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Abstract: A new and rapid method for the synthesis of protected dinucleotides of defined sequence carrying 5’-phospho-
monoester groups is described. The key step is the use of a highly lipophilic protecting group for the 5/-phosphate group of
the terminal nucleotide. This allows the isolation of the products by convenient solvent extraction procedures and thus ob-
viates time-consuming anion exchange or gel filtration methods. The synthetic steps are: (1) N-protected deoxyribonucleo-
tide 5’-monophosphates are converted to the corresponding 5’-diesters by reaction with the lipophilic 2-(p-tritylphenyl)thio-
ethanol (TPTE) or 2-(p-tritylphenyl)sulfonylethanol (TPSE) in the presence of triisopropylbenzenesulfonyl chloride or dicy-
clohexylcarbodiimide (the yields are 65-70%); (2) the diesters are further condensed with suitably protected mononucleo-
tides, and the resulting protected dinucleotides are isolated by organic solvent extraction procedures in yields of 50-65%. The
group TPSE is then removed simply by a mild alkaline treatment. For removal of TPTE, the sulfide group is first oxidized to
the sulfone. Extension of the above method to the synthesis of a number of tri- and tetranucleotides is described.

Chemical synthesis of polynucleotides of defined nucleo-
tide sequence has been useful in the study of various aspects
of the chemistry, physical chemistry, enzymology, and mo-
lecular biology of nucleic acids. Thus, for example, precise
elucidation of the mode of action of a number of nucleolytic
enzymes* and of the genetic code® was greatly aided by the
availability of defined polynucleotides. In more recent
years, attention has been focused on the development of
methods for the synthesis of macromolecular bihelical
DNA of defined sequence and, in particular, of genes for
certain transfer RNA’s,87 including the adjacent DNA re-
gions which signify the initiation and termination of their
transcription.! Further, synthetic deoxyribopolynucleotides
have formed the basis of a general and useful approach for
the determination of the nucleotide sequence of the above
control regions in DNA 8-!!

In future studies of the biological functions of the nucleic
acids, for example, gene structure and function relation-
ships, mechanisms of the protein-nucleic acid interactions,
and the controlled expression of genetic information, the
synthesis of defined bihelical DNA’s clearly will continue to
be highly useful and necessary.

In the combined chemical-enzymatic approach to the
synthesis of macromolecular DNA, chemical synthesis of
short deoxypolynucleotide segments continues to determine
the progress in the synthesis of the required defined DNA

molecules. Thus, despite intensive efforts made to date,!2.13
chemical synthesis has continued to be a time-consuming
process. Therefore, efforts continue to be made in this labo-
ratory so as to enhance the rapidity and efficiency of the
chemical procedures. A significant improvement in efficien-
cy would result from the ready availability of large amounts
of protected mono- and oligonucleotide blocks carrying 5'-
phosphate groups. While protected mononucleotides are
readily prepared on a satisfactory (20-60 mmol) scale, the
large-scale preparation of di-, tri-, and tetranucleotide
blocks continues to involve considerable effort, and there is
room for improving rapidity and efficiency.

The present paper reports on a new method for the syn-
thesis of oligonucleotide blocks which represents a substan-
tial improvement over the current procedures.

Protection of the 5'-Phosphate Group. Sometime ago we
reported on a method for the synthesis of dinucleotides
bearing 5’-phosphate groups which too aimed at organic
solvent extraction of the products.!4 In this procedure the
5’-phosphate of the terminal nucleotide was protected by
the formation of a phosphoramidate linkage with the lipo-
philic amine, p-aminophenyltriphenylmethane. Although a
number of dinucleotides was prepared by this method and
the latter used in oligonucleotide syntheses, the procedure
was not completely satisfactory due to N-sulfonylation of
the phosphoramidate group by triisopropylbenzenesulfonyl
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Scheme L. Synthesis of TPTE and TPSE
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Scheme II. General method for the synthesis of dinucleotides
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chloride (TPS).!? This competing reaction caused losses in
the yields of the di- and the higher oligonucleotides. In the
present work, we have developed the use of S-substituted
mercaptoethanols as a new class of phosphate protecting
group. A preliminary report!’ described the use of 2-(phe-
nyl- or 2-naphthylthioethanol in protection of 5/-phosphate
groups. These were found to be superior to the previously
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described phosphoramidate protecting group, since the
group was stable and free of side reactions during subse-
quent synthetic steps. The group could be removed by oxi-
dation with N-chlorosuccinimide to the sulfone followed by
a mild alkaline treatment to give the free phosphomonoest-
er. However, such protected nucleotides could not be rapid-
ly isolated by simple organic solvent extraction, although
purification could be achieved by using trityl-cellulose col-
umn chromatography.!'? Clearly, use of a more lipophilic
S-substituted mercaptoethanol as the protecting group was
desirable. Therefore, the use of 2-(p-tritylphenyl)thioethan-
ol (TPTE) and its oxidized form, 2-(p-tritylphenyl)sulfony-
lethanol (TPSE), was studied.

A number of routes for the synthesis of TPTE (1) and
TPSE (2) was tried. Generally, reactions involving electro-
philic substitution of the trityl cation on thiophenol or its
derivatives met with little or no success. However, the
method of Newman and Karnes!® for the conversion of phe-
nols to thiophenols via dialkylthiocarbamates proved satis-
factory. Thus, as shown in Scheme I, the sodium salt of p-
tritylphenol (3) was treated with N,N-dimethylthiocarba-
moyl chloride in tetrahydrofuran under reflux to give O-p-
tritylphenyl N N-dimethylthiocarbamate (4) in 94% yield.
Thermal rearrangement of 4 at 290° for 30 min under an
inert atmosphere afforded S-(p-tritylphenyl) N, N-dimeth-
ylthiocarbamate (5) in similarly high yield. Subsequent
treatment with methanolic potassium hydroxide led to for-
mation of p-tritylthiophenol (6) in 98% yield. Treatment of
6 with n-butyllithium followed by reaction with ethylene
oxide gave TPTE (1) in 82% yield. However, 1 was most
conveniently obtained directly from the thiocarbamate 5.
After alkaline treatment of § as before, the anion of 6 was
treated immediately, without prior isolation, with 2-chlo-
roethanol. TPTE (1) was obtained in 99% yield. TPTE (1)
was converted to TPSE (2) in 91% yield by oxidation with
hydrogen peroxide, the reaction being catalyzed by tung-
state ions.!”

