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Abstract - The addition of C-nucleophiles to 5-nitropyrimidines, to some of
their [1,5-a]pyrazolo- or triazolo-annelated systems, and their subsequent ring
transformations have been reviewed. The ring transformations involving the
replacement of the N(3)-C(4)—C(5) fragment of the pyrimidine ring, the Njy-
C(5)-Ce). the N-C2)y Ny or the N(1)-C(2) fragment by structural parts of
different C-nucleophilic agents are summarized, possible pathways, involving

these transformations are discussed.

INTRODUCTION

Introduction of the nitro group into six-membered azaheterocycles considerably increases the n-deficiency of
these systems.! Due to the electronic effects of both aza and nitro groups nitroazines usually easily react with

nucleophiles although sometimes quaternisation of the ring nitrogen is necessary to enhance further the

reactivity of the system.
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This review covers reactions of 5-nitropyrimidines with C-nucleophiles and deals with addition, substitution,

and ring transformation,

1. ADDITION AND SUBSTITUTION REACTIONS

Interaction of 2- or 4-chloro-5-nitropyrimidines with CH-active dicarbonyl compounds, such as malonic

esters, acetoacetic esters or cyanocacetic esters in basic medium leads to substitution of the halogen atom,

yielding the S-nitropyrimidines (1) and (2) (Scheme 1).2,3

Scheme 1
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N7 R! RN rl
2
Rl R2 R3 Conditions Yield, %
OMe Ac Ac NaH, DMF, 1 h/20°C 43
NHMe COOEt COOEt NaOH, acetone, 50 min/0°C 72
NHMe Ac COOEt NaOH, acetone, 50 min/0°C 66
NHMe CN COOEt NaOH, acetone, 50 min/0CC 79
NHCH»C=C(Me)}CH»OC(Me)q Ac COOE1 NaOH, acetone, 50 min/0°C 85

The reactions of the 2- or 4-methoxy-5-nitropyrimidines (3) and (4) with malononitrile carbanion result in

formation of 2- or 4-dicyanomethylene-5-nitropyrimidinides anions (5) and (6), their potassium salts being

obtained as deeply coloured crystals (Scheme 2).2> 4 With acetylacetone hardly any reaction occurs.
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Not in one of above mentioned cases the formation of intermediary anionic Meisenheimer-type o-adducts was
observed nor by nmr and/or uv spectroscopy. Moreover, no substitution reaction of the nitrogroup has been
found. Treatment of the salts (5) and (6) with sulfuric acid affords the stable dihydropyrimidines (7) and (8).

Acetone (pKa 20.0), a more weaker CH-acid than malononitrile (pKy 11.2) and acetylacetone (pK, 8.9),
reacts with methoxy-5-nitropyrimidines in a different way,% 5 in stead of replacement of the methoxy group
the nucleophilic attack takes place at the unsubstituted carbon of the pyrimidine ring (Scheme 3).6. 7 Thus, on
heating of 2-methoxy-, 4-methoxy- or 2,4-dimethoxy-5-nitropyrimidines with acetone in presence of potas-
stum hydroxide the potassium salts of 4-acetonyl-3,4-dihydro-5-nitropyrimidinides (9) and (10) were obtained,
being isolated as deep red crystals. When both 2 and 4 positions in the pyrimidine ring are unsubstituted the

C(4) position is the most preferential site for nucleophilic attack. When treated with diluted sulfuric acid (9) is

protonated yielding the 3,4-dihydropyrimidines (11). Oxidation of 9 and 10 aswellas 11 leads to the ace-

tonyl-5-nitropyrimidines (12) and (13) respectively.

Scheme 3
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Quite stable adducts could be isolated when the 1,2-dihydro-5-nitropyrimidin-2-ones (14) and {15} were

treated with ketones or ketoesters in acidic media (Scheme 4) 8 In the reaction of (I14) with acetone two

isomeric g-adducts were obtained

Scheme 4
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Use of base catalysts is required to get 1,3-dimethyl-5-nitrouracil (16) reacting with CH-active carbonyl com-

pounds (Scheme 5).9 Deeply coloured sodium salts were obtained

Scheme 5
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16
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H H MeONa, MeQOH, 2 h/reflux 73
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The bifunctional cyanide ion has been found to react with S-nitrouracil derivatives as a carbon-centered re-
agent 10, 11 Treatment of these compounds with potassium cyanide leads to the formation of adducts (17)
This reaction proved to be stereospecific The nitro group and the substituent R are preferentiaily situated at
the sraus-equatorial positions (Scheme 6) It is of interest to mention that 6-bromomethyl-3-nitrouracil (16)
(R= CH2Br) when reacting with potassium cyanide affords I-cyano-2 4-dimethyl-6-nitro-2 4-diazabicyclo-
[4 1 O]heptane-3,5-dione (18), convincingly showing that the initially formed adduct has indeed structure (17)
(R = CH»Br) formed, in which an intramolecular cyclization takes place

