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Mechanisms for the Solvolytic Decompositions of Nucleoside
Analogues. XII. Further Studies on the Alkaline Hydrolysis of

9-(1-Alkoxyethyl)purines

HARRI LONNBERG, JUKKA LUKKARI and PERTTI LEHIKOINEN
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The progress of the alkaline hydrolysis of 9-(1-
alkoxyethyl)purines has been studied by isotopic
labelling techniques and LC analyses. The reac-
tion has been shown to involve a rate-limiting
nucleophilic attack of hydroxide ion on C8 of the
purine moiety and subsequent fast departure of
the alkoxy group and the attacked carbon atom
as formate ion. The initial nucleophilic attack has
been suggested to be susceptible to both the polar
and steric nature of the alkoxy group. 7,8-
Dihydro-8-methylpurine is accumulated during
the alkaline cleavage of the starting material and
further oxidized to 8-methylpurine by molecular
oxygen. Alkaline degradation to 4,5-diamino-
pyrimidine competes with the oxidation.

The alkaline hydrolysis of purine nucleosides has
been suggested to proceed by two concurrent
pathways. Either the purine ring is displaced by
hydroxide ion,'™ or it is attacked by hydroxide
ion and subsequently opened.'*>7 Moreover,
hydroxide ion may replace carbon bonded substi-
tuents on the base moiety.!”-8 At high alkalinities
nucleophilic reactions at the purine ring appear
to be favored.!? Usually the C8 atom is attacked
with concomitant opening of the imidazole
ring.}>>® However, with inosine nucleophilic
attac;( on C2 leads to cleavage of the pyrimidine
ring.

It is generally suspected that nucleophilic
attack of hydroxide ion on C8 is followed by a
rapid rupture of the bond between C8 and
N9.125-7 However, the data on the accumulation
of the consecutive intermediates are open to
various interpretations. Brown and co-workers >¢
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have presented chromatographic and spectro-
scopic evidence for the formation of considerable
amounts of 5-formamido-4-glycosylamino- and
5-amino-4-glycosylaminopyrimidines during the
alkaline cleavage of 9-(f-p-ribofuranosyl)purine
and its 5’-monophospate. In contrast, Garrett
and Mehta? reported that 4,5,6-triaminopyrimi-
dine is the first detectable product of the hydroly-
sis of adenosine. Jones et al.! were also unable to
find glycosyl containing intermediates in the
reaction mixtures of adenosine, but suggested
tentatively that accumulation of 4,6-diamino-5-
formamidopyrimidine occurred. Hydrolysis of
7-methylguanosine has been shown to yield 4-
and S-formamidopyrimidine derivatives.'%!!

To obtain further information of the reactions
following the nucleophilic attack of hydroxide
ion, we have previously reported on our studies
with the 6-substituted 9-(1-ethoxyethyl)purines.’
No formylated intermediates could be detected
by 'H and ®C NMR spectroscopic measure-
ments, the first relatively stable species being
7,8-dihydro-8-methylpurine. The latter was sug-
gested to be formed by the loss of C8 atom and
cyclization of the resulting pyrimidine derivative.
The aim of the present paper is to elucidate more
quantitatively these reactions by isotopic labeling
studies and LC analyses. The influence of the
polar nature of the departing alkoxy group on
different partial reactions has been examined by
replacing the ethoxy group with more and less
electron-withdrawing substitutents.
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Scheme 1.

RESULTS AND DISCUSSION

The pathway proposed previously® for the
alkaline hydrolysis of 9-(1-ethoxyethyl)purine is
depicted in Scheme 1. The first-order rate con-
stant obtained by LC for the disappearance of the

. starting matenal is (3.91+0.05)x10* s in 0.10
mol dm™ sodium hydroxide solution at 343.2 K.
Under the same conditions the rate constant for
the release of the isotopically modified ethoxy
group, CH;[**CJH,0-, is (3.8420.09)x10™* s7I,
Accordingly, no intermediate containing the
ethoxy group can be accumulated during the
hydrolysis. A similar conclusion can also be made
concerning the C8 atom of the purine ring. The
release of the isotopically labeled formate ion,

H[**C]OO", from [**C]8 labeled starting material
exhlblts the rate constant of (3.80%£0.13)x10™*
!, in good agreement with the value observed
for the disappearance of 9-(1-ethoxyethyl)purine.

