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Summary: Treatment of the unmturated &ctol (1) with (diacetoxyiodo)benzene in the presence of iodine 

lea& to p-fragmentation-intramolecular cyclizaton of the initially fomed alkoq~ radical to yield spiro[4.4] 

iodoanhydrides (2) and (3). 

The p-fragmentation of alkoxy radicals, generated by reaction of intramolecular hemicetals with 

(diacetoxyiodo)benzene in the presence of iodine, is a convenient procedure for the synthesis by ring 

expansion of medium-sized lactones.’ This reaction has also been accomplished using other oxidation 

systems, such us mercury (II) oxide’ and lead tetraacetatem3 Some synthetic applications of this reaction 

have been developed.4 

Attempts to extend this reaction to y-ketoacids gave anbydrides albeit in low yield.5 The major 

compounds obtained were p-iodoketones, formed by oxidative iododecarboxylation of the acidsP 

We considered that if we performed the reaction with unsaturated y-ketoacids, which are mostly 

equilibrated to the cyclic lactols, we could have a route to spiro[4,4]anhydrides (Scheme 1). This type of 

spiro[4.4]compounds are present in the structure of important natural products.7 
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Scheme 1 

The reaction has been tested on the steroidal lactol (l), easily obtained by condensation of glyoxylic 

acid with Sa-cholestan-3-one? To a solution of (1)9 (1 mmol) in cyclohexane (65 ml) and 

dichloromethane (20 ml) containing iodine (2 mmol) was added (diacetoxyiodo)benzene (3 mmol) 

portionwise at a rate of 1 mm01 every 60 min at reflux temperature under argon and irradiation with 

two 100-W tungsten-filament lamps. The reaction mixture was then washed with aqueous dilute sodium 

thiosulfate and water. Silica gel chromatography” of the residue (n-hexane:ethyl acetate 955) gave the 

spiroanhydrides (2)11 (56%) and (3)12 (24%). 

The structures of the isomeric anhydrides were determined on the basis of spectral and chemical 

evidence. In particular, the IR spectra of both isomers show carbonyl stretches at 1850 and 1780 cm-l, 

and two carbonyl signals in the 13CNMR spectra (DEPT experiments). Their ‘HNMR spectra are very 
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(2) R, = H: Rz = I 

(3) Rl -ER2=H 

(4) R, = Rp = H 

similar, the only differences being the chemical shifts of the l’-H singlet and that of the lo-Me. Their 

molecular composition is also in agreement with accurate mass spectrometric measurements. 

Assignment of S stereochemistry at C-2 was made by difference n.0.e. experiments. Irradiation of 

the C-10 methyl group results in a clear increase (7%) of the l’-H proton signal for both isomers. 

Reduction of either iodo anhydride with n-BuSnIVAIBN in benzene at reflux temperature leading to 

the same anhydride (4)13 confirms that they are isomers at C-l’. The st.ereochemistry at C-l’ was 

tentatively assigned using the MM2 molecular mechanics program,14 the major product corresponding 

to the isomer of lowest calculated energy. 

Reduction of the crude fragmentation reaction with LiAlH4 in THF at room temperature gave 

compounds (5)15 (35%) and (6)16 (40%). The hemicetal (5) can be transformed into the diol (6) 

(100%) by further reduction with LiPJIG. 

Oxidation of diol (6) with AgzCOdCelite in benzene yielded a mixture of lactones (7)l’ (45%) and 

($)I* (51%). Although we tried this reaction with several solvents, no improvement in the 

chemoselectivity was observed.lg 

Further evidence of the stereochemistry at C-2 was obtained by a difference n.0.e. experiment. 

Upon irradiation of the methyl group at C-10 an enhancement of the signal of the protons HA and HB 

on C-l’ was observed in the ‘HNMR spectrum of lactone (7) and no effect was detected on Hc and HD 

protons. 

A plausible mechanism for the fragmentation reaction is shown in Scheme 2. The initially formed 

alcoxy radical undergoes p-fragmentation to give the C-4 radical (A) which after closure via a favoured 

5-exo-trig cyclizatiot? provides spiroradical (B). Radical (B) is stabilized by trapping an iodo radical in 
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Scheme 2 

an unstereoselective manner to give the mixture of iodoanhydrides (2) and (3). The intramolecular 

cyclization step proceeded with complete regio- and stereoselectivity since the addition was realized 

exclusively on the (l’-si,Zre)-face of the double bond. No product originated by cyclization on the 

(1’~re,2-si)-face (C) has been isolated, probably because the necessary rotation of the double bond is 

sterically hindered, nor have products originated by the disfavoured but sometimes observed 

6-endo-trig cyclization been detected?t 

Spiro[b4]lactones of this type are present in several sesquiterpenes of terrestrial (i.e. bakkenolide 

A)% or marine origen (i.e. herbadysidolide)? and a p-fragmentation of the appropriate unsaturated 

v-lactol could be a good approach to their syntheses. 

Further investigations on the scope and mechanism of this reaction as well as the exploration of its 

synthetic application are underway. 
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