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A comparative study on the utility of Z-{levulinyloxymethyl}5-nitrobenzoyl
{LMNEz) and 2{levulinyloxymethyl)benzoyl (LMBz) protecting groups for the 5'-pos-
itions of nucleoside 3'-phosphoramidite derivatives in the oligonucleotide synthesis
is presented in terms of the syntheses of TpTpT, TpTpTpT, and UpCpApGpUp-
UpGpG. In addition we describe the synthesis, using the LMNBz protecting group, of
the CpCpA terminus triplet of tRNAs bearing exocyclic amino groups with -
labeling, and the trimer Gp[A*]pG containing z‘ﬂ{ﬁnrihnmrmnyﬂndamhe
([A*]), the latter of which is found at position 64 in the veast initiator tRNA™ .

The current methodology of the automated  controlled pore glass (CPG) support appar-
solid-phase approach to oligonucleotides on  ently seems to be used successfully, but has
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been hampered by a series of problems. In the
case of oligodeoxyribonucleotide synthesis,
the depurination reaction occurs inevitably
under the acidic conditions used for the re-
moval of the 5'-0-(4,4'-dimethoxy-trityl)
(DMTT) protecting group [1, 2]. In the case of
oligoribonucleotide synthesis, on the other
hand, the bulky tertbutyldimethylsilyl
(TBDMS) protecting group is widely used for
the 2'-hydroxyl group of ribonucleosides in
place of the tetrahydropyran-2-yl (Thp) group
[3], which is somewhat affected upon the re-
moval of the 5-0ODMTr group under acidic
conditions [4-6]. The 2-OTBDMS group,
however, brings about an unfavorable steric
effect on the introduction of the phosphityl
function to the 3'-hydroxyl groups [7] and on
coupling reactions with the ribonucleoside
phosphoramidite units bearing free 5'-hy-
droxyl groups [7], in addition to its incom-
plete removal at the final stage of assembly
even by a fluoride ion [8]. Consequently, vari-
ous base-labile protecting groups for the 5"-hy-
droxyl groups of ribonucleoside and 2'-deoxy-
ribonucleoside 3'-phosphoramidites have
been reported [9-12], as exemplified by the
levulinyl group [13-16] and the 2{acetoxy-
and -benzoyloxymethyl)benzoyl groups [17,
18], the latter of which are used for the exo-
cyclic amino group of nucleobase moieties.
The former is characterized by facile unmask-
ing through 0.5 M hydrazine hydrate in acetic
acid/pyridine at room temperature for 2 min
in the case of the liquid-phase approach [13]
or 10-15 min without damaging the 2-
cyanoethyl phosphate protecting group in the
case of the solidphase approach [15, 16].
Based on the chemistry of these protecting
groups, we assumed a possibility to replace
the acetyl and benzoyl groups of the latter
with the levulinyl group, i.e. a potential utility
of the 2{levulinyloxymethyl)benzoyl (LMBz)
protecting group for the 5'-hydroxyl groups of
nucleoside 3'-phosphoramidites in the oligo-
nucleotide synthesis.

A comparative study of these protecting
groups for the synthesis of oligonucleotides,

as exemplified by synthesis of TpTpT,
TpTpTpT, and UpCpApGpUpUpGpG, clearly
proved particular feasibility of the LMNBz
protecting group over LMBz [19]. Conse-
quently, synthetic studies on CpCpA and
GplA*]pG were carried out in terms of the
LMNBz protecting group [20]. The results
thus obtained will be described in full herein.

MATERIALS AND METHODS

General procedures. Melting points were
determined by a Yanagimoto micro-melting-
point apparatus and are uncorrected. TLC
was conducted on Merck silica gel Fosy and
was developed with 9:1 chloroform/methanol
(Solvent A). Column chromatography was
performed on silica gel (Wakogel C-300, pur-
chased from Wako Pure Chemical Industries,
Ltd.) by the use of chloroform/methanol.
High performance liquid chromatography
(HPLC) was conducted on uBONDASPHERE
5u C18 (3.9 mm ID X 150 mm L) for purifica-
tion of oligonucleotides and analyses of the di-
gestion of oligonucleotides with snake venom
phosphodiesterase and alkaline phosphatase.
'H.NMR spectra were recorded on a Varian
GEMINI 300 apparatus. >'P-NMR and C-
NMR spectra were recorded on a Brucker AM
400 apparatus with 85% HqPO, as an external
standard. °N-NMR spectra were recorded on
a Brucker AM 500 apparatus with liquid
15NH3 as an external standard. Mass spectra
were recorded on a V(G AutoSpecE apparatus.
Elemental analyses were achieved with a
Perkin-Elmer 240-002 apparatus.

2(Levulinyloxymethyl)benzoic acid (3).
A solution of phthalide (1) (5.36 g, 40 mmol)
and potassium hydroxide (2.47 g, 44 mmol) in
85:15 methanol/water (20 mL) was heated at
reflux for 2 h [17]. After evaporation, the resi-
due was dissolved in water (100 mL) and was
washed with diethyl ether (50 mL ¥ 3). The
agqueous solution was acidified (about pH 2)
with cone. HCl. The resultant precipitates
were gathered by filtration, and were washed
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with chilled water (20 mL) to give a white
powder of 2{hydroxymethyl)benzoic acid (2)
(5.51 g, 91% yield); m.p. 68-69°C; 'H-NMR
(CDClg): 6 4.85 (s, 2H, PhCHy), 7.44 (t, 1H, J
= 7.6 Hz, Ph-H), 7.49-7.60 (m, 2H, Ph-H x 2),
and 8.13 (d, 1H, J = 7.8 Hz, Ph-H).
Separately, to a solution of levulinic acid
(4.23 mL, 41.5 mmol) in dried 1,4-dioxane
(41.5 mL) was added N,N'-dicyclohexylcarbo-
diimide (DCC) (4.28 g, 20.75 mmol). The mix-
ture was stirred for 3 h at room temperature.
After removing the precipitate by filtration,
to the filtrate was added 2 (2.10 g, 13.8
mmol), and the mixture was stirred for 1 h at
room temperature in the presence of 1-
methylimidazole (1.66 mL, 20.7 mmol). After
evaporation, the residue was dissolved in a
saturated aqueous sodium carbonate solution
(100 mL) and the solution was washed with
diethyl ether (50 mL x 3). The aqueous layer
was acidified (about pH 2) with cone. HCL
The resultant precipitate was gathered by fil-
tration, and was washed with chilled water
(20 mL) to give a white powder of 3 (2.05 g,
59% yield); m.p. 104-104.5°C; ‘H-NMR
(CDClg): 0 2.21 (s, 3H, COCHy), 2.70 (t, 2H, J
= 6.1 Hz, CHy), 2.82 (t, 2H, J = 6.1 Hz, CH)),
5.59 (s, 2H, PhCHy), 7.43 (t, 1H, J = 7.8 Hz,
Ph-H), 7.53-7.64 (m, 2H, Ph-H x 2), and 8.13
(d, 1H, J = 7.8 Hz, Ph-H). Anal, cale. for
Cq3H1405: C, 62.39; H, 5.64; found: C, 62.34;
H, 5.62.
2-(Levulinyloxymethyl)-5-nitrobenzoic
acid (4). A solution of 3 (3.76 g, 15 mmol) in
98% HaS04 (15 mL)/61% HNOg (15 mL) was
stirred at 0°C for 30 min. The resulting mix-
ture was added to 5% aqueous sodium hydro-
gen carbonate solution (50 mL) and washed
with diethyl ether (50 mL X 2). The aqueous
layer was acidified (about pH 2) with conc.
HCI and extracted with chloroform (50 mL X
2). The organic layer was washed with water
(50 mL X 3), dried over anhydrous magne-
sium sulfate, and then evaporated to give
crude 4, which was purified by crystallization
from diethyl ether (2.25 g, 50% yield). The fil-
trate was evaporated to dryness, and the resi-

due was subjected to chromatographic separa-
tion on a column of silica gel by the use of n-
hexane/ethyl acetate system. Crystallization
from diethyl ether gave a second crop of 4
(513 mg, 12% yield); m.p. 107-108°C; 'H-
NMR (CDClg): d 2.22 (s, 3H, COCHjy), 2.73 (t,
2H, J = 6.5 Hz, CH>), 2.85 (t, 2H, J = 6.5 Hz,
CHy), 5.67 (s, 2H, PhCH,), 7.82(d, 1H, J= 8.8
Hz, Ph-H), 8.44 (dd, 1H,J=2.4 Hzand J = 8.8
Hz, Ph-H), 8.93 (d, 1H, J = 2.4 Hz, Ph-H), and
9.31 (br s, 1H, COOH). Anal, calc. for
Cq3H3NO+: C, 52.89; H, 4.44; N, 4.74; found:
C, 52.89; H, 4.56; N, 4.80,
5'-0-[2(Levulinyloxymethyl)benzovl]-2'-
OAtetrahydropyran-2-yl)uridine [9 (B =
U R = OThp, R' = LMBz)]. 2'-O{Tetra-
hydropyran-2-yDuridine [6 (B = U)] (627 mg,
1.91 mmol; the more polar diastereoisomer)
[21] and 3 (526 mg, 2.1 mmol) were, after
azeotropic evaporation from pyridine (5 mL
X 3), dissolved in pyridine (19.1 mL), and
2,4,6-triisopropylbenzenesulfonyl chloride
(TPSCD) (1.27 g, 4.2 mmol) was added to the
solution, which was then stirred at room tem-
perature for 1 day. The resulting mixture was
quenched with water (10 mL) with stirring,
and extracted with chloroform (50 mL x 2).
The extracts were combined and washed with
saturated aqueous sodium hydrogen carbon-
ate solution (50 mL X 2) and then with water
(50 mL). After drying over anhydrous magne-
sium sulfate the organic layer was evaporated
to dryness, and the residue was subjected to
chromatographic separation on a column of
silica gel by the use of chloroform/methanol
system to give 9 (B = U, R = OThp, R’ =
LMBz) (640 mg, 60% yield); "H-NMR (CDCly):
0 1.50-1.84 (m, 6H, CHy X 3 of Thp group),
2.20 (s, 3H, COCH3 of LMBz group), 2.65 (i,
2H, J = 6.4 Hz, CHy of LMBz group), 2.79 (1,
2H, J = 64 Hz, CHy of LMBz group),
3.46-3.53, 3.77-3.84 (2m, 2H, OCH,C of Thp
group), 4.20-4.25 (m, 1H, H4"), 4.36 (t, 1H,
Jor 30 = Jg 4+ = 6.0 Hz, H-3"), 4.41 (dd, 1H, H-
2'), 4.54 (dd, 1H, J.;',ﬁ' = 4.8 Hz, Jﬁ,”a" =12.2
Hz, H-5'), 4.69 (dd, 1H, Jy' 5+ = 3.0 Hz, H-5"),
4.76-4.78 (m, 1H, OCHO of Thp group), 5.51
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(s, 2H, PhCHy), 5.53 (d, 1H, J5 ¢ = 8.1 Hz, H-
5), 5.89 (d, 1H, Jy' o' = 3.2 He, H-1"), 7.32 (4,
1H, H6), 742 (t, 1H, J = 7.7 Hz, Ph-H),
7.50-7.60 (m, 2H, Ph-H x 2), 7.97(d, 1H, J =
7.9 Hz, Ph-H), and 8.36 (br s, 1H, No-H).
Anal., cale. for Co7HgoNg0,q: C, 57.85; H,
5.75; N, 4.99; found: C, 57.59; H, 5.66; N,
4.88.

N"-Anisnyi-ﬁ "-0-[2-(levulinyloxyme-
thyl)benzoyl]-2'-O-{tetrahydropyran-2-yl)
cytidine [9 (B = C*", R = OThp, R' =
LMBz)]. Compound 9 (B=CA" R - OThp, R’
= LMBz) was obtained in 61% yield (338 mg)
by treating N4ﬁnisn5rl-2'-0{tetrahydmpyran-
2-yheytidine [6 (B = C*™)] (369 mg, 0.8 mmol:;
the more polar diastereoisomer) [21] with 3
(220 mg, 0.88 mmol) in the presence of TPSCI
(633 mg, 1.76 mmol) in pyridine (8 mL) for 2
days and subsequent work-up as described
above; YH.NMR (CDClg): 6 1.50-1.90 (m, 6H,
CHy % 3 of Thp group), 2.17 (s, 3H, COCHj of
LMBz group), 2.64 (t, 2H, J = 6.6 Hz, CH; of
LMBz group), 2.77 (t, 2H, J = 6.6 Hz, CH of
LMBz group), 3.50-3.56, 3.85-3.95 (2 m, 2H,
OCH4C of Thp group), 3.87 (s, 3H, OCHjy),
4.32-4.45 (m, 2H, H-3' and 4'), 4.50 (dd, 1H,
Jy 3 = 4.8 Hz, H2'), 4.63 (dd, 1H, I 5 = 4.2
Hz, Jy g+ = 12.4 Hz, H5'), 4.72 (dd, 1H,
J4',5” - 2.4 H'Z, H~5'], 4.93-4.95 {m, IH,
OCHO of Thp group), 5.51 (s, 2H, PhCHy),
6.03 (d, 1H, Jy' o' = 1.9 Hz, H-1"), 6.98 (d, 2H,
JJ =9.0 Hz, Ph-H x 2 of An group), 7.42-7.60
(m, 4H, Ph-H % 3 and H-5), 7.86-7.93 (m, 3H,
Ph-H x 3), 7.98 (d, 1H, J5 g = 7.7 Hz, H-6), and
8.86 (br s, 1H, N4—H], Anal., cale. for
GﬁHggNgﬂ-m -+ 0.25 Hz{]: C, ﬁﬂ.ﬂl; H, 5-5?;
N, 6.06; found: C, 60.14: H, 5.67; N, 5.91.

