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SUMMARY 

A series of 4'-(2--cyanoacetamido)-5'-nitropyrimidines has been 

prepared and their base-catalysed cyclisation has been studied. 	It 

has been demonstrated that cyclisation at 4Q0 in aqueous alkali leads 

almost exclusively to 6-cyanopteridin-7(8H)-one 5-N-oxides, while 

cyclisation under reflux in aqueous alkali affords pteridin-6(5H), 

7(8H)-diones or their 5-N-hydroxy analogues. Mechanisms accounting 

for the formation of these products are discussed, and attempts to 

extend the scope of the cyclisations are also described. The action 

of acid on the 6-cyanopteridinone 5-N-oxides is shown to lead to the 

formation of pteridIn-6(5H), 7(811)-diones. 

An attempt to prepare a 7-azapteridine 5-N-oxide by the base-

catalysed cyclisation of a 4-guanidino-5-nitropyrimidine was unsuccess-

ful. Attempts to react azido-nitropyrimidines with phenylacetonitrile 

to obtain triazoloazapteridine N-oxides also failed. 

Some oxadiazolo[3,4_d}pyrimidine N-oxides have been prepared by the 

thermolysis of azido-nitropyrimidines. 	It has been demonstrated that 

these N-oxides do not react with acetylacetone to give pteridine 5,8-

di-N-oxides. Similarly, the oxadiazolopyrimidine N-oxides fail to 

yield N-hydroxypurine N-oxides on attempted reaction with alkaline 

formaldehyde solution. 	It is shown that ready adduct formation takes 

place when 5-dimethylamino-1, 2, 5-oxadiazolo 13, 4-dI pyrimidine 1-N-oxide 

is reacted with nucleophilic species (i.e. hydride ion, ethanol, 

methanol, water, diethylamine and dimethylamine) to give 4,7 or 6,7-

dihydro adducts. The oxidation of some of these adducts has been 

studied. 

A series of 5-nitropyrimid-4-ylaminoacetonitriles and their amide 

analogues have been synthesised and their attempted cyclisation under 

various conditions has been studied. 	Such cyclisations have been 



shown to lead to N-oxygenated purines but are not applicable to the 

general synthesis of these molecules. 	It has also been shown that 

5-nitropyrimid-4-ylaminoacetophenones decompose under basic conditions 

to yield unidentifiable mixtures. 

Attempts to prepare 8-azapurine 5-N-oxides by the base or acid-

catalysed cyclisation of 5-nitropyrimid-4-ylhydrazines was unsuccessful. 

Nitropyridylhydrazines are shown to undergo ready base-catalysed 

cyclisation to N-hydroxy-1, 2, 3-triazolopyridines. 	3,3' azoxypyridine 

is a by-product of these reactions and a mechanism for its formation is 

proposed. Nitropyridylphenylhydrazines have proved difficult to isolate, 

but triazolopyridine N-oxides derived from their in situ base-catalysed 

cyclisation have been obtained. A nitropyridylmethyihydrazine decomposed 

on attempted base-catalysed cyclisation. 

3-Nitropyrid-4-ylaminoacetonitriles have been prepared and base-

catalysed cyclisation to an N-hydroxyimidazopyridine has been demonstrated 

in one case. Attempts to prepare 3-nitropyrid-2-ylaminoacetonitriles 

failed. The base-catalysed cyclisation of benzylaminonitropyridines to 

N-hydroxyimidazopyridines has also been demonstrated. 
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Chapter 1 

INTRODUCTION 



1 1.1 	Introduction. 

The first heterocyclic N-oxide, resazurin (1), was prepared by 

Weselsky1. 	Thereafter, until the early 1920's, development of 

H 

 

N-oxide chemistry was intermittent. 	However in 1926, Meisenheimer2  

prepared pyridine, quinoline and isoquinoline N-oxides by reacting 

the aromatic bases with perbenzoic acid, and largely d'ic to further 

work by Meisenheimer and Bobranski4, -the heteoaromtic N-oxides 

were a welirocognised group of componds by the late 1930's. 	In 

1940, dipole moment measurements by Linton5  indicated that the ground 

state of pyridine N-oxide could he expressed by the resonance 

ctructuies (2) and consequently that the rinc)  should be activated 

towards electrophilic subst3tutioll, 	OchiaiC in 194 demonstrated 

+ C-N, 
 ) 	oil 

p 	 0 
 

the reactivity of (2) towards nitration. 	He also observed the facile 

1- 

nucleophilic displacement of the nitro group in 4-ni.troyridine 
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1-N-oxide, and the increased stability of aromatic N-oxides in general, 

which classifies them apart from their aliphatic analogues. 

The discovery of the antibacterial agent iodinin (3)7 in 1038 

and the antibiotic aspergillic acid 
(4)8  in 1943, prompted investi- 

gations into the structure of these two compounds. 	lodinin was 

shown  to be 1,6-dihyciroxyphenazine 5,10-di--N-oxide, and after con- 

10-13 
siderable effort 	the tautomeric 3-isonutyl-6-sec--nutyl-2-hy6roxy 

pyrazine 1-N-oxide/hydroxanhic acid structureS(4)€ assigned to 

aspergillic acid. 

(3) 

N'1 	'C H2C HMø2  

H, 	13 
Et 

N OH 
I, 
a 

	

N 	C H C H M 

-- 	

L 

HCN O   
Et- 	I 

OH 

The presence of the hydroxamic acid grouping in aspergillic acid was 

shown to be a critical factor in its biological properties 
14 
 since, 

reduction to the pyrazinone, diminished the antibacterial activity. 

Thus began current interest in the biological properties of hetero-

cyclic N-oxides. 
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Folio acid (5), a vitamin, contains a pteridine residue and 

consequently many routes to peridines have been explored. 	Syntheses 

of pteridines have been accomplished by two main routes, namely ring 

0 	 COH 

H 	NCHrH 	
2 

CONHCH 

H2NLNN H2CHO2H 
(5) 

closure of 4,5diaminoEyrimidines and formation and subsequent reduction 

of N-o:yrnated pteridir.e. 	However, because of the varied biologial 

activity of pteridines, syntheses of pteridine N-oxides themselves, as 

potentially active biological species, has been justified. 	Current 

syritheL:ic interest also centres on the azapteridines toxoflavin (6) 

and fervenulino (7) and their N-oxides, because of thir antibiotic 

activity. 

ii 
Me N'  

0 	N N 
Me 

(6) 

Me 
(7) 

Purines occur naturally in nucleic acids. A major area of 

interest in purine chemistry centres on the syntheses of modified 

purines for use as possible antimetaisolites (i.e. compounds which 

interfere with enzymic biochemical pathways) . Modification of 

purines by direct N-oxidation began in the late 1950's and since then, 

purine N-o::ides in the form of the free bases as well as the derived 

nucleosides and nucleotides have been shown to exhibit antimetaboljc 

or oncogenic (i.e. causing formation of any type of tumour activity) 
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and current synthetic and biological interest in such compounds is 

intense. 

1.2 Synthetic Routes to N-Oxygenated Pteridines, Purines and Some 

of Their Aza-analogues. 

Almost all of the known methods of preparation of heterocyclic 

N-oxides may he classified intc three main types, namely; (a) formation 

of the ring containing the N-oxide function by a cyclisation reaction, 

(b) chemical modification cf a cyclic N-oxide with preservation of the 

N-oxide function and finally, (c) direct N-oxidation of the correspond-

ing free heterocyclic base. 

(a) Syntheses of Pteridine and Pzapteidinoi-Oxides. 

Because of the nature of the previous :ork in this field, redcticn 

involving N-oxide formation by cyclisation and by chemical modification 

of a cyclic N-oxide with preservation of the N-oxide function, have been 

combined. Approaches to N-oxides by direct oxidation and synUses 

of azapteridine N-oxides ac treated sepirate1y. 

(i) Syntheses of Pteridire N-Oxides Involving Condensation Reactions 

Preparation15  of the first pteidine hydroxamic acid (11) 

involved the condensation of 2--acetyl-3-amino-pyrazine (8) with hydroxyl-

amine and subsequent cyclisation of the intermediate (9) was readily 

effected with triethyl orthoformate in acetic anhydride, giving the 

acetoxy compound (10). 	Treatment of (10) with hot aqueous alkali 

resulted in hydrolysis to 4-hydroxypteridine 3-N-oxide (11). 



me  
HNTh 

HOCN(Ac)O OHOCN 
2 	 2 

HO: 	I 	H 
HON2 

0 (14) 

Me 

HOHN 

m c r--11 

HN 0  
2J 	 (15) 

HO 

H OH NN- 
(16) 	 0 

Me r N y) 

NN 

OH 

H QNN 

(17) 	 0 

Scheme,  1 
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1-11  

MOC1 	
HOHNOCN1 

	

H N9 0 	
HNN 

0 	 N I 	NI)  
IN 

H0 N (10)  0 OH N N 

(11) 

'C 

Another example of the construction of a yrimidine ring onto 

a nyrainc nucleus involves the cyclic intermediate 2-methylpyrazino-

12,31-1,3-.oxazine_4-one (15) which results from the treatment of 
2-aminopyrzine-3-carbxylic acid (12) with acetic anhydride under 

reflu'. 	Presutrby (1S) is formed by intramolecular condensation in 

the end tautomer (14) of the amide (13). 	Reaction of (15) with 

hydroxyla:ain leads to the formation of the ring-opened tautomer (16) 

subsequent dehydration of which yields the hydroxamic acici 4-hydroxy-

2-methylpiLeridine 3-1,4-oxide (17) (Scheme 1). 

It is also possible to modify a pyrazine or pyrimirjine ring which 

already contains an N-oxide grouping. 	One such synthesis 17 involves 

the reaction of cyanoacetylurea (18) with hydroxylamine to produce 13- 

carboxyureidoacetamidoxime (19). 	Rapid intramolecular reaction of 

(19) occurs in ref luxing dimethylformamide with the production of 4 

6-amino-2,4-dihydroxypyrimidine (20). 	Nitrosation of (20) occurs 

readily and, subsequent reduction of the nitroso compound (21) yields 



CN 

CH2CONHCONH2 

NH OH 	NH 
2 	1 2 

> CNOH 

H2CONHCONH 

(19) 

IA. 

HNNOHNO 	H  

0 
~J~', N 

Ji NH2 	

2 	

0NNH2 

OH 	 OH 
(20) 

(22) 

Scheme 2 
	 (23) 



the diamine (22) condensation of which with biacetyl yields 2,4- 

dihydroxy-6,7-dimethylpteridine 1-N-oxide (23) (Scheme 2) . 	An 

interesting feature of this synthesis is that the formation of the 

N-oxygenated pyrimidine (20), from (19), is preferred to formation of 

the hvdroxylaminopyrimidine (26). 	Formation of (20) results from 

attack by the lone electron pair of the oxime nitrogen of (19) on the 

terminal amidic carbonyl group of (19). 	Subsequent thermal loss of 

ammonia from the N-oxide (24) yields (20). 	Hydroxylaniine formation 

H,-I 	H 

H NO -NH 3  NH3 
- 	(20) 

HO NNH 	 A 

HN 	 H2N OH 
7 C7. 

	

(19) 	 (24) 

requires attack by the lone electron pair of the nitrogen atom in the 

prima:-y amiCa jroup o. (19) on the oxime group of (19). 	The dicne 

(25) so formed can then lose ammonia as before to give (26). 

Presumably, formation of (26) is inhibited due to the low basicity 

HOHN H  

2 FH 

flu 

H2N'O 	 /1 
HOHN- 

HNNH 

0 

H2N NH 

 

II( 

(26) 



H 
lc 

NH T.  cop1  

(28) 	 S  

(27) 

- H,10 
(30)  

Scheme 3 

NH2  
NN 

R2N N:O 
H2  

(29) 

O 	Oç5H 

fl yhN  H2 H 

OSPh 

FjTh 
(28)f H-CN 

OSO2Ph 

(31) 

0 
NHT 

N4 N 

2 	
R2NN 

2 	H2 
R = Ph; SMe 

0 
NHT 

R2XNN 

(32) 

Scheme 4 
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of the primary amino group of (19), which is in keeping with amide 

behaviour in general. 

Authentic pteridine N-oxides (i.e. compounds which cannot exhibit 

N-oxide 	N-hydroxy tautomerism) were first synthesised 18  by the 

base-.catalysed reaction of pyridinium salts with suitable pyrimidines. 

Thus the reaction of (27) with the 4-amino-5-nitrosopyriidines (28) 

provided the pteridine 5-N-oxides (30) . 	The formati'r of (30) 

(S(-:heme 3) involves the intermediate nitrone (29) which cvclo-dehydrates 

ç=o 
CH 

JH2 
NNO 

R'N- N H 2 

NH2 

(30) 

R1  R2  X 

 Ph Me Br 

 Me Ph Cl 

to yield (30) 
	

By a similar mechanism, the 4,7-diamino-6-phenyl- 

pteridine 5-N-oxides (32) may be synthesised by the reaction of (28) 

with a-cyanobenzylbenzenesulphonte (31). 	In this case the cyclisation 

step involves an addition reaction rather than an elimination reaction 

(Scheme 4) 

(27) 



Ill 

H 2  N N 
(37)  0 

H 2  

(35) 

Scheme 5 



: 

Taylor et a119 22 have demonstrated the valuable synthetic potential 

of the condensation of e.-substituted aminoacetonitrjles (33) with the 

oximinoketones (34) to yield the 2-arninopyrazine 1-N-oxides (35) 

Cyclisation of the pyrazine N-oxides (35) may be effected in a number 

i 

HC-NH C-Q ±20 H4-NR 
2 	

c HI C N 	 CH  
(33) 

NOH 
(34) 

 

L

OH  

F::\  N X R2  
HNN 

V 

0 

 

1 	2  R R  

CO2Et Me 

CONH2  Me 

C; CN Me 

of ways to yield pteridine 8-N-oxides. 	Ring closure with uaxiidine 

under basic conditions provides a synthesis of the 2-arnino--4--hydroxv-

pteridine 8-N-oxide (36) and the 2,4-diaminopteridine 8-N-oxide (37) 

(Scheme 5). 	Condensation of (35b) with triethylorthoformate leads 

to the 4-hydroxypteridine 8-N--oxide (38). 	The 2-amino group of 

(35b) is sufficiently basic to undergo condensation with ethyichiorofor-

mate and subsequent base catalysed cyclisation of the intermediate 

urethan (39) yields the 2,4-dihydroxypteridine 8-N-oxide (40). 



C 
 (36) 

(Me) 	 Me 
Me 

2 %, 
(43) Q 

H9/HO 

H 
o o 

.H0 CN M 	1 NMe 
MeN 

NN 	 H 
H2NH 	 T . 

V 

QO 	 0 

McHN )~~'N 
MeN 

>", ~,21 	
(44) Q a H 

Scheme 6 



HC(OEt) 13 ---- 

H NNM0  

N 

0 
IM 

(35b) 	
Et00 

HNOMe 

Et  
Lei 

(3,) 

0 

H N 	NMe 

ON N> 
H 
(40) 

Svnthesis2  of the 6,7-unsubstituted pteridine 8-N-oxide (42) is 

possible through the reaction of aminomalononitrile (33c) with glyoxime 

to yield 2-a.ino-3-cyanopyrazine 1-N-oxide (41) and subsequent base-

catalysed condensation of (41) with guanidine. 

OH 	 H2N 
NH 	NH )  

HN 
(33c) f I 

N 	 0M 0 

4, 
zN 

OH 	0 o 
(41) 	 (42) 

An interesting reaction 24  is the Dimroth rearrangement in aqueous 

alkali of the 3-N-methyl derivative (43) of (36), to 4-thyciroxy-2-methyi-

amino-6-methylpteridine 8-N-oxide (44) (Scheme 6). 

Because of the unambiguous .position of the N-oxide grouping in 

the pyrazine intermediates (35), Taylor 22 surmised that further 



(35c) 

C FCO3H 

0 
I 

N C 	Me  

H2NN) 

0 
(45) 

0 	 0 
1" 

H N ) <H0 	
N CNMØ 

M 
O~s 	* 	 1 

L) 	 0 
(47) 
	

(46) 

- H20 

HN 
Me '-~~N 

0 

Me 

(48) 

Scheme 7 
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peracid oxidation of a pyrazine 1-N--oxide might give the 1,4-di--N- 

oxide. 	As anticipated, perif1uoracetic acid oxidation of (35c) 

proceeded cleanly to yield 2-amino--3--cyano--5--methylpyrazine 1,4-di-N- 

oxide (45) . 	Reaction of (45) in warm acetic anhydride gave the 

expected 2-acetylamino comoound (46) which cyclised readily on heating 

in aqueous alkali to yield 4-hydroxy-2,6-dimethylpteriaine 5,8-di-N- 

oxide (48) (Scheme 7). 	2his cyclisation presumably occurs by way of 

the amide intermediate (47) 

(ii) SynLlieses of Pteri-iiie N-Oxides by Direct Oxidation 

The mechanism for the formation of heterocyclic N-oxides by 

direct oxidation in peracid media is well understood. 	It involves 

attack by the lone electron pair of a heterocyclic nitrogen atom on 

the Dcracid to form the protonated N-oxide (49) . 	 subsequent attack 

on (49) by the qimlilta,7,cously formed carboxylate anion forms the fie 

N-cxide (50). 	Consequently it is reasonable to assume that electron 

R 

( 
(49) 	

Y, 

R 

CO2H +01" ~ 

(50) 



MNMe 

Mø 
(51) 

McANM  
Me 

(52) 

Mø, 
0 

MeN 	NN4e 

0N 

(53) 

Mel " 

	
H20 H 

Me 

0 
MeN&ve  

QNQ 
Me  

(56) 
(55) 	 Scheme 8 
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donating substituents in the parent tertiary aromatic amine will 

facilitate N-oxidation, while electron-withdrawing substituents will 

tend to have a hindering effect. 	Howeveri steric effects of any 

substituents must also play a role in dictating the ease, and indeed 

the position, of N-oxidation in cases where there is more than one 

heterocyclic nitrogen atom. 

In 1967, Zond]er2b reacted 1,3,6-trimethylpteridine-2,4-dione (51) 

with pertrichloroacetic acid. 	He found that the 5-N-oxide (52) could 

be chloroform-extracted from the crudc reaction mixture in reasonable 

yield (4b%). 	He also discovered that on crystallisation of the crude 

reaction mixture from vater, a small quantity (7%) of the 5,8-di-N-

oxide (53) could he isolated, (52) being recovered from the crystallis- 

ation mother liquors of (53) . 	It is a well established fact262/  that 

hot acetic anhydride induces rearrangement of some N-oxidEs, and Zondler 

found that the reaction of (52) with hot acetic arthydride led to 

formation of the e::pectcd 6-hydroxymethyl compound (55). 	However, 

reaction Of the crude oxidation mixture with hot acetic anhydride 

produced (55) toge -her with the trione (56), thus showing that the 

8-N-oxide (54) is also formed during the oxidation of (51) (Scneine 8). 

Pfleiderer28  has used pertrifluoracetic acid to N-oxidise the 

lumazines (57). 	He found that variation of substituents in the 1,3,6 

and 7 positions resulted in variation in the position of N-oxidation. 

It was observed that the 5-N--oxides (58) were favoured if the 1 and 7 

substituents were bulky. 	Formation of the 8-N-oxides (59) was pre- 

ferred when the 1 position was unsubstituted and the 7 substituent was 

not exceptionally bulky. 	In some cases, when the steric situation 

was favourable, the 5,8-di-N-oxides (60) resulted, through further 

oxidation. 
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RN J 	-  N R3 

0N NR 

R1  

oJ1° 
3 

OJ"'N N R 

(60) 

ME 

 

Studies 
29 
 on the oxidation of ,7-disubstituted 2-amino-4-hydroxy-

pteridines and 6,7-disubstituted 2,4-diamninoteridine with pertri-

fluoracetic acid, show preferential 8-N-oxide and 5,8--di--N-oxide 

formation. 	This is consistent with previous results which indicate 

that substituents at N-i exert a considerable ccatrolling influence on 

5-N--oxidation. 

Hutzenlaub et al3 , in a study of the petrifinoraeetic acid 

oxidation of the 1,6,7-tn-substituted lumazines (61),  found exclusive 

5-N--oxidation, the products being the l,6,7-tni-uhstituLed lumazine 

5-N-oxides (62). 	These results again indicate the controlling 

influence of substituents at N-i. 	It should be noted however that 

the electron donating effect of the C6  methyl group would promote 

5-N-oxidation, while the local negative inductive effect of the C7  

methoxyi group might tend also to favour 5-N-oxidation by reducing +Fe 

basicity of the nitrogen atom in the 8 position. 
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(iii) Syntheses of A7aptezidine N-Oxides, 

During attemnts3 to synthesise toxoflavin derivatives by 

nitrosative cyclisation of the uracil hydrazones (63) (Scheme 9), 

it wa5 f'und that in two cases the only products were the 1-azepteridine 

5-N-oxides (64) while in the other cases studied, the expected product 

(65) resulted. 	Another nitrosative cyclisation32 haq prcvided a 

synthesis of th 7-azapteridines (67) , which were formed during the 

reaction uf the pyrimidy'. hydrazones (66) with isoamyl nitrite. 

Subsequ3nt pertri1uoractic acid oxidation of (67) gives the 7-azepteri--

dine 8-N-oxides (33) 
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MN 	 RONO 	 X N, 
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(b) Syntheses of Purine and Azapurine N-Oxides. 

In 1958, Stevens et a133  isolated single products from the reactions 

of adenine (69) and 2,6-diaminopurine (70) respectively with peracetic 

acid. 	These products were subsequently shown 34 to be the 1-N-oxides 

(71) and (72). 	They also showed 
34 
 that acid hydrolysis of (71) led 

to the oxime (73), which was later recognised 35  as a valuable intermed- 

iate for the synthesis of purine 1-N-oxides. 	Thus, ring closure of 

(73) with carbon disulphide affords 2-mercaptopurine 1-14-oxide (74) 

In turn, methylation of (74) followed by oxidation yields 2-methyl-

sulphinyladenine (75) which is easily converted (Scheme 10) into the 

NH2  

0 N 

N 
CH / (71) 
3 3-

-  

HNN 
2 

(72) 

(69) 

NH 12 
N 

H N 	N 
(70) 

2-chioro or 2-hyciroxyadenine 1-N-oxides (76) and (77) respectively, 

neither of which is available by direct N-oxidation. Diazotisation 

of the basic 6-amino 	 36 group in (71) provides a facile synthesis of 

hypoxanthine 1-N-oxide (78). 	Taylor eta13  have also synthesised 

(78) via the imidazole hydroxamic acid (80) which was obtained by 

reaction of methyl 4-nitroimidazole-5-carboxyiate (79) with 
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hydroxylamine. 	Subsequent reduction of (80) gives the amine (81) 

which is then ring closed to (78) with triethyl orthoformate 

(Scheme 11) 

Cresswei.l,17  in the course of developing a route to pteridine 

hydroxamic acids, synthesised the pyrimidine (22), the ready ring closure 

of which, with triethyl orthoformate afforded xanthine 3-N-oxide (82). 

o 	 0 

HNNH 

	

	 N 2  HC(oEt)3 >H 

ON)NH?  
I 	H 

OH (22) 	 OH (82) 

From studies 
38-42 

 on the direct N-oxidation of various purines 

in perecid media, ic has become evident that C6  substitueiits which are 

able to contribute towards the resonance structure (83) , promote 

N-oxidation at the 3 position. 	3-N-oxidation is also favoured by tue 

(83) 

H 	 - Hj 
R = OMe; Cl 

negative inductive effect of such substituents. Any inductive effect 

is a short range effect and, as has been similarly suggested in the 

case of direct oxidation of pteridines, there is sufficient reduction 

in the basicity of the N1  nitrogen atom by the negative inductive 

effect of the C substituent to inhibit 1-N-oxidation. 

Goldner et a143 48 have prepared the pseudo-xanthine 7-N-oxides 

(86) and the 7-hydroxyxanthines (87) by means of the oxidative nitro- 

sation of 4--aminouracil derivatives (84) . 	Reaction of (84) with 
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isoamyl nitrite in the presence of hydrochloric acid, affords (86) and 

(87) . 	Presumably, (86) and (87) are formed by cyclisation of the 

intermediate nitrosoanils (85) which are not isolated. 	The inter- 

mediacy of (85) is also indicated in the chromic acid oxidation 47  of 

the nitroso amines (88) to (87) (Scheme 12) 

The use of 	 (91) 

in the synthesis of 9-oxygenated purines, has been described by Watson 

and Brown. 49 The synthon (91) is readily available by raction of 

2-amino-2-cyanoacetamide (89) with triethyl orthoacetate to give the 

imino-ethr (90) which, on treatment with 0-benzylhyd-- xylarnine, is 

cyclisad to (91) (Scheme 13) . 	Subsequent ring closure of (91) with 

triethyl orthofcrmate affords the 9Nbenzyloxypurine (92), acid 

hydrolysis of which yields 9-hydrcxy--8-niethylhypoxanthine (93). 

Since adenine is readily Noxidised,33  t is reasonable to expect 

similar behaviour for adenine-derived n'ucleoside6 and nucleotides. 

33,50 
Stevens 	found that the nucleoside 94; R = H) and the nucleotide 

(94; R = HPO3) reacted as expected with peracetic acid. to yield 

adenosine 1-N-oxide (95) and adenosine-5'-monophophate 1-N-oxide 

(95) respectively (Scheme 14). 	Yamazaki et al 51 have also prepared 

tie nucleoside (99) by condensation of the imidazole (97) with triethyl 

orthcfcrrnate and subsequent reaction of the resulting imino-ether (98) 

with hydroxylamine. 	Removal of the protecting group in (99) by 

careful acid hydrolysis (Scheme 15) afforded (95) 

Stevens et al 52 have also synthesised the 2-azapurine 1-N-oxides 

(101), by diazotisation of the oximes (100) obtained by acid hydrolysis 

of the corresponding purine 1-N-oxides. As might be expected by 

analogy with adenine, reaction of 8-azaadenirie (102) with peracetic 

acid yields the 1-N-oxide (103) . 	Acid hydrolysis of (103) affords 
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the oxima (104), diazotisation of which in turn gives 2,8-diazaaclenine 

1-N-oxide (105) 
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Maki et a15  have reported a photochemical route to an 5-azapurine 

7-N-oxide. 	Irradiation of the nitrohydrazone (106) results in the 

formation of 1,3-dimethyl-8-azaxanthine 7-N-oxide (109). 	The authors 

suggest the intermediacy of the cycloadduct (107) in this novel 

cyclisation, but do not comment on the mechanism involved. 	Concerted 

decomposition of (107) could yield the oxadiaziridine (108), rearrange- 

ment of which would give (109). 	The rearrangement of oxaziriclines to 

N-oxides is well known. 
54 
 Consequently the rearrangement of an 
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oxadiaziridine intermediate (108) to (109) would appear to be a 

viable process accounting for the formation of (109) (Scheme 16). 

1.3 Synthetic Routes to Heterocyclic N-Oxides Involving Base-

Catalysed cyclisation of Aromatic and Heteroaromai:ir Nitro 

Compounds. 

The nitro group may be represented by the resonance structures 

(1J0). 	It follows that aromatic and heteroaromatic nitro groups can 

I- 
I 	+ 

	

R-N 	_> R 	 R•' °  

L 	 to 
(110) 

undergo intramolecular aldol-type codensations involving nucleophilic 

attack by suitably orientated carhanions or amino groups. 

	

NH 	
HH 

2 	
N 	N 

+ 	 I + 	 1J 

N 

(a) Syntheses of Heterocyclic N-Oxides Involving Nucleophilic 

Attack on the Nitro Group by a Carbanion. 

The Synthesis of Benzimidazole N-Oxides. 

It has been shown 55,56 that conventional peracid oxidation fails 

to N-oxidise benzimidazoles and other routes to these N-oxides have 

had to be developed. 	Base-catalysed aldol-type cyclisations involving 

onitro groups in suitably substituted benzene derivatives are 

particularly important in this area. 	The cyclisation of N-phenacyl- 
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2-nitroaniline (111) to the 1-hydroxybenzimidazole (113) using 

potassium hydroxide as catalyst has been reported. 
57 
 A reasonable 

mechanism for this reaction involves initial nucleophilic attack on the 

nitro group by the ketone carbanion (112), followed by loss of water 

and prototropic rearrangement (Scheme 17). 

Other benzimidazole N-oxide syntheses involve the use of o-nitro-- 

benzylidene compounds. 	Thus, the reaction58  of benzyiidene-2- 

ni.roani1ine (114) with cyanide ion in methanol yields 1-hydroxy-2- 

phenybenz4.midazole (118) . 	The mechanism suggested for this reaction 

involves formation of the hydrogen cyanide adduct (115) which, in 

the basic medium, forms the carbanion (116) 	Subse-iuent attack of 

the anionic ceni.re  in (116) on the nitri group yields the intermediate 

(117) which can afford the final product by two possible routes 

(Scheme 18) . 	As yet there is no evidence to support one route in 

prefereLce to the other. 	However the iormaio of the adduct (115) 

is supported by its synthesis and base-catalyzed cyc1 sation59  to (118) 

A general N-hydroxybenzimidazole synthesis 1-.as been rorted.D7 

Aqueous methanolic sodium carbonate catalyses the conversion of the 

U--substituted 2-nitroanilinoacetonitriles (119) into the N-hydroxy 

compounds (121). 	It may be inferred that the N-oxides (120) are 

intermediates in this reaction and indeed, the synthesis and facile 

conversion60 of 2-cyano-3-methylbenzimidazole 1-N-oxide (120b) to 

using alkali, supports this mechanism (Scheme 19). 

Syntheses of Quinazoline N-Oxides. 

The base-catalysed cyclisation of 2-nitrobenzoylaminoacetonitriles 

provides a valuable synthetic route to 1-hydroxyquinazolin-2,4-

diones (124) .61'62The N-oxides (123) are probable inteilnediates in 
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these reactions with formation of (124) taking place by nucleophilic 

substitution of the 3-cyano group in (123) by hydroxide ion. 	When 

R = H, only low yields of the dione (124; 

0 

VNo
R  

2 CH2CN 
(122) 	

I 	

R 
R 

a; H 	 r" 
h; Me 

C; Ph 	
(124) OH 

R 	H) are found but this 

RIM 

may be attributed, at least in part, to the presence of an enoliseable 

side chain in the starting arnide (122a) which can reduce the acidity 

of tne methylene group sufficiently to inhibit anion formation and 

subsequent cyclisation. 	Studies on the ethcxide-ctalysed cyclisation 

of the acylamide (125) have been carried nut in an attempt to isolate 

N-oxide intnrmediates. 	The only product iorme' from the reaction of 

(125) with ethoxide ion was found to be 2-phenylindazole (129) , from 

which it may be inferred that the N--oxide (126) is an intermediate. 

Formation and subsequent decomposition of the adiuct (127) gives 

2-hydroxylamino-N-phenylbenzainide (128) which cyclodehydrates to (129) 

(Scheme 20). 	The intermediacy of N-oxides in such reactions is also 

supported by the formation of the tautcmer (132)61 which is isolated 

from the base-catalysed reaction of the methyl-substituted amide (130). 

Formation of the adduct (131) followed by loss of the cyano group 

accounts for the isolation of this product (Scheme 21). 
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Syntheses of ç)uinoxaline N-Oxides. 

Undoubtedly the widest application of base-catalysed cyclisation 

reactions of o-nitrobenzene derivatives has been in the synthesis of 

quinoxaline N-oxides. 	The cyclisation of a-substituted 2-nitro- 

acetanilides (133) provides a general quinoxalin-2(1B)-one 4-N-oxide 

synthesis. 63 The sole requisite for effective cyclisation of the 

2-nitroacetanolides appears to be activation of Lhe methylene group 

in (133) by electron withdrawal in R. 	Thus the action of warm alkali 

(4-8%) achieves the transformation of (133) to (134) . 	Deacylation°3  

to the parent N-oxide (135) occurs on treatment with strong alkali 

65 
(20%). 	Such deacylation is utilscd n the synthesis 

64,
of the 

H H 	 H 
NO 	 N, 0>  

N 0 C H R R  2 2 
(133) 	

(13 4) 0 	 (135) CO 

R 	 R 

COMe 	 a; Me 

COPh 	 b; Ph 

3-alkyiquinoxalinone 4-N-oxides (137) from the o-alkyl-2-nitroacetanjiides 

(136), the initial activating effect of the acyl group being particularly 

important in this case. 
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A variety of basic conditions 6,1,66 
has been used in the synths*s 

of the 3-cyanoquinoxalin---2 (lii) -one 4-N--oxides (139) from the a-cyan3- 

2-nitroacetanilides (138) . 	 The N-hydroxy compounds (140) have also 

been obtained by the action of aqueous alkali on (138) and (139), U;US 

strongly supporting the intermediacy of the N-oxides (139) in the 

transformation of (138) into (140) (Scheme 22). 

The utilisation of py?:idinium salts of the type (141) provides a 

route 63,64 to the 3-aminoquinoxalin-2(1H)-one 4-N-oxides (143). 	The 

a-aniinoacetanilide (144) lacks the required acidity in the methylene 

group for successful base-catalysed cyclisation and consequently the 

conversion of (141) to (143) is a valuable synthetic method. 	The 

use of piperidine as the catalyst has been found to effect clean 

cyclisation and the intermediacy of the anils (142) has been substant-

iated by isolation 
67 

of the sodium salts (145) from the alkali-catalysed 

cyclisation of (141) (Scheme 23). 
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Despite their lower methylene group acidity, the a-aryl-2-nitro- 

6860  
acetanilides (146) have been shown ' 	to cyclise under basic con- 

ditions to yield the 2-arylquinoxalin-2(1H)-one 4-N-oxides (147). 

It should be noted that the -phenyl-2-nitoacetanilide (146; P. = H) 

affords only a very low yield of the N-oxide (147; P. = H) due to 

competing solvolysis of the amide side chain. 64 The corresponding 

a-nitrophenyl-2-nitroacetanilide (146; P. = NO2), gives an excellent 

yield of the N-oxide (147; P. = NO2) due to stabilisation of the inter-

mediate anion (148) as shown. 
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(b) Syntheses of Heterocyclic N-Oxides Involving Attack on the Nitro 

Group by a Nitrogen Nucleophile. 

Synthesis of Benzotriazole N-Oxides 

Probably the first case of a reaction involving nucJ.eophilic 

attack on an aromatic nitro group by an amino group, was the conversioi 3O'71  

by heating in aqueous alkali, of 2-nitrophenylhydraztna (149) into the 

sodium salt of l-hydroxybenzotriazole (150). 	nI:his cvo.isation has 

since been shown to be applicable to N-substituted 2-nitrophenylhyclra-

zines7' (151) thus providing a synthetic route to benzc-1,2,3-triazole 

N-oxides (152) (Scheme 24) . 	Transformations of the tyje (153) to 

(154) can occur by means of acid ctaiysis and wilJ be discussed later. 

R 
N'-NH 

I  rN 2 

2 

(153) 

The Synthesis of Cinnoline N-Oxides. 

Ostensibly, the base-catalysed formation of 4- eyano-3-hydroxy-

cinnoline 1-N-oxide (157) from 2-nitrophenvicyancacetamide (155) , is the 

result of attack on the nitro group by the weakly basic amino group 

in (155). 	However a similar reaction using 2-nitrophenylacetarnide 

(158) fails to yield the N-oxide (160), thus indicating the require-

ment for successful cyclisation, of an acidic benzylic hydrogen. 73 

The stability of the easily formed enolate anion (156) derived from 

(155) obviously enhances the nucleophilicity of the amino group, 

whereas in contrast, proton removal from (158) to give the anion 

will be very difficult. 	Consequently cyclisation of (158) to 

is therefore improbable (Scheme 25). 
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The alkoxide-catalysed formation of the benzocinncline N-oxides 

(162) from the 2-amino-2 / -nitrobiphenyls (161) is rcadily achieved 74  

and, has been developed into a general process. 75-77 Att2mpts 
 75 
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to cyclise the dibromobiphenyl (163) were unsuccessful. 	Since close 

proximity between the nitro and amino groups is required for cyclisation 

to occur, it is reasonable to assume that the steric interaction 

between the two bulky bromine groups is such that the nitro group and 

the amino group are held too far apart for any interaction between them 

to take place. 
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Syntheses of Benzo-1,2,4-triazine N-Oxides 

The best general synthesis of 3-substituted--benzo--1,2,4-triazine 

1-N--oxides, involves the base-catalysed cyclisation of 2-nitrophenyl--

guanidines and related molecules (e.g. 2-nitrophenylurea and 2-nitro 

phenyithiourea). 	This method was first reported by Arndt 
78 
 in 1613. 

The in situ preparation and cyclisation of 2-nitrophenylguanidines 

is also well characterised. 79  Concentrated hydrochloric acid 

catalyses the condensation of 2-nitroanilines (164) with cyanamide to 

yield the guanidines (16). 	Strong alkali (30-40% aqueous sodium 

hydroxide) is required to effect the cyclisation of (165) to the 

benzot:iazine N-o;ides (167). 	The fact that such strong alkali is 

needed to effect benzotriazine N-oxide formation, suggests a mechanistic 

difference between this cyclisation and the cirinoline N-oxide synthesis 

discussed previously. 	The probable pathway for conversion of (165) 

to (167) involves the formation of the anion (166) which then unde:goes 

cyclisation by n intramolecular aldol-type reaction (Scheme 26). 

Suoort for the anionic mechanism suggested, comes from the cyclisation8  

of 2,4-dinitrophonylguanidine (168) which takes place in 8% aqueous 

sodium hydroxide to give the N-oxide (170). 	The prcposed anionic 

intermediate (169) in this case is resonance stabilised thus enabling 

cyclisafion to proceed under such mild conditions (Scheme 27). 

Cyclisation of the pyridine analogues (171) and (174) of (165) has been 

82 
achieved 

81,
using aqueous potassium carbonate under reflux to yield 

the pyrido[2,3_e] and pyrido [4,3_c] -as_triazine 1-N--oxides (173) and 

(176) respectively. 	Again the resonance-stabilised anionic inter- 

mediates (172) and (173) may be invoked (Scheme 28), to account for 

the relative ease of these cyclisations. 
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The study of synthetic routes to otherwise difficultly accessible 

N-oxygenated pteridines, purines and related molecules, involving the 

base-catalysed cyclisation of heteroaromatic nitro compounds, provides 

the subject material of the following thesis. 



Chapter 2 

DISCUSSION 



Imm 

A NEW SYNTHESIS OF 2-SUBSTITUTED-PTERIDIN-7 (8H) -ONE 5-N-OXIDES. 

By analogy with the base-catalysed transformation of ct-substituted 

66 2-nitroacetanilides into quinoxaline N-oxides 64, 	(see Chapter 1), 

cyclisation of structurally related pyrimidine derivatives (177) might 

provide a valuable route to pteridinone N-oxides (178), species not 

readily accessible by the available synthetic methods (see chapter 1). 

Moreover, subsequent reduction would afford preridinones (179) con-

taining a variety of functional groups at C-6. Cyclisation reactions of 

the type [(177) -* (178)] have not been investigated previously. 
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R-+ 
N 	N JO 

12 
(179) R 



NH2  
N2NO2  

N N NH2  
NH 

2 

0 
NH I 

N±N 

N 	N 	H 2 
(181) 

H2N NH 
(182) 

N2N °2 

H N , NH 2 	IN 	2 
(183) 

I2NNH 

CHNO2  

NH 

NH 

Scheme 29 



-29- 

However in 1961, Carbon 
83 
 investigated the cyclisation of 6-amino-4--

guanidino-5-nitropyrimidine (180), using 30% aqueous sodium hydroxide 

in an attempt to synthesise the azapteridine 5-N-oxide (181). 

However, the product of this reaction was 5-nitro-2,4,6-triaminopyrimi-

dine (183), formation of which was attributed by Carbon, to ring opening of 

the pyrimidine derivative to the tri-imino compound (182) and subsequent 

recyclisation (Scheme 29). 	Despite Carbon's demonstration of apparent 

ring opening of a nitropyrirnidine under basic conditions, it was still 

of interest to investigate the cyclisation of amides of the type (177) 

where R3  is strongly electron withdrawing, thus ensuring, in contrast 

to the guanidine derivative (180), a strongly acidic methylene centre 

in the side-chain, thereby promoting aldol-type cyclisation. 2 further 

requisite for the successful cyclisation [(177) -*- (178)J (as indicated 

by Carbon's studies), is the presence in the amide (177) of a pyrimidine 

nucleus which is relatively stable to nucleophilic attack. The presence 

of an electron-donating group at C-2 in the pyrimidine ring in (177) would 

hopefully hinder or indeed prevent ring cleavage under the basic con-

ditions required for successful cyclisation. At the same time however, con-

sideration must also be given to the possible deactivating effect of such a 

substituent on the reactivity of the nitro group towards nucleophilic attack 

(i.e. towards cyclisation by aldol-type condensation). With these con-

siderations in mind it was decided to prepare the known chlcro-nitro-

pyrimidines (186) in which nucleophilic replacement of the chlorine 

atom and subsequent acylation of the amino group would yield pyrimidine 

substrates containing an electron-donating substituent at C-2 and a 

suitably active methylene side-chain at C-4. 
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The 4-amino--2-chloro-5-nitropyrimidines (186 a and b) were readily 

prepared by the selective amination of the dichioro-nitropyrimidines 

(185) [available by nitration and subsequent chlorination of the 

commercially available uracil derivatives (184)] by the method of 

Bitterli and Erlenmeyer. 
84 
 It was found that the preparation of 

compound (186 a) by the method of Isay85  produced up to 25% of the 

unwanted diaminopyrimidine (187), whilst the method of Bitterli and 

Erlenmeyer 84 reduced the formation of the diamine (187) to not greater 

HN 	H 	NO2 	
N1 	N °2 > 	N 02  

	

ON 0 0 N 	CN Cl  CINNH2  
H 	 H (185) 	 (186) 

(184) 
R 

H 

Me 

N. 1N °2 
H2NL N )N H2  

(187) 

than 15%. 	Initially it was decided to replace the chlorine atom in 

(186 a and b) by the electron-donating methoxyl group, and an attempt 

was made, using the conditions of Albert, 86 to prepare 4-amino-2-

methoxy-5-nitropyrimidine (188a) by heating the chloro compound 

(186a) under reflux with methanolic sodium methoxide. However the 

only product formed in this reaction was 5-nitrocytosine (189) and 

a similar attempt to prepare the ethoxy analogue (188b) using ethanolic 

sodium ethoxide, again resulted in the formation of the cytosine (189). 
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Since care had been taken to exclude moisture in both of these reactions, 

the formation of 5-nitrocytosine (189) presumably takes place during the 

aqueous work up. The inefficiency of the reactions of the chioro corn-

pound (186a) with methoxide ion and ethoxide ion is probably due, at 

least in part, to the insolubility of (186a) in methanol and ethanol. 

Consequently dimethylformamide was investigated as a solvent. 	In 

practice, the reaction of the chioro compound (186a) with sodium methoxide 

in dimethylformamide gave, in addition to a small amount of 5-nitrocytosine, 

a product (34%), identified as 4-amino-2--dimethylamino-5-nitropyrimidine 

(190a). The formation of this compound is readily explained by the 

replacement of the chlorine atom in (186a) by dimethylamine produced 

by the methoxide ion-catalysed solvolysis of the dirnethylformamide. 

Since attempts to obtain the methoxy compound (188a) had been unsuccessful, 

NNO OMc 

M 2NNNH2 < D.M.F 
(l9Oa) 

(189) 

and since the electron-donating capacity of the dirnethylamino group is 

comparable to that of alkoxyl, attention was directed to the synthetic 

potential of the dirnethylamino derivative (190a). However it was 
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first necessary to improve the synthesis of the dimethylaminopyrimidine 

(190a). Albert 
87 
 has reported the preparation of the amine (190a) by 

reacting the chioro compound (186a) with ethanolic dimethylamine at 1000 , 

presumably in a closed system. 	In the present studies it was found 

that the chioro compound (186a) reacted with ethanolic dimethylamine 

under reflux at atmospheric pressure to give the dimethylamino compound 

(190a) in excellent yield. 	The dimethylamino compound (190a) was also 

synthesised by a modification of the method of Saunders, 88 The use of 

N,N-diethylaniline as a catalyst, promoted the chlorination of 2-dimethyl--

amino-4--hydroxy--5-nitropyrimidine (191) with phosphoryl chloride giving a 

high yield of the chioro compound (192) in a single stage. 	Saunders 88 

used phosphoryl chloride alone and found that the chlorination had to be 

repeated several times in order to effect a reasonable conversion of (191) 

to (192). Ammonolysis of (192) over a period of 60 h as opposed to the 

18 h recommended by Saunders afforded the amine (190a) in excellent yield. 
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Acylation of the pyrirnidylamine (190a) with cyanoacetyl chloride 

in refluxing benzene afforded a reasonable yield of the amide (193a), 

unreacted amine also being recovered. The i.r. spectrum of the 

amide (193a) showed a carbonyl band at 1700 cm- 1, the expected value 

CN 

NINO <COO NNO2 

M 2NN>NH 	M 2NNNCOCH2CN 
(190a) 	

(193a) 	
H 

for a secondary amide being 1680-1630 cm-1. The exceptionally high 

frequency for the amide carbonyl band in (193a) is probably due to the 

powerful electron-withdrawing effect of both the pyrimidine ring and 

the cyano group. 	The 1 H n.m.r. spectrum of the amide (193a) shows 

two sharp singlets for the dimethylamino group, indicating that there 

must be hindered rotation about the ring carbon to amino nitrogen bond. 

With a view to cyclising the amide (193a) it was heated under reflux 

in aqueous 2.5 N sodium hydroxide. An acidic product was formed in good 

yield which is assigned the 2-d4-methylamino-5-hydroxypterjdjn-6(51j) ,7(8H)-

dione structure (194a) (Scheme 31), on the basis of the following evidence. 

The mass spectrum showed a parent ion at M 223 and a fragment ion at 

(M+.16) consistent with the loss of the N-oxygen atom from the 

N-oxygenated structure (194a). 	The i.r. spectrum lacked absorption 

due to a nitro group, but contained broad hydroxyl absorption at 

2700-2400 cm-1  and carbonyl absorption at 1690 cm- 1, indicative of the 

presence of a cyclic hydroxamic acid group. The presence of this 

group was also supported by the fact that a suspension of the acidic 

compound in ethanol gave a deep green colour with iron (III) chloride. 
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Cyclic hydroxamic acids are well known89  to give pronounced colours 

with iron (III) chloride in ethanol. 	Unequivocal proof of the 

structure of (194a) for the acidic product was obtained from its dithion-

ite reduction to the pteridinedione (195a) whose structure was established 

in turn by unambiguous synthesis. Thus catalytic reduction of the 

nitroamine (190a) gave the diamine (196) which condensed with diethyl 

oxalate to afford the pteridinedione (195a) (Scheme 32). 	Attempts to 

obtain accurate analytical data consistent with the hydroxamic acid 

structure (194a) were thwarted by the extreme insolubility of the 

acidic compound in various solvents including dimethyl suiphoxide. 

Water was finally used, but the inefficiency of the crystallisation led 

to inaccurate analytical results. 	The pteridinedione (195a) also failed 

to give consistent analytical data due to difficulties encountered in its 

crystallisation . However, an accurate mass determination gave data in 

accord with the expected molecular formula. 

Formation of the cyclic hydroxamic acid (194a) from the amide 

(193a) is readily explained (Scheme 33) by the intermediate formation 

and further reaction of the pteridinone N-oxide (197) originally expected 

as the cyclisation product. 	Thus, hydration of the activated 5,6- 

double bond in (197) to give the adduct (198), and subsequent loss of 

hydrogen cyanide [(198) 	ø.(l99)(194a)] , would account for the 

conversion of the N-oxide intermediate (197) into (194a). 	Formation 

of the N-oxide (197) is explicable in turn by removal of an acidic 

methylene proton in the amide (193) to give the resonance-stabilised 

carbanion (200) which cyclises by intramolecular nucleophilic attack 

on the nitro group giving the intermediate (201). The latter then 

achieves stabilisation by the loss of water to give the N-oxide (197) 

(Scheme 34) 
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Having thus demonstrated the applicability of aldol-type cyclisation 

of a suitably acylated nitropyrimidine to the synthesis of an N-oxygenated 

pteridinone, attention was turned to the scope of the reaction. 	Thus, 

acylation of the nitroanlines (190 b-h) [readily prepared by the reaction 

of the chloro compounds (186 a and b) with the corresponding amines] (Scheme 30) 

with cyanoacetyl chloride using the same conditions as for the amide 

(193a), afforded the 2 '-substituted--4 I-  (2-cyanoacetamido)-5 '-nitropyrimidines 

(193 b-h) in high yield. 	In some cases, unreacted amine was recovered. 

All of the amides (193 a-h) exhibited i.r. carbonyl absorption in the 

range 1730-1695 cm 1  (r-f. Figure 1) and, as before, the relatively high 

carbonyl frequency in these compounds can be attributed to enhanced 

electron-withdrawal due to both the pyrimidine ring and the cyano group. 

An unusual feature of .r. spectra of the amides (193 e and f) was the 

presence of dual absorption bands associated with the carbonyl, cyano 

and NH groups (cf. Figure 1). 	However these amides gave analytical, mass 

spectral and 1H n.m.r. data consistent with the assigned structures and 

with them being single species. Also the presence of two crystal forms 

was not noticeable under the microscope. 	An i.r. spectrum of (193e) 

was run in solution in chloroform (cf. Figure 2) and the multiplicity 

in the NH, CN and Co absorptions disappeared suggesting that this 

multiplicity is associated with some effect in the solid state. 

The 1H n.m.r. spectra of the amides (193 a,c,d and e) exhibit 

multiplicity in the signals due to the protons of the dimethylaxnino 

and diethylamino groups, again showing that there is hindered rotation 

about the ring to dialkylamino group bond. 

The reactivity of the amides (193 b-h) towards refluxing aqueous 

2.5 M sodium hydroxide was investigated in the expectation that in all 

cases cyclic hydroxamic acid formation would be the result. 	In practice, 
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hydroxamic acid formation was limited to the case of 4'-(2-cyanoacetamido)-

5'-nitro-2'-pyrrolidinopyrimidine (193b), which gave the cyclic hydroxamic 

acid (194b). 	Because of its insolubility, satisfactory analytical data 

could not be obtained for this compound. As in the case of (194a), the 

assignment of the N-hydroxy structure (194b) is based on i.r. absorption 

characteristic of a cyclic hydroxamic acid grouping (see before), the 

presence of a fragment ion at (M+_16)  in the mass spectrum and the 

production of a dark green colour with iron (III) chloride in ethanol. 

The structure (194b) was firmly established by dithionite reduction to 

the pteridinedione (195b). 	As in the case of the pteridinedione (195a), 

satisfactory analytical data could not be obtained for the compound (195b). 

However an accurate mass determination gave data in accord with the 

expected structure (195b). 	In contrast to the formation of the cyclic 

hydroxamic acids (194 a and b) from the amides (193 a and b), heating 

the amides (193 c-h) under reflux with alkali gave products identified 

as the pteridinediones (195 c-h) (Scheme 35). 	It was observed in some 

cases that, concomitantly with cyclisation to the pteridinediones, 

amide cleavage took place, the parent amines being isolated. 	The 

pteridinediones (195 c-h) were acidic, high melting solids. 	They 

gave satisfactory analytical and mass spectral data and, in accord with 

the cyclic lactam structures (195 c-h), they exhibited broad NH and 

carbonyl absorption at 3400-3100 cm 1  and 1740-1690 cm-1  in their i.r. 

spectra. 	The pteridinediones (195 a-h) all gave green colours with 

iron (III) chloride in ethanol thus demonstrating that this test is 

not unique to the hydroxamic acids (194 a and b). The structures of 

the pteridinediones (195 a-h) was further established by the unambiguous 

synthesis of the compound (195e). 	Thus, catalytic reduction of the 
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nitroamine (190e) gave the diamine intermediate (202), condensation of 

which with diethyl oxalate yielded 2-diethylamino-4-methylpteridin-6(5H), 

7(8H)-dione (195e). 	The pteridinedione structure of (195c) is further 

Me 
NO2  

EtN N>NH 2 	 2  

H 	
Me 

2/PdJC > J)NH2  

Et2NN NH  
(190e)

/CI  

(202) 

O2Et 

O2Et 
Me H 

NNO 

Et2N N N AQ 

(195e) 

supported by the fact that it is recovered unchanged on attempted dithionite 

reduction. 

At first sight, the formation of the pteridinediones (195 c-h) 

from the amides (193 c-h) appears to be explicable in terms of reduction 

of the corresponding N-hydroxyp-rdinediones expected at the outset 

as the products. Such reduction would be readily explained in an 

ethanolic alkaline medium, whose reducing capacity is well known. 90 

However reduction of the type in question in a purely aqueous alkaline 

medium seems to be without precedent. On the other hand, the purely 

thermal reduction [(203) -f (204)] of the quinoxaline hydroxamic acid 

(203) is known. 
62 
 However this course for formation of the pteridine- 

diones (195 c-h) is excluded by the finding that the cyclic hydroxamic 

acid (194a) is unaffected by heating under reflux in aqueous alkali. 
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On the assumption that the corresponding 6-cyanopteridinone 5-N-oxides 

(205) are intermediates in pteridinedione formation, an explanation of 

the differing behaviour of the amides (193 a and b) and (193 d-h) towards 

cyclisation in aqueous alkali may be provided by the differing reactivities 

of the derived hydrates (206 a and b) and (206 d-h). 	Thus the hydrates 

(206 a and b) derived from the amides (193 a and b), lacking a C-4 methyl 

group,decompse in an orthodox fashion by loss of hydrogen cyanide to 

afford the cyclic hydroxamic acids (194 a and b) (Scheme 36). 	On the 

other hand, the hydrates (206 d-h) derived from the amides (193 d-h) 

contain a C-4 methyl substituent which, by exerting a buttressing effect, 

promotes loss of isocyanic acid via a strained four membered intermediate 

(207) thus leading to the pteridinediones (195 d-h) and not the corres-

ponding N-hydroxy compounds (Scheme 37). The formation of the four 

membered intermediate (207) by attack of the N-hydroxyl group in the 

hydrates (206 d-h) on the C-6 cyano group finds some analogy in the 

participation by an N-hydroxyl group in the hydrolysis of a cyanomethyl-

quinoxaline.91  An alternative mechanism for the formation of the 

pteridinediones (195 d-h) involving alkaline hydrolysis of the C-6 

cyano group can also be envisaged. Thus, the buttressing effect of 

the C-4 methyl group, by inhibiting formation of the hydrates (206 d-h) 

(and hence formation of the corresponding cyclic hydroxamic acids), 

could promote hydrolysis of the cyano group in the N-oxides (205 d-h). 
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Decarboxylation of the resulting carboxylic acids (208) would then 

yield the pteridinone N-oxides (209) hydration of which would afford 

the adducts (210), convertible by subsequent dehydration into the 

pteridinediones (195 d-h) (Scheme 38). 	However neither mechanism 

(i.e. Schemes 37 and 38) accounts for the alkali-catalysed conversion 

of the amide (193c),.which lacks a C-4 methyl substituent,into the 

pteridinedione (195c) and not its N-hydroxy derivative. Further 

experimental work will be required to clarify this anomaly. 

