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Preface

The studies presented in this thesis have been carried

out under the direction of Professor Noboru Sonoda at the

Department of Applied Chemistry, Faculty of Engineering,

Osaka University for five years, from 1979 to 1983, and at

the Department of Chemistry, Faculty of Engineering, Gifu

University for the following three years, from 1983 to 1985.

The thesis is concerned with the cobalt carbonyl

catalyzed carbon chain extension reaction and reduction using

hvdrosilanes.

Yanagid.o, Gifu

December 1985
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General fntroduction

Development of new synthetic reactions using carbon

monoxide has been one of the most important subjects in

organic synthesis and in indusaty.L'2 Numerous recent works

using transition metal catal-yst have been devoted to carbonyl-

ation reactions of olefins or acetylen"=.1'2'3 Most of these

reactions require elevated temperatures and high pressures.

Only a few examples have been reported as to carbonylation

reactions at room temperature and atmospheric pressure with

the aid of a catalytic amount of transition metal .o*pl"*.4

Recently, a new catalytic carbonylation reactions of

oxygen containing compounds using a hydrosi-lane and carbon

monoxide, which proceed under the rel-atively mild reaction

cond.itions, has been developed in this l-aboratory.5 Drrtirrg

the course of the systematic study on this reagent system,

it has been found that incorporation of carbon monoxide

into cyclic ethers proceeded at room temperatures and at

atmospheric pressure. In addition, the ability of a hydro-

silane to undergo reduction of aromatic nitriles in the

presence of a catalytic amount of Cor(CO) g has been found.

The prime objective of the present research was to clarify

the scope and limitation of these new reactions.

This thesis consists of two chapters. Chapter l- deals

with cobalt carbonyl catalyzed reaction of cyclic ethers with

― ■ ―



a hydrosilane and carbon monoxide at ambient temperatures and

pressures. Novel- synthetic methods for the introduction of

a siloxymethyl group and a siloxymethylene group will be

described. The study on the regio- and stereosel-ectivity

of these reactions will be also described. Chapter 2 deals

with cobalt carbonyl catalyzed reduction of aromatic nitriles

with a hydrosilane. The selective addj-tion of a hydrosilane

to the carbon-nitroqen triple bond wilf be described.

References

(1) Wender, I; Pino, P. " Organic

Carbonyls "; Wiley: New York,

Syntheses via Metal

■977, Vo■ . II.

(2)Fa■ be′  」. " New Syntheses with Carbon Monoxide "′

Springer― ver■ ag: New York′  1980。

(3)Pruett′  Ro L. Adv. Organometo Chem. ■979′  ■7′  ■.

Siege■ ′ H.F Himme■ e′ w. Angewo Chem.′  Int. Ed. Engュ .

■980′  ■9′  ■78.

(4) (a)CaSsar′  L.F ChiusO■ i′  Go P., Guerrieri′  F.

Synthesis ■973′  509。  (b)A■ per H.F Heve■ ing′  」. J.

Chem. Soc.′  Chemo Commun。  ■983′  365。  (c)Larock′  R.

C.F Narayanan K. 」. Orgo Chem. ■984′  49′  34■■. and

references c■ ted there■ n.

(5) Murai. S.; Sonoda, N. Angew. Chem. Int

■979′  ■8′  837
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Chapter 1. Cobalt Carbonyl Catalyzed Reaction of Cyclic

Ethers with a Hvdrosilane and Carbon Monoxid.e

1.1. Introduction

Although the ease with which the insertion of carbon

monoxide into carbon-cobalt bond takes place und.er mild reac-

tion conditions has been well recogni-zed in the study of

stoichiometric reaction=,1 orrly a few exampJ-e of catalytic

incorporation of carbon monoxide using cobalt complexes at

room temperature under I atm of CO have been reported.2 This

may be due to the difficulty in regenerating the catalyst

species such as HCo (CO), under mild reaction conditions,

especially in the case when a reactant is molecuLar hydrogen.

To overcome these difficulty, silicon compounds like hydro-

silanes was examined as a reactant intead of molecular

hydrogen, since it has been well-known that a hydrosilane

reacts with transition metal complexes much easier than

molecular hydrog"rr. lt' 3

In recent years organosilicon reagents have been
A

extensively used in organic syntheses. = Although reactions

using new silicon reagents have been widely developed,

relatively small attention has been paid to the organic

reactions using compounds having silicon-transition metal

bonds. One 'such reasenL is the silvlcobalt tetracarbonyl ( ⊃
″

-3-



cha■ k′  Harrod′  and MacDiarm■d has found that′ t Was eas■■y

formed by the reactiOn of HSiR3 and Co2(C° )8 (eq ■′ 2)。

HSi R3

HSiR3

(1)

(2)

C°
2(CO)8

HCo(CO)4

R3SiC° (CO)4

R3SiC° (CO)4

HCO(CO)4

H2

For the purpose of organic synthesis, the high oxophiJ-icity

of silicon ato* a'6 in f. is very attractive as the driving

force for the cleavage of the carbon-oxygen bond in the

oxygen containing compounds to form an intermediate having

carbon-cobalt bond. If carbon-cobalt bond is formed under

mild reaction cond.itions, catalytic process with HSiRa and

carbon monoxide can be attained at room temperature under 1

atm of CO. Recently Gladysz has developed new methods for

the formation of carbon-manganese bond by usinq the stoi'chio-

metric reaction of MeaSiMn (Co), with oxygen containing
Tcompounds.' Unfortunately, the manganese reaction can not be

made catalytically because of the poor reactivity of HSiR3

with manganese complexes. The reaction of R3Si-X reagents

(X = halogen, CN, N., SR, SeR, TeR etc) with oxygen containing

compounds has also been wi-dely reported.4 In the case of

cyclic ethers, these reagents undergo ring opening easily

to give the products of the type R3SiO{CHZ}',*.8

In the hope to realize the catalytic reactions using

carbon monoxide at room temperature under 1 atm of CO, the

- 4 …



reaction of cyclic ethers with a hydrosilane and carbon

monoxide in the presence of a catalytic amount of Co, (CO) g

has been studied. On the basis of the analysis described

above, R.SiCo(CO) r, which woufd be easil-y generated in situ,

was expected to react with cyclic ethers to form alkyl cobalt

complexes of the formula R3SiO{CHr}rrCo(CO) 4 (eq 3) .

* R,SiCo(c0)o 

- 

R3Si0{CH2)nCo(C0)4 (3)

Cyclic ethers, especially oxiranes, are one of the most

^-^i I i r ^Lt ^ ^f -^-^^ ^cEqorrr ouo..o-..1-e cl-asses of compounds- so that incorporation

of carbon monoxide into them would lead to a nerd useful

synthetic method.

-:-
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■.2. Reaction of unsubstituted Cyc■ ic Ethers with a

Hydros■ ■ane and Carbon Monox■ de

To begin w■ th′  the reactiv■ ty of unsubstituted tetra―

hydrofuran(2)was examined.  The tetrahydrofuran(2)was

reacted with three fo■ ds excess amounts of HSiEt2Me and CO

in the presence of a cata■ ytic amou■ t Of C02(C° )8 in C6H6

at 25° C under ■ atm of CO.  After 20 hrs GLC ana■ ysis showed

the formation of 46 2 yie■ d of ■′5-disi■ oxypentane(3)and

29 % yie■d of ■′2′ 6-tris(si■ oXy)―hexene(5)・
°
 (eq 4).  As

+  HSi Et2Me +  CO

嘲♂OΥぺ[R3°
４
″

R3sioA/\ /\osiR3 * Rrs:/\/\/\osiR3
3

R3Si = MeEt2Si

shown in Table I′  the se■ ectivity of the reaction was improved

by e■ evating reaction temperature (at 40° C)or by changing

the solvent.  The reaction in CH2C・ 2  y■ e■ded£  exC■ usive■
y

(86 2).  Interesting■ y when CH3CN was emp■ oyed as the so■ Vent′

■′5-dis■ ■oxy-1-pentene (1, Was °bta.ned as the pr■ ncipa■

product.  The resu■ ts of the reaction in CH3CN wi■ ■ be

dttscussed in detai■  in Chapter ■.6.  As the hydrosi■ ane′

HSiMe3 and iSiEt3 Were a■ so effective.  As shOwn in eq 4′  one

- 6 -



Table i. Cobalt Carbonyl Catalyzed Reaction of a Tetrahydrofuran

sol vent fomn o aeL,,,H t ５
″

４
″

ル

auw.lr.bo
IHvattaoo
c t.l
oo

cH.c I .LL
cu r"lUl | ^ U | ^ZI
cH"cl.

LL

c{?c|2
|-LJ

o tt
Et^0

a

Et^0
I

DME

CH^CN
J

C.H-CNo3
ccl, , cHCl., cS.+-1 a

?5

40

60

25

40

25

25

25

25

40

L'

25

25

46

B7

B5

B6

BO

71

BI

39

56

39

53

2

I

n

0

0

0

0

0

0

3

I

I

B

40

5

29

ls
3

t3

3

0

0

t6

ll
6

17

2

I

no reacti on

molecul-e of tetrahydrofuran, one molecufe of carbon monoxide,

and two mofecules of the hydrosi_Iane are cleanly incorporated
'i nl-n {-ho nrnn":t 3. The ovcrall transformation lnadino tnerrv ;.!vuu\ ol l L!olt>lullLtoLrvrr rudurllY LU

!, it formal-ly a nucleophilic introduction of an oxyrnethyl
-l 1group which is not an easy task-' from the view point of

organic syntfresis.

To establish the range of the applicabrJ i ty of this nc\,v

a) Reaction condit'ions: tetrahydrofuran(2.5 mmol ), HS.ittrMe(7.5

mmoi ), Co2(C0)B(0.2 mmol

b) GLC yie1d. c) Hsiue,
), solvent(2.5 mL), C0(l atm). 2C h

was used. d) HSiEt, was used.

-1-



type of transformation, other type of cyclic ethers were

also reacted with HSiR. and CO. The resufts are summarized
J

an I'able It.

The reaction of ethylene oxide proceeded smoothly to
€nrm 1 ?-Ajeilnvrz-nrnn:natfA\ in crnnd rriolfi The USe OfLVL'L.LfJ]rlYvvuJrgru.

n-hexane as a solvent fairly retarded the reaction rate.

Table II. Reaction of Cyclic Ethers with HSi[t2Me and CO. a

cve 1 i e othanvJv,,v gurrgr
sol vent
time

products b

yie1d, %

●
“

０

　

８

５

　

，
一
　

Ａ
４

▽

◇

Ｏ

Ｏ

CH2C12'

C6H6'

n~C6H14'

R3SiO/〆ゝ＼ノ/べゝOsi R3

6

91

90

39

cHzc1 2'
au"6"6'
DMT,

n-c6H 
I 4 '

cH2c12'

ct1zcl2'

2h

7h

7h

7h

72h

72h

R3SiO～ R3S10~OSi R3

ι      ι
83              16

17              63

17              66

traCe             96

no reactiOn

no reaction

a)Reaction conditions:

,Ino l), Co2・ (CO)8(0・ l mmo]

b) GLC yield. c) R3Si =

cyclic ether(2.5 mmol),

), solvent(5 mL), co(1

MeEt2Si・

HSiEt2Me(7.5

atm), 25° C.

二 8 -



The reaction of oxetane in CH2C・ 2 C°mp■ eted within 2 h

as mon■ tOred by GLC.  The products Obta■ ned′  however′  were

■―si■oxy一 propane c乙 ) (83 2 yie■ d)and ■′4-disi■oxybutane (渠リ

(■ 6 t yie■ d)′  shoWing that the princ■ pa■ reaction of oxetane

tOOk p■ace w■ thout incorporation of calbon monox■ de.

Interesting■ y the product distribution of thtts reaction was

high■ y dependent on the so■ vent used.  As shown in Tab■ e II′

■ncorporation of carbon monoxdie to give 8′ became exc■ us■ve

reaction course when n― hexane was emp■ oyed as the so■vent.

The reaction of tetrahydropyran or oxepane with HSiEt2Me

and CO in CH2C・ 2 at 25° C under ■ atm of CO did not proceed

and the starting mater■ a■ was quantitative■ y recovered even

after 72 h。

Accttrding to these resu■ ts the new reagent system of

HSiR3 and CO can be uti■ ized as an oxymethy■ ating agent of

three― ′ four― ′ and five― membered cyc■ ic ethers.  The

transfOrlnation ■s equ■ va■ ent to the forma■  nuc■eophi■ ic

oxymethy■ation such that depicted in eq 5 for the case of

■′3-dio■  synthesis.

R`

や CH20R 

―

 R′

、
＼

lff＼

▼/′
OR

(5)

- 9 -



1.3. Mechanistic Aspects

Although the mechanistic details of the cobalt carbonyl

catalyzed reaction of cyclic ethers with a hydrosil-ane and

carbon monoxide has not well understood, reasonable specu-

lations can be made on the basis of the knowledges about the

accepted mechanisms of cobalt- caLalyzed carbonylationl and

cobalt carbonyl catalyzed reactions of olefins, aldehydes,

and aIkrzl :cotafes with ,a hwdrosil-ane and carbon monoxid".ll'13

The nronosed mechaniSm fOr the fOrmatiOn Of ? j c 'rani nfarl in

Scheme f. The key catalyst species in the present reaction

(eq 4) would be a silylcobalt carbonyl 1. The catalytic

r:r.zr-le wnrrld l-rorrin wi.{-h f he reaction of I with the substrate
-nl

2 to form a silvloxonirrm ion intermediate 9 and Co(CO)1,
-4'
fnl'lnt.rarl l.rrz nrraloanh'i-l i a :f f :nlr aF Calf-n) 

^n 
Q fn airro :nlvrrvwuu!Jvv\vv, "''L".

alkyl cobal-t complex 10. These processes illustrate a new

enfrw fn alkrzl-cnh:ll- narhnnrzl q- llhe r:omnlex ]-0 would
-.^"*JllrvvvrllY+.-

undergo successive transformations, i.e. alkyl migration,

oxidative addition, and reductive elimination to form

s■ ■oxy a■ dehyde ■■. 4  The aldehyde wou■ d react aga■ n w■ th

to give ■2 and fina■■y afford the productん  and regenerate

s■ ■y■ cOba■ tん by the reductive elim■ nation from 13.  The

similar reaction pathway would be depicted for the reactions

of ethyJ-ene. oxide and oxetane. Accordrng to the resufts

listed in Table I and TI, oxetane seems to be the most

■
村

― ■0 -



Scheme I

I r-_l ^ A co(co)o -(\) $)^ c"tcotl
r Y 10

R.SJ -
J

o oH
. ll HSiR-r Ll r

nrsio'\Arltco(co),
5i R"

J

ぃ1認 Hん で 0灘 Щ04+
u
R-Si0 ,,'rT

R,,S i 0/ \,/ \,' t 
Co (cO ),

: SiR3

Scheme I I

C0

- 3  

■  1

‐２
”

７
″~ /H

R3Si、

NI ~R3SiH  +  Nu

15

reactive to ! among cyclic ethers. It may be due to the
'1 trhigher basicity of oxygen of oxetane" and high strain energy

of oxetane ring.to In the case of oxetane the product I may
'l?

be obtained by the hydrogen transfer from HSiRr'' to l-4 as
J-

depicted in Scheme fI. The hydrogen transfer may require

activation of HSiR^ into a pentacoordinate form such as 15.18
J-*

― ■■ ―



The products obtainable from hydrogen transfer were not found

in the reaction of ethylene oxide or tetrahydrofuran. Oxetane

miErht pfay a rol-e as the nucleophile to form the penta-

cOordinated intermed.iate l-5 . After transf erri nn l-r"Ari rra l5
4

m=rr l-ra nnnrrarf ad ra c i l rzl nvnn jgm iOn 14 . TheSe pfOCeSSeS
N

m:.r 't ra :naa'l^-af pd i n a nnl Ar SOlvent.s t/vru!

― ■2 -



1 A n^aali ^h ^f Svmmef ri call\' (rrhc1- i trr1- ad f-yC1iC Ethef S
I.4. KedULIL/rr U! rJrrul(u

with a Hydrosilane and Carbon Monoxide

The cobalt carbonyl catalyzed reaction of cyclic ethers

having substituents at various positions has been studied-

Generally, incorporation of carbon monoxide took place al 25

oc under l- atm of CO in CHTCLT CUHU or n-hexane in a similar

manner as has been shown for unsubstituted cyclic ethers

(Table I, rI) to form the corresponding diol disilyl ethers.

The resufts obtained for syrnmetrically substituted cyclic

ethers are given in Table III.

In the case of 2r5-dimethyltetrahyd.rofuran, the product

having an unsaturated bond was detected - It may be ascribed

to B-hrzdridc. etimination from the intermediate similar to 12.
N

In such a case, the use of HSiMet instead of HSiEtrMe was

found to be effective in suppressing the byproduct formation.

The lessi l-rrr'l kw HSiMe. would undergo oxidative addition (see

12 and 13 in Scheme 1) more easily than HSiEtrMe to give the
*N

desired product exclusively.

similarly to oxetane, product distribution of the reac-

tion of substituted oxetanes was also dependent on the solvent

used. Although the alkyl substituents seemed to retard the

reactj-on rates, the reaction in n-hexane proceeded smoothly

to give desired 1,4-disiloxy butanes. The reaction of oxetane

having acetoxy group with HSiEtrMe and CO in n-hexane gave

― ■3 -



Table IiI. Cobalt Carbonyi Catalyzed Reaction of Symmetrically

Substituted Cyclic Ethers with HSiR. and C0 
a

:考F:IC   COnditlons

∞   ::l[:2!:'h 6H6                  職 :l13  10  6%

學   甲0梓 OSi中んΥ 喝17               18

HSiEt2Me, CH2C12        38%                   56%

25° C, 20 h

HSiMe3' CH2C12           0%                   71%

◇
π印hり

Oγ 2ぃЮγヂ¬
HSi Et2Me, CH2C12      64%              11 %

0° C, 2 h

HSi Et2Me, n― C6H14      1 %               95%

O Fl“
h TO)処
ぃЮ～
ジЪ

HSi Et2Me, CH2C12      68%               12%

0° C, 7 h

HSiMe3' n― C6H14      trace              67%

25° C, 20 h

productb,yie'ld,%c

り 0禁 晰%り 0笹
腋%

響       OSiR3雑
HSiMe3' CH2C12         61 %               0%

25° C, 20 h

HSiMe3' n― C6H14         7%              76%

25° C, 20 h

- 14 -



Conti nued

FXH R3｀ 0～
ν晰R3

r\^J I v 
^rJ1" OAc   26

4%HSiEtrMe, CH2CIZ g%

00

00

Ｙ
岸
ｏ
稔
０

25° C, 20 h

HSi Me3' n― hexane         O%               87%

25° C, 20 h

HSiEt2Me, n― hexane      18%               36%

25° C, 20 h

HSiEt2Me, C6H6

25° C, 3 h

HSi Et^Me. C-H-I bb
25° C, l h

HSi Et^Me. C-H-t bb
25° C, 20 h

HSi Et2Me, C6H6

25° C, 20 h

〈〔:〕〔〔:Si:♀ R3   88%
27

〔〔〕】〔l;::lR3   65%
28

‐
SiR3        60%

ヽ

1)):l;/OSiR 3       73%
OSi R3        30

0  1::li310C13C`H5                 )く
:13)〔ll::lR3 3186% d

iO  l:l[:21:'hC6H6                   α
(III〔;::lR3 32100%d

a)ReactiOn conditlons: cyclic ether(2.5 mmol), HSiEt2Me(7.5

mm01), or HsiMe3(2.5 mmol), Co2(CO)8(0° l mmol), Solvent(5 mL),

CO(l atm).  b)R3Si Stands for MeEt2Si °r Me3Si・  C)GLC yield.

d)The stereochemistry has not been established yet.
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the product 26 and cyc■ ic compounds ゃ ′ respective■ y′  in low

y■ e■d.  The product 25 may be obtained by the intramo■ ecu■ ar

attaCk Of acetoxy group on s■ ■y■oxon■ um ■on ■ntermediate

(SCheme III)。   The prOduct 25 was se■ ective■y obtained by the

Scheme III

甲ρ上甲」
reactiOn ■n CH2C・

2・
  The des■ red reaction ■eading to 26 cou■ d

be attained by the react土 on with HSiMe3 in n― hexane.