Dinucleotide Blocks. Scheme II outlines the general pro-
cedure for the use of TPTE and TPSE in the preparation of
dinucleotide blocks. N-protected mononucleotides (7) were
condensed with an excess of 1 in the presence of TPS in pyr-
idine. Although sometimes the desired TPTE mononucleo-
tide (8) could be isolated merely by organic solvent extrac-
tion, it was usually preferable to purify these derivatives by
column chromatography on silica gel using aqueous aceto-
nitrile solvent systems to remove, in particular, traces of nu-
cleotidic side products. Yields of the required products were
65-75%, depending on the nucleotide. Unreacted TPTE
could be recovered from the column and reused subsequent-
ly. TPTE derivatives of the mononucleotides were charac-
terized by their mobility on TLC and by their reconversion
to the starting mononucleotide under the conditions used to
remove the blocking group from dinucleotide derivatives
(see below). Moreover, the TPTE derivatives could be
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treated with ammonia at 50° for 24 hr to remove the N-
protecting groups without loss of TPTE.

The TPTE derivatives (8) were then condensed with 3’-
O-acetylated mononucleotides (9) in the presence of TPS.
Unreacted 8 was removed by extraction from an aqueous
triethylammonium bicarbonate (TEAB) solution into ethyl
acetate by continuous solvent-solvent extraction. In certain
cases, complete removal of the TPTE mononucleotides re-
quired further extraction with ethyl acetate containing
small amounts of 1-butanol. TPTE dinucleotides (10) could
then be extracted into ethyl acetate-butanol (7:3, v/v) or
methylene chloride-butanol (7:3, v/v). There was some
variability in ease of extraction of TPTE derivatives of
mono- and dinucleotides depending on base composition,
but in all cases suitable manipulation of extraction condi-
tions yielded pure TPTE-dinucleotides in 50-60% yield
based on the TPTE mononucleotides used.

Removal of the TPTE group was effected in two stages.
Treatment with NN-chlorosuccinimide in dioxane-water
mixtures containing Tris buffer (pH 7.5) afforded the cor-
responding sulfone. The oxidation was highly pH depen-
dent, but at the above pH the reaction was generally com-
plete in 10 min. Since the sulfide and sulfone both have sim-
ilar Ry values on TLC, an alternative method was used to
ascertain that oxidation was complete. An aliquot was
treated with sodium hydroxide solution at 0° for 5 min
under the standard conditions for removal of 3’-O-acetyl
groups from the nucleotides.® Only the sulfone underwent 8
elimination to give the free dinucleotide which could easily
be distinguished from its TPTE derivative on TLC. Oxida-
tion by N-chlorosuccinimide is specific for the sulfide moi-
ety, and no side reaction of the nucleotides was observed.

After completion of the oxidation, the reaction was ter-
minated by addition of pyridine. Subsequent alkaline treat-
ment as described above liberated the free dinucleotide
(11). Either of two procedures could be used for removal of
nonnucleotidic by-products resulting from the oxidation re-
action. Passage of the final solution through a short, fat
DEAE-cellulose column at low ijonic strength (0.05 M
TEAB) allowed selective adsorption of the dinucleotide,
which was subsequently eluted with 0.2 M TEAB. Alterna-
tively, before treatment with alkali the mixture could be
“diafiltered” using an Amicon ultrafiltration apparatus fit-
ted with a UMOS membrane. In this process, small mole-
cules such as succinimide and its derivatives passed through
the membrane, whereas protected dinucleotides (and higher
oligonucleotides) were almost quantitatively retained.

Table I summarizes the yields and characteristics of
seven dinucleotides prepared by the TPTE method. Yields
are based in each case on the TPTE mononucleotide com-
ponents. Some of the alternative techniques described above
are illustrated in four examples given in the Experimental
Section.

While the use of the protecting group, TPTE, for the
above-described syntheses of dinucleotide blocks is highly
satisfactory, the use of TPSE protecting group offers some
advantages over the TPTE method. This blocking group can
be removed from the dinucleotide merely by treatment with
alkali. Moreover, since the oxidation of the sulfide to the
sulfone is performed at an earlier stage, the need for separa-
tion of nonnucleotidic by-products resulting from the oxida-
tion reaction is obviated.

The steps in the preparation of the dinucleotides using
TPSE are similar to those shown above in Scheme I1. Thus,
TPSE mononucleotides prepared as described for the TPTE
derivatives can be purified by solvent-solvent extraction in
yields of 70-80%. Silica gel column chromatography was no
longer necessary when DCC was used as the condensing
agent rather than TPS. The preparation of TPSE dinucleo-
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Table I. Synthesis and Characterization of Protected and
Unprotected Oligonucleotides Using TPTE as the Protecting Group

Uv spectra
% Chromatography (Rp) €260/ €280
Compound  Yielde A¢ B2 (C4 D4 Qb caled found
d-TPTE-pT-T 201
dpT-T 85 0.74 090 0.74 1.37 1.34
d-TPTE-pibG-ibG 2.39 249 1.8
dpibG-ibG 68 1.11 1.35 0.6 1.45 147
d-TPTE-pbzA-T 2.36
d-pbzA-T 58  1.32 1.38 0.79 0.82
dpA-T 0.75 0.82
d-TPTE-pibG-anC 1.8
dpibG-anC 28 1.37 1.40 0.7 1.10 1.11
dpG-C 0.88 0.30 1.24 1.31
d-TPTE-panC-T 222 1.19 1.19
dpanC-T 49  1.09 0.92 1.48 0.88 0.84
dpC-T 0.44 0.95 1.31 1.18
d-TPTE-pT-bG 37 193 1,72 1.65
dpT-ibG 45 1.15 1.04 1.38 143 1.54
dpT-G 0.75 0.66 142 1.56
d-TPTE-pbzA-bzA 3.2 24 0.85 0.88
dpbzA -bzA 45 152 1.24 0.59 0.64
dpA-A 0.74 153 7.0 42
dpibG-ibG-anC 15 0.95 07 113 1.19
dpG-G-C 0.53 044 1.32 1.38
dpT-bzA-bzA-ibG 22d 0.54 0.86 091
dpT-A-AG 0.31 0.39
dpT-ibG-bzA-bzA 134 1.20 1.46 1.02 1.11
dpT-G-A-A 0.43 055 0.86 1.02

2Paper chromatography R values with respect to dpT. bTLC Ry
values with respect to xylene cyanol FF blue. ¢Yields with respect
to TPTE mononucleotides. dYields with respect to TPTE di-
nucleotides.

