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1. Introduction.

The ring transformation of pyrimidines into pyrazoles
under the action of hydrazines has been well documented
in a monograph of van der Plas [2]. This ring contraction
reaction requires vigorous conditions for simple pyrim-
idines, such as pyrimidine, 4-methylpyrimidine and 4,6-
dimethylpyrimidine, which can be converted to pyrazoles
by heating with hydrazines at high temperature (180-200°)
[3.4].

However, several pyrimidine derivatives are prone to
ring fission with hydrazines and easily lead to correspond-
ing pyrazoles. The first group of such pyrimidines is those
which have decreased aromatic stability because of a fixed
double bond system, as in 2-imino-1-methylpyrimidines
[5] and 1,3-dimethyl-2,4-dioxopyrimidines [6]. In the case
of uracils, the decrease in stability may be partly offset by
resonances associated with the amidic ring system; never-
theless, some uracil derivatives are converted to pyrazoles
with hydrazines [4,7-9]. The second group comprises
pyrimidines in which the m-electron deficiency on the py-
rimidine nucleus is brought about by the ring-nitrogen
atoms, and especially by the additional substitution of an

electron-withdrawing group, such as 1-methylpyrimidini-
um quaternary salts {10] and 5-nitropyrimidines [11,12].

Our interest in the ring transformation of 5-acylpyrimi-
dines into pyrazoles dates back to 1984. In that year,
studying the reaction of some 5-acetylpyrimidines with
amidinohydrazine (aminoguanidine) in order to prepare
amidinohydrazones of these pyrimidines, heterocyclic
analogues of the anticancer agent methylglyoxal bis-
(guanylhydrazone) (Mitoguazone) (13], we found that an
unexpected ring contraction of S-acetylpyrimidines into
4-acetylpyrazoles occurred under reflux in methanol in the
presence of hydrochloric acid [14].

Indeed, 5-acylpyrimidines belong to the second group
of the above-mentioned pyrimidines which are sensitive to
the nucleophilic attack of hydrazines, as the electron-
withdrawing acyl group must deplete the N1-C6 (N3-C4)
bond of the pyrimidine ring from electrons, facilitating
therefore the addition of nucleophile on C6 (or C4). In the
presence of hydrochloric acid, this nucleophilic addition
appears to be much easier.

The above findings prompted us to study in detail the
reactivity of different 5-acylpyrimidines towards hydra-
zines. From these studies, it has been proved that various
5-acylpyrimidines easily underwent ring contraction,
through regiospecific reaction process, with hydrazine
and monosubstituted hydrazines in acidic medium under
mild conditions to give 4-acylpyrazole derivatives which
are otherwise difficult to synthesize or even inaccessible.
We also examined the ring transformation of S-acyluracils
with hydrazines under acidic conditions, which involved
the formation of pyrazole-4-carboxylic acid derivatives.

The purpose of this review is to present a survey of the
ring contraction reactions of S-acylpyrimidines and 5-
acyluracils with hydrazines, and the exploitation of these
reactions for the synthesis of new pyrazole derivatives.

II. Reactions of 5-Acetyl-4-methyl-2-methylthiopyrimi-
dine with Hydrazines.

An interesting series of ring contraction reactions was
observed when 5-acetyl-4-methyl-2-methylthiopyrimidine
(1), easily prepared by condensation of S-methylisothio-
urea with ethoxymethyleneacetylacetone [15], was treated
with hydrazine or monosubstituted hydrazines in hot
acidic medium [14,16].
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Reaction of 1 with an excess of hydrazine hydrate in
boiling aqueous methanol containing hydrochloric acid
gave 4-acetyl-3-methylpyrazole azine (2), whereas the
same reagents when treated in a methanolic solution with-
out acid gave, at room temperature, 5-acetyl-2-hydrazino-
4-methylpyrimidine (3) and, upon boiling, the corre-
sponding hydrazone 4 (Scheme 1).
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Similar reactions of 1 with an excess of monosubstitut-
ed hydrazines, such as methylhydrazine, phenylhydrazine,
amidinohydrazine and 2-hydrazino-2-imidazoline, in boil-
ing acidic methanol afforded 1-substituted 4-acetyl-3-
methylpyrazoles Sa-d (in the reactions with amidinohy-
drazine and its analogue, the reaction products were
obtained in the form of amidinohydrazones) and, in a neu-
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tral or slightly acidic medium, the corresponding hydra-
zones 6b-d of 1 (Scheme 2) (in the reaction of 1 with
methylhydrazine, 1 remained unchanged).

