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Abstract: Heating a mixture of 2-iodoacetamide and 5-hexen-1-ol in water at 75 °C in the presence of a water-soluble

radical initiator, 4,4’-azobis(4-cyanopentanoic acid), provided y-(4-hydroxybutyl)-y-lactone in 95% yield. The use of 2-

iodoacetic acid in place of 2-iodoacetamide also gave the same y-lactone in 93% yield. © 1998 Elsevier Science Lid. All
rights reserved.
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Recently, processes using a less toxic solvent or no solvent have been required in the design of new
synthetic methods from the ecological point of view. Water might be the best among many kinds of solvents.
In the last decade, there has been increasing recognition that organic reactions carried out in aqueous media
may offer advantages over those occurring in organic solvents.! However, methods for carbon-carbon bond
formation based on a radical process in aqueous media have been limited.2 Thus, we started our study on
radical addition reaction in water mediated by a water-soluble radical initiator. Here we describe that (1) the
addition of PhSH to alkene or alkyne proceeds smoothly to give the corresponding adducts, (2) atom transfer
cyclization of N,N-diallyl-2-iodoacetamide affords lactams in excellent yields, and (3) the addition of 2-
iodoacetamide to alkenotl gives y-lactones in good yields.

We chose the following two radical initiators,3 [4,4’-azobis(4-cyanopentanoic acid) (1a, tj/7 = 10 h, 69
°C in Hp0) and 2,2’ -azobis(2-methylpropanamidine) dihydrochloride (1b, t;2 = 10 h, 56 °C in H2O)], which
are soluble in water. At first, we examined radical addition of benzenethiol to carbon-carbon multiple bonds.
Heating a mixture of N-acetyldiallylamine (2, 1.0 mmol) and benzenethiol (1.5 mmol) in water (10 mL) at 60
°C in the presence of 1b (0.3 mmol) for 2 h provided N-acetylpyrrolidine derivative 3 in 96% yield. In a
similar fashion, treatment of diallylic ether 4 with benzenethiol in the presence of la at 75 °C gave
tetrahydrofuran derivative 5 in 75% yield. The reaction of 3-butyn-I-ol (6) with PhSH at 60 °C in the
presence of 1b afforded 4-(phenylthio)-3-buten-1-ol (7) in 80% yield in addition to 3,4-bis(phenylthio)-1-
butanol (8) (8%).
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This radical reaction could be successfully applied to the atom transfer radical cyclization of 2-
iodoacetamide 9. Heating a mixture of N,N-diallyl-2-iodoacetamide (9a, 1.0 mmol) and 1a or 1b (0.3
mmol) at 75 °C or 60 °C in water (30 mL) for 1 h provided y-lactam 10a in 80 % or 99% yield, respectively.
The reaction of 9b in the presence of 1a or 1b also afforded the corresponding lactam 10b in 95% (32/68) or
85% (31/69) yield.4
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Next, we focused on the reaction of 2-jodoacetamide with alkenol. The addition of 2-iodoacetamide (11)
to alkenol 12 afforded y-lactone 13 in high yields. For instance, the reaction of 2-iodoacetamide (11) with S-
hexen-1-ol (12a) in the presence of 1a at 75 °C for 16 h provided y-(4-hydroxybutyl)-y-lactone 13a in an
isolated yield of 95%.5 The typical examples are shown in Table 1.6 The reaction proceeds as follows:
Radical 14 derived from 11 should add readily to the alkenyl terminal carbon of alkenol 12a to provide 15.
The iodine atom transfer reaction between the radical 15 and 11 would afford 4-iodo-8-hydroxyoctanamide 16
and regenerate 14. The compound 16 could cyclize to y-lactone 18 via 17 under the reaction conditions? due
to the well-known ionic lactonization8.9 of 4-iodoalkanamide.
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The addition to alkenol containing an internal double bond such as 2-buten-1-ol did not take place. !-



Dodecene was recovered completely after heating at 75 °C in water containing 2-iodoacetamide and la
because of the insolubility of 1-dodecene in water. '

Not only 2-iodoacetamide but 2-iodoacetic acid also provided y-lactones in the reaction with alkenol in
water at 75 °C in the presence of water-soluble radical initiator 1a. The representative results are also
summarized in Table 1. 2-lodoacetic acid (19a) was added to 4-penten-1-ol (12b) to give tetrahydrofuran
derivative 21 in 40% yield in addition to y-lactone 22 (54%). The former compound 21 was obtained by an

intramolecular etherification of the iodine transfer product 20. 0
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Table 1. y-Lactone Synthesis by Tandem Radical-Ionic Reaction between 2-lodoacetamide or 2-Iodoacetic
Acid and Alkenol®
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2-Iodocarbonyl Alkenol Product 2-Iodocarbonyl Alkenol Product
Compound R2 (%) Compound R? (%)
a (CH,);OH 95 9 (CH,);0H 93
2 (CH,);OH 85 (CH,),0H 95
1 19a
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a) 2-lodoacetamide or 2-iodoacetic acid (1.0 mmol), alkenol (1.5 mmol), and
4 ,4'-azobis(4-cyanopentanoic acid) (0.5 mmol) were employed unless otherwise noted. b) Three
equivalents of alkenol were employed. ¢) The product was isolated as allyl ester after treatment with allyl
bromide in the presence of K,CO; in acetone.

Iodide was liberated in the transformation of 16 into 18. Thus, it was anticipated that the use of 2-
chloroacetamide instead of the iodoamide 11 would provide the lactone 18 by the addition of a catalytic
amount of sodium iodide. We have indeed found that the radical-ionic tandem reaction of 2-chloroacetamide
with 5-hexen-1-ol (12a) in the presence of a catalytic amount of Nal proceeds smoothly as shown in Scheme

521



522

1. Heating a mixture of 2-chloroacetamide (1.0 mmol), 5-hexen-1-ol (1.5 mmol), and Nal (0.5 mmol)m in
water (10 mL) at 75 °C for 16 h in the presence of radical initiator 1a (0.5 mmol) provided y-lactone 18 in
82% yield.

Scheme 1
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