, glycerin, diglycerin,
tr'”Ethy|O|”§E§HTQﬁd BeBL2Bb¥Haphthalene; polycarboxylic acids having

2 to 20 carbon atoms and 2 to 6 carboxyl groups such as

10 oxalic acid, malonic acid, succinic acid, maleic acid,
fumaric acid, adipic acid, itaconic acid, butane
tetracarboxylic acid, phthalic acid, isophthalic acid,
terephthalic acid, trimellitic acid and pyromellitic acid;
carbamic acids such as N,N-diethylcarbamic acid, N-

15 carboxypyrrolidone, N-carboxyéniline and N,N’-dicarboxy-
2,4~toluenediamine; alcohols having 1 to 20 carbon atoms
such as methanol, ethanol, n-propanol, isopropanol, n-butyl
alcohol,'sec-ﬁutyl alcohol, tert-butyl alcohol, iso-pentyl
glcohol, tert-pentyl alcohol, n-octyl alcohol, lauryl

20 alcohol, cetyl alcohol, cyclopentanol, cyclohexanol, allyl
alcohol, crotyl alcohol, methyl vinyl carbinol, benzyl
alcohol, l-phenylethyl alcohol, triphenyl carbinol and
cinnamyl alcochol; poiyhydric alcohols having 2 to 20 carbon
atoms and 2 to 8 hydroxyl groups such as ethylene glycol,

25 propylene glycol, diethylene glycol, dipropylene glycol,

18



and di pentaerythritol; saccharides and their derivatives 5 such as gl ucose,
sorbitol, dextrose, fructose and sucrose; aromatic conpounds having 6 to 20
.carbon atons and 1 to 3 hydroxyl groups such as phenol, 2-naphthol, 2, 6-

di hydr onapht hal ene and bi sphenol - A; and pol y(al kyl ene oxide)s having 2 to 8

termnal end nd_1 to 8.hydroxyl. 1 ' whose

nunber - aver a egﬁgfgeévﬁglﬂgfggfXTgugﬁgé€%8§0?%0%9&§%§kg%§£%bﬁ9%%fhyIene

oxi de), pol ypropyl epe. oxjd and copol rs thereof.. Organi c conmpounds

naving a parRPRRReRiaLe ub efapviphoRenddESE | CELRGth ol aRma my

~i.nclude aliphatic and 15 aromatic primary anines having 1 to 20 carban
atoms such aglm%;man%@}y@?ﬁ;mangﬁypeﬁﬁ/ﬁ%mmﬁ@: RIS U el -

. butyl am ne, isobutylam ne, sec-butylam ne, tert-butylamne, .

cycl ohexyl aner@, dipenyaenyberitel ;| sprehgrides| and nhelmnidemidzatdves ui di ne,

mtol uidine and p-toluidine; aliphatic and 20 aromatic secondary am nes

having 2 % o gachaapoplucose, ssehbitolli ndekyrose nefrugtidse and sudurese;

di et hyl.am ne, di-n- propylam ne, ethyl-n-butylam ne, methyl-sec-butylam ne,

di pent yl am neromatic| otrepgunds nkavih d a2i0 | ¢ ancbam da b dmtree;3

poFyanynes havi ng g to Zoqgarbon ato%gﬁgzd 2 25 to 3 pr:ﬂgfyyzr secondary

am no groupshgdedxpr dfoups eslivh easdphshdl, 2Hnaplatholbetdyg-) am ne,

hexanet hyl enedi am ne, 4, 4[err] -di am nodi phenyl met hane, nel am ne,
dihydronaphthalene and bisphenol-A; and poly(alkylene
oxide)s having 2 to 8 terminal ends and 1 to 8 hydroxyl

10 groups at the terminal ends whose number-average molecular
weight is 200 to 50,000, such as poly(ethylene oxide),
poly(propylene oxide) and copolymers thereof.

Organic compounds having a partial structure of -NH-
as an éctive hydrogen compound may include aliphatic and

15 aromatic primary amines having 1 to 20 carbon atoms such as
methylamine, ethylaﬁine, n-propylamine, isopropylamine, n-
butylamine, isobutylamine, sec-butylamine, tert-butylamine,
cyclohexylamine, benzylamine, p-phenylethylamine, aniline,
o-toluidine, m-~toluidine and p-toluidine; aliphatic and.

20 aromatic secondary amines having 2 to 20 carbon atoms such
as dimethylamine, .methylethylamine, diethylamine, di-n-
propylamine, ethyl-n-butylamine, methyl-sec-butylamine,
dipentylamine, dicyclohexylamine, N-methylaniline and
diphenylamine; polyamines having 2 to 20 carbon atoms and 2

25 to 3 primary or secondary amino groups such as
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tri(2-amnoethyl)am ne, N, N err]-dinethylethyl enedi am ne and

di (2- met hyl am noet'hyl ) am ne; saturated cyclic secondary 5 am nes having 4
to 20 carbon atons such-as pyrrolidine, piperidine, norpholine and

1, 2, 3, 4-tetrahydroqui noline; unsaturated cyclic secondary am nes having 4
to 20-carbon atonms such as 3-pyrroline, pyrrole I ndol e, carbazol e,

I m dazol e, pyr | e urine cli.c nes haV|ng 4 10 to 20 carbon
atons and 2 O (lﬁﬁéﬁiﬁﬂ%f de%%FEHﬁgﬁgﬁéﬂS‘ Sger azi ne, pyrazine and .
1,4,7-triazacycl ononane; unsubstltuted o] nans bStItUt d acid am des.
having 2 to Zé’@é'ﬁfgﬁ’ M SNy Wleprﬁ‘ﬁiﬂﬂ‘éﬁ?'de
N-nethylbenzan1de and 15 N-ethylstea Ian1de to 7 menber. cyclic am des

such as 2- pyid3sHaoatdhyloamingy INﬁn@%ﬁeﬁhﬁiﬁﬁhﬁ%QQ&ﬂﬁaﬂén&cP& ani des
having 4 to 10 carbon atoms such as succinani de, malein de and phthalim de.

The active hytr(@gmethyhsoimeetdy i yesines mﬁ?ﬁ zyclde sgcangauyal ity of

active hydrogens. Polynerization is generally initiated from ani on noieties
gener at ed5af taarinsls havdinigord dfo A0 carboac tabomshyshodg@s pyowelddiaepr ot on.
Organi ¢ conmpounds having a partial structure of -OH as an active hydrogen
conpound may pipenidd ne,c aloalpholdnenand 1, 2,3 ,A6- tetdahy daoaguii neodd heas
nmet hanol , et hanol, n-propanol, 20 | sopropanol, n-butyl alcohol, -
sec-butyl al eph@turatied kyicllic secondary amines having 4 to 20 carbon
. atoms such as 3-pyrroline, pyrrole} indole, carbazole,
imidazole, pyrazole and purine; cjclic polyamines having 4
10 to 20 carbon atoms and 2 to 3 secondary amino groups such
as piperazine, pyrazine and 1,4,7-triazacyclononane;
unsubsiituted or N-monosubstituted acid -amides having 2 to
20 carbon atoms écetamide, propionamide,
N-methylpropionamide, N-methylbenzamide and
15 N-ethylstearylamide; 5 to 7 member cyclic amides such as 2-
pyrrolidone and eg-caprolactam; and dicarboxylic acid amides
having 4 to 1Q carbon atoms such as succinamide, maleimide
and phthalimide.
The active hydrogen compound may include compounds
20 having a plurality of active hydrogens. Polymerization is
generally initiated from anion moieties generated after
elimination of all the active hydrogen atoms as a proton.
Organic compounds having a partial structure of -OH

as an active hydrogen compound may include alcohols having

25 1 to 20 carbon atoms such as methanol, ethanol, n-propanol,

20



al cohol, iso-pentyl alcohol, tert-pentyl alcohol, n-octyl alcohol, |auryl
al cohol, cetyl alcohol, cyclopentanol, cyclohexanol, allyl alcohol, crotyl
al cohol ,- nethyl vinyl 5 carbinol, benzyl alcohol, 1-phenylethyl alcohol,
t-ri phenyl carbinol and cinnanyl al cohol; polyhydri'c alcohols having 2 to 20
carbon atons and 2 to 8 hydroxyl groups such as ethylene glycol, propylene
gl ycol , di et hgbprepgnpdsl n-bupydpalenbodl yset-butpl pabpehel; dtert-butyl
1, 3-butanediol, 1,4- 10 butanediol, 1, 6-hexanediol, 1, 4-cyclohexanediol,
trimet hyl ol padpahe]l .ghigoepentydi gligoholp, tpebtpenyyhralodhabhd n-octyl

di pentaerythritol; saccharides and their derivatives such as gl ucose,
sorbitol, deaficohel,fdlaargicadbdhol;r caeylaalicohb)( atyylepentanalk) s havi ng
2 to 8 termnal ends 1 to 15 8 hydroxyl groups at the term nal ends whose

nunber - aver aggcibhegahol ,Wanapl a3cdfBll ock8tPP0alEohbl psmeohyl akingENE
‘oxi de), poly(propyl ene oxide) and copolyners thereof. Preferable organic

conpoundss hagaR8iRolg’ befzyit ETEBHBQ,OEEE%X%%%P' APEOREE, Nevipheryi 0 20

carbon 20 atons and 2 to 3 primry or ondary am no groups such as

ethylenediankggb&gb 2éﬁﬁhgﬁﬁhgﬁ§iaHh?§P°§ﬁfﬁ§§?ﬁ§§f£§?%§@gﬂgis having 2

4, 4[ err]-di am nodi pheny aney tri

di (o5 met iyl aBenag FFYam ALOgsSad kbl ByRFPYL SRR R AL" 20 g

to 10 Carbone%%ylene glycol, propylene glycol, diethylene glycol,

dipropylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-

10 butanediol, 1,6-hexanediol, 1,4-cyclohexanediol,
trimethylolpropane, glycerin, diglycerin, pentaerythritol
and dipentaerythritol; saccharides and their derivatives
sucﬁ as glucose, sorbitol, dextrose,-fructose.and sucrose;
and poly(alkylene oxide)s having 2 to 8 terminal ends 1 to

15 8 hydroxyl groups at the terminal ends whose number-average
molecular weight is 200 to 50,000, such as poly(ethylene
oxide), poly(propylene oxide) and copolymers thereof.

Preferable organic compounds having a partial

structure of -NH- are polyamines having 2 to 20 carbon

20 atoms and 2 to 3 primary or secondary amino groups such as
ethylenediamine, di(2-aminoethyl)amine,
hexamethylenediamine, 4,4'-diaminodiphenylmethane, tri(2-
aminoethyl)amine, N,N’-dimethylethylenediamine, N,N’-
diethylethylenediamine and di(2-methylaminoethyl)amine;

25 saturated cyclic secondary amines having 4 to 10 carbon

21



atons such as pyrrolidine, piperidine, norpholine and

1, 2, 3,4-tetrahydroqui noline; and cyclic pol yam nes having 4 to 10 carbon
atons and 2 to 3 secondary am no groups such:as piperazi ne, pyrazine and
1-4,7-triazacycl ononane. 5 Organi ¢ conpounds having a parti al
structure of -OH are nDre preferable as an active hydrogen conpound,

nydr oxyl gt ottt cfidh & gl i bhes Piaeh TG A e A0 ancdi ol
ts;l:gﬁ;??lljggprﬁﬁ?;]ﬁe‘f ]@%%??Mrl n Bﬁm aer yt hcgl t ol g}ogli]{)en.t aer )ytﬁtjrl toI

fructose and sucyose; .and pol y(al kyl ene OXIde)S haV|ng 2 to 6 ternlnal ends
and 2 to 6 hymol&lc%ﬁ bR Atang r?é“i/ezr fhal SARRNAHEE ATHNG SROURS fyeh

mol ecul ar weight is 15 200 to 10,000, such as poly(ethylene oxi de),

pol y(propyl er®s 0&4%’53%(:(21@% ‘anbrlock . 7- il agasiielasionane .phos phi ne
sul fide represented by fornmula (1) is, but not limted to, generally 1 x
10[err] td 5 x 10[ Ergpnis| sgmppuaderabwng f pertial sbrnckune[ef r $OMvl es
to one 20 nDIe of an al kyl ene oxi de. The anobunt of the active hydrogen
conpound is, dme mmte |prefexhble agerar aldtivie thydirogel)[campboumd ,es,
preferably 5 to 1 x 10[err] noles, nore preferably 10 to 1 x 10[err] noles
to one nol e aindhed i oliyieydntild |aje;orﬁﬂs havirply Ry iZnidaadboiBatms but
not limted to, generally 22

and 2 to 8 hydroxyl groups such as ethylene glycol,

propylene glycol, 1,4-butanediol, trimethylolpropane,

10 glycerin, pentaerythritol and dipentaerythritol;
saccharides and their derivati%es éuch as glucose, sorbitol,
dextrose, fructose and sucrose; and poly(alkylene oxide)s
having 2 to 6 terminal ends and 2 to 6 hydroxyl groups at
the terminal ends whose number-average molecular weight is

15 200 to 10,000, such as poly(ethylene oxide), poly(propylene
oxide) and copolymers thereof.

The amount of the phosphine sulfide represented by
formula (1) is, but not limited to, generally 1 x 10713 to
5x 107t moles, preferably 1 x 1077 to 1 x 107! moles to one

20 mole of an alkylene oxide.

The amount of the active hydrogen compound is, but
not limited to, generally 1 to 1 x 10° moles, preferably 5

to 1 x 10% moles, more preferably 10 to 1 x 10° moles to one

mole of the phosphine sulfide.

25 Polymerization may be, but not limited to, generally
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conducted according to a procedure that an al kyl ene oxide is introduced in
one portion, intermttently or continuously to a reaction vessel in which a
phosphi ne. sul fide represented by fornula (1) or the phoshine sulfide 5 and
an active hydrogen conpound are charged, together with a solvent when used.
A polynerization tenperature may vary depending on a variety of factors
such as a type oxi de used, the anpunt of a_phosphi ne sulfide

f | kyl
represent ed W"%O‘F%nﬂdg °e%)emz¥nd"°aat procsduren &hatoam adkydfngcexide

hydrogen conpound, but is generally below 150 [err]C, preferably 10 to 130
[err] C, noreifr di¢FRGFesH 1n, ongp poxitipn, Antexsdtsensdyssure may vary
depending on a variety of factors such as a type of an al kyl ene oxi de used,
a type and t FONXABYRUSIY %@ @5 rgecitieonhyessgdn inowpdehd aaphogphine

pol ynmerization _tenperature, but is generally below 3.0 MPa (an absol ute
pressure expsudfdde reprgsepirecaby Horsudar (dr), orht¢heaphodbiingi sudfiide
used), preferably 0.01 to 1.5 MPa, nore preferably 0.1 to 1.0 MPa. A
reacti on #lur andoanmagtizey hydregenngompoandl aver chaygetl,f séogetheguwbths
types and the anobunts of reactants, a polynerization tenperature and a

pol yneri zat i anspileesatr ehehuused.generally within 70 hours, preferably 0.1
to 30 hours, nore preferably 0.5 to 24 hours. In a process for

manufacturing a pdy%ﬂﬁéﬁwa@i@ﬁeeeﬁéeﬁtﬁﬂ ey Wy Qepditiy JIP'eE
al kyl ene oxi des may be 23 _ o
variety of factors such as a type of an alkylene oxide used,
the amount of a phosphine sulfide represented by formula
10 (1) and a type and the-amount of an active hydrogen
compound, but is generally below 150 °C, preferably 10 to
130 °C, more preferably 50 to 120 °C. A reaction pressure
may vary depending on a variety of factofs such as a type
of an alkylene oxide used, a type and the amount of an
15 active hydrogen compound and a polymerization temperature,
but is generally below 3.0 MPa (an absolute pressure
expressed in mega pascal; hereinafter, the same definition
is used), preferably 0.01 to 1.5 MPa, more preferably 0.1
to 1.0 MPa. A reaction duration may vary depending on a
20 variety of factors such as types and the amounts of
reactants, a polymerization temperatufe and a
polymerization pressure, but is generally within 70 hours,
preferably 0.1 to 30 hours, moré preferably 0.5 to 24 hours.

In a process for manufacturing a poly(alkylene oxide)

25 of this invention, two or more alkylene oxides may be

23
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conbi ned. Two or nore al kyl ene oxi des may be sinultaneously used for

pol yneri zation to provide a relatively nore random copol yner, dependi ng on

difference in-reactivity between them Two or nore al kyl ene oxides 5 may be
sequentially used for polynerization to provide a bl ock copol yner '

conprising b t r Oﬁéﬁ ene. oxi aor exanple, after

the conpl eti %ﬁﬁg?’ntgﬁe wyn%%cgfe%% ﬁée M s%g a]'ii Kgl%{e oxi de, the

second al kyl eg ' be_pol ynerized in.situ to_provide.10 a bl ock
copolyner-co%%ﬁ?gﬁégg?ggxgiF?ggeﬁ?ergixgerlﬁf%é?ntﬁ RERHIA%iBn of the
pol ymeri zation,of .the second_al kyl ene_oxi de, tge first al kylepe oxide may

be again poI§ﬁéP¥i¥8fgrm?ﬁ§ 5665émp?888§&w%rna eB%n?éB%a?%dé%ggﬁF%ﬁ?%e a

al ternating hl ock cogoL nmer. Three or nore al kyl ene oxi des 15 may. be

conbi ned . as #BsERREELVABBVREtEERR obhEm: 5 THR £X A AlNPErs B3uidafer .

Preferabl e copolﬁner is a block copolyner conprising blocks of

‘pol y( pr opy| eMaYoRedesanant bally cusgd cher orpliEnepizabien b9 REevtdeial |y

pol ymeri zi ng Erogylene oxi de and ethyl ene oxide as an al kyl ene oxide. 20

I n the pol ynbipekt copolymeri oomprisbhgehlooky Of, twé oxcmerary, used.

Sol vents which may be used include aliphatic hydrocarbons such as pentane,

hexane, heptpatyédatikgyehehexide)s ar Faat iexdnplrenc afiters thee lcompletrioane and

tol uene; ethers such as diethyl ether, tetrahydrofuran, 25 1, 3-di oxane
and ani sol e; ofinthappolysepizatiscnl yEntResfLhsBsalllylene oxide, the
second alkylene oxide may be polymerized in situ to provide
10 a block copolymer comprising two different blocks. After
the completion of the polymerization of the second alkylene
oxide, the first alkylene oxide may be again polymerized or
the above procedure may be repeated to provide a
alternating block copolymer. Three or more alkylene oxides

15 may be combined as described above to provide a more
complex block copolymer. Preferable copolymer is a block
copolymer comprising blocks of poly(propylene oxide) and
poly(ethylene oxide) prepared by sequentially polymerizing
propylene oxide and ethylene oxide as an alkylene oxide.

