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Abstract. o~-Hydroxylactones undergo decarboxylation when submitted to the system (diacetoxy- 
iodo)benzene (DIB)/iodine under mild conditions. ~-Oxygen substituents were observed to deactivate the 
decarboxylation reaction. 

The decarboxylation of organic acids, usually under oxidative or reductive conditions, with concomi- 

tant replacement by a halogen, through a radical intermediate, in the Hunsdiecker 1 or modified Hunsdiecker 

reaction, 2 comprises a useful and selective procedure for the synthesis of halogenated substances. 
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We have reported previously 3 the use of a hypervalent iodine reagent, (diacetoxyiodo)benzene, in 

order to promote the iododecarboxylation of carboxylic acids to alkyl iodides. This procedure, as are other 

radical methods, 4 is based on the formation of a carboxyl radical (I) in the free acid that evolves CO 2, as 

shown in Scheme 1 to give an alkyl radical that can subsequently be trapped by a halogen radical. On the 

other hand, to the best of our knowledge, the formation of alkoxycarbonyl radicals (II) has not been reported 

under oxidative conditions. We conceived the possibility of decarboxylating a lactonised acid by breaking 

the C-CO bond, provided that we could create an ~-alkoxy radical able to promote a [3-fragmentation reac- 

tion. It is known that alkoxycarbonyl radicals derived from tertiary alcohols are fragmented quite readily to 

give deoxygenated products in good yields; 5 however, the literature suggests that such radicals from secon- 

dary alcohols are thermally stable, unless the derived carbon radicals are specially stabilised. 6a In fact, high 

temperatures (130-180 °C) and, usually, low yields of decarboxylated products were observed in the exam- 

ples reported. 6b Indeed, Togo et al. 7 report that primary and secondary alkoxycarbonyl radicals, instead of 

undergoing decarboxylation are stable enough to trap intramolecularly an olefinic double bond to give l a c -  
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Table. l-Fragmentation of o~-Hydroxylactones by DIB. 19 

Entry Substrate Solvent Reagents 

(mmol) a 

TBDMSO 
1 Cy 1.211.2 

BzO OH 

AeO 

2 b ~ H O  O CH2CI2 1.2/1 

OAc 
3 

Conditions 

Time (h) Temp. (°C) 

4 40 

Products 

(Yield %) 

O 

3 H O ~  CC14 1.2/1 1.5 55 

6 
OH 

4 o Cy 1.6/1 2 58 

AcO 8 

OBz 
TBDMSO _ _ - - ~ @  

OH O 

r.t. t 

2 (75) 

AcO~OAe 
I 0 

4 (25) 

AcO @ ~ " ~  OAc 

o 
5 (51) 

i 

7 (64) 

AcO ~ 0  
9 (60) 

a) Mmoles of (diacetoxyiodo)benzene/mmoles of iodine per mmol of substrate, t,) In this experiment some starting material was 
recovered (20%). TBDMS = tert-butyldimethylsilyl, Cy = cyclohexane. 

one derivatives. Since we have shown that DIB/I2 is a good system for obtaining alkoxy radicals, 8 we 

decided to submit several ot-hydroxy-y- and 8-1actones to this reagent in order to form secondary alkoxycar- 

bonyl radicals. The incidence of the oxygen-carbon 1-bond effect in radical reactions is well known and has 

been widely discussed. 9 It has been suggested that l-bonded oxygen influences the stability of the intermedi- 

ate carbon-centred radical favouring its formation as in the Barton-McCombie deoxygenation, 9b or opposing 

it, as occurs in the hydrogen atom abstraction from ethers by tert-butoxyl radicals. 9c This apparent contradic- 

tion is explained in terms of different polar effects in the proposed intermediates. We chose the substrates 

also with the aim of observing the inductive effect of the l-oxygen substituents on the decarboxylation 

reaction. 

The glucosaccarinic lactone derivative 110 when treated with DIB/I 2 at 40 °C undergoes CI-C 2 cleav- 

age to give the I-deoxyribulose derivative 2 II in good yield, being detected as only one isomer by NMR, 

this chiral product with 1,2-diol substructure can be an interesting building block. When the reaction was 

performed with isosaccarinic lactone diacetate 312 this took place at room temperature to give a mixture of 

the iododerivative 413 and the predominant o~,l-unsaturated ketone 5.14 With the quinic acid 8-1actone de- 
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rivative 615 the reaction with DIB/I 2 leads to the alcohol 7,16 with retention of configuration in C-3 as 

indicated by the NMR signal at 4.24 ppm, where the coupling constant J3,4 2.8 Hz, obtained by decoupling 

experiments, shows the equatorial configuration of H-3. A derivative of this polyalcohol has been used 

previously as a chiral intermediate in the synthesis of some antibiotics. 17 When the substrate used was the 

steroid ~'-lactone 818a the sole product observed was the (z,13-unsaturated ketone 9.18b 

If we compare the reaction of substrate 3 with that of 1 which shows an additional 13-oxygen effect in 

carbon-3 (entries 1 and 2), we deduce that this effect does not favour the decarboxylation. This is corrobo- 

rated by the reactions of quinic acid lactone 6 (entry 3) that does not undergo decarboxylation, with I~-oxy- 

gen effect, and also by the substrate 8 (entry 4) that, lacking that inductive effect, is decarboxylated. A 

plausible explanation of this behaviour can be reached if we accept a dipolar transition state [A], similar to 

that proposed for the Barton-McCombie deoxygenation, 9b as shown in Scheme 2, where the carbon atom 

exhibits a fractional positive charge, which would be destabilised by the inductive effect of the 13-oxygen 

substituent. 

Scheme 2 
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In the Scheme 2 is shown a possible mechanism to explain this reaction. The alkoxy radical initially 

formed undergoes ~-fragmentation to give the intermediate [A] that, when R 2 is an oxygenated function, is 

able to trap a radical originated in the reaction to form an ester that would then be hydrolysed to the alcohol 

derivative (e.g. 2 and 7). When R 2 = H the intermediate [A] is decarboxylated and the radical is also 

stabilised by an iodine radical from the medium that could be isolated (like 4) or eliminated ultimately to the 

olefinic products (e.g. 5 and 9). 

In summary this unprecedented reaction of decarboxylation of o~-hydroxylactones is mechanistically 

interesting, because it is based on a C-C cleavage originated by a radical located outside of the carboxyl 

group, is performed under non-photochemical mild conditions 19 and does not depend on the ring size (y- or 

8-1actone) in the studied cases, being compatible with several protective groups. 
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