
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
40

9 
68

1
B

1
*EP003409681B1*

(11) EP 3 409 681 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
16.09.2020 Bulletin 2020/38

(21) Application number: 17744455.1

(22) Date of filing: 30.01.2017

(51) Int Cl.:
C07F 9/50 (2006.01) C07F 15/00 (2006.01)

(86) International application number: 
PCT/JP2017/003116

(87) International publication number: 
WO 2017/131226 (03.08.2017 Gazette 2017/31)

(54) N,N-BIS(2-DIALKYLPHOSPHINOETHYL)AMINE-BORANE COMPLEX AND PRODUCTION 
METHOD THEREFOR, AND METHOD FOR PRODUCING RUTHENIUM COMPLEX CONTAINING 
N,N-BIS(2-DIALKYLPHOSPHINOETHYL)AMINE AS LIGAND

N,N-BIS(2-DIALKYLPHOSPHINOETHYL)AMIN-BORAN-KOMPLEX UND 
HERSTELLUNGSVERFAHREN DAFÜR SOWIE VERFAHREN ZUR HERSTELLUNG EINES 
RUTHENIUMKOMPLEXES MIT N,N-BIS(2-DIALKYLPHOSPHINOETHYL)AMIN ALS LIGAND

COMPLEXE DE N,N-BIS(2-DIALKYLPHOSPHINOÉTHYL)AMINE-BORANE ET SON PROCÉDÉ DE 
PRODUCTION, ET PROCÉDÉ DE PRODUCTION DE COMPLEXE DE RUTHÉNIUM CONTENANT 
LA N,N-BIS(2-DIALKYLPHOSPHINOÉTHYL) AMINE COMME LIGAND

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 29.01.2016 JP 2016016455

(43) Date of publication of application: 
05.12.2018 Bulletin 2018/49

(73) Proprietor: Takasago International Corporation
Tokyo 144-8721 (JP)

(72) Inventors:  
• NAKAYAMA, Yuji

Hiratsuka-shi
Kanagawa 254-0073 (JP)

• NAKAJIMA, Hikaru
Hiratsuka-shi
Kanagawa 254-0073 (JP)

(74) Representative: Adam, Holger
Kraus & Weisert 
Patentanwälte PartGmbB 
Thomas-Wimmer-Ring 15
80539 München (DE)

(56) References cited:  
WO-A1-2008/141439 WO-A1-2012/144650
WO-A1-2014/136374 WO-A1-2015/067899

• SCHNECK, FELIX et al.: "Selective 
Hydrogenation of Amides to Amines and 
Alcohols Catalyzed by Improved Iron Pincer 
Complexes", Organometallics, vol. 35, no. 11, 23 
May 2016 (2016-05-23), pages 1931-1943, 
XP055533683,



EP 3 409 681 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to an N,N-bis(2-dialkylphosphinoethyl)amine-borane complex, and a production
method therefor, and a method for producing a ruthenium complex containing N,N-bis(2-dialkylphosphinoethyl)amines
as a ligand.

Background Art

[0002] Various metal complexes comprising metal species and ligands are widely used as catalysts for organic syn-
thesis reactions. Not only the metal species but also the ligand in the metal complex, which is an organic compound
having a group (coordination group) having lone pair electrons capable of coordinating to the metal species plays an
extremely important role, is known as a factor for the expression of the performance and activity of such a catalyst.
Especially, metal complexes with tridentate ligand having an imino group as a coordination group in the molecule are
known to exhibit high catalytic activities in, for example, hydrogenation reactions of carbonyl compounds, dehydrogen-
ation reactions of alcohols, and the like, and also the hydrogen atom on the imino group is known to exert great influences
on the expression of activities in these catalytic organic synthesis reactions. Known examples of such a tridentate ligand
include N,N-bis(2-phosphinoethyl)amine, and it is reported that ruthenium complexes with the tridentate ligand function
as excellent catalysts in hydrogenation reactions of esters (Patent Documents 1 to 4 and Non-Patent Documents 1 to
3). N,N-bis(2-diarylphosphinoethyl)amines used as a ligand can be synthesized easily by introducing phosphino groups
as the coordination groups to N,N-bis(2-chloroethyl)amine as a substrate. On the other hand, in the case of synthesizing
N,N-bis(2-dialkylphosphinoethyl)amine having an alkyl group substituted on phosphorus, since the yield is low in the
foregoing method, there has been developed a method of protecting an imino group of N,N-bis(2-chloroethyl)amine with
a trimethylsilyl group to provide N,N-bis(2-chloroethyl)trimethylsilylamine and introducing dialkylphosphino groups at an
extremely low temperature (Non-Patent Document 4). However, this production method has problems such that purifi-
cation is difficult because N,N-bis(2-chloroethyl)trimethylsilylamine of a substrate is decomposed during distillation, that
an expensive silylating agent is necessary, that operation at a cryogenic temperature is necessary, and that troublesome
operation such as degassing operation is necessary because N,N-bis(2-dialkylphosphinoethyl)amine obtained is unsta-
ble to air.
[0003] As a method for producing a ruthenium complex containing N,N-bis(2-dialkylphosphinoethyl)amine as a ligand,
a production method using RuHCl(CO)(PPh3)3 as a precursor and the like are known; however, this method has disad-
vantageous problems for industrialization such that a troublesome operation is required because the ligand is unstable
to air, and that reaction at high temperature for a long time is required.
[0004] Thus, there has been desired a method for producing N,N-bis(2-dialkylphosphinoethyl)amines and a ruthenium
complex with the N,N-bis(2-dialkylphosphinoethyl)amine, which is suitable for industrialization and is practical, and does
not have the problems as described above, that is, which allows short production process, mild reaction conditions, and
easy production with high yield.
[0005] Patent Document 5 discloses a process for the production of hydrogen comprising: (a) contacting a solution
comprising at least one ligand-stabilized metal catalyst with at least one compound of the formula (I),

R1R2HNBHR3R4 (I),

in a solvent under conditions for the solvolysis of the compound of formula (I), wherein R1, R2, R3 and R4 are each
simultaneously or independently selected from H, branched or unbranched fluoro-substituted-C1-20alkyl, branched or
unbranched C1-20alkyl and C6-14aryl or any two of R1, R2, R3 and R4 are linked to form a branched or unbranched
C2- 10alkylene, which together with the nitrogen and/or boron atoms to which they are attached, forms a ring; and (b)
optionally collecting hydrogen produced in the solvolysis of the compounds of formula (I).

Citation List
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[0006]

Patent Document 1: WO 2011/048727 A1
Patent Document 2: JP 2012-067021 A
Patent Document 3: JP 2014-519472 A
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Patent Document 4: JP 2014-114257 A
Patent Document 5: WO 2008/141439 A1

Non-Patent Document

[0007]

Non-Patent Document 1: Lei Zhang, Zhaobin Han, Xiaoyu Zhao, Zheng Wang, and Kuiling Ding, Angew. Chem.
Int. Ed. Ingl., 2015, 54, 6186.
Non-Patent Document 2: Zhaobin Han, Liangce Rong, Jiang Wu, Lei Zhang, Zheng Wang, and Kuiling Ding, Angew.
Chem. Int. Ed. Ingl. 2012, 51, 13041.
Non-Patent Document 3: Martin Nielsen, Anja Kammer, Daniela Cozzula, Henrik Junge, Serafino Gladiali, Matthias
Beller, Angew. Chem. Int. Ed. Ingl., 2011, 50, 9593.
Non-Patent Document 4: A. A. Danopoulos, A. R. Wills, P. G. Edwards, Polyhedron, 1990, 9, 2413.

Summary of the Invention

Problems to be Solved by the Invention

[0008] An object of the present invention is to provide a production method in which a ruthenium metal complex
containing, as a ligand, N,N-bis(2-dialkylphosphinoethyl)amines having excellent performance such as catalytic activity
in a hydrogenation reaction of a carbonyl compound, a dehydrogenation reaction of alcohols, etc. can be produced in
a simple manner and high yield. Further, it is an object of the present invention to provide an N,N-bis(2-dialkylphosphi-
noethyl)amine-borane complex which is useful as a ligand raw material and a novel method for safely and practically
producing the same.

Means for Solving the Problems

[0009] The present inventors have conducted intensive study to solve the above-described problems, and consequently
have found that carbon dioxide is reacted with N,N-bis(2-chloroethyl)amine to be derived to 3-(2-chloroethyl)-2-oxazo-
lidinone, and thus to react a dialkylphosphine-borane compound with the reaction product in the presence of bases,
whereby a novel N,N-bis(2-dialkylphosphinoethyl)amine-borane complex can be synthesized with good yield by simple
operation. It has been found that this novel compound is stable to air and can be easily purified by, for example, column
chromatography or recrystallization, and by reacting this compound with a ruthenium precursor in the presence of amines,
a ruthenium metal complex containing, as a ligand, N,N-bis(2-dialkylphosphinoethyl)amines having excellent perform-
ance such as catalytic activity in a hydrogenation reaction of a carbonyl compound, a dehydrogenation reaction of
alcohols, etc. can be safely produced in high yield by a short process, and the present invention has been completed.
[0010] Namely, the present invention provides an N,N-bis(2-dialkylphosphinoethyl)amine-borane complex, and a pro-
duction method therefor, and a method for producing a ruthenium complex containing N,N-bis(2-dialkylphosphinoe-
thyl)amines as a ligand.
[0011] That is, the present invention includes the following [1] to [11].

