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Summary: The protection of the 06—amide and N2—amino groups of guanosine with
the (butylthio)carbonyl group is described. This group could be rapidly
introduced in good yields and removed very easily under the conventional
deprotective condition for the exo-amino acyl groups of other nucleoside bases.

As one of problems in oligonucleotide synthesis, the remaining reactive
site of guanine residue is reacted with the condensing and phosphorylating
agents commonly employed in oligonucleotide synthesis to give the 0b-
sulfonylated and phosphorylated guanosine derivatives as the side reaction
productsj) Several protecting groups have recently been proposed to prevent
the side reaction.z) Recently, we found that the (butylthio)carbonyl (BTC)
group was most effective as a protecting group for the 03—imide group of the

uracil residue in the ribo—series.3)

In this paper, we wish to report the
protection of the 0%-amido and N2-amino groups of guanosine utilizing
the (butylthio)carbonyl group and its application to the synthesis of GACCGUCA,
box 9R' sequence of r-RNA precurson of Tetrahymena4).

We first investigated introduction of the (butylthio)carbonyl group on the
guanine residue: Guanosine (1) (2.83 g, 10 mmol) was treated with trimethysilyl
chloride (TMSCl) (12.8 ml, 100 mmol) in dry pyridine (50 ml) for 1 h; subsequently
butyl chlorothioformate (BuSCOCl) (8.4 ml, 60 mmol) and diisopropylethylamine

(iPerEt) (10.4 ml, 60 mmol) were added and the reaction mixture was kept for

24 h at room temperature. After the usual workup, silica gel column chromato-
graphy using a mixture of CH2C12 and MeOH (95:5, v/v) eluants afforded compound
25) (3.61 g, 70%). The silylated nucleoside 3 was prepared in 80% yield by
the treatment of 2 with 1,3-dichloro-1,1,3,3-tetraisopropyldisloxane (TIPDSiClZ)
in pyridine. Compound 3 was treated with 2,3-hydropyran in the presence of
TsOH.H,0 in dioxane for 3 h to give 4, which was then desilylated to §6) in 75%
yield by 1M tri-l1-butylammonium hydrogen fluoride (TBAHF). Treatment of 5

with DMTrCl in dry pyridine gave the expected 5'-tritylated product 6 in good
yield. Other nucleoside derivatives (7) were prepared by according to our
methodology.3'7)

Next, the fully protected mononucleotide units (9) were obtained in 84-87%
yields by treatment of the nucleoside derivatives (6,7) with the phos-
phorylating agent 8 prepared simply from 2,6-dichlorophenyl phosphorodichloﬁi-

date and 5-chloro-8-hydroxyquinoline in the one flask reaction (Scheme 1).8
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In this phosphorylation, no loss of the guanine and uracil protecting groups

was observed.

a)

Table 1. Stabilities of the Guanosine derivative Under Various conditions

Compound A B C D E F

2 stable stable stable stable stable 98%

a) (A) 2% TsOH in CHZCIZ—MeOH (7:3, v/v), room temperature, 30 min; (B) 80%
AcOH, room temperature, 2 h; (C) EtyN-CH;CN (1:1, v/v), room temperature, 1
day; (D) pyridine-t-BulNH,-H,0 (8:1:1, v/v), room temperature, 1 day;

(E) 'M TBAHF in THF, room temperature, 1 day; (F) concentrated NH,OH-
MeOH (9:1, v/v), room temperature, 3 h.

It was then interesting to explore the relative stabilities of 0%~ and
N2—(butylthio)carbonyl group in guanosine 2 under a variety of deprotective
conditions to evaluate their possible use in the oligoribonucleotide synthesis
in conjunction with other protecting groups on sugar and phosphotriester
moieties. These results are summarized in Table I. Thus, it becomes clear
from deprotective conditions (A, C, D, and F) in Table I that the (butylthio)-
carbonyl group can be used in conjunction with other sugar and phosphate
protecting groups in our approach to the oligoribonucleotide synthesis. In
particular, compound 2 was treated with a mixture of conc. ammonia and methanol
(9:1, v/v) at room temperature for 3 h to afford guanosine without the formation

