ORGANIC
LETTERS

Silylative Carbocyclization of Vol 2003
Allenyl-carbonyl Units with Et;SiH 28132816
Catalyzed by Rhodium:

Cis-Stereoselective Synthesis of

Homoallylic Cycloalkanols'

Suk-Ku Kang, Young-Taek Hong, Joon-Hwan Lee, Won-Yeol Kim, Inhee Lee, and
Chan-Mo Yu*

Department of Chemistry and Laboratory for Metal-Catalyzed Reactions (NRL),
Sungkyunkwan University, Suwon 440-746, Korea

cmyu@chem.skku.ac.kr

Received May 8, 2003

ABSTRACT

- H SiEt,
Ets Rh(acac)(CO), (1 mol %)
X + EtySiH
Y70 5! CO (10 atm), Et,0 Non
R 70 °C R

X = NTs, C(CO5Et)5, O R = H, Me, Et n=1,2

A new procedure for the synthesis of cis-2-triethylsilylvinyl-cyclopentanols and -cyclohexanols from allenyl-aldehydes and -ketones with Ets-
SiH through rhodium-catalyzed silylative carbocyclization is described. The use of Rh(acac)(CO), (1 mol %) to promote the reaction results in
a mild and convenient protocol for the three-component assembly.

The availability of efficient synthetic methods in the proach involving the use of rhodium catalyst with trialkyl-
construction of cyclic system via organotransition metal silane was expanded to silylcarbocyclizafimf 5-hexyn-
catalysts or reagents is of considerable current interest inl-al to produceZ)-exo-triethylsilyl-methylene-1-cyclopentanol
organic chemistry. As a consequence, many advances in theas a major product in part of the rhodium-catalyzed silyl-
cyclization mediated by transition metals have been madeformylation”® To the best of our knowledge, rhodium-
through a variety of synthetic strategie®f particular interest
is the transition metal-catalyzed silylative carbocyclization  (2) Pd: (a) Widenhoefer, R. A.; DeCarli, M. A. Am. Chem. S04998

of dienesZ’ enynes’i, diynes‘} and tetraenés emp'oying 120, 3805—3806. (b) Stengone, C. N.; Widenh_oefer, RTétrahedron

. . . . . . Lett. 1999, 40, 1451—-1454. Asymmetric version: (c) Perch, N. S.;
trialkylsilanes to find practical chemical routes in the \yigenhoefer, R. AJ. Am. Chem. Sod999, 121, 6960-6961. Y (d)
synthesis of both carbocycles and heterocycles. For exampleMolander, G. A.; Nichols, P. J. Am. Chem. S0d.995,117, 4415—4416.
Ojima and co-workers developed the rhodium-catalyzed o oc)Onozawa. S.y.; Sakakura, T.; Tanaka,Mdirahedron Lett1994
silylcarbocyclizations of 1,6-enynes, endiyfi@nd triyne& (3) Rh: (a) Ojima, I.; Donovan, R. J.; Shay, W. R.Am. Chem. Soc.

i i i _ 1992,114, 6580—6582. (b) Ojima, I.; McCullagh, J. V.; Shay, W.R.

to afford structurally unique CyCIIC compounds. This ap Organomet. Cheml996,521, 421—-423. Y: (c) Molander, G. A.; Retsch,
W. H. J. Am. Chem. S0d.997,119, 8817—8825.

T Dedicated to the memory of Professor Suk-Ku Kang who died suddenly ~ (4) (@) Ojima, I.; Zhu, J. Vidal, E. S.; Kass, D. B. Am. Chem. Soc.
on September 27, 2002. 1998 120, 6690-6697. (b) Muraoka, T.; Matsuda, |.; Itoh, Ketrahedron

(1) For discussions, see: (a) Ojima, |.; Tzamarioudaki, M.; Li, Z.; Lett. 1998,39, 7325—7328. (¢) Ojima, I.; Vu, A. T.; McCullagh, J. V;
Donovan, RChem Re»1996,96, 635—662. (b) Lautens, M.; Klute, W.; Kinoshita, A.J. Am. Chem. So&999 121, 3230-3231. Ni(0): (d) Tamao,