The chemical behaviour of nitropyrimidines being annelated to azoles considerably ditfers from that of the
monocyclic analogs. The aromaticity indices estimated according to the method, which takes into account
changes of the bond order values, > 12 show that the aromaticity of the pyrimidine ring in G-nitropyrazolo- or

6-nitro-1,2,4-triazolo[ 1,5-a]pyrimidines corresponds to about 60% of that of benzene
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So, it appears that condensed nitroazines more easily react with a greater range of nucleophiles (ketones,
aromatics such as pyrroles, indoles, polyphenols and amines) than their monocyclic analogs, rather stable

adducts are formed, as for instance, when heating 6-nitroazolo[1,5-a]pyrimidines (19) with acetone in the

presence of triethylarmine (Scheme 7) 13

Scheme 7
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Also with cyclic B-diketones, such as dimedone or indandione (Scheme 8) 14 without any additional activa-

tion of reagents and/or substrate the azolopyrimidines (19) give stable adducts Tt is of interest to mention that

the dimedone derivatives (20) are prese

nt in solutions as well as in crystals in the keto-enol form, whereas

according to X-ray data indandione derivatives (21) exist in the diketonic form,

Scheme 8
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C-C Bond formation between the pyrimi

found, the latter reacting as nucleophile

dine ring in 19 and azoles such as pyricle and indole has also been

Heating of the compounds (19) with pyrrole or N-methylpyrrole in

dimethylsulfoxide or in ethanol leads to the formation of C7y and Cys) adducts (22a,b) in high yields (Scheme

9).15 In dioxane the vields of the compounds (22a,b) (Rl = RZ = Me) were low; only 23 and 11%
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respectively Ratio of the isomeric adducts depends on the nature of the solvent used Whereas in
dimethylsulfoxide the ratio 22a/22b varies between 1.5 and 2.2, in ethanol this ratio lies between 3 and 8
The high yields of 22a which are obtained in ethanol allows isolation of this isomer by means of triple

recrystallization of the reaction products from ethanol.

Scheme @
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Reaction of the nitroazolopyrimidines (19) with indoles only yields the C(7)-dihydro adducts (23) {Scheme

10) 16-18 No indication for the formation of C(5)-adducts was found
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Scheme 10

R3
RI_ N
N—N"?’ NO, m .
RIJLX N7 C4HyOH, 0,25 h/reflux
19

Rl X RZ R3  Yield, % |RI X RZ R3 Yield, %
H N H H 84 COOEt N Me H 77
Me N H H 90 Ph N H Me 78
COOEt N H H 75 H CCOOEt Me H 82
H CCOOEt H H 85 H CNO; Me H 76
H CNOy H H 74 H CCN Me H 80
H CCN H H 64 H CCOOEt H Me 88
H N Me H 95 H CNO, H Me 80
Me N Me H 82

Similarly, 6-nitroazolo[1,5-a]pyrimidines (19) {X = CNO9, CCOQEt, CCN) react with a range of polyphenols
leading to C(—,-)-adducts (24) (Scheme 11).18-21 The presence of electron-withdrawing substituents, such as
bromine or acetyl group, in the polyphenol does not prevent the addition, however 2,4-dihydroxybenzoic acid
and gallic acid turn out to be inadequate compounds for addition

Heating of the G-nitrotriazolopyrimidines (19) (X = N) with dialkylanilines in butanol leads to the formation of
C(7)-adducts (25} (Scheme 12) 22

The reactivity of 6-nitroazolopyrimidines towards the nucleophilic reagents mentioned above depends as can
be expected, on the n-deficiency of these systems This can be illustrated by the fact that whereas G-nitropyra-
zolo[1,5-a]pyrimidine does not react with nucleophiles, the presence of electron-withdrawing substituents in
the pyrazole ring (19), (X = CCOOQEL, CNQ3, CCN) facilitates nucleophilic addition Compounds, having an
additional nitrogen atom in the azole moiety, 7.e. 6-nitro-1,2,4-triazolo[1,5-a]pyrimidines, also show a greater
reactivity, Dreactivation of the system occurs on introduction of an amno or dimethylamine group into the

azole ring
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Scheme 11
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2. RING TRANSFORMATIONS OF NITROPYRIMIDINES BY ACTION OF C-NUCLEOPHILES

