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General lntroduction

     Carbonylation reactions with the aid of various transition
                                                         l,2metal complexes have been the subject of numerous studies.                                                              Much

attention has been focused on carbonylation reactions of olefins
                                                               3(e.g., hydroformylation and the related carbonylation reactions)

because of their importance in organic synthesis and in industry.

In contrast, carbonylation reactions of oxygen containing compounds,

apart from synthesis of acetic acid from methanol and homologation
o[ methanol to ethanol,2 have received little attention. carbony-

lation reactions of oxygen containÅ}ng compounds have been known to

proceed generally with iow conversion, low yield, and iow

selectivity because of low efficiency of the known catalyst systems

for the formation of a carbon-transition metai bond, which is

required for incorporation of carbon monoxide. In addition,

further reactions of initiaily formed products take place frequently.

     The prime objective of the present research was to develop

new catalytic carbonylation reactions of oxygen containing compounds

with the aid of transition metal coinplexes through the examination

of a new method for forrnation of carbon-transition metal bond.
                    '     This thesis consists of three chapters. Chapter l deals with

cobalt carbonyl--catalyzed reaction of esters and iactones with

carbon monoxide-and hydrosilane. Novel synthetic methods for

introduction of siioxyrnethylidene, 1,2-•disiloxyvinyl, and

siloxymethyl groups will be described. Chapter 2 deals with cobalt
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carbonyl-eatalyzed reaction of ketones with carbon monoxide and

hydrosilane. The new inethod for construction of five-membered

rings via ring expansion will be described. In chapter 3, a new

entry to T-allylcobalt tricarbonyls using (CH3)3SiCo(CO)4 will be

described.

References

     (1) Wender, I.; Pino, P. "Organic SynthesÅ}s via Metal

Carbonyls"; WUey: New York, l977; Vol. U.

     (2) Falbe, J. "New Syntheses with Carbon Monoxide"; Springer-

Veriag; New York, 1980.

     (3) Pruett, R. L. Adv. Organomet. Chem. 1979, l7, l. Siegel,

H.; Himmele, W. Angew. Chem., Int. Ed. Engl. 1980, 19, l78.
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Chapter 1 Cobalt Carbonyl-Catalyzed Reaction of Esters and

           Lactones with Carbon Monoxide and Hydrosilane

l--l Introduction

     Silylcobalt tetracarbonyl, R3SiCo(CO)4 (Nl), is forrned by the

well established process of reactions 1 and 2, which have been
found by Chalk, Harrod, and MacDiarmid.1 Silylcobalt comp!ex ;L

      C02(CO)s + HSiR3 ---.-R3SiCO(CO)4 + HCo(CO)4 (1)
                              2
      HCo(CO)4 + HSiR3e.l, + H2 (2)
            ,,,,,l["[(I5'l;,,), SOft (gsgg ::2\s:g,?.Tgup)

             L (good oxygenophile                      hard high Lewis acidity)

is the combination of hard acid (oxygenophile)-soft base (nucleo-

phile) so that high reactivity of l with oxygen containing
                                 .v
compounds was expected. Much attention has been focused on the

reactions of R3SiX (X=halogen, CN, N2, SR, SeR, etc) with oxygen
containing compounds on the basis of the hard-soft principle.2

Furthermore, Gladysz has recently developed new efficient rnethods

for the formation of carbon--manganese bonds by using the

stoichiometric reaction of Me3SiMn(CO}s with oxygen containing
          3compounds. '
     To test the applicability and the effectiveness of the

methodology described abovet the reaction of alkyl acetates with
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carbon rnonoxide and hydrosilane in the presence of Co2(CO>s have

been studied. The analysis based on the above mentioned concepts

suggested that activation of an acetoxy group into a better leaving

'group as shown in eq 3 was highly piausible to occur in a catalytic

      o +ozSiR3 . Rt.oA ' R3SiCIO(CO)4' Rt..oA Co(CO)4 -ep R'-Co(Co)4 + R3sioAc (3)

              N

process. As a consequence, development of a new entry to an

alkylcobalt tetracarbonyl (eq 3) leading to a new catalytic

reaction was expected. Moreovert alkyl acetates are one of the

most easily available classes of oxygen containing compounds so

that incorporation of carbon monoxide into them would iead to a
                            4new usefu! synthetic method.

                                         '
1-2 The Reaction of Cyclohexyl Acetate with Carbon Monoxide and

     Hydrosilane

     Cyclohexyl acetate (2) was found to react with HSiR3 and
                    'carbon monoxide in the presence of a cataiytic amount of Co2(CO)s

to give siloxyrnethylidenecyclohexane (9) and a byproduct,

disiloxyvinylcyclohexane (f!,) (eq 4). rn addition, R3SiOAc was

found as an another byprqduct. Since the reaction to give 9 and 2

                                            osiEt2Me
            HSiEt2Me
    QOAC-llllii2ELgill!lilE;i:-t(.50c:2tMlo)s():rxosiEt2Me+ 4 osiEt2Me (4)

                            N JV
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required two and three equivalent of hydrosilanet respectively,

the reactant molar ratio of 3:l with a hydrosilane to an alkyl

acetate was generally employed in the experiments.

     Selected results obtained for the,catalytic reaction of 3

using HSiEt2Me as a hydrosilane are shown in Table I. The best

result with respects to the yield of ;} and ratio of 2:2 was

obtained in the reaction run under 50 atm of carbon rnonoxide and

at 2000C in benzene (or toluene) using Co2(CO)s as the catalyst

(or the catalyst precursor) (runs 8 and 9). The reaction did not

take place at below 1000C and increase in the reaction temperature

resulted in increase in the yield of and the selectivity to 2

(runs 1,2,7, and 8). Some cobalt cornplexes, such as Co2(CO)6(PPh3)2

(run 5) and Co(OAc)2•4H20 (run ll), were also effective as the
catalyst but less efficient than Co2(CO)s or Me3SiCo(CO)41 (run 10).

Under the conditions equivalent to run 2 qr 8, varÅ}ous transition

metal cornplexes, selected mainly from those known to be effective
for carbonyiation5 and/or hydrosuylation,6 were examined on their

ability to catalyze the reaction 4. Ail of the complexes examined,

however, showed little or no Åëatalytic activity: these eomplexes
were Fe(co)s,7'8 Fe(co)s/N-methylpiperidine,7 [cpFe(co)2]2,7

(cyclobutadiene)Fe(co)3,7 Fec13,8 Ru3(co)n,7'8 Rhcl(pph3>3,7

RhCl(co)(pph3)2,7 [(norbornadiene)Rhcl]2,7 [Rhcl(co)2]2,7'8

Rh2(oAc)4,7 Rh6(co)16,7'8 ptcl2(pph3)2,7 Nic12/Et2s,8

ircl(co){pph3)t7'8 pdc12.7'8 The effective range of catalysts

for this particular reaction 4 seems to be limited to those
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Table I. The
   with

Catalytic Reaction of
 CO and HSiEt2Mea

Cyclohexyl Acetate (2)

run
catalyst
/additive solvent, temp (Oc) yield (%)

92
b

1

2

3

4

5

6

7

8

9

10

11

C02(CO)8

C02(CO)8

C02(CO)8
/PYridineC

C02(CO)s
     dIPPh3

Co2(CO)6(PPh3)2

C02(CO)8

C02(CO)8

C02(CO)8

C02(CO)8

Me3sico(co)4

Co(OAc)2•4 H20

C6H6

C6H6

C6H6

C6H6

C6H6

CH2C12

C6H6

C6H6

PhCH3

C6H6

C6H6

'

'

'

'

'

s

'

'

'

'

'

1OO

140

140

T40

140

140

180

200

200

200

200

5

56

58

12

28

54

68

75

79

70

66

9

21

12

o

3

2

4

3

e

e

e

a Reaction conditions: 2(10 rrunol>, HSiEt2Me(30 nrmol), CO

(50 atm, initial pressure at 2sOC), catalyst(O.4 mrnol),

solvent (20 mL) unless otherwise noted. Reaction time was
20 h for runs 1-6 and 6 h for runs 7-ll. b GLC yield based

on 2. C Pyridine(2 mmol) was added. d PPh3(l rnmol) was

added. e Not determined, but <5%. f The amount of HSiEt2Me

was 4Q rmol. '
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containing cobalt (Table 1). However, a cluster complex,
C6HsCCo3(CO)g,9 was not effective in the present reaction.

     As a hydrosilane, HSiEt2Me was used throughout the present

work because of the ease in handling with a hypodimeric syringe

due to its approprÅ}ate boiling point (bp 780C) and adavantage in

NMR assingment of products due to their methyl singlets. Other

trialkylhydrosilanes gave similar results in the reaction 4, i.e.,

82, 72, and 58g yields of 2} were obtained from HSiMe3, HSiEt3r and
HSiPh2Met respectively, under the conditions of run 8 in Table I.10

However, the catalytic reaction of 2. using H2SiPh2 gave a complex

mixture (not identified). In the case of HSiMe(OEt)2t no reaction

proceeded.

     Alkyi esters such as cyclohexyl forrnate, benzoate, and

pivalate can also be used in place of the acetate 2. The relative

reactivities of these esters were rneasured quantatively. The half

life times of cyclohexyl acetate, formate, benzoate, and pivalate

under the conditions used for run 8 in Table I were l.2, 1.2, 2.l.

and 4.5 h, respectively. From the viewpoints of reactivity and

availability, alkyl acetates are the satisfactory substrates

especially for the synthetic purpose.

     The transforrnation of an ester given in eq 5 finds no

precedent. Carbon monoxide has been cleanly incorporated into the

              >oA,-zililllsi-i9-IRIsCO [!]>=xos,R3 (s)

- 7 --



carbon atorn bearing the acetoxy group as a part of the siloxy-

rnethylidene group. New carbon-carbon bond has been formed as the

result of carbon-oxygen bond cieavage.

1-3 Mechanism
     Although the rnechanism of the cobalt carbonyl--catalyzed

reaction of cyclohexyl acetate with carbon monoxide and hydrosilane

(eq 4) is not fully understood yet, reasonable speculations can

be made on the basis of the knowledges about the aceepted
mechanisms of cobalt-catalyzed carbonylation,5 oiefin hydrosiiy!-

ation,6 and the reaction of olefins with hydrosilane and carbon

monoxide,ll the latter being reinforced by the elegant studies by
          '
Gladysz on the stoichiometric reactions of Me3SiMn(CO)s with
various oxygen containing compounds.3 As expected (eq 3), the key

catalyst species in the present reaction (eq 4) would be a

silylcobalt carbonyl l, which would be generated in the catalytic

cycle by reactions 1 and 2. The proposed rnechanisrn for reaction 4

is depicted in Scherne I. The catalytic cycle would begin wÅ}th

the interaction of i with the substrate 2 to forrn an oxonium ion 5                  ..V i-t Nfollowed by the nucleophilic displacement of the activated acetoxy

group by Co(CO)4 to give an alkylcobalt complex 2. These processes
illustrate a new entry to aikylcobalt carbon' yls. It is interesting

to note that the reaction of aikyl carboxylates with Me3Sil, a

reagent analoguous to ;L with respect to hard acid (or oxygenophile)--
soft base eombination, is known to give aikyliodides.12 Alkyl
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migration would convert S to an acyl cornplex .Z and oxidative

addition of HSiR3 ieading to g and subsequent reductive elimination

from .S wouZd afford an aldehyde 2 as an intermediate. The aldehyde

.9 would react again with ;L to give ]JO and finally afford the enol

silyi ether 2 by B-hydrÅ}de elirnination from ILJI. Another product

Scheme I. Mechanism

 aOAc4 .oN co(CO)4-:R:1;;:Ili:3sioAc

    2
   N

   1
   N

12
tv

osiR3

4
i.v

   Z

V-v,

 o

OSiR   3
••qe ,

o

aoy
      Åí

CO(CO)3 --. of

OSiR3

CO(CO)3

siR3

CO(CO)4 .
       - co

    HSiR3
    s

- HCO(CO)3

     OH N       '       CIO(CO)3.
       Si R3 - R3SiCo(CO)3
    E
     osiR3

       CO(CO)3 '
              . HCO(CO)3
    L/

   osiR3 ii
     osCt?•a3CO)3:-itlllg-;•E6-iE6-j'3sic,co)3

  INt

   OSiR3
       CO(CO)3

             -     OSiR3 -CO
 16
 tv

   -9-

aCo(co)4

       ofH

       of

 o

2
 OSiR3

9

  osiR3
       H

    o
 L4
  IL

  oSiR3
      CO(CO)4

    oSiR3
1.-t



         o

        2     L7

acetate (P

been formed

2 could arise from 1.vO via alkyl migration leading to IN2 and

successive steps shown in Scherne I. That the higher reaction

temperature favored the selective formation of .{} (see runs 2t 7

and 8 in Table r) would imply that the process from 10 involving
                                                    .v
B--hydride elindnation leading .9 would become relatively faster

than alkyl ntgration in l)O to forrn l,Jt at the higher temperature.

