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RING TRANSFWMATIONS OF 5-NITROPYRIMIDINE 

VIA INVERSE DIELS-ALDm REACTIONS' 

Valery N Charushln 5 and Her& C. van der Plas* 
Laboratory of Organic Chermstry, Agrxultural 

Unlverslty, Wagangen, The Netherlands 

SuImkWyz 5-Nitropyrlrmdme undergoes lIlverse Diels-Alder cycloaddltlons w1t.h ketene-N,N-, -O,C- 

acetals and enanunes resulting 111 pyrl&ne derlvatlves. The 'H NMR evidence for the I-N,N-diethyl- 

mopropyne cycloadduct formation 1s presented 

mng transformations of s-tetrazmes proceeding via an inverse electron demand Diels-Alder reaction 

followed by a retrograde process are well established and have recently been rev=ewed.2 Also anumber 

of reports on slrmlar ring transfonnatlons of 1,2,4-triazmes have appeared m the last decade. 
3 

However, no example of a Diels-Alder cycloaddltlon on the pyrlnudlne ring has been reported so far. 

In this cormnunlcatlon we wish to show that the pyrlrmdlne ring when activated by a strong electron 

acceptor as the nltro group 1s able to undergo [4+21 cycloaddltlon reactlons 111 which electron-rich 

ethylenes or acetylenes react as a dlenophlle and the pyrlrmdlne ring as an electron-deflclent diene. 

Reaction of 5-nltropyrlrmdme (1,' with ketene-N,N-acetals (2aZa,,,b,' and ketene+,O-acetal (2;) 

results III the formation of pyrldlne derlvatlves 3a-c (Scheme I) No trace of an isomzrx product 
%% ,-I. 

was detected. In case of the reaction of 1 with 3c not the expected 2-methoxy-3-mzthyl-5-nltro- 

pyrldlne but the corresponding 2-pyrldone%32 1s f&med.. Apparently under the condition of the 

reaction (Table) demethylatlon has occurred. The structure of the products 2c-c 1s firmly establish- 

ed by the 'H NMR data, elemental analyses and IMSS spectromtrlc data The melting points 33 and 3,", 

are the same as those mentioned ln the literature. 4,5 

*a-e 
3 a-e 

a) R=H; x=Y=nrxpholmo a) R=H; Y=mxpholmo 

b) R=H; X=Y=plperldmno b) R=H, Y=pqxrldmo 

c) R=CH3; X=Y=ocH3 c) R=CH 3; Y=OH 

d) R,Y= (CH2j4; X=n-orpholmo d) R,Y= (a2j4 

e) R,Y= (C!H2)3; X=pyrrolldmo e) R,Y= (cH3j3 
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From the structure of the products obtained It 1s evident that the fonnatlon of 321% can 

be described by a 14+21 cycloaddltlon reactlon lnvolvlnq exclusively the 1,4-cycloadduct 4,. This 

adduct 1s formed 111 such a way that the unsubstituted tentunus of the alkene bewn~s attached to 

the C-4(6) of 1, and the carlxn carrylnq the electroneqatlve groups to N-1(3). 

In an ex'censlon of this mrk we also investlqated the reactlon of ;1 with the enaxrunes 2d,e. 
%izi % 

From these reactions E could isolate the 2,3-annelated cyclohexa- (3,d,' and cyclopenta-5-nltro- 

pyridlne (3,",, respectively. To ascertain the structure of these tm last-mentioned products we 

reacted 4,6-dldeuterio-S-nitropyrlrmdlne (L') with 2,d, and found that m the product obtained both 

deuterlo atoms were still present. This result excludes the formation of a 2,5-cycloadduct 5 
'7, 

since it muld have led to the tetrahydroisoqulnolxne derivative 6, having only one deuterlum atom 

(Scheme 2). 

From these results one has to conclude that 111 the reaction of 1 with 22-Q a Diels-Alder cyclo- 

addition with inverse electron demands takes place lnvolvlnq the 1,4-cycloadduct 4, and not a 

2,5-cycloadduct. Thus the reaction is hlqhly reqloselectlve. This 1,4-cycloadduct undergoes a fast 

elmtlon of hydroqen cyanide and anune (or alcohol). 

NO2 

D 

D 

H 

5 

3'd 

D 

H 

6 

In a cycloaddition reaction the rate is known to be detemuned by separation between the HO 

orbltals of the alkenes and the LUPFX of 2. 6,7 The observed order of reactivity for the alkenes 

1s decreaslnq in the series $,Q > 
8 
.2X& > $ and 1s in accordance with qualrtatlve substltuent 

effects on HO orbltals of alkenes mediaxunes 2a,,b are reactive even at +20°C, but en-es 

2d,e react with a percepttile rate only when heated XI ethanol. The reaction of 2 with 0,0-acetal pl/\r% 
$ requires many hours of heatlnq 111 ethanol (Table). 

N,N-dlethylarmnopropyne (?,a) is also reactive with 1 
% Accordlnq to 'H NIQ data the cycloadduct 

& is lmnediately formed as the sole product when an excess of 2 1s added to a solution of 2 m 

benzene, chloroform or Ccl4 (Scheme 3, Table). The doublet at 7.82 ppm (cDc13) was assigned 
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to the H-2 proton of $3 on the base of the product obtained from 4,6-D2-5-nltropyrmdme (L') 

and zand. the procedure of double resonance, berg used for the assqrment of all other sqnals 

(Table). The long-range couplmg constant between protons of the methyl group and H-4c4J=1 Hz) 

1s m agreement with structure k and makes opposite orxentatlon of addends or the formation of 

% highly unlikely (Scherre 3). 
R 

Z(R) I 

9 

1+R = Z 

7 a,b 

a) R=CH3; Z=N(C2H5j2 

b) R=H; Z=CC2H5 

‘4% 

8a ii(D) 

The cycloadduct $i 1s quite stable m solution, even berg heated m benzene for 3 hours, but 

all attempts to isolate it have falled. 

No reaction was observed between 2 and ethoqethyne (7b). 
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