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The reactions of TV-methylated oxopurines with phosphorus chlorides, resulting in the formation of highly reactive amido-
chloride compounds (amidochlorides or adducts), are described. Two isomeric series of C(2)- or C(6)-substituted oxopurine
derivatives as well as C(6)- or C(2)-iminopurines can be obtained from such compounds.
The properties and characteristics of the compounds, their structures, and the demethylation reactions of the amidochlorides
and the adducts, accompanied by the elimination of methyl chloride, are discussed.
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I. INTRODUCTION

The synthesis of various derivatives of N-methylated
xanthines (2,6-dioxopurin.es) from natural purine alkaloids
(theobromine, theophylline, and caffeine) has been for a
long time one of the popular ways of seeking new medicinal
preparations, mainly with cardiovascular activity, in the
purine series.

Hitherto, the protons at the N ( l ) or N<7) atoms in
3,7-dimethyl-or 1,3-dimethyl-xanthines (theobromine or
theophylline)1 as well as the hydrogen linked to the C(8>
carbon atom of the imidazole ring in all three purine
alkaloids2 were usually substituted by various groups for
this purpose.

The substitution at ring nitrogen and carbon atoms does
not entail a change in the xanthine structure. Therefore
new sometimes extremely valuable properties, appearing
as a result of the introduction of additional substituents,
are always manifested against the background of the
manifold pharmacological activity characteristic of the
initial purine alkaloids, although individual aspects of this
activity may vary within fairly wide limits.

Such studies were begun as early as 60—70 years ago.
Nevertheless, they cannot be regarded as exhausted: the
literature of the last decade contains numerous examples
of the synthesis of previously unknown theobromine,
theophylline, and caffeine derivatives as well as certain
monomethylxanthines, which, although not fundamentally
different from those described earlier, contain substitu-
ents with a more complex structure, frequently simul-
taneously in the 1-, 7-, and 8-positions.

Reactions of JV-methylated xanthines which lead to the
loss of the xanthine structure and hence of the set of
pharmacological properties characteristic of this struc-
ture have also been known for a long time. One of the
clearest examples of this is provided by the interaction
of theobromine with phosphoryl chloride in a closed sys-
tem at a high temperature, described for the first time
by Fischer as early as the end of the last century, which
leads to the elimination of the methyl in the 3-position and
to the formation of 2,6-dichloro-7-methylpurine, from
which it is subsequently easy to obtain various derivatives
of 7-methylpoxanthine and oxygen-free purine, as well as
paraxanthine, its derivatives, and many other com-
pounds1»3'4.

Although the mechanism of this reaction has been
little investigated and has remained obscure until recently,
the principles underlying it subsequently acquired con-
siderable preparative value, since the synthetic possibili-
ties in the purine series were greatly extended with the aid
of similar reactions5.

Studies dealing with the reactions of theobromine with
phosphorus chlorides under milder conditions than those
described by Fischer have been published since 1962.
Such reactions lead to the formation of various derivatives
of 6- or 2-oxodihydropurines retaining both methyl groups
in the 3- and 7-positions—compounds which differ signif-
icantly in their structure and in their chemical and
physical properties not only from methylated xanthines
but also from all other purine derivatives described
previously. These extremely reactive compounds can be
of considerable interest as a new potential source of
biologically active compounds.

The present review deals with problems of their syn-
thesis and structure and also with certain aspects of the
mechanism of their formation.

Π. DERIVATIVES OF DIHYDRO-3,7-DIMETHYLMON-
OXOPURINES

1. Synthesis of C(2)-Substituted Derivatives of 3,7-Di-
methylhypoxanthine (3,6-Dihydro-3,7-dimethyl-6-oxo-
purine)

The first representative of the 3,7-dimethylhypoxan-
thine (I) series, namely 2-chloro-3,7-dimethylhypoxan-
thine (la), was recently isolated8 as one of the side prod-
ucts in the methylation of 2-chloro-7-methylhypoxanthine
(II) to form 2-chloro-l,7-dimethylhypoxanthine (Ilia),
which, like (II), is an intermediate in the conversion of
theobromine (IV) into paraxanthine (1,7-dimethylxanthine)
(V).3»4 This reaction has been known for a long time.
2-Chloro-6-oxo-7,9-dimethylpurinium betaine (VI), which
is stable on heating with inorganic acids, is yet another
side product in the methylation of (II) by dimethyl sulphate
(DMS) in an aqueous alkaline medium7. It is formed as
the main product when the reaction is carried out in
dimethylformamide (DMF).8
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2-Chloro-3,7-dimethylhypoxanthine (la), which is
readily hydrolysed to theobromine, is converted on treat-
ment with sodium ethoxide into the 2-ethoxy-derivative
(Ib), identical with the side product isolated in a small
amount in the analogous methylation of 2-ethoxy-7-methyl-
hypoxanthine (VII).9

A single-stage preparative method for the synthesis of
the key chloride (la) directly from theobromine was dis-
covered somewhat later. A 1:10 mixture of theobromine
and POC13 is heated until the former dissolves, the excess
POCI3 is distilled off, and the residue is treated with ice
in the presence of NaHCO3. Apart from the chloro-
derivative (la), about 10% of 2,6-dichloro-7-methylpurine
(VIII) can be isolated in this reaction5. If the treatment
with ice is carried out in the absence of NaHCO3, i.e. at
a low pH, the entire chlor ο-derivative formed hydrolyses
and the initial theobromine (IV) is regenerated (see below).

X 1
- N T ^ j N—Me M e — N - ^ ]

(a, R = Cl)
(b, R = EtO)
(c, R = H)
(d, R = Me2N)
(e, R = C(Cl)(COOEt)2)
(f, R = CH(COOEt)2)
(g, R = Me)
(h, R = CH2Br)
(i, R = CH2OH)
(j, R = MeNH)
(k, R = MeS)

(VII) (V) (IX)

The above easy method of synthesising the chloro-
derivative (la) and the high mobility of its chlorine atoms
made it possible to synthesise many derivatives of
3,7-dimethylhypoxanthine substituted in the 2-positions
by various groups [for example compounds (Ib)—(Ik) and
many others]10»11, in which the presence of the methyl
group in the 3-position fixes one of the double bonds of the
pyrimidine ring in the 1,2-positions. Owing to the
£-quinonoid structure of the ring due to the distribution
of the substituents, the entire series of compounds (I),
probably differs fairly significantly in its properties from
compounds of the 2-R-l,9-dimethylhypoxanthine series
(IX) and (III) with the same substituents R, 12~14 i.e. from
the isomeric 2-substituted derivatives of AW-dimethyl-
hypoxanthines with a "normal" bond distribution.

