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AND MANUFACTURING METHOD THEREOF, AND
MANUFACTURING METHOD OF ORGANIC PHOSPHORUS
COMPOUND USING SAID PHOSPHIDE

Technical Field

The present invention relates to: a new anig magnesium phosphide
characterized by phosphorus-magnesium bond andnafa@uring method thereof; a
new organic magnesium phosphide complex and a raetuning method thereof; and a
new manufacturing method of organic phosphorus camg@ using such organic
magnesium phosphide or organic magnesium phosgbitdelex.

Background Art

Organic phosphorus compounds are used de-wanging applications such as
ligands in transition metal catalysts and harderangelerators for epoxy resins. For
example, an organic phosphorus compound expressedl,a-bis (di-t-butyl
phosphinomethyl) benzene is a catalyst ligand eiatbits highly desirable activity in
the carbonylation reaction of olefinic unsaturatedmpounds. Also, an organic
phosphorus compound expressed as 2,2’-bis diph@mgdphanylmethyl-1,1’-biphenyl
and derivatives thereof are catalyst ligands thduibet highly desirable activity and
selectivity in the hydroformylation reaction.

Among the key methods for manufacturinghsaoganic phosphorus compounds,
methods involving the reaction between a phosplEmtiloride and a lithium reagent or
Grignard reagent are well known (Patent LiteratlyeAlso, manufacturing methods
using the reaction between a metal phosphide, epeesentative of which is lithium
phosphide, and an electrophile, are also repoRede(it Literatures 2 to 5). However,
these methods are not advantageous propositionsdirstrial applications because
preparation of lithium phosphides requires highlgzdwrdous metal lithium and
expensive lithium reagents.

Metal phosphides also include synthesizegigmesium phosphides, but their

examples reported so far are limited to magnesitnosphides containing aromatic
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groups, such as FPMgBr and PhOcPMgCI (Oc represents an octyl gréNph-patent
Literatures 1, 2). This is because preparing dlalkgagnesium phosphides having
primary and secondary straight-chain alkyl groupssabstituents is difficult, as the
produced dialkyl magnesium phosphide reacts with dialkyl phosphinous chloride
used as a material, which explains why no exampkywathesized dialkyl magnesium
phosphide, where the phosphorus atom has two tudistialkyl groups, has been
reported. Consequently, no manufacturing methodiadkyl phosphine compound has
been reported which involves the reaction betwedral&yl magnesium phosphide and
an electrophile.

On the other hand, dialkyl or trialkyl plpbgne compounds having secondary or
tertiary alkyl groups are particularly useful agalnds in transition metal catalysts for
cross-coupling reactions, and such compounds adwssstructures have been proposed.
These dialkyl or trialkyl phosphine compounds agaegally manufactured by causing a
dialkyl phosphinous chloride to react with an oigalithium reagent or Grignard
reagent prepared from a halogen compound. Thergrat@ems, however, because
preparing Grignard reagents from such halogen comg® as benzyl chloride, allyl
chloride and cinnamyl chloride is difficult and tees special equipment, while
preparation of lithium reagents from halogen conmasurequires use of intermediates

that contain heavy metals.

Background Art Literature

Patent Literature

Patent Literature 1: International Patentlt@pen No. WO99/47528

Patent Literature 2: U.S. Patent No. 4879416

Patent Literature 3: International Patent Laidrop®. W0O90/06930

Patent Literature 4. Chinese Patent No. 102010442

Patent Literature 5: Examined Japanese Patertdmed No. Hei 7-74226
Non-patent Literature

Non-patent Literature 1:  Applied OrganomietaChemistry, 2009, Vol. 23, pp. 272-
276.

Non-patent Literature 2:  Inorganic Chemistry, 20@l. 40, pp. 4420-4427.

Summary of the Invention



[0008]

[0009]

[0010]

[0011]

[0012]

Problemsto Be Solved by the I nvention

The present invention was developed agdmesbackground explained above, and
its object is to provide a new organic magnesiurasphide useful in the synthesis of
organic phosphorus compounds and a manufacturinghasheof such organic
magnesium phosphide, as well as a new organic rsagnehosphide complex and a
manufacturing method of such organic magnesiumpgdtide complex.

Another object of the present invention is toyle a new manufacturing method
of organic phosphorus compound using such orgaaignesium phosphide or organic
magnesium phosphide complex.

Meansfor Solving the Problems

After studying in earnest to solve the afoentioned problems, the inventors of
the present invention found that, first and foretnosganic magnesium phosphides or
organic magnesium phosphide complexes having pyiroarsecondary straight-chain
alkyl groups or other hydrocarbon groups, aromgttarps, etc., as substituents, can be
prepared using the phosphorus-hydrogen bond exehasagtion between a Grignard
reagent, or an organic magnesium complex to whicluin halide has been added, and
a phosphine.

The inventors also found that, when pregaa magnesium phosphide from metal
magnesium, adding a lithium halide allows a magmasphosphide complex to be
prepared much more efficiently, and it also proguite reaction liquid as a solution so
that the obtained magnesium phosphide complex eandnipulated easily, instead of a
slurry that makes such manipulation cumbersome.

Furthermore, the inventors discovered a newanufacturing method for
synthesizing an organic phosphorus compound usiloh $iew organic magnesium
phosphide or organic magnesium phosphide complex.

In other words, the present invention ismarized as follows:

[1] An organic magnesium phosphide expresseddrye@l Formula (1):



[Chem 1]

1
R.__MgX
1) R

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, alicyclic group, or heterdygroup, and X is chlorine, bromine,
or iodine).

[2] An organic magnesium phosphide accordinglipWherein R and R are
tertiary alkyl groups.

[3] An organic magnesium phosphide accordinglfpdr [2], expressed by
Formula (2) below:

[Chem 2]

_MgCl

2)

[4] An organic magnesium phosphide accordinglipWherein Rand R are
alicyclic groups.

[5] An organic magnesium phosphide accordinglfpdr [4], expressed by

Formula (3) below:



[Chem 3]

_MgCl

3)
[6] A manufacturing method of an organic magnesiphosphide expressed
by General Formula (4):
[Chem 4]
R o MgX

4)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogw, or heterocyclic group, and X is
chlorine, bromine, or iodine); wherein such mantifang method of organic
magnesium phosphide is characterized in that tlganbic magnesium phosphide is

prepared from: a phosphine expressed by GenerailHar(5):



[Chem 5]

R’ H
g
R

(5)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliows, or heterocyclic group); and a
Grignard reagent expressed by General Formula (6):

[Chem 6]

R>MgX

(in the formula, Ris an aliphatic group, heteroaliphatic group, atimgroup,
alicyclic group, or heterocyclic group, and X idarime, bromine, or iodine).

[7] A manufacturing method of an organic magnesiphosphide expressed
by General Formula (7):

[Chem 7]

R.? _MgX

7
R

(7)



(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejaatine); wherein such manufacturing
method of organic magnesium phosphide is charaetkin that the organic magnesium
phosphide is prepared from: a phosphinous haligeessed by General Formula (8):

[Chem 8]

6

R X

3/"

|
R

(8)

(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejantine); and metal magnesium.

[8] An organic magnesium phosphide complex exqeedy General Formula
(9):

[Chem 9]

3
R.__MgX- LiY
p9

4
R
9)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X and

Y are each independently chlorine, bromine, ornedli



[9] An organic magnesium phosphide complex adogrdo [8], wherein R
and R are tertiary alkyl groups.

[10] An organic magnesium phosphide complex atiogr to [8] or [9],
expressed by Formula (10) below:

[Chem 10]

_MgClI-LiCl

P
|
|

(10)

[11] An organic magnesium phosphide complex atiogrto [8], wherein R
and R are alicyclic groups.

[12] An organic magnesium phosphide complex atiogr to [8] or [11],

expressed by Formula (11) below:



[Chem 11]

MgClI- LiCl
o gCl- Li

(11)

[13] A manufacturing method of an organic maguaesiphosphide complex
expressed by General Formula (9):

[Chem 12]

3
R __MgX- LiY
pray

|
R4

9)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogw, or heterocyclic group, and X and
Y are each independently chlorine, bromine, ornrelli wherein such manufacturing
method of organic magnesium phosphide complex &adterized in that the organic
magnesium phosphide complex is prepared from: apgihine expressed by General
Formula (5):
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[Chem 13]

3
R.__H
iy
R
©)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group); and an
organic magnesium complex expressed by Generalfarfh2):

[Chem 14]

R2MgX: LiY

(12)

(in the formula, Ris an aliphatic group, heteroaliphatic group, atimgroup,
alicyclic group, or heterocyclic group, and X andaxe each independently chlorine,
bromine, or iodine).

[14] A manufacturing method of an organic maguaesiphosphide complex

expressed by General Formula (13):
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6
R.__MgX- LiY
p-9

L7
R
(13)

(in the formula, Rand K are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X and Y are each indepethdehlorine, bromine, or iodine);
wherein such manufacturing method of organic magnesphosphide complex is
characterized in that the organic magnesium phdspbomplex is prepared from: a
phosphinous halide expressed by General Formula (8)

[Chem 16]

6
R...X
|
=Y

(8)

(in the formula, Rand K are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejamtine); and metal magnesium, along
with a lithium halide.

[15] A manufacturing method of organic phosphotospound, characterized

in that: an organic magnesium phosphide expresgé&ktberal Formula (4):
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3
R___MgX
5-Mg

| 4
R
)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X is
chlorine, bromine, or iodine), or an organic magmasphosphide complex expressed
by General Formula (9):

[Chem 18]

R’ _MgX- LiY
4
R

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogw, or heterocyclic group, and X and
Y are each independently chlorine, bromine, ornedliis reacted with an electrophile.

[16] A manufacturing method of organic phosphocasnpound according to
[15], characterized in that the electrophile ienpound expressed by General Formula
(14), (15) or (16) below:
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[Chem 19]
J‘C)L
]
1 8 Ar'”T X 1 8
X R X—R
(14) (15) (16)

(in the formula, Ris an aliphatic group, heteroaliphatic group, aatiengroup,
alicyclic group, or heterocyclic group, Ais an aromatic group, and'Xs fluorine,
chlorine, bromine, iodine, or sulfonate group).

[17] A manufacturing method of organic phosphocasnpound according to
[15] or [16], characterized in that the electroph8 a compound expressed by General
Formula (17):

[Chem 20]

X'I

9
R
an

(in the formula, R is an aliphatic group that may have been halogenat
sulfonated, or aromatic group that may have bedsstduted by a halogenated or
sulfonated aliphatic group, and'Xs fluorine, chlorine, bromine, iodine, or sulféea
group).

