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A bsfracf: Ozonolysis of terminal alkenes followed by reacting with a preheated 
mixture of CHzBrz-EtzNH affords a-substituted acroleins, which can be converted 
to or-keto acid derivatives in three steps, under very mild reaction conditions. 

ol-Keto acid derivatives play important roles not only in organic synthesis but also in biologically active 

natural products. I Oxidation of a-hydroxy esters, oxidative cleavage of the double bond of (Y,p- 

unsaturated carbonyl compounds and Q-oxidation of carbonyl groups are typical methods for the 

preparation of cz-keto acid derivatives. 2 Likewise. ol-keto amides are mostly obtained from amidation of CY- 

hydroxy esters or acids. followed by oxidation. Of the above methods, most lack generality or suffer from 

lengthy procedures. The use of toxic KCN and drastic hydrolytic conditions limits the application of some 

methods for the preparation of a-keto acid derivatives with labile functional groups. Recently, we have 

reported that treatment of ozonides derived from terminal alkenes with a preheated mixture of 
dibromomethano and diethylamine in dichloromethane affords cY-substituted acroleins in good yields.3 

Since the cr-methylene group is a masked form of carbonyl group, we envisaged a versatile strategy for the 

formation of cr-keto acid derivatives based on the further functional group transformations of these w 

substituted acroleins. In this report. we summarrze the results of our work in this direction. 
The ozonolysis of I-decene (1) followed by addition of a preheated mixture of CH2Br2 and EtZNH 

afforded acrolein 3 in 62% yield. Although the high yielding oxidation of acroleins to methyl acrylates by 
MnOa in the presence of KCN in methanol has been reported4, another approach was investigated in order 

to avoid using toxic KCN. The oxidation of a-substituted acrolein 3 by Jones reagent gave an inseparable 

mixture of the acrylic acid 4 in addition to an over-oxidized product. However, a modified procedure using 

sodium chlorite in the presence of a chlorine scavengers resulted in the acrylic acid 4 formation in 98% 

yield.6 The acrylic acid 4 was treated with one equivalent of diazomethane to give the methyl acrylate 5 in 

excellent yield. The presence of excess diazomethane might result in the further 1,3dipolar cycloaddition 
to give A1-pyrazoline.7 The ozonolysis of methyl acrylate 5 followed by reduction with Ph3P afforded CY- 

keto ester 6 in 66% yield. Acrylic acid 4 was converted into the acryloyl chloride 7 by thionyl chloride in 
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excellent yield. There was no double bond isomerization problem even under these acidic conditions. The 

crude product reacted with ammonium hydroxide to give an excellent yield of acrylamide 8 which was 
subjected to sequential ozonolysis and reduction to yield the corresponding a-keto amide 9 in 90% yield. 

The acryloyl chloride 7 also reacts with pyrrolidine or L-valine methyl ester to afford the corresponding 
acryloyl amides 10 and 12 in excellent yields. In general, the yield for the formation of or-keto amides is 

better than that of a-keto esters.(Scheme 1) 
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Reagents and Conditions: (i) 03. CH$l-. 7 -78 “c; Preheated mixture of EtzNH and CHZBr2 (ii) 
2.3 mol equiv NaCl02. z-BuOH. 2 mol equiv NaHzP04*2H20, 3 mol equiv CH-&H=C(CH3)2 (iii) 1 
mol equiv CH2N2 (iv) 03, CH$l2, -78 97; then 1 mol equiv Ph3P (v) 5 mol equiv SOC12 (vi) 
NHg(aq) (vii) pyrrolidine (viii) 1.1 mol equiv L-valine methyl ester, 2 mol equiv Et3N. 

Since the reaction conditions involved in Scheme 1 were very mild, it seemed likely that the sequence 

might tolerate the presence of the labile groups. Both the keto-olefins 14a and 14b* can be converted to 
the a-substituted acroleins 15a and 15b. respectively, in good yields where the keto groups are intact 

(Scheme 2: entries 1 and 2. Table 1). Moreover. the acrolein 15 b, where the quarternary center is 
adjacent to the a-carbon of the acrolein group, was formed in 61% yield (entry 2). These acroleins can 

also be converted to cr-keto esters in good yields (entries 1 and 2). Hydroxy-olefin 14c (entry 3). 
acetoxy-olefin 14d (entry 4) and iodo-olefin 14e (entry S) were also transformed into the corresponding OL- 

keto ester derivatives in good yields riu similar way. The only exception was that the reducing agent in 

the ozonolysis of acrylate 17c was methyl sulfide rather than triphenylphosphine. This was because the 
polarity of a-keto ester 18c was close to triphenylphosphine oxide on thin layer chromatography. In order 
to obtain a good separation by column chromatography, cr-keto ester 18c was exposed to the silica gel for 

a long period of time while eluting with the lower polarity solvent system. This will result in the self 
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condensation of Q-keto ester 18~ catalyzed by silica gel. This obstacle could be overcome by using methyl 

sulfide as reducing agent, where the DMSO byproduct is easily removed by extraction. 

14 
15 16 17 18 

Reagents and Condirions: (i) 2.3 mol equiv NaClO 2. r-BuOH, 2 mol equiv NaHzP04.2H20, 3 mol 
equiv CH-JCH=C(CH~)~ (ii) 1 mol equiv CHzN? (iii) 03, CH2Clz. -78 T; then 1 mol equiv Ph3P 

Table 1: Transformation of terminal alkenes (14) to cr-keto esters (18) 

entry 
a-keto ester 18 alkene 14 acrolein 15 acrylic acid 16 acrylate 17 

R= yield (%)” yield (%)” yield (%)” yield (W)” 

I 
6 
14a CH2- 

2 UCH- 
14b ’ 

CH, 

3 
cc/ OH 

14c 

CH,- 

4 
cc OAC 

I4d 
CHI 

5 
cc I 

14, 

0 

63 x3 96 64 

61 72 86 71 

64 85 91 62b 

63 98 87 69 

68 9x 87 67 

a. Yields of the isolated product. All compounds were characterized by exact mass spectrometry, 
IR. and NMR (tH and 13C). b. MezS was used as reducing agent instead of Ph3P. 

In summary. cr-keto esters and amides can be prepared in four steps from terminal olefins. The 

reaction conditions in each step are substantially mild that substrates with labile functional groups can be 

used. The relatively mild and nontoxic nature of our reaction condition compared with traditional methods 
indicates that our method might find wide application. 
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