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Abstract: Oxidative radical cyclisation using Bu3SnH has been used for the synthesis of [1,2-cl-fused 
imidazoles and [l,2-a]-fused pyrroles from imidazolecarbaldehydes and acylpyrroles respectively. The 
intermediate nucleophilic N-alkyi radicals cyclise onto imidazole and pyrrole rings followed by 
oxidative re-aromatisation. © 1997 Elsevier Science Ltd. 

The development of new free radical methodology for the synthesis of heterocyclic compounds is of 
increasing importance. 1 However, radical protocols involving heteroarenes have not been widely studied. In 
our studies of the synthesis of target biologically active bicyclic imidazoles we recently reported the first 
radical cyclisations onto imidazoles and benzimidazoles to form [1,2-a]-fused imidazoles and [1,2-a]-fused 
benzimidazoles using ipso substitution at the C-2 position.2 In an earlier study we reported the synthesis of 
pyrrolo[1,2-c]-imidazoles via 5-exo cycllsation of N-alkenyl-imidazol-5-yl radicals. 3 In this paper we describe 
the first synthesis of [1,2-c]-fused imidazoles via oxidative cyclisation of N-alkyi radicals onto imidazoles. 
Oxidative radical cyclisations using Bu3SnH are unusual but have now been reported for a variety of 
heteroeyclic syntheses. These syntheses include heterocycles formed by the cycllsing ring 4"10 and oxidative 
cycllsation onto the heteroarenes, e.g. indoles 11-13 pyrroles, ll and pyridinium salts. 14 

The target imidazoles require a hydroxymethyl group at C-4 and the success of oxidative cyclisation 
onto indole-3-carbaldehydes 13 suggested that imidazole-4-carbaldehydes would be good precursors. The 
analogous 3-acetylpyrroles were also synthesised for comparison purposes. 3-Aeetylpyrrole was used instead 
of pyrrele-3-carbaldehyde because of a shorter synthesis. The synthesis of the required radical precursors was 
carried out by alkylation with a large excess of o)-dibromoalkanes as shown in Scheme 1. The ambident 
imidazole-4-carbaldehyde anion gave largely the 4-isomer but in each case small amounts of the 5-isomer was 
separated by chromatography. 
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Scheme 1. Synthesis of radical precursors 

Treatment of the imidazole precursors I with Bu3SnI-I under nitrogen using syringe pump addition gave 
reasonable yields of the predicted cyclised compounds 2, and for the 5- and 7-membered ring cyelisations, a 
small amount of reduction to the imidazole 3 (Scheme 2). No other products were detected. Acetonitrile was 
used as solvent because of solubility problems with toluene. Only the 6-membered ring cyclisation was 
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selective, which suggests ring strain in the 5-membered ring cyclisation. The 7-membered ring cyclisation was 
encouraging but attempts at 8- and 14-ring cyclisations gave only reduction to the N-alkylimidazoles 3 (n = 4, 
10). The intermediate alkyl radicals are nucleophilic thus facilitating attack at the electrophilic positions on 
the imidazole ring (C-2 or C-5). The regioselectivity of cyclisation onto the 5-position, [1,2-c]-fused, rather 
than the 2-position, [1,2-a]-fused, could not be verified using 1H and 13C NMR spectra of the products. The 
regioselectivity of cycfisation onto C-5 was confLrmed by determination of the structure of 2 (n = 1) by X-ray 
crystallography. The regioselectivity was further illustrated by blocking the imidazole-2-position with a 
methyl group, e.g. 4 (Scheme 2). Radical cyclisation of the 2-methylimidazole-4-carbaldehyde 4 gave a high 
yield of cyclised aldehyde which was derivatised without purification as the a,~-unsaturated ketone 5 by an 
aldol condensation with acetone. In contrast, when the 5-position was blocked, i.e. 6, the only product was 
the corresponding reduced compound 7 indicating that attack at the C-2 position is not favoured (Scheme 2). 
The regioselectivity appears to be determined by the nucleophilic alkyl radical undergoing addition to the 
electrophilic [3-position of the a,~-unsaturated aldehyde moiety in a Michael type manner. 

BuaSnH (1.5 equiv.) n = 1 (42%) n = 1 (10%) 
- -  ,~ n = 2 (49%) + n = 2 (0%) 

AIBN (0,25 equiv.) n = 3 (14%) n = 3 (8%) 
J CHaCN, reflux, 5h ( J )"-'/ ~( ) (3) Br"1"~( ) (1) (2) 

OHC~N ~ CHaC~ ' - -~ ._N~  1. BusSnH, AIBN 
CHaCN, reflux, 5 h  

2. acetone, H + 

r ~  (75%) 
B (4) (s) 

OH 

Bu3SnH, AIBN 
CHaCN, 

~ reflux, 5h46% 
(s) Br (7) 