[1] A method for producing a compound having the following formula (3):

wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
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substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom, the method
comprising: reacting a compound having the following formula (1):

wherein the solid line represents a single bond, and the double line represents a double bond; C represents a carbon
atom, N represents a nitrogen atom, and O represents an oxygen atom; LG represents a leaving group; R3, R4, R5,
R6, R7, R8, R9 and R10 each independently represent a hydrogen atom or a group selected from the group consisting
of, an optionally substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl
group, an optionally substituted aryl group, and an optionally substituted aralkyl group; and R3 to R10 may bind
together to form an optionally substituted ring, with a phosphorus compound having the following formula (2):

wherein the solid line represents a single bond, and the dashed line represents a coordination bond; B represents
a boron atom, H represents a hydrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; and R1 and R2, which
are adjacent to each other, may bind together to form an optionally substituted ring, in the presence of bases.
[2] The method according to [1], wherein R3, R4, R5, R6, R7, R8, R9 and R10 are hydrogen atoms.
[3] The method according to [1] or [2], wherein R1 and R2 are compounds each independently selected from the
group consisting of an isopropyl group, a cyclohexyl group, and a tert-butyl group.
[4] The method according to any one of [1] to [3], wherein LG is a halogen atom or a group selected from the group
consisting of a methanesulfonyloxy group (OMs), a p-toluenesulfonyloxy group (OTs), a benzenesulfonyloxy group
(OSO2C6H5), and a trifluoromethanesulfonyloxy group (OTf).
[5] The method according to any one of [1] to [4], wherein the base is alkyllithium.
[6] A method for producing a ruthenium complex having the following formula (5):
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wherein the solid line represents a single bond, the triple line represents a triple bond, and the dashed line represents
a coordination bond; C represents a carbon atom, H represents a hydrogen atom, N represents a nitrogen atom, O
represents an oxygen atom, P represents a phosphorus atom, and Ru represents a ruthenium atom; X represents
an anionic group; R1 and R2 each independently represent an optionally substituted alkyl group or an optionally
substituted cycloalkyl group; R1 and R2, which are adjacent to each other, may bind together to form an optionally
substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10 each independently represent a hydrogen atom or a group
selected from the group consisting of an optionally substituted alkyl group, an optionally substituted cycloalkyl group,
an optionally substituted alkenyl group, an optionally substituted aryl group, and an optionally substituted aralkyl
group; and R3 to R10 may bind together to form an optionally substituted ring, the method comprising: reacting a
compound having the following formula (3):

wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom, with a ruthenium
compound having the following formula (4):

wherein the solid line represents a single bond, the triple line represents a triple bond, and the dashed line represents
a coordination bond; C represents a carbon atom, H represents a hydrogen atom, O represents an oxygen atom,
and Ru represents a ruthenium atom; X represents an anionic group; and L1, L2, and L3 each independently represent
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a monodentate ligand, in the presence of amines.
[7] The method according to [6], wherein R3, R4, R5, R6, R7, R8, R9 and R10 are hydrogen atoms.
[8] The method according to [6] or [7], wherein R1 and R2 are compounds each independently selected from the
group consisting of an isopropyl group, a cyclohexyl group, and a tert-butyl group.
[9] The method according to any one of [6] to [8], wherein L1, L2, and L3 are tertiary phosphines.
[10] The method according to any one of [6] to [9], wherein X is a halogen atom.
[11] A compound having the following formula (3):

wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom.

Effects of the Invention

[0012] The present invention provides a method for simply and practically producing a novel N,N-bis(2-dialkylphos-
phinoethyl)amine-borane complex. The N,N-bis(2-dialkylphosphinoethyl)amine-borane complex according to the
present invention is stable to air and can be easily purified by, for example, column chromatography or recrystallization,
and by reacting this complex with a ruthenium precursor in the presence of amines, a ruthenium metal complex containing,
as a ligand, N,N-bis(2-dialkylphosphinoethyl)amines having excellent performance such as catalytic activity in a hydro-
genation reaction of a carbonyl compound, a dehydrogenation reaction of alcohols, etc. can be safely produced in high
yield by a short process.

Brief Description of Drawings

[0013]

FIG. 1 shows a 1H NMR chart of carbonyl chlorohydride{bis[2-(dicyclohexylphosphino)ethyl]amine}ruthenium(II)
(Example 2) .
FIG. 2 shows a 1H NMR chart of carbonyl chlorohydride{bis[2-(bis tert-butylphosphino)ethyl]amine}ruthenium(II)
(Example 4).

Description of Embodiments

[0014] Hereinafter, the present invention will be described in detail.
[0015] A method for producing an N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the formula (3) ac-
cording to the present invention can be expressed by the following reaction formula (6).



EP 3 409 681 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0016] In the oxazolidinone having the above formula (1), the leaving group represented by LG may be any group that
enables a nucleophilic substitution reaction, specific examples thereof include halogen atoms such as a fluorine atom,
a chlorine atom, a bromine atom, and an iodine atom, a methanesulfonyloxy group (OMs), a p-toluenesulfonyloxy group
(OTs), a benzenesulfonyloxy group (OSO2C6H5), and a trifluoromethanesulfonyloxy group (OTf), of which a halogen
atom is preferable and a chlorine atom is more preferable.
[0017] R3, R4, R5, R6, R7, R8, R9 and R10 each independently represent a hydrogen atom or a group selected from
the group consisting of an alkyl group optionally having substituent(s), a cycloalkyl group optionally having substituent(s),
an alkenyl group optionally having substituent(s), an aryl group optionally having substituent(s), and an aralkyl group
optionally having substituent(s), and preferably each represent a hydrogen atom.
[0018] The alkyl group in R3 to R10 may be linear or branched, examples thereof include an alkyl group having 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, and more preferably 1 to 10 carbon atoms, and specific examples
thereof include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a 2-butyl group,
an isobutyl group, a tert-butyl group, a cyclobutyl group, an n-pentyl group, a 2-pentyl group, a 3-pentyl group, a tert-
pentyl group, a 2-methylbutyl group, a 3-methylbutyl group, a 2-methylbutan-3-yl group, a 2,2-dimethylpropyl group, an
n-hexyl group, a 2-hexyl group, a 3-hexyl group, a tert-hexyl group, a 2-methylpentyl group, a 3-methylpentyl group, a
4-methylpentyl group, a 2-methylpentane-3-yl group, a 2-methylpentan-4-yl group, a 3-methylpentan-2-yl group, a 3-
methylpentan-3-yl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl group, a 2,2-dimethylbutan-3-yl group, an n-
heptyl group, an n-octyl group, an n-nonyl group, an n-decyl group, an n-dodecyl group, and an n-hexadecyl group, of
which a methyl group, an ethyl group, an isopropyl group, and a tert-butyl group are preferable.
[0019] Examples of the cycloalkyl group include a saturated or unsaturated monocyclic or polycyclic cycloalkyl group
having 3 to 8 carbon atoms, preferably 5 to 7 carbon atoms. Examples of such a cycloalkyl group include a cyclopropyl
group, a cyclopentyl group, a cyclohexyl group, a 1-adamantyl group, and a 2-adamantyl group, of which a cyclopentyl
group and a cyclohexyl group are preferable.
[0020] Examples of the alkenyl group include an alkenyl group having 2 to 20 carbon atoms, which may be linear,
branched or cyclic, of which an alkenyl group having 2 to 14 carbon atoms is preferable and an alkenyl group having 2
to 8 carbon atoms is more preferable. Specific examples thereof include a vinyl group, a 1-propenyl group, a 2-propenyl
group, an allyl group, a 1-cyclohexenyl group, a 1-styryl group, and a 2-styryl group.
[0021] Examples of the aryl group include an aryl group having 6 to 18 carbon atoms, of which an aryl group having
6 to 14 carbon atoms is preferable and an aryl group having 6 to 10 carbon atoms is more preferable. Specific examples
thereof include a phenyl group, a 1-naphthyl group, and a 2-naphthyl group, and preferred specific examples thereof
include a phenyl group.
[0022] Examples of the aralkyl group include an aralkyl group having the above-described alkyl group in which at least
one hydrogen atom of the alkyl group is substituted with the above-described aryl group and a polycyclic aralkyl group
formed by condensing the above-described cyclic alkyl group with the above-described aryl group, and specific examples
thereof include a benzyl group, a 1-phenylethyl group, a 2-phenylethyl group, a 1-phenylpropyl group, a 2-phenylpropyl
group, a 3-phenylpropyl group, a 1-phenyl-2-propyl group, a 2-phenyl-2-propyl group, a 1-indanyl group, a 2-indanyl
group, and a 9-fluorenyl group.
[0023] Substituents which may be present on the alkyl groups, the cycloalkyl groups, the alkenyl groups, the aryl
groups, and the aralkyl group serving as R3 to R10, the ring formed when two of the R3 to R6 are bonded to each other,
the ring formed when two of the R7 to R10 are bonded to each other, and the ring formed when two of the R3 to R10 are
bonded to each other include alkyl groups, halogen atoms, alkenyl groups, aryl groups, heteroaryl groups, aralkyl groups,
halogenoalkyl groups, and alkoxy groups, and the alkyl groups, the halogen atoms, the alkenyl groups, the aryl groups,
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the aralkyl groups, and substituent groups thereon are the same as those described in detail above.
[0024] The heteroaryl groups include heteroaryl groups derived from 5- or 6-membered aromatic heterocycles con-
taining 1 to 4 heteroatoms selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom,
and heteroaryl groups derived from polycyclic aromatic heterocycles which are formed by condensing the above-de-
scribed aromatic heterocycles with the above-described aryl groups. Specific examples thereof include a 2-furyl group,
a 3-furyl group, a 2-thienyl group, a 3-thienyl group, a 2-benzofuryl group, a 3-benzofuryl group, a 2-benzothienyl group,
and a 3-benzothienyl group.
[0025] Examples of the alkoxy groups include alkoxy groups having 1 to 10 carbon atoms, of which alkoxy groups
having 1 to 4 carbon atoms are preferable. Specific examples thereof include a methoxy group, an ethoxy group, a 1-
propoxy group, a 2-propoxy group, a 1-butoxy group, a 2-butoxy group, and a tert-butoxy group.
[0026] Examples of the halogenoalkyl groups include groups which are the same as the above-described alkyl groups,
except that at least one hydrogen atom is replaced with a halogen atom, and specific examples thereof include a
trifluoromethyl group, and an n-nonafluorobutyl group.
[0027] In the phosphine-borane complex having the above formula (2), R1 and R2 each independently represent an
alkyl group optionally having substituent(s) or a cycloalkyl group optionally having substituent(s).
[0028] The alkyl group in R1 and R2 may be linear or branched, examples thereof include an alkyl group having 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, and more preferably 1 to 10 carbon atoms, and specific examples
thereof include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a 2-butyl group,
an isobutyl group, a tert-butyl group, a cyclobutyl group, an n-pentyl group, a 2-pentyl group, a 3-pentyl group, a tert-
pentyl group, a 2-methylbutyl group, a 3-methylbutyl group, a 2-methylbutan-3-yl group, a 2,2-dimethylpropyl group, an
n-hexyl group, a 2- hexyl group, a 3-hexyl group, a tert-hexyl group, a 2-methylpentyl group, a 3-methylpentyl group, a
4-methylpentyl group, a 2-methylpentane-3-yl group, a 2-methylpentan-4-yl group, a 3-methylpentan-2-yl group, a 3-
methylpentan-3-yl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl group, a 2,2-dimethylbutan-3-yl group, an n-
heptyl group, an n-octyl group, an n-nonyl group, an n-decyl group, an n-dodecyl group, and an n-hexadecyl group, of
which a methyl group, an ethyl group, an isopropyl group, and a tert-butyl group are preferable.
[0029] Examples of the cycloalkyl group in R1 and R2 include a saturated or unsaturated monocyclic or polycyclic
cycloalkyl group having 3 to 8 carbon atoms, preferably 5 to 7 carbon atoms. Examples of such a cycloalkyl group include
a cyclopropyl group, a cyclopentyl group, a cyclohexyl group, a 1-adamantyl group, and a 2-adamantyl group, of which
a cyclopentyl group and a cyclohexyl group are preferable.
[0030] R1 and R2 may be bonded to each other to form an optionally substituted ring. Specific examples of such a
ring include a phosphetane ring and a phospholane ring.
[0031] Substituents which may be present on the alkyl groups and the cycloalkyl groups serving as R1 and R2 and
the ring formed when R1 and R2 are bonded to each other include alkyl groups, halogen atoms, alkenyl groups, aryl
groups, heteroaryl groups, aralkyl groups, halogenoalkyl groups, and alkoxy groups, and the alkyl groups, the halogen
atoms, the alkenyl groups, the aryl groups, the aralkyl groups, and these substituents are the same as those described
in detail in the above formula (1).
[0032] In the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the above formula (3), examples of an
optionally substituted alkyl group represented by R1 or R2, an optionally substituted cycloalkyl group represented by R1

