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STEREOSELECTIVE 1,4-ADDITION OF DIALKYLALUMINUM
BENZENETHIOLATE TO VINYL OXIRANES

A. Yasuda, M. Takahashi,1 and H. Takaya:‘:
Chemical Materials Center, Institute for Molecular Science

Myodaiji, Okazaki 444, Japan

Summary: Reactions of vinyl oxiranes and diethylaluminum benzenethiolate
in benzene at room temperature proceed regio- and stereoselectively to
afford mainly (Z)-4-phenylthio-2-buten-1-ol derivatives in good yields.

Oxiranes have been widely used as intermediates for the syntheses of a variety of organic
compounds because of their easy accessibility and high chemical reactivity. 2 Reactions of
vinyl oxiranes with nucleophiles give rise to 1, 2-addition products3 and/or 1,4-addition
productsBa’ 4 depending on the reagents used. The regio- and stereoselectivities of these types
of reactions, however, are not always satisfactory.

. . 3¢, 4f
Recent communications® ~’

in this field led us to report our results in preliminary
forms. We have found that the reactions of alkenyl-substituted oxirane 1 with diethylaluminum
benzenethiolate (2) afford selectively 1, 4-addition product 3 which has Z configuration concern-
ing the newly formed double bond.

3,4-Epoxy-3-methyl- 1-butene (1a) (R1 =H; R2 = CH3)3bwas allowed to react with 2 equiv
of ~25 in benzene at room temperature for 1 h. Aqueous workup with cold dil. hydrochloric acid
followed by purification of the resulting crude product by column chromatography afforded pure
samples of the Z allylic alcohol 3a and its E isomer 4a in 92% combined yield in a ratio of
98:2.6 No 1,2-addition products were detected. The structures of the products were easily
established on the basis of 1H NMR spectra.7 Signals due to the methyl protons of 3a were
observed at lower field (§ 1.80) than those of 4a (6 1.60) as had been reported for structurally
related compounds.8 The Eu(fod)3—aided spectra of 3a and 4a also supported the stereo-

chemical assignments. 7 Similarly, reactions of 1b (R1 =H; R2 =C_H )9 and lc (R1 = R2 =

CH3)10 afforded the allylic alcohols 3b and 3c accompanied by a sma5.111almounts of 4b and 4c,
respectively. The results were summarized in Table 1.

It is noteworthy that the product distribution is variable dependent on the reaction condi-
tions. Reaction of la and 2 in toluene at -78 °C resulted in much reduced regio- and stereo-
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selectivity, affording three products, 3a, 4a, and the regioisomer 577 in almost equal amounts.
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R1 R2 1. (C2H5)2A1806H5 Rl R2 R1 OH
2
> ‘—H_ +
+
0o 2. H3O CSHSS OH C6H58 R2
la—c 3a—c¢ da—c

Table I. Reaction of Vinyl Oxiranes with 2. &

c

oxirane R1 R % yieldb 3:4
12 H CH3 92 98: 2d

78 99:1

1b H CH,, 90 96:4
1c CH, CH, 94 86: 14

a) The reaction was done with 1 equiv of 1 and 2.0 equiv of 2 at room
temperature for 1—4 h. b) Isolation yield after column chromato-
graphy on Florisil (benzene—ethyl acetate 50:1). c) Product ratio was
determined by high pressure liquid chromatography (6 mm x 30 cm
JASCOSIL SS-05, hexane—ether 1:1, 2 ml/min). d) Dichloromethane
was used as solvent.

Use of polar solvents such as ether and THF also promotes the 1, 2-addition reactions.
The eminent stereoselectivity producing mainly Z olefinic alcohol 3 suggests that the
major product 3 arises via cyclic transition state 6. Such type of transition state has been

proposed for the conjugate addition of diisobutylaluminum hydride to vinyl oxiranes.

CH RZ Rl

A
SC_H 0\) [

HO 65 -
/7&1 SC H,

: 6
Thus, in the present reaction the product composition lies heavily in favor of Z olefinic
alcohol 3, which allows us easy preparation of hitherto not readily accessible compounds in
good yields. This is in contrast with the reaction of la with thiophenol in methanol in the
presence of 3 equiv of triethylamine (room temperature, overnight) which gave E isomer 4a
as the sole product in 85% yield. 12 Use of lithium perchlorate in place of triethylamine did no

produce any isolable products, while lithium benzenethiolate did not cause the cleavage of the
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oxirane ring at room temperature.

The present reaction has potential synthetic utility. For example, 3 was easily alkylated
with retention of the olefin configuration. Dilithio derivative of 3a was formed in THF from 3a
and 2 equiv of t-butyllithium in hexane at -95 °C. To this was added 1.2 equiv of butylbromide
and the mixture was stirred at room temperature for 4 h. Usual aqueous workup followed by
purification of the product by column chromatography (Florisil, benzene-—ethyl acetate 50: 1)
afforded the alkylated product 7 in 71% yield. No trace of the E isomer of 7 was detected by the
analysis on high pressure liquid chromatography. The structure was ascertained from NMR
data with or without added Eu(fod),,.

3

CH
3

1. t-C,H,Li/THF
3a

OH

Y

2. C4H9Br

The compound 3 can be converted to furan derivatives. Thus, §£) was treated with 1 equiv
of lead tetraacetate in a mixture of benzene and acetic acid (4: 1) at 0 °C for 1 h and then at
room temperature overnight. Neutralization with aqueous sodium hydrogencarbonate at 0 °C
followed by usual workup and purification of the crude product by column chromatography
(Florisil, pentane) gave pure 3-pentylfuran (§)13 in 24% yield.

We are currently exploring these reactions for use in syntheses of some interesting
terpenoids.

Pb(OCOCH,), 511
3 > B

benzene— O

acetic acid
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