In contrast, the tritiated ethylidene group,

C[*H]CH=, remains attached to the base moiety
during the hydrolysis. As seen from Fig. 1, about
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Fig. 1. Distribution of *H-activity between the
starting material (open circles) and the nonvola-
tile products (filled circles) dunng the alkaline
hydrolysis of 9—(1 ethoxy[2'-*H]ethyl)purine in
0.10 mol dm™ aqueous sodium hydroxide at
343.2 K.

, k107 dm® mol™* 5™, for the disappearance of 9-(1-alkoxyethyl)purines in aqueous sodium hydroxide

Table 1. Second-order rate constants

solutions at 343.2 K.
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90 % of the initial radioactivity is present in
nonvolatile products after 5 half-lives of the
decomposition of the starting material. Prepara-
tive fractionation of the nonvolatile products by
TLC indicated that the product mixture was
composed of radiochemically inactive 4,5-diami-
nopyrimidine, tritiated 8-methylpurine, and a
tritiated compound, which was on the basis of
earlier investigations® assigned as 7,8-dihydro-8-
methylpurine. The slight decrease in the total
radioactivity can thus be attributed to the forma-
tion of 4,5-diaminopyrimidine with release of the
tritiated ethylidene group.

In summary, the studies with isotopically mod-
ified compounds lend substantial evidence for the
reaction pathway suggested on the basis of
spectroscopic findings,” and indicate that the
release of the exocyclic alkoxy group and the C8
atom of the purine moiety must occur in fast steps
following the attack of hydroxide ion. The
ethylidene group, however, remains attached to
the accumulated intermediate.

Table 1 records the second-order rate con-
stants obtained by LC analyses for the disappear-
ance of several 9-(1-alkoxyethyl)purines in
aqueous sodium hydroxide. The slight increasing
of the rate constants with the increasing base
concentration probably reflects positive salt
effects on the hydrolysis rates. Comparison of the
logarithmic rate constants with the substituent
constants oy and E; listed in Table 1 reveals that
the reactivity correlates better with the polar than
the steric nature of the oxygen bonded alkyl
group. The data referring to 0.10 mol dm™
sodium hydroxide give the values of 5.5+1.7 and
—0.11+0.18 for the reaction constants in eqns.
(1) and (2), respectively.

1g (k/dm> mol ™! s~')= pyoy+constant €))

1g (k/dm® mol ™! s~')= p;E+constant ()

Accordingly, the major reason for the reactivity
differences appears to be the polar effect of the
oxygen bonded alkyl group on the electron
density of the purine ring and hence on the ease
of the nucleophilic attack of hydroxide ion.
However, the best structure-reactivity correla-
tion is obtained, when both the polar and steric
properties are taken into account. The least-
squares fitting by eqn. (3) gives the values of
8.4+0.3 and 0.22+0.02 for p; and p,, respec-
tively.
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lg (k/dm® mol™! s7')=pyoy+ p,Es+constant  (3)

In other words, the alkoxy group appears to
retard sterically the nucleophilic attack of hy-
droxide ion, but this effect is less important than
the polar influence.

The decomposition of all the compounds stu-
died was observed to occur with formation of the
same UV-absorbing products. Two of them could
be identified as 4,5-diaminopyrimidine and 8-
methylpurine by comparing the retention times
and UV-spectra with those obtained for authentic
samples. The third one, appearing as an in-
termediate, was tentatively assigned as 7,8-dihy-
dro-8-methylpurine. The absorption maximum of
this compound was at 300 nm, in consistence with
the fact that 7,8-dihydropurines absorb at higher
wavelengths than their parent purines.'® In addi-
tion to the compounds mentioned above some
purine was formed, but its mole fraction re-
mained less than 0.03 in each kinetic run. Fig. 2
shows an example of the time-dependent concen-
trations of the products formed during the
alkaline cleavage of 9-(1-methoxyethyl)purine.

In each kinetic run the ratio of the mole
fractions of 4,5-diaminopyrimidine and 8-methyl-
purine remained fairly constant with time. The
value of the ratio was almost independent of the
compound studied, but was decreased slightly
with the decreasing base concentration. Accord-
ingly, it seems reasonable to assume that both of
these products are formed via the same accumu-
lated intermediate, 7,8-dihydro-8-methylpurine.