or R2, and an optionally substituted ring formed by bonding adjacent R1 and R2 to each other include the same groups
as in the formula (2).
[0033] In the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the above formula (3), R3, R4, R5, R6,
R7, R8, R9 and R10 each independently represent a hydrogen atom or a group selected from the group consisting of an
alkyl group optionally having substituent(s), a cycloalkyl group optionally having substituent(s), an alkenyl group optionally
having substituent(s), an aryl group optionally having substituent(s), and an aralkyl group optionally having substituent(s),
and preferably each represent a hydrogen atom. Examples of the alkyl group, the optionally substituted alkenyl group,
the optionally substituted aryl group, and the optionally substituted aralkyl group in R3 to R10 include the same groups
as in the above formula (1).
[0034] In the present invention, borane represents boron trihydride expressed by BH3. In the formula (3), borane is
coordinated to a nitrogen atom or phosphorus atom, and n is 2 or 3, or a mixture of 2 and 3. In the present specification,
n = 2 to 3 means that n = 2, n = 3 or a mixture thereof.
[0035] A method for producing the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the above formula
(3) will be described in detail.
[0036] The oxazolidinone having the formula (1) can be synthesized by a method similar to the known method in, for
example, JP 2003-292798 A. For example, as shown in the reaction formula (7), 3-(2-chloroethyl)-2-oxazolidinone can
be synthesized by reacting carbon dioxide with N,N-bis(2-chloroethyl)amine hydrochloride.
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[0037] The phosphine-borane complex having the formula (2) can be synthesized by a method similar to the known
method in, for example, Lydia McKinstry, Tom, Livinghouse, Tetrahedron, 1995, 51, 7655. As one example thereof, this
complex can be produced by reacting secondary phosphines with a borane-dimethyl sulfide complex (BH3-SMe2), a
borane-tetrahydrofuran complex (BH3-THF), or the like.
[0038] The reaction of the oxazolidinone having the formula (1) and the phosphine-borane complex having the formula
(2) produced as described above is carried out in the presence of bases, whereby the N,N-bis(2-dialkylphosphinoe-
thyl)amine-borane complex having the formula (3) can be produced. The amount of the phosphine-borane complex
having the formula (2) which is used is not particularly limited, and is selected, as appropriate, from the range of generally
0.6 to 20 equivalents, preferably 1 to 10 equivalents, and more preferably 2 to 5 equivalents to the oxazolidinone having
the formula (1). The phosphine-borane complex having the formula (2) may be used after purification by, for example,
column chromatography or recrystallization in the production process, and after extraction with a solvent, the solution
washed with water may be used.
[0039] Specific examples of bases include alkali metal hydroxides such as lithium hydroxide, sodium hydroxide, and
potassium hydroxide, alkaline earth metal hydroxides such as calcium hydroxide, strontium hydroxide, and barium
hydroxide, metal hydrides such as lithium hydride, sodium hydride, potassium hydride, calcium hydride, sodium boro-
hydride, and lithium aluminum hydride, alkali metal alkoxides such as lithium methoxide, sodium methoxide, potassium
methoxide, sodium ethoxide, potassium ethoxide, sodium tert-butoxide, and potassium tert-butoxide, organolithium
compounds such as methyllithium, n-butyllithium, sec-butyllithium, tert-butyllithium, and phenyllithium, alkali metal
amides such as lithiumamide, sodium amide, lithium diisopropyl amide, and lithium hexamethyldisilazide, and Grignard
reagents such as methylmagnesium chloride, tert-butylmagnesium chloride, phenylmagnesium chloride, phenylmagne-
sium bromide, and methylmagnesium iodide, of which alkyllithium is preferable. Particularly preferred specific examples
thereof include n-butyllithium. Each of the bases may be used alone, or two or more of these bases may be used in
combination, as appropriate.
[0040] The amount of the base used is not particularly limited, and is selected, as appropriate, from the range of
generally 0.3 to 10 equivalents, preferably 0.5 to 5 equivalents, and more preferably 0.8 to 3 equivalents to the compound
having the formula (2). In this reaction, a method for adding the base is not particularly limited, and each of the compound
having the formula (2) and the base may be added separately. Alternatively, a mixture of the compound having the
formula (2) and the base (and a solvent) may be added, or the phosphide-borane complex obtainable by reacting the
compound having the formula (2) with the base (in a solvent) may be added.
[0041] This reaction is preferably carried out in the presence of solvent(s). Specific examples of the solvent include
an aliphatic hydrocarbon such as n-pentane, n-hexane, n-heptane, n-octane, n-decane, cyclohexane, or decalin, an
aromatic hydrocarbon such as benzene, toluene, xylene, mesitylene, p-cymene, or 1,4-diisopropylbenzene, a monoal-
cohol such as methanol, ethanol, 2-propanol, n-butanol, tert-butanol, 2-methyl-2-butanol, or 2-ethoxyethanol, a polyol
such as ethylene glycol, propylene glycol, 1,2-propanediol, or glycerin, an ether such as diethyl ether, diisopropyl ether,
tert-butyl methyl ether, cyclopentyl methyl ether, dimethoxyethane, ethylene glycol diethyl ether, tetrahydrofuran, or 1,
4-dioxane, an amine such as triethylamine, aniline, or 2-phenethylamine. Preferred specific examples thereof include
n-hexane and tetrahydrofuran. Each of the solvents may be used alone, or two or more of these solvents may be used
in combination, as appropriate.
[0042] The amount of the solvent used is not particularly limited, and is selected, as appropriate, from the range of
generally 1 to 200 volumes, preferably 2 to 100 volumes, and more preferably 5 to 50 volumes to 1 volume of the
compound having the formula (1).
[0043] This reaction is preferably carried out in an inert gas atmosphere. Specific examples of the inert gas include
argon gas and nitrogen gas. The reaction temperature is selected, as appropriate, from the range of generally -78 to
150°C, preferably -40 to 100°C, and more preferably -20 to 80°C. The reaction time naturally varies depending on the
base, the solvent, the reaction temperature, and other conditions, and is selected, as appropriate, from the range of
generally 1 minute to 48 hours, preferably 5 minutes to 24 hours, and more preferably 10 minutes to 15 hours.
[0044] If necessary, the thus obtained N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the formula (3)
may be subjected to post treatments, isolation, and purification. Examples of methods for the post treatments include
concentration, solvent exchange, washing, extraction, back-extraction, filtration, and crystallization by adding a poor
solvent. These methods can be performed alone or in combination. Examples of methods for the isolation or purification
include decolorization with an adsorbent, column chromatography, distillation, recrystallization, and crystallization of a
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salt obtained by washing of crystals with a poor solvent. These methods can be performed alone or in combination.
[0045] Next, a method for producing the ruthenium complex having the formula (5) can be expressed by the reaction
formula (8). That is, the ruthenium complex can be produced by stirring the ruthenium carbonyl complex having the
formula (4) and the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having the above formula (3) in the presence
of amines, in a solvent as appropriate. The amount of the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex having
the formula (3) which is used is not particularly limited, and is selected, as appropriate, from the range of generally 0.5
to 20 equivalents, preferably 0.7 to 10 equivalents, and more preferably 0.8 to 3 equivalents to the ruthenium carbonyl
complex having the formula (4).

[0046] In the formula (4), examples of the anionic group represented by X include a hydride ion (H-); a halogen ion
such as a chlorine ion (Cl-), a bromine ion (Br-), or an iodine ion (I-); as well as complex anions such as BH4, BF4, BPh4,
PF6, an acetoxy group, and a trifluoromethanesulfonyloxy group. A halogen ion is preferable, and a chlorine ion (Cl-) is
more preferable.
[0047] Examples of neutral monodentate ligands represented by L1, L2, and L3 include alcohols, ethers, sulfides,
sulfoxides, amines, amides, nitriles, isonitriles, heteroarenes, secondary phosphines, secondary phosphine oxides,
tertiary phosphines, phosphites, phosphoramidites, tertiary arsines, carbenes, hydrogen molecule, and carbon monoxide,
of which tertiary phosphines, phosphites, carbon monoxide, and the like are more preferable. Tertiary phosphines and
the like are still more preferable.
[0048] The tertiary phosphines are compounds having the following formula (9):

