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Chemistry of imidazo[5, t-c] [2, 2-4] triazine 

SUMMARY 

All possible imidazo-1, 2,4-triazine ring systems containing a 
bridgehead nitrogen atom are described in the Introduction. Synthetic 
routes to, and properties of, tmidazo [2, o [nes 4) triazines and 
tmidazo[5, 1c] [1, 2,4] triazines are reviewed in detail. 

5-Aminotmidazole-4-carboxamide (4.1) was diazotised and coupled with 
active methylene compounds to form a series of hydrazones (4.6-4.15). The 
hydrazones were cyclised in acid or alkali to yield bicyclic imtdazo- 
(5, ta [1,2,4]triazines. Hydrazones with acetyl groups (4.6-4.9) underwent 
cyclodehydration to form imtdazotriazines with 7-methylene substituents 
(4.29-4.32) whereas cyano hydrazones (4.13-4.15) cyelised in actd to yield 
?-amino-imidazotriazines (4.45, 4.47 and 4.49). Hydrazones from diethyl 
acetonedicarboxylate (4.10) and ethyl benzoylacetate (4.11) underwent 
eyelo-dehydration with great reluctance to yield the corresponding 
tmidazotriazines (4.51, 4.52). 

In baste conditions hydrazones with reactive ester groups (4.6, 4.7 
and 4.10-4.13) cyclised to imidazotriazin-7(4H)ones (4.55, 4.58-4.6l) with 
loss of an alcohol moeity. 

A new general route to the synthesis of pyrazolo[4, 3-c]pyridazines was 
achteved by coupling 4-diazopyrazole-3-carboxamide (5.3) with reactive 
methylentecesters to yteld the hydrazones (5.6-5.8). The hydrazones 
(5.6-5.7) underwent smooth cyclo-dehydration to yield the corresponding 
pyrazolopyridazines(5.14, 5.15) whereas hydrazone (5.8) cyclised with loss 
of ethanol to yteld the pyrazolopyridazinone (5.16). 

The ?-methylene (4.29) and ?-aminoimidazo(5,1-c]([1,2,4|triaaine (4.45) 
ytelded mono-acetyl derivatives (6.1) and (6.2) respectively. Stepwise 
hydrolysis of the ethyl 7?-aminotmidazotriazine-6-carboxylate (4.45) ytelded 
the 3-carbamoyl-6-ethoxycarbon yl -imidazotriazin-7 (4H)-one (4.60) or tts 
sodiun salt (6.4). The former compound was further hydrolysed to a 
3-carbamoy1-4, 7-dihydro-7-oxoimidazotriazine-6-carboxylte actd (6.5) 
and thence to 3-carbamoylimidazotrtazin-7 (4H)one (6.9). ?-Amino-3-carbamoyl- 
6-cyanoimidazo[5, t-e (2, 2,4] triazine (4.47) was parttally hydrolysed to 
yteld the 3, 6-dicarbanoylimidazotriazin-7 (4H)-one (6.10). 

Ethyl ?-aminotmtdazo [5, 1-e] 1, 2, 4| trtazine-6-carboxylate (4.45) reacted 
with hot secondary amines to yteld amides (6.12-6.15). 7-Amino-3-carbamoyl- 
6-cyanoimidazo[5,l-c] [l,2,4]triazine (4.47) was converted to 6-amino (or 
6, 8—diamino )-3-carbamoy lpyrimido [4, 5-e] imidazo [5 Lc] (2; 2, 4] triazine 
(6.18 or 6.19) by heating in formamide or quantdine respectively. 

  

The reactions of hydrazine derivatives with substituted imidazo- 
(e te ie 2, 4 triazines led to ring-fisston and recyclisation to yteld 
substituted imidazolylazopyrazoles. 
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Part 1 

Introduction 

Synthesis and properties of imidazo[1,2,4] triazines 

Chapter 1 

1.1 Nomenclature and definitions 

The parent compound of the 1,2,4-triazine series has structure(1.1) 

and is numbered as indicated. In Chentical Abstracts the ring-system 

is called 1,2,4-triazine or as-triazine, where as denotes the 

asymmetric arrangement of the nitrogen atoms. In the old literature 

the name e-triazine or iso-triazine is also used. 

N N ios > 

a d 4 =e 5 
: N N 

(1.1) 

Numerous investigations of the synthesis and properties of 1,2,4- 

triazines fused with carbocycles and heterocycles have been reported. 

In the Introduction to this thesis all possible imidazo[1,2,4] triazine 

ring-systems with an imidazole ring fused to the triazine ring at a 

nitrogen bridgehead are Listed; the synthesis and properties of : 

imidazo[2,1-¢] [1,2,4] triazines (1.8) and imidazo[5,1-c] [1,2,4] 

triazines(1.9) are reviewed in detail. An investigation of the 

synthesis and chemistry of the imidazo[5,1-e] L,2,4] triazines forms 

the substance of the Discussion of the thesis.



1.2 Imidazoles fused to N-1, N-2, or N-4 of the triazine ring with a 

bridgehead nitrogen 

Theoretically eight different imidazo-triazines with a bridgehead 

nitrogen atom common to both the imidazole and the triazine ring are 

possible. These are listed below in structures (1.2) - (1.9). 

Ring-Systems fused at N-1 

  

(28): 

[a-£]* 

Rin stems fused at N-2 

  

ans 4 7 

3 ee 
5 

(1.4) 
7-28 

(2,2-8] 

4 8 
TK 

2 

Neen 
8 

(1.3) 

[s,2-2" 

8 
1 N 
= 7 

oe *) 

ane 
(1.5) 29 

(1,5-5] 

* The imidazo[2,1-£] (2,2,4] triazine system has not been reported 

in the literature.



Ring systems fused at N-4 

8 | 
N= 

6 

3 y a - 

  

(1.6) (1.7) 

[2-4] fi 5-d] 

1 N . N 

N= >} S 

\ Nt wen 
ya 8 

(1.8) (1.9) 

(2,1-¢] (5,1-c] 

Of the structural arrangements which involve N-4 of the triazine 

ring the (1,2-d] and [1,5-d] systems are unknown, whereas examples of 

(2,1-¢] and {5 rig] fusion have been reported: these are described in 

Chapter 2 and 3.



Chapter 2 

2.1 Synthesis of imidazdo 2,1-d [1,2,4 triazines 

The procedures which have been applied for the synthesis of the 

imidazo B,-c] fi,2,4 eriazine ring-system can be conveniently divided 

into two - those using substituted imidazoles as starting materials and 

those using triazine precursors. Synthetic routes using imidazoles 

have proved to be very versatile and numerous imidazotriazines have been 

made in this way. 

These cyclisations can be further sub-divided into four principal 

types (A-D) depending on the direction of ring cyclisation. 

Senge GS 

lr ee 
Type C Type D



2.1.1 Syntheses of Type A 

These syntheses invariably involve the cyclisation of 2-substituted 

imidazoles where ring closure is effected by attack of a nucleophilic 

imidazole ring nitrogen on an electron-deficient carbon atom on the 

2-substituent. 

From _2-hydrazinoimidazole derivatives 

Although extensive research has been carried out on the reactions 

31,32 
of hydrazones”? and guanidines with acetylenic carbonyl compounds, 

very little is known of the reactions of acetylenic compounds with 

aminoguanidine and amidrazones. gasakio- made the first attempt to 

react aminoguanidine with dimethylacetylenedicarboxylate to form : 

1,2,4-triazine ring. Similarly Wamhoff et al 3s discovered that the 

hydrazones obtained from the coupling reactions between heterocyclic 

amidrazones and unsaturated acetylenedicarboxylic esters, could 

undergo subsequent cyclocondensation yielding annelated triazines. 

32,33 34,35 
Based on the above findings Le Count and co-workers 

investigated the reactions of 2-hydrazinoimidazoline hydroiodides*°’ oe 

(2.1; R =H, Me) with dimethyl acetylenedicarboxylate(2.2). When 

the reaction was attempted” in methanol the free base of the 

hydrazone(2.4) was isolated in low yield. Examination of the filtrate 

revealed that hydrogeniodide had reacted with the ester(2.2) to form 

the dimethyliodofumarate (2.3) as a major product. This side reaction 

was inhibited by employing water containing triethylamine as a 

solvent. However, the hydrazone cyclised under these conditions to 

the pyrazolin-5-one(2.5; R=H). The required triazinone (2.6; R=H) 

was obtained when the reaction was carried out in methanol containing 

triethylamine. The hydrazone(2.4; R=Me) did not cyclise to the



pyrazolin-5-one (2.5; R=Me) under any conditions: only the dihydro 

imidazotriazinone (2.6; R=Me) was formed, as illustrated by Scheme 2.1 . 

he NHZHI GOMe I C02Me Cs W C 

t CaS C07Me MeO>' H 

(2.1) (2.2) (2.3) 

f 
as 

R oe 
| stue wre 
N ee 

Route (a) _o (oo ae Route (b) 

° N 
eG ee Ss 

Ime CI N\ -*cH5COMe Ni 
0 

(2.5) (2.6) 
R=H, Me 

Scheme 2.1



The aryl substituted imidazotriazinone?® (2.11) has been 

prepared by an analogous 7-7" reaction. The condensation of 

ethyl p-chlorobenzoyl formate (2.8) with 2-hydrazinoimidazoline (2.7) 

yielded the imidazotriazinone*? (2.11) via an intermediate hydrazone (2.9) 

which was not isolated (scheme 2.2). 

4 (6) 

Soi pre Eto,c~ 
+ Ci : 

(2.7) | (2.8) 

HON N — 

Gale y 
Ni -6 

_ 
Eto LD 

l 
(2.9) 

Nae 
ee 

cle 
yO (S) 

Cl 

(2.11) 

Scheme 2.2



The 6-methylimidazotriazinone(2.15; R=H; Ri=me) was first made 

by Lempert et ae in 1968 by a Type C synthesis from a 3-substituted- 

1,2,4-triazine (see section 2.1.3).Later in 1972 Briigger and Korte 

adopted a Type A approach to achieve a synthesis of this compound and 

its 6-phenyl analogue. The reaction of hydrazine with 2-methylthio- 

imidazoline’ (2,12; R=H) afforded the 2-hydrazinoimidazoline (2.7; R=H). 

The latter when condensed with the *-ketoesters (2.13; Ri=Me,Ph; R2=Et) 

yielded 6-methyl (orphenyl) -2,3-dihydroimidazotriazinones (2.15; R=H; 

Ri=Me or Ph) (Scheme 2.3). 

  

R i 
ee Re 

| C4 + NHyNHp ——> ci 

(2.12) (2.7) =e 

00 . 
Ro-d-c-r' 

(2.13) 

; a 
N neN one NN, 

Cele ee. N 4 "Sec SR 
. eo“ So 

0 

(2.15) (2.14) 

Ri =Me » Ph 

Scheme 2.3



Other derivatives of this series (2.15; R=R'=Me or Ph) were 

35 from 1-substituted-2-hydra- synthesised by LeCount and Taylor 

zinoimidazoles (2.7; R=Me, Ph); these authors also prepared the 

8-methy1-6-phenylimidazotriazinone (2.16). 

(2.16) 

2.1.2 syntheses of Type B 

This type of synthesis involves the cyclisation of 1,2- 

disubstituted imidazoles which have an acyl group incorporated on the 

imidazole N-1 and a leaving group at C-2. 

From 1,2-disubstituted imidazoles 

The interaction of l-aroylalkyl-2-haloimidazoles (2.17) with an 

appropriate hydrazine derivative(2.18) yields 6-aryl-dihydroimidazo- 

43,44 
triazines For example 6-p-bromophenyl-2,3-dipheny1-5 , 8- 

dihydroimidazotriazine (2. 20a; R=C;H 4BX-By Ri =x) and 6-p-bromopheny1- 

2,3,8-triphenyl-5 ,8-dihydroimidazotriazine (2.20b; R=C,H,Br-p, Ri =Ph) 

are prepared via the intermediate hydrazones(2.19). Other examples 

of the products formed in this type of synthesis are listed in 

Table 2.1.



10 

Br 

P ae 4 mele 0 RHN-NHp 

(2.18) 

(2.17) 

\: Ns oR (2.19) 

| 
N Nw 

Ph. ae N R = see Table 2.1 

onc I 1 R Ris " " 

(2.20) 

Scheme 2.4



a 

5 ,8-Dibydroimidazole[2,1-c] [1,2,4] triazines 
  

  

  

  

Table 2.1 

1 
Compound R R % yield References 

2.20a Bo,H Br H 70 43,44 

2.20b pr, ,Br Ph 69 : 

2.20¢ Ph EH 76 ” 

2.204 Ph Ph 65 ®           
Other substituted derivatives of phenacyl bromide 16+45 proved 

to be successful reagents for the synthesis of substituted imidazo- 

(2,1-¢] (2,2,4] triazines. This route has been explored by Eberle and 

Sehrine” to prepare the substituted 6-phenyltetrahydroimidazo- 

triazines from the readily available 2Q-methylthioimidazoline “? (2.12). 

This compound when condensed with p-chlorophenacyl bromide (2.21) in 

acetone afforded the hydrobromide salt (2.22). A marked acceleration 

with improved yield was noted when the reaction was carried out in 

dimethyl formamide. The tetrahydroimidazo[2,1-c] [1,2,4] triazine 

(2.24; R=H) was obtained from the exothermic reaction between the 

hydrobromide salt and hydrazine with the evolution of methylmercaptan 

(scheme 2.5). 

The chlorophenyltriazine (2.24; R=Me) was the only product 

obtained by the condensation of the hydrobromide salt(2.22) and 

methylhydrazine. Therefore it was envisaged that the hydrazone (2.23) 

was formed in the first stage of the reaction and the subsequent
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N SCH3 

ess 
Br Cl 

(2.12) 

(2520) 

\ oe 

N a + RHNNH 
“Br So : 

(2522). 

Oo . 

Sit 
1 1 

Bee re 
N eH 

(2.23) 

5 4 
2 N NAR = N 

| 

R 
N 

N= PN 
Cl 

or | (2.25) 

(2,24) l 

Scheme 2.5
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cyclisation occurred with the elimination of methylmercaptan at the 

second stage. If the elimination of the methylmercaptan had occurred 

at the first stage then this mode of cyclisation would presumably 

yield two isomers(2.24; R=H and 2.25; R=Me). 

The same procedure was adopted to prepare various analogues 

(2.26) by condensing different substituted phenacyl bromides with 

hydrazine derivatives (Table 2.2). 

2,3,5,8-Tetrahydroimidazo[2,1-c] [1,2,4] triazines 

  

  

i 
N~ Neat N 

<3 N 

x 

(2.26) 

Table 2.2 

Compound R x Salt % yield Reference 

2.24 H 70 38 
2.25 Me a a 

2.25 Me HBr 90 2 
2.26 H p-OMe 60 fe 
2.26 Me p-OMe HBr 74 i 
2.26 Me p-Ome a = 
2.26 H H 70 = 

2.26 Me H HBr.H,O 39 . 
2.26 Me H Z a : 
2.26 H 2,p-Cly 80 i 
2.26 Me O,p-Cly 63 * 
2.26 H p-F 52 “ 
2.26 Me pF HBr ‘DD = 

2.26 H p-Me 41 " 
2226 Me prMe a - 

  

a= % yields not quoted



(2.27) 

(2.29) 

14 

Scheme 2.6 

HoNNHCH3
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Similarly the reaction of methylthioimidazoline with ethyl- 

bromoacetate yielded the hydrobromide salt of 1-ethyl-2-methylthio-— 

imidazoline acetate. When the free base of this compound(2.27) was 

condensed with hydrazine, the hexahydroimidazo(2,1-c] [1,2,4]triazinone 

(2.28) was isolated in 90% yield” (scheme 2.6). 

However, when compound(2.27) was reacted with methylhydrazine 

the 7-methyl(2.29) and 8-methylhexahydrotriazinone (2.30) were formed in 

approximately equal amounts*°, The course of this reaction must be 

determined by the relative nucleophilicities of N-1 and N-2 of methyl- 

hydrazine: evidently this unsymmetrical hydrazine behaves as an 

ambident nucleophile in this reaction. In contrast only one isomer(2.24) 

is formed in the reaction between the phenacylimidazolinium salt (2.21) 

and methylhydrazine. 

2,160: Syntheses of type C_ 

The methods described so far for the synthesis of imidazo- 

(2,1-] (1,2,4] triazine have utilised suitably substituted imidazoles to 

build the triazine ring fused through a nitrogen bridgehead. The same 

bicyclic system can alo be obtained from the cyclisation of substituted 

3-amino-1,2,4-triazines by making use of an exocyclic alkylamino group 

at C-3 and ring nitrogen at position 4. The only example of this type 

40 
is due to Lempert et al, who have also explored the synthesis of 

various substituted thiazolotriazines by this route from 3~mercapto- 

1,2 ;A-triazindiones*” er 

3-(2-Hydroxyethylamino) -6-methyl-1,2,4-triazin-5 (2H) -one (2.34) 

was prepared from the methylthio-1,2,4-triazinone (2.31) by heating the 

triazinone in excess of 2-aminoethanol. In addition to the selective 

aminolysis of the methylthio group, aminolysis at C-5 also occurred,
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CH3S N 3 N ms eae e oR OR 6 H3S NN 

ieee ne H i 3 CH3 
© 

0 ® 
es H3NC2H,0H 

(2.33) 

ee Horcegns Ry 

NN Nl | H3 

ee 0 
(2.34) 

(2.32) | 

H 
ceca sy 

eR al <a Uh. 

(2.36 | 

cae 
(2.37) 

Scheme 2.7
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yielding a substituted 3,5-diamino-1,2,4-triazine derivative (2.32) . 

This was due to the enhanced activity of the conjugated carbonyl group 

oO nd aminolysie’~ - as to nucleophilic attack - namely alcoholysis 

compared to the reactivity of ordinary amides. This undesirable side 

reaction was inhibited by using one molar equivalent of 2-aminoethanol. 

The only disadvantage of this method was that it yielded a salt (2.33) 5, 

as indicated by the characteristic ultraviolet spectrum of this 

compound, which was comparable to the uv spectrum of the anion of 

5-hydroxy-6-methy1-3-methylthio-1,2,4-triazine (2.38) Bae 

M N ovat “ny 4® MeS , Nw 

| Teese N ® 
Me & ta Me 

Oune oF 

(2.32) (2.38) 

The salt (2.33) was efficiently converted to 3-(2-hydroxyethylamino) - 

6-methyl-1,2,4-triazin-5(2H)-one (2.34) in tetralin at 150°C. Treatment 

of the alcohol with thionyl chloride yielded the corresponding 

3. (2-chloroethylamino)-1,2,4-triazine derivative(2.35). Thermal 

cyclisation of the hydrochloride of the chloroethylamine yielded an 

imidazotriazinone hydrochloride salt. The free base of this compound 

(2.36) was obtained by treatment of the salt with diazomethane. 