The characteristics of compounds (I), due to the high
electrophilicity of the second ring carbon atom, have been
noted in many reactions. They are shown by the enhanced
reactivity of the substituents at this carbon atom, which is
particularly evident in certain reactions of the chloro-
derivative (la): it is not only exceptionally readily hydro-
lysed with elimination of chlorine at low pH, but it also
undergoes nucleophilic substitution reactions when treated
with alkoxides, ammonia, primary and secondary amines,
and other nucleophilic agents, much more vigorously than
the isomeric 2-chloro-l,9- and 2-chloro-l,7-dimethyl-
hypoxanthines (Ka) and (Ilia). Such reactions of com-
pound (la) usually do not require heating and actually
occur with evolution of heat.

The system of compounds (I) as a whole exhibits an
enhanced reactivity. This is shown, in particular, by
the fact that the catalytic dehalogenation of (la) in the

presence of Pd/C or Raney nickel results in the forma-
tion of a mixture of the expected compound (Ic) and its
dihydro-derivative—1,2,3,6-tetrahydro-3,7-dimethyl-6-
oxopurine (X).10

The catalytic debenzylation of 3-benzyl-7-j3-D-ribo-
furanosylhypoxanthine, i.e. a compound which does not
differ from (Ic) in the distribution of the double bonds in
the pyrimidine ring, resulted in a mixture of 7-/3-D-ribo-
furanosylhypoxanthine and a dihydro-derivative of the
initial compound, which should be regarded as 3-benzyl-
l,2,3,6-tetrahydro-6-oxo-|3-D-ribofuranosylpurine (XI) on
the basis of the results of a study of the ΧΗ NMR spec-
tra 1 5.

HN -N-R'
(X, R+R'=Me)

(XI, R = PhCH2, R' = (3-D-ribofuranosyl

Comparison of the abilities of 2 -ethoxy-derivatives of
three JViV-dimethylhypoxanthines (the 3,7-, 1,7-, and
1,9-dimethyl derivatives) to function as ethylating agents
with respect to malonic ester by splitting off their ethoxy-
group (which is described in greater detail in another
review2) demonstrates yet again that the isomer (Ib),
containing ΛΓ-methyl groups in the 3- and 7-positions, is
the most reactive and forms ethylmalonic ester in a high
yield. Data obtained by quantum-chemical calculations
for the electronic structures of (Ib), the isomeric com-
pounds (Illb) and (Kb), their 8-chloro-derivatives, and
three dimethylmonoxopurines unsubstituted at C(2) and
C(8) [compounds (Ic), (IIIc), and (Kc)] confirmed that the
electron density and the free valence index at C(2>in
3,7-dimethyl-6-oxopurines are appreciably reduced and
therefore compound (Ib) and its 8-chloro-derivative should
indeed exhibit the maximum alkylating capacity16. It has
also been noted that the dialkylamino-group in the 2-posi-
tion in compounds of type (Id) is readily hydrolysed in the
presence of inorganic acids with regeneration of theo-
bromine2»17.

The replacement of chlorine in compound (la) by a
dialkylamino-group and its subsequent hydrolytic elimina-
tion in the last stage ca# be used in the synthesis of C(8)—C
derivatives of theobromine as a method of protecting the
proton at the first nitrogen atom18.

Not only the Cl—C(2> and N—C(2> bonds but also the
C—C(2) bond can readily undergo hydrolytic cleavage in
compounds (I). An example of this reaction is provided
by the formation of theobromine as a result of heating
2-chloromalonate (la) with inorganic acids19.

It is interesting that the C(2)—C bond in 1,7- and
1,9-dimethylhypoxanthines with chloromalonic acid groups
[compounds (Die) and (DCe)] does not undergo cleavage and
the main reaction products are the corresponding 2-hydroxy-
methyldimethylhypoxanthine (Illi) or 2-chloromethyl-
dimethylhypoxanthine (EXi).13»14

In derivatives of compounds (I) the C(2>—C bond is not
cleaved when the malonic acid residue does not contain
chlorine: in compound (If) only the ester groups are
hydrolysed with decarboxylation. 2,3,7-Trimethylhypo-
xanthine (Ig) was obtained in this way and was subsequently
converted by treatment with dibromodioxan into the mono-
bromo-derivative (lh). A wide variety of compounds can
be obtained from the latter on replacing the bromine by
various substituents (including groups with a complex
structure). When the purinylmalonate (If) is treated with
ethanol in the presence of catalytic amounts of hydrogen
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chloride, only one ethoxycarbonyl group is split off. The
resulting ethyl ester of 3,7-dimethylhypoxanthine-2-acetic
acid was converted into its amides by treatment with
ammonia and amines19.

The series of compounds with structure (I), whose
synthesis is based on the reaction of theobromine with
POC13, can be greatly extended by introducing a second
^ubstituent at the C<8) atom of the imidazole ring. For
chis purpose, instead of theobromine one may treat with
POCI3 its 8-substituted derivatives—8-chlorotheobromine
(XII) or 8-methyltheobromine (XIII)—which are thereby
converted into the dichloro-derivative (XIV) or into
2-chloro-3,7,8-trimethylhypoxanthine (XV).20"22 The
use of the former leads to the greatest possibilities: by
successive substitution of the chlorine atoms, initially
at C(2> and then at C(8), it is possible to vary the nature
of the substituents at the ring carbon atoms in both rings
of the purine molecule.

-N—Me

, - R

Ν
-N-Me

c i / \ N / W
I I
Me Me

(XII, R^Cl) (XIV, R=C1)

(XIII, R=Me) (XV, R=Me)

The above reactions of 8-chlorotheobromine and the
synthesis from it of 2,8-disubstituted derivatives of
5,7-dimethylhypoxanthine result in relative freedom from
restrictions on the structure of the substituents at C(8>,
while that of the substituents at C(2> may sometimes be
subject to limitations due to the characteristics of the
system, mentioned above, probably due to its /)-quinonoid
structure.

