PROCESS FOR PREPARI NG PHOSPHI NE OXI DES AND PROCESS FOR s
PURI FYI NG THE SAME 0 GROUND OF THE I NVENTION 5 1.
Techni cal Fireld BPQ pngea‘tq ] fel tes to]g wpncz@ for preparing
phosphi ne oxi des having the general fornula (2) which nprises
reacting i m nophosphoranes having the general formula (1) with
phosphorus “oxytrichloride and to a 10 process of purifying the above

described phopREERESO¥OACPREPARINE PHRCPHANE OXMHSOANIPIEROCESS WoROUNd

- that the above -~ descri bed phosphine oxides are very effective as
pol ynmeri zation catal ysts for popyREFYING] THE\SAME: OXi de conmpounds, as
catal ysts for produci ng oxyal kyl ene 15 derivatives from epoxy conpounds,
or as curing catalysts for curing the raw naterial resin for IC
seal ing, and already filed an application for a patent on each of the
above described catal ysts (BRGRGROGUNDIP:ORMTHEPPNVENTION No. 10- 106745,
Japanese Patent Laid-Open Nos. 11-302371 or 20 11-322901, etc.). 2.
Prior Ar® 1. TechnficedpfFifedd the present inventors' patent docunents,
the only publicly-known literature on phosphi ne oxides havi.ng t he
general formul a (Bhis sinvenipien grekaeledtBya Procesy. fRE BARPEFLEE. | in
Journal of %Slrc]:esrpa}linceheon;féersy }?afving tﬁer]eggggﬁélS?énR&fg?)(&}9§§léh

comprises reacting iminophosphoranes having the general
formula (1) with phosphorus oxytrichloride and to a
10 process of purifying the above described phosphine oxides.
The present inventors previously found that the above
described phosphine oxides are ﬁery effective as
polymerization catalysts for polymerizing alkylene oxide
compounds, as catalysts for produﬁing oxyalkylene
15 derivatives from epoxy compounds, or as curing catalysts
for curing the raw material resin for IC sealing, and
already filed an application for a patent on each of the
above described catalysts (Japanese Patent Application No.
- 10-106745, Japanese Patent Laid-Open Nos. 11-302371 or
20 11-322901, etc.).
2. Prior Art
Except for the present inventors’ patent documents,
the only publicly-known literature on phosphine oxides
having the general formula (2) is the one disclosed by
25 G.N. Koidan et al., in Journal of General Chemistry of

the USSR, 55, pl453 (1985).



In-this literature, the conpound referred to as

Fm notris(di net hyl am no) phosphorane in this patent application, which
i s i mnophosphorane havi ng the general formula (1) whose Ris a

nmet hyl group, is terned 5 hexanet hyl t ri am dophosphazo hydri de and the
conpound referred to as tris[tris(dinethylam no)-

phosphor anyl i denam no] phosphi ne oxide in this patent application,

. Wwhich is phosphi nenoxhile DaVePLERE, JERE Edmpound f¥é felkPed 2bovhese Ris a
met hyl group, is terned 10

tris[tris(N dhihoetiy{dinsnphasiepsideplidghaie. in this patéwe the conpound
referred to as am not ri s(di met hyl am no) phosphonium chloride in this
pat ent appl iagpliogtidn chwhiclan s aiiosjphwsphordrieorhaleing théagemgrahe
general formula (3) whose Ris a nethyl group, 15 is the sane as the
conpound t erfrathula ( hexeamssd R tis anmdghds g hyids i ternsadir ochl ori de and
shown by the formof [HN=P(NMe[err]].HO in the above descri bed

| it eratuPe. hesanmerhykiridnidephosplage hydrigies @anddhe [varpounrds of
conpounds the expressions of 20 this application shall be used.

In the above&afemred e, asidsets Herls (imathdaming) - of
tris[tris(dimnmethylam na)phosphoranyli denam noj - . phosphine oxide with
methyl | odi RACSRPERTY o IBhospiidie, qaigle in this patent

Sl L ) S ML Wi BB osie 10
2 formula (2) whose R is a methyl group, is termed
10 tris[tris(N,N-dimethylamido)phosphazo]phosphate.

And the compound referred to as
aminotris(dimethylamino)phosphonium chloride in this
patept application, which is aminophosphonium chloride
having the general formula (3) whose R is a methyl group,-

15 is the same as the compound termed
hexamethyltriamidophosphazo hydride hydrochloride and
shown by the form of [HN=P(NMej)3]-HCl in the above
described literature. Hereinafter, for the above
described three kinds of compounds the expressions of

20 this application shall be used.

In the above literature, described is the reaction
of tris[tris(dimethylamino)phosphoranylidenaminoj-
phosphine oxide with methyl iodide. And a process for
preparing tris[tris(dimethylamino)phosphoranylidenamino]-

25 phosphine oxide, the raw material of the above reaction,

is disclosed.



The literature states that

tris[tris(dinmethylam no)phosphoranilidenam no] phosphi ne oxi de was
obtained in an isolation yield of 85% by, first, addi ng a sol ution of
phosphorus oxytrichloride in 5 petroleumether to a solution of

I m notris(di methyl am no) phosphorane in petrol eum ether drop by drop
at 20[err]C for- 30 mnutes while stirring the solution m xture so that
the nol e ratio offHda iaddererwies Fudies pmaphorane to phosphor us

oxytrichl oride becones exactly 6 : 1, after 10 that (the tine is not

speci fi ed), txdpqratiisiglimethylamimodphpisphioeranfilidenamino Jphosphine

am not ri s(di net hyl am no) phosphoni um chloride as a by-product, washing
t he above dexddebews obtaimed pjint ame iwiolllatienr yiedth efh85% byncd&dmsdti ng

t he filtrate, followed by crystallizing the residue froma 15 smal
amount of tBddiagr & eehudiilesy of phosphoruso@eysrichperidRe 1pr esent

I nventors carried out the preparation of tris[tris(dinmethylamno)-
phosphor®ani PREERIFWEISIpRone Saladiondef drdnetids (dimetiydaminod as
above, even after the addition of 20 phosphorus oxytrichloride at 20[err]C
for 30 m nupbesphioraite in petgodiguacetherpdred Risdsepdated?°@sfSRown in

oML Ve o, R b e She Fychlh RERELER" stRRoceeed
et on VL Shl By S el P SN Blopflortig el Even
about 73@6abhb@%ﬂ3¥ﬂé oxytrichloride becomes exactly 6 : 1, after
10 that (the time is not.specified), separating the
precipitate of aminotris(dimethylamino)phosphonium
chloride as a by-product, washing the above described
precipitate with petroleum ether, concentrating the
filtrate, follﬁwed by crystallizing the residue from a
'15 small amount of the petroleum ether.

However, when the present inventors carried out the
preparation of tris[tris(dimethylémino)—
phosphoranilidenamino]}phosphine oxide under the same
conditions as above, even after the addition of

20 phosphorus oxytrichloride at 20°C for 30 minutes, almost
no object compound was produced, as shown in comparative
example 5 below. After that, the reaction was proceeded
at a raised temperature of 40°C for 24 hours, however,
the reaction yield of the object compound was as low as

25 about 60%. 'Even after the additional 48 hours of

reaction, the reaction yield was about 73% at the most.



3 . In addition, the above literature only states that
tris [tris (dinethylam no)phosphoranylidenani no ] phosphine oxi de was
obtai ned "by crystallizing the residue froma smal | anmount of the
petrol eum ether”, but does not 5 describe in detail the recrystallization
process. The present inventors attenpted recrystallization of crude
sai d phosphi ne axide in such a manner that, first preci pitate was

separated by filtigti@di€iom téxe |ABBYE 1iterdeaséi en1pProtdaetsobhatned
after the 48 hours' reaction at 10 40[err]C, as descri bed above, then the

fil'trate wastris[tEeDNoditiethyEXhninayphdspimcaiFl bdewamiino JphosphineAs shown
I n conparative exanple 6 below, a snall anmount of crystal deposition
was observedoidey wd4 esbtdined “byf idrystial Wiosimpotikeel tesid@¢efrd€ aand t he
crystal could be 15 finally gathered after the filtrate was cooled to an
extrenel y | csmakhpaneaint e Hfthe @ehrdl@umhathen’ atlhah goes dnot of the
crystal, that is, the isolation yield of .
“tris[tri $(di deseriken do)datesiohdieh eciareta hbl 2abspni peocess . oxihe was as
| ow as 20% and noreover, the crystal 20 contained a, | arge anount of
chl ori ne i orPXQERME BINPRRYS attemphnd ¥RaryReAb1eaEEPR el GRUFR a very
serious probleq& en the, above dgégribed hosphi ne pxide is used as a
curing cat al$3t fB}I‘O%E\ﬁF’r%q § AP AR i AMIYET FRaty E1TST 50510 ng whi ch
is required to have an electrical 2 in atin roperty. S In
the case vhePeet SHLEAYe QYaR Amanaddy THI Etatfol’ BRG Yhe 1iquia

reaction product obtained after the 48 hours’ reaction at

10 40°C, as described above, then the filtrate was
concentrated to dry to become a solid.
As shown in comparative example 6 below, a small
amount of crystal deposition was observed only after the
filtrate was cooled to -10°C, and the crystal could be

15 finally gathered after the filtrate was cooled to an
extremely low temperature of -20°C. The isolation yield
of the crystal, that is, the isolation yield of
tris[tris(dimethylamino)phosphoranylidenamino]phosphine
oxide was as low as 20%, and moreover, the crystal

20 contained a large amount of chlorine ion (about 600 ppm).
Such residue of chlorine ion is a very serious problem
when the above described phosphine oxide is used as a
curing catalyst for curing the raw material resin for IC
sealing which is required to have an electrical

25 insulating property.

In the case where tris[tris(dimethylamino)-



4 phosphor anyl i denam no] phosphi ne oxide is prepared by
reacting imnotris(dimethylam no) phosphorane with phosphor us
oxytrichloride, if one nol ecul e of i m notris(di methyl am no)
phosphorane reacts with one 5 nol ecul e of phosphorus oxytrichloride, one
nol ecul e of hydrogen chloride is yield at the sane tinme. This
hydrogen chloride imediately reacts with I mnotris(di nethyl am no)

phos phor ane pe eyierhriydlidenan i ncHugH siali diEtdy | Arigrphasphani um

chloride. - I0 ACcordingly, 6 noles of i mnotris(di methyl am no)
phosphor ane reactddid 19 ntftd} igidiRitH A e pifodphdeand with all of the
three chlorines of one nole of phosphorus oxytrichloride. This is
expressed byhosphiodusowixydrichlormiakd, drf emeatmaleculkd of 6HN=P( NMe[ err ]
+ O=PCl[err] O=P[N=P(NMe[err] + 3[H2N-P[err] As shown in

conpar at i ve isvaqyird.s{ disledhy liamiiiee) phosphandng meaatecasisdeng i bed in t he
above described 20 literature, when i m no(di nethyl am no) phosphorane was
used i n Bxcawdesulehsf gphesphomma axytinichlagiided ane apleculq ©f nerease
yields, the unreacted residue of the above descri bed phosphorane coul d
not be renmWWdrogem chdpmide is yigddpl dhe sapeidemse TaSpurity of

recrystallized 25 tris[tris(dinmethylam no)phosphaoranylidenam no]phosphine
hydrogen chloride immediately reacts with

iminotris(dimethylamino) phosphorane to yield ionic
aminotris(dimethylamino)phosphonium chloride.

10 Accordingly, 6 moles of iminotris(dimethylamino)
phosphorane is required stoichiometrically so as to react
all of the three chlorines of one mole of phosphorus
oxytrichloride. This is expressed by the following
reaction equation. |

15

6HN=P (NMe;)3 + O=PClz — O=P[N=P(NMej)3]s + 3[HN-P'(NMe,)3]C1l-

As shown in comparative example 7 below, in the

purifying process described in the above described

20 literature, when imino(dimethylamino) phosphorane was
used in excess of that stoichiometrically required so as
to increase yields, the unreacted residue of the above
described phosphorane could not be removed sufficiently,
which led to a decrease in purity of recrystallized

25 tris([tris(dimethylamino)phosphoranylidenamino]phosphine

oxide.



oxi de. Thus, the above di scl osed process for preparing
tris[tris(dinethylan no)phosphoranylidenani no] phosphi ne oxide is stil
very insufficient as an industrial process in that: its reaction and
i solation yields are | ow, the 5 purification process for its product
requires an extrenely | ow tenperature, the ionic conpound yiel ded by
Its reaction camnnot be renoved sufficiently, and its unreacted raw

material cannot kel aHévid diddlllosed proviais U prparaagt ant in
excess of that 10 stoichionetrically required in order to increase yields.

SUMVARY OF thfisl[NvEN{lddkethylamino )phosptiorginyl idenamimqyphuaphiotg ect of

t he present I nvention to provide a process for preparing phosphine 15

oxi des havi oxidee igemsaridll fvemyuliaspZ)f icieatr aissech \imelubtrial \groadess

conprises reacting imnophosphoranes having the general forrnmula (1)

W t h phosphdmughastyt ditehiresicddon and isolatvioinheriedsise@reoflavhe freesent

invention is to provide a process for purifying the above descri bed

20 phosphi nPudiifdeatiiginc progress iforpdds produstarequirgsn@istrially nore

realistic manner tqQ renpve unreacted raw materials and ionic

i npurities PF¥LFOMEdy dovedemperature, pith@,dondfd COFRIRE de el 4RGPy el d

and purity Qf the . above descri bed osphi ne .oxides. 25, Af ter

continuous!%tfoﬁ@?ﬁﬁﬂﬁpiE&npﬁéi eeﬁ@ﬁﬁwgg §§Q&QC1Q sﬂiﬂﬁéﬂ%ﬁf processes

for preparlﬂ%r%%%t%%rE% B t%ggal cannot be removed sufficiently
when using one reactant in excess of that |

‘10 stoichiometrically required in order to increase yields.