In contrast, when(2.35) was boiled in hot ethanolic sodium 

ethoxide ring closure took place to involve N-2 of the triazine ring 

and the isomeric imidazo[1,2-b] L,2,4] triazinone(2.37) was obtained. 

The direction of cyclisation was easily deduced from the uv spectra of 

these products (2.36 and 2.37). The uv spectrum of the product obtained
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from thermal cyclisation, the imidazo[2 ri-g] fl,2,4]triazinone (2.36) , 

showed two distinct absorption bands (Table 2.3). Similar bands are 

found in the electronic absorption spectrum of the 3-amino-1,2,4- 

triazinone (2.39) Be The isomeric compound (2.37) obtained from basic 

cyclisation contained only one peak at \max 210nm and a shoulder 

at 244nm similar to the spectrum of the cross-conjugated 3-amino-1,2,4—- 

triazin-5-one(2.34) (Table 2.3). 

NHy Nw 
ne N 

red 
Me ~~ ea 

0 

(2.39) 

These structural assignments were also corroborated by the i.r. 

spectra of the products. The carbonyl band of the thermally-cyclised 

product (2.36) was found at higher frequency than that of its isomer 

(2.37) (Table 2.3). This marked difference in the frequencies is in 

47,48 wich assert that complete agreement with earlier observations 

the carbonyl band of the continuously conjugated system is always found 

at higher frequency than that of cross-conjugated system. 

The cyclisation of (2.35) under basic conditions is the result 

of a direct intramolecular alkylation reaction at nitrogen N-2 which 

is known to be more nucleophilic than the nitrogen atom N-4, as 

observed in many similar triazinone pynchesee Groot The thermal 

cyclisation of (2.35) to yield (2.36) is an exception. Salt formation 

apparently inverts the order of nucleophilicity of the two nitrogen 

atoms. This can be explained by assuming that in the salt of (2.35) 

the nitrogen at N-2 is protonated and no longer nucleophilic; and the 

xing closure must of necessity proceed with participation of nitrogen N-4.
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Table 2,3 

Electronic and infrared spectra of the triazinones 

  

  

  

Compound Amax (nm) [Log € 7 ya (em +) Refs. 

2.34 —_|210 [4.42]; 240* [8.86]| 1660,1600 (vs) ,1555/45 (4) 1525,1480| 40 

2.36 220 [4.05];300 (8.79 | 1680,1635(vs) ,1545,1490 40 

2.37 210 [4.05] ;244* [3.86] | 1660,1600 (vs) ,1560-20 (br) 1480 40 

2.39  |220[4.05];300[3.79] | 1680,1635 (vs) 1540,1490 54           
a = characteristic bands of double bond region 

br= broad 

d = doublet 

vs= very small 

* = shoulder 

The compound (2.36) could potentially exist in another tautomeric 

form with a C=N fragment in an exocyclic position with respect to the 

triazine ring (2.36b). This possibility was excluded by comparison with 

the spectra of the known triazine (2.40) 54 containing the latter type of 

chromophore. However Le count and Taylor? disregard this assumption 

‘and claim that both forms (2.36a and 2.36b) are isolable in the solid 

state although no method has been developed to yield the tautomer of 

choice (see page 40).
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0 0 

(2.36a) (2.36b) 

Me 
l 

HN Nw 
N 

| 
Me Me 

0 

(2.40)
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2.1.4 Syntheses of Type D 

From 3,4-disubstituted 1,2)4-triazines 

The first fully aromatic imidazo[2,1-c ][1,2,4] triazine 

synthesized was 5 ,6-dimethy1-2-phenylimidazo[2,1-< 7] (,2,4] triazine 

(2.44) 78, This compound was prepared in the search for 

pharmacologically useful imidazole derivatives. 

There are several methods described in the literature??©? 

for the synthesis of an imidazole ring from various amino heterocycles. 

Werbel and Zomara?® have used the Tschitschibabin method®? to build 

the imidazole ring fused to a triazine ring. This method involves 

the reaction of phenacyl bromide(2.42) with 3-amino-5 ,6-dimethyl- 

1,2,4-triazine(2.41) at ring nitrogen to yield the quaternary salt 

(2.43). Thermal cyclisation of this salt by attack of the amino 

group at the electrophilic carbonyl furnished the imidazotriazine 

(2.44). The authors failed to determine the direction of cyclisation 

On the basis of the analogous compound made in the pyridine series®’ >” 

it was assumed that electrophilic attack of phenacyl bromide at N-2 

of the triazine ring would yield the [2,2-5] isomer(2.46), while the 

participation of N-4 would yield the imidazo[2,1-c | [i,2,4]triazine 

(2.44) (Scheme 2.8). 

In the analogous reaction of 3-amino-5,6-diphenyl-1,2,4- 

triazine(2.47) with a range of acid halides(2.48) it was claimed©°’®®) 

that the cyclisation occurred involving N-2 of the triazine ring in 

preference to N-4. The products in this case were formulated as 

imidazo[1,2,b ] triazines (2.49 or 2.50). Since 3-hydrazine-5 ,6-dipheny] - 

1,2,4-triazine reacts with benzoyl chloride to yield the imidazo- 

(1,2-b triazine (2.49; Ri=ph, Raz) 7° this also suggests (2.46)
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Me = 

Me (2.41) 

HoNW NS 
Cel at 

Phe ee <2 Me 

S Me 
Br (2.43) 

(2.44) 

Scheme 2.8 

0 
| 

Ph-C-CH2 Br 

| (2.42) 

00 elope 

PhS NR Me 
2 . 

8r (2.45)
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H2N 

ai = 
Ao 

(2.47) 

(2.48) 

(2.50)



24 

skeletal arrangement is to be preferred, although no structural 

proof was offered to support this assignment and to eliminate the 

alternative structure (2.44). 

2.1.5 syntheses of imidazo[2,1-c ][1,2,4]triazines from 

miscellaneous heterocycles 

This route involves the ring-fission of other nitrogen 

  

heterocycles (containing oxygen or sulphur) by hydrazine derivatives, 

with subsequent recyclisation to form the expanded triazine ring. 

2.1.5.1 From 2-aminooxazoles 

70-76 
The literature contains several references regarding 

the replacement of oxygen in oxygen heterocycles by various 

substituted hydrazine derivatives. Different substituted 5,8- 

dihydroimidazo[2,1-c j G.2,4] triazines are claimed to be obtained by 

this intriguing reaction of hydrazines with 2-aminooxazoles, 

For example, 2-amino-4-phenyloxazole (2.51) may be 

quaternised at the ring nitrogen with phenacyl bromide to yield 

2- anino-3-phenacyl-5-phenyloxazolium bromide(2.52). This product, 

when treated with various hydrazines, apparently undergoes 

spontaneous ring expansion by fission and recyclisation to form. 

5 ,8-dihyaro-2,6-diphenylimidazo[2,1-c] [1,2,4] triazine (2.55) 

(Scheme 2.10). 

The mechanism of this reaction is obscure; obviously there 

can be no nucleophilic attack by hydrazine at the carbonyl carbon of 

the phenacyl group, which might have been expected. Instead, 

hydrazine probably initiates ring-opening by attack at C-2 of the 

oxazolium salt. This carbon has relatively high partial positive
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ae + —— PhcochzBr 

(2.51) | (2.42) 

© 
Br 

HoN Ne 
St (2.52) 

H2N-NH2 é 
t 

Eppomaess 

PhOCH2C 

See. 

DONGsH 
(2.53) 

eo. CH= Ee (2.54) 

Scheme 2.10
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charge because of the adjacent electropositive centre. 

5, @-Dihydro-8-methy1-2 ,6-diphenylimidazo[2,1-c | [1 2 /4J- 

triazine (2.56) was the only product obtained from the reaction 

between the salt(2.52) and methylhydrazine. This imidazotriazine was 

also prepared by the methylation of compound(2.55) with dimethyl 

sulphate in sodium methoxide solution (see page 30). phenylhydrazine 

behaved differently under the same conditions; apparently the 

2,6,7-triphenyl isomer (2.57) was formed exclusively. 

Me 

N He Ph 
N~ = N N77 

BK Byes el 
ene YEN Ph ZA ~Ph 

(2.56) (2257) 

These results may be adequately explained by considering 

the electronic influence of the methyl and phenyl groups on the 

nucleophilicity of the nitrogen atoms of the respective substituted 

hydrazines. In the case of methylhydrazine, the electron-donating 

methyl group renders the methylamino group more nucleophilic and it 

is therefore the substituted amino group which initially participates 

in the ring cleavage. This is not the case with phenylhydrazine where 

(evidently) the unsubstituted amino group is the participating 

nucleophile.



pe Ho 

ae 
oe Ge N 2p 

h=G—H2c-™ 
0 

4 (2.58) 

oS 

S 

ni /) 

| (2.59) 

) H2 
tH ee 

H3C-CN HA 

G Js 
Pes oe (2.60) 

“ a - CH3CO2H 
% —NH 

- HS HgN-NH2 

Nes 
Ph mT. 2 Gee? 

(2.61) (2.62) °° 

Scheme 2.11
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2.5.1.2 From 2,3-disubstituted thiazolines 

Investigations wy on the reactions of hydrazine with various 

substituted thiazolo (8,2+a Jpyrimidin-5-ones led to the discovery 

of this ring-system. 

2-Acetylimino-3-phenacyl-4-thiazoline (2.58) which contains an 

electron-deficient centre at the C-2 position, forms an adduct with 

hydrazine. The ring-opened product(2.60) cyclises under heat with 

the loss of acetic acid and hydrogen sulphide to yield 5,8-dihydro-2- 

phenylimidazo[2,1-c ] [1,2,4Jtriazine(2.61)’’. a small amount of 

2-phenylimidazo B,i-b ‘]thiazole (2.62) 7° was also obtained (Scheme 2.11). 

The rate of reaction in this case is much slower than the analogous 

reaction in the oxazole series. ‘° 

202 Chemical properties of imidazo [2,1-c ][i,2,4] triazines 

The literature contains only few references pertaining to 

the chemical properties of imidazo [2,1-c J [i,2,4]triazine. These 

reactions are summarised in this section. 

2.2.1 Acylation 

5 ,8-Dihydro-2 ,6—diphenylimidazo[2,1-c ][1,2,4]triazine (2.55) 

has been acylated successfully with acid anhydrides in pyridine. 

Acylation occurred in the 8 position to yield the 8-acyl-5,8-dihydro- 

45,46 2,6-diphenylimidazo(2,1-c | [1,2,4]triazines (2.63). Similarly 

phenyl isocyanate in dioxan was employed to produce the 8-phenyl- 

carbamoyl-2,6-diphenyl-5 ,8-dihydroimidazo[2,1-c | [1,2,4]triazine 

(2.64).02 746
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7 
N Nw 

ort omnes 
Lhe h 

(2.55) 

+ 

Ph-N=C=0 

Qo 4 
C—N—Ph 

\ 
NewS oe \ ee 

(2.64) 

q 
R-Cy 

0 
eT 

0 

bts 
2
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O
=
 

be a a 

Ee 
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2.2.2 N-Methylation 

5 ,8-Dihydro-2 ,6-diphenylimidazo[2,1-c ] [1,2/4] triazine (2.55) 

was readily Meche iaced! with dimethylsulphate in sodium methoxide 

solution. It was found that N-8 of the triazine ring was the only 

methylated site. The same imidazotriazine(2.56) was also obtained 

from the reaction of methylhydrazine with phenyloxazolium bromide 

(2.52) (see page 26). 

2.353 Q-Alkylation 

When -methylhexahydroimidazo[2,1-c | [1,2,4] triazin-6-one 

(2.30) oS was reacted with triethyloxonium Eluorcborate’, anon 

polar liquid was isolated which was assigned the etructure (265) 7 

based on daon.m.r. spectroscopic evidence (see p. 45). 

ie if 
Na -Nw No Ceres N 0 Nee ae 

(2.30) (2.65) ° 

2.2.4 Oxidation 

Mild oxidising agents such as N-bromosuccinimide or bromine 

oxidise the triazine ring none while drastic oxidising agents 

such as chromic oxide effect degradation of the imidazole ring and 

oxidation of the triazine eingace
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(a) N-Bromosuccinimide 

Oxidation of the imidazotriazine (2.55) with N-bromsuccinimide 

N~ Nw 

Ck 
(2.66) 

Ph 

afforded the fully aromatic bicycle (2.66) ee 

) Chromium trioxide 

6_ (4-chioropheny1) -2,3,5 ,@-tetrahydroimidazo [2,1-<][1,2,4] - 

triazine (2.24) when treated with chromium trioxide in glacial acetic 

acid underwent oxidative ring-fission to afford 3-amino-6-(4- 

chlorophenyl)-1,2,4-triazin-5(4H)-one (2.67) pao ‘This product was 

also obtained from the oxidation of 6. (4-chlorophenyl)-2,3-dihydro- 

imidazo [2/1-¢] [e204] triazin-5(8H)-one (2.11) under the same 

conditions. 

2.2.5 Reduction 

The fully aromatic imidazotriazine (2.66) was reduced to the 

2,8-dihydro derivative (2.55) with sodium borohydride in hot 

dimethylformamide and pyridines” This reaction indicates that the 

triazine ring is more susceptible to reducing agents generating 

hydride ions than the imidazole ring, as expected for a 1-deficient 

heterocycle.
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(2.24) G. 

cl 

cl 

(2.11)
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2.3 Physical and spectral properties of imidazo[2,1-c ] [2,2,44- 
  

triazines. 

All known physical and spectral properties of derivatives of 

this ring-system are summarised in Tables(1-8). The numbers used in 

the tables below for these compounds do not correspond to the number 

given in the earlier sections of this thesis. 

2.3.1 Melting points. 

The melting point of only aromatic imidazotriazine (2.44) +6 

M.pt 218-219°c) has been reported; the base is obtained in very 

poor yield (18%) from its hydrobromide salt. 

N Nw. 
enor N 

NL 2 

Me 

Me
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Table 1 

2,3-Dihydroimidazotriazines 

N 

CE ] N: | 
R 

0 

(2.68) 

Compound x R M.p. () References 

2.68 NH cH,CO,Me 202 34,35 

2.68 NMe cH,CO,Me 98- 99 s 

2.68 NE Me 291-292 40,41 

2.68" NE Me 273-274 ® 

2.68° NE Me 142 35 

2.68 NE Ph 210 41 

2.68° NH Ph 188-190 * 

2.68 NMe Me 102-103 35 

2.68 NMe Ph 184-185 . 

2.68 NPh Me 225-227 i.           
a = Hydrochloride salt 

b = 8-Methyl-derivative 

c = Hydrate 

 



Table 2 

5 ,8-Dihydroimidazotriazines and a'7,8—dihydro imidazotriazine 

H 

na7Ns ee ee 

owt cual ae Y~Ph 

  

  

a 

(2.69) (2.70) 

Compound Rt R R° M.P. (°C) References 

2.69 Ph | prC,H,Br z 285-288 43,44 

2.69 Ph | p-CH,Br Ph 256-258 " 

2.69 Ph Ph Bq 268-270 ® 

2.69 Ph Ph Ph 248-250 " 

2.69 H Ph H 295-297 (dec) 45,46 

2.697 B Ph H 264-264 (dec) as 

2.69 H Ph Me 160 " 

2.69 H B B 259-260 7 

2.69 B Ph Ac 195 45,46 

2.69 H Ph Et.Co 218-219 * 

2.69 E Ph Bz 219-220 « 

2.69 H Ph Ph.NH.CO| 289-291 (dec) " 

2.70 - - - 184-185 «           
  

a= Hydrochloride salt
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Table 3 

2,3,5,8-Tetrahydroimidazotriazines 

  

1 
R 

| 

  

  

(2.71) 

z 2 O° 
Compound R R’ M.p. ("C) Reference 

2.71 E prC,H,Cl 263-265 38 

2.70 Me | p-C,B,Cl 282-283 * 

2.71" Me | prC,H,Cl 279-281 i" 

2.72 z BoC, H,0Me 258-260 : 

2271 Me | p-C,H OMe 111-112 ‘ 
a 7 

rah Me | p-C,H,OMe 235-237 

2.71 H Ph 228-230 . 

2,71 Me | Ph 82-83 . 

2.712 Me | Ph 255-257 = 

2.72 z QrP-CgHACl, | 194-197 * 

2172 Me | 0,p-CgH,Cl, | 105-106 . 

207 H P-C.H F 254 . 

2.71" Me | p-C.E,F 274-275 " 

2.45 Ez p-Tolyl 266-268 . 

2.71 Me | p-Tolyl 97-98 .       
    

a = Hydrobromide salt 

b = Hydrobromide hydrate



  

  

  

Table 4 

Hexahydroimidazotriazines 

4 

i N 2 

ee Ve N ees 0 

(2.72) 

a 2 2, 
Compound R R M.P. (~C) Reference 

2.72 H z 282-284 38 

2.72 Me Hq 185-186 *. 

2.72 H Me 317-318 ‘e         
  

2.3.2 Electronic absorption spectra 

Electronic absorption maxima of very few compounds have been 

recorded in the literature. Compound (2.73) 
40,41 

with a saturated 

imidazole ring and conjugated triazine ring showed uv absorption 

maxima at 220 nm and 300 nm Or 4t , whereas compounds with a fully 

saturated triazine ring and partially saturated imidazole-ring as
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in compound (2.72; Ri =R?=8) showed an absorption band at Amax 

268 nm; compounds (2.78; Ri=Me, R?=H) and (2.78; Riu, R?=Me) 

showed a uv maximum at Amax 265 nm. 

1 
R 

N Nw i R = N So i gactca 
N Me Mahe 

0 (2.72) 
(2.73) 4 

R=H, Me 

R= H, Me 

Some of the 5,8-dihydroimidazotriazines (2.74) have been reported’ 

to exhibit fluorescence upon irradiation with uv light both as solids 

or in solution in dimethylformamide or dioxan.’ Colours varied from 

orange-violet. These triazines (2.74) otherwise showed great stability 

towards uv light and remained unphotolysed even after prolonged 

exposure to the irradiation. Compound (2.74; R=H) showed a yellowish 

  

R =H, Ac, COEt, PhNH, Bz, Ph
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green fluorescence, and its hydrochloride salt a violet fluorescence 

when exposed to uv light of wavelengths 480 and 421 nm eeepectivelgs 

All the acyl derivatives of this compound (2.74; R=Ac, COEt, PhNHCO 

exhibit a blue colour on irradiation (Amax 460-440nm), except the 

benzoyl derivative (2.74; R=Bz) which showed a bluish green 

Piccrescence: The compound (2.74; R=H) when substituted with a 

phenyl group at N-7 (2.70) showed a dark orange fluorescence.” 