On the other hand, syntheses from 8-methyltheobromine
provide a considerable scope for the preparation of
3,7,8-trimethylhypoxanthines with a wide variety of sub-
stituents in the 2-position. However, the attempts to
modify subsequently the substituent at C(8> by replacing one
of the hydrogen atoms of the methyl group by a halogen2

were unsuccessful. Nor is it always possible to employ
as starting materials 8-substituted theobromine deriva-
tives with a specified structure of the substituent at C(8>
joined to the ring via a C—C bond; such compounds char
appreciably on heating with POC13.

17>22

Derivatives of 3,7-dimethylhypoxanthine differ from the
isomeric 1,7- and 1,9-dimethylhypoxanthines not only in
their chemical properties but also in their physical proper-
ties10. For example, the ultraviolet spectrum of (la)
exhibits an 8 nm bathochromic shift of the long-wavelength
maximum accompanied by an increase of e relative to the
ultraviolet spectrum of the chloro-derivative (Ilia); a
similar shift is characteristic of the majority of compounds
(I) obtained from the chloro-derivative (la) as a result of
the replacement of its chlorine atom by other substituents.
Comparison of the infrared spectra of the isomeric 3,7-
and 1,7-dimethylhypoxanthines shows clearly in the latter
a shift of the characteristic bands of the amide carbonyl
towards longer wavelengths, in full agreement with data23

indicating a decrease of the C—Ο vibration frequency in
purines having the />-quinonoid structure relative to other
purine derivatives.

Certain characteristics of compounds of type (I) arising
from their structure are not typical for this series alone
(cf. Refs.24—26). They are typical to some extent for
many purines, including those substituted at the nitrogen

atoms of the pyrimidine ring, but not for 6- or 2-amino-
purines unsubstituted in the imidazole ring. Such amino-
purines have been obtained in different ways, for example
by direct alkylation or glucosidation of adenine27"31,
ΛΓ-benzoyladenine, or 6-dimethylaminopurine32, by syn-
thesis from the corresponding 4,5-diaminopyrimidines33"35,
or from 3-methylguanine by the reaction of the latter with
P2S5 and subsequent alkylation of the resulting 2-amino-
6-mercapto-3-methyl-3,6-dihydropurine and substitution
of the alkylthio-group in the 6-position by various
groups26»32.

It has been shown convincingly by ultraviolet spectros-
copy and ΧΗ NMR that these compounds exist in the amino-
and not in the imino-form and that consequently substitution
at N(X) or N(3) should be accompanied by the transfer of a
proton from the imidazole ring of the aminopurines to the
pyrimidine ring and migration of double bonds, which
results in an ο - or />-quinonoid structure of the purine
stabilised by the substituent at the ring nitrogen atom.
These and many other purine compounds with an unusual
fixed distribution of double bonds differ from purine deriv-
atives having the "classical" structure by their chemical
behaviour and spectroscopic characteristics. These differ-
ences are shown particularly clearly when there is a
substituent at the N ( 3 ) atom and in most cases they are very
similar to the differences characteristic of compounds of
series (I), which were mentioned above. It is self-evident
that substitution at the nitrogen atom of the imidazole ring
of aminopurines is not reflected in the state of the system,
since it involves merely a simple replacement of the pro-
ton and does not entail changes in the distribution of
double bonds36.

2. Synthesis of C(6>-Substituted Derivatives of 2,3-Di-
hydro-3,7-dimethyl-2-oxopurine

The applications of the reaction of theobromine with
phosphoryl chloride are not limited to the synthesis of
compounds of series (I). This reaction is also used to
synthesise certain isomeric derivatives of the 6-R-2,3-di-
hydro-3,7-dimethyl-2-oxopurine series (XVI). 8-Chloro-
and 8-methyl-derivatives of (XVI) [compounds (XVII) and
(XVm)] can be obtained similarly from the 8-chloro- and
8-methyl derivatives of theobromine [(XII) and (XIII)].

•N—Me

I
Me

(XVI; R ^ H ) ; (XVII; R=C1);

(XVIII; R=Me)

(a, R = MeO)
(b, R = EtO)
(c, R = PrO)
(d, R = BuO)
(e, R = MeS)
(f, R = NH2)
(g, R = MeNH)
(h, R = Me2N)
(i, R = Cl)

6-Alkoxypurines (XVI, a—d) have been obtained by
treating with the corresponding alcohols the product of
the reaction of theobromine with POC13 and subsequent
hydrolysis with NaHCO3 solution37.

The structures of these compounds have been confirmed
by many reactions and that of compound (XVIb) has been
demonstrated unambiguously by its identification with the
compound obtained by allowing sodium ethoxide to react
with l,2-dihydro-3,7-dimethyl-6-methylthio-2-oxopurine
(XVIe) known previously under the trivial name "6-methyl-
thiotheobromine"38»39. When compound (XVIb) was heated
with ammonia, methylamine, and dimethylamine, the
corresponding 6-amino-derivatives (XVIf), (XVIg), and
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(XVIh) were obtained, the last two being identical with the
compounds synthesised by allowing the same amine to react
with compound (XVIe).40

It is noteworthy that the properties of compound (XVIa)
agree fully with those described for dihydromethoxy-
3,7-dimethyloxopurine obtained by the methanolysis of the
tetra-acetate of theobromine 0-D-glucoside41.

The above syntheses are not merely of preparative
value. They throw light on the essential features of the
reactions, occurring when N-methyloxopurines are heated
with POC13 and also on certain problems concerning the
structures of the primary products of these reactions
(this is discussed in greater detail in Section III).

Depending on the method of treatment of the residue
obtained after distilling off the excess POCL, from the
reaction mass (treatment with NaHCO3 solution or with
alcohol first and only then with aqueous NaHCO3), it is
possible to obtain from compound (IV) either the chloro-
derivative (la) 10 or one of the compounds of type (XVI, a—
d), 4 0 each in a yield exceeding 50%. This undoubtedly
shows that the members of both isomeric series, (I) and
(XVI), have a common precursor, which is formed by the
reaction of both carbonyl groups with POCI3. One of them
(probably either one) should react with POCL,, by virtue of
the presence of a proton at the neighbouring ring nitrogen
atom, via the general mechanism of the conversion into
the corresponding chloro-derivative of 2- and 4-oxo-
(hydroxy)pyrimidines42, a-oxo(hydroxy)purinesx, and also
oxo(hydroxy)-derivatives of other nitrogen heterocycles:

ο ο ci

ΗΝ

0 / \ N /

I
Me

Cl

Ν

V
Me

Me

The second carbonyl probably reacts with POC13 as an
ΛΓ-substituted cyclic amide, which may result in the for-
mation of a fairly stable compound containing the amido-
chloride group43:

Me

• / \

Me

1
Me

γ -

X - t

Me

γ -

(where X and Υ are both Cl or Cl and OPOCI2)

Since each carbonyl group of theobromine or its deriv-
atives (XII) and (ΧΠΙ) is probably capable of reacting in
either way, the primary products of their interaction with
POCL, are compounds (XIX) or (XX):

Me (xix) _

(a, R = H)
(b, R = Q)
(c, R = Me)

(Χ, Υ and Ζ = a ot Cl and OPOCI2)

The presence of amidochloride groups in these com-
pounds has been confirmed by numerous reactions43,
primarily by their ability to combine with an alcohol mole-
cule to form the hydrochlorides of amidoester chlorides.

