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The 2-Nitrophenylsulfenyl (Nps)
Group for the Protection of Amino
Functions of Cytidine, Adenosine,
Guanosine and Their 2’'-Deoxysugar
Derivatives
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It is clear from the reports in the literature that
the exocyclic amino groups of cytosine, adenine
and guanine residues should be blocked for the
chemical synthesis of DNA and RNA
fragments.! It is a usual practice that such
exocyclic amino groups are protected as amide
derivatives %; the removal of these amides are
time-consuming and is dependent upon the na-
ture of the base residues.! Thus, the relative rates
of the hydrolysis of a particular N-acyl group
from the nucleoside base residues follow the
order: cytosine>adenine>guanine. There are a
few examples of carbamates >’ and one example
each of (dimethylamino)methylene® and ami-
dine ® groups in the literature which have been
employed for this purpose. Except for two
examples,®’ all these blocking groups are re-
moved under alkaline hydrolytic conditions. Re-
cently we have reported on the 9-fluorenyl-
methoxycarbonyl (Fmoc) group?® for the protec-
tion of amino functions of cytidine, adenosine,
guanosine and their 2'-deoxysugar derivatives.
The Fmoc groups are removable from these
protected nucleosides by a tertiary, non-nuc-
leophilic base like triethylamine as well as by
alkaline hydrolytic conditions within 3 h at room
temperature. Here we report on the preparation,
properties and applications of 2-nitrophenylsulf-
enyl (Nps) as a new exocyclic amino protective
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group of cytosine, guanine and adenine residues
in both the DNA and RNA series as shown in the
derivatives, 2 to 7, which have been prepared
from common ribonucleosides and their 2'-de-
oxysugar derivatives of the general formula 1.
The application of the Nps group has its origin in
the work of Goerdeler and Holst who synthesized
the first Nps-amino acids.'® Subsequently, sever-
al groups of workers'! have employed the Nps-
amino acids in the peptide synthesis. However, it
was Fontana et. al.’? and Tun-kyi'* who first
demonstrated that the Nps group could indeed be
successfully cleaved from Nps-protected peptides
using a thiolysis procedure. We reasoned that if
the Nps group from Nps-protected nucleosides
and nucleotides could be similarly removed
under such mild conditions, one should be able to
reduce the time of deprotection which is the most
time-consuming part in the chemical synthesis of
DNA fragments on solid support. It also occur-
red to us that such a method of removal of the
Nps group from the Nps protected nucleic acid
residues, ?repared by the phosphite-triester
approach,!* should constitute an easy access to
fully deprotected DNA fragments since the re-
moval of the methyl groups from internucleotide
phosphates and the Nps groups from the base
residues might be accomplished in a single
chemical operation. These considerations have
led us to prepare the Nps derivatives of cytidine,
adenosine and guanosine and their corresponding
2'-deoxyribose derivatives, as in 2 to 7, from their
respective parent nucleosides through a ‘“one-

GENERAL FORMULA: (1)

R=H or OH 2; R=0OH; B=(a)
B=1-Cytosinyl 3; R=0OH; B=(b)
9-Adeninyl 4; R=0OH; B=(c)
9-Guaninyl 5; R=H; B=(a)

6; R=H; B=(b)

7; R=H; B=(c)

