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Abstract: Lewis acid -promoted triethylsilane reduction of 6,6-spiroketal alcohols produces cis-2 .6-disubstituted tetrahydropyrans with
excellent regioselectivity and stereocontrol . An appended alcohol allows bidentate coordination of the Lewis acid to selectively activate
one C—O bond of the anomeric center toward reductive cleavage. Copyright © 1996 Elsevier Science Ltd

The significant presence of 1,7-dioxaspiro[5.5]undecanes (6,6-spiroketals) in natural products of biological
interest! as well as the conformational rigidity and thermodynamic stability of spiroketals has led to a variety of
imaginative synthetic applications in the use of the spiroketal scaffold as a template for stereocontrol.2 The majority
of these studies have centered on the synthesis of stereochemically complex spiroketals for their direct incorporation
into complex molecules3 or on the ring opening of the spiroketals to the corresponding hydroxyketones.
Applications involving reductive cleavage of the anomeric center have only recently been recognized for their
potential utility.56 We envisioned that regio and stereocontrolled reductive cleavage of unsymmetrical spiroketals
such as 1 could be a valuable method for the synthesis of both 2,6-disubstituted tetrahydropyrans similar to 2 and
acyclic stereochemical arrays as found, for example, in mucocin 3, a known antitumor agent.”

3 mucocin

One possible strategy for the selective cleavage of unsymmetrical spiroketals might take advantage of an
adjacent oxygen functionality to form a bidentate chelate with one of the spiroketal anomeric oxygens.8 In this
manner, selective activation of one C—O bond could be effected to allow formation of one of the two possible
oxocarbenium ions. A simple system to test this hypothesis was synthesized as shown in Scheme 1. Alkylation of
the lithiated dimethylhydrazone of acetone with iodide 4 gave the ketal 5% which was followed by a second
alkylation with iodide 6 to produce the hydrazone 7 in 50% overall yield. Hydrolysis of the hydrazone with
aqueous cupric chloride gave the bicyclic ketal 8 in 85% yield. Hydrogenolysis of the benzyl ether followed by
brief treatment with acid gave the thermodynamically more stable spiroketal 9 in 82% yield. The primary alcohol of
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9 was readily converted to either the benzyl ether 10 (NaH, PhCHBr, THF, 85%) or the silyl ether 11 (t-
BuPh;SiCl, EisN, DMAP, CH2Clp, 70%).
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Spiroketal alcohol 9 was exposed to a variety of reduction conditions and the results are summarized in the
Table. Diisobutyl aluminum hydride failed to effect reduction, instead generating the enol ether from ring opening.
While treatment of spiroketal 9 with titanium tetrachloride-triethylsilane5@ gave an 86:14 mixture of the two
regioisomeric cleavage products 14 and 15, both aluminum trichloride!0 and tin tetrachloride produced a single
detectable product 14 by 300 MHz 1H NMR. This highly selective reductive cleavage arises from bidentate
coordination of the Lewis acid with the hydroxyl oxygen and the proximal anomeric oxygen as in 12a resulting in
selective formation of the oxocarbenium ion!! 13a. The apparent stereoelectronic preference for axial attack!2 on
these intermediates results in a highly diastereoselective reduction to produce 14. Interestingly, the benzyl ether 10
also underwent highly regioselective and stereoselective reduction under the same conditions, while the ¢-
butyldiphenylsilyl ether 11 gave a 33:67 mixture of 14 and 15, presumably due to steric or electronicl3
destabilization of the chelated intermediate 12a in favor of the monodentate complex 12b.
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A second model designed to determine if bidentate coordination to a hydroxyl goup could override
coordination to a protected hydroxy! was then investigated (Scheme 3). Alkylation of the lithiated N,N-
dimethylhydrazone 5 with a second equivalent of iodide 4 followed by hydrolysis and spiroketalization provided
alcohol 17 after monosilylation with triisopropylsilyl chloride. Exposure of the alcohol 17 to aluminum trichloride-
triethylsilane resulted in highly regioselective and stereoselective reductive cleavge of the anomeric center to give
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tetrahydropyran 18 as the only detectable product by 300 MHz 'H NMR. Thus the greater effectiveness of a
hydroxyl group on the regioselectivity of the reductive cleavage is demonstrated.

Scheme 3
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TABLE
Entry Substrate Conditions!0 Products (ratio) Yield
1 9 (i-C4Hg)2AlH, 0 to 25°C enol etherl4 40%
2 9 TiCly, Et3SiH, -78°C 14:15 (86:14) 60%
3 9 MesAl, E3SiH, -78 to 25°C no reaction
4 9 EnAICl, Et3SiH, -78 to 25°C no reaction
5 9 Ti(O-i-Pr)4, Et3SiH, -78 to 25°C no reaction
6 9 TiCp,Cly, Et3SiH, -78 to 25°C no reation
7 9 AlCl3, Et3SiH, -78 to 25°C 14:15 (>97:3) 80%
8 9 SnCly, Et3SiH, -94 to -60°C 14:15 (>97:3) 83%
9 10 AICH, Et3SiH, -78 t0 25°C 14:15 (>97:3) 91%
10 10 SnCly, Et3SiH, -94 to -60°C 14:15 (>97:3) 90%
11 11 AlCl3, Et3SiH, -78 to 25°C 14:15 (33:67) 87%
12 17 AlICl3, Et38iH, -78 to 25°C 18:19 (>97:3) 84%
13 20 AlCl3, Et3SiH, -78 to 25°C 21:22 (80:20) 60%

The diol 20 (Scheme 4) was also synthesized to test the effect of ring size (five versus six membered ring
chelate) in the regioselective activation of anomeric spiroketal C—O bonds. The reduction of diol 20 with
aluminum trichloride-triethylsilane resulted in the formation of an 80:20 mixture of tetrahydropyrans 21:22
illustrating a modest preference for five membered ring bidentate coordination over six membered rings.

In conclusion, a method for the highly regioselective and stereoselective reduction of 1,7-
dioxaspiro[5.5]undecanes has been developed. The effectiveness of pendant hydroxyl groups to control the
regioselectivity of the cleavage of the anomeric center has been established. In addition, the preference for the
formation of a five membered bidentate chelate has also been demonstrated. Further applications of this method for
reductive cleavage of spiroketals are in progress.
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