Transformations of heterocycles nto derivatives of other heterocyclic or carbocyclic systems by a reaction
with a nucleophile, involving an addition ring-opening-ring-closure sequence quite ofien occur in reactions of
azines. The pyrimidine ring system is appropriate for such ring transfermations, Activation of the pyrimidine
ring by either quaternisation or introduction of electron-withdrawing substituents appears to be very often use-
ful for promoting such ring transformations In this respect 5-nitropyrimidine and its derivatives are of parti-
cular interest. Extensive investigations have shown that different structural combinations of the 5-nitropyrimi-
dine ring atoms are replacable by different combinations of atoms of C-nucleophile reagents (Scheme 13), ¢ g
the replacement of the N(3)-C(4)-C(5) fragment of the pyrimidine ring by the N-C-C atoms of mailon—
amide, 23,24 substitution of the C(5)-C(6)—N(1) fragment by the C-C-C moiety of dlbenzylkelone,27 substi-
tution of the N(])-C(z)-N(3) fragment of 3-nitropyrimidine by the C-C-C moiety of acetone or its deriva-
tives,25-28 a5 well as by the N-C-N and C-C-N atoms of amidine derivatives,24’ 28-31 the replacement of
N(l)-C(z) fragment by two carbons atoms of compounds as acetonitrile, acetales or enamines In the fol-

lowing sections these ring transformations will be discussed in more detail

Scheme 13
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2. N3)-C(4)y-C(5) replacement

Substitution of the N(3)-C(4y-C(s) fragment of the pyrimidine ring by an N-C-C fragment were observed in
the reaction of 1,3-dialkyl-S-nitrouracils (26) with malonamide in the presence of sodium ethoxideZd. 24
giving rise to the formation of 5-carbamoyluracils (27) and nitroacetic acid amides (28) in 60-90% yields

{Scheme 14).

Scheme 14
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5-Nitrouracil and 1-methyl-5-mtrouracil do not undergo this ring transformation probably due to the fact thal
under the alkaline conditions dissociation of the NH-hydrogen takes place, which leads to the formation of
salts {29), deactivating the uracil ring for a nucleophilic attack. Also 1,3,6-trimethyl-5-nitrouracil, in which po-
sition 6 is blocked for a nucleophilic attack does not undergo the ring conversion, only the product of the
Michael addition i e (30) could be isolated 23 All these facts suggest the following steps in the ring transfor-
mation i) an initial C-addition of the malonamide carbanion at C¢gy of S-nitrouracil (26), giving rise to an ad-
duct, i) ning opening by proton abstraction from the exocyclic B-carbon atom and cleavage of the C(5)-C4)
bond; iii} the formation of carbamoyluracil (27) from the open-chain intermediate (Scheme 15) These three
steps. Addition Nucleophile, Ring Opening and Ring Closure are combined in the anagram "ANRORC mecha-

nism" These three steps in the mechanism are extensively reviewed 32
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Amides of CH-active compounds, such as cyanoacetamide, phenylacetamide or acetoacetamide, do not react
with 5-nitrouracils. This fact is quite surprising since these reagents easily cause ring transformation with uragil
derivatives which do not contain the nitro group.33 The suggestion can be made that interaction of these

reagents with the C=0 or/and C-NO»> group deactivates the system.

_., ——-—b
4k CONH2 4k ,CONH2

; ~

Rl H “CONH, 1 I CONH,

Scheme 15

CONH,

0,NCH,

/Lc’ b _h-CHy
0~ N
Y CH(CONH,),
R 3
29 30

2b. C(5y-C(6)-N(1) replacement

Substitution of the C(5)-C(6)-N(1) fragment of the pyrimidine ring by a C-C-C fragment was observed when
S-nitropyrimidine was heated in dimethylsulfoxide for 15 hours with an excess of dibenzylketone in the pre-
sence of sodium methoxide, 3,5-diphenyl-4-pyridone (31) being obtained in a 43% yield (Scheme 16) 22

Two plausible mechanisms for this ring transformation can be put forward. Pathway A describes the
ANRORC-mechanism involving the initial formation of the anionic o-adduct (328 ===32h) as a result of the
nucleophilic attack at C(g) of the pyrimidine ring, followed by ring vpening into intermediate (33) and ring
closure of 33 into pyridone (31} Pathway B includes the formation of a bicyclic adduct ie 34 . The
intermediacy of bicyclic adducts in reactions of n-deficient nitro aromatics with ketones 1s amply evidenced

(see also Scheme 19).
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Scheme 16
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2¢c. N(l)—C(z)—N(g,) and N(l)-C(z) replacement

It has been observed that interaction of S-nitropyrimidine with ketones {acetone, diethyl ketone or dibenzyl
ketone, acetylacetone, acetoacetic ester) in the presence of triethylamine or potassium hydroxide 2,25-27 1
general proceeds with the formation of 3-nitropyridines (35) and/or 4-nitrophenols (36} Outcome of the re-

action depends on the nature of ketones used (Scheme 17)
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Scheme |7