20 In the polymerization reaction, a solvent may be, if
necessary, used. Solvents which may be used include
aliphatic hydrocarbons such as pentane, hexane, hepfane and
cyclohexane; aromatic hydrocarbons such as benzene and

toluene; ethers such as diethyl ether, tetrahydrofuran,

25 1,3-dioxane and anisole; and aprotic polar solvents such as
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di met hyl sul f oxi de, N, N-di net hyl f or mam de, hexanet hyl phosphor mai de and N, N
-di met hyl im dazolidinone. Any other solvent may be used as long as it does
- not adversely affect the pol ynerization reaction in the process 5 of this
invention. The polynerization in the process for nmanufacturing a _

pol y(al kyl ene oxide) of -this invention may be, if necessary, conducted in

an at nospher j S . N n_and. argon. The pol y(al kyl ene
oxi de) pPepa?%’gﬁ%é{k#ﬁ)éoo’%@%' ﬁ’%%f%éﬁ%ﬂ%‘f%y be s?)mati mes used

' : ' T t r or a-
sur f act ant - st S st i i el Al gz i fiione
eneral ly used after bei treated with a mineral acid such as hydrochloric
gci d, phgsph(ﬁmﬁ F zfrﬂr;&fi‘t NA¥ Be usRd @8 Aong @it daafonati ¢ acid
such as formc acid, acetic acid and propionic acid; carbon dioxide; or an
aci d-type of adperselyaffdactsithe jnolsmenieatuian inenRctsians dal the process
exanpl e, mashing%mﬁth wat er, an organi c solvent or a mxture thereof. 20

The fourtA asffecthist imwentinrent fbe wolymeridesionbéd. thkeprogesh fiopect of
this invention is a process for manufacturing a 1, 2-di oxyet hane derivative

having a par magufsotvating a gulgyailgddne forind)a of3)thilsh)inviention may,
conprising reacting an epoxy conpound with a carboxylate, 25 carboxylic
anhydri de, cdehorisdft memessaanyg cooutitedl in an atmosphere of an inert
gas such as nitrogeh and argon.
The poly(alkylene oxide) prepared by the process of .
10 this invention may be sometimes used directly as a starting
material for a polyurethane foam or elastomer or.a
surfactant after removing the solvent, when used. However
it may be generally used after being treated with a mineral
acid such as hydrochloric ACid, phosphoric acid and
15 sulfuric acid; an organic carboxylic acid such as formic
acid, acetic acid and propionic acid; carbon dioxide; or an
acid-type of ién-exchange resin.
It may be purified as usual by, for example, washing
with water, an organic solvent or a mixture thereof.
20 The fourth aspect of this invention will be described.
The fourth aspect of this invention is a process for
manufacturing a 1,2-dioxyethane derivative having a partial
structure represented by formuia (3), (4), (5) or (6),

comprising reacting an epoxy compound with a carboxylate,

25 carboxylic anhydride, carbonate or phenol compound,
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25  respectively, in the presence of a phosphine sulfide represented by
formula (1). An epoxy.conpound i s an organic conpound conprising a

" three-nmenbered epoxy group, including aliphatic, alicyclic 5 and aronmatic
epoxy conpounds consi sting of carbon and hydrogen atonms and an oxygen atom
of the epoxy group; aliphatic, alicyclic and aromatic epoxy conpounds

containing a m s;al LRkak LCYE LChR 3 ' Xy
conmpounds ha&?ﬁgggeggéggéréﬁpFREI %%SF?%% ég gl?%é%?ﬁgﬂgﬁéhgfgﬁgtic epoxy

conmpounds ha%hﬁge@gngggebybgg - Eatic, alicyclic and aromati c epoxy
conpounds havi hg an ester~bond; a ig atic, alicyclic and aromatic epoxy

compounds havi ng j.ary. amno group; and aliphatic ﬁaic:cch.and

aromati c epoxy co%%ﬁér#(igsx%é:v(?“}?go‘g’cgslsc R campay Eoéwwl(!'(?nﬁounds

i ncl ude aliphatic epoxy._c ounds consi st i ng qf cargon and hydr ogen_ at ons

and an oxygeh 5?8ﬁpg?ﬁ¥ﬁ§82§89§ygQGBBPSu&ﬁcgggéPﬂyP ﬁBhBQFHe,a%+%$?4E%e

oxi de, 1, 2-epoxybutane, 2, 3-epoxybutane, 1,2- 20 epoxyhexane,

1, 2- epoxydct §RE, a¥oBatieyORREYneOmpounds genasatingeof 1c2rbonxgndt r adecane,

1, 2- epoxyhexadecane, 1, 2-epoxyoct adecane, 7,8-epoxg-2-nethyloctadecane, 2-

vi nyl oxi r anehydragenyatong; apdoanr axggen, atepor§- theaegpasy group;

1, 2-'epoxy-7-oct ene, 1-phenyl -2, 3-epoxypropane, 1-(1-

aliphatic, alicyclic and aromatic epoxy compounds

containing a halogen atom; aliphatic, alicyclic and

aromatic epoxy compounds having a keto group; aliphatic,

10 alicyclic and aromatic epoxy compounds having an ether

bond; aliphatic, alicyclic and aromatic epoxy compounds
having an ester bond; aliphatic, alicyclic and aromatic
epoxy compounds having a tertiary amino group; and
aliphatic, alicyclic and aromatic epoxy compounds having a

15 cyano group.

Specific epoxy compounds include aliphatic epoxy
compounds consisting of carbon and hydrogen atoms and an
oxygen atom of the epoxy group such as ethylene oxide,
propylene oxide, 1,2-epoxybutane, 2,3-epoxybutane, 1,2-

200 epoxyhexane, 1,2-epoxyoctane, 1,2-epoxydecane, 1,2-
epoxydodecane, 1,2-epoxytetradecane, 1,2-epoxyhexadecane,
1,2-epoxyoctadecane, 7,8-epoxy-2-methyloctadecane, 2-
vinyloxirane, 2-methyl-2-vinyloxirane, 1,2-epoxy-5-hexene,

1,2-epoxy-7-octene, l-phenyl-2,3-epoxypropane, 1l-(1-

25 naphthyl)-2,3-epoxypropane, l-cyclohexyl-3,4-epoxybutane,

26



25 napht hyl) -2, 3- epoxypropane, 1-cycl ohexyl -3, 4-epoxybutane, 26

1, 3-but adi ene di oxi de and 1, 2,7, 8-di epoxyoctane; alicyclic epoxy conpounds
consi sti'ng of carbon and hydrogen atonms and an oxygen atom of the epoky
group such as cycl opentene oxide, 3-nethyl-1,2-cyclopentene oxide,

cycl ohexene oxide, 5 cyclooctene oxide, [err] pi nene oxi de,

2. 3- epoxynor Hordrhwtadienm sloxideal@nd yiol Hohdbolirrpasynd thmesn @ 1i cy o is
dlepoxynorbqrnane aronmati ¢ epoxy conpounds consi sting of carbon and

hydr ogen at orepaxyl canpungisn cansnsifing e fmaabany aupl hyslrogrens atomse and de,
3-net hyl styrene oxide, 1,2- 10 epoxybutyl benzene, 1, 2-epoxyoctyl benzene,

stil bene oxi dm diypgenylatiom erfe the dgpoxly (group suelil, a% ayedogentenes3- (1-
met hyl vi nyl ) benzene, 1, 4-bi's(1, 2-epoxypropyl)benzene, 1, 3-

bi s( 1, 2- epoxyxlidest BHmrithg)-e Jdpbritehdic il eRPlohexene oxide,
1-methyl et hyl ) benzene; hal ogenated aliphatic epoxy 15 conpounds such as

epi 11 vor gy e il el 'ng:.p;a%@eomw' 2, ke HeLaREAKLene

oxi de, 1, 2- ep fluo 3-epoxypr épyl I"uor obenzéne,

1-(3, 4- epoanwe)ng I iy 0 %de]c lﬁ%ﬁzc?gégnat eg) %4 c’ycl orobenzene

and 1- (3, 4- epoxybut yl )-3-cHl orobenzene: lic epoxy

Comounds <Ll ol UL G ol U o

4- fluorOStyr%%iﬁg§.%%d?%@dkd&gn ‘atoms and an oxygen atom of the epoxy
group such as styrene oxide, 3-methylstyrene oxide, 1,2-

10 epoxybutylbenzene, 1,2-epoxyoctylbenzene, stilbene oxide,
3-vinylstyrene oxide, 1-(l-methyl-1,2-epoxyethyl)-3-(1-
methylvinyl)benzene, 1,4-bis(1,2-epoxypropyl)benzene, 1,3-
bié(1,2-epoxy-1-methylethyl)benzene and 1,4-bis(1,2-epoxy-
l-methylethyl)benzene; halogenated aliphatic epoxy

15 compounds such as epifluorohydrin, epichlorohydrin,
epibromohydrin, hexafluoropropylene oxide, 1,2-epoxy-4-
fluorobutane, 1-(2,3-epoxypropyl)-4-fluorobenzene, 1-(3,4-
epoxybutyl)-Z;fluorobenzene, 1-(2,3-epoxypropyl)-4-
chlorobenzene and 1-(3,4-epoxybutyl)-3-chlorobenzene;

20 halogenated alicyclic epoxy compounds such as 4-fluoro-1,2-
cyclohexene oxide and 6-chloro-2,3-
epoxybicyclo[2.2.1]heptane; halogenated aromatic epoxy
compounds such as 4-fluorostyrene oxide and 1-(1,2-
epoxypropyl)-3-trifluorobenzene; aliphatic epoxy compounds

25 having a keto group such as 3-acetyl-1,2-epoxypropane, 4-
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epoxypropyl )-3-trifluorobenzene; aliphatic epoxy conpounds 25 having a keto
group such as 3-acetyl -1, 2- epoxypropane, 4- 27  benzoyl -1, 2- epoxybut ane,
4- (4-benzoyl ) phenyl -1,°2- epoxybut ane and '

4; 4' - bi s( 3, 4- epoxybut yl ) benzophenone; alicyclic epoxy conpounds having a

Eiggl g;grg[z%&ﬁ%pt a'nze— ﬂ%ﬁgéggﬁ-%oz% %ha\f‘siﬁlg af%?eto group such
epoxy comourEoRERt i anaa'“?hé#“m@&% tr‘é{}zb%qa?r R butyl
gl Zc;ggi(yghhg 1i ‘flﬁ ei’%ﬁjﬁ’“ﬁ’rﬁ’éﬂﬁ thgnz b{%‘ﬁ%a’c' d her p’%r et hyl
gwgirdylgl gm d 4- ¢ I or r}%g;/anq?iteyh%r %I yci dyI 4- rret hoxyphenyl et her

= ether, glycidyl

4-i ndol yl ether cr%yl N- net hyl - [err] qurnolon 4-vyl ether

et hyl enegPycd¥alst c%q Zni 1haptane ;| aromatdce @RIXYdicompsungds davdéng B 2-
di gl yci dyl oxybenzene, bIS(4 gl yci dyl oxyphenyl ) pr opane,

tris(4-glyci dﬁ@(ﬂﬁ@ﬁ/l%‘%@ [8gn S - aseitylotymensy loxislet mngl 4-r(ilgl2¢ci dyl et her -
and a glycidyl ether of phenol novolac; alicyclic epoxy-conpounds having an

et her bond sEEPX¥PIOD¥] )IEnzgphenchere @ldphatdicoleposye campo ntise haxyi-ng .6-
di met hoxybi cycl o[ 2. 2. 1] hept ane; aromati c epoxy conpounds having an et her
bond such as ah redtheox eind suwehodisdglyeddyl methyl ether, butyl glycidyl

ether, 2-ethylhexyl glycidyl ether, allyl glycidyl ether,

10 ethyl 3,4-epoxybutyl ether, glycidyl-phenyl ether, glycidyl
4-tert-butylphenyl ether, glycidyl 4-chlorophenyl ether,
glycidyl 4-methoxyphenyl ether, glycidyl 2-phenylphenyl
ether, glycidyl l-naphthyl ether, glycidyl 4-indolyl ether,
glycidyl N-methyl-o-quinolon-4-yl ether, ethyleneglycol

15 diglycidyl ether, 1,4-butanediel diglycidyl ether, 1,2-
diglycidyloxybenzene, 2,2-bis(4-glycidyloxyphenyl)propane,
tris(4-glycidyloxyphenyl)methane, poly(oxypropylene)triol
triglycidyl ether and a glycidyl ether of phenol novolac;
alicyclic epoxy compounds having an ether bond such as 1,2—

20 epoxy-4-methoxycyclohexane and 2,3-epoxy-5,6-
dimethoxybicyclo[2.2.1]heptane; aromatic epoxy compouhds
having an ether bond such as 4-methoxystyrene oxide and 1~
(1,2-epoxybutyl)-2-phenoxybenzene; aliphatic epoxy
compounds having an ester bond such as glycidyl formate,

25 glycidyl acetate, 2,3-epoxybutyl acetate, glycidyl butyrate,
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(1, 2- epoxybutyl ) - 2- phenoxybenzene; aliphatic epoxy conpounds havi ng an
ester bond such as glycidyl formate, .25 glycidyl acetate, 2, 3-epoxybutyl
acetate, glycidyl butyrate; 28 gl yci dyl benzoate, diglycidyl

t erepht hal ate, poly(glycidyl acrylate), poly(glycidyl methacrylate), a
copol ymer of glycidyl acrylate with another nononer and a copolyner of

gl yci dyl met kagiedlahe B@!n%a%@%t ggg%ge@ag&r te%gﬁifﬁlﬂ tgpo ?Sﬁ anﬁﬁds

havi ng an est’er bond such as nmet h xycar ony e” and

2 3 epoxy- 5 dutmaiey Doptyiiyelabd: fothhepianee ar ATBLLG gmgfyoﬁorrpounds

haV|ng an ester “bond ‘such oxye nethy

3-(1; 2- Qﬁﬁﬂ d

3-%1,2-288§§8ﬂ§¥+%ﬁé'%%e y %hgég gﬁgﬁﬁgﬁaFPgogsgxangonpouﬁaé aV|ng a
' l. yl t d

NN et hyl ol y iy, HithettyYake Hikh. Ao PRet v?a§w§%”m %gmycl;c epoxy

N-(4,5- t.hyl b N,,N- di 4- 15

(o SoeReaiadd WA BEnzap ool S{iFc A8y TreTRpPAET I am de)

alicyclic epoxy conpounds havi n tertiary_amno group such as
1, 2- epoxy- 3- M&H K PH&EE?F%B?§PBﬁe?§ﬁe 2,A0ePOXYBROXY - 6-
(d|nethylcarbannyl)blcyclogé ] heptane; aromatic epoxy 20 conpounds
havi ng a t er PEOXYERTHONYH EY§&€52a3 32 1heptasenyAEamBEABYEPOKYT ene oxi de
and 4-(1, 2-epoxybutyl)-4[err]-

compounds having an ester bond such as ethyl 4-(1,2-

epoxyethyl)benzoate, methyl 3-(1,2-epoxybutyl)benzoate and

16 .methyl 3-(1,2-epoxybutyl)-5-phenylbenzoate; aliphatic epoxy
compounds having a tertiary amino group such as N,N-
glycidylmethylacetamide, N,N-ethylglycidylpropionamide,
N,N-glycidylmethylbenzamide, N-(4,5¥epoxypentyl)-n-
methylbenzamide, N,N-diglycidylaniline, bis(4-

15 diglycidylaminophenyl)methane and poly(N,N-
glycidylmethylacrylamide); alicyclic epoxy compounds having
a tertiary amino group such as 1,2-epoxy-3-
(diphenylcarbaﬁoyl)cyclohexane and 2,3-epoxy-6-
(dimethylcarbamoyl)bicyclo[2.2.1]heptane; aromatic epoxy

20 compounds having a tertiary amino group such as 2-
(dimethylcarbamoyl)styrene oxide and 4-(1,2-epoxybutyl)-4'-
(dimethylcarbamoyl)biphenyl; aliphatic epoxy compounds
having a cyano group such as 4-cyano-1,2-epoxybutane and 1-
(3-cyanophenyl)-2,3-epoxybutane; and alicyclic epoxy

25 compounds having a cyano group such as 2-cyanostyrene oxide
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(di met hyl car banoyl ) bi phenyl ; aliphatic epoxy conpounds having a cyano group
such as 4-cyano-1, 2-epoxybutane and 1- (3-cyanophenyl)-2, 3-epoxybutane; and
alicyclic epoxy 25 conpounds having a cyano group such as 2-cyanostyrene
oxi de 29 and 6-cyano-| - (1, 2- epoxy- 2- phenyl et hyl ) napht hal ene. These
conpounds may have any ot her bond, substituent or hetero atomas long as it

Ig’(rjgfsepgtjl gdgﬁ)%lgzﬁp%%%lgfeﬁ{ he ggféyf.%ﬁéﬁg agﬁlatrglgla‘:"rnoerfatic: epoxy
cpoxy droup: (bt AaeaBoyanERd ﬁ%?m@‘?%%‘gar itk TEngECRBRa 0 R R EL R g o
ﬁtaC.eLngRde;ter ‘%on&‘ R 2. el e 30 MR, AR Ay Sres T HAERE Wisony
cpoxy or oup. KA 'stge%yﬁ B v ea% #283—?&? SQFdZ”dlaS Séﬁi’%uf‘é‘é? orethe

2, 3- epoxy utane P ggo hexane, 2- epoxyoct ane epoxydecane,
1, 2- epoxydodecane; rgfgrgb ye ?*&d%%@ﬁﬁpnqsZaﬁﬁok?heiéﬁeéaﬂ
1, 2- epoxyoct adecane, . 7, 8- epoxy- 2- net hyl oct adecane, 2- V|nyIOX|rane

2- et hyl - 2- V|°rMRﬁétr’é3né"ndl LS gpﬁéireﬁ@mppupdépmmmmf carbon

1- phenyl - 2, 3- epoxypropane, 1-(1- 20 naphthyl)-2, 3-epoxypropane,

1_Cyc|Ohexy|_qpthﬂgﬁgggﬂgﬁmgms and an oxygen atom of the €poxy group;
(b) the above aliphatic and aromatic epoxy compounds having
an ether bond; and (c) the above aliphatic and aromatic

10 epoxy compounds having an esfer bond.

More preferable epoxy compounds are aliphatic epoxy
compounds ¢onsisting of carbon and hydrogen atoms and an
oxygen atom of the epoxy group such as ethylene oxide,
propylene oxide, 1,2-epoxybutane, 2,3-epoxybutane, 1,2-

15 epoxyhexane, 1,2-epoxyoctane, 1,2-epoxydecane, 1,2-
epoxydodecane, 1,2-epoxytetradecane, 1,2-epoxyhexadecane,
l,2—epoxyocta§ecane, 7,8-epoxy-2-methyloctadecane, 2-
vinyloxirane, 2-méthyl-2-vinyloxirane, 1,2-epoxy-5-hexene,
1,2-epoxy-7-octene, 1-phenyl—2,3fepoxypropane, 1-(1-

20 naphthyl)-z,3-epoxypropane, l-cyclohexyl-3,4-epoxybutane,
1,3-butadiene Qioxide and 1,2,7,8-diepoxyoctane; aliphatic
epoxy compounds having an ether bond such as glycidyl
methyl ether, butyl glycidyl ether, 2-ethylhexyl glycidyl

ether, allyl glycidyl ether, ethyl 3,4-epoxybutyl ether,

25 glycidyl phenyl ether, glycidyl 4-tert-butylphenyl ether,
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1;3-butadiene'dfoxide and 1,2, 7, 8-di epoxyoctane; aliphatic epoxy conpounds
havi ng an et her bond such as glycidyl nethyl ether, butyl glycidyl ether,

- 2- et hyl hexyl

gl yci dyl ether, allyl glycidyl ether, ethyl .3, 4- epoxybutyl

ether, 25 glycidyl phenyl ether, glycidyl 4-tert-butyl phenyl ether,

gl ycidyl 4-c
2- phenyl phen

REORA Y cBbECphgt Bt CERIPLAGE Bt SRRy Sty'her

Gihor 1, o " Eehn e aedeH gPpBR: ﬂi%f— “eEnSrq) GiyEiay oty eRbEREL 2 2.

bis(4 egC|dyI praopane, tris(4-_glycidyl oxyphenyl)nethane,
poly(oxypropﬁﬂgﬁég iméaﬂﬂﬁgﬁyéP§9FYétﬁEPeﬁnd9&Y§F9URd§rm6Fh¥ﬂ -8f pheno

- novol ac; and al,ip

i C epox conmpounds havi ng an ester bond such as 10

gl yci dyl forﬁ%ﬁ?gxﬂﬁmﬁﬂﬁ}l eratethzlsneﬁbyyeét9ig&r§iéyé eshei dyk 4-
but yr at e, glifldyl benzoate, diglycidyl terephthalate, poly(glycidyl

acryl ate)?