In the present instance the crystalline substances
formed when alcohols are allowed to react with the prod-
ucts of the reaction of (IV), (XII), or (XIII) with POC13

are of this kind. The overall formula C9H13N4C13O of the
crystalline compound obtained from (IV) after treatment

with ethanol makes it possible to attribute to it the struc-
ture of the hydrochloride of 2,6-dichloro-6(or 2)ethoxy-
3,6(or 2,3)-dihydropurine [(XXI) or (XXII)]:

- Cl OEt

X
HN 1]

11 II
ci/\N/\N

Me

(XXI)

-N-Me
HN

C 1 \ |

-N-Me

I
Me

(XXII)

Many reactions of this compound—hydrolytic cleavage
at low pH, aminolysis, interaction with thiourea, etc.—
are consistent with both structure (XXI) and (XXII) and
there are no grounds for making a choice between them,
since in either case the same products should be obtained:
theobromine, the hydrochloride of 6(2)-amino-3,6(3,2)-
dihydro-2(6)-imino-3,7-dimethylpurine and 2,6-dithio-
theobromine44. On the other hand, the formation from it
of 6-ethoxy-2,3-dihydro-3,7-dimethyl-2-oxopurine (XVIb)
on hydrolysis in a neutral medium undoubtedly indicates
that the ethoxy-group is at C(e>, i.e. there is evidence that
the compound has the structure (XXI). This is also shown
by another reaction characteristic of amidoester chlorides,
namely the thermal cleavage of the ester chloride group
accompanied by the evolution of an alkyl chloride and the
regeneration of the initial amide43.

When the above amidoester chloride is heated, ethyl
chloride is liberated and the chloro-derivative (la) is
formed in a high yield. Since the fragment C(Cl)(OEt)
must be the precursor of the carbonyl group, the forma-
tion of the chloro-derivative (la) as a result of the thermal
cleavage constitutes yet another confirmation of the pres-
ence of the ethoxy-group in the amidoester chloride at C<6)
and not at C(2), i.e. of structure (XXI) rather than (XXII).

On the other hand, the formation of the amidoester
chloride (XXI) from the amidochloride compound (XKa)
or (XXa) suggests that the ring carbon atom C(6> in the
latter is more electrophilic than C(2> and that consequently
the substituents in the 6-position in (XK) and (XX) should
undergo hydrolytic cleavage first, with regeneration of the
carbonyl group. Therefore it is quite reasonable that
hydrolysis at pH 7 of the intermediates obtained from
theobromine on heating the latter with POC13 results in the
formation of the monochloromonoxopurine (la) as the main
product, both substituents (at C<6) and C ^ atoms) under-
going hydrolytic cleavage only under more severe condi-
tions (pH 2-3).

This sequence in the hydrolytic cleavage of the inter-
mediate does not, however, rule out the probability of the
simultaneous formation in the hydrolysis also of a certain
amount of another monoxopurine, namely the isomeric
6-chloro-2,3-dihydro-3,7-dimethyl-2-oxopurine (XVIi).
In practice it proved impossible to isolate this compound
from the reaction mass (see below), but the study of
similar reactions with 8-substituted theobromine deriva-
tives, (ΧΠ) and (ΧΙΠ), showed that 2-chloro-6-oxopurines
(XIV) and (XV) are not the only products of hydrolytic
cleavage at pH ~7 of the intermediates (XIX, b and c) or
(XX, b and c) and that the formation of small amounts of
the isomeric 6-chloro-2-oxo-derivatives (XVIIi) and
(XVIIIi) does indeed occur20»22.

It was also impossible to isolate 6,8-dichloro-2-oxo-
purine (XVIIi) in a pure state after hydrolysis, but its
presence in the unpurified dichloro-derivatives (XIV) was
demonstrated chromatographically and confirmed by the
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formation of the 6-ethoxy-derivatives (XVIIb) in the reac-
tion with sodium ethoxide. It was identified with speci-
mens of the compound (XVIIb) obtained in two ways: by
treating (XVIb) with sulphury 1 chloride45 and by the
hydrolysis of the 8-chloro-derivative of the amidoester
chloride (XXI).20 Both isomeric monochloro-oxo-
3,7-dimethylpurines (C8H8C1N4O) were comparatively
readily isolated in 43 and 9% yields only in the reaction of
8-methyltheobromine (XIII) with POC13. The former was
characterised as the 2-chloro-6-oxo-derivative (XV) and
the latter proved to be 6-chloro-2-oxopurine (XVIIIk).
As a result of the substitution of chlorine by other groups,
they gave rise to two series of compounds—8-methyl
derivatives of (I) and (XVIII).

The ultraviolet spectra of compounds (I) and their
8-methyl derivatives with the same substituent R proved
to be very similar, just as the ultraviolet spectra of (XVI)
and (XVIII) are similar, differing from the former pair
by the bathochromic shift of the long-wavelength maxi-
mum. Possibly this can be accounted for by the presence
in these compounds of the straight conjugation chain
O=C ( 2)-N=C( 6)R-C( 5)=C( 4 )— N=C<8>.20 The study of the
ultraviolet spectrum of unpurified (la), isolated directly
in the hydrolytic reaction at pH 7 of the product of the
interaction of theobromine with POC13, suggests that in this
case a small amount of a second isomer, i.e. (XVIi), can
nevertheless be formed in the course of the hydrolysis.
The isomer (XVIi) probably cannot be isolated from the
reaction mixture because it is formed in comparatively
small amounts and, by virtue of its high reactivity, is
completely hydrolysed to theobromine46.