The ring contraction of 1 could also be performed with
semicarbazide and thiosemicarbazide on heating under
acidic conditions, resuiting in the formation of the semi-
carbazone or thiosemicarbazone of 4-acetyl-3-methylpy-
razole 7a,b. When the same reactions were carried out in
slightly acidic medium at room temperature, the semicar-
bazone or thiosemicarbazone 8a,b of 1 were obtained,
expectedly (Scheme 3). The formation of 7a,b probably
occurred through the hydrolysis of intermediary 9a,b
whose N-carbamoyl and N-thiocarbamoyl groups at the
1-position seem to be more unstable than the amidino one
(compound 5c¢) [17] under acidic conditions.

Scheme 3
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In order to confirm the specific structures of the pyra-
zoles formed by ring contraction of 1, we synthesized
4-acetylpyrazoles by the reactions of ethoxymethylene-
acetylacetone with hydrazines according to the known
method [18]. These cyclocondensation reactions carried in
methanolic acidic medium at -15° gave, as expected [18],
1-substituted 4-acetyl-5-methylpyrazoles l0a [19] or their
hydrazones 10b-f depending on the quantities of hydra-
zines used (Scheme 4). The stuctures of the pyrazoles 10a
(R = CH; and Ph) and 10c,d thus obtained are isomeric
with those of 5a-d previously formed by the ring transfor-
mation of 1.

The structural distinction between the pyrazoles 5 and
10 is based on the 'H-nmr spectral data. The chemical
shifts of the ring protons (C5-H in 5 and C3-H in 10) of
these pyrazoles in dimethyl sulfoxide-d appeared down-
field in 5 with respect to those in 10 (Table I). The above
findings are consistent with those previously reported in
the 'H-nmr study of 1,3- and 1,5-disubstituted pyrazoles
[20], particularly 1-arylpyrazole derivatives [21,22].
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Scheme 4
COCH,4 CHy
EtO—E{:C\ +  NH,NHR . H:C / NI
COCH, & |
b N
10a-f
X R
10a 0 H, CHj Ph.
: N
C-NHy. ¢ ]
NH N
H
CONH,, CSNH,
10b NNHPh Ph
10¢ NNH-C~NH, C-NH,
NH NH
N N
1d  NNH—¢ :] ¢ ]
N N
H H
10e NNHCONH, CONH,
10f NNHCSNH, CSNH,
10a (R=H) H,NNH,*H,0 2
10e hydrolysis 7a
and and
10f 7b

The final proof of the structures of 5S¢ and 10c was pre-
sented [23,24] by establishing their crystal structure using
X-ray diffraction. The visualization of the differences thus
observed offers a definite proof of the respective struc-
tures of these two isomers and sustains the value of the
chemical and !H-nmr data hitherto put forward to charac-
terize them.

The pyrazole 10a (R = H), when treated with hydrazine

hydrate, could be converted to the azine 2 which was
identical with that obtained from 1 and hydrazine in
acidic medium. Compounds 10e.f were readily hydrolyzed
to the pyrazoles 7a,b, respectively, in an aqueous alkaline
solution or in boiling methanol.

It is characteristic that the ring contraction of 1 into pyr-
azoles with hydrazines takes place in acidic medium (pH
1), but not under alkaline to slightly acidic conditions,
where 1 only affords the corresponding hydrazones 4,
6b-d. Protonation on the ring nitrogen of 1 may facilitate
the reaction of hydrazines at the electron-deficient site
(C6 and C4) of the pyrimidine ring of 1, which provokes
the pyrimidine-to-pyrazole ring transformation. To our
knowledge, such acid-catalyzed transformation of 5-
acylpyrimidines into pyrazoles has not been described
until our first report in 1984 [14].

All our observation results in the fact that, for every
monosubstituted hydrazine used, we are able to prepare
specifically one type of pyrazolic position isomer starting
from ethoxymethyleneacetylacetone or the other type,
whose synthetic method has not been established, using 1
instead of ethoxymethyleneacetylacetone. In the case of
ethoxymethyleneacetylacetone which gives 1,5-disubsti-
tuted 4-acetylpyrazoles of type 10, the carbon atom bear-
ing the ethoxy group of ethoxymethyleneacetylacetone is
first attacked by the primary amino group of monosubsti-
tuted hydrazines [18,20]. In the case of 1 which provides
1,3-disubstituted 4-acetylpyrazoles of type 5 [25], either
carbonyl-C or C4 (bearing the methyl group) of 1 could
be initially attacked by the primary amino group of mono-
substituted hydrazines (path A or B in Scheme 5). The
structural characteristics of 1 does not allow to distinguish
between these two possibilities of ring modifying process.
However, using an appropriate isomeric pair of 5-acylpy-
rimidines as starting materials, we confirmed that the
transformation of 5-acylpyrimidines into pyrazoles pro-