Having demonstrated in general that the pyrimidyl amides (193 a-h) 

undergo alkali-catalysed cyclisation to pteridinediones or their N-hydroxy 

derivatives, it was of considerable interest 'to try to isolate the 6-

cyanopteridinone 5-N-oxides proposed as intermediates in these reactions. 

It was decided therefore, to investigate the cyclisation of the amides 

(193 a-h) under milder conditions in an attempt to prevent further 

reaction of the N-oxides, thus allowing their isolation. 	In practice 

it was found that stirring the amides (193 a-h) in suspension in aqueous 

2.5 M sodium hydroxide at 40°  for 5 to 30 minutes, resulted in the 

formation in moderate to high yield of the anticipated pteridin-7 (8H) - 

one 5-N-oxides (205 a-h) (Scheme 39). 	The course of the reaction could 

be followed by the colour changes which took place, the initial colour 

of the amide anion being replaced by that of the sodium salt of the 

N-oxide. Amide cleavage resulted in some cases, the parent amines 

being isolated as by-products. The relatively low yield (44%) of 

6-cyano-2-pyrrolidinopteridin-7 (8H) -one 5-N-oxide (205b) is accounted 

for by the concomitant formation of the cyclic hydroxamic acid (194b) 

isolated previously. An attempt was made to carry out the cyclisation 

of the amide (193b) in aqueous 2.5 M sodium hydroxide at room temperature. 
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However the starting amide was recovered unchanged indicating that heat 

is required in order for cyclisation to take place. The cyclisation 

of the amide (193c) was also studied using catalysts other than aqueous 

alkali. The action of ethanolic sodium ethoxide under reflux on the 

amide (193c) resulted only in amide cleavage, affording the amine 

(190c). 	The amide (193c) reacted with triethylamine at room tempera- 

tare to yield unchanged starting material together with the amine (190c), 

while the same reaction under ref lux gave the amine (190c) exclusively. 

The N-oxides (205 a-h) were found to be acidic, high-melting, yellow-

coloured solids. They exhibit weak cyano and strong carbonyl absorp-

tion in their i.r. spectra and gave satisfactory analytical and mass 

spectral data, the parent ions being 18 mass units less than the corres-

ponding amide precursors. The ultraviolet spectrum of the N-oxide 

(205a) in ethanol (cf. Figure 3) was generally similar to that of a 

typical pteridinone •92 

In accord with their cyclic amide structure (205), the N-oxides 

(205 a-h) were readily methylated using dimethyl sulphate giving the 

N-methyl N-oxides (211 a-h) in high yield (Scheme 40). 

Unequivocal evidence for the presence of the N-oxide group in 

the 5-cyanopteridinone 5-N-oxides (205) and (211) was provided by the 

reduction of the N-oxides (205 a and c-e) and (211e) using sodium 

dithionite in glacial acetic acid or aqueous ethanol. 	Dithionite 

reduction of the 4-methylpteridinone N-oxides (205 d and e) and (211e) 

resulted in simple deoxygenation to the 6-cyanopteridinones (215) and 

(216). 	In contrast, in the dithionite reduction of the C-4 unsubstituted 

N-oxides (205 a and c), deoxygenation was accompanied by loss of the 

cyano group affording the pteridinones (214ao.4b).Loss of the cyano 

group is also observed in the dithionite reduction of 3-cyanoquinoxalin- 
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2(1H)-one 4-N-oxides.93  In the cases of the N-oxides (205 a and c) 

the loss of the C-6 cyano group can be explained by further reduction 

of the initially formed 6-cyanopteridinones (212) to the 5,6-dihydro-

pteridinones (213) followed by loss of hydrogen cyanide to yield the 

parent pteridinones (214) (Scheme 41) . 	Conversely, the retention of 

the cyano group in the cases of (205 d and e) and (211e) is explicable 

in terms of steric hindrance to further reduction of the cyanopteridinones 

(215 a and b) and (216) due to the presence of the C-4 methyl group. 

The catalytic reduction of the N-oxide (205e) also proceeded with 

0 
Met Me 

Na2 2 4SQ 	N(NCN 

RN N 
1 2 
R 

R1  R2  

(205d); 	Me2N H (215a); 	Me2N H 

(205e); 	Et2N H (215b); 	Et2N H 

(211e); 	Et2N Me (216) 	; 	Et2N Me 

retention of the C-6 cyano group affording the cyanopteridinone (215b). 

Since the yields in the reductions of the N-oxides (205 a and c) and 

(205 d and e) and (211e) are high, these reactions provide a useful route 

to pteridin-7(BH)-ones and 6-cyanopteridin-7(8H)-ones of unequivocal 

structure. 
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As expected, the mass spectra of the N-oxides (205 b and C) show 

a fragment ion at (M+_16) mass units due to the loss of the N-oxide 

oxygen atom. 	In contrast, the mass spectrum of the N-oxide (205a) 

exhibits a fragment ion at (M+_15)  mass units, indicating the loss of 

a methyl group (presumably from the dimethylamino substituent) which 

occurs more readily than the loss of the N-oxide oxygen atom. The 

mass spectra of the N-oxides (205 d and f-h) differ yet again in showing 

a fragment ion at (M +_ 17) -17) mass units. 	It has been shown 
94

that the mass 

spectra of o-alkylpyridine N-oxides contain a fragment ion at (M+_17), 

attributable to the "ortho effect", involving the abstraction of a 

hydrogen atom from the c-alkyl group by the oxygen atom of the N-oxide 

group and subsequent loss of 0H. Saha and Pfleiderer95  have shown 

that cz-alkyl pteridine-5- and 8-N-oxides undergo similar electron 

impact-induced loss of 0H. 	The (M+_17) fragment ions in the mass 

spectra of the N-oxides (205 d and f-h) can' likewise be attributed to 

an "ortho effect" involving hydrogen abstraction from the C-4 methyl group. 

However the mass spectrum of the N-oxide (205e) shows a fragment ion at 

(M+_15) rather than (M+_17)  mass units which can be accounted for by the 

loss of a methyl group from either the C-4 position or from the diethyl-

amino substituent. The mass spectra of' the N-methyl N-oxides (211 a-c) 

all contain fragment ions at (M -15) explicable by the loss of the N-S 

methyl group. As expected by analogy with the N-oxides (205 d and f-h), 

the mass spectra of the N-methyl N-oxides (211 d and f-h) contain 

fragment ions at (M+_l7) again explicable in terms of the "ortho effect" 

involving the c-4 methyl group. On the other hand the fragment ion at 

(M+_15) in the mass spectrum of the N-oxide (211e) could be due to the 

loss of the N-8 or C-4 methyl group, or to fragmentation of the diethyl-

amino substituent. 
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By way of establishing their intermediacy in the transformations 

of the amides (193) into the cyclic hydroxamic acids (194) or the 

pteridinediones (195), the N-oxides (205 a, c-e and g) were subjected 

to heating under reflux in aqueous 2.5 M sodium hydroxide. As 

expected, 6-cyano-2-dimethylaminopteridin-7 (8H) -one 5-N-oxide (205a) 

was transformed into the cyclic hydroxamic acid (194a) while the 

N-oxides (205 c-e and g), mirroring the behaviour of their amide 

precursors, afforded the pteridinediones (195 c-e and g) respectively 

(Scheme 42). 	These results strongly support the intermediacy of the 

N-oxides (205) in the amide (193) to pteridinedione or N-hydroxypteridine-

dione transformation. With the object of obtaining the corresponding 

hydroxamic acids, the reactivity of selected N-methylpteridinone 

N-oxides (211) was investigated. 	Unexpectedly, prolonged heating of 

6-cyano-2-diethylanlino-4,8-dimethylpteridin-7(8H)-one 5-N-oxide (211e) 

under reflux with aqueous alkali afforded only the unreacted starting 

material. 	The inertness of the N-oxide (211 e) may be due to its 

inability to form a sodium salt and hence its insolubility in the 

reaction medium. Since hydroxamic acid formation had been shown to 

be favoured by a free C-4 position in the pteridine N-oxide, an attempt 

was made to convert the N-oxide (211a) in refluxing alkali into 

2-dimethylamino-5-hydroxy-8-methylpteridjn-6(5H) ,7(8H)-dione (217). 

Ethanol was used as a cosoivent in this reaction to avoid any compli-

cations due to the insolubility of the starting material. However 

the only product (isolated in low yield) was 2-dimethylamino-8--methyl- 

pteridin-6(5H), 7(8E)-dione (218) . 	This product presumably arises by 

a course similar to that discussed previously for the conversion of the 

N-oxides (205 d-h) into the pteridinediones. However ethanolic alkali 



case. 

e2 N NO 
(2lla) Me 

is a known reducing agent ° Consequently the intermediate formation 

and subsequent reduction of the hydroxamic acid (217) would provide 

an alternative mode of formation of the pteridinedione (218) in this 

NN 
:t' 

O 
Me  ~~' at' 

(218) Me 

OH/ 

r lr ° MeN : :t' 
(217) Nile 

The exclusive formation of the pteridinediones or their N-hydroxy 

derivatives from the N-oxides (205) and (211) in hot aqueous alkali 

and the absence of products derived by hydrolysis of the cyano group, 

demonstrate the enhanced electrophilic character of C-6 in the N-oxides 

(205) and (211). Attempts to effect hydrolysis of the C-6 cyano group 

by stirring a suspension of the N-oxide (205e) in aqueous 2.5 M sodium 

hydroxide at room temperature for 24 h or by heating a solution of (205e) 

under reflux in aqueous 0.5 M sodium carbonate for 5 minutes, returned 

unchanged starting material. Consequently it was of interest to study 

the reactivity of the N-oxides (205) and (211) towards acidic reagents in 

an attempt to divert nucleophilic attack to the C-6 cyano group. 
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Furthermore, successful acidic hydrolysis of the cyano group in the 

N-oxides (205) and (211) would provide for study,the corresponding 

amides (219), carboxylic acids (220) and, perhaps of greatest interest, 

the potentially highly reactive parent pteridinone N-oxides (221) 

(Scheme 43). 	In practice the action of polyphosphoric acid on 6-cyano- 

2-diethylamino-4-methylpteridin-7 (8H) -one 5-N-oxide (205e) or its N-

methyl derivative (211e) at 80°  afforded the pteridinediones (195e) 

and (227) together with some of the starting materials. 	Thus even 

under acidic conditions, products derived from the hydrolysis of the 

cyano group are apparently not observed and exclusive displacement of 

the cyano group accompanied by apparent reduction occurs. Deoxygenation 

under acidic conditions has been observed for quinoxaline-N-oxides 6366  

[e.g. (222) -) (223 . 	Cheeseman 
96

has proposed a mechanism (Scheme 44) 

involving the oxaziridine intermediate (223) to account for the rearrange- 

ment 1(222) -p (225)J - 	However a simpler course for the transformation 

1(222) —*(225)] would be the formation and subsequent dehydration of the 

adduct (224) produced by attack of a water molecule on the protonated 

form of the N-oxide (222) (Scheme 44) . 	Thus the formation of the 

pteridinediones (195e) and (227) may be explained in terms of the 

hydrolysis of the C-6 cyano group in the N-oxides (205e) and (211e) to 

the carboxylic acids (22a),decarboxylation of which would afford the 

parent N-oxide (221). 	Hydration of (221) and subsequent decomposition 

of the adducts (226b)would then yield the pteridinediones (195e) and 

(227) (Scheme 45). 	The reaction of the N-oxide (205e) at 80°  with 

concentrated sulphuric acid to afford the pteridinedione (195e), may also 

be explained by this mechanism. No reaction of (205e) took place with 
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concentrated sulphuric acid at room temperature, thus indicating the 

necessity of heat in these acid-catalysed reactions. 

The lability of the C-6 cyano group in the N-oxides (205) towards 

displacement by hydroxide ion prompted the study of their reactions with 

other nucleophilic reagents in the hope of introducing substituents such 

as substituted-amino into the 6-position of the pteridine ring. Thus 

the N-oxide (205e) was stirred at room temperature with ethanolic 

diethylarnine. However no reaction took place the starting N-oxide 

(205e) being recovered quantitatively. 	Conversely, heating (205e) 

under reflux in neat pyrrolidine afforded an unresolvable multicomponent 

The photochemical ring-contraction of heterocyclic N-oxides is 

now a well documented process, a recent example 97  of which is provided 

by the photochemical conversion of methyl quipoxalin-2--ylcarbamate 1-N-oxide 

(228) into methyl benzimid.zol-2-ylcarbamate (229). 	By analogy, the 

photochemical ring-contraction of a pteridine N-oxide should afford 

N H 
h 	

NH 
j NHCO2Me 	 N 

CO2M 

0 
(228) 	 (229) 

a purine derivative. One example of the chemical ring-contraction of a 

pteridine N-oxide (230) to a purine derivative (231) has been reported 30 

(Scheme 46) . However the analogous photochemical process has not been 

described as yet. The obvious chemical and biological interest of such 

a process prompted the investigation of the photo ring-contraction of 
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the pteridine N-oxide (211f) which, by analogy with other N-oxides,98  

should afford the purine derivative (233) via a seven membered inter- 

mediate of the type (232). 	In practice 6-cyano-4,8-dimethyl-2-pyrrolidino- 

pteridin-7(8H)-one 5-N-oxide (211f) was stable to photolysis in ethanol 

'ee 0 	 Mc 

NNXCN h 
II7Cf0 CN N N NN 

(211f) Me 

Me 	

c 

Z2 
232) 

ICN N CN 
Me 

(233) 

and failed to yield the hoped-for 8-cyano-6,9-dimethyl-2-pyrrolidino-

purine (233). 

Having demonstrated the general synthesis of 6-cyanopteridin-7 

(8H)-one 5-N-oxides by the base-catalysed cyclisation of 4'-(2-cyano-

acetamido)-5'--nitropyrimidines, it was of interest to investigate the 

scope of such aldol-type cyclisations in pyrimidine derivatives. As 

a simple extension of the successful cyclisation {(l93) —9-(205 , an 

attempt was made to synthesise the N-methyl amide (235) in order to 

study its base-catalysed cyclisation. Thus, attempts were made to condense 

the methylaminopyrimidine (234) f which was readily prepared by the reaction 
of the chioro compound (192) with aqueous methylamine] with cyanoacetyl 
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chloride in the absence and in the presence of catalysts (sodium acetate 

or triethylamine). 	In the absence of a catalyst and using anhydrous 

benzene as the solvent, the sole product isolated was the hydrochloride 

(236) of the starting amine (192). 	This may be formed by the reaction 

of the amine with hydrogen chloride derived by thermal decomposition 

of the acid chloride, for which there is precedent, 99 or by direct 

amine-induced dehydrohalogenation of the acid chloride (Scheme 47). 

In comparison with the amine (190a) the acylation of the N-methyl derivative 

(234) will be facilitated by the greater basicity of the amino substit-

uent, but hindered by the greater steric hindrance to attack by the acid 

chloride. The greater basicity of the amino substituent in the amine 

(234) compared with that in the compound (190a), will also result in 

increased decomposition of the acid chloride by dehydrohalogenation 

(see Scheme 47), as supported by the direct formation of the amine 

hydrochloride (236) under essentially anhydrous conditions. Consequently 

the inertness of the amine (234) towards acylation by cyanoacetyl chloride 

can be attributed both to steric hindrance to attack and to decomposition 

of the acid chloride by competing dehydrohalogenation. 

As discussed before, the success of the cyclisation [c177)-- (178)] 

depends on the enhanced acidity of the methylene centre in the side-chain 

of the pyrimidine (177). 	It was therefore of interest to investigate 

the extension of such cyclisations to 4-acetamido-5-nitropyrimidines 

bearing electron-withdrawing groups other than cyano (e.g. carbonyl) in 

the side-chain. An attempt was made therefore to synthesise 4'-(2-

acetylacetamido) -2 '-dimethylamino-5 '-nitropyrimidine (237), by heating 

the amine (190a) with ethyl acetoacetate under conditions which are 

successful for the conversion of o-nitroaniline into a-acetyl-2-- 

63 nitroacetanilide. 	However no reaction took place presumably due 
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to the low basicity of the pyrimidylamine (190a). The attempted 

acylation of the amine (190c) by its condensation with diketne 

was also unsuccessful. On the other hand, the acylation of 4-amino- 

2-diethylamino-5-nitro--pyrimidine (190c) with chloroacetyl chloride 

N~~D NO2 

Me2NNNH 
(190a) 

2 

4  <CO2Et 
COMe 

N]NO2 
1€2 NL N )NHCOCH2C0Mc (237) 

occurred readily to yield the chioroamide (238) which in turn reacted with 

pyridine to afford the pyridinium salt (239). Piperidine-catalysed 

cyclisation of the phenyl analogues of such pyridiniuni salts to 3-amino-

quinoxalin-2(1H)one 4-N-oxides has been achieved (see chapter 1). 

However, despite the presence in the side-chain of a strongly acidic 

methylene centre, the attempted piperidine-catalysed cyclisation of 

the salt (239) resulted in cleavage back to the amine (190c) (Scheme 48). 

An attempt to condense the methylaminopyrimidine (234) with chioro-

acetyl chloride was unsuccessful. 

Although the 2-phenylacetamido side-chain is not nearly so acidic 

as the 2-cyanoacetamido side-chain, successful base-catalysed cyclisation 

of 2-nitroarylacetamido compounds has again been achieved in the quin-

oxaline series (see chapter 1) and it was therefore of interest to 

prepare 2' -dimethylamino-5 '-nitro-4 '- (2-phenylacetamido) pyrimidine 
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(240) in the hope that base--catalysed cyclisation to the 6-phenyl- 

substituted pteridinone 5-N-oxide (241)could be achieved. 	Initial 

attempts to acylate the amine (190a) with phenylacetyl chloride in 

benzene failed. However, acylation was accomplished when the amine 

(190a) was heated under reflux with the neat acid chloride giving the 

desired amide (240) in low yield. 	The failure of phenylacetyl chloride 

to effect the acylation of the amine (190a) under conditions which were 

successful with cyanoacetyl chloride, can be attributed to the greater 

reactivity of the latter reagent towards nucleophilic attack as a conse-

quence of electron-withdrawal by the cyano group. The attempted cycli-

sation of the amide (240) to the N-oxide (241) using both hot ethanolic 

sodium ethoxide or aqueous 0.5 M sodium carbonate, was unsuccessful, 

cleavage to the amine being the sole process observed. 

	

NNO2 	 > NNO7  

	

MC2NNNH2 	MC 2  N 	2  N>NHCOCHPh 
(190a) (240) 

N(NPh 

	

Me2N 	
NO 
H 

(241) 

It has thus been demonstrated that, unlike the cyclisation of 

2-substituted-2 '-nitroacetanilides to quinoxaline 	I  cyclisation 

of 4'-(2-substituted)-5'-nitropyrimidines to pteridine N-oxides is not 
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so generally applicable. However the method does provide a valuable 

route to 6-cyanopteridinone 5-N-oxides and may be successful in other 

cases yet to be investigated. 
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Chapter 2 

EXPERIMENTAL 
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The Preparation of 5-Nitrouracils 

5-Nitrouracil (184a) was prepared in quantitative yield by the method 

of Johnson and Matsuo and had m.p. 296-8°  (lit., 100 298°), V 	1730 max. 

and 1680 (CO), and 1540 and 1320 (NO2) cm 1. 

6-Methyl-5-nitrouracil (184b) was prepared (79%) by the method of 

Gabriel and Colman, m.p. 284-6 0 
(lit., 

101 
 290 

0
), V 

max. 
 1730 and 1680 

(CO), and 1520 and 1350 (NO2 ) cm- 1  

The Preparation 2, 4-Di chic ro-5-nitropyrimidines 

2,4-Dichloro-5-nitropyrimidine (185a) was prepared (62%) as described 

by Whittaker, m.p. 28-30 0 
(lit., 

102
29-30°), \ 	1570 and 1350 (NO) max. 	 4 

-1 
cm 

2,4-Dichlorc-6-methyl-5-nitropyrimidine (185b) was prepared in 73% yield 

by the method of Albert etal and had m.p. 46-55°  (lit., 103 53-4°). 

The Preparation of 4-Amino-2-chloro-5-nitropyrirnidjnes 

4-Anhino--2-chloro-5-nitropyrirnidine (186a). 	The method of !say 85 was 

found to give, in addition to the chioro-nitropyrimidino (186a), up to 

25% of 2,4-diamino-5-nitropyrirnidjne (187). 	On the other hand the 

method of Bitterli and Erlenmeyer 84 was found to produce lesser amounts 

of (187), (up to 15%) and consequently the latter method was used to 

prepare (186a), (85%), m.p. 216-9°  (lit., 85 217°), 	3400 and max.  

1650 (NH), and 1540 and 1350 (NO 2 ) cm- 1. (187), (15%), m.p. > 3000  

(lit., 87 > 3000), V max. 3400, 3300, 3100 and 1670-1640 (NH) cm- 1, was 

recovered from the mother liquors by evaporation and treatment of the 

solid residue with water. 
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4-Amino-2-chloro-6-methyl-5-nitropyrimidine (186b) was prepared (83%) 

by the method of Bitterli and Erlenmeyer, m.p. 165-71°  (lit., 84 170_10), 

max. 
3400, 3300, 3150 and 1640 (NH 	

2 
), and 1530 and 1330 (NO ) cm 

The Reaction of 4-Amino-2-chloro-5-nitropyrimidine (186a) with Alkoxide Ion. 

Using the method of Albert 86 etal, the reaction of (186a) (10.0 g, 0.063 mol) 

with sodium methoxide in methanol, gave a solid residue which was shown to 

be a salt (residue on burning). 	Acidification of this material with dilute 

hydrochloric acid yielded 5-nitrocytosine (189), (63%), m.p. > 300°  (lit., 104 

> 300°), ') 	3340 and 3150 (NH), 2700-2350 (OH), and 1530 and 1350 (No max. 	 2 

cm . 
	

A similar reaction of the chloro compound (186a), (2.50 g, 0.016 

mol) with ethanolic sodium ethoxide afforded (189), (53%). 

The Preparation of 2-Substituted-4-amino-5-nitropyrimidjnes 

A hot suspension of 4-amino-2-chloro-5-nitropyrimidine (186a), 

(17.60 g, 0.10 mol) in ethanol (100 ml) was treated carefully with a 

30% 	solution of dimethylarriine in alcohol (60 ml, 0.40 mol). 	The 

mixture became yellow and heat was evolved. After heating under 

reflux for 2 h the mixture was cooled and filtered and the solid was 

combined with a second crop obtained by evaporating the mother liquor 

and crystallising the solid residue from glacial acetic acid, to give 

4-amino-2-dimethylamino-5.--nitropyrimidine (190a), (94%), m.p. 210-6°  

which was identical (m.p. and i.r. spectrum) with a sample obtained later. 

4-Amino-5-nitro-2-pyrrolidinopyrimidine (1:90b) was prepared 

(77%) by the method of Levin and Tamari m.p. 216-224°  (lit., 105 223°), 

V 
max. 

 3450, 3250, 3100 and 1630 (NH), and 1540 and 1340 (NO 2 ) cm 1. 

4-Amino-2-diethylamino-5-nitropyrimidine (lSOc) was 

prepared (73%) by the method of Boon and Jones, m.p. 101-8°  (lit., 106 

109-10°), V 
max. 	 2 

3400, 3250, 3100 and 1630 (NH), and 1540 and 1340(NO )cm 1 
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A hot solution of 4-amino-2-chloro-6-methyl-5-nitropyrimidine 

(186b), (1.89 g, 0.01 mol) in ethanol (15 ml) was treated with an ethanolic 

solution of dimethylamine (30% 	6.0 g, 0.04 mol). 	Effervescence 

occurred and the yellow mixture was evaporated, treated with water and 

filtered to yield 4- amino- 2-dimethylamino--6-methvl-5-nitropyrimidine 

(190d), (94%), m.p. 149_500 (from glacial acetic acid), (lit., 
107 

 149°), 

max. 3430, 3300 and 1650 (NH), and 1580 and 1330 (NO ) cm l, r [(CD 2 	 3 2 

SO} 2.12 br(2H,S,NH2), 6.86 br[6H,S,(CH3)2N] and 7.46 (3H,S,CH3). 

Found: C, 42.6; H, 5.9; N, 35.4%; M, 197. 

Caic. for C7U11N502: 	C, 42.6; H, 5.6; N, 35.5%; M, 197. 

The chioro compound (186b), (1.25 g, 0.0065 mol) was suspended 

in ethanol (5.0 ml) and the mixture was treated with pyrrolidine (3.80 g). 

Effervescence occurred with the evolution of heat and the mixture was 

heated under reflux for 1 h, cooled and filtered to afford 4-amino-6-

methyl-5-nitro-2-pyrrolidinopyrimidine (190f), (73%), m.p. 185-6°  (from 

ethanol), v max. 3430, 3280, 3200, 3510 and 1650 (NH), and 1540 and 1340 

(NO2) am- 1,i(CDC1 	6.26-6.60 (4H, m, CH2), 7.34 (311, S, CH3), and 

7.96-8.12 (4H, m, 

Found: C, 48.4; H, 6.1; N, 31.1%; M, 223. 

9-l3-5-2_requires: C, 48.4; H, 5.9; N, 31.4%; M, 223. 

NO 4-Amino-6-methyl-5-nitro-2-piperidinopyrimidine (190g) was 

prepared as for (190f) above. However due to a low yield of product 

on cooling and filtration, the mother liquor was evaporated and treated 

with water to give a solid which on combination with the first crop 

gave (190 g), (78%), m.p. 131-2°  (from glacial acetic acid), 
umax 

 3460 

and 3310 (NH), and 1530 and 1325 (NO2) cm-l
' 
 T{(CD3)2SO] 2.13 br 

(2H, S, NH2), 6.10-6.34 (411, m, Cu 2), 7.48 (311, S, CE3), and 8.30-8.66 

(511, m, CU 2) 
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Found: C, 50.7; H, 6.6; N, 29.0%; M+,  237. 

-lol5.52_requires: C, 50.6; H, 6.4; N, 29.5%; N, 237. 

4-Amino-6-methyl-2-morpholino-5-nitropyrimidine (190h) was 

prepared as for (190f) above. 	However the solid obtained from the 

mother liquor was recrystallised from glacial acetic and combined with 

the first crop to give the amine (190h), (92%), m.p. 177-8°  (from 

glacial acetic acid), v max. 3420, 3300, 3270, 3200 and 1630 (NH), and 

1560 and 1330 (NO2) cm- 1, T [(cD3)2so] 2.05 br (2H, S, NH2), 6.10-6.48 

(8H, m, CH2) and 7.45 (3H, S, CH3). 

Found: C, 45.5; H, 5.9; N, 29.5%; M, 239. 

913-59-3_requires: C, 45.2; H, 5.5; N, 29.3%; M, 239. 

4-Arnino-2-diethy1arnino_6_rnethyl_5_njtrpprirnidine (190e) 

was prepared (83%) by the method of Lister and Ramage, m.p. 68-73°  

(lit., 108 73-4°), 
max. 	 2 

3480 and 3360 (NH), and 1560 and 1320 (NO ) cm 1. 

Alternative Syntheses of 4-Amino-2-dimethylamino-5-nitropyrimidine (190a). 

A solution of the chioropyrimidine (186a), (2.50 g, 0.016 mol) 

in dimethylformaniide (10.0 ml) at 1000  was added in one portion to solid 

sodium methoxide (1.50 g) and the resulting orange mixture was heated at 

1000 for 1 h. The mixture was cooled and filtered, and the solid was 

washed with water and combined with a further crop, obtained by diluting 

the dimethylformamide mother liquor with water, to give the amine (190a), 

(34%), m.p. 205-80  (lit., 88 214°), v 	3400, 3250, 3100 and 1640 (NH), 

and 1550 and 1350 (NO2) cm 1. 	Evaporation of the aqueous mother liquor 

followed by treatment with water, filtration, and acidification of the 

solid residue with dilute hydrochloric acid, gave 5-nitrocytosine (189)(8%).  

4-Chloro-2--dimethylamino-5-nitropyrimidine (192) was prepared 

by a modification of the method of Saunders 88 by treating 2-dimethylamino-

4- hydroxy-5--nitropyrimidine88  (55.0 g, 0.30 mol) with phosphoryl chloride 
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(242 ml) and N,N-diethylaniline (55 ml). 	The mixture was heated under 

ref lux for 1.5 h and the excess of phosphoryl chloride was then removed 

under reduced pressure. The gummy residue was treated with ice and the 

resulting solid was collected to give the chloro compound (192) , (86%), 

m.p. 143-5
0 
 (lit.,88  143°), V max. 	 2 

1540 and 1330 (No ) cm 1. 

4-Amino-2-dimethylamino-5-nitropyrimidine (190a) was prepared 

(84%) by the method of Saunders 
88 
 with the modification that the mixture 

was stirred for 60 h rather than 18 h. 

The Reaction of 2-Substituted--4-am 4-no--S--nitropyrimidines with Cyanoacetyl 

Chloride. 

The pyrimidylamines (190 a-h) were dissolved in hot benzene and treated 

with a solution of cyanoacetyl chloride [Prepared by the action of 

phosphorous pentachloride on an ethereal solution (sodium dried ether 

used) of cyanoacetic acid and subsequent removal under reduced pressure 

of the phosphoryl chloride formed during the reaction] in benzene. 

The mixtures were heated under reflux for 2 h and then hot-filtered to 

remove tar. Evaporation of the filtrate and subsequent trituration with 

ether, methanol or ethanol gave the amides (193 a-h). 

(i) 4'-(2-Cyanoacetamido)--2'-dimethylamino-5 '-nitropyrimidine (193a). 

The amine (190a), (5.49 g, 0.03 mol) in benzene (600 ml) reacted with a 

solution of cyanoacetyl chloride (0.033 mol) in benzene (25 ml) to give 

a solid whose m.p. and i.r. spectrum showed it to be a mixture of starting 

material and product. 	Crystallisation of the solid from glacial acetic 

acid gave the amide (193a), (50%), m.p. 184-6°, 'v 	3200 (NH) , 2250w (ON), 

1700 (CO), and 1550 and 1320 (NO2) cm', 'r [(CD3) 250] 1.02 (lH, S, ArH) 

5.68 (2H, S, CH2), 6.76 (3H, S, CH3N), and 6.79 (3H, S, CH3N) 



WIM 

Found: C, 43.3; H, 3.9; N, 34.0%; M+, 250. 

!lo623_requires: C, 43.2; H, 4.0; N, 33.6%; M, 250. 

Evaporation of the crystallisation mother liquor gave a gummy residue 

which yielded starting amine (22%) on trituration with ethanol, identical 

(m.p. and i.r. spectrum) with an authentic sample. 

4'-(2-Cyanoacetamido)--5 '-nitro--2 1-pvrrolidinopyrimjdine (193b) 

A solution of the amine (190b), (5.23 g, 0.025 mol) in benzene (1000 ml) 

reacted with a solution of the acid chloride (0.028 mol) in benzene (25 ml) 

to afford the amide (193b), (85%), m.p. l65-7°(from benzene), v 	3250 max. 

(NH) , 2200w (CN) , 1700 (CO), and 1550 and 1320 (NO2) cm 1, T [(CD3) 2S0- 

CDC131 0.97 (1H, S, ArU), 5.66 (2H, S, CH2), 6.20-6.42 (4H, m, CH 2), 
and 7.84-8.02 (4H, m, CH,).  

Found: C, 48.2; H, 4.4; N, 30.5%; M, 276. 

£1112623_requires: C, 47.8; H, 4.4; N, 30.4%; M, 276. 

41 (2 Cyanoacetamido)-21.-c3iethvlamino_5'_njtropyrirnidifle (193c) 

A solution of the amine (190c) (4.22 g, 0.02 mol) in benzene (160 ml) 

reacted with a solution of cyanoacetyl chloride (0.022 mol) in benzene 

(20 ml) to give the amide (193c), (79%), m.p. 140-2°  (from methanol), 

max. 3270 (NH), 2200w (CN), 1730 (CO), and 1550 and 1320 (NO 2)cm 1, 

r(CDC13) 0.91(1H, S, ArH), 5.89 (2H,S,CH2), 6.14-6.25(4H, m, CH2), and 

8.64-8.69 (6H, m, CR3). 

Found: C, 47.4; H, 5.2; N, 30.3; M+, 278. 

11.l462.3_requires: C, 47.5; H, 5.1; N, 30.2%; M, 278. 

4 '-(2-Cynaoacetarnido)-2 '-dimethylamino--6 '-methyl-5 '-nitro-

pyrimidine (193d). 

The amine (190d), (1.97 g, 0.01 mol) in benzene (80 ml) reacted with a 

Solution of cyanoacetyl chloride (0.011 mol) in benzene (10.0 ml) to 
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give the amide (193d), (77%), m.p. 167-9°  (from methanol-glacial acetic 

acid), 
umax.  3300 (NH), 2250w (CN), 1730 (CO), and 1535 and 1330 (NO 2) 

cm 1, T(CDC13) 5.89 (2H, S, CU2), 6.68 (3H, S. CH3N), 6.75 (3H, S, CH3N), and 

and 7.32 (3H, S, CU3). 

Found: C, 45.7; H, 4.7; N, 31.4%; M+, 264. 

l0l23_requires: C, 45.5; H, 4.6; N, 31.8%; M, 264. 

(v) 41-(2-Cyanoacetarnido)-2'-diethy1amino--6'-methy1-5-nitrop-,rirnidjne 

(193e) 

4-Amino-2-diethylamino-6-methyl-5-nitropyrimjdine (190e), (11.30 g, 0.05 

mol) in benzene (400 ml) reacted with a solution of cyanoacetyl chloride 

(0.055 mol) in benzene (50 ml) to give the amide (193e), (77%), m.p. 

127-9°  (from ethanol), v max. 3310 and 3260 (NH), 2250 and 2200w (CN), 

1725 and 1695 (CO), and 1550 and 1330 (NO 
2 

)CM- 1, ,max. (in solution in 

chloroform) 3270 br (NH), 2150w (cN), 1710 (CO), and 1555 and 1360 (No 2) 

cm 1, t(CDC13) 5.88(2H, S, CU2), 6.15-6.48 (4H, m, CH2), 7.33 (3H, S, CU 3), 

and 8.60-8.86 (6H, fl1 	H3) 

Found: C, 49.3; H, 5.5; N, 28.9%; M+, 292. 

£l2l662.3_requires: C, 49.3; H, 5.5; N, 28.8%; M, 292. 

Evaporation of the methanol trituration liquor from (193e) gave a gum 

which on further trituration with ethanol-light petroleum gave the 

hydrochloride of the starting amine (190e) [identified by comparison 

of its i.r. spectrum with that of an authentic sample prepared by 

crystallising the amine (190e) from concentrated hydrochloric acid]. 

Treatment of this solid with saturated aqueous sodium hydrogen carbonate 

gave the free amine (190e), more of which was obtained by evaporating 

the ethanol-light petroleum mother liquor and crystallising the 

resulting gum from methanol-water, to give a total recovery of unchanged 
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starting material of 23%, identical (m.p. and i.r. spectrum) with an 

authentic sample. 

4'-(2-Cyanoacetamido)-6'-methyl--5'-nitro-2'-pyrrolidino--

pyrimidine (193f) 

A solution of 4-amino-6-methyl-5-nitro-2-pyrrolidinopyrimidine (190f), 

(8.92 g, 0.04 mol), in benzene (320 ml) reacted with cyanoacetyl chloride 

(0.044 mol) in benzene (40 ml) to give the amide (193f), (52%) , m.p. 

125-7°  (from dimethylformamide-water), 
'max 

 3350 and 3300 (NH), 2250 and 

2200w (CN), 1700 br (CO), and 1560 and 1330 (NO 2) cm 1, T[ (CD 3)2so] 

5.89 (2H, S, CH2), 6.34 (4H, m, CH2), 7.54 (3H, S, CE3), and 7.94-8.16 

(4H, m, CE2) 

Found: C, 48.9; H, 5.2; N, 29.2%; M+,  290. 

C, 49.6; H, 4.9; N, 29.0%; M, 290. 

Evaporation of the ethereal trituration liquor gave a gummy solid which 

was treated with saturated aqueous sodium hydrogen carbonate to give the 

amine (190f), (44%) identical (m.p. and i.r. spectrum) with an authentic 

sample. 

4 '-(2-Cyanoacetamido)-6 '-methyl-5 '-nitro-2 '-piperidino- 

pyrimidine (193 g). 

The pyrimidylamine (190 g), (2.37 g, 0.01 mol) in benzene (80 ml) reacted 

with a solution of cyanoacetyl chloride (0.011 mol) in benzene (10.0 ml) 

to give the amide (193 g), (66%), m.p. 165-8°  (from methanol-glacial 

acetic acid), v 	3310 (NH) , 2190w (CN), 1730 (CO), and 1545 and max. 

1335 (NO2) cm 11 T(CDC13) 5.98 (2H, S, CH2), 5.90-6.32 (4H, m, CE 2), 

7.33 (3M, S, CE3), and 8.20-8.50 (6H, m, CE2). 

Found: C, 51.5; H, 5.4; N, 27.6%; M+,  304. 

£13l6693_requires: C, 51.3; H, 5.3; N, 27.6%; M , 304. 
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Evaporation of the methanol trituration liquor from the amide (193 g) 

gave a gum which was further triturated with ether-methanol to give a 

solid which, on treatment with saturated aqueous sodium hydrogen car-

bonate, yielded unchanged starting amine (190 g), (6%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 

(viii) 4 '-(2-Cyanoacetamic3o)-6'-methyl-2'-rnorpholino-5'-nitro-

pyrimidine (193h). 

A solution of the amine (190h), (2.39 g, 0.01 mol) in benzene (80 ml) 

reacted with the acid chloride (0.011 mol) in benzene (10.0 ml) to give 

the amide (193h), (79%), m.p. 184-5°  (from methanol-glacial acetic acid), 

V 	3300 (NH), 2250 (CN), 1730 (CO), and 1,560 and 1340 (NO 2) cm 1, 

T (cD)3so] 5.94 (2H, S, CH2), 6.08-6.43 (8H, in, CH2), and 7.62 (3H, S, CH I). 

Found: c, 46.9; H, 4.8; N 27.4%; M, 306. 

£l2.14624_requires: C, 47.1; H, 4.6; N, 27.4%; N, 306. 

Evaporation of the ethanol trituration liquor from (193 h) gave a gum 

which solidified in contact with ethanol and was treated with saturated 

aqueous sodium hydrogen carbonate to yield the unchanged starting amine 

(190 h), (15%), identical (m.p. and i.r. spectrum) with an authentic 

sample. 

The Preparation of 2-Dimethylamino-4-methy1amino_5-njtropyrjmjjn (234) 

and its Attempted Reaction with Cyanoacetyl Chloride. 

(i) 2-Dimethylamino-4-Methyiainino-5-nitropyrimjdjne (234). 

4-Chloro-2-dimethylamino-5-nitropyrimjdjne (192), (0.81 g, 0.004 mol) 

was treated with aqueous dimethylamine (30% 	4.2 ml, 0.04 mol) and 

the mixture was heated under reflux for 1 h. The resulting mixture 

(containing a solid) was evaporated and treated with water to give 

the amine (234), (76%), m.p. 175-6°  (from glacial acetic acid), 
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'max. 3330 (NH), and 1550 and 1320 (NO2) cm', T[CDC13- (CD 3)2Sol 

1.20 (1H, S, ArH), 1.40-1.86 br (1H, S, NH), 6.7416H, S, (CH 3)2NJ, and 

6.94 (3H, d, J4Hz, CH3N). 

Found: C, 42.4; H, 5.6; N, 35.6%; M+,  197. 

.7-11-52_requires: C, 42.6; H, 5.6; N, 35.5%; M, 197. 

(ii) The Attempted Reaction of (234) with Cyanoacetyl Chloride. 

A hot solution of the nitropyrimidine (234), (0.99 g, 0.005 mol) 

in benzene (100 ml) was treated with a solution of cyanoacetyl chloride 

(0.0055 mol) in benzene (10.0 ml) and the mixture was heated under reflux 

for 2 h. Hot-filtration gave a solid which was combined with a second 

crop, obtained by evaporating the benzene mother liquor, trituration with 

ether-ethanol and treating the resulting solid with saturated aqueous 

sodium hydrogen carbonate to give the unchanged starting material (234), 

(79%), which was identical (m.p. and i.r. spectrum) with an authentic 

sample. 

A solution of the amine (234), (0.99 g, 0.005 mol) in benzene 

(130 ml) at 50°  was added to a solution of cyanoacetyl chloride (0.0055 mol) 

in benzene (10 ml). A precipitate formed almost immediately. After 

heating under reflux for 1.5 h the mixture (containing a solid) was 

evaporated, and trituration with ether-ethanol gave a solid, which was 

treated with saturated aqueous sodium hydrogen carbonate to afford 

unchanged starting material (234) (66%) identical (m.p. and i.r. spectrum) 

with an authentic sample. 

A hot solution of the amine (234), (0.99 g, 0.005 mol) in 

benzene (100 ml) was treated with fused sodium acetate (0.45 g, 

0.0055 mol) and a solution of cyanoacetyl chloride (0.0055 mol) in 
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benzene (10.0 ml) and the mixture was stirred under reflux for 2h. 

Hot-filtration of the mixture and evaporation of the filtrate gave a 

gummy solid which yielded unchanged starting material (88%) on treating 

with ether. 	Repetition of this procedure using triethylamine as the 

catalyst resulted in the recovery of unchanged starting material (234), 

(77%), identical (m.p. and i.r. spectrum) with an authentic sample. 

The Attempted Condensation of 4-Amino-2-dimethylamino-5-nitropyrimidine 

(190a) with Ethyl Acetoacetate. 

A hot solution of the amine (190a), (1.83 g, 0.01 mol) in 

sodium-dried xylene (CO ml) was treated with ethyl acetoacetate (1.4 ml, 

0.01 mol) and the mixture was heated under reflux for 3 h with provision 

for the removal of any ethanol formed during the reaction. The mixture 

was then hot-filtered to remove a negligible amount of extraneous solid. 

The solid from the cooled filtrate was combined with further material 

obtained by evaporating the xylene filtrate and trituration with ether 

to give unchanged starting material (190a),(70%), which was identical 

(m.p. and i.r. spectrum) with an authentic sample. 

The amine (190a), (1,83 g, 0.01 mol) was heated under reflux 

in neat ethyl acetoacetate (17 ml) for 1 h. 	The resulting dark mixture 

was cooled in ice and the unchanged starting amine (190a), (87%) was 

collected and identified by m.p. and i.r. spectrum. 

The Attempted Reaction of 4-Amino-2-diethylamino-5-njtropyrjrnjdjne (190c) 

With Diketene 

A solution of diketene (0.84 g, 0.01 mol) in benzene (10.0 ml) was added 

at 60-700  over 45 min to a vigorously stirred solution of the amine (190c), 
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(2.11 g, 0.01 mol) in benzene (50 ml). 	The mixture was stirred and 

heated at 60-70°  for a further 30 min and the solvent was then removed 

under reduced pressure to leave a gummy residue which afforded a solid on 

treating with ether. 	This solid was combined with material obtained by 

evaporation of the ethereal mother liquor and trituration with light 

petroleum to give unchanged starting material (190c), (quant.), which was 

identical (m.p. and i.r. spectrum) with an authentic sample. 	Extension 

of the reaction time to a total of 3.75 h in the presence of triethylamine 

likewise resulted in the recovery of unchanged starting material (93%). 

4'(2Chloroacetamido)-2 '-diethylamino-S'-nitropyrimidine (238). 

4-Amino-2--diethylamino-5-nitropyrimidine (190c), (1.06 g, 0.005 mol) was 

dissolved in hot benzene (60 ml) and treated with fused sodium acetate 

(0.82 g, 0.01 mol) and a solution of chioroacetyl chloride (0.84 g, 

0.0075 mol) in benzene (10.0 ml). 	The mixture was heated under reflux 

for 2 h and hot-filtered to remove the excess of sodium acetate. 

Evaporation of the filtrate gave an oil which solidified on scratching. 

Trituration with ether afforded tha amide (238), (63%), rn.p. 114-6°  

(from methanol), v 
max  3250 (NH), 1740 (CO), and 1550 and 1320 (NO 

cm i, T(CDC13) 0.92 (1H, S, ArH), 5.55 (2H, S, CH2), 6.15-6.40 (4H, m, CH 2), 

and 8.65-8.83 (6H, m, CH3) 

Found: C, 41.5; H, 4.8; N, 24.6%; M,+ 287 and 289. 

C114Cl NO3  requires. C, 41.8; H, 4.9; N, 24.3%; M, 287.5. 

The Attempted Reaction of 2-Dimethylamino-4-methylamino-5-nitropyrimidine 

(234) with Chioroacetyl Chloride. 

A hot solution of the amine (234), (0.50 g, 0.0025 mol) in benzene (50 ml) 

was treated with fused sodium acetate (0.41 g) and a solution of the acid 
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chloride (0.42 g, 0.0037 mol) in benzene (5.0 ml). 	The mixture was 

heated under reflux for 2 h and then hot-filtered to remove the excess 

of sodium acetate. Evaporation of the filtrate and subsequent ether-

trituration gave the unchanged starting material (234), (84%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 

The Reaction of the Amide (238) with Pyridine to give the Pyridinium Salt (239) 

A suspension of the chloroamide (238), (0.58 g, 0.002 mol) in pyridine (1.0 ml) 

was heated at 100°  for 0.5 h during which time the suspended solid dissolved. 

Removal of the excess pyridine under reduced pressure gave a gummy solid 

which was treated with ether to yield the salt (239), (89%), m.p. 209-120 , 

V 	1700 (Co) and 1550 and 1330 (NO 2) cm 1, t(CF3CC2H) 0.67 br (Ui, S, Aril), 

1.0-1.4 br (3H, m, ArH), 1.73-1.86 br (2H, m, ArH), 3.83 br (2H, S, CH 2), 

5.88-6.34 br (4H, m, CH2), and 8.42-8.72 br (6H, m, Cl-I3). 

M 331.C15H19N603  (cation) requires M, 331. 

Found: C, 49.2; H, 5.4; N, 22.6%. 

£1510- N603 requires: C, 49.1; H, 5.2; N, 22.9%. 

2'-Dimethylamino-5 '-nitro-4 '-(2-phenylacetamido)-pyrimidine (240). 

4-Amino-2-dimethylamino-5-nitropyrimjdine (190a), (1.83 g, 0.01 mol) was 

treated with phenylacetyl chloride (5.0 ml) and the mixture was heated 

over a free flame till a vigorous reaction took place with gas evolution. 

The heat source was then removed and the mixture was warmed at 1000 for 

1 h. The excess of the acid chloride was then removed under reduced 

pressure (oil pump) to leave a dark brown oil which was left in contact 

with water for 1 h. The aqueous mixture was then shaken with chloroform and 

the organic layer was washed (saturated aqueous sodium hydrogen carbonate), 

dried (Mgso4) and evaporated to yield an oil which gave the amide (240), 
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(19%) when treated with ether-ethanol, m.p. 170-1°  (from glacial acetic 

acid), v 	3300 (NH), 1740 (CO), and 1560 and 1330 (NO2) cm 
-1 

max. 

t(CDC13) 0.98 (1H, S, ArH), 2.54-2.80 (511, m, ArE), 6.03 (211, S1  CE 2), 

and 6.70 [611, S 1  (CH 3)2N] 

Found: C, 55.7; H, 5.1; N, 23.2%; M+, 301. 

.1415.52.3_requires : C, 55.8; H, 5.0; N, 23.3%; M, 301. 

Evaporation of the ether-ethanol mother liquor gave an oil, which was 

shown by t.1.c. in chloroform-methanol over silica to be an unresolvable 

mixture of at least six components. 

The use of benzene as a cosolvent in this reaction resulted in 

the recovery of starting material. Attempts to increase the yield of 

the amide (240) by carrying out the condensation in the presence of 

triethylamine or sodium acetate in benzene again resulted in the recovery 

of the starting amine (190a) identical (m.p. and i.r. spectrum) with an 

authentic sample. 

The Preparation of 2-Substituted-6--cyanopteridin--7 (8H) -one 5-N-Oxides 

(205 a-h) 

(i) £-Cyano-2-dimethylarninopteridin-7(8H)-one 5-N-Oxide (205a). 

A suspension of the amide (193a),(0.50 g, 0.002 mol) in aqueous 2.5 H 

sodium hydroxide (5.0 ml) was stirred at 40°  for 10 mm (colour change 

from orange to yellow) and then acidified to pH 5 with concentrated 

hydrochloric acid. Filtration gave a solid whose i.r. spectrum showed 

it to be a mixture of the pteridine N-oxide and the amine (190a). 

Crystallisation of this solid from glacial acetic acid gave the N-oxide 

(205a) , (70%) as orange plates, m.p. 264-8°, V 	2200w (CN) and 1660 (CO) 

cm- 1, A 224, 246, 293, and 414 nm,(log E 	5.26, 5.22, 4.78, and 5.22), 

T(CF3CO2H) 0.80 (111, 5, ArE), and 6.47 1611, S, (CH 3)2N]. 
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Found: C, 46.8; H, 3.6; N, 36.3%; M+, 232. 

requires: C, 46.6; H, 3.5; N, 36.2%; N, 232. 

Evaporation of the acetic acid mother liquor and trituration of the 

residue with ethanol gave the amine (190a), (27%) identical (m.p. and 

i.r. spectrum) with an authentic sample. Work up of the aqueous mother 

liquor gave no further material. 

(ii) 6-Cyano--2-pyrrolidinopteridin-7(8H)-one 5-N-Oxide (205b). 

A suspension of the amide (193b), (1.38 g, 0.005 mol) in aqueous 2.5 M 

sodium hydroxide (15 ml) was stirred at 40°  for 15 mm (colour change from 

orange-red to yellow), and then treated with water (100 ml). 	Filtration 

gave the amine (190b), (23%) identical (m.p. and i.r. spectrum) with an 

authentic sample. Concentration of the aqueous mother liquor to one 

fifth of the original volume followed by acidification to pH 6 with 

concentrated hydrochloric acid, gave the N-oxide (205b), (44%), as 

orange needles, m.p. 277-8°  (from glacial acetic acid), v 	2200w (CN) 

and 1650 (CO) cm- 
1, 
 t(CF3CO2H) 0.85 (lH, S, ArE), 6.0-6.34 (4H, m, 

and 7.60-7.90 (4H, m, cH2). 

Found: C, 51.3; H, 3.9; N, 32.5%; M+,  258. 

11l062_rec.uires. C, 51.2; H, 3.9; N, 32.6%; M, 258. 

Neutralisation of the acidic aqueous mother liquor with solid sodium 

hydrogen carbonate gave the hydroxamic acid 5-hydroxy-2-pyrrolidinopterjdjn-. 

6(5H, 7(8H)-dione (194b), (19%) as an amorphous brown solid which could 

not be crystallised, m.p. > 3000, 'max 3500-3100 br (NH and OH) and 

2750-2450 br (OH), and 1650 (CO) cm- 1, M, 249. 

10-11-:--S022_requires: N, 249, and gave a dark green colour with iron (III) 

chloride in ethanol. 



6-Cyano-2-diethylaminopteridin-7(8H) -one 5-N-Oxide (205c). 

A suspension of the amide (193c), (0.56 g, 0.002 mol) in aqueous 2.5 M 

sodium hydroxide (5.0 ml was stirred at 400  for 10 mm (colour change 

from red to orange) and then acidified to pH 6 with concentrated hydro- 

chloric acid. 	Filtration gave the N-oxide (205c), (75%) as yellow 

needles, m.p. 258_610 (from glacial acetic acid), v 
max. 

 2200w (CN) 

and 1675 (CO) cm- 1, T(CF3CO2H) 0.82 (1H, S, ArH), 5.90-6.34(4H, m,CH2), 

and 8.40-8.74 (6H, m, CH3). 

Found: C, 50.6; H, 4.7; N, 32.4%; M+,  260. 

1l.l2.622_requires: C, 50.8; H, 4.7; N, 32.3%; M, 260. 

Neutralisation of the acidic aqueous mother liquor with solid sodium 

hydrogen carbonate gave the amine (190c), (19%) which was identical 

(m.p. and i.r. spectrum) with an authentic sample. 

6-Cya no- 2- dime thyl amino -4--methylpteridin-7(8H) -one 5-N-Oxide 

(205d) 

A suspension of the amide (193d), (3.43 g, 0.013 mol) in aqueous 2.5 M 

sodium hydroxide (35 ml) was stirred at 40°  for 30 min during which time 

a further addition of base (15 ml) was required to ensure efficient 

mixing (colour change from red to yellow). 	Filtration gave the salt 

of the N-oxide which was then suspended in water and acidified to 

pH 5 with concentrated hydrochloric acid to give the free N-oxide (205d), 

(79%) as fine yellow needles, m.p. 280-3°  (from glacial acetic acid), V 

2300w (CN), and 1690 (CO) cm 1, t(CF3CO2H) 6.5116H, S, (CH 3)2N], and 

6.78(3H, S, CH 3). 

Found: C, 49.1; H, 4.1; N, 34.1%; M+, 246. 

10lo62_requires: C, 48.8; H, 4.1; N, 34.1%; M, 246. 

Work up of the aqueous mother liquors yielded no further material. 



6-Cyano-2-diethylamino-4-methylpteridin-7 (811) -one 5-N-Oxide 

(205e) 

A suspension of the amide (193e),(5.84 g, 0.02 mol) •in aqueous 2.5 M 

sodium hydroxide (50 ml) was stirred at 40°  for 15 mm (colour change 

from red to yellow). 	Filtration gave a solid, acidification of which 

by slurrying with dilute hydrochloric acid, gave a solid mixture of 

the product and the amine (190e) which was removed by leaching with 

hot light petroleum leaving the N-oxide (205e),(70%) as yellow needles, 

m.p. 257-60°  (from glacial acetic acid), V 	2225w (CN) and 1660 (CO), 

T(CF3CO2H) 5.94-6.34 (4H, m, CH2), 6.77 (3H, S, CH3), and 8.61 br (611, t, 

J7Hz, CH3). 