N¢TN02 RCH, COCH,R N NO, . R NO,
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RN RCH4 HO
R R

3s 36
R Conditions Product (Yield, %)
H Et3N, EtOH, 24 h/85-900C 35(33)
KOtI, EtOH, 20 h/500C 36 (10)
Me  EggN, EtOH, 24 h/85-900C 35(30)
KOH, EtOH, 20 h/500C 36 (48)
Ph Et3N, EtOH, 24 h/85-900C 35 (40)
Et3N, EtOH, 24 h/120-1300C 35 (10) + 36 (11) + 31 (28)
KOH, EtOH, 3 h/ambient 36 (65)

It is eviqent that in these reactions both the N(1yC(2)-N3) and the N(1yC(a) fragments of the pyrimidine
ring are substituted by three or two carbon atoms of the reagents used. It is only in the reaction of 5-nitropy-
rimidine with dibenzyl ketone in diethylamine/ethanol that three fragments r.e the N(1y-C2)-N3). the Neyy-
C(z) as well as the C(S)-C(ﬁ)-N(l) fragment of the pyrimidine ring are substituted by fragments of the reagent,
leading to a mixture of 35 (R =Ph), 36 (R=Ph)and 31

The possible pathways for these conversions are shown in Scheme 18.

It is a rather complex picture and it is difficult to give priority to one of the mechanisms proposed It should be
noted that in the reactions of 5-nitropyrimidines with CH-nucleophiles adduct formation at C(4) is thermody-
namically favoured.2”7 Therefore in the basic medium the formation of an equilibrium among the anionic o-
adducts {37a == 37b ===37¢) may be proposed In route A the reaction proceeds with a ring-opening into
open-chain intermediates (38a ===38b) and cyclization into 35 and 36 respectively. In pathway B an in-
ternal attack of the carbon nucleophile in the side-chain of 37¢ takes place leading to the formation of bi-
cychic adduct (39), Judging the resuits described in reference2” that pyridines (35) are mainly formed at higher
temperatures and in the presence of a weak base, and that at a lower temperature and in the presence a strong
base 4-nitrophenols (36) are formed, seems 10 favor mechanism B for the phenol formation On the other

hand, taking into consideration the rather severe conditions of the reaction we cannot exclude the formation of
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4-nitrophenols as a result of a rearrangement of the 3-nitropyridine (35) into 4-nitrophenol {36) (route ).26

making the reaction pathway pattern even more complex.

Yy

Scheme 18
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Another example of pyrimidine-benzene ring transformations by replacement of the N(l)-C(z)-N(g) fragment

for the three carbon chain of the nucleophile is the conversion of 5-nitropyrimidin-2-one by acetone in the
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presence of a base, the corresponding 4-nitrophenols (41) being obtained (Scheme 19) & The formation of the
4-nitrophenols can proceed via the C(4ay-adduct {40) or a bicyclic adduct, such as 39  The observation that a
bicyclic adduct (42} could be isolated when carbonyl substituted acetone derivatives, such as the diethy] ester
of acetone dicarboxylic acid, were used supports the possible intermediacy of bicyclic adducts in the reaction

of 5-nitropyrimidine with ketones (see Scheme 18).

Scheme 19
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5-Nitrouracil derivatives show a decrease in electrophility at C(6) and a lower tendency to addition Adducts

obtained are rather stable and less inclined to ring opening. Indeed, conversion of c-adducts (42} obtained by
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treatment of S-nitro-1,3-dimethyluracil with ketones into resorcin derivatives require rather severe conditions

and occurs in low yields (Scheme 20).8, 9

Scheme 20
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Conversions proceeding formally with replacement of the three atom fragment N¢1)-C(2)-N(3) of the pynmi-
dine ring by the N-C-N moiety of an amidine has been reported to occur during a three-hours reflux of an
ethanolc solution of 3-nitropyrimidine with benzamidine hydrochloride or ferf-butylamidine in the presence of
tricthylamine, affording 2-phenyl- or 2-fert-butyl-5-nitropyrimidine in 84 and 87% yields respectively. For a re-
view on these so-called "degenerate" ring transformations see references 28-30

By extension of these studies using the CH-active amidines [RI-CHZ-C(=NH)NI'12, Rl = Me, Et] it was
found that 5-nitropyrimidine undergoes besides the degenerate ring transformation into the 2-substituted 5-
nitropyrimidines (43) also ring transformation into the 2-amino-5-nitropyridines (44) (Scheme 21) With phe-

nylacetamidine 2-amino-3-phenyl-5-nitropyridine (44) (R1 = Ph) is obtained as sole product
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Scheme 21
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N Nop RO Capy N NO, NP~ V02
L\\ N(C,Hz)3, Cz“smf /g *
N R'CH,” N H,N
r!
43 44
Rl Conditions Product (yield, %)
H 3 hireflux 43 (46) + 44(11)
Me 3 Wreflux 43 (30) +44(33)
Ph 2 h/0oC 44 (57)
0,25 hireflux 44 (36)