Scheme 2. Radical cyclisations of imidazole-4-carbaldehydes 

The regioselecfivity of radical cyclisation exhibited by the corresponding 3-acetylpyrroles is similar to 
that for the imidazole-4-carbaldehydes (Scheme 3). As for the imidazole series, cyclisation at C-2 was 
completely selective for the 6-membered ring cyclisation and largely selective for 5- and 7-membered ring 
cyclisation. Again, the regioselectivity is determined by the nucleophilic radicals adding to the 13-position of 
the a,~-unsaturated ketone moiety. Similar regioselectivity has been reported in related pyrrole cyclisafions. 11 
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Scheme 3. Cyclisation of 3-acetyl -N-(~bromoalkyl)pyrroles 

The effect on cyclisation of a carbaldehyde in the a-position of imidazole and pyrrole was also 
investigated. The required radical precursors were prepared and reacted with Bu3SnH as shown in Scheme 4. 
The pyrrole precursors were readily alkylated using the anion of pyrrole-2-carbaldehyde but the imidazole 
alkylatious had to be carried out in neutral solution to force alkylation onto the more basic 'imine' nitrogen. 
These alkylations were slow (3-5 days at reflux) and low yielding and ~(benzenesolenyl)alkyl iodides 2 were 
used to avoid dialkylation problems. The pyrrole-2-carbaldehydes 8 gave selective 5-, 6-, and 7-membered 
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ring cyclisadon onto C-5 to yield the pyn-olizidines 9 without any traces of the corresponding N-alkylpyrrolc- 
2-carbaldehydes (Scheme 4). The lowish yields were due to problems of separating Iributyltin residues from 
the products. In contrast, the imidazole analogues 10a and 10b gave a marked difference between 5- and 6- 
membered ring cyclisation. Imidazole 10a yielded no 5-membered ring cyclisation and only gave reduction to 
1-propylimidazole-5-carbaldehydel2a (73%). The imidazole 10b gave selective 6-membered ring cycl_i~tlon 
to yield l i b  (53%) and no reduction to 1-butylimidazole-5-carbaldehyde 12b, again indicating that the 5- 
membered ring cyclisation is disfavoured due to strain. 
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Scheme 4. Radical cyclisations onto pyrrole-3-carbaldehydes and imidazole-5-carbaldehydes 

l-(3-Benzeneselcnylpropyl)imidazole-2-carbaldchyde was synthesised as shown in Scheme 5 using 
alkylation of the corresponding acetal. Imidazole-2-carbaldehyde could not be dir t i ly alkylated and has been 
reported to be unstable to various organic and aqueous bases. ]5 Rvaction of the selenide with Bu3SnH gave 
selective loss of the 2-aldehyde to yield 1-(3-benz~nesclenylpropyl)imidazole and no cyclised products could 
be observed. The 2-aldehyde is also not stable under radical conditions and loss of the aldehyde is faster than 
SH2 abstraction of the benzeueselenyl group. 

2. Nail, THF N / ~'cH(OEt)2 62% CHO 

3. I(CH~aSePh72% ~ S e P h  ~ " " ~ S e P h  

Scheme $. Synthesis of 1-(3-benzeneselenylpropyl)imidazole-2-carbaldehydc 

There is no definitive mechanism for the oxidative radical cyclisations using Bu3SnH. 4-9 All of the 
examples reported in the literature proceed to aromatic products which provides a strong driving force. Three 
putative mechanisms are illustrated for the cyclisation of the imidazoles 1 in Scheme 5. Abstraction of 
bromine by Bu3Sn. radicals and cyclisation of the radicals 13 to yield the intermediate radicals 14 arc the 
most probable first steps. The question is how is the hydrogen at C-5 lost to yield the aromatic imidazolc. The 
most obvious explanation is that a dihydro product, e.g. 15, is produced by a normal chain reaction involving 
Bu3SnH, followed by air oxidation. However, the reactions arc carried under an inert atmosphere which is 
counter to this mechanism. A mechanism proceeding v/a H-abstraction by AIBN and/or 2-cyanoprop-2-yl 
radicals has been suggested. 7 AIBN has been shown to be able to abstract hydrogens in radical reactions. 16 
Lobo, Prabhakar et al, in their recent studies 5 of the syntheses of phenanthridines which appear to proceed by 
the same oxidative cyclisation, have clearly shown that the 'hydrogen' which is lost in the oxidation is not 
abstracted by 2-cyanoprop-2-yl radicals. We have proposed a 'pseudo SRNI' mechanism 4 for similar reactions 



7940 

which would involve the loss of a proton from the intermediate radical 14 to form the aromatic radical anion 
(2-') as the key step. The other steps are in common with the chain reactions observed for SRNI reactions. 
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H " ~ ' ~  BusSnH ~ N  

(1) \ - 6 ,+~J ~ +  == ~ N),, ~ .~ ~ N )  [O, : (2) 
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- B , -  o.c  / Me,C-CN (2) 

(1)"" ~ 1=1-" 

(1) i ~ ' ~  (2) (),_J 

Scheme 5. Putative mechanisms for the oxidative cyclisation of irnidazole-4-carbaldehydes 

In conclusion, although our reactions require optimisation, we have shown the utility of the oxidative 
protocol using Bu3SnH to synthesise novel hetemcyclic systems, and some of the limitations encountered. 
Further studies are being carried out to elucidate the mechanism of these oxidative cyclisations. 
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