Found: C, 52.6; H, 5.4; N, 30.4%; M, 274. 

£1214.62_requires: C, 52.5; H, 5.2; N, 30.6%; M, 274. 

Evaporation of the light petroleum extract gave the amine (190e), (22%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 	Work up 

of the aqueous mother liquor gave no further material. 

6-Cyano--4-methyl--2-pyrrolidinopteridjn-7 (811) -cne 5-N-Oxide 

(20Sf) 

The amide (193f), (3.88 g, 0.015 mol) was treated with aqueous 2.5 M 

sodium hydroxide (35 ml) and the suspension was stirred at 40°  for 

15 mm (colour change from orange to yellow). 	Filtration gave a solid 

which was suspended in water and acidified with concentrated hydrochloric 

acid to pH 6 to give the N-oxide (205f)., (78%) as fine yellow needles, 

m.p. 245-70  (from glacial acetic acid), v 
max. 

 2200w (CN) and 1660 (CO) 

cm- 
1, 
 T(CF3CO2H) 6.0-6.30 (4H, m, c112), 6.79 (311, S, CH3), and 7.60-

7.96 (411, m, CH2). 

Found: C, 53.2; H, 4.5; N, 30.7%; M, 272. 

-12-l26-2_ 
 requires: C, 52.9; H, 4.4; N, 30.9%; N, 272. 

Further work up of the aqueous mother liquors gave no more material. 
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6-Cyano-4-methyl-2-piperidinopteridin-7(8H) -one 5-N-Oxide 

(205 g) 

A suspension of the amide (193 g), (5.47 g, 0.018 mol) in aqueous 2.5 M 

sodium hydroxide (45 ml) was stirred at 400  for 15 mm (colour change 

from orange to yellow). Filtration gave a solid which was suspended 

in water and neutralised with concentrated hydrochloriá acid to give 

the N-oxide (205 g), (84%) as fine yellow needles, m.p. 259-62 0 (from 

dimethylformamide-water), v2200w (CN) and 1690 (CO) cm- 1,  T(CF3CO2H) 

6.0 br (4H, S, CH 2' 6.78 (3H, S, cH3) , and 8.11 br (6H, s, Cu 2) 

Found: C, 54.5; H, 4.9; N, 29.4%; M+,  286. 

13-1462Q_requires: C, 54.5; H, 4.9; N, 29.4%; M, 286. 

Further work up of the aqueous mother liquors gave no more material. 

6-Cyano-4-methyl-2-morpho1mnpteridin-7 (8H) -one 

5-N-Oxide (205 h). 

A suspension of the amide (193 h), (1.53 g, 0.005 mol) in aqueous 2.5 M 

sodium hydroxide (10.0 ml) was stirred at 40°  for 15 mm (colour change 

from orange to yellow) during which time further addition of base 

(5.0 ml) was required to ensure efficient mixing. 	Filtration gave a 

solid which was suspended in water and neutralised with concentrated hydro-

chloric acid to give the N-oxide (205 h), (66%) as fine yellow needles, 

m.p. 289-91°  (from glacial acetic acid - dimethylformamide), umax 

2200w (CN) and 1690 (CO) cm- 1,  t(CF3CO2H) 5.60 br (8H, 5, Cu2) and 

6.80 (3H, 5, Cu3). 

Found: C, 50.1; H, 4.3; N, 29.1%; M+, 288. 

£.l2.l262_requires: C, 50.0; H, 4.2; N, 29.2%; N, 288. 

Work up of the aqueous mother liquors gave no more material. 
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The Attempted Cyclisation of 4 '-(2-Cvanoacetamido)-2 '-diethyiamino-5 '-

nitropyrimidine (193c) using Catalysts other than Sodium Hydroxide. 

(1) A solution of the amide (193c), (0.56 g, 0.002 mol) in absolute 

ethanol (20 ml) was treated with a solution of sodium (0.09 g, 0.004 g atom) 

in absolute ethanol (20 ml) and the resulting dark red mixture was heated 

under reflux for 0.5 h during which time the colour changed from red to 

pale orange. The ethanol was removed under reduced pressure and the 

solid residue was treated with water and filtered to give the amine 

(190c), (77%),identical (m.p. and i.r. spectrum) with an authentic sample. 

Acidification of the aqueous mother liquor with dilute hydrochloric acid 

gave a negligible amount of a solid which was discarded. 	Subsequent 

chloroform extraction of the aqueous mother liquor gave a gum (0.11 g) 

which was not further characterised. Work up of the extracted aqueous 

mother liquor gave no further material. 

(ii) A solution of the amide (193c), (0.56 g, 0.002 mol) in ethanol 

was stirred and cooled in a cold water bath and treated slowly with 

triethylainine (0.22 g, 0.0022 mol). 	A precipitate formed almost 

immediately and the water bath was removed and stirring was continued 

at room temperature for 2.5 h. 	Filtration yielded unchanged starting 

material (23%) identical (m.p. and i.r. spectrum) with an authentic 

sample. Evaporation of the filtrate gave an oil which on treatment 

with water afforded the amine (190c), (67%) identical (m.p. and i.r. 

spectrum) with an authentic sample. 	An attempt to cyclise (193c) by 

heating under reflux with ethanolic triethylamine resulted in the formation 

of the amine (190c) (80%) 
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The Attempted Cyclisation of 4'-(2-Cyänoacetamido)-5'-nitro-2'-

pyrrolidinopyrimidine (193b) at Room Temperature. 

A suspension of the amide (193b), (0.55 g, 0.002 mol) in aqueous 2.5 M 

sodium hydroxide was stirred at room temperature for 5 min and the 

resulting thick suspension was then acidified with concentrated hydro-

chloric acid to give a solid which was crystallised from glacial acetic 

acid to afford the unchanged starting amide (86%) identical (m.p. and 

i.r. spectrum) with an authentic saAaple. 	Increasing the reaction time 

to 1 h also resulted in the recovery of starting amide (75%). 

N-Methylation of the Pteridincne N-Oxides (205 a-h) 

The N-oxides (205 a-h), dissolved in Analar acetone, were treated with 

anhydrous potassium carbonate and dimethyl sulphate and the mixtures 

were heated under reflux for 4 h. Hot-filtration removed inorganic 

material and evaporation of the filtrates followed by trituration with 

ether or methanol gave the N-methyl compounds (211 a-h). 

(i) 6-Cyano-2-dimethylam 4 no--8-methylpteridin-7(8H)--one 

5-N-Oxide (211a) 

Reaction of N-oxide (205a), (1.38 g, 0.006 mol) in acetone (650 ml) with 

anhydrous potassium carbonate (6.4 g) and dimethyl sulphate (3.6 ml) 

gave the N-methyl derivative (211a), (90%) as yellow plates, m.p. 

264-7°  (from glacial acetic acid), v max. 2200w (CN) and 1670 (CO) cm -1 

X(227.5, 295 and 411)nm, (log Emax 	4.39, 3.86 and 4.33), T(CF3CO2H) 

0.83 (1H, S, ArH), 6.26 (3H, S, CH3N), and 6.47 [6H, S, (CH 3)2NJ. 

Found: C, 48.7; H, 4.0; N, 33.9%; M+, 246. 

.lolo62_requires: C, 48.8; H, 4.1; N, 34.1%; M, 246. 
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6-Cyano-8-methyl-2-pyrrolidinopteridin-7 (8H) -one 

5-N-Oxide (211b) 

A solution of the N-oxide (205b), (0.31g, 0.0012 mol) in acetone (200 ml) 

reacted with anhydrous potassium carbonate (1.3 g) and dimethyl sulphate 

(0.70 ml) to give the N-methyl N-oxide (211b), (82%) as orange plates, 

m.p. 258_600 (from glacial acetic acid), umax. 2200w (CN), and 1660 

(CO) cm, t[(CD3)2SO] 1.03 (lH, 5, ArH), 6.26-6.50 (4H, m,CH2), 

6.54 (3H, S, CH3), and 7.90-8.12 (4H, m, CH2). 

Found: C, 52.9; H, 4.5; N, 30.7%; M+,  272. 

__requires: C, 52.9; H, 4.4; N, 30.9%; M, 272. 

6-Cyano-2-diethylamino-8-methylpteridin_7 (8H) -one 

5-N-Oxide (211c) 

The pteridine derivative (205c), (0.78 g, 0.003 mol) in acetone (300 ml) 

was methylated with dimethyl sulphate (1.8 ml) in the presence of 

anhydrous potassium carbonate (3.2 g) to afford the N-oxide (211c), 

(79%) as orange plates, m.p. 174-5°  (from glacial acetic acid), u 

2200w (CN) and 1680 (CO) cm- 1, t(CF3CO2H) 0.81 (1H, S, ArH), 5.84-6.40 

(4H, m, CM2), 6.23 (3H, S, CH3N), and 8.54 (6H, t, J7Hz, CH,). 

Found: C, 52.5; H, 5.2; N, 30.6%; M 274. 

12.14.62.2_requires: C, 52.5; H, 5.2; N, 30.6%; M, 274. 

6-Cyano--2-dimethylamino-4, 8-dimethylpteridin-7 (811) -one 

5-N-Oxide (211d) 

Reaction of the N-oxide (205d), (0.74 g, 0.003 mol) in acetone (250 ml) 

with anhydrous potassium carbonate (3.2 g) and dimethyl sulphate (1.8 ml) 

afforded the N-methyl derivative (211d), (89%) as yellow needles, 

m.p. 250-2°  (from glacial acetic acid), v 	2200w (CN) and 1680 (CO) max. 

cm,T(CF3CO2H) 6.23 (311, S, C113N), 6.47[6H, S, (CH 3)2N], and 6.77 

(3H, S, CH3) 
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Found: C, 50.8; H, 4.7; N, 32.3%; M+,  260. 

C, 50.8; H, 4.7; N, 32.3%; M, 260. 

6-Cyano-2 -die thyl amino -4 ,8-dimethylpteridin-7 (8H) -one 

5-N-Oxide (211e) 

A solution the N-oxide (205e), (0.82 g, 0.003 mol) in acetone (200 ml) 

reacted with anhydrous potassium carbonate (3.2 g) and dimethyl sulphate 

(1.8 ml) to give the N-methyl compound (211e), (67%) as orange needles, 

m.p. 156-8°  (from methanol-glacial acetic acid), v 	2200w (CN) and 

1670 (CO) cm- 1, T(CF3CO2H) 5.86-6.31 (4H, m, CH2) 6.23 (3H, S, CH3N), 

6.76 (3H, S, CH3), and 8.56 (611, t, J7Hz, CH 3). 

Found: C, 54.2; H, 5.5; N, 29.1%; M+, 288. 

l3l662_recjuires: C, 54.2; H, 5.6; N, 29.2%; M, 288. 

6-Cyano-4,8-dirnethvl-2-pyrrolidilloDteridin-7(811), one 

5-N-Oxide (211f) 

The N-oxide (205f), (2.18 g, 0.008 mol) in acetone (300 ml) reacted with 

anhydrous potassium carbonate (9.6 g) and dimethyl sulphate (5.4 ml) to 

afford the N-methyl N-oxide (211f), (84%) as yellow needles, m.p. 230-3°  

(from glacial acetic acid), v 
max. 

 2200w (CN) and 1670 (Ca) cm 1, 

T(CF3CO2H) 5.90-6.30 (411, in, CH 2' 6.22 (3H, S, CH3N), 6.76 (3H, S, CH 3) 

and 7.52-7.92 (411, in, Cr12) 

Found 	C, 54.4; H, 4.9; N, 29.8%; M+, 286. 

13l46-2_requires: C, 54.5; H, 4.9; N, 29.4%; M, 286. 

6-Cyano-4, 8-dimethyl-2-piperidinopteridin-7 (811) -one 

5-N-Oxide (211 g). 

The N-oxide (205 g), (2.28 g, 0.008 mol) in acetone (500 ml) reacted 

with anhydrous potassium carbonate (9.6 g) and dimethyl sulphate 

(5.4 ml) to give the N-methyl compound (211 g), (75%) as yellow needles, 

m.p. 234-6°  (from glacial acetic acid), V max.  2200W (CN) and 1680 (CO) 

cm 1, t(CF3CO2H)5.8o-6.lo br (411, S 1  Cr12), 6.25 (311, S, CH3N), 6.79 
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(3H, S, CR3) and 8.80-9.10 br (6H, S, CE2) 

Found: C, 55.9; H, 5.4; N, 27.9%; M+, 300 

£1416692_requires: C, 56.0; H, 5.4; N, 28.0%; M, 300. 

(viii) 6-Cyano-4, 8-dimethvl-2-morpholinopteridin-7 (8H) -one 

5-N-Oxide (211h) 

Methylation of the N-oxide (205h), (1.73 g, 0.006 mol) in acetone (550 ml) 

with anhydrous potassium carbonate (6.4 g) and dimethyl sulphate (3.6 ml) 

afforded the N-methyl derivative (211h), (78%) as a yellow amorphous 

solid, m.p. 236-8°  (from glacial acetic acid), v 	2200w (CN) and 

1680 (CO) cm 1, T(CF Co H) 5.85 br (8H, S, CH ), 6.28 (3H, S, CHN), 32 	 2 

and 6.82 (3H, S, CE3) 

Found: C, 51.5; H, 4.9; N, 27.8%; M, 302. 

requires: C, 51.7; H, 4.7; N, 27.8%; M, 302. 

The Sodium Dithionite Reduction of Pteridinone N-Oxides. 

The pteridinone N-oxides were dissolved in glacial acetic acid or 70% v/v 

aqueous ethanol and heated under ref lux for 1 h with twice their weight 

of solid sodium dithionite (added in two portions, the second portion 

after 0.5 h). The reduction products were isolated by hot-filtration 

of the mixture to remove any inorganic material, evaporation of the 

filtrate and treatment of the solid residue with water. 

Ci) The reduction of 6-cyano-2-dimethylaminopteridin-7 (811) -one 

5-N-oxide (205a), (0.46 g, 0.002 mol) in glacial acetic acid (10.0 ml) 

with sodium dithionite gave 2-dimethylaminopterjdjn-7(8H)-one (214a), 

more of which was obtained by evaporating the neutralised (aqueous 

sodium hydrogen carbonate) aqueous mother liquor and extracting the 

resulting solid with chloroform (total 60oj. The product was obtained 

as an amorphous brown solid, m.p. 260-2'  (from glacial acetic acid-water), 
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V max. 1690 (CO) cm 1, A 217, 242, 305 and 360 nm, (log c 	4.23, 
max. 

4.07, 3.64 and 4.18). 

Found: C, 49.7; H, 4.6; N, 36.2%; M 191. 

requires: C, 50.3; H, 4.7; N, 36.6%; M, 191. 

The reduction of 6-cyano-2-diethylarninopteridin--7(8H)-one 

5-N-oxide (205c), (0.15 g, 0.0006 mol) in 70%V/v aqueous ethanol (130 ml) 

gave 2-diethylaminopteridin-7(8H)--one (214b), (85%) as pale yellow plates, 

m.p. 193-5°  (from ethanol), V 	1680(C0) cm- 1, T(CDC13) 1.33 (111, S, H-8), 

2.18 (lii, S, 11-6), 6.22-6.48 (411, m, CH2), and 8.80 br (611, t, J7Hz, CH 3). 

Found: C, 54.4; H, 6.0; N, 32.3%; M+,  219. 

requires: C, 54.8; H, 6.0; N, 32.3%; M, 219. 

The reduction of 6-cyano-2-dimethylamino-4-methylpteridin-7 (8H) - 

one 5-N-oxide (205d), (0.37 g, 0.0015 mol) in glacial acetic acid (10.0 ml) 

afforded 6-cyano-2-dimethylamino-4-methylpteridin-7(811)-one (215a) , (87%) 

as orange needles, m.o. 305-12°  (from glacial acetic acid), v 	2200w - 	 max. 

(CN) and 1670 (CO) cm 1, 'r(CF3CO2H) 6.50 [611, S, (CH 3)2N] and 6.96 (311, 

S, CH3). 

Found: C, 52.0; H, 4.4; N, 36.3%; M+,  230. 

requires: C, 52.2; 11, 4.4; N, 36.5%; M, 230. 

The reduction of 6-cyano- 2-die thylamino- 4-methylpteridin- 7 

(811)-one 5-N-oxide (205e), (0.55 g, 0.002 mol) in glacial acetic acid 

(10.0 ml) yielded 6-cyano-2-diethylamino-4-methvlpteridin-7(8H)-one (215b), 

(77%) as orange needles, m.p. 276_90 (from glacial acetic acid), V 

2200w (CN) and 1670 (CO) cm- 1, r(CF3CO2H) 5.96-6.32 (4H, m, CH2), 7.0 

(311, S, CH3), and 8.62 br(6H, t, J7Hz, CH3). 

Found: C, 55.9; H, 5.6; N, 32.3%; M+,  258. 

12146° requires: C, 55.8; H, 5.5; N, 32.5%; M, 258. 
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(v) The reduction of 6-cyano-2--diethylamino-4,8-dimethylpteridin-

7(8H)-one 5-N-oxide (211e), (0.58 g, 0.002 mol) in glacial acetic acid 

(10.0 ml) afforded 6-cyano-2-diethylamino-4,8-dimethvlpteridin-7(8H)-

one (216), (78%) as yellow needles, m.p. 145-6°  (from glacial acetic acid), 

2200w (CN) and 1675 (CO) cm-1, T(CF CO H) 5.86-6.30 (4H, m, CE ), max. 	 3 2 	 2 

6.25 (3H, S, CH3N), 6.98 (3M, S, CE3), and 8.58 br (6H, t, J6Hz, CE3) 

Found: C, 56.8; H, 5.9; N, 30.5%; M+,  272. 

£l3.166° requires: C, 57.3; H, 5.9; N, 30.9%; M, 272. 

The Catalytic Hydrogenation of the N-Oxide (205e). 

A solution of 6-cyano-2-diethylamino-4-methylpteridin-7 (8H) -one 

5-IN-oxide (205e), (0.55 g, 0.002 mol) in ethanol (200 ml) was hydrogenated 

over 10% palladium on charcoal (0.06 g). 	Filtration and evaporation of 

the mixture gave the cyanopteridinone (215b), (88%), m.p. 275-8°  (from 

glacial acetic acid), identical (m.p. and i.r. spectrum) with an authentic 

sample. 

The Reaction of the Amides (193a-h) with Aqueous 2.5 M Sodium Hydroxide 

under Reflux. 

(i) A suspension of the amide (193a), (1.25 g, 0.005 mol) in aqueous 

2.5 M sodium hydroxide (12.5 ml) was heated to boiling giving a thick 

suspension which was treated with further base (10.0 ml) and the mixture 

was heated under ref lux for 15 mm. The resulting orange-red solution 

was cooled and acidified with concentrated hydrochloric acid to yield 

2-dirn ethyl amino- 5-hydroxvptericiin-6(5H), 7 (8H) -dione(194a) (71%) as an 

amorphous yellow solid, m.p. > 300°  (from water), V 	3500 and 3400 

(NH and OH), 2700-2400 br (OH) and 1690 (CO) cm 



Found: C, 42.2; H, 4.8; N, 30.1%; M+,  223. 

requires: C, 43.0; H, 4.1; N, 31.4%; N, 223. 

which gave a dark green colour with iron (III) chloride in ethanol. 

Further work up of the aqueous mother liquor afforded no more material. 

A suspension of the amide (193b), (0.55 g, 0.002 mol) in 

aqueous 2.5 M sodium hydroxide (10.0 ml) was heated under reflux for 

15 mm. 	Hot-filtration gave the amine (190b), (24%) identical 

(m.p. and i.r. spectrum) with an authentic sample. 	The filtrate was 

cooled and neutralised with concentrated hydrochloric acid to afford 

the hydroxamic acid (194b), (64%) identical (m.p. and i.r. spectrum) 

with a previously obtained sample. Work ip of the aqueous mother liquor 

gave no further material. 

A suspension of the amide (193c), (0.56 g, 0.002 mol) in 

aqueous 2.5 N sodium hydroxide (5.0 ml) was heated under reflux for 

5 mm. An oil was formed during heating and on cooling the mixture it 

solidified giving the amine (190c) (33%) which was identical (m.p. and i.r. 

spectrum) with an authentic sample. 	The alkaline filtrate was acidified with 

with concentrated hydrochloric acid and neutralised with saturated aqueous 

sodium hydrogen carbonate giving an unidentified gummy solid (0.10 g). 

Chloroform extraction of the neutral aqueous mother liquor gave 

2-diethylaminopteridin-6(5H), 7(8H)-dione (195c), (32%) as yellow 

needles, m.p. 297-305°  (from benzene-methancl), vmax. 3150-3050 (NH), 

1700 (CO) cm-1, t(CF3CO2H) 1.67 (1H, S, ArH), 6.10-6.24 (4H, m, CH 2) / 

and 8.66 br (6H, t, J7Ez, CH 3), 

Found: C, 51.0; H, 5.5; N, 29.8%; M+,  235. 

C H N 0 requires: C, 51.0; H, 5.6; N, 30.0%; M, 235. —lO--1 3-5-2 

which gave a green colour with iron (III) chloride in ethanol. 
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A suspension of the amide (193d), (0.26 g, 0.001 mol) in 

aqueous 2.5 M sodium hydroxide (5.0 ml) was heated under ref lux for 

15 mm. and the resulting red solution was cooled and neutralised with 

concentrated hydrochloric acid to give 2-dimethylamino-4--methylpteridin-

6(5H) , 7(8H)-dione (195d), (77%) as cream needles, m.p. > 3200 (from 

glacial acetic acid - dimethylformamide), v max. 3400 and 3200 (NH) and 

1710-1690 (CO) cm 1, T(CF3CO2H) 6.6616H, S, (CH 3)2N], and 7.25 (3H, S, CH 3), 

Found: C, 48.5; H, 5.2; N, 31.5%; M+,  221. 

requires: C, 48.9; H, 5.0; N, 31.7%; M, 221. 

which gave a green colour with iron (III) chloride in ethanol. 	Work 

up of the aqueous mother liquor gave no further material. 

The amide (193e), (0.58 g, 0.002 mol) was suspended in aqueous 

2.5 M sodium hydroxide (5.0 ml) and heated under ref lux for 5 mm. 

Filtration of the cooled mixture gave the amine (190e), (36%) identical 

(m.p. and i.r. spectrum) with an authentic sample. 	The aqueous mother 

liquor was washed (chloroform) and acidified (aqueous dilute hydrochloric 

acid) to yield 2-diethylamino-4-methyipteridin-6(5H), 7(8H)-dione (195e) as an 

amorphous cream solid, m.p. > 320°  (from dimethylformamide) v 	3160- 
max. 

3120 (NH) and 1740 (CO) cm- 
1, 
 t(CF3CO2H) 6.22 br (4H, q, J7Hz, CH 2), 

7.22 (3H, S, CH3), and 8.62 br (611, t, J7Hz, CH3), 

Found: C, 52.9; 11, 6.3; N, 27.7%; M+,  249. 

.l115.522_requires: C, 53.0; H, 6.1; N, 28.1%; M, 249. 

which gave a dark green colour with iron (III) chloride in ethanol. 

Work up of the aqueous mother liquor gave no further material. 

A suspension of the amide (193f), (0.58 g, 0.002 mol) in 

aqueous 2.5 M sodium hydroxide (10.0 ml) was heated under reflux for 

0.5 h. 	Hot-filtration afforded the amine (190f) 18% identical (m.p. and 

i.r. spectrum) with an authentic sample. The red filtrate was cooled 
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and neutralised with concentrated hydrochloric acid and the precipitate 

was collected to give 4-methyl-2-pyrrolidinopteridin-6(5H) ,7(8H)-dione 

(195f), (80%) as a pale brown amorphous solid, m.p. 297-300°  (from dimethyl- 

formamide-water), v max. 
 3350 and 3200 (NH) and 1690 (CO) cm-l' 	

3 2 
t(CF Co H) 

6.28 br (4H, S, CH2), 7.26 (3H, S, Cr13), and 7.83 br (411, S1  Cr12), 

Found: C, 53.0; H, 5.3; N, 28.6%; M+,  247. 

requires: C, 53.4; H, 5.3; N, 28.3%; M, 247. 

which gave a green colour with iron (III) chloride in ethanol. Work 

up of the aqueous mother liquor gave no further material. 

The amide (193 g), (0.61 g, 0.002 mol), suspended in aqueous 

2.5 M sodium hydroxide (5.0 ml), was heated under reflux for 15 min during 

which time an alkaline gas was evolved and further base (5.0 ml) was added 

to ensure efficient mixing. The resulting dark red solution was cooled 

and neutralised with concentrated hydrochloric acid to afford 4-methyl-2-

pi2eridinopteridin-6(5H),7(6H)-dione (195 g), (83%) as small brown plates, 

in.p. > 300°  (from glacial acetic acid - dimethylformamide), v 	3150 (NH) 

and 1740 (CO) cm-l
' 
 t(CF3CO2H) 6.12 br (411, S, CH 

2' 
 7.22 (3H, S, CH 3), 

and 8.16 br (611, S, Cr12) 

Found: C, 54.9; H, 5.8; N, 26.5%; M+,  261. 

l2-l55-2_requires. C, 55.2; H, 5.8; N, 26.8%; M, 261. 

which gave a green colour with iron (III) chloride in ethanol. Work 

up of the aqueous mother liquor gave no more material. 

A suspension of the amide (193h), (0.61 g, 0.002 mol) in 

aqueous 2.5 M sodium hydroxide (10.0 ml) was heated under ref lux for 

15 min during which time an alkaline gas was evolved. The cooled red 

solution was neutralised with concentrated hydrochloric acid to yield 

4-methyl-2-morpholinopteridin-6(5H), 7(8H)-dione (195h), (85%) as 
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cream needles, m.p. > 320 (from glacial acetic acid), v 	1700 (CO) 

Cm 1IT(CF3CO2H) 5.90 br (8H, S, CU2) and 7.15 (3H, S, CU 3). 

Found: C, 49.9; H, 4.9; N, 26.1%; M+, 263. 

.11.1352.3_requires: C, 50.2; H, 5.0; N, 26.6%; M, 263, 

which gave a green colour with iron (III) chloride in ethanol. 	Work 

up of the aqueous mother liquor gave no further material. 

The Reactions of the Pteridine N-Oxides (205 a,c-e, and g) with Aqueous 

2.5 M Sodium Hydroxide under Ref lux. 

The N-oxides were heated under reflux with aqueous 2.5 N sodium hydroxide 

for 5 to 20 min and the resulting solutions were cooled and neutralised 

with concentrated hydrochloric acid to afford the corresponding hydroxaxnic 

acid or pteridinedione. 

6-yano-2-dimethy1aminopteridiri-7 (8H) -one 5-N-oxide (205a), 

(0.46 g, 0.002 mol) reacted with the aqueous base (5.0 ml) to give the 

hydroxamic acid (194a), (quant.) m.p. > 3000, identical (m.p. and i.r. 

spectrum) with a previously obtained sample. 

6-Cyano-2-diethylaminopteridin-7(8H)-one 5-N-oxide (205c), 

(0.40 g, 0.0015 mol) reacted with the base (4.0 ml) to afford the 

pteridinedione (77%), m.p. 303-5°, identical (m.p. and i.r. spectrum) with 

a previously obtained sample. 

6-Cyano-2-dimethylamino-4-methylpteridifl-7 (8H) -one 5-N-oxide 

(205d), (0.49 g, 0.002 mol) reacted with the alkali (10.0 ml) to afford 

the pteridinedione (195d), (93%), m.p. > 300°, identical (m.p. and i.r. 

spectrum) with a sample obtained previously. 

The N-oxide (205e), (0.55 g, 0.002 mol) reacted with the 

aqueous alkali (10.0 ml) to yield the pteridinedione (195e), (quant.), 
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m.p. > 3000, identical (m.p. and i.r. spectrum) with a previously 

obtained sample. 

(v) The N-oxide (205 g), (0.57 g, 0.002 mol) reacted with the 

base (15 ml) to afford the pteridinedione (195 g) (83%), m.p. > 3000 
, 

identical (m.p. and i.r. spectrum) with a previously obtained sample. 

The Attempted Reaction of 6-Cyano-2-diethvlamino-4 , 8-dimethylpteridin-7 (8H) - 

one 5-N-oxide (211e) with Aqueous 2.5 M Sodium Hydroxide. 

A suspension of the N-methylcompound (211e), (0.58, 0.002 mol) in aqueous 

2.5 M sodium hydroxide (8.0 ml) was heated to boiling. 	A black tar 

separated and after heating under ref lux for 5 min the mixture was hot-

filtered. Burning showed the black residue to contain inorganic material 

and it was suspended in water, acidified with aqueous dilute hydrochloric 

acid and then neutralised with saturated aqueous sodium hydrogen carbonate 

to give unchanged starting material (55%) identical (m.p. and i.r. spectrum) 

with an authentic sample. Acidification of the alkaline mother liquor 

with concentrated hydrochloric acid yielded an intractable solid (0.06 g) 

which could not be characterised. 

The Reaction of 6-Cyano- 2-dimethylainino- 8-methylpteridin- 7 (85) -one 

5-N-oxide (211a) with Aqueous 2.5 M Sodium Hydroxide. 

A suspension of the N-oxide (211a), (0.49 g, 0.002 mol) in hot ethanol 

(50 ml) was treated with aqueous 2.5 M sodium hydroxide (5.0 ml) and the 

mixture was heated under reflux for 0.5 h. Evaporation of the mixture 

gave a gummy residue which dissolved in water. Neutralisation of the 

aqueous solution with concentrated hydrochloric acid and extraction with 

chloroform gave a gum which was triturated with ether to afford 



2-dimethylamino-8-methylpteridin--6(511), 73H)-dione (218), (23%) as pale 

brown needles, m.p. 304-8°  (from dimethylformamide-water), v 	1700 
max. 

(CO) cm- 1. 

Found: C, 49.2; H, 5.3; N, 34.3%; M+,  221. 

£9.1l5.2  _requires: C, 48.9; H, 5.0; N, 31.7%; M, 221. 

The Reaction of the N-Oxides (205e) and (211e) with Polyphosphoric Acid. 

A mixture of 6-cyano-2-diethylaminopteridin-7 (8H) -one 5-N-oxide 

(205e), (0.55 g, 0.002 mol) and polyphosphoric acid (5.0 g) was stirred 

at 80°  for 3 h. The mixture was then cooled and diluted with water to 

give unchanged starting material (42%) identical (m.p. and i.r. spectrum) 

with an authentic sample. The aqueous mother liquor was neutralised with 

aqueous sodium hydrogen carbonate to afford the pteridinedione (195e), 

(30%) identical (m.p. and i.r. spectrum) with an authentic sample. 

Work up of the aqueous mother liquor gave no further material. 

The N-methyl N-oxide (211e), (0.33 g, 0.001 mol) was treated 

with polyphosphoric acid (3.0 g) and the mixture was stirred at 80°  for 

4 h, then cooled and diluted with water. Filtration gave a solid which 

was combined with a second crop obtained by neutralising the acidic 

aqueous mother liquor with solid sodium hydrogen carbonate, and crystallised 

to yield 2-diethylamino-4,8-dimethylpteridin-6(5H), 7(8H)-dione (227), (49%) 

as an amorphous solid, m.p. 233_70  (from dimethylformamide-water), v max. 

3350 and 3150 (NH) and 1700 and 1680 (CO) cm 1. 

Found: C, 51.7; H, 6.0; N, 26.5%; M+, 263. 

£l21752_requires: C, 54.7; H, 6.5; N, 26.6%; M, 273. 

Evaporation of the aqueous dimethylformamide mother liquor gave a gummy 

residue which was triturated with ethanol to give unchanged starting 

material (18%) identical (m.p. and i.r. spectrum) with an authentic sample. 

Work up of the mother liquor gave no further material. 



The Reaction of the N-Oxide (205e) with Concentrated Sulphuric Acid. 

The pteridinone N-oxide (205e), (0.55 g, 0.002 mol) was treated 

with sulphuric acid (2.0 ml) and the mixture was stirred at room temperature 

for 0.5 h. The mixture was then treated with ice and filtered to give 

unchanged starting material (80%) identical (m.p. and i.r. spectrum) with 

an authentic sample. Work up of the aqueous mother liquor gave no more 

material. 

A solution of the N-oxide (205e), (0.44 g, 0.0016 mol) in 

concentrated sulphuric acid (1.5 ml) was stirred at 80-90°  for 0.5 h. 

The mixture was cooled, treated with ice and neutralised with solid sodium 

hydrogen carbonate to give a solid which crystallised from aqueous dimethyl-

formamide to afford the pteridinedione (195e), (63%) identical (m.p. and 

i.r. spectrum) with an authentic sample. 

The Synthesis of 2-Dimethy1iminopteridin-6(5H) , 7(8H)-dione (195a) 

The nitroamine (190a), (0.92 g, 0.005 mol) dissolved in glacial acetic 

acid (150 ml), was hydrogenated over 10% palladium on charcoal (0.095 g). 

Filtration and evaporation of the mixture gave a purple gum (0.97 g) 

which was shown by t.1.c. in chloroform-methanol over silica to contain 

at least four components. The gum was treated with diethyl oxalate 

(10.0 ml) and the mixture was heated under ref lux for 0.5 h. Hot-

filtration gave a solid which was combined with a further crop obtained 

by evaporating the mother liquor and triturating the residue with 

ethanol, to give the pteridinedione (195a), (55%) m.p. > 300°  (from 

dimethylforrnamide-water) identical (i.r. spectrum) with a sample 

obtained before. 
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The Synthesis of 2-Diethylaminopteridin-6(5H), 7(811)-dione (195e). 

The nitroamine (190e), (1.13 g,,0.005 mol), dissolved in ethanol (50 ml), 

was hydrogenated over 10% palladium on charcoal (0.11 g). 	The mixture 

was filtered and evaporated to give a solid residue (0.91 g) which was 

treated with diethyl oxalate (10.0 ml) and heated under reflux for 0.5 h. 

Filtration of the cooled mixture gave the pteridinedione (195e), (92%), 

m.p. > 300°, which was identical (i.r. spectrum) with a previously 

obtained sample. 

The Attempted Reaction of 2-Dimethylamino- 5-hydroxypteridin-6 (5H) , 7 (BH) - 

dione (194a) with Aqueous 2.5 M Sodium Hydroxide under Ref lux. 

A solution of the cyclic hydroxamic acid (194a), (0.45 g, 0.002 mol) in 

aqueous 2.5 M sodium hydroxide (10.0 ml) was heated under reflux for 

20 min. Neutralisation of the cooled solution with concentrated hydrochloric 

acid gave the unchanged starting material (quant.) identical (m.p. and i.r. 

spectrum) with an authentic sample. 

Sodium Dithionite Reduction of the Cyclic Hydroxamic Acids (194 a and b). 

The hydroxamic acids (194a and b) in glacial acetic acid were heated under 

reflux for 1 h with twice their weight of solid sodium dithionite (added 

in two portions, the second portion after 0.5 h). The mixtures were then 

hot-filtered to remove inorganic material and evaporated and the solids 

were treated with water to give the reduction products. 

(i) Reduction of the compound (194a), (0.45 g, 0.002 mol) in 

glacial acetic acid (25 ml) gave 2-dimethyjaminopteridin-6(5H), 7(8H)-

dione (195a), (80%), as yellow plates, m.p. > 300°  (from dimethyl-

formamide-water), v max. 3250 (NH) and 1700 and 1680 (CO) cm1 
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207.075957. 

requires: M, 207.075619. 

(ii) The reduction of the cyclic hydroxamic acid (194b), (0.19g, 

0.0008 mol) in glacial acetic acid (25 ml) gave 2-pyrrolidinopteridin-

6(5H) , 7(8H)-dione (195b) , (68%) as fine cream needles, m.p. > 300°  

(from dimethylformamide-water), v max. 3300 and 3100 br (NH) and 1700 

(CO) cm- 1. 

233.091516. 

requires: M, 233.091268. 

The Attempted Reduction of the Pteridinedione (195c). 

The pteridinedione (195c), (0.40 g; 0.0015 mol) in glacial acetic acid 

(10.0 ml) was heated under reflux for 1 h with solid sodium dithionite 

(0.80 g) (added in two portions, the second after 0.5 h). 	Hot-filtration 

and evaporation followed by treatment with water gave the unchanged 

starting material (78%) identical (m.p. and i.r. spectrum) with an 

authentic sample. 

The Attempted Reaction of 6-Cyano-2-diethvlamino-4, 8-dimethylDteridin-7 (8H) 

one 5-N-oxide (211e) with Organic Bases. 

(i) A solution of the N-oxide (211e), (0.29 g, 0.001 mol) in ethanol 

(125 ml) was treated with a solution of diethylamine (0.29 g, 0.004 mol) 

in ethanol (5.0 ml) and the mixture was stirred at room temperature 

overnight. Evaporation of the solvent gave the unchanged starting 

material (90%) identical (m.p. and i.r. spectrum) with an authentic 

sample. 
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(ii) The oxide (211e), (0.58 g, 0.002 mol) was treated with 

pyrrolidine (5.0 ml) and the resulting green mixture was heated under 

reflux for 1 h. Evaporation of the excess of pyrrolidine left an 

intractable dark brown gum which was shown by t.l.c. in ether over 

silica to be a multi-component mixture containing no starting material. 

The Attempted Photolysis of 6-Cyano-4,8-dimethyl-2-pyrrolidinopteridin-7 (8H)-

one 5-N-oxide (211f) 

A solution of the N-oxide (211f), (1.31 g, 0.0046 mol) in tetrahydrofuran 

(200 ml) was irradiated under nitrogen for 15 h using a medium pressure 

Hanovia photochemical reactor. Evaporation of the solution resulted in the 

recovery of unchanged starting material (quant.), identical (m.p. and i.r. 

spectrum) with an authentic sample. 

The Attempted Cyclisation of the Pyridinium Salt (239). 

A suspension of the salt (239), (0.37 g, 0.001 mol) in methanol 

(1.0 ml) was treated with piperidine (0.75 ml) and the dark orange 

mixture was heated under reflux for 3 h. The mixture was cooled and 

diluted with water to afford the amine (190c), (95%) identical (m.p. and 

i.r. spectrum) with an authentic sample. 

A solution of the salt (239), (0.73 g, 0.002 mol) in methanol 

(2.0 ml) was treated with piperidine (1.5 ml) and the dark orange mixture 

was stirred overnight at 40 
0 	

The mixture was then cooled and diluted 

with water to give the amine (190c), (88%) identical (m.p. and i.r. 

spectrum) with an authentic sample. 



The Attempted Cyclisation of 2 '-Dimethylamino--5 '-nitro-4 '- (2-phenvi--

acetamido)-pyrimidine (240). 

A solution of the amide (240), (0.60 g, 0.002 mol) in absolute 

ethanol (60 ml) was treated with a solution of sodium (0.09 g, 0.004 g 

atom) in absolute ethanol (20 ml) and the mixture was heated under reflux 

for 1 h. The solvent was then removed under reduced pressure and the 

solid residue was treated with water to afford the amine (190a), (81%) 

identical (m.p. and i.r. spectrum) with an authentic sample. 	No further 

material was obtained on work up of the aqueous mother liquor. 

A suspension of the amide (240), (0.60 g, 0.002 mol) in 

refluxing ethanol (10.0 ml) was treated with 1 M sodium carbonate solution 

(2.0 ml) and the mixture was heated under reflux for 1.5 h. Hot-filtration 

gave a solid which was combined with a second crop obtained by evaporating 

the filtrate and treating the solid residue with water, to give the amine 

(190a), (78%) identical (m.p. and i.r. spectrum) with an authentic sample. 



Chapter 3 

DISCUSSION 



SOME APPROACHES TO THE SYNTHESIS OF PTERIDINE DI-N-OXIDES AND 

AZAPTERIDINE N-OXIDES. 

The preparation of nitrones by the condensation of N-substituted 

hydroxylamines with aldehydes or ketones is a well established process. 109 

It was therefore of interest to attempt to exploit condensations of this 

type in a general route to pteridine di-N-oxides. Thus the reaction of 

nitropyrimidyihydroxylamines (241) with -dicarbonyl compounds might 

provide a synthesis of nitrones (242) suitably structured to undergo 

base-catalysed aldol-type cyclisation to pteridine 5,8-di-N-oxides (243) 

In practice the reaction of the readily available 4-chloro-2-dimethylamino- 

NHOH 	

?0R2__ NNO2 COR3 
+ CH 	> , jI 

7"'  

(241) 	 1UOR 
23 	N R1   

(242) 

COR3  

NXR2  

(243) 0 
5-nitropyrimidine (192) with hydroxylamine in tetrahydrofuran afforded the 

expected 2-dimethylamino-4-hydroxyamino_5_njtropyrimidjn (244). 	The 

hydroxyamino compound (244) gave a dark green colour with iron (III) 

chloride in ethanol indicating the presence of an N-hydroxy group and was 

characterised by its conversion into an acetyl derivative (246) which 

showed i.r. carbonyl absorption at 1780 cm 1  characteristic of an N-acetoxy 

group. Also isolated in low yield in the reaction of the chioropyrimidine 



NNO2  

M 2 N N C! 

(192) 

NH2OH 

(Ac)2,,,7 

NflNO2  
Me2

NLN2NHOAc 
(246) 

N2 NO2  

M 2NNNH OH 
(244) 

NNO2  
Me 	

Cl 

2 N 

NNO2  2ON 	N ( 

M 2NN 	 NNMe2  

H 
(245) 

Scheme 49 



NNO2  

Me2N N)NHOH 
(244) 

NNQ2 OMz 

Me2NN NC H2 

(247) 

-H 20 

0 
1' 

Mc2N NMe 

(248) 0 

Scheme 50 
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(192) with hydroxylamine was a highly insoluble solid which is assigned 

the N,0-di (2-dimethylamino-5-nitropyrimid-4-yl) hydroxylamine structure 

(245). 	The ether (245) gave satisfactory analytical and mass spectral 

data, and in accord with the assigned structure its i.r. spectrum con-

tamed bands at 3400 and 3290 cm -1 attributable to an NH group and at 

1540 and 1330 cm 1  attributable to the presence of a nitro group. 

The N,0-disubstituted structure assigned to (245) is also supported by 

the lack of production of any colour with iron (III) chloride in ethanol. 

The attempted purification of the ether (245) by recrystallisation from 

a variety of solvents (glacial acetic acid, dimethylformamide, dimethyl 

sulphoxide) resulted in its decomposition to unidentified products. 

Purification was finally achieved by dissolution in concentrated hydro-

chloric acid at room temperature and reprecipitation by the addition of 

water. 	Formation of the hydroxylamine ether (245) from the chloronitro- 

pyrimidine (192) is probably the result of further nucleophilic attack on 

a molecule of the chioro compound (192) by the initially produced hydroxy- 

aminopyrimidine (244) (Scheme 49). 	The formation of the ether (245) is 

analogous to the reaction 110 of chloropyrimidines with hydrazine to give 

dipyrimidyl hydrazines, which has been attributed to the use of an 

insufficient excess of hydrazine. With the object of obtaining the 

nitrone (247) and thence the pteridine di-N-oxide (248), an attempt 

was made to condense the hydroxyaminopyrimidjne (244) with acetylacetone in 

the presence of piperidine. 	However no reaction took place, the starting 

hydroxylamine (244) being recovered in quantitative yield. (Scheme 50) 

An attempt was next made to prepare the nitrone (247) under acidic 

conditions. However the reaction of the hydroxylamine (244) with 

acetylacetone in glacial acetic acid gave a solid mixture. 	T.l.c. of 
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the mixture in benzene over silica suggested the presence of the starting 

material (244), its acetyl derivative (246) and one other component. 

The i.r. spectrum of the crude mixture showed carbonyl absorption at 

1780 cm 1  which coincided with that of the acetyl derivative (246), thus 

eliminating the possibility that the unidentified third component was 

the nitrone (247). 	The mixture was not further investigated. 	Analogy 

for the lack of formation of the nitrone (2 47) may be found in the pre-

viously discussed attempts to condense 4-amino-2-dimethylarnino-5--nitro- 

pyrimidine (190a) with ethyl acetoacetate. 	Since the PKa  value of 

N-hydroxyaniline is less than that of aniline, the hydroxylamine (244) 

should be a weaker base than the amine (190a). 	Consequently the even 

lower basicity of the hydroxylamine (244) is not sufficient to promote 

reaction with acetylacetone. 	Due to the failure of nitrone formation, 

this route to pteridine di-N-oxides was abandoned. 

The success of the base-catalysed cyclisation of the 4'-(2-cyano-

acetamido)-5'-nitropyrimidines (193) to the cyanopteridinone 5-N-oxides 

(205), prompted a re-investigation of the work of Carbon 83  on the attempted 

base-catalysed cyclisation of 5-nitropyrimid-4-ylguanidines to azapteridine 

N-oxides. The presence of a substituted amino group at C-2 in the 

pyrimidine ring has been shown to prevent base-catalysed ring cleavage 

(see chapter 2). 	It was therefore of interest to attempt to prepare 

and cyclise a nitropyrimidylguanidine, containing an electron donating 

group at C-2,to a 6-azapteridine 5-N-oxide. The preparation and in situ 

base-catalysed cyclisation of o-nitroarylguanidines to benzotriazine 

N-oxides has already been discussed (see chapter 1). 	Thus, an attempt 

was made to synthesise the azapteridine N-oxide (250) by reacting 

4-amino-2-diethylamino-6-methyl--5-nitropyrimidine (190e) with cyanamide 
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followed by in situ base--catalysed cyclisation of the intermediate 

guanidine (249). 	However no reaction took place and the starting 

amine (190e) was recovered in almost quantitative yield. 	An attempt 

to obtain the guanidine intermediate (249) by reacting the amine (190e) 

with cyanamide under acidic conditions with a view to its subsequent 

cyclisation was also unsuccessful, the starting amine being recovered. 

The failure of the amine (190e) to react with cyanamide is presumably 

due to its weakly basic nature. 	Consequently, an alternative route to 

Me 

+ 
EtNLN> NH 2 	 2  

(l9Oe) 

NH H 2 

CN 

Me 

Et2 N' N< 
 NO2 NH 

2 
NH 

2 

0 
Me 1' 

N(NN 

Et2N 

(250) 

a nitropyrimidylguanidine of the type (249) was investigated in order 

that its cyclisation could be studied. The reaction of the chioro compound 

(192) with guanidine hydrochloride in the presence of ethanolic sodium 

ethoxide afforded 2-dimethylarnino-4-guanidino-5-njtropyrjmjdine (251) in 

good yield together with a small amount of the ether (252), formation of 

which undoubtedly occurs by the reaction of the chioro-nitropyrimidine (192) 

with ethoxide ion. However the attempted base-catalysed cyclisation of the 
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Scheme 51 
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guanidine (251) resulted in a low yield of 2-dimethylamino-4-hydroxy- 

5- nitropyrimidine (191). 	The formation of the hydroxy compound (191) 

probably involves hydrolytic removal of the guanidino side-chain in (251). 

The cyclisation of nitroguanidinopyridines (see chapter 1) to pyrido-

triazine N-oxides occurs under relatively mild conditions, namely 

heating under ref lux with aqueous potassium carbonate. The ready 

cyclisation of nitroguanidinopyridines may be attributed to stabilisation, 

due to the presence of the pyridine ring, of the anion formed by the removal 

of a proton from one of the amino groups of the guanidine side-chain. 	It 

might be expected therefore, that d pyrimicline ring would provide an even 

better degree of anion stabilisation. The lack of formation of the N-oxide 

(254), would appear to indicate that the electron-donating influence of the 

dimethylamino is sufficient to suppress the formation of the resonance- 

stabilised structure (253) (Scheme 51). 	On the other hand, susceptibility 

of a pyrimicline ring to nucleophilic attack is greater than that of a 

pyridine ring. Thus the main reason for the lack of cyclisation of the 

guaridino compound (251) is probably the preferential expulsion of the 

guanidine side-chain as a leaving group by hydroxide ion thereby explaining 

the formation of the hydroxypyrimidine (191). 	The possibility of alkaline 

hydrolysis of the guanidine side-chain in (251) to an amino side-chain 

followed by further hydrolysis to (191) can be dismissed since the 

pyrimidylamine (190a) and its analogues (190 b-h) have been shown (see 

chapter 2) to be stable to heating with alkali. 	It is worth noting that 

the pyrimidine ring in (251) remains intact, despite the loss of the 

guanidine side-chain. 	It is possible therefore that the use of other 
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N 	NO 
2 NH 

M2NLN JN<2 
(251) 	 2 

H0 > NpNO2 

MeNN)NH 2 	 2  

(190a) 

N(f NO2  
MeN>OH 

2 N 
(191) 

basic catalysts may achieve the cyclisation of nitropyrimidylguanidines 

to the corresponding azapteridine N-oxides. 

The alkoxide-catalysed reaction of o-nitrochenylazides (255) with 

phenylacetonitrile has been utilised ill  in a synthesis of 1,2,3-triazolo 

15, 1-C] [1,2,4] triazine 5-N-oxides (257) involving the intermediate 

formation and base-catalysed cyclisation of amino-nitrophenyl-1,2,3- 

triazoles (256). 	It has also been shown ill that the triazoles (257) 

can undergo acid-induced ring scission to the benzotriazine N-oxides 

(258). 	It was therefore decided to attempt similar reactions of 

phenylacetonitrile with suitable nitropyrimidylazides (259) with the 

object of obtaining N-oxides of the novel 1,2,3-triazolo-[5,1-h]-6- 

azapteridine ring system [e.g. (260)] . 	Hopefully, triazole scission 

of (260) would then yield the parent azapteridine N-oxides (261) 

(Scheme 52). 	Thus the reaction of 6-chloro-1,3-dimethyl-5-nitrouracil 

(262) with aqueous sodium azide in tetrahydrofuran at room temperature 

gave 6-azido--1,3-dimethyl-5-nitrouracil (263) in high yield. 	The 
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NO2  

(255) 

9)h 

CH 2  

UN 

azide (263) showed characteristic strong triple bond absorption at 

2180 cm 1  in its i.r. spectrum, was stable enough to be recrystallised 

from benzene, and gave a satisfactory elemental analysis. 	2,4-Dichloro- 

5-nitropyrimidine (185a) reacted with sodium azide under similar conditions 

to give an oily product whose t.1.c. in methanol-chloroform over silica 

showed it to contain four components. However, three of the four com-

ponents appeared to be present in only trace amounts and since the i.r. 

spectrum of the oily product showed azide absorption at 2100 cm 1, it 

is assigned the 4-azido-2-chloro-5-nitropyrimidine structure (264). 

No attempt was made to further characterise (264) because of its 

inhomogeneous nature and its potential instability. Similarly, 4-chioro-

2-dimethyl amino- 5-nitropyrimidine (192) reacted with sodium azide to give 



an orange-pink solid in quantitative yield which is assigned the azide 

structure (265) . 	Its i.r. spectrum contains four weak absorption bands 

in the range 2220-2130 cm 1  which are attributed to the presence of the 

azide group. 	Decomposition of the azide (265) occurred on standing at 

room temperature and an attempt to prepare an analytical sample by dis-

solving a small amount of (265) in tetrahydrofuran and evaporating the 

solvent failed, spurious analytical data being obtained. 	However, the 

mass spectrum of a freshly prepared sample of the azide (265) showed the 

expected parent ion at M+,  209. 	Characteristic features of the decompo- 

sition of the azide (265) are disappearance of the azide band in the i.r. 

spectrum of (265) and a change in the colour of the solid from orange- 

pink to deep orange. 	The decomposition product of the azide (265) will 

be discussed at length in chapter 4. 

eN  N 	NO MNO2  N NO 
MeNCi 2  

Me 
(262) 	 (185a) 	 (192) 

I 

MeN NO2 	
NO2 Me2N1N32 

Me 

(263) 	 (264) 	 (265) 
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Having synthesised the azides {(263)-(265)] their reactions with 

phenylacetonitrile in the presence of ethanolic sodium methoxide were 

investigated. 	The azidouracil (263) reacted to give a low yield of a 

high melting (> 300°) crystalline solid which showed carbonyl absorption 

at 1700 and 1660 cm-1  in its i.r. spectrum. 	An attempt to obtain a mass 

spectrum of the solid failed since no ion pressure could be obtained even 

at 300°  (limit of the probe temperature). 	Analytical data for this solid 

were unintelligible and no further attempt was made to characterise it. 

Work up of the reaction mother liquor gave more solid which from its i.r. 

spectrum appeared to be a mixture of mainly the starting azide (263) and 

the unidentified product. 	The azides (264) and (265) were also reacted 

with phenylacetonitrile in the presence of sodium methoxide. However 

both reactions yielded intractable gums. 	Consequently, this route to 

6-azapteridine 5-N-oxides was terminated at this point. 

In a final attempt to utilise an azidopyrimidine in a pteridine 

N-oxide synthesis, 6-azido--1,3-dimethyl-5-nitrouracil was reacted with 

diethyl acetylenedicarboxylate, in the hope that c'cloaddition would 

occur to give the triazole intermediate (266) . 	it was anticipated that 

reductive cyclisation via the intermediate hydroxylainine (267) would 

then yield the cyclic hydroxamic acid (268), triazole ring scission of 

which might provide the parent pteridine hydroxarnic acid (269) (Scheme 53). 

However the attempted condensation of the azide (263) with diethyl 

acetylenedicarboxylate gave no trace of the cyclo-adduct (266), the 

starting azide being recovered in almost quantitative yield. 
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EXPERIENTPL 



The Preparation of 2-Dimethylamino-4--hyclroxyamino-5-nitropyrimidine (244) 

A stirred solution of 4-chloro-2-dirnethyl amino- 5-nitropyrimidine (192), 

(0.81 g, 0.004 mol) in tetrahydrofuran (20 ml) was treated with fused 

sodium acetate (1.62 g, 0.02 mol) followed by finely ground hydroxyl-

amine hydrochloride (0.56 g, 0.008 mol) and the mixture was stirred at 

room temperature for 3 h. The mixture was filtered and the solid 

(containing sodium acetate) was treated with water to give N,0-di(2-

dimethylamino-5--nitropyrirnid-4-yl) hydroxylamine (245), (4%) which 

decomposed to unidentified products on attempted crystallisation from 

dimethylformamide, glacial acetic acid, dimethyl sulphoxide or combinations 

of these solvents. 	The crude product was purified by dissolution in con- 

centrated hydrochloric acid, at room temperature and reprecipitation with 

water to give the pure disubstituted hydroxylarnine (245), m.p. 260-40 
, 

V max. 	 2 
3400 and 3290w (NH), 1540 and 1330 (NO ) cm 1. 

