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Thermolysis of 3-ethoxy-Z-arab~cyclo[3.2.01hept-2-en-4-n yielded 

2-ethoxy-3.4-dlhydropyridines, which is explamed by [1,31 sigmatrop~c 

rearrangement followed by cheletropic elimination of CO. 

We report here a thermal conversion of imid~c esters of 2-arablcyclo[3.2.01- 

heptane-3.4-dimes 11 or 2) to 2-ethoxy-3.4-dihydropyrid~nes 13) under relat~vely - -- - 
mild conditions, which we believe 11.31 sigmatropic shift of an azabicyclo[3.2.01- 

heptene to an azabicycloI2.2.llheptene followed by cheletropic elmunation of 

carbon monoxide. 

The imidates (1 or 2) were prepared from 2-arabicyclol3.2.0lheptane-3,4-diones * 
on treatment with Meerwein reagent. 

When 7-ero-phenyl derivative (la) was heated in roluene at 120- for 4 hr, a 

gum was produced, the spectral data of which suggested that it is 2-ethoxy-5- 

ethoxycarbonyl-6-phenyl-3,4-dihydropyrid 13_al.3 Confirming this assqnment, ~t 

4 gave the 3.4-dihydropyridone (4:) (67% from 12) on acid hydrolysis (5%HC1-THF, r.t.1 
5 and the 2-ethoxypyridine 1%) (84% from 12) on DDQ ouidatlon. - 

7-Endo-phenyl isomer IZ_a) was stable under the srmilar condition, but changed 

at ZOOo for 2 hr into the same dihydropyridlne 12) 18081.~ The difference in re- 

actlvlty due to orlentational difference of C7-suhstltuent is attributable to 

retarding the [1,31 shift process by a 7-endo group. For thermally allowed supra- 

facial L1.31 sigmatroplc shift with inversion of the configuration of che mqrat- 

ing center 1C7), movement of a 7-endo substltuent would require higher activation 

energy than that of a 7-ex0 isomer due to increase of steric hindrance in a tran- 

sition state. 

The similar effect was observed in thermolysis of 7-ethoxy derivatives. 

Formation of the dihydropyridine 1%) (-75%13 at ZOOD from the em-lsomer 1%) 



completed within 2  hr, but required 2 0  hr from the endo-lsomer ( % I .  

7.7-Disubstituted derivatives also gave dihydropyridines, though forced 

conditions were required, as expected. Thus 7-Et-7-Me derivative ( l e )  gave the - 
dihydropyridine in 85% yield on heating at 2 0 0 '  for 2 0  hr. Both the 7-era- 

Me-7-endo-OAc and 7-ezo-OAc-7-endo-Me derivatives, (Id) and ( Z _ d ) ,  gave (ZOO0, - 
16 hr) the same pyridine derivative (s)5 (47% from id, 2 9 %  from s ) ,  which is the 
product apparently due to thermal loss of acetic acid from the intermediary 

dihydropyridine ( 3 d ) .  Interestingly, the imidates recovered from the above 

reaction mlxture (27% from id, 2 9 %  from 2 2 )  were contaminated with the other -., 
stereoisomer 110% and 3 0 % ,  respectively, as evidenced from the NMR spectra), 

indicating that epimerlzatlan of C,-substituent was taking place. 
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The 1-ezo-ethyl derivative lltl, did not produce the d~hydropyrldme on 

heating at 200' for 8 hr, but it lnstead epimerired to the 7-endo-ethyl isomer (LC) 

160% yield), mdlcatmg that epimerizatlon of C,-substituent occures as another 

mdependent thermal process of the imidates. Since this thermal epimerizatlon of 

a 7-em-substituent to a thermodynamically more stable 7-endo isomer 1s llkely to 

proceed through brradical intermediate (6) as already suggested in epimerization - 
a£ 7-substrtuted-2-azabicyclo[3.2.0lheptane-3,4-d0,~ all of the ahove evidence 

support that the smooth [1,3] sh~ft from an ero-lsomer proceeds in a concerted 

manner without through radical intermediate. In fact, no epimerlzatlon was observ- 

ed during the migration of the ezo-isomers, I_a and g. At hlgh temperature homo- 
lytic cleavage of C1-C? bond competitively occurs, whlch becomes predominant when 

the migration is slow (1 .e .  ~n %I. 

Among two cansecutrve steps in formation of d~hydropyrldmes, 11.31 shift 

and cheletroplc loss of CO, the first step is slmilar with the stereospeclf~c L1.31 

rearrangement of 2 to 3 reported by ~erson.~' Includmg thls, reported thermal 

3 shift such as vmylcyclopropanes to cyclopentenes8-10, whether it is of 

concerted or of biradical pathway, generally requrres high temperature (>25OS). 

In contrast to those, our azall.31 shift is facrlitated probably by presence of 

C,-ethoxyl and C,-phenyl groups, of course electron rich substrtuent at 7-em 

position being another accelerating factor. Such lowering the actlvatmn energy 

of Slgmatroplc shlft by substrtution at a mlgratlng termlnus with an electron rlch 

substltuent has been reported. 11 

Direct formation of the d~hydrapyridone (4_al(10%1 in thermolysie (200a, 2 hr) 

or a 2-azablcyclo 13.2.01 heptane-3.4-dione I=) also suggests the particlparion 

of the lactlm form 121 I" the reactlo", although the radical pathway can noc be 

d~scarded in this case. 12 
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