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1 INTRODUCTION

The study presented in this thesis is mainly concerned with reactions of purines
in a strongly basic medium. In part A of this introduction a comprehensive
review of the nucleophilic substitutions and ring opening reactions of purines
will be presented, In addition some electrophilic substitutions in purines will
be discussed. '

The second part of this thesis describes the occurrence of geometrical isomerism
in the anions of aromatic aming compounds. Asg-aromatic amino compounds are
products of the reactions of aza heterocycles with potassium amide in ligquid
ammonia - the nucleophile used in our study - and show interesting geometrical
conformations in this strongly basic medium.

Some aspects of geometrical isomerism, relevant to this subject, will therefore
be discussed in section B of this introduction,

A. Chemistry and history of purines

The chemistry of purines can be considered to have its origin in 1776 with the
isolation of uric acid from urinary calculil by both Scheele and Bergmann. Many
years passed before the correct empirical and structural formula of the purine
skeleton was established.

The final proof for its structure was obtained by Fischer in 1895, showing that
the formula proposed by Medicus in 1875 was correct.

The designation "purine" for the ring skeleton, introduced by Fischer, is still
in use today (Scheme I, see reviews).

Scheme 1

13



In the years thereafter Fischer and co-workers achieved the synthesis of many
new purine derivatives, mainly starting from natural purines. A versatile
synthesis of purines from other precursors has been developed by Traube (1900}.
This route, starting from a 4,5-diaminopyrimidine is still the most important
method of preparing purines from other precursors (Scheme II).
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Fischer discovered the first rearrangement of the purine ring, when he treated
6-amino-2~-chloro-7-methylpurine with basez. He obtained 7-methylguanine instead
of the expected 7-methylisoguanine. Reinvestigation of this reaction by Shaw
showed however, that 7-methylguanine is formed alongside 7-methylisoguanine,
indicating that not one but two substitutions take place, both proceeding via

a ring opening mechanism’ {Scheme III).
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This reaction can be considered as the first example of a so-called SN(ANRORC)
reaction4. This term refers to a reaction that involves a series of steps:
Addition of a Nucieophile foliowed by Ring Opening and Ring Closure. Numerous
examples of this mechanism have been found since then in the amide-induced
amination of, for example, 2- and 4-halogenopyrimidinesq.

The increasing number of synthetically available purines induced numerous
studies on their biological activity. Several effects (diuretic, antiviral,
antithyroid) have been reported for purines; the majority of the efforts were
directed, however, to increase our knowledge of their antitumor activity.

In 1964 a first review appeared discussing the antitumor activity and structu-
ral relationships of purine derivatives5. In this field 6-mercaptopurine
{leukerin, mercaleukin, purinethel) in particular is still used freguently
against acute leukemia.

A1 Nucleophilic gsubstitutions

Nucleophilic displacements are frequently used for the introduction of substi-
tuents and occur easily in purines. In general the reactivity of the purine
ring is greatly influenced by deprotonation of the imidazole ring. At position
8 especially a large decrease in reactivity is observed. A discussion of the
reactivity of the three different carbon positions has been given by Miller,
who showed that in neutral purines the reactivity sequence is 8~~6 > 2, but

in anionic purines 6 > 8 > 26. A kinetic study of the rate of nucleophilic dis-
placement in the series of 2,6 or B-(methylthio)-1,3,7 or 9-methylpurines has
shown that the position of the methyl group influences the reactivity (6 > 22 8
in 1-methylpurines and 6 > 8 in 3-methy1purines)7.

Several publications show that under controlled conditions gradual substitution
is possible. For instance, reaction of 6-chlore-2-fluoropurine with hydroxyl-
amine gives 2—fluoro—Nﬁ-hydroxyadenine at 5°C and 2,6-di (hydroxyaminc)purine at

reflux temperature8

. When the nucleophile is present in the side-chain of a
purine derivative, nucleophilic displacements can be used for the annellation
of rings at the 1,69 or 7,8 positionlo. The possibility of introducing a
substituted alkyl group at position 6 or 8 via a nucleophilic substitution
with carbon nucleophiles has stimylated the interest in this type of reactions
in recent years. The methylsulfonyl group in particular has been found to be
easily rep]aceab]ell_l3, as shown by the conversion of 6-(methylsulfonyl)-9-

phenylpurine with malononitrile into 9-pheny1purine—G-malononitri]elz.

15




These reactions also occur at position 8 in 8-methylsulfonylpurine nucleosides11

and at position & in 6-ch10r0-9~pheny1purinelq.

Introduction of an alkyl substituent can alsg be achieved by Grignard reagents,
but the number of applications is limited. 3-Phenylpurine reacts with alkyl-
magnésiumbromides at position 6, giving 1,6-dihydro-6-alkyl-9-phenylpurine
which on oxidation with alkaline ferricyanide yields the corresponding purine15.
On the other hand 7-phenylpurine undergoes alkylation at position 8, since due
to steric hindrance position 6 is b]ockedls. In 8-bromopurine nucleosides16 the
reaction also takes place at position 8, The replacement of hydrogen by an
amino group by reaction with alkali amides - the so-called Chichibahin amina-

tion - has been stated not to occur with purine17.

A.2 Ring opening reactions

In the ring opening reactions, that purines undergo, two different patterns can
be discerned: i. reactions which invelve opening of the pyrimidine ring and
give an imidazole derivative, i.i. reactions which lead to opening of the
imidazole ring and yield a pyrimidine derivative. Both types of ring opening
occur and Badger and Barlin18 have shown, by comparing the reactivity of 2,6-
and 8-monosubstituted 1,3,7- and 9-methylpurines,that the substitution pattern
influences the site of nucleophilic attack and determines which of the two
rings will be opened.

1. Reactiong, involving opening of the pyrimidine ring

The opening of the pyrimidine ring takes place in basic medium and generally
involves addition of the hydroxide ion at position 2. The imidazoele derivatives
can be isolated and used for the synthesis of other compounds, depending on
their stability and the reaction conditions. In many cases, however, the
substituents present in the initially formed imidazole recyclize under the
reaction conditions to give a new purine derivative or other products. The
prime example of this type of reactions is the extensively studied Dimroth
rearrangement, in which 1l-substituted adenines and their salts in basic medium
isomerize into an N6

-substituted adenine. Other ring systems, like pyrimidines,
can also undergo this rearrangementlg. The reaction involves addition of the
hydroxide ion at position 2, ring opening (via ¢leavage of the N(1) - C{2) bond)
and ring closure (Scheme 1V}.

Recently good evidence for this mechanism has been obtained through the use of
20,21

15N—1abe11ed compounds and the isolation of reaction intermediates
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The rearrangement of 2-amino-l-methyladenine into 2-methylaminoadenine is an-
other interesting example of such reactions; this reaction, however, involves
addition at position 6 and breaking of the N{1} - C(6) bondzz. The Dimroth
rearrangement has also been applied for the synthesis of 2-substituted purines

and Z-azapurines.

