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Abstract

N2-Isobutyryl-08-[2-(p-nitrophenyl)ethyl}guanine (4) allows the synthesis of different
types of carbocyclic analogs of guanosine in high yield under Mitsunobu conditions. Only
the desired N9-substituted derivatives of guanine are formed.

The potential value of carbocyclic nucleoside analogs as antiviral agents has
encouraged many research groups to address the challenges inherent in their
synthesis3#5:6. Especially problematic is the preparation of purine analogs, in particular
those bearing the guanosine nucleuns, While pyrimidine analogs of nucleosides might be
synthesised by stepwise construction of the heterocyclic ring around a carbocyclic
amine’-8.9, the same strategy for the construction of purine ring systems involves long
reaction sequences!0:11:12,13 Fyrther, attachment of cyclopentane or other substituents to
a purine via direct alkylation often yields hoth N7 and N substituted derivatives!4 which
are often difficult to separate. Alkylation of purines using epoxides has been successfully
applied to the preparation of carbocyclic analogs of nucleosides!5:16.17.18.13, However,
this approach yields ring systems that are hydroxylated at an inconvenient position20.

Recent efforts from this laboratory have been directed towards preparing analogs of
oligonucleotides having dimethylene sulfide, suifoxidc, and sulfone units replacing the
phosphate backbone as potential antisense reagents2122, As a part of this work, we
wished to have a variant of these analogs where the ring oxygen is substituted by a -CHj-
group. The preparation of derivatives of guanosine proved to be especially problematic.
Reports that 6-chloropurine could replace a primary hydroxyl group under Mitsunobu
conditions23 and success in our laboratories24 and elsewhere23 developing Mitsunobu-type
conditions for introducing nucleoside bases by replacing a secondary hydroxyl group in
carbocyclic systems encouraged us to search for a derivative of guanine that might be
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easily introduced in different carbocyclic hydroxy compounds using Mitsunobu-type
conditions without forming mixtures of N7- and N9-isomers.

Among the different guanine derivatives and precursors tested, N2-isobutyryl-0%-[2-
(p-nitrophenyl)ethyl]guanine (4) yielded by far the most successful results. The gnanine

nucleophile 4 was available readily and in large scale from guanine (1) via intermediates 2
and 326 in an overall yield of 63%.
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Compound 4 could be introduced in a wide variety of different cyclopentanol cores in
yields between 70 and 75%, and the corresponding N2-protected carbocyclic guanosine
analogs were obtained by treatment of the intermediate with DBU in pyridine?7 in overall

yields between 65 and 70%28.
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Derivative 4 appears to be the most useful reagent available for synthesizing
carbocyclic guanosine analogs. To illustrate its versatility, 4 was used to prepare the
strained cyclobutane derivative 5 in 53% yield.
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EXPERIMENTAL SECTION

N2—Isobuzytylguamne-monohydrate (2): Following a procedure analogous to that used
to prepare N2-acetylguanine 29, isobutyric acid anhydride (21.36 g, 135 mmol) was added
at room temperature to a suspension of guanine (1, 7.56 g, 50 mmol) in N,N-dimethyl-
acetamide (100 ml). The reaction mixture was heated at 150°C for 2 hours, cooled to room
temperature and evaporated under reduced pressure to 1/10 of its volume. The precipitated
crude product was collected and crystallised from boiling ethanol/water (1:1, 1500 mi) to
yield 2 (10.03 g, 84%) as colorless crystals.

9-Acetyl-N2-isobutyryl-guanine (3): A suspension of 2 (14.36 g, 60 mmol) in DMF
(75 ml) and acetic acid anhydride (15 ml, 158 mmol) was stirred at 100°C until a clear
solution was obtained (30 min). Solvent was completely removed by evaporation under
reduced pressure, and the residue suspended in EtOH (30 ml). Filtration and drying
yielded 3 (14.10 g, 89%) as colorless crystals .