W th another

?ﬂéﬁ@yﬁlgéyﬁaéyylatb?r:aleapdigh!cldylgkybedyenacrQbafe
nononer and a copol yner of glycidyl nmethacrylate 15 with

anot her nonokds (4glyrddylosypbenyl) prepaneentriba(4a 1, 2- di oxyet hane
derivative prepared by reacting an epoxy conpound with a carboxylate in the

presence of
whi ch the

10

I5

20

25

glyedsiylioxyphehfl jmetRanes epd eyl ( bxypoopylenéitrisla conpound in
triglycidyl ether and a glycidyl ether of phenol novolac;

and aliphatic epoxy compounds having an ester bond such as
glycidyl formate, glycidyl acetate, 2,3-epoxybutyl acetate,
glycidyl butyrate, glycidyl benzoate, diglycidyl

terephthalate, poly(glycidyl acrylate), poly(glycidyl
methacrylate), a copolymer of glycidyl acrylate with

another monomer and a copolymér of glycidyl methacrylate

with another monomer.

In the process of this invention, a 1,2-dioxyethane
derivative prepared by reacting an epoxy compound with a
carboxylate in the presence of a phosphine sulfide
represented by formula (1) is a compound in which the
cleavéd €poxXy group in the'epoxy compound is inserted
between the acyl group and the alkoxy or aryloxy group in
the ester bond in the carboxylate, having a partial
structure represented by formula (3) where a carbon atom C-
or -C attached to the carbonyl group or the oxygen atom

belongs to an aliphatic, alicyclic or aromatic hydrocarbon.
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20 cl eaved epoxy group in the epoxy conmpound is inserted between the acyl
group and the al koxy or aryloxy group in the ester bond in the carboxylate, -
“having a partial structure represented by formula (3) where a carbon atom

C- or -C attached to the carbonyl -group or the oxygen atom 25 bel ongs to an

be bsed | nei ude ol FaraP 8Kk Sa T HEE 5 S%é”fci%%flﬁ%é’ﬁi@fé%‘éi Sting
nal ogenat ed HERTTE S e & FAPoRX AR <R oPOR FREBY, OF SRERRR: i c.

alicyclic and aramatic carboxyl ates having an et her bond; aliphati c,
alicyclic and™t oh a.’iﬂ%g%rag'ﬂ% ﬁ'\i OXY9rRyakorFaRd GhSuEstekabdsnati c,
alicyclic and aromatic carboxyl ates having a keto group. Specific
car boxyl at es Rak9IRRALE] .;ﬁ%ﬂ*@%’ba%}pxegscmnéoﬁgpmamg srrbaxydatesd
hydrogen atons and oxygen atons of the ester bond such as nethyl fornate,
et hyl for fat @lighatic qadigivelis: apd arematic mapboxylatesahsyingoapr opyl
propi onate, nethyl butyrate, n-octyl butyrate, n-decyl isobutyrate, vinyl
acet ate, net gtthémhends, alliphatdiicgamitieyclic apdl emematiol earboxphatgs
phenyl acetate, 1,2- diacetoxyethane, triacetin, 1,2-diacetoxybenzene, 2,6-
di acet oxynaplhawilreng ofjaticegriough;aaatiosyhphhenyl, , a2idybls€4and aromatic
acet oxyphenyl ) propane, phenol novol ac acet at e;

carboxylates having a keto group.

Specific carboxylates include'aliphatic carboxylates
10 consisting of carbon and hydrogen atoms and oxygen atoms of
the ester bond such as methyl formate, ethyl formate, |
methyl acetate, ethyl acetate, n-butyl acetate, iso-propyl
propionate, methyl butyrate, n-octyl butyﬁate, n-decyl
isobutyrate, vinyl acetate, methyl laurate, allyl stearate,
15 cyclohexyl oleate, phenyl phenylacetate, 1,2-
diacetoxyethane, triacetin, 1,2-diacetoxybenzene, 2,6-
diacetoxynaphthalene, 4,4'—diacetoxybiphenyl, 2,2—bis(4—
acetoxyphenyl)propane, phenol novolac acetate,
poly(butadiene)diol acetate, poly(isobutene)d;ol acetate,
20 poly(vinyl acetate), poly(lacﬁic acid), poly(caprolactone),
dimethyl oxalate, diethyl ogalate, dimethyl malonate,
dimethyl succinate, diphenyl succinate, dimethyl adipate,
di-n-octyl adipate, di(4-methylphenyl) 1,10-
decanedicarboxylate, tetraphenyl 1,2,3,4-

25 butanetetracarboxylate, dimethyl
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pol y(but adi ene) di ol acetate, poly(isobutene)diol acetate, 20 pol y(vinyl
acetate), poly(lactic acid), poly(caprolactone), dinethyl oxalate, diethyl
oxal ate; dinmethyl malonate, dinethyl succinate, diphenyl succinate,

di net hyl adi pate, di-n-octyl adipate, di(4-nethylphenyl) 1, 10-
decanedi car boxyl ate, tetraphenyl 1,2, 3, 4- 25 butanetetracarboxyl ate,

di met hyl 32 po1P@wd il IR ERHAR0E A1y aethyat Beryaate)ate),

pol y(nmet hyl "met’hacryl ate),” a copol ynmer of gl ycidyl acrylate with anot her

mononer, a ﬁ% fhoi EH e 1 SR NAG WA yiel 02N @l HBR dRaN arRH,] adicet hy |

mal eate, di umarate, 5 di-t-butyl fumafate and di nethyl itaconate;

aioyelic CAHGNVARG e WHcHdd é’fcﬁl%féra%‘i 31963991 fbeRBcagd ateygen

atons of the ‘ester as 1l-nap cycl ofexaneCar boxyl at €, et hyl
2- nor bor nane 0 2- n OXVals [ - 10
cycl obut aneﬁ%‘?bﬁéﬁ%,ﬁﬁfﬁé&&ﬁ% - 1c%q%§%én§ﬁ%gﬁgx3%§?¥e%
tri-n-octyl 1,2 4- cyecl phexanetricarboxyl.ate,..tetra-n-octyl 2.4, 5-

c cI'ohexénet%}T%%?%ﬁ%]z %%Fanru? rﬁﬂcﬁ ]'"’Léltgly ;RS PRRNSdi &Eﬁ&é St e,
fyinethyl 5-nonbornane¥§,5,6-,15,tr¥f rboxyl at e and et hyl 9 ©

1, 3- adamant FRINFOXFISR CORFHATT Q:é LEnd E’éfﬁ'é'i"g%i“n&t&“scér"l?on and

hydr ogen atons and oxygen atons of the ester bond such as_nethyl
. oxygen atoms of the ester bond such as l-naphthyl

cyclohexanecarboxylate, ethyl 2-norbornanecarboxylate,
phenyl 2-norbornenecarboxylate, diethyl 1,2-

10 cyclobutanedicarboxylate, diphenyl 1,4-
cyclohexanedicarboxylate, tri-n-octyl 1,2,4-
cyclohexanetricarboxylate, tetra-n-octyl 1,2,4,5-
cyclohexanetetracarboxylate, dimefhyl 2,5~

~norbornanedicarboxylate, trimethyl 5-nonbornane-2,5,6-

15 tricarboxylate and ethyl 1,3-adamantanecarboxylate;
aromatic carboxylates consisting of carbon and hydrogen
atoms and oxygen atoms of the ester bond such as methyl
benzoate, oct;decyl benzoate, 2-methylbutyl p-
methylbenzoate, methyl l-naphthalenecarboxylate, n-hexyl 2-

20 naphthalenecarboxylate, 4,4'-dibenzoyloxybiphenyl, 2,2-
bis(4-benzoyloxyphenyl )propane, phenol novolac benzoﬁte,
dimethyl phthalate, dimethyl isophthalate, diethyl
terephthalate, tributyl trimellitate, tetraoctyl
pyromellitate and polyethylene terephthalate; halogenated

25 aliphatic carboxylates such as 4-fluorophenyl acetate,
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benzoat e, octadecyl benzoate, 2-nethylbutyl p- nethyl benzoate, nethyl
I- napht hal enecar boxyl ate, n-hexyl 2- 20 naphthal enecar boxyl at e,

4, 4[ err] -di benzoyl oxybi phenyl, 2,2- bis(4-benzoyl oxyphenyl) propane, phenol
novol ac benzoate, dinethyl phthalate di met hyl isophthal ate, diethyl :
terephthalate, tributyl trinellitate, tetraoctyl pyronellitate and
polyethylenemeehgnhuhehabebbh&bﬁﬁtéat ﬁe ?1 8LEPHBLOC2 CRERANYAES SSe gD as
4-fl uorophenyl acetate, 33 met hyl hl or obut yrat e, phenyl

5-f 1 uor o- 2- h9éame¢uaor@bh§hynaab@5b59r Qphwbskagﬁéa&f 44 f1 uorophenyl 4-
chl orophenyl acetate, 1, 2-di acetoxy-3-chl orobenzene; 2,

di acet oxy- 3- EhQEQBﬁﬂEhgihéﬁﬁaté 4heﬁth1a6ées nycﬁ %néhé&erf 6-°

t et r abr onobi phenyl bis(4 acetoxy 3, b- | ronDp pr opanhe and
2, 2- bi s( 4- aca&a&&eaﬁyxblbraménl ﬁtﬁaiehﬁxak'wofaﬂae - 24 ogenal
allcycllc car boxyl ates such sopro b onDcyc xahecarboxylate

pentafluogop?%g¥gb§°magl%hgﬂ Qcyglg ?ig?gcgeﬁ ¥¥) " 4n octyl 5-chl oro-2-

bi cycl o[ 2. 2 hept anecar boxyt af e Modophé

7Sl ohoxanc HEBEOREKLBLG1 SBobBhe "ah 7 IS acefodiiond kuch as
pent af | uor op 4- bronobbenzoat e, cycl ohexyl

4- 15 chl or ophen
4-ch|orobenzgagy5 ﬁég srgsﬁﬁfé?PEBPBBBﬂ 6at€?l?g%%?9? d @ligrhic

carboxylates such as isopropyl 3-

bromocyclohexanecarboxylate, pentafluorophenyl 3-

10 fluorocyclohexanecarboxylate, n-octyl 5-chloro-2-
bicyclo[2.2.1]heptanecarboxylate, di(4-iodophenyl) 1,4-
cyclohexanedicarboxylate and tri(3-fluoro-n-octyl) 1,2,4-
cyclohexanetricarboxylate; halogenated afomatic
carboxylates such as pentafluorophenyl acetate, 4-

15 chlorophenyl 4-bromobenzoate, cyclohexyl 4-chlorobenzoate,
methyl pentafluorobenzoate, t-butyl 6-iodo-1-
naphthalenecarboxylate, 1,2-dibenzoyloxy-3-chlorobenzene,
2,6—dibenzoylo%y-B—bromonaphthalene, 4,4'-dibenzoyloxy-
3,3',5,5'~-tetrabromobiphenyl, 2,2-bis(4-benzoyloxy-3,5-

20 dibromophenyl)propane and 2,2-bis(4-benzoyloxyphenyl)ﬁ
1,1,1,3,3,3~-hexafluoropropane; aliphatic carboxylates
having an ether bond such as methyl methoxyacetate, 4-
methoxyphenyl acetate, n-octyl 2-methoxypropionate, 2-
methoxyethyl 2-methoxypropionate, ethyl 4-(4-

25 methylphenoxy)butyrate, n-butyl 3-phenoxyphenylacetate,
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napht hal enecar boxyl at e, . 1, 2-di benzoyl oxy- 3-chl or obenzene,

. 2, 6-di benzoyl oxy- 3- brononapht hal ene, 4, 4[err]-di benzoyl oxy-
3,3[err],5,5ferr]-tetrabronobi phenyl, 2,2-bis(4-benzoyl oxy-3,5- 20

di br onophenyl ) propane and 2, 2- bi s(4-benzoyl oxyphenyl) -

1,1, 1,3, 3, 3-hexafl uoropropane; . ali phati c carboxyl ates having an et her bond

such as met hik (peabesyrppethel dthar| hakppheylenerbicile acetatiey,
2- met hoxypropi onate, 2- nethoxyethyl 2-nmethoxypropionate, ethyl 4-(4- 25

net hyl phenoxgséhuayeat 1gnuéa§¥| ﬁopiaga ERETOASIELAL Qcethte,
di ( 2- acet oxy) et hyl er, dlpropy eneglycol acetate pentaacetylglucose

pol y(oxyet hygspg% P%réﬁfiéﬂé tf%y(?éaeae&yafaeaa;smqi y1Rggtate and napht hyl

2,2[err]- XY= dlace ate; I cycl1c carboxyl at es haV|ng an 5 ether

EZESyF32&3??%22%&%%%?%2 T S S A A
2- blcyclcgz gtﬁLPeﬁé§§F§§&Ro§¥I§y§ eg&gf@{ﬁgbcgiboxylates havi ng an et her

bond- such as CcycC phénoxybenzo nmet hoxyet hyl benzoat e,

& 3?28§YEL28%@36139%%%%%5%?5%?3%&aﬁéi Pe”zﬁe?%% B3 Lopht halat & and phenyl

G olip such sEOREVIGRTEYSHBABEraPCaTbEEYLATe: FOR GEPLoE dd - Heny

2_(3_CyanOphgnziégéggkgnatf]heptanecarboxylate' aromatic carboxylates

hﬁving an ether bond such as cyclohexyl 3-phénoxybenzoate,

16 2-methoxyethyl benzoate, 3-butoxypropyl 4-phenoxybenzoate,
di(2-benzoyloxy)ethyl ether, dipropyleneglycol benzoate, n-
hexadecyl 5-methoxyisophthalate and phenyl 4,4'-
~ethylenedioxybenzoate; aliphatic carboxylates having a-
cyano group such as methyl cyanoacetate, 2-cyanoethyl

I5 acetate, 4-cyanophenyl 2-(3-cyanophenyl)propionate, 4-
cyanophenyl acetate and 2-cyanocyclohexyl propionate;
alicyclic carboxylates having a cyano group such as 4-
cyanobutyl cyélohexanecarboxylate, 2-cyanocyclohexyl 3-
cyanocyclohexanecarboxylate and dimethyl 5-cyano-2-

20 norbornanecarboxylate; aromatic carboxylates having a cyano
group such as 3-cyanopropyl benzoate, 4-cyanophenyl 2-
cyanobenzoate, phenyl 4-cyanobenzoate and ethyl 6-cyano-2-
naphthalenecarboxylate; aliphatic carboxylates having a

keto group such as methyl glycolate, 3-oxobutyl acetate, 4-

25 oxocyclohexyl acetoacetate, phenyl pyruvate and ethyl
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‘cyanophenyl acetate and 2-cyanocycl ohexyl propionate; alicyclic

car boxyl ates having a cyano group.such as 4- cyanobutyl

cycl ohexanecar boxyl ate, 2-cyanocycl ohexyl 3- cyanocycl ohexanecarboxyl ate
and di net hyl 5-cyano-2- 20 norbornanecar boxyl ate; aromatic carboxyl ates
havi ng a cyano group such as 3-cyanopropyl benzoate, 4-cyanophenyl 2-
cyanobenzoat @ceppaegtatepyahi et carbexylates chaving & keto group

napht hal enecar boxyl ate; ali phatic carboxyl ates having a keto group such as
met hyl gl ycosath, a8-oathyl y3-axe+ kteyc Yop@it anacaxhatichatie ,a etoxabaitytle,
phenyl pyruvate and ethyl 35 acet oacetate; alicyclic carboxylates having

a ket o group4sord-dscyeldhéxdnexarbotylatgen -ansosydiphdxatle, 3- oxobut yl
4- ox0-| - cycl ohexanecar boxyl at e, 4-oxocycl ohexyl cycl ohexanecarboxyl ate and

n-butyl 3- acgy¥ioRex@necHEbORPXIOE CaARdDOXYbREFL  Fubayl- ¢ car boxyl at es
havi-ng a keto group such as 1-naphthyl 4-acetyl benzoate, 2- benzoyl et hyl

‘benzoate,s Z'Q%EPb‘hékaﬂe@SEBQX*bgﬂéPaéfd aEom@Pit hydrboxylates having a
5-acetyl naphthal ene- 1- car boxyl ate. These carboxyl ates are, as a whol e

compound, 101t b PERbLE s@khCYSE! 1 CnAPRLRY L BLdCe ERIBEHRMASS 260Nsi sting of

carbon and hydrogén atons and oxygen atons of tHe ester”bond; hal ogenated
o oones 1 aSRAPR SRS BERIBLLE CHLSREl Sk B el lald oo
naphthyl 5-acetylnaphthalene-l-carboxylate.
These carboxylates are, as a whole compound,
10 aliphatic, alicyclic and aromatic carboxylates consisting
of carbon and hydrogen atoms and oxygen atoms of the ester
bond; halogenated aliphatic, alicyclic and aromatic
carboxylates; aliphatic, alicyclic -and arométic
carbéxylates having an ether bond; aliphatic, alicyclic and
15 aromatic carboxylates having a cyano group; and aliphatic,
alicyclic and aromatic carboxylates having a keto group.
These substituents or functional groups may be contained
either in a cérboxylic moiety or in a hydroxyl moiety or
in both moieties in an ester group. A hydroxyl moiety
20 consisting of an ester group may be aliphatic, alicyclic or
aromatic.
Carboxylates for the process of this invention may
have any other substituent, functional group or hetero atom
as long as it does not adversely affect the process of this

25 invention.

36



15 aromati c carboxyl ates having a cyano group; and aliphatic, alicyclic and
aromati c carboxyl ates having a keto group. Thesge substituents or functional
groups may be contained either in a carboxylic noiety or. in a hydroxyl

moi ety or in both noieties in an ester group. A hydroxyl noiety 20

Carboxyl ates for HEETAAISE SAERGI SR A0 Fhey o AEOTR, ARt 16
substituent, functional groug or _hetero atom as Iogg as it dqiﬁg%ft
adversely af B¢t arABApic EAEPOXYLALES28ORREERLNG 0L Jparbop 2pd Ryfrogen

carboxyl-ates are (a) the above aliphatic and aromatic carboxyl ates
.consi sting oétemsbandapdyagtr afemsapEnthanesbey aendt: odRd of P} HEh® ARGV ond;
and (b) the above aliphatic and aromatic carboxylates having an ether bond.
5 Mor el ppbétiabandcaromatiat carbesyiatenahavingranxgthersbentsi sting
of carbon and hydrogen atons and oxygen atons of the ester bond such as
met hyl fd mate, etMode fporefErmbleetdadbagediates, agtehwl iphattdice, n- but yl
acetate, iso-propyl propionate, methyl butyrate, n-octyl 10 butyrate,
n-decyl isobgaybekglateésytonsesting O6Et biurbbAuand chydroyén sdtomaitand
cycl ohexyl ol eate, phenyl phenylacetate, 1,2-diacetoxyethane, triacetin,
1, 2- di acet oyypgarcatons, 6f dtRECESXEPRABBAAALEOR, ad, HéEhY] - formate,

ethyl formate, methyl acetate, ethyl acetate, n-butyl

acetate, iso-propyl propionate, methyl butyrate, n-octyl

10 butyrate, n-decyl isobutyrate, vinyl acetate, methyl
laurate, allyl stearate, cyclohexyl oleate, phenyl
phenylacetate, 1,2-diacetoxyethane, triacetin, 1,2-
diacetoijenzene, 2,6—diacetoxynaphtha13ne,_4,4'-
diacetoxybiphenyl, 2,2-bis(4-acetoxyphenyl)propane, phenol

15 novolac acetate, poly(butadiene)diol acetate,
poly(isobutene)diol acetate, poly(vinyl acetate),
poly(lactic acid), poly(caprolactone), dimethyl oxalate,
diethyl oxalate, dimethyl malonate, dimethyl succinate,
diphenyl succinate, dimethyl adipate, di-n-octyl adipate,

20 di(4-methylphenyl) l,10-décanedi¢arboxylate, tetraphenyl
1,2,3,4-butanetetracarboxylate, dimethyl
poly(butadiene)dicarboxylate, poly(methyl acrylate),
poly(methyl methacrylate),'a c0polymér of glycidyl acrylate

with another monomer, a copolymer of glycidyl methacrylate

25 with another monomer, diethyl maleate, dimethyl fumarate,
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di acet oxybi phenyl, 2, 2-bi s(4-acetoxyphenyl)propane, phenol 15 novol ac
acetate, poly(butadiene)diol acetate, poly(isobutene)diol acetate,
poly(vinyl acetate), poly(lactic acid), poly(caprolactone), dinethyl

oxal ate, diethyl oxalate, dinethyl malonate, dinethyl succinate, diphenyl
succtnate, dinethyl adipate, di-n-octyl adipate, 20 di (4-nethyl phenyl)

1, 10- decanediggakh t p VALY 4 al.r r
di et Pyl pol SUpG S Eac R IMea ooy eunsiiTyl SRRz Ry aha HatkhEkie |,

”Ethacry'ateéafgggggﬁkégfhaQEngj%@i%&hﬁﬁfﬁﬁhﬁtguWhtQsaH%Eﬂﬁﬁ fronomer, - a

copol ymer of °g acrylFa _ another nononer; “di et hyl
Taconat e aRERPRYRGEEE s, AonsitaPayphaAvd, 2rtERRer nEREAYALER s et hyl
e AR STEER BB HRATR e B, KPP PR o
n- butyl 3- phenoxyphenyl acetate, di(2-acetoxy)ethyl ether, '
di propyl ehegPibFl 4céfamethydphenesyybytyssde, Pol Yy érhyl ene) di ol
acetate, poly oxypro;ylene)triol acQtaEe and napht hyl _
2, 2[ err] - et hphenedvypkenyilacetate, dd(2-acetpxyn)eshydoesberef this
I nvention, a 1, 2-di oxyethane derivative prepared by reacting an epoxy
conmpound wi t Hipreopyberegilycadhpdeitasei,n pendaacetydgd usPsg,phosphi ne sul fide
poly(oxyethylene)diol acetate, poly(oxypropylene)triol
acetate and naphthyl 2,2'-ethylenedioxy-diécetate.