[18] A manufacturing method of organic phosphocasnpound according to
any one of [15] through [17], characterized in thhe magnesium phosphide is an
organic magnesium phosphide expressed by Form8)ebélow:

PhPMgCI (18); and

the organic magnesium phosphide complex is aanicgmagnesium phosphide
complex expressed by Formula (19) below:
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PRPMgCIeLICI (19), or
Formula (10) below:
[Chem 21]

MqCl-LiCl
S

(10)
Effects of the Invention

The organic magnesium phosphide and orgar@gnesium phosphide complex
proposed by the present invention can be prepamd fmagnesium which can be
procured inexpensively, and is safe, in industapplications. Use of the organic
magnesium phosphide or organic magnesium phosptodeplex proposed by the
present invention opens the door to a new manuiagtmethod of organic phosphorus
compound. This means that, by using the manufagumethod proposed by the
present invention, a diverse range of organic phoss compounds can be provided
for use as ligands for cross-coupling reactionsigidransition metal catalysts, as
hardening accelerator catalysts for epoxy resits, @nd in other fields. These
possibilities make the manufacturing method progdse the present invention useful
in the manufacture of organic phosphorus compowamdsvery valuable in industrial
applications.
Modefor Carrying Out the I nvention

Under the present invention, C1 to C10 klgsoups among aliphatic groups
include methyl group, ethyl group, n-propyl grouypropyl group, n-butyl group, i-
butyl group, sec-butyl group, tert-butyl group, empyl group, neopentyl group, 2-
pentyl group, 3-pentyl group, tert-pentyl grouphexyl group, i-hexyl group, 2-hexyl
group, 3-hexyl group, n-heptyl group, 1-methyl Hegsoup, 1-ethyl pentyl group, 2-
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ethyl pentyl group, 1-propyl butyl group, octyl gpy nonyl group, decanyl group, 1,1-
dimethyl butyl group, 1,2-dimethyl butyl group, 4d8nethyl butyl group, 2,2-dimethyl
butyl group, 2,3-dimethyl butyl group, 3,3-dimethigltyl group, 1-ethyl-1-methyl
propyl group, 1-ethyl-2-methyl propyl group, 1,1tBnethyl propyl group, 1,2,2-
trimethyl propyl group, 1-methyl hexyl group, 2-gtiexyl group, 3,7-dimethyl octyl
group, and 1-methyl undecanyl group.

Also, C2 to C12 alkenyl groups include \ingroup, 1-propenyl group,
isopropenyl group, allyl group, 1-butenyl groupotgt group (2-butenyl group), 3-
butenyl group, 1,3-butadienyl group, 1l-pentenylugro2-pentenyl group, 3-pentenyl
group, 4-pentenyl group, 1,3-pentadienyl group;dedtadienyl group, 2,4-pentadienyl
group, 1-hexenyl group, 2-hexenyl group, 3-hexemglup, 4-hexenyl group, 5-hexenyl
group, 1,3-hexadienyl group, 1,4-hexadienyl group5-hexadienyl group, 2,4-
hexadienyl group, 2,5-hexadienyl group, 3,5-hexagdigroup, 1,3,5-hexatrienyl group,
6-heptenyl group, 7-octenyl group, 9-decenyl grolif;undecenyl group, 1-methyl
vinyl group, 1-methyl propa-1-en-1-yl group, 1-mgdthllyl group, 2-methyl propa-1-
en-1-yl group, 2-methyl allyl group, 1-methylen®pa-2-en-1-yl group, 1-methyl buta-
1-en-1-yl group, 1-methyl buta-2-en-1-yl group, #thyl buta-3-en-1-yl group, 2-
methyl buta-1-en-1 group, 2-methyl buta-2-en-1-ybup, 2-methyl buta-3-en-1-yl
group, 3-methyl buta-1-en-1-yl group, 3-methyl b8tan-1-yl group, 1-methylene
butyl group, 2-methylene butyl group, 1-ethyl-14peayl group, l-ethyl-2-propenyl
group, 1,2-dimethyl-1-propenyl group, 1,1-dimetBypropenyl group, 1,2-dimethyl-2-
propenyl group, 1-methylene-1-methyl propyl grodpmethylene-2-methyl propyl
group, 2-methylene-1-methyl propyl group, 2-meth@@-methyl propyl group, 1-
methylene-2-butenyl group, 1-methylene-3-butenglgr;, 2-methylene-3-butenyl group,
2-methyl-2-methylene-2-propenyl group, 1-methyldnfenyl group, 1-methyl-2-
pentenyl group, 1l-methyl-3-pentenyl group, 1-metiydentenyl group, 2-methyl-1-
pentenyl group, 2-methyl-2-pentenyl group, 2-metBydentenyl group, 2-methyl-4-
pentenyl group, 3-methyl-1-pentenyl group, 3-metkbydentenyl group, 3-methyl-3-
pentenyl group, 3-methyl-4-pentenyl group, 4-methylentenyl group, 4-methyl-2-
pentenyl group, 4-methyl-3-pentenyl group, 4-me#wdentenyl group, 1-methylene
pentyl group, 2-methylene pentyl group, 3-methyl@eatyl group, 1l-ethyl-1-butenyl
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group, l-ethyl-2-butenyl group, 1-ethyl-3-butenybigp, 2-ethyl-1-butenyl group, 2-
ethyl-2-butenyl group, 2-ethyl-3-butenyl group, thdidene butyl group, 1-vinyl butyl
group, 1,2-dimethyl-1-butenyl group, 1,1-dimethyb2tenyl group, 1,2-dimethyl-2-
butenyl group, 1,3-dimethyl-2-butenyl group, 2,8dihyl-2-butenyl group, 3,3-
dimethyl-2-butenyl group, 1,1-dimethyl-3-butenybgp, 1,2-dimethyl-3-butenyl group,
1,3-dimethyl-3-butenyl group, 2,2-dimethyl-3-butéryroup, 2,3-dimethyl-3-butenyl
group, 1-methyl-1,3-pentadienyl group, 1-methyl-pehtadienyl group, 1-methyl-2,4-
pentadienyl group, 2-methyl-1,3-pentadienyl gro2qmethyl-1,4-pentadienyl group, 2-
methyl-2,4-pentadienyl  group, 3-methyl-1,3-pentaglie group, 3-methyl-1,4-
pentadienyl group, 3-methyl-2,4-pentadienyl grodymethyl-1,3-pentadienyl group, 4-
methyl-1,4-pentadienyl group, 4-methyl-2,4-pentagliggroup, 1-methylene-2-pentenyl
group, 1-methylene-3-pentenyl group, 1-methylerpedtenyl group, 2-methylene-3-
pentenyl group, 2-methylene-4-pentenyl group, 3hylehe-l-pentenyl group, 3-
methylene-4-pentenyl group, 1-ethyl-1,3-butadienytoup, 2-ethyl-1,3-butadienyl
group, 1,2-dimethyl-1,3-butadienyl group, 1,3-dimg{l,3-butadienyl group, 2,3-
dimethyl-1,3-butadienyl group, 1-ethylidene-2-byfegroup, 1-ethylidene-3-butenyl
group, 2-ethylidene-3-butenyl group, 1-vinyl-3-bugegroup, 2-vinyl-3-butenyl group,
1-methylene-2-methyl-2-butenyl group, 1-methylere&hyl-3-butenyl group, 1-
methylene-3-methyl-2-butenyl group, 1-methylene-&iml-3-butenyl group, 2-
methylene-1-methyl-3-butenyl group, 2-methylene-&iml-3-butenyl group, 1,2-
dimethylene butyl group, 1-methylene-2,4-pendadiemyoup, 3-methylene-1,4-
pentadienyl group, 1-vinyl-1,3-butadienyl groupyvifyl-1,3-butadienyl group, 1,2-
dimethylene-3-butenyl group, 3,7-dimethyl-6-octergtoup, and 3,7-dimethyl-2,6-
octadienyl group.

Or, C2 to C12 alkynyl groups include ethlygsoup, 1-propynyl group, propargyl
group, 1-butynyl group, 2-butynyl group, 3-butymybup, 1,1-dimethyl propa-2-yn-1-
yl group, and the like.

Also, C6 to C18 aryl groups among aromgtmups include phenyl group, 2-tolyl
group, 3-tolyl group, 4-tolyl group, 2-hydroxyphémyoup, 3-hydroxyphenyl group, 4-
hydroxyphenyl group, 2-cyanophenyl group, 3-cyamoph group, 4-cyanophenyl
group, 2-trifluoromethyl phenyl group, 3-trifluorathyl phenyl group, 4-
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trifluoromethyl phenyl group, 2,4-dimethoxyphenybgp, 2,5-dimethoxyphenyl group,
2,4,6-trimethyl phenyl group, 2,4-dimethylphenylogp, 2,3-dimethylphenyl group,

3,4-dimethyl benzene, 3,5-dimethylphenyl grouptrZhoromethoxy) phenyl group, 3-

(trifluoromethoxy) phenyl group, 2-biphenyl groughbiphenyl group, 4-biphenyl group,
3,4-(methylene dioxy) phenyl group, naphthyl groapd the like.

Also, C3 to C18 cycloalkyl groups amongewtilic groups include cyclopropyl
group, 1l-methyl cyclopropyl group, 2-methyl cyclopyl group, 1,2-dimethyl
cyclopropyl group, 2,2-dimethyl cyclopropyl group,3-dimethyl cyclopropyl group,
2,4-dimethyl cyclopropyl group, 3,3-dimethyl cyctopyl group, cyclopropyl methyl
group, (1-methyl cyclopropyl) methyl group, (2-mgtleyclopropyl) methyl group, 1-
cyclopropyl ethyl group, 2-cyclopropyl ethyl grouf,2-dimethyl cyclopropyl) methyl
group, (2,2-dimethyl cyclopropyl) methyl group, €ikyl cyclopropyl) methyl group,
(2-ethyl cyclopropyl) methyl group, 1-(1-methyl dgpropyl) ethyl group, 1-(2’-
methyl cyclopropyl) ethyl group, 2-(1’-methyl cygmpyl) ethyl group, 2-(2’-methyl
cyclopropyl) ethyl group, 1-cyclopropyl propyl gmu2-cyclopropyl propyl group, 3-
cycloprpoyl propyl group, 1,2,2-trimethyl cyclopydp group, 1,2,3-trimethyl
cyclopropyl group, 2,2,3-trimethyl cyclopropyl gmul-ethyl-2-methyl cyclopropyl
group, 2-ethyl-1-methyl cyclopropyl group, 2-etl®#methyl cyclopropyl group, 1-
propyl cyclopropyl group, 2-propyl cyclopropyl gmmucyclobutyl group, 1-methyl
cyclobutyl group, 2-methyl cyclobutyl group, 3-mgtlcyclobutyl group, cyclobutyl
methyl group, (1-methyl cyclobutyl) methyl groug;ifiethyl cyclobutyl) methyl group,
(3-methyl cyclobutyl) methyl group, 1-cyclobutyhgt group, 2-cyclobutyl ethyl group,
1,2-dimethyl cyclobutyl group, 2,2-dimethyl cycldigugroup, 2,3-dimethyl cyclobutyl
group, 3,3-dimethyl cyclobutyl group, 1l-ethyl cyoldyl group, 2-ethyl cyclobutyl
group, 3-ethyl cyclobutyl group, cyclopentyl groagclopentyl methyl group, 1-methyl
cyclopentyl group, 2-methyl cyclopentyl group, 3tmg cyclopentyl group, cyclohexyl
group, cyclohexyl methyl group, 1-methyl cyclohexytoup, 2-methyl cyclohexyl
group, 4-methyl cyclohexyl group, cycloheptyl group-cyclohexyl ethyl group,
adamantyl group, norbonyl group, and the like.