N2-isobutyryl-O6-[2-(p-nitrophenyl )ethyl []guanine (4): A suspension of 3 (526 g,
20 mmeol), triphenylphosphine (8.89 g, 30 mmol) and 2-(p-nitrophenyl)ethanol (5.05 g,
30 mmol) in dioxane (200 ml) was treated within 30 min with diethyldiazodicarboxylate
(DEAD, 95%, 5.0 ml, 30 mmol). The mixture was stirred at room temperature overnight.
After evaporation of the solvent, the residue was taken up in EtOH (1300 ml) and water
(1300 ml) and the mixture heated under reflux for 30 min, The clear solution was then
cooled to room temperature, to 0°C, and then to -18°C in stages over a period of 16 h,
yielding crystals of 4 as flakes. Filtration and drying yielded 4 (6.22 g, 84%) which was
slighty contaminated with triphenylphosphine oxide. This product could be used directly
for the syntheses of carbocyclic guanosine analogs. An analytically pure sample was
obtained by recrystallisation from chloroform/methanol (1:1)30.

Mirsunobu reaction: In a typical experiment, very finely powdered 4 (370 mg, 1 mmol)
was suspended in dry dioxane (15 ml)'and heated at reflux for 30 min. The suspension |
was then cooled to room temperature and treated with triphchylphosphinc (350 mg,

1.33 mmol) and the appropriate cyclic alcohol (0.63 mrhol) in dry THF (10 mil). Diethyl-
diazodicarboxylate (DEAD, 95%, 0.22 ml, 1.33 mmol) was added over 30 min and the
suspension was stirred overnight fo yield a clear solution. The reaction mixture was
adsorbed onto 4.5 g silica gel and rapidly chromatographed on silica gel (140 g, eluted
with dlchloromethane/meﬂla.nol) Products that were especially polar were often
contaminated at this point with triphenylphosphine oxide. This was removed in these
derivatives following deprotection of the guanine derivative.
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Removal of the p-nitrophenylethylgroup: The carbocyclic nucleoside intermediate
(1 mmol) from the Mitsunobu reaction, either pure or contaminated with triphenyl-
phosphine oxide, was dissolved in dry pyridine (20 ml) and treated with 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU, 0.3 ml, 2 mmol). The mixture was stirred overnight at
room temperature. The crude reaction mixture was adsorbed onto silica gel (4 g) and
chromatographed on silica gel (100 g, eluted with CHClp/MeOH) to yield the final N2-
isobutyrylguanine derivative.

ACKNOWLEDGEMENTS
We are indebted to excellent technical assistance from Marco Cathomas, and to
financial support from the Swiss National Science Foundation, Sandoz AG, and the Swiss
Federal Institute of Technology. TFJ was supported by the Stipendienfonds der Basler
Chemischen Industrie.

REFERENCES

1 Present address: Department of Chemistry, M.L.T., Cambridge, MA 02139, USA.

2 Present address: Biotechnologie Griindungsgesellschaft, Theodor-Heuss-Ring 42, D-5000 Koeln 1,
Germany.

] For a review, see: Marquez, V. E,, Lim, M.-L, Medicinal Research Rev., 1986, 6, 1-40,

4 De Clercq, E., Balzarini, J., Bernaerts, R., Herdewijn, P., Verbruggen, A. Biochem. Biophys. Res.
Commun., 1985, 126, 397-403,

5 Szemzd, A., Szecsi, I, Sagi, I., Otvis, L. Tetrahedron Lett,, 1990, 31, 1463-1466.

6  Perbost, M., Lucas, M., Chavis, C., Pompon, A., Baumgartner, H., Rayner, B., Griengl, H., Imbach,
1.-1.. Biochem. Biophys. Res. Commun., 1989, 165, 742-747,

7 Bodenteich M., Faber K., Penn G., Griengi H. Nucleosides Nucleotides, 1987, 6, 233-237.
Shealy Y. F., O'Dell C. A., Thorpe M. C., J. Heterocycl. Chem., 1981, 18, 383-389.

9  Shealy Y. F., ODell C. A., Shannon W, M., Amett G. J. Med. Chem., 1983, 26, 156-161.

10 ghealy, Y. F., O'Dell, C. A., Amett, G. J. Med. Chem., 1987, 30, 1090-1094,

L1 Peterson, M. L., Vince, R. J. Med. Chem., 1999, 33, 1214-1219.

