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opening of an epoxide by an internal kydroxy group has been developed. cmmdmveqmm,s-

epoxy-5-heptyn-1-ols and dicobait octacarbonyl were treated with 2 catalytic amount of BF3-OB) in CHCl) & -78°C

to afford cis-2-cthynyl-3-hydroxysctrahydropyran derivatives in a highly regio- and stereoselective manner. Similar
trans-wetrshydropyrans selectively.

Tetrahydropyran systems! are froquently significant targets for synthesis2-34 because they are
components of many biologically important natural products.> Highly regio- and stereoselective 6-endo mode of
ring opening of an epoxide by an internal hydroxy group would be the most astractive and straightforward access
to 3-hydroxy-2-substituted-tetrahydropyran systems. Successful contributions in line with this strategy are
Nicolaou's clegant protocol32 taking advantage of the activation of rans epoxides6 by an adjacent vinyl moiety
leading to trans-3-hydroxy-2-vinylietrahydropyran derivatives and Hirama's palladium-catalyzed procedure?.7
both of which display preference for the 6-endo mode of ring closure over usually favored 5-exo mode.3 In
addition to these two procedures, an antibody catalyst? has very recently attracted us because of its extreme
effectiveness for 6-endo process over 5-exo one.
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Described herein are the results of our initial investigation that disclose highly regio- and stereosclective
formation of 2-ethynyl-3-hydroxytetrahydropyran derivatives through the 6-endo mode of ring closure of
hydroxy epoxides possessing an acetylenic moiety adjacent to the epoxide ring. We found that the cobalt-
complexed epoxides, prepared from the reaction of acetylenic epoxides 1 with dicobalt octacarbonyl, provided
upon treatment with a catalytic amount of Lewis acid 6-endo products exclusively with retention10 of
configuration at the propynyl position.
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Table. Ring Closure? of Cobalt Complexed Acetylenic Epoxides
Entry Substrate R Products (Ratio)® Yield (%)C

1 trans-1a H 2a:3a (96: 4 65
2 trans-1bd T™S 2b:3b (91:9) 86
3 trans-1¢ Bun 2c:3¢ (97:3) 97
4 trans-1d CgHs 24:3¢ (99:1) 9%
5 trans-le p-CH3-CgH4 2¢:3¢ (98:2) 98
6 trans-1f CgHsCO 20:3f (98:2) 90
7 cis-1a H 22:3a (1:99) 92
8 cis-1b T™S 2b:3b (0:100) 88
9 cis-1c Bu”? 2c:3¢ (1:99 92
10 cis-1d CeHs 2d:3d (1:99) 93
11 cis-le p-CH3-CeHy 2e:3¢ (3:97) 95
12 cis-1f CeHsCO 2f:3f 3:97 89

2 To a solution of 1 (1.0 mmo) in dry CH2CI2 (30 mL) was added Co2(CO)g (1.1 mmol) at rt afeer being stirred (for
30~60 min; consumption of 1 was monitored by TLC), the reaction mixture was cooled down to -78°C-and held at the
same tompersture for 30 min. A solution of BF3-OEs2 in dry CH2Clg (0.1M solution; 0.1 mmol) was then added to

the reaction mixture, which was further stirred at -78°C for 10 min. The reaction was quenched at -78°C by addition of
H20. Work-8p and chromatography afforded cyclized products. b

column chromatography as pure form. Ratio was determingd on the basis of isoll

3 could be scparated by silica gel
. amount of cach compound 2 and
3. © The specific yiclds are isolated yields of 2 and 3. 4 A thixture of rrans-1b and cis-1b in a ratio of 96 to 4 was
employed. ’
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trans Epoxide (trans-1a) was treated with dicobalt octacarbonyl to give the labile cobalt-complexed
derivative which was subsequently exposed 10 a catalytic amount of BF3°OEt211 in CH2C12 at -78°C producing
the 6-endo products!2 in 65% yield. 13 The ratio of 2a to 3a (cis : frans) was found to be 96 : 4 (Entry 1). No
5-exo cyclization products could be detected. The corresponding cis epoxide (cis-1a) gave 6-endo products
exclusively in 92% yield in a highly trans selective manner (cis : trans = 1 : 99)(Entry 7). Further examples of 6-
endo cyclization of epoxides 1 via the corresponding hexacarbonyldicobalt complexes under standard conditions
are presented in Table. The following features deserve comment. (i) Exclusive formation of 6-endo products was
observed regardless of geometry of the starting acetylenic epoxide 1. (ii) Ring formation took place with
retention of configuration at the propyny! position resulting in a highly stereoselective formation of trans-2-
ethynyl-3-hydroxytetrahydropyran systems from cis epoxides, whereas cis congeners form frans epoxides. (iii)
TIrrespective of the electronic properties of the terminal substituent on the triple bond, ring closure proceeded in the
6-endo mode exclusively and 5-exo products were never found in more than trace quantities. It should be
mentioned here that two possible isomerization processes during cyclization, i.e. epimerization of 2 to 3 and vice
versa, and ring transformation of cobalt-complexed five membered products (tetrahydrofuran derivatives) to 2
and/or 3 (tetrahydropyran derivatives), were completely ruled out by the following experiments. (i) Pure 2b and
3b were independently exposed to BF3+OEt2 (0.1 equiv.) in CH2Cl) at -78°C. Reactions quenched at the same
temperature14 revealed that no reaction took place and cobalt-complexed 2b and 3b were respectively recovered
intact. (ii) Independent treatment of tetrahydrofurans 4b and 5b15 with BR3+OEt at -78°C provided only 4b
and 5b respectively intact again. These isomerization experiments strongly indicate that 6-endo cyclization
products 2 and 3 are kinetically controlled in these cyclization reactions.
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Preferential formation of tetrahydropyran ring systems over tetrahydrofuran derivatives could be explained by
the intermediacy of a propyny] cation stabilized by the cobalt-complexed acetylenic moiety (Nicholas reaction).16
Retention of configuration at the propynyl position implics that the intermediate carbenium ion does not undergo
isomerization peior o nucleophilic attack. This i contrary to the findings of Schreiberl? in his studies of the
mechanism of intermolecular additions to cobalt stabilized carbenium ions.

Thus, we developed a new procedure for the preparation of &rans- and cis-2-cthynyl-3-hydroxytetrahydro-
pyran derivatives from acetylenic cis and trans epoxides, respectively, via the corresponding cobalt-complexed
species.
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During preparation of this manuscript, Nicholas reported examples of carbon-carbon bond formation with
retention of stereochemistry at the propynyl position of cobalt-complexed propargyl alcohols possessing
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The reaction with trifluoroacetic acid and methanesulfonic acid revealed the smilar chemical yield and
stereoselectivity to those with BF3+OEt2. However, other Lewis acids (SnCl4, TiCl4, EtAICI2, ERAICH
were found to be inferior to BF3«OEt2.

3-Hydroxytetrahydropyrans 2 and 3 were fully characterized by their conversion into corresponding
O-acetyl compounds without cobalt complexation through successive CAN treatment and acetylation.

Ring opening of Co2(CO)g-complexed 1,2-epoxy-1-cthynylcyclohexane with excess of H20, MeOH, or
C13C002H under acidic condition (HBF4+*Me20 or H2504) had been investigated in Saha, M.; Nicholas,
K.M. J. Org. Chem. 1984, 49, 417.
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occurred upon treatment of the former with 1.0 equiv. of BF3+0E12 at rt for 30 min, whereas frans-1b was
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treatment with Co2(C0)g: see the following manuscript.
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