Immobilized Cobalt/Rhodium

Heterobimetallic Nanoparticle-Catalyzed

ORGANIC
LETTERS

2003
Vol. 5, No. 26
4967—4970

Silylcarbocylization and Carbonylative
Silylcarbocyclization of 1,6-Enynes

Kang Hyun Park, Il Gu Jung, So Yeon Kim, and Young Keun Chung*

School of Chemistry and Center for Molecular Catalysis, Seoul Nationalddsity,

Seoul 151-747, Korea
ykchung@plaza.snu.ac.kr

Received September 29, 2003

ABSTRACT
MeO,C = Copn, MeO,C >OCSiEt3 MeO,C, >Oi\siEts
—_— <+
: i : CO, SiEt
MeQ,C S 3 MeO,C CHO Me0,C
1a 2 3

Reaction of 1,6-enynes with a hydrosilane in the presence of immobilized cobalt/rhodium bimetallic nanoparticles gives 2-methyl-1-silylmethylidene-
2-cyclopentanes in the absence of carbon monoxide and 2-formylmethyl-1-silylmethylidene-2-cyclopentanes under 1 atm of carbon monoxide,
respectively.

The development of efficient synthetic methods in the oped? Particularly, carbonylative silylcarbocyclization pro-
construction of carbocycles and heterocycles has been thecesses are useful because of the reactivity of the silylated
subject of extensive study because of their relevance tocarbocycles bearing an aldehyde group formed in these
medicine and functional materidig\mong numerous avail-  transformations. Unfortunately, the reaction conditions re-
able methods, the transition-metal-mediated cyclization reac-quire high pressures (286 atm) of carbon monoxid&.J

tion has attracted much attention and become one of the mosSuch reaction conditions may limit the range of functional
popular? However, considerable effort is still being devoted groups that are tolerated.

to developing more efficient and practical methods for the  Recently, the chemistry of transition-metal nanoparticles
synthesis of cyclic organic compounds from readily available has been rapidly developednd their use has widened to
starting materials. Recently, transition-metal-catalyzed cy- many catalytic reactions including oxidation, hydrogenation,
clization/hydrosilylation reactions have become well devel- Pauson—Khand reactions, reductive Pausghand reac-
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tions, et Very recently, we founfithat cobalt/rhodium
nanoparticles (Cirh,) derived from CeRh(CO), were

quite useful catalysts in PauseKhand-type reactions. While
we were investigating the use of Riy, as a catalyst, we
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Table 1. Co,Rh-Catalyzed Silylcarbocyclization Reaction of 1,6-Enyne

MeO,C, — Co,Rh, MeO,C, STUSiEt,  MeOG ~ Sigt,
CO, SiEt, + o
, ol
MeO,C = : MeO,C CHO  Meo,C
1a 2 3
CcO temp time yields (%)°
entry catalyst solvent (atm) (°C) (h) 2 3

1 Co,Rh, toluene 1 65 12 54 41
2 Co,Rh, toluene 5 65 12 96
3 Co,Rh, toluene 10 65 18 98
4 CozRh;, 1,4-dioxane 1 105 12 93
5 Co,Rh, hexane 22 2 90
6 recovered from # 4 1,4-dioxane 1 105 12 92
7 recovered from # 6 1,4-dioxane 1 105 12 93
8 recovered from # 7 1,4-dioxane 1 105 12 91
9 recovered from # 8 1,4-dioxane 1 105 12 90

aReaction conditions: substrate (0.65 mmol) and catalyst (0.029 mbisblated yields.

found that CeRh, catalyzed the silylcarbocyclization of 1,6- 105°C, for 12 h for carbonylative silylcarbocyclization, and
enynes to silylated carbocycles and carbonylative silylcar- in hexane, at 22C, for 2 h for silylcarbocyclization.
bocyclization of 1,6-enynes to silylated carbocycles bearing
an aldehyde group under 1 atm of carbon monoxide. Here
we report the use of cobalt/rhodium heterobimetallic nano- Taple 2. Co,Rh,-Catalyzed Carbonylative Silylcarbocyclization
particles in the catalytic silylcarbocyclization of enynes with  of 1,6-Enynes

and without carbon monoxide.

: ) ) ) entry subtrate product yield ( %)b

A toluene solution ofla, triethylsilane, and a catalytic A — oo N
amount of CeRh, was heated for 18 h at 6% under 1 atm ? T o 7S, 03
of CO (eq 1)’ Chromatographic separation of the reaction MeO, & = Moo cHO