The stereochem■ stry of the reaction ■s of interest and

■mportance.  The resu■ ts obta■ ned for cyc■ opentene ox■ de

■ndicates the stereochem■ ca■ course of the r■ ng opening to

be trans.  This is a■ so the case with cyc■ ohexene oxide (65

t yie■d Of the corresponding disi■ y■ etheF).・
9′ 20  The trans

Opening has been further demonstrated in the acyclic system′

name■ y′  the stereospecific synthesis of threo―  and erythro―

2-methy■ ―■′3-dittl derivatives.  These resu■ ts imply that the

Carbon―oxygen bond c■ eavage with concomitant formation of the

carbOn― coba■ t bOnd (9-― )■ O in Scheme I)wOu■ d proceed with

■nvers■ On of configuration at the carbon atom. ・

Chemo―  and stereose■ ective r■ng open■ ng was observed

fOr the reaction of cyc■ ic ether hav■ ng both three―  and five―

membered riAgi22

0

― ■6 -



1.5. Reaction of Unsymmetrically Substituted Cyclic Ethers

wj-th a Hydrosilane and Carbon Monoxide

The regiochemistry of the reaction of unsymmetrically

substituted cyclic ethers has been studied. As summarized

3/--r4
z / + \c\o/- Z

I

in Table IV, introduction of substituents at the C-3 position

of tetrahydrofuran has resulted in the incorporation of

carbon monoxide predominantly (run l-) or excl-usively (run 2r3

4) at C-5, probably due to sterically unfavorable approach

nF ca i/r,.\\ +^ C-2 in the silyloxonium ion corresponding to 9.evr!eaI'v

Table IV.

run THF condi ti ons product,.yield

０

０

し

R3鋪 0～ 晰 R3R3ゝ 0   0鋪 R3HSi Et2Me, C6H6

25° C, 20 h

HSiEt2Me, C6H6

25° C, 20 h

HSiEt2Me, CH2C12

25° C, 20 h

HSiMe3' CH2C12

25° C, 20 h

34  70% 35  8%

Ph

38

18%

2%

R3sjo)a^\osiR3

36  84%

R3sio osiR3 R3sio^n-/-\osiR3
Ph

37

59%

54%

― ■7 -



AlthOugh a byproduct having doub■ e bOnd was ObServed fttr

3´ pheny■ tetrahydrofuran′ the use of HSiMe3 Suppressed the

formatiOn of the byproduct.

尋   甲
OQΥ OSiR3+甲 0ん い 0当

29%                  ,9 48%
39                            ～

◇ 鵠 戸
>いЮ
W桃
L`+甲0棒ヾ軌

% Hsi Me^         3%         13%
6

∨

矩
The ring opening of 2-methy■ tetrahydrofuran(ジ )tOOk

place both at C-5 and C-2 to give 2-methy■ ―■′5-disi■oxypentane

(40)and 3-methy■ ―■′5-disi■ oxypentane(34)in a ratiO Of

62 : 38 in 77 t combined y■ 9■ do  Simi■ar tendency for regiO―

se■ ectiv■ ty was observed fOr the reaction of propene oX■ de

(45).  Interesting■ y ring opening Of 2-rlle thy■ oxetane(42)

with HsiMe3 and CO in n― heXane tOOk p■ace predominant■ y at

■ess― substituted carbon center.23  A COmplete regiOSe■ ection

was Observed for the react■ on of 42 W■ th HS■ Et2Me and CO ■n

n― hexane′  on■ y 2-methy■ ―■′4-disi■oxybutane(44)being Obtained

in 89 t yieldo  comparing with the regiose■ ectiVity Of ring

opening of 39 or 45′  the oxetane 42 seems tO be the speCia■

case tO exhibit the high regioSe■ ectiV■ ty.  AlthOugh no c■ ear

HS i Et21Nle

C6H6

0%                     89%

R3ゝ OΥ は R3+R3ゝ 0林 0鋪 R3

46

25%

47′

75%

― ■8 -



Table V.

run oxi rane condi ti ons product, yiel d, %

句ｏ
::|::21e1 25°

C      

鴬 ::R3  

ノ/へ＼

l(11:子

/OSi R3

47  33%       48  66%

HSiMe3' 0°じ

CH3~Ph' 10 h

R3sio/\A/osiR3
３

％

０
ヽ
　
　
つ
こ

・
１

　

９

ぐ
０
ヽ

∩
）

５７
”

2   
宙   ::I::2::'h25°

C″
、́、/´、

I〔
::|::R3/´

＼
＼//｀

)(1lt子

/OSiR3

49  18%        50  40%

3    Y`/｀＼
57  :i:li:: i:° I    Ц I::13  

瓦
:/OSi R3

51  21%       52  60%

ヽ
XKiRfOSiR3

53  73%

5 CH30r｀ヽ

、7ア     l:|::2!:'h25°

C        CH 30/´
＼

)(11キ
子

/OSiR3

54  82%

6 CH30r興に

、[ア     l:|::21:'h25°

C        CH30ノ
メミ

〕(子‖
ミf/OSi R3

55  83%

7  H30ヽ

1「

ハ`
1[ア   :i:[|:le,4 i°

C

HSiMe3' 0° C

CH3~Ph' 20 h

CH30-OSiR3

0   0Si R3

56  83%
イ

8Hη

― ■9 -



conti nued

, to-,\7

ｏヽ
10 Cl

５９
″

1l  Cl

☆ｏ
HSiMe3' 0° C

C6H6' 72 h

∝

摯

晰 R3

OSiR3

63%

た0介
～
脳R3

0SiR3

62  87%

0

６〇

一

12 AcOη

0

13 Phせo～ Ph:0/´
＼

、r/｀
/ヽ/OSi R3

0SiR3

HSiMe3' 25° C

CH2C12' 2o h

98%

explanation for the high reErioselectivity can be offered at

fha nra-^n+ +i-^ -i-il:r h.i-h rerr.i oqelcctiwitrz waq, okrqerwedLrru PisDErlL LIlLtga >!rlrtrro! ltrvrr !e9fv-srsuLivrsl

)Lby Weber et aI., in the ring opening of 42 wiLh MerSiCl.-=

The recriose'l ectirz.i tv of the reaction of various oxiranes

were i nrro.+.i ^rted, since fUnctionalized oxiraneS are readilye+Yq ' 

qaccessibl-e from substituted olefins-, and the regioselective

introduction of a siloxymethyl group to oxiranes would

provide a useful method for the preparation of I,3-diof deriva-
ttves.-- The results were summarized in Table V. As in the

６４
”

HSiEt2Me, 25° C
R3SiO― OSiR3

O   C6H6' 20 h OSiR3

58  81 %

cr,/.t losiR3
OSiR3

71%

HSiMe3' 25° C

C6H6' 48 h

HS in4e3' 25° C

C6H6' 48 h

- 20 -



case of OXirane 45 described above′  a mixture of regioisomers

were Obtained from a■ ky■  substituted oxiranes (run ■′ 2′  and

3).  High■ y regiose■ ective ring opening of the oxirane having

t―buty■  group (run 4)indiCates importance of steric factor.

High regiose■ ectiv■ ty was observed in the reaction of ox■ ranes

having oxygen or ch■ orine substituents.  In these cases

functiona■  groups such as methoxy′  methoxycarbony■ ′ ch■ oro′

acetyl′  or benzoy■ cou■ d to■ erate the reaction cttnditions.

The pur■ ty of the products was estimated as greater than

95 2 on the basis of ■00 M Hz NMR spectra (CC■ 4)f°r runs 5

- ■■.  In the case of runs ■2 and ■3′  addition of Eu(thd)3 t°

NMR samp■ es of the products causes separation of signa■ s for

the regioisomeric methy■ ene protons.  These spectra showed

that the ring opening took p■ ace at C-2 to form 62 and 64

with ca。  90 3 se■ ectivity.

The regio― determ■ ng step of the reaction may be the

attack of cO(co)4 °n si■y■oxonium ion intermediate(65)′  as

depicted in Scheme IV.  The ring opening at C-3 (a primary

center)is ■ike■ y to invo■ ve SN2-■ ike attack of CO(CO)4′

Scheme IV

R " " R ".{-

- 

x.,0+ ud+II
si R3 si R3

65

RfШ
4

0Si R3

R

に腐ゃ

- 2■  ―



whereas cleavage aL C-2 (a secondary center) would be accounted

for by assuming the devefopment of partial positive charge

at this carbon atom in the transition state and proceed by

a borderl-ine S,,2 mechanism in r.rr-'i nh c , f r:ns jtion stateI\'..'"^."N.

possesses substantial S*1 character. Higrh regioselectivity

observed for run 5 - 13 may be due to the suppression of the

development of the partial positive charge at C-2 by an

efectron withdrawing group. The effect of electron withdrawing

group has been further demonstrated by the reaction of tetra-

hydrofurfuryl alchol derivatj-ves .

ρ
ｏ
Ac

60° C, 20 h
R3SiO~//(【 ::113

66  81%

R3｀    0｀ R3

67  52%

As listed in Table VI, various attempts to achieve

highly regioselective ring opening of l--butene oxide26 h.t
been made. Although the yield was rather low, the use of
tetramethylurea resufted in the improvement of the regio-
selectivity.

Thc rina rlpsninq of cvcl-ic ethers havino terfiarv carbonrrIV vI/urrrlry vr u),ufl9 ELIIE!> lIqVIrry ue! Las!J

center was expected to occur at a tertiary center, since the
development of the partial positive charge would be highly
enhanced at a tertiary center. As expected, the ring opening

- 22 -



Table VI

yield, %

HSi R3 sol vent additive ノ
″`

1〔
::ll:R3

OSiR3 ratlo

HS i Et^Me C.H.z oo

lJQiMo aU a H

lil‖
I::C

Bじ
3P
Et3N

(Me2N)2C=0

３

　

３

　

０

　

５

　

２

　

５

　

３

Ｒ

〉

ど^

　

，
こ
　

―ヽ

　

ｌヽ

　

ｌ

ｉ

66

45

42

31

33

54

25

2.0

1.9

2.2

2.0

2.8

3.6

11,7

Reaction conditions:1-butene oxide(2.5n4n01),HS

HSiMe3(25 11nlol), Co2(CO)8(0・ l mmol), addi tive(0.2

(5 mL), CO(l atnl), 25° C, 20 h.

i Et,Me ( 7.5 mmo'l ) or

mmo'l ), solvent

of 2,2-dimethyltetrahyd.rofuran and 2, 2-dimethyloxetane

took place exclusively at the tertiary centers, but without

incorporation of carbon monoxicie.

RrSi0/l + R,Si0-^<f + R3S.i V-
26% 47% 26%

や   り淋 +り淋 +り黙
1%            2%              22%

Interestingly the
( 99) took place at

ri nn nnan i nn nf

both sites to

2-methy■ propene ox■ de

form 24 t yie■ d of 2′ 2-

- 23 -



狩 濫製 弊
∞

――

t〔::|::R3  +

69  24%

OSiR3

70  10%

71  22% 72  69%

dimethy■―■′3-disi■ oxypropane(69)and ■O t yie■ d of 2-methy■ ―

■′3-dis■ ■oxybutane(70)w■ th byproducts der■ ved from r■ ng

open■ ng at a tert■ ary center w■ thOut incorporatiOn of CO.

The incorporation Of carbttn monoxide took P■ aCe at the

tertiary carbon center of 68.  It shou■ d be noted that

the precedents of CO′ i_nsertion intO a tertiary carb9n tranSi~

tion meta■  bond were extreme■ y ■im■ ted even ■n the sto■ ch■ 0-

metric reactions.27′ 28  .n the case of 2-methy■ -273-epoxy一

propano■ ′ carbon monox■ de was a■ so ■ncorpttrated into the

product drived from ring opening at the tertiary center.

IncorporatiOn of CO into the tertiary center at OXiranes lrtay

be due tO the stabi■ ization of an acy■  comp■ ex by a COOrdi―

nation Of Oxycren tO COba■ t like 73.

H%髭
ギ
誡 辞

%ゝ 0罵

LR3■

り
0)～ OSiR3

0Si R3

I.snc,ip
| ,2"" "'3

n2- "? r "nr'U UU\UU/3

,:

For the similar type of oxiranes but having an electron

- 24 -



withdrawi-ng group, incorporation of CO at the tertiary center

was not observed.

CH30≒
      ~I:1::セ ::ltil寺薩FT「

・
>

釧句

HO′
/へ｀
＼
モ7ゝ
 ―
li:|:「
[|1lL・

> R3SiO//＼
＼

I〔:tl::R3  +

76     0° C, 72 h 77
～ ～

CH30/川
｀
1(llミ
:〆

OSi R3

74  89%

,,1^rosiR3
OSi R3

75  56%

Fina■■y the ring opening of trans-2′ 3-epoxybutane― ■―o■

(76)has been studied.  The reaction ttf 76 with HSiMe3 and

C° in CH2C・
2 at O° C proceeded s■ ow■y to form 77 and 78 in 34

and 56 2 yie■ d.  The structure of the product 78 was

idenf i f ied l-rrr the r:omnari son of 270 MHz NMR data of the

hydrolysis product of the mi-xture of 17 and 78 with the l-H NMR

data of 2-methyl-L,2,4-butane-triol (79) in the Iiteratut".29

R3S10/へ
ゝ

rヽり

にヽ
ン/OSlR3

OSiR3

78

R3S10/´
＼ゝ
/り
k＼
シ/OsiR3

0Si R3

erythro-79

R3S10/´
＼

、r'k＼
シ/OSi R3

OSi R3

th reo-79

As already observed for cis and trans 2-butene oxide, the

- 25 -



rind ^nahinn n€ '7A rraaaa^^.{ With inVerSiOn tO giVe threO'-i t'-

fnrm nf '7e' Si nr:e nrpn:r^f i nn of onf i ca'l lv nrrre pnr.l:<\/ a1cl6]
';' J .Yq-

'1 A haq heon ronnrl-pd hrz Qhrrnr - -- - I 30Iess et df.,-" optically pure

triol 79 - wh'i r:h is of f en pmnlowed aq a kcv i ntermediate,jt sJ s ,\v/ a

in natural- products syntheses," rill- be obtaineo by the

reaction of HSiRa and CO. In order to enhance the regio-

selectivitv loadino to 78- the reaction of some ester deriva-';'
tives of 76 was inwestin^+..d,.32 As shown in Table Vff, the

N

reoi ose I er:.l- i rzi tw wa q morjprete I v i mnroveri hv the introduction

af -^^+"'l ]-^--^\,'l 
^r m6f l-rnvrrnerhnnrr'l drnltn Hi ah Onh:ncO-vr qUELy!r pv\LLvyL, U! rLtELIlUxyUat!Ullvf 9rUup. rrryr.

menf clf reoi osel ecti vi tv was ar--h ierzed hv derivatization of

f ha :'l ahnl 76 r.r jth chloroacetyl group._:i..

Tablc VII

oxl rane 'cernP, time aaa/,,rt ,,i^l/
Pr ueur L, J I c r u

0

0

品
行

0

CH3080//ヽ、
、ァ
た、

0

ClCH280絆

uttF〈
3

80  17%

PhiO 

ヽ ll:3

82  12%

CH3010 'ItI〔

|:::l:3

84  12%

ClCH2!0 

■ l::3

86  3%

たに⌒■ /晰 %
OSi R3

81  62%

賄Lへへ//%漱 3
0Si R3

83  43%

CH30:0プ
(、/氏＼マ/OSi R3

0Si R3

85  60%

叫L～いヽ
OSiR3

87  67%

AcOン
/^｀

＼ /′
、
0° C, 72 h

25° C, 48 h

25° C, 43 h

0° C, 72 h

Reaction conditjons: oxjrane(2.5 mmol ), HSiMer(25 nmoi ), Cor(C0)B(0.') mmol ),
solvent(5 mL), C0(l atm).

- 26 -



1.6 Ring Opening of Tetrahydrofurans Leading to EnoI Silyl

Ethers

During the course of the study on the cobalt carbonyl

caf alvzcrT reantions of tetfahvdrofrrran (2) wi th a hvdrosi I anevses+J\?

and carbon monoxj-de, a new type of reaction of Z has been

found. As already described in Chapter I.2., the reaction
aF ? r.,i +1-' LrciFr-1lvle and co in the presence of co. (co) 

" at '"zo

atm and 25"C using C.H- or CH r-l :q rho roaslion solvent- o o 2"-2""
.ra\/e I - q-di qi I oxwnenlane ( -3) - into which the reactant CO isYqYv+,Jgrvr\X./,

'inanrnnv:{-arr =q fha owrmal-hrzl group (88). The COmplete

change in the product distribution has been brouqht about by

cimnl v nl-r:nni -.1 the reacf.i on qn-l rronf f rnm C ll . tO CH.CN.-''",.."6oJ

Tn the nresenJ- rear-f ion - r-arl-rgp mOnoXide haS enripd rrn i n f hcfvq!9.1,-,.

fnrm n€ =h ^v'nAthrrl i dono nrnrr- (89 ) i nqf oer'l oF i-ho nvrz-!v!ltl u! oIt u yrtru ulr j aruulre yrvuP ,":, rll> Lgqu ur Lire v^J

methvl moicl-rz I88)t-

MeEt2SiO~コ
√

~~｀

L、
(~CH20Si R3)

88

(=CHOSi R3)

OSiEt2Me

MeEt2SiO長

4  0SiEt2Me

３
型

８９

″

The coba■ t carbonyl

HSiEt2Me and CO in CH3CN

cata■ yzed reaction of とWith

gave a stereoisomeric mixture (57 2

HSi Et2Me

Cat' C° 2(CO)8
l atm, 25° C

in CH3CN

- 27 -



yie■d)of (z)―  and (E)=ん  (3 : ■)and a sma■ ■ amount of 3 (3

yie■d).  The reaction a■ stt proceeded in a mixed solvent of

CH3CN― C6H6 (・  : 
・
) to give t (66 2′ Z : E = 3 : ■)and 2

(0.3 老)。

Table VIIi. Cobalt Carbonyl Catalvzed React.ion of Tetrahvdrofurans
with HSiEtrMe and C0 in CH,CN

tetrahydrfu ran product(R3Si = MeEt2Si)' yield,%

器
∝
∝
學
じ
や R3sio/)AAotr*,

Reaction conditionsi tetrahydrofuran(2.5 mmol), HSiEt2Me(7.5 rnmol),

C°
2(CO)8(0・

2 mmol), CH3CN(5 mL), CO(l atm), 25° C, 20 h

a)C°
2(CO)8(0・

4 mmol). b)Co2(CO)8(1・ 25 mmol).