III. AMIDOCHLORIDE DERIVATIVES OF THE PURINE
SERIES

1. Phosphorodichloridates and Their Structure

The ability of theobromine and its 8-substituted deriva-
tives to be converted on heating with POC13 into compounds
of the amidochloride typef is not a distinctive feature of
3,7-dimethyldioxbpurines. It is characteristic also of
other oxopurines methylated at Ν(Χ) or N<3), which react
with phosphorus chlorides in the form of cyclic iV-methyl-
amides47"49.

The properties of amidochlorides and adducts of the
amidochloride type have been investigated in comparative
detail only recently. The initial objects of these inves-
tigations were DMF and other aliphatic acid amides50»51

and then cyclic iV-substituted lactams — 1-methylpyridone,
1-methylquinolone, etc.52 In 1966 an adduct obtained from
4-dimethylamino-l,3-dimethyluracil was described53.
The hypothesis of the formation of cyclic amidochlorides
or adducts as a result of the reaction of POC13 with
N-methyloxopurines was put forward somewhat earlier47

and the first experimental data confirming it were pub-
lished.

t In this review the name amidochlorides is given only
to the true amidochlorides having the general structure
[ N—C(C1)—]*C1-, for example compound (XK), while all
the amidochloride products obtained by the addition of acid
chlorides to ΛΓ-methyloxopurines will be referred to by the
general term adducts. These therefore include the phos-
phorodichloridates [ N-C(X)-]*Y- (X and L = Cl and
OPOCIJ formed as a result of the addition of POOL, to
iV-methyloxopurines for example (XX).43

Depending on the nature of the initial N-methylated
oxopurine, the products of the reactions with POCI3,
isolated from the reaction mass on cooling the latter or
after partial distillation of POC13, may be amidochlorides
or, as happens in most cases, the phosphorodichloridates
[-N(Me)--C(X)-fY"or [-N(Me)-CR=N-C(X)-]fY-& and
Υ = Cl and OPOCIs). The reaction product is sometimes
a mixture of the amidochloride and the phosphorodichlo-
ridate48»49,54.

The conversion of 1,9- and 3,7-dimethylxanthines
(2,6-dioxopurines), their 8-substituted derivatives, and
2-chloro-derivatives of 1,9- and 3,7-dimethylhypoxanthines
(IX, R = Cl) and (la) into phosphorodichloridates requires
fairly prolonged refluxing with POCI3. For other monoxo-
purines, for example, 6-R-2,3-dihydro-3,7-dimethyl-
2-oxopurines (XVI), heating at 50-60°C for 5-30 min is
sufficient, while the majority of the isomeric 2-R-3,7-di-
methylhypoxanthines (I), with the exception of the chloro-
derivative (la), react vigorously with POC13 at 20°C, the
reactions in many instances occurring with spontaneous
evolution of heat54.

Purine phosphorodichloridates and amidochlorides are
crystalline substances, almost insoluble in non-polar
solvents and usually fairly and sometimes very soluble
in POC13. Therefore the isolation of the phosphorodi-
chloridates from the reaction solutions obtained as a result
of the reflexing of JV-methyloxopurines with POC13 some-
times involves appreciable difficulties. In particular,
the phosphorodichloridate (XXa), formed when theo-
bromine is refluxed with POC13, cannot be isolated from
the reaction solution. It has to be converted, by being
passed through a solution of hydrogen chloride, into the
less soluble amidochloride (XIXc), which crystallises from
the solution. To obtain the phosphorodichloridate (XXa) in
a pure state and to characterise it, the purified chloro-
derivative (la) was made to react briefly with a small
amount of POC13 at a moderate temperature (60-80°C).46

The crystalline adduct (XXa) formed is hydrolysed at
pH ~7 to the initial chloro-derivative (la), exactly like the
overall product of the reaction of compound (IV) with POC13,
obtained after the distillation of the latter from the reac-
tion solution.

Like other adducts of the purine series, the phosphoro-
dichloridates have the properties of the amidochlorides.
One of these, the ability to combine with an alcohol mole-
cule and be converted thereby into the hydrochlorides of
amidoester chlorides, does not, however, extend to all
purine phosphorodichloridates. For example, those which
have been obtained from the isomeric 2- and 6-methyl-
amino-derivatives of 3,7-dimethyloxopurines [I, d and j)
or (XVI, g and h)], i.e. the phosphorodichloridates (ΧΧΙΠ)
and (XXIV), react slowly with alcohols at room tempera-
ture and are converted into the corresponding amido-
chloride (XXV) or (XXVI), but do not combine with alcohol
via the amidochloride group.

-|Y~ I" r, -|CP

(I.dandj)-
EtOH

20°

N—Me

(XXIII) (XXV)

(XVI, g and h)-

R

ι
Γ ι

xV
Me

ι Ν—Me

(XXIV)

I

E10H

20°

R
1

f i l
asy

Me

ι N—Me

(XXVI) - '

(R = MeNHor Me2N; X and Υ = Cl or OPOC12
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In contrast to these, the phosphorodichloridate (XXVII),
obtained from the 2-methyl derivative (Ig) is readily con-
verted on treatment with alcohol into the hydrochloride of
the amidoester chloride (XXVin), which was found to
undergo all the reactions characteristic of compounds
belonging to this class. Thus, on treatment with
ammonia or monoalkylamines, it is converted into the
hydrochlorides of 6-amino(or alkylimino)-2,6-dihydro-
2,3,7-trimethylpurine (XXIX, a and b) and its ester chlo-
ride group is cleaved on heating with evolution of ethyl
chloride and the formation of the hydrochloride of the
initial oxopurine (Ig).54

(ig)

POCI3

I
Me

(XXVIII)

jH2NR

Τ

M e ^ ^ N

Me

VT-y

(XXVII)

• ι ι
Me^V

Me

(a, R = H)

(b, R = Me)

•N—Me

(XXIX)

In order to make a choice between the three possible
structures of the phosphorodichloridates (XX)—(A), (B),
and (C)—a study was made of the interaction of (XXb)
with antimony pentachloride55.

