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Preparation of “‘-Linked Bi( heteroaryls) from Dehydroacetic Acid and 
2,6-Dimethyl-4- pyrone 
ByA. Sultan Afridi. Alan R. Katritzky,” and Christopher A. Ramsden, School of Chemical Sciences, University 

of East Anglia, Norwich NR4 7TJ 

A number of novel “‘-linked bi(heteroary1s) (1 ) and their cations [ (2)  and (3)]  have been prepared by the reaction 
of dehydroacetic acid (4) or 2.6-dimethyl-4-pyrone (5) with N-amino-heterocycles. Analogous reactions of 
simple hydrazines have also been investigated. In particular, the chemistry of 2,6-dimethyl-l-(1,2,4-triazol-4-yl) - 
4-pyridone (1 6) and related cationic species has been investigated in some detail. 

ALTHOUGH “’-linked bi(heteroary1.s) (1) are potentially 
useful as synthetic intermediates, only a few compounds 
belonging to type (1) have been reported. They include 
NN’-bipyrrolyls,ZJ NN’-bi(irnida~olyls),~ 1-( 1,2,4-tri- 
az~l-l-yl)pyrroles,~ N -  (1,2,3,4-tetrazol-2-~1) pht halimide,6 
1,l’- and 1,2’-bi(benzotriazolyls) ,’ and NN‘-bi(quino1- 
onyls).8 Even less attention has been paid to the 
preparation of the monocations (2) and the dications (3). 
Quaternisation of 1 ,l’-bi(benzotriazoly1) gives a mono- 
cation 7 but, apart from this example, the preparation of 
cationic species of the types (2) and (3) had not been 
examined until a study of NN’-linked bi(heteroary1s) (1) 
was initiated in this l ab~ra to ry .~  Subsequently, the 

0 0 0  
(1) ( 2 )  ( 3 )  

preparations of a number of new NN’-bi(heteroary1s) (1) 
and cations [(2) and (3)] have been r e p ~ r t e d . ~ . ~  

We now report the preparation and chemistry of further 
examples of NN’-bi(heteroary1s) (1) and their cations 
[(2) and (3)]. In these studies, our efforts to find con- 
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venient syntheses of the species (1)-(3) have been centred 
upon the condensation of N-amino-heterocycles with 
(i) dehydroacetic acid (DHA) (4) and (ii) 2,6-dimethyl-4- 
pyrone (5).  

(i) Preparation of ”‘-Linked Bi(heteroaryZs) using 
Dehydroacetic Acid ( D H A )  (4) .-Recent studies have 
shown that l-aminopyridinium salts (6) in hot concen- 
trated hydrochloric acid react with DHA (a), or more 

0 0 

(4) ( 5 )  

probably with the 2,6-dimethyl-4-pyrone (5 )  generated 
in situ by acid-catalysed decarboxylation [(4) (5 ) ]  ,lo 
giving pyridinio-4-pyridones (7). We have now in- 
vestigated the reaction -of DHA (4) lo with other N -  
amino-heterocycles, including N-aminopyridones (8) and 
(9). Initial attempts to bring about these condensations 
in concentrated hydrochloric acid or glacial acetic acid 
were unsuccessful, apparently owing to the initial fonn- 
ation of an unreactive ammonium salt. However, 
N-aminopyridones (8) and (9) did react with DHA (4) in 
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pyridine solution at reflux temperature giving crystalline 
products which we have formulated as the 2-pyrone 
derivatives (10) and (11). These structures (10) and (1 1) 
are fully supported by elemental analysis and spectral 
properties but on this basis alone it is not possible to 
eliminate the alternative 2-pyridone [ (12) and (13)] 

Me 

(10) (11) 

OH 
0 
II 

structures. Structures (12) and (13) might reasonably 
be expected to exhibit i,r. and IH n.m.r. spectra similar 
to those of structures (10) and (11). Furthermore, the 
mass spectral fragmentation patterns are not unam- 
biguous: observed fragment ions could originate by 
cleavage of a molecular ion corresponding to either the 
2-pyrone [(lo) and ( l l ) ]  or 2-pyridone [(12) and (13)] 
structure. The assignment of structures (10) and (11) is 
in accord with reported condensation reactions of DHA 
(4) with amino-derivatives,ll whereas formation of the 
isomers (12) and (13) would be unprecedented. 

Chemical evidence for the structures (10) and (11) was 
provided by acid-catalysed decarboxylation of com- 
pound (10; R = Ph) which gave the lutidone derivative 
(14; R = Ph), isolated as its hydrochloride. This 
product (14; R = Ph) was identical with a sample pre- 
pared by an alternative route involving condensation of 
2,6-dimethyl-4-pyrone (5) with l-amino-4,6-diphenyl-2- 
pyridone (see later). 

The acid-catalysed rearrangement (10) -+ (14) (R = 

Ph) provides a preparative route to new NN'-linked 
bipyridones but, owing to the rather poor yields and the 
difficulty encountered in preparing N-aminopyridones (8) 
and (9), this approach was not pursued. This trans- 
formation [(lo) + (14)] may involve ring opening 
followed by cyclisation and decarboxylation. The 
alternative possibility that acidic hydrolysis gives DHA 
(4) which is transformed into 2,6-dimethyl-4-pyrone (5) 
and this intermediate species (5) then condenses with the 
amino-compound [e.g. (S)], giving the observed product 
(14), must also be considered. 

A more useful reaction was that between 4-amino- 
lJ2,4-triazole (15) and DHA (4) in boiling pyridine. In 
this case 1-( 1,2,4-triazol-4-yl)lutidone (16) is formed 
directly in 65% yield. Presumably the lutidone (16) 
is formed in a sequence involving initial condensation to 
give the 2-pyrone (17), which is not isolated but under- 
goes a reaction involving ready decarboxylation to give 
the product (16). The reactions of this product (16) are 
discussed in a later section. 

The reaction of DHA (4) with l-amino-4-phenyl-l,2,3- 
triazole (18) in pyridine was not as straightforward as the 
foregoing reaction. An orange, crystalline compound 
was isolated in moderate yield. Elemental analysis and 
mass spectra support a constitution CMH,,N,O,, sug- 
gesting a condensation reaction between two molecules 
of DHA (4) and one molecule of the triazole (18). We 
have assigned the structure (19) to this product and this is 
supported by the observed spectral properties. The lH 

n.m.r. spectrum shows four distinct methyl groups ( T  

7.02, 7.36, 7.86, and 7.92), aromatic protons associated 
with a phenyl substituent, and three uncoupled hydrogen 
atoms [HA ( T  1.72) and Hg and Hc ( T  4.25 and 4.42)]. 

11 S. Garratt, J .  Org. Chem., 1963, 28, 1886; D. R. Guptaand 
R. S. Gupta, J .  Indian Chem. SOC., 1965,42, 421, 873; S. Iguchi, 
K.  Hisatsune, M. Himeno, and S. Muraoka, Chem. and Pkarm. 
Bull. (Japan).  1959,7,323; S .  Iguchi, A. Inoue, and C. Kurahashi, 
ibid. ,  1963, 11, 385; S. Iguchi and A. Inoue, ibid., 1963, 11, 390; 
A. Inoue and S. Iguchi, ibid., 1964, 12, 381, 382. 
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The i.r. spectrum shows absorptions compatible with 
the carbonyl groups associated with structure (19), and 
the U.V. absorption bands at  410 and 430 nm are consis- 
tent with a conjugated hydrazone structure. 

We have also treated DHA (4) with m- and p-phenyl- 
enediamines in pyridine and obtained the anticipated 
condensation products (20a and b). These compounds 
in hot hydrochloric acid gave the isomeric bipyridone 
derivatives (21a and b), isolated and characterised as 
their hydrochlorides. When the 4-amino-derivative (22) 
was treated under these conditions, only the bilutidone 
derivative (21b) was isolated. Evidently (22) is partially 
hydrolysed to DHA (4); such hydrolyses are thus an 

(20)a; metu  
b; p a r a  

Me b M e  

Q 2HCl ..qe 
0 

(21)a; metu  

bi  p a r a  

(22) (23) (24) 

alternative to rearrangements of the type (20) --+ (21) 
under these conditions. 

