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SUMMARY

The original work described in this thesis de als with
(i) the synthesis of 2,6-disubstituted 7-(and also 8-)
methyl-8-azapurines related to 8-azaguanines of biologica l
interest, (ii) 6-unsubstituted 8-azapurines of special
interest for their chemical properties, and (iii) with
the synthesis of 4-amino-1,2,3-triazole-5-ca rbaldehydes
required for the preparation of the latter azapurines .
The disadvantages of established methods for
preparing 8-azapurines substituted in the 7- and 8position, are first discussed in Section 1.2.

It is

then shown that these disadvantages can be overcome by
new synthetic methods starting from 4-amino-1,2,3triazoles alkylated (in turn) in the 1-, 2-, and
3-position.

Then, Section 2 describes the preparation

of 2,6-disubstituted 7-(and 8-)methyl-8-azapurines from
2-mercapto-8-azapurin-6-one s which are readily obtained
by fusing 4-amino-1-(and 2-)methyl-1,2,3-triazole-5carboxamide with thiourea.

In addition, an entirely

new spectroscopic correlation is described, namely that
the cation of a 2-amino-derivative of pyrimidine (or of
a fused pyrimidine) has a u.v. spectrum similar to that
of the n~utral species of the 2-oxo analogue.
In Section 3, two new and general methods are
described for obtaining 4-amino-1,2,3-triazole-5carbaldehydes alkylated (in turn) in the 1-, 2-, and

3-position; (a) by catalytic hydrogenation of the
appropriate 4-amino-1,2,3-triazole-5-ca rbonitriles, and
(b) by oxidation with manganese dioxide of 4-amino-5hydroxymethyl-1,2,3-triazol es.

The quite exceptional

protonation behaviour of 4-amino-2- methyl-1,2,3-triazoles
is explored, and shown to concern the primary amino-group,
instead of the usual ring-nitrogen atom.
In Section 4, new reactions are described for
making 6-unsub.stituted 8-azapurines by cyclisation of
the 4-amino-1,2,3-triazole-5-ca rbaldehydes obtained in
Section 3.

In essence these azapurines are prepared

by the action of orthoesters, or a combination of
dimethylformamide and phosphoryl chloride, on the 1,2,3triazoles followed by cyclisation of the products with
ammonia or ammonium acetate.

An interesting example is

demonstrated of the replacement of an ethoxy-group by an
amino-group in the 2-position of the 8-azapurines, a
replacement unknown in the purine series.
Ultraviolet, infrared, and .proton magnetic resonance
spectra, as well as ionisation constants, are recorded
and discussed.
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SECTION 1

Introduction
8-Aza pur i ne s a re interesting because of their biologi cal acti vi ti es an d also their chemical properties.

As

r egar ds the for mer, it must be recalled that all living
matter nec es sa rily has nu c leic acids, in which the genetic
information of th e cell is recorded.

This information

r e poses not i n t he ph osphoric ac id or sugar portions of
the nucl e ic acid b ut in a coded array of purine and
pyrimidine bases ( Wat son an d Crick, 1953).
occur as

11

codons 11

,

These bases

namely fu ndamental i nformational units

of three base - pa ir s (N iren ber g, et E..l_., 1963); one
component of eac h pai r i s alwa ys a puri ne (Watson and
This genetic information is expressed by

Crick, 1953).

the biosynthes is of s pe cific proteins, mainly enzymes.
It was natur al to t hink that this process might be
preferentially i nhi bite d by th~ use of base analogues,
particularly 8-azap uri nes (Roblin, et E..l_., 1945).
7

/N
8N

9
N
H

6
~N

NJ
3

1

8-Azapurine
2

(l.:_l)

2

In fact, several derivatives of 8-azapurine were found
to be useful inhibitors of purine metabolism, particularly
as regards nucleic acid synthesis and utilization.

Hence

these substances have proved useful in biochemical research
(Handschumacher and Welch, 1960).

Moreover, some of them,

particularly 2-amino-8-azapurin-6-one (the

11

8-azaguanine 11

of biological literature) showed activity against various

8-Azaguanine
(U)

exp er i men ta 1 tum o u rs· .

Thus 8-azaguanine was highly active

in suppressing growth of several strains of transplantable
adenocarcinomas of the breast in mice, even strains that
had become resistant to 6-mercaptopurine (Skipper, et~.,
1959), and it inhibited the Brown-Pearce aquamous-cell
carcinoma in rabbits' eye (Gellhorn, et El_., 1950).
However, 8-azaguanine has not proved very useful in
clinical cancer chemotherapy, because of its degradation
to the inactive 2-oxo-analogue by the enzyme guanylase .
When the dose was raised to repair this waste, skin
rashes appeared, and this limited its use (Gellhorn, 1953).
These results suggested that derivatives methylated
in the triazole ring might prove more useful, (a) by acting
as depots for the liberation of 8-azaguanine by normal
biochemical N-demethylation or (b) by blocking the
guanylase (Albert, 1968).

Although several 8-azaguanines

3

(and ot her 8-azapurines) a1kylated in the 9-position were
available from the action of nitrous acid on 5-am ino-4 alkylaminopyr imidines, the requirement could not be met
;

for example s of 8-azapurines methylated in the 7- and
8-positions.

These substances were needed for further

investigation of purine metabolism and for providing
anti-cance r agents free from the defects of 8-azaguanine.
Recently, convenient methods were discovered for making
7- and 8-methyl-8-azapur ine from the corresponding
derivatives of 1,2,3 -triazol e (Albert and Tratt, 1968;
Albert, 1968a ), but no 2-substituted or 2,6-disubstituted
derivatives were obtained.
As regards the chemical interest of 8-azapurines, it
1s nota ble that these substances are very different from
purines in their chemical behaviour.

The 8-azapurine

nuc1eus is much more strongly electron-attracting than
that of purine, because of the presence of an extra doublybound nitrogen atom (=N-) in the triazole ring.

This

n-deficient character (Albert, 1968b) of the nucleus
strong1y enhances nucleophilic addition and substitution
reactions, which take place much more readily than in the
purine series.
Even water is easily covalently added across an
unhindered 1,6-double bond of 8-azapurine, especially in the
cationic species (Albert, 1966; Bunting and Perrin, 1966).
Recently, it was found t hat this double bond also underwent
addition reactions with various nucleophiles, such as

4

methanol, potassium hydrogen sulphite, and Michael
reagents (Albert and Pendergast, 1972).
Substitution in the 6-position of 8-azapurine 1s also
easier than in the purine series.

For example, a

methylthio-group in the 6-position was readily replaced by
various primary amines (Weiss, et.!]__., 1960) whereas more
vigorous conditions were required for the purine series
(Elion, et.!]__., 1952; Montgomery, et E...]_., 1959).
2-Amino-6-methoxy-8-azapuri ne was obtained when chlorine
gas was passed into the solution of 2-amino-6-methylthio8-azapurine in methanol (Weiss, et.!}_., 1960).

The

intermediate of this reaction was thought to be 2-amino6-chloro-8-azapurine, which reacted further with methanol
to give the 6-methoxy-derivative.

Under similar

conditions, 2-amino-6-methylthiopurine gave the normal
product, 2-amino-6-chloropurine (Daves, et.!]_., 1960).
6-Chloro-8-azapurine was found to be very reactive, for
example it was readily hydrolysed to 8-azapurin-6-one by
moist air (Ballweg, 1962).

Even an ethoxy-group in the

2-position could be replaced by an amino group, using
ammonia at 180° (see Section 4), whereas such substitution
has never been reported in the purine series.
Several interesting rearrangements of the nucleus have
also been found.

9-Benzyl-6-mercapto-8-azapu rine (~)

rearranged to 7-benzylamino[l,2,3-Jthiadi azolo[5, 4-i]
pyrimidine (1.4) on heating in ethanol, and the reverse

5

(U)

(_LJJ

rearrangement of this was achieved with ~-sodium hydroxide
(Albert, 1969).

More recently, a reversible Dimroth

rearrangement was found between 2-amino-6-ethylamino-8azapurine and 2,6-diamino-9-ethyl-8-azapu rine (Temple,
~

.!]_., 1972).

However, no rearrangements (other than

dimerization) were encountered in the present work.
The first 8-azapurine derivative, l,3-dimethyl-8azapurin-2,6-dione, was synthesised by the action of
nitrous acid on 4,5-diamino-l,3-dimethylpyr imidin-2,6-dione
i n 19 0 0 by Traube , who ca 1 1e d this substance
(Traube, 1900).
reported.

11

Azimi d

11

Neither yield nor melting point was

Traube s assigned structure was confirmed in
1

1954 after repeating his experiment (Blicke and Godt, 1954).
The second example, 6-methyl-8-azapurine, was prepared
similarly by Gabriel and Colman from 6-methyl-4,5-diaminopyrimidine (Gabriel and Colman, 1901).

No further

8-azapurines appeared until the middle of this century.
A series of the aza analogues of the principal purine
bases (8-azaguanine, 8-azaadenine, 8-azaxanthine, and
8-azahypoxanthine) were synthesised in 1945 by ring-closure

6

of the appropriate 4,5-diaminop yrimidine with nitrous acid
(Roblin,~ ~-, 1945).

Roblin, et~- tested the anti-

bacterial action of these 8-azapu rines on E.coli, and
found that 8-azaguanine and 8-azaaden ine were antagonists
of guanine and adenine, respectively.

The growth

inhibition of 8-azaguanine was reversed only by guanine and
xanthine, whereas adenine and hypoxanthine were required to
restore the growth inhibited by 8-azaadenine.

Moreover,

with sulphonamides, 8-azaguan ine produced a synergistic
effect, so that considerably less of each substance was
required f or producing the same degree of bacteriostasis.
Subsequently, 8-azaguanine was found to be a potent
inhibitor of the protozoan Tetrahymena geleii (Kidder and
Dewey, 1949).

These early obse rvations about the

inhibiting action of 8-azaguanine led to its study in
more complex biological systems.
In 19 4 9 , Ki d de r , et

tl. , i n i ti. ate d a s tu dy of the

anti-cancer e ffect of 8-azapurines (Kidder, et E..l_., 1949).
They found that 8-azaguanine had an inhibitory effect on
experimen tally induced-cancer in mice, and concluded that
a fun damen tal difference in purine metabolism was present
between no rmal and neoplastic cells.

The sequel to this

work has been summarised above (p.2).
Although the study of 8-azapurines was initiated with
synthetic work, an 8-azapurine derivative was eventually
found in nature.

Pathocidin, an antifungal antibiotic, was

isolated from the culture filtrate of a Streptomyces, and
proved to be 8-azagua nine (.Ll_) (Anzai and Suzuki, 1961;
Anzai, et al., 1961) .
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1.1

Nomenclature of 1,2,3-triazoles and 8-azapurines
All the 1,2,3-triazoles described in this Thesis

contain a primary amino-group (U) either as such or in
the form of a derivative (l.:_§_).

These groups are
The

consistently numbered 4, to facilitate comparisons .

position of 'indicated hydrogen' (~.~. 3~) is identical with
that of the alkyl-group in nuclear alkyla ted triazoles,
and it is unknown for non-alkylated triazoles.
1

jN

2Nf

/N

R

R

N

'\_~/4 , NH 2
H

"'N
H

N= X

(l.:_§_)

(U)

In their publication, 'Nomenclature of Organic
Chemistry' (1969), the International Union of Pure and
Applied Chemistry permit various names for the compound
(Ll).
11

One term is

8-azapurine

11

11

y_-triazolo[4,5-.9.J-pyrimidin e

is also allowed.

11
,

and

The latter is used in this

Thesis, because of its greater convenience and because
this nomenclature is widely used in biology and
biochemistry.

8

1.2

General remarks on synthetic methods for preparing
8-azapurines
a) from pyrimidines
This, the original synthesis of 8-azapurines (p.5),

has been used for making 8-azapurines and 9-alkyl derivatives without significant alteration of the method
discovered by earlier workers.

In brief, a 4,5-diamin o-

or 5-amino-4-alkylaminopyrimid ine is allowed to react
with nitrous acid or an organic nitrite.

This method

produced a large number of 8-azapurines (reviewed by
Gut, 1963).

Recently an interesting variant was reported,

namely the ring-closure of 5-nitropyrimidin-2-ones (.L.l.),
with sodium azide, to give 8-azapurin-2-ones (~J
(Blank and Fox,

1968; Blank,~~., 1970).
X

R

( .L.l.)

N
H

(~)

Although the approach from pyrimidines has produced
many 8-azapurines, its use is confined to making 9-alkyl8-azapurines or derivatives unsubstituted in the triazole
r i n g.

8-Azapurines, substituted in the 7- or

8-position, cannot be obtained by this route.

9

However, a pyrimidine-based method exists for
preparing 8-azapurines arylated in the 8-position, ~·~·
(1.10).

This method, first described by Benson, et E.J_.,

is the oxidative cyclisation with copper sulphate of
4-amino-5-arylazopyrimidine s (_L-2) readily obtainable by
coupling 4-aminopyrimid ines with aryldiazonium salts
(Benson, et~., 1950; Hartzel and Benson, 1954; Timmis,
However, this
al., 1965).
et et al., 1957; Israel, method is unable t9 furnish 8-alkyl-8-azapurines.

--

X

Aryl-N=N

H2 N

AN
N~Y

X

/N~
Ary 1 -N
N

lN
N~Y

(1.10)

b) from 1,2,3-triazoles
This newer approach is suitable for preparing
8-azapurines substituted in the 7-, 8-, or 9-position,
by use of 1,2,3-triazoles with a substituent in the
required position (1-, 2-, or 3-, respectively).
Hdwever, this advantage was not fully used until t~e
discovery of two general methods for making 4-amino1,2,3-triazole-5-carboxamid es alkylated in the 1- and
2-position (Albert and Tratt, 1968; Albert, 1968a).
A brief summary of the earlier work will be given.

10

8-Azapurin-2,6-dione substituted in the ?-position
was prepared by cyclisation, with hypobromite, of
1,2,3-triazole-4,5-dicarboxa mide (1.11) substituted ,n the
1-position (Baddiley, et El·, 1958).

Th i s method inevitably

formed the 9-substit uted derivative also, and consequently
the yield was . very poor.
0
NH

I
N~N~O
H
R

( 1.11)

(1.12)

(1.13)

Although Yamada, et.!}_. reported the synthesis of
8-azapurin-2,6-dione from ~-amino-1,2,3-triazole-5carboxamide, they did not extend this method to ring-closure
of 1,2,3-triazole alkylated in the ring (Yamada, e t ~.,
1957).

8-Phenyl-8-azapurin-2,6-dio ne (1.15) was prepared

from 4-amino-2-phenyl-1,2,3-tria zole -5-carboxamide (1.14)
obtained by the oxidation of phenylazomalonamide-amidi ne
(Richter and Taylor, 1956).

This method, similar to

Benson's, provides exclusively 8-aryl-derivatives.

(1.14)

(1.15)

11

Eventually a similar cyclisation appeared for preparing
9-alkyl- and 9-aryl-8-azapurines (Dornow and Helberg,
1960; Bredereck and Baumann, 196 7).

c) by metatheses
Several 8-azapurines have been prepared by exchanging
atoms or groups in more easily synthesised examples.
Thus direct methylation of 8-azapurine (1.1) provided a
mixture of 7-, 8-, and 9-methyl-8-azapurine in roughly
equal amounts (Albert, et~-, 1969).

Again methylation

of 8-azapurin-2,6-dione gave a mixture of 7-, 8-, and
9-methyl-derivative (NUbel and Pfleiderer, 1965).
Obviously this is not a practical method for obtaining
a particular alkylated derivative.
A more specific method was reported for introducing
a methyl-group into the ?-position.

9-Benzyl-8-

azapurin-2,6-dio ne and methyl £-toluenesulphonate gave
the quaternary salt methylated in the 7-position.
7-Methyl-8 -azapurines were prepared by removing the
9-benzyl -group of this quaternary salt (NUbe1 · and
Pfleide rer, 1965; Bredereck and Baumann, 1967, 1967a).
The methyl-group enters exclusively in the ?-position to
form the quaternary salt because of the stabilisation of
the product by imidazolium-type of resonance which is
unavailable for the salt methylated in the 8-position.
Hence no 8-alkyl-8-azapurines are obtained by this method.
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A large number of 8-azapurines with various
substituents in the 6-position have been made by
metathesis from the 6-chloro-der ivatives (Shealy, et E..J_.,
1961, 1962; Ballweg, 1962; Chang, et El_., 1968; Zedeck ,
et~., 1967).

However, subs titution of chlorine by

nucleophilic reagents is rare in the 2-position (Bredereck
and Baumann, 1967) where it is much less reactive.

d) the need for new methods
As shown above [a), b), and c)], any known synthetic
approach cannot be a general method for providing 7- and
8-methyl-8-azapurines disubstituted in the 2,6-positions,
~·~· the 7- and a~methyl-8-azaguanines of biological
interest.

Moreover, no previous method can readily

produce 2-substituted 8-azapurines methylated in the 7or 8-position and having a free 6-position, which are of
special chemical interest.

Hence new synthetic methods,

obviously commencing from 1,2,3-triazoles, were required
for the preparation of these 8-azapurines .

e) the proposed work
It seemed that the synthesis of 7-(and 8-)methyl8-azapurines disubstituted in the 2,6-positions could be
achieved by the condensation of 4-amino-1-(a nd 2-)methyl1,2,3-triazole-5-carboxamid e with (in turn)
thiourea, and guanidine.

urea,

For the preparation of the
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8-azapurines substituted in the 2-(but not in the 6-)
position, the (unknown) 4-amino-1,2,3-triazole-5carbaldehydes came to the fore as starting materials .
These should be preparable from the corresponding
1,2,3-triazole-5-carboxamid es.

It was thought that

these two synthetic approaches would give 8-azapurines
which could not be obtained by any other method, and
also could provide better methods for making some of the
known derivatives.

14

SECTION 2

Synthesis of 7-(and also 8-)methyl derivatives
of 2,6-disubstitu ted 8-azapurines.

2. 1

Preparation of 7-(and also 8-)methyl-8azapurin-6-one s with various 2-substituents
My first attempts to make 2-amino-7-met hyl-8-

azapurin-6-one (7-methyl-8-az aguanine) (2.9a) were
condensations of 4-amino-l-me thyl-1,2,3-tria zole-5carboxamide (2.la) (Albert and Tratt, 1968) with (in turn)
guanidine, guanidine carbonate, i-methylisoth iourea, and
cyanamide, under various conditions.

None of these

experiments gave any of the required product.

However,

the following indirect approach was successful.
Fusion of the triazole (2.la) with thiourea gave
2-mercapto-7-m ethyl-8-azapur in-6-one (2.2a), which was
S-methylated (with methyl iodide in cold aqueous sodium
hydroxide) to give the 2-methylthio analogue (2.3a) in
The 1H n.m.r. spectrum of the latter
excellent yield.
showed characteristic peaks for an N- and i-methyl group
(Table 2.2).

This methylthio-de rivative, by oxidation

with potassium permanganate in dilute acetic acid, gave a
good yield of 7-methyl-2-me thylsulphonyl- 8-azapuri n-6-one
(2.4a), which gave
i

I!- and ~-methyl n.m.r. signals.

The

.r. spectrum of this compound showed absorption bands at
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1335s

+

1320m, and 1180m + 1155m, due to asymmetric and

symmetric S-0 stretching, respectively (Barnard, et El_.,
1949; Amstutz, et~., 1951; Price and Morita, 1953;
Price and Gillis, 1953).
Similarly 4-amino-2-methyl-1,2,3-tria zole-5carboxamide (2.lb) (Albert, 1968a) gave 2-mercapto-8methyl-8-azapurin-6-one (2.2b), which was converted to the
2-methylsulphonyl-derivativ e (2.4b) via the 2-methylthio
analogue (2.3b), by methods similar to ·thos~ used for the
7-methyl isomer.

Further to establish the constitution

of this sulphone (2.4b), it was hydrolysed with cold
aqueous potassium hydroxide to the di one (2.5b), identical
with the product obtained by fusing the amino-carboxamide
(2.lb) with urea.

Both specimens were identical with the

compound* isolated in 20% yield from the crude product
obtained by methylating 8-azapurin-2,6-dione (NUbel and
Pfleiderer, 1965).

*

Professor Pfleiderer kindly supplied a specimen for

comparison.
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The isomeric sulphone (2.4a) similarly gave the dione
(2.5a), identical with the compound obtained by condensing
4-amino-1-methyl-1,2,3-triaz ole-5-carboxamide (2.la) with
urea, and with a specimen previously obtained by
debenzylating 9-benzyl-7-methyl-8-azapur in-2,6-dione
(NUbel and Pfleiderer, 1965).
Hydrolysis of the sulphone (2.4a) also gave a byproduct, the proportion of which increased on longer
exposure to alkali or on heating.

This by-product was

also obtained by stirring 7-methyl-8-azapurin-2,6-dio ne
(2.5a) in aqueous potassium hydroxide.

Elemental analysis

indicated the empirical formula c5 H7 N5o3 ; the n.m.r.
spectrum ( [ 2 H6 J dimethyl sulphoxide) showed three singlets,
one at T5.75 (3H, NMe) and the others as broad peaks at
T2.90 (2H) and 1.96 (lH) (exchangeable, NH) .

The i.r.
These
spectrum showed a carbonyl band at 1695s,br cm- 1 .
data indicated structure (~) or (U), but the latter
seemed unlikely because the substance did not decarboxylate easily as a substituted carbamic acid should.

In

order to confirm structure (~), the stability of the
carboxamide group to alkali was compared with that of the
carboxamide group in 4-amino-1-methyl-1,2,3-tria zole-5carboxamide.

The latter, under the conditions used in

the hydrolysis of the di one (2.5a) (namely 1 hat 100°),
furnished 4-amino-1-methyl-1,2,3-tria zole-5-carboxylic
acid(~) in 74% yield.

This result suggested the
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presence of a stable urea (rather than an amide) group in
the by-product, and confirmed the identification as
1-methyl-4-ureido-1,2,3-tri azole-5-carboxylic acid (U).
Further hydrolysis of this substance (U) in boiling
aqueous potassium hydroxide eventually gave 4-amino-lmethyl-1,2,3-triazole-5-car boxylic acid (2.8).

Me

O

Me
C0 2 H

/N

/N0NH

N

N\_N~N~S0 Me
2

(2.4a)

Me
CONH 2

/N
N

·

~

N

NHCONH 2

'\N

NHC0 2H

(U)

(U)

( 2. 8)

(2.la)

N

(2.5a)

As expected, the methyTsulphonyl-group in compound
(2.4a) was easily replaced by nucleophiles.

Thus
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2-amino-7-methyl-8-azapurin -6-one* (7-methyl-8-azaguanine)
(2.9a) was furnished in excellent yield by heating the
sulphone (2.4a) with ethanolic ammonia at 160°. Likewise,
the 2-methoxy-7-methyl-derivati ve (2.9b) was readily
obtained when the sulphone (2.4a) was boiled with sodium
methoxide in methanol.

Similarly the methylsulphonyl-gro up

in the 8-methyl isomer (2.4b) was easily replaced by
various nucleophiles.

Heating this sulphone (2.4b) with

ethanolic ammonia at 160° afforded 2-amino-8-methyl- 8azapurin-6-one* (8-methyl-8-azaguanine) (2.10a) in almost
quantitative yield.

Replacement of the sulphonyl -group

was readily achieved by methylamine and dimethylamine
also, to yield the 2-methylamino- (2.1Gb), and
2-dimethylamino- (2.10c) analogues.

Likewise, 2-methoxy-

(2.10d) and 2-ethoxy- (2.lOe) analogues were obtained from
the sulphone (2.4b) with the appropriate sodium alkoxide.

* All ~-methyl-8-azaguanines are now known: namely the
1-methyl isomer (Noell,~~., 1968), the 3-methyl
isomer (Townsend and Robins, 1968), and the 9-methyl
isomer [made by J. Davoll (London), unpublished, but
tested against tumours by the Sloan-Kettering Institute
under the code number MHC-2164].
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When 8-methyl-2-methylsulphonyl- 8-azapurin-6-one
(2.4b) was heated with methylamine at 90°, the expected
8-methyl-2-methylamino- derivative (2.10b) was obtained,
accompanied by a by-product which became the main product
at 120 0 .

Elementary analysis of this by-product satisfied

the empirical formula
species at 260 nm

c7H13 N70;

the u.v. spectrum (neutral

and cation at 223 nm) indicated the

presence of the triazole ring system (Albert, 1968a).
The n.m.r. spectrum (CF 3 .co 2H) showed a singlet (NMe in the
triazole ring )at T5.78 and a six-proton singlet at T6.89.
This compound was much more strongly basic (pfa 7.97) than
other aminotriazoles (Albert and Tratt, 1968; Albert,
1968a; Section 3 of this Thesis), but the pfa valu~ was
similar to that of an acylguanidine (Albert, et~., 1948).
These data indicated the compound to be 4-amino-2-methyl-~bis(methylamino)methylene- 1,2,3-triazole-5-carboxam ide
( 2 . 11 ) .

2. 2

Preparation of · 7-(and also 8-)methyl8-azapurines with an amino-group in the
6-position and various 2-substituents
Because 2,6-diamino-8-azapurine possesses strong

enzyme-inhibiting properties (Mandel, 1959; Handschumacher
and Welch, 1960), modification of the foregoing reactions
(Section 2.1) were investig ated in order to obtain further
examples of this class of compound by introducing an aminogroup into the 6-position.
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2-Mercapto-7-methyl-8-azapu rin-6-one (2.2a) was
heated with phosphorus pentasulphide in pyridine to give
the dithione (2.12a).

As attempted purification of this

dithione resulted in decomposition, it was methylated with
methyl iodide in cold aqueous sodium hydroxide without
purification .

The n.m.r. spectrum of the product,

2,6-bis(methy lthio)-7-methyl-8-azapurine ( 2.13a), show ed
singlets at T7.32 and 7.22 (2 x SMe), and at T5.48 (NMe).
Heating this bis(methylthio)-derivative (2.13a) with
ethanolic ammonia gave 6-amino-7-methyl-2-methylt hio-8azapurine (2.14a) without any by-product.

The i .r.

spectrum of this amino-compound showed a band at 3350 cm-l
(primary NH 2 ) and the n.m.r. spectrum indicated the
presence of two methyl-groups (Table 2.2), and a broad
peak (2H) at T2.06 (exchangeable) represented the primary
amino-group.

The compound (2.14a) gave 6-amino-7-me thyl-

2-methylsulphonyl -8-azapurine (2.15a) in excellent yield
by oxidation with potassium permanganate in dilute acetic
The i .r. spectrum of this sulphone showed bands
at 1310 and 1140 cm- 1 due to S-0 stretching.

acid.

Again the methylsulphonyl-group was reactive and the
sulphone (2.15a) gave 2,6-diamino-7-methyl-8-azap urine *
(2.16a) by heating with ethanolic ammonia at 150°.

*

For another isomer, 2,6-diamino-9-methyl-8-aza purine,
see Davoll (1958).
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6-Amino-2-methoxy-7-methyl -8-azapurine (2.17a) was
readily obtained when the sulphone (2.15a) was boiled with
sodium methoxide in methanol.

Hydrolysis of the sulphone

(2.15a) with aqueous potassium hydroxide at 20° afforde d
the 6-amino-2-oxo-derivative (2.18a).

The physical

properties of the compound (2.18a) were different from
This

those of 2-amino-7-methyl-8-azapurin -6-one (2.9a).

confirmed that ammonia selectively attacked the 6-position
of the 2,6-bis(methylthio)-derivat ive (2.13a).

A similar

difference in the reactivity of the 6- and the 2-position
has also been demonstrated in the purine series.

In

2,6-bis(methylthio)purine, only the group in the 6-position
could be replaced by dimethyl amine (Montgomery, et EJ._.,
1959), and 2,6-diaminopurine could not be obtained by
heating 6-amino-2-methylthiopurine with ammonia
(Andrews, et EJ._., 1949).
2,6-Bis(methylthio)-8-methy l-8-azapurine (2.13b)
was similarly prepared from 2-mercapto-8-methyl-8azapurin-6-one (2 . 2b) via the 2,6-dithione (2.12b).
The bis(methylthio)-compound (2.13b) was converted into
the 6-amino-2-methylthio-deriva tive (2.14b) by heating
with ethanolic ammonia.

This methylthio-derivative gave

6-amino-8-methyl-2-methylsu lphonyl-8-azapurine (2.15b) on
oxidation with potassium permanganate.