Although intermediacy of the aldehydes 2 and l.v4 has not been
substantiated experimentauy,13they are suggested as the key

intermediate in present reaction since the cobalt-catalyzed

reaction of 2 with HSiEt2Me and carbon monoxide has been already
                                         14shown to afford l4 or 4 in addition to 3.                .v .. .v Moreovert Gladysz
has recently reported the reaetion of aldehydes with Me3SiDt[n(CO)s
to give acyl complexes analogous to 12.3C As a control experiment
                                    t-v
a different entry to the acyl complex .Z was studied. The reaction
                      'of cyclohexanecarboxylic acid anhydride (IN7) with HSiEt2Me and

carbon rnonoxide in the presenee of Co2(CO)s under the sarne

conditions used for runs 2 and 8 in Table I gave the results shown

in eg 6 which were similar to those obtained from cyclohexyl

 ({c)rR]): HSiEt Me orosiEt2Me' + OlgliEt2Me
 co (sg atm)

 cat. Co2(CO)s 3
                 tv

 shown in Tal)le 1. A

 also in the catalytic

                 - 10

common intermediate

 reaction of the

   OSiEt2Me
            (6)

.4v

     .Z might have

  anhydride i.v7 as

t



depicted in eq 7.

           ooo     (di2oBlt}Sl99.S.9!l,l:SiCO(CO)4oftcc,licc(CO)4. ofOSiR3 (7)

        ll L:!l9.7
                                    .v

1-4 The Reaction oÅí Secondary Alkyl Esters with Carbon Monoxide

     and Hydrosilane-A Novei Synthetic Method of Enol Silyl

     Ethers

     ln the case of secondary alkyl acetates, cobalt carbonyl-

catalyzed reaction proceeded in highly selective manner as has

been shown for cyclohexyl acatete (Table r). The reaction

provides a unique synthetic transforrnation, i.e., introduction of

siloxymethylidene group into the carbon atom bearing an acetoxy

group (eq 5). The reactions with prirnary and tertiary alkyl

esters proceeded in sornewhat different ways as wili be described

later. The resuits obtained for various secondary alkyl acetates

are given in Table II. It should be emphasized that enol silyl
ethers are known as extrernely versatile synthetic interrnediates.15

Among the various possible transforrnations envisaged, the

desilylation of the enol silyl ethers was studÅ}ed. As also shown

below, desilylation of the enol silyl ethers with KF/CH30H at 250C

    clpCHO OCHO' sCHO t•] CHO .7,l cHo

        93% 93% 82% se5 85% 93%
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Table ll. Synthesis

         Reaction

 of

of

 Enol Silyl Ethers by the Cobalt
                     a,bSecondary Alkyl Acetates

Carbonyl-Catalyzed

> OAc  HSiR3, CO

  cat.

ptOSiR3

MeEt2sio

   SC> 'Å~osiEt2Me

     75 %

  eosiEt2Me

   k/ 56%(4o%)

  WosiEt2Me
      64%
  (Z:g=31 :69)

evoSiEt2Me
      56 %f
   (l:E=30:7o)

lN
 z

 oroSiEt2Me

    3 75%
   -v

QosiEt2Me

k2 95%(go %)

thoSIEt2Me

    49 %
(Z:g=31:69)

     7 osiEt2Me

    67%
 (Z:E=27:73)

c1 or OS i Et2Me

     60 %

  lf{lll:.., os i E t2Me

    6s% c,g
    s7 % C,h

  opOSiEt2Me

    47 %C

       MeEt2SiONLn

    oroSiEt2Me

      68%

/XvA, r osiEt2Me

    24 91%
    fi"t   (Z:E=43:57)

 "s.,: 7 --osiEt2Me

      63 %e
   (Z:E=40:60)

(6s %)d

    a Reaction conditions: an acetate (10 mmol), HSiEt2Me (30 mmol), CO (50 atm)
C02(CO)s (O.4 mmol), C6H6 (20 mL), 2000C, 6 h unless otherwise noted. b G;c yields

based on the acetates. Isolated yields are in parentheses. Ratio of Z:!iL was
determined by Glc. C Ratio of Z:E could not be determined. d Yield are of

isolated product purified by column chromatography (Si02). e HSiEt2Me (50 mmol)
                                f::g,C::g29'8,`2;g."'l!:81,:2;,e,giedA ,.,:Sgi::Y:,gl2,: ie.oi) and co2(co)s (o•s mmoi)

                                                        '
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gave the corresponding aldehydes including Liliar16 (l}Js) in

quantative yields. The overall transformation is formlly the

displacement of the acetoxy group with the formyl group and

  /VoH--->>oAc-:li:i:}2iRl8IOshos,R3->cHo (8)

is important in relation to the current interests on homologation
tequniques.19 The desilylation to aidehydes is known to take place

under both basic and. acidic conditions. Indeed, the enol silyl

ether .l} reacted with NaBH4 in ethanol (250C, 3 h) to give

cyclohexanemethanol in 70g yield.

     The principai byproducts in the eatalytic reaction of secondary

alkyl acetates were olefins obtained by formal elÅ}mination of acetic

aÅëid. For example, cyclododecene was forrned from eyclododecyl

acetate in 40g yield in addition to the desired enoi silyl ether

2Nl. The higher yield of 2N2 may be attributed to the difficulty of

B-hydride elimination fr6m the initially formed 2-adamantylcobalt

tetracarbonyl sirnilar to 6.
                         N
     With an alkyl acetate having an olefinic function in the

suitable position, intramolecular interception of an acylcobalt
carbonyl intermediate by the olefin was expected to take plaee.20

The cobalt-catalyzed reaction of trans-2-allylcyclopentanol acetate

with HSiEt2Me (3 equiv) and carbon rnonoxide (50 atm, 1800C,- 20 h

in C6H6) gave a bicyclic compound 2;7 in 54g yield (eq 9). The

acylcobalt eomplex in eq 9 would be formed through SN 2 type

                            - 13 -



.• OAc

  ',c

o

 HsiEt2Me, co

 cat. co2(CO)s

 180eC, 54%

 C,O(CO)3
Nl' - HCo( CO)3

37
.-.-t

oSiEt2Me

R

HSiEt2Me

o

(9)

displacernent of the activated acetoxy group with Co(CO)- 4 followed

by successive migratory insertion of carbon rnonoxide. Since the

same type of starting rnaterÅ}als to that used in eq 9 can be readily

prepared by the reaction of allyl anions with epoxides,21 the

catalytic reaction suggests a new possibility in the preparation

of five- membered ring compounds. SimÅ}larly 5-acetoxy--1-hexene (38)
                                                                ..v
gave a cyclized product (eq 10>. Interestingly, the reaction

course can be control!ed by changing the molar ratio of 3L.S to the
                     tthydrosilane. The use of an excess of 38, in turn, gave a product
                                      /v
in which carbon monoxide was incorporated into only the olefinic

                                       OSiEt2Me

                                                           (10)

    tw OAc 47%
       38
                                                            (11)                                     MeEt2Si

HSiEt2Me(3 eq.),CO
Mcat.

HSiEt2Me(113 eq.), co
cat.

48 %

- l4 -



part of the starting olefinic acetate 3-8. (eq 11).

     Similarly to the secondary alkyl acetates, lactones of the

secondary alkyl ester-type underwent incorporation of carbon

monoxide to give enol silyl ethers. The results obtained for the

reactions using lactone (10 mmol), HSiEt2Me (30 mmol), CO (50 atm)r

Co2(CO)s/pyridine <O.4 mmol/2 mmol), benzene (20 rnL), at l400c for

6 h are given in Table I!I. rn these cases, the leaving groups

       Table M. Synthesis of Enol Silyl Ethers from Lactones by
                                                a,b                the Cobalt Carbonyl-Catalyzed Reaction

 HsiEt2Me, co

 C02(CO)8/PY
MeEt2siAo coosiEt2Me

sl orcoosl sio

    88 %
 (Z:E=48:52)

            n-Pent
   1 7 oSi
sio coosi sio
  46 92%C,e
  N

tocoosi

   87 %
(Z:E=38:62)

l     7 OSi
   coosi
sl %c,e

n-Bu si oubcoosi

        d      81 %

           Et

     l 7 osi
 sio coosi
     7g %C,e

CI(9)sgo,si

  7o %d

          Ph

    l 7 0Si
 sio coosi
     71 %c,e

    a Reaction conditions: a lactone (10 mmol),

g5g,2t:,ls,20,2ig212 g2•2•,[!M9]lt,:X;ildiR:,S•Z mm,,Olll

C Run at 1100c with HSiEt2Me (50 mmol). d Ratio

e  For ratio of stereoisomers, see experimental.
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HSiEt2Me (30 mrnol), CO

 C6H6 (20 mL), 1400C, 6 h.

 was determined gy Glc.

of Z:E could not determined.



in the carbon-oxygen bond cleavage rernained in the product as the

silyl ester moieties. The introduced siloxyrnethylidene group can

desilylated tq give aldehyde as example being shown below. A new

                                          '     MeEt2si6 COOSiEt2Me -E!ti9!ld:!I!!l.O .H'HCi wto cooEt (i2)

              '
rnethod for the introduction of carbon-containing functional group

to a five--membered ring is illustrated. The lactones having

2-acetyl, 2-propionyl, or 2-benzoyl group offer unigue possibilities

in organic synthesis. In the catalytic reaction of these lactones

the siloxymethylSdene group was introduced and at the same tirne

the acyl groups at the 2-position of the lactones were protected in

the form of enol silyl ether. As summarized in Scherne ZT, the

controlled desilylation (CH30H) of the trisilylated compound 4-.t.

effected the removal of the silyl group of the protected ketone

and that of the silyl ester while the sUyl rnoiety of the

siloxymethylidene group remained intact. Thus obtained B-keto
acid s.v2 underwent spontaneous decarboxyzation22 to give

5-siloxyrnethylidene-2-hexanone (5.v3). On the other hand, the

complete desilylation (IN HCi/THF) afforded 5-keto aldehyde 5.v4.

Such a l,5-keto aldehyde as 5.vt has been known as the useful
intermediate for the synthesis of cyciohexenones23 or pyridines.24

The reactions leading to cyclohexenone EJ5 and pyridine X via the
                                            '1,5-keto aldehyde 54 generated in situ (Scherne U) illustrates
                  ..v
further the synthetic potential of the products derivered from
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2-acy!-y-lactones.

   Scheme II. Synthetic Application by Desilylation of

             Product 46
                   ..v

                o
                            CH30H
                            reflux, 2 h
              oo                            64% from sc MeEt2SiO
              5N/

    IS,li:gYg;,C,Olg2% i"gu"cii3,ig'.",Igy

                                   .v
           l 7 0SiEt2Me
     MeEt2SiO COOSiEt2Me
                            7N HCI             46
             .'v

MeEt2sio

t

52
N

COOH

o

250C, 12 h
49% from 51
        N
NH20H•HCI/CH3COOH

l

Trisilylated

    o

  53
  .x.,

    o

CHO    54
    .'v

   o

    I Åí5

reflux, 14 h
34% from 46
       At 56

.v

1-5 The Reaction of Primary Aikyl Esters with Carbon Monoxide
                                           '     and Hydrosilane

     n-Hexyl acetate, a primary alkyl acetate, reacted with

carbon monoxide and HSiEt2Me in the presence of a cata!ytic amount

of Co2(CO)s to give several products into which one, two, and even
  'three molecules of carbon rnonoxide were incorporated (eq 13).

Under the standard conditions (i.e., 2000C, 5e atrn) the expected

product 57 became a major one but considerable amounts of
       v-v
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                HsiEt2Me, co
   /wNoAc-E5t;E'1-"65;TE6'S?t.co2(co)s

         Nos" rwOSIi /WNg(t;;ilos,,. t"'OSii (13)

            24 57 58 59            iv N tv iV    1400C O% 6% 41% 9%
    2ooec lo% sg% g% o%
by products a;4 and 5iv8 were formed. The formation of branched chain

isomer 24 might imp!y the isomerizatÅ}on of primary alkylcobalt
       .v
intermediate to the secondary one.25 The product distribution of

the reaction at the lower temperature (l400C) rnay be cornpared to

that observed for cyclohexyl acetate in which incorporation of one

molecule of carbon monoxide predominated even at l400C (Table I).

The predominant formation of the product 28 with incorporation of

two molecules of carbon monoxide at 1400C can be attributed to the

s!ower B-hydride elimination from 9JO in which the B-hydrogen is a

                                           OsiEt2Me
       '/V'Nvt" Y CO ( CO ) 3 s OSiEt2Me

                    OSiEt2Me OSiEt2Me
                60 61                -v .v
methylene type than that from INO having B-hydrogen of rnethine

type. rncorporatien of three molecules of carbon monoxide

indicated by the forrnation of 5N9 is remarkable. The catalyzed

reduction of the allylic siloxy group in the presumed intermediate

I2Jl with HSiEt2Me could lead to 5N9. The formation of 5N9 indicates

- 18 •-



a possibility and also limitation in reaiizing the proposal of
co-polymerization of carbon monoxide and a hydrosilane.11 The

catalytic reaction of unsubstituted y-butyrolactone, a lactone of

the primary alkyl ester-type, proceeded in a similar way as

n-hexyl acetate to give several products (by GLC) and no effort

was made to chracterize these products.

1-6 The Reaction of Tertiary Alkyl Esters with Carbon Monoxide

     and Hydrosilane

     Carbon monoxide was not incorporated in the case of tertiary

alkyl esters as shown in eq 14-l6. Such results are not unexpeted

since only a few exarnples have been known of the incorporation of

carbon monoxide into a tertiary carbon center with the aid of
transition metals.26 Many possibilities may be envisaged for the

mechanisrn of the process leading to olefins from a tertiary alkyl

PhNv'
lxoAc'Itllllll\Ilillli'sE'/,4tii.it2cM,ialtlg),s Z.vh3S7% 'Z.vth"t%ts'" P6.v:Xi/iXi% (i4)

>45Å~o

o

z3vN
-k

66
tN.r

 coosiEt2Me +

84%

     coosiEt2Me

 69 76%
 N

  - 19 --

/lx/xcoosiEt2Me

67 1on
vv

    coosiEt2Me

70 3%
..v

(15)

(16)



   (co>4c,-vPhHr>E7Lst:illXl SiR3 phx./(< co(co)i phthH c,(co)3

               LO 71 72                                  N .v
acetate: i'  .e., E 2 process via 7NO, SN l process via 7..1, or B-hydride

elÅ}mination via 72. Aithough the exact mechanism is not clear,
                J-V
the product distribution in reaction l4 is not likely to be

controlled by a typical carbonium ion intermediate 7..vl since the

yield of the 1-olefin 6N4 was higher than that of therrnodynamically
stable 2-olefin 63.27 it seemed interesting to study the
                .-v
catalytic reaction of a tertiary alkyl acetate which could not

easily undergo formal elimination of acetic acid to give an olefin
                          28according to Bredt's rule.                              The results obtained for some
bridgehead acetates29 are given in Table Iv . The observed

incorporation of carbon monoxide represents the first effecient

exarnple of the transition rnetal-catalyzed incorporation of carbon
monoxide into a tertiary carbon center.26 The difficuity in

B-hydride elirnination process frorn z;g33 would be the key to the

present success. The predontnant forrnation of the product 74
                                                          .v
(corresponding to f5 in Scherne r) with incorporation of two

                           MeEt2sio co(co>4AliiiCo ) .4

  7.v9 80
N

d 20 -



Table IV. Catalytic Reaction of Bridgehead Acetates with
         Co and HsiEt2Mea

substrate

 ROAc
       product
RAosiEt2Me RvaosiEt2Me b
              OSiEt2Me

  OAc
,iii(})

       d,liSii}ys

6oAcd

73 4%N

75 17%
..v

77 19%
N

74 82%
rv

76 78%
N
78 63%
----t

     a Reaction conditions: substrate (2.5 mmol), HSiEt2Me (12.5 mmol),

 CO (50 atm), Co2(CO)s (O.1 rnmol), C6H6 (5 mL), 1400C, 6 h unless other-
 wise noted. b Glc yields based on substrate. Z-isomer only.

 d pyridine (1 mmol) was added.

molecule of carbon monoxide may be attributed to unavailabiiity of

B-hydrogen atom in 8kP (compare with IA9 in Scheme 1). That the

reaction of l-adamantyl acetate may involve the trapping of

l-adarnantyl cation with Co(CO)4 to give 79 and may not involve
                                       tv
Koch type carbonylation wUl be discussed in the next section

(see chapter 1-8-l). !t may be worth mentioning that

extensive studies have been carried out for the development of

preparative methods for variuos heterocyclic cornpounds containing
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adamantyl substituents because of their promissing properties of
pharmaceutical importance.30 The present reaction (Table !v) has

open a new possibility in this field since the product 74 contains
                                                       .v
i,2-disiloxyalkene rnoiety which have been known as an extremely
useful synthon for the preparation of various hetreocycles.31

l-7 Limitation of Catalytic Incorporation of Carbon Monoxide.