NE-BEHZO}II-E '-0-[2-(levulinyloxyme-
thyl)benzoyl]-2'-O-(tetrahydropyran-2-yl)
adenosine [9 (B = AP%, R = OThp, R’ =
LMB2)]. Compound 9 (B = A”*, R = OThp, R’
= LMBz) was obtained in 61% yield (420 mg)
by treating Nﬁ—henmyl-E'-O{tetrahydmpyTan—
2yladenosine [6 (B = AP%)] (456 mg, 1.0
mmol; the more polar diastereoisomer) [21]
with 3 (275 mg, 1.1 mmol) in the presence of

TPSCl (666 mg, 2.2 mmol) in pyridine (10
mL) for 1 day and subsequent work-up as de-
scribed above; 'TH.-NMR (CDClg): & 1.40-1.85
(m, 6H, CHy X 3 of Thp group), 2.17 (s, 3H,
COCH3 of LMBz group), 2.63 (t, 2H, .J = 6.9
Hz, CHy of LMBz group), 2.76 (1, 2H, J = 6.9
Hz, CH; of LMBz group), 3.18-3.26,
3.53-3.60 (2m, 2H, OCH-C of Thp group),
4.34-4.38 (m, 1H, H4'), 4.57 (dd, 1H, Jy' ' =
5.3 Hz, Jg' 5 = 12.2 Hz, H-5"), 4.64-4.67 (m,
1H, OCHO of Thp group), 4.75 (dd, 1H, Jy 5
=3.5Hz, H5'"),4.80 (t, 1H, Jyr 3' =5 4+ = 6.0
Hz, H-3"), 5.00 (dd, 1H, H-2"), 5.44, 5.51 (2 d,
2H, J = 14.1 Hz, PhCHy), 6.20 (d, 1H, oJy' o =
3.8 Hz, H-1"), 7.35 (t, 1H, J = 7.8 Hz, Ph-H ),
7.46-7.61 (m, 5H, Ph-H X 5), 7.96 (d, 1H, J =
7.8 Hz, Ph-H), 8.02 (d, 2H, J = 7.1 Hz, Ph-H x
2 of Bz group), 8.08 (s, 1H, H-8), 8.66 (s, 1H,
H-2), and 9.22 (br s, 1H, N®-H). Anal, calec. for
CaﬁHg';Nﬁﬂlu - 0.5 Hs0: C, 60.34; H, 5.50; N,
10.05; found: C, 60.44; H, 5.41: N, 10.01.
N2.Iso butyryl-5'-0-[2-(levulinyloxyme-
thyl)benzoyl]-2'-0i tetrahydropyran-2-yl)
guanosine [9 (B = G'B% R = OThp, R' =
LMBz)]. Compound 9 (B = G’B", R = OThp,
R’ = LMBz) was obtained in 64% yield (430
mg) by treating Nﬂ-isuhutyryl-ﬂ'-(}'{t.etrahy-
dropyran-2-yl)guanosine [6 (B = GBY)] (438
mg, 1.0 mmol; the more polar diastereoiso-
mer) [21] with 3 (0.275 g, 1.1 mmol) in the
presence of TPSC] (666 mg, 2.2 mmol) in pyri-
dine (10 mL) for 20 h and subsequent work-up
as described above; 'H-NMR (CDCl3): 6 1.21,
1.24 (2d, 6H, J = 6.9 Hz, CH(CHj3)s),
1.80-1.94 (m, 6H, CHy X 3 of Thp group),
2.19 (s, 3H, COCH3z of LMBz group),
2.61-2.81 (m, 5H, CHs % 2 of LMBz group
and CH(CHj)s), 3.23-3.29, 3.46-3.53 (2 m,
2H, OCH,C of Thp group), 4.38-4.44 (m, 1H,
H4'), 4.58-4.66 (m, 2H, H-5' and OCHO of
Thp group), 4.74 (t, 1H, Jy 3 =Jy 4 = 6.0 Hz,
H-3"), 4.80-4.85(m, 2H, H2' and 5'"), 5.45 (s,
2H, PhCHy), 6.00 (d, 1H, J;' o = 4.1 Hz, H-1'),
7.32-7.87 (m, 1H, Ph-H ), 7.47-7.57 (m, 2H,
Ph-H % 2), 7.72 (s, 1H, H8), 791 (d, 1H, J =
7.7 Hz, Ph-H), 9.41 (br s, 1H, NL.H), and 12.11
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(brs, 1H, N%H). Anal, calc. for CgpH3gN501;
- 0.5H50: C, 56.63; H, 5.94; N, 10.32; found:
C, 56.43; H, 5.80; N, 10.17.
5'-0-[2-(Levulinyloxymethyl)benzo-
vifthymidine [9 (B = T, R = H, R' =
LMBz)]. Compound 9 (B=T,R=H, R' =
LMBz) was obtained in 67% yield (478 mg) by
treating thymidine (5) (363 mg, 1.5 mmol)
with 3 (413 mg, 1.65 mmol) in the presence of
TPSCI (1.00 g, 3.3 mmol) in pyridine (15 mL)
for 1 day and subsequent workup as de-
scribed above; "TH-NMR (CDClg): 6 1.69 (s, 3H,
GHg of thymi.ne], 2.21 {S, EH, CDCH:; of
LMBz group), 2.16-2.25 (m, 1H, H-2"),
2.42-2.50 (m, 1H, H-2"'), 2.63 (t, 2H, J = 6.4
Hz, CHp of LMBz group), 2.78 (t, 2H, CHy of
LMBz group), 4.21-4.25 (m, 1H, H4"),
4.49-4.54 (m, 1H, H-3'), 4.55 (dd, 1H, Jy 5 =
3.8 Hz, J5 5+ = 12.1 Hz, H5"), 4.66 (dd, 1H,
J4'.5f‘ =44 HZ_. H-ﬁ”:l, 542. 5.53 {2 d, 2H, J=
13.4 Hz, PhCHy), 6.30 (t, 1H, Jy' 9 = Jy 9" =
6.5 Hz, H-1"), 7.21 (s, 1H, H8), 7.42(t, 1H, J =
7.6 Hz, Ph-H), 7.50-7.61 (m, 2H, Ph-H X 2),
Tga{d 1H, JJ = 7.7 Hz, Ph-H), and 8.48 (br s,
1H, N®-H). Anal, cale. for CogHogNoOg - 0.25
Hy0: C, 57.68; H, 5.58; N, 5.85; found: C,
57.61; H, 5.50; N, 5.82.
5'-0-[2-(Levulinyloxymethyl)-5-nitro-
benzoyl]-2'-0-(tetrahydropyran-2-yl)
uridine [9 (B = U, R = OThp, R' =
LMNBz)]. Compound 9 (B=U, R = OThp, R’
= LMNBz) was obtained in 63% yield (229 mg)
by the reaction of 6 (B = U) (197 mg, 0.6
mmol; the more polar diastereoisomer) [21]
with 4 (195 mg, 0.66 mmol) in the presence of
TPSCl (400 mg, 1.32 mmol) in pyridine (6
mL) for 2 h and subsequent workup as de-
scribed above; m.p. 171-172°C (from metha-
nol); 'H-NMR (CDClg): & 1.52-1.85 (m, 6H,
CHj % 3 of Thp group), 2.21 (s, 3H, COCHj of
LMNBz group), 2.70 (t, 2H, JJ = 6.7 Hz, CH> of
LMNBz group), 2.80 (t, 2H, CHs of LMNBz
group), 3.45-3.50, 3.77-3.83 (2m, 2H,
OCH5C of Thp group), 4.12-4.17 (m, 1H, H-
4’), 4.48-4.75 (m, 5H, H-2', 3', 5', 5'', and
OCHO of Thp group), 5.63 (s, 2H, PhCHj),
5.66 (d, 1H, J&Jﬁ = 8.1 Hz, H-5), 5.67 (d, 1H,

Jy',9' = 8.0 Hz, H-1'), 7.22 (d, 1H, H-6), 7.78
(d, 1H, J = 8.6 Hz, Ph-H), 8.40 (dd, 1H, J = 2.4
HzandJ 8.6 Hz, 2H, Ph-H ), 8.59 (br s, 1H,
NS, and 8.86 (d, 1H, J = 2.4 Hz, Ph-H).
Anal, cale. for Co7HgiN3g0y3 + 0.1 Hp0: C,
53.39; H, 5.18; N, 6.92; found: C, 53.25; H,
5.20; N, 6.96.

N%Anisoyl5'-0-[2(levulinyloxymethyl)-
S-nitrobenzoyl]-2'-Otetrahydropyran-2-
yleytidine [9 (B = C*", R = OThp, R' =
LMNBz2)]. Compound 9 (B = C* R = OThp,
R’ = LMNBz) was obtained in 64% yield (282
mg) by treating 6 (B = C‘Hm) (277 mg, 0.6
mmol; the more polar diastereoisomer) [21]
with 4 (195 mg, 0.66 mmol) in the presence of
TPSCI (400 mg, 1.32 mmol) in pyridine (6
mL) for 2 h and subsequent work-up as de-
scribed above; 'H.NMR (CDClg): 6 1.50-1.88
(m, 6H, CHs x 3 of Thp group), 2.19 (s, 3H,
COCHjy of LMNBz group), 2.67 (t, 2H, J = 6.7
Hz, CHj of LMNBz group), 2.81 (t, 2H, J = 6.7
Hz, CHy of LMNBz group), 3.05 (d, 1H, J3 3.
on = 8.4 Hz, 3'-0H), 3.45-3.53, 3.85-3.92 (2
m, 2H, OCH5C of Thp group), 3.88 (s, 3H,
OCHg), 4.26-4.31 (m, 1H, H4"), 4.44-4.83
(m, 5H, H-2', 3', 5", 5", and OCHO of Thp
group), 5.62 (s, 2H, PhCH3), 5.85 (d, 1H, Ji 9
= 2.1 Hz, H-1'), 6.95-7.00 (m, 1H, H-5), 6.98
(d, 2H, J = 8.8 Hz, Ph-H % 2 of An group), 7.78
(d, 2H, J = 8.8 Hz, Ph-H X 2 of An group),
7.80-17.85 (m, 4H, H-86), 7.87 (d, 1H, J = 8.6
Hz, Ph-H of LMNBz group), 8.41 (dd, 1H, J =
2.4 Hz and JJ = 8.6 Hz, Ph-H of LMNBz group),
8.70 (br s, 1H, N*-H) and 8.82 (d, 1H, J = 2.4
Hz, Ph-H of LMNBz group). Anal, cale. for
035H33N4014 0.3 Hzﬂ C 56. 50; H b. 23; N,
753 found: C, 56.28; H, 5.28; N, 7.36.

N -Benzoyb&'-ﬂ-{é’-ﬂeuuﬁnylmmethyi}
5-nitrobenzoyl]-2'-O-(tetrahydropyran-2-
vl)adenosine [9 (B = A®*, R= OThp, R' =
LMNBz)]. Compound 9 (B = AB% R = OThp,
R’ = LMNBz) was obtained in 65% yield (283
mg) by treating 6 (B = AP?) (273 mg, 0.6
mmol; the more polar diastereoisomer) [21]
with 4 (195 mg, 0.66 mmol) in the presence of
TPSCI (400 mg, 1.32 mmol) in pyridine (6
mL) for 2 h and subsequent work-up as de-
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seribed above; 'H-NMR (CDClg): & 1.43-1.84
(m, 6H, CHs X 3 of Thp group), 2.19 (s, 3H,
COCHj of LMNBz group), 2.67 (t, 2H, J = 6.7
Hz, CHy of LMNBz group), 2.76 (t, 2H, J=6.7
Hz, CH3 of LMNBz group), 2.92 (d, 1H, J3' 5.

= 7.3 Hz, 3'-0H), 3.22-3.28, 3.60-3.66
(2m, 2H, OCH,C of Thp group), 4.35-4.40 (m,
1H, H4'), 4.60-4.66, 4.80-4.86 (m, 4H, H-3',
5, 5", and OCHO of Thp group), 5.01 (dd,
].H, J]'E' = 3.3 Hz and Jﬂ’_ﬁ' = 5.6 HE—, H-E'},
5.53,5.61(2d, 2H, J= 16.0 Hz, PhCH,), 6.19
(d, 1H, H-1"), 7.60-7.62 (m, 3H, Ph-H X 3 of
Bz group), 7.77 (d, 1H, J = 8.6 Hz, Ph-H of
LMNBz group), 8.02 (d, 2H, ./ = 7.1 Hz, Ph-H
X 2 of Bz group), 8.07 (s, 1H, H-8), 8.39 (dd, J
= 2.4 Hz and J = 8.6 Hz, Ph-H of LMNBz
group), 8.59 (s, 1H, H-2), 8.78 (d, 1H, J = 2.4
Hz, Ph-H of LMNBz group), and 9.02 (br s,
1H, N%-H). Anal,, calc. for C35HgeNgO1s - 0.4
Ho0: C, 56.82; H, 5.01; N, 11.36; found: C,
57.10; H, 5.12; N, 11.07.

Ng-fsobutyryl-ﬁ "-0-[2-(levulinvloxy-
methyl)-5-nitrobenzoyl]-2'-0-(tetra-
hydropyran-2-yl)guanosine [9 (B = G'BY,
R = 0Thp, R' = LMNBz)]. Compound 9 (B
= GlE“ R = OThp, R' = LMNBEz) was uhtamed
in 72% yield (310 mg) by treating 6 (B = GiBY)
(262 mg, 0.6 mmol; the less polar diastereoi-
somer) [21] with 4 (195 mg, 0.66 mmol) in the
presence of TPSC] (400 mg, 1.32 mmol) in
pyridine (6 mL) for 2 h and subsequent work-
up as described above; 'HNMR (CDCly):
0 1.26, 1.29 (2d, 6H, J = 7.2 Hz, CH(CH3),),
1.67-1.85 (m, 6H, CH; X 3 of Thp group),
2.20 (s, 3H, COCH3 of LMNBz group),
2.64-2.75 (m, 1H, CH(CHz)y), 2.66 (t, 2H, J =
6.2 Hz, CHs X 2 of LMNBz group), 2.80 (t,
2H, J = 6.2 Hz, CHy X 2 of LMNBz group),
3.46-3.55, 3.92-4.01 (2m, 2H, OCH,C of Thp
group), 3.69 (d, 1H, J3' 3.y = 3.5 Hz, 3"-0H),
4.49-4.55, 4.73-4.78 (2m, 6H, H2', 3', 4', 5,
5", and OCHO of Thp group), 5.52 (s, 2H,
PhCH), 5.90 (d, 1H, Jy' g = 5.2 Hz, H-1"),
7.72 (s, 1H, H8), 7.78 (d, 1H, J = 8.6 Hz, Ph-
H),8.39(dd, 1H, J=2.4 Hz and J = 8.6 Hz, Ph-
H), 8.77(d, 1H, .JJ = 2.4 Hz, Ph-H), 9.13 (br s,
1H, N-H), and 12.06 (br s, 1H, N>H). Anal,

