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Abstract

An unexpectedly low N-9/N-7 regioselectivity was obtained when Robins’ reagent-a@etyl-
6-O-diphenylcarbamoylguanine) was coupled with B-glucosamine derivative under trimethylsilyl
trifluoromethanesulfonate activation. An unprecedented solvent effect (toluene versus dichloroethane) on
the N-9/N-7 ratio was also observed in the same study. The uséNed@&tyl-60O-benzylguanine to successfully
overcome the above regioselectivity problem is described. © 2000 Elsevier Science Ltd. All rights reserved.

A novel series of glucosamine-based oligonucleotide anal@@NA) was recently reported in our
laboratories (Fig. 1}. These optically pure, conformationally constrained and amide-linked oligomers
were assembled from the nucleic acid building blocks (thyr@mecytosine2b, adenine€2c and guanine
2d) on solid phase usiny-Fmoc type peptide chemistfy.

In the synthesis of monome&a—2d, the key step is the coupling a-glucosamine derivativ®
with modified nucleobases which works well for thymida (80% yield), cytosinedb (85% vyield)
and adeninelc (79% yield) (Fig. 2). However, the coupling 8fwith persilylated 2N-acetylguanine
in acetonitrile gave a 2:1 mixture of the desired N4€l,(36—43% yield) and N-7 isomers which required
chromatographic separatidriHerein, we report our efforts to improve the regioselectivity and yield in
preparing guanine derivatives relatedih

The N-9 versus N-7 regioselectivity problem in guanine glycosylation is well documériex.
Acetyl-6-O-diphenylcarbamoylguanin® introduced by Robin$,has been used with much success in
the preparation of cyclic and acyclic nucleosides with excellent N-9 selectivity. We were surprised when
the coupling of3 with persilylated5 (bis(trimethylsilyltrifluoroacetamide (BSA), CIGIEH,CI, 80°C)
under Robins’ conditiorfs(trimethylsilyl trifluoromethanesulfonate (TMSOTT), toluene, 80°C, 2 h) gave
after chromatography 6% of N-9 isom@and 14% of N-7 isomer (Scheme 1). Significant amounts of
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an inseparable mixture 0—30% yield) of compounddand9 ( 1:1 ratio) were also isolated from the
product mixture demonstrating the lability of the C-6 diphenylcarbamoyl grodpusfder the reaction
conditions. The low N-9/N-7 regioselectivity in the above coupling was in stark contrast to the excellent
N-9 regioselectivity of Robins’ reagent reported in the literature and in our own previous experience in
the ribose series. Even more surprisingly, when the TMSOTf-mediated couplthgruf persilylatedd

was carried out in dichloroethane instead of toluene, 45-55% yiéldvals isolated without any trace of

6.° This is, to the best of our knowledge, the only example in the literature involving the use of Robins’
reagenb in which a solvent switch led to a drastic change in the regiochemical outcome (N-9:N-7 ratio)
of guanine glycosylatiof-1°
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Scheme 1.

When N-7 isomef7 was heated with TMSOTT in toluene at 80°C, no trace of N-9 isofnesuld be
detected! Using tin(IV) chloride (SnC4, 2 equiv., refluxing dichloroethane) in place of TMSOTf in the
coupling of 3 and5 gave only N-7 isomeB (the C-6 diphenylcarbamoyl group was lost) in 40-50%
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yield.»2 The N-9 assignment & and N-7 assignment afwas established by analysiséd, 13C NMR
and UV spectra of the corresponding deprotected derivat®asdl11, respectively (Fig. 3). In addition,
an X-ray crystal structure of a derivative b® unambiguously confirmed its N-9 assignmént.
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2-N-Acetyl-6-O-benzylguaninel 2,314 in which the labile diphenylcarbamoyl group at C-6%fs
replaced with a benzyl group, was prepared from 2-amino-6-chloropurine (step 1: NaH, BnOH, dioxane,
reflux; step 2: AgO, toluene, reflux; 72% over two steps). Compourzdvas persilylated and coupled
with 3 under TMSOTT activation in acetonitrile to give exclusively the desired N-9 isdrdér 30—40%
yield (Scheme 2). Dichloroethane was a suitable replacement for acetonitrile as solvent and about 35%
yield of 13 was isolated when the reaction was carried out in dichloroethane at 80°C. The glycosylation
reaction betweef3 and12 did not proceed at room temperature; running the reaction at 110°C (1,1,2,2-
tetrachloroethane as solvent) led to complete consumptidhboft no trace ofl3 was detected. The
N-9 linkage of13 was confirmed by its exhaustive deprotection (step 4 Pd/C, CHOH; step 2:
EtsN, CHzOH, H,O; step 3: NHOH, CH;OH, 60°C) to givel0 which was identical in all aspects to a
sample prepared fro Also, 13 was converted int6 in two steps (step 1: # Pd/C, CHOH; step 2:
PhNCOCI, (-PrhEtN, pyridine) in 50% overall yield. Over 10 g @B were prepared in this manner and
were converted into guanine monon@etusing similar procedures as previously described.
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Scheme 2.

It's been reported by Imbach that only N-9 products (87% total yield) were obtained in the coupling
of peracetylated -p-galactopyranose with Robins’ reagdit® Since the reaction conditions used by
Imbach are identical to our conditions in the coupling of glucosamine derivativéh 5 (TMSOTf
catalysis in toluene at 80°C), this led us to postulate that the trifluoroacetamido grdujs dikely
to be responsible for the failure of Robins’ reagénb regioselectively give the N-9 isomér This
dependence of the regiochemical outcome of guanine glycosylation (N-9 versus N-7) on the nature
of the sugar protecting group @-acetyl versus N-trifluoroacetamido) is precedent&iWhile both
2-O-acetyl and 2N-trifluoroacetamido groups could form the corresponding cyclic acyloxonium and
oxazolinium ions, respectively-trifluroacetamide group is believed to participate less strongly at C-
1.17 One possible scenario is that the couplin@@nd5 is irreversible (supported by the failure Bto
isomerize td6 under TMSOTT activation, vide supra) and is under kinetic control. In dichloroethane, the
rate of N-7 isomer formation (giving) might be much higher than that of N-9 isomer formation (giving
6) and only7 would be isolated® In toluene, the rate of N-9 isomer formation might become comparable
to that of N-7 isomer formation and a mixture®and7 would be formed& and9 were formed through
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the loss of diphenylcarbamoyl! group frodrand7).6° In the coupling of3 and12, N-9 isomerl3 might

be either the kinetic product (if the reaction is irreversible) or thermodynamic product (if the reaction is
reversible). In either cas&3 would be isolated as the exclusive product using either dichloroethane or
acetonitrile as solvent.

In summary, we encountered an unexpectedly low N-9/N-7 regioselectivity in the coupling of
Robins’ reagent (N-acetyl-6O-diphenylcarbamoylguanine) with mglucosamine derivative and the
N-9:N-7 ratio was also strongly influenced by the solvent used in the glycosylatiNrA&etyl-6-O-
benzylguanine was used successfully as a replacement of Robins’ reagent in the above glycosylation to
give selectively the desired N-9 product in either acetonitrile or dichloroethane in modest yield. Further
studies to probe the underlying cause of the above described solvent effect and investigation of the scope
in the use of 2N-acetyl-6O-benzylguanine are currently in progress and will be reported in due course.
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