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A Kinetic Study of the Dimroth Rearrangement of the Marine Sponge Purine

1,9-Dimethyl-8-oxoadenine and Related Compounds
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The reaction rates in the Dimroth rearrangements of the marine sponge base 1,9-dimethyl-8-oxoadenine (1) and
related compounds such as 1,9-dimethyladenine (6a) and 8-bromo-1,9-dimethyladenine (6b) were measured in H,O at
various pH’s and ionic strength 1.0 at 40°C. In all cases, attack of hydroxide ion on the protonated species of the
substrate at the 2-position was faster than that on the neutral species by a factor of 100—1400. In the reaction of the
protonated species, the relative ease of undergoing Dimroth rearrangement was in the order of 6b>6a> 1. The same
order of reactivity was found to hold for the neutral species.
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Purine derivatives found in various marine sponges have
been rapidly increasing in number and in kind as well.}?
The title compound, 1,9-dimethyl-8-oxoadenine (6-imino-
1,9-dimethyl-8-oxopurine) (1), represents a new addition to
this group. It was isolated, but only in the form of the
NS-acetyl derivative (2), by Cimino et al. in 1985 from the
English Channel sponge Hymeniacidon sanguinea GRANT,>
Although the new acetyl derivative 2 was fully characterized
by means of spectroscopic and X-ray crystallographic
analyses, the parent base 1 itself remained uncharacterized
because of the difficulty in separating 1 and co-occurring
1-methyladenine (spongopurine®) (3) from each other at
the free base level.® The problem of securing 1 for
characterization was recently solved by us by means of
chemical synthesis.!'> In the course of this synthetic study,
we found that both the target 8-oxoadenine 1 and the
intermediate 8-bromo-1,9-dimethyladenine (6b) were sus-
ceptible to Dimroth rearrangement® to give the correspond-
ing N®-methyl isomers (5 and 7b) under alkaline conditions,
reflecting their 1-substituted adenine structures. The
Dimroth rearrangement of the 8-oxoadenine 1 (1 N aqueous

NaOH, reflux, 1 h) seemed to require more vigorous reaction
conditions than that of the 8-bromoadenine 6b (1N aqueous
NaOH, 55°C, 35min).">> In order to investigate the effect
of the 8-oxo and 8-bromo functions on the Dimroth
rearrangement of the 1,9-dimethyladenine system (6a), we
carried out a kinetic study using 1 and 6b, together with
the reference compound 1,9-dimethyladenine (6a), as the
substrates in the present work.

The systems of reactions that produce the NS-methyl
isomers 5 and 7 from the 1-methyl isomers 1 and 6 through
the nonisolable intermediates 4 and 8 are shown in Charts
1 and 2, respectively. These schemes are analogous to those
that have been proposed for the Dimroth rearrangement of
1,9-disubstituted adenines.®” At the inception of the kinetic
study, the acid dissociation constants of the conjugate acids
of the substrate bases 1, 6a, and 6b were determined by
means of ultraviolet (UV) spectrophotometry at 40 °C and
ionic strength 1.0. It may be seen from Table I that the
8-bromo and 8-oxo functions affect the acid dissociation
constant of the reference compound 6a - HCIO, in a striking
manner. The observed decreases in base strength of 6b and
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TaBLE I. Acid Dissociation Constants of 1,9-Dimethyladenines (1, 6a, and 6b) and the Rate Constants for Their Rearrangements to

N¢,9-Dimethyladenines (5, 7a, and 7b) at 40 °C and Ionic Strength 1.0

Pseudo-first-order rate constant,
Kopsa X 10° (min~1)?

Compound
pK,” pH value
No. 8-Substituent 7.00 7.65 9.00 10.00 11.00 11.42
6a-HCIO, H 8.9740.03% 1.95 8.23 68.5 138 292 457
6b Br 8.54+0.02 4.11 14.9 111 225 600 961
1 0X0 6.90+0.06% 0.501 0.619 0.774 1.27 10.6 23.8

a) The values at pH 11.42 are those obtained by extrapolating the plot of the rate constant (at 0.05 and 0.1 M buffer concentration) versus buffer concentration to 0.02M

buffer concentration, and the others are those of the rate constants determined at 0.02M buffer concentration.

b) Determined at 40 °C and ionic strength 1.0. ¢) The

reported value™ is 8.96+0.04. d) Besides this basic pK,, the acidic pK, was roughly estimated to be ca. 12.

