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Synthesis of Guanosine Analogs
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Abstract: Synthesis of three guanosine monomers substituted with alkylthiol chains at either carbon-8 or the 2’-
hydroxyl is described. The ready accessibility of these monomers will facilitate the vse of disulfide cross-links to study
the folding and dynamics of RNA and will also provide loci for conjugation of reporter groups.
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Although RNA is different from proteins with respect to monomer composition and backbone
structure, these two classes of macromolecules possess several similarities. For example, both RNA and
proteins display a rich diversity of tertiary structures.” The pathways by which RNAs fold are of considerable
interest and often have been compared to protein folding pathways.® Similarities between proteins and RNA
suggest that it should be possible to apply methods developed for studying protein folding and dynamics to
RNA. One particularly useful technique for
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solution, we required cross-links bridging
guanosine residues. In this report, we describe the synthesis of guanosine monomers substituted with
aikylthiol chains at either carbon-8 or the 2’-hydroxyl.” With the availability of these monomers, convenient
synthetic routes for 2’- O-thicalkyl modifications of all four ribonucleosides are now available® and the ready
construction of a C-8-substituted thioalkylguanosine increases the flexibility of the disulfide cross-linking
approach,’ and also provides a site for covalent attachment of reporter groups.?

The synthesis of 2’-O-alkylguanosines is more difficult than for any of the other standard bases
because direct alkylation of guanosine is complicated by reaction at 0% Although O° blocking groups have
been reported, " yields of 2’-O-alkyl adducts are usually low, even with highly reactive electrophiles.” 2°-0-
Alkylguanosines can be synthesized by coupling protected guanine to an alkylated sugar,'" but these
procedures add to the number of steps in a synthesis and can result in undesirable stereoisomers that may be
difficult to separate. Regioselective preparation of 2’-Q-allylguanosine using the Markiewicz disiloxane
reagent for simultaneous 3’,5°-hydroxyl protection,” and a novel glyoxal protecting group" or TBDPS™ for 0°
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protection has been reported. However, these methods are limited to alkylation in the presence of reiatively
mild bases and highly reactive electrophiles. In lieu of these methods, we have used an approach described by
McGee et al. for the preparation of a number of 2’-O-alkylated guanosines.” The key features in this
approach are: alkylation of 2,6-diamino-9-8-D-ribofuranosylpurine, chromatographic separation of the 2°-O-
and 3’-0-adducts, and enzymatic conversion of the 2’-O-adduct to a 2’-O-alkylated guanosine. Using this
approach to 2’-O-alkylated guanosines, protection of the guanosine lactam function is unnecessary because the
lactam functionality is introduced after the alkylation step.

2,6-Diamino-9-B-D-ribofuranosylpurine was prepared from guanosine," and treated with NaH and
either benzyl-2-bromoethylether or benzyl-3-bromopropylether in DMF (Scheme I). In both cases, the 2’-O-
alkyl adduct was the major product (48-50%) and it was easily separated from minor amounts of the 2’-0-, 3’-
O-dialkyl adduct (9-13%), and the 3’-O-alkyl adduct (11-12%}) by flash chromatography. Regiochemical
assignment of the products was performed by homonuclear decoupling NMR experiments in DMSO-d,.
Deamination was accomplished using adenosine deaminase (Sigma, Type II). In these experiments, we found
that using 20% DMSO rather than 60%, as originally reported'® results in a 3-fold increase in the rate of
deamination and a nearly quantitative yield of the desired product. Following silyl protection of the ribose
hydroxyls and isobutyryl protection of the 2-amino function, hydrogenolysis over Pd(OH),/C was used to
liberate the terminal hydroxyl group. Conversion of this free hydroxyl into the mixed tert-butyl disulfide and
silyl deprotection with aqueous hydrofluoric acid was conducted as previously described.® Protection of the
5’-hydroxyl as the 4,4’-dimethoxytritylether and activation of the 3’-hydroxyl as the
diisopropylphosphoramidite for solid-phase RNA synthesis yielded 7 in 11 steps and 16% overall yield from
2,6-diamino-9-8-D-ribofuranosylpurine.'
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Scheme I. (a) NaH, benzyl-3-bromopropyl ether (n = 2) or benzyl-2-bromoethy! ether (n = 1), DMF; (b) adenosine deaminase,
DMSO, 100 mM Tris, 100 mM sodium phosphate buffer, pH 7.4; (c) +BDMSCI, imidazole, DMF; (d) isobutyry!l chloride,
pyridine; (e) Hy, 20% Pd(OH)»/C, MeOH; (f) methanesulfonyl chloride, pyridine, MeCly; (g) thiobenzoic acid, Et3N, DMF; (h) HF,
MeCN; (i) 1-rert-butylthiohydrazine-1,2-dicarboxmorpholide, LiOH, THF, MeOH; (j) DMTrCl, DMAP, pyridine; (k)
2-cyanoethyl-N,N-diisopropylchlorophosphoramidite, i-Pr,EtN, MeCl,.

