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IntroductiQp

Carbon monoxide was discovered in 1776 by;Lassone'and
already found téchnical application in 19th century. In the,1
first half of the 20th cehtury, many important reactions
using carbon monoxide were discovered in‘Gefmany. Especially,
hydroformylation(oxo reaction) discovered by O. Roelen in
19381 and Reppe reactions reported by W. Reppe in 19532 have
still been employed for technicai production of useful
materials. A fundamental catalyzed reaction using carbon
monoxide, however, has not been discovered since the discoveries
of hydroformylation(oxo reaction) and Reppe reactions except
for the rhodium(II)~catalyzed reaction which gives acétic
acid from methanol and carbon monoxide? |

Recently, with a high price of oil and:a shortége of
natural gas, the countries without abﬁndant indigeous oil .
resources must make good use of the coal resources again.

This is resulting in the revival of carbon monoxide chemistry.
Therefore, interest in a new catalytic process using carbon
monoxide has increased again.

It‘ié well known that the chemistries bf hyd;osilahes
and of molecular hydrogen are very similar With respect to
the various mechanisms of catalytic activation. For examéle,
in the case of oxidative addition to Ir(I) complex, both of
a hydrosilane4 and hydrogen5a react to give cis-adducts.

HydrosilylationG, the catalyzed addition of R3SiH to an olefin,



is formally analogous to cétalytid‘hydrogenationS(Fig. 1).
Moreovef, mechaﬁistically, these reactions Seem to be véry
closely related.5’6'7a | -
The well~known hydroformylation (oxo reéction)7 involves
addition of ‘hydrogen and carbon monoxide to olefins. The
similarity between hydrogen.and a hydrosilaﬁe has made us
curious about the catalyzed reaction of olefins with a.
hydrosilane and carbon monoxide. However, no such ieaction

has been reported so far except for very complex results

reported by Chalk and Harrod.8 If the catalyzed reaction of

Fig. 1
H-H H-Si
hydrogenation hydrosilylation

C=C + H, —> ¢—C C=C + HSi—> C—C

H H H Si

hydroformylation Not known
C=C + CO + H, —> ¢—C C=C + CO + HSi
H C=0
H

an olefin with a hydrosilane and carbon monoxide is fouhd,
it will be expected that the discovery opeﬁs an entirely
new field spanding over organosilicon chemistry, homogeneous
catalysis, and synthetic drganic chemistry. From these
points of view, the author studied catalyzed reactions

using hydrosilanes and carbon monoxide.



This thesis consists of threé*chapters;
Chapter 1 deals with a catalyzed reaction of o}efins wiéh
hydrosilanes and carbon monoxide. Futhermore,.the mechanism
is discussed on the bases of the reaction of cyclohexene withv?i
diethylmethyldeuteriosilane and carbon monoxide.
In chapter 2, a catalyzed reaction of cyclic ethers with a
hydrssilane and carbon monoxide is described.
In chapter 3, a catalyzed reaction of aldehydes with a
hydrosilane and carbon monoxide is described.

This thesis is composed of the following reporté.

(1) The Reaction of Olefins with Silane and Carbon Ménoxide
Catalyzed by Coz(CO)8
Y. Sgki, A. Hidaka, S. Murai, and N. Sonoda,
Angew. Chem., 89, 196(1977); Angew. Chem. Int. Ed. Engl.,

16, 174(1977).

(2) Transition Metal Reactiohs of Silanes II. The Reaction of
Cycloalkenes with Various Hydrdsilanes and Carbon Monoxide
Catalyzed by Coz(CO)8 | |
Y. Seki, A. Hidaka, S. Makino, S. Murai, and N. Sonoda,

H

J. Organomet. Chem., 140, 361(1977) .

(i) The Reaction of Cyclic Ethers with a Hydrosilane and
Carbon Monoxide Catalyzed By Coz(CO)8
Y. Seki, S. Murai, I. Yamamoto, and N. Sonoda,

Angew. Chem., 89, 818(1977).



(4) Catalyst-Dependent Product Distribution in the Reaction
- of l1-Hexene with a Hydrosilane and Carbon Monoxide °
Y. Seki, S. Murai, A. Hidaka, and N. Sonoaa,

Angew. Chem., in press.

(5) The Reaction of Aldehydes with a Silane and Carbon
Monoxide Catalyzed by C02(CO)8—Ph3P
Y. Seki, S. Murai, and N. Sonoda,

Angew. Chem., in press.
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Chapter 1 A Catalyzed Reagtion of-Olefins with Hydrosilanes
and Carbon Monoxide
1-1 Introduction ’

There have been several studies dealinngith the catalyzed.
reaction involving a hydrosilane and carbon monoxide-dr_the
reaction between the complexes containing silicon-metal bonds
and czrbon monoxide. Chalk and Harrod reported that no di?ect
carbonylation of triethylsiiane occurred at temperatures up to
300°C and carbon monoxide pressures up to iﬁOO psi in the

1 It has been reported that attempts

2, Si—Mn3, and

presence of COZ(CO)S'
to induce carbonyl insertion into the Si-Co
Si—-Rh4 bond by direct reaction with carbon monoxide were
unsuccessful. Hagen and co-workers carried out the reaction
of MeSi012Co(CO)4 with 4000 atm of carbon monoxide at 90°C,
but no insertion of carbon monoxide into the silicon-cobalt
bond was observed.5 Insertion of carbon monoxide into the
carbon-cobalt bonds is very easy6. This difference suggests
that silicon-cobalt bonds are similar to a hydrogen—coba1t4
bond with respect to the insertion reaction of carbon
monoxide. It has been reported that the use of ca:bon-monOXide;
as well as of phosphines, inhibited dicobalt octacarbonyl-
cgtalyzed addition of dimethylchlorosilane to acrylonitrile7.
Chalk and Harrod have reported an interestiﬁg reaction
in 19671. They studied the:dicobalt octacarbonyi—catalyzea
reaction of olefins with triethylsilane and carbonAmonoxide.
The reaction of l-pentene and cyclohexene was reported to be

"very complex" and no detail were given. In the case of

ethylene, however, a complex mixture of the reaction products

-6—



with boiling points ranging from 90°C to 300°C was fractionated

into thirty three fractions and one of them was found to:contain

5)3
which gave the 2,4—dinitrophenylhydrazone of propionaldehyde

unsaturated alkoxy silane(s) of the formula C3Hgosi(C2H

on t:eatmehﬁ with the hydrézine.

In contrast to this previous_wprk, the'author has :ound
that carbon monoxide reacts very smoothly with cycloalkenes
énd Zydrosilanes in the presence of Coz(CO)g. The catalytic
reaction gave remarkably clean results. From cycloalkenes,
only one product, the trialkylsiloxymethylénecycloalkane, has
been obtained in most cases studied. In this chapter, the
results of the catalyzed reaction of olefins with hydrosilanes
and carbon monoxide under various reaction conditions are

described..

-1-2 Results and Discussion
1-2-1 Reaction of Cycloalkenes with Diethylmethylsilane and
Carbon Monoxide

Contrary to the "very complex" results reported by Chalk
and Harrod for the reaction of cyclohexene with triethylsilane
and carbon monoxide in the presence of Coz(CO)B,'ag mentioned
above, we Have found that this reaction gave triethylsiloxy-
methylenecyclohexane (Id) as a sole product in a good yield.*
¥ Unfortunately, it is not possible to ekplain the
difference in the results of Chalk and Harrod and ours, sihce
no experimental details were given in their paper.

See ref. (1).



For diethylmethylsilané, a s;milar-gesult was found. If one
assumes that the reaction proceeds in a fo:maliy similar way
as hydroformylation, two types of products, (Dj‘and (IE)} may
be expected. However, neither of these compounds was found.
The stoichiometry of the reaction can be presented as shown
in eg. 1, and all fhese reactants are incorpérated into the
product(I). While it is obvious that the carbon and oxygen
atoms of carbon mohoxide are found in the oxyméthylene group
of the product, it will be discussed in this chapter which
hydrogen in the product(I) has come from thé hydrosilane
used. |

The results obtained for the reaction using cycloalkenes
(3 equivalents) and diethylmethylsilane (1l equivalent) are

given in the Table I. All the catalytic reactions were carried

cat. COZ(CO)B

+ HSiR, + CO >

OSiR
3 :

(x

(m) (1)




{
:

-

‘ . . e a
Table I Reaction of Various Olefins with EtzMeSlH and CO

Ol=2fin- - Catalysts Product L Yield(%)A
S (GLe)

Co, (CO) ¢ | SR 48
OSiEt Me(IV)
~ Co,(CO)g OAOSiEtZMe (Ic) n

0O

Ru3(CO)12 . . . 1.4

_RhCl(PPh3)3 0.5

Co, (CO) g g\osmt Me (V) 4

[:::jD C°2(CO)8 . (::::r>\ SiEt Me(VI) 69
O e O ’
: OSiEt ,Me (Vi)

C02(CO)8 45
‘ OSiEt Me(VBI)

a) Reaction conditions: cat. (0.2 mmol), olefin(BOzmmol),
EtzMe81H (10 mmol), co(so kg/cm ), 140°¢C, 20 h, in

benzene(zo ml)
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out.using a 100 ml stainless steel.éutoclave. .Generally, a
solution of a cycloalkene(30 mmol) , EtzMéSiH(lo mmol), and
C02(CO)8(0.2 mmol) in benzene(20 mlf was heated under a-pressure
of carbon monoxide at 140°C for 20 h to give diethylmethyl-
siloxymethylenecyclbalkane(Ic and IV-VIIL). The pressure of
carbon monéxide was initialy 80 kg/cmz at 25°C, then reached
105-108 kg/em® at 140°C, and it was finally 76-79 kg/cm® at
25°C after the reaction had been completed. Simple cyclic
olefins(cyclohexene, cycloheptene, and cyclooctene), except
for cyclopentene, gave the expected produc; in good yield,
while the reaction of l-methylcyclohexene, a trisubstituted
olefin, and norbornene, a bicyclic olefin, gave the expected
product only in moderate yield. In the case of l-methyl- |
cyclohexene, 2—diethylmethylsiloxyethehyl—l—cyclohexane was.
not obtained. All the reactions were accompanied by the
formation of the corresponding disiloxane in 5-15% jield.

Vhen RhC1 (PPh and Ru3(CO)12 were used as a catalyst

33 _ |
for the reaction of cyclohexene, only traces of the enol silyl
ether (Ic) were obtained. This result is interesting, since
hydroformylation of cyclohexene has been known to give good

yields of cyclohexanecarboxaldehyde in the presence of Ru3(CO)12.8

1-2-2 Reaction of Terminal Olefins with Diethylmethylsilane
and Carbon Monoxide |

The reaction of terminal olefins with diethylmethylsilane

and carbon monoxide gave four isomers(regio- and stereoisomers)

~10-



¢

as shown in eq. 2. The results in Ehe reaction of l-hexene

and methyl acrylate were summarized in. Table II and IIT.