wherein P represents a phosphorus atom; R11, R12, and R13 each independently represent a group selected from the
group consisting of an alkyl group, an alkenyl group optionally having substituent(s), an aryl group optionally having
substituent(s), a heteroaryl group optionally having substituent(s), and an aralkyl group optionally having substituent(s);
and any two of R11 to R13 may be bonded to each other to form a ring optionally having substituent(s).
[0049] In the formula (9), P represents a phosphorus atom. R11, R12, and R13 each independently represent a group
selected from the group consisting of an optionally substituted alkyl group, an optionally substituted cycloalkyl group,
an optionally substituted alkenyl group, an optionally substituted aryl group, an optionally substituted heteroaryl group,
and an optionally substituted aralkyl group, and preferably represent a group selected from the group consisting of an
alkyl group, an optionally substituted aryl group, and an optionally substituted heteroaryl group.
[0050] The alkyl groups may be linear or branched, and examples thereof include alkyl groups having 1 to 30 carbon
atoms, of which alkyl groups having 1 to 20 carbon atoms are preferable and alkyl groups having 1 to 10 carbon atoms
are more preferable. Specific examples thereof include a methyl group, an ethyl group, an n-propyl group, an isopropyl
group, an n-butyl group, a 2-butyl group, an isobutyl group, a tert-butyl group, an n-pentyl group, a 2-pentyl group, a 3-
pentyl group, a tert-pentyl group, a 2-methylbutyl group, a 3-methylbutyl group, a 2-methylbutan-3-yl group, a 2,2-
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dimethylpropyl group, an n-hexyl group, a 2-hexyl group, a 3-hexyl group, a tert-hexyl group, a 2-methylpentyl group, a
3-methylpentyl group, a 4-methylpentyl group, a 2-methylpentan-3-yl group, a 2-methylpentan-4-yl group, a 3-methyl-
pentan-2-yl group, a 3-methylpentan-3-yl group, a 2,2-dimethylbutyl group, a 3,3-dimethylbutyl group, a 2,2-dimethylb-
utan-3-yl group, a cyclohexyl group, an n-heptyl group, an n-octyl group, an n-nonyl group, and an n-decyl group, and
preferred specific examples thereof include a methyl group and an ethyl group.
[0051] Examples of the cycloalkyl group include a saturated or unsaturated monocyclic or polycyclic cycloalkyl group
having 3 to 8 carbon atoms, preferably 5 to 7 carbon atoms. Examples of such a cycloalkyl group include a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a 1-adamantyl group, and a 2-adamantyl group, of
which a cyclopentyl group and a cyclohexyl group are preferable.
[0052] Examples of the alkenyl group include an alkenyl group having 2 to 20 carbon atoms, which may be linear,
branched or cyclic, of which an alkenyl group having 2 to 14 carbon atoms is preferable and an alkenyl group having 2
to 8 carbon atoms is more preferable. Specific examples thereof include a vinyl group, a 1-propenyl group, a 2-propenyl
group, an allyl group, a 1-cyclohexenyl group, a 1-styryl group, and a 2-styryl group.
[0053] Examples of the aryl group include an aryl group having 6 to 18 carbon atoms, of which an aryl group having
6 to 14 carbon atoms is preferable and an aryl group having 6 to 10 carbon atoms is more preferable. Specific examples
thereof include a phenyl group, a 1-naphthyl group, and a 2-naphthyl group, and preferred specific examples thereof
include a phenyl group.
[0054] The heteroaryl groups include heteroaryl groups derived from 5- or 6-membered aromatic heterocycles con-
taining 1 to 4 heteroatoms selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom,
and heteroaryl groups derived from polycyclic aromatic heterocycles which are formed by condensing the above-de-
scribed aromatic heterocycles with the above-described aryl groups. Specific examples thereof include a 2-furyl group,
a 3-furyl group, a 2-thienyl group, a 3-thienyl group, a 2-benzofuryl group, a 3-benzofuryl group, a 2-benzothienyl group,
and a 3-benzothienyl group, and preferred specific examples thereof include a 2-furyl group.
[0055] Examples of the aralkyl group include an aralkyl group having the above-described alkyl group in which at least
one hydrogen atom of the alkyl group is substituted with the above-described aryl group and a polycyclic aralkyl group
formed by condensing the above-described cyclic alkyl group with the above-described aryl group, and specific examples
thereof include a benzyl group, a 1-phenylethyl group, a 2-phenylethyl group, a 1-phenylpropyl group, a 2-phenylpropyl
group, a 3-phenylpropyl group, a 1-phenyl-2-propyl group, a 2-phenyl-2-propyl group, a 1-indanyl group, a 2-indanyl
group, and a 9-fluorenyl group.
[0056] Any two of R11 to R13 may be bonded to each other to form a ring optionally having substituent(s). Specific
examples of the ring include a phospholane ring, a phosphole ring, a phosphinane ring, and a phosphinine ring.
[0057] Examples of substituents which may be present on the alkenyl groups, the aryl groups, the heteroaryl groups,
and the aralkyl groups serving as R11 to R13 and on the ring formed when any two of R11 to R13 are bonded to each
other include alkyl groups, halogenoalkyl groups, alkenyl groups, aryl groups, heteroaryl groups, aralkyl groups, hydroxy
groups, alkoxy groups, alkoxycarbonyl groups, carboxyl groups, amino groups, sulfo groups, and halogeno groups. Of
these substituents, the alkyl groups, alkenyl groups, aryl groups, heteroaryl groups, and aralkyl groups are the same as
the groups in the detailed description of R11 to R13.
[0058] Examples of the halogenoalkyl groups include groups which are the same as the above-described alkyl groups,
except that at least one hydrogen atom is replaced with a halogen atom. Specific examples thereof include a trifluoromethyl
group and an n-nonafluorobutyl group, and preferred specific examples thereof include a trifluoromethyl group.
[0059] Examples of the alkoxy groups include alkoxy groups having 1 to 10 carbon atoms, of which alkoxy groups
having 1 to 4 carbon atoms is preferable. Specific examples thereof include a methoxy group, an ethoxy group, a 1-
propoxy group, a 2-propoxy group, a 1-butoxy group, a 2-butoxy group, and a tert-butoxy group, and preferred specific
examples thereof include a methoxy group.
[0060] Specific examples of the alkoxycarbonyl groups include a methoxycarbonyl group.
[0061] Specific examples of the amino groups include a dimethylamino group and a 4-morpholinyl group.
[0062] Specific examples of the halogeno groups include a fluoro group, a chloro group, a bromo group, and an iodo
group, of which a fluoro group and a chloro group are preferable.
[0063] Preferred specific examples of the tertiary phosphines having the formula (9) include trimethylphosphine, tri-
ethylphosphine, tricyclohexylphosphine, triphenylphosphine, tris(4-trifluoromethylphenyl)phosphine, tris(4-methoxyphe-
nyl)phosphine, and tris(2-furyl)phosphine. Triphenylphosphine is more preferable.
[0064] Meanings of the each symbol of the substituent group included in the formula (5) are the same as those
described above.
[0065] When used in the production of the ruthenium complex having the formula (5), borane of the N,N-bis(2-dialkyl-
phosphinoethyl)amine-borane complex having the formula (3) is required to be dissociated. In the production of the
ruthenium complex having the formula (5), borane may be used for complexation reaction while being dissociated in the
reaction system. Preferably, the complexation reaction is carried out while dissociating borane in the reaction system.
For the dissociation of borane, it is preferable to use a dissociation agent in combination, and as the dissociation agent
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for borane, any dissociation agent which is generally used may be used so long as it does not affect the complexation;
however, amines are preferable.
[0066] Specific examples of the amines include diethylamine, triethylamine, tri-n-butylamine, diisopropylethylamine,
N,N-dimethylaniline, 4-dimethylaminopyridine, pyrrolidine, piperidine, N-methylmorpholine, 1,5-diazabicyclo[4.3.0]non-
5-ene (DBN), and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), N,N,N’,N’-tetramethylethylenediamine (TMEDA), and 1,4-
diazabicyclo[2.2.2]octane (DABCO), of which diethylamine, N,N,N’,N’-tetramethylethylenediamine (TMEDA), and 1,4-
diazabicyclo[2.2.2]octane (DABCO) are preferable and 1,4-diazabicyclo[2.2.2]octane (DABCO) is more preferable.
[0067] The amount of the amines used is not particularly limited, and is selected, as appropriate, from the range of
generally 0.5 to 30 equivalents, preferably 0.7 to 20 equivalents, and more preferably 0.8 to 10 equivalents to the
compound having the formula (4). In this reaction, a method for adding the amines is not particularly limited, and each
of the compound having the formula (3) and the base may be added separately, or a mixture of the compound having
the formula (3) and the base (and a solvent) may be added.
[0068] This reaction is preferably carried out in the presence of solvent(s). Specific examples of the solvent include
an aliphatic hydrocarbon such as n-pentane, n-hexane, n-heptane, n-octane, n-decane, cyclohexane, or decalin, an
aromatic hydrocarbon such as benzene, toluene, xylene, mesitylene, p-cymene, or 1,4-diisopropylbenzene, a halogen-
ated aromatic hydrocarbon such as chlorobenzene or o-dichlorobenzene, an alcohol such as methanol, ethanol, 2-
propanol, n-butanol, tert-butanol, 2-methyl-2-butanol, or 2-ethoxyethanol, a polyol such as ethylene glycol, propylene
glycol, 1,2-propanediol, or glycerin, an ether such as diethyl ether, diisopropyl ether, tert-butyl methyl ether, cyclopentyl
methyl ether, dimethoxyethane, ethylene glycol diethyl ether, tetrahydrofuran, or 1,4-dioxane, an ester such as methyl
acetate, ethyl acetate, n-butyl acetate, or methyl propionate, a ketone such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, or cyclohexanone, an amine such as triethylamine, aniline or phenethylamine, an amide such as for-
mamide, N,N-dimethylformamide, or N,N-dimethylacetamide, a nitrile such as acetonitrile, malononitrile, or benzonitrile,
a sulfoxide such as dimethyl sulfoxide, and water, of which an aromatic hydrocarbon such as toluene, xylene, or mesitylene
and a halogenated aromatic hydrocarbon such as chlorobenzene or o-dichlorobenzene are preferable and an aromatic
hydrocarbon such as toluene, xylene, or mesitylene is more preferable. Each of the solvents may be used alone, or two
or more of these bases may be used in combination, as appropriate.
[0069] The amount of the solvent used is not particularly limited, and is selected, as appropriate, from the range of
generally 0.5 to 100 volumes, preferably 1 to 50 volumes, and more preferably 2 to 40 volumes to 1 volume of the
compound having the formula (4).
[0070] This reaction is preferably carried out in an inert gas atmosphere. Specific examples of the inert gas include
argon gas and nitrogen gas.
[0071] The reaction temperature is selected, as appropriate, from the range of generally 0 to 250°C, preferably 10 to
200°C, and more preferably 20 to 180°C.
[0072] The reaction time naturally varies depending on the amines, the solvent, the reaction temperature, and other
conditions, and is selected, as appropriate, from the range of generally 1 minute to 48 hours, preferably 5 minutes to 24
hours, and more preferably 10 minutes to 15 hours.
[0073] If necessary, the thus obtained ruthenium complex having the formula (5) may be subjected to post treatments,
isolation, and purification. Examples of methods for the post treatments include concentration, solvent exchange, wash-
ing, extraction, back-extraction, filtration, and crystallization by adding a poor solvent. These methods can be performed
alone or in combination.

Examples

[0074] The present invention is described in more detail by the following examples. However, the present invention
is not limited by the following examples.