４
″

９‐
Ⅳ
41%(Z:E二 1:l)a

16%(Z:E=1:1)

(50%)b‐７
″

９４

″

９３

″
16%(Z:E=7:3)

4o%(Z:E=7:3)

n,sio/\Alruosi R3 57 % (z: E = 3:t )

臨 乳
%"昭H利

は ll:R3

R3SiO/メ
＼＼ッ/へ＼
マ

クЯLへOSi R3

Ъ鋪0～VO当 +り0/以み 0当
9234%(Z:E=7:3)
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The resul-ts obtained for some substituted tetrahydro-

furans in CHrCN are given in Table VIII. Although the yields

are only *oa"r-t., the selective formation of enol silyl
??

ethers seems of general- for tetrahydrofurans."" The function

of CH.CN is not understood yet. There exist many possibilites:

.""toiitrile may act as a ligand for a cobal-t intermediate,

as a base for proton abstraction from an intermediate, or as

a solvent to stabil-ize a carbocationic intermediate. It

haq hoan ronnrt-gql that an eno.l si lvl ether similar to 4 was

found among the products when Me.SiCo(CO)d was decomposed
34

I n totr=h\rdr^tr1?-h urvr utair \k) .

- 29 -



L.7, Experiment

L.7 .L General Procedures

Infrared spectra were recorded with a Shimazu IR-400 or

JASCO grating fR spectrophotometer IR-G; absorptions are

reported i-n reciprocal centimeters. In *uo* were recorded on

a Japan Electron Optics JNM-PS-100 spectrometer or Japan

Electron.Optics JNM-GX 270 FT-NMR spectrometer operating at

I00 and 270 MHz respectively with MenSi or CHCIa as an

internal standard. The position of i"lenSi was recognized by

adding the standard after the spectrum recorded without it.

Otherwise the signal of the standard may be confused with

that of organosilicon compounds. Data are reported as fol-Iows:

chemical- shift, multiplicity (s = singlet, d: doubfetr t =

triplet, e = quartetr In : multiplet, c = complex, br = broad) '
couplingr constant (Hz) , integration, and interpretation.
t?*"C 

NMR were recorded on a Japan Electron Optics JNI'1-FX-60s

spectrometer and are reported in ppm from tetramethylsilane

on the 6 scaIe. I"Iass spectra were recorded on a modef Rl4U-68

instrument operating at 70 eV. Elemental anal-yses were per-

formed by Elemental Analyses Center of Osaka University.

Analytical gas chromatography (GLC) were carried out on a

Shimazu GC-31F or a Hitachi Model 163 equipped with a flame

ionization detector, using a 6 m x 3 mm stainless steel-

- 30



co■umn packed with 52 Si■ icone OV-l supported on 60-80 mesh

Chromosorb W(AW)。  Preparative cLC was carried out using

Hitachi Mode■ K 53 gas chromatttgraph using 2 m x■ O mm

stainless stee■  co■ulnn packed with 5t Si■ icone Ov―■ supported

on 60-80 mesh Chromosorb W.

Benzene′  to■ uene′  ■′2-dimethoxyethane (DME)′  and n―

hexane were disti■ ■ed from sodium― ■ead a■ ■oy.  Dich■ oro―

methane was distil■ ed fron CaH,.  Acetonitri■ e was distil■ed

from sodium carbonate after drying over phOSphorus pentox■ de.

Carbon monoxide was purchased from Neriki gas Co. and used

as rece■ vedo  Co2(C° )8 Was purchased from strem Chem■ ca■ Co.′

recrysta■■ized from n― hexane (25° C to -20° C)and stored under

carbon monoxide atmosphere in a refrigerator.  Hydrosi■ anes

were prepared from ch■ orosi■ anes fol■ owing ■iterature

procedures. 5

L.7.2 General procedure for CobaIt Carbonyl Catalyzed Reactj-on

of Cyclic Ethers with a Hydrosilane and Carbon lulonoxide

A ■O mL two―necked round―bottom f■ ask equipped with a

Tef■ on― coated rnagnetic stirrer bar was f■ ame dr■ ed and then

charged with O.0342 g (0.■  Irlmo■ )of co2(C° )8′  fitted with a

serum cap and Co ba■ ■oon and f■ ushed with carbOn monoxide.

To the f■ ask was added ■.■ mL (7.5 mmo■ )Of HSiEt2Me with a

syr■ nge.  After five m■ nutes′  to this so■ution were added 5
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mL of solvent and 2.5 mmol- of cyclic ether. The solution was

stirred for an appropriate period, a few drops of pyridine

were added to it, and the air was bubbled for about fifteen

minrrJ-oq rl-ho nroaini +a1-o r^r:q qan:ra1-od hrz nontri frtcr:f inny!9vlt/fuql9

Solvent was evaporated in vacuo and distillation gave a pure

^--^l ^ ^€ !L^ *rqrrL1,re vr urrc product, when necessary, purification by

preparative CLC was carried out. For GLC yields, appropriate

hrrdrncerhnnq /n-C_H^_ ,.) Cafibrated against purified prOducts-n-'2n*.2

were added before or immediately after the reaction.

1.7.3 Characterization of Products

Spectroscopic properties of the products are as fol-lows.
l-H NMR data without indication were obtained at 100 MHz.

3, 1l-Diethyl- 3, 1 l-dimethyl-4, 10-dioxa-3, 1l-disila tri-

decane(l): for a sample obtained by distilfation, bp 99-101

"C/0.3 mmllgr IR (neat) 2950, 2910, 28'15 | 1,460, L255, 800

-] I
cm -; -H xrurR (ccf 4) 6 0.01 (s, 6H, si-cH3) , 0.36-0.66 (m, BH,

Si-CH2), 0.76-1.06(m, I2H, Si-C-CH3), 1.14-1.68(n, 6H, CH2),

3.52(t, 4H, J = 5 .'l Hz, CHr); Mass m/e 289 (0.4, l,t+-Me) , 275

(0.4, M--Er) , l-89(30), l-61-(19), 101(7) , 89(2r), 69(100);

Anal. Calcd for CrrHr,-OrSirz C, 59.14; H, 11.91. Found: C,

59.02; H,12.I3.
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2′ 2′ ■o′ ■0-Tetramethy■ …3′ 9-dioxa-2′ ■0-disi■ aundecanet

for a  samp■ e Obtained by bu■ b to bu■ b disti■ ■ation′  bp ■20

°C(oVen)/22 mmHg, IR (neat)2950′  2850′  ■440′  ■392′  ■250′

■095′  840 cm~・ , 
■
H NMR (CC■ 4) δ O・ 00(s′  ■8H′  Si― CH3)′  ・ ・

34

(m′  6H′  CH2)′  3.44(t′  」 = 8 Hz′  CH2~° )' Mass m/e 233(M+― CH3′

4)′  177(■ l)′  ■58(15)′  ■47(■ 00)′  ■03 (■ 9), Ana■ . Ca■ cd for

C17H4o°
2Si2= C′  53.■

6, H′  ■■.36. Found: C′  53.0■ , H′  ■■.57.

3′ 3′ ■■′■l― Tetraethy■ -4′ ■0-dioxa-3′ ■1-disilatridecane:

for a samp■ e obtained by bu■ b to bulb disti■ ■ation′  bp ■20

°C(oven)/o.3 mmHg」 IR (neat)2850′  1455′  ■4■ 5′  ■385, 1230′

1090′  1000′  790′   720 cm~1, 
■
H NMR (CDC■ 3) δ O・ 59(m′  12H′

Si~CH2)′  0・ 97(m′  18H′  Si― c― cH3)′  1・ 36(m′  2H′  CH2)′  
・
・52(t′  」

= 7.■ ■ Hz′  4H′  cH2)′  3.60(t′  」 = 7.■■ Hz′  4H′  cH2~° )F MaSS

m/e 303(M十 _Et′  2■ )′  274(5)′  217(55)′  189(45)′  89(24)′  69

(■ 00), Ana■ 。 Ca■ cd for C.7H40° 2Si2: C′  6■ .38, H′  12.■ 2.

Found: C′  61.24, H′  ■2.32.

3′ 9-Diethy■ -3′ 9-dime thy■ -4′ 8-dioxa-3′ 9-disi■ aundecane

(£): fOr a samp■e obtained by disti■ ■ation′  bp ■20° C/1 mmHg:

IR (neat)2952′  29■ ■′ 2877′  ■460′  ■4■ 8′  ■252′  ■090′  797′  750

cm~・ , ・ H NMR (CC14) δ O・ 00(s′  6H′  Si―CH3)′  0・ 4-0.88(m′  20H′

Si~CH2~C′  'i― C―CH3)′  l・ 63(quintet′  」 = 6 Hz′  2H′  C― CH2~C)′

3.62(t′  」 =.6 Hz′  4H′  CH2~° Si), Mass ln/e 276(M十 ′ 1.2)′  247

(68)′  ■89(■ 00)′  ■6■ (56)」 Ana■ . Ca■ cd for C.3H32° 2Si2: C′
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56.46, H′  ■■.66. Found: C′  56.39′  H. ■■.72.

3′ ■0-Die thy■ -3′ ■0-dime thy■ -4′ 9-dioxa-3′ ■0-dis■ ■adodecane:

(理 ): fOr a samp■e obtained by bu■ b tO bu■ b diSti■■ationF bp ■00

°C(oVen)/o。 4 HlmHg, IR (neat)2950′  2880. ■460′  ■420′  ■390′  ■260′

■■00′  ■0■ 0′  800′  760 cm~1, ・ H NMR (CC■ 4) δ O・ 0■ (S′  6H′  Si― CH3)′

0.6(m′  8H′  Si― CH2)′  
・
・2(m′  ■2H′  si― C― CH3)′  

・
・33(m′  4H′  CH2)′

3.64(m′  4H′  CH2~° )' Mass m/e 26■ (M十 _Et′  26)′  ■90(■ 00)′  ■6■

(5■ )′  今na■・ Ca■ cd for C.4H34° 2Si2t C′  57.87, H′  
■■.79. Found:

C′  57.72, H′  ■2.00.

(cis-2-Diethylmethy■ si■oxymethyl)Cyc■ Ohexy■ ethoxy―

(diethy■ methy■ )si■ane(16): for a samp■ e obtained by disti■ ■―

ation bp ■24-■ 26 °C/ 0.3 5 rrtrnHg, IR (neat)2950′  2920′  2880′

■460′  ■4■ 5′  ■390′  ■255′  ■080′  800 cm~・ ,  ・ H NMR (CC■ 4) δ

O.0■ (s′  6H′  Si― CH3)′  0・ 37-0.69(m′  8H′  Si― CH2)′  0° 77-■ .09(m′

■2H′  si― C―CH3)′  1・ 09-1.97(c′  ■2H)′  3.46 (d7 2H′  」 = 6.O Hz′

CH2° )′  3.56(t′  2H′  」 = 6.5 Hz′  CH2~° )' MaSS m/e 329(M+― Et′

4.3)′  21■ (4■ )′  ■89(67)′  ■6■ (26)′  ■23(■ 00)′  8■ (8■ ), Ana■ .

Ca■ cd for C.9H42°
2Si2: C′  63.62, H′  ■■.80。  Found: C′  63.88,

H′  ■■.96.

3′ 1■―Diethy■ -4′ ■0-dioxa-3′ ■■―disi■ a-3′ 5′ 8′ ■0-tetra―

methyltride9ane(18): for a sample obtained by bu■ b tO bu■ b

disti■■ationF  bp ■00° C(oven)/o.35 HImHg, IR (neat)2960′  2945′
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29■ 0′  2880′  ■460′  ■380′  ■250′  ■090′  800 cm~・ , ・ H NMR (CC■ 4)

δ O.02(s′  6H′  Si― CH3)' 0・ 34-0.70(m′  8H′  Si―CH2)′  °°8■―■.01(m′

■8H′  Si― c― cH 3′  CH3)′  
・
・
・
9- ■.72(c′  5H′  CH2′  CH)′  3.35(dd′  2H′

」 = 5.5 Hz and ■.O Hz′  CH2~° )′  3.7■ (sextet′  ■H′  J = 5。 7 Hz′

CH-0)F Mass m/e 303(M+― Et′  2)′  ■89(32)′  ■0■ (■ 8)′  97(90)′  89

(■■)′  73(■ 9)′  6■ (20)′  55(■ 00)F Ana■ . Ca■ cd for C.9H42° 2Si2:

C′  6■ .38, H′  ■2.■ 2. Found: C′  6■ .67, H′  12.32.  NO effort was

made to determ■ ne the ratio of diastereo■ somers at present

time.

(2′ 5-Dimethy■ -5-pent― ■―eny■ )biS(oxy)biS(diethy■ methy■ )―

si■ane (■ 7): for a mixture of (E)and (Z)一 StereoisomersF bp

■06-■■0° C/0.5 1rlmHg′  IR (neat)2955′  2945′  29■ 0′  2880′  ■680

(C=C)′  ■460′  ■255′  ■080′  800 cm~1, ・ H NMR (CC■ 4) δ O・ 02(s′

6H′  Si― CH3)′  0・ 09(S′  6H′  Si― CH3)′  0・ 37-0。 74(m′  8H′  Si― CH2)′

0.82-■ .17(m′  ■5H′  Si― C― cH3′  CH3)′  1・ 25-1.59(m′   5H′  =C― CH′

CH2)′  1・ 69-2.29(m′  2H′  =c― CH2)′  3.7■ (sextet′  ■H′  」 = 6.O Hz′

CH-0)′  5.88-6.02(m′  ■H′  CH=), Mass m/e 330(M+′  4.■ )′  3■ 5(M+

一Me′  0。 9)′  30■ (8.4)′  2■ 2(76)′  ■89(14)′  ■0■ (54)′  89(■ 00)F

Ana■ . Ca■ cd for C.7H38° 2Si2: C′  6■ .75, H′  ■■.58. Found: C′

6■ .48, H′  ■■.84.  It was difficu■ t to determine the E/Z ratiO

from these spectra.

2′ 2′ 4,7′ ■0′ 10-Hexamethy■ -3′ 9-dioxa-2′ ■0-disilaundecane

(■ 8): for a samp■ ■e obtained by bu■ b to bu■ b disti■lation,
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bp ■30° C(oven)/■ HlmHg, IR (neat)2950′  2900′  2860′  ■460′  ■390′

■250′  ■090′  840 cm~・ , ・ H NMR (CC■ 4) δ O・ 02(s′  ■
8H′  Si― CH3)′

0.8(d′  3H′  」 = 6 Hz′  CH3)′  
・
・04(d′  3H′  J = 6 Hz′  CH3)′  

・
・3(m′

5H′  CH2′  CH)′  3.27(dd′  2H′  」 = 2 Hz and 6 Hz′  CH2° )′  3.65

(sextet′  ■H′  」 = 6 Hz′  CH-0)F Mass m/e 186(M+― CH3′  6). ■47

(5)′  ■■7(■ 00)′  97(4)′  73(■ 3), Ana■ 。 Calcd for C.7H38° 2Si2:

C′  56.46, H′  ■■.66. Found: c′  56.26, H′  ■■.78. No effOrt was

made to determ■ ne the ratio of diastereo■ somers at present

time.

3′ ■0-Diethy■ -3′ 6′ ■0-trimethyl-4′ 9-dioxa-3′ 10-disi■ a―

dodecane(20): for a samp■ e obtained by bu■ b to bu■b disti■ ■―

ation′  bp ■20° c(oVen)/ 3 mmHgF ttR (neat) 2950′  2880′  ■460′

■420, ■4oO′  ■260′  ■■00′  800′  760 cm~・ , 
■H NMR (CC■ 4) δ O・ 04

(s′  6H′  Si― CH3)′  0・ 6(m′  8H′  Si― CH2)′  0・ 9(m′  ■5H′  Si― C―CH3 and

CH3)′  
・
・ 3(m′  2H′  CH2)′  1・ 6(m′  lH′  CH(C)2)′  3.5(dd′  」 = 6 Hz

and 2 Hz′  CH2~° )′  3.7(t′  」 = 6 Hz′  2H′  CH2~° )' MaSs m/e 285

(M+―Et′  ■0)′  2■ 7(■ 4)′  ■87(■ 00)′  ■72(50), Ana■  Ca■ cd for

C■
5H36°2Si2= C′  59.■

4, H′  ■■.9■ . Found: C′  58.97′  H′  ■2.■ 3.

3′ 10-Diethyl-3′ 6′ 6′ ■0-tetramethy■ -4′ 9-dioxa-3′ ■0-disi■ a一

dodecane(22): fbr a samp■ e obtained by bu■ b to bulb disti■ ■―

atiOn: bp 97° C(oven)/ ■ mmHg: IR (neat)2940′  2860′  ■460′

■250′  1090′  1000′  830′  800′  780 cm~・ , lH NMR (CC■ 4) δ O・・
(S′

6H′  si― cH3)′  0・ 8(m′  8H′  si― CH2)′  1・ 2(comp■ ex′  18H′  Si― C―CH3
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and CH3)′  
・
・68(t′  」 = 6 Hz′  2H′  cH2)′  3.42(s′  2H′  CH2~° )′

3.84(t′  」 = 6 Hz′  2H′  CH2~° )' Mass m/e 289(M+― Et′  ■5)′  287

(■ 0)′  20■ (5)′  ■87(■ 00), Ana■ . Ca■ cd for C.6H38° 2Si2: C′

60.30, H′  ■2.02. Found: C′  60.05, H′  ■2.■ ■.

2′ 2′ 5′ 5′ 9′ 9-Hexamethy■ -3′ 8-dioxa-2′ 9-disi■ adecane(22):

for a samp■ e obtained by bu■ b to bu■ b distil■ ation: bp 150°C

(oven)/20 -IIg′  IR (neat) 2950′  2800′  ■475′  ■395′  ■365′  ■250′

■080′  990′  870′  830′  750 cm~・ , ・ H NMR(CC■ 4) δ O・ 02(s′  ■8H′

Si… CH3)′  °°9(S′  6H′  CH3)′  
・
・46(t′  」 = 8 Hz′  2H′  CH2)′  3.22(s′

2H′  cH2~° )′  3.62(t′  」 = 8 Hz′  2H′  CH2~° )' Mass m/e 262(M十 ′

3)′  ■77(■ 7)′  ■57(28)′  ■47(■ 00)′  144(72)F Ana■ . Ca■ cd for

C■ 2H30°2Si2: C′  54.90, H′  ■■.52. Found: C′  54.96F H′  11.7■
.

2′ 2′ 5′ 5′ 8′ 8-Hexamethy■ -3′ 7-dioxa-2′ 8-disi■ anonane(懇 ):

for a samp■ e obtained by bu■ b to bu■ b disti■ ■ation: bp ■20° C

(oven)/12 mmHgF IR (neat)29■ 0′  2856′  2821′  ■475′  ■398′  1359′

■258′  ■087′  ■000′  9■ 3′  874′  843′  748 cm~・ , ・ H NMR (CC■ 4) 
δ

O.09(s′  18H′  Si― CH3)′  0・ 80(s′  6H′  CH3)′  3.25(s′  4H′  CH2~° )′

Mass m/e 233(M+― CH3′ 3)′  ■9■  (7)′  ■68(22)′  ■57(92)′  153(89)′

■33(■ 1)′  ■03(27)′  73(■ 00)F Ana■ . Ca■ cd for C.lH28° 2Si2: C′

53.■ 6F H′  ■■.35. Found: C′  52,96F H′  1■ .37.