\

//C:ZZ + Et,MeSiH + CO cat.

R

(R=n—c4H§4 COOMe)

R Me H
EtzMeSiO H OSlEt Me Et Me510 ’

OSlEtZMe

(z) - (IX) (E) - (IX) (Z)—(X) (E)—(X)

Table II Catalyzed Reaction of I—Hexenea)
Catalyst Total Product distribution (%)

yield(%) (2)-(IXa) (E)-(IXa) (Z2)-(Xa) (E)-(Xa) .

COZ(CO)B 57 16 16 43 25
RhCl(PPh3)3 41 9 9 58 24
Ru3(CO)12 40 4 7 . 44 45

a) Reaction conditions; cat. (0.4 mmol), olefin (30 mmol), EtzMeSiH

(10 mmol), €O(50 kg/cm?), 140°C, 20 h , benzene(20 ml).

-11-



Table II Catalyzed Reaction of MethYl Acrylatea)

Catalyst | MA HSi Total Product distribution
(mmol) (mmol) yield(%) (2-IXb) (E-IXb) (Z-Xb) (E-Xb)

Co,, (CO) 4 30 10 49 0 12 59 . 29
| 10 30 6 0 5 72 23,
RhC1(PPhj), 30 - 10 6 42 58 0 0
10 30 18 11 89 . 0 0

Ru 4 (CO) 30 10 o 43 57 o 0
10 30 22 36 64 0 0

A}

33 -
(0.1 mmol), Ru3(00)12(0.05 mmol) ; methyl acrylate=MA’

a) Reaction conditions; Coz(CO)8(0.2 mmol) , RhC1 (PPh

Co (80 kg/cmz), 140°C, 20 h, benzene(20 ml).

In the reaction of cyclohexene, RhCl(PPh3)3 and Ru3(CO)12
were not effective catalysts, but the reactibn of terminal
olefins was catalyzed by these metal complexes. In the reaction
of methyl acrylate, straight chain isomers(X) were main products

in the case of RhC1l (PPh and Ru3(CO)12, while branched

3)3
isomers (IX) were main products in the case of Coz(CO)s. These
results show that the rate—limiting 'step differs between the

case of RhC1(PPh and Ru,(CO);, and that of Co,(CO),. When

3)3
a three fold excess of hydrosilane to methyl acrylate was used
in the reaction catalyzed.by RhCl(PPh3)3 oriRu3(CO)12, the

yields increased to.;about 20%.

-12-



1-2-3 Reaction of Cyclohexene witg Qarious Hydrosilanes
Cyclohexene reacted wi£h various hydrosilamnes and carbon

monoxide in the presence of Coz(CO)8 to give the corresponding

siloxymethylenecyc1ohexanes(I) as shown in eqg. 1. The results

were summarized in Table IV.

Table IV Reaction of Cyclohexene with Various Hydrosilanes

and Carbon Monoxide®

x

Yield of ~ Recovered b
Hydrosilane (R3Si)20

the product(I) hydrosilane(%) .
Me,SiH (Ia) 4 88 0
EtMezsiH (Ib) 57 36 5
Et, MeSiH (Ic) 71 5 8
Et3SiH (xa) 74 0 23
PhMeZSiH (Ie) 51 29 18
thMeSiH (If) 26 57 6
Ph3SiH 0] 88 0
Ph251H2 0 39 | 18
(MeO)zMeSiH 0 0 0

a) Reaction conditions; Coz(CO)8(0.2 mmol) , cyclohexene
(30 mmol), hydrosilane (10 mmol), CO(80 kg/cm>), 140°C,
20 h, in benzene (20 ml). .

b) Disiloxanes corresponding to hydrosilanes used.

~13- | T



Trialkylsilanes, except for Me SlH yielded the

3
corresponding s1loxymathylenecyclohexanes(Ib Id) in good yleld
In the case of hydrosilanes having a phenyl substituent,’ the
yield of thé product(Ie and If) decreased in the oxder

PhMe Slﬁ>>Ph MeSlH>>Ph SiH. The'following hydrosilanes did-
not give the corresponding s11oxymethylenecyclohexane- Ph3slﬁ,
PhZSiEZ'

very ccmplex results without recovery of the hydrosilane.

and (MeO)ZMeSiH. The reaction of (MeO),MeSiH gave

These results show that hydrosilanes with electron-donating

substituents have good reactivity in the present reaction.

3
It may be intrinsic or due to the different experimental

The reason for low yield in the case of Me,SiH is not clear.

prdcedure(see Experimental Part).

The reaction with dimethylchlorosilane was also examined.
Two products were obtained in about 10% yields, xrespectively.
One product was cyclohexaﬁecarboxaldehyde and the other has
not been identified yet. White solid précipitated from the
ligquid which was obtained by distillation(b.p. 83-95°C/15 torr)
of the reaction mixture. The white solid was identified with
2,4,6—-tricyclohexylparaldehyde. The expected product,
dimethylchlorosiloxymethylenecyclohexane, may be very unstable

to moisture and hydrolyzed during work-up.

14~



1-2-4 Mechanism of the Reection of Olefins with Hydrosilanes
and Carbon Monoxide | |
Effects of the reaction conditions such as’the pressure
of carbon monexide, the temperature, and the ratio of methyl

acrylate to Et MeSiH on the total yield and the pfoductl

2

distribution were examined in the reaction of methyl acrylate.

The r=ssults are summarized in Table V

Table V Reaction of Methyl‘Acrylate with Et.MeSiH and cO%

2
Temp. Total Product distributionb

MA  SiH co®

(mmol) (mmol) (kg/cm?) (°C) yield($) (Z-IXb) (E-IXb) (2-Xb) (E-Xb)

30 10 80 140 49 0 12 59 29
30 100 50 140 50 0 16 58 26
30 10 30 140 49 0 12 61 27
30 10 30 70 29 8 55 30 7
10 10 80 140 44 0 9 68 23
10 30 80 140 6 0 5 72 23

a) All reactions were carried out in 20 ml of benzene for 20 h.
b) The yields and the product distribution were determined by

GLC.

c) Initial pressure at room temperature.

When the other reaction conditions were fixed, the influence
of the pressure of carbon monoxide on the total yields and

the percentage of straight chain isomers may be neglected.

-15-



The total yield increased with increase in the ratio of
metﬁyl acrylate to diethylméthylsiléne. Branched isomer;(IXb)
were main products at 70°C. It has already beép reporteé
that branched isomers increased at lower temperafure in
hydroformyiétion(oxo'reactibn) of ethyl acrylate:cata1YZed'

- %9
by Co,(CO)g:

' The results suggest that the reaction péth in
the reactiéﬁ.of methyl acrylate with diéthylmethylsilane énd
carbon mdno#ide i$ similar t6 that in hydroformylation(oxo
reaction) of ethyl acrylate at the initial étage.

Similarly, effects of the reaction conditions on the
total yield and the product distribution were examined in the
reaction of cyclohexene. When the reaction were carried
out at higher temperature or using equimolar amounts of
cyclohexene and a hydrosilane, another product(XI) was obtained

in addition to Ic (eqg. 3). The product(XI) may be formed

by catalyzed double-bond isomerization of the product(Ic).

OSiEtzMe @,

V

OSiEtzMe (3)

(Ic) ‘ (x1)

The yield and di;tribution of the products Qere found to be
affected by the reaction conditions such as molar rétio of
reactants, the temperature gnd the pressure of carbon monoxide.
The results obtained for the reaction of cyclohexene with :

~ diethylmethylsilane and carbon monoxide are shown inAthe

Table VI.

-16-
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Table VI Effects of the Reaction Conditions in the Reaction

-

MeSiH and Cco?-

of Cyclohexene with Et, IR .

Reaction conditions --.b Totalbv5:ﬁtProductb‘

Olefin SiH3 Teme'Coipresﬁq:ec  yield(%i!ifdistfiﬁutiéﬂ3;;&f‘A‘
(mmol)  (mmol) (°C) -(kg/em?) * (e + XD) © Ic & XI(8)

e 10 149 30 - 12 0 99.: 1

10 10 140 - 60 36 . 97: 3

10 . 10 140 80 37 .98 : 2

20 10 140 .:80 _51 . 98 : 2

30 10 140 80 71 : 100 : O

30 10 200 80 84 80 : 20

a) All reactions were carried out in 20 ml of benzene for
20 h.

b) The yiélds and the product distribution were determined
by GLC.

c) Initial pressure at room temperature.

The total yield of Ic and XI increased with an increase '
in the pressure of carbon monoxide, but the differgnce was
very small at 60-80 kg/émz. The total yield increésed
remarkably with increasing molar ratio of cyclohexene to
diethylmethylsilane. The total yiela was best at 200°C, but
the yield of the initial product(Ic) decreased and that of

isomerization product(XI) increased.

-17-
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The fact that the use of a higher molar ratio of

~

cyclohexene to the hydrosilane has resulted in a higher yield

of the product suggested the importance of hydrocobaltcarbonyl

HCo(CO)4, as the active catalyst in the present Yeaction.

The reactlon of trlalky151lane w1th Co (CO)8 has been known f
G 1,10

to give HCo(CO)4 and R SlCo(CO)4 (eq. 4).- The hydro—

3
cobal*"=rbonyl may react with olefins to 1n1t1ate a catalytic
cycleieq. 5). However, when a suff1c1ent amount of the olefin
is not present in the system, it reacts withrthe hydrosilane

1,10

to give R5SiCo(CO), and hydrogen. (eq. 6). This reaction

(eq. 6) would stop the catalytic cycle. The alkylcobalt

R,SiH + C02(CO)8~————%> R3SiCO(CO)4 + HCO(CO)4 (4)

RCH=CH

2 > RCHZCHZCO (CO) 4 (5)
HCo (CO) 4~
R,SiH - :
3 > R,;SiCo(CO), + H, (6)

"3

complex formed in eg. 5 may give an acylcobalt complex which
then reacts with a hydrosilane to give the product with
regeneration of hydrocobaltcarbonyl. The reaction path(eq. 5)

is the same as the initial stage of hydroformylation.

;18_



As mentioned aboﬁé, an acylcobé}t‘comple# is}formed
at the initial stage. Next, the reaction path.from the K
acylccbalt cdmplex to the products- was investiéated._ To’
begin v lth the deuterlum p051t10n in the products was :»
determlned 1n the reactlon of cyclohexene w1th dlethylmethyl—"
deutvrloSLIaﬂe and carbon monoxide. The reactlon gave the:j
corre:,ondlngssxloxymethylenecyclohexane.ln 87% yleldnas;shoWnr
in ec. 7. Thé amoﬁnt of deuterium inéorporation at the vinyl .

position of the product was 91%.