An attractive route to the "'-linked bilutidone 
(23; R = Me) would be the acid-catalysed rearrange- 
ment of the azine (24), which can be prepared by the 
reaction of two moles of DHA (4) with one mole of 
hydrazine hydrate. We have found that this reaction 
[(4) + (24)] is conveniently executed in pyridine solu- 
tion at  room temperature. 

When the azine (24) was heated with aqueous hydro- 
chloric acid for 12 h, the rearranged "'-linked bi- 
lutidone (23; R = Me) was indeed isolated, in low yield 
(3%), as its dihydrochloride, which was fully character- 
ised. This hydrochloride upon treatment with pyridine 
gave the free "'-linked bi-(4-pyridone) (23; R = Me). 
Treatment of DHA (4) with two moles of hydrazine 

12 R. Stolld, Ber., 1905, 88, 3023; see also W. H.  Perkin, jun., 
and C. Bernhart, ibid., 1884,17, 1522. 

hydrate in hot pyridine gave the pyrazole derivative 
(25; R1 = Me, R2 = H) previously encountered by 
Stolld; l2 this product gives a triacetyl derivative (25; 
R1 = Me, R2 = MeCO) with acetic anhydride. 

A similar sequence using dehydrobenzoic acid and 
hydrazine hydrate gave the analogous pyrazole derivative 
(25; R1 = Ph, R2 = H) and its triacetyl derivative 
(25; R1 = Ph, R2 = MeCO). With benzohydrazide 
DHA (4) gives the crystalline condensation product (26), 
which under acidic conditions gave the lutidone deriv- 
ative (27). 

(ii) Preparation of "'-Linked Bi(heteroary2s) wing 

2,6-DimethyZ-4-fiyrowe (5) .-Condensation of the N -  
aminopyridones (8) and (9) with 2,6-dimethyl-4-pyrone 
(5) l 3  in hot acid solution gave the "'-linked bipyridones 
(14; R = H or Ph) and (23; R = H), but yields were 
rather low. These products are distinct from the 
products (10) and (11) formed by the similar reactions 
with dehydroacetic acid (4). These "'-linked bi- 
pyridones (14; R = H or Ph) and (23; R = H) were 
fully characterised by conversion into their hydrochlor- 
ides (28; R = H or Ph) and (29), whose structures are 
assigned on the understanding that 4-pyridones are more 
basic than 2-pyridones. With 4-amino-l,2,4-triazole 
(15), the pyrone (5) gave the triazolylpyridone (16), 

0 H\ X 

identical with a sample prepared from dehydroacetic 
acid (4). 

A similar reaction using y-pyrone and 4-amino-l,2,4- 
triazole (16) gave the unsubstituted triazolylpyridone 
(30; R = H, X = 0), which with concentrated hydro- 
chloric acid gave its hydrochloride. 

The "'-linked bipyridones (14) and (23) and their 
cations (28) and (29) were not studied further because of 
difficulty in preparing them in sufficient quantity. How- 
ever, the triazolylpyridone (16) is conveniently prepared 

l a  M. Ohta and H. Kato, Bull. Chem. SOC. Japan, 1959,82, 707. 
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on a moderate scale from dehydroacetic acid (4) (see 
above) and we have examined its chemistry in some 
detail. 

Compound (16) was converted into the yellow, cry- 
stalline pyridinethione (34) (Scheme 1) by treatment with 
phosphorus pentasulphide in hot xylene. This thione 
(34) with methyl iodide gave the 4-methylthiopyridinium 
iodide (37) (Scheme 1) and with tetrafluoroboric acid 

pyridinium tetrafluoroborate (36) (Scheme l), which with 
alkali gave the imine [(36) + (40)] (Scheme 1) .  With 
secondary amines, an analogous displacement of chloride 
takes place giving the 4-(tertiary amino)-salts (33). Non- 
equivalence of the two methyl groups in the lH n.m.r. 
spectra of compounds of the general type (33) and (36) 
indicates that the CN bond at position 4 has some double 
bond character. Attempts to bring about reaction of 

SH 

M e o M e  I 

(31) 

NR1 R2 

I M e 0  I Me 
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N-N 
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N-N 
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N-N 
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( 3  5) (36) 

X CN NPh SMe 

Me 6 ' N' Me c-- M e G M e  I Me()Me I 
MeQMe I 

N-N N-N N-N N -N 
(37) (38)  (39) ( 4 0 )  

SCHEME 1 

gave the 4-mercaptopyridinium bistetrafluoroborate (31) 
(Scheme 1). These transformations illustrate the prepar- 
ation of "'-linked bi(heteroary1s) (1) [e.g. (16) and (34)], 
their monocations (2) [e.g. (37)], and their dications (3) 
[e.g. (31)]. Compound (16) is converted in good yield in- 
to the 4-chloropyridinium tetrafluoroborate (35) (Scheme 
1) by reactions with phosphoryl chloride and treating the 
resulting, hygroscopic pyridinium chloride with tetra- 
fluoroboric acid. This pyridinitlm tetrafluoroborate 
(35) (Scheme 1) is obtained as the hemihydrate and 
is a convenient intermediate for the preparation of 
new "'-linked bi(heteroary1s) and their cations. 
Predictably, the 4-chloro-substituent is easily displaced 
by nucleophilic reagents. Treatment of the salt (35) 
with aniline in hot ethanol gave the 4-N-phenylamino- 

the pyridinium salt (35) with sodium borohydride in 
methanol or methylamine in ethanol resulted in dis- 
placement of chloride by alkoxide ion rather than the 
proposed nucleophile. In this way the 4-alkoxypyridin- 
ium tetrafluoroborates (39; R = Me or Et) (Scheme 1) 
were prepared in 50% yields. The methoxy-derivative 
(39; R = Me) reacted with malononitrile in hot ethanol 
giving the 4-dicyanomethylenepyridone (38 ; X = CN) 
(Scheme l), identical with a sample prepared from the 
pyridone (16) and malononitrile in acetic anhydride 
[(16) + (38)] (X = CN) (Scheme 1). Using the latter 
method, compound (38; X = C0,Et) was also prepared 
using ethyl cyanoacetate. Finally the 4-chloropyridin- 
ium tetrafluoroborate (35) was converted into the thione 
(34) by reaction with thiourea in ethanol a t  reflux 
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temperature. During this transformation an inter- 
mediate was observed which was probably the salt (32) 
(Scheme 1). This compound was not characterised but 
was decomposed by alkali giving the anticipated thione 
(34). This indirect route to the thione (34) gives superior 
yields to those obtained by direct thiation of the pyridone 
[(16) - (34)] (Scheme 1). 

Thus, examples of the "'-linked bi(heteroary1s) of 
general structure (30; X = 0, S, NR, or CR,) have now 

X X X 

Me ()Me MeQMe M e O M e  

I I - 
(i"3 N-N N-N 

I -e- 

ci"i) CNh - 
N-N 

m/e 68  

t eCNYx 
C6H6N: 

C5H5X 

m / e  9 1  
SCHEME 3 

been prepared and fully characterised. The structures 
(16), (34), (38), and (40) (Scheme 1) are fully supported 
by their spectral properties and their mass spectral 
fragmentation pattern, which is generalised in Scheme 2. 

It has been reported14 that condensation of 2,6- 
dimethyl-4-pyrone (5) with hydrazine hydrate gives the 
"'-linked bipyridone (23; R = Me) which we have 
prepared as its dihydrochloride, in low yield by an 
alternative route [(24) - (23) (R = Me)] (see above). 

N R' ~2 

We have been unable to repeat the reported preparation 
of this compound l4 from 2,6-dimethyl-4-pyrone (5) and 
hydrazine but, by using phenylhydrazine, the pyrazole 
hydrazone (41; R = Ph) is formed. 

