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0-Oxoketene Dithioacetals in Organic Synthesis. A New Access to

1-Siloxy-1,3-butadienes and Their Selective Reactions with Electrophiles1)
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Reactions of a-oxoketene dithioacetals with trimethylsilyl-
methylmagnesium chloride in the presence of cuprous iodide gave
the corresponding 1-trimethylsiloxy-3-methylthio-1,3-butadienes
selectively in excellent yields. 1-Siloxydienes react with vari-
ous carbon electrophiles such as carbonyl compounds to furnish

the desired dienones and 4-dihydropyrones selectively.

Silyl enol ethers are versatile and important reagents for the various types
of selective carbon-carbon bond formations in organic synthesis.z) Among them,
silyl dienol ethers are particularly useful and interesting dienes for the stereo-
and regioselective cycloaddition reactions and expedient nucleophiles which react
with a variety of electrophiles under a mild condition.2'7) However, in sharp
contrast with versatilely utilized 2—siloxydienes,2'5) 1-trimethylsiloxy-1,3-buta-
dienes, are not used so extensively in organic synthesis, in spite of useful and
convenient reagents for the regioselective introduction of carbon electrophiles at
the Y—position.6'7) On the other hand, oa-oxoketene dithioacetals are also syn-
thetically useful reagents, numerous preparative methods and synthetic reactions
of which have been reported.8'10) In an extension of the study on ketene
dithioacetals in organic synthesis, we now report that a convenient and efficient
synthesis of various 1-trimethylsiloxy-3-methylthio-1,3-butadienes (4) can be
readily achieved by the reaction of a-oxoketene dithioacetals (1) with trimethyl-

)11) in the presence of cuprous iodide followed by

silylmethylmagnesium chloride (2
a 1,5-C+0 sSi shift12) of the conjugate addition-elimination products (3) (Eg. 1),
and that dienones and 4-dihydropyrones are selectively obtained by their reactions
with electrophiles such as carbonyl compounds.

In order to establish optimum conditions for the synthesis of 1-siloxydienes
(4), the effects of solvents and molar ratios of the reagent (2) and cuprous io-
dide as a catalyst were examined for the reaction of benzoylketene dithioacetal
(1a) and trimethylsilylmethylmagnesium chloride (2) (Table 1). As a result, the

reaction of 1 with 2 in the presence of cuprous iodide at -78 °C for 4 h with
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Table 1. The Effect of the Catalyst?®)

Entry cur/2P) Yield/% Entry cur/2P) Yield/%
1 none 42 4 0.50 54
2 0.17 99 5 1.00 49
3 0.37 94

a) At -78 °C for 4 h and then rt for 12 h in Et,0. b) Molar ratio.

Table 2. Synthesis of 1-Siloxydienes (4)2)

Product (4) R! R2 Yield/sP)
4a CgHg H 99
4b p-ClCgHy H 85
4c p-MeOCgHy H 68
44 t-Butyl H 91
4e —(CH2)4- 96
4f 2-Furyl H 84
4g 2-Thienyl H 87

a) All reactions were carried out by using 1 (0.5 mmol), 2 (1.5 mmol),
and Cul (0.25 mmol) at-78 °C»rt for 4 h in ether. b) Yield after iso-
lation by silica gel column chromatography.

OR R3 o
Me-SiO Activator O CH,-CR3R4 o) R4
3 . 2
+ R3r%c= — JL\éﬁA\ . N R3 (2)
R SMe CH,Cl, R! SMe R sMe RV >0 R4
4 (R%=H) 5, z=(OMe), 6, R=Me 7 8

9, z=0 10, R=H

stirring followed by at room temperature for 15 h in ether gave smoothly the cor-
responding 1-substituted 1-trimethylsiloxy-3-methylthio-1,3-butadiene (4a).'3)
The yield was found to depend on the reaction conditions (temperature, time,
gyield): -78 °C, 1 h, 24; -78 °C»0 °C, 4 h, 46; -78 °C»rt, 4 h, 99; 0 °C, 12 h,
60; -20 °C»rt, 12 h, 10; rt, 12 h, 0. Apparently, without isolation of the inter-
mediate (3) which was obtained by the conjugate addition of 2 to 1 followed by the
elimination of the methylthio group, conversion of 3 to 4 by a 1,5-C+0O Si shift
took place sufficiently at room temperature. Thus the best condition was found to
be when the reaction was carried out at -78 °C and then allowed to stand at room
temperature for total 4 h in the presence of ca. 20 mol% of cuprous iodide to 2 in
ether. Cerium chloride14) had no strong influence on both the yield and the addi-
tion mode of the present reaction. Nickel and palladium complexes, used for the
cross-coupling reaction in vinyl sulfides,15) were not effective as a catalyst for
the present reaction. Thus a variety of desired 1-siloxydienes (4b-g) were simi-
larly prepared by the reaction of the corresponding o-oxoketene dithioacetals (1b-
g) with 2 catalyzed by ca. 20 mol% of cuprous iodide in good yields (Table 2).