OSiEtzMe : OSiEtzMe

Et MeSiD, CO
2 N D + (7)
Coz(CO)8 _

\

From these results, the following two reaction paths
were proposed. The reaction path via an acylsilane oxr

hydroformylation(oxo reaction) was completely excluded.

1 o . 0 Si
(1) il HS1 TR ] CO ~
RCHZCHZCCO(CO) 3————"> RCH2CH2C C|O (Cco) 3 - I
H
(X1T)
. "Co PsL
RCHZCHZCHO + SiCo (CO)Z'1 > > RCHZCHZCIZCO (co) 3
H
(XII)
-HCo (Co) 3

> RCH,,CH=CHOS1
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(XIT) —> RCHZCH2é=C'o(CO) 3 ——> (XII)
H
(XIV)

—HCO(CO)3

RCHZCH=CHOSi

In the route(l), initially, a hydrosilane adds oxidatively
to the acylcobalt complex to give the intermediate(XI) and
then an aldehyde reductively eliminates. The aldehyde reacts
with silylcobaltcarbonyl to give the intermediate(XIE).' The
last reaction probably involves the B-elimination of hydro-
cobaltcarbonyl and the formation of the product.

In the route(2), the silyl group shifts to the oxygen
of the acyl group in the intermediate(XII) produced to give
the siloxycarbene complex(XIV) and then the carbene inserts
 to the cobalt-hydrogen bond to give intermediate(XII). The
subsequent path is the same as the route(l).

It is very difficult to determine which route is real.

To begin with, the possibility of an aldehyde as an intermediate
was investigated. Experimentally, a solution of n—peptanal

(10 mmol), diethylmethylsilane (10 mmol), and C02(CO)8(0.4 mmol)
in benzene(20 ml) was heated at 140°C for 20 h under carbon
monoxide (50 kg/cmz) in 100 ml of autoclave. The results were
shown in Table VI and eq. 8.

The reaction of the aldehyde(XV) with the hydrosilane
(Run 1 and 2) gave almost alkoxysilane(XVI), while the reaction

of olefins with the hydrosilahe and carbon monoxide (Run 3)
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 Et.MeSsiO

o . 2
| EtzMeSiH,"\; »'f’ SX)[‘Z)+(E);J;,;;(SX
- —> LT :
C02 (CO)8 . L CEioe -

Et MeSio

o RRTE
Dy

Table ¥YII Reaction of an Aldehyde and Reaction of an Olefin

Run 2eactants - Yield of (X)+(XVI) ({ X = XVI)
r1 XV : HSi (1:1) ' 40 ) 18 : 82
2 XV : HSi : ,1-Octene 69 3 :97
(0.1:1:1)
3 HSi : l—hexene(i:B) 39 100 : O

~gave only the enol silyl ethers(X). These results suggest
that the aldehyde(XV) is not an intermediate. But it is
possible that hydrosilylation of the aldehyde(XV) occurres
for one hour, since it takes one hour that tﬁé temperature
rises from room temperature to 140°C. Thereforé, the direct}
reaction of the aldehyde (XV) with the hyd;osilane at about
140°C was tried. Experimentally, a solution of an.aldehyde
(Z.mmol) in 2 ml of xylene was_gradualiy added fo the mixture
of‘diethylmethylsilane(4 mmol) and CoZ(CO)8(0.04 mmol) in

4 ml of-xylene:at about 140°C. The enol silyl ethers(X) and
the.alkoxysilane(XVI) were obtained in 79% and 21% yields;.

respectively.



This result suggeéts that the enol si’:i‘ylA gthé;:s(X) can
be produced selectively under proper reaction conditions .:11
Therefore, it is reasonable that the reaction of an olef:in with
- a hydrosilane and carbon monoxide proceedsb via an aldehyde as

an intermediate. The plausible mechanism was shown below.

HSi + Coz(CO)8‘—~—> HCo'(CC)‘)'4 + éiCo(CO)4 '(a)

’ ‘ —-CO .
HCo (C0) , = > [HCo (CO) 41 | - (b)

: CcO '
RCH=CH2 + [HCo(CO)B]QﬁERCHZCHZCO(CO)32::ﬁrRCH2CH2CO(CO)4 (c)

o) 0
1 Co 1l
RCH,,CH,,Co (CO) , => RCH,,CH,,CCo (CO) 3—;—__—i RCH,CH,,CCo (CO) , ()
i ’ i |
RCH,CH,CCo(CO); + Hsi —_— RCH,,CH,,CCo (HS1) (CO) , (e)
q
1 Hsi) (CO) :
RCH,CH,CCo (HS1) (CO) 3 = Rem,cH,CHO  + SiCo(CO), (£)
co ' :
SiCo (CO) 3 :ﬁ SiCo(CO)4 (9)
?Si - .
RCH,CH,CHO + SiCo(CO) 4————% RCHZCHZCIICO(CO) 2 - (h)
o
0si —co . (l)Sl
RCHZCHZCIICO(CO) = > RCHZCHZCIZCO(CO) 3 FR €3]
H H
CI)Si
\ _ . .
RCHZCHZClZCo(CO) 3 > RCH,CH=CHOSi + HCo (CO) 3 ‘ (3)
! _
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Ojima and co-workers have already reported that

hydrosi lylatlon of acetophenone catalyzed by RnCl(PPh3)3

procesded under more drastlc condltlons than that of acetone

and the reac lVlty of trletny1311ane and dlmethylphenylSLlane-ll_Q;

w "

were almost: 12“

'mllar. From these results, tﬁe rate——,
-limi***g stepaln hydr051lylatlon of carbonyl compounds;:

catalvzed by RhCl(PPh may be the stage of the addltlon'

3)3
of the silyl-rhodium complex to the carbonxl of the aldehyde
oxr the ketones, since the_steric hindrance-of“thelcarboniii
compounds effects on the reaction rate and that of hydrosilanes
does not effect on the rate.

It was described in this chapter that the reaction of
cyclchexene was catalyzed by Coz(CO)8 and not by RhCl(PPh3)3
and Ru3(CO)12. The hydroformylation reaction of cyclohexene
catalyzed by Ru3(CO)12vhas already been reported;8 These
results suggest that in the reaction of an olefin with a
hydrosilane and carbon monoxide catalyzed by RhCl(PPh3) and
ku3(CO)12,_the reaction of the aldehyde with silyl—metal
- complexes is the rate-limiting step. This is the reason why
RhCl(PPh3)3 and Ru3(CO)12 are not effectivercatalysts in the
reaction of cyclohexene. In the reaction catalyzed by Coz(CO)B,
the oxidative addition of a hydrosilane to the acylcobalt
complex(eq. e) may be the rate;limitino step»iroﬁ;the
results of the‘reaction with various hydrosilanes. In theg
case of i—methylcyclohexene, 2-diethyimethylsiloxyethenyl—l—

cyclohexane was not obtained. It has been reported that

hydroformylation reaction of l-methylcyclohexene gave



cyclohexaneaceteidehyde.13 gThe resplt suggests that the
oxidative addition of a hydrosilane to acylcobalt complexes
is faster thaﬁ that ef hydrogen. -

The relatlve react1v1ty of the cycllc oleflns for
hydrOLO*mylatlon has already been reported 14 The order wasi

shown below} The order is 51m11ar to hydroboratlon with R

A a=0> O3 0

disiamylboranels, the platinum(IL) -catalyzed heterogeneous

hydrogenation'reactiori16

, and the palladium(Il) —catalyzed
olefin carbonylation reaction17. The fact suggests that
the formation of the w-complex will be important in determining
the overall yield of product, because the order is the same

as that of ring strain.17 While the relative reactivity of

cycloalkenes in the reaction of cycloalkenes with diethylmethyl-

silane and carbon monoxide catalyzed by Coz(CQ)8 showed the
alternative order as shown below. Therefore, the rate—

limiting |step is not the reaction of an olefin with HCo(CO)4.

235>050>0>0
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1-3 Experimertal

Generzl. comments

All temperature are. uncorrected- IR spectra were recorded B
l : .

with a Shlmazu“IR—400. The H-NMR spectra.were measured onia:v“

Japan ulectron OpthS JNM—PS-lOO spect:ometer Wlth.Me4SI as7an -

interm=l standard The p051t10n of Me451 was recognlzed by'f’

adding 1t after recording spectrum w1thout the standaxd.
Otherwise the signal of the standard may be. confused with that’
of a organosilicon compound. Mass spectra were recorded on a
Hitachi mass spectrometer Model RMU-~6E. High resolution mass
spectra were recorded on a Hitachi RMU-7M. Analytical gas
chromatography(GLC) were carried out on a Shimazu GC-3BF

and a Shimazu GC-6A equipped with flame ionization detecters.
The GLC columns used were as follows: (A) 6mX 3mm stainless
steel containing 5% Silicon OV-1 supported on 60-80 mesh Uniport
KS; (B) 6m¥X 3mm stainless steel containing 15% DEGS supported
on 60-80 mesh cromosorb W. Preparative GLC was.carried out
using a Varian Aerograph Model 90-P gas chromatograph. Olefins
were commercially available and were purified by distillation.
Benzene was dried over.sodium—lead alloy and.stored over 5A
molecular sieves. Co (CO)8 were prepared accordlng to the

3)3 were commerc1a11y

available. Hydr051lanes were prepared by standard methodslg;r

literature’®. Ru 3(CO);, and RhCl(PPh

Authentic samples of dlSlloxanes were prepared by RhCl(PPh3)3

catalyzed silylation of water with appropriate hydrosilanes

(benzene as solvent, reflux 48 h, quantitative yields).



General procedure forhfhe reactionrgf éycloalkenes with
hydrosilanes and carbon mono%ide in the presence of Coz(Cp)8
A 100 ml stainless steel autoclave equipped with a * v
300 kg/cmeéFessure_gauge and a magnetic stirring bar w;g:
charged wiﬁ§33o mmol of cycloalkenes, 10 mmol of the hydgq;ilané;’ﬂj
0.2 mmol 6%;?52(C0)8 and 20 ml of benzenefihe'auﬁociaQ;f" 
was flushediNz(BO kg/cmz) and CO(50 kg/cmz),-then chargéd with =
CO ‘to 80 kéycmz. The reaction vessel was then heated with
magﬁetic stirring in an oil bath. After 1 h, the pressure
reached 105-108 kg/cm2 at 140°C. The tempe}ature was maintéined
at 140°C for 20 h. The vessel was then cooled to room
.temperature. The pressure decreased to 76-79 kg/cmz. The gas
pressure was slowly released and the autoclave was opened.
Analysis of the reaction mixture by GLC(column A) with an
internal standard (n-tridecane, n-tetradecane, n-pentadecane,
or n-—eicosane) showed it to contain the products (I and IV-VII)
and (R3Si)20. RRT (relative retention time) of the products
to an internal standard is shown below for each case. RRT
(relative retention time)=retention time of the‘compounds/
retention time of the standard. Distillation of the reaction

mixture and/or preparative GLC afforded the analytical sémples.