2.3.3 Tix. spectra 

LeCount and Tavlone> have studied the i.r. spectra of a number 

of fused 1,2,4-triazinones, and have discussed the possibility of 

aminozimino tautomerism in such a system. It is generally accepted 

that in most cases amino groups in heterocyclic compounds exist as 

such; imino-tautomers, if any exist in amouts too small to be 

datected"?. Amino-triazinones which would otherwise require a 

formal N=N in their structure, are exempted from this rule as 

such a bond is avoided in these azines®! "82, This behaviour has been 

explained by Pitha et alte In plane lone pair interactions of 

= 2 N * 

N N 
(2.75a) (2.75b) 

ap®-hybridised nitrogen atoms lead to the destabilisation of the 

conjugated system as illustrated (2.75a and b). The i.r. results
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obtained by LeCount and Taylor agree with.the ahove exclanatione ies 

and these mothors ss suggested that two opposing factors operate in 

deciding the tautomeric state of amino-triazinones - namely on the 

one hand in-plane lone pair interactions of neighbouring ap? 

hybridised nitrogen atoms which favour (2.75b) and on the other the 

resonance stability of the conjugated system which would favour 

(2.75a). In such triazinones the latter effect is likely to be small 

since it is known that aza-substitution progressively reduces 

resonance Btabilisation’>, The balance of these factors critically 

influences the tautomeric populations. LeCount and Taylor 

measured the difference in the frequencies of C=O and C=N of the 

triazinones (2.68; X=NH,NMe,NPh and R=CH,CO2Me ,Me ,Ph) in the 

solid state, in nujol dispersion, and in solution in chloroform, and 

the results indicate that imino-tautomers of such systems are capable 

of existence (Table 5). In the fully conjugated systems, i.e. 

compounds (2.68; X=NMe, R=CH_CO. 
2°32 

R=Ph), the difference in the frequencies is of the order of 83-92 cn 

Me; or X=NMe, R=Me; or X=NMe, 

Bt 

in chloroform solution. Where C=N is exocyclic to the triazinone ring 

e.g. the imino-form as in 8-methyl derivative (2.76; X=N, R=Me) the 

difference in these frequencies falls to 45 ae The compounds 

(2.68; X=NH, R=CH,CO2Me and X=NH; R=Ph), although capable of amino- 
2 

imino tautomerism, showed a difference of the order of 78-84 ar 

which suggests that the amino-tautomer is the preferred form. Only 

in compound (2.68, X=NH, R=Me) did both tautomeric forms exist in the 

solid state as indicated by Ay frequencies 48 and 78 cane (Table 5) 

but in solution this compound existed exclusively in the amino-form. 

Alternative tautomeric forms for this compound (2.68; X=NH, R=Me) 

have also been discussed by Lempert et alee (See page 19 ).
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Table 5 

The infrared spectra of imidazotriazinones 

  

  

  

e 

Nw 

Oe) ice 
i. Ge R N R 

0 0 
(2.68) (2.76) 

ont cote A ont Compound x R My v2 Y 
c=0 C=N Yr Yo References 

2.68 NMe CH,CO,Me 1685*s 1593*vs 92 34,35 
1681s 1625s 69 

2.68 NMe Me 1681*s 1598*vs 83 35,41 
1685s 1575 93 

2.68 NMe Ph 1679*s 1591*vs 88 35 
1672vs 16llvs 61 

2.68 NH CH,CO,Me 1684*s 1600*s 84 34,35 
1686s 1606 80 

2.68 NH Me 1680*s 1602vs 78 35,40,41 

1670s 1622vs 48 
1682s 1604vs 78 

2.68 NH Ph 1681*s 1S97* 84 35 

1678s 1614vs 64 

2.68 NPh Me 1685*s 1568* Liz, 35 

1690vs 1584 106 

2.76 N Me 1687*vs 1642*vs 45 35 

1683s 1643 40             
  

* Frequencies in chloroform 
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2.3.4. N.M.R. spectra 

The ducn.m.r. spectral data of only few imidazotriazine are 

recorded in the fiverature 1-4, in general they do not have any 

special significance. However, LeCount and Geeer* observed the very 

interesting tautomeric interconversions of imidazotriazinone (2.77) in 

different solvents. For example the spectrum of compound 

(2.77) in DMso-d- showed two quartets centred at 64.05 and 63.65 for 

the imidazoline methylene protons, and singlet at 63.60 which was 

attributed to the methylene protons at C-6 (2.77). These authors 

observed that the singlet resolved into a doublet when trifluoro- 

acetic acid was added to the solution. This splitting of the 

methylene resonance in acid could possibly be due to the protonation 

eo OMe 
H 

NaN ene N 

O4H 

(2.77) 

Zt. 

ee 
< N As pee 

H 

(2.78)
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of ring nitrogen N-7 by one of the protons of the exo-cyclic 

methylene group attached to the adjacent carbon atom (C-6) of the 

ring forming enimine tautomer (2.78). Analogous behaviour was also 

observed in the pyrrolo i , 1-<] a 12 4] triazines series. 7 

In aren aaeee chemical shifts are generally the most useful 

parameters to elucidate the fine structural details as regard to Sp 

hybridised character of the carbon atoms, and also the position of 

the various substituents in the compounds. American authors >" have 

utilised this technique to confirm the position of the methyl groups 

in compounds (2.82), (2.83) and the position of the double bonds and 

the methyl group in compound (2.84). The results are listed (Table 6). 

For example the compound (2.82) showed a peak at 161.1 ppm which is 

attributed to the lactam carbone The corresponding peak in ‘compound 

(2.83) is observed at 157.2 ppm. [the value of C=O for compound (2.81) 

was not quoted. ] Similarly the peak for the guanidine carbon in the 

7-methylimidazotriazinone (2.83) is observed at 153.4 ppm. 

Substitution of methyl group on the guanidino nitrogen (2.82) shifts 

the corresponding guanidino carbon to 149.5 ppm. Compound (2.84) 

showed a peak at 62.7 for the carbon atom of the ethoxy group which 

is in agreement with the previous observations for the corresponding 

carbon of the ethyl esters
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Table 6 

C. n.m.r. spectra of hexahydroimidazotriazinones in deuterium oxide 

  

  

  

  

Compound Standard Chemical Relative Assignment 

Shifts .intensities 

pyridine 46.9 T32) IN-CH 2 

H 45.4 64 IN-CH, 

N * ie ~ 4 39.6 125 N-CH, C=0 

a 147.6 pyridine 

0 135.8 

(2.81) 122.9 

pyridine 161.1 29 c=0 

149.5 14 N-C=N 

Me 46.2 168 N-CHY 

Ai 43.3 216 IN-CH, 
N - 2 

ea NH - 39.4 154 N-CH,-C=0 

0 35.6 60 N-CH, 

(2.82) 146.8 pyridine 

135.7     122.6     
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‘Table 6 cont'd. 

  

  

  

  
  

        

-Compound Standard ee Relative | Assignment 

pyridine a57.2 16 c=0 

153.4 8 N-C=N 

46.4 206 NCH, 

i 45.0 216 a. 
Nx N 
eae NMe 38.9 144 N-CH,-C=0 

N 0 33.5 67 N-cH, 

(2.83) 146.8 pyridine 

135.7 

122.6 

T™s 156.9 15 N=C-OEt 

149.9 23 N-C=N 

62.7 65 O-cH, 

“53.5 61 = 

50.4 74 CH, 

46.0 84 = 

38.9 34 N-cH, 

14.2 40 
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Chapter 3 

3.1 syntheses of imidazo[5,1-c ][1,2,4]triazines 
  

This is the least investigated of the ring-systems under 

examination; only five compounds have been verorred Gay all 

prepared from substituted imidazoles by Type A or Type B syntheses. 

3.1.1 Syntheses of ‘Type A 

The four compounds known to be made from a Type A synthesis 

are prepared from the cyclisation of Gonydresinoimdacoie ( or 

87,88 
5-diazoimidazole derivatives. 

(3.1) 

3.1.1.1 From 5-hydrazinoimidazoles 

  

The first compound of this class (3.5), made by Asinger 

and convorkars” was prepared from the reaction of 5-hydrazino-2- 

methyl-2,4-di-t-butylimidazole (3.2) with 3-bromo-4-methy1-2- 

pentanone (3.3) via an intermediate non-isolable hydrazone (3.4) as 

illustrated by scheme (3.1). No spectral evidence was provided by 

the authors to support the assigned structure (3.5). Presumably this 

compound could be aromatised by the elimination of either methane or 

isobutane.
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3.1.1.2 From 5-diazoimidazole-4-carboxamide 

The. second type of reaction utilised the following general 

route to the synthesis of imidazo[5,1-c ] [1,2,4] triazines.°7/° 

5-Diazoimidazole~4—carboxamide”° (3.6) was coupled with reactive 

methylenic substrates (3.7) in sodium acetate buffer, to form the 

hydrazones (3.8). The latter then cyclised in acetic acid to yield 

the substituted triazines (3.9) (Scheme 3.2). The compounds were 

synthesised as potential anti-microbial agents, but selected examples 

(3.9; R=Me, Prz R sac, CO.Pr) showed no biological activity.°° 

In a comparable cyclisation8® the hydrazone (3.10), 

prepared by coupling diazoimidazole carboxamide (3.5) with ethyl- 

benzoylacetate was cyclised in hot acidified ethanol (Scheme 3.3). 

The desired imidazotriazinone (3.11) was isolated from the acidic 

solution upon neutralisation with potassium hydroxide. 

The reactions outlined in schemes 3.2 and 3.3 appeared to 

offer a versatile synthesis to cyclic modifications of 5-amino- 

imidazole-4-carboxamide based on the imidazo[5,1-c ] 2,2,4] triazine 

nucleus, and the development of synthetic methods adapting this 

route forms the substantial topic discussed in following chapters of 

this thesis. 

3.152 Syntheses of Type B 

There are two examples only of this type of syntheses that 

have been reported recently by Russian Avaage = The method involves 

the cyclisation of substituted imidazoles in which suitable leaving 

groups are incorporated on the imidazole ring at position 5.
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(3.12) 

The first stage of the reaction is presumably a 

substitution at N-l of the imidazole ring (3.13) with 1,2-dibromoethane 

or ethylbromoacetate to yield the corresponding l-substituted 

compounds (3.14 or 3.16). The compound (3.21) was obtained by the 

chlorination of the hydroxyethyl derivative (3.20) with thionyl 

chloride; the hydroxyethyl derivative also furnished the dibromo- 

imidazole (3.14) when reacted with phosphorus tribromide. On 

treatment with hot hydrazine hydrate compounds (3.14 and 3.21) 

cyclised instantly to form the bicyclic imidazo[5,1-c ] [1,2,4] triazine 

(3.15). The compound (3.16) when treated with hydrazine hydrate at 

room temperature formed the corresponding carbohydrazide (3.17) which 

could be converted exclusively to the imidazotriazinone (3.18) at 

elevated temperatures. The same imidazotriazinone (3.18) could be 

prepared directly from (3.16) with hot hydrazine hydrate. The 

isomeric imidazoimidazolinone (3.19) was not isolated. The 

triazinone (3.18) showed i.r. absorptions at 3200 cm and 1680 cn 

for N-H and C=O groups respectively. No further spectroscopic 

details were supplied to corroborate the assigned structures (3.15) 

and (3.18).
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The other examples of this series (3.22; R=Ph, BrC,H Cl) 

reported by the same authors)? were also synthesised by the above 

method, via the N-alkylation of compound (3.13) with phenacyl 

NO2 

N yy 
N 

\ 

Me R=Ph, eC,B Cl 

(3.22) 

bromide derivatives and subsequent cyclisation with hydrazine 

hydrate.
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Part II 

Discussion of the experimental results 

Chapter 4 

4.1 Aims and objectives of the work 

The hetero-fused imidazoles include many substances of both 

biological and chemical interest; those of special significance are 

the purines. In addition, certain 2~-substituted imidazo[1 12-a)- 

pyridines are claimed to have diuretic’) /92 and anti-inflammatory 

activity’, and 5-nitro-2-furyl-substituted imidazo [L,2-a] pyridines 

and imidazo[1,2-a] pyrimidines anti-bacterial and anti-protozoal 

properties." The bronchodilator properties of 6-amino-l-methyl-3- 

propylimidazo[5,1-£] fi 12,4] triazine have been explored recently.” 

In the introduction to this thesis all known syntheses of imidazo- 

[2,1-¢] fa 12,4] triazines have been reviewed, and their chemical and 

physical properties summarised. In view of the limited knowledge of 

imidazo(5,1-c]ft,2,4] triazines it seemed desirable to investigage 

further the syntheses and properties of this ring-system. Therefore 

it was decided to synthesise imidazotriazines (3.9) with a carboxamide 

function at C-3, since these derivatives and their acyclic precursors, 

can be envisaged as structural modifications of 5-aminoimidazole—4- 

carboxamide (4.1); they are thus Potent ial inhibitors of de novo 

purine Dionyathesiat ° Such considerations might have inspired 

previous norkeres! ee who prepared a limited number of compounds of 

this type. Little information as regard to their spectral and 

Chemical properties was provided in these reports.
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4.2 Synthesis and characterisation of hydrazones 

5-Diazoimidazole-4-carboxamide (4.2) °° which has been shown 

“ 97,98,99 
to have bacteriostatic and tumour-inhibitory properties 

was obtained as a white crystlline solid” when a solution of 

5-aminoimidazole-4-carboxamide (4.1) wee) in 1N-hydrochloric acid 

was added to an aqueous solution of sodium nitrite. 

i) 1NECL 

NH ii) Nano, 

  

(4.2) 

(4.1) 

0 

wash 
ae 

(4.3) 

The diazoimidazole showed an intense infrared absorption band 

1 
at 2190 cm (NEN) and a band at ee 317 nm in its ultraviolet 

spectrum. The compound (4.2) in aqueous solution has been 

reportea!©} to furnish 2-azahypoxanthine (4.3) by intra- 

molecular cyclisation. This can be demonstrated by observing 

the changes when a solution of (4-2)in water is monitored by 

u.v. spectroscopy.
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The peak at ae 317 nm slowly disappears and two new peaks at 

ae 273 and 245 nm emerge (Fig. 4.1). The stability of the 

diazoimidazocarboxamide in the solid state depends mainly on 

charge delocalisation through the heterocyclic ring. It 

can couple with various amines to from ectazenes: 2 

Analogous coupling with reactive methylenic compounds to form 

7 , 88 
edracorese was unreported at the commencement of this work. 

The coupling reactions were carried out by stirring a suspension 

of di azoimidazocarhoxantda (4.2) with a range of reactive 

methylenic compounds (4.4) in ethanol in the dark to afford 

hydrazones (4.6 - 4.15). Some of these hydrazones have been 

recently described by Kocevar and co-workers”. The literature 

methods to obtain pure samples of these hydrazones in good yields 

proved difficult to reproduce. Therefore it was decided to 

monitor the coupling reactions by ultraviolet spectroscopy. The 

emergence of a new peak between Maas 350-400 nm (Table 4.1) 

indicated the initiation of the coupling reactions. As the 

reaction proceeded the peak at Nae 317 nm of compound (4.2) 

decreased, and ultimately disappeared. It is absolutely crucial 

to carry out these reactions in the dark as in the presence of 

light intramolecular cyclisation to Beazanyeneantniie (4.3) takes 

place in preference to intermolecular coupling reactions. At 

the end of the reactions the hydrazones (yield V 85-90%) were 

collected and characterised by analysis and spectroscopy. The 

reactions with benzoylacetone and diethyl malonate proceeded 

sluggishly and the hydrazones (4.9) and (4.12) were isolated in
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Table 4.1 

Electronic absorption maxima of the hydrazones 

  

  

        
  

Compound Solvent oak (nm) 

4.6 A 342, 250*, 206 

B 335, 255, 227*, 205 
cS 405, 257*,. 207 

4.7 A 342, 250*, 206 
B Bat; 250%) 1207 
c 408, 257, 207 

4.8 A 346, 255*, 204 

c 405, 256*, 207 
D 425, 262*, 207 

4.9 A 347, 254*, 208, 204 

4.10 A 344, 252*, 206 

4.11 A 345, 254*, 207 
B 335, 258*, 207 
c 426, 260*, 208 

4.12 A 346, 276*, 255*, 235, 213 

4.13 A 396, 240*, 209, 206 
B 
c 408, 255*,. 206 

D 407, 255*, 206 

4.13" A 406, 263*, 257*, 250*,247*,204 

4.14 A 387, 257*, 227*, 207 
B 395, 252*, 227*, 207 
c 406, 257*, 209, 206 

4.15 A 408, 240*, 211 

Solvents: 95% ethanol; B = 95% ethanol + 2N hydrochloric acid 

95% ethanol + saturated ferrous sulphate 

95% ethanol + 2N Sodium hydroxide 

pyridinium salt 

inflection. * 
V
O
A
Q
P
Y
 

o
o
n
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poor yields. Attempted coupling reactions with cyanoacetic acid 

and phenacylbromide proved unsuccessful. On both occasions 

2-azahypoxanthine (4.3) was recovered. 

4.2.1 Physical and spectral properties of hydrazones 

All the hydrazones (4.6 - 4.15) are amorphous powders, 

varying in colour from cream to deep yellow. They all exhibit 

lime-green fluorescence when exposed to u.v. light, and decompose 

on melting. The hydrazones as such are insoluble in water. The 

metal salts (see page 62 ) of these compounds are soluble in 

water, but dissociate slowly back to free hydrazones in aqueous 

solution. All these hydrazones are soluble in a large excess 

of hot ethanol; however hydrazone (4.14) rapidly cyclises in hot 

ethanol. 

All these compounds are characterised by absorption maxima 

in three bands at 205, 250 and 350-410 nm. The hydrazones with 

cyano groups (4.13-4.15) are intensely coloured and absorb at 

higher wavelengths (Table 4.1). Compounds of this type can 

102 
exist as azo (4.16) or hydrazono (4.17) tautomeric forms. 

The possible existence of the azo tautomeric form (4.16) was 

| H | 
ae GC 

aNSNNTSH sane ra aN nF BS 

(4.16) (4.17)
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discounted on the basis of the u.v. and Lwa.mr. spectral 

evidence. The absorption in the region of Aa 350-410 nm is 

102-107 
found to be a characteristic feature for many arylhydrazones ’ 

and in many related cases it has been shown that hydrazones, in 

general, are more stable than the corresponding azo compounds . 18 

Each compound studied during this work was always obtained in one 

form only, namely the hydrazono form, which is characterised by 

a definite melting point and consistent spectral properties. 

The i.r. spectra of these compounds show expected features 

due to N-H and C=O functions together with other characteristic 

absorptions, details of which can be found in the Experimental 

Section of this Thesis. 

The 1s nmr. spectra of these hydrazones were also 

consistent with the proposed structures. In DMSO-d, the hydrazones 

showed a sharp singlet at 67.8 for the imidazole proton and a 

broad singlet for NE, protons at 67.1-7.2; they showed no 

evidence of any resonance which could be attributed to methine 

protons. This again strongly favours the hydrazono tautomeric 

form at least in solution. 

