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Summary: The reactions of 1,6-alkadiynes with tert- 
butyldimethylsilane under carbon monoxide pressure 
catalyzed by Rh(acacXCOl2, Rh2Coz(C0)12, or Rh(CsNBut)4- 
Cc(CO)4 give the corresponding bicyclo[3.3.0loctenones in 
good to excellent yields via novel silylcarbobicyclization 
process. 

Carbocyclizations of alkenes and alkynes are extremely 
important reactions for the syntheses of a variety of 
carbocyclic and heterocyclic compounds of medicinal 
interest. For example, Pauson-Khand reaction1 of 
alkynes with alkenes or enynes promoted by a stoichio- 
metric amount of CO~(CO)~ has been extensively studied2-6 
and applied to the syntheses of many biologically active 
 compound^.'^^ In the course of our study on silylformyl- 
ation of alkynesg and silylcarbocyclizations (SiCaC) of 
alkenynes, diynes, and alkynals,1° we looked at  the the 
reactions of hydrosilanes with diynes catalyzed by Rh and 
Rh-Co complexes in the presence of carbon monoxide to 
discover a novel silylcarbobicyclization process, which is 
different from the previously reported SiCaC reactions,l0 
giving the corresponding bicyclo[3.3.010ctenones.11 We 
would like to describe here a novel silylcarbobicyclization 
(type 3-SiCaC) reaction of 1,6-alkadiynes and related 
reactions.12 

The reaction of diethyl dipropargylmalonate (1, 2.00 
mmol) with HSiMe2But (4.00 mmol) in toluene (10.0 mL) 
at  50 "C and 15 atm of CO catalyzed by Rh~C02(C0)12'~ 
or Rh(acac)(CO)z (1.0 mol %) for 12 h gave cleanly 
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2-silylbicyclo[3.3.010ct-A1~5-en-3-one (2) in >90% isolated 
yield (98% GC yield) (eq 1). To the best of our knowledge, 

- 'BuMe2SiH 

- cat. - E 

RhC13,3HzO 
E,&Jo EtOH.50°C F L 

3 E =COOEt quant. 

this is the first truly catalytic carbobicyclization of diynes 
incorporating carbon monoxide. Compound 2 thus formed 
is readily isomerized to 2-silylbicyclo[3.3.0loct-l-en-3-one 
(3) in quantitative yield by adding a catalytic amound of 
RhC13aH20 in ethanol to the reaction mixture and stirring 
at 50 "C for 24 h. 

The efficacy of differenct catalysts was examined under 
the standard conditions described above except for using 
50 atm of carbon monoxide. Results are as follows 
(isolated yields): Rh&o&O)12 (93%), Rh(acac)(CO)z 

It is found that RhC1(PPh3I3, Rhz(OAc)z, R U ~ ( C O ) ~ ~ , ~ ~  and 
PdC12(PPh& are inactive for this type 3-SiCaC reaction. 
Bicyclo[3.3.0loctenones, which are very useful inter- 

mediates for a variety of biologically active cyclopen- 
tanoids, can be obtained through Coz(CO)~-promoted 
Pauson-Khand reac t i~n~J ja~ ,~  and via zirconocene16 or 
titanocene-mediated carbobicyclization-carbonylation of 
enynes.17 However, these processes are basically stoi- 
chiometric, and only very recently was a catalytic version 
of the Pauson-Khand reaction developed.l8 The first 
catalytic titanocene-promoted carbobicyclization-carbon- 
ylation of enynes was recently reported,lg but isocyanides 
were needed as a carbonyl synthon (hydrolysis is required 
to obtain ketone functionality). Nickel(0)-promoted stoi- 
chiometric carbobicyclization-carbonylation also requires 
isocyanides as a carbonyl synthon.20 An efficient Pd- 
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(MACROMODEL). According to MM2 calculations, 8b 
is ca. 3.3 kcaVmo1 more stable than 8a, which means 8a 
is the kinetic product. The endo-isomer 8a remained 
unchanged when the crude reaction mixture of 8a and 9 
was subjected to the isomerization conditions, i.e., only 
9 was converted to 8b. These results imply that there 
may well be conditions which give silylbicyclo[3.3.0loden- 
1-one 8a or 8b (via 9)  in a highly selective manner. The 
crucial factors for the regio- and stereoselective formation 
of each of these products 5-9 warrants further investiga- 
tion. 