Found: C, 38.5; H, 4.0; N, 34.2%; M+,  365. 

£l2.15995_requires: C, 39.5; H, 4.1; N, 34.5%; M, 365. 

Evaporation of the tetrahydrofuran mother liquor and treatment of the 

solid residue with water gave the hydroxyarninopyrimidine (244), (75%) 

as yellow needles, m.p. 176-7°  (from methanol), v max. 3360 and 3340 

(NH and OH) and 1540 and 1350 (NO2) cm- 11t[CDC13- (CD 3)2SO] 1.14 (lii, 

S, ArE) and 6.73 [6H, S, (CH 3)2N1. 

Found: C, 36.3; H, 4.5; N, 35.3%; M+, 199. 

O 53 requires: C, 36.2; H, 4.6; N, 35.2%; M, 199. 

Work up of the aqueous mother liquors gave no further material. The 

product (244), (0.20 g, 0.001 mol) was converted in hot acetic anhydride 

(0.5 ml) into the acetyl derivative (246), (72%) which formed pale 

yellow needles, m.p. 171-3°  (from methanol-glacial acetic acid), 



'max. 3320 (NH) and 1780 (CO), T{ (CD 3)2SO] 1.11 (ArH), 6.75 (3H, S, 

cH3N), 6.84 (3H, S, CH3N), and 7.78 (3H, S, CH 3) 

Found: C, 40.0; H, 4.7; N, 29.2%; M, 241. 

requires: C, 39.8; H, 4.6; N, 29.0%; M, 241. 

The Attempted Reaction of the Hydroxyaminopyrimidine (244) with Acetylacetone. 

A solution of the pyrimidine (244), (0.40 g, 0.002 mol) in ethanol 

(50 ml) was treated with a solution of the diketone (0.20 g, 0.002 mol) and 

piperidine (0.04 ml) in ethanol (5.0 ml). 	The resulting dark red solution 

was heated under ref lux for 17 h and then cooled and evaporated. Treatment 

of the solid residue with water gave the unchanged starting material (quant.), 

identical (m,p. and i.r. spectrum) with an authentic sample. 

A solution of the hydroxylamine (244), (0.40 g, 0.002 mol) in 

glacial acetic acid 1,10.0 ml) was treated with acetylacetone (0.20 g, 

0.002 mol) and the mixture was heated under reflux for 3 ii. Evaporation 

of the solution and treatment with ether gave a solid (0.37 g) which was shown 

by t.l.c. in benzene over silica to be a three component mixture consisting 

of the starting material (244), the acetoxy compound (246) and a third 

unidentified compound. The mixture was not further investigated. 

The Attempted Preparation and Cyclisation of 2-Diethylamino-4-guanidino-

6-methyl--5-nitropyrimidine (249). 

4-Amino-2-diethylamino-6.-methyl-5-nitropyrimidine (190e), (2.03 g, 0.009 mol) 

was well mixed with cyanamide (2.50 g, 0.018 mol) and the mixture was heated 

at 100°  till a melt was obtained. The melt was cooled and treated with 

concentrated hydrochloric acid (3.0 ml) and heated briefly at 100°  till 

a vigorous reaction occurred. After leaving at room temperature for 10 mm 

the mixture was treated with a solution of sodium hydroxide (2.5 g) in water.  

(3.0 ml) and heated at 1000  for 0.5 h. The mixture was cooled and the 
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solid (containing inorganic material) was collected and extracted 

with chloroform to give unchanged starting material (94%), identical 

(m.p. and i.r spectrum) with an authentic sample. 

The Attempted Preparation of 2-Diethylarnino-4-guanidino-6-methyl--5-

nitropyrimidine (249). 

An intimate mixture of the amine (190e), (2.03 g, 0.009 mol) and 

cyanamide (2.50 g, 0.018 mol) was heated at 100°  till a melt was 

obtained. The melt was cooled and treated with concentrated hydro-

chloric acid (3.0 ml) and the mixture was heated at 100°  till a vigorous 

reaction took place. The resulting mixture was left at room temperature 

for 10 min and the semi-solid was filtered. Treatment of the gummy solid 

residue with saturated aqueous sodium hydrogen carbonate gave the starting 

amine (190e) which was combined with a second crop obtained by neutral-

isation of the acidic mother liquor with saturated aqueous sodium 

hydrogen carbonate, (total 64%) identical (m.p. and i.r. spectrum) with 

an authentic sample. 

The Preparation of 2-Dimethylamino-4-guanidino-5-nitropyrimiaine (251). 

Guanidine hydrochloride (2.30 g, 0.025 mol) was added in one portion to 

a solution of sodium (0.58 g, 0.025 g atom) in absolute ethanol (50 ml) 

and the mixture was stirred at room temperature for 5 mm. The resulting 

suspension was heated to 600  and treated in one portion with a solution 

of 4-chloro-2-dimethylamino-5-nitropyrirnmdine (192), (2.56 g, 0.0125 mol) 

in absolute ethanol (150 ml). 	The mixture was heated under ref lux for 

1 h and evaporated to leave a solid residue which was treated with water 

to give a solid (2.88 g). 	This solid was washed with 

ether (50 ml) followed by ethanol (20 ml) to give the pyrimidine 

0 (251), (54%) as yellow needles, m.p. 205 - 7 (from ethanol- 
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dimethylformamide), (lit., 112 191-3°), v 	3460, 3350 br, 3260 br and 

1665 (NH) and 1570 and 1330 (NO 2) cm , T[(CD3)2SO] 1.41 (1H, S, ArH), 

2.75 br (4H, S, NH2), and 6.91 16H, S, (CH 3)2N]. 

Found: C, 37.4; H, 5.0; N, 43.0%; M 	225. 

Caic. for C7H11N702: C, 37.3; H, 4.9; N, 43.5%; M, 225. 

Evaporation of the combined ether and ethanol washings gave 2-dimethyl-

arrano-4-ethoxy-5-nitropyrmidine (252) , (35%), m.p. 108-9 o (lit., 112 

104-6°), V 
max. 	 2 

1550 and 1320 (NO ) cm 3. 

The Attempted Cyclisation of the Guanidinopyrimidine (251). 

The guanidinopyrimidine (251), (0.45 g, 0.002 mol) was suspended in 

aqueous 2.5 M sodium hydroxide (10.0 ml) and the mixture was heated 

under reflux for 0.5 h. 	Cooling the resulting opalescent mixture gave 

a salt (0.11 g) which was suspended in water and acidified with aqueous 

dilute hydrochloric acid to afford the hydroxypyrimidine (191) more of 

which was obtained by acidifying the alkaline aqueous mother liquor 

with concentrated hydrochloric acid followed by buffering with solid 

sodium acetate (total 0.11 g, 25%), identical (m.p.and i.r. spectrum) 

with an authentic sample. 

The Preparation of the Pyrimidyl Azides [(263)-(265)] 

Solutions of the chloropyrimidines (186a), (192) and (262) in tetra-

hydrofuran were treated with a solution of sodium azide in water and 

tetrahydrofuran. The solutions were stirred at room temperature for 

1 - 3 h, evaporated at room temperature and treated with water to yield 

the products. 
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6-Azido-1,3-climethyl-5-nitrouracjl (263). 

A solution of 6-chloro-1,3-dimethyl-5-nitrouracjl113  (0.88 g, 0.004 mol)in 

tetrahydrofuran (20 ml) reacted with a solution of sodium azide 

(0.40 g, 0.006 mol) in water (4.0 ml) and tetrahydrofuran (20 ml) to 

give the azide (263), (73%) as pale yellow prisms, m.p. 138-48°  (from 

benzene) (lit., 114 148°), 	2180 (NEN), 1720 and 1670 (CO) and 1520 

and 1330 (NO 2) cm 1, T [(CD3)2SO] 6.65 (3H, S, CH3N) and 6.80 (3H, S, 

CH3N). 

Found: C, 32.2; H, 2.7; N, 37.3%; M+, 226. 

requires: C, 31.9; H, 2.8; N, 37.2%; M, 226. 

4-Azido-2-Chloro-5-nitropyrimidine (264). 

A solution of the dichioro compound (186a), (0.78 g, 0.004 mol) in tetra-

hydrofuran (20 ml) was reacted with a solution of sodium azide (0.26 g, 

0.004 mol) in water (2.0 ml) and tetrahydrofuran (20 ml). 	Treatment 

of the evaporated reaction mixture with water gave an oil-water mixture 

subsequent chloroform-extraction of which gave the azide (264) as an oil 

(0.78 g), v 	2100 (NEN) and 1550 and 1340 (N0,) cm -1 which was shown by max. 

t.l.c. in chloroform-methanol over silica to be essentially pure and was 

used without further purification. 

4-Azido-2-dimethylamino-5-nitropyriniidine (265). 

A solution of the chioropyrimidine (192), (4.05 g, 0.02 mol) in tetra-

hydrofuran (100 ml) reacted with a solution of sodium azide (1.95 g, 0.03 

mol) in water (20 ml) and tetrahydrofuran (100 ml) to give the azide (265), 

(98%) as pale orange-pink needles, m.p. 1310 (decomp.) (from ethyl acetate), 

V 
max. 	 2 

2220, 2180, 2150 and 2130 (NN) and 1540 and 1330 (NO ) cm 1. 

An attempt was made to prepare an analytical sample of (265) by dissolution 

in tetrahydrofuran, filtration and evaporation of the filtrate. 
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Found: C, 36.2; H, 3.4; N, 44.0%; M+,  209. 

£6.7.72_requires: C, 34.5; H, 3.4; N, 46.9%; M, 209. 

The azide (265) decomposed on standing at room temperature. 

The Reactions of the Azides [(263)-(265)] with Phenylacetonitrile. 

Phenylacetonitrile (1.20 g, 0.01 mol) was added to a solution 

of sodium (0.23 g, 0.01 g atom) in methanol (10.0 ml) and the stirred 

mixture was cooled to 00 (ice-salt bath) and then treated with a suspension 

of the azide (263), (2.20 g, 0.01 mol) in methanol (60 ml). 	The resulting 

solution was stirred overnight in the melting ice bath and then evaporated. 

The residue was treated with water and the solid was collected and combined 

with a further crop which separated from the mother liquor on standing 

(total 1.17 g), The i.r. spectrum of this solid showed it to be mainly 

the starting azide (263). 	On standing overnight the aqueous mother 

liquor deposited an unidentified solid (0.14 g) which sepErated as yellow 

needles, m.p. 331-5°  (from ethanol-water), v max. 1700 and 1660 (CO) cm 1, 

Found: C, 30.6; H, 3.2; N, 17.6%. 

which did not give sufficient ion pressure to permit a mass spectrum to 

be obtained. Chloroform extraction of the aqueous mother liquor gave 

an oil which appeared from its i.r. spectrum to contain unreacted 

phenylacetonitrile. 

As in (i) above, phenylacetonitrile (0.47 g, 0.004 mol) was 

added to a solution of sodium (0.09 g, 0.004 g atom) in methanol (5.0 ml) 

and this mixture was reacted with a solution of the azide (264), 

(0.80 g, 0.004 mol) in methanol (5.0 ml). 	Evaporation of the resulting 

dark brown solution gave a gum. Trituration with ether gave a solid 

which was treated with water to give an unidentified solid (0.08 g). 
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Acidification of the aqueous mother liquor with dilute sulphuric acid 

and subsequent extraction with chloroform gave an intractable gum which 

was not further characterised. 

(iii) As in (i) above phenylacetonitrile (0.47 g, 0.004 mol) was 

added to a solution of sodium (0.09 g, 0.004 g atom) in methanol (10.0 ml) 

and this mixture was reacted with a suspension of the azide (0.84 g, 0.004 

mol) in methanol (100 ml). 	Evaporation of the resulting red solution, 

treatment with water and chloroform-extraction gave an oil (0.67 g) from 

which no identifiable material could be obtained. 	Acidification of the mother 

liquor with dilute hydrochloric acid and extraction with chloroform also 

gave an oil (0.15 g) from which no solid material could be obtained. 

The Attempted Reaction of the Azide (263) with Diethyl Acetylenedicarboxvlate. 

A suspension of the azide (263), (1.10 g, 0.005 mol) and diethyl acetyl-

enedicarboxylate (0.80 g) in chloroform (50 ml) was stirred at 30 for 

14 days. The mixture was evaporated and triturated with ether to give 

the unchanged starting azide (263), (70%) identical (m.p. and i.r. spectrum) 

with an authentic sample. 



Chapter 4 

DISCUSSION 
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SOME STUDIES ON THE SYNTHESIS AND REACTIVITY OF OXADIAZOLO-

PYRIMIDINE N-OXIDES. 

In 1966, Haddadin and Issidorides 115 showed that benzofuroxan 

(270) and its derivatives react with active methylene compounds under 

basic conditions to give high yields of quinoxaline di-N-oxides. 

They suggest a mechanism (Scheme 54) for these interesting reactions 

involving condensation of the ionised active methylene compound 

(e.g. dibenzoylmethane) with the benzofuroxan (270) to give a bridged 

intermediate (271) which is suggested to rearrange to the quinoxaline 

di-N-oxide (272) as shown (Scheme 54). 	In the present studies it was 

hoped to apply reactions of the type discovered by Haddadin and Issidorides 

to ,xadiazolopyrimidine N-oxides (273) thus providing a new synthetic 

route to pteridine 5,8-di-N-oxides (274) . 	Benzofuroxan and its 

o 	COR3  
N\0 <COR4 	

NN1R3 
R2NN/ 	

base 

> R2 N 1(NR4  
(273) 	 (274) 

derivatives have also been shown 
116 

 to react with formaldehyde in the 

presence of alkali to afford 1,3-dihydroxybenzimidazolin-2--ones. 	The 

mechanism of this condensation has not yet been elucidated. A possible 

mechanism is shown in Scheme 55, namely condensation between the 

benzofuroxan (270) and formaldehyde followed by ring opening to the 

nitroso intermediate (275), convertible by cyclisation as shown (Scheme 55) 

into the 1,3-dihydroxybenzimidazoljn-2-one (276). 	It was hoped to apply 

the formaldehyde condensation to oxadiazolopyrimidine N-oxides (273) thus 
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providing a novel synthesis of di-N-hydroxypurinones (277). 

R1 OH 

N\0 HCHO i

!r~NO 2L
RN 	H0 	R 

(273) 	 (277) OH 
The preparation of benzofuroxans is a well established process 7 

Boyer 118 in 1953 synthesised 125-cxadiazo1o[3,4-b]pyridine 1-N-oxide 

(279) by the thermolysis of 4-nitrotetrazolo[1,5-a]pyridine (278) and 

a similar method 119 was successfully applied to effect the cyclisation 

of the azido-dinitropyridine (280) to the oxadiazolopyrimidine N-oxide 

(281) (Scheme 56). 	The precise structures of benzofuroxan and its 

derivatives have been studied at length, and it has been shown 121 by 

n.m.r. sDectroscopy that benzofuroxan (270) itself is an equilibrium 

mixture of the two isomers (270 a and c), interconvertible presumably 

via the transient intermediate, o-dinitrosobenzene (270b). 	The influence 

- J NO 
NO 

'- 

(270c) 0 (270a) (270b) 

of substituents on the position of the above equilibrium {(270a) 	(270b) 

(270c)] has been investigated and it has been shown that both steric and 

electronic effects are important. 	Thus, in the case of 4(7)-methylbenzo- 

furoxan the preference shown for the 4-methyl isomer (282) is suggested 

by Boulton and coworkers 122 to be due to destabilisation of the 7-methyl 

isomer (283) by steric interaction between the methyl substituent and. 
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the oxygen atom of the N-oxide group. 

0 
(282)  

In the case of oxadiazolo[3,4-b] 

(283) 

pyridine 1-N-oxide, the 4-aza structure (279) rather than the 7-aza 

structure (285) has been shown 122 to be preferred. 	In this case the 

preference for the structure (279) is explicable in terms of electronic 

rather than steric effects. 	Thus the isomer (279) will be favoured by 

charge delocalisation 1(279).k:%(284)] . 	Conversely the structure (285) 

will be destabilised by repulsive interaction between the lone electron 

pair on N-7 and the N-oxide oxygen as shown. Where both steno and 

electronic effects operate, the latter appears to exert the greater 

C 
CrT Nx  

'N 	N"0  

(279) 

(285) 
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influence. 	Thus it 	has been shown 122 that in the case of 7-methyl-1,2,5-- 

oxadiazoio[3,4_b}Pyridine i-N-oxide, the steric interaction between the 

7-methyl group and the N-oxide group in the structure (286) is preferred 

to the electronic repulsion present in the structure (287). 	Boulton 

eta1122  also suggest that a certain degree of hydrogen bonding between 

the methyl group and the N-oxide group may further contribute to the 

	

H2C+1IIO 	 Me 

NN 

	

(286) 	 ()0 (287) 

greater stability of (286). 	It has been shown 123 that hydrogen bonding 

exists in a mixture of 1,3,5-trichlorobenzene and hexadeuteropvridine 

between a proton in the chloro compound and the pyridine ring nitrogen 

as shown in (288). 

The first 1,2,5-oxadiazolo[3,4-d] pyrimidine 1-N-oxide (290) was 

prepared by Montgomery and his coworkers 124  in 1968 by pyrolysis of the 

azide (289). 	The existence of 4(7)-amino-1, 2,5-oxadiazolo [3,4-d]pyrimidine 
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NH 
NNO2 

N3 
(289) 

NH 
N 5, a~--2 N 

(290) 

NH 
NN\ 

N N'0 

0 
(291) 

1-N-oxide exclusively in the 7-amino form (290) as opposed to the 

alternative 4-amino form (291) is supported by 	n.m.r. evidence124. 

In the 
1 
H n.m.r. spectrum of 4(7)-amino-1;25-oxadiazolo[3,4-d]pyrimidine 

1-N-oxide at 400, the protons of the amino group appear as two broad 

singlets at r 0.75 and T 1.55 which coalesce at ca. 1000 to a singlet at 

T 1.37. 	On cooling to 400 the original singlets reappear. 	The non- 

equivalence of the amino group protons at 40° is attributed by the 

authors 
124 

to hindered rotation about the ring-nitrogen bond due to 

hydrogen bonding between the oxygen atom of the N-oxide group and one 

of the protons of the amino group. Such hydrogen bonding is only 

possible in the 7-amino structure (290) and not in the 4-amino structure 

(291). 	Montgomery also realised that the non-equivalence of the amino 

group protons could be explained in terms of the imine structure (292) 
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(290) 
	

(292) 

However he discounted this possibility on the basis of the lack of 

splitting in the 1H n.m.r. resonance of the C-5 proton in (292). 	When 

the present studies were initiated, the only information available in the 

literature on oxadiazolopyrimidine N-oxides was the previously discussed 

work by Montgomery eta1124. Consequently the synthesis of oxadiazolo-

pyrimidine 1-N-oxides was investigated with a view to their further 

conversion into pteridine di-N-oxides and di-N-hydroxypurinones (see 

before). 	As expected, thermolysis of the azidouracil (263) (see 

chapter 3) in refluxing toluene resulted in its conversion in high 

yield into 5, 7-dimethyl-112,5-oxadiazolo[3,4-d]pyrimidine-4(5H), (711)- 
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dione 1-N-oxide (293) . 	The latter product gave analytical 

and i.r. and 
1 
 H n.m.r. data fully in accord with the assigned structure 

(293) which is further supported by the presence, in its mass spectrurn,of a 

fragment ion at (M+_16)  mass units attributable to the loss of the N-

oxide oxygen atom. Shortly after the completion of this work, Yoneda 114 

published a similar synthesis of the N-oxide (293) though the reported 

melting point was 
350 

 lower than that observed in the present studies. 

An attempt to reduce the N-oxide (293) to the diamine (295) using sodium 

dithionite failed. A low yield of a solid mixture was obtained along 

with muiticomponent gums. 	The solid mixture was shown by t.1.c. in 

chloroform-methanol over silica to be multicomponent. The available 

evidence does not allow a distinction to be made between the two possible 

Me d, 
0 

[H] 

Mc 

(293) 
	

(295) 

oxadiazolopyrimidine N-oxide structures (293) and (294). 	The former 

will be destabilised by steric interaction between the methyl group 

and the N-oxide oxygen atom whereas the latter will be destabilised 

by repulsive interaction between the C-7 carbonyl group and the 

N-oxide oxygen atom. On the assumption that the latter effectis more 

destabilising (see before), the structure (293) is tentatively assigned 

to the product. 



o 	<COMc 0 o 
MeNN\0 COME 

	 t 

II 	
> MeN 	ell N Me 

0NN' 	QNN 	COMe 
Me 	 Me J, 

0 
(293) 

(296) 
Scheme 57 



-112- 

With the object in mind of obtaining the pteridine di-N-oxide 

(296), the N-oxide (293) was reacted with acetylacetone under a variety 

of basic conditions. However in all cases the only identifiable 

material obtained was the unchanged N-oxide (293) (Scheme 57). 	Attention 

was next turned to the attempted conversion of the oxadiazolopyriinidine 

1-N--oxide (293), by its reaction with formaldehyde in the presence of 

alkali, into the di-N-hydroxypurinetrione (297). 	This reaction gave 

an acidic product in good yield which was found to be identical to the 

product obtained by stirring the N-oxide (293) with strong (ca. 60%) 

methanolic alkali at room temperature thus ruling out any reaction of 

the N-oxide involving the formaldehyde. 	The acidic product gave 

analytical data consistent with the molecular formula C 
5  H  8  N  4  0  3 

 and 

0 

MeN 	N, 
7L1 	HCHO 

Q NJN 	iI- HO. 

(293) 	 (297) 

showed a parent ion in its mass spectrum at M+,  172 mass units. 	Its 

i.r. spectrum showed broad absorption at 3250 cm 
-1 
 consistent with the 

presence of an NH or OH group and at 1740 and 1650 cm-1  attributable 

to the presence of a carbonyl group and a double bond respectively. 

The 1H n.m.r. spectrum of the acidic compound at 60 MHz in deuterated 

dimethyl suiphoxide showed two three-proton singlets at T 6.57 and 

T 7.15 which can be assigned to two N-methyl groups. Three structures 

[(298) - (300)] (Scheme 58), derived by hydrolysis of the pyrimidine ring 

in the oxadiazolopyrimidine 1-N--oxide (293) and subsequent loss of carbon 
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dioxide, are consistent with the i.r., mass spectral and analytical 

data. given by the acidic product. 	However the furoxan structure (298) 

is inconsistent with the acidity of the compound and the absence in its 

n.m.r. spectrum of splitting in the methyl group protons, character- 

istic of a methylamino substituent. 	The absence of such splitting also 

eliminates the open chain nitroso structure (299), thus leaving the 

acidic N-hydroxypyrazolone structure (300) as the most likely formulation 

for the acidic product. 	The structure (300) for the acidic solid is 

+ 
further supported by the presence of a fragment ion at (M -17) mass units, 

attributable to the loss of an OH group, and by its conversion to a 

diacetyl derivative (301) (Scheme 58). 	The i.r. spectrum of the 

diacetyl compound (301) showed carbonyl absorption at 1780 and 1750 cm 1  

assignable to the N-acetoxy and oximino-acetoxy groups of the pyrazolone 

structure (301) respectively. 	The diacetyl derivative (301) also gave 

analytical, mass spectral and 1H n.m.r. data consistent with the assigned 

structure (301). 

Attention was next directed to 4-azido-2-dimethylamino-5-nitro-

pyrimidine (265) (see chapter 3) with a view to its conversion into 

5-dimethylamino-1,2,5-oxadiazolo 3,4_d]pyrimidine 1-N-oxide (302) in 

the hope that the latter would be a suitable substrate for the Haddadin- 

Issidorides and Ley reactions. 	Since the thermal conversion of the 

azidouracil (263) into the N-oxide (293) had been successful, a similar 

attempt was made to prepare the oxadiazolopyrimidine 1-N-oxide (302) by 

heating the azide (265) under reflux in toluene (Scheme 59). 	A dark 

brown solid was obtained in good yield, whose i.r. spectrum showed no 

azide or nitro absorption. 	However t.l.c. of the dark solid in 

chloroform over silica showed orange, blue pink and green spots corres-

ponding to a close-running, five component mixture which was not further 



-114- 

investigated. 	In another attempt to obtain the N-oxide (302), the 

nitropyrimidylamine (190a) was subjected to hypochiorite oxidation - 

a method which has been successfully used for the conversion of 

2-nitroanilines into benzofuroxans.125  However the similar oxidation 

of the amine (190a) was unsuccessful (Scheme 59), starting material 

being recovered. 	It had previously been observed that on standing 	at 

room temperature, the azide (265) slowly took on a deep orange colour 

which was accompanied by a decrease in azide absorption in its i.r. 

spectrum (see chapter 3) . 	A closer examination of these phenomena 

revealed that a freshly prepared sample of the azide (265), left at 

room temperature for one week, was converted in quantitative yield into 

a product whose properties are in accord with its formulation as the 

oxadiazolopyrimidine 1-N-oxide (302) (Scheme 59). 	It was also found 

(Scheme 59) that the transformation of [(265)—) (302 ]could be effected 

in almost quantitative yield by heating a suspension of the azide (265) 

in light petroleum under reflux for ca. 5h. 	The product so obtained 

gave analytical, mass spectral and 1H n.m.r. data consistent with the 

N-oxide structure (302). 	In particular its mass spectrum showed a 

fragment ion at (M 16) mass units indicating the loss of the N-oxide 

oxygen atom. The assignment of the 5-dimethylamino 1-N-oxide 

structure (302) to the oxadiazolopyrimidine N-oxide derived from the 

azide (265) is based on the anticipated greater destabilisation of 

the 7-aza structure (303) as discussed previously. 	The crude 
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oxadiazolopyrimidine N-oxide obtained from the azide (265) 

at room temperature or by its pyrolysis in light petroleum was shown 

by t.l.c. to be contaminated with a trace amount of a second product 

which could be removed by wet column chromatography over silica. 

However the recovery from the column was low due to decomposition of 

the N-oxide (302) on the adsorbent. 	Since the crude N-oxide showed 

essentially identical properties to the pure material, it was used 

in subsequent reactions without further purification. 	Decomposition of 

the N-oxide (302) also occurred rapidly on alumina and when it was sub-

jected to prolonged heating in ethyl acetate. Heating under reflux in 

ethyl acetate for 14h, induced decomposition of the N-oxide (302) to a 

solid multicomponent mixture which was not further investigated. On 

the other hand the N-oxide (302) remained unchanged after leaving in an 

open tube at room temperature for six months. 

It has been shown 
124 

 that catalytic hydrogenation of oxadiazolo-

pyrimidine N-oxides results in the formation of the corresponding 

diaminopyrimidine. 	It was therefore hoped to rigorously establish the 

structure of the N-oxide (302) by its reduction to the diamine (304) 

which should be easily convertible into the known pteridinedione (305) 

(Scheme 60) (see chapter 2; page 34). 	However the attempted catalytic 

reduction of the N-oxide (302) in ethyl acetate in the presence of 

glacial acetic acid resulted in the recovery of the starting material. 

This unexpected stability of the oxadiazolopyrimidine 1-N-oxide (302) 

towards catalytic reduction prompted an attempt to effect its reduction 

to the dioxime (308) . 	Benzofuroxans are known 126 to afford dioximes on 

reduction with sodium borohydride. 	It was intended that reduction to the 

dioxime (308), as well as establishing the structure of the N-oxide (302), 

would yield a substrate which could be utilised synthetically. Thus 
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ortho-benzoquinone dioxime (306) is known 
127 

 to undergo condensation 

reactions with a-hydroxyketones to give quinoxaline di-N-oxides (307) 

and it was hoped that the dioxime (308), if formed, might provide the 

starting material for the preparation of pteridine di-N-oxides (309) 

(Scheme 61). 	In practice the borohydride reduction of the N-oxide 

(302) gave a solid product in good yield which gave satisfactory 

analytical and mass spectral data for the expected dioxime (308). 

However the 1H n.m.r. spectrum of the reduction product did not show 

the low-field proton resonance expected for E-4 in the structure (308). 

On the other hand the absence of this H n.m.r. absorption is readily 

explained if reduction to the isomeric 4,7-dihydro-5-dimethylamino-1,2,5-

oxadiazolo[3,4_d]pyrirnidine 1-N-oxide structure (310) has occurred. 

In further support of this structure, the 1 H n.m.r. spectrum of the 

reduction product also contained a broad singlet at T 2.86 which can 

be assigned to the N-4 proton and a singlet at t 5.61 which is assigned 

to the equivalent protons of the C-7 methylene group. The dimethylamino 

group appears as a singlet at T 7.06. 	The possibility that the reduction 

product has the 6,7-dihydro structure (311) is excluded on the basis of the 

n.m.r. spectrum, there being a lack of splitting in the signal associated 

with the C-7 methylene group. The formation of the 4,7-dihydro adduct 

(310) presumably occurs by attack of hydride ion at C-7 in the N-oxide 

(302) to form the resonance stabilised anion (312) (Scheme 62) . 	The 

exclusive formation of the 4,7-dihydro compound (310) indicates that 

it is more stable than its 6,7-dihydro isomer (311). 	However, protonation 

of the two extreme forms (312 a and b) of the anionic species (312) would 

appear to be equally probable since any stabilisation due to charge 



-117- 

H H 

0 	McNN'°  

N- 	
N\ NBH2 	H (310) _ 

MNN'° 	H H 
(302) 	 HNN\0  

Me NN N' 
(311) 

delocalisation in both cannonical forms should be equivalent. Perhaps 

the formation of the 6,7-dihydro adduct (311) from the anion (312) is 

under kinetic control and it then rearranges via a prototropic shift 

to the thermodynamically more stable 4,7-dihydro compound (310) 

(Scheme 62). 	Support for the thermodynamic stability of the 4,7-dihydro 

adductwobtained during the study of the water adducts (325) and (326) 

(see later). An attempt was made to further establish the dihydropyrimidine 

structure (310) by its conversion into the N-acetyl derivative (313). 

However the attempted acetylation of (310) led to its decomposition with 

evolution of dinitrogen tetroxide to give a very low yield of a solid which 

showed a carbonyl band in its i.r. spectrum at 1710 cm-1
. 
	The 1H n.m.r. 

spectrum of the solid showed proton resonances at t 6.90 and at T 7.70 

which integrated approximately in the ratio of 2:1 as would be expected 

for the acetyl compound (313), the lower field signal being assigned to 

the dimethylamino group and the higher field signal being attributed to 
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the N-acetyl group of (313) . 	However the mass spectrum of the acetylation 

product showed a parent ion at M+, 238 mass units which cannot be explained 

in terms of the simple acetyl structure (313) . 	Unfortunately there was 

insufficient material for further investigation of the compound. 	Mild 

oxidation of the dihydro compound (310) with lead tetraacetate regenerated 

the parent N-oxide (302) thus demonstrating the simple structural relation- 

ship between the two compounds. 	In contrast the attempted oxidation of 

° MeNLN 
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NN\0 
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the dihydro compound (310) with manganese dioxide was unsuccessful. 

In the hope that the furoxan ring in the dihydro adduct (310) would be 

more amenable to reduction than that in the parent N-oxide (302), an attempt 

was made to further reduce the adduct (310) by catalytic hydrogenation to 

the diamine (314). 	The structure of the latter might then be readily 

established by condensation with diethyl oxalate to give the dihydro-

pteridinedione (315), mild oxidation of which should yield the known 
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pteridinedione (305) (see before). 	In practice, hydrogenation of the 

di-hydro compound (310) gave a dark gum and, on the assumption that some 

degree of diamine formation had taken place, this was heated under ref lux 

with diethyl oxalate. However only a multicomponent gum resulted and 

none of the dihydropteridinedione (315)or the pteridinedione (305) could 

be detected. The attempted degradation of the adduct (310) with aqueous 

alkali also produced a multicomponent gum. 

Although the structure of the oxadiazolopyrimidine 17*N-oxide (302) 

had not been established rigorously it was decided that the evidence 

accumulated in support of its structure was sufficient to proceed with 

its attempted conversion, by a Haddadin-Issidorides type condensation, 

into a pteridine di-N-oxide. 	The reaction of the N-oxide (302) in 

ethanolic ammonia with acetylacetone produced a very low yield of a 

solid together with a multicomponent gum, and not the hoped for 

pteridine di-N--oxide (316). 	The solid product gave analytical and 
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mass spectral data consistent with the molecular formula C9H13N503. 

Its i.r. spectrum showed absorption bands at 3400 and 1710 cm 

attributable to an NH group and a carbonyl group respectively. 	Its 

n.m.r. spectrum lacked a low-field signal corresponding to H-7 in 

the structure (302). 	This feature, in conjunction with the analytical 

and mass spectral data, supports a structure (318) for the unknown 

compound derived, by analogy with the dihydro compound (310), by 

nucleophilic attack by the acetylacetone carbanion at C-7 and subsequent 

deacetylation of the resulting adduct (317) (Scheme 63) . 	1H n.m.r. 

evidence for the presence of the methylene and methine protons in the 

structure (318) could not be obtained due to the weakness of the 

n.m.r. spectrum as a result of lack of material. 	The nitropyrimidine 

structure (321) is also consistent with the analytical and mass spectral 

properties of the product derived from the base-catalysed reaction of 

the N-oxide (302) with acetylacetone. 	Moreover, the formation of this 

product can be readily explained by attack at N-3 in the N-oxide (302) 

by the acetylacetone carbanion to give the aci-nitro intermediate (319), 

rearrangement of which would yield (320) convertible by deacetylation into 

the nitropyrimidine (321) (Scheme 64). 	However the structure (318) 

rather than the structure (321) is supported both by the presence in the 

mass spectrum of a fragment ion at (M 16) mass units, attributable to 

loss of the N-oxide oxygen atom, and the absence of a low-field signal in 

the 1H n.m.r. spectrum due to a pyrimidine ring proton. However until 

further material is available for study the structure of the compound 

obtained in the reaction of the oxadiazolopyrimidine N-oxide (302) with 

acetylacetone must remain tentative. 
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In the course of studying its attempted condensation with acetyl-

acetone, it was observed that an ethanolic solution of the N-oxide (302) 

changed in colour from deep orange to a pale straw colour on standing 

at room temperature. On closer investigation it was found that stirring 

a suspension of the N-oxide (302) in ethanol at room temperature for 2 h 

afforded a product in excellent yield which was subsequently identified 

as 6, 7-dihydro-5--dimethylamino-7-ethoxy-1, 2,5_oxadiazolo[3 ,4_cl] pyrimidine 

1-N-oxide (322a). 	The 7-methoxy analogue (322 b) was similarly prepared 

by stirring the N-oxide (302) in methanol at room temperature. 	Both 
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adducts (322 a and b) gave analytical data consistent with the assigned 

structures, which are further supported by 1H n.m.r. evidence. 	The 

n.m.r. spectrum of the adduct (322a) in deuterated dimethyl 

suiphoxide showed a broad doublet (J4Hz) centred at t 1.71 which is 

assigned to H-6 coupled to H-7. 	Correspondingly, a sharp doublet 

(J4Hz) centred at -r 4.20 can be assigned to H-7 split by H-6. 	A quartet 

(J6Hz) and a triplet (J6Hz) at -r 6.53 and t 8.98 respectively and a six 

proton singlet at -r 7.06 can likewise be assigned to the C-7 ethoxy group 

and the C-5 dimethylamino group in the structure (322a). 	The observed 

coupling between H-6 and H-7 is clearly consistent only with the 

structure (322a) and inconsistent with the alternative isomeric structure 

(323a) in which coupling between H-6 and H-7 is not feasible. 	The 

n.m.r. spectrum of the methanol adduct was likewise fully consistent with 

the assigned structure (322b) as opposed to the isomeric formulation 

(323b). 	The mass spectra of the adducts (322 a and b) do not exhibit 

a parent ion. The ion of highest mass number in both spectra corres-

ponds to 181 mass units and can be attributed to the N-oxide (302) 

formed by loss of ethanol or methanol in the mass spectrometer. The 

thermal instability of the adducts (322 a and b) is illustrated by 

their conversion in the melt into the oxadiazolopyrimidine N-oxide 

(302). 	The adducts (322a and b) also decompose to the parent N-oxide 

(302) on silica as demonstrated by t.1.c. • In an attempt to prepare 

the ethanol adduct (322a) by another route, the N-oxide (302) was 

reacted with ethanolic sodium ethoxide. However this reaction gave 

only a multicomponent gum, thus explaining the complex nature of the 

reaction of the N-oxide (302) with acetylacetone under basic conditions 

(see before). 	An attempt to acetylate the adduct (322a) at N-6 failed, 
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unreacted starting material and a small amount of the parent oxadiazolo-

pyrimidine N-oxide (302) being the products. 

By way of further establishing the structures of the alcohol 

adducts (322a and b) and developing a synthetically useful route to 

C-7 substituted oxadiazolopyrimidine N-oxides, attempts were made to 

oxidise the ethanol adduct (322a) to the ether (324). 	Albert 
128 

 has 

successfully used potassium ferricyanide in alkaline solution to oxidise 

dihydropteridines to pteridinones. However the reaction of the ethoxy 

compound (322a) with alkaline ferricyanide (Scheme 65) gave only low 

yields of unidentified solids. 	The action of manganese dioxide in 

tetrahydrofuran on (322a) gave unchanged starting material, while a 

similar oxidation in acetone gave the unreacted starting material and 

another product whose structure will be discussed later. The reduction 

of the ethanol adduct (322a) with sodium borohydride gave the dihydro 

adduct (310) obtained before. 	Two possible mechanisms can be proposed 

to explain this reduction. Firstly, decomposition of the ethanol 

adduct (322a) to the parent N-oxide (302) could be followed by attack 

on the N-oxide by hydride ion as discussed previously (Scheme 66). 

Secondly the transformation [(322a)_ (310)] might occur by direct 

nucleophilic displacement of ethoxide ion by hydride ion (Scheme 67), 

and subsequent rearrangement of the 6,7-dihydro compound (311) (See 

Scheme 62). 	 - 

It was anticipated that since the oxadiazolopyrimidine N-oxide 

(302) so readily formed adducts with alcohols, the addition of water 

to the N-oxide (302) would also be a facile process. 	As expected, the 

N-oxide (302) reacted in aqueous dioxan to afford a high yield of 6,7-

dihydro- 5-dimethylamino- 7-hydroxy-1, 2, 5-oxadiazolo [3 ,4-d]pyrimidine 
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1-N-oxide (325). 	The 6,7-dihyciro structure (325) is assigned to this 

product on the basis of its 111  n.m.r. spectrum. 	A doublet (J4Hz) 

centred at -r 1.86 is assigned to the proton of the 7-hydroxyl group 

split by 11-7. 	A doublet (J9Hz) centred at -t 3.03 is assigned to H-6 

split by 11-7 and a double doublet centred at -r 4.13 is assigned to H-7 

split by H-6 (J9Hz) and also split by the proton of the 7-hydroxyl group 

(J411z). 	The protons of the dimethylamino group appear as a singlet at 

T 7.01. Work up of the aqueous dioxan mother liquor from this reaction 

by evaporation, gave a small amount of a solid which. is assigned the 

4,7-dihydro structure (326). 	In accord with the assigned structure (326) 
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the H n.m.r. spectrum of the isomeric water adduct 

contained a very broad singlet at -r 1.63 which is assigned 

to the proton of the C-7 hydroxyl group. 	A singlet at T 4.10 

is assigned to H-4 and a doublet (J12Hz) centred at T 6.73 is assigned 

to R-7 split by the proton of the hydroxyl group. The dimethylamino 
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group appears as a singlet at T 7.0. 	Attempts to crystallise the 

6,7-water adduct (325) converted it into the isomeric compound (326). 

It was also found that the adduct (325) was transformed in dimethylforma- 

mide into the isomer (326). 	This rearrangement can be explained in 

terms of a prototropic shift indicating that the 6,7-adduct (325) is 

the product of kinetic control and the 4,7-dihydro compound (326) is 

the thermodynamically more stable isomer. 	In accord with this inter- 

pretation, leaving a suspension of the N-oxide (302) in water for nine 

days gave the thermodynamically stable isomer (326) and not the adduct 

(325). 	Precisely why the 4,7-dihydro adduct (326) is more stable than 

its 6,7-isomer, when the 6,7-dihydro structure is preferred for the 

alcohol adducts (322 a and b), is not clear and requires further investi- 

gation. 	Perhaps some degree of stabilisation in (326) exists over its 

isomer (325) due to relief of strain in the furoxan ring. 	The 4,7- 

dihydro structure (326) might be able to pucker more than its isomer 

(325) thus enabling the furoxan ring to be less strained in this case. 

Also there is the possibility that hydrogen bonding between the C-7 

hydroxyl group and the N-oxide oxygen in the 6,7-isomer (325) might 

hold the molecule in such a fashion that there is some degree of steric 

interaction between H-6 and H-7. No such interaction can exist even in 

H N N 

M N 
NN\ 

McNNJN / 

Scheme 68 



0 	 co 
N 	N\ 	H 	 NN\0 

MeNN/° 	 > MeNNN/ 2 
(302) 

H 
0 	 1~ 	0 

HO  
NN\ 	-H 	 NN\ 

MCNNN/° 	 MeNU N NP 
2 H 	 2 

H 
(326) 	 (327) 

Scheme 69 



-126- 

the hydrogen-bonded form of the 4,7-adduct (326) (Scheme 68). 	When the 

N-oxide (302) was added to aqueous dilute hydrochloric acid, the orange 

colour of the starting material disappeared very quickly indeed. 

Neutralisation of the mixture with sodium acetate gave the 4,7-dihydro 

adduct (326) in excellent yield. 	The ease of formation of (326) in this 

case and the fact that no trace of the isomeric 6,7-dihydro compound (325) 

was found, suggests a mechanistic difference between this reaction and the 

previous cases in which the 4,7-dihydro adduct (326) was isolated. 

Protonation of the N-oxide (302) at N-4 in the aqueous acid followed by 

attack of a water molecule at C-7 and subsequent deprotonation of the 

structure (327), would account for the direct formation of the adduct 

(326) in this case (Scheme 69) . 	Equally possible however, is the initial 

acid catalysed formation of the 6,7-dihydro adduct (325) which then under-

goes prototropic rearrangement to the stable isomeric 4,7-dihydro adduct 

(326) 

Two attempts were made to acetylate the water adduct (325). When 

the adduct was stirred in suspension with acetic anhydride, no reaction 

took place. 	Consequently acetylation was attempted in the presence of 

concentrated sulphuric acid but in this case the isomeric water adduct 

was the only identifiable product. 	The formation of (326) in this 

case may be explained in two ways, namely by loss of water from the adduct 

(325) to give the parent N-oxide (302) which then adds water via the 

protonated intermediate (327) (see Scheme 69), or by simple acid-catalysed 

prototropic rearrangement of the adduct (325) (see Scheme 70). 	The 

attempted acetylation of the water adduct (326) gave the unreacted 

starting material and some of the parent oxadiazolopyrimidine N-oxide 

(302), thus tending to support the dehydrative route [(325) - (302)- 

- (326)] for the transformation 1(325) -- (326)] in acetic 
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anhydride - sulphuric acid. The absence of an acid catalyst in the 

attempted acetylation of the adduct (326) could account for the isolation 

of the parent N-oxide (302) in this reaction, since the formation of the 

4,7-adduct (326) from the N-oxide (302) in an aqueous acidic medium has 

already been shown to be rapid. 	Rearrangement to the isomer (326) is also 

observed when the adduct (325) is treated with aqueous dilute hydrochloric 

acid. Again two mechanisms may be proposed to explain this transformation 

namely, protonation of the adduct (325) at N-4 and subsequent rearrangement 

and deprotonation, or acid-catalysed dehydration of the adduct (325) to the 

parent N-oxide (302) followed by addition of water via the protonated 
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intermediate (327), as discussed before. 	When the adduct (325) is 

warmed at ca. 60°  in glacial acetic acid, both the isomeric adduct (326) 

and the parent N-oxide (302) are formed. 	This result tends to support 

the simple prototropic rearrangement pathway for the transformation 

{ (325) -- (326)] in acidic media. 	An explanation of the observed 

isomerisation of the adduct (325) in dimethylformamide is that the 

solvent is acting as a basic atalyst. 	Thus it appears that in acidic 

or basic media the 4,7-dihydro compound is the stable product thus 

supporting the prototropic shift pathway for the conversion of (325) to 

(326) (Scheme 70). 	The isolation of the parent N-oxide (302) in the 

case of the attempted acetylation of the adduct (326) and in the reaction 

of the adduct (325) with glacial acetic acid may be due to dehydration of 

the adduct (326). 	In the latter case acid-catalysed rearrangement of 

(325) to (326) would precede the dehydration. 

The behaviour of the water adducts (325) and (326) towards oxidation 

was also investigated. 	It was expected that oxidation in both cases would 

lead to the pyrimidone. Silver oxide-barium oxide has been successfully 

used 129 in such oxidations. However the attempted oxidation of the adduct 

(325) with silver oxide-barium oxide in tetrahydrofuran failed, the 

starting material being recovered. When manganese dioxide in dimethyl-

formamide was used as oxidant, a yellow solid was obtained. This solid 

was identical to the product obtained in the attempted manganese dioxide 

oxidation of the ethanol adduct (322a) (see before) . 	The yellow solid 

gave analytical data consistent with the molecular formula C6H7N505. 

Its 1H n.m.r. spectrum showed only one signal at T 6.98 which is assigned 

to a dimethylamino group.. On the basis of the analytical and spectroscopic 

evidence the oxidation product is formulated as 2-dimethylamino-4,5- 
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dinitropyrimidin-6(1E)-one (328). 	The formulation of the oxidation 

0 
HO H 
H NN\ 

Me N 

(325) 

0 

MnO  > HNNO2  

QM.E McNNNO2  

(328) 

product as the dinitro compound (328) is supported by the known pertri-

fluoracetic acid oxidation130  of benzofuroxan and 5-methylbenzofuroxan 

to ortho-dinitrobenzene and 3,4-dinitrotoluene respectively. 	Attempts 

to obtain a mass spectrum of this compound failed due to its explosive 

decomposition in the probe. The fact that the compound explodes on 

melting provides further support for the dinitro structure. An attempt 

was made to firmly establish the structure of the dinitro compound (328) 

by catalytic hydrogenation to the diamine (329) and subsequent condensa- 

tion with diethyl oxalate to yield the pteridinetrione (330). 	In 

practice the compound (328) underwent catalytic hydrogenation to give a 

gummy solid which however, failed to yield the expected pteridinetrione 

(330) on heating under reflux with diethyl oxalate. 	Instead,' a low 

yield of a high melting (>300°) solid was obtained which showed a parent 

ion in its mass spectrum at M+,  207 mass units, corresponding to the 

pteridinedione (305) (see before). 	However the i.r. spectrum of this 

solid was not identical to that of an authentic sample of the pteridine-

dione (305) and in any case, there appears to be no precedent for the 

catalytic reduction of pyrimidones to pyrimidines. 	Further work will 
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therefore be required to provide conclusive proof of the structure (328) 

for the oxidation product. 

0 

H NN02  

McNN>NO2  

H 
2  /Pd/C 

0 

H NNH2  

Me NN>NH2  
(329) 

(328) 

o 
HNNO CO2Et 

MNNN o 
H 

(330) 

When the adduct (325) was subjected to oxidation (Scheme 71) with 

manganese dioxide in tetrahydrofuran the dinitro compound (328) was formed 

together with a low yield of another product. The second product under 

these conditions was a solid which gave analytical. and mass spectral data 

consistent with its formulation as the expected oxadiazolopyrimidone 

N-oxide (331). 	In particular a fragment ion at (M 16) mass units in 

its mass spectrum can be attributed to the loss of the N-oxide oxygen 

atom. Oxidation of the adduct (325) in dimethylformamide with lead 

tetraacetate provided a more efficient route to the pyrimidone (331), 

no other product being isolated. As expected, the adduct (326) was 

likewise converted by oxidation with lead tetraacetate into the pyrimidone 

(331) (Scheme 71). 	Evidence for the intermediacy of the pyrimidone 

N-oxide (331) in the transformation of (325) or (326) into the dinitro-

pyrimidone (328) (see before) is provided by the finding that the N-oxide 
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(331) also reacts with manganese dioxide in dimethylformamide to give 

the dinitro compound (328). 	The isolation of the N-oxide (331) along 

HO H 

MNN' 

00 

MnQ2 	
HNN\0 

MeNNN/  

(325) 	 (331) 

H(NO2  

Me N 1 .)N0 
2 	 2 

(328) 

with the dinitro compound (328) in the manganese dioxide oxidation of 

the adduct (325) in tetrahydrofuran is explicable in terms of the 

relative insolubility of both of these compounds in tetrahydrofuran. 

The two products from this reaction were obtained by leaching the 

inorganic residue. 	Consequently it is reasonable to assume that the 

N-oxide (331) was not all oxidised to (328) because of the heterogeneous 

nature of the reaction mixture. The dinitro compound (328) is also the 

product of the reaction of the parent oxadiazolopyrimidine N-oxide (302) 

with manganese dioxide in dimethylformamide. Since the solvent in this 

reaction was not specially dried, initial formation of the water adduct 

(325) or (326) may therefore be invoked to explain the transformation 

[(302) - (328)] . 	Solvent participation can be ruled out in this reaction 

since the N-oxide (302) does not react with dimethylformamide alone. 

Also the conversion of the ethanol adduct (322a) on oxidation with 
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manganese dioxide into the dinitropyrimidone (328) is presumably the 

result of the transformation of the ethanol adduct to one or other of 

the water adducts (325) or (326) which in turn reacts with the oxidant 

to produce (328) . 	Since lead tetraacetate had been successfully used to 

oxidise the water adducts (325) and (326) to the oxadiazolopyrimidone 

N-oxide (331) it was hoped that this reagent would similarly oxidise the 

alcohol adducts (322 a and b) to the respective ethers (324) and (332). 

However the attempted oxidation of the ethanol adduct (322a) with lead 

tetraacetate gave only a low yield of the water adduct (326). 	The reaction 

of the methanol adduct (322b) under similar conditions again gave the water 

adduct (326) together with some starting material. 	The formation of the 

water adduct (326) in both of these reactions is presumably due to decomposition 

of the alcohol adducts to the parent N-oxide (302) which then adds water 

during the aqueous work up. 
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Since the N-oxide (302) readily forms covalent adducts with ethanol, 

methanol and water, it was of interest to see if it would also add acetic 

acid. 	However the reaction of the N-oxide (302) with glacial acetic 

acid gave the unchanged starting material. 	In an attempt to react 

the N-oxide (302) with sodium acetate in glacial acetic acid the only 
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product obtained was the water adduct (326), formation of which presumably 

took place during the work up of the reaction mixture. Attention was 

then directed towards the reaction of the N-oxide (302) with amines. 

The reaction of (302) with ethanolic dimethylamine resulted in the rapid 

discharge of the orange colour of the N-oxide. A colourless solid was 

isolated which exhibited a broad band in its i.r. spectrum at 3280 cm 1, 

which can be assigned to NH absorption. The mass spectrum of this 

solid showed a parent ion at M+,  181 mass units, explicable by the formation 

of the N-oxide (302) in the probe 	An attempt to obtain a 1H n.m.r. 

spectrum of the solid in deuteriochloroform failed, due to its extremely 

rapid decomposition in this solvent as indicated by a change in colour 

from orange to dark brown. An attempt to recrystallise the solid resulted 

in its decomposition to a multicomponent gum. 	The N-oxide (302) also 

reacted with neat diethylamine to give a colourless solid whose i.r. 

spectrum again showed NH absorption but differed in the fingerprint 

region from that of the solid obtained in the reaction of the N-oxide 

(302) with dimethylamine. 	Again, an attempt to obtain the 1H n.m.r. 

spectrum of this product was thwarted by its rapid decomposition in 

solution. 	The solid product- obtained from the diethylamine reaction 

reacted with aqueous dilute hydrochloric acid to give the 4,7-adduct 

(326). 	This behaviour would appear to indicate that the colourless 

solid is a simple adduct of. the N-oxide and diethylamine and it is thus 

assigned the tentative 6,7-dihydro structure (333a). 	However the 

4,7-dihydro structure (333b) cannot be discounted. No further attempts 

+ k 
were made to characterise the adducts(333) due to its instability. 
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The ease of formation of covalent adducts from the N-oxide (302) 

prompted a study of its 7-methyl analogue (334), to investigate the effect 

of a methyl group at the site of attack in covalent adduct formation. 

Nitration of 2-dimethylamino-4-hydroxy-6-methylpyrimidine (335) 

me  
N N

II MeNNN/°  

(334) 

and subsequent chlorination of the nitro compound (336) so formed, gave 

the chloropyrimidine (337) in good yield (Scheme 72). 	Attempts were 

then made to obtain the azide (338) by reacting the chioropyrimidine (337) 

with sodium azide under a variety of conditions. The products from these 

reactions appeared from their i.r. spectra to contain azide absorption 
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but the conversion of the chloro compound (337) was inefficient as 

demonstrated by t.1.c., which showed the presence of substantial amounts 

of starting material. 	The failure of the chioropyrimidine to react 

efficiently with sodium azide illustrates the deactivating effect of 

the 6-methyl group on the reactivity of the pyrimidine ring towards 

nucleophilic attack at C-4, and contrasts with the chioropyrimidine 

(192) which reacts quantitatively with sodium azide at room temperature 

(see chapter 3). Attention was next directed to the preparation of 

Me 
NNO2  

Me N 
2 	iN 

(337) 

NaN 	Me 
U> NpNO2 

MNNN3  

(338) 

the hydrazinopyrimidine (339) with a view to its nitrosative conversion 

to the required azide (338). 	The reaction of the chloropyrimidine 

(337) with 100% hydrazine hydrate (Scheme 72), gave the hydrazino 

compound (339) in almost quantitative yield. 	Nitrosation of the 

hydrazine (339) gave a crude solid which showed i.r. absorption at 

2150 and 2100 cm 1  indicating the presence of an azide group, and hence 

the formation of the azide (338). Also isolated during the preparation 

of the azide (338) was the nitroamine (190d) (see chapter 2), which is 

presumably formed by decomposition of the protonated azide (340) (Scheme 73). 

The crude azide (338) was converted on standing at room temperature for 

one week into the expected oxadiazolopyrimidine 1-N-oxide (334) (Scheme 73), 

whose mass spectrum showed a parent ion at M+, 195 mass units [i.e. 28 

mass units less than the azide precursor (338)1 and a fragment ion at 
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(M+_16) mass units, attributable to the loss of the N-oxide oxygen atom. 