     The catalytic reaction of secondary alkyl acetates and

lactones of secondary alkyi ester-type proceeded in highly selective

manner. While norbonyl acetates reacted smoothly (see Table II),

the reaction of bornyl acetate (81) proceeded only sluggishly to
                                N
give several products in low yields (not identified). Neopentyl

acetate (82) and l-adamantanemethanol acetate (83) did not give

                                         OAc
             Ac ><A'- oAc ojOAc

        81 82        N N 83                                      N

detectable amounts of products. These results indicate that the

present catalytic reaction is somewhat sensÅ}tive to steric

congestion at the reaction site. Neither did react phenyl acetate,
an sp2--acetate. Benzyl or allylic acetates suffered from reduction

in which probably HsiEt2Me,32 or less likely HCo(Co)4, would be

the sourse of the hydrogen-(eq 17-20).

- 22 -



         phAoAc me1:tiMolici?s(,5?4aot.Mc) phcH3 +others (i7)

                                        37 %
         ph/1XoAc ------------> phcH2cH3 (i8)

                                        70 ol,         ph/ixoAc pt ph/Lx + phA (ig)
                                       80% 20%
      phMX OAc pt phNX +phN/ (2o)
                                        61% 5e!,
                     '                   tt
l-8 The Catalytic Reaction with Carbon Monoxide and Hydrosilane

     under Atmospheric Pressure of Carbon Monoxide

l-8-l The Catalytic Reaction of l-Adamantyl Acetate

     CatalytÅ}c reactions using carbon monoxide and hydrosilane

described above required high reaction temperature (>1400C) and

high pressure (50 atm) of carbon monoxide. However, it is expected

that incorporation of carbon monoxide proceeds even under milder

reaction conditions (at room temperature and under atrnospheric

pressure of carbon monoxide) in the case of highly reactive alkyi

acetates. Consequently, l-adamantyl acetate was selected because
of known high reactivity30a and the expectation of incorporation

of carbon monoxide (see chapter i-6). The catalytic reaction of

1-adamantyl acetate under l atm of carbon monoxide at 400C gave

                                              osiEt2Me
       OAc

,[b HSiEt2Me
CO(l atrn)

28g6 Co2(co)s

73
,'vt

 SiEt2Me

      +

24 %

 23 -

MeEt2sio

    re

h

 57%

(21)



7.v3 and 7.v4 in 24g and 57g yield, respectiveiy (eq 21). The results

indicates that incorporation of carbon rnonoxide into a tertiary

carbon center does take place.

     Based on the mechanism described in chapter 1-3, the course

of the reaction was suggested as shown in Scheme rl!. The initial

interaction of the substrate with the catalyst species R3SiCo(CO)4
(1) would afford a tertiary alkylcobalt complex 7g33 and then an

acyl cornplex 84. The known high reactivity of adarnantane
             .vt
derivatives to afford an adamantyl cation (85) seems to be                                           .v
responsible for the ease of the present reaction. Hydrosilyiation

and sUoxyrnethylidenation of the intermediary formed aldehyde 86
                                                             .-v
would give the observed products 73 and 74, respectiveiy.
                                 -v tv
      Scheme III.

   C02(CO)s + 2HSiR3.2R3SiCo(CO)4 -F H2

  ,(l;C-BE22-uytLLy2A3,s,i,g.o,(,c,o) ,[i:llS(CO"' kSCOI:il/lillili-as-(-iiis-J;:-,IRI3i.,,,,,,lilllii"

                    L9 8...4 8S    gt}glggsEig3csoico(co)3S!lzS RR33Ssi,tilllliositR-33

                80                tv -R3SiCo<CO)3 •- CO
                                             . HCO(CO)3 74 '
                                                          ,'v  HCo(CO)3 + CO + HSiR3.R3SiCo(CO)4 +, H2

                            - 24 -

HSiR3
(CO)3

-R3SiCo(CO)3
o

R3SiO

CO,HSiR3 H R3SiCo(CO)

R3



     An alternative pathway for the carbonylation process may be
that involving Koch type carbonylation34 of the cation ftJs with

uncoordinated carbon monoxide (eq 22). The results of the control

experirnents shown in Scheme IV may sPeak against the Koch type

possibility in the reaction 21. All these reactions (Scheme IV)

                                          ',Oc"

                 k -u• -. k ,,,,

                   ks

  Scheme IV. Possibility of Koch-type Carbonylation

       oAc :g?:gcitm),i4o.c • .zi:Il} z(iii>

     i!iiil})
                                          50 %                                                  not obtained
             Me SiOTf, HSiMe3                                      -20
             CO(1 atm),oac

                                  + 97 01.       Cl     to ::zg•,",s.i,E,t:goc ig, /N"i!li,il,

     i!{l;> g:}2o4/HcooH,HsiEt2Me '-"'tdnto%oH ,,<,i[lltlii,,Oli,)d

             ::Sc041HcooH .to

                                         lOO %
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would proceed via adamantyl cation 85. In the presence of HSiR3,
                                   ..b.t
no carbonylation took place. When HSiR3 was absent, the cation

8...5 could react with carbon monoxide (available from H2S04/HCOOH) to

afford the Koch product. rn the catalytic reaction (eq 21),

carbonylation has proceeded even in the presence of HSiR3.

Therefore, the cation 8L;5 is highly likely to have been trapped by

the nucleophile Co(CO)4 to give 7..9 (Scheme III). The present

experiments indicate that carbonylation can take place

catalytically even at a tertiary carbon center when competitive

pathways are unavaiiable or very slow ones.

I-8-2 The Catalytic Reaction of a-Oxygen Substituted AlkyÅ} Acetates

     Much efforts have been expended on the development of cobalt-

catalyzed reaction using 1 atm of carbon monoxide, since the

reactÅ}on of 1-adamantyl acetate was found (see chapter l--8-•2).

Thus, substrates, having a carbon atom stabi"zed as a cation

after liberation of acetoxy group, were selected. The reaction

of 2-tetrahydropyranyl acetate with carbon monoxide (1 atrn) and

hydrosilane at 25`C underwent incorporation of carbon monoxide
          'cleanly (eg 23).
             (lo)).oActiEtlllli:li;iZ61ecLsg?EiIet3.'cCo02(ioltsM,)2s,c(]o)v.osiMe3 (23)

                                       87 68%
                                       "v
     This new siloxymethylation was appiicable to pentaacetyl

ct- and B-D--glucose. The results are expressed in eq 24.
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        CH20Ac CH20Ac          O HSiMe3, coOatm) oCH20SiMe3
        oAc v--oAcmutt.co2cos,4ooc OAc ss (24)

           OAc OAc
       ct-isomer B-isomer 78%       B-isomer B-isomer 75%

SUoxymethylation at anomeric position of carbohydrates took place

with cornplete stereoselectivity. Proposed reaction path is shown

in Scheme V. Complete stereoselectivity shown above would be

attributed to the B-attack of Co(CO)4 toward an acyloxonium ion 8.v9
leading to an alky!cobalt complex g..o.35 Hydrosilylation of the

intermediary formed aldehyde 9..l affored 8N8.

  Scheme V.

                               CH20Ac    CH20Ac                                                    CH20Ac
  /lo:iA,O oAcwa'3SiCo(co)4 oA,Ofco(ce)4----. oA,o90(CO)4

                - Me3SIOAc
                                  '
                                    :       OAc ftLg -tE ge OAC
                                                    tv

       CH20Ac CH20Ac CH20Ac

   AcO

  O C(O)CO(CO)3

                     AcO
OAc

 CHOo
OAc

   OAc91
tv

 HSiMe3

AcO

OAc

o CH20SiMe3

    8.vt

OAc
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     Similarly, the cataZytic reaction of pentaacetyl B-D-galactose

took piace stereoselective siloxymethylation in good yield. In

contrast wÅ}th pyranose acetates, the reaction of tetraacetyl B-D-

ribose, a furanose acetate, gave a mixture of ct- and B-siioxy-

methylanated products and other products.

     In recent years a variety of synthetic methods for the

construction of C-glycopyranosides have been developed because
                                                              36C-glycopyranosides represent subunits of many natural products.

In additionr a variety of C-analogues of saccharide phosphates are
now highly demand for studies of sugar metabolism.37 However,

most of these rnothods reported so far have reguired multi-step

procedures and have not given very high overall yields and high

stereoselectivity. In view of the recent development of rnethods

for synthesis of C-glycopyranosides, this reaction provides a

general new tool for organic synthesis.

1--9 Experimental
l-9-1 General Proced' ures

      Boiiing points and melting points are uncorrected. Infrared

spectra were recorded on a Shimazu IR--400 spectrorneter; absorptions
are reported in reciprocal centirneters. IH NMR were recorded on a

Japan Electron Optics JNM•-PS-IOO spectrometer and are reported in

ppm frorn internal tetramethylsilane on the 6 scale. Data are

reported as follows: chemical shift, multiplicity (s=singlet,

d=doublet, t=triplet, q=quartet, m=rnultiplet, c=Åëomplex, br=broad)t
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eoupling constant (Hz), integration, and interpretation. i3c NMR

were recorded on a JEOL JNM-FX-60S spectrometer and are reported

in ppm from trimethylsilane on the 6 scale. Mass spectrometer
                                          ''were recorded on a Mode! Rb4U-6E. Elemental analyses were

perforrned by Elernental Analyses Center of Osaka Unzversity.

Analytical GLC was carried out on a Shimazu GC--3BF gas

chrornatograph, equipped with a flame ionization detector, using a

6 rn x 3 mm stainless steel colurnn packed with 5g Silicone OV-l on

60-80 mesh Chromosorb W. Preparative GLC was performed on a

Hitachi 164 gas chromatograph using a 2 m Å~ 10 rnm stainless steel

column paeked with 109. Silicone OV-l on 60-80 mesh Chromosorb W

and l5g DEGS on 60-80 mesh Chromosorb W.

1-9-2 General Procedure for the Co2(CO)s-Catalyzed Reaction of

       Esters with CO and HSiR3

     In a 100 mL stainiess steel autoclave were placed IO mmol of

ester, 30 mmol of HSiR3, O.4 mmol of Co2(CO)s, 2 mmol of additive

(if necessary), and 20 mL of benzene. The autoclave was charged

with carbon monoxide to 50 atrn at 250C and then heated with

stirring in an oil bath at 2000C or 1400C and for 6h or 20 h.

After the reactiont the autoclave was cooled and depressurized.

Solvent was evaporated in vacuo and distillatÅ}on gave a pure

sample of the products, but when'necessary purification by

preparative GLC was carried out. For Glc yields, appropriate

hydrocarbons (n-CnH2n+2) calibrated against purified products were
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added before or immediately after the catalytic reaction.

I-9-3 Characterization of Products

     [(4--Chlorocyclohexy!idene>methoxy]diethylmethylsilane (19).
                                                         N
Bp 100-1200C (5 rnrnHg); rR (neat) 2930, 2910, 2870, 1680 (C=C),
l450, l255, ll75, ll40, 106o, lo05, 965, 82s, 8oo, 770 cm-1; NMR

(CC14) 6 O•10 (s, 3Hr Si-CH3), O•46-O.79 (rn, 4H, Si-CH2-),

O•79'1•l5 (Mr 6H, Si-CdCH3), 1•42-2.80 (C, 8H, -'CH2-r =C-CH2-),

4.08 (tt, J=6, l5 Hz, IH, Cl-CH--), 6.01 (s, IH, =CH); mass
spectrum, rn/e 248 (l5, M++2), 246 (38, M+), 217 (23, M+-Et), I09

(35), I07 (35), 101 (26), 93 (100), 73 (43); Anal. Carcd for

Cl2H230SiCl: C, 58•39; H, 9•39; Cl, l4.36. Found: C, 58.43; H,

9.67; Cl, 14.29.

     f(Cyclododecylidene)methoxyldiethylmethylsilane (2.vl). Bp

ll6-l20QC (O.95 mmHg); IR (neat) 2920, 2870, 2850, l660 (C=C),

l470, 1450, 1250, l200, ll80, ll60, i120, IOOO, 960, 850, 830,
820, 800, 770 crn'1; NMR (CCI4) 6 O.10 (s, 3H, Si-CH3), O.67 (m,

4Hr Si'CH2-), O•97 (Mf 6H, Si-C'CH3)r 1•90 (t, J=6 HZ, 2Hr =C-CH2-

trans to OSi), 2.08 (t, J=6 Hz, 2H, =C-CH2-- cis to OSi), 6.01 {sr
]H, =CH); rnass spectrum, m/e 296 (61, M+), 267 {21, M+-•Et), l83

(il), 177 (11), 101 (32), 89 (IOO); Anal• Calcd for ClsH360Si: C,

72.90; H, l2.24. Found: c, 72.67; H, 12.40.
     Diethylme'thy1[(tricyclo[3.3.1.13'7]dodecylÅ}dene)methoxy]-

silane (22>. Bp 103-104.50C (O.28 rmrnHg); rR <neat} 2950, 2900,
        .dV
2850, 1685 (C=C), l470, 1465r 1455, 1420, 1390, 1275, 1210f 1140r
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ilOOr 1080r 1005, 860r 815 CM-l; NMR (CC14) 6 O•09 (S, 3H,

Si-CH3), O.41-O.77 (m, 4H, Si-CH2-), O.81-1.13 (rn, 6H, Si-C-CH3),

1.56-2.07 (c, 12H, -CH2-, -CH--), 2.19 (mt IH, =C-CH- trans to

OSi), 2.98 (m, IH, =C-CH- cis to oSi), 5.94 (s, IH, =CH); rnass
spectrum, m/e 264 (IOO, M+), 235 (58, M+-Et), 101 <i7), 89 (29);

Anal. Carcd for Cl6H2sOSÅ}: C, 72.66; H, 10.68. Found: C, 73.00;

H, 11.06.