Table II. Synthesis and Characterization of Protected and
Unprotected Oligonucleotides Using TPSE as the Protecting Group

Chromatography (Ry) Uv spectra
% €360/ €280
Compound Yieldc A9 B2 Ca Da Qb caledfound
d-TPSE-pT-T-OAc 1.16 2.21 1.5
dpT-T 78 0.87 0.88 0.46 1.38 1.39
d-TPSE-pibG-ibG-OAc 1.7
d-pibG-ibG 45 1.1 1.35 0.6 1.45 147
d-TPSE-pT-anC-OAc 1.70 2.30 2.0
dpT-anC 79 1.39 1.16 1.45 0.90 0.88
dpT-C 0.81 0.71 0.26 1.18 1.18
dpanC-anC 51 0.96 0.72 0.69
dpC-C 0.68 1.06 1.00 1.04
dpibG-ibG-anC 40d 095 142 0.5
dpG-G-C 0.44 1.32 1.36

aPaper chromatography R values with respect to dpT. PTLC
Ry values with respect to xylene cyanol FF blue. ¢Yield calculated
with respect to TPSE mononucleotides. 4 Yield calculated with
respect to dinucleoside diphosphate.

tides followed an analogous procedure to that described for
TPTE dinucleotides. By organic solvent extraction, the
TPSE dinucleotides were extracted into ethyl acetate-1-
butanol (7:3) or methylene chloride-1-butanol using vary-
ing proportions. Removal of the TPSE group was effected
using the same general procedure which is used for the re-
moval of the 3’-O-acetyl groups.

Four examples of dinucleotides prepared by the TPSE
method are given in Table II. The yields ranged from 78%
for dpT-T to 45% for dpibG-ibG.

The Synthesis of Tri- and Tetranucleotide Blocks. While
only a limited number of tri- and tetranucleotides has been
prepared, the method is clearly promising for further work.
Both the 5-TPTE and TPSE mononucleotides could be
used in the synthesis of the trinucleotides provided conden-
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Figure 1. Separation of the reaction products in the condensation of d-

TPTE-pibG with dpibG-anC-OAc. A DEAE-cellulose column (75 X
2.5 cm) preequilibrated with 0.02 M Tris hydrochloride (pH 7.5) con-
taining 5% ethanol was used. The gradient elution is as shown in the
figure. Peak I contained unreacted d-TPTE-pibG, peak II contained
the trinucleotide d-TPTE-pibG-ibG-anC-OAc. Fractions were pooled
as shown by the broken vertical lines. Concentration of LiCl (-e-e-e-);
concentration of ethanol (- - - -).
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Figure 2. Rechromatography of the reaction products formed in the
synthesis of dpT-bzA-bzA-ibG on a DEAE-cellulose column (80 X 1.2
cm) preequilibrated with 0.05 M TEAB containing 10% ethanol. The
column was eluted with a TEAB gradient as shown in the figure. Peak
IT contained the tetranucleotide and was pooled as shown by the bro-
ken vertical lines. Concentration of TEAB (-e-+-e-).

sations were effected with preformed dinucleotide blocks
carrying 5'-phosphate group. Thus, the trinucleotide dpibG-
ibG-anC was synthesized by condensation of TPSE-pibG
with pibG-anC-OAc. The fully protected trinucleotide was
isolated by extraction with methylene chloride-1-butanol,
and the yield was 40% as based on the starting dinucleotide.
The synthesis of the same trinucleotide was also accom-
plished by condensation of d-TPTE-pibG with the above di-
nucleotide block. In the work-up, as an alternative to the
extraction procedure, it was found that TPTE-containing
oligonucleotides are retarded on DEAE-cellulose chroma-
tography (Figure 1) in the same way that monomethoxy-
trityl-containing oligonucleotides are,® such that here d-
TPTE-pibG-ibG-anC-OAc (peak II) could be eluted free
from other contaminants by linear salt gradient elution in
the presence of 40% ethanol.

In the preparation of the tetranucleotide, dpT-bzA-bzA-
ibG, the TPTE dinucleotide d-TPTE-pT-bzA was con-
densed with the dinucleotide dpbzA-ibG-OAc. Organic sol-
vent extraction was satisfactory in separating TPTE dinu-
cleotide from TPTE tetranucleotide, but contamination of
the latter with the symmetrical pyrophosphate, O-(pbzA-
ibG-OAc),, necessitated DEAE-cellulose column chroma-
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Figure 3. Separation of the reaction products in the condensation of d-
TPTE-pT-ibG with d-pbzA-bzA-OAc on a DEAE-cellulose column
(95 X 2.8 cm) preequilibrated with 0.05 M TEAB containing 10% eth-
anol. The gradient elution is as shown in the figure. Peak I contained
unreacted d-TPTE-pT-ibG. Peak II contained the tetranucleotide d-
TPTE-pT-ibG-bzA-bzA-OAc. Fractions were pooled as shown by the
broken vertical lines. Concentration of TEAB (-+-+-+-); concentration of
ethanol (- - -).

tography (Figure 2). This contaminant could be avoided in
the analogous preparation of dpT-ibG-bzA-bzA by per-
forming DEAE-cellulose column chromatography before
removal of the TPTE group (Figure 3). However, in this
particular case, TPTE-containing di- and tetranucleotides
were not fully separated and further DEAE-cellulose chro-
matography was performed after removal of the TPTE
group.??

Comments. From the above, it can be seen that the use of
a highly lipophilic, easily removable protecting group offers
important advantages over the cyanoethyl and other alter-
native phosphate protecting groups which have been pro-
posed.?! The rapid solvent extraction procedure facilitates
the large-scale preparation of the dinucleotide blocks which
are in demand in increasingly large amounts for the synthe-
sis of large numbers of polynucleotide segments. The
present approach can be used for the synthesis of tri- and
tetranucleotide blocks although further work will clearly be
necessary to simplify the procedures. While trinucleotides
were prepared rapidly and in reasonably satisfactory yields,
the synthesis of the tetranucleotide blocks requires improve-
ment. An important direction for further work is indicated
by the inherent difference between the TPTE and TPSE
groups. While the former, because of its alkaline stability,
can be used in stepwise condensations in conjunction with
the acetyl group at the 3’ end, the TPSE group can only be
used by condensing TPSE mononucleotides with preformed
oligonucleotide blocks. Since TPSE does offer the advan-
tage of ready removal by a mild alkaline treatment, meth-
ods for its use in stepwise condensation clearly necessitate
the substitution of the usual acetyl group by a group remov-
able under nonalkaline conditions. Work along this line is in
progress.

Experimental Section

Materials and General Methods. TPS, p-tritylphenol, and N, V-
dimethylaminothiocarbamoyl! chloride were obtained from Aldrich
Chemical Co. (Milwaukee) and 2-chloroethanol from Eastman
Chemicals. TPS was freshly crystallized from dry pentane or pe-
troleum ether, and N N-dimethylaminothiocarbamoyl chloride
was distilled in vacuo before use. Pyridine was treated with a small
amount of chlorosulfonic acid before distillation, redistilled from
sodium hydroxide, and stored over predried molecular sieves
(Linde 4A).