1) Proton nuclear magnetic resonance spectroscopy (1H NMR): Varian Mercury plus Model 300 spectrometer (res-
onance frequency: 300 MHz, manufactured by Varian, Inc.) or Model 400MR DD2 spectrometer (resonance fre-
quency: 400 MHz, manufactured by Agilent Technologies, Inc.)
Internal standard: tetramethylsilane (0 ppm (singlet peak)) or residual non-deuterated solvent (dichloromethane:
5.32 ppm (triplet peak), or chloroform: 7.26 ppm (singlet peak))
2) Carbon 13 nuclear magnetic resonance spectroscopy (13C NMR): Varian Mercury plus Model 300 spectrometer
(resonance frequency: 75 MHz, manufactured by Varian, Inc.) or Model 400MR DD2 spectrometer (resonance
frequency: 100 MHz, manufactured by Agilent Technologies, Inc.)
Internal standard: chloroform (77 ppm (triplet peak))
3) Phosphorus 31 nuclear magnetic resonance spectroscopy (31P NMR): Varian Mercury plus Model 300 spectrom-
eter (resonance frequency: 121 MHz, manufactured by Varian, Inc.) or Model 400MR DD2 spectrometer (resonance
frequency: 161 MHz, manufactured by Agilent Technologies, Inc.)
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External standard: phosphoric acid (0 ppm (singlet peak)) solution in D2O

(Example 1) Synthesis of N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-bisborane complex

[0075]

Process 1: Synthesis of 3-(2-chloroethyl)-2-oxazolidinone

[0076]

[0077] (Setup and Reaction) A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 500 mL
four-necked round-bottom flask, and the flask was purged with nitrogen. Then, N,N-bis(chloroethyl)amine hydrochloride
(40.0 g, 224 mmol, 1.0 equivalent), methanol (MeOH) (120 mL), and triethylamine (Et3N) (47.6 g, 471 mmol, 2.1 equiv-
alents) were introduced sequentially. Carbon dioxide (CO2) gas was passed through the obtained solution at 20 to 30°C
for 30 minutes.
[0078] (Post Treatment, Isolation, and Purification) The reaction mixture was concentrated in vacuo, and then toluene
(120 mL) was added, and the mixture was then concentrated in vacuo. Toluene (120 mL) was further added, and the
mixture was concentrated in vacuo. After methanol was sufficiently removed, toluene (120 mL) was added again. The
obtained white suspension was filtered by suction, and the residue was washed with toluene. The filtrate was concentrated
in vacuo, and the residue was purified by distillation (boiling point: 145°C (666.6 Pa) ((5 mmHg))), thus obtaining 30.7
g of the title compound as a pale yellow liquid. The isolated yield was 91.6%.
1H NMR (300 MHz, deuterated chloroform (CDCl3)): δ= 4.38 (ddd, J = 0.9, 6.3, 7.8 Hz, 2H), 3.79 - 3.67 (m, 4H), 3.66 -
3.59 (m, 2H).
13C NMR (75 MHz, CDCl3) : δ = 158.38, 62.01, 46.19, 45.70, 42.03.
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Process 2: Synthesis of dicyclohexylphosphine-borane complex

[0079]

[0080] (Setup and Reaction) A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 1 L four-
necked round-bottom flask, and the flask was purged with nitrogen. Then, a borane-tetrahydrofuran solution (BH3-THF
solution, concentration: 0.9 mol/L, 212 mL, 191 mmol, 1.05 equivalents) was introduced, and cooled to 5°C in an ice-
water bath. Subsequently, dicyclohexylphosphine (36.0 g, 182 mmol, 1.0 equivalent) was added dropwise via a syringe
over 30 minutes so that the internal temperature was maintained at not more than 10°C.
[0081] (Post Treatment, Isolation, and Purification) The reaction mixture was added with water (0.7 mL, 0.2 equivalents)
to quench the reaction, and the mixture was concentrated in vacuo. Subsequently, toluene (288 mL) and water (216
mL) were added. After stirring, the mixture was allowed to stand, and the aqueous layer was separated. After concentrating
the organic layer in vacuo, dehydrated tetrahydrofuran (144 mL) was added to obtain a tetrahydrofuran solution of the
title compound.
31P NMR (161 MHz, tetrahydrofuran): δ = 18.6 - 17.8 (m)

Process 3: Synthesis of N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-bisborane complex

[0082]

[0083] (Setup and Reaction) A magnetic stirrer bar, a thermometer, a dropping funnel, and a three-way cock were
attached to a 1 L four-necked round-bottom flask, and the flask was purged with nitrogen. Then, a tetrahydrofuran
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solution (182 mmol, 1.0 equivalent) of a dicyclohexylphosphine-borane complex was introduced, and cooled to 5°C in
an ice-water bath. Subsequently, an n-hexane solution of n-butyllithium (n-BuLi) (concentration: 1.60 mol/L, 108 mL,
173 mmol, 0.95 equivalents) was placed in a dropping funnel, and added dropwise to the solution at such a rate that
the internal temperature was maintained at not more than 10°C over 30 minutes. The ice-water bath was removed, and
the temperature was returned to 20°C. Then, 3-(2-chloroethyl)-2-oxazolidinone (12.2 g, 81.7 mmol, 0.45 equivalents)
and dehydrated tetrahydrofuran (36.0 mL) were placed in a dropping funnel, and added dropwise at such a rate that the
internal temperature was maintained at not more than 25°C over 30 minutes, followed by stirring at room temperature
for 2 hours.
[0084] (Post Treatment, Isolation, and Purification) The reaction mixture was concentrated in vacuo, and then toluene
(288 mL) and water (360 mL) were added. After stirring, the mixture was allowed to stand, and the aqueous layer was
separated. The organic layer was again washed with water (108 mL) and concentrated in vacuo. Analysis of the obtained
crude product by NMR showed that the crude product was a 85/15 mixture of a complex with two BH3 molecules (a
bisborane complex) and a complex with three BH3 molecules (a trisborane complex). The obtained crude product was
recrystallized from toluene to obtain 14.1 g of the title compound as a white powder. Isolated yield: 69.8%.
1H NMR (400 MHz, deuterated chloroform (CDCl3)) δ = 2.87 - 2.81 (m, 4H), 1.90 - 1.68 (m, 28H), 1.38 - 1.21 (m, 20H) .
31P NMR (161 MHz, deuterated chloroform (CDCl3)): δ = 22.5 (d, J = 64.2 Hz, 2P)

(Reference Example 1) Synthesis of N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-trisborane complex

[0085]

[0086] (Setup and Reaction) A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 100 mL
four-necked round-bottom flask, and the flask was purged with nitrogen. Then, an N,N-bis[2-(dicyclohexylphosphi-
no)ethyl]amine-bisborane complex (10.0 g, 20.3 mmol, 1.0 equivalent) and tetrahydrofuran (20 mL) were introduced,
and cooled to 5°C in an ice-water bath. Subsequently, a borane-tetrahydrofuran solution (BH3-THF solution, concen-
tration: 0.9 mol/L, 24.8 mL, 22.3 mmol, 1.1 equivalents) was added dropwise via a syringe over 30 minutes so that the
internal temperature was maintained at not more than 10°C.
[0087] (Post Treatment, Isolation, and Purification) The reaction mixture was concentrated in vacuo, and then toluene
(50 mL) and water (25 mL) were added. After stirring, the mixture was allowed to stand, and the aqueous layer was
separated. The organic layer was again washed with water (20 mL) and concentrated in vacuo. The obtained residue
was recrystallized from toluene to obtain 6.1 g of the title compound as a white powder. Isolated yield: 58.8%
1H NMR (400 MHz, deuterated chloroform (CDCl3)): δ = 4.49 (br s, 1H), 2.99 - 2.90 (m, 4H), 2.36 - 2.04 (m, 4H), 1.86
- 1.70 (m, 24H), 1.43 - 1.24 (m, 20H).
31P NMR (161 MHz, deuterated chloroform (CDCl3)): δ = 22.8 (d, J = 49.6 Hz, 2P)

(Example 2) Synthesis of carbonyl chlorohydride{bis[2-(dicyclohexylphosphino)ethyl]amine}ruthenium(II)

[0088]
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[0089] (Setup and Reaction) A magnetic stirrer bar, a thermometer, a condenser, and a three-way cock were attached
to a 50 mL four-necked round-bottom flask, and the flask was purged with nitrogen. Then, carbonylchlorohydrido
tris(triphenylphosphine)ruthenium(II) (RuHCl(CO) (PPh3)3) (2.00 g, 2.10 mmol, 1.0 equivalent), N,N-bis[2-(dicyclohex-
ylphosphino)ethyl]amine-bisborane complex (1.14 g, 2.31 mmol, 1.1 equivalents), 1,4-diazabicyclo[2.2.2]octane (DAB-
CO) (705 mg, 6.29 mmol, 3.0 equivalents), and toluene (20 mL) were introduced sequentially, and the mixture was
stirred under reflux for 1 hour.
[0090] (Post Treatment, Isolation, and Purification) The suspension obtained after the reaction was filtered by suction,
and then the crystals obtained by filtration were washed with toluene (20 mL), and dried by heating under reduced
pressure, thus obtaining 1.40 g of the title compound as a pale yellow powder. Isolated yield: 100%.
1H NMR (400 MHz, deuterated methylene chloride (CD2Cl2)) : see FIG. 1
31P NMR (161 MHz, deuterated methylene chloride (CD2Cl2)): δ = 65.5 - 65.0 (m, 2P)

(Example 3) Synthesis of carbonyl chlorohydride{bis[2-(dicyclohexylphosphino)ethyl]amine}ruthenium(II)

[0091]

[0092] As in Example 2 described above, 1.40 g of the title compound was obtained as a pale yellow powder from
carbonylchlorohydrido tris(triphenylphosphine)ruthenium(II) (RuHCl (CO) (PPh3)3) (2.00 g, 2.10 mmol, 1.0 equivalent),
a mixture of an N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-bisborane complex (0.85 g, 1.72 mmol, 0.82 equivalents)
and an N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-trisborane complex (0.29 g, 0.57 mmol, 0.27 equivalents), and
1,4-diazabicyclo[2.2.2]octane (DABCO) (705 mg, 6.29 mmol, 3.0 equivalents). Isolated yield: 100%
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(Example 4) Synthesis of N,N-bis[2-(bis tert-butylphosphino)ethyl]amine-diborane complex

[0093]

Process 4-1: Synthesis of bis tert-butylphosphine-borane complex

[0094]

[0095] (Setup and Reaction) A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 100 L
four-necked round-bottom flask, and the flask was purged with nitrogen. Then, a borane-tetrahydrofuran solution
(BH3-THF solution, concentration: 0.9 mol/L, 21.2 mL, 19.1 mmol, 1.05 equivalents) was introduced, and cooled to 5°C
in an ice-water bath. Subsequently, bis(tert-butyl)phosphine (2.66 g, 18.2 mmol, 1.0 equivalent) was added dropwise
via a syringe over 30 minutes so that the internal temperature was maintained at not more than 10°C.
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[0096] (Post Treatment, Isolation, and Purification) Water (0.2 mL) was added to the reaction mixture to quench the
reaction, and the reaction mixture was concentrated in vacuo. Then, ethyl acetate (30 mL) and water (10 mL) were
added. After stirring, the mixture was allowed to stand, and the aqueous layer was separated. The aqueous layer was
extracted again with ethyl acetate (10 mL 3 twice), and the combined organic phases were dried with MgSO4 and then
filtered, followed by concentrating the filtrate in vacuo. The obtained crude product was purified by a silica gel column
to obtain 2.62 g of the title compound as a white powder. Isolated yield: 90.0%.