o . 2
products through silica gel gave two products, a carbonylative
silylcarbocyclized produ@ and a silylcarbocyclized product MeO,Q — MeO,G /" SiMe,Ph
3in 54 and 41% yields, respectively. Some variable factors 2 98
_ - [ X - MeO,C = MeO.¢ CHO
were examined for exploring the optimal reaction conditions 2
to obtain 2 or 3 as the sole product. The results are EtO,G = EO,C ™~Sive,h
summarized in Table 1. As the pressure of CO increased to 4 9
5 atm in toluene solution at 6% (entry 2),2 was obtained EtO,C == Et0,C CHO
as the sole product in the dramatically increased vyield of o
96%. A further increase of CO pressure led to the isolation HO — HO / TSiMe,Ph
of 2in 98% yield with no formation o8 (entry 3). However, 4 oo 52
. - . HO = HO
the use of high CO pressure is cumbersome with laboratory
facilities. Thus, the use of 1 atm of CO is much preferred. Van— ™ SiMe,Ph
When 1,4-dioxane was used as a reaction medium at 105 3 TsN\/\ ToN 93
°C under 1 atm of CO (entry 4), a high yield (93%) &f = cHO
was obtained. Interestingly, when the reaction was carried Ph
out in hexane at room temperature in the absence of carbon TP s,
monoxide (entry 5)3 was obtained as the sole product in 6 0\/\ d 87
90% yield. Thus, we established the following preliminary o CHO
reaction conditions: under 1 atm of CO, in 1,4-dioxane, at Ph
— T siEt
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(7) An enyne substrate (0.20 g, 0.65 mmol)sSH (0.52 mL, 3.25

mmol), and catalyst (10 mg, 0.029 mmol) were dissolved in 10 mL of 1,4- 2 Reaction conditions: an enyne substrate (0.20 g, 0.65 mmgBiHR
dioxane. The resulting solution was heated to 1@sfor 12 h. Evaporation (3.25 mmol), and catalyst (10 mg, 0.029 mmol), 1,4-dioxane, 1 atm CO,
followed by chromatography on a silica gel column eluting with hexane/ 105°C, 12 h.PIsolated yields.

diethyl ether (v/v 10:1) gave a product and the catalyst.
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Table 3. Co,Rh-Catalyzed Silylcarbocyclization of Scheme 1
1,6-Enyne3

R
S oAb P~
entry subtrate product yield (%) SiR,
X
MeO,C MeQ,C /" SiMe,Ph CHO
1 95 2
MeO,C = MeO,C [HIIMM]-SiR,
EtO,C — EtO,C /Z SiMe,Ph HSIR,
2 97 R Carbonylative -
3
E0.C oS B0,C g Silylcarbocyclization /\/t
X 3 X IMM-IH]
HO —— HO i
Z T 8iMe,Ph (V] \/\
3 83 5
= HO R
— /~ T SiMe,Ph Y SR,
4 Ts TsN 90 co X,
\/—-} [MM*][H]

Ph
——=—Fh 7 sim, HSIR, /\K&Ra
: O\/‘\ Oi ol Silylcarbocyclization x £ (MM]H]
MeO,C =m . R
6 X ’ = Osive,pn 87 2 siR,
MeO.C = X [
3

* MeQ,C HI[MM']-SiR;
Bu / R
/TBU HSIR,
7 TsN\/\ ol = SiMe,Ph 92 \/\
= MM

aReaction conditions: an enyne substrate (0.20 g, 0.65 mmegBiHR
(3.25 mmol), and catalyst (10 mg, 0.029 mmol), hexane,°@2 2 h. . .
blsolated yields. silylmethylenecyclopentanes or their heteroatom congeners

were obtained in high yields (83®7%). We also tested
enynes having a substituted alkene moiety under our reaction
To check the recyclability, GRh, catalyst was separated conditions. In contrast to the carbonylative silylcarbocy-
and reused several times for the carbonylative silylcarbocy- clization, they were inactive under our reaction conditions.
clization reaction. The results shown in Table 1 confirmthat ~ Ojima and his group are pioneéiis this research field
the catalyst maintained its high activity even after being and have been in the forefront of the study of silylcarbocy-
recycled five times. clization and carbonylative silylcarbocyclization of 1,6-
The scope of the carbonylative silylcarbocyclization reac- €nynes®°According to their report® their optimal reaction
tion has been investigated, and the results are summarizedonditions for silylcarbocyclization were quite mild, but those
in Table 2. All terminal 1,6-enynes bridged by carbon, for the carbonylative silylcarbocyclization seemed to be
nitrogen, or oxygen atoms were good substrates. They gavecumbersome. Thus, compared to the previous stdifes)r
the expected 2-formylmethyl-1-silylmethylidene-2-cyclopen- reaction conditions for carbonylative silylcarbocyclization
tanes and their heteroatom congeners in high yields (up toreaction are much milder and simpler to achieve. Moreover,
98%). A 1,6-enyne bearing an internal acetylene moiety hasour catalyst can be recycled many times without losing
also been employed (entry 6); the expected product wascatalytic activity.
obtained in 87% vyield. The reaction tolerates various Ojima et al®® proposed a plausible reaction mechanism.
functional groups, including ester, ether, and sulfonamide. Recently, silylcarbocyclization of 1,6-enynes catalyzed by
We also tested enynes having a substituted alkene moiety2 cationic rhodium bis(phosphine) complex was reported by
which were known to be inactive under Ojima’s silylcar- Widenhoefer et a.They also proposed a working reaction
bocyclization reaction conditior’8.The expected products mMechanism that was almost the same as that proposed by
were obtained in 58 and 23% yields, respectively (entries 7 Ojima et al. We expect that a plausible reaction mechanism
and 8). The relatively lower yields are presumably due to Wil follow those of other studies (Scheme 1).

the steric hindrance of the methyl group. -
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has several advantages such as reusability, mild reaction

conditions, and no requirement for additives. OL035895+
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