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A- - The Schiff base from o-bromobenzaldehyde and allylamine was 
allowed to react with homophthalic anhydride to form an isoquinolone. 
Reaction of the same Schiff base with isatoic anhydride led to a quinazolone. 
Generation of a free radical from the bromoaryl moiefy under the influence of 
tributyltin hydride converted the isoquinolone and the quinazolone to 
tetracyclic systems. This approach can lead to a convenient synthesis of 
alkaloids of the benzophenanthridine and protoberberine families. 

Aryl radical2.' cyclizations are receiving increasing attention now. The majority of cases of such 

cyclization involve the formation of 5-membered ring structures through a 5-exo-trig cyclization with 

minor amounts of 6-membered compounds formed through a 6-endo-trig cyclization route.4 Only in a 

few cases, a comparison has been made between 6- and 7-membered ring f~rmat ion .~  Recently, we" 

reported the synthesis of fused bicyclic p-lactarns (2) and (3) via tributyltin hydride mediated aryl 

radical cyclization of several monocyclic p-lactams (I). We observed that the yield of the 7- 

membered ring containing p-lactam (3) was low compared to the p-lactam (2) (Scheme 1). 

As an extension of our earlier studiesZ on aryl radical induced synthesis of fused p-lactams (2,3) and 

our research on h e t e r ~ c ~ c l e s , ~  we wish to report here a simple approach to tetracyclic isoquinoline 

and quinazole systems. The strategy is to use the Schiff base (6) derived from o-bromobenzaldehyde 

(5) and ally1 amine (4) to construct a lactam ring and then generate an aryl free radical to induce the 

formation of an additional ring. 

Tetracyclic Isoquinolones. We tested this approach on isoquinolones prepared readily from Schiff 

bases. Following the method of Cushman and ~ a d a j '  we allowed the known Schiff basez (6) to react 
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with homophthalic anhydride (7) in refluxing dichloromethane solution for 1 h and obtained an 

isoquinolone (8) as a single isomer in excellent yield. The 'H-NMR spectrum of 9 , the methyl ester 

of 8 prepared with diazomethane, showed the stereochemistry to be trans as evident by the coupling 

constant between the adjacent protons on the isoquinolone ring.' 

Cyclization of 9 induced by refluxing it with tributyltin hydride in toluene solution in the presence of 

azobisisobutyronitrile (AIBN) and purification by chromatography gave three products (10, 11 and 

12) in the ratio of 7 : 2 : 1, respectively (Scheme 2). The major product (10) showed a doublet at 6 

1.38 in its NMR spectrum indicating the formation of a 6-membered ring. We have depicted the 

stereochemistry of the methyl group arising from exo-cyclization on the basis of our earlier r e ~ u l t s . ~ . ~  

The other minor products (11 and 12) were formed through an endocyclization pathway and a 

debromination route, respectively. The structure of 11 and 12 was confirmed by spectroscopic and 

analytical data. 

Scheme 2 
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Decarboxylation of 8 following the method developed by ~ r a ~ c h o l '  gave an unsaturated amide (13). 

Radical cyclization of 13 as described for 9 afforded essentially a single 6-membered cyclic 

compound (14) (Scheme 3) as evident from its 'H NMR spectrum. These results indicated that the 

ester substituent in 9 played an important role in controlling the regiospecificity of the cyclization 

reaction 

Scheme 3 
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Tetracyclic Quinazolones. The quinazolone (16) is readily prepared from our starting material, the 

Schiff base (6). by following literature methods.' Reaction of isatoic anhydride (15) with 6 in 

refluxing chlorobenzene solution for 3 h gave 16 in 53% yield after chromatographic purification. 

Treatment of 16 with tributyltin hydride and AIBN in refluxing toluene solution for about 12 h led to 

three products, (17,18 and 19) in the ratio 1 : 8 :I, which were separated by column chromatography. 

The major product (18) could be assigned its structure on the basis of its 'H-NMR spectrum. Its I3c 
NMR spectrum showed close similarity with the spectrum of the tricyclic p-lactam (2) that we had 

prepared earlier. While 18 had been formed via exo-cyclization, the product (17), lacking a methyl 

signal, was obviously the result of endo-cyclization. The stereochemistry of the methyl group was 

not obvious from the NMR spectra of 18. A study of single crystal X-Ray diffraction of 18 has 

been planned. 

Scheme 4 
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The third product (19) (mp 146-148 'C) displayed a methyl doublet signal at 6 1.35. Its IR spectrum 

showed no peak at 3500 cm'l (i.e., absence of the N-H group) seen in 17 and 18; a sharp peak at 1660 

cm~l was observed which is indicative of the type of amide bond present in 18. On the basis of 

elemental analysis, CIMS, and NMR spectral data, this compound was deduced to be 19, the 

oxidation product of 18. Oxidation under reductive conditions has been reported in the literature." 

The structure assigned was further confirmed by the oxidation of 18 to 19 with aqueous potassium 

permanganate solution (Scheme 4). 

Concluding Remarks. 

We have prepared a variety of tetracyclic heterocyclic compunds12 via aryl radical mediated 

cyclizations of simple substrates. The information reported in this paper should be useful for the 

synthesis of benzophenanthridine and protoberberine group of alkaloids. 
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