Experiments with 1°N-labelled amidines have shown 29 that a mixture of 2—R~5-nit:‘o‘pyrimidines is formed,
ie. 45, containing two labelled nitrogen atoms in the pyrimidine ring and 46 | contaming only one !>N-
labelled nitrogen atom (Scheme 22) This means that the reaction proceeds according to two pathways and
that apparently the amidine is able to act as donor of both N-C-N and C-N fragments In case of benzamidine,
both compounds are formed in nearly equal yields [44% of 45 (R = Ph) and 56% of 46 (R = Ph)] This
reaction can be described to follow an ANRORC-mechanism involving an initial nucleophilic attack of the
amidine nitrogen atom at the 6-position of 5-nitropyrimidine (see Scheme 22), leading to g-adduct (470 ===
47b).

The formation of 45 and 46 can be explained wiar the open chain intermediate (48); cyclization of 48
according to reaction pathway A gives 45, while cyclization of 48 into compound (46) is described in path-
way B

Since 5-nitropyrimidine has been found 31 to undergo easily (47 + 27) cycloaddition reactions with an in-
verse electron demand, another pathway can be postulated, 7.e. the electron-rich benzamidine gives a regio-
specific cycloaddition across the N(1y and Cy4y position of S-nitropyrimidine leading to the intermediacy of 8-
R-8-N-amino-6-nitro-7-N-2,4, 7-triazabicyelo[2 2,2]octa-2,5-diene (49) (pathway €) By loss of !SN-labelied
ammonia and hydrogen cyanide (46) is formed. The fact that 46 only contains half of the 13N being present

in the benzamdine is not contradictory to this view

~
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Scheme 22

H * EIl *
47a
?—‘NHJ
B 4 new
i
N NO; HN=CH-N-HCg _NO,
oY " A
N -C=
¢ NH-C=NH HN=C-N7
H R * Il{ *
47b
l 48
NO, Al-mhcn-m{z
| H
H
sNH - NO,
N }\ >
I R RJLIS
NoH o+
H 45

The formation of the 2-substituted 5-nitropyrimidines (43) from S-nitropyrimidine with R1-CHyC(=NH)NH;
(R! = Me, Et) can be explained in a similar way (Scheme 22), i.e. involvment of the g-adduct (47) (R = Me,

Et) and/or the intermediate formation of cycloadduct {49) (R = Me, Et).
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The formation of 2-amino-3-R L -5-nitropyridine (44) seems more complex; different pathways can be proposed

(Scheme 23) 28

Scheme 23

NH; NH
RIcH=C_ RlcH,C
NH, NH,
H,N._NH, NO,
1
R !L H
/'*N N” “cur!
N H N
H H,N" " NH
NO,
50
H b
HN=C—N-CH N0,
B/ C
_ L
H,N. _C¢CH
i l1
-NHj3 HN R
2
NH-CH=NH l
H NO B
HN 2 l
Y
. NH, N
R R N=HC
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In one of the pathways an g-adduct at Cg can be postulated, in which not the amidine nitrogen, but the c-car-
bon of the amidine is attached to position 6. This s-adduct can undergo ring-opening into an open-chain inter-
mediate which undergoes ring closure according to pathway A or B. In pathway A the pyridine ring contains
the N-C-C fragment of the amidine (thus it reacts as N-C-C donor), in pathway B it is only the C-C fragment
of the amidine, which is incorporated into the pyridine ring (thus the amidine reacts as C-C donor). An alter-
native way for the c-adduct to react is an internal cyclization into the bicyclo adduct which by further rear-
rangement gives 44 (pathway C). ,
Use of the 15N [abelled phenylacetamidine and detailed nmr studies of the reaction mixture substantiate that
C-substituted derivatives of acetamidine can indeed act both as C-C-N or C-C donor causing replacement of
the N(l)-C(z)-C(j,) or N(l)—C(z) fragments of the pyrimidine ring correspondingly (Scheme 23, pathways A,
BorC)

Results of our studies on cycloaddition reactions of 5-nitropyrimidine by action of dienophiles, such as di-
amino- and dialkoxyolefins or enamines?! suggest another possible pathway, ie pathway D involving the
formation of the 1,4-cycloaddition product {50) in the reaction with CH-active amidines. By loss of ammenia
and hydrogen cyanide the aminonitropyridine (44) is formed

