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Abstract

An analysis of linear-free-energy data for base-catalyssd
isotopic hydrogen exchange from the C, position of protonated
purines indicates that N7 is only par%ially protonated in
agqueocus solution.

Extensive studies have been made on the exchange of the C

azole systems of the type g
4
1512
1 X

where X = N-R, 0, S, and Se. The rate-pH profiles measured in aqueous

2 proton in

buffers are, in general, readily explained in terms of rate-determining
k. + b
hydroxide ion attack on (a) the Na—protonated molecule, BH' H (H represents

the C2 proton), which is operative at low pH (rate constant k), and (b}
the neutral molecule, BH¥, operative at high pH (rate constant k'). The

respective ylidic and carbanionic intermediates are then reprotonated by the

solvent in a rapid step (Scheme). This scheme is expected to become more
BH* + W' ﬁ——\Ka BH*H*
OH l k' OH™ l k
B™ + H'OH B*H + M OH
HED l fast HE‘O 1 fast
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complex for substrates which are able to exist in more protonic states, and
this has been borne out in our studies on the purines.2

By analogy with the simple azoles (e.g. imidazole), we have assumed

that the active purine species at low pH are the N7-protonated molecules.Za
However, as has been indicated both theoretically3 and experimentally,4
protonation is not restricted to N7 in the purines, and sites such as Nl and
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N3 have been implicated. We wish to show that the extensive literature dataa

available for tritium-hydrogen exchange from purime C_, positions at 85°¢c are

8
consistent with both of these views, and that it is indeed the N_-protonated

molecule, present to varying extents, that is responsible for ethange.

We have previously shownl that a linear relationship exists between
log k and pKa (defined in the Scheme) for a series of azolium ionms, in which
protonation has occurred % to the exchange site (i.e. at N3]. This is shown
as the solid lime in Figure 1,5 the slope of which (-0.72; r = 0.999, 6 data
points) we believe reflects the unequal substituent field efFfFects on the

protonation and detritiation processes. In linear-free-energy relationships

log k

pKq

Figure 1. Plot of log k for detritiation from the C_ position of protonated
azoles and the C_ position of protonated purines against their pK_'s at 85 C.
The solid line drawn for the azoles is taken from ref.l. The numbered points
refer to the following purines:- l-methylinosine (1), inosine (2], l-methyl-
guanosine (3), guanosine (4), 9-methylhypoxanthine {5), E-mercaptopurine
riboside (6]}, 6-mercaptopurine (7], xanthosine {(8), hypoxanthine (9), purine
(10]), puromycin (11), guanine (12), adencsine {13), adenosine 3'-monophosph-
ate (14}, adernosine 5'-mornophosphate (15), adernosine 3',5'-cyclic monophos-
phate (18], adenime {17), paraxanthine (18), theobromine (19), caffeine (20},
theophylline (21), xanthine (22]), S-iso-propylpurine {23), and 9-tert-butyl-
purine (24).

(LFER's) of this type, therefore, it would be expected that |slope| <1l if the
exchange site is more remote than the protonation site, and vice versa.®

When the corresponding data for the purine derivatives are plotted 2
(Fig. 1), in general they do not appear to fit the same correlation. Only
in a few instances do the data fFall on, or close to, the drawn line. For
the majority of the remaining points, a reasonable correlation exists (dotted
line) with approximately the same slope, but is displaced by ca. 0.7 log
units below the original line. We rationalise these observations in terms of

exclusive N7 protonation in those compounds which fit the LFER, and only
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partial N, protonation in those compounds Falling below this line. On

7
electrostatic grounds, contributions to the rate from other than N7—prcton-

ated forms are expected to be negligible. On this assumption, for those

compounds which fall on the dotted line, N, is protonated to the extent of

7

ca. 20%, whereas in the xanthines in which N7 is methylated, the results

suggest that only fg. B% of the Ns-protonated gorm exists, in line with
previous u.v. and "H n.m.r. spectroscopic data which indicated that DS
was the major protonation site.

The abrnormally low exchange rates encountered above are also reflected
in the magnitude of the proton activating factors (paf's) associated with

~

these substrates. In the present examples, the paf is defined as the ratio

k/k' (Scheme). Stewart and Srinivasan's compilation9 of paf values for
different classes of carbon acid illustrates the broad Pa;;; of values
obtained (spanning ca. 8 orders of magnitude) and demonstrates that there
are many factors to be considered under the general guise of "proton
activation". However, as we have previously shown,lD protonation and
ionisation effects on rates of detritiation in purines can be adequately
analysed in terms of simple slectrostatics, assuming the formation of a
product-like transition-state. Within this class of substrate, therefore,
it is not unreasonable to expect that, providing common protonation sites
exist throughout such a series, the paf value should remain constant, i.e.

o

log k = 1log k' + loglpaf). Figure 2 is plotted according to this

~

10

-
diffusion
controlled
limiting rate
logipaf)—= 0.

log k

log k'

Figure 2. Plot of log k vs. log k' for the detritiation of tetrazole (a),
benzoxazole (b}, benzothiazole (c), thiazole (d), l-methylbenzimidazole (e),
and several purines {the numbers correspond to those listed in Fig. 1). The
azole data is taken from refs. 1 and 11, and the log k' value for l-methyl-
benzimidazole constitutes an upper limit. The straight line is of unit slope.

equation for the available literature data; clearly, the limited data for
those substrates in which exclusive N7-protonation (or the equivalent) occurs

Fit such a correlation (the line is drawn with unit slope and log{paf) = 9.20)

~rone
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until, for the most reactive substrate, tetrazole, some deviation occurs due
to the advent of a diffusion-limiting value of k. Once again, the purines
which do not have N7 as the sole protonation site are deviant, resulting in

a decreased paf.

~ o

In conclusion, the reactivity of protonated purines towards C8 proton
exchange is generally lower than expected when compared to substrates which
protonate exclusively « to the exchange site, which is a result of additional,
more remote protonation sites in the Former. This is in agreement with other
solution studies on purines, which suggest the existence of several proton-
ated species in solution, unlike crystallographic studies which single-out
the thermodyramically most stable form. The correlations presented herein

also add support to the interpretation that isotopic hydrogen exchange at C8

in purines proceeds vig the N7— (or NS—J protonated molecule.Ea
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