xi
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Fig. 2. Time-dependent product distribution for
the alkaline hydrolysis of 9-(1-methoxyethyl)pur-
ine in 0.20 mol dm™ aqueous sodium hydroxide
at 343.2 K. Open circles refer to the starting
material, filled circles to the accumulated in-
termediate, open squares to 4,5-diaminopyrimi-
dine, and filled squares to 8-methylpurine.
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Purging the reaction solution with nitrogen
markedly retarded the decomposition of this
intermediate by diminishing the rate of formation
of 8-methylpurine. At the same time the forma-
tion of 4,5-diaminopyrimidine was slightly
accelerated and it became the main product. The
latter rate-enhancement probably results from
the fact that the standing concentration of the
intermediate is increased due to the retardation
of its oxidation. The hydrolysis rate of the
starting material remained unaffected. The pre-
ceding findings strongly suggest that 7,8-dihydro-
8-methylpurine reacts further by two concurrent
routes, the major reaction pathway in oxygen
saturated solutions being oxidation to 8-methyl-
purine with molecular oxygen. Base-catalyzed
degradation to 4,5-diaminopyrimidine appears to
compete with this pathway.

If it is assumed that the concentration of
molecular oxygen in the reaction mixture remains
constant during the kinetic run, i.e. equilibrium
with the gas phase prevails, kinetics of two
consecutive first-order reactions can be applied
to the formation and disappearance of the in-
termediate. It should be noted that the substrate
concentration is always negligible compared to
the concentration of hydroxide ion. The first-
order rate constants for the formation step equals
with the rate constants for the decomposition of
the starting material, since 7,8-dihydro-8-methyl-
purine is the first detectable intermediate. The
pseudo first-order rate constants obtained for the
disappearance of the accumulated intermediate
are listed in Table 2. As expected, they are
independent of the structure of the starting
material, but are slightly decreased with the
decreasing concentration of hydroxide ion. These
constants can further be bisected to the pseudo
first-order rate constants for the formation of

8-methylpurine and 4,5-diaminopyrimidine. As
seen from Table 2, the rate for the formation of
8-methylpurine is almost independent of the base
concentration, in consistence with the assump-
tion that this partial reaction involves oxidation
with molecular oxygen. The concentration of the
latter can be expected to be relatively indepen-
dent of the alkalinity. For comparison, the
oxidations of a great number of 7,8-dihydropur-
ines to purines have been shown to be insensitive
to the pH of the reaction solution.'® In contrast,
the degradation to 4,5-diaminopyrimidine seems
to be base-catalyzed, since the observed first-
order rate constants are linearly related to the
concentration of hydroxide ion. The mechanism
for the latter reaction cannot be deduced on the
basis of the available data.

In summary, the preceding discussions indicate
that the only accumulated intermediate in the
alkaline hydrolysis of 9-(1-alkoxyethyl)purines is
7,8-dihydro-8-methylpurine formed by the cleav-
age of the C8 atom as formate ion and subse-
quent recyclization of the resulting pyrimidine
derivative with loss of the alkoxy group. The
question of the appearance of similar intermedi-
ates during the hydrolysis of purine nucleosides
remains open.

EXPERIMENTAL

Materials.  9-(1-Alkoxyethyl)purines  were
obtained by treating purine with aypropriate
alkyl 1-chloroethyl ethers in DMF.'” Alkyl 1-
chloroethyl ethers were prepared by conducting
dry hydrogen chloride into the corresponding
vinyl ethers and purified by distillation under
reduced pressure. Ethyl, methyl, and 2-chloro-
ethyl vinyl ethers were commercial products.
Isopropyl and 2-methoxyethyl vinyl ethers were

Table 2. Pseudo first-order rate constants, kq, for the disappearance of the intermediate accumulated
during the alkaline hydrolysis of 9-(1-alkoxyethyl)purines, and the pseudo first-order rate constants,
k, and ks, for the subsequent formation of 8-methylpurine and 4,5-diaminopyrimidine at 343.2 K.

[OH}/mol dm™ kg/107* 57! ky/1074 57! k41074 571
0.050 7.7£0.6% 7.3 0.4
0.10 8.8 0.9 8.1 0.7
0.15 9.7 0.8 8.6 1.1
0.20 12 1 10 1.7

% Means of four kinetic runs.
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% In CDCl; as ppm from TMS. ® Calculated values in parentheses.
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synthesized from ethyl vinyl ether and the

appropriate alcohols by mercur?'(II) acetate

catalyzed vinyl transetherification.™®
9-(1-Alkoxyethyl)purines, obtained as de-

‘scribed above, were separated from their 7-

isomers, formed in small quantities, by eluting
the crude product with methanol through a
strong cation exchange resin (Dowex 50 WX2,
mesh 100—200) loaded with magnesium(II)
ions.”” The homogeneity of the products was
checked by LC on a LiChrosorb RP-18 (10 ym,
250 mm) column using the mixture (80:20) of
acetonitrile and acetic acid buffer (0.02 mol dm3,
buffer ratio 1:1) as eluant. Table 3 records the *H
and *C NMR chemical shifts and the results of
the elemental analyses for the compounds pre-
pared.