Cﬂlﬂ. fﬂl" ngHggNﬁOlE ' 15 HEO: C, 5182; H,
5.57; N, 11.33; found: C, 51.74; H, 5.33;: N,
11.05.
5'-0-[2-(Levulinyloxymethyl)-5-nitro-
benzoyllthymidine [9 (B=T, R=H, R' =
LMNBz)]. Compound 9(B=T,R=H,R' =
LMNBz) was obtained in 71% yield (185 mg)
by the reaction of 5 (121 mg, 0.5 mmol) with
4 (162 mg, 0.55 mmol) in the presence of
TPSCI (333 mg, 1.1 mmol) in pyridine (5 mL)
for 2 h and subsequent work-up as described
above; "H-NMR (CDCl5): 61.80 (s, 3H, CHj of
thymine), 2.21 (s, 3H, COCH3 of LMNBz
group), 2.23-2.50 (m, 1H, H-2"), 2.42-2.50
(m, 1H, H-2""), 2.68 (t, 2H, J = 6.5 Hz, CH5 of
LMNBz group), 2.83 (t, 2H, J = 6.5 Hz, CHs of
LMNBz group), 4.23-4.28 (m, 1H, H4"),
4.53-4.69(m, 3H, H-3',5', and 5""), 5.55, 5.62
(2d, 2H, J = 15.6 Hz, PhCH5), 6.22 (t, 1H,
Jyr g =dy g = 6.6 Hz, H-1"), 7.17 (s, 1H, H-6),
7.79 (d, 1H, J = 8.7 Hz, Ph-H), 8.41 (d, 1H, J =
2.5 Hz and J = 8.7 Hz, Ph-H), 8.48 (br s, 1H,
N.H), and 8.81 (d, 1H, J = 2.5 Hz, Ph-H).
AREI.., cale. for CEEHESNHUII: C, 53.18, H
4.85; N, 8.09; found: C, 52.88; H, 4.84; N,
8.11. m.p. 162-163°C (from methanol).
5'-0-[2{Levulinyloxymethyl)benzovl]-2'-
O-H{tetrahydropyran-2-vlluridine 3'{2-cy-
anoethyl) N,N-diisopropylphosphora-
midite [10 (B = U, R = OThp, R' =
LMBz)]. Compound 9(B=U,R=0Thp,R' =
LMBz) (336 mg, 0.6 mmol; the more polar dia-
stereoisomer) was, after azeotropic evapora-
tion from pyridine (2 mL X 3), dissolved in
dried acetonitrile (6 mL), and N-ethyldiisopr-
opylamine (0.16 mL, 0.9 mmol) and 2-
cyanoethyl N,N-diisopropylchlorophosphor-
amidite [22] (0.20 mL, 0.9 mmol) were added
to the solution, which was then stirred at
room temperature for 1 h. The resulting mix-
ture was quenched with water (1 mL) with
stirring. The solution was diluted with ethyl
acetate (50 mL) and washed with saturated
aqueous sodium hydrogen carbonate solution
(256 mL X 2) and water (25 mL). After drving
over anhydrous magnesium sulfate the or-
ganic layer was evaporated to dryness, and
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the residue was subjected to chromatographic
separation on a column of silica gel by the use
of n-hexane/ethyl acetate system to give 10
(B=1U, R = OThp, R’ = LMBz) (383 mg, 84%
yield); *'P-NMR (CDClg): 6 149.88 and
150.42,

N% Anis oyl-5'-0-[2-(levulinyloxyme-
thyl)benzoyl]-2'-O-(tetrahydropyran-2-
yleytidine 3'-(2-cyanoethyl) N,N-diiso-
propylphosphoramidite [10 (B = ,R=
OThp, R' = LMBz)]. Compound 10 (B =
C"ﬂm, R = OThp, R’ = LMBz) was obtained in
76% yield (327 mg) by treating 9 (B = CA“, R=
OThp, R' = LMBz) (331 mg, 0.5 mmol; the
more polar diastereocisomer) with Z-cyano-
ethyl N,N-diisopropylchlorophosphoramidite
(0.17 mL, 0.75 mmol) in the presence of N-et-
hyldiisopropylamine (0.13 mL, 0.75 mmol) in
dried acetonitrile (5 mL) and subsequent
work-up as described above: 31p.NMR
(CDClg): 6 149.75 and 150.57.

NE-BERznyI-ﬁ'-0-[2-(Ievuiin}'fo:r.y-
methyl)benzoyl]-2'-O-(tetrahydropyran-2-
ylDadenosine 3'{2-cyanoethyl) N,N-diiso-
propylphosphoramidite [10 (B = AB"*', R=
OThp, R' = LMBz)]. Compound 10 (B =
AP? R = OThp, R’ = LMBz) was obtained in
91% yield (403 mg) by treating © (B = APz R =
OThp, R" = LMBz) (344 mg, 0.5 mmol; the
more polar diastereoisomer) with 2-cyano-
ethyl N,N-diisopropylchlorophosphoramidite
(0.17 mL, 0.75 mmol) in the presence of N-et-
hyldiisopropylamine (0.13 mL, 0.75 mmol) in
dried acetonitrile (5 mL) and subsequent
work-up as described above; 31p NMR
(CDCl3): 6 149.67 and 150.22.

N‘?-Isubutyr}rl-ﬁ’-D{B-ﬁeuuﬁnﬂax}h
methyl)benzoyl]-2'-O-(tetrahyvdropyran-2-
vl)guanosine 3'{2-cyanoethyl) N,N-diiso-
propylphosphoramidite [10 (B = GB% R
= OThp, R' = LMBz)]. Compound 10 (B =
G™Y R = OThp, R’ = LMB2) was obtained in
75% yield (415 mg) by treating 9 (B = GBY R
= OThp, R' = LMBz) (375 mg, 0.55 mmol; the
more polar diastereoisomer) with 2-cyano-
ethyl N, N-diisopropylchlorophosphoramidite
(0.19 mL, 0.83 mmol) in the presence of N-et-

hyldiisopropylamine (0.14 mL, 0.83 mmol) in
dried acetonitrile (5.5 mL) and subsequent
work-up as described above; 31p NMR
(CDClg): 0149.10 and 149.65.

5'-0-[2-(Levulinyvloxymethyl)benzo-
vilthymidine 3'{2-cvanoethyvl) N,N-diiso-
propylphosphoramidite [10 (B=T, R =
H, R' = LMBz)]. Compound 10(B=T, R =
H, R’ = LMBz) was obtained in 66% yield (265
mg) by treating9(B=T, R = H, R' = LMBz)
(285 mg, 0.6 mmol) with 2-cyanoethyl N, N-di-
isopropylchlorophosphoramidite (0.20 mL,
0.9 mmol) in the presence of N-ethyldiisopro-
pylamine (0.16 mL, 0.9 mmol) in dried aceto-
nitrile (6 mL) and subsequent work-up as de-
scribed above; ' PANMR (CDClg): 6149.00 and
149.16.

5'-0-[2-(Levulinyloxymethyl)-5-nitro-
benzoyl]-2'-O-(tetrahydropyran-2-yl)uri-
dine 3'-{2-eyanoethyl) N,N-diisopropvl-
phosphoramidite [10 (B = U, R = OThp,
R' = LMNBz)]. Compound 10 (B =T, R =
OThp, R' = LMNBz) was obtained in 90% yield
(287 mg) by treating @ (B=U, R = OThp, R’ =
LMNBz) (242 mg, 0.4 mmol; the more polar
diastereoisomer) with 2-cyanoethyl N, N-diiso-
propylchlorophosphoramidite (0.14 mL, 0.6
mmol) in the presence of N-ethyldiisopro-
pylamine (0.11 mL, 0.6 mmol) in dried aceto-
nitrile (4 mL) and subsequent work-up as de-
scribed above; *'P-NMR (CDCly): $149.79 and
150.18.

N“-Anisny#ﬁ‘—ﬂ-{.?-ﬂevuﬁnﬂuxymethyﬂ-
5-nitrobenzoyl]-2'-O-(tetrahydropyran-2-
vleytidine 3'{2-cyanoethyl) N ,N-diisopr-
opylphosphoramidite [10 (B = C'", R =
OThp, R' = LMNBz)]. Compound 10 (B=C
An R = OThp, R' = LMNBz) was obtained in
77% yield (253 mg) by treating 9 (B = C**, R =
OThp, R' = LMNBz) (259 mg, 0.35 mmol; the
more polar diasterecisomer) with 2-cyano-
ethyl N, N-diisopropylchlorophosphoramidite
(0.12 mL, 0.53 mmol) in the presence of N-et-
hyldiisopropylamine (90 uL, 0.53 mmol) in
dried acetonitrile (3.5 mL) and subsequent
work-up as described above; °'P-NMR
(CDClg): 6 149.68 and 150.38.
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N° -Benzoyl-5'-0-[2(Tevulinyloxymethyl)
5-nitrobenzoyl]-2'-O-(tetrahydropyran-2-
vl)adenosine 3'-{2-cyanoethyl) N,Ndi.iao—
propylphosphoramidite [10 (B = AB= , R=
OThp R' = LMNBz)]. Compound 10 (B =
APz , R = OThp, R’ = LMNBz) was obtained in
80% yield (263 mg) by treating 9 (B = AP% R =
OThp, R' = LMNBz) (256 mg, 0.35 mmol; the
more polar diastereoisomer) with 2-
cyanoethyl N, N-diisopropylchlorophosphor-
amidite (0.12 mL, 0.53 mmol) in the presence
of N-ethyldiisopropylamine (90 uL, 0.53
mmol) in dried acetonitrile (3.5 mL) and sub-
sequent work-up as described above: 3lp.
NM'R (CDCl3): 6 150.51 and 150.87.

N2 -Isobutyryl-5'-0-[2-(levulinyloxyme-
thyl)-5-nitrobenzoyl]-2'-O-(tetrahydro-
pyran-2-yl)guanosine 3'-(2-cyanoethyl)
N,N-diisopropylphosphoramidite [10 (B
= g'B% R = OThp, R' = LMNB2)]. Com:
pound 10 (B =G iBu , R=0Thp, R’ = LMNBz)
was uhtamed in Bﬂ% yield (291 mg) by treat-
ing9(B= GiBu , R =0Thp, R' = LMNBz) (286
mg, 0.4 mmol; the less polar diastereoisomer)
with 2-cyanoethyl N,N-diisopropylchlorophos-
phoramidite (0.14 mL, 0.6 mmol) in the pres-
ence of N-ethyldiisopropylamine (0.11 mL,
0.6 mmol) in dried acetonitrile (4 mL) and
subsequent work-up as described above: 3lp.
NMR (CDCls): 6150.06 and 150.50.

5'-0-[2-(Levulinyloxymethyl)-5-nitro-
benzoyljthymidine 3'{2-cyanoethyl) N,N-
diisopropylphosphoramidite [10 (B = T,
R=H, R' = LMNBz). Compound 10 (B="T,
R=H, R' = LMNBz) was obtained in 656% yield
(186 mg) by treating 9 (B=T, R =H, R’ =
LMNBz) (208 mg, 0.4 mmol) with 2-
cyanoethyl N,N-diisopropylchlorophosphor-
amidite (0.14 mL, 0.6 mmol) in the presence
of N-ethyldiisopropylamine (0.11 mL, 0.6
mmol) in dried acetonitrile (4 mL) and subse-
gquent work-up as deseribed above: 3lp NMR
(CDClg): $149.13 and 149.29.

3'-0-[3-(Carboxy)propionyl]-N-iso-
butyryl-5'-0-[2-(levulinyloxymethyl)ben-
zoyl]-2'-O-(tetrahydropyran-2-yl)guano-

