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CATALYST FOR HYDROSILYLATION 
REACTION , HYDROGENATION REACTION , 

AND HYDROSILANE REDUCTION 
REACTION 

TECHNICAL FIELD 

[ 0001 ] The present invention relates to a catalyst made of 
a prescribed metal - isocyanide complex , and relates more 
specifically to a catalyst having activity in at least one 
reaction selected from hydrosilylation reaction or hydroge 
nation reaction on an aliphatic unsaturated bond and 
hydrosilane reduction reaction on a carbon - oxygen unsatu 
rated bond or a carbon - nitrogen unsaturated bond . 

BACKGROUND ART 

[ 0002 ] Hydrosilylation reaction which is addition of a 
Si - H functional compound to a compound having a car 
bon - carbon double bond or triple bond is a useful method for 
the synthesis of organosilicon compounds and an industri 
ally important synthesis reaction . 
[ 0003 ] As the catalyst for hydrosilylation reaction , Pt , Pd 
and Rh compounds are known . Among others , Pt com 
pounds as typified by Speier's catalyst and Karstedt's cata 
lyst are most commonly used . 
[ 0004 ] While several problems arise with reaction in the 
presence of Pt compounds as the catalyst , one problem is 
that upon addition of a Si – H functional compound to 
terminal olefin , a side reaction due to internal rearrangement 
of olefin takes place . Since this system does not exert 
addition reactivity to the internal olefin , unreacted olefin is 
left in the addition product . To drive the reaction to comple 
tion , it is necessary to use an excess amount of olefin in 
advance by taking into account the left by the side reaction . 
[ 0005 ] Another problem is that the selectivity of a- and 
B - adducts is low depending on the type of olefin . 
[ 0006 ] The most serious problem is that all the center 
metals Pt , Pd and Rh are quite expensive noble metal 
elements . As metal compound catalysts which can be used 
at lower cost are desired , a number of research works have 
been made thereon . 
[ 0007 ] For example , reaction in the presence of iron 
carbonyl complexes ( Fe ( CO ) 5 , Fez ( CO ) 12 ) is known from 
Non - Patent Document 1 , although this reaction requires 
reaction conditions including as high a temperature as 160 ° 
C. or photo - irradiation ( Non - Patent Document 2 ) . 
[ 0008 ] For these iron - carbonyl complexes , it is reported in 
Non - Patent Document 3 and Patent Document 1 that prod 
ucts formed by dehydrogenative silylation are obtained 
rather than the addition reaction . 
[ 0009 ] Also , Non - Patent Document 4 and Patent Docu 
ment 2 report a reaction of methylvinyldisiloxane and meth 
ylhydrogendisiloxane in the presence of an iron - carbonyl 
complex coordinated with a cyclopentadienyl group . Since 
dehydrogenative silylation reaction takes place along with 
the relevant reaction , the selectivity of addition reaction is 
low . 
[ 0010 ) Non - Patent Document 5 refers to reaction in the 
presence of an iron catalyst having a terpyridine ligand . 
Although PhSiH , and Ph_SiH , add to olefins , more useful 
trialkylsilanes , alkoxysilanes and siloxanes have poor addi 
tion reactivity to olefins . 
[ 0011 ] Non - Patent Document 6 reports that from reaction 
in the presence of an iron catalyst having a terpyridine ligand 

and a bistrimethylsilylmethyl group , an addition reaction 
product is obtained in high yields . This method needs a 
catalyst synthesis , including first synthesizing a terpyridine 
iron complex as a catalyst precursor and introducing a 
bistrimethylsilylmethyl group therein at a low temperature , 
which is not easy . 
[ 0012 ] Also , Non - Patent Documents 7 and 8 report iron 
complexes having a bisiminopyridine ligand . It is disclosed 
that they exhibit high reactivity to alkoxysilanes and silox 
anes under mild conditions . 
[ 0013 ] However , at the time of the synthesis of this 
complex , there are points at issue such as using Na amalgam , 
which consists of water - sensitive sodium and highly toxic 
mercury and needs care in handling ( or using water - sensitive 
NaBEt3H ) , and the storage requiring the conditions of being 
at low temperature in an inert - gas nitrogen atmosphere 
because of the low stability of the complex compound itself . 
[ 0014 ] Also an iron complex having a chiral iminopyri 
dine oxazoline ligand is reported ( Non - Patent Document 9 ) , 
and the report shows an example of reaction between a 
tertiary alkene and Ph SiHz . However , a reducing agent 
( NaBHEtz ) is needed , and dihydrodiphenylsilane is not a 
reaction substrate having high industrial value . 
[ 0015 ] Also an example of reaction by a cobalt - carbonyl 
complex ( Co2 ( CO ) , or the like ) is reported ( Non - Patent 
Documents 10 to 15 ) ; however , this is not satisfactory in 
terms of reaction yield or reaction molar ratio , and the 
complex has highly toxic carbon monoxide and the handling 
and storage of the complex require the conditions of being 
in an inert gas atmosphere and at low temperature . 
[ 0016 ] Also an example of reaction of olefin with trialkyl 
silane in the presence of a cobalt - carbonyl complex having 
a trialkylsilyl group is reported in Non - Patent Document 16 , 
but the yield is low and the selectivity is low . 
[ 0017 ] Non - Patent Document 17 reports reaction of olefin 
with trialkylsilane in the presence of a cobalt - phosphite 
complex coordinated with a cyclopentadienyl group , and 
Non - Patent Document 18 reports reaction of olefin with 
trihydrophenylsilane in the presence of a cobalt complex 
coordinated with N - heterocyclic carbene . Because of low 
stability , these complex compounds require an inert gas 
atmosphere and a low temperature for handling and storage . 
[ 0018 ] Also an example of reaction by a cobalt catalyst 
having a B - diketiminate group as a ligand is reported ( Non 
Patent Document 19 ) ; however , when the reaction substrate 
is trihydrophenylsilane , the industrial utility value is low . 
Although also an example of reaction between 1 - hexene and 
triethoxysilane is shown , the amount of the catalyst needs to 
be 2 mol % , and the catalytic activity is not high . 
[ 0019 ] Also an example of reaction by a cobalt catalyst 
having a pyridinediimine ligand , the precursor of which 
catalyst is easy to handle , is reported , and the catalyst has 
high catalytic activity ( Non - Patent Document 20 ) ; however , 
in this reaction , also dehydrogenative silylation reaction 
progresses , and therefore minute amounts of dehydrogena 
tive silylated compounds always coexist ; consequently , the 
selectivity of the addition product is low . 
[ 0020 ] Also a hydrosilylation reaction catalyst using bis 
( cyclooctatetraenyl ) iron and an isocyanide compound as 
ligands ( Non - Patent Document 21 ) and a hydrosilylation 
reaction catalyst using iron pivalate or cobalt pivalate and an 
isocyanide compound as ligands ( Non - Patent Document 22 ) 
are reported ; however , neither is comparable to Pt catalysts 
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in terms of catalytic activity , and the development of a 
catalyst having higher catalytic activity is desired . 
[ 0021 ] Further , in hydrosilylation reaction using an alk 
enyl sulfide derivative as an unsaturated compound , the 
sulfur element acts as a catalytic poison ; hence , an example 
using a Pt catalyst and an example using a Rh catalyst , which 
are only among few examples of reports , are reported 
( Non - Patent Documents 23 and 24 ) . However , the catalytic 
activity is lower than in other substrates , and the selectivity 
of the addition reaction product is low . 
[ 0022 ] The example using a Rh catalyst reports that an 
addition product in which Si is bonded to carbon adjacent to 
the sulfur element is obtained selectively ( Non - Patent Docu 
ment 25 ) ; however , the catalytic activity is low , and the 
selectivity of the adduct is low . 
[ 0023 ] Many examples of the nickel complex catalyst are 
reported . For example , a catalyst having a phosphine ligand 
( Non - Patent Document 26 ) lacks in selectivity and requires 
careful handling and storage . 
[ 0024 ] With a vinylsiloxane - coordinated catalyst ( Non 
Patent Document 27 ) , a product due to the dehydrogenative 
becomes predominant , indicating low selectivity of addition 
reaction . 
[ 0025 ] With an allylphosphine - coordinated catalyst ( Non 
Patent Document 28 ) , the yield is low , and trihydrophenyl 
silane is not a reaction substrate of industrial worth . 
[ 0026 ] A metal bisamide catalyst ( Non - Patent Document 
29 ) needs careful handling and storage , and dihydrodiphe 
nylsilane is not a reaction substrate of industrial worth . 
[ 0027 ] A catalyst having N - heterocyclocarbene ligand 
( Non - Patent Document 30 ) has low selectivity of reaction , 
and trihydrophenylsilane is not of industrial worth . 
[ 0028 ] Also Patent Documents 3 to 6 report iron , cobalt 
and nickel catalysts having terpyridine , bisiminopyridine 
and bisiminoquinoline ligands . Like the above - cited Non 
Patent Documents 6 to 8 , there is an industrial difficulty of 
synthesis of a catalyst precursor or synthesis of the complex 
catalyst from the precursor . 
[ 0029 ] Patent Document 7 discloses a method of conduct 
ing reaction in the presence of a complex catalyst having a 
bisiminoquinoline ligand , using Mg ( butadiene ) .2THF or 
NaEt BH as the catalyst activator . Likewise , the yield of the 
desired product is less than satisfactory . 
[ 0030 ] The catalysts with their application to organopoly 
siloxanes being borne in mind include a catalyst having a 
phosphine ligand ( Patent Document 8 ) , a catalyst having an 
aryl - alkyl - triazenide group ( Patent Document 9 ) , a colloidal 
catalyst ( Patent Document 10 ) , a catalyst coordinated with a 
sulfide group ( Patent Document 11 ) , and a catalyst coordi 
nated with an amino , phosphino or sulfide group and an 
organosiloxane group ( Patent Document 12 ) . 
[ 0031 ] However , reactivity is empirically demonstrated 
with respect to only platinum , palladium , rhodium and 
iridium which are expensive metal elements . Thus the 
method is not regarded cost effective . 
[ 0032 ] In Examples of Patent Documents 13 and 14 , only 
well - known platinum catalysts are demonstrated to exert a 
catalytic effect while the structure which is combined with 
another metal to exert catalytic activity is indicated nowhere . 
[ 0033 ] Patent Documents 15 to 17 disclose catalysts coor 
dinated with carbene . Patent Document 15 does not discuss 
whether or not the catalyst is effective to hydrosilylation 
reaction . 

[ 0034 ] Patent Documents 16 and 17 disclose catalysts 
coordinated with carbene and vinylsiloxane , but describe 
only platinum catalysts in Examples . 
[ 0035 ] In addition , the metal catalysts coordinated with 
carbene require careful handling because the complex com 
pounds have low storage stability . 
[ 0036 ] Patent Documents 18 to 24 disclose a method of 
mixing a metal salt with a compound which coordinates to 
the metal and using the product as a catalyst rather than the 
use of metal complexes as the catalyst . Although these 
Patent Documents describe the progress of hydrosilylation 
with several exemplary combinations , the yield and other 
data are described nowhere , and the extent to which the 
reaction takes place is not evident . In addition , ionic salts or 
hydride reducing agents are used as the activator in all 
examples . Nevertheless , almost all examples exhibit no 
catalytic activity . 
[ 0037 ] On the other hand , there are also many reports on 
hydrogenation reaction in which a hydrogen molecule is 
added to an olefin , which is a compound having a carbon 
carbon double bond . For example , hydrogenation by thermal 
reaction using Fe ( CO ) , as a catalyst ( Non - Patent Document 
31 ) and hydrogenation by photoreaction ( Non - Patent Docu 
ment 32 ) are reported . However , thermal reaction requires 
conditions of high temperature and high pressure ( 180 ° C. , 
28 atmospheres ) ; in contrast , photoreaction progresses at 
room temperature ; but both have low turnover numbers 
( TON ) , which number indicates the number of revolutions 
of the catalyst , and cannot be said to have sufficient activity . 
[ 0038 ] Further , an example of reaction using an iron 
catalyst using an organic aluminum compound as a reaction 
aid ( Non - Patent Document 33 ) and an example of reaction 
using a Grignard compound or a lithium aluminum hydride 
compound and an iron chloride catalyst in combination 
( Non - Patent Documents 34 and 35 ) are reported ; however , 
the TON is less than or equal to 20 , and the catalytic activity 
is low . 
[ 0039 ] Also an iron catalyst having a phosphorus - based 
compound as a ligand is reported ( Non - Patent Document 
36 ) ; in this system , although reaction is made under condi 
tions of room temperature and relatively low pressure ( 4 
atmospheres ) , the turnover number cannot be said to be 
sufficient . 
[ 0040 ] Also an example of an iron catalyst having a 
1,2 - bis ( dimethylsilyl ) benzene ligand is reported ( Non - Pat 
ent Document 37 ) ; in this example , although reaction pro 
gresses at room temperature under normal pressure , the 
synthesis of the catalyst is not easy . 
[ 0041 ] Also an example of an iron catalyst having a 
bis ( imino ) pyridine ligand is reported ( Non - Patent Docu 
ment 7 ) , and this example has good reactivity , i.e. , a TON of 
1,814 , under conditions of room temperature and relatively 
low pressure ( 4 atmospheres ) . 
[ 0042 ] Further , an iron catalyst having a 2,6 - bis ( arylimi 
dazol - 2 - ylidene ) pyridine ligand is reported ( Non - Patent 
Document 38 ) ; however , both have points at issue such as 
safety at the time of synthesis and the stability of the 
compound , similarly to the Fe complex having a bis ( imino ) 
pyridine ligand mentioned above . 
( 0043 ] Also a cobalt catalyst having a phosphorus - based 
compound as a ligand is reported ( Non - Patent Document 
39 ) ; in this system , although reaction progresses at room 
temperature under normal pressure , the synthesis of the 
catalyst is not easy . 
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[ 0061 ] Patent Document 14 : JP 4007467 
[ 0062 ] Patent Document 15 : JP 3599669 
[ 0063 ] Patent Document 16 : JP 3854151 
[ 0064 ] Patent Document 17 : JP 4249702 
[ 0065 ] Patent Document 18 : WO 2013/043846 
[ 006 ] Patent Document 19 : WO 2013/043783 
[ 0067 ] Patent Document 20 : WO 2013/043912 
[ 0068 ] Patent Document 21 : WO 2014/021908 
[ 0069 ] Patent Document 22 : WO 2013/081794 
[ 0070 ] Patent Document 23 : WO 2013/043785 
[ 0071 ] Patent Document 24 : WO 2013/043787 