of 6-thiobutylguanosine (12)9) and 2,6-diamino-purine derivative Ll§l1o)-
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To demonstrate the utility of the (butylthio)carbonyl group, octaribo-
GACCGUCA, box 9R'
was synthesized. According to our approach to the oligonucleotide syn-

nucleotide, i.e., sequence of r-RNA precurson of Tetrahymena
thesis,s) the mononucleotide units (9) were treated with pyridine-t—BuNHz-HZO
(8:1:1, v/v) at room temperature for 3 h to give the corresponding phos-
phodiesters (10) as triethylammonium salt which were used in the next coupling
reaction without further purification. On the other hand, treatment of 9 with
2% TsOH in CH,Cl,-MeOH (7:3, v/v) at 0 °C for 10 min followed by washing with 5%

NaHCO 5 solution gave the 5'-hydroxyl components (11).11)

Compounds (10, 11)
of thus obtained were used for the synthesis of octaribonucleotide by fragment
1.

condensations are summarized in Table II,

condensation as shown in Fig. The conditions and results of the fragment

smoothly and high yield of the
synthesis of octamer containing guanosine and uridine units.

The coupling reactions proceeded

Py—bBuNHz-Hzo 9

2% TsOH
(8:1:1)
G¢-—A—-—C—C~—G—U—C—A
OMTro+ 0o 8 HO- o B
3 2 1
0 OTHP Q0 OTHP
5 4 0RO 0=POPhCIy
oac 10 oact 1y
. B= Abz,(:t)z’l_jBTc‘E;T(;thc
S(CHy)3CH, NH,
N
7 H <N NA\NH <NI:)\
Fig. 1. Strategy for the synthesis 010 2 HOv O NH,
of the octaribonucleotide.
HO OH 12 HO OH 13
Scheme 2

Table II.

of the fully protected octaoligoribonuceotide

The conditions and results of fragment condensations for the synthesis

3'-Diester pyridine- 5!'~-0OH QSCl—MelIm Time Frag. yield Removal of DMTr
compd t-BuNH —HZO compd equiv. equiv. (h) No. (%) group witg 2%
(8:1:%) TsOH-at 0°C

(equiv.) Time/h Time/min yield/%

Cp 3 A 3.0 6.0 1 1 91

(1.5)

Cp 3 Gp 3.0 6.0 1 2 82 10 87
(1.5)

Ap 3 Cp 3.0 6.0 1 3 86 10 20
(1.5)

Up 3 CA 3.0 6.0 1.5 4 95 10 96
(1.5)

Gp 3 ACp 3.0 6.0 1.5 5 81 10 86
(1.5)

CGp 3 UCA 3.4 6.8 2.0 6 95 10 88
(1.7)

GACp 4 CGUCA 4.0 8.0 2.0 7 98 12 88
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Deprotection of the octamer GACCGUCA (15 mg, 2.5 umol) was performed as
follows: 1) 0.3 M N1,N1,N3,N3—tetramethylguanidium syn-2-nitrobenzaldoximate
(TMG-NBO) in dry CH3CN at 30 °C for 1 day to remove the 5-chloro-8-guinolyl
groups;12) 2) conc. ammonia-pyridine (9:1, v/v) at 60 °C for 12 h to remove the
benzoy and (butylthio)carbonyl groups; 3) 0.01 M HCl in dioxane-H,0 (1:1, v/v)
at room temperature for 2 days to remove the THP and DMTr groups. Finally,
purification by dialysis tubing {Medical International LTD) and reversed phase
HPLC (Senshu Cqg) gave the pure octamer GACCGUCA (2.5 OD). The octamer was
digested by snake venom phosphodiesterase and alkaline phosphatase to give
mononucleosides, C, U, G, and A (2.95:1.00:2.18:2.12). Furthermore, a

sample thus obtained was characterized by 20% polyacrylamide gel
electrophoresis in the presence of 7 M urea (a single spot was obtained and

it was a octamer).
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