     Diethyl[(2.4-dimethyl-1-pentyl)oxy]methylsilane (2.v5). Bp

92-950C (27 mmHg); IR (neat) 2850-2950, 2825, l670 (C=C), 1460,

l410, l380, l360, l260, l240, l150-l180, 1080, IOOO, 960, 940,
880, 820, 800, 760, 680 cin-1; NMR (CCI4) 6 O•09 (s, 3H, Si-CH3)t

O.66 (rn, 4H, Si-CH2-), O.77- 1.17 (c, 12H, Si-C-CH3, -CH3), 1.50

(s, 3H, =C-CH3), 1.68 (m, 2H, =C-CH2-), 1.89 (rn, IH, -CH•-), 5.97
(rn, IH, =CH); mass spectrum, rn/e 214 (ll, M+), l71 (91), 153 (8),

101 (100); Anal. Calcd for Cl2H260Si: C, 67.22; H, 12.22. Found:

C, 66.95; H, i2.46.

     Diethyl[(2.3-dirnethyl--l-pentyl)oxy]methylsÅ}lane (26). Bp
                                                   N
70-870C (23 rnrnHg); IR (neat) 2950, 2930, 2910, 2870, 1670 (C=C),

l460, 1415t 1380t 1255, 1250r 1175, 1130, 1015r iO05r 970r 860r
s3s, soo, 77o, 76o, 6ss ern-1; NMR (cc14) 6 O.08 (s, 3H, Si-CH3),

O.40-1.52 (c, 22H, including a =C-CH3 singlet at 1.40 ppm,

SidCH2CH3r -CH3t 'CH2", -CH', =C-CH3), 5.94 (s, IH, =CH); rnass
spectrum, m/e 214 (i7, M+), 185 (iOO, M+-Et), 157 (6i), 101 (94>,

73 (46); Anal. Calcd for C12H260Si: C, 67.22; H, l2.22. Found: Cr

67•58; Hr 12•48•
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     [(2-Cyclopropyl-1-propenyl)oxy]diethy!methylsilane (a:7;). Bp
 '
IOO-1300C (30 mmHg); IR (neat> 3000, 2950, 2900, 2875, 1670 (C=C),

1465, 1420, 1380, 1255, 1240, 1180, 1160, I050, 1010, IO05, 960,
s4o, 7gs, 76s, 755 cm"l ; NMR (ccl4) 6 [o.o9 (s, si-cH3), O•10 (s,

si--CH3), total 3H], O.21--l.14 (c, 15Ht Si-CH2CH3, CH2-CH-CH2)t

[l.13 (s, l.35H, =C-CH3 of Z-isomer), 1.44 (s, 1.65H, =C-CH3 of

E-isomer), total 3Hl, l.56-2.0i (m, IH, -CH-), 6.06 (s, IH, =CH);

                            + +•mass spectrum, m/e l98 (19, M ), 185 (10, M -Et), 183 (12), l69

a6), IOI (23), 89 (100), 73 (48); Anal. Calcd for CnH220Si: C,

66.60; H, 11.18. Found: C, 66.28; H, U.40.

     Diethyl[[3-[4-(l,1--dimethylethyl)phenyl]-2-methyl-l-propenyl]-

oxy]methylsilane (2.v8). Bp 116-l200C (O.55 rnmHg); IR (neat) 2960,

2910, 2880, 1680 (C=C), !520r 1465, l420, 1370, 1260r l240t l185,
                                                        -1l155r 1100, I051, 995, 970, 850, 835, 825r 800, 770, 690 Crn ; NMR

(CC14) 6 [O.12 (s, Si-CH3), O.l4 (s, Si-CH3), total 3H], O.48-O.80

(rn, 4H, Si-CH2-), O.84-1.l2 (m, 6H, Si-C-CH3)t l.28 (s, 9H,

-C(CH3)3)r 1•44 (ct 3H, =C-CH3), [3.06 (s, 1.3H, Ph-CH2-C= of

E-isomer}, 3.30 (s, O.7H, Ph-CH2-C= of Z-isomer), total 2H], 6.09

(m, IH, =CH), 6.90-7.29 (m, 4H, aromatic H); mass spectrum, m/e
304 (100, M+), 289 (46r M+'Me)r 275 (38t M+-Et), 247 (62), 145

(so), lol (50), 89 (62), 73 (81); Anal. Carcd for ClgH320Si: Cr

74.93; H, IO.59. Found: C, 74.44; H, 10.79.

     Diethyl [ [3- [4- [(diethylmethylsily) oxy ]phenyl]-- 2-methyl-1-

propenyl]oxy]methylsilane (k9). Bp l50-l800C (3 mmHg) (bulb-to-

bulb distillation); !R (neat) 2960, 2910, 2880, 1680 (c=C), 1610,
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1510t 1465r l420r 1260t 1190, 1055, lllO, 970, 915, 830, 800r 770t
6go crn-1; NMR (CCI4) 6 O.l2 (s, 3H, Si-CH3), O.l8 (s, 3H, Si-CH3),

O.45-O.81 (m, 8H, Si-CH2-), O.81-l.l7 (rn, 12H, Si-C--CH3), 1.44 (s,

3H, =C-CH3), [3.06 (s, 1.4H, =C-CH2- of E-isomer), 3.27 (s, O.6H,

=C'-CH2' Of Z'pisomer), totai 2H], 6.12 (m, IH, =CH), 6.57-7.07 (m,

4H, aromatic H); mass spectrum, m/e 364 (IOO, M+), 349 (63,

M+-Me), 335 (l9r M+-Et)t 265 (15), 247 (67)r 237 (22)r 207 (33),

101 (44), 73 <100); Anal. Calcd for C2oH3602Si2: Cr 65•87; Ht

9.95. Found: C, 65.78; H, IO.l7.

     Diethylmethyl[(2-methyl-4-phenyl-l-butenyl)oxy]silane (30).
                                                         .v
Bp 100-1200C (2 rnmHg), (buib-to-bulb distillation); IR (neat) 3030,

2950r 2940, 2910, 2880, 1160 (C=C), 1610t 1500r 1260t i180t ll60,
1140, I080r IOIOr 970r 850, 835r 770, 750t 700 CM'i; NMR (CCI4)

6 [O.03 (s, Si-CH3), O.06 (s, Si-CH3), total 3H], O.24-O.78 (m,

4H, si-cH2-), O.78-l.ll (rn, 6H, si-C-CH3), [l.50(s, O.75H, =C-CH3

of Z-isomer), l.56 (s, 2.25H, =C-CH3 of E-isomer}, total 3H],

1.71-2.46 (m, 2H, =C-CH2-), 2.64 (t, J=9 Hz, 2H, Ph-CH2-),

5.84-6.05 (m, IH, =CH), 6.93-7.32 (m, 5H, aromatic H); mass
spectrum, m/e 262 (4, M+), 233 (5, M+'Et), 143 {9), 101 (80), 91

(17), 89 (l4), 73 (46), 61 (100); Anal. Calcd for C16H260Si: Ct

73.22; H, 9.99. Found: C, 72.95; H, 10.05.

     I(Cholestanylidene)methoxy]diethylmethylsilane (3..l); Rf O•l6

(n-hexane); IR (heat) 2900, 2860, 2830, 1680 (C=C>, 1465, i455,
1450t 1380, 1250, ll60t lllOr IO05, 820, 800r 765 Crn-1; NMR (CC14)

6 O.08 (s, 3H, Si-CH3), O.65 (rn, 4H, Si-CH2-), O.77-2.16 (c, 52H,
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Si-C--CH , steroid flamework), 590 (s, IH, ==CH); rnass spectrum, rn/e

500 (!OO, M+), 485 (2, M+-Me), 471 (3, M+-Et), 171 (12), lol (14),

73 (17); Anai. Caicd for C33H6oOSi: C, 79.l2; H, i2.07. Found: C,

78•94; Hr 12•37• '
     Diethtymethyl[(3--methylbicyclo[3.3.0]octa-2-ene-l-yl)oxy]-

silane <37). Bp 85-870C (l rnmHg); rR <neat) 2940, 2910, 2875,
        tv
2830r 1690 (C=C)t 1460, l450, 1415, 1385r 1340, l300, 1285r 1255,

1210, l160, 1130, 109' 5, I075, IOIO, 970, 950, 880, 795, 770, 690
cm-1; NMR (cc14) 6 O.10 (s, 3H, Si-CH3}, O.42-O.78 (m, 4H, Si-CH2-),

O.78-l.IO (m, 6H, Si-C-CH3), l.10-1.94 (c, with a singJet super-

irnposed at 1.45 (=C-CH3), 10H, -CH2-, -CH-, =C-CH-), 2.66-2.98 (c,
IH, =C-CH-); mass spectrum, m/e 238 (100, M+), 223 (l8, M+-Me)t

209 (44, M+-Et), l97 (28), IOI (51), 89 (100); Anal. Carcd for

CloH260Si: C, 70•52; H, IO.99. Found: c, 7o.67; H, u.21.

     [(6-Acetoxy-l-heptenyl)oxyldiethylrnethylsilane (4.vt). Bp IOO-

1100C (O.85 mmHg); rR (neat) 3040, 2960, 2930, 2870, 1740 (C=O>,

1660 (C=C), l460, l410, l370, l235, 1160, 1140, 1080, IO15, 970,
950, 925, 805, 770, 690 cmdl; NMR (CC14) 6 O.IO (s, 3H, Si-CH3),

O.38-O.74 (m, 4H, Si-CH2-), O.74-1.08 (m, 6H, Si-C-CH3), l.l2 (d,

J=7 Hz, -CH3), 1.27-1.66 (c, 4H, -CH2-), 1.66-2.17 (c, with a

singlet superirnposed at l.93 (CO-CH3>, 5H, =C-CH2-, CO-CH3), [4.33

(pst, J=6 Hz, O.4H, C=CH- of Z-isomer), 4.60-4.99 (m, with a

doubZet-triplet superimposed at 4.80 (J=6, 12 Hzt O.6 H, C=CH- of

E-isomer), 1.6 H, C=CH-, O-CH->, total 2H], [6.02 (d, J=6 Hz, =CH

of Z-isomer), 6.05 (dt J=12 Hz, =CH of E-isomer), total IH]; rnass
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spectrum, m/e 272 (2, M+), 213 (l4), 161 (100), 157 (25), l31 (97),

101 (76), 89 (54), 73 (46); Anal. Carcd for Cl4H2s03Si: C, 61.72;

H, 10.36. Found: C, 61.59; H, 10.21.

     4-[(Diethylmethylsilyl)oxy]-3-methyl-3--butenoic Acid

Diethylmethylsilyl Ester (41>. Bp 123-i250C (3 mmHg); !R (neat)
                         tv
2955, 2920, 2860t 1700 (C=O)r 1680 (C=C), L465, 1420t 1335, 1275r
1260, 124o, ll8s, llso, lolo, 96s, 835, 80o, 770 cm-1; NMR (ccl4)

6 O.12 (s, 3H, Si-CH3), O.20 (s, 3H, SÅ}-CH3), O.44-l.24 (m, 20H,

Si-•-CH2CH3), l.60 (m, 3H, =C-CH3), [2.76 (s, IH, =C-CH2--CO of

E-isomer), 300 (sr IHt =C--CH2-CO of Z-isorner), total 2H], 6.08 (m,
IH, =CH)7 mass spectrum, rn/e 316 (7, M+), 287 (25, M+-Et), 193

(IOO), IOI (90), 91 (83); Anal. Carcd for ClsH3203Si2: C, 56.91;

H, IO.19. Found: C, 56.83; H, 10.35

     5-[(Diethylmethylsilyl)oxy]-4-methyl-4-pentenoic Acid

Diethylrnethylsilyl Ester (4N2). Bp ll7-ll80C (O.35 mmHg); IR (neat)

2940, 2890, 2870, 1720 <C=O), ll60 (C=C), l460, l415, l255, 1180,
1145, 1010, 965, 845r 830r 800, 765 CM'1; NMR (CCI4) 6 O•IO (Sr

3H, Si-CH3)r O•20 <Sr 3H, Sit'CH3)r O•64-1•24 (M, 20Ht Si'CH2CH3)t

l.57 (m, 3H, =C-CH3), 2.03-2.47 (m, 4H, =C--CH2-, CO-CH2-), [5.98

(m, O.3H, =CH), 6.04 (m, O.7Ht =CH), total IH]; mass spectrum, m/e
330 (26, M+), 301 (39, M+-Et), 189 (41), l71 (IOO), IOI (87);

Anal• Carcd for C16H3403Si2: Cr 58.l3; H, 10.34. Found: c, 57.87;

H, 10.71.

     5-[(Diethylmethylsilyl)oxy]-4-ethyl-4-pentenoic Acid

DiethylmethylsUyl Ester (43)• Bp 1140C (O.38 mmHg); IR (neat>
                         tv
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2940, 2900, 2860, 1710 (C=O), l660 (C=C>, l460, 1410, 1360, 1250,
1170, ll40, I060, 1000, 980, 7gO, 760 cm"1; NMR (CCI4) 6 O.IO (s,

3H, Si-CH3), O.20 (S, 3H, Si-CH3)r O.44-1•16 (Cr 23H, Si-CH2CH3,

-CH3), 1.72-2.28 (c, 6H, =C-CH2-, -CO-CH2-), 6.00 (s, IH, =CH);
rnass spectrum, m/e 344 (28, M+), 3!5 (43, M+-Et), l98 (43), 185

(100), IOI (76); Anal. Carcd for C17H3603Si2: C, 59.24; H, 10.53•

Found: C, 58.85; H, IO.71.