Non - Patent Documents 

[ 0044 ] A cobalt catalyst having a bis ( mesitylbenzimida 
zol - 2 - ylidene ) phenyl ligand is reported ( Non - Patent Docu 
ment 40 ) ; however , this has points at issue such as safety at 
the time of synthesis and the stability of the compound , 
similarly to the Fe complex having a 2,6 - bis ( arylimidazol 
2 - ylidene ) pyridine ligand mentioned above , and further 
more the catalytic activity cannot be said to be sufficient , in 
view of the TON being 50 . 
[ 0045 ] Further , as methods for reducing compounds hav 
ing a carbon - oxygen or carbon - nitrogen double bond and a 
carbon - nitrogen triple bond , there is a method in which 
hydrogen is used in the presence of a hydrogen compound 
of aluminum or boron or a noble metal catalyst . Among 
carbonyl compounds , for ketones and aldehydes , a stable , 
easy - to - handle hydride reaction agent and a noble metal 
catalyst for hydrogenation that allow reaction to progress 
under mild conditions are known ; on the other hand , for the 
reduction of carboxylic acid derivatives such as esters and 
amides , method using a strong reducing agent such as 
lithium aluminum hydride or a borane is mainly used 
( Non - Patent Document 41 ) . However , these reducing agents 
are ignitable , water - sensitive substances , and are therefore 
less easy to handle . Further , care is required in handling also 
when removing aluminum or a boron compound after reac 
tion from the desired product . 
[ 0046 ] A large number of methods in which a hydrosilane 
compound or methyl hydrogen polysiloxane , which is stable 
and easy to handle in air , is used as a reducing agent are 
reported ; however , the reaction requires the addition of a 
strong acid or a Lewis acid , or the use of an expensive noble 
metal catalyst . These days , hydrosilane reduction reactions 
of a carbonyl compound using inexpensive iron , cobalt , or 
nickel as a catalyst are reported ; some examples of them are 
used for reduction reaction of an amide , for which conven 
tional methods need severe conditions . Specific examples 
include Non - Patent Documents 37 , and 42 to 49 ; however , 
a highly active catalyst exhibiting a higher turnover number 
is desired . 
[ 0047 ] On the other hand , an iron- , cobalt- , or nickel 
isocyanide complex is known in Non - Patent Documents 50 
to 62 ; however , these literatures are mainly for the synthesis , 
structure analysis , and reaction of the complex , and have no 
example in which the complex is used as a catalyst for 
hydrosilylation reaction or hydrogenation reaction on an 
aliphatic unsaturated bond or hydrosilane reduction reaction 
on a carbon - oxygen unsaturated bond or a carbon - nitrogen 
unsaturated bond . 
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[ 0135 ] The present inventors conducted extensive studies 
in order to achieve the object mentioned above , and have 
found out that a prescribed iron- , cobalt- , or nickel - isocya 
nide complex can exhibit excellent catalytic activity in 
hydrosilylation reaction or hydrogenation reaction on an 
aliphatic unsaturated bond or hydrosilane reduction reaction 
on a carbon - oxygen unsaturated bond or a carbon - nitrogen 
unsaturated bond , and allows each of the reactions men 
tioned above to progress under mild conditions ; thus , have 
completed the present invention . 
[ 0136 ] The invention provides a catalyst and a method 
defined below . 
1. A catalyst including a compound represented by formula 
( 1 ) below , and having activity in at least one reaction 
selected from hydrosilylation reaction or hydrogenation 
reaction on an aliphatic unsaturated bond and hydrosilane 
reduction reaction on a carbon - oxygen unsaturated bond or 
a carbon - nitrogen unsaturated bond , 

M ( L ) m ( 1 ) 

wherein M represents Fe , Co , or Ni with an oxidation 
number of 0 , L represents an isocyanide ligand represented 
by formula ( 2 ) below , n represents an integer of 1 to 8 , and 
m represents an integer of 2 to 12 , 

( CN ) .- R ( 2 ) 

wherein Rl represents a monovalent to trivalent organic 
group that has 1 to 30 carbon atoms and is optionally 
substituted with a halogen atom and in which one or more 
atoms selected from oxygen , nitrogen , sulfur , and silicon are 
optionally interposed , and x represents an integer of 1 to 3 . 
2. The catalyst according to 1 , wherein , in the formula ( 2 ) , 
x is 1 . 
3. The catalyst according to 1 or 2 , wherein , in the formula 
( 1 ) , when n = 1 , m = 2 , 4 , or 5 , and when n = 2 to 4 , m = an 
integer of 6 to 10 . 
4. The catalyst according to any one of 1 to 3 , wherein , in 
the formula ( 1 ) , when M is Fe , n = 1 and m = 5 , when Mis Co , 
n = 2 and m = 8 , and when M is Ni , n = 1 and m = 2 or 4 , or n = 3 , 
4 , or 8 and m - 4 , 6 , 7 , or 12 . 
5. The catalyst according to any one of 1 to 4 , wherein M in 
the formula ( 1 ) is Fe or Co. 
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6. The catalyst according to any one of 1 to 5 , wherein R ! 
in the formula ( 2 ) is a monovalent hydrocarbon group 
having 1 to 30 carbon atoms . 
7. The catalyst according to 6 , wherein Rl in the formula ( 2 ) 
is at least one hydrocarbon group selected from an alkyl 
group having 1 to 20 carbon atoms , a cycloalkyl group 
having 3 to 20 carbon atoms , an aryl group having 6 to 30 
carbon atoms , and an alkylaryl group having 7 to 30 carbon 
atoms . 
8. The catalyst according to 7 , wherein R ' in the formula ( 2 ) 
is at least one hydrocarbon group selected from a t - butyl 
group , a 1 - adamantyl group , a mesityl group , a phenyl 
group , a 2,6 - dimethylphenyl group , and a 2,6 - diisopropyl 
phenyl group . 
9. A method for producing a product of hydrosilylation 
reaction between an aliphatic unsaturated bond - containing 
compound and a Si - H bond - containing compound , 
wherein the method uses the catalyst according to any one 
of 1 to 8 . 
10. A method for producing a product of hydrogenation 
reaction of an aliphatic unsaturated bond - containing com 
pound , wherein the method uses the catalyst according to 
any one of 1 to 8 . 
11. The production method according to 9 or 10 , wherein the 
aliphatic unsaturated bond - containing compound is an olefin 
compound , or a silane compound or an organopolysiloxane 
having an alkenyl group bonded to a Si atom . 
12. A method for producing a product of reduction reaction 
by a Si H bond - containing compound of a compound 
having a carbon - oxygen unsaturated bond or a carbon 
nitrogen unsaturated bond , wherein the method uses the 
catalyst according to any one of 1 to 8 . 
13. The method for producing a product of reduction reac 
tion according to 12 , wherein the compound having a 
carbon - oxygen unsaturated bond or a carbon - nitrogen 
unsaturated bond is an aldehyde compound , a ketone com 
pound , an amide compound , or a nitrile compound . 

[ 0140 ] Further , by using the catalyst of the present inven 
tion , in hydrosilylation reaction of an alkenyl sulfide or the 
like , an addition product in which Si is bonded to carbon 
adjacent to the sulfur element is obtained selectively . 
[ 0141 ] Further , the catalyst of the present invention has 
high catalytic activity on hydrogenation reaction of an 
aliphatic unsaturated bond - containing compound , and the 
reaction progresses under mild conditions . 
[ 0142 ] Further , in hydrosilane reduction reaction on a 
carbon - oxygen unsaturated bond or a carbon - nitrogen 
unsaturated bond using the catalyst of the present invention , 
a carbonyl compound such as an amide compound , a ketone 
compound , or an amide compound , or a nitrile compound , 
and an easy - to - handle silane or ( poly ) siloxane having a 
Si — H group are reacted together , and the desired compound 
can be obtained with a high yield . 
[ 0143 ] Thus , the catalyst made of an isocyanide complex 
of the present invention has activity on one or a plurality of 
reactions among hydrosilylation reaction or hydrogenation 
reaction on an aliphatic unsaturated bond and hydrosilane 
reduction reaction on a carbon - oxygen unsaturated bond or 
a carbon - nitrogen unsaturated bond , and is therefore very 
highly useful in organic synthesis reaction . 

DESCRIPTION OF EMBODIMENTS 

( CN ) , 
Advantageous Effects of Invention 

[ 0137 ] A catalyst for reaction made of an cobalt- , or 
nickel - isocyanide complex ( hereinafter , simply abbreviated 
as an isocyanide complex ) of the present invention does not 
have a carbonyl ligand highly toxic to human bodies , and 
has high thermal stability and high stability in air of the 
complex . 
[ 0138 ] When the isocyanide complex of the present inven 
tion is used as a catalyst to perform hydrosilylation reaction 
between an aliphatic unsaturated bond - containing com 
pound and a silane or a ( poly ) siloxane having a Si H 
group , addition reaction can be made under conditions of 
room temperature to less than or equal to 100 ° C. In 
particular , also addition reaction with an industrially useful 
( polysiloxane , a trialkoxysilane , or a dialkoxysilane pro 
gresses well . A known literature shows that , in the same 
reaction , both addition reaction on an unsaturated bond and 
reaction that produces an unsaturated bond - containing com 
pound due to dehydrogenative silylation reaction progress 
simultaneously in many cases ; in contrast , when the catalyst 
of the present invention is used , addition reaction on an 
unsaturated bond progresses selectively . 
[ 0139 ] In addition , in reaction with an internal olefin , 
which has been difficult for conventional catalysts , a product 
of addition reaction accompanied by movement of an 
unsaturated bond to an end can be obtained . 

[ 0144 ] Below the invention is described in more detail . 
[ 0145 ] The invention provides a catalyst including a com 
pound represented by formula ( 1 ) below , and having activity 
in at least one reaction selected from hydrosilylation reac 
tion or hydrogenation reaction on an aliphatic unsaturated 
bond and hydrosilane reduction reaction on a carbon - oxygen 
unsaturated bond or a carbon - nitrogen unsaturated bond . 

M , ( L ) m ( 1 ) 

[ 0146 ] In formula ( 1 ) , M represents Fe , Co , or Ni with an 
oxidation number of 0 , L represents an isocyanide ligand 
represented by formula ( 2 ) below , n represents an integer of 
1 to 8 , and m represents an integer of 2 to 12 . 

R1 ( 2 ) 

[ 0147 ] In formula ( 1 ) , as mentioned above , n represents 1 
to 4 , and m represents 2 to 10 ; from the viewpoints of the 
stability of the complex and catalytic activity , it is preferable 
that , in the case where n is 1 , m be 2 , 4 , or 5 ; in the case 
where n = 2 to 4 , m be an integer of 6 to 10 ; in the case where 
n = 8 , m be 12 ; it is more preferable that , in the case where 
Mis Fe , n be 1 and m be 5 ; in the case where M is Co , n be 
2 and m be 8 ; in the case where M is Ni , n be 1 and m be 
2 or 4 , or n be 3 , 4 , or 8 and m be 4 , 6 , 7 , or 12 . 
[ 0148 ] In formula ( 2 ) , R ! represents a monovalent to 
trivalent organic group that has 1 to 30 carbon atoms and is 
optionally substituted with a halogen atom and in which one 
or more atoms selected from oxygen , nitrogen , sulfur , and 
silicon are optionally interposed , and x represents an integer 
of 1 to 3 . 
[ 0149 ) Specific examples of the halogen atom include 
fluorine , chlorine , bromine , and iodine . 
[ 0150 ] The monovalent to trivalent organic group having 
1 to 30 carbon atoms is not particularly limited , but is 
preferably a monovalent to trivalent hydrocarbon group 
having 1 to 30 carbon atoms . 
[ 0151 ] Examples of monovalent hydrocarbon groups 
include alkyl , alkenyl , alkynyl , aryl , alkyl aryl , and aralkyl 
groups . 
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[ Chem . 1 ] 
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[ 0152 ] The alkyl groups may be straight , branched or 
cyclic , is preferably 1 to 20 , more preferably 1 to 10 alkyl 
group . Examples include straight or branched alkyl groups 
such as methyl , ethyl , n - propyl , isopropyl , n - butyl , isobutyl , 
s - butyl , t - butyl , n - pentyl , n - hexyl , n - heptyl , n - octyl , 2 - eth 
ylhexyl , n - nonyl , n - decyl , n - undecyl , n - dodecyl , n - tridecyl , 
n - tetradecyl , n - pentadecyl , n - hexadecyl , n - heptadecyl , n - oc 
tadecyl , n - nonadecyl , and n - eicosanyl ; and cycloalkyl 
groups such as cyclopropyl , cyclobutyl , cyclopentyl , cyclo 
hexyl , cycloheptyl , cyclooctyl , cyclononyl , norbornyl , and 
adamantyl . 
[ 0153 ] The alkenyl group is preferably an alkenyl group 
having 2 to 20 carbon atoms , and examples include ethenyl , 
n - 1 - propenyl , n - 2 - propenyl , 1 - methylethenyl , n - 1 - butenyl , 
n - 2 - butenyl , n - 3 - butenyl , 2 - methyl - 1 - propenyl , 2 - methyl - 2 
propenyl , 1 - ethylethenyl , 1 - methyl - 1 - propenyl , 1 - methyl - 2 
propenyl , n - 1 - pentenyl , n - 1 - decenyl , and n - 1 - eicosenyl . 
[ 0154 ] The alkynyl group is preferably an alkynyl group 
having 2 to 20 carbon atoms , and examples include ethynyl , 
n - 1 - propynyl , n - 2 - propynyl , n - 1 - butynyl , n - 2 - butynyl , n - 3 
butynyl , 1 - methyl - 2 - propynyl , n - 1 - pentynyl , n - 2 - pentynyl , 
n - 3 - pentynyl , n - 4 - pentynyl , 1 - methyl - n - butynyl , 2 - methyl 
n - butynyl , 3 - methyl - n - butynyl , 1,1 - dimethyl - n - propynyl , 
n - 1 - hexynyl , n - 1 - decynyl , n - 1 - pentadecynyl , and n - 1 - eico 
synyl . 
[ 0155 ] The aryl or alkylaryl group is preferably an aryl 
group having 6 to 20 carbon atoms or an alkylaryl group 
having 7 to 20 carbon atoms , and specific examples include 
phenyl , 1 - naphthyl , 2 - naphthyl , anthryl , phenanthryl , o - bi 
phenylyl , m - biphenylyl , p - biphenylyl , tolyl , 2,6 - dimethyl 
phenyl , 2,6 - diisopropylphenyl , a mesityl group , and the like . 
[ 0156 ] The aralkyl group is an arylalkyl group preferably 
having 7 to 30 carbon atoms and more preferably having 7 
to 20 carbon atoms , and specific examples include benzyl , 
phenylethyl , phenylpropyl , naphthylmethyl , naphthylethyl , 
a naphthylpropyl group , and the like . 
[ 0157 ] Suitable divalent hydrocarbon groups include alky 
lene , arylene and aralkylene groups . 
[ 0158 ] The alkylene groups may be straight , branched or 
cyclic ones , preferably alkylene groups having 1 to 20 
carbon atoms . Examples include straight or branched alky 
lene groups such as methylene , ethylene , propylene , trim 
ethylene , n - butylene , isobutylene , s - butylene , n - octylene , 
2 - ethylhexylene , n - decylene , n - undecylene , n - dodecylene , 
n - tridecylene , n - tetradecylene , n - pentadecylene , n - hexade 
cylene , n - heptadecylene , n - octadecylene , n - nonadecylene , 
and n - eicosanylene ; and cycloalkylene groups such as 1,4 
cyclohexylene . 
[ 0159 ] Examples of the arylene group include o - phe 
nylene , m - phenylene , p - phenylene , 1,2 - naphthylene , 1,8 
naphthylene , 2,3 - naphthylene , and 4,4 ' - biphenylene . 
[ 0160 ] Examples of the aralkylene group include ( CH2 ) 
-Ar— wherein Ar is an arylene group having 6 to 20 

carbon atom and y is an integer of 1 to 10 , —Ar— ( CH2 ) , 
wherein Ar and y are as defined above , and — ( CH2 ) , 
Ar— ( CH2 ) y — wherein Ar is as defined above and ? is each 
independently as defined above . 
[ 0161 ] Specific examples of the trivalent hydrocarbon 
group include those represented by the following formulae , 
but are not limited to these . 