The presence of N-substituents in phenylacetamidine considerably decreases the rate of the reaction When
N N-dimethylphenylacetamidine interacts with S-nitropyrimidine besides 2-dimethylamino-5-nitro-3-phenyl-
pyridine, the de-dimethylated product ie. 2-amino-3-phenyl-5-nitropyridine was obtained. With N N-diethyl-

phenylacetamidine no de-ethylation occurs, only 2-diethylamino-5-nitro-3-phenylpyridine is obtained

An interesting example of N(1)-C(2)-N(3) replacement by the C-C-N of the amidine has been reported to 1ake
place in the reaction of 5-nitro-1,3-dimethyluracil with 1,3-dimethyl-6-aminouracil which can tormally be re-
garded as a cyclic amidine.34 The reaction resulted in 6-nitropyrimidine[4,5-b]pyridine-2,4,8-trione (51)

(Scheme 24),

Scheme 24

0 0 0

CHy~y NO, CH3~y C,HsONa CHz-y NO,
+ —_—»
OJ\N )\ C,H;OH )\

, 0" N° NHy 3nireflux 0" N N0

CHj CH; CHyH
1
Yiceld 34%

L3 ]]
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Interesting series of ring transformations are reported to occur when 5-nitropyrimidine participates in an in-
verse electron-demand [4 + 2] cycloaddition reaction with electron-rich olefins, the olefins react as dienophiles
and the S-nitropyrimidine acts as an electron-deficient azadiene.31, 35, 36 Interaction of S-nitropyrimidine
with a variety of N.N- and O,0-ketene acetals or enamines is found to be regioselective and leads to the for-
mation of 2-mono- or 2,3-disubstituted S-nitropyridines (Scheme 25). The overall-reaction describes the repla-
cement of the N(;)—C(z) fragment by two carbons of the dienophile. As one can see from the reactions pre-
sented in Scheme 25, this route opens an easy access to a number of differently substituted pyridines and espe-

cially to compounds, in which carbocyclics are b-fused with pyridines (Scheme 25)

Scheme 25

Y

RN
R = N(CH,),0 (57%)
R = N(CH,)s (52%)

CH3CH=C(OCHy), CHSHNOZ

CH;07 N

NP~ NO;

g — {17%)

C¢HsCH=CHN(CH,),0 CGHS\Q/NOZ
=Y

N
(28%)
(CH,),
l\/—[LR (%NO 2
g N
n R Yield, %
] N(CH3)40 60
2 N(CH)40 80
1 N(CH»); 60
2 N(CH2)s 80
3 N(CHj)s 75
4 N{CH»)s 76
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The substitution pattern in the 3-nitropyridines obtained suggests the intermediacy of a |,4-cycloadduct being
formed by addition of the unsubstituted carbon of the dienophile to C(4y of the 5-nitropyrimidine, and of the
carbon bearing the electron-donating group, to N1y of the pyrimidine ring (Scheme 26). The observed regio-

selectivity is supported by calculations using the FMO-pertubation theory, 33

Scheme 26

Carbocyclic and heterocyclic rings being b-fused to the pyridine ring are also formed in high yields when
heating a solution of 5-nitropyrimidines, containing at position 2 a side chain with an o-triple bond, in nitro-
benzene (Scheme 27). The formation of these products can be explained by an imframolecular Diels-Alder

cyclization of the triple carbon-carbon bond in (52) to the C(2) and Cs) position (see Scheme 27) and a
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subsequent expulsion of hydrogen cyanide 37, 38 This intramolecular cyclization is strongly supported by the

entropic assistance of the tethering chain between the azadiene and the dienophile in 52

Scheme 27

N¢\J’NOZ NTiINO,
— -
A CalsNOy

CH=CCH,CH, X" "N

X
32 CH Z’CHZ
NO,
_
C6H5N02 X N

X Conditions Yield, %

24 hreflux 55

S 24 h/reflux 75

NAc 24 h/180C0 87

C(CN); 12 W/180CO 96

The replacement of the N¢)-C(2y fragment of the pyrimidine ring by a C-C fragment also takes place in
reactions of CH-active nitriles (Scheme 28) 37 Unsubstituted phenylacetonitrile, unlike phenylacetanudine,
does not react with 5-nitropyrimidine, but arylacetonitriles bearing electron withdrawing substituents (CFj,
NO»,, CN) in the benzene ring proved to be effective reagents to cause the formation of products (53)
Malononitrile, phenylsulfonylacetonitrile and cyanoacetic esters give similar reactions The react:on course can
be described according to pathway B in Scheme 23.

