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Treatment of 6-iodo-1-hexene derivatives with trimethylsilylmethyl Grignard reagent in the presence of CoCly(dppb) in refluxing THF affords
Heck-type products, methylenecyclopentanes, in good yields.

The Heck reaction has become one of the most useful cobaloxime-mediated cyclizatidnn each case, a stoichio-
carbon—carbon bond-forming reactions in organic synthe- metric amount of cobaloxime and irradiation are required,
sis!2 However, the organic halide moiety employed in the and no reports of cobaloxime-catalyzed Heck-type cyclization
reaction is limited to aryl or vinyl halides. Palladium- are knowrt®
catalyzed Heck-type cyclization of 6-halo-1-hexene deriva-  Very recently, we reported a complementary method to
tives has not been reportéddne reason is that oxidative the palladium-catalyzed intermolecular Heck reaction, in
addition of alkyl halide to palladium is more difficult than which a cobalt complex proved to catalyze intermolecular
that of aryl and vinyl halides. The other problematic issue Heck-type reaction of alkyl halides with styrerfeklerein
is f-hydride elimination prior to cyclization, which yields we disclose the cobalt-catalyzed cyclization of 6-halo-1-
the corresponding diene. hexenes into methylenecyclopentanes.
Heck-type conversion of 6-halo-1-hexenes into methyl- lodo acetalla was selected as a model substrate. Tri-
enecyclopentanes has alternatively been accomplished bymethylsilylmethylmagnesium chloride (1.0 M THF solution,
. . : . 1.5 mmol) was added to a mixture of cobalt(ll) chloride (0.05
o 0 {rcro TNt ki, ABul cher soc JOTL mmol) and 1.4-bis(diphenylphosphino)butane (0.06 o)
2322. in THF. The resulting mixture was stirred for 5 min, and
(2) (a) Brése, S.; de Meijere, A. IMetal-catalyzed Cross-coupling iodo acetalla (0.50 mmol) was added at®@. The mixture

Reactions, Diederich, F.; Stang, P. J. Ed., Wiley-VCH: Weinheim, 1998; .
Chapter 3. (b) Link, J. T.; Overman, L. E. Metal-catalyzed Cross-coupling ~ Was heated at reflux for 5 min. Aqueous workup followed

Reactions, Diederich, F.; Stang, P. J. Ed., Wiley-VCH: Weinheim, 1998;
Chapter 6. (c) Heck, R. FOrg. React1982,27, 345—390. (d) Beletskaya, (4) (a) Pattenden, GChem. Soc. Rei.988,17, 361—382. (b) Igbal, J.;
I. P.; Cheprakov, A. VChem.Re».2000,100, 3009—3066. (e) Beller, M.; Bhatia, B.; Nayyar, N. KChem. Rev1994,94, 519—564. (c) Tada, Ml.
Riermeier, T. H.; Stark, G. IAransition Metals for Organic Synthesis Synth. Org. Chem. Jpr1998,56, 544—556.

Beller, M.; Bolm, C., Ed., Wiley-VCH: Weinheim, 1998; Volume 1, (5) Cobaloxime-catalyzed intermolecular Heck-type reaction was re-
Chapter 2.13. (f) Nicolaou, K. C.; Sorensen, EClassics in Total Synthesis ported: Branchaud, B. P.; Detlefsen, W. Tetrahedron Lett1991, 32,
VCH: New York, 1996; Chapter 31. 6273—-6276.

(3) Intramolecular carbopalladation in which the carbon fstggbridized (6) Sodium telluride-induced reaction was reported: Bell, W.; McQueen,

was reported. However, in most cases, there are no hydrogens that areE. D.; Walton, J. C.; Foster, D. F.; Cole-Hamilton, D. J.; Hails, JJE.
involved in S-hydride elimination. See ref 2f. An exception was the Cryst. Growth1992,117, 58-66.

following: Oppolzer, W.; De Vita, R. 1J. Org. Chem1991,56, 6256— (7) lkeda, Y.; Nakamura, T.; Yorimitsu, H.; Oshima, &. Am. Chem.
6257. So0c.2002,124, ASAP (JA026296L).
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by silica gel column purification afforded the desired product
2ain 84% yield along with saturated analogsa (Scheme Table 1. Cobalt-Catalyzed Intramolecular Heck-Type
1). Conversion.

substrate product yield
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The choice of the ligand was important. Use of DPPM, J/ k 2e:91%
DPPE, DPPP, DPPPENDPPH? and DPPF furnishe@a '
in 58, 8, 68, 78, 69, and 81% vyields, respectively. Surpris- Te
ingly, 3a was obtained in 74% yield when DPPE was
employed. No deuterium incorporation irBawas observed | ~ Q 2£:82%
when the reactions were quenched with DGOD The Hex -Hex