For this purpose the reaction intermediate was isolated and

reacted with various reagents (Scheme V)23_26

. 3,9-Dialkyladenines can also be

synthesized from these intermediates (Scheme V)27

NHy Br i rlmz
RO N RON=C N . HN=( N
SN _ ~
Iy = Ty — T
Xy N HCN N N~ N
R] g“ R| Rt
ln,x NaND;

NH N NH2
N . RON= [ N
(== 1Y 10
" N n\ ey N
R; Ry l R
R=CnHinet Ry = Cranas Ri= Cabpn+
CHyCgHs CHa(gHsg CHaCgHs

p-D-ribofuranesyl
Scheme V
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The previously mentioned Dimroth rearrangements involve the isomerization of
1-mono- and 1,9-disubstituted adenines, but 3,9-disubstituted purines are also
vulnerable to attack of the nucleophile at position 2 (Scheme VI)27'31.

R R
N HaN g N
N—
" ry e A\
(§ ;
N N C N
R’ Ra " R. Ry
R=NH Ry=CHy Ry = CHy
D C2H5 c2H5
CHpCeHs CHghs

g~ D-ribofuranosy(
2-deoxy-B-0-riboturanosyl

Saheme VI
The cytokinin activity of the N6 - substituted adenines (plant growth substan-
ces) is also observed with 3-substituted adenines. This has been explained by
ring opening of the pyrimidine ring and recyclization to N6 - substituted
adenines. Opening of the imidazole ring seems to occur as well, although less
readily>?,

Inosine - 1,6-dihydro-6-oxo-9-g-D-ribofuranosylpurine - undergoes attack at
position 2 on treatment with aqueous base, This reaction is competitive with
isomerization and hydrolysis of the sugar moiety33. Remarkably, on reaction
with base in the absence of water only hydrolysis OCCurs34.

Nucleophiles frequently attack position 6 in purines, but this usually does
not lead to ring opening. An interesting exception is the reaction of purine
with malononitrile leading to 5-aminoimidazo [4,5-b] pyridine-6-carbonitrile
(Scheme VII)3°.

The reaction of 6-methylthiopurine
methy]adenine37

36! 6 36

and 1-
with acids also involves opening of the pyrimidine ring.

-methylthio-9-methylpurine
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Scheme VII

i.t. Reuctions involving cpening of the imidazole ring

Opening of the imidazole ring is initiated by an attack of the nucleophile at
position 8. This is illustrated by the reaction of 3-alkyladenines with carbo-
benzoxychloride. Initially a 3,7-disubstituted adeninium derivative is formed,
which subsequently undergoes nucleophilic attack at position 8, leading to

opening of the imidazole ring. Recyclization yields an 8-oxoadenine derivative
(Scheme v111)38

NH, NH; (Ozcﬂzcsﬂs
N NHCO,CH
N7 O N\ _CetsCrp0coct \ e
”\ ~ NaHCD; I\ I\
N N
R
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l >:0 -— I
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N N
R R
Scheme VIII R =Gt

CHyCghs
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A similar ring opening has also been observed for 7- or 9-substituted
purines39'41. When the substituent is a sugar moiety the reaction is competi-
tive with cleavage of the glycosidic bond and gives substituted pyrimidines,
useful intermediates in the synthesis of B-azapurines (Scheme IX)42

NH; NHp NH;
= N . WF NCH = NH;
h Y e 'L s —
l%,, Xy NR Xy NHR

R=p-D-ribofuranosyl
2'-deoxy-f-D-rikofuranosyl

Scheme 1X

Another example of the vulnerability of the imidazole ring to attack at position
8 is the ring transformation found on treatment of 6-cyano-9-(2',3',5'-tri-
O-acetyl-B-D-ribofuranosyl) purine with methanolic ammonia (Scheme X) 3

CN

N/ \> CI _4«/N j

HHR

R=2"3.6-tri-0-acetyl-p-D-ribofuranosyl
Scheme X

A3 ERlectrophilic substitutions

EYectrophilic attack on the purine ring only occurs if the ring system is
activated hy the presence of electron donating groups. These must be present

on position 2 or 6 and lead to substitution at position 8. Most classic electro-
philic substitutions concern nitration, diazo ceupling and haleogenation, but
more recently electrophilic amination by aromatic hydroxylamines has been found.
The amination at C-8 in guanosine by hydroxylamine-C-sulfonic acid may also
proceed via electrophilic substitution, but this is still uncertain44.

In the future a renewed interest in electrophilic substitutions may arise from
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the possibility that electrophilic attack on purines is important in chemical
carcinogenis45.

A new method of increasing the reactivity of purines toward electrophilic
reagents is the formation of an anion at position 6 or 8 vig a reaction with
butyilithium. The resulting anion can react with a Variety of e1ectr0phi1es46'48.
An example is the formation of 6- or 8-lithio-9-(2'-tetrahydropyranyl} purine
from 6-iodo-9-(2'-tetrahydropyranyl} purine with butyllithium. In this reaction
the 6-lithio derivative is formed initially and later equilibrates to the 8-
lithio derivative. These lithio compounds react with ketones etc. to produce

6- or 8-substituted 9-(2'-tetrahydropyranyl) purines48.

B. Geometrical isomerism in aromatic amines

The occurrence of geometrical isomerism in compounds as oximes has been recogniz-
, 4
ed for some time 9.

=Z

NR;
T H, alkyl

sceheme KT

This phenomenon has also been observed in butylphenylketimine at temperatures
below -40%C in aprotic solventsso.

The conjugation between the amino group and the ring in aromatic amines induces
a partial doubie bond character in the C-N bond and brings the substituents on

the amino group in the plane of the ring {Scheme XII}51.