Table 1

Chemical Shifts of C5-H and C3-H of 5 and 10

Pyrazoles § C5-H

(ppm)

Sa. X=0, R=CH; 835

Sb, X=0, R=Ph 9.19

S¢, X= NNHE—NHZ_ R= E_NHZ 9.60
NH NH

N N

sd, X= NNH—( ] R=( :] 9.30
N— N
H H

13, 4-actyl-1.3-diphenylpyrazole 9.30

14, 4-benzoyl-3-methyl-1-phenyipyrazole 8.75

Pyrazoles 10 C3-H
‘ppm)
10a, X=0, R=CH; 7.90
X=0, R=Ph 8.24
X=0, R=C”—NH2 8.50
NH
10b, X =NNHPh, R=Ph 7.87
10c, X SNNHC-NH,, R=C-NH, 8.41
NH NH
N N
10d, X= NNH—-</:] R= </:J 841
N~ N
H H
16,  4-actyl-1,5-diphenylpyrazole 8.35

15, 4-benzoyl-5-methyl-1-phenylpyrazole 7.80
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ceeded through initial formation of hydrazones of the
starting pyrimidines (path A in Scheme 5) as discussed in
the following section.

Scheme 5
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ITI. Ring Contraction Mechanism of 5-Acylpyrimi-
dines into 4-Acylpyrazoles.

In order to elucidate the mechanism of formation of 4-
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acylpyrazoles from 5-acylpyrimidines and hydrazines, we
selected at first two isomeric pyrimidines: 5-benzoyl-4-
methyl-2-methylthiopyrimidine (11) and 5-acetyl-2-
methylthio-4-phenylpyrimidine (12) as substrates for re-
actions with phenylhydrazine [26,27].

The starting pyrimidines 11 and 12 [27] were synthe-
sized by reacting 2-ethoxymethylene-1-phenyl-1,3-bu-
tanedione with S-methylisothiourea.

When heated with phenylhydrazine in methanol in the
presence of hydrochloric acid, 11 exclusively provided
4-acetyl-1,3-diphenylpyrazole (13), while 12 led under
the same conditions to 4-benzoyl-3-methyl-1-phenylpyra-
zole (14) without formation of any other possible isomers
(Scheme 6). On the other hand, the reaction of 2-ethoxy-
methylene-1-phenyl-1,3-butanedione with phenylhy-
drazine in methanol at room temperature gave a mixture
of 4-benzoyl-5-methyl-1-phenylpyrazole (15) and
4-acetyl-1,5-diphenylpyrazole (16), which are isomers of
14 and 13, respectively (Scheme 6).

The formation of 13 and 14 implies the initial formation
of phenylhydrazones of 11 and 12, followed by intramo-
lecular attack on C6 of the pyrimidine ring by the NH
group of hydrazono function with C6-N1 bond fission to

Scheme 6
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give pyrazole ring compounds which are hydrolyzed to
corresponding 4-acylpyrazoles (Scheme 7). Therefore, the
mechanism of formation of 13 and 14 corresponds to path
A in Scheme 5 (R = Ph) without any interference of path
B.

Scheme 7
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In fact, we confirmed that the phenylhydrazone 17, pre-
pared from 12 and phenylhydrazine under mild condi-
tions, was transformed in quantitative yield into 14 on
heating in methanol containing hydrochloric acid
(Scheme 6). Hydrazine hydrate also reacted with 11 in
boiling acidic methanol in a similar mode to that of phen-
ylhydrazine to give 4-acetyl-3-phenylpyrazole (18)
(Scheme 6).
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In contrast to the above results, reaction of phenyl-
hydrazine with the same type of appropriate isomers of
5-acyl-2-phenylpyrimidines led to a mixture of two iso-
meric pyrazoles for each starting pyrimidines [27]. Thus,
upon heating with phenylhydrazine in acidic hydroalco-
holic medium, S-acetyl-2,4-diphenylpyrimidine (19) [28]
afforded 4-benzoylpyrazoles 14 and 15 in 46% and 31%
yields, respectively (Scheme 8). Under the same condi-
tions, 5-benzoyl-4-methyl-2-phenylpyrimidine (20) [28]
provided with phenylhydrazine 4-acetylpyrazole 13 (40%
yield) together with a small amount of its isomer 16
(Scheme 8).

These findings suggest that the primary amino group of
phenylhydrazine attacks simultaneously carbonyl-C and
C6 of 5-acyl-2-phenylpyrimidines, without any subse-
quent involvement of C4, to produce two isomeric pyra-
zoles.