Diethylmethylsiloxymethylenecyclohexane (Ic)

Analysis by GLC(column A, 130°C, n-tetradecane as an
internal standard(RRT 1)); Ic(71%, RRT 0.79) and (EtéMeSi)ZO
(8%, RRT 0.29). Ic; bp 130-138°C/28 torr); IR(neat) 2924, 1680,

1450, 1380, 1260, 1240, 1220, 1160, 1090, 1070, 1010, 970, 910,
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1

820, 860, 760 cm —; NMR(CCL,) § 0.08(s 3H), 0.58(m 4H),

| 2
0.96(m 6H), 1.36-1.60(c 6H), 1.88(m 2H), 2.10(m 2H), 5.88
(s 1E); mass spectrum m/e(rel. intensity) 212(33); 183(40),
101(9), 89(100). . o T
R L :
Anal. C§lcd for CiH,,051: P
+

y 212.1595} C, 67.85;:[{-‘*-«¢
H, 1138. Found: P', 212.1561; C, 67.80; H, 11.40.

Dietiylmethyléi1oxymethylenecyclopentane(IV).

Analysis by GLC(column A, 120°C, n-tridecane as an
internal standard(RRT 1)); IV(48%, RRT 0.80) and (EtzMeSi)ZO
(8% RRT 0.46). 1IV; bp 98-100°C/15 torr; IR(neat) 2950, 2875,

le85, 1460, 1415, 1250, 1170, 1120, 1005, 960, 950, 840-820, °

1

800, 760 cm " ; NMR(CC1,) § 0.08(s 3H), 0.60(m 4H), 0.96(m 6H),

1.58(m 4H), 2.12(m 4H), 6.04(s 1H); mass spectrum m/e(rel.

intensity) 198(30), 169(39), 103(9), 89(100).

Bnal. Calcd for Cp H,,0Si: p", 198.1438; C, 66.59; H,

11.18. Found: P', 198.1409; C, 66.35; H, 10.94.

Diethylmethylsiloxymethylenecycloheptane (V)

Analysis by GLC(column A, 140°C, n-—tetradecane as an
internal standard(RRT 1)); V(74%, RRT 1.29) and (EtzMeSi)ZO
(9%) . V; bp 155-165°C/50 torr; IR(néat)_2950, 1660, 1450,
1260; 1190, 1160, 1130, 1000, 960, 870, 810, 760 cmfl; NMR
(CCl,) & 0.08(s 3H), 0.58(m 4H), 0.96(m 6H), 1.40-1.70(c 8H),
1.99(m 2H), 2.20(m 2H), 5.92(s 1H); mass spectrum m/e(rel.:
intensity) 226(13), 197(35), 101(11), 89(100).

+

Anal. Calcd for C13H26OSi: P, 226.1750; C, 68.95; H,

11.57. Found: P+, 226.1731; C, 68.97; H, 11.70.
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" Diethylme ‘_hylsJ.10xvmethy‘l‘e‘n‘e’cyc1ooctane (VI)

Analv51s by GLC(column A, 150°C n—tetradecane as an:
lnpernal standard(RRm l)), VI(69 RRT l 96} and (Et MeSL) 0

(11s) . VI- bp 126 135°C(25 mm); IR(neat) 2920 1660 1480

\. ;

1250, 1235 1200, 1160 1090 1060 1000 960 860 800 ;770 '

e s Ngg(cc 5 0. oq(s 3H), 0. 58(m 4H),»0 97(m.6H),

4, o
1. 36—_-7°(c lOH), 1. 98 (m - 2H), 2. l4(m 2H), 5. 94(3 lH), mass f;

‘spect=um m/e(rel- intensity) . 240(13), 211(33), 121(21),»"”
101(18), 89(100)- ]
Anal. Calcd for C14H28051- p¥, 240.1908; C, 69.92; H,

11.73. Found: P', 240.1914; C, 69.88; H, 11.64.

Analysis by GLC(column A, 130°C, Eftrldecane as
an internal standard(RRT 1}); VII(ZZ » RRT 1.64),
unlaentlfled compound(Ss, RRT 1.52), and (EtZMeSi)ZO
(15%). The structure of the unidentified compound is
not clear, but NMR spectruﬁ of an 1:1 mixture(by GLC)
of VIr gnd;it is not consistent with 2—dieth§lmethyl— -
siloxyetﬂenyl?l—cyclohexane; VIL ; bp 120-125°C(17 mm) ;
IR(neat) 2950, 2900, 1680, 1460, 1260, 1150, 1100; ”
1010, 960, 880, 820, 800, 770 cmfl; NMR(CC1,) & 0.08
(s 3H), O. 60(m 4H), 0.88-1.20(m 6H)over1apped'w1th
0.96(s 3H), 1 20- l 86(c GH), 1.86— 2 lZ(c 2H),_2 60—~ j
2.80(c lH),.5,88(s 1H); mass spectrum n/e (rel. |
intensity) 226(11), 211(5); 197(11), lOl(ll),789(100)-‘

+

Anal. Calcd £6r C13H26OSL. p¥, 226.1751; C, 68.95; H,

11.57. Found: pt . 226.1731; C, 68.59; H, 11.75.
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[ N

hnalYSlS by GLC(column A, 150°C, n—tetradecane as o
.an 1nb~:3al standard (RRT 1)), VDI(450, RRT l 71) and

(Et k_Si) 0 (76). VIEL; bp 130 140°C(10 mm), IRlneat)

2940, 289O};l€90 “1250, 1160 ‘1140, 1100 1000 850;ff{f

810, :aO»cm 1} NMR(CCl,) 5 0.08(s 3H), . 57(m An),f S

0.90 (= 53), 1. 12-1 32(c 4H), 1.470m lH), 1.61(m 1H),:;? ._J
1.86(= 1H), 2. 04(m 1H), 2.31(m lH), 2 55(m 1H), 6. Ozim lH),;
In addltlon, small . absorptlons at 3. CG and 5. 79 were also ;
i observed. The product may contaln two‘stereo isomers..
mass spectrum m/e (rel. intensity) 224(39), 155(100), 101
(44), 89(39). |

_ Anal. Calcd for C,.H.,0Si: C, 69.57; H, 10.77. Found:

13724
C, 69.41; H, 10.91.

Analy51s by GLC(column A, 110°C, gftrldecane as an
internal standard(RﬁT i)); Ib(57%, RRT 0.70)—and (EtMeZSi)zo_.
(5%, RRT 0.13)..Ib; bp 82-88°C(13 mm); IR(neat) 2910, 2850,
1680, 1450, 1380, 1250, 1150, 1080, 1060, 1000, 960,_900,d
840, 780 cm '; NMR(CCl,) § 0.11(s 6H), 0.57(m 2H); 0.96
(m 3H), 1.35-1.59(c 6H), 1.88(m 2H), 2.10(m 2H), 5.84(s 1H); |
mass specﬁrum m/é (rel. intensity)-198(25), 169(22),'89(14f,
75(100). | | B MR

12722
11.18. Found: P , 198.1428; C, 66.87; H, 11.18.

Anal. Calcd for . H osi: PY, 198.1438; C, 66.59; H, -
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Triethvls loxymethylenecyclohexaneéId)

Analysis by GLC(column A 135°cC, n—pentadecane as an
internal standard (RRT 1)) ; 1d(74%, RRT 0.77) and (Et Sl) 5,0 B
(23%, ReT.O. 44). Id; bp 135 139°c(20 mm) IR(neat) 2920 '
2895, 1675 1445, 1260, 1240 1220, 1150 1090, 1010 910
| 820, 740.cm 1; NuR(cc1 ) 8 0. 70.(m 61),- 1.09 (m 9H), 1.44-
1.74(c 68), 2.01(m 2H), 2. 22(m 2H), 6. 02(s 1H); mass"
spectram m/e (rel. intensity) 226(24), 197(41), 169(11),
103(100), 87(17), 75(55). -

Anal. Calcd for ClBHZGOSl- Cc, 68.95; H, 11.57. Found:

C, 69.05; H, 11.62.

Analysis by GLC(column A, le60°C, Efpentadecane as an

internal standard (RRT 1)); Ie(51%, RRT 1.97) and (PhMeZSi)zo'

(18%, RRT 2. 19). Te; bp 150-151° C(16 mm) ; IR(neat) 3050,
2916, 2850, 1680 1590, 1430, 1250, 1200, 1150,‘ o .
1120, 970, 830, 780, 720, 700 cmfl; NMR(CC14) 6 0.39(s 6H),
1.35-1.59(c 6H), 1.86(m 2H), 2.16(m 2H), 5. és(s 1H), 7.26
(m 3H), 7. 44(m 2H) ; mass spectrum m/e (rel. 1nten51ty) 246
(42), 231(4), 168(10), 153(19), 137(78), 135(100)-

Anal. Calcd for ClSHZZOSl. p*, 246.1439. Found: P

246.1462.

Analy51s by GLC(column A, 220°C; gfelcosané as an

internal standard (RRT 1)); If(26%, RRT 1.65) and (PhZMeSi)zoi

(6%, RRT 6.31). If; bp 150-156°C(0.55 mm); IR(neat); 3050,
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2910, 2850, 1680 1590, 1430, 1250,21140, 1120, 1080, 1060,
900, 833, 790, 720, 700 cm ¥; NMR(CCL,) § 0.63(s 3H), 1’53
(c 65, 1.91(m 2H), 2.25(m 2H), 6. 01(s 1mH), 7- 34 (m 6H), 7. 55

(m 4H}; mass. Spectrum m/e (rel. 1nten51ty) 308(38)' 215(33)5."

<l99(93), 197(100), 137(91).u:

ECELIE Calcd for C20H24OSI. c, 77 87 H, 7 84 Found.i”%} [

C, 77.-28; H, 7.68. '

Trimethylsiloxymethylenecyclohexane (Ta)

A solution of cyclohexene{30 mmolj and Coz(CO)8 (0.2.
mmol) in 20 ml of'bénzene was'placed in a iOO ml sfainless
stegl autoclave. . The autoclave was flushed with Nz(Bd kg/cm?)
and CO(50 kg/cmz) and cooled to -70°C. Trimethylsilane
(10 mmol) ﬁas introduced to the autoclave by trap-to-trap
distillation under vacume (10 mm) and then the autoclave was
charged with CO to 80 kg/cm® at 25°C and heated at 140°C.