SUMMARY OF THE INVENTION
Accordingly, it is a primary object of the present
invention to provide a process for preparing phosphine
15 oxides having the general formula (2) in a raised yield
which comprises reacting iminophosphoranes having the
general formula (1) with phosphorus oxytrichloride.
Another object of the present invention is to
provide a process for purifying the above described
20 phosphine oxides which makes it possible in an
industrially more realistic manner to remove unreacted
raw materials and ionic impurities in a liquid reaction
product and to provide a high yield and purity of the
above described phosphine oxides.
25 . After continuously concentrating their energies on

investigating processes for preparing and purifying the



6 . above descri bed phosphi ne oxides so as to achi eve the
above objects, the present inventors finally found that I n the process
for preparing phosphi ne oxi des having the general formula (2) which
conprises reacting 5 i mi nophosphoranes having the general formula (1)

W th phosphorus oxytrichloride, the use of an aprotic organic

solvent with permttivity 2.2 or nore at 20[err]C instead of petrol eum

ether (with fegve tddsdtibed 8hdgprlimd AiddY &d |48 to achiasred tigaction
- solvent, increases the reaction rate 10 renarkably and gives the above

described phulsgpré rebjedtes the presenthiigivetitedrs finally found acbtion, it
was found that, although one part by wei ght of petroleumether is a
good sol ventin cche prabiess|foxr pregrarigg phosgpighte exidese lvinge @mwve 15
descri bed phosphi ne oxi des, when the liquid reaction product reacted
in a petrol eggnexderfemnula efd) ivnich compaises deadtddieed with a smal |
anount of water, al nost all anount of the above descri bed phosphlne
oxi des nBvesiminophespheganes hrsing fhe ganenal fiometladde within a 20
petrol eum et her phase. Surprisingly, however, it was found that
in a Rﬂﬂ%PbQERﬁ|QﬁY§ﬁ%ﬁh&ﬂr%ﬂﬁ qﬂ&i%ﬂ?lﬂﬁlﬂ?éﬁﬂﬁﬂiﬁ? jQrganic

sol vent, such as o-di chl orobenzene, al nost all anount of t he above

descri bed pHiPRHe W}Hé%elﬂ%que‘f‘{ltrm %t o magigydh EPRadeséeas &fter

wat er - washi n al nost
ég cieum ether (w1th permittivity 1.85 to 1.95 at 20°C),

as a reaction solvent, increases the reaction rate
10 remarkably and gives the above described phosphine oxides
in a high yield.

In addition, it was found that, alfhough one part
by weight of petroleum ether is a good solvent to
dissolﬁe 1.5 parts by weight or more of the above

15 described phosphine oxides, when the liquid reaction
product reacted in a petroleum ether as a reaction
solvenf is washed with a small amount of water, almost
all amount of the above described.phosphine oxides moves

' to a water phase and there is almost none left in a

20 petroleum ether phase.

Surprisingly, however, it was found that in a
liquid reaction product obtained by using a specific
solvent, such as o-dichlorobenzene, almost all amount of
the above described phosphine oxides is left in an

25 organic phase even after water-washing and almost all

amount of the aminophosphonium chlorides having the



.amount of the am nophosphoni um chl ori des havi ng the

7 ~general formula (3) which are yielded by the reaction and
t he unknown conpounds as by-products nove to a water phase, as shown
in exanpl e 8 bel ow. Further surprisingly, it was al so found that, when
I m nophosphor anes are used 57n a stoichionetrically required anmount or

I n excess of . the sane anount, alnost all anount of the

cim nophosphq&{@r%lh%ﬁmﬂdﬂqtgewﬁh e i 1dod WY Ghe reac¥i®i @irld
unreacted in the liquid reacti'on product nove to a water phase. 10

As descri bedmbamkndit dinifRitidd L By girddiots move ittata thrdsse of an

aprotic organic solvent with permttivity 2.2 or nore at 20[err]C as a
reacti on solpharde, sas showef fiectdsmple 8 Wedasi NgFulrtheeasuirprisahglgs wel |
as the reaction yield, as a result, producing the phosphine 15 oxides
havi ng t he ddnevasd Flmomfleand)that a vhegh imislaphosphorams mrenarseski ng t he
purity of the above descri bed phosphi ne oxi des sinply by water-washi ng
the sol ubi orin a stegehdionieaty ided Igb cesuiiewsst idmiinthesphiimexpdasgefand a
specific organic solvent while keeping the isolation 20 yield al nost the
sane. Thus tihe Fraase@mquniontdlapstasll amquplad dhe Accordingly,

the first aspect of the present invention is a process for preparing
phosphi ne oxij@ophosphoranes having the general formula (1) which

are left unreacted in the liquid reaction product move to
a water phase.

10 As described above, the present inventors found
that the use of an aprotic organic solvent with
permittivity 2.2 or more at 20°C as a reaction solvent is
effective in increasing the reactioﬁ rate as well as the
reaction yield, as a result, producing the phosphine

15 oxides having the general formula (2) in a high yield,
and in increasing the purity of the above described
phosphine oxides simply by water-washing the solution
containing the above described phosphine oxides and a
specific organic solvent while keeping the isolation

20 yield almost the same. Thus the present invention was
completed.

Accordingly, the first aspect of the present
invention is a process for preparing phosphine oxides
having the following general formula (2):

25



havi ng-the foll owi ng general fornmula (2): 25

[err] 10 wherein R represents the sane
kind or different ki nds of hydrocarbon group(s) with 1 to 10 carbon
aton{s), and two Rs on the same nitrogen atom can conbine with each
other to forma ring structure, which conprises 15 reacting
I m nophosphor anes havi ng the foll ow ng general formula (1):

NR2 [err] wherein RisNRg sanme as that of the fernula (2),
wi t h phosphorus oxytrichlori de, inIth presence of an '
RzN—lﬁ—NRz
NR, N
] RoN—PRP=N—Pp=0 (2)
NR2 N
RzN—FI’—NRz
. NR2
10

wherein R represents the same kind or different
kinds of hydrocarbon group(s) with 1 to 10 carbon atom(s),
and two Rs on the same nitrogen atom can combine with
each other to form a ring structure, which comprises
15 reacting iminophosphoranes having the following general

formula (1):

NR2
RoN—R==NH (1)
20 NR2

wherein R is the same as that of the formula (2),
with phosphorus oxytrichloride, in the presence of an
aprotic organic solvent with permittivity 2.2 or more at

25 20°C as a reaction solvent.

The second aspect of the present invention is a



aprotic organic solvent with permttivity 2.2 or nore at 25 20[err]C as a

reaction sol vent. The second aspect of the present invention is a
9 process for purifying phosphine oxides which conprises
wat er - washi ng a sol ution containing at |east phosphine oxi des havi ng
t he general fornula (2) and an organic sol vent whi ch does not

substantially mx with water to 5 give the above described phosphi ne

oxi des as apjdéddsPor puriHyi TR PHELFHINY Jxd ddsY whienRl@xiprdessy | bed
solution to gi ve the above described phosphi ne oxides as a solid.

DETAI LED DESfidtHwdsHing HE ddWNBrO¥onlhining alth lidas tpiphpaphimn and
purification processes of the present invention, the chem cal
structure ofoxides (Hesiply rtheo)gelmsrdls fosAdss @ )bundhangengyaalic ornul a (2) ;
however, the fornula just expresses one canoni cal structure. According
to the formdcdvedlt whiddullaesomt sifbstiantfiedind ntist widih pradsphdiaus at om
and oxygen atom however, phosphi ne oxi des may have anot her canoni cal

- structure weive dihetahare dasaribesh phesphiige oxkideggas a solatdmn.o form
an ani on of oxygen and a cation of phosphorus (P[err]. The cation of
phosphor us By aRcersrajeint 19 Ay tihod@heve deasicsd: sglatdgn Y shoul d
be under,st ooqd that phosphi ne oxi des having the formul a (Zh. in the

pr epar at i on %hY® fahone dessrodes ahasphine %xides as a solid.

DETAILED DESCRIPTION OF THE INVENTION

10 In the preparation and purification processes of
the present invention, the chemical structure of
phosphine oxides is expressed by the general formula (2);
however, the formula just expresses one canonical
structure. According to the formula (2), a double bond

15 is formed between phosphorus atom and oxygen atom;
however, phosphine oxides may have aﬁother canonical
structure where electrons cluster on the side of oxygen
atom to form an anion of oxygen and a cation of
phosphorus (P+-O'). The cation of phosphorus may be

20 delocalized through a conjugated system. It should be
understood that phosphine oxides having the formula (2)
in the preparation and purification processes of the
present invention are resonancelhybrids including all of
the above described structure.

25 In the preparation and purification processes of

the present invention, R of iminophosphoranes having the

10



present invention are resonance hybrids including all of t he above
descri bed structure. 25 In the preparation and purification
processes of the present invention, R of im nophosphoranes having the
10 ~ general formula (1), of phosphine oxides having the
formula (2) and of am nophosphoni um chl ori des having the formula (3)
represents the sane kind of or different ki nds of hydrocarbon group(s)

wth 1 to 1Qefabhon REaHS . 1) 5 Jf RS ddifitlox ids de@san s an
Ay rocar bon ¢

al i phatic or” aromatic roup such as nethyl, ethyl,

n-propyl,  fornSeP (@Y landldsy lamitidpHadphdifiamb Whlor iddd -Waking the
butenyl, 1-pentyl, 2-pentyl, 3-pentyl, 2-nethyl-1-butyl, | sopentyl,
tert-pentyl form@Etahyl3)2 depndsenteo iy Wame-kind ot ,d4E fetdwyt - 2- pent yl
cycl opentyl, cycl ohexyl, 1- heptyl, 3-heptyl, 1-octyl, 2-octyl,

2- et hyl - 1- h&dylds Bfl-hydrocatibvet lgptoud (3 )diwiethyl bug y10 (caorivam| atdmEsgn. as
tert-octyl), nonyl , decyl, phenyl, 4-toluyl, benzyl, 1-phenylethyl, or
2- phenyl &t hyin paificular ,Wide Ruwrepresmentse aml iphatbige rrataraedgtic

I m nophosphor anes having the general fornula (1), of phosphi ne oxi des
havi ng the flodadcanbon Sreust such agrimesyntspiHiNdn dMBRFQREL, havi ng t he
formula (3) conbine wi.th each other tqQ forma riqgﬂ;tructure t oget her

with 20 thdSARGARYIn &ld¥lt Mebrdiited S8R ARGty b 2-
butenyl, 1-pentyl, 2-pentyl, 3—pentyl, 2-methyl-1-butyl,
isopentyl, tert-pentyl, 3-methyl-2-butyl, neopentyl, n-

10 hexyl, 4-methyl-2-pentyl, cyclopentyl, cyclohexyl, 1-
heptyl, 3-heptyl, l-octyl, 2-octyl, 2-ethyl-l-hexyl, 1,1-
dimethyl-3,3-dimethylbutyl (commonly known as tert-octyl),
nonyl, decyl, phenyl, 4-toluyl, benzyl, l-phenylethyl, or
2-phenylethyl. '

15 When two Rs on the same nitrogen atom of
iminophosphoranes having the general formula (1), of
phosphine oxides having the formula (2) and of
aminophosphonium chlorides having the formula (3) combine
with each other to form a fing structure together with

20 the nitrogen atom, the formed cyclic amino groups are
cyclic secondary amino groups containing 4 to 6 carbon
atoms on the ring, and -NRyz’s are cyclic secondary amino
groups of 5 to 7 members including a nitrogen atom.

The above described cyclic secondary amino groups
25 include, for example, pyrrolidine-1l-yl group, piperidine-

l-yl group, morpholine-4-yl group, and substitution

11



cyclic secondary am no groups containing 4 to 6 carbon atons on the
ring, and -NRerr]'s are cyclic secondary am no groups of 5 to 7
menbers i ncluding a nitrogen atom The above described cyclic
secondary am no groups 25 include, for exanple, pyrrolidine-I|-yl group,
pi peri di ne- 1-yl group, norpholine-4-yl group, and substitution
products thereof substituted with alkyl groups such as nmet hyl group

and ethyl gnffiucts thereof Alubs¥itftRAWitd 1§ 1PQFRRpsalsulkin megen at ons
of t he above descri bed i m nophosphoranes, phosphi ne oxi des 5 and

am nophosphqmﬁnylrr&;@di? tdrd iyl gﬁ,ﬁdig,,f ormati on of ~ such a ring

structure. Is preferably an aliphatic hydrocarbon group with

1 to 8 carbon at ;i «ficdr grametdfy|thetpotientiglr afidrogen atdmsopopyl
tert-butyl, tert-pentyl, or 1,1-dinmethyl-3,3- 10 dinethylbutyl, and nore
preferably aheetdbdvegrdmgrribed iminophbsphaoiranesde phoisiphd nemoxdglessphor anes
havi ng t he general formula (1) can be synthesized in the sanme manner
as the descreinst iaginapheRigiilos may @avtikdipdde dn &he formatigim odbshch.
Khim, 50, 679-680 (1980). O the above 15 described im nophosphoranes,
the one who$dR j& ringshygucture. group is comrercial ly avail abl e

The first aspect of,the(gresent invention is a process for preparing

phosphi ne oxi des that RFHIRF 3RlmAth aliphatis) Rydrocazhesy igsean sddih ng
oxyt 1 oht or taee ® Carkh akomey, sy A narbyl e Sehidann-eBRYRer i 11 vity
2.2 isopropyl, tert-butyl, tert-pentyl, or l,l-dimethyl-3,3—
10 dimethylbutyl, and more preferably a methyl group.

The above described iminophosphéranes having the
general formula (1) can be synthesized in the same manner
as the description in EP-0921128 or G.N. Koidan et al.,
Zh. Obshch. Khim., 50, 679-680 (1980). Of the above

15 described iminophosphoranes, the one whose R is a methyl
group is commercially available.

The first aspect of the present invention is a
process for preparing phosphine oxides having the formula
(2) which comprises reacting iminophosphoranes having the

20 general formula (1) with phosphorus oxytrichloride,
wherein an aprotic organic solvent with permittivity 2.2
or more at 20°C is used as a reaction solvent.

The preparation process of the present invention is
characterized by use of an aprotic organic solvent with

25 permittivity 2.2 or more at 20°C as a reaction solvent.