Condensation reactions were carried out as described previous-
ly.14 DEAE-cellulose columns were run at 4° using triethylammo-
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nium bicarbonate (TEAB, pH 7.5) gradients or at room tempera-
ture using Tris hydrochloride buffer (pH 7.5) and lithium chloride
gradients. Melting points were determined on a capilliary melting
point apparatus and are uncorrected. Membrane ultrafiltrations
were performed using Amicon Models 2000 or 4008S for large scale
desalting and Model 8MC for analytical-scale desalting of column
fractions. UMOS5 membranes were used throughout. Nuclear mag-
netic resonance spectra were determined on a Varian T-60 spectro-
photometer with tetramethylsilane as an internal standard. In-
frared spectra were recorded on a Perkin-Elmer Model 567 spec-
trophotometer.

Paper chromatography was performed by the descending tech-
nique on Whatman | or 40, and thin-layer chromatography (TLC)
was carried out on precoated silica gel plates containing a fluo-
rescent indicator (Eastman 6062). Solvent systems were as de-
scribed earlier!® with one addition: solvent Q—2-butanol-water-
pyridine (70:50:0.1, v/v). When this system was used, TLC plates
were generally prerinsed briefly in 30% aqueous acetone and the
acetone allowed to evaporate in an air stream. Plates were run for
about 16 hr in an unlined tank and the Ry of compounds compared
to markers of xylene cyanol FF blue dye. Despite some irreprodu-
cibility of R/'s, the system has excellent resolving power for fully
protected oligonucleotides up to 10-11 in chain length,

O-p-Tritylphenyl N,N-Dimethylthiocarbamate (4). To a stirred
solution of p-tritylphenol (25.2 g, 75 mmol) in anhydrous tetrahy-
drofuran (THF, 500 ml) was added sodium hydride (2.4 g, 0.1
mol) in small portions at room temperature. After being refluxed
for 4 h, the reaction mixture was cooled to room temperature and
treated with a solution of NV, N-dimethylaminothiocarbamoyl chlo-
ride (3.72 g, 60 mmol) in tetrahydrofuran (50 ml). The mixture
was stirred at room temperature for 30 min and then heated under
reflux overnight, The resulting yellow solution, while still warm
(~30°), was added slowly to ice-cold water (1 1.) with stirring. The
flocculent white precipitate was filtered off, washed thoroughly
with water (1 1), and dried. The crude product was crystallized
from chloroform-petroleum ether (1:2) to give 119 g (94%) of 4:
mp 266-267°; ir (CHCl3) 3060, 2980, 2940, 1590, 1530, 1490,
1440, 1400, 1290, 1180, 1150, 1140 cm™!.

Anal. Caled for C23H2580: C, 82.15; H, 6.11. Found: C, 82.28;
H, 6.04.

S-p-Tritylphenyl N,N-Dimethylthiocarbamate (5). The above
product (4) (112 g) was heated slowly on an oil bath under an inert
atmosphere to 290° and kept at this temperature for a further 30
min. The amber melt was dissolved in chloroform (600 ml), the so-
lution treated with activated charcoal and concentrated, and the
product crystallized from chloroform-petroleum ether (400:1200,
v/v) to give 105.9 g (94%) of 5: mp 185-186°; ir (CHCl3) 3060,
3000, 2940, 1660, 1590, 1490, 1440, 1370, 1260, 1100, 1090 cm~!.

Anal. Caled for C33H»580: C, 82.15; H, 6.11. Found: C, 83.31;
H, 6.19.

p-Tritylthiophenol (6). The above product (8) (105 g) was dis-
solved in tetrahydrofuran (400 ml) and the solution treated with 1
M potassium hydroxide solution (800 ml) prepared in pyridine-
methanol-water (65:30:5, v/v). The reaction mixture was heated
under reflux overnight and poured into ice-cold glacial acetic acid
(2 M; 1200 ml). This was then heated on a steam bath until the so-
lution temperature reached 60°, and the white precipitate which
formed was collected by filtration and washed thoroughly with
water. The crude product (104 g) was crystallized from 90% aque-
ous ethanol to give 6 (86 g, 98%): mp 230-232°; ir (CHCl3) 3600,
3060, 3000, 1595, 1490, 1445, 1400, 1200, 1180, 1040, 1020 cm™1.

Anal. Caled for CsH20S: C, 85.23; H. 5.68; S, 9.09. Found: C,
85.16; H, 5.49; S, 8.91.

2-(p-Tritylphenyl)thioethanol (TPTE, 1). Route A, S-p-Trityl-
phenyl N,N-dimethylthiocarbamate (5) (34.6 g, 0.077 mol) was
dissolved in tetrahydrofuran (180 ml) by heating to reflux. The so-
lution was cooled, then treated with | N methanolic potassium hy-
droxide solution (180 ml; 0.18 mol) with stirring, and the mixture
heated under reflux for 12 h under an inert atmosphere. At this
point a sample was removed and acidified with 10% acetic acid in
tetrahydrofuran. TLC of the sample in ether-petroleum ether (3:7,
v/v) showed complete conversion to a new product with Rf 0.8,
identical to a marker of 6. 2-Chloroethanol (18.6 g, 0.23 mol) was
then added dropwise over a period of 10 min to the above reaction
mixture, when precipitation of potassium chloride was observed.
The mixture was further heated under reflux for 1 h and 1hen
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poured into a conical flask containing 1 1. of chloroform, 1 1. of
water, 7 g of ammonium chloride, and 1 kg of crushed ice. Rapid
stirring caused partitioning of the reaction products, and after sep-
aration of the phases, the aqueous layer was reextracted once with
500 ml of chloroform. The combined organic phase was evaporated
to dryness, and the crude product was crystallized from ethanol.
The yield of 1 was 29.7 g (71 mmol; 92%; mp 167-168°). An addi-
tional crop of crystals (2.25 g, 5.6 mmol, 7%; mp 160-65°) was ob-
tained from the mother liquor. NMR (CDCl3) 6 7.23 (m, 19), 2.77
(m, 2), 3.10 (t, 2); 2.35 (m, 1); (CDCl; + D,0) 5 7.23 (m, 19),
3.77 (1, 2), 3.10 (t, 2); ir (CHCI3) 3600, 3080, 3060, 3000, 2940,
1690, 1595, 1480, 1445, 1390, 1060, 1035, 1015 cm™!; uv Amay 263
nm (e 13900), e260 13.150, €280 4650.

Anal. Caled for C27H2408S: C, 81.78; H, 6.10. Found: C, 81.30;
H, 6.06.

Route B. p-Tritylthiophenol (6) (10.56 g, 30 mmol) was treated
with n-butyllithium (19.2 ml, 36 mmol) in dry tetrahydrofuran
(500 ml) for 10 min at room teniperature. The solution was cooled
to 0° and cold ethylene oxide (12 ml) added. The flask was sealed
and allowed to stand for 2 h at room temperature. The solution
was concentrated in vacuo to 250 ml and then added to ice-cold
water containing acetic acid (10 ml). The precipitate which formed
was collected by filtration, washed with water, and crystallized
from aqueous ethanol (90%) to give 9.8 g of 1 (82.3%) with mp
167-169°.