Process 4-2, 3: Synthesis of N,N-bis[2-(bis tert-butylphosphino)ethyl]amine-diborane complex

[0097]

[0098] (Setup and Reaction) A magnetic stirrer bar, a thermometer, a dropping funnel, and a three-way cock were
attached to a 100 mL four-necked round-bottom flask, and the flask was purged with nitrogen. Then, 1.95 g of bis tert-
butylphosphine-borane complex (12.18 mmol, 1.0 equivalent) and dehydrated tetrahydrofuran (10.0 mL) were introduced,
and cooled to 5°C in an ice-water bath. Subsequently, an n-hexane solution of n-butyllithium (n-BuLi) (concentration:
1.64 mol/L, 7.06 mL, 11.57 mmol, 0.95 equivalents) was placed in a dropping funnel, and added dropwise to the solution
at such a rate that the internal temperature was maintained at not more than 10°C over 30 minutes. The ice-water bath
was removed, and the temperature was returned to 20°C. Then, 3-(2-chloroethyl)-2-oxazolidinone (0.82 g, 5.48 mmol,
0.45 equivalents) and dehydrated tetrahydrofuran (2.5 mL) were placed in a dropping funnel, and added dropwise at
such a rate that the internal temperature was maintained at not more than 25°C over 30 minutes, followed by stirring at
room temperature for 2 hours.
[0099] (Post Treatment, Isolation, and Purification) The reaction mixture was concentrated in vacuo, and then ethyl
acetate (50 mL) and water (30 mL) were added. After stirring, the mixture was allowed to stand, and the aqueous layer
was separated. The aqueous layer was extracted again with ethyl acetate (10 mL 3 twice), and the combined organic
phases were dried with MgSO4 and then filtered, followed by concentrating the filtrate in vacuo. The obtained crude
product was purified by a silica gel column to obtain 1.64 g of the title compound as a white powder. Isolated yield: 77.0%.
1H NMR (400 MHz, deuterated chloroform (CDCl3)): δ = 2.98 - 2.92 (m, 4H), 1.86 - 1.79 (m, 4H), 1.26 (d, 36H).
31P NMR (161 MHz, deuterated chloroform (CDCl3)): δ = 40.7 (d, J = 67.1 Hz, 2P)

Process 4-4: Synthesis of carbonyl chlorohydride{bis[2-(bis tert-butylphosphino)ethyl]amine}ruthenium(II)

[0100]
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[0101] (Setup and Reaction) A magnetic stirrer bar and a condenser were attached to a 50 mL Schlenk tube, and the
Schlenk tube was purged with nitrogen. Then, carbonylchlorohydrido tris(triphenylphosphine)ruthenium(II) (RuH-
Cl(CO)(PPh3)3) (1.67 g, 1.75 mmol, 1.0 equivalent), N,N-bis[2-(bis tert-butylphosphino)ethyl]amine-diborane complex
(0.75 g, 1.93 mmol, 1.1 equivalents), 1,4-diazabicyclo[2.2.2]octane (DABCO) (590 mg, 5.25 mmol, 3.0 equivalents), and
toluene (15 mL) were introduced sequentially, and the mixture was stirred under reflux for 1 hour.
[0102] (Post Treatment, Isolation, and Purification) The suspension obtained after the reaction was filtered by suction,
and then the crystals obtained by filtration were washed with toluene (15 mL), and dried by heating under reduced
pressure, thus obtaining 0.74 g of the title compound as a gray powder. Isolated yield: 80.4%.
1H NMR (400 MHz, deuterated methylene chloride (CD2Cl2)) : see FIG. 2
31P NMR (161 MHz, deuterated methylene chloride (CD2Cl2)) : δ = 86.6 - 86.2 (m, 2P)

(Example 5) Synthesis of N,N-bis[2-(bisisopropylphosphino)ethyl]amine-diborane complex

[0103]
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Process 5-1: Synthesis of bisisopropylphosphine

[0104]

(Setup and Reaction)

[0105] A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 300 mL four-necked round-
bottom flask, and the flask was purged with nitrogen. Then, bisisopropylphosphine chloride (5.0 g, 32.8 mmol, 1.0
equivalent) and diethyl ether (25 mL) were introduced, and cooled to 5°C in an ice-water bath. Subsequently, an ether
solution of LiAlH4 (concentration: 1.0 mol/L, 32.8 mL, 32.8 mmol, 1.0 equivalent) was added dropwise over 30 minutes
so that the internal temperature was maintained at not more than 10°C.
[0106] (Post Treatment, Isolation, and Purification) Water (6.0 mL) was added to the reaction mixture to quench the
reaction, and the reaction mixture was dried with MgSO4 and then filtered. The filtrate was concentrated in vacuo to
obtain 3.0 g of bisisopropylphosphine. (Yield 77.5%)

Process 5-2: Synthesis of bisisopropylphosphine-borane complex

[0107]

(Setup and Reaction)

[0108] A magnetic stirrer bar, a thermometer, and a three-way cock were attached to a 300 mL four-necked round-
bottom flask, and the flask was purged with nitrogen. Then, a borane-tetrahydrofuran solution (BH3-THF solution, con-
centration: 0.9 mol/L, 100 mL, 90 mmol, 3.5 equivalents) was introduced, and cooled to 5°C in an ice-water bath.
Subsequently, bisisopropylphosphine (3.0 g, 25.4 mmol, 1.0 equivalent) was added dropwise via a syringe over 30
minutes so that the internal temperature was maintained at not more than 10°C.
[0109] (Post Treatment, Isolation, and Purification) Water (0.2 mL) was added to the reaction mixture to quench the
reaction, and the reaction mixture was concentrated in vacuo. Then, ethyl acetate (50 mL) and water (10 mL) were
added. After stirring, the mixture was allowed to stand, and the aqueous layer was separated. The aqueous layer was
extracted again with ethyl acetate (20 mL 3 twice), and the combined organic phases were dried with MgSO4 and then
filtered, followed by concentrating the filtrate in vacuo. The obtained crude product was purified by a silica gel column
to obtain 1.0 g of the title compound as a colorless liquid. Isolated yield: 24.6%.
31P NMR (161 MHz, deuterated chloroform): δ = 27.4 - 26.5 (m)

Process 5-3, 4: Synthesis of N,N-bis[2-(bisisopropylphosphino)ethyl]amine-diborane complex

[0110]
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[0111] (Setup and Reaction) A magnetic stirrer bar, a thermometer, a dropping funnel, and a three-way cock were
attached to a 100 mL four-necked round-bottom flask, and the flask was purged with nitrogen. Then, a bisisopropyl-
phosphine-borane complex (1.2 g, 9.1 mmol, 1.0 equivalent) and dehydrated tetrahydrofuran (10 mL) were introduced,
and cooled to 5°C in an ice-water bath. Subsequently, an n-hexane solution of n-butyllithium (n-BuLi) (concentration:
1.64 mol/L, 5.27 mL, 8.64 mmol, 0.95 equivalents) was placed in a dropping funnel, and added dropwise to the solution
at such a rate that the internal temperature was maintained at not more than 10°C over 30 minutes. The ice-water bath
was removed, and the temperature was returned to 20°C. Then, 3-(2-chloroethyl)-2-oxazolidinone (0.61 g, 4.09 mmol,
0.45 equivalents) and dehydrated tetrahydrofuran (2.5 mL) were placed in a dropping funnel, and added dropwise at
such a rate that the internal temperature was maintained at not more than 25°C over 30 minutes, followed by stirring at
room temperature for 2 hours.
[0112] (Post Treatment, Isolation, and Purification) The reaction mixture was concentrated in vacuo, and then ethyl
acetate (50 mL) and water (30 mL) were added. After stirring, the mixture was allowed to stand, and the aqueous layer
was separated. The aqueous layer was extracted again with ethyl acetate (10 mL 3 twice), and the combined organic
phases were dried with MgSO4 and then filtered, followed by concentrating the filtrate in vacuo. The obtained crude
product was purified by a silica gel column to obtain 0.1 g of the title compound as a white powder. Isolated yield: 8.0%.
1H NMR (400 MHz, deuterated chloroform (CDCl3)): δ = 3.50 - 3.40 (m, 4H), 2.10 - 2.00 (m, 4H), 1.90 - 1.92 (m, 4H),
1.28 - 1.18 (m, 24H).
31P NMR (161 MHz, deuterated chloroform (CDCl3)): δ = 30.2 (d, J = 68.6 Hz, 2P)

Process 5-5: Synthesis of carbonyl chlorohydride{bis[2-(bisisopropylphosphino)ethyl]amine}ruthenium(II)

[0113]

[0114] (Setup and Reaction) A magnetic stirrer bar and a condenser were attached to a 50 mL Schlenk tube, and the
Schlenk tube was purged with nitrogen. Then, carbonylchlorohydrido tris(triphenylphosphine)ruthenium(II) (RuH-
Cl(CO)(PPh3)3) (0.285 g, 0.30 mmol, 1.0 equivalent), N,N-bis[2-(dicyclohexylphosphino)ethyl]amine-diborane complex
(0.1 g, 0.30 mmol, 1.0 equivalent), 1,4-diazabicyclo[2.2.2]octane (DABCO) (168 mg, 1.50 mmol, 5.0 equivalents), and
toluene (3 mL) were introduced sequentially, and the mixture was stirred under reflux for 1 hour.
[0115] (Post Treatment, Isolation, and Purification) The suspension obtained after the reaction was filtered by suction,
and then the crystals obtained by filtration were washed with toluene (20 mL), and dried by heating under reduced
pressure, thus obtaining 21 mg of the title compound as a pale yellow powder. Isolated yield: 15%.
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1H NMR (400 MHz, deuterated methylene chloride (CD2Cl2)): δ = 3.42 (br, 1H), 3.33 - 3.15 (m, 2H), 2.70 - 2.62 (m, 2H),
2.36 - 2.20 (m, 4H), 1.84 - 1.72 (m, 4H), 1.49 - 1.01 (m, 24H), - 16.30 (t, J = 18.0 Hz, 1H)
31P NMR (161 MHz, deuterated methylene chloride (CD2Cl2)): 75.1 (s, 2P)

Industrial Applicability

[0116] The present invention provides a production method in which a ruthenium metal complex containing, as a
ligand, N,N-bis(2-dialkylphosphinoethyl)amines having excellent performance such as catalytic activity in a hydrogen-
ation reaction of a carbonyl compound, a dehydrogenation reaction of alcohols, etc. can be produced in a simple manner
and high yield. The present invention further provides an N,N-bis(2-dialkylphosphinoethyl)amine-borane complex which
is useful as a ligand raw material and a novel method for safely and practically producing the same. The N,N-bis(2-
dialkylphosphinoethyl)amine-borane complex is stable to air and can be easily purified by, for example, column chro-
matography or recrystallization, and by reacting this complex with a ruthenium precursor in the presence of amines, a
ruthenium metal complex can be easily and safely produced in high yield by a short process; therefore, it is suitable for
industrial application.
[0117] Accordingly, the N,N-bis(2-dialkylphosphinoethyl)amine-borane complex of the present invention, the produc-
tion method therefor, and a method for producing a ruthenium complex using an N,N-bis(2-dialkylphosphinoethyl)amine-
borane complex is useful in the field of organic industrial chemistry.