Heating this

sulphone with ethanolic ammonia yielded 2,6-diamino-8methyl-8-azapurine* (2.16b) •
*

See footnote on previous page.
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Boiling the sulphone (2.15b) with sodium methoxide

1n

methanol afforded 6-amino-2-methoxy-8-methyl -8-azapurine
(2.17b).

6-Amino-8-methyl-8-azapurin -2-one (2.18b), the

isomer of 8-methyl-8-azaguanine (2.10a), was obtained by
hydrolysis of the methylsulphonyl-derivative (2.15b).
Oxidation of 2,6-bis(methylthio)-8-methy l-8-azapurine
(2.13b) with potassium permanganate gave 8-methyl-2-methylThis oxo-compound was

sulphonyl-8-azapurin-6 - one (2.4b).

apparentl y formed by the partial hydrolysis of
2,6-bis(methylsulphonyl)-8- methyl-8-azapurine (2.19) obtained
by the oxidation of the bis(methylthio)-derivative (2.13b).
This is another example of the greater reactivity of the
6- over the 2-position.
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Heating 8-methyl-8-azapurin-2,6-dio ne (2.5b) with
phosphoryl chloride in the presence of diethylaniline
gave the readily hydrolysable 2,6-dichloro-8-methyl-8azapurine (2.20).

This dichloro-compound was easily

converted into 2,6-diamino-derivative (2.16b) by heating
with ethanolic ammonia at 170°.

This is a more direct

route to this compound than the one already given.

2. 3

Discussion of physical properties of substances
obtained in this section, and correlation of
these properties with their structure
a) Ionisation constants ·
Ionisation constants of 8-azapurines substituted in

the 2- and 6-positions are shown as pK values in Table
-a
2.1.
The effects of the 2-substituents on the ionisation
(as acids) of the 6-oxo-derivatives are linearly correlated
with Hammett's am values (van Bekkum, et~-, 1959;
Jaffe, 1953; McDaniel and Brown, 1958; Zollinger and
Wittwer, 1956) for the substituents, and the slope of the
line for the 7-methyl series was similar to that for the
8-methyl series.

Each member of the 7-methyl-8-azapurin-

6-one series was more acidic (by 0.3-0.6 pf unit) than the
8-meth yl isomer.
Typical differences are demonstrable between the
purine and 8-azapurine series.

Thus 2-amino-7-

methylpurin-6-one has acidic and basic pfa values of 10.0
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and 3.5 (Pfleiderer, 1961), respectively, and is thus, as
would be expected, a weaker acid and a stronger base than
2-amino-7-methyl-8-azapurin -6-one (pfa 8.25 and 1.58 ) (see
These large differences spring from the

Table 2.1).

electron-withdrawing effect of the additional doubly-bon ded
nitrogen atom in the five-membered ring, which gives
8-azapurines more of the electron disposition of pterid ines
7.9 and
than of purines [cf. 2-aminopteridin-4-one, pK
-a
2.3 (Albert, et al., 1952)].

b) Ultraviolet spectra
Ultraviolet spectra of the 8-azapurines are shown
in Table 2.1.

Comparison of the peak of longest wave-

length for each 8-azapurin-6-one substituted in the
2-position showed that it had shifted to slightly longer
wavelength than that for the parent 8-azapurin-6-one, as
expected.

Unexpectedly, the absorption maxima of the

2-methylth io -8-azapurin-6-ones had shifted slightly in
the opposite direction, although the bathochromic shift
of their anions was normal.
Much more puzzling was the un~sually large hypsochromic shift (23-27 nm) observed for 7-(and also 8-)
methyl-8-azapurines substituted with an amino-group in
the 2-position.

A similar hypsochromic shift was also

observed in 2-aminopteridines (see Table 2.1) which are
highly TI-deficient heterocycles like 8-azapurines.
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In the course of reviewing these facts, an entirely
new principle came to light, namely that the contrib ution
of the guanidinium-type of resonance to a u.v. spect rum
is approximately equivalent to that of the urea-type of
resonance.

Thus the cation of 2-amino-7-methyl-8-

azapurin-6-one had maximum absorption at 270 nm and the
neutral species of 7-methyl-8-azapurin-2,6-dio ne at 274 nm.
Again, 2,6-diamino-7-methyl-8-azap urine cation had the
absorption maxima at 258 and 282 nm, and similar maxima
(at 255 and 287 nm) were observed in the neutral species
of 6-amino-7-methyl-8-azapurin -2-one.

This corresponden ce

in wavelengths extended also to the extinction coefficients
(see Table 2.1 and Figures 2).
This principle was applicable likewise in the
8-methyl series (see Table 2.1 and Figures 2).

In

9-alkyl-8-azapurines, there seems to be a similar
correlation (see Table 2.1) but precise discussion is
impossible because no ionisation constants are recorded
in the literature and it is not certain that only one
ionic species is present in each case.
As shown in Table 2.1, the u.v. absorption of
4-aminopteridin-2-one (as the neutral species) closely
resembles that of the cation of 2,4-diaminopteridine .
Moreover similarity of absorption was found between the
cation of 2-aminopteridin-4-one and the neutral species
of pteridin-2,4-dione.
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Further exploration of the parameters of this rule
clearly demon str ated a correlation between spectra of the
cation of 2-aminopyrimidines and the neutral species of
the corresponding pyrimidin-2-ones (see Table 2.1).
However, the correlation does not extend to the 4-amin oderi va tives of pyrimidine and fused pyrimidine nuclei.
For example, the u.v. spectrum of the cation of
4-aminopyrimidine was entirely different from that of
the neutral species of pyrimidin-4-one.
Further examples of purine derivatives are listed
in Table 2.1.

Close correlation was found between the

cation of 2-aminopurines and the neutral species of the
corresponding 2-oxo-analogues.

However, 6-aminopurine

cation did not correlate with purin-6-one neutral s·peci es.
This was in agreement with the absence, just mentioned,
of any correlation between 4-aminopyrimidine cation and
pyrimidin-4-one neutral species~
The azapurines described in the present work,
exactly follow these spectral patterns.

Thus, the cation

of 6-amino-8-azapurin-2-ones did not correlate with the
corresponding 8-azapurin-2,6-diones (neutral species).
Again, 2,6-diamino-8-azapurines did not relate to the
corresponding 6-oxo-analogues but they did correlate with
the 2-oxo-analogues.
An interesting aspect of the rule is illustrated by
the lack of correlation between the cation of 9-methylguanine (2.21) [A max 251 and 276 nm (logs 4.08 and 3.88)]
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(Pfleiderer, 1961) and 9-methylxanthine (2.22)(neutral
species ) [ Amax 2 34 and 26 5 nm ( 1 o g s 3. 9 2 and 4. 1) ]
(Pfleiderer and NUbel, 1961), whereas unsubstituted
guanine cation was closely related to xanthine (neutral
species) (see Table 2.1).

This exceptional behaviour

of 9-methylguanine strongly suggests that it does n·o t
undergo protonation on the pyrimidine ring.

In fact,

the protonation was proved to take place on the 7-position
(2.24) by the similarity of the u.v. spectrum of the
9-methylguanine cation to that of the 2-amino-7,9dimethyl-6-oxo-purinium cation (2.23) (Pfleiderer, 1961).
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Extension of the rule (correlation between the
guanidinium-type and the urea-type of resonance) was
attempted to see if the amidinium-type and the amide-type
of resonance could be similarly related in terms of
ele ctro nic spectra.

Some examples are shown in Table 2.1.

It appears that a trend exists which is sometimes expressed
as a co rr elat ion between the cation of a-aminoheterocycles
and the neutral species of the corresponding a-hydroxyanalogues.

However, this relation is not so tight as

that demonstrated for guanidinium and urea resonances.
For example, a difference of 9 nm exists (in the absorption
maximum of longer wavelength) between the 2-aminopyrazine
cation and pyrazin-2-one; moreover although the cation of
3-aminoisoquino line closely relates to the neutral species
of isoquinolin-3-one , 2-aminoquinoline does not conform to
the pattern (unless the inflection at 320 nm is considered
relevant).
One possible explanation why the amidinium- and
amide-type of resonance is not so tightly related as in
the case of the guanidinium and urea resonance is as
follows.

In the guanidinium ion, the proportion of each

canonical form (2.25) and (2.26) in the course of resonance
is similar to the proportion of canonical forms (2.27) and
(2.28) in the urea resonance, respectively.

On the other

hand, the proportion of exo-cyclic double bond character
in the amidin ium ion might be somewhat different from that
of the keto form (2 .31 ) of the amide, because they are less
symmetrical structures.
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The opportunity will now be taken to compare the new
rule with a very well-known rule of R. Norman Jones (1945).
The Jones rule is concerned with the influence of
substituents on the u.v. spectra of anthracene and related
Careful study showed that

polynuclear aromatic compounds.

the anion of the phenol derivatives usually had an u.v.
spectrum almost identical in Amax' logs, and general
outline with that of the neutral species of the corresponding primary amino derivatives.
This rule has since been found applicable to -NH 2
and -0 derivat ives of n-deficient heteroaromat i c substances
such as pteridines, purines, and pyrimidines (e.g. Albert,
1952; Brown and Teitei, 1963).

This extension from

benzenoid to heterocyclic chemistry was not surprising,
because these heterocyclic oxo-derivatives form anions
that are truly phenolic, e.g. (2.33) (Albert, 1952;
Boarland and McOmie, 1952; Brown and Short, 1953; Brown,
.§1 E.]_., 1955; Albert and Brown, 1954).

However, the

neutral species of oxo-heteroaromatics exist predominantly
in the oxo-form, e.g. (2.35) rathe r than in the enol-form
(2.34) at equilibrium (Katritzky and Lagowski, 1963).
Because amino-heteroaromatics are overwhelmingly
1n the primary amino form (2.36) as the cation, any special
correspondence between the form (2.35) and (2.36) has
remained undetected up to the formulation of the new rule
in this Thesis.
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(2.33)

(2.34)

(2.35)

(2.36)

In the present work, the Jones rule was found
generally applicable to 8-azapurines.

Examples in

agreement are the spectra of the 2,6-diamino-derivatives
(neutral species) which were similar to those of the
anion of 2-amino-6-oxo and 6-amino-2-oxo analogues (though
the spectra of the latter bore the resemblance less than
those of the former).

The anion of 7-(and also 8-)me thyl-

8-azapurin-2,6-dione was more closely related to the
2-amino-6-oxo analogue than the 6-amino-2-oxo isomer, in
their spectra.

For other examples in 6-monosubstituted

8-azapurines, see Albert and Tratt (1968), and Albert
( 1968a).
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c) Infrared and n.m.r. spectra
The i.r. absorptions of the CO and NH groups a re
shown in Table 2 . 2.

The carbonyl bands of the 6-oxo

compounds appeared at rather high fr equ encies
(1700-1730 cm- 1 ) [especially high in the 2-methylsulphon yl 6-ones (1730 cm- 1 ) because of very strong e le ctronwithdrawal by t he sulphone group].
N.m.r. signals due to methyl- and amino-group
Surprisingly sharp NH 2
signals (W 1 6-10 Hz) were observed in n.m .r. spectra of
~
the 6-amino-8-azapurines (in [ 2 H6 ] dimethyl sulphoxide).
However, 2-aminopyrazine and 2- and 3-aminopyr idine in
are summarised in Table 2.3 .

the same solvent revealed signals that were almost as
sharp (Wk 9-10 Hz) whereas, fo r solutions in the more
2
commonly used [ 2HJ chloroform, these signals were much
broader (W 1 20-27 Hz).
~

Table 2.1

Ionisation constants and U.V. spectra

Ionisation in water (20°}
U.v.data (water}£

\

Spread
Compound

Sp e c i e s ~ p.!5.a

(±}

Concn

b
A.w .1 .-

( f,1}

>.. ( nm}

"max. (nm}

10 g

£

d
pH-

8-Azapurin-6-one
7-Methyl-2-methylthio

<235, 261

0
6.73

7-Methyl-2-methylsulphonyl

3.0xl0- 5

0.04

3.9xl0- 5

8.25

0.03

1. 58

0.03

4.7xl0- 5
3 . 3xl0- 5

268

4.03

0

284

4.01

6

226, 277

3.65, 3.80

5

239, 284

3.66, 3.84

10

2 39, 297

3. 85, 3.70

5

260

242, 299

3. 76, 3.77

11

300

2 70

3.78

-2

274~

3.78

5

232, 302~

3.73, 3.76

10

234, 264

4 .14, 4.04

4

244, 295

4.20, 3.99

10

300

300

0
7. 22~

8-Methyl-2-methylthio

0
7. 28

8-Methyl-2-methylsulphonyl

1.9xl0- 5

0.03

3. 9xl0- 5

8.64

0.02

1. 86

0.03

0

0

2.4xl0- 5
3.0xl0- 5

9-Ethyl-2-oxo

0
5 .20~

2-Amino-9-benzyl
+(?}

9-Benzyl-2-oxo

0
4.65~

1

4 .23, 4.05

7

227, 2 75

3.62, 3.87

5

248, 284

3. 72, 3.91

10

243, 293

3. 82, 3.80

6

300

251, 298

3.68, 3.90

12

300

268

4.00

-1

272~

3.94

4

233, 299~

3.73, 3.81

252, 2 70f

4. 05, 3. 89.s.

7

• 4.01.S.

A

300

255, 277f
+(?}

>3.5, 4.05

221, 292

300

0

7. 04~
2-Amino-9-ethyl

0.01

0

+

8-Methyl-2-oxo

300

<210, 272

7.69
2-Amino-8-methyl

4.0xl0- 5

0
3.54

2-Methoxy-8-methyl

0.03

10

4. 30, 3.78

0

+

7-Methyl-2-oxo

0.04

4

244, 295

295

0
7. 17

2-Amino-7-methyl

4.0xlo- 5

0
2.96

2-Methoxy-7-methyl

0.04

>3.5, 4.08

?

10

2 52, 267!.

4.06.s., ?

B

232, 255~

3. 76, 3.97

2

24 7, 2 78~

3. 94, 3.90

8

280!!.

4. 10.S.

11

255!!.

4 .12.S.

1

233, 256~

3. 80, 4.02

2

248, 279~

3.94, 3.94

8
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6-Amino-8-azapurine
2-Amino-7-methyl

<230, 249 ,
309

0
4. 2 7

+

7-Methyl-2-oxo

Pteridin-2,4-dione

4-Aminopteridin-2-one

Pyrimidin-2-one

0.04

2.5xl0- 5

260

29 5

3. 76

0

257, 30 7

3. 77 , 3 . 91

8

259, 28 4

4 .11, 4 . 08

2

256, 28 5

4. 03 , 4 . 03

7
13

Pyrimidin-4-one

280

257 , 31 3

3. 70, 3. 90

3.94

0.04

2.5xl0- 5

250

289

3.99

1

2 70, 34 0:L

4.05, 3.76

5.25

5. 32:L

0

0
3. 54l

0

0
5. 71l

0

0
4. o.e..

0
9.45~

2,4-Diaminopyrimidine

0
+

4-Aminopyrimidin-2-one

275

1. 2xl0- 5

0

+

Pyrimidin-2,4-dione

l.9xl0- 5

0.02

8. 60!!!.
2-Aminopyrimidin-4-one

0.05

9.98

0

+

12

2.94

9.11!!.
4-Aminopyrimidine

6

3. 65 , 3. 77

2. 31:L

+

3.93 , 3.83

251 , 314

9.97i
2-Aminopyrimidine

255, 287

3.90

2 75

0

+

4 .1 3, 4.07,

1. 2xl0- 5

7.9lj_
2,4-D1aminopter1d1ne

1

218, 258,
282

0.03

0

+

7

9 . 04

5 . 17

+

2-Aminopteridin-4-one

275

0
+

8-Methyl -2-oxo

2.4xl0- 5

0

+

2-Amino-8-methyl

0.04

>3. 5, 3.78,
3.79

7. 261

0
12 . 2!:1..

<220, 315:L

>4.1, 3.88

0

230, 324i

4. 00 , 3.84

5.9

235, .270 ,
347 .J..

4 . 02 , 3. 9 5,

10. 1

224,k255,
364 -

4 . 07 , 4. 32,
3. 86

8. 0

240, 284,
318,k332,

3. 0

m -

4 .1 0 , 3. 73,
3 . 91 , 3.98,
3.90

240, 286 'k
337, 350 -

4 . 08 , 3. 63,
3. 94, 3.87

7.0

255, 375~

4 . 31 , 3. 85

12.0

224, 292!!!.

4 . 13 , 3. 50

7.0

221, 302!!!.

4. 17 , 3. 60

1

<215 , 298!!.

>4 . 0 , 3.67.9.

3.69

6.21
13.0

220, 2 92!!.

4. 06 , 3.66.9.

234, 268Q.

4. 08, 3.55

7. 73

246Q.

4 . 27

0.0

223, 260!!!.

3. 87 , 3 .5 7

6.2

227, 263!!!.

4.05 , 3.56

280.e..

3. 64

7.0

2579.

3 . 82

1

258!.

3 .9 1.9.

7

284!

3. 79.9.

12

227, 2 82!:l..

3. 9 6 , 3. 84

10.0

232, 266!:l..

4 . 09 , 3.81

7 . 26

26 7!:l..

3. 79

7.0

224, 2 82 !:l..

3. 92, 3. 90

13

14.0

Table 2.1 (page 3)

2-Aminopurine

0
+

3. 80.Y.

~1§_. 305.Y.

3. 70, 3.78

7.0

237, 314.Y.

3. 6 2, 3.60

1. 84

Puri n-2-one

0

238, 315.Y.

3. 46, 3.69

6.05

6-Aminopurine

0

260.Y.

4.13

7.03

2 62.Y.

4.12

2.10

+

4. 22.Y.

Purin-6-one

0

249.Y.

4.02

5.18

2-Aminopurin-6-one

0

246, 275.Y.

4.01, 3. 89

6.20

248, 2 71.Y.

4.03, 3.85

1. 00

+

3. 3Y.

Purin-2,6-dione

0

26 7Y.

3.90

5.05

2,6-Diaminopurine

0

246, 279.Y.

3. 85, 3.95

7.48

241, 2 82.Y.

3. 96, 4.02

3.0

+

5. 09.Y.

6-Aminopurin-2-one

0

240, 286.Y.

3. 89, 3.90

6.98

2-Aminopyridine

0

229, 287~

3.97, 3. 5 8g_

9.5

229, 300~

3.95, 3. 76g_

1

+

6.861

Pyri di n-2-one

0

224, 293~

3. 86, 3. 77g_

6

2-Aminoquinoline

0

210.t, 310E

4.5, 3.7

C

210.t, 2 30.t,
260.t, 30 8.t,
320E

4. 3, 4. 2,
3. 8, 3. 9,
3.8

D

+

7. 341

Quinolin-2-one

0

224, 245,aa
2 70, 323 -

4.43, 3.93,
3. 82, 3. 80

4.7

3-Aminoisoquinoline

0

231, 269,
2 78, 2 88,
353bb-

4. 74, 3.67,
3. 73, 3.58
3.42

9.21

237, 277,
285, 296,
390~

4. 76, 3.53,
3. 52, 3. 21,
3.62

2.54

+

5.05~

Isoquinolin-3-one

0

274.t, 285.t
297.t, 395££

3. 5, 3. 5,
3. 2, 3. 60g_

E

2-Aminopyrazine

0

230, 285,
316~

4. 02, 3. 33,
3.70

7.0

229, 325~

4.03, 3. 77

1. 0

3.96, 3.74

5.1

+

3.141

Pyrazi n-2-one

0

221, 316~

2-Aminoquinoxaline

0

240, 290-310, 4.33, 3. 39,
353ee
3.80

7.2

231, 252,
4. 25, 4.05
257,310-326, 4. 07, 3. 76,
348-352ee
3.84

1. 0

228, 250,
254, 287,
343~

4.0

+

Quinoxalin-2-one

0

3. 961

4.32, 3.79
3.78, 3. 70,
3.74

Table 2.1 (page 4)

Footnotes:

~ Neutral species (0), cation(+), anion (-).
as in Albert and Serjeant (1971).
functions (H

),

!?._

Analytical wavelength, for spectrometric determination,

~ Inflexions are underlined.

i

of appropriate dilutions of sulphuric acid [Bascombe and Bell (1959)]; A: in 0.1~ NaOH;

0

~ NUbel and Pfleiderer (1965).

B: in O.l~ HCl; C: in 0.01~ NaOH; D: in 0.01~ HCl; E: in water.

i

Shealy, et

tl·

(1961).

i Albert, et al. (1952}.
(1948).

~

These values were converted into log

J_Albert, et al. (1951}.

m Brown and Short (1953).

s Levene, et al. (1926).

l i t e rat u re .

~ Mason

!:!_

!

(1957).

-h Koppel, et~- (1959).

al.
et -1 Albert, ~ Boarland and McOmie (1952).

~ Katritzky and Waring (1962}.

u Brown and Lyall (1962}.

y_ Mason (1954}.

Y Approximate values, estimated from the spectral curve in the

!:.- S t e ck an d Ewi n g ( 19 4 8 ) .

cc Evan s, et al. ( 19 6 7).

(1959).

Shugar and Fox (1952).

E.

-k Brown and Jacobsen (1961}.

Brown , et a 1 . (1955).

~ Isbecque, ~ ~-

£ Brown and Teitei (1965).

w Ma s on (1960).

Negative values are acidity

a a Brow n an d r1a s on ( 1 9.5 6 ) .

~ Cheese man (1960).

ee Cheeseman (1958).

b b Os b o r n , e t a l . ( 19 5 6 } .

Table 2.2

hexachlorobutadiene) of 2,6-disubstituted 8-azapurines
I. r. spectra (for mulls in Nujol and also in
1
Absorption (cm- ).!
Compound
b
C=O-

Other absorption

N-H

8-Azapurin-6-one
1190m

2-Mercapto-7-methyl

17 30

3350w

3050m

1605s
1140m

1590s

1300m

7-Methyl-2-methylthio

1700

3350w

3030w

1585m

1300m

1170m

7-Methyl-2-methylsulphonyl

173J

3380w

3030m

1595md 1335s%
1180m- 1155m-

2-Amino-7-methyl

1705

3350s

3200m

1680s

1630m

1140m

880m

2-Methoxy-7-methyl

1705

3350w

3150w

1620s

1310s~

1060m~

865m

2-Mercapto-8-methyl

1710

34001~

3150m

1605s
1150m

1300m

1280m

1165m

8-Methyl-2-methylthio

1720

3400w

3050m

1580s
1165s

1400m

1300m

1200m

8-Methyl-2-methylsulphonyl

1730

3380w

3210m

1600md 1335s~
1190m- 1160m-

1300m~

1280 m

2-Amino-8-methyl

1710

3380s

32 lOs

1680s
1280m

1630m
900m

1565s

132 0m

2-Methylamino-8-methyl

1715

3300s

3220m

1630s

1550s

2-Dimethylamino-8-methyl

1700

3200m

1605s

1340m

2-Methoxy-8-methyl

1710

3400w

3200m

1640s 1560m
1310s~ 1285m

1530m
1085m~

1340m
880m

2-Ethoxy-8-methyl

1720

3400w

3200m

1630s 1530m
1085m~ 1020m

1300s~

1290m

3100w

1320m~

1290m

Table 2.2 (page 2}

6-Amino-8-azapurine
1580m

1455m

1270m

1560m
775m

1435m

7-Methyl-2-methylthio

3450w

3350m

3250m

1640s
1220m

7-Methyl-2-methylsulphonyl

3450w

3370m

3250m

1650s 1620m
13los£ 114osi

2-Amino-7-methyl

3350m

3200s

1650s

1600s

1510m

2-Methoxy-7-methyl

3400m

3120m

1660m 1615m
1450m 1365m
1030m~

1590m
1340m

1500m
1230m~

3340m

3190m

1620s
1390m

1580m
1355m

1480m
1310m

1420m

8-Methyl-2-methylthio

3500w

3250w

3130m

1660m
1380m

1610m
1230m

1570m

1445m

8-Methyl-2-methylsulphonyl

3450m

3350s

3250m

1650s 1610m
1305s£ 1135si

1560m
945m

1380m

2-Amino-8-methyl

3380s

3200s

1670s
1400s

1645s
1310m

1590s

1510m

2-Methoxy-8-methyl

3400m

3100m

1650m
1430m

1610m
1340m

1580m
1300s~

1490m
805m

3350m

3050m

1600m

1510m

1350m

1285m

2,6-Bis(methylthio)-7-methyl-8-azapurine

1560s

1450s

1220m

1180m

2 , 6- Bis ( me thy 1 th i o) - 8- me thy 1 - 8- a zap urine

1575m
1160s

1550s
1050m

1450s
840m

1380s

2,6-Dichloro-8-methyl-8-azapurine

1545m
1040m

1450m

1385m

1165m

1650

7-Methyl -2-oxo

8-Methyl-2-oxo

1650

Footnotes:
~ S: Strong, m: Medium, W: Weak.

~ Always a strong peak.
£ S-0 Asymmetric stretching.
-d S-0 Symmetric stretching.
~ C-0-C stretching.

Table 2 . 3
1H N.m. r. spectra at 33.3° of
2,6-disubstituted 8-azapu r ines

Chemical shifts (T values)
SolventE.

Compound
NCH~
-3

SCH~
-3

OCH~
-3

NH~
-2

8-Azapurin-6-one
A

2-Mercapto-7-methyl

5.69

7-Methyl-2-methylthio

5.63

7.40

A

7-Methyl-2-methylsulphonyl

5 . 55

6.45

A

2-Amino-7-methyl

5.41

2-Methoxy-7-methyl

5. 31

2-Mercapto-8-methyl

5.54

8-Methyl-2-methylthio

5.47

7.00

B

8-Methyl-2-methylsulphonyl

5.65

6.71

A

2-Amino-8-methyl

5.53

B

8-Methyl-2-methylamino

5.52

B

B

5. 7 5

B
B

6.61s!.
2-Dimethylamino-8methyl

5.49

B

6 40~
0

2-Methoxy-8-methyl

5 . 67

6.02

A

Tab l e 2.3 (page 2)
6-Amino- 8-azapu r ine
7- Methyl-2-methy l thio

5 . 52

7 .4 0

2 . 06

A

7-Me thyl-2-methyl sulphonyl

5. 43

6 . 59

1 . 30

A

2-Amino-7-methyl

5. 28

2-Me thoxy-7-methyl

5 . 52

7-Methy l-2-oxo

5.26

8-Methyl-2-methylthi.o

5. 53

7.50

1 . 77 ,

A

8- Methyl-- 2-methylsulphonyl

5 . 42

6 . 60

0 . 95

A

2-Am in o-8-methyl

5.46

2-Metho xy- 8-methy l

5 .60

8-Met hy l-2-oxo

5.48

2,6-Bis(methylthio)-7methyl-8-azapurine

5.48

B
6 . 02

2 . 08

A
B

B
6.11

1.85

A
B

7. 32

C

7 . 22
2,6-Bis (methylth i o)-8methyl-8 -azapur i ne

5.38

7. 35

C

7 o27

2,6-Di chloro-8-methyl8-azapu r ine 5 . 28

C

Footno tes :
~ 3H, Sin glet .

i

Assignment to NHC~3 .

~ Assignmen t to N(Cli 3 ) 2 ; i nteg r ation showed s i x protons .

Figure 2.1
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Figure 2. 2
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SECTION 3

Synthesis of 4-amino-1,2,3-triazole-5-ca rbaldehydes

3.1

Direct preparation by catalytic hydrogenation
of the corresponding 5-nitriles
A set of 4-amino-1,2,3-triazole-5-ca rbaldehydes

(3.2 a-d) was required for the synthesis of 6-unsubstituted
8-azapurine s alkylated in the triazole ring.

However, such

triazole aminoaldehydes could not be obtained from the
related 4-aminotriazole-5-carbonit riles (~), readily
available from the corresponding 5-carboxamides (Albert,
1969a; Albert, 1970; Albert, 1970a), by the standard
For

methods for converting nitriles to aldehydes.

example, the Stephen reaction (Stephen, 1925) gave only
polymers of the expected products because of the
sensitivity of the aminoaldehydes to acid.

Metal

hydrid es (such as lithium aluminium hydride) failed to
react because of complex formation.