4.2.2 Chemical properties 

When ethanolic solutions of the hydrazones (4.6-4.15) 

were treated with alkali, the colour of the solution intensified 

considerably and the metal salts of the corresponding hydrazones 

were formed. This was evidenced by an increase in the intensity (Fig.4.2) 

of the peaks and pronounced bathochromic shifts of the main
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absorbtion bands in their ultraviolet spectra. This may be attributed 

to the contribution of the extensively delocalised hydrazone anions 

(4.18). Certain of the hydrazones rapidly cyclised in alkaline 

solution (see page 93), and further spectral changes ensued. 

  

M = (K,Na,Fe) 

(4.18) 

However, this property of salt formation was demonstrated by 

employing neutral salts of transition metals, as these conditions 

do not initiate cyclisation. In contrast, addition of hydro- 

chloric acid to ethanolic solutions of the hydrazones only 

produced a slight hyperchromic effect with no appreciable shift 

in’ the absorption maxima. Spectral characteristics of the 

hydrazones are recorded in Table (4.1). 

The i.r. spectrum of the potassium salt of the diacetyl- 

hydrazone (4.8), which was obtained as a deep yellow solid by 

the addition of alcoholic potassium hydroxide to a suspension of 

the hydrazone in ethanol, showed striking differences from the 

spectrum of the free hydrazone. The carbonyl absorptions at 

1688 and 1622 cme (KBr) of the free hydrazone (Fig. 4-3) were 

absent and replaced by a band at 1640cuand a slightly broader 

peak at 1590-1610 ont (Fig. 4.4). An analytically pure sample
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of the salt was not obtained, as the salt readily dissociated to 

the free hydrazone. The same differences were found in the 

spectrum of hydrazone (4.13) and its potassium salt (4.19). The 

i.x. spectrum of the salt did not exhibit the carbonyl band at 

1710 cm > and 1628 cm‘, but instead showed an ill-defined 

doublet between 1620-1625 nie (Fig. 4.5). It was interesting 

to observe that upon reacidification the potassium salt (4.19) 

was converted to a different modification of the original 

hydrazone possibly a different geometrical isomer. This was 

hardly surprising as syn-antt isomerism is a well documented 

phenomenon in hydrazone chemistry. The new isomer 

exhibited a very sharp and intense band for C=N absorption at 

slightly lower frequency (2200 em >) than the original form 

(2220 eS) and a less intense peak for ester carbonyl at 1708 ee 

An N-H streching absorption was also observed in the region 

3100-3350 cm 1. ‘The low value of this band must be due to 

hydrogen bonding. * (Fig. 4.8). On the basis of i.r. spectral 

evidence it can be speculated that the new isomer might have 

structure (4.13b), and the analytical data indicates that it is 

an hydrate. Unfortunately at present no strong evidence could 

be provided to further justify this speculation. The hydrazone 

(4.13) when boiled with pyridine yielded a yellowish-green solid 

which was correctly analysed as Cy 4B, N03 (i.e. the hydrazone 

with one mole of pyridine). The i.r. spectrum of the solid 

exhibited similar features to that of the potassium salt 

(Fig. 4.7); namely showing a shift of the carbonyl absorption
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to lower frequency compared to original hydrazone (Fig. 4-6). 

(although the frequency shift is not as pronounced as that of 

potassium salt]. The u.v. spectrum of this compound also showed 

a bathochromic shift (10 nm) similar to that observed by the 

addition of sodium hydroxide or ferrous sulphate to an ethanol 

solution of the hydrazone (see Table 4.1). The presence of pyridine 

associated with the hydrazone was evidenced by series of inflections 

u Mase 265-250 nm region. The li.n.mer. spectrum also showed 

resonances for pyridine protons as a multiplet around 67.5-7.8. 

On the basis of the spectroscopic evidence structure (4.20) was 

assigned to the yellowish-green salt. 

4.3 Cyclic modifications of 5-Aminoimidazole—4—carboxamide 

4.3.1 Acid-catalysed cyclisation 

4.3.1.1 Acetylhydrazones 

Recrystallisation attempts (from ethanol-acetic acid) to 

obtain an analytically pure sample of the hydrazone (4.6) resulted 

in the formation of a yellow shiny crystalline product. This 

process of recrystallisation was repeated successively until a 

compound with a consistent melting-point (250-260°C) was finally 

obtained. 

A study of the i.r. and u.v. spectra of these two compounds 

suggested that they were distinctly different in their chemical 

structure. A bathochromic shift of the major absorption peak 

(252 nm) with prominent spectral changes in the region of 250-200 nm
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was noted in the u.v. spectrum of the crystalline product compared 

to the starting hydrazone (Fig. 4. 9). The i.r. spectrum also showed 

major differences in the finger-print region as well as in the 

carbonyl absorptions. For example a broad absorption band at 

1630-1642 and a sharp peak at 1718 cn were absent in the purified 

product and replaced by a sharp band at 1642 oni and doublet at 

: and 1716 ont . The mass spectrum of the purified product 1700 cm 

did not show a peak corresponding to molecular ion of the hydrazone 

(M/e 253). Instead an intense peak at M/e 235 was observed. On the 

basis of the spectroscopic and analytical data this product was 

assigned structure (4.21), an assignment subsequently changed when 

the tautomeric possibilities were examined (see page 76 ). 

Similarly the other acetylhydrazones (4.7-4.9) were apparently 

smoothly converted to the bicyclic imidazo[5,1-c] (2,2,4] triazines 

(4,22-4.24) in acetic acid-ethanol mixture. Analogous reactions for 

this type of cyclisation to yield azolo[5, 1-g] (2.2,4] triazines?1-120 

have been reported previously. 

It was envisaged that the cyclisation in the acidic medium 

involves nucleophilic attack of the imidazole ring nitrogen at the 

electron-deficient ester carbonyl carbon to form a tetrahedral 

intermediate (4.26-4.27) which subsequently loses water to form 

the bicyclic compound (4.28) scheme (4.2). However, contrary to 

expectations the products were not the 7-methyl imidazotriazines 

(4.21-4.24) respectively since their ta.n.m.r. spectra showed no 

absorptions for the 7-methyl group. Instead hydrazone (4.6), which
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crystallised as an acetic acid solvate, showed an AB geminal 

splitting pattern (J=4Hz) integrating for two protons and also 

contained absorptions for two methyl protons at 64.1 and 62.24 

(Fig. 4.10). The latter resonance was first mistaken for the 

7-methyl protons but was later shown to be the methyl protons of 

acetic acid. This was proved by heating the solvate in ethanol; 

the spectrum of the dissociated product lacked the absorption at 

62.24. The same unsolvated triazine was also obtained in 

moderate yields after prolonged boiling of hydrazone (4.6) in 

ethanol alone. A compound formulated as (4.23) has been reported 

recently’ ’. Apparently the Linsmr. spectrum of this compound was 

not recorded and it should be reformulated as the methylene 

tautomeric form (4.31). The spectra of these compounds (4.23-4.26) 

were identical in both TFA and DMSO-d... The dawn.mr. of these 

compounds could not be recorded in CDCl, or deuteropyridine due to 

their lack of solubility in these solvents. However, the livn.mer. 

spectrum of compound (4.22) in trifluoroacetic acid at 220 MHz 

showed a very small methyl peak at 63.4 (Fig. 4.12) which may 

possibly be attributed to the methyl group at C-7. If so 

integration indicated the 7-methyl: 7-methylene ratios to be 

approximately 1:30. 

The opposing factors which influence tautomer populations in 

1,2,4-triazines (in particular amino - or imino-triazinones) have 

been discussed by LeCount and mayioess (see Page 39). In-plane 

2 lone-pair interactions of the neighbouring sp” hybridised nitrogen
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atoms of the triazine ring which destabilise a formal NN double bond 

would favour the methylene state (4.29-4.32): in contrast conjugation 

in the triazine ring imparting heteroaromatic stability on the bicyclic 

system would favour the 7-methyl arrangement (4.33-4.36). An 

additional feature - intramolecular hydrogen bonding involving the 

carboxamide group could also be important in stabilising these 

different tautomers. In the methylene forms (4.29-4.32) the 

oxygen atom of the carboxamide group could act as the hydrogen bond 

donor, whereas in the 7-methyl forms (4.33-4.36) the sp? lone-pair 

on N-4 would fulfil this function. as adjudged by ‘H.n.m.r. the 

balance of these forces overwhelmingly favours the methylene forms 

(at least in solution). 

The luwn.mer. spectra in CDCl 
is 

triazines!“* (4.37; R=Ac or CO,Et) lacking a carboxamide group at 

of two pyrazolo [5,1-c] (1,2,4] 

C-3 show no evidence for methylene tautomers. 

The analogous compound in pyrazolo[4,3-c] pyridazine series 

existed exclusively in the 7-methyl form as adjudged by their 

Lisn.m.r. spectra (see page 112) despite the favoured Juxtaposition 

of carboxamide and ring nitrogen common to the imidazotriazines. 

Therefore it is concluded that intramolecular hydrogen bonding 

involving the carboxamide group is not an important element in 

determining the tautomeric behaviour, but the loss of heteroaromatic 

stability occasioned by aza-substitution to produce the fused 

1,2,4-triazine tips the balance in favour of the methylene forms 

of the imidazotriazines (4.29-4.32).
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The hydrazone (4.7) upon boiling in acetic-acid ethanol mixture 

furnished the compound (4.30) in good yield (80-90%). From the acid 

filtrate a yellow crystalline product was isolated. This product 

melted sharply without decomposition at 175°C and the boiling oil 

re-solidified at 200°C and re-melted with decomposition at 235-240°C. 

The u.v. spectrum of this compound did not show the characteristic 

absorptions of the parent compound (4.30) but instead showed bands 

at 340, 252, 227 and 206 nm. The i.r. spectrum of this product was 

also different from the original compound (4.30) and showed 

absorptions for C-H at 72980 ca and also contained a sharp band 

at 1142 en > (ether group). The precise structure of this compound 

has not been elucidated but may be tentatively formulated as 

(4.39 or 4.41) the presence of which is firmly established by its 

mass spectrum (molecular ion M/e ut 295) and this assumption was also 

corroborated by the analytical data. It can be envisaged that the 

7-methyl tautomer (4.38) might yield compound (4.39) and 7-methylene 

tautomer (4.40) would possibly give the isomeric compound (4.41) as 

illustrated by scheme (4.3). Unfortunately because of the small 

amount of material available alaen.m.r. spectrum of this compound 

was not recorded and structural proof for this product must await 

more detailed examination. 

The hydrazone (4.9) from benzoylacetone Mndetwent dehydrative 

cyclisation with the participation of the acetyl group rather than 

the electronically favoured benzoyl function to yield (4.32) isolated 

as a hemihydrate. The i.r. spectrum of this compound showed a 

carbonyl absorption at 1655 om slightly lower than that (1662 en })
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of the acetyltriazine (4.31) and also showed a very ill-defined band 

for bonded N-H. The presence of a 6-benzoyl moeity in the product 

was confirmed by an abundant phenylacylium ion at M/e 105 in the 

mass spectrum. The reluctance of a benzoyl group to participate in 

cyclo-dehydration was also encountered in the triazolo [5,1-c] [1,2,4]- 

triazine series’’?, where the hydrazones (4.42, R=AC or CN) obtained 

from coupling of 1,2,4-triazole-5-diazonium nitrate with benzoyl- 

acetone or benzoylacetonitrile respectively, cyclised in glacial 

acetic acid to yield compound (4.43; R=Me or NH») - 

4.3.1.2 Cyano hydrazones 

The cyclisation of compound (4.13) was accomplished easily by 

refluxing this hydrazone in 50% ethanolic acetic acid to afford an 

acetic acid solvate of the amine (4.44) as shiny pink crystals. 

That the cyclisation had involved the cyano rather than ester 

function was evidenced by the spectroscopic properties of the 

solvate (4.44). The i.r. spectrum of this compound showed no 

absorption at 2220 om? (C=N) but retained the ester carbonyl band 

1 
(1690 cm). The ir. spectrum also showed absorptions at 3050, 

3180 and 3390 m+ (N-H). The ee spectrum (TFA) of the 

Crystalline product (4.44) offered conclusive evidence for the 

Presence of acetic acid by showing a three-proton singlet at 62.24; 

and in accord with the formulation the spectrum also contained 

resonances for the ethyl protons of the ester group. A singlet 

for the imidazole H-1 proton was observed at slightly lower field 

(69.2) than the corresponding proton of the precursor (4.13).
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Recrystallisation of the solvate (4.44) from dimethylformamide 

gave the unsolvated amine (4.45) as evidenced by the lainwmer. 

spectrum of the product (4.45) which lacked an absorption for the 

methyl protons. This amine could be converted back to the solvate 

from (4.44) by recrystallisation from acetic acid. This compound 

is considered a solvate rather than an acetic acid salt (4.46) 

eet similarly prepared by because related azolo [2,2,4] triazines 

cyclisation of hydrazones and which would be expected to be more 

basic than the amino-ester (4.45) do not form acetic acid salts 

under the same conditions. The Livn.m.r. spectrum of the triazine 

methyl ester (4.29) which also crystallised as an acetic acid 

solvate also showed a resonance at 62.24 for the methyl protons 

of acetic acid (see Fig. 4.10). 

Hydrazone (4.14) cyclised to yield compound (4.47) on 

attempted crystallisation from hot ethanol or even in cold ethanol; 

in the latter case the rate could be greatly accelerated by 

exposure of the solution to sunlight (t 4 v 35 mins.) as indicated 

by the u.v. spectrum (Fig. 4.14). A few drops of acetic acid 

added to the hot ethanolic solution considerably enhanced the rate 

of reaction in the former case. 

The i.r. spectrum of the cyclic product (4.47) was markedly 

different (Fig. 4.16) from the spectrum of the hydrazone (4.14) 

(Fig. 4.15) in the finger-print region and showed a sharp singlet 

at 2250 ent for the C=N absorption. In the hydrazone this band 

was centred at 2225 ee and was broadened because of the presence
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of two cyano groups. 

Cyclisation of hydrazone (4.15) on prolonged heating in 

glacial acetic acid yielded the acetic acid solvate of the amine 

(4.48). The unsolvated form (4.49) was obtained upon recrystall- 

isation of the solvate from dimethylformamide - ethanol. The 

assigned structure (4.49) was corroborated by spectroscopic 

evidence and elemental analysis data. The mass spectrum of the 

bicyclic product showed the expected peak at M/e 221 for the 

molecular ion, and the i.r. spectrum of this compound lacked the 

A 
absorption band at 2200 cm (C=N) and showed absorptions in the 

3200-3450 om! region (NH). 

Electronic absorption spectra of the aminotriazines 

The hydrazones (4.13-4.15) upon cyclisation showed a hypso- 

chromic shift of the major peak in their u.v. spectra with the 

appearance of three more prominent peaks (Fig. 4.13 and 4.14). It 

is generally accepted that an amino group in 1-deficient hetero- 

cycles exist as such®? and the presence of an N=N grouping may be 

giving rise to the long wavelength absorption which may be 

associated with the n> transition in the N=N chromophore. "** 

However, the u.v.-visible spectra (Table 4.2) of the 7-amino- 

imidazotriazines (4.45,4.47, 4.49) are strikingly similar to those 

of the imidazotriazin-7(4H)-ones (cf. Table 4.3, Page 106) and the 

possibility of a substantial 7(4H)-imino (4.50) contribution can 

not be discounted.
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R= CO, Et ,CONH, , CN 
(4.50) 

Table 4.2 

Electronic absorption spectra of 7-aminoimidazotriazines 

  

  

      
  

Compound Mak (nm) solvent 95% EtOH 

4.45 385, 317, 245*, 206 

4.47 386, 324*, 312, 245*, 206 

4.49 387, 314, 246*, 207 

* shoulder 

4.3.1.3 Miscellaneous hydrazones 

The hydrazones from diethyl acetone dicarboxylate (4.9) 

and from ethyl benzoylacetate (4.10) cyclised only with great 

difficulty upon prolonged heating in acid conditions to yield 

compounds (4.51; R=CH,CO,Et) and (4.52; R=Ph). It was found 

that the proportion of the cyclised material was increased 

considerably when acetic acid alone was used as solvent. The
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progress of the reactions was monitored by u.v. spectroscopy (Figs. 

4.17 and 4.18). These products were further characterised by i.r., 

du.n.mr. and mass spectroscopy. The mass spectrum of compound (4.51) 

showed an appropriate molecular ion at M/e 321. The elemental 

analysis of this compound revealed that it was monohydrate. Similarly 

compound (4.52) was also obtained as a monohydrate, but in this case 

it was probably a covalent hydrate (4.52a). This conclusion was 

corroborated by examination of the mass spectrum of the compound 

which showed a peak at M/e 329 corresponding to the covalent hydrate 

(4.52). This type of adduct has been reported previously’>. 

4.3.2 Base-catalysed cyclisations 

When ethanolic solutions of the hydrazones (4.6 - 4.15) were 

treated with alkali some interesting colour changes were observed 

(see page 62). On one occasion these intriguing colour trans- 

formations were recorded by ultraviolet spectroscopy. Upon 

addition of alkali to the solution of hydrazone (4.11) in 95% 

ethanol the colour of the solution intensified to dark orange and 

then rapidly decolourised. These colour transformations were 

attended by swift spectral changes (Fig. 4.19). The u.v. spectrum 

of the solution showed an absorption at 440 nm for the inter- 

mediate orange anion (4.53) and also displayed peaks at 390, 330 

(inflection) 252 and 207 nm. When the spectrum of the 

decolourised solution was re-run the absorption at 440 nm for 

the intermediate orange anion had disappeared as anticipated from 

the drastic colour change.
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A preparative-scale transformation of the hydrazone (4.11) in 

alkali followed the same course and the hydrazone rapidly dissolved 

in ethanolic potassium hydroxide producing an orange solution; an 

insoluble orange solid (4.53) immediately precipitated but slowly 

changed colour from orange to yellow. The u.v. spectrum of this 

product showed absorptions at 390, 330 (inflection) 252 and 207 nm 

(Fig. 4.19). The i.r. spectrum of the free acidic product (4.55) 

obtained by acidification of the salt (4.54) with dilute acid did 

not show the absorption at 1718 cui of the ethyl ester group. 

