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Sequential Alkoxy Radical Fragmentation-Cyclopropylcarbinyl 

Rearrangement. Synthesis of Highly Functionalized 

Eleven-Membered Rings. 

We have recently reporcad that photolysis of cyclic alcohols with (diacetoxyiodo)henzcne (DIB) and 

iodine generates an alkoxy radical which subsequently undergoes ~ftagnmmtion.’ The resulting C-radical 

is able to mact with ‘a molecule of oxygen forming a pemxy radical that can eventually add to a suitably 

positioned C-C” or C-O’b double bond. 

Continuing with thest studies we deck&d to explon this reaction on S-hydroxydecalinyl compounds 

containing a suitably positioned cyclopropane ring (1) (Scheme I). The alkoxy radical fortned would undergo 

a tandem ~fragmenmtion-cyclopropylcarbinyl rcammgcnmt reaction to afford eleven-membered cyclic ke- 

tones (2). The rapidity of the cyclopqane ring opening by an adjacent carbon radical is well known and 

has been used not only as a probe of xeactlon mechanisms but also ln synthetic organic chemistry.2 

c!?-[w]-l~ . 
1 2 

scheme I 

As a model, the steroidal aEcobol(3)3 was m and it&la&d with two 100 W atngsten-mnt 

lamps, in the presence of DIB eutd iodine under the conditions sunmmrkd in the Table. When the naction 

was perfontud under argon (entry 1) the expected double ting expaasion reaction was produced and the 

k&-derivative (4j4 obtained. However, when the reaction was conducted under oxygen -sure (entry 2) 
diketooe (S&as also obtained. When the oxygen pressure was increased (entry 3) a new product (# was 
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formed. The yield of these two oxygenated products (5) and (6) increased when the initial amount of iodine 

was reduced from 1.5 eq. to 0.5 e4+ (entries 3 and 4). Hence, the peroxidalion of the Q-radical inete 

was favoured with respect to iodination. The structure and stereochemistry of dioxolane (6) was de&zmined 

by extenSive studies of ‘H and 13C Nh4R spectroscopy. COSY, ROESY and NOEDIF experimnts were 

also utilized. the moSt important feature being the hansannular ROESY and NOE effects ohae~ed between 

one of the hydmgens at Cl* and a hydrogen at C+ The observed coupling constants of the low field protonS 

atC~-C7andC~~~ingoodagrctmtntwiththoSeCalculattdOV~a * * - Asml~usingtllcpgc8m 

PCMODEL.‘I 

A plausible -ha&m far the formation of these pmducts is shown in Scheme II: ~fragmentation of 

the initial alkoxy radical (I) gener8teS 8 c-radical 8t Cl0 (II). This rad&d iduccs ring opening of the 

adjacent cyclopropane unit generating intermediate (III), which may stereoselectively react with iodine to 

form compo~I (4). A q&elective endo cyclopmpane ring opening tu the ~econdaxy radical (III) is exclu- 

sively ob~erved.~ ‘Ibe radical (III) may also be stereoSelectively attacked by a molecule of oxygen yielding 

pemxy radical (Iv). which may lead to ketone (5) or may add to the Cl-Cl0 double bond cleating the 

dioxolane ring.* The new Cl,-, radical foxmed reacts with another molecule of oxygen, generating a Second 

peroxy radical intermediate (VI). The formation of compound (6) from peroxy radical (VI) is consistent with 

a reduction to alkoxy radical and subsequent hydrogen abstraction at C7, and has been commented pre- 

viously.’ 

On the other hand, the stexuidal model (7)” WBS prepared in order to &tern&e whether direct ape- 

ning of the cyclopmpsne ring by a peroxy radical eventually farmed at Cl0 would take place. AS can be 

Seen in the Table, under 8n inert atmosphere the expected p-fragmentation occd and compound (8)’ ’ WBS 

obtained in good yield (entry 5). Increased oxygen pressure (entries 6-8) led to a new tetrahydrofuran deriva- 

tive (9)12 formed by peroxidation of the Cl0 radical interu~ediate..~~*~~ However, no products coming fmm 

attack of the Cl0 peroxy radical to the cyclopropane ring could be detected. 
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Table. Pragmentation of alcohols (3) and 0.’ 

1 
m-1) (Yield 46) 

DIB/I2 (2.Wl.S) 4 (50) 

2 3 DIB/Iz (2.W1.5) 40 02 (3) 1 4 (W,8 (21) 

3 3 DIBfl2 (2.5/1.5) 40 02 (5.5) 1 4 (2o),g WI,6 (11) 

4 3 a DIB/I2 (2.5/o-5) 40 02 (5.5) 3 4 (5), 5 (32), 6 (15) 

5 7 DIBA2 (3.5/2) 40 Ar (1) 1 I 8 01) 

6 7 DIB/Iz (2.5/1.5) 40 I (x(3) I 1 8 (21), 9 (30) 

7 7 DIB& (2.5/l-5) 8 (IS), 9 (39) 

8 7 DIM2 (3.5/2) rt 1 02(10) 1 1.3 8 (20). 9 (26) 
a 

“Alllt?acthswcrcpafQmcdincyclohcunc (0.2 mmol in 15 ml) link * yradiationtitilwo1oowmgstcn-~tps; 
w & pgsure - paaonnsa in a m oriffin-Warden presswe tamI @ontea K-767100). b, per mmol of 

.suw LhB+ieox~~ 
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L 
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Scheme II 
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