α -,OPOCIJ

N
I

Me

(A)

OPOC12

Me

(B)

C I 2 O P

(C)

The reaction with two moles of antimony pentachloride
led to an almost quantitative yield of the hexachloroanti-
monate (XXX), i.e. to the replacement of the OPOC^
residue by the SbCle residue. When the adduct (XXX) was
treated with alcohol, one of the chlorine atoms was
exchanged for the ethoxy-group and the resulting hexa-
chloroantimonate of the ethoxy-derivative, i.e. the adduct
(XXXI), was converted as a result of hydrolysis in a
neutral medium into the known compound (XVIIb). These
last two reactions also take place with high yields.

Analysis of the quantitative aspects of the above reac-
tions—the theoretical yield of the hexachloroantimonate
(XXX) and the high yields of compounds (XXXI) and (XVIIb)
obtained from it—permitted the conclusion that the initial
phosphorodichloridate (XXb) is a pure compound and not a
mixture of the isomers (A), (B), and (C) and that the SbCl*,
residue in compound (XXX) and hence the OPOCla residue
in the initial phosphorodichloridate (XXb) constitute the
anionic part of the molecules of these adducts and not a
fragment of their cationic component. On the basis of
these findings, it is suggested that the phosphorodichlori-
date (XXb) most probably has the structure (A), which is
in full agreement with current ideas about the structure of
the adduct obtained when POCI3 is allowed to react with
DMF: [-HCiCliNMe^OPOCla-.56

The adduct (XXX) is also formed as a result of the
addition of one mole of antimony pentachloride to the
amidochloride (XKb), which in turn is obtained by the
reaction of hydrogen chloride with a solution of the phos-
phorodichloridate (XXb) in POCI3.55 Yet another anti-
mony-containing purine adduct (XXXII) with the OSbCl4

residue is formed when 2,8-dichloromonoxopurine (XIV)

reacts with antimony pentachloride, by analogy with the
method of the synthesis from it of the phosphorodichlori-
date (XXb) by reaction with POC13. « Like the adduct
(XXX), it reacts with alcohol, whereby it is converted into
the ethoxy-derivative (XXXIII), in which the position of the
ethoxy-group at C<e) was confirmed by the formation of
(XVIIb) from it. The entire series of the above reactions
fits the scheme illustrated below55»57:

Γ"
Me

(XXXI)

Me _

(XXXIII)

(XlXb) (xxb, A) - r * ^ (xiv) -™i
POCI,

CK y
Me

(XXXII)

Phosphorodichloridates, other purine adducts, amido-
chlorides, and also amidoester chlorides are compara-
tively stable in the absence of moisture, but are rapidly
hydrolysed by water with regeneration of the initial oxo-
purines. They are particularly reactive in reactions with
nucleophilic agents—ammonia, amines, alkoxides, etc.2

2. C-Iminopurines

Amidochloride compounds of different classes—aliphat-
ic, aromatic, and heteroaromatic—are known to react
with ammonia and primary amines to form amid-
ines50»52»58»59. In the amidines obtained from purine
amidochlorides, adducts, and amidoester chlorides54 one
of the nitrogen atoms forms part of the pyrimidine ring in
the purine system.

R
1

• / \

\ N /

Me

NR'
II

/ \
Ν
II

|
Me

NR'
II

/ \
Me-N

R / \ N /
R'N

Consequently these amidines are C(2> or C<e)-imino-
purines, which differ from C-aminopurines by their high
basicity (p/ra = 10-12, instead of 3-4).

The first iminopurines alkylated at the nitrogen atoms
of both rings of the purine system, namely JV^r-alkyl-
6-iminopurines, were described about 30 years ago. They
were obtained from 4-amino-5-cyano-l-methylimidazoleeo

or by the alkylation of adenosine, adenylic acid, and other
adenine derivatives substituted at the nitrogen atom of the
imidazole ring6 1"6 6.

The method of preparation of C-iminopurines from
JVW-dimethyloxopurines, based on the intermediate forma-
tion of amidochloride compounds and treatment of the
latter with ammonia or monoalkylamines67, has led to new
possibilities in the synthesis of this unusual group of
purine derivatives. It permits the variation of the struc-
ture of the substituents at the exocyclic nitrogen atom by
employing a wide variety of primary amines and also the
introduction of additional groups at the second ring carbon
atom of the pyrimidine part of the molecule.
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The first series of iminopurines obtained in this way—
the hydrochlorides of 2-R-l,6-dihydro-6-imino-l,9-di-
methylpurines (XXXIV)—were synthesised from compounds
(DC) in accordance with the following scheme48»49:

(IX)
H2NR Me—H

R

u (XXXIV)

I
Me

(X and Υ = Cl or OPOC12; R' = Η οι Me)

The hydrochlorides of C<6>- and C(2>-imino(or alkyl-
imino)-3,6(or 2,3)-dihydro-3,7-dimethylpurines, including
6-imino-2,3,7-trimethylpurines (XXIX, a and b) mentioned
above, were synthesised similarly from 2-R(or 6-R)-
3,7-dimethyloxopurines (I) and (XVI).54

If the substituent R in (XXIII) and (XXIV) is an amino-
or monoalkylamino-group, it is possible to obtain the same
aminoiminopurine from the corresponding representatives
of two different series—(I) and (XVI). For example, the
hydrochloride of 2,6-di(methylamino)-3,7-dimethylpurine
(XXXVa) was obtained from (Ij) and (XVIg) by treatment
with methylamine67.

The problem of which exocylic nitrogen atom (at C(2> or
at C(e>) undergoes protonation in this case remains open.

Under similar conditions, the two isomeric phosphoro-
dichloridates obtained from (Id) and (XVIh) react with
dimethylamine to form 2,6-bis(dimethylamino)-3,7-
iimethylpurinium chloride (XXXVb).

(XVIg)

)
= Me2N)

- «' M e (xxxv)
(a,R'=H;b, R!=Me)

R^MeNH)

POC1,
^(XXIV)< (XVIb)

This method of synthesis of C -iminopurines can be
usefully employed to obtain compounds substituted at the
second ring carbon atom (C(2> or C(e>) by alkoxy-groups or
other substituents capable of reacting with POCl^ or of
being substituted by amines. The C-methyl group also
interferes with the reaction, since its presence entails
charring of the reaction mass on heating with POC13. In
such cases the synthesis can be carried out in accordance
with another, more universal scheme based on the use of
C-amino- or monoalkylamino-oxopurines as starting
materials. The amino-group in the phosphorodichloridates
or amidochlorides formed from them plays the role of a
potential imino-group, while the labile substituent is intro-
duced into the latter by treatment with nucleophilic agents
such as alkoxides, sodiomalonic ester, sulphides, etc.