The use of an aprotic organic solvent with permittivity

12



or nore at 20[err]C is used as a reaction solvent. The
preparati on process of the present invention is characterized by use
of an aprotic organic solvent with 25 permttivity 2.2 or nore at
20[err] C as a reaction solvent. The use of an aprotic organic sol vent
wth permttivity 12

|l ess than 2.2 at 20[err]C as a reaction sol vent causes an extrene

decrease in yLAClifh AR HNGRPct Bg 82PBaBthdn solvehfNdhhib88SanOn the
ot her hand, 1f the reaction tenperature is raised so as to increase

t he reacti orxtaieme devresaldn asEdtObpEedmders the asanle ndfldwhi ch
phosphi ne oxi des having the general fornula (2) cannot be obtained

in a high yiceindlitions. On theeo&pewt hand,gdffi theolreentidoni th permittivity
| ess than 2.2 at 20[err]C include, for exanple, petroleumether 10
(1. 85 to 1. 3empexatune is yraitser)[ssy rdsC tandirgraase thexaeaction r@tegg),
decane (1.99), 1-hexene(2.06), 1-octene (2.08), cycl ohexane (2. 05)
and decaPi ny 3if® regaqtism gpyogeedso as a nasulsy axfemdyich phogphdaeti on

sol vent of thgépresent i nvention. 15 Concrete exanpl es of the

aprotic or g&¥fidesohaving the ggnerajefarmula t(2 )2 cangotyhies obtaiged r] c

used in the. hﬁ&&fanaﬁjon process of the present invention as a
reaction soNeft Jdd&1%or exanpl e, hal ogenat ed ali phatic

hydr ocar bons suc S Bylene chl.oride, 0. chl,orof or.m. .. .
1,2-dich|oroetha%§%:éggp|%ﬁHQﬁQﬁﬂﬁﬁﬂﬁ§1¥eé%s Wfkh permfgthltY less
than 2.2 at 20°C include, for example, petroleum ether

10 (1.85 to 1.95; permittivity at 20°C and so on),.hexane
(1.89), decane (1.99), l-hexene(2.06), l-octene (2.08),

cyclohexane (2.05) and decalin (2.19), all of which are
not preferable as a reaction solvent of the present
invention.

15 Concrete examples of the aprotic organic solvents
with permittivity 2.2 or more at 20°C used in the
preparation process of the present invention as a
reaction solvent include, for example, halogenated
‘aliphatic hydrocarbons such as methylene chloride,

20 chlorofornm, 1,2—dichloroethane, 1l,1-dichloroethane or
hexachloroethane; aromatic hydrocarbons such as benzene,
toluene, o-xylene, m-xylene, p-xylene, mixed xylene,
ethylbenzene, normal propylbenzene, cumene, 1,2, 3-
trimethylbenzene, 1,2,4-trimethylbenzene, mesitylene,

25 tetralin, butylbenzene, p-cymene, cyclohexylbenzene,.1,4-

diethylbenzene, 1,3-diisopropylbenzene or dodecylbenzene;

13



hexachl or oet hane; aromatic hydrocarbons such as benzene, t ol uene,
o-xyl ene, mxyl ene, p-xylene, mxed xyl ene, et hyl benzene, nor mal
propyl benzene, cunene, 1, 2, 3- trimet hyl benzene,

1,2,4-trimethyl benzene, nesitylene, 25 tetralin, butyl benzene, p-cynene,
cycl ohexyl benzene, 1, 4- di et hyl benzene, 1, 3-dii sopropyl benzene or
dodecyl benzene; 13

~hal ogenat ed %P@éh&t@&déf&%@%%mé’ﬁb&m AR ES"Ehlorobenzene,
o-di chl or obenzeng, mdi chl or obenzene, bronpbenzene, o- di br onobenzene,

1- br onp- 2- chhod 06RIELBendene, m-dHHIG¥GHENAS 0L, blombbengaaght Bal ene,
2-chi or ot ol uene, 5 2-bronotol uene, 2, 4-dichl orotol uene, 1-brono-2-

et hyl benzenediBrohbbenzenay| brsramo-12 tHiorobenzenehl b+ obenzene; et hers

such as diethyl ether, dipropyl et her, diisopropyl ether, dibutyl

et her, di netbosyenaphthalene, dl-ethldrxoraphthmlenk ne2 tghlerdeoluene,

tetrahydrofuran, 10 tetrahydropyran, 1,4-dioxane, anisole or phenetol;

esters S Zdehometateene, foréredichlargtofusnmi el-bremy+2+ or mat e,

i sobutyl formate, nethyl acetate, ethyl acetate, propyl acetate, butyl

acetate, net®yhybbenrenat e2-ehkgro-o-xylengidhat €2, et hyl butyrate, methyi

benzoat e, isopentgl 15 benzoate or ethyl cinnamate; nitro conpounds such

as ni t roRFEERAPECLENERRRE IRHREH §HIR e Aty b REBRF ar diPTOP¥dnpounds

such as acetonitrile,.propionjtrile ., Jbenzonitrile,

N, N- di met hyl $ PR %%%Q‘B?%éﬁ%lep%h%ﬂ i“h‘d?’rb":ﬁ] ether, dimethoxyethane,
diethylene glycol dimethyl ether, tetrahydrofuran, .

10 tetrahydropyran, 1,4-dioxane, anisole or phenetol; esters
such as methyl formate, ethyl formate, propyl formate,
isobutyl formate, methyl acetate, ethyl acetate, propyl
acetate, -butyl acetate, methyl propionate, ethyl
propionate, methyl butyrate, methyl benzoate, isopentyl

15 benzoate or ethyl cinnamate; nitro compounds such -as’
nitromethane, nitroethane or nitrobenzene; and polar
compounds such as acetonitrile, propionitrile,
benzohitrile, N,N-dimethylformamide, N-methylpyrrolidone,
dimethyl sulfoxide or hexamethylphosphorictriamide. For

20 further detailes, refer to Teruzo Asahara et al.

Handbook of Solvents (Tokyo: Kodansha Publishing Company,
1982).

Any other aprotic organic solvents may be used, as
long as their permittivity is 2.2 or more at 205C and

25 they do not hinder the preparation process of the present

invention. These aprotic organic solvents may be used

14



di et hyl sul f oxi de or hexanet hyl phosphorictriam de. For 20 further

detailes, refer to Teruzo Asahara et al. Handbook of Solvents (Tokyo:
Kodansha Publ i shi ng Conpany, 1982). Any ot her aprotic
organi ¢ solvents may be used, as long as their permttivity is 2.2 or
nore at 20C and 25 they do not hinder the preparation process of the

pr esent I nvention. These aprotic organic solvents nmay be used

14 indepeddiIRPARP G {04 M1 O BubnelFyr har apirBeidpbeghaier ganic
sol vent systen1d%|ch Is”a mxXture of the above descri bed aprotic

organi ¢ sol \eyliverdt) byt WIDIdIE i G xtafle/ ¥ SThe aboMd Rigmymilidd vity
less than 2.2 at 20[err]C and allowed to 5 have permttivity of 2.2 or

nore at 20[ eipddt shastghiic solvetitierarid atheasaprotiaprodganior galiverss vent
W th permttivity 2.2 or nore at 20[err]C" in the preparing

process of itk Imsmiitt iviay iXdss than 2.2 4% 20%esandpadlbwedr ganic
solvents, preferable are 10 those do not dissolve am nophosphoni um

chl ori deS ha&dwe permitthieriftoy raff @ (B)oxiasmre etd 20°Cowhotlihd peef er abl e
aprotic organi ¢ solvents include, for exanple, aromatic

hydr ocar boninles teod &y ane, " apstatelre oxgand e mo lvany [witd p- xyl ene,

m xed xyl ene, ethyl benzene, normal 15 ropyl benzene, cunene,

1, 2, 3-t ri netRSAMdHHSHLY 12 2 or more tah mA°Ry| BEnEBRePrAP3XiNdene, tetralin,

butylbenzene,J} cymene, cycl ohexyl benzene, 1, 4-diethyl benzene, 1, 3-
process of e present invention.

Of these aprotic organic solvents, preferable are

10 those do not dissolvé aminophosphonium chlorides having
the formula (3) described below. The preferable aprotic
organic solvents include, for example, aromatic
hydrocarbons such as benzene, toluene, o-xylene, m-xylene,
p-xylene, mixed xylene, ethylbenzene, normal

15 propylbenzene, cumene, 1,2,3-trimethylbenzene, 1,2;4—
trimethylbenzene, mesitylene, tetralin, butylbenzene, p-
cymene, cyclohexylbenzene, 1,4-diethylbenzene, 1,3-
diisopropylbenzene or dodecylbenzene; halogenated
aromatic hydrocarbons such as chlorobenzene, o-

20 dichlorobenzene, m-dichlorobenzene, bromobenzene, o-
dibromobenzene, l-bromo-2-chlorobenzene, 1-
bromonaphthalene, l-chloronaphthalene, 2-chlorotoluene,
2-bromotoluene, 2,4-dichlorotoluene, 1l-bromo-2-
ethylbenzene, 2-chloro-o-xylene or 1,2,4-

25 trichlorobenzene; and ethers such as diethyl ether,

dipropyl ether, diisopropyl ether, dibutyl ether,

15



di i sopropyl benzene or dodecyl benzene; hal ogenated aromatic
hydr ocar bons such as chl orobenzene, o- 20 dichl orobenzene,

m di chl or obenzene, bronobenzene, o- di br onbbenzene,
1- br'ono- 2- chl or obenzene, 1- br ononapht hal ene, 1-chl or onapht hal ene,
2-chl or ot ol uene, 2- bronot ol uene, 2, 4-di chl or ot ol uene, 1-bronp-2-

et hyl benzene, 2-chloro-o-xylene or 1,2,4- 25 trichlorobenzene; and ethers

suEh as di etdivletidigfethane, diktdRilenet Gaycoli iciaethpll etthear, di butyl
et her, - 15

di met hoxyet haahdidridfrans gleterahydiropyiran etihdi-dioxand etaraisaleforan,

t et rahydropyran, 1, 4-di oxane, anisole or phenet ol . O the
above descr ighehegqorlot i ¢ or gani ¢ sol vents, 5 nore preferable are those
substantially inmscible with water as described in the purification
process of the Of theshave deaarihed BRrAPiOORIBFARSLERRVENL S
substantially immscible with water include, for _exanple, aromatic

hydr ocar Bondofige Prefazablenare; hesfe Substanddallyl GTMASA NS BB ene,
e e DS TP g RS SIS che
bty benzeney s amHSI SRS R G ek, SaThpbly Doneene: 13
hydrocarbon%dggglﬂ%%a quﬁggﬁgéggﬁé %ﬁth water include, for example,
aromatic hydrocarbons such as benzene, toluene, o-xylene,

10 m-xylene, p-xylene, mixed xylene, ethylbenzene, normal
propylbenzene, cumene, 1,2,3-trimethylbenzene, 1,2,4-
trimethylbenzene, mesitylene, tetralin, butylbenzene, p-
cymene, cyclohexylbenzene, 1,4-diethylbenzene, 1,3-
diisopropylbenzene or dodecylbenzene; and halogenated

15 aromatic hydrocarbons such as chlorobenzene; o-
dichlorobenzene, m-dichlorobenzene, bromobenzene, o-
dibromobenzene, l-bromo-2-chlorcobenzene, 1-
bromohaphthalene, l-chloronaphthaléne, 2-chlorotoluene,
2-bromotoluene, 2,4-dichlorotoluene, l-bromo-2-

20 ethylbenzene, 2-chloro-o-xylene or 1,2,4-trichlorobenzene.
And more preférable are toluene, chlorobenzene,
dichlorobenzene or 2,4-dichlorotoluene. |

The amount of these aprotic organic solvents used
is not expressly restricted; however, it is normally 500
25, weight parts or less per 1 weight part of phosphorus

oxytrichloride as a raw material, preferably 1 to 100

16



di chl or obenzene, mdi chl orobenzene, bronobenzene, o- di br onobenzene,

1- brono- 2- chl or obenzene, 1- br omonapht hal ene, 1-chl or onapht hal ene,

2- chl or ot ol uene, 2- bronot ol uene, 2, 4-dichl orotol uene, 1-brono-2- 20
et hyl benzene, 2-chloro-o-xylene or 1,2,4-trichlorobenzene. And nore
preferable are tol uene, chlorobenzene, di chl or obenzene or

2, 4-di chl or ot ol uene. The anpbunt of these aprotic organic solvents

used | SwB@heXphess, yahasinbret pdefBouBYPr 1.5t tbS500wERghY PELts 25

wei ght parts or |less per 1 weight part of phosphorus oxytrichl oride as
a raw materi @k, ipr aber abpyoblem thAt part of the liquid phosphorus 16
wei ght parts, and nore preferably 1.5 to 50 wei ght parts. It is not a
probl em t hat opatriohlohédei qandbphimpliscible withxyhesehaprotiéccan be

imm scible with these aprotic organi ¢ sol vents. 5 In the
preparati on prgagis splveatpresent invention, the nole ratio of

I m nophosphoranes _having the fornula (1) used to phosphorus |
oxytrichl®ride i sIRothexprepargation presessceddthRoRrEeEpNt| iNVENksPRal |y 5
to 12, preferabl & .to 10, and pore preferably 6.1 to 8.0. _10

The reactiontpﬁnﬁg &t GrE1QaPfedmiBRRRABRBOEANRRNAVING ohBR nEOBRULR| vent
used, on the le ragtio of the raw ; rials,.etc.; however. it is
normai Ly - 10(19 S8BflcFP) BhosBRok R oavtpiohior Sa85HE oot SRBRRERIY o
preferabl y 13,60, 100L8Y " hGuever, LB §DCnbERSIIPNs L88138piEFRELBIYTE ™Y

be changed phase
to 10, and more preferably 6.1 to 8.0.

10 The reaction temperature varies depending on the
amount of solvent used, on the mole ratio of the raw
materials, etc.; however, it is normally -10 to 200°C,

preferably 0 to 150°C, and more preferably 15 to 100°C.

In the reaction, the set temperature may be changed phase

15 Dby phase; for example, the reaction may be carried out at
a relatively low temperature in the beginning and at a
relatively high temperature in the last. |

The reaction may be carried out under reduced
pressure, under normal pressure and under pressure;

20 however, it is normally carried out under normal pressure.
The reaction time varieé depénding on the reaction
temperature and other factors; however, it is normally
0.1 to 100 hours, preferably 0.5 to 50 hours, and more
preferably 1 to-30 hours.

