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STELLINGEN 

1 
Ondanks de bezwaren verbonden aan andere beschrijvingen, valt het te betreuren 
dat door Shaw de "oxopurinen" worden voorgesteld als hydroxypurinen met slechts 
een enkele verwijzing naar hun voorkomen in de amidevorm. 

C.Shaw in Kuihl's Chemistry ui Carbun Compounds, vol . IV, deel L (Ed. S.Coffey), 
E lsevier (1980). 

Ter verklaring van de produkten die worden gevormd bij de reactie van aryl-
mercaptanen met epoxiden wordt door Schultz e.a. te weinig waarde aan het 
stabiliserende effect van de arylthiogroep toegekend. 

A.G.Schultz, W.Y.Fu, R.D.Lucci, B.G.Kurr, K.M.Lo en M.Boxer, J.Am.Chem.Soc., 
100, 2140 (1978). 

Het reactiemechanisme dat wordt voorgesteld ter verklaring van het optreden 
van kleuring wanneer caffeïne met onderchlorigzuur-pyridine wordt behandeld, 
is aan bedenkingen onderhevig. 

K.Kigasawa, K.Olikubo, T.Kohagisawa, H.Shimizu en S.Saitoh, Heterocycles 4, 
1257 (1976). 
K.Kigasawa, K.ühkubo, T.KohagLsawa, H.Shimizu, S.Saitoh en T.Kametani, 
Yakugaku Zasshi, 97, 18 (1977). 

Het is uitgesloten dat de vorming van 2,4-diamino-l,6-naftyridine uit 2-amino-
4-broom-l,6-naftyridine bij behandeling met kaliumamide in vloeibare ammoniak 
kan worden verklaard door een eliminatie-additie mechanisme. 

W.Czuba, T.Kowalska en P.Kowalski, Polish Journal of Chemistry, 52, 2369 (1978). 

De structuurformule die Shaw geeft voor herbipoline zou het eerste voorbeeld 
zijn geweest van een purine waarin zich twee methyl groepen op hetzelfde 
stikstofatoom bevinden. 

G.Shaw in Rodd's Chemistry of Carbon Compounds, vol.IV, deel L (Ed. S.Coffey), 
Elsevier (1980). 
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De aanwezigheid van een deuteriumatoom op N(7) in N , N -dimethyladenine 
hydrochloride kan geen extra belemmering zijn voor rotatie van de dimethyl -
ami nog roep. 

T.P.Pitner, H.Sternglanz, C.E.Bugg en J.D.Glickson, J.Am.Chem.soc., 97, 
885 (1975). 

7 

Een a l te rnat ie f mechanisme voor de tele-aminering van 3-broomimidazo [ l , 2 - a ] 
pyridine to t 6-aminoimidazo [1.2-al pyridine is ook p lausibel . 

E.Smakula Hand and W.W.Paudier, J.Org.Chem., 43, 2900 (1978). 

De herkomstomschrijving van Duitse wijnen laat, in tegenstelling tot wat 
Leenaers beweert, nog wel iets te wensen over. 

R.Leenaers, De Duicse Wijnatlas, Keesing (1977). 

N.J.Kos Wageningen, 6 mei 1981 

The reactivity of substituted purines in strongly basic medium. 
The occurrence of geometrical isomerism in the anions of aromatic 
amino compounds. 
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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 amino compounds, /tea-aromatic amino compounds are 

products of the reactions of aza heterocycles with potassium amide in liquid 

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 calculi 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 
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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). 

u NH2 

"NHR 

OH, Y = 0 
NH2 0 
CI 0 
NH2 NH 

// 

Z = H 
CnHjn + i 
OH 
SH 

Boheme 2 

Fischer discovered the first rearrangement of the purine ring, when he treated 
2 

6-amino-2-chloro-7-methylpurine with base . 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 
3 

a ring opening mechanism (Scheme III). 

OH 

OH" 
N = C 

H 2 N X 

0 ^ H 

CH3 

N 

// 

Scheme 3 
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This reaction can be considered as the first example of a so-called SM(ANR0RC) 
4 

reaction . This term refers to a reaction that involves a series of steps: 

Addition of a Nucleophile followed by Ring Opening and Ring Closure. Numerous 

examples of this mechanism have been found since then in the amide-induced 
4 

amination of, for example, 2- and 4-halogenopyrimidines . 

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-
5 

ral relationships of purine derivatives . In this field 6-mercaptopurine 

(leukerin, mercaleukin, purinethol) in particular is still used frequently 

against acute leukemia. 

A.l Nucleophilio substitutions 

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 > 2 . A kinetic study of the rate of nucleophilic dis

placement in the series of 2,6 or 8-(methylthio)-l,3,7 or 9-methylpurines has 

shown that the position of the methyl group influences the reactivity (6 > 2 > 8 

in 1-methylpurines and 6 > 8 in 3-methylpurines) . 

