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Abhact: Ethyl (triiutylstannyl)aatte adds chcmorelectively to l cylpyridinium salts to yield a variety of 
dihydropyridii with divcrrrc functional group. These compounds an useful prccuasoxs for the prepantion of I 
vrrkty of N-httemcyclcs. ‘Ibe ngiochcmistry of the naction is addressed and the rurulis an ntionalizcd based on 
the HSAB principle. 

As part of a program directed toward the synthesis of N-heterocyctes from dihydropyridines,’ we were 

confronted with the problem of introducing a carboethoxymethyt group regio- and chemoselectivety onto a 

functional&d pyridioe ring system. There have been isolated reports of the addition of a carboethoxymethyl 

group to ao unsubstituted pyridine ring employing either the Reformatsky reagent derived from ethyl 

bromoacetate or the titanium enotate of ethyl acetate, to yield a mixture of 1,2 and 1,4 dihydropyridines in 

moderate yield (58% and 68%) and selectivity (ratio of 1,2 and 1,4 dihydropyridines is 2~1).“‘~ However, 

chemoselectivity is a problem with these reagents because of their tendency to add to reactive functional groups 

like the carbooyl group which are substituted on the pyridine ring (v&&z infiu). 

In tackling this problem, we were drawn toward a report by Yamaguchi et. at.,3 who demonstrated that 

atlyttio reagents are suffhzieotly oucleophitic to add to acytpyridinium salts in a regio and chemospecific 

manner. We wish to report here that ethyl (tributylstannyt)acetate’ is an effective reagent in adding to 

acytpyridinium salts having reactive functional groups to produce a variety of useful N-heterocyctes in high 

yield. 

The general reaction is illustrated in Eq 1. A solution of a substituted pyridioe and ethyl 

(tributytstannyt)acetate in THF at -40°C was treated with methyl chloroformate. The reaction mixture was 

stirred at -40°C for 20 mio, then at room temperature for 15 mio followed by ao aq. ammonia quench. The 

mixture was conceotited under reduced pressure and purified by flash chromatography5 to yield the 

corresponding &rboethoxymethyt dihydropyridioea (Table 1). 
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Table 1’ 

*All compounds ~pve utisfrdory spectral data. bOveall yields. 
‘kombincd yield of A l d C isolated l .s l mixture was 43%. 

Nmbca in pmmthcsis refer to isolated yield8 of each component. 
Ratio of A, C is based on the intcgntion of the mcthoxy signal in the 

As is evident tirn Table 1, ketone, aldehyde, cyano, ester and bromo groups remain unaff6cted during 

the course of the reaction. Interestingly, while functionalization of pyridine-3-carboxaldehyde occured in high 

yield (but with low regioselectivity), the reaction of pyridine+carboxaldehyde with ethyl 

(tributylstannyl)acette led to extensive deoomposition of the reaction mixture. We were only able to isolate 

and characterize the 1,4 addition product, in 10% yield from this reaction (Table 1, entry 6). This is in contrast 

to ethyl isonicotinate and 4-cyano pyridine which produced the 1,2 addition adducts in high yields (Table 

1, entries 3, 4). 

Treatment of 4-benzoylpyridine with ethyl (tributylstannyl)acetate led to the desired 1,2 dihydropyridine 

in very high yield (Table 1, entry 2). This is in contrast to the Reformatsky reagent generated from ethyl 

bromoacetate and zinc, which yielded none of the desired 1,2 addition product on reaction with 4- 

benzoylpyridine. Instead, products corresponding to the addition of the reagent to both the acylpyridinium salt 

(1,2 addition) as well as to the carbonyl group were isolated (Eq. 2). Treatment of the acylpyridinium salt of 

Uenzoylpyridine with the titanium enolate of ethyl acetatezb gave none of the desired product. Attempted 

reaction of rl-benzoylpyridine with ethyl (trimethylsilyl)acetate and methyl chloroformate also did not lead to 

the expected products. This was expected in view of the greater nucleophilicity of tin nucleophiks over silicon 

nuckophiles.6 
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The regiachemistry of the addition of ethyl (tributylstannyl)acctatc to acylpyridinium salts can be 

rationalized based on the hard and so& acid base @MB) principle.’ For example the reaction of ethyl 

(t~bu~ls~yl~~~~ with pyridine and methyl chloroformate yielded a 31 mixture of 12 and 126 

dihydropyridines (Table 1, entry 1). This indicates that ethyl (tributylstatmyI)acetate lies between the “hard” 

alkenyl, alkynal and ally1 tin reagents which undergo 1,2 addition3 and the “soft” organocuprates which 

undergo 1,4 addition.%’ Therefore the reactivity of this reagent on the hard and soft acid base (HSAFJ) scslc’s 

is similar to that of primary Grignard reagents which give a mixture of 1,2 and 1,4 dihy~~~~~ when 

added to acylpyridinium ~alts.~ 

The “ortho directing effect”, proposed by Sundberg et. al.,!’ may explain the form&ion of 1,2 and 1,4 

dihydropyridine produets observed in the reaction with 3-bromopyridine (Table 1, entry 5, electron donating 

“Bra substituent) and the poor regloselectivity observed for pyridine-3-carboxaldehyde (Table 1, entry 7, 

electron wi~mwing formyl substituent). 

~Metho~p~idine, a starting material widety used by Cornins et. al., for the synthesis of a variety of 

N-heterocycles” gave the useful pyridone D when its acylpyridinium salt was treated with ethyl 

(tributyIstannyl)acetate (IQ. 3).i3 In addition, the reaction of quinolinium and isoquinolinium salts with ethyl 

(tributyIstannyl)acetate led to the corresponding dihydroquinoline and isoquinoline adducts in very high yields 

@I‘ 4,s). 

8796 
* 

80% IQ. 4) 

In conclusion, we have demonstrated that ethyl (~ibuty~~yl~~~~ is a versatile reagent for the 

carboethoxymethyIation of functionalixed pyridines. This reagent can be made in bulk quantities, is very stable 

and csn be stored for long periods of time unlike the corresponding Reformatsky reagent, which is not 

ehemoselective, is moisture sensitive and has to be generated and used immediitely. 
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These functionalixed dihydropyridines, quinolines and isoquinolines can be manipulated to generate a 

variety of N-heterocycles, such as those belonging to the indolizidine and quinolizidine group of alkaloids.” 

These studies are in progress and will be reported in due course. 
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