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A Diastereoselective Metal-Catalyzed [2+ 2] presence of 10 mol % Co(dpmpt 50 °C. Employing the
Cycloaddition of Bis-enones aforementioned conditions, bis-enorigsand2awere converted

) ) ) to the corresponding [2- 2] cycloadductslb and 2b in 72%
Tae-Gon Baik, Ana Liza Luis, Long-Cheng Wang, and and 69% vyields, respectively, with substantial inhibition of the
Michael J. Krische* Michael cycloreduction pathway. Significantly, cycloaddutis

University of Texas at Austin ~ and2b were obtained as single stereoisomers. The structure of
Department of Chemistry and Biochemistry 1b was corroborated via X-ray diffraction analysis of a single
Austin, Texas 78712  crystal (Table 1).

Receied March 28, 2001 Table 1. Partitioning [2+ 2] Cycloaddition vs Michael
While photochemically promoted intramolecular alkene{2 ~ Cycloreduction Manifolds
2] cycloadditions are routinely used in the synthesis of complex

o]
molecular architecturésielated metal-catalyzed f2 2] cycload- o o o 1 J o 0 A
ditions of tethered alkenes have not been desciiiéib date, o )l\’ ! /HE:;: o :
metal-catalyzed alkene [2 2] cycloadditions have been restricted { Coldpre), k@
to the intermolecular reaction of strained alkene (norbornadienes 1a, X =CH, S"'g;aé“ m,xx=cn2 1c, X=CH,
or methylenecyclopropanes) and electron-deficient alkene partners, 2a,X=0 25, X=0 2¢, X=9
Co(dpm), Yield Yield

typically using zero-valent nickel catalyst®lore recently, chiral Substrate Silane (equiv.)

Lewis acids have been shown to catalyze the enantioselective (cquiv.) - [2+3] M'c':“l
intermolecular [2+ 2] cycloaddition between electron deficient la 0.05 PhSiH;, 12 8% 41%
alkenes and vinylsulfides or thioketene acetals. this account, 1a 0.05 PhSiH;, 2.4 - 73%
we present the first intramolecular metal-catalyzed{22] . o o
cycloaddition of alkenes. This methodology allows for the facile la 0.10 PhMeSit, 4.0 2% 1%
construction of substituted bicyclo[3.2.0] ring systems in diaste- 2a 0.05 PhSiH;, 1.2 16% 31%
reomerically pure form. 2a 0.05 PhSiH;, 2.4 - 63%
2a 0.10 PhMeSiH;, 4.0 69% 9%
(o] o] ]
0 ’/Ku\": RIJHT—;L& aSee Table 2 for experimental details.
. E
X X Using these optimized conditions, the cycloaddition of a variety
La-10a PhMeSiH,, DCE 1b-10b of bis-enones was explored (Table 2). The capacity of the catalyst

to tolerate functionality in the tether connecting bis-enones was

Diastereoselective (diketonato)metal-catalyzed aldol and Michael first examined. Substrates that embody heteroatom-containing
cycloreductions recently were reported from our labs. the linkages, as in oxygen- and nitrogen-bearing bis-en@aesnd
course of optimizing the Michael cycloreduction of bis-enones 3a, smoothly underwent [ 2] cycloaddition (Table 2, entries
la and 2a, the following observations were made. Whereas 2 and 3). Tethered bis-enones bearing geminal substitution, as in
Michael cycloreduction represents the exclusive reaction pathway 4a, gave increased amounts of Michael cycloreduction (Table 2,
when 2.4 equiv of phenylsilane are used, reactions conducted inentry 4). Substrate-directed diastereoselectivity was probed
the presence of 1.2 equiv of phenylsilane gave comparablethrough the reaction of siloxy-substituted bis-en&adTable 2,
amounts of cycloreduction and, remarkably;#2] cycloaddition entry 5). The corresponding cycloaddiiti was obtained as a
products. Attempts were made to optimize thet{2] cycload- single stereoisomer. The siloxy substituent was found to reside
dition manifold. Further decreasing the amount of phenylsilane on the concave face of the bicyclo[2.3.0] ring system. The
did not substantially alter the product ratio and resulted in stereochemical assignmentdiwas verified via X-ray diffraction
diminished yields of both products. In the absence of silane, no of a single crystal. A general model to account for the observed
reaction was observed. Alternative silane sources were screenedtereochemistry of all cycloadducts, includigb, is indicated
for their capacity to induce selection of the{22] cycloaddition below.
pathway. Optimal yields of the [2 2] cycloadductslb and2b

were obtained with 4.0 equiv of phenylmethylsilane in the LnCo _(0 o LeCe (0 o 2 o
7
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Table 2. CobaltOCatalyzed [2- 2] Cycloaddition of Tethered
Enoned
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aProcedure Co(dpm} (10 mol %) was added to a solution of
phenylmethylsilane (400 mol %) in dichloroethane (0.45 M with respect

51

to substrate) at room temperature. After 30 min, the bis-enone was
added as a 0.45 M solution in dichloroethane and the reaction was

allowed to stir at 50C until complete.

o]
(o] (0]
Ph Co(dpm), Co(dpm), o P
PhMeSiH, Pph Ph PhMeSiH, |
Ph)j\l Hi H <—Ph/u\y
Standard Standard
Conditions Conditions
ib iso-1a

cally preferred configuration. Exposure 4 to either Brgnstead
or Lewis acid catalysts at 30C results in clean conversion to
the corresponding trans-derivative isb-which was characterized
via single-crystal X-ray diffraction.
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species en route to the proposed metallobicylo[3.3.0] intermediate
may possess anion radical character. Accordingly, we note that
electrochemical reduction dfa provides cycloadductéb and
iso-1b in 32 and 17% yields, respectively.

Carbon
Cathode
0.6V

CH,CN
0.1M LiCIO,

(o]
w
Cyclopropyl ketones are often used as diagnostic probes for
SET. Cobalt catalyzed cycloaddition of mixed endi®a, which
contains a cyclopropyl ketone, provides cycloaddi@it in 42%
yield. However, the persistence of the cyclopropyl moiety does

not conclusively preclude the anion radical character of reactive
intermediates.

9 (o] (o]
0 Co(dpm),
PhMeSiH,  py
Ph)H _— H H
Standard
Counditions
10a 10b

In principle, activation of the precatalyst Co(dpnmshould
require a substoichiometric quantity of silane. However, excess
silane is required for complete consumption of starting materials,
suggesting the catalyst participates in the competitive dehydro-
genative coupling of silan®¥. Indeed, elemental hydrogen is
evolved throughout the course of these reactions. Interestingly,
mass spectroscopic analysis of Co(dpnm) the presence and
absence of PhMeSiHevealed, in the former case, an intense
signal at 608(0.72), corresponding to the mass of Co(gpm)
Phosphine complexes of Co(ll) readily disproportiorfath.is
noteworthy that Co(l), obtained via disproportionation, is iso-
electronic with Ni(0), a known alkene [Z 2] cycloaddition
catalyst}

In summary, we have developed a metal-catalyzed-[2]
cycloaddition of tethered enones that affords diastereomerically
pure substituted bicyclo[3.2.0] ring systems. An important aspect
of this methodology resides in the potential to systematically
modify the properties of the catalyst to modulate selectivity and
broaden substrate scope; a prospect lacking for related photo-
chemical [2+ 2] cycloadditions. Further studies on the mecha-
nism of this process and the development of improved second-
generation catalyst systems will be reported in a full account.
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