[ 0162 ] Specific examples of other organic groups in R ! 
above include alkoxy groups such as a methoxy group , an 
ethoxy group , a propoxy group , and an isopropoxy group ; 
aryloxy groups such as a phenoxy group ; alkyl halide groups 
such as a trifluoromethyl group ; alkylamino groups such as 
a dimethylamino group ; ester groups such as a methyl ester 
and an ethyl ester ; a nitro group ; a nitrile group ; alkyl- or 
arylsilyl groups such as a trimethylsilyl group and a phe 
nyldimethylsilyl group ; alkoxysilyl groups such as 
trimethoxysilyl group , a triethoxysilyl group , a dime 
thoxymethylsilyl group , and a diethoxymethylsilyl group ; 
nitrogen - containing heterocycle - containing groups such as a 
pyridyl group ; sulfur - containing heterocycle - containing 
groups such as a thienyl group ; and the like . 
[ 0163 ] Among these , R ' is preferably at least one hydro 
carbon group selected from an alkyl group having 1 to 20 
carbon atoms , a cycloalkyl group having 3 to 20 carbon 
atoms , an aryl group having 6 to 30 carbon atoms , and an 
alkylaryl group having 7 to 30 carbon atoms , and is more 
preferably a t - butyl group , a 1 - adamantyl group , a mesityl 
group , a phenyl group , a 2,6 - dimethylphenyl group , and a 
2,6 - diisopropylphenyl group . 
( 0164 ] One or more atoms selected from oxygen , nitrogen , 
silicon , sulfur , and phosphorus may be interposed in each of 
the organic groups described above , and each of the organic 
groups described above may be substituted with a halogen 
atom . 
( 0165 ] x in formula ( 2 ) above represents an integer of 1 to 
3 , and is preferably 1 or 2 and more preferably 1 . 
[ 0166 ] The isocyanide compound represented by formula 
( 2 ) above may be obtained as a commercially available 
product , or may be synthesized by a known method . For 
example , it may be obtained by a method in which a 
formylated product is obtained from an amine compound 
and formic acid , and subsequently the formylated product is 
reacted with phosphoryl chloride in the presence of an 
organic amine to be turned into an isocyanide ( Synthesis 
Method 1 ; see Organometallics , 2004 , 23 , 3976-3981 ) ; as a 
method for obtaining a formylated product under mild 
conditions , a formylated product can be obtained by forming 
acetic formic anhydride from acetic anhydride and formic 
acid , and reacting the acetic formic anhydride with an amine 
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compound ( Synthesis Method 2 ; see Org . Synth . , 2013 , 90 , 
358-366 ) . The obtained formylated product can be turned 
into an isocyanide by the method described in Synthesis 
Method 1 , which is the same as above . 
[ 0167 ] The synthesis can be made also by a method in 
which an amine compound and dichlorocarbene are reacted 
together to produce an isocyanide , which is a method not 
involving formylation ( Synthesis Method 3 ; see Tetrahedron 
Letters , 1972 , 17 , 1637-1640 ) . 
[ 0168 ] Examples of the isocyanide compound include 
alkyl isocyanides such as methyl isocyanide , ethyl isocya 
nide , n - propyl isocyanide , cyclopropyl isocyanide , n - butyl 
isocyanide , isobutyl isocyanide , sec - butyl isocyanide , t - bu 
tyl isocyanide , n - pentyl isocyanide , isopentyl isocyanide , 
neopentyl isocyanide , n - hexyl isocyanide , cyclohexyl iso 
cyanide , cycloheptyl isocyanide , 1,1 - dimethylhexyl isocya 
nide , 1 - adamantyl isocyanide , and 2 - adamantyl isocyanide ; 
aryl isocyanides such as phenyl isocyanide , 2 - methylphenyl 
isocyanide , 4 - methylphenyl isocyanide , 2,4 - dimethylphenyl 
isocyanide , 2,5 - dimethylphenyl isocyanide , 2,6 - dimethyl 
phenyl isocyanide , 2,4,6 - trimethylphenyl isocyanide , 2,4,6 
tri - t - butylphenyl isocyanide , 2,6 - diisopropylphenyl isocya 
nide , 1 - naphthyl isocyanide , 2 - naphthyl isocyanide , 
2 - methyl - 1 - naphthyl isocyanide ; aralkyl isocyanides such as 
benzyl isocyanide and phenylethyl isocyanide . 
[ 0169 ] Examples of the diisocyanide compound include 
1,2 - diisocyanoethane , 1,3 - diisocyanopropane , 1,4 - diisocya 
nobutane , 1,5 - diisocyanopentane , 1,6 - diisocyanohexane , 
1,8 - diisocyanooctane , 1,12 - diisocyanododecane , 1,2 - diiso 
cyanocyclohexane , 1,3 - diisocyanocyclohexane , 1,4 - diiso 
cyanocyclohexane , 1,3 - diisocyano - 2,2 - dimethylpropane , 
2,5 - diisocyano - 2,5 - dimethylhexane , 1,2 - bis ( diisocyanoeth 
oxy ) ethane , 1,2 - diisocyanobenzene , 1,3 - diisocyanobenzene , 
1,4 - diisocyanobenzene , 1,1 ' - methylenebis ( 4 - isocyanoben 
zene ) , 1,1 ' - oxybis ( 4 - isocyanobenzene ) , 3- ( isocyanomethyl ) 
benzyl isocyanide , 1,2 - bis ( 2 - isocyanophenoxyethane , bis 
( 2 - isocyanophenyl ) phenyl phosphonate , bis ( 2 
isocyanophenyl ) isophthalate , bis ( 2 - isocyanophenyl ) 
succinate . 
[ 0170 ] Examples of the triisocyanide compound include 
1,3 - diisocyano - 2 - isocyanomethyl ) -2 - methylpropane , 1,5 
diisocyano - 3- ( 2 - isocyanoethyl ) pentane , 1,7 - diisocyano - 4 
( 3 - isocyanopropyl ) heptane , and 3 - isocyano - N , N ' - bis ( 3 - iso 
cyanopropyl ) propane - 1 - amine . 
[ 0171 ] A catalyst made of an isocyanide complex repre 
sented by formula ( 1 ) above can be synthesized by a known 
method ; for example , the synthesis can be made by a method 
in which an iron , cobalt , or nickel salt and a reducing agent 
are reacted together in an organic solvent in the presence of 
an isocyanide compound , or a method in which an iron- , 
cobalt- , or nickel - carbonyl complex and an isocyanide com 
pound are reacted together in an organic solvent at high 
temperature under light irradiation or in the presence of a 
catalyst . The synthesis can be made also by reacting together 
an iron , cobalt , or nickel complex having a substitutable 
ligand and an isocyanide compound in an organic solvent . 
[ 0172 ] The synthesis can be made also by reacting 
together an ate - type iron- , cobalt- , or nickel - isocyanide 
complex and an oxidizing agent in an organic solvent . 
[ 0173 ] The iron , cobalt , or nickel salt mentioned above is 
not particularly limited , but is preferably a halide of Cl , Br , 
I , or the like , or a carboxylate such as acetate , and is more 
preferably a halide of Cl , Br , I , or the like , in view of 
reactivity with a reducing agent . 

[ 0174 ] Specific examples of the iron salt include iron 
halides such as FeCl2 , FeBrz , FeCl3 , FeBrz , and Felz ; iron 
carboxylates such as Fe ( OAc ) 2 , Fe ( stearate ) , and Fe ( stear 
ate ) z ; and the like . 
[ 0175 ] Specific examples of the cobalt salt include cobalt 
halides such as CoCl2 , CoBr2 , and Col ; cobalt carboxylates 
such as Co ( OAC ) 2 , Co ( OBZ ) 2 , Co ( 2 - ethylhexanoate ) , and 
Co ( stearate ) z ; and the like . 
[ 0176 ] Specific examples of the nickel salt include nickel 
halides such as NiCl2 , NiBr2 , and Nilz ; nickel carboxylates 
such as Ni ( OAc ) z ; and the like . 
[ 0177 ] Specific examples of the iron- , cobalt- , or nickel 
carbonyl complex mentioned above include Fe ( CO ) , Fez 
( CO ) 12 , Co ( CO ) , Ni ( CO ) , and the like . 
[ 0178 ] As the substitutable ligand , olefin compounds such 
as 1,5 - cyclooctadiene and butadienes ; phosphorus ligands 
such as trimethylphosphine ; and the like are given . 
[ 0179 ] The reducing agent mentioned above is desirably a 
strong reducing agent that can reduce a metal in an iron , 

alt , or nickel salt up to zero - valence ; for example , is 
preferably a reducing agent having an oxidation - reduction 
potential , with ferrocene as a standard , of less than or equal 
to -2.0 V in Non - Patent Document , Chem . Rev. 1996 , 96 , 
887-910 , and is particularly preferably a reducing agent 
having an oxidation - reduction potential of less than or equal 
to -2.3 V. 
[ 0180 ] Specific examples include alkali metals such as 
sodium and potassium ; alkali metal alloys such as sodium 
potassium and sodium amalgam ; alkali metal naphthalenide 
such as potassium naphthalenide ; and the like , but are not 
limited to these . 
[ 0181 ] Each of these alkali metals and alkali metal alloys 
may be one supported by a solid substance ; examples 
include sodium , potassium , sodium - potassium alloy , or the 
like supported by silica , alumina , graphite , titanium oxide , 
zeolite , zinc oxide , cerium oxide , or polystyrene ; among 
these , potassium - carrying graphite ( hereinafter , abbreviated 
as KC ) is preferable from the viewpoint of reactivity , and 
sodium - carrying silica ( Stage 1 or 2 ) is preferable in terms 
of low risk of ignitability etc. from the viewpoint of safety . 
[ 0182 ] An alkali metal supported by any of these solid 
substances may be obtained as , for example , one synthesized 
by a conventionally known method such as a method 
described in JP 5048503B2 , or may be obtained as a 
commercially available product , examples of which include 
KC , ( manufactured by Strem Chemicals , Inc. ) , Na silica gel 
( manufactured by Aldrich Corporation , Stage I ) , Na silica 
gel ( manufactured by Aldrich Corporation , Stage II ) , NaK , 
silica gel ( manufactured by Aldrich Corporation , Stage I ) , 
and the like . 
[ 0183 ] The ate - type iron- , cobalt- , or nickel - isocyanide 
complex mentioned above is generally known as an ionic 
complex in which an iron- , cobalt- , or nickel - isocyanide 
complex is further reduced , and Na [ Co ( 2,6 - dimesityl iso 
cyanide ) , ] described in Non - Patent Document 51 and the 
like are known . 
[ 0184 ] Ferrocenium triflate or the like is given as an 
oxidizing agent in the case where the synthesis is made by 
using an ate - type iron- , cobalt- , or nickel - isocyanide com 
plex . 
[ 0185 ] The isocyanide complex represented by formula 
( 1 ) of the present invention is not particularly limited , and 
examples include the following . 



US 2020/0001285 A1 Jan. 2 , 2020 
8 

[ 0196 ] In the case where an organic solvent is used , the 
concentration of the catalyst is preferably 0.01 to 10 M and 
more preferably 0.1 to 5 M as molar concentration ( M ) , in 
view of catalytic activity and economical efficiency . 
[ 0197 ] The catalyst of the present invention may be used 
as a catalyst for hydrosilylation reaction or hydrogenation 
reaction on an aliphatic unsaturated bond or hydrosilane 
reduction reaction on a carbon - oxygen unsaturated bond or 
a carbon - nitrogen unsaturated bond . 
[ 0198 ] In the reaction using the catalyst of the present 
invention , all the components may be collectively added , or 
components may be added in units of several components . 
[ 0199 ] By using the catalyst of the present invention for 
hydrosilylation reaction , a product of hydrosilylation reac 
tion between an aliphatic unsaturated bond - containing com 
pound and a Si - H bond - containing compound is obtained . 
[ 0200 ] As the use ratio between the aliphatic unsaturated 
bond - containing compound and the Si - H bond - containing 
compound in hydrosilylation reaction , the molar ratio of 
aliphatic unsaturated bonds / Si - H bonds is 1/10 to 10/1 , 
preferably 1/5 to 5/1 , and more preferably 1/3 to 3/1 . 
[ 0201 ] Specific examples of the aliphatic unsaturated 
bond - containing compound include the following . 

[ 0186 ] Specific examples of iron - isocyanide complexes 
include Fe ( CNMe ) s , Fe ( CNE ) , Fe ( CN " Pr ) s , Fe ( CN'Pr ) , 
Fe ( CN " Bu ) s , Fe ( CN'Bu ) , Fe ( CNCy ) s , Fe ( CNAd ) , Fe ( C 
NCF3 ) s , Fe ( CNPh ) , Fe ( CNXylyl ) s , Fe ( CNMes ) s , Fe ( N2 ) 
[ CN- ( 2,6 - bismesitylphenyl ) ] 4 , Fe ( CN- ( 2 - methyl - 6 - chloro 
phenyl ) ] s , Fe [ CN- ( 3,5 - dimethoxyphenyl ) ] s , Fe ( CNE ) , 
and the like . 
[ 0187 ] Specific examples of cobalt - isocyanide complexes 
include Co ( CNBuls , Co , ( CNCY ) s , Co ( CNAD ) , Co , 
( CNP ) , Co ( CNXylyl ) g , Coz ( CNMes ) , Co ( CN- ( 2 
methyl - 6 - chlorophenyl ) ] ,, Co2 [ CN- ( 3,5 - dimethoxyphenyl ) ] 
8 , Co [ CN- ( 2,6 - bismesitylphenyl ) ] 4 , and the like . 
[ 0188 ] Specific examples of nickel - isocyanide complexes 
include Ni ( CNMe ) 4 , Ni ( CNEt ) 4 , Ni ( CN'Bu ) 4 , Niz ( CN'Bu ) 4 , 
Ni , ( CN'Bu ) , Ni ( CNCY ) , Ni ( CNPh ) , Ni ( CNMes ) , Ni ( C 
NXylyl ) 4 , Ni [ CN- ( 4 - MeOC6H4 ) ] 4 , Ni [ CN- ( 4 - NO2C6H4 ) 24 , 
Ni ( CNCF5 ) 4 , Ni . ( CN'Bu ) . , Ni . ( CN'Bu ) , Ni_ ( CNMe ) 
( CN Bu ) , Ni_ ( CNCY ) , Ni ( CN'Pr ) , 2 , and the like . 
[ 0189 ] In the above , " Pr represents a n - propyl group , ' Pr 
an isopropyl group , " Bu a n - butyl group , ' Bu a t - butyl group , 
Cy a cyclohexylyl group , Ad an adamantyl group , Ph a 
phenyl group , Mes a mesityl group , and Xylyl a 2,6 
dimethylphenyl group . 
[ 0190 ] When performing reaction using the isocyanide 
complex of the present invention as a catalyst , the amount of 
the catalyst used is not particularly limited ; however , in view 
of obtaining the desired product with good yield by pro 
gressing reaction under mild conditions of approximately 20 
to 100 ° C. , it is preferable that more than or equal to 0.001 
mol % of the isocyanide complex be used relative to 1 mol 
of a compound that is a substrate , it is more preferable that 
more than or equal to 0.01 mol % be used , and it is even 
more preferable that more than or equal to 0.05 mol % be 
used . On the other hand , the upper limit of the amount of the 
isocyanide complex used is not particularly set , but is 
approximately 10 mol % relative to 1 mol of the substrate 
and is preferably 5 mol % , from the economic point of view . 
[ 0191 ] In the reaction using the catalyst of the present 
invention , a known two - electron donating ligand may be 
used in combination to the extent that the activity etc. of the 
catalyst are not impaired . The two - electron donating ligand 
is not particularly limited , but is preferably a ligand other 
than a carbonyl group , such as an ammonia molecule , an 
ether compound , an amine compound , a phosphine com 
pound , a phosphite compound , or a sulfide compound . 
[ 0192 ] The isocyanide compound may be further added to 
the extent that the activity etc. thereof are not impaired , and 
the addition amount in this case is preferably approximately 
0.1 to 5 molar equivalents relative to the catalyst of the 
present invention . 
[ 0193 ] The conditions of reaction using the catalyst of the 
present invention are not particularly limited ; usually , the 
reaction temperature is approximately 10 to 100 ° C. , and 
preferably 20 to 80 ° C. , and the period of reaction is 
approximately 1 to 48 hours . 
[ 0194 ] The reaction may be performed without a solvent , 
or may use an organic solvent as necessary . 
[ 0195 ] In the case where an organic solvent is used , 
examples of the kind include aliphatic hydrocarbons such as 
pentane , hexane , heptane , octane , and cyclohexane ; ethers 
such as diethyl ether , diisopropyl ether , dibutyl ether , cyclo 
pentyl methyl ether , tetrahydrofuran , and 1,4 - dioxane ; aro 
matic hydrocarbons such as benzene , toluene , xylenes , and 
mesitylene ; and the like . 