Equally unsuccessf ul

were the three Backeberg-Staskun reactions based on Raney
nickel (Backeberg and Staskun, 1962; Staskun and Backeberg ,
1964; van Es and Staskun, 1965).
Catalytic hydrogenation of 4-amino-2-methyl-1,2, 3triazole-5-carbonitrile, in the presence of aldehydetrapping reagents (Plieninger and Werst, 1955; Davoll and
Johnson, 1970), was then tried and gave the following

37

derivatives of 4-amino-2-methyl -1,2,3-triazole-5carbaldehyd e: the phenylhydrazone (1:_l), the phe ny lsemicarbazone (~), and l,4-bis(4-amino-2-methyl-1, 2,3triazol-5-yl)-2,3-diazabuta -l,3-diene (3 .5).

Unfortunat ely

the free aldehyde could not be liberated by (a) a swamping
excess of another aldehyde, (b) an acid hydrolysis (which
caused polymerisation of the aminoa l dehyd es), nor by (c)
oxidation with lead tetraacetate (Lee, et~-, 1970),
chromyl acetate (Schildknecht and Hatzmann, 1968), or
[for the azine (3.3)] periodic acid (Fatiadi , 1971).
Finally t he required aminoaldehydes (3.2 a-d) were
satisfactorily produced from the corresponding nitriles by
hydrogenation over palladium on carbon, in hydrochlo ric
acid of such a strength (found by trial to be 0.1-0 .2 ~)
that the initially-formed aldimine, e.g. (l..:_§_), was
hydrolysed faster than the resulting aminoaldehyde was
polymerised.

The yield ranged from 45 to 92 %.

This

range may be explained by the steric effect of the alkylgroup and the various stabilities of the products to acid
[the 3-benzyl-derivative (3.2d) was obtained in the best
yie ld and the 1-methyl analogue (3.2a) the worst) .
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CN

:~
N

NH 2

CHO

NH 2

(g)

(Ll)

a; R

= 1-Me

a; R

= 1-Me

b; R

=

2-Me

b ; R = 2-Me

R

=

3-Me

C; R =

3-Me

d; R =

3-CH 2 Ph

C;

d; R

= 3-CH 2 Ph

/
MeN

N

'\N

l

( 3. 4)

CH=N-N=CH~N

-~
I '\ NMe

H

2

NAN/
(~)

.

CH=N-NHCONHPh
NH 2
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This method for obtaining aldehydes from nitriles by
hydrogenation seems to have been used, in heterocyclic
chemistry, only for 4-aminopyrimidine-5-carbo nitriles
(Gerecs, et~-, 1955; Bredereck, et~-, 1967; David and
Hirshfeld, 1969).

For making small amo unts of the amino-

aldehydes, the hydrogenation method was found to be much
more preferable than the oxidation method (see Section 3.2)
because of fewer steps and the ready accessibility of the
starting material (nitriles) from the amides.

When a

large amount of the aminoaldehydes are required, the
hydrogenation method however has a disadvantage in the
necessarily high proportion of solvent to substrate during
hydrogenation.

Nevertheless the hydrogenation procedur e

is expected to prove a general and useful method for .
synthesising Q-aminoaldehydes wherever o-aminonitriles
are available.
The triazole aminoaldehydes were stable to storage
at 20-25°, both in the · solid state and dissolved in
0.1 ~-hydrochloric acid; but in ~-acid, the three methylderivatives were almost completely polymerised after
standing for a month in this temperature range.
In order to compare the unsubstituted aminoaldeh yde
(~), with these ~-alkylated triazole aminoaldehydes
an attempted synthesis of the former was made as follo~1s.
4-Amino-1,2,3-triazole-5-c arbonitrile (3.8) was prepared
by modifying the method of Hoover and Day which seems to
be insufficiently described, for it could not be . reliably
repeated.

The acidic pK-a (for 3-NH)
- was found to be
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6.15 which is, as expected, more acidic than that of the
5-carbamoyl (pfa 7.79) (Albert, 1968a) or 5~methylth i ocarbonyl (pfa 7.12) (Albert, 1969a) analogue.

When thi s

aminonitrile was hydrogenated as for the N-substituted
derivatives, the product was found to be so sensitive t o
handling that it was not further pursued.
An attempted synthesis of the nitrile by dehydrating
4-amino-1,2,3-triazole-5-car boxamide (3.10) (Hoover and
Day, 1956) with thionyl chloride in pyridine gave an
The
unexpected product, of empirical formula (C 4 H3N3 )n.
n.m.r. spectrum had peaks typical for a 4-substituted
pyridine; at Tl.11 (2H, q
J

J

5.5 and 1 Hz) and 2.05 (2H, q

5.5 and 1 Hz), and the i .r. spectrum showed a sharp

absorption at 2240 cm-l due to the cyano group.

These

data indicated the structure 4-amino-2-(1- or 3-)(4'pyridyl)-1,2,3-triazole-5-c arbonitrile (3.11).
the location of the pyridyl-group was uncertain,

Although
the

2-position seemed most likely, because paper chromatography of the product in aqueous ammonium chloride and
l-butanol-5-~-acetic acid produced a fluorescent spot,
which is characteristic of a 2-substituted 1,2,3-triazol e
(Albert, 1968a).
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CHO

CN
---+

N
H

(U)

N
I

/N

CN

CONH 2

N
~N
H

(3.10)

NH 2

(3.11)

42

3. 2

Preparation by oxidation of the correspondin_g_
5-hydroxymethyl compounds
4-Amino-1,2,3-triazole-5-ca rbaldehydes (_Ll) were

obtainable from 4-amino-1,2,3-triazole-5-car boxamides
also, by a route similar to that used for making
2-aminopyraz i ne-3-carbaldehyde from 2-a minopyra zin e-3carboxamide (Albert and Ohta, 1971).

For example,

methyl 4-amino-2-methyl-1,2,3-tria zole-5-carboxylate (3.14)
was obtained in excellent yield by the combined acti on of
methanol and sulphuric acid on the corresponding
5-carboxylic acid (3.13), readily available by alkaline
hydrolysis of 4-amino-2-methyl-1,2,3-tria zole-5-carboxamid e
(Albert, 1968a).

The methyl ester (3.14) was red~ced to

the 5-hydroxymethyl analogue (3.15) with lithium alumini um
hydride.

Finally 4-amino-2-methyl-1,2,3-tria zole-5-

carbaldehyde (3.2b) was produced by oxidation of the
primary alcohol (3.15) with manganese dioxide.
Similarly 4-amino-3-benzyl-5-hydroxy methyl-1,2,3triazole (3.17) was prepared by reduction, with lithiu m
aluminium hydride,of ethyl 4-amino-3-benzyl-1,2,3-tria zole5-carboxylate (3.16), obtained directly (but in rather poor
yield) by the reaction of benzyl azide and ethyl cyanoacetate (Hoover and Day, 1956).

This acid, 4-amino-3-

benzyl-1,2,3-triazole-5-car boxylic acid, is not directly
available by the hydrolysis of the corresponding
5-carboxamide because of a Dimroth rearrangement, possib le
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( 3 . 12 )

(3.14)

(3.13)

CHO

(3.15)

f'N

C0 2Et

,/N

Nf/

N

N

(3.2b)

NH 2

j

/CH 20H

I

N
NH 2

"'N

f

CH 2Ph

I
CH

(3.16)

(3.17)

2Ph

CHO

/N

"'N--

NH 2

I

CH 2 Ph
(3.2d)
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only for 3-alkyl-1,2,3-triazoles (Albert, 1970).

The

hydroxymethyl compound (3.17) was oxidised to the
aminoaldehyde (3.2d) with manganese dioxide.

3.3

Discussion of physical properties
The aminoaldehydes showed strong absorption in the

i.r. spectra around 1650-1680 cm - 1 ( due to C=O stretchi ng )
comparable to that of 2-aminopyrazine-3-carbaldeh yde
The n.m.r. spectra showed a

(Albert and Ohta, 1971).
sharp singlet peak at
aldehyde proton.

T

-0.1 - +0.1 assigned to the

Ionisation constants and u.v. spectra

are shown in Table 3.1.

The aminoaldehydes were very

weak bases, as expected, because of the electronwithdrawing effect of the aldehyde-group.

In the u.v.

spectra, the lack of the longer wavelength absorption was
observed when 4-amino-2-methyl-1,2,3-tria zole-5-carbaldehyd e
(3.2b) was converted into the cation, whereas the cation of
the 3-methyl isomer showed a small, normal bathochromic
shift (14 nm).

This phenomenon was general also for

other 4-amino-2-methyl-1,2,3-tria zoles, and will be
discussed in Section 3.4.
The opportunity will be taken here to discuss the
basic strengths of 4-amino-1,2,3-triazoles unsubstituted
in the 5-position, because the base-strength of 4-amino3-methyl-1,2,3-triazole (3.18) (pfa 2.27) (Albert, 1969a)
had been thought weaker than expected.
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~NxHI

Nf/'

N
Me

NH 2

( 3. 18)

Me

/N

C0 2H

Me

/N)'H

N

N
N

,.
I

NAN H

NH 2

2

(3.20)

(3.19)

4-Amino-1-methyl-1,2,3-tria zole was made by
decarboxylation of 4-amino-1-methyl-1,2,3-tria zole-5carboxylic acid (3.19), readily available from the
5-carboxamide, discussed in Section 2.1.

The basic

pfa of the 1-methyl-derivative (3.20) was found to be
2.42, which was only slightly higher than that of the
3-methyl isomer.

An attempted preparation of 4-amino-

2-methyl-1,2,3-triazole by similar decarboxylation under
varied conditions (Nawa, et~-, 1953; Frydman, et~-,
1968; Albert, 1969a; Albert, 1970; Cohen and Schambach ,
1970; Cusack, et~-, 1971) led to either decomposition
or the recovery of the carboxylic acid.

3.4

Protonation of 4-amino-1,2,3-triazoles
Ionisation constants and u.v. spectra of 4-amino-

1,2,3-triazoles are shown in Table 3.1.

The normal small

bathochromic shift (about 20 nm for the longer waveleng th
peak), with slight decrease of intensity, was observed
when all of the 4-amino-1,2,3-triazoles substituted in the
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1- or 3-position were converted to their cations (for ot he r
examples of this behaviour in 1,2,3-triazoles, see Albe rt ,
1969a; Albert, 1970; Hoover and Day, 1956).

The lack of a

large hypsochromic shift and the similarity of the pfa of
4-amino-3-benzyl-5-hydroxy methyl-1,2,3-triazole (3.17)
(pfa 1.15) to that of l-methyl-1,2,3-triazole (pfa 1.25)
(Albert, 1963) suggested that the protonation took place
on a ring nitrogen atom and made use of the imidazoliumtype (3.21) of resonance stabilisation (Pedersen, 1959).

(3.21)

It is nota~le that the lack of the longer wavel e ngt h
peak (seen in the neutral -species) was observed when
4-amino-2-methyl-1,2,3-tria zoles were converted to their
cations.

[When solutions of these cations were neutral-

ised, spectra identical with those of the neutral species
were restored (Figure 3.1); this confirmed that no
decomposition with acid had occurred.]

4-Amino-5.

hydroxymethyl-2-methyl-1,2 ,3-triazole (3.15) is basic
whereas 2-methyl-1,2,3-triazole lacks basic properties
(Pedersen, 1959).

This fact indicates that the triazole

(3.15) is protonated on the exocyclic nitrogen atom (3.22).
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Although such a result has not previously been reported
for an a-amino nitrogen heterocycle, it is likely to
happen when amidinium resonance (3.23) cannot occur
because of an unfavourable distribution of electron s.
In these circumstances, the primary amino-group, weak
as it is, can gain the proton.

(3.22)

(3.23)

The loss of the long wavelength peak, on passing from
neutral species to cation, is typical of the behaviour
of aromatic primary amino-groups (Harberts, et~ - , 1936 ).
Thus the spectrum of the cation of aniline is almost
identical with that of benzene, and the spectrum of the
cation of 4-amino-5-hydroxymethyl-2 -methyl-1,2,3-triazole
is almost identical with that of the neutral species of
\

2-methyl-1,2,3-triazole (see Table 3.1 and Figure 3.2).
Two alternative explanations for the loss of the
long wavelength peak had to be excluded: (a) hydration
across the 5,1-double bond followed by protonation on
the nitrogen in the 3-position (in an isolated amidinogroup)(3.24), and (b) hydra tion across the 3,4-double bond
followed by protonation on the carbinolamine group (3.25).
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H

OH
CH 0H
2

/N
MeN
+

NH

N

H

2

OH
(3.24)

(3.25)

The n.m . r. spectra of 4-amino-3-b e nzyl - (and 2-m e thyl-)
5-hydroxymethyl-1,2,3-triaz oles in four solvents are sh own
in Table 3.2.

The chemical sh i ft of the methylene pro t on

of the 2-methyltriazole changed no more, with change i n
solvent, than that of the methyl proton or of the hydroxy methyl proton of the 3-benzyl analogue, whereas an upfield
shift would be expected on converting an allylic to an
aliphatic proton upon forming the cation (3.24).
fact excluded possibility (a).

This

Possibility (b) seemed

unlikely because of the stability of the cation in ac i d
solution.

Finally, both possibilities were excluded by

measuring the basic pK
-a of 4-amino-5-hydroxymethyl-2methyl-1,2,3-triazole in rapid-reaction apparatus
(Perrin, 1965) by rapid acidification of a neutral
solution containing the neutral species.
(1.57

±

0.03) was obtained by this method.

The pfa value
This value,

so similar to that given by the usual slow equilibrium
method (pfa 1.56, see Table 3.1), indicated that no
covalent hydration had taken place when forming the
cation.

Table 3.1

Rzo

1H N.m.r. spectra at 33.3°: chemical
shifts of 4-amino-1,2,3-triazoles.

R'

N

Solventi

Chemical shifts (T values)

1,2 ,3-Tri azol e

Other peaks

R'

R

NH~
-2

CHO!?..

NCH£
-3

CHO

1-Me

3.70

0.10

5.89

A

CHO

2-Me

3.84 -0.09

5.89

A

CHO

3-Me

3.02

0.12

6.23

A

CHO

3-CH 2 Ph

2.85

0.10

CH=NNHPh

2-Me

4.40

5.9~ 2.4-3.4~, 1.76~

A

CH=NNHCONHPh

2-Me

4.10

h
i
6.01 2.05-3.0-,
1.71-

A

f
4.54 e , 2.68-

A

.

0.83J..., -0.60J_
C0 2Me

2-Me .

5.10

5.87 6. oo-~

B

CH 2 0H

2-Me

5.11

6.09 5.551, 5.0lm

A

CH 2 0H

3-CH 2 Ph

4.58

5 . 5 sl, 5 . 2 7m

A

4.66§.., 2.1of.
H

1-Me

6.13 2.91!]_

5.37

A

Footnotes:
~ 2H, Broad.

~ A: (CD ) so.
3 2

!?__

lH, Singlet.
B:

f. 5H, Singlet, C5!i.5 .

CDC1 3 .

£ 3H, Singlet.
§..

2H, Singlet, NCt!_ C H .
2 6 5

.9..6H, NH, and C5t!_5 ·

.

.

~ lH, Singlet, CH=N.

l 5H, C6!i.5 ·

J_

.l 3H, Singlet, OCH 3 .

l

Ci

2H, Doublet

m lH, Triplet. (i 6Hz), CH 20!i_.

1H, Broad singlet, NH.
6 Hz) , C!i_2 0 H.

~ lH, Singlet, =CH.

Tab l e 3 . 2

R(o

I.r. spectra (fo r mulls in Nujol
and also in hexachlorobutadiene)
of 4-amino-1,2,3-triazoles.

R'

N

Absorption (cm- 1 ) ~

1,2,3-Triazole

C=Og_ Other· absorption

R'

R

CHO

1-M.e

3440w, 3300m
3200w

1660

1635m, 1552m,
1410m, 1330m,
. 1180m, 78-Qm

CHO

2-M.e ·

3470w, 3340m
3230w

16 88

16 30 s , 1550m,
780m

3-Me

3440w, 3370w. 1650 . · 15.70m, 1530m,
1360m, 1315m,
32 80w, 3220w
820m

CHO

3-CH 2 Ph

3430w, 3340w
3250w, 3200w

CH=NNHPh

2-Me

3440w, 3330m
3270m

CH=NNHCONHPh

2-Me

3450w, 3300m
3230m

1670

1635m~, 1605ms!.'
1540s, 1460m,
765m

C0 2Me

2-Me

3500m, 3360m

1700

1615s, 1555m,
15 2 Om , 1310m,
1195m, 1145s ~

. CHO

N-H

1670

1635m, 15 7 5m,
840.m
1625m~, 1600ss!.,
1560s, 1505s,
1300m, 1265s

Footnotes:
-a s: Strong .
peak.

m: Medium .

-C C-N Stretching .

w : L~ e a k .

.!?..

Al way s a s t r o n g

s!_ P-henyl and NH.

~ C-0-C.

Table 3.3

Ionisation constants and U.V. spectra
U.

Ionisation in water (20°)

Compound

Species~

P~a

Sp re ad

b
Con en (M) A.w.1.-

V.

data (water)~

'\
log

Amax(nm)

E

pH£

A(nm)

(±)

4-Amino-1,2,3-triazole
-5-carbal dehyde
1-Methyl

oi

243, 316

3. 64, 3.83

3

2-Methyl

0

? 36, 302

3. 60, 3.79

2

240

3.90

237, 287

3.60, 3.96

2

241, 301

3.67, 3.91

-4

'v210, 252

'v3. 43, 3.76

4

-0.80

+
3-Methyl

0.03

2.79xl0- 5

300

0
-1. 54

+

0.05

2.14x10-S

2 75

-4

4-Amino-5-hydroxymethyl
-1,2,3-triazole
2-Methyl

0
+

3-Benzyl

1. 56

0.03

1.58xl0- 4

250

0
+

1.15

0.04

1. 09xrn.- 4

265

2-Methyl-1,2,3-triazole~ 0

220

3.81

-2

246

3.74

4

265

3.73

-2

218

3.79

A

217!., 2 73.9..

3.81, 3.80

7.0

224.9..

3.94

-2.2

2 76.9..

3.78

1. 8

22 7.9..

3.88

-2.4

241

3.49

5

262

3.17

0

238!!..

3.73

7.0

259h.

3.63

-0.2

4-Amino-2-methyl-1,2,3triazole-5-carboxamide

0
+

0.10.9..

4-Amino-2-methyl-1,2,3triazole-5-carboxylic
acid

0
+

-0.28.9..

4-Amino-1-methyl1,2,3-triazole

0
+

2.42

0.02

2.16xl0- 4

245

4-Amino-3-methyl1,2,3-triazole

0
+

2.21!!..

Table 3.3 (page 2}

4-Amino-1,2,3-triazole5-carbonitrile

0
6.15

l.23xl0- 4

0.03

2 30

251

3. 77

3

252

3. 79

9

225, 319

4. 21, 4.22

7

244, 351

4.13, 4. 28

1

4-Amino-5-cyano-2-(1or 3-}4'-pyridyl-1,2,3triazole (3.11}

0
+

4.00

4.08xlo- 5

0.02

350

Footnotes:
! Neutral species (O}, cation(+), anion(-).

~ Analytical wavelength, for spectrometric determination as in Albert and Serjeant (1971).
~ Negative values are acidity functions (H

0

),

of appropriate dilutions of sulphuric acid

[Bascombe and Bell (1959)]; A: in water.
d

A basic pfa (<l) could not be measured because of sensitivity of cation to acid.

e Pedersen (1959).
f Inflexion.
~ Albert (1968a).

~ Albert (1969a).

Table 3.4
1H N.m . r . spectra at 33° of
4-Amino-5-hydroxymethyl-1 ,2,3-triazoles

T

3-Benzyl

2-Methyl

Values
Phenyl

Me

Solvent~

C!:!_2 0 H

C!:!_2 Ph

5.58

4.66

2.70

A

b

4.42

2. 4 3 .

B

5.19

4.35

2.48

C

4.88

4.33

2.50

D

5.54

6. 19

A

5.35

6.00

B

5.15

5.78

C

5.09

6.10

D

Footnotes:
~ A: hexadeuteriodimethylsulphox ide.

C: 10~-deuteriochloric acid.

B~ deuterium oxide.

D: anhydrous tri fl uoro-

acetic ac id.
-b The peak could not be obse rved because it was
overlapped by the HOD peak.

Figure 3. 1
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4-Amino-2-methyl-1,2,3-triazole-5- carbaldehyde, in water.
A: Neutral species, at pH 2.
B : Cation, at Ho -4.

C: Spectrum of neutral species at pH 2 , obtained
by neutralisation of the cation ( B) •
To facilitate comparison, optical density (D) is used
rather than log

E,

in this figure.
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A: Neutral species of 4-amino-5-hydroxymethyl-2-methyl-1, 2,3-triazole, at pH 4.
B: Cation of 4-amino-5-hydroxymethyl-2-methyl-1, 2,3-triazole, at H0 -2.
C: Neutral species of 2-methyl-1,2,3-triazole, in water.
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SECTION 4

Synthesis of ~-alkylated 8- azapurines
unsubst i tuted in the 6-position

The cyclisation of ~-aminoaldehydes , to give a
fused pyrimidine system, has sometimes be en achieved by
a method discovered by Bischler (1891) (namely
~-acylation of 2-aminobenzaldehyde followed by
cyclisation to a quinazoline with ammonia).
In the present work, however, even the first stage
of the Bischler reaction proved unavailing for convert ing
4-amino-1,2,3-triazole-5-car baldehydes to 8-azapurines
because of the low nucleophilicity of the amino-group.
For example, 4-amino-3-benzyl-1,2,3-tria zole-5-carbalde hyde
did not react with acetic formic anhydride or boiling
formic ac i d, and attempte~ acetylation with acetic
anhydride, acetyl chloride, or ~-acetylimidazole also
failed.

Moreover the aminoaldehyde did not react with

ethyl chloroformate or diethyl pyrocarbonate (a more
powerful reagent for converting amines to ethoxycarbony lamino-derivatives; Dyer and Richmond, 1965).

Even prio r

converting the aldehyde-group to its acetal, a device
which permitted ~-acylation of 2-aminopyrazine-3carbaldehyde (Albert and Ohta, 1971), did not hel p greatl y
(Section 4.3).

Also unsuccessful were attempts at direct
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cyclisation of the triazole aminoaldehyde with urea and
thiourea, reagen ts which gave a fruit ful result in
preparing 2,6-disubstituted 8-azapurines from o-a minocarboxamides (Section 2).

Hence some quite new cycli sation

methods were devised for making 8-azapurines from the
t riazole aminoaldehydes, as follows.

4.1

Preparation of N-alkylated 8-azapurines
4-Amino-3-benzyl-1,2,3-tria zole-5-carbaldehyde

(3.2d), when stirred at 20-25° with a mixture of
dimethylformamide and phosphoryl chloride, gave 3-benzyl4-dimethylaminomethylenea mino-1,2,3-triazole-5-carbal deh yde
(4.lc) in good yield.

This amidine-aldehyde was cyclised

to 9-benzyl-8-azapurine (4.2c) by boiling with methano lic
ammonium acetate.
The constitution of the amidine-aldehyde (4.lc) was
confirmed by the i .r. and n.m.r. spectra.

Thus th is

amidine-aldehyde had strong absorption at 1690 and 1625
cm-l due to the C=O and C=N stretching bands, respectively.
The n.m.r. spectrum (in [ 2H6 ] dimethyl sulphoxide) showed
a characteristic singlet peak for an aldehyde-group at
T -0.13, and a singlet at t0.78 (lH, CH=N) accompanie d by
two singlets (at T6.80 and 6.88) due to the li-dimethylamino group.

Although no similar amidine-aldehyde

(4.1 a,b) could be isolated from the reaction of
4-amino-1-(or 2-)methyl-1,2,3-triazole-5-c arbaldehyde
(3.2 a,b) with dimethylformamide and phosphoryl chloride,

51

such aldehydes were almost certainly formed because 7- and
8-methyl-8-azapurine (4.2 a,b) were readily obtained by
The f act

adding aqueous ammonia to the reaction mixture.

that an amidino-group is so easily introduced into the
triazo1e aminoaldehydes whereas acylation failed, is
attributable to the newly-formed double bond [as in
formula (U)J which extends the conjugation of the
nucleus.

®

CHO

N

(Ll)

(U)
a; R = 1- Me

b; R

=

2- Me

d; R = 3-CH Ph
2

R = 7 -Me

a; R = 1- Me

a;

b; R

b; R

= 2-Me

c; R = 3-CH Ph
2

=

8-Me

c; R = 9-CH 2 Ph

This hypothesis suggested the use of orthoesters,
1n the following way.

4-Amino-l-methyl-1,2,3-tria zole-

5-carbaldehyde was heated with triethyl orthoformate to
give 4-ethoxymethyleneamino-1- methyl-1,2,3-triazole-5carbaldehyde (4.3a), which was readily converted by cold
ethanolic ammonia to 7-methyl-8-azapurine (4.2a).

The

n.m.r. spectrum of the compound (4.3a) showed two singlet s
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at Tl.35 (lH, Cli=N) and T -0.02 (lH, CliO), and a
combination of a triplet and a quartet due to the
ethyl-group (Table 4.1).

The i. r. spectrum confirmed

the presence of an aldehyde-group (1680 cm- 1 ) and a C=N
Likewise 4-amino-3-benzyldouble bond (1640 cm- 1 ).
1,2,3-triazole-5-carbaldehy de gave 3-benzyl-4-ethoxymethyleneamino-1,2,3-triazo le-5-carbaldehyde (4.3b), which
was cyclised with ammonia to 9~benzyl-8-azapurine (4.2c).

CHO

(o .
N

a; R = 1-Me

CHO

N=CHOEt

( 4. 3)

( 4. 2)

a; R = 1-Me

a; R = 7-Me

Although several Q-ethoxymethyleneamino-ca rbonitriles
have been condensed with ammonia to give fused pyrimidine
derivatives (Taylor and McKillop, 1970; Albert and Ohta,
1971) which are inevitably substituted in the 6-position
with an amino- or other group, no such use had been made
of o-ethoxymethyleneamino-alde hydes which are, in fact,
a completely new class of compound.

It is notable, that

the orthoformate ester reacted with only the amino-group,
under the neutral conditions of the present work, because
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orthoformates are much used as acetal-forming reagents
(DeWolfe, 1970), ~-~· in the presence of ammonium chlo ride.

4.2

Preparation of 2-methyl-derivatives
of the above 8-azapurines
The new method using the orthoformate ester,

described in Section 4.1, was extended to the use of
triethyl orthoacetate.

4-Amino-1-methyl-1,2,3-tria zole-

5-carbaldehyde (3.2a), when heated with triethyl orthoacetate, yielded 4-(a-ethoxyethylideneamino) -1-methyl1,2,3-triazole-5-carbaldehy de (4.4a).

The structure of

this compound was assigned from its n.m.r. and i .r.
spectra (see Tables 4.1 and 4.2).

The a-ethoxy-

ethylideneamino compound (4.4a) gave 2,7-dimethyl -8azapurine (4.5a) · with ammonia.
4-( a-E thoxyethylideneamino)-2-m ethyl-1,2,3-triazo le5-carbaldehyde (4.4b) and 3-benzyl-4-(a-ethoxyethylid ene amino)-1,2,3-triazole-5-carb aldehyde (4.4c) were sim ilarly
obtained from the appropriate aminoaldehyde (3.2b) or
(3.2d).

These compounds were readily cyclised with

ammonia to 2,8-dimethyl-8-azapurine (4.5b) and 9-benzyl2-methyl-8-azapurine (4.5c).

There was no significa nt

difference in the reactivity of the three aminoaldehyde s
(3.2 a,b,d) with triethyl orthoesters.
Although 2-methyl- and 3-benzyl-derivatives were
fairly stable on storage, the 1-methyl-derivatives
[(4.3a) and (4.4a)] were not stable; hence they were
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submitted to ring closure with ammonia immediately after
isolation.

Rfs·
N

CHO

NlNH

2

~/CHO

NJ

-+

N=C-OEt

~

~N

NAMe

N

I

Me
( 4. 4)

(g)

(U)

a; R

=

1- Me

a; R

=

1-Me

a; R

=

7-Me

b; R

=

2-Me

b; R

=

2-Me

b; R

=

8-Me

d; R

=

3-CH 2 Ph

c; R

=

9-CH 2 Ph

4.3

Preparation of 2-ethoxy-deriv atives of
the azapurines, and conversion of these
to 2-amino- and 2-oxo-derivati ves
As mentioned above, 3-benzyl-4-eth oxycarbonyl-

1,2,3-triazole- 5-carbaldehyd e (4.8) could not be obta ined
directly from 4-amino-3-ben zyl-1,2,3-triaz ole-5-carbalde hy de
(3.2d) because of the low nucleophilicit y of the aminogroup .

