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Abstract: An egicienf ailylaiion o$ uariow I,$-dicarhonyl compounds cm be 

achieued with ally1 acetafes in fhe presence of cntalyfic cobalt (II) chloride in f.2- 
dichlomeihane. 

Palladium catalysed allylation of 1,3-dicarbonyl compounds with ally1 acetates has emerged as an 

outstanding transformation’ in the domain of synthetic organic chemistry. The versatility of this method- 

ology is clearly evident from the widespread use that it enjoys2 in the contemperory organic synthesis. 

These allylations are conducted on the preformed x -ally1 palladium complex under basic conditions using 

stabilised anions derived from 1,3-dicarbonyl compounds. We now present an operationally simple and 

efficient route to allylations which can be performed using neutral 1,3- dicarbonyl compounds and ally1 

acetates in the presence of catalytic amount of cobalt (1I)chloride. 

Treatment of ally1 acetates 2 with methyl acetoacetate la in the presence of cobalt (1I)chloride (5 mol%) 

in 1,2- dichloroethane at 70” C for 8-12 h afforded the allylated products3 in good yields. These allylations 

can also be carried out with acetylacetone lb and ethyl-a- oxocyclopentanecarboxylate lc in moderate 

to good yields. The regiochemistry of the allylation depends upon the structure of the ally1 acetates and 

most of the reactions afforded one of the regioisomer as the major product (Table 1). Acetylacetone and 

cyclic 1,3- dicarbonyl compound lc exhibited a high regiochemistry and provided the allylated products 

in good chemical yields. 

The reaction with diene acetate 2d is quite regioselective and this selectivity seems to depend upon the 

nature of the 1,3- dicarbonyl compounds. Thus methyl acetoacetate la gave the linear alkylated product 

4g, whereas acetylacetone lb and cyclic ketoester lc afforded the branched alkylated products 3i and 

Sa respectively as the major regioisomer in good yields (Table 1 and scher.e 1). These reactions result 

into the formation of small amounts of the corresponding regioisomcr .uld interestingly no eliminated or 

oligomeric products were observed under these conditions. 

The reaction between enyl acetate 2e and methyl acetoacetatc la afforded an equal mixture of regioiso- 

mers (Table 1,entry 8) whereas acetylacetone lb and the cyclic kctoester lc underwent highly regioselective 

alkylation to provide the branched products 4j (Table 1,entry 10) and 5b (scheme 1) respectively as the 

major regioisomer in excellent yields. The corresponding regioisomers from the reaction involving lc were 

obtained in minor amounts whereas no regioisomcr was observed in the case of acetylacetone lb. It is 
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Table 1: Cobalt Chloride Catalysed Reaction of 1,3-Dicarbonyl Compounds with Ally1 

Acetates 

Entry Dicarbonyl Ally1 R 
compound acetate’ 

R’ R’ R3 Isolated Se1ectirit.I 

Yield”(l) Regio( 3:4)” Stereo( E:Z )’ 

I 

2 

3 

4 

5 

6 

7 

6 

9 

10 

la 

lb 

lc 

lb 

2a OMe Et Me 

2b Ohle Me hle 

2c Ohk Et Ph 

2a hle Bu” Me 

2b hIe Me Me 

2c hfe Pr” Ph 

2d OhIe CH,-CH-CH,- Ph 

2e OMe Me Ph-C% 

2d Me CH?CH-CH1- Ph 

2e hle Me Ph-C-X- 

H 29 

Me 2i 

H 55 

H 36 

hle 3.5 

H 65 

H 53 

H 26 

H 64 

H 55 

(3a:la)30:70 60:40 

(3b:4b)90:10 - 

(3c:lc)2%75 9O:lO 

(3d:ld)20:80 70~30 

(3e:le)lOO:O - 

(3f:4f)90:10 loo:0 

(Sg:lg)35:65 - 

(Sh:lh)50:50 g5:5 

(Si:li)70:30 - 

(3j:4j)20:80 - 

(a) Isolated yield of the mizture of rcgioisomers. (a) Ratio was determined from the ‘H-IVhfR of the 

crude miztun of regioisomers. (c) Ratio of the geometrical isomers of the major ngioisomer. (d) All the 

acetates were a miztun of E : Z isomers with predominantly E (~80%) stereochemistry. 

noteworthy that the reaction with acetylncetone lb is highly rrgioselective and it exhibits the opposite 

regiochemistry as compared with that of methyl acetoacetate la (Table l&tries 3,6,7 and 9). Interest- 

5b (46) 
(Scheme 1) 
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ingly,mcthgl ace~oarc~atc la failed 10 react with a diaslcrcomcric mixture of rarvoyl acctatc 2f whereas, 

acc~tylacrionr lb readily affoordcd lhc trans diaslcrc-omcr 6 as the major product ( eq. 1). 

b 0 AC 
0 Ib 

CoCl2 
(eq. 1) 

I 
A. 

(40%) 

2f 6 

The mechanism for this reaction is piescntly unclear however, these results may be accounted for bawd 

on the following mechanistic rationale ( scheme 2 ). The interaction of cobalt (II) with ally1 acetate may 

provide’ a r-ally1 cobalt complex (a) which subsequently reacts with 1,3- dicarbonyl compounds via a 

redox process to give a cobalt-enolate (b). The later species may undergo an intramolecular carbon-carbon 

bond formation to afford the allylated product. We have earlier proposed a similar model’ for the reaction 

of vinyl ethers with methyl acetoacetate. The high regioselectivity in the case of acetylacetone, which will 

COR 

OAc 

kg --J--P 
-AcOH 

3 or 4 

(4 R’ 

(Scheme 2) 

readily form an enolate, may be arising due to this intramolecular reaction. 

We have demonstrated that cobalt (II)chloride catalysed allylation of 1,3- dicarhonyl compounds can 

be performed under very simple and mild conditions and thus this methodology provides a formidable 

alternative to similar transformations achieved by other metal catalyst. 
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3.75(s, 3H), 2.85(m, 2H), 2.15(s, 3H). IR.(CHC&, cm-r): u 1740, 1725, 1625, 1630, 1595, 1490, 1430, 1350. 
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Sh : ‘H NMR(CDCls) 6 5.30(m, SH), 6.05(dd, J=4 and 18 Hz, lH), 5.85(d, J=18 Hz, lH), 3.80(s, 3H), 

3.48(d, J=7.5 Hz, lH), 3.15(m, lH), 2.18(s, 3H), l.OS(d, J= 7.0 Hz, 3H). IR(CHCl~,cm-I): v 2200, 1740, 

1700, 1585, 1480, 1430, 1250. 
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