In a simitar way the pyrimidine ring present in pteridines3? or purines#0-42 is transformed into a pyridine ring
by reaction with acetonitrile. Quaternization of the pyrimidine ring activates this ring transformation

process 43, 44




HETEROCYCLES, Vol. 40, No. 1, 1995 4867

Scheme 28

NO
ij/Noz RCH,CN Q/ z
—_—
N(C,Hz)
KN M3 HyN
R

53

R Conditions Yield, %
Ph CD30D, 4 hreflux 0
CgHy-CF3-m  EtOH, 2 h/60°C 20
CeHy4-NOo-p  EtOH, 2 h/700C 65
CN MeOH?*, 20 h/209C 66
SO5Ph EtOH, 2 h/700C 75
COOMe MeQH, 2 h/reflux 17

EtOH, 2 h/reflux 26
COOEt EtOH, 1 W20°C 0

EtOH, 2 5 /700 65
COOCMej MeOH, 2 h/209C 67

EtOH, 2 5§ W/700C 0
CONRZ MeOH, 1 /10°C

MeOH, 90 h/20°C 55

*without triethylamine

The successful reaction of S-nitropyrimidine with CH-active acetenitriles allows one to ntroduce substitutions
into position 3 of 2-aminopyridine, which may be used for further syntheses For instance, the reaction of S-
nitrapyrimidine with N-{cyanoacetyljcarbamate affords 1,2,3,4-tetrahydro-6-nitropyrido[2,3-¢/]pycimidine-2 4-
dione i high yield (Scheme 29)

B-Ketonitriles (RCOCH,CN]) atso react with 5-nitropyrimidine quite easity In this reaction there 15 an mte-
resting participation of the C=0 group and not of the nitrile group in the cyclization of the intermediary open-
chain intermediate resulting in the formation of 3-cyano-5-nitropyridines (54) When R = OMe, besides the

mam product (53) (R = COOMe), a small amount of 3-cyano-5-nitro-2(1 4)-pyridone (60) is obtaned
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Scheme 29
NO
1 i NO, I
HN NCCH;CONHCOOC,Hs N 2 RCCH,CN N NO;
N N(C,Hs)3 N(C,He)y
2 N R
o N 0
H CN
(84%) 534
R Conditions Yield, %
Me EtOH, 2 5 h/reflux 13
Ph EtOH, 2.5 W/609C 62

Taking into consideration the results of previous studies two plausible mechanism can be advanced for the for-
mation of product (54) (Scheme 30). One reaction pathway describes a process in which the reaction proceeds
via the open-chain intermediates (56), obtained by ring opening of o-adduct (55), followed by an intramole-
cular cyclization through the addition of the amidine nitrogen to the carbonyl group yielding the 1,2-dihydro-
pyridines products (57) (pathway A). Elimination of water forms product (54). Alternatively product (54 can
also be suggested to be formed according to an inverse type Diels-Alder cycloaddition invelving the tauto-
meric enol and the electron-deficient 5-nitropyrimidine Elimination of water from cycloadduct (58) gives 59 |
from which by a retrodiene process 54 is formed (Scheme 30} In the same scheme the formation of products
(53) and (60) is explained.

6-Nitroazolo[ 1,5-a]pyrimidines undergo by action of CH-active acetonitriles an interesting ring transformation
reaction, being different from that observed with the monocyclic 5-nitropyrimidines 43-31 Half an hour reflux
of an ethanolic solution of a great number of 2-substituted 6-nitrotriazolof1,5-a]pyrimidines (19) [R1 = H,
Me, SMe, CF3, Cl, NHp, NMe (X = N)] with ethyl cyanoacetate, cyanoacetamide, cyanothioacetamide,
benzoylacetonitrile results in the formation of 2-(5-R1—1,2,4-tri&0]ylamino)-3—R2—5—n1tr0pyridines (61), the
structure of which was proved by X-ray analysis (Scheme 31). The reaction proceeds without any activation of
both reagent and substrate and the majority of the products are formed in good yields Compounds {19) con-
taining electron-donating groups in the triazole ring (Rl = NH7 and NMe) have a reduced reactivity and re-

quire a higher temperature and extended reaction time (heating at 100° C in DMF) for two hours.
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Scheme 30