Claims

1. A method for producing a compound having the following formula (3):

wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom, the method
comprising: reacting a compound having the following formula (1):

wherein the solid line represents a single bond, and the double line represents a double bond; C represents a carbon
atom, N represents a nitrogen atom, and O represents an oxygen atom; LG represents a leaving group; R3, R4, R5,
R6, R7, R8, R9 and R10 each independently represent a hydrogen atom or a group selected from the group consisting
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of an optionally substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl
group, an optionally substituted aryl group, and an optionally substituted aralkyl group; and R3 to R10 may bind
together to form an optionally substituted, with a phosphorus compound having the following formula (2):

wherein the solid line represents a single bond, and the dashed line represents a coordination bond; B represents
a boron atom, H represents a hydrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; and R1 and R2 may
bind together to form an optionally substituted ring, in the presence of bases.

2. The method according to claim 1, wherein R3, R4, R5, R6, R7, R8, R9 and R10 are hydrogen atoms.

3. The method according to claim 1 or 2, wherein R1 and R2 are groups each independently selected from the group
consisting of an isopropyl group, a cyclohexyl group, and a tert-butyl group.

4. The method according to any one of claims 1 to 3, wherein LG is a halogen atom or a group selected from the group
consisting of a methanesulfonyloxy group (OMs), a p-toluenesulfonyloxy group (OTs), a benzenesulfonyloxy group
(OSO2C6H5), and a trifluoromethanesulfonyloxy group (OTf).

5. The method according to any one of claims 1 to 4, wherein the base is alkyllithium.

6. A method for producing a ruthenium complex having the following formula (5):

wherein the solid line represents a single bond, the triple line represents a triple bond, and the dashed line represents
a coordination bond; C represents a carbon atom, H represents a hydrogen atom, N represents a nitrogen atom, O
represents an oxygen atom, P represents a phosphorus atom, and Ru represents a ruthenium atom; X represents
an anionic group; R1 and R2 each independently represent an optionally substituted alkyl group or an optionally
substituted cycloalkyl group; R1 and R2, which are adjacent to each other, may bind together to form an optionally
substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10 each independently represent a hydrogen atom or a group
selected from the group consisting of an optionally substituted alkyl group, an optionally substituted cycloalkyl group,
an optionally substituted alkenyl group, an optionally substituted aryl group, and an optionally substituted aralkyl
group; and R3 to R10 may bind together to form an optionally substituted ring, the method comprising: reacting a
compound having the following formula (3):
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wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom, with a ruthenium
compound having the following formula (4):

wherein the solid line represents a single bond, the triple line represents a triple bond, and the dashed line represents
a coordination bond; C represents a carbon atom, H represents a hydrogen atom, O represents an oxygen atom,
and Ru represents a ruthenium atom; X represents an anionic group; and L1, L2, and L3 each independently represent
a monodentate ligand, in the presence of amines.

7. The method according to claim 6, wherein R3, R4, R5, R6, R7, R8, R9 and R10 are hydrogen atoms.

8. The method according to claim 6 or 7, wherein R1 and R2 are groups each independently selected from the group
consisting of an isopropyl group, a cyclohexyl group, and a tert-butyl group.

9. The method according to any one of claims 6 to 8, wherein L1, L2, and L3 are tertiary phosphines.

10. The method according to any one of claims 6 to 9, wherein X is a halogen atom.

11. A compound having the following formula (3):
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wherein the solid line represents a single bond; B represents a boron atom, C represents a carbon atom, H represents
a hydrogen atom, N represents a nitrogen atom, and P represents a phosphorus atom; R1 and R2 each independently
represent an optionally substituted alkyl group or an optionally substituted cycloalkyl group; R1 and R2, which are
adjacent to each other, may bind together to form an optionally substituted ring; R3, R4, R5, R6, R7, R8, R9 and R10

each independently represent a hydrogen atom or a group selected from the group consisting of an optionally
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted alkenyl group, an op-
tionally substituted aryl group, and an optionally substituted aralkyl group; R3 to R10 may bind together to form an
optionally substituted ring; n = 2 to 3, and BH3 is coordinated to a nitrogen atom or phosphorus atom.

Patentansprüche

1. Verfahren zur Herstellung einer Verbindung mit der folgenden Formel (3):

wobei gilt: die durchgezogene Linie steht für eine Einfachbindung; B steht für ein Boratom, C steht für ein Kohlen-
stoffatom, H steht für ein Wasserstoffatom, N steht für ein Stickstoffatom und P steht für ein Phosphoratom; R1 und
R2 stehen jeweils unabhängig für eine optional substituierte Alkylgruppe oder eine optional substituierte Cycloal-
kylgruppe; R1 und R2, die nebeneinander liegen, können miteinander verbunden sein, um einen optional substitu-
ierten Ring zu bilden; R3, R4, R5, R6, R7, R8, R9 und R10 stehen jeweils unabhängig für ein Wasserstoffatom oder
eine Gruppe, ausgewählt aus der Gruppe, bestehend aus einer optional substituierten Alkylgruppe, einer optional
substituierten Cycloalkylgruppe, einer optional substituierten Alkenylgruppe, einer optional substituierten Arylgruppe
und einer optional substituierten Aralkylgruppe; R3 bis R10 können miteinander verbunden sein, um eine optional
substituierten Ring zu bilden; n = 2 bis 3 und BH3 ist an ein Stickstoffatom oder ein Phosphoratom koordiniert, wobei
das Verfahren umfasst: das Umsetzen einer Verbindung mit der folgenden Formel (1):

wobei gilt: die durchgezogene Linie steht für eine Einfachbindung und die doppelte Linie steht für eine Doppelbindung;
C steht für ein Kohlenstoffatom, N steht für ein Stickstoffatom und O steht für ein Sauerstoffatom; LG steht für eine
Abgangsgruppe; R3, R4, R5, R6, R7, R8, R9 und R10 stehen jeweils unabhängig für ein Wasserstoffatom oder eine
Gruppe, ausgewählt aus der Gruppe, bestehend aus einer optional substituierten Alkylgruppe, einer optional sub-
stituierten Cycloalkylgruppe, einer optional substituierten Alkenylgruppe, einer optional substituierten Arylgruppe
und einer optional substituierten Aralkylgruppe; und R3 bis R10 können miteinander verbunden sein, um einen
optional substituierten zu bilden, mit einer Phosphorverbindung mit der folgenden Formel (2):
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wobei gilt: die durchgezogene Linie steht für eine Einfachbindung und die gestrichelte Linie steht für eine koordinative
Bindung; B steht für ein Boratom, H steht für ein Wasserstoffatom und P steht für ein Phosphoratom; R1 und R2

stehen jeweils unabhängig für eine optional substituierte Alkylgruppe oder eine optional substituierte Cycloalkyl-
gruppe; und R1 und R2 können miteinander verbunden sein, um einen optional substituierten Ring zu bilden, in
Gegenwart von Basen.

2. Verfahren nach Anspruch 1, wobei R3, R4, R5, R6, R7, R8, R9 und R10 Wasserstoffatome sind.

3. Verfahren nach Anspruch 1 oder 2, wobei R1 und R2 Gruppen sind, die jeweils unabhängig ausgewählt sind aus
der Gruppe, bestehend aus einer Isopropylgruppe, einer Cyclohexylgruppe und einer tert-Butylgruppe.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei gilt: LG ist ein Halogenatom oder eine Gruppe, ausgewählt
aus der Gruppe, bestehend aus einer Methansulfonyloxygruppe (OMs), einer p-Toluolsulfonyloxygruppe (OTs),
einer Benzolsulfonyloxygruppe (OSO2C6H5) und einer Trifluormethansulfonyloxygruppe (OTf).

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Base Alkyllithium ist.

6. Verfahren zur Herstellung eines Rutheniumkomplexes mit der folgenden Formel (5):

wobei gilt: die durchgezogene Linie steht für eine Einfachbindung, die dreifache Linie steht für eine Dreifachbindung
und die gestrichelte Linie steht für eine koordinative Bindung; C steht für ein Kohlenstoffatom, H steht für ein
Wasserstoffatom, N steht für ein Stickstoffatom, O steht für ein Sauerstoffatom, P steht für ein Phosphoratom und
Ru steht für ein Rutheniumatom; X steht für eine anionische Gruppe; R1 und R2 stehen jeweils unabhängig für eine
optional substituierte Alkylgruppe oder eine optional substituierte Cycloalkylgruppe; R1 und R2, die nebeneinander
liegen, können miteinander verbunden sein, um einen optional substituierten Ring zu bilden; R3, R4, R5, R6, R7, R8,
R9 und R10 stehen jeweils unabhängig für ein Wasserstoffatom oder eine Gruppe, ausgewählt aus der Gruppe,
bestehend aus einer optional substituierten Alkylgruppe, einer optional substituierten Cycloalkylgruppe, einer opti-
onal substituierten Alkenylgruppe, einer optional substituierten Arylgruppe und einer optional substituierten Aralkyl-
gruppe; und R3 bis R10 können miteinander verbunden sein, um einen optional substituierten Ring zu bilden, wobei
das Verfahren umfasst: das Umsetzen einer Verbindung mit der folgenden Formel (3):
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wobei gilt: die durchgezogene Linie steht für eine Einfachbindung; B steht für ein Boratom, C steht für ein Kohlen-
stoffatom, H steht für ein Wasserstoffatom, N steht für ein Stickstoffatom und P steht für ein Phosphoratom; R1 und
R2 stehen jeweils unabhängig für eine optional substituierte Alkylgruppe oder eine optional substituierte Cycloal-
kylgruppe; R1 und R2, die nebeneinander liegen, können miteinander verbunden sein, um einen optional substitu-
ierten Ring zu bilden; R3, R4, R5, R6, R7, R8, R9 und R10 stehen jeweils unabhängig für ein Wasserstoffatom oder
eine Gruppe, ausgewählt aus der Gruppe, bestehend aus einer optional substituierten Alkylgruppe, einer optional
substituierten Cycloalkylgruppe, einer optional substituierten Alkenylgruppe, einer optional substituierten Arylgruppe
und einer optional substituierten Aralkylgruppe; R3 bis R10 können miteinander verbunden sein, um einen optional
substituierten Ring zu bilden; n = 2 bis 3 und BH3 ist an ein Stickstoffatom oder Phosphoratom koordiniert, mit einer
Rutheniumverbindung mit der folgenden Formel (4):

wobei gilt: die durchgezogene Linie steht für eine Einfachbindung, die dreifache Linie steht für eine Dreifachbindung
und die gestrichelte Linie steht für eine koordinative Bindung; C steht für ein Kohlenstoffatom, H steht für ein
Wasserstoffatom, O steht für ein Sauerstoffatom, Ru steht für ein Rutheniumatom; X steht für eine anionische
Gruppe; und L1, L2 und L3 stehen jeweils unabhängig für einen einzähnigen Liganden, in der Gegenwart von Aminen.