Several publications show that under controlled conditions gradual substitution 

is possible. For instance, reaction of 6-chloro-2-fluoropurine with hydroxyl-

amine gives 2-fluoro-N -hydroxyadenine at 5°C and 2,6-di(hydroxyamino)purine at 
g 

reflux temperature . When the nucleophile is present in the side-chain of a 
purine derivative, nucleophilic displacements can be used for the annellation 

9 10 

of rings at the 1,6 or 7,8 position . The possibility of introducing a 

substituted alkyl group at position 6 or 8 via a nucleophilic substitution 

with carbon nucleophiles has stimulated the interest in this type of reactions 

in recent years. The methyl sul fonyl group in particular has been found to be 

for 
12 

11-13 easily replaceable , as shown by the conversion of 6-(methyl sul fonyl)-9 

phenylpurine with malononitrile into 9-phenylpurine-6-malononitrile 

15 



These reactions also occur at position 8 in 8-methylsulfonylpurine nucleosides 
14 and at position 6 in 6-chloro-9-phenylpurine . 

Introduction of an alkyl substituent can also be achieved by Grignard reagents, 

but the number of applications is limited. 9-Phenylpurine reacts with alkyl-

magnesiumbromides at position 6, giving l,6-dihydro-6-alkyl-9-phenylpurine 
15 which on oxidation with alkaline ferricyanide yields the corresponding purine . 

On the other hand 7-phenylpurine undergoes alkylation at position 8, since due 

to steric hindrance position 6 is blocked . In 8-bromopurine nucleosides the 

reaction also takes place at position 8. The replacement of hydrogen by an 

amino group by reaction with alkali amides - the so-called Chichibabin amina-

tion - has been stated not to occur with purine . 

A. 2 Ring opening reactions 

In the ring opening reactions, that purines undergo, two different patterns can 

be discerned: i. reactions which involve 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 
18 occur and Badger and Bari in 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. 

i. Reactions, 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 imidazole 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 1-substituted adenines and their salts in basic medium 

isomerize into an N -substituted adenine. Other ring systems, like pyrimidines, 
19 

can also undergo this rearrangement . The reaction involves addition of the 

hydroxide ion at position 2, ring opening (via cleavage of the N(l) - C(2) bond) 

and ring closure (Scheme IV). 

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

N-labelled compounds and the isolation of reaction intermediates ' . 

16 



OH" 

R-N=C 

HOx 

C=N 

NH2 

/ 
H 

N 

w 

R = CH2CH2OH 

OCnHjn+i 

R, = H 

p -O-r ibof uranosyl 

Scheme IV 

The rearrangement of 2-amino-l-methyladenine into 2-methylaminoadenine is an

other interesting example of such reactions; this reaction, however, involves 
22 addition at position 6 and breaking of the N(l) - C(6) bond . The Dimroth 

rearrangement has also been applied for the synthesis of 2-substituted purines 

and 2-asapurines. For this purpose the reaction intermediate was isolated and 

reacted with various reagents (Scheme V) " . 3,9-Dialkyladenines can also be 
27 synthesized from these intermediates (Scheme V) . 

OH 

CH2C6H5 

"i = CnH2rui 
CH2C6H5 

ß-O-ribof uranosyl 

"2= CfiHjfi+t 
CH2C6H5 

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 
27-31 

vulnerable to attack of the nucleophile at position 2 (Scheme VI) . 

R 

0 
Ri 

R = NH 

0 

3 
R» 

OH" 
». 

R, = CH3 

C2H5 
CH2C6H5 

R 
II 

H2N — C \ , - N 

R, R? 

R2 = CH3 

C2H5 

CH2C6H5 

f i -U-ribofuranosyl 
2-deoxy-ß-D-ribofuranosyl 

Scheme VI 

The cytokinin activity of the N - 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 N - substituted 

adenines. Opening of the imidazole ring seems to occur as well, although less 
32 readily . 

Inosine - l,6-dihydro-6-oxo-9-ß-D-ribofuranosylpurine - undergoes attack at 

position 2 on treatment with aqueous base. This reaction is competitive with 
33 

isomerization and hydrolysis of the sugar moiety . Remarkably, on reaction 
34 

with base in the absence of water only hydrolysis occurs . 

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 V I I ) 3 5 . 

The reaction of 6-methylthiopurine , 6-methylthio-9-methylpurine and 1-
37 methyladenine wi th acids also involves opening of the pyrimidine r i n g . 

18 



N=C 
\ 

N \ CHitCNh, N s c / 
C = HC 

HN=HC-N 
H 

\ 

V.cheme Vil 

i.i. Réactions involving opening of the imidazole ving 

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 VIII) 3 8 . 

