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STUDIES ON KETENE AND ITS DERIVATIVES 114. 1 

1,4-CYCLOADDITION OF KETENE TO ETHYL N-(2-PYRIDYLIFORMIMIDATES 

Nobuya Kataglrl, Ryu71 Nlwa, and Tetsuso Kato 

Pharmaceutical Institute, Tohoku Unlverslty, 

Aobayama, Sendal 980. Japan 

A b s t r a c t  - Reactlon of ketene wlth ethyl IV-(2-pyrlayllforrn- 

lmldate (el in acetone at room temperature gave 3-acetyl- 

pyrldoil.2-alpyrlmldln-4I4Hl-one (21 whereas excess ketene gas 

was passed over the lmldate wlthout solvent at 75 OC to 

glve pyr1dojl,2-a]pyr~rn~d~n-4(4Hl-one I&) and 2-formarnldogyrl- 

dlne (el, both of whlch would be formed by 1.4-cycloaddltion 

of ketene. Slrnilarly, reactions of ketene wlth the methyl 

analogs ib-e were also carrlfd out to glve $yrldopyrunldlnes 

(=I and 2-forrnanidopyrid~nes (-1. 

It had been recognized that, compared to substituted ketenes, ketene itself hara- 

ly reacted wlth lmlncs because of its low reactlvlty. 2 - 5  
However, we have found 

that a-unsubstltuted 6-lactarns are obtalned by 9asslng ketene gas over Schlff 

bases wlthout solvent undcr heatlnq.' Under the same condltlons ketene also 

reacts wlth compounds havlng conjugated C=N double bond such as IV-clnnamyll- 

dene anrllne to glve 6-lactarns! On the other hand, it has been reported that 

ketene undergoes 1.4-cycloadditlon wlth ethyl o-(dimethylamlnomethylenel-2-pyri- 

dlneacetate to glve a qulnarollne aerlvative. 7 

In thls communlcatlon wc wlsh to report the 1.4-cycloadditlon of ketene to ethyl 

ig-(2-pyrldyllformlmldates, whlch possess C=N double bond conlugated wlth pyrl- 

dlne ring C=N. When ethyl N-(2-pyrldyllformlmidate (&I8 was allowed to react 

wlth excess ketene in acetone for 2 days at room temperature, 3-acetylpyrldo- 

i l , 2 - a ] p y r l r n l d i n - 4 l 4 i i ) - o n e  ( 2 )  imp 152 - i53 'C lilt.' rnp 150 ' C )  1 was obtain- 

ed i n  12% yleld. Slnce dlketene reacts wlth la to give 2,'' com$ound 2 would be - 

formed by the reactlo" of - la wlth dlketene der~ved from ketene. 



Next, excess ketene gas was passed over la at 75 'C wlthout solvent to give 

pyr1do(l,2-ajpyrlmldln-414H)-one (2) imp 131 - 132 'C (1lt.l' mp 127 ' C )  i 

and 2-forrnamido~yildlne (s) im2 75 - 77 ' C  (ilt.12 mp 71 'c) j in 58 and 34% 

yieias, resgect~vely. Slmllarly, react~on of ketene wlth methyl analogs 

(a) gave p y r ~ d o i 1 , 2 - a ] p y r ~ m ~ d ~ n - 4 ( 4 H ) - o n e s  (3b.c.e) and 2-formarnldes 

(4b.c,e). Kowever, reaction wlth ethyl N-15-methyl-2-pyr1dyl)formlmldate 

( & )  dla not give the 2-formamlde s, but gave a 6 8 %  yleld of the pyrldo- 

,i,2-a j~yrimlaine 30 as a sole ~roduct. 
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Table 1. Reactlon of Ketene wlth 

Ethyl fli-(2-Pyrldy1)formirnidates (-1 a 

H' 'OEt 

Formlrnldate Reac tlon Product, Yleld ( 8 )  

Compd. No. R tune ( h )  - 3 4 (mp, 'c) - 

la - H 1.5 5 8 34 (75 - 77) 

(1lt.l2 mp 71) 

a1 The reactlon was carrled out at 75 "c. 
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Table 2. Meltlng Polnts and Spectral Data for 

Pyrldoil.2-a j;iyrlmldln-4 (491-ones I=) a 

m;, ('C) 'H-nmr 6 1CDCl3) max. (CHCI 3 )  
Comgd. No. 

2-H 3-H 6-H cm - 1 jllt. np (-C)j 

a )  Satisfactory elemental analyses were obtalned from all compounds 

The mechanisms of formation of the ;,yridoil,2-aj;iyrimldlne - 3 and the formamide 

4 can be elucidated as follows; 1.4-cycloaddltlon of the C=C bond of ketene to - 

the lmidate 1 would g l v e  an lntermedlate A, whlch ellmlnates ethanol to be 

transformed lnto (path-a). On the other hand, the C=O bond of ketenf 

15 
undergoes 1,4-cycloaddltlon with to g l v e  an lntermedlate B, hydrolysis of 

whlch glves 4 via an ~ntermedlate C (path-b). 
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