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Highly Regioselective Pinacol Rearrangement of Sulfenylmethylated Glycols
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Pinacol rearrangement of glycols having a sulfenylmethyl group
smoothly proceeded with high regioselectivity to give ketones which were
derived by the elimination of the § hydroxyl group to the sulfur atom. This

selectivity is due to the neighboring group participation of the sulfenyl group.

Pinacol rearrangement of tetrasubstituted glycols offers a unique way to make a-trisubstituted
ketones including spiro systems.1) However, with unsymmetrically tetraalkyl-substituted glycols, this
rearrangement suffers disadvantage that mixtures of isomeric products were produced due to non-
selective nature about the elimination of the hydroxyl groups.2:3) In the course of our continuous
investigation to explore selective reactions through an episulfonium ion intermediate,4) we found
regiocontrolled pinacol rearrangement of glycols having a sulfenylmethyl group.

PhS Bu" 1.0-1.1equiv. PhS Bu" SPh
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Table 1. The Reaction of 1 under Various Conditions

Run Activator Solvent Yield/% 23

1 BF3-OEt2 CH2Cl2 52 89:11

2 TfOH 38 93:7

3 SbCls 41 68:32

4 TMSOTf 68 94:6

5 CH3CN 30 67:33

6 Et2O 23 90:10

7 Toluene 53 (72)2) 95:5 (97:3)3)

a) The values in parentheses are those obtained at 0 °C.
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At first, the reaction of 15) was carried out under various conditions (Table 1). Obtained
ketones 2 and 3 were easily separated by chromatography. In every case, the major product was 2,
which was formed by the abstraction of the B hydroxyl group to the sulfenyl group. Among the
activators examined, trimethylsilyl trifluoromethanesulfonate gave the best result in the yield and
selectivity (Runs 1-4). Moreover, the solvent effect was apparent; with decreasing the polarity of the
solvent, the selectivity was improved (Runs 4-7). This solvent effect may be explained by the terms
that the coordination of the solvent toward the cationic center reduces the selectivity. The
temperature somewhat affected both yield and selectivity (Run 7).. However, the reaction in toluene
was very slow below 0 °C; only low conversion was observed by tlc analysis even after 48 h when
the reaction was performed at -23 °C.

Next, rearrangement of several substrates was carried out under the optimized conditions
(Table 2). In general, very high selectivity was attained. Especially when a substrate has a ring
structure, only one rearranged ketone was detected (Runs 3-5). It is noteworthy that substrates
having the same carbon framework gave entirely different products depending on the position of the
sulfenyl group (Runs 4,5).

Pinacol rearrangement is known to proceed through a concerted mechanism; the
configuration at the carbon bearing the leaving hydroxyl group is inverted. In contrast, the pinacol
rearrangement of the sulfenylmethylated glycols characteristically proceeded with complete retention
of the configuration (Run 5). This result ensures an episulfonium-ion-like intermediate.

Representative procedure is as follows: to a stirred solution of glycol 1 (157.2 mg, 0.51
mmol) in 3 ml toluene was added TMSOTf (0.87 mol-I-1 solution in toluene, 0.58 ml, 0.50 mmol) at
-78 °C. Then, the solution was allowed to warm up to 0 °C. After stirring for 1.5 h, saturated
aqueous NaHCO3 (5 ml) was added, and the reaction mixture was partitioned between
dichloromethane and water layers. The organic layer was dried over sodium sulfate, and the solvent
was removed under reduced pressure. Purification by preparative tic gave ketones 26) (102.8 mg,
69% yield) and 37) (3.3 mg, 2% yield) as colorless oils.

A control experiment was carried out for 3-butyl-2-methyl-2,3-heptanediol (Scheme 1). The
result indicates that the sulfenyl group is not only effective for high selectivity but also for preventing
side reactions. In addition, when the sulfenyl group was absent, obtained isomeric ketones were
chromatographically inseparable.

1.0 equiv. Bu"
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Scheme 1.
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Table 2. Pinacol Rearrangement of Various Glycols Having a Sulfenylmethyl Groupa)
Run Substrate Product Yield/%
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a) The reaction was performed in toluene in the presence of 1.1 equiv. TMSOTf at 0 °C.
b) TBSOTf was used as an activator. c) At room temperature. d) Relative stereochemistry
was determined by X-ray crystallographic analysis of the corresponding sulfone®

Generally, unsymmetrically tetrasubstituted glycols are synthesized by inefficient reductive

coupling of different ketones, which make it difficult to apply pinacol rearrangement for such type of
glycols. In contrast, our starting materials were easily prepared through three steps; (1) the Barbier
reaction of alkenyl halides and ketones,9) (2) epoxydation of the allylic alcohols, and (3) ring opening

of the epoxides by a thiolate anion.
Moreover, it was revealed that the rearranged B-sulfenylketone could be easily desulfenylated

by usual procedure (Scheme 2).
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Scheme 2.
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In conclusion, our method provides an equivalent to hydroxyl group differentiating pinacol
rearrangement.
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