
Tmaheahn Lruas, Vol. 35, No. 16. jqx 2597-2600.1994 
EbviersciacnLtd 

PfillWdhMBritlin 
w40-4039194 s6.ootaoo 

OCMO-4039(94)EO316-P 

A New Sequential Alkoxy Radical Fragmentation 

of &Hydroxyketones 

Alicia Boto, Rosendo Hem&&z, Ernest0 Su&ez* 

Akbmct: The alkoxy mdicals jbrmed by Ihc reachon of steroidal cyclic hydrosyketom (1) and (2) with (diaceroxy- 
iodo)bcrucnc Md &&c or ntercuric ox& Q& iodine n&r oxygen abnospkre and irradiation with visible light 
undergo a new quintuple sequence &fiagmentalion-peroXidali0n-radical reduction-radical cycliuatioi+-_@a@ncnta- 
tion reaction b+re being trapped by an atom of&&h?. 

In the past few years, together with the resurgence in carbon-centered radical chemistry a concurmat 

intex%st in alkoxy radicals has occur&.’ We have recently qorted that the ~fragmentation reactiOn of 

allcoxy radicals, generated by treatment of tertiary alcohols with (diacetoxyiodo)benzene and iodine under 

irradiation with visible light, leads in the presence of oxygen to peroxidation of the initially pmduced C-radi- 

cal by trapping molecular oxygen.2 The resultant pemxy radical is able to nzact with a suitably positioned 

carbonyl group yielding ~peroxylactones (n=l, Scheme 1).3 

When we applied this methodology to steroidal hydroxyketones where n=2 (Scheme 1) we obtained 

y-lactones instead of the expected Ilperoxyktones. In this communicationwedescriheourpreliminary 

results on this maction and a plausible mechanism for it. 
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steroidal @rtialy alcohols (1)” and (2)5 were used Bs models. Illese compom& WeIe treated with 

(diacetoxyiodo)benzene (DIB) and iodine or mrmricoxideandiodineunderkdiationwithtwo1OOW 

tungsten-filament lamps under the conditions sumukzd in the Table. When the reaction was performed 

under argon (enaies 1 and 6) the C-radicals fonmd by &fragmentation of alkoxy radicals ekknated to 
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(4) (3) (3) VI 

produce olefins (3)6 and (4) respectively. When the photolysis was conducted under oxygen (entries 2-5 and 

7-9) y-lactones (5)’ and cr>* were obtained. In the case of compound (l), the tetrahydrofuran (6)9 was also 

produced. The photolysis was conducted under different oxygen pressures, the best yields of oxygenated 

products heiig obtained with air (entries 2,7 and 8) or low oxygen pressures (entries 3,4 and 9). Increasing 

oxygen pressure does not improve the yield (entry 5). 

A plausible mechanism for the generation of these products, applied to the photolysis of model (l), is 

shown in Scheme 2. As can be seen, the sequence is initiated by the C-5 akoxy radical that undergoes 

C&-Cl0 fragmentation and the resulting C-10 radical can be stabilized by elimination to give olefin (3) or 

react with molecular oxygen generating peroxy radical (I), which is reduced in the reaction mixture to 

alkoxy radical (II). The latter may add to the carbonyl group [path a] producing a new alkoxy radical that 

can undergo @fragmentation affording a C-radical at C-4, This intermediate can trap an iodine atom yielding 

+ctone (5). Alternatively [path b], radical (II) may abstract a hydrogen atom at C-7 and cycllxe to give the 

tetrahydtofuran (6). A similar process has been teported previously for the generation of other cyclic 

ethers. Wa 

Because of the relative weakness of the pemxide bond the catalyzed homolysis of the peroxy radical to 

the alkoxy radical is a very easy process and, due to its biological imporumcc, a well-documented one. lo In 

our case this homolytic reaction may be catalyzed by radical species or traces of metal ions in the medium. I1 

Alternatively, we thought of iodobenzene formed fmm DIB as the reducing agent. Unfortunately, addition of 

the former to the reaction mixture (entry 4) did not improve the yields of the oxygenated products. 

When the peroxy radical was added directly to the carbonyl group (Scheme 1, n = 1) B_peroxylactones 

were formed in more than 40% yield? Nevertheless, the addition of the alkoxy radical gave a telatlvely 

low yield of ylactones (10%) (Scheme 1, n = 2). However, taking into account that seven steps are involved 

in this sequence, each of them must have a yield of about 70% to account for the final result. It is notewor- 

thy that no formation of ~peroxylactones was observed either from (1) or (2), probably because in radical 

cyclizations the fotmation of a five-membered ring is normally preferred to that of a six-membered ring. 

This is an interesting and unprecedented example of a 5-step radical react& ~fragmentation-peroxi- 

dation-radical reduction-radical cyclixatlon-~fragmentation, undergone by an initially formed alkoxy radical 



Table. Sequential alkoxy radical fkagmentation’ 

zlltry SubsGate Reagentsb Solvent conditicms 

(mmol) T. cc> P. (atm) Time (h) (yield %) 

1 1 DIB/I2 (3, 1.5) cy 40 h(1) 1 3 (16) 

2 1 DIEM2 (2.5.2) cy 40 air (1) 0.75 5 (3). 6 (2) 

3 1 DIB/IZ (2,l) Q 40 02 (3) 0.5 3 (14), 5 (8). 6 09) 

4 1 DWh/P~ (2,W Cy 40 oz (3) 0.5 3 (IO), 5 (W, 6 (13) 

5 1 DIR/I2 (2.5,l S) Cy r.t. 02 (IO) 3 3 (4). 5 CI), 6 (19) 

6 2 DIB/I2 (1.5,1) cy 40 k(1) 6 4 (12) 

7 2 DIBB2 (1.5,1) CL 40 air(l) 5 7 (10) 

8 2 H@fl2 (5.3) ccl4 45 air(l) 3 7 (9) 

9 2 JWM2 (5.3) cc4 45 02(3) 1.5 7 (12) 

~Allreaclionswereperformedbyirradiationwithtwo100Whmgstpn-filsmentlamps:thaseunderpnsslaewereperfamredina 
. . 

born&we Griffin-Worden pressme vessel (Konm K-767100). b, pa mm01 of substrate. DJB = (~toq+o@be==z Cy = 

cyclobwane. 

(3) 

Scheme 2 

1 --D (s) 
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