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Symmary: Protection of the guanine residue with the 06-diphenylcarbamoyl and 
N -propionyl groups is described. These protecting groups could be readily 
introduced and removed simultaneously. They were used to demonstrate the 
synthesis of the deoxyguanylate dimer in high yield. 

As one of the recent developments in oligonucleotide synthesis, explora- 

tion of some protecting groups have .been achieved 1) to overcome the crucial 

problem which resulted from the undoubted reactive site of the guanine 

residue. 2) These groups have been introduced into the guanine residue in 

unsatisfactory yields through several-step reactions or at the final stage of 

the nucleotide-unit synthesis. Moreover, removal of the conventional N2-iso- 

butyryl group on the guanine residue required relatively long time. 

Recently, we found that the diphenylcarbamoyl (DPC) group was most 

promissing as a protecting group for the 06-amide group of the guanine residue 

in the ribo-series. 3) We applied this protecting group to the deoxyribo- 

series and employed the propionyl (Pro) group which is more base-labile than 

the isobutyryl group for protecting the 2-amino group. 

We first investigated introduction of the DPC and Pro groups on the 

guanine residue: Deoxyguanosine (,L) was treated first with propionic anhydride 

(5 equiv.)-N,N-dimethylaminopyridine (DMAP) (1 equiv.) in dry pyridine at 

7G°C for 1 h, then with diphenylcarbamoyl chloride (2.0 equiv.)-ethyldiiso- 

propylamine (1.5 equiv.) in dry pyridine at room temperature for 1 h, and 

finally with 2M MaOH-EtOH-pyridine (5:5:2, v/v/v) at O'C for 10 min. The 

3',5'-free hydroxyl derivative (2)') could be purified in 93% yield by flash 

chromatography on silica gel. Scheme I reveals that DMAP was very effective 

for acylation of the 2-amino group and the DPC group was directly introduced 

without isolation of (2). Furthermore, the DPC and N2-Pro groups survived 

under the basic conditions employed for hydrolysis of the 5'- and 3'-O-Pro 

groups. Next, the fully protected unit (_?!5) was obtained in the usual 

mannerlcr6) as shown in Scheme II with no loss of the guanine protecting 

groups. 
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In order to measure the life time of the DPC and N2-Pro groups under the 

deprotective conditions, 5'-0-DMTr-derivative (A) was treated with cont. 

ammonia-pyridine (2:1, v/v) at room temperature and 

estimated by tic. Table I shows that the DPC group 

Pro gorup. 

the rates of removal were 

is more labile than the 

(2:1, v/v) ~ Table 1 The life time of the DPC and Pro 
groups of% 
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Then, ,$ was treated with cont. ammonia-methanol (9:1, v/v) at 60°C for 1 h 

followed by treatment with 80% AcOH at room temperature for 15 min to give 

deoxyguanosine ,L in 89% yield without formation of the 2,6-diamino-purine 

derivative (L).2a) In contrast to these results, the isobutyryl group 

required 6 h for its complete removal under the same conditions. 

cont. NH40H-MeOH 
(9:1, v/v) 

80% AcOH 

%- 6O"C, 1 h r-t., 15 min ’ !._ 89% 

The availability of the new combination of the DPC and Pro groups can be 

demonstrated in the following synthesis of d-GpGp. According to our 

methodology, lc,6) the unit ,zwas treated with phosphinic acid (PSA) (30 

equiv.) - triethylamine (20 equiv.) in dry pyridine at room temperature for 

15 min. On the other hand, treatment of 2 with 1% trifluoroacetic acid (TFA) 

in dry CHC13 at 0°C for 3 min gave the 5'-hydroxyl component (,z) 

quantitatively. The 3'-phosphate component (2) and 5'-hydroxyl component 9_ 

were coupled by using mesitylene-1,3-disulfonyl chloride (MDS) 6b) (3 equiv.) 

and 3-nitro-1,2,4-triazole (NT) (3 equiv.) at room temperature. The 

condensation reaction was completed in 2G min and the usual workup gave the 
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desired dimer (ls)7) in 95% yield. The yield was dramatically increased and 

the inevitable side reactions in the conventional methods were not observed at 

all. In addition, 2 and,9_were coupled by using mesitylenesulfonyl chloride 

(3 equiv.) and l-methylimidazole (MeIm) (3 equiv.) according to the effective 

condensing method recently reported by Efimov. 8) The reaction was completed 

in 10 min and the dimer 2 was also obtained in 94% yield without damage of 

the guanine protecting groups. PP. 
Gu 

(12) 

o=+tl 

PhS (2) quan’. 

Deprotection of the fully protected dimer 2 was performed smoothly as 

follows: 1) 0.2 M NaOH -dioxane (l:l, v/v) for 10 min at room temperature to 

remove the internucleotidic PhS group and one of the two PhS groups at the 3'- 

terminal phosphate; 2) cont. ammonia -methanol (9:1, v/v) for 3 h at 60°C to 

remove the DPC and Pro groups; 3) 30 equiv. of silver acetate in pyridine- 

water (2:1, v/v) for 14 h at room temperature to remove the remaining PhS 

group at the 3 '-terminal phosphate; 4) 80% AcOH for 15 min at room temperature 

to remove the 5'-dimethoxytrityl group. Thus, d-GpGp was isolated in 81% 

yield after chromatographic separation using Whatman 3MM paper with i-PrOH- 

cont. ammonia -water (6:1:3, v/v/v). The deblocked dimer was completely 

degraded by spleen phosphodiesterase to give a single spot of d-Gp. 