However the product retained the band at 1638 en of the ketonic 

carbonyl and also showed a new carbonyl peak at 1670 ont which 

could be attributable to C=O at position 7aoe The Liwn.mr. 

spectrum of the product was consistent with structure (4.55) and 

showed a multiplet for the benzoyl protons but did not show the 

corresponding resonances of the ester protons. The singlet for the 

imidazole (H-1) was observed at lower field than the corresponding 

proton of the original hydrazone. This bicyclic triazinone has 

been reported= previously to be formed from hydrazone (4.11) and 

dilute hydrochloric acid. (The u.v. and i.r. spectral properties 

of this compound were not publishea®§, When this previously 

described cyclisation was repeated it was found that at the end 

of the acid treatment the product was mainly unreacted hydrazone 

with traces of cyclic product (4.51) (as indicated by t.l.c. 

examination) and cyclisation with loss of ethanol only occurred 

when the mixture was basified with alkali.



95 

Scheme 4.7 

4.58; 

4.59; 

4.60; 

4.61; 

(4.58 - 4.61) 

ReAc 

R=COCH,| CO. Et 

R=CO Et 

R=CN



96 

This procedure was extended to the cyclisation of other 

hydrazones bearing an ester group (4.6, 4.7, 4.10, 4.12, 4.13). 

These hydrazones responded similarly to the alkaline treatment but 

the reaction in many cases was so fast that it was impossible to 

record any intermediate changes by u.v. spectroscopy. These 

hydrazones underwent spontaneous cyclisation to yield the bicyclic 

triazinones (4.58- 4.61). The general reaction of this type of 

cyclisation can be illustrated mechanistically by scheme (4.7). 

The hydrazones (4.6 and 4.7) obtained by coupling diazo- 

imidazole carboxamide with methylacetoacetate or ethylacetoacetate 

cyclised to form the same 6-acetylimidazotriazine (4.58) with the 

loss of either methanol or ethanol respectively; the products 

had identical livn.mer. spectra. The spectrum (TFA) in each case 

exhibited resonances for acetyl protons and an imidazole (H-1) ring 

proton. The mass spectrum showed a substantial peak for the 

molecular ion (M/e 221). The hydrazone (4.10) prepared by coupling 

diazoimidazocarboxamide with diethyl acetonedicarboxylate also 

cyclised in alkali with the loss of ethanol to yield a product 

tentatively assigned structure (4.59). (Scheme 4.8) on the 

grounds that its u.v. spectrum is nearly identical to that of the 

related triazinones (4.58, 4.60, 4.61). However, the isomeric 

pyridazin-dione structure (4.63) can not be excluded on the 

spectroscopic evidence. 

Those hydrazones (4.8) and (4.9) with acyl groups did not 

cyclise at all under basic conditions. When treated with alkali 

compounds (4.8) and (4.9) dissolved rapidly and the insoluble
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salts of the corresponding hydrazones were isolated (see page 62). 

The hydrazone (4.15) obtained from cyanoacetamide did not yield the 

expected triazinone (4.61) in alkali or in pyridine presumably 

because of the diminished propensity of the amido group to undergo 

nucleophilic addition (when compared with ester groups). However 

the triazinone (4.61) was prepared by the alternative route from 

the hydrazone (4.13). This hydrazone reacted slugglishly in cold 

alkali but cyclised rapidly in boiling ethanolic pyridine. 

Initially the insoluble pyridinium salt of the hydrazone (4.20) 

(see page 67) was formed and after prolonged heating the acidic 

triazinone (4.61) was isolated as an unstable pyridinium salt. The 

salt dissociated readily when stirred in ethanol. In a comparable 

reaction the triazolohydrazone (4.64) obtained by coupling the 

triazolyldiazonium salt with ethylcyanoacetate, cyclised in 

boiling pyridine to yield the triazolotriazinone (4.65) (Scheme 

4.10). It has been claimed that this triazinone is very acidic! > 

and obtained from reaction mixture as a stable pyridinium salt 

(4.66) which crystallised unchanged in boiling acetic acid. This 

contrast suggests that imidazotriazinone (4.61) is less acidic 

than the corresponding triazolotriazinone (4.65). 

Since the cyclic product (4.61) was also recovered in small 

amounts from the filtrate of the acid-catalysed cyclisation of 

hydrazone (4.13) to aminotriazine ester (4.45) it was considered 

that the oxo-nitrile (4.61) might have originated from the amino- 

ester by a base-catalysed ring-opening reaction similar to that 

observed in 1,2,3-benzotriazin-4 (3H) imines?©”, When the
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Scheme 4.12
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experiment was attempted no evidence for such a mechanism 

(Scheme 4.11) was obtained: and the amino-ester (4.45) was 

recovered unchanged from boiling pyridine. This strongly supports 

the earlier observations made by Gray and co-workers! tin the 

triazolotriazine series. 

The hydrazone (4.12) obtained from diethylmalonate under- 

went spontaneous cyclisation in alkali and the product (4.60) was 

isolated. This product proved to be identical to that formed by 

the acidic hydrolysis of amino-ester (4.45) (see page 119). 

Electronic and infrared spectra of imidazotriazinones 

Imidazotriazinones show several prominent and well-defined 

peaks in their electronic absorption spectra. The general shape 

of the spectra of all these triazinones (4.58 - 4.61) are similar 

and show slight variations in the absorption maxima with different 

substituents at C-6. These characteristics are listed in Table 

(4.3). The triazinones are potentially tautomeric and also very 

acidic, as may be deduced by their u.v. spectral properties. For 

example the spectrum of compound (4.58) was profoundly changed 

in alkali. This spectral change could be attributable to the 

formation of the anion (4.70) Fig (4.20). Similarly all the 

- other triazinones (4.55,4.59,4.60) showed the same characteristic 

differences in their u.v. spectra when treated with alkali. 

Compound (4.61) behaved differently and showed very little response 

to alkaline treatment (Table 4.3). In-all cases addition of 

acid to the alkaline solutions restored the spectra to those of 

the starting triazinone free acids.
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Table 4.3 

Electronic absorption maxima of imidazotriazinones 

  

  

      

Compound Solvent ax” (nm) 

4.55 A 378, 296, 257, 240* 

B 390, 328, 255 

4.58 A 376, 287, 243* 

B 382, 315, 250 

4.59 385, 295, 240* 

398, 320, 267 

4.60 A 3735279). 209% 

B 382, 301, 250 

4.61 382, 310*, 298, 283*, 244 

B 380, 310*, 293, 245 

enna A 376, 286, 250*, 240 
B 381, 310, 300, 242 

Solvent: A=95% EtOH 

B=95% EtOH+2N-Na0H 

C=obtained from the hydrolysis of 

*=inflection 

(4.61) (p.123) 

‘The i.r. spectra of the above triazinones showed a band at 

1660-1670 om > attributable to the carbonyl group at C-7. These 

values are in agreement with published values for aoa dctetasincnes! © 

The imidazotriazinones (4.55, 4.58-4.61) also showed broad absorption 

for bonded N-H between 3100-3500 cm. 
a



107 

Chapter 5 

5.1 lH-Pyrazolo|4,3-c|pyridazines 

A new general route has been discovered to the synthesis of 

substituted 1i-pyrazolo[4, 3-c] pyridazines (5.1) by thermal 

cyclisation of precursor hydrazones. 

4 

2 N 
o Ns 

aN | 

N; Z 
H 7 

(5.1) 

5.2 Synthesis of pyrazololylhydrahydrazones 

In previous studies 4-aminopyrazole-3-carboxamide ey has 

been Sieeatizeds > and coupled with dimethylamine to achieve a 

synthesis of 4-(3,3-dimethyltriazen-1-yl) pyrazole-3-carboxamide (5.4). 

This compound was required in the search for anti-leukaemic analogues 

of the isomeric 3-(3,3-dimethyltriazen-1-yl) pyrazole-4—carboxamide ae ce 

(5.5) scheme (5.1). 

4-Diazopyrazole-3-carboxamide (5.3) is less prone 

to.intramolecular cyclisation than the analogous 5-diazoimidazole- 

4-carboxamide (4.1). Coupling reactions were therefore initiated 

in_situ by the addition of ences methylene compounds to a buffered 

solution of diazopyrazole (5.3) in sodium acetate at 0°-5°. after 

stirring for a few hours the coupled products were collected. The 

crude products (5.6 - 5.8) could not be analysed because of their 

instability but were characterised by spectroscopy (u.v., i.x; 

luon.mr.) and their constitutions were confirmed by mass 

spectroscopy.
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The coupling reactions between diazopyrazole (5.3) and ethyl 

acetoacetate or methyl acetoacetate in sodium acetate buffer 

furnished the hydrazones (5.6 or 5.7) as pink solids. The u.v. 

spectra of these products were similar to those of the hydrazones 

(4.6 - 4.8) obtained from the coupling reaction between diazoimidazole 

carboxamide and reactive methylene compounds and showed absorptions 

at max 342 nm and 242 nm (cf. Table 4.1). The i.r. spectra of these 

compounds were consistent with proposed structures and showed the 

presence of three different cabronyl groups (see Experimental 

Section) and also showed absorptions between 3100 - 3400 cane 

(bonded N-H). Their luca.mer. spectra showed resonances for the 

corresponding ester protons and methyl protons (see Experimental 

Section). These spectra also showed a sharp one proton singlet 

at 68.22 (compound 5.6) or 68.16 (compound 5.7) which was assigned 

to H-5 of the pyrazole ring. (The NH proton was not observed). The 

absence of any other C-H resonance in the Li.asmex. spectra exclude 

the possibility for the presence of azo-tautomers. The assigned 

structures (5.6) and (5.7) were further confirmed by their mass 

spectra which showed an intense peak for the corresponding molecular 

ions at M/e 267 and M/e 253 respectively. 

The coupling reaction between diazopyrazole (5.3) and ethyl 

cyanoacetate furnished a yellow solid (5.8) (scheme 5.2), TALS 

hydrazone was intensely coloured and had characteristic u.v. 

absorptions in three bands at anor 405, 204 and 207 nm comparable 

with the absorption maxima of the related imidazolylhydrazones 

(4.13 - 4.15) Table (4.1) (see page 58). The Aan om.z. spectrum
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of the hydrazone (5.8) in Duso-, showed a one proton singlet at 

68.24 assigned to H-5 of the pyrazole ring and also showed the 

presence of two quartets centred at 64.3 and 63.5 and also contained 

an overlapping double triplet centred at 1.4. The multiplicities 

of these absorptions suggest the possible co-presence of two geometrical 

isomers (5.10a, 5.10b). 

5.3 Cyclisation of pyrazolylhydrazones 

The pyrazolylhydrazones were very unstable in hot ethanol 

(cf. imidazolyhydrazones page 59 ). The Acetyl-hydrazones (5.6 - 

5.7) were found to be more unstable than hydrazone (5.8) and 

underwent spontaneous dehydrative cyclisation to yield the 

corresponding 1i-pyrazolo[4, 3-c] pyridazines (5.14 and 5.15). A 

mechanism for this cyclisation is advanced in scheme (5.3). These 

formulations (5.14 and 5.15) were derived from a consideration of 

their spectral and analytical properties. The u.v. spectra of the 

cyclic products (5.14, 5.15) showed obvious changes compared to the 

starting materials with absorptions at Nias 313, 245 and 215 nm. 

Their i.r. spectra were also different and showed absorptions for 

two carbonyl groups and N-H bands. The ta.n.m.r. spectra of both 

compounds (5.14) and (5.15) did not show a resonance for the 

pyrazole C-H proton observed in the hydrazones; the only CH 

protons were those of the respective ester groups (see Experimental 

Section) and 7-methyl protons. As adjudged by their 1a numr. 

spectra compounds (5.14) and (5.15) in DMSO-d, exist exclusively 

as 7-methyl tautomers in contrast with the analogous substituted 

imidazotriazines (see page 74 ) where the 7-methylenic forms 

(4.29 - 4.32) are preferred.
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The hydrazone (5.9) surprisingly also cyclised thermally on 

prolonged boiling in ethanol with the involvement of the ester 

carbonyl group and a creamy crystalline product (5.16) was isolated. 

Evidently the pyrazole ring carbon is very highly susceptible to 

electrophilic attack due to its t-excessive character. 

The i.r. spectrum of the product showed a sharp absorption 

2 (C=N) and also carbonyl absorptions at 1670 en > and at 2238 cm 

1660 om >. The electronic absorption spectra of the product 

displayed maxima at 360, 282, 224 and 208 nm (cf hydrazone (5.9)). 

The H.n.m.r. spectrum showed no resonances for pyrazole C-H or 

N-H. The mass spectrum showed an appropriate molecular ion 

(M/e 204) and the product analysed as a hydrate.
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Chapter 6 

Properties of imidazo[5,1-c| [1,2,4]| triazines 

6.1 Physical properties 

All imidazotriazines made during the course of this work are 

yellow solids with melting-points usually greater than 250°C; 7- 

methylene derivatives have comparatively lower melting points than 

the 7-amino or 7-oxo analogues which generally melted over 300°C. 

The triazinones are weak acids and can form salts with alkali: the 

aminotriazines are very weak bases and do not form salts with acids. 

These structural types can exist in different tautomeric forms 

(see page 74 and 87); detailed study on the tautomerism is 

beyond the scope of this work. The electronic absorption spectra 

of all these compounds (in 95% ethanol) showed absorptions between 

390-360 nm which is in agreement with the u.v. absorptions of many 

111, 113, 128-136 
other monocyclic and bicyclic 1,2,4-triazines in 

addition the triazinones and aminotriazines also showed absorption 

128-135, 137, 138 
bands between 295-260 nm The first absorption 

has been attributed to an n*m* transition whereas the latter band 

is due to m1* transition!34/435, 

All imidazotriazines are insoluble in water and only sparingly 

soluble in ethanol. Purification by recrystallisation proved to 

be difficult due to their lack of solubility in many conventional 

organic solvents. Many of these compounds crystallised as 

hydrates, and some showed a tendency to form solvates with protic 

solvents such as acetic acid or ethanol.
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6.2 Chemical properties 

6.2.1 Acetylation 

The 7-methyleneimidazotriazine (4.29) was readily acetylated 

when heated in an acetic anhydride-acetic acid mixture at 95°C. 

The product analysed as a mono-acetyl derivative. The mass 

spectrum was consistent with the analysis and showed a peak at 

M/e 277 for the molecular ion. The compound is tentatively 

assigned structure (6.1) although a C-acetyl structure cannot be 

excluded. The spectral properties of this compound are recorded 

in the Experimental section. 

The 7-Aminoimidazotriazine ester (4.45) was also successfully 

acetylated in boiling acetic anhydride-acetic acid and yielded a 

mono-acetylated product. The u.v. spectrum of this compound was 

nearly identical to that of the starting amine (4.45) and is 

tentatively formulated as the 7-acetylaminoimidazotriazine (6.2). 

However, the u.v. spectra of all the 7-aminotriazines are strikingly 

similar to those of the triazin-7(4H)-ones and the possibility 

that this derivative is the 4-acetyltriazine (6.3) cannot be 

excluded. The mono-acetyl compound was characterised by 

spectroscopy (u.v., i.r. and 1iin.m.r.) and an appropriate peak 

at M/e 292 for the molecular ion was observed in the mass spectrum. 

6.2.2 Acid Hydrolysis 

The aminoimidazotriazine ester (4.45) when treated with hot 

6N-hydrochloric acid gave a yellow solution from which no solid 

separated even after prolonged cooling. Evaporation of the
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hydrochloric acid under reduced pressure yielded an impure gum 

T.l.c. analysis of this product revealed the presence of four 

poorly separated components. However, the amino ester (4.45) was 

selectively hydrolysed with hot 2N-hydrochloric acid and furnished 

a feathery cream-coloured crystalline product which was assigned 

structure (4.60). (Scheme 6.3; The structure assignment was 

corroborated by the spectral evidence. The u.v. absorption band 

of this product acquired the general shape of related triazinones 

(Fig. 6.1) (Table 4.3) (see page 106), The i.r. spectrum (Fig. 6.2) 

showed absorptions for ester carbonyl at 1713 en > and also the 

triazinone carbonyl at 1663 oni this latter absorption is a 

common feature of the various substituted triazinones (see 

Experimental section). The liwnwmer. spectrum of this product in 

DMSO-d. showed the presence of characteristic resonances of an 

ethyl group. The presence of a peak at M/e 251 for the molecular 

ion further confirmed the assigned structure (4.60)which analysed 

as a monohydrate. The hydrolysed product was also identical to 

the triazinone obtained from the alkaline cyclisation of hydrazone 

(4.12) (see page 103). 

The oxo-ester (4.66) like all triazinones of this series 

was strongly acidic, and dissolved in sodium bicarbonate (without 

effervescence); a sodium salt (6.4) separated from the clear 

solution. This salt (6.4) also analysed as a monohydrate. The 

extensively delocalised ionic charge on the nucleus of (6.4) 

elicited a considerable change in the electronic absorption 

properties of the anion when compared to the free acid. For
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example the u.v. absorption peak at rae 279 nm. for the free acid 

(4.60) was shifted to qa 300 nm and the peak at 372 nm to 382 nm 

in the sodium salt (Fig. 6.1). The carbonyl band (ester) at 

yi7Ls on of the triazinone (4.60) was observed at lower frequency 

(1698 cm +) in the i.r. spectrum of the salt (Fig. 6.3). The u.v. 

and i.r. spectra of the compound (4.60) and its salt (6.4) 

conclusively indicated that these transformations were reversible- 

addition of acid liberated the free triazinone (4.60) while 

treatment with alkali regenerated the salt (6.4). 

The oxo-ester (4.60) was hydrolysed smoothly when treated with 

sodium hydroxide at room temperature to form the sodium salt of the 

imidazotriazine carboxylic acid (6.5). Contrary to expectations the 

salt when acidified with 2N-hydrochloric acid yielded a stable cyclic 

B-ketoacid (6.5) and not the expected imidazotriazinone (6.6). 

It is worth noting that in an analogous hydrolysis the pyrazolo- 

[1,2,4] triazine amino-ester (6.7; X=CH) and triazolo[1,2,4]- 

triazine amino-ester (6.7; X=N) underwent spontaneous decarboxy- 

lation to yield the corresponding triazinones (6.8; xecu) 146 and 

(6.8; xen) 24+ respectively. In contrast acid (6.5) was found to 

be reasonably stable in acids at room temperatures and also in 

hot ethanol, although it underwent thermal decarboxylation at | 

elevated temperature. This was indicated by a peak at M/e 179 

(meCO,) when the mass spectrum was recorded with an inlet 

temperature of 300°C. No trace of the peak at M/e 222 was 

observed. Acid (6.7) analysed as a monohydrate.
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When the acid (6.5) was heated in 5N-hydrochloric acid a 

yellow solid was obtained from the reaction mixture. The mass 

spectrum of this product again showed a peak at M/e 179 

consistent with the formulation CgHeN5O2 and the elemental 

analysis tentatively suggested that this new product was possibly 

the imidazotriazinone monohydrochloride hydrate (6.9). 

The oxo-nitrile (4.61) hydrolysed in hot polyphosphoric 

acid to yield the amide (6.10). The i.r. spectrum of the product 

showed no absorption for a cyano group, and its u.v. spectrum was 

nearly identical to those of related triazinones. (See table 4.3, 

Page 106). The structure assignment was confirmed by mass 

spectrometry and microanalysis. 

