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Phosphoramidites
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Abstract: A novel 2-(levulinyloxymethyl)-5-nitrobenzoyl (LMNBz) protecting group for the 5'
position of nucleoside 3'-phosphoramidites was successfully applied to the solid-phase synthesis of
both an oligodeoxyribonucleotide (TpTpT and TpTpTpT) and an octaribonucleotide in combination
with a 2'-O-Thp protecting group (UpCpApGpUpUpGpG). The LMNBz group was simply
unmasked due to its base-labile property by a two-step procedure, i.e., treatments with 0.5 M
hydrazine hydrate in 1:4 acetic acid - pyridine, and then with 0.5 M imidazole in acetonitrile.
© 1997 Elsevier Science Ltd.

A series of problems hampers the current methodology of automated solid-phase synthetic approaches on
CPG-supports. Specifically, depurination occurs under the acidic conditions used for the removal of the 5'-O-
(4,4'-dimethoxytrityl) (DMTT) protecting group in the synthesis of DNA-oligomers,! and the sterically bulky 2'-
O-TBDMS protection tends to inhibit the coupling reactions of ‘the ribonucleotide units in RNA-oligomers,?
since the acid-labile 2'-O-(tetrahydropyran-2-yl) (Thp) protection is somewhat affected upon the removal of the
5'-0-DMTT group under acidic conditions.3 Consequently, various protecting groups for the 5'-position of
ribonucleoside and 2'-deoxyribonucleoside 3'-phosphoramidites have been reported,® as exemplified by the
levulinyl group’ and the modified 2-hydroxymethylbenzoyl groups,6 which are removable under basic
conditions. The former is characterized by facile unmasking by 0.5 M hydrazine hydrate in 1:4 acetic acid -
pyridine at room temperature for 2 min (liquid-phase approach5a.b) or 10 - 15 min (solid-phase approach; no
damage to the 2-cyanoethyl protecting group of phosphate5¢.d), although the yield for its introduction is
somewhat lower, ranging from 30% to 70%, depending on the structure of the nucleoside.

In view of this background, the authors addressed the potential utility of 2-(levulinyloxymethyl)benzoyl
(LMBz) and LMNBz groups as novel base-labile protecting groups for the 5'-position of nucleoside 3'-
phosphoramidites in solid-phase oligonucleotide synthesis. 2-(Levulinyloxymethyl)benzoic acid (3) and its 5-
nitro derivative (4) were prepared from phthalide by a sequence of reactions, i.e., alkaline hydrolysis,’
crystallization of 2-hydroxymethylbenzoic acid (2) by adjusting the pH of the resulting mixture at ca. 2 with
concentrated hydrochloric acid (91% yield), and esterification with levulinic anhydride (1.5 mol. equiv.) in the
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Conditions; (a) KOH, 85% MeOH aq., reflux, 2 h; (b) adjust to

ca. pH 2 with conc. hydrochloric acid; (c) levulinic anhydride,
1-methylimidazole, 1,4-dioxane, 1 h; (d) H;SO4 - HNO, 0 °C,
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Scheme 2
Conditions; (a) 3 or 4, TPSCI, pyridine, 1 day (LMBz) or 2-3h
(LMNB2); (b) 2-cyanoethyl N, Ardiisopropyichlorophosphoramidite,
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Scheme 3  Reaction Cycle for Assembty of Oligonucleotides
Conditions; (a} 0.5 M NH,NH, H,0,1:4 CH3COOH - pyridine,
15 min3¢ (b) 0.5 mimidazole, CH;CN, 5 min;'? (c) 0.05M 7 (ca.
10 eq.), 0.25 M 1H-tetrazole, CH3CN,10 min;*® (d) (CH,CO);0,
2,6-lutidine, 1-methylimidazole, THF,1 min; (8) 0.1 M Iy, HO -
pyridine - THF,1 min; (f) conc. NH;OH,r.t,3h-55°C, 6 h;

(g) pH 2HCl aq., - t., 1 day.

iPr,NEt, CH3CN, 0.5 - 1 h.

presence of 1-methylimidazole ( 1.5 mol. equiv.), giving 3 (59% yield), which was then subjected to a nitration
reaction with a mixture of concentrated nitric acid and sulfuric acid to afford 4 (62% yield) (Scheme 1).