It is noteworthy that the 2-phenyl substituent of the
pyrimidine ring may favor in these cases the nucleophilic
attack of the primary amino group of phenylhydrazine on
C6, in contrast with the 2-methylthio group which pre-
vents the same nucleophilic attack on C6. We can there-
fore conclude that the ring contraction of 5-acylpyrim-
idines into 4-acylpyrazoles with hydrazines alway
involves attack of hydrazines on carbonyl-C and C6 (but
not on C4) of 5-acylpyrimidines. The (CO)-C5-C6 frag-
ment of the pyrimidine ring serves as a three atom syn-
thon in the construction of the pyrazole ring. This ex-
cludes the usual and classical transformation of pyrimi-
dines into pyrazoles which would consist of the B type re-
action in Scheme 5. Particularly, the ring transformation
of 5-acyl-2-methylthiopyrimidines with monosubstituted
hydrazines is “regiospecific” via initial and exclusive for-

Scheme 8
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\ i
NH,NH,
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Table II.
Yields % Yields %
Pyrimidines + HZNHNﬁNHZ S¢ 2a.d Pyrimidines + PANHNH;, —— 3 25 26
NH
22a, R= Ph 12 88 22a, R= Ph 50 0 0
22b, CH; 30 39 22b, CH; 60 10 20
22¢, H 65 5 22¢, H 50 14 21
22d, NH, 0 100 22d, NH, 100 0 0
1, SCH; 82 0 1, SCH; 86 0 0
Scheme 9
NH
CH; C=NH CHs CHy
o} =N ' HN H;C HN ;c
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e e R o
HC N HCl H,N N- H, N E N
H \H
22a-d Se 24a-d
CH; CH; CH;

mation of the corresponding hydrazones. However, in the
case of 5-acyl-2-phenylpyrimidines, first reaction of the
primary amino group of phenylhydrazine is competitive
between carbonyl-C and C6.

IV. Ring Transformation of Divers 5-Acylpyrimidines
into Pyrazoles.

1) Reactions of 2-Substituted 5-Acetyl-4-methyl-
pyrimidines with Hydrazines.

_ As an extension of the ring transformation of 5-acyl-

pyrimidines into pyrazoles discussed in the preceding sec-
tions, we now carried out a comparative study on the re-
action of 2-substituted 5-acetyl-4-methylpyrimidines
22a-d in acidic medium, using amidinohydrazine and
phenylhydrazine as nucleophiles [29].

Upon treatment of 22a-d with amidinohydrazine (1:3
mole ratio) in boiling methanol containing an excess of
hydrochloric acid for 7 hours, the pyrazole Sc¢ was ob-
tained together with the amidinohydrazones 24a-c of the
starting pyrimidines except 22d which gave only its

N-Ph H =N
" ¥
0 =N o] N-Ph

CH;,
25 26
from 22b,c

amidinohydrazone 24d in quantitative yield. Under the
same conditions, 22a-d all led with phenylhydrazine to
the pyrazole 5b (yield > 50%) without formation of phen-
ylhydrazones of 22a-d (Scheme 9). These results are sum-
marized in Table II.

The formation of the sole pyrazole Sc¢ from 22a-c¢ dem-
onstrates that these ring contraction reactions are also
regiospecific as in the cases of 2-methylthiopyrimidines 1,
11 and 12. The amidinohydrazones 24 are regarded as in-
termediates in the ring contraction reactions. The substi-
tuent at the 2-position of 22 considerably influences the
transformation of 22 into Sc. In fact, 22¢ gave Sc in 65%
yield along with a small amount of amidinohydrazone
24c; on the contrary, 22a mainly afforded amidinohydra-
zone 24a (88% yield) with only 12% yield of 5c. It is
characteristic that the pyrimidine 22d exclusively gave
the amidinohydrazone 24d without any formation of Sc.
From these observations, it is very likely that the conver-
sion of 22 into 5S¢ depends on the reactivity of the inter-
mediary amidinohydrazones 24 which should be initially
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formed in the course of reaction.

The reaction of 22a-d with phenylhydrazine did not
afford the corresponding phenythydrazones, but the pyra-
zole 5b in satisfactory yields. Particularly, both 22a and
22d exclusively led to the sole product 5b. This fact indi-
cates that in these cases the ring contraction reactions are
regiospecific. However, the reaction of 22b,c with phenyl-
hydrazine afforded, in contrast with 22a,d, three isomeric
pyrazoles: Sb as main product, 4-acetyl-5-methyl-1-
phenylpyrazole (25) and 3,5-dimethyl-1-phenylpyrazole-
4-carboxaldehyde (26). Analogous non-regiospecific reac-
tion has also been observed in the reaction of the pyrimi-
dines 19 and 20 with phenylhydrazine [27].