6.2.3 Reactions with amino nucleophiles 

Although the amino ester (4.45) failed to ammonolyse in 

saturated ethanolic ammonia to yield the corresponding amide 

(6.11), it reacted readily with hot secondary amines such as 

piperidine, pyrrolidine, morpholine, and N-methylpiperazine to 

furnish compounds (6.12-6.15). The reaction of (4.45) with hot 

2,6-dimethylpiperidine was unsuccessful and the amino ester (4.45) 

was recovered unchanged. All amides (6.12-6.15) (scheme 6.3) 

showed nearly identical u.v. eeeees and retained the typical 

absorption bands of amino ester (4.45) attributable to the N=N 

Chromaphore’*". The addition of 2N-hydrochloric acid to the 

amino ester (4.45) produced very little hypsochromic shift 

whereas this effect on protonation was quite pronounced in the 

amides (Table 6.1 ).
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The peaks at 310-312 nm underwent a hypsochromic shift upon 

addition of acid and observed at 278-281 nm whereas the peaks at 

higher wavelength remain unaltered. The main absorptions in the 

i.r. spectra of the amides were also similar and they all showed 

carbonyl absorptions between 3050-3400 for C-H and N-H groups. 

6.2.4 Reactions of aminonitriles with formamide and guanidine 

An old but still widely employed method for accomplishing the 

overall conversion of o-aminonitrile to a fused aminopyrimidine is 

achieved by heating the former compound with formamide or Gusniciae: 2 

The aminonitrile (4.47) failed to react with formamide when 

heated on a water-bath. However, the aminonitrile reacted in 

boiling formamide to yield the fused tricyclic aminopyrimidine 

(6.18) via an intermediate formamidine (6.16). The product was 

most efficiently purified by vacuum sublimation. 

Analogously, interaction of guanidine and aminonitrile!4° 

(4.47) yielded the diaminopyrimidoimidazotriazine (6.19). This 

procedure for the synthesis of hetero-fused diaminopyrimidines 

has considerable applications because of the many biological 

properties of such systems, (e.g. Al areticuanie and antileukaemic 
143,144 

activities). Some difficulty was encountered in attempting to 

optimise the conditions for reaction. The aminonitrile (4.47) was 

eventually reacted at elevated temperature with excess of free 

guanidine base to yield the tricyclic diaminopyrimidine (6.19) 

(Scheme 6.4) in 50% yield.



The reactions of imidazotriazines with hydrazine derivatives 

are described in the following chapter. 

Table 6.1 

Electronic absorption spectra of 7-aminoimidazo [s,1-c] fio al - 

  

  

triazine-6-carboxamides 

Compound Solvent Max (nm) 

Bode 383, 310, 

B 380, 277 

6.13 384, 312 

B 380, 278 

6.14 383, 311, 

B 381, 281,~ 

6.15 A 382, 310 

B 380, 274       
A = 95% EtOH 

B = 95% EtOH+2N-Hcl.
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Chapter 7 

7.1 Reactions ‘of ‘hydrazine derivatives with imidazo[5;1+c] [i,2,81- 

triazines. 

The reactions of hydrazine derivatives with various hetero- 

cycles leading to ring-fission and recyclisation have been reported 

45, 70-77 ,113,145 
in the literature on various occasions Reaction 

CONH> CONH 
N SS Sy H2NENH> Rela 

Be ‘ N 
A ~CO2Et NCA connty 
NH2 NH2 

(4.45) (7.1) 

of the aminoimidazotriazine ester (4.45) with hydrazine hydrate in an 

apparently straightforward attempt to obtain the corresponding 

hydrazide (7.1) led to the isolation of an orange product. 

Spectroscopic examination of the orange compound suggested that it 

was not the expected hydrazide (7.1). The u.v. spectrum of this 

compound lost all characteristic absorptions of the precursor amino- 

ester (4.45) and showed a main absorption at 425 nm; the shape of 

the spectrum suggested that it was no longer a bicyclic triazine and 

it was assigned the structure (7.6) on the basis of analogous 

reactions in the pyrazolotriazine series’? 2) The i.r. spectrum was 

consistent with the assigned structure and showed a strong carbonyl 

absorption at 1665 eye which is in close agreement with the values 

(1665-1685 en +) observed in 4-arylazo-3-methylpyrazolin-5-ones*°
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1 
and pyrazol-3-ylazopyrazolones a for the endocyclic carbonyl group. 

The i.r. spectrum also indicated that bonded NH/OH groups were 

present. 

Two possible mechanistic routes could be envisaged for this 

reaction. 

Route a 

Ethyl-7-aminopyrazolo {s ’ 1-c] a ole 4] triazine-4-carboxylate 

(7.2) yielded an isolable pyrazolotriazine carbohydrazide (7.3) by 

/ 
the interaction with hydrazine hydrate. In contrast apparently the 

Nw N 

   

~'N a: yn 

HaN.NH9 < 

NN. 2 copet Eto NNN ScONHNH2 
NH2 NH 

(7.2) (7.3) 

reaction of hydrazine hydrate in the case of aminoimidazotriazine 

ester (4.45) did not stop at the carbohydrazide stage (7.1). It 

could be envisaged that the carbohydrazido group underwent further 

reaction involving intramolecular nucleophilic attack at the 

electrophilic C-7 position (Scheme 7.1). 

Route b 

This alternative mechanism implies that the reaction may 

follow a different course and it appeared possible that the 

hydrazine did not react initially with the ester carbonyl but at 

C-7 of the triazine ring. The ring-opened amidrazone then
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re-cyclised with the elimination of ethanol to yield the orange 

product (7.6) (Scheme 7.2). 

Analogously the interaction of hydrazine hydrate and the 

imidazotriazinone (4.61) yielded the same imidazoazopyrazolone 

(7.6) as outlined in (Scheme 7.3) via an intermediate carbohydrazide 

(7.8). 

The reaction of hydrazine hydrate with pyrazolotriazine ester 

(7.2) was re-examined! 4> in the light of present findings; but 

every time the corresponding carbohydrazide (7.3) was isolated. 

When the reaction was conducted under forcing conditions by 

heating in a slight excess of hydrazine hydrate the compound 

degraded and very small amount of an orange solid deposited on the 

side of glass vessel. The u.v. spectrum of the product (Table 7.1) 

suggested that it might have undergone the same type of reaction as 

shown by schemes (7.1 and 7.2) to yield the pyrazol-3-ylazopyrazolones 

(7.9) (Scheme 7.4). The i.r. spectrum of this compound (7.9) showed 

* 1 
absorption bands at 3450-3150 cm (N-H) and 1665 cm (C=0). 

The amino-ester (4.45) and triazinone (4.61) did not react 

with phenylhydrazine and only the starting materials were recovered 

unchanged. 

The cyano-aminotriazine (4.47) reacted very smoothly with 

hydrazine hydrate to yield the imidazo-5-ylazodiaminopyrazole 

(7,10) (Scheme 7.5). An alternative route to obtain the same 

compound (7.10) from the coupling of diazoimidazole carboxamide
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(4.2) with 3,5-diaminopyrazole (7.11) proved unsuccessful. The 

compound (7.10) was characterised by spectroscopy (i.r. and u.v.) 

and its constitution confirmed by mass spectrometry ie 235) and 

analytical data. 

Analogous products were obtained by the ring fission of other 

imidazotriazines having an ester or keto substituent at position C-6. 

Thus imidazotriazine ester (4.29 or 4.30) or 6-acetyltriazinone 

reacted with hydrazine hydrate to yield the same imidazol-5-ylazo- 

methylpyrazolone (7.12 eH) + Similarly interaction of the compounds 

(4.29 or 4.30) or (4.58) with phenylhydrazine furnished the imidazol- 

5-ylazomethyl-N-phenylpyrazolone (7.12; REPh). Both compounds are 

highly coloured; compound (7.123 REE) is deep orange and showed an 

absorption at Ae 408 nm and compound (7.12; RePh) is deep red 

Aart 425 nm). The i.r. spectrum of compound (7.12; RH) showed a 

1 - L 
absorptions at 3300 cm (N-H) and at 1678 cm (N-H) and at 1678 cm 

(C=O). The liinumr. spectrum (TFA) was consistent with the 

4 
formulation (7.12; R=H) and showed resonances for methyl proton 

‘ (82.72) and the imidazole H-2 proton (68.98). The N-phenyl analogue 

rh (7.12) RePh) showed a carbonyl absorption band at 1650 cm! and N-H/o 
a 

absorptions at 3100, 3400 cm. The 4y.n.m.x. spectrum (TFA) of this 

compound was also in accord with the structure assignment and showed 

resonance as singlets at 62.58, 57.58 and 68.92 for methyl, phenyl 

and imidazole protons respectively. 

4 
Further support for the assigned structures (7.12; R=H and
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RePh) was provided from their identity with the products obtained by 

the coupling reactions of diazoimidazocarboxamide (4.2) with methyl- 

pyrazolone (7.13; RSH) and methyl-N-phenylpyrazolone (7.13; Ph) . 

The compounds (7.13; REH or Ph) were themselves synthesised from 

the reaction of ethylacetoacetate with the corresponding hydrazine 

derivatives (Scheme 7.6). 

The 3-phenyl (7.15; R=H) and 1,3-diphenylazopyrazolones 

(7.15; R=Ph) were prepared in the same fashion as described 

previously by heating the ethyl 7-phenylimidazotriazine-6- 

carboxylate (4.52) or the 6-benzoyltriazinone (4.55) with hydrazine 

derivatives (scheme 7.7). The same two compounds (7.15; R=H or 

Ph) were alternatively prepared from the coupling reaction between 

diazoimidazocarboxamide (4.2) and the substituted phenylpyrazolones 

(7.16; R=H or Ph). The latter two compounds were synthesised by 

the interaction of ethylbenzoylacetate (7.17) with hydrazine 

derivatives (Scheme 7.7). 

These two compounds (7.15; R=H or Ph) were very similar in 

their physical appearance to the compounds (7.12; Rei or Ph). 

Compound (7.15; R=H) was obtained as a deep orange solid and its 

N-phenyl isomer obtained as a deep red powder. The close 

similarity in the u.v. spectra (Table 7.1 ) with other imidazolyl- 

azopyrazolones conclusively categorises these compounds as 

being in the same class. The i.r. spectra of the compounds 

(7.15; R=H or Ph) also showed an absorption band at 1600 ena 

(C=0) and also absorptions between 3100-3450 en for multiple 

N-H groups. The luwnmer. and mass spectra and analytical data
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were in accord with the assigned structures. 

Table 7.1 

Electronic absorption spectra of azoloazoazoles 

  

  

Compound R ee (nm, solvent 95% EtOH 

7.6 425, 257* 

Tao 386, 275*, 247*, 227 

7.10 417, 265*, 257 

7.12 H 427, 247* 

7.12 Ph 405, 247* 

Fale, H 415, 275*, 237 

wea Ph 425, 275*, 247, 227     
  

* inflection 

7.2 Attempted cyclisations of imidazolylazo pyrazolones 

Attempts to effect the cyclodehydration of imidazolyazo 

Pyrazolones (7.18; R=Me, Ph; RisH, Ph) to obtain pyrazoloimidazo- 

triazines (7.19; R=Me, Ph; Risa, Ph) by heating the compounds in 

glacial acetic acid were unsuccessful. Treatment with hot 2N- 

hydrochloric acid which has proven successful on other occasions! 4> 

failed to effect cyclisation of these compounds and the products 

were recovered unchanged.
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Part Tir 

Experimental 

I.x. spectra were recorded as potassium bromide discs on a 

Unicam SP 200 spectrophotometer. 

U.v. spectra were recorded on a Unicam SP 8000 spectrophoto- 

meter (in 95% EtOH; asterisk indicates inflection). 

aynemirs spectra were recorded on a Varian A60-A spectro- 

meter, with tetramethyl silane as internal standard. All the 

peaks are assigned in terms of 6 values. Abbreviations used 

in the interpretation of the n.m.r. spectra are: s = singlet; 

d = doublet; t = triplet; q = quartet; m = multiplet; 

J = coupling contstant (Ha). 

Mass spectra were measured at 70 eV on a V.G. Micromass 12B 

single focusing spectrometer with a source temperature in the 

range 300°C; ut signifies the molecular ion peak observed. 

Melting points are uncorrected.
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Chapter 8 

Experimental 

5-Diazoimidazole—4-carboxamide (4.2) 

A solution of 5-aminoimidazole-4-carboxamide (10.g) in 1N. 

hydrochloric acid (80 ml) was added dropwise to a solution of 

sodium nitrite (4.7g) in water (120 ml) at o°C. A crystalline 

precipitate began to form after a small portion of the amino- 

imidazole solution has been added; after about 90% of the amino- 

imidazole solution has been added the reaction mixture began to 

assume a pink colour. The addition was discontinued and the 

solid (85%) was removed by filtration, washed three times with 

20 ml portions of water, dried in vacuo over Phosphorous 

9 
pentoxide m.p. 207-210°C. (decomposed explosively) (Lit.°> 210°); 

ymax, 3450, 3350 (N-H), 2210 cm? (CEN). 

Methyl 2-(4-carbomylimidazol-5-ylhydrazono) acetoacetate (4.6) 

5-Diazoimidazole-4-carboxamide (1.37g) in absolute ethanol 

(25 ml) was stirred with methylacetoacete (1.5g) in the dark at 

room temperature for 2 days. The pink solid was collected by 

filtration and washed with ethanol; yield (2.1g), mp. 230- 

235°C (Found: C,42.3; H,4-4; M*, 253.081097.C requires 11 N54 
* 

C, 42.6; H, 4.3%; M,25308093); 1. 342, 250° 205 nm; ymax 

3500 (N-H) 3300, 3250 (bonded N-#) 1718 (CO,Me) 1620-1625 cm 

(C=O, Keto/amide); §& (DMSO-d,) 2.16 (3H,s,CH,-CO) , 3.80 (3H,s,- 

CH,-CO,) a (eae (2H,NH,) , 7,.9(1H,s,imidazo H-2).
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The above method was used to prepare the following hydrazones 

from 5-diazoimidazole—4—carboxamide and reactive methylenic 

compounds (1.5 mol. equiv.) in ethanol. 

Ethyl 2-(4-carbamoylimidazol-5-ylhydrazono) acetoacetate (4.7) 

Obtained as a pink solid (88%) after stirring for 3 days, m.p. 145- 

146°C (from ethanol) quae. ©, Mp. 145°C). Nae 342, 250°, 206 nm; 

a 
Tors 3480 (N-H) 3300, 3150 cm (bonded N-H), 1705 (CO,Et), 

1625 cm? (cso). 

3- (4-Carbomylimidazol-5-ylhydrazone) pentan-2-4-dione (4.8) pink 

solid obtained after 3 days (80%), m.p. 193-196°C (nit®? 196°C) 

ax? 346, 255°, 204 nm; Tax” 3400 (free N-H), 3320, 3190 

(bonded N-H), 1688, 1650 cm /(c=0). 

A suspension of hydrazone (4.8) (0.5g) in ethanol (10 ml) 

formed a deep yellow solution when 1% ethanolic potassium 

hydroxide (3 ml) was added. The precipitated potassium salt of 

(4.8) was recovered in 70% yield, m.p.>250°C. Anax’ 425+ 262" 

207 nm.y,,.,* 3350-3250 (bonded N-H), 1640, 1620 om +) (c=0). 

3-(4-carbamoylimidazol-5-ylhydrazono)benzoylacetone (4.9) 

Yellow solid (90%) obtained after stirring for 2 weeks, m.p. 

* 

156-160°C; Nae 347, 254 , 208, 204 nm; Venaset 3450 (free 

N-H), 3320, 3250 (bonded N-H), 1670, 1640, 1620 on? (C=0) , 

after washing with ethanol (Found: Mir 299.C requires Teigise3 
M,299) .
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Diethyl 2-(4-carbamoylimidazol-5-ylhydrazono) acetonedicarboxylate 

(4.10) buff crystalline solid obtained after two days (90%), m.p. 

ue2-164° it’, mp. 180-182°C); A __.344, 252*, 206 nm; 
max max. 

3450 (free N-H), 3350, 3180, 3150 (bonded N-H), 2995 (C-H), 1722, 

- 
1700 (C=0, ester), 1640 cm (C=O, amide). 

Ethyl 2 (4-carbamoylimidazol-5~ylhydrazono)benzoylacetate (4.11) 

pink solid (88%) obtained after 4 days, m.p. 145-146°C (£rom 

89 
ethanol) quit , M.p. 180-182°C) ; Amax 345+ 254*, 207 nm; Your" 

3460 (free N-H), 3250 (bonded N-H), 1718 (C=0), ester), 1630 om > 

(C=O, CONE.) . 

Diethyl 2-(4-carbamoylimidazol-5-ylhydrazono) malonate (4.12), 

solid (20%) obtained after stirring for 3-4 weeks, m.p. 1g0-190°C; 

after washing with ethanol (Found: ut 297.10731.C, ,H, .N,O, requires 

M, 297.10644); Xnax’ 345+ 235, 212 nm; Niuwx’ 3450 (free N-H) 3120 

(bonded N-H), 2950, 2800 (CH), 1700 (co,Et) 1662 (C=O, CONE.) . 

Ethyl 2-(4-carbamoylimidazol-5-ylhydrazono) cyanoacetate (4.13) 

yellow solid (85%) obtained after 5 days stirring, m.p. 230°C 

89 
(Lit’”, mp. 230°C); Xmax’ 3961 240*, 209, 206 nm; Ymax’ 23907 

3150 (bonded N-H), 2220 (C=N), 1710 (C=O, ester) 1628 on 

(C=O, amide). The hydrazone (4.13) afforded a pyridinium salt 

from boiling pyridine, m.p.>320°C (decomp.) Found: C,51.5; 

H,4.5; N,29.2 CoH NGO3- CoH EN requires C,51.1; H,4.6; N,29.8%), 

Xnax’ 406+ 263*, 250*, 250*, 247*, 207 nm, Ymax? 338° (free N-H), 

3110 (bonded N-H), 2205 (C=N), 1675 (C=O), ester), 1620 et 

(C=O, amide); 6(DMSO-d,) 1.36 (3H triplet, J=7Hz. CH,-CH,),
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4.3 (2H,q,J=6HZCH, -CH,) , 7.7(5H,m,pyridine), 8.75(1H,s,imidazole 

H-2). The hydrazone (4.13) also formed potassium salt (60%) 

by the method described (hydrazone 4.8). Careful neutralisation 

of the salt with 1N-hydrochloric acid liberated a different 

hydrazone, (Found: C,40.2; H,4.2.C oH, (N,03-H,0 requires C,40.3; 

H,4.4%); 1S 407, 255°, 205 nm; Ynax’ 3350, 3100 (bonded N-H), 

Hs 2220 (C=N), 1708 (small) (CO,Et), 1650 em (C=O). 