     4-[[(Diethylmethylsilyl)oxy]rnethylene]-nonaniÅë Acid

Diethylmethylsilyl Ester (44). Bp l35-l400C (O.68 mrnHg); IR (neat)
                         .-v
2960, 2930, 2880t 1725 (C=O), 1675 (C=C)r 1465r 1420, l385, 1370,
l260, ll50, IOIO, 970, 805, 770, 695 crn'1; NMR (CCi4) 6 O.IO (s,

3H, Si-CH3), O.l9 (s, 3H, Si-CH3), O.52-l.20 (m, 23H, Si--CH2CH3,

-CH3). 1.20-1.62 (rn. 6H. -bCH2-), 1.70-2.40 (m, 6H, =C-CH2-b,

CO-CH2-)t [6.00 (m, O.4H, =CH), 6.07 (m, O.6H, =CH), total IH];
mass spectrum, m/e 386 (3, M+), 249 (100), 131 (46>, 89 (69);

Anal. Carcd for ClgH4203Si2: C, 62.ll; H, 10.95. Found: C, 61.87;

H, 11.17.

     2- [ [ ( Diethylme thylsUyl) oxy l me thylene ] -cyclopentaneacetic

Acid Diethylmethylsilyl Ester (4...5.). Bp !10-1200C (O.4 mrnHg);

IR (neat) 2950, 2910, l875, 1715 (C=O), l685 (C=C), !465, 1415,
1360, 1280, i255, U80, 1140, iO05, 965, 800, 770, 69ocm-l; NMR

(CCi4) 6 O•09 (Sr 3H, Si'CH3)t O•20 (S, 3Hr Si-CH3)t O•45-1.14 (rn,

20H, Si-CH2CH3), 1.X7--3.15 (c, 9H, -CH2-, =C-CH2-, =C-CH-, CO-CH2-),
6.12 (m, IH, =CH); rnass spectrum, rn/e 356 <12, M+), 327 (12,

M+-Et), 210 (50}, 197 (IOO), lel (62), 73 (87); Anal. Carcd for
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ClsH3603Si2: C, 60•62; H, 10.17. Found: c, 60.s3; H, lo.3s.

     5- [(Diethylmethylsilyl) oxy]-2- [1- [(diethylrnethylsilyl) oxy]-

ethylidene]-4-rnethyl-4-pentenoic Acid Diethylmethylsilyl Ester

(46). Bp 160-170QC (l mmHg); TR (neat) 2950, 2900, 2870, two
 .v
strong absorptions with nearly equal intensities at 1680 and 1610

(the trisubstituted C=C at 1680 dverlapping with C=C-C=O at 1680

and l610)r l460r 1415, l380t 1295t 1255, 1210, ll55, l125, I065r
!ooo, 965, goo, s2o, 79o, 6go cm-1; NMR (ccl4) 6 o.o7 (s, 3H,

Si-CH3), O.21 (s, 6H, Si-CH3), O.31--1.l5 (rn, 30H, Si-CH2CH3),

[1.35 (m, O.6H, =C-CH3 Z-configuratÅ}on), 1.47 (m, 2.4H, =C-CH3

.E.-configuration), total 3H], [2.1! (s, O.3H, =C(OSi)CH3 cis to

COOSi), 2.25 (s, 2.7 H, =C<OSi)CH3 trans to COOSi), total 3H],

[2•79 (s, l.6H, ==C-CH2-C= E!-confoguration), 3.07 (s, O.4H,

=C-CH2-C= Z-cofiguration), total 2H], 5.93 (m, IH, =CH); 90 g

(100 x 2.7/3) of the above mixture could be accounted for by

5-[(diethylmethylsilyl)oxy]-2-(Z)-[l-[(diethylmethylsilyl)oxy]-

ethylidene]-4-methyl-4--(EL)-pentenoic acid diethylmethylsilyl ester,

which wiU be refered as the (Z,E-)-isomer (6 1.47, 2.25, 2.79),

and the (k,21)-isomer (6 l.35, 2.25, 3.07) present in a ratio of

75:25 (or 2.4:O.6, or 1.6:O.4). These two isomers corresponding

to two major peaks (79:21) in Glc. The absorption at 2.11 (CH3

cÅ}s to COOSi) rnay indicate the presence of (E,E> and/or (E,Z)-

isomers (total 10 g). -mass spectrum, m/e 472 (3, M+), 443 (26,

M+-Et), 354 (60), 325 (86), 101 (60), 73 (100); Anal. Calcd for

C23H4s04Si3: Ct 58•42, H, IO.23. Found: c, 58.22; H, lo.37.

                            - 37 -



     2- [l- [(Diethylmethylsilyl) oxy]ethylidene]-4- [[(diethylmethyl-

silyl)oxy]methylene]-6-methylheptanoic Acid DiethylmethylsUyl

Ester (4.v7). Bp 160-l700C (O.6 rnmHg), (bulb-to-bulb distillation);

rR (neat) 2950, 2910, 2875, ]685 (trisubstituted C=C, C=O), 1615

(tetrasubstituted C=C), 1460, 1420, 1380, l255, 1210, ll50, ll25,
1060, 1020, 965, 840r 790r 690 Crn'1; NMR (CC14) 6 O•06 (S, 3H,

Si-CH3), O.20 (s, 6H, Si-CH3), O.39-1.l9 (c, 36H, Si-CH2CH3,

-CH3), [l.53 (m, =C-CH2-- Z-confÅ}guration), 1.80 (m, =C-CH2--

E-configuration), total 2H, overlapping with IH between 1.41-1.94

ppm (c, --CH-)], [2.10 (s, O.l5H, =C(OSi)CH3 cis to COOSi), 2.22

(s, 2.85H, =C(OSi)CH3 trans to COOSi), total 3H], [2.49 (s,

l.55H, =C-CH2-C== IEi-configuration), 3.03 (s, O.45H, =C-CH2-C=

g-configuration) total 2H]. 5.91 (m. IH, =CH): 95g (100 x 2.85/3)

of the above mixture could be accounted for by 2-(Z)-[1-[(diethyl-

methy!ene]-6-rnethylheptanoic acÅ}d diethylrnethyl silyl ester, which

wUl be refered as the (Z,E)-isomer (6 1.80, 2.22, 2.49), and the

refered as the (Z,E)- isomer (6 1.80, 2.22 2.49), and the
                --
(Z,g)-isomers (6 1.53, 2.22, 3.03) present in a ratio of 78:22

(1.55:O.45). These two isoraers corresponded to two major peaks

(78:22) in Glc. The absorption at 2.10 (CH3 cis to COOSi) may

indieate the presence of (ErE} and/or (E,Z)-isorners (total 52).
                          -- --rnass spectrum, m/e 514 (17, M+), 485 (33, M+-Et), 396 (100), 369

(60)', 367 (56), IOI (94); Anal. Calcd for C26Hs404Si3: Ct 60•64;

H, IO.57. Found: C, 60.63; H, IO.65.

     2-[1-[(Diethylmethylsilyl)oxy]enhylidene]-4-[[(diethylmethyl-
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silyl)oxy]methylene]decanoic Acid Diethylrnethylsilyl Ester (48).

Bp 170-l800C (1.8 mrrtHg), (bulb-to-bulb distillation); ZR (neat)

2950, 2920, 2870, l685 (trisubstituted C=C, C=O), 1620

(tetrasubstituted C=C>, 1465, 1420, 1385, 1300, i260t i2i5, l155,
ll30, I065, IO05, 985r 855, 800r 695 CM-1; NMR (CC14) 6 O•06 (S,

3H, Si--CH3), O.21 (s, 6H, Si-CH3), O.39-1.IO (c, 33H, Si-CH2CH3,

-CH3), 1.26 (m, 8H, -CH2-), [1.65 (m, =C-CH2- ZL-conEiguration),

1•92 (rn, =C-CH2- El-configuration), total 2H], [2.10 (s, O.2H,

=C(OSi)CH3 cis to COOSi), 2.22 (s, 2.8H, =C(OSi)CH3 trans to

coosV, total 3H], [2.79 (s, 1.6H, =C-CH2-C= llL--configuration),

3.03 (s, O.4H, =C-CH2-C= Z--configuration), total 2H], 5.91 <m, IH,

=CH): 93 06 (]OO x 2.8/3) of the above ndxture could be accounted

for by (Z,E)-isorner (6 l.92, 2.22, 2.79) and (Z,Z)--isomer (6 l.65,

2.22, 3.03) present in a ratio of 80:20 (1.6:O.4). These two

isomers corresponded to two major peaks <81:19) in Glc. The

absorption at 2.10 (CH3 cis to COOSi) may indicate the presence of

(E,E) and/or (E,Z)-isomers (totai 72). mass spectrum, m/e 542 (6,
M+>, 513 (16, M+-Et), 424 (51), 397 (29), 395 (22). 227 (l9), IOI

(19), 89 (100), 73 (92); Anal. Calcd for C2sHss04Si3: C, 61•93; Hr

10.77. Found: C, 6i.74, H, ll.02.

     5-- [(Diethylme thylsilyloxy]-2-- [l- [(diethylmethylsilyl) oxy]-

propylidene]-4-methyl-4-pentenoic Acid Diethylmethylsilyl Ester
  '(49). 140-l600C (O.4 rnmHg), (bulb-to-bulb distÅ}11ation); IR (neat}
 N
2950, 2910, 2870, 1715 (C=O), l685 (trisubstituted C=C), 1610

(tetrasubstituted C=C), 1465, 1420, 1330, 1280, 1255, 1240, 1210,
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l155, ll30, 1080, I060, I040, 1005, 960, 865, 80o, 6go cm"l;

NMR(CC14) 6 [O•06 (s, Si-CH3), O.21 (s, Si-CH3), total 9H],

O.38-1.26 (c,33H, Si-CH2CH3, -CH3), [l.26 (s, =C-CH3), !.30 (s,

=CdCH3), 1.42 (s, =C-CH3), 1.50 (s, =C--CH3), total 3H], [2.02 (q,

J=7-5 HZr O•6Ht =C(OSi)CH2- CiS tO COOSi)t 2.52 (qr J=7•5 HZ,

l.4H, =C(OSi)CH2- trans to COOSÅ}), total 2H], [2.72 (st 1.5H,

=C-CH2- !-configuration}, 3.02 (s ,O.5H, =C-CH2- !- configuration),

total 2H], 5.86 (m, IH, =CH): The absorptions at l.26, l.30, 1.42,

l.50 may indicate that the above mixture contains four

stereoisomers, ratio of which is (Z,E):(Z,Z):(E,E):(E,Z)=53:23:17:7

determined by integration of =C-CH3 sing!et; rnass spectrum, m/e
486 (7, M'), 457 (28, M+-Et), 368 (43), 339 (5]), l71 (36), 131

(4o), lol (60), 89 (61), 73 (100); Anal• Calcd for C24Hso04Si3: C,

59.20, H, 10.35. Found: C, 59.18; H, 10.52.

     5- [(Diethylme thylsilyl) oxy]-2- [1- [(diethy lmethylsÅ}lyl) oxy]-

1-phenylmethylene]-4-methyl-4-pentenoic Acid Diethylmethylsilyl

Ester (50). Bp l70-l800C (O.9 rnrnHg); !R (neat) 2950, 2900, 2870,
       lv
l710 (C==O), l680 (trisubstituted C=C), 1625 (terasubstituted C=C),

1600 <Ph), 1495, 1460, l415t l380, l325t l250r 1150r 1090t 1000,
980, 850, 795, 770, 700 cm'l; NMR (CC14) 6 [-O.14 (s, Si-CH3),

-O.12 (s, Si-CH3), O.10 (s, Si-CH3), total 9H], O.l8-l.22 (c, 30H,

Si-CH2CH3), [1.38 (s, =C-CH3), l.46 (s, =C-CH3), l.54 (s,

=C-CH3), total 3H], [2.70 (s, O.6H, =C-CH2-•C=>, 3.l4 (s, 1.IH,

=C-CH2-C=), 3.42 (s, O.3H, =C-CH2-C=), total 2H], 5.82-6.lo (m,

IH, =CH), 6.94-7.50 (m, 5Hr aromatic H); mass spectrum, m/e 534
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(3, M'), 505 (l2, M+-Et>, 416 (53}, 387 (25}, 273 (47), 207 (21),

171 (35), IOI (83), 73 (IOO); Anal. Calcd for C2sHso03Si4: C,

62.86; H, 9.42. Found: C, 62.78; H, 9.7!.

     4-Methyl-4-pentenoic Acid DiethylmethylsiXyl Ester and

4-Methyl--3-pentenoic Acid Diethylmethylsilyl Ester (6.v6)• Bp

104-1080C (40 mrnHg); IR (neat) 2950, 2900, 2870, l720 (C=O), 1650

(C=C), 1460r 1415t l380, l370t 1320r-1255t ll80, I060r IO05, 960t
930, 885, 795, 760, 685 cm-l; NMR (CCI4) 6 O.20 (s, 3H, Si-CH3),

O•68 (M, 4Ht Si-CH2-)r O•92 (Mr 6Hr Si-C-CH3)r l•68 (Mt 3•6Ht

=C'CH3), 2•12'2•56 (Cr 3H, =CdCH2d, CO-CH2-), 2•92 (d, J=8 HZr

O.4Ht =C-CH2--CO), 4.68 (m, 1.5H, =CH), 5.24 (mt O.2H, =CH-); inass

spectrum, m/e 214 (2, M+), i99 (5, M+-Me>, 185 (iOO, M+-Et)t IOI

(63), 89 (93); Anal. Calcd for CnH2202Si: C, 61.63; H, IO.35.

Found: C, 61.55; H, IO.63.