( 1 ) Carbon - Carbon Unsaturated Bond - Containing 
Hydrocarbon Compounds 
[ 0202 ] Alkenes such as ethylene , propylene , butylene , 
isobutylene , hexenes , octenes , decenes , dodecenes , n - hexa 
decene , isohexadecene , n - octadecene , isooctadecene , nor 
bornene , and trifluoropropene ; alkynes such as ethyne , pro 
pyne , butynes , pentynes , hexynes , octynes , decynes , 
dodecynes , hexadecynes , and octadecynes ; and aromatic 
group - containing alkenes such as styrene , 2 - methylstyrene , 
4 - chlorostyrene , 4 - methoxystyrene , a - methylstyrene , 
4 - methyl - a - methylstyrene , and allylbenzene . 
( 2 ) Allyl Ether Compounds 
[ 0203 ] Allyl glycidyl ether , allyl glycol , allyl benzyl ether , 
diethylene glycol monoallyl ether , diethylene glycol allyl 
methyl ether , polyoxyethylene monoallyl ether , polyoxypro 
pylene monoallyl ether , poly ( oxyethylene - oxypropylene ) 
monoallyl ether , polyoxyethylene diallyl ether , polyoxypro 
pylene diallyl ether , poly ( oxyethylene - oxypropylene ) diallyl 
ether , and the like . 

( 3 ) Nitrogen - Containing Alkene Compounds 
[ 0204 ] Allylamine , N , N - dimethylallylamine , N , N - dieth 
ylallylamine , N , N - di ( n - propyl ) allylamine , N , N - diisopropy 
lallylamine , N , N - di ( n - butyl ) allylamine , N , N - diisobutylally 
lamine , N - t - butylallylamine , N - allylcyclohexylamine , 
N - allylmorpholine , N , N - diallylamine , triallylamine , N - ally 
laniline , N - vinyl carbazole , N - vinylformamide , N - vinylac 
etamide , N - vinylpyrrolidone , N - vinylphthalimide , and the 
like . 

( 4 ) Carbon - Carbon Unsaturated Bond - Containing Silane Compounds 
[ 0205 ] Trimethylvinylsilane , triethylvinylsilane , 
trimethoxyvinylsilane , triethoxyvinylsilane , dimethoxym 
ethylvinylsilane , diethoxymethylvinylsilane , methoxydim 
ethylvinylsilane , ethoxydimethylvinylsilane , trimethoxyal 
lylsilane , triethoxyallylsilane , triisopropoxyvinylsilane , 
phenyldimethoxyvinylsilane , phenyldiethoxyvinylsilane , 
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diphenylmethoxyvinylsilane , diphenylethoxyvinylsilane , 
triphenylvinylsilane , triphenylvinylsilane , and the like . 

( 5 ) Carbon - Carbon Unsaturated Bond - Containing Siloxane 
Compounds 
[ 0206 ] Pentamethylvinyldisiloxane , tetramethyldivinyld 
isiloxane , heptamethylvinyltrisiloxane , dimethyldiphenyl 
divinyldisiloxane , dimethylvinylsiloxy group - end - capped 
dimethylpolysiloxane , and a dimethylvinylsiloxy group 
end - capped ( dimethylsiloxane - diphenylsiloxane ) copoly 
mer . A trimethylsiloxy group - end - capped ( dimethylsilox 
ane - methylvinylsiloxane ) copolymer , a trimethylsiloxy 
group - end - capped ( dimethylsiloxane - diphenylsiloxane 
methylvinylsiloxane ) copolymer , a dimethylvinylsiloxy 
group - end - capped ( dimethylsiloxane - methylvinylsiloxane ) 
copolymer , a dimethylvinylsiloxy group - end - capped ( dim 
ethylsiloxane - methylvinylsiloxane - diphenylsiloxane ) copo 
lymer , a hydroxy group - end - capped ( dimethylsiloxane 
methylvinylsiloxane ) copolymer , 
a - vinyldimethylpolysiloxane , and the like . 
[ 0207 ] In the aliphatic unsaturated bond - containing com 
pound mentioned above , an unsaturated bond may exist at a 
molecular end or may exist in the interior , or a plurality of 
unsaturated bonds may exist in the molecule like in hexa 
dienes and octadienes . 
[ 0208 ] Also an alkene compound having a sulfide group 
like those shown below may be used as the aliphatic 
unsaturated bond - containing compound . In this case , unlike 
a silicon compound in which silicon is bonded to carbon at 
an end of an alkene , which is known in the case where a 
platinum catalyst is used , isomerization reaction of an alk 
ene occurs , and a silicon compound in which silicon is 
bonded onto carbon adjacent to the sulfur element is 
obtained selectively . 

mer , a trimethylsiloxy group - end - capped ( dimethyl silox 
ane - methylhydrosiloxane ) copolymer , a trimethylsiloxy 
group - end - capped ( dimethyl siloxane - diphenylsiloxane 
methylhydrogensiloxane ) copolymer , a dimethyl hydrogen 
siloxy group - end - capped ( dimethyl siloxane - methylhydro 
gensiloxane ) copolymer , a dimethyl hydrogen siloxy group 
end - capped ( dimethylsiloxane - methylhydrogensiloxane - di 
phenylsiloxane ) copolymer , a hydroxy group - end - capped 
( dimethylsiloxane - methylhydrogensiloxane ) copolymer , 
dimethyl hydrogen siloxy group - one - end - capped dimethyl 
polysiloxane , and the like . 
[ 0213 ] Further , by reacting together an aliphatic unsatu 
rated bond - containing compound and a hydrogen molecule 
in the presence of the catalyst of the present invention , a 
corresponding compound having a saturated bond is 
obtained . 
[ 0214 ] Specific examples of the aliphatic unsaturated 
bond - containing compound include compounds similar to 
those given as examples in hydrosilylation reaction men 
tioned above . 
[ 0215 ] As a means for introducing a hydrogen molecule 
into a reaction system in hydrogenation reaction , introduc 
tion may be made while gas containing hydrogen molecules 
is caused to flow or bubble in a reactor , or reaction may be 
performed in a pressure resistant vessel in which gas con 
taining hydrogen molecules is enclosed . The pressure at this 
time is not particularly limited , but is preferably 0.1 to 3 
MPa and more preferably 0.1 to 2 MPa from the viewpoint 
of safety . 
[ 0216 ] Further , a product of hydrosilane reduction reac 
tion between a compound having a carbon - oxygen unsatu 
rated bond or a carbon - nitrogen unsaturated bond and a 
Si - H bond - containing compound is obtained in the pres 
ence of the catalyst of the present invention . 
[ 0217 ] In this case , the use ratio between the compound 
having a carbon - oxygen unsaturated bond or a carbon 
nitrogen unsaturated bond and the Si — H bond - containing 
compound is not particularly limited ; however , as the molar 
ratio , ( carbon - oxygen unsaturated bonds or carbon - nitrogen 
unsaturated bonds ) / ( Si - H bonds ) is preferably 1/10 to 1/1 , 
more preferably 1/5 to 1/1 , and still more preferably 1/3 to 
1/1 . 
[ 0218 ] As the Si - H bond - containing compound used in 
hydrosilane reduction reaction of a compound having a 
carbon - oxygen unsaturated bond or a carbon - nitrogen 
unsaturated bond of the present invention , compounds simi 
lar to those shown as examples in hydrosilylation reaction 
mentioned above are given ; in view of reactivity and eco 
nomical efficiency , among them , aryl group containing 
silanes such as phenylsilane , diphenylsilane , and dimethyl 
phenylsilane ; a siloxane containing Si - H groups adjacent 
via an oxygen atom , such as 1,1,3,3 - tetramethyldisiloxane , 
trimethylsiloxy group - end - capped methyl hydrogen polysi 
loxane , and dimethyl hydrogen siloxy group - end - capped 
methyl hydrogen polysiloxane , are preferable , and 1,1,3,3 
tetramethyldisiloxane , 1,1,1,3,3 - pentamethyldisiloxane , 1,1 , 
1,3,5,5,5 - heptamethyltrisiloxane , trimethylsiloxy group 
end - capped methyl hydrogen polysiloxane , and dimethyl 
hydrogen siloxy group - end - capped methyl hydrogen poly 
siloxane are more preferable . 
[ 0219 ] As the compound having a carbon - oxygen unsatu 
rated bond or a carbon - nitrogen unsaturated bond that can be 
used for hydrosilane reduction reaction , a compound having 
an aldehyde , ketone , amide , or nitrile group , and the like are 

( 6 ) Alkene Compounds Having Sulfide Group 
[ 0209 ] Methyl vinyl sulfide , ethyl vinyl sulfide , n - propyl 
vinyl sulfide , isopropyl vinyl sulfide , n - butyl vinyl sulfide , 
phenyl vinyl sulfide , benzyl vinyl sulfide , methyl allyl 
sulfide , ethyl allyl sulfide , n - propyl allyl sulfide , isopropyl 
allyl sulfide , n - butyl allyl sulfide , isobutyl allyl sulfide , 
phenyl allyl sulfide , benzyl allyl sulfide , allyl ( n - propyl ) 
disulfide , diallyl sulfide , diallyl disulfide , and the like . 
[ 0210 ] Examples of the Si - H bond - containing compound 
include the following silanes and siloxanes . 
( 1 ) Silanes 
[ 0211 ] Trimethoxysilane , triethoxysilane , triisopropoxysi 
lane , dimethoxymethylsilane , diethoxymethylsilane , dime 
thoxyphenylsilane , diethoxyphenylsilane , methoxydimeth 
ylsilane , ethoxydimethylsilane , triphenyl silane , 
diphenyldisilane , phenyltrisilane , diphenylmethylsilane , 
phenyldimethylsilane , diphenylmethoxysilane , dipheny 
lethoxysilane , and the like . 

( 2 ) Siloxanes 
[ 0212 ] Pentamethyldisiloxane , tetramethyldisiloxane , 
heptamethyltrisiloxane , octamethyltetrasiloxane , dimethyl 
hydrogen siloxy group - end - capped dimethylpolysiloxane , 
dimethyl hydrogen siloxy group - end - capped methyl hydro 
gen polysiloxane , trimethylsiloxy group - end - capped methyl 
hydrogen polysiloxane , a dimethyl hydrogen siloxy group 
end - capped ( dimethylsiloxane - diphenylsiloxane ) copoly 
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given ; by reacting any of these compounds with a silane or 
a siloxane containing a Si - H group in the presence of the 
catalyst of the present invention and performing known 
post - treatment , the compound can be turned into a respec 
tive corresponding amine or alcohol compound . 
[ 0220 ] Specific examples of the compound having a car 
bon - oxygen unsaturated bond or a carbon - nitrogen unsatu 
rated bond include acetophenone , N , N - dimethylbenzamide , 
acetonitrile , and the like . 

and celite filtration was performed again . The solvent of the 
filtrate was distilled under reduced pressure , and then the 
dried substance was washed with a small amount of benzene 
( approximately 3 ml ) ; thus , Co2 ( CNAd ) , was obtained ( 0.33 
g , 47 % ) . 
[ 0233 ] " H - NMR ( 396 MHz , C.D. ) 8 : 
[ 0234 ] 2.32 ( s . 48H ) , 2.06 ( s . 24H ) , 1.71 ( d , J = 10.3 , 24H ) , 
1.58 ( d , J = 10.3 , 24H ) . 
[ 0235 ] IR ( ATR ) : v = 1647 ( CN ( bridge ) ) , 2101 , 2000 , 1954 
( CN ( terminal ) ) cm - 1 
[ 0236 ] Anal . Calcd . for Cg3H 20N , Coz : 
[ 0237 ] C : 75.08 ; H : 8.59 ; N : 7.96 ; Found : C : 75.16 ; H : 
8.62 ; N : 7.46 . 

EXAMPLES 

[ 0221 ] Synthesis Examples , Examples and Comparative 
Examples are given below by way of illustration and not by 
way of limitation . 
[ 0222 ] All solvents were deoxygenated and dehydrated by 
well - known methods before they were used in the prepara 
tion of catalysts . 
[ 0223 ] The catalysts obtained were stored in a nitrogen gas 
atmosphere at 25 ° C. until they were used in reaction . 
[ 0224 ] Hydrosilylation reaction and solvent purification 
were always carried out in an inert gas atmosphere . The 
solvents and other ingredients were purified , dried and 
deoxygenated by well - known methods before they were 
used in various reactions . 
[ 0225 ] The measurement of ' H - NMR was performed 
using JNM - ECA600 and JNM - LA400 manufactured by 
JEOL Ltd , and IR measurement was performed using FT / IR 
550 manufactured by JASCO Corporation . 
[ 0226 ] In the chemical structure formulae shown below , 
hydrogen atoms are omitted in accordance with common 
expression . 