(I)POCI,

R N
I

_ Η

γ

I
Me

•HC1

I ·
M e

r- HNR —r+Y- NR

HC1

M e _

(X, Y=C1, OPOC1.)

I
Me

When purine amidochloride or phosphorodichloridate,
in which the substituent R is an alkylthio-, dialkylamino-,
or other group without a hydrogen atom capable of migra-
ting to form a tautomer, is acted upon by an alkoxide, the
final reaction product is the initial oxopurine. Its for-
mation from the amidochloride compound is accompanied
by the formation of a dialkyl ether, probably as the result
of the cleavage of an unstable intermediate acetal88. In
such reactions there is a possibility also of a simultaneous
replacement of the residue R, linked to C(e), by an
alkoxy-group, for example:

OEt

Ν
(XXIV) N a O E - U EtO

(R=SMe)

(XVIb)

E.tO

OEt

Ν

EtO(XXIV) Ϊ 5

(R=NMe,) E t 0 / \ N /

Me

, / \ N /

Me

NMe2

A
Ν

I
Me

. (XVIb + (XVIh)

As was to be expected, the C-iminopurines, whose
basicity is close to that of aliphatic amines, are much
more vigorously acylated and, in particular, react much
more vigorously with POC13 than C-aminopurine, which
are much less basic. Whereas the formation of acid
dichlorides of 7(or 9)-methyl-6-phosphoramidopurines
requires prolonged heating of the initial C(6>-amino-
purines with an excess of POClg,ββ the iminopurine bases,
for example (XXK), (XXXIVa, R = Me), the two isomeric
C(6)- and C(2)-butylthio-2-imino-3,7-dimethylpurines
(XXXVIa), and the corresponding 6-imino-derivatives
(XXXVIb) react with a calculated amount of PGCI3 in
methylene chloride at a temperature as low as 15—20°C.
A number of diaziridides of AW-dimethylpurinylphosphor-
amidic acids were synthesised in this way for biological
tests from the acid dichlorides of JVAT-dimethylpurinyl-
phosphoramidic acids by reaction of the latter with
aziridine in the presence of hydrogen chloride acceptors70.
These reactions are illustrated schematically below using
compound (XXXVIa) as an example:

SBu SBu

-N—Me

poci.

-Ν—Me

Me

(XXXVIa)

C1 2 P—N=

II
Ο |

Me

SBu

I

X f Ι ι\ p _ N = l II I

-N—Me

Me

When 6-imino-l,9-dimethylpurines (XXXIV) are heated
with a solution of alkali, various reactions take place,
which are greatly influenced by the substituent R in the
2-position. Compound (XXXIVa) undergoes the Dimroth
rearrangement in an alkaline medium, i.e. is converted
into 2,9-dimethyl-6-methylaminopurine (XXXVIIa), which



1096 Russian Chemical Reviews, 43 (12), 1974

is identical with the compound obtained from 6-chloro-
2,9-dimethylpurine (XXXVni) and monomethylamine:

HNMe

I
Cl

(XXXIVa)

R-
>N/\N/

I
Me

(XXXVII)

H.NMe
%, R = Me)

(b, R = OH)
(c, R = Q)

I
Me

(XXXVIII)

When monoalkylamino-derivatives (XXXIV, R = NHMe)
are acted upon by alkali, there is partial hydrolytic
cleavage of the 6-imino-group and the final reaction prod-
uct consists of a mixture of the initial iminopurines and
2 - monoalky lamino-1,9-dimethy lhy poxanthines.

On the other hand, when the dimethylamino-group is
present in the 2-position, the reaction product is
2-hydroxy-6-monomethylamino-9-methylpurine (XXXVIIb),
since in this case two processes probably take place: the
Dimroth rearrangement and hydrolytic elimination of the
dimethylamino-group49.

3. The Cleavage of Purine Adducts and Amidochlorides

Another feature of i\W-dialkylamidochlorides, which is
of considerable preparative importance together with
nucleophilic substitution reactions, is their capacity to
undergo cleavage with liberation of an alkyl chloride and
to be converted thereby into imidochlorides:

AIk,>I-CO- -»[AlkjN-C (Cl) - ] .AlkN=C(Cl)- ,

i.e. to undergo the reaction on which a method of dealkyla-
tion of dialkylamines, known for a long time, is based71.
Accordingly, the conversion of theobromine into 2,6-di-
chloro-7-methylpurine (VIII) and also the analogous con-
version of tjtie isomeric 1,9-dimethylxanthine (XXXIX)
into 2,6-4ichloro-9-methylpurine (XXXVHIc) u can be
represented as the demethylation of cyclic ΛΓ-methylamides,
which leads to the formation of cyclic iminodchlorides and
proceeds with formation of the intermediate amidochlo-
rides (XKa) and (XL).

/ \
ΗΝ

°=\N/
Me

(IV)

-

/
Ν
η

ο,Α

Cl - ι

1

1
Me _

+C1-

Me-N
1

C l - r

I

Me-N

0=

(XlXa) (XL)

if-MeCl

\ N / \ N /

Η |
Me

(XXXIX)

(VIII) or (XXXVIIIc)

The amidochlorides (XK, a and b) are readily cleaved
on heating with POC13, liberating methyl chloride57, and
are converted at the same time into 2,6-dichloro-
7-methylpurines (VIII) and its 8-chloro-derivative (XLI) in

high yields. In contrast to these, the phosphorodichlori-
dates (XX, a and b) undergo such cleavage only to a slight
extent even on prolonged refluxing with POCI3.

(XX, a and b)

(XIV)

+OPC17
(XVIIi)

8-Cl-(XXI)

(XLIII) (a, R = H)
(b, R = Q)

The reason for this difference may be that, on being
cleaved, the phosphorodichloridates split off not only the
volatile methyl chloride but also the high-boiling methyl
phosphorodichloridate (MeOPOCla), which remains in the
reaction sphere and alkylates the imidochlorides formed
as a result of the cleavage.

The hypothesis that this ester can alkylate (cf. Lugov-
kin and Arbuzov72) 2,6-dichloropurines was confirmed by
the preparation of 8-chlorotheobromine (ΧΠ) by heating
the trichloride (XLI) with MeOPOCla in POCL, and by the
hydrolysis of the product:

(XLI) + MeOPOClj -* (XXb) -'2 (XII).

