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Abstract: A new and general method of iodine-mediated cyclization reactions of unsaturated 
earbamates, ureas and amides which gives N-eyclized products as a single regio-isomer was achieved. 
The present reaction proceeds in good yield through regio-controi of an ambident nueleophile by 
LiAl(Ot-Bu)4, and the regio-control (N-attack vs O-attack) was also found to be remarkably affected 
by the additive employed. © 1997, Elsevier Science Ltd. All rights reserved. 

In the halocyclization reaction of olefinic compounds with an ambident nucleophile such as carbamate, 
urea and amide, O-cyclized products are generally obtained in preference to N-cyclized products. 1 As 
methods to get N-cyclized products in these substrates, the reactions of N-tosyl carbamates (n=l, 2) and 
amides (n=0) with lower pKa value, 2 or N,O-bistrimethylsilyl derivatives of 4-pentenamide have been 
reported (Scheme 1, Eq 1 and 2). 3 However, these methods based on the modification of substrates are 
quite limited as shown in Scheme 1; for example, the 5-membered ring forming reactions ofN-tosyl amide 
(n=l, X=CH2) or N-tosyl urea (n=l, X=NI-I) give O-cyclized products as the major isomers. 4 We report 
here the results of a new and general method of iodine-mediated cyclization reactions which give N-cyclized 
products as a single isomer with substrates (X--O, Nil, CH2, n=l,2, R=CO2R) shown in Eq 3 of Scheme 
1.5 The present reaction proceeds in good yield through regio-control of an ambident nucleophile by 

LiAl(Ot-Bu)4, and the regio-control was also found to be remarkably affected by the additive employed. 
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The reaction of N-ethoxycarbonyl allylcarbamate la  which can be more easily deprotected than the N- 
tosyl group has been investigated in the presence of various additives. Under usual conditions 02, NIS, or 
I2-NaHCO3), the N-cyclized product 2a was not obtained or was formed in poor yield due to the low 
nucleophilicity of the nitrogen atom of l a .  After a survey of basic reagents for the improvement of 
nucleophilicity, it was found that the reaction of l a  in the presence of a relatively strong base such as Nail, 

n-BuLi or LiAl(Ot-Bu)4 proceeds in good yield to give N-cyclized product 2a without the formation of any 
O-cyclized product. 

Scheme 2 
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Additive Solvent Yield (%) Additive 

none EI20 0 Ti(Ot-Bu) 4 

NIS (instead of 12) Et20 0 Nail 
NaHCO3 Et20 11 n-BuLl 

Zr(On-Bu)4 toluene 0 LiAl(Ot-Bu)4 

Al(Ot-Bu)3 toluene 29 

Solvent Yield (%) 
toluene 58 

THF 80 
THF 81 

toluene-THF 85 

In the reaction of N-ethoxycarbonyl N'-allylurea lb,  a remarkable additive effect on the regio-control 
of the ambident nucleophile was observed as shown in Scheme 3: that is, the reaction in the presence of 12- 
NaHCO3 gave O-cyclized product 3b as a single isomer, while the use of n-BuLi or LiAl(Ot-Bu)4 gave N- 
cyclized product 2b in good yield and with almost complete regio-selectivity. The use of Nail  which gave 
a good result in the reaction of la ,  resulted in a mixture of 2b and 3b in a ratio of 2:1.6 

Scheme 3 
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This additive effect on the regio-control of the ambident nucleophile was also found in the reaction of 
N-ethoxycarbonyl 4-pentenamide le  (Scheme 4). The reaction of l c  in the presence of NaI-ICO3-I2 gave 
iodohydrin 3e as the sole product without the formation of any lactam 2e. The iodohydrin 3e was formed 
even under anhydrous conditions using Nail  and, in this case, a mixture of 2e and 3e was obtained in a 
ratio of 2e/3c = 3.6. Thus, 2k: may be formed through iodocyclization by O-attack of amide-earbonyl and 
subsequent hydrolysis of the iminoether intermediate, but not by intermolecular addition of I2 and H20 to 
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the double bond. Similar to lb, the use of n-BuLi or LiAl(Ot-Bu)4 was the most effective to give N- 
cyclized product 2e in 68 % or 69 % yield as a single regio-isomer, respectively. 

Scheme 4 
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Table. Iodoaminocyclization Reaction in the Presence of LiAl(Ot-Bu)4 a 

Entry 1 Temp. Time (h) 2 Yield (%)b 
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a Iodoaminocyclization: 1 (0.5 mmol), 1M THF solution of LiAI(OhBu)4 (0.5 ml), 12 (1.5 mmol), 
toluene (6 ml). b Isolated yield, c The reaction at rt gave a mixture of 2g and dealkoxy- 
carbonylated product of 2g. d In this case, the use of THF gave a better yield than that of 
toluene. 

In the presence of LiAl(Ot-Bu)4, the iodoaminocyclization reaction of various substrates was further 
examined (Table). 7,8 The reaction of N-Cbz or N-Boc derivatives Id  and le which can be easily 
deprotected in comparison with N-ethoxycarbonyl derivative la also proceeded in good yields to give N- 
cyclized products 2d and 2e, respectively (Entries 1, 2). In the case of le,  N-unsubstituted cyclic 
carbamate 2e was obtained through iodocyclization and subsequent loss of the Boc group (Entry 2). This 
method can be applied to the 6-membered ring forming reaction. Thus, the reaction of If, lg  and lh gave 
N-cyclized products 2f, 2g and 2h 3 as a single regio-isomer (Entries 3-5). Although the mechanism has 
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not yet been clarified, in the reaction of le-lh, the formation of dealkoxycarbonylated products was also 
observed depending on the reaction conditions and the structure of starting materials 1 (Scheme 4, Entries 2- 
5 in Table). For example, prolonged reaction time brought about an increase in such dealkoxycarbonylated 
products and, generally, 6-membered ring products 2f-2g are easily dealkoxycarbonylated as compared 
with 5-membered products 2a-2d. The best yield in each reaction obtained under optimized conditions at 
present is shown in the Table. The effect of LiAl(Ot-Bu)4 should be noted; that is, in the reaction of lh, the 
use of n-BuLi which gave good results in the reaction of carbamate la, urea lb  and amide lc  (Scheme 1- 
3), resulted in the formation of a complex mixture. 

In conclusion, we have succeeded in the development of a new and general method of iodine-mediated 
cyclization reactions which give N-cyclized products through regio-control of an ambident nucleophile such 
as carbamates, urea and amides by LiAl(Ot-Bu)4. 
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