Tam, W.Chem. Rer1996, 96, 49-92. (c) Trost, B. M.; Toste, F. D,; K.; Kobayashi, K.; Ito, Y.J. Am. Chem. S0d.989,111, 6478—6480. Pt:
Pinkerton, A. BChem. Re. 2001, 101, 2067-2096. (d) Aubert, C.; Buisine, (e) Madine, J. W.; Wang, X.; Widenhoefer, R. @rg. Lett.2001,3, 385—
O.; Malacria, M.Chem. Re»2002,102, 813—834. 388.
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catalyzed silylative carbocyclization of allene derivatives, as

of chemical yields and reaction rates. (ii) We observed that

well as hydrosilylation of even simple allenes, has not been the introduction of EfSiH proved to be effective in com-

described. In our continuous efforts to utilize allenyl func-

parison with other inactive silanes such ag$H, Me>-

tionalities? we became quite interested in the development PhSiH, and (EtQ5iH (no reaction occurred). (iii) Use of 2

of a novel cyclization of allenyl-carbonyl compoutdvith
trialkylsilanes in forming2 through a rhodium-catalyzed
silylcarbocyclization. We recently have disclosed the utility

equiv of EgSiH is needed for optimum conditions, whereas
the reaction with 1.2 equiv of E$iH resulted in seriously
diminished chemical yield (46%). (i} is critical to run

of tethered allenyl-aldehydes and allenyl-ketones as substrateshe reaction under an atmosphere of CO, presumably due

for the transition metal-catalyzed stereoselective carbocy-

clization to form carbo and heterocyclésThe efficiency
of these protocols in terms of catalytic ability and structural

to the facile regeneration of catalydtinder 1 atm of CO,
the reaction did not proceed. Reactions performed at 10 atm
of CO pressure proved to be better than those at 5 or 20

features has encouraged us to apply the extension of thisatm. (v) Reaction performed at AT in EtLO resulted in
method to more versatile systems that would expand theoptimal chemical yields in comparison with other solvents

scope and utility of transition metal-catalyzed cyclizations.

such as toluene, THF, GBN, CH,Cl,, and THF. (vi) Only

Described herein is an extension of our strategy aimed atcis-isomer2a was formed as determined by the analysis of
finding new catalysts and realizing practical ways to advance 500 MHz *H NMR spectra of crude products.

new levels of transition metal catalysis.

Under optimal conditions, the silylative carbocyclization

With this issue in mind, we set out to establish the scope of 13 was carried out as follows. A stainless steel autoclave

of the reaction for the synthesis of intramolecular allylated
product2 from 1 as outlined in Scheme 1. To find optimum

Scheme 1. Preliminary Investigations

/ H SiR3
~F  Rh(catalyst) ‘
TSN\/[\ + R3SiH CO. salvent sN
=0 , solven NoH
H H
1a 2a

conditions, a series of experiments was performed with
allenyl-aldehydela as a model substrate. Preliminary
investigations for the transformation d& with trialkylsilane
indicated that the conversion to the correspondagould

not be satisfied under various conditions with rhodium
complexes such as RhCI(CO)(RBh[RhCI(CQO}),, and Rh-
(CO)2, mainly due to a lack of reactivity. Fortunately, we
found that Rh(acac)(C@as able to promote the catalytic

was charged witlia (1 equiv), triethylsilane (2 equiv), and
Rh(acac)(CQ) (1 mol %) in anhydrous diethyl ether. The
system was flushed three times with CO (10 atm); the
autoclave was pressurized to 10 atm, and the mixture was
stirred at 70°C for 8 h. The reaction mixture was then cooled
to room temperature and concentrated in vacuo to give crude
products, which were subjected to silica gel column chro-
matography (EtOAc/hexanes 1:R, = 0.51) to afford the
cyclized produca in 74% yield. The cis stereochemistry
was deduced by NOESY experiments. With the notion that
this approach might lead to a general and efficient method
for diastereoselective synthesisfwe set out to determine
the scope of reaction with various substrate® produce
carbo- and heterocycles as summarized in Table 1.