The GLC retention time of the product was identical to éh;t'of-

trimethylsiloxymethylenecyclohexane which was independently

prepared from cyclohexanecarboxaldehyde and trlmethylchlorOSLlane
’ 20 :
by House's method,

Analysis by GLC(column A, 100°C, Efdodecane.és an
internal standard (RRT 1)); Ta(4%, RRT 0.65). Ta; bp 91°C
'(23 mm) ; IR(neat) 2950, 2850, 1675,1445, 1250 1210, 1150
1080, 900, 840, 740 cm l; NWR(CCl ) § 0.14(s 9H) , 1l.44(c GH),E
1.84(m 2H), 2.04(m 2H), 5.80(s 1H); mass spectrum m/e T
(rel. intensity) 184(44), 169(42), 155(21), 75(100) . 73(98).
+

Anal. Calcd for ClOHZPOSl’ P, 184.1282. Found: pt ’

184.1279.
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3

1- (Diethylmethylsiloxymethyl)-cyclohex—1-ene (XI)

The experimental procedure was the same as tﬁe general
. procedure excepﬁ that. the reaction waé carried out at 200°C.

AnalYSlS by GLC(column A, 100°C n~tetradecane as an
internal standard (RRT 1)); XI(17%, RRT 0.81), Ic(673%, RRT .
0.79), and (Et JMeSi) ,0 (153, RRT 0.29). XI; IR(neat); 2920,
2870 1675 1460 1420, 1255, 1160, 1090, 1070, 1010, 965;-
840, 200, 760'cm—l; NMR(CC14)_§_O.01(S 3H), 0.53(m 4H), 0.93
(m 6H), 1.60(m 4H), 1.80-2.12(c 4H), 3.85(s 2H), 5.50(m 1H);
mass spectrum m/e (rel. intensity) 212(14): 183(31), 103(7),
1 89(100) . | |
+

Anal. Calcd for C12H24081. P, 212.15%94; C, 67.85; H,

11.38. Found: P+, 212.1560; C, 67.83; H, 11.44.

- General procedure for the reaction of l-hexene with diethyl-
methylsilane and carbon monoxide in the presence of a metal
complex

A solution of 3.7 ml(30 mmol) of l-hexene, 1.02g(10 mmol)
of diethylﬁethylsilane, and 0.136g(0.4 mmol) of COZ(CO)S in
20 ml of benzene was placed in a 100 ml stainless steel aufoclaVe.
The autoclave was flushed with N, (50 kg/cmz) and CO(50 kg/émz),
then charged with CO to 50 kg/cm2 and heated at 140°C with
stirring. After: 20 h, the autoclave was cooled and depressurizedﬁ
Analysis of the reaction mixture by GLC(Silicon OV-1l, 5%, on
Uniport XS, Gm, 115°C) with an internal standard(n—tetradegane,
RRT=1) showed it to contain enol silyl.ethers((z)—(IXa); RﬁT'
0.36, (E)-(IXa); RRT 0.39, (2)-(Xa); RRT 0.45, (E)—QXa); RRT
0.60)) and (EtzMeSi)ZO in 57%(total) and 5% yields, respectively.
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Analytical samples weré obtgined.bj:fractional distillation
(bp 105-115°C/12 torr) followed by repeting preparative GLC.
The results under various reaction conditioné were showﬁ
- in Table VDIAand IX. | " -

The spectral data are: kZ)—(IXay;rIR(ﬁéét)émﬁéSO}:iﬁjQ(fﬁ
1460, 1260, 1170, 1090, 1010, 976, 750-800 cm ; ﬁMR(céigilg_
1 0.08{s 3H), 0.62(m 4H), 0.70-1.14(m 9ﬁ), l.l4—l-50(éA4ﬁ)'
overizped with 1.48(d 3H), 2.00(m 2H) 5.90( s 1H); mass

spectrum m/e (rel. intensity) 214(35), 199(6), 185(28),

171(50), 101(100); high resolution MS, parent ion m/e 214.1747

(calcd for C 0Si, 214.1751).

12826

(E)-(IXa), IR(neat); 2920, 1670, 1460, 1260, 1170, 1100,

1010, 970, 740-800 cm T

; NMR(CC1,) § 0.08(s 3H), 0.60(m 4H),
0.84-1.12(m 9H), 1.12-1.50(m 4H) overlaped with 1.50(d 3H),
1.83(m 2H), 5.92(m 1H); mass spectrum n/e (fel. intensity)
(z)-(Xa), IR(neat); 3050, 2950, 1660, 1460, 1400, 1260,

1170, 1140, 1090, 1010, 750-820 cm—l; NMR(CC14) 6 0.10(s 3H),
0.60(m 4H), 0.80-1.15(m 9H), 1.15-1.40(c GH),'l.BG(m 2H) ,
4.30(dt, J=6 Hz and 8 Hz,,1H),"6.02(d, J=6 Hz, 1H); mass
spectrum m/e (rel. intensity) 214(4), 185(76), 157(38), 101
(85), 89(100); high resolution MS, parent ion m/e 214.1728
C,,H,0Si Calcd 214.1751.

(E)-(Xa), IR(neat); 2920, 1660, 1460, 1420, 1260, 1160, 1100,
1010, 960, 910 cm 1; NMR(cc14)_g 0.10(s 3H), 0.60 (m 4H), :
0.80-1.14(m 9H), 1.14-1.48(c 6H) 1.80(m 2H), 4.80(dt, J=12 Hz
and 6Hz, 1H), 6.08(d, J=12 Hz, 1lH); mass spectrum m/e (rel.

intensity) 214(3), 185(54), 157(36), 101(66), 89(100); high
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resolution MS, parent ion-- Et m/e.185.l346 ClOHZlOSi Calcd

185.1359. - : : ’

- e

Reaction of methyl acrylaﬁe with diethylmethyléilane and carbon °

monoxide- - - el R B
A solu‘i:i'_';éf‘h of 2.7 ml1(30 mmol) of methyl acrylate, 1.02g

(10 r=ol) éf"EEZMeSiH, and 0.068g{0.2 mmol) of Co,(cO) 4 in 20

ml of >»enzene WasAélaced in-é 100 ml stainless steel autoéléve.

The auvtoclave Qas flushed two times with CO(50 kg/cmz),‘then

chargea with CO to 80 kg/cm2 and heated at £40°C with stirring.

After 20 h, the autoclave was cooled and depressurizédJ?Aﬁaleié

of the reaétion mixture by GLC(Silicon OV-1, 5%, on‘Uniport XS,

3m, 120°C) with an internal standard(n-tetradecane, RRT=1)

showed it to contain (Z)- and (E)-l-diethylmethylsiloxy-2-

carbomethoxyprop-l—-ene (IXb) and (Z)- and (E)-1-diethylmethyl-

siloxy-3=~carbomethoxyprop—-l-ene (Xb) ((2)-(IXb); RRT 0.633, (E)-

(IXb); RRT 0.744, (Z)-(Xb); RRT 0.625, (E)-(Xb); RRT 0.706)

and (EtzMeSi)zo in 49%(total) and 7% yields, respectively.

Analytical samples were obtained by fractipnalﬁdistillation

(130-160°C/17 torr) followed by preparative GLC. The results

under various reaction éonditions were shown in Table?ﬂl and

Table V.

. The spectral’ data are described below.
(2)-(IXb), IR(neat); 2950, 2860, 1725, 1700, 1640, 1300, 1260,

1190, 1130, 820, 770 —

; NMR(CC1,) § 0.17(s 3H), 0.68(m 4H),
1.00(m 6H), 1.69(s 3H), 3.65(s 3H), 6.53(s 1H); mass spectrﬁﬁ
(rel. intensity) 216(2), 201(6), 187(100), 159(23), 103(90),

91(35), 89(35), 75(52); high resolution MS pa;ent ion - Et m/e

na . .
187.08C4 C8H150381 calcd 187.0789.
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(E)- (IXb), IR(neat); 2920, 1720, 1640, 1300, 1220, 1120, 820,

1; NMR(cC1,) 8 0.22(s 3H), 0.74(m 4H), 1.00(m 6H),.1.70

760 cm
(@, J=2 Hz, 3H), 3.64(s 3H), 7.35(q, J=2 Hz, 1H); mass spectrum
(rel. inte@éity)leG(ZI, 201(7), 187(100), 103(95), 75(87);
high resq}qéion MS,pérént - Et ion m/é 187,082l CBHlsoési )
 calcd 187{qf50. B - o
(2)- (32) ," IR(neat) ; 2950, 2870, 1740, 1660, 1330, 1260, 1160,

1120, 1040, 1010, 840, 750 cm *

; NMR(CCL,) § 0.15(s 3H), 0.66

(m 4H), l;OO(m 6H), 3.03(d4, J=8 Hz, 2H),.3.60(s 3H), 4.59(dt,
J=8 Hz and 8 Hz, 1H), 6.15(d, J=8 Hz, 1lH); mass spectrum (rel.
intensity) 216(3), 187(86), 157(20), 103(100), 101(43),- 75(48),
73(41); high resolution MS parent -Et ion m/e 187.0802 C8H1503Si
calcd 187.0790. | |
(E) - (Xb), The NMR prectrum of (E)-(Xb) was determined from the
mixture of (E)—(Xb) and (E)-(IXb). NMR(CC14) S8 0.14(s), 0.51-
0.81(m), 0.90-1.11(m), 2.79(d4, J=8 Hz), 3.58(s), 4.89(dt,

J=12 Hz and 8 Hz), 6.15(d, J=12 Hz).

Reaction of cyclohexene with diethylmethyldeuﬁeriosilane and
carbon monoxide _ _
A solution of 10.3 ml(100mmol) of cyclohexene, 1.03g

(10 mmol) of Et,MeSiD, and 0.068g(0.2 mmol) of Co,(CO)g in

2
20 ml of benzene was placed in a 100 ml stainless steel
auéoclave.. The autoclave>was flushed with N2(50 kg/cmz) and
»CO(50 kg/cmz),'then charged .with CO to 50 kg/cm2 and heatedéat
140°C with stirring. After 1 h, the pressure reached 105>”

kg/cm2 at 140°C. The temperature was maintained at 140°C for

20 h. The vessel was then cooled to room temperature. The
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pressure deéreased to'f7kg/cm?. ‘The;ges pressuie was slowly
released and the autoclave wes openea; :Analysis of the o
reacticn mixture by GLC(Silicon ov-l, 3m, 130°C)Vwith anf.
1nternal standard(n—tetradecane) showed it to contaln ,
dlethvlmethyls1loxymethylenecyclohexane(Ic) and (Et MeSl) O
in 87% and 12° ylelds, respectlvely. Analytlcal samples were
obtaizeé by fractlonal dlstlllatlon(l24 129°C/20 torr) followed
by presarative GLC. |
The amount of deuterium 1ncorporat10n was determlned by
comparing the area in the vinyl and the methylene of
cyclohexane part with the methyl group of siloxy part. These
areas were measured five times at least with the largest

amptitude and averaged.; The result was shown in Table X.