\
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pot” synthesis in 88, 84, 80, 82, 90 and 88 %
yields, respectively, as crystalline compounds.
The general procedure for such a synthesis
involves trimethylsilylation ! of the nucleoside in
dry pyridine solution which is followed by the
addition of 2-nitrophenylsulfenyl chloride (Nps-
Cl) (1.2 equiv., with respect to the nucleoside)
and then hydrolysis. Table 1 records some
physical and spectroscopic properties of com-
pounds 2 to 7 in support of their structures. The
Nps groups in 2 to 7 are completely stable under
the following conditions which illustrates its
compatibility with the commonly available pro-
tective groups that are employed in the phospho-
triester ! or the phosphitetriester 14 approaches in
the chemical synthesis of DNA or RNA frag-
ments: (1) stable for 12 h in the presence of
tetrabutylammonium fluoride (10 equiv.) in dry
tetrahydrofuran [(F")=0.1 M] at room tempera-
ture, thus it is compatible with t-butyldimethyl-
silyl-1® and 1,1,3 ,3-tetraisopropyldisiloxane-1,3-
diyl-'7; (2) stable for 24h in triethylamine (25
equiv.) in dry pyridine solution (10 ml/mmol);
thus 1t is compatible with 2- phenylsulfon¥l-
ethyl-18, 2—phenylsulfonylethoxycarbong0
2-(4-chlorophenyl) sulfonylethoxycarbonyl-
9-fluorenylmethoxycarbonyl-*' and 9-fluorenyl-
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methyl-?; (3) stable in presence of 1M hydrazine
hydrate in acetic acid: pyridine::3:4 (v/v) at room
temperature for over 2 25 thus it is compatible
with the levulinyl group“’; (4) finally, the Nps
group is also completely stable in presence of
5 % 4-toluenesulfonic acid. H,O in 2 % ethanol-
chloroform mixture for over 8 h. at room
temperature, which makes it compatible with the
acid-labile 5'-protect1ve groups like 9-phenylxan-
thcn-9-yl (pixyl)** and 4,4'-dimethoxytrityl
(DMTr) % groups.

The Nps group may be smoothly cleaved, from
2 to 7 within an hour at room temperature, as
shown in Table 2, using a dry pyridine solution
(1 ml/mmol) of triethylammonium thiocresolate
(3 equiv.) under an atmosphere of argon.

We then examined the effect of the Nps, as the
6-amino protective group of 2’-deoxyadenosine
(6), on the cleavage of the glycosidic bond
(depunnatlonz in view of the recent reports in
the literature.® Thus, the half-lives of depurina-
tion reaction of 6-N- -benzoyl- 2’-deox¥aden-
osine,? 6-N-phthaloyl-2’-deoxyadenosine 2
6-N-Fmoc-2' -deoxyadenosine® are respectlvely
30, 120 and 180 min. in 80 % aqueous acetic acid
at 30 °C. Under a similar acidic condition, the
glycosidic bond on 6-N-Nps-2'-deoxyadenosine
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Table 2. Removal of the Nps group from Nps
protected nucleoside derivatives, (2) to (7), using
triethylammonium thiocresolate (3 equiv.) in dry
pyridine (1 ml/mmol) under argon at 20 °C.

Substrates t, (min) to (min)

- 10
60
— 20
10
60
20

NOUawN
o]

(6) remained completely intact for 24 h. Thus it is
clear that the employment of a building block like
6 should provide an acceptable solution to the
problem of depurination of 2’'-deoxyadenosine
residues in the chemical synthesis of DNA
segments.

Finally the applicability of the Nps group in the
chemical synthesis of DNA and RNA fragments
have been demonstrated by the preparation of
two dimeric RNA units: cytidylyl-(3'—5’)-aden-

osine-3'-0-2-chlorophenylphosphate  (8) and
B
1 2

10; B=(c); R=(f); R'=(d); R?=(h);
11; B=(a); R=(f); R'=(d); R*=(h);
12; B=(a); R=H; R!=(e); R>=(h);
13; B=(b); R=H; R'=(e); R?=(h);

16; B=1-Thyminyl-; R=(g); R'=(d); R*=H;
17; B=(c); R=H; R!=(e); R*=H;

18; B=(a); R=(g); R!'=(d); R*=H;

19; B=(b); R=H; R!'=Bz; R*=H;