In designing the synthesis of C-8-substituted thioalkylguanosines, we considered two criteria:
regioselective protection of the ribose hydroxyls in such a way as to obtain solely the 2’-O-fert-
butyldimethylsilyl adduct, and mild introduction of the alkyl chain at carbon-8. Hence, the di-rert-
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butylsilylene group was used to simultaneously protect the 3’- and 5’- ribose hydroxyls because this group
could be selectively cleaved in the presence of the 2’-O-fert-butyldimethylsilylether by Bu,NeHF in THF. ""*
For installation of the C-8 functionality, we chose to use commercially available 8-bromoguanosine in a
palladium catalyzed coupling with propargyl alcohol.”

The ribose hydroxyls of 8-bromoguanosine were protected using a one pot procedure in which 8-
bromoguanosine was first treated with di-tert-butyldichlorosilane and AgNO, in DMF, followed by the
addition of tert-butyldimethylsilylchloride (Scheme II). The 2-amino function was protected with isobutyryl
chloride and the product was alkynylated with propargyl alcohol, Pd(OAc),, Cul, and Ph,P. Hydrogenation
yielded the saturated primary alcohol 10 and conversion from the alcohol to the mixed ferz-butyl disulfide was
conducted as previously described.* The di-tert-butylsilylene group was removed using Bu,N*HF in THF,
and the 3’- and 5°- hydroxyls were prepared for solid phase synthesis as described above. This sequence
afforded 13 in 10 steps and 13% overall yield from 8-bromoguanosine.
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Scheme IL.  (a) (i) (-Bu);SiCl;, AgNO3, DMF, pyridine (ii) --BDMSCI; (b) isobutyryl chloride, pyridine; (c) propargyl
alcohol, Pd(OAc),, Cul, PPh3, E3N, DMF; (d) H;, 10% Pd/C, MeOH; (¢) methanesuifonyl chloride, pyridine, MeCl,; (f)
thiobenzoic acid, Et;N, DMF; (g) 1-tert-butylthiohydrazine-1,2- dncarboxmorphohde LiOH, THF, MeOH; (h) BusN+HF, THF;
(i) DMTtCl, pyridine; (j) 2-cyanoethyl-N,N-diisopropylchlorophosphoramidite, i-PryEtN, MeCl,.

Through these straightforward procedures, we have prepared gram quantities of thiol-modified
guanosines and we are currently using them to introduce guanosine-guanosine cross-links in RNA. The results
of these experiments will be reported shortly.

ACKNOWLEDGMENTS

This research was supported by NIH grant GM 53861. C.W.G. is the recipient of an NIH
Pharmacological Sciences Predoctoral Fellowship (T32 GM 07767). G.D.G. is the recipient of an American
Cancer Society Junior Faculty Research Award, a National Science Foundation Young Investigator Award, a
Camille Dreyfus Teacher-Scholar Award, and a Research Fellowship from the Alfred P. Sloan Foundation.

REFERENCES AND NOTES
Abbreviations: ‘Bu - isobutyryl; ‘Bu - terz-butyl; DMT - 4,4’-dimethoxytrityl; Pr - isopropy!