Iz

Sceheme XII

Geometrical isomerism can be observed in these compounds, providing that, when
hydrogen substituents are involved, there is no rapid exchange of the substitu-
ents on the amino group. It is remarkable that this condition can even be met

21



for some N-unsubstituted aromatic amipes in watersz. Several NMR studies have
appeared, especially on cytosine derivatives, showing that both the neutral
and the cationic compounds (in which the pyrimidine ring is protonated) can
occur in two isomeric structures, not only in various organic so]vent553’54

but also in water at a slightly acidic pH52’55

Scheme XIIT
Barbieri et al have given 3 comparison of the rotational barriers in neutral
and cationic amines based on dynamic NMR measurements and theoretical calcula-
tion556. Many aromatic amines show geometrical isomerism at low temperatures.
The coalescence temperature depends, of course, on the structure of the
compounds and varies considerably: ranging from about -120°¢ for N-methy1-
' aniline557’58 to above 20°C for 9-substituted 6-methylam1nopurinessg.
Rotational barriers are usually determined from dynamic NMR measurements and
this method has proved to be more reliahle than a method based on 15N chemical
shiftsso. Sterical hindrance and hydrogen bonding between the substituents on
the amino group and neighbouring ortho groups are important in determining the
isomer ratio and the rotational barrier5 .
It is obvious that any substituent, that influences the conjugation between the
amino group and the aromatic ring has a considerable effect on the rotational
barrier 0201703
Delocalization of the negative charge leads to conjugation between the de-
protonated amino group and the ring in the anions of aromatic amino compounds.
However, it is possible that the occurrence of geometrical isomerism in these
anions is not observable due to fast exchange in the basic medium, being
necessary to generate the anion from the neutral compound.
The NMR spectra of the anions of several ani]ine564, aminopyrazine65 and 2-
aminopyridine55 in liquid ammonia containing potassium amide were reported
without mention of the occurrence of geometrical isomerism.
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The 2-aminopyridines did not show geometrical isomerism in aprotic solvents
as tetrahydrofuran, hexamethylphosphoramide, N,N,N',N'-tetramethylethylenedi-
amine and 1,2-dimethoxyethane containing butyllithium eitherﬁﬁ.

The non-equivalency of H-4 and H-6 in the NMR spectrum of the anion of Z2-methyl-
aminopyrimidine in liguid ammonia containing potassium amide at -50°C, however,
was explained on the basis of geometrical isomerism67. This result seems to
suggest that the non-occurrence of geometrical isomerism in anilines, amino-
pyridines and aminopyrazine is due to the fact that the NMR spectra were
measured above the coalescence temperature.

Geometrical isomerism was also used as an explanation for the non-equivalency
of H-3 and H-5 in the NMR spectrum of N-methyl-2,4,6-trinitroaniline in di-
methyisulfoxide containing sodium methoxidesa’ag. This explanation was rejected
by Grudtsyn and Gitis, who stated that the NMR spectrum could be explained if

a 1:1 o-adduct between N-methyltrinitroaniline and a methoxide ion is formed70.

N/Cﬂg

02N ... . NDz

Scheme XIV
A very receni study has shown, however, that the original explanation involving
geometrical isomerism in the anion, is the correct one71.

Reviews

1. J.H.Lister in "The Chemistry of Heterocyclic Compounds. Fused Pyrimidines"
Part II. D.J.Brown, Ed., Wiley, New York, 1971.

2. D.T.Hurst. An Introduction to the Chemistry and Biochemistry of Pyrimidines,
Purines and Pteridines. Wiley, New York, 1980.

3. G.Shaw in "Rodd's Chemistry of Carbon Compounds", Vol.IV, Part L, S.Coffey,
Ed., Elsevier, 1980.

23




References and Notes

o g B W M
P

W ~

10.
11.

12,
13.
14,
15,
16.
17,
18.
19.

20.
21,
22.
23.

24.
25.
26.
27.
28.

24

It is remarkable that two reviews (reviews 1 and 3) state that uric acid
was isolated from gallstones (which contain only very small amounts),while
the original publication is entitled "examen chemicum caleculi urinarii”
E.Fischer, Ber,31, 542 (1898).

E.Shaw, J.0rg.Chem. 27, 883 (1962).

For a review: H.C.van der Plas, Acc.Chem.Res. 11, 462 {1978).

R.K.Robins, J.Medicinal Chem. 7, 186 (1964).

J.Miller in "Reaction Mechanisms in Organic Chemistry 8 Aromatic Nucleophi-
tic Substitution" C.Eaborn and N.B.Chapman Ed., Elsevier, 1968.

R.J.Badger and G.B.Barlin, J.Chem,Soc. Perkin II, 1176 (1976),

A. Giner-Sorolla, J.Longley-Cook and J.T.Seq rra, Nucleic Acid Chem. 1, 23
(1978), L.B.Townsend and R.S.Tipson, Ed., wii‘ey, New York.
P.C.Srivastava and R.K.Robins, J.Carbohydr.Nucl. Nucl.4, 93 (1977).
M.Eckstein and A.Drabczynska, Synthesis 581 (1979).

A.Yamane, Y.Nomoto, A.Matsuda and T.lUeda, Nucleic Acids Res.Spec.Publ. §,
309 (1978).

E.Hayashi and N.Shimada, J.Pharm.Soc.Jap. 99, 201 (1979).

A.Yamane, A.Matsuda and T.Ueda, Chem.Pharm.Bull. 28, 150 (1980).

E.Hayashi, N.Shimada and K.Watanabe, J.Pharm.Soc.Jap. 99, 205 (1979}.
E.Hayashi, N.Shimada and Y. Matsuoka, J.Pharm.Soc.Jap. gg; 114 {1979).
N.Coéngh-Danh, J.P.Beaucourt and L.Pichat, Tetrahedron Lett. 3159 (1979).
A.F.Pozharskii, A.M.Simonov and V.M.Doronkin, Russ.Chem.Rev. 47, 1042 (1978).
R.J.Badger and G.B.Barlin, J.Chem.Soc.Perkin I 151 {1976).

For a review: D.J.Brown in "Mechanisms of Molecular Migrations" 1, 209
(1968). B.S.Thyagarajan Ed., Interscience,

G.Grenner and H.L.Schmidt, Chem.Ber. 110, 373 (1977).

T.Fujii, T.Itaya and T.Saito, Hetérocyc]es 6, 1627 (1977).

G.B.Elion, J.0rg.Chem, 27, 2478 (1962).

J.A.Montgomery and H.J.Thomas, Nucleic Acid Chem. 2, 681 (1978).
L.B.Townsend and R.5.Tipson Ed., Wiley, New York.

K.F.Yip and K.C.Tsou, Tetrahedron Lett. 3087 (1973).

N.Yamaji, Y.Yasa and M.Kato, Chem.Pharm.Bull. 24, 1561 (1976).

N.Yamaji, K.Tahara and M.Kato, Chem.Pharm.Bull. 28, 115 (1980).

T.Fujii, T.Saito and M.Kawanishi, Tetrahedron Lett, 5007 (1978),

K.Kikugawa, Chem.Pharm.Bull. 25, 2181 (1977).



29.
30.
31.
32.
33.
34,
35.
36.
37.
38,
39.
40,
4l.
4z.
43.

44,

a5,
46,

47.
8.

49,

50.
51.
52.

53.
54.
55.
56.

57.

.Saito and T,Fujii, J.Chem.Soc. Chem.Commun. 135 (1979).

Fujii, T.5aito and T.Nakasaka, J.Chem.Soc.Chem,Commun. 758 (1980).
.Itaya and H.Matsumoto, Tetrahedron Lett. 4047 (1978).

.J.Leonard and T.R.Henderson, J.Am.Chem.Soc. 97, 4990 (1975).