sine. A solution of 9 (B = G’B“ R=0Thp,R' =
LMBz) (205 mg, 0.3 mmol; the more polar dia-
stereoisomer) in pyridine (1 mL) was treated
with succinic anhydride (45 mg, 0.45 mmol)
and 4-dimethylaminopyridine (DMAP) (18
mg, 0.15 mmol) at room temperature for 12 h
with stirring [23]. The resulting mixture was
quenched by treating with chilled water (1
mL) at room temperature for 30 min with stir-
ring and evaporated to dryness. The residue
was subjected to chromatographic separation
on a column of silica gel by the use of chloro-
form/methanol system to give 3'-OJ3{car
h-::rxy]propinn}rl]—NE-isuhutml-E’-G-[E{lmruli—
nyloxymethyl)benzoyl]-2'-O-(tetrahydro-
pyran-2 yl]guanname (234 mg, quantitative
yield); 1.NMR (CDClg): 6 1.21, 1.24 (2d, 6H,
J = 6.9 Hz, CH(CH3)y), 1.37-1.65 (m, 6H,
CHjy X 3 of Thp group), 2.17 (s, 3H, COCHj of
LMBz group), 2.62-2.81 (m, 9H, CH; X 4 and
CH(CHg)s), 3.16 -3.20 (m, 2H, OCH-C of Thp
group), 4.55-4.75 (m, 4H, H4', 5', 5"/, and
OCHO of Thp group), 5.07 (i, 1H, Jy o =
Jor g = 5.3 Hz, H2'), 5.45 (s, 2H, PhCHy),
5.67 (t, 1H, H-3"), 5.93 (d, 1H, H-1'),
7.31-7.36 (m, 1H, Ph-H), 7.48-7.58 (m, 2H,
Ph-H x 2), 7.76 (s, 1H, H8), 7.86 (d, 1H, J =
7.8 Hz, Ph-H), 9.37 (br s, 1H, NL.H), and 12.07
(br s, 1H, N“H).
3'-0-[3-(Carboxy)propionyl]-5'-O-[2-(le-
vulinyloxymethyl)benzoylJthymidine. 3'-
O-[3-(Carboxy)propionyl]-6'-0-[2-(levuliny-
loxymethyl)benzoyllthymidine was obtained
in 93% yield (160 mg) by treating9(B=T,R =
H, R’ = LMBz) (142 mg, 0.3 mmol) in pyridine
(1 mL) with succinic anhydride (45 mg, 0.45
mmol) in the presence of DMAP (18 mg, 0.15
mmol) for 12 h and subsequent work-up as de-
seribed above; 'H-NMR (CDClg): & 1.65 (s, 3H,
CHg of thymine), 2.19 (s, 3H, COCHj3 of
LMBz group), 2.23-2.28 (m, 1H, H-2'), 2.51-
2.59 (m, 1H, H-2""), 2.63-2.81 (m, 8H, CH, X
4), 4.38-4.42 (m, 1H, H4"), 4.60-4.62 (m, 2H,
H-5"and 5'"), 5.837-5.39 (m, 1H, H-3'), 5.52 (s,
2H, PhCHy), 6.32 (dd, 1H, Jy' o' = 8.3 Hz,
Jyrgr = 5.8 Hz, H-1'), 7.23 (s, 1H, H-6),
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7.37-7.42 (m, 1H, Ph-H), 7.54-7.62 (m, 2H,
Ph-H x 2), 793 (d, 1H, JJ = 7.8 Hz, Ph-H), and
9.74 (br s, 1H, N°.H).
3'-0-[3-(Carboxy)propionyl }aNB -iso-
butyryl-5'-0-[2-(levulinyloxymethyl)-5-
nitrobenzoyl]-2'-O-(tetrahydropyran-2-
yvl)guanosine. 3'-O-[3{Carboxy)propionyl]-
NZisobutyryl-5'-O-[2{levulinyloxymethyl)-5-
nitrobenzoyl]-2'-O-(tetrahydropyran-2-yl)
guanosine was obtained in 98% yield (240 mg)
by treating 9 (B = G, R = OThp, R’ -
LMNBz) (214 mg, 0.3 mmol; the less polar
diasterecisomer) with succinic anhydride (45
mg, 0.45 mmol) in pyridine (1 mL) in the pres-
ence of DMAP (18 mg, 0.15 mmol) in pyridine
(1 mL) for 12 h and subsequent work-up as de-
scribed above; 'H-NMR (CDClg): & 1.25, 1.26
(2d, 6H, J = 6.9 Hz, CH(CH3)s), 1.45-1.76 (m,
6H, CHs % 3 of Thp group), 2.20 (s, 3H,
COCHj of LMNBz group), 2.63-2.83 (m, 9H,
CHy x 4 and CH(CHg)s), 3.43-3.50,
3.70-3.78 (2m, 2H, OCHsC of Thp group),
4.50-4.65 (m, 4H, H4', 5', 5'', and OCHO of
Thp group), 5.19 (t, 1H, Jy' o' =J5' 3 = 5.8 Hz,
H-2"), 5.45 (s, 2H, PhCH,), 5.60-5.63 (m, 1H,
H-3'), 6.12 (d, 1H, H-1'), 7.70 (d, 1H, J = 8.6
Hz, Ph-H), 7.80 (s, 1H, H-8), 8.34 (dd, 1H, J =
2.5 Hz and «J = 8.6 Hz, Ph-H), 8.69 (d, 1H, J =
2.5 Hz, Ph-H), 9.72 (br s, 1H, NLH), and 12.16
(br s, 1H, N%H).
3'-0-[3+Carboxy)propionyl]-5'-0-[2(1e-
vulinyloxymethyl)-5-nitrobenzoyl]
thymidine. 3'-O{3{Carboxy)propionyl}-5'-O-
[2-(levulinyloxymethyl)-5-nitrobenzo-
yllthymidine was obtained in a quantitative
yield (190 mg) by treating9(B=T,R=H, R’
= LMNBz) (160 mg, 0.31 mmol) in pyridine (1
mL) with succinic anhydride (45 mg, 0.45
mmol) in the presence of DMAP (18 mg, 0.15
mmol) for 6 h and subsequent work-up as de-
seribed above; "H-NMR (CDClg): 61.77 (s, 3H,
CHjy of thymine), 2.19 (s, 3H, COCHy of
LMNBz group), 2.25-2.36 (m, 1H, H-2'),
2.48-2.59 (m, 1H, H-2"'"), 2.62-2.71 (m, 6H,
CHy % 3), 2.82 (t, 2H, J = 6.5 Hz, Ph-H of
LMNBz group), 4.38-4.42 (m, 1H, H4"),
4.56-4.70 (m, 2H, H-5' and 5''), 5.33-5.36
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(m, 1H, H-3"), 5.60 (s, 2H, PhCH,), 6.25 (dd,
1H, Jy' g = 8.2 Hz, Jy» 9 = 5.9 Hz, H-1'), 7.22
(s, 1H, H-6), 7.80 (d, 1H, J = 8.7 Hz, Ph-H),
8.40 (dd, 1H, J = 2.4 Hz and «JJ = 8.7 Hz, Ph-H),
8.78 (d, 1H, J = 2.4 Hz, Ph-H), and 9.97 (br s,
1H, N31).

Functionalization of the CPG support with

a nucleoside 3'{carboxy)propionate deriva-
tive (11) [24].

1) 3'-0{3{Carboxy)propionyl]-N>isobuty-
ryl-5'-0-[2{levulinyloxymethyl)benzoyl]-2'-O-
(tetrahydropyran-2-vl)guanosine (156 mg, 0.2
mmol; the more polar diastereocisomer) and 1-
hydroxybenzotriazole (41 mg, 0.3 mmol)
were, after azeotropic evaporation from pyri-
dine (2 mL X 3), dissolved in dried 1,4dio-
xane (2 mL), to which was added DCC (62 mg,
0.3 mmol). After stirring for 2 h at room tem-
perature, the resulting precipitates were re-
moved by filtration, and the filtrate was
poured onto the CPG support (Long Chain
Amino-Alkyl Controlled-Pore Glass, 500 A,
80-120 mesh; purchased from Funakoshi)
(400 mg), which was in advance subjected to
azeotropic evaporation from pyridine (2 mL
¥ 3). The mixture was shaken for 30 min at
room temperature in the presence of 1-
methylimidazole (80 L, 1 mmol). CPG
loaded with NZisobutyryl-5'-0-{2-(levuliny-
iux:.rmethjrl]b&nzny!]-z’—D{tetrahydruigyran—z-
yl)guanosine derivative [11 (B = G**", R =
OThp, R" = LMBz)] was filtered off and
washed successively with 1,4-dioxane (5 mL),
acetonitrile (6 mL), methanol (5 mL), and
methylene chloride (5 mL). Unreacted amino
groups of the CPG support were capped by
treating with 1:1:8 acetic anhydride/2,6-
lutidine/THF (1.5 mL) and 1:9 l-methyl-
imidazole/THF (1.5 mL) for 30 min at room
temperature, followed by successive washing
of CPG 11 (B = G'®™ R = OThp, R’ = LMBz)
(2556 mg) with 1,4-dioxane (5 mL), acetonitrile
(5 mL), methanol (5 mL), and finally methyl-
ene chloride (5 mL).
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Guanosine content in CPG 11 (B=G* R =
OThp, R’ = LMBz) was determined to be 32.5
pmol/g by UV spectroscopy {guanosine, 4y,
253 nm in Hg0 (e = 13600) [25]} after depro-
tection of the LMBz group by consecutive
treatments with 0.6 M N-HENHE'HEO in 4:1
pyridine/acetic acid at room temperature for
15 min and with 0.5 M imidazole in acetoni-
trile at room temperature for 5 min. Then 6
(B-G®E ") was detached by treating with conc.
aqueous ammonia at room temperature for 3
h, the N%iBu group was removed by treating
with cone. aqueous ammonia at 55°C for 6 h,
and the finally 2'-O-Thp group was removed
by treating with HCl (pH 2.0) at room tem-
perature for 1 day using 9.8 mg of CPG 11.

2) 3'-0-{[3{Carboxy)propionyl]-5"-0{2{levu-
linyloxymethyl)benzoyllthymidine (160 mg,
0.278 mmol) was introduced to the CPG sup-
port (556 mg) as described above to give the
CPG loaded with 5'-O-[2-(levulinyloxyme-
thyDbenzoyllthymidine derivative [11 (B =T,
R = H, R' = LMBz)] (526 mg). Thymidine con-
tentinCPG11(B=T,R =H, R' = LMBz) was
determined to be 52.8 umol/g by UV spectros-
copy {thymidine, Apax 267 nm in HyO (g =
9650) [26]} after deprotection of the LMBz
group and removing 5 from CPG 11(B=T, R
= H, R' = LMBz) (40 mg).

3) 3'-0{3{(Carboxy)propionyl]-N>-isobuty-
ryl-5'-0-[2-(levulinyloxymethyl)-5-nitroben-
zoyl]-2'-O-(tetrahydropyran-2-yl)guanosine
(204 mg, 0.25 mmol) was introduced to the
CPG support (500 mg) as_ descnh-ed for the
synthesis of CPG 11 (B = GB R =0Thp,R' =
LMBz) to give CPG 11 (B = '[';‘1 “. R = OThp,
R" = LMNBz). Guanosine content of CPG 11
(B = G®Y R = OThp, R' = LMNBz) was deter-
mined to be 48.8 umol/g by UV spectroscopy
after deprotection of the LMNBz group, re-
moving 6 (B = G'®¥), and deprotection of the
iBu and Thp groups, usmg of 9.8 mg CPG 11
(B=GBYR- OThp, R' = LMNBz).

4) 3 G—[3-[Carb0xy]propion},r1]-5’-D-[E-(Ia-
vulinyloxymethyl)-5-nitrobenzoyl]thymidine
(190 mg, 0.307 mmol) was introduced to the
CPG support (614 mg) as deseribed for CPG

11 (B = G'®Y R = OThp, R’ = LMB2) to give
CPG containing 5"-O-[2{levulinyloxymethyl)-
H-nitrobenzoyllthymidine derivative (637 mg)
[11(B=T,R=H, R' = LMNBz)]. Thymidine
content of CPG 11 (B=T, R = H, R' =
LMNBz) was determined to be 53.6 umol/g)
by UV spectroscopy after deprotection of the
LMNBz group and removing 5 from CPG 11
(B=T,R =H, R = LMNBz) (10 mg).

Synthesis of TpTpT (15) and TpTpTpT
(16). After chain elongation with a simple
syringe-based reaction system [2, 27] using a
column of CPFG11(B=T,R=H, R' = LMBz)
orCPG11(B=T,R=H, R' = LMNBz) and 10
B=T,R=H,R'=LMBz)or 10(B=T,R=H,
R’ = LMNBz) (Table 2), the resulting oligo-
thymidylic acid was detached from the CPG
support by treating with conec. agqueous am-
monia (4 mL) for 3 h at room temperature. Af-
ter evaporation of aqueous ammonia, the resi-
due was dissolved in water (10 mL) and
washed with ethyl acetate (6 mL X 3). The
aqueous layer was evaporated and the resid-
ual deprotected oligothymidylic acid was puri-
fied by reverse-phase HPLC (see Figs. 1, 2, 3,
and 4). The main peak was collected [yvield of
15, 4.8 Aggg units from CPG 11 (B=T,R=H,
R'= LMBz) (23 mg, 1.23 umol) and 18.0 Aggg
units from CPG 11 (B =T, R = H, R' =
LMNBz) (20 mg, 1.07 umol); yield of 16, 5.6
Aggg units from CPG 11 (B=T, R=H,R' =
LMBz) (23 mg, 1.23 gumol) and 16.8 Asgp
units from CPG 11 (B =T, R = H, R' =
LMNBz) (20 mg, 1.07 gmol)].

Synthesis of the octaribonucleotide
UpCpApGpUpUpGpG (17). After chain
elongation with a simple syringe-based reac-
tion system using a column of CPG 11 (B =
G'BY, R = OThp, R’ = LMBz) or CPG 11 (B =
G'® R = OThp, R’ = LMNBz) and 5'-O-LMBz-
[10 (R = OThp, R' = LMBz)] or 5-O-LMNBz-
2'-O-Thp-ribonucleoside 3'-phosphoramidite
units [10 (R = OThp, R’ = LMNBz)] (Table 2),
the resulting octamer was detached from the
CPG support by treatment with cone. aqueous
ammonia {4 mL) for 3 h at room temperature.
The resulting solution was heated in a sealed
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vial at 55°C for 6 h. After evaporation, the
residue was dissolved in water (10 mL) and
washed with ethyl acetate (5 mL X 3). The
aqueous layer was evaporated and the residue
was dissolved in HCI (pH 2, 5 mL). The solu-
tion was left to stand for 1 day at room tem-
perature, neutralized with 0.2 M agueous am-
monia, and washed with ethyl acetate (5 mL
X 3). The deprotected oligonucleotide was pu-
rified by reverse-phase HPLC (see Figs. 5 and
6 (I)). The main peak was collected [yield of
17, 41.1 Aggp units from CPG 11 (B = G'B" R
= OThp, R’ = LMNBz) (40 mg, 1.95 umol), see
Figs. 6 (II) and 7].

50
i[b

Abscabance (260 am)
T—
25
CHyCH (9
Absarbance (260 nm)
25
CHCR ()

1_
5

R a0 20
Time {min) Time {min)
Figure 1. Figure 2.

C:U:G:A ratio obtained for the octamer was
1.0 : 3.1: 3.0 : 0.9, see Fig. 8).
N"~Anisow!—2'-DJIetrahydra yran-2-
yO[+'°N]eytidine {7 (B = [4°Njci");)
3',6"-Di-O-benzoyl-2'-O{tetrahydropyran-2-yl)-
[4-"®N]cytidine [28, 29] (815 mg, 1.52 mmol)
was, after azeotropic evaporation from pyri-
dine (5 mL X 3), dissolved in dried pyridine
(7.5 mL), and anisoyl chloride (389 mg, 2.28
mmol) was added to the solution, which was
then stirred at room temperature for 1 h. The
mixture was quenched with water (2 mL), di-
luted with chloroform (40 mL) and washed
with 5% aqueous NaHCOj3 (20 mL X 2) and

'
E I. L= 'E L3
2 ' |
i g ¥ AN
st i L5
; G 3 B
< L e - e
AR T 1T o 1 1
%% % %
Time (min) Time {min)
Figure 3. Figure 4.

Figure 1. Yield of TpTpT; 4.8 Aggg units from 11 (B=T, R = H, R’ = LMBz; 1.23 pmol).
Figure 2. Yield of TpTpTpT; 5.8 Aygg units from 11 (B =T, R = H, R = LMBz; 1.23 umol).
Figure 3. Yield of TpTpT; 18 Azgy units from 11 (B = T, R = H, R' = LMNBz; 1.07 umol).
Figure 4. Yield of TpTpTpT: 16.8 Asgp units from 11 (B=T, R = H, R' = LMNBz; 1.07 pmol).

Reversed-phase HPLCs of crude products of TpTpT and TpTpTpT preparations using the 5'-0-LMBzthymidine 3'-
phosphoramidite derivative 10(B=T, R = H, R’ = LMBz) (Figs. 1 and 2) and the 5'-0-LMNBzthymidine 3'phos-
phoramidite derivative 10 (B = T, R = H, R’ = LMNBz) (Figs. 3 and 4), respectively,

Enzymatic digestion of UpCpApGpl-
pUpGpG (17). A solution of 17 (1.0 Aggg
unit) in 70 u1 of 30 mM Tris/HCI (pH 8.0) and
6 mM MgCly was treated with snake venom
phosphodiesterase (1 mg/0.5 mL, Boehringer
Mannheim) (6 uL) and alkaline phosphatase
(1 u/mL, Boehringer Mannheim) (6.4 ulL) for
24 h at 37°C [12, 15, 16]. Digestion products
were analyzed by reversed-phase HPLC with
2% acetonitrile/0.04 M triethylammonium
acetate (TEAA) (pH 7.0) as eluent (the

water (20 mL). The organic layer was evapo-
rated and the residue was dissolved in 1:2
pyridine/ethanol (7.2 mL). Six milliliters of 2
M aqueous NaOH was added to the above so-
lution under cooling in an ice-bath. After stir-
ring for 10 min at 0°C, the resulting mixture
was neutralized with Dowex 50Wx8& (H'
form). The resin was filtrated off and washed
with 1:2 pyridine/ethanol solution (about 50
mL). The filtrate and the washings were com-
bined and evaporated. The residue was then




960 K._Kamajkﬂ and others 1998
| ® (i
|
E i ! i g ka
< & g s z
ﬁ & = ; E o ;r E
g 4% £ /g J tag
Z o 2 3 g = g
L = L < .
- .'ﬁ. —..-’
J e JLI—}JU‘-—)H“ .__-_JL_J :
. ilﬂ ! _,":] 12?“‘ [I'ﬂirI':l:I!‘:I 'I!f:nz I_rnm'::“
Time {min}
Figure 5. Figure 8.