. ) o 11
formation of3asuggests a radical cyclization pathway where
the corresponding oxacyclopentylmethyl radical abstracts a  ,8u0 #+BUO

hydrogen from THF. We assume that prod@etwas also j/O\Q \@ 2g:82%
produced via a radical intermediate as suggested in the 19'

previous reporf. Use of a trialkylsilylmethyl Grignard d.r.=1/1

reagent was essential for the successful reaction. For 2h: 58% (DPPB)
example, MegCCH,MgBr was inferior to MgSiCH,MgCl @\ S

and afforded?aand3ain 18% and 60% yields, respectively. O'j\( 66% (DPPP)
Other alkyl Grignard reagents suchraBuMgBr also yielded 1h
3aas a major product. In the absence of Gdiipb), starting

materialla was completely recovered.

The present conditions were slightly different from the 2° °C. In addition to oxacycles, the reaction effectively
conditions of the intermolecular reactiéiihe reaction at ~ constructed aza- and carbocycResand2f. In each case of

ambient temperature was slow and yielded a complicated2P—f its saturated analogue was detected in less than 9%

crude mixture compared with the reaction in refluxing THF. Yield. Exposure oflg to Me;SiCH,MgCl in the presence of

The reaction in ether at reflux resulted in a lower yield of rob(d_ppb) affo.rded b!Cy(3_|IC producfzg possessing a

2a. The corresponding bromide & was a poorer substrate dlsubstltu'ted olefin. Cycllzr?\tlon onto a trisubstituted alkene

than1a, leading to a lower yield a2a (59% with contami- ~ 'ésulted in a moderate yield of the expected Heck-type

nation by 20% of3a). prodL_JCt. Use of DPPP mste_zad of DPPB sllghtly_ increased
Examples of cobalt-catalyzed intramolecular Heck-type the yield of2hto 66%. Considerable amounts of isopropyl-

reaction are summarized in Table 1. Substrates with terminalSubstituted product were obtained in both cases (DPPB:

alkeneslb—f underwent cyclization to provide the corre- 13%, DPPP: 14%).

sponding products in good yields. For instance, the reaction

of 1d proceeded smoothly to gi\ael in 94% yield. Substrates 7-Bu

bearing unsubstituted allyloxy groups were not suitable for

the cobalt-catalyzed tandem cyclization/phenylation reagtion.

The standard heated conditions provided anticipated product

2c in 79% vyield. Interestingly, the M&ICH, group was

incorporated to give in 20% yield upon treatment dfc at We also examined substraeand?, which undergo usual
oxidative addition to palladium (Scheme 2)The prenyl

d.r.=50/50

d. r.=63/37

4 SiMe3

(8) DPPPEN= 1,5-bis(diphenylphosphino)pentane. DPPHL1,6-bis-

(diphenylphosphino)hexane. (10) For example, Larock reported palladium-catalyzed cyclization
(9) Wakabayashi, K.; Yorimitsu, H.; Oshima, . Am. Chem. So2001, reaction of5 leading to isopropyl-substituted benzofuran. Larock, R. C.;
123, 5374-5375. Stinn, D. E.Tetrahedron Lett1988,29, 4687—4690.
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the reaction ofla. This indicates that aryl halidésand 7

Scheme 2 may undergo oxidative addition to form arytobalt bonds.
Namely, the path may be similar to that of the palladium-
cat. CoCly(dppb) catalyzed reaction. Substrdib was less reactive. The yield
©i J)\ _ MegSiCH,MgCl was decreased to 26% upon treatment of aryl chloSice
THF, reflix G 6 Starting material (42%) was also recovered, and chlorophenol
. . L was obtained in 20% yield.
aX=0:90% b(X=Bn):77% c(X= ?Is)c igi//z) In summary, the combination of Co@ppb) catalyst and
Me;SiCH,MgCI in refluxing THF induced intramolecular
Heck-type reaction of 6-halo-1-hexenes. The present reaction
@["\'Q/K - - broadens the scope of the substrates for Heck-type conver-
8%
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ether of iodophenoba and N,N-diprenyl-2-iodoaniline (7)
were cleanly converted to isopropenyl-substituted hetero-
cycles6 and8, respectively:! Notably, no trace of isopropyl-
substituted prOdUCt was Obtained, which is different from Supporting Information Available: Detailed experi_

Yy g W—— N mental procedures and characterization of new compounds.
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