-Suzuki, Bull.Chem.Soc.Jap. 47, 898 (1974).

.Follmann, Tetrahedron Lett. 397 (1973).

.Albert and W.Pendergast, J.Chem.Soc.Perkin I 1794 (1973).

.Albert, J.Chem.Soc.C. 2379 (1969).

.R.Garrett and P.J.Mehta, J.Am.Chem.Soc. 94, 8532 (1972},

.Fujii and T.Saito, Chem.Pharm.Bull. 21, 1954 (1973).

.A.Montgomery and C.Temple, J.Am.Chem.Soc. 83, 630 (1961).

.R.Garrett and P.J.Mehta, J.Am.Chem.Soc. 94, 8542 (1972).

.Bredereck, F.Effenberger and G.Rainer, Annalen 673, 82 (1964).
.A.Montgomery and H.J.Thomas, J.0rg.Chem. 36, 1962 (1971).

.M.Berman, R.J.Rousseau, R.W.Mancuso, G.P.Kreishman and R.K.Robins,
Tetrahedron Lett. 3099 (1973).

Y.F.Kawazoe and G.F. Huang, Chem.Pharm.Buil. 20, 2073 (1972).

For a review on the nucleophilic and electrophilic properties of this
reagent: Y.Tamura, J.Minamikawa and M.Ikeda, Synthesis 1 (1977).
J.Streithand .Fizet, Tetrahedron Lett. 3297 (1977).

D.E.Hathway and G.F.Kolar, Chem.Soc.Rev. 9, 241 (1980}.

0.H.R.Barton, C.J.R.Hedgecock, E.Lederer and W.B.Motherwell, Tetrahedron
lett. 279 (1979).

M.Congh-Danh, J.P.Beaucourt and L.Pichat, Tetrahedron Lett. 2385 (1979).
N.J.Leonard and J.D.Bryant, J.Org.Chem. 44, 4612 (1979},

C.G. McCarty in "The chemistry of the carbon-nitrogen doubie bond", S.Patai
Ed., Interscience, 1970.

J.B.Lambert, W.L.Oliver and J.D.Roberts, J.Am.Chem Soc. 87, 5085 (1965).
H.Kessler, Angew.Chem. 82, 237 {1970).

B.McConnell and P.C.Seawell, Biochemistry 12, 4426 (1973).

R.R.Shoup, H.T.Miles and E.D.Becker, J.Phys.Chem, 76, 64 (1972).
E.D.Becker, H.T.Miles and R.B.Bradiey, J.Am.Chem.Soc. 87, 5575 (1965).
M.J.Raszka, Biochemistry 13, 4616 (1974}.

G.Barbieri, R.Benassi, R.Grandi, U.M.Pagnoni and F.Taddei, J.Chem.Soc.
Perkin II 330 (1979).

L.Lunazzi, C.Magagnoli, M.Guerra and D.Macciantelli, Tetrahedron Lett. 3031
(1979).

T & EXT M & — M I» P I < Z — ~ —

25




58, L.Lunazzi, C.Magagnoli and D.Macciantelli, J.Chem.Soc.Perkin II 1704 (1980)
59. G.Dodin, M.Dreyfus and J.E.Dubois, J.Chem.Soc.Perkin II 438 (1979).

60. F.A.L.Anet and M.Ghiaci, J.Am.Chem.Soc. 101, 6857 (1979).

61. J.AImog, A.Y.Meyer and H.Shanan-Atidi, J.Chem.Soc.Perkin II 451 (1972).

62. J.Riand, M.T.Chenon and N.Lumbroso-Bader, J.Chem.Soc.Perkin 11 1248 (1979).
63. M.L.Filleux-Blanchard, J. Fieus and J.C.Hallé, Org.Magn.Reson. 5, 221 (1973).
64. T.Birchall and W.L.Jolly, J.Am.Chem,Soc. 88, 5439 (1966).

65. J.A.Zoltewicz and L.S.Helmick, J.0rg.Chem. 38, 658 (1973}.

66. K.Konishi and K.Takahashi, Bull.Chem.Soc.Jap. 50, 2512 (1977).

67. J.P.Geerts, H.C.van der Plas and A.van Veldhuizen, Org.Magn.Reson. 7, 86 (1975).
68. K.L.Servis, J.Am.Chem.Soc. 87, 5495 (1965).

69. K.L.Servis, J.Am.Chem.Soc. 89, 1508 (1967).

70. Yu.D.Grudtsyn and S.5.Gitis, J.Org.Chem.USSR 11, 2616 (1975).

71. M.R.Crampton, B.Gibson and R.S.Matthews, Org.Magn.Reson 13, 455 (1980).

26




2 THE CHICHIBABIN REACTION OF PURINES WITH POTASSIUM AMIDE IN
LIGUID AMMONIA

Nico J. Kos, Henk C. van der Plas and Beb van Veldhuizen

Reaction of purine, 2-methyl- and 8-methylpurine with potassium amide in

liquid ammonia Teads to the formation of adenine, 2-methyl- and 8-methyladenine
respectively. 6-Methyl- and 6,8-di-tert-butylpurine do not react. It was proven
by applying 15N-1abe1led potassium amide, that the amination reactions do not
involve opening of the pyrimidine ring. Low temperature NMR spectroscopy showed
that in solutions of purine and 2-methylpurine in potassium amide - Tiquid
ammonia an anionic c-complex at position 6 is formed. 8-Methylpurine on the
contrary only showed the presence of a monoanion and a dianion.

Introduction

It is well known that purines are in general more susceptible to-nucleophilic
than to electrophilic attack.2 In basic medium, however, the reactivity towards
nucleophiles is often strongly decreased due to deprotonation of the NH of the
imidazole ring.2 Deprotonation has as further consequence that the pattern of
addition of nucleophiles changes. Whereas in neutral purines both positions 6
and 8 are reactive in nucteophilic additions, in the anions of purines addition
to position 8 is found to be prohibited {due to Coulomb repulsion) and addition
takes place only at position 6.2 In both neutral and anionic purines position 2
is the least react1ve.2 The interesting fact, observed for the first time in
our laboratory, that pyrimidin953 and _s_-tr'iazines4 can undergoe Chichibabin
amination5 with potassium amide in liquid ammonia involving partly a ring-
opening, ring-closure reaction sequence SN(ANRORC-mechanism) 6, induced us to
investigate in detail the behaviour of purine and of the three isomeric C-
methylpurines towards the same reagent.