In general, phenylhydrazine appears to be more reactive
than amidinohydrazine to produce the ring conversion of
5-acylpyrimidines into pyrazoles, since in the reaction of
22a-d with phenylhydrazine, the corresponding phenylhy-
drazones were not detected, but a sufficient amount of
pyrazole 5b was obtained; while in the reaction with
amidinohydrazine, both the amidinohydrazone 24 and the
pyrazole Sc were isolated. This difference of reactivity is
quite obvious in the case of 22d which led with phenylhy-

Ring Transformation of 5-Acylpyrimidines

1009

drazine to only the pyrazole 5b in quantitative yield, and
with amidnohydrazine to the amidinohydrazone 24d with
no evidence for the formation of pyrazoles. These facts
suggest that the phenylhydrazone, which should be initial-
ly formed from 22a-d and phenylhydrazine, easily change
into a cyclic transition state to give the pyrazole 5b in
acidic medium, whereas the amidinohydrazones 24 are
relatively stabilized by protonation under the acidic con-
ditions.

2) Reaction of 2-Methylthio-5-0x0-5,6,7,8-tetrahydro-
quinazoline with Hydrazines.

The title quinazoline 27 can be looked upon as a cyclic
analogue of 1 which is readily converted into pyrazoles
with hydrazines as described previously. We therefore ex-
amined the reactions of 27 with amidinohydrazine and
phenylhydrazine [29]. The required 27 was readily obtain-
able by interaction of S-methylisothiourea with 2-dimeth-
ylaminomethylenecyclohexan-1,3-dione (28) [19b] in the
presence-of sodium ethoxide in boiling ethanol.

Upon heating in an acidic methanolic solution with
amidinohydrazine, under the same conditions as those in

Scheme 10
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N
B
N//kSCH;
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the reaction of 1 with amidinohydrazine, 27 gave the cor-
responding amidinohydrazone 29 as the sole isolable
product. The crystal structure of molecules 29 and 6c¢ has
been established [30]. The structural difference between
29 and 6¢ as revealed by X-ray diffraction may suggest
why 1 can undergo a ring transformation with amidinohy-
drazine while 27 cannot [30].

The reaction of phenylhydrazine with 27 under the
same conditions afforded 4,5,6,7-tetrahydro-2-phenyl-
2H-indazol-4-one (30). No formation of its isomer,
4,5,6,7-tetrahydro-1-pheny-1H-indazol-4-one (31) [19b]
which has been synthesized from 28 and phenylhydrazine,
was observed (Scheme 10). The transformation of 27 into
30 may be explained by the similar mechanism to that for
the ting conversion of 1 into 5b, which involves initial
formation of the phenylhydrazone of 27 (Scheme 10). In
this case, amidinohydrazine, contrary to phenylthydrazine,
could not lead to any pyrazole ring compound, but gave
only amidinohydrazone of the starting material, stressing
once more the difference of reactivity between those two
hydrazines.

3) Reactions of 2-Substituted Pyrimidine-5-carbox-
aldehydes with Hydrazines.

Some pyrimidine-5-carboxaldehydes were found to
undergo ring transformation into pyrazoles with phenyl-
hydrazine via the corresponding phenylhydrazones [31].
The starting 2-phenyl, 2-amino and 2-methylthiopyrimi-
dine-5-carboxaldehydes 32a-c were newly synthesized by
condensation of triformylmethane (33) [32] with an equi-
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molecular amount of benzamidine, guanidine and S-
methylisothiourea, respectively, in boiling anhydrous
ethanol [31].

Treatment of 32a-¢ with phenylhydrazine in methanol
in the presence of a catalytic amount of hydrochloric acid
at room temperature gave the corresponding phenylhydra-
zones 34a-c, generally in good yields. When heated with
hydrochloric acid in methanol, these phenylhydrazones
34a-c¢ underwent ring conversion into 1-phenylpyra-
zole-4-carboxaldehyde (35) [33] which was directly
obtained by condensation of 33 with phenylhydrazine in
acidic methanol at room temperature (Scheme 11).

The mechanism of this ring contraction involves nucle-
ophilic attack on C4 (or C6) of the pyrimidine ring by the
phenylhydrazono group of 34 (Scheme 11). In the case of
5-acylpyrimidines, analogous ring conversion into pyra-
zoles proceeded by direct treatment with an excess of
hydrazines in acidic medium, without (always) isolating
the hydrazone intermediates. However, our attempts to
obtain 35 by treatment of 32a-c with an excess of phenyl-
hydrazine in boiling acidic methanol were unsuccessful.
This may be caused from relative instability of the alde-
hydes 32a-c.