C02CH2C6Hs 

N 

NH2 

Scheme V11I 

NHC02CH2C6H5 NHC02CH2C6H5 

N / " ' < ^ N H C 0 2 C H 2 C 6 H 5 

KX 
R = C2H6 

CH2C^s 

•NH 
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A similar ring opening has also been observed for 7- or 9-substituted 
39-41 

purines . When the substituent is a sugar moiety the reaction is competi
tive with cleavage of the glycosidic bond and gives substituted pyrimidines, 

42 
useful intermediates in the synthesis of 8-asapurines (Scheme IX) . 

OH" 

NH2 

NHR 

R = ß-D-ribofuranosyl 

2'-deoxy-0-D-ribofuranosyl 

Scheme IX 

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-
43 

O-acetyl-ß-D-ribofuranosyl ) purine with methanolic ammonia (Scheme X) . 

CO -*- o -NHR 

NHR 

R = 2',3'. 6"-1 r i -O- acetyl - ß - D-ribofuranosyl 

Scheme X 

A.3 Kleatrophilic substitutions 

Electrophilic attack on the purine ring only occurs if the ring system is 

activated by 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 coupling and halogenation, but 

more recently electrophilic ami nation by aromatic hydroxylamines has been found. 

The amination at C-8 in guanosine by hydroxylamine-O-sulfonic acid may also 
44 proceed via electrophilic substitution, but this is still uncertain . 

In the future a renewed interest in electrophilic substitutions may arise from 

20 



the possibi l i ty that electrophilic attack on purines is important in chemical 
. 45 carcinogems . 

A new method of increasing the reactivity of purines toward electrophilic 

reagents is the formation of an anion at position 6 or 8 via a reaction with 
46-48 butyll ithium. The resulting anion can react with a variety of electrophiles 

An example is the formation of 6- or 8-lithio-9-(2'-tetrahydropyranyl) purine 

from 6-iodo-9-(2'-tetrahydropyranyl) purine with butyll ithium. In this reaction 

the 6-1ithio derivative is formed i n i t i a l l y and later equilibrates to the 8-

l i t h io derivative. These l i t h io compounds react with ketones etc. to produce 
48 6- or 8-substituted 9-(2'-tetrahydropyranyl) purines . 

B. Geometrical isomerism in aromatic amines 

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

N 

/ C ^ 
NR2 

H, alkyl 

Scheme XI 

This phenomenon has also been observed in butylphenylketimine at temperatures 

below -40°C in aprotic solvents . 

The conjugation between the amino group and the ring in aromatic amines induces 

a partial double bond character in the C-N bond and brings the substituents on 
51 

the amino group in the plane of the ring (Scheme XII) . 

Scheme 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 
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52 for some N-unsubstituted aromatic amines in water . 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 
53 54 

occur in two isomeric structures, not only in various organic solvents ' 
52 55 

but also in water at a slightly acidic pH ' . 

Ra Rb 

N 

N 

I 
CH3 

X 
R = H,CHj 

Scheme XIII 

Barbieri et al have given a comparison of the rotational barriers in neutral 

and cationic amines based on dynamic NMR measurements and theoretical calcula-
56 tions . 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 C for N-methyl-
C~l C O rt CQ 

anilines ' to above 20 C for 9-substituted 6-methylaminopurines . 
Rotational barriers are usually determined from dynamic NMR measurements and 

15 
this method has proved to be more reliable than a method based on N chemical 

shifts . Sterical hindrance and hydrogen bonding between the substituents on 

the amino group and neighbouring ortho groups are important in determining the 
59 

isomer ratio and the rotational barrier . 

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 
k . 58,61-63 
barrier 

Derealization 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. 
64 65 

The NMR spectra of the anions of several anilines , aminopyrazine and 2-
65 

aminopyridine in liquid ammonia containing potassium amide were reported 
without mention of the occurrence of geometrical isomerism. 

22 



The 2-aminopyridines did not show geometrical isomerism in aprotic solvents 

as tetrahydrofuran, hexamethylphosphoramide, N,N,N',N'-tetramethylethylenedi-
fifi 

amine and 1,2-dimethoxyethane containing butyllithium either . 