1 by 0.43 and 2.07 pK, units, relative to 6a, are mainly
attributable to the electron-withdrawing inductive effects
(— 1 effects) of the 8-bromo and 8-oxo groups® on the cyclic
amidine system centering at the C(6) atom. In the case of
1, an acidic pK, was roughly estimated to lic around 12,
but we were unable to obtain the exact figure.

We then followed the rearrangements of 6a, 6b, and 1 in
0.02—0.1 M buffer solutions of pH 7.00 to 11.42 at ionic
strength 1.0 at 40°C by measuring the increases in UV
absorption at 268nm, 274nm, and an appropriate
wavelength in the range of 275—284 nm, which occur on
formation of the rearranged products 7a, 7b, and 5,
respectively. The semilogarithmic plots of mole fractions of
the residual substrates against time indicated that these
rearrangement reactions obey fairly good pseudo-first-order
kinetics at all pH’s. Table I includes the rate constants (k,p.q)
obtained from such plots. As a good approximation, the
listed rate constants may be regarded as the limiting rate
constants for zero buffer concentration because we have
already found that the catalytic coefficients of the buffer
components are small in this type of reaction.”*® It may
be seen that in all cases the reaction rate increases with
increasing pH of the reaction medium.

Figure 1 shows pH-rate profiles, which were obtained by
plotting the rate constants for the rearrangements of 6a and
6b as functions of pH. As in previous, similar cases,”
theoretical pH-rate profiles may be calculated from Egs. 1
and 2, where v is the reaction rate; [6a],,, and [6b],,,,, the
total concentrations of 6a and its protonated species and
of 6b and its protonated species; [6a-H*] and [6b-H™],
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Fig. 1. pH-Rate Profiles for the Rearrangements of 6a to 7a (O) and
of 6b to 7b (@) at 40 °C and Ionic Strength 1.0

the concentrations of the protonated species of 6a and of
6b; [6a] and [6b], the concentrations of the neutral spe-
cies of 6a and of 6b; [OH ~ ], hydroxide ion concentration;

o=k, [6a],, =k, [6a-H JTOH I+k,_ [6a][OH"] (1)

ionic
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U= a0 ] 101 =Ko [60-H T JIOH "]+, [6b][OH ] @

kobsa> the observed pseudo-first-order rate constant; k.
and k., the rate constants for hydroxide attack on the
protonated and the neutral species; the pK, values of 6a
and 6b are 8.97 and 8.54 (Table I). When k;,;. of 50 and
Kpeuw Of 0.50 (time in minutes) for Eq. 1 and k. of 150
and k., of 1.25 (time in minutes) for Eq. 2 were adopted,
the resulting theoretical pH-rate profiles corresponded to
curves A and B plotted in Fig. 1.

In the case of 1, the rearrangement may involve attack
of hydroxide ion on the anionic species [1-(—H™)] besides
the above two modes of attack, as shown in Chart 1, since
1 has an acidic pK, value of ca. 12 (vide supra). Then, a
theoretical pH-rate profile may be calculated from Eq. 3,

v= kobsd[l]lolal
=k [UHI[OH 1 +k,_ [1][OH J+k, [1-(—H")J[OH"] (3)

ionic neut!

where [1-(—H )] is the concentration of the anionic species
of 1; k,.i0n, the rate constant for hydroxide attack on the
anionic species; the other symbols and quantities correspond
to those ini Egs. 1 and 2; the basic pK, of 1 is 6.90 (Table
I) and the acidic pK, is taken as 12. When k,,;. of 35 and
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Fig. 2. pH-Rate Profile for the Rearrangement of 1 to § at 40°C and
ITonic Strength 1.0

TasLe II.  Effect of Substituents at the 8-Position on the Dimroth
Rearrangement of the Protonated and Neutral Species of 1,9-
Dimethyladenine (6a) at 40 °C and Ionic Strength 1.0

Second-order rate constant (M~ !min~1!)

Substrate

Tonic species Neutral species

No. 8-Substituent Kioni® koo Kpou® keo®
6a H 50 1 0.50 l
(50)® (0.55)?
6b ' Br 150 3 1.25 2.5
1 0X0 35 0.7 0.025 0.05
a) Refer to those in Eqs. [—3. b) Relative to the k. value for 6a. ¢) Relative

to the k., value for 6a. d) Taken from ref. 7c.

neut
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Kpeu Of 0.025 were adopted by assuming k,,;., is negligibly
small,” the resulting theoretical pH-rate profile corre-
sponded to the curve plotted in Fig. 2. This is roughly in
agreement with a pH-rate profile obtained by plotting the
rate constants (k) for the rearrangement of 1 (Table I)
as a function of pH.