Also, C3 to C18 cycloalkenyl groups among aliaycbroups include 1-
cyclopropenyl group, 2-cyclopropenyl group, (l-opropenyl) methyl group, (2-



[0019]
[0020]

[0021]

[0022]

18

cyclopropenyl) methyl group, 1-cyclobutenyl groupscyclobutenyl group, 2,3,3-
trifluoro-1-cyclobutenyl group, 1-cyclopentenyl gm 2-cyclopentenyl group, 3-
cyclopentenyl group, cyclohexa-2-en-1-yl groupyblo [2.2.1] hepta-2-en-7-yl group,
bicyclo [3.2.1] octa-1-en-3-yl group, 1-phenyl vingroup, 2-phenyl vinyl group, 3-
phenyl-2-propenyl group, cinnamyl group (3-phenyloga-2-en-1-yl group), 2-
ethoxyethylene group, and the like.

Also, heterocyclic groups include 2-furybgp, 2-pyridyl group, and the like.

Under the present invention, halogen atorokide fluorine atom, chlorine atom,
bromine atom, and iodine atom, while reactive geoumglude sulfonate group.

[Organic Magnesium Phosphide]

The organic magnesium phosphide proposed by tlesept invention is a
compound expressed by General Formula (1):

[Chem 22]

1
R. o MgX
.
R

(1)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, alicyclic group, or heterdaygroup, and X is chlorine, bromine,
or iodine).

In the organic magnesium phosphide expredse General Formula (1), the
aliphatic groups that may be represented byl R include C1 to C10 alkyl groups,
C2 to C12 alkenyl groups, or C2 to C12 alkynyl greuwhere these groups may be
straight-chained or branched. Among the alkyl geoup4 to C6 are preferred, to be
specific. To be more specific, isopropyl group, usyb group, t-butyl group, and
cyclohexyl group are preferred. The most prefewesl t-butyl group and cyclohexyl
group. Among the alkenyl groups or alkynyl grou@el to C6 are preferred, to be
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specific. To be more specific, 1,1-dimethyl-2-progle group or 1,1-dimethyl-2-
propynyl group is preferred.

The heteroaliphatic groups that may beeasgnted by Rand R include, among
the aforementioned alkyl groups, alkenyl groupalkynyl groups, those having at least
one heteroatom, such as oxygen atom or nitrogem,atsther appended to their
framework or as a bonded atom, where these grougpg Ime straight-chained or
branched. Among the heteroaliphatic groups, 4tgteopyranyl group is preferred, to
be specific.

The alicyclic groups that may be represertg R and K include C3 to C18
cycloalkyl groups, C3 to C18 cycloalkenyl groups,G8 to C18 cycloalkynyl groups,
which may be monocyclic or polycyclic cycloalkylagps such as adamantyl group or
norbonyl group, for example. Among the alicycliogps, C3 to C8 cycloalkyl groups
are preferred, to be specific. Specifically, cyeoyl group is more preferred.

The heterocyclic groups that may be represkby R and R include alicyclic
groups having at least one heteroatom in their gtrgcture, and aromatic groups
having at least one heteroatom in their ring stmectAmong the heterocyclic groups, 2-
furyl group and 2-pyridyl group are preferred, todpecific.

The aforementioned substituent groups nheymselves be substituted by other
substituent groups; for example, an aliphatic grongy be substituted by an aromatic
group to form an aralkyl group, or conversely aonaatic group may be substituted by
an aliphatic group to form an alkyl aryl group.

Also, the halogen represented by X is gelk from a chlorine atom, bromine
atom, and iodine atom, among which a chlorine awpreferred, to be specific.

For the organic magnesium phosphide expressy General Formula (1),
preferred substituent combinations are where bdtral R are t-butyl groups or
cyclohexyl groups, and X is a chlorine atom. Taspecific, it is di-t-butyl phosphanyl
magnesium chloride or dicyclohexyl phosphanyl magma chloride.

The organic magnesium phosphide expresgeBobmula (1) under the present
invention was found to be manufacturable usingrtaufacturing method described
below, and it is useful as a material (reagent)duisethe manufacture of organic

phosphorus compounds.
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[0030] Next, representative examples of compoundsided in the organic magnesium
phosphide expressed by Formula (1) above undeiptegent invention, are shown
below. It should be noted, however, that the compsuncluded in the scope of the
present invention are not limited to the following.

It should be noted that the following abbreviaiaused in the table refer to the
corresponding groups as specified below (the sgpkes to Table 2):
Me: Methyl group, i-Pr: Isopropyl group, Ad: Adantgl group
[0031]
[Table 1]

1
R.._MgX
\P/ g

;'qz
1)
Table 1. Organic Magnesium Phosphide ExpresseGdneral Formula (1) under
Present Invention
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><P,MgCI
+

MgB
><P,gr

Ad.__MgCl
p-Mg

Ad

Ad.__MgB
g

Ad

MaCl
o

MgB
(e

i-Pr\?,MgCI

i-Pr\P,MgBr

i-Pr__Mgl

P
|
i-

i-Pr i-Pr Pr

(Manufacturing Method of Organic Magnesimosphide)

[Step a]

The organic magnesium phosphide expressed byr@eRermula (4) can be
synthesized by reacting a phosphine expressed hgr&le~ormula (5) with a Grignard

reagent expressed by General Formula (6):

[Chem 23]

3 3

R, __H . ; R.__MgX
> + RIMgX —> RZH + »
R R

(5) (6) (20) 4)

(in the formula, R and R are each independently an aliphatic group, heliptaic
group, aromatic group, alicyclic group, or heteditygroup; R is an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X is

chlorine, bromine, or iodine).
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In the phosphine expressed by General Hariff), the aliphatic groups that may
be represented by’Rind R include C1 to C10 alkyl groups, C2 to C12 alkegrgups,
or C2 to C12 alkynyl groups, where these groups beagtraight-chained or branched.
Among the alkyl groups, C4 to C6 are preferredbeéospecific. To be more specific,
isopropyl group, s-butyl group, and t-butyl group areferred. The most preferred is t-
butyl group. Among the alkenyl groups or alkynybgps, C4 to C6 are preferred, to be
specific. To be more specific, 1,1-dimethyl-2-prople group or 1,1-dimethyl-2-
propynyl group is preferred.

The heteroaliphatic groups that may beesgnted by Rand K include, among
the aforementioned alkyl groups, alkenyl groupsalynyl groups, those having at
least one heteroatom, such as oxygen atom or sitragom, either appended to their
framework or as a bonded atom, where these grougpg Ibe straight-chained or
branched. Among the heteroaliphatic groups, 4tgteopyranyl group is preferred, to
be specific.

The aromatic groups that may be represented®an& K include C6 to C18 aryl
groups, which may be monocyclic or polycyclic. Angothe aromatic groups, phenyl
group is preferred, to be specific.

The alicyclic groups that may be represertg R and K include C3 to C18
cycloalkyl groups, C3 to C18 cycloalkenyl groups,G8 to C18 cycloalkynyl groups,
which may be monocyclic or polycyclic cycloalkylagips such as adamantyl group or
norbonyl group, for example. Among the alicycliogps, C3 to C8 cycloalkyl groups
are preferred, to be specific. Specifically, cyeryl group is more preferred.

The heterocyclic groups that may be represkby R and R include alicyclic
groups having at least one heteroatom in their strgcture, and aromatic groups
having at least one heteroatom in their ring stmectAmong the heterocyclic groups, 2-
furyl group and 2-pyridyl group are preferred, todpecific.

The aforementioned substituent groups nheymselves be substituted by other
substituent groups; for example, an aliphatic grmgy be substituted by an aromatic
group to form an aralkyl group, or conversely aonaatic group may be substituted by

an aliphatic group to form an alkyl aryl group.
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Also, in the Grignard reagent expresseddeyeral Formula (6), the substituent
group represented by’Rs selected from C1 to C4 aliphatic groups, wrethg/l group
and isopropyl group are preferred, to be specHiso, to be more specific, chlorine
atom is preferred for the halide represented by X.

It should be noted that the Grignard reagepressed by General Formula (6)
may be synthesized according to a known method ocommercial product may be
used.

The manufacturing method of the organic nesjum phosphide expressed by
General Formula (4) can be implemented at a reatémperature in a range of 0 to
60°C. The reaction temperature is more preferably iange of 0 to 4TC, or yet more
preferably in a range of O to %D.

Under the manufacturing method of the orgamagnesium phosphide expressed
by General Formula (4), metal salt may be addedlifgimetal salt may promote the
phosphide synthesis reaction in an advantageousenahnhe applicable metal species
include, but are not limited to, Fe, Zn, Ni, B, &u, and the like. Also, the applicable
salts include, but are not limited to, fluoride|aride, bromide, iodide, trifluoromethane
sulfonate, and the like. To be more specific, ze€lpreferred. As for the additive
guantity, a feasible range is 0.1 to 10 percentniy, or a more preferable range is 0.5
to 5 percent by mol, relative to 100 percent by nfgdhosphine.

For the reaction solvents that can be usethe manufacturing method of the
organic magnesium phosphide expressed by Generahuk@ (4), tetrahydrofuran,
diethyl ether, or other ether-based solvent mayidexl alone or mixed with benzene,
toluene or other aromatic-based solvent or hextaggtane or other hydrocarbon-based
solvent, to be able to produce similar results. e quantity of solvent is in a range of
0.1 to 10 liters, or preferably 0.3 to 2 literdateve to 1 mol of the organic magnesium
phosphide expressed by General Formula (4).

The reaction time under the manufacturingthud of the organic magnesium
phosphide expressed by General Formula (4) vargserdling on the reaction
temperature, reactant, reaction scale, etc., sinidrmally in a range of 1 to 48 hours.

According to the manufacturing method ofgamic magnesium phosphide

proposed by the present invention, the organic msigm phosphide expressed by
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General Formula (4) can be manufactured withouitilig the substituent groups i’ R
and R, compared to when a phosphinous halide is reatitbdnetal magnesium.

[Step b]

The organic magnesium phosphide expresse&Gdneral Formula (7) can be
synthesized by reacting a dialkyl phosphinous leadigpressed by General Formula (8)
with metal magnesium:

[Chem 24]

RS X 6
- R\

~p MgX

M —= T
R
(8) (7)

(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejamtine).

In the dialkyl phosphinous halide expressgdeneral Formula (8),°Rind R are
synonymous with Rand R in Formula (1) above, except that they are notimary
alkyl group or secondary alkyl group. Primary alkybup and secondary alkyl group
are excluded from the aliphatic groups that caRband K in the phosphinous halide
expressed by General Formula (8), because if ma&gnesium is added to the
phosphinous halide expressed by General Formula tf& organic magnesium
phosphide expressed by General Formula (7) wilttre@ath the phosphinous halide
expressed by General Formula (8) to prevent ththegis.

Also, in the process of manufacturing Gahé&ormula (7), the halide represented
by X is selected from chlorine atom, bromine at@nd iodine atom, among which
chlorine atom is preferred, to be more specific.