((5-β ′β―Dimethy■ )―α―OXa― S― si■a)buty■ -2′ 2′ 5′ 9′ 9-penta―

methyl-3′ 8-dioxa-2′ 9-disi■ adecane(24): for a Samp■ e obtained
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by bu■ b to bu■b disti■ ■atiOn: bp ■50° C(oVen)/■ 5 mmHg, IR

(neat) 29■ 0′  2856′  282■ ′ ■475′  ■40■ ′ ■259′  ■245′  ■077′  ■038′

906′  87■ ′ 843′  759 cm~・ F ・ H NMR (CC■ 4) 
δ O・ °9(S′  27H′  Si―cH3)′

0.80(s, 3H′  CH3)′  
・
・42(t′  2H′  」 = 7.5 Hz′  CH2)′  3.30(s′  4H′

CH2~° )″  3.60(t′  2H′  」 = 7.O Hz′  CH2~° )° MaSS m/e 335(M+― CH3′

2)′  245(4)′  2■ 7(5)′  ■9■ (9)′  ■70(■ 0)′  ■55(98)′  ■47(44)′  143

(■ 7)′  ■03(3■ )′  73(■ 00), Ana■ . C,■ cd fOr c.5H38° 2Si2: C′

5■ .36, H′  ■0.92. Found= C′  5■ .34, H′  ■0.87.

Acetttc acid 2-(γ ′γ一dimethyl― β―oxa― γ―si■ a)buty■ -5-oxa―

6-si■ a-2′ 6′ 6-trimethy■ hepty■  ester(26): for a Sample obtained

by bu■ b to bu■b disti■ ■atiOn: bp ■50° C(oVen)/ ■5 mmHg′  IR

(neat) 29■ 0′  2856′  282■ ′ ■737′  ■377′  ■248′  ■087′  1035′  87■ ′

839′  755 cm~・ , ・ H NMR (C9■ 4)0・ 08(s′  ■8H′  Si一CH3)′  °・88(s′  3H′

CH3)′  
・
・47(tメ  」 = 7 Hz′  2H′  CH2)′  

・
・98(s′  3H′  CH3C=° )′  3.30(s′

2H′  cH2~° )′  3.60(t′  」=7 Hz′  2H′  CH2~° )′  3.82(s, 2H′  cH2~° )F

Mass m/e 305(M+― CH3′  2)′  245(3)′  2■ 7(4)′  205(8)′  ■9■ (7)′  17■

(10)′  ■55(34)′  ■47(23)′  ■43(■ 3)′  ■■7(33)夕  ■03(58)′  73(■ 00)′

Ana■ . Ca■ cd for c.4H32° 4Si2: C′  52.45, H′  ■0.06. Found: C′

52.54, H′  ■0.■■.

AcetiC acid 2-(γ ―ethy■ ―γ―methy■―β-OXa― γ―si■a)penty■ ―

2′ 6-dimethy■ -6-ethyl-5-oxa-6-si■ aocty■  ester(26): for a

sample obtained by bu■ b to bu■b disti■ lation: bp ■80° C(oven)/

■5 mmHgF ttRI(neat)2928′  29■ 0′  2875′  ■732′  1455′  ■374′  1237′
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■092′  ■039′  ■0■ 0′  97■ ′ 953′  833′  80■ ′ 762′  684 cm~・ , 270 MHz

・ H NMR (CDC■ 3) δ O・ 05(s′  3H′  Si― CH3)′  0・ 08(s′  3H′  Si― cH3)′

0.58(q′  4H′  」 = 6.3 Hz′  Si― CH2)′  0・ 88-0。 95(t′  ■2H′  J = 3.2

Hz′  Si― C― CH3)′  
・
・54(t′  2H′  」 = 6.8 Hz′  CH2~° Si)′  2.03(s′  3H′

C(° )CH3)′  3.44(s′  2H′  cH2~° )′  3.65(t′  2H′  」 = 6.8 Hz′  CH2~° )′

3.89 (s′  2H′  cH2~° )' Mass m/e 347(M+― Et′  7)′  285(5)′  243(■ 5)

199(25)′  ■6■  (5■ )′  ■57(56)′  ■3■ (■ 00)′  ■03(57)′  ■0■ (69), Ana■ .

Ca■ cd for c.8H40°
4Si2: C′  57.39F H′  ■Oo70. Found: C′  57.■ 7′

H′  ■0.67.

(trans― (2-(Diethylmethy■ si■oxy)cyC■ openty■ )methoxy)―

diethy■methy■ si■ ane(27): for a samp■ e obtained by bu■ b to

bu■ b disti■ ■ation, bp ■20° C(oven)/4 111mHg, IR (neat)2960′

2880′  1470′  ■420′  ■390′  1260′  ■■10 cm~・ , ・ H NMR (CC14) δ

O.0■ (s′  6H′  Si― cH3)′  0・ 59(m′  8H′  Si― CH2)′  0・ 96(m′  ■2H′

Si― C―cH3)・  
・
・6(m′  6H′  CH2)′  1・ 8(m′  ■H′  C― CH)′  3.34(d′  」 = 6

HZ′  CH2~° )′  3.9(m′  ■H′  CH― OSi), ・
3c NMR (CDC■

3) δ MeEt2Si(°

(q)′  6.29(m)′  6。 78(m))′  22.2′  26.6′  35.■ ′ 50.6′  64.2′  75。 4,

Mass m/e 287(M+― Et′  33)′  245(7)′  189(100)′ ■61(7■ )F Ana■ 。

Ca■ cd for c.6H38°
2Si2: C′  60.69′  H′  ■■.46. Found: C′  60.52,

H′  ■■.53.  The trans stereochemistry was determined by com―

parison of the retension time in capi■ ■ary gas chromatography

(DECS 20M 2.5 m′  ■20° c)and ・
3c NMR spectrum with those of

an authentic samp■ e prepared as fo■ ■ows.
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A mixture of cis and trans-2-hydroxycyclopentanemethanol

was prepared by the reduction of 2-hydroxymethylcyclopentanone.
12

The -'C NMR spectrum indicated the ratio of trans to cis

isomer to be 1.6 : I which agrreed with the 13c tt". data in

the literatut".36 Thus obtained. afchol was silylated to grve

( trans - 2 -die thylme thyl s i loxy ) cyc lopentyl ) me thoxy ) di ethy I -

methylsilane (HSiEtrMe/caL. Co2(CO) g , C6H6, 25"C, 20 h) :
'l?-"C NMR IvIeEtrSi(6.29(m), 0.78(m) , 6.83))

2〈
ftiril:li[〔 lie

Si Et2Me

SiEt2Me

trans isomer C■ S ■SOmer

peak assingment of trans isomer: 22.2(re■ . int. ■.60′  C(2))′

26.6(■ .70′  C(■ )or c(3))′  35.■ (■ .62′  C(3)or C(■ ))′  50。 6(■ .6■ ′

C(5))′  64.2(■ .60′  C(4)′  75。 4(2.07′  C(6))。  peak assingment of

cis isomer 21.7(rel. int. o.96′  C(2))′  26.2(■ .■ 3′  C(■ )Or

C(3))′  35.4(■ .■ ′ C(3)or C(■ ))′  48.4(0。 95′  C(5))′  62.7(0.82′

C(4))′  73.9(0.78′  C(6).

(trans― (2-(diethy■ methy■ si■ oxy)cyc■ Ohexyl)methOXy)di―

ethy■ methylsi■ ane(28): for a Samp■ e obtained by disti■ ■ationF

bp ■34-■ 35° C/ 0.55 mmHg, IR (neat)2955′  2935′  2880′  ■265′

■■12′  ■087′  967′  807′  767 cm~・ , 
■
H NMR (CC■ 4) δ O・ 0■ (S′  6H′

Si~CHt3)′  0・ 56(m′  8H′  Si― cH2)′  
・
・0(m′  ■2H′  Si― C― CH3)′  

・
・ 4(m′
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8H′  CH2)′  
・
・ 7(m′  ■H′  CH)′  3.5(m′  2H′  cH2~° )′  3.6(m′  ■H′

CH―OSi), Mass m/e 330(M+′  0.7)′  3■ 5(■ .2)′  30■ (54)′  273(■ .

2■ 2(35)′  ■9■ (24)′  ■89(■ 00), Ana■ . Ca■ cd for C.7H38° 2Si2=

6■ .73F H′  1■ .60. Found: C′  6■ .83, H. ■■.82.  The trans

stereochemistry was determined by capi■ ■ary gas chromato―

graphy (DECS 20M 2.5 m′  ■2ooc).  The authentic samp■ e was

prepared as fol■ ows.

A mixture of cis and trans― ((2-diethy■ methy■siloxy)―

cyc■ohexy■ )methoxy)diethy■ methy■ si■ane was prepared by the

si■ y■ation of cis and trans-2-hydroxycyc■ ohexanemethanol

and capi■■ary gas chromatography (DECS 20M 2.5 m′  ■20。 c)

■ndicated the ratio of trans to c■ s ■SOmer to be ■.6 : ■:

IR (neat) 2895′  2860′  ■460′  ■260′  ■1■ 0′  ■080′  ■0■ 5 cm~・ , ・ H

NMR (CC■
4) δ °・ 0■ (s′  6H′  Si― CH3)′  0・ 56(m′  8H′  Si― CH2)′  ・ ・

0

(m′  ■2H′  Si― C― CH3)′  
・
・ 4(m′  8H′  CH2)′  1・ 7(m′  ■H′  CH)′  3.5(m′

2H′  cH2~° )′  3.6(m′  0.6H′  trans― CH― oSi)′  4.4■ (m′  0.4H′  cis―

CH―OSi).

threo― (3′ 9-Diethyl-3′ 5′ 6′ 9-tetramethy■ )-4′ 8-dioxa-3′ 9-

disi■ aundecane(29): for a samp■ e obtained by bu■ b to bu■ b

disti■ ■ation, bp ■20。 C(oven)/0.■  mmHg, IR 2950′  2900′  2880′

1460′  1380′  ■280′  ■090 cm~1, lH NMR (CC■ 4) 6 °・01(s′  6H′

Si~CH3)′  0・ 6(m′  8H′  si― CH2)′  
・
・0(m′  ■8H′  CH3 and Si― C― CH3)′

■.5(m′  ■H′  CH)′  3.35(dd′  」 = 8 Hz and 5 Hz′  ■H′  CH2~° )′  3.50

７

　

Ｃ
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(dd′  」 = 8 Hz and 5 Hz′  ■H′  CH2~° )′  3.70(quintet′  J = 8

lH′  CH-0)F MaSS m/e 295(M+― Et′  25)′  ■89(■ 00)′  16■ (65)′

(64)F Ana■ . Ca■ cd for C.5H36° 2Si2E C′  59。 ■4F H′  ■■・91.

Found: C′  59。 ■7F H′  ■2.06. for an authentic samp■ e′  see below

erythro― (3′ 9-Diethy■ -3′ 5′ 6′ 9-tetramethy■ )-4′ 8-dioxa-3′ 9-

disi■aundecane(30): for a samp■ e obtained by bu■ b tO bu■ b

disti■■ation: bp ■20° C(oVen)/0.■  mmHg, IR (neat)2950′  2920′

2880, ■470′  ■380′  ■260′  ■090 cm~・ , 
■H NMR (CC■ 4) 6 0・ 04(s′

6H′  Si― CH3)′  0・ 56(m′  8H′  Si― cH2)′  0・ 9(m′  ■8H′  Si― C―CH3 and

CH3)′  
・
・ 45(m′  ■H′  CH)′  3.30(dd′  」 こ 8 Hz and ■O Hz′  ■H′  CH―○)′

3.48(dd′  」 = 8 Hz and ■O Hz′  ■H′  CH-0)′  3.90(m′  ■H′  CH-0)F

Mass m/e 285(M+― Et′  40)′  ■89(■ 00)′  ■6■ (92)′  ■45(65), Ana■ .

Ca■ cd for c.5H36° 2Si2: C′  59。 ■4′  H′  1■ .9■ . Found: C′  59.23′

H′  ■■.97.

threo― (3′ 9-Diethyl-3′ 5′ 6′ 9-tetramethy■ )-4′ 8-dioxa-3′ 9-

disi■ aundecane(29), An authentic samp■ e of 29 was prepared

by the si■ y■ation (HSiEt2Me/cat. C02(C° )8′  C6H6′  25° C′  20 h)

oF 2-methy■ ―■′3-butanedio■  which was obtained by the reduc―

tion of buty■  3-hydroxy-2-methy■  butanttate39 with LiA■ H4・ :

・ H NMR (CC■ 4) δ O・ 01(S′  6H′  Si― CH3)′  0・
58(m′  8H′  Si― CH2)′

■.0(m′  ■8H′  Si― C― cH3 and CH3)′  
・
・6(m′  lH′  CH)′  3.32(dd′  」 =

8 Hz and 5 Hz′  lH′  CH2~° )′  3.50(dd′  」 = 8 Hz and 5 Hz′  ■H′

CH2~° )′  3.70(quintet′  」 = 8 Hz′  lH′  CH-0).

Hz′

■45
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((2-Trimethylsi■ oxy)-5′ 5-dimethy■ -4′ 6-dioxacyc■ ohepty■―

methoxy)trimethy■ si■ ane(3■ ): for a samp■ e obtained by bulb

to bu■b disti■■ation: bp ■20° C(oven)/■ mmHg: IR (neat)2990′

1375′  ■250′  1■ 70′  ■080′  ■045′  ■000′  860 cm~1′  
■H NMR (CC■ 4) 

δ

O.04(s′  ■8H′  Si― CH3)′  
・
・
・
3(s′  3H′  CH3)′  

・
・
・
6(s′  3H′  CH3)′

■.48(m′  ■H′  CH)′  3.40(c′  7H′  CH2~° Si′  CH2~° and CH― ○), ・
3c

NMR (CDC13)Me4Si(0・ 32(m)′  0.56(m))′  24.69′  24.85′  59.54′

60。 75′  6■ .32′  65。 22′  70.33′  ■0■ .03, Mass m/e 247(M+― SiMe3′  4)′

23■ (■ 00)′  2■ 6(25)′  ■9■ (25), Ana■ 。 Ca■c for C.4H32° 2Si2: C′

52.45, H′  10.06. Found: C′  52.31F H′  ■0.3■ .

4-(Diethy■methy■ si■ oxy)― tetrahydrofuranmethano■ diethy■―

methy■ ether(32): for a Samp■ e obtained by bu■ b to bu■ b disti■ ―

■ationF bp ■50° C(oven)/0.3 mmHg, IR (neat)2950′  2905′  2875,

■460′  ■420′  ■250′  1090′  1005′  800′  760 cm~・ , ・ H NMR (CC■ 4) δ

O.04(s′  6H′  Si一 CH3)′  0・ 52(m′  8H′  Si― cH2)′  0・ 92(m′  ■2H′

Si― c―CH3)′  2.■ 2(m′  ■H′  CH)′  3.42(m′  4H′  CH2~° )′  3.72(t′  」 =

5。 69 Hz′  ■H′  CH2~° )′  3.80(t′  」 = 5.69 Hz′  lH′  CH2~° )′  4.■ 2

(m′  ■H′  CH―○)。   工rradiation at δ 2.12 shows two doublets

(」 = 5.69 Hz)at δ 3.72 and δ 3.80 and a doub■ et― doub■ et

(」 = 4 Hz and 8 Hz)at δ 4.■ 2, Mass m/e 289(M+― Et′  64)′  231

(■ 0)′  189(■ 00)′  ■7■ (4■ )′  ■6■ (67)′  ■3■ (82), Ana■ . Ca■ cd for

C15H34° 2Si2: C′  56.55, H′  ■0。 76. Found: C′  56.56′  H′  
■0.92.
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3, 1l-Diethyl- 3, 6, 1f -trj-methyl-4, 10-dioxa- 3, 11-disi la-

tridecane(34):

135
/'\ 2A'+n oeiFr MoMeEt^Si0/ \""* -z- '" | - "" '- "2"-

6

for a sample of 34 containing 3,lI-diethyl-3,7,1I-trimethyl-

4,10-dioxa-3,Il-disilatridecane (35) (90 : 10 by "c NMR as

described below) isofated from Co-catalyzed reaction, bp

104-106 "C/0.6 mmHg; rR (neat) 2955, 2945, 29LO ' 28'15, 1465 '

1390, 1255 , 1085, 800 cm-r, fn *t* (ccr4 ) 6 0.00 ( s, 6H,

Si-CH3), 0.38-0.69(m, 8H, Si-CH2), 0.8-1.08(n, 5H, Si-C-CH3'

CH.), 1.20-1 .72(^, 5H, CH-, CH), 3.35 (dd, 2H, J = 5.8 Hz, J
Jt-

: I.7 Hz, cH.-o) , 3.52(t, 2H, J : 6.0 Hz, cH1-o) . 'H NMR does- z , '..
not allow to.determine the ratio "f A and 35; t'C NIulR (CDC13)

MeEtrSi(-4.949 (q) , 6.363 (m) , 6.802 (n) ), C(6) 16.174 (q'

rel-. int. 1.000), C(3 or 4) 29.452(t, rel-. int. 0.904)' C(3 or

4) 30.416(t, rel. int. 0.905), C(2) 35.766 (d, rel. int. 0"953)

C(5) 63.268(t, rel-. int. 1.f2), C(l) 68.143(t, rel-. int. 1.06)

the spectrum ccntains signals due to the isomer 3:(C(2) of

35 40.203(re1. int. 0.257) and C(1) of 35 61.002(rel-- int-
r!rO

0.224)). The ratio of 34 and 35 in this mixture is established

as ca. 90 : I0 from the relative intensities of absorptions

at 16.114 for 34 and those at 40.203 and 6I.002 for 35; Mass

+m/e 289(r{'-Et, L2]l, 189(46), 101(10), B3(r00); Anal. cal-cd
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f° r C■
6H38° 2Si2: C′  60.3■ F H′  12.02. Found: C′  60.03, H′

12.22.

3′ ■l― Diethy■ -3′ 6′ 6′ ■■―tetramethy■ -4′ ■0-dioxa-3′ ■1-di―

si■atridecane(36): for a samp■ e obtained by disti■ ■ation: bp

■0■°C/0.36 HlmHg, IR (neat)2960′  2920′  2880′  1440′  ■420′  1395′

■365′  ■255′  ■■00′  800 cm~・ , ・ H NMR (CC■ 4) 6 0・
015(s′  6H′

Si~CH3)′  0・ 36-0.68(m′  8H′  Si― CH2)′  0・ 78-1.04(m′  18H′  Si― C― CH3

and CH3)′  
・
・°4-■ .62(m′  4H′  CH2)′  3.2■ (s′  2H′  CH2~° )′  3.5■ (t′

2H′  」 = 6.3 Hz′  CH2~° )' MaSS m/e 303(М
十_Et′  4)′  ■89(47)′  ■6■

(24), ■0■  (15)′  97(100)′  55(87), Ana■ . Calcd for C.7H40° 2Si2:

C′  6■ .38′  H′  12.12. Found: C′  6■ .41′  H′  12.40。

(2-Pheny■ -5-pent-1-enylbis(oxy)bis(diethylmethyl))silanc

("):IR(neat,2950′ 2910′ 2870′ 1640(c=C)′ 1600′ 1460′ 1420′

■250′  1■ 70′  ■100′  ■010 cm~1, lH NMR (CC14) δ O・ 00(S, 311′

Si~CH3)′  0・ 20(s, 3H′   Si― CH3)′  0・ 4-0.8(m′  8H′  Si― cHっ )′  0.8-

■.■ (m′  12H′  Si― C― CH3)′  1・ 54 (quintet′  J = 6 Hz′  2H′  CH2)′

2.52(t′  」 = 6 Hz′  2H′  CH2)′  3.54(t′  J = 6 Hz′  2H′  CH2~° )′  6.48

(s′  ■H′  CH=)′  7.18(brs′  5H′  Ph), Mass m/c 378(M+′  25)′  269(8)′

231(33)′  189(25)′  ■01(33)′  89(■ 00)」 Ana■ . Ca■ cd for C21H38° 2Si2:

C′  66.60, H′  ■0.11. Foundi C′  66.28F H′  10・ 30.