25 In the liquid reaction product thus obtained,

aminophosphonium chlorides having the formula (3) can

17



15 by phase; for exanple, the reaction may be carried out at a

relatively |low tenperature in the beginning and at a relatively high
tenperature in the | ast. The reaction may be carried out under
reduced pressure, under normal pressure and under pressure; 20
however, it is normally carried out under normal pressure. The
reaction time varies depending on the reaction t enperature and ot her
factors; howgyfetimbsi BeN@EPBiived as 2 doi9d18RdNeHES sofiedfifie®Plpe 0.5 to
50 hours, and nore preferably 1 to 30 hours. 25 In the liquid

reaction produssolted @bpehdefly on thankidfahegpanbunt &F ahedeplr@titng the
formula (3) can 17

sonmeti mes beusegosrten theaksndi 6f apdifnephesphbiramesb@aving dhgsol ved
dependi ng on the kind or amount of the sol vent used or on the kind of

I m nophosphofanmalaaylhg tiee methddy raff ardnigvirdethet Abdseofiesembedg t he
above descri bed 5 phosphonium chlorides in such states are not restricted
t o speci fd ¢ phesphodiamychiohbdes cim Sechsstiatesr erevaot restimmtedowever,
when t he above descri bed phosphoni um chl orides are deposited in the
liquid reacttenspeedfit¢ @ses andary|mgtheds ganhbe mseghiteh nemevis qui d

reaction product 10 directly undergoes a solidzliauid separation is
normal |y them g ghouaperincwheR ethe 03ROve sEPFEEALBAOBHRS 18 ori des

r [ | v in the liquidr i on, pr ct, first the
are disso eghiorgdgs a g gepggféeg ig 8%& ilquid reaction product as

a solid, the method in which the liquid reaction préduct

10 directly undergoes a solid-liquid separation is normally
used; and when the above described phosphonium chlorides
are dissolved in the liquid reaction product, first the
solvent used is distilled from the liquid, then another
organic solvent which does not dissolve the above |

15 described phosphonium chlorides is added, and the liquid
reaction product can undergo a solid-liquid separation.

The above solid-liquid separation can be conducted

using any methods; however, general-purpose methods such
as filtration, centrifugation and decantation are

20 normally used. Of the above methods, filtration is most
preferable. If needed, filter cake can be washed with
the above described aprotic organic solvent or an organic
solvent which does not dissolve the above described
phosphonium chlorides, and the washings may be added to

25 the filtrate.

The organic solvents which do not dissolve the

18



solvent used is distilled fromthe |iquid, then another organic
sol vent which does not dissolve the above 15 described phosphoni um

chlorides is added, and the liquid - reaction product can undergo a
solid-liquid separation. The above solid-1iquid separation can be
conduct ed usi ng any net hods; however, general -purpose nmethods such

as filtration, centrifugation and decantation are 20 normally used. O the

above net hodgboté! 868+ OPed Sph®Shhonium ¥ Pl €. indlueedegby fil ter cake
can be washed with t he above descri bed aprotic organic solvent or an

organic esanhpta) sbtdhatied sahDphalt 5 dhydrddeerisdiny esutels s eskmal
phosphoni um chl ori des, and the washings nmay be added to 25 the filtrate.
The organi c pehvants mbrral doexate di 3s2+dimdttgylbutane, 2,3-

18 above descri bed phosphoni um chl ori des include, for

exanpl e, satdimethybbupiae; c2iyeithybpenrnsusrmmahdieptane, ngawakne,

nor mal hexane, 2, 2-dinethyl butane, 2, 3- _ di met hyl but ane,

2- met hyl Pent @%Ean@or Zud - hepr Hpethyitpegtane 5 qeaianeg, Norngdl MAMNPent ane,
| sooct ane, normal nopane, 2,2,5-trinethl hexane or normal decane;

alicyclic 2r2nyotbiBebhhiexane o% RYEmadbacane: IS opent ane,

by cycl ohoxy| "BIEURRENTRS SRt CYRITREA TR Mt SN B A Ane,

{ol uene, O Xl ENeno Y| SREnPIAYE ifexane, SUHPELT S I Donzene.
menthane, bicyclohexyl or decalin; aromatic hydrocarbons

10 such as benzene, toluene, o-xylene, m-xylene, p-xylene,
mixed xylene, ethylbenzene, normal propylbenzene, cumene,
1,2,3-trimethylbenzene, 1,2,4-trimethylbenzene,
mesitylene, tetralin, butylbenzene, p-cymene,
cyclohexylbenzene, l,4-diethylbenzene, 1,3-

15 diisopropylbenzene or dodecylbenzene; halogenated
aromatic hydrocarbons such as chlorobenzene, o-
dichlorobenzene, m-dichlorobenzene, bromobenzene, o-
dibromobenzene, l-bromo-2-chlorobenzene, 1-

" bromonaphthalene, l-chloronaphthalene, 2-chlorotoluene,

20 2-bromotoluene, 2,4-dichlorotoluene, l-bromo-2-
ethylbenzene, 2-chloro-o-xylene or 1,2,4-
trichlorobenzene; and ethers such as diethyl ether,
dipropyl ether, diisopropyl ether, dibutyl ether,
dimethoxyethane, diethylene glycol dimethyl ether,

_25 tetrahydrofuran, tetrahydropyran, 1,4-dioxane, anisole or

phenetol. The organic solvents which do not dissolve the

19



1,2, 3-trinethyl benzene, 1,2,4-trinethyl benzene, nmesitylene, tetralin,

but yl benzene, p-cynene, cycl ohexyl benzene, 1, 4-diethyl benzene, 1, 3-
15 diisopropyl benzene or dodecyl benzene; hal ogenat ed aromatic
hydrocarbons such as chl orobenzene, o- di chl or obenzene,

m di chl or obenzene, bronobenzene, o- ~di br onobenzene,

1- br ono- 2- chl or obenzene, 1- br omonapht hal ene, | -chl or onapht hal ene,

~2-chlorotol O Bt O AN, e R ey R " ond et hers

e &
et hyl benzene, 2-chl oro-"o-Xyl*ene *o

such as di etyl;&dd&o the abll Q%g S ,orthd sopropyl ether, dibutyl
et her, ' dih%thox;gthéaéf a&%t yf%ne g ;%ol di net hyl ether, 25

tetrahydrofuran, tied rahnel cysaibdd rbHRGRiuRNERRbLiGEs sepaRteet ol .
The organi ¢ solvents which do not dissolve the

19 as solid¥\marlase ntdreftb et W Niminchos phesanes, haowager ,
limted to the above descri bed ones. The above descri bed
phosphonbum e afomesl s gid) diyethe metdsod aestsr floend binr EP+09 22d28sor

I m nophosphoranes havi ng 5 the formula (1) by the nethod described in

EP- 0921128 d¢¥.N. Koidaw ekoiadan d¢th.alQbskkth. Gdsireh, i n€79568067329680
(1980) and recycled as part or the whole of the I m nophosphor anes
havi ng the faKmpecycled ms mart or ghepyathalerrbreess of the present

i nventi on. . )
iminophosphoranes having the formula (1) in the

preparation process of the present invention.

10 In the mother liquor from which the
aminophosphonium chlorides having the formula (3) have
been removed, there exist iminophosphoranes having the
formula (1) which remain unreacted or are added in excess.
The methods of removing the above described phosphoranes -

15 are not restricted to specific ones and any methods can
be used to remove them; however, normally used are the
method in which the above described mother liquor is
concentrated to dry and the above described phosphoranes
are distilled off under normal pressure or under reduced

20 pressure and the method in which the above described
mother liquor is washed with water as described below.

The dried solid and the solution having undergone

water washing thus obtained contain phosphine oxides
having the formula (2) of a sufficiently high purity.

25 Although they can sometimes be used as they are for next

purpose, they can sometimes be used as a concentrated

20



10 In the nother |iquor fromwhich the am nophosphoni um

chl orides having the forrmula (3) have been renoved, there exist

i m-nophosphor anes havi ng the formula (1) which remain unreacted or are
added in excess. The net hods of renoving the above descri bed
phosphoranes 15 are not restricted to specific ones and any nethods can
be used to renove them however, normally used are the nmet hod i n which

the above desanithiesh B helsd1 il Yy iremovingt @nefRlNAaGUNE @Y wakért he above
descri bed .phosphor anes are distilled off under normal pressure or

under reducednt2inedl adnited mMRd tiha g iagent of biyeddseia ldesen bed

not her liquor is washed with water as descri bed bel ow. The dried
solid and t o ,sdlnutdase hefvisog utnidersydraring undetrgoneashiengbblves obt ai ned
cont ai n phosphi ne oxi des having the formula (2) of a sufficiently high
purity. 25desariqesh water sashinmnt ibvesepeviagd pagtt kdy oar & hieowhedyet

pur pose, they can sonetinmes be used as a concentrated

20 5 solvent 4§94+ on or a solid by renoving a small anobunt of water
contained therein with a drying agent qr by distil]lation or, in case

of sol utions havitif FREIYLRSRERE fotdie Presegds dnvissd ig® d Washi ng, by

renovi ng part_ of orﬂ%he sol yent use e second

aspect of t REGEESeCH RV?%%%JNQS§}‘£SP$1“%P§&3§§ havipgr FP?TES hi ne
gékgg?nrﬁ;iQQ)tW%fEﬂwggﬂ%rises %%%é@“ﬁ%;ﬂ%% %iggiuwgggrcg%%gkg n% solution
at least the above described phosphine oxides and an

10 orgénic solvent subsﬁantially immiscible with water to
give the above described phosphine oxides as a solution,
or further comprises concentrating to dry the above
described solution to give the above described phosphine
oxides as a solid.

15 “"The organic solvents substantially immiscible with
water” used in the purification process of the present
invention mean organic sblvents conventionally used for
extraction etc. which dissolve in water too little to be
taken into consideration and can be easily separated from

20 water phase. In addition, the partition rate of their
phase to water phase is high in terms of phosphine oxides
having the formula (2), and they cause no chemical
process even if they come in contact with the above
described phosphine oxides. The organic solvents

25 substantially immiscible with water as described above

include, for example, halogenated aliphatic hydrocarbons
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at | east the above described phosphi ne oxides and an 10 organic sol vent
substantially immscible with water to gi ve the above descri bed
phosphi ne oxi des as a sol ution, or further conprises concentrating to
dry the above descri bed solution to give the above descri bed phosphine
oxides as a solid. 15 "The organic solvents substantially inmscible
W th water" used in the purification process of the present

i nvention ”EéﬁcﬁrQ@nhétﬁ9héﬁatéh§89188t'EHibkbfeiﬁﬂ ﬁQQ— extraction
etc. which dissolve in water too little to be taken into consi deration

and can be edschlogepéhahed i e0uidAlorobehapease. hdxdaditibtdethandie
partition rate of their phase to water phase is high in terns of

phosphi ne oxiagematic hidvbogrbbasf suohl as( Bepnzene ,t ol wsmese owxyheme cal
process even if they conme in contact with the above descri bed
phosphi ne oxmggylehke pﬁgthOesomiaadsxyzénesubxm@mhandqnéAnnquaﬂe wth
wat er as descri bed above I ncl ude, for exan% hal ogenated al i phatic
hydr ocar bonspropylbenzene, cumene, 1,2,3-trimet yjpenzene, 1,2,4- sych as

nmet hyl ene chlorlde chloroform 1,2- di chl gr.oet hane,
1, 1- di chl or osTARRELFLDRBZERRY oMBELENABNS, tetzadddyi @%W%e Ruch as
benzene t ol uene,

I d xylene,
ethylbenzenecyﬁspﬁal°¥cg°gﬁﬁgbyﬁﬁéﬁ2 n:neéuﬁéﬁéEI ﬁ%?égégé M benzene,

1.2.4- 411 IBL R pPTBEREENe 82 B¥uSET1bERRERE ;" hal Qe mREE e P

aromatic hydrocarbons such as chlorobenzene, o-

10 dichlorobenzene, m-dichlorobenzene, bromobenzene, o-
dibromobenzene, l-bromo-2-chlorobenzene, 1-
bromonaphthalene, l-chloronaphthalene, 2-chlorotoluene,
2-bromotoluene, 2,4-dichlorotoluene, l-bromo-2-
ethylbenzene, 2-chloro-o-xylene or 1,2,4-

15 trichlorobenzene; and esters having 4 or more of carbon
atoms such as propyl formate, isobutyl formate, ethyl
acetate, propyl acetate, butyl acetate, methyl propionate,
ethyl propionate, methyl butylate, methyl benzoate,
isopentyl benzoate or ethyl cinnamate. Any other organic

20 solvents may be used, as long as they do not hinder the
purification process of the present invention.

Of the above described ofganic solvents, preferable
are aprotic organic solvents with permittivity 2.2 or
more at 20°C which do not dissolve aminophosphonium

25 chlorides having the formula (3). The preferable aprotic

organic solvents include, for example, aromatic
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cynene, cycl ohexyl benzene, 1, 4-diethyl benzene, 1, 3- di i sopropyl benzene
or dodecyl benzene; hal ogenat ed aromati ¢ hydrocarbons such as

chl orobenzene, o- 10 dichl orobenzene, mdi chl orobenzene, bronobenzene, o-
di br onobenzene, 1-brono-2-chl orobenzene, 1- br ononapht hal ene,

1- chl or onapht hal ene, 2-chl or ot ol uene, 2- br onot ol uene,

2, 4-di chl or ot ol uene, 1-brono- 2- et hyl benzene, 2-chl oro-o-xyl ene or

1,2,4- 15 tHjdadabeiy eiteh Y siRine hadivend oroJaa@u%r@f s Akne,
atons such as propyl formate, isobutyl formate, eth acet ate, propyl

acetate, butpdxyiaia) auied Wl dHeopicdildenzene, e&i@ﬂmapr opi onat e, net hyl
butyl ate, nethyl benzoate, | sopent yl benzoate or et hyl cinnamate. Any

ot her or ganipro@llssaeard s cmeree, USE],3-ax imethydbenzenejo In®, 44 nder t he
purification process of the present invention. O the above

descri bed ortgzimethylhanrene pmedsitgtiiene, tetaed iapr bty ldegmeine sq@-vent s
wWth permttivity 2.2 or nore at 20[err] C which do not dissolve

ani nopho8ph@iymgne 2 Fxiahexithanasngy tlhé -ddewrhydbemzenthe Ipdef er abl e
aprotic organi c solvents include, for exanple, aromatic

22 dllsoprqmtﬂrhﬁ;rmsorsmdeﬁl@aﬂz@@@ gadydadogenanashe,

m xyl ene, . - ene, ed xyl ene, ethyl benzene, nor nal

pr opy| benzef¥Fo Wéiﬁ§;PYQFQF%¥EQQ§M%%§!E@nf gropeszene, o-
trlnethylbeQFggﬁ_ q§§'t&5§9ﬁ¢} ﬁ !@lln bu%¥]be %%ﬁ%be%zene§ Lymene,

cyclohexylben
dibromobenzene, l-bromo-2-chlorobenzene, 1-

10 bromonaphthalene, l-chloronaphthalene, 2-chlorotoluene,
2-bromotoluene, 2,4-dichlorotoluene, l1-bromo-2-
ethylbenzene, 2-chloro-o-xylene or 1,2,4-trichlorobenzene.
More preferable are toluene, chlorobenzene or o-
dichlorobenzene.