Table X Comparison of Areas in NMR Spectrum

0Si CH . 0Si 0Si CH
/s s
MeSi /c=c/ o=’ =c cH; 2
CH H ~cH
2 2
ratio of
arens 3 1.88 1.82 0.088 5.80
deuterium 7.5 7.5 91 3

content (%)

From the Table X} the'amount of deuterium incorpolaéion was
determined to be 91% at the vinyl position, 15% at the adjacent
methylene group £5 cafbon—carbon double boﬁd, and 3% at the
ancother methylene group of the cyclohexanelpert.

Mass spectromet:ic.analfsls showed it to contain 12% doiv

75% dl' 11% d2, 2% d3.
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The second:trial was carried out under the same conditions
described above except that 30 mmol of cyclohexene and 80 kg/cm2

of carbon monoxide were used. The result-was:shown in Table_XI;

Table XI -Compétison of Areas in NMR Spectrum '/

%t - osi cH,  ,0si  0Si - _CH,
MeSi /,c=c/_,‘,~ 2Ng=c c=c] ey 2
: CH . R H. . “>cH
2 2
ratio of o . - . :
areas . _3 1.93 1.732A 0.18 -
deuterium . '
content (%) = 3.5 13.5 . 82

Mass spectrometric analysis showed it to contain 18% do,

61% d 18% a 4% 4

1’ 27 3"
Reaction of n-heptanal with diethylmethylsilane in the presénce of
carbon monoxide and Coz(CO)8

A solution of n-heptanal (10 mmol), diethylmethylsilane
(10 mmol), and Coz(CO)8(0.4 mmol) in benzene (20 ml) was placed
in a 100 ml stainless steel autoclave. The autoclave was
flushed two times ﬁith N2(50 kg/cmz), then charged with CO
(50 kg/cmz) and heated at 140°C with stirring. After 20 h,
the autoclave was cooled and depressurized, AnaiYsiéibf'the
»réaction mixture by GLC(Silicon OV-1, 5%, 6m, 110°C) with an
intérnal standard(n—tetradecane) showed it to cohtain_x and
XVI in 32.8% and47.2% yields, respectively.v The IR(neat) éna‘
NMR(CC1,) data of XVI are: IR, 2930, 1470, 1420, 1255, 1100,
1010, 800, 760; NMR 6 0.00(s Bﬁ), 0;32(m 4H) , 0.92(m 9H),

1.28(c 10H), 3.50(t, J=6 Hz, 2H).
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Reaction of n-heptanal with diethylmethylsilanevin the presence
of Co (CO)8 ,
A bolutlon of dlethylmethy1511ane(4 mmol) and Co, (CO)

(0.04 mmol) 1n xylene(4 ml) was. heated at l35°C To the

solut_on wa added a. solutlon of n-heptanal(Z mmol) in xylene

Gas evolutloc occurred.lmmedlately. Analy51s of the reactlon e
mixtursa by_GLé(Slllcon ov-1, 5%;”6m,_l40°C) With an internal
standa:d(n—tetradecanei showed it to ccntain.(Z)-(Xak,(E)—(Xa),
and XVI in 490, 30%, and 21% yields, respectively. The results

at various temperature were shown in Table XIT .

Table XTI Yields and Distribution at Various

a
temperature

‘Temp.(°C) Yield(Xa + XVI) Xa : XVI

10 94 4: 96
28 | 100 6: 94
50 100 18: 82
80 - . 76° 53: 47

110 P 93 64: 36

135 P 1000 79: 21

a) In benzene unless otherwise noted.
b) In xylene. c¢) Result after 1 h.

Reaction of styrene with diethylmethylsilane and carbon monoxide

in the presence of Co CO)8

5
A solutlon of styrene(30 mmol), dlethylmethyISLIane(lo mmol),

and CoZ(CO) (0.2 mmol) 1n benzene (20 ml) was placed in a 100 ml '

stainless steel autoclave. The autoclave was flushed with N2

(80 kg/cmz) and CO(50 kg/cmz), then charged with CO(80 kg/cmz)

and heated at 140°C with stirring. After 20 h, the autoclave



yvasf cooled and depressﬁriéed.. Analy:si-.s c;fw the Vre'é‘ct‘ion- migctiiré
by GLC(Silicon ov-1, 5%, 3m,.140°C) with }0.3 g of n—tridgg:ane
~as an intérnal standard showed it to contain eight compoﬁnds
(XVITa ;RRT 1.86, XVIb;RRT 2.21, XVIIC ;RRT 2.54, XVIId . RRT
3.00, xvne';mr‘ 3.44, XVILE }_RRT 5.00, XVIIg ;RRT 7.47, and
(EtZMeSi) 20)!’. Detector response calibrations are not
determined except for XVIa. The ratios of the peak areas of
the cczpounds and the standard were obtainedras‘- follows:

XVIla ; 0.32(yield 6%), XVIb; 0.20, XVIc; 0.13, Xvmd; 0.17,

-

XVIe ; 0.45, XvOof; 0.10, XVIIg; 0.27. Ana]:.ytical samples 7
were obtained by fractional distillation(110-120°C/17 torr)
followed by preparative GLC. The product(XVILa) was identified
with (2-phenylethyl)diethylmethylsilane; NMR(CC1,) § -0.04(s 3H),
0.51(m 4H), 1.04(m 8H), 2.55(m 2H), 7.05(s 5H). The product
(XVIIb) . was identified with B-diethylmethylsilylstyrene; IR
(neat), 2940, 2860, 1600, 1570, 1490, 1250, 1000, 980, 790,
730 cm '; NMR(CCL,) & 0.10(s 3H), 0.63(m 4H), 0.99(m 6H), 6.29
(d, J=20 Hz, 1H), 6.81(d, J=20 Hz, 1H), 7.05-7.35(c 5H). An
exact mass determination gave m/e 204.1303(calcd for C13HZOSi'
204.1333) . |

Reaction of styrene in the presence of Ru3(q0) 12
The experimental procedure was the same as that described
abéve except that styrene (10 mmol), diethylmethylsilane (20 mmol),
Ru3(CO) 12(0.05 mmol) , and n—-tridecane (0.2g) ~as an'inte:nal;
standard were used. The ratios of ‘the peak areas of the . |
compounds and the standard were obtained as follows: XVIIa ; 0.1l
(1.4%), XVIb; 0.29, XVIIc; 0.07, XVIId; 0.02, XVIle ;0.14,
Xvomf ; 0.04, XvIig; 0.03.
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Reaction of acrylonitrile wiFh dietﬁylmethylsilane:and carbon
monoxide in the presence of Ru3(CO)12 o V f. RS

2 solution of acrylonitrile(lo mmol) , diethylmethylsilane -
(30 m:nx), and Ru (CO) 2(0 01 mmol) in benzene(ZO ml) was -
placeﬁ'.n a 100 ml stalnless steel’autoclave-, The autocla&eﬁil
was L.eshed w1th N (80 kg/cm ) and CO(50 kg/cm ), then charged
with T 80 kg/cm ) and heated at 140°C w1th stlrrlng.' After .
20 h, the autoclave was cooled and depressur;zed,__AnalYSis‘of% 7
the reaction mixture by GLC(DEGS, 15%, on Cromosorb W, 6m, -
130°C) with an internal standard(ﬁ-pentadecene) showed it to
contain l-cyanoethyl (diethylmethyl)silane in 562 yield. The
IR(neat) and NMR(CC14) data are: 2950, 2860, 2220, 1460, 1260,
1010, 790, 750 cm-l;_§_0.14(s 3H), 0.69(m 4H), 1.02(m 6H),
' 1.26(d, J=8-Hz, 3H), 1.65(q, J=8 Hz, 1H). An exact mass

determination gave m/e 155.1125(calcd for C,H, NSi, 155.1128).

8 17

Competitive reaction of cycloalkenes

In a typical procedure, a solution of 0;62g(7.5 mmol)'of
cyclohexene, 0.83g(7.5 mmol) of cyclooctene, 0.75 ml(5 mmol)
of diethylmethylsilane, and 0.1 mmol of Co,(CO)g in 10 ml of |
benzene was placed in a 100 ml stainless steel autoglavé. The
autoclave was flushed two times with CO (50 kg/cmz); then chargedi
Wiﬁh Co(50 kg/cmg) and heated at 140 °C with stirrihg. After
2 ﬁ, the autoclave was cooled and depressurized. Analjéis of
the reaction mixture by GLC(Silicon OV-1l, 5% on Uniport KS,16m
150°C) showed it to contain (Ic) and (VI) in 5.5%Vaﬁd 4.3%‘§ields,r

respectively. The results were shown in Table XIII.



-

Table XII Competitive Reaction of Cycloalkenesa

Run  hr . . Yield of enol silyl ether : . Yield of-;lk
' @ C[] O O ;b (Bt MeSi) 50 -
2 2 :f 3i,i 47 7. o ‘f  18
3 20 31 a3 2
4 -20 6.1 3.6 20
s 2 6 12.4 8.2
62 2 5.5 4.3 5
7° 3 31 28 9
8 2 4 | . .24 5

a) Reaction conditions; Coz(CO)S(O.Z mmol) , olefin_

(30 fmol 1:1), Et,MeSiH(10 mmol), CO(50 kg/cm?), 140°C,

2

20 h, benzene(20-ml) unless otherwise noted.

b) * Reactions weie carried out in a half scale and olefins

were weighted in gram unit.
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Chapter 2 A Catalyzed Reaction of Cyclic Ethers with a
Hydrosilane and Carbon Monoxide
2-1 Intro&uction

In chapter 1, the new catalyzed reactlon of oleflns w1th

hydroallanes 'nd carbon monox1de was- descrlbed ‘To know

the s:cne_ahd 11m1tatlon to the sub;tcate lS very 1mportant

in orier te“explore the utility of the reactlon - From this
point of v1ew, the catalyzed reactloh of cycllc ethers with
a hydrosilane-and carhon monoxideﬁwae examined. It was

feund that when tetrahydrofuran (THF) was used as a solvent
in the reaction of olefins, the product obtained was not the

expected one, enol silyl ether, but a new compound. This is

. the reason why cyclic ethers were used as a substrate.