[ Synthesis Example 3 ] Synthesis of Cobalt 
Isocyanide Complex Co ( CNMes ) , 

[ 0238 ] Cobalt iodide ( 13 mg , 0.10 mmol ) , mesityl isocya 
nide ( 58 mg , 0.40 mmol ) , THF ( 3 mL ) , and KC , ( 27 mg , 
0.20 mmol ) were added in this order to a reactor , and stirring 
was performed at 25 ° C. for 12 hours . After that , the reaction 
solution was subjected to celite filtration , and the solvent of 
the filtrate was distilled under reduced pressure . The result 
ing dried substance was dissolved in toluene ( approximately 
3 mL ) , and the insoluble matter was removed by celite 
filtration . Pentane ( approximately 3 mL ) was slowly added 
from above the filtrate to perform recrystallization ; thus , a 
cobalt isocyanide complex of Co2 ( CNMes ) , was obtained 
( 42 mg , 66 % ) . 
[ 0239 ] " H - NMR ( 396 MHz , CD ) :: 
[ 0240 ] 6.60 ( s , 12H ) , 6.58 ( s , 4H ) , 2.46 ( s , 36H ) , 2.42 ( s , 
12H ) , 2.05 ( s , 18H ) , 2.03 ( s , 6H ) . 
[ 0241 ] IR ( ATR ) : v = 1669 ( CN ( bridge ) ) , 2063 , 2026 , 1954 
( CN ( terminal ) ) cm 
[ 0242 ] Anal . Calcd . for C30Hg3N , Coz : 
[ 0243 ] C : 75.10 ; H : 6.93 ; N : 8.60 ; Found : C : 75.21 ; H : 
6.90 ; N : 8.60 . 

-1 [ Synthesis Example 1 ] Synthesis of Cobalt Isocya 
nide Complex Coz ( CN'Bu ) 

[ 0227 ] Cobalt iodide ( 0.31 g , 1.0 mmol ) , tetrahydrofuran 
( hereinafter , abbreviated as THF ) ( 15 mL ) , t - butyl isocya 
nide ( 0.33 g , 4.0 mmol ) , and KC , ( manufactured by Strem 
Chemicals , Inc. , 0.27 g , 2.0 mmol ) were added in this order 
to a reactor , and stirring was performed at 25 ° C. for 12 
hours . After that , the reaction solution was subjected to 
celite filtration , and the solvent of the filtrate was distilled 
under reduced pressure . The resulting dried substance was 
dissolved in pentane ( approximately 40 mL ) , and the 
insoluble matter was removed by celite filtration . The filtrate 
was cooled to -35 ° C. to perform recrystallization ; thus , 
Coz ( CN'Bu ) , was obtained ( 0.24 g , 61 % ) . 
[ 0228 ] " H - NMR ( 600 MHz , CD . ) 8 : 1.44 ( s , 72H ) . 
[ 0229 ] IR ( ATR ) : v = 1666 ( CN ( bridge ) ) , 2093 , 1977 , 1942 
( CN terminal ) ) cm ! 
[ 0230 ] Anal . Calcd . for C40H 2N Coz : 
[ 0231 ] C : 61.36 ; H : 9.27 ; N : 14.31 ; Found : C : 61.06 ; H : 
9.52 ; N : 14.05 . 

[ Synthesis Example 4 ] Synthesis of Iron Isocyanide 
Complex Fe ( CN'Bu ) , 

[ 0244 ] Iron bromide ( 22 mg , 0.10 mmol ) , THF ( 3 mL ) , 
t - butyl isocyanide ( 42 mg , 0.50 mmol ) , and KC , ( 27 mg , 
0.20 mmol ) were added in this order to a reactor , and stirring 
was performed at 25 ° C. for 12 hours . After that , the reaction 
solution was subjected to celite filtration , and the solvent of 
the filtrate was distilled under reduced pressure . The result 
ing dried substance was dissolved in pentane ( approximately 
4 mL ) , and the insoluble matter was removed by celite 
filtration . The filtrate was cooled to -35 ° C. to perform 
recrystallization ; thus , Fe ( CN'Bu ) s was obtained ( 30 mg , 
63 % ) . 
[ 0245 ] " H - NMR ( 600 MHz , CD . ) 8 : 1.29 ( s , 45H ) . 
[ 0246 ] IR ( ATR ) : v = 2119 , 2000 , 1943 , 1826 ( CN ) cm 1 

[ Synthesis Example 5 ] Synthesis of Iron Isocyanide 
Complex Fe ( CNA ) , Using Iron Bromide and KC 

[ Synthesis Example 2 ] Synthesis of Cobalt 
Isocyanide Complex Co ( CNA ) , 

[ 0232 ] 0.31 g ( 1.0 mmol ) of cobalt iodide , 0.65 g ( 4.0 
mmol ) of 1 - isocyanoadamantane ( hereinafter , abbreviated 
as CNAD ) , THF ( 15 mL ) , and KC , ( 0.27 g , 2.0 mmol ) were 
added in this order to a reactor , and stirring was performed 
at 25 ° C. for 12 hours . After that , the reaction solution was 
subjected to celite filtration , and the solvent of the filtrate 
was distilled under reduced pressure . The resulting dried 
substance was dissolved in toluene ( approximately 20 ml ) , 

[ 0247 ] Iron bromide ( 216 mg , 1.0 mmol ) , THF ( 20 mL ) , 
adamantyl isocyanide ( 806 mg , 5.0 mmol ) , and KCg ( manu 
factured by Strem Chemicals , Inc. , 270 mg , 2.0 mmol ) were 
added in this order to a reactor , and stirring was performed 
at 25 ° C. for 12 hours . After that , the reaction solution was 
subjected to celite filtration , and the solvent of the filtrate 
was distilled under reduced pressure . The resulting dried 
substance was dissolved in benzene ( approximately 5 mL ) , 
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and the insoluble matter was removed by celite filtration . 
Pentane was added to the filtrate , and then cooling was 
performed to -35 ° C. to perform recrystallization ; thus , 
Fe ( CNAD ) , was obtained ( 601 mg , yield : 70 % ) . 
[ 0248 ] " H - NMR ( 396 MHz , C.D. ) 8 : 
[ 0249 ] 2.15 ( s , 30H ) , 1.88 ( s , 15H ) , 1.50 ( d , J = 11.5 , 15H ) , 
1.42 ( d , J = 11.5 , 15H ) . 
[ 0250 ) IR ( ATR ) : v = 2106 ( CN ) cm - 1 

reactor , and were dissolved . 5.3 mg ( 0.04 mmol ) of 
diethoxymethylsilane was added to the reactor , and stirring 
was performed at 25 ° C. for 1 hour . After that , a - methyl 
styrene ( 129 UL , 1.0 mmol ) and 1,1,1,3,3 - pentamethyldisi 
loxane ( 254 ul , 1.3 mmol ) were added , and stirring was 
performed at 25 ° C. for 24 hours . After the reaction ended , 
H - NMR spectrum was measured to determine the structure 
and the yield of the product . A multiplet at 0.94 ppm , which 
is a signal of protons on carbon adjacent to silicon in the 
desired product , was observed , and the yield was found . The 
results are shown in Table 1 . 

TABLE 1 

Conver 
sion 
( % ) 

Yield 
( % ) Catalyst 

[ Synthesis Example 6 Synthesis of Nickel 
Isocyanide Complex Ni ( CNtBu ) 4 Using Nickel 
Bromide ( Dimethoxyethane Adduct ) and KC , 

[ 0251 ] Nickel bromide ( a dimethoxyethane adduct ) ( 31 
mg , 0.1 mmol ) , THF ( 3 mL ) , t - butyl isocyanide ( 0.33 g , 0.4 
mmol ) , and KC3 ( 270 mg , 2.0 mmol ) were added in this 
order to a reactor , and stirring was performed at room 
temperature for 30 minutes . After that , the reaction solution 
was subjected to celite filtration , and the solvent of the 
filtrate was distilled under reduced pressure . The resulting 
dried substance was dissolved in benzene ( approximately 5 
mL ) , and the insoluble matter was removed by celite filtra 
tion . Ether was added to the filtrate , and then cooling was 
performed to -35 ° C. to perform recrystallization ; thus , 
Ni ( CN'Bu ) 4 was obtained ( 21 mg , yield : 54 % ) . 
[ 0252 ] ' H - NMR ( 396 MHz , C.D. ) 8 : 1.09 ( s , 36H ) . 
[ 0253 ] IR ( ATR ) : v = 2002 ( CN ) cm - 1 

> 99 Example 1 
Example 2 
Example 3 
Comparative Example 

Co ( CNBuF8 
Co ( CNAD ) 
Co2 ( CNMes ) , 
cobalt pivalate / CNAD 
diethoxymethylsilane 

> 99 
> 99 
> 99 
10 

> 99 
> 99 

[ Example 4 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of a - Methylstyrene 

Using Co ( CNA ) , as Catalyst 
[ 1 ] Hydrosilylation Reaction Using Alkene as 

Substrate [ 0259 ] Co ( CNAd ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.0005 mmol ) , a - methylstyrene ( 1.29 mL , 10 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 2.54 mL , 13 mmol ) 
were added to a reactor , and stirring was performed at 80 ° 
C. for 24 hours . After the reaction ended , ' H - NMR spectrum 
was measured to determine the structure and the yield of the 
product . A multiplet at 0.94 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 2 . 

[ Example 1 ] Hydrosilylation Reaction by 1,1,1,3,3 
Pentamethyldisiloxane of a - Methylstyrene Using 

Coz ( CN'Bu ) , as Catalyst 
[ 0254 ] Coz ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129uL , 1.0 mmol ) , and 
1,1,1,3,3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 25 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . A multiplet at 0.94 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 1 . 
[ 0255 ] " H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0256 ] 7.27 ( t , J = 6.8 , 2H ) , 7.21 ( d , J = 6.8 , 2H ) , 7.15 ( t , 
J = 6.8 , 1H ) , 2.91 ( sext , J = 6.8 , 1H ) , 1.28 ( d , J = 6.8 , 3H ) , 
0.90-0.98 ( m , 2H ) , 0.05 ( s , 9H ) , -0.05 ( s , 3H ) , -0.07 ( s , 3H ) . 

Comparative Example 2 

Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of a - Methylstyrene 

Using Co2 ( CO ) , as Catalyst 

Examples 2 and 3 
[ 0257 ] Reaction was performed in a similar manner to 
Example 1 except that , in place of Co ( CN Bu ) s , the cobalt 
isocyanide complexes written in Table 1 ( each 0.005 mmol ) 
were used as catalysts . The results are shown in Table 1 
below . 

[ 0260 ] Co ( CO ) , ( 1.7 mg , 0.0005 mmol ) , a - methylsty 
rene ( 1.29 mL , 10 mmol ) , and 1,1,1,3,3 - pentamethyldisilox 
ane ( 2.54 mL , 13 mmol ) were added to a reactor , and stirring 
was performed at 80 ° C. for 24 hours . After the reaction 
ended , ' H - NMR spectrum was measured to determine the 
structure and the yield of the product . A multiplet at 0.94 
ppm , which is a signal of protons on carbon adjacent to 
silicon in the desired product , was observed , and the yield 
was found . The results are shown in Table 2 . 

Comparative Example 1 TABLE 2 

Conver 
sion 
( % ) Catalyst 

Yield 
( % ) 

Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of a - Methylstyrene 

Using , as Catalyst , Composition Consisting of 
Cobalt Pivalate , CNAD , and Diethoxymethylsilane 

[ 0258 ] 3 mg ( 0.01 mmol ) of cobalt pivalate , 5 mg ( 0.03 
mmol ) of CNAd , and 100 uL of THF were added to a 

> 99 Example 4 
Comparative Example 2 

Co2 ( CNAD ) , 
Co ( CO ) 

> 99 
88 88 
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[ Example 5 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of Styrene Using 

Fe ( CN'Bu ) , as Catalyst 
[ 0261 ] Fe ( CN'Bu ) , obtained in Synthesis Example 4 ( 4.7 
mg , 0.01 mmol ) , styrene ( 114 uL , 1.0 mmol ) , and 1,1,1,3 , 
3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were added to 
a reactor , and stirring was performed at 25 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . A 
multiplet at 0.90 ppm , which is a signal of protons on carbon 
adjacent to silicon in the desired product , was observed , and 
the yield was found . The results are shown in Table 3 . 
[ 0262 ] " H - NMR ( 396 MHz , CDC12 ) 8 : 
[ 0263 ] 7.24-7.29 ( m , 2H ) , 7.13-7.22 ( m , 3H ) , 2.61-2.68 
( m , 2H ) , 0.86-0.92 ( m , 2H ) , 0.08 ( s , 9H ) , 0.07 ( s , 6H ) . 

on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 3 . 
[ 0271 ] " H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0272 ] 3.71 ( dd , J = 11.6 , J = 3.9 , 1H ) 3.37-3.51 ( m , 3H ) , 
3.26 ( dt , J = 2.9 , J = 6.3 , 1H ) , 2.62 ( t , J = 4.4 , 1H ) , 2.62 ( q , 
J = 2.9 , 1H ) , 1.59-1.65 ( m , 2H ) , 0.49-0.53 ( m , 2H ) , 0.06 ( s , 
9H ) . 

TABLE 3 

Conver 
sion Yield 

( % ) Alkene Catalyst ( % ) 
Example 5 
Example 6 
Example 7 
Example 8 

styrene Fe ( CN'Bu ) 
1 - octene Co2 ( CNMes ) : 
styrene Co2 ( CNMes ) : 
allyl glycidyl ether Co2 ( CNAd ) s 

> 99 
> 99 
90 

> 99 

99 
24 
44 
90 

[ Example 6 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of 1 - Octene Using 

Co ( CNMes ) , as Catalyst 
[ 0264 ] Co ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) , 1 - octene ( 157 uL , 1.0 mmol ) , and 1,1,1,3,3 - pentamethyldisiloxane ( 254 UL , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 25 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . A multiplet at 0.50 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 3 . 
[ 0265 ] " H - NMR ( 396 MHz , CDC13 ) d : 
[ 0266 ] 1.21-1.37 ( m , 12H ) , 0.88 ( t , J = 6.8 , 3H ) , 0.50 ( m , 
2H ) , 0.06 ( s , 9H ) , 0.03 ( s , 6H ) . 

[ Example 9 ] Hydrosilylation Reaction by 1,1,1,3,5 , 
5,5 - Heptamethyltrisiloxane of a - Methylstyrene 

Using Co ( CN'Bu ) , as Catalyst 
[ 0273 ] Co2 ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129 uL , 1.0 mmol ) , and 
1,1,1,3,5,5,5 - heptamethyltrisiloxane ( 351 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 80 ° 
C. for 24 hours . After the reaction ended , ' H - NMR spectrum 
was measured to determine the structure and the yield of the 
product . A multiplet at 0.88 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 4 . 
[ 0274 ] " H - NMR ( 396 MHz , CDC13 ) d : 
[ 0275 ] 7.27 ( t , J = 6.8 , 2H ) , 7.21 ( d , J = 6.8 , 2H ) , 7.16 ( t , 
J = 6.8 , 1H ) , 2.92 ( sext , J = 6.8 , 1H ) , 1.28 ( d , J = 6.8 , 3H ) , 
0.82-0.94 ( m , 2H ) , 0.09 ( s , 9H ) , 0.07 ( s , 9H ) , -0.12 ( s , 3H ) . 