10 In the process of this invention, a 1,2-dioxyethane
derivative prepared by reacting an epoxy compound with a
carboxylic anhydride in the presence of a phosphine sulfide
represented by formula (1) is a compound in which the
cleaved epoxy group in the epoxy compound is inserted

15 Dbetween the acyl group and the acyloxy group in the
carboxylic anhydride group in the carboxylic anhydride,
having a pértial structure represented by formula (4) where
a carbon atom C- or -C attached to the carbonyl group
belongs to an aliphatic, alicyclic or aromatic hydrocarbon.

20 Carboxylic anhydrides which may be used include
aliphatic, alicyclic and aromatic carboxYlic anhydrides
consisting of carbon and hydrogen atoms and oxygen atoms of
the carboxylic anhydride group; aliphatic, alicyclic and

aromatic carboxylic anhydrides having an ether bond; and

25 aliphatic, alicyclic and aromatic carboxylic anhydrides
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represented by formula (1) is a conpound in which the cl eaved epoxy group
Fn the epoxy conpound is inserted 15 between the acyl group and the acyl oxy
group in the carboxylic anhydride group in the carboxylic anhydride, having
a.partial structure represented by formula (4) where a carbon atomC or -C
attached to the caron grou belongs to an aliphatic, alicyclic or
aromati c hydP8¥iRgof. é5° gro Car boxyl i ¢ anhydrides which may be used

i nclude al i phati c, allg%¥b|c and aronatlc carboxyllc aphy rJq$S consi sting
of carbon and hydr¥RfSH Sy dnhydrkdes lﬁi&ﬂ tihhydri de
group; aliphatic, alicyclic and aronatlc carboxyllc anhydrldes havi ng an

et her bond; §ﬁ§b2§Y1aF|9%h¥¢€1d%§|€9bﬁiétaﬁ9 aforarbencandoRyRAre9g8Rhydri des
38 haV|ng a keto group. Specific carboxylic anhydrides include aliphatic
carboxyl i c anbpusi aud oyygent ahomaf of akhencanbhokydieganhydsideaggosRygen
atons of the carboxylic anhydri'de group 5 such -as acetic anhydride,

pr opi oni c5 ankudhi ds, abetici anhytiyilde¢depropibunigr aohydmidei,dbutyalieri c
anhydri de, isovaleric anhydride, tetranethylacetic anhydride, hexanoic
anhydri de, haphgaeiideanbhyobutgrideanhpieidahydaildeicl anhiydradbydri de,

pal mtic anhydride, stearic anhydride, 10 docosanoi c anhydride, oleic
anhydride, |iigevhte2N8Y8hh§8riBESME&LE8hbEnFIANEL iBE anhytiriaed, abkstanoic

.anhydride from suberic
anhydride, heptanoic anhydride, decanoic anhydride, lauric
anhydride, palmitic anhydride; stearic anhydride,

10 docosanoic anhydride, oleic anhydride, linolic anhydride,
phenylacetic anhydride, a mixed acid anhydride from suberic
acid and formic acid, a mixed acid anhydride from suberic
acid and acetic acid, 1,6-di(formyloxycarbonyl)hexane, 1,6~
di(acetoxycarbonyl)hexane, 1,8; di (acetoxycarbonyl)octane

15 and e mixed acid anhydride from poly(butadiene)dicarboxylic
acid and acetic-acid; alicyclic carboxylic anhydrides
consisting of carbon and hydrogen atoms and oxygen atoms of
the carboxylic anhydride group such as
cyclobutanecarboxylic anhydride, cyclopentanecarboxylic

20 anhydride, cyclohexanecarboxylic anhydride,
cycloheptanecarboxylic anhydride, l-adamantanecarboxylic
anhydride, norbornane-Z—carboxyliq anhydride, norbornene-2-
carboxylic anhydride, 1,4—di(formyloxycérbonyl)cyclohexane,
1,3-di(acetoxycarbonyl)adamantane and 1,3,5-

25 tri(acetoxycarbonyl)cyclohexane; aromatic carboxylic'
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acid and formc acid, a nmixed acid anhydride from suberic acid and acetic
acid, 1,6-di(fornyl oxycarbonyl)hexane, 1,6- di(acetoxycarbonyl)hexane, 1, 8-
di (acet oxycar bonyl )octane 15 and -a m xed aci d anhydride from .
pol y(but adi ene) di carboxylic acid and acetic acid; alicyclic carboxylic
anhydri des consisting of carbon and hydrogen atons and oxygen atons of the

Cycl opent ancuabis e S i e Ehs Rt A0S, Budkbhen UM AT .

cycloheptanecarboxyllc an mant anecar.boxyl i c anh ride,

nor bor nane- 2X¥FHb:AkME éf‘%%‘rel E@I%HBVE&FnQ gly‘é "%fr ‘éﬂ Wit i de,

1, 4- dl(fornylox carb cyclohexane 1, cet ox carb anantane and
1,3,5- 25 th§R cﬁ(%f efarsﬁgeny SREE 31

anhydri des consisting of carbon and hydrogen atons and ox%?en atons of the
car boxyl i c AMAATIAE grlonephiRlenesarbexy lish pahyde ide,

acet oxycar bonyl benzene, 4-butyl benzoi c anhydride, 1-naphthal enecarboxylic
anhydri dé, naphthaksmesarhexyddisoaphydridey dd-ne thylnaphthadsnerdene- 2-
car boxyl it anhydride, biphenyl enecarboxylic anhydride, 4-

f 1 uor enecar beaakaxy ldh ahhiyde: i de, a bilpheoyilenecasboxyd immanhydis de s idrel litic
anhydri-de, 1,3- di(fornyloxycarbonyl)benzene, 1,4- 10

di (acet oxycafhmndndmarienylit, anhydride, 9-anthracenecarboxylic

anhydride, trimellitic anhydride, 1,3-
di( formyloxycarbonyl)benzene, 1,4-

10 di(acetoxycarbonyl)benzene, 1,3,4-
tri(acetoxycarbonyl)benzene, 1,3,5¥
tri(acetoxycarbonyl)benzene, 2,6-

di (acetoxycarbonyl )naphthalene and 1,3,6-
tri(acetoxycarbonyl)naphthalene; aliphatic carboxylic

15 anhydrides having an ether bond such as 2-methoxyacetic
anhydride, 3-phenoxypropionic anhydride, glutaric anhydride,
8-butoxyoctanoic anhydride, di(2-acetoxycarbonyl)ethyl
ether, di(2-acetoxycarbonylethoxy)ethane and a mixed acid
anhydride from poly(oxypropylene)dicarboxylic acid and

20 acetic acid; alicyclic carboxylic anhydrides having an
ether bond such as 4-methoxycyclohexanecarboxylic anhydride,
3-phenoxycycloheptanecarboxylic anhydride, 5,6-
dimethoxynorbornane-2-carboxylic anhydride, 7-
butoxynorbornene-2-carboxylic anhydride and 7-

25 oxobicyclo[2.2.1]hexane-2-carboxylic anhydride; aromatic
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tri (acetoxycarbonyl)benzene, 1,3,5- tri(acetoxycarbonyl)benzene, 2, 6-

di (acet oxycar bonyl ) napht hal ene and 1, 3,6- tri(acetoxycarbonyl)napht hal ene;
al i phatic carboxylic 15 anhydrides having an ether bond such as

2- met hoxyaceti ¢ anhydri de, 3-phenoxypropionic anhydride, glutaric
anhydri de, 8- butoxyoctanoic anhydride, di(2- acetoxycarbonyl)ethyl et her,

di (2- t t h th d a dri.d f
D0l oxypr op§RERGRH S8 BENYRH LIS AP 2 EAies DA S AT

car boxylic anh s hayi ng an.ef her bo Suc

4- et hoxycycﬁ‘%ﬁﬂm SaPRLR, FRET SR (D %ﬁwm%aﬂw&%%yl ¢
anhydri de, 5,6-_di nmet hoxynorbornane-2-carbaoxylic _anhydride, 7-
butoxynorborgEHEeQo uPeR%9i¢ canhyixider dnRhenoxybenzoic arihydride,

oxobi cycl of 2. 2. 1] hexane- 2- car boxyl i c anhydrlde aromatic 40 car boxylic
anhydri des hiv#ngdifacetasycashengllt2-dn ﬂﬁ&%%beﬁhxﬁm91anhydrlde

3, 4- di net hoxybenzoi ¢ anhydri de, 2-phenoxybenzoic anhydri de,
3-phenoxybentﬁibaéﬂh9dY¢dEb0nYM01ﬁ(Rhﬁnquhﬁnﬂﬂnqm)léﬁkﬁnoxybenzene, 1,3, 4-
5 tri(acetoxycarbonyl)-5-phenoxybenzene, 1, 3, 5-

tri (acet oxyctrboageforycerbonybpri-owatoxyisrzene and 2,6-
di (acet oxycar bonyl)-1-i sopropoxynapht hal ene; aliphatic carboxylic

anhydri des hd¥{agetokptarbonyd) sleisamrqpostynaphuiaidmiate, a ighattoiwit yri c
anhydri de, 7-oxooctanoi c anhydride
carboxylic anhydrides having a keto group such as pyruvic
anhydride, 2-ketobutyric anhydride, 7-oxooctanoic anhydride

16 .and a mixed acid anhydride from 4-ketopimelic acid and
acetic acid; and aromatic carboxylic anhydrides having a
keto group such as 4-acetylbenzoic anhydride, 4-
benzoylbenzoic anhydride, 9-fluorenone-l-carboxylic
anhydride, 9-fluorenone-2-carboxylic anhydride, 9-

15 fluorenone-4-carboxylic anhydride and anthraquinone-2-
carboxylic anhydride. Carboxylic anhydrides for the
process of this invention may have any other substituent or
hetero atom as long as it does not adversely affect the
process of this invention.

20 Preferable carboxylic anhydrides are the above
aliphatic and aromatic carboxylic anhydrides consisting of
carbon and hydrogen atoms and oxygen atoms of the
carboxylic anhydride group.

More preferable carboxylic anhydrides are aromatic

25 carboxylic anhydrides consisting of carbon and hydrogen
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"10 and a mixed acid anhydride from 4-ketopinelic acid and acetic acid;. and
aromati c carboxylic anhydrides having a keto group such as 4-acetyl benzoic
anhydri de, 4-- benzoyl benzoi c. anhydri de, 9-fl uorenone:1-carboxylic ‘
anhydri de, 9-fluorenone-2-carboxylic anhydride, 9- 15

fl uor enone- 4-car boxyl i c anhydri de and ant hraqui none-2- carboxylic

anhydri de. | | r r s U RS fi y have
any ot her - SUBSTT LS P o lof, o leaehiyli dnfp 408 gPtut)
affect the process_ of |.S. I nventi 2 P I rboxylic
anhydri des ar%gcfe}ﬁeaé;b%év@%{% P zgdéﬁarhr?d %F&‘%&xyg a(%g’ff’g'&ggﬁ?lg%g‘r?ﬁyéﬁ des
anhytlr | de or YRR AR e DoRpBRE LR R R PAEO T aCa PO Ry
anhydri de gr : r a

car boxylic anhydrides consisting of carbon and hydro e& 41 itons and
oxygen atons %ﬁ“??ﬂgiﬁﬁﬁﬂﬁ&ﬂWQP |qqh¥Qﬁ#§ﬁp §JHﬁt§§ pephthalennrdn de,
acet oxycar_boniyl benzene, 4- butyl benzoi c anhydride, 1-naphthal enecarboxylic
anhydri de3 2-¢RihrRel hanhydpdde c biphpnyleaecarbopmlica srbwdrdte o 45

car boxylic anhydride, biphenyl enecarboxylic anhydride, 4- ]
f | uorenecar bok ¢¥9Qﬁﬁ§ﬂb¢$¥%iQLﬂnhMﬂﬁiaéne@aﬁm@%vﬁpénéﬁﬁybpﬂﬂd}ctrinelIitic

anhydride, 1,3- di(fornyloxycarbonyl)benzene, 1, 4-
anhydride, trimellitic anhydride, 1,3~

di(formyloxycarbonyl )benzene, 1,4~
di (acetoxycarbonyl)benzene, 1,3,4-
10 tri(acetoxycarbonyl)benzene; 1,3,5-
tri(acetoxycarbonyl )benzene, 2,6~
di (acetoxycarbonyl)naphthalene and 1,3,6-
tri(aceﬁoxycarbonyl)naphthalene.
In the process of this invention, a 1,2-dioxyethane
15 derivative prepared by reacting an epoxy compound with a
carbonate in the presence of a phosphine sulfide
represented by formula (1) is a compound in which the
cleaved epoxy group in the epoxy compound is inserted
between the alkoxy- or aryloxycarbonyl group and the alkoxy
20 or aryloxy group in the carbonate group in the carbonate,
having a partial structure represented by formula (5) where
a carbon atom C- or -C attached to the oxygen atom belongs
to an aliphatic, alicyclic or aromatic hydrocarbon.
Carbonates which may be used include aliphatic,

25 alicyclic and aromatic carbonates consisting of carbon and
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di (acet oxycar bonyl ) benzene, 1,3,4- 10 tri(acetoxycarbonyl)benzene, 1, 3, 5-
tri (acet oxycarbonyl ) benzene, 2,6- di(acetoxycarbponyl)naphthal ene and 1, 3, 6-
tri (acet oxycarbonyl ) napht hal ene. In-the process of this invention, a

1; 2-di oxyet hane 15 derivative prepared by reacting an epoxy conpound with a

carbonat e | n bt cd SOl RAFYRN Bechd! brdenephesiatd Brobgsmul a (1)

is a conpoun eaved “epoxy group in the epoxy conpound is

i.nserted bet n t he.al koxy- .or .aryl LRon g : .20 or
'yl oxy ar o e i B R ST Y 48 ka0 RaHRaRR], bRELBhatEY; T
structure represent.e . formqula () where_a carbon_atom C _op _-C attached
to the oxyger‘?“§ (?ﬂ'n"t?gﬁagﬁé’s! tagulgﬁf cAicp ﬁgﬁi E,rogP?&ﬁcFPE BPagFS rré?}'&na o
hydr ocar bon. Car bonates which may be used include aliphatic, 25 alicyclic
and ar omat i ¢ eddieFoands consi sting of carbon and 42 - hydrogen atons and
oxygen atons of the carbonate group; hal ogenated aliphatic, alicyclic and
aromatj ¢ 8ar bonat eBpeahfiial ¢arbenatey ingiude aldphatdmqarkonai@fat es

havi ng- an ‘et her bond. 5 Speci fic carbonates include aliphatic.

car benat es coWissistigm o serboenagadhhydsggenaatensapudofyyganaatamsoPit he

carbonate group such as dinethyl carbonate, n-octyl :
the carbonate group such as dimethyl carbonate, n-octyl

methyl carbonate, di-n-butyl carbonate, 1,4-
di (methoxycarbonyloxy)butane, 1,8-

10 di(ethoxycarbonyloxy)octane, poly(ethylene carbonate) and
poly(propylene carbonate); alicyclic carbonates donsisting
of carbon and hydrogen atoms and oxygen atoms of the
carbonate group such as cyclohexyl isopropyl carbonate,
dicyclohexyl carbonate, 1,4-

15 di(methoxycarbonyloxy)cyclohexane and 1,3,5~
tri(methoxycarbonyioxy)cyclbhexane; aromatic carbonates
consisting of carbon and hydrogen atoms and oxygen atoms of
the carbonate group such as methyl phenyl carbonate,
diphenyl carbonate, 1,4-di(methoxycarbonyloxy)benzene, 2,2-

20 bis(4;methoxycarbonyloxyphenyl)propane, 2,2-bis (4~
benzoyloxycarbonyloxyphenyl)propane and phenol novolac
methyl carbonate; halogenated aliphatic cérboxylates such
as 8-fluorooctyl methyl carbonate, di(3-bromobutyl)
carbonate, 1,4-di(methoxycarbonyloxy)-2-chlorcbutane and

25 1,8-di(ethoxycarbonyloxy)-4,5,6-trifluorooctane;
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met hyl carbonate, di-n-butyl carbonate, 1,4- di(methoxycarbonyl oxy)butane,
1,8- 10 di (et hoxycarbonyl oxy) oct ane, pol y(ethylene carbonate) and

pol y(propyl ene carbonate); alicyclic carbonates consisting of carbon and
hydrogen atons and oxygen atons of the carbonate group such as cyclohexyl
i.sopr.opyl carbonate, dicycl ohexyl carbonate, 1,4- 15

di (met hoxy caphpoyLRXYedYaLOMEE PO CcdPbodly Pates such as methyl 4-
tri (et hoxycarbonyl oxy) cycl ohexane; aronmatic carbonates consi sting of

carbon and h¥§&8€ g Oﬁﬁ?ﬁﬂa%?/ ﬁt%fgpﬁg}ﬁnc)ar%tg oyp gsuch as

nethgl pheﬂy eny onat e

1, 4-di

b e a;"faoxé%gﬂ%gﬁé#%%fwﬁﬁ;ﬁgﬂ-éh% s Fqpagpponcbensene, 2,2-
ESF@SZLS?XE PEkRrReE @f@%&""%ﬁspﬁr '?%P%Y%B@f’ﬁmhl e s .
25 160 M@@Eﬁéﬁ%&? gmarlag&? P S ik esneeny %“'r%é"%b“‘ mated

aromatic carboxylates such as net hyl 4- iodophenyl carbonate,
di (2- chl or opibhbhat e pRRAPRAtEs shaving an ether ‘bond such as di-2-

di (net hoxycar bonyl oxy) -2, 3, 5, 6-t etrabr onobenzene, 2, 2-

bi s( 4- met hox{mak taxhorykoxy hethvb Hethes prespkrtosrat iy leney diol
bi s(4- benzoyl oxycar bonyl oxy- 3, 5-di chl or ophenyl ) propane; aliphatic
car bonat es haathnlamaebqeatgoﬂmdsn@hYéQXt@rqpylene)trlol methyl

carbonate; and aromatic carbonates having an ether bond

10 such as di-4-(methoxycarbonyloxy)phenyl ether and di-2-
(methoxycarbonyloxy)-1l-naphthyl ether. Carbonates for the
process of this invention may have any other substituent or
hetero atom as long as it does not adversély affect the
process of this invention.