The non-equivalency of H-4 and H-6 in the NMR spectrum of the anion of 2-methyl -

aminopyrimidine in liquid ammonia containing potassium amide at -50°C, however, 

was explained on the basis of geometrical isomerism . 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

methyl sulfoxide containing sodium methoxide ' . This explanation was rejected 

by Grudtsyn and Gitis, who stated that the NMR spectrum could be explained if 

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

H 
H3CN OCH] 

Scheme XIV 

A very recent study has shown, however, that the original explanation involving 

geometrical isomerism in the anion, is the correct one . 
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THE CHICHIBABIN REACTION OF PURINES WITH POTASSIUM AMIDE IN 
LIQUID 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 leads 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 
15 

by applying N-labelled 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 - liquid 

ammonia an anionic a-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. In basic medium, however, the reactivity towards 

nucleophiles is often strongly decreased due to deprotonation of the NH of the 
2 

imidazole ring. 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 nucleophilic additions, in the anions of purines addition 

to position 8 is found to be prohibited (due to Coulomb repulsion) and addition 
2 

takes place only at position 6. In both neutral and anionic purines position 2 
2 

is the least reactive. The interesting fact, observed for the first time in 
3 4 

our laboratory, that pyrimidines and s-triazines can undergo Chichi babin 

5 
amination with potassium amide in liquid ammonia involving partly a ring-
opening, ring-closure reaction sequence SN(ANRORC-mechanism) , 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 still be recovered. How

ever, after 70 h the conversion of 1 into 2 is quantitative. This method of 

preparation of 2 is new and till now unexplored. The reaction is remarkable 

since under the conditions of the reaction 1 is certainly present in its anio

nic form (pK purine: 8.9) but despite of that, a nucleophilic attack by the 

a 
amide ion on this negatively charged species can take place. When the amination 

15 
was carried out with N-labelled potassium amide we found that in the labelled 

adenine (2)* the label was present exclusively in the nitrogen of the amino 
15 group, no trace of N-label was present in the nitrogen atoms of the ring. 

* 8 
This was proven by conversion of 2 into hypoxanthine (3) by diazotization and 
by determining the 15N-content in 2* (% 15N: 10.9 (7.6)9) and 3 {% 15N: 0.0 

g 
(0.0) ) using mass spectrometry. 

KNH2 

From these results it is evident that in the formation of 2 from 1 no SN(AN-

R0RC)-mechanism , 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 

a 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 
2 10 

nucleophiles. ' 

The formation of adenine from the anion of 1 raises the interesting question, 

which step in the amination is rate-determining. Two possibilities can be 

considered. The first one is that the addition of the negatively charged amide 

ion to position 6 of the anion of 1 is rate-determining. It leads to dianion 4 

as intermediate a-adduct. The second possibility -also reasonable- is that the 

aromatization step yielding the monoanion of adenine is rate determining. 

Our 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 little success, since 6-

deuteropurine was found to undergo a slow D/H exchange under the reaction 
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Wy\T^\ NHj" N ^ r> s= r r -> 
H 

1 

NHj 

H;N H 

1 13 
conditions. An attempt to detect the intermediate 4 by H- and C-NMR spectros
copy was more successful. When 1 was dissolved in liquid ammonia containing 

potassium amide (0.07 - 0.5 mmol of 1 in 1 ml of liquid ammonia containing 4 -
1 13 

10 equivalents of potassium amide) the H- and C-NMR spectra showed first the 

formation of the anion of 1. Then the anion is slowly converted into a a-

adduct as indicated by a strong upfield shift of 3.04 ppm for one of the hydro-
2 

gens and 76.1 ppm for one of the carbon atoms (change of hybridization of sp 
3 

-• sp ) (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 literature. ' ' 

No splitting of the proton signal at s 5.75 into a triplet was observed due to 
13 

a fast hydrogen exchange caused by the large excess of potassium amide. That 

the formation of the adduct takes place at position 6 was unequivocally proven 
1 13 

by comparing the H- and C-NMR spectra of 6- and 8-deuteropunne in liquid 

ammonia containing potassium amide (Table I and II). These results strongly 

indicate that the second step in the ami nation, the aromatization step is thus 

the rate-determining step. The data further prove that addition of the amide 
15 

ion to the anion of purine is easily possible. 

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 

29 



Table I H-NMR Data (& Values) of Purines. Methylpurines and its several 

Deutero Derivatives in Liquid Amnonia containing Potassium Amide 

purine 

6-D-purine 

8-D-purine 

6-CH3-purine 

6-CH,-8-D-purine 

2-CHo-purine 

2-CH3-8-D-purine 

8-CH3-purine 

6-D-8-CH3-purine 

6,8-di-t-butylpurine 

anion 

adduct 

anion 

adduct 

anion 

adduct 

anion 

dianion 

anion 

dianion 

anion 

adduct 

anion 

adduct 

anion 

dianion 

anion 

dianion 

neutral (CDC13) 

H-2 

8.58 

6.95 

8.62 

6.96 

8.61 

6.99 

8.48 

7.24 

8.48 

7.21 

8.42 

7.35 

8.40 

7.29 

9.00 

H-6 

8.79 

5.75 

8.82 

5.76 

8.68 

5.69 

8.71 

5.71 

8.54 

6.77 

H-8 

8.12 

6.83 

8.15 

6.85 

8.06 

7.09 

8.05 

6.83 

CH^CH^) 

2.68 

3.02* 

2.68 

3. or" 

2.60 

1.77 

2.63 

1.80 

2.48 

2.48 

2.44 

2.44 

1.61 and 

1.65 

?AB 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 H-NMR spectrum of this solution first showed the formation of 

anion (6), which, with a larger excess of potassium amide, was completely 

converted into the dianion 7 as illustrated by the appearance of the CH~ 
16 

signal as an AB quartet (Scheme III, Table I). 
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NH2 NHj 

The H-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 position for 

nucleophilic attack! 

