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Bhstrarr -- Aryl radical-initiated cyclization of the ketimines derived from 

acetophenone and benzophenone occurred exclusively at the nitrogen end of the 

azomethine bond in an exo-5 mode to yield the corresponding indoline derivatives. 

As we have demonstrated in a synthesis of the 1-phenylisoquinoline alkaloids,' an aryl radical-initiated 

cyclizationZ of the aldimines (1) occurs preferentially at the carbon end of the azomethine bond in an endo-6 

mode (path h) rather than at the nitrogen end in an exo-5 mode (path 3 leading to the isoqninolines (6) 
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accompanied by a minor amount of the indoline derivatives (5) (Scheme '1). Although the observed 

regiochemical outcome did not seem to be in accord with the Baldwin's ~ l e ?  it has recently been reasonably 

rationalized by a kinetic study carried out by Tomaszewski and Wa~kentin.~ In this paper we describe an 

attemption to inverse the regioselectivity of this aryl radical-initiated cyclization to an ammethine bond by using 

ketimines as substrates. 

Because ketimines reside an extra substituent on the ammethine carbon, it can be expected that the cyclization 

would be forced to take place at the nitrogen end of the awmethine bond in an exo-5 mode to giving rise to 

indoline derivatives selectively even though it is kinetically di~favored.~ We, therefore, examined the aryl 

radical-initiated cyclization using the ketimines, prepared from 2-(2-bmmo-4,5-dimethoxyphenyl)ethylamine5 

and aliphatic and aromatic ketones, in comparison with the aldimines, prepared from the same amine and 

aliphatic and aromatic aldehydes (Scheme 2). 
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Table 1 Reaction of Imine (7) with Tri-n-butyltin Hydride 

imine (7) 

Enuy R1 RZ indoline (8) (%) isquinoline (9) (8) 

1 (a) n-Bu H 0 0 

7 (g) -(2-C6H& 0 
a. Debrominated imine was obtained in 47.9% yield. 
b. The secondary m i n e  (11) was obtained in 53.4% yield. 
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Thus, the imines (7). prepared by condensation of the amine with the ketones as well as with the aldehydes, 

were treated with tri-n-butyltin hydride (2 equiv.) in toluene (ca. 1% concentration) in the presence 2,2'- 

azobisisobutyronimle (AIBN) (10 mol%) at refluxing temperature under argon for 2 h and the products were 

separated by silica gel column chromatography (Table 1). As appeared, the ketimine (7c) as well as the 

aldimines (7a,b), obtained from both aliphatic aldehydes and ketone, did not afford any cyclization products 

(Entries 1-3). Because of instability of the reaction products under the work-up conditions, we could not isolate 

these reaction products except for the debrominated imine (7b: Br=H) from 7b, but reductive debmmination 

occurred in every case. 

On the other hand, both of the aromatic ketimines (7e-g) and the aromatic aldimine (7d). except the 

fluorenonimine (7g), furnished the cyclization products in fair to moderate yields. As expected the ketimines 

(7e,f) afforded the indolines (8e,f), exclusively, without formation of the isoquinolines (Entries 5 and 6), 

while the aldimine (7d) generated a 1:10 mixture of the indoline (8d) and the isoquinoline (9d) (Entry 4). 

Although optimization must be necessary, the observed regiochemical outcome is noteworthy from the synthetic 

point of view, because a variety of indolines bearing readily removableN-substituent can be accessible by the 

aryl radical-initiated cyclization via aromatic ketimines. The generation of the secondary amine (11) from the 

fluorenonimine (7g) was also interesting though it did not furnish the expected indolenine (Entry 7). This may 

be rationalized by assuming the radical anion intermediate (10) whose stability owing to aromaticity of the 

fluorenyl moiety leads preferential generation of the amine (11) leaving the halogen atom intact (Scheme 3). 
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In order to know the prefered regiochemisuy in the radical cyclization, we also examined the reaction using the 

symmetric bis-hydrazone substrate (12) which would allow cyclization either in an exo-5-nitrogen mode (path 

&I or in an endo-6-carbon mode (path via the symmemc bis-radical intermediate (13) to give the interesting 
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heterocycle (14) or (15). However, the reaction did not take place in an expected way which furnished the 

debromination product (12: Br=H) instead in 57.4% yield (Scheme 4). 
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