15 Preferable carbonates are (a) the above aliphatic and
aromatic carbonates consisting of carbon and hydrogen atoms
and oxygen atoms of the carbonate group; and (b) the above
aliphatic and éromatic carbonates having an ether bond.

More preferable carbonates are aliphatic carbonates

20 consisting of carbon and hydrogen atoms and oxygen atoms of
the carbonate group such as -dimethyl carbonate, n-octyl
methyl carbonaté, di-n-butyl carbonate, 1,4-

di (methoxycarbonyloxy)butane, 1,8-
di (ethoxycarbonyloxy)octane, poly(ethylene carbonate) and

25 poly(propylene carbonate); aromatic carbonates consisting
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(et hoxycar bonyl oxy) et hyl ether, poly(oxyethyl ene)diol methyl carbonate and
pol y(oxt propyl ene)triol methyl carbonate; and aronatic carbonates having an
et her bond 10 such as di-4-(methoxycarbonyl oxy) phenyl ether and di - 2-

( et hoxycar bonyl oxy) - 1- napht hyl et her. Carbonates for the process of this

I nventi on may have any ot her substituent or hetero atomas long as it does
not adver sel 9f a¢dxhont and phydregenfattms andcoxygen atpoms of theeferabl e
carbonates are (a) the above aliphatic and aromatic carbonates consisting
of carbon andahyonagengedtupssackl axymethyl oplenyl tderlondtmnatdd pdrenyd; and -
(b) the -above aliphatic and aromatic carbonates having an ether bond. Mre
preferabl e ceabbonaee, al p4adli phethoxges ooy boxyPfbamseies! iN@-Misqa-bon and
hydrogen atons and oxygen atons of the carbonate group such as di net hyl
carbonate, nm@eh¥ykySREBYhyLOkPOIRSAPL )ﬁi:ogallﬂéli v, zahwoppte, 1, 4-

di (et hoxycar bonyl oxy) but ane, 1, 8- di (et hoxycar bonyl oxy) oct ane,

pol y(et hy enﬁeﬁééfl?aﬂiréirﬁaﬂ%;}’éxfﬁhdﬁfi PPYbSate Cand Prddl rvIRId C

car bonates consi sting 44 carbon and hydrogen atons and oxygen at ons
of the carb  QUPbSHEPe £Sa B! BYipRYEHY | c£ASNRNAE nal PR Sdtdhonat e,
1, 4-di (et hglg%?gony?%xﬁgeeﬁzaeﬁ%, %,%-%?5(4‘3 -

e o OB YRS B 282 e ot Sy Forpay. ether,
poly(oxyethylene)diol methyl carbonate and
poly(oxtpropylene)triol methyl carbonate.

10 In the process of this invention, a 1,2-dioxyethane
derivative prepared by reacting an epoxy compound with a
phenol compound in the presence of a'phoéphine sulfide
rep?esented by formula (1) is a compound in which the
cleaved epoxy group in the epoxy compound is inserted

15 between the phenoxy group and the hydrogen atom in the
phenol compound, having a partial structure represented by
formula (6) where a carbon atom -C attached to the oxygen
atom belongs to an aromatic hydrocarbon.

Phenol compounds which may be used include phenol

20 compounds consisting of carbon and hydrogen atoms and an
oxygen atom of the phenolic hydroxyl group such as phenol,
cresol, 3-isopropylphenol, 4-butylphenol, 2-
cyclopentylphenol, 2,3-dimethylphenol, 2,3,6-
trimethylphenol, 2,6-diisopropylphenol, 3,5-di-tert-

25 Dbutylphenol, 2,6-di-tert-butyl-4-methylphenol, 5-indanol,
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met hyl carbonate; and aliphatic carbonates having an ether bond such as
di - 2- (et hoxycar bonyl oxy) et hyl ether, pol y(oxyethyl ene)di ol nethyl
carbonate and pol y(oxt propyl.ene)triol nethyl carbonate. 10 In the
process of this invention, a 1,2-di oxyethane derivative prepared by
reacting an epoxy conpound with a phenol conpound in the presence of a

e e PRS- PARRARY bR Rt o)

cl eaved --epox odp in edepoxy C ween' t
phenoxy grou nd the hydrogen atom-.in the phenol conpoyn aving a
parti al stru%ﬂ OXYE é?@ﬁveg'BYdFBFﬁﬁﬁémﬁﬁﬁygﬁgYEeﬁecaﬁbgﬁ’ng%T-C
attached to the_oxygen atonhgilon s to.an._ar ng;ic hﬁdroca bon. Phenol
conpounds whP@RNCLse categhole| sESOFRIACH 2 8YEERFAICS0ASi sti ng of
carbon_and hydrogen atons and an_oxygen atom of tEe phenol i ¢ hydroxyl group
such as phen@ethyilgesercinpdqyfshPrEHERGLTCAN yy pﬁénol, 2-

cycl opentyl phenol , 2, 3-di net hyl phenal, 2, 3, 6- trinethxlphenol, .

2,6-diiso%roﬂ}mﬁﬁéﬁﬁwpaﬂpghéﬂeﬂéntb1254'bN?¥PHNPH§PY1 methane, 2,2-

2,6-di-tert-butyl -4-nethyl phenol, 5-indanol, 45

5, 6, 7, 8-t et-r ®dipddohydrepyphenyl) propase, dodybpsddohydroxliydroxyst yrene,

4- hydroxy-[err]-nethylstyrene, 1,1 [err]-bi-2- naphthol, catechol,

resorci nol , medthydphenyd,)p2Zopanehy 2r,23ebdphencls- hety-bépbeoohpl , 2, 6-

phenylhydroquinone, 1,3,5-trihydroxybenzene, 2,4-bis(4-
hydroxyphenyl)-4-methyl-l-pentene, 2,4,6-tris(4-

10 hydroxyphenyl)-2,6-dimethyl-3-hexene, 5-hydroxy-3-(4-
hydroxyphenyl)-1,1,3-trimethyl-2,3~dihydroindene, 5-
hydroxy-3-(4~-hydroxyphenyl)-2,6-dimethyl-3-hexene, tri(4-
hydroxyphenyl )methane, phenol novolac, poly(4-
hydroxystyrene) and poly(4-hydroxy-a-methylstyrene);

15 halogenated phenol compounds such as 3-fluorophenol, 2-
trifluoromethylphenol, 4-chlorophenol, 2-bromophencl, 2,6-
difluorophenol, 4-fluoro-2-methylphenol, 2,3,4-
trichlorophenol, 2,2-bis(4-hydroxy-3,5-
dichlorophenyl )propane, 2,2-bis(4-hydroxyphenyl)-

20 1,1,1,2,2,2-hexafluoropropane, octafluoro-4,4’-biphenol and
6,6’~dibromo-1,1’'~-bi-2~-naphthol; phenol compounds having an
ether bond such as 2-ethoxyphenol, 4-(phenoxymethyl)phenol,
3,4,5-trimethoxyphenol, 7-methoxy-2-naphthol, 4-benzyloxy-
3-methoxyphencl and 3,3’-(ethylenedioxy)diphenol; phenol

25 compounds having a keto group such as 3-hydroxyacetophenone,
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5. di hydr oxynapht hal ene, bi s(4-hydroxyphenyl) et hane, 2, 2-

bi s(-4- hydr oxyphenyl ) propane, 2, 2-bi s(4-hydroxy-3- nethyl phenyl) propane,
2,2[err]-biphenol, 4,4[err]-biphenol, phenyl hydroqui none,

1; 3,5-tri hydroxybenzene, 2, 4-bis(4- hydroxyphenyl)-4-nethyl-1-pentene,
2,4,6-tris(4; hydr ox nvl )+ 2, 6-.di et hyl - 3- 5- ' - 3- 4-
hydroxypheny?}e%%?f%é%??iiiﬁkgh%&E%{%qﬁéﬁaﬁghf %égﬁgﬂghe, fbﬁyé¥8§§3j.
hydr oxy- 3- (4- hydro henyl ) - 2. 6- di net hyl.- 3- hexene, trif4-
hydroxypheny??%%@?ﬁgggn?ﬁmgwégTﬂihégkﬂgikﬁﬂﬁqéhqﬂéﬂ?»< 8% ene) and

pol y(4-hydroxy-[err]-nethyl styrene); 15 _hal ogenated phenol conpounds such
as 3-f| uor opithyirosyacetiphenconstand Phirretin g Phnh SILOWIYH onophenol
2, 6- difluorophenol, 4-fluoro-2-nethylphenol, 2,3,4- trichlorophenal,

2, 2- bi s(4- hybavi®g 2n-esken| ko rush )ag dharetoxynei iy phang lox WKL ) - 20
1,1,1, 2,2, 2-hexaf |l uoropropane, octafluoro-4,4[err]-biphenol and

6, 6[ err] -di bsahictldate; r4~hydoxninl ; agrplate c etpguoh ds-hredaory-adhr et her
bond such as 2-ethoxyphenol, 4-(phenoxynethyl)phenol,

3, 4, 5- t ri nethekypkpnibhnamate R»me thowydathony U- hamerthobad -eaphdthmley pheno
and 3, 3[err] - (ethyl enedi oxy) di phenol ; phenol 25 conpounds having a keto

group such as,3-isl( Oxlypdwdopiieenasel ox46) ethénd 2aruk optiopny | J pherol |
4- hydr oxybenzophenone, 1-hydroxy-2- acenapht hone;

4, 4[ err] - di hyE{ RyIPCEHVIOIIESNS; and-plikbiyTrcodmaeids Neneirey and amidy etin;
_phenol.conpoqnds
bond such as 4-~acetaminophenol, 3-(N,N-

- 10 dimethylcarbamoyl)phenol, 4-(N,N-dimethylcarbamoyl)-3-
.methylphenol, N-(3-hydroxy-5-methyl)phenylacrylamide, N-(5-
hydroxy-8-methyl-2-naphthyl)methacrylamide, N-(4-
hydroxybenzyl )benzamide and N,N’-bis(4-hydroxyphenyl)-5-
methyl-1,3-benzenedicarboxamide. These cbmpounds may have

15 any other substituent or hetero atom as long as it does not
adversely affect the process of this invention.

Preferable phenol compounds are (a) phenol compounds

consisting of carbon and hydrogen atoms and an oxygen atom
of the phenolic hydroxyl group such as phenol, cresol, 3-

20 isopropylphenol, 4-butylphenol, 2-cyclopentylphencl, 2,3-
dimethylphenol,-2,3,6~-trimethylphenol, 2,6-
diisopropylphenol, 3,5-di-tert-butylphenocl, 2,6-di-tert-
butyl-4-methylphenol, 5-indanol, 5,6,7,8-tetrahydro-1-

naphthol, naphthol, nonylphenol, 4-hydroxystyrene, 4-

25 hydroxy-o-methylstyrene, 1,1’-bi-2-naphthol, catechol,
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"having an ester bond such aé 4- acet oxynet hyl phenol , nefhyl 5 salicylate,
4- hydr oxybenzyl acrylate, ethyl 4-hydroxy-3- nethoxyci nnamate,

2- met hoxycar bonyl - 6- net hyl - 3- napht hol , 1, 2- bi s(4- hydr oxybenzoyl oxy) et hane

and ethyl 3,4,5- trihydroxybenzoate; and phenol conpounds having an am-de
bond such as 4- acetaninophenol, 3-(NN- 10 di net hyl car banoyl ) phenol ,

4- (N, N-di net L . hena : .
N- ( 3- hydr oxy- nethy pheX%Fogﬁa ?#?ae hg{gylresorc1nol,

hyd 8- et I t )b d
and NN orr] *%V*g&ﬁ%%&{%%&%gﬁw Py AT ma P R A TRt e The
conpounds na zﬁ%ﬁ oth sub t|t ﬁﬁ;ero ato as long as it
does’ not adv )Pﬁ@ Seess %‘FH gFEPQ é pheno

se

and an oxyger? %a p“e” CHEE §”dstﬁy3pb%§'w?§p%fea%§%3ﬁ9 s ne%zge"%ir”reiéfm

3- 20 |sopro§¥‘fhenol 4- put yl phenol , 2-cycl opentyl phengl, 2

di net hyl pAen Rhanolyre 9F°QEL@°W$r|§o§ ﬁygﬁﬁgﬁgpxybenzene,
3,5-di-tert-butyl phenol, 2,6-di-tert- butyl-4-nethyl phenol, 5-indanol,
5,6,7, 8-tet rawém(-4-ﬁwﬁmmheméﬂrﬂometm4y|lpm|ene4 Ry br ExigiFrdme,
25 hydroxy [err]-nmethyl styrene, 1,1[err]-bi-2-naphthol, catechol, 47

resor ci nol , mwﬂﬂﬂ$ﬁ9hﬁn¥l)22n6tﬁymﬁ¢§aﬂcﬁnbbxeme,héx@WﬂéggwtﬁndH-
2,6-dihydroxynaphtha|ene bi s(4-
hydroxyphenyl)-1,1,3-trimethyl~2,3~dihydroindene, 5-

hydroxy-3-(4- hydroxyphenyl) ~-2,6-dimethyl- -3-hexene, tri(4-

10 hydroxyphenyl)methane, phenol novolac, poly(4-
hydroxystyrene) and poly(4-hydroxy-a-methylstyrene); (b)
halogenated phenocl compounds such as 3-fluorophenol, 2-
trifluoromethylphenol, 4-chlorophenol, 2-bromophenol, 2,6-
difluorophenol, 4—fluoro-2—methylphenol, 2,3,4-

15 trichlorophenol, 2,2-bis(4-hydroxy-3,5-
dichlorophenyl)propane, 2,2-bis(4-~hydroxyphenyl)-
1,1,1,2,2,2-hexafluoropropane, octafluoro-4,4’-biphenol and
6,6'~dibromo-1,1’~bi-2-naphthol; and (c) phenol compounds
having an ether bond such as 2~ethoxyphenol, 4-

20 (phenoxymethyl)phenol, 3,4,5-~trimethoxyphenol, 7-methoxy-2-
naphthol, 4-benzyloxy-3-methoxyphenol and 3,3’-
(ethylenedioxy)diphenol.

More preferable phenol compounds are phenol compounds
having 6 to 27 carbon atoms consisting of carbon and

25 hydrogen atoms and an oxygen atom of the phenolic hydroxyl

43



hydr oxyphenyl ) net hane, 2, 2-bi s(4- hydroxyphenyl ) propane,

2, 2- bi s(4- hydr oxy- 3- net hyl phenyl ) propane, 2, 2[err]-biphenol, 5

.4,4[ err]-bi phenol, phenyl hydroqui none, 1, 3;5-trihydroxybenzene,

2; 4- bi s(4- hydr oxyphenyl ) -4-net hyl - 1-pentene, 2,4,6-tris(4-

hydr oxyphenyl ) - 2, 6- di et hyl - 3- hexene, 5-hydroxy-3-(4-

hydr oxyphenylgirohpl sach' age phehol , 3cdebpldl, 03Rie6propylphenol, 4-

hydr oxy- 3- (4- hydr oxyphenyl ) - 2, 6- di et hyl - 3- hexene, tri(4- 10

_ hydr oxypheny pfrhibMaac 1Rhenekcngpahesl Rehbsiﬁl-zbsdaﬁaehym?ﬁehowd

pol y(4- hydroxy-[err]-nmethyl styrene); (g) hal ogenat ed phenol conpounds such

as 3-fluorop lg,_ 42 [ t hyl phge - Nohk, g24BL henol ,
56 dif T uor aamatst ey PRRgBT, 1Y BORTsonfobY gRERAEYY3, sEnE BERE 1O
2, 2- bi s(4- hydr - 3..5- .di ghl.or. I ape | hydr yl) -
1112, 2 RutREERseL 2 SRTBERRK REQRSREne eyl BhEhd) Y SL HARRE
6,6[err]-dibron-1,.1 rrl-hi-2-naph |, and henol . conmpounds,havi ng
an et her oné'ggghaéiggg é%?ﬁﬁéﬂgPﬁgﬁ912ona?bﬁQREXyﬂ8PX§Pﬁgﬁ8ﬂo|,‘
3,4,5-trinethoxyphenol, 7-methoxy-2- naphthol, 4-benzyl oxy-3-methoxyphenol
and 3, 3[ err] hy sENEENSyy fohpAERsY -ommethylsteranee bndhobicdnpounds are
phenol conpounds having 6 to 27 carbon_atons. consi sting of carbon and 25

hydr ogen at oR@PRt#odn GRF§ERCAY oFPEPTERBODNRBAFOIH{BPBRY| 228 group such

as phenol, cresol, 3-isoproRyIphenoI, 4-
methylresorcinol, 4-hexylresorcinol, 2,6-

dihydroxynapﬁthalene, bis(4-hydroxyphenyl)methane, 2,2~

10 bis(4-hydroxyphenyl)propane, 2,2-bis{4-hydroxy-3-
methylphenyl)propane, 2,2'-biphenol, 4,4’'-biphenol,
pheﬂylhydroquinone, 1,3,5-trihydroxybenzene, 2,4-di(4-
hydroxyphenyl)-4-methyl-l-pentene, 2,4,6-tri(4-
'hydroxyphenyl)—Z,6—dimethyl¥3-hexene, 5~hydroxy-3-(4-

15 hydroxyphenyl)-1,1,3-trimethyl-2,3-dihydroindene, 5-
hydroxy-3—(4-hydroxyphenyl)-2,6-dimethy1-3-hexéne and
tri(4-hydroxyphenyl)methane; and halogenated phenols having
6 to 15 carbon~atoms such as 3-fluorophenol, 2-
trifluoromethylphenol, 4-chlorophenol, 2-bromophenol, 2,6-

20 difluorophenol, 4-fluoro-2-methylphenol, 2,3,4-
trichlorophenol, 2,2-bis(4-hydroxy-3,5-
dichlorophenyl )propane, 2,2-bis(4-hydroxyphenyl)-
1,1,1,2,2,2-hexafluoropropane aﬁd octafluoro-4,4’'-biphenol.