To increase the nucleophilicit y, the aldehyde-

group was converted to its acetal-group, a procedure
successful in the pyrazine series (Albert and Ohta, 1971) .
The aminoaldehyde (3.2d), when stirred with boron
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trifluoride-methanol complex, g.ave 4-amino-3-benzyl-5dimethoxymethyl-1,2,3-triaz ole (4.6) in 53% yield,
accompanied by a by-product (i.:l_) (19%).

The amino-acet al

(.i:..§_) had strong absorption at 1050 and 1100 cm-l (C-0-C)
-1
The n.m.r. spectrum

.

and no absorption around 1700 cm

showed singlets at T6.66 (6H, 2 x OMe) and at T4.39
(lH, 0-CH 0) .

/N

CHO

/OMe
CH
OMe

/N

'/

N

N

N

Nl1

NH 2

"'N

2

r
CH 2 Ph

r

CH 2 Ph

/OMe
CH
OMe

,/N
+

'

N

N=CH

"'N

N\

r

CH 2 Ph

N

H2 N

'N/
i

CH 2 Ph
( 4. 6)

(3.2d)

( i.:l_)

The structure of the by-product (i.:l_) was determined
as f o 11 ow s.

This compound absorbed principally at 337 nm

(logs 4.30) which

is a very much longer wavelength than

that of the acetal (4.6) (Amax.248 nm, logs 3.75) .

The

n.m.r. spectrum of the compound (i.:l_) showed the presence
of two benzyl-groups.

From these data, it was obvious

that the by-product (i.:l_) had a dimeric nature.

The

n.m.r. spectrum also showed a singlet at T6.60 (6H)
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assigned to two methoxy-groups, and two singlets at t4.45

(lH) and T0.84 (lH) which were assignable to a proton
attached to the carbon bearing two methoxy-groups, and a
vinylic proton in the C=N dou ble bond, respectively.
The elemental analysis was consistent with the empirical

The desired carbamate (4.8) was prepared from the
am ino-acetal (~) by the action of ethyl chloroformate
in pyridine, followed by the hydrolysis of the acetalgroup, but the yield was only 18% (overall).

The yield

of this carbamate could not be improved by following
procedures found useful with 2-amino-3-dimethoxymethylpyrazine (Albert and Ohta, 1971).

This result mak~s it

likely that the 1,2,3-triazole ring is, in such reaction s,
more electron-attracting than the pyrazine ring.

;OMe

CH
OMe

( 4. 6)

( 4. 8)

The successful reaction of the arninoaldehydes
(3.2 a,b,d) with orthoesters suggested the use of
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tetraeth yl orthoca rbonate which should also be able to
form interme diates that can extend the conjuga tion of
the nucleus .

Althoug h only a little is known about the

reaction of orthoca rbonate s with amines (Tieckel mann and
Post, 1948; Meyer, 1963; M~Donald and Krueger , 1966),
and they have never been used for ring-cl osure, it was
thought that the aminoal dehydes (~) should give
diethoxy methyle neamino - derivat ives (4.9), with tetraeth y l
orthoca rbonate .

These compounds seemed likely to

cyclise readily to 2-ethox y-8 -a zapurin es (4.10), which
could be useful interme diates for making 8-azapu rin-2-on e s
or 2-amino -8-azap urines.

Tetraet hyl orthoca rbonate was

made from chlorop icrin by ethanol ysis with sodium ethoxid e
(Robert s and McMahon, 1963).
When 4-amin o-2-me thyl-1,2 ,3-triaz ole-5-c arbalde hyde
(3.2b) was heated with tetraeth yl orthoca rbonate ,
4-dietho xymethy leneami no-2-me thyl-1, 2,3-tria zole-5carbalde hyde (4.9a) wa s obtaine d.

The ·structu re of this

compound was confirm ed by the i .r. and n.m.r. spectra
(see Tables 4.1 and 4.2). · Stirrin g the compound (4.9a)
in cold ethanol ic ammonia gave 2-ethox y-8-met hyl-8azapuri ne (4.10a) in good yield.

This is the first

example of forming a pyrimid ine ring from a
diethox ymethy leneami no-deri vative.
Similar treatme nt of 4-amino -3-benz yl-1,2,3 triazole -5-carb aldehyd e (3.2d) with the orthoca rbonate

58

afforded 3-benzyl-4-diethoxymeth yleneamino-1,2,3triazole-5-carbaldehyde (4.9b), as a viscous oil, which
decomposed on attempted distillation.

Elemental analysis

was not attempted, but the structure was confirmed by the
n.m.r . spectrum, which showed the present of two equivalent
ethyl-groups, also an aldehyde and a benzyl-group (see
Table 4.1).

Stirrin g the compou nd (4.9b) in ethanolic

ammonia gave 9-benzyl-2-ethoxy-8-azap urine (4.10b).

CHO

(0

N=C(OEt) 2

N

R = 2-Me

d;

R

=

3-CH 2 Ph

N

(4.10)

( 4. 9)

b;

®

a; R

=

2-Me

a; R =

8-Me

b; R

=

3-CH 2 Ph

b; R

9-CH 2 Ph

=

The ethoxy-group of 9-benzyl-2-ethoxy-8-azapu rine
(4.1Gb) was hydrolysed to 9- ben zyl -8-azapurin-2-one*
(4.11), the best reagent being molten moist pyridine

* This 2-oxo compound was found to be identical with
a specimen made by oxidising 1,6-dihydro-9-benzyl8-azapurin-2-one (A. Albert, unpublished data).
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(4 .1 0)

a; R

=

8-Me

b; R = 9-CH 2 Ph
r

~

N~

N

NH

2

( 4 .12)
a; R = 8-Me

hydrochloride (Prey, 1941).

Next, 2-am i no-9-benzyl-8-

azapurine (4 . 12b) was obta i ned by heat in g the ethoxyder i vat,ve (4.9b) in ethanolic ammon i a, quite severe conditions being required.

The i .r. spectrum o f this amino-

derivative (4.12b) confirmed the presence of a primary
1
Under
amino-group (absorption at 3430 and 3220 cm- ).
similar conditions, 2-ethoxy-8-methyl-8-azapu rin e (4 . 10a)
afforded 2-amino-8-methyl-8-azapu rine (4 . 12a) ~ Although
conversion of an alkoxy- to an amino-group has never been
observed in the 2-posit i on of a purine nucleus, such
conversion can take place i n the 8-azapurine series? thanks
to the electron-att r act i ng increment of the additional
doubly-bonded nitrogen atom i n the triazole ring.

Table 4.1

lH N.m.r. spectra at 33.3° in CDC1 3 : chemical shifts of 1,2,3-triazole-5-carbaldehydes

R\()YCHO
N"N~ N=C-OEt
I
R'

Chemical shifts (, values)

1,2,3-Triazole
CHO~

R' a

OC!:!_2 CH 3 b

OCH 2C!:!_3

C

CH ~
-3

R'

R

H

1-Me

-0.02

1. 35

5.54

8.59

H

3-CH 2Ph

-0.10

0. 91

5.59

8. 61

Me

1-Me

0. 18

7. 75~

5.71

8.62

5.74

Me

2-Me

0.00

8.06~

5.70

8.65

5.84

Me

3-CH 2Ph

-0.02

8.37~

5.75

8.66

OEt

2-Me

0.00

5. 69~

8. 71~

OEt

3-CH 2Ph

-0.01

5. 75~

8. 75~

C!:!_2C6H5

a

CH2C6!:!_5

a

5.73
4.55

2.70

4.71

2.78

4.70

2.77

5.77

Footnotes:
2- Singlet.

~ Quartet; coupling constant is 7Hz.
~ Triplet; coupling constant is 7Hz.

E. Assignment to C-C!:!_3 ; integration is three protons.
~ Because the chemical shift is modified by the second ethoxy-group (R'), integration is double.

Table 4.2

I.r. spectra of 1,2,3-triazole-5-carbaldehydes

R~YCHO

N'\ N~ll•C-OE t
IR'
Absorption (cm- 1 ) a

1,2,3-Triazole

R'

R

HC=O

C=N

Method b

C-0-C

A

H

1-Me

1680

1640

1260

H

3-CH 2 Ph

1690

1620

1255

1220

B

Me

1-Me

1690

1665

1290

1055m

A

Me

2-Me

1700

1660

12 80

1060m

B

Me

3-CH 2 Ph

1700

1645

1290

1050m

A

OEt

2-Me

1700

1660

1305

1275m

1075m

1030m

B

OEt

3-CH 2 Ph

1695

1630

1310

1280m

1065m

1020m

B

Footnotes:
~ Strong absorption unless cited as m (medium).

~ A: Nujol mull; B: Liquid film.
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SECTION 5

Experimental
5.1

General data
M.p.s were determined with an Electrothermal

apparatus by the capillary method.

The thermometer was

recalibrated with caffeine (m.p. 237°), phenolphthalein
(m.p. 263°), benzophenone (b.p. 304° at 760 mmHg), and
lead (f.p. 327.4°)(National Standards Laboratories
specimens).

Infrared spectra were taken (for mulls in

Nujol and hexachlorobutadiene, or liquid film) with a
Unicam SP 200 spectrophotometer, recalibrated at 2850,
1603, and 906 cm-l (polystyrene standards).

Ultraviolet

spectra were measured with a Unicam SP 800 spectrophotometer; the wavelength and intensity of each maximum were
then checked with a Unicam SP 500 (series 2) manual
instrument.

Ionisation constants were determined

spectrometrically at 20° in water (concentrations are
listed in each Table) as in Albert and Serjeant (1971).
Elemental analyses were carried out by Dr J.E.Fildes
1H N.m.r. spectra were measured by Mr SoE.
and her staff.
Brown with a Perkin-Elmer RlO instrument operating at
33.3° and 60 MHz, with tetramethylsilane or sodium
3-trimethylpropanesulphonat e as internal standard.

The

presence of a NH or OH group was confirmed by exchanging
hydrogen for deuterium with

o2o.

The mass spectrum was
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recorded by Dr J. K. Macleod of the Research School of
Chemistry in this University.
Yields of substances without sharp m.p. refer to
material sufficiently pure to give only one spot on paper
chromatograms developed with (a) aqueous 3% ammonium
chloride and (b) butanol-5~-acetic acid (7 : 3), or on thin
layer chromatograms run on (a) silica gel and (b) alumina.
Identity of compounds prepared by different routes was
established by i . r. spectra, paper chromatography, and
(where possible) mixed m.p.
Previously unknown compounds are underlined when
named in connexion with their elemental analyses.

5. 2

Experimental work related to Section 2
2-Mercapto-7-methyl-8-azap urin-6-one (2.2a).-

4-Amino-l-methyl -1,2 ,3-triazole-5-carboxamide (Albert and
Tratt, 1968; 0.20 g) and thiourea (0.50 g) were heated at
176° for 150 min.

The cooled mixture was dissolved in

2~-sodium hydroxide (5 ml) and refrigerated.

The sodium

salt was filtered off, washed with cold 2~-sodium
hydroxide, and dissolved in warm water (3 ml); the solution
was adjusted to pH 2 with 5~-sulphuric acid and chilled.
The deposited solid, recrystallised from water (200 parts),
gave 2-mercapto-7-methyl-8-azapu rin-6-one (60%), m.p .
311° (decomp .)(Found, for material dried at 110° and
0.05 mmHg: C, 33.1;
requires

C, 32.8;

H, 2.9;
H, 2 . 8;

N, 38.1;
N, 38.2;

S, 17.5.
S, 17.5%).

C5H5 N50S
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7-Methyl-2-methylthio-8-aza purin-6-one (2.3a).Methyl iodide (2.04 g) was added to an ice-cold solution
of the thiol (2.2a) (2.30 g) and sodium hydroxide (1.52 g)
The mixture was stirred

in water (50 ml) with stirring.

at o0 for 5 min more, and then at 20° for 20 min, and
neutralised with acetic acid.

The precipitate,

recrystallised from ethanol (200 parts), gave 7-methyl-2methylthio-8-azapurin-6-one (89.5%), m.p. 305° (decomp.)
(Found, for material dried at 110° and 0.05 mmHg:
C, 36.8;

H, 3.9;

N, 35.5;

S, 16.4.

requires

C, 36.5;

H, 3.6;

N, 35.5;

C6 H7 N5os
S, 16.3%).

7-Methyl-2-methyl sul phonyl-8-azapuri n-6-one ( 2. 4a) .Potassium permanganate (0.13 g) in water (3 ml) was added
to a stirred suspension of the methylthio-compound (2.3a)
The

(0.10 g) in aqueous 1% acetic acid (6 ml) at 20°.

mixture was stirred at 20° for 2 h longer, cooled in ice,
The

and decolourised by passing sulphur dioxide.

deposited needles, recrystallised from ethanol (200 parts),
gave 7-methyl-2-methylsulphonyl- 8-azapurin-6-one (74%),
m.p . 231.5° (efferv.) (Found, for material dried at 110°
and 0.05 mmHg:

C, 31.6;

C6 H7 N50 3S requires

H, 2.9;

C, 31.4;

N, 30.4;

H, 3.1;

S, 14.15.

N, 30.6;

S, 14.0%) .

2-Mercapto-8-methyl-8-azapu r in-6-one (2.2b).4-Amino-2-methyl-l,2,3-tria zole-5-carboxamide (Albert,
1968a; 0.10 g) and thiourea (0.25 g) were heated at 176°
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for 180 min.

The cooled mixture was dissolve d

1n

5~-sodiu m hydroxi de (0.6 ml) and refrige rated.

warm

The

sodium salt was collecte d and dissolv ed in warm water
(0.5 ml).

This solutio n, adjuste d to pH 2.5 with

5~-sulp huric acid, deposit ed a precipi tate which,
recryst allised from water (300 parts), gave 2-merca pto 8-methy l-8-azap urin-6-o ne (52%), m.p. 312.5° (efferv .)
(Found, for materia l dried at 110° and
C, 33.1;

H, 2.8; N, 38.2;

C, 32.8;

H, 2.8;

N, 38.2;

S, 17.1.

o.o·s

mmHg:

C5 H5 N5 0S require s

S, 17.5 %).

8-Meth yl-2-me thylthio -8-azap urin-6-o ne (2.3b). Methyl iodide (0.17 g) was added to an ice-col d solutio n
of the foregoin g thiol (2.2b) and sodium hydroxi de (0.13 g)
in water (4 ml) with stirrin g.

The mixture was further

stirred for 10 min in an ice-bath and for 15 min at 20-25°,
neutral ised with acetic acid, and chilled .

The crystal s,

collecte d and recryst allised from ethanol (120 parts),
gave 8-methy l-2-met hylthio -8-azap urin-6-o ne (80%), m.p.
285.5° (Found, for materia l dried at 110° and 0.05 mmHg:
C, 36.2;

H, 3.9;

require s

C, 36.5;

N, 35.5;

S, 16.1.

H, 3.6;

N, 35.5;

C6 H7 N50S
S, 16.3%).

8-Meth yl-2-me thylsulp honyl-8 -azapur in-6-on e (2.4b). Potassiu m permang anate (0.26 g) in water (15 ml) was added
at 20-25° with stirring to a suspens ion of the foregoin g
methylt hio-der ivative (2.3b) (0.20 g) in 1% acet ic acid
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The mixture was stirred for 4 h

(12 ml) during 1 h.

longer, then cooled in ice and decolou rised by pass ing
The deposit ed needles , recryst all ised

sulphur dioxide .

from ethanol (300 parts), gave 8-methy l-2-met hylsulp honyl 8-azapu rin-6-on e (78%), m.p. 223° (efferv .) (Found, fo r
materia l dried at 110° and 0.05 mmHg:
N, 30.9;

S, 14.0.

N, 30.6;

S, 14.0%).

c6 H7N50 3S

C, 31.3;

H, 3.0 ;

C, 31.4;

require s

H, 3.1;

8-Meth yl-8-az apurin- 2,6-dio ne (2.5b). - 4-Amino -2methyl- 1,2,3-tr iazole-5 -carbox amide (0.10 g) and urea
(0.20 g) were heated at 176° for 160 min.

The cooled

mixture was dissolv ed in warm ~-sodium hydroxi de (3 ml)
and refrige rated.

The sodium salt was filtered off and

dissolv ed in warm water (0.5 ml).

The solutio n, adjuste d

to pH 2.5 with 5~-sulp huric acid, deposit ed crystal s
which, recryst allised from water (80 parts) gave
8-methy l-8-azap urin-2,6 -dione (63.5%) , m.p. 352° (efferv .;
unstand ardised thermom eter) (Found, for materia l dried at
110° and 0.05 mmHg:
for C5H5 N50 2 ;

C, 35.7;

C, 35.9;

H, 3.0;

H, 3.0;

N, 41.9.

Cale.

N, 41.9%).

Hydroly sis of 8-Meth yl-2-me thylsulp honyl-8 azapuri n-6-one .- A solutio n of the sulphon e (2.4b)
(0.046 g) in ~-potas sium hydroxi de (1 ml) was stirred at
20-25° for 20 h, then adjuste d to pH 2.5 with 5~-sulp huric
acid.

The deposit ed solid, recryst allised from water
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(80 parts), gave 8-methyl- 8-azapuri n-2, 6-di one (58%),
m. p. 352° (efferv.) [Nu bel and Pfleidere r ( 1965) gave
326°], identical with an authentic sample.

7-Methyl- 8-azapurin -2,6-dione (2.5a).- 4-Amino1-methyl - 1,2,3-tria zole-5-ca rboxamid e (0.10 g) and urea
The cooled

(0.20 gJ we re heated at 176° for 1 hr .

mixture was dissolved in 2~-sodium hydroxide (1.5 ml) an d
refrigerat ed.

The s odium salt was collected , washed

with cold 2~-sodium hydroxide , and dissolved in warm water
The solution was adjusted to pH 2.5 with

(1 ml).

5~-sulphu ric acid.

The deposited solid, recrystal lised

from water (100 parts), gave 7-methyl- 8-azapu.ri n-2,6-dio ne
(89 %), m.p. 355° [decamp.; unstandar dised thermomet er;
NUbel and Pfleidere r (1965) gave >350°] (Found, for
material dried at 110° and 0.05 mmHg:

N, 42.25.

Cale. for C5 H5 N5o2 :

C, 36.1;

C, 35.9;

H,

H, 2 . 95;

3.0;

N, 41.9%).

Hydrolysi s Qf 7-Methyl- 2-methyls ulphonyl- 8azapurin- 6-one.- (a) A solution of the sulphone (2.4a)
(0.023 g) in ~-potassiu m hydroxide (0.5 ml) was stirred
at 20-25° for 23 hand adjusted to pH 2 with 5~-sulphu ric
acid.

The precipita te , recrystal lised from water, gave

7-methyl- 8-azapuri n-2,6-dion e (44%), m.p. 354° (decamp.) .
(b) A solution of the sulphone (2.4a) (0.023 g) in
~-potassiu m hydroxide (0.5 ml) was stirred at 20-25° for
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84 hand adjuste d to pH 2 with 5~-sulp huric acid.

The

deposit ed crystal s, recryst allised from water (300 part s),
gave l-methy l-4-ure ido-1,2 ,3-triaz ole-5-c arboxy lic acid
(£:...§_) (64.5 %) , m.p. 220.5° (ef f erv.) (Found, for materia l

dried at 110° and 0.05 mmHg:
N, 37.55.

c5H7N5 o3 require s

C, 32.3;
C, 32.4;

H, 3.9;
H, 3.8;

N, 37.8%), vmax. 3350s, 3200m, 1695s (C=O str.), 1600s,
-1
1310m, 1280m, 1210m, and 1160m cm .

Hydroly sis of 7-Meth yl-8-az apurin- 2,6-dio ne.(a) A solutio n of the dione (2.5a) (0.033 g) in
~-potas sium hydroxi de (0.7 ml) was stirred at 20-25° for
96 hand adjuste d to pH 1.

The deposit ed solid,

recryst allised from water (300 parts), gave 1-methy l-4ureido- 1,2,3-tr iazole- 5-carbo xylic acid (67%), m.p. 220°
(efferv .).
(b) A solutio n of the dione (2.5a) (0.20 g) in
~-potas sium hydroxi de (5 ml) was heated on a steam-b ath
for 1 h, adjuste d to pH 1 with 5~-sulp huric acid, and
cooled.

The deposit ed solid, recryst allised from water

(300 parts), gave 1-meth yl-4-ur eido-1, 2,3-tria zole-5carboxy lic acid (74%), m.p. 220.5° (efferv .).

Hydroly sis of 4-Amin o-1-me thyl-1,2 ,3-triaz ole5-carbo xamide .- A solutio n of the amide (2.la) (0.40 g)
in ~-potass ium hydroxi de (10 ml) was warmed on a
steam-b ath for 1 h, adjuste d to pH 2 with 5~-sulp huric
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acid, and cooled.

The deposited solid, recrystallised

from water (50 parts), gave 4-amino-l-methyl-1,2,3triazole-5-carboxylic acid (2.8) (74%), m.p. 202-202 .5°
(efferv.) (Found, for material dried at 110° and 0.05 mmH g:
C, 34.0;
H, 4.3;

H, 4.0;

c4H6 N4o2

N, 39.4.

requires

C, 33.8 ;

N, 39.4%), vmax. 3500m, 3350s, 2450w,br, 1695s

(C=O str.), 1630m, 1320s, 1180s, and 775s cm-r[(CD ) SO]
3 2

1

,

5.85 (3H, s, NCH 3 ) and 2.07 br (2H, N~).

Hydrolysi_s of l-Methyl-4-ureido-1,2,3-tri azole5-carboxylic acid.- A solution of the ureido-triazole
(~) (0.037 g) in ~-potassium hydroxide (1 ml) was
heated under reflux for 3 h, adjusted to pH 2 with
5~-sulphuric acid, and cooled.

The deposited crystals

(from water) gave 4-amino-l-methyl-1,2,3-tria zole-5c a r b o xy 1 i c a c i d ( 4 3 %) , m. p • 2 O2

° (e ff e r v . ) .

2-Amino-7-methyl-8-azapurin -6-one (2.9a).7-Methyl-2-methylsulphonyl -8-azapurin-6-one (1.00 g) and
saturated ethanolic ammonia (50 ml) were heated at 160°
for 12 h.

The mixture was taken to dryness under

reduced pressure, and the residue triturated with water
(20 ml) and chilled.

The precipitate was dissolved in

0.2~-sodium hydroxide (30 ml) and the solution was
clarified by filtration.

The filtrate was adjusted to

pH 6 with 0.1~-hydrochloric acid and the deposited
crystals, boiled with water (50 ml) for 15 min and
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filtered hot, gave 2-amino-7-methyl-8-azapurin -6-one
(85%), m.p. >360° [Found, for material recrystallis ed fr om
water (4000 parts) and dried at 110° and 0.05 mmHg:
C, 36.4;

H, 3.6;

H, 3.6;

N, 50.6%].

N, 50.2.

2-Methoxy-7-methyl-8-azapu rin-6-one (2.9b).The same sulphone (2.4a) (0.20 g) and methanolic sodium
methoxide (from 0.06 g of sodium and 15 ml of methanol)
were heated under reflux for 1 h.

While cooling, the

mixture was neutralised with acetic acid and evaporated
to dryness in vacuo.

The residue, recrystallised from

water (60 parts) and then from methanol (70 parts), gave
2-methoxy-7-methyl-8-azapu rin-6-one (78%), m.p. 227°
(Found, for material dried at 110° and 0.05 mmHg:
C, 39.8;

H, 3.6;

N, 38.75.

C, 39.8;

H, 3.9;

N, 38.7%).

c6 H7 N5o2 requires

2-Amino-8-methyl-8-azapurin -6-one (2.lOa).8-Methyl-2-methylsulphonyl -8-azapurin-6-one (0.20 g)
and saturated ethanolic ammonia (10 ml) were heated at
160° for 12 hand evaporated to dryness under reduced
pressure.

Water (5 ml) was added to the residue, then

the solution was adjusted to pH 6 with acetic acid and
chilled.

The deposited needles, recrystallised from

water (1000 parts), gave 2-amino-8-methyl-8-azapurin -6-one
(90%), m.p. >350° (Found, for material dried at 110° and
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0.05 mmHg:

C, 36.1;

require s

H, 3.75;

C, 35.8;

H, 3.6;

N, 50.2.

N, 50.6%).

2-Dime thylami no-8-me thyl-8-a zapurin -6-one (2.lOc) . The sulphon e (2.4b) (0.10 g) and ethanol ic 33% dimethy lamine (5 ml) were heated in a sealed tube at 90° for
12 h, and evapora ted to dryness in vacuo.

Water (1 ml)

was added to the residue and the pH was adjuste d to 6
with acetic acid.

The deposit ed prisms, recryst allised

from water (100 parts), gave 2-dimet hylamin o-8-met hyl-8azapuri n-6-one (80.5%) , m.p. 322-323 ° (decomp .) (Found,
for materia l dried at 110° and 0.05 mmHg:
H, 4.9;

C, 42.9;

N, 43.5.

N, 43.3%).

2-Metho xy-8-me thyl-8-a zapurin -6-one (2.lOd) .The sulphon e (2.4b) (0.20 g) and methano lic sodium
methoxi de (from 0.06 g of sodium and 15 ml of methano l)
While cooling , the

were heated under reflux for 1 h.

mixture was neutral ised with acetic acid, then taken to
dryness in vacuo.

The residue was triturat ed with water

(70 parts) and the deposit ed crystal s, recryst allised
from methano l (100 parts), gave 2-metho xy-8-me thyl-8azapuri n-6-one (84%), m.p. 232° (Found, for materia l dried
at 65° and 0.05 mmHg:
C6 H7N5o2 require s

C, 39.75;

C, 39.8;

H, 4.0;

H, 3.9;

N, 39.0.

N, 38.7%).
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2-Ethox y-8-met hyl-8-a zapurin -6-one (2.lOe) .Similar ly, the methyls ulphony l-deriva tive (2.4b) (0.10 g)
and ethanol ic sodium ethoxid e (from 0.03 g of sodium and
15 ml of ethanol ) were heated under reflux for 1 h.
After chillin g, the mixture was neutral ised with acetic
acid and evapora ted in vacuo.

The residue was tr iturated

with water (50 parts) and the precipi tate, filtered off
and recryst allised from ethanol (50 parts), gave
2-ethox y-8-met hyl-8-a zapurin -6-one (89%), m.p. 239.5°
(Found, for materia l dried at 65° and 0.05 mmHg:
C' 43.2;

H' 4. 8;

C' 4 3. 1 ;

H' 4.65;

N ' 36 . 1.

C7H9N502 require s

N ' 35.9%), -r[(CD 3 ) 2 SO] 8.64 ( 3 H, t '

7H z, OCH 2 c_tt 3 ), 5.69 ( 3H , s ' NC !:!_ 3 ) , 5.55 (2H, q '
J 7H z, 0 C!:!. 2 CH 3 ) , and -2.3 br ( 1 H, N_ti_) •

J

Reactio n of 8-Meth yl-2-me thylsulp honyl-8 -azapur in6-one with methyl amine.~ (a) The sulphon e (2.4b) (0.20 g)
and ethanol ic 33% methyla mine (10 ml) were heated at 90°
for 12 hand evapora ted under reduced pressur e.
(3

Water

ml) was added to the residue , and the pH was adjuste d

to 6.5 with acetic acid.

The deposit ed prisms,

recryst allised from water (200 parts), gave 8-methy l-2methyla mino-8- azapuri n-6-one (53.5%) , m.p. >360° (Found,
for materia l dried at 110° and 0.05 mmHg:
H, 4.3;

N, 47.2.

N, 46.7%).

C, 40.0;
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The filtrate was adjusted to pH 8.5 with aqueous
2~-ammonia.

The deposited needles, recrystallised from

methanol (200 parts), gave 4-amino-2-methyl-Nbis(methylamino)methylene-1 ,2,3 -triazole-5-ca rboxam ide
(2.11) (40%), m.p. 275° (efferv.) (Found, for material
dried at 110° and 0.05 mmHg:

c7H13 N7o

requires

C, 39.8;

H, 6.2;

N, 46. 6.

