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Generation of 2-Carboethoxyethylzinc Iodide and 3-Carboethoxypropylzinc Iodide and Their 
Application to the Synthesis of Y- and d-Keto Esters 

Yoshinao Tamaru, Hirofumi Ochiai, Tatsuya Nakamura, Kazunori Tsubaki, and Zen-ichi 
Y oshida* 
Department of Synthetic Chemistry, Kyoto University, Yoshida, Kyoto 606, Japan 

Summary: 2-Carboethoxyethylzinc iodide and 3-carboethoxypropylzinc iodide are generated by 
the reaction of the corresponding iodoesters with Zn-Cu couple and utilized for the palladium 
catalyzed coupling reaction with acid chloride to quantitatively provide gamma- and delta- keto 

esters, respectively. 

The generation and use of p-metalloketones and esters (homoenolates) are a current 
interest of great concerns of organic chemists. 1 Typically, these species may be formed by 
(1) cyclopropane ring opening ,2 (2) 1,2-addition of acyltransition metals to olefins,’ (3) 
Michael type addition of metalhydride to enones, or (41 selective deprotonation of the 
P-hydrogen of some Y,G-unsaturated amides.5 Allylic metals with hetero atom substituents at 
the olefinic terminus may also be used as a synthetic equivalent of homoenolate.’ 

benzene-DMF or 

C,H,OC ( CH2), I + Zn- Cu * C,H,OC (CH,),Zn I (e9.1) 

I: benzene-DMA 8 

Homoenolate 1: n=2 

Bishomoenolate 2: n = 3 

In this communication, we describe the fifth and straightfoward synthesis of zinc 
homoenolate (equation 1, n = 21 and zinc bishomoenolate (equation 1, n = 31, which is 
reminiscent of the Reformatsky type zinc enolate formation (equation 1, n = 1) .7 The 
homoenolate (2-carboethoxyethylzinc iodide 9 was prepared by the direct reaction of ethyl 
I-iodopropionate with Zn-Cu couple in dry benzene containing a small amount of 
N,N-dimethylformamide (DMF) or N,N-dimethylacetamide (DMA). The formation of b was 
indicated by the formation of ethyl propionate and the concomitant disappearance of the 
iodide, as judged from vpc analyses of the reaction aliquots after acid hydrolysis. DMF or 
DMA is indispensable for the formation of 1. 

Iv In the absence of DMF or DMA, no formation 
of enolate 1 was discernible. Y 
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Table I. Palladium Catalyzed Coupling Reaction of Acid Chlorides with 1 or 2a W N 

entry 1 or 2 acid chloride product % isolated yieldb 
/v /v 

DMF DMA 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 
N 

1 N 

1 N 

1 N 

1 N 

1 
Y 

1 U 

1 N 

2 
Y 

3 

2 
N 

2 
N 

C2H5COC1 C2H5CO-_(CH2J2C02Et 

n-C7H15COC1 n-C7H15CO-(CH2)2C02Et 

PhCOCl PhCO-_(CH2)2C02Et 

4-MeOC6H4COCl 4-MeOC6H4CO-(CH2)2C02Et 

72 84 

79 100 

72' 100 

69 94 

4-ClC6H4COCl 4-ClC6H4CO-(CH2J2C02Et 

2-MeOC6H4COCl 2-MeOC6H4CO-(CH2)2C02Et 

PhCH=CHCOCl PhCH=CHCO-_(CH2)2C02Et 

CH2=CCOC1 
I 

CH2=CCO-_(CH2)2C02Et 
I 

Me Me 

74 100 

54 81 

66 92 

_- 90 

n-C7H15COC1 n-C7H15CO-(CH2)3C02Et 60 94 

Me02C(CH2)4COC1 Me02C(CH2)4C-(CH2)3C02Et 
II 
0 

66 90 

Me02C(CH2)7C-(CH2)3C02Et 
II 
0 

63 89 

58 72 

a) 

b) 

cl 

For the reaction conditions, see text. 
Yields refer to the isolated ones by means of column chromatography and 
based on acid chloride. 
Benzoic anhydride was isolated in 25% yield (based on benzoyl chloride) in 
addition to the expected ketone. 
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In connection with the preceding communication and owing to the synthetic importance of 
Y-k&o esters, we examined the palladium catalyzed coupling reaction of & with acid chloride 