2-MethyLpurine 

When 2-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 
13 17 18 

spectroscopy and comparison of the C-NMR spectrum and the UV spectrum 
1 13 

with those reported in the literature. The H- and C-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 2-methylpurine 

(Table I and II). The assignment of the H-signals was unequivocally establi

shed by comparison with the signals of 2-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. 

8 

a. R'=CHj ; R2 = H 
b. R'=H ; R2 = CHj 

N ^ r> CHj 

10 
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8-MethyIpurine 

After reacting 8-methylpurine (8b) with potassium amide for 70 h a tarry mass 

was obtained; we recovered 25% of 8b and isolated 8-methyladenine (9b) in 25% 
13 

yield. The structure of this product was confirmed by mass spectroscopy, C-

NMR spectroscopy and by comparison of the UV spectrum with that reported in the 

literature. Reaction with N-labelled potassium amide gave N-labelled 8-

methyladenine (% N: 7.4 (7.1) ). Diazotization yielded unlabel led 8-me-
15 9 

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 
1 13 

evidence for the intermediacy of a a-adduct failed. The H- and C-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 

13 
24.9 ppm for C-6 (Table I and II). The C signal of the side chain carbon was 

split into a triplet indicating the presence of a CHI group. However in the H-

NMR spectrum the signal of the hydrogens of the side chain at 6 2.48 appeared 

as a singlet instead of an AB quartet as observed for the signal of the CHI 

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 likely that an adduct between a monoanion and 

the amide ion must be present in the solution, although in a concentration too 

low to be detected by NMR spectroscopy. We observed that 6-deutero-8-methylpu

rine undergoes 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 

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

equipped with a Varian 620/L16K computer. H spectra were recorded also on a 

Jeol C-60H spectrometer, equipped with a JES-VT-3 variable temperature control

ler. When measuring in DMS0 d-6 internal TMS was used as standard. When measu

ring in liquid ammonia the sample temperature was ca. -50°C. For C-NMR spec

tra trimethylamine was used as internal standard. These spectra were converted 
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13 
to the TMS scale by adding 47.5 ppm. Typical C spectral parameters were as 

follows: spectral width 5120 Hz, acquisition time 0.8 s, pulse delay 1.2 s, 

pulse width 10 us. For H spectra NHL was used as standard. The spectra were 
15 

converted to the TMS scale by adding 0.95 ppm. Mass spectra and N 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 Beekman 

Acta CIII. 

Preparation of Starting Materials 

20 21 22 
Purine , 2-methyl- and 8-methylpurine were prepared as described in the 
literature. 6-Methylpurine was purchased from Sigma and adenine from Merck. 
15 15 

N-labelled ammonia was prepared by reacting N-labelled ammonium nitrate 
(from VEB Berlin-Chemie) with potassium hydroxide. 

6,8-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 
23 water. With stirring 10 g of ammoniumperoxydisul fate 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 (MgSO«), the solvent was evaporated and the 

residue purified by column chromatography on silica gel using chloroform /ethyl-

acetate 1:1 as eluent, followed by sublimation in vacuo (160 - 180°C at 15 mm) 

and recrystallization from hexane; yield 1.7 g (67%), mp 194 - 195°C. Anal. 

Calcd for C 1 3 H 2 0 N 4 C.67.20; H.8.68. Found C.67.50; H.8.81. The structure was 

proven by H- and C-NMR spectroscopy (see Table I and II). 

8-Deutevo- and 2-methyl-8-deuteropurine were obtained by refluxing purine and 
24 

2-methylpurine respectively in deuteriumoxide. 

