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Abstract: Oxidative cyclization of alcohols containing an aromatic ring with 
(diacetoxyiodo)benzene and iodine gave the corresponding cyclic ethers via alkoxy 
radicals in good yields. The present method is very useful for the direct 
preparation of flavonoid and vitamin E analogues from the alcohols. 
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The chroman skeleton is contained in some natural products such as vitamin E and flavonoid 

compounds, and its importance in synthesis is well known. Along with the extensive studies that have 

been carded out on the preparation of the chroman skeleton, 1) the chemistry of trivalent iodine compounds 

has recently received much attention in view of the role of these compounds as powerful and useful 

reagents such as oxidant 2) and radical precursor. 3) Thus,  (diacyloxyiodo)arenes generate the 

corresponding aikyl, 3a) carbonyloxy, 3b) and alkoxy radicals 3c) from the carboxylic acids and alcohols 

efficiently. Especially, the excellent formation and fragmentation reactions of alkoxy radicals from the 

steroidal alcohols have been reported by Sufirez et al 3c) with (diacetoxyiodo)benzene and iodine. We 

have also reported on the oxidative cyclization of aromatic carboxylic acids to the corresponding lactones 

with [bis(trifluoroacetoxy)iodo]benzene and iodine. Here, as a part of our study directed toward the 

alkylation and alkoxylation of aromatic compounds via radical pathway, we attempted to cyclize directly the 

alcohols containing an aromatic ring to the corresponding cyclic ethers. 

At first, the reactivity of (diacetoxyiodo)arenes on the oxidative cyclization of 3-phenylpropanol 

( la )  was studied as shown in Table 1. When the reaction of l a  with [bis(trifluoroacetoxy)iodo]- 

benzene was carried out in the presence of iodine under irradiation with a tungsten lamp, the cyclized 

product was not obtained. Instead, l a  was oxidized to 3-phenylpropanal as a major product. We 

then used (diacetoxyiodo)benzene which has lower oxidative ability than [bis(trifluoroacetoxy)iodo]- 

benzene, and obtained 6-iodochroman (4a) in good yield. 4) In this reaction, the iodination of the 

cyclized product occurred with a hypoiodite species derived from (diacetoxyiodo)benzene and iodine 

probably because electron-rich aromatics can be easily iodinated via an ionic pathway. 5) The same yields 

of 4a were obtained with 4-methyl(diacetoxyiodo)benzene, (diacetoxyiodo)benzene, and 4- 

chloro(diacetoxyiodo)benzene, respectively. Thus, the result suggests that various substituents in the 

phenyl ring of (diacetoxyiodo)arene do not have any significant influence on the reactivity. 
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Table 1. Effect of (Diacyloxyiodo)arene in the Cyclization of 3-Phenylpropanol. 

ArI(O2CR)2 (2.2 eq.) 
~ ' ~ ' ~ O H  12 (1.1eq.) . I ~  

tungsten lamp, 60~70*C, 2 h 
la 4a 

Entry Ar R Yield / % 

1 phenyl trifluoromethyl 0 

2 phenyl methyl 64 

3 p-tolyl methyl 63 

4 p-chlorophenyl methyl 64 

Then, the cyclization of other alcohols with (diacetoxyiodo)benzenc was carried out as shown in 

Table 2. The compound 4b was obtained by the iodination of benzyl radical which was formed v/a [~- 

liagrnentation of 2-phenylcthoxy radical generated from 2-phenylcthanol ( lb) ,  whereas 4-phenylbutanol 

( I t )  does not give the seven-membered cyclized product. Instead, 1,5-H shift by the alkoxy radical 

formed occurred to givc ct-phcnyltctrahydrofuran. Thus, only 3-arylpropanol dcrivativcs ( la ,  l d - l i )  

Table 2. Cyclization of Alcohols to Cyclic Ethers with (Diacetoxyiodo)benzene. 