When 2,6-dimethyl-4-pyrone (5) is converted into the 
dicyanomethylene derivative (42) by treatment with 

14 S. W. Nakhre and S. S. Deshapande, Vikram.  J .  Vikram 
Univ., 1960, 4, 153 (Chem. A h . ,  1962, 57, 2185). 

15 F. Arndt, Org. Synth., Coll. Vol. 111, 1955, p.  231. 
16 K. Hoegerle and H. Erlenmeyer, Helv. chim. Acta, 1956, 59, 

1203. 

malononitrile,l3 formation of pyrazole derivatives [e.g. 
(41)] by condensation with hydrazines is effectively 
prevented. Thus, we have found that when 4-(dicyano- 
methylene)-2,6-dimethyl-4H-pyran (42) is heated at  
reflux temperature with ethanolic hydrazine hydrate, 
the N-amino-derivative (43; R1 = R2 = H) is formed 
in good yield. This product gives a diacetyl derivative 
(43; R1 = R2 = MeCO) with acetic anhydride-pyridine. 

We have also found that 2,6-dimethyl-4-pyrone (5) 
reacts with benzohydrazide in pyridine solution at 
reflux temperature giving I-benzamido-2,6-lutidone (27). 
By this procedure the lutidone (27) was obtained as a 
hydrate (m.p. 110-112 "C)  which could be dehydrated 
by heating (200-250 "C) under vacuum giving an 
anhydrous form (m.p. 220 "C). This transformation was 
easily reversed on exposure to the atmosphere or in 
ethanol solution. Reaction of this 1-benzamido-2,6- 
lutidone (27) with malononitrile in acetic anhydride gave 
the dicyanomethylene derivative (43; R1 = COPh, 
R2 = H). 

EXPERIMENTAL 

Unless otherwise stated, i.r. spectra were measured for 
Nujol mulls, U.V.  spectra for solutions in ethanol, and n.m.r. 
spectra (60 MHz) for solutions in deuteriochloroform (tetra- 
methylsilane as internal reference). Only significant bands 
from i.r. spectra are quoted. Mass spectra were determined 
using a Perkin-Elmer RMU-6E spectrometer. M.p.s were 
determined using a Kofler hot-stage apparatus. Evapor- 
ation refers t o  the removal of volatile material under 
diminished pressure. When compounds are stated to be 
identical, their identity has been established by comparison 
of m.p. and by mixed m.p., and where appropriate by com- 
parison of i.r. and n.m.r. data and t.1.c. behaviour. 

Reactions of Dehydroacetic Acid (4) .-(a) With N-amino- 
heterocycles and aromatic amines. 3-[ 1-( 1,2-Dihydr0-2-0~0- 
1-pyridy lamino) ethylidene] - 6-methylpyran- 2,4-dione ( 10 ; 
R = H).  Dehydroacetic acid (4) (0.85 g) 15 and l-amino-2- 
pyridone (8;  R = H) (0.55 g) l6 in pyridine (20 ml) were 
heated under reflux (12 h) . The solid which separated upon 
cooling was recrystallised from EtOH to give the Pyran-2,4- 
dione (10; R = H)  (0.58 g, 45%), prisms, m.p. 208-210 "C 
(Found: C, 59.8; H, 4.7; N, 10.8. C,,H12N,04 requires 
C, 60.0; H, 4.7; N, 10.8%); Amx. 275 ( E  11 400) and 310 nm 
(8 000) ; v,,~. 3 300-3 500 (OH), 1 700, and 1 660 cm-l 
( G O ) ;  T (CF,*CO,H) 1.2-2.6 (4 H,  m, pyridone H),  3.02 
(s, CH), 7.00 (s, COMe), and 7.42 (s, CMe); m/e 260 (M'+).  

The following compounds were similarly prepared from 
1 -amino-4-pyridone (9) ,17 l-amino-4,6-diphenyl-2-pyridone 
(8 ; R = Ph) ,18 1-amino-4-phenyl- 1,2,3-triazole (18) ,I9 and 
p-phenylenediamine : 3-[ 1-( 1,4-dihydro-4-oxo-l-pyridyZam- 
ino)ethylidene]-6-methyZpyran-2,4-dione ( 11) (40%), prisms 
from EtOH, m.p. 195-197 "C (Found: C, 59.5; H, 4.6; 
N, 10.9. Cl,H12N204 requires C, 60.0; H, 4.7; N, 10.8%); 
A,,,. 280 nm (E 15 000) ; vmax. 2 500-3 000 (OH), 1 640, and 
1 690 cm-1 ( G O ) ;  T (CF,.CO,H) 1.2 (d, 2 CH, J 5 Hz), 2.2 
(d, 2 CH, J 5 Hz), 3.12 (s, CH), 7.32 (s, COMe), and 7.74 

17 A. R. Katritzky, J .  Lewis, S. Q. A. Rizvi, G. Roch, and E. 
Lunt, Anales de Quzm., 1974, 70, 994. 

18 I. E.-S. El-Kholy, F. K. Rafla, and M. M. Mishrikey, J .  
Chem. SOC. ( C ) ,  1970, 1578. 

lo S. Hauptmann, H. Wilde, and K. Moser, Tetrahedron Letters, 
1967, 3295. 
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(s, CMe) ; m/e 260 ( M e + )  ; 3-[l-( 1,2-dihydro-2-oxo-4,6-di- 
phenyl- 1 -pyridylamino) ethylidene] - 6-methylpyran- 2,4-dione 
(10; R = Ph) (60y0), prisms from EtOH, m.p. 222-224 "C 
(Found: C, 72.6; H ,  5.1; N, 6.9. C2,H2,N20, requires 
C, 72.8; H, 4.9; N, 6.8%); Am,. 275 (E 7 500) and 320 nm 
(13 000); v,,,, 3 100-3 600 (OH), 1 670, and 1 710 cm-l 
( G O ) ;  T 2.2-2.8 (10 H,  m, aromatic), 3.09 ( s ,  CH), 3.43 
(s, CH), 4.30 (s, CH), 7.59 ( s ,  COMe), and 7.88 ( s ,  CMe); m/e 
412 (&Iqf) and 397, m* 382 (412 + 397); 4-[5-hydroxy-2- 
( l-hydroxyethylidene) - 3-oxohexanoyZoxy]-6-methyl-3-[ 1 - (4- 
phenyl-1,2,3-triazol-l-yZimino)ethyl]pyran-2-one (19) (40y0), 
orange needles from EtOH, m.p. 246-248 "C (Found: 
C, 61.0; H, 5.1; N, 11.6. C2,H2,N,0, requires C, 60.3; 
H,  4.6; N, 11.7%); A,,,. 275 (E 4000), 410 (11 000), and 
430 nm (11 500); v,,,. 1 650, 1 700, and 1 730 cm-l ( G O ) ;  
T 1.72 (s, CH), 2.0-2.8 (m, aromatic H) ,  4.25 (s, CH), 4.42 
(s, CH), 7.02 (s, Me), 7.36 (s, Me), 7.86 (s, Me), and 7.92 
(s, Me) ; 3-[1-(4-amino~henylamzno)ethylidene]-6-rnethyZpy- 
ran-2,4-dione (22) (80y0), prisms from EtOH, m.p. 210-212 
"C (Found: C, 64.8; H,  5.4; N, 10.6. C14H14N203 requires 
C, 65.1; H, 5.5; N, 10.9%); A,,,. 315 ( E  10 200) and 345 nm 
(10 200); vmax, 3 400-3 500 (NH), 1 660, and 1 700 cm-l 
( G O ) ;  T 2.7 (d, 2 CH, J 8 Hz), 3.0 (d, 2 CH, J 8 Hz), 3.93 
(s, CH), 5.9br (s, NH,), 7.08 ( s ,  COMe), and 7.51 ( s ,  CMe); 
m/e 258 (M*+) ; by using two moles of dehydroacetic acid the 
following compounds were prepared : 6,6'-dimethyl-3,3'- 
p-phenylenebis(iminoethyZidyne)bis(pyran-2,4-dione) (20b) 
(60y0), prisms from CHC1,-EtOH (1 : l), m.p. >290 "C 
(Found: C, 64.3; H,  5.1; N, 6.6. C22H2,N206 requires 
C, 64.7; H ,  4.9; N, 6.9%); A,,,. 342 nm (E 14500); v,,,. 
1 660 and 1 700 cm-1 ( G O ) ;  'c 2.44 (4 H ,  s, aromatic), 3.97 
( 2  H, s, CH), 7.12 (s, COMe), and 7.58 (s, CMe); m/e 408 
(W+) ; 6,6'-dimethyl-3,3'-un-phenylenebis(iminoethylidyne) - 
bis(pyran-2,4-dione) (20a) (89y0), prisms from EtOH, m.p. 
280-282 "C (lit. ,20 215 "C) (Found: C, 64.4; H, 5.1 ; N, 6.8. 
Calc. for C22H,0N,06: C, 64.7; H,  4.9; N, 6.9%); A,,,. 220 
(E 7 000) and 265 nm (14 000); v,,,. 1 655 and 1 705 cm-l 
( G O ) ;  T (CF,.CO,H) 2.0-2.7 (4 H, m, aromatic H), 3.40 
(2  H, s, CH), 7.14 (6 H,  s, CMe), and 7.55 (6 H, s, CMe); 
m/e 408 (Mat) .  