Figure 5. Reversed-phase HPLC of erude products from the preparation of the octamer (UpCpApGpU-
pUpGpG) using 5'-0-LMBz-2'-O-Thp-ribonuclecside 3'-phosphoramidite derivatives 10 (R = OThp, R' =
LMBz).

Figure 6. (I) Reversed-phase HPLC of crude products from the preparation of the octamer
(UpCpApGpUpUpGpG) using 5 -0-LMNBz-2'-0-Thp-ribonucleoside 3'phosphoramidite derivatives 10
(R = OThp, R' = LMNBz). (II) Reversed-phase HPLC of the octamer isolated from the mixture of (I).
Yield of the octamer; 41.1 Asgg units from 11 (B = Gm", R = OThp, R' = LMNBz; 1.95 ymol).

Conditions of reversed-phase HPLCs (Figs. 1, 2, 3, 4, 5 and 8): column pBONDASPHERE 5 4 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.

subjected to chromatographic separation on a
column of silica gel by the use of chloro-
form/methanol system to give 7 (B = [4-
15I~il]~‘[l""""} {the less polar diastereoisomer, 123
mg, and the more polar diasterecisomer, 508
mg, 80% yield); '"H-NMR (CDCly):  for the
less polar diastereoisomer 1.45-1.90 (m, 6H,
CH; x 3 of Thp group), 3.46-3.56 (m, 1H,
OCH5C of Thp group), 3.80-3.94 (m, 2H, H-5'
and OCHsC of Thp group), 3.86 (s, 3H,
OCHjy), 4.06 (dd, 1H, Jy 5 = 1.8 Hz, J5 5 =
12.5 Hz, H5'"), 4.14-4.17 (m, 1H, H4"), 4.30
(dd, 1H, Jo' 3 = 5.0 Hz, J3 4+ = 6.1 Hz, H-3"),
4.59 (dd, 1H, J~|-,2- = 3.1 Hz, H-2'), 4.75-4.78
(m, 1H, OCHO of Thp group), 5.74 (d,1H, H-

1'), 6.96 (d, 2H, J = 9.0 Hz, Ph-H X 2 of An
group), 7.48-7.65 (m, 1H, H-5), 7.87 (d, 1H, J
= 9.0 Hz, Ph-H x 2 of An group), and 8.08 (d,
1H, J5 ¢ = 7.7 Hz, H-6); °N-NMR (CDCl): 6
for the less polar diasterepisomer 139.50
(N1 EI mass spectrum, m/z 462.0 (M"), and
1H.NMR (CDCl3): 6 for the more polar diaste-
reoisomer 1.38-1.86 (m, 6H, CHy X 3 of Thp
group), 3.30-3.41 (m, 1H, OCH5C of Thp
group), 3.72-3.88 (m, 2H, H-5'and OCHC of
Thp group), 3.86 (s, 3H, OCHy), 3.98 (dd, 1H,
Jy s = 1.8 Hz, Jy g = 12,5 Hz, HS5'),
4.14-4.16 (m, 1H, H4'}), 4.50 (t, 1H, Jgf.;;' -
Jy 4 = 5.2 Hz, H-3"), .74 (dd, 1H, Jy' o = 4.1
Hz, H2'"), 4.78-4.80 (m, 1H, OCHO of Thp
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Figure 7. Electrophoresis of the octamer (17)
(Fig. 6 IT) on a 20% polyacrylamide gel containing
T M urea, visualized by UV shadowing.

group), 5.79 (d,1H, H-1"), 6.95 (d, 2H, J = 8.9
Hz, Ph-H x 2 of An group), 7.46-7.60 (m, 1H,
H-5), 7.85 (d, 2H, J = 8.9 Hz, Ph-H X 2 of An
graup}, and 8.06 (d, 1H, J5 ¢ = 7.4 Hz, H6);
SN-NMR (CDClg): 0 for the more polar dia-
stereoisomer 140.03 (N”]; EI mass spectrum,
m/z 462.1 (M)
N*-Anisoyl-5'-0-[2-(Tevulinyloxymethyl)-
5-nitrobenzoyl]-2'-O-(tetrahydropyran-2-
yD[4-"®NJeytidine {9 (B = [4-'°NJC*", R =
OThp, R' = LMNBz)). Compound 9 (B = [4-
15N]C‘M‘, R = OThp, R' = LMNBz) was ob-
tained in 62% yield (229 mg) by the reaction
of 7 (B = [4-1°N]C™) (231 mg, 0.5 mmol; the
more polar diastereoisomer) with 4 (162 mg,
0.55 mmol) in the presence of TPSCI (333 mg,
1.1 mmol) in pyridine (5 mL) for 3 h and sub-
sequent work-up as described in the synthesis
of 9 (B = U, R = OThp, R’ = LMBz); '"H.NMR
(CDCl3): 6 1.52-1.90 (m, 6H, CH, X 3 of Thp
group), 2.19 (s, 3H, COCHj5 of LMNBz group),
2.69 (t, 2H, J = 6.1 Hz, CH, of LMNBz group),
2.81(t, 2H, J = 6.1 Hz, CHy of LMNBz group),
3.45-3.52, 3.84-3.91 (2m, 2H, OCH,C of Thp
group), 3.87 (s, 3H, OCH3), 4.27-4.84 (m, 6H,
H-2',38',4',5', 5", and OCHO of Thp group),
5.62 (s, 2H, PhCH)), 5.85 (d, 1H, Jy' o' = 2.0
Hz, H-1'), 6.97 (d, 2H, J = 8.8 Hz, Ph-H X 2 of
An group), 7.83-7.50 (m, 1H, H-5), 7.74-7.87
(m, 4 H, H-6 and Ph-H X 3 of An and LMNBz
groups), 8.40 (dd, 1H, J = 2.5 Hz, J = 8.6 Hz,

UpCpApGpUpUpGpG (17)

1) snake venom phosphodiesterase
2} alkaline phosphatase

C+3U+3G +A

Hafnmi
—

Abssutuams

Tirme iymn)

Figure 8. Reversed-phase HPLC of products ob-
tained by digestion of the completely unmasked
octamer (17) (Fig. 6 II) with snake venom phos-
phodiesterase and alkline phosphatase.
Conditions of reversed-phase HPLC: column uBON-
DASPHERE 5 i C18 (3.9 mm ID * 150 mm L): elution
buffer 2% acetonitrile/0.04 M TEAA (pH 7); flow rate 1
mL/min; detected by UV at 260 nm.

Ph-H of LMNBz group), and 8.82 (d, 1H, J =
2.5 Hz, Ph-H of LMNBz group).
NPBenzoyl-2'-O-(tetrahydropyran-2-
yD[6-'°NJadenosine {7 (B = [6-1°N]AB?)
6-(3-Nitro-1,2,4-triazol-1-y1)-9-[3',5'-di-O-
benzoyl-2"-O{tetrahydropyran-2-yl),8-D-ribofu-
ranosyl}-9H-purine [28, 29] (1.642 g, 2.5
mmol) was dissolved in dried methylene chlo-
ride (5 mL) and ["°NIphthalimide (741 mg, 5
mmol; 99.6% 15Nﬂenriched, purchased from
Shoke Co. Ltd.) and 1,8-diazabicyclo-
[5.4.0lundec-7-ene (DBU) (1.1 mL, 7.5 mmol)
were added to the solution. After stirring for
2 days at room temperature, the mixture was
quenched with water (4 mL), diluted with
chloroform (50 mL), and washed with 5%
aqueous NaHCOj3 (25 mL x 2) and water (25
mL). The organic layer was dried over anhy-
drous magnesium sulfate, filtered and evapo-
rated. The residue was dissolved in 1:2 pyri-
dine/ethanol (256 mL). The solution was added
to 2 M aqueous NaOH (10 mL). After stirring
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for 1 day at 50°C, to the resulting mixture 2 M
aqueous NaOH (10 mL) was added again and
then stirred for another day at 50°C. The reac-
tion mixture was neutralized with Dowex
50Wx8 (H" form). The resin was filtered off
and washed with 1:2 pyridine/ethanol (about
50 mL). The filtrate and the washings were
combined and evaporated. The residue was
then subjected to chromatographic separa-
tion on a column of silica gel by the use of
chloroform/methanol system to give a mix-
ture of the diastereoisomers of 2'-O-
(tetrahydropyran-2-y1)[6-'°N]adenosine (870
mg, quantitative yield).
2'-0{Tetrahydropyran-2-y1)[6-'°N]adeno-
sine was, after azeotropic evaporation from
pyridine (6 mL X 3), dissolved in dried pyri-
dine (12.5 mL), and benzoyl chloride (1.45
mL, 12.5 mmol) was added to the solution,
which was then stirred at room temperature
for 3 h. The mixture was quenched with water
(5 mL), diluted with chloroform (50 mL) and
washed with 5% aqueous NaHCOj (25 mL X
2} and water (25 mL). The organic layer was
evaporated and the residue was dissolved in
1:2 pyridine/ethanol (12.5 mL). The solution
was added to 2 M aqueous NaOH (6.3 mL) un-
der cooling in an ice-bath. After stirring for 10
min at 0°C , the resulting mixture was neu-
tralized with Dowex 50Wx8 (H® form). The
resin was filtered off and washed with 1:2
pyridine/ethanol solution (about 50 mL). The
filtrate and the washings were combined and

evaporated. The residue was then subjected to
chromatographic separation on a column of
silica gel by the use of chloroform/methanol
system to give 7 (B = [6-'°N]AB?) (the less po-
lar diastereoisomer, 369 mg, and the more po-
lar diastereoisomer, 608 mg, 86% yield); 1.
NMR (CDCly): 6 for the less polar diastereoi-
somer 1.39-1.82 (m, 6H, CHy % 3 of Thp
group), 3.42-3.560 (m, 1H, OCHsC of Thp
group), 3.74-3.80 (m, 1H, H-5'), 3.96-4.02
(m, 2H, H5"' and OCH5C of Thp group),
4.33-4.40 (m, 2H, H4' and OCHO of Thp
group), 4.55 (d, 1H, Jy' g = 4.7 Hz, H-3"), 4.88
(dd, 1H, Jy’ o' = 7.7 Hz, H-2"), 5.98 (d, 1H, H-
1'), 7.50-7.65 (m, 3H, Ph-H x 3 of Bz group),
8.01-8.05 (m, 2H, Ph-H x 2 of Bz group), 8.07
(s, 1H, H-2), 8.79 (s, 1H, H8), and 9.73 (br d,
1H, JIEN,'H = BB.T Hz, IENE-H}; IEN-NMR
(CDClg): 6 for the less polar diastereoisomer
129.41 [NB]; EI mass spectrum, m/z 456.0
(M*), and *H-NMR (CDCls): é for the more po-
lar diastereoisomer 1.30-1.74 (m, 6H, CH; X
3 of Thp group), 2.91-2.99, 3.254-3.31 (2m,
2H, OCHsC of Thp group), 3.74-3.79 (m, 1H,
H-5'), 3.96 (dd, 1H, Jy' 5+ = 1.4 He, J5' 5 =
12.9 Hz, H5'"), 4.30-4.2 (m, 1H, H4"), 4.40
(dd, 1H, JJ = 2.3 Hz, J = 5.9 Hz, OCHO of Thp
group), 4.57 (d, 1H, Jo' 3' = 4.9 Hz, H-3'), 5.07
(dd, 1H, Jy' o = 7.3 Hz, H-2"), 6.00 (d, 1H, H-
1), 7.47-7.62 (m, 3H, Ph-H x 3 of Bz group),
8.00-8.03 (m, 2H, Ph-H x 2 of Bz group), 8.04
(s, 1H, H-2), 8.75 (s, 1H, H-8), and 9.30 (br d,
1H, Jisn g = 89.0 Hz, “NC.H); SN.NMR
(CDClg): 0 for the more polar diastereoisomer
128.82 (Nﬁ); EI mass spectrum, m/z 456.0
M").
NE.Benzoyl-5'-0-[2-(levulinyloxymethyl)-
5-nitrobenzoyl]-2'-O-(tetrahydropyran-2-
yD[6-'5Njadenosine (9 (B = [6-1°N]AP?,
R = OThp, R' = LMNNBz)}) Compound 9 (B
= [6-'°N]AP% R = OThp, R’ = LMNBz) was
synthesized in 55% yield (160 mg) by the reac-
tion of 7 (B = [6-'°N]AP?) (182 mg, 0.4 mmol;
the less polar diastereoisomer) with 4 (130
mg, 0.44 mmol) in the presence of TPSCI (267
mg, 0.88 mmol) in pyridine (4 mL) for 3 h as
described above; H-NMR (CDClg): o
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1.48-1.86 (m, 6H, CHy X 3 of Thp group),
2.17 (s, 3H, COCH3 of LMNBz group), 2.66 (t,
2H, J = 6.6 Hz, CH; of LMNBz group), 2.79 (1,
2H, J = 6.6 Hz, CHy of LMNBz group),
3.52-3.60, 3.97-4.03 (2m, 2H, OCH-C of Thp
group), 4.44-4.66 (m, 4H, H-3', 4', 5', and
OCHO of Thp group), 4.79 (dd, 1H, Jyr 5 =
3.3 Hz, Jg 5 = 12.1 He, H5'), 5.18 (t, 1H,
Jy g = Jo' 3 = 5.0 Hz, H-2'), 5.54, 5.61 (2 d,
2H, J = 15.8 Hz, PhCH,), 6.09 (d, 1H, H-1"),
7.47-7.61 (m, 3H, Ph-H x 3 of Bz group), 7.77
(d, 1H, J = 8.7 Hz, Ph-H of LMNBz group),
7.98-8.03 (m, 2H, Ph-H % 2 of Bz group), 8.12
(s, 1H, H-2), 8.38 (dd, 1H, J = 2.3 Hz, J = 8.7
Hz, Ph-H of LMNBz group), 8.52 (s, 1H, H-8),
8.79 (d, 1H, J = 2.3 Hz, Ph-H of LMNBz
group) and 9.21 (br d, 1H, Ji55 g = 89.0 Hz,
IENE-H}. )

N~ Anisoyl-5'-0-[2-(levulinyloxymethyl)-
S-nitrobenzoyl]-2'-O-{tetrahvdropyran-2-
v)[4-'°Njcytidine 3'{2-cyanoethyl) N,N-
diisopropylphosphoramidite {10 (B = [4-
I5NICA™, R = OThp, R' = LMNBz)}. Com-
pound 10 (B = [4-'°N]C*", R = OThp, R’ -
LMNBz) was obtained in 80% yield (187 mg)
by treating 9 (B = [4-'°N)CA? R = OThp, R’ =
LMNBz) (184 mg, 0.25 mmol; the more polar
diastereoisomer) with 2-cyanoethyl N, N-diiso-
propylchlorophosphoramidite (66 uL, 0.3756
mmol) in the presence of N-ethyldiisopro-
pylamine (85 uL, 0.375 mmol) in dried aceto-
nitrile (2.5 mL) and subsequent work-up as
described in the synthesis of 10 (B=U, R =
OThp, R' = LMBz); JTP.-NMR (CDClg): &
149.63 and 150.34.