Results and Discussion

Amination of purine

When purine {1) reacts with 4 equivalents of potassium amide in liquid ammonia,
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adenine (2) is formed as sole product. The reaction rate of this Chichibabin
amination is very low; after 20 h 30% of purine can stil)l be recovered. How-
ever, after 70 h the conversion of 1 into 2 is quantitative. This method of
preparation of 2 is new and ti1l now unexplored. The reaction is remarkable
since under the conditions of the reaction 1 is certainly present in its anio-
nic form (pKa purine: 8.9)7 but despite of that, a nucleophilic attack by the
amide ion on this negatively charged species can take place. When the amination
was carried out with 15N-labe11ed potassium amide we found that in the labelled
adenine (2)* the label was present exclusively in the nitrogen of the amino
group, no trace of 15N-1abe] was present in the nitrogen atoms of the ring.
This was proven by conversion of 2* into hypoxanthine (3) by diazotization8 and
by determining the - N-content in 2* (% 1oN: 10.9 (7.6)%) and 3 (% N: 0.0
(0.0)9) using mass spectrometry,

O N T e "\

1 2 3

From these results it is evident that in the formation of 2 from 1 no SN(ﬁN-
RORC }-mechanism 6, is involved but that the amination follows a pathway in
which addition of the amide ion takes place at position 6, followed by loss of
& hydride ion. This is in agreement with the general observation that in the
anion of purine position 6 is the most reactive position for the addition of
nuc_leophi'les.z’l0

The formation of adenine from the anion of 1 raises the interesting question,
which step in the amination is rate-determining.ll Two possibilities can be
considered. The first one is that the addition of the negatively charged amide
ion to position & of the anion of 1 is rate-determining. It leads to dianion 4
as intermediate c-adduct. The second possibility -also reasonable- is that the
aromatization step yielding the monoanion of adenine is rate determining.
Qur first attempt to tackle this problem was to measure the influence of
deuterium at position 6 on the rate of amination. A competition experiment
between purine and 6-deuteropurine however, met with 1ittle success, since 6-
deuteropurine was found to underge a slow D/H exchange under the reaction

28




N~ " NHZ N N
Y = (D)
L:,IH W

NH:

"/|E§>,___.
NP

conditions. An attempt to detect the intermediate 4 by 1H- and 13C~NMR spectros-

copy was more successful. When 1 was dissolved in Tiquid ammonia containing
potassium amide (0.07 - 0.5 mmol of 1 in 1 ml of liquid anmonia containing 4 -
10 equivalents of potassium amide) the 'H- and 15C-NMR spectra showed first the
formation of the anion of 1. Then the anion is slowly converted into a o-
adduct as indicated by a strong upfield shift of 3.04 ppm for one of the hydro-
gens and 76.1 ppin for one of the carbon atoms (change of hybridization of sp2

> sp3) (see Table I and II). The appearance of signals of the adduct leads at
the same time to a disappearance of the signals of the anion of 1. The upfield
shift values are in good agreement with those reported in the I-iterature.m'13’14
No splitting of the proton signal at § 5.75 into a triplet was observed due to
a fast hydrogen exchange13 caused by the Targe excess of potassium amide. That
the formation of the adduct takes place at position 6 was unequivocally proven
by comparing the 1H- and l3C-NMR spectfa of 6- and B-deuteropurine in liquid
ammonia containing potassium amide (Table I and II). These results strongly
indicate that the second step in the amination, the aromatization step is thus
the rate-determining step. The data further prove that addition of the amide
ion to the anion of purine is easily possitﬂe.l5

6-methylpurine

In order to investigate whether the presence of a substituent at position 6
would lead to amination at another position, we investigated 6-methyl- (5) and
6,8-di-t-butylpurine. It can be expected that the amination of methylpurines by
potassium amide will be strongly retarded due to formation of a dianion through
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rable I 'H-NMR Data (& Valuea) of Purines. Methylpurines and ite several

Deutero Derivatives in Liquid Ammonia containing Potassiwm Amide

H-2 H-6 H-8 CH3(CH5)
purine anion 8.58 8.79 8.12
adduct 6.95 5.75 6.83
6-D-purine anion 8.62 8.15
adduct 6.96 6.85
8-D-purine anion 8.61 8.82
adduct 6.99 5.76
6—CH3—purine anion 8.48 8.06 2.68
dianion 7.24 7.09 3,027
G-CH3-8-D-purine anion 8.48 2.68
dianion 7.21 3.01*
Z-CHB—purine anion 8.68 8.05 2.60
adduct 5.69 6.83 1.77
2-CH3-8-Dfpurine anion 8.71 2.63
adduct 5,71 1.80
B-CH3-pur1ne anion 8.42 8.54 2.48
dianion 7.35 6.77 2.48
G-D-B-CH3-purine anion 8.40 2.44
dianion 7.29 2.44
6,8-di-t-butylpurine neutral {CDC13) 9.00 1.61 and
1.65

“an quartet (J = 3 Hz)

proton abstraction of both the NH and the methyl group. We found that the
reaction of 5 with potassium amide in liquid ammonia for 140 h did not give a
product. An Th-nvR spectrum of this solution first showed the formation of
anion (6}, which, with a larger excess of potassium amide, was completely
converted into the d1an1on 7 as illustrated by the appearance of the CH2

signal as an AB quartet
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The 1H-NMR signals were assigned by comparison with those of 6-methyl-8-deutero-

purine. 6,8-Di-t-butylpurine, from which only a monoanion and no dianion can be
formed, was found to be completely inactive. These experiments show that blo-
cking of position 6 in the purine ring does not lead to another positien for
nucteophilic attack.

2=Methy lpurine

When Z2-methylpurine {8a) is reacted with potassium amide in liquid ammonia for
70 h a tarry mass is obtained from which 2-methyladenine (9a, 20%) can be
isolated; 5% of 8a can be recovered. The structure of 9a was proven by mass
spectroscopy and comparison of the 13C—NMR spectrum17 and the UV spectrum18
with those reported in the literature. The 1H- and 13C—NMR spectra of solutions
of 8a in liquid ammonia containing potassium amide showed the presence of an
adduct at position 6 as shown by the upfield shift of 2.94 ppm for H-6 and 77.6
ppm for C-6. This adduct was slowly formed from the anion of Z-methylpurine
{Table I and II). The assignment of the 1H-signa'ls was unequivocally establi-
shed by comparison with the signals of Z2-methyl-8-deuteropurine. We found no
spectroscopic evidence for the presence of a dianion, although this does not
exclude the presence of this species in a very low concentration.

