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Lorenzini and Walling* reported a-chlorinotions of butyroldehyde and isobutyroldehyde in high yields 

by stoichiometric amounts of CuCIp. Kosower and Wu3 reported o- ond y-chlorinotions of unsaturated 

ketones. We found that o,&unsoturoted oldehydes and ketones were y-chlorinated stoichiometricolly by 

CuC12 in N, N-dimethylformomide solution (reaction 1) ond that catalytic procedures for this reaction could 

be used bosed on regeneration of CuCl2 from CuCI. Chlorine wos used OS both oxidont and halogen scurce 

(reaction 2), or hydrochloric acid was used OS hologen source with on electrode (reaction 3) or oxygen 

(reaction 4) OS oxidont. 

CH3CR=CR’COR” + 2 CuCI? -& CICH,CR=CR’COR” +2 CuCl + HCI 

!, 2 

(1) 

2 CUCI + Cl2 + 2 CUCIZ Q) 

CuCl + Cl- + CuCl2 + e- (3) 

2CuCl+2HCI+&Q +2CuCIz+H20 (4) 

One mole of 2-methylcrotonoldehyde (&j was treated with 2 moles of CuCl2 in 500 ml N, N-dimethyl- 

formomide at 75’C for 2 hr. The reaction mixture wos diluted with water, and the product was extracted with 

ether, dried with onhydrous MgSO4, and distilled under reduced pressure; it gove o 390/, yield of ‘&at 3370 

conversion. 4 

A solution of 1 mole of I&, 450 ml isopropyl alcohol, 50 ml water, 0.40 mole CuClz, 0.20 mole LiCI, 

and 0.40 mole hydrochloric acid was stirred while 0.60 mole chlorine gas was admitted over a 2-hr period 

at 74°C. The rote of oddition was controlled to keep the oxidotion potentiol below 0.350 v (platinum Vs. 

saturated colomel electrode) and thus minimize addition to the double bond. Extroctive work-up and 

distillation, OS described previously, gove a 64% yield of &, at 47% conversion, 
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A solution of 1 mole of $2, in 450 ml isopropyl alcohol and 400 ml water containing 0.50 mole hydro- 

chloric acid and 0.20 mole CuCIz was used as the anolyte in an electrolytic cell. A platinum anode and a 

lead cathode were separated by a cationic ion-exchange membrane. The catholyte was 1 I. of 0.5 M hydro- - 

chloric acid. The onolyte was stirred at 6O“C and the anode potential held at +O. 7 v vs. a saturated calomel 

electrode while 1.6 faradays were passed. Extractive work-up and distillation gave a 25% yield of & at 

2296 conversion. 

One mole of &and 1.20 moles of 12N hydrochloric acid were added simultaneously to a solution of 

650 ml acetic acid and 250 ml water containing 0.20 mole CuCIs while the solution was stirred rapidly and 

air was admitted at o rate of 1.5 I./min; the addition was carried out at 75“C over a 1.5-hr period, ond 

stirring and aeration were continued for another 1.5 hr. Extractive work-up and distillation gave a 63% 

yield of & at 55% conversion. Gas chromatograms prior to distillation of the material showed that $_ had 

been formed in 88% yield at 62% conversion. 

The lost method was used to y-chlorinate crotonaldehyde (&$ and 3-penten-2-one (&j. The yield of 

2a was 15% (at 14% conversion), and the yield of&was 13% (at 8.370 conversion). Similar results were 

obtained by application of this procedure to saturated compounds: lsobutyraldehyde gave 2-chloro-2- 

methylpropionaldehyde ot 19% yield ond conversion, and 4-methyl-2-pentanone gave 3-chloro-4-methyl-2- 

pentonone in 14% yield at 5.7% conversion. 

This demonstration thot such a- and y-chlorinations may be made catalytic in copper provides a useful 

one-step synthetic route to some compounds otherwise difficult to obtain. 
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