15 ‘“A solution containing at least phosphine oxides
having the formula (2) and an organic solvent
substantially immiscible with water” used in the
purification process of the present invention means a
solution containing at least the above described two

20 components, and there may exist other components in the
solution, as long as they do not hinder the purification
process of the present invention. Further, the solution
may be a solution formed by dissolving the above
described phosphine oxides, which was once separated from

25 another solution, in an organic solvent substantially

immiscible with water.
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di i sopropyl benzene or dodecyl benzene; and hal ogenat ed aromatic
hydrocar bons such as chl orobenzene, O di chl or obenzene,

m di chl or obenzene, bronmobenzene, o- di br onobenzene,

1- brono- 2- chl orobenzene, 1- 10. brononapht hal ene, 1-chl oronapht hal ene,
2- chl or ot ol uene, 2- bronot ol uene, 2, 4-di chl or ot ol uene, 1-brono-2-
et hyl benzene, 2-chl oro-o-xylene or 1,2,4-trichlorobenzene. Mor e

referable are t c - ' 0 e 15
p %mf‘era,t Y mﬁfé‘a be a Ssgiﬁbkﬁﬁ pERAEA by

"A sol ution containing € oxides ~  having the rmul a
(2) and an Fefing Y18 aminopHHPHYH i |ohld¥i &€s bhavihghtnater” used

in the purification process of the present invention neans a

sol ution corda¥miilig (H) |Ram 4 NGALY edleaidDesrdadct 28ontampengnt s, and
there may exist other conponents 1n the solution, as long as they do
not hinder tgiogpliiifd eadiides haviny ades fafmile (2 psamd theeabowvs. Further,
the solution may be a solution forned by dissolving the above

descri befl phizsuyibed amdesnphdsphonias aideosiebss diydtlie osol 28-1agaibder
solution, in an organic solvent substantially imm scible with water.
23 separation pmauess, whesresigl thenl imyidereacbioni pnofloched by
renovi ng sol id am nophosphoni um chl ori des having the . formula (3) from
a liquid redd iﬂﬂﬂﬁ%@yctrwwmilﬁgmophosphoranes having the

formula (1) with phosphorus oxytrichloride using as a
reaction solvent an aprotic organic solvent with

10 permittivity 2.2 or more at 20°C which is substantially
immiscible with water and does not dissolve the
aminophosphonium chlorides having the formula (3), the
above descried phosphine oxides and phosphonium chlorides
being yielded at the same time by the above described

15 reaction. According to the situations, the solution may
be a solution formed in such a manner that, first the
above described reaction is carried out using an aprotic
organic solvent with permittivity 2.2 or more at 20°C as
a reaction solvent, then the above described solvent is

20 removed by, for example, the method of distilling solvent
from the solution obtained by the solid-liquid separation
process, which is described in the preparation process of
the present invention, finally anothef desired organic
solvent substantially immiscible with water is added

25 instead of the above described solvent removed.

Of the above described solutions, preferable is a
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phosphi ne oxi des having the fornula (2) and the above 5 described

am nophosphoni um chl ori des by the solid-Iliquid separati on process,
wherein the liquid reaction product is formed by reacting

I m nophosphoranes havi ng the formula (1) with phosphorus
oxytrichloride using as a reaction sol vent-an aprotic organic sol vent
wth 10 permttivity 2.2 or nore at 20[err]C which is substantially

| i sci bl e woh by 4R e e 1955 aflovidingS Y4 dl BfiinophodBhoaiiasphoni um
a (f%, t he

chl ori des having the fornmnu above descried phosphi ne oxi des

and phosphoghi®rGlded’ hd®Sng thedForhutiael(39d faomt EelSGIE&dt rdR iy onhe above
described 15 reaction. According to the situations, the solution my

be a sol uti giroductedontadnihgd phidapeiinehakideisr havihg the falmudadescri bed
reaction is carried out using an aprotic organi c solvent with
permttivity2). 2ngr tiner abaive? descu]ibeds aminophosphoniam shllweritest bgn t he
above described solvent is 20 renoved by, for exanple, the nethod of
distillihg &deveodid-liquidmseparadlion proclessi,nwielrginhéheoliigulidqui d
separation process, which is described in the preparation process of
t he present reagddcnoprodusdl iy feames: byeiepsd inggamiaophosphereass
substantially immscible with water is added. 25 instead of the above
descri bed s8RYdRg tégpfegmula (1) witdy phesphesus Qeytrisbdozddetions,
preferable is.a

. . 24 .
sol uti on foPfed9{Sr BnESRARS 108 LY oBRo 8PRELGNPTIANILHERIVERS havi ng

the formula (3) from,a l.iquid _reaction ' .
‘ w&t permittivity 2.2 or more at 20°C which is

10 substantially immiscible with water and does not dissolve
the aminophosphonium chlorides having the formula (3),
the above descried phosphine oxides and phosphonium
chlorides being yielded at the same time by the above
described reaction. And more preferable is a solution

15 formed by removing the above described phosphonium
chlorides from a liquid reaction product containing the
same by the solid-liquid separation process, wherein the
liquid reaction product is formed by reacting the above

~described phosphoranes with phosphorus oxytrichloride at

20 the above described phosphoranes to phosphorus
oxytrichloride mole ratio within 6 to 10.

As a method of water washing in the purification
process of the present invention, any method can be used
as long as the method allows the solutioh containing at

25 least phosphine oxides having the formula (2) and an

organic solvent substantially immiscible with water and
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product contai ning phosphi ne oxi des having the formnula (2) and the
above descri bed am nophosphoni um chl ori des by 5 the solid-liquid

separation process, wherein the |liquid reaction product is formed by
reacting i m nophosphoranes having the forrmula (1) w th phosphorus
oxytrichloride using as a reaction solvent an aprotic organic sol vent

with permttivity 2.2 or nore at 20[err]C which is 10 substantially
i nmi sci bl e wWdde MRl s 1 #Td e 130t otieS 3@ Wntact ik HE4WDweRaN um

chl orides having the fornmula (3], t he above descried phosphi ne oxi des
and phosphonjdiially watilrokdia®®sneicag Weelcdad izid tdir siamesuddiea hyahher above
descri bed reaction. And nore preferable is a solution 15 forned by
renovi ng t hethato\fe mbas evateed ishasidedhitomthe aboivieo rdedsasr fbvexin solugiod,
reacti on product containing the sanme by the solid-liquid separation
process, wheihs salgion is ifqlily sddamesh @nsdudis ivaten $§ ¥®acting the
above descri bed phosphoranes w th phosphorus oxytrichloride at 20

t he above de&smavasy Hdsapagand cp phasieoand waten ghase %R i de nol e
ratio within 6 to 10. As a nethod of water washing in the

puri fi cati offeparatgd,dgom sach,@thexsent invention, any nethod can be used
as long as the nethod aIIomQF%he sol ution containi ng at | east

25 ,
phosphi ne oxi des &/ id4He dfoMatier Wed fPrthe waten #aghingvift

Zngtantlalu%eIggﬁ%gégfi\géégfygfga;a%%wever, 5 weight parts or less

of water is usually used per 1 weight part of the above

10 described solution. The water washing can be carried out
using such an amount of water in several installments.
Preferably the water washing is carried out 2 to 5 times
using 0.05 to. 1.0 weight parts of water at a time per 1
weight part of the above described solution. The |

15 temperature and duration of water washing are not -
expressly restricted; however, the temperature is usually
10 to 80°C, preferably 15 to 40°C, and the duration is
usually within 3 hours, preferably 0.01 to 1 hour, more
preferably 0.05 to 0.5 hours.

20 A solution of phosphihe oxides having the formula
(2) which has been subjected to water washing in the
above manner contains the above described phosphine
oxides of a higher purity, and it can sometimes be used
as it is for the next purpose. The above described

25 phosphine oxides can be obtained as solids by

concentrating to dry the solution.
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water to sufficiently cone in contact with each other. Usual Iy water
washi ng can be carried out in such a manner - that first water is added
to the above described sol ution, the solution is fully stirred, and
its water phase is 5 renoved after its organic phase and water phase are
separated from each other. The amount of water used for the water
washing is not expressly restricted; however, 5 weight parts or |ess

of water is usual lpedésed mertol s\/_’l%nﬁh:tlo‘ih%” thle rd&e.r.eab%qldaocades)@rl bed
sol ution. . The water washi'hg can be carri'ed out usi ng such an anount

of water in. Feveher pAidiedRnthe solvenef esed!ay Hse wedmplawshy ng is
carried out 2 to 5 tines using 0.05 to 1 .0 weight parts of water at a
time per 1 remoweidglfiropatheodriied abdidsgeser ilbepagolremadn. inhehel5
tenperature and duration of water washing are not expressly
restricted; Bolddsr int e smaipemmouns .i sTheval éyist a Wae® @D err] C,
preferably 15 to 40[err]C,_ and the duration is usually within 3 hours,
pref erably oimpugdtiesodeftpdissolvedyinf sughl podids even. 8fheyr watepo

A sol ution of phaosphine oxides having the fornul a (2). which has been
subj ected t o"R&NdNInashirfgneRhede of fupbhor PRFHEriRMMhsShabove

descri bed phosphi ne oxi.des of he urlty and [t .can s I mes be
used - s et SOERE 514 £oBF S80I THEWEETS BoBErhBEGLn 8RB Rosph ne

géldes can bgngb %r%%a% ongslgyadded %8”%E2t&%ﬁé s%?iggyséhgsSQEUtion'
dissolve phosphine oxides having the formula (2) and a

10 trace of solids (impﬁrities) left undissolved are removed
by the solid-liquid separation process is preferable,
effective and practical.

Hydrocarbons used in this method include, for
example, saturated aliphatic hydrocarbons such as normal

15 pentane, normal hexane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylpentane, normal heptane, normal
octane, 2,3,3-trimethylpentane, isooctane, normal nonane,
2,2,5~-trimethlhexane or normal decane; alicyclic
hydrocarbons such as cyclopentane, methylcyclopentane,

20 cyclohexane, methylcyclohexane, ethylcyclohexane, p-
menthane, bicyclohexyl or decalin; and aromatic
hydrocarbons such as benzene, toluene, o-xylene, m-xylene
Oor p-xylene.

Any other hydrocarbons may be used as long as they

25 do not hinder this method. These hydrocarbons may be

used independently or jointly. Of the above described
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According to situations, the dried solids can be further purified.

The sol vent used may be conpletely renoved fromthe dried solids, or
it may remain in the solids in a small anobunt. There exist a trace of
5 inmpurities left dissolved in such solids even after water washi ng.
The nmethods of further purifying such solids are not expressly
restricted; however, a nethod in which one of hydrocarbons is added to

the dried sohid$088rB&ns? prefefiiSE®! ¥fe PEWERPADEdOX ] dphakaei ng the fornul a
(2) and a 10 trace of solids (inpurities) left undissolved are renoved

by the sol i dhiigotdrb6nar RavOfig P5 OESSHO | Gatheh cadbing, such abkf aotrimad and
practical . Hydr ocarbons used in this nethod include, for
exanpl e, sat peatardeal hphmél chéyamec andomesl sheptaseponowrinallbcpameane,
nor mal hexane, 2, 2-di net hyl butane, 2,3- di et hyl but ane,
2- et hyl pent noemahononanéept anermabrdedane. oct ane,
2,3,3-trimethyl pentane, isooctane, normal nonane, 2,2,5-trinmethl hexane
or .nor nal5 decane; Thei apennt of thegerbydreeasbenshugedci& &dnt ane,
met hyl cycl opent ane, . 20 c%c[ohexane, met hyl cycl ghexane, et hyl cycl ohexane,
p- ment RERECSBLYyERBREAGEed: RRWaYeh, BrwaliBnBPE 2T hydrocar bons
such as benzgne, tol yene, ~o-xylene, mxylen or p:xylene.
Any ot her hygygfﬁFBBﬁgnﬁBQ'%eX%sgﬁ %&m?%ﬁﬁﬁ:Ee?ﬁgya52§h80aﬁ8yehinder this
met hod. Thesg hydtpcar hons . .may. b sed in ndent ryeintly. O
t he above de§8F¥5é§eg ered Sgilég, prefgrghiyd§§grocark§9g Y% 5dy
times as heavy as the above described dried solids. When
10 hydrocarbons are added to the above described dried solid
to dissolve phosphine oxides having the formula (2), the
temperature and duration in the above operation are not
expressly restricted; however, the temperature is usually
10 to 100°C, preferably 20 to 50°C, the duration is
15 usually 0.1 to 3 hours, preferably 0.5 to 2 hours. After
that, the solid left undissolved in the above described
hydrocarbon solution is removed by the solid-liquid
separation process. The solid-liquid separation can be
conducted using any methods; however, general-purpose
20 methods such as filtration, centrifugation and
decantation are usually used. Of the above methods,
filtration is most preferable. The undissolved solid can
be washed with hydrocarbons, and the washings may be
combined to the filtrate.