3'-0-{3-(Carboxy)propionyl}-N°-benzoy!-
5'-0-[2-(levulinyloxymethyl)-5-
nitrobenzoyl]-2'-O-(tetrahydropyran-2-
vi)J 6! EMadennsine. 3"-0-[3{Carboxy)pro-
pionyi]-NE-banmyl-ﬁ’—G—[.‘Z-{levulinyloxy—
methyl)-5-nitrobenzoyl]-2'-0O-(tetrahydro
pyran—2-yl}[l5rl5Nladenasine was obtained in
79% yield (125 mg) by treating 9 (B = [6-
15N1A%2 R = OThp, R' = LMNB2) (139 mg,
0.19 mmol; the less polar diastereoisomer) in
pyridine (0.7 mL) with succinic anhydride (30
mg, 0.3 mmol) in the presence of DMAP (12
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mg, 0.1 mmol) for 12 h and subsequent work-
up as described above; "H-NMR (CDCly): 6
1.42-1.75 (m, 6H, CHs X 3 of Thp group),
2.18 (s, 3H, COCHy of LMNBz group), 2.65-
283 (m, 8H, CHy X 4), 3.40-3.49 and
3.71-3.80 (m, 2H, OCH,C of Thp group),
4.54-4.72 (m, 4H, H4', 5', 5"', and OCHO of
T]lp group), 5.37 (t, IH, of 1’2 = e L 8.7
Hz, H-2"), 5.57 (s, 2H, PhCHs5), 5.60 (dd, 1H, .J
g 4+ = 4.0 Hz, H-3'), 6.16 (d, 1H, H-1"), 7.49
7.61 (m, 3H, Ph-H of Bz group), 7.77(d, 1H, J
= 8.7 He, Ph-H of LMNBz group), 8.02-8.04
(m, 2H, Ph-H X 2 of Bz group), 8.39 (dd, 1H, J
= 2.3 Hz, JJ = 8.7 Hz, Ph-H of LMNBz group),
8.61 (s, 1H, H-8), and 8.81 (d, 1H, J = 2.3 Hz,
Ph-H LMNBz group).

Functionalization of the CPG support
with [6-'°N]adenosine 3'(3-carboxy) pro-
pionate Derivative [11 (B = [6-°N]JAB?,
R = OThp, R' = LMNBz)]. 3'-0-[3{Car-
boxy)propionyl}-N® -benzoyl-5"-0-[2-(levuliny-
loxymethyl)-5-nitrobenzoyl]-2'-0-
(tetrahydropyran-2-y1)[6-*°N]adenosine (125
mg, 0.15 mmol; the less polar diastereoiso-
mer) was introduced to the CPG support (450
mg) to give CPG containing Nbenzoyl-5'-0-
[2{(levulinyloxymethyl)-5-nitrobenzoyl]-2'-0-
{tetrahydropyran-ﬂ-yl]{ﬁ-IEN]adenaaine de-
rivative [11 (B = [6-°N]A®? R = OThp, R’ =
LMNBz)] (477 mg) as described above for the
synthesis of CPG 11 (B = G'®, R = OThp, R’ =
LMBz). [5-15N1Adenosine content of CPG 11
(B = [6-'°N]AP% R = OThp, R’ = LMNBz) was
determined to be 21 umol/g by UV spectros-
copy {adenosine, 4, 260 nm in HoO (¢ =
14900) [30]} after deprotection of the LMNBz
group, detachement of 7 (B = [ErlﬁbI]ABz), and
deprotection of the Bz and Thp groups, using
10.7 mg of CPG 11 (B = [6"°NJAP? R -
OThp, R’ = LMNBz).

Synthesis of the trimer C'5NH2p15NH2-
pAI (18). After chain elongation with a
simple syringe-based reaction system [2, 26]
using a column of CPG-11 (B = [515N]AB‘, R
= OThp, R' = LMNBz) and 10 (B = [4-
15N1CA", R = OThp, R’ = LMNBz) (Table 2),
the trimer was cleaved by treatment with
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conc. aqueous ammonia (4 mL) for 3 h at
room temperature. The resulting solution was
heated in a sealed vial at 55°C for 6 h. After
evaporation, the residue was dissolved in wa-
ter (10 mL) and was washed with ethyl ace-
tate (5 mL X 3). The aqueous layer was evapo-
rated and the residue was dissolved in hydro-
chloric acid (pH 2.0, 5 mL). The solution was
left for 1 day at room temperature, neutral-
ized with 0.2 M aqueous ammonia, and
washed with ethyl acetate (5 mL % 3). The de-
protected trimer was purified by reverse-
phase HPLC (see Fig. 10). The main peak was
collected {yield of 18, 60 Aggg units from CPG
11 (B = [6-""N]AP* R = OThp, R’ = LMNBz)
(71.4 mg, 3 umol)} (see Figs. 10 (II) and 11).

Enzymatic digestion of the trimer 18. A
solution of the fully deprotected trimer 18
(1.0 Aggg unit) in 70 uL of 30 mM Tris/HCI
(pH 8.0) and 6 mM MgCl; was treated with
snake venom phosphodiesterase (1 mg/0.5
mL, Boehringer Mannheim) (6 xL) and alka-
line phosphatase (1 u/mL, Boehringer Mann-
heim) (6.4 uL) for 24 h at 37°C [12, 15, 16]. Di-
gestion products were analyzed by reversed-
phase HPLC with of 2% acetonitrile/0.04 M
TEAA (pH 7.0) as eluent {The C:I ratio ob-
tained for the trimer 18 was 2:1 (see Fig. 12).
Inosine was produced from adenosine (reten-
tion time, 16.5 min) by contamination with
adenosine deaminase [16].}

0+2,3,5-Tri-O-benzoyl-8-D-ribofurano-
syl) trichloroacetimidate (21). To a solu-
tion of 2,3,5-tri-O-benzoylD-ribofuranose {(20)
[31] (1.514 g, 3 mmol) and trichloroacetoni-
trile (2 mL, 20 mmol) in methylene chloride
(35 mL), chilled in an ice-bath, DBU (44 uL,
0.3 mmol) was added with stirring. The solu-
tion was then stirred at room temperature for
50 min. The resulting mixture was evapo-
rated, and the residue was subjected to chro-
matographic separation on a column of silica
gel by the use of toluene/ethyl acetate system.
Compounds 21 (1.56 g, 80% yield) and a-is-
omer (22) (191 mg, 10% yield) were obtained
as the 1st and 2nd fraction, respectively.

(M (IL)

Absoibange (250 gen)

Absarbancs (260 nm)

T T

e
=1
8

L
Tieme {min’

Time (mis}
Figure 10. (I} Reversed-phase HPLC of crude
products preparation of the trimer (18) using 5'-
O-LMNBz-2'-O-Thp-cytidine  3'-phosporamidite
derivative 10 (B = [4-'>NIC™, R = OThp, R’ =
LMNBz). (II) Reversed-phase HPLC of the trimer
(18) isolated from the mixture of (I). [Yield of 60
Aggp units from 11 (B = [6'°N]AP?, R = OThp, R’
= LMNBz; (3 pmol)].

Condition: column uBONDASPHERE 5 u C18 (3.9
mm ID X 150 mm L); elution buffer 5% acetonitrile/

0.1 M TEAA (pH 7); flow rate 1 mL/min; detected by
UV at 260 nm.

Compound 21 had m.p. 116-118°C (from
toluene); "H-NMR (CDClg): 6 4.59-4.75 (m,
2H, H5 and 5'), 4.88 (dd, 1H, J 5 = 4.7 Hz,
Jy 5 = 5.7 Hz, H4), 5.93 (dd, 1H, Jog =49
Hz, Ja 4 = 6.8 Hz, H-8), 5.98 (d, 1H, H-2), 6.62
(s, 1H, H-1), 7.30-7.59, 7.85-8.05 (m, 15H,
Ph-H % 15 of Bz group), and 8.69 (brs, 1H,
-OC(=NH)CCl3). Anal., calc. for CogHgg-
OgNClg: C, 55.42; H, 3.65; N, 2.31; found: C,
55.72; H, 3.61; N, 2.40.

Compound 22 had 'H-NMR (CDCly): 6
4.65-4.76 (m, 2H, H-5 and 5'), 4.88 (m, 1H, H-
4), 5.66 (dd, 1H, H-2), 5.93 (dd, 1H, H-3), 6.89
(d, 1H, Jl,2 = 4.5 Hz, H-1), 7.18-7.61,
7.90-7.90, 8.09-8.16 (m, 15H, Ph-H % 15 of
Bz group), and 8.64 (br s, 1H, -OC(=NH)CCl3).

N%Benzoyl-2'-0-(2',3'",5' ' -tri-O-
benzoyl-f-D-ribofuranosyl)-3',5'-0-
(1,1,3,3-tetraisopropyldisiloxane-1, 3-di-
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vladenosine (24) [32]. Compound 21 (2.25
g, 3.50 mmol) and Nﬁ~benzﬂ}rlv3’,5’—ﬂ-(1,l.3,3r
tetraisopropyldisiloxane-1,3-diyl)adenosine
(23) [33] (2.00 g, 3.27 mmol) were dissolved
in THF (50 mL) in the presence of molecular
sieves 4A (about 300 mg). To the solution,
chilled in an ice-bath, trifluoromethanesulfo-
nie acid (0.29 mL, 3.3 mmol) was added with
stirring, and the reaction mixture was then
stirred for 20 min. The resulting mixture was
quenched with a saturated aqueous sodium
hydrogen carbonate solution (50 mL), and
was extracted with chloroform (50 mL X 2).
The extracts were combined and washed with
water (50 mL). The organic layer was evapo-
rated to dryness after drying over anhydrous
magnesium sulfate, and the residue was sub-
jected to chromatographic separation on a col-
umn of silica gel by the use of chloro-
form/methanol system to give 24 (3.21 g,
93% vyield) (Entry 4 in Table 3); 'H-NMR
(CDClg): 6 0.93-1.09 (m, 28H, CH(CH3)s % 4
of TIPDS group), 3.99-4.20 (m, 3H, H4' and
5' X 2), 4.64-4.81 (m, 3H, H4'' and 5'' X 2),
4.89 (d, 1H, Jy 3 = 4.6 Hz, H-2'), 4.96 (dd,
1H, J3' 4 = 9.2 Hz, H-3'), 5.82 (s, 1H, H-17),
5.88 (d, 1H, Jy 5+ = 4.8 Hz, H2"'), 5.96 (t,
1H, H3"'), 6.08 (s, 1H, H-1'), 7.30-7.61,
7.86-8.03 (m, 20H, Ph-H x 20 of Bz group),
8.13 (s, 1H, H2), and 8.73 (s, 1H, H-8). 3C-
NMR (CDCl3): & 166.62, 166.03, 165.99,
165.59, 165.10, 151.39, 149.94, 149.87,
134.34, 134.06, 134.01, 133.94, 133.75,
133.29, 130.32, 130.24, 130.15, 129.88,
129.42, 129.30, 129,23, 129.15, 129.04,
128.94, 128.41 (Aromatic carbons), 152.80 (C-
2), 141.85 (C-8), 1056.73 (C-1""), 88.85 (C-1'),
81.40 (C4'), 79.59 (C4'"), 78.54 (C-2"), 75.56
(C2'"), 72.56 (C-3'"), 69.86 (C-3"), 65.34 (C-
5'"), 59.74 (C-5"), 18.00, 17.89, 17.85, 17.76,
17.69, 17.63, 17.47, 17.36 (-CHg x 8), 13.90,
13.49, 13.34, and 13.17 (:CHg X 4). Anal,
cale. for Cs5HgaN5013510: C, 62.42; H, 6.00;
N, 6.62; found: C, 62.30; H, 5.94; N, 6.58.
Low-resolution FAB-MS, m/z 1058.7 (M+H)".
N6.Benzoyl-2'-0-(2'',3'",5" '-tri-O-
benzoyl{3-D-ribofuranosyl)adenosine (8)

Oligonucleotide synthesis using the 2-(levulinyloxymethyl}-5-nitrobenzoy! group 965

Figure 11. Electrophoresis of the trimer (18) on
20% polyvacryvlamide gel containing 7 M urea,
visualized by UV-shadowing.