2-(p-Tritylphenyl)sulfonylethano!l (TPSE) (2). TPTE (1) (39.6 g,
0.10 mol) was dissolved in dioxane (500 ml) and mixed with an
aqueous solution (125 ml) of sodium tungstate dihydrate!8 (105
mg, 0.5 mmol) adjusted to pH 5.5 with acetic acid. The mixture
was heated to 70° and 7.3 M hydrogen peroxide (20 ml, 0.146
mol) was added in 5-ml portions. Uptake of peroxide was followed
by the starch-iodide test performed on aliquots. After 2.5 h, more
hydrogen peroxide (10 ml, 0.073 mol) was added and the reaction
allowed to proceed for a further 14 h at 70°. TLC of the reaction
mixture in chloroform showed the absence of starting material. Ex-
cess peroxide was destroyed by addition of 1 M sodium hydrogen
sulfite (20 ml, 0.02 mol) and the solution added to iced water (6 1.)
with stirring. The product, which formed a white suspension, was
stirred further for 30 min and the resulting precipitate collected by
filtration and washed well with water. The crude material (41 g)
was crystallized from methanol (2.5 1) to give 2 (30.5 g, 71%; mp
182-184°). Further crystals were obtained from the mother liquor
(8.4 g, 20%): mp 180-183°; NMR (CDCl3) 6 7.47 and 7.80 (d and
d, AB quartet, Jap = 8 Hz), 7.23 (m, 15), 4.00 (t, 2), 3.33 (t, 2); ir
(CHCl3) 3550, 3080, 3060, 2930, 1590, 1490, 1440, 1310, 1140,
1130 ecm~L.

Anal, Caled for C29H2405S8: C, 75.67; H, 5.64; O, 11.20. Found:
C,75.51; H,5.60; O, 11.44.

General Procedure for the Preparation of Deoxynucleoside 5'-
(2-(p-Tritylphenyl)thioethyl) Phosphates. To a dry solution of the
deoxynucleoside 5/-phosphate (I mmol) in pyridine (15 ml) was
added TPS (2 mmol) and the solution shaken for 3 min at room
temperature. A solution of TPTE (3 mmol) in pyridine (15 ml)
was added and the mixture concentrated to 20 ml. After 30 min at
room temperature the mixture was checked by TLC in solvent H
for the absence of unreacted nucleotide, and then the mixture was
concentrated to a thick oil. Chromatography on a neutral silica gel
column (Merck 7734) was performed and the column monitored
by TLC in solvent H. Washing the column with acetonitrile eluted
TPS and TPTE?? and elution with acetonitrile-water (95:5, v/v)
eluted small amounts of side products. The required product was
generally eluted with acetonitrile-water (90:10, v/v), pure frac-
tions were pooled and concentrated to an anhydrous pyridine solu-
tion, and the product was precipitated by dropwise addition of this
solution to an excess of ether-petroleum ether (1:1, v/v). The pre-
cipitate was collected by centrifugation, washed 3 times with ether,
and dried in vacuo to give the nucleotide TPTE derivative.

Thymidine 5’-(2-p-Tritylphenyl)thioethyl) Phosphate (d-TPTE-
pT). To a dry solution of pyridinium thymidine 5/-phosphate (800
mg, 2 mmol) in pyridine (30 ml) was added TPS (848 mg, 2.8
mmol) and the solution shaken for 3 min at room temperature. A
solution of TPTE (2.4 g, 6 mmol) in pyridine (30 ml) was added.
the mixture concentrated to 25 ml, and reaction allowed to proceed
for 30 min at room temperature. The product (d-TPTE-pT) was
isolated by the procedure described above. The yield was 1.36 g
(75%).
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N-Anisoyldeoxycytidine 5'-(2-(p-Tritylphenyl)thioethyl) Phos-
phate d-TPTE-panC). An anhydrous pyridine solution (75 ml) of
pyridinium dpanC (4.0 mmol) was treated with TPS (12.4 g, 8.0
mmol) for 3 min at room temperature. A dry solution of TPTE
(4.6 g, 12 mmol) in pyridine (75 ml) was added, the reaction mix-
ture concentrated to 30 ml, and reaction allowed to proceed for 2 h
at room temperature. The product (d-TPTE-pbzA) was isolated by
the standard procedure described above. The yield was 2.9 g
(70%).

N-Benzoyldeoxyadenosine 5'-(2-(p-Tritylphenyl)thioethyl) Phos-
phate (d-TPTE-pbzA). To a dry solution of pyridinium dpibG (1.0
mmol) in pyridine (16 ml) was added TPS (606 mg, 2 mmol) and
the solution shaken for 3 min at room temperature. A solution of
TPTE (2.4 g, 6 mmol) in pyridine (35 ml) was added, the reaction
mixture concentrated to 20 ml, and the reaction allowed to proceed
for 45 min at room temperature. The product (d-TPTE-pbzA) was
isolated by the standard procedure described above. The yield was
2.65g (65%).

N-Isobutyryldeoxyguanosine 5'-(2-(p-Tritylphenyl)thioethyl)
Phosphate (d-TPTE-pibG). To a dry solution of pyridinium dpibG
(1 0 mmol) in pyridine (16 ml) was added TPS (606 mg, 2 mmol)
and the solution shaken for 3 min at room temperature. A solution
of TPTE (885 mg, 3 mmol) in pyridine (16 ml) was added, the re-
action mixture concentrated to 10 ml, and reaction allowed to pro-
ceed for 30 min at room temperature. The product (d-TPTE-pibG)
was isolated by the standard procedure described above. The yield
was 1.4 g (70%).

Synthesis of Dinucleotides Using TPTE as the Protecting Group.
Dinucleotide dpT-T. An anhydrous pyridine solution of d-TPTE-
dpT (744 mg, | mmol) and pyridinium dpT-OAc (528 mg, 1.2
mmol) was kept for 3 h at room temperature in the presence of
TPS (726 mg). A 1 N solution of diisopropylethylamine in pyri-
dine (6.5 ml) and water (6.5 ml) was added with cooling and the
solution kept at room temperature overnight. After concentration
and addition of TEAB (0.05 M; 25 ml) the solution was extracted
with ethyl acetate in a continuous solvent-solvent extractor. Traces
of d-TPTE-pT present in the aqueous solution were removed by
further extraction with ethyl acetate-1-butanol (9:1, 2 X 50 ml).
The aqueous TEAB solution was then extracted with ethyl acetate-
1-butanol (70:30, 3 X 40 ml), the combined organic extracts were
concentrated to an anhydrous pyridine solution, and the product
(d-TPTE-pT-T-OAc) was precipitated by dropwise addition to an
excess of dry ether (yield: 903 mg).