Azide and nitro group absorption was absent from its i.r. spectrum, and 

it gave satisfactory analytical data consistent with the oxadiazolo- 

pyrimidine N-oxide structure (334). 	The crude azide was also convertible 

in refluxing ethyl acetate-light petroleum or in ethyl acetate alone into 

the N-oxide (334). 	The crude azide melted at 60 -5°  and resolidified to 

melt again at the melting point of the N-oxide, thus again demonstrating 

its thermal conversion into the N-oxide (334). 	The 5-dimethylamino-7- 

methyl-1,2,5-oxadiazolo [3,4-d]pyrimidine 1-N-oxide structure (334) assigned 

to this product is again based on the results of Boulton and coworkers 122 

discussed previously, namely that the destabilising effect of the repulsive 

interaction between the lone electron pair on N-7 and the N-oxide oxygen in 

the structure (341) will be greater than the destabilising effect of steric 

interaction between the N-oxide oxygen and the C-7 methyl group in the 

structure (334). 	The borohydride reduction of the N-oxide (334) gave 

me  
I. 

N X  

MNNN/ 

(334) 

Me- 
NN\  

2j 

(341) - 

a product which analysed correctly for a dihydro compound and showed a 

fragment ion in its mass spectrum at (M 16) mass units consistent with 

- 

an N-oxide structure. 	The 
1 
 H n.m.r. spectrum of this product contained 

a broadened doublet (32Hz) centred at -r 2.74 which is assigned to H-6 

split by H-7. 	A doublet of quartets (36Hz and 2Hz) centred at T 5.16 

is assigned to H-7 split both by the C-7 methyl group and by H-6. 
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The dimethylamino group appeared as a singlet at T 6.96 while a doublet 

(J6Hz) centred at r 8.51 is assigned to the C-7 methyl group split by 

H-7. 	These properties allow the 6,7-dihydro-5--dimethylamino-7-methyl- 

1,2,5-oxadiazolo [3,4_d]pyrimidine 1-N-oxide structure (342) to be 

assigned to the product from the reduction of the N-oxide (334) with 

sodium borohydride. The splitting of H-6 and the double splitting of 

the H-7 signal in the 1 H n.m.r. spectrum of the reduction product of 
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MNNN/°  

MeH 
NaBH4 > HN> N\0  

MeNNN/ 

(334) 
	

(342) 

the N-oxide (334) excludes the 4,7-dihydro structure (343). 	The fact 

that 6,7-adduct formation takes place in the reduction of the N-oxide (334) 

(343) 

while 4,7-adduct formation takes place in the reduction of the N-oxide 

(302) is unexpected. Consideration of the probable reduction mechanism 

involved in these reactions may offer an explanation for this difference 

in behaviour of the N-oxides (302) and (334). 	The formation of the 

resonance stabilised intermediate (312) in the reduction of the N-oxide 

-(302) allows an equal probability of protonation at N-4 or N-7 
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(see Scheme 62), and subsequent rearrangement of the 6,7-dihydro adduct 

(311) to the stable 4,7-adduct then takes place (see Scheme 62). 

However, attack of hydride ion at C-7 in the N-oxide (334) would give 

a resonance stabilised anion(344) whose extreme forms (344 a)and (344b) 

are not equally stable due to the inductive effect of the C-7 methyl group 

which will be expected to destabilised the structure (344a) relative to 

the structure (344b) (Scheme 74). 	Consequently it would be expected 

that 4,7-adduct formation (343) would be observed. 	It is therefore 

reasonable to assume that, since 6,7-adduct formation is observed in this 

case, the assigment of the N-oxide structure (334) to the product of 

thermolysis of the azide (338) is incorrect and that the 4,5-dihydro-6-

dimethylamino-1, 2, 5-oxadiazolo [3,4_d]pyrimidine 1-N-oxide structure (341) 

is in fact correct. Assuming that the mechanism of reduction of the 

N-oxide (341) involves attack at C-4 by hydride ion, the extreme forms 

(345 a and b) of the anion (345) will be destabilised by the inductive 

effect of the methyl group and by electronic repulsion by the N-oxide 

oxygen respectively, the latter effect being more destabilising than 

the former. 	Subsequent protonation would then yield the dihydro 

compound (346) (Scheme.75). 	Consequently the 'H n.m.r. spectrum of 

the dihydro compound (346) is explicable as follows. The doublet at 

-r 2.74 (J2Hz) is assigned to H-5 split by H-4. 	The doublet of quartets 

(J6Hz and 2Hz) centred at 5.16 -r is assigned to H-4 split by the C-4 

methyl group and by H-5. The dimethylamino group appears as a singlet 

at -r 6.96 while the doublet (J6Hz) centred at T 8.51 is assigned to 

the C-4 methyl group split by H-4. 	Thus it would appear, despite 

122 predictions based on the work by Boulton etal 	, that the oxadiazolo- 

pyrimidine N-oxide formed by the thermolysis of 4-azido-2-dimethylamino-6-

methyl-5-nitropyrimidine (338)should be formulated as the structure (341) 
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and not (334). 	Further support for the structure (341) is found in 

the mass spectrum of the N-oxide. As will be seen later in chapter 5A, 

6-methylpurine 7-N--oxides exhibit peaks in their mass spectra at (M+16) 

and (M+_17) mass units attributable to a reduced "ortho effect" compared 

with that observed in certain 4-methyipteridine 5-N-oxides (see chapter 2) 

In the mass spectrum of the oxadiazolopyrimidine N-oxide there is a total 

absence of any peak at (M 17) mass units which tends to support the 

structure (341), in which and in contrast to the isomeric structure 

(334), no ortho effect is possible. 	However further work is obviously 

required to elucidate the precise structure of this oxadiazolopyrimidine 

N-oxide. 

The N-oxide (341) was recovered unchanged from attempts to 

react it with ethanol, water, and hydroxide ion. 	Due to the stability 

of the N-oxide (341) towards these reagents it was of considerable 

interest to attempt its reaction with acetylacetone and with alkaline 

formaldehyde (see before) . 	However both of these reactions gave 

intractable products and none of the hoped-for pteridine di-N-oxide 

(347) or the di-N-hydroxypurinone (348) was obtained (Scheme 76). 



N-Oxide A nm log c max. 

302 243, 323, 334 4.10, 3.93, 3.94 

341 246, 317, 325 4.03, 4.09, 4.12 

310 206, 245, 293 3.81, 4.25, 3.63 

346 206, 243, 298 3.84, 4.19, 3.60 

318 205, 244, 300 3.92, 4.25, 3.64 

322a 205, 241, 307 3.64, 4.25, 3.51 

322b 240, 306 4.37, 3.57 

326 205, 240, 303 3.71, 4.24, 3.53 

331 207, 241, 283 3.98, 4.22, 3.96 

Table 1 
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Discussion of the Ultraviolet Spectra of the N-Oxides in Table 1 

The parent oxadiazolopyrimidine N-oxides (302) and (341) exhibit 

strong absorptions in the range 317-334 nm which shift to lower wave- 

lengths when adduct formation takes place. This is undoubtedly due to 

the reduction in conjugation in the oxadiazolopyrimidine ring system 

which accompanies adduct formation. 	The differences in the u.v. spectra Of 

the 4,7-dihydro and 6,7-dihydro adducts (310) and (346) respectively, are 

small and do not allow a distinction to be made between the two structures 

despite the apparent greater conjugation in the latter. 	Similarly there 

is little difference in the u.v. absorption of the 4,7-dihydro water 

adduct (326) on the one hand and the 6,7-dihydro alcohol adducts (322a 

and b)on the other hand. 	Thus the 
1 
 H n.m.r. spectra provide the main 

evidence for the structures of these adducts. 	From its u.v. spectrum, 

it is obvious that the product obtained in the reaction of the N-oxide 

(302) with acetylacetone is correctly assigned an adduct structure, and 

not the nitropyrimidine structure (319). 	It is however difficult to 

ascertain from the u.v. spectrum whether it exists as the 4,7 or 6,7-

dihydro structure (317) or (318). 



Chapter 4 

EXPERIMENTAL 
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The Preparation of the 1,2,5-Oxadiazolo[3,4-dlpyrimidine 1-N-Oxides 

1(293), (302) and (341)] 

5,7-Dimethyl-1,2,5-oxadiazoio [3,4-d]pyrimidine-4(5H), 6(7H)-dione 

1-N--oxide (293). 

A suspension of the azide (263), (5.50 g, 0.025 mol) in sodium dried 

toluene (200 ml) was heated under ref lux for 3 h. Hot-filtration removed 

a small amount of insoluble material and evaporation of the filtrate gave 

the oxadiazolopyrimidine (293), (80%) as colourless plates, M.P. 244-5°  (from 

glacial acetic acid), (lit-., 114 210°), v 	1740 and 1680 (CO) cm- 1, T [(CD3)2  

SO] 6.62 (3H, S, CH3N) and 6.80 (3H, S, CH3N). 

Found: C, 36.4; H, 3.0; N, 28.2%; M+, 198. 

requires: C, 36.4; H, 3.1; N, 28.3%; M, 198. 

5-Dimethy1ino-1, 2,5-oxadiazolor3,4-dlpyrimidine 1-N-Oxide (302). 

Ci) The solid azide (265), (4.0 g, 0.02 mol) was left in an open tube at 

room temperature for 1 week to give the N-oxide (302), (93%) as orange needles, 

M.P. 136°  (decomp.), (from ethyl acetate), A 243, 323, and 334 rim, (log c 

4.10, 3.93, and 3.94), r(CDC13) 1.04 (1H, S, ArH), 6.62 (3H, S, CH3N), and 

6.71 (3H, S, cH3N) 

Found: C, 39.7; H, 3.9; N, 38.4%; M, 181. 

£6752_requires: C, 39.8; H, 3.9; N, 38.7%; M, 181. 

The t.l.c. of (302) in ether over silica showed it to contain a negligible 

amount of a second component. 

Attempts were made to purify the N-oxide (302) by using dry and wet column 

chromatography. Dry column chromatography in ether over silica returned the 

contaminated N-oxide (55%). A wet column was made up with silica in light 

petroleum and the crude N-oxide (302) was applied. Development with ether 

gave t.l.c. pure N-oxide (29%). 	Attempts to obtain more material from both 

columns, by leaching the adsorbent with methanol, gave only low yields of 

dark intractable solids. 
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(ii) The azide (265), (0.40 g, 0.002 mol) was suspended in light petroleum 

(b.p. 40-600, 20 ml). and the mixture was heated under reflux for 4.75 h. 

Evaporation of the solvent gave the N-oxide (302), (92%), identical (m.p. and 

i.r. spectrum) with a sample obtained previously. 

(iifl A suspension of the azide (265), (1.35 g, 0.0065 mol) in sodium 

dried toluene (150 ml) was heated under reflux for 0.5 h and the resulting 

dark brown solution was evaporated. The solid residue was triturated with 

ether to give a dark solid (1.07 g) which was shown by t.l.c. in chloroform 

over silica to be a five component mixture which was not further investigated. 

A suspension of the azide (265) in ethyl acetate was heated under 

reflux for 2 mm. Hot-filtration of the mixture and evaporation of the 

filtrate gave the unchanged starting material (88%) which was identical 

(m.p. and i.r. spectrum) with an authentic sample. 

A fresh solution of sodium hypochiorite [prepared by passing chlorine 

gas (0.70 g) into a solution of sodium hydroxide (0.85 g) in water (3.3 ml) 

and crushed ice (1.70 g)] was added dropwise with stirring at 0°  to a sus-

pension of the nitroamine (190a), (0.92 g, 0.005 mol) in 1.5M ethanolic 

potassium hydroxide (4.0 ml) over a period of 0.5 h. Filtration of the 

mixture gave a solid which was shown by burning to contain inorganic 

material and was suspended in water and acidified with aqueous dilute 

hydrochloric acid to give the unchanged starting material (70%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 

(c) 6-Dimethylamino-4-methyl-1,2,5-oxadiazolo 13,4-d1pyrimidine 1-N-Oxide (341) 

2-Dimethylamino-4-hydroxy-6-rnethvlpyrimidine was prepared 

(50%) by the method of Overberger and Kogon, m.p. 175-80 0 
(lit., 131  

175-6°), v max. 	 cm 1640 (co) 	
-1 

2-Dimethylamino-4-hydroxy-6-methyl-5-nitropyrimidine (336). 

A mixture of fuming nitric acid (S.G. 1.5, 2.3 ml) and concentrated sulphuric 

acid (2.3 ml) was cooled in an ice bath and treated in portions 
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with the hydroxypyrimidine (335), (3.10 g, 0.02 mol) at such a rate that 

the temperature of the reaction mixture did not exceed 4Q0• After the 

addition of the solid the dark brown solution was stirred at room tempera-

ture for 15 min and then heated at 100°  for 2 h during which time evolution 

of nitrogen dioxide occurred. The mixture was then poured into ice and the 

precipitated yellow solid was collected, washed with water and dried to 

yield the nitropyrimidine (336), (63%) as fine pale yellow needles, m.p. 

269-73°  (from dimethylformamide), V 	1680 (CO) and 1530 and 1310 (NO2) 

cm 1, r(CF3CO2H) 6.48 16H, S, (CH 3)2N] and 7.32 (311, S, cH3). 

Found: C, 42.0; H, 5.0; N, 28.2%; M+, 198. 

requires: C, 42.4; H, 5.1; N, 28.3%; M, 198. 

4-Chloro-2-dimethylamino-6-meUiyl-5-nitropyrimidine (337), 

was prepared (82%) as for the chioronitropyrimidine (192), as yellow 

needles, m.p. 105-7°  (from ethanol), v 	1540 and 1350 (NO ) cm -1 

t(CDC13) 6.78[6H, S, (CH 3)2N] and 7.46 (3H, S, CH3). 	

2 

Found: C, 38.9; H, 4.2; N, 26.1%; M 217,215. 

requires: 	C, 38.8;. H, 4.2; N, 25.9%; M, 216.5. 

2-Dimethyl amino- 5-methyl_5nitropyrjjd_4_yihvdrazjne  (339) 

The chioro compound (337), (10.58 g, 0.05 mol), dissolved in tetrahydro-

furan (120 ml), was treated with fused sodium acetate (16.5 g, 0.20 mol) 

followed by 100% hydrazine hydrate (10.0 g, 0.20 mol). 	A precipitate 

began to form almost at once and after stirring for 1 h at room temperature 

the mixture was filtered and the solid residue was washed with water to 

give the hydrazinopyrimidine more of which was obtained by evaporating 

the tetrahydrofuran mother liquor and treating the residue with water to 

yield (339) , (total 10.02 g, 95%), as pale yellow needles, m.p. 178-9°  

(from dimethylformamide-water), v max. 3400 and 3150 (NH) and 1550 and 1350 
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(NO2) cm- 1, T [(CD3)2S0] 6.82[6H, S, (CH 3)2N] and 7.44 (3H, S, cH3). 

Found: C, 39.5; H, 5.7; N, 39.9%; N, 212. 

£71262 _requires: C, 39.6; H, 5.7; N, 39.6%; M, 212. 

(v) The Reaction of the Hydrazinopyrimidine (339) with Nitrous Acid. 

A suspension of the hydrazinopyrimidine (339), (6.36 g, 0.03 mol) in 

concentrated hydrochloric acid (6.0 ml) was treated with water (30 ml) 

and the mixture was cooled in ice, and treated dropwise with stirring 

with a solution of sodium nitrite (2.40 g) in water (15 ml) at such a 

rate that the temperature of the mixture was in the range Q_50• During 

the addition of the sodium nitrite solution, a further addition of water 

(30 ml) was required to ensure efficient mixing. 	The mixture was stirred 

at 00 
for 0.5 h and then filtered to give the crude azide (338), (4.84 g), 

m.p. 60-50  (with resolidifjcation at ca 70°  and subsequent melting at 

129-330 	
max. 	 2 

), v 	2150 and 2100 (NEN) and 1540 and 1340 (NO ) cm 1. 	After 

leaving at room temperature for 1 week the crude azide was converted into 

the N-oxide (341), (47%) which crystallised from ethanol to give orange-red 

needles, m.p. 138_400, A 246, 317 and 325 nm, (log E 	4.03, 4.09 and 

4.12), T(CD(:13) 6.68 (3H, S, CH3N), 6.78 (3H, S, CH3N), and 7.33 (3H, S, 

CH3) 

Found: C, 43.1; H, 4.7; N, 36.2%; M, 195. 

£7gs2_requires: C, 43.1; H, 4.7; N, 35.9%; M, 195. 

Extraction of the aqueous mother liquor with chloroform gave the nitro-

amine (190d), (14%) identical (m.p. and i.r. spectrum) with an authentic 

sample. 

The crude azide (338), (0.50 g) was heated under reflux in a 

mixture of light petroleum (50 ml) and ethyl acetate (20 ml) for 0.5 h. 

The mixture was hot-filtered and evaporated to give a solid (0.42 g) 
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which still contained azide absorption. 	This solid was left. at room 

temperature for 36 h and then crystallised from ethanol to yield the 

N-oxide (341), (0.20 g), identical (m.p. and i.r. spectrum) with an 

authentic sample. Using ethyl acetate alone effected formation of 

the N-oxide (341), (72%) identical (m.p. and i.r. spectrum) with a 

sample obtained previously. 

The Attempted Reaction of 4-Chloro-2-dimethylamino-6-methyl-5-nitropyriinidine 

(337) with Sodium Azide. 

A solution of the chioropyrimidine (337), (1.09 g, 0.005 mol) in tetra-

hydrofuran (20 ml) was treated with a solution of sodium azide (0.79 g, 

0.0075 mol) in water (5.0 ml) and tetrahydrofuran (20 ml). 	The mixture 

was stirred at room temperature for 1 h and the solvent was removed under 

reduced pressure at room temperature. Treatment of the residue with 

water gave a solid (1.02 g) whose i.r. spectrum (N-:::N absorption at 

2100 cm- 1) and t.l.c. in light petroleum over silica indicated it to 

be a mixture of the starting chioropyrimidine (337) and the expected 

azide. Attempted crystallisation of the solid mixture from aqueous 

ethanol did not effect a separation. 	Increasing the reaction time 

again gave a mixture of unreacted starting material and product, while 

changing the solvent to ethanol and heating under reflux gave an 

intractable mixture as shown by t.l.c. in ether over silica. 

The Thermolysis of the Oxadiazolopyrirnidine N-Oxide (302). 

A solution of the N-oxide (302), (0.34 g, 0.0018 mol) in ethylacetate 

(15 ml) was heated under reflux for 14 h. Hot-filtration gave a solid 

(0.20 g) whose t.l.c.in chloroform over silica showed it to be a multi-

component mixture. Evaporation of the ethyl acetate filtrate likewise 

gave a solid (0.17 g) whose t.l.c. showed it to he a multicomponent 

mixture. 	Neither solid was investigated further. 



-146- 

The Attempted Vacuum Sublimation of the N-oxide (302) 

A quantity of the N-oxide (302), (0.10 g, 0.005 mol) was heated at 75°  

(oil bath) under reduced pressure (water pump) in a cold finger sublimation 

apparatus. A small quantity of an orange solid sublimed at this tempera-

ture. The temperature was gradually increased, and at 1300  the bulk of 

the solid decomposed violently. 	The residue (0.06 g) and the sublimate 

(0.005 g) respectively, were shown by t.l.c. in chloroform over silica 

to be multicomponent mixtures. 

The Stability of the OxadiazoloDyrimidine N-oxide (302) at Room Temperature. 

The N-oxide(302), (0.18 g, 0.001 mol) was left in an open tube at room 

temperature for 6 months. 	M.p. and i.r. spectrum showed a quantitative 

recovery of the starting material. 

The Attempted Reaction of the Oxadiazolopyrimidine N-Oxides r(293), (302) 

and (341)] with Acetylacetone. 

(a) 5,7-Dimethyl-1,2,5-oxadiazolo [3,4-d]pyrimidine-4(5H), 6(7H)-dione 

1-N-Oxide (293) 

A suspension of the N-oxide (293), (2.0 g, 0.01 mol) in absolute 

ethanol (75 ml) was treated with acetylacetone (1.10 g, 0.011 mol), 

cooled to 00 (ice bath), stirred, and saturated with dry ammonia gas then 

left at room temperature for 18 h. Filtration of the mixture gave unchanged 

starting material (85%), identical (m.p. and i.r. spectrum) with an authentic 

sample. Work up of the ethanol mother liquor gave no further material. 

A suspension of the N-oxide (293), (2.0 g, 0.01 mol) in absolute 

ethanol (20 ml) was treated with acetylacetone (1.10 g, 0.011 mol) followed 

by piperidine (1.0 ml) and the mixture was stirred at room temperature for 



-147- 

72 h. 	Filtration gave the unchanged starting material (quant.) identical 

(m.p. and i.r. spectrum) with an authentic sample. 	Repetition of this 

reaction with heating under reflux for 1.5 h also gave the unchanged 

N-oxide (80%), while increasing the time of reflux to 24 h resulted in 

the recovery of starting material (23%) together with dark intractable 

tars. 

5-Dimethylamino-1, 2, 5-oxadiazolo [3,4-a] pyrimidine 1-N-Oxide (302) 

A suspension of the N-oxide (302), (0.72 g, 0.004 mol) in absolute ethanol 

(300 ml) was treated with a solution of acetylacetone (0.40 g, 0.004 mol) 

in absolute ethanol (10.0 ml), cooled to 00 (ice bath), and then saturated 

with dry ammonia gas. After standing at room temperature overnight the 

mixture was evaporated to give a dark gum which was triturated with 

methanol to give 7-acetonyl-4,7-dihydro-5-dimethvlarrijno-1,2, 5-oxadiazolo 

{3,4-d]pyrimidine 1-N-oxide (318), (10%), as pink needles, m.p. 171-3°  

(from methanol), V 	3400 (NH) and 1710 (Ca), A 205, 244 and 300 run, max. 

(log c 	3.92, 4.25 and 3.64), T [cDcl3_ (CD 3)2SO] 6.98[6H, S, (CH 3)2N] 

and 7.78 (3H, S, CH3). 

Found: C, 45.0; H, 5.5; N, 29.0%; M+, 239. 

£9..l3.52.3_requires: C, 45.2; H, 5.5; N, 29.3%; M, 239. 

Further work up of the methanolic mother liquor yielded only gums (total 

0.50 g) whose t.l.c. in ethyl acetate or chloroform-methanol over silica 

showed them to be inseparable multicomponent mixtures. 

6-Diinethylamino-4-methyl-1, 2, 5-oxadiazolo [3, 4-d] pyrimidine 

1-N-Oxide (341). 

A solution of the N-oxide (341), (0.78 g, 0.004 mol) in absolute ethanol 

(300 ml) was treated with a solution of acetylacetone (0.40 g, 0.004 mol) 

in absolute e±hanoi (10.0 ml) and the mixture was cooled to 0 (ice bath) 
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and-saturated with ammonia gas. After standing at room temperature 

overnight the mixture was evaporated to yield a gum which was triturated 

with ethyl acetate to give a solid (0.25 g). 	T.l.c. of the solid in 

chloroform over silica showed it to be a multicomponent mixture. 

Attempts to purify the solid by crystallisation from ethanol or ethyl 

acetate were unsuccessful 

The Attemoted Reaction of the N-oxides (293) and (341) with Formaldehyde. 

A suspension of the N-oxide (293), (2.0 g, 0.01 mol) in methanol 

(5.0 ml) and water (5.0 ml) was treated with 30% aqueous formaldehyde 

solution (1.0 g). 	The mixture was stirred and treated with a solution 

of potassium hydroxide (1.14 g) in water (1.0 ml) and methanol (1.0 ml). 

Stirring was continued at room temperature for 1.5 h and the resulting 

suspension was then treated with water and acidified with aqueous dilute 

hydrochloric acid. Effervescence was observed and filtration gave the 

N-hydroxypyrazolone (300) as a colourless solid, (2.11 g), m.p. 247-500 
 

(from glacial acetic acid), identical (m.p. and i.r. spectrum) with a 

sample obtained later. 

A suspension of the N-oxide (341), (0.98 g, 0.005 mol) in methanol 

(2.5 ml) and water (2.5 ml) was treated with 30% aqueous formaldehyde 

solution (0.51 g). 	The mixture was stirred and treated dropwise with a 

solution of potassium hydroxide (0.57 g) in water (0.5 ml) and methanol 

(0.5 ml). 	The suspension became dark red and cooling (cold water bath) 

was required to keep the temperature of the mixture below 4Q0 	The 

mixture was then stirred at room temperature for 1 h, diluted with water, 

and acidified with glacial acetic acid. Filtration gave an intractable 

solid (0.50 g) whose t.l.c. in chloroform-methanol over silica showed it 

to be a multicomponent mixture. Extraction of the aqueous mother liquor 
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with chloroform and trituration of the resulting gum with ethyl acetate 

gave a dark solid (0.10 g) whose t.l.c. in chloroform-methanol over 

silica showed it to be a multicomponent mixture. 

The Reaction of the N-oxide (293) with Aqueous Potassium Hydroxide. 

A suspension of the N-oxide (293), (0.50 g, 0.0025 mol) in methanol 

(1.25 ml) and water (1.25 ml) was treated with a solution of potassium 

hydroxide (0.29 g) in water (0.25 ml) and methanol (0.25 ml) and the 

mixture was stirred at room temperature for 0.5 h. 	The resulting 

suspension was diluted with water and acidified with aqueous dilute 

hydrochloric acid. 	Effervescence occurred and the precipitated solid 

was collected to give 1-hydroxy-5-methv1 4-mino-2-methyl-4--oximinopyrazol-

3(2H)-one (300), (77%) m.p. 250-5°  (from glacial acetic acid), 'max 

3250 br (OH) and 1740 (CO) cm- 1, t [(cD3)2SO] 6.57 (3H, S, CH3N) and 

7.10 (3H, S, CH3N), 

Found: C, 34.9; H, 4.6; N, 32.2%; M+, 172. 

requires: C, 34.9; H, 4.7; N, 32.6%; N, 172 

which was converted (0.34 g, 0.002 mol) in hot acetic anhydride (0.5 ml) 

into a diacetyl derivative (301), (35%), m.p. 137-41°  (from ethyl acetate-

light petroleum), 
umax.  1780, 1750 and 1620 (CO) cm-1, t(CDC13) 6.40 (3H, 

S, 	CHN), 6.73 (3H, S, CH3N), and 7.70 (3H, S, CH3) and 7.71 (311, S1  CE 3). 

Found: C, 41.6; H, 4.4; N, 21.4%; M+, 256. 

requires: C, 42.2; H, 4.7; N, 21.9%; M, 256. 

The Attempted Reduction of the N-oxide (293) 

A solution of the N-oxide (293), (0.38 g, 0.002 mol) in 70% V/v aqueous 

ethanol (100 ml) was heated under reflux with sodium dithionite (0.76 g) 
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(added in two portions, the second after 1 h) for 2 h. 	The mixture 

was hot-filtered to remove some insoluble material, evaporated and 

treated with water to yield a solid (0.08 g) whose t.l.c. in chloroform- 

methanol over silica showed it to contain starting material. 	This 

solid was not investigated further. Further work up of the aqueous 

mother liquor gave gums whose t.l.c. in chloroform-methanol over silica 

showed them to be multicomponent mixtures. 

The Attempted Hydrogenation of the Oxadiazolopyrimidine N-Oxide (302). 

A solution of the N-oxide (302), (0.36 g, 0.002 mol) in ethyl acetate 

(100 ml) was hydrogenated over 10% palladium on charcoal (0.04 g) for 6 h. 

No uptake of hydrogen was observed. 	Glacial acetic acid (0.5 ml) was 

added and the mixture was further hydrogenated overnight. Filtration, 

evaporation and ether-trituration of the mixture gave the unchanged 

starting N-oxide (79%), identical (m.p. and i.r. spectrum) with an 

authentic sample. 

The Reaction of the Oxadiazolopyrimidine N-oxides (302) and (341) with 

Sodium Borohydride. 

(i) A suspension of sodium borohydride (0.10 g) in diglyme 

(diethyleneglycol dimethyl ether) (5.0 ml) was treated in one portion 

with stirring with the N-oxide (302), (0.36 g, 0.002 mol). 	The resulting 

light brown suspension was stirred at 35_4Q0  for 0.5 h. The mixture was 

then poured into ice water (40 ml) and dropwise acidified with glacial 

acetic acid. 	Effervescence occurred and the suspension was ice-cooled 

and filtered to yield 4, 7-dihydro-5--dirnethylamino--1, 2, 5-oxadiazolo [3 ,4-d] 

pyrimidine 1-N-oxide (310), (81%) as pale brown needles, m.p. 195-6°  

1  max. 
(from dimethylformamide-water), v 	3320 br (NH) cm, A 206, 245 and 
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293 nm, (log c 	3.81, 4.25 and 3.63), T [(CD3)2SO] 2.86 br (1H,S,NH), 

5.61 (2H, S, CH2), and 7.06[6H, S, (CH 3)2N]. 

Found: C, 39.0; H, 5.0; N, 37.8%; M+,  183. 

69-52_requires: C, 39.3; H, 5.0; N, 38.2%; M, 183. 

(ii) A suspension of sodium borohydride (0.25 g) in diglyme (12 ml) 

was treated in one portion with stirring with the N-oxide (341), (0.98 g, 

0.005 mol). 	The mixture became red-brown and evolved gas and heat. 

Stirring was continued at 35-40°  for 0.5 h and the mixture was then 

poured into ice-water (100 ml) and dropwise acidified with glacial 

acetic acid. The solution was filtered to remove some dark solid and 

then extracted with chloroform to yield a gummy solid. Trituration 

with ethanol afforded 4, 5-dthydro-6-dimethvlamino-4-methyl-1,2,5-

oxadiazolo{3,4-d]pyrimidine 1-11-oxide (346), (35%) , as cream prisms, 

m.p. 185-70  (from ethanol), v 	3250 br (NH) cm 1, A 206, 243, and 

298 nm, (log c 
max. 3.84, 
	4.19, and 3.64) , t [(CD 3 2 ) so] 2.74 br (1H, d, 

J2Hz, NH), 5.16 (1H, dq, J6Hz and 2Hz, H-4), 6.96[6H, S, (CH 3)2N], and 

8.51 (311, d, J6Hz, CH 3) 

Found: C, 42.8; H, 5.6; N, 35.6%; M+,  197. 

7l742_requires: C, 42.6; H, 5.6; N, 35.5%; N, 197. 

Evaporation of the ethanolic mother liquor gave a gum (0.10 g) whose 

t.l.c. in chloroform-methanol over silica showed it to be a multicomponent 

mixture. Further work up the aqueous mother liquor also gave a gum (0.09 g) 

which was similarly shown by t.l.c. to be a multicomponent mixture. 

The Attempted Reaction of the Dihydro Compound (310) with Acetic Anhydride. 

A suspension of the dihydro compound (310), (0.37 g, 0.002 mol) in acetic 

anhydride (5.0 ml) was heated under reflux for 5 mm. 	Brown fumes of 
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nitrogen dioxide were evolved and the dark brown solution was cooled 

and evaporated to give a dark gum. 	Trituration with ethyl acetate 

yielded a solid (0.07 g) which was shown by t.l.c. in chloroform-methanol 

over silica to be a multicomponent mixture. Evaporation of the trituration 

liquor gave a gum which was successively hot leached with a 50:50 mixture 

of ether and light petroleum, and light petroleum alone, to give a solid 

(0.09 g), m.p. 135-420, umax. 1710 (CO) cm 1, T(CDC13) 6.9016H, S, (CH 3)2N] 

and 7.70 (3H, S, CH3), M+,  238. 	This solid was not further characterised. 

The Attempted Hydrogenation of the Dihydro Compound (310). 

A solution of the compound (310), (0.37 g, 0.002 mol) in glacial acetic 

acid (300 ml) was hydrogenated over 10% palladium on charcoal (0.04 g),. 

After 6 h no uptake of hydrogen was observed and after leaving overnight 

only 20 ml of hydrogen had been absorbed. The mixture was filtered and 

evaporated to give a dark gum which was treated with diethyl oxalate 

(10 ml) and heated under reflux for 0.5 h. 	Evaporation gave a gum (0.39 g) 

from which no solid material could be obtained and which was shown by t.l.c. 

in chloroform-methanol over silica to be a multicomponent mixture. 

The Attempted Reaction of the Dihydro Compound (310) with Sodium Hydroxide. 

A suspension of the dihydro compound (310), (0.37 g, 0.002 mol) in aqueous 

2.5 M sodium hydroxide (5.0 ml) was heated at 100°. 	Evolution of an 

alkaline gas took place and after one min the mixture was cooled and 

acidified with glacial acetic acid. 	The resulting dark red solution 

was extracted with chloroform to give an oil which defied trituration 

and was shown by t.l.c. in chloroform-methanol over silica to be a 

multicomponent mixture. 
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The Attempted Reaction of the Dihydro Compound (310) with manganese Dioxide. 

A solution of the dihydro compound (310), (0.37 g, 0.002 mol) in dimethyl-

formamide (25 ml) was treated with manganese dioxide (2.0 g) and the 

mixture was stirred at room temperature for 2 h. Filtration and evapor-

ation of the filtrate followed by trituration with ethanol gave the 

unchanged starting material (70%), identical (m.p. and i.r. spectrum) with 

an authentic sample. Work up of the ethanol mother liquor gave no 

further material. 

The Reaction of the Dihydro Compound (310) with Lead Tetraacetate. 

A solution of the dihydro compound (310), (0.30 g, 0.0016 mol) in 

dimethylformamide (20 ml) was treated in portions with finely ground 

lead tetraacetate (0.73 g, 0.0016 mol). 	The mixture was stirred at 

room temperature for 5 min and then evaporated to give a gum which, on 

treatment with water, afforded the N-oxide (302) (69%), identical (m.p. 

and i.r. spectrum) with an authentic sample. Work up of the aqueous mother 

liquor gave no further material. 

The Preparation of 6, 7-Dihydro-5-dimethylamino--7--ethoxy-1, 2, 5-oxadiazolo 

[3,4-d]pyrimidine 1-N-Oxide (322a). 

A suspension of the N-oxide (302) in ethanol (20 ml) was stirred at 

room temperature for 2 h. Filtration gave a solid which was combined 

with a second crop obtained by evaporating the filtrate and triturating 

with ether to give the adduct (322a), (84%), as cream needles (from 

ethyl acetate) which melt at 115-8°  and resolidify to afford the 

N-oxide (302) m.p. 136°  (decomp). 	The adduct (322a) had 
Vmax. 
 3300 br 

(NH) cm- 1, X 205,241, and 305nm (log c 	3.64, 4.25 and 3.51), T [(cn3) 2S0] 
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1.71 br (1H, d, J4Hz, NH), 4.20 (1H, d, J4Hz, 11-7), 6.53 (211, q, J6Hz, 

Cl!2), 7.06{6H, 5, (CH 3)2N], and 8.98 (311, t, 36Hz, CR3), M, 181 (M, 227). 

Found: C, 42.3; H, 5.8; N, 31.1%. 

£8l3-53_requires: C, 42.3; 11, 5.8; M, 30.8%. 

T.1.c. in ether over silica showed that the ethanol adduct (322a) decomposes 

on silica to the parent N-oxide (302). 

The Attempted Reaction of the N-oxide (302) with Ethanolic Sodium Ethoxide. 

A suspension of the oxadiazolopyrimidine N-oxide (302) (0.37 g, 0.002 mol) 

in absolute ethanol (150 ml) was treated with a solution of sodium (0.05 g, 

0.002 g atom) in absolute ethanol (5.0 ml). 	The mixture immediately 

became straw coloured and after 5 min it began to darken. 	Stirring at 

room temperature was continued for 0.5 h and the resulting dark red sol-

ution was then evaporated to afford a gummy residue which was treated 

with water, acidified with glacial acetic acid and extracted with 

chloroform. Evaporation of the extract gave a gum which was boiled 

with ether and filtered to remove an intractable solid (0.05 g). 

Evaporation of the ethereal filtrate gave a gum (0.11 g) which was 

shown by t.l.c. in ether over silica to be a multicomponent mixture. 

The Attempted Reaction of the Ethanol Adduct (322a) with Acetic Anhydride. 

A suspension of the adduct (322a), (0.11 g, 0.0005 mol) in acetic anhydride 

(0.25 ml) was stirred overnight at room temperature. 	Dilution of the 

resulting suspension with ether gave unchanged starting material (55%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 	Evaporation 

of the mother liquor gave the N-oxide (302), (33%), identical (m.p. and 

i.r. spectrum) with an authentic sample. 
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The Attempted Reaction of the Ethanol Adduct (322a) with Sodium Borohydride. 

A stirred suspension of sodium borohydride (0.05 g) in diglyme (2.5 ml) was 

treated in one portion with the adduct (322a), (0.20 g, 0.001 mol). 	The 

resulting suspension was stirred at 35_400  for 0.5 h and then poured into 

ice-water. 	Acidification with glacial acetic acid gave the dihydro 

compound (310) (65%), identical (m.p. and i.r. spectrum) with an authentic 

sample. No further material was obtained on work up of the aqueous mother 

liquor. 

The Reaction of the Adduct (322a) with Potassium Ferricyanide. 

A solution of the adduct (322a), (0.45 g, 0.002 mol) in 5 M aqueous 

potassium hydroxide (5.0 ml) was added with stirring to a solution of 

potassium ferricyanide (4.0 g) in water (10.0 ml), and the resulting 

mixture was stirred at room temperature for 2 h. The mixture was 

filtered to remove inorganic material and the alkaline filtrate was 

extracted with chloroform and then neutralised with aqueous dilute 

hydrochloric acid and re-extracted with chloroform. Both chloroform 

extracts afforded very low yields of solids which contained strong 

triple bond absorption in their i.r. spectra. 	Further work up of the 

aqueous mother liquor gave a negligible quantity of a gummy solid. 

The Reaction of the Ethanol Adduct (322a) with Manganese Dioxide. 

(i) A solution of the adduct (322a), (0.45 g, 0.002 mol) in acetone 

(25 ml) was treated with manganese dioxide (2.0 g) and the mixture was 

stirred at room temperature for 2 h. Filtration and evaporation gave 

unchanged starting material (67%) identical (m.p. and i.r. spectrum) with 

an authentic sample. Extraction of the inorganic residue with hot 

methanol gave the dinitro compound (328), (22%) identical (m.p. and i.r. 
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spectrum) with a sample prepared later. 

(ii) A solution of the adduct (322a), (0.45 g, 0.002 mol) in 

tetrahydrofuran (30 ml) was treated with manganese dioxide (2.0 g) and 

the mixture was stirred at room temperature for 2 h. Filtration and 

evaporation of the filtrate gave unchanged starting material (84%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Reaction of the Ethanol Adduct (322a) with Lead Tetraacetate. 

A solution of the adduct (322a), (0.45 g, 0.002 mol) in dimethylformamide 

(5.0 ml) was treated in portions with finely ground lead tetraacetate 

(0.88 g, 0.002 mol). 	The mixture was stirred at room temperature for 

15 min and then poured into water. An inorganic solid was removed by 

filtration and the filtrate was extracted with chloroform to give a 

gummy solid which was triturated with ether to yield the adduct (326). 

The extracted aqueous mother liquor left at room temperature for 2 days 

deposited a further crop of the adduct (326) (total 0.12 g, 30%). 

Work up of the mother liquors gave no further material. 

The Preparation of 6,7-Dihydro-5-dimethylamino-7--methoxy-1,2,5-oxadiazolo 

3,4-d1pyrimidine 1-N-Oxide (322b). 

A suspension of the N-oxide (302), (0.37 g, 0.002 mol) in methanol 

was stirred at room temperature for 15 mm. Filtration gave a solid 

which was combined with a second crop obtained by evaporating the 

filtrate to give the methanol adduct (322b), (91%), as pale yellow 

prisms (from methanol) which melt at 123-5°  with resolidification to 

orange needles, m.p. 131°  (decomp.), v 	3150 br (NH) cm-l
' 
 X 240 and 

305 mu, (log c 
max.  4.23 and 3.57), -r {(CD 3 2 ) so] 1.59 br (lH, S, NH), 6.76 

(3H, S, CH30), and 6.97{6H, S, (CH 3)2N], M, 181, (M, 213). 
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Found: C, 39.6; H, 5.2; N, 33.0%. 

27.115.3_requires: C, 39.4; H, 5.2; N, 32.9%. 

T.1.c. of the methanol adduct (322b) in ether over silica showed that 

it decomposes on silica to the parent oxadiazolopyrimidine N-oxide (302). 

The Reaction of the Methanol Adduct (322b) with Lead Tetraacetate. 

A solution of the adduct (322b), (0.43 g, 0.002 mol) in dimethylformamide 

(5.0 ml) was treated in portions with finely ground lead tetraacetate 

(0.88 g, 0.002 mol) and the mixture was stirred at room temperature for 

5 min and then poured into water. A dark brown solid separated and the 

mixture was extracted with chloroform and the extract was evaporated to 

give, after trituration with ether, unchanged starting material (42%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 	The 

trituration liquor, left at room temperature for 2 days and then treated 

with a little ether, gave the water adduct (326), (15%), identical (m.p. 

and i.r. spectrum) with an authentic sample. Work up of the aqueous 

mother liquor gave no further material. 

The Preparation of 6 ,7-Dihydro-5-dimethylamino-7-hydroxy-1, 2, 5-oxadiazolo 

13,4-dipyrimidine 1-N-Oxide (325) and 4,7-Dihydro-5-dimethylamjno-7-

hydro-1,2,5-oxadiazolo 13,4-dpyrimidine 1-N-Oxide (326) 

(i) A solution of the N-oxide (302), (2.31 g, 0.013 mol) in dioxan 

(125 ml) was treated with water (32 ml) and the resulting solution was 

stirred at room temperature overnight. Filtration gave the adduct 

(325), (92%) as cream needles, m.p. 127°  (decomp.), v 
max. 

 3250 (NH) and 

3100 br (OH) cm 1, t [(CD3)2so] 1.86 (lH, d, J4Hz, OH), 3.03 (1H, ci, 

J9Hz, NH), 4.13 (1H, dd, J9Hz and 4Hz, H-7) , and 7.01[6H, S, (CH 3) 2N] 
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181 (M, 199),. which was converted- by attempted crystallisation from 

dimethylformamide-water into the isomeric adduct (326), m.p. 135°  (decomp.), 

3350 (NH) and 2750-2600 (OH) cm, A 205, 240 and 303 nm, (log c max. 	 max. 

3.71, 4.24 and 3.53), T [(cD3)2so] 1.63 br (lH, S, OH), 4.10 (111, S1  NH), 

6.73 (lH, d, J12Hz, H-7) , and 7.0 16H, S, (CH 3)2N] , M, 181'(M' 199). 

Found: C, 35.9; H, 4.5; N, 35.0%. 

9503 requires: C, 36.2; H, 4.5; N, 35.2%. 

It was observed that the adduct (325) dissolved in dimethylformamide 

at room temperature, and the addition of ether or water to such a solution 

caused the precipitation of the adduct (326). 	Other solvents (i.e. 

methanol, ethanol, diglyme, dimethoxyethane, ethyl acetate and acetonitrile) 

would not dissolve the 6,7-dihydro compound (325); glacial acetic acid 

induced decomposition of (325) on attempted dissolution with heating. 

Evaporation of the aqueous dioxan mother liquor in the preparation of 

(325) gave the isomer (326), (8%), identical (m.p. and i.r. spectrum) 

with a sample obtained previously. 

A suspension of the N-oxide (302), (0.36 g, 0.002 mol) in 

water was (5.0 ml) left at room temperature for 9 days. 	The orange 

colour of the starting material was gradually discharged and filtration 

gave the 4,7-dihydro adduct (326), (82%), identical (m.p. and i.r. 

spectrum) with an authentic sample. Work up of the aqueous mother 

liquor gave no further material. 

The N-oxide (302), (0.37 g, 0.002 mol) was suspended in 

aqueous dilute hydrochloric acid (25 ml) and the mixture was stirred 

at room temperature for 15 mm. The orange colour of the starting 

material was rapidly discharged (< 1 mm) and the resulting suspension 

was then filtered to give a colourless solid. This was suspended in 

water and treated with solid sodium acetate to afford the adduct (326) 
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which was combined with a second crop obtained by neutralisation of 

the acidic aqueous mother liquor with solid sodium acetate (total 

0.36 g, 91%),identical (m.p. and i.r. spectrum) with an authentic sample. 

The Reaction of the Adduct (325) with Aqueous Dilute Hydrochloric Acid. 

A suspension of the adduct (325), (0.40 g, 0.002 mol) in aqueous dilute 

hydrochloric acid (5.0 ml) was stirred at room temperature for 15 mm. 

Filtration gave a solid (0.21 g) whose attempted crystallisation from 

aqueous acetone gave an orange solution which was evaporated. The 

residue was treated with water and neutralised with solid sodium acetate 

to give the adduct (326), (0.03 g), identical (i.r. spectrum) with an 

authentic sample. 	Chloroform extraction of the neutral aqueous mother 

liquor gave a negligible quantity of a gum. Neutralisation of the 

original aqueous acidic mother liquor with solid sodium acetate gave 

more of the adduct (326), (0.20 g), identical (m.p. and i.r. spectrum) 

with an authentic sample. Work up of the aqueous mother liquors gave 

no further material. 

The Reaction of the Adduct (325) with Glacial Acetic Acid. 

The dihydro compound (325), (0.40 g, 0.002 mol) was suspended in glacial 

acetic acid (100 ml) and the mixture was warmed briefly at cat. 600 . 

The supernatant liquid took on an orange colour. The mixture was then 

left at room temperature for 0.5 h and then filtered to give the isomeric 

adduct (326), (20%) identical (m.p. and i.r. spectrum) with an authentic 

sample. The filtrate was evaporated and triturated with ether to yield 

the parent N-oxide (302), (64%), identical (m.p. and i.r. spectrum) with 

an authentic sample. 
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The Attempted Reaction of the Adduct (325) with Acetic Anhydride. 

(1) The adduct (325), (0.40 g, 0.002 mol) was treated dropwise 

with acetic anhydride (1.0 ml) and the resulting slurry was stirred at 

room temperature overnight. Filtration gave unchanged starting material 

(55%), identical [m.p., i.r. and 1 H n.m.r. (measured at 60 MHz) spectra] 

with an authentic sample. Work up of the filtrate gave a negligible 

quantity of a gum. 

(ii) A suspension of the adduct (325), (0.40 g, 0.002 mol) in 

acetic anhydride (3.0 ml) was cooled to 00  and treated with 1 drop of 

concentrated sulphuric acid. 	The mixture was stirred at 00  for 5 mm 

and then for 6 h at room temperature. Filtration gave a small amount 

of a solid which dissolved on washing with a little acetic anhydride. 

The filtrate and washings were combined and diluted with ether. 

Filtration gave a gummy solid which dissolved on washing with water. 

On standing overnight the aqueous filtrate deposited the adduct (326) 

more of which was obtained by neutralising the aqueous acidic mother 

liquor with solid sodium acetate and also by evaporating the ethereal 

mother liquor and trituration with a little ether (total 0.24 g, 60%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Attempted Reaction of the Adduct (326) with Acetic Anhydride. 

A suspension of the adduct (326), (0.33 g, 0.0016 mol) in acetic 

anhydride (1.5 ml) was stirred for 1 h at room temperature. 	Since the 

mixture had thickened, further acetic anhydride (1.5 ml) was added and 

the mixture was stirred at room temperature overnight. Filtration 

gave a solid which was washed with ether to yield unchanged starting 

material (58%), identical (m.p. and i.r. spectrum) with an authentic 
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sample. 	Evaporation of the combined filtrate and washings gave a 

gummy solid, ether-trituration of which yielded the N-oxide (302), 

(34%), identical (i.r. spectrum and t.l.c. in ether over silica) with 

an authentic sample. 

The Reaction of the Water Adduct (325) with Silver Oxide. 

A suspension of the adduct (325), (0.40 g, 0.002 mol) in tetrahydrofuran 

(50 ml) was treated with silver oxide (4.80 g) and barium oxide (6.0 g) 

and the mixture was stirred at room temperature for 24 h. The mixture 

was filtered to remove inorganic material and the orange filtrate was 

evaporated to yield a solid which was combined with a second crop, 

obtained by soxhlet extraction of the inorganic residue with ether, to 

give the N-oxide (302), (78%), identical m.p. and i.r. spectrum with an 

authentic sample. 

The Reaction of the Adduct (325) with Manganese Dioxide. 

(i) A solution of the adduct (325), (0.40 g, 0.002 mol) in dimethyl-

formamide (12 ml) was treated with manganese dioxide (2.0 g) and the 

mixture was stirred at room temperature for 2 h and then filtered. 

The filtrate was diluted with water, extracted with chloroform and the 

extract evaporated to give a solid which was combined with a further 

crop obtained by soxhlet extraction of the inorganic residue with 

dimethylformamide to give 2-dimethylamino-4, 5-dinitropyrimidin-6 (lH) - 

one (328), (63%) as fine yellow needles, m.p. l85_900 (decomp) (from 

ethanol-dimethylformamide), v 	1630 (CO) and 1550 and 1340 (NO max. 	 2 

cm 1, T (CD 3)2S0 6.98 (CH 3)2N 
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Found: C, 30.7; H, 3.3; N, 29.4%. 

C7H75 requires: C, 31.4; H, 3.1; N, 30.5%. 

(ii) A suspension of the adduct (325), (0.40 g, 0.002 mol) in 

tetrahydrofuran (50 ml) was treated with manganese dioxide (2.0 g) and 

the mixture was stirred at room temperature for 2 h and then filtered. 

Evaporation of the filtrate gave a negligible gummy residue. Soxhiet 

extraction of the inorganic residue with tetrahydrofuran gave 5-dimethyl-

amino-1,2,5-oxadiazolo[3,4-d]pyrimidin-7(6H)-one 1-N-oxide (331), (15%) 

as yellow needles, m.p. 205-7°  (from ethanol-water), v 
max. 

 3200 br (NH) 

and 1720 (CO) cm 1, A 207, 241, and 283 nm, (log E 	3.95, 	4.23, 

and 4.02), t[CDC13- (CD 3)2SO] 6.85[6H, S, (CH 3)2N]. 

Found: C, 36.6; H, 3.6; N, 35.5; N+, 197. 

H75o3 requires: C, 36.6; H, 3.6; N, 35.5; M, 197. 

Further extraction of the inorganic residue with hot dimethylformaxnide 

gave the dinitro compound (328), (37%), identical (m.p. and i.r. spectrum) 

with an authentic sample. 

The Reaction of the Adducts (325 and 326) with Lead Tetraacetate. 

Solutions of the adducts (0.40 g, 0.002 mol) in dimethylformamide (25 ml) 

were treated in portions with finely ground lead tetraacetate (0.88 g, 

0.002 mol). The mixtures were stirred at room temperature for 5 min and 

then evaporated. Treatment of the gummy residues with water afforded 

the oxadiazolopyrimidone N-oxide (331). 

The adduct (325) reacted thus to give the N-oxide (331), (56%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The adduct (326) reacted to give the pyrimidone (331), (45%), 

identical (m.p. and i.r. spectrum) with an authentic sample. Work up 

of the aqueous mother liquor gave no further material. 
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The Attempted Reaction of the Oxadiazblopyrimidine N-oxide (302) with 

Glacial Acetic Acid. 

A suspension of the N-oxide (302) (0.37 g, 0.002 mol) in absolute ether 

(50 ml) was treated with stirring with a solution of glacial acetic 

acid (0.13 g, 0.0022 mol) in absolute ether (5.0 ml) and the mixture 

was stirred at room temperature for 3 h. Filtration gave a solid which 

was combined with a second crop obtained by evaporating the filtrate 

and triturating with light petroleum, to give the unchanged starting 

material (89%), identical (m.p. and i.r. spectrum) with an authentic 

sample. 	Repetition of the reaction using neat glacial acetic acid 

also gave the unchanged starting material (78%). 

The Attempted Reaction of the N-oxide (302) with Sodium Acetate in 

Glacial Acetic Acid. 

A solution of the N-oxide (302), (0.37 g, 0.002 mol) in glacial acetic 

acid (50 ml) was treated with a solution of fused sodium acetate 

(0.82 g, 0.01 mol) in glacial acetic acid (25 ml) and the mixture was 

stirred at room temperature overnight. Removal of the solvent under 

reduced pressure at <400  gave an oil which was treated with ether (100 ml) 

and filtered to remove excess sodium acetate. The ethereal filtrate was 

evaporated to give a gum which on standing in contact with ether for 48 h 

yielded a solid which was washed with water to give the 4,7-water adduct 

(326), (75%), identical (m.p. and i.r. spectrum) with an authentic 

sample. Work up of the aqueous mother liquor gave no further material. 



-164- 

The Attempted Reaction of the Oxadiazolopyrimidine N-Oxide (302) with 

Amines. 

The N-Oxide (302), (0.18 g, 0.001 mol) was treated with a 

solution of dimethylamine in ethanol (33% 	10.0 ml). 	The suspended 

solid lightened in colour almost immediately. The mixture was stirred 

at room temperature for 50 min and then filtered to give a colourless 

solid more of which was obtained by evaporating the filtrate and triturating 

with ethyl acetate (total 0.18 g), m.p. 
770 

 (decomp.), v max. 3280 br (NH) 

-1 + 
cm , M , 181. 	Dissolution of the solid in deuteriochloroform resulted 

in an orange solution which rapidly turned dark brown thus thwarting the 

measurement of the 
1 
 H n.m.r. spectrum. 	An attempt to crystallise the 

solid from ethyl acetate-light petroleum resulted in a dark solution which 

was shown by t.l.c. in ether over silica to contain a multicomponent 

mixture. 

Diethylamine (3.0 ml) was cooled in ice and treated in portions 

with stirring with the N-oxide (302), (0.37 g, 0.002 mol). 	The resulting 

pale-coloured suspension was then stirred at room temperature for 5 min and 

filtered to give a colourless solid (0.40 g), m.p. 54-6°, 
umax. 

 3300 br (NH) 

cm 1. Dissolution of the solid in chloroform gave an orange solution which 

turned dark green-brown within 15 seconds. A suspension of the solid 

(0.25 g) in water (3.0 ml) was neutralised with aqueous dilute hydrochloric 

acid to give the water adduct (326), (0.18 g), identical (m.p. and i.r. 

spectrum) with an authentic sample. 

A suspension of the N-oxide (302), (0.18 g, 0.001 mol) in 

absolute ether (50 ml) was treated with a solution of diethylamine 

(0.08 g, 0.0011 mol) in absolute ether (5.0 ml) while cooling in ice. 

The mixture was then stirred at room temperature for 4 h and filtered 



-165- 

to remove some insoluble material. 	Evaporation of the ethereal filtrate 

gave a gum (0.12 g) which was shown by t.l.c. in ether over silica to be 

a multicomponent mixture. 