The manufacturing method of the organic nesjum phosphide expressed by
General Formula (7) can be implemented at a rea¢émperature in a range of 0 to
60°C. The reaction temperature is more preferablyriange of 30 to 6C, or yet more

preferably in a range of 50 to GD.
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For the reaction solvents that can be usethe manufacturing method of the
organic magnesium phosphide expressed by Generahuk@ (7), tetrahydrofuran,
diethyl ether or other ether-based solvent may d®#l talone or mixed with benzene,
toluene, or other aromatic-based solvent, or hexheptane, or other hydrocarbon-
based solvent, to be able to produce similar restlithe use quantity of solvent is in a
range of 0.1 to 10 liters, or preferably 0.3 tat@rs, relative to 1 mol of the organic
magnesium phosphide expressed by General Formula (7

The reaction time under the manufacturingthud of the organic magnesium
phosphide expressed by General Formula (7) varigserdling on the reaction
temperature, reactant, reaction scale, etc., sinidrmally in a range of 1 to 48 hours.

[Organic Magnesium Phosphide Complex]

The organic magnesium phosphide complex propbgelde present invention is a
compound expressed by General Formula (9):

[Chem 25]

3
R __MgX- LiY
e

|
R4

9)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X and
Y are each independently chlorine, bromine, orriejli

In the organic magnesium phosphide compbgxessed by General Formula (9),
the aliphatic groups that may be represented byl R include C1 to C10 alkyl
groups, C2 to C12 alkenyl groups, or C2 to C12 mykygroups, where these groups
may be straight-chained or branched. Among thel gfqups, C4 to C6 are preferred,
to be specific. To be more specific, isopropyl gros-butyl group, and t-butyl group
are preferred. The most preferred is t-butyl grduipong the alkenyl groups or alkynyl
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groups, C4 to C6 are preferred, to be specific.o@omore specific, 1,1-dimethyl-2-
propenyl group or 1,1-dimethyl-2-propynyl grougpieferred.

The heteroaliphatic groups that may beeasgnted by Rand R include, among
the aforementioned alkyl groups, alkenyl groupsalynyl groups, those having at
least one heteroatom, such as oxygen atom or sitragom, either appended to their
framework or as a bonded atom, where these grougpg Ime straight-chained or
branched. Among the heteroaliphatic groups, 4tgteopyranyl group is preferred, to
be specific.

The aromatic groups that may be represented®sn& R include C6 to C18 aryl
groups, which may be monocyclic or polycyclic. Angothe aromatic groups, phenyl
group is preferred, to be specific.

The alicyclic groups that may be represertg R and K include C3 to C18
cycloalkyl groups, C3 to C18 cycloalkenyl groups,G8 to C18 cycloalkynyl groups,
which may be monocyclic or polycyclic cycloalkylogips such as adamantyl group or
norbonyl group, for example. Among the alicycliogps, C3 to C8 cycloalkyl groups
are preferred, to be specific. Specifically, cyeryl group is more preferred.

The heterocyclic groups that may be represkby R and R include alicyclic
groups having at least one heteroatom in their gtrgcture, and aromatic groups
having at least one heteroatom in their ring stmectAmong the heterocyclic groups, 2-
furyl group and 2-pyridyl group are preferred, todpecific.

The aforementioned substituent groups nheymselves be substituted by other
substituent groups; for example, an aliphatic grmgy be substituted by an aromatic
group to form an aralkyl group, or conversely aonaatic group may be substituted by
an aliphatic group to form an alkyl aryl group.

Also, the halogens represented by X ande/emch independently selected from
chlorine atom, bromine atom and iodine atom, amwhigh chlorine atom is preferred,
to be specific.

For the organic magnesium phosphide comelgressed by General Formula (9),
preferred substituent combinations are where botrari®l R are t-butyl groups, or
cyclohexyl groups, or phenyl groups, and X and & @rlorine atoms. To be specific, it

is a di-t-butyl phosphanyl magnesium chloride/litni chloride complex, or
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dicyclohexyl phosphanyl magnesium chloride/lithiwghloride complex, or diphenyl
phosphanyl magnesium chloride/lithium chloride ctexp

The organic magnesium phosphide complexesged by General Formula (9)
under the present invention is useful as a matéealgent) used in the manufacture of
organic phosphorus compounds where preparing an@xigreagent or lithium reagent
is difficult.

Next, representative examples of compoundsided in the organic magnesium
phosphide complex expressed by Formula (9) aboderuthe present invention, are
shown below. It should be noted, however, thatcthrapounds included in the scope of
the present invention are not limited to the foliogy
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[Table 2-1]

3
R - LiY
‘P’ng i

e

9)
Table 2. Magnesium Phosphide Complexes Expresgetdneral Formula (9)

under Present Invention

><P,MgCI- Licl ><P,MgCI- LiBr ><P,MgCI- Lil

><P,MgBr- LiCl ><P,MgBr- LiBr P,MgBr- Lil

©\P,MgC|- LiCl ©\P,MgCI- LiBr @LP,MQCI- Lil

[0063]
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@P,MgBr- LiCl

@P,MgBr- LiBr

@P,MQBF Lil

@\P,Mgl- LiCl

@LP,MQI- LiBr

<
O

i»Pr\P,MgCI- LiCl i-Pr\P,MgCI- LiBr i-Pr\P,MgCI- Lil
i-Pr ;-Pr LPr
i-Pr\P,MgBr- LiCl i-Pr\P,MgBr- LiBr i-Pr\P,MgBr- Lil
i-Pr i-Pr i-Pr
i-Pr\P,Mgl - LiCl i-Pr\P,MgI- LiBr i-Pr\?,Mgl- Lil
1 I
i-Pr i-Pr i-Pr
Ad\?,MgCI- LiCl Ad\E,MgCI- LiBr Ad\?,MgCI- Lil
Ad Ad Ad
Ad\P,MgBr- LiCl Ad\P,MgBr- LiBr Ad\P,MgBr- Lil
Ad Ad Ad
Ad\'?,MgI- LiCl Ad\E,Mg[- LiBr Ad.\'?,Mgi- Lil
Ad Ad Ad

OMe
@:P,MQCE- Licl
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OMe
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©/0Me

OMe
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OMe
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L p}Mgl |
é/
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[0069] (Manufacturing Method of Organic Magnesiimosphide Complex)

[Step A]

The organic magnesium phosphide complex expresge@eneral Formula (9)
under the present invention can be synthesizeceagting a phosphine expressed by
General Formula (5) with an organic magnesium cempxpressed by General
Formula (12):

[Chem 26]
3 3 :
R . R...MgX- LiY
pH + RZMgX LY — » RRH + §
I 4 4
R R
5) (12) (20) ©)
(R, R, R, X, and Y are the same as above).
[0070] In the phosphine expressed by General Fernfg), R and R are each

independently an aliphatic group, heteroaliphataug, aromatic group, alicyclic group,
or heterocyclic group, being synonymous with theesponding symbols in the case of
Formula (9) above.

[0071] Also, in the organic magnesium complex esped by General Formula (12), the
substituent groups represented by iRclude aliphatic group, heteroaliphatic group,
aromatic group, alicyclic group, and heterocyclicoup; however, any desired

substituent group may be used so long as it isagdd with the hydrogen element in
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the phosphine expressed by General Formula (5)b&anore specific, C1 to C4
aliphatic groups, 2,2,6,6-tetramethyl piperidyl gop and di-t-butyl phosphino group
are preferred.

Also, in the process of manufacturing thhgamic magnesium phosphide complex
expressed by General Formula (9), the halides septed by X and Y are each
independently selected from chlorine atom, bromat@m, and iodine atom, among
which chlorine atom is preferred for both, to bedfic.

It should be noted that the phosphine esgeé by General Formula (5), and the
organic magnesium complex expressed by General (Har(2), may be synthesized
according to a known method, or a commercial prothay be used.

The manufacturing method of the organic mesgum phosphide complex
expressed by General Formula (9) can be implemeaitedreaction temperature in a
range of O to 6TC. It is more preferably in a range of 0 t@Qor yet more preferably
in a range of O to I'C.

Under the manufacturing method of the orgamagnesium phosphide complex
expressed by General Formula (9), metal salt magdoked. Adding metal salt may
promote the phosphide complex synthesis reactioanimdvantageous manner. The
applicable metal species include, but are not éthito, Fe, Zn, Ni, B, Al, Cu, and the
like. Also, the applicable salts include, but ao¢ lmited to, fluoride, chloride, bromide,
iodide, trifluoromethane sulfonate, and the like.3é more specific, Fe€is preferred.
As for the additive quantity, a feasible range i$ ® 10 percent by mol, or a more
preferable range is 0.5 to 5 percent by mol, neatio 100 percent by mol of phosphine.

For the reaction solvents that can be usethe manufacturing method of the
organic magnesium phosphide complex expressed byer@e Formula (9),
tetrahydrofuran, diethyl ether or other ether-basalgdent may be used alone or mixed
with benzene, toluene, or other aromatic-basedestlvor hexane, heptane, or other
hydrocarbon-based solvent, to be able to produndasiresults. The use quantity of
solvent is in a range of 0.1 to 10 liters, or prafdy 0.3 to 2 liters, relative to 1 mol of

the magnesium phosphide complex expressed by Gérmraula (9).
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The reaction time under the manufacturingthud of the organic magnesium
phosphide complex expressed by General Formulaai®s depending on the reaction
temperature, reactant, reaction scale, etc., isinidrmally in a range of 1 to 48 hours.

[Step B]

The organic magnesium phosphide complex expresge@deneral Formula (13)
can be synthesized by reacting a phosphinous hakgeessed by General Formula (8)

with metal magnesium in the presence of a lithiaide:

[Chem 27]

6

RI_X R® _Mgx- Liy
.+ Mg+ Ly —— T
R R

(8) (21) (13)

In the phosphinous halide expressed by €éreormula (8), R and R are
synonymous with Rand R in Formula (9) above, except that they are notimary
alkyl group, secondary alkyl group, or aromatic ugpo Primary alkyl group and
secondary alkyl group are excluded from the alighgitoups that can be®rRind R in
the phosphinous halide expressed by General Forf@uldecause if metal magnesium
is added to the phosphinous halide expressed byer@eformula (8), the organic
magnesium phosphide complex expressed by Genenadulfeo (13) will react with the
phosphinous halide expressed by General Formulm (@event the synthesis.

Also, in the process of manufacturing GeheFormula (13), the halides
represented by X and Y are each independentlyteeldcom chlorine atom, bromine
atom, and iodine atom, among which chlorine atopréderred, to be specific.

It should be noted that the phosphinousdkatxpressed by General Formula (8)
and lithium halide may be synthesized according tamown method, or a commercial
product may be used.

The manufacturing method of the magnesiurasphide complex expressed by
General Formula (13) can be implemented at a watémperature in a range of 0 to
60°C. The reaction temperature is more preferably iange of 0 to 4TC, or yet more

preferably in a range of O to %®.
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For the reaction solvents that can be usethe manufacturing method of the
organic magnesium phosphide complex expressed byer@e Formula (13),
tetrahydrofuran, diethyl ether, or other ether-dasalvent may be used alone or mixed
with benzene, toluene or other aromatic-based sblee hexane, heptane, or other
hydrocarbon-based solvent, to be able to produndasiresults. The use quantity of
solvent is in a range of 0.1 to 10 liters, or pralfidy 0.3 to 2 liters, relative to 1 mol of
the magnesium phosphide complex expressed by Gérmraula (13).