2-2 Results and discussion

The reaction of cyclic ethere( tetrahydrofuran , oxetane,
and cyclohexeneoxide) with diethylmethylsilane and carbon
monoxide was catalyzed by Coz(CO)8 to give diethylmethylsiloxy-
aldehyde (I), (x) , (IX), respectively, in reasonable yields;

{I) 53%, (I) 40%, and (II) 512 as shown in eq. 15 2, and 3.

(1)

- ' Co, (CO) g
( S +- Et,MeSiH + CO >

o s . ~ Et,MeSio

(1)
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| » , " Co. (CO); '
| + Et,MeSiH + CO 2 "~ 8y H. (2
0— | | ‘ Et,MeSi0 . . _

: 0
- (I)

P Co,(COYg OSiEtzMev SRR
[“o + Et,MesiH + CO - > ‘:L( (3)
~ o2 . | H O B

o - _ .; » 0 -
()

The.reaction of cyclic ethers except for oxeﬁane was- carried
out using 50 mﬁol of cyclic ethers, 10 mmol .0of diethylmethyl-
silane, and 60 kg/cm2 of carbon monoxide at 140°C for 20 h.
The reaction conditions in the case of oxetane were the same
as that described above except thét 20 mmol of oxetane were
used at 70°Q.

Hydroformylation of cyclic ethers is known to give
hydroxy aldeh&des as the initial productsl. The reaction,
however, frequently suffers from undesirable side reactions.
or further reactions, since the hydroxy aldehydes are very
labile compounds. For example, hydroformylationzﬁdf
tetrahydrofuran did not afford the expected 4—hydroxybutanal
but yielded various products arising from further carbonylaﬁion.
as shown in eq. 4“and hydroformylation3 of cyclohékéneoxide" B
~gave only conden;ation product of the expected 2-hydroxy-
cyélohexanecarboxéldehyde as shown in eq. 5. VWhile thé reactions
using a hydrosilané show a direct approach to the synthesis
of pre-protected hydroxy aldehydes. Synthetically, .
functionalyzed aldehydes are very useful in elonéation of carbon

skeltone.
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Q (c0) Q Q/ /\'_—/\/.—\OH )

Co (CO)8 S

It is interesting to note that Chaik has reported the
polimerization of tetrahydrofuran catalyzed by COZ(CQ)B énd
triethylsilane(l:2) and proposed ring qpening of tetrahydrofuran
by a silylcobaltcarbonyl for the initiation step4. Corriu
and co-workers have reported that a silylcobaltcarbonyl containing
an optically active silicon reacted with methanol and triethylamine
and the cleavage of the Si-Co bond took piace with retentions.

It is reasonable that the silicon group of>the silylcobaltcarbonyl
electrophilically attacked the oxygen of methanol. These results
suggest that the ring opening of tetrahydrofufan by the
Silylcobaltcarbonyl is the initial step. This means that one

can make a carbon cobalt bond utilyzing the high affinity of
silicon to oxygen as a drivihg force. This is the new method

‘to make bonds of carbon and transition metals. The reasonable

reaction path was shown in scheme 1.



Scheme 1
Et2Me81H + Coz(CO)8

HCO(CO)4

co EtzMe51Co(CO)4

‘ Co(CO) , . i |
' Et ,Mesio _—\\r/ Et,MeSiO - Co(CO),
SiEt Me

| m\ /

Co(CO)

EtzMeSiO
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2-3 Experimental

2

Reaction of tetrehydrofuran with diethylmethylsilane and-
carbon nonox1de in the presence of Co (CO)8
A solutlon of 4 m1(50 mmol) of tetrahydrofuran, 1. 02g
(10 mrol) of dlethylmethy151lane, and 0. 068g(0 2 mmol) of
(CO g in 20 ml of benzene was placed 1n a 100 ml stalnless_
steel autoclave. The autoclave was flushed with' N (60 kg/cm )
and CO(60 kg/cm?), then charged with CO(60 kg/cm?) and heated
at 140°C with stirring. After 20 h, the autoclave was cooled
and depressurized. AheiYsis of the reaction mixtuxeAby‘GLC‘
(Silicon OV-1l, 5%, on Uniport KS, 3m, 135°C) with n—-tetradecane
as an internal standard showed it to contain‘5—(diethylmethyl—
siloxy)—n-pentanal (I) in 53% yield. An analytical sample of
(I) was obtained by fractional dlstlllatlon(bp 120-130°Cc/
30 torr) followed by preparative GLC(Silicon OV-1, 5%, on
Uniport KS, 3mX 8mm, 140°C). The spectral data are shown below.
(I) , IR(neat), 2950, 2870, 1720, 1250, 1090, 1010, 800, 760
cm"l; NMR(CC1l,) 8 0.02(s 3H), 0.56(m 4H), 0.96(m 6H), 1.58
(m 4H), 2.38(m 2H), 3.56(t, J=6 Hz, 2H), 9.60(m 1H):
Anal. Calcd for C10H220281. C, 59.34; H, 10,96: Found: .

C, 59.20; H, 11.10.

Reection of oxetane with diethylmethylsilane andvcarbon
monoxide

The reaction conditions were the same as‘that describeé
above except that 20 mmol of| oxetane were used and the

temperature was 70°C. The spectral data are shown below.
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Analysis of the reactlon mlxture by~GLC(Slllcon OV—l 50, on
Uniport KS, 3m, 110°C) with n—trldecane as an. 1nternal standard
showea.lt to contaln 4~ (dlethylmethy15110xy)—n—butanal(BD

:f40° yzald

%§£CE) Y IR(neat), 2920 2860 1725 1480, 1460 1250 1080 1000

790, 750 emfl; NMR(CCl ) 5 o 03(s), 0. 5L(m) ,. 0. 93(m), 1 79(m),

2.43(=), 3 57 (t, J—6), 9.64(m). - ;,’“fifé*]fl”!A*f?%*ﬂ-
udal Calcd for C8H200251. C, 57.39; H? 10.70. Found:’ '

c, 57.35% H, 10.79.

Reaction of cyclohexeneoxide &ith diethjlﬁéﬁhyiéiianevand "
carbon monoxide |
.The experimental procedure was Fhe same‘aé that in the
case of fetrahydrofuran. Analysis' of the xeaction‘mixture
by GLC(Silicon OV-1, 5%, on Unipoirt KS, 3m, 160°C) with
n-tetradecane as an internal standérd showed it to éontain
2~ (diethylmethylsiloxy)cyclohexanecarboxaldehyde (L) and an
identified compound.
(IIX) , RRT; 1.30, bp 165—166/30.torr, IR(neat); 2950, 2870,
1725, 1460, 1250, 1155, 1110-1060, 1010, 960, 800, 760 pm—l;
.NMR(CCl4) 6 0.05(s 3H), 0.56(m 4H), 0.95(m 6H), 1.11-1.50
(c 4H), 1.50-2.04(c 4H), 2.04—2.40(c 1H), 3.76(td, J=10 Hz and
4 Hz, 1H), 9.66(d;~J=2 Hz( 1H) ; mass spectrum(rel. intensity)
199(18), 110(24),'89(100), 81(31), 61(88). | _
Anal. Calcd for C12H240281. C, 63.10;_H; 1Q.59. fogn@?

c, 62.88; H, 10.75.
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Chapter 3 A Catalyzed.Reaction of Aldehydes with a Hydrdeilane

and Carbon Monoxide

- 3-1 ;neroductlon

was shown that the new catalyzed reactlon,uvlng
hydrcs:¢ane and carbon monox1de comblnatlon converts oleflna
(C=C) = siloxy oleflns ln chapter 1 and cycllc ethers(c—h-c)
to siloxy aldehydes in chapter 2. It is 1nterest1ng questlon .
whether aldehydes(C—O) can be: used as a substrate in this new
reaction. In chapter 2, the new method: mak;ng a carbon cobalt
bond utilyzing the high affinity of silicon to oxygen as a
driving force was also described. From these points of view, A

the catalyzed reaction of aldehydes with a hydrosilane and carbon

‘monoxide was. examined.

3-2 Results and discussion

The reaction of n—heptanal with diethylmethylsilane (three
fola excess to the aldehyde) and carbon monoxide in the presence
of Coz(CO)8 and PPh, gave a mixture of (Z)- ahd (E)~-1,2~-bis—
_(diethylmethylsiloxy)—1-octene(1d) and unidentified compounds (Ir)

in 66% and 14% yields, respectively. ' T

Et,MeSiO OSiEt, Me

Q | Co, (CO) g~PPh;  Et, SiEt)Me
RCH + 2Et,MeSiH + CO > o ()
: R ST
(1)
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Table I Reaction of Aldehydes with Et MeSiH and co?

2 |
Aldehyde Yield of (I) Yield of (I) (EtZMeSi)éO
propanal. (Ia) 25 o 8 - , ' 3
isobuté#al“i (Ib)21 - ;;:i_ ’_ l‘i. 2 -
butanal: . (Ie)67 - 12 i -
n-heptanal  (Id)é6 14 -
cyclohéiéne- . : ‘-ru A -“
czrboxaldehyde (18737 > -2
n-hexanal  (If)54 o 12 -

a) Reaction conditions; aldehyde (10 mmol), Et MeSiH(30 mmol)

2
Co, (C0) (0.2 mmol), PPh4(0.2 mmol), CO(50 kg/cm?), 140°C,

20 h, benzene(20 ml).

The use of PPh3 as a co-catalyst is necessary to prevent
undesired hYdrosilylétion of the aldehyde% In the casé of
cyclohexaﬁecarboxaldehyde, the yield of (Ie) was low because
of the formation of diethylmethylsiloxymethylenecyclohexane(61%)V
by dehydrogehative silylation. Interestingly,'the similar
reaction(i. e., using five fold excess of the hydrosilane, but
‘inZthis case without PPh3) of tetrahydrofuran was found to
~give the same type of compound(Ig) in 89% yieldt " The |
intermediaﬁe may be 5—(diethylme£hylsiloxy)—n;pentanal which
was the product when the reéction,was carried out using.five

fold excess of tetrahydrofuran over the silane and without

PPh3 as shown in eq. 2.
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| o e )
/\/\/u\ . = e OSiEt Me
Et, MeSi0 | H > | 2 |
- Et,MeSi0 . L@
| OSiEt,Me

( Ig)

_ee-fact that the reactlon of tetrahydrofuran w1th flve,ﬂi=“7i.

fold —xe.ss of the hydrosllane gave the correspondlng l 2-
'blsslaoxyalkene in hlgh yleld suggests that HCo(CO)4 is not
the active. catalyst in the reaction of cyclic ethers with a
hydrosilane and carbon monoxide catalyzed by'Coz(CO)S in
chapter 2.