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

6-Deuteropurine was prepared by introducing oxygen in a solution of 6-hydrazi-
26 

nopurine (prepared from 6-chloropurine) in deuteriumoxide containing sodium 
27 

hydroxide. For NMR measurements the deuterium labelled compounds were diluted 

to about 50% deuterium content. 
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Reactions with Potassium Amide. 1 Mmol purine was reacted with 4 mmol potassium 

amide dissolved in 15 ml dry liquid ammonia. 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 8-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 
15 15 

with N-labelled potassium amide, the N-label is found to be present in the 
amino group, proving that these reactions do not involve opening of the pyrimi-

1 13 
dine ring. Low temperature H- and C-NMR spectroscopy of solutions of 6-
chloro- and 6-(methylthio)purine in liquid ammonia, containing potassium amide 

give no evidence for the presence of an intermediary a-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 yja 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. However we recently reported that with the 

strong nucleophile and base potassium amide purine and some of its C-methyl 
3 

derivatives undergo amination to adenine and methyl adenines respectively. 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 chloro or methylthio group at position 6 or 

8. A systematic study of the reactivity of the monochloropurines with sodium 
4 

ethoxide and pi peri dine has already been published. 

Results and discussion 

Amination of S-methylthio- and 6-ahloropurine 

When 6-(methylthio)purine (la) or 6-chloropurine (lb) reacts with 4 equivalents 
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of potassium amide in liquid ammonia at -33 C for 20 h adenine (2) is formed in 

a nearly quantitative yield. By comparison, the reaction of lb with ammonia in 

butanol requires 10 h at 150°C. 

la, X = SCH3 
b, X = Cl 

Since both compounds la and lb will certainly be present as anion under the 
5 5 6 

applied reaction conditions pK (la) = 8.8 and pK (lb) = 7.8, ' the nucleo-
a d o 

phi 1ic attack of the amide ion will take place on the anionic species . When the 
15 

ami nation reactions are carried out with N-labelled 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 
7 15 * 

diazotization and by determining the N-content in 2 and 3 (Table I ) . From 
these results it is evident that in the formation of 2 from la and from lb no 

Q 

S^(ANRORC) mechanism is involved. The amination probably occurs according to an 

SN(AE) mechanism, involving as intermediate the highly reactive dianionic a-
adduct 4 (X = SCH_, CI ; R = H ) . These results are in agreement with the obser

vation that position 6 is the most reactive position for nucleophilic attack in 
2 3 

anionic purines. ' Attempts to detect the intermediate 4 by NMR spectroscopy 
failed. When la or lb was dissolved in liquid ammonia containing potassium amide 
(0.3 - 0.5 mmol of la or lb in 1 ml of liquid ammonia containing 4 - 1 0 equiva-

1 13 
lents of potassium amide) the H- and C NMR spectra showed first the formation 

of the anion of la or lb. 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 1 H- and 1 3 C 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 observed in H NMR (5 = 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 6 = 1.78 (formed 

during the formation of 2) also appears. The H signals could definitively be 
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15 Table I N contents (percentages) of the products obtained in the reaction of 

the starting compounds with N-labelled potassium amide 

products 

starting compound 

adenine hypoxanthine 8"SCH3- 8-SCH3-
adenine (6a) hypoxan

thine (2) (3) 

6-SChL-purine (la) 

6-Cl-purine (lb) 

8-SCH3-purine (5a) 

8-Cl-purine (5b) 

9.1 
6.3 

9.8 
5.6 

-

-

4.5 

6.7 

0.3 
0.2 

0.0 
0.1 

-

-

0.2 

0.1 

-
-

-

-

4.6 

4.3 

-

-

-
-

-

-

0.1 

0.0 

-

-

The accuracy of the measurements is + 0.2% 

13 assigned by measuring the 8-deuterio derivatives of la, lb and 2. The C NMR 

absorptions were assigned by comparison of the spectra with those of the neutral 
3 

compounds and the anion of purine. It is of interest to note that in the 

KNHL/NhL system exchange of deuterium at position 8 in 6-ch1oro-8-deuteriopurine 

and 8-deuterio-6-(methylthio)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 methyl sul fide or chlo

ride ion is fast. The instability of the a-adduct 4 is in sharp contrast to the 

rather stable o-adduct (4; X = R = H) observed as intermediate in the formation 

of 2 from purine itself. It 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 II H NMR data of the mono- and dianions of 6- and 8-substituted purines 

and a-adduots, in liquid ammonia containing potassium amide 

H(2) H(6) H(8) SCH3 

6-Cl-purine (lb) mono anion 8.43 - 8.19 

6-Cl-8-2H-purine 

6-SCH3-purine (la) mono anion 8.56 - 8.11 2.59 

2 
6-SCH0-8- H-purine mono anion 8.56 - - 2.59 

adenine (2) 7.64 - 7.34 

7.37 

2 
8- H-adenine 

mono anion 

mono anion 

mono anion 

mono anion 

dianion 

dianion 

mono anion 

a-adduct 

mono anion 

o-adduct 

mono anion 

a-adduct 

8.43 

8.43 

8.56 

8.56 

7.64 

7.53 

7.64 

7.53 

8.55 

6.87 

8.49 

6.95 

8.49 

6.95 

-

-

-

-

_ 

-

_ 

-

8.65 

5.58 

8.57 

5.73 

-

_ 

8-Cl-purine (5b) 