0
8, B
N 2 9 B
N N 14; B
R'0” o 15;B
BI
20; B=
21, B=
a 2 22; B=
R 23; B=

guanylyl-(3'-5)-cytidine-3'-O-2-chlorophenyl-
ghosphate (9) and a tetrameric DNA segment:

d(TpGpCpA)?¥ (25), starting with the corres-
ponding Nps protected ribonucleosides and 2'-
deoribonucleoside derivatives. The building
blocks for the dimeric RNA units, 10 to 13, have
been prepared in high yields as powders using a
procedure which has already been reported by us
in the literature.?” Two condensation reactions in
dry pyridine solutions with the appropriate build-
ing blocks, 11+13 and 10+12 respectively in
presence of an excess of 1-mesitylenesulfonyl-3-
nitro-1,2,4-triazole (MS-NT)?, gave the fully
protected derivatives 14 and 15 in 72 and 69 %
yields respectively. For the synthesis of the fully
protected tetrameric DNA segment, *d(TpGp-
CpA)? (24), the building blocks 16 to 19 were
also prepared in hi%l.} overall yields using our
literature procedure.” They were then coupled,
in dry pyridine solutions using MS-NT, to give
the fully protected dimers, 20 and 21 in 74 and
68 % yields respectively. The dimer blocks were
then converted to 5’-hydroxy-(22) and $5’'-pro-
tected-blocks (23) in the usual manner?® in 80
and 91 % yields respectively. Finally the fully
protected tetramer (24) was obtained, upon the
condensation of 22 and 23 under an usual
condition,”® in 70 % yield as powder. The fully
protected oligonucleotides, 14, 15 and 24 were
then subsequently degrotected with (1) 4-nitro-
benzaldoximate ions“’; (2) then with triethyl-
ammonium thiocresolate (3 equiv.) in dry pyri-
dine (1 ml/mmol) under argon (compound 24 was
then subjected to a treatment of aq. NH; (d 0.9)
for 24 h. at 22 °C to remove the 3'-O-benzoyl
group) and (3) with 80 % aq. acetic acid at 20 °C
(incubation times for 14 and 15 were 6 h; and for
24, it was 20 min). The reaction mixture was
worked up using standard procedures?’-?® and
purified by a DEAE sephadex A25 column
(Et;NH*HCOj; buffer; pH 7.4; linear gradient
0.001 M to 0.3 M).

The compounds 8, 9 and 25 were thus obtained
in 60, 57 and 73 % yields, in terms of Ay 0.d.
units, respectively. They were completely

=1-Cytosinyl-; B'=9-Adeninyl-; R=R!=H; R>=0H; R>=(d);
=9-Guaninyl-; B'=1-Cytosinyl-; R=R!=H; R?=0H; R3=(d);
=(a); B'=(b): R=(f); R'=2-CIPh; R*=(h); R*=(e);
=(c); B'=(a); R=(f); R!=2-CIPh; R?=(h); R*=(e)

a); B!=(b); R=(g); R'=2-CIPh; R?=H, R3>= —OBgz;
1-Thyminyl-; B'=(c); R=(g); R!=2-CIPh; R’=H; R3=(e);
a); B'=(b); R=H; R!=2-CIPh; R?=H; R’>= -OBg;
1-Thyminyl-; B'=(c); R=H; R!=2-CIPh; R?=H; R3=(d);
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24; B=1-Thyminyl-; B'=(c); B?=(a); B=(b);
R'=(9); R2=2-CiPh; R3=Bz

25; B=1-Thyminyl-; B'=9-Guaninyl-; B?=1-
Cytosinyl-; B’=9-Adeninyl-; R'=R?=R3=H;

digested to monomeric components by spleen
phosphodiesterase and were subsequently quan-
titiated by HPLC to give the desired ratios of the
monomeric components confirming the structure
of the oligonucleotides. The chemical syntheses
of these oligonucleotides have thus clearly estab-
lished the stability of the Nps, as an exocyclic
amino protective group both in DNA and RNA
series, through the actual multistep chemical
operations that are required in the synthesis
nucleic acids using the phosphotriester approach.
Further work is in progress in this laboratory to
establish the application of the Nps group in the
solid phase chemical synthesis of DNA and RNA
fragments using the phosphite-triester approach.
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