H, 6.4;

C, 40.0;

N, 46.4%),

vmax. 3460m, 3350m, 1670m, 1640s (C=O str.), 1610s,
1570s, 1530m, and 1425m cm- 1 .
(b) The same sulphone (2.4b) (0.10 g) and ethanolic
33% methylamine (5 ml) were heated at 120° for 12 hand
The

evaporated to dryness under reduced pressure.
residue was triturated with water (2 ml) and the

precipitate, recrystallised from methanol (200 parts),
gave 4-amino-2-methyl-~-bis(meth ylamino)methylene-1,2,3triazole-5-carboxamide (2.11) (66%), m.p. 275° (efferv.) .

2,6-Bis(methylthio)-7-methy l-8-azapurine (2.13a) .A solution of 2-mercapto-7-methyl-8-azapu rin-6-one
(0.44 g) and phosphorus pentasulphide (1.07 g) in pyridine
(10 ml) was heated under reflux for 5 h, and the mixtu re
was evaporated in vacuo.

Water (10 ml) was added to the

residue and the precipitate was collected.

This

precipitate was mixed with ~-sodium hydroxide (5 ml) and
the mixture was clarified by filtration.

Acidification

of the filtrate with 5~-sulphuric acid gave crude
7-methyl-8-azapurin-2,6-dit hione (2.12a) (0.34 g), which

72

decompo sed on attempt ed pu ri fication .

Methyl iodide

(0.75 g) was added to a cooled solution of the crude
materia l (0.34 g) in 0.5~-sod ium hydroxi de (7.5 ml).
The deposi ted

The mixture was stirred at 20-25° for 2 h.

The

crystal s were sublime d at 150° and 0.05 mmHg.

sublima te, recryst allised from methano l (50 parts) gave
2 , 6 - b i s ( me t hy 1 th i o ) - 7 - me t hy 1 - 8 - a z a p u r i n e_ ( 58 %) , m• p .
166-167 ° (sealed tube) (Found, for materia l dried at 65°
and 0.05 mmHg:

C, 36.7;

C7H9 N5 S2 require s

H, 3.8;

C, 37.0;

N, 30.5;

H, 4.0;

S, 28.3.

N, 30.8;

S, 28.2 %).

6-Amin o-7-met hyl-2-m ethylthi o-8-aza purine (2.14a) .The foregoin g bis(me thylthio )-deriv ative (2.13a) (1.70 g)
and saturate d ethanol ic ammonia (100 ml) were heated at
130° for 12 hand evapora ted to dryness in vacuo.
residue was triturat ed with water (100 ml).

The

The

precipi tate, collecte d and recryst allised from water
(250 m1), gave 6-amino -7-meth yl-2-rne thylthio -8-azap urine
(88.5%) , m.p. 287 . 5° (efferv .) (Found, for materia l dr ied
at 65° and 0.05 mmHg:

s,
s,

16.5.

C, 36.8;

C6 H8 N6 S require s

H, 4.1;

C, 36.7;

N, 42.4;

H, 4.1;

N, 42.8;

16.3%).

6-Amin o-7-met hyl-2-m ethylsul phonyl- 8-azapu rine (2 .15a).Potassiu m permang anate (1.43 g) in water (30 ml) was
added with stirring to a suspens ion of the foregoin g
methyl thio-de rivative (2.14a) (1.10 g) in 1% acetic
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acid (60 ml).

The mixture was stirred at 20-25° for 4 h

longer, then cooled 1n ice and decolourised by passing
sulphur dioxide .

The deposited crystals, recrysta llised

from ethanol (300 parts), gave 6-amino-7-methyl-2methylsulphonyl-8-azapurine (87%), m.p. 262.5° (ef ferv . )
(Found, for mate ria l dried at 65° and 0.05 mmHg:
H' 3.6;

N ' 36 . 5 ;

H' 3. 5 ;

N ' 36.8;

s'
s'

14.3.

c6 H8N6 0 2 S

requires

C' 3 1 . 7 ;
C' 31 . 6 ;

14.05%).

2,6-Diamino-7-methyl-8-azap urine (2.16a) .- The
foregoing sulphone (2.15a) (0.34 g) and saturated ethano lic
ammonia (20 ml) were heated at 150° for 12 hand evapora ted
to dryness under reduced pressure.

The residue was

triturated with water (50 ml) and the precipitate was
collected and mixed with 0.1~-hydrochloric acid.
solution was then clarified by filtration.

The

The filtrate

was adjusted to pH 10 with aqueous 2~-ammonia to give
2,6-diamino-7-met hyl-8-azapurine (85%), m.p. >360°
(Found, for material dried at 110° and 0.05 mmHg:
C, 36.4;

H, 4.7;

N, 58.7.

C, 36.4;

H, 4.3;

N, 59.4 %).

6-Amino-2-methoxy-7-methyl -8-azapurine (2.17a).The same sulphone (2.15a) (0.05 g) and methanolic sodium
methoxide (from 0.015 g of sodi um and 5 ml of methanol)
were heated under reflux for 2 h.

After chilling, the

mixture was neutralised with acetic acid and taken to
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dryness in vacuo.

The residue was triturated wit h wate r

(3 ml) and the deposited crystals, recrystallised fro m
methanol (700 parts), gave 6-amino-2-methoxy-7-methyl8-azapurine (78%), m.p. 282° (decamp.) (Found, for

N, 46. 8.

C, 40.0;

C6 H8 N6 0 requires

H, 4.6 ;

C, 40.2;

material dried at 110° and 0.05 mmHg:

H, 4.5;

N, 46.7 %).

6-Amino-7-me thyl-8-azapur in-2-one (2.18a).- The
finely powdered 2-methylsulphonyl-compound (2.15a)(0.05 g)
and ~-potass ium hydroxide (1.5 m1) were stirred at 20-25°
for 24 h.
pH 7

After chilling, the mixture was adjusted to
The deposited crystals,

with ~-acetic acid.

recrystallised from wa te r (1000 parts), gave 6-amino-7methyl-8-azapurin-2-one (83%), m.p. 345° (decamp.)'
(Found, for material dr ied at 110° and 0.05 mmHg:
C, 36.05;
C, 36.1;

H, 4 .0;
H, 3.6;

N, 50.2.

c5 H6 N6 o

requires

N, 50.6%).

2,6-Bis (methy l thi o)-8-methyl-8-azap urine (2.13b).2-Mercapto-8-methy1-8-azap urin-6-one (0.50 g), phosphorus
pe n t as u 1 p·h i de ( 1 . 2 5 g ) , a nd py r i d i n e ( 10 m1 ) we re h e a t e d
un der reflux for 1.5 hand the mixture was evaporated
in vacuo.

The residue was triturated with water (20 ml)

and the precipitate collected.

The precipitate was then

mixed with ~-sodium hydroxide (5 ml) and the solution was
clarified by filtration.

Acidification of the filtrate
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with 5~-sulp huric acid gave crude 8-methy l-8-azap urin2,6-dith ione (0.46 g).

Methyl iodide (1.02 g) was

added to a cooled solutio n of the dithion e (0.46 g) in
0.5~-sod ium hydroxi de.
20-25° for 1 h.

The mixture was stirred at

The deposit ed crystal s, sublime d at 150°

and 0.05 mmHg and recryst allised from ethanol (60 parts),
gave 2,6-bis( methylt h io)-8-m ethyl-8 -azapur ine (43%),
m.p. 197° (Found, for materia l dried at 110° and
0.05 mmHg:

C, 37.3;

c7H9 N5S2 require s

H, 4.05;

N, 31.1;

H, 4.0;

C, 37.0;

S, 27.9.

N, 30.8;

S, 28.2%) .

6-Amin o-8-met hyl-2-rn ethylthi o-8-aza purine (2.14b) .The foregoin g bis(me thylthio )-deriv ative (2.13b) (0.30 g)
and saturat ed ethanol ic ammonia (20 ml) were heate·d at
130° for 12 hand evapora ted to dryness under reduced
pressur e.

The residue , twice recryst allised from water

(70 parts), gave 6-amino -8-meth yl-2-me thylthio -8-azap urine
(91%), m.p. 209.5° (Found, for materia l · dried at 110° and
0.05 mmHg:

C, 36a9;

C6 H8 N6S require s

H, 4.4;

C, 36.7;

N, 43.0;

H, 4.1;

S, 16.6.

N, 42.8;

S, 16.3%) .

6-Amin o-8-met hyl-2-m ethylsul phonyl- 8-azapu rine
(2.15b) .- Potassiu m permang anate (0.26 g) in water (5 ml )
was added at 20-25° with stirring to a suspens ion of the
foregoin g methyl thio-de rivati ve (2.14b) (0.20 g) in 1%
aqueous acetic acid (12 ml).
20-25° for 2 h.

The mixture was stirred at

While cooling it, the mixture was
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decolourised by passing sulphur dioxide.

The deposited

solid, recrystallised from ethanol (150 parts), gave
6-amino-8-methyl-2- methylsulphonyl-8-azapurine (89%),
m.p. 232.5° (efferv.) (Found, for material dried at 110°
and 0.05 mmHg:

C, 31.6;

C6 H8 N6 0 2S requires

H, 3.9;

C, 31.6;

N, 36.3;

S, 14.1.

N, 36.8; S, 14.05%) .

H, 3.5;

2,6-Diamino-8-methyl-8-azap urin e (2.16b) from
6-amino-8-methyl-2-methyls ulphonyl-8-azapurine.- The
sulphone (2 .15b) (0.25 g) and saturated ethanolic ammonia
The mixture was

(13 ml) were heated at 170° for 12 h.

taken to dryness in vacuo and the residue triturated with
water (50 ml) .

The precipitate was collected and mixed

with ~-acetic acid.

The solution was clarified by

filtration and the filtrate was adjusted to pH 10 with
aqueous 2~-ammonia.

The deposited crystals, recrystallised

from water (250 parts), gave 2,6-diamino-8-methyl-8azapurine (70%), m.p. 326° (decamp.) (Found, for material
dried at 110° and 0 .0 5 mmHg:

c5H7N7

requires

C, 36.4;

C, 36.05;

H, 4 .3;

H, 4.3;

N, 58.9 .

N, 59.4%).

6-Amino -2-methoxy-8-m ethyl-8-azap urine (2.17b).The same sulphone (2.15b) (0.23 g) and methanolic sodium
methoxide (from 0 .07 g of sodium and 20 ml of methanol)
were heated under reflux for 1 h.

After cooling it, the

mixture was neutralised with acetic acid and evaporated
to dryness under reduced pressure.

The residue was
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triturat ed with water (150 parts) and the precipi tate,
colle cted and recryst allised from methano l (70 parts),
gave 6-amino -2-meth oxy-8-m ethyl-8- azapu rine (84%), m. p.
243° (Found, for materia l dried at 110° and 0.05 mmHg:
C, 40.0;

H, 5.0;

N, 46.2.

C, 40.0;

H, 4.5;

N!I 46.7%).

6-Amin o-8-met hyl-8-az apurin-2 -one (2.18b) .- The
finely powdere d 2-methy lsulphon yl compound (2.15b)
(0.18 g) and ~-potas sium hydroxi de (4 ml) were stirred
at 20-25° for 3 h.

The solutio n was chilled and adjuste d

to pH 7 with ~-aceti c acid.

The deposit ed crystal s,

recryst allised from water (150 parts), gave 6-amino 8-methy l-8-azap ur in-2-on e (88%), m.p. 330° (efferv .)
(Found, for materia l dried at 110° and 0.05 mmHg:
C, 36.3 ;

H, 3.8;

N, 50 . 1.

C, 36.1;

H, 3.6;

N, 50.6%) .

c5H6 N6 o require s

Oxidati on of 2,6-bis (methy lthio)-8 -methy l-8-aza purine .Potassiu m permang anate (0.22 g) in water (4 ml) was added
at 20-25° with stirring to the bis(met hylthio) -compo und
( 2.13b) (0.10 g) in acetic acid (16~; 2 ml) during 30 min .
The mixture was stirred for 15 min longer and then
decolou rised by passing sulphur dioxide .

The deposit ed

crystal s, r ec rystall ised from ethanol (100 parts), gave
8-met hyl-2-m ethylsu lphonyl -8-azap urin-6-o ne (2.4b)(5 4%),
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m.p. 222-223° (efferv.), identical with the material
obtained by oxidation of 8-methyl-2-methylthio-8azapurin-6-one .

2,6-Dichloro-8-methyl-8-aza purine (2.20).8-Methyl-8-azapu rin-2,6-dione (0.35 g), phosphoryl
chloride (4.5 ml), and diethylaniline (1.5 ml) were
heated under reflux for 8 h.

The mi xture was concentrated
The

(to ca. 2 ml) and poured into ice-water (10 ml).

mixture was extracted with benzene, and the extract was
The benzene was
washed with water and dried (Na 2 so 4 ).
distilled off and the residue was sublimed at 80° and
0.05 mmHg.

The sublimate, recrystallised from light

petroleum (b.p. 60-80°) (60 parts), gave 2,6-dichloro8-methyl-8-azapurine (55%), m.p. 116-117° (Found, for
material dried at 65° and 0.05 mmHg:
Cl, 34.95;
H, 1.5;

N, 34.3.

Cl, 34.75;

c5H3 Cl 2N5

C, 29.3;

requires

H, 1.3;

C, 29.4;

N, 34.3%).

2,6-Diamino-8-methyl-8-azap urine (2.16b) from
2,6-dichloro-8-methyl-8-aza pu rine.- The dichloro compound
(2.20) (0.070 g) and saturated ethanolic ammonia (7 ml)
were heated at 170° for 12 hand taken to dryness in vacuo
The residue was mixed with ~-acetic acid and impurities
were filtered off.

The filtrate was adjusted to pH 10

with aqueous 2~-ammonia and the deposited crystals,

79

recryst allised from water (250 parts), gave
2,6-diam ino-8- methyl- 8-azapu rine (61.5 %) , m.p. 325°
(decamp .), identic al with the specime n obtaine d from
6-amino -8-meth yl -2-meth ylsulph onyl-8- azapuri ne.

5. 3

Experim ental wo r k related to Section 3
4-Amino -2-methy l-1,2,3- triazole -5-carb aldehyd e

phenylh ydrazon e (~) . - A mixture of 4-amino -2-meth yl1,2,3-t riazole -5-carb onitrile (Albert , 1970; 0.25 g,
0.002 mol) and phenylh ydrazin e (0.26 g, 0.0024 mol) in
50% acetic acid (20 ml) was hydroge nated over Raney
nickel until 0.0024 mol of hydroge n had been absorbe d.
The mixture was filtered hot and the filtrate taken to
dryness in vacuo.

Water (5 ml), added to the residue ,

formed a precipi tate which, recryst allised from ethanol
(15 parts), gave 4-amin o-2-me thyl-1,2 ,3-triaz ole-5carbalde hyde _Qhenyl hydrazon e (65%), m.p. 182 . 5° (Found,
' for materia l dried at 110° and 0.05 mmHg:
H, 5.4;

N, 39.3.

H, 5.6;

N, 38.9%).

C, 55.6;

4-Amin o-2-me thyl-1,2 ,3-triaz ole -5-carb aldehyd e
p h e ny 1 s e mi c a r b a z o ne ( 3 . 4 ) . - A mi x t u re o f 4 - a m·i no - 2 methyl -1,2,3-t riazole -5-carb on itrile (0 . 25 g, 0 . 002 mol)
and 4-pheny lsemica rbazide (0 . 36 g, 0.0024 mol) in 50%
acetic acid (20 ml) was hydroge nated over Raney nickel
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until 0.0024 mol of hydroge n had been absorbe d.

The

mixture was filtered hot and the filtrate taken to dryness
under reduced pressur e.

A chlorofo rm extract of the

residue was washed with saturat ed sodium bicarbo nate
solutio n, and dried over sodium sulphat e.

The solvent

was evapora ted in vacuo and the resid ue, recryst allised
from 95% ethanol (20 parts), gave 4-amino -2-meth yl-1,2,3 triazole -5-carb aldehyd e phenyls emicarb azone (67%), m.p.
183-184 ° (Found, for materia l drie d at 110° and 0.05 mmHg:
C, 50.8;
C, 50.95;

H, 5.2;
H, 5.05;

N, 37.7.

c11 H13 N7o require s

N, 37.8%).

1,4-Bis (4-amin o-2-me thyl-1,2 ,3-triaz ol-5-yJ _)-2,3 diazabu ta-l,3-d iene (3.5).- A mixture of 4-amino -2~
methyl -1,2,3- triazole -5-carb onitrile (0.37 g, 0.003 mo1)
and hydrazi ne hydrate (0.18 g, 0.0036 mol) in 50% acetic
acid (30 ml) was hydroge nated over Raney nickel until
0.0036 mol of hydroge n had been absorbe d.

Ethanol

(100 ml) was added and the mixture was filtered at 70°.
The filtrate was taken to dryness in vacuo, and the
residue , recryst allised from ethanol (500 parts), gave
1,4-bis (4-amin o-2-me thyl-1,2 ,3-triaz ol -5-.lJ_)- 2,3diazabu ta-l,3-d iene (66%), m.p. 256-257 ° (Found, for
materia l dried at 110° and 0.05 mmHg:
N, 56.0.

C8 H12 N10 require s

C, 38.7;

C, 38.85;
H, 4.9;

H, 5.0;
N, 56.4%),

81

+ 3300m (NH), 2950w (NMe), 1635s (C=N str.),
max. 3450m
1610m, 1550m, 1400m, and 1360m cm- 1 , t[(CD 3 ) 2SO] 5.91

v

( s , NC .tj_ 3 ) , 3. 9 2 br ( s , N!i 2 ) , and O. 9 7 ( s , C!i= N) ; the
peak at t5.91 integrated to three times the value of the
peak at t0.97, and the peak at T3.92 to twice that of the
one at -r0.97.

4-Amino-l-me thyl-1,2,3-tria zole-5-carbald ehyde (3.2a) . 4-Amino-1-m ethyl-l,2,3-tri azole-5-carbo nitrile (Albert,
1970a; 0.12 g, 0.001 mol) in 0.1~-hydrochl oric acid
(60 ml) was hydrogenated at 20° and atmospheric pressure
over 10% Pd-C until
absorbed.

o.ooi

mol of hydrogen had been

The catalyst was filtered off and the filt rate,

neutralised with potassium bicarbonate, was extracted with
The extract was dried (Na 2 so 4 )
The residue,
and the solvent evaporated in vacuo.
chloroform (3 x 50 ml).

recrystallised from benzene (60 parts), gave 4-amino-1methyl-1,2,3-t riazole-5-carb aldehyde (45%), m.p. 135°
(Found, for material sublimed at 80° and 0.05 mmHg:
C, 38.0;

H, 4.9;

N, 44.7.

C, 38.1;

H, 4.8;

N, 44.4%).

c4H6 N4o

requires

4-Amino-2-me thyl-1,2,3-triaz ole-5-carbalde hyde
(3.2b).- 4-Amino-2-me thyl-1,2,3-tria zole-5-carbon itrile
(2.46 g, 0.020 mol) in 0.2~-hydrochl oric acid (500 ml)
was hydrogenated at 20° and atmospheric pressure over 10 %
Pd-C (0.2 g) until 0.02 mol of hydrogen had been absorbed.
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The mixture was filtered off and the filtrate was
adjusted to pH 7 with potassium bicarbonate.

The mixture

was extracted with chloroform (3 x 200 ml).

The extract

was dried (Na 2 so 4 ) and the solvent evaporated under
reduced pressure.
The residue, sublimed at 70° and
0.01 mmHg, gave 4-amino-2-methyl-1,2,3-tria zole-5carbaldehyde (74%), m.p. 102-103° (Found, for material
recrystallised from 10 parts of benzene and dried at 25°
and 0.1 mmHg:
requires

C, 37.9;

C, 38.l;

H, 4.8;

H, 4.8;

of preparation (-CH 20H

+

N, 44.2

N, 44.4%).

C4 H6 N4 o
Another method

-CHO) is g·iven below.

4-Amino-3-methyl-1,2,3-tria zole-5-carbaldehyde
(3.2c).- 4-Amino-3-methyl-1,2,3-tri azole-5-carbonitrile
(Albert, 1969a; 0.12 g, 0.001 mol) in 0.1~-hydrochloric
acid was hydrogenated at 20° and atmospheric pressure
over 10% Pd-C (0.06 g) until 0 . 001 mol of hydrogen had
been absorbed.

The catalyst was filtered off and the

filtrate was adjusted to pH 7 with potassium bicarbonate .
The mixture was continuously extracted with chloroform
The extract was dried (Na 2so 4 ) and the
solvent was evaporated in vacuo.
The residue,
(100 ml).

recrystall i sed from ethyl acetate (80 parts), gave
4-amino-3-methyl-1,2,3-tria zole-5-carbaldehyde (68%),
m.p. 182.5° (decamp.) (Found, for material dried at 65°
and O. 1 mmH g :
requires

C, 38 . O;

C, 38.1;

H, 4 . 9 ;

H, 4.8;

N, 4 4 . 2 .

N, 44.4%).
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4-Amino- 3-benzyl- 1,2,3-triaz ole-5-carb al~ehy de
(3.2d) . - 4-Amino- 3-benzyl- 1,2,3-tria zole-5-ca rbonitrile
(Albert, 1970; 1.99 g, 0.01 mol) in ethanol (200 ml) and
0.2~-hydr ochloric acid (300 ml) was hydrogena ted at 20°
and atmospher ic pressure over 10% Pd-C until 0.01 mol of
The catalyst was filtered

hydrogen had been absorbed.

off and the filtrate was neutralise d with potassium
bicarbona te.·

The solution was concentra ted (to ca.

150 ml) and refrigera ted.

The deposited crystals,

collected and recrystal lised from benzene (140 parts),
gave 4-amino-3 -benzyl-1 ,2,3-triazo le-5-carba ldehyde
(92%), m.p. 169° (Found, for material dried at 65° and
0.05 mmHg:
requires

H, 4.7;

C, 59.7;
C, 59.4;

H, 5.0;

of preparatio n (CH 20H

~

N, 27.6.
N, 27.7%).

c10 H10 N4 0
Another method

CHO) is given below.

4-Amino- 1,2,3-tria zole-5-ca rbonitrile (3.8) .4-Amino- 3-benzyl- l,2,3-triaz ole-5-car bonitrile (7.25 g,
0.036 mol) was added to liquid ammonia (200 ml) with
stirring.

Pieces of sodium (2.01 g, 0.086 mol) were

slowly added to the solution during 1 h, and the stirring
was continued until the red colour disappear ed.
Ammonium chloride (5.84 g, 0.09 mol) was added cautiously
to the mixture which was allowed to stand at 20-25°
overnight .

The mixture was taken to dryness in vacuo

and the residue extracted with diethyl ether (300 ml)
(in a Soxhlet apparatus ).

The extract was evaporated
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and the residue, recrystallised from water (10 parts ) ,
gave 4-amino-1,2,3-triazole -5 -carbonitrile (78%), m.p.
indefinite [Hoover and Day (1956) gave m.p. 226-228°,
ca. 50% yield] (Found, for material dried at 110° and
0.05 mmHg:

C, 33.1;

H, 3.05;

M+ 109.

N, 64.4;

Cale .

for C3H3 N5 : C, 33.0; H, 2.8; N, 64.2%; M 109),
vmax.3450m + 3400m + 3320m + 3250s (NH), 2240m (sharp,
C::N str.), 1660s, and 1605m cm- 1 .

Reaction of 4-amino-1,2,3-triazole-5-car boxamide
(3.10) with thionyl chloride in pyridine.- Thionyl
chloride (12 ml) was slowly added at 3-5° to a mixture
of 4-amino-1,2,3-triazole-5-car boxamide (Hoover and Day,
1956; 4.9 g) and anhydrous pyridine (60 ml).

The

mixture was stirred at 25° for 8 hand poured into ice
(200 g).

The suspension, refrigerated overnight,

deposited a precipitate which was collected and dried
over calcium chloride at room temperature.

The dried

precipitate was continuously extracted with diethyl ether
(250 ml) (in a Soxhlet apparatus).

The solvent was

evaporated and the residue, recrystallised from ethanol
(100 parts), gave 4-amino-2-(1- or 3-)(4 -pyridyl)-1,2,31

triazole-5-carbonitrile (3.11) (24.5%), m.p. 236°
(decamp.) (Found, for material dried at 110° and 0.1 mmHg:
C, 51.9;

H, 3.1;

N, 45.8.

c8H6 N6

requires

C, 51.6;

N, 45.1%), v max. 3480m + 3390w + 3150m (NH),
2240w (C=N), 1660s, 1575s, 1330s, 950m, and 825m cm -1 .

H, 3.25;
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Methyl 4-amino-2-methyl-1,2,3-tria zole-5-carboxylate
(3.14).- Concen tra ted sulphuric acid (5 ml) was added to
an ice-cooled solution of 4-amino-2-methyl-1,2,3-tria zole5-carboxylic acid (Albert, 1968a; 5.82 g) in absolute
methanol (250 ml).

The mixture was heated under reflux

The cooled mixture was neutralised with sodium

for 7 h.

bicarbonate and filtered off.

The filtrate was taken to

dryness under reduced pressure and the residue extracted
The extract, taken to dryness

with chloroform (200 ml).

and recrystallised from benzene (7 parts), gave methyl
4-amino-2-methyl-1,2,3-tria zole-5-carboxylate (91%),
m.p. 103-104° (Found, for material dried at 65° and
C, 38.6;

0.05 mmHg:
requires

C, 38.5;

H, 5.4;
H, 5.2;

N, 35.7.
N, 35.9%).

4-Amino-5-hydroxymethyl-2 -methyl-1,2,3-triazole
(3.15).- A solution of methyl 4-amino-2-methyl-1,2,3triazole-5-carboxylate (2.00 g) in tetrahydrofuran (70 ml)
and diethyl ether (500 ml), was added with stirring to a
suspension of lithium aluminium hydride (1.09 g) in
diethyl ether (200 ml).
reflux for 6 h.

The mixture was heated under

After cooling it, water (5ml) was

added, still stirring, and the inorganic substances were
filtered off.
to dryness.

The filtrate was dried (K 2 co 3 ) and taken The residue, sublimed at 110° and 0.1 mmHg

and recrystallised from a mixture of ethanol and light
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petroleum (b.p. 60-80°), gave 4-amino-5-hydroxymethy l-2methyl-1,2,3-triazole (60%), m.p. 78-79° (Found, for
material dried at 25° and 0.1 mmHg:

N, 43.3.

c4 H8 N4 o

requires

C, 37.5;

C, 37.5;

H, 6 . 5;

H, 6.3;

N, 43.7%), v max. 3400m, 3350s, 3250s, 2950w (NMe),
2900w (NMe), 1650m, 1555m, and 1010s cm- 1 .

4-Amino-3-benzyl-5-bYdrox ymethyl-l,2,3-triazole(3.17).- Ethyl 4-amino-3-benzyl-1,2,3-tria zole-5carboxylate (Hoover and Day, 1956; 0.50 g) in tetrahydrofuran (100 ml) was added with stirring to a suspens ion
of lithium aluminium hydride (0.21 g) in tetrahydroduran
(10 ml).

The mixture was heated under reflux for 2 h.

Water (2 ml) was cautiously added to the cooled mixture
The

and the inorganic substances were filtered off.

filtrate was dried (K 2 co 3 ) and the solvent evaporated
in vacuo.
The residue, recrystallised from ethyl
acetate (80 parts), gave 4-amino-3-benzyl-5-hydroxym ethy l1,2,3-triazole (70%), m.p. 147° (Found, for material
dried at 65° and 0.05 mmHg:

c10 H12 N4o

requires

C, 58.8;

C, 58.8;
H, 5.9;

H, 5.8;

N, 27 .4.

N, 27.4%),

-1
vmax.3340s, 3210s, 1685s, 1600s, 1250m, and 1030s cm

Manganese dioxide oxidation of 4-amino-5hydroxymethyl-1,2,3-triazo les.- Activated manganese
dioxide (5.5 g) was added with stirring to a solution of
4-amino-5-hydroxymethyl-2 -methyl-1,2,3-triazole (0.57 g)
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in chloroform (100 ml).
2.5 h more.

The stirring was continued for

The mixture was filtered and the filtrate

taken to dryness in vacuo.