Indeed, the method is successful with allenyl-aldehydes
laand1b, affording five-membered produc®s and2d in
diastereomerically pure form as shown in Table 1. This
silylative carbocyclization can be extended to the synthesis
of six-membered cyclohexanol derivatives, even if the
transition metal-catalyzed silylative carbocyclization is often

process: this rhodium complex was generally superior and restricted to the formation of five-membered rirfg3.The

was chosen for systematic studies. After numerous conditions€ther-linked allenyl-aldehydec and thee-allenyl-aldehyde
were surveyed, several key findings emerged. (i) The use of 1d Were treated with BSiH to affordcis-cyclohexanolgc

1 mol % Rh(acac)(CQ)turned out to be optimal in terms

(5) Pd: (a) Takacs, J. M.; Chandramouli, Grganometallics1990, 9,
2877—2880. (b) Takacs, J. M.; Zhu, J.; ChandramouliJ.SAm. Chem.
Soc.1992,114, 773-774.

(6) Ojima, |.; Tzamarioudaki, M.; Tsai, C.-YJ. Am. Chem. S0d.994,
116, 3643—3644. Qjima et al. reported the formation of thgi$omer
and the simple silylformylated product and that no cyclization to form six-
or seven-membered rings occurred.

(7) Ojima and co-workers explored silylformylation of alkynes: (a)
Ojima, |.; Vidal, E.; Tzamarioudaki, M.; Matsuda, J. Am Chem. Soc.
1995,117, 6797—6798. (b) Ojima, I.; Ingallina, P.; Donovan, R. J.; Clos,
N. Organometallics1991, 10, 38-41. (c) Ojima, |.; Kass, D. F.; Zhu, J.
Organometallicsl996,15, 5191—-5195. (d) Ojima, I.; Zhu, J.; Vidal, E. S;
Kass, D. F.J. Am. Chem. S0d.998,120, 6690—6697.

(8) For an account, see: Chatani, N.; MuraiSynlett1996, 414—424.

(9) (&) Yu, C.-M.; Yoon, S.-K.; Baek, K.; Lee, J.-¥Angew. ChemInt.
Ed. 1998,37, 2392—2395. (b) Kang, S.-K.; Kim, Y.-M.; Ha, Y.-H.; Yu,
C.-M.; Yang, H.; Lim, Y.Tetrahedron Lett2002,43, 9105—9108.

(10) (a) Kang, S.-K.; Ha, Y.-H.; Ko, B.-S.; Lim, Y.; Jung, Angew.
Chem., Int. Ed2002,41, 343—345. (b) Ha, Y..-H.; Kang, S.-Krg. Lett.
2002 4, 1143-1146. (c) Kang, S.-K.; Kim, K.-J.; Hong, Y.-TAngew.
Chem., Int. Ed2002,41, 1584—1586.
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and2d in 68 and 61% yields, respectively (entries 3 and 4).
The stereochemistry d?d was unambiguously confirmed
by NOE experiments together with the NOESY spectrum.
This cyclization was also applied to allenyl-ketones. The
allenyl methyl ketonele was treated with ESiH to afford

the methyl-substitutedis-cyclopentanoRe containing quar-
ternary homoallylic centers in 59% vyield (entry 5). To the
best of our knowledge, this is the first example of rhodium-
catalyzed hydrosilylative carbocyclization of ketones. The
cis stereochemistry &fewas unambiguously determined by
NOE interaction between the methyl protons and the proton
at the ring junction (2.80% enhancement). It is notable that
the higher branched ethyl ketorid, bigger than methyl