The Reaction of the N-Oxide (302) with Manganese Dioxide. 

A solution of the N-oxide (302), (0.36 g, 0.002 mol) in dimethylformamide 

(5.0 ml) was treated with manganese dioxide (2.0 g) and the mixture was 

stirred at room temperature for 2 h and then filtered. The insoluble 

material was washed with chloroform. Combination of the chloroform 

washings with the dimethylformamide mother liquor precipitated the 

dinitro compound (328) more of which was obtained by extracting the 

inorganic residue with dimethylformamide (total 0.27 g, 56%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 

Treatment of the N-oxide (302) with climethylformamide at room 

temperature for 2 h gave the unchanged starting material (86%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 

The Reaction of the Oxadiazolopyrimidone N-oxide (331) with Manganese 

Dioxide. 

A solution of the pyrimidone N-oxide (331), (0.20 g, 0.001 mol) in 

dimethylformamicie (5.0 ml) was treated with manganese dioxide (1.0 g) 

and the mixture was stirred at room temperature for 2 h. Filtration 

and evaporation gave a gummy residue, ether-trituration of which 

yielded the dinitropyrimidone (328), (73%), identical (m.p. and i.r. 

spectrum) with an authentic sample. Work up of the ether mother liquor 

gave no further material. 
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The Attempted Hydrogenation of 2-Dimethylamino-4, 5-dinitropyriinidin-

6(1H)-one (328). 

The dinitro compound (0.88 g, 0.0038 g) was dissolved in ethanol (400 ml) 

and treated with 10% palladium on charcoal (0.09 g). 	The mixture was 

hydrogenated overnight and then filtered and evaporated. The gummy 

residue was treated with diethyl oxalate (30 ml) and the mixture was 

heated under reflux for 0.5 h and the solvent was then removed (oil pump) 

to give a dark gum. 	Trituration with ether-methanol gave a solid (0.08 g) 

m.p. > 300, M+, 207. 	The trituration liquor was evaporated to give a 

gum which was treated with water. 	The resulting solution was buffered 

with solid sodium acetate and filtered to give a solid (0.23 g) which 

was shown (i.r. spectrum and residue on burning) to be mainly inorganic. 

The aqueous mother liquor was extracted with chloroform to give a gummy 

residue (0.42 g) which was shown by t.l.c. in chloroform over silica to 

contain at least four unresolvable components. 

The Attempted Reaction of the Oxadiazolopyrimidine N-oxide (341) with 

Water. 

A solution of the N-oxide (341), (0.20 g, 0.001 mol) in dioxan (10 ml) 

was treated with water (2.0 ml) and the mixture was stirred at room 

temperature overnight. Evaporation gave a gummy residue which was 

triturated with ethanol to yield unchanged starting material (75%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Attempted Reaction of the N-oxide (341) with Ethanol. 

A solution of the N-oxide (341), (0.20 g, 0.001 mol) in ethanol (50 ml) 

was stirred at room temperature for 2 h. Evaporation of the solution 
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a quantitative recovery of the starting N-oxide (341), identical (m.p. 

and i.r. spectrum with an authentic sample. 

The Attempted Reaction of the N-oxide (341) with Aqueous Sodium Hydroxide. 

A solution of the N-oxide (341), (0.20 g, 0.001 mol) in dioxan (10.0 ml) 

was treated with aqueous 2.5 M sodium hydroxide (0.8 ml) and water (5.0 ml) 

and the mixture was stirred at room temperature for 1 h. The dioxan was 

removed under reduced pressure and the solid was collected to give the 

unchanged starting material (85%), identical (m.p. and i.r. spectrum) with 

an authentic sample. 



Chapter 5A 

DISCUSSION 



SOME APPROACHES TO THE SYNTHESIS OF N-OXYGENATED PURINES, AZAPURINES 

AND RELATED HETEROCYCLES. 

5A. PURINE 7-N-OXIDES. 

0 
6 	T 7 

2LTI N>8  

The base-catalysed cyclisation of 2-nitroanilincacetonitriles and 

N-phenacyl-2-nitroanilines to benzimidazole 1-N-oxides is well known 

(see chapter 1). 	The development of such routes (i.e. routes involving 

internal base-catalysed aldol-type condensation between an active methylene 

group and a nitro group) to benzimidazole N-oxides was stimulated by the 

failure55'56  of conventional peracid oxidation of benzimidazoles. 	The 

successful cyclisation of 4'- (2-cyanoacetamido) -5 '-nitropyrimidines (193) 

to pteridinone 5-N-oxides (205) (see chapter 2) prompted an investigation 

of the corresponding transformation of N-(5-nitropyrimid-4-yl)-aminoaceto- 

nitriles (349) into purine N-oxides (350). 	Cyclisation reactions of this 

type have not been previously investigated and, if successful, would 

provide a valuable route to otherwise inaccessible N-oxygenated purines 

of the type (350). Moreover, subsequent nucleophilic displacement of 

the 8-cyano group in (350) by hydroxide ion might also lead to a synthesis 

of the novel cyclic hydroxamic acids (351). 	The peracid oxidation of 

purine derivatives has been extensively studied (see chapter 1), but no 

case has been found in which N-oxidation takes place in the imidazole 

ring, purine 1- or 3-N-oxides being the exclusive products. Goldner 
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N 	NO 

FN 	NC HCN 

R1 0 

B 	NNN 
R2 N ~T N 

(350) 	

OH 

R1 OH 

< ±CN 	 N C-H 
21 	R ly N U > LN N 	1 3 

(351) 

and his coworkers 43-48 have developed a synthesis of N-oxygenated pseudo-

xanthine derivatives (352) in which the purine contains a 7-N-oxide group 

(see chapter 1). 	However this method is only applicable to the prepar- 

ation of orthodox purine 7-N-oxides when R3 (or R 
4 
) is hydrogen, in which 

case the pseudoxanthine (352) rearranges to the 7-hydroxyxañthine (353). 

0 OH 

ONN R R3=EQ JIN N 

1 2 (352) 	 12 (353) 
R 	 R 

It was therefore hoped that transformations of the type {(349) 	(350)] 

would provide a facile general route to purine 7-N-oxides. As a variant 

of this type of cyclisation, it was also anticipated that a S-nitropyrimidine 
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(354) containing a nitrone group at C--4 might react with cyanide ion to form 

hydrogen cyanide adducts (355), which might further undergo in situ base-

catalysed cyclisation to novel N-hydroxy N-oxides (357) (Scheme 77). 

There is strong precedent (see chapter 1) for this type of cyclisation 

which involves the initial formation of the cyclic adduct (356) and its 

subsequent conversion by loss of the cyano group into the N-oxide (357). 

As in the case of the successful pyrimidylamide to pteridine N-oxide 

cyclisation (see chapter 2) it was anticipated that the presence of an 

electron donating group at C-2 in the pyrimidine ring in the pyrimidyl-

aminoacetonitrile (349) and the nitrone (354), would inhibit pyrimidine 

ring, cleavage and hence would be a requisite for the success of these 

cyclisations. 

The N-(5-nitropyrimid--4-yl)aminoacetonitriles (358a and b) 

required for study were readily prepared in high yield by the reaction of 

the chioro compounds (192) and (337) with aminoacetonitrile in the presence 

of triethylamine. 	Satisfactory analytical, mass spectral and 1H n.m.r. 

data were obtained for these compounds. The i.r. spectra of the nitriles 

(358a and b) exhibited a characteristic sharp NH absorption band above 

3000 cm- 
1. 
 Heating 2-anilinoacetonitrile (359) under reflux with aqueous 

RR 

NNO2 ON NNO2 
> M e N N  CI 	Et 	M eN  

2 	 2 
NNHCH2CN 

(358) 
R 

(192); H 

(337) ; Me 	 R 

H 

Me 



NNQ2 
Me NNNHCH CN 

2 
[~~  
(358a) 

OH 

N  
I II />CN 

Me N 
2 

(362a) 

Na 	jO/MeOH 

NY 	NO-NH 
Me N,2NHCHC 

2 	 2OMe 
(361) 

Scheme 78 
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methanolic sodium carbonate has been shown to afford 2-cyano-1-hydroxy-- 

benzimidazole (360) in high yield. 	However, heating the nitrile (358a) 

OH 

NO 	
Na2CO3 

ONHCHCN 
CN 

2 

(359) 
	

(360) 

with aqueous methanolic sodium carbonate gave a solid product which gave 

analytical data consistent with the imino-ether structure (361) (Scheme 78) 

However the mass spectrum of the imino-ether showed a parent ion at 

(M+ + 1) mass units. 	Its i.r. spectrum contained a broad absorption band 

at 3365 cm 
-1 
 which is assigned to the stretching vibration of the imino 

NH and secondary amine NH groups. An absorption band at 1730 cm-1  is 

assigned to C=N of the imino group while a second band at 1660 cm 1  is 

attributed to the bending vibration of the secondary amino group. No 

trace was found of the expected N-hydroxypurine (362a) (Scheme 78). 	The 

attempted cyclisation of the nitrile (358a) by heating it under reflux 

with ethanolic sodium ethoxide gave gums whose t.l.c. showed them to be 

multicomponent mixtures. 	Conversely the reaction of the nitrile (358a) 

with ethanolic sodium ethoxide at room temperature gave unchanged starting 

material and similarly no reaction took place using ethanolic triethyl-

amine or ethanolic potassium cyanide as the basic catalyst. 

It has been shown 
132 

 that certain 2-nitroaniline derivatives undergo 

acid-catalysed photocyclisation to benzimidazole N-oxides. 	It was there- 

fore hoped that the nitrile (358a) might undergo a similar transformation 
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to the N-hydroxypu,rine (362a). 	However the photolysis of the nitrile 

(358a) in glacial acetic acid gave a quantitative yield of starting 

material. 

NNO2 	
I1> 

MC NN NHCH2CN H 

OH 

MeNN CN  

(358a) 
	

(362a) 

Attention was next turned to the N-(6-methylpyrjmjd_4_yl)amjnoaceto_ 

nitrile (358b) in the hope that the presence of the methyl group, by 

further stabilising the pyrimidine ring to nucleophilic cleavage, might 

facilitate cyclisation. 	In practice the reaction of the nitrile (358b) 

with aqueous methanolic sodium carbonate gave the unchanged starting 

material while the action of sodium ethoxide in dimethyl sulphoxide gave 

a low yield of the starting nitrile together with multicomponent gums. 

It has been demonstrated in the benzene series that base-catalysed 

cyclisation of N-methyl--2-nitroanjljnoacetonjtrjle (363) occurs smoothly 

and in high yield to afford the cyclic hydroxamic acid (365), the presumed 

intermediate being the N-oxide (364) (Scheme 79). Consequently having 

failed to achieve the cyclisations {(358a and b) 	(362a and b)J it was 
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decided to investigate the base-catalysed cyclisation of the N-(2--

dime thylamino-5-nitropyrimid-4-yl) -N-methylaminoacetonitriles (366a and 

b) which were successfully prepared in high yield by the reactions of 

the chloropyrimidines (192) and (337) with N-methylaminoacetonitrile in 

the presence of triethylamine. 	The nitriles (366a and b) gave analytical, 

R 	 HMe 	R 
N 

N N 
	

N 02 

McNN CI 	Et N 	MeN 1 	VCHCN 
2 	 3 	2 	 2 

R 	 (366) 	Mc 
(192); H 	 R 

(337); Me 	
a; H 

b; Me 

mass spectral and 1H n.m.r. data consistent with the assigned structures. 

Various attempts were made to effect the cyclisation of the nitrile 

(366a) to the N-oxide (367) or the cyclic hydroxamic acid (368) (Scheme 80) 

using different basic catalysts (i.e. sodium carbonate, sodium hydrogen 

carbonate, sodium acetate and piperidine) in alcoholic or aqueous alcoholic 

solution. The reaction of the nitrile (366a) with aqueous methanolic sodium 

carbonate gave only a multicomponent mixture while the use of the other 

catalysts gave varying amounts of the starting nitrile together with 

intractable gums. However the nitrile (366b) reacted with aqueous 

methanolic soidum carbonate to give the imino-ether N-oxide (369) in 

reasonable yield. 	Satisfactory analytical, mass spectral and 1H n.m.r. 

data were obtained for this product. The mass spectrum showed fragment 

ions at (M+ - 16) and (M+ - 17) mass units. 	This behaviour may be 

attributed to a less pronounced"ortho effect" than that encountered in 
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the 4-methylpteridinone 5-N-oxides (205 d and e-h) (see chapter 2) which 

exhibit only (M - 17) peaks. 	The smaller bond angle in the imidazole 

ring in (369) compared with that in the pyrazine ring in (205d) will mean 

that the across-space distance between the methyl group and the N-oxide 

group in (369) will be greater than the corresponding distance in the 

pteridinone N-oxide (205d). 	This greater distance in the purine N-oxide 

(369) probably lessens (without totally inhibiting) an "ortho effect" thus 

accounting for the formation of both (M+ - 17) and (M+ - 16) fragment ions 

on electron impact. 	The i.r. spectrum of the imino-ether (369) showed a 

weak band at 3100 cm 
-
1 which is attributed to the NB stretching vibration 

of the imino group. No i.r. absorptions assignable to a nitro group were 

present. 	In the 
1 
H n.m.r. spectrum of the N-oxide (369), a singlet at 

T 6.01 is assigned to the methoxyl group, while another singlet at T 6.13 

is assigned to the 9-methyl group. The dimethylamino group appears as 

a singlet at T 6.76 while the 6-methyl group is a singlet at T 7.09. 

An attempt was made to firmly establish the imino-ether N-oxide structure 

(369) by reacting it with ethanolic sodium ethoxide in the hope that 

degradation (see later) to the acid (370), the parent purine N-oxide (371) 

or even the purinone (373) [formed by solvation of the active 7,8-bond in 

the purine N-oxide (371) and subsequent decomposition of the adduct (372)] 
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would occur (Scheme 81). However the only product from this reaction 

was a low yield of a solid which contained a strong triple bond 

absorption at 2200 cm 1  in its i.r. spectrum and showed a parent ion 

corresponding to a molecular weight of 306. 	Insufficient material was 

obtained for the measurement of a 1H n.m.r. spectrum or for the preparation 

of an analytical sample and the product was not further investigated. 

The formation of the N-oxide (369) from the nitrile (366b) may be explained 

by two distinct pathways. 	The first possibility is that cyclisation of the 

nitrile (366b) takes place to yield the N-oxide (374) which then interacts 

with the solvent to form the imidate (369) (Scheme 82) . 	Secondly, the 

nitrile (366b) could directly form the imino-ether (375) which in turn 

would then undergo base-catalysed intramolecular aldol-type cyclisation 

to yield the N-oxide (369) (Scheme 82). 	The formation of the imino-ether 

(361) from the nitrile (358a) (see before) tends to support the latter 

course. However the concomitant reduction in the acidicity of the 

methylene group in going from (366b) to (375) must be considered as a 

factor which would tend to retard cyclisation. At present it is not 

possible to state which pathway for the formation of the imidate (369) 

from the nitrile (366b) is the correct one. 

It was observed in the previously discussed attempts to cyclise the 

nitriles (358a and b) and (366a and b) that, in the cases where no 

identifiable cyclisation products were obtained, the starting material was 

recovered in varying amounts (i.e. 0-100%) together with multicomponent 

gums. This tends to suggest that cyclisation may be occurring but that 

the products are being decomposed by the basic media. Support for this 

suggestion is found in the proven stability of the pyrimidine ring to 

nucleophilic attack (see chapter 2). 	Consequently it was decided to 
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study the cyclisation of N- (2-dimethylamino-5--nitropyrimid--4-yl) amino-

acetanides in the hope that any cyclic products obtained from these 

substrates would be less inclined towards subsequent decomposition. 

The amides (376a and b) and (377a and b) required for study were readily 

obtained (Scheme 83) in moderate to high yield by the hydrolysis of the 

nitriles (358 a and b) and (366a and b) in polyphosphoric acid at 800 . 

The amides (376a and b) and (377a and b) gave analytical, mass spectral 

and 1H n.m.r. data fully consistent with the assigned structures. 	The 

reaction of the amide (376a) with ethanolic sodium ethoxide gave a low 

yield of an acidic solid which gave a green colour with iron (III) chloride 

in ethanol. 	The i.r. spectrum of the solid contained a broad absorption 

band at 3240 cm- 1, and no absorption due to a nitro group. 	In addition 

the mass spectrum of the acidic product showed a parent ion at M+, 222 

mass units [i.e. 18 mass units less than the amide (376a)1 , and the presence 

of a fragment ion at (M+l6)  mass units indicated an N-oxygenated structure. 

On the basis of these properties the acidic solid can be assigned the 2-

dimethylamino-7-hydroxypurine-8-carboxamjde structure (378). However due 

to the low yield and relative insolubility of this compound, satisfactory 

elemental analysis could not be obtained, and a 1H n.m.r. spectrum could not 

be run due to the lack of pure material. Unreacted starting material was 

also recovered in this reaction. An attempt was made to improve the 

NN NO OEt 
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efficiency of the transformation [ 376a) -*  (378)] by using sodium hydride 

as the base, in dimethylformamide as the solvent. However the only 

identifiable product from this reaction was the unchanged starting material. 

The attempted reaction of the amide (376b) with aqueous methanolic sodium 

carbonate gave only the unchanged starting material. 

The cyclisation of the amides (377a and b) was next investigated. 

The reaction of the amide (377a) with ethanolic sodium ethoxide gave an 

acidic product in low yield. 	The acidic product lacked i.r. absorption 

due to a nitro group and its mass spectrum showed a parent ion at M+,  193 

mass units. The 1H n.m.r. spectrum of the acidic product showed no 

proton resonances due to a methylene group. On the basis of these proper-

ties and its elemental analysis the acidic product is assigned the 2- 

dimethylamino-9-methylpurin-8(7H)-one structure (379). 	The structure of 

the purinone (379) was established by its unambiguous synthesis. 	Catalytic 

reduction of 2-dimethylamino-4--methylamino-5--nitropyrimidine (234) afforded 

the diamine (380) which, on fusion with urea at 180°, gave the purinone 

(379) in low yield. 	The formation of the purinone (379) in the reaction 
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2 	Me 
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of the amide (377a) with ethanolic sodium ethoxide may be explained by 

the initial base-catalysed cyclisation of the amide (377a) to the N-oxide 

(381) followed by hydrolysis of the amide group in (381), in the basic 

medium, to give the carboxylic acid (382). 	Decarboxylation of the acid 

would then afford the parent N-oxide (383), subsequent hydration of which 

would yield the adduct (384). 	Base-induced dehydration of the adduct 

(384) would then account for the formation of the purinone (379) (Scheme 

84). 	The reaction of the amide (377,b) with methanolic sodium carbonate 

gave the expected N-oxide (385) in good yield together with some unreacted 

starting material. 	Satisfactory analytical mass spectral and 'H n.m.r. 

data were obtained for the N-oxide (385). 	As in the case of the imino- 

ether N-oxide (369) the mass spectrum of the N-oxide (385) shows fragment 

ions at (M+_16)  and  (M+_17)  mass units, attributable to a weakened 

"ortho effect". 	Also, its i.r. spectrum contained no absorption attributable 

to a nitro group. However, an unusual feature of the i.r. spectrum of the 

amide (385) is that the absorption due to the primary amino group appears 

as a broadened singlet at 3200 cm 
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structure of the N-oxide (385), it was heated under reflux with ethanolic 

sodium ethoxide. This reaction gave, together with some unchanged 

starting material, an acidic product whose i.r. spectrum showed no 

absorption above 3000 cm- 
1. 
 The mass spectrum of the acidic solid con-

tamed a parent ion at M+, 207 mass units and it gave analytical data 

Consistent with its formulation as the purinone (373). 	This structure 

for the acidic solid was firmly established by its unambiguous synthesis. 

Thus, catalytic hydrogenation of the nitroarnine (386) [Prepared by 

reacting the chioropyrimidine (337) with aqueous methylamine] and subse-

quent fusion of the diamine (387) with urea at 180°  gave the purinone 

(373) in moderate yield (Scheme 85). 	The isolation of the N-oxide 

(385) and its conversion in hot base into the purinone (373) is good 

evidence for the intermediacy of the N-oxide (381) in the transformation 

of the pyrimidylaminoacetonitrile (377a) into the purinone (379) (see 

before). 

Due to the varied success of the cyclisations of the nitriles and 

amides discussed previously, it was decided to investigate the synthetic 

potential of the pyrimidylaminoacetophenonones (388a and b). 	These 

compounds, which were readily prepared in high yield by the reaction of 

the chloropyrimidines (192) and (337) with phenacylamine in the presence of 

triethylamine, gave analytical, mass spectral and 1 H n.m.r. data consistent 

with the assigned structures (Scheme 86). The attempted sodium ethoxide-

catalysed cyclisation of the ketone (388a) resulted in a very low yield of 

an unidentified solid which was accompanied by multicomponent gums. The 

attempted cyclisation of the ketone (388b) with aqueous methanolic sodium 

carbonate likewise gave only a multicomponent mixture (Scheme 86). No 

evidence for the formation of cyclic products of the type (389) was found 

in either reaction. 
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A final attempt was made to cycilse the ketone (388a) to the 

N-hydroxypurine (389a) under acidic conditions. 	It has been shown 133 

that 2-nitroanilines of the type (390) undergo cyclisation in high yield 

to the N-oxides (393), in hot aqueous acidic media. 	The mechanism 

proposed for this reaction involves the formation of the aci-nitro 

tautomer (391) of (390) (Scheme 87). 	N-oxide formation is then explained 

by cyclodehydration of the intermediate (392). 	It was hoped therefore 

that the action of constant boiling hydrochloric on the ketone (388a) 

would induce the formation of the aci-nitro tautomer (394) thus allowing 

cyclisation to the N-hydroxypurine 

)NO2 	H >  
M e N 	NHCH 

2 N 

COPh 

(389a) to take place 	However, this 

OH 

Nf*O 

MNNNCHCOPh 
(394) 

(388a) 

(389a) 

reaction gave only a quantitative recovery of the starting material. 

Successful cyclisation to benzimidazole N-oxides has been achieved 

with N-benzyl-2-nitroanilines under basic conditions 56 despite the fact 

that the methylene group in the benzylamino side-chain is relatively 

non-acidic. 	It was therefore hoped to apply this cyclisation reaction 

to a benzylamino-nitropyrimidine in the hope of obtaining the corresponding 

N-hydroxypurine. Thus the reaction of the chloro-nitrouracil (262) with 

benzylamine yielded the benzylaminopyrimidine (395). which gave analytical, 

mass spectral and 1H n.m.r. data consistent with the assigned structure. 

The attempted base-catalysed cyclisation of this compound was carried out 
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using methanolic sodium hydroxide. A low yield of a solid was obtained 

which gave analytical data consistent with the molecular formula 

C10H13N302. The mass spectrum of this solid showed a parent ion at 

207 mass units, and its i.r. spectrum showed a broad absorption 

band at 3200 cm 1  and no carbonyl absorption. 	Insufficient pure 

material was obtained for the measurement of the product's 1H n.m.r. 

spectrum. However, on the basis of the available evidence, and by 

analogy with the formation of the pyrazolone (300) from the oxadiazolo-

pyrimidine N-oxide (293) (see chapter 4) the product is tentatively 

assigned the nitro-olefin structure (399) (Scheme 88). 	The formation 

of this product is readily explained by base-induced pyrimidine ring 

cleavage in the amine (395) to give the carboxylic acid (396), decarboxyl-

ation of which would afford the amide (397). Loss of the amido group 

from the latter to give the final product (399) is readily explained in 

terms of isomerism to the -nitroamide (398) which would undergo ready 

hydrolysis and decarboxylation to (399) (Scheme 88). 	The broad 

absorption band at 3200 cm 1  in the i.r. spectrum of (399) can be attri-

buted to the superposed NH absorption of the methylamino and benzylamino 

substituents. Bands at 1570 and 1370 cm-1  are attributed to the nitro 

group. 
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Attention was next directed towards the attempted preparation and 

reactivity of hydroxyaminopyrimidines of the type (400) with a view to 

their conversion into nitrones of the type (354) (see before) by their 

reaction with aldehydes. The readily available chloro-nitrouracil 

NNO R3CHO NNO 

R2)NNHOH 	 W-J~NN 

(400) 	 0 
(354) 

(262) was thus reacted with hydroxylamine in the hope of obtaining the 

hydroxyaminopyrimidine (401). 	However the only identifiable product in 

this reaction was the oxadiazolopyrimidine N-oxide (293). 	Yoneda114 

has prepared the N-oxide (293) (see chapter 4) by the nitrosative and 

riitrative cyclisations of the hydroxyaminopyrimidine (402) (Scheme 89). 
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The reaction of the hydroxylamine (402) with sodium nitrite in acetic 

acid or hydrochloric acid affords the N-oxide (293) as does the reaction 

of the hydroxylamine (402) with potassium nitrate in acetic acid. 

Yoneda did not isolate the nitroso and nitro intermediates (403) and 

(401) (Scheme 89) respectively, in these reactions. 	Consequently it 

is not unexpected that the reaction of the chloro-nitrouracil (262) with 

hydroxylamine should result in the formation of the N-oxide (293). 

Yoneda made no comment as to the possible mechanisms of the transformations 

[(403) - (293)] and 1(401) -- (293)] . 	It is reasonable to presume that the 

nitrohydroxylamine intermediate (401) [formed by the nitration of the hydroxyl-

amine (402) or by the reaction of the chloro-nitrouracil (262) with hydroxyl-

amine] undergoes spontaneous dehydration by an intramolecular aldol-type 

reaction involving the hydroxyamino group and the nitro group in (401) 

(Scheme 89). 	The nitrosative cyclisation of the hydroxylamine (402) must 

at some stage involve an oxidation. 	The N-hydroxyoxadiazole structure (404) 

is a possible intermediate in the transformation of (402) into (293) 

(Scheme 89). 	Due to the failure to isolate hydroxyaminopyrixnidine (401), 

an alternative approach to the preparation of a nitrone of the type (354) 

was attempted. It had been intended to condense the hydroxyaminopyrimidine 

(401) (if stable) with benzaldehyde to obtain the nitrone (405) (Scheme 90). 

It was therefore decided to investigate the reaction of the chloro compound 

(262) with benzaldoxime. 	The oxime-ether (406), if formed, might then 

undergo a thermal rearrangement to yield the nitrone (405). 	Such oxime- 

ether to nitrone rearrangements have been reported. 134 However the 

product from the reaction of the chloro-nitrouracil (262) with benzaldoxime 

wask5-nitrobarbituric acid (407) (Scheme 90). 	The production of (407) may be 

explained by the formation and subsequent decomposition of the oxime ether 

(406) to benzonitrile and the barbituric acid (407) (Scheme 90). 
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Support for the intermediacy of the oxime ether (406) in the transformation 

[(262 	(407)] was obtained when 4-chloro-2-dimethylamino-5-nitropyrimidine 

(192) was allowed to react with benzaldoxime. The products from this 

reaction were the oxiine-ether (408) and the hydroxypyrimidine (191). 

Satisfactory analytical, mass spectral and 
1 
 H n.m.r. data were obtained 

for the oxime-ether (408). 	The first fragment ion in the mass spectrum 

of the ether (408) was at (M+_103)  mass units, corresponding to the loss 

of benzonitrile from the parent ion. 	Therno1ysis of the ether (408) 

produced the hydroxypyrimidine (191) and benzonitrile which was identified 

by comparison with an authentic sample. 	In a final attempt to prepare 

the nitrone (409), the reaction of the hydroxyaminopyrimidine (244) with 
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Me>CE 
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benzaldehyde, under both neutral and acidic conditions, was investigated. 

However, in both cases the unchanged starting material was recovered in 

quantitative yield. Consequently this route to N-hydroxypurine N-oxides 



-185-- 

of the type (357) was abandoned. 
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Chapter 5A 

EXPERIMENTAL 



The Preparation of N- (Pyrimid-4-yl) aminoacetonitriles•  

Methanolic solutions of 4-chloro-2-dimethylamino-5-nitropyrimidine 

(182) or 4-chloro-2--dimethylamino-6-methyl-5-nitropyrimidine (337) 

were treated with the amine salts followed by triethylamine. The 

mixtures were heated under reflux for 10-60 mm, cooled and the products 

were isolated by filtration or by evaporation and treatment with water. 

N- (2-Dimethylamino-5-nitropyrimid-4-yl) aminoacetonitrile (358a). 

The chloro compound (192), (6.10 g, 0.03 mol) in methanol (350 ml) 

reacted with aminoacetonitrile bisulphate (9.20 g, 0.06 mol) in the 

presence of triethylamine (15 ml) to give the nitrile (358a) , more of 

which was obtained by evaporating the mother liquor and treating the 

resulting solid with saturated aqueous sodium hydrogen carbonate. 

Crystallisation from glacial acetic acid gave (358a), (total 5.65 g), 

(85%), as cream needles, m.p. 224_50 (from glacial acetic acid), v 

3370 (NH) and 1560 and 1325 (NO2) cm- 1, T [(CD3)2SOJ 1.09 (1H, S, ArH), 

5.55 (2H, d, J6Hz, CR2), and 6.76 16H, S, (CH 3)2NJ. 

Found: C, 43.2; H, 4.4; N, 37.7%; M, 222. 

£81o622_requires: C, 43.2; H, 4.5; N, 37.8%; M, 222. 

N- (2-Dimethylamino-6-methyl-5-nitropyrimid-4--yl) aminoaceto-

nitrile (358b). 

A solution of the chioropyrimidine (337), (2.17 g, 0.01 mol) in methanol 

(50 ml) reacted with aminoacetonitrile bisulphate (6.16 g, 0.04 mol) 

in the presence of triethylamine (7.0 ml) to give the nitrile (358b), 

as pale yellow needles, m.p. 211-40 
 (from ethanol-dimethylformamide), 

V 	3350 (NH) and 1550 and 1340 (NO ) cm 1, r [(CD ) so] 1.08 br 

(1H, S, NH), 5.59 (2H, d, J4Hz, CH2), 6.78 [EU, S, (CH 3)2N], and 7.42 

(3H, S, CU3) 
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Found: C, 46.0; H, 5.2; N, 35.7%; M+, 236. 

12.622_requires: C, 45.8; H, 5.1; N, 35.6%; M, 236. 

(iii)N- (2-  Dimethylamino-5--nitropyrimid-4-yl) -N--methylaminoaceto-

nitrile (366a) 

The chioro compound (192), (4.10 g, 0.02 mol), dissolved in methanol 

(200 ml), reacted with N-methylaminoacetonitrile hydrochloride (4.28 g, 

0.04 mol) and triethylamine (10.0 ml) to give the nitrile (366a), (91%), 

as pale yellow needles, m.p. l50_30 (from methanol), v 	1545 and 

1335 (No2) cm-l
' 
 r(CDC13) 1.15 (lH, S, ArH), 5.68 (2, S, CH2), 6.74 

[6H, S, (CH 3)2NJ, and 7.0 (3H, S. CH 3)' 

Found: C, 45.7; H, 5.1; N, 35.8%; 	236. 

9l262.2_requires: C, 45.8; H, 5.1; N, 35.6%; M, 236. 

(iv) N- (2-Dimethylamino-6-rnethyl-5-nitropyrimid-4-yl) -N-methyl- 

aminoacetonitrile (366b) 

The chloro compound (337), (1.09 g, 0.005 mol) in methanol (25 ml) 

reacted with N-methylaminoacetonitrile hydrochloride (1.07 g, 0.01 mol) 

in the presence of triethylamine (2.5 ml) to yield the nitrile (366b), 

(quant.), as yellow needles, m.p. llo-12°(from ethanol), 'v 	1550 

and 1320 (NO 2) cm- 1, T(CDC13) 5.66 (2H, S, CU2), 6.78[6H, S, (CH 3)2NJ, 

7.07 (3H, S, CH3N), and 7.53 (3H, S, cH3). 

	

Found: 	C, 48.0; H, 5.6; N, 33.5%; M+,  250. 

	

lO.l4622_requires: 	C, 48.0; H, 5.6; N, 33.6%; M, 250. 

The Preparation of 2-N- (2-Dirnethylamino-5-nitropyrimid-4-yl) aminoaceto-

phenones. 

The chioropyrimidines (192) and (337) were dissolved in methanol and 

treated with 2-aminoacetophenone hydrochloride followed by triethylamine. 



The mixtures were heated under reflux for 10-20 min and worked up (see 

below) to give the products. 

2-N-(2-Dimethvlamino-5-nitropyrjrnid-4-yl)aminoacetophenone (388a). 

The chioro compound (192), (3.28 g, 0.016 mol), dissolved in methanol 

(240 ml) reacted with 2-aminoacetophenone hydrochloride (5.52 g, 0.032 mol) 

in the presence of triethylamine (8.0 ml). 	Hot-filtration of the mixture 

gave' a solid which was combined with a further crop obtained by evaporation 

of the filtrate, treatment of the residue with water, extraction with 

chloroform and crystallisation of the solid from the evaporated extract 

to give the ketone (388a), (88%), as yellow prisms, m.p. 175-8°  (from 

dimethylformamide-water), v 	3400 (NH), 1695 (CO), and 1555 and 1330 max. 

(NO2) cm, T[cD3)2so] 1.12 (1H, S, ArH), 1.92-2.04 (2H, in, ArH), 

2.38-2.55 (3H, m, ArE), 6.84 (3H, S, CH3N), and 7.05 (3H, S, CH3N). 

Found: C, 55.5; H, 5.0; N, 23.3%; M,+ 301. 

£l4.l5!52.3_requires: C, 55.8; H, 5.0; N, 23.3%; M, 301. 

2-N- (2-Dimethylamino-6-methvl-5-nmtropyrimid-4-yl) -aminoaceto-

phenone (388b). 

A solution of the chioro compound (337), (0.43 g, 0.002 mol) in methanol 

(10 ml) reacted with 2-aminoacetophenone hydrochloride (0.69 g, 0.004 mol) 

in the presence of triethylamine (1.0 ml). A copious precipitate was 

formed and the mixture was evaporated, treated with water and the 

resulting aqueous suspension was extracted with chloroform. Evaporation 

of the extract gave a gummy residue which was triturated with ether to 

give the ketone (388b), (80%), as pale yellow needles, m.p. 175-7°  (from 

ethanol-dimethylformamide), v 
max.  3330 (NH), 1680 (CO), and 1550 and 

1320 (NO 2) cm 1, r(CDC13) 0.75 br (lH, S, NH), 2.0-2.10 (2H, m, ArH), 

2.40-2.64 (3H, m, ArH), 5.11 (211, d, J4Hz, cH2), 6.79 (311, S1  CH3N), 

6.91 (311, S, C113N), and 7.35 (3H, S, CH3). 



Found: C, 57.6; H, 5.4; N, 22.4%; M+, 315. 

l5l7-52_requires: C, 57.1; H, 5.4; N, 22.2%; M, 315. 

The Attempted Cyclisation of the Pyrirnidylaminoacetonitrile (358a). 

A suspension of the nitrile (358a), (0.56 g, 0.0025 mol) in 

methanol (100 ml) was treated dropwise under reflux over 15 min with 

a solution of sodium carbonate (0.14 g) in water (1.5 ml). 	The mixture 

was then stirred under reflux for 1.5 h and evaporated to a solid residue 

which was treated with water and neutralised with aqueous dilute hydro- 

chloric acid. 	Filtration gave the imino-ether.(361), (76%), as cream 

needles, m.p. 148_5l0 (from benzene), v 
max.  3365 and 1660 (NH), 1730 

(C=N), and 1550 and 1330 (NO2) cm 1, M, 255, C9H14N603  requires M, 254. 

Found: C, 42.6; H, 5.1; N, 32.6%. 

requires: C, 42.5; H, 5.6; N, 33.1%. 

A refluxing solution of the nitrile (358a), (0.44 g, 0.002 mol) 

in ethanol (100 ml) was treated with 50% W1 aqueous potassium cyanide 

solution (5.0 ml). 	A precipitate formed and further ethanol (50 ml) 

was added but the mixture remained heterogeneous, and was heated under 

reflux for 1 h. Evaporation gave a solid residue which was treated 

with water and crystallised from ethyl acetate-methanol to give the 

unchanged nitrile (75%) identical (m.p. and i.r. spectrum) with an 

authentic sample. The use of triethylamine as a basic catalyst in 

this reaction gave a quantitative recovery of the starting material. 

A hot suspension of the nitrile (358a), (0.44 g, 0.002 mol) 

in absolute ethanol (50 ml) was treated with a solution of sodium 

(0.18 g, 0.008 g atom) in absolute ethanol (5.0 ml) and the mixture was 

heated under reflux for 1 h. The resulting dark red-brown solution 



-190- 

was evaporated and the gum was treated with water and just acidified 

with concentrated hydrochloric acid and then neutralised with solid 

sodium hydrogen carbonate. Extraction of the mixture with chloroform 

gave a gummy solid (0.28 g) which was shown by t.l.c. in chloroform-

methanol over silica to be a multicomponent mixture. A similar attempt 

to cyclise the nitrile (358a) using ethanolic sodium ethoxide at 35°  

failed, the starting material being recovered (68%), identical (m.p. 

and i.r. spectrum) with an authentic sample. 

(iv) A solution of the nitrile (358a), (0.29 g, 0.0013 mol) in 

glacial acetic acid (200 ml) was irradiated under nitrogen in a Hanovia 

medium pressure photochemical reactor for 26 h. The mixture was 

evaporated and triturated with ethanol to give the unchanged starting 

material (quant.) identical (m.p. and i.r. spectrum) with an authentic 

sample. 

The Attempted cyclisation of the Pyrimidylacetonitrile (358b). 

A refluxing solution of the nitrile (358b), (0.24 g, 0.001 mol) 

in methanol was treated dropwise over 15 min with a solution of sodium 

carbonate (0.07 g) in water (1.0 ml) and the resulting opalescent 

mixture was stirred under reflux for 2 h. Evaporation gave a solid 

residue which was treated with water and crystallised from ethanol 

to give the unchanged starting material (50%), identical (m.p. and 

i.r. spectrum) with an authentic sample. Work up of the ethanolic 

mother liquor gave no further identifiable material. 

A solution of the nitrile (358b), (0.71 g, 0.003 mol) in dry 

dimethyl suiphoxide (20 ml) was treated with a solution of sodium 

(0.28 g, 0.012 g atom) in absolute ethanol (8.0 ml) and the resulting 
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dark solution was stirred at room temperature for 2 h and then poured 

into water. 	Filtration gave unchanged starting material (26%) identical 

(m.p. and i.r. spectrum) with an authentic sample. 	Extraction of the 

aqueous alkaline filtrate with chloroform gave a multicomponent gum 

as shown by t.l.c. in chloroform-methanol over silica. 	The aqueous 

mother liquor was then acidified with glacial acetic acid and re-

extracted with chloroform to give another multi component gum as 

shown by t.l.c. in chloroform-methanol over silica. 

The Attempted Cyclisation of the Nitrile (366a). 

A solution of the nitrile (366a), (0.58 g, 0.0025 mol) in 

methanol (50 ml) was heated under reflux and treated over 15 min with 

a solution of sodium carbonate (0.14 g) in water (1.5 ml). 	The mixture 

was then stirred under reflux for 1 h and evaporated to give a red-brown 

gum which was treated with water and extracted with chloroform. 

Evaporation of the chloroform extract resulted in a gummy solid (0.41 g) 

which failed to yield solid material on attempted trituration with a 

range of solvents. 	Its t.l.c. in ether over silica showed it to be an 

unresolvable multicomponent mixture. Work up of the aqueous mother 

liquor gave no further material. Repetition of this reaction using 

aqueous sodium acetate as the catalyst gave a quantitative recovery of the 

starting material, identical (m.p. and i.r. spectrum) with an authentic 

sample. The use of piperidine as the catalyst in this reaction likewise 

gave the unchanged starting material in high yield. 

A refluxing solution of the nitrile (366a) (0.58 g, 0.0025 mol) 

in methanol (50 ml) was treated over 10 min with a solution of sodium 

hydrogen carbonate (0.15 g) in water (3.5 ml). 	The resulting dark red 
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solution was heated under reflux for 0.5 h and then concentrated under 

reduced pressure. Filtration gave a gummy solid which was washed with 

methanol to give the unchanged starting material (17%) identical (m.p. 

and i.r. spectrum) with an authentic sample. Evaporation of the 

methanol washings gave a gum (0.11 g) whose t.l.c. in chloroform over 

silica showed it to be a multicomponent mixture. Extraction of the 

aqueous mother liquor with chloroform gave a gummy solid (0.07 g) which 

was likewise shown by t.l.c. in chloroform over silica to be a multi-

component mixture. 

The Preparation of Methyl (2-Dimethylamino-4,9-dimethylourin-8-yl) imidate 

7-N-Oxide (369) 

A solution of the nitrile (366b), (1.25g, 0.005 mol) in methanol (50 ml) 

was heated under reflux and treated over 15 min with a solution of sodium 

carbonate (0.28 g) in water (3.0 ml). 	The mixture was then stirred under 

reflux for 2 h and then evaporated. The residue was treated with water 

and then crystallised from methanol to yield the N-oxide (369), (47%), 

as pale yellow needles, m.p. 203-5°  (from ethanol), v 	3100 W(NH) cm- max. max. 

t(CDC13) 6.01 (311, S1  CH3O), 6.13 (3H, 5, CH3N), 6.76{6H, S, (CH 3)2N], and 

7.09 (3H, S, CH 3) 

Found: C, 50.4; H, 6.2; N, 31.9%; M, 264. 

£lll662.2_requires: C, 50.0; H, 6.1; N, 31.8%; M, 264. 

Evaporation of the crystallisation liquor of the N-oxide (369) gave an 

unidentified gum. Work up of the aqueous mother liquor gave no more 

material. 
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The Reaction of the Imidate (369) with Ethanolic Sodium Ethoxide. 

A solution of the imidate (369), (0.26 g, 0.001 mol) in absolute ethanol 

(25 ml) was treated with a solution of sodium (0.09 g, 0.004 g atom) in 

absolute ethanol (2.5 ml) and the mixture was heated under reflux for 

1 h and then evaporated and treated with water. A supernatant oil 

formed and a chloroform extraction of the aqueous mixture gave a gum 

which was triturated with ether to give a solid (0.08 g). 	The i.r. 

spectrum of the solid showed a triple bond absorption at 2200 cm 1  and 

its mass spectrum gave a parent ion at M+,  306 mass units. Further 

work up of the mother liquor by acidification with glacial acetic acid and 

chloroform-extraction gave no more material and the solid was not further 

characterised. 

The Attempted Cyclisation of the Ketone (388a). 

A hot solution of the ketone (388a), (0.30 g, 0.001 mol) in 

absolute ethanol (50 ml) was treated with a solution of sodium (0.09 g, 

0.004 g atom) in absolute ethanol (5.0 ml). 	The mixture immediately 

became dark brown and was heated under reflux for 1 h. Evaporation gave 

a gummy residue which was treated with water and filtered to yield a 

small amount of a solid which was not characterised. Extraction of the 

aqueous alkaline mother liquor with chloroform before and after neutralis-

ation (glacial acetic acid) gave low yields of gums whose t.1.c. in ether 

over silica showed them to be multicomponent mixtures. 

A solution of the ketone (388a), (0.60 g, 0.002 mol) in 

constant boiling hydrochloric acid (50 ml) was heated under reflux for 

20 h. Filtration of the cooled mixture gave a solid which was treated 

with saturated aqueous sodium hydrogen carbonate to afford the unchanged 
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starting material more of which was obtained by evaporating the aqueous 

mother liquor and treating the residue with saturated aqueous sodium 

hydrogen carbonate (total recovery 80%). 

The Attempted Cyclisation of the Ketone (388b). 

A solution of the ketone (388b), (0.30 g, 0.001 mol) in methanol (20 ml) 

was heated under reflux and treated over 15 min with a solution of 

sodium carbonate (0.07 g) in water (1.0 ml). 	The stirred mixture was 

then heated under reflux for 2 h and evaporation and treatment with 

water gave a solid (0.20 g). 	This was extracted with hot light petroleum 

to leave a solid (0.07 g) which was shown by t.l.c. in ether over alumina 

to be an unresolvable multicomponent mixture. Evaporation of the light 

petroleum extract gave a gum (0.07 g) whose t.1.c. likewise indicated . a 

multicomponent mixture. No further material was obtained on work up of 

the aqueous mother liquor. 

The Preparation of Pyrimid- 4-ylaminoacetamides. 

The pyrimid-4-ylaminoacetonitriles (358a and b) and (366a and b) were 

treated with polyphosphoric acid and the mixtures were stirred at 80°  for 

4 h. Dilution with water and neutralisation with solid sodium hydrogen 

carbonate yielded the amides. 

(i) N-(2-Dimethylamino-5-nitropyrimid-4-y,l)aminoacetamide (376a). 

The nitrile (358a), (0.44 .g1 0.002 mol) reacted with polyphosphoric acid 

(5.0 g) to yield the amide (376a), (86%), as yellow prisms, m.p. 261-4°  

(from glacial acetic acid-water), v 	3440, 3380, 3330 br, 3280 br, 

and 3100 br (NH), 1705 (CO), and 1560 and 1335 (NO 2) cm- 1, t(CF3CO2H) 

0.60 br (Ui, S, NH), 1.02 (lii, 	S, 	ArH), 2.44 br 	(211, 	S, 	NH2), 	5.20 	(2H, 	d, 

J6Hz, CH2), and 6.62 [6H, S, 	(CH 3)2N]. 
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Found: C, 40.1; H, 5.0; N, 35.3%; M+,  240. 

£8l262.3_requires: C, 40.0; H, 5.0; N, 35.0%; M, 240. 

N- (2-Dimethylamino-6-methyl-5-nitropyrimid-4--yl) aminoacetamide 

(376b) 

The nitrile (358b), (1.18 g, 0.005 mol) reacted with polyphosphoric acid 

(12.50 g) to yield the amide (376b) , (80%), as pale yellow needles, 

m.p. 235-7°  (from dirtiethylformamide-water), umax. 3400, 3300, 3150 and 

1650 (NH), 1690 (CO), and 1560 and 1340 (NO2) cm- 1, T(CF3CO2H) 0.82 br 

(1H, t, J5Hz, NH), 5.35 (2H, d, J5Hz, CH2), 6.53{6H, S, (CH 3)N] , and 

7.09 (3H, 8, CH3). 

Found: C, 42.5; H, 5.4; N, 33.3%; M+, 254. 

9l4623_requires: C, 42.5; H, 5.6; N, 33.1%; M, 254. 

N- (2-Dimethylaminc'-5--nitropyrimid-4-yl) -N-methylaminoacetamide 

(377a) 

A mixture of the nitrile (366a), (1.42 g, 0.006 mol) and polyphosphoric 

acid (15.0 g) reacted to afford the amide (377a), (89%), as fine 

yellow needles, m.p. 192-4°  (from methanol), Vmax.  3400, 3200 br, and 

3140 br (NH), 1675 (CO) and 1535 and 1335 (NO2) cm, t[CDC13-(CD3)28O] 

1.27 (1H, S, ArH), 5.87 (2H, 8, CE2), 6.90[6H, S, (CH 3)2N], and 7.02 

(3H, S, CH3N) . 

Found: C, 42.7; H, 5.5; N, 33.5%; M+, 254. 

9-143_requires: C, 42.5; H, 5.6; N, 33.1%; M, 254. 

N- (2-Dimethyl amino-6-rnethyl- 5-nitropyrimid-4-yl) -N-methyl-

aminoacetonitrile (377b) 

A mixture of the nitrile (366b), (2.50 g, 0.01 mol) and polyphosphoric 

acid (25.0 g) reacted to give a crude solid (2.08 g) which was heated 

under reflux with ethanol (50 ml) and was hot-filtered to remove inorganic 

material. Evaporation of the filtrate and trituration of the residue 
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with ethanol gave the amide (377b), (44%) , as yellow needles, m.p. 175-7°  

(from ethanol), "max. 3430, 3350 and 3230 (NH), 1670 (CO) and 1570 and 

1340 (NO2) cm, T[CDC13- (CD 3)2so] 5.88 (2H, S, CE2), 6.8416H, S, (CH 3)2N], 

7.08 (3H, S, CH3N) , and 7.57 (3H, S, CE3) 

Found: C, 45.2; H, 6.1; N, 31.4%; M+, 268. 

10-16 16-3— requires: C, 44.8; H, 6.0; N, 31.3%; M, 268. 

No further product was obtained on work up of the aqueous mother liquor. 

The Attempted Cyclisation of the Pyrirnidylaminoacetamide (376a). 

(i) A hot suspension of the amide (376a), (0.48 g, 0.002 mci) in 

absolute ethanol (100 ml) was treated with a solution of sodium (0.18 g, 

0.008 g atom) in absolute ethanol (5.0 ml) and the mixture was heated 

under reflux for 1 h. Evaporation gave a gummy residue which was treated 

with water and filtered to yield unchanged starting material (35%) identical 

(m.p. and i.r. spectrum) with an authentic sample. 	The alkaline filtrate 

was acidified to pH 5 with concentrated hydrochloric acid and extracted 

with chloroform to give a gummy residue, ether trituration of which 

yielded a solid (0.09 g). 	Crystallisation yielded 2-dimethylamino-7- 

hydroxypurine-8-carboxarnide (378), m.p. 220-2°  (from methanol-climethylforma-

mide), v 
max.  3240 br (OH) and 1675 (CO) cm 

Found: C, 41.7; H, 4.7; N, 33.0%; M+, 222. 

8l062 _requires: C, 43.2; H, 4.5; N, 37.8%; M, 222. 

The acidic aqueous mother liquor was neutralised with solid sodium acetate 

and then subjected to constant chloroform extraction. Evaporation of the 

chloroform extract gave a gummy solid (0.04 g) which was not further 

characterised. 
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(ii) A solution of the amide (376a), (0.60 g, 0.0025 mol) in dry 

dimethylformamide (50 ml) was added with stirring to a suspension of 

sodium hydride (0.13 g) in dry dimethylformamide (10 ml) over a period 

of 15 mm. The temperature of the mixture was raised over 15 min to 

55_600 and stirring was continued at this temperature for a further 15 

mm. The mixture was then cooled and poured into water. Extraction 

with chloroform gave a solid (0.38 g) whose t.l.c. in chloroform-methanol 

over silica showed it to contain starting material. The solid was 

extracted with hot ethyl acetate to leave an insoluble residue (0.10 g) 

which was shown by m.p. and i.r. spectrum to be unchanged starting 

material. Evaporation of the ethyl acetate mother liquor gave a solid 

which appeared from its i.r. spectrum to be a mixture. Attempts to 

crystallise this solid from methanol and ethyl acetate failed and it 

was not further characterised. Work up of the aqueous mother liquor 

gave no further material. 

The Attempted Cyclisation of the Pyrimid-4-ylaminoacetamide (376b). 

A solution of the amide (376b), (0.67 g, 0.0025 mol) in methanol (75 ml) 

was heated under reflux and treated over 15 min with a solution of 

sodium carbonate (0.14 g) in water (1.5 ml). 	The mixture was then 

stirred under reflux for 2 h and evaporated. Treatment of the solid 

residue with water gave the unchanged starting material (60%) identical 

(m.p. and i.r. spectrum) with an authentic sample. Neutralisation 

(glacial acetic acid) of the aqueous alkaline mother liquor and extraction 

with chloroform gave a small amount of a solid which could not be 

characterised. 



2-Dimethylamino-9--methylpurin--8(7H)-one (379) 

(1) A hot solution of the amide (377a), (0.51 g, 0.002 mol) in 

absolute ethanol (50 ml) was treated with a solution of sodium (0.18 g, 

0.008 g atom) in absolute ethanol (5.0 ml) and the mixture was heated 

under reflux for 1 h during which time more absolute ethanol (15 ml) 

was added. An alkaline gas was evolved and the mixture was evaporated 

to give a dark red gummy residue which was treated with water and filtered 

to remove a small amount of insoluble material. Extraction of the aqueous 

filtrate with chloroform gave a negligible quantity of material. The 

aqueous mother liquor was neutralised with glacial acetic acid and re-

extracted with chloroform. Evaporation of the extract followed by 

trituration with methanol gave the purinone (379), (26%) as an amorphous 

pale brown solid, m.p. 233-7°  (from methanol), v 	1720 (CO), T[CDClf 

(CD3)2S0] 2.22 (1H, S, ArH), 6.78 (3H, S, CH3N), and 6.92[6H, S, (CH 3)2
NI' 

Found: C, 49.0; H, 5.6; N, 37.0%; M+, 193. 

£el7.50 requires: C, 49.7; H, 5.7; N, 36.3%; M, 193. 

Work up of the aqueous mother liquor gave no further material. 

(ii) A solution of 2-dimethylamino-4-methylamino_5_njtropyrjmjdjne 

(234), (0.54 g, 0.0027 mol) in glacial acetic acid (100 ml) was hydrogenated 

over 10% palladium on charcoal (0.06 g). The filtered mixture was 

evaporated at ca. 600 to give a dark red oil which was dissolved in chloro-

form and washed with saturated aqueous sodium hydrogen carbonate. The 

resulting dark blue organic phase was evaporated to give a gummy solid 

(0.40 	v 	3350, 3150 and 1660 	cm which was ground intimately max.

with urea (2.0 g) and heated at 180°  (oil bath) for lh during which time 

gas evolution occurred. The melt was cooled and the black residue was 

treated with water and filtered to remove some dark solid. After standing 
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at room temperature for 24 h the clear filtrate deposited a solid which 

was collected and crystallised to yield the purinone (379), (7.5%), 

m.p. 235-6°  (from methanol) identical (m.p. and i.r. spectrum) with the 

sample obtained previously. 

2-Dimethylamino-6, 9-dimethylpurine-8-carboxamide 7-IT-Oxide (385). 

A solution of the amide (377b), (1.0 g, 0.0037 mol) in methanol (50 ml) 

was heated under reflux and treated over 15 min with a solution of sodium 

carbonate (0.21 g) in water (2.0 ml). 	The mixture was stirred under 

reflux for 4 h. Hot-filtration gave a solid which was combined with 

insoluble material obtained by evaporation of the mother liquor, treating 

with water, and boiling with methanol, to yield the purine 7-N-oxide 

(385), (65%), as a light brown amorphous solid which melted at 268-70°  

(from glacial acetic acid-methanol) (with sublimation at 240°) and 

resolidified to give long needles m.p. > 325°, v 	3200 br (NH) and 

1680 (CO) cm i , r(CF3CO2H) 5.81 (3H, S, CH3N), 6.53[6H, S, (CH 3)2NJ, 

and 6.78 (3H, S, CH3). 