It has been found that the reaction of 1-siloxydienes (4, R2=H), thus obtain-
ed, with acetals [R3CH(OMe)2, 5] smoothly occurs in the presence of titanium
chloride (TiCl4) in dichloromethane to give the corresponding §-alkoxy ketones

(6), derived by the selective y-attack, in almost cases (Table 3, Eq. 2).7) In
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Table 3. Reaction of Siloxydienes (4a,b) with Acetals [R3CH(OMe)2, 5]a)

Entry R! R3 6(%)(E/2)P) 7(%) 8(%)
2 CgHg CH3(CHy) 3 60 (67/33) - -
6 C.H p-ClC H - 19¢) 30
675 654 )
7 p-ClCgH, p-ClCgH, - 28€ 49

a) All reactions promoted by TiCl, were carried out in CH,Cl, at -78 °C. b) Yield
after isolation by TLC. The assignment of the geometry was done by NMR.16) c)
Before isolation by TLC, only (E, E)-isomer was found in the reaction mixture by
NMR.

contrast with the loss of yY-regioselectivity in several cases of 3-substituted 1-
siloxydienes,s) the present reaction displayed fortunately high regioselectivity,
presumably due to the effect of the 3-methylthio group of 4. However, the selec-
tivity with respect to the formation of (Z)- and (E)-isomers could not be attained
in the present reaction, different from the reaction of 4 with aldehydes shown
later. An aromatic acetal (5) was allowed to react with 4a and 4b in the presence
of TiCl, to give the corresponding dienones (7) formed by the elimination of
methanol from 6 and 4-dihydropyrones (8) formed by the cyclization of 6 in a con-
siderable amount (Entries 6 and 7).

Reactions of 1-siloxydienes with carbonyl compounds are not sufficiently
examined. We found that the reaction of 4a with benzaldehyde (9a) in the presence
of TiCl, gave a dienone (7a) along with a 4-dihydropyrone (8a). In this case,
TiCl, did not give satisfactory results. After screening other activators and
reaction conditions, we found that 10 was selectively obtained in a moderate yield
when BF3°OEt, was used at -78 °C for 1 h. However for prolonged reaction times
and at higher temperature, dienones (7) instead of 10 are obtained selectively
along with a small amount of 4-dihydropyrones (8) which are formed by the cycliza-
tion of 10. It is noteworthy to state that dienones (7) are only (E, E)-isomers,
though its mechanism remains obscure. The results are summarized in Table 4.

Finally, 1-siloxydienes (4a,b) were also found for the first time to react

Table 4. Reaction of 1-Siloxydienes (4a-c,g) with Aldehydes [R3CHO, 9]

Entry R! R3  Activator Conditions 10(%)2:P)7(%)2) g(s)2)
i Cell;  CgHg  BF;-OEt, -78+-40 °C, 4 h  -- 66 6
2 CGHS C6H5 TiCl4 -78+-40 °C, 4 h - 14 18
3 C6H5 p—ClC6H4 BF3'OEt2 -78 °C, 1 h 45 15 --
4 C6H5 p—ClC6H4 BF3'OEt2 -78 °C»rt, 12 h - 35 -
5 CgHg p-O,NCgH, BF3-OEt, -78 °Cort, 12 h  -- 38 --
6 CgHg iso-Pr BF3°OEt, -78 °C+»rt, 12 h - -— 6
7 p—ClC6H4 C6H5 BF3'OEt2 -78 °C, 1 h 34 - --
8 p-ClC6H4 C6H5 BF3’OEt2 -78 °C+»rt, 12 h - 56 5
9  p-ClCgH, p-ClCgH, BF3°OEt, -78+-40 °C, 4 h - 41 9

10 p—MeOC6H4 C6H5 BF3'OEt2 -78 °C»rt, 12 h -- 29 -—
11 2-Thienyl C6H5 BF3'OEt2 -78 °C+»rt, 12 h - 21 15

a) Yield after isolation by TLC. b) The (E)/(Z) ratio was not determined.
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Table 5. Reaction of Siloxydienes (4a,b) with Ketones (9)2)

Entry R R3 R4 8(%)brc)
1 C6H5 CGHS CH3 40
3 CgHg -(CH,) - 36
4 p-ClCH, Cglis cHy 32
5 p-ClCH, p-CLCgH, CH, 13

a) All reactions were carried out in the presence of BF3°OEt, in
CH,Cl, at -78 °C for 12 h. b) Yield after isolation by TLC. c)
All products showed satisfactory spectral data.

with ketones (9) under a similar condition to furnish only 8, though the yields
were rather low at present (Table 5).

In summary, a new and ready route to a variety of 1-siloxydienes (4) and
their use for the selective carbon-carbon bond formation shown in this work re-
veals that 4 is a useful and promising reagent in organic synthesis.
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