The residue, recrystallised

from benzene (10 parts), gave 4-amino-2-methyl-1,2,3triazole-5-carbaldehyde (3.2b) (71%), m.p. 102-103°,
identical with the material obtained by catalytic
hydrogenation of the 5-cyano analogue.
4-Amino-3-benzyl-5-hydroxy methyl-1,2,3-triazole
(0.061 g), similarly oxidized with manganese dioxide
(0.37 g) in chloroform (35 ml), gave 4-amino-3-benzyl1,2,3-triazole-5-carbaldehy de (3.2d) (78%), m.p. 168°,
identical with the specimen obtained from the 5-cyano
analogue.

4-Amino-1-methyl-1,2,3-tria zole (3.20).- 4-Amino 1-methyl-1,2,3-triazole-5-c arboxylic acid (Section 5.2;
0.50 g) was heated at 210° (bath temp.) for 15 min
under an atmosphere of nitrogen.

The cooled melt was

dissolved in chloroform, and passed through an alumina
(5 g) column which was then developed with chloroform .
The solution was taken to dryness in vacuo and the
residue, recrystallised from benzene (90 parts), gave
4-amino-1-methyl-1,2,3-tria zole (83%), m.p. 88-89°
[(Pedersen (1959) gave 88-89°], vmax.3400m + 3260m (NH),
1580s, 1390m, 1200m, and 742m cm- 1 .
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Expe~imental work related to Section 4

5.4

Some of the reactions of 4-amino-1,2,3-triazole5-carbaldehydes, also the physical properties (b.p. or
m.p.), yields, and elemental analyses of the products
are summarised in Table 5.1.

Cyclisation of these

products (4-substituted 1,2,3-triazole-5-carbaldehy des)
to 8-azapur ines are shown in Table 5.2 .

3-Benzyl-4-dimethylaminome thyleneamino-1,2,3triazole-5-carbaldehyde (4.lc).- 4-Amino-3-benzyl1,2,3-triazole-5-carbaldehy de (Section 5.3; 0.61 g)
was added to a cooled mixture of phosphoryl chloride
(0.57 ml) and dimethylformamide (1.5 ml) with sti.rring.
The s t i r r i ng wa s c on t i n ue d f o r 1 0 h mo re .

The m·i x t ur e

was poured on ice (20 g) and the container refrigerated.
The deposited crystals, collected and recrystallised
from a mixture of benzene and light petroleum (b.p.
60-80°), gave 3-benzyl-4-dimethylaminomet hyleneamino1,2,3-triazole-5-carbaldehy de (Table 5.1).

9-Benzyl-8-azapurine (4.2c).- A mixture of the
foregoing amidine-aldehyde (4.lc) (0.13 g) and ammonium
acetate (0.30 g) in methanol (1 ml) was heated under
reflux for 8 h.

The cooled mixture was taken to dryness

in vacuo and the residue extracted with benzene
(3

X

10 ml).

The extract was taken to dryness under
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vacuum and the residue, sublimed as in Table 5.2, gave
9-benzyl-8-azapu rine (Albert, 1966).

7-Methyl-8-azapurine (4.2a).- 4-Amino-1-methyl1,2,3-triazole-5-carbaldehy de (Section 5.3; 0.13 g,
0.001 mol) was added wi t h stirring to a cooled mixture
of phosphoryl chloride (0.2 ml, 0.0022 mol) and
dimethylformamide (1.5 ml).
for 24 h longer.

Stirring was continued

Ice (10 g) was added to the mixture,

which was then adjusted to pH 10.5 with aqueous
13~-ammonia.

The mixture was stirred at 20-25° for 2 h

and extracted with chloroform (3 x 20 ml).

The dried

(Na 2so 4 ) extract was evaporated in vacuo and the residu e,
purified by sublimation (cf. Table 5.2), gave 7-methyl8-azapurine (48%), m.p. 165-166° [Albert and Tratt
(1968) gave 167°].

8-Methy.1-8-azapurine (4.2b).- 4-Amino-2-methy l1,2,3-triazole-5-carbaldehy de (Section 5.3; 0.13 g)
was similarly reacted with phosphoryl chloride (0.2 ml)
and dimethylformamide (1.5 ml), and followed by a
similar cyclisation used for the 7-methyl isomer to give
8-methyl-8-azapurine (61%), m.p. 133° [Albert (1968a)
gave 133.5°].
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General procedure for the reaction of 4-amino1,2,3-triazo le-5-carbaldehydes with tri- and tetraethyl orthoesters.- The appropriate 4-amino-1,2,3triazole-5-carbaldehyde (Section 5.3; 0.0030 mol)
dissolved or suspended in the orthoester (10 ml) was
heated ( see Tab 1 e 5 . 1 f Q r temper at ur.e and ti me ) and the
reaction mixt ure evaporated in vacuo.

The residue was

purified by recrystallisation [for the compound (4.4a)]
d i s t i 1 1 a t j o n [ f o r ( 4 . 4 b ) ] , s ub 1 i ma t i o n [ f o r ( 4 . 3 a ) ] , o r

column chromatography (alumina, 50 parts).

In the

last-named process, the material, eluted by a (1:1)
mixture of diethyl ether and light petroleum (b~p.
60-80°), was further purified by sublimation [for
(4.4c)] or distillation [for (4.9a)].

See Table 5.1

for m.p.s or b.p.s, and yields .

Ring closure of the foregoing 4-substituted
1,2,3-triazole-5-carbaldehy des.- A solution of the
appropriate triazole-deri vative (0.0010 mol) in
ethanolic ammonia (10 ml) was stirred at 20-25° for
the time given in Table 5.2.

The reaction mixture

was taken to dryness under reduced pressure and the
residue purified as in Table 5.2.
are shown in Table 5.2.

M.p.s and yields
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Reaction of 4-amino-3-benzyl-1,2,3-tria zole-5carbal dehyde. with boron trifluoride-methanol complex.The amino-aldehyde (3 . 2d) (1.0 g), boron trifluoride
etherate (0.7 ml) and methanol (12 ml) were stirred at
20-25° for 6 h.

The mixture was poured into water (30 ml)

containing anhydrous sodium carbonate (3 g).

The

mixture was extracted with chloroform (3 x 10 ml) and
the dried (K 2 co 3 ) extract was evaporated in vacuo.
The residue was dissolved in benzene and passed through
an alumina (30 g) column.

The material, eluted with

diethyl ether, was collected and resubmitted to alumina
column chromatography.

The material, eluted again with

diethyl ether and recrystallised from benzene (20 parts),
gave 4-amino-3-benzyl -5-dimethoxymethyl-1,2,3-t riazole
(4.6) (53%), m.p. 110° (Found, for material dried at
65° and 0.005 mmHg:

C, 58.2;

c12 H16 N4 o2

C, 58.05;

requires

H, 6.3;
H, 6.5;

N, 22.7.
N, 22.6%),

max. 3500w + 3360w + 3230w (NH), 1630s, and 1100s + 1050s
( C- 0 - C) cm - l , T ( CDC 1 ) 6 . 6 6 ( 6 H, s , 2 X OC_!i 3 ) ,
3
6 . 00 br (2H, N_!i 2 ), 4.64 (2H, s, C_!i 2 Ph),

v

4.39 (lH, s, O-C.!i-0), and 2.67 (5H, phenyl).
Material, eluted with ethyl acetate after
prior elution with diethyl ether, was collected and
recrystallised from methanol (20 parts) to give 4-amino3-benzyl-5-(1'-benzyl-4'-dim ethoxymethyl-1,2,3 -triazol5'-.l]_)aminomethylenyl-1,2, 3-triazole (~) (19%),
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m.p. 168° (efferv.) (Found, for material dried at 65°
and 0.01 mmHg:
requires

C, 60.8;

C, 61.1;

H9 5.55;

H, 5.6;

N, 26.2.

c22 H24 N8 o2

N, 25.9%), vmax.3410w +

3350w (NH), 3180w, 1645s, 1620s, 1570m, 1060m, and
1050m cm-l, T(CDC1 3 ) 6.60 (6H, s, 2 x 0Cli3 ), 4.68 br
(2H, N~ 2 ), 4.58 (2H, s, Cli 2 Ph), 4.50 (2H, s, Cli 2 Ph),
4.45 (lH, s, O-Cli-0), 2.77 (5H, phenyl), 2.65 (5H,
phenyl), and 0.84 (lH, s, Cli=N).

3-Benzyl-4-ethoxycarbonyla mino-1,2,3-triazole-5carbaldehyde (4.8).- Ethyl chloroformate (0.22 g) was
added with stirring to a cooled solution of 4-amino3-benzyl-5-dimethoxymethyl- 1,2,3-triazole (0.10 g) in
pyridine (0.5 ml).

The mixture was stirred at 20-25°

for 40 hand then evaporated in vacuo.

The residue

was mixed with 0.1~-hydrochloric acid (5 ml) and the
mixture allowed to stand for 2 h.

The mixture was

extracted with ethyl acetate (3 x 10 ml) and the dried
(Na 2so 4 ) extract evaporated under reduced pressure.
The residue was submitted to thin layer chromatography
(alumina, developed with ethyl acetate).

A band

(RF 0.4) which absorbed u.v. light at 254 nm was
collected and extracted with ethanol.

Removal of

solvent, followed by recrystallisation from a mixture
of benzene and light petroleum (b.p. 60-80°), gave
3-benzyl-4-ethoxycarbonyla mino-1,2,3-triazole-5carbaldehyde (18%), m.p. 84-85° (Found, for material
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dried at 65° and 0.01 mmHg:

c13 H14 N4 o3 requires

C, 56.9;

N, 20 . 7 .

H, 5.15;

C, 57.3;
H, 5.15;

N, 20.4%),

vm ax.32 50m (NH), 1705vs (CHO and co 2 Et), 1540m, and
1265m (C-0-C) cm - 1 .

9-Benzyl-8-azapurin-2-one (4.11).- A mixture of
9-benzyl-2-ethoxy-8-azapuri ne (0.13 g) and pyridine
hydrochloride (0.39 g) was heated at 135° (boiling
xylene vapour) for 30 min.

Water (1 ml) was added

to the cooled mixture and the container refrigerated.
The deposited precipitate, recrystallised from water
(360 parts), gave 9-benzyl-8-azapurin-2-one (60%),
m.p. 248° (decamp.) , identical with the specimen
obtained by oxidising 1,6-dihydro-9-benzyl-8-azap urin2-one (A. Albert, unpublished data).

Like those of

the following two compounds, the chromatographic spots
(on Whatman No 1 paper) fluoresce bright violet.

2-Amino-9-benzyl-8-azapurin e (4.12b).- A solution
of 9-benzyl-2-ethoxy-8 - azapurine (0.18 g) in ethanolic
ammonia (15 ml) was heated at 180° for 48 h.

The

mixture was taken to dryness in vacuo and the residue,
recrystallis ed from ethanol (140 parts), gave 2-amino9-benzyl-8-a zapurine (43%), m.p. 206° (Found, for
material dried at 110° and 0.05 mmHg:
N, 37.2.

c11 H10 N6

requires C, 58.4;

C, 58.4;

H, 4.8;

H, 4.5; N, 37.15%),

3220m (NH), 1635s, 1615s, 1585m, 1520m,
1220m, 960m, and 710m cm- 1 .

vmax.3430m

+
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2-Amino-8-metht1_-8~azapurin e (4.12a).- 2~Ethoxy 8-methyl-8-azapurine (0.12 g) in ethanolic ammonia
(20 ml) was heated at 175° for 72 h.

The mixture

was taken to dryness in vacuo and the residue
triturated with ethanol.

The precipitate was mixed

with an equimolar amount of Q-toluenesulphonic ac i d
in ethanol (0.5 ml).

The precipitated tosylate was

suspended in water (0.5 m1) and potassium bicarbonate
added.

After chilling, the deposited crystals,

filtered off and recrystallised from ethanol (170 part s) ,
gave 2-amino-8-methyl-8-azapurin e (27%), m.p. 254°
(decomp.) (Found, for material dried at 110° and
0.01 mmHg:
requires

C, 40.0;
C, 40.0;

H, 4.3;
H, 4.0;

C5 H6 N6 .
N, 56.0%), vmax.
N, 55.75.

3350m + 3160s (NH), 1670m, 1610s (NH), 1560m, 1520m,
1435m, 1380m, and 1260m cm- 1 .

Table 5.l

Reactions of 4-Amino-l,2,3-trtazole-5-car~aldehydes

Starting
Mater1

al

Analyses

Reaction
Product

Reagent

{RI )

!Temp.!. Time

{ R)

M.p.£

Pur1f-

Yield~

1cat1on~ {or b.p.) (%)

Found {%)
C

Formula
N

H

Requ1 red {%)
C

H

N

(h)

1-Me

DMF/POC1 3

A

24

N=CHNMe 2

D

2-Me

DMF/POC1 3

A

24

N=CHNMe 2

D

3-CH 2 Ph

DMF/POC1 3

A

10

N=CHNMe 2

1-Me

HC(OEt) 3

B

3 N=CHOEt

F(K)

HC(OEt) 3

C

7 N=CHOEt

G

1-Me

MeC ( OEt) 3

B

2

2-Me

MeC(OEt) 3

C

7 N=C(Me)OEt

H

4

N=C(Me)OEt

F(L)

N=C(Me)OEt

E(l+J) ,M
70
viscous
70

E(J) ,N

6.2

49.0

6.2

28.6

5. 9

20.9

c14 H16 N4o2

61.75 5.9

20.6

48.1

6.5

24.8

c9H14 N4o3

47.8

6.2

24.8

40

3-CH 2Ph

C(0Et) 4

C

8

N=C(OEt) 2

G

!Viscous
11 q.

61*

~ D: Cyclisation with ammonia was performed without isolation .

F: Sublimation.

G: Column chromatography on alumina [eluted with a (1:1)

mixture of diethyl ether and light petroleum (b.p. 60-80°).
J: Light petroleum (b.p. 60-80°).

I!

49 .0

62 . 0

liq.(P)

N: Sublimed at 50°/0.05 mmHg.

6. 1

65

H

E: Recrystallisation.

49.2

64

N=C(OEt) 2

.! A: 20-25°, B: 120°, C: Reflux.

46.15 5.5

liq.(O)

15

I

ll

79

C

Footnotes:

5.55

82*

C(OEt) 4

I
I

46.3

liq.

2-Me

I

Ii

72

K: 80°/0.l mmHg.

H: D1st1llat1on.

L: 110°;0.1 mmHg.

£ O: b.p. 83-84°/0.l mmHg.

I : Benzene.

M: Dried at 33°/0.01 mmHg.

P: b.p. 108-110°/0 .l mmHg.

~*:Crude yield.

Table 5.2
Cyclisation to 8-azapurines

Reaction

I

- >------

T-~

d
M. p.-

Puri fi ca ti on.£.

Product

R'

R
~

I

·~eagent~ Temp . .Q. Time(h)

Starting Material

No.

-.

T

R

RII

I
'

Yield :

(%} i

C

7

7-Me

H

E(G)

166-167° (167°)

79

A

C

7

9-CH 2Ph

H

E(H)

115-11 6 (117- 118)

74

N=CHNMe 2

B

D

8

9-CH 2Ph

H

E(I)

114 - 11 5 (117- 11 8)

76

N=C(Me)OEt

A

C

7

7-Me
-

Me

F(J+K) ,M

14 7

73

Me

E(L)

14 3

71

F(K) ,N

64

63

1

1-Me

N=CHOEt

2

3-CH 2Ph

N=CHOEt

3

3-CH 2Ph

4

1-Me

I

5

2-Me

N=C(Me) OEt

A

C

7

8-Me

6

3-CH 2Ph

NsC(Me)OEt

A

C

7

9-.£.t!z~ -Me

7

2-Me

N=C(OEt) 2

A

C

24

8-Me

OEt

F(K} ,0

121

66

N=C(0Et) 2

A

C

34

9-.£.t!z~ OEt

F(K) ,N

88

64

8

:' 3-CH 2Ph
I
I

I

I

Analyses
No.

I

Found (%)

C

N

H

C

Required (%)

Formula

H

N

1

~* {Albert and Tratt,

2

* (Albert, 1966)

3

* (Albert, 1966)

4

48.0

4.7

47.3

C6H7N5

48.3

4. 7

47.0

5

48.1

4.95

46.9

C6H7N5

48.3

4.7

47.0

6

64.3

5.0

31. 4

64.0

4.9

31.1

7

47.0

5.3

39.5

C12H11N5
c7H9N50

46.9

5.1

39.1

8

61. 5

5.3

27.5

C13H13N50

61. 2

5 .1

27.4

I_ ______ - -----~ -

- ·.

-

-·

1968)

-- - - --

Footnotes:
~ A: Ethanolic ammonia.

£ E: Sublimation.

I: 110°10.1 mmHg.

B: Ammonium acetate in methanol.

F: Recrystallisation.
J: Benzene.

M: Sublimed at 120°/0.05 mmHg.

G: 130°/0 . l mmHg.

~ C: 20-25° .

H: 110°/0.05 mmHg .

K: Light petroleum (b . p. 60-80°) .
N: Dried at 25°/0.l mmHg.

0 : Refl ux .

L: 100°10 . 1 mmH g.

0: Dried at 65°/ 0 . l mmHg.

~ The figures in parentheses are the m.p.s of authentic specimens recorded in the

literature, as cited in the column of analyses.

~*: Known compounds.
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APPENDIX I

Biological Results
2-Amino-8-methyl-8-azapurin -6-one (8-methyl-8azaguan ine), tested* in mice against malignant tumours,
was found to inhibit the Ehrlich ascites tumour and the
Ridgway osteogenic tumour at the highest tolerated dose
2-Amino-7-methyl-8-azapurin -6-one
(100 mg Kg-l day- 1 ).
(7-methyl-8-azaguanine) was relatively inactive* at this
dose and rather toxic to the mice.

7-Methyl- and

8-methyl-8-az apurin-2,6 -dione were tested** for inhibition
of adrenaline (epinephrine) biosynthesis (in vitro), but
both compounds were inactive at the concentration
Also, these compounds were inactive up
1.00 x 10- 4 M.
to 200 mg ml-l concentration against 15 strains of Gram
positive and Gram negative bacteria when tested** for
antimicrobial activity.

When the 1- and 2-methyl

derivatives of 4-amino-1,2,3-triazole-5-car boxamide was
tested** for anti-obesity effects, in a general
pharmacological screening programme, they were found
to be inactive.

Footnotes:

* The carcinostatic test was carried out by

Dr C. Chester Stock of the Sloan-Kettering Institute
for Cancer Research, Rye, New York State.
** These tests were reported by Dr G. Redl of the
Smith Kline & French Laboratories in Philadelphia.

.,
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APPENDIX II
Ii

I

Public ations

1,

Ii
'

1::

ii

A. Albert and H. Taguchi
11

Synthesis, from 1,2,3-triazole intermediates, of

2-amino-7-(also 8-)methyl-8-azapurin-6-ones

Ir

I:

(ii_-methylated

1

8-Azapurines

1
)

and Related 8-Azapurines

I!

Chem.

Comm. , 19 72, 249.

A. Albert and H. Taguchi
11

_y_ - Tri a z o 1 o [ 4 , 5 - .Q.] pyr i mi di nes ( 8-A zap u r i n es ) . Part

I,

II

II

VIII.

Synthesis, from 1,2,3-t ri azoles, of 1- and

2-Methyl Derivatives of 5,7-Disubstituted
_y_-Triazo1o[4,5-Q]pyrimidine s (7- and 8-methyl
2 , 6 - Di subs ti tut e d 8-A zap u r i nes
J.

Chem.

Soc.

Perkin I .,

11
,

19 72, 449.

A. Albert and H. Taguchi
11

1 , 2 , 3- Tri a z o 1es . Part I .

Some 4-Aminotriazole-5-carbaldeh ydes
J.

Chem . Soa.

Perikin I .,

11
,

(accepted).

A. Albert and H. Taguchi
11

_y_ -

Tri a z o 1 o [ 4 , 5 - .SU pyr i mi di nes ( 8 - Azap u r i n es ) .

Part XIV.
Ii
Ir

8-Azapurines from ii_-Alkylated 4-Amino-1,2,3t r i a z o 1e - 5 - car b a 1 de hyd es
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v-Triazolo[ 4,5-d] pyrimidines (8-Azapurines). t Part Vlll. 1 · 2 Synthesis,
from 1,2,3-Triazoles,t of 1- and 2-Methyl Derivatives of 5,7-Disubstituted
v-Triazolo[4,5-d]pyrimidines (7- and 8-Methyl 2,6-Disubstituted 8-Azapurines)
By Adrien Albert • and H iroyasu Taguchi, Department of Medical Chemistry, John Curtin School of Medical
Research, Australian National University, P.O . Box 4, Canberra, A.C.T. 2600, Australia
4-Amino-1 -methyl-1 H-1.2.3-triazole-5-carboxamide (1 ). fused with thiourea. gave 5-mercapto-1-methyl-1 Hv-triazolo [ 4.5-d] pyrimidin- 7 ( 6H) -one ( 2-mercapto- 7- methyl-8-azapuri n-6-one) ( 2a). which was methylated
and oxidised to give the 5-methylsulphonyl derivative. This. when heated with sodium methoxide or ammonia.
gave the 5-methoxy- and 5-amino-derivatives. respectively. 4-Amino-2-methyl-2H-1.2.3-triazole-5-carboxamide similarly gave various 5-substituted 2-methyl-2H- v-triazolo [ 4. 5-d] pyri midi n- 7 ( 6H) -ones. 4-Amino-2methyl-N-bis ( methyl amino) methylene-2H-1 .2.3-triazole- 5-carboxamide ( 5) was obtained as a by-product when
the 2-methyl-5-methylsulphonyl derivative was heated with methylamine.
Alkaline hydrolysis of the two methylsulphonyl compounds gave the corresponding 5.7-diones. identical with
products obtained by fusing the two triazoles with urea. A by-product of the first hydrolysis was 1-methyl4 - ureido-1 H -1.2 .3-triazole-5-carboxylic acid (3). which was further degraded to the 4-amino-derivative.
The two 5-mercapto-compounds were converted into the corresponding 5.7-bis(methylthio)-derivatives. which
5.7- Diamino-derivatives were
gave 7 -am1no - 5-methylth10-compounds on heating with ethanolic ammonia.
made by heating the derived sulphones with ethanolic ammonia: in contrast. treatment with sodium methoxide
and aqueous alkali gave 7-amino-5-methoxy- and 7-amino-5-oxo-derivatives. respectively. 5.7-Dichloro2-methyl- 2H-v-triazolo [ 4. 5-d] pyrimidine ( 2 .6-dichloro-8-methyl-8-azapurine) ( made from the appropriate
5.7-dione) gave the 5.7-diamine with ethanolic ammonia.
Th e 1onisat1on constants and the u.v .. i.r .. and n.m.r. spectra of these compounds are recorded and discussed.

AMONG the analogues of naturally occurring purines, probably the be t known anti-cancer agent is '8-azaguanine'
5-amino-·v-triazolor4,5-dJ(2-amino-8-azapurin-6-one;
pyrimidin-7-one). It has been shown to be highly
active in suppressing growth of several strains of transplantable adenocarcinomas of the breast in mice, 3 a-d
even strains that had become resistant to 6-mercaptopurine,3d and it inhibited the Brown-Pearce squamouscell carcinoma in rabbits' eyes. 3b In human patients
this drug was, in part, degraded to the 2-oxo-analogue 3e
(purine numbering) and, when the dose was raised, skin
rashes limited its use. 3d These results suggested that
derivatives methylated in the triazole ring might prove
more useful, (a) by acting as depots for the liberation
of ' 8-azaguanine' by normal biochemical N-demethyl-

t This series was previously entitled ' 1,2,3,4,6-Penta-azaindenes.'
t In this paper, the amino-group of aminotriazoles is consistently numbered 4, to facilitate comparisons.
1
Part VII, A. Albert. J. Chem. Soc. (C), 1969, 2379.
2
Preliminary report, A. Albert and H. Taguchi, Chem.
Comm., 1971, 249.

ation, 4 or (b) by blocking the deaminating enzyme
(guanylase).
9-Alkyl-derivatives of ' 8-azaguanine ' can easily be
prepared from 5-amino-4-alkylaminopyrimidines, but
synthesis of 7- and 8-alkyl derivatives has awaited the
new methods 5 which use 1,2,3-triazole intermediates,
e.g. (1). The present work describes the first general
mflthod for making 7- and 8-methyl derivatives of 2,6disubstituted 8-azapurines (1- and 2-methyl 5,7-disubstituted triazolopyrimidines), and includes the required alkylated analogues of '8-azaguanine ', e.g. (2e).
Preparation of 7- and 8-M ethyl-8-azapurin-6-ones
3 (a) G. \V. Kidder, V. C. Dewey, R. E. Parks, and G. L.
Woodside, Science, 1949, 109. 511; (b) A. Gellhorn, M . Engelman,
D. Shapiro, S. Graff, and H. Gillespie, Cancer Res ., 1950, 10, 170;
(c) K. Sugiura, G. H. Hitchings , L. F . Cavalieri, and C. C. Stock,
ibid., p . 178; (d) J. A. Montgomery, J. R. Johnson . and F. M.
Schabel, ibid. , 1959, 19. 425 ; (e ) A . Gellhorn, Can cer , 1953, 6,
1030.
• A. Albert. 'Selective Toxicity,' ~1ethuen . London , 4th edn .,
1968, sections 2 .3 and 2.4.
5 (a) A. Albert and K. Tratt, J. Chem. S (l c . (C), 1968 . 344
(b) A. Albert, ibid ., p. 2076.
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with Various 2-Substituents.-4-Amino-l-methyl-1,2,3triazole-5-carboxamide 00 could not be induced to
react with guanidine or with guanidine carbonate
under various conditions. However, fusio n with thiourea gave 2-mercapto-7-methyl-8-azapurin-6-one (2a),
which was 5-methylated (with methyl iodide in cold
aqueous sodium hydroxide) to give the 2-methylthioanalogue (2b) in excellent yield. The 1 H n.m.r. spectrum

