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adenosines and guanosines: fluorescence properties
of compact conjugated acetylenes containing a purine ring
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Abstract—A practical Sonogashira alkynylation protocol for the preparation of 8-alkynylated adenosines and guanosines has been
developed. Protection of the sugar hydroxyl substituents is not required; protection hinders the purification of these products. A
preliminary fluorescent study is reported, which shows that the presence of a substituent on the phenylene ring influences the fluo-
rescent properties considerably, an outcome that could be utilized in biological applications.

© 2006 Elsevier Ltd. All rights reserved.

C-Modified nucleosides are used in numerous applica-
tions, particularly in pharmaceutical agents and biolog-
ical probes or mimetics.! Covalently modified
fluorescent nucleosides are valuable probes of DNA
and RNA helix-to-coil transitions, DNA and RNA
chain elongation, protein—nucleic acid complexes, mec-
hano-chemical coupling in motor proteins and cellular
signal transduction pathways.? This drives the innova-
tive discovery of fluorescent nucleoside analogues, espe-
cially those that are sterically less bulky, but which still
possess desirable fluorescent properties for use in biolog-
ical systems.

We recognized that donor—acceptor phenylene—ethynyl-
ene substituted m-conjugated organic derivatives,’ pos-
sessing low-lying charge-transfer excited states, could
facilitate the employment of relatively small fluorescent
nucleoside analogues. Clearly, lengthening, shortening,
or broadening (through ring expansion) the m-conju-
gated electron network would alter the fluorophore
properties, in essence allowing one to tailor-make ana-
logues for specific applications. It was speculated that
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the incorporation of a conjugated rigid-rod, attached
directly by C-modification at the 8-position on the pur-
ine (guanosine and adenosine), would represent a useful
way to introduce a mutually compact and effective fluo-
rescent moiety (Fig. 1).
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Figure 1. 8-Alkynylated purine nucleosides with potential as compact
fluorescent probes.
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The low lying charge transfer energy states of the alkyn-
yl/aryl groups in these derivatives could also be tuned
through alteration of the para-substituent to modulate
the fluorescence properties, thus minimizing the degree
of steric changes to the parent phenylene-ethynylene—
purine compound. We thus set about preparing a library
of linear m-conjugated 8-alkynylated adenosines and
guanosines.

Pd-catalyzed cross-coupling reactions* have proven
effective for the efficient preparation of substituted
nucleosides.> Alkynylated nucleosides may be accessed
by Sonogashira cross-coupling, although surprisingly
there are no literature examples detailing the alkynyl-
ation of the unprotected 8-bromoguanosine 1 with termi-
nal acetylenes to give 5 (Fig. 2). There are two studies
detailing the Sonogashira alkynylation of 8-bromoade-
nosine 3 to give 8-alkynylated-adenosines 7. In the first
report,® no yields or structural characterization for 7
were provided. In the second report, however, some very

interesting lipophilic 8-alkynylated adenosines 7 were
prepared from 3,7 although the successful conditions
involved use of a large excess of Et;N (30 equiv w.r.t. 3)
and terminal acetylene (6 equiv w.r.t. 3). It has generally
been assumed that protection of the hydroxyl or amino
substituents in guanosines is required for efficient cross-
coupling, which is also required for solubility in com-
mon organic solvents.?®”

On a general note, the Pd-mediated processes appear to
be more facile with adenosine derivatives.® Various
guanine coordination modes are possible, for example,
N-1/N-7 and 0-6 coordination, to Pd (and presumably
Cu), which could be a hindrance in cross-coupling bro-
minated guanosine derivatives such as 1. This could in
part explain the unusual lack of studies detailing the
cross-coupling reactions of 1.

Mindful of this, and the potential inhibitory effects of
the guanine moiety in particular, we initially investi-
gated the development of an efficient Sonogashira alkyn-
ylation protocol for the cross-coupling of 1 with

NH, phenylacetylene 9a to give 5a (Scheme 1, Eq. 1).
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Scheme 1. Sonogashira alkynylation of unprotected and protected 8-bromoguanosines (1 and 2, respectively) with phenylacetylene 9a.
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yield (Scheme 1, Eq. 2), which was more cumbersome to
purify than 5a vide infra.!”