It is noteworthy that amidinohydrazone 36, easily pre-
pared from 32c and amidinohydrazine according to the
usual method, did not afford the expected pyrazole deriva-
tive 37 on heating in acidic methanol with the recovery of
the starting 36 (37 can be synthesized by condensation of
amidinohydrazine with triformylmethane). The difference
of reactivity between the phenylhydrazone 34c and the

Scheme 11
HN\C,NHZ NH NH
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& HoN-C ~NHNH, CHO R-C~NH, =N
8 —t——— oHCCH oHC—{ )R
1 CHO N
CHO a. R=Ph
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amidinohydrazone 36 is comparable with that observed in
the reactions of phenylhydrazine and amidinohydrazine
with certain 5-acylpyrimidines (for example: 22a,b,d and
27).

4) Reactions of Ethyl Pyrimidine-5-carboxylates with
Hydrazines.

The ring transformation of ethy} 4-methylpyrimidine-35-
carboxylate (38) into pyrazoles with hydrazines has been
examined [29] because 38 is an analogue of the pyrimi-
dine 22¢, possessing the ethoxycarbonyl group in replace-
ment of the acetyl group of 22¢ which easily undergoes
ring contraction into pyrazoles.

The pyrimidine 38, synthesized by condensation of
ethyl ethoxymethyleneacetoacetate with formamidine in
ethanol, remained unchanged on heating with amidinohy-
drazine in acidic methanol. The reaction of 38 with
phenylhydrazine under the same conditions resulted in the
formation of two isomeric pyrazoles: ethyl 5-methyl-1-
phenylpyrazole-4-carboxylate (39) and ethyl 3-methy-1-
phenylpyrazole-4-carboxylate (40) in 11% and 20%
yields, respectively. The pyrazoles 39 and 40 were identi-
cal with those obtained by direct condensation of phenyl-
hydrazine with ethyl ethoxymethyleneacetoacetate in
methanol (this condensation provided a mixture of 39 and
40 in 7:1 ratio) [29] (Scheme 12).

Scheme 12
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Ethyl 4-methyl-2-oxo-1,2-dihydropyrimidine-5-car-
boxylate (41) [34] did not react with amidinohydrazine
and phenylhydrazine in boiling acidic methanol. How-
ever, when heated with phenylhydrazine in butanol con-
taining hydrochloric acid, 41 led to a mixture of 39 and 40
in 15% and 11% yields, respectively (Scheme 12).

The simultaneous formation of 39 and 40 indicates that
the nucleophilic attack of two nitrogen atoms of phenyl-
hydrazine takes place non-selectively on both C4 and C6
of the pyrimidine ring of 38 and 41 without any involve-
ment of the ethoxycarbonyl group at the 5-position. This
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mechanism is similar to that of the classical ring contrac-
tion of non-acylated pyrimidines into pyrazoles. In acidic
alcoholic medium, the Michael-type addition of phenyl-
hydrazine on C4 and C6 of the ethyl pyrimidine-5-car-
boxylates may be more favorable than the condensation
on the ethoxycarbonyl group.

V. Ring Transformation of 5-Acyluracils into Pyrazoles.
1) Reactions of 5-Acetyluracils with Hydrazines.

In 1983, Hirota et al. [35] reported that 5-acetyl-1,3-di-
methyluracil (42) was easily converted into a 4-allo-
phanoylpyrazole derivative 43 on heating with hydrazine
hydrate for 2 hours in water containing acetic acid
(Scheme 13). This reaction can be explained by condensa-
tion of hydrazine on the enaminocarbonyl sequence
(0=C-C5=C6-N) of 42 with N1-C6 bond fission of the
uracil ring. The uracil 42 acts like an o,B-unsaturated
ketone with hydrazine because of its characteristic struc-
ture which has a fixed double bond system.

Scheme 13
CHa R o
Y NH,NH N
cuco— Y=o  —1 2. ! 0
N, H,0/ AcOH HyC H
o  CHs O CH;

42

e

N o O
; A\ N)LN,CH3
N= H

1
CH;4
CH;

43

Analogous results were obtained [36] in the reactions of
5-acetyluracil (44) [37] with hydrazines. Upon heating
with hydrazine hydrate in water for 1 hour, the uracil 44
led to 4-allophanoyl-3-methylpyrazole (45a) in 72%
yield. When the same reaction was carried out in the pres-
ence of hydrochloric acid in boiling water 3-methylpyra-
zole-4-carboxylic acid (46a) was mainly obtained togeth-
er with a small amount of 45a (Scheme 14). In fact, 45a
was readily hydrolyzed into 46a on heating in diluted hy-
drochloric acid. Moreover, when treated under reflux in
butanol containing hydrochloric acid, 45a was converted,
in good yield, into butyl 3-methylpyrazole-4-carboxylate
(47a) which could be also synthesized by direct treatment
of 44 with hydrazine hydrate in boiling butanol in the
presence of hydrochloric acid (Scheme 14).