25 Thus, a solution containing phosphine oxides having

the formula (2) of a extremely high purity can be
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hydr ocar bons, preferable are saturated aliphatic hydr ocar bons having 5

to 10 carbon atons, such as nornal pent ane, normal hexane, nornal

hept ane, nornmal octane, nor mal nonane or nornmal decane. 5 The
anount of these hydrocarbons used is not expressly restricted,

however, usually used are hydrocarbons 0.5 to 50 tinmes as heavy as the
above described dried solids, preferably hydrocarbons 1 to 20

times as heaynfsndde q@ﬁ%e%@acrg@@da SL)I ;ﬂgaglciﬂ%tegv\%nuﬂ%n Budr gear bons

are added to the above described dried di ssol ve phosphi ne

oxi des havi ngbridend Ldtad ad Ary e obtain ML E deBbEigaiion in the
above operation are not expressly restricted; however, the tenperature

is usually phosgiine® dfifes rd<{,a weddably 20 to 50[err]C, the duration is
15 usually 0.1 to 3 hours, preferably 0.5 to 2 hours. After that, the
solid | eft undi ssthe epresenteimbanveicieseilbdoe furtlxrrhudarmtsed ution is
renmoved by the solid-liquid separation process. The solid-liquid
separati 8n dan e follawimiicxanplesy howevaxt hdissdhoavxamples are
general - purpose 20 nethods such as filtration, centrifugation and

decant at i on drtendgd| 1ty iklaptrgte Hhabigwentsidrodnd are ratl timrensied s nost
preferable. The undi ssol ved soljid can be washed wi th hydrocarbons, and
the washi ngddeyithg the inyantiqn it tthe spagidiic exapples. Thys, a

sol ution cont.ai ni;ng phosphi ne oxi des havi ng the formula (2) of a
gﬁ?%ﬁ%éh% 28

extrenely hi can be
Under a nitrogen atmosphere, 54.3 g (305 mmol) of

10 iminotris(dimethylamino) phosphorane, which is
iminophosphorane having the formula (1) whose R is a
methyl group, and 130 g of dried o-dichlorobenzene (with
permittivity 6.80 at 20°C) were prepared in a 300 ml
glass reactor vessel. Then, a liquid mixture of 7.67 g

15 (50.0 mmol) of phosphorus oxytrichloride and 16.3 g of
dried o-dichlorobenzene (the concentration of phosphorus
oxytrichloride was 32 weight%) was added drop by drop
over 30 minutes while stirring the mixture and
controlling the internal temperature to be kept at 20°C.

20 The mole ratio of iminotris(dimethylamino)phosphorane to
phosphorus oxytrichloride was 6.1. At this time, part of
the liquid reaction product was taken as a sample.

A 31p_NMR quantitative analysis was conducted using
dimethyl sulfoxide deuteride as a solvent and tri-normal-

25 Dbutyl phosphate as an internal standard compound

(hereafter, yield and purity were analyzed in this
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obtained. |If needed, the above described solution can be concentrated

to dry to obtain the above descri bed phosphi ne oxi des as a solid.

The present invention will be further illustrated 5 by the follow ng
exampl es; however, these exanples are intended to illustrate the

i nvention and are not intended tolimt the invention to the specific
exanpl es. Exanple 1 Under a nitrogen atnosphere, 54.3 g

(305 nmol) I Moot ri sGdiret Ryl am p rane, which is

i m nophosphglﬁ%%%&ﬂ)ai/i rlllgl%t ﬁé‘saflg;rsﬁl ray"{)w \%ﬁégegﬁéﬁp%(&a%% met hyl group,
and 130 g Oftfkéfﬁkfﬁggfﬁgfﬁ s Ho¥pHbranyl i R&idhidd hhdsSn Blle at
20[err] C) were prepared In 300 m g agg reactor vessel”. Then, a
liquid mXxtweidd, Wkicl idphdsithihdmBiladhLHaapRHdIStRiTa chppri de and
16.3 g of dried o-dichl'orobenzene (the concentration of phosphorus
oxytrichl orivigog@sr 32s e i it NG 1 Vsowsld e Arfgarnind dr @hen, thever 30 minutes
while stirring the m xture and controlling the internal tenperature to
be kept &t XHmperddiur(of Ttiee Miquidiirematfion product was raised to

i m notris(di nmethyl am no) phosphorane to phosphorus oxytrichl ori de was
6.1. At thist@iCmandpahle afeactiont kasl couitdnuedc fioan 24r bduais Wass taaken as a
sanpl e. ﬁh%err]P-NNR quantitative analysis was conducted using

di net hyl sulresdMe uikk¢hicthes abaws \deacridhed mhaoaphvine oxile poas|

phosphate as an jnternal standard conpound hereafter, yield and
purity were R#iRRY it & ffeaction yield to phosphorus oxytrichloride

of 83.6%.

10 This result, together with the results of examples
2 to 7 and comparative examples 1 to 4 where reaction was
carried out using respective solvents other than o-
dichlorobenzene whose permittivity is 2.2 or more or less
than 2.2 at 20°C, is shown in Table 1. Table 1 shows

15 that there existed a big clear difference in reaction
rate between the solvents with permittivity 2.2 or more
at 20°C and with permittivity less than 2.2 at 20°C, in
addition, the use of the solvents with permittivity 2.2
or more at 20°C is very effective in increasing the

20 reaction yield of the object compound.

Examples 2 - 7, Comparative Examples 1 - 4

The reaction was carried out exactly in the same
manner as example 1, except that various types aprotic
organic solvents shown in Table 1 were used instead of o-

25 dichlorobenzene.
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29 manner). The anal ysis shows that al nbst no

trls[trls(dlnethylan1no)phosphorany||denan1no]phosph|ne oxi de, which
i s phosphi ne oxide having the fornula (2) whose R is a nethyl group,
was fornmed. Then, the 5 tenperature of the liquid reaction product was
rai sed to 40[err]C and the reaction was continued for 24 hours, as a
result of which the above descri bed phosphi ne oxi de was ~ obtained in a
reaction yi epghi® phosphorus oxytrichloride of 83.6% 10 Thi s
result, together with the results of exanples 2 to 7 and conparative
exanples 1to 4 mhere reactlon mas carried out u5|ng respective

sol vents ot phe oropenzene-whqose a1 ; 2.2 or
nore or |ess Examp]Id!san }E’rf c '6 %"’FP}"C PF§“‘§-I‘F6\?VP{1|tn -u c‘im e 1 shows
15 that th- ___________________________ aroncd in roactigr ate bet ween

the sol vent|sE l@ mtti % or rmre2 38 at 20[er i(?and Mt h
perm’ttivit VEFYLR h ?,_;5‘ ZI? r%C |n481 addi tion e use of the
solvents w %; | tat nor e a%%ZO[err]C:%% ery effective

in increasi c%glt'&l) |eId of th® 8Bject co Exanpl es

2 - 7, Conp The reactio carfied out
exactly in tag‘ggélh fe drOfurga%(%rrpl e gl agxcept th gv\zfirl oug types
aprotic 07solxggggn§ﬁggﬁ in TabI§7 lowere use iQ§tead of o- 25
di chl or oben ZESkparati
Hexane 1.89 55.6

Example 1

Comparati

ve Petroleum Ether 1.85 - 1.95 58.1

Example 2

Comparati

ve 1-Hexene 2.06 57.5

Example 3

Comparati

ve Decalin 2.19 51.9

Example 4

Note: Permittivity represents permittivity at 20°C.

Example 8

5 Under a nitrogen atmosphere, 15.4 g (100 mmol) of
phosphorus oxytrichloride and 154 g of dried o-
‘dichlorobenzene were prepared in a 500 ml glass reactor

vessel. Then, 116 g (651 mmol) of
iminotris(dimethylamino) phosphorane was added drop by
10 drop over 1 hour while stirring the mixture and
controlling the bulk temperature to be kept at 70°C or
lower. The mole ratio of
iminotris(dimethylamino)phosphorane to phosphorus
oxytrichloride was 6.5. After completing the addition of

15 iminotris(dimethylamino)phosphorane, stirring was
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30 Table 1 Exanples Aprotic Oganic Permttivit

Reacti on Sol vent y Yield (%

Exampl e 2 Benzene _ 2.28 81.9 Exampl e 3

Chl or of orm 4.81 81.3 Exarrpl e 4 Et hyl Acetate

6. 08 85.4 Example 1 . o 6. 80 83.6

Di chl or obenzene Exanple 5 Tetrahydrofuran 7. 60 89.7
~Exanmple 6 o 9 a

Acetonitril e%éﬁ@ﬁﬁ%gr% 70°C fo% gour, s&ogg %o obta']::)ﬂ gpk»ﬁuz:e

Hexane slurdy 89Part of t5§s611qu1dE%éHE£Qoﬁ produ@Q”ﬂ%@aMaken ve

Petrol eum Ether 1.85 - 1.95 58."1 Exanpl e Conparati

ve asl-dles@iffle and a quariitative aralysis wadBGﬁﬁﬂutﬁbd

Comparati . ve Decal in 2.19 51.9

Exanpl e 4 Theé\cirea 1 yferarishows thhate irhes amas demmititedd tof at 20[err] C

Exanpl e 8 5 Under a nitrogen atnosphere, 15.4 g (100 mmol ) of

phosphor u$ oxsat¥s i igr  diienetrhy Legrinp Jethahphed apy 1 idenagiiohd Jpluisphone wer e

prepared in a 500 m glass react or vessel . Then, 116 g (651 mmol) of

i m notri s(di ¥R NP3 PHosphor ane was added drop by 10 drop over 1

hour while stirring the m xture and controlling the bulk tenperature

to be kept at 70[e§ F4er gphe reaqiign, the ghave dagorifed white

i mnotris(di chﬁr? I)é%am no) h_osg 'orﬁ’(?%o %s%g%r %%shed Wl% ri Csrlrlla(t){i de was

6.5. After

amount of o-dichlorobenzene, and 266 g of filtrate and

10 washings was obtained. The filtrate and washings was
taken in a 300 ml separéting funnel, 31.9 g of water
(0.12 times as heavy as the filtrate and washings) was
added, and Water-ﬁashing was conducted of the filtrate
and washings while intensely shaking the separating

15 funnel so that both of the o-dichlorobenzene phase and
the water bhase were satisfactorily contacted with each
"other, then the separating funnel was allowed to stand
still to separate the o-dichlorobenzene phase and the
water phase from each other, and each phase was collected

ZQ as a sample. This water-washing operation was carried
out another two times.

A quantitafive analysis was conducted of the o-
dichlorobenzene phase obtained, and the analysis shows
that iminotris(dimethylamino)phosphorane, which was left

25 unreacted before water-washing, was decreased to an

amount less than the limit of detection and the amount of
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15 imnotris(dinethyl am no)phosphorane, stirring was

31 continued at 70[err]C for 1 hour, so as to obtain a white
slurry. Part of this liquid reaction product was taken as a sanple and
a quantitative analysis was conduct ed. The anal ysis shows that the
reaction yield of 5

tris[tris(dinmethylam no)phosphoranyl i denam no] phosphi ne oxi de was

85. 4% by-ﬁréah@!tst 8s’ 8agbl egastﬁ@aﬁ%aeeﬁéa‘ééaeéo hk&d withslurry
was filtered, "the solid was washed with a shall amount of

o- di chl or obenkaBebe@Bee?fbt8roiabhlihfat erie, tie JESitHDSrBSnAN&I ned.
The filtrate and washi ngs was taken in a 300 mM separating funnel,

31.9 g of wapRase was(@oﬁ@ehi:ﬂﬁﬁeastbeaf? ae Boec ild rmigy sl yedimgs) was
added, and wat er-washi ng was conducted of the filtrate and washi ngs
whi | e i ntenséDy5shakifnghtihe sepadating 15 funnel so that both of the

o-di chl or obenzene phase and the water phase were satisfactorily
contact e wi t h ea@he purigyhef, trieftris (dépethylagihonrel was al l owed to
stand still to separate the o-dichlorobenzene phase and the wat er
phase from eBRASBhREANYAhdeparinpinbesphineopkidecdn bbe aglidswapl e. This

wat er - washi n erati was caﬁried out another two tinmes. A

quantitativegag IV@FgﬁaésaBSnH gt éfobptine yield wagj A dFobedizene phase
oot e, ke B, U5k nEhS koo BEhcrbesposehine oxide vas
obtained with little loss and with a satisfactorily high
10 purity only by water-ﬁashing the filtrate and washings
after filtrating the liquid reaction product.

In order to further purify the above described
phosphine oxide, the obtained solid was dissolved in
normal hexane which was 10 times as heavf as the solid

15 while stirring the solution over 40 minutes. After that,
the solid left undissolved was filtered, and the
undissolved matter was washed with a small amount of
normal hexane. The undissolved solid was about 1.9 g in
weight after being dried. The filtrate and washings

20 obtained was concentrated to dry at 60°C, 10 mmHG and

subjected to drying operation at 80°C for 5 hours under

the flow of nitrogen.
As a result, 48.5 g of white solid was obtained,
and its isolation yield was 83.1% and its purity was
25 increased to as high as 99.2 weight%. Then, the chlorine

ion content of the solid was measured by the
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25 unreacted before water-washing, was decreased to an amount | ess
than the limt of detection and the anount of

32 by- products was al so drastically decreased conpared with
t hat "before wat er-washi ng. Then, the o-dichl orobenzene phase was
concentrated to dry at 80[err]C, 10 mmHg to obtain 50.5 g of white
sol id. 5 The purity of tris[tris(dinethylam no)-

phosphor anyl hgesaei b LRLS pbiﬂ@a@i%&qnéfhédneuéphgdaV\eﬁlonne%oﬁ wei ght %
and the isolation yield was 83. 3% descri bed above, the above
descri bed phesedstﬁ@d@x Kerd@Ster th@béah@e@bs Vabbvéi ( t IBhd GeSasuiedd th a
sati sfactorily high purity only by water-washing the filtrate and

washi ngs vanﬁéeWaéi43rp@mng the liquid reaction product. In
order to further purlfy the above descri bed phosphi ne oxi de, the
obt ai ned sol Compaxat 3 nor mal hexane which was 10 tinmes as
heavy as the solid 15 mhlle stlrrlng the solution over 40 minutes. After

- that, 5 the soThe reactiomiwasl gauriwvd outtiéneadccandanpe with the

undi ssol ved matter was washed with a small anmount of nor mal hexane.
The undi ssol REACeST | desrsikgduin 1the gliteraturgehbyhé- N t Epidanngtdaled. The
filtrate and washjn obt ai ned was concentrated tQq dry at 60[err]C, 10

mHG and sub?%g?ﬁdatﬁlﬁ¥?g%© e sPhere at S 80P efr [€0Pofm81lRoQfs under

the flow of Q$£ﬁg eJ.s(dlmethylamlno) phosphorane and 200 ml of dried

petroleum ether were prepared in a 300 ml glass reactor
10 vessel (the concentration of the above described
phosphorane was 29 weight%). Then, a liquid mixture of
7.67 g (50.0 mmol) of phosphorus oxytrichloride and 25 ml
.of dried petroleum ether (the concentration of phosphorus
oxytrichloride was 32 weight%) was added drop by drop
15 over 30 minutes while stirring the mixture and
controlling the bulk temperature to be kept at 20°C.