8-SCHL-purine (5a) mono anion 8.49 8.57 - 2.67 

2.36 

6-2H-8-SCH3-purine mono anion 8.49 - - 2.67 

2.36 

6-t-C4Hg-8-SCH3-purine* neutral(CDC13) 8.72 - - 2.78 

* the t̂ -butyl group appears at 1.57 ppm 

Amination of 8-methylthio- and 8-ahlovopuvine 

When 8-(methylthio)purine (5a) reacts with potassium amide in liquid ammonia at 

-33°C for 20 h 8-(methylthio)adenine (6a) is formed in 80% yield; 20% starting 

material can be recovered. No trace of 8-aminopurine (5c) can be detected. 
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a, R = SCH3 ; b, R = Cl, c, R=NH 2 

The structure of 6a was proven by mass spectroscopy, UV spectroscopy and con

version to adenine by Raney Nickel reduction as described for the removal of 

the methylthio group of 2-(methylthio)adenine . Compound 5a has thus undergone 
3 

a Chichibabin amination at position 6 (just as found for purine ) and not a 
15 

substitution of the methylthio group at position 8. Reaction of 5a with N-
15 * 

labelled potassium amide gave N-labelled 8-(methylthio)adenine (6a ). Diazo-

tization of this product gave unlabelled 8-methylthiohypoxanthine (Table I), 

showing that the formation of 6a from 5a does not proceed via a ring-opening 
1 13 

reaction. Measurement of the H- and C 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 a-adduct at position 6 is 

formed (4; X = H; R = SCH_) as has also been observed for purine itself (4; X = 
3 

R = H) . That the addition indeed takes place at position 6 was unequivocally 
established by comparison with spectra of 6-deuterio-8-(methylthio)purine (Table 

II and III). The upfield shift of 2.84 ppm for H(6) and of 72.2 pom for C(6) is 
3 

in agreement with values reported in the literature. This result shows that in 

the Chichibabin amination of 5a not the formation of the intermediate a-adduct 4 
3 

(X = H, R = SCH_) is rate determining (even if this intermediate is a dianion ) , 

but the aromatization of the dianionic species 4 (X = H, R = SCH,) into 6a. 

The reaction of 8-chloropurine (5b) with potassium amide in liquid 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 starting 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-
15 tion was carried out with N-labelled potassium amide. We obtained labelled 

* 7 
adenine (2 ) which on diazotization gave unlabelled hypoxanthine (3), thus 

showing that in the amination of 5b no ring-opening is involved either (Table 
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13 Table III C NMR data of the mono- and dianions of 6- and 8-sübstituted 

purines and a-adducts in DMSO d-e and liquid ammonia containing 

potassium amide. 

C(2) C(4) C(5) C(6) C(8) SCH3 

6-Cl-purine (lb) neutral19 151.5 154.2 129.2 147.8 146.2 

anion 147.9 164.7 133.6 144.9 159.0 

6-SCH3-purine (la) neutral19'20 151.6 150.2 129.4 158.6 143.1 11.3 

anion 148.6 160.0 133.7 153.3 156.0 11.5 

6-NH2-purine (2) neutral19,20 152.4 151.3 117.6 155.3 139.3 

dianion 
151.6 156.2 124.3 167.7 146.4 

151.6 157.6 123.4 165.1 146.4 

8-Cl-purine (5b) 

8-SCH3purine (5a) 

6-t-C-HQ-8-SCH,-
. *** -purine 

neutral 

anion 

a-adduct 

neutral 

anion 

a-adduct 

neutral 
(CDC13) 

149.5 

149.5 

153.4 

151.1 

148.5 

153.6 

149.3 

158.2 

163.6 

148.3 

158.0 

165.2** 

149.5 

154.5** 

133.2 

137.8 

118.8 

132.0 

138.8 

121.0 

133.1 

140.9 

142.0 

66.5 

141.6 

139.2 

67.0 

166.3 

150.1 

157.5 

132.6 

156.7 

167.9** 

138.6 

153.6** 

-

-

-

13.4 

13.8 

18.7 

14.0 

*In this solvent the neutral species are measured; the anions and a-adducts are 

measured in the KNH^/NH., system 

These assignments can also be interchanged 

***The signals of the 6-tert-butyl group appear at 38.4 and 29.2 ppm. 

The coupling constant for C(2) (JC_H= 202 H Z ) snows tnat tne tert-butyl group 

must be at position 6 
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15 
I). We did not investigate the formation of 6b with N-labelled potassium amide 

due to the low yield of 6b, giving not enough material for diazotization. It 
3 

seems justified to assume, based on the results of purine and 5a, that 6b is 

formed through a Chichi babin ami nation of 5b without ring-opening. 

