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Abstract: The addition of vinyl Grignard reagents to bis(2-benzothiazolyl) ketone affords the 
unexpected O-alkylation products in very high yields. © 1997 Elsevier Science Ltd. 

During our studies on heterocyclic compounds such as thiazolyl-, benzothiazolyl- and 

bis(heteroaryl)methane derivatives, most of which are known as biologically active compounds, we recently 

investigated the reactivity of bis(2-benzothiazolyl) ketone 1. In particular, we found that alkyl, allyl and alkynyl 

Grignard reagents reacted with 1 to give the corresponding carbinols 2 (Scheme l) in quantitative yields, l 

except for phenyl magnesium halide, which did not give the expected carbinol but a mixture of unidentified 

products and tars, in agreement with a previous report 2 of the reaction of I with p-tolylmagnesium bromide in 

which the corresponding carbinol was produced with only 5% yield. 

The anomalous behaviour of aryl Grignard reagents prompted us to investigate the reactivity of vinylic 

Grignard reagents towards 1. Surprisingly, by using vinylmagnesium bromide we did not observe the 

formation of the carbinol expected by the normal 1,2-addition to carbonyl group, but we obtained quantitatively 

the vinyl ether 3a derived from oxyphilic attack of the nucleophile (Scheme 1). 

Scheme 1 

RMgX OH H ~ , N ~ _ _  
(BTZ) C / + (BTZ) C /  BTZ= (BTZ)2C=O 
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This behaviour is unusual: very few examples of O-alkylation of a carbonyl group by Grignard reagents 

- in low to moderate yields - have been reported; typical substrates were ortho-quinones, 3 ortho-quinol 

acetates, 4 9,10-phenanthraquinone 5 and benzil. 6 

Table 1 collects the results of the reactions between 1 and some vinylic Grignard reagents, carried out under 

different experimental conditions. The reaction was almost quantitative and total regioselectivity towards O- 

attack was observed when vinylmagnesium bromide and isopropenylmagnesium bromide were used (entries 

1-4). Change of reaction temperature did not affect the regioselectivity, which, instead, was dependent on the 

nature of substitution pattern of the vinyl group (entry 5): the reaction with 2-methyl-l-propenylmagnesium 

bromide gave a mixture of carbinol 2c and vinyl ether 3c. 
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Table  1. React ions  o f  1 wi th  R M g B r  a 

Entry R Molar ratio Temp Product 2 Product 3 
I:RMgBr (°C) (yield %) (yield %) 

1 CH2=CH 1:1 -70 2a (0) 3a (97)b,(92) c 
2 CH2=CH 1:1 0 2a (0) 3a (90) b 
3 CH2=CH 1:2 0 2a (0) 3a (80) c 
4 CH2---C(CH3) 1:1 -70 2b (0) 3h (92) c 
5 (CH3)2C=CH 1:1 -70 2c (57) c 3c (43) c 

a) In THF for 15 min.. b) Calculated from IH NMR of crude reaction product, c) After flash chromatography. 

All the products were isolated by flash chromatography and characterised, 7 but the vinyl ethers were 

water- and air-sensitive, and decomposed easily giving ketone 1. In particular, deuterochloroform solutions of 

3a, after storage for many days, showed disappearance of signals of the vinyl system and appearance of strong 

signals of 1 together with weak signals that were ascribed to acetaldehyde. This suggests that 3a underwent 

oxidation, as is known for bis(heteroaryl)methanes: 8 in this case a hemiketal was formed which in acidic media 

and/or in presence of water reconverted to 1 and vinyl alcohol which immediately formed the stable 

acetaldehyde. 

In order to understand the influence of the benzothiazolyl group on this behaviour we carried the reaction 

of vinylmagnesium bromide with a series of ketones (Scheme 2); the results are reported in Table 2. 

S e h e m e  2 

O OH H I 
R - 8 - R '  +H2C=CHMgBr--------)- R--(~--R' + R--C--R '  

4 ~H=CH2 I O - C H = C H  2 

5 6 
a : R, R' = phenyi; b : R = 2-benzothiazolyl, R' = methyl; c : R, R' = 2-thiazolyl. 

Table  2. React ion  o f  v i n y l m a g n e s i u m  bromide  with ketones  a 

Ketone Reaction Reaction Molar ratio carbinol vinyl ether 
temp. (°C) time(min) ketone: RMgBr (yield %) (yield %) 

4a  -70 15 1:2 5a (0) 6a  (0) 
4a -70 to -40 60 1:1 5a (28) b 6a (0) 
4a 20 120 1:1 5a (67) b 6a (0) 
4b -70 15 1:1 5b (99) c 6b (0) 
4 c -70 15 1:1 5c (50) c 6c  (50) c 

a) Reactions performed in THF. b) Yields calculated from 1H NMR spectra of crude reaction product, c) 
Yields calculated after flash chromatography. 

Benzophenone 4a gave only the carbinol 5a derived from classical 1,2-addition, but the yield was 

appreciable only when the reaction was carried out at a higher temperature than that used with 1, in agreement 

with the high reactivity of the latter with Grignard reagents. 1 
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2-Benzothiazolyl methyl ketone 4b also gave quantitatively the carbinol 5b, whereas, using bis(2-thiazolyl) 

ketone 4c, an equimolar mixture of C- and O-alkylation products was obtained. 

At present it may be premature to speculate upon the mechanism of this reaction, and for this purpose 

work is in progress, but preliminary results suggest that not only the nature of Gfignard reagent but also the 

presence of the N--C-C--O moiety is important. The abnormal 1,4-addition of nucleophiles, both at nitrogen in 

a-iminocsters 9 and at oxygen in 1,2-diketones 6 was previously observed. 

In addition, the experimental data (Tables 1, 2) show that in our reactions the presence of two thiazolyl 

groups (together with an anellation effect) plays an important role in driving the regiochemistry of the reaction 

towards oxygen attack. 

Typical experimental procedure. 

The Grignard reagent (0.34 mmol) in THF (2 mL) was added over 5 rain. to a stirred solution of 1 (0.100 g, 

0.34 retool) in THF (3 mL), cooled at -70°C. After about 15 rain. the reaction mixture was quenched with 

saturated aqueous (NI-I4)2SO4 and stirred while warming to 20°C. After extraction with Et20, the organic 

layers were washed with distilled H20 and brine, dried over Na2SO4, and concentrated in vacuo. Products 

were isolated by flash chromatography and fully characterized. 7 
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