Table II lists the second-order rate constants thus
calculated for the hydroxide attack on the protonated
and the neutral species of the three substrates. It may be
seen that the present k., and k,,,, values obtained with
6a are virtually identical with those reported previously,’
indicating their high reliability. Introduction of a bromo
or an oxo group into the 8-position still preserves the
characteristic feature that the hydroxide attack on the
protonated species is much faster than that on the neutral
species (by a factor of 100—1400). In the reaction of the
protonated species, however, the 8-bromo derivative 6b
rearranges 3 times as fast as the reference compound 6a,
whereas the 8-oxo derivative 1 rearranges more slowly than
6a by a factor of 0.7. The rearrangement of the neutral
species also follows this trend. Such rate-enhancement by
the 8-bromo group in both species may be explained in
terms of its electron-withdrawing inductive effect (—7
effect)® on the 2-position where hydroxide attack (Chart 2)
is to occur. The rate-retardation by the 8-oxo group in both
species may be attributable to its C(5)-amido [or C(8)-OH]
character, exerting an electron-donating resonance effect
(+ R effect)® on the 2-position (Chart 1).

In conclusion, the above results have shed light on the
instability of the marine sponge base 1 to alkaline hydrolysis.
Since the free base 1 itself has not yet been isolated from
natural sources, it is hoped that the search for 1 as a natural
product will be facilitated by the present and previous,>
chemical and spectral characterization of synthetic 1.

Experimental

General Notes Spectrophotometric determinations were carried out
with a Hitachi model 320 spectrophotometer. For the measurements of
pH values, a Toa HM-18ET pH meter equipped with a Toa type GST-155C
glass electrode was used.

Materials The substrates and their N®-methyl isomers selected for the
kinetic study were taken from stocks which had been prepared according
to published procedures: 1,9-dimethyl-8-oxoadenine (1)V; 1,9-dimethylade-
nine perchlorate (6a-HCIO,)™; 8-bromo-1,9-dimethyladenine (6b)?;
N®,9-dimethyl-8-oxoadenine (5)V; N°, 9-dimethyladenine (7a)7*; 8-bromo-
NS,9-dimethyladenine (7b).?

Spectrometric Determination of Acid Dissociation Constants The pK,’s
of 1, 6a-HCIO,, and 6b at 40 °C and ionic strength 1.0 were determined
in a manner similar to that described previously.” The results are listed
in Table 1.

Kinetic Procedure The Dimroth rearrangement reactions of 1, 6a-
HCIO,, and 6b to 5, 7a, and 7b, as shown in Charts 1 and 2, in aqueous
solution at various pH’s and ionic strength 1.0 at 40 °C were followed by
UV spectrophotometry. Buffer solutions employed for kinetic runs were
0.02mM NaH,PO,~Na,HPO, (pH 7.00 and 7.65 at 40°C); 0.02M
NaHCO; Na,CO; (pH 9.00 and 10.00 at 40°C); 0.02m Na,HPO,—
Na;PO, (pH 11.00 at 40°C); 0.05 and 0.1M Na,HPO,-Na,PO, (pH
11.42 at 40°C), and were brought to ionic strength 1.0 with KCl.

The substrates 1, 6a-HCIO,, and 6b were separately dissolved in the
buffer solutions at a concentration of 4.35 x 10™5—4.6 x 10~ 3 M. Aliquots
(ca. 5ml) of the resulting solutions were sealed in small ampules and placed
in a thermoregulated constant-temperature bath kept at 40 °C (accurate
to £0.05°C). At intervals, the ampules were removed, cooled, and broken,
and the optical densities of the contents at 268nm (for the reaction
6a-HClO,—7a), 274 nm (6b—7b), or 275nm (for 1-5 at pH 7.00 and
7.65), 276 nm (at pH 9.00), 280 nm (at pH 10.00), or 284 nm (at pH 11.00
and 11.42) were determined at room temperature against blank buffer
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solutions. During the kinetic runs the pH was never found to vary by
more than +0.02 unit. The concentrations of the unaltered substrates
were calculated in the usual manner!® by utilizing the molecular extinction
coefficients at the analytical wavelength, obtained from solutions of
analytically pure samples of the substrates and the rearranged isomers 7a,
7b, and 5 in the appropriate buffer solutions. All rearrangements except
for slow ones were followed through at least two half-lives with at least
five determinations, and good pseudo-first-order kinetics were obtained in
all cases. The results are included in Table 1.
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