Hydroformylation(oxo reaction) of aldehydes has been
.known to give formates as shown in eq. 3.2 Thus the carbon
atom of carbon monoxide is connected with the oxygen atom
of aiaehfde carbonyl. Contrastly, the carbon atom of carbon
monoxide is linked with the carbon atom of aldehyde carbonyl

. S . . . -3
in the reaction using a hydrosilane as shown in eq. 4.

HCO(CO)4 - (l)Co(CO)4 co, { “
~ RCH 2 'RCH,,OCH (3)
o H
it
RCH
: Sio - osi. .
i i - CO,HSi !
SlCo(CO)4 N ?Sl | . J..:> > ;f (4)
RC|ZC0(CO)4 R . :
H
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The observed dramatic change may be attributed to the

difference of reactivities of HCo(CO)4 and R SiCo(CO)4. "

3
Consequantly, a carboﬁﬁcobalt bond was formed utilyzing the
high affinity of silicon to oxygen as a driving force.

3-3 Bxperimehtal

Reaction. of h—heptanal with diethylﬁethylsilaﬁe and éarbon-
monoxide in the presence of Coz(CO)8 and PPﬂ3

A solution of 1.14 g(10 mmol) of n-heptanal, 4.4 ml
(30 mmol) of diethylmethylsilane, 0.068 g(0.2 mmol) of
_ COZ(CO)8' and 0.052 g(0.2 mmol) of PPhB'iﬁ 20 ml of benzene
was placed in a 100 ml stainless steel autoclave. The
autoclave was flushed with N2(50 kg/cm?) and CC(SO kg/cmg),
then charged with CO(50 kg/cmz) and heated at 140°C with
stirring. After 20 h, the autoclave was cooled and depressurized.
Analysis of the reaction mixture by GLC(Silicon OV-1, 5% on
Uniport KS, 3m, 170°C) with n-cetane as an inéernal standard
showed it to contain (Id) in 66% yield. In addition to Idi
there were at least two unidentified products(iﬁi)(total ca.
143%) at longer retention time. An analytical sample of (Id)
(a .mixture of (Z) and (E) isbmers) was obtained bf_fractional'
distillatioh(bp 120-123°C/0.5 torr)Afollowed’by pfeparativé

GLC(Silicon OV-1, 5%, on Uniport KS, 3mX 8mm, 190°C). §



1,2- Bls(dlethylmethylslloxy) 1—octene(Id)

Analy51s by GLC(SlllCOH OV—l 170°C n—-cetane as an
intermal standard (RRT 1)); I@(RRT 2.04), bp 120;123°C/ 0.5 torrx,
IR(neax) 2950.>2870 1685. 1460, 1250, 1160 1090 1000, 800,

760 cm L

NMR(CCl ) 6 0 08(s 3H), O 10(5 3H), 0 63(m 8H),- '
0. 80—1.ll(m lSH), 1. 29(c 8H), 1. 80(m 2H), 5 44(s 0. 83H),
5.90(s O. 17H) _ _

cd,l. Calcd for C18H4002812. C, 62.72; H,711;67. Found:_

C, 62.60; H, 11.71.

1,2-Bis(diethylmethylsiloxy)-1-pentene (Ic)

Analysis by ‘GLC(Silicon OV—l, 140°C, n-tetradecane as an
internal standard (RRT 1)); Ic(RRT 2.0), bp 130-150°C/25 torr,
"IR(neat) 2940, 2860, 1685, 1460, 1360, 1250, 1150, 1000} 850,

790, 750 cm t

; NMR(CC14) §_0.08(é'3H), 0.10(s 3H), 0.32-0.80
(m 8H), 0.84-1.08{(m 15H), 1.26-1.60(m 2H), 1.78(t, J=7 Hz, 2H), ~
5.44 (s 0.§2H), 5.92(5 0.08H) ; maés sbectrum(rel. intensity)
302(43),273(25), 189(43), 161(54), 101(100), 73(78), 45(29).

| Anal. Calcd for C;.H,,0,Si,: C, 59.54; H,'11.32. Found;
'C, 59.21; H, 11.55.

1,2-Bis(diethylmethylsiloxy)~1-cyclohexylethylene (Ie)

Analysis by GLC(Silicon OV-1l, 170°C, n-heptadecane as an
inEernal standard (RRT 1)), Ie(RRT 1.9), bp 140-150°C/0.8 torr,
IR(neat) 2920, 1685, 1250, 1210, 1160' 1120, 1010, 970, 860
840; 760-800 cm_l; NMR(CCl ) 6 0.09(s 3H), 0.12(s 3H), O 48-
0.75(m 8H), 0.87-1.08(m 12H), 1.11-1.41(c 5H), 1.41-1.86(c 6H),

+ 5.48(s 0.91H), 5.78(s 0.09H); mass spectrum(rel. intensity)



342(100), 313(38), 189(54), 161(73);_1dl(88), 73(87), 45(33).

Anal. Calcd foxr C18H3802512‘ C, 63.09; Hf 11.17. Fo§nd: c,

62.99; H, 11.21.

1, Z—Blb(dlethylmethy131loxy) l—heptene(If)

A“alYSlS by GLC(SlllCOn OV-l 6m,7180°C n-pentadecane as ;,
an int =:nal standard (RRW 1)), If, bp 117—119°C/1 0 torr, IR
(neat) 7950 1690 1470, 1420, 1260, 1210, 1160, 1100, 1000,

840, 800, 770-cm 1; NMR(CCl ) 6 0.08(s 3H), 0.09(s 3H), 0.62

(m 8H), O. 87 1.08(m 15H), 1. 17 1.56(c 6H), 1 80 {m 2H), 5.42

(s 0.87H), 5.88(s 0.13H); mass spectrum(rel. intensity) 330(50),
301(17), 189(40), 161(53), 101(100), 73(90), 45(30).

Anal. Calcd for C,.H.,0.Si,: C, 61.75; H, 11.58. Found:

1773872772
C, 61.48; H, 11.609.

1,2-Bis(diethylmethylsiloxy)-3-methyl-l-butene(Ib)

Ib, bp 150-160°C/30 torr, IR(neat) 2950, 2870, 1685, 1460,

-1

1250, 1180, 1000, 970, 790, 760 cm —; NMR(CC14)_§_0.O8(S),

0.10(s), 0.60(m), 0.80-1.08(m), 1.98(m), 5.44(s), 5.70(s).

Anal. Calcd for C15H3402812. C, 59.54; H, 11. 32 F?und:

c, 59.59; H, 11.46.

1,2-Bis(diethylmethylsiloxy)-l-butene(Ia)

Ia, IR(neat) 2950, 2870, 1685, 1460, 1250, 1160, 1005,

-1

795, 760 cm ~; NMR(CCl,) 8 0.09(s 3H), 0.I2(s 3H), 0.63(m 8.2H),

0.92(m 16H), 1.83(q, J=10 Hz, 1.5H), 5.42(s 0.75H); mass spectrum
(rel. intensity) 288(41), 259(23), 189(35), 161(46), 101(100),

73(79), 45(26).



Anai. Calcd for C14H3202512- C,_58 26; H, 11.17. »Fqund:

C, 58.27; H, 11.26.

1,2- B*"(dlethylmethy151loxy)-4-methyl—l—pentene(]Ic)

_ “:""'NMR(cc1 ) 7§ 0.08(s’ 3H), 0.10(s. 3H), o. 66(m sm, R
70 93—;,141m 18H), 1. 65 l 74(m 2H), 1. 74-2 07 (c 1H), 5. 48(s lH),lv
mass ectrum(rel. 1nten51ty) 316(31), 287(14), 273(28), 189(31),i
_161(4 , 101(100), 89(38), 73(79), 61(32), 45(31). 7
Znal. Caled for C,_ . H,, 0,Si,.: C, 60.69; H, 11.46. Found:

1673672772
Cc, 60.43; H, 11.55.
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3 When the reaction wds carried out using excess aldehyde,
-1 2-bissiioxyéikene was not obtained. The products have
not been 1dent1f1ed yet, but one'of them may De—a—51loxy*7
aldehyde from IR and mass spectra. Thls result suggesté

that in the reaction of olefins described in chapter 1, the

key intermediate is not a siloxycarbene cbmplex but an
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Conclusioh
The results obtained from the present'workfmay_be
_ summarised as followé;

i (1) - Hydrogenatlon is related to hydrOSLlylatlon 1n a

sence rhat hydrogen in the former 1s replaced by a. hydr051lane
in the latter. However, hydroformylatlon has no such a.

count e—part In the present work, a new catalyzed react;on :
ﬁsing hydr051lanes and carbon monoxide:relaﬁed to |

hydroformylation(oxo reaction) of an olefin has been found.

H-H H-S1i
hydrogenation hydrosilylation
C=C + H, —>C—C A C=C + HSi—=>C—C
H H ) H Si
hydroformylation present work
C=C + CO + H,—> ¢—C C=C + CO + HSi —> C-C=C-0Si
H C=0 H
g :

(2) It is suggested that the initial stage of the new-
reaction is similar to that of hydroformylation(oxo reaction)
and the key intermediate .is an aldehyde. .

(3) The range of the applicability of the new reaction
has been extended to cyclic ethers and aldehydes, cyclic erhers
give siloxYaldehydes and aldehydes yield bis—siloxyolefins..
These reactione were a series of new catalyzed ones using4§
hydrosilanes and carbon monoxide. In the case of olefins,
'HCo(C6)4 may be the active catalyst, wﬁile in the cases.of

cyclic ethers and aldehydes, R3SiCo(CO)4 may play an:important
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role as the active catalyst. Intefgstinély, either.of'HCo'(CO)4
or R3SiCd(CO)4 formed by the reéctiéh of R3SiH‘WithACoz(CO)8'

becomzes the;active catalyst acéording to the.naiuré:6f £he

substTztes

Heo(co),

C=C “+ R.SiH + CO > Cc-C=C-0SiRy" T °
, | o )
c—cC | R,§iCo (CO) , -9
\/ 4+ R,SiH + €O > R,Si0-C-C-CH
0] 3 . "3
.ﬁ | . R3SiCo(CO)4 R3510\C=C/,081R3
R'CH + R, SiH + CO N o Ny

These prodﬁcts(siloxyalkenes, siloxyaldehydes, and
1,2-bissiloxyalkenes) are important intermediate of organic
syntheses. It is to be hoped that a series of mew catalyzed
reactions comparable with hydroformylation(oxo xreaction) will
be established on the occasion when the scopé and limitation
of the new catalyzed reactions using hydrosilanes and carbon

monoxide are completely revealed.