5-Phenyl-2′ 2′ ■0′ ■0-tetramethy■ -3′ 9-dioxa-2′ ■0-disi■ a―

undecane(男 )J IR(neat)2900′ 1640′ ■490′ ■455,1385′ 1250′
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1090′  870, 840′  760′  700 cm~1, ・ H NMR δ O.00(s′  9H′

0.02(s′  9H′  Si― CH3)′  
・
・4■ (m′  4H′  CH2)′  2.63(m′  ■H′

(t′  」 = 6 Hz′  2H′  CH2~° )′  3.48(d′  J = 6 Hz′  2H′  CH2

(c′  5H′  Ph).

Si~CH3)′

CH)′  3.43

-〇 )′  7.15

3′ ■1-Die thy■ -3′ 5′ ■■―trimethy■ -4′ ■0-dioxa-3′ ■1-disilatri―

decane (34)and 37・
・
~diethy■ -3′ 6′ ■■―trimethyl-4′ ■0-dioxa―

3′ 1■―dis■ ■atr■ decane(40): for a m■ xture of compound 34 and

40 (62 : 38 ・ H NMR peak areas of 6 3.34 and 3.37)isolated from

the Co catalyzed reaction of 2-methyltetrahydrofuran: bp 85-

89° C/0。 26 mmHcI, IR (neat)2950, 2940′  2900′  2875, 1255′  1035′

800 cm~・ , ・ H NMR (CC14) δ O・ 02 (s′  6H′  Si一 cH3)′  0・ 39-0.67(m′

8H′  Si― CH2)′  0‐ 8-1.2(m′  ■5H′  Si― C― CH3 and CH3)′  1・ 2-1.7(m′  5H′

CH2 and CII)′ 3.34(dd′ 1.92H′ 」 =6 Hz and 2 Hz′ CH2~° °f難 )′

3.52(t′  2H′  」 = 6 Hz′  CH2~° )′  3.73(sextet′  0.68H′  J 二 6 Hz′

cH―o Of 40), Mass m/e 289(M十 _Et′  8)′  ■89(69)′  161(32)′  101

(30)′  83(■ 00), Ana■ 。 Calcd for C.6H38° 2Si2: C′  60.31, H′

■2.02. Found:  C′  60.29, H′  ■2.22.  The assingment described

above has been done on cOmpar■ son w■ th a samp■ e of 40 with

90 2 purity obtained from Co cata■ yzed reaction of 3-methy■ ―

tetrahydrofuran.

3′ 9-Diethy■ -3′ 6′ 9-trimethyl-4′ 8-dioxa-3′ 9-disi■aundecane

(46) and 3′ 9-qiethy■ -3′ 5′ 9-trimethy■ -4′ 8-dioxa-3′ 9-disila―

undecane(47う : fOr a mixture (25 : 75)obtained by distil■ ation:
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bp 87。 C/25 mmHg′  IR (neat) 3060′  3030′  2880′  ■470′  ■410′  ■395′

1220′  ■loO′  ■050′  ■030′  995′  800 cm~・ , ・ H N1/1R (CC14) δ O・ 00(S′

6H′  Si― CH3)′  0・ 56(m′  8H′  Si― cH2)′  0・ 96(m′  ■2H′  Si― c― cH3)′

1.54(m′ ■.75H′ CH of 46′ CH Of短 )′ 3.56(c′ 2.5H′ CH3)′ 3.96

(sextet′  」 = 6 Hz′  0.75H′  CH of 
食3): Mass m/e 275(M十

_cH2′  
・
)′

26■ (3■ )′  233(■ 6)′  ■91(28)′  ■89(■ 00)′  ■6■ (54)′  ■33(■ 9)′  101(23)

89(■■), Ana■ . Ca■ cd for C.4H34° 2Si2: C′  57.85, H′  ll.81.

Founcl: c′  57.67, H′  12.23.

3′ ■0-Dicthyl-3′ 5710~trimethyl-4′ 9-dioxa-3′ 10-disi la―

docle c ane(44): for a Saml)lF―  obtaincd by bulb to bじ 11, distil―

lation: br)]50° C(oVOn)/].2 mmlig, IIく (neat)2,00′  2750′  1460′

14■ 5, 1375, 1250′  110C, 1000′  790′  760 crll~1,  27C)卜 1llz lII N卜 lIR

(CDC13) δ O・ 02(s′  311′  Si― CFi 3)7 0・ 023(s′  311′  Si― cIIっ )′  0.54(q,

」 =8 Hz′ Si-9E2)′ 0・ 92(t′ J=8 Hz′ Si― C― CH3)′ l・ 14{d′ J=6

Hz′  3H′  cH2)′  1・ 5(cttmpl ex′  4H′  CI1 2)′  3.33 (c(Dmplex′  211′  Cl1 2~° )

3.767(sextet′  」 = 6 11z′  111′  cII-0)フ  トlass ln/c 273(M｀ -1]t′  27)′

233(33)′  189(100)′  161(53), Anal. Calcd for C151136° 2Si2: C′

59。 14, H「  1■ .92. Found: C′  59.25, II′  12_11.

3′ 10-Diethyl-3,3′ 10-trimethvl-4′ 9-dioxa-3′ 1()一dislla―

dodecane(44):fOr an autllcnti_c samplc of電 :bp]15° Cァ
/3田 H● :

IR (nec■ t) 2950′  2860′  1460′  1410′  1390′  12607 1100′  1050′

■000′  800, 750 cm~・ , 270 MHz lH NMR (CDCln) 6 0.02(s′  31!′

Si~CH3)′  0・ 025(s′  3H′  Si― CH3)′  0・ 54(q′  J = 7 Hz′  811′  Si― CH2)′
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0。 92(t′  」 = 7 Hz′  ■2H′  Si― C― CH3)′  1・
・
(d′  J = 6 Hz′  3H′  CH3~C)′

■.5(comp■ ex′  4H′  CH2)′  3.55(comp■ ex, 2H′  cH2~° )′  3.767(sextet′

」 = 6 Hz′  ■H′  CH―○), MasS m/e 276(M+― Et′  18)′  232(29)′  187

(■ 00), Arla■ . Ca■ cd for C15H36° 2Si2: C′  59。 ■
4, H′  1■ .92. Found:

C′  58.88, H′  ■2.07.

3′ 10-Diethyl-3′ 6′ 10-trimethyl-4′ 9-dioxa-3′ 10-disila一

dodecane(43): fOr an authcntic sample: lR (neat)295C′  2380′

1470′  1260′  ■■00′  10■ 07 8007 760 cm~1, 270 卜lHz lH NMR (CDC13)

δ O.02(s′  3H′  Si― cH3)′  0・ 025(s′  3H′  Si― cIIっ )′  0.55(‐ I′  」 = 7

Hz′  8H′  si一 CH2)′  0° 86(d′  J = 6.5 Hz′  CH3)′  0'92(し ′ 」 ‐ 7 11z′

Si― c― cH3)′  
・
・28(m′  2H′  CH2)' 1・ 68(m′  lH′  CH)′  3.34(dd′  」 =

4.6 Hz and 3 Hz′  lH′  CHっ ―O)′  3.422(こ lcl′  」 = 4.6 11z こind i3 11z′

lH′  CH2~° )′  3.616(m′  2H′  c112~° )' Mass m/c 27(1(rl+― [lt′  18)′  218

(■ 1)′  203 (3), 187(100), Anal. Calcd for C151136° 2Si2: C′

59.14, H′  l■ .91. Foundi c′  59_05, II′  12.213.

2′ 2′ 4′ 9′ 9-Pentamethy■ -3′ 8-dioxa-2′ 9-disiladecane(44)

and 2′ 2′ 5,9′ 9-pontamethy■ -3,8-dioxa-2′ 9-disi]adecane(43): fttr

a mixture (88 : 12)obtained by bu■ b to bu■ b distillation: bp

■60° C(oven)/20 mmHg, IR (neat)2918′  ■378, ■248′  ■994′  842′

755 cm~・ , 270 MHz ・ H NMR (CDC■ 3) δ O・ 016(s′  ■8H′  Si― CH3)′

0。 85(d′  」 = 6 Hz′  0.36H′  CH of 響 )′  ■・■■(d′  J = 6 Hz′  2.64H′

CH2° fぜ )′ 1ヽ 5(comp■ ex′ 3.88H′ cH2° f好 ′ CH′ CH2° f梵 )′

3.34(dd′ 」=4.6 Hz and 3 Hz′ 0.■ H′ CH2~° °fT)′ 3.422(dd′
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」 = 4.6 Hz and 3 Hz′  0.■ H′  CH2~° °f 毎 )′  3.55(comp■ ex′  2H′

CH2~° °f 食

`′

 CH2~° °f l,)′  3.76(sextet′  」 = 6 Hz′  ■H′  CH― O)

Of 鶴 ), Ana■ 。 Ca■ cd for C..H28° 2Si2: C′  53.■
6F H′  ■l.36.

Found: C′  52.89, H′  ■■.56.

3′ 9-Dimethyl-3′ 6′ 9-trie thy■ -4′ 8-dioxa-3′ 9-disi■ aundecane

(,7)and 3′ 9-dimethy■ -3′ 5′ 9-triethy■ -4′ 8-dioxa-3′ 9-disila―

undecane(48): for a mixture of compound 47 and 48 (34 8 66)

obtained by bu■ b to bulb disti■ ■ation′  bp 100° C(oven)/0.5

mmHg′  The isomcr ratio was determined by GLC analysis (Si■ iConc―

OV―■ 5% 6 m ■80° C)comparing  with authentic samp■ es. IR (noat)

2955′  29■ 0′  2875′  ■474′  ■253′  ■089′  1054′  794′  759 cm~1, lll

NMR (CC■
4) δ O・

02(s′  6H′  Si― CH3)′  0・ 32-0.66(In′  8H′  Si― CH2)′

0.72-■ .09(lln′  2111′ Si一 C― CH3 and CI13~C)′  
・
.09-■ .62(m′  3.6611「 CH

and CH of icompOund 47′  CH2 °f CttmpOund で )′  3.55(t′  」 = 6.4

Hz′  0.68H′  cH2~° )° f compound 48 partially over■ applng With

a quintet centered at δ 3.69)′  3.69(quintet′  」 = 6.4 Hz′

0.66H′  CH― O of compound り ), MaSS m/e 289(M+-15′  0.5)′  275(40)′

247(20)′  ■91(24)′  ■89(100)′  ■6■ (58), Ana■ . Ca■ cd for

C■
5H36° 2Si2: C′  59。

■3, H′  ■■。93. Found: C′  58.82, H′  ■l.81.

An aunthentic sa.7np■ e Of 47 was

ation (HSiEt2Me/cat. C02(C° )8′  Et2° ′

■′3-propane― dio■ which was obtained

diethyl-2-ethylmalonato with LiAll14・

prepared by the silyl―

25° C′  20 h)of 2-ethyl―

by the reduction of

40 : .R (neat)2950′
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2880, 2850, L460,
ls uuR 6 o. or (s,

Si-C-CH3 and CHr)

CHZ-O) i Mass m/e

133 (25) , 101 (14) ;

H, 11.93. Found:

L420 , 1380, L253, 1089, 1054, 7g4, 754 cm-r i

6H, Si-CH3), 0.6(m, 8H, Si-CH2), 1.0(m, 15H,

, 1.2(m, 3H, CH2, CH), 3.50(d, J = 5 Hz, 4H,

275 (M+-Et, 23), 189 (I00) , l-6)-(71) , r51 (25) ,

Anal. Calcd for CrrH 36O25i2, C, 59 .13;

C, 59.10; H, 12.10.

An authentic sample of 48 was prepared by the silylalion

(HSiEt.Me /caL. Co" (Co) ., Et"o, 25"C, 20h) of 1, 3-pentanediol,- z I b' z

which was obtained by the reduction of 4-hydroxypentanoic acid
40 38ethyl ester'" with LiAlHn.-": IR (neat.) 2950, 2920, 2880,

1460, )-420, 1380, \250t 1090, 1050, 1010, BO0 cm-1; ln *"*

(CCl^) 6 0.01 (s, 6H, Si-CH.), 0.56(m, 8H, Si-CH"), 0.9(m, 1511 ,'t+32

Si-c-CH, and CH3), f .5(m, 4H, CH2), 3.5(t, J = 6 Hz, 2H, CHZ-)

n:rFi:l lrz nrzcrl ---i -- .'i +r- - rrri nf Ff conterpd at 6 3.7) , 3.7va! ularrJ v vsr roPPf rl9 wf Lrl a q urlr ue L uef ' Lu! u

(quintet, J = 6 Hz, lH, CH-o); l4ass m/e 275(M+-Et., 34), 241

(33), 203(6) , 189 (100) 
' 161(45); Anal-. Ca1cd for CatHr 602St2t

C, 59.L4; H, If .91-. Found: C, 58.63; H, 11.96.

4- (a , cr-Dimethyl ) ethyl -2 ,2 ,8, 8-tetramethyl-3, 7-dioxa-

2,8-disilanonane(!J): for a sample obtained by bulb to bulb

clistil-l-ation, bp 150"C (oven) /2 mmTq; lR (neat) 2990, I490 '
1400, L3't0,1250, l-100, f030, 880, 840, 750 cm-f ; ln *r'tR

(CCl-,) 6 0.02(s, l8H, Si-CH.), 0.74(s, 9H, CH,), I.4(m, 2H,

cll^) , 3.38 (c,. 3H, CH-o, cH--o) , 13c *t* (CDcl.) 6 SiMe - (0 .324,z''. 2 J J
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0.8■■)′  26.3■ 4(5■ ), 35.288(■ 5)′  35。 532(21)′  60。 750(■ 7)′  77.682

(■ 7), Mass m/e 26■ (M→ ―CH3′  5)′  233(8)′  2■ 9(83)′  ■59(■ 8)′  ■47

(21)′  103(100), Ana■ 。 Ca■ cd for C.3H32° 2Si2: C′  56.46, H′

■■.66. Fttund: C′  56.3■ , H′  ■■.77.

(5-(2-Oxapropyl))-3′ 9-diethy■ -3′ 9-dimethy■ -4′ 8-dittxa―

3′ 9-disi■ aundecane(54): for a samPle obtained by bulb to bulb

disti■ ■ation′  bp ■00° C(oven)/2 mmHg′  IR (neat)2955′  2920′

2880′  ■470′  ■420′  1260′  1■ 00 cm~・ , ・ H NMR (CC14) 6 0・ 04(s′

6H′  Si― cH3)′  0・ 56(m′  」 = 6  Hz′  8H′  Si― CH2)′  0・ 92(t′  J = 6

Hz′  ■2H′  Si一 c― cH3). 
・
・52(m′  2H′  CH2)′  3.16(d′  」 = 6 Hz′  CH2~° )

3.24(s′  3H′  CH3° )′  3.6(t′  」 = 6 Hz′  2H′  CH2~° )′  3.86(m′  ■H′

CH―○), Mass m/e 291(M十 _Et′  37)′  275(19)′  23■  (26)′  189(22)′

■7■ (26)′  ■03(■ 00), Ana■ 。 Ca■ cd for C15H36° 3Si2: C′  56.19テ

H′  ll.36

2-(Diethy■ methy■ si■ oxy)-6-ethyl-6-mothyl-5-oxa-6-sila―

octanoic acid methyl ester(55): for a sarrlp■ e obtainod by bulb

to bu■b disti■ lation′  bp ■60° C(oVen)/■ .7 mmHg, IR (neat)2910′

2870′  28357 ■730′  1225′  ■■■0′  ■070, 980 cm~1, lH NMR (CC14)

δ O.04(s′  6H′  Si― cH3)′  0・ 66(m′  8H′  Si― CH2)′  1・ 00(nl′  ■211′

Si― c― CH3)′  1・ 84(m′  2H′  CH2)′  3.68(t′  」 = 5 Hz′  2H′  CH2~° )′

3.70(s′  3H′  CH3° )′  4.32(dd′  J = 6.2 Hz′  5 Hz′  ■H′  CH一〇)。

Irradiation at δ ■.84 gave two singlets for tho methylenc,

proton (δ  3.68)and methinc proton (δ  4.32), MasS m/o 334(卜 1+′
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0.6)′  3■ 9(6)′  305(■ 00)′  303(6)′  277(■ 5)′  275(■ 5)′  273(9)′  189

(38)′  Ana■ . Ca■ cd for c15H34° 2Si2: C′  53.84, H′  
■0.24. Found:

C′  53.56′  H′  ■0.24.

3-(Diethy■methy■ si■ oxy)-7-ethy■ -7-methy■ -6-oxa-7-si■ a―

nonaic acid methy■  ester(56): for a Samp■ e obtained by bulb

to bu■ b disti■ ■ation′  bp ■20° C(oven)/0.25 mmHg, IR (neat)

2950′  2875′  1745′  ■460′  ■440′  ■420′  1250′  ■090′  ■010′  800′

760 cm~・ , ・ H NMR (C6H6)δ  O・ 05(s′  3H′  Si―CH3)′  0・
・
3(s′  3H′

Si~CH3)′  0・ 53(m′  8H′  Si― CH2)′  0・ 99(m, ■2H′  Si― C― CH3)′  1・ 69(q′

」 = 6 Hz′  2H′  CH2)′  2.39(dd′  J = ■4 Hz and 5.5 Hz′  ■H′  CI1 2~C° )

2.47(dd′  」 = 14 Hz and 7 Hz′  ■H′  CH2~C° )′  3.34(s′  3H′  CH3° )′

3.61(t′ 」 = 6 Hz′  2H′  cH2~° )′  4.38(quintet′  J = 6 Hz′  lH′

CH~○ )F MaSS m/e 333(M十 _cH3′  3)′  3■ 9(■ 00)′  3■ 7(10)′  20■ (42)′

■89(79)′  ■61(42), Ana■ . Ca■ cd for C.6H36° 4Si2: C′  55。 12, H′

■0.4■ . Found: c′  55.■ 2,  H′  10.57.

5-(Trimethy■ si■oxy)-2′ 2′ 9′ 9-te tramethy■ -3′ 8-dioxa-2′ 9-

dis■ ■adecane(57): for a Samp■ e obtained by bu■ b to bu■ b

disti■ ■ation′   bp 150° C(oVen)/0.8 mmHg, IR (neat)2800′  1435′

■390′  1250′  ■■40′  ■080′  ■025′  955′  940′  825, 750 cm~1, 1lI

NMR (CC■
4) 6 0・

04(s′  27H′  Si― CH3)′  
・
・46(m′  2H′  CH2)′  3.28(d′

」 = 6 Hz′  2H′  cH2~° )′  3.44(t′  J = 6 Hz′  ■H′  CH2~° )′  3.52(t′

」 = 6 Hz′  lH′  CH2~° )′  3.66(m′  ■H′  CH―○), MasS m/e 306(M+― CH3′

0。 3)′  2■ 9(49)′  ■47(26)′  129(■ 6)′  ■03(■ 00), Ana■ . Ca■ cd fOr
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a:-:n:4O3Si3t C,48.39; H, I0.62. Found: C,48.1-3; H, 10.62

7-(Diethylmethy■ si■oxy)-3′ 1■ ′―die thyl-3′ 1■ ―dimethyl―

4′ lo― dioxa-3′ ■l一disi■ atridecane(58): for a samp■ e obtained

by bu■ b to bu■ b disti■ lation′  bp 170° C(oVen)/0.5 mmHg, IR

(neat)2980′  2950′  2900′  ■4657 
・
4■ 5′  1380′  ■255′  ■090′  1045′

1005′  965′  800, 765 cm~1, ・ H NMR (CC■ 4) δ O・ 02(s, 9H′  Si―CH3)′

0.58(m′  ■2H′  Si― CH2)′  0・ 94(m′  ■8H′  Si― C― CH3)′  1・ 58(q′  」 = 6

Hz′  4H′  cH2)′  3.58(t′  」 = 6 Hz′  4H′  cH2~° )′  3.94(t′  J = 6 Hz′

lH′  CH二 0). Irradiation at δ ■.58 gave two sing■ets for the

methy■ ene proton (δ  3.58)and methine proton (δ  3.94). Irradi―

ation at δ 3.58 gave a doub■ et (」 = 6 Hz)for the methy■ ene

proton (δ  ■.58).  Irradiation at δ 3.94 gave a trip■ et (」 = 6

Hz)for the methine proton (6 ■.58), Mass m/e 39■ (M十 _Et′  31)′

273(■ 3)′  ■89(38)′  13■ (3■ )′  ■03(■ 00), Anal. Ca■cd for

C20H48°
3Si3: C′  57.08, H′  

■■.50. Foundi C′  57.03, H′  ■■.56.

