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Abstract- A new and mild synthetic method of 

Hokkaido University, 

substituted pyridines from 

u, B-unsaturated carbonyl compounds through a sequence involing (1) 1, 4- 

conjugate addition of thiophenol (2) condensation with a methylene ketone (3) 

Pummerer rearrangement to an unsaturated 1, 5-dicarbonyl compound (4) 

treatment with ammonia is described. 

Aromatic ring formation from nonaromatic precursor, aromatic annelation, 

is of renewed interest in the field of pyridine synthesis 1) as well as phenol 

synthesis.2) For complex natural product synthesis containing these moieties, 

however, it still remained to be of limited use. 

In the course of synthetic studies on acromelic acid A , a neurotoxin 

3) from a poisonous mushroom , we needed to construct a 2,5_disubstituted 

pyridine ring from an a-substituted a, B-unsaturated aldehyde. Our efforts to 

solve this problem resulted in a mild and versatile method of pyridine 

synthesis. 4) 

H02C 

CHO R 

A ’ R 

acromelic acid A 

Cyclization of unsaturated 1, 5-dicarbonyl compounds with a variety of 

ammonia sources is a facile process for pyridine formation.5) However, 

difficluties encountered in preparation of unsaturated 1,5-dicarbonyl 

compounds made it of limited use in synthesis. In our method the problem was 

solved by the use of the Pummerer reaction. 6) 
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Scheme 1. 
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As shown in Scheme 1, an e, $-unsaturated ketone bearing phenylthio group 

at &-position such as 3 can be regarded as a synthetic equivalent to 

ketoaldehyde 5 since the ;;lhenylthiomethyl group may be convertible to aldehyde 

by the Pummerer reaction. Moreover, ketosulfide 3_ is expected to be readily 

accessible because the reaction sequence l-2+3 is a feasible and 
--II 

conventional process. 

The results are summarized in Table 1. Typical example is as follows 

(entry 5): Treatment of methyl vinyl ketone (1: R1 = H, R2 = Me) with 

thiophenol and triethylamine (1.2 equiv each)*in THF at 0 “C for 30 min 

afforded adduct 2 in 98 8 yield, which was condensed with methyl isobutyl 

ketone (7: R3 = HTR4 =iBu, 2 equiv) by treatment with LDA/THF-HMPA at -78 'C 

for 15 min, and then dehydrated by SOC12 (2 equiv)-DMAP (4 equiv) in CH2C12 at 

0°C for 15 min to give ketosulfide 3 in 82 8 yield. The crude sulfoxide 

obtained from 3 (1.2 equiv NaI04fH20-ZeOH, rt, 2h) was treated with 10 equiv 

trifluoroacetic anhydride and 25 equiv pyridine in CH2C12 at 0 OC for 20 min 

to afford a rearranged product, which was immediately cyclized, in one-pot 

operation, with methanolic ammonia at O"+rt for 16h. Thus, 2-isobutyl-4- 

methylpyridine was obtained in 80% yield. 

The yields were usually high in each step and the reactions proceeded 

under quite mild conditions. Especially, the highly mild and accelerative 

conditions of the Pummerer reaction is noteworthy. 7) Pyridines with a variety 

of substitution pattern could be prepared by a variety of combination of the 

starting unsaturated carbonyl compounds and ketones. In addition, ready 

availability of the two components makes this method advantageous. 8) 
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Table 1. 

starting material ketone pyridine” 

CHO 

/ I 

CHO 

/ J 

CHO 

/LOMEM 

CHO 

/J-OMEM 

O,\ J / 

02 J / 

OMEM 

I Ph $0 

0 *0 

0 <O 

A/J *0 

0 >O 

I \\ 0 

49 

58 

roMEM 52 

@J-OMEM 55 

dl ‘I ‘N 
60 

60 

51 

a. Spectral data ('H NMR, IR, UV and HR-MS) of these compounds were 

consistent with the assigned structures or those reported in literature. 

b. Isolated overall yield of pyridines. 
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