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Abet: Tehahiafdvahe reads with diamnium salts to affd fmctionalined nitrogen and 
aygcn hctaocycles- 

WC have recently reported the use of tctrathiafulvalcnc in electron transfer to diazonium salts which 

caused radical cyclisation followed by oxidadve termmadonlz. In this paper, we report on the scope of this 

reaction in producing more complex oxygen hetempolycycles, and in producing nitrogen heterocycles. 

Initially, the diene (1) arxi cnyne (5) were prepamd to test the possibility of tandem radical cyclisations 

prior to oxidative tuminabon. Treatment of the diene with 1 equivalent of TTP in moist acetone affonied a 

mixture of two products, the aikene (3)(41%) and the bicyclised compound (4)(15%) each as a mixture of 

dkWmomers. This suggested that the rate of oxidative interception of the radical (2) was competitive with 

the second cyclisation. It follows either that the second cyclisation is conskkably slower than the cyclisation 

of the aryl radical3 or that oxidative interception4 is much slower for the aryl radical than for (2). 

In view of this, we tested substrate (5). This compound should feature an aryl radical cyclisation 

followed by a vinyl radical cyclisation. Although rate data for vinyl radical cyclisations are sparse, we 

suspected that the aryl and vinyl cyclisation rates might be very similar and therefore that this substrate might 

deliver the product of two sequential cyclisations. In fact the sole product of this reaction was the tetracycle 

(7)(64%) [isoIated as a separable pair of diastemomers]. indicating that not only had both cyclisations 

occurred but that a further cyclopropane formation had also been accomplished. This reaction adds to a 

growing number of recently observed radical cyclopropane synthesess. Analysis of the position of 

equilibrium between phenyl-substituted cyclopropylcarbinyl radicals and the corresponding ring-opened 

butenyl rdicals has shown that the ring closed form predominates under standard reaction temperature&. 

Although in this case the fused cyclopropane will have added ring strain. the benzylic nature of radical (6) 

must assist formation of the observed product. In the formation of (7), the intermediate benzylic radical (6) 

8675 



8676 

may couple to lTF+ and then yield the product by loss of ‘ITF and a proton, or, alternatively, (6) may be 

directly oxidized to a cation by electron transfer to another molecule of diaaonium salt and then suffer proton 

loss. lbese studies define the scope of radical cyclisations to occur in the pmsence of TlF+. 
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-BF, +N2 if 
0 

(9 (7) 

Attention was next directed towards forming nitrogen heterocycles. Aspidospermidine and ajmaline 

(shown below) are two of many indoline alkaloids which pose interesting synthetic challenges. Both 

molecules feature a heteroatom 8 to the 3-position of the indoline as in (8). To investigate initially whether 

simple indolines like (8) could be pmpamd, the N-benxoyl, N-ally1 diaxonium salt (9) was synthesised. 

c.z$9 c&pH cgR 
(8) 

Aspidospermid.ine AjmllhIE X =Heteroatom 

Disappointingly, reaction with TIF gave rise te two products in low yield : the lactam (10)(8%) and 

the biphcnyl(11)(6%). These products arise from attack of the aryl radical on the aromatic ring of the 

benxoyl group. We speculate that ipso attack led to radical (12) and that subsequent quenching by TlT+ 

afforded an intermediate which on hydrolytic work-up afforded ‘ITF, carbon dioxide and the observed 

biphenyl (11). 

(9) (10) (11) 
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It is unlikely that radical (W) is an intermediate in this reaction, because of the dearth of examples7 of 

decarbonylation of radicals like (12) and also because radical (13) should ram with T’l”F+* rather than 

undergo reductive work-up. It is interesting to compare the results of this experiment with those of Togo*. 

who reacted the aryl bromide (14) with tributyltin hydride and AIBN to form (10) with no trace of products 

derived from intermediate radical (12). Although the eon of (9) was not encouraging, inspection of the 

lim showed that the N-benz.oyl groups causes unusual chemistry. To avoid this and achieve an indoline 

synthcsis9, the acetyl substrates (15) and (16) wen examined. Reaction with TIT in moist acetone afforded 

the indolines (17)(59%) and (18)(599b) respectively. Diallyl diazonium salt (19) also affon3ed indoline (20) 

in 40% yield. 

OY 

N2 

-BF4 

(15) R=H, R’=Me 
(16) R=R’=Me 

(17) R=H, R’=Me 
(18) R=R’=Me 

f+ P+ 

N2 OH 
-BF4 

(1% m 

cxNiQ -* * 
-BF4 OH OCOAX 

(21) (22) cw 

Finally, as a prelude to the synthesis of more complex heteropolycycles, the diazonium salt (21) was 

prepamd Cyclisation in moist acetone gratifyingly afforded the tricyclic alcohol (22) as a single diasm 

(65%). The stereochemistry of this product was defined by an X-ray crystal structure determination of the 
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corresponding 3.5dinitrobenzoate ester (23). 

The yields of these reactions reported in this paper have not hecn optimised. aud sc this chemistry 

holds considenble ~y~~thti~ PIDS~. The scope and ~pthtttk utility of thy reaction0 a mndy 6 

itlVCStigdOlL 

X-Ray Crystal Saucture of Compound (23) 
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