NH). The i.r. spectrum showed a carbonyl band at
1695s,br cm-1 . These data indicated st ructure (3)
or (4); the latter seemed unlikely because t he substance did not decarboxylate easily as a substituted
carbamic acid should. In order to confirm st ructure
(3), the stability of the carboxamide group to alkali
was compared with that of the carboxamide group
in
4-amino-l-methyl-1,2,3-triazole-5-carboxamide .
The latter, under the conditions (1 h at 100°) used in
Me
O
Me
a;R=SH
the hydrolysis of the 2,6-dione, furnished 4-amino- l /~lCO·NH
b; R = SMe
methyl-1,2,3-triazole-5-carboxylic acid in 74% yield .
/7
NJd:NH1
2N
I
2
8N~9
I
3
~
c;
R
=
S0
This result suggested the presence of a stable urea (rather
~3
2Me
~N
N
R
N
NH
than an amide) group in the by-product, and confirmed
d;R=OMe
( 1)
2
(2)
the identification as l-methyl-4-ureido-1,2 ,3-triazole-5e; R = NH 2
carboxylic acid (3). Further hydrolysis of this subMe
Me
stance (3) in boiling aqueous potassium hydroxide
/N'T(C0 2H
/NyCO·NH 2
/NyCO·N:C(NHMe) 2 eventually gave 4-amino-l-methyl-1 ,2,3-triazole-5-carbN:--..
N~ ~
MeN
~
oxylic acid.
"N
NH·CO·NH 2 ~N
NH·C0 2H
"-N/ NH 2
As expected, the sulphone group in compound (2c)
(3)
(4)
(5)
was easily replaced by nucleophiles. Thus 2-methoxy7-methyl-8-azapurin-6-one (2d) was readily obtained
of the latter showed characteristic peaks for an N- and when the sulphone (2c) was boiled with sodium methoxan 5-methyl group. This methylthio-analogue, when ide in methanol. Likewise, the 2-amino-7-methyl
stirred with potassium permanganate in dilute acetic derivative * (2e), of potential biological and bioacid, gave a good yield of the 2-methylsulphonyl chemical 3, 8 interest as an analogue of guanine, was
compound (2c), showing N- and 5-methyl n.m.r. signals, obtained in excellent yield by heating the sulphone
and i.r. bands at 1335s + 1320m, and 1180m + 1155m (2c) with ethanolic ammonia at 160°. Similarly 8cm-1 (S-0 stretching, asymmetric and symmetric, methyl-2-methylsulphonyl-8-azapurin-6-one furnished 2respectively). 6
methoxy-, 2-ethoxy-, 2-amino-, * 2-methylamino-, and
Similarly
4-amino-2-methyl-l,2,3-triazole-5-carb- 2-dimethylamino-derivatives.
oxamide,5b gave successively the corresponding 2\\'hen 8-methyl-2-methylsulphonyl-8-azapurin-6-one
mercapto-, 2-methylthio-, and 2-methylsulphonyl-8- was heated with methylamine at 90°, the expected 8methyl-8-azapurinones. The sulphone was hydrolysed methyl-2-methylamino-derivative was obtained, acwith cold aqueous potassium hydroxide to the 2,6-dione, companied by a by-product which was the main product
identical with the product obtained by fusing 4-amino- at 120°. Elemental analysis of this by-product satisfied
2-methyl-1,2,3-triazole-5-carboxamide with urea. Both the empirical form ula C H N 0; the u.v. spectrum
7 13 7
specimens were identical with the compound isolated (neutral species at 260 nm and cation at 233 nm) inin 20°!0 yield 7 from the methylation products of 8-aza- dicated the presence of the triazole ring system. 5b
purine-2,6-dione.
The n.m.r. spectrum (CF3 ·C0 2 H) showed a singlet
The isomeric sulphone (2c) similarly gave the 2,6-dione, (NMe in the triazole ring) at , 5·78 and a six-proton
identical with the substance obtained by condensing singlet at , 6·89. This compound was much more
4-amino-l-methyl-1,2,3-triazole-5-carboxamid e (l) with strongly basic (pKa 7·97) than other aminotriazoles, 5
urea, and with a specimen previously obtained by but the pK a value was similar to that of an acyldebenzylating 9-benzyl-7-methyl-8-azapurine-2,6-dione. 7 guanidine.9 These physical data indicated the comHydrolysis of the sulphone (2c) also gave a by-product, pound to be 4-amino-2-methyl-N-bis(methylamino)the proportion of which increased on longer exposure methylene-l,2,3-triazole-5-carboxamide (5).
to alkali or on heating. This by-product was also
Preparation of 7- and 8-M ethyl-8-azapurin es w£th
obtained by stirring 7-methyl-8-azapurine-2,6-dione in a 6-A mino-group.-Because 2,6-diamino-8-azapurine
aqueous potassium hydroxide. Elemental analysis in- possesses strong enzyme-inhibiting prope.rties, 8 modidicated the empirical formula C5H 7N 50 3 ; the n.m.r. fications of the foregoing reactions were investigated
spectrum ([2 H 6Jdimethyl sulphoxide) showed three
6
Barnard, J.M. Fabian, and H.P. Koch , ]. Chem. Soc.,
singlets, one at T 5-75 (3H, NMe) and the others as 1949,D.
2442; E. D. Amstutz, I. M. Hunsberger, and J. J. Chessick,
broad peaks at T 2·90 (2H) and l ·96 (lH) (exchangeable, ]. Amer. Chem. Soc., 1951 , 73, 1220 ; C. C. Price and H . Morita,

j(

• All N-mcthyl-8-azaguanines are now known: namely the
I-methyl isomer (C. W. Noell, L.B. Townsend, and R. K. Robins,
'Synthetic Procedures in Nucleic Acid Chemistry,' ed. W. W.
Zorbach and R. S. Tipson, 1968, Interscience-Wiley, New York,
1, 44), the 3-methyl isomer (L. B . Townsend and R. K. Robins,
ibid. , p. 18), and the 9-methyl isomer [made by J. Davoll
(London), unpublished, but tested against tumours by the SloanKettering Institute as MHC-2164].

ibid., 1953, 75, 4747; C. C. Price and R. C. Gillis, ibid. , 1953, 75,
4750.
7
G. Niibel and W. Pfleiderer , Chem. Ber., 1965, 98 , 1060.
8
H. G. Mandel, Pharmacol. Rev ., 1959 , 11, 743 ; R. E.
Handschumacher and A. D. W elch, · The Nucleic Acids,' ed.
E. Chargaff and J. N. Davidson, Academic Press , New York,
1955, vol. 3, p. 453.
9
A. Albert, R. Goldacre, and J. Phillips, ]. Chem. Soc ., 1948,
2240.
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in order to obtain similar agents by introducing a
6-amino-grou p.
2-Mercapto-7-m ethyl-8-azapurin -6-one (2a), heated
with phosphorus pentasulphide in pyridine, gave
the 2,6-dithione, which was methylated (with methyl
iodide in cold aqueous sodium hydroxide) to give
the 2,6-bis(methylt hio)-compound. The n .m.r. spectrum
(CDC13 ) showed singlets at -r 7·32 and 7·22 (2 X SMe)
and at , 5·48 (NMe). Heating this bis(methylthio)derivative with ethanolic ammonia gave 6-amino7-methyl-2-met hylthio-8-azapu rine without any byproduct. The i.r. spectrum showed a band at 3350
cm- 1 (primary NH 2 ) and the n.m.r. spectrum ([2 H 6]dimethyl sulphoxide) showed singlets (3H) at -r 7·40
and 5·52 (5- and N-Me, respectively) and a broad
peak (2H) at -r 2·06 (NH 2 , exchangeable). This methylthio-compound was oxidised with potassium permanganate to give the sulphone in excellent yield, vmax.
1310s and 1140s cm-1 (S0 2 ).
Again the methylsulphony l group was reactive and
gave the 2,6-diamine * (by the action of ethanolic
ammonia) and the 6-amino-2-meth oxy- (by heating
with sodium methoxide in methanol) and 6-amino2-oxo-deri vatives (aqueous potassium hydroxide at
20°). The physical properties of the last named substance, different from those of 2-amino-7-meth yl8-azapurin-6-one, confirmed that ammonia selectively
attacked the 6-position of the 2,6-bis(methylt hio)derivative. [Similarly in 2,6-bis(methylt hio)purine,
only the group in the 6-position could be replaced
with dimethylamine, 10 and 2,6-diaminopur ine could
not be obtained by heating 6-amino-2-meth ylthiopurine
with ammonia. 11]
similarly
2,6-Bis(methylt hio)-8-methyl-8 -azapurine,
2,6-dithe
via
ne
prepared from the 2-mercapto-6-o
thione, was converted into the 6-amino-2-meth ylthioderivative (by heating with ethanolic ammonia) which,
on oxidation with potassium permanganate, gave
the 6-amino-2-meth ylsulphonyl compound. 2,6-Diamino-8-methyl - * and 6-amino-2-meth oxy-8-methyl8-azapurine were made by heating the sulphone with
ammonia and sodium methoxide, respectively. 6Amino-8-methy l-8-azapurin-2-o ne was obtained by
hydrolysis of the sulphone. 2,6-Bis(methylt hio )-8methyl-8-azapu rine, with potassium permanganate,
underwent oxidation and then partial hydrolysis to
give 8-methyl-2-met hylsulphonyl-8- azapurin-6-one, providing another example of the greater reactivity of
the 6- over the 2-position.
Heating 8-methyl-8-azap urine-2,6-dione with phosphoryl chloride gave the readily hydrolysed 2,6-dichloro-derivativ e, which was easily converted, by

*

another isomer, 2,6-diamino-9-me thyl-8-azapurine,
]. Chem. Soc., 1958, 1593.
10
J. A . 1ontgomery, L. B. Hoium, and T. P. Johnston, ].
Amer . Chem. S oc., 1959 , 81, 3963.
n G. B . Elion, W. H . Lange, and G . H. Hitchings, ]. Amer.
Chem. Soc., 1956, 78 , 217.
12
D. Heinert and A. E. Martell, ]. Amer. Chem. Soc., 1959,
81 , 3933 .

see

For

J. Davoll,

heating with ethanolic ammonia, into the 2,6-diamine;
this route is more direct than that already given.
Physical Properties.-Th e i.r. spectra of all 8-azapurines (triazolopyrimi dines) mentioned have weak or
medium bands at 1030- 1085, 1270- 1310, 1380-1420,
and ca. 1580 cm-1 , a signable to the heterocyclic nucleus
(cf. spectra of pyrimidines 12 and 1,2,3-triazoles 13).
The carbonyl bands of the 6-ones appeared at rather high
frequencies (1700-1730 cm- 1 ) [ especially high in the 2methylsulphony l-6-ones (1730 cm- 1 ) because of strong
electron-withdr awal by the sulphone group]. I.r. spectra
of most of the 8-azapurines with sulphur substituents in the 2- and/or 6-positions showed medium or
strong bands between 1140 and 1190 cm- 1 , as found for
other similarly substituted rr-deficient heteroaromatic
compounds 14 [however these bands were not seen in
the case of 6-amino-7-(or 8-)methyl-2-me thylthio-8-azapurine].
N .m.r. spectra of the 6-amines ([2 H 6Jdimethyl sulphoxide) showed surprisingly sharp NH 2 signals (W 1 6-10
Hz). However 2-aminopyrazin e and 2- and 3-aminopyridine in the same solvent revealed signals that were
almost as sharp (iV1 9-10 Hz), whereas for solutions in
the more commonly used [2 H ]chloroform these signals
were much broader (20-27 Hz).
Ionisation constants of the 2- and 6-substituted
8-azapurines are shown as pKa values in the Table.
The effects of the 2-substituents on the ionisation
(as acids) of the 6-ones are linearly correlated with
Hammett's crm values 15 for the substituents, and the
slopes of lines (for the 7- and '8-methyl series) were
similar. Each member of the 7-methyl-6-one series
was more acidic (by 0·3-0·6 unit) than the 8-methyl
isomer.
U.v. spectra of the 8-azapurines are shown in
the Table. Comparison of the peak of longest wavelength for each 2-substituted 8-azapurin-6-on e with
that for the unsubstituted parent [7-Me-6-one 264
nm (0), 281 (-); 8-Me-6-one 267 nm (0), 286 (-);
ref. 5], showed that it had shifted to a slightly longer
wavelength in most examples, as expected; the AmaL
values of the neutral species (but not of the anion)
of the 2-methylthio-d erivatives had shifted slightly in
the opposite direction. An unusually large hypsochromic shift (18-27 nm) was observed when most of
the 2-amino-deriva tives were converted into cations.
However 6-amino-2-ones did not show this hypsochromic
shift, but there were large bathochromic shifts (27-28
nm) when they were changed into anions.
Typical of the differences between the purine and
the 8-azapurine series, 2-amino-7-meth ylpurin-6-one
E. Lieber, C. N . R. Rao, T. S. Cho, and H. Rubinstein,
Canad. ]. Chem., 1958, 36, 1441 ; E. Borello , A. Zecchina, and
E. Guglielminotti ,]. Chem. Soc. (B). 1969, 307.
14 E. Spinner, ]. Org. Chem., 1958, 23 . 2037; M. Horak and
J. Gut, Coll . Czech. Chem. Comm., 1963, 28. 3392 .
is H. van Bekkurn, P. E. Verkade, and B. ;.1. Wepster, Rec.
Trav . chim., 1959, 78, 815; H. H . Jaffe , Chem. Rev .. 1953, 53.
191 ; D. H. :\IcDaniel and H. C. Brown , ]. Or1;. Chem., 1958, 23.
420 ; H. Zollinger and C. Wittwer , H elv. Chim. Acta, 1955, 39.
347.
13
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has acidic and basic pKa. values of 10·0 and 3·5, respectively, and is thus a weaker acid and a stronger base
than 2-amino-7-methyl-8-azapurin-6-one (see Table).
These large differences spring from the electron-withdrawing effect of the additional doubly-bonded nitrogen
atom in the five-membered ring, which gives the
8-azapurines more of the electron disposition of
pteridines than of purines (cf. 2-aminopteridin-4-one,
pKa 7·9 and 2·3).
\Vhen tested in mice against malignant tumours,
8-methyl-8-azaguanine inhibited the Ehrlich ascites

(series 2) spectrophotometer. 1 H N .m .r. spectra were
determined with a Perkin-Elmer RIO instrument operating
at 33·3° and 60 MHz with tetramethylsilane as internal
standard. The presence of an NH group was confirmed
by exchange with D 2 0. I.r. spectra were taken (for mulls
in Nujol and hexachlorobutadiene) with a Unicam SP 200
spectrophotometer, recalibrated at 2850, 1603, and 906
cm- 1 (polystyrene standards).
Yields of substances which lacked a sharp m .p. refer to
material sufficiently pure to give only one spot in chromatography on Whatman no. 1 paper developed with solvent A
(aqueous 3% ammonium chloride) or B [butanol-5N-acetic

Ionisation constants and u.v. spectra
Ionisation in water (20°)
r-

Compound
8-Azapurin-6-one
7-Methyl-2-methylthio

Species a

2-Methoxy-7-methyl

Concn. (M)

6·73

0·04

4·0

X

10- 5

295

2·96

0·04

3·0

X

l0- 5

300

7· 17

0·04

3·9

X

10- 5

300

8·25

0·03
0·03

4·7
3·3

X
X

10- 5
l0- 5

260
300

0

8-Methyl-2-methylthio

+

8-Methyl-2-methylsulphonyl

0

1·58

0

-

()./nm)

0·03

4·0

X

10- 5

300

3·54

0·01

1·9

X

10- 5

300

7·69

0·03

3·9

X

10- 5

300

8·64
l ·86

0·02
0·03

2·4
3·0

X l 0- 5
X 10- 5

300
300

0

Ama.x.fnm

< 235, 261

7·28

0

+
6-Amino-8-azapurine
2-Amino-7-methyl

(±)

0

2-Amino-7-methyl

2-Amino-8-methyl

pK..

0

U.v. data (water)

A.w.J.b

0

7-:\-lethyl-2-methylsulphonyl

2-Methoxy-8-methyl

Spread

0

244, 295
268
284
226, 277
239, 284
239,297
242,299

270
234,264
244, 295

< 210 , 272
221, 292

227, 275
248, 284
243, 293
251, 298
268

Jog

E

> 3·5, 4·08
4·30, 3·78
4·03
4·01
3·65, 3·80
3·66 , 3·84
3·85, 3·70
3·76, 3·77
3·78
4· 14, 4·04
4 ·20, 3·99

> 3·5, 4·05
4·23 , 4·05
3·62, 3·87
3·72, 3·91
3·82, 3·80
3·68, 3·90
4·00

c

pH

'

d

4

Io
()
(j

5
IO
5
11

- ...
<)

4
10

l

7
5
IO

6
12
-l

< 230, 249, 30,9

> 3·5, 3·78, 3·79
7
258,
282
4· 13 , 4·07, 3·90
I
2-Amino-8-methyl
0
307
3·77,
3·91
8
5· 17
0·05
1·9 X 10- 5
+
275
284
4·11,4·08
2
7-Methyl-2-oxo
0
287
3·93,
3·83
6
4
9·04
0·03
1·2 X 10275
251, 314
3·65, 3·77
Ii
2·94
0·04
2·5 X 10- 5
+
260
295
3·76
0
8-Methyl-2-oxo
0
256, 285
4·03,
4·03
7
9·98,
0·02
l ·2 X 10- 4
280
257, 313
3·70, 3·90
13
3·94
0·04
2·5 X J0- 5
250
+
289
3·99
1
a Neutral species (0), cation ( +), anion ( - ) .
b Analytical wavelength, for spectrometric determinations as in ref. 4. • Inflections in italics. d Negative values are solutions of sulphuric acid of acidity function H (K. N. Bascombe and R. P.
Bell, J .
0
Chem. Soc ., 1959, 1096).

+

4 ·2 7

0·04

2·4

tumour and the Ridgeway osteogenic tumour at the
highest tolerated dose (100 mg kg- 1 day- 1 ). The 7methyl isomer was relatively inactive at this dose and
rather toxic to the mice.
EXPERIMENT AL

M.p.s were determined with an Electrothermal apparatus
by the capillary method. As the m.p .s of most of the
triazolopyrimidines were high, the thermometer was
recalibrated with caffeine (m.p. 237 °), phenolphthalein
(m.p. 263°), benzophenone (b.p. 304° at 760 mmHg), and
lead (f.p. 327·4°) (National Standards Laboratories specimens).
U.v. spectra were measured with a Unicam SP 800
spectrophotometer; the wavelength and intensity of each
maximum were then checked with a Unicam SP 500