[ Example 7 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of Styrene Using 

Co ( CNMes ) , as Catalyst 
[ 0267 ] Coz ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) , styrene ( 114 uL , 1.0 mmol ) , and 
1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 25 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . A multiplet at 0.90 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 3 . 
[ 0268 ] " H - NMR ( 396 MHz , CDC1 ) 8 : 
[ 0269 ] 7.24-7.29 ( m , 2H ) , 7.13-7.22 ( m , 3H ) , 2.61-2.68 
( m , 2H ) , 0.86-0.92 ( m , 2H ) , 0.08 ( s , 9H ) , 0.07 ( s , 6H ) . 

[ Example 10 ] Hydrosilylation Reaction by 
Triethoxysilane of a - Methylstyrene Using 

Co2 ( CNAd ) , as Catalyst 
[ 0276 ] Co2 ( CNAd ) obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129 uL , 1.0 mmol ) , and 
triethoxysilane ( 213 mg , 1.3 mmol ) were added to a reactor , 
and stirring was performed at 80 ° C. for 24 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A sextet at 
3.00 ppm , which is a signal of protons on carbon adjacent to 
a phenyl group in the desired product , was observed , and the 
yield was found . The results are shown in Table 4 . 
[ 0277 ] ' H - NMR ( 396 MHz , CDC13 ) d : 
[ 0278 ] 7.27 ( t , J = 6.8 , 2H ) , 7.21 ( d , J = 6.8 , 2H ) , 7.15 ( t , 
J = 6.8 , 1H ) , 3.73 ( q , J = 6.8 , 6H ) , 2.96 ( sext , J = 6.8 , 1H ) , 1.31 
( d , J = 6.8 , 3H ) , 1.18 ( m , J = 6.8 , 9H ) , 1.03 ( d , J = 6.8 , 2H ) . [ Example 8 ] Hydrosilylation Reaction by 

1,1,1,3,3 - Pentamethyldisiloxane of Allyl Glycidyl 
Ether Using Co ( CNAD ) , as Catalyst 

[ 0270 ] Co ( CNA ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , allyl glycidyl ether ( 118 uL , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , ' H - NMR spectrum 
was measured to determine the structure and the yield of the 
product . A multiplet at 0.51 ppm , which is a signal of protons 

[ Example 11 ] Hydrosilylation Reaction by 
Diethoxy ( Methyl ) Silane of a - Methylstyrene Using 

Co ( CN'Bu ) , as Catalyst 
[ 0279 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129 uL , 1.0 mmol ) , and 
diethoxy ( methyl ) silane ( 175 mg , 1.3 mmol ) were added to a 
reactor , and stirring was performed at 50 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
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-continued 

Si 

to determine the structure and the yield of the product . A 
sextet at 2.96 ppm , which is a signal of protons on carbon 
adjacent to a phenyl group in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 4 . 

[ 0280 ] ' H - NMR ( 396 MHz , CDCI ) 8 : 
[ 0281 ] 7.27 ( t , J = 6.8 , 2H ) , 7.21 ( d , J = 6.8 , 2H ) , 7.15 ( t , 
J = 6.8 , 1H ) , 3.63-3.70 ( m , 4H ) , 3.00 ( sext , J = 6.8 , 1H ) , 1.32 
( d , J = 6.8 , 3H ) , 1.21 ( t , J = 6.8 , 3H ) , 1.15 ( t , J = 6.8 , 3H ) , 1.03 
( d , J = 6.8 , 2H ) , -0.08 ( s , 3H ) . 

or 

S 

Si 

TABLE 4 

Conver 

sion Yield 
Silane Catalyst ( % ) ( % ) 

Example 9 Coz ( CN'Bu ) > 99 > 99 1,1,1,3,5,5,5 
heptamethyltrisiloxane 
triethoxysilane 
Diethoxy ( methyl ) silane 

84 45 Example 10 
Example 11 

Co ( CNAd ) 
Co ( CNÍBu ) , 

[ Example 13 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Ethyl Vinyl Sulfide 

Using Co ( CN'Bu ) , as Catalyst 
[ 0286 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , ethyl vinyl sulfide ( 88 mg , 1.0 mmol ) , and 
1,1,1,3,3 - pentamethyldisiloxane ( 254 UL , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 25 ° C. for 
24 hours . After the reaction ended , isolation and purification 
were performed by silica gel chromatography , and 239 mg 
of the desired product was obtained . Yields are shown in 
Table 5 . 
[ 0287 ] ' H - NMR ( 400 MHz , CDC13 ) 8 : 
[ 0288 ] 0.08 ( s , 9H , SiMez ) , 0.12 ( s , 3H ) , 0.16 ( s , 3H ) , 
0.98 ( t , J = 7.32 Hz , 3H ) , 1.50-1.65 ( m , 3H ) , 1.68-1.71 ( m , 
1H ) , 1.75-1.81 ( m , 1H ) , 2.49 ( t , 2H ) . 

> 99 92 

[ Example 12 ] Hydrosilylation Reaction by 
Polydimethylsiloxane Endblocked at Both 

Terminals by Dimethylhydrogensiloxy Groups of 
Allyl Glycidyl Ether Using Co2 ( CNAD ) , as 

Catalyst 

[ 0282 ] Co ( CNAD ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , allyl glycidyl ether ( 154 uL , 1.3 mmol ) , 
and polydimethylsiloxane endblocked at both terminals by 
dimethylhydrogensiloxy groups ( degree of polymerization 
18 ) ( 0.74 g , 0.50 mmol ) were added to a reactor , and stirring 
was performed at 50 ° C. for 24 hours . After the reaction 
ended , ' H - NMR spectrum was measured to determine the 
structure and the yield of the product . A multiplet at 0.54 
ppm , which is a signal of protons on carbon adjacent to 
silicon in the desired product , was observed , and the yield 
was found ( yield > 99 % ) . 
[ 0283 ] " H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0284 ] 3.70 ( m , 1H ) , 2.95-2.90 ( m , 2H ) , 3.45 ( m , 3H ) , 
3.15 ( m , 1H ) , 2.80 ( m , 1H ) , 2.61 ( m , 1H ) , 1.62 ( m , 2H ) , 0.54 
( m , 2H ) , 0.08 ( br ) , 0.05 ( s ) , -0.08 ( s ) . 

[ Example 14 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Phenyl Vinyl Sulfide 

Using Co2 ( CN'Bu ) , as Catalyst 
[ 0289 ] Co2 ( CN'Bu ) , obtained in Synthesis Example 1 ( 6.0 
mg , 0.0075 mmol ) , phenyl vinyl sulfide ( 68 mg , 0.5 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 223 mg , 1.5 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , isolation and 
purification were performed by Kugelrohr distillation , and 
129 mg of the desired product was obtained . Yields are 
shown in Table 5 . 
[ 0290 ] ' H - NMR ( 400 MHz , CDC13 ) 
[ 0291 ] d : 0.11 ( s , 9H ) , 0.18 ( s , 3H ) , 0.20 ( s , 3H ) , 1.31 ( d , 
J = 7.73 Hz , 3H ) , 2.54 ( q , J = 7.09 Hz , 1H ) , 7.28 ( dd , J = 7.73 , 
9.67 Hz , 1H ) , 7.28 ( d , J = 7.73 Hz , 2H ) , 7.35 ( d , J = 9.67 Hz , 
2H ) . 

[ 2 ] Hydrosilylation Reaction Using 
Sulfur - Containing Alkene as Substrate 

[ 0285 ] 

[ Example 15 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Methyl Allyl Sulfide 

Using Co2 ( CN'Bu ) , as Catalyst 
[ 0292 ] Co2 ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , methyl allyl sulfide ( 88 mg , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , isolation and 
purification were performed by silica gel chromatography , 
and 209 mg of the desired product was obtained . Yields are 
shown in Table 5 . 
[ 0293 ] " H - NMR ( 400 MHz , CDC13 ) d : 
[ 0294 ] 0.08 ( s , 9H ) , 0.13 ( s , 3H ) , 0.16 ( s , 3H ) , 1.06 ( t , 
J = 7.14 Hz , 3H ) , 1.57-1.62 ( m , 2H ) , 1.75-1.81 ( m , 1H ) , 2.09 
( s , 3H ) . 

[ Chem . 2 ] 

or - ??????? + 

S 
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[ 0301 ] 1.81 ( dqd , 6.04 , 7.42 , 13.74 Hz , 1H ) , 7.14 ( td , 
J = 7.42 , 2.75 Hz , 1H ) , 7.25-7.26 ( m , 2H ) , 7.35 ( dd , J = 8.24 , 
1.10 Hz , 2H ) . 

[ Example 16 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of n - Propyl Allyl Sulfide 

Using Co2 ( CN'Bu ) , as Catalyst 
[ 0295 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , n - propyl allyl sulfide ( 116 mg , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , isolation and 
purification were performed by silica gel chromatography , 
and 239 mg of the desired product was obtained . Yields are 
shown in Table 5 . 
[ 0296 ] " H - NMR ( 400 MHz , CDC13 ) d : 
[ 0297 ] 0.08 ( s , 9H ) , 0.12 ( s , 3H ) , 0.16 ( s , 3H ) , 0.98 ( t , 
J = 7.32 Hz , 3H ) , 1.50-1.65 ( m , 3H ) , 1.68-1.71 ( m , 1H ) , 
1.75-1.81 ( m , 1H ) , 2.49 ( t , 2H ) . 

[ Example 18 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Benzyl Allyl Sulfide 

Using Co ( CN'Bu ) , as Catalyst 
[ 0302 ] Coz ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , benzyl allyl sulfide ( 164 mg , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , isolation and 
purification were performed by Kugelrohr distillation , and 
245 mg of the desired product was obtained . Yields are 
shown in Table 5 . 
[ 0303 ] H - NMR ( 400 MHz , CDC13 ) d : 
[ 0304 ] 0.05 ( s , 9H ) , 0.06 ( s , 3H ) , 1.01 ( t , J = 7.32 Hz , 3H ) , 
1.53-1.62 ( m , 1H ) , 1.63-1.67 ( m , 1H ) , 1.69-1.80 ( m , 1H ) , 
3.66-3.75 ( m , 2H ) , 7.22-7.30 ( m , 5H ) . 

Comparative Example 3 

[ Example 17 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Phenyl Allyl Sulfide 

Using Co2 ( CN'Bu ) , as Catalyst 
[ 0298 ] Coz ( CN'Bu ) , obtained in Synthesis Example 1 ( 9.7 
mg , 0.0125 mmol ) , phenyl allyl sulfide ( 75 mg , 0.5 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 127 ul , 0.65 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , isolation and 
purification were performed by Kugelrohr distillation , and 
142 mg of the desired product was obtained . Yields are 
shown in Table 5 . 
[ 0299 ] " H - NMR ( 600 MHz , CDC13 ) 8 : 
[ 0300 ] 0.10 ( s , 9H ) , 0.19 ( s , 3H ) , 0.19 ( s , 3H ) , 1.31 ( t , 
J = 7.42 Hz , 3H ) , 1.67 ( dqd , J = 6.04 , 7.42 , 13.74 Hz , 1H ) , 

Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of Methyl Allyl 

Sulfide Using Co2 ( CO ) , as Catalyst 
[ 0305 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , methyl allyl sulfide ( 88 mg , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 25 ° 
C. for 24 hours . After the reaction ended , ' H - NMR spectrum 
was measured ; as a result , only the source material was 
observed , and a product was not seen ( a yield of 0 % ) . 

TABLE 5 

Conversion Yield 
( % ) ( % ) 

Isolated 
yield 
( % ) Sulfur - containing alkene Product 

Example 13 .S . > 99 > 99 90 

Example 14 S > 99 > 99 90 

wyth 
oytk 
ykk 
mekt 

Example 15 S > 99 > 99 89 

Example 16 S. > 99 > 99 90 
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TABLE 5 - continued 

Isolated 
yield 
( % ) 

Conversion Yield 
( % ) ( % ) Sulfur - containing alkene Product 

Example 17 > 99 97 95 ???? Si 

Example 18 > 99 > 99 92 

S ykk 
[ 3 ] Hydrosilylation Reaction Using 

Nitrogen - Containing Alkene as Substrate 
[ 0306 ] 

[ Chem . 3 ] 

[ Example 20 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of 

N , N - Diethylallylamine Using Coz ( CNAd ) , as 
Catalyst 

[ 0310 ] Co ( CNAD ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , N , N - diethylallylamine ( 113 mg , 1.0 
mmol ) , and 1,1,1,3,3 - pentamethyldisiloxane ( 254 UL , 1.3 
mmol ) were added to a reactor , and stirring was performed 
at 50 ° C. for 24 hours . After the reaction ended , ' H - NMR 
spectrum was measured to determine the structure and the 
yield of the product . A multiplet at 0.46 ppm , which is a 
signal of protons on carbon adjacent to silicon in the desired 
product , was observed , and the yield was found . The results 
are shown in Table 6 . 
[ 0311 ] " H - NMR ( 400 MHz , CDC13 ) 8 : 
[ 0312 ] 0.03 ( s , 9H ) , 0.04 ( s , 3H ) , 0.05 ( s , 3H ) , 0.46 ( m , 
2H ) , 1.02 ( t , J = 7.4 , 6H ) , 1.47 ( m , 2H ) , 2.40 ( t , J = 8.0 , 2H ) , 
2.52 ( q , J = 7.4 , 4H ) . 

or Y R H 

Si 

or 

hy 
[ Example 19 ] Hydrosilylation Reaction by 

1,1,1,3,3 - Pentamethyldisiloxane of N - Allylaniline 
Using Co2 ( CNAD ) , as Catalyst 

[ 0307 ] Co ( CNAD ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , N - allylaniline ( 133 mg , 1.0 mmol ) , and 
1,1,1,3,3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 25 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . A multiplet at 0.59 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 6 . 
[ 0308 ] " H - NMR ( 400 MHz , CDC13 ) 8 : 
[ 0309 ] 0.07 ( s , 15H ) , 0.59 ( m , 2H ) , 1.63 ( m , 2H ) , 3.10 ( q , 
J = 5.8 , 2H ) , 3.66 ( br , 1H ) , 6.60 ( d , J = 7.7 , 2H ) , 6.68 ( t , J = 7.7 , 
1H ) , 7.17 ( t , J = 7.2 , 2H ) . 

[ Example 21 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of 9 - Vinylcarbazole 

Using Co ( CNMes ) , as Catalyst 
[ 0313 ] Co2 ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) , N - methyl pyrrolidone ( 100 uL ) as a 
solvent , 9 - vinylcarbazole ( 193 mg , 1.0 mmol ) , and 1,1,1,3 , 
3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were added to 
a reactor , and stirring was performed at 25 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . A 
multiplet at 1.16 ppm , which is a signal of protons on carbon 
adjacent to silicon in the desired product , was observed , and 
the yield was found . The results are shown in Table 6 . 
[ 0314 ] ?H - NMR ( 400 MHz , CDC13 ) d : 
[ 0315 ] 0.15 ( s , 6H ) , 0.17 ( s , 9H ) , 1.16 ( m , 2H ) , 4.38 ( m , 
2H ) , 7.23 ( t , J = 7.7 Hz , 2H ) , 7.39 ( d , J = 7.7 Hz , 2H ) , 7.47 ( t , 
J = 7.7 Hz , 2H ) , 8.11 ( d , J = 7.7 Hz , 2H ) . 