In the reaction of 44 with methylhydrazine, the same
type of ring contraction was observed [36]. Thus, 44 led
with methylhydrazine in boiling water into 4-allophanoyl-
1,3-dimethylpyrazole (45b), in boiling diluted hydrochlo-
ric acid into 1,3-dimethylpyrazole-4-carboxylic acid (46b)
and in boiling acidic butanol into butyl 1,3-dimethylpyra-
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Scheme 14
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zole-4-carboxylate (47b) (Scheme 14).

These results clearly indicate that the two amino groups
of hydrazines react with carbonyl-C and C6, respectively,
of 44 to form the pyrazole ring; the reaction probably pro-
ceeds via initial formation of the hydrazone-type interme-
diates 48 because the resonance of amidic system of the
uracil ring in 44 may somewhat hinder N1-C6 polariza-
tion, making first attack of hydrazines on C6 less favor-
able. In the case of methylhydrazine, the primary amino
group selectively condenses with carbonyl-C of 44 and
the secondary amino group acts on C6, resulting in the
exclusive formation of 1,3-dimethylpyrazole derivatives
(without formation of the corresponding 1,5-dimethyl iso-
mers). Analogous mechanism has been discussed in the
formation of 4-allophanoylpyrazoles from uracil-5-car-
boxaldehydes and methylhydrazine [35].

The uracil 44 also undergoes ring contraction with
phenylhydrazine into several pyrazole derivatives accord-
ing to the conditions used [36]. Treatment of 44 with
phenylhydrazine in boiling butanol (but not in water) con-
taining acetic acid afforded 4-allophanoyl-3-methyl-1-
phenylpyrazole (49). The same reaction, carried out in the
presence of hydrochloric acid in boiling butanol, led to
the formation of butyl 3-methyl-1-phenylpyrazole-4-car-
boxylate (50) which was also prepared by heating 49 in a
mixture of butanol and hydrochloric actd. Upon heating in
diluted hydrochloric acid, 49 was easily hydrolyzed into
3-methyl-1-phenylpyrazole-4-carboxylic acid (51) in
good yield. When treated with an excess of phenylhydra-
zine in an aqueous solution for 1 hour, 44 was exclusively
converted to its phenylhydrazone 52 which provided, on
treatment in boiling water containing hydrochloric acid, a
mixture of 49 (20% yield) and 3-methyl-1-pheny!-6-oxo-
6,7-dihydropyrazolo[3,4-d]pyrimidine (53) (32% yield).

This mixture was also obtained by direct reaction of 44
with phenylhydrazine in diluted hydrochloric acid.

Scheme 15
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g Ry
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On the basis of the above results, we can postulate a
mechanism for the ring contraction of 44 with phenylhy-
drazine, which involves initial formation of the intermedi-
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ate phenylhydrazone 52, followed by intramolecular nu-
cleophilic attack of the phenylamino group of 52 on C6 to
give the pyrazole 49 (path A in Scheme 15) or at C4 to
yield 53 (path B in Scheme 15). The former pathway
seems to be predominant, and only in an aqueous medi-
um, these two cyclization process take place simultane-
ously, giving a mixture of 49 and 53. The elimination of
urea from 49 by hydrolysis or alcoholysis obviously leads
to the acid 51 or the ester 50. The formation of
3-methyl-1-phenylpyrazole derivatives (no evidence for
the formation of 5-methyl-1-phenyl isomers) excludes the

Michael-type addition of the primary amino group of
phenylhydrazine on C6 of 44.

The alcoholysis of 49 also occurred in boiling acidic
ethanol to afford ethyl 3-methyl-1-phenylpyrazole-4-car-
boxylate (40) in 90% yield, which is available only as a
by-product in the formation of ethyl 5-methyl-1-phenyl-
pyrazole-4-carboxylate (39) [29] by condensation be-
tween ethyl ethoxymethyleneacetoacetate and phenylhy-
drazine (Scheme 12).

2) Reactions of Uracil-5-carboxaldehydes with Hy-
drazines.

