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Abstract-Phorolysis of halopyridines in benzene afforded corresponding phenyl- - 

pyridines. The reactivities of halopyridines in the reactions increased in 

the order of Cl<Br-I. They were also dependent on the position of halogen 

on the ring, thus, the order of 2 > 3  > 4  for bromo- and iodopyridines, 3 > 2  > 4  

for chloropyridines were observed. Effects of bases and solvents on the reac- 

tion w e r e  investigated. Homolytic mechanism of the present reaction would be 

suggested by the photolysis of halopyridines in anisole. 

While several groups of workers recently demonstrated that photolysis of halobenzenes in aromarie 

solvents provided a synthetically useful method for substituted biphenyls,2 fcw applications of the 

method to syntheses of arylheterocycles have been re~orted.~ In the present paper, we describe the 

photo-reaction of halopyridines Q )  wirh benzene and anisole as a prior study for a general synthet- 

ir method of heterocyclic compounds via intermolecular photo-arylatian. 

ox hV * 
in benzene 
or anisole 

1 2 - 

X=Cl, Br, I R=H, CH 0 
3 

A solution of halopyridines (1, 3 mmol) in benzene (300 ml) was irradiated with a 60-W low-pressure - 

mercury lamp for 2 h and the results were listed in Table I. Photo-products, phenylpyridines (1, . 
R=H), were isolated by column chromatography ( s i l i c a  :el I CH C1 ) ,  and characterized by rlleir 

2 2 

spectra (MS, nmr) and mp. 



Table I. Yield of phenylpyr~dines (2, R=H) (%) a,b) . 

t 
a) Yield determined by GLC. ; [ 1 ,  isolated yield. ( ) ,  recovery of rrarring 

material by GLC. 
b) ref. 4 .  

It can be seen from Table I, although some unreliabilities caused mainly by precipitation of hydro- 

halides of both starting materials and products remain, that the reactivities of halopyridines in 

the reactions increased in the order of C1 < Br = I. In addition, the reactivities also vary with 

the posiflon of halogen on pyridine ring. Thus, in iodo- and bromopyridine series, reactivities 

decreased in t h e  order of 2 > 3 > 4, while in the case of chloropyridines 3 > 2 , 4 was observed. 
To prevent the salt-foimat~on of pyridine bases proceeded concomitantly during the reaction, it was 

carried out with in the presence of bases and che results were summerized in Table II -. 

Table II . Effecc of bases on the phorolysis of 1a-B: -- -- in benzenea) 

base equiv. yieldb) 
mol 2% (R=H) -. recovered &$-BE 

a) +if (3 mmol), benzene (300 ml), 2 h 

b) Yield determined by GLC. t 

~ i ~ t i t ~ ~ f  accelerating effect  with r-butylamine was observed from Table II. Thus, phatolysis of &p- 

gg in benzene wiih t-burylamine (3.0 equiv. mol.) for 6 h in the same conditions described above 

gave 2-phenylpyridine (?a, R=H) in 75 % isolated yield. .. 

Prom t h e  synthetic view point, it would be desirable to carry out the reaction in an appropriate 

solvent. Therefare, influence of  solvents on the reaction was examined with h , b  and the results 
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were sumerized in Table m. 

Table IJI. Syntheses of phenylpyridines (2g.k. -- - R=H) in various solventsa) 

a)  Halopyridine (1 mmol) and benzene (10 ml) were irradiated for 2 h in each 
solvent (90 ml) . r b) Yield determined by GLC. ; ( ) ,  recovery of starting material by GLC. 

C )  The main product was pyridine. 

n-Hexane would be an adopeable solvent for the reactions of bromopyridines in view of the good re- 

covery of starting materials, while those of iodopyridines in it afforded pyridine as a major prod- 

uct, indicating typical radical processes of the reactions. In the case of iodopyridines, CH2C12 

may be used as a solvent in which the reactions seemed to be a~celerared.~~ Reactions m t-BuOH 

were accompanied by significant side reactions which we didn't investigate further. 

AS to the reaction mechanism of the arylarion by phorolysis of  halobenzenes, it has been generally 

recognized that the reactions proceed by a radical mechani~m.~ We investigated the photolysis of 

halopyridines in anisole to obtain some aspects related ca the reaction mechanism in a similar man- 

ner to t h e  work of Roblnson and Vernon.2c 2- or 3-Halopyridines (5 mmol) in anisole (100 ml) w e r e  

irradiated for 6 h as described for the reactions in benzene. A f r e r  usual work-up, isomer distri- 

bution ratios of the products (Zh,b; R*CH 0) were determined by GLC analysist (Table n'). 
3 

 able N. Isomer distribution of methoxyphenylpyridines in the photolysis of 2- 

or 3-halopyridines in a n i s o l e  (%) 

2-(methonypheny1)pyridine 3-(methoxyphenyl)pyridine halo- 
pyridine - ) - $1 oa)  m d) - - 

a )  ref. 4. 
b) mp (~icrare) 158.5-159.5-C 
C )  ref. 5. 
d) obtained as a mixture of arfho 1 meta isomers characterized by GC-MS and n m r  
e )  ref. 6. 



The mixture of metho~y~henylpyridines obtained was also purified by column chromatography [silica 

gel pre-treated with ACOH I acetone:benzene = 10:l (for 2-isomer series) or with HCO H I acetone: 
2 

henane = 10:l (for 3-isomer series)], and isomers were characterized by their spectra (MS, rm~),~'' 

mp and elemental analyses. These results were nearly comparable to those found for halobenzenes by 

Robinson and  erno on,^' and would suggest a homolytic mechanism for the phorolysis of halopyridines. 
The decrease of ortholpara ratios of the products observed particularly with La-!; and &a-L in the 

9 
2-isomer series was not the result of 2.1-isomerizarion reported for 2-phenylthiophene or for 2- 

methylbiphenyl,1° because no rearrangement was observed on irradiation of 2-(2-methoxypheny1)pyridine 

in the same conditions employed above. Effects of the neighboring ring-nitrogen to the reaction 

mechanism might be taken in consideration for &-Bz and is-& in the 2-isomer series. 11 .- -. -- 

Further studies for the application of the present reaction to syntheses of heterocycles are now in 

progress. 
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t GLC analyses were performed by following conditions; column size, 1.5m r 3 mm; column packing, 

1.5 % SE-30 on Chromosorb W (60-80 mesh); column temp., 80-20O0C (program rate: 4-Chin); 

flow rate (N2). 30 mlimin; internal reference, naphthalene or 3-bromopyridine (in the case of 

iodopyridine). 
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