(4-chloromethy■ )2′ 2′ 8′ 8-tetramethyl-3′ 7-dittxa-2′ 8-disi■ a―

nonane(59): for a sample obta■ ned by bu■ b to bu■ b distil―

lation′  bp ■07° C(oven)/■■ IrlmHg, IR (neat)2960′  2870′  ■420′

1395′  1255′  ■095′  842′  750 cm~・ , lH NMR (CC■ 4) 
δ O・ 08(s′  9H′

Si~CH3)′  0・
・
2(s′  9H′  Si― CH3)′  1・ 40(m′  2H′  CH2)′  3.26(d′  」 =

6 Hz′  2H′  clcH2)′  3.50(dd′  t‐I = 7 Hz and 5 Hz′  2H′  CH―○)′

3.84(m, lH′  CH―○).  Irradiation at δ ■.40 gave a singlet and

a broad triplet (」  = 6 Hz)for the mcthylene protttn (δ  3.50)

- 53 -



and methine proton (δ  3.84)F Mass m/e 253(M十 _cH3′  26)′  2■ 9

(28)′  ■47(82)′  ■43(54)′  ■03(37)′  73(100)F Ana■ 。 Ca■ cd for

C■
OH25° 2Si2C・

: C′  44.66′  H′  9.3.■ 8. Found: C′  44.80, H′  9.58,

C■ ′ ■3.26.

(4-(2-ch■ oroethy■ ))-2′ 2′ 8′ 8-tetremethy■ -3′ 7-dioxa-2′ 8-

disilanonane(60): for a samp■ e obtained by bu■ b tO bu■ b disti■―

lation′  bp ■00° C(OVen)/6 mmHg′  IR (neat)2955′  ■445′  ■250′

■090′  ■035′  840′  745 cm~1, 
■H NMR (CC■ 4)δ  O・ 08(s′  9H′  Si―

CH3)′

0.■ ■(s′  9H′  Si― CH3)′  
・
・ 55(q′  」 = 6 Hz′  2H′  CH2)′  ・ ・

78(q′  J =

6 Hz′  2H′  cH2)′  3.50(t′  」 = 6 Hz′  2H′  C■―CH2 °r CH2~° )′  3.56

(t′  J = 6 Hz′  2H′  cH2~° °r C■ ―CH2)′  3.99(quintet′  」 = 6 Hz′

■H′  CH-0).  Irradiation at δ 3.99 gave two trip■ ets (」 = 6

HZ)for the methy■ ene proton (δ  ■.55 and ■.78). Irradiation

at δ ■.67 gave a broad sing■ et for the methine proton (6 3.99)F

Mass m/e 267(M+― CH3′  7)′  239(7)′  2■ 9(■ 5)′  ■65(36)′  ■47(100)′

■03(52)′  73(■ 00), Ana■ 。 Ca■ cd for c..H27°2Si2Cl: C′  46.69,

H′  9.62, C■ ′ ■2.53. Found: C′  46.40, H′  9.76, C■ ′ ■2.66.

ACetic acid (2-(γ ′γ―dimethy■ ―β―oxa―γ―Si■a)buty■ )-5′ 5-

dimethy■ -4-oxa-5-si■ ahexy■  ester(6■ )and aCetic acid (3-(β ′β

dimethy■ )一α―oXa一 βsi■a)propy■ )-5′ 5-dimethy■-4-oxa-5-si■ ahexyl

ester(62): for a mixture (■ 2 : 88)obtained by bu■ b to bu■ b

disti■ lation′  bp ■35° C (oven)/8 rrlmHg, IR (neat) 2950′  2900′

2870′  ■750′  ■425′  1370′  ■240′  ■090′  840′  750 cm~lF 
■
H N卜lR
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(CC・ 4 + Eu(thd)3) δ O・ 0■ 6(s′  9H′  Si― CH3)′  0・ °36(s′  9H′  Si―
CH3)′

■.90(m′ ■.88H′ CH of鳴 ′ CH2° f%)′ 3.30(s′ 2.64H′ CH3C=°

of%)′ 3.42(s′ 0。 36H′ CH3C=° °f鶴 )′ 3.80(t′ 」=6′ 38 Hz′

■.76H′  CH2~°  °f 62)′  3.98(d′  」 = 4。 25 Hz′  0.48H′  CH2~°  °f

鶴)′ 4.60(m′ 0.88H′ CH―O of巽 )′ 5.38(dd′ 」=8.5■ Hz and 6.38

Hz′  ■.76H′  cH2~°  °f 62)′  6.44(dd′  」 = ■2.77 Hz and 5.53 Hz′

0。 24H′  CH2~9 °f %)F Mass m/e 277(M+… CH3′  6)′  2■ 9(4)′  ■89(■■)′

■75(■ 0)′  ■■7(43)′  ■03(9■ )′  73(■ 00)。

Benzoic aCid (2-γ ′γ―dimethy■ ―β -OXa― γ―si■ a)buty■ )-5′ 5-

dimethy■ -4-oxa-5-si■ ahexy■  ester(63)and benzoic acid (3-β ′β―

dimethy■ ―α―oxa― β―si■a)propy■ )5′ 5-dimethy■-4-oxa-5-si■ ahexy■

ester(64): for a mixture (■ ■ : 89)obtained by bu■ b to bu■ b

disti■■atttonF bp ■60° C(oven)/6 mmHg, IR (neat)2950′  2900′

2875′  ■730′  ■605′  ■460′  ■260′  1■ 00′  850′  750′  7■ O cm~・ , ・ H

NMR (CC■ 4 + 二u`thd)3) δ O・・
2(s′  9H′  Si― CH3)′  0・ 28(s′  9H′

。i~CH3)・
・
・ 89(c′ ■.89H′ CH2° f憾 ′ CH Of難 )′ 3.77(t′ 」 =

6.38 Hz′ ■.78H′ CH2~° °f難 )′ 4.00(d′ 」=8.5■ Hz′ 0.44H′

CH2~° °f 63)′  4.62(m′  0.89H′  CH― O of 64)′  5.56(d′  」 = 5。 96 Hz′

■.78H′ CH2~° °f%)′ 5.86(d′ 」=6.38 Hz′ 0.22H′ CH2~° °f鰤 )'

Mass m/e 339(M+― CH3′  9)′  2■ 9(57)′  179(34)′  ■05(■ 00)′  ■03(97)′

73(74)F Ana■ . Ca■cd for C.7H30° 4Sis: C′  57.38, H′  8.53.

FoundF c′  57.25: H′  8.46.

3′ ■■-2iethy■ -3′ 1■―dimethy■ -5-(β―oXapropy■ )-4′ ■0-dioxa一
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3′ 1■―disi■atridecane(66): for a Samp■ e obtained by disti■ ―

latiOnF bp ■■6-■■7° C/0.6 11mHg, IR (neat)2950′  2900′  2880′

■460′  ■255′  ■■00′  ■0■ 0′  800′  760 cm~1, ・ H NMR (CC■ 4) δ O・ 0■ (S′

3H′  Si― CH3)′  0・ 024(s′  3H′  S土 ―cH3)′  0・ 37-0.75(m′  8H′  Si― CH2)′

0.8■―■.09(m′  ■2H′  Si― C― CH3)′  1・
・
9-■ .65(c′  6H′  CH2)′  3.■ 6(d′

」 = 5。 8 Hz′  2H′  cH2~° )′  3.27(s′  3H′  CH3~° )′  3.39-3.85(m′  3H′

CH2~°  and CH-0), Mass m/e 3■ 9(M+― Et′  ■■)′  303(1■ )夕  ■57(44)′

■03(87), 10■ (■ 00)′  8■ (93), Ana■ . Ca■ cd for C.7H40° 3Si2: C′

58.56′  H′  ■■.56. Found: C′  58.70, H′  ■■.76.

Acetic acid 2-(β ―ethy■ ―β―methy■ ―α―oxa― β―si■abuty■ )-3-

ethy■ -8-methy■-7-oxa-8-si■ adecy■  ester(67): for a Samp■ e

obtained by disti■ ■ationF bp ■■5-■ 20° C/0.28 mmHgF IR (neat)

2955′  2910′  2880′  ■745′  1460′  ■4■ 5′  ■370′  ■250′  800 cm~・ F ・ H

NMR (CC■ 4) δ O・ 02(s′  3H′  Si― CH3)′  0・ 05(s′  3H′  Si― cH3)′  0・
76-

■.■ 6(m′  12H′  si― C― CH3)′  
・
・
・
6-■ .74(c′  6H′  CH2)′  

・
・98(s′  3H′

3.56(t′  」 = 5.3 Hz′  2H′  CH2~° )′  3.68-4.08(m′  3H′  CH―O and

CH2~° )' MasS m/e 36■ (M+― CH3′  0・ 2)′  3479■ 1)′  ■87(4o)′  ■3■ (■ 00)′

■0■ (25)′  8■ (43)F Ana■ . Ca■ cd for C.8H40° 2Si2: C′  57.40F H′

10。 70. Found: C′  57.■ 9′  H′  ■0。 76.

3′ 9-Diethy■ -3′ 6

undecane(69): for a

■ation and purified

・H NMR (CC■ 4' δ O・ 04

′6′ 9-tetramethy■ -4′ 8-dioxa-3′ 9-disi■ a一

samp■ e obtained by bu■ b to bu■b disti■ 一

by preparative GLC, bp ■■5° C(oven)/3 mmHgF

(s′  6H′  Si― CH3)′  0・ 56(m′  8H′  Si―CH2)′
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1.00(m′  ■8H′  Si― C―CH3 and cH3)′

304(M+′  ■)′  285(45)′  ■89(■ oO)′

CH2~° )' MaSS m/e

(2■ ).

′
　
　
　
　
つ
０

Ｈ

　

　

３

４

　

■

●

　

■

３

　

６■

25(s′

(72)′

3′ 9-Diethy■ -3′ 6′ 6′ 9-tetramethy■ -4′ 8-dioxa-3′ 9-disi■ a一

undecane(69): for an authentic samp■ e of 69 obtained by the

si■ y■ ation of the corresponding dio■ ′ bp ■■5° C(oven)/3 HlmHg,

IR (neat)2950′  2900′  2880′  ■465′  ■255′  ■090′  830 cm~・ , ・ H NMR

(CC・ 4) δ
: °・ 04(s′  6H′  Si― CH3)′  0・ 56(m′  8H′  Si― cH2)′  

・
・00(m′

■8H′  Si‐ C―CH3 and CH3)′  3325(s′  4H′  cH2~° )' Mass m/e 304(M+′

■)′  285(45)′  ■89(■ 00)′ ■61(72)′  ■33(21), Ana■ . Ca■ cd for

C■ 5H3692Si2: C′  59.■ 4, H′  ■■.9■ . Found: C′  58.92, H. ■2.2■ .

3′ 9-Diethy■ -3′ 5′ 5′ 9-tetramethyl-4′ 8-dioxa-3′ 9-disi■ a―

undecane(70): for an authentic samp■ e of 70 obtained by the

si■y■atiOn of the corresponding dio■ F bp ■■5° C(oven)/3 mmHg,

IR Ineat, 2960′  2925′  2900′  ■470′  1430′  ■400′  ■380, ■270 cm~1′

・ H NMR (CC■ 4) δ °・ 0■ (S′  3H′  Si― CH3)′  0・
04(s′  3H′  Si― CH3)′

0.50(t′ '」 = 6 Hz′  8H′  Si― CH2)′  0・ 90(t′  J = 6 Hz′  ■2H′  Si― C―CH3)

■.■ 0(s′  6H′  CH2)′  
・
・ 58(t′  」 = 6 Hz′  2H′  CH2)′  3.62(t′  J = 6

HZ′  CH2~° )F MaSS m/e 299(M+― CH3′  9)′  285(45)′  286(33)′  ■89

(■ 00)′  159(58)。

6-((γ―Ethyl― γ―methy■ 一β―oxa― γ―si■ a)penty■ )-3′ 9-diethy■ ―

3′ 6′ 9-trimethy■ -4′ 8-dioxa-3′ 9-disi■ aundecane(7■ )and 5-((β―

ethy■ 一β―methy■―α―oxa― β―si■a)buty■ )-3′ 9-diethy■ -3′ 5′ 9-tri―
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methy■ -4′ 8-dioxa-3′ 9-dis■ aundecane(72): for a mixture (25 :

75)obtained by bu■ b to bu■ b disti■ ■ation, bp ■■0° C(oven)/

0.6 mmhgF IR (neat)2950′  2920′  2880′  1465′  ■420′  ■260′  ■095′

■005′  965′  800′  783 cm~・ , 
■H NMR (CC■ 4) δ O・ 02(s′  6.75H′

Si~CH3)′  0・ 06(s′  2.25H′  Si― CH3)′  0・ 40-0。 84(m′  ■2H′  Si― CH2)′

0.94(c′  ■8.75H′  Si― c―cH3 and CH3 °f 7■ )′  ■.■ 6(s′  2.25H′  CH3)′

■.64(t′  」 = 8.O Hz′  1.5H′  CH2 °f マ )′  3.28(s′  ■.5H′  CH2~° °f

z)′
3.38(s′ ■.5H′ CH2~° °fん )′ 3.73(t′ 」 =8.O Hz′ ■.5H′

CH2~° °f 
ス3)F MaSS m/e 39■ (M十

_Et, ■6)′  289(■ 00)′  ■89(69)′

■85(49).

6-((γ ―Ethy■―γ―methy■ ―β―OXa― γ―si■ a)penty■ 0-3′ 9-diethy■ ―

3′ 6′ 9-trimethy■ -4′ 8-dioxa-3′ 9-disi■aundecane(7■ )F for an

authentic samp■ e obtained by bu■ b to bu■ b disti■■atiOnF bp

■■09C(oven)/0.6 ■lmHg, IR (neat)2950′  2920′  2880′  ■460′  ■420′

■260′  ■090′  ■0■ O cm~・ , ・ H NMR (CC■ 4) δ O・ 0■ (S′  9H′  Si―CH3)′

′ 0。 90(m′  ■8H′  Si― C―CH3 and CH3)′  3.28(s′0.56(m′  ■2H′  si― CH2)

3H′  CH3)F Mass m/e 39■ (М
+―
Et′  ■7)′  283(34)′  ■91(■ 00)′  ■86(3)′

57.08, H′  ■■.50.■7■ (3■ )F Ana■ . Ca■ cd for C20H48° 3Si3: C′

■■.78.Found: C′  57.22, H′

f - ( ( B-EthyI- B-me thyl-o-oxa- B-s i l-a) butyl- 5-ethy1-I, 5 -di -
methvl -4-oxa-5-s i 'l ahentano'i r- aci d methvl ester (7 4) : for a-^l

sample obtained by bulb to bul-b distillation; bp 150"C(oven)/

1.7 mmHg; tR (neat) 2950, 2870, :-'750, 1460, L250, 1200' 1140,
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■005′  795′  760 cm~・ , ・ H NMR (C6D6) 6 0・ 08(s′  3H′  Si― CH3)′

0.23(s′  3H′  Si― CH3)′  0・ 6(m′  8H′  Si― CH2)′  
・
・ 0(m′  ■2H′  Si… C― CH3)′

■.42(s′  3H′  CH3)′  
・
・94(dd′  」 = ■3 Hz and 7 Hz′  ■H′  CH2)′  2.■ 9

(dd′  」 = ■3 Hz and 7 Hz′  ■H′  CH2)′  3.32(s′  3H′  CH3° )′  3.79(t′

」 = 7 Hz′  2H′  CH2~° )' MasS m/e 333(M+― CH3′  6)′  3■9(8■ )′  3■ 7

(6)′  189(55)′  ■03(■ 00), Ana■ . Ca■ cd for C.6H36° 2S12t C′  55.■ 7,

H′  10.41. Found: c′  55.2■ , H′  ■0.37.

5-(α―Ch■oFO)methy■ -3′ 9-diethy■ -3′ 9-dimё thy■ -4′ 8-dioxa―

3′ 9-disi■aundecale(75): fOr a Samp■e obtained by bulb t9 bu■b

diSli■■ation, bp ■■0° C(oven)/6 mmHg, IR (neat)2955′  ■380′

12,9′  ■■50′  1090′  1055′  ■0■ 0′  840 cmr■ , 
■H NMR (CC■ 4) 6 °108

(S′  911′  Si― CH3)′  0・
・
2(s′  9H′  Si― CH3)′  

・
・28(s′  3H′  CH3)′  

・
・70

and ■.73(two over■ apping trip■ ets (」  = 7 Hz)prObably due tO

centra■ two psok3 0f a AB quartet′  2H′  CH2)′  3.33(d′  」 = ■■

HZ′
 1早 ′ C■

二CH,)′  3.3つ (d′  」 = ■■ HZ, lH′  C■ ―CH2)′ 3.62(t′  J =

7 Hz′  2H′  cH2~° )F MaSS m/e 267(M十 _cH3′  1・ )′  239(7)′  233(38)′   :

■65(2)′  ■47(24)′  ■03(40)′  73(■ 00)F Ana■ . Ca■cd for C..H27° 2Si2:

C′  46.69, H′  9.62, C■ ′ ■2.53. FoundF C′  47.02, H′  9.9■ , C■ :

■2.49.