2-(4—Carbamoylimidazol-5—ylhydrazono)malononitrile (4.14) obtained 

as deep yellow solid by stirring overnight (85%), m.p. 240-245°C 

(decomp). The unstable hydrazone washed with excess ethanol 

a * & 
(Found: M 203.C,H.N_O requires M,203); Anax’ 385+ 257 , 227, 

207 nm, vues 3380 (free N-H) 3200, 3100 (bonded N-H), 2225 (C=N), 

1640 cm > (co, CONE.) . 

2~ (4-Carbamoylimidazol-5-ylhydrazono) cyanoacetamide (4.15) obtained 

as deep yellow solid (90%) after 24 hours, m.p. 190-195°C.  Re- 

crystallised from ethanol-dimethylformamide (Found: C,38.1; H,3.3; 

N,42.8; a’ ,221.06611. CoHIN20, requires C,38.0; H,3.2; N,44.3% 

M,221.06607), ie 408, 240, 211 nm; Rite 3380, 3290, 3120 (N-H) 

ae 2200 (C=N), 1705, 1650 cm (C=O, CONH,). 

Acid-catalysed cyclisations: of hydrazones 

Methyl 3-carbamoyl-4,7-dihydro-7-methyleneimidazo (5 r1-c] [72 14] - 

triazine-6-carboxylate (4.29).. Hydrazone (4.6) (1.0g) was heated 

under reflux in ethanol (10 ml) and acetic acid (10 ml for 3 hours. 

The cooled solution deposited golden crystals of the methyl 

triazine - carboxylate acetic acid solvate (88%) which crystallised
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from acetic acid with m.p. 250°C (decomp). (Found: C,44.8; 

+ H,4.3 M235. C.H.N.O,. CH,COnH requires C,44.8; H 4.48 M,235; 

fies 367, 296", 278, 267, 232 nm Views 3370, 3300 (N-H), 3200 

(br N-H) 2600-2400 (br bonded 0H), 1710 (CO,Me) 1695 (Ac), 

1642 (CONH,). §(TFA)2.23(2 H,S, CH,COOH), 4.1 (3 H,S,COCH,), 

5.92 (2 H,d, J=4Hz, CHy), 6.48 (2 H,d, J=4Hz, CHS), 952 

(1 H,s, imidazole H-1). The acetic acid solvate decomposed in 

boiling ethanol (2 hours). The unsolvated methyl triazine- 

carboxylate precipitated as a yellow powder, m.p. 250° (decomp. ) 

(Found: C,45.6; H,4.4; N,29.4; uy, 235.08176. CoN503 requires 

C,45.8; H3.8; N, 29.5%; M,235.08168). The same unsolvated 

methyltriazine carboxylate (85%) was formed when hydrazone (4.6) 

was boiled in ethanol alone. nae? 367 296*, 278*, 267, 232 nm; 

Yeo 3360 (N-H), 3150(br N-H), 1722 (CO,Me) , 1665 (CONE) 

8 (TFA) 4.1(3 H,S,CO,CH,) ,5.92(2 H,d,Jq4Hiz,CH,)6.48(2 H,d,J=4Hz, 

CH,) 9.12(1-H,s,imidazole H-1). 

The methyl triazine-carboxylate (4.29) formed a mono-acetyl 

derivative (6.1) when it was boiled in acetic anhydride for 0.5 

hour. The product (75%) crystallised from ethanol-dimethyl- 

formamide with m.p. 240-245°C (decomp). (Found: C,47.4; H,4.1; 

a’ ,277.08097. CH) N04 requires C,47.4; H,4.1%; M,277.08083); 

eee 372, 295*, 268 nm; Yous 3350, 3280 (N-H), 1729 and 1715 

(CO,Me) , 1685 cm * (Ac). 

Ethyl 3-carbamoyl-4, 7-dihydro-7-methyleneimidazo | 5 ri-g] iE ve 4J- 

triazine-6-carboxylate (4.30). Hydrazone (4.7) (1.0g) was boiled
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in ethanol (10 ml) and acetic acid (10 ml) for 4 hours. The cooled 

mixture deposited yellow crystals of the ethyl triazine-carboxylate 

(0.8g), m.p. 270°C (decomp). Recrystallised from ethanol-acetic 

acid (Found: C,47.7; H,4.4; N,27.7; a 249.086183. Cy 97114593, 

requires C,48.2; H,4.4; N,28.1%; M,249.08675) ; Aaa 367, 298, 278*, 

267, 235 nm; Ymax 3330 (NH), 3180) (br, N-H), 1720 (CO,Et), 

a 
1699 cm (CONES) 7 S(TPA), 1.5 (3H., t, J=6Hz, CH ~CH), 4.5 (2 8, 

2 

q, J=8Hz, CH,-CH), 5.9(2 H,d, J=5Hz, CH.) , 6.5 (2 H, d, J#5Hz, 

CH.) , 6.5 (2H, d, J=5Hz), 9.12 (1 H, s, imidazole H-l1). From the 

acidic filtrate of the above compound (4.30) orange crystals of the 

covalent ethanolate (4.39) of imidazotriazine ester (4.30) obtained. 

The ethanolate had m.p. 175° (with resolidification at 190°C, 

finally melts at 245° (decomp). (Found: C,46.3; H,6.3; N, 23.1; 

ut 295.C¢. O,-H,O requires C,46.0; H,6.1; N,22.5%; M,295); agai seate2 
Aman 2387 246, 225 nm; Y,,, 3495; 3390, 328 (N-H); 3150 (br N-H), 

1700 (CO,Et), 1650 (CONH,), 1140 om! (oEt). 

6~Acety1-3-carbamoy1-4,7-dihydro-7-methyleneimidazo[5,1-c] [1,2,4]- 

triazine (4.31). 

Cyclisation of 3-(4-carbamoylimidazol-5-ylhydrazono) pentan- 

2,4-dione (4.8) in boiling acetic acid and ethanol as above 

yielded the acetyltriazine (85%) m.p. 250°C (decomp) . pecerecaiiiead 

from acetic acid-ethanol (rat ®” m.p. 226-227°C for the compound 

claimed. to be (4.23)]. (Found: C,49.2; #,4.3; M'219.CH.N,O, 

requires C,49.3; H,4.1; M‘219); a 366, 279*, 270*, 253, 242 nm; 

y eae 3460 (N-H) 3220-3120 (br N-H), 1670 on (br AC and CONH,) +
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Q(TFA) 2.7 (3-H, s, COCH,), 5.9 (2-H, 4) Jediz, CH), 6.62 

(2-H, d, J=4Hz, CB), 9.14 (1 H, s, imidazole H-1). 

6~Benzoy1-3-Carbamoyl—4 ,7—dihydro~7-methyleneimidazo[5,1-c] [1,2,4]- 

triazine (4.32). a 

3- (4-Carbamoylimidazol-5-ylhydrazono)benzoylacetone (4.11) 

(1.0g) was heated under reflux in acetic acid - ethanol mixture 

(1:1) (20 ml) for 4 hours. The volume of the reaction mixture 

was reduced by half under vacuum. The crystals of the yellow 

benzoyltriazine (65%) were deposited when the mixture was diluted 

with water, recrystallised from acetic acid-ethanol, m.p. 260-265°C 

(decomp). (Found: C,58.3; H,5.0; May 281,091268.C, ,8, |N.0,-H,O 

requires C,57.9; H,4.5%; M,281.09151); aS 364, 258, 226 nm; 

Ynax 32460, 3400 (N-H), 3200 (br,N-H), 1650 omy w(eeland CONE.) ; 

6)TFA) 5.94 (2H, s, CH), 7.8(5 H, m, CoH..CO), 9.14(1 H, s, 

imidazole H-1). 

Ethyl 7-amino-3—carbamoylimidazo &,1-<)[2 20 4) triazine-6~carboxy- 

diate (4.45). 

A solution of hydrazone (4.13) (1.0g) in ethanol (10m) and 

acetic acid (10 ml) was boiled for 0.5h. Pink crystals of the 

aminoimidazotriazine acetic acid solvate (4.44) deposited from 

hot solution, m.p. 360°C (decomp). Recrystallised from acetic 

acid (Found: C,42.4; H,4.7; N,26.8; M‘250.c H, .N.0..CH,CO,H 
9°10°6°3 3 2 

requires C,42.6; H,4.5; N.27.0%; M,310-60 (M-CH,COOH) eer 382, 3 
330*, 316, 307*, 244, 206 nm, y__.. 3398 (N-H) 3180, 3020, 

(N-H, bonded), 1695 (CO,Et) , 1630 cm? (CONE) O(TFA)1.5(3 H, t,
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J=8Hz, a, 3 

imidazole H-1). The acetyl-derivative (6.3) was formed in 80% 

CH), 4.56 (2H, 4, J=7Hz, CH,-CH)), 9.22 (1H, s, 

yield when the aminoimidazotriazine (4.45) (0.5g) was boiled in 

acetic anhydride-acetic acid (1:1) (10 ml) for 2 hours. The 

light yellow product had m.p. 350° (decomp) - (Found: C,44.8; 

H,4.0; N,28.9; M°292.C ©, requires C,45.2; H,4.1; N,28.8%; 1171 2% 64 
M,292)  Agags 386, 328%, 314, 240%, 206 nm; 7,,, 3400, 3340 (N-H), 

3070 (NHAC), 1720 (CO,Et), 1685 (NHAC), 1635 cm (CONE,); 5 (TFA) 

1.5 (3-H, t, de6Hz, CH,-CH,), 2.62(3 H, s, N-CO.CH,), 4.58 (2 H, 
2 

q, J=7Hz, CH), 9.13 (1H, s, imidazole H-1). 
ae 

7-Amino-3-Carbamoy1-6-cyanoimidazo(5,1~c] [1,2,4] triazine (4.47). 

Cyclisation of hydrazone (4.14) (1.0g) in a mixture of boiling 

ethanol and acetic acid (10:1) (15 ml) for 0.5 hour afforded the 

deep yellow aminonitrile (95%), m.p. 350-360°C (decomp.), recry- 

stallised from dimethylformamide-ethanol (Found: C,41.2; H,2.5% 

N,48.0; ut, 203.05555.C H.N.O requires C,41.4; H,2.5; N,48.3% 

M,203.05501) Nnax 390, 325*, 312, 305*, 205 nm; Neawee 3440, 3330, 

i 
3260 (N-H), 3130 (br N-H) 2250 (C=N), 1660 con (CONE) 7 6 (TFA) 

9.12 (1H,s,imidazole H-1). 

7-Amino-3-carbamoylimidazo [5,1-¢] (2741 triazine-6-carboxamide 

(4.49) 

Hydrazone (4.15) (1.0g) was boiled in glacial acetic acid 

(15 ml) for 2 hours. The precipitated yellow solid was collected, 

stirred in aqueous 1N-sodium hydroxide and washed with water. 

The triazine-carboxamide (85%) which could not be crystallised
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had m.p. 320°C (decomp.) Found C,38.0; #,3.0 M’, 221.C_#.N_0, 

requires C,38.0; H,3.2%; M,221); ae 390, 325*, 313, 246, 206 nm; 

3400, 3350, 3250 (N-H}, 3150 (br N-H) 1680 and 1660 (CONE) « 

Ethyl-3—Carbamoy1-4,7-dihydro-7-ethoxycarbonylmethy leneimidazo— 
TE ,lidl 1, 2,4] triazine-6-carboxylate. (4.50) 

The hydrazone (4.10) (1.0g) was heated under reflux in 

Glacial acetic acid (20 ml) for 48 hours. A yellow microcrystalline 

solid (0.75g) was deposited from the solution on cooling. 

Recrystallised from glacial acetic acid, M.p. 220 (decomp). 

(Found: C,46.1; H,5.1; M’, 321.10731.¢ 0.3H.O requires C, 13715%505-Eo 
46.0; H,5.0%; M,321-10687); A,,,. 385, 297, 241, 206 nm; Y,,, 

(hydrate) 3340 (br N-H), 3150 (br N-H), 1700 (CO,Et) 1650 cm 

(CONE, ) . 

Ethy1-3-carbamoyl-7-phenylimidazo (5 pi-c] {2 2 4] triazine-6-carboxy- 

late (4.51). 

Ethyl 2-(4-carbamoylimidazol-5-ylhydrazono) benzoylacetate 

(4.11) (1.0g) was boiled in ethanolic acetic acid (1:1, 20 ml) 

for 24 hours. The crude precipitated product, possibly the 

triazine-carboxylate (4.51) had m.p. 295°C (decomp. ) (ec. £5 mp. 

145°C for starting material) and could not be further purified 

(Found: ut 311. 10183 Cy gH, N53 requires M,311.10119 

A. ° 368, 290* 253 nm; Nex 3300-3100 (br N-H), 1705 (co,Et) 
max’ 

1630 (CONE, ) .
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Base-catalysed cyclisations of hydrazones 

6-Benzoy1-3-carbamoylimidazo B,1-<] (L,2,4]txiazin-7-(4H) one (4.55) 

The hydrazone (4.11) (1.0g) was stirred at room temperature in 

1% alcoholic potassium hydroxide (15 ml). The orange product 

immediately precipitated out and slowly changed into deep yellow 

Solid. The stirring was continued for 5 hours. The yellow 

product was acidified with lN-hydrochloric acid and the product 

(85%) was collected by filtration. Recrystallised from dimethyl- 

oF m.p.>250°C) . The same fovmantde-ethanolp) mips 23000c Git. 

triazinone (55%) was obtained from hydrazone (4.11) in boiling 

ethanolic pyridine. (Found: C,55.3; H,3.29; N,24.49; M+ 

283.C, ,H03N, requires C 55.12; H 3.20; N,24.7%; M,283); 

as 378, 296, 257, 240, 207 nm; ae 3400, 3270 (N-H), 1670 (Bz 

and C=0) 1635 cm" (CONE,). 

6-Acetyl-3-carbamoylimidazo[5,1-c] [1,2,4] triazin-7(4H)-one. (4.58) 

A solution of hydrazone (4.6) (1.0g) in 1% alcoholic potassium 

hydroxide was stirred (5 hr) and the mixture was acidified with 

1N-hydrochloric acid. The precipitated benzoyltriazinone (85%) 

crystallised from dimethylformamide-ethanol with m.p.>300°C (decomp. ) 

(Found: C,41.8; H,3.55; N,29.9; Mt’ ,221. Co N.O,.0.5H,O requires 
DS 2 

C,41.7; H,3.5; N,30.4: M,221). The same triazinone (4.58) was 

prepared from hydrazone (4.7) and 1% alcoholic potassium hydroxide 

(as above) in 70% yield or by boiling hydrazones (4.6) or (4.7) 

in 50% ethanolic pyridine for 2 hours, yield 45%; or 376, 289, 

250*, 207 nm; Vee’ (hemihydrate) 3500, 3450, 3350 (N-H), 3150
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(br N-H) 1710(AC), 1665 em) (c=0 and CONE, 7 S(TFA) 2.82(3 H,s,CH,. 

CO), 9.02(1 H,s,imidazole H 1). 

Ethyl 2-{3-Carbamoyl-4 ,7-dihydro-7-oxoimidazo {s ’ 1c] fa; 2, 4] triazin- 

6-carbonyl}acetate (4.59). 

Hydrazone (4.10) (1.0g) was stirred in 10% alcoholic potassium 

hydroxide (25 ml) for 5 hours and the precipitated yellow salt 

(95%) was acidified with iN-hydrochloric acid crystallised from 

dimethylformamide-ethanol with m.p.320°C (decomp.) (Found: C,44.0; 

H,4.1; N,23.3; M*,293.076011. C._H. NO +0.5H,0 requires C,43.7; Liles 

H,4.0; N.23.2%; M,293.07574); as 385, 295, 240, 207 nm; Yous’ 

3380(N-H), 3200(br N-H/O-H), 1700 (CO,Et) , 1670 om + (C=O and 

CONE.) 7 6 (TFA) 1.4 (3 H,t,J°7H,,CH-CH,), 4.5 (2H ,q,J=8Hz,CH,-CH,), 

4.35(2 H,s,CH,), 9.02(1 H,s,imidazole H-1). 

3-Carbamoyl-6-cyanoimidazo[5,1-c][l,2,4] triazin~7(4H)-one (4.61). 
Hydrazone (4.13) (1.0g) was boiled in pyridine (10 ml) and 

ethanol (15 ml) for 4 hours. The Precipitated yellow solid was 

collected and recrystallised from dimethyl formamide-ethanol and 

afforded the triazinone (0.8g), m.p.>300°C (decomp.) Found: 

C,41.3; H,2.2; N,41.2; M" ,204.C,8,N,0, requires C,41.2; #,2.0; 
N,41.2%; M,204); ae 384, 310*, 298, 288*, 244, 206 nm; Nina 

3410 (N-H) 2220(C=N), 1673 em (C=0 and CONE.) . 

3,6-Dicarbamoylimidazo (5 s1-c] [ps2 14] triazin-7(4H)-one (6.10) 

Cyanoimidazotriazinone (4.61) (0.5g) was boiled in poly- 

Phosphoric acid (3 ml) for 4 hours. The cooled diluted solution 

was neutralised with sodium carbonate and the yellow product
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collected (0.4g). Crystallisation from dimethyl formamide-ethanol 

afforded yellow crystalline product, m.p. 340-345°C (decomp) . 
f : 

(Found: N,36.3, M 222.C.N,03 requires N,36.5%; M,222); Yuax 

379, 286, 250*, 240, 208 nm; Via 3400 (N-H) 3220 (br N-H) 1695 

1 (CONH,), 1660 cm ~ (C=0,CONH.) . 
2 

3—Carbamoyl-6-ethoxycarbonylimidazo {s ’ 1-c] {2,2 14] triazin-7 (4H) -one 

(4.60). 

(i) Hydrazone (4.12) (0.5g) was stirred in 1% alcoholic 

potassium hydroxide (10 ml) for 10-15 mins. Acidification of 

the precipitated yellow salt with 1N-hydrochloric acid liberated the 

the free triazinone (4.60) (70%), m.p. 280°C (decomp.). (Found: 

mM’ 251 CoH NO, requires M 251). The product was identical 

(t.r., uv) to a sample obtained by the hydrolysis of amino-ester 

(see below). 

(ii) Hydrolysis of aminotriazine ester (4.45) (0.4g) in refluxing 

2N-hydrochloric acid (15 ml) (0.5 hr) deposited a cream solid 

(0.35g) when cooled. The product was identical (i.r., u.v.) to 

@ sample of the hydrate of triazinone (4.60) prepared by base- 

Catalysed cyclisation of hydrazone (4.12). (Found: C,39.8; 

H,4.1; N,26.4 ut 251.CoH NO ,-H,0 requires C,40.1; H,4.1; 

N,26.0%; M,251); LS 375, 279, 239, 207 nm; Vea 3500, 3370, 3150 

(N-H) , 1725 (CO,Et) , 1665 om (C=O and CONE.) 6(TFA) 1.32 (3 H,t, 

J=7Hz, CH3-CH,), 4.25 (2 Hq ,J=7Hz,CH,~CH)) , TeS(2 H,CONH,), 8.5 

(1 H,s,imidazole H-1). 