Considering the formation of 2 from 5b 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 known to react to 2 in the 

KNH,/NH, system. Dehalogenation under these strong basic conditions is not 
11 

uncommon. However, since 7 is converted into adenine (2) for only 70% after 20 
3 

h and then unreacted purine can still be recovered, we should expect a detec

table amount of purine to be present in the reaction mixture obtained on ami na

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. 

ami nation 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. 

H NH2 
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Although examples of tele-ami nation in heterocycles are known in the literatu-
12 

re, the occurence of a tele-ami nation in purines has never been described. 
1 13 

Further evidence for this mechanism was obtained from the H- and C NMR spec
tra of a solution of 5b in liquid ammonia containing potassium amide. These 
spectra first showed the presence of the deprotonated species of 5b but soon a 
o-adduct at position 6 (4; X = H, R = CI) was observed (indicated by an upfield 
shift of 3.07 ppm for H(6) and of 75.5 ppm for C(6)). Since 8-chloropurine 

1 13 
cannot be deuterated so easily as 8-(methylthio)purine the H- and C NMR 

spectra of the anion of 5b and the a-adduct 4 (X = H, R = CI) 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 ion 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 8 

in this resonance-stabilized anion considerably, leading to a decreased reacti

vity for nucleophilic attack, particularly at that position. 

13 
We also studied the amination of 6-tert-butyl-8-(methylthio)purine in which 

compound position 6 is now completely blocked against nucleophilic 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 (5c) 

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 imidazole 

ring can easily be deprotonated. It is clear that in the dianionic species thus 

formed further nucleophilic substitutions are difficult. 

Experimental Section 

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

equipped with a Varian 620/L16K computer. H NMR spectra were recorded also on a 

Jeol C-60H spectrometer, equipped with a JES-VT-3 variable temperature control

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 C NMR spectra 

trimethylamine was used as internal standard. These spectra were converted to 
13 

the TMS scale by adding 47.5 ppm. Typical C 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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width 10 us. For H NMR spectra NH, was used as standard. The spectra were 
15 converted to the TMS scale by adding 0.95 ppm. Mass spectra and N 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 Beekman Acta 

cm. 

Préparation of starting materials 

6-Chloropurine (lb), 4 , 6 6-(methylthio)purine (la), 1 4 8-chloropurine (5b),1 5 8-
5 9 

aminopurine (5c) and 8-chloroadenine (6b) were prepared as described in the 
literature. 8-(Methylthio)purine (5a) was purchased from Aldrich and adenine (2) 

15 15 
from Merck. N-Labelled ammonia was prepared by reacting N-labelled ammonium 
nitrate (from VEB Berlin-Chemie) with potassium hydroxide. 

6-tert-Butyl-8-(methylthio)purine. 0.5 g of 8-(methy1thio)purine, 60 mg of 

silver nitrate and 1,8 g of pivalic acid were dissolved in 25 ml of water. 

With stirring at 60°C, 2.1 g of ammonium peroxydisul fate dissolved in 15 ml of 

water were added in 30 min followed by an additional 30 min stirring, while a pH 

of 1.5 was maintained. The solution was made slightly alkaline with aqueous 

sodium hydroxide and extracted continuously with chloroform. The extracts were 

dried (MgSO.) the solvent was evaporated and the residue purified by column 

chromatography on silica gel using chloroform/ethyl acetate 1:1 as eluent, fol

lowed by recrystallization from toluene/hexane. 

Yield 12%, m.p. 192.5-193.5°C. Anal. Calcd for C1()H14N4S, C, 54.02; H, 6.35, 

Found C, 53.68-, H, 6.84. The structure was proven by H- and C NMR spectros

copy (see Table II and III). 

Preparation of 6- and 8-deuteriopurines. 6-Chloro-8-deuteriopurine, 8-deuterio-

6-(methylthio)purine and 8-deuterioadenine were obtained by refluxing 6-chloro-

purine (lb), 6-(methylthio)purine (la) and adenine (2) respectively in deuterium 

oxide. The position of deuteration was proven by H NMR spectroscopy. 

6-Deuterio-8-(methylthio)purine was prepared by heating 8-(methylthio)purine 

(5a) for 4 h at 140°C in deuteriumoxide. This method gives in a low yield (10%) 

8-(methylthio)purine containing about 80% deuterium. Refluxing of 5a for 75 h 

with 10% palladium on charcoal as catalyst at 100°C leads to only 20% of deute-
13 rium incorporation. The position of deuteration was established by C NMR 

spectroscopy, because the assignment of the proton signals was unknown. For NMR 

measurements the deuterium labelled compounds were diluted to about 50% deute

rium content. 
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