2,6-Dimethyl-l-( 1,2,4-triazoZ-4-yl)-4-pyridone (16). De- 
hydroacetic acid (4) ( 1.68 g) l5 and 4-amino- 1,2,4-triazole ( 15) 
(0.84 g) 21 in pyridine (20 ml) were heated under reflux (8 h). 
After cooling, the solid which separated was recrystallised 
from EtOH to give the 4-pyridone (16) (1.14 g ;  65y0), 
prisms, m.p. 250-290 "C (lit.,, 310 "C) (Found: C, 56.9; 
H, 5 . 5 ;  N, 29.1. Calc. for C,H,,N,O: C, 56.8; H, 5.3; 
N, 29.5%) ; Amax. 280 nm ( E  15 400) ; vmx. 1 650 cm-l ( G O )  ; 
T (CF3.C02H) 0.5 (2 H, s, CH), 2.65 (2 H, s, CH), and 7.54 
(6 H, s, CMe); m/e 190 (M*+) and 162, m* (190 

(b) With hydrazines. 6,6'-Dimethyl-3,3'-hydrazobis(imino- 
ethylidyne) bis (pyran-2,4-dione) (24). Dehydroacetic acid 
(4) (1.68 g) and hydrazine hydrate (0.25 g) in pyridine (15 ml) 
were stirred a t  room temperature (1 h). The solid product 
was collected and recrystallised from EtOH to give com- 
pound (24) (3.0 g, goyo), prisms, m.p. 272-274 "C (lit.,12 
265 "C) (Found: C, 58.1; H, 4.9; N, 8.2. Calc. for 

310 (9 000), and 390 nm (4 000); v,,,. 1 710 cm-l ( G O ) ;  
7 (CF,*CO,H) 3.53 and 3.77 ( s ,  CH), and 7.01, 7.22, 7.58, and 
7.64 ( s ,  Me, tautomeric forms). 

3-Hydroxy-5-methyl-4-( 3-methyZ~yrazol-5-yZ)pyrazoZe (25 ; 

2o A .  Ya. Strakov, M. Sulca, A. Egle, and A. Mols, Latv. 
P.S.R. Zinat. Akad.  Vestis, kim. Ser., 1970, 615 (Chem. Abs. ,  
1971, 74, 534232). 

162). 

C1,H16N206: c, 57.8; H,  4.8; N, 8.4%) ; A,,,. 225 (& 11 400), 

R1 = Me, R2 = H).-Dehydroacetic acid (4) (1.68 g) and 
hydrazine hydrate (1.0 g) in pyridine (20 ml) were heated 
under reflux ( 12 h) . Upon cooling, the solid which separated 
was recrystallised from EtOH to give compound (25; R1 = 

Me, R2 = H)  (1.10 g, 60y0), prisms, m.p. 250 "C (decomp.) 
(lit.,l2 260 "C) (Found: C, 53.6; H,  5.7; N, 31.9. Calc. for 
C,HloN,O: C, 53.9; H,  5.6; N, 31.5%); A,,,. 247 nm (E 

12 000); vmax. 3 430 (NH) and 1 635 cm-l; T [(CD,),SO] 
2.3-3.2br (s, NH or OH), 3.90 (1 H ,  s, CH), 7.70 (3 H, s, 
CMe), and 7.80 (3 H, s, CMe); m/e 178 (M*+) .  Compound 
(25; R = H) (0.18 g) was heated under reflux in Ac,O ( 5  m1)- 
HOAc ( 5  ml) .(6 h).  The solid product was collected; re- 
crystallisation from EtOH gave the triacetyl derivative 
(25; R1 = Me, R2 = MeCO) (0.27 g, 90%) as needles, m.p. 
130 "C (Found: C, 55.1; H,  5.5; N, 18.4. C14H16N,04 
requires C, 55.3; H, 5.3; N, 18.4y0); A,,,. 250 nm (E 

10 100); v,,,. 1 730 and 1 745 cm-l ( G O ) ;  T (CF,*CO,H) 
3.07 (1 H ,  s, CH), 7.02 (3 H,  s ,  Me), 7.10 (3 H ,  s, Me), 7.15 
(3 H,  s, Me), 7.24 (3 H ,  s, Me), and 7.75 (3  H, s, Me); m/e 
304 (M"). 

In a similar manner by using dehydrobenzoic acid, the 
following compounds were prepared : 3-hydroxy- 5-phenyl- 
4-(3-phenyZpyrazol-5-yl)pyrazole (25; R1 = Ph, R2 = H)  
(50%), prisms from EtOH, m.p. 271-274 "C (Found: C, 
71.4; H, 4.6; N, 18.2. Cl,H14N,0 requires C, 71.5; H,  
4.6; N, 18.5'30); A,,,. 220 (E 9 000) and 250 nm (13 000); 
vmax. 3 400 (NH) and 1635 cm-l; T (CF,-C0,H) 2.5-4.0 
(m, aromatic H) ; m/e 302 (Me+) ; and its triacetyl derivative 
(25; R1 = Ph, R2 = COMe) (50y0), prisms from EtOH, 
m.p. 188-190 "C (Found: C, 67.0; H,  4.7; X, 13.1. 
C2,H2,N,0, requires C, 67.3; H, 4.7; N, 13.1%); A,,,. 
220 (E 8 000) and 268 nni (9 800); vmax. 1 740-1 775 cm-l 
( G O ) ;  T 1.8-3.5 (11 H, m, aromatic H) and 7.2-7.8 (3 H,  
singlets-diastereoisomers) ; m/e 428 (M*+) ,  385, 342, and 
299, m* (428---,385), m* (385--,342), m* (342- 
299). 

3-[ I-( 2-Benzoylhydraz~na)ethylidene]-6-methylpyran-2,4- 
dione (26). Dehydroacetic acid (4) (1.68 g) and benzo- 
hydrazide (1.36 g) in pyridine solution (20 ml) were heated 
under reflux (2 h) . The crystalline product was collected ; 
recrystallisation from EtOH gave compound (26) (1.7 g, 
60y0), prisms, m.p. 213-216 "C (Found: C, 63.0; H, 4.7; 
N, 10.1. C15H14N204 requires C, 62.9; H ,  4.9; N, 9.8%); 
A,,,. 235 (E 10 600) and 330 nm (9 200); vmax. 1 655, 1 675, 
and 1 700 cm-l ( G O ) ;  T (CF,*CO,H) 1.8-2.7 (5 H, m, Ph), 
3.45 (1 H , s ,  CH), 6.98 (3 H, s, CMe), and 7.60 (3 H, s, CMe); 
m/e 286 (M"). 