     3-(1-Cyclohexenyl)-propanoic Acid Diethylmethyisilyl Ester

(68). Bp 98-I020C (O.7 rnrnHg); IR <neat) 2970, 2930, 2880, l720 N
(C=O), l470, 1450, 1420, 1370, l350, l290, 1180, 1010, 970, 800,
770 cm-l; NMR (CCI4) 6 O.18 (s, 3H, Si-CH3), O.50-l.06 <m, IOH,

Si-CH2CH3)t 1.64 (m, 4H, -CH2-), 1.90 {rn, 4H, =C-CH2-), 2.26 (m,

4H, =C-CH2-, CO-CH2-)t 5.34 (m, IH, =CH): NMR analysis showed the

complete absence of the exo-methylene-isomer; mass, spectrum, ra/e

254 (7, M+), 225 (100, M+--Et), 101 (93), 89 (68); Anal. Calcd for

Cz4H2602Sii C, 66.08; Hr 10.38. Found: C, 65.95; H, 10.43.
     Diethylmethyl[[(tricyclo[3.3.1.Z3'7]dodecyl)methyl]oxy]silane

(73). Spectral data of 73, which was obtained by preparative GLC,
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was idetified with those of an authentic sample, which was

prepared by Co2(CO)s-catalyzed silylation of a corresponding

alcohol. For an authentic sample obtained by distillation , bp

180-1900C (2 mmHg) (bulb-to-bulb distillation); IR (neat) 2900,

2850, l465, l455, l450, 1415, 1385, l365, l345, 1250, 1235, ll55,
1080r IO05r 840t 805, 765 CM-l; NMR (CCI4) 6 O•OO (S, 3Hr Si-CH3),

O.33-O.69 (rn, 4H, Si-CH2-), O.77-l.08 (s, 6H, Si-C-CH3), 1.36-1.57

(C, 6Ht -CH2'-), 1•57-1•80 (Cr 6Ht -CH2-), 1•80'2•05 (Ct 3Ht -"CH-)r

3.05 (s, 2H, O-CH2-); mass spectrum, m/e 266 (O, M+), 237 (100,

M+-Et), l49 (41), 135 (12), 89 (41), 73 (!6), 61 (27); Anal. Calcd

fOr Cl6H3oOSi: Ct 72•U; H, ll.35. Found; C, 71.95; H, ll.47.
     Diethyl[[2-[(diethylmethylsilyl)oxy]-2-(tricyclo[3.3.I.13,7]-

dodecyl)ethenYl]oxy]methylsilane (74). Bp l40-l580C (O.9 mmHg)
                                  t-v
bulb-to-bulb distillatÅ}on); IR (neat) 2960, 2940, 2920, 2860, 16.85

(C=C)r l460t l420, l360, l260r i245, l!95t ll50, llOO, !075r 1050,
                                     -l 1                                       ; H NMR (CC14) 6 O.08 (s,I020, 995, 960r 865, 805r 765, 695 CM

3Ht Si-CH3), O•12 (S, 3H, Si'CH3)r O•39'O•81 (M, 8Hr SÅ}-CH2-),

O•81'1•07 (rnr l2H, Si-C'CH3)r l•41-l•81 (C, l2H, -CH2-), l•81-2•05
                                  13(c, 3H, -CH-), 5.47 (s, IH, =CH);                                    C NMR (CDC13) 6 -4.89 (Si-CH3),

-3.52 (Si-CH3), [6.36, 6.70, 7.09, 7.53 (Si-CH2CH3)], 28.57

(-CH-), 36.25 (-C-), [37.23, 38.70 (-CH2•-)], 118.99 (=CH-OSi),

145.21 (=C-OSi); mass spectrum, m/e 394 (IOO, M+), 365 (17,

M+-Et), 189 (21), 161 (22), 135 (37), IOI (65), 73 <81); Anal.

Calcd for C22H4202Si2: Ct 66.94; Hr 10.73. Found: c, 67.10; H,

10.91.
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     Diethylmethyl [[(tricyclo [4.3.1.12'5] undecyl) rnethylloxy]silane

(Z5). Mas•s spectrum and RRT of Z;5, which was obtained by

preparative GLC, was identified with those of an authentic sample,

which was prepared by Co2(CO)s-catalyzed silylation of a

corresponding alcohol. For an authentic sarnple, bp llO--120eC

(O.7 mmHg), (bulb--to-bulb distiUation); IR (neat) 3040, 2930-2870,

2740r 1480r 1420r l390, l260, l240, ll40r l120, I090, IO]Or 970,
920, 830t 800, 770, 740, 690 CM-1; NMR (CC14) 6 O•OO (Sr 3Hr

Si-CH3), O.32-O.64 (m, 4H, Si-CH2-), O.80-2.52 (c, 23H, Si-C--CH3,

-CH2--, -CH-), 3.08 (ABqt 2H, J=)O, 27 Hz, O-CH2-); mass spectrum,
m/e 280 (1, M+), 251 (IOO, M+-Et), 16i (24), i49 (]5), 89 (IOO);

Anal. Calcd for C17H320Si: C, 72.79; H, ll.50. Foilnd: C, 72.44;

Hr 11•63-
     Diethyl[[[2-[(diethylmethylsilyl)oxy]-2-trÅ}cyclo[4.3.1.12'5]-

undecyl]ethenyl]oxy]methylsilane (7.v6). Bp 160-1700C (2 rrrrnHg),

(bulb-to-bulb distUlation); IR <neat) 2940, 2925, 2880, 1680

(C=C), l470, 14i5, l355, l270, 1160, ll40, 1080, I070, I020, 970,
950, sgo, s3s, sOO, 7s5, 690 cm'-1; IH NMR (cc14) 6 O.07 (s, 3H,

Si-CH3), O.l2 (s, 3H, Si-CH3), O.45-O.75 (m, 8H, Si-CH2--),
1.IS-2.25 (c, 29H, si-c-cH3, -cH2-, -cH-), s.4o (s, IH, =cH); l3c

NMR (CDC13) 6 [-4.89, -3.47 (Si-CH3)], [6.36, 6.70, 7.05, 7.63

(Si'CH2CH3)lt [18•88r 25•98r 27•]5, 27•64, 28•62, 32.63, 33.27

(-CH2--)], [31.51, 40.80, 41.49 (-CH-)], 40.22 (-C-), ll9.52
(=CH-OSi), l44.08 (=C-OSi); mass spectrum, m/e 408 (57, M+), 379

(10, M+-Et), 365 (10), 339 (50), 279 (33), l89 (10), 161 (20), 149
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(10), 133 (IO), I05 (15), 101 (37), 73 (100); Anal. Calcd for

C23H4402Si2: C, 67.58; H, iO.85. Found: c, 67.6o; H, u.ol.
     Diethylmethy1[[(tricyclo[3.3.2.3'91]undecy1)methyl]oxy]silane

(77). Mass spectrum, !R, and RRT of 77, which was obtained by-

preparative GLC, was identified with those of an authentic sample,

which was prepared by Co2(CO)s--catalyzed silylation of a

corresponding alcohol. For an authentic sarnple, bp 100--llOOC

(O.5 mmHg), (bulb-to-bulb distiUation); IR (neat) 2900, 1470,

1420, 1380, l250, l120, lllO, I080, 1010, 960, 840, 800, 760, 735,
68s cm-l; NMR (cci4) 6 O.03 (s, 3H, Si-CH3), O.36-O.66 (m, 4H,

Si"'CH2-)r O•76-1•96 <C, 23H, Si-C'CH3, -CH2'r 'CH->, 3•15 (ZV3gr
J=9 Hzt 2H, O•-CH2--); mass spectrum, m/e 280 (3, M+), 251 (100,

M+--Et), l61 (40), l49 (76), 89 (95), 67 (22); AnaZ. Calcd for

Cl7H320Si: C, 72.79; H, ll.50. Found: C, 72.75; H, ll.64.
                                                         3,9     Diethyl[[[2-[(diethylmethylsilyl)oxy]-2-tricycio[3.3.2.                                                            1] --

undecyl]ethenyl]oxy]methylsilane (7N8). Bp l70-l800C (1.5 rnmHg),

(bulb-to-bulb distUlation>; IR (neat) 2900, 2875, !675 (C=C),

1465, l410, 1360r 1255, 1135, 1100t 1085, 1075r 1010t 965r 840,
soo, 76o, 6go cm'1; IH NMR (cc14) 6 O.12 (s, 6H, Si--CH3),

O.42-O.80 (m, 8H, Si-CH2-), O.80-2.00 (c, 29H, Si-C-CH3, -CH2-,
-cH-), s.7s (s, IH, =cH); l3c NMR CcDc13) 6 [-4.sg, -3.33

(Si-CH3)], [6.36, 6.65, 7.09, 7.73 (Si-CH2CH3}], [14.47, 23.39,

25.64, 31.07, 32.05, 34.30, 38.65 (-CH2.>], [25.25, 31.95, 33.76

(-CH-)], 38.90 (-C-), 120.ll <=CH-OSi), 144.04 (=C-OSi); inass
spectrum, m/e 408 (100, M+). 379 (13, M+-Et), 279 (43), 189 (ll),
                                  '                                             '
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161 (20), 149 (20>, 101 (17), 73 (33>; Anal. Calcd for

C23H4402Si2: C, 67•58; H, 10.85. Found: C, 67.20; H, n.l4.

     1-O-Diethylmethylsilyl-3,4,5,7-tetra-O-acetyl-L-glycero-

D-glucoheptitol (8Nt). IR (CDCI3) 2950, 2860, l750 (C=O), l365,
1215, 1150, lloo, glo, ss5, 84o, 725 crn-1; IH NMR (cDcl3) 6 o.lo

(s, 9H, Si-CH3), [(2.00, s), (2.00, s), (2.02, s), (2.03, s),

(2•07r S), tOtal l2 H, CO-CH3]r 3•54 (ddd, J=9•76, 5•85, 2•93 HZ,

H2), [3.66 (dd, J=ll.72, 5.85 Hz, Hl), 3.70 (dd, J=ll.72, 2.93 Hz,

Hl), overlapping with a multiplet of H6], [4.l3 (dd, J=12.69,

1•95 HZ, H7)r 4•22 (ddt J=12•69, 4•89 HZ, H7)], 5.03 (dd, J=9•77r

8•79 HZr H3)r 5-06 (dd, J=IO•74r 9•77 HZ, Hs), 5•20 (dd, J=9•77,
s.7g Hz, H4); l3c NMR (cDcl3) 6 -O.49 (si-CH3), [20.50, 20.65

(CO-CH3)], 61.55 (SiO•-CH2-), 62.53 (AcO-CH2-), [66.44, 67.61,

72.21, 73.92, 79.11 (-CH-)], [l69.48, 170.07, l70.26 (co)]; mass
spectrum, rn/e 434 (O, M+), 419 (60, M+-Me), 197 (36), 123 (38),

117 (100); Anal. Carcd for ClsH3oOloSi: C, 49.75; H, 6.96. Found:

C, 49.71;H7.06. '
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Chapter 2 Cobalt Carbonyl-Catalyzed Reaction of Ketones with
           Carbon Monoxide and Hydrosilan'e

2-i !ntroduction

     Carbonylation of carbon-carbon double bonds with the aid of

transition metal complexes is a popular catalytic reactionl which

finds fruitful application in industry, hydroforrnylation of olefins
being a representative exampie.i'2 in contrast, cataiytic

carbonylation of carbon-oxygen double bond (i.e., carbonyl group)

with carbon monoxide remains almost unexplored. Of the two avail-

able reaction sites in a carbon-oxygen double bond, C-carbonylation
(eq o is rnore important than o--carbonyiation,3 since the forrner

                                        4,.could bring about carbon chain extention.                                           !nvestigations devoted

to finding effective catalyst systerrts which would enable the

conversion of formgldehyde to glycolaldehyde (eq 1, R, R't X, Y=H),
or to ethylene glycol, via c-carbonylation has been rnade.5 Few

exarnple is known about the transition rnetal catalyst system which
is effectÅ}ve for c-carbonylation of higher aldehydes6'7 (eq 1,

R=alkyl, R'=H). To the best of our knowledge, no example of
C-carbonylatiQn of a ketone (eq 1, R, R,=alky!) has been reported.8

                               DX
         RJI.R, + co -F xy" Rili,IS'lliLon.R-itlYi)I,oiy o)

                                l
     The difficuity in achieving reaction 1 lies mainly in the

correct selection of a suitable catalyst which undergoes the
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regioselective addition that affords an ct-oxyalkyl transition
                     9rnetal intermediate A,. Intermediate k is required for the

successive insertion of carbon monoxide and hence for C-carbony-

lation. The use of R3SiCo(CO)4 (2), which can be generated in
                                 IOsitu in HSiR3/CO/Co2(CO)s system, seemed promising. The addition

of 3 across the carbon-oxygen double bond was expected to take

place in the desired direction because of the ' high oxygenophUicity
                  ll .of silicon (eq 2)..
                     '              tt                '                      '    R,xR. R3SiCo(Cl9.l)E...4 . R,;Rt[liSRi.R2,(co)2i -Rt9Sg,R3(co)4 (,)

2-2 The Reaction of Ketones with Carbon Monoxide and Hydrosilane

     In the reaction system HSiR3/CO/Co2(CO)s--PPh3, carbonylation

at ketonic carbon of severa! ketones sueh as acetoner acetophenonet

and cyclohexanone at l-80 atm and 25-l800C failed resulting in

the forrnation of enol silyl ethers, in which no carbon monoxide

was Å}ncorporated. For exarnple, the only Product obtained from
                                        l2cyclohexanone was an enol silyl ether 2.                                           The result suggests

that an ct-•oxyalkylmetal carbonyl 2, if it is formed from cyclo-

            (i)meFllt2M,i•,g?, (lij'Et21,le ,,,

             L MeEt2si6co(co)4 j

4
N
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hexanone and Jl, would undergo 3-hydride elimination to give HCo(CO)3

and 2 rather than carbon monoxide insertion. Conseguently,

adamantanone, which might not give the corresponding enol silyl

ether because of the ring strain, was reacted with HSiEt2Me

(3 equiv) and CO (50 atm) in the presence of Co2(CO)s/PPh3 in

benzene at 1400C for 20 h. Although, simple hydrosilylation

predorninated, incorporation of carbon monoxide did take place

(eq 4) .
           O HsiEt2Me,co OSiEt2Me. OSigst2iEMI2Me (4)
             x              Co2(CO)slPPh3
              50 atm,                    l40Oc

2-3 The Reaction of

     Hydrosilane - A New

     Encouraged by these

reaction of cyclobutanone

the competitive enol ether

the experiment carried out

     Scheme I
                 o cr

       42} wg
Cyclobutanones with Carbon "lonoxide and

    Construction of Five-Membered Ring --

    observations described above, the

     whose ring strain might also surpress

      formation was studied. The result of

      under similar conditions as above

                            OSiEt2Me
  HSiEt2Me, CO(50 atm)

Åí Cat. C02(CO)s!PPh3, 1750C
              95 %
   R3SiCO(CO)4
      (g)

61Sci:ico)4Å}Et\\fggiR;,coEFIiJ:3i
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dr
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    OsiEt2Me
     2

  - co
  - HCo(CO)3

OSiR3
   H
     co(co)4
+ON   siR3



(l750C, 50 atrn) was sornewhat suprising. The product formed was

disiloxycyclopentene E which showed the clean incorporation of

carbon rnonoxide (Scheme I). The result would imply that
c-formylation (s•7.s) and cationic ring eniargement (g.6)l3

took place in the'sequence, as outlined in scheme i.14

     Importantly, from the viewpoÅ}nt of-organic synthesis, the

present catalytic reaction provÅ}des a novel method for the forrnation

of five-membered rings containing a useful functional group (i.e.,
              15                ). This new chemistry has been found applicabledisiloxyalkene

to the sysnthesis of polycyclopentanoids, an important class of

          16 .compounds.              The                  results are presented in Table I.