N/ NO, 9 OH
K + RCCH,CN = RC=CHCN

HN=CH-NZ R
ﬁH
B
0. .C NC-¢
C{§=€C "No /7
R CN H NH
56 NO,

N
HN 02

CN

60

G-Nitropyrazolof 1,5-alpyrimidine {19) {X = CH) itself is unreactive, but after introduction of electron-with-

drawing substituents in the pyrazole ring (X = CCOQOEt, X = CNO2) compounds (19} undergo conversion
into the pyrazoloaminopyridines (61) 46, 48
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Scheme 31
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RI7SXTONTON
H
! N—N NO; / “
/j/ + RECH,CN l
X 33 N \ 0
19
CH,(CN), 62
pe
NH )
SO oSN
Rr! J'TI NT R]J\X)\l}l N
H H
63 64
Product
R! X R2 Conditions (Yield, %)
H N COOEt  EtOH, 0 5 Wreflux 61 (54)
NapCO3, EtOH, 0 5 Wreflux 62 (98)
CF; N COOEt  EtOH, 0.5 h/reflux 61 (64)
NapCOj3, EtOH, 0.5 hreflux 62 (97)
NMey N COOEt DMF, 2 h/reflux 61 (49)
H CCOOFEt COOEt  EtOH, 0.5 h/reflux 61 (48)
Na;COs, EtOH, 0 5 Wreflux 62 (96)
H N CONH; EtOH, 0 5 Wreflux 61 (61)
NapCO7, EtOH, ¢ 5 Wreflux 62 (90)
CF3 N CONH;  EtOH, 0.5 Ivreflux 61 (61)
NMe; N CONH, DMF, 2 Wreflux 61 {60}
H CCOOEt CONH2  EtOH, 0 5 Wreflux 61 (48)
H N CSNH;  EtOH, 0.5 hreflux 61 (56)
H N CN EtOH, 0.5 h/reflux 63 (98)
CF3 N CN EtOH, 0.5 hireflux 63 (90)
NMes N CN EtOH, 0 5 Wreflux 63 (87)
H CCOOEt CN EtOH, 0.5 Wreflux 63 (95)
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Attempts to increase yields of the compounds (61) by activation of the acetonitriles through the conversion
into anions did not lead to product (61) but to the 7-nitro-9-oxo0-4,9-dihydroazolo[1,5-aJpyrido[2,3-«/]pyrimi-
dine salts (62) These salts were also obtained in nearly quantitative yields when the 2-triazolylaminopyridines
(61) were heated in alkaline alcohol.

In the reaction of the &-nitroazolo[1,5-a]pyrimidines (19) (X = N, CCOOEt or CNQ3) with malononitrile
under mild conditions (reflux in alcohol) not 61 (R2 = CN) but its tricyclic product, i e. 7-nitro-9-imino-4,9-
dihydroazolo[ 1,5-a]pyrido[2,3-d|pyrimidine (63) is obtained (see Scheme 31) Apparently under the applied
reaction conditions 61 (R2 = CN) cyclises into 63 . Intermediate (61) is registered when the reaction is

studied in nmr spectrometer 48

A study of the ring transformation of 19 with ethyl cyanoacetate containing two isotopic labels (13C and
15N} in the nitrile group?®, 51, 52 showed that in both compounds (61) and (64) the Ny€2) fragment of
the pyridine ring is formed from the cyano group of the reagent (as proved by !H and 13C nmr spectroscopy)

{Scheme 32)

Scheme 32
NO
N—N 2 N*=C"—CH,C00C,Hg N—NH *N NO,
LA - | —
N™ 'N N™ "N7*
1
H COOC;H;
(o} 61
—
B
H *
64

Nmr-study of the reaction of 2-dimethylamino-6-nitro-1,2,4-triazolo[1,5-a]pyrimidine (19) (X = N, Rl =
NMes) with ethyl cyanoacetate shows the intermediary formation of g-adduct (65) (RZ = COOEL) (Scheme
33).

It may be assumed that these adducts can be transformed into 69w either an intermediary cyclo adduct (67)
(pathway A) or open-chain compound (68) {pathway B) which on ring closure gives 69 In order to explain

the results of the labelling experiments a Dimroth rearrangement of 69 into 61 1s proposed Cyclisation
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gives the compounds (63, 64) The possible intermediacy of 67 in the formation of 69 is substantiated by

the fact that in the reaction of 19 (X =N, Rl = NMejy) with ethyl cyanoacetate together with the usual pro-

duct (61} also 2-dimethylamino-5-amino-6-carbethoxy-1,2,4-triazolo[ 1,5-a]pyrimidine (66) has been isolated

Its formation suggests elimination of the Cy5)-Cg) fragment (nitroacetylene?) from 67 (R2 = COOE()
(5)"L(6) trag y

Scheme 33
N_N/j/N02+ ,CH2
R])]\X)\N R2 CN
19 l
H
NC~--R?
H
Ne—N NO,
Rl)kx)\llv
H
;A/ 63 \BA
2 _R?
H__R NC\E R
HN HC NG
N—N- N—NH ¢ 2
&
1 ii
R1—4 ;LN
X / NO, Rl)J\x 17J,CH
67 - H
\ 68
lX=N N—NH NH
RIJLX N R?
(CH3),N” "NZ N7 NH, 8 o,
66
R3 I NO
N—NH NO; JNJ\—N 2
I
H H
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