In the process of this invention, an epoxy compound

25 is reacted with a carboxylate, carboxylicménhydride,_
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but yl phenol , 2-cycl opentyl phenol, 2, 3-di nethyl phenol,
2,3, 6-trinethyl phenol, 2,6-diisopropyl phenol, 3,5-di-tert- butyl phenol,
- 2,6-di-tert-butyl - 4-met-hyl phenol, 5-indanol, 5 - )
5,6, 7, 8-tetrahydro-I|-napht hol, naphthol, nonylphenol, 4- hydroxystyrene,
4-hydroxy-[err]-nethyl styrene, 1,1[err]-bi-2- naphthol, catechol,

resor ci nol, (Nple) t C sQeCcLN

. *&\éﬁ Ol '?a?r Pﬁeﬂgg HXh%ﬁﬁR& o h_xle gﬁsgxges g% h Bhosﬁhﬁne

di hydr oxynapht ene r oxy enyI

0 St v o) %pz%%%r%eahgﬁo%é Bt i dpdaas oo
.3, 5-tTi hydr oxyb h h - ,
i A T

hydr oxyphenyl ) - 3-trinmethyl 3-di hy dr0|ndene 5- _
hydroxy-3-(4JHV%H6Q§EWEH§I}HZCBmHFﬁéPh9P afhE¥eneramgre. In the latter
tri(4-hydroxyphenyl)net hane; and hal ogenat ed phenols having 6 to 15 carbon
ators such asamerl gocepwensd, preferential dveregehhnaovith. ghﬁo?ﬁﬁﬁﬁnol ,
2- bronophenol , 2,6- 20 difluorophenol, 4-fluoro-2-nethyl phenol, 2,3, 4-
trichIorophem@mpqgnﬁ-may(denyddoﬂy-3eéctﬁvthYOOﬁphemybypdapaﬁeﬂ-
2, 2--bi s(4- hydroxyphenyl )- 1,1,1, 2,2, 2- hexaf| uor opr opane and
oct af | uor o- 4, 4 er rInbtiphepudceds dihalrsodesendfian) an repry compoueboxy
conpound 25 is reacted with a carboxyl ate, carboxylic-anhydride, 49

may have both epoxy group and carboxylate, carboxylic

anhydride, carbonate or phenolic hydroxyi group in one

10 molecule. For such a compound, the reaction of this
invention may intramolecularly occur. When such an epoxy
compound is reacted with a separate carboxylate, caboxylic
anhydride, carbonate or phenol compound,.whether the epoxy
group reacts intramolecularly or intermolecularly with the

15 separate carboxylate, caboxylic anhydride, carbonate or
phenol compound may depend on reactivity of the compounds
used, and thus cannot be generally determined.

The feaction may be conducted in any procedure

ensuring effective contact between a phosphine sulfide

20 compound represented by formula (1), an epoxy compound and
a carboxylate, caboxylic anhydride, carbonate or phenol
compound. The reaction may be cqnducted in a continuous,
batchwise or semi-batchwise system. It may be generally
conducted by contacting the phosphine sulfide, the epoxy

25 compound and the carboxylate, caboxylic anhydride,
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carbonate or phenol - conpound in the presence of a phosphine sulfide
represented by fornmula (1). The carboxyl ate, carboxylic anhydri de,

car bonat-e or phenol conpound can be used al one or in conbination of two or
nore. In the latter 5 case, a conpound preferentially reacting with the
epoxy conpound may depend on reactivity of conpounds used. In the process

of this inverddrbnatie *IF0pheddIP Soripolind Iaatgeth@i:ﬂ PPoXddghguphandpoxy
car boxyl ate, carboxylic anhydride, carbonate or phenolic hydroxyl group in

one 10 nol e%ngsouzﬁprmst&%s@m&&@o%ﬁgn&ﬁﬁgr Eﬁétbﬁasgﬁiﬁbi SulPY88t kR may
h an

I ntranol ecul arl'y occur. \Wen suc poxy Conpound IS reacted with a

t PGy gyl i ' : d,
whether the cny SRS, Al SRy e T Res ok BRFROE
the 15 separ arho . [ ri . Garpgnat e. enol
conpour? nglyt e éﬁ@ﬁgnfﬁ?gh ﬁ§§€$%§¥¥P%§B§g§%3§ﬂ§§;§§egg gnﬁlgﬁﬂggcannot be
general l'y .determ ned. reaction m conducted_i.p any,procedure

i 1 SRR R AR SR roRPERIE APHtER) FRERO%E d
fggféégﬁted bC formul a C a%.egox p?onggunde d_a, car box f;?goug boxylic
anhydri de, c%aﬂmﬁ%ﬁ%ﬁ“&ﬂ edoﬁ)‘%ﬁ’ﬁ&? ‘Fh@rrgﬁﬁ??ﬁn"ﬂ’&?oﬁﬁ wﬂﬁugi’ed in a
conti nuous, batchw se or sem -hatchw se system |t may be geperally
conduct ed by adshing (they aarboRvdate ncaborylie, aphrdepdry 93rb8RAEENATand

t he carboxyl ate, caboxylic anhydride, 50
phenol compound to a mixture comprising the phosphine

sulfide and the epoxy coméound. A reactant may be added in
10 one portion; intermittently or continuously.

The rate of the carboxylate, caboxylic anhydride,
carbonate or phenol compound to the epoxy compound may be
geﬂerally in the range of 0.5 t6 1.5 moles, preferably 0.7
to 1.3 moles of the carboxylate, caboxylic anhydride,

15 carbonate or phenolic hydroxyl group in the compound per
mole of the epoxy group in the epoxy coméound.

The amount of the phosphine sulfide represented by
formula (1) ié, but not limited to, generally below 0.5
moles, preferably 1 x 1072 to 0.1 moles, more preferably

20 1 x 10°% to 5 x 1072 moles per mole of the epoxy group in

the epoxy compound in any type of reaction.

A reaction temperature may vary depending on various
factors such as the types of reactants and the amount of a
_phosphine sulfide represented by formula (1) in any type of

25 reaction, but is generally below 250 °C, preferably 30 to
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carbonate or phenol conpound together; by adding the epoxy conpound to a

m xture conprising the phosphine sulfide and the carboxyl ate, caboxylic
anhydri de, carbonate or phenol conpound; by adding the phosphine sulfide to
a-mxture 5 conprising the epoxy conpound and the carboxyl ate, caboxylic
anhydri de, carbonate or phenol conpound; or by adding the carboxyl ate,
caboxyl i ¢ amtB@°Cde, AcEPRGhLPR PFePFRER | MaY YR¥Ih Herending @i &henpri si ng

t he phosphine sul fide and the epoxy conpound. A reactant may be added in 10
one portion, tYPRE(f t¥RAFEINES LRHARYIUENRS \of maagtdian,oputhdtcdBhoxyl at e,
caboxylic anhydride, carbonate or phenol conpound to the epoxy conpound may
be general | ygenexably deeftowf3 00 MR (ars ahsamtepiessaxiey dereiaftempl es
of the carboxyl ate, caboxylic anhydride, 15 carbonate or phenolic hydroxyl

group in thethsngpaoueddgfinitnien ofs tisedpo praferngbly 6.0 &poxy ScdPagund.
The amount of the phosphine sulfide represented by fornula (1) is, but not

limted %50, myererpteferahby 0.5 tol O NPef emalrenctisnlafeatiohoid. 1 nol es,
nore preferably 20 1 x 10[err] to 5 x 10[err] noles per nole of the epoxy

group in theg&ipepel TP POEih | 48 aduky Peprd féasty OL1 Mireae i2an hoaregr at ure
may vary dependi ng on various factors such as the types-of reactants and

the amount Ghose %ﬁéﬁé&&ﬁf% f6 dRin SRS CEBEMAeDY TheMrbactidni Magh¥e|ype of
25 reaction, but is generally below 250 [err]C, preferably 30 to 51

if necessary, conducted in an atmosphere of an inert gas

such as nitrogen and argon.

10 In the process of this invention, a reaction may be,
if necessary, conducted in the presence of a solvent.
Solvents which may be used include aliphatic and alicyclic
hydrocarbons such as n-pentane, n-hexane and cyclohexane;
etheﬁs such as dimethyl ether, diethyl ether, diisopropyl

_15 ether, dibutyl ether, tetrahydrofuran, 1,4-dioxane,
ethylene giycol dimethyl ether,-diethylene glycol dimethyl

- ether, anisole, o-dimethoxybenzene, ethyl phenyl ether,
butyl phenyl efher'and o-diethoxybenzene; aromatic
hydrocarbons such as benzene, toluene, xylenes,

20 ethylbenzene, cumene, mesitylene, tetralin, butylbenzene,
p-cymene, diethylbenzene, diisop:opylbenzene, |
triethylbenzene, cyclohexylbenzene, dipentylbehzene and
dodecylbenzene; halogenated aromatic hydrocarbons such as

chlorobenzene, o-dichlorobenzene, m-dichlorobenzene, 1,2,4-

25 trichlorobenzene, bromobenzene, o-dibromobenzene,



200 [err]C. A reaction pressure may vary depending on the types of
reactants in any type of reaction, but it is generally below 3.0 MPa (an
absol ute pressure; hereinafter, the sane definition is used), preferably
0.01 to 1.5 MPa, 5 nore preferably 0.1 to 1.0 MPa. A reaction duration is
generally within 48 hours, preferably 0.1 mn to 24 hours, nore preferably

0.6 mn o 10 hAKER1oFBBehs8Rb] 0B-ERY0RBLol halBs epeBhYorseaTiEhE] pO an

atmosphere of an inert gas such as nitrogen an gon.

process of ! BhfotBYERY1BEnAneaR 1R REaphEnFaREs 2hKa CORGLEL T 11

t he presence of a solvent. € used fnc ﬁ I'p atiﬁ and
alicyclic hydr rp h_as. n-pentan - hexane.gnd gygl ohexane; ethers
suchyas dingsﬁ§$%e?§§§?ﬁggefﬁﬁp 8?h§?§egpyioﬁpgggfl§g’e@h@?h di butyl ether,
t et rahydr of uran +di oxane, el hylen ol dinmethyl ether, diethylene
gl ycol drnetﬂ§wé§%¥iﬁ?rﬂﬁW§§Pe,L8¥GWF§P§B§§B§H 8ﬁ€?1é?h9ngﬂeﬂyT etﬂer,
butyl phenyl _ethe nd . Q- di et hoxybenzene; aromatic_ hydrocarhons such as
benzene, %ol GH‘}EFL}(;F@P’I §?°é6dépﬁyﬁben§%ﬁe?t¥mvﬁ%%i‘?§ﬂ R used ag i n,
but yl benzene, p-cynene, diethyl benzene, diisopropyl benzene, .

k
triethyl benz&@BI 8§cLEhER9FHBALAEVEAFBAN: REERAEhBeaRYCEBEECHE HERE®Ne:
hal ogenat ed aromati c hydrocarbons such as chl orobenzene, o-dichl orobenzene,

m di chl or obe#B¥gBtieNn? A[These t5¢1vened ey e usedndlere e in

o- di br omobenzene, 52
combination of two or more.

An isolation procedure of a desired 1,2-dioxyethane
16 derivative from a reaction solution may vary depending on
the types of reactants used, the type of the desired 1,2~
dioxyethane derivative and the type or the amount of a
solvent used, but the desired 1,2-dioxyethane derivative
may be generally isolated by a suitable isolation process
15 such as distillation, recrystallization and column
chromatography, from a reaction solution or a residue after
evaporation when a solvent is used.
As described above, in the presence of a phosphine
sulfide represented by formula (1), an epoxy compound may
20 Dbe reacted with a carboxylate, carboxylic anhydride,
carbonate or phenol compound, to conveniently and
effectively prepare a desired 1,2-dioxyethane derivative.
EXAMPLES
The first to fourth aspects of this invention will be

25 more specifically described with Examples. It should be,



br.onmochl or obenzene, o-chl orotol uene, p-chlorotoluene, p- chlotoethyl benzene
and 1-chl oronapht hal ene; and aprotic polar solvents such as di net hyl

sul foxi de, N, N di nethyl formam de, hexanet hyl phosphor-am de and N,NJerr]- 5
di.met hyl i m dazol i di none. Any other solvent may be used as long as it does"
not adversely affect the process of this invention. These solvents may be
used al one ohaweveshnedEedFhat these axamplesm ansylonliyod Idusdtadtigesf a
desired 1, 2-di oxyet hane 10 derivative froma reaction solution nmay vary
dependi ng .on nite nofpddmit atdaet dm anysawnnens t ype of the desired 1, 2-

di oxyet hane derivative and the type or the amount of a solvent used, but
the desired 1, 2-di thgefhrse ardi satond aspebesowibilabéydescribed. by a
suitabl e isolation process 15 such as distillation, recrystallization and
colum chromsgegipaieghyt, froma reaction solution or a residue after
evapor ati on when a solvent is used. As described above, in the presence of

‘a phosphi ge sul fidenrgpiggest ey b¥k' PhMehaathdspRErePexYneerpgEAtwary 20 be
reacted wth a carboxyl ate, carboxylic anhydri de, carbonate or phenol

Gor Tvat i ve. BIAVCES T e e A e G AT he
25 more specigh 33l I 19320 0¥ UL AR foberderd QU B0 mol) which
| had been dried on molecular sieves 3A to a moisture content
of 10 ppm. While controlling an internal temperature at 40
10 °C, to the stirred mixture was added dropwise 29.36 g of
iminotris(dimethyl;mino)phosphorane (Fluka) (164.7 mmol)

over 20 min., and then the mixture was maintained at 40 °C

for 40 min. Then, the mixture was heated to 70 °C.and
reacted at the temperature for 20 hours, to provide a white
15 suspension. The suspension was cooled to an ambient
temperafure, and then filtered to give a white solid.
The filtered white solid was dried. The solid was
analyzed by mass spectrometrj. There was observed a
molecular ion peak at 179, which corresponds to the
20 molecular'weight of the cation moiety in
aminotris(dimethylamino)phosphonium chloride,
{[(CH3)aN]}3P* (NHz)C1™}.
The filtrate was washed with about 14 g of water
three times. The o-dichlorobenzene phase was concentrated

25 to dryness in vacuo to provide a dark blue solid (11.50 g;
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53 however, noted that these exanples are only illustrative, but not
tim.tative in any nmanner. The first and second,aspects will be described.
Example 1 5- In a 100 cc flask in an atnosphere of nitrogen were
placed 4.474 g of thiophosphoryl chloride (A drich)(26.41 nmml) and 45.24 ¢
of o-dichl orobenzene (0.3078 nol) which had been dried on nol ecul ar sieves
3A to a noi stnudecyphebdt 93 1D. pfhenhi9 sS4 antedl thegsehid rwas added to
tenperature at 40 10 [err]C, to the stirred m xture was added dropw se

29.36 g of iwknoarisedi NEhEysAE] nandheRehairBaréFvakahéatdd7tomdl) mver 20
.mn., and then the m xture was maintained at 40 [err]C for 40 m n. Then,

.the nmixture #8g Bemptdtély/8ise6lyingnthecsoled. atThdeséupbomtwae for 20
hours, to provide a white 15 suspension. The suspension was cooled to an

anbi ent t enbgpaidicroaty Lhep brecaipiddie nvath A codb thim fi ter ed

white solid was dried. The sol%ﬁ was anal yzed by nmass spectronetry. There

was obseryede% UBLea han hoteheak 8 &7 il GPYSRYS (P e 20

nol ecul ar™ we e catton noie

(N er 1) cu PP PR LS FOPRETaRLAD) EHoRb IEor it BN Ba o TRROTRREREI [ ..

times. The ogdh ¢0hQr OReRZRRS. R8P 188 A206°BY" 8b8flula (1) where R is

methyl, as a white crystal (melting point: 90.0-92.5 °C).
Elemental aﬁalysis data for the white crystal were;
10 _ Obserfed; C:36.77, H:§.47, N:28.28, P:21.01
Calculated; C:36.38, H:9.18, N:28.29, P:20.85
A portion of the white crystal was dissclved in DMSO-
dg for 31p_NMR spectroscopy. The results are shown in
Fig.1l, where a chemical shift for the phosphorous atom in
15 tri-n-butyl phosphate which was used for quantitative
analysis wés set to 0.312 ppm. Under this condition, a
chemical shift for the phosphorous atom in orthophosphoric
acid usually ﬁéed as a standard appears at 0.00 ppm.
As seen in Fig.l, there are a quértet and a doublet
20 at 17.1 and 12.2 ppm, reSéectively, which are derived from
two different phosphorous atoms in
tris(tris(dimethylamino)phosphoranylideneamino]phosphine
sulfide and whose integrated intensity rate is 1:3. The
quartet at 17.1 ppm corresponds to the single phosphorous

25 atom bound to the sulfur atom at the center of the molecule.
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25 to dryness in vacuo to provide a dark blue solid (11.50 g; 54 crude
yield: 73 %9 . Then, 9.64 g of the solid was added to 1.5.24 g of n-hexane,
and the m xture was heated to 50 [err]C for conpletely dissalving the
solid. The solution was cooled to 18 [err]C to precipitate crystal, -which
was then 5 filtered and dried at 50 [err]C 1 mHg, to give 4.15 g of

tris[tris(digeiivlag w%@?%_lzmq{é% e swk-dd de, a

conmpound represented by t , as a white crystal
| ti | 0f 2 .. 90, 0- e t ' t g of Awhi t

Cryst ol war doqtpiesEl bt dvHED! IhelUortet B8, 27,37 il 14 1€
Cal cul ated; G 36.3 : ; 28.29,. P ' '
crystal vas SPECHTIA PRGNt Fouibing O Rk Bitadl odstoalle * 1

h in Fig.1l,. wh hem cal .shift f t.h h h in 15
Cr1-nebutyl BHOEIRES YR TRl RISGPHARAL EIRSRIREOE FETRnile U (o
0.312 ppm Under this condition, a chemcal shift for_the ﬂfﬁgﬁgéo s atom
in orthophosPdPlet £ ¢ 4t B ik Qpserved baqpise afbﬁ)e%ﬁ‘ég ng. As

seen in Fig.1l, there are a quartet and a doublet 20 at 17.1 and 12.2 ppm
respect i vel yPeXHpRerak Phrsy Us GhAGo Y Bl drheh (CHeEDh PRAAPRAERNS i n
tris[tris(dinmethylam no)phosphoranyl i deneam no] phosphi ne
atom. :
In addition, Figs.2 and 3 show a 1H-NMR spectrum for
a DMSO-dg solution and an IR spectrum by a ﬁBr pellet
10 technique, respectively, of tris[tris(dimethylamino)-
phosphoranylideneamino]phosphine sulfide.
Preparation of poly(alkylene oxide)s as the third
aspect of this invention will be described.
Example 2
15 In a 400 mL autoclave equipped with a temperature
probe, a pressure gauge and an agitator were placed 1.03 g
of tris[tris(dimethylamino)phosphoranylideneamino]phosphine
sulfide (1.73 ﬁmol), 13.1 g of glfcerin (142 mmol) and 129
g of propylene oxide(2.22 mol). The atmosphere of the
20 system was replaced with nitrogen. The mixture was heated |
to 80 °C and the temperature was kept for 17 hours, during
which the maximum pressure was 0.3 MPa (an absolute
pressure expressed in mega pascal; hereinafter, the same

definition is used). At the end of the reaction, the

25 pressure was 0.01 MPa. The residual pressure was purged
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sul fide and whose integrated intensity rate is 1:3. The quartet at 17.1 ppm
corresponds to the single phosphorous 25 atom bound to the sul fur atom at
the center of the nolecule. 55 whi |l e the doublet at 12.2 ppm corresponds
to three peripheral phosphorous atons. The quartet at 17.1 ppmis observed
because of coupling of the central phosphorous atomw th the three

peri pheral pwbddrodngsodugisgunitroger gasoimtetthe gaseowprphasepbsended
because of coupling of the peripheral phosphorous atons with the central
phosphor ous &hem the mddtbirenwafi ysads ferred stovanotiheiMRespelt r Fhd or a
DMSO-d[err] solution and an IR spectrum by a KBr pellet 10 techni que,

respectivel ymigkulrel wh kepti get B! @mun@kr BheeRlkeednpredemgaMoro[yghosphi ne
sul fide. Preparation of poly(alkylene oxide)s as the third aspect of this

i nvention W iimHge f@@s30i hefl. E¥anpéfovid§ volatilésa 4Hen] mitwsgeaye
equi pped with a tenperature probe, a pressure gauge and an agitator were

placed 1.93 ga8f ihitrdlutea( dbMeh8YspEtan) 860k AnBiwht dgRes8hPE] RhQSBhENe
sulfide (1.73 mml), 13.1 g of glycerin (142 mmol) and 129 g of propyl ene

o toiz, 2 TakkeoTae AL eoplgaecEl o nf oy taibingeets S o o,

.for 17 hoursofdﬁbﬁ§gxypropylene triol containing
tris[tris(dimethylamino)phosphoranylideneamino]phosphihe
sulfide as a transparent and odorless liquid.