[32]. Compound 24 (0.847 g, 0.8 mmol) was
dissolved in THF (1.6 mL), and 1 M tetrabu-
tylammonium fluoride (TBAF) (1.6 mL) was
added to the solution, which was then stirred
at room temperature for 30 min. The result-
ing mixture was diluted with chloroform (50
mL) and washed with water (25 mL X 2). The
organic layer was evaporated to dryness after
drying over anhydrous magnesium sulfate,
and the residue was subjected to chroma-
tographic separation on a column of silica gel
by the use of chloroform/methanol system to
give B (640 mg, 98% yield); 'H-NMR
(CDCl3-Dg0): 6 3.75 (dd, 1H, J5' 5 = 13.1 Hz,
Jﬁ’_.f = 1.6 Hz, H-5'), 3.97 (m, ].H,Jﬁ'lﬁ‘ =13.1
Hz, J5 4 = 1.6 Hz, H-5'), 4.09 (dd, 1H, J5 4
= 4.1 Hz, J5» 5+ = 11.9 Hz, H5'"), 4.30 (br s,
1H, H4'), 4.47 (dd, 1H, J4*’5* = 4.2 Hz, H4"'),
4.54 (dd, 1H, J5» ¢' = 4.1 Hz, Jg» 5 = 11.9
Hz, H-5"'), 4.58 (d, 1H, Jg' 9 = 4.7 Hz, H-3'),
5.19 (d, 1H, Jyr 9~ = 2.3 Hz, H-1"'), 5.21 (dd,
1H, Jy 90 = 7.4 Hz, Jy 3 = 4.7 Hz, H-2'), 5.64
(dd, 1H, Jy o+ = 2.4 Hz, Jo g = 5.4 Hz, H-
2"), 5.72 (dd, 1H, Jy g+ = 5.14 Hz, H-3'"),
6.04 (d, 1H, Jl'.:&'.‘ 7.4 Hz, H-1"), 8.07-8.02,
7.91-7.68, 7.55-7.33 (m, 20H, Ph-H x 20 of
Bz group), B.14 (s, 1H, H-2), and 8.80 (s, 1H,
H-8). ""CNMR (CDCly): & 165.94, 165.45,
165.37, 164.52, 150.32, 133.73, 133.60,
133.48, 132.77, 129.75, 129.69, 129.64,
129.54, 129.44, 129.10, 128.90, 128.79,
128.59, 128.53, 128.45, 128.42, 12B.12,
128.07, 128.01, 127.90 (Aromatic carbons),
152.18 (C-2), 144.02 (C-B), 106.62 (C-1'"),
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89.15 (C-1"), 87.21 (C4’), 80.91 (C-2"), 80.23
(C4'), 75.85 (C2'"), 72.23 (C-3'"), 71.51 (C-
3'),63.96 (C-5'"), and 63.09 (C-5"). Anal., calec.
for C43Hg7N5015 - 0.5 H50: C, 62.62; H, 4.64;
N, 8.49; found: C, 62.82; H, 4.48; N, 8.48.
Low-resolution FAB-MS, m/z 816.7 (M+H)".
W—Benzny!—ﬁ'-ﬂ-f?ﬂeuuﬁny!oxymet&yl}
S-nitrobenzoyl]-2'-0-(2'',3"',5" '-tri-0-
benzoyl-f-D-ribofuranosyl)adenosine [9
(B=A",R= ﬂRfBza, R' = LMNBz)].
Cﬂmpuund 9(B=A z R = ORfBzy, R’ =
LMNBz) was obtained in 68% yield (446 mg)
by the reaction of 8 (0.489 g, 0.6 mmol) and 4
(195 mg, 0.66 mmol) in the presence of TPSC]
(400 mg, 1.32 mmol) in pyridine (6 mL) for 2
h and subsequent work-up as described in the
synthesm of 9(B=U, R =0Thp, R' = LMBz):
'H.NMR (CDClg): 6 2.17 (s, 3H, COCH3 of
LMNBz group), 2.67 (t, 2H, J = 6.7 Hz, CH, of
LMNBz group), 2.80 (t, 2H, JJ = 6.7 Hz, CHy of
LMNBz group), 4.19-4.24 (m, 1H, H4'), 4.37
[dd, 1H, J‘i”,ﬁ” =43 HZ, Jﬁ”’ﬁ” =12.1 HZ, H-
5-}, 4.56 (dd, lH, J4”‘|5” = 5.1 HZ, Jﬁ"_ﬁ” =
12.1 Hz, H5"'), 4.61-4.91 (m, 4H, H-3', 4',
and 5'" X 2), 5.26 (t, 1H, J‘l',ﬂ' =dy 3 = 4.8
HZ, H—E*), 5.49 {d, ].H, Jl"_zf' =1.7 HZ, H—].”],
5.53, 5.56 (2s, 2H, PhCHs of LMNBz group),
5.79 (dd, 1H, Jy g = 5.1 Hz, H2'"), 5.85 (1,
1H, H-37), 6.18 (d, 1H, H-1'), 7.34-7.61 (m,
12H, Ph-H of Bz group), 7.75 (d, 1H, J = 8.6
Hz, Ph-H of LMNBz group), 7.90-8.09 (m,
9H, Ph-H X 8 of Bz group and H-2), 8.38 (dd,
1H, J = 2.3 Hz, J = 8.6 Hz, Ph-H of LMNBz
group), 8.52 (s, 1H, H8), 8.73 (d, 1H, J = 2.3
Hz, PhH of LMNBz group), and 9.03 (br s,
1H, NS-H). Anal., cale. for CsgH4gNg0q5 - 0.2
H50: C, 61.33; H, 4.45; N, 7.66; found: C,
61.15; H, 4.49; N, 7.63.
NP.Benzoyl-5'-0-[2{levulinyloxymethyl)-
d-nitrobenzoyl]-2'-0-(2'',3"",5""-tri-0-
benzoyl3-D-ribofuranosyl)adenosine 3'-
(2-cyanoethyl) N N—dusapmpylphnspho-
ramidite [10 (B = AB* , R = ﬂRfBz;, R' =
LMNBz). Compound 1'l] (B =A ! R =
ORfBzg, R' = LMNBz) was obtained in 85%
yield (199 mg) by treating 9 (B = AB? R -
ORfBzg, R' = LMNBz) (199 mg, 0.2 mmol)

1) snake venom phosphodiesterase
2) alkaline phosphatase

2015’\"“!2 + A15NH2

l 3) adenosine deaminase (contaminant)

EC1ENHE + |

C

£

g

i
L
o

Time imdn}

Figure 12. Reversed-phase HPLC of products ob-
tained by digestion of the completely unmasked
trimer (18) with snake venom phosphodiesterase
and alkaline phosphatase,

Conditions: column xBONDASPHERE 5 u C18 (3.9
mm ID ¥ 150 mm L); elution buffer 2% acetonitrile/
0.04 M TEAA (pH 7); flow rate 1 mL/min; detected by
UV at 260 nm.

with 2-cyanoethyl N, N-diisopropylchlorophos-
phoramidite (68 uL, 0.3 mmol) in the pres-
ence of N-ethyldiisopropylamine (53 uL, 0.3
mmol) in dried acetonitrile (2 mL) and subse-
quent work-up as described in the synthesis of
10 (B = U, R = OThp, R’ = LMBz); *'P.NMR
(CDClg): ¢ 150.02 and 150.54.

Synthesis of Gp[A*IpG (19). After chain
elongation with a simple syringe-based reac-
tion aystem [2, 27] using a column of CPG 11
(B = GiBu , R = OThp, R' = LMNBz), 10 (B =
A®: R - DRfBza, R’ = LMNBz) and 10 (B =
G R = OThp, R’ = LMNBz) (Table 2), the
trimer was cleaved by treatment with cone.
aqueous ammonia (4 mL) for 3 h at room tem-
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Figure 13. Reversed-phase HPLC of crude prod-
ucts preparation of the trimer (19) using 5'-0-
LMNBz-ribonucleoside 3'-phosphoramidite de-
rivatives 10 (R = OThp, ORfBz,, R' = LMNB=)
[Yield of 33 Agg, units from 11 (B = G'P%, R -
OThp, R" = LMNBz; (1.95 gmol]].

Condition: column uBONDASPHERE 51 C18 (3.9 mm
ID ® 150 mm L); elution buffer acetonitrile/0.1 M

TEAA (pH 7}, flow rate 1 mL/min; detected by UV at
260 nm.

perature. The resulting solution was heated in
a sealed wial at 55°C for 6 h. After evapora-
tion, the residue was dissolved in water (10
mlL) and washed with ethyl acetate (5 mL x
3). The aqueous layer was evaporated and the
residue was dissolved in hydrochloric acid
(pH 2.0, 5 mL). The solution was left for 1 day
at room temperature, neutralized with 0.2 M
aqueous ammonia, and washed with ethyl ace-
tate (6 mL X 3). The deprotected trimer was
purified by reverse-phase HPLC (see Fig. 13).
The main peak was collected [yield of 19, 33
Aggp units from CPG 11 (B =GP, R = OThp,
R" = LMNBz) (40 mg, 1.95 umol)] (see Fig.
14).

Enzymatic digestion of Ap[A*]pG (19). A
solution of 19 (1.0 Asgg unit) in 70 uL of 30
mM Tris/HCI (pH 8.0) and 6 mM MgCl, was

Gp[A*IpG
GpApG

= BPB

Figure 14. Electrophoresis of the trimer (19) on

20% polyacrylamide gel containing 7 M urea,
visualized by UV-shadowing.

treated with snake venom phosphodiesterase
(1 mg/0.5 mL, Boehringer Mannheim) (6 uL)
and alkaline phosphatase (1 u/mL, Boehrin-
ger Mannheim) (6.4 uL) for 24 h at 37°C [12,
15, 16]. Digestion products were analyzed by
reversed-phase HPLC with 2% acetoni-
trile/0.04 M TEAA (pH 7.0) as eluent. {The
G:[I*] ratio obtained for the trimer Gp[A*]pG
(19) was 2:1 (see Fig. 15). 2'-0{f-D-Ribofura-
nosyl)inosine ([I*]) was produced from [A*]
(retention time, 22 min) by contamination
with adenosine deaminase [16]).

RESULTS AND DISCUSSION

A study on the utility of LMBz in comparison
to LMNBz as the protecting groups for the
5'-hydroxyl groups of nucleoside phosphora-
midites in oligonucleotide synthesis

In the first place, we undertook a compara-
tive study on utility of the LMBz with LMNBz
protecting groups in terms of the syntheses of
TpTpT (15), TpTpTpT (16), and UpCpAp-
GpUpUpGpG (17).

The protecting reagents, 2{(levulinyloxyme-
thyl)benzoic acid (3) and the corresponding 5-
nitro derivative (4) were prepared starting
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Gp[A*]pG (19)

1) snake venom phosphodiesterase

2) alkaline phosphatase

2G + [A"]

¢ 3) adenosine deaminase (contaminant)

2G + [I"]

"

Absorbance (260 mn)

lé:‘r:wimin'l :Tﬂ

from phthalide (1) by the sequence of reac-
tions as shown in Scheme 1, i.e. alkaline hy-
drolysis giving 2-(hydroxymethyl)benzoic acid
(2) [17], crystallization of 2 at about pH 2
(cone. HCL) in 91% yield, levulinylation with
levulinie anhydride-1-methylimidazole giving
3 in 59% yield, and subsequent nitration with
HNOg/cone. HeSOy giving 4 in 62% yield. The
LMBz and LMNBz groups were then intro-
duced at the 5’ position of thymidine (5) and
2'-0-Thp-ribonucleosides (6) by treatment
with 3 or 4 (1.1 mol. equiv.), respectively, in
the presence of 2,4 6-triisopropylbenzene
sulfonyl chloride (TPSCI) (2.2 mol. equiv.) in
pyridine at room temperature to give the cor-
responding 5'-O-levulinyl derivatives (9) in
the yields over 60% regardless of the struc-
ture of the nucleosides, and the results are
summarized in Table 1. It is of interest that
the reactions with 4 (2-3 h) were considera-
bly faster than those with 3 (1 day). In both
cases, the yields are not guite satisfactory,
but are rather improved compared  with
those [30-46% for 2'-O-ThfU, -C®% and -
AP? except for 2'-O-Thf-G'P" (68% yield)] ob-

Figure 15. Reversed-phase HPLC of
products obtained by digestion of the
completely unmasked trimer (19) with
snake venom phosphodiesterase and al-
kaline phosphatase.

Condition: column gBONDASPHERE 5 u
Cl18 (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.,

tained by 5'-O-levulinylation using levulinic
acid (4 mol. equiv.), 2-chloro-1-methylpyridi-
nium iodide (2 mol. equiv.), and 1,4-diaza-
bicyclo[2.2.2]octane (DABCO) (4.3 mol.
equiv.) [15, 16].

Compounds 9 were then subjected to phos-
phitylation reactions with 2-cyanoethyl N,N-
diisopropylchlorophosphoramidite (1.5 mol.
equiv.) [22] and N-ethyldiisopropylamine (1.5
mol. equiv.) in acetonitrile, respectively, to
give the corresponding 3'{2-cyanocethyl) N, V-
diisopropylphosphoramidites (10) in 65% to
91% wields as shown in the second step in
Scheme 2; the results are summarized in Ta-
ble 1.

Subsequently, the CPG support was func-
tionalized with the 3'-(3-carboxy)propionates
of 5-O-LMBz and -LMNBz derivatives [9 (B =
T, R = H; B = G'BY, R = OThp)] in the usual
manner [23, 24] to give functionalized CPG
11[(B=T,R=H, R’ =LMBz); (B=T,R=H,
R’ = LMNBz); (B = G'®*, R = OThp, R’ =
LMBz); (B = G'®" R = OThp, R’ = LMNBz)].
These materials were used then for oligonu-
cleotide synthesis through the reaction cycle
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Table 1. Syntheses of the 5-0-LMBz- and -LMNBz-nucleoside derivatives (8) and the correspond-

ing 3'-phosphoramidite derivatives (10)

B 5 R Yieldof 9 (%) Yield of 10 (%)
) OThp IMBz 60 I YR
he 61 76

AP 61 91
L 64 7

- i _ _____ _ __a?_ _ _ _________ o
U OThp LMNBz 63 90

C.ﬂn 64 il

b 65 80

™ 72 80

2 s e i

involving a two-step unmasking procedure for
the LMBz and LMNBz protecting groups, as
shown in Scheme 3 and Table 2, by manual,
and not automated, synthesis. Incidentally,
treatment of an intermediate 14 under the
conditions of the twostep unmasking proce-
dure (see steps i and ii in Scheme 3 and step
1-4 in Table 2 [15, 16, 34]) brought about no
effect at all on the 2-cyanocethyl group on the
phosphotriester resulting from the oxidation
reaction (see step v in Scheme 3).
Oligothymidylic acids (15 and 16) were
then synthesized starting from 11[(B=T,R =
H,R'=LMBz); (B=T,R =H, R' = LMNBz)],

O Qg2

1 2 3
0

iy, OQNKI,;SW A

0]
4

O
Dst
OH O

Scheme 1.