The recent reports of Cu(I)-free Sonogashira alkynyl-
ation (formally a Heck alkynylation) led us to assess
the affect of Cu(I) on the yields of 5a.!' Maintaining
the initial Pd(II) concentration constant at 1 mol % it
was found that in the absence of Cu(I) 5a was produced
in 18% yield after 2 h (Table 1, entry 1). Moving to 0.5
and 1 mol % Cu(l) gave 5a in 30% and 38% yields,
respectively (Table 1, entries 2 and 3). On going to high-
er Cu(I) loadings (Table 1, entry 5), the yield of 5a was
reduced (77%). The purity of 5a was also questionable at
the higher Cu(I) loading; the solid is a light green colour,
rather than an off-white, which we interpret as being due
to the presence of trace quantities of guanosine derived
copper complexes (bidentate coordination through N-1
and 0-6).

The purification of 5a is straightforward. On complete
reaction, the mixture is cooled to 40 °C and the DMF
removed in vacuo to leave a dark colored solid, which
is transferred to a sintered glass funnel and washed with
boiling water (this removes Et;N-HCIl and any unreacted
1). The solid is then washed with small quantities of
EtOAc and Et,0O to remove any traces of homo-coupled
product (produced through the pre-reduction of
(Ph3P),PdClI, with alkynylcuprate). The limited solubil-
ity of compound 5a in boiling water, and the majority of
chlorinated and ethereal solvents, facilitates its purifica-
tion (5a is soluble in DMF, DMSO and DMSO/H,0
mixtures, etc.).

Using these optimized conditions,'? a series of Sono-
gashira alkynylation reactions of 1 were performed with
several terminal acetylenes 9b-g (Table 2). Good yields
were recorded for electron-rich phenylacetylenes 9b
and 9¢ (Table 2, entries 1 and 2). The electron-poor phen-
ylacetylenes 9d and 9e (Table 2) also worked well.
However, for 4-nitrophenylacetylene 9f, no cross-cou-
pling occurred (Table 2, entry 5). In the last example,
4-chlorophenylacetylene 9g faired better, although the
low yield could not be improved upon under the reac-
tion conditions employed.

With a series of derivatives of 5 prepared, we turned our
attention toward cross-coupling the unprotected 8-
bromoadenosine 3 with the same terminal acetylenes
(Table 3). High yields were recorded for compounds
6a and b (Table 3, entries 1 and 2).

4-Diethylaminophenylacetylene 9¢ reacted to give 7c¢ in
a satisfactory 52% yield (Table 3, entry 3).

Table 1. Effect of Cu(I) loading on Sonogashira alkynylation of 1

Entry Cul loading/mol % Cu(I):Pd(II) ratio Yield/%
1 0 — 18
2 0.5 1:2 30
3 1.0 1:1 38
4 2.0 2:1 95
5 4.0 4:1 77

Table 2. Sonogashira alkynylation of unprotected §-bromoguanosine
lil

(6]
HNY N
- >TR
HoN N N
HO
(0]
OH OH 5b-g

Entry  Terminal acetylene Product (R=)/yield (%)

OMe §OOMe
9b 5b (73)
9¢ Se (71)
% : o
9d 5d (63)
CFs 34@05
9% 5e (53)
NO, §—<: :>—No2
o9f 5t (o)

cl §OC|
9g 5g (29)

#Reagents and conditions: 1 (1 equiv), (Ph;P),PdCl, (1 mol %), Cul
(2mol %), terminal acetylene (1.2 equiv), EtzN (3 equiv), DMF,
110 °C, 18 h.
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Both 4-acetophenylacetylene 9d and 4-trifluoromethyl-
phenylacetylene 9e gave cross-coupled products 7d and
7e in 74% and 64% yields, respectively (Table 3, entries
4 and 5). As seen with 1, the cross-coupling of 3 with 4-
nitrophenylacetylene 9f resulted in negligible cross-cou-
pling.'? The reaction of 3 with 4-chlorophenylacetylene
9¢g again produced the cross-coupled product 7g in poor
yield (Table 3, entry 7).