The above product was dissolved in dioxane-1M Tris hydrochlo-
ride, pH 7.5 (9:1, v/v; 60 ml), and N-chlorosuccinimide (1.32 g)
was added. The solution was kept at room temperature for 10 min
and the reaction followed by TLC in solvent G. Pyridine (10 ml)
was added and the mixture allowed to stand for 30 min before
being concentrated and extracted continuously with ethyl acetate.
The aqueous TEAB solution (30 ml) was evaporated to a pyridine
solution (15 ml), ethanol (15 ml) added and then the solution
treated with 2 N sodium hydroxide solution (30 ml) for 5 min at
0°. After neutralization with Dowex-50 (pyridinium form) and re-
moval of the resin by filtration, the resulting aqueous solution was
concentrated to an anhydrous pyridine solution?? and the product
was precipitated by dropwise addition to an excess of dry ether.
The yield of dpT-T was 85%.

The Dinucleotide d-pibG-ibG. An anhydrous pyridine solution
(15 ml) of d-TPTE-pibG (910 mg, | mmol), pyridinium d-pibG-
OAc (1.08 g, 2 mmol), and TPS (910 mg, 3 mmol) was kept for 3
h at room temperature. The reaction was terminated by the stan-
dard procedure and kept at room temperature overnight. The solu-
tion was concentrated and dissolved in TEAB (0.05 M; 50 ml), and
the solution extracted with ethyl acetate in a continuous solvent-
solvent extractor. The aqueous TEAB solution was further extract-
ed with ethyl acetate-1-butanol (70:30, 3 X 50 ml), the combined
organic extracts were concentrated to an anhydrous pyridine solu-
tion, and the product was precipitated by dropwise addition to an
excess of dry ether. The yield of d-TPTE-pibG-ibG-oAc was 1.1 g.
The TPTE group was removed as described for d-pT-T to yield the
dinucleotide dpibG-ibG (68%).

The Dinucleotide d-pbzA-T. An anhydrous pyridine solution (10
ml) of d-TPTE-pbzA (810 mg, 0.8 mmol) and pyridinium d-pT-
o0Ac (400 mg, 1| mmol) was allowed to react for 3 h at room tem-
perature in the presence of TPS (606 mg, 2 mmol). The reaction
was terminated by the standard procedure and the mixture kept at

room temperature overnight. The solution was concentrated and
dissolved in TEAB (0.05 M; 30 ml) and the solution extracted con-
tinuously with ethyl acetate. The aqueous TEAB solution was ex-
tracted with ethyl acetate-1-butanol (7:3, 2 X 75 ml), the com-
bined organic extracts were concentrated to an anhydrous pyridine
solution, and the product was precipitated by dropwise addition to
an excess of anhydrous ether to give d-TPTE-pbzA-T-0Ac (903
mg). The TPTE group was removed as described for dpT-T. The
yield of the dinucleotide, dpbzA-T, was 58%.

The Dinucleotide dpibG-anC. An anhydrous pyridine solution
(50 ml) of d-TPTE-pibG (2.29 g, 2.6 mmol) and d-panC-oAc
(2.86 g, 5.4 mmol) was kept for 5 h at room temperature in the
presence of TPS (3.84 g, 12.7 mmol). The reaction was terminated
by the standard procedure and the mixture allowed to stand at
room temperature for 16 hr. The solution was concentrated and
dissolved in Tris hydrochloride (0.02 M; pH 7.5; 250 ml) and the
solution extracted continuously with ethyl acetate. A trace of d-
TPTE-pibG present in the aqueous solution was removed by fur-
ther extraction with ethyl acetate containing 3, 5, and 8% I-buta-
nol successively (100 ml each). The dinucleotide was extracted
from the aqueous solution with ethyl acetate-1-butanol (7:3, v/v),
the combined organic extracts were concentrated by repeated addi-
tion of pyridine to give an anhydrous pyridine solution, and the
product was precipitated by dropwise addition to an excess of dry
ether. The yield of d-TPte-pibG-anC-0Ac was 1.4 g.

The TPTE group was removed from the dinucleotide by the fol-
lowing procedure. The dinucleotide was dissolved in dioxane-0.5
M Tris hydrochloride (pH 7.5, 8:2 v/v; 300 ml) and the solution
treated with N-chlorosuccinimide (2.5 g, 18.7 mmol). After 15
min at room temperature TLC showed the presence of a small
amount of starting material. A further amount (1 g) of N-chlo-
rosuccinimide was added and the oxidation allowed to proceed for
a further 10 min.

At this point TLC of the reaction mixture showed the absence of
starting material. Pyridine (20 ml) was added and the mixture al-
lowed to stand for 30 min before concentration to 50 ml to remove
most of the dioxane. The solution was “diafiltered” in an Amicon
ultrafiltration system fitted with a UMOS membrane, using pyri-
dine-dioxane-water (2:20:78) as the wash solution. Complete re-
moval of succinimide was followed by TLC in solvent H. The TLC
plate was exposed to iodine vapors, and, among other spots, a white
spot at the origin showed the presence of succinimide. The reten-
tate was evaporated to 30 ml in the presence of pyridine and the
solution treated with 2 N sodium hydroxide solution in the usual
way at 0° for 10 min. After standard work-up the aqueous solution
(250 ml) was extracted with ethyl acetate-1-butanol (8:2. v/v: 3 X
250 ml) and the aqueous layer concentrated to an anhydrous pyri-
dine solution. Product was precipitated by dropwise addition to an
excess of dry ether. The yield of d-pibG-anC was 28%.

A General Procedure for Preparation of Deoxynucleoside §'-(2-
(p-Tritylphenyl)sulfonylethyl) Phosphate. To an anhydrous pyridine
solution {5 ml) of the N-protected mononucleotide (1 mmol) was
added TPSE (2 mmol), pyridinium Dowex 50 (1 g), and DCC (10
mmol) and the reaction mixture shaken in the dark at room tem-
perature for 16-24 h, The reaction was followed by TLC in solvent
G. Water (5 ml) was added, the reaction mixture kept at room
temperature overnight before being filtered, and the precipitate
washed with 50% aqueous pyridine. The filtrate and washings were
combined and extracted with diisopropyl ether (3 X 100 ml) to re-
move TPSE. The aqueous solution was concentrated, dissolved in
0.2 M TEAB, and extracted twice with ethyl acetate-1-butanol
(8:20, v/v). The combined organic extracts were back-washed once
with 0.2 M TEAB and the organic layer was concentrated to an
anhydrous pyridine solution and product precipitated by dropwise
addition to an excess of ether-petroleum ether (1:1, v/v). Yields
ranged from 70 to 80%.