1. present address: Warner Lambert - Parke Davis, 2800 Plymouth Rd., Ann Arbor, MI 48105



4042

10.

1.
12.
13.
14.
15.
16.
17.

18.

19.

Pyle, A. M.; Green, J. B. Curr. Opin. Struct. Biol. 1995, 5, 303-310 and references therein.
Thirumalai, D.; Woodson, S. A. Acc. Chem. Res. 1996, 29, 433-439.

(a) Clarke, J.; Fersht, A. R. Biochemistry 1993, 32, 4322-4329. (b) Careaga, C. L.; Falke, J. J.
Biophys. J. 1992, 62, 209-219.

All final products and intermediates afforded 'H NMR, "*C NMR, and mass spectra consistent with the
proposed structures.

(a) Goodwin, J. T.; Osborne, S. E.; Scholle, E. I.; Glick, G. D. J. Am. Chem. Soc. 1996, 118, 5207-
5215. (b) Douglas, M. E.; Beijer, B.; Sproat, B. S. Bioorg. Med. Chem. Lett. 1994, 4, 995-1000.

(c) Manoharan, M.; Johnson, L. K.; Tivel, K. L.; Springer, R. H.; Cook, P. D. Bioorg. Med. Chem. Lett.
1993, 3, 2765-2770. (d) Scholle, E. J.; Glick, G. D., manuscript in preparation.

(a) Osborne, S. E.; Cain, R. J.; Goodwin, J. T.; Stevens, S. Y.; Wang, H.; Zuiderweg, E. R. P.; Glick,
G. D. Biological Structure and Dynamics, Vol. 2; Sarma, R. H.; Sarma, M. H., Eds.; Adenine Press:
Schenectady, NY, 1995; pp 217-231. (b) Ferentz, A. E.; Verdine, G. L. Nucleic Acids in Molecular
Biology 1994, 8, 14-40.

Manoharan, M. Antisense Research and Applications; Crooke, S. T.; Lebleu, B.; Eds.; CRC Press:
Boca Raton, FL, 1993; pp 303-349.

Wagner, E.; Oberhauser, B.; Holzner, A.; Brunar, H.; Issakides, G.; Schaffner, G.; Cotten, M.;
Knollmiiller, M.; Noe, C. R. Nucleic Acids Res. 1991, 19, 5965-5971.

(a) Himmelsbach, F.; Schulz, B. S.; Trichtinger, T.; Charubala, R.; Pfleiderer, W. Tetrahedron 1984,
40, 59-72. (b) Reese, C. B.; Skone, P. A. J. Chem. Soc., Perkin Trans. 1 1984, 1263-1271. (c) Jones,
S.S.; Reese, C. B.; Sibanda, S.; Ubasawa, A. Tetrahedron Lett. 1981, 22, 4755-4758.

Chanteloup, L.; Thuong, N. T. Tetrahedron Lett. 1994, 35, 877-880.

Markiewicz, W. T. J. Chem. Res. (S) 1979, 24-25.

Beijer, B.; Grgtli, M.; Douglas, M. E.; Sproat, B. S. Nucleosides Nucleotides 1994, 13, 1905-1927.
Grgtli, M.; Douglas, M.; Beijer, B.; Eritja, R.; Sproat, B. Bioorg. Med. Chem. Lett. 1997, 7, 425-428.
McGee, D. F. C.; Cook, P. D.; Guinosso, C. J. PCT WO 94/02501, 1994.

Reported yields are for n = 1. Yields for n = 2 were comparable.

() Furusawa, K. Chem. Lert. 1989, 509-510. (b) Trost, B. M.; Caldwell, C. G. Tetrahedron Lett. 1981,
22, 4999-5002.

For a similar approach, see: Wada, T.; Tobe, M.; Nagayama, T.; Furusawa, K.; Sekine, M. Tetrahedron
Lett. 1995, 36, 1683-1684.

Koyama, S.; Kumazawa, Z.; Kashimura, N. Nucleic Acids Symp. Ser. 1982, 11, 41-44.

(Received in USA 1 April 1997; accepted 1 May 1997)