[ Example 22 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of N - Vinylphthalimide 

Using Co2 ( CN'Bu ) , as Catalyst 
[ 0316 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , DME ( 100 UL ) as a solvent , N - vinyl 
phthalimide ( 173 mg , 1.0 mmol ) , and 1,1,1,3,3 - pentameth 
yldisiloxane ( 254 ?L , 1.3 mmol ) were added to a reactor , and 
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stirring was performed at 50 ° C. for 24 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A multiplet 
at 1.03 ppm , which is a signal of protons on carbon adjacent 
to silicon in the desired product , was observed , and the yield 
was found . The results are shown in Table 6 . 
[ 0317 ] ' H - NMR ( 400 MHz , CDC13 ) 8 : 
[ 0318 ] 0.07 ( s , 9H ) , 0.14 ( s , 6H ) , 1.03 ( m , 2H ) , 3.75 ( m , 
2H ) , 7.69-7.80 ( m , 4H ) . 

signal of protons on carbon adjacent to silicon in the desired 
product , was observed , and the yield was found . The results 
are shown in Table 6 . 
[ 0320 ) TH - NMR ( 400 MHz , CDC1z ) 8 : 
[ 0321 ] 0.08 ( s , 9H ) , 0.10 ( s , 6H ) , 0.82 ( m , 2H ) , 2.00 
( quint , J = 7.2 , 2H ) , 2.36 ( t , J = 7.7 , 2H ) , 3.36 ( m , 4H ) . 

Comparative Example 4 

[ Example 23 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of 

N - Vinyl - 2 - Pyrrolidone Using Co ( CNAD ) , as 
Catalyst 

[ 0319 ] Coz ( CNAD ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , N - vinyl - 2 - pyrrolidone ( 111 mg , 1.0 
mmol ) , and 1,1,1,3,3 - pentamethyldisiloxane ( 254 ul , 1.3 
mmol ) were added to a reactor , and stirring was performed 
at 50 ° C. for 24 hours . After the reaction ended , ' H - NMR 
spectrum was measured to determine the structure and the 
yield of the product . A multiplet at 0.81 ppm , which is a 

Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane 

N - Vinyl - 2 - Pyrrolidone Using Co ( CO ) , as Catalyst 
[ 0322 ] Co2 ( CO ) , ( 1.7 mg , 0.005 mmol ) , N - vinyl - 2 - pyr 
rolidone ( 111 mg , 1.0 mmol ) , and 1,1,1,3,3 - pentamethyld 
isiloxane ( 254 uL , 1.3 mmol ) were added to a reactor , and 
stirring was performed at 50 ° C. for 24 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A multiplet 
at 0.81 ppm , which is a signal of protons on carbon adjacent 
to silicon in the desired product , was observed , and the yield 
was found . The results are shown in Table 6 . 

TABLE 6 

Nitrogen - containing Conversion Yield 
alkene Product Catalyst ( % ) ( % ) 

Example 19 Co2 ( CNAd ) : > 99 41 
H 
N. 

Example 20 Coz ( CNAd ) > 99 73 

w 
Example 21 C02 ( CNMes ) , > 99 90 

os Si = 0 

Example 22 Coz ( CN * Bu ) : 60 52 

orot 
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TABLE 6 - continued 

Nitrogen - containing 
alkene 

Conversion Yield 
( % ) ( % ) Product Catalyst 

Example 23 CO2 ( CNAD ) > 99 82 

? dhe 
& che 

Si — 

Comparative 
Example 4 

Co2 ( CO ) , 

-continued [ 4 ] Hydrosilane Reduction Reaction Using , as 
Substrate , Compound Having Carbon - Oxygen 

Unsaturated Bond or Carbon - Nitrogen Unsaturated 
Bond Si 

Ph 
[ Example 24 ] Hydrosilane Reduction Reaction by 
Dimethylphenylsilane of Acetophenone Using Coz 

( CN'Bu ) , as Catalyst 
[ 0323 ] 

[ Chem . 4 ] 
Si 

Co2 ( CNtBu ) ( 0.5 mol % ) 
+ PhMe2SiH 

Ph 
neat 

50 ° C. , 24 h Ph 

[ 0328 ] Fe ( CN'Bu ) , obtained in Synthesis Example 4 ( 4.7 
mg , 0.01 mmol ) , acetophenone ( 120 mg , 1.0 mmol ) , and 
1,1,3,3 - tetramethyldisiloxane ( 147 mg , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 50 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . The results are shown in Table 7 . 
[ 0329 ] 1 : 1 adduct ( a ) ; ' H - NMR ( 400 MHz , CDC13 ) : 
[ 0330 ] 0.02 ( s , 3H ) , 0.10 ( s , 3H ) , 0.13 ( d , J = 3.0 , 3H ) , 0.14 
( d , J = 3.0 , 3H ) , 1.46 ( d , J = 6.5 Hz , 3H ) , 4.66 ( m , 1H ) , 4.98 ( q , 
6.4 Hz , 1H ) , 7.19-7.37 ( m , 5H ) . 
[ 0331 ] 1 : 2 adduct ( b ) ; ' H - NMR ( 400 MHz , CDC13 ) : 
[ 0332 ] 0.05-0.17 ( m , 12H ) , 1.44 ( d , J = 6.5 Hz , 6H ) , 4.94 
( q , 6.4 Hz , 2H ) , 7.19-7.37 ( m , 10H ) . 

[ 0324 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , acetophenone ( 120 mg , 1.0 mmol ) , and 
dimethylphenylsilane ( 177 mg , 1.3 mmol ) were added to a 
reactor , and stirring was performed at 50 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . The 
results are shown in Table 7 . 
[ 0325 ] " H - NMR ( 400 MHz , CDC13 ) : 
[ 0326 ] 0.28 ( s , 3H ) , 0.33 ( s , 3H ) , 1.42 ( d , J = 6.4 Hz ) , 4.85 
( q , 6.4 Hz , 1H ) , 7.16-7.41 ( m , 8H ) , 7.53-7.59 ( m , 2H ) . Comparative Example 5 

[ Example 25 ] Hydrosilane Reduction Reaction by 
1,1,3,3 - Tetramethyldisiloxane of Acetophenone 

Using Fe ( CN'Bu ) , as Catalyst 
[ 0327 ] 

Hydrosilane Reduction Reaction by 
1,1,3,3 - Tetramethyldisiloxane of Acetophenone 

Using Fe2 ( CO ) , as Catalyst 

[ Chem . 5 ] 

[ 0333 ] Fe2 ( CO ) , ( 1.8 mg , 0.005 mmol ) , acetophenone 
( 120 mg , 1.0 mmol ) , and 1,1,3,3 - tetramethyldisiloxane ( 147 
mg , 1.3 mmol ) were added to a reactor , and stirring was 
performed at 50 ° C. for 24 hours . After the reaction ended , 
' H - NMR spectrum was measured to determine the structure 
and the yield of the product . The results are shown in Table 
7 . 

Fe ( CNtBu ) s ( 1 mol % ) 
+ yoy 

Ph1 
neat 

50 ° C. , 24 h 
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TABLE 7 

Yield 
( % ) Hydrosilane Structure of product Catalyst 

Example 24 dimethylphenylsilane SiMe2Ph Co2 ( CNAD ) > 99 

Ph 

Example 25 Fe ( CNBu ) s 1,1,3,3 
tetramethyldisiloxane 

52 
( a : b = 1 : 1 ) 

SiH 

Ph Ph Ph 
b ? . 

Fez ( CO ) , Comparative 
Example 5 

1,1,3,3 
tetramethyldisiloxane 

8 
( a : b = 3 : 1 ) 

Si . SiH 

Ph Ph Ph 
b a 

-continued [ Example 26 ] Hydrosilane Reduction Reaction by 
Diphenylsilane of N , N - Dimethylbenzamide Using 

Coz ( CNMes ) , as Catalyst 
[ 0334 ] 

Ph 

[ Chem . 6 ] 
Co2 ( CNMes ) : ( 0.5 mol % ) 

+ Ph2SiH2 
Ph N 

neat 
50 ° C. , 24 h 

[ 0338 ] Fe ( CN'Bu ) , obtained in Synthesis Example 4 ( 4.7 
mg , 0.01 mmol ) , N , N - dimethylbenzamide ( 149 mg , 1.0 
mmol ) , and 1,1,3,3 - tetramethyldisiloxane ( 147 mg , 1.3 
mmol ) were added to a reactor , and stirring was performed 
at 50 ° C. for 24 hours . After the reaction ended , ' H - NMR 
spectrum was measured to determine the structure and the 
yield of the product . The results are shown in Table 8 . 

Ph N 

Comparative Example 6 

Hydrosilane Reduction Reaction by Diphenylsilane 
of N , N - Dimethylbenzamide Using Co ( CO ) , as 

Catalyst 

[ 0335 ] Coz ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) , N , N - dimethylbenzamide ( 149 mg , 
1.0 mmol ) , and diphenylsilane ( 239 mg , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 50 ° C. for 
24 hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . The results are shown in Table 8 . 
[ 0336 ] " H - NMR ( 400 MHz , CDC13 ) : 2.24 ( s , 6H ) , 3.42 ( s , 
2H ) , 7.30-7.38 ( m , 5H ) . 

[ Example 27 ] Hydrosilane Reduction Reaction by 
1,1,3,3 - Tetramethyldisiloxane of 

N , N - Dimethylbenzamide Using Fe ( CN'Bu ) , as 
Catalyst 

[ 0337 ] 

[ 0339 ] Co ( CO ) , ( 1.7 mg , 0.005 mmol ) , N , N - dimethyl 
benzamide ( 149 mg , 1.0 mmol ) , and diphenylsilane ( 239 
mg , 1.3 mmol ) were added to a reactor , and stirring was 
performed at 50 ° C. for 24 hours . After the reaction ended , 
H - NMR spectrum was measured to determine the structure 

and the yield of the product . The results are shown in Table 
8 . 

TABLE 8 

[ Chem . 7 ] 
Hydrosilane Catalyst 

Yield 
( % ) 

Fe ( CNtBu ) 5 ( 1 mol % ) 
Si 

1 
diphenylsilane Coz ( CNMes ) : 
1,1,3,3 - tetramethyldisiloxane Fe ( CN'Bu ) , 
diphenylsilane Co2 ( CO ) 

- 

Example 26 
Example 27 
Comparative 
Example 6 

98 
38 

2 
neat 

50 ° C. , 24 h Ph H 
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[ Example 28 ] Hydrosilane Reduction Reaction by 
1,1,3,3 - Tetramethyldisiloxane of Acetonitrile Using 

Co ( CN'Bu ) , as Catalyst 
[ 0340 ] 

added to a reactor for an autoclave , hydrogen at 10 atm . was 
introduced , and stirring was performed at 80 ° C. for 24 
hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . The results are shown in Table 10 . 
[ 0346 ] H - NMR ( CDC13 , 400 MHz ) : 8 = 0.88 ( t , J = 7.2 Hz , 
6H ) , 1.16-1.36 ( m , 12H ) . [ Chem . 8 ] 

Co2 ( CNtBu ) , ( 0.5 mol % ) 
Me - C = N + ta Si - neat 

50 ° C. , 24 h ?. H 
Si 

Si 

[ Example 30 ] Hydrogenation Reaction of Styrene 
Using Fe ( CN'Bu ) , as Catalyst 

[ 0347 ] Fe ( CN'Bu ) , obtained in Synthesis Example 4 ( 4.7 
mg , 0.01 mmol ) and styrene ( 1.04 g , 10 mmol ) were added 
to a reactor for an autoclave , hydrogen at 10 atm . was 
introduced , and stirring was performed at 80 ° C. for 24 
hours . After the reaction ended , ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . The results are shown in Table 10 . 
[ 0348 ] H - NMR ( CDC13 , 400 MHz ) : 
[ 0349 ] 8 = 1.13 ( t , J = 7.2 Hz , 3H ) , 2.54 ( q , J = 7.2 Hz , 2H ) , 
7.02-7.20 ( m , 5H ) . 

TABLE 10 

Yield 
( % ) Alkene Catalyst Product TON 

[ 0341 ] Co2 ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , acetonitrile ( 41 mg , 1.0 mmol ) , and 
1,1,3,3 - tetramethyldisiloxane ( 147 mg , 1.3 mmol ) were 
added to a reactor , and stirring was performed at 50 ° C. for 
24 hours . After the reaction ended , a ' H - NMR spectrum was 
measured to determine the structure and the yield of the 
product . The results are shown in Table 9 . 
[ 0342 ] ' H - NMR ( 400 MHz , CDC13 ) : 
[ 0343 ] 0.18 ( s , 6H ) , 0.19 ( s , 6H ) , 1.02 ( t , J = 6.4 , 3H ) , 2.88 
( q , J = 6.4 , 2H ) . 

Comparative Example 7 
Hydrosilane Reduction Reaction by 

1,1,3,3 - Tetramethyldisiloxane of Acetonitrile Using 
Co2 ( CO ) , as Catalyst 

( 0344 ) Co2 ( CO ) , ( 1.7 mg , 0.005 mmol ) , acetonitrile ( 41 
mg , 1.0 mmol ) , and 1,1,3,3 - tetramethyldisiloxane ( 147 mg , 
1.3 mmol ) were added to a reactor , and stirring was per 
formed at 50 ° C. for 24 hours . After the reaction ended , 
H - NMR spectrum was measured to determine the structure 

and the yield of the product . The results are shown in Table 
9 . 

Example 29 
Example 30 

1 - octene 
styrene 

Co2 ( CN'Bu ) , octane 
Fe ( CN'Bu ) s ethyl benzene 

> 99 
22 

1,000 
220 

[ Example 31 ] Hydrosilylation Reaction by Triethyl 
silane of a - Methylstyrene Using Co2 ( CN'Bu ) , as 

Catalyst 
[ 0350 ] Coz ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129 uL , 1.0 mmol ) , and 
triethylsilane ( 151 mg , 1.3 mmol ) were added to a reactor , 
and stirring was performed at 25 ° C. for 24 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A multiplet 
of 2.86 ppm in the desired product was observed , and the 
yield was found . The results are shown in Table 11 . 
[ 0351 ] H - NMR ( 396 MHz , CDC13 ) d : 
[ 0352 ] 7.21-7.27 ( m , 4H ) , 7.15-7.17 ( m , 1H ) , 2.86 ( sext , 
J = 6.8 , 1H ) , 1.27 ( d , J = 6.8 , 3H ) , 0.98 ( dd , J = 14.8 , 6.8 Hz , 
1H ) , 
[ 0353 ] 0.90 ( dd , J = 14.8 , 6.8 Hz , 1H ) , 0.86 ( t , J = 8.0 , 9H ) , 
0.34-0.48 ( m , 6H ) . 