Thymidine 5'-(2-(p-Tritylphenyl)sulfonylethyl) Phosphate (d-
TPSE-pT). An anhydrous pyridine solution (3 ml) of pyridinium
thymidine 5/-phosphate (0.5 mmol), TPSE (1 mmol), pyridinium
Dowex-50 (1 g), and DCC (5 mmol) was shaken in the dark at
room temperature overnight. After the usual work-up (see general
procedure), the product was isolated by precipitation into anhy-
drous ether. The yield of d-TPSE-pT was 79%.

N-Benzoyldeoxyadenosine  5'-(2-(p-Tritylphenyl)sulfonylethyl)
Phosphate (d-TPSE-pbzA). Pyridinium d-pbzA (0.5 mmol), TPSE
(1 mmol), pyridinium Dowex-50 (1 g), and DCC (5 mmol) was
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dissolved in dry pyridine (3 ml) and the solution shaken in the dark
for 20 h at room temperature. The reaction was terminated and
worked up by standard procedure to give d-TPSE-pbzA (74%).

N-Isobutyryldeoxyguanosine 5'-(2-(p-Tritylphenyljsulfonylethyl)
Phosphate (d-TPSE-pibG). An anhydrous pyridine solution (3 ml)
of pyridinium d-pibG (0.5 mmol), TPSE (1 mmol), and pyridini-
um Dowex-50 (0.8 g) was shaken in the presence of DCC (5
mmol) for 22 h at room temperature in the dark. After the usual
work-up, product was isolated by standard procedure to give d-
TPSE-pibG (75%).

N-Anisoyldeoxycytidine 5'-(2-(p-Tritylphenyl)sulfonylethyl)
Phosphate (d-TPSE-panC). An anhydrous pyridine solution (250
ml) of pyridinium d-panC (10 mmol) and TPSE (20 mmol) was al-
lowed to react for 5 h at room temperature in the presence of TPS
(20 mmol). After the usual work-up, product was purified by silica
gel column chromatography as described for d-TPTE-pT. The de-
sired product was precipitated by dropwise addition of its pyridine
solution into an excess of dry ether. The yield of d-TPSE-panC was
50%.

Synthesis of Dinucleotides Using TPSE as the Protecting Group.
Dinucleotide d-pT-T. An anhydrous pyridine solution (2.0 ml) of
pyridinium d-pT-oAc (0.2 mmol) and d-TPSE-pT (0.1 mmol) was
kept in the presence of TPS (0.4 mmol) for 5.5 h at room tempera-
ture. After the usual work-up, the aqueous pyridine solution was
concentrated, dissolved in 0.2 M TEAB, and extracted with ethyl
acetate in a continuous solvent-solvent extractor t0 remove un-
reacted d-TPSE-pT. The aqueous phase was extracted with meth-
ylene chloride-1-butanol (7:3; 3 X 5 ml). The combined organic
extracts were washed with TEAB (0.2 M, 2 X 3 ml) and concen-
trated to an anhydrous pyridine solution and product precipitated
by dropwise addition to an excess of dry ether. The yield of d-
TPSE-pT-T-0Ac was 78%.

The TPSE group was removed by treatment of a solution of the
dinucleotide in pyridine-ethanol (1:1, v/v; 1.6 ml) with 2 N sodi-
um hydrexide solution (1.6 ml) at 0° for 5 min. The reaction mix-
ture was then neutralized with excess pyridinium Dowex-50 and
extracted with methylene chloride-1-butanol (7:3) to remove
TPSE, and after concentration of the aqueous phase to an anhy-
drous pyridine solution, product was precipitated by dropwise ad-
dition to an excess of dry ether. Yield of dpT-T was 78%.

The Dinucleotide d-pT-anC. An anhydrous pyridine solution (10
ml) of d-TPSE-pT (1.16 mmol) and pyridinium d-panC-oAc (2.32
mmol) was kept in the presence of TPS (4.64 mmol) for 5.5 h at
room temperature. After the usual work-up, the desired dinucleo-
tide was isolated by the same solvent extraction and precipitation
procedure as described for d-TPSE-pT-T-o0Ac. The yield of the di-
nucleotide d-TPSE-pT-anC-0Ac was 79%.

The TPSE group was removed from the dinucleotide by treat-
ment with 2 N sodium hydroxide solution and product isolated as
described above. The yield of d-pT-anC was 79%.

The Dinucleotide dpanC-anC. An anhydrous pyridine solution
(45 ml) of d-TPSE-panC (4.4 mmol) and pyridinium d-panC-0Ac
(8.8 mmol) was kept in the presence of TPS (22 mmol) for 5.5 h at
room temperature. After the usual work-up and continuous extrac-
tion procedure with ethyl acetate as described above, the dinucleo-
tide was extracted from the aqueous solution with methylene chlo-
ride-1-butanol (8.5:1.5, v/v; 3 X 100 ml) and the combined organ-
ic extracts were back-washed with TEAB (0.2 M; 2 X 50 ml). The
organic phase was concentrated in the presence of pyridine, taken
up into pyridine-ethanol (1:1, v/v; 70 ml), and treated with 2 N
sodium hydroxide solution as described for d-TPSE-pT-T-OAc.
Product was precipitated by dropwise addition of its anhydrous
pyridine solution into an excess of dry ether. Yield of d-panC-anC
was 51%.

The Dinucleotide dpibG-ibG. TPSE-dpibG (0.2 g, 0.3 mmol) and
d-pibG-0Ac (0.3 g, 0.62 mmol) were treated with TPS (440 mg,
1.46 mmol) in anhydrous pyridine (5 ml) for 5.75 h at room tem-
perature. After the usual work-up, the dinucleotide was isolated by
the same solvent extraction, alkali treatment, and precipitation
procedure as described for d-pT-T. The yield of the dinucleotide
dpibG-ibG was 45%.

Synthesis of a Trinucleotide using TPSE as the Phosphate Pro-
tecting Group. The Trinucleotide dpibG-ibG-anC. d-TPSE-pibG
(2.25 g, 2.5 mmol) and dpibG-anC-0Ac (0.942 g, 0.85 mmol) were
treated with TPS (1.46 g, 4.8 mmol) in pyridine (20 ml) for 5 h at
room temperature. The reaction was quenched and the mixture

1071

worked up in the usual way. Excess TPSE mononucleotide was re-
moved by continuous extraction with ethyl acetate overnight fol-
lowed by one manual extraction with ethyl acetate-1-butanol (80:
20). The TPSE trinucleotide was then extracted from the remain-
ing aqueous solution into dichloromethane-1-butanol (9:1). The
organic phase was evaporated to an anhydrous pyridine solution
(20 ml) and product precipitated by dropwise addition to ether
(1500 ml). The yield of d-TPSE-pibG-ibG-anC-0Ac was 0.73 g
(44%).