A cid-catalysed Decarboxy1ations.-Compound (10 ; R = 
Ph) (0.41 g) in 50% aqueous HCl (20 ml) was heated under 
reflux (12 h). Evaporation and recrystallisation of the 
residue from EtOH gave 1-( 1,2-dihydro-2-oxo-4,6-dzphenyZ- 
I-pyridyl)-4-hydroxy-2, 6Sdimethylpyridinium chloride (28 ; 
R = Ph) (0.16 g, 40Y0), m.p. 247 "C, identical with a sample 
prepared from 2,6-dimethy1-4-pyrone ( 5 )  (see later). 

The following compounds were prepared by similar trans- 
formations. Compound (20b) gave 4,4'-dihydroxy-2,2',6,6'- 
tetramethyl- 1,1 '-p-phenylenedipyridinium dichloride (2 1 b) 
(40y0), crystallised from EtOH as the hydrate, prisms, m.p. 
254-257 "C (decomp.) (Found: C, 58.1; H,  5.7; N, 7.1. 
C20H2,Cl,N20,,H20 requires C, 58.4; H ,  5.8;  K, 6.8%); 
A,,,. 215 (E 4 600) and 268 nm (7 200); v,,,. 1635 cm-l; 
T (CF,*CO,H) 2.09 (4 H, s, CH), 2.68 (4 H ,  s, CH), and 7.56 

C. F. H. Allen and A. Bell, Org. Synth., Coll. Vol. 111, 1955, 
p. 96. 
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(12 H, s, CMe); m/e 320 (M'+ - H,O+Cl-); compound 
(20aj gave 4,4'-dihydroxy-2,2', 6,6'-tetramethyl- 1 , 1'-m-phenyl- 
enedipyridinium dichloride (21a) (38y0), recrystallised from 
EtOH as the hydrate, prisms, m.p. 282 "C (Found: C, 58.2; 
H, 5.7; N, 6.8. C20H22C12N20,,H,0 requires C, 58.4; H,  
5.8; N, 6.8%); A,,,. 215 (E 7 000) and 268 nm (12 000); 
v,,,. 1635 cm-l; z (CF,CO,H) 1.6-2.3 (4 H, m, aromatic 
H),  2.66 (4 H,  s, CH), and 7.57 (12 H, s, CMe); m/e 320 
(M'+ - H,O+Cl-) ; the azine (24) gave 2,2', 6,6'-tetramethyl- 
l,l'-bi-4-Pyridone (23; R = Me) dihydrochloride (3%), 
crystallised from EtOH-Et,O, prisms, m.p. 315 "C (Found: 
C, 52.8; H,  5.6; N, 8.7. C14Hl,C1,N20, requires C, 53.0; 
H, 5.7; N, 8 . 8 % ) ;  Am,. 232 ( E  7 200) and 275 nm (11 200); 
vmx 1 620 cm-l; z (CF,-C0,H) 2.25br (4 H, s, CH) and 7.45 
(12 H,  s, Me) : compound (26) gave l-benzamido-2,6-lutidone 
(27) (33%) identical with a sample prepared from 2,6- 
dimethyl-4-pyrone (5) and benzohydrazide (see later). 

N,N'-Bi-(2,6-lutidone) (23; R = Me).-The dihydro- 
chloride of (23; R = Me) (0.5 g) and aqueous pyridine 
(50%) (10 ml) upon mixing a t  room temperature underwent 
an exothermic reaction. After stirring (20 min), CHCl, 
(25 ml), EtOH (25 ml), and H 2 0  (20 ml) were added. The 
CHCl, extract was evaporated and the residue was recrystal- 
lised from EtOH giving compound (23; R = Me) as a 
hemihydrate (0.1 g, 25%), prisms, m.p. 313-316 "C (Found: 
C, 66.3; H, 6.4; N, 10.9. C14Hl,N20,,0.5H,0 requires 
C, 66.4; H,  6.7; N, 11.1%); A,,,. 220 (E 5 200) and 275 nm 
(13 000); vmax. 1 650 cm-l ( G O ) ;  T (CF,*CO,H) 2.25 (4 H,  s, 
CH) and 7.35 (12 H,  s, Me). 

Reactions of 2,6-Dimethyl-4-pyrone (5) .-(a) With N-amino- 
heterocycles. 2,6-Dimethyl-4-pyrone ( 5 )  (0.25 g) l3 and 
1-amino-2-pyridone ( 8 ;  R = H) (0.22 g)  l6 in glacial acetic 
acid (10 ml) were heated under reflux (50 h) . Evaporation 
and recrystallisation of the residue from EtOH gave 2',6'- 
dimethyl- l,l'-bipyridine-2,4'-dione (14 ; R = H) (70 mg, 
15%), prisms, m.p. 207-209 "C; Am,. 275 nm (E 14 000); 
'C (CF,CO,H) 1.4-1.9 (2 H, m), 2.4-2.8 (4 H, m), and 7.53 
(6 H, s, CMe); m/e 216 (Ma+) .  Treatment of compound 
(14; R = H) with conc. HC1 in EtOH at reflux tempera- 
ture (5 h) gave, upon cooling, the hydrochloride (28; R = H) 
(70%), prisms from EtOH, m.p. 259-261 "C (Found: 
C, 56.6; H, 5.2; C1, 13.9; N, 10.8. C,,H,,ClN,O, requires 
C, 57.0; H,  5.2; C1, 14.0; N, 11.1%); A,,,. 275 (E 12000) 
and 300 nm (8 000) ; v,,,. 1 675 cm-l (C=O) ; z (CF,*CO,H) 
1.8-3.3 (6 H, m, aromatic) and 7.52 (6 H,  s, Me); m/e 217 

Alternatively, 2,6-dimethyl-4-pyyone (5) (0.25 g)  and 1- 
amino-Zpyridone (0.22 g)  in conc. HCl (10 ml) at reflux 
temperature (24 h) gave the hydrochloride (28; R = H), 
m.p. 259-261 OC, identical with the sample described 
above. 

In  a similar sequence the following two compounds were 
prepared: 2,6-dirnethyl-l, l'-bi-4-pyridone (23; R = H) 
(18%), prisms from EtOH, m.p. 210-212 "C (Found: 
N, 12.9. Cl,Hl,N,O, requires N, 13.0%); A,,, 280 nm 
(E 15 200); v,,,. 1 660 cm-l ( G O ) ;  z (CF,*CO,H) 1.3br (d, 
CH), 2.3br (d, CH), and 2.75br (s, CH) ; m/e 216 (M'+) ; and 
the hydrochloride (29) (85y0), hydrated prisms from EtOH, 
m.p. 245-247 "C (Found: C, 53.0; H, 5.0; N, 10.1. 
C12H,,ClN,02,H,0 requires C, 53.2; H, 5.6; N, 10.4%); 
Am,. 275 nm (E 9 000); 7 (CF,*CO,H) 1.4 (d, CH, J 7 Hz), 
2.4 (d, CH, J 7 Hz), and 7.18 (6 H, s, Me) ; m/e 217 (M" - 

2',6'-Dimethyl-4,6-diphenyl- l,l'-bipyridine-2,4'-dione hy- 
drochloride (28 ; R = Ph) . 2,6-Dimethyl-4-pyrone (5) 

(M'+ - 3 5 ~ 1 ) .  

35~1). 

( 1.24 g) l3 and l-amino-4,6-diphenyl-2-pyridone (8 ; R = 
Ph) (2.62 g) I* in conc. HCl (20 ml) were heated under 
reflux. Evaporation and recrystallisation of the residue 
from EtOH gave the hydrochloride (28; R = Ph) (2.0 g, 
50%) as prisms, m.p. 246-248 "C (Found: C, 71.2; H,  5.0; 
N, 6.8. C,4H,lClN20, requires C, 71.2; H, 5.2; N, 6.9%); 
A,,,. 280 ( E  14 000) and 330 nm (5 600); vmx. 1 680 cm-l 
( G O )  ; z (CF,*CO,H) 2.1-2.9 (14 H,  m, aromatic) and 7.43 
(6 H,  s, Me); m/e 369 (Ma+ - a5Cl). 