10 Then, 33.2 g of the liquid was placed in a 400 mL
autoclave equipped with a temperature probe, a pressure
gauge, an agitator and an inlet tube'for an alkylene oxide.
Affer replacing the atmosphere of the system with nitrogen,
the mixture was heated to 80 °C, and then 197 g of

15 propylene oxide (3.39 mol) was continuously introduced over
9 hours while controlling the reaction pressure below'0.4
MPa. After completion of the feed, the mixture was further
reacted at SO;C for 16 hours. At the end of the reaction,
the pressure was reduced to 0.05 MPa. The residual

20 pressure was purged while introducing nitrogen gas into the
gaseous phase, and then the mixture was transferred to
another vessel. The mixture was kept at 80 °C under a
reduced pressure of 10 mmHg for 30 min. for removing

volatiles.

25 Then, nitrogen was introduced to the system to an
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whi ch the maxi num pressure was 0.3 MPa (an absol ute pressure expressed in
mega pascal; hereinafter, the sanme definition is used). At the end of the
reaction, the 25 pressure was 0.01 MPa. The residual pressure was purged 56
whil e introducing nitrogen gas into the gaseous phase, and then the m xture
was transferred to another vessel. The m xture was kept at 80 [err] C under

a reduced prgmByeRtObrdSsiPElan@ tid Ml fturd wdeLEO61td ) ar |afidien,
nitrogen 5 was introduced to the systemto an anbi ent pressure and the

i xture vas £oghedatR-8ncahient 236 P L L Brdytiopy ke &0l as a

pol yoxypropyle triol contalning _ _ _ _
transpar ont SRATSRAFPOSLEpRCAIGERqYs | FRIERE, TRl BIRSHRLI AINY! IBETHIR,
Do L 2eelrfee SRS BAEEE s REEAUIAL) WGTRGIE el e £
Lorr]C. ahd PREReR89a bk nasol: ey Panlog aininia. olo Rl Friflt dimimmaniry
i ntroduced over 9 hours_while controlling the reaction pressure bel ow 0.4
MPa. After "cBRPPBE| BRTol gheifaceolymRriy R g P “Faesac%énpat 80
[err]C for 16 hours. At the end of the reaction, the pressure was reduced
to 0.05 MpPa.wirhehs pspuidedoanpeatimeted RUThALRAY SIS BHGDRAT HPHIRY ogen
:gas }nto theof 5900. A molecular weight distribution (Mw/Mn) was 1.05
according to gel permeation chromatography using
10 poly(ethylene oxide) as a standard.
Example 3
In a 400 mL polymerization reactor as described in
Example 2 were placed 1.68 g of
tris[tris(dimethylamino)phdsphoranylideneamino]phosphine
I5 sulfide (2.82 mmol) and 29.1 g of dipropylene glycol (217
mmol). After replacing the atmosphére of the system with
nitrogen, the mixture was heated to 90 °C, and then 197 g
of propylene o;ide (3.39 mol) was continuously introduced
over 7 hours while controlling the reaction pressure below
20 '0.45 MPa. The mixture was further reacted at 90 °C for 12
hours. The pressure was reduced to 0.11 MPa. The residual
pressure was purged while introducing ﬁitrogen gas into the
gaseous phase, and then the mixture was transferred to

another vessel. The mixture was kept at 80 °C under a

25 reduced pressure of 10 mmHg for 30 min for removing
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gaseous phase, and then the m xture was transferred to another vessel. The
m xture was kept at 80 [err]C under a reduced pressure of 10 mmHg for 30
mn. for renoving volatiles. 25 Then, nitrogen was introduced to the
systemto an 57 anbi ent pressure and the m xture was cooled to an

anbi ent tenperature to give 220 g of pol yoxypropylene triol as a

ST O£ g SR e g 1

anount of termn groups expresse of equi nol er

amount  of K%%k%ﬁﬁ%%ﬁedg{&%%wogimuegotvag. BLYRR' +oKEH MU/ g

pol ymer) wa an estl nunber-aver age nol ecul ar
wei ght of 590Q.., A nmol ecul ar,_ wei ght dist;@&gtio N@/Nh was 1.05 gccording
' Sl per MR HRRESRR LTS PP g Hte By PERKRERPyLeng 56T
standard. Exanple 3 In a 400 nlL pol yneri zation reactor,  as described in -
Exampl e 2 wét® %I%&F@"@é“b aphd qdarless liquid. Its hydroxyl value
[tris(dinmethyl am no) phosphor anyl i deneam no] phosphine 15 sulfide (2.82
mmol ) and 2as gl ik, Wipkdpprawidad @ qestimakes pumhereaveERLSCci ng t he

at nosphere of the systemw th nitrogen, the mxture was heated to 90

[err] C, andnd@eculgxr yedghdr aF/ 11 oxi de (3.39 nol) wes conti nuously

I ntroduced over 7 hours while controlling the reaction pressure bel ow
Comparative Example 1

The procedure in Example 3 was repeated, except that
tfis[tris(dimethylamino)phosphoranylideneamino]phosphine
ld sulfide was absent. No consumption of propylene oxide was
observed. The weight of the content in the reaction vessel
was 29.7 g, which was substantially equal to the weight of
dipropylene glycol placed, and thus polyoxypropylene diol
was not formed.
15 Example 4
The procedure in Example 3 was repeated, except that
tris{tris(dimethylamino)phosphoranylideneamino]jphosphine
sulfide and dibropylene glycol were replaced with 88.2 g of
polyoxypropylene triol obtained in Example 2 having a
20 hydroxyl value of 28.5 and containing a catalyst component,
and that 140 g of propylene oxide (2.41 mol) was introduced,
to give 221 of transparent and odorless polyoxypropylene
triol whose hydroxyl value and number-average molecular

weight were 11.9 and 14200, respectively.



20- 0.45 MPa. The nmixture was further reacted at 90 [err]C for 12 hours.
The pressure was reduced to 0.11 MPa. The residual pressure was purged
whi I e i.ntroducing nitrogen gas into the gaseous phase; and then the m xture
was transferred to another vessel. The mixture was kept at 80 [err]C under
a 25 reduced pressure of 10 nmmHg for 30 min for renoving 58 vol atil es.
Then, nitrogewxamgsld B roduced to the systemto an anbient pressure and the
m xture was cooled to an anbient tenperature to give 222 g of

pol yoxypr opyl ene dipgh a.soaeagggsmrﬁﬂamgggeg%éE§épéé€é'& Sf Aﬁﬁseeggﬂkm'

value 5 was 111, which provi an esti nunber-aver age 1o ul ar

wei ght of Jiﬂékiéﬁqgggfﬁﬂﬁéiﬁ?faﬁ¥ﬂa)£HU¥§H3E§H?Tf&%n£%m§§%q8h8s%h%%E

repeat ed, except

tris[tris(di eyl amno) phosphor.anyl i denegm no] phosphi ne 10 u!éide S
absel[at. NE) cggr?\lslt?r%p |c?nrh%f£;?|‘%@1 &g'iy(fé’a"vﬁ? §§F@€&.egTWétaeFl lﬂlt go%t Ihe
content ip the.reaction vessel was 29.7 g, Which was substantially equal to
the wei ght o HYSAYRACRY. ed'ﬂey&ﬂl"é'l &’g’é:@l%ﬁﬁ’d i, fxagplfody Ba¥pPgefe diol was
not for ned. %; Exanpl e 4 The procedure in Exanple 3 was repeated, except
that tris tr YRR hyEdMe @t HEsPh SoATRiNdage ncasPANS$pFPRROBENE ) dandnd

di propyl ene glycol were replaced with 88.2 of .
Propy %ﬁét 25.1 g of ethylene oxide (%.570 mol) was introduced

over 1 hour in place of propylene oxide, and a.reaction
duration was‘8 hours, to give 146 g of a block copolymer of

10 transparent and odorless poljoxypropylene-polyoxyethylene
triol whose hydroxyl value and number-average molecular
weight were 23.7 and 7100, respectively.

Example 6
The procedure in Example 3 was repeated, except that

15 the amount of
tris[tris(dimethylamino)phosphoranylideneamino]phosphine
sulfide was 0.277 g (0.466 mmol), dipropylene glycol was
replaced with 51.1 g of polyoxypropylene triol having a
hydroxyl value of 168 (number-average molecular weight:

20 1002)(MN-1000; Mitsui Chemical Inc.) industrially produced
with a potassium hydroxide catalyst, and a reaction
duration was 20 hours, to give 216 g of transparent and
odorless polyoxypropylene triol whose hydroxyl value and
number-average molecular weight were 24.4 and 6900,

25 respectively.
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pol yoxypropyl ene triol obtained in Exanple 2 having a 20 hydroxyl val ue of
-28.5 and containing a catalyst conponent, and that 140 g of propyl ene oxide
(2.41 mol) was introduced, to give-221 of transparent and odorl ess

pol yoxypr opyl ene tri ol mhose hydr oxyl val ue and nunber-average nol ecul ar

wei ght were 11.9 and 14200, respectively. 59 Exanple 5 The procedure in
Exanpl e 3 wasx ted , except that
tris{tris(dinmethyl am no)phosphoranyl i deneam no] phosphi ne sul fi de and

di propyl ene g yCO'rhWebEuFSEhﬁﬁe.dLn"‘hk %ié 9 9£s5re§85ﬂé>&)’pé£@é/ﬂ>€nﬁxéﬁl ol

.obtained in Exanple 2" having a hydroxy value of 5 containing a catalyst
_conponent, I Y b th{lr oduced
over 1 hour e?,ﬁ,TJ%]% g%liyom 1((;:% ?a?twy urati on was 8

hours, to gi gco]h oxygtf"f‘n élcci)pol tolgf’]; @dﬁox wgntlga gu gor &ss

polyoxypropy? ne- poI uéan

nunber - aver age no ul ar t wer . d 7100, res ectlvel Exanple 6
The pf_oc§dur%"‘f% SN %&s%%& S, RO LIS KYRREEXIBIR o
tris[tris(dineth Ian1no)phosphorany||denean1no phosphlne sulflde mas 0 277

g (0.466 rmﬂ!‘)’m%’f prRRe duedxpxicl | vadae RAYerpge godecular

oI oxypropyl ene triol having a
POt yoxyp p¥we1ght were 63. Oggnd 890, respectlvely.

Example 8
The précedure in Example 3 was repeated, except that
10 dipropylene glycol was replaced with 39.1 g of glucose (217
mmol), to give 227 g of transparent and odorless
polyoxypropylene pentaol whose hydroxyl value and number-
average molecular weight were 270 and 1040, respectively.
Example 9
15 The procedure in Example 3 was repeated, except that
dipropylene glycol was replaced with 19.6 g of 1,4-
butanediol (217 mmol), 244 g of 1,2-butylene oxide (3.39
mol) was introduced over 5 hours in place of propylene
oxide while maintaining a pressure below 0.25 MPa, and a
20 reaction duration was 20 hours, to give 251 g of
transparent and odorless polyoxybutylene diol whose
hydroxyl value and number-average molecular weight were
98.4 and 1140, respectively.
Example 10

25 The procedure in Example 3 was repeated, except that"
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hydr-oxyl value of 168 (nunber-average nol ecul ar weight: 20 1002)( M\-1000;
Mtsui Chemcal Inc.) ‘industrially produced with a potassium hydroxide
‘catal yst, and a reacti-on duration was 20 hours, to give 216 g of
transparent and odorl ess polyoxypropyl ene triol whose hydroxyl value and
nunber - aver age nol ecul ar wei ght were 24.4 and 6900, 25 respectively. 60

Exanpl e 7 They oSl WGidhd iRl @Emlx&cg]ﬂggfﬁj’i dd'@ved B Opyl ene

gl ycol was replaced wth 6.95 g of 217 mmol ) and a reaction

duration was,dd Wy S 4k B Prtipyiend Hidd WP Gfls AY MY la£SS
33[‘%% %%ﬁgpbxff va %ﬂﬁ'nu 8%

pol yoxypr opylene non ose ue a er-avera mol ecul ar
wei ght- wer e .0 d,890. r | vel anple 8. T rracedure i,n Exanpl e
3 was 'repeaté%e,sse%ep e%t%t&i%’e%?'op%}}‘kg rg%%é‘ o%ggufaetpxlo&g@sm]ﬁ] 39.1 ¢
of glucose (217 mmol), 1o gjVve 227 of transparen d .odor| ess

pol yoxypr opyFBHes peift v S\ SEANSRARSAY, AR Lﬂ?t}&l-esﬁ/e.r age nol ecul ar
wei ght were 270 and 1040, respectively. Example 9 15 The procedure in
Exanpl e 3 wROYgyaatagrens B! vHaseyiyrdsteh & piir Andumhsn-2v&rage h

19.6 g of 1,4- butanediol (217 mmol), 244 g of 1,2-butyl ene oxide (3.39
molecular weight were 81.3 and 1380, respectively.

Example 11
The procedure in Example 3 was repeated, except that
dipropylene glycol was repléced with 13.0 g of |
10 ethylenediamine (217 mmol), to give 200 g of transparent
and odorless polyoxypropylene tetraol whose hydroxyl value
and number-average molecular weight were 247 and 910,
respectively.
Example 12
15 The procedure in Example 3 was repeated, except that
dipropylene glycol was replaced with 18.7 g of piperazine
(217 mmol) and a reaction duration was 8 hours, to give 211
g of transparené and odorless polyoxypropylene diol whose
hydroxyl value and number-average molecular weight were 117
20 and 960, respectively.
Example 13
The procedure in Example 3 was repeated, except that
dipropylene glycol was replaced with 15.4 g of pyrrolidine
{217 mmol) and a reaction duration was 10 hours, to give

25 206 g of transparent and odorless polyoxypropylene monool
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mol } was introduced over 5 hours .in place of propylene oxide while
_maintaining a pressure below 0.25 MPa, and a 20 reaction duration was 20
hours,.to give 251 g of transparent and odorless pol yoxybutyl ene di ol whose
hydr oxyl val ue and nunber-average nol ecul ar wei ght were 98.4 and 1140,
‘fespectively. Exanple 10 25 The procedure in Exanple 3 was repeated
except that whbse hyd@ f vallveeBadonuBelrZaveritle) maeculbiroteigmeover 5

hours in place of propylene oxide while maintainiing a pressure bel ow 0. 15

MPa, and a kead isan 7dunhat e m@§m%§chgugg to give 306 g of transparent and
odorless 5 polyoxystyrene di' ol ose hyd xyI vaIue and nunber - aver age

| ecul ht ¥eL 1380, 5%?&9; ;{@+ s Ty d
rﬁ Eggng{emglaas red@a dﬁaegggefgfﬁ%% propy ene f?yco was rep ggggemr[ﬁ
1301991 1oty slpdeanige cfidy s UbLachoudrier20Rcd Rl kanspar ent and

odor | ess pol'yoxypr opylene "t'etraol “whose ue an nunber-average
nnleculaé wﬁh%%} wer. % 247 and 910, respectlvely Exanpl e 12 15 The
pr ocedur 3 was repeated, except that dipropylene glycol was

r n
replaced with 18. ;ngaoiﬂé)$fagggrf§haped flask were precisely weighed

0.595 g of tris{tris(dimethylamino)phosphoranylidene-
amino]phosphine sulfide (1.00 mmol) -and 14.3 g of phenyl
acetate (105 mmol). To the mixture warmed to 90 °C was

10 added dropwise 15.0 g of phenyl glycidyl ether (100 mmol)
over 10 min. After addition, the mixture was stirred at
the same temperature for 5 hours, and cooled to room
teméerature over about 10 min. -A small portion of the
reaction mixture was quantitatively analyzed by gas

15' chromatography using 1,3,5-trichlorobenzene as an internal
standard, indicating that the starting phenyl glycidyl
ether had been almost completely consumed to form desired
1,3—diphenoxy—2;propyl acetate in an yield of 98 % based on
phenyl glycidyl ether. In brief, the reaction ﬁds almost

20 quantitatively proceeded.

The reaction mixture was directly subject to column
chromatography to give 27.2 g of 1,3-diphenoxy-2-propyl
acetate as a colorless liquid whose all analytical data
obtained were identical to those for a reference standard.

25 The catalyst activity (a molar amount of a desired product
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(217 mmol ) and a reaction duration was 8 hours, to give 211 g of
transparent and odorl ess pol yoxypropyl ene di ol whose hydroxyl val ue and
nunber - aver age nol ecutar wei ght were 117 20 and 960, respectively. Exanple
13 The procedure in Exanple 3 was repeated, except that dipropyl ene glycol
was replaced with 15.4 g of pyrrolidine (217 mol) and a reaction duration

was 10 hour spef Qoflk MoFe Pt Tdifallyst IR UinidN¢ 0! |i95 Sradn;0xypr opy| ene
nonool 62 whose hydroxyl val ue and nunber-average nol ecul ar wei ght were

59.7 and 94Qhéf§§55£%%ﬁfléheFgéﬁgﬂégffﬁ¥ﬁﬂ§gl”%'qgﬁféeknﬁne derivatives as

the fourth aspect o s Invention W ~descr d. 5 Exanmple 14 In a
ri spri o Ferep et (PR UB R B obnt et T i hcfohqsmnine | o

lorr] C was TRLEHEn TEa0 AT St sl orpe) s A TR At 5 st
Cemper at t o 7 OFeh it SLEBIR ABAHEF 5 RBoRH ATBS I BIAAR Eout 10 i n.