9-(1-Ethoxyethyl)purine labeled with *C at Cl
of the ethoxy group, was prepared as described
above. The isotopically modified ethyl vinyl
ether, employed as starting material, was pre-
pared from ethyl vinyl ether and [1-*CJethanol
by mercury(IIg acetate catalyzed vinyl trans-
etherification. !

9-(1-Ethoxyethyl)purine labeled with *C at C8
of the purine moiety was prepared as described
above. [8-1*CJPurine employed as starting mate-
rial was synthesized by refluxing 4,5-diaminopyri-
midine in [**C]formic acid,” and cyclizing the
formamido _ derivative formed in boiling
formamide.?!

9-(1-Ethoxyethyl)purine tritiated at C2 of the
ethylidene group was obtained as described
above, using isotopically modified ethyl 1-chloro-
ethyl ether. The latter was prepared by conduc-
ting tritiated hydrogen chloride in ethyl vinyl
ether and distilling the product under reduced
pressure.

Kinetic studies with isotopically modified com-
pounds. The release of the [1-*Clethoxy group
during the alkaline hydrolysis of 9-(1-ethoxy-
ethyl)gmrine was examined as follows. Aliquots
(5 cm®) were withdrawn from the reaction solu-
tion at suitable intervals, cooled rapidly to 0 °C,
and extracted with dichloromethane (5 cm®). The
organic and neutralized aqueous phases were
evaporated to dryness under reduced pressure,
and the residues were transferred with water (4
cm®) to the scintillation vials containing lumagel
(10 ‘cm®). The cpm values observed were cor-
rected to a constant quenching by the method of
external standardization.

The release of the '“C8 atom during the
alkaline hydrolysis of 9-(1-ethoxyethyl)purine
was followed by passing the aliquots (5 cm?),
withdrawn at suitable intervals, through a strong
cation exchange resin (Dowex 50 WX2, mesh
100-200, H*-form). The unreacted starting
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material and all the products containing a nitro-
gen base moiety were retained in the resin. The
radioactivity of the eluates was determined as
described above. The release of the *C8 atom
was also followed by passing the aliquots through
a strong anion exchange resin (Dowex 1x2, mesh
100—200, CI"-form). [**C]Formate ions were now
retained in the resin and the amount of the other
radioactive compounds in the eluates was deter-
mined by liquid scintillation counting.

The release of the tritiated ethylidene group
during the alkaline hydrolysis of 9-(1-ethoxy-
ethyl)purine was followed by the method de-
scribed above for the release of the [1-1*Clethoxy
group.

LC analyses of the reaction mixtures. The
hydrolyses were carried out in stoppered bottles
immersed in a water bath, the temperature of
which was kept constant within 0.05 K. The
reactions were started by adding the substrate in
the pre-thermostated reaction solutions to give
the initial substrate concentration of 1.0x107
mol dm™. The reaction vessels were shaken
mechanically and opened at suitable time inter-
vals to maintain the concentration of the molecu-
lar oxygen constant. Samples of 0.5 cm® were
withdrawn, cooled and neutralized with anhy-
drous acetic acid. The compositions of the
aliquots were analyzed by reversed phase LC
(Varian Aerograph 5020) using a commercial
Hibar column (250—4 mm) packed with LiChro-
sorb RP-18 (10 um) and a variable wavelength
UV detector (Varian UV-100). Elution with an
acetic acid buffer (0.02 mol dm, buffer ratio
1:1) containing 20 % (v/v) acetonitrile gave a
good separation for purine, 8-methylpurine and
starting materials. The assignment of the peaks
were performed by comparing the retention
times and UV-spectra with those for the authen-
tic samples. The concentrations of 4,5-diami-
nopyrimidine and the accumulated intermediate
were determined analogously using a mixture of
acetonitrile and acetic acid buffer (80:20 as v/v)
as eluent. Solutions of known concentrations
were employed in calibration of the peaks of
purine, 8-methylpurine, 4,5-diaminopyrimidine
and the starting materials. The peak for the
observed intermediate was calibrated on the basis
of the assumption that the total concentration of
all the compounds detected remained constant
during the hydrolysis.
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