2,6-Dimethyl-l-( 1,2,4-triazoZ-4-yZ)-4-pyridone (16). 2,6- 
Dimethyl-4-pyrone (5) (1.24 g)  and 4-amino-1,2,4-triazole 
(15) (0.84 g)  21 in glacial acetic acid (20 ml) at reflux temper- 
ature ( 12 h) gave, after evaporation and recrystallisation 
from EtOH, the pyridone (16) (0.76 g, 40%), m.p. 247- 
290 "C (decomp.), identical with specimen prepared as 
described above. 

In a similar manner using pyridine as solvent the following 
compounds were prepared : 1-( 1,2,4-triazol-4-yl)-4-pyridow 
(30; R = H, X = 0) (30%) as prisms (from pyridine), 
m.p. 210 OC; Am,. 210 (E 2 800) and 265 nm (11 000); vmx. 
1650 cm-l ( G O ) ;  T (CF,*CO,H) 0.30 (2 H, s, CH), 1.10 
(2H,d ,CH,  J5Hz) , and2 .35(2H,d ,CH,  J 5 H z ) ;  m/e162 
(Ma+) .  Treatment of this product with conc. HC1 (1 ml) in 
warm EtOH (10 ml) gave the hydrochloride (80y0), prisms, 
m.p. 200 "C (decomp.) (Found: C, 42.6; H, 3.7; C1, 17.8; 
N, 28.3. C,H7C1N40 requires C, 42.3; H, 3.5; C1, 17.9; 
N, 28.2%) ; Amx. 265 nm ( E  13 800) ; vmx. 1 640 cm-l ( G O )  ; 
z (CF,*CO,H) 0.0-3.0br (CH); m/e 163 (W+ - W l )  and 
162 (Me+ - HCl). 

(b) With hydrazines. (i) Benzohydrazide. 2,6-Dimethyl- 
4-pyrone (5) ( 1.24 g) and benzohydrazide ( 1.36 g)  in pyridine 
(20 ml) were heated under reflux (24 h) . After cooling, the 
solid which separated was recrystallised from EtOH giving 
l-benzamido-2,6-lutidone (27) as hydrated prisms (1.56 g, 
60%), m.p. 110-112 "C (Found: C, 64.2; H, 6.1; N, 10.7. 
C14H14N,02,H20 requires C, 64.6; H, 6.2; N, 10.8%) ; Am,, 
280 nm (E 5 000) ; v,,,. 3 000-3 500 (NH and OH) and 1 670 
cm-l ( G O ) ;  z [(CD,),SO] 1.7-2.5 (5 H, m, Ph), 3.75 (2 H, 
s, CH), 4.5-5.5br (NH), and 7.69 (6 H,  s, Me). When a 
sample of compound (27) was heated a t  200-250 "C in 
vacuo (1 h) an anhydrous form was obtained, m.p. 220 "C 
(Found: C, 68.9; H,  5.9; N, 11.8. C,,H14N,0, requires 
C, 69.4; H, 5.8; N, 11.5%). 

(ii) Phenylhydrazine. 2,6-Dimethyl-4-pyrone ( 5 )  (1.24 g) 
and phenylhydrazine (2.2 g)  in pyridine (10 ml) were heated 
a t  reflux temperature. Evaporation gave a gum which was 
washed with water (3 x 10 ml), and the residue was then 
dissolved in ether (15 ml). Ice-cold water (20 ml) was 
added to  the ethereal solution and scratching gave a precipi- 
tate which was collected and washed with ice-water. The 
colourless product, which is stable under vacuum but which 
decomposes in the atmosphere, was identified as 5-acetonyl- 
3-methyl- 1-phenylpyrazole phenylhydrazone (41 ; R = Ph) 
(0.6 g, 205V0), prisms, m.p. 80-82 "C (Found: N, 18.1; 
H, 6.6. C1,H2,,N4 requires N, 18.5; H ,  6.3%) ; A,,, 270 nm 
( E  13 000); vmx. 3 300(NH) and 1 600 cm-l (C=N, C=C); 
'C 2.4-2.8 (10 H, m, Ph), 3.85 (1 H,  s, CH), 6.25 (2 H, s, 
CH,), and 7.7 and 7.8 (6 H, s, Me). 

Reaction of l-Benzamido-2,6-lutidone (27) with Malono- 
nitrile.-Compound (27) (2.42 g) and malononitrile (0.66 g) 
were treated with boiling Ac,O (15 ml) (8 h) . Evaporation 
and recrystallisation from aqueous EtOH gave l-benzamido- 
4-dicyanomethylene- 1,4-dihydro-2,6-dimethylpyrZdine (43 ; 
R1 = COPh, R2 = H) (25%), prisms, m.p. 277-280 "C 
(Found: C, 70.1; H,  4.6; N, 19.4. Cl7Hl4N4O requires 
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C, 70.3; H,  4.8; N, 19.3%); Amx. 355 nm (E 8500); vmx. 
2 180 ( E N )  and 1 700 cm-1 (CEO) ; T (CF,*CO,H) 1.7-2.1 
(5 H, m, Ph), 2.70 (2 H, s, CH), and 7.20 (6 H, s, Me). 

Reaction of 4-Dicyanomethylene-4H-2,6-dimethyl~yran 
(42) l3 with Hydrazine Hydrate.-Compound (42) (1.7 g) and 
hydrazine hydrate (1.5 g) in EtOH (20 ml) were heated 
under reflux (3 h). After cooling, the solid product was 
collected and recrystallisation from EtOH gave 1-amino-4- 

R1 = RZ = H) ( l . l . g ,  60y0), prisms, m.p. 240 "C (decomp.) 
(Found: C, 64.2; H,  5.4; N, 30.3. C,,H,,N, requires 
C, 64.5; H,  5.6; N, 30.1%); Amx. 212 (E 4 000), 242 (3 000), 
and 350 nm (13 000) ; vmaX, 3 300 (NH), 2 170 ( E N ) ,  and 
1640 cm-1 (C=N); T (CF,*CO,H) 2.40br (2 H ,  s, CH) and 
7.15 (6 H ,  s, Me). This product (1.86 g) and Ac,O (5 ml) 
in pyridine (10 ml) were heated under reflux (5 h). The 
solid product was collected ; recrystallisation from EtOH 
gave 1-diacetylamino-4-dicyanomethylene- 1,4-dihydro-2,6-di- 
methylpyridine (43; R1 = R2 = MeCO) (1.3 g, 50%), 
prisms, m.p. 230-232 "C (Found: C, 61.8; H ,  5.1; N, 20.7. 
Cl,Hl,N,O, requires C, 62.2; H, 5.2; N, 20.7%); Amax. 245 
(E 4 000) and 360 nm (15 000) ; vwx. 2 200 ( E N )  and 1 760 
cm-l ( G O ) ;  T (CF,*CO,H) 2.95 (2 H, s, CH), 7.45 (6 H ,  s, 
Me), and 7.65 (6 H,  s, Me) ; m/e 270 (M'+),  228, and 186. 

Reactions of 2,g-Dimethyl- 1- ( 1,2,4-triazol-4-yl)-4-Py~idone 
(16) .-(a) With phosphorus pentasulphide. Compound (16) 
( 1.9 g) and P,S,, (4.4 g) in xylene (50 ml) were heated under 
reflux (8 h).  Evaporation of the filtrate and recrystallis- 
ation from EtOH-Et,O gave 2,6-dimethyl-l-( 1,2,4-trzazol-4- 
yl)pyridine-4-th.ione (34) (0.3 g, 15y0), yellow prisms, m.p. 
165-167 "C (Found: S, 16.0. C,Hl,N,S requires S, 
15.5%); A,,,. 275 nm (E 13 000); vmx. 1 050 cm-l (C=S); 
r (CF,*CO,Hj 0.50 (s, CH), 2.15 (s, CH), and 7.50 (s, Me); 
m/e 206 (M'+) .  