The reaction time under the manufacturingthud of the organic magnesium
phosphide complex expressed by General Formula yaBes depending on the
reaction temperature, reactant, reaction scale, it it is normally in a range of 1 to
48 hours.

When causing the reaction between the giioeps halide and the metal
magnesium, the lithium halide may be added at ang;thowever, preferably adding
before mixing, i.e., it is added before the reactioterms of reaction efficiency.

Under the present invention, adding atithihalide is very effective, in particular.
This is because when the organic magnesium phaosgbithplex expressed by Formula
(13) is synthesized, the reaction liquid is obtdires a solution that permits easy
manipulation, and the reaction also progresses eféigiently even at low temperatures
of 5 to 10C.

[Step C]

The organic magnesium phosphide complex exprelsge@eneral Formula (9)
can also be synthesized by adding a lithium haldan organic magnesium phosphide

expressed by General Formula (4):

[Chem 28]

R’ _MgX R’ _MgX- LiY
I';’4 + LY — FI’4
R R
(4) (21) (9)

(R’, R*, X and Y are the same as above).
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As described above, the organic magnesilnosphide complex expressed by
General Formula (9) can also be manufactured bingdalithium halide to an organic
magnesium phosphide expressed by General Formuéd(de.

The halogen for the lithium halide to bedad to the organic magnesium
phosphide expressed by General Formula (4) is teeldoom chlorine atom, bromine
atom, and iodine atom, and to be more specificofifithium chloride is preferred.

Also, regarding the conditions (reactiomperature, organic solvent, reaction
time, etc.), in Step C, for manufacturing the orgamagnesium phosphide complex
expressed by General Formula (9), those in StepnBoe followed.

As described above, the magnesium phosptodeplex proposed by the present
invention can be manufactured by three differenthmds, which means that any of
these methods may be selected as deemed appra@utateling to the purpose of use of
the complex.

(Manufacturing Method of Organic Phospho@asmpound)

The organic magnesium phosphide and organic nsagnephosphide complex
proposed by the present invention can be reactddami electrophile to be used in the
synthesis of organic phosphorus compounds. Thdrefdtle to be reacted with the
organic magnesium phosphide and organic magnesnasppide complex proposed by
the present invention is not limited in any wayt preferred examples include, among
others, acid halides, benzyl halide compounds, lfEldgen compounds expressed by

General Formulas (14) through (16) below:

[Chem 29]
i
TN 1
1 8 Ar'” X 1 8
X R X—R
(14) (15) (16)

(in the formula, Ris an aliphatic group, heteroaliphatic group, atiengroup,
alicyclic group, or heterocyclic group, Ais an aromatic group, and*Xs fluorine,

chlorine, bromine, iodine, or sulfonate group).
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In the compounds expressed by General Hasn(l4) through (16), Xis
selected from fluorine, chlorine, bromine, iodiaad sulfonate group.

Also, the aliphatic groups that may be espnted by Rin the acid halide
expressed by General Formula (14) include C1 to &kyl groups, C2 to C12 alkenyl
groups, or C2 to C12 alkynyl groups, where thesmigs may be straight-chained or
branched. The heteroaliphatic groups that may peesented by Rinclude, among the
aforementioned alkyl groups, alkenyl groups, otyali groups, those having at least
one heteroatom, such as oxygen atom or nitrogem,atther appended to their
framework or as a bonded atom, where these groupg Ime straight-chained or
branched. The aromatic groups that may be reprgdnt R include C6 to C18 aryl
groups, which may be monocyclic or polycyclic andiymcontain at least one
heteroatom in their ring structure. The alicycliogps that may be represented By R
include C3 to C18 cycloalkyl groups, C3 to C18 owtkenyl groups, or C3 to C18
cycloalkynyl groups, which may be monocyclic orymylclic cycloalkyl groups such as
adamantyl group or norbonyl group, for example. Teterocyclic groups that may be
represented by Rnclude alicyclic groups having at least one hegsm in their ring
structure, and aromatic groups having at leastheteroatom in their ring structure.

The aforementioned substituent groups nheymselves be substituted by other
substituent groups; for example, an aliphatic grongy be substituted by an aromatic
group to form an aralkyl group, or conversely aonaatic group may be substituted by
an aliphatic group to form an alkyl aryl group.

To be more specific, the acid halides expresse@dmeral Formula (14) include,
but are not limited to, acetyl chloride and benzthbride.

The aromatic groups that may be represetigdAr’ in the benzyl halide
compound expressed by General Formula (15) incCéldo C18 aryl groups, which
may be monocyclic or polycyclic biphenyl and maytzin at least one heteroatom in
their ring structure. Furthermore, these groups thaynselves be substituted by other
substituent groups to form alkyl aryl groups.

The benzyl halide compound expressed bye@tnFormula (15) is more

preferably expressed by General Formula (17) below:
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[Chem 30]

X1

RQ

17)

(in the formula, R is an aliphatic group that may have been halogenat
sulfonated, or aromatic group that may have bedsstduted by a halogenated or
sulfonated aliphatic group, and'Xs fluorine, chlorine, bromine, iodine, or sulféea
group).

The aliphatic groups that may have beemdeated or sulfonated in General
Formula (17) include C1 to C3 haloalkyl groups, t61C3 haloalkoxy groups, and C1
to C7 sulfonyloxy alkyl groups, where more preféea@ixamples include fluoromethyl
groups, chloromethyl groups, bromomethyl groups, doioethyl groups,
trifluoromethane sulfonyloxy methyl groups, and fhe. Also, the aromatic groups
that may have been substituted by halogenated [fuamsted aliphatic groups include
phenyl groups that have been substituted by theeafentioned aliphatic groups, where
more preferable examples include 2-(fluoromethyemyl group, 2-(chloromethyl)
phenyl group, 2-(bromomethyl) phenyl group, 2-(iowhyl) phenyl group, 2-
(trifluoromethane sulfonyloxy methyl) phenyl groigmd the like.

The benzyl halide compounds expressed by GeReraiula (17) include, but are
not limited to, benzyl chloridea,a’-dichloro-o-xylene and 2,2-bis (dibromometyl)-
1,1-biphenyl, to be more specific.

The aliphatic groups that may be represee R in the halogen compounds
expressed by General Formula (16) include C1 to &kyl groups, C2 to C12 alkenyl
groups, or C2 to C12 alkynyl groups, where thesmigs may be straight-chained or
branched. The heteroaliphatic groups that may peesented by Rinclude, among the
aforementioned alkyl groups, alkenyl groups, otyali groups, those having at least

one heteroatom, such as oxygen atom or nitrogem,a@ther appended to their
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framework or as a bonded atom, where these grougpg Ibe straight-chained or
branched. The aromatic groups that may be repmsédnt R include C6 to C18 aryl
groups, which may be monocyclic or polycyclic andayncontain at least one
heteroatom in their ring structure. The alicycliogps that may be represented By R
include C3 to C18 cycloalkyl groups, C3 to C18 owtkenyl groups, or C3 to C18
cycloalkynyl groups, which may be monocyclic orymjiclic cycloalkyl groups such as
adamantyl group or norbonyl group, for example. Tterocyclic groups that may be
represented by Rnclude alicyclic groups having at least one hetgsm in their ring
structure, and aromatic groups having at leastheteroatom in their ring structure.

The aforementioned substituent groups nheymselves be substituted by other
substituent groups; for example, an aliphatic grmgy be substituted by an aromatic
group to form an aralkyl group, or conversely aonaatic group may be substituted by
an aliphatic group to form an alkyl aryl group.

The halogen compounds expressed by GeReratula (16) include, but are not
limited to, 1,2-dibromoethane, 2-bromo-1-chloroethal,3-dibromopropane, 3-bromo-
1-chloropropane, 1-bromohexane, 2-fluorobenzoid,a2ifluorobenzonitrile, and the
like to be more specific.

It should be noted that the compounds esgmeé by General Formulas (14)
through (16) may be synthesized according to a knomethod, or a commercial
product may be used.

By reacting, in an organic solvent, theamig magnesium phosphide or organic
magnesium phosphide complex proposed by the prasesmtion with an acid halide,
benzyl halide compound, or halogen compound seras@n electrophile, an organic

phosphorus compound can be manufactured.



42

[Chem 31]

R’ MgX- LiY R’ MgX o 3 /IOL
\'?; or \'13; + s > Rp g8
R R X R II?4

(9) (4) (14) (22)
R’ _MgX- LiY R2.MgX R’

“P” or F,>4 + A > —— AP

R* R R?
(9) (4) (15) (23)

3 2 3 3 8
R.__MgX- LiY R.__MgX R.__R
14 ° or \P, ? + X—R8 » \P/

R 1 4 14

(9) (4) (16) (24)

(In the formula, B R*, R?, Ar', X, Y, and X are the same as above.)

[0104] The manufacturing method of the organicgptmrus compound expressed by any
one of General Formulas (22) through (24) can b@lamented at a reaction
temperature in a range of 0 to°@0 The reaction temperature is more preferably in a
range of 0 to 4TC, or yet more preferably in a range of 0 t6Q.0

[0105] For the reaction solvents that can be usethe manufacturing method of the
organic phosphorus compound expressed by any o8eméral Formulas (22) through
(24), tetrahydrofuran, diethyl ether or other ethased solvent may be used alone or
mixed with benzene, toluene, or other aromatic-tbas®vent, or hexane, heptane, or
other hydrocarbon-based solvent, to be able toym®dimilar results. The use quantity
of solvent is in a range of 0.1 to 10 liters, oefprably 0.3 to 2 liters, relative to 1 mol

of the compound expressed by any one of Generattas (14) through (16).
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The reaction time under the manufacturingthud of the organic phosphorus
compound expressed by any one of General Formda} through (24) varies
depending on the reaction temperature, reactaaxttiom scale, etc., but it is normally in
a range of 1 to 48 hours.

The present invention is particularly usednd valuable in implementing those
reactions for which acid halides and benzyl haltdenpounds expressed by General
Formulas (14) through (16), or dihaloethane, dipedpane, and other Grignard
reagents are difficult to prepare.

For example, a di-t-butyl phosphanyl magmes chloride/lithium chloride
complex prepared according to the method propogetthéd present invention, can be
reacted witha,a’-dihalo-o-xylene being an electrophile expressgd3eneral Formula
(15) above, to manufacture 1,2-bis (di-t-butyl gttaeaomethyl) benzene with a high
isolated yield.

Also, a diphenyl phosphanyl magnesium chlorideppred according to the
method proposed by the present invention, or a etiph phosphanyl magnesium
chloride/lithium chloride complex proposed by theegent invention, can be reacted
with 2,2’-dihalogenated methyl-1,1’-biphenyl beiren electrophile expressed by
General Formula (15) above, to manufacture 2,alipteenyl phosphanyl methyl-1,1'-
biphenyl with a high isolated yield.