Found: C, 48.1; H, 5.8; N, 33.5%; 	250. 

£1ol4622_requires: C, 48.0; H, 5.6; N, 33.6%; M, 250. 

Evaporation of the methanolic mother liquor gave the unchanged starting 

material (21%) which was identical (m.p. and i.r. spectrum) with an 

authentic sample. 

2-Dimethylarniflo-6,9-dimethvlpurmn-8(7H) -one (373) 

(a) A suspension of the N-oxide (385), (0.25 g, 0.001 mol) in 

absolute ethanol (100 ml) was treated with a solution of sodium (0.09 g, 

0.004 g atom) in absolute ethanol (2.5 ml) and the mixture was heated 



under reflux for 1 h and then evaporated and treated with water. 

Filtration gave the starting N-oxide (40%) identical (m.p. and i.r. 

spectrum) with an authentic sample. Extraction of the alkaline aqueous 

filtrate with chloroform gave no material. The aqueous mother liquor was 

then acidified with glacial acetic acid and re-extracted with chloroform 

to give a gummy solid which was triturated with ether to afford the 

purinone (373), (40%), as cream needles, m.p. 285-7°  (from ethanol), 

'max. 3100 (NH) and 1700 (CO) cm- 1, T[(CD3)2S0] 6.85 (3H, S, CH3N), 

6.98[6H, S, (CH 3)2N], and 7.78 (3H, 5, Cr13). 

Found: C, 52.5; H, 6.4; N, 33.9%; M+, 207. 

£g13.50 requires: C, 52.2; H, 6.3; N, 33.8%; M , 207. 

(b) (i) A suspension of the chloropvrimidine (337), (1.74 g, 0.008 

mol) in aqueous methylamine (30% W1 	8.5 ml, 0.08 mol) was heated to 

reflux temperature. 	Since the reaction mixture was heterogeneous, 

ethanol (30 ml) was added and the resulting solution was heated under 

reflux for 1 h, and then evaporated. Treatment of the solid residue 

with water gave 2-dimethylamino-4-methylamino_6_rnethyl_5_nitropyrimidjne 

(386), (89%), as pale orange plates, m.p. 142-5°  (from ethanol), v 

3350 (NH) and 1550 and 1340 (No2) cm- 1, 't(CDC13) 1.42 br (1H, 5, NH), 

6.79{6H, S. (CH 3)2NJ , 6.99 (3H, a, J4Hz, CH N), and 7.36 (3H, 5, CH3). 

Found: C, 45.4; H, 6.2; N, 33.1%; M+, 211. 

8-l3-52_requires: C, 45.5; H, 6.2; N, 33.2%; M, 211. 

(ii) A solution of the aminopyrimidine (386), (1.0 g, 0.005 mol) 

in ethanol (200 ml) was hydrogenated over 10% palladium on charcoal 

(0.10 g) for 15 h. 	The mixture was filtered and evaporated to give 

the impure diamine (387), (0.73 g), v 	3350 and 3200 br (NH) cm 1, 

which was intimately mixed with urea (4.0 g) and heated at 1800 (oil 
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bath) for 1 h. The cooled melt was treated with water and filtered to 

give the purinone (373), (41%), m.p. 278-82°  (from ethanol), identical 

(m.p. and i.r. spectrum) with a sample obtained previously. 

6-Benzylamino-1, 3-dimethyl-5--nitrouracil (395) 

A solution of 6-chloro-1,3--dimethyl-5--nitrouracil (262), (0.88 g, 0.004 mol) 

in methanol (20 ml) was treated with benzylamine (0.86 g, 0.008 mol) and the 

mixture was stirred at room temperature for 1 h and then heated under ref lux 

for 1 h. The cooled mixture was filtered to afford the uracil derivative 

(395), (46%), as yellow needles, m.p. 135-7°  (from methanol), 'umax. 3325 

(NH), 1710 and 1650 (CO), and 1560 and 1320 (NO2) cm 1, r(CF3CO2H) 2.62 

br (5H, 5, ArH), 5.16 (2H, S, CE2), 6.24 (3H, S, CH3N), and 6.52 (3H, S, 

CH3N). 

Found: C,"53.8; H, 4.9; N, 19.1%; M+,  290. 

requires: C, 53.8; H, 4.9; N, 19.3%; M, 290. 

The Attempted Cyclisation of 6-Eenzylamino-1,3-dimethyl-5-nitrouracil (395 

A solution of the pyrimidine derivative (395), (0.97 g, 0.003 mol) in 

methanol (12 ml) was heated under reflux for 2 h with solid sodium hydroxide 

(0.60 g). The mixture was filtered to remove a small amount of solid and 

the filtrate was evaporated, treated with water and neutralised with 

glacial acetic acid. Evaporation gave a purple gum which was extracted 

with chloroform. The gum obtained by evaporation of the extract was 

triturated with methanol to give 1-benzylamino-1-methylamino-2-nitro-

ethylene (399), (47%), as a yellow amorphous solid, m.p. 169-72°  (from 

methanol), v 
max. 	 2 

3200 br and 1640 (NH), 1570 and 1370 (NO ) cm. -1 
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Found: C, 57.9; H, 6.1; N, 20.5%; M+,  207. 

£lo.13.322_requires: C, 58.0; H, 6.3; N, 20.1%; M, 207. 

No material was obtained on further work up of the mother liquor. 

The Reaction of 6-Chloro-1,3--dimethyl-5--nitrouracil (262) with Hydroxylamine. 

A solution of the chloro compound (263), (0.44 g, 0.002 mol) in methanol 

(20 ml) was treated with hydroxylamine hydrochloride (0.14 g, 0.0022 mol) 

followed by fused sodium acetate (0.33 g). 	The mixture was stirred at 

room temperature for 1 h and filtered to give the oxadiazolopyrimidine 

N-oxide (293), (31%), m.p. 242-3°  (from glacial acetic acid), identical 

(m.p.. and i.r. spectrum) with an authentic sample. 	Work up of the 

mother liquor gave no further identifiable material. 

The Reaction of the Chioropyrimimidine (262) with Benzaldcxime. 

A solution of the chloro nitropyrimidine (262), (0.88 g, 0.004 mol) in 

methanol (20 ml) was treated with a solution of benzaldoxime. The 

mixture was stirred at room temperature for 1 h and then heated under 

reflux for 1 h. 	Cooling and filtration gave 1,3-diinethyl-5-nitrobarbiturjc 

acid (407), (74%), m.p. 143-5°  (lit., 135 145-7), V 	1720 and 1680 (CO) 

and 1560 and 1380 (NO 2) cm 1, Mt 201, C 
6  H  7  N  3  0  5 

 requires M, 201. 

The Reaction of 4-Chloro-2-dimethylamino-5-nitropyrirnidjne (192) with 

Benzaldoxime. 

A solution of the chloro compound (192), (0.61 g, 0.003 mol) in methanol 

(20 ml) was treated with benzaldoxime (0.73 g, 0.006 mol) and triethylamine 

(1.5 ml) and the mixture was heated under reflux for 10 mm. 	The resulting 

solution was cooled in ice and filtered to give 0-(2-dimethylamino-5-- 
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nitropyrimid-4-yl)benzaldoxjrne (408), (34%), as colourless needles, 

m.p. 143-4°  (from ethanol), 
'umax.  1530 and 1325 (NO2) cm 

l, 
 r(CDc13) 

0.96 (lH, S, ArH), 1.38 (1H, S, CH), 2.18-2.30 (2H, m, ArH), 2.48-2.60 

(3H, m, ArH), 6.67 (3H, S, CH3N), and 6.69 (3H, S, CH3N). 

Found: C, 54.0; H, 4.6; N, 24.3%; M+, 287. 

l3l3.52.3_requires: C, 54.4; H, 4.6; N, 24.4%; M, 287. 

Work up of the methanolic filtrate by evaporation and trituration with 

ether gave 2-dimethy1ami-10-4-hydroxy-5-nitropyrimidine (191), (55%) 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Thermolysis of the Oxime Ether (408). 

The oxime ether (408), (0.05 g) was heated at 130-150°  (oil bath) in a 

pyrex tube for a few minutes. The liquid which distilled on to the 

side of the tube was collected to give benzonitrile, identical (i.r. 

spectrum) with an authentic sample. The solid residue was triturated with 

ether to yield the hydroxypyrimidine (191), (0.03 g) m.p. 311-3 0 (from 

dimethyiformamide), identical (m.p. and i.r. spectrum) with an authentic 

sample. 

The Attempted Reaction of the Hydroxyaminopyrirnidine (244) with Benzaldehyde. 

A solution of the hydroxyamino compound (244),(0.40 g, 0.002 mol) in ethanol 

(100 ml) was treated with a solution of benzaldehyde (0.21 g, 0.002 mol) in 

ethanol (5.0 ml) and the mixture was stirred at room temperature for 15 h. 

Evaporation and trituration of the residue with ether gave the unchanged 

starting material (quant.), identical (m.p. and i.r. spectrum) with an 

authentic sample. 	In a similar experiment, the hydroxylamine (0.40 g, 

0.002 mol) was suspended in methanol (15 ml) and treated with concentrated 
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sulphuric acid (0.46 g) followed by behzaldehyde (0.21 g, 0.002 mol). 

The mixture was left at room temperature for 2 days, concentrated under 

reduced pressure, treated with water and neutralised with aqueous 2.5 M 

sodium hydroxide to give the unchanged starting material in quantitative 

yield. 
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53. 	 AZAPURINE N-OXIDES. 

The base-catalysed cyclisation of 2-nitrophenyihydrazines to 

benzotriazole N-oxides is a well documented process (see chapter 1). 

However the corresponding cyclisation of nitropyrimidylhydrazines has 

not been investigated. 	It was decided therefore, to study the base- 

catalysed cyclisation of pyrimidyihydrazines of the type (410) which, 

if successful, should provide a new synthetic route to azapurine 

7-N-oxides (411) (Scheme 91). Consequently 2-dimethylamino-5-nitropyrimid--4-

y1hydrazine (412) was prepared in high yield by the reaction in tetra-

hydrofuran of the chioropyrimidine (192) with 100% hydrazine. hydrate. 

Satisfactory analytical, mass spectral and 1H n.m.r. data were obtained 

for this compound, which was further characterised as its benzylidene 

derivative (414), formed by the reaction of the hydrazino compound (412) 

with benzaldehyde (Scheme 92). Also produced in the reaction of the 

chioro-nitropyrimidine (192) with hydrazine, in very low yield, was the 

highly insoluble 1, 2-bis- (2-dimethylamino-5-nitropyrimid.-4-yl)hydrazine 

(413) (Scheme 92). 	The assignment of the disubstituted hydrazine 

structure (413) to this product is based on satisfactory analytical and 

mass spectral data. 	The i.r. spectrum of the insoluble solid (413) 

contained an absorption band at 3320 cm-1  attributable to the presence of 

an NH group and bands at 1540 and 1320 cm-1  attributable to nitro group 

absorption. The insolubility of the disubstituted hydrazine prevented 

its crystallisation, and also the measurement of its 1H n.m.r. spectrum. 

However it was finally purified by dissolving the crude solid in warm 

concentrated hydrochloric acid and reprecipitation by the addition of 

water. 	The formation of (413) is presumably the result of further 

reaction of the hydrazino compound (412) with the chloro compound (192) 
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for which there is precedent 110 (see chapter 3). 	1-(2-Dimethylamino--5- 

nitropyrimid-4-yl)-2-phenylhydrazine (415) was also readily prepared by 

the reaction of the chloro compound (192) with phenylhydrazine, and 

satisfactory analytical and mass spectral data, consistent with the 

assigned structure were obtained. 	It's 1 H n.m.r. spectrum exhibited 

duplication in all of the signals present (i.e. H-6 and the resonances 

of the phenyl and dimethylamino group protons). However the integrated 

ratios of the proton resonances were consistent with the assigned 

structure (415) and t.l.c. showed only one spot. 	Consequently the multi- 

plicity in the 1H n.m.r. spectrum of the hydrazine (415) is possibly due 

to the presence of two relatively stable conformers (415 a and b) 

(Scheme 93). 	A mixture of the structures (415) and (416) can be discounted 

on the basis of the t.l.c. evidence and the sharp melting point shown by 

(415). The lower basicity of the secondary amino group in phenylhydrazine 

NNO2  
MC N 	NN H2  

(416) Ph 

compared with the primary amino group will be unfavourable towards the 

formation of the structure (416) in this reaction. Also steric crowding 

due to the phenyl group will tend to inhibit the formation of (416) 

Attention was then directed towards the cyclisation of the 

pyrimidylhydrazines (412), (415) and also 2-dimethylamino-6-methyl-5-

nitropyrimid-4-ylhydrazine (339) which had been prepared previously 

(see chapter 4). 	Successful cyclisation of the hydrazino compound (412) 
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would yield the N-hydroxytriazole (417) . Various attempts to effect the 

cyclisation [(412) - (417)] were carried out. 	Heating the hydrazine (412) 

under reflux in aqueous alkali gave only a low yield of the starting 

OH 

NNO _______ NN\ 
I I 2 	II 	11N ',N 

MCNNNHNH2 	 MeNN 
2 	 2 

(412) 	 (417) 

hydrazine, no other identifiable products being obtained. A similar attempt 

to cyclise the hydrazine (339) gave only a very low yield of the starting 

material. An attempt was next made to cyclodehydrate the hydrazine (412) 

to the triazole (417) by heating it under reflux in acetic anhydride.. 

However the only product, isolated in good yield, was a diacetyl derivative. 

The 2, 2-diacetyl-l- (2-dimethylamino-5-nitropyrimid-4-yl) hydrazine structure 

(419) is assigned to the diacetyl compound on the basis of its 'H n.m.r. 

spectrum. 	Two three proton singlets, one at -t 6.81 and the other at 

T 6.98 are assigned to the dimethylamino group in (419) and a six-proton 

singlet at -r  7.70 is assigned to the two equivalent acetyl groups in (419). 

However, acetylation of the hydrazine (412) would be expected to yield 

initially the monoacetyl derivative (418) (Scheme 94) in which the 

nucleophilicity of both nitrogen atoms of the hydrzino group should be 

approximately the same due to the competing electron withdrawing effects 

of the 1-(nitropyrimid-4-yl) group and the 2-acetyl group respectively. 

Consequently further acetylation of (418) might have been expected to occur 

with equal ease at N-1 and N-2 in the hydrazine side-chain of (418). 

However none of the isomeric 1,2-diacetyl product (420) (Scheme 94) could 
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be detected thus demonstrating the lower nucleophilicity of the pyrimidyl-

amino centre in (418), and presumably also the greater steric hindrance 

to approach to this centre. An attempt was also made to cyclise the 

hydrazine (412) thermally by heating it under reflux in diphenyl ether. 

However the unchanged starting material was again isolated. 

The failure of the pyrimidyihydrazine (412) to undergo cyclisation 

to the azapurine (417) under basic or purely thermal conditions prompted 

an attempt to effect cyclisation under acidic conditions. 	It is known 136 

that 2-nitropheny1hydrazines of the type (421) can undergo acid-catalysed 

cyclisation to benzotriazole N-oxides (423). A possible mechanism for 

this transformation involves the initial rearrangement of the nitro compound (421) 

to the aci-nitro tautomer (422) followed by cyclisation as shown in 

Scheme 95 	Consequently it was hoped that hot polyphosphoric acid might 

catalyse the cyclisation of the hydrazine (412) to the N-hydroxytriazole 

(417), the aci-nitro tautomer (424) being the expected intermediate in 

this process (Scheme 96). However this reaction resulted only in the 

quantitative recovery of the starting hydrazine. An attempt was also made 

to cyclise the pyrimidylphenylhydrazine (415) by heating it under reflux 

in glacial acetic acid. This reaction gave a solid product whose mass 

spectrum indicated it to be a mixture of the unreacted starting material 

and a monoacetyl derivative of the hydrazine (415). The presence of 

the latter is also supported by the i.r. spectrum of the crude solid 

which showed a carbonyl band at 1675 cm-1  which is assigned to an N-acetyl 

group. Attempts to separate the crude mixture by crystal1iation failed, and 

it was not further investigated. 

Due to the failure of attempts to achieve the cyclisation of the 

hydrazine derivatives (339) (412) and (415), attention was directed to 
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the preparation and cyclisation of 1-(-dimethylamino-5-nitropyrimid-4-yl)- 

2-benzoylhydrazine (425). 	It was hoped that the increased acidity of the 

acyl-substituted hydrazine group in this compound compared with that in 

the hydrazines (339), (412) and (415) would promote base-catalysed intra- 

molecular aldol-type cyclisation in (425) to the N-oxide (427). 	The 

latter product, if formed, might then be convertible by deacylation, for. 

which there is precedent (see chapter 1), into the parent N-hydroxytriazole 

(417) (Scheme 97). 	The hydrazide (425) was prepared in quantitative yield 

by reacting the chioro compound (192) with benzoylhydrazine in ttrahydro- 

furan. 	Satisfactory analytical, mass spectral and 1H n.m.r. data were 

obtained for the hydrazide (425). On heating an ethanolic solution of the 

NHNHCOPh 	
NpNo2 NiNC2 -2 

MCNN Ct 	 MNNNHNHCOPh 
(192) 	 (425) 

hydrazide (425) under reflux with aqueous sodium acetate a deep red colour 

was produced, indicating the probable formation of the salt (426) (Scheme 

97). However only the unchanged starting material was recovered on work 

up. 	The use of ethanolic sodium ethoxide as the catalyst in this reaction 

again returned the unchanged starting material together with a low yield 

of the hydroxypyrimidine (191). The formation of (191) is probably due 

to the expulsion of the benzhydrazide side-chain as a leaving group. 

A final attempt was made to obtain either the N-oxide (427) or the N-

hydroxy compound (417) by heating the hydrazide (425) under reflux in 

aqueous alkali. However, together with a low yield of the starting 
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material, the only, other identifiable product of this reaction was 

benzoic acid, derived by hydrolytic removal of the benzoyl group. 

Due to the failure of these routes to azapurine 7-N-oxides the investi-

gation of cyclisation reactions of nitropyrimidyihydrazines was terminated 

at this point. 



Chapter 5E 

EXPERIMENTAL 
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The Reaction of 4-Chloro-2-dimethylamiiio-5-nitropyrimidine (192) with 

Hydrazine Hydrate. 

A solution of the chioropyrimidine (192), (8.10 g, 0.04 mol) in tetrahydro-

furan (250 ml) was treated with fused sodium acetate (9.80 g, 0.12 mol) and 

100% hydrazine hydrate (8.0 g, 0.16 mol) and the mixture was stirred at 

room temperature for 1 h. Filtration gave a solid which was washed with 

water and then heated briefly under reflux with dimethylformamide (75 ml) 

and hot-filtered to give 1, 2-bS- (2-dimethylamino-5-nitropyrimid-4--yl) 

hydrazine (413), (2%) which was purified by dissolution in concentrated 

hydrochloric acid and reprecipitation by dilution with water, m.p. > 3000 , 

max. 3320 (NH) and 1540 and 1320 (NO 2 ) CM 
-1 

Found: C, 39.9; H, 4.5; N, 38.8%; M+,  364. 

l2l6lO24_requires: C, 39.6; H, 4.4; N, 38.5%; M, 364. 

Evaporation of the combined dimethylformamide and tetrahydrofuran mother 

liquors followed by trituration with ethanol afforded 2-dimethylamino-5-- 

nitropyrirnid-4--ylhydrazine (412), (83%) as yellow needles, m.p. 234-60 
 

(from dimethylformarnide), v 	3300 and 3270 (NH) and 1545 and 1325 (NO 
2 

-1, 	
T[(CD3)2SO] 1.09 (lH,S,ArH) and 6.78[6H, S, (CH 3)2N}.,  

Found: C, 36.6; H, 5.2; N, 42.3%; M+, 198. 

C
6-1 O6-:--2 
	C, 36.4; H, 5.1; N, 42.4%; M, 198. 

which was characterised as its benzylidene derivative (414) formed in 

quantitative yield by the reaction of a suspension of the hydrazine 

(412) (0.20 g, 0.001 mol) in methanol (4.0 ml) with benzaldehyde 

(0.11 g, 0.001 mol) in the presence of concentrated sulphuric acid 

(0.23 g). 	The benzylidene compound (414) had m.p. 250-2°  (from dimethyl- 

formamide), v 	3270 (NH) and 1550 and 1325 (NO ) cm 1, t (CF CO H) max. 	 2 	 32 

0.92 (lH, S, CH), 1.39 (lii, S, ArH), 1.92-2.54 (5H, rn, ArH), 6.48 (3H, S, 

CH3N), and 6.58 (3H, S, CH3N). 
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Found: C, 54.8; H, 5.1; N, 29.6; M+, 286. 

£13!.14692_requires: C, 54.5; H, 4.9; N, 29.4; M, 286. 

The Reaction of 4-Chloro-2-dimethylamino-5-nitropyrimidine (192) with 

Phenylhydrazine. 

A solution of the chloro compound (192), (0.81 g, 0.004 mol) in tetra-

hydrofuran (25 ml) was treated with fused sodium acetate (0.98 g, 0.012 mol) 

followed by phenyihydrazine (0.48 g, 0.0044 mol) and the mixture was stirred 

at room temperature for lh, and then evaporated and treated with water. 

Filtration gave 1-(2-dimethylamino-5-nitroovrimid-4---yl)-2-phenylhydrazine 

(415) in quantitative yield as orange plates, m.p. 134-7°  (from methanol), 

V 	3290 br (NH) and 1540 and 1320 (NO ) cm- 1, t(CDC1 ) 1.03 and 1.24 max. 	 2 	 3 

(III, S, ArH), 2.60-3.16 (5H, m, ArH), 5.12 br (lii, S, NH), and 6.81 and 

7.02 [6H, S, (CH 3)2NJ. 

Found: C, 52.3; H, 5.0; N, 30.8%; M, 274 

l2l462_requires: C, 52.5; H, 5.2; N, 30.6%; M, 274. 

T.l.c. of a pure sample of the hydrazinopyrimidine (415) in ether or 

benzene over silica or alumina showed the presence of only a single 

component. 

The Preparation of 1- (2-Dimethylamino-5-nitropyrimid-4-yl) -2-benzoyl--

hydrazine (425). 

A solution of the. chioropyrimidine (192), (0.41 g, 0.002 mol) in tetra-

hydrofuran (10.0 ml) was treated with fused sodium acetate (0.49 g, 

0.006 mol) followed by a solution of benzoylhydrazine (0.30 g, 0.0022 mol) 

in tetrahydrofuran (10.0 ml). The mixture was stirred at room tempera-

ture for 1 h and then evaporated and treated with water to give the 
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hydrazide (425), in quantitative yield, as fine pale yellow needles, 

m.p. 182-40  (from methanol), v 	3340 and 3200 (NH), 1640 (CO), and 

1530 and 1330 (NO 2) cm- 1, t [(CD3)2SO] 1.05 (1H, S, ArH), 2.04-2.14 (2H, 

m, ArH), 2.40-2.62 (3H, m, ArH), 6.81 (3H, S, CH3N), and 6.98 (3H, S, 

CH3N). 

Found: C, 51.7; H, 4.7; N, 27.8%; M+, 302. 

£13!14!623 _requires: C, 51.7; H, 4.7; N, 27.8%; M, 302. 

The Attempted Cyclisation of 2-Dimethylamino-5-nitropyrimid_4_ylhydrazjne 

(412) 

A suspension of the hydrazinopyrimidine (412), (0.33 g, 0.0015 mol) 

in aqueous 2.5 M sodium hydroxide (5.0 ml) was heated under ref lux for 5 mm 

during which time more alkali (5.0 ml) was added. Hot-filtration gave a 

solid which was suspended in water and acidified with concentrated hydro-

chloric acid. Neutralisation of the resulting solution with saturated 

aqueous sodium hydrogen carbonate gave the unchanged starting material 

(15%) identical (m.p. and i.r. spectrum) with an authentic sample. 

Neutralisation of the alkaline mother liquor with concentrated hydrochloric 

acid and extraction with chloroform gave a negligible amount (<0.05 g) of 

an unidentified solid. 

A solution of the hydrazino compound (412), (0.40 g, 0.002 mol) 

in acetic anhydride (7.0 ml) was heated under reflux for 0.5 h. Filtration 

of the cooled solution gave a solid which was combined with a second crop 

obtained by evaporating the filtrate and trituration with ether, and 

crystallised to yield 2, 2-diacetyl-l- (2-dimethylamino-5-nitropyrimid-4_yl) 

hydrazine (419), (75%), as yellow prisms, m.p. 212 -40  (from dimethyl-

formamide), v max. 3320 (NH), 1730 and 1720 (CO)i  and 1550 and 1330 



-214- 

(No2) cm, 	[(cD3)2SO] 1.05 (Ui, S, ArH), 6.81 (3H, S, CH3N),6.98 (3H, 5, 

CH3N),and 7.70 {6H, S, (CH 3  CO) 2]. 

Found: C, 42.6; H, 5.1; N, 29.7%; M+,  282. 

+ 
.21o.i4.624_requires: C, 42.6; H, 5.0; N, 29.8%; M , 282. 

A solution of the hydrazinopyrimidine (412) (0.40 g, 0.002 

mol) in diphenyl ether (15 ml) was heated under ref lux for 7 mm. 	The 

resulting dark red solution was cooled and filtered to yield unchanged 

starting material which was combined with a further crop obtained by 

evaporating the mother liquor and trituration with ether (total recovery 

70.), identical (m.p. and i.r.) spectrum with an authentic sample. 

A mixture of the hydrazine (412), (0.40 g, 0.002 mol) and 

polyphosphoric acid (5.0 g) was heated at 80°  for 4 h. The cooled 

solution was diluted with water and neutralised with solid sodium hydrogen 

carbonate to afford unchanged starting material (recovery quantitative), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Attempted Cyclisation of 2-Dimethylamino-6--methyl-5-nitropyrimid-4-

y1hydrazine (339). 

The hydrazine (339), (0.42 g, 0.002 mol) was suspended in aqueous 2.5 M 

sodium hydroxide (5.0 ml). The mixture was heated at 100°  for 10 mm 

during which time further alkali (5.Oml) was added. Hot-filtration gave 

unchanged starting material (17%), identical (m.p. and i.r. spectrum) 

with an authentic sample. The aqueous alkaline filtrate was neutralised 

with aqueous dilute hydrochloric acid and then extracted with chloroform. 

Evaporation of the chloroform extract gave a negligible amount of solid 

and further work up of the aqueous mother liquor gave no more material. 
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The Attempted Cyclisation of the Pyrimidyiphenyihydrazine (415). 

A solution of the phenyihydrazine (415),'(0.27 g, 0.001 mol) in glacial 

acetic acid (5.0 ml) was heated under ref lux for 3 h. Evaporation of the 

cooled mixture gave a gum which was triturated with ether to afford a solid 

(0.18 g), m.p. 127-330, umax 1675 (CO), whose mass spectrum (m/e 316 and 

274) indicated it to be a mixture of a monoacetyl derivative and the 

starting material. Attempts to separate the mixture were unsuccessful. 

The Attempted Cyclisation of the Pyrimidylbenzoylhydrazine (425). 

A solution of the pyrimidylbenzoyi hydrazine (425), (0.30 g, 

0.001 mol) in ethanol (30 ml) was treated with aqueous 2 M sodium acetate 

(1.0 ml) and the resulting dark red solution was heated under ref lux for 

5 mm. Evaporation of the mixture and treatment of the solid residue with 

water gave unchanged starting material (87%), identical (m.p. and i.r. 

spectrum) with an authentic sample. Work up of the aqueous mother liquor 

gave no further material. 

Extension of the reaction time to 15 h similarly resulted in the 

quantitative recovery of starting material, identical (m.p. and i.r. 

spectrum) with an authentic sample. 

A solution of the hydrazide (425), (0.30 g, 0.001 mol) in 

absolute ethanol (40 ml) was treated with a solution of sodium (0.09 g, 

0.004 g atom) in absolute ethanol (5.0 ml) and the dark red solution was 

heated under reflux for 1 h. Filtration of the cooled mixture gave a 

salt (left a residue on burning) which was acidified with aqueous dilute 

hydrochloric acid to give unchanged starting material (67%) identical 

(m.p. and i.r. spectrum) with an authentic sample. Evaporation of the 

ethanolic mother liquor gave a solid which was treated with water and 
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acidified with concentrated hydrochloric acid to yield 2-dimethylaniino-4- 

hydroxy-5-nitropyrimidine (191)88, (16%), m.p. 309_10  (from dimethyl-

formamide), identical (m.p. and i.r. spectrum) with an authentic sample. 

(iii) A suspension of the hydrazide (425), (0.17 g, 0.0006 mol) 

in aqueous 2.5 M sodium hydroxide (1.5 ml) was heated under reflux for 

2 h during which time water (10.0 ml) was added to maintain homogeneity. 

The mixture was cooled and acidified with concentrated hydrochloric acid. 

Filtration gave unchanged starting material (18%) identical (m.p. and i.r. 

spectrum) with an authentic sample. The aqueous acidic mother liquor was 

buffered with solid sodium acetate and extracted with chloroform to give 

benzoic acid (0.04 g), (71%), identical (m.p. and i.r. spectrum) with an 

authentic sample. 
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5C. 	 TRIAZOLOPYRIDII'TE N-OXIDES 

The success of the cyclisation of 2-nitropheny1hydrazines to 

benzotriazole N-oxides has been discussed previously (see chapters 1 and 

5B). 	It has been demonstrated (chapter 5B) that in comparison with the 

ready cyclisation of 2-nitropheny1hydrazines to benzotriazole N-oxides, 

the corresponding nitropyrimidyihydrazines do not undergo ready base or 

acid-catalysed cyclisation to azapurine N-oxides. 	Since the pyridine 

nucleus can be considered intermediate between benzene and pyrimidine in 

its electronic properties, it was of interest to investigate the preparation 

and cyclisation of analogous nitropyridylhydrazines (428) . 	Base--catalysed 

intramolecular aldol-type cyclisation of hydrazines of the type (428) has 

not been investigated previously and, if successful, would provide a new 

route to N-oxygenated triazolopyridines (429). 

NO 
2 , nt'f N- NH 

2 

(428) R 
The commercially available 2-chloro-3-nitropyridine (430) reacted 

with 100% hydrazine hydrate to yield the known 3-nitropyrid--2--ylhydrazine 

(431) 137 in high yield (Scheme 98). 	Attempts to prepare 1-methyl-2- 

(3-nitropyrid-2--yl)hyclrazjne (432) using the method reported to be 

successful by Lewis and Shepherd, 138 or the conditions which were success-

ful for the preparation of the hydrazine (431) gave the starting material 

as the only identifiable product. 	However the pyridylhydrazine (432) 

was finally synthesised in high yield by heating the chloro compound (430) 

with methy1hydrazine in the presence of anhydrous potassium carbonate 



(Scheme 98). 98) . 	The pure compound was isolated, by dry column chromatography, 

as an oil which solidified on standing at room temperature for a few hours. 

The melting point of the compound (432) was ca. 200  lower than that of the 

product reported by Lewis and Shepherd. 138 The hydrazine (432) was 

characterised as its benzyl1dene derivative (433) for which satisfactory 

analytical, mass spectral and 1 H n.m.r. data were obtained. 	Attention 

was then directed towards the preparation of 1-phenyl--2-(3--nitropyrid-2- 

yl)hydrazine (434) . 	The conditions which were successfully used for the 

preparation of 3-nitropyrid-2-ylhydrazine (431) failed to afford the 

expected hydrazine (434), a multicomponent gum being obtained. 	Heating 

the chioro compound (430) at 120°  with phenyihydrazine in the presence of 

anhydrous potassium carbonate gave an oil from which a low yield of 

2-phenyl-1,2,3-triazolo [4,5-bJ pyridine i-N-oxide (436) was isolated. 

The N-oxide (436) gave analytical and spectral data consistent with the 

assigned structure. 	In particular its mass spectrum showed a fragment 

ion at (14 16) mass units corresponding to the loss of the N-oxide oxygen 

atom, and its i.r. spectrum contained no NB or nitro group absorption. 

Due to the very low yield of the N-oxide (436) there was insufficient 

material to attempt its reduction to the parent triazole (437). 	The 

formation of the cyclic compound (436) in this reaction presumably takes 

0 

NO2 	h 	K2CO3 > 
	NPh 

NCI 	 N N NH  
(436) Z  [H  

NPh 
N\  'N N 

(437) 
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place via the intermediate hydrazine (434) which undergoes base-catalysed 

cyclisation in the melt (Scheme 99), via the adduct (435) 

Encouraged by the apparent ease of N-oxide formation from the 

hydrazine (434), attention was directed towards the cyclisation of the 

hydrazines (431) and (432) . 	The hydrazine (431) reacted spontaneously 

and rapidly at room temperature with aqueous 2.5 M sodium hydroxide and 

gas was evolved. When the mixture was heated at 1000 and then cooled, 

a product separated, whose structure will be discussed later. 	Acidifica- 

tion of the alkaline mother liquor gave the expected N-hydroxytriazole 

(438) which showed characteristic acidic properties and gave analytical 

and mass spectral and 
1 
H n.m.r. data in accord with the structure (438) 

Its mass spectrum contained a fragment ion at (M 16) mass units corres-

ponding to the loss of the oxygen atom of the N-hydroxy group. Also its 

i.r. spectrum lacked absorption due to NH and nitro groups, but contained 

a broad absorption band at 2700-2000 cm- 1, attributable to the presence 

of the N-hydroxy group. The presence of the latter substituent was 

further supported by acetylation to a monoacetyl derivative. The 

oNO 
2 

t~ NHNH2 

(431) 

 

OAc 

N X 

ROH 

Y(A (d 0 

(439) 
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acetyl derivative is assigned the 1-acetoxy_1,2,3_triazolo[4,5--b]pyridine 

structure (439) on the basis of carbonyl absorption at 1800 cm -1 in its 

i.r. spectrum, which is characteristic 
139 

of a cyclic N-acetoxy group. 

Attempts to recrystallise the N-acetoxy compound (439) from protic solvents 

were thwarted by its solvolysis in such media to the N-hydroxytriazole 

(438) . 	The N-acetoxy compound also slowly reverted to the N-hydroxytriazole 

(438) on standing at room temperature. 	However a sample purified by crystal- 

lisation from benzene gave analytical data in accord with the structure 

(439). 	On the other hand its mass spectrum did not show the expected parent 

ion. 	The ion of highest mass number appeared at M+, 150 mass units, 

corresponding to the loss of a molecule of nitrogen in the probe. 	Cyclic 

N-acetoxy compounds are known 
139 

to undergo hydrogenolysis to the parent 

heterocycle. 	However, the N-acetoxytriazole (439) resisted catalytic 

hydrogenation, unchanged starting material being recovered. 	Conversely, 

an attempt to reduce the N-hydroxytriazole (438) to the known 140 
parent 

triazole (440) using iron in glacial acetic acid gave an intractable solid. 

Reduction to the parent triazole (440) was eventually achieved in poor yield 

OH 

I_ at~ iN 
(438) 

Na2S2O\ H 

OAc 

N 
JLN 

(439) 

/  
H 
2 

/Pd /C 

(440) 
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using sodium dithionite in glacial acetic acid. 	The success of the 

cyclisation 1(431) 	(438)] stimulated the study of the corresponding 

N-methyl analogue (432), base-catalysed cyclisation of which should 

yield the novel triazolopyridine N-oxide (441). 	However the N-methyl 

hydrazine (432) , with hot or cold aqueous alkali gave intractable multi-

component gums which were not further investigated. 

NO2  

N>NNH2  

N'1e 
(432) 

HO 
11> 

The successful cyclisation of 3-nitropyrid-2-ylhydrazine (431) into 

the N-hydroxytriazole (438) prompted an investigation of the pot2ntial of 

isomeric 3-nitropyrid--4-ylhydrazines towards cyclisation to N-oxygenated 

triazolo[4,5-c]pyridines. 	Thus, treatment of the known 137 hydrazino- 

pyridine (442) with aqueous alkali resulted in rapid reaction to give the 

expected N-hydroxytriazole (443) in moderate yield. 	The product (443) 

gave satisfactory analytical, mass spectral and 1H n.m.r. data and showed 

the expected acidic character. 	A fragment ion at (N+16)  mass units in 

NH NH 	H CF 
N N,N  NNO 

2 ______ 

(442) 	 OH 
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its mass spectrum is attributable to the loss of the oxygen atom of the 

N-hydroxy group. 	Its i.r. spectrum showed no absorption due to the 

presence of an NH or a nitro group and contained a broad band at 2700-

2300 cm 1  which is assigned to the N-hydroxy group. The N-hydroxy compound 

(443) reacted with hot acetic anhydride to give a monacetyl derivative which 

showed i.r. carbonyl absorption at 1730 cm 1  - too low for a cyclic N-

acetoxy grouping. The mass spectrum of the acetyl derivative contained a 

fragment ion at (M+_16)  mass units indicating the loss of an N-oxide oxygen 

atom. 	Consequently the l-acetyl-1, 2, 3-triazolo 14, 5-c]pyridine 3-N-oxide 

structure (445) is assigned to this product (Scheme 100). 	The formation 

of the N-acetyl structure (445) rather than the alternative 0-acetyl 

structure (446) is explicable in terms of the preferential reaction of 

the compound (443) as the N-oxide form (444) (Scheme 100). 	The simple 

relationship between (445) and the N-hydroxytriazole (443) was demonstrated 

by its ready reconversion into (443) in protic solvents. 	The N-acetyl 

N-oxide (445) also decomposed to the N-hydroxy compound on standing at 

room temperature. 	Sodium dithionite in glacial acetic acid effected the 

reduction of the N-hydroxytriazole (443), in very low yield, to the known 141 

parent triazole (447) 

H 
OH 

(443) 
	

(447) 

Also obtained in the transformation [(442) - (443)] was the same 

by-product obtained in the conversion of (431) into (438) (see before). 
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This by-product gave analytical data corresponding to the molecular 

formula C10H8N40 and its mass spectrum showed a parent ion at M 200 

mass units. 	A fragment ion in the mass spectrum at (M+_16)  mass units 

suggested the presence of an N-oxide group. 	The i.r. spectrum of the 

unknown compound was devoid of any absorption attributable to an NH or 

a nitro group. 	These properties are consistent with the by-product 

having the 3,3'-azoxypyridine structure (448) . 	The 1H n.m.r. spectrum 

of the azoxy compound contained a one-proton doublet 
meta 

 2Hz) at 

0 

	

Ail 
4 	/ 4' 

5 -N=N-- 
1 

6N 2 	2 N 6 

	

1 	 ' (448) 	1  

i 0.53 which is assigned to H-2 split by either H-4 or 11-6. 	Another 

one proton doublet meta 211z) at t 0.87 is assigned to H-2' split by 

either H-4' or 11-6 1. 	The difference in chemical shift of 11-2 and H-2' 

is presumably due to deshielding of H-2 as a result of the electron with-

drawing effect of the N-oxide group. A four proton multiplet at T 

1.24-1.58 is assigned to 11-5 and 11-6 and 11-5' and 11-6', while a two 

proton multiplet at T 2.54-2.74 is assigned to 11-4 and 11-4'. 	The mode 

of formation of the azoxy compound (448) is not clear. 	However the 

fact that the isomeric hydrazines (431) and (442) yield the same compound 

on treatment with alkali suggests a process which involves the degradation 

of (431) and (442) to a common intermediate. 142 
 It has been shown 	that 

the major product of the photolysis of l-hydroxybenzotriazole is nitroso-- 

benzene. 	Thus it may be envisaged that the azoxy compound (448) arises 
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from a condensation reaction between 3-nitrosopyridine (449) and 3-

hydroxyaminopyridine (450), the latter being formed by the partial 

reduction of the nitroso compound (449) . 	Therefore, assuming the 

common intermediate in the formation of the azoxy compound (448) from the 

hydrazines (431) and (442) , to be 3-nitrosopyridine (449) , two possible 

pathways (for each isomeric hydrazine) are possible to account for the 

formation of (449) . 	Firstly (Scheme 101), (449) could be formed by 

base-catalysed cyclisation of the hydrazines (431) and (442) to the 

N-hydroxytriazoles (438) and (443) respectively, followed by base-induced 

decomposition. 	Secondly, the nitroso intermediate (449) could be formed 

by base-induced decomposition of the aci-nitro tautomers (451a and h) as 

shown in Scheme 102. 	The reduction of the nitroso compound (449) to the 

hydroxylamine (450) followed by condensation between (449) and (450) might 

then account for the formation of the azoxy compound (448). 	Hydrazine 

itself is a well known reducing agent 
143 

 and has been used successfully to 

deoxygenate N-oxides to the free bases. 	In the present context it would 

appear reasonable to suggest that some unchanged pyridylhydrazine (431) 

and (442) acts as the reducing agent which effects the transformation 

1(449) 	(450)] thus explaining the formation of the azoxy compound (448) 

by subsequent condensation of (449) and (450) (Scheme 103) 	The first 

mechanism (Scheme 101) for the formation of the nitroso compound (449) 

and hence the azoxy compound (448) is excluded by the fact that the 

N-hydroxytriazole (438) is stable to heating with aqueous alkali, no 

trace of the azoxy compound (448) being found. 	However further work will 

obviously be required to establish with certainty Schemes 102 and 103 as 

the mechanism for the formation of the azoxy compound (448) from the hydra-

zines (431) and (442) 
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As kcontinuation Askcontinuation of the studies on the base-catalysed cyclisation 

of nitropyridyihydrazines attention was directed to the synthesis of 

1-phenyl-2-(3-nitropyrid-4-yl)hydrazine (453), in the expectation that 

this compound would undergo cyclisation to the novel triazolopyridine 

N-oxide (454) . 	Phenyihydrazine reacted with the chioropyridine (452) in 

benzene to give a low yield of the hydrazino compound (453) which gave 

analytical, mass spectral and 1H n.m.r. data consistent with the assigned 

structure. 	However, insufficient material was obtained to allow the study 

of the cyclisation of (453) and consequently a more efficient route to 

(453) was sought. 	The reaction of the chloropyridine (452) with phenyl- 

hydrazine in dimethyl suiphoxide gave a gummy solid, whose t.l.c. in benzene 

over alumina indicated the presence of the required hydrazine (453) 

However chromatography of the crude product on alumina gave a low yield of 

a solid which gave analytical and mass spectral data in accord with the 

2_phenyl7l,2,3_triazolo4,5_c]pyridine 3--N-oxide structure (454). 	The 

mass spectrum of this compound showed a fragment ion at (r4+_16)  mass units 

attributable to the loss of the N-oxide oxygen atom and its i.r. spectrum 

contained no absorption which could be attributed to the presence of an 

NH or a nitro group. No other identifiable products were obtained from 

the column. 	It was therefore concluded that the basicity of the alumina 

in the column was sufficient to catalyse the cyclisation of the initially- 

formed hydrazine (453) to the N-oxide (454). 	An, attempt was made to 

reduce the N-oxide (454) to the parent triazole (455) but insufficient 

product was obtained for characterisation. A further attempt was made 

to prepare the hydrazine (453) in order to demonstrate unambiguously its 
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conversion into the DI-oxide (454) by base-catalysis. 	Thus, phenylhydrazine 

was reacted with the chloropyridirie (452) in dimethyl sulphoxide but this 

condensation yielded only the dipyridylphenylhydrazine (456) (Scheme 104) 

which gave satisfactory analytical, mass spectral and 'H n.m.r. data. 

The formation of the trisubstituted hydrazine (456) is presumably due to the 

further reaction of the hydrazine (453) with the chioro compound (452). 

The structure (456) is assigned to this product in preference to the alter-

native (457) (Scheme 104) since the pyridyl-substituted amino-group in the 

hydrazine (453) should be less basic than the phenyl-substituted amino 

group in (453) because of the greater electron withdrawing power of the 

nitropyridine ring compared with the benzene ring. 

The foregoing studies demonstrate, that to some extent, suitable 

nitropyridylhydrazii-ies resemble their benzene analogues and contrast with 

the corresponding nitropyrimiclylhydrazjnes in their ability to undergo base-

catalysed cyclisation to fused N-oxygenated 1,213-triazoles. 
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3-Nitropyrid--2-ylhydrazine (431). 

3-Nitropyrid---2-ylhydrazine was prepared in quantitative yield by the 

method of Fleet and Fleming and had m.p. 162-5 
0 
 (lit., 137 171-2 

o
), v max. 

3290 and 3270 (NH) and 1565 and 1375 (No 2) cm- 1. 

1-Methyl-2-- (3-ni tropyrid- 2-yl)  hydrazine (432). 

An intimate mixture of 2-chloro-3-nitropyridine (430) (1.59 g, 0.01 mol) 

and anhydrous potassium carbonate (0.70 g) was treated with methylhydrazine 

(1.02 g, 0.02 mol). 	The mixture took on an orange colour and heat was 

evolved. 	The mixture was heated with stirring in an oil bath at 1200 

for 0.5 h during which time gas evolution occurred. The mixture was 

cooled and extracted with boiling ethanol. 	Filtration removed inorganic 

material and evaporation of the filtrate gave a dark gummy residue which 

was treated with ether. 	Decantation left an insoluble tarry residue. 

The ether extract was evaporated and chromatographed in benzene over 

alumina-to afford the hydrazinopy-ridine (432), (70%), m.p. 41-3°  (lit., 138 

60-10 	
max. 	 2 

), v 	3300, 3200 and 1640 (NH) and 1520 and 1350 (No ) cm-1 , 

t(CDC1 3 
	 5,6 
) 1.79 (1H, dci, J 	511 	

4,6 
z, J 	2H 	

4,5 
z, H-6), 2.18 (lH, dd, J 	8Hz, 

J 
4,6 	 ,5 	5,6 

2Hz, H-4), 3.31 (lH, dci, J 	8Hz, J 	5Hz, H-S), and 6.67 (3H, S, 

CH3N), which was reacted (0.17 g, 0.001 mol) with benzaldehyde (0.11 g, 

0.001 mol) in methanol (4.0 ml) in the presence of concentrated sul-

phuric acid (0.23 g) at room temperature for 10 min to give the benzylidene 

derivative (433), (78%), as yellow prisms, m.p. 103-5°  (from ethanol), 

V 	1530 and 1340 (NO 2) cm 1, T(CDC13) 1.68 (lH, dd, J 
5,6 

 6Hz, J 
4,6 

 2Hz, 

	

H-6), 2.17 (lH, dci, J 
4,5 	4,6 

8Hz, J 	2Hz, H-4), 2.35-2.76 (5H, m, ArH), 

3.13 (1H, dci, J 	
3 4,5 	5,6 

8Hz, J 	- 6Hz, H-5). and 6.33 (3H, S, CH N). 
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Found: C, 61.4; H, 4.8; N, 22.0%; M+, 256. 

l3l242 requires: C, 60.9; H, 4.7; N, 21.9%; M, 256. 

Also recovered from the column was unchanged starting material (14%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

An attempt to prepare the hydrazinopyridine (432) by the method of 

Lewis and Shepherd 138 was unsuccessful, the only recognisable product 

being unchanged starting material (42%). 	Heating equimolar amounts of 

2-chloro-3-nitropyridine and methyihydrazine in ethanol under ref lux for 

1 h likewise afforded unchanged starting material (38) as the only 

isolable product. 

The Reaction of 2-Chloro-3-nitropyridine (430) with Phenylhydrazine.. 

(i) An intimate mixture of 2-chloro--3--nitropyridine (430), (1.59 g, 

0.01 mol) and anhydrous potassium carbonate (0.70 g) was treated with 

phenylhydrazine (1.19 g, 0.011 mol) and the resulting orange mixture was 

heated with stirring in an oil bath at 1200  for 5 mm. 	A vigorous reaction 

took place and the mixture was cooled and extracted with boiling ethanol. 

Filtration removed an insoluble inorganic residue and the filtrate was 

evaporated to give a dark gum. Extraction of the gum with ether left 

an insoluble tar and evaporation of the ether extract gave an oil 

(1.30 g) which, on careful trituration with ether gave 2-phenyl--1,2,3- 

triazolcL4,5_bkyridine 1N-oxide (436), (5%), as colourless needles, 
m.p. 138-40°  (from methanol), T(CDC13) 1.121.20 (1H, rn, ArH), 1.69-1.87 

(3H, m, ArH) , 2.34-2.50 (3H, m, ArH) , and 2.63-2.78 (1H, m, ArH) 

Found: C. 62.2; H, 3.8; N, 26.5%; M+, 212. 

C, 62.3; H, 3.8.; N, 26.4%; N, 212. 

Evaporation of the ethereal mother liquor gave a gum (1.16 g) which was 

shown by t.l.c. in benzene over alumina to be a muiticomponent mixture. 
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(ii) The chioropyridine (430), (9.48 g, 0.003 mol) was dissolved 

in methanol (5.0 ml) and the refluxing solution was treated over 5 mm 

with phenyihydrazine (0.97 g, 0.009 mol). 	The dark red mixture was 

then cooled and evaporated to give a multicomponent gum, as shown by 

t.l.c. in ether over alumina, which was not further investigated. 

3-Nitropyrid-4--ylhydrazine (442). 

The hydrazinopyridine (442) was prepared (27%) by the method of Fleet and 

Fleming, m.p. 197-202 
0 
 (lit., 137 197-200 o), u max.  3200 hr and 1640 (NH) 

and 1560 and 1340 (NO2) cm 1. 

4-Chloro-3-nitropyridine (452) 

4-Chloro-3-nitropyridine (452) was prepared (77%) by the method of 

Kruger and Mann and had b.p. l20°/3 cm (lit. 144 l58°/25 mm). 

The Reaction of 4-Chloro-3-nitropyridine (452) with Phenyihydrazine. 

(i) Phenylhydrazine (1.08 g, 0.001 mol) was dissolved in benzene 

(10 ml) and a solution of 4-chloro-3-nitropyridine (452), (0.64 g, 

0.004 mol) in benzene (6.5 ml) was slowly added. 	The resulting orange 

solution was heated under ref lux for 5 h during which time a precipitate 

had formed. Hot-filtration removed phenylhydrazine hydrochloride 

(0.20 g), identical (m.p. and ir. spectrum) with an authentic sample. 

Evaporation of the filtrate gave a dark orange gum which partially 

solidified on standing. 	Trituration with ether gave a solid (0.42 g) 

which was washed with water to give the hydrazine (453), (24%), as 

orange needles, m.p. 107-9 (from methanol-water), v 	3550 and 3250 
max. 

(NH) and 1520 and 1300 (NO2) cm -1, T[CDC13- (CD 3)2SO] 0.30 br (111, S, NH), 
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0.92 (11-1, S, H-2), 1.74-1.80 (113, in, Am), 2.07 (113, S1  ArH), 2.74-2.91 

(2H, m, ArH), and 3.14-3.30 (313, m, ArM). 

Found: C, 56.5; H, 4.6; N, 24.0%; M+,  230. 

£1llo.42_requires: C, 57.4; H, 4.4; N, 24.3%; M, 230. 

Evaporation of the ethereal mother liquor gave a red gum which was treated 

with water and extracted with ether. Evaporation of the organic phase 

gave an orange-red gum (0.63 g) which was shown by t.l.c. in benzene over 

alumina to be a five component mixture. Dry column chromatography in 

benzene over alumina failed to effect an efficient separation and the gum 

was not further investigated. 

4-Chloro-3-nitropyridine (0.80 g, 0.005 mol) was dissolved in 

dimethyl sulphoxide (1.0 ml) and phenylhycfrazine (1.08 g, 0.01 mol) was 

added. 	The mixture was heated with stirring at 50°  (oil bath) and after 

5 min a vigorous reaction accompanied by gas evolution occurred. 	The 

mixture was stirred at 500  overnight and then poured into water to give 

a gummy solid. Extraction with chloroform gave a dark orange-brown gum 

(1.51 g) whose t.l.c. in benzene over alumina suggested the presence of the 

hydrazine (453) . 	Dry column chromatography of the gum in benzene over 

alumina gave another gum which was triturated with ether to give 2-phenyl-

1,2,3-triazolo[1,5-c]pyridine 3-N-oxide (454), (20%) ,as colourless needles, 

m.p. 122-30  (from methanol), r (CDC13) 1.78-1.90 (313, in, ArM) and 2.32-

2.48 (511, in, ArM) . 

Found: C, 61.8; H, 3.7; N, 26.3%; M, 212. 

.li.€3.40 requires: C, 62.3; H, 3.8; N, 26.4%; M, 212. 

A solution of 4-chloro--3-nitropyridine ( 1152), (1.60 g, 0.01 mol) 

in dimethyl sulphoxide (2.0 ml) was treated with phenylhydrazine (2.16 g, 

0.002 mol). 	Darkening occurred and hdat was evolved. 	The mixture was 
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stirred at room temperature for 2 h by which time t.l.c. in benzene over 

alumina showed that the starting material had been consumed. 	Since a 

solid had begun to come out of solution, the mixture was stirred at room 

temperature for a further 4 h. Dilution with methanol and filtration 

gave 1,2-di-(3-nitropyrid-4-yl)-2-phenylhydrazjne (456), (9%), as an 

amorphous orange solid, m.p. 302-5°  (from dimethylformamide), t(CF3002H) 

0.55 (1H, 5, NH), 1.20 (lii, S, ArH), 1.25 (1H, S, ArH), and 1.46-2.50 (9H, m, 

ArH). 

Found: C, 54.4; H, 3.6; N, 23.9%; M+, 352. 

requires. C, 54.5; H, 3.4; N, 23.9%; M, 352. 

The dimethyl suiphoxide filtrate was poured into water and the resulting 

gummy mixture was extracted with chloroform to give a gum (1.78 g) which 

was shown by t.l.c. in benzene over alumina to be a multicomponent mixture. 

This gum was not further investigated. 

1-Hydro-1,2,3-triazolo{4,5-b]pyridjne (438) 

The hydrazinopyrimidine (431), (3.64 g, 0.024 mol) was treated with aqueous 

2.5 M sodium hydroxide (120 ml) and after approximately 1 min gas evolution 

occurred. 	The mixture was then heated at 1000  for 15 min and hot-filtered 

to yield 3,3'-azoxypyridine (448), (10%), as colourless needles, m.p. 

125-7°  (from ethanol), T(CDC1 ) 0.53 (1H, d, J 2Hz, H-2), 0.87 (1H, d, 
ta 

J 2Hz, H-21 ), 1.24-1.58 (4H, m, ArH), and 2.54-2.74 (2H, m, ArH). meta 

Found: C, 59.5; H, 4.1; N, 27.9%; M+, 200. 

lo80 requires: C, 60.0; H, 4.0; N, 28.0°c; H, 200. 