(b) With malononitrile. Compound (16) (1.9 g) and 
malononitrile (0.66 g) in Ac,O (10 ml) were heated under 
reflux (2 hj. The solid which separated upon cooling was 
recrystallised from glacial acetic acid to give 4-dicyano- 
methyZene-2,6-dimethyl-l-( 1,2,4-triazol-4-yl)-4-pyridone (38 ; 
X = CN) (1.7 g,  70%)) prisms, m.p. 278-280 "C (Found: 
C, 60.6; H,  4.5; N, 34.9. C,,H,,N, requires C, 60.5; H,  
4.2; N, 35.3%); A,,,. 360 nm (E 14 000); vmax. 2 200 cm-1 
(C-N); T [(CD,),SO] 0.75 (s, CH), 3.00 (s, CH), and 7.80 
(s, Me) ; m/e 238 (M '+) ,  170, and 155, m* 121 (238 .--t 170), 
m* 142 (170 + 155). 

Compound (16) (0.19 g) and 
ethyl cyanoacetate (0.11 g) in Ac,O (10 ml) were heated under 
reflux (8 h).  Upon cooling a solid separated which was 
recrystallised from EtOH to  give 2,6-dimethyl- 1-( 1,2,4-tri- 
azol-4-yZ)-4-pyridone (38; X = C0,Et) (0.17 g, 60%), 
prisms, m.p. 223-225 "C (decomp.) (Found: C, 55.1; 
H ,  5.4; N, 22.7. C1,Hl5N,O,,H,O requires C, 55.4; H ,  
5.6; N, 23.1%); A,,,,,. 370 nm (E 13 000); v,,,. 1 670 cm-l 
( G O ) ;  T (CF,CO,H) 0.5 (s, CH), 0.6 (s, CH), 5.71 (4, CH,, 
J 7 Hzj, 7.84 (s, CMe), and 8.67 (t, CH,*CH,, J 7 Hz) ; m/e 
285 (M") .  

Compound (16) (1.9 g) was 
stirred (10 h) with POC1, (10 ml). The solid product was 
washed with dry ether (3 x 20 ml) and dried in VUGUO (24 h).  
The product, 4-chloro-2,6-dimethyl-l-( 1,2,4-triazol-4-~1)- 
pyridinium chloride, m.p. 203-205 OC, is hygroscopic and 
was kept under dry ether and used without further purifi- 
cation. It was fully characterised by conversion into the 
tetrafluoroborate (35). Thus, the crude chloride (2.5 g)  
in HBF, ( 5  ml) was stirred (4 h). The solid product was 

dicyanomethylene- 1,4-dihydro- 2,6-dimethylpyridine (43; 

(c) With ethyl cyanoacetate. 

(d) With phosphoryl chloride. 

washed with ether (3 x 20 ml) and identified as the hemi- 
hydrate of 4-chloro-2,6-dimethyl- 1-( 1,2,4-triazol-4-yZ)pyridin- 
ium tetrafluoroborate (35) (2.2 g, 75%), prisms, m.p. 215- 
217 "C (Found: C, 35.4; H, 3.6; N, 17.9. C,Hl,BCIF,N,,- 
0.5H20 requires C, 35.4; H, 3.6; N, 18.3%); A,, 280 nm 
(E 15 000); vmx. 1 050br cm-l (BF,-); T (CF,*CO,H) 0.5 
(s, CH), 1.90 (s, CH), and 7.28 (s, CMe). 

Reactions of 2,6-Dimethyl-l-( 1,2,4-triazol-4-yl)py,yridine-4- 
thione (34) .-(a) With tetrafluoroboric acid. Compound 
(34) (0.62 g) and HBF, (5 ml) in EtOH (15 ml) were stirred 
at room temperature (20 min) and then gently heated until 
the thione had dissolved. Upon cooling a solid separated 
which was recrystallised from EtOH and identified as 
4-mercapto-2,6-dimethyl- 1- ( 1,2,4-triazol- 1-io)pyridinium bas- 
tetraflNoroborate (31) (0.78 g, 70y0), prisms, m.p. 96-98 "C 
(Found: C, 28.1; H ,  3.2; N, 14.7. C,Hl,B,F,N4S requires 
C, 28.3; H ,  3.1; N, 14.7%); Am,. 215 (E 5 000) and 260 nm 
(9 000); vmxs 2 560sh and 1 050 cm-l (BF,-) ; 7 (CF,*CO,H) 
0.10 (s, CH) 2.50 (s, CH), and 7.40 (s, CMe) ; m/e 206 (M" - 
HBF,) . 

Compound (34) (0.5 g) in EtOH 
(15 ml) was heated under reflux (24 h) with Me1 (5 ml). 
The solid product was washed with hot EtOH and identified 
as 2,6-dimethyl-4-methylthio- 1-( 1,2,4-triazol-4-yl)Pyr~dinium 
iodide (37) (0.6 g, 80%)) prisms, m.p. 200 "C (decomp.) 
(Found: C, 34.1; H ,  3.9; N, 15.8; S, 8.8. Cl,Hl,IN,S 
requires C, 34.5; H, 3.8; N, 16.1; S, 9.2%); v,,,. 1 620 cm-l 
(C=N); T (CF,*CO,H) 0.00 (2 H ,  s, CH), 2.31 (2 H ,  s, CH), 
7.19 (3 H, s, SMe), and 7.42 (6 H, s, CMe); m/e 221 ( M a +  - 
I), 206 (M'+ - MeI). 

Reactions of 4-Chlo~o-2,6-dimethyl-l-( 1,2,4-triazol-4-yl)- 
pyridinium Tetrafluoroborate (35) .-(a) With methanol. 
Compound (35) (2.9 g) and NaBH, (0.3 g) in MeOH (10 ml) 
were heated under reflux (4 h).  After cooling, the solid 
which separated was recrystallised from MeOH to give 
4-methoxy-2,6-dimethyl- 1-( 1,2,4-triazol-4-yl)pyridinium tetra- 
fluoroborate (39; R = Me) (1.4 g, 50y0), prisms, m.p. 200- 
202 "C (Found: C, 40.7; H,  4.8; N, 19.0. Cl,H,,BF,N40 
requiresC,41.1; H,4.5; N, 19.1%); Amx.275nm(e 13 400); 
vmx. 1 000-1 lOObr cm-l (BF,-) ; r (CF,CO,H) 0.24 (2 H, 
s, CH), 2.52 (2  H, s, CH), 5.70 (3 H, s, OMe), and 7.44 (6 H ,  
s, CMe) ; m/e 205 (M'+ - BF,). 

(b) With ethanol. Compound (35) (2.9 g) and MeNH, 
(5 ml) in EtOH (10 ml) were heated under reflux (4 h). 
After cooling, the solid which separated was recrystallised 
from EtOH togive4-ethoxy-2,6-dimethyl-l-( 1,2,4-triazol-4-yl)- 
pyridinium tetrafluoroborate (39; R = Et) (1.5 g, 50%), 
prisms, m.p. 208-210 "C (Found: C, 42.8; H, 4.8; N, 18.1. 
CllHl,BF,N,O requires C, 43.1; H ,  4.9; N, 18.3%); A,,,. 
215 (E 5 700) and 260 nm (12 400); vmx. 1 000-1 lOObr cm-1 
(BF,-); T (CF,*CO,H) 0.32 (2 H, s, CH), 2.63 (2 H,  s, CH), 
5.46 (2  H, q, OCH,, J 7 Hz), 7.49 (6 H ,  s, CMe), and 8.40 
(3 H ,  t, CH,*CH,, J 7 Hz);  m/e 219 (M'+ - BF,). 