The ring nitrogen of not only the pyrimidine component
but also of the imidazole component of the molecule can
be methylated under these conditions: when MeOPOCla
was allowed to react with the two isomeric N( 7>- and
JV(9)-methyl derivatives of 2,6-dichloropurine [(VIII) and
(XXXVIIIc)], the same compound was isolated after treat-
ing the products with water—2-chloro-7,9-dimethyl-
hypoxanthinium chloride (XLII):

(VIII) .

(XXXVIIIcK

, MeOPOCl,

OH

C I -

-N-Me

XXXVIHc (XXXIX).

Me

(XLII)

The same chloro-derivative (XLII) was detected in the
reaction product after heating 1,9-dimethylxanthine
(XXXK) with POCI3 (cf. Pfleiderer73 and Gutorov74).

The formation of 2,6-dichloro-7-methylpurines from
the phosphorodichloridates (XX) can also be facilitated
by agents other than hydrogen chloride, the purines being
converted into the readily cleaved amidochlorides (XIX).
Tertiary amines have also come to be used in reactions of
this kind. For example, on heating with POC13 in the
presence of JNTiV-dimethyianiline75, theobromine is known
to be converted into the die hlor ο-derivative (VIII) in 25%
yield instead of 10—15%.3 It has been suggested that in
this reaction tertiary amines can partly promote the
processes occurring because they prevent the elimination
from the reaction sphere of the hydrogen chloride which
promotes the conversion of the phosphorodichloridate (XXa)
into the readily cleaved amidochloride (XKa). Indeed,
the use of dimethylanilinium hydrochloride instead of the
base increased the yield of (VIII) to 35—40%. Neverthe-
less the yields in this reaction or in the analogous syn-
theses of (XLI) or (XXXVIIIc) continued to be fairly low,
evidently due to side processes involving the />ara-conden-
sation of the intermediate amidochloride and the adduct
with dimethylaniline2»76.

In order to rule out the possibility of the /wra-conden-
sation side reaction, dimethylanilinium hydrochloride was
replaced by triethylammonium hydrochloride (the hydro-
chloride of a tertiary amine), which cannot block the
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intermediate phosphorodichloridates. This replacement
immediately led to an appreciable enhancement of the
yields: 2,6-dichloro-7-methylpurine (V1H) and its
8-chloro-derivative (XLHI) were obtained in 90—95% yield
and the yield of 2,6-dichloro-9-methylpurine from
1,9-dimethylxanthine (XXXK) was 75%.7e

The most effective method for synthesising 2,6-dichloro-
7-methyl- or 2 6-dichloro-9-methyl-purines [(VIII), (XLI)
and (XXXVIIIc)J from the corresponding N(3)- or N{l)-
methyloxopurines involves the conversion of the inter-
mediate phosphorodichloridates into more readily cleaved
phosphorus-containing adducts, which differ from the
phosphorodichloridates by the fact that their anion is OPCl^
instead of OPOCLr.57

The formation of these new adducts, which for brevity
may be called phosphorotetrachloridates, is achieved by
treating solutions of phosphorodichloridates in POC13

with phosphorus pentachloride. Being much less soluble
in this solvent than the initial phosphorodichloridates, the
phosphorotetrachloridates can be crystallised compara-
tively rapidly. The phosphorotetrachloridates (XLHI, a
and b)J were obtained in this way from the phosphorodi-
chloridates (XX, a and b) and the phosphorotetrachloridate
(XLIHb) was obtained in addition by treating 2,8-dichloro-
6-oxopurine (XIV) in methylene chloride with phosphorus
pentachloride.

The ability to be readily cleaved with formation of
2,6-dichloropurines constitutes the most significant differ-
ence between phosphorotetrachloridates and phosphorodi-
chloridichloridates. Their cleavage is accompanied by
the liberation of POC13 and methyl chloride. It takes place
comparatively rapidly on heating not only in POC13 but also
in chlorobenzene, as well as in the absence of a solvent
at the melting point and leads to the formation of 2,6-di-
chloropurines in high yields57. An example of the employ-
ment of the principle of the conversion of phosphorodi-
chloridates into phosphorotetrachloridates is provided by
the preparative syntheses of 2,6-dichloro-7-methylpurines
(VIII) and (XLI) from theobromine5»20»21.

The remaining properties of the phosphorotetrachlori-
dates are very similar to those of the phosphorodichlori-
dates and they exhibit all the features typical for purine
adducts and amidochlorides. For example, the hydrolysis
of the phosphorotetrachloridate (XLIIIb) in a neutral
medium leads to the formation of a mixture of 2,8- and
6,8-dichloro-3,7-dimethylmonoxopurines (XIV) and (XVIIj),
while in the reaction with ethyl alcohol it is converted into
the amidoester chloride [the 8-chloro-derivative of (XXI)]57.

Presumably the phosphorotetrachloridates are not the
last link in the long chain of reactions undergone by
dimethylxanthines on treatment with POCI3 compounds
which are completed by the elimination of iV<3)- or
iV^-methyl groups and the formation of 2,6-dichloro-
purines (VIII), (XLI), or (XXXVIIIc). It appears most
likely that the cleavage of the phosphorotetrachloridates is

JThe conversion of phosphorodichloridates into phos-
phorotetrachloridates is probably a result of the chlorina-
tion of the OPOCl̂ T anion by phosphorus pentachloride and
not of the exchange of its phosphorus-containing component
POCI2 for the PC14 residue. This hypothesis followed
from the experimental preparation of the phosphorotetra-
chloridate (XLIIIb) by treating the phosphorodichloridate
(XXb) with 32PCl5 at 20°C in POCL,: the yield of the result-
ing phosphorotetrachloridate was 92—94% and its molar
radioactivity hardly reached 5% of the value for the initial

a two-stage consecutive process and that the true pre-
cursors of 2,6-dichloro-7-methyl- or 2,6-dichloro-
9-methyl-purines are the thermally unstable amidochlo-
rides formed as a result of the elimination of POCL, from
the phosphorotetrachloridates.

The principal stages of the process, illustrated by the
schemes quoted in this review, can be followed experi-
mentally for 3,7-dimethylxanthines. Nevertheless one
cannot claim that this represents all the features of the
complex conversion of AW~dimethylxanthines into the
corresponding 2,6-dichloromonomethylpurines. It is quite
probable that this process includes also additional hitherto
undetected stages, which should be investigated further.
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