(equation 2) . 8 By applying exactly the same procedure as the reaction of acid chloride and 

alkylzinc iodide,’ i. e., addition of a benzene solution of tetrakis(triphenylphosphine)- 
palladium(O) and acid chloride into a solution of $ (at room temperature or at 60°C bath 
temperature, generated in the presence of DMF) , was obtained the expected Y- keto esters in 

rather low yields (e.g. , n-C7H15COCH2CH2COZCH2CH3 in 50 - 60% yield). Sequential 

addition of tetrakis(triphenylphosphine)palladium(O) in bezene at 60°C followed by removal of 
a heating bath and prompt addition of a benzene solution of acid chloride gave slightly 
improved results (e.g., entry 2, DMF column in Table I). Despite of our considerable 
experimentations, however, the yield never exceeded over 809, irrespective of the kinds of 
acid chlorides. In the reaction of benzoyl chloride with &, benzoic anhydride was isolated in 
25% yield (based on benzoyl chloride) in addition to the expected Pketo ester (72%, based on 
benzoyl chloride, entry 3, DMF column in Table I). The formation of benzoic anhydride may 
be attributed to a concomitant formation of Vilsmeier reagent (N , N-dimethylchloroformiminium 
chloride) lo from DMF and 2 moles of benzoyl chloride. In order to minimize this side 
reaction, we replaced DMA for DMF as a co-solvent and obtained quite satisfactory results. 
Dramatic effect of DMA for the improvements in yields is apparent by comparison of the 
columns of DMA and DMF in Table I. The coupling reaction of the homoenolate I+ with acid 
chloride is generally applicable to a wide structural variety of acid chlorides, including 
aromatic and saturated acid chlorides as well as unsaturated ones. 

1or2 + RCOCl - RCO-(CH2)nC02Et (equation 2) 

n = 2 or 3 

Zinc bishomoenolate (3-carboethoxypropylzinc iodide 2) was also found to be smoothly 
generated by the reaction of ethyl 4-iodobutyrate and Zn-Cu couple according to the similar 
procedure (equation 1, n = 3). The bishomoenolate j$ showed the similar reactivity to 1 N 
toward the palladium catalyzed coupling reaction with acid chlorides. Here again, DMA 
showed the better and more satisfactory results than DMF. In the entries 9 - 12 in Table I 
are summarized the results, where the synthetic utility of z was exemplified by the synthesis 
of synthetically important unsymmetrical keto 1 ,w-diesters. 

All the reactions listed in Table I were performed in the same procedure typified by the 
reaction of a-methacryloyl chloride and 1: Into a nitrogen purged flask containing Zn-Cu 
couple (150 mg, 2.3 mmol) l1 was added: solution of ethyl 3-iodopropionate (329 mg, 1.5 
mmol) in dry benzene-DMA (3 mL - 0.2 mL). The mixture was stirred at an ambient 
temperature for 1 h and then at 60°C (bath temperature) for 3 - 4 h. A suspension of 
tetrakis(triphenylphosphine)palladium(O) (46 mg, 0.04 mmol) in dry benzene (1 mL) was added 
and stirred at the same temperature for 5 min. After removal of a heating bath, a solution 
of a-methacryloyl chloride (105 mg, 1 mmol) in a small amount of dry benzene was promptly 
added in one portion. After a highly exothermic reaction had subsided, the reacton was 
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continued for ca. 30 min. Addition of the reaction mixture into ethyl acetate (50 mL), 
sequential washing with lN-HCl, sat. NaHC03, and then with sat. NaCl, drying over MgS04 
and evaporation of the solvent left a colorless liquid, which was chromatographed over 
silica-gel (hexane-ethyl acetate gradient), 12 Ethyl 4-oxo-5-methyl-5-hexenoate: 90% isolated 
yield; colorless oil; ‘H NMR (6, CDCl,) 1.25 (t, J = 7.3 Hz, 3 H), 1.89 (s, 3 H), 2.61 (t, J 
= 5.6 Hz, 2 H), 3.02 (t, J = 5.6 Hz, 2 H), 4.14 (q, J = 7.3 Hz, 2 H), 5.79 (s, 1 H), and 
6 .Ol (s, 1 H); IR (neat film, cm-‘) 1725, 1670, 940, and 860; mass (m/z, relative intensity) 
170 (M+, 9), 125 (34), 101 (19), and 69 (100). 

The homoenolate i and bishomoenolate $ are promissing synthetic intermediates and we 
are now under extensive study on their reactions with many kinds of electrophiles as well as 
their structural elucidation. 
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