The manufacturing method of organic phospeocompound proposed by the
present invention ensures high reaction selectidtd limits the generation of
byproducts, which facilitates the refining procegdso, magnesium and lithium
chloride, which are used as materials under theepiteinvention, are inexpensive and
easy to handle, which gives the present inventionge advantage in the realization of
low-cost, high-yield manufacturing in industrialpigations.

Examples

The present invention is explained morecsally below using examples; it
should be noted, however, that the present inverngioot limited to these examples.

It should be note that in the examples belowjtpufs) is expressed by area
percentage based on gas chromatography analysis.

[Example 1]
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Manufacturing of Di-t-Butyl Phosphanyl Magnesi@hloride

3.65 g (0.15 mol) of metal magnesium and 5 mltetfahydrofuran were
introduced into a four-neck flask of 200 ml in capathat had been fully replaced with
nitrogen. The mixture was activated with a smalhmfity of dibromoethane, after
which a solution prepared from 9.03 g (0.05 molylief-butyl phosphinous chloride and
101 ml of tetrahydrofuran was dripped into the magt over 2 hours at a constant
temperature between 3D and 40C. After the entire solution had been dripped, the
mixture was agitated for 1 hour at a temperatutevésen 50C and 60C. When the
reaction liquid was brought back to°Z5and then analyzed by gas chromatography, the
rate of inversion to di-t-butyl phosphanyl magnesichloride was 44%.

$P_NMR spectrum (CDG) & ppm: 13.8

[0112] [Example 2]

Manufacturing of Di-t-Butyl Phosphanyl Magnesiu@hloride/Lithium Chloride
Complex

3.65 g (0.15 mol) of metal magnesium, 2.12 gg0r®l) of lithium chloride and 5
ml of tetrahydrofuran were introduced into a foechk flask of 200 ml in capacity that
had been fully replaced with nitrogen. The mixtwas activated with a small quantity
of dibromoethane, after which a solution preparetf9.03 g (0.05 mol) of di-t-butyl
phosphinous chloride and 45 ml of tetrahydrofuras wripped into the mixture over 2
hours at a constant temperature betwe¥h &d 10C. After the entire solution had
been dripped, the mixture was agitated for 1 hdwa gemperature betweeri& and
10°C. When the reaction liquid was brought back t6Q2%and then analyzed by gas
chromatography, the rate of inversion to di-t-butphosphanyl magnesium
chloride/lithium chloride complex was 82%.

3P_NMR spectrum (CDG) & ppm: 13.9

[0113] [Example 3]

Manufacturing of Dicyclohexyl Phosphanyl MagnesiChloride

0.32 g (2 mmol) of ferric chloride and 4 ml ofrghydrofuran were introduced
into a four-neck flask of 200 ml in capacity thadhbeen fully replaced with nitrogen.
Into this mixture, 75.8 g of 1.98 mol/kg isopropyhgnesium chloride-tetrahydrofuran

solution was dripped over 30 minutes at a cong@anperature betweerf© and 10C.
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After the entire solution had been dripped, thetorexwas agitated for 30 minutes at a
temperature of . Next, a solution prepared from 19.8 g (100 mnobljlicyclohexyl
phosphane and 22 ml of tetrahydrofuran was drippedthe mixture over 30 minutes
at a constant temperature betweé@ @nd 10C. After the entire solution had been
dripped, the mixture was agitated for 30 minutes rabm temperature. Gas
chromatography analysis found the rate of inverston magnesium dicylohexyl
phosphide to be 96%.

3P_NMR spectrum (CDG) & ppm: -27.4
[Example 4]

Manufacturing of Diphenyl Phosphanyl Magnesiunto@iie

1.86 g (10 mmol) of diphenyl phosphane and 10omtetrahydrofuran were
introduced into a four-neck flask of 100 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 5.42 g of 1.9 mol/kgopropyl magnesium chloride-
tetrahydrofuran solution was dripped over 20 miawtiea constant temperature between
0°C and 3C. After the entire solution had been dripped,riieture was agitated for 4
hours at a temperature of@ Gas chromatography analysis found the ratevargion
to diphenyl phosphanyl magnesium chloride to be 81%

3P_NMR spectrum (CDG) & ppm: -41.4
[Example 5]

Manufacturing of Diphenyl Phosphanyl Magnesiumlo@ile/Lithium Chloride
Complex

3.72 g (20 mmol) of diphenyl phosphane and 16omtetrahydrofuran were
introduced into a four-neck flask of 100 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 15.26 g of 1.4 molfisgpropyl magnesium chloride/lithium
chloride-THF solution was dripped over 40 minutes @onstant temperature between
0°C and 3C. After the entire solution had been dripped,theture was agitated for 4
hours at a temperature of@ Gas chromatography analysis found the ratevargion
to diphenyl phosphanyl magnesium chloride/lithiumocide complex to be 90%.

3P_NMR spectrum (CDG) & ppm: -41.3
[Example 6]

Manufacturing of Di-t-Butyl Benzoyl Phosphine
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A phosphide compound that had been preparedddedfod by adding 18.1 g (0.10
mol) of di-t-butyl phosphinous chloride, 4.3 g (051mol) of metal magnesium, and
4.24 g (0.10 mol) of LiCl to 89 ml of tetrahydroéur, was introduced into a four-neck
flask of 200 ml in capacity that had been fullylesgd with nitrogen. Into this mixture,
a solution prepared from 14.1 g (0.10 mol) of behahloride and 16 ml of toluene
was dripped over 2 hours at a constant temperdkeirgeen 3C and 10C. After the
entire solution had been dripped, the mixture wgitated for 1 hour at a temperature
between 85C and 10C. The reaction liquid was brought back to°@5 after which
disappearance of benzoyl chloride was confirmedydy chromatography. Thereafter,
62 ml of 3% aqueous sulfuric acid solution was adibethe reaction liquid to separate
out the organic layer which was then washed wittewvand dried with anhydrous
sodium sulfate. Furthermore, the solvent was thstibway under reduced pressure,
after which the remaining liquid was distilled athe fraction of distillate was collected
under a reduced pressure of 3.0 torr (400 Pa) “&,8hd thus 19.6 g of the target di-t-
butyl benzoyl phosphine (purity: 97.0%) was obtdi@es an oily substance. The yield
was 77%.

'H-NMR spectrum (CDG) & ppm: 1.22 (d, J=11.4 Hz, 18H, ((©KC).P-), 7.44
(t, J=7.6 Hz, 2H), 7.54 (t, J=7.3 Hz, 1H) 8.08-8(f, 2H)

[Example 7]

Manufacturing of Dicyclohexyl Benzoyl Phosphine

A phosphide compound that had been preparedddefod by adding 18.1 g (0.10
mol) of di-t-butyl phosphinous chloride, 4.3 g (051mol) of metal magnesium, and
4.24 g (0.10 mol) of LiCl to 89 ml of tetrahydroéur, was introduced into a four-neck
flask of 200 ml in capacity that had been fullylesgd with nitrogen. Into this mixture,
a solution prepared from 14.9 g (0.075 mol) of diokiexyl phosphine and 17 ml of
toluene was dripped over 2 hours at a constant éestyre between°® and 10C.
After the entire solution had been dripped, theturx was agitated for 1 hour at a
temperature betweerfG and 10C. Next, a solution prepared from 10.5 g (0.075)mol
of benzoyl chloride and 12 ml of toluene was drgbp@o the mixture over 2 hours at a
constant temperature betweéi€mnd 10C. After the entire solution had been dripped,

the mixture was agitated for 1 hour at a tempeeatetween 8 and 10C. The
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reaction liquid was brought back to °Z5 after which disappearance of dicyclohexyl
phosphine was confirmed by gas chromatography. éHfier, 62 ml of 3% aqueous
sulfuric acid solution was added to the reactiguiti to separate out the organic layer
which was then washed with water and dried with ydnbus sodium sulfate.
Furthermore, the solvent was distilled away un@eiuced pressure, and then 85 ml of
methanol was added. When the resulting solids vagred, 17.6 g of the target
dicyclohexyl benzoyl phosphine was obtained aoyebolids (yield: 78%).

'H-NMR spectrum (CDG) & ppm: 1.04-1.33 (m, 10H), 1.62-1.77 (m, 10H), 2.02
(tg, J=11.9 Hz, 3.2 Hz, 2H), 7.45 (t, J=7.6 Hz, 2H6 (t, J=7.3 Hz, 1H) 7.99-8.02 (m,
2H)

Melting point: 75C
[Example 8]

Manufacturing of Di-t-Butyl (3-Chloropropyl) Phplsine

A phosphide compound that had been prepareddiefod by adding 18.1 g (0.10
mol) of di-t-butyl phosphinous chloride, 4.3 g (051mol) of metal magnesium, and
4.24 g (0.10 mol) of LiCl to 89 ml of tetrahydroéur, was introduced into a four-neck
flask of 200 ml in capacity that had been fullylemgd with nitrogen. Into this mixture,
a solution prepared from 12.6 g (0.08 mol) of 3rboel-chloropropane and 14 ml of
toluene was dripped over 2 hours at a constant éestyre between°® and 10C.
After the entire solution had been dripped, theturx was agitated for 1 hour at a
temperature betweeriG and 10C. The reaction liquid was brought back t6@pafter
which disappearance of 3-bromo-1-chloropropane weasnfirmed by gas
chromatography. Thereafter, 50 ml of 3% aqueoulistlacid solution was added to
the reaction liquid to separate out the organiedayhich was then washed with water
and dried with anhydrous sodium sulfate. Furtheentite solvent was distilled away
under reduced pressure, after which the remainquid was distilled and the fraction
of distillate was collected under a reduced pressiir3.0 torr (400 Pa) at 92, and
thus 6.6 g of the target di-t-butyl (3-chloroprgpyhosphine (purity: 96.0%) was
obtained as an oily substance. The yield was 37%.

M/Z of mass spectrum (EI method): 222 (M+)
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'H-NMR spectrum (CDG) & ppm: 1.14(d, J=11.0 Hz, 18H, ((&C).P-), 1.50-
1.54 (m, 2H), 1.95-2.04 (m, 2H), 3.64 (t, J=6.4 B4, CH-CI)
[Example 9]

Manufacturing of 1,2-Bis (Di-t-Butyl Phosphinorhgl) Benzene

A phosphide compound that had been preparedddedfod by adding 18.1 g (0.10
mol) of di-t-butyl phosphinous chloride, 7.9 g @3mol) of metal magnesium, and
4.24 g (0.10 mol) of LiCl to 89 ml of tetrahydroéur, was introduced into a four-neck
flask of 200 ml in capacity that had been fullylemgd with nitrogen. Into this mixture,
a solution prepared from 6.07 g (0.035 mol)ooé’-dichloro-o-xylene and 7 ml of
tetrahydrofuran was dripped over 2 hours at a emwsemperature betweefiG and
10°C. After the entire solution had been dripped, riiieture was agitated for 1 hour at
a temperature betweeri and 10C. The reaction liquid was brought back t@p
after which disappearance ofi,a’-dichloro-o-xylene was confirmed by gas
chromatography. Thereafter, 56 ml of 3% aqueoulistlacid solution was added to
the reaction liquid to separate out the organiedayhich was then washed with water
and dried with anhydrous sodium sulfate. Furtheentite solvent was distilled away
under reduced pressure, and then 52 ml of methaasladded. When the resulting
solids were dried, 10.3 g of the target 1,2-bist{outyl phosphinomethyl) benzene was
obtained as white solids. The yield was 75%.