The first example of ring transformation of a pyrimi-
dine having a carbonyl group at the 5-position into pyra-
zoles by the action of hydrazines was reported in 1968 by
Zee-Cheng and Cheng [38]. They described that
uracil-5-carboxaldehyde (54a) [39,40] was converted with
simple hydrazine or monomethylhydrazine in the pres-
ence of acetic acid in boiling water into 4-ureidomethy!-
ene-1H-pyrazol-5-one (55a) and 1-methyl-4-ureidometh-
ylene-1H-pyrazol-5-one (55b), respectively (Scheme 16).
This ring transformation was explained by initial forma-
tion of the phenylhydrazones 56, followed by intramolec-
ular cyclization of the terminal amino (or methylamino)
group of 56 on C4 of the uracil ring with concomitant
N3-C4 bond fission (Scheme 16).

Scheme 16
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However, Hirota et al. demonstrated [35,41] that the
pyrazoles 55a,b must have, in fact, the structures of
4-allophanoylpyrazole of type 57 (Scheme 17)
because the pyrazole 57a, earlier assumed to have the
structure 55a, readily produce, on treatment with
methanolic sodium methoxide, methyl pyrazole-4-car-
boxylate (58) in quantitative yield (Scheme 17).

The same authors studied in detail [35] analogous reac-
tions of 1,3-disubstituted uracil-5-carboxaldehydes 54b-e
with hydrazine hydrate and monomethylhydrazine. The
reactions, carried out in the presence of acetic acid in
water, gave in all cases the 4-allophanoylpyrazole deriva-
tives 57b-h (Scheme 17), among which 57b-d were easily
converted into the ester 58 on heating in methanolic so-
dium methoxide. For the ring conversion of 54 to 57, two

Scheme 17
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possible mechanisms have been proposed: the hydrazones
59 are initially formed and the subsequent intramolecular
attack of the terminal amino group of hydrazono moiety
on C6 of the uracil ring (path A in Scheme 18) provides
the pyrazole compounds 57. An alternative pathway
involves the hydrazine adducts 60 which may be formed
by addition of hydrazines on C6 of 59. The adducts 60
then cyclize to the intermediates 61 which can be rear-
ranged to the pyrazole ring compounds 57 with the eli-
mination of hydrazines (path B in Scheme 18).

We also found that the uracil 54a led to pyrazoles under
the action of phenylhydrazine in acidic medium [42], con-
trary to the preceding reports [35,38,39] which described
that similar reactions of some uracil-5-carboxaldehydes
with phenylhydrazine only gave the corresponding phen-
ylhydrazones, but not pyrazoles (the reason has been ex-
plained with respect to the less basicity of phenylhydra-
zine). Thus, when treated with phenylhydrazine in boiling
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Scheme 18
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water in the presence of an excess of hydrochloric acid,
54a immediately gave the phenylhydrazone 62 as abun-
dant precipitate. However, heating under reflux for 120
hours of this suspension with stirring resulted in the for-
mation of 1-phenylpyrazole-4-carboxylic acid (63) [43] in
80% yield (Scheme 19). Since the phenylhydrazone 62
has very little solubility in boiling water, the conversion
of 62 to 63 must require the prolonged heating of the
reaction mixture. Moreover, it was confirmed that 62
under suspension in boiling diluted hydrochloric acid
(without phenylhydrazine) could be transformed into 63.
Analogous transformation of 62 was accomplished on
heating in butanol containing hydrochloric acid to yield
butyl 1-phenylpyrazole-4-carboxylate (64) which was
directly obtained from 54a and phenylhydrazine in boil-
ing acidic butanol (Scheme 19). Similar reaction of
1,3-dimethyluracil-5-carboxaldehyde phenylhydrazone
(65) with sodium methoxide in methanol has been report-
ed [35] to give methyl 1-phenylpyrazole-4-carboxylate
(66) (Scheme 19).

From these findings, a mechanism to account for the
formation of 63 from 54a is rationalized by intramolecu-
lar attack of the phenylamino group of initialy formed 62
on C6 of the uracil ring to produce intermediate 4-allo-
phanoyl-1-phenylpyrazole (67) which is hydrolyzed into
63 under reflux in aqueous acidic medium. The reaction
conditions which are indispensable for the generation of
the pyrazole ring from 62 (prolonged heating in acidic
medium) did not allow to isolate the intermediate 67.
Similarly, the ester 64 may be formed via alcoholysis of
the same intermediate 67 in boiling butanol. In conclu-
sion, phenylhydrazine, as well as simple hydrazine and
monomethylhydrazine, is capable to transform 54a, via its
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65 66
phenylhydrazone, into the pyrazole-4-carboxylic acid de-
rivatives in the presence of hydrochloric acid. The proton-
ation on the uracil ring may favor, also in this case, the
ring transformation into pyrazoles.
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