N Q\ , _!!ﬂil, Nz” N _ o Nijg\::l:::ﬂ !
R'k/NIEH}R >_R L\\N I !>=C“
8

9 10

a. R'=CHy ; R*=H
b R'=H ; R'=(H
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8-Methylpurine

After reacting 8-methylpurine (8b) with potassium amide for 70 h a tarry mass
was obtained; we recovered 256% of 8b and isolated 8-methyladenine (9b) in 25%
yield. The structure of this product was confirmed by mass spectroscopy, 13C-
NMR spectroscopy and by comparison of the UV spectrum with that reported in the
1iterature.19 Reaction with 15N-1abe1led potassium amide gave 15N-1abel1ed 8-
methyladenine (% 15N: 7.4 (7.1)9). Diazotization8 yielded unlabelled 8-me-
thylhypoxanthine (% ““N 0.0 (0.0)") showing that the formation of 9b from 8b
does not proceed via a ring opening reaction. Compound 8b thus reacts identi-
cally as purine towards potassium amide. Attempts to obtain spectroscopic
evidence for the intermediacy of a ¢-adduct failed. The IH- and 13C--NMR spec~
trum of a solution of 8b in liquid ammonia containing potassium amide showed
besides the monoanion only the presence of a dianion. This is clearly indicated
by the small upfield shift observed: 1.07 ppm for H-2, 1.77 ppm for H-6 and
24.9 ppm for C-6 (Table I and II). The 13 signal of the side chain carbon was
split into a triplet indicating the presence of a CHE group. However in the 1H—
NMR spectrum the signal of the hydrogens of the side chain at § 2.48 appeared
as a singlet instead of an AB quartet as observed for the signal of the CHE
group in 6-methyladenine. This is certainly due to the fact that both hydrogens
are in a symmetrical chemical environment towards the imidazole ring (see
formula 10). It is unlikely that this dianion could be an intermediate in the
amination -in case addition of an amide ion would take place it gives a tri-
anion- it seems therefore more 1ikely that an adduct between a monoanion and
the amide ion must be present in the solution, although in a concentration too
Tow to be detected by NMR spectroscopy. We observed that 6-deutero-8-methylpu-
rine underqgoes a rapid D/H exchange during the NMR measurements. This behaviour
is in remarkable contrast to the very slow D/H exchange observed with 6-deutero-
purine.

Experimental Section

13C— and 1H-NMR spectra were obtained with a Varian XL-100-15 spectrometer,

equipped with a Varian 620/L16K computer. 1H spectra were recorded also on a
Jeol C-60H spectrometer, equipped with a JES-¥T-3 variable temperature controi-
ler. When measuring in DMSO d-6 internal TMS was used as standard. When measu-
ring in liquid ammonia the sample temperature was. ca. -50°C. For 13C-NMR spec-
tra trimethylamine was used as internal standard. These spectra were converted
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to the TMS scale by adding 47.5 ppm. Typical 13C spectral parameters were as

follows: spectral width 5120 Hz, acquisition time 0.8 s, pulse delay 1.2 s,
pulse width 10 us. For 1H spectra NH3 was used as standard. The spectra were
converted to the TMS scale by adding 0.95 ppm. Mass spectra and 15N contents
were determined on an AEI MS-902 mass spectrometer. IR spectra were obtained
with a Perkin Elmer 237 and an Hitachi EPI-G3 and UV spectra with a Beckman
Acta CIII.

Preparation of Starting Materiqls

Purinegg, 2-methyl-21 and 8-methylpurin922 were prepared as described in the
literature. 6-Methylpurine was purchased from Sigma and adenine from Merck.

15N-]abe]'led ammonia was prepared by reacting 15N~1abe11ed ammonium nitrate

{from VEB Berlin-Chemie) with potassium hydroxide,

8, 8-Di-t-butylpurine. 1.3 G of purine, 0.15 g of silver nitrate and 6.5 g of
pivalic acid were dissolved in a solution of 1 g of sulfuric acid in 10 ml of
water.23 With stirring 10 g of ammoniumperoxydisulfate dissolved in 30 ml of
water were added in 45 minutes, followed by an additional 45 minutes stirring.

. The solution was made alkaline with aqueous sodium hydroxide and extracted with
chloroform. The extracts were dried (MgSO4), the solvent was evaporated and the
residue purified by column chromatography on silica gel using chloroform fethyl-
acetate 1:1 as eluent, followed by subTimation in vacuo (160 - 180°C at 15 M)
and recrystallization from hexane; yield 1.7 g {67%), mp 194 - 195°C. Anal.
Calcd for 013”20"4 €,67.20; H,8.68. Found C,67.50; H,8.81. The structure was
proven by 1H- and 13C-NMR spectroscopy (see Table I and II).

B-Newtero- and Z-methyl-d-deuteropurine were obtained by refluxing purine and
2-methylpurine respectively in deuteriumoxide.24

6-Deutero-8-methylpurine was prepared by the same method.24 The position of
deuteration was proven by NMR spectroscopy.

6-Deuteropurine was prepared by introducing oxygen in a solution of 6-hydrazi-
nopurine {prepared from 6-chloropurine)” in deuteriumoxide containing sodium
hydroxide. 7 For NMR measurements the deuterium labelled compounds were diluted
to about 50% deuterium content.
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Reactions with Potassiuwm Amide. 1 Mmol purine was reacted with 4 mmol potassium
amide dissolved in 15 ml1 dry liquid ammcnia. After 20 or 70 h the reaction was
quenched with ammoniumsulfate, the ammonia evaporated and the residue extracted
with methanol. Separation of the products was achieved by column chromatography
or preparative TLC with mixtures of methanol and chloroform as eluent.
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3 THE BEHAVIOUR OF 6- AND B-SUBSTITUTED PURINES TOWARD
POTASSIUM AMIDE IN LIQUID AMMONIA

Nico J. Kos, Henk C, van der Plas and Beb van Veldhuizen

Reaction of 6-chloro- and 6-(methylthio)purine with potassium amide in liquid
ammonia leads to the formation of adenine. When these aminations are carried out
with 15N-1abe11ed potassium amide, the 15N-1abe1 is found to be present in the
amino group, proving that these reactions do not involve opening of the pyrimi-
dine ring. Low temperature 1H- and 13C-NMR spectroscopy of solutions of 6-
chloro- and 6-(methylthio)purine in Tiquid ammonia, containing potassium amide
give no evidence for the presence of an intermediary c-adduct. 8-Chloro- and 8-
{methylthio)purine undergo a Chichibabin amination at position 6 leading to 8-
chloro-and 8-(methylthio)adenine. In addition 8-chloropurine gives adenine.
Evidence is presented that the formation of this product proceeds via a tele-
amination. 6~-tert-Butyl-8-(methylthio)purine and 8-aminopurine are found to be
unreactive towards potassium amide.