5- ( (y, y-Dimethyl-$-oxa-y-si1a) butyl) -2, 2, 6, B, 8-penta-

methyl-3, 7-dioxa-2, 8-disilanonane (77) and threo-5- ( (B' g-

dimethyl-a-oxa-B-sila) propyl) -2,2, 6, 9,9-pentamethyl-3, 8-

dioxa-2,9-d.isiladecane(78): for: a mixture obtained by bulb
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to bu■ b disti■■ationF 100° C(oven)/0.5 mmHg, IR (neat)2955′

■380′  ■250′  ■080′  840′  740 cm~・ , 270 MHz ・ H NMR (CDC■ 3) δ

O.■ 20(s′  27H′  Si― CH3)′  °・ 8■ (d′  2.2H′  」 = 7.04 Hz′  CH3 °f 78)′

■.■ 4(d′  0.8H′  」 = 6.46 Hz′  CH3 °f スJ)′  ■・605(c′  0.4H′  CH of

77)′  ■.79(m′  0.6H′  CH of ス」)′  3.36(dd′  J = ■0.2 Hz and 6。 96

HZ′  CH2~°  °f 78)′  3.43-3.75(c′  2.8H′  CH2~° )′  3.8■ (td′  」 =

6.O Hz and 3.■ 2 Hz′  0.6H′  CH2~° °f 78)′  3.975(quintet′  」 =

6.O Hz′  0.4H′  」 = 6.O Hz′  CH-0 0f 77).  Irradiation at δ

O.8082 shows a trip■ et doub■ et (」  = 5。 79 Hz and 2.89 Hz)at

δ ■.798.  Irradiation at δ ■.■ 350 shows a doublet (」  = 5.68

Hz)at 6 3.975.  Irradiation at δ ■.600■  shows a trip■ et (」

= 5。 92 Hz at δ 3.975.  Irradiation at δ ■.769 shows a doub■ et

(」 = ■0.5 Hz)at 6 3.37′  a trip■et (J = 5.66 Hz)at δ 3.82■ ′

and a sing■ et at δ O.79。  工rradiation at δ 3.3684 shows a

doub■ et― trip■ ot (」 = ■4.38 Hz and 3.36 Hz)at δ ■.77■ . Irradi―

ation at δ 3.975 shows a sing■ et at δ ■.■ 3, Mass m/e 336(M+′

1)′  32■ (M+― CH3′  
・
)′  246(6)′  233(45)′  ■47(38)′  143995)′  l17

(■ 00)′  103(93)

2-(α―Hydroxymethy■ )-1′ 4-butanedio■ (96)and threo-2-

methy■ ―■′2′ 4-butanetrio■ (79): for a mixture obtained by

hydro■ ysis of a mixture of 77 and 78, 270 M Hz ・ H NMR (D2° )

δ O.775(d′  」 = 7.00 Hz′  ■.2H′  CH2 °f 理 )′  ■・090(d′  J = 7.00

Hz′  0.8 Hz′  CH2 °f 短 )′  ■・ 55■
―■.730(m′  lH′  CH)′  3.355(dd′

」=■ 0.8 Hz and 6.3 Hz′ ■.2H′ CH2°f理 )′ 3.4■ 0-3.679(m′ 3.4H′
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CH2 °f 96′  CH2 and CH of 79)′  3.84o (quintet′  」 = 6.3 Hz′  0.4H′

CH of 96).  Irradiation at δ ■.0984 shows a doub■ et (」 =

5。 68 Hz)at δ 3.835. Irradiation at δ ■.6056 shows a quartet

(」 = 6.5 Hz)at δ 3.835. Irradiation at δ ■.6869 shows a

doub■ et(」 = ■0.6 Hz)at δ 3.342 and a sing■ et at δ O.730.

Irradiation at δ 3.6166 shows a broad sing■ et at δ ■.585 and

a quartet (」  = 5。 87 Hz)at δ ■.673. Irradiation at 6 3.3839

,hOWS a sing■ et at δ ■.■ 95.

Acetic acid 2-(γ ′γ―dimethy■ ―β―oxa― γsi■abuty■ )-3′ 5′ 5-

trinethy■ …4-oxa-5-si■ ahexy■  ester(80)and Acetic acid 2=(β ′β一

dimethy■ ―α一oxa― β―si■a)-3′ 6′ 6-trime thy■ -5-oxa-6-si■ aheptyl

ёster(81): for a mixture (22 : 78)obtained by bu■ b to bu■ b

qisti■■ationF IR (neat)2950′  2880′  ■740′  ■440′  ■370′  ■250′

三0ど 0′  960′  840′  750 cm~1, lH NMR (CC■ 4) δ °・°8(s′  18H′  Si―CH3)′

0.70(d′  」 = 6 Hz′  2.34H′  CH3 °f 8■ )′  ■.06(d′  J = 6.O Hz′

0.66H′  CH3 °f 80)′  ■.32-■ .72(m′  ■H′  CH)′  ■。90 (s′  3H′  CH3C=° )′

3.28(d′  」 = 6 Hz′  ■.56H′  CH2~° °f 鰺 ), 3.44(d′  J  = 6 Hz′

0.44H′ CH2~° °f知 )′ 3.68-4.■ 2(c′ 3H′ CH2~° and CH― O),Mass

m/e 29■ (M+― CH3夕  4)′  26■ (■ )′  233(4■ )′  ■75(29)′  ■47(53)′  ■■7(62)′

103(62)′  ■03(88)′  73(■ 00), Ana■ . Ca■ cd for C13H40° 4Si2: C′

50。 94, H′  9.86. Found: C′  5■ .21, H′  9。 62.

Ben20iC aCid 2-(γ ′γ一dimethy■ ―β―oxa―γ一si■ abutyl)-3′ 5′ 5-tri―

methy■ -4-oxar5-silahexy■  ester(82)and benzoic acid 2-(β ′β―di―
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methy■ ―α一oxa― β―si■ a)-3′ 6′ 6-trimethy■ -5-oxa-6-si■ ahepty■  ester

(83): for a mixture (22 : 78) obtained by bu■ b to bu■ b

d■ sti■■ationF  bp 200° c(oven)/0.5 mmHg, IR (neat) 3000′  2950′

■725′  ■680′  ■6■ 5′  ■590′  ■455′  ■385′  ■320′  1270′  ■250′  l■ 00′

965′  830′  755′  7■ 5′  690 cm~・ , 270 MHz ・ H NMR(CDC■ 3) δ O・・
3(s′

■8H′  Si― CH3)′  0・ 88(d′  」 = 7.■ 7 Hz′  2.34H′  CH3 °f 廷 )′  ■・22(d′

」 =5.97 Hz′ 0.66H′ CH3° f影 )'■・ 76-■ .99(m′ ■H′ CH)′ 3.4■ 5

(dd′ 」 =6 Hz and■ 0.4 Hz′ 0.78H′ CH of増 )′ 3.5■ 0(dd′ J=

7.2 Hz and■ 0.4 Hz′ 0.78H′ CH2°f理 )′ 3.64(dd′ 」=5.4 Hz

and 9.6 Hz′ 0。 22H′ cH2° f髪 )′ 3.7■ (dd′ 」 =6 Hz and 9.6 Hz′

0.22H′  cH2 °f 彫 )′  4.■ ■5-4.2■ (m′  ■H′ CH Of 83)′  4.24-4.39(c′

2H′  cH2)′  7.35-7.36(c′  3H′  Ar)′  7.95-8.■ 1(c′  2H′  Ar). Irrad土―

ation at δ ■.8552 shows a sing■ et at 6 0。 88 and a doub■et

doub■ et (」 = 4.4■ Hz and 5.50 Hz)at δ 4.■ 6, Mass m/e 353

(M+~CH3′  3)′  233(40)′  23■ (3■ )′  ■89(29)′  ■05(100)′  ■03(71)′

Ana■ . Ca■ cd for C.8H32° 4Si2' C′  58,65, H′  8.75. found= C′

58.4■ , H′  8。 71.

Methy■  2-(γ ′γ―dimethy■ ―β―oxa―γ―Silabuty■ 0-3′ 5′ 5-tri―

methy■ -4-oxa-5-si■ ahexy carbonate(84)and methy■ ′ 2-(β ′β―di―

methy■ ―α―oxa― β―Si■ a)-3′ 6′ 6-trimethy■ -5-oxa-6-si■ ahepty■

carbonate(85): for a nixture (■ 7 : 83)obtained by bu■ b to

bu■b disti■■ationF bp ■70° C(oven)/1 mmHg, IR (neat)2990′

2950′  ■750′  1445′  ■250′  ■090′  975′  840′  750′  700 cm~・ F  270

MHz lH NMR ('CDC■
3) 
δ O・
・
2(s′  ■8H′  Si― CH3)′  °・ 8■ (d′  」 = 7.4
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Hz′ 2.49H′ CH3° f彎 )′ ■・■6(d′ 」 =6.6 Hz′ 0.5■ H′ CH3° f難 )′

■.66-■ .89(c′  lH′  CH)′  3.372(dd′  」 = 6.■ 3 Hz and 9.82 Hz′

0.83H′  CH2 °f 85)′  3.430(dd′  」 = 7.36 Hz and 9.82 Hz′  0.83H′

CH2 °f 
矩 )′  3.535(dd′ 」 = 6.55 Hz and 9.82 Hz′  0.■ 7H′  CH2 °f

84)′ 3.60■ (dd′ 」 =5。 7 Hz′ 0.■ 7H′ CH2° f難 )′ 3.732-3.830(m′

■H′  CH)over■ apping with a sing■ et at δ 3.756′  3.756(s′  3H′

CH3° )′  4.o■ 4(dd′  」 = 3.03 Hz and 5.32 Hz′  0.83H′  CH2 °f 85)′

4.o55(dd′  」 = 4.9■  Hz and 5.32 Hz′  0.83H′  cH2 °f 聴 )′  4.■ ■2

(d′  」 = 6.5 Hz′  0.■ 7H′  CH2 °f 只4). Irradiation at δ O.8■

shows a trip■ et― doub■et (」 = 3.O Hz and 6.75 Hz)at δ ■.7■ ■.

工rradiation at δ ■.69 shows a sing■ et at δ O.82 and two

doub■ ets (」  = ■0.87 Hz)at δ 3.379 and 3.442F MasS m/e 307

(M+~CH3′  
・
°)′  233(52)′  23■ (54)′  191(24)′  ■33(32)′  103(84)′

73(■ 00)F Ana■ . Ca■cd for c.3H30°
5Si2: C′  48.4■ , H′  9.37.

Found: C′  48.40, H′  9.45.

chroroacetic acid 2-(γ ′γ―dimethy■ ―β―oxa― γ―silabutyl)―

3′ 5′ 5-tr■methyl-4-oxa-5-s■ ■ahexy■  ester(86)and ch10roacetic

acid 2-(γ ′γ一dimethy■ ―β―oxa― γ―si■a)-3′ 6′ 6-trimethy■ -5-oxa-6-

si■ahepty■ ester (8フ ): for a mixture (4 : 96)obtained by

bu■ b to bu■ b distil■ ation, ■70° C(oven)/1 1rlmHg: IR (neat)2975′

29■ 0′  ■750′  1400′  ■280′  1245′  1170′  ■080′  980′  830′  740′  675

cm~・ , 270 MHz ・ H NMR (CDC■ 3) δ O・ 09 (S′  9H′  Si― cH3)′  °・・
2(s′

9H′ Si―CH3)′ 0・ 84(d′ 」 =6.28 Hz′ 1.92H′  CH2° fソ )′

1.■ 65(d′ 」=6.28 Hz′ 0.08H′ CH2°f")′ ■・69(m′ lH′ CH)′
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3.385(dd′  」 = 4.97 Hz and 8.53 Hz′  ■H′  CH2)′  3.445(dd′  J =

4.97 Hz and 9.95 Hz′  ■H′  CH2)′  4.020(m′  ■H′  CH)OVer■ apping

with a sing■ et at δ 4.045′  4.o45(s′  2H′  cH2)′  4.■■5(dd′  」 =

3.55 Hz and  7.82 Hz′  ■H′  CH2)′  4.■ 80(dd′  」 = 3.55 Hz and

■1.37 Hz′  ■H′  CH2)・  
・
rradiation at δ ■.6735 shows a sing■ et

at δ O.805 and two doub■ ets at δ 3.390(」  = 9.49 Hz)and

3.445(」 = 9.49 Hz). Irradiation at δ 3.4065 shows a quartet―

doub■ et (」 = 6。 28 Hz and 3.84 Hz)at δ ■.70■ F MaSS m/e 327

(M+~CH3′  
・
・7)′  325(3.3)′  297(■ .3)′  295(2.3)′  233(0.8)′  23■

(■ 3)′ .21■ (■ 2)′  2o9(25)′  189(■ 7)′  ■03(■ 00).

((6-Ethy■ -6-methyl-5-oxa-6-si■ aocty■ idene)methOXy)

diethy■methy■ si■ane(4): for a samp■ e obtained by bulb to bu■ b

disti■ ■atlon, bp 77° C(oven)/o.33 mmHg, IR (neat) 3030′  2955′

2950′  29■ 0′  2880′  ■655′  ■255′  800 cm~・ , ・ H NMR (CC■ 4)δ  °・00

(s′  3H′  Si― CH3)′  °・
・
0(S′  3H′  si― CH3)′  0・ 35-0.75(m′  8H′  Si― CH2)

0.82-■ .■ 0(m′  12H′  si― C― CH3)′  
・
・30-■ .67(m′  2H′  CH2)′  ・

・75-2.22

(m′  2H′  cH2)′  3.5■ (t′  」 = 6.5 Hz′   2H′  CH2~° )′  4.35(dt′  J =

6.O Hz and 7.3 Hz′  0.64H′  CH=C of Z― isomer)′  4.82(dt′  」 =

■2.3 Hz and 7.6 Hz′  0.36H′  CH=C of E―isomer)′  6.05(dt′  J =

6.O Hz and ■.3 Hz′  0.64H′  C=cH of Z― isomer)′  6.09(dt′  」 =

■2.3 Hz and ■.2 Hz′  0.36H′  c=cH Of E― isomer)F MaSS m/e 304(M+′

6.70′  287(14+― CH3′  0・ 4)′  275(0.4)′  189(30)′  ■6■ (■ 9)′  ■01(7)′

89(2■ )′  69(■ 00), Ana■ 。 Ca■ cd for C.5H34° 2Si2: C′  59.54デ  h′

■■.33. Found, c′  59。 21, H′  ■■.68.
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((α―(Diethy■ methy■ si■ oxymethy■ )cyc■ohexy■ )methy■ idene一

methoxy)一 diethy■methy■ si■ ane(90): for a samp■ e obtained by

bu■ b to bu■ b disti■■ation′  bp ■40° c(oVen)/0.5 mmHg, IR (neat)

2950′  29oo′  2870′  ■650′  ■430′  ■410′  ■225′  ■■20, ■080′  830′

800′  760 cm~・ , ・ H NM, (CC■ 4) δ °・00(S′  6H′  Si― CH3)′  0・ 4-0.6(m′

8H′  si… CH2)′  0・ 95(m′  ■21′  Si― C― CH3)′  1・ 4(c′  9H′  Cyc■ ohexane

ring)′  2.2(m′  ■H′  CH)′  3.45(m′  2H′  cH2~° )' 4.5(m′  0.54H′  CH=C

df Z■ isomer)′  5.■ (m′  0.46H′  CH=C of E― isomer)′   6.■ (m′  ■H′

C=CH)F Mass m/e 327(M+― Et, 44)′  245(■■)′  23(■ 0)′  ■89(80)′  ■6■

(78)′  ■2■ (■ 00), Ana■ . ca■ cd for C.9H40° 2Si2: C′  63.98デ  H′

l■ .30。  Found: C′  63.66F H′  l■ .50.

((α―(Die thy■ methy■ s tt■oxymethyl)cyclOhexy■ )methylidene―

methoxy)― diethy■ me thy■ si■ ane(91): fOr a samp■ e obtained by

distillation: bp ■■3-■■5° C(oven)/o.6 5 1rlmHg, IR (neat)3020′

2950′  2905′  2875′  2840′  1658′  1650′  1460′  1435′  1255′  800

cm~・ , lH NMR (CC■ 4)~0・ 004′  6`0■ 4(s′  3H′  Si― CH3)′  0・ 095′

0.■ 19(s′  3H′  Si― CH3)′  °136-0.75(m′  8H′  Si― CH2)′  0・ 83-■ .■■(m′

■2H′  SiTc― CH3)′  
・
・
・
1-2.56(c′  a■ lyl methylene and methine)′

2.82-3.15(c′  ■H′  a■ ly■ methy■ ene)′  3.■ 2-3.72(m′  2H′  CH2~° )′

4.42(dd′  」 = 9。 9 Hz and 6.2 Hz′  0.54H′  CH=C Of Z― isomer)′

4.89(dd′  」 = ■■.7 Hz and 9.6 Hz′  0.46H′  CH=C Of E― isomer)′

5.59(bs′  2H′  cH=CH). 6.■■(dd′  」 = 6.2 Hz and l.3 Hz′  0.54H′

C=CH― O of Z― isomer)′  6.179d′  j = 11.8 Hz′  0.46H′  C=CH―O of

E― isomer), Mよ SS m/e 354(M+′  6)′  339(2)′  325(52)′  236(53)′
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189(85)′  161(56)′  ■■9(60)′  10■ (65)′  89(65)′  73(■ 00), Ana■ .

Ca■ cd for C.9H38° 2Si2: C′  64.34′  H′  ■0.80。  Found: C′  64。 23,

H′  ■■.20.

((4′ 6-Dimethy■ -6-ethy■ -5-oxa-6-si■ aocty■ idene)methOXy)一

diethylmethy■ si■ ane(92)and ((3′ 6-dimethy■ -6-ethy■ -5-oxa-6-

si■ aocty■ idene)―methoxy)diethy■ methy■ si■ ane(93): for a Samp■ e

obtained by disti■ ■ationf bp 93-■ 0■ .5° C/0.6 mmHg, IR (neat)

3035′  2955′  29■ 0′  2880′  ■655′  ■460′  ■4■ 0′  ■255′  ■080′  800

とm~・ ′  270 MHz ・ H NMR (CDC■ 3) δ O'03(s′  3H′  Si一 cH3)′  0・・ (S′

3H′  Si一 CH3)′  0・ 39-0。 72(c′  8H′  Si― CH2)′  0° 76-■ .06(c′  ■2H′

,i― C― CH3)′  ・ ・
42-2.52(c′  3H′  CH2)′  3.25-3.75(c′  2H′  CH2~° )′

4.43(dt′  」 = 7.7 Hz and 7 Hz′  0.58H′  CH=C of Z― isomer of 92)′

4.63(dt′  」 = 9 Hz and 2.6 Hz′  0.05H′  CH=C of Z― isomer of 93)′

4.93(dt′  」 = ■2 Hz and 8.4 Hz′  0.25H′  CH=C of E― isomer of 92)′

5.■ ■(d′  」 = ■.9 Hz′  0.12H′  cH=C of E― isOmer of 93)′  6.l■ -6.37

(C′  ■H′  =CH一〇), MaSS m/e 316(M+′  1)′  30■ (■ )′  289(3)′  287(■ 6)′

■98(7■ )′  ■89(49)′  ■6■ (36)′  ■0■ (52)′  89(100)′  73(57), Ana■ .

Ca■ cd for C.6H36° 2Si2: C′  60.69′  H′  ■■.46. Found: C′  60.34,

H′  11.79。

((6-Ethy■ -4′ 4′ 6-trimethyl-5-oxa… 6-silaocty■ idene)一

methoxy)一 diethy■ methy■ silane(94): for a samp■ e obtained by

disti■ ■ation, IR (neat)2950′  2870′  ■630′  ■460′  14■ 8′  1260′

■100′  ■010′  b30′  800′  760 cm~・ , ・ H NMR (CC■ 4)δ  O・ 00(s′  3H′
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Si~CH3)′  0°
・
0(S′  3H′  Si― CH3)′  0・ 56(m′  8H′  Si― CH2)′  0° 89(c′

18H′  Si― C― CH3′  CH3)′  
・
・72(d′  」 = 8 Hz′  0.58H′  0.58H′  CH2 °f

E―isomer)′  ■。90(d, 」 = 8 Hz′  ■.42H′  CH2 °f Z~isomer)′  3.■ 6(s′

2H′  cH2~° )′  4.32(m′  0.7■ H′  CH=C of Z― isomer)′  4.86(m′  0.29H′

CH=C of E― isomer)′  6.■ 4(m′  ■H′  C=CH-0), MaSS m/e 30■ (M+― Et′

33)′  244(20)′  2■ 2(40)′  ■97(33)′  ■89(67)′  ■6■ (33)′  ■57(73)′

i■
0■ (■ 00)F Ana■ , Ca■ cd for C.7H38° 2Si2: C′  6■ .75, H. ■■.58.