X

10- 5

275

218,
257,
259,
255,

acid (7: 3)], and viewed under 254 and 365 nm light.
The identity of material from different reactions was
established by comparison of i.r. spectra and Rp values,
and also (where appropriate) by mixed m .p .
5-Mercapto-1-methyl- IH-v-triazolo [4,5-d ]pyrimidin7 (6H)-one (2-M ercapto-7-methyl-8-azapurin-6-one) (2a) . 4-Amino-l-methyl-l, 2, 3-triazole-5-carboxamide sa (0·20 g)
and thiourea (0·50 g) were heated at 176° for 150 min.
The cooled mixture was dissolved in 2N-sodium hydroxide
(5 ml) and refrigerated. The sodium salt was filtered
off, washed with cold 2N-sodium hydroxide, and dissolved in warm water (3 ml); the solution was adjusted
to pH 2 with 5N-sulphuric acid and chilled . The solid
deposited, recrystallised from water (200 parts). gave th~
triazolopyrimidine (2a) (60%). m.p. 311 ° (decomp .) (Found:
for material dried at 110° and 0·05 mmHg: C, 33 · 1 ; H , 2·9;
N, 38·1; S, 17·5. C 5 H 5 N 5 0S requires C, 32·8; H , 2·8;
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N, 38·2; S, 17·5%), vma:x. 1750s (C=O str.), 1605s (NH),
1590s, 1300m, 1190m, and 1140m cm-1 , 't"[(CD 3 hS0]
6·60br (lH, NH), 5·69 (3H, s, NMe), and -2·75br (lH, NH).
1-Methyl-5-methylthi o-lH-v-triazolo[ 4, 5-d]pyrimidin7 (6H)-one (7-Methyl-2-methylthi o-8-azapurin-6-o ne) (2b) . To the thiol (2a) (2·30 g), dissolved in a solution of sodium
hydroxide (1·52 g) in water (50 ml), cooled in ice, was
added methyl iodide (2·04 g) with stirring. The mixture
was stirred at 0° for 5 min more, and then at 20° for
20 min, and neutralised with acetic acid. The precipitate, recrystallised from ethanol (200 parts), gave the
methylthio-deriva tive (2b) (89·5%), m.p . 305° (decamp.)
(Found, for material dried at 110° and 0·05 mmHg: C,
36·8; H, 3·9; ... , 35·5; S, 16·4. C 6 H 7 N 5 0S requires
C, 36·5; H, 3·6; .l , 35·5; S, 16·3%), \/max. 3350w, 3030m,
1700s (C=O str.), 1585m, 1300m, and 1170m cm- 1 , -r[(CD 3 ) 2 S0] 7·40 (3H, s, SMe), 5·63 (3H, s, TMe), and -3·05br
(lH, NH).
1-Methyl-5-methylsu lphonyl-lH-v-tria zolo [4, 5-d]pyrim( 7-M ethyl-2-methylsu lphonyl-8-azapur in-6idin- 7 (6H)-one
one) (2c) .-Potassium permanganate (0· 13 g) in water
(3 ml) was added to a stirred suspension of the methylthio-compound (2b) (0· 10 g) in aqueous 1 % acetic acid
0
(6 ml) at 20° . The mixture was stirred at 20· for 2 h
longer, cooled in ice, and decolourised by passing sulphur
dioxide. The needles deposited, recrystallised from
ethanol (200 parts), gave the sulphone (2c) (74%), m.p.
231·5° (efferv.) (Found, for material dried at 110° and
0·05 mmHg: C, 31·6; H, 2·9; N, 30·4; S, 14·15.
C 6 H 7 N 5 0 3 S requires C, 31·4; H, 3·1; I, 30·6; S, 14·0%),
v max. 3030m, 2850m, 1730s (C=O str.), 1595m, and 1290m
cm- 1 , and sulphonyl bands (see Discussion section), -r
[(CD 3 ) 2 SOJ 6·45 (3H, s, SMe), 5·55 (3H, s, NMe), and 2·28br
(lH, NH).
5-Mercapto-2-methyl -2H-v-triazolo [4, 5-d ]pyrimidin(2-.Wercapto-8-m ethyl-8-azapurin- G-one) . -47 (6H)-one
Amino-2-methy l-l, 2, 3-triazole-5-carb oxamide 5 b (0· 10 g)
0
anJ thiourea (0·25 g) were heated at l 7G for 180 min.
The cooled mixture was dissolved in warm 5N-sodium
hydroxide (0·6 ml) and refrigerated. The sodium salt ,.v as
collected and dissolved in warm water (0·5 ml). This
solution, adjusted to pH 2·5 with 5N-sulphuric acid,
deposited a precipitate which, recrystallised from water (300
parts), gave the 5-mercapto-2-me thyltriazolopyrim idin-7-one
(52%), m.p. 312·5° (efferv.) (Found, for material dried at
110° and 0·05 mmHg: C, 33·1; H, 2·8; N, 38·2; S, 17·1.
C 5H 5 N 5 0S requires C, 32·8; H, 2·8; N, 38·2; S, 17·5~~),
1300m,
v max. 3150m (NH), 1710s (C=O str .), 1605s (NH),
·
1
1280m, 1165m, and 1150m cm- , -r(CF 3 ·C0 2 H) 5·54 (3H,
s, ~Me) and 1·70br (lH, NH).
2-11/lethyl-5-met!tylthi o-2H-v-triazolo[ 4, 5-d ]pyrimidin7 (6H)-one (8-JV! ethyl-2-methylthi o-8-azapurin-6-o ne) . -To an
ice-cold solution of the foregoing thiol (0·20 g) and sodium
hydroxide (0·13 g) in water (4 ml) was added methyl
iodide (0· 17 g) with stirring. The mixture was further
stirred for 10 min in an ice-bath and for 15 min at 20-25°,
neutralised with acetic acid, and chilled. The crystals,
collected and recrystallised from ethanol ( 120 parts),
gave the methylthio-deriva tive (80%), m .p. 285·5° (Found,
for material dried at 110° and 0·05 mmHg: C, 36·2; H,
3·9; N, 35·5; S, 16·1. C 6 H 7 N 5 0S requires . C, 36·5; H,
3·6; N, 35·5; S, 16·3%), vmax. 1720s (C=O str.), 1580s,
1400m, 1300m, 1280m, and 1160s cm- 1 , -r(CF 3 ·C0 2 H)
7·00 (SMe) and 5·47 (NMe).
2-Methyl-5-methylsul phonyl-2H-v-tria zolo [4, 5-d ]pyri1n-
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(8-M ethyl-2-methylsul phonyl-8-a::apur in-6idin-7 (6H)-one
one) .-Potassium permanganate (0 ·26 g) in water (15 ml)
was added at 20-25° with stirring to a s uspension of the
foregoing methylthio-deriv ative (0·20 g) in l l} 0 ace tic
acid (12 ml) during 1 h. The mixture was stirred for
4 h longer, then cooled in ice and decolourised by p assing
sulphur dioxide . The needles deposited, recrystallised
from ethanol (300 parts), gave the sulplzone (78 '\), m .p.
223 ° (efferv.) (Found , for material dri ed a t l lO J and 0·05
rnmHg: C, 31·3; H, 3·0; N, 30·9; S, 14·0. C 6 H 7 ::\" 5 0 3 S
requires C, 31·4; H, 3·1; N, 30·6; S, 14·0 %), v Irlll:\. 3380m
(NH), 1730s (C=O str.), 1600m (NH), 1335s (SO~ a~y m . s tr. ),
1300m, 1280m, 1190m, and 1160m, and 1140m (S0 2 sy m .
str.) cm- 1 , <(CD 3 ) 2 SOJ 6·71 (s, SMe) and 5·65 (s, ~l\Ie).
2-Methyl-2H-v-triazo lo [4,5-d ]pyrimidine-5( 4H ), 7 (6H )dione (8-Methyl-8-azapurine -2, 6-dione) . -4-Amino-2-met hyl1,2,3-triazole-5- carboxamide (0· 10 g) and urea (0·2 g)
were heated at 176° for 160 min. The cooled mixture was
dissolved in warm N-sodium hydroxide (3 ml ) and refrigerated. The sodium salt v;as filtered off and dissolved
in warm water (0·5 ml). The solution, adjusted to pH 2·5
with 5N-sulphuric acid, deposited crystals which [from
water (80 parts)] gave the dione (63·5%), m .p. 352° (efferv.;
unstandardised thermometer) (Found, for material dried
at 110° and 0·05 mmHg: C, 35·7; H, 3·0; .N, 41 ·9. Cale .
for C 5 H 5 N 5 0 2 : C, 35·9; H , 3·0; N, 4l·fl %), v max. 3170m
(NH), 3060, 2890, and 2800m (NMe), 1700br,s (C=O str.),
1605m (NH), 1475m, 1385m, 1275m, and 1160m cm- 1 .
Hydrolysis of 2-Methyl-5-methylsul phonyl-2H-v-tria zolo[4, 5-d]pyrimidin-7 (6H)-one (8-1\,fethyl-2-methylsul phonyl-8azapurin-6-one) .-A solution of the sulphone (0·046 g)
in N-potassium hydroxide (1 ml) was stirred at 20-25°
for 20 h and adjusted to pH 2·5 ~ith 5N-sulphuric acid.
The solid deposited, recrystallised from water (80 parts)
gave 2-methyl-2H-v-t riazolo [ 4,5-d]pyrimidine -5 (4H), 7 (6H)dione (8-methyl-8-azap urine-2,6-dione) (58 %), m.p. 352°
(efferv.) (lit.,7 326°).
1-1\1ethyl-lH-v-triazo lo [4,5-d]pyrimidine -5( 4H), 7 (6H)dione (7-M ethyl-8-azapurin e-2 ,6-dione) .. -4-Amino-l-me thyll, 2, 3-triazole-5-carb oxamide (0·10 g) and urea (0·20 g)
were heated at 176° for 1 h. The cooled mixture was
dissolved in 2N-sodium hydroxide (1·5 ml) and refrigerated.
The sodium salt was collected, washed with cold 2N-sodium
hydroxide, and dissolved in warm water ( 1 ml). The
solution was adjusted to pH 2·5 with 5N-sulphuric acid.
The solid deposited [recrystallised from water (100 parts)]
gave the triazolopyrimidi nedione (89 %) , m .p . 355° (de> 350°)
lit .,7
unstandardised thermometer;
camp.;
C,
mmHg:
0·05
(Found, for material dried at 110° and
36· l ; H , 2·95; N, 42·25. Cale . for C 5 H 5 N 5 0 2 : C, 35·9;
H , 3·0; N, 41·9 °~), v max.. 1710s (C=O str.), 1620m, 1590m,
1350m, 1290m, and 1130m cm- 1 , -r[(CD 3 ) 2 SOJ 5·73 (3H, s,
NMe and -1·67 (lH. s, NH) .
Hydrolysis of the Su/phone (2c).-(a) A solution of the
sulphone (0·023 g) in K-potassium hydroxid e (0·5 ml ) was
stirred at 20-- 25 ° for 23 h and adjusted to pH 2 with
5N-sulphuric acid. The precipitate, recrystalli sed from
1-m ethyl- lH-v-triazolo [ 4,,5-d] pyrimiclinegave
water,
(7-methyl-8-azap urine-2, 6-dione) (44°~ ),
7(6H)-dione
5( 4H) ,
m .p . 354° (decomp.).
(b) A so lution of the sulphonc (0·02:3 g) in N-potassium
hydroxid e (0 ·5 ml) wac; c;tirred at 20 - 24 ~ for 84 h and
adjusted to pH 2 with 5'.\'-sulphuric acid. The dE'posited
crystals ['from water (:wo pa.rh )1 gan' l -111rt/1\'l- 4-u reidoIH-1 ,2,3-triazole-5-ra vbox ,1!1 c acid (3) (G4·5 °, 1. 111 p 220·5 °
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(efferv.) (Found, for material dried at ll0° and 0·05 mmHg:
C, 32·3; H, 3·9; N, 37·55. C 5 H 7 N 5 0 3 requires C, 32·4;
H, 3·8; N, 37·8 %), v.ulilX. 3350s (NH), 3200m (NH), 1695s
(C=O str.), 1600s, 1310m, 1280m, 1210m, and ll60m cm- 1 .
Hydrolysis of l-Methyl-1H-v-triazolo [4,5-d]pyrimidine5( 4H), 7(6H)-dione (7-Methyl-8-azapurine-2,6-dione) .-(a) A
solution of the dione (0·033 g) in N-potassium hydroxide
(0·7 ml) was stirred at 20° for 96 h and adjusted to pH 1.
The deposited crystals [recrystallised from water (300
parts)] gave the ureidotriazole (3) (67%), mp . 220° (efferv.).
(b) A solution of the dione (0·20 g) in N-potassium hydroxide (5 ml) was heated on a steam-bath for 1 h, adjusted to
pH 1 with 5N-sulphuric acid, and cooled. The deposited
crystals [from water (300 parts)] gave the ureidotriazole
(3) (74%), m.p. 220·5° (efferv.).
Hydrolysis of 4-A mino-1-methyl- l, 2, 3-triazole-5-carboxarnide (1).-A solution of the amide (0·40 g) in N-potassium
hydroxide ( 10 ml) was warmed on a steam-bath for 1 h,
adjusted to pH 2 with 5N-sulphuric acid, and cooled.
The deposited crystals [recrystallised from water (50 parts)]
gave 4-amino-1-methyl- lH- l, 2, 3-triazole-5-carboxylic acid
(74%), m.p. 202-202·5° (efferv.) (Found, for material
dried at ll0° and 0·05 mmHg: C, 34·0; H, 4·0; N, 39·4.
C 4 H 6 N 4 0 2 requires C, 33·8 ; H, 4·3; N, 39·4%), vmax.
3500m (NH), 3350s (NH), 2450vv,br, 1695s (C=O str.),
1630m , 1320s, 1180s, and 775s cm 1 , , [(CD 3 ) 2 SO] 5·85
(3H, s, 1'Me) and 2·07br (2H, NH 2 ).
Hydrolysis of the Ureidotriazole (3).-A solution of the
ureidotriazole (0·037 g) in N-potassium hydroxide (1 ml)
was heated under reflux for 3 h, adjusted to pH 2 with
5N-sulphuric acid, anct cooled. The deposited crystals
(from water) gave 4-amino-l-mcthyl-1,2,3-triazole-5-carboxylic acid (43%), m.p. 202 ° (efferv.).
5-Methoxy-1-methyl-lH-v-triazolo [4, 5-d]pyri,nidin7 (6H)-one (2d) (2-Methoxy-7-methyl-8-azapurin-6-one) . The sulphone (2c) (0·20 g) and methanolic sodium methoxide (0·06 g of sodium and 15 ml 0£ methanol) were heated
under reflux for 1 h. While cooling, the mixture was
neutralised with acetic acid and evaporated to dryness
under reduced pressure. The residue [from water (60
parts) and then from methanol (70 parts)] gave the
methoxy-derivative (2d) (78%), m.p . 227 ° (Found, for
material dried at ll0° and 0·05 mmHg: C, 39·8; H, 3·6;
N, 38·75. C 0 H 7 N 5 0 2 requires C, 39·8; H, 3·9; N, 38·7%),
vmax. 3350m (~H), 3150m, 3100m, 1705s (C=O str.), 1620s,
1310s, 1060m (last two bands :c-O-C str.), and 865m cm- 1 ,
-r(CF 3 ·C0 2 H) 5·75 (s) and 5·31 (s).
5-A mino-1-methyl-lH-v-triazolo [4, 5-d]pyri1nidin- 7 ( 6H)one (2e) (2-Amino-7-methyl-8-azapurin-6-one).-The sulphone (2c) (1·00 g) and saturated ethanolic ammonia (50
ml) were heated at 160° for 12 h. The mixture was
evaporated to dryness under reduced pressure, water
(20 ml) was added, and the suspension ·was chilled. The
needles deposited were dissolved in 0·2N-sodium hydroxide (30 ml) and, after filtration, the solution was adjusted
to pH 6 with 0· lN-hydrochloric acid. The precipitate,
boiled with water (50 ml) for 15 min and filtered hot,
gave the amine (2e) (85%), m.p. >360° [Found, for
material recrystallised from water (4000 parts) and dried
at ll0° and 0·05 mmHg: C, 36·4; H, 3·6; N, 50·2.
C 5 H 6 N 6 0 requires C, 36·1; H, 3·6; N, 50·6%], vmax. 3350s
(NH), 3200m, 1705s (C=O str.), 1680s, 1630m, ll40m,
anct 880m cm- 1 , ,(CF 3 ·C0 2 H) 5·41 (3H, s, NMe) and l ·49br
(2H, "NH).
5-lvlethoxy-2-methyl-2H-v-triazolo[ 4, 5-d]pyrimidin-7 (6H)-
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(2-Methoxy-8-methyl-8-azapurin-6-one) .-2-Meth y l-5methylsulphony l-2H-v-triazolo[4, 5-d]pyrimidin-7 ( 6H)-on e
(8-methyl-2-methylsulphonyl-8-azapurin-6-one) (0·20 g) a nd
methanolic sodium methoxide (0·06 g of sodium and 15 ml
of methanol) were heated under reflux for 1 h . \ Vhilc
cooling, the mixture was neutralised with acetic acid a nd
evaporated to dryness under reduced pressure. T he
residue, crystallised from water (70 parts), gave needles
which [from methanol (100 parts) ] yielded the metho.i:yderivative (84%), m.p. 232° (Found, for material dried a t
65° and 0·05 mmHg: C, 39·75; H, 4·0; N", 39·0. C6 H 7 N 0
5
2
requires C, 39·8; H, 3·9; N, 38·7 %), v 111 ax. 3400w, 3200m ,
1710s (C=O str.), 1640s, 1560m, 1530m, 1340111, 13 10s,
1285m, 1085m (last two :c-O-C str.), 9u5m, and 880m
cm- 1 , , [(CD 3 ) 2 SO] 6·02 (3H, s, OMe), 5·67 (3H, s, N"Me) ,
and -2·3br ( lH, KH).
5-Ethoxy-2-methyl-2H-v-triazolo l 4, 5-d ]pyrimidin- i (6H)one (2-Ethoxy-8-nzethyl-8-azapurin-6-one) .-Similarly, the
methylsulphonyl derivative (0· 10 g) and ethanolic sodium
ethoxide (0·03 g of sodium and 15 ml of ethanol) were
heated under reflux for 1 h. After chilling, the mixture was
neutralised with acetic acid and evaporated. \Vatcr (50
parts), addecl to the residue, gave needles which [from
ethanol (50 parts)] furnished the ethox_v-derivative (89 %) .
m.p . 239·5° (Founcl, for material dried at 65° ancl 0·05
mmHg: C, 4~·2; H, 4:·8; ~. 36·1. C 7 H 9 X 5 0 2 requires
C, 43· l; H, 4·65; .K, 35·9%), vmax. 3400w, 3200m (~H),
1720s (C=O str.), 1630s, 1530m, 1300s, 1290m, 1085m
(last two :c-O-C str.), and 1020111 cm- 1 , -r [(CD 3 ) 2 SO] 8·64
(3H, t, J 7 Hz, O·CH 2 ·CH 3 ), 5·69 (3H, s, NMe), 5·55 (2H, q,
J 7 Hz, O·CH 2 ·C H 3 ). and -2·3br (lH, NH).
5-A mino-:!.-rnetltyl-2H-v-triazolo [4, 5-d Jpyri midin-7 (6H)011e (:2-.--l mino-8-methyl-8-azapurin-6-one) .-Similarly, the
sulphone (0·20 g) and saturated ethanolic ammonia (10
ml) were heated at 160° for 12 h anct evaporated to dryness. \Yater (5 ml) was added to the residue; the solution
was adjusted to pH 6 with acetic acid and chilled. The
needles deposited [recrystallised from water (1000 parts)]
gave the amine (90%), m.p. > 350° (Found, for material
dried at 110° and 0·05 mmHg: C, 35·8; H, 3·75; N,
50·2. C 5 H 6 N 6 0 requires C, 36·1; H, 3·6; N, 50·6%),
vmax. 3380s (~H), 3210s (NH), 1710s (C=O str.), 1680s,
1630m , 1565s, l:320rn, 1280m, and 900m cm- 1 , ,(CF ·C0 H)
3
2
5·53 (3H, s, XMe) and l ·6br (2H, NH).
Reaction of 2-1\llethyl-5-methylsulphonyl-2H-v-triazolo[ 4, 5-d ]pyrimidin-7 (6H)-one (8-1\ll ethyl-2-rnethylsulphonyl-8azapurin-6-one) with l.'vletltylamine.-The sulphone (0·20
g) and ethanolic 33% methylamine (10 ml) were heated
at 90° for 12 h and evaporated to dryness under reduced
pressure. \\"ater (3 ml) was added to the residue, and the
pH was adjusted to 6·5 with acetic acid. The prisms
deposited [recrystallised from water (200 parts)] gave
2-methyl-5-methylami no-2H-v-triazolo[ 4, 5-d ]pyrin-iidin7 (6H)-one
(8-methyl-2-methylamino-8-azapurin-6-one)
(53·5%). m.p. >360° (Found, for material dried at 110° and
0·05 mmHg: C, 40·0; H, 4·3; N, 47·2. C 6 H 8 ~ 6 0 requires
C, 40·0; H, 4·5; N, 46·7%), v max. 3300s (NH), 3220s (NH).
1715s (C=O str.), 1630s, and 1550s cm- 1 , ,(CF 3 ·C0 2 H)
6·61 (NHMe) and 5·52 (i'\Me). The filtrate, adjusted to pH
8·5 with aqueous 2N-arnmonia, deposited needles which [from
methanol (200 parts)] gave 4-amino-2-metltyl-'X-bis(metlzylamino)methylene-'2H-l,2,3-triazole-5-carboxamide (5) (40 %),
m.p. 275 ° (efferv.) (Fo und, for matt'rial dried at 110° ancl
0·05 mmHg : C, 40·0; H, 6·4; X, 46·6. C 7 H 13 K 7 0 requires
C, 39·8; H, 6·2; ~. 46·4 ° 0 ), v111:tX. 3460m , 3350m, 1670m,
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1640s (C=O str.), 1610s, 1570s, 1530m, and 1425m cm- 1 ,
-.(CF3 ·C0 2 H} 6·89 (6H, s, NMe), 5·78 (3H, s, NMe), and
1·6-2·95 (4H, NH).
The same sulphone and ethanolic 33 % methylamine
were similarly heated at 120° for 12 h and evaporated
to dryness under reduced pressure. The residue, crystallised from water and then from methanol (200 parts), gave
the acylguanidine (5) (66%), m .p. 275° (efferv.).
5-Dimethylamino-2-methyl-2H-v-triazolo [4,5-d ]pyrimidin7(6H)-one (2-Dimethylamino-8-methyl-8-azapurin-6-one).Thc same sulphone (0· 10 g) and ethanolic 33% dimethylamine (5 ml) were heated at 90° for 12 h, and evaporated
to dryness under reduced pressure. Water (1 ml) was
added to the residue and the pH was adjusted to 6 with
acetic acid . The prisms deposited [recrystallised from
water (100 parts)] gave the dimethylamino-derivative
(80·5%}, m.p . 322-323° (decamp.) (Found, for material
dried at 110° and 0·05 mmHg: C, 42·9; H, 4·9; N, 43·5.
C 7 H 10 N 6 0 requires C, 43·3 ; H, 5·2; N, 43·3 %), \lmax.
3200m (NH ), 1700s (C=O str.), 1605s (NH), and 1340m
cm- 1 , -r(CF 3 ·C0 2H) 6·40 (s, NMe 2 ) and 5·49 (s, NMe).
5, 7-Bis(methylthio )- 1-methyl- lH -v-triazolo[ 4, 5-d]pyrimidine [2, 6-Bis(methylthio)-7-methyl-8-azapurine] .-A solution
5-mercapto-1-methyl- l H-v-triazolo [4,5-d]pyrimidinof
7 (6H)-one (2-mercapto-7-rnethyl-8-azapurin-6-one) (0·44 g)
and phosphorus pentasulphide (1·07 g) in pyridine (10 ml)
'"'as heated under reflux for 5 h , and the mixture was
evaporated under reduced pressure . vVater (10 ml) was
added to the residue ancl the deposited precipitate was
collected and mixed with N-sodium hydroxiue (5 ml) .
Filtration and acidification of the filtrate with 5N-sulphuric
acid gave crude l-meth yltriazolopyrimidine-5, 7-dithione
(7-methyl-8-azapurine-2,6-dithione) (0·34 g), which decomposed on attempted purification. To a cooled solution
of the crude material (0·34 g) in 0·5~-sodium hydroxide
(7·5 ml), methyl iodide (0·75 g) was added ; stirring
was continued at 20- 25° for 2 h . Deposited crystals
were sublimed at 150° ancl 0·05 mmHg . Recrystallisati on from methanol (50 parts) gave the bis(me thylthio)-derivative (58 %), m .p . 166- 167° (sealed
tube) (Found, for material dried at 65 ° and 0·05 mmHg :
C, 36·7; H , 3·8 : ~ . 30·5; S, 28·3. C7H 9 N 5 S2 r equires
C, 37·0 ; H , 4·0; ~ . 30·8 : S, 28·2 %), \lmax. 1560s, 1450s,
1220m , ancl 1180m c111 · 1 .
7-A mino-1-rnet ltyl-5-niethy lthi o- l H-v-tria.:olo[4, 5-cl ]p_vrimidine (6-A mi no- 7-tnet/iyl-'2-1·11eth_v lthio-8-azapurine) . The foregoing bis(methylthio )-dcri,·a tive (1·70 g) and
saturated ethanolic ammonia ( l 00 ml ) were heated at
130° for 12 h and evaporakcl to dryness . \Vater (100
ml ) was aclclecl to the residue . The deposited crystals
[from water (250 parts)] gave th e amino-deri vative
(88·5 °{i), rn .p . 287·5° (efferv.) (l'ound, for material dried
at 65° and 0·05 mmHg : C, 36·8 ; H. 4·1; N, 42·4 ; S, 16·5 .
C 6 H 8 N 6 S requires C. 36 ·7 ; H , 4· l ; N, 42 ·8; S, 16·3 %),
\l max. 3350m (~H), 1640s, 1580m , 1455m , 1270m, ancl 1220m
cm- 1 .
7-A mino-l-methyl-5-methylsulphonyl- lH-v-triazolo(6-A mino-7-meth_vl-2-methylsulphonyl-8[4 ,5-d]pyrimidine
azapurine) .-Potassium p ermanganate (l ·43 g) in water
(30 ml) was added to a stirred suspension of the foregoing amino-derivative (1· 10 g) in 1% acetic acid (60
ml ). The mixture was stirred at 20- 25° for 4 h longer,
cooled with ice , and decolourised by passing sulphur dioxide.
The crystals deposited [recrystallised from ethanol (300
parts)] gave the sulphone (87%), m.p. 262·5° (efferv.)
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(Found, for material dried at 65° and 0·05 mmHg : C, 31 ·7;
H , 3·6; N, 36·5; S, 14·3. C 6 H 8 N 6 0 2 S requires C, 31·6,
H, 3·5; N, 36·8; S, 14·05%), \lmax. 3370m (NH), 3250m (NH),
1650s, 1620m, 1560m, 1435m, 1425m, 1310s (S0 2 a sym .) ,
1140s (S0 2 sym .), and 775 m cm 1 , -r[(CD 3 hS0J 6·59 (3H,
s, SMe), 5·43 (3H, s, NMe), and 1·30br (2H, XH).
5, 7-Diamino-l-methyl-lH-v-triazolo [4,5-d ]pyrimidine (2, 6Diamino-7-methyl-8-azapurine) .-The foregoing s ulphone
(0·34 g) and saturated ethanolic ammonia (20 ml ) were
heated at 150° for 12 h and evaporated to dryness und er
redu ced pressure. Water (50 ml) was added t o the
residue ; the c rystals deposited \Vere mixed with O· l;s;hydrochloric acid (solution clarified by filtration ). Th e
filtrate, made alkaline ,vith aqueous 2~-ammonia gave
the diamine (85%}, m.p. > 360° (Found, for material
dried at 110° and 0·05 mm Hg : C, 36·4 ; H, 4·7 ; ~ ', 58·7.
3350m
.
C 5 H 7N 7 requires C, 36·4; H, 4·3 ; K, 59·4% ), \I ln,IX.
(N H ), 3200s (.c H ), 1650s, 1600s ();H ). ancl 1510m cm -1,
-r(CF 3 ·C0 2 H) 5·28 (s, N'Me) .
7-A mino-5-methoxy- l-rnethyl-1H-v-triazolo[4,5-cl jpyrinz idine (6-A mino-2-methoxy-7-methyl-8-azapurine) . -The sa me
sulphone (0·05 g) and methanolic sodium rnethoxide
(0·015 g of sodium and 5 ml of methanol were hea ted
under reflux for 2 h. After chilling, the mixture ,vas
neutralised with acetic acid and evaporated to dryn ess
under red uced pressure. Water (3 ml) was added to the
residu e; the crystals deposited [recrystallised from methanol
(700 parts)] gave the methoxy-amine (78 <;0 ), m.p. 282 °
(d ecomp.) (Fo und , for material dried at 110° and 0·05 mmHg:
C, 40·2; H, 4·6 ; N, 46·8 . C6 H 8 N 6 0 requires C, 40·0;
H, 4·5; N, 46·7%), \lmax. 3400m (NH), 3120m, 1660m,
1615m, 1590m , 1500m, 1450m, 1365m, 1340m, 1230s,
and 1030m (last two bands :c-O-C) cm- 1 , -r[(CD 3 ) 2 SO]
6·02 (3H, s, OMe), 5·52 (3H, s, NMe), and 2·08 (2H, NH 2 }.
7-A inino-l-methy l-lH-v-triazolo[ 4,5-d]pyrimidin-5( 4H)same
(6-A mino-7-methyl-8-azapurin-2-one) .-The
one
sulphone, finely powdered (0·05 g), and N-potassium hydroxid e ( l ·5 ml) were stirred at 20-25° for 24 h. After chilling,
the mixture was adju sted to pH 7 with N-acetic acid and
the deposited crystals [recrystallised from water (1000 parts)]
gave the 7-amino-5-one (83%), m .p. 345° (decomp.) (Found,
for m aterial dried at 110° and 0·05 mmHg: C, 36·05; H, 4·0;
N, 50·2. C5 H 6 N 6 0 requires C, 36· l; H, 3·6; N, 50·6 % ),
3340m (NH) , 3190m (NH), 1680m, 1650s (C=O str .),
\I
max.
1620s, 1580m , 1480m , 1420m, 1390m, 1355m, and 1310m
cm· 1. 7(CF 3 ·C0 2 H) 5·26 (s, KMe).
5, "i-H is(niethylthio )-2-methyl-2H-v-triazolo[4,5-d ]pyrimidi ne [ 2, 6-Bis(methylthio)-8-met/zyl-8-azapurine] .-5-Mercapto(2-mercapto-82-m eth yltriazolopyrimidin-7 (6H)-one
rneth yl-8-aza purin-6-one) (0·50 g), phosphorus pentasu lphicl c (1·25 g), and pyridine (10 ml) were heated under
reflux for 1·5 h and the mixture was evaporated under
reduced pressure. Addition of water (20 ml) to the residue
form ed a precipitate which was collected and mixed with
N-sodium hydroxide (5 ml) (clarified by filtration) . Acidification of the filtrate with 5N-sulphuric acid gave crude
(8-methyl-8-aza2-meth yltriazolopyrimidine-5,7-dithione
purine-2,6-dithione) (0·46 g) . To a cooled solution of the
dithione (0·46 g) in 0·5N-sodium hydroxide , methyl iodid e
(1·02 g) was added, and stirring was continued for l h a t
20-25°. The deposited crystals v.: erc> sublim ed a t 150°
and 0·05 mmHg . Recrystallisati o n fr n m e th a no l (60
parts) ga,·e the bis(1neth_vlthio )-deri ,·ati ,·e (4:3 ° 0 ). mp
197 ° (Found , for material dri ed at 110° a nd (Hl5 111mH g:
C, 37 ·3; H , 4·05 ; ~. 31·1; S , 27·9 . C 7H 9 -:\ / -; 2 require-;

I
I

456
C, 37·0; H, 4·0; N, 30·8; S, 28·2%), vmax. 1575m, 1550s,
1450s, 1380s, 1160s, 1050m, and 840m cm- I, -r(CDC1 3 )
7·35 (s, SMe), 7·27 (s, SMe), and 5·38 (s, NMe).
7-A mino-2-methyl-5-methylthio-2H-v-triazolo[ 4, 5-d]pyrimidine (6-A mino-8-methyl-2-methylthio-8-azapurine) . The foregoing bis(methylthio)-derivative (0·30 g) and
saturated ethanolic ammonia (20 ml) were heated at
130° for 12 h and evaporated to dryness. Two recrystallisations of the residue from water (70 parts)
gave the amine (91 '; 0 ), m.p. 209·5° (Found, for material
dried at 110° and 0·05 mmHg: C, 36·9; H, 4·4; N, 43·0;
S, 16·6. C 6 H 8 N 6 S requires C, 36·7 ; H, 4· l; N, 42·8;
S, 16·3°{i), v max. 3500 (NH), 3250 (NH), 3130, 1660, 1610,
1570, 1445, 1380, and 1230 (all m) cm- 1 , T[(CD 3 ) 2 SO] 7·50
(3H, s, SMe), 5·53 (3H, s, NMe), and 1·77br (2H, NH 2 ).
7-A 1ni110-2-niethyl-5-methylsulphonyl-2H-v-triazolo[ 4, 5-d Jpyrimidi ne
(6-A mino-8-methyl-2-methylsulphonyl-8azapurine) .-Potassium permanganate (0·26 g) in water
( 5 ml) was added to a suspension of the foregoing amine
(0·20 g) in l ';0 acetic acid (12 ml) at 20-25°, and stirring
was continued for 2 h longer. The mixture was cooled
in ice and decolourised by passing sulphur dioxide. The
crystals deposited [recrystallised from ethanol ( 150 parts)]
gave the methylsulphonyl analogue (89%), rn .p. 232·5°
(effen·.) (Fuund, for material dried at 110° and 0·05 rnmHg :
C, 31 ·6; H, 3·9; X, 36·3; S. 1--1-·l. C 6 H 8 >l" 6 0 2 S requires
C, 31 ·6; H, 3·5; X, 36·8; S, 1--1-·05 ° 0 ), v
3450s
max.
(NH), 3350s (~H), 3250m (XH), 1650s, 1610m, 1560m,
1380m, 1305s (S=O), 1145s (S=O), 1135s (S=O), and 945m
cm- 1 , , ~(CD 3 ) 2 SO] 6·60 (3H, s, Sl\Ie), 5·42 (3H , s . Nl\Ie),
and 0·95br (2H, :t\H 2 ).
5, 7-Diamino-2-methyl-2H-v-triazolo [4, 5-d ]pyrimidine (2, 6Diamino-8-methyl-8-azapurine) from the 5-l'vlethylsulphon)'l
A nalogue.-The 5-methylsulphonyl compound (0·25 g) and
saturated ethanolic ammonia (13 ml) were heated at 170°
for 12 h and evaporated under reduced pressure . The
residue, treated as clescribecl for the I-methyl isomer,
gave the 5,7-diamine (70° 0 ), rn.p . 326° (decornp.) (Found,
for material dried at ll0° and 0·05 mmHg: C, 36·05; H,
4·3; N, 58·9. C 5 H 7 N 7 requires C, 36·4; H, 4·3; N, 59·4°~),
vmax. 3380s (NH), 3200s (;,.'H), 1670s, 1645s, 1590s (NH),
1510m, 1400s, and 1310111 cm 1 , ,(CF 3 ·C0 2 H) 5·46 (s, NMe).
7-A mino-5-methoxy-2-methyl-2H-v-triazolo [4, 5-d ]pyrimidine (6-A mino-2-metho.xy-8-methyl-8-azapurine) .-The same
5-methylsulphonyl compound (0·23 g) and methanolic
sodium methoxide (0·07 g of sodium and 20 ml of methanol)
were heated under retlux for 1 h. The mixture , treated
as the I-methyl isomer, gave the 5-metho.xy-7-amine (84° 0 ),
m.p. 243 ° (Found, for material dried at 110° and 0·05
mmHg: C, 40·0; H, 5·0; "X, 46·2. C 6 H 8 N 6 0 requires
C, 40·0; H, 4·5; X, 46·7°{)), vmax. 3400m (NH), 3100m,
2980m, 2950m (NMe), 1650m, 1610m (NH), 1580m,
1490m, 1430m, 1340m, 1300s, and 805m cm-I, T[ (CD 3 ) SO]
2
6·11 (3H, s, 01\Ie), 5·60 (3H, s, Nl\Ie), and 1·85br (2H, NH ).
2
7-A mino-2-methyl-2H-v-triazolo [4, 5-cl ]pyrimidin-5( 4H)one
(6-A mino-8-methyl-8-azapurin-2-one) .-The
finely
powdered 5-methylsulphonyl compound (0·18 g) and
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N-potassium hydroxide (4 ml) were stirred at 20-25°
for 3 h. The solution was chilled and adjusted to pH 7
with N-acetic acid. The deposited crystals [recrystallised
from water (150 parts)] gave the cyclic amide (88%), m .p.
330° (efferv.) (Fo und , for material dried at 110° and 0 ·05
mmHg: C, 36·3; H , 3·8; N, 50·1. C 5 H 6 N 6 0 requi res C,
36·1; H, 3·6; N, 50·6%), vmax. 3350m (XH), 3050m ,
2950m (NMe), 1650s (C=O str.), 1600m (NH ), 1510m ,
1350m, and 1285m cm- 1 , ,(CF 3 ·C0 2H) 5·48 (s, )."Me) .
5, 7-Dichloro-2-methyl-2H-v-triazolo[ 4, 5-d]pyrimidine (2, 6Dichloro-8-methyl-8-azapurine) . - 2-1\Ieth yl-2/-J-i•-triazolo[4,5-d]pyrimidine-5( 4H), 7(6H)-dione (8-methyl-8-azapurine2, 6-dione) (0·35 g), phosphoryl ch lo ride (4·5 ml ), a ncl cl iethylaniline ( l ·5 ml) were heated under r eflux for 8 h , the n
concentrated (to ca. 2 ml) and poured into ice - water ( 10 m l).
The mixture was extracted with benzene, and the extract
was washed with water and dried (X a 2 S0 4 ). The benzene
was distilled off and the residue was s ublim ed at 80° and
0·05 mmHg. Recrystallisation from lig ht p etroleum
(b.p. 60-80°) (60 parts) gave t h e dichloro-deriuatz1'e (55 ° 0 ) ,
rn.p. 116-117° (Found, for material dried at ti5 ° and 0·05
mmHg: C, 29·3; H, 1·3; Cl, 34·95; "X, :34-3. C 3 H 3 Cl .\"
2
5
requires C. 29·4; H, 1·5; Cl, 34·75; N, 34 ·3 ° 0 ), v
1545,
max.
1450, 1385, 1165, and 1040 (all m) cm- 1 , , (C DCl 3 J 5·28 (s,
;-.";\le).
Oxidation of 5, 7-Bis (meth_vlt/110 )-2-11le! lty!- :2 H -v-triazolo[ 4, 5-cl ]pyrimidine [ 2, 6-Bis(niethyltlzio)-8- 1nethyl-8-azapurine J.
- To the bis(methyl thio)-compound (0· 10 g) in acetic
acid (16N; 2 ml) at 20-25 °, potassium permanganate
(0·22 g) in water (4 ml) was added durin g 30 min , and
stirring was continue<l fo r 15 min. The solution was
clecolourised by passing su lphur dioxide. The deposited
crystals [recrystallised from ethanol ( l 00 parts) J gave
2-meth y 1-5-rnet h ylsu 1phony 1triazolopyri mid in- 7 (6H)-one
(54%), m .p 222-223° (efferv.), id entical with the material
obtained by oxidation of 2-methyl-5-methylthiotriazolopyrimiclin-7 (6H)-one.
5, 7-Diamino-2-methyl-2H-v-triazolo[ 4, 5-d]pyrimidine (2, 6Diamino-8-methyl-8-azapurin e)
from
the
5, 7-Dichloroanalogue.-The dichloro-compo und (0·070 g) and saturated
ethanolic ammonia (7 ml) ,vere h eat ed at 170° for 12 h
and evaporated to dryness und er redu ced pressure. The
residue was mixed with N-acetic acid and impurities w ere
filtered off. The filtrate was mad e alkaline with aqueous
2N-ammonia, and the depos ited crystals [from water (250
parts)] gave the diamine (6 1·5 %), m.p . 325° (decomp.),
identical with the specimen obt ai ned from 7-amino-2meth y 1-5-meth y lsu lphon yl triazolopyrimid ine .
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