The reaction of diethyl bis(2-butyny1)malonate (13) 
with tBuMezSiH catalyzed by Rh(acac)(CO)z at  50 "C and 
50 atm of carbon monoxide did not proceed a t  all even 
after 7 days. To our surprise, however, when this 
reaction mixture was subjected to milder conditions, Le., 
at 70 "C and ambient pressure of carbon monoxide for 2 
days, totally unexpected reaction took place to give 
3-silabicyclo[3.3.Olocta-1,4-diene 12 in 66% isolated yield 
(eq 5). This novel reaction should include C-Si activa- 

catalyzed carbonylative bicyclization of enynes bearing 
allylic acetate moieties has also been reported.21 Type 
3-SiCAC provides bicyclo[3.3.0]octenones from diynes 
(not enynes) in a truly catalytic manner. In this respect, 
type 3-SiCAC is a very unique carbonylative bicycliza- 
tion process having a high potential as useful synthetic 
method, which may well complement other existing 
methods. 
As we reported previously,loa the reaction of allyldipro- 

pargylamine with EtsSiH catalyzed by CozRhz(C0)lz 
under similar conditions gave unique 2-silylazabicyclo- 
[3.3.lInon-l-ene-3,9-dione (type 2-SiCaC product) in a 
good yield. Accordingly, we revisited the type 2-SiCaC 
reactions of dipropargylamines. When benzyldipropar- 
gylamine (4) and tBuMezSiH were used as the substrate 
and the hydrosilane, respectively, we found that only type 
3-SiCaC proceeds to give 7-azabicyclo[3.3.0loct-l-ene 8 
(60% isolated yield) accompanied by a small amount of 
its A1,5-isomer 6 which is readily isomerized in situ to 
the more stable 6 quantitatively by RhC13-3HzO (vide 
SU~FU) ,  yielding 5 as the single product in 70% isolated 
yield (eq 2). It appears that N-substituent and the 
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i. 'BuMe2SiH, CO (50 atm), Cat., 5OoC, toluene 
ii. RhCI3.3H20, 5OoC, toluene-EtOH 

bulkiness of hydrosilane play a key role on the type 2 
and type 3 product selectivity. When 4-carbethoxy-1,6- 
heptadiyne (7) was employed as the substrate, interesting 
stereoselective transformations were observed (eq 3). The 

SiMe2But 

i "0 E" Ec - H 
H 8a (major) 

+ (3) 
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piMe2But 1 SiMezBu' 1 

H 8b 9 (minor) 

i .  'BuMe2SiH, CO (50 atm), Rh(a~ac)(CO)~, 5OoC, toluene 
ii. RhCI3.3H20, 5OoC, toluene-EtOH 

reaction of 7 with HSiMezBut under the standard condi- 
tions gave a mixture of exo-bicyclo[3.3.0loct-l-ene 8a (48% 
isolated yield) as single stereoisomer and its isomer 
9 (17% isolated yield). The isomerization of 9 gave the 
corresponding endo-bicyclo[3.3.0]oct-l-ene 8b as single 
stereoisomer in quantitative yield, which turned out to 
be the other diastereomer of 8a. The stereochemistry of 
8a and 8b were unambiguously determined by 'H NMR 
analyses on coupling constants and molecular modeling 
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(i) tBuMezSiH, CO (50 atm), Rh(acac)(CO)2, 5OoC, 7 d. 
(ii) CO (I  atm), 70°C, 48 h. 
(iii) tBuMe,SiH, CO (1 atm), Rh(acac)(CO)2, 5OoC, 48h. 

tion, losing a methyl substituent from tBuMezSi moiety. 
To the best of our knowledge, this type of facile C-Si 
activation by rhodium complexes under thermal condi- 
tions are unprecedented. This reaction proceeds a t  70 
"C and ambient pressure of carbon monoxide without 
"pretreatment" of the reaction system under 50 atm of' 
carbon monoxide to give 11 (100% at 50% conversion). 

Further studies on the scope and limitation of the type 
3-SiCaC reactions and mechanisms of these reactions 
as well as the novel bicyclization involving C-Si bond 
activation are actively underway. 
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