7. Verfahren nach Anspruch 6, wobei R3, R4, R5, R6, R7, R8, R9 und R10 Wasserstoffatome sind.

8. Verfahren nach Anspruch 6 oder 7, wobei R1 und R2 Gruppen sind, die jeweils unabhängig ausgewählt sind aus
der Gruppe, bestehend aus einer Isopropylgruppe, einer Cyclohexylgruppe und einer tert-Butylgruppe.

9. Verfahren nach einem der Ansprüche 6 bis 8, wobei L1, L2 und L3 tertiäre Phosphine sind.

10. Verfahren nach einem der Ansprüche 6 bis 9, wobei X ein Halogenatom ist.

11. Verbindung der folgenden Formel (3):

wobei gilt: die durchgezogene Linie steht für eine Einfachbindung; B steht für ein Boratom, C steht für ein Kohlen-
stoffatom, H steht für ein Wasserstoffatom, N steht für ein Stickstoffatom und P steht für ein Phosphoratom; R1 und
R2 stehen jeweils unabhängig für eine optional substituierte Alkylgruppe oder eine optional substituierte Cycloal-
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kylgruppe; R1 und R2, die nebeneinander liegen, können miteinander verbunden sein, um einen optional substitu-
ierten Ring zu bilden; R3, R4, R5, R6, R7, R8, R9 und R10 stehen jeweils unabhängig für ein Wasserstoffatom oder
eine Gruppe, ausgewählt aus der Gruppe, bestehend aus einer optional substituierten Alkylgruppe, einer optional
substituierten Cycloalkylgruppe, einer optional substituierten Alkenylgruppe, einer optional substituierten Arylgruppe
und einer optional substituierten Aralkylgruppe; R3 bis R10 können miteinander verbunden sein, um einen optional
substituierten Ring zu bilden; n = 2 bis 3 und BH3 ist an ein Stickstoffatom oder Phosphoratom koordiniert.

Revendications

1. Procédé de production d’un composé présentant la formule (3) suivante :

dans laquelle la ligne continue représente une liaison simple ; B représente un atome de bore, C représente un
atome de carbone, H représente un atome d’hydrogène, N représente un atome d’azote, et P représente un atome
de phosphore ; R1 et R2 représentent chacun indépendamment un groupe alkyle facultativement substitué ou un
groupe cycloalkyle facultativement substitué ; R1 et R2, qui sont adjacents l’un à l’autre, peuvent se lier ensemble
pour former un cycle facultativement substitué ; R3, R4, R5, R6, R7, R8, R9 et R10 représentent chacun indépen-
damment un atome d’hydrogène ou un groupe sélectionné dans le groupe consistant en un groupe alkyle faculta-
tivement substitué, un groupe cycloalkyle facultativement substitué, un groupe alcényle facultativement substitué,
un groupe aryle facultativement substitué, et un groupe aralkyle facultativement substitué ; R3 à R10 peuvent se lier
ensemble pour former un cycle facultativement substitué ; n = 2 à 3, et BH3 est coordonné à un atome d’azote ou
à un atome de phosphore, le procédé comprenant : la réaction d’un composé présentant la formule (1) suivante :

dans laquelle la ligne continue représente une liaison simple, et la ligne double représente une liaison double ; C
représente un atome de carbone, N représente un atome d’azote, et O représente un atome d’oxygène ; LG repré-
sente un groupe partant ; R3, R4, R5, R6, R7, R8, R9 et R10 représentent chacun indépendamment un atome d’hy-
drogène ou un groupe sélectionné dans le groupe consistant en un groupe alkyle facultativement substitué, un
groupe cycloalkyle facultativement substitué, un groupe alcényle facultativement substitué, un groupe aryle facul-
tativement substitué, et un groupe aralkyle facultativement substitué ; et R3 à R10 peuvent se lier ensemble pour
former un facultativement substitué, avec un composé de phosphore présentant la formule (2) suivante :
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dans laquelle la ligne continue représente une liaison simple, et la ligne pointillée représente une liaison de
coordination ; B représente un atome de bore, H représente un atome d’hydrogène, et P représente un atome de
phosphore ; R1 et R2 représentent chacun indépendamment un groupe alkyle facultativement substitué ou un groupe
cycloalkyle facultativement substitué ; et R1 et R2 peuvent se lier ensemble pour former un cycle facultativement
substitué, en présence de bases.

2. Procédé selon la revendication 1, dans lequel R3, R4, R5, R6, R7, R8, R9 et R10 sont des atomes d’hydrogène.

3. Procédé selon la revendication 1 ou 2, dans lequel R1 et R2 sont des groupes sélectionnés chacun indépendamment
dans le groupe consistant en un groupe isopropyle, un groupe cyclohexyle, et un groupe tert-butyle.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel LG est un atome d’halogène ou un groupe
sélectionné dans le groupe consistant en un groupe méthanesulfonyloxy (OMs), un groupe p-toluène-sulfonyloxy
(OTs), un groupe benzènesulfonyloxy (OSO2C6H5), et un groupe trifluorométhanesulfonyloxy (OTf).

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel la base est un alkyllithium.

6. Procédé de production d’un complexe de ruthénium présentant la formule (5) suivante :

dans laquelle la ligne continue représente une liaison simple, la ligne triple représente une liaison triple, et la ligne
pointillée représente une liaison de coordination ; C représente un atome de carbone, H représente un atome
d’hydrogène, N représente un atome d’azote, O représente un atome d’oxygène, P représente un atome de phos-
phore, et Ru représente un atome de ruthénium ; X représente un groupe anionique ; R1 et R2 représentent chacun
indépendamment un groupe alkyle facultativement substitué ou un groupe cycloalkyle facultativement substitué ;
R1 et R2, qui sont adjacents l’un à l’autre, peuvent se lier ensemble pour former un cycle facultativement substitué ;
R3, R4, R5, R6, R7, R8, R9 et R10 représentent chacun indépendamment un atome d’hydrogène ou un groupe
sélectionné dans le groupe consistant en un groupe alkyle facultativement substitué, un groupe cycloalkyle facul-
tativement substitué, un groupe alcényle facultativement substitué, un groupe aryle facultativement substitué, et un
groupe aralkyle facultativement substitué ; et R3 à R10 peuvent se lier ensemble pour former un cycle facultativement
substitué, le procédé comprenant : la réaction d’un composé présentant la formule (3) suivante :
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dans laquelle la ligne continue représente une liaison simple ; B représente un atome de bore, C représente un
atome de carbone, H représente un atome d’hydrogène, N représente un atome d’azote, et P représente un atome
de phosphore ; R1 et R2 représentent chacun indépendamment un groupe alkyle facultativement substitué ou un
groupe cycloalkyle facultativement substitué ; R1 et R2, qui sont adjacents l’un à l’autre, peuvent se lier ensemble
pour former un cycle facultativement substitué ; R3, R4, R5, R6, R7, R8, R9 et R10 représentent chacun indépen-
damment un atome d’hydrogène ou un groupe sélectionné dans le groupe consistant en un groupe alkyle faculta-
tivement substitué, un groupe cycloalkyle facultativement substitué, un groupe alcényle facultativement substitué,
un groupe aryle facultativement substitué, et un groupe aralkyle facultativement substitué ; R3 à R10 peuvent se lier
ensemble pour former un cycle facultativement substitué ; n = 2 à 3, et BH3 est coordonné à un atome d’azote ou
à un atome de phosphore, avec un composé de ruthénium présentant la formule (4) suivante :

dans laquelle la ligne continue représente une liaison simple, la ligne triple représente une liaison triple, et la ligne
pointillée représente une liaison de coordination ; C représente un atome de carbone, H représente un atome
d’hydrogène, O représente un atome d’oxygène, et Ru représente un atome de ruthénium; X représente un groupe
anionique ; et L1, L2, et L3 représentent chacun indépendamment un ligand monodenté, en présence d’amines.

7. Procédé selon la revendication 6, dans lequel R3, R4, R5, R6, R7, R8, R9 et R10 sont des atomes d’hydrogène.

8. Procédé selon la revendication 6 ou 7, dans lequel R1 et R2 sont des groupes sélectionnés chacun indépendamment
dans le groupe consistant en un groupe isopropyle, un groupe cyclohexyle, et un groupe tert-butyle.

9. Procédé selon l’une quelconque des revendications 6 à 8, dans lequel L1, L2, et L3 sont des phosphines tertiaires.

10. Procédé selon l’une quelconque des revendications 6 à 9, dans lequel X est un atome d’halogène.

11. Composé présentant la formule (3) suivante :
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dans laquelle la ligne continue représente une liaison simple ; B représente un atome de bore, C représente un
atome de carbone, H représente un atome d’hydrogène, N représente un atome d’azote, et P représente un atome
de phosphore ; R1 et R2 représentent chacun indépendamment un groupe alkyle facultativement substitué ou un
groupe cycloalkyle facultativement substitué ; R1 et R2, qui sont adjacents l’un à l’autre, peuvent se lier ensemble
pour former un cycle facultativement substitué ; R3, R4, R5, R6, R7, R8, R9 et R10 représentent chacun indépen-
damment un atome d’hydrogène ou un groupe sélectionné dans le groupe consistant en un groupe alkyle faculta-
tivement substitué, un groupe cycloalkyle facultativement substitué, un groupe alcényle facultativement substitué,
un groupe aryle facultativement substitué, et un groupe aralkyle facultativement substitué ; R3 à R10 peuvent se lier
ensemble pour former un cycle facultativement substitué ; n = 2 à 3, et BH3 est coordonné à un atome d’azote ou
à un atome de phosphore.
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