Introduction

Purines are in general very susceptible to nucleophilic attack. Under basic
conditions this reactivity is considerably decreased due to deprotonation of the
NH group of the imidazole ring.2 However we recently reported that with the
strong nucleophile and base potassium amide purine and some of its C-methyl
derivatives undergo amination to adenine and methyladenines respective]y.3 It
seems of interest to study also the behaviour of purines containing a leaving
group, with potassium amide in liquid ammonia. In this paper we report on the
reactions of purines, containing a chlore or methylthio group at position 6 or
8., A systematic study of the reactivity of the monochioropurines with sodium
ethoxide and piperidine has already been pubh‘shed.4

Results and discussion

Amination of 8-methylthio~ and 6-chloropurine

When 6-{methylthio)purine {la)} or 6-chloropurine {1b) reacts with 4 equivalents
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of potassium amide in 1iquid ammonia at -33°C for 20 h adenine (2) is formed in
a nearly gquantitative yield. By comparison, the reaction of 1b with ammonia in
butanol requires 10 h at 150°¢.5

0 Q0 U

13, X=SCHy 2 3 4
b X=Cl

Since both compounds la and 1b will certainly be present as anion under the
applied reaction conditions pKa (la) = 8.85 and pKa (1b) = 7.8,5’6 tge nucleo-
philic attack of the amide ion will take place on the anionic species™. When the
amination reactions are carried out with 15N-labe11ed potassium amide we found
labelled adenine (2*) in which the label was present exclusively in the nitrogen
of the amino group. This was proven by conversion of 2% into hypoxanthine {3) by
diazotiza_tion7 and by determining the 15N-content in 2% and 3 (Table 1). From
these results it is evident that in the formation of 2 from la and from 1b no
SN(ANRORC) mechanism8 is involved. The amination prebably occurs according to an
SN(AE) mechanism, involving as intermediate the highly reactive dianionic -
adduct 4 (X = SCH3, Cl; R = H)., These resuits are in agreement with the obser-
vation that position 6 is the most reactive position for nucleophilic attack in
anionic purines.z’3 Attempts to detect the intermediate 4 by NMR spectroscopy
failed. When la or 1b was dissolved in 1liquid ammonia containing notassium amide
{0.3 - 0.5 mmol of la or 1lb in 1 ml of liquid ammonia containing 4 - 10 equiva-
lents of potassium amide} the 1H- and 130 NMR spectra showed first the formation
of the anion of la or 1b., Then the anion slowly disappears as the reaction
proceeds. In the spectra the formation of the dianion of 2 is then visible
(Table II and III). It is remarkable that the 1H- and 13C NMR spectra of solu-
tions of adenine (2) in liquid ammonia, containing potassium amide show that the
dianion of this compound is present in two isomeric forms; also the -NH proton
can be abserved in 1H MR (s = 4.59 and 4.93) as two distinctive signals. This
is probably due to a restricted rotation around the C{6)-NH bond. The generality
of this phenomenon will be discussed in more detail in a forthcoming publica-
tion. In the case of la a signal for the methylsulfide anion at & = 1.78 (formed
during the formation of 2) also appears. The 1H signals_couid definitively be
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Table T 15!‘! contents (percentages) of the products obtained in the reaction of
the etarting compounds with 15N—1abelled potassium amide

products adenine  hypoxanthine B-SCH3- 8-5CHy-
: adenine (6a) hypoxan-
starting compound {2) (3) thine
6-SCH3-pur1ne {1a)} 9.1 0.3 - -
6.3 0.2 - -
6-Cl~purine (1b) 9.8 0.0 - -
5.6 0.1 - -
S-SCH3-pur1ne (5a) - - 4.6 0.1
: - - 4.3 0.6
8-Cl-purine (5b) 4.5 0.2 - -
6.7 0.1 - -

The accuracy of the measurements is + 0.2%

assigned by measuring the 8-deuterio derivatives of la, 1b and 2. The 15C NMR

absorptions were assigned by comparison of the spectra with those of the neutral
compounds and the anion of purine.3 It is of interest to note that in the
KNHZINH3 system exchange of deuterium at position 8 in 6-chloro-8-deuteriopurine
and 8-deuterio-6-{methyithio)purine is very slow. Since we did not find spec-
troscopic evidence for the presence of 4 the conclusion seems justified that the
formation of the o-adduct 4 is the rate-determining step, and that the aroma-
tization of 4 into the dianion of 2 by expulsion of the methylsulfide or chlo-
ride ion is fast. The instability of the c-adduct 4 is in sharp contrast to the
rather stable g-adduct (4; X = R = H) observed as intermediate in the formation
of 2 from purine itself. [t was concluded that in the amination of purine not
the formation of 4 {X = R = H) but the aromatization step is rate—determining.3
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Table IT Iy NMR data of the mono- and dianions of €- and S-substituted purines
and o-adducte, in liquid ammonia containing potassium amide

H{2) H(B) H(8) SCH,
6~-Cl-purine (1b}) mono anion 8.43 - 8.19 -
6-01-8-2H-purine mono anion 8.43 - - -
6-SCH3-purine (1a) mono anion 8.56 - 8.11 2.59
G-SCH3-8-2H-purine mono anion 8.56 - - 2.59
adenine (2) 7.64 - 7.34 -

dianion

7.53 - 7.37 -
8-2H-adenine 7.64 - - -

dianion

7.53 - - -
8-Cl-purine (5b) mono anion 8.55 8.65 - -

g=-adduct 6.87 5.58 - -
B-SCH3-pur1ne (5a) mono anion 8.49 B.57 - 2.67

g-adduct 6.95 5.73 - 2.36
6-2H-8-SCH -purine mono anion 8.49 - - 2.67

c-adduct 6.95 - - 2.36
E-t—C4Hg-8-SCH3-purine* neutraT(CDCla) 8.72 - - 2.78

& the t-butyl group appears at 1.57 ppm

Amination of 8-methylthio— and 8-chloropurine

When B-(methylthio)purine (5a) reacts with potassium amide in liquid ammonia at
-33?0 for 20 h 8-{methyTthio}adenine {(6a) is formed in BO% yield; 20% starting

material can be recovered. No trace of B-aminopurine (5¢) can be detected.
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N~ N
) Ty
"y
" Xy
5
a, R=SCH ; b, R=Cl; , R=NH,

The structure of 6a was proven by mass spectroscopy, UV spectroscopy9 and con-
version to adenine by Raney Nickel reduction as described for the removal of

the methylthio group of 2-(methy1thio}adenine10. Compound 5a has thus undergone
a Chichibabin amination at position & (just as found for purinea) and not a
substitution of the methylthio group at position 8. Reaction of 5a with 15N-
labelled potassium amide gave 15N-1abe11ed 8- (methylthio)adenine (Ga*). Diazo-
tization7 of this product gave unlabelled 8-methylthiohypoxanthine (Table I},
showing that the formation of 6a from 5a does not proceed via a ring-opening
reaction. Measurement of the IH— and 138 NMR spectra of a solution of 5a in
liquid ammonia containing potassium amide showed first the presence of the
anionic species, formed by deprotonation of 5a. Then a c-adduct at position 6 is
formed (4; X = H; R = SCH3) as has also been observed for purine itself (4; X =
R = H)3. That the addition indeed takes place at position & was unequivocally
established by comparison with spectra of 6-deuterio-8-(methylthio)purine (Table
Il and II1). The upfield shift of 2.84 ppm for H{6) and of 72.2 pom for C(6) is
in agreement with values reported in the 1iterature.3 This result shows that in
the Chichibabin amination of Sa not the formation of the intermediate o-adduct 4
(X =H, R = SCHBJ is rate determining (even if this intermediate is a dianion3),
but the aromatization of the dianionic species 4 (X = H, R = SCH3) into éa.

