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

As one of the recent developments in oligonucleotide synthesis, explora-
tion of some protecting groups have ‘been achievedl) to overcome the crucial
problem which resulted from the undoubted reactive site of the guanine

2)

residue. These groups have been introduced into the guanine residue in
unsatisfactory yields through several-step reactions or at the final stage of
the nucleotide-unit synthesis. Moreover, removal of the conventional Nz—iso—
butyryl group on the guanine residue required relatively long time.

Recently, we found that the diphenylcarbamoyl (DPC) group was most
promnissing as a protecting group for the 06-amide group of the guanine residue

3)

in the ribo-series. We applied this protecting group to the deoxyribo-
series and employed the propionyl (Pro) group which is more base-labile than
the isobutyryl group for protecting the 2-amino group.

We first investigated introduction of the DPC and Pro groups on the
guanine residue: Deoxyguanosine (1) was treated first with propionic anhydride
(5 equiv.)—N,N-dimethylaminopyridine (DMAP) (1 equiv.) in dry pyridine at
76°C for 1 h, then with diphenylcarbamoyl chloride (2.0 equiv.)—ethyldiiso-
propylamine (1.5 equiv.) in dry pyridine at room temperature for 1 h, and
finally with 2M NaOH-EtOH-pyridine (5:5:2, v/v/v) at 0°C for 10 min. The
3',5'-free hydroxyl derivative (3)%) could be purified in 93% yield by flash
chromatography on silica gel. Scheme I reveals that DMAP was very effective
for acylation of the 2-amino group and the DPC group was directly introduced
without isolation of (2). Furthermore, the DPC and Nz—Pro groups survived
under the basic condifions employed for hydrolysis of the 5'- and 3'-0-Pro

5)

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

lc,6) as shown in Scheme II with no loss of the guanine protecting

groups.

2775



2776

N “NH O'ENth o]
& N, 0 0 N O-CNPhy
HO _ ; o I N
° (/\Ezsnmp PhNC-ci— 1-Prohet | 0 N NANg\ N N
w W 70°C, 1 Ve in o H - O;HP;‘US"EWH oy 1N ne~
~Co (,J 2(5'5-2 v/vIv)
o 0-C. 10mIn HO  (3) 93%
0 9
? -CNPh
o-ENPhy " OENPz Scheme I
Nfu QICN 9
pir-Ct ! NANgA Pss-tos _ DMTrO NTHe~
3 > DMTIO I —_—
~ Py r.t., 8h
r.t., 15min o (3) Scheme II
HO (4) 0=P(SPh); g0

- 9% overall yield  (80%)

In order to measure the life time of the DPC and N2—Pro groups under the
deprotective conditions, 5'-0-DMTr-derivative (4) was treated with conc,
ammonia-pyridine (2:1, v/v) at room temperature and the rates of removal were
estimated by tlc. Table I shows that the DPC group is more labile than the
Pro gorup.
conc. NH4OH—Py NENH

(2:1, v/v) Gy,
0

N DMTrC

L Table 1 The life time of the DPC and Pro
~ (6) groups of 4
HO ~ ~
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Then, i was treated with conc. ammonia-—methanol (9:1, v/v) at 60°C for 1 h
followed by treatment with 80% AcOH at room temperature for 15 min to give

deoxyguanosine 1 in 89% yield without formation of the 2,6-diamino-purine

2a)

derivative (7). In contrast to these results, the isobutyryl group

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

conc. NH4OH—MeOH

(9:1,%v/v) 80% AcCOH

y > ]
A

n
~  60°C, 1h r.t., 15 min 89%

The availability of the new combination of the DPC and Pro groups can be
demonstrated in the following synthesis of d-GpGp. According to our

methodology, lc,6)

the unit 5 was treated with phosphinic acid (Psa) (30

equiv.) — triethylamine (20 equiv.) in dry pyridine at room temperature for
15 min. On the other hand, treatment of 2 with 1% trifluorcacetic acid (TFA)
in dry CHCl3

guantitatively. The 3'-phosphate component (8) and 5'-hydroxyl component 9
L §6b) A

at 0°C for 3 min gave the 5'-hydroxyl component (9)
were coupled by using mesitylene-1,3-disulfonyl chloride (MDS) (3 equiv.)
and 3-nitro-1,2,4~-triazole (NT) (3 equiv.) at room temperature. The

condensation reaction was completed in 20 min and the usual workup gave the
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desired dimer (;9)7) in 95% yield. The yield was dramatically increased and
the inevitable side reactions in the conventional methods were not observed at
all. 1In addition, 8 and 9 were coupled by using mesitylenesulfonyl chloride
(3 equiv.) and l-methylimidazole (MeIm) (3 equiv.) according to the effective

8)

condensing method recently reported by Efimov. The reaction was completed

in 10 min and the dimer ;9 was also obtained in 94% yield without damage of

the guanine protecting groups. Bre
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Deprotection of the fully protected dimer 10 was performed smoothly as
follows: 1) 0.2 M NaOH--dioxane (l:1, v/v) for 10 min at room temperature to
remove the internucleotidic PhS group and one of the two PhS groups at the 3'-
terminal phosphate; 2) conc. ammonia—methanol (9:1, v/v) for 3 h at 60°C to
remove the DPC and Pro groups; 3) 30 equiv. of silver acetate in pyridine—
water (2:1, v/v) for 14 h at room temperature to remove the remaining PhS
group at the 3'~terminal phosphate; 4) 80% AcOH for 15 min at room temperature
to remove the 5'-dimethoxytrityl group. Thus, d-GpGp was isolated in 81%
yield after chromatographic separation using Whatman 3MM paper with i-PrQH-—
conc. ammonia--water (6:1:3, v/v/v). The deblocked dimer was completely
degraded by spleen phosphodiesterase to give a single spot of d-Gp.

In addition to the successful protection of the guanine residue during
the dimer building reactions, introduction of the DPC group improves the
solubility and chromatographic properties of its derivatives. Moreover, its
presence on tlc plate is readily detected as a blue colored spot after
spraying an acidic solution followed by heating. Both the DPC and Pro groups
can be removed by treatment with conc. ammonia which is the conventional
deprotective condition for the exo-amino acyl groups of other nucleoside
bases. An effective combination of the DPC and Pro groups is a promissing
protective fashion for the guanine residue in oligonucleotide synthesis of
both the deoxyribo- and ribo-series.
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