A smal|l portion of the reaction m xture was quantitatively analyzed by gas
15 chr omat ogk@pRgPREy kyumoniun ghlanises 9an sgd uh te¥ oxide in

Comparative Example 3, 4 or 5, respectively. Thus, phenyl
glycidyl ether and phenyl acetate are reacted to provide
1,3-diphenoxy-2-propyl acetate, namely a 1,2-dioxyethane
10 derivative in a markedly higher catalytic activity and a
higher yield.
Comparative Example 2
The procedure in Example 14 was repeated, except that
tris{tris(dimethylamino)phosphoranylideneamino]phosphine
15 sulfide was absent. An yield of 1,3-diphenoxy-2-propy1
acetate was 1 %.
Comparative Example 3
The procédure in Example 14 was repeated, except that
tris{tris(dimethylamino)phosphoranylideneamino]phosphine
20 sulfide was replaced with an equal molar amount of N-
methylimidazole. An yield of 1,3-diphenoxy-2-propyl
acetate was 8 %. A catalytic activity was as low as 1.5
TON/h.
Comparative Example 4

25 The procedure in Example 14 was repeated, except that
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standard, ‘i ndicating that the starting phenyl glycidyl ether had been

.al nost conpletely consuned to formdesired 1, 3-di phenoxy-2-propyl acetate
in an yield of 98 % based- on phenyl glycidyl ether. In brief, the reaction
was al nost 20 quantitatively proceeded. The reaction mxture was directly
subj ect to columm chromat ography to give 27.2 g of 1, 3-di phenoxy-2-propyl

acetate as a colorless liquid _whose all anal ytical data objai ned were

i denti cal totfhﬁﬁérFﬁﬂdémFEP¥Féﬂé%°Egéﬁﬁéthgéﬁiﬁ#ﬁ??ﬁﬂ%ﬂ%iﬁh?ﬁéﬁb¥?y (a
mol ar ampunt of a desired product 63 per one nple of a catalyst in a
unit tinme, i ButTONAR; WA EPRARERd Wikh anRAvRE imﬁ%%rﬁl‘i‘%“%éa? of tris

tri s(di met hyl am no)phosphoranyl i deneam no] phosphi ne sul fide was 20 TON h,
whi ch was sutptirabu§yyampeniumschiorids. An ykeddoff dndsddPhenaxyyidren by
N-net hyl i m dazol e, tetrabutyl ammoni um chl ori de or potassiumtert-butoxide

i n Conpar at i peopydnptetdtedwas 38 %#espectatadiyticTiaedivikanwasglascilep et her
and phenyl acetate are reacted to provide 1, 3-di phenoxy-2-propyl acetate,
nanely a 4, 2adgi @xgettbNiR.10 derivative in a narkedly higher catalytic
activity and a higher yield. Conparative Exanple 2 The procedure in Exanple

14 was repeatefipagutepe ERample 5 :
tris[tris(dinetﬁylanino)phosphoranylideneanino]phosphine
The procedure in Example 14 was repeated, except that
t;is[tris(dimethylamino)phosphoranylideneamino]pﬁosphine
sulfide was replaced with an equal molar amount of
iO .potassium tert-butoxide. An yield of 1,3-diphenoxy-2-
propyl acetate was 15 %. A catalytic activity was as low
as 3.0 TON/h;
Example 15
In a 200 mL autoclave were placed precisely weighed
15 ethyl acetate (37.0 g, 420 mmol) and
tris[tris(dimethylamino)phosphoranylideneaminojphosphine
sulfide (0.595 g, 1.00 mmol). To the mixture warmed to 100
°C was intermittently introduced 23.2 g of propylene oxide
(400 mmol) for maintaining the reaction pressure at 0.4 MPa
20 while heating the system at the same temperature for 13
hours. The mixture was cooled to an ambient temperature
over about 30 min. A small portion of the reaction mixture
was quantitatively analyzed by gas chromatography,

indicating that the desired 2-acetoxy-1l-ethoxypropane was

25 produced in an yield of 90 %. After distillation of the
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15 sul fide was absent. An yield of 1, 3-di phenoxy-2-propyl acetate was 1
% Conparative Exanple 3 The procedure in Exanple 14 was repeated, except
that tris[tris(di nethyl am no)phosphoranyl i deneam no] phosphi ne 20 sul fide
was replaced with an equal nolar amount of N--nethylimdazole. An yield of
1, 3-di phenoxy-2-propyl acetate was 8 % A catalytic activity was as |ow as

L0 TV NI Rt °4d. g of 2-AB8eBRPSEIM RokoRIBRL Sdd 125
tris[tris(dingkh%l%@ no) phosphor anyl i deneam no] phosphi ne sul fi de was
repl-aced wi t R75R QQUéI nol ar anmount of tetrabutyl amoni um chloride. An
yield of 1,3-di phgnoxy-2- propyl acetate was 18 % A catalytic activity was
as low 5 as 3¢ . Conpar ati ve Exanpl e e procedure in anpl e

| Exghpdg i le 5 Th dure in Exanple 14
was repeated, except that

tris[tris(dimethyl 58% RIUFRAYHD rh BFE it Hash FspRatedyy ercgptyidat

replaced with -an_equal nolar anount of 10 potassium.tert-butoxide. An yield
of 1, 3-di pherbhyloacgtasel wasecrapdagad witt, ap edvalymelancamouat @fis as

low as 3.0 TON h. Exanple 15
methyl benzoate and propylene oxide was replaced with an

equal molar amount of ethylene oxide. An yield of the
desired 2-methoxyethyl benzoate was 89 %.
Example 17
10 The procedure in Exampie 14 was repeated, except that
phenyl glycidyl ether was replaced with a half ﬁolar amount
of 2,2-bis(4-glycidyloxyophenyl)propane. An yield of the
desired 2,2-bis[4-(2-acetoxy-3-
phenoxypropoxy)phenyl ]propane was 92 %.
15 Example 18
The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with an equal molar amount of
phenyl benzoat; and phenyl glycidyl ether was replaced with
an equal molar amount of 4-phenoxyphenyl glycidyl ether.
20 An yield of the desired ‘1-phenoxy-3-(4-phenoxyphenoxy)-2-
propyl benzoate was 99 %.
Example 19
The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with an equal molar amount of

25 4-methoxyphenyl 5-methoxypentanoate and.phenyl glycidyl
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In a 200 nL autocl ave were placed precisely weighed 15 ethyl acetate (37.0
g, 420 mmol) and tris[tris(dinmethylam no)phosphoranyli deneam no] phosphi ne
sulfide (0.595 g, 1.00 nmol). To the m xture warnmed to 100 [err] C was
intermttently introduced 23.2 g of propyl ene oxide (400 mml) for

mai ntai ning the reaction pressure at 0.4 MPa 20 while heating the system

at the sanme (QHRGS gl g:gg;cirac%a?l g&gg FPng_rughx;nuigrt oGRe! 6 §eyaia ybi ent

_terrperat ure over about m tron o e reactio re was

quantitatively analyzed by, pr t aphy, . i ndi LI 1at the desired
.2-acet oxy-| .-@%ﬁ%ﬁ%’ﬁxr/'opgﬂe}ﬁggaz‘? %dﬁ%%ﬁ&% %nggél‘g&d%or?'é‘g % After
distillation of the 65 reaction mixture, 47.3 of %

2- acet oxy- | - BEFBOFIPASRREFYIaS ~BEPRY e TmﬁfgﬁﬁVEefga?ﬂatﬁrBeﬁda?e fn Exanpl e
15 was repeated, except that 5 ethyl acetate was replaced with an equal

nol ar anDuntEﬁﬁmﬂ@Fhﬁp benzoate and propyl ene oxi de was replaced with an
equal nol ar anmobunt of ethylene oxide. An yield of the desired

2- et hoxy2t hyl benPhRtRrogedwoe oin Beampke 135 Mps repeatpsdy @xs@RIutdEt
Exanpl e 14 was repeated, except that phenyl glycidyl ether was repl aced
with a half ethyl asevateoiwas, zepilecedgiwithdpnogguphemglaprapannt Af yiel d
of the methyl 4-phenoxybenzoate. An yieid of the desired 1-
methoxy-2-propyl 4-phenoxybenzoate was 84 %.
Example 21l
10 The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with an egual molar amount of
acetic anhydride, phenyl glycidyl ether was replaced with
an egual molar amount of styrene oxide, and a reaction
temperature was 85 °C. An field of the desired 1,2-
15 diacetoxyethylbenzene was 97 %.
Example 22
The procedure in Example 14 was repeated, except that
phenyl acetaté was replaced with an equal molar amount of
benzoic anhydride, phenyllglycidyl ether was replaced with
20 an equal molar amount of 4-methoxycarbonylstyrene oxide,
and a reaction temperature was 85 °C. An yield of the
desired 1-(1,2-dibenzoyloxyethyl)-4-methoxycarbonylbenzene
was 94 %. |

Example 23

25 The procedure in Exémple 14 was repeated, except that
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desired 2, 2-Dbi s[ 4-(2-acetoxy-3- phenoxypropoxy) phenyl ] propane was 92 % 15
Exanpl e 18 The procedure in Exanple 14 was repeated, except that phenyl
acetate was replaced wi'th an equal nol ar amount of phenyl. benzoate and
phenyl glycidyl et her mas replaced with an equal nol ar anount of

4- phenoxyphen gl.ycidyl ether. 20_ An yield of the desired
I-phenoxy-3-P‘eﬂﬁ dndgpEAERoYRS- Xeplased With, a8 eaWad B91lar ERAWBECC%9 The
procedure in Exanple 14 was repeated, except that phenyl acetate was

repl aced wit dimetbydakcarboaatenend pblenyl gdyrddydxgphenywas replaced

5- met hoxypent anoat e and phenyl glycidyl 66 ether was replaced with an
equal nol ar withnanokqghilc mbllaraampand. ofin 4ymelttioafstirredesoriéde. An

1- acet oxy- 3- (4- net hoxyphenoxy) - 2- propyl 5-met.hoxypentanoate was 92 %
Exanpl e 20 5yield ofThhepdesddede 1-]1Enathbayt3-was repeated, except that
ethyl- acetate was replaced with an equal nol.ar anount of nethyl _

4- phenoxybengpeghexylarpbalyd okveithy1jedi-med hbxybehBeny- wapr 0pyk.

4- phenoxybenzoate was 84 % Exanple 21 10 The procedure in Exanple 14
was repeat edgxgnpaat 2i¢hat phenyl acetate was repl aced mnth an equal nol ar
armunt of

The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with an equal molar amount of
diphenyl carbonate. An yield of the desired 1,3-diphenoxy-

10 2-phenoxycarbonyloxypropane was 86 %.
Example 25

The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with an equal molar amount of
2-methoxyethyl 4-methoxyphenyl carbonate. An yield of the

15 desired l-phenoxy-3-(4-methoxyphenoxy)-2-(2-
methoxyethoxycarbonyloxy)propane was 96 %.
Example 26

The procedure in Example 14 was repeated, except that

phenyl acetate was replaced with an equal molar amount of
20 phenol. An yield of the desired 1,3-diphenoxy-2-propanol

was 99 %.

Example 27

The procedure in Example 14 was repeated, except that
phenyl acetate was replaced with a half molar amount of

25 2,2-bis(4-hydroxyphenyl)propane. An yield of the desired
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.acetic anhydride, phenyl glycidyl .ether was replaced wth an equal nol ar
anount of styrene oxide, and a reaction tenperature was 85 [err]C. An yield
of the desired 1,2- 15 diacetoxyethyl benzene was 97 % Exanple 22 The
procedure in Exanple 14 was repeated, except that phenyl acetate was
replaced with an equal nolar anount of benzoic anhydride, phenyl glycidyl

et her was r ep] 2<eis M+ (2-Wydwroey3+phehexyprepoty pthenyl jpropane was
4- met hoxycar bonyl styrene oxi de, and a reaction tenperature was 85 [err]C.

An yield of 4fexdesired 1-(1,2-di benzoyl oxyet hyl) - 4- net hoxycar bonyl benzene
was 94 % Exanple 23 25 The procedure in Exanple 14 was repeat ed,
except that gampiPhegyl acetate was replaced with an equal nolar anount of
di met hyl ecar bona‘t)e and phenyl glycidyl ether was replaced with an equal

(L ety oTHE, RESUBER S0 il 1 G Sbpitelichistog cppe
el 3, PiRERE RS W b Fedda PO R Uiy R o)
ypeld of the, o6] SESprenst! P Y614 bF G HRDIGAL 1Y)y VP opane was 86
chlorophenoxy)~-3~-phenoxy-2-propanol was 97 %.
Example 29
The procedure in Example 14 was repeated, except that
10 phenyl acetate was replaced with an equal molar amount of
3-phenoxyphenol. An yield of the desired 1-(3-
phenoxyphenoxy)-3-phenoxy~-2-propancl was 93 %.
| A phosphine sulfide represented by formula (l)'of
this invention is a novel compound which is basic and
15 soluble in an organic solvent, does not have a problem in
preparation or handling and exhibits catalytic activity as
a basic compound.
Accordiné to this invention, the phosphine sulfide
having such properties can be conveniently prepared.
20 According to this invention, a poly(alkjlene oxide)
can be effectively prepared by polymerizing an alkyléne
oxide without any treatment prior to polymerization and
without generating residual amine odor. Furthermore, a

1,2-dioxyethane derivative may be effectively prepared by

25 reacting an epoxy compound with a carboxylate, carboxylic
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Exanpl e 25 The procedure in Exanple 14 was repeated, except that phenyl
acetate was replaced with an equal nolar anount of 2-nethoxyet hyl

4- met hoxyphenyl carbonate. An yield of the 15 desired

1- phenoxy- 3- (4- net hoxyphenoxy) - 2- (2- net hoxyet hoxycar bonyl oxy) pr opane was
96 % Exanple 26 The procedure in Exanple 14 was repeated, except that
phenyl acet at 8rH¥4ridBy seagbenageapre odp compgtaednt of 20 phenol . An
yield of the desired 1, 3-di phenoxy-2-propanol was 99 % Exanple 27 The
procedure in Exanple 14 was repeated, except that phenyl acetate was
replaced with a half nolar anmount of 25 2, 2-bi s(4-hydroxyphenyl) propane. An
yield of the desired 68

2, 2- bi s[ 4- (2- hydr oxy- 3- phenoxypr opoxy) phenyl ] propane was 95 % Exanpl e 28
The procedure in Exanple 14 was repeated, except that 5 phenyl acetate was
replaced with an equal nolar anount of 4-chlorophenol. An yield of the
desired 1-( 4- chl orophenoxy)- 3-phenoxy-2-propanol was 97 % Exanple 29 The
procedure in Exanple 14 was repeated, except that
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10 phenyl acetate was replaced with an equal nolar anount of

.3- phenoxyphenol . An yield of the desired 1-(3-
phenoxyphenoxy) - 3- phenoxy- 2- propanol was 93 % A phosphi ne sul fide
represented by formula (1) of this invention is a novel conpound which is
basi-c and 15 soluble in an organic sol vent, does not have a problemin
preparation or handling and exhibits catalytic activity as a basic
conmpound. According to this invention, the phosphine sulfide having such
properties can be conveniently prepared. 20 According to this

i nvention, Y EIGUAIMED $8:de) can be effectively prepared by

pol ynmeri zi ng an al kyl ene oxi de wi thout any treatnment prior_to :

pol yneri zati on and-wi t RoPhosphdneg isyd fide mr%ﬁ‘ﬁ@%cmf Sarmdfer(iore, a
1, 2-di oxyet hane derivative may NReffectively prepared by 25 reacting an
epoxy conpound with a carboxyl atje, carboxylic 69 anhydri de, carbonate or
phenol conpound. 70 Mﬁgﬂ¢JiJéJ&4@ﬁa|s [err] 1. A phosphi ne sul fide

represented by formila (1T
NRz N :
5. ReN—P==N—P==8 RS
l!le N |
RoN—P—NR
NRz

wherein R is the same or different and each

10 represents a hydrocarbon group having 1 to 10 carbon atoms.

2. A phosphine sulfide as claimed in Claim 1

wherein R in formula (1) is methyl.

3. A process for manufacturing a phosphine sulfide
represented by formula (1) as claimed in Claim 1,
comprising reacting one molecule of thiophosphoryl chloride
with three molecules of a phosphorane represented by

5 formula (2):

NR2 | -
RzN—-—ll==NH @
NR,

A

7
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wherein Ris the sane or different and each 10 represents a hydrocarbon
group having 1 to 10 carbon atons. 2. A phosphine sulfide as clainmed in
Claim1l wherein Rin formula (1) is nmethyl. 3. A process for

manuf acturi ng a phosphine sulfide represented by formula (1) as clained in
Claim1, conprising reacting one nol ecul e of thiophosphoryl chloride with
t hree nolW@cul es of wheggdBpRoianthe cpame cox cdi Bfesentrand e@oh: NR2 10
wherein Ris the sane or different and each represents a hydrocarbon group
having 1 to Iemeedentsateorhydrbcarbangroaps hayingailnes il Caahors atiemsi n R
in formula (2) is nmethyl. 5. A process for manufacturing a poly(al kyl ene
oxi de), conprising polynerizing an al kylene oxide in the presence of a
phosphi ne sul fide represented by fornula (1) or of the phosphine sulfide
and an active hydregen @urtessd asselledimed ino01sERE3 WHeXFiGAR Gn
conpounds having a partial structure of -OH or -NH. 6. A process as
clained in Cgifpd avhereiis mednilkyl ene oxide is sel ected fromthe group
consi sting of ethyl ene ‘oxide, propyl ene oxide, 1,2-butylene oxide or
styrene oxide. 5

-

5. A process for manufacturing a poly(alkylene
oxide), comprising polymerizing an alkylene oxide in the
presence of a phosphine sulfide represented by formula (1)
or of the phosphine sulfide and an active hydrogen compound

5 selected from water and organic compounds having a partial

structure of -0OH or -NH-.

6. A process as claimed in Claim 5 wherein the
alkylene oxide is selected from the group consisting of

ethylene oxide, propylene oxide, 1,2-butylene oxide or

styrene oxide.

5
7. A process for manufacturing a 1,2-dioxyethane
derivative having a partial structure represented by
formula (3), (4), (5) or (6):
0
5 Il l

I
¢—C—0—C—C—0—C ()

-



7o A process for manufacturing a 1, 2-di oxyet hane derivative having a
parti.al structure represented by formula (3), (4), (5) or (6): [err]

. [err} wherein a carbon atom C or -C attached to a carbonyl group or an
oxygen atom bel ongs to an aliphatic, alicyclic or aromatic hydrocarbon,
conprising reacting an epoxy 20 conpound with a carboxylate, carboxylic
anhydri de, carbonate or phenol conpound, respecfively, in the presence of a
phosphi ne sul fide represent\&d by fornula (1). ﬁs A process as clained in
Claim 7 wherein the epoxy d mpound |s (h) an alaphatic or aromatic epoxy

compound consi sting of Ga~e—aqDdiQe~Qer-@tef@—ar@ an oxygen atonf4)f the
epoxy group; (b) an aliphatic or 5 pronhtic epoxy conpound having an et her
bond; or (c) an aliphatic or aromatic epoxy conpound having an ester bond.
9. A process as clained i Claim7 wherein the carboxylate is (a) an

al i phatic or aromatic carbdﬁylate_ consi sting of carbon and hydrogen
atons and oxygen atons of the est er I bon ; or. (bl an aliphatic or aromatic
carboxyl ate 5 havi lg—arQetter—tmt-C—C—0— :

s H—O0—C—C—0—C (6)

wherein a carbon atom C- or -C attached to a carbonyl
group or an oxygen atom belongs to an aliphatic, alicyclic
or aromatic hydrocarbon, comprising reactiﬁg an epoxy
20 compound with a carboxylate, carboxylic anhydridef
carbonate or phenol compound, respectivelf, in the presence

of a phosphine sulfide represented by formula (1).

8. A process as claimed in Claim 7 wherein the
epoxy compound is (a) an aliphatic or aromatic epoxy
compound consisting of carbon and hydrogen atoms and an
oxygen atom of the epoxy gfoup; (b) an aliphatic or

5 aromatic epoxy compound having an ether bond; or (c) an

aliphatic or aromatic epoxy compound having an ester bond.

9. A process as claimed in Claim 7 wherein the

carboxylate is (a) an aliphatic or aromatic carboxylate

TR A O h
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10. A process as claimed in daim7 wherein the carboxylic anhydride is an.
aliphatic or aronatic carboxylic anhydride consisting of carbon and

hydr ogen atons and oxygen atons of the carboxylic anhydride group. 5 11. A
process as claimed in Claim?7 wherein the carbonate is (a) an aliphatic or
aromatic carbonate consisting of carbon and hydrogen atons and oxygen atons

of the car boaahglewﬁa of' caPboRNakd ! W@ééé‘eéwa@éﬂéméh& fgéhhoaeéﬁshafl ng

an ether bond. 12. A process as clained in al m 7 wherei e phenol

conpound is {g) gsgggnghngoWQPUFQEQ§§déf;$ fg 5@*%§§m§@ﬁ L hydr8gg gﬁg£§enol

and an oxygen atomo pheno group; al ogenat

conpound Bgvgﬁbogncggﬁg£ égﬁgound having an ether bond. 13. A process

as clalned i n-any 12 wherein R-in formula (1) is nethyl.

10. A process as claimed in Claim 7 wherein the
carboxylic anhydride is an aliphatic or aromatic carboxylic
anhydride consisting of carbon and hydrogen atoms and

oxygen atoms of the carboxyiic anhydride group.

11. _A process as claimed in Claim 7 wherein the
carbonate is (a) an aliphatic or aromatic carbonate
consisting of carbon and hydrogen atoms and oxygen atoms of
the carbonate group; or (b) an aliphatic or aromatic

5 carbonate having an ether bond.

12. A process as claimed in Claim 7 wherein the
phenol compound is (a) a phenol compound consisting of
carbon and hydfogen atoms and an oxygen atom of the
phenolic hydroxyl group; (b) a halogenated phenol campound;

5 or (c) a phenol compound having an ether bond.

13. A process as claimed in any of Claims 5 to 12

wherein R in formula (1) is methyl.
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