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Abstract: Oxidative reaaiotu of aallyl-bketo esters 5 with Mn(OAc),-2H,O give rhe Ghydro&%ruutbWeda-keto 

esters 6 in pod yields. The mechanism of this reaction is discused. 

Manganese(m) acetate promoted oxidation of p-clicarbonyl compounds produces electrophilic radicals that 
have been used extensively for the intramolecular cyclization of unsaturated-P-dicarbonyl compounds. However, 
most of the reports in this field axe concerned with the intramolecular cyclization of *unsaturated-jMicarbony1 
compounds (eq l).’ and examples of electrophilic radicals 2 which react directly with a-allylic olefms have not 
been reported We planned to examine the cyclization of a-allyl-~-dicarbonyl compounds 1, which can be easily 
prepared from the corresponding acetate by Pd catalyzed allylic substitution.’ The oxidative free-radical 
cyclization of these compounds might be expected to give highly functional&d cyclopropanes 3 which could be 
converted into useful products 4 for the synthesis of natural products.3 In this paper we report the unexpected 
results of the oxidative free-radical reaction of various a-allyl-P-keto esters. 
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Scheme 1 

When compound Sa was exposed to 2 equiv of Mn(OAc), and 1 equiv of Cu(OAc), in acetic acid at 2%. 
the cyclized product 3a was not obtained and the Ghydroxy-P,y-unsaturated-a-keto ester 6a was the only 
product which could be isolated from the reaction mixture. Since the conversion of 5a into 6a is very interesting 
both mechanistically and synthetically, we decided to investigate this novel ox&&e cleavage reaction. Attempts 
to optimize’ this reaction led to the use of 2 equiv of Mn(OAc), in methanol at 25’C and tiorded 6a in 78% 
yield. The P-methoxy-a-hydroxy ketone 7a was also isolated in 19% yield. 

XOMe 2Mn(lll),Cu(ll)_ x; + bIie 

5a 6r 7r 

Scheme 2 
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Several other a-allyl-a-keto ester derivatives were subjected to the reaction to determine its generality and 
stereochemistry. The results of these experiment are summarized in the table below.5 

Table: Mangaoese(III)-Based Oxidative Free-Radical Reaction of 5’ 

EMfY Substrates 5 M~(OAC)~ Cu(OAch time (d) Products.b yieldC 

4 

7 

0 

9 

b 5a 
0 0 

%- / 5b 
0 0 

T- 
MeMe 

SC 

0 0 

XT- 

0 0 

Jv- 

0 0 

0 0 

“r”- 
m 51 

2eq 

2eq 

1.5 

1.5 

2 =I 2.5 

2eq 2 

2eq 1 

2 eq 

2 eq 

1 

leq 1 

2 eq 

2 eq 

4 

leq 2 

2 eq leq 0.5 

2 eq 

2 eq 

1 

‘eq 1 

67% 

0 

15% 

64% 

6h 

0 0 
trace 

-tPb= / 

’ 9 

’ All reactions we-n carried out in methanol at 25’C using Mn(OAc)J -2Hfl(2 cquiv) in the prcscncc or absence of Cu(OAch*H~O. 

’ All compounds showed characteristic spcchal data and exact mass spxuoscopic data ‘Isolated yields are given. 
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A number of points deserve comment. When the allylic position of 5 (E to the ester) was blocked, the 
by-product 7 was not obtained, and the desired products 6 was obtained in excellent yield (entries 3-7). The 
relative stereochemistry of 6e and 6 f was established on the basis of NOE experiments6 which indicate that the 
hydroxyl group was introduced to the same face as the p-keto ester group. In the reaction of Se, the unstable 
epoxide 8 could be isolated by rapid work up and converted to 6e by silica gel or pyridine treatment. It is also 
noteworthy that no product was obtained when the reaction was carried out under vigorously deoxygenated 
conditions, and this suggests that molecular oxygen participates in the reaction.’ This result, the stereochemistry 
of the products observed and the isolation of 8 have led us to propose the mechanism shown in Scheme 3. 