The difference observed in the reactivity of the terminal
acetylenes suggests that the rate of transmetallation and
reductive elimination in the catalytic cycle are both af-
fected.!* In the latter step, a highly sensitive electronic
relationship clearly exists between the guanine and ade-
nine heterocycles and terminal acetylene on palla-
dium(Il). This is not wunusual for heterocyclic
compounds, albeit not fully understood.!?

From the results illustrated in Tables 2 and 3, a valuable
library of 8-alkynylated guanosines 5 and adenosines 7
are now available (easily prepared in one step from 1
and 3, respectively), which can be performed on gram
scale.

UV-visible spectra reveal an intense absorption in the
UV region for all the compounds evaluated. The fluores-
cence spectral properties of six compounds are presented
in Table 4, which are consistent with the Sy absorption
and S; emission wavelengths. As expected, the spectrum
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Table 3. Sonogashira alkynylation of unprotected 8-bromoadenosine
3il
NH,

e
k\ | \>%R
N N

HOT
(0]

OH OH 7a-g

Product (R=)/yield (%)

: 7a (85)
OMe §OOMe
9p 7b (80)

9¢ 7c (52)

: o
: \ 7d (74)

CFs %OC&
9% Te (64)
7* ()

cl §Om
9g 7g (25)

#Reagents and conditions: 3 (1 equiv), (Ph3;P),PdCl, (1 mol %), Cul
(2mol %), terminal acetylene (1.2 equiv), Et;N (3 equiv), DMF,
110 °C, 18 h.

Entry  Terminal acetylene

Table 4. Fluorescence spectroscopic properties of select compounds in
DMSO

1

Compound Jex/nM Jem/NM Stokes shift*/cm™
Sa 370 438 4196
5¢ 398 502 5205
Se 386 468 4539
Ta 350 397 3383
Tc 408 506 4747
Te 362 440 4897

# Stokes shift = (1/ex — 1/2em)-

of 5c is red-shifted from that of compound 5a (the par-
ent compound), revealing a smaller HOMO-LUMO
gap. Compound Se, also red-shifted relative to 5a,
exhibits a slightly higher HOMO-LUMO gap than Sc.
Similar trends are seen with the adenosine compounds
7a,c and 7e, although the excitation maximum shift of
7c¢ relative to compound 7a (the parent compound) is
greater (see Fig. 3).

The linear m-conjugated 8-alkynylated purine nucleo-
sides were designed to allow through-bond energy trans-
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Figure 3. Normalized fluorescence emission spectra for compounds
5a,c and 5e in DMSO.

fer. The spectroscopic properties detailed in Table 4
show that the S absorption wavelength and Stokes shift
can be tuned by altering the electron-donating charac-
teristics of the para-substituent on the phenyl ring. The
larger Stokes shifts observed for Sc and 7e are consistent
with energy transfer to the guanine and adenine rings
being enhanced by both electron-donating and elec-
tron-withdrawing substituents through the aromatic
ring, respectively.

In summary, we have a prepared several novel alkynyl-
ated guanosines and adenosines. Many of these deriva-
tives exhibit interesting fluorescent properties that could
prove useful in biochemical applications. The key to
the success of the Sonogashira cross-coupling was low
palladium loading (1 mol%; ¢ 1.18 x 10~ mol dm?)
and an optimum Pd(II)/Cu(I) ratio (1:2). The effect of
a Cu(I) co-catalyst in these reactions is substantial,
and one which indicates a potential secondary role for
this metal in the catalytic cycle (particularly in reactions
employing 1).'¢ Further mechanistic studies are under-
way to uncover a dual role for Cu(I) in these reactions.
In due course, the biological applications of the fluores-
cent analogs detailed herein will be reported.
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