     An example of the usefulness of these products is shown in

eq 5. The overall transformation illustrated in eq 5 shows a new

method of cyclopentenone annulation at an olefinic linkage.

                                    SiR3 O                   o

    .    ref 17b IN
             -

     In summary,

the first

monoxide into a

potentially of

are readily

that is known

present

                 present

          example

                ketonic

               high

            obtained

disiloxycyclopentenes

              to be

        methodology

 H,-S,til3'CO 1.N.c,13XC'OSiR3uae3fPOCs 1.N".lv41 (5)

              iv
       reaction (eq 4 and Table I) represents

for the catalytic incorporation of carbon

      carbon. Moreover, the transformation is

  synthetic utility. The starting cyclobutanones
                           l7   from olefins and ketenes.                              The products are

   , whiÅëh contain the 1,2-disÅ}loxyalkene moiety
  a versatiie synthon.i'5 Furthermore, the

  for C-carbonyiation of a carbonyl compound

         •- 55 -



(i.e.t the use of Lewis-acidic silicon to bind unshared electrons

of the carbonyl oxygen) could be broader than mononuclear catalyst

system. A cluster or a heterogenous surface, having a rnetal

center and a Lewis acid center !ocated in a suitable distance,

might also be envisaged as a potentially effective catalyst.

        Table I. Synthesis of Disiloxycyclopentenesa

            reactlon
cyclobutanone temp,Oc      bproduct       cyield,%

blo

oro

7"
'

o

iN.:

,

o

120

1OO

 ,

llO

110

ix

7-N

i )ll

10
.v,

11

N

12
vv

l3
.v

OSiEt2Me

N"t osiEt2Me

OSiEt2Me

X"t osiEt2Me

oSiEt2Me

'< osiEt2Me

oSiEt2Me

X" osiEt2Me

 88

 73d

1OO(80)

 94(80)

    a Reaction conditions: cyclobutanone (2.5 mmol), HSiEt2Me
8g,•g 'z,Fo:ls,C2,(Il9 ag" g22,Eg2,'g,IOa],[l•':,:l gAteP?g,(gS,gi?•:"Atai .

C GIc yields based on cyclobutanones. Isolatpd yields are in
gSEe,",:h?S3e%SGi,9y9.g!rgO)u:df itA.o.i.was contaminated with a sman
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2-4 Experimental

2-4-l General Procedure for Conversion of Cyclobutanones to

       Disiloxycyclopentenes.

     The following procedure for the reaction of cyclobutanones is

representative. To a IOO mL stainless steel autoclave were placed

C02(CO)s (O•1 mmol, 34 rng), PPh3 (O.l mmol, 27 mg), HSiEt2Me

(7.5 mmol, l.1 mL), and benzene (2.5 mL) and then the rnÅ}xture was

stirred. Cyclobutanone (2.5 mmol, O.Å}9 mL) and benzene (2.5 rnL)

were added and the autociave was charged with CO to 50 atm at

250C. Then the reaction was performed at l750C for 20 h.

Analysis of the reaction mixture by GLC showed the presence of

[1-cyclopentene-1,2-diylbis(oxy)]bis[(diethylmethyi)silane] (Åí) in

90g yield. Distillation (bulb-to-bulb distillation) gave pure Åí,

bp l200C (O.5 mmHg), in 80g yield.

2-4--2 Characterization of Produets.
     Diethylmethyl[(tricyclo 3.3.1.13'7]dodecyl)oxysuane.

Bp 94-1200C (O.5 mmHg); IH NMR (CC14) 6 O•02 (s, 3H, Si-'CH3)r

O.34-O.70 (m, 4H, Si-CH2-), O.78-1.l8 (rn, 6H, Si-C-CH3), 1.28-2.30

(C, 14H, -CH2-, -CH--), 3.76 (c, IH, O-CH-); IR (neat) 2980, 2845,
l450, 1035, 1005r 950, 850, 795, 760 crn-1; mass spectrurn, m/e

(rel intensity) 252 (2, M+), 237 (2, M+-Me), 223 (100, M+-Et),

135 (4), 89 (75)7 Anai Carcd for ClsHlsOSi: C, 71.36; H, 11.18.

Found; C, 71.09; H, 11.50.
     Diethyl[2-[(diethylmethyl)silylloxy[(2-tricyclo 3.3.I.13'7]-

dodecylrnethyl>oxy]]rnethylsilane. Bp 139-1450C (O.35 mrnHg); IH NMR
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(CC14) 6 O.04 (s, 3H, •Si-CH3), O.07 (s, 3H, Si-CH3), O.38-O.78 (m,

8H, Si-CH2-), O.78-l.l4 (rn, l2H, Si-C-CH3), 1,20-•2.40 (c, 14H,

-CH2't -CH-)t 3•36 (s, 2H, O-CH2-); IR (neat) 2950, 2900, 1455,

1415, l380, l360, 1250, l160, 1115, i085, I065, 1045, 1000, 990.,
845, 795, 680 ern-l; mass spectrum, m/e (rel intensity) 353 (19t

M+-Et), 251 (100), 73 (23>; Anal Carcd for C21H4202Si2; C, 65•90;

H, 11.06. Found: C, 66.11; H, ll.39.

     [l-Cyclopentene-l,2-diylbis(oxy)]bÅ}s[(diethylmethyl)silane]
(6). Bp 1200C (O.5 mmHg), bulb-to-bulb distillation; IH NMR
 N
(CDC13) 6 O.24 (s, 6H, Si-CH3), O.56-O.92 (m, 8H, Si-CH2-),

O.92'1•24 (M, l2H, Si""C-CH3), 1•56-2•OO (C, 2H, -CH2-)r 2•32 (rTir

4H, =C-CH2-); IR (neat) 2960, 2930, 2880, 17iO (C=C), l650,

1470, 1425, 1345. 1315, 1255, 1090, IOIO. 970, 895, 840, 800, 770,
690 cm-i; mass spectrurn, m/e (rel intensity) 300 (100, M+), 271
                    )
<17, M+-Et), 189•(28), 169 (30), 101 (46), 73 (78); Anal Calcd for

Cl5H3202SÅ}2: Ct 59•94; H, IO,73. Found: C, 59.93; H, 10.91.

     [Bicyclo[3.3.0]oct-2-ene-2,3-diylbis(oxy)][bis(diethy!methyl)-
silane] (10). Bp 123-1270C (1.2 mmHg>; IH NMR {CCI ) 6 O.09 (s,
         N
6Ht Si-CH3), O.38-O.78 (rn, 8H, Si-CH2-), O.78-l.10 (m, 12H,

Si'C-CH3)r 1•l4-1•86 (C, 7H, -CH2-, '-CH'), 2•26-2•86 (C, '3Hr
=c-cH2-, =c-cH-); 13C NMR (CDc13) 6 -3.70 (Si-CH3), 6.74, 7.22

(Si-CH2CH3), 24.97, 30.17, 35.90 (-CH2-), 34.19 (-CH->, 38.01

(=C'SIH2-), 46•58 (=C-9H-), 129.30, i32.06 (C=C>; IR (neat) 2950,

2870, l70S (C=C), l650, 1460, 1415, l325, 1320, 1300, 1250, l245,
1095, 1070, 1005, 965, 945, 930, 800, 765, 685 crn-1; mass
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                       H6-•

                       7:

bulb-to-bulb distillation;IH

O.09 (s, 3H, Si--CH3), O.30-1.

J=1.5, 3.5, i4 Hz, H2), 2.86

Hs, H6), 3.06-3.38 (c, H4), 3

                          -

spectrum, m/e (rel intensity) 340 (IOO, M+), 311 (31, M+-Et),

IOI (15), 73 (34); Anal Calcd for ClsH3602Si2: C, 63.47; Ht IO•65•

Found: C, 63.48; H, IO.85.

     [Bicyclo [3.3.0]octa-2,6--diene-2,3-diylbis (oxy) ]bis[(diethyl-

methyl)silane] (INI). Bp 1430C (2.8 mmHg)--1500C (3.5 mmHg);
IH NMR (CCI4) 6 O.07 (s, 3H, Si-CH3), O.09 (s, 3H, Si-CH3),

O•40-O•80 (Mr 8Hr Si-CH2-), O•80-l•l6 (M, l2Hr Si-C-CH3)t l•86

(dtt J=2•5, 14 HZ, IHr =C-CH2-)r 2•24-2•40 (M, 2H, =C-CH2-), 2•60

(ddr J"5t l4 HZ, iH, "C-CII2-), 2•96-3•20 (Mr 2Hr =C-CH-)r 5•40-

5.72 (c, 2H, -CH=CH-); IR (neat) 3045, 2950, 2900, 2870, 2840, 1705

(C=C), 1460, l415, 1335, 1255, l155, 1105, 1090, IOOO. 970, 930,
870, 830, 800, 775, 760, 710, 685 cm'1; mass spectrum, m/e (rel

intensity) 338 (100, M+), 309 (6, M+-Et), 101 (27), 73 (52); Anal

Calcd for ClsH3402Si2: Cr 63•87; H, 10.12. Found: C, 63.49; H,

10.28.

     [3,3a,8,8a-Tetrahydrocyclopent[a]indene-1,2-diyl(oxy)]bis-

 (diethylmethyl)silane] (12). Bp 160-1700C (O.4 mrnHg),
                        N
                          H5 H4 osiEt2Me

  Y     oSiEt2Me
  : Hl
H31-i2

NMR (CDCi3) 6 -O•02 (Sr 3H, Si'CH3)r

16 (m, 20H, Si-CH2CH3), 2.18 (ddd,

(ddd, J=2, 7•5r 14 HZ, Hl)t 2•98 (Cr
.50 (brt, J=7.s Hz, H3); l3c NMR
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(CDCI3) 6 --3.67 (Si-CH3), 6.56, 6.75, 7.24 (Si-CH2CH3), 35.18,
                                                           '37.57 (=C-gH2-, Ph-S;!H2-), 41.68, 45.26 (=C-9H-), l29.41, l32.04,

l42.52, l47.56 (ph), l2g.41, 132.04 (c=c), 142.52, 147.56 (ph);

IR (neat) 3015, 2945, 2900, 2865, 1700 (C=C), l485, 1460, l4i5,

1380, l335r 1325t 1240t 1205t 1150t llOO, I070r 1005r 985, 960, 860
825r 800, 770, 74ot 690 cm-l; mass spectrum, m/e (rel intensity)

388 (100, M+), 257 (21), 171 (l3), IOI (l3), 73 (37); Anal. Calcd

fOr C22H3602Si2: Ct 67•98; H, 9.34. Found: C, 67.71; H, 9.21.

     [3a,4.5,9b-Tetrahydro-IH-benz[e]indene-2,3-diylbis(oxy)]bis-

[(diethylmethyl)silane] (l3). Bp 160-l700C (O.4 mmHg), '
                         N
                          H7H.6, Hs

                        Ms"'
                           l s.,
                            ri

                   h
bulb-to-bulb distillation; IH

O.l8 (s, 3H, Si-CH3), O.42-O.

12H, Si-c-•CH3), 1.50-2.06 (c,

collapsed into a ABq, J=13.5

Irradiation at 6 3.46 (H3)

Hz), 2.54-3.06 (c, Hl, H4, H7,

Irradiation at 6 2.22 (H2)
             13(m, 4H, Ph);               C NMR (CDC13) 6

(Si-CH2CH3>, 25.64 (-CH2-), 28

34•74r 41•73 {'CH-), 125•45,

   Nb4R

  86

   H5,

  Hz)t

collapsed

    Hs),

collapsed

    -3

   .52

  126

   .

H4 OSiEt2Me

  N     osiEt2Me
H3tll2 HT

   (CDC13) 6 O.10 (s, 3H, Si-CH3),

 (m, 8H, Si-CH2-), O.86-l.30 (m,

   H6, Irradiation at 6 2.64

   2.22 (dddt J=3, 8r 15 HZt H2,

      into a broad doublet, J=l5

     3.46 (q, J=8 Hz, H3t

     intQ a triplet, J=8 Hz>, 7.14

  .67 (Si-CH3), 6.65, 6.80, 7.i9

  , 39.43 ('C-9H2-r Ph'9H2"),

 .13, l28.33, 128.43 (Ph), 129.70,

           '             '
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133.17 (C=C), 138.36, 140.80 (Ph); rR (neat) 3020, 2950, 2910,

2870r 1705 (C"C), 1495, l460, 1415t 1360, l325r 1300, 1255, 1240r
1085, IOIOt 970, 915, 865, 830, 800, 690 em-1; Anal Calcd for

C23H3s02Si2: C, 68.60; H, 9.51. Found: c, 68.6o; H, 9.3g.

2-4-3 Hydrolysis of Disiloxycyclopentene to 2-Cyclopentenone.

     Ir2,4r5-Tetrahydro-3H--benz[e]indene-3-one (l.v4). The reported
procedure was modified.l8 A mixture of IN3 (o.s mmol, o.2o g) and

60k phosphoric acid (2.3 mL) was stirred at 900C for 5 h under a

nitrogen atmosphere. The mixture was diluted with benzene (20 mL)

and the aqueous layer was extracted with benzene (3 x 20 mL).

Combined organic layer was dried over CaS04 and evaporated in

vacuo. The residue was purified by chromatography (silica gel,

n-hexane/ether=8/2) to yield 1.v4 (61 mg, 66rg yield); mp 75-770C
(pale yellow solid); IH NMR (CC14) 6 2.30'3•10 (m, 8H, -CH2-),

                       137•IO-7•54 (M, 4Hr Ph); C NMR (CDC13) 6 18•l3r 24•88, 27•87,

35.22 (-CH2-), 124.16, 126.83, 128.l9, 130.79 (Ph), l32.03, 137.75,

138.65 (ph, c=c.-c==o), 165.75 (g=C-C=O), 207.58 (C=O); IR (CDC13)

2920r 1680 (C=O)t 1630 (C=C), 1570, 1445, 1395, 1300r 1280, 1190t
73o cm-l; mass spectrum, m/e (rel Å}ntensity) l84 (100, M+), 155

(19), l42 (93), l28 (26).
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Chapter 3 Stoichiometric Reaction Using (CH3)3SiCo(CO)4

3-1 !ntroduction

     As described in chapter ! and 2, in the new cobalt carbonyl-

catalyzed reactions of esters, lactonest and ketones with carbon

monoxide and hydrosilane took place formation of new carbon-carbon

bonds as a result of the carbon-oxygen bonds in the substrates.