2 Cheikh, A. B., Zemlicka, J. Nucleosides Nucleotides, 1987, 6, 265-268.

13 Vince, R., Hua, M. J. Med. Chem., 1990, 33, 17-21.

14 Jones, M. F., Roberts, S. M. J. Chem. Soc. Perkin I, 1990, 2927-2932.

15 Kondo, K., Sato, T., Takemoto, K. Chem. Letz., 1973, 967-968.

16 DpiMenna, W. S., Piantadosi, C., Lamb, R. G. J. Med. Chem., 1978, 21, 1073-1076.

17 Martin, J. C., Smee, D. F., Verheyden, J. P. H. J. Org. Chem., 1985, 50, 755-759.

18 Bindu Madhavan, G. V., Martin, 3. C. J. Org. Chem., 1986, 51, 1287-1293.

19 Biggadike, K., Borthwick, A, D., Exall, A. M., Kirk, B. E., Roberts, 3. M., Youds P. J. Chem. Soc.
Commun., 1987, 1083-1084. ' '

20 But see: Baumgartner, H., Marscher, C., Pucher, R., Griengl, H. Tetrahedron Leit., 1991, 32, 611-
614, o ’



N2-ISOBUTYRYL-0°-[2- (P-NITROPHENYL)ETHYL ]GUANINE 1261

21
22
23
24
25

27

28
29

30

Schneider, K. C., Benner, S. A. Tetrahedron Lett, 1990, 31, 335-338,

Uhlmann, E., Peyman, A. Chemical Reviews, 1990, 90, 543-584.

Iwakawa, M., Pinto, B. M., Szarek, W. A. Can. J. Chem., 1978, 56, 326-335.

Jenny, T. F., Previsani, N., Benner, S. A. Tetrahedron Lett. 1991, 32, 7029-7032.

Mitsuncbu reactions have been used to replace the hydroxyl groap of allylic cyclopentenols: Marquez,
V. E., Tseng, C. K. H., Treanor, S. P., Driscoll, J. 8. Nucleosides Nucleotides, 1987, 6, 239-244;
Bestmann, H. J., Roth, D. Angew. Chem., 1990, 102, 95-96; and at anomeric centers of furanose and
pyranose rings: Szarek, W, A,, Depew, C., Jarrell, H. C., Jones, I. K. N. J. Chem. Soc. Chem.
Comm., 1975, 648-649.

Hunziker, ]., Eschenmoser, A., personal communication; 2, mp >270°C dec., 3, mp >220°C dec.
Himmelsbach, F., Schulz, B. §., Trichtinger, T., Charubala, R., Pfleiderer, W. Tetrahedron, 1984,
40, 59-72. '

Full experimental details and physical datas will be given elsewhere.

Hrebabecky, H., Farkas, J. Nucleic Acid Chemistry, Part I, 1978, Townsend, L. B,, Tipson, 3., eds.,
N.Y., Wiley, 13-15,

mp: >260°C dec. IR (KBr): 3310, 3110, 2970, 1685, 1620, 1590, 1520, 1435, 1410, 1350, 1260,
1220, 1140, 1105, 970, 930, 860, 790, 645. IH-NMR (DMSO-dg): 1.10 (d, J= 6.8, 6H, iBu—CH3);
2.86 (qa=sept., J=6.8, 1H, sec iBu—I—I); 3.32 (1, J= 6.8, 2H, CH32-Ph); 3.00-3.80 (s, br., 1H, H-Ng);
4.78 (t, J= 6.8, CH3-Q); 7.65-7.69 (m, 2 arom. H); 8.16-8.20 (m, 2 arom. H); 10.25 (s, br., NH-
CQ). MS: 370 (M*, T), 300 (17), 221 (38), 152 (26), 151 (100}, 150 (11), 149 (67), 134 (11}, 119
(29), 110 (14), 109 (14), 103 (38), 102 (17), 91 (32), 77 (72), 71 (14}, 65 (11}, 63 (11), 55 (10}, 53
(13), 51 (28), 50 (15), 43 (85), 41 (26). Anal. calcd for C17H18Ng04 (370,4): C 535.13, H4.90, N
22.69, O 17.28; found C 54.83, H 4.72, N 22.37.

Received 11/25/91
Accepted 12/17/91