The introduction of the LMBz and LMNBz protecting groups to the 5'-positions of 2'-O-Thp-uridine [§
(B=U, R=0OThp)],2 N4.anisoyl-2'-O-Thp-cytidine [5 (B=CAn, R=OThp)],® N6-benzoyl-2'-O-Thp-adenosine [$
(B=AB?, R=0Thp)],® N2-isobutyryl-2'-O-Thp-guanosine {5 (B=GBY, R=0Thp)],8 and thymidine [5 (B=T,
R=H)] was accomplished by treatment with 3 and 4 (1.1 mol. equiv.), respectively, in the presence of 2,4,6-
triisopropylbenzenesulfonyl chioride (TPSCI) (2.2 mol. equiv.) in pyridine at room temperature to give the 5'-0O-
LMBz- and -LMNBz-nucleoside derivatives (6) in 60% to 72% yields, which are comparable and/or superior to
the yields of the 5'-O-levulinylation reactionS using levulinic acid (3 - 4 mol. equiv.) (Scheme 2). The
consecutive treatments of 5-O-LMBz- and -LMNBz-thymidine [6 (B=T, R=H, R'=LMBz, LMNBz) with 0.5 M
hydrazine hydrate in 1:4 acetic acid - pyridine at room temperature for 2 min,5 acetone, and a 5% aqueous
solution of sodium hydrogen carbonate® gave 5 (B=T, R=H), as expected.

The LMBz and LMNBz derivatives (6) were then subjected to phosphitylation reactions with 2-cyanoethyl
N ,N-diisopropylchlorophosphoramidite9 (1.5 mol. equiv.) and N-ethyldiisopropylamine (1.5 mol. equiv.) in
acetonitrile to give the corresponding 3'-(2-cyanoethyl) N.N -diisopropylphosphoramidites (7) in 65% - 91%
yields (Scheme 2).

Prior to oligonucleotide synthesis, the controlled pore glass (CPG) support was f unctionalized with the 5'-
0-LMBz and -LMNBz derivatives [6 (B=T, R=H; B=GF*, R=0Thp)] in the usual manner.1© The CPG 8
(B=T, R=H, R'=LMBz), 8 (B=T, R=H, R'=LMNBz), 8 (B=GiBy, R=OThp, R'=LMBz), and 8 (B=GiBu,
R=OThp, R'=LMNBz) thus obtained were used for oligonucleotide syntheses through the reaction cycle for their

assembly, as shown in Scheme 3, by manual, and not automated, synthesis.!!  Starting with 8 (B=T, R=H,
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Reversed-phase HPLCs of crude products of TpTpT and TpTpTpT preparations using the 5'-0-LMBz-thymidine
3-phosphoramidite derjvative (Figs. 1 and 2) and the 5'-0-LMNBz-thymidine 3-phosphoramidite derivative

(Figs. 3 and 4), respectively.
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Reversed-phase HPLC

of crude products from the preparation of
the octamer (UpCpApGpUpUpGpG)
using 5'-0-LMBz-2'-O-Thp-ribonucleoside

3'-phosphoramidite derivatives.
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Fig. 7  Electrophoresis of

the octamer (Fig. 6-I1) on a 20%
polyacrylamide gel containing
7 M urea, visualized by UV-
shadowing.
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(I) Reversed-phase HPLC of crude products from

the preparation of the octamer (UpCpApGpUpUpGpG) using
5'-0-LMNBz-2"-O-Thp-ribonucleoside 3'-phosphoramidite
derivatives. (II) Reversed-phase HPLC of the octamer isolated
from the mixture of (I). Yield of the octamer; 41.1 Aygq units
from 8 (B=GEY, R=O0Thp, R=LMNBz; 1.95 pmol)

Conditions of reversed-phase HPLCs (Figs. 1, 2, 3, 4, 5, and 6): column uBONDASPHERE 51 C18 (3.9 mm ID
x 150 mm L); elution buffer acetonitrile - 0.1 M TEAA (pH 7); flow rate 1 mL/min; detected by UV at 260 nm.
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Reversed-phase HPLC of products obtained by digestion

of the completely unmasked octamer (Fig. 6-I) with snake venom
phosphodiesterase and alkaline phosphatase.

Conditions of reversed-phase HPLC: column pBONDASPHERE Sy

C18 (3.9 mm ID x 150 mm L); elution buffer 2% acetonitrile - 0.04
M TEAA (pH 7); flow rate 1 mL/min; detected by UV at 260 nm.
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R'=LMBz, LMNBz), TpTpT and TpTpTpT were synthesized, and HPLC tracings of each of the resulting
mixtures from 8 (B=T, R=H, R'=LMBz) and 8 (B=T, R=H, R'=LMNBz) are shown in Fi gs. 1 - 4,
respectively. Starting with 8 (B=GiB4, R=OThp, R'=LMBz, LMNBz), an octaribonucleotide of UpCpApGp-
UpUpGpG also was synthesized, and HPLC tracings of the mixtures, resulting from 8 (B=GiBu, R=OThp,
'=LMBz) and 8 (B=GiBY, R=OThp, R'=LMNBz) by consecutive treatments with concentrated ammoniacal
water (for 3 h at room temperature and subsequently for 6 h at 55°C ) and with hydrochloric acid (for 1 day at
pH 2.0 at room temperature!3) as usual, are shown in Figs. 5 and 6, respectively. Introduction of the nitro
group to the 5-position of 3 is likely to have enhanced susceptibility of the LMNBz protecting group toward both
processes of hydrazinolysis and deprotonation by imidazole, and excellence of the LMNBz group over the
LMBz group was thus confirmed as could be seen from Figs. 1 - 6. The enzymatic degradation of these
oligonucleotides gave satisfactory data for proving their structures (Fig. 8).
Therefore, it is clearly shown that the base-labile LMNBz protecting group for the 5'-position is of
remarkably significant utility in oligonucleotide syntheses, judging from the above HPL.C data.