In these catalytic reactions, sÅ}lylcobalt carbonylt R3SiCo(CO)4 (2)t

generated in situ has been suggested as the key catalyst specÅ}es

responsible for the forrnation of carbon-cobait bond which is

required for the incorporation of carbon monoxide. Although some

silylcobalt carbonyl complexes l have long been known, their
                               Jv
                                         1chentstry has not been well explored yet. I have studied the
              '
stoichiometric reaction of l with some oxygen containing compounds
                           A`t
with the expectation that the known oxygenophilicity of silicon

in l would bring about cleavage of carbon-oxygen bond in the

substrate with concomitant formation of carbon-cobalt bond. The

reactions of (CH3>3SiMn(CO)s with ethers and aldehydes have been
                             2recentiy reported by Gladysz.

3-2 A New Entry to or-Allylcobait Tricarbonyls Using (CH3)3SiCo(CO)4

     The reaction of allyl acetate with (CH3)3SiCo(CO)4 (;!,;a) gaVe

r-allylcobalt tricarbonyl (3) in 80% yield (eq 1). !nitially

formed u-allylcobalt carbonyl complex would be converted to stable

rr-form 3 by liberation of carbon monoxide. The reaction of the
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 -/tgNv-OAC+(cH3)3s:.Lvl,co(co)4 :-IEtilli-g;srt:bH3)3sioAc[-/4V"CO(CO)4] rco li'{ifllii)"iio(co)3

                                                              .v

silylcobalt carbonyl ]La can be conducted conveniently in a NMR

tube using C6D6 as a solvent. Results obtained by the reaction of

INa with some allyl acetates were summarized in Table 1 (entry l-•5).

In entry 4 and 5, only syn-isomer was obtained and anti-isomer was

not detected by NMR analysis. The reaction of la with
                                               .v
ct,B-unsaturated compounds and diene monoepoxide afforded new type

of T-allylcobalt complexes containtng siloxy group (entry 6-8 in

Table l). In all cases, transient signals in NMR were observed

before they collapsed to the final products. However, the

assignrnent of these transient signais has not been estabUshed

yet. Present reaction represents a new entry to T-allylcobalt
triearbonyls3 on the basis of high affinity of silicon in L toward

oxygen.
                                                             4     Although synthetic application of rr-allylcobalt carbonyls

has been little studied so far as cornpared with that of T-allyl-

paliadiuin and T-ally!nickel complexes, T--allylcobalt complexes

have been demonstrated recently by Hegedus to be promising discrete
intermediates in organic synthesis.5 present new rnethod for the
                              J
forrnation of T-allylcobalt complexes on the basis of high oxygeno-

philicity of silicon would-be applicable to new synthetic method

of various (new type of) organometallic complexes which are

potentially of high utility.
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Table 1.

entry

The Reaction

and A Diene

  substrate

 Of (CH3)3SiCo(CO)4 with Allyl Acetates,
           a)Monoepoxide

         vr'ai2ylcobait tricarbonylb)

Enones,

ref.

1

2

3

4

s

6

7

8

     N/ OAÅë

           OAc     l

           OAÅë     -

Phw/ OAc

    4AT/OAÅë
        Ph

     oHcAx

     YN
       o

     oC>/N

                  A
                            so g                   CO(CO)3

      XvdOx .-.          eo (c o)3 52k co ('co)3

                   --s                  'co?co}3 44g

             PhvTX.
                            63g                   CO (CO) 3

             phxA
                   co N{ co) 3 S6 g

Me3sioxA         colco)3 44} Me3sioAto(co)3

Me3SIO .... -..                  12 g                        Me3si Co(co}3         CO(CO)3

       Me3sio/X<:t](co)3 SOg

28g

2o g

46 X

c)

d)

d)

e) f)

e) f)

g)

f)

a) Reaction conditions: The reaction was eondueted'with substrate{O.S rrunol),
(CH3)3SiCo(CO)4.CQ..7-O.9 mmol)t and C6D6(O.5 mL) under N2 and at 50ec for 1-1.5
in a Nb(R tube. b) NMR yieids based on the substrates. Yields were caiculated
on the basis of known quantities of an added standard CC6H6, C6H12) Or
C;:H:3COOSi(CH3)3 forTtted. c> Ref 8. d) J.A.Bertrand, H.B.Jonassen, arid D.W.Moore
rnorg. Chem.,Z., 601(i963). e> H.Alper, H.Des Abbayes, and D•Des Rochest
J. Organomet. Chem.,U21, C31<1976). f) N"!R analysis of che reaction ntxture
showed the•absence of the anti-isomer. g) The stereochemistry was tentatively
asszgned. on the basis of Nr)!R ehemical shifts. See also Table 2.
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3-3 Experimental

3-3-1 Preparation of (CH3)3SiCo(CO)4 (INa)
     The reported method for l;a6 was modified. To Co2(CO)s (O•68 g,

2 mmol) in a IO rnL flask equipped with dry ice condenser was added

HSÅ}(CH3)3 <3.5 mL, 30 mmol) at -780C. The mixture was allowed to

warm to 250C with stirring over 1 h. The exess HSi(CH3)3 was

removed in a strearn of N2. The residuai black solid was sublirned

at 40-450C (O.5 rnmHg) into a flask (-780C) to give (CH3)3SiCo(CO)4
(la) (O.78-O.83 g, 80-85g, paie pink, IH NMR (C6D6, TMS) 6 O.45 ppm,
 N
s). Good results were obtained in a cold room (<l50C).

3-3-2 Synthesis of r-Allylcobalt Tricarbonyls

     The following procedure for the reaction of allyl acetate

is representative. To a solution of (CH3)3SiCo(CO)4 (l.O gt 4.2

mmol) in C6H6 (2.5 mL) was added allyl acetate (O.27 g, 2.5 mmol)

at 500C for l.5 h under nitrogen. The formation of T-allylcobalt
tricarbonyl (2) in the solution was evident from IH NMR (80g yield).

Distillation (bulb-tto-bulb, N300C/3 mmHg)7 allowed the isolation

(52Z yield) of the pure cobalt complex as a pale yeiiow liquid.

 H NMR spectral data of all products is shown in Table 2.

3-4 References and Notes

     (l) Chalk, A. J.; Harrod, J. F. J. Arn. Chem. Soc. 1965, 87,

1137; Ibid. I967, 89, 1640. Baay, Y. L.; MacDiarrnid, A. G. Inorg.

Chem. 1969, 8, 986. Ang, H. G.; Lau, Organomet. Chem. Rev. 1972,

A 8, 235. Cundy, C. S.; Kingston, B. M.; Lappert, M. F. Adv.
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Organomet• Chem. 1973, ll, 23S. Hofler, F. Topics Curr. Chem.

I974, 50. 129.

     (2) Marsi, M.; Gladysz, J. A. Organometallics 1982, l, 1467

and references cited therein. Brinkmann, K. C.; Gladysz, J. A.

Organometallics in press.

     (3) Known methods involve: CH2=CH-CH2X + NaCo(CO)4 (Or

KCo(CO)4), C=C-C=C + HCo(CO)3 and CH3r + NaCo(CO)4 + C=C-C=C.

For a review, see: Kerninitt, R. D. W.; Russell, D. R.

"Comprehensive Organometal!ics Chemistry"; Wilkinson, G, Ed;

Pergamon Press: Oxford, l982, Vol 5, pp 211-222.

     (4)(a) Heck reported that the treatment of NaCo(CO)4 with

exess of allyl bromide in ether gave l,5-hexadiene. Heek, R. F.;

Breslow, D. S. J. Arn. Chem. Soc. 1961, 83, I097. (b) The reaction

of 2 with benzaldehyde in methanol underwent allylation to afford

allylbenzyl alcohol in 7g yield. Agnes, G.; Chiusoli, G. P.;

Marraccin, A. J. Organomet. Chem. 1973, 49, 239. In both reactions,

it is arnbiguous that these reactions proceeded via u-allylcobalt

complexes or T-isomer.

     (5) Hegedus, L. S.; Inoue, Y. J. Am. Chem. Soc. 1982, I04,

4917.

     (6) Morrison, D. L.; Hagen, A. P. Inorg. Synth. 1972, 13, 65.

     (7) Lit. 39eC(15 mmHg), AcClellant W. R•; Hoehn, H. H.;

Cripps, H. N.; Muetterties, E. L.; Howkt B. W. J. Am. Chem. Soc.

I961, 83, 1601.
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Table 2. IH NMRData for T-Allylcobalt Tricarbonyls (C6D6, TMS)

•R
  Ha
       Hb
 v sSHd t. (HcCo)3

<I}

      Ha

Hd Hb     7 ":N   RL         Hc
       o(CO)3

(rr)
Rl

 Ha
      Hb
2 Is Hc

 CO<CO)3

{m)

R Ha Hb Hc Hd R Jab Jac Jad JdR Jbc Jbd

t

"o
l

H(! or ll)

CH3(I)

CH3{I[)

Ph(r)

OSi(CH3)3(1)

OSi(CH3)3(ll)

CH20Si{CH3)3(I)

Rl, R2

4.4e(tt)

4.26(dt)

4.48(dt)

5.06(dt)

4,59 Cddd)

4.07(ddd>

4.52(dt)

Ha

2.68(d)

2.55(d)

2.94{d)

2.69{d}

2.38(dd)

3.06(dd)

2.S6(d)

Hb

1.

L
2.

L
1.

3.

1.

85(d)

64(d)

47(d)

84(d)

33(dd)

IS(d)

72(d)

Hc

2.72(dq}

3.89(quint)

3.67(d)

5.01(d)

6.17(dd)

2.80{ddd)

       ,Rl

1.23(d)

O.83(d)

7.04-7.I2<m)

3.6o(ABqd)a)

     R2

6

6

6.

6

6

6

6

5

u
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10

IO

IO.5
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 6.5

10

 7

 3.5
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Jab Jac Jbc

    .vO

6 NO
 6.5 NO

    No
      1

    .v O

4 S NO t

No
NO
-"o

"vO

  1.5

NO

CH3, CH3(M)
OSi(CH3)3, cH3(m)b)

CH3, OSi(CH3)3(!Ir)b)

4.28(dd)

4.56(dd)

4.e4(dd)

2.74(d)

2.60(d)

2.94(d)

2.

ca

2.

17(d) 1.
• l.7e)

86(d) 1.

38(s)

70(g)

O.90(s)

1.29(s)

7 12 tvo
6,5 IO.5 2

6 10 .vO

a) JAB=12Hz• b) The assignment
siloxy group would be at lower
those Ha in R=OSi(CH3}3(I} and
c) Overlapped with the Cll3(Rl}

 is a tentati,ve one on the basis of NMR
field than Ha anti to the siloxy group.
R=OSi{CH3)3(ll). The assiq. nment is also
group signal of another isomer (Rl=CH3,

chemical shlftl Ha syn to the
 Compare the chemical shift with
 supported by CH3 shift data.
R2=osi(c}l3)3).



Conclusion

     The objective of this research was to develop a new catalytic

reaction of oxygen containing compounds using carbon monoxide with

the aid of transition rnetal cornplexes. For this objection, a new

method for formation of carbon-transitÅ}on metal bond frorn carbon-

oxygen bond in substrates has been studied. The irnportant results

mentioned in each chapter of this thesis are sum;narized as follows.

     In chapter 1, a new cobalt carbonyl--catalyzed reaction of

esters and lactones with carbon monoxide and hydrosilane has been

described. Catalytic reaction of secondary alkyl acetates and

lactones of secondary alkyl ester-type as well as that of bridgehead

alky! acetates underwent selective incorporation of one and two

molecule of carbon monoxide. The results involve a very rare

example of the transition metal-mediated incorporation of carbon

monoxide into a tertiary carbon center. Furthermore, the catalytic

reaction of highly reactive alkyl acetates resulted in incorporation

of carbon monoxide under mild reaction conditions (at room

temperature and under atomosphereic pressure of carbon rnonoxide).

A new method for the stereoselective carba-functionalization at

anomeric position of carbohydrates has been described.

     In chapter 2, a new cobalt carbonyl-catalyzed reaction of

ketones with carbon monoxide and hydrosilane has been described.

Catalytic reaction of cyclobutanones underwent clean incorporation

of carbon rnonoxide with ring expansion to give disiioxycyclopentenes.
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This reaction represents the first example for the catalytic

incorporation of carbon monoxide into a ketonic carbon.

     rn chapter 3, stoichiometric reaction of (CH3)3SiCo(CO)4 with

oxygen-containing compounds leading to T-allylcoablt tricarbonyls

has been described. This reaction provides a new entry to g-allyl-

cobalt tricarbonyls.

     Important features of these cobalt-catalyzed reactions with

carbon monoxide and hydrosilane are summarized as follows.

     (1) In the viewpoint of organometallic chemistry, the reac-

tions in this thesis demonstrate a new method for formation of

carbon-transition metal bond by utilizing the high oxygenophilicity

of silicon. This methodology for the formatÅ}on of carbon-transition

      R,.o.fl.!istE2E9SE911L.SiCO(CO)4 Rt.o;RtCiSiR2o(co)i:-itgg;aK:s,oA, R'Co(CO)4

      R,.R.R.!}gt!X.E9.SEE!2.fL,S ,.iCO(CO)4 Rtt)R:'.ISRi.R2o(co)4.Rt9S:,R3(co)4

metal bond rnay open up the possibility of developrnent of both new

catalytic and stoichiometric earbonylation reactions of oxygen

containing compounds.

     (2) ln the viewpoint of organic synthesis, these catalytic

reactions provide a novel synthetic method of (siloxymethylidene)-

alkanes (enol sÅ}lyl ethers> and disiloxyalkenes, which are known

to be versatile synthetic interrpediates, from esters, lactones,

and cyclobutanones, whieh are arnong the mest readiiy available
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cleanly

 compounds.

incorporated

ln these reactions, carbon monoxide

into oxygen containing compounds.
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