(11) Pd-catalyzed cyclization/hydrosilylation of 1,7-dienes to form six-
membered carbocycles has been observed (see ref 2b), and Ni(0)-catalyzed
cyclization/hydrosilylation of 1,7-diynes to form 1,2-dialkylidene cyclo-
hexanes has also been observed (see ref 4d).
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Table 1. Silylcarbocyclization of Allenyl-aldehydes and Scheme 2
-Ketones i R3Si 1
SIE P R3SiH + [Rh]
& 1=t ~F [Rh](H)
X/\/ Et.SiH Rh(acac){(CO), (1 mol %) TsN TsN ”\|':"O
+ 1
T<0  _  CO(10atm),70°C EtO gy "RgSiRhI(H)" )
R - A )
3 Q,
Entry Substrate Product yield (%) RsSiH ) ! _
P W JE is3 SiRs
~
1 TSN\//\ 1a TsN 2a 74 TsN i O[Rh](H)
=0 !
H H OH, i My ]
EtO,C. ~ D B
2 2 ><:: 1b E“”%Cf\ 2b 68
EtO,C TS0 EtO,C OH
H . L " .
P  SiEts orientation in the transition states offered by catalytic system
; S~ 1e o™ 2 6 with substrate.
Ov\fo OH Products? are readily amenable for further conversion to
H | SiEts useful synthetic intermediates by the functional group
~F transformations of vinylsilan®.For this purpose, we decided
4 TsN 1d TsN 2d 61 : . -
\/YO o to undertake synthesis of bicyclits-o-methyleney-butyro-
B lactonest, which was accomplished in our laboratéf§not
/v// H g Sk only to show synthetic applicability but also to prove
5 TsN 1e TsN 2e 64 stereochemical relationships as demonstrated in Scheme 3.
\4§O OH
Me Me
SiEts
/\/./ H !
6 TsN 1f TsN 2f 56 Scheme 3
\4}0 Non
Et Et H
P o SiEts SiEt; i Brp, -78 °C, MC Br
EtO,C. EtO,C — TsN
7 o C><;\/ 1 29 56 oH ii. TBAF, 0 °C, THF o
ENT A EtO2C o 60-73% R
_ SiEts 3
8 TN o 1h Tsf‘&[’i\ 2h 54 Ni(CO)2(PPh3)s | EtsN, THF
\/\’\]Ai {OH reflux 75-81%
3an=1R=H 4an=1R=H H
ketone, tolerated and reacted with&H to give 2f (entry gb nf;, Ejme :b ”fé’gfﬂﬂe TsN o
6). Thee-allenyl methyl ketonelh is readily cyclized with cn=sR= cn=aR= Ao O
EtSiH to form 2h (entry 8). The structure a2h was also 4

deduced by NOESY experiment. It is worthy of note that
the reaction produced none or only trace amounts of minor

products according to the analysis of 500 MH#z NMR Bromovinylic alcohol3 was obtained by the treatment »f
spectra of crude products. with bromine followed by BuNF to cleave silyl ether in
Although the exact mechanistic aspects of this transforma- 60—73% yield!® Synthesis of thex-methylene-y-butyro-
tion, including oxidation states and geometrical features for |actones4 was accomplished by carbonylative cyclization
the active rhodium species, have not been rigorously of 3 with Ni(CO),(PPh), in the presence of BN under
elucidated, the following pathway could be a probable regio- reflux conditions for 40 min in THF in 7581% yields!*
and stereochemical route on the basis of product formation, Thus, the stereochemical outcome fifrom 1 was also
as illustrated in Scheme 2. Addition of active;&{Rh](H) ascertained by this study.
generated from [Rh] with ESiH to the internal double bond In summary, the rhodium-catalyzed intramolecular sily-
of the allene moiety results in the formation of thermody- lative carbocyclization of allenyl-aldehydes and -ketones with
namically favorable allylic rhodiunA. Subsequent cycliza- EtSiH to form cis-homoallylic cycloalkanols has been
tion of A to B followed by reductive elimination of the
intermediateB could afford the cyclopentanda with the
regeneration of Rh complex. Thus, we believe that the origin
of regiochemical and cis geometry outcomes for this 19?&?;?&%%& M. F.: Brickner, S. J. Org. Chem1981, 46, 6,
transformation might be a subtle geometrical preference for 1723—-1725.

(12) For discussions, see: Fleming, I.;
Rev.1997,97, 2063—2192.
(13) Bjorkling, F.; Norin, T.; Unelius, C. R.; Miller, R. Bl. Org. Chem.

Barbero, A.; WalterCbhem.
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accomplished in a general and efficient way that promises for Molecular Design and Synthesis (CMDS: KOSEF SRC)
to be widely useful. Further studies, including synthetic at KAIST is gratefully acknowledged.
applications and extension of this method into enantiomeric

. Supporting Information Available: Spectroscopic and
pathways, are in progress.

analytical data foRa—h, 3a—c, andda—cand NOESY and
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