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RING TRANSFORMATIONS OF 5-NITROPYRIMIDINE
VIA INVERSE DIELS~ALDER REACI‘IOI\IS‘I

*
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University, Wageningen, The Netherlands
Summary: 5-Nitropyrimidine undergoes lnverse Diels-Alder cycloadditions with ketene-N,N-, -0,0-
acetals and enamines resulting in pyridine derivatives. The 1H NMR evidence for the 1-N,N-diethyl-

aminopropyne cycloadduct formation is presented

Ring transformations of s-tetrazines proceeding via an inverse electron demand Diels-Alder reaction
followed by a retrograde process are well established and have recently been rev1ewed.2 Also a number
of reports on similar ring transformations of 1,2,4-triazines have appeared in the last c'iecade.3
However, no example of a Diels-Alder cycloaddition on the pyrimidine ring has been reported so far.

In this communication we wish to show that the pyrimidine ring when activated by a strong electron
acceptor as the nitro group 1s able to undergo [4+2] cycloaddition reactions in which electron-rich
ethylenes or acetylenes react as a dienophile and the pyrimidine ring as an electron—deficient diene.

Reaction of 5-nitropyrimidine ( :L) with ketene-N,N-acetals (ZNi,E) and ketene-0,0-acetal (gvch)
results in the formation of pyridine derivatives 3a-c (Scheme 1) No trace of an 1someric product
was detected. In case of the reaction of 1 with 3g%ngt the expected 2-methoxy-3-methyl-5-nitro-
pyridine but the corresponding 2—pyr1done'\l3c 1s ggmed Apparently under the condition of the
reaction (Table) demethylation has occurred’v.V The structure of the products ;\},‘%_% 1s farmly establish-

ed by the 1H NMR data, elemental analyses and mass spectrometric data The melting points ;’:Vab and %cm:
4,5

are the same as those mentioned in the literature.

> NO, H Y R Y NO2
gj/ + H —_— -

N R X Y N

1 2a—e 4 3 a—-e
a) R=H; X=Y=morpholino a) R=H; Y=morpholino
b) R=H; X=Y=piperidino b) R=H, Y=piperidino
c) R=CH3 ; X=Y=OC’H3 c) R=C'H3; Y=COH
d) R,Y= (CH2)4; X=morpholino d) R,Y= (CH2)4
e} R,Y= (CH2)3; X=pyrrolidino e) R,Y= (CH3)3
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From the structure of the products obtained 1t 1s evident that the formation of %;ab—% can
be described by a [4+2] cycloaddition reaction involving exclusively the 1,4-cycloadduct 4» . Thas
adduct 1s formed in such a way that the unsubstituted terminus of the alkene becomes attached to
the C-4(6) of 1 and the carbon carrying the electronegative groups to N-1(3}.

In an extension of this work we also investigated the reaction of lwn.th the enamines %dw,%.
From these reactions we could isolate the 2,3-annelated cyclohexa- (;’:&) and cyclopenta-5-nitro-
pyridine ({3&) respectively. To ascertain the structure of these two last-mentioned products we
reacted 4,6-dideuterio-5-nitropyrimidine (]J) with %g% and found that in the product obtained both
deuterio atoms were still present. This result excludes the formation of a 2,5-cycloadduct é,
since 1t would have led to the tetrahydroisoquinoline derivative g having only one deuterium atom
(Scheme 2}.

From these results one has to conclude that in the reaction of l with %/a\}—,e; a Diels-Alder cyclo-
addition with inverse electron demands takes place involving the 1,4-cycloadduct i and not a
2,5-cycloadduct. Thus the reaction i1s highly regioselective. This 1,4-cycloadduct undergoes a fast
elimination of hydrogen cyanide and amine (or alcchol).
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In a cycloaddition reaction the rate 1s known to be determined by separation between the HO
orbitals of the alkenes and the LUMO of ,1.6’7 The observed order of reactivity for the alkenes
1s decreasing 1in the series 2a,b > 2d,e > 2¢ and 1s 1n accordance with qualitative substituent
effects on HO orbitals of alkenes = Enediamines %%,,ke are reactive even at +20°C, but enamines
2d,e react with a perceptible rate only when heated in ethanol. The reaction of l with O,0-acetal
2¢ requires many hours of heating in ethanol (Table).

N,N-diethylaminopropyne (ZQ) 1s also reactive with rl According to 1H NMR data the cycloadduct
8a 1s imuediately formed as the sole product when an excess of Z/g 1s added to a solution of l in
benzene, chloroform or CCL 4 (Scheme 3, Table). The doublet at 7.82 ppm (CDC13) was assigned
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to the H-2 proton of 8a on the base of the product obtained from 4,6-D2—5—n1tropyr1mld1ne (,1\1')
and Z% and the procedure of double resonance, being used for the assignment of all other signals
(Table) . The long-range coupling constant between protons of the methyl group and H—4(4J=1 Hz)
1s 1n agreement with structure §,‘% and makes opposite orientation of addends or the formation of
2 highly unlikely (Scheme 3).

R
Z(R)
(2R 2
(D)H NO, _ N H(D)
74 H(D) 1 RT/— z /2
N Y/ /Z_N NG,
N 7 a,b H
H
9 “CH.» 7= ga  H(D)
a) ReCH;; Z=N(CHc),
b) ReH; 2=0C,H,

The cycloadduct %% is quite stable i1n solution, even being heated in benzene for 3 hours, but
all attempts to i1solate 1t have failed.
No reaction was observed between 1 and ethoxyethyne (Z/b\) .
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