The mole ratio of iminotris(dimethylamino)-
phosphorane to phosphorus oxytfichloride was 6.0. At
this time, part of the liquid reaction product was taken

20 as a sample, and it was found that almost no object
compound was formed. Then, the liquid reaction product
was heated at its reflux temperature (about 40°C) and the
reaction was continued. The yields after 24 hours and 48
hours were 59.8% and 73.0%, respectively. As is apparent

25 when compared with the results of examples 1 to 7, in the

process in accordance with the description in the above
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As a result, 48.5 g of white solid was obtained, and its isolation
yield was 83.1% and its purity was 25 increased to as high as 99.2

wei ght% Then, the chlorine ion content of the solid was neasured by
t he - - 33 potentionetric
titration nethod using a chlorine ion el ectrode (hereafter the sane as
above). The neasured val ue was 43 ppm Conparative Exanple 5 5

The reactio [ LR, a | scri bed
M the i torst o By & RSB iEe " apo ket dnl 24V, pnd PLORENISLS
at nosphere, f¢5 g (300 mmol ) of I m notris(dinmethyl am no) phosphorane
and 200 ml of dried - petrol eum ether were prepared in a 300 m gl ass
reactor 10 gempstatfive Eeafelér@ti on of the above described

phosphorane was 29 weight% . Then, a liquid m xture of 7.67 g (50.0
mol ) of phosphorPerbkjtatibvhowaslecandi@d ot usin@ftliks i Bigwedr ol eum et her
(the concentration of phosphorus oxytrichloride was 32 wei ght% was
added dr 6p bseatrtojon Ipradert Ibia ingdsimtadedanage ngitthethe xiroeesand
controlling the bulk tenperature to be kept at 20[err]C. The nol e
rati o of i nmdrATTINeH nn shend itgrature hdshokmiglann gthaslphofthe
oxytrichloride was 6.0. At this tine, part of the liquid reaction
product was tiReifl DRACKHIOD REPANGL Qﬁkﬁ#ﬂe$;&9fQﬁﬂﬂﬁﬁdﬁﬂVQﬂQﬁﬁﬂPlﬁbobject

conmpound was._ fornmed. Then, the liquid reactjon product
P :%) {n accoré;nce with the purificatf%n process described

in the above described literature.

10 The white slurry of petroleum ether obtained from
the reaction in comparative example 5 was filtered, the
solid left after the filtration was washed twice with 50
ml of petroleum ether, and the obtained filtrate and
washings was concentrated to dry at 30°C, 150 mmHg. As a

15 result, 21.5 g of faintly yellowish white solid was
obtained. When 6.0 g of petroleum ether (only 28 weight$%
of the solid) was added, the solid was almost completely
dissolved in the petroleum ether at 25°C. The solution
thus obtained was filtered, and the filtrate was cooled

20 so as to crystallize. However, a very small amount of
érystallization was observed only after the temperature
of the filtrate was reduced to -10°C.

The filtrate temperature was further reduced to -20°

C, and a certain amount of crystallization was finally

25 achieved. The filtrate thus obtained was immediately

filtered by using a cold filtration system at -20°C, the
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was heated at its reflux tenperature (about 40[err]C) and the reaction
was continued. The yields after 24 hours and 48 hours were 59. 8% and
73.0% respectively. As is apparent 25 when conpared with the results of
exanples 1 to 7, in the process in accordance with the description in
t he above 34 descri bed
literature, both reaction rate and yield were | ow. Conparative
Exanple 6 fjltered cRYsithilCdasoWwadhedC dithe@bodit BSigidt heetigléam 5
reacti on product obtained in accordance with the process described in
the literat Wgdd dedlledi@itdanpet, ahnd($089 g of Whited crg@alalofay oduct
obt ai ned i n conparative exanpl e 5) in accordance wth the

purificati omhyadoesls dEbisi begstal wasntths[tbisé¢ddesthyldeding)er ature. 10
The white slurry of petrol eumether obtained from the reaction in
conpar at i ve phompiorahiylddeniamiaodphosphine oxigle witds tpwirity ?8e2
filtration was washed twice with 50 m of petroleumether, and the

obt ai ned5f i Merdghd %ndoweverya hienyd edsks wasn @t 2% AR ythe 30[err]C

150 mmHg. As a 15 result, 21.5 g of faintly yell ow sh mhéig solid was

obt ai ned. Wsenesnd-ratdem of; ghdexidendon #as, asg Ridghy M, PPR-t he solid)
was added, the salid, was al npst conpletely di ssolved.in the petrol eum
ether at 25[err] &S ﬁ?@%ﬁ{?ﬁ)&%ove, SVl %lﬂ"bﬁ}heréfe?/@és??”éfa 108nd the

fil . .
trate Wa%@%“éé%%led out using a small amount of solvent, an

extremely low temperature was required; and moreover, the
10 vyield of crystal was very low.

Comparative Example 7

The reaction was carried out exactly in the same

manner as comparative example 5, except that the amount
of iminotris(dimethylamino)phosphorane used was 57.9 é

15 (325 mmol) and the reaction time at the reflux
temperature of the liquid reaction product (about 40°C)
was 30 hours. And the purification was carried out at -
20°C exactly in the same manner as comparative example 6.
The mole ratio of iminotris(dimethylamino)phosphorane to

20 phosphorus oxytrichloride was 6.5 (in excess of that
stoichiometrically required). The yield after the
reaction was 75.3%, and apparently the reaction rate was
increased compared wifh the result of comparative example
5 only because the amount of the above described

25 phosphorane used was increased.

After the recrystallization, 6.57 g of white
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20 so as to crystallize. However, a very small anmount of

crystallization was observed only after the tenperature of the
filtrate was reduced to -10[err]C The filtrate tenperature was
furtther reduced to -20[err] C, and a certain anount of crystallization

was finally 25 achieved. The filtrate thus obtained was i nmedi ately
filtered by using a cold filtration systemat -20[err]C, the

35 stalll wher egtainabial ¥Rs 1?@5 d¥ tthelkQiisth10 wifs PRt .rpl eum
- ether cool ed a%, 30[err]C, and 5.89 g o e crystal "was obt ai ned.
This cryst al weaghtgi ahtr thédiyaet Bylasi 00)7%. Even after the

phosphor anyl i denam no] phosphi ne oxide with purity 98.2 5 wei ght %
however, theopeebtiinasofnkgc2fs@édandathen, thecpurity rwds amoof chl orine
ion was as high as 640 ppm As descri bed above, even though
recrystal | i zagkrdafactorwas barthedxystaki mpoutsihlweightiintofof sol vent, an
extrenely | ow tenperature was _ required; and noreover, the 10 yield of
crystal wWas W@F?nﬁﬁﬁﬁ(dlmethﬁﬁ?&#&?ﬂPbOERbﬁﬁﬁee7a5 well as umen@emction was

carried out exactly. in the sane manner. as conparative exanple 5,

except that H‘i@‘“&ﬂ%ﬁﬁ? was opgerypfot rThe oﬂh@{%ﬂ%ﬁﬁﬁ%&%@%}ﬂm@%ed was
57.9 g 15 nmol ) and tE eaction tine at th refl ux te erature
of the |iqui S? a&Pls cﬁ?ﬁda tt%QEOﬁFoﬁﬁ é???ﬁflca Yv%ﬁﬂ%&F?ﬁn&% d the

purification [ri ut _at err exag in the sane manner
as comnpar atll\:/égéti%ﬁﬂl %8'618 o' bé fully rL °Vé§: Pr00955, as a

result, it remained in the object crystal deposited after
10 the operation of recrystallization.
Comparative Example 8
The reaction was carried out exactly in the same
‘manner as comparative example 5, except that the reactién
time at the reflux temperature of the liquid reaction
15 product (about 40°C) was 40 hours. The yield after the
reaction was 70.2%. The white slurry of petroleum ether
obtained was filtered, and the solid was washed twice
with 50 ml of petroleum ether. To the filtrate and
- washings obtained, water 0.12 times as heavy as the
20 filtrate was added, and water-washing was conducted of
the filtrate and washings while intensely shaking the
mixed solution so that both of the petroleum ether phase
and the water phase were satisfactorily contacted with
each other, theg the mixed solution was allowed to stand
25 still to separate the petroleum ether phase and the water

phase from each other, and each phase was collected as a
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The nole ratio of imnotris(dinethylam no)phosphorane to 20 phosphorus
oxytrichloride was 6.5 (in excess of that stoichionetrically
required). The yield after the reaction was 75.3% and apparently the
reaction rate was i ncreased conpared with the result of conparative
exanpl e 5 only because the amobunt of the above described 25
phosphorane used was i ncreased. After the recrystallization, 6.57

. g of white ﬁ This water-washin operatlgﬁ was carried out Crystal
was obtalned T purity of the crysta ; wei ght % and t he

yi el d was 20 azf¥thererwol temekhe operatlon of recrystallization, the
purity was not satisfactory. In the crystal, about 2 wei ght % of 5
I m notris(dinethywh@nne) ghaititativeaanadlyls ias wask momducted ofipthéeti es was
observed. The above descri bed phosphorane used in excess of that

st oi chi onet r ipediroj enmgeithed phaskeobtainedgadti wascoevealesd behdtl |y
renoved by this process, as a result, it remained in the object
crystal depogilmegtanpepbjegtt nomppundti Shasf isecitydis{ltinist i on.
Conpar ati ve Exanple 8 The reaction was carried out exactly in
the sane (%ﬁﬁéylé@leer}ﬁapam@aey&#ﬁ?easun@a@@msn WRS r eact i on
time at the reflux t nperahure of he |quld reaction_ 15 product (about
40[err] 0 waSORGHBEAs N FhE ?FEFB gpPcPthRs Phase.o,TheRn (HE $EY%, The

white slurry Oal gggogggﬁggg ucted of the water phase. The analysis

revealed that 99 weight% of the object compound contained
10 before water washing, together with by-products and
iminotris(dimethylamino)phosphorane left unreacted, was
contained in the water phase.
Example 9
The reaction and the water washing were carried out
15 in the same manner as example 8, except that dried -
toluene was used ihstead of o-dichlorobenzeng. The
“toluene phase obtained after the water washing was
concentrated to dry at 60°C, 50 mmHg. The solid obtained
was the object compound with purity 93.5 weight%, and its
20 yield was 82.9%.
Example 10
The reaction and the water washing were carried out
in the same manner as example 8, except that dried 2,4-
dichlorotoluene was used instead of o-dichlorobenzene.
25 The 2,4-dichlorotoluene phase obtained after the water

washing was concentrated to dry at 90°C, 10 mmHg. The
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obtained was filtered, and the solid was washed tw ce with 50 m of
petroleumether. To the filtrate and washi ngs obtai ned, water 0.12
times as heavy as the 20 filtrate was added, and water-washi ng was
conduct ed of the filtrate and washings while intensely shaking the
m xed solution so that both of the petrol eum ether phase and the water
phase were satisfactorily contacted with each other, then the m xed
sol uti on wasalildwhtdinest arms tHe chjadt tapmppend vl thh W&o %uh et her
phase and the water phase from each other, and each phase was

coll ected aswedght%, and its yield was 82.4%. 37

sanple. This water-washing operation was carried out anot her two
times. Examplheldl a quantitative anal ysis was conducted of the

petrol eum et her phase obtajned, it was reveal ed fhat 5 alnos no. obj ect
conpound, that ig?hqrxgﬂq¢4gp and the water washing were carried ou

(di met hyl am no) phosphor anyl i denam no osphi ne._was ined in the
petroleﬁﬁ1eﬂﬁbﬁﬂﬁh e ,rtQﬁa%ﬁéégieF%E %ﬁﬁﬁ@%i%hﬁﬁéﬁgg%gucted of the
wat er phase. . The gnal ysi s reveal.e )9 | 9 | aCt
conpound ((:orﬁlhli% CHFD BT 1 elrr%v\%ési%inhﬁé, %o%%%gﬁﬁziﬁﬁ'p%ﬁts and
I mnotris(di ' fg%gﬁﬂg Y&Sh GHdi ned in

t he water pk%{saée%mp%gnmgﬁe (dﬁ{ét}l‘%@%‘gc rilon a%lt.jarﬁe vvac?er

‘3’??25”9 VT €, £ar1] £¢; 028 Tinol ), Id1e SHIE ERENGE1RStENEERturfe AXOHM t hat

time of dropping the above described phosphorane was

10 controlled to be kept-at 60°C or lower and that the

reaction temperature after the dropping was 60°C. The

mole ratio of iminotris(dimethylamino)phosphorane to
phosphorus oxytrichloride was 6.3. The chlorobenzene
phase obtained after the water washing was concentrated
15 to dry at 80°C, 60 mmHg. The solid obtained was the
object compound with puritj 94.1 weight%, and its yield
was 67.3%.
Example 12
The reaction and the water washing were carried out
20 in the same manner as example 11, except that the amount
of iminotris(dimethylamino)phosphorane used was 120 g
(673 mmol). The mole ratio of
iminotris(dimethylamino)phosphorane to phosphorus
oxytrichloride was 6.7. The solid obtained by
25 concentrating to dry the chlorobenzene phase after the

water washing was the object compound with purity 95.9
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~toluene was used instead of o-dichlorobenzene. The tol uene phase
.obtained after the water washi ng was concentrated to dry at 60[err]C,
50 nmHg. The solid obtained was t he object conpound with purity 93.5
weight% and its 20 vyield was 82.9% Exanpl e 10 The
reaction and the water washing were carried out In the sane manner as
exanpl e 8, except that dried 2,4- di chl or ot ol uene was used i nstead of

o-di chloro , & e yietdlivdd @t .uene phase obtained after the
wat er washi ng was concentrated to dry at 90[err]C, 10 nmHg. The

38 Examplesdld d pbtai ned was the object conmpound with purity 96.1
weight% and its yield was 82. 4% Exanple 11 The reaction
and t he wat er waBhe ngplid eoloteainet! kyutcorcent el mameo ndxmed-as . exanpl e 8,
except that dried chl orobenzene was used instead of o-dichl orobenzene,
t hat tdiechikerahendenariphase s Wiiah mMasambiaines doreaecyieg out  was
112 g (628 mol ), of that the bulk tenperature at the time of dropping
t he above de® ¥R i FHDEH: Waker Washidia estactd ¥ dbeth@piamg 60[err] C
or lower and that the reaction tenperature after the droppi ng was

60[ err] C. TIRANST S HXANRAG P oWASHIGHE i HetHR HAT0) dtane to
phosphorus e%%%ﬁ;g]i.é: tH,Orei)gceepv)éisth%tg'no-g:‘rrln(?':llcqlle(i:ortoaqleenZle'.inel:imes as heavy
as normal hexane used in example 8 (example 13) and
normal octane twice as heavy as normal hexane uséd in
10 example 8 (example 14) were used. The yields of the
object compound obtained were 83%, almost the same in
both cases, and the purities were 98.9 weight% and 97.6
weight% in the order described above.
Example 15
15 The reaction and the water washing were carried out
exactly in the same manner as example 8, except that the
amount of.the water used at a time was 0.20 times as
heavy as the filtrate and washings. The solid obtained
by concentrating to dry o-dichlorobenzene phase after the
20 water washing was the object compound with purity 96.5
weight%, and its yield was 79.9%.