'H-NMR spectrum (CDG) & ppm: 1.14 (d, J=10.5 Hz, 36H, ((§kC).P-), 3.04
(d, J=2.3 Hz, 4H, -CH(P(C(CH)3),), 7.03-7.08 (m, 2H), 7.52-7.55 (m, 2H)
[Example 10]

Manufacturing of Benzyl Diphenyl Phosphine

1.86 g (10 mmol) of diphenyl phosphane and 10omtetrahydrofuran were
introduced into a four-neck flask of 100 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 5.42 g of 1.9 mol/kgopropyl magnesium chloride-
tetrahydrofuran solution was dripped over 20 miawtea constant temperature between
0°C and 3C. After the entire solution had been dripped,rtheture was agitated for 4
hours at a temperature of@ to manufacture a magnesium diphenyl phosphide. |
this magnesium diphenyl phosphide, a solution pegpdrom 0.92 g (7.2 mmol) of

benzoyl chloride and 5 ml of tetrahydrofuran wapped over 1 hour at a constant
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temperature between°@ and OC. After the entire solution had been dripped, the
mixture was agitated for 14 hours at a temperadfi® C. Thereafter, 8.2 g of toluene
was added to the reaction liquid, after which 1% aqueous sulfuric acid solution
was added to the reaction liquid to separate oetdiganic layer which was then
washed with 10 g of water, 10 g of 5% sodium bioadtie water, and 10 g of water, in
this order. The solvent was distilled away from tfsained organic layer under reduced
pressure and the residue was dissolved in 5 mlethamol at 58C, after which the
solution was cooled to°C, and thus 1.52 g of benzyl diphenyl phosphinei{yue8%)
was obtained as white crystal. The yield was 75%.

'H-NMR spectrum (CDG) & ppm: 3.40 (s, 2H, - Cip4, 7.01-7.20 (m, 5H),
7.28-7.45 (m, 10H)

3P_NMR spectrum (CDG) & ppm: -9.16
[Example 11]

Manufacturing of Benzyl Diphenyl Phosphine

1.86 g (10 mmol) of diphenyl phosphane and 10omtetrahydrofuran were
introduced into a four-neck flask of 100 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 7.63 g of 1.4 mol/lgppropyl magnesium chloride/lithium
chloride-THF solution was dripped over 30 minutes @onstant temperature between
0°C and 2C. After the entire solution had been dripped,rtheture was agitated for 4
hours at a temperature of@ to manufacture a diphenyl phosphanyl magnesium
chloride/lithium chloride complex. Into this complea solution prepared from 0.99 g
(7.8 mmol) of benzoyl chloride and 5 ml of tetralgfdran was dripped over 1 hour at
a constant temperature of@ After the entire solution had been dripped, rhigture
was agitated for 8 hours at a temperature®@f. Thereafter, 8.5 g of toluene was added
to the reaction liquid, after which 10 ml of 5% aqus sulfuric acid solution was added
to the reaction liquid to separate out the orgéayer which was then washed with 10 g
of water, 10 g of 5% sodium bicarbonate water, 40dy of water, in this order. The
solvent was distilled away from the obtained orgdayer under reduced pressure and

the residue was dissolved in 5 ml of methanol &C5&fter which the solution was
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cooled to OC, and thus 1.83 g of benzyl diphenyl phosphineif@aud8%) was obtained
as white crystal. The yield was 85%.
[Example 12]

Manufacturing of 2,2’-Bis (Diphenyl Phosphinougityl)-1,1’-Biphenyl

1.86 g (10 mmol) of diphenyl phosphine and 10 ahltetrahydrofuran were
introduced into a four-neck flask of 100 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 5.42 g of 1.9 mol/kgopropyl magnesium chloride-
tetrahydrofuran solution was dripped over 20 miswtta constant temperature between
0°C and 3C. After the entire solution had been dripped,riieture was agitated for 4
hours at a temperature of@ to manufacture a diphenyl phosphanyl magnesium
chloride. Into this diphenyl phosphanyl magnesiuntogde, a solution prepared from
1.25 g (3.6 mmol) of 2,2-bis (dibromomethyl)-14diphenyl and 5 ml of
tetrahydrofuran was dripped over 1 hour at a connséanperature betweeri® and 2C.
After the entire solution had been dripped, thetorx was agitated for 10 hours at a
temperature of T. Thereafter, 8.2 g of toluene was added to thetien liquid, after
which 10 ml of 5% aqueous sulfuric acid solutionsvealded to the reaction liquid to
separate out the organic layer which was then vehaligh 10 g of water, 10 g of 5%
sodium bicarbonate water, and 10 g of water, i thider. The solvent was distilled
away from the obtained organic layer under redugeztsure and the residue was
dissolved in 10 ml of propanol at 8D, after which the solution was cooled t&€0and
thus 1.70 g of 2,2’-bis (diphenyl phosphinous mgthyl’-biphenyl (purity: 99%) was
obtained as white crystal. The yield was 86%.

'H-NMR spectrum (CDG) & ppm: 3.13&3.24 (ABq, J=13.2 Hz, 4H, (-CH2P-),
6.90 (dd, J=6.0&2.0 Hz, 2H), 7.00-7.04 (m, 2H),6¢2013 (m, 8H), 7.18-7.33 (m, 16H)

3P_NMR spectrum (CDG) & ppm: -10.44
[Example 13]

Manufacturing of 2,2’-Bis (Diphenyl Phosphinougityl)-1,1’-Biphenyl

3.72 g (20 mmol) of diphenyl phosphine and 16 ahltetrahydrofuran were
introduced into a four-neck flask of 100 ml in cappathat had been fully replaced with
nitrogen. Into this mixture, 15.26 g of 1.4 molfkgpropyl magnesium chloride/lithium

chloride-THF solution was dripped over 40 minutes @onstant temperature between
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0°C and 3C. After the entire solution had been dripped,riieture was agitated for 4
hours at a temperature of@ to manufacture a diphenyl phosphanyl magnesium
chloride/lithium chloride complex. Into this complea solution prepared from 2.66 g
(7.8 mmol) of 2,2’-bis (dibromomethyl)-1,1’-biphdrgnd 10 ml of tetrahydrofuran was
dripped over 1 hour at a constant temperature leetv@®C and 2C. After the entire
solution had been dripped, the mixture was agiteied?2 hours at a temperature 620
Thereafter, 17.7 g of toluene was added to thetijmabquid, after which 20 ml of 5%
aqueous sulfuric acid solution was added to thetima liquid to separate out the
organic layer which was then washed with 20 g otewa20 g of 5% sodium
bicarbonate water, and 20 g of water, in this ardiee solvent was distilled away from
the obtained organic layer under reduced presswtdte residue was dissolved in 20
ml of propanol at 6TC, after which the solution was cooled 0 and thus 3.86 g of
2,2’-bis (diphenyl phosphinous methyl)-1,1’-biphérfgurity: 99%) was obtained as
white crystal. The yield was 90%.
[Example 14]

Manufacturing of Di-t-Butyl Phosphinobenzoic Acid

1.68 g (0.042 mol) of potassium hydride and 12 ahltetrahydrofuran were
introduced into a four-neck flask of 300 ml in capathat had been fully replaced with
nitrogen. Into this mixture, a solution preparednir 5.32 g (0.038 mol) of o-
fluorobenzoic acid and 12 ml of tetrahydrofuran wlaipped over 1 hour at a constant
temperature between°"© and 10C. After the entire solution had been dripped, the
mixture was agitated for 0.5 hours at a temperabateveen @C and 10C. Into this
mixture, a phosphide compound that had been prégaetorehand by adding 6.88 g
(0.038 moal) of di-t-butyl phosphinous chloride, 3{0.124 mol) of metal magnesium,
and 1.61 g (0.038 mol) of LiCl to 34 ml of tetramgfiiran, was dripped over 1 hour at a
constant temperature betweé€and 10C. After the entire solution had been dripped,
the mixture was agitated for 1 hour at a tempeealbetween @ and 10C. Thereafter,
27 ml of 10% aqueous sulfuric acid solution waseall the reaction liquid to separate
out the organic layer which was then washed withewand dried with anhydrous

sodium sulfate. Furthermore, the solvent was thstihway under reduced pressure and
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the resulting solids were dried, and thus 3.5 theftarget di-t-butyl phosphinobenzoic
acid was obtained as white solids. The yield w&%.35

'H-NMR spectrum (CDG) & ppm: 1.32 (d, J=19.7 Hz, 18H, ((§KC).P-), 5.14
(d,J=256.9 Hz, 1H, -COOH), 7.62-7.77 (m, 3H), 88L68 (m, 1H)
[Example 15]

Manufacturing of Diphenyl Phosphinobenzoic Acid

1.20 g (0.050 mol) of sodium hydride, 28 ml ofradydrofuran, and 29 ml of
toluene were introduced into a four-neck flask @0 2nl in capacity that had been fully
replaced with nitrogen. Into this mixture, a sauatprepared from 6.30 g (0.045 mol) of
o-fluorobenzoic acid and 7 ml of tetrahydrofuramsvadaipped over 1 hour at a constant
temperature between A5 and 20C. After the entire solution had been dripped, the
mixture was agitated for 0.5 hours at a temperabeteveen 15C and 20C. Into this
mixture, a phosphide compound that had been prédetorehand from 9.31 g (0.05
mol) of diphenyl phosphine and 26.3 g (0.06 mol2@&8 mol/kg isopropyl magnesium
chloride-tetrahydrofuran solution was dripped ofehours at a constant temperature
between 18C and 20C. After the entire solution had been dripped, hgture was
agitated for 2 hours at a temperature betweé@ Hnd 20C. Thereafter, 54 ml of 10%
aqueous sulfuric acid solution was added to thetima liquid to separate out the
organic layer which was then washed with water dridd with anhydrous sodium
sulfate. Furthermore, the solvent was distilled yawader reduced pressure, after which
84 ml of methanol was added. When the resultinglsaVere dried, 7.98 g of the target
diphenyl phosphinobenzoic acid was obtained asevdatids. The yield was 52%.