A solution of the triazinone (4.60) in 50% aqueous sodium 

bicarbonate rapidly deposited cream crystals of the sodium salt
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(6.5.1, m.p.>350°C (decomp). (Found: C,36.7; H,3.5; N,23.6 

CoH,N.NaO, HO requires C,36.9; H,3.7; N,23.9%); Naax 382, 301, 

250, 207 nm; eae 3498, 3370, 3150 (N-H) » 1700 (CO,Et), 

1665 cm! (co and Cone) . 

3—Carbamoyl-4,7-dihydro-7-oxoimidazo[5,1-¢] [1,2,4] triazin-6- 
carboxylic acid (6.5). 

3-Carbomy1-6-ethyoxycarbonylimidazo [5,1-] [1,24] triazin- 

7(4H)-one (4.60) (0.4g) was stirred in 5N-sodium hydroxide for 

0.5hr. The precipitated solid was collected, acidified with 

iN-hydrochloric acid, and the crude product (0.3g) crystallised 

from aqueous ethanol to afford the carboxylic acid, m.p. 265-270°C 

5947759 

requires C,34.8; H,2.9; N,29.08; M,233-44[Co)]); A1.., 375, 279, 

(efferv.) (Found: C,34.7; H,2.9; N,29.4; Mt, 179.C] HN 

250%, 239 nmy Y,,,, 3380 (WH) 3200 (br NH/OH, 1700 (co,Et), 1670 om 

(C=O and CONE, ) . 

3-Carbamoylimidazo[5,1-¢] [1,2,4] triazin-7(4H)-one (6.9) 

The triazine carboxylic acid (6.5) (0.49) when boiled (2 hr) in 

5N-hydrochloric acid a deep yellow solid (65%) was obtained. which 

was further purified by boiling in 5N-hydrochloric acid, m.p.>260°C 

(decomp.) (Found: C,30.8; H,3.7; M‘179 CrHZOoN,. HC1.H,O requires 
2 

C,30.9; H,3.4%; M,179; we 374, 312, 252*, 210 nm; ae 3420 (N-H) 

3180 (br N-H), 1670 cm > (ceo and CONE) 

Ethyl 2-(3-carbamoylpyrazol-4-ylhydrazon )acetoacetate (5.6) 

A suspension of finely divided 4-aminopyrazole-—3-carboxami de 

(1.26g) in 1N-Hydrochloric acid (10 ml) was cooled to 0°-5° and 

treated with sodium nitrite (1 mol. equiv) in water (3 ml). A



156 

tan coloured precipitate was gradually formed. The mixture was 

neutralised with excess sodium acetate trihydrate and stirred at 

095°C with ethyl acetoacetate (1.3g) for 2 hours. The crude 

pink solid was collected by filtration and washed with water; 

yield (95%); M.p. 235-240°C) (crude) . Cyclised upon attempted 

crystallisation from ethanol (Found: uw 267.C. requires 10713%5°% 
M,267); A,oy 345, 244 nm; v,._.3500, 3400, 3250 (N-H) 1730 

1 (C=O, ester), 1670 cm (C=O, Ac and CONH,); (DMSO-d) 1.25 

(3H, t,J=78 ,CH,.CH,) ’ 2.1(3H,s,CO.CH.) 74.12 (2H, 4,d=8Hz, CH, 

8.24 (1H,s,pyrazol,H-5). 

CH), 

The following hydrazones were prepared by the similar method. 

Methyl 2-(3-carbamoylpyrazol~4-ylhydrazono) acetoacetate (5.7). 

The product obtained as a pink solid (90%) from the coupling 

reaction between 4-diazopyrazole—3-carboxamide and methyl 

acetoacetate; M.p. (crude) 235°C. (Found: mM’, 253.CgH, NO, 

requires M,253); Amax? 245+ 243 nm; May 3420, 3350, 3200 (N-H) 

a. 1720 (CO,Me) 1660 cm~ (br) (AC and CONH,); §(DMSO-d,) 1.96 (3H, 

s,CO2CH,) , 3.34 (3H,s,COCH,) , 8.2 (1H,s,pyrazole H-5. 

Ethyl 2-(3-carbomylpyrazol-4-ylhydrazono) cyanoacetate . (5.8) 

The hydrazone obtained as an isomeric mixture (see page 111) 

from 4-diazopyrazole-3-carboxamide and ethyl cyanoacetate, in 

78% yield. The hydrazone crystallised from ethanol as yellow 

microcrystals m.p. 240-245°C (decomp.) (Found: C,41,2; H,4.0; 

W'250.CgH, (N,0,-0-5H.0 requires C,41.6; H,4.2%, M,250); Verne? 4040 

290*, 281, 238, 207 nm; Vinax’ 3460r 3400, 3340(N-H) 3150(br N-H), 

2 2207(C=N), 1720 (C=0,ester), 1640 cm  (CONH,); § (DMSO-d,)
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1.25 (6H double,t,J=6Hz, 2XCH,-CH,) ; 3.4(2H, q,J=782,,CH5-CH,) ; 

4,25 (2H,q,d=7Hz, CH,~CH,) , 8.25(1H,s,pyrazole H-5). 

Ethy1-3-carbamoyl-1#-7-methylpyrazolo (4 ’ 3-c] Ppyridazine-6-carboxylate 

(5.14). 

A solution of hydrazone (5.6) (1.0g) in ethanol was refluxed 

for 2 hr. and cooled. The precipitated pyrazolopyridazine (0.89), 

recrystallised from ethylacetate, m.p. 250° (decomp.) (Found: 

C,48.2; H,4.8; N,28.3; M" ,249.C, 0) NO, requires C,48.0; H,4.8; 

N,28.0%, M,249); Amax’ 323, 246, 215 nm; Vinax’ 2450 3200 (N-H) , 

1715(Co,Et), 1670 cm > (CONE); §(DMSO-d,) , 1.35(3H,t,J=7Hz, CH,- 
CHa), 2.18(3H,s,CH,), 4.26 (2H, 4,J~7Hz,CH,-CH,) . 

Methy1-3-carbamoy1-1H-7-methylpyrazolo [4 4, 3-c] pyridazine-6-carboxylate 

(5225). 

This pyrazolopyridazine (90%), similarly prepared from 

hydrazone (5.7) in boiling ethanol, had m.p. 250°C (decomp. ) 

(Found: C,45.4; H,4.05; N,29.7; MW" ,235.CoH.N,O, requires C,45.8; 

H,3.8; N,29.6% M,235; Maas 312, 246, 215 nm; Vina” 3900-3200 

al (br N-H), 1710(CO,Me), 1640 cm (CONH,); 6(DMSO-4,), 2.1 

(3H,s,CH,) ’ 3-38 (3H,s ,CO,CH.) . 

3-Carbamoy1-6-cyano-1#-pyrazolo [4 ’ 3+] Pyridazin-7(4Hyone (5.16) 

Hydrazone (5.8) (1.0g) was boiled in 70% aqueous ethanol for 

8 hours. The cooled solution deposited crystals of the pyrazolo- 

pyridazinone(0.8g), m.p. 25° (decomp.). Found: C,36.1; H,2.9; 

M" ,204.C71,N,0, .1.5H,0 requires C,36.4; H,3.0% M,204);
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Anax’ 261" 290*, 285, 228, 208 nm; Vinax 2460 (NH) 3330-3100 

=1 
(br NH/OH), 2230(C=N), 1695(C=0), 1675, 1660 cm (CONE) . 

Reactions of ethy1-7-amino-3-carbamoylimidazo[5, 1-c] [2,2,4]- 

triazine-6-carboxylate and secondary heteroalicyclic amines. 

i) Piperidino-amide (6.12) 

Aminotriazine ester (4.45) (0.5g) and piperidine (3 ml) 

were refluxed in benzene (20 ml) for 16 hr. The yellow product 

(0.38g) was recrystallised from dimethylformamide-ethanol, m.p. 

290° (decomp.) (Found: C,49.5; H,5.3; N,33.6 Mt ,289,12871.C, 98) .- 

NL0, requires C,49.8; H,5.2; N,33.9%; M,289.12793) ; a ax 382, 309 

250*, 211 nm; — 3365 (N-H), 3250 (br N-H), 1660, 1635 ont 

(C=O and CONH); (TFA) 1.95 br (6H,m,CH,), 3.8 br (4H,m,CH,), 

7.70 br (2H,NH), 8.78 (1H,s,imidazole H-1). 

ii) The pyrrolidino-amide (6.13) (89%), similarly prepared from ~ 

aminoester (4.45) and pyrrolidine had m.p. 280°C (decomp) (Found: 

C,46.1; H,4.6; N,34.2; MY ,275.11306.C, ,#, ,N_0, .0.54,0 requires 

C,46.4; H,4.9; N,34.5%; M,275.11265; Nae 382, 310, 250*, 212 nm; 

rae 3370 (N-H) , 3290(N-H), 3150(Br N-H/OH), 1675, 1625 on > 

(C=O and CONH,) S(TFA), 2.30 br (4H,m,CH,), 4.0 br(4H,m,CH,), 

8.90(1H,s,imidazole H-1). 

iii) The morpholino-amide (6.14) was similarly prepared from 

aminoester (4.45) and morpholine in refluxing benzene (70% yield). 

The product crystallised from dimethylformamide-ethanol with m.p. 

280°C (decomp). (Found: C,45.1; H,4.5; N,33.6; M’,291.10798. 

C12) 3N703 requires C,45.36; H,4:5; N,33.6%, M,291.10883) ;
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Rag 383, 314, 250%, 211 nm; V4, 3440 (No , 3280(br N-#), 1675, 

1625 cm > (co and CONE); $(TFA) 4.4-3.8br (SH,m,CH,), 8.2 br 

(2H,NH), 8.70 (1H,s,imidazole H-1). 

(iv) Nemethylpiperazine-amtde. (6.15). 

Interaction of aminoester (4.45) and N-methylpiperazine 

furnished the amide as a light yellow solid (82%) recrystallised 

from dimethylformamide ethanol, m.p. 285°C (decomp) « (Found: 

C,47.4; H,5.5; N,36.4; M’,304.13961.¢ A. requires C,47-4; 12% 6%_°2 

H,5.3; N,36.88; M,304.14031); v,., 382, 311, 250%, 211 nm 
1 

Nae 3360, 3290, 3150(NH), 1670, 1635 cm (C=O and CONE.) . 

6-Amino-3-carbamoylpyrimido [4 ’ 5-e] imidazo {s ’ 1-c] a 2 4] triazine 

(6.18) 

A solution of 7-amino-3-carbamoy1-6-cyanoimidazo[5,1,¢ - 

[1,2,4] triazine (4.47) (0.59) in refluxing formamide (5 ml) for 

1.5 hr deposited brown cyrstals (0.37g) when the mixture was 

cooled. Purified by vacuum sublimation, m.p.>350°C (decomp) . 

(Found: C,41.3; H,2.7; N,48.0; a’ ,230.06645,C, NO requires Caer) 
C,41.7; H,2.6; N,48.78; M,230.0663); v,. 400, 302, 244, 207 nm 

Vmax 2400 (N-H), 3150, 3050(br N-H), 1680 cn" (CONH,; 8 (TFA 8,81 

(1 H,s,pyrimidine H-2), 9.20 (1 H,s,imidazole H-1). 

6, 8-Diamino-3-carbamoylpyrimido {4 /5-e] imidazo (5 ’ 1-c] a 12 4] = 

triazine (6.19) 

Guanidine hydrochloride (5.2g) was dissolved in sodium 

ethoxide [prepared from sodium (1.3g) in absolute ethanol (40 nl.)] . 

Sodium chloride was removed and 7-amino-3-carbamoyl-6~-cyano— 

imidazo[5,1-c] [1,2,4] triazine (4.47) (0.69) added to the filtrate.
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Ethanol was volatilised from the mixture and the residue heated at 

1go°c for 2 hr. The cooled solid was sublimed under reduced 

pressure to yield the pyrimidoimidazotriazine (0.36g) m.p. 350°C 

(decomp). (Found N,51.4; M’ ,245.07735.¢ HNO requires N,51.0%; 
ng 8 

M,245.07755) i ®max’ 48> 325*, 313, 260, 209 nm; Vs 3400-3200 

(br N-H), 1660 cm? (CONE) :. 

Reactions of hydrazine derivatives with duiceroriesines 

3-Amino~4- (4~carbamoylimidazol-5-ylazo) pyrazolin-5-one (7.6) 

Aminotriazine ester (4.45) or 6-cyanoimidazotriazinone (4.61) 

(0.50g) was heated under reflux with hydrazine hydrate (lml) in 

ethanol (15 ml) for 0.5 hr. The reaction mixture when cooled 

deposited the orange crystals (65%), m.p. 280°C (decomp.) (from 

dimethyl formamide-ethanol/3:1) (Found: C,35.25; H,3.5; a’ ,236.07701 

CoHIN,O, requires C,35.6; 3.4; M,236.07636) ; Anax’ 425+ 257%, 

208 nm; Vinax’ 32807 3120 (bonded N-H), 1670 (C=O and CONE.) 

3,5-Diamino-444-carbamoylimidazol-5-ylazo) pyrazole’: (7.10) 

When 7-amino-6-cyanoimidazotriazine (4.47) (0.50g) was 

heated in ethanol and hydrazine hydrate as above yielded the orange 

product (60%), m.p. 335-345°C (decomp.) €rom dimethylformamide- 

ethanol) (Found: C,35.9; H,4.0; N,52.9; M’, 235.09300 CHgNgO 

requires C,35.74; H,3.82; N,53.6; M,235.09251); Amax?4t7+ 265*, 

257*, 208 nm; Vinax’ 2990 (N-H), 3250, 3150 (bonded N-H), 1680 

ent (CONE) :
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3-Methy1-4- (4-carhamoylimidazol-5-ylazo) pyrazolin-5—one) 

(7.12; RYH) 

(i) The imidazotriazine ester (4.29 or 4.30) or the imidazo- 

triazine (4.58) (0.5g) and hydrazine hydrate (1 ml) when refluxed 

in ethanol (15 ml) for 3 hr., deposited the pyrazolinone (70%) as 

orange needles, m.p. 260-265°C (decomp.) . 

(ii) The same pyrazolinone (95%) was obtained when 5-diazoimidazo- 

4-carboxamide (4.2) (0.69g) was stirred with 5-hydroxy-3-methyl- 

pyrazole (7.13; R=H) (0.41g) in absolute ethanol (15 ml) in the 

dark for 3 hr; m.p. 260, recrystallised from dimethyl formamide- 

ethanol (1:3) (Found: C,40.5; #,3.8; N,41.7; M’,235.08176 

C.H,O,.N. requires C,40.85; H,3.8; N,41.7%, M,235.08168); e327 
sade 

Xmax? 427» 247*, 212 nm; Vinax’ 2320-3300 (br N-H), 1665 cm 

(C=0, CONE.) + 6 (TFA) 2.72(3H,s,CH,) , 8.98(1H,s,imidazole H-2). 

3-Methy1-1-phenyl-4- (4-carbamoylimidazol-5-ylazo) pyrazolin-5-one 

(7.12; R=Ph). 

(i) The imidazotriazine (4.29 or 4.30) or (4.58) (0.5g) when 

heated in phenylhydrazine (1 ml) in ethanol (15 ml) for 3/hr. 

yielded deep red crystals of the phenylpyrazolinone (70% yield), 

m.p. 320°c (decomp. ) . 

(ii) The above deep red azo compound (7.12; R=Ph) (96%) was also 

obtained by coupling 5-diazoimidazole-4-carboxamide (4.2) (0.68g) 

with 5-hydroxy-3-methyl-l-phenyl-pyrazolone (7.13; R=Ph) (0.90g), 

m.p. 320°C (decomp.), recrystallised from dimethyl formamide-ethanol 

(133) (Found: C.54.7; H,4.18; N,31.51; M’,311.11306 Cy 4H, 3N7°, requires
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C,54.01; H,4.18; N,31.51; M,311.11293); max? 405» 247, 209 nm; 

Vinax’ 2400 (N-H) 3200, 3100 (N-H), 1645 on? (C=O, CONE.) 6 (TFA) 

2.58 GH,s,CH,), 7.56 (SH,s,C,E.), 8.92 (1H, imidazole H-2) . 

3-Pheny1-4-(4-carbamoylimidazol~-5-ylazo) pyrazolin-5-one (7.15; R=H) 

(i) Orange crystals (65%) were obtained by boiling (3 hr) the 

triazine (4.52) or (4.55) (0.5g) and hydrazine hydrate (1 ml) in 

ethanol (15 ml) m.p. 280°C (decomp) . 

(ii) The same compound was also obtained from coupling diazo- 

imidazole (4.2) (0.68g) with 5-hydroxy-3-phenylpyrazole (7.16; R=H) 

(0.80g). Recrystallised from dimethylformamide-ethanol) (3:1), 

m.p. 280-282°C (decomp). (Found; M’,297.09741 C,H, ,O,N. requires 
Lsabeaess| 

M,297.09741; Amax’ 415+ 275*, 237, 210 nm; Vinx’ 33207 3280 (N-H), 

1660, 1638 ont (c=0, CONE.) , (TFA) 7.62-7.98 (SH,m,CH.) , 8.98 

(1H,s,imidazole 1-H). 

i; 3-Dipheny1-4-— (4-carbamoylimidazol-5-ylazo)pyrazolin-5-one 

(7.15; R=Ph) 

(i) The imidazotriazines (4.52 or 4.55) (0.5g) when boiled in 

ethanol (15 ml) with phenylhydrazine (1.5 ml) for 6 hr. afforded 

the deep red product (7.15; R=Ph) (60%) m.p. 345-350°C (decomp) . 

(ii) The deep red crystals of the same pyrazolinone (7.15; R=Ph) 

was also obtained in 95% yield by coupling the diazoimidazole (4.2) 

(0.69g) with 1,3-diphenylpyrazolin-5-one (7.16; R=Ph) (1.14g). 

The product was recrystallised from dimethylformamide-ethanol (3:1) 

m.p. 345-350°C (decomp.) (Found: C,61.7; H,4.0; N,25.95; M’,373
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Cy gH, =N70, requires C,61.14; H,4.0; N,26.27; M,373), Xnax* 425+ 

275*, 255, 208 nm; Vinax® 9990 (N-H) , 3180 (bonded N-H), 1670 emt 

(C=O and CONE.) i O(TFA) 7.52-8.08 (10H,m,2xPh), 8.82 (1H,s, 

imidazole H-2).
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