Found: c′  6■ .52F H′  ■■.74.
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Chapter 2 Cobalt Carbonyl Catalyzed Reduction of Aromatic

Nitrifes with a hydrosil-ane

2.I. Introduction

The hwdr6c'i 1-'t -!i ^'. ^c -l kwnes rrsi no transition metalrrru rrf v! vrl IJ Ia LIVII v! qrrlJ rruJ uJrlry

catalyst has been an important and well--known process as a
l

convenient route to silicon containincr compounds.' On the

other hand little attention has been paid to the addition
) ')'

of hydrosil-anes to nitriles,-'- despite the potential

utility of N-sifylated compounds.= For example, the addition

of HSiivlerCl to methacrylonitril-e has been reported, but the
2

product yield was very }ow. " Nevertheless the selective

reduction of aromatic nitril-es havinq various functionaf

groups j-s an important route to primary amines, although few

stud.ies has been carried out.5 In this Chapter, a novel and

effective method for the overall reduction of aromatic

nitriles using cobalt carbonyl catalyzed addition of two

mol-ecules of HSil"le-. (eq 1) will be described.

R°

C~・ N

R″!11・ m
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Table I. Cobalt Carbonyi Catalyzed Addit.ion of
Products, Yields, and Bojl.inq points.

HSiMe3 t° Aromatic Nitr.iIes.a

entry p roduct
hy.ield,l " hn oflmmfln

-( t

∝ :ille3

ノJ(〔 )〕

/へ｀

:lille3

に

,〕

/｀

「 i:le3

∝       〔i:le3

叫 iille3

F:千ille3
1trC

CH30年よiille3

c]″
り〔〔)〕
ノハ`
さlille3

Me2瀬 :li:le3

CH3)｀
rI()了

´｀

ま、lle3

0

91

57(68)

11(22)

64(67)

(36)

(88)

(53)

(/3 )

(46) s

130/20

150/20

150/19

150/10

150/0 5

150/0.5

160/10

3

4e

5

6e

7

8e,f

9

i0 -''

150/5

120/0.5

150/0.7

a) All reactions were carried out on a scale as described in the text unless

otherwise noted. b) GLC yields in parentheses. c) Oven Tenperature of bulb to bulb

distillationapparatus.d)ref.6e)Co'(C0)e(0.625mmo1)wasused.f)For40hrs.
g) Partially hydrolyzed product, i.e., a monosilylated amine, was also obtained in

19 % yield.
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2.2. Coba■t Carbony■  Cata■ yzed Reaction of Aromatic Nitriles

with a Hydrosilane

p― TO■un■ tr■■e was reacted w■ th a hydros■ ■ane ■n the

presence of a cata■ ytic amount of Co2(C° )8 in to■ uene at 25° C

under cO atmosphere.  After 20 h′  GLC ana■ ysis ShOWed that

on■y 3 2 yield of N′ N―bis(trimethy■ s tt■y■ )― p―methylbenzy■ amine(八ジ

was obtained and starting materia■  was a■ most quantitatively

recoveredo  when e■ evating the reaction temperature to 60° C′

the reaction proceeded smOOth■ y to form ■
′
in 9■  2 yield.

The reaction cou■ d a■ so be effected by using a nitrogen

atmosphere′  a■ though the yie■ d was slight■ y decreased (7■

2 yie■ d).  The w′ N―di(Si■ y■ )amine was quantitatively converted

to p― methy■ ―benzylamine by treating with hot methano■ .

In a s■ m■■ar manner a number of N′ N― diS■ ■ylam■nes were

prepared from the corresponding nitri■ es as shown in Tab■ e I.

The reaction conditions cOu■ d be tore■ ant of var■ ous functiona■

groups ■ike methoxy′  ch■ oro′ dimethy■ amino′  or methoxycarbony■

(entry フ′ 8′  9′  ■0)。   Since the a■ iphatic nitri■es did not

react with HSiMe3′  the cyano group a〕 acent to benzene ring

se■ ective■y reacted with HsiMe3 in the case of p― (cyano―

methyl)benZOnitri■ e (entry 6).  The rate of conversion of

aromatic n■ tr■ ■es hav■ ng e■ectron w■ thdraw■ ng group or ster■ ―

ca■■y hindered nitri■ es seems to be rather low (entry 4′  8′

■0).       、
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The plausible reaction pathway is depicted in Scheme I.
1

RrSi-Co (CO) 4,' generated by the reaction of HSiR, and
q

Cor(CO)r," may react with a nitrile to give N-silylnitrilium
ion intermed.iate q) and Co(Co);. Transfer of hyd.rogen

from a hydrosilane to 2 might occur to form silylimine (2.n

The addition of HSiMea to .1 in a similar manner wou1d result

in the formation of N,N-disilylamine.l0

Schёme I

HSiMe3  +   C° 2(CO)8  ~  Me3SiC° (CO)4   +   HCO(cO)4

HSiMe3  +   H'° (CO)4  ~  Me3SiC° (CO)4   +   H2

σ

C―IN

σ
叫鋪陥32■

2

∝ !1:le3

３
″

σ
釧ゼp4e3M%SiCOl∞≧σ

釧=《趣
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2.3. Experimental

2.3.I. General Procedure for CobaIt Carbonyl Catalyzed

Reaction of Aromatic Nitril-es with a Hvdrosilane

The fo■■ow■ ng procedure for the reaction of p一 to■ un■ tr■■e

is representativeo  A ■O mL two―necked round― bottom f■ ask

equipped with a dry ice condenser and a Tef■ on― coated magnetic

stirrer bar was f■ ame dried and then charged with O.0684 g

(0.2 mmo■ )of Co2(C° )8′  fitted with a serum cap and CO ba■ ■oon

and f■ ushed w■ th carbon lrtonox■ de.  To the f■ask was added

2.83 mL (25 mmo■ )Of HSiMe3 With a pressurized syringe at

-20。 c.  After about five minutes to this so■ ution were added

■O mL of to■ uene and O.3 mL (2.5 mmo■ )Of p一 tolunitri■e at

-20° c.  The reaction mixture was stirred at 60° C for 20 h.

So■vent was removed by rotary evaporator and the res■ due was

distil■ ed by bu■b to bulb disti■ ■ation (bp ■50° C(oVen)/20 mmHg)

to give O.606 g (9■  9 yie■ d)of ■ aS a co■orless liquid.

2.3.2. Characterization of Products

N′ N―Bis(trimethy■ si■ y■ )一 p― methy■ benzylamine(υ :for a

samp■ e obtaキ ned by bu■ b to bu■ b disti■■ationF bp 150° C/20

mmHg, IR (neat)2955′  ■5■ 0′  ■460′  ■409′  1353′  ■304′  1287′
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■253′  ■■94′  ■■74′  ■069′  ■034′  940′  873′  835′  763 cm~・

NMR (CC■ 4) δ O・ 02(s′  ■8H′  Si― CH3)′  2.■ 8(s′  3H′  CH3)′

2H′  cH2)′  6.93(m′  4H′  Ar), MaSS m/e 265 (M+′  23)′  250

■76(34)′  ■74(20)′  ■49(47)′  73(44), Ana■ . Ca■ cd. for

C■ 4H27NSi2: C′  63.32, H′  ■0.25, N. 5.28. Found: C′  63

■0.4■ F N′  5.■ 4.

F 
■
H

3.96(s′

(100)′

.23, H′

N′ N―BiS(trimethy■ si■y■ )benzy■ amine: for a samp■ e obtained

by bu■ b to bu■ b disti■■ationF bp ■30° C(oVen)/20 mmHg, 3085′

2975′  ■600′  ■492′  ■353′  ■248′  ■■94′  ■085′  ■06■ ′ 1028′  9■ 2′

866′  838′  753′  727 cm~・ F 
■H NMR δ O.02(s′  ■8H′  Si― CH3)′  3.97

(s′  2H′  cH2)′  7.05(m′  5H′  Ar), Mass m/e 25■ (M+′  20)′  236(■ 00)′

■74(20)′  ■62(46)′  ■35(30), 73(43), Ana■ . Ca■ cd for C.3H25NSi2:

C′  62.08, H′  ■0.02, N′  5.57. Found: C′  6■ .83, H′  ■0.23, N′

5.55.

N′ N―BiS(trimethy■ si■ y■ )一m―methy■ benzy■ amine: for a

samp■ e obtained by bu■ b to bu■b disti■ ■ationF bp ■50° C(oVen)

/■ 9 111mHgF IR (neat)3060′  2975′  ■606′  ■593′  ■494′  1347′  ■288′

■253′  l148′  ■068′  ■029′  908′  839′  86■ ′ 767′  755 cm~・ , lH NMR

δ O.02(s′  ■8H′  Si一 CH3)′  2.20(s′  3H′  CH3)′  3.95(s′  2H′  cH2)′

6.68-7.0■ (m′  4H′  Ar), Mass m/e 265(M+′  29)′  250(■ 00)′  176(34)′

174(20)′  ■49(47)′  73(44), Anal. Ca■ cd for C.4H27NSi2: C′

63.32F H′  ■0.25, 0′  5.28. Found: C′  63.06, H′  ■0.37, N′  4.97.
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N′ N―BiS(trimethy■ si■ y■ )― o―methylbenzy■ amine: for a

samp■ e obtained by bu■ b to bu■ b distil■ ationF bp ■50° C(oVen)

/■ O nlmHgF IR (neat)2975′  1601′  ■485′  ■455′  ■4067 ■382′  ■352′

■29■ ′ ■252′  ■208′  1■ 78′  ■■■5′  ■065′  ■040′  10■ 8′  945′  879′

839′  742 cm~・ , ・ H NMR (CC■ 4) δ O・ 02(s′  ■8H′  Si一 CH3)′  2.■ 2(s′

3H′  CH3)′  3.90(s′  2H′  CH2)′  6.83-7.09(m′  4H′ Ar), Mass m/e

265(M+′  ■9)′  250(34)′  ■76(2o)′  174 (■ 3)′  149(■ 9)′  ■04(■ 00)′

73(26)F Ana■ . Ca■ cd for C.4H27NSi2: C′  63.32, H′  ■0.25, N′

5.28. Found: C′  62.55, H′  10.22, N′  5.23.

N′ N―Bis(trimethy■ si■ yl)― β―naphty■ methane: for a samp■ e

obtained by bu■ b to bu■b disti■ ■ation′  bp ■50° C(oVen)/0.5

HlmHgF IR (ne at)2970′  ■627′  ■505′  ■449′  ■366′  ■249′  l154′

1■ ■9′  ■o70, ■028′  949′  896′  868′  837′  750 cm~・ ′ ・ H NMR (CC■ 4)

δ O.02(s′  ■8H′  Si― CH3)′  4.4■ (s′  2H′  CH2)′  7.07-7.72(m′  7H′

Ar), Mass m/e 30■ (M+′  32)′  286(■ 00)′  2■ 2(2■ )′  ■98(■ 4)′  ■85

(28)′  ■74(23)′  14■ (22)′  73(38), Ana■ . Calcd for C.7H27NSi2:

C′  67.7■ , H′  9.02, N′  4.64. Found: C′  67.49, H′  9.07′  N′  4.7■ .

′ゝN―BiS(trimethylsily■ )一 p― cyanomethylbenzy■ amine: for a

samp■ e obtained by bu■ b to bulb distil■ ationF bp ■50° C(oVen)

/0.5 mmHg, IR (neat)2970′  ■507′  ■455′  ■414′  ■353′  ■293′

1248′  ■■73′  ■073′  ■031′  1020′  958′  876′  837′  764′  750 cm~1,
lH NMR (CC■

4) δ O・ 06(s′  18H′  si― CH3)′  3.58(s′  2H′  cH2)′  4.o3

(s′  2H′  cH2)′  6.83-7.30(m′  4H′  Ar), Mass m/e 29o(M+′  17)′
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275(M十 _Me′  ■00)′  20■ (3フ )′  ■87(■ 3)′  174(34)′  130(■ 3)′  73(59)F

Ana■ . Ca■ cd for C.5H26N2Si2: C′  62.o■ ′ H′  9.02F N′  9.64.

Found: C′  6■ .67, H′  9.07F N′  9。 ■■.

N′ N―BiS(trimethy■ si■y■ )― p―methoxybenzy■aminet for a

samp■ e obtained by bulb to bu■ b dist■ ■■ation′  bp ■60° C(oven)

/■ O mmHgF IR (neat)2975′  ■608′  ■583′  ■508′  ■459′  ■440′  ■409′

■354′  ■299′  ■247′  ■■8■ ′ ■■67′  ■■08′  ■068′  1042′  ■0■ ■′ 935′

875′  838′  757 cm~・ , ・ H NMR (CC■ 4) δ °・02(s′  ■8H′  Si― CH3)′  3.72

(s′  3H′  CH3)′  4.00(sr 2H′  cH2)′  6.■ 6-7.08(m′  4H′  Ar)F MaSs

m/e 28i(M+′  28)′  266(100)′  ■92(20)′  ■74(■ 8)′  ■65(7■ )′  ■2■ (45)′

73(55), Ana■ . Ca■ cd for C.4H27NOSi2: C′  59.73, H′  9.67, N′

4.97. Found: C′  59.30F H′  9.86, N′  4.83.

N′ N―BiS(trimethylsi■ y■ )… p― ch■ Orobenzy■amine: for a

samp■ e  obtained by bu■ b to bu■ b disti■ latittn, bp ■50°C(oven)

/5 mmHgF ttR (neat)2970′  ■593, ■576′  ■486′  ■454′  ■403′  ■343′

■280′  ■249′  1■ 87′  ■094′  ■069′  ■025′  ■0■ 2′  942′  87■ ′ 835′  75■

cm…
■
F 
■H NMR (CC■ 4) δ O・ °2(s′  ■8H′  Si― CH3)′  3.96(s′  2H′  CH2)′

7.09(m′  4H′  Ar)F Mass m/e 285(M+′  ■0)′  270(■ 00)′  ■96(45)′

■74(■ 7)′  ■69(2■ )′  86(27)′  73(83)F Anal. Ca■ cd for C.3H24C・ NS± 2:

C′  54.60F H′  8.46, N′  4.90. Found: C′  54.39F H′  8.49, N′  4.80.

N, N-B.rr ( trinethylsilyl ) -p-dimethylaminobenzylamine :

for a sample obtained by bulb to bulb distillation; bp 120"C
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(oVen)/0.5  mmHgF

■440′  ■34■ ′ 1247′

754 cm~1′  ・ H NMR

CH3)′  3.99(s′  2H′

(M+′  4■ )′  279(■ 9)

f°r C■ 5H30N2Si2:

60.79, H′  ■0.35F

IR (neat)2975′  16■ 0′  ■564′  15■ 2′  1476′

■■79′  ■■6■ ′ ■064′  ■029′  949′  930′  873′  837′

(CC・ 4) 6 °・ 04(s′  ■8H′  Si― CH3)′  2.88(s′  6H′

CH2)′  6.40-7.24(m′  4H′ Ar)F MaSS m/e 294

′ ■78(33)′  ■72(■ 00)′  73(2■ )F Ana■ 。 Ca■ cd

C′  6■ .■ 6, H′  ■0。 26, N′  9.5■ . Found: C′

N′  9.43.

N′ N―BiS(trimethy■ si■y■ )一p―methoxycarbony■ benzy■ amine:

for a samp■ e obtained by bu■ b to bu■ b disti■ ■ation′  bp ■50

°C(Oven)/o.7 mmHgF IR (neat) 2970′  ■7■ 6′  1607′  ■572′  1432′

■4■ 2′  ■350′  ■278′  ■266′  ■252′  ■■91′  ■■70′  ■■■0′  ■074′  ■028′

■0■ 9′  968′  886′  840′  750 cm~1, 
■
H NMR (CC■ 4) 6 o.o6(s′  ■8H′

Si~CH3)′  3.85(s′  3H′  CH3)′  4.■ 2(s′  2H′  CH2)′  7.■ 7-8.16(m′

4H′  Ar)F Mass m/e 309(M+′  ■5)′  294(■ oO)′  220(34)′  ■93(20)′

■90(29)′  ■74(■ 9)′  73(52), Ana■ 。 Ca■ cd for C.5H27N° 2Si2: C′

58.20, H′  8.79, N′  4.53. Found: c′  58.04, H′  8.85, N′  4.39.
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Conclusion

The objective of this rearch was to develop a cobalt

carbonyl catalyzed carbon chain extension reactions and reduc-

tion using hydrosilanes. The important resul-ts mentioned in

each chapter of this thes j-s are sunrmarized as follows -

Tn chantel f, a new cobalt carbonyl catalyzed reaction

of cyclic ethers with a hydrosilane and carbon monoxide has

been described. Catalytic reaction of cyclic ethers like

oxiranes, oxetanes, and tetrahydrofurans took place at 25"C

and I atm to undergo incoproratj-on of one molecule of carbon

monoxid.e as an oxymethyl group. High stereoselectivity was

observed for the ring opening of symmetrically substituted

cyclic ethers. Ring opening of oxiranes having oxygen

containing substituents took place highly regioselectively

to form 1,3-dioJ- derivatives. Especially regio- and stereo-

sel cr-l- i rzp ri nn nnoni na r^'f tranq-2 - 3-enoxvtlrrtanol with a-tr

hydrosilane and carbon monoxid.e was achieved by the protec-

tion of the hydroxy group with chloroacetyl group and the

reaction qave a 2-methyl-1,3-butane diol derivative which

is an important intermediates in organic synthesis.

Furthermore, incorporation of carbon monoxide into a tertiary

carbon center, which is a very rare reaction' was observed.

FinalIy conversion of tetrahydrofurans to enof silyl ethers

using cobalL carbonyl catalyzed reaction with a hydrosj-lane
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and carbon monoxide in acetonitrile has been described.

Characteristic features of these reactions are

summarized as follows.

(1) In the viewpoint of organometall-ic chemistry, the

reactions described in Chapter I demonstrate a new method for

the formation of carbon-transition metal bond by utilizing

the high oxophilicity of sil-icon under mild. reaction condi-

tions (25"C, 1 atm).

(2) In the viewpoint of organic synthesis, these

c;afalr.r1.irr rear:finnq nrnrzido: nOvel direct method fof the

nucleophilc oxymethylation, which j-s not an easy task using

conventional methods.

Tn r-hanl-ar ) - seler:l. irze reductiOn of arOmatic nitriles

with a hydrosilane in the presence of Cor(CO) g has been

described. This reaction provides a new route to N,N-disilyl-
amines.

- 86 -



Acknowledgement

The author would like to express his gratitude to

Professor Noboru Sonoda, Osaka University and Professor

Shinzi Kato' Gifu University for their kind guidance, helpful

suggestions and hearty encouragement during this work, The

auther is sincerely grateful to Associate Profes'sor Shinji

Iulurai for his suggestions and stimulating discussions in the

accomplishment of this work. The author also acknowledges

thei continuj-ng encouragement of Dr. Noritake Miyoshi, Dr.

flhyong Ryu, Dr. Nobuaki Kambe, Dr. Naoto Chatani, and Dr.

Satoshi Inagaki.

Furthermore the author wi-shes to mention the enjoyable

and fruitful collaborative research effort with Mr. Yoshio

Hatayama, Mr. Takuya Toki, Mr. Satoshi Suzuki, Mr. Kazuyoshi

Furuta, and Mr. Takehiko Sakane. His gratitude is expended

to Dr. Akiya Ogawa, Dr. Masaru fshida and a1l- the members of

the research groups of Professor Noboru Sonoda and Professor

Shinzi Kato for their occational discussions, helpful

assistances, and profound interests.

The author would like to express his thanks to his

parents for their perpetual support. Finally the auther is

particularly grateful- to his wi-fe, Ivlotoko, for her under-

standing and encouragement.

- 87 -