As described above, according to the present
invention, in the process for preparing phosphine oxides
having the formula (2) which comprises reacting

25 iminophosphoranes having the formula (1) with phosphorus

oxytrichloride, purification can be carried out in a
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phase obtained after the water washing was concentrated 15 to dry at

80[err]C, 60 nmHg. The solid obtained was the obj ect conpound with
purity 94.1 weight% and its yield was 67. 3% Exanpl e 12

The reaction and the water washing were carried out 20 in the sane nmanner
as exanple 11, except that the anount of

i mnotris(dimethylam no)phosphorane used was 120 g (673 mmol ). The

mol e rati o ofimpler iamdcaas isddiweey hytkeri ate) v cdesor Hred t phedphphanes
oxytrichloride was 6.7. The solid obtained by 25 concentrating to dry the
chl or obenzeranpths asgd ckn texcess ofykhat \wdichiopetyiably ccequwivrgrbund
wWith purity 95,9 ] ] . 39 .

wei ght % and®nd sthe akpvedetryibed phosphing «exides jgan be obtaingg 5ol d
obt ai ned by concentratin di chl orobenzene phase, which was

to dry o-. [
obt ai ned by Sl PSR PUT LY h%m? e 13 IhLIBRK (kP IRt shi ng exactly in
t he sane . ner exanple 8 .was purified in the same manner as
exanpl e 8, e’;(b"‘g%t ]?lrﬁaff}ﬁ&?‘?ﬁ %%Vg‘ié”qxnes as heavy as nor nal

hexane used in exanple 8 (exanple 13) and normal octane tw ce as heavy
as normal hexane used in 10 exanple 8 (exanple 14) were used. The yields
of the obj ect conpound obtai ned were 83% al nost the sane in bot h

cases, and the purities were 98.9 wei ght% and 97.6

41



wei ght % in the order described above. Example 15 15 The
feaction and the water washing were carried out exactly in the sane
manner as exanple 8, except that the anount of the water used at a
time was 0.20 tinmes as heavy as the filtrate and washings. The solid
obt ai ned by concentrating to dry o-di chl orobenzene phase after the 20
wat er washi ng was the object conmpound with purity 96.5 wei ght % and
its yield wagrX9m8% As descri bed above, according to the present
invention, in the process for preparing phosphine oxides havi ng t he

forml a (2) whi chigonpni pescesacfbRUpréparinynphdsphhneaogidbavi ng the
formula (1) with phosphorus oxytrichloride, purification can be

carried out havang the following formula (2): 40
sinpl er and easier way, the above descri bed phosphoranes—— —can-be-usedin-

excess of that stoichionetrically required, - and the a
phosphi ne oxi des can be obtai ned th hlgher purity a ﬂ“iﬂ m" ﬂ ""H
yield indan 5 industrially nore r 2stic way.

RZN—T_NRz

NRs
RzN‘—lF,’:N—IID':O - (2)
10 NR2 N
RoN—P—NR,

« NR3

wherein R represents the same kind of or
15 different kinds of hydrocarbon group(s) with 1 to 10
carbon atoms, and two Rs on the same nitrogen atom can
combine with each other to form a ring structure,
which comprises reacting iminophosphoranes having the

following formula (1)

20
NR2
RosN—PRP=—NH (1)
NR2
25 wherein R is the same.as that of the formula

(2), with phosphorus oxytrichloride, in the presence of
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oxi des

10

15

20

25

CLAI M5 1. A process for preparing phosphine
having the following fornmula (2): 5 [err]

an aprotic organic solvent with permittivity 2.2 or more

at 20°C as a reaction solvent.

2. The process for preparing phosphine oxides
according to claim 1, wherein R of said iminophosphoranes
having the formula (1) and of said phosphine oxides

having the formula (2) is a methyl group.

3. The process for preparing phosphine oxides
according to claim 1 or 2, wherein said aprotic organic
solvent does not dissolve aminophosphonium chlorides

having the following formula (3):

AR R

NR2
RzN——l|3+—NH2 ol - (3)
NR»

wherein R is the same as that of the formulae (1)

~and (2).

4. The process for preparing phosphine oxides
according to claim 1 or 2, wherein said aprotic organic
solvent does not dissolve aminophosphonium chlorides
having the formula (3) and is substantially immiscible

with water.
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“wherein Rrepresents the sane kind of or 15 different _kinds of

hydr ocar bon group(s) with 1 to 10 carbon atons, and t
ni trogen atom can conbine with each other to forma rniH M M'Dm
whi ch conpri ses reacting i m nophosphoranes having the a

(1): 20 [err] 25 wherein Ris the sanme as that of the
fornmul a (2), with phosphorus oxytrichloride, in the presence of

42 - 5an amhetpﬁoeéggnfarspkupaflngtbh@epn1né|uxiaea 2 or nore
“at 20[err]C as a reaction sol vent. 2. The process for preparing
phosphi ne oxaglesrdihgatéoafly Ngnéoof! elains Whes e n whefebmithe number

I m nophosphor anes having the formula (1) and of said phosphi ne oxides

‘having the fofrnmbhe$2dfi sahd mbmigdbphospiporanes having 3he Tferpubaetd)f or
preparing phosphine oxides 10 according to claiml or 2, wherein said
aprotic orgam$ed per 1 mole of phosphorus oxytrichloride is in the

5 range of 6 to 10.

6. A process for purifying phosphine oxides
having the formula (2) which comprises water washing of a
solution containing at least said phosphine oxides and an
10 organic solvent substantially immiscible with water to
give a solution of said phosphine oxides, or further
comprising concentration to dry said solution having been

subjected to water washing to give solid phosphine oxides.

15 7. The process for purifying phosphine oxides-
according to claim 6, wherein R of said phosphine oxides

having the formula (2) is a methyl group.

8. The process for purifying phosphine oxides
20 according to claim 6 or 7, wherein said organic solvent
substantially immiscible with water is an aprotic organic
solvent with permittivity 2.2 or more at 20°C which does
not dissolve aminophosphonium chlorides having the
formula (3).
25

9. The process for purifying phosphine oxides
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sol vent does not dissol ve am nophosphoni um chl ori des havi ng the

following fornmula (3): [err] wherein R is the sane&as

o s D 2 o e 2 RTID

aprotic organic sol vent does not dissol ve ani nophosphoni.umi cHl ofi dés s
havi ng the fornmula (3) and is substantially inmscible 25 with water.

43 according toSclaiff @ ¢¥ OLgSwhépeinr spadi 5glphaenhi ne oxi des
according to any one of clains 1 to 4, wherein the number of nol es of

sai d i mi nophespbainies aavléastfphdspmume.éiides hauing phe formbhéaof
phosphorus oxytrichloride is in the 5 range of 6 to 10. 6.
A process fo(2puandyamgopgasidi selventiesubstanbaalby fmmiboibilieawith which
conprises water washing of a solution containing at |east said
phosphi ne oxwdterahsl ansolution obtained by removing solid
5 .aminophosphonium chlorides having the formula (3) from a
liquid reaction product containing phosphine oxides
having the formula (2) and the above described
aminophosphonium chlorides by the solid-liquid separation
process, wherein the liquid reaction product is formed by
10 reacting iminophosphdranes having the formula (1) with
phosphorus oxytrichloride using as a reaction solvent an
aprotic organic solvent with permittivity 2.2 or more at
20°C which is substantially immiscible with water and
does not dissolve the aminophosphonium chlorides having
15 the formula (3), the above descried phosphine oxides and

phosphonium chlorides being yielded at the same time by

the above described reaction.

10. The process for purifying phosphine oxides
20 according to claim 9, wherein the number of moles of said
iminophosphoranes having the formula (1) which are used
per 1 mole of phosphorus oxytrichloride is in the range

of 6 to 10.

25 11. The process for purifying phosphine oxides

according to any one of claims 6 to 10, wherein phosphine
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10 organic solvent substantially inmmscible wt
sol ution of said phosphi ne oxides, or further \M:\Hml“ #l’ﬁgiﬁ'ﬂratl on
to dry said solution having been subj ected to ive

sol id phosphi ne oxi des. 15 7. The process for puri y|ng
phosphi ne oxi des according to claim6, wherein R of said phosphine
oxi des having the formula (2) is a nethyl group. 8. The -

process for ogiiekyiaRe RBRRAANIE a%x'ad%%lu%Q.o%C(iﬂr dubH hOmahakH €nak 7.
wherein said organic sol vent substantially immscible with water is an

aprotic orggaid solutionveF phiosphisemoxtidest ha¥iAgothevfermuldofenr]C

whi ch does not di ssol ve am nophosphoni um chl ori des having the

formul a (3) obta3ined by wate? wasHimgnriecesncentrated Yondrghosphi ne oxi des
44 according to claim6 or 7, wherein said solution
cont ai ni ng satheasedpladdphatd cohyderodaarbong ishaddedmitbathe drigyd and an
organi ¢ solvent substantially immscible with water is a solution

obt ai ned® by spdidyiobhfadaleidd ang the sodlidspledti ynddlssedveds isavemngvede
formula (3) froma |i qui d reaction product containing phosphine oxides
havi ng t he Pgr iFiea seidaddauid sepPpratdeosy pregess, or obtained as a

solid by concentrating to dry said solution of phosphine
oxides which has been subjected to said solid-liquid

separation process.
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am nophosphoni um chl ori des by the solid-I1iquid separation . process,
wherein the liquid reaction product is forned by 10 reacting

i m nophosphoranes having the formula (1) with phosphor us
oxytrichloride using as a reaction solvent an aprotic organic sol vent
wWth permttivity 2.2 or nore at 20[err] C which is substantially

I mm scible with water and does not dissol ve the am nophosphoni um
chlorides having 15 the fornula (3aBSTHRACIDove descried phosphi ne oxi des
and phosphoni um chl ori des being yielded at the sane tine by t he

above descri bed r @acprovide a process fOr Pphepprivgsphbsphpnei byiidgs
phosphi ne oxides 20 according to claim9, wherein the nunber of noles of

sai d i nEaBpRdSpngr arastkngi Hyinvphospheranes) wihhcphasphorsud per
1 nmol e of phosphorus oxytrichloride is in the range of 6 to 10. 25
11. The pro@§¥§r#6hlﬁﬁﬁ-ﬂﬁybﬁgwbh©bph%ﬁblﬁxpﬂésfled pheephdnfgokaddaRy one
of clains. 6 to 10, wherein phosp 45

oxi des ar® OBF§|P§d°§§a&n§€IbF¢B§t¥ha§ﬁXh1& daRhghern¥ield. said solution

of phosphi ne oxi des havi.n he fornula (2) . obt ai ned by water washing is
concentrated to d elelcgaﬁmaPBasahB% SORidRS ARERAPEERAFEUadBea oeh t h

dried 5 so!gdmggtalngg ta2%b$€§% ﬁ%Faﬁé%a#£%h§§§°§gg |§tﬁennved by

the solid-liquid séparati o

phosphorus oxytrichloride using an aprotic organic
solvent with permittivity 2.2 or more at 20°C as a

10 - solvent under special reaction conditions to give a
liquid reaction product containing phosphine oxides and
aminophosphonium chlorides which are yielded as a by-'
product at the same time as the phosphine oxides, and the .
above described chlorides are removed from the above

15 described liquid reaction product by the solid-liquid
separation process, and the solution having been |
subjected to the solid-liquid separation process is

washed with water.

' This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED
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SO|Id by concentrating to dry sai d sol uti on of phosphlne oxi des whi ch

has .been subjected to said solid- I|qU|d separation process.
46 7 -
| PROCESS FOR PREPARING PHOSPHINE OXIDES AND PROCESS FOR™
IWHHFYDNG]IHES
: * ABSTRACT

To provide a process for preparing phosphine oxides
comprising reacting imiﬁophosphoraﬁes with phosphorus
oxytrichloride by which highly putified phosphine oxides

5 can be obtained industrially in a higher yield. - |

Specifically, phosppine oxides are prepared in such -
a manner that iminophosphoranes. are reacted with
phosphorus oxytrichloride ueing an aprotic organic"
_solvent with permittivity 2.2 or more at 20°C as a

10 solvent under special feaction conditions to give a
liquid reactlon product contalnlng phosphine ox1des and
amlnophosphonlum chlorides which are ylelded as a by—
'product_at the same.tlme as the phosphine ox1des;,and the !.
above described chlorldes are. removed from the above

‘15 descrlbed liquid reactlon product by the solld—llquld
~separation process, and ‘the solution having been

subjected to the sblid-liéﬁid eeparatiOn process is .

washed with watei.
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