The alkaline filtrate was cooled, acidified with aqueous dilute hydro- 

chloric acid and evaiorated. 	Treatment of the solid residue with water 

and filtration gave the N-hydroxytriazole (438), more of which was isolated 
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by evaporating the aqueous mother liquor and extracting the residue with 

boiling ethanol (total 1.51 g, 46%). 	Crystallisation yielded the pure 

compound as cream needles, m.p. 208-10°  (from ethanol), v 	2700-2000 
max. 

(OH) cm', T[(CD3)2SO] 1.22-1.28 (111, m, H-6), 1.64-1.75 (1H, m, H-4), 

and 2.33-2.48 (1H, m, H-5) 

Found: C, 44.1; H, 3.0; N, 41.2%; M+, 136. 

requires: C, 44.1; H, 2.9; N, 41.2%; M, 136. 

3-Hydroxy-1,2,3_triazolo{4, 5-c)pyridine (443) 

A suspension of the hydrazino compound (442) (3.08 g, 0.002 mol) 

in aqueous 2.5 M sodium hydroxide (50 ml) was heated at 1000  for 15 mm 

during which time gas evolution occurred. 	Hot filtration removed the 

azoxy compound (448), (8%), identical (m.p. and i.r. spectrum) with a 

sample prepared previously. 	The filtrate was cooled, acidified with 

aqueous dilute hydrochloric acid and then evaporated. 	The solid residue 

was extracted with boiling ethanol and the extract was evaporated. 

Trituration of the residue with methanol gave the triazolopyridine (443), 

(33%), as yellow prisms, m.p. 2200 (sublim.), (from ethanol-water), v 

2700-2300 (OH) cm- 1, T(CF3CO2H) 0.60 (1H, S, H-4), 1.15 (18, d, J67  7Hz, 

8-6), and 1.41 (lH, d, J
6,7 

 7Hz,  8-7) 

Found: C, 44.0; H, 3.0; N, 41.0%; M+, 136. 

ç o requires: C, 44.1; H, 3.0; N, 41.2%; M, 136. 

A suspension of the hydrazinopyridine (442), (0.27 g, 0.0017 mol) 

in aqueous 2.5 M sodium hydroxide was stirred at room temperature for 5 mm 

during which time gas evolution took place. Filtration gave the azoxy-

pyridine (448), (61), identical (ni.p, and i.r. spectrum) with a sample 

prepared previously. 	The filtrate was acidified with aqueous dilute 
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hydrochloric acid and evaporated. The residue was extracted with hot 

ethanol to yield a solid which was recrystallised from ethanol-water to 

give the N-hydroxytriazole (443), (43%) m.p. 200°  (sublim.), identical 

(m.p. and i.r. spectrum) with a sample prepared previously. 

The Attempted Cyclisation of 1-Methyl-2- (3-nitropyrid- 2-yl) hydrazine (432) 

The hydrazinopyridine (432), (0.25 g, 0.0015 mol) was dissolved 

in ethanol (10 ml) and treated with aqueous 2.5 M sodium hydroxide (5.0 ml). 

The resulting dark solution was heated under ref lux for 0.5 h and evaporation 

gave an oily residue, which was treated with water and extracted with chloro- 

form. 	Evaporation of the extract gave a gum (0.08 g) whose t.l.c. in ether 

over alumina showed it to be muiticomponent. The aqueous mother liquor was 

acidified with glacial acetic acid and re-extracted with chloroform to give a 

second gum (0.08 g) whose t.l.c. in ether over alumina likewise showed it to 

be a multicomponent mixture. Neither gum was investigated further. 

Repetition of the reaction (1) at room temperature for 0.5 h 

gave a similar result. 

1-Acetoxy-1,2,3-triazolo[4, 5-b]pyridine (439). 

A suspension of the N-hydroxytriazole (438), (0.30 g, 0.0022 mol) in acetic 

anhydride (1.0 ml) was heated at 100°  for 10 min and the resulting solution 

was then left at room temperature for 20 mm. Evaporation gave a gum 

which was triturated with ether to yield the acetoxy compound (439), (64%), 

as colourless needles, m.p. 90_20 (from benzene), v 	1800 (CO) cm 1, 
max. 

150, C 
7 
 H 
6  N  4  0  2 

 requires N, 178. 

Found: C, 47.5; H, 3.5; N, 31.7. 

-764-2_  requires: C, 47.2; H, 3.4; N, 31.5. 
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The attempted recrystallisation of the acetoxy compound (439) from 

hydroxylic solvents resulted in solvolysis to the N-hydroxy compound 

(438) 

1-Acetyl-1,2,3-triazolo[4, 5-cipyridine 3-N-Oxide (445). 

A suspension of the N-hydroxy compound (443), (0.68 g, 0.005 mol) in 

acetic anhydride (1.0 ml) was heated at 1000  for 10 min and the resulting 

solution was left at room temperature for 20 mm. 	The mixture was tri- 

turated with ether to give a solid (0.64 g) whose i.r. spectrum suggested 

the presence of starting material. 	The solid was extracted with boiling 

benzene and the insoluble residue was shown to be unchanged starting 

material (31%), identical (m.p. and i.r. spectrum) with an authentic sample. 

Evaporation of the benzene gave a solid (0.36 g) which was crystallised to 

yield the acetyl derivative (445) as cream needles, m.p. 152-5°  (from ethyl 

acetate), v 
max.  1730 (CO) cm- 1. 

- 	Found: C, 47.0; H, 3.3; N, 32.1%; M+, 178. 

requires: C, 47.2; H, 3.4; N, 31.5%; M, 178. 

Attempts to recrystallise the N-acetyl compound (445) from protic solvents 

resulted in solvolysis to the parent N-hydroxy compound (443). 

The Attempted Hydrogenolysis of the N-Acetoxvtriazolopyridine (439) 

(1) A solution of the acetoxy compound (439), (0.20 g, 0.0015 mol) 

in ethyl acetate (75 ml) was hydrogenated over 10% palladium on charcoal 

(0.02 g) for 15 h. 	Hydrogen (26 ml) was absorbed and the mixture was 

filtered, evaporated, and left at room temperature for i week. 	Tri- 

turation with ether gave the N-hydroxytniazole (438), (50%), identical 

(m.p. and i.r. spectrum) with an authentic sample. 
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(ii) A sclution of the N-acetoxy compound (439) , (0.25 g, 0.0018 mol) 

in ethyl acetate (150 ml) containing glacial acetic acid (5.0 ml) was hydro- 

genated over 10% palladium on charcoal (0.03 g). 	During a period of 6 h, 

hydrogen (29 nil) was absorbed and the mixture was filtered and evaporated 

and the residue was triturated with ether to give the unchanged starting 

material (72%), identical (m.p. and i.r. spectrum) with an authentic sample. 

The Reduction of the N-Hydroxytriazole (438) 

A solution of the N-hydroxy compound (438), (0.54 g, 0.004 mol) in glacial 

acetic acid (20 ml) was heated under ref lux for 1 h with sodium dithicnite 

(1.08 g), added in two portions the second after 0.5 h. 	The mixture was 

then hot-filtered and evaporated and the gummy residue was extracted with 

boiling chloroform. 	Evaporation of the extract and trituration with ether 

gave 1,2,3-triazolo[4,5-b]pyridine (440) (0.08 g), (17%) as cream needles, 

m.p. l99204°  (from ethanol-light petroleum),(lit.,14°  206-7°), M, 120, 

C 
5  H  4  N  4 

 requires M, 120. 

An attempt was made to reduce the N-hydroxy compound (438) using iron 

filings in aqueous acetic acid. However an intractable solid product was 

obtained. 

The Reduction of 3-Hydroxy-1,2,3-triazolor4,5-clpyridine (443). 

The N-hydroxytriazole (443) , (0.15 g, 0.001 mol) in glacial acetic acid 

(10.0 ml) was heated under reflux for 1 h with sodium dithionite (0.30 g) 

added in two portions, the second after 0.5 h. 	The mixture was hot- 

filtered and evaporated to a gummy residue which was extracted with 

boiling chloroform. 	Evaporation of the extract gave 1,2,3-triazolo 

14,5-cipyridine (447), (< 0.05 g), m.p. 235-80  (lit., 141 245°). 	Treatment 

of the insoluble residue with water gave a solution which was not further 

investigated. 
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The Attempted Reaction of 1-Hydroxy-1,2,3-triazolo[4,5-b]pvrjdjne (438) with 

Aqueous Alkali. 

The N-hydroxy compound (438), (0.27 g, 0.002 mol) was treated with aqueous 

2.5 M sodium hydroxide (5.0 ml) and the mixture was heated under ref lux 

for 15 mm. 	The mixture was cooled and the salt was collected, suspended 

in water and acidified with aqueous dilute hydrochloric acid to yield the 

starting material (41%), identical (m.p. and i.r. spectrum) with an authentic 

sample. Work up of the aqueous mother liquors gave no further material. 

The Attempted Reduction of 2-Phenyl-1,2,3-triazolo[4,5_c]pyrjdine 3-N-

Oxide (454) 

The N-oxide (454),'(0.10 g, 0.0005 mol) in 70% v/v aqueous ethanol (5.0 ml) 

was heated under ref lux for 1 h with sodium dithionite (0.20 g), added in 

two portions, the second portion after 0.5 h. 	The mixture, worked up in 

the usual manner, gave insufficient material for characterisation. 



Chapter 5D 
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5D. 	 IMIDAZOPYRIDINE N-OXIDES 

The partial degree of success achieved in the preparation of purine 

7-N-oxides (see chapter 5A), by the base-catalysed intramolecular aldol-

type cyclisation of pyrimidylaminoacetonitriles prompted an investigation 

into the preparation and cyclisation of some analogous pyridylaminoaceto- 

nitriles. 	Thus it was anticipated that the N-(3-nitropyrid--2-yl)amino- 

acetonitriles (458) would undergo base-catalysed cyclisation to the 

imidazopyridine N-oxides (459). 	Such cyclisations have hitherto not been 

> 	NN02 \CN 
-CH CN 	 IN 

(458) R 	 R 
reported as methods for the preparation of imidazopyricline N-oxides. 

As in the cases of purines and benzimidazoles it has been shown 145,146 

that N-oxidation of imidazopyridines does not take place in the imidazole 

ring. 	Consequently, transformations of the type [(458) 	(459)] would 

provide a valuable route to such N-oxides. 	Some work has been carried 

out by Doherty and co-workers 147 on the cyclisation of 2-amino-3-nitro- 

pyridines (460) to 1-hydroxyimidazo E4,s-b]pyridines (461). 	However, 

OH 

41~ 	,CE R 

(460) 	 (461) 

very few details of this work are available. A photochemical cyclisation 148 

of the amino-nitropyridine (462) to the N-hydroxy compound (463) has also 

been reported. 



-238-- 

NO2/COH h7 

N NHC—H 	-CO2  

CH2CHMe 2 
(462) 

OH 

I" rr,N/>CH2CHM2 

(463) 

It was decided therefore to attempt to prepare N-(3--nitropyrid-2-yl) 

aminoacetonitrile (464) with a view to its cyclisation to the N-hydroxy- 

imidazopyridine (465). 	The commercially available 2--chloro-3-nitropyridine 

(430) was reacted with aminoacetonitrile bisulphate in the presence of 

triethylamine (i.e. conditions used successfully in the preparation of 

the pyrimidine analogues - see chapter 5A). 	However no reaction took 

place, the starting chloro compound being recovered. 	Another attempt 

to prepare the nitrile (464) under similar conditions in benzene also 

failed, unreacted starting material being recovered. 	Ethanolic sodium 

ethoxide also failed to catalyse the desired condensation and an attempt 

to react the chloro compound with aminoacetonitrile bisulphate in the 

presence of anhydrous potassium carbonate at 1500 likewise gave the 

unreacted starting material. 	Albert 149 has successfully prepared the 

/ NH2  

NO 	C  
2

, Oto C1 H> 

(430) 	 OH 

m( 
 N 

, 	N
NCN 

NO2  
N>NHCHN 
IM 

(465) 
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ester (467) by the reaction of the chloro compound (430) with the amine 

(466) generated in situ, from its hydrochloride. 	Consequently it was 

hoped that the chioro compound (430) might react with aminoacetonitrile 

NO2 + <NH2 	 NO2 
Cl CO2Et 	 N NHCHFO2 Et 

(430) 	 (466) 	 (467) 

bisulphate under the same conditions to give the nitrile (464) . 	In 

practice this reaction gave a solid whose t.l.c. showed it to be a mixture 

of starting material and one other product. 	The i.r. spectrum of the 

crude product showed an absorption band at 3350 cm 1  which can be 

attributed to an NH group, and its mass spectrum exhibited a parent 

ion at 	176 mass units indicating the presence of the desired nitrile 

(464). 	However t.l.c. showed the mixture to be unresolvable and no further 

attempts were made to characterise it. 

Attention was next turned to the attempted preparation of the 

N-methyl analogue (468) of the nitrile (464) . 	The conditions of Albert 149 

gave a low yield of a solid which is assigned the 2 -me thyl amino- 3-nitro-

pyridine structure (469) on the basis of i.r. and mass spectral evidence. 

A band in its i.r. spectrum at 3400 cm 1  is attributed to the methylamino 

group. 	Satisfactory analytical data could not be obtained for this 

compound due to its low melting point which precluded proper drying of 

the analytical sample. The formation of the methylamino compound (469) 

is presumably due to decomposition of methylaminoacetonitrile to methyl- 

amine which then reacts with the chioropyridine (430). 	The use of 
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N>CI 

<NHMe  

CN 

2N O2  

NNCH C N 

1\1e 

(430) 

"SN NHMø 
(469) 

triethylamine as the catalyst and methanol as the solvent in this reaction 

gave a multicomponent mixture. 	The use of dimethyl suiphoxide as a solvent 

in conjunction with triethylamine likewise gave multicomponent mixtures. 

No further attempts were made to obtain the nitrile (468). 

It is known 
150

that 2-nitroanilines can be converted into 2-nitro-

anilinoacetonitriles by their reaction in glacial acetic acid with para- 

formaldehyde and sodium cyanide in the presence of zinc chloride. 	Con- 

151 sequently the readily prepared 	2-benzylamino-3-nitropyriaine (470) was 

reacted with paraformaldehyde and sodium cyanide under these conditions in 

the hope of obtaining N-benzyl--2- (3-nitropyrid-2-yl) aminoacetonitrile 

(471) whose cyclisation could then be studied. 	However only the starting 

amine (470) was recovered from this reaction. 	Base-catalysed cyclisation 

NO2  

N>NHCH Ph 
2 

(470) 

NaCN 
Ii> 

HCHO 
NO2  

NNCH2CN 

(471) 
CH2Ph 



NHC H2Ph 
NO 

2 

(472) 

HO 
I 	Ph 

OH 
 

OH 

NO2 
	 HO 	

IN 
 

Scheme 105 

(470) 



-241-- 

of N-benzyl-2--nitroaniline (472) to 1-hydroxy--2-phenylbenzimidazole 

(473) has been successfully carried out 56 (Scheme 105). 	Consequently 

it was hoped that 2-benzylamino-3-nitropyridine (470) would similarly 

undergo base-catalysed cyclisation to 1-hydroxy-2-phenylimidazo 14,5-b] 

pyridine (474). 	As anticipated, methanolic sodium hydroxide catalysed 

the conversion of 2-benzylamino-3-nitropyridine (470) in moderate yield 

into the N-hydroxyimidazopyridine (474) (Scheme 105). 	The N-hydroxy 

compound (474) exhibited characteristic acidic properties and gave 

satisfactory analytical, mass spectral and 1H n.m.r. data. 	The mass 

spectrum of the acidic product contained a fragment ion at (M+_16) mass 

units corresponding to the loss of the oxygen atom of the N-hydroxy group. 

Its i.r. spectrum lacked absorption due to an NH or a nitro group but 

showed a broad band at 2700-2200 cm which is assigned to the N-hydroxy 

group. 	An attempt to acetylate (474) failed, the starting N-hydroxy 

compound being recovered unchanged. 	However, the structure of the 

N-hydroxy compound (474)was firmly established by its reduction with 

sodium dithionite to give a product whose properties were identical to 

those reported 152 or the imidazopyridine (475) 

OH 

aN
>Ph 

N 

H 
> at~ N 

(474) 
	

(475) 

It was next decided to attempt to prepare N-(3-nitropyrid--4-yl) 

aminoacetonitrjles in order to study their cyclisation. 	The reaction of 

the chioro compound (452) with aminoacetonitrile bisulphate in dimethyl 
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suiphoxide in the presence of triethylamine afforded N-(3-nitropyrid-4-yl) 

aminoacetonitrile (476) in moderate yield. 	Analytical and spectroscopic 

data in accord with the assigned structure were obtained for this compound. 

The N-methyl analogue (477) of (476) was prepared similarly by reacting 

the chloro compound (452) with N-methylaminoacetonitrile hydrochloride 

in the presence of triethylarnine. 	The reaction of the nitrile (476) with 

R <NHR 
CN 

NNO2 	
NCH2CN 

(452) 	 R 

(476); H 

(477) ; Me 

aqueous methanolic sodium carbonate gave an acidic product in moderate 

yield. 	The i.r. spectrum of the acidic solid lacked absorption bands 

due to a nitro group, while bands at 3300 cm 1  and 1720 cm 1  could be 

attributed to the presence of hydroxyl and carbonyl groups respectively. 

The 'H n.m.r. spectrum of the acidic solid did not contain methylene 

absorption thus indicating the acidic product to be derived from a 

cyclisation reaction involving the acidic side-chain and the nitro group 

in (476). 	Analytical and mass, spectral data supported the methyl 

3-hydroxyimidazo [4, 5-cl pyridine-2-carboxylate structure (478) for the 

acidic product. 	In particular its mass spectrum contained a fragment 

ion at (M±_16) mass units, corresponding to the loss of the oxygen atom 

of the N-hydroxy group. 	The presence of an N-hydroxy group was further 



D", 
NHCHFN 

N INN NO2  
(476) 

----------- -------- 
NLN 

(479) 

UH 

vv7  
5CO 

2  
Me 

N,-LN 

OH 
(478) 

11N HCH2CO2Me 
N>NO 

Im 

Scheme '106 
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supported by the fact that the acidic solid produced a deep red colour with 

iron (III) chloride in ethanol. 	The formation of the cyclic ester (478) 

1'NHCHCN - 	
> 	I[N/CO2MØ N JJ NO 

2 

 

(476) 	 OH  
(478) 

can be explained by two pathways. 	Firstly, cyclisation of the nitrile 

(476) to the N-hydroxynitrile (479) may occur and subsequent solvolysis 

of the cyano group in (479) would then account for the isolation of the 

ester (478) . 	Secondly, initial cyano group solvolysis in (476) to the 

ester (480) followed by its base-catalysed cyclisation would also account 

for the product observed. 	Both mechanisms are equally possible (Scheme 

106) since both the nitrile (476) and the ester (480) contain activated 

methylene groups suitable for subsequent cyclisation. 	In contrast 

to the parent nitrile (476) the N-methyl derivative (477) gave multi- 

component mixtures on treatment with aqueous methanolic sodium carbonate. 

Attention was next directed towards the cyclisation of 4-benzylamino-

3-nitropyridine (481)153 readily prepared by the action of benzylamine on 

the chloro compound (452) . 	Successful high yield cyclisation of the 

benzylamino compound to the N-hydroxyimidazopyrjdine (482) was effected 

in methanolic sodium hydroxide. Satisfactory analytical data were not 

obtained for this product due to its partial hydration. 	Heating at 

1000 under high vacuum did not remove the water of crystallisation, which 

showed up in the 1H n.m.r. spectrum of the N-hydroxy compound (482) as 
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a very broad singlet at -r 5.45. 	The mass spectrum of the N-hydroxy- 

imidazopyridine showed a fragment ion at (M 16) mass units indicating 

the loss of the oxygen atom of the N-hydroxy group. 	The solid shoved 

ri NHCH2Ph 

NJNO 

(481) 

N: Fh 

(482) 	flH 

[H]" 

> 
~Ph 

N 	 N 

 

(484) 

characteristic acidic properties and its i.r. spectrum contained no 

bands due to NH or nitro group absorption. The N-hydroxy compound 

was converted in hot acetic anhydride into an acetyl derivative which 

is assigned the N-acetoxy structure (483) on the basis of carbonyl 

absorption at 1800 cm 1 in its i.r. spectrum. 	Reduction of (482) with 

sodium dithionite gave the imidazopyridine (484), thus establishing 

the N-hydroxy structure (482) unambiguously. 

The studies described in this section demonstrate that base-catalysed 

intramolecular alciol-type cyclisation reactions which are successful in the 

benzene series, are not generally successful in the pyridine series. 

(483) OAc 



Chapter 5D 

EXPERINENTAL 



-245- 

The Attempted Preparation of N-(3-Nitropytid-2-yl)aminoacetonitrile (464). 

A solution of the commercially available 2-chloro-3-nitropyridine 

(430), (0.32 g, 0.002 mol) in methanol (10.0 ml) was treated with amino-

acetonitrile bisulphate (0.62 g, 0.004 mol) followed by triethylamine 

(1.0 ml) and the mixture was heated under ref lux for 10 mm, during which 

time more methanol (10.0 ml) was added. The mixture (containing a solid) 

was evaporated and treated with water to afford the unchanged starting 

material (85%), identical (m.p. and i.r. spectrum) with an authentic 

sample. 

A solution of sodium (0.09 g, 0.004 g atom) in absolute ethanol 

(10.0 ml) was stirred at room temperature and treated in one portion with 

aminoacetonitrile bisulphate (0.62 g, 0.004 mol) followed by a solution of 

2-chioro-3--nitropyridine (0.32 g, 0.002 mol) in absolute ethanol (10.0 ml). 

The mixture was stirred at room temperature for 3 h. The resulting 

mixture was evaporated and treated with water to give the unchanged starting 

material (60%), identical (m.p. and i.r. spectrum) with an authentic sample. 

Work up of the aqueous mother liquor gave no further material. 

Aminoacetonitrile bisulphate (1.39 g, 0.009 mol) in benzene 

(20 ml), was treated with triethylamine (1.0 g) and the mixture was 

stirred at room temperature for 1 h. The clear supernatant liquid was 

decanted from the gummy residue and was added dropwise to a refluxing 

solution of 2-chloro-3-nitropyridine (0.57 g, 0.0035 mol) in benzene (10.0 ml). 

The mixture was heated under reflux for 2 h and then evaporated. Treatment 

of the residue with water gave the unchanged starting material (88%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 

Repetition of the reaction but using xylene instead of benzene as 

the solvent, likewise gave unchanged starting material (86%). 
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A solution of aminoacetonitrile bisulphate (8.56 g, 0.055 mol) 

in water (8.0 ml) was treated with xylene (25 ml) and the two-phase 

mixture was stirred vigorously at room temperature, while aqueous 10 M 

sodium hydroxide (10.8 ml) was added dropwise over 5 mm. 	After the 

addition of the base was complete, the mixture was stirred for a further 

15 min at room temperature and then treated with solid potassium carbonate 

till a paste was formed. The xylene layer was then decanted and the 

paste was further extracted with xylene (3 x 65 ml). The combined xylene 

extracts were dried and added dropwise to a refluxing solution of 2-chioro- 

3-nitropyridine (2.55 g, 0.016 mol) in dry xylene (20 ml). 	The mixture was 

heated under reflux for 2h and then hot-filtered to remove a tarry residue 

which was discarded. Evaporation of the filtrate gave a gummy solid 

residue which was triturated with ether to yield a solid (1.47 g), composed 

of a fine powder containing a granular solid. The solid mixture was 

sifted through a fine wire gauze to yield unchanged starting material, more 

of which was obtained by evaporating the ethereal mother liquor (total 

1.53 g, 60%), identical (m.p. and i.r. spectrum) with an authentic sample. 

Attempts to purify the remaining granular solid (0.25 g), m.p. 78-85
0 , 

V 	3350 (NH), 1570 and 1350 (NO )cm 1  max. 	 2 	
, M, 176, whose t.l.c. in ether 

over silica showed it to be an unresolvable mixture of starting material 

plus a second component, were unsuccessful. 

2-Chloro-3-nitropyridine (1.59 g, 0.01 mol) was intimately mixed 

with aminoacetonitrile bisulphate (1.69 g, 0.011 mol) and anhydrous 

potassium carbonate (1.54 g) and the mixture was heated with stirring at 

150 
0
(oil bath) for 0.5 h. 	The resulting black residue was extracted 

with boiling ethanol leaving a dark intractable residue. Evaporation 

of the extract gave a solid which was sublimed in vacuo to yield 
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unchanged starting material (53%), identical (m.p. and i.r. spectrum) 

with an authentic sample. 

The Attempted Preparation of N- (3-Nitropyrid-2-yl) -N-methylaminoaceto-

nitrile (468) 

(i) A solution of N-methylaminoacetonitrile hydrochloride (8.56 g, 

0.08 mol) in water (8.0 ml) was treated with xylene (25 ml) and the 

mixture was stirred vigorously while aqueous 10 M sodium hydroxide 

(10.8 ml) was added over 5 mm. When the addition of the base was 

complete, the mixture was stirred at room temperature for a further 15 

min and solid potassium carbonate was then added till a paste was obtained. 

The xylene layer was decanted and the paste was extracted with xylene 

(3 x 65 ml). The combined xylene extracts were dried and then dropwise 

added to a refluxing solution of 2-chloro-3-nitropyridine (2.55 g, 0.016 

mol) in dry xylene (20 ml). The mixture was heated under ref lux for 2 h and 

then hot-filtered to remove a tarry residue which was discarded. The 

filtrate was evaporated to give a dark yellow oil which solidified on 

scratching and trituration with benzene. The resulting solid was combined 

with a second crop obtained by evaporation of the benzene mother liquor and 

retrituration with ether (total 1.64 g), and crystallised from ethanol. 

The solid (0.90 g) so obtained, was shown by t.l.c. in ether over silica 

to be a two component mixture and was recombined with material obtained by 

evaporating the ethanolic mother liquor and chromatographed over silica. 

Elution with ether gave an oily residue which was triturated with light 

petroleum to afford a solid (0.50 g), the t.l.c. of which, in benzene 

over alumina showed it to be a two-component mixture containing starting 

material. Evaporation of the light petroleum trituration liquor gave 
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2-methylamino-3--nitropvridine (469), (10%) as yellow needles, m.p. 

::i 	

(from aqueous methanol), V 	 (NH), 1520 and 1360 

Found: C,.45.0; H, 4.0; N, 25.3%; M+,  153. 

£67.392_requires: C, 47.1; H, 4.6; N, 27.4%; M, 153. 

Further elution with ether gave unchanged starting material (21%), 

identical (m.p. and i.r. spectrum) with an authentic sample. 	Further 

elution using ether-ethyl acetate or ethyl acetate alone gave negligible 

amounts of material. The column was extruded and the silica was extracted 

successively with hot glacial acetic acid and hot dimethylformamide. Work 

up of the extracts gave only negligible amounts of gums. 

A solution of 2-chloro-3-nitropyridine (1.59, 0.01 mol) in 

methanol (30 ml) was treated with N-methylaminoacetonitrile hydrochloride 

(2.14 g, 0.002 mol) and triethylamine (5.0 ml) and the mixture was heated 

under reflux. The reaction was monitored by t.l.c. in benzene over 

alumina and after 2.75 h all of the starting chloropyridine had been 

consumed. The mixture was evaporated, treated with water and extracted 

with chloroform to give a gummy residue which was heated under reflux 

with ether to remove a yellow oil (0.46 g), which gave a solid on standing. 

However t.1.c. in benzene over alumina showed the solid to be an unresolv-

able multicomponent mixture. The t.1.c. of the ether-insoluble residue 

(1.55 g) in chloroform-methanol over alumina also showed it to be an 

unresolvable multicomponent mixture. 

A solution of 2-chloro-3-nitropyridine (0.80 g, 0.005 mol) in 

dimethyl sulphoxide (2.0 ml) was treated at 50°  with neat N-methylamino- 

acetonitrile (0.70 g, 0.01 mol). 	The mixture was stirred at 500  over- 

night and then poured into water. Filtration gave a black intractable 
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tar from which no identifiable material could be obtained. Work up 

of the aqueous mother liquor gave no further material. 

(iv) A solution of 2-chloro-3-nitropyridine (0.48 g, 0.003 mol) 

in dimethyl sulphoxide (1.0 ml) was treated at 50°  with neat N-methyl- 

aminoacetonitrile (0.42 g, 0.006 mol) and the mixture was stirred at 

500  for 0.5 h and then poured into water. Filtration gave a solid 

(0.43 g) whose i.r. spectrum was very similar to that of the starting 

chioropyridine; t.l.c. in benzene over alumina indicated the presence 

of starting material plus small amounts of two other components. The 

recovered solid was made up to (0.48 g) with fresh 2-chloro-3-nitropyridine 

and the reaction with N-methylaminoacetonitrile was repeated, but with 

extension of the reaction time at 5Q0  to 3 h. Work up gave a solid 

(0.33 g) whose t.l.c. in chloroform-methanol over alumina showed it to 

be a multicomponent mixture. 

2-Benzylamino-3--nitropyridine (470). 

2-Benzylamino-3-nitropyridine (470) was prepared in quantitative yield 

by the method of Suhr and Grube and had m.p. 73-80 
 (lit.,151 740), 

3375 (NH) and 1520 and 1360 (NO 2) cm-1. 

N-(3--Nitropyrid-4--yl)aminoacetonitrile (476). 

A solution of 4-chloro-3-nitropyridine (452), (1.91 g, 0.012 mol) in 

dimethyl sulphoxide (4.0 ml) was treated with a solution of amino-

acetonitrile bisulphate (3.68 g, 0.024 mol) in dimethyl sulphoxide (40 ml) 

followed by triethylamine (4.84.g). 	The mixture was stirred at 50_600 

for 2 h and then poured into water to give the nitropyridylaminoaceto-

nitrile (476), (49%), as pale yellow prisms, m.p. 200_10  (from methanol- 

dimethylformamide), v 
max. 	 2 

3350 (NH) and 1520 and 1340 (NO ) cm-  1, 



-250- 

t [(cr3)so] 0.90 (.1H, S, H-2), 1.30 br (1H, t, J6Hz, NH), 1.65 (1H, d, 

J 
5,6 	 5,6 	 2 

6Hz, H-6), 2.87 (1H, d, J 	6Hz, H-5), and 5.39 (2H, d, J6Hz, CH ). 

Found: C, 47.2; H, 3.4; N, 31.7%; 	178. 

742.2 _requires: C, 47.2; H, 3.4; N, 31.5%; M, 178. 

Work up of the aqueous mother liquor gave no further material. 

N-(3-Nitropyrid-4-yl)-N-methylaminoacetonjtrile (477). 

A solution of 4--chloro-3-nitropyridine (452), (0.80 g, 0.005 mol) in 

dimethyl sulphoxide (1.0 ml) was treated with N-methylaminoacetonitrile 

(0.70 g, 0.01 mol) and the mixture was stirred at 30°  overnight. 

Dilution with water gave the nitropyridylaminoacetonjtrjle (477), (60%), 

as golden prisms, m.p. 119-22°  (from methanol), 'V 	1520 and 1350 (NO2) 

t[c1c13- (CD 3)2so] 1.15 br (1H, S, H-2), 1.53 br (1H, d, 
'5,6 

 6Hz, 

H-6), 2.93 (1H, d, J 5,6 6 Hz, H-5), 5.69 (2H, S, CH2), and 6.98 (3H, S, 

CH3N). 

Found: C, 49.9; H, 4.3; N, 29.1%; M+, 192. 

£e.e42_requires: C, 50.0; H, 4.2; N, 29.2%; M, 192. 

Work up of the aqueous mother liquor gave no further material. 

4-Benzylaniino-3-nitropyridine (481). 

4-Benzylamino-3-nitrooyridine (481) was prepared (67%) by the method of 

Ashton and Suschitzky, and had m.p. 88-98°  (lit., 153 	
"max 

3350 (NH) and 1520 and 1350 (NO2) cm 1. 

The Attempted Preparation of N- (3-Ni tropyrid-2-yl) -N-benzylaminoacetonjtrjle 

(471) 

2-Benzylamino-3--nitropyrjdjne (470), (2.30 g, 0.01 mol), paraformaldehyde 

(0.90 g), sodium cyanide (1.48 g) and anhydrous zinc chloride (10.50 g) 
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were intimately mixed and heated at 509. The mixture was stirred and 

treated with glacial acetic acid (25 ml) and then stirred at 50°  for 6 h. 

Dilution with water gave a quantitative recovery of unchanged starting 

material, identical (m.p. and i.r. spectrum) with an authentic sample. 

Repetition of the reaction by heating under reflux for 0.5 h and 

subsequent stirring at 70-800 
 for 5.5 h likewise gave the unchanged 

starting material (quant.). 

The Reaction of N-(3--Nitropyrid-4-yl)aminoacetonjtrjle (476) with Aqueous 

Methanolic Sodium Carbonate. 

A solution of the nitropyridylaminoacetonitrile (476) (0.89 g, 0.005 mol) 

in methanol (100 ml) was heated under reflux and treated over 15 min with 

a solution of sodium carbonate (0.28 g) in water (3.0 ml). 	The mixture 

was then heated under reflux for 2h, evaporated, and treated with water. 

Extraction of the resulting solution with chloroform gave an intractable 

gum (0.16 g). 	The aqueous mother liquor was acidifed with glacial acetic 

acid and re-extracted with chloroform to give a negligible quantity of a 

gum. On standing overnight the acidic aqueous mother liquor deposited 

methyl 3_hydroxyimidazo[4, 5-c]pyridine_2_carboxylate (478), (35%), as 

yellow needles, m.p. 160-3°  (from ethanol), v 	3300 br (OH) and 

1720 (CO) cm-l
' 
 T(60MHz) 1 CDCl -(CD),1S01 1.01 (lH, S, H-4), 1.54 

(lii, d, J 
6, 	 61 	 3 

6Hz, H-6), 2.31 (lii, d, J 	6Hz, H-7), and 5.97 (3H, S, CH ), 

Found: C, 48.9; H, 3.8; N, 21.2%; M+, 193. 

8.7!322_requires: C, 49.6; H, 3.6; N, 21.8%; M, 193. 

which gave a dark red colour with iron (III) chloride in ethanol. 
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The Attempted Cyclisation of N- (3-Nitropyrid-4-yl) -N-methylaminoaceto-

nitrile (477) 

A solution of the nitropyridylamjnoacetonjtrjle (477) (0.25 g, 0.0013 mol) 

in methanol (10.0 ml) was heated under reflux and treated over 15 min with 

a solution of sodium carbonate (0.07 g) in water (1.0 ml). 	The mixture 

was heated under reflux for 2 h and then evaporated and treated with 

water. 	Filtration gave a solid (0.04 g) which was shown by t.l.c. in 

benzene over alumina to contain several close-running components. 

Chloroform extraction of the alkaline mother liquor gave a gum (0.05 g) 

which was likewise shown by t.l.c. to be a multicomponent mixture. 

Work UP of the aqueous mother liquor gave no further material. 

1-Hydroxy_2_phenylimjdazo[4, 5-b]pyridjne (474). 

A solution of 2-benzylamino-3-njtropyridifle (470), (2.70 g, 0.012 mol) 

in methanol (47 ml) was treated with finely ground sodium hydroxide 

(1.18 g) and the mixture was heated under reflux for 15 h. The resulting 

solution was evaporated and treated with water to give the unchanged 

starting material (63%), identical (m.p. and i.r. spectrum) with an 

authentic sample. Extraction of the aqueous alkaline mother liquor 

with chloroform gave a negligible amount of a gum. 	The aqueous mother 

liquor was acidified with glacial acetic acid giving a gummy precipitate 

which was extracted into chloroform. Evaporation of the chloroform 

extract and trituration of the resulting gummy solid with ether gave the 

N-hydroxy compound (474), which was combined with further material 

obtained by evaporating the aqueous mother liquor and treatment of the 

resulting solid with a little water (total 0.62 g, 53%) and crystallised 

to give cream plates, m.p. 232-4°  (from methanol), "max. 2700-2200 br (OH), 
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T[(CD3)2SO] 1.60-1.76 (1H, in, ArH), 2.06 (1H, m, ArH), 2.40-2.53 

(5H, in, ArH), and 2.80 (1H, In, ArH). 

Found: C, 68.1; H, 43.; N, 19.9%; M+,  211. 

requires: 	C, 68.2; H, 4.3; N, 19.9%; M, 211. 

3-Hydroxy-2-phenylimidazo [4, 5-c] pyridine (482). 

A solution of 4-benzylainino-3-nitropyridine (481), (0.92 g, 0.004 mol) in 

methanol (16 ml) was treated with finely ground sodium hydroxide (0.40 g) 

and the mixture was heated under reflux for 5 h. Treatment of the 

evaporated mixture with water gave unchanged starting material (30%), 

identical (na.p. and i.r. spectrum) with an authentic sample. 	Extraction 

of the alkaline mother liquor with chloroform gave a negligible quantity 

of a gum. The aqueous mother liquor was then acidified with glacial acetic 

acid to give the N-hydroxy compound (482), (90%) as pale yellow needles, 

which crystallised as a hydrate from ethanol-water, m.p. 238-42°, T[(CD3)2so] 

1.65-1.84 (3H, in, ArH) and 2.47-2.66 (5H, in, ArH), 5.45 (H20), M, 211, 

C12H11N302  requires M, 229. 

Found: C, 64.3; H, 4.6; N, 18.7%. 

C, 62.8; H, 4.8; N, 18.3%. 

The Reduction of the N-Hydroxyimidazopyridines (474) and (482). 

(i) A solution of the N-hydroxy compound (474), (0.21 g, 0.001 mol) 

in 70% v/v aqueous ethanol (25 ml) was heated under reflux for 1 h with 

sodium dithionite (0.42 g) added in two portions, the second portion 

afler 0.5 h. The mixture was hot-filtered to remove inorganic material 

and the filtrate was evaporated and treated with water to yield 1H-2-

phenylimidazo {4,5-b]pyridine (475) in quantitative yield, as cream needles, 
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m.p. 290-3°  (from methanol-dimethylformamide), (lit., 152  291-3°), T 

(CF 3CO2H) 1.08-1.16 (2H, m, ArH) and 1.73-2.24,(6H, m, ArH) 

Found: C, 73.6; H, 4.7; N, 21.8%; M+, 195. 

Caic. for C12 N3: C, 73.8; H, 4.7; N, 21.5%; M, 195. 

(ii) A solution of the N-hydroxy compound (482), (0.42 g, 0.002 mol) 

in 70%V/v aqueous ethanol (25 ml) was heated under ref lux for 1 h with 

sodium dithionite (0.84 g) as described in (i). Work up of the mixture 

as described before gave 3H-2-phenylimidazo[4,5-clpyridine (484), (67%), 

as colourless needles, m.p. 223-5°  (from methanol-water), T[CDC13- (CD 3)2so] 

1.02 (lH, S, H-4), 1.65-1.82 (2H, m,ArH), and 2.36-3.56 (5H, m, ArH). 

Found: C; 73.1; H, 4.7; N, 21.5%; M+, 195. 

requires: C, 73.8; H, 4.7; N, 21.5%; M, 195. 

The Attempted Acetylation of 1-Hydroxy-2-phenylimidazo[4,5_b]pyrLdjne (474). 

The N-hydroxy compound (474), (0.32 g, 0.0015 mol) was moistened with acetic 

anhydride (0.5 ml) and the mixture was heated at 1000 
 for 10 mm. The 

resulting dark solution was left at room temperature for 20 min then diluted 

with ether. No solid resulted and the solution was evaporated to give a 

gum which defied trituration with ether or methanol. On leaving at room 

temperature overnight a gummy solid resulted which was triturated with 

ether to give a quantitative recovery of unchanged starting material, 

identical (m.p. and i.r. spectrum) with an authentic sample. 

The Acetylation of 3-Hydroxy-2-phenylimidazo[4,5_c]pyrjdjne (482) 

The N-hydroxy compound (482), (0.42 g, 0.002 mol) was treated with acetic 

anhydride (0.5 ml) and the mixture was heated at 1000 for 10 min and then 

left at room temperature for 20 mm. Filtration removed a negligible 

quantity of a solid and evaporation of the filtrate gave a gum which was 
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triturated with ether to afford 3-acetbxy-2-phenyljmidazo[4,5_c]pyrjajne 

(483), (38%), as colourless needles, m.p. 104-5°  (from ethyl acetate-

light petroleum), v max. 1800 (CO) cm- 1. 

Found: C, 66.2; H, 4.4; N, 16.4%; M+, 253. 

£.14.11322_requires: C, 66.4; H, 4.4; N, 16.6%; M, 253. 

Retrituration of the gum, obtained from the ethereal mother liquor, with 

ether gave the unchanged starting material (43%), identical (m.p. and 

i.r. spectrum) with an authentic sample. 
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APPENDIX 
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Summary of Research carried out at Allen and Hanburys Research Ltd., Ware, 

during the C.A.S.E. period July 3rd to September 20th 1974. 

The assigned project entailed the attempted preparation of 2-phenyl-

1,2,4_triazolo11,5_aJ- and [1,5-c}pyrimidines (485) and (486) respectively. 

It was hoped that these compounds would undergo quaternisation with 

(485) 

RN 
NJ 	Ph 

R (486) 

propargyl bromide to give the salts (487) and (488) which might be pharma-

cologically active at the neuromuscular junction. 

R3 
2 
R 	

NN 

N
">Ph 

R 	NJz:~ 

Br CHfECH 

3 
R CHCCH 

2 	J + 	R2 

Ph BE 

(488) 
(487) 

It is known 154 that C-3 unsubstituted 5-hydroxy-1,2,4-triazolo [4,3_a] 

pyrimidines (489) can undergo acid-catalysed Dimroth rearrangement (Scheme 

107) to the isomeric 1214-triazolo[1,5-a]pyrimidines (490). 	The 3-amino- 

1,2,4_triazolo[4,3_c]pyrimidine (491) has also been shown ° to undergo 

isomerism to the 1,2,4_triazolo[1,5_c]pyrimidine (492) (Scheme 107) . 	Thus 

it was hoped that 3-phenyl analogues of (489) and (491) would similarly 
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undergo isomerism to yield the desired compounds of the type (485) and 

(486) (see before). 

Thermolysis of the hydrazides (493) and (494) in diphenyl ether 

gave high yields of the 5_hydroxy_1,2,4_triazolo[4,3-a]pyrimidines 

(495) and (496) (Scheme 108). 	However, all attempts to rearrange the 

7-methyl compound (495) to the desired 4-hydroxy-5-methyl-2-phenyl-s-

triazolo[1,5_a]pyrimiaine (497) failed, the unchanged starting material 

being recovered. 

Me~~N),-N\ 

OH Ph 

OH 
H 	 NN 

II> X Ph 
B 	Me 

(495) 
	

(497) 

Lack of time did not allow a study of the isomerisation of (496). 

Similarly no time was available for an investigation of the preparation 

of any other 1,2,4-triazolo14,3_cjpyrimidines. 
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General Experimental Data. 

Unless otherwise stated infrared spectra were measured for nujol 

suspensions using a Pye-Unicam SP200 or a Perkin-Elmer 157G Spectrophoto- 

meter. 	Bands were strong and sharp, unless otherwise specified (w) as 

weak or (br) as broad. 

Ultraviolet and visible spectra were recorded for ethanol, methanol 

or dioxan solutions using a Pye-Unicam SP800 Spectrophotometer. 

Nuclear magnetic resonance spectra were measured at 100 MHz using a 

Varian H.A.100 instrument or at 60 MHz using a Varian E.14.360 instrument. 

Signals were sharp unless otherwise specified (br) as broad; s = singlet; 

d = doublet; dd = double doublet; t = triplet; q = quartet; dq = double 

quartet; m = multiplet. 	Tetramethylsilane was used as an internal standard. 

Mass spectra were measured at 70 eV using an A.E.I. MS902 instrument 

or at 60 eV using a V.G. Micromass 12 instrument. 

Microanalyses were carried out by Mr. J. Grunbaum, Department of 

Chemistry, University of Edinburgh. Melting points of all analytical 

samples were determined using a Koffler hot-stage microscope, and are 

uncorrected. 

All yields are based on unrecovered starting material. 

All organic extracts were dried over anhydrous magnesium sulphate 

prior to evaporation. Solvents were of technical grade, unless otherwise 

specified. Benzene was sodium-dried and light petroleum had b.p. 60-80°. 

Wet column chromatography was carried out over Fisons' (80-200 mesh) 

silica gel. 

Dry column chromatography was carried out over silica [Merck Kieselgel 

G.F.254(Type 60), activity III] or alumina [Merck G.F.254(Type E), activity III]. 

Thin layer chromatography (t.l.c.) was carried out over silica [Merck 

Kieselgel G.F.254(Type 60), activity III] or alumina [Merck G.F.254(Type E), 

activity III]-  
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employed in synthetic imites to tetra-azapoi- phmns3  and 
chlorins' but a template action was not demonstrated in 
these cases. 

2C-l)iaec tvlpvridiiu', 1 ,8-diamimio-3G-diazaoctane (or 1,9-
diaza-3, 7-nonanc), and MgCl2 61120  in 1: 1: 1 molar ratio 
were digested at 65 °C in aqueous methanol for 12 h. 
Evaporation of the solvent and extraction of the residue 
with n-hutanol, followed by recrystallization, yielded 
crystals of Mg(B)CL61120 (r), or Mg(C)C12 21-120 (11), in 
40-60% yield, (B) and (C) being the 15- and 16-memnbcred 
macrocycles respectively. The template action of Mg2+ 
was demonstrated by control experiments in which the 
diketone and tetraminc were reacted together in the 
absence of Mg2 , or prior to the addition of metal ions, or 
in the presence of the Lewis acid AIC13. In all these cases 
the products were either resinous gums or amorphous 
powders having i.r. spectra and other properties consistent 
with an oligomeric or polymeric constitution Attempts to 
isolate macrocyclic complexes from these materials were 
unsuccessful. 

Derivatives of the co-ordinated macrocycles containing 
other anions may he obtained by simple metathetical 
reactions or by anion exchange methods. Apart from loss 
of water the complexes have high thermal stability. Tlier-
mogravimetric analysis indicated, for (1), loss of 4H20 at 
40-75 °C, 21-120 at 130-100 °C, and decomposition above 
280 °C; and for (II), loss of 21-120 at 150-230 °C and 
decomposition above 280 °C. The i.r. and u.v. spectra are 

L. F. Lincloy and D. 11. Busch, Prep. Inorg. React., 1971, 6, 1. 
A. W. Johnson, Chew. Sec. Rev., 1975. 4, 1. 

* R. P. Linstead and M. Whalley, J. Chem. Soc., 1952, 4839. 
V. Eisner and H. 11. Linstead, J. Chew. Soc., 1955, 3742. 
S. M. Nelson and 1). 11. I3usch Inorg. Chew., 1969, 8, 1859; M 

S. M. Nelson, Inorg. Chem. Ac/a, 1975, 12, L25; M. G. B. Drew. A. 
in the press. 	- 

M. 1). Alexander, A. von Ilcuvelan, and H. G. Hamilton, luorg, 
M. Cohn, Quart. Rev. Iiiopliys., 1970, 3, 61. 

closely similar to those of corresponding Fe111  and Fe11  
complexes5  and support their formulation as salts of the 
seven-co-ordinate cations [Mg(niacrocvcic) (1120)2 12+. An 
X-ray structure tletcrmnination of (1) further defines the 
co-ordination geometry as pentagonal bipyramidal and 
similar to that found for the analogous Fell and FeT11  corn-
pounds.5  The Mg -N distances range from 224 (1) to 231 
(1) A; the maximum deviation of a ring nitrogen from the 
least squares plane of M-N, being 018 A. The axially co-
ordinated oxygen atoms are 210 (1), 210 (1) A from the 
metal. Crystal data: C15H3 MgN506Cl2, monoclinic, space-
group P21 /a, M = 475'5, DM  = 134 (1), D = 131, a = 
26391 (15), b = 8-562 (8), c = 11091 (9) A, 	1100 (1) 
Z = 4 17 ;2  independent reflections significantly above back-
ground were measured by the stationary crystal, stationary 
counter method on a GeXRDG diffractometer and have 
been refined to R 0082. 

Powder patterns show that (I) is isomorphous with the 
previously reported8  complex Mn(B)Cl2.6H20. This is a 
further reflection of the similarity in the structural chemistry 
of Mg2  and Mn2±  which, despite the difference in ionic size, 
seems to justify the use of Mn11  as a (paramagnetic) probe 
in the study7  of the biological functions of Mg2 . 

We thank the National University of Malaysia and the 
Department of Education of N. Ireland for support grants 
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A New Synthetic Route to 2-Dialkylazninopteridin-7(8H)-ones and 
their 5-N-Oxides 

By GEORGE TENNANT and CHARLES W. YACOMENI 

(Deparinieni of Chemistry, Universilv of Edinburgh, IVest Mains Road, Edinburgh El-JO 3JJ) 

Summary 	4-(2-Cvanoacetami(lo)-5-nitrop)-rimidines 
cyclise smoothly in aqueous dilute sodium hydroxide at 
40 °C to give high yields of the hitherto unknown 6-cyano-
pteridin-7(8F1)-one 5-N-oxides, whereas under reflux, the 
products are the corresponding pteridin-6(511),7(8H)-
diones or their 5-N-hydroxy derivatives. 

CURRENT interest in ptericline N-oxides may be attributed 
to their potential biological activity' and their utility as 
intermediates for the synthesis2  of biologically significant 
ptcridines. To date, syntheses of ptcridine N-oxides have 
been largely based on annelation procedures employing 
nitrosopyrimichines,3  N-oxygenated pyrazines,2  or N-oxy-
genated pyrimiclines,1 ,4  or on peracid oxidation' of the 
parent heterocycles. The base-catalysed cyclisation of 

readily accessible 4-(2-cyanoacetamido)-5-nitropyrimidines 
now reported, is a new approach to the synthesis of pteri-
dine N-oxides.t 

The 4-(2-cyanoacetamido)-5-nitropyri mid ines (1) studied 
were readily synthesised in high yield (60-9001,11 ) by con-
densing a 2-substituted 4-amino-5-nitropyrimidine with 
cyanoacetyl chloride. The amides- (1; R' = NMe2, R2  = 

H or Me) heated briefly (15 mm) at 40 °C with aqueous 
2'5si odiurn hydroxide gave the N-oxides (3; R1  = N51c2, 
R2  = H) (550/,,), m.p. 268 °C and (3; R' = NMe2, R2  = Me) 
(700/ ',), m.p. 283 °C. 

Cyclisations of the type [(1) -± (3)] were readily extend-
able to the general synthesis of 6_cyano-2-dhialkylamnino-
pteridin-7(8H)-one 5-N-oxides (3; RI = dialkylamino, Rt 
= H or Mc) (70-90%). In contrast, different products 

t Satisfactory elemental analyses and spectral data were obtained for all new compounds. 
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result when the amides (1) are briefly (15 mm) heated under 
reflux in aqueous 2'5M sodium hydroxide. Under these 
conditions the amide (1; Rl = NMe2, R2 = Me) gave the 
pteridinedione (2) (77%), m.p. > 320 °C which was also the 
product (93%) when the N-oxide (3; R' = Ma,, R2 = Me) 
was heated under reflux in aqueous alkali. On the other 
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hand, similar treatment of the amide (1; R5 = NMe2, R8 = 

H) or the derived N-oxide (3; H' = NMe, H2 H) gave 
the cyclic hydroxamic acid (4) (74-93 )A)), mn.p. >330 C, 
whose structure follows from its dithionite reduction to the 
pteridincdionc (2; II for 1e) (800/), nip. > 300 °C. The 
formation of (4) from (3; H' = NMe2, H2 = H) or (1; 

= N.\1e0, H2 = H) is readily explained by hydration of 
the 5,6-double bond and ensuing loss of hydrogen cyanide 
[(3; H' = NMn,, H2 = 1-1) - (5) 	(4)]. The mode of 
formation of (2) from (3; H' = NMe, H2 = Me) or (1; 
RI = NMe2, H2 = Me) is not so clear. The stability of the 
cyclic hydroxamic acid (4) to heating under reflux in 
aqueous alkali appears to exclude the transformation 

J.C.S. CHEM. COMM., 1975 

[(3; H1 = NMe2, H2 = Me) -~ (2)] involving the thermal 
reduction of the 4-methyl analogue of (4) which would be 
analogous to the known' thermal reduction of a quinoxaline 
hydroxamic acid. 

Dichotomy was also observed in the dithionite reduction 
of the N-oxides. The methyl derivative (3; H' = NMe, 
H' = Mc) yielded the anticipated 6-cyanopteridin-7(8I1)-
one (6) (80%), M.P. 312 °C, but reduction of the N-oxide 
(3; II' = NMe, R' = 1I) resulted in the loss of the cyano- 

H 

Me2N1j(fO 	
[Me2Ni.j° I Me 	 H CN 

(6) 	 difhonte 	
(7) 

\im:e2N 

Me 	R H 
,-NCN 

H 
N ,O 

Me2N ,j1,( 

(8) 

group and the formation of the pteridinone (8) (68%), M.P. 
202 0C. The formation of (8) possibly involves red ction to 
the 5,6-dihydro compound (7), and subsequent loss of hydro-
gen cyanide. The reason for the dichotomy in the reactions 
of (3; R' = NMe,, H' = H or Me) with alkali and with 
dithionite is not clear, but may be clue to a steric effect 
at C.4 associated with the presence or absence of an alkyl 
group. 

We thank the S.R.C. for a research studentship (to 
C.\V.Y.) and Allen and Hanburys Research Limited for 
financial support. 
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Formation of Allyl Sulphide Synthons by [1,2] and [1,3] Shifts of the 
Phenylthio Group 

By PETER 13R0\VNuRIDGE and STUART \VARREN' 

(University Chemical Laboratory, Lensfirld Road, Cain bridge C132 1EW) 

Sunt;nary Ahlyl phenyl sulphides, made from 2-hyciroxy-
alkyl phenyl sulphides by acid-catalysed rearrangement 
of the phciiylthio group, may be sonreriscal by the [1,3] 
allyhic shift of the same group, and converted into 4-
liydroxy carbonyl compoimmicls or allyl alcohols. 

MIGRATION of anion-stabilising functional groups (e.g. 
l'liJ )O) during an organic synthesis allows the formation of 
,iei' cal- boll-Cal- holl bonds from several atoms in turn using 
the same group.' The phmenvltliio group (PItS) is an 
attractive candidate for this role as it is an eliective 
neighbouring group' and the expected allyl sulphide pro- 




