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Abstract: The treatment of carbonyl compounds with the organotitanium species formed from
methoxybis(phenylthio)methane and low valent titanium species Cp,Ti[P(OEt)3], gave 1-alkeny! ethers
in good yields. 1-Alkenyl sulfides were also obtained by the similar reaction using triphenyl trithio-
orthoformate. These reactions were successfully applied to carboxylic esters and thiolesters to produce
1.2-diheteroatom substituted 1-olefins. @ 1998 Elsevier Science Ltd. All rights reserved.

Since olefination of carbonyl compounds is one of the most important transformations in organic synthe-
sis, various methods are used for this transformation; such as the Wittig reaction using organophosphorous
compounds,! the Peterson olefination using organosilicon compounds,2 and alkylidenation using titanium-
based reagems.3 The olefination of carboxylic acid derivatives using the former two methods is generally un-
successful owing to the preferential formation of acylated products. Therefore the preparations of alkeny! ethers
and sulfides have been achieved only by using alkoxymethylene triphenylphosphoranes,4 methoxy(trimethyl-
silyl)methyllithium,5 or their sulfur analogues4s6 as active intermediates. On the other hand, the alkylidenation
of carboxylic acid derivatives using titanium reagents has been developed3 though the olefination of carbonyl
compound with the heteroatom substituted titanium reagent has not yet appeared.

Recently we reported a useful method of carbonyl! olefination using thioacetals and titanocene(II) com-
pound Cp,Ti[P(OEt)3], (1).7 The most striking characteristic of this procedure is that it is capable of being
employed for the olefination of carboxylic acid derivatives. This result prompted us to study the desulfurization
of di- and tri-thioorthoformates 2a and b with 1 and the reactions of the resulting organotitanium species with
carbonyl compounds (Eq. 1). These reactions provide 1-alkenyl ethers and sulfides 3 and also 1,2-dihetero-

atom substituted olefins 4 which would not be accessible by the conventional carbonyl olefination procedures.
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Table 1. Preparation of Alkenyl Ethers and Sulfides 33

Run Carbonyl Thiocorthoformate Time Product Ratio of Yield
Compound (equiv) (h) Stereoisomers? (%)
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a) All the reactions were carried out at room temperature. by Determined by NMR analysis. <) £ ¢ Z determined by NOE experi-
ment. d) £: Z determined on the basis of coupling constant of viny! proton.

A small excess amount (1.2 equiv) of triphenvl trithioorthoformate (2b) was treated with the low valent
titanium 1, and the progress of the reaction was monitored by TLC. Afier 10 min, the disappearance of 2b was
observed with a slight change of color of the reaction mixture. The treatment of various ketones with the re-
sulting organotitanium reagent produced the corresponding alkenyl sulfides 3d. e, g-i in good yields (Table 1).
Using an aldehyde as a carbonyl component. the olefination product was obtained only in a moderate vield (run
9). Under a similar set of operating conditions. the reaction of the dithicorthoformate 2a with 1,5-diphenyl-
pentan-2-one (Sa) was performed, and 1-methoxy-4-phenyl-2-(2-phenylethylbut-1-ene (3a) was obtained in
50% yield. The yield was increased by increasing the amount of 2a used (run 1). The starting material 2b is
commercially available, and methoxybis(phenylthio)methane (2a) is easily obtained by the reaction of commer-

cial dichloromethyl methyl ether with potassium thiophenoxide in THF in 85% yield.
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Table 2. Preparation of 1,2-Diheteroatom Substituted 1-Olefins 42

Run Carbonyl Thioorthoformate Time Product Ratio of Yield
Compound (equiv) (h) Stereoisomers? (%)
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a) All the reactions were pertormed in refluxing THF. b) The two stercoisomers were separated each other by using prepurative
TLC. The ratio was determined based on their isolated yields. ¢) Only the one stereoisomer was obtained.  d) Determined by
NMR analysis. ¢) £: Z determined by NOE experiment. ) Contaminated with a small amount of bis(phenyithioymethane. The
vield was corrected for the contaminant.

As would be expected, the present reactions were found to be applicable to carboxylic esters and
thiolesters (Table 2). The reaction of 2b with methyl phenylacetate (5i) at room temperature for 3 h gave 2-
methoxy-1-alkenyl sulfide 4¢ in 65% yield, and the yield increased to 72% when the reaction was carried out
under reflux. Increasing the amount of 2b (1.5 equiv) and the use of refluxing temperature gave the best yield
(87% (run 3). Similarly 2-alkoxy-1-alkenyl ethers were obtained in good yields by the olefination of carbox-
yhic esters using excess 2a in refluxing THF. The alkylthio group substituted alkenyl ether and sulfide 4g and
h were also prepared by the olefination of thiolesters (runs 7 and 8).

The following is a typical experimental procedure. To a flask charged with finely powdered molecular
sieves 4A (300 mg), magnesium turnings (87 mg, 3.6 mmol), and CpoTiCly (747 mg, 3 mmol) were added
THF (5 ml) and P(OEt)3 (1.0 ml, 6 mmol) with stirring at room temperature under argon. After 3 h, methoxy-
bis(phenylthio)methane (2a) (262 mg, | mmol) in THF (1 ml) was added to the reaction mixture which was
further stirred for 10 min. Then ethyl caprylate (5k) (86 mg, 0.5 mmol) in THF (1.5 ml) was added dropwise
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over 15 min, and the reaction mixture was refluxed for 3 h. After cooling, the reaction was quenched by the
addition of IM NaOH (15 ml) and the resulting insoluble materials were filtered off through Celite. The filtrate
was extracted with ether and the extract was dried over K2CO3. After removing the solvent, the residue was
purified by using preparative TLC (hexane) to give 78 mg (78%) of 2-ethoxy- 1-methoxynon-1-ene (de).

At present, the exact reaction mechanism is still uncertain. However, similarly to the desulfurization of
thioacetals of aldc:hydes,8 it is reasonable to assume that the Schrock type metal carbene complex 6 having a
heteroatom substituent is formed by the reduction of thioorthoformate 2. The subsequent reaction with a car-
bonyl compound affords the oxatitanacyclobutane 7 which, in turn, decomposes to produce a heteroatom sub-

stituted olefin as depicted in the following equation.
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In conclusion, the present study demonstrated that a variety of heteroatom substituted olefins are easily
prepared by the titanocene(Il)-promoted olefination of carbonyl compounds using thioorthoformates. These
compounds are useful synthetic intermediates as not only precursors of ketones and aldehydes, but also highly
nucleophilic olefins. Further study on the applications of this new olefination using the titanocene(II)-thioacetal
system is now in progress.
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