REFERENCES

1. a) Matteucci, M. D.; Caruthers, M. H. J. Am. Chem. Soc. 1981, 103,3135 - 3191; b) Tanaka, T.; Letsinger, R. L.
Nucleic Acids Res. 1982, 10, 3249 - 3260.

2. a)Barone, A. D.; Tang, J. -Y.; Caruthers, M. H. Nucleic Acids Res. 1984, 12, 4051 - 4061; b) Kierzek, R.; Rozek, M;
Markiewiecz, W. T. Nucleic Acids Res. Symp. Ser. 1987, 18, 201 - 204.

3. a)Reese, C. B.; Skone, P. A. Nucleic Acids Res. 19885, 13, 5215 - 5231; b) Hirao, 1.; Ishikawa, M.; Miura, K. Nucleic
Acids Res. Symp. Ser. 1988, 16, 173 - 176, c) Christodoulou, C.; Agrawal, S.; Gait, M. J. TetrahedronlLett. 1986, 13,
1521 - 1522.

4. a) Beaucage, S. L.; Iyer, R. P. Tetrahedron 1992, 48,2223 - 2311, b) Bergmann, F.; Pfleiderer, W. Helv. Chim. Acta
1994,77, 203 - 215; c) idem., ibid. 1994, 77, 481 - 501; d) idem., ibid. 1994, 77, 988 - 998.

5. a)van Boom, J. H.; Burgers, P. M. J. Tetrahedron Lett. 1976, 4875 - 4878, b) van Boom, J. H.; Burgers, P. M. J.;
Verdegaal, C. H. M.; Wille, S. Tetrahedron 1978, 34, 1999 - 2007; c) Iwai, S.; Ohtsuka, E. Nucleic Acids Res. 1988,
16, 9443 - 9456; d) Iwai, S.; Sasaki, T.; Ohtsuka, E. Tetrahedron 1990, 46, 6673 - 6688.

6. a) van Boom, J. H.; Christodoulou, C.; Reese, C. B.; Sindona, G. J. Chem. Soc., Perkin Trans. 1 1984, 1785 - 1790,
b) Reese, C. B. Nucleosides Nucleotides 1987, 6, 121 - 129; c) Christodoulou, C.; Agrawal, S.; Gait, M. ibid. 1987, 6,
341 - 344.

7. Cain, B. F. J. Org. Chem. 1976, 41,2029 - 2031.

8. Kamaike, K.; Uemura, F.; Yamakage, S.; Nishino, S.; Ishido, Y. Nucleosides Nucleotides 1987, 6, 699 - 736.

9. Sinha, N. D.; Biemat, J.; McManus, J.; Koster, H. Nucleic Acids Res. 1984,12, 4539 - 4557.

10. ‘a) Miyoshi, K.; Huang, H.; Itakura, K. Nucleic Acid Res. 1980, 8, 5491 - 5505, b) Marugg, J. E.; Piel, N.; McLaughlin,
L. M.; Tromp, M.; Veeneman, G. H.; van der Marel, G. A.; van Boom, J. H. Nucleic Acids Res. 1984, 12, 8639 - 8651.

11. Seliger, H.; Scalfi, C.; Eisenbeiss, F. Tetrahedronlett. 1983, 24, 4963 - 4966.

12. Belke, C. J.; Su, C. K.; Shafer, J. A. J. Am. Chem. Soc. 1971, 93, 4552 - 4560.

13. It was demonstrated by Reese and his co-workers [a) Griffin, B. E.; Reese, C. B. TetrahedronLett. 1964, 2925 - 2931, b)
Griffin, B. E.; Jarman, M.; Reese, C. B. Tetrahedron1968, 24, 639 - 662.] that the Thp protecting group can be removed
by treating with 0.01 M hydrochloric acid for 3 - 4 h at room temperature, and only 1 % of the 3'-5' phosphodiester linkage
rearranged into the corresponding 2'-5' phosphodiester linkage after 216 h at 20°C.

(Received in Japan 3 July 1997; revised 31 July 1997; accepted 4 August 1997)