~ 3H PhI(O2CCH3)2 2, 123 
R2 2 h ~ Product4 

Entry Alcohol n R1 R,?. Conditions a) Product b) Yield / % 

1 l b  1 H H A 4b 43 

2 l a  2 H H B 4a 48 

3 l e  3 H H C 4e 70 

4 l d  2 GH3 H D 4d 52 

5 l e  2 C4H9 H B 4e 34 

6 I f  2 C13H27 H B 4f  31 

7 l g  2 C6H5 H B 4g 48 

8 l h  2 CH3 CH3 B 4h 41 

9 l i  2 C4H9 CH3 B 41 22 
a) A: The molar ratio of 1 / 2 / 3 was 1.0 / 2.2 / 0.5 and the irradiation was carried out with a tungsten 
lamp (500 W) at 60-70 ° C. B: The molar ratio of I / 2 / 3 was 1.0 / 1.1 / 1.1 and the reaction was carried 
out under room light (fluorescent lighting, 40 W) at rt.  C: The molar ratio of I / 2 / 3 was 1.0 / 1.1 / 0.5 
and the irradiation was carried out with a tungsten lamp (500 W) at 60-70 *C. D: The molar ratio of I / 2 
/ 3 was 1.0 / 1.5 / 1.1 and the irradiation was carried out with a tungsten lamp (500 W) at 60-70 *C. 
b) Structures of product. 

4b 4¢ 4a, 4d-4i R2 
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give the corresponding chroman derivatives in moderate yields, together with I~-phenethyl iodide (ca. 

20%). 3-Phenyl-l-butanol gave the 6-iodo-4-methylchroman in 68% yield. The present reaction 

proceeds under irradiation with a tungsten lamp or room light (fluorescent lighting). However, in 

secondary and tertiary alcohols it is better to carry out the reaction under room light at room temperature, to 

suppress side reactions such as oxidation and fragmentation. The compound 4g is the flavane, and 4f  is 

the analogue of tocopherols. Previously, this type of direct cyclic alkoxylation onto an aromatic ring 

with lead tetraacetate has been reported. However, this reagent is highly toxic and the yields were 

extremely low. 6) 

The same cyclization reaction with 2-phenoxyethanol (5a) and its derivative was then studied as 

shown in Table 3. When  5a was used, a mixture of two cyclized products 6a-I and 6a-II  was obtained 

together with iodination product 6a-III  (ca. 20%, entries 1-3).  The reason why a mixture of 

compounds 6a-I and 6a-II  was obtained under the same conditions is that the iodine was consumed by the 

direct iodination of compound 5a to form compound 6a-III .  When the same reactions with 2-(/9- 

chlorophenoxy)ethanol (Sb), 2-(p-methylphenoxy)ethanol (5c), and 2-(benzenesulfonyl)ethanol (5d) were 

carried out, the yields of cyclized products were low. Many spots on TLC were observed. 

Table  3.  Cyclization of Alcohols with Other Hetero Atoms to Cyclic Ethers. 

PhI(O2CCH3) 2 2, 12 3 
Alcohol ~" Product 

5 2 h  6 

Entry Alcohol a) Ratio (5 / 2 / 3) Conditions b) Product c) Yield / % 

1 5a 1 . 0 / 0 . 5  / 1.1 A 6a-I  / 6a-II  16/0  

2 5a 1 .0 /1 .1 /1 .1  A 6 a - I / 6 a - I I  39/12  

3 5a 1.0 / 2.2 / 1.1 A 6a-I  / 6a - II 6 / 22 

4 5a 1.0 / 1.1 / 1.1 B 6a-III  77 

5 5b 1.0 / 1.1 / 1.0 A 6b 23 

6 5c 1.0 / 1.1 / 1.0 A 6c 16 

7 5d 1.0 / 1.5 / 1.0 A 6d 19 
a) 5a: 2-phenoxyethanol; 5b:  
(benzenesulfonyl)ethanol. 

2-(p-chlorophenoxy)ethanol; 5c:  2-(p-methylphenoxy)ethanol; 5d: 2- 

b) A: The irradiation was carded out with a tungsten lamp at 60~70"C. B: The reaction was carded out 
under room light at rt. 
c) Structures of product. 

6a-I 6a- l l  6a-IlI 6b 6e 6d 

The detailed reaction mechanism is still not clear. However, the present cyclization does not 

proceed at all under dark conditions at room temperature. In NMR experiment, the formation of a single 

acetate-exchanged intermediate of (diacetoxyiodo)benzene by alcohol l a was observed (Keq - 7x10 -2 at 25 

*C). 7) This  is the first intermediate to produce the hypoiodite species which generates the corresponding 

alkoxy radical rapidly even under irradiation with room light. Futher studies and extension of this 
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methodology are now under way. 
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