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Ahstru+ Several (R*, S*)-I-alkyl-3-hydroxy-2-phenylazetidines (1) were synthe- 

sized by the reaction o f  (R*, R*)-2-(1-bromobenzy1)oxirane (2a) with aliphatic 

primary amines i n  good yields. B y  the reaction o f  (R*, S * ) - 2 - ( I -  

bromobenzyl)oxirane (2b). only (R*, R*)-2-aminomethyl-3-phenyloxirane (3) 

was obtained. Also, the reaction o f  (R* ,  R*)-2-(I-bromobenzyl)-2-methyloxirane 

(2c) gave a mixture o f  (R*, S*)-3-hydroxy-3-methyl-2-phenylazetidine (4) as the 

major product and (R*, S*)-2-aminomethyl-2-methyl-3phenyloxirane ( 5 )  as the 

minor product. 

Syntheses of four membered ring compounds are difficult tasks except for preparation o f  cyclobutanes and 

oxetanes of which syntheses have been achieved by cycloaddition reactions o f  allenes' or by photochemical 

reactions of ethylene derivatives for the former, and also photochemical cycloaddition between ethylenes and 

carbonyl compounds for the ~a t te r .~  The other four membered ring systems such as azetidines, thietanes, etc are 

remained as challengable problems. Syntheses o f  azetidines have rarely reported and the yields reported were 

rather po0r.3,~ In  this report, we wish to present an improved synthesis of aretidine derivatives i n  good yields. 

Since 2-(I-ha1oalkyl)oxiranes (2) possess three adjacent reactive sites and i t  is known that the first attack of 

nucleophiles usually takes place at a less hindered site o f  oximne ring system, the attack of primary amines on 2- 

(I-bromobenzyl)oxiranes (2a-c) would take place at the Cj-position where is no substituent and thus the most 

reactive site. Since the next reactive site of 2a is the benzyl position, the intermediate amine readily forms the 

azetidine ring by the intramolecular cyclization. 
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The starting 2-(I-bro~nobenzyl)oxiranes (2a.b) could be prepared from E- and Z-cinnamyl alcohols respectively 

by bromination and dehydrobromination, successively, as described in the preceding paper.5 E-Cinnamyl 

alcohol is commercially available and could be lead to the (R*, R*)-diastereomer (2a) by the above procedure. 

The reactions of Za and aliphatic primary amines were carried out in methanol at room temperature. The results 

obtained are shown in Table 1.6 A l l  the products (1) shows rrurls configuration between 3-hydroxyl and 2- 

phenyl groups. The yields are usually good and satisfactory except for a few cases. Warming or refluxing of 

the reaction mixture made reaction time shorter, but also some other reactions took place to give unknown or 

intractable products and the yields become lower (see, runs 7 and 8). 

Table I. Synthesis o f  the Azetidines ( I )  from (R*, R*)-2-(I-bromoknzyl)oxirane (2a) 

run mine t W '  time 1 h yield I O/o 

I n-Pr room temperature 24 65 

2 ally1 room temperature 24 72 

3 i-Pr room temperature 70 72 

4 
1-Bu room temperature 72 79 

5 c-C6H I I room temperature 67 79 

6 c-C6H I I room temperature 112 5 W  

7 PhCH2 room temperature 20 92 

8 PhCH2 reflux 5 87 

9 PhCH2 reflux 5 59b) 

10 p-CI-C6H4CH2 room temperature 30 91 

I I PhCH2CH2 room temperature 20 83 

12 
C16H33 

room temperature 50 69 

13 CH2COOEt room temperature 30 85f) 

a) in MeCN, b) in THF, c) in EtOH 

When we used the (R*, S*)-diastereomer (2b) prepared from Z-cinnamyl alcohol, only 2-aminomethyl-3- 

phenyloxirane (3) was obtained in 67% yield by the reaction with bemylamine under the same conditions. For 

investigation of steric interference at the 2-position, (R*, R*)-2-(lbromobenzyl)-2-~nethyloxirane (2c) was 



employed as the starling substance. The reaction of Zc gave a mixture of I-benzyl-3-hydroxy-3-methyl-2- 

phenylazetidine (4,72%) and 2-(N-benzylaminomethyl)-2-methyl-3-phenyloxirane (5.20%). 

The difference of the reactivities of the oxiranes (Za-c) could be explained by the differences of their 

conformation of the reaction intermediates. Here, we briefly explain the difference between (R*, R*)-Za and 

(R*, S*)-Zb. If we draw the intermediates attacked by an amine of the each oxirane, those could be written as 

A for the former and as B for the latter. These figures cleanly indicate why 2a gave the a~et idine (1) and the 

aminomethyloxirane (3) from 2b. The reason for the subordinate selectivity in the azetidine formation by using 

(R*, R*)-2c is elucidated by equilibrium of two conformers C and D. These are not the most stable one, but C 

is more stable than D, even though four membered ring is more difficult to enclose than three membered one. 

These situations reflected to the formed ratio of the azetidine (4) and the amino methyl oxirane (5). 

(R*. R1)-2-(I-Haloalkyl)oxiranes (2a.c) are readily obtainable active oxiranes as the starting substances for 

azetidine synthesis. The results shown above are encouraging for synthesis of this important and interesting 

heterocyclic system. 
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] - the aminomethyl- 
oxirane (5) 
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