The reaction of B-chloropurine (5b) with potassium amide in Tiquid ammonia is
slower than the reaction of 5a and leads to a more complex reaction mixture.
After 20 h 8-chloroadenine (6b) is formed in 10% yield only. The main product is
adenine (2, 30%). Besides these two products about 50% of étarting material can
be recovered. No 5c could be detected in this reaction mixture. In order to
establish whether a ring opening was involved in the formation of 2, the amina-
tion was carried out with 15N-1abe119d potassium amide. We obtained labelled
adenine (2*) which on diazotization7 gave uniabelled hypoxanthine {3}, thus
showing that in the amination of 5b no ring-opening is involved either {Table
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Table IIT 136‘ NMR data of the momo— and dianions of 6- and 8-substituted
purines and g-adducts in DMS0 d-6° and ligquid ammonia containing
potassium amide.

C(2) C(4) C(5) C(6) cC{8)  sCH,

6-Cl-purine (1b) neutral?® 1515 154.2 129.2 147.8 146.2 -
anion 147.9 164.7 133.6 144.9 159.0 -
6-SCHy-purine (1a) neutral’$»?0 1616 150.2 120.4 158.6 143.1 113
anion 148.6 160.0 133.7 153.3 156.0  11.5
6-NHy-purine (2) neutral’®20152.4 1513 1176 185.3 139.3 -
151.6 156.2 124.3 167.7 146.4 -
dianion
161.6 157.6 123.4 165.1 146.4 -
8-Cl-purine (5b) neutral 149.5 158.2 133.2 140.9 150.1 -
anion 149.5 163.6 137.8 142.0 157.5 -
g-adduct  153.4 148.3 118.8 66.5 132.6 -
8-SCH,purine (5a) neutral 151.1 158.0 132.0 141.6 156.7 13.4
anion 148.5 165.2** 138.8 139.2 167.9** 13.8
o-adduct  153.6 149.5 121.0 67.0 138.6  18.7
ﬁ't‘?a”g;f'sc”s' ?EBE{a; 149,3  154.5**% 133.1 166.3 153.6®* 14.0
-purine 3

*In this solvent the neutral species are measured; the anions and g-adducts are
measured in the KNHZ/NH3 system

**These assignments can also be interchanged

***The signals of the 6-tert-buty! group appear at 38.4 and 29.2 ppm.
The coupiing constant for C{2) Jen= 202 Hz) shows that the tert-butyl group
must be at position 6
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I). We did not investigate the formation of 6b with 15N-1abe11ed potassium amide

due to the low yield of 6b, giving not enough material for diazotization. It
seems justified to assume, based on the results of pur'ine3 and 5a, that 6b is
formed through a Chichibabin amination of 5b without ring-opening.

Considering the formation of 2 from Sb several mechanisms can be advanced. The
first pathway is dehalogenation at position 8 of 5b, followed by protonation at
C({8}, yielding the anionic purine 7, which is known3 to react to 2 in the
KNH2/NH3 i{stem. Dehalogenation under these strong basic conditions is not
uncommon. — However, since 7 is converted into adenine (2} for only 70% after 20
h and then unreacted purine can still be recover'ed,3 we should expect a detec-
table amount of purine to be present in the reaction mixture obtained on amina-
tion of 5b, if 2 would be formed via 7. Despite many efforts this compound was
not found, excluding to our opinion the intermediacy of 7. The second route i.e.
amination of 5b into 6b, which then undergoes dehalogenation, could also be
ruled out, as an independently prepared specimen of 6b was found to be unreac-
tive with potassium amide after 20 h. From these results we have to conclude
that 2 is formed through intermediate 8, which can either undergo a 1,4-tele-
elimination-into 2 or reacts first into 9 by a 1,2-dehydrochlorination followed

by aromatization.
..{/I">
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Although examples of tele-amination in heterocycles are known in the literatu-
re.12 the occurence of a tele-amination in purines has never been described.
Further evidence for this mechanism was obtained from the 1H— and 13C NMR spec-
tra of a solution of 5b in 1iquid ammonia containing potassium amide. These
spectra first showed the presence of the deprotonated species of 5b but soon a
g-adduct at position 6 (4; X = H, R = C1) was observed (indicated by an upfield
shift of 3.07 ppm for H{6) and of 75.5 ppm for C(6}). Since B-chloropurine
cannot be deuterated so easily as B-(methylthio)purine the 1y and 13C NMR
spectra of the anion of 5b and the o-adduct 4 (X = H, R = C1) were assigned by
comparison with the spectra of 8-(methylthio)purine (Table II and III). This
result shows that although the chloro atom at position 8 is involved in the
reaction, the first attack of the amide jon still takes place at position 6. It
seems that the initial fast deprotonation of the imidazole ring in 5a as well as
in 5b enhances the energy barrier for a direct nucleophilic attack on position B
in this resonance-stabilized anion considerably, leading to a decreased reacti-
vity for nucleophilic attack, particularly at that position.

We also studied the amination of 6-tert—buty1-8—(methy1thio)pur1ne13 in which
compound position 6 is now completely blocked against nucTeophilic attack. It
was found that even after 70 h 6-tertbutyl-8-(methylthio)purine is completely
recovered, strongly suggesting that the reaction at position 8 can only take
place via the intermediacy of an adduct at position 6. Also 8-aminopurine (5¢}
was found to be unreactive towards potassium amide in liquid ammonia even after
20 h. Apparently the formation of 6,8-diaminopurine {6c) is effectively hindered
by the presence of the amino group at position 8, which just as the imidazeole
ring can easily be deprotonated. It is clear that in the dianionic species thus
formed further nucleophilic substitutions are difficult.

Experimental Section

130- and lH NMR spectra were obtained with a Varian XL-100-15 spectrometer,
equipped with a Varian 620/L16K computer. 1H NMR spectra were recorded also on a
Jegl C-60H spectrometer, equipped with a JES-VT-3 variable temperature control-
Ter. When measuring in DMSO d-6 internal TMS was used as standard. When measu-
ring in liguid ammonia the sample temperature was ca. -50°C. For l3C NMR spectra
trimethylamine was used as internal standard. These spectra were converted to
the TMS scale by adding 47.5 ppm. Typical 130 spectral parameters were as fol-

lows: spectral width 5120 Hz, acquisition time 0.8 s, pulse delay 0-1,2 s, pulse
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