Compound (35) (2.9 g) and aniline (0.9 g)  
in EtOH (10 ml) were stirred (1 h). The solid which sep- 
arated was recrystallised from EtOH to give 2,6-diunethyZ-4- 
phenylamino- 1- ( 1,2,4-triazol-4-yl)Pyridinium tetrafluoroborate 
(36) (2.5 g, 70y0), prisms, m.p. 232-235 "C (Found: C, 
50.8; H, 4.9; N, 19.7. C15H,,BF4N5 requires C, 51.0; 
H, 4.5; N, 19.8%) ; A,,,, 300 nm (E 12 600) ; vmx. 3 300 (NH) 
and 1 000-1 lOObr cm-l (BF,-) ; T (CF,*CO,H) 0.30 (2 H, s, 
CH), 1.00 (s, NH), 2.3-2.8 (5 H ,  m, Ph), 2.91 (s, CH), 3.15 
(s, CH), 7.66 (3 H, s, CMe), and 7.76 (3 H, s, CMe); m/e 266 

The salt (36) (3.5 g)  in EtOH (20 ml) was heated a t  50 "C 

(b) With methyl iodide. 

(c) With aniline. 

(M" - BF4). 
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( 1  h) with KOH (0.56 g). After cooling, water (20 ml) was 
added and the solution extracted with CHCl,. Evaporation 
of the dry extract gave a solid which was recrystallised from 
EtOH to  give 2,6-dimethyl-4-phenylimino- 1- ( 1 , 2,4-triazol-4- 
yZ)-4-pyridone (40)  (1.6 g, 60y0) ,  prisms, m.p. 222-225 "C 
(Found: C, 67.6; H, 5.6; N, 26.1. C1,Hl,N5 requires 
C, 67.9; H, 5.7; N, 26.4%); Amx. 287 nm (E 11 000); vmax. 
1 655 cm-1 (C=N); T 1.6 ( 2  H,  s ,  CH), 2.5-3.3 ( 5  H, m, Ph), 
3.81 (s, CH), 4.02 (s, CH), 8.16 ( 3  H, s,  CMe), and 8.29 ( 3  H, 
s ,  CMe); m / e  265 (M'+),  197, and 182, m* 147 (265 + 
197), m* 168 (197 + 182). 

Compound (35) (1.15 g) and thiourea 
(0.76 g) in EtOH (10 ml) were heated under reflux ( 4  h). A 
solution of NaOH in EtOH (5% ; 20 ml) was then added 
and the solution was heated again a t  reflux temperature 
( 4  h). After cooling, water (20 ml) was added; the solid 
which separated was 2,6-dimethyl- 1- ( 1,2,4-triazo1-4-y1)- 
pyridine-4-thione (34) ,  m.p. 170-173 "C, identical with an 
authentic sample (described above). 

Compound (35) (2.9 g), Me,NH 
(0.7 g), and EtOH (25 ml) were heated until all the solid had 
dissolved (ca. 1 h). The hot solution was filtered and upon 
cooling a crystalline solid separated. Recrystallisation 
from EtOH gave 2,6-dimethyl-4-dimethylamzno- 1-( 1 , 2,4-tri- 
azol-4-y1)pyridinium tetrafluoroborate (33 : R = Me) (60y0) ,  
as tiny cream crystals, m.p. 240 "C (decomp.) (Found: 
C, 42.9; H, 5.7; N, 23.1. CllH16BF,N5 requires C, 43.3; 
H, 5.3; N ,  23.0%);  Amx, 230 (E 4 800) and 295 nm (12 400);  
v,,~. 1 640 cm-l (C=N); 7 (CF,*CO,H) 0.31 ( 2  H, s, CH), 
3.12 ( 2  H, s,  CH), 6.58 (6 H, s,  NMe), and 7.64 (6  H,s ,  
CMe); nz/e 218 (Me+ - BF,). 

Using a similar procedure the following compounds were 
prepared from compound (35) (0.01 mol) and the appropriate 
secondary amine (0.015 mol) and recrystallised from EtOH. 

(i) From fiyrrolidine to give 2,6-dimethyl-4-fiyrrolidino- 1- 
( 1,2,4-triazol-4-yl)pyridinium tetrafluoroborate (33 ; NR, = 
pyrrolidino) (70y0) ,  as a cream powder, m.p. 200 "C (decomp.) 
(Found: C, 45.7; H, 5.7; N, 20.2. Cl,H18BF,N5,0.5H,0 
requires C, 45.9; H, 5.6; N ,  20.6%) ; A,,,, 230 (E 6 000) and 
297 nm (14 800);  vmx. 1 640 cm-l ( G N ) ;  z (CF,*CO,H) 

(d) W i t h  thiourea. 

(e) With  dimethylamine. 

0.25br ( 2  H, s, CH), 3.23 ( 2  H, s,  CH), 6.25 ( 4  H, rn, CCH,), 
and 7.60 (10 H, m, NCH, + CMe). 

(ii) From piperidine to give 2,6-dimethyl-4-piperidino- 1- 
( 1,2,4-triazol-4-yl)pyridinium tetrapuoroborate (33 ; NR, = 
piperidino) (70y0) ,  as yellow prisms, m.p. 240-241 "C 
(Found: C, 48.5; H, 5.7;  N, 20.0. Cl4H,,BF4N, requires 
C, 48.7; H ,  5.8; N, 20.3%) ; Am,. 231 (E 5 400) and 298 nm 
(14 100) ; vmx. 1 640 cm-l (C=N) ; 7 (CF,*CO,H) 2.50 ( 2  H, s, 
CH), 3.03 ( 2  H, s ,  CH), 6.17 ( 4  H, m, NCH,), 7.66 (6  H, s, 
CMe), and 8.10 (6 H, m, CCH,). 

(iii) From morpholine to give 2,6-dimethyl-4-morpholino- 1- 
( 1,2,4-triazol-4-yl)pyridinium tetrafEuoroborate (33 ; NR, = 
morpholino) (70%), tiny pale yellow crystals, m.p. 253- 
256 "C (Found: C, 44.4; H, 5.1; N, 19.8. Cl,Hl,BF,N,O 
requires C, 44.9; H, 5.2; N ,  20.2%) ; Amax. 232 (E 3 200) and 
300 nm (7 600) ; vmax. 1 640 cm-l (C=N) ; 7 (CF,*CO,H) 0.29 
( 2  H, s, CH), 2.90 ( 2  H, s ,  C H ) ,  5.90 ( 8  H, m, NCH,*CH,O), 
and 7.58 (6 H, s, Me). 

(iv) From N-methylaniline to give 2,6-dimethyl-4-(N-m.ethyl- 
anilino) - 1-( 1,2,4-triazol-4-yl)fiyridinium tetrafluoroborate (33 ; 
NR, = NMePh) (60y0) ,  needles, map. 232-234 "C (Found: 
C, 52.1; H, 4.8; N, 19.0. C16H18BF,N, requires C, 52.3; 
H, 4.9; N, 19.1%); A,,,. 245 (E 12 000) and 297 nm (7 000); 
vmx. 1650  cm-l (C=N); T (CF,*CO,H) 2.50 ( 2  H ,  s, CH), 
2.2-2.8 ( 5  H, m, Ph), 2.84 ( 1  H, d ,  CH, J 3 H z ) ,  3.49 ( 1  H, 
d, CHI J 3 H z ) ,  6.30 ( 3  H, s,  NMe), 7.53 ( 3  H, s, CMe), and 
7.80 ( 3  H, s, CMe); m / e  280 (M'+ - BF,). 
4-Dicyanomethylene-2,6-dimethyl- 1-( 1,2,4-triazol-4-y1)-4- 

pyridone (38 ;  X = CN).-Compound (39 ;  R = M e )  (2.9 g) 
and malononitrile (0.66 g) in EtOH (20 ml) were heated under 
reflux ( 4  h). After cooling, ice ( 5  g) was added and the solid 
which separated was recrystallised from glacial acetic acid 
to give compound (38 ;  X = CN) (0.5 g, 22y0),  m.p. 278- 
280 "C, identical with an authentic sample (described above). 

This work was carried out during the study leave of A. S. 
A. from Government College Kohat, Kohat, Pakistan 
(1973-1976). One of us (C. A. R.) thanks I.C.I. for a 
Postdoctoral Research Fellowship. 

[6/1879 Received, 7th October, 19761 