TABLE 9 

Yield 
( % ) Product Catalyst 

Example 28 Co ( CNBuF8 98 

N 

Comparative Example 7 Co ( CO ) < 1 

N 

Si 

[ Example 32 ] Hydrosilylation Reaction by Dimeth 
ylphenylsilane of a - Methylstyrene Using Co , 

( CN'Bu ) , as Catalyst 
[ 0354 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , a - methylstyrene ( 129 uL , 1.0 mmol ) , and 
dimethylphenylsilane ( 177 mg , 1.3 mmol ) were added to a 
reactor , and stirring was performed at 25 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . A 
multiplet of 2.85 ppm in the desired product was observed , 
and the yield was found . The results are shown in Table 11 . 
[ 0355 ] " H - NMR ( 396 MHz , CDC1z ) 8 : 
[ 0356 ] 7.44-7.47 ( 2H , m ) , 7.31-7.34 ( 3H , m ) , 7.21-7.26 
( 2H , m ) , 7.11-7.17 ( 3H , m ) , 2.85 ( sext , J = 6.8 , 1H ) , 1.23 ( d , 
J = 6.8 , 3H ) , 1.22 ( dd , J = 14.8 , 6.8 Hz , 1H ) , 1.15 ( dd , J = 14.8 , 
6.8 Hz , 1H ) , 0.15 ( s , 3H ) , 0.09 ( s , 3H ) . 

[ 5 ] Hydrogenation Reaction Using Compound 
Having Carbon - Carbon Unsaturated Bond as 

Substrate 

[ Example 29 ] Hydrogenation Reaction of 1 - Octene 
Using Co ( CN'Bu ) , as Catalyst 

[ 0345 ] Co ( CN'Bu ) , obtained in Synthesis Example 1 ( 6.4 
mg , 0.005 mmol ) and 1 - octene ( 1.12 g , 10 mmol ) were 
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TABLE 11 

Conver 
sion Yield 
( % ) ( % ) Silane Catalyst 

Example 31 
Example 32 

triethylsilane Co ( CN'Bu ) , 
dimethylphenylsilane Coz ( CN'Bu ) , 

> 99 
> 99 

> 99 
> 99 

[ Example 36 ] Hydrosilylation Reaction by 
Diethoxy ( Methyl ) Silane of Styrene Using 

Fe ( CNAd ) , as Catalyst 
[ 0362 ] Fe ( CNA ) , obtained in Synthesis Example 5 ( 8.6 
mg , 0.01 mmol ) , styrene ( 114 uL , 1.0 mmol ) , and diethoxy 
( methyl ) silane ( 175 mg , 1.3 mmol ) were added to a reactor , 
and stirring was performed at 50 ° C. for 24 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A multiplet 
at 0.90 ppm , which is a signal of protons on carbon adjacent 
to silicon in the desired product , was observed , and the yield 
was found . The results are shown in Table 12 . 
[ 0363 ] " H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0364 ] 7.20 ( m , 5H ) , 3.80 ( m , 4H ) 2.68-2.72 ( m , 2H ) , 1.23 
( t , J = 6.8 , 6H ) , 0.97-1.01 ( m , 2H ) , 0.12 ( s , 3H ) . 

Example 33 ] Hydrosilylation Reaction by 
Polydimethylsiloxane Endblocked at Both 

Terminals by Dimethylhydrogensiloxy Groups of 
C - Methylstyrene Using Co2 ( CNAd ) , as Catalyst 

TABLE 12 

Conver 
sion 
( % ) 

Yield 
( % ) Silane Catalyst 

Example 35 > 99 > 99 

[ 0357 ] Co ( CNAd ) , obtained in Synthesis Example 2 ( 6.4 
mg , 0.005 mmol ) , a - methylstyrene ( 1.53 mg , 13 mmol ) , and 
polydimethylsiloxane endblocked at both terminals by dim 
ethylhydrogensiloxy groups ( degree of polymerization 18 ) 
( 7.4 g , 5.0 mmol ) were added to a reactor , and stirring was 
performed at 50 ° C. for 24 hours . After the reaction ended , 
H - NMR spectrum was measured to determine the structure 
and the yield of the product . A multiplet at 0.98 ppm , which 
is a signal of protons on carbon adjacent to silicon in the 
desired product , was observed , and the yield was found 
( yield > 99 % ) . 
[ 0358 ] ' H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0359 ] 7.27 ( t , J = 6.8 , 2H ) , 7.21 ( d , J = 6.8 , 2H ) , 7.15 ( t , 
J = 6.8 , 1H ) , 2.92 ( sext , J = 6.8 , 1H ) , 1.28 ( d , J = 6.8 , 3H ) , 
0.90-0.98 ( m , 2H ) , 0.05 ( s ) , -0.05 ( s ) , -0.07 ( s ) . 

1,1,1,3,3 Fe ( CNAD ) pentamethyldisiloxane 
diethoxy ( methyl ) silane Fe ( CNAd ) Example 36 > 99 > 99 

[ Example 34 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of a - Methylstyrene 

Using , as a Catalyst , Substance Obtained by 
Allowing Co2 ( CNMes ) , to Stand in Air for 24 

Hours 

[ Example 37 ] Hydrosilylation Reaction by 
Polydimethylsiloxane Endblocked at Both 

Terminals by Dimethylhydrogensiloxy Groups of 
Styrene Using Fe ( CNAD ) , as Catalyst 

[ 0365 ] Fe ( CNAd ) s obtained in Synthesis Example 5 ( 8.6 
mg , 0.01 mmol ) , styrene ( 154 uL , 1.3 mmol ) , and polydim 
ethylsiloxane endblocked at both terminals by dimethylhy 
drogensiloxy groups ( degree of polymerization 18 ) ( 0.74 g , 
0.50 mmol ) were added to a reactor , and stirring was 
performed at 50 ° C. for 24 hours . After the reaction ended , 
' H - NMR spectrum was measured to determine the structure 
and the yield of the product . A multiplet at 0.90 ppm , which 
is a signal of protons on carbon adjacent to silicon in the 
desired product , was observed , and the yield was found . The 
results are shown in Table 13 . 
[ 0366 ] " H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0367 ] 7.24-7.29 ( m , 2H ) , 7.13-7.22 ( m , 3H ) , 2.61-2.68 
( m , 2H ) , 0.86-0.92 ( m , 2H ) , 0.08 ( s ) , 0.07 ( s ) . 

[ 0360 ] Coz ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) was added to a reactor in a glove box . 
The reactor was taken out of the glove box , and was allowed 
to stand in air at room temperature for 24 hours . After that , 
the reactor was brought into the glove box , a - methylstyrene 
( 129 ul , 1.0 mmol ) and 1,1,1,3,3 - pentamethyldisiloxane 
( 254 uL , 1.3 mmol ) were added to the reactor , and stirring 
was performed at 25 ° C. for 24 hours . After the reaction 
ended , ' H - NMR spectrum was measured to determine the 
structure and the yield of the product . A multiplet at 0.94 
ppm , which is a signal of protons on carbon adjacent to 
silicon in the desired product , was observed , and the yield 
was found ( yield > 99 % ) . 

TABLE 13 

Conversion of Si – H Yield 
( % ) 

Example 37 > 99 > 99 

[ Example 35 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of Styrene Using 

Fe ( CNAd ) , as Catalyst 
[ Example 38 ] Hydrosilylation Reaction by 

1,1,1,3,3 - Pentamethyldisiloxane of Styrene Using 
Ni ( CN'Bu ) 4 as Catalyst 

[ 0368 ] 

[ Chem.9 ] 

[ 0361 ] Fe ( CNAd ) , obtained in Synthesis Example 5 ( 8.6 
mg , 0.01 mmol ) , styrene ( 114 ul , 1.0 mmol ) , and 1,1,1,3 , 
3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were added to 
a reactor , and stirring was performed at 50 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . A 
multiplet at 0.90 ppm , which is a signal of protons on carbon 
adjacent to silicon in the desired product , was observed , and 
the yield was found . The results are shown in Table 12 . 

cat . Ni ( CNtBu ) 4 
+ You 
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-continued 

Si 

[ 0369 ] Ni ( CN'Bu ) 4 obtained in Synthesis Example 6 ( 3.9 
mg , 0.01 mmol ) , styrene ( 114 uL , 0.01 mmol ) , and 1,1,1,3 , 
3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) were added to 
a reactor , and stirring was performed at 80 ° C. for 24 hours . 
After the reaction ended , ' H - NMR spectrum was measured 
to determine the structure and the yield of the product . A 
multiplet at 2.65 ppm , which is a signal of protons on carbon 
adjacent to silicon in the desired product , was observed , and 
the yield was found ( yield : 39 % ) . 
[ 0371 ] 7.22-7.29 ( m , 5H ) , 2.65 ( 9 , J = 7.6 Hz , 1H ) , 1.35 ( d , 
J = 7.6 Hz , 2H ) , 0.01 ( s , 9H ) , -0.01 ( s , 3H ) , -0.02 ( s , 3H ) . 

[ Example 39 ] Hydrosilylation Reaction by 
1,1,1,3,3 - Pentamethyldisiloxane of 

1,1,1,3,3 - Pentamethyl - 3 - Vinyldisiloxane Using 
Coz ( CNMes ) , as Catalyst 

[ 0372 ] Co ( CNMes ) , obtained in Synthesis Example 3 
( 6.4 mg , 0.005 mmol ) , 1,1,1,3,3 - pentamethyl - 3 - vinyldisi 
loxane ( 174 mg , 1.0 mmol ) , and 1,1,1,3,3 - pentamethyldisi 
loxane ( 254 ul , 1.3 mmol ) were added to a reactor , and 
stirring was performed at 80 ° C. for 3 hours . After the 
reaction ended , ' H - NMR spectrum was measured to deter 
mine the structure and the yield of the product . A multiplet 
at 0.40 ppm , which is a signal of protons on carbon adjacent 
to silicon in the desired product , was observed , and the yield 
was found . The results are shown in Table 14 . 
[ 0373 ] ' H - NMR ( 396 MHz , CDC13 ) d : 0.03 ( s , 12H ) , 0.06 
( s , 18H ) , 0.40 ( s , 4H ) . 

[ Example 40 ] Hydrosilylation Reaction by 1,1,1,3 , 
3 - Pentamethyldisiloxane of Vinyltriethoxysilane 

Using Co ( CN'Bu ) , as Catalyst 
[ 0374 ] Co2 ( CN'Bu ) , obtained in Synthesis Example 1 ( 3.4 
mg , 0.005 mmol ) , vinyltriethoxysilane ( 190 mg , 1.0 mmol ) , 
and 1,1,1,3,3 - pentamethyldisiloxane ( 254 uL , 1.3 mmol ) 
were added to a reactor , and stirring was performed at 50 ° 
C. for 24 hours . After the reaction ended , ' H - NMR spectrum 
was measured to determine the structure and the yield of the 
product . A multiplet at 0.50 ppm , which is a signal of protons 
on carbon adjacent to silicon in the desired product , was 
observed , and the yield was found . The results are shown in 
Table 14 . 
[ 0375 ] * H - NMR ( 396 MHz , CDC13 ) 8 : 
[ 0376 ] 3.78 ( 6H , q , J = 7.0 Hz ) , 1.19 ( 9H , t , J = 7.0 Hz ) , 
0.47-0.53 ( 4H , m ) , 0.02 ( 9H , s ) , 0.00 ( 6H , s ) . 

1. A catalyst comprising a compound represented by 
formula ( 1 ) below , and having activity in at least one 
reaction selected from hydrosilylation reaction or hydroge 
nation reaction on an aliphatic unsaturated bond and 
hydrosilane reduction reaction on a carbon - oxygen unsatu 
rated bond or a carbon - nitrogen unsaturated bond , 

Mn ( L ) m ( 1 ) 

wherein M represents Fe , Co , or Ni with an oxidation 
number of 0 , L represents an isocyanide ligand represented 
by formula ( 2 ) below , n represents an integer of 1 to 8 , and 
m represents an integer of 2 to 12 , 

( CN ) .- R1 ( 2 ) 

wherein Rl represents a monovalent to trivalent organic 
group that has 1 to 30 carbon atoms and is optionally 
substituted with a halogen atom and in which one or more 
atoms selected from oxygen , nitrogen , sulfur , and silicon are 
optionally interposed , and x represents an integer of 1 to 3 . 

2. The catalyst according to claim 1 , wherein , in the 
formula ( 2 ) , x is 1 . 

3. The catalyst according to claim 1 , wherein , in the 
formula ( 1 ) , when n = 1 , m = 2 , 4 , or 5 , when n = 2 to 4 , m = an 
integer of 6 to 10 , and when n = 8 , m = 12 . 

4. The catalyst according to claim 1 , wherein , in the 
formula ( 1 ) , when Mis Fe , n = 1 and m = 5 , when M is Co , n = 2 
and m = 8 , and when M is Ni , n = 1 and m = 2 or 4 , or n = 3 , 4 , 
or 8 and m - 4 , 6 , 7 , or 12 . 
5. The catalyst according to claim 1 , wherein M in the 

formula ( 1 ) is Fe or Co. 
6. The catalyst according to claim 1 , wherein Rl in the 

formula ( 2 ) is a monovalent hydrocarbon group having 1 to 
30 carbon atoms . 

7. The catalyst according to claim 6 , wherein Rl in the 
formula ( 2 ) is at least one hydrocarbon group selected from 
an alkyl group having 1 to 20 carbon atoms , a cycloalkyl 
group having 3 to 20 carbon atoms , an aryl group having 6 
to 30 carbon atoms , and an alkylaryl group having 7 to 30 
carbon atoms . 

8. The catalyst according to claim 7 , wherein Rl in the 
formula ( 2 ) is at least one hydrocarbon group selected from 
a t - butyl group , a 1 - adamantyl group , a mesityl group , a 
phenyl group , a 2,6 - dimethylphenyl group , and a 2,6 - diiso 
propylphenyl group . 

9. A method for producing a product of hydrosilylation 
reaction between an aliphatic unsaturated bond - containing 
compound and a Si - H bond - containing compound , 
wherein the method uses the catalyst according to claim 1 . 

10. A method for producing a product of hydrogenation 
reaction of an aliphatic unsaturated bond - containing com 
pound , wherein the method uses the catalyst according to 
claim 1 . 

11. The production method according to claim 9 , wherein 
the aliphatic unsaturated bond - containing compound is an 
olefin compound , or a silane compound or an organopoly 
siloxane having an alkenyl group bonded to a Si atom . 

12. A method for producing a product of reduction reac 
tion by a Si - H bond - containing compound of a compound 
having a carbon - oxygen unsaturated bond or a carbon 
nitrogen unsaturated bond , wherein the method uses the 
catalyst according to claim 1 . 

13. The method for producing a product of reduction 
reaction according to claim 12 , wherein the compound 
having a carbon - oxygen unsaturated bond or a carbon 

TABLE 14 

Conver 
sion 
( % ) 

Yield 
( % ) Alkene Catalyst 

Example 39 Co2 ( CNMes ) : 83 30 1,1,1,3,3 
pentamethyl 
3 - vinyldisiloxane 

Example 40 vinyltriethoxysilane Com ( CN * Bu ] >> > 99 53 
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nitrogen unsaturated bond is an aldehyde compound , a 
ketone compound , an amide compound , or a nitrile com 
pound . 