pafib 
F&H I - M(n-1) 

00 

Q 3 OMo [step3) 
0 

1 ( 
M(n) 

. M(n) = Mn(lll) or Cu(ll) 

R’ ‘w 
1 

OH 

0 

15 OH 

OM0 
7 

Scheme 3 

Fist the electrophilic radical 10 generated with Mn(OAc), reacts with molecular oxygen to give the 
endoperoxide radical 11 (steps 1 and 2). Radical 11 is then converted to the metal complex 12 (M = Mn or Cu) 
which undergoes nucleophilic attack by methanol at the carbonyl group causing cleavage of the methyl ketone 
group and affording keto-epoxide 13 (steps 3 and 4, path a).’ Finally, opening of the epoxide occurs to give 6. 

Substrate S i, which is expected to generate the stable benzylic radical 11 i. failed to give 6 i. Instead, 
cyclixed product 9 was obtained in 20% yield, suggesting olefln isomerization had occurned. It is likely that steps 
1 and 2 are reversible, and that 5 i is isomerized to its (Z)-isomer through these steps. 

We attempted intramolecular trapping of the radical in 11 with an olefin (entry 7); however, none of the 
expected decalin derivative was observed with lactone 6 g being obtained in good yield. Apparently conversion of 
mdical 11 to epoxide 13 is a very rapid process. 

When the b-carbon is sterically less hindered (Sa and 5 b, R, = R, = H), methanol can displace the metal 
substituent of 12 (path b). Cleavage of the resulting methyl ketone and further oxidation gives the major 
by-product 7.9 

In summary, we have shown for the first time that the electmphilic radicals 10, prepared by oxidation of 
j3-dicarbonyl compounds with manganese(II1) acetate, can be directly trapped by molecular oxygen and converted 
to S-hydroxy-P,~unsaturated-a-keto esters in good yields. The overall transformation provides products of high 
functionality which should be useful for the synthesis of a variety of natural products. 
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Representative Procedure: 
Mn(OAc),*ZH,O (0.95 mmol) was added to a stirring solution of j3-keto ester 5 c (0.47 mmol) in methanol 

(9.5 mL). The resulting brown mixture was stirred under air at 2X for 2.5 days at which time it was filtered 
through a celite pad. The residue obtained after removal of the solvent was purified by flash chromatography, 
giving a-keto ester 6 cl0 (96%). 
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When compound 5 j was exposed to 2 equiv of Mn(OAc), and 1 equiv of Cu(OAc), in methanol at 25%. not only 6 e but also 
carboxylic acid 15 ad ester 16 wee obtained. 

CO&b 
H 0 2Mn(lll)~2Cu(ll) 

a 
/ OBn -’ 

c 6. +BnodOH + bo+$O~ 

61% 
hde 61 

16 32% 16 11% 

Became of easy epimerization 7 b was obtained as an equilibrium mixture of the syn rsrl cuui isomer. 
Spectral data of 6c: JR(neat) 3442, 2958. 1739, 1674. 1202, 1154, 1060 cm-‘; ’ H-NMR (CDCI,) 8 6.79 (d. b2.6 Ha. 1 H). 

4.09 (d, J=2.6 Hx, 1 H). 3.89 (s, 3 H). 2.31-2.23 (m, 2 H), 1.80-1.64 (br-s. 1 H), 1.68-1.46 (m, 2 H), 1.04 (s, 3 H), 0.89 (s. 
3 H): “C-NMR (CDCl,) 8 187.7, 164.3, 148.6, 135.8. 74.7, 52.6, 33.8, 33.0, 26.8, 20.1. 19.5; MS m/z 212 (M’. 4.3). 153 
(74). 135 (22). 125 (20). 43 (100); HRMS cakd for C,,Hu.O,: 212.1049, found: 212.1039. 
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