'H-NMR spectrum (CDG) & ppm:6.96 (m, 1H), 7.25-7.42 (m, 12H), 8.15 (m,
1H)

3P_NMR spectrum (CDG) § ppm: -3.54
[Example 16]

Manufacturing of Diphenyl Phosphinobenzonitrile

A phosphide compound that had been prepareddiefod from 9.31 g (0.05 mol)
of diphenyl phosphine and 26.3 g (0.06 mol) of 2r28l/kg isopropyl magnesium
chloride-tetrahydrofuran solution was introducetbia four-neck flask of 200 ml in

capacity that had been fully replaced with nitragémto this mixture, a solution
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prepared from 5.45 g (0.045 mol) of o-fluorobenndlei and 43 ml of toluene was
dripped over 1 hour at a constant temperature Bt A&C and 20C. After the entire
solution had been dripped, the mixture was agitéded hour at a temperature between
15°C and 20C. Thereafter, 32 ml of 10% aqueous sulfuric acilditton was added to
the reaction liquid to separate out the organiedayhich was then washed with water
and dried with anhydrous sodium sulfate. Furtheentite solvent was distilled away
under reduced pressure, and then 58 ml of methaasladded. When the resulting
solids were dried, 4.88 g of the target diphenydgghinobenzonitrile was obtained as
white solids. The yield was 38%.

M/Z of mass spectrum (EI method): 287 (M+)

'H-NMR spectrum (CDG) & ppm: 7.04 (m, 1H), 7.28-7.49 (m, 12H), 7.70 (m,
1H)

3P_NMR spectrum (CDG) 6 ppm: -7.87
[Example 17]

Manufacturing of Bis (Dicyclohexyl Phosphino) Pame Bis (Tetrafluoroboric
Acid) Salt

0.32 g (0.002 mol) of iron (lll) chloride and 4l nof tetrahydrofuran were
introduced into a four-neck flask of 300 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 75.8 g (0.15 mol) o®& mol/kg isopropyl magnesium
chloride-tetrahydrofuran solution was dripped otehour at a constant temperature
between OC and 10C. After the entire solution had been dripped, thigture was
agitated for 0.5 hours at a temperature betwe®h @nd 10C. Into this mixture, a
solution prepared from 19.8 g (0.10 mol) of dicye®yl phosphine and 22 ml of
tetrahydrofuran was dripped over 1.0 hour at a taotigemperature betweefi® and
10°C, after which the mixture was agitated for 0.51dscat a temperature betweerf@0
and 30C, to prepare a phosphide compound. Into this giidspcompound, a solution
prepared from 10.1 g (0.05 mol) of 1,3-dibromopropand 23 ml of toluene was
dripped over 2 hours at a constant temperaturedsstV@C and 10C. After the entire
solution had been dripped, the mixture was agitéded hour at a temperature between
0°C and 10C. Thereafter, 56 ml of 3% aqueous sulfuric aciditsen was added to the

reaction liquid to separate out the organic laykeictv was then washed with water. Into
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the washed organic layer, 2.20 g (0.010 mol) of 4@deous fluoroboric acid solution
was added, and then the mixture was agitated“&t.ZEhereafter, 30 ml of toluene was
added to the obtained bottom layer, after whichrtibgture was agitated at 25 and
then separated. Next, 60 ml of methylene chlorides &wdded to the obtained bottom
layer, after which the mixture was agitated &t@5The solvent was distilled away from
the obtained organic layer under reduced pressumg,thus 12.0 g of the target bis
(dicyclohexyl phosphino) propane bis (tetrafluorobacid) salt was obtained as white
powder. The yield was 40%.

Melting point: 183 to 18%C

3P_NMR spectrum (CDG) 6 ppm: 22.9
[Example 18]

Manufacturing of 1,2-Bis (Dicyclohexyl Phosphinetinyl) Benzene

0.32 g (0.002 mol) of iron (lll) chloride and 4l nof tetrahydrofuran were
introduced into a four-neck flask of 300 ml in capathat had been fully replaced with
nitrogen. Into this mixture, 101 g (0.20 mol) oP&.mol/kg isopropyl magnesium
chloride-tetrahydrofuran solution was dripped otehour at a constant temperature
between OC and 10C. After the entire solution had been dripped, thigture was
agitated for 0.5 hours at a temperature betwe®h @nd 10C. Into this mixture, a
solution prepared from 19.8 g (0.10 mol) of dicye®yl phosphine and 22 ml of
tetrahydrofuran was dripped over 1.0 hour at a taotigemperature betweefi® and
10°C. After the entire solution had been dripped,rieture was agitated for 0.5 hours
at a temperature betweefand 10C, to prepare a phosphide compound. Into this
phosphide compound, a solution prepared from 8.82.@p mol) ofa,a’-dichloro-o-
xylene and 20 ml of toluene was dripped over 2 f@atiia constant temperature between
0°C and 10C. After the entire solution had been dripped,rtheture was agitated for 1
hour at a temperature betweéiCland 10C. Thereafter, 43 ml of 5% aqueous sulfuric
acid solution was added to the reaction liquid @épasate out the organic layer which
was then washed with water and dried with anhydsmasum sulfate. Furthermore, the

solvent was distilled away under reduced presafter which 91 ml of methanol was
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added. When the obtained solids were dried, 11oPthe target 1,2-bis (dicyclohexyl
phosphinomethyl) benzene was obtained as whitdssdlhe yield was 45%.
3P_NMR spectrum (CDG) 6 ppm: -2.58
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What isClaimed is:

[Claim 1] An organic magnesium phosphide expresse@eneral Formula (1):
[Chem 1]

1
R._ _MgX
1) R

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, alicyclic group, or heterdygroup, and X is chlorine, bromine,
or iodine)

[Claim 2] The organic magnesium phosphide accordinglaim 1, wherein Rand R are
tertiary alkyl groups.
[Claim 3] The organic magnesium phosphide accordimgclaim 1 or 2, expressed by
Formula (2) below:
[Chem 2]

_MgCl

(2)
[Claim 4] The organic magnesium phosphide accordinglaim 1, wherein Rand R are

alicyclic groups.
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[Claim 5] The organic magnesium phosphide accordimgclaim 1 or 4, expressed by
Formula (3) below:
[Chem 3]

_MgCl

3)
[Claim 6] A manufacturing method of an organic meginm phosphide expressed by
General Formula (4):
[Chem 4]

%
R.__MgX
(4) R

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X is
chlorine, bromine, or iodine); said manufacturinggthod of organic magnesium
phosphide characterized in that the organic magmesihosphide is prepared from: a

phosphine expressed by General Formula (5):



58

[Chem 5]

3
R.__H
iy
R
©)

and a Grignard reagent expressed by General Fai(@u
[Chem 6]

R>MgX

(in the formula, Ris an aliphatic group, heteroaliphatic group, atimgroup,
alicyclic group, or heterocyclic group, and X idarime, bromine, or iodine).
[Claim 7] A manufacturing method of an organic meginm phosphide expressed by
General Formula (7):
[Chem 7]

6
R.__MgX
R

(in the formula, Rand K are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or

heterocyclic group, and X is chlorine, bromine,iatine); said manufacturing method
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of organic magnesium phosphide characterized it tha organic magnesium
phosphide is prepared from: a phosphinous haligeessed by General Formula (8):
[Chem 8]

6
R.__X
P

|
R?

(8)

(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejantine); and metal magnesium.

[Claim 8] An organic magnesium phosphide complepregsed by General Formula (9):

[Chem 9]

3
R.__MgX- LiY
p-9

4
R
)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogw, or heterocyclic group, and X and
Y are each independently chlorine, bromine, ornedli
[Claim 9] The organic magnesium phosphide comptmogding to claim 8, wherein®*Rand
R* are tertiary alkyl groups.
[Claim 10]  The organic magnesium phosphide complecording to claim 8 or 9, expressed

by Formula (10) below:
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[Chem 10]

_MgCl-LiCl

P
|
|

(10)
[Claim 11]  The organic magnesium phosphide compleording to claim 8, wherein*Rnd
R* are alicyclic groups.
[Claim 12]  The organic magnesium phosphide complsoording to claim 8 or 11, expressed
by Formula (11) below:
[Chem 11]

- LiCl
I:),,.I\/IgCI iC

(11)
[Claim 13] A manufacturing method of an organic magjum phosphide complex expressed

by General Formula (9):



61

[Chem 12]
REP,ng- LiY

| 4
R
9)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X and
Y are each independently chlorine, bromine, orrieyli said manufacturing method of
organic magnesium phosphide complex characteriaetthat the organic magnesium
phosphide complex is prepared from: a phosphineesspd by General Formula (5):

[Chem 13]

R“P’H
| 4
(5)
(in the formula, R and R are each independently an aliphatic group,

heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group); and an

organic magnesium complex expressed by Generallfarfh2):
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[Chem 14]

R2MgX- LiY

(12)

(in the formula, Ris an aliphatic group, heteroaliphatic group, atimgroup,
alicyclic group, or heterocyclic group, and X andake each independently chlorine,
bromine, or iodine).

[Claim 14] A manufacturing method of an organic magjum phosphide complex expressed
by General Formula (13):
[Chem 15]

6
R.__MgX- LiY
p-9

|
R?

(13)

(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X and Y are each indepethdehlorine, bromine, or iodine);
said manufacturing method of organic magnesium gitide complex characterized in
that the organic magnesium phosphide complex iggpesl from: a phosphinous halide

expressed by General Formula (8):
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[Chem 16]

6
Ro.. X
|
=Y

(8

(in the formula, Rand R are each independently an aliphatic group othen th
primary alkyl group or secondary alkyl group, hetdiphatic group, alicyclic group, or
heterocyclic group, and X is chlorine, brominejamtine); and metal magnesium, along
with a lithium halide.

[Claim 15] A manufacturing method of organic phospis compound, characterized in that:

an organic magnesium phosphide expressed by Géfmeraula (4):

[Chem 17]

3
R.__MgX
P
R

(4)

(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X is
chlorine, bromine, or iodine), or an organic magmasphosphide complex expressed

by General Formula (9):
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[Chem 18]

R’ __MgX- LiY
4
R

9)
(in the formula, R and R are each independently an aliphatic group,
heteroaliphatic group, aromatic group, alicycliogp, or heterocyclic group, and X and
Y are each independently chlorine, bromine, orriejliis reacted with an electrophile.
[Claim 16] The manufacturing method of organic gitesus compound according to claim
15, characterized in that the electrophile is apaund expressed by General Formula
(14), (15) or (16) below:

[Chem 19]
JOL
]
1 8 Ar'” X 1 8
X R X—R
(14) (15) (16)

(in the formula, Ris an aliphatic group, heteroaliphatic group, aatiengroup,
alicyclic group, or heterocyclic group, Ais an aromatic group, and*Xs fluorine,
chlorine, bromine, iodine, or sulfonate group).

[Claim 17] The manufacturing method of organic gftesus compound according to claim
15 or 16, characterized in that the electrophil@ isompound expressed by General
Formula (17):
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[Chem 20]

X‘I

RQ

17)

(in the formula, R is an aliphatic group that may have been halogenat
sulfonated, or aromatic group that may have bedsstduted by a halogenated or
sulfonated aliphatic group, and'Xs fluorine, chlorine, bromine, iodine, or sulféea
group).

[Claim 18]  The manufacturing method of organic gdtasus compound according to any one
of claims 15 through 17, characterized in that:

the magnesium phosphide is an organic magnesioosphide expressed by
Formula (18) below:

PhPMgCI (18); and

the organic magnesium phosphide complex is aanicgmagnesium phosphide
complex expressed by Formula (19) below:

PhPMgCI-LiCl (19), or

Formula (10) below:

[Chem 21]

MqCl-LiCl
p- gL

(10)