In addition to the successful protection of the guanine residue during 

the dimer building reactions, introduction of the DPC group improves the 

solubility and chromatographic properties of its derivatives. Moreover, its 

presence on tic plate is readily detected as a blue colored spot after 

spraying an acidic solution followed by heating. Both the DPC and Pro groups 

can be removed by treatment with cont. ammonia which is the conventional 

deprotective condition for the exo-amino acyl groups of other nucleoside 

bases. An effective combination of the DPC and Pro groups is a promissing 

protective fashion for the guanine residue in oligonucleotide synthesis of 

both the deoxyribo- and ribo-series. 

Acknowledgement 

We thank DOJINDO Laboratories for the gift of 3-nitro-lH-1,2,4_triazole. 

This work was supported by a Grant-in-Aid for Special Project Research 



2118 

(Innovative Studies on Highly Selective Synthesis: No.57118002) from the 

Ministry of Education, Science and Culture, Japan. 

References and Notes 

1) a) S. S. Jones, C. B. Reese, S. Sibanda, and A. Ubasawa, Tetrahedron Lett., 

22, 4755 (1981); b) B. L. Gaffney and R. A. Jones, ibid., 23, 2257 (1982); 

cl M. Sekine, J. Matsuzaki, and T. Hata, ibid., 23, 5287 (1982); d) T. 

Trichtinger, R. Charubala, and W. Pfleiderer, ibid., 2, 711 (1983). 

2) a) P. K. Bridson, W. Markiewicz, and C. B. Reese, J. Chem. Sot. Chem. 

Commun., 1977, 447, 791; b) C. B. Reese, and A. Ubasawa, Nucleic Acids 

Res., Symposium Series No. 7, 5 (1980); c)idem., Tetrahedron Lett., 21, 

2265 (1980); d) H. P. Daskalov, M. Sekine, and T. Hata, Tetrahedron Lett., 

21, 3899 (1980); e) idem., Bull. Chem. Sot. Jpn., 54, 3076 (1981); f) M. 

Sekine, J. Matsuzaki, M. Satoh, and T. Hata, J. Org. Chem., 5, 571 (1982); 

g) S. D. Bernardini, F. Waldmeier, and C. Tamm, Helv. Chim. Acta, 64, 2142 

(1981); h) J. A. J. der Hartog, G. Wille, R. A. Scheublin, and J. H. van 

Boom, Biochemistry, 21, 1009 (1982); i) B. E. Watkins, and H. Rapoport, J. 

Org. Chem., 41, 4471 (1982). 

3) The manuscript is in preparation and will shortly be reported elsewhere. 

4) 'H-nmr(CDC13/TMS):&1.24(t, 3H, J=9Hz, CH3), 2.09-2.60(4H, H-2' and 

CH2), 3.60(2H, H-5'), 3.95(1H, H-4'), 4.61(3H, H-3' and OH-3',5'), 6.23(1H, 

H-l'), 7.10-7.38(10H, ArH), 8.17(s, lH, H-8), 9.03(lH, NH). Anal. Calcd 

for C26H26N606 7/10H20: C, 58.80; H, 5.20; N, 15.82%. Found: C, 58.59; H, 

5.00; N, 15.75%. 

5) 'H-nmr(CDC13/TMS):,$ 1.12, l.ld(t, 3H, J=9Hz, CH3), 2.42-2.69(3H, H-2' and 

CH2), 2.80-3,10(1H, H-2'), 3.37(d, 2H, J=4.5Hz, H-5'), 3.69(s, 6H, OCH3), 

4.20(1H, H-4'), 5.32-5.53(1H, H-3'), 6.22(t, lH, J=7.0Hz, H-l'), 6.73(d, 

4H, J=9Hz, ArH), 7.15-7.51(29H, ArH), 8.@1(s, lH, H-8), 8.19(s, lH, NH). 

Anal. Calcd for C5gH53N60gS2P: C, 65.30; H, 4.92; N, 7.74; S, 5.91%. 

Found: C, 65.14; H, 5.80; N, 7.63; S, 5.57%. 

6) a) M. Sekine, K. Hamaoki, and T. Hata, Bull. Chem. Sot. Jpn., 54, 3815 

(1981); b) M. Sekine, J. Katsuzaki, and T. Hata, Tetrahedron Lett., 2, 

3209 (1981); c) s. Honda, K. Terada, Y. Sato, M. Sekine, and T. Hata, 

Chem. Lett., 15 (1982); d) A. Kume, M. Sekine, and T. Hata, Tetrahedron 

Lett., 23, 4365 (1982). 

7) ';-nrnr(~~~l~/~MS):d 1.05-1.26(6H, CH3), 2.30-2.66(6~, H-2' and CH2), 

2.86-3.44(6H, H-2',5'), 3.68(s, 6H, OCH3), 4.30, 4.38(2H, H-4'), 5.37(2H, 

H-3'), 6.16(28, H-l'), 6.71(d, 4H, J=9Hz, ArH), 7.93, 7.96, 7.99, 8.01(2H, 

H-8), 8.93, 9.08(2H, NH). Anal. Calcd for CglHs2N12016S3P2: C, 62.18; H, 

4.70; N, 9.56%. Found: C, 61.93; H, 4.72; N, 9.42%. 

8) a) V. A. Efimov, S. V. Reverdatto, and 0. G. Chakhmakhcheva, Tetrahedron 

Lett., 3, 961 (1982); b) idem., Bioorgan. Khim., 8, 231 (1982); c) 

idem., Nucleic Acids Res., 2, 6675 (1982). 

(Received in Japan 19 March 1983) 