Conditions: (i} KOH, 85% MeOH aq., reflux, 2 h; (ii) ad-
just to about pH 2 with cone. HCL; (iii) levulinic anhy-
dride, I-methylimidazole, 1,4-dioxane, 1 h; (iv) H,S0,/
HNO,, 0°C, 1 h.

respectively, and conspicuous superiority of
LMNBz protection over LMBz protection was
proved from reversed-phase HPLC chroma-
tograms obtained by comparing Figs. 1 and 3
for the trimer 15, and Figs. 2 and 4 for the
tetramer 16. The octaribonucleotide 17 was
similarly synthesized starting from 11 (B =
G R = OThp, R' = LMBz); (B = G'BY R =
OThp, R' = LMNBz)], respectively, and simi-
lar superiority of LMNBz protection over
LMBz protection was also proved by compar-
ing Figs. 5 and 6 (I). It is significant that we
should be able to easily isolate an oligonucleo-
tide in pure form from the resulting mixtures
as demonstrated here in Fig. 6 (II). The yield
of completely unmasked octamer 17 was 41.1
Aggo units from 11 (B = GP¥ R = OThp, R’ =
LMNBz) loading guanosine (1.95 gmol). The
octamer 17 gave a clear single band in elec-
trophoretic profile as shown in Fig. 7, and its
successive enzymatic digestion with snake
venom phosphodiesterase and alkaline phos-
phatase gave the reversed-phase HPLC chro-
matogram in Fig. 8 showing a reasonable pro-
portion of 4 nucleosides for its structure.
The superiority of LMNBz protection over
LMBz protection led us to conduct further
syntheses of CpCpA triplet, which is found in
all tRNAs as the terminus dangling structure,
and of the Gp[A*]pG triplet, whose central nu-
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cleotide is found at the 64 position of the
yeast initiator tRNAM®t between two guanylic
acid units at positions 63 and 65 [35, 36] (Fig.
9).

Synthesis of CpCpA (18) bearing 1°N-
labeled exocyclic amino groups

An acyl group attached to the exocyclic
amino groups of adenosine and cytidine de-
rivatives, in contrast with those of guanosine,
has been demonstrated to be active enough to
esterify a series of hydroxyl compounds rang-

. RO B
HO 0 B ) R'O 0 B - #0?
I I

HO R HO R E “/\Lu
o ANy
:B=T.B=H

A 10
:B=U,CV, A% G™ R=0Tnp
- B=[4-""N) C*", [6-"°NJARZ , R = OThp

BzO ~0OBz
O (OR1Bz4)
0 OBz

-l oW

8:8=A" R=

m’\/\wﬂHs X = H (LMBz2)

X = NOs (LMNBz)

Scheme 2.

Conditions: (i) 3 or 4, TPSCI, pyridine, 1 day (LMBz)
or 2-3 h (LMNBz); (ii) 2cyancethyl N,N-diizopropyl-
chlorophosphoramidite, iPryNEt, CHyCN.

ing from mononitrophenols to ordinary alco-
hols [37]. Such unusual activity of the ami-
noacyl groups led us to a question,“Why did
nature choose these particular ribonucleo-
sides as constituents of the triplet located at
the 3"-termini of tRNAs?” The amino groups
involved ih the terminal triplet of tRNA might
be anticipated to play an unexpected impor-
tant role in the process of accepting an amino
acid in protein biosynthesis. Generally, NMR
spectroscopic analysis of specifically labeled
nucleic acids has been useful in probing local
structural phenomena ranging from ther
mally induced local melting to the behavior of
mismatched base pairs, and to the delicate
structural changes triggered by enzyme rec-
ognition or drug binding [38-41]. Therefore,
the synthesis of CpCpA bearing °N-abeling
on their exocyclic amino groups was con-
ducted for the study on potential functions of
the CpCpA terminus of tRNA.

On the other hand, an efficient method for
the synthesis of cytidine and adenosine de-
rivatives bearing a '°N-abeled exoeyclic
amino group, respectively, from uridine and
inosine has been reported [28, 29]. 3',5"-Di-O-
benzny1-2’-U‘—{tetrahydrﬂpyran—ﬂ—yl}[d—lﬁﬂl
cytidine [28, 29] was subjected to N'-anisoyla-
tion and O-debenzoylation as usual to give N*-
anisoyl-2'-O(tetrahydropyran-2-y)[4-°"Nleyti-
dine {7 (B = [4-®N]CA™)}, which is one of the
intermediates for the triplet synthesis, in 90%

RO 08
L) HO o B
OR i, il [ I
(9] - OR
%6 o
GErNH 0 12
118" =T. 6™, 16-""na™ GeP~-NH g2 ~ Scheme 3.
B2 RO 0o W il
RO g Conditions: (i) 0.5 M NH,NH, - H,0,
‘H 0" 1:4 CH4COOH/pyridine, 15 min; (ii)
OR v, v I'!" . 0.5 M imidazole, CHyCN, 5 min; (iii) 50
O=b-0 o ) CED Y01 08 mM 10 — 025 M 1 Hietrazole,
CED w w CH4CN, 10 min; (iv) (CHyC0),0-2,6-
O R OR lutidine-1-methylimidazole, THF, 1
D? 02 13 min; (v) 0.1 M 1,, HyO/pyridine/THF,
o o 1 min; (vi) conc. NH,OH, room temp.,
&) H
s _ GEDeNH 3 h — 55°C, 6 b; (vii) pH 2 HCl ag,, 1
i, vii

day.



Vol. 45

Oligonucleotide synthesis using the 2{levulinyloxymethyl}-5-nitrobenzoyl group 971

Table 2. Reaction cycle for chain elongation®

Step  Reagent — ~ Time (min)
Deprotection of the 5'teriminal LMBz and LMNBz growp - -
1. 0.5 M NH,NH, - Ho0 in 1:4 acetic acid/pyridine (0.8 mL) : 15
2. washing with acetonitrile (3 mL)
3. 0.5 M imidazole in acetonitrile (0.8 mL) &
4. washing with acetonitrile (3 mL) _ _
Coupling - - - -
5. 50 mM 5"-0-LMBz and -LMNBznucleoside 3'-phosporamidite (10) 10
and 0.25 M 1H-tetrazole in acetonitrile (0.6 mL)
6. washing with acetonitrile (3 mL)
Capping o - B B - o -
1. o% acetic anhydride/5% 2,6lutidine/5% 1-methylimidazole in THF (0.8 mL) 1
8. washing with acetonitrile (3 mL) S -
Oxidation ' - -
9. 0.1 M I in 8% H;0 — 19% pyridine — THF (0.6 mL) 1
10 washing with acetonitrile (3 mL)

'Reactions were carried out by manual synthesis on the ABI column using 1-2 gmol of a nucleoside loaded on the CPG.

yield. Moreover, Ne-henzﬂyl—ﬂ '-O{tetrahydro-  1,2,3-triazol-1-y1)-9-[3',5'-di-O-benzoyl-2'-0-
pyran-E-yl][E—lsﬂladennﬂine {7 (B = [6- (tetrahydropyran-2-yl}8-D-ribofuranosyl]-9H-

AB“}} was prepared in 86% yield without  purine [28, 29] by consecutive steps involving
isolating each intermediate from 6{3-nitro- labeling with [15N]phthalimide-1,8-djaza-

NH
-CCC
B2Oy O . i B2 05 %Chk
—_— +  a-isomer
BzO OBz BzO OBz
20 21 22
HN-Bz HN- HN-Bz

s e A

NN N’
.0 ;D;] ii YO ii H
>§1 v % ii 11’ o a%osz iii O GEDzL Bz
0, 0 © © ul-caz :& o d[aaz

&0 OF
7/.5‘_ - f
A
23 24 8 Scheme 4.

Table 3. Synthesis of 2'-O{f-D-ribofuranosyl)adenosine derivative (24)
Batry  Glycosylactivator (mol. equiv) 21 (mol equiv)  Time Temp.  Yield of 24 (%)
1 TMSOTYE (1.1) 1.31 60 min 0°C 64
2 TMSOTE (0.2) 1.03 20h r.t.* trace
3 BF; - OEty (1.0) 1.06 60 min : r.t.* 57
4 THOH (1.0) 1.14 20 min 0°C a3

*r.t., room temperature,
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bicyclo[5.4.0Jundec-T-ene (DBU), unmasking
of the ﬁﬁ-phthaluy] and O-benzoyl groups,
NS,D‘?*',DEratriherlzuy]atiun, and unmasking
of the O-benzoyl groups.

The introduction of the LMNBz protecting
group to the 5'-position of 2"-O-Thp-ribo-
nucleosides [7 (B = [4-1°N1CA"; [6-15N]AB%)]
was performed by treatment with 4 in the
presence of TPSCI in pyridine at room tem-
perature to give the 5'-0-LMNBznucleoside
derivatives [9 (B = [4-15N]CA", [6.°NJAB? R
= OThp, R' = LMNBz)] in 62% and 55% yields,
respectively. The 5'-O-LMNBz derivative 9 (B
- [4-°NJCA", R = OThp, R’ = LMNBz) was
then subjected to the phosphitylation reaction
with 2-cyanoethyl N,N-diisopropylchlorophos-
phoramidite- N-ethyldiisopropylamine in ace-
tonitrile to give the corresponding 3'{(2-
cyanoethyl) N,N-diisopropylphosphoramidite
(10 (B = [4'°N]C*", R = OThp, R’ = LMNB2)}
in 80% yield (Scheme 2).

Prior to the assembly of the CpCpA triplet
structure, the CPG support was functional-
ized with 9 (B = [6-"*N]AP% R = OThp, R’ -
LMNBz) in the usual manner [23, 24] to give
CPG 11 (B = [6-1°N]JA®%, R = OThp, R’ -
LMNBz). The CPG support was used for the
assembly by manual synthesis through the re-
action cycle shown in Scheme 3 and Table 2.
Starting with 11 (B = [6-'®N]AP% R = OThp,
R' = LMNBz), the synthesis of the CpCpA
triplet (18) bearing '°N-labeled exocyelic
amino groups was efficiently performed using
10 (B = [4"°N]CA™, R = OThp, R’ = LMNBz)
[60 Aggp units were obtained from 3 ymol of
11 (B - [6-'*N]JAPZ R = OThp, R’ = LMNBz);
Fig. 10]. Its electrophoretic profile gave a
clear single band as shown in Fig. 11 and its
enzymatic degradation gave satisfactory data
for proving its structure as shown in Fig. 12.

Synthesis of Gp[A*]pG (19)

In yeast initiator tRNAM® 2.0(5"0.
phosphorylf-Dribofuranosyl)adenosine (A*)
1s located at position 64, and this modifica-
tion is deduced to play an important role in

the tRNA exerting its biological function as
the initiator [42]. Confronting such an inter-
esting information, incidentally, Markiewicz
and his co-workers have already reported the
synthesis of 2-042"",3"",5""tri-O-benzoyl5-D-
ribofuranosyl)adenosine derivative (24) in
62% yield by the tin tetrachloride-catalyzed
coupling reaction of 3',5'-O-(tetraisopro-
pyldisiloxane- 1,3-diyl}-l\ﬁ—hen zoyladenosine
(28) with 1-O-acetyl-2,3,5-tri-O-benzoyl{3-D-ri-
bofuranose in 1,2-dichloroethane, and of the
[A*]pG unit from 24 [32].

Correlation of such an interesting structure
and its biological function also prompted us
to extend our present methodology to the syn-
thesis of the trimer Gp[A*]pG (19).

In carbohydrate chemistry, anomeric tri-
chloroacetimidates of glycopyranosides were
recognized as useful glycosylating agents to-
wards nucleophiles [43, 44]. We performed
the preparation of 24 by the condensation of
23 with 042,3,5-tri-O-benzoyl8-D-ribofurano-
syDtrichloroacetimidate (21), which was pre-
pared from 2,3,54ri-O-benzoyl-D-ribofuranose
(20) by the Schmidt's procedure [45], as a S-D-
ribofuranosyl donor in the presence of an ac-
tivator such as trimethylsilyl triflate (TMS-
OTf), boron trifluoride ethyl ether complex
(BFg + Ety0), or trifluoromethansulfonic acid
(TfOH) (see Scheme 4 and Table 3). Conden-
sation of 23 with 042,3,5-tri-O-benzoyl{5-D-ri-
bofuranosyl)trichloroacetimidate (21) in the
presence of TTOH in dichloromethane at 0°C
for 20 min gave the desired 24 in 93% yield
(Entry 4 in Table 3).

In order to synthesize the phosphoramidite
derivative 10 [B = A®* R = 042,3,5r-0-
benzoyl3-Dribofuranosyl), R' = LMNBz], the
tetraisopropyldisiloxane-1,3-diyl group of 24
was removed by treatment with TBAF in THF
to give 8 in 98% yield.

Introduction of the LMNBz protecting
group to the 5'-position of 8 was accom-
plished by treatment with 4 in the presence of
TPSCI in pyridine to give the 5-O-LMNBz de-
rivative 9 [B = AP* R = 042,3,5.tri-Obenzoyl-
pfDribofuranosyl), R’ = LMNBz] in 68% yield,
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as described above. The 5'-O-LMNBz deriva-
tive 9 [B = ABZ, R = 0{2,3,5-tri-O-benzoylf-D-
ribofuranosyl), R' = LMNBz] was then sub-
jected to phosphitylation reaction with 2-
cyanoethyl N,N-diisopropylchlorophosphor-
amidite-N-ethyldiisopropylamine in acetoni-
trile to give the corresponding 3'4(2-
cyanuethyl} NN-di1snprnp5r]phospharam1d1te
10 [B = APZ R - 0{2 3,5-tri-O-benzoyl{§-D-ri-
hﬂfuranos:fl], R' = LMNBz] in 74% yield
(Scheme 2). :

CPG 11 (B = G®“ R = OThp, R’ = LMNBz)
[23, 24] was then used for the assembly
through the reaction cycle as shown in
Scheme 3 and Table 2, as described above.
Starting with 11 (B = GP" R = OThp, R' =
LMNBz), the synthesis of Gp[A“]pG (19) was
efficiently performed using the 5'-O-LMNBz-
ribonucleoside 3'-phosphoramidites 10 [B =
G™¥ R =0Thp, R’ = LMNBz B=AP% R=0
(2,3,54ri-O-benzoylf-D-ribofuranosyl), R' =
LMNBz] (33 Asgp units were obtained from
1.95 ymol of 11 (B=G By , R =0Thp, R' =
LMNBz); Figs. 13 and 14). Enzymatlc degra-
dation of the trimer 19 gave satisfactory data
for proving its structure (Fig. 15).

In conclusion, the LMNBz protecting group
for the 5"-hydroxyl groups of nucleoside 3'-
phosphoramidites is proved to be basically
useful for oligonucleotide synthesis on CPG
support, and expected to be free from the in-
compatibility due to the use of DMTr protect-
ing group, although the synthetic processes
have yet to be fully automated.

The authors thank Dr. Yasuo Shida for MS
measurements, Mrs. Chiseko Sakuma for
ISN.NMR measurements, and Mr. Haruhiko
Fukaya for elemental analyses, which were
performed at the Analytical Center, Tokyo
University of Pharmacy and Life Science.
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