The TPSE and acetyl groups were removed by alkaline treat-
ment under standard conditions and product precipitated as de-
scribed above. The yield of dpibG-ibG-anC was 0.53 g (40%, based
on dinucleoside diphosphate).

Synthesis of Tri- and Tetranucleotides Using TPTE as the Phos-
phate Protecting Group. The Trinucleotide dpibG-ibG-anC. d-
TPTE-ibG (409 mg, 0.45 mmol) and d-pibG-anC-oAc (825 mg,
0.65 mmol) were kept in the presence of TPS (730 mg, 2.3 mmol)
in anhydrous pyridine (5 ml) for 6 h at room temperature. The re-
action was terminated and the mixture allowed to stand overnight.
This was concentrated to an oil, diluted with Tris hydrochloride
(0.02 M; 100 ml; pH 7.5), and extracted continuously with diiso-
propyl ether. The aqueous solution was chromatographed on
DEAE-cellulose (Cl~ form; 2.4 X 75 ¢m) using a linear gradient of
lithium chloride as shown in Figure 1. Peak II contained the de-
sired trinucleotide and pure fractions were pooled and desalted by
membrane filtration. Product was precipitated from its anhydrous
pyridine solution by dropwise addition to an excess of dry ether.
The yield of d-TPTE-pibG-ibG-anC-0Ac was 27%.

A solution of this product in dioxane-0.4 M Tris hydrochloride,
pH 7.5 (20 ml; 15:5, v/v), was treated with N-chlorosuccinimide
(170 mg, 1.2 mmol) for 25 min at room temperature. Pyridine (2
ml) was added and after a further 20 min the solution was *‘diafil-
tered” as described previously. The retentate contained the trinu-
cleotide and was concentrated in the presence of pyridine, made up
to pyridine-ethanol (1:1, 10 ml), and treated with 2 N sodium hy-
droxide solution (10 ml) at 0° for 5 min. After usual work-up, the
aqueous pyridine solution was extracted with ethyl acetate-1-buta-
nol (3:1, v/v; 3 X 100 ml) and product precipitated form its anhy-
drous pyridine solution by dropwise addition to an excess of dry
ether. The yield of dpibG-ibG-anC was 15% overall.

The Tetranucleotide d-pT-bzA-bzA-ibG. d-TPTE-pT-bzA (700
mg, 0.5 mmol) and d-pbzA-ibG-oAc (784 mg, 0.7 mmol) were
kept in the presence of TPS (1.1 g, 3.5 mmol) in anhydrous pyri-
dine (10 ml) for 5 h at room temperature. The reaction was termi-
nated, and after the usual work-up and continuous ethyl acetate
extraction, the aqueous TEAB solution was concentrated to an oil
in the presence of pyridine, dissolved in TEAB (0.05 M; 30 ml),
and extracted with ethyl acetate-1-butanol (3:2, v/v; 4 X 50 ml).
The aqueous phase was then extracted with methylene chloride-1-
butanol (7:3, v/v; 3 X 75 ml). Although the desired tetranucleotide
was extracted into the organic phase, it still contained a trace of
d-TPTE-pT-bzA. Attempts to purify this mixture further by or-
ganic solvent extraction failed, and the product was precipitated
from its anhydrous pyridine solution by dropwise addition to an ex-
cess of dry ether. The precipitate was dissolved in dioxane-0.2 M
Tris hydrochloride (40 ml: 1:1, v/v) and the solution treated with
N-chlorosuccinimide (600 mg, 5 mmol) for 10 min at 0°, Pyridine
(20 ml) was added, and after 20 min at room temperature the solu-
tion was concentrated and chromatographed twice on a DEAE-
cellulose column (bicarbonate form; 1.6 X 85 cm) using TEAB as
the eluting buffer. Peak II of the second column (Figure 2) con-
tained the desired tetranucleotide dpT-bzA-bzA-ibG (22%).

The Tetranucleotide d-pT-ibG-bzA-bzA. To an anhydrous solu-
tion of d-TPTE-pT (4.7 g, 6.7 mmol) and d-pibG-oAc (5.8 g, 12.0
mmol) was added TPS (7.7 g, 25.4 mmol) and the solution concen-
trated to 100 ml and kept at room temperature for 5.33 h. The re-
action was terminated by the standard procedure, and after the
usual work-up and continuous extraction with ethyl acetate, the
aqueous solution was further extracted with ethyl acetate-1-buta-
nol (93:7, v/v). The aqueous TEAB solution, which still contained
a trace of d-TPTE-pT, was extracted with ethyl acetate-1-butanol
(75:25, v/v) and the organic phase concentrated in the presence of
pyridine, dissolved in pyridine-ethanol (1:1), and treated with 2 N
sodium hydroxide solution at 0° for 5 min. After standard work-
up, the solution was concentrated to an oil and dissolved in TEAB
(0.1 M; 200 ml). The solution was extracted with several portions
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of ethyl acetate containing increasing amounts of 1-butanol (5-
10%) which removed final traces of d-TPTE-pT. The desired dinu-
cleotide was then extracted into ethyl acetate-1-butanol (7:3, v/v),
the organic phase concentrated to an anhydrous pyridine solution,
and the product precipitated by dropwise addition in an excess of
dry ether. The yield of d-TPTE-pT-ibG was 45% (4.7 g).

To an anhydrous pyridine solution (30 ml) of this dinucleotide
(2.7 g, 1.7 mmol) and d-pbzA-bzA-oAc (2.04 g, 2.0 mmol) was
added TPS (2.7 g, 8.9 mmol) and the solution concentrated to 25
ml. After 6 h at room temperature, the reaction was terminated,
and after usual work-up the product was chromatographed on a
DEAE-cellulose column (bicarbonate form; 2.8 X 95 c¢m) eluted
with gradients of TEAB. Peak II (Figure 3) contained the tetranu-
cleotide which was concentrated to an anhydrous pyridine solution
and product precipitated by dropwise addition to an excess of dry
ether. The yield of d-TPTE-pT-ibG-bzA-bzA-oAc was 28% (0.47
mmol).

The above tetranucleotide (1.22 g, 0.46 mmol) was dissolved in
dioxane-0.2 M Tris hydrochloride (pH 7.5; 1:1, v/v; 60 ml) and
treated with N-chorosuccinimide (710 mg, 5.3 mmol) for 18 min.
Further addition of N-chlorosuccinimide (240 mg, 1.8 mmol) was
necessary in order to obtain complete oxidation after a further 10
min. Pyridine (18 ml) was added and the mixture left at room tem-
perature for 15 min. After treatment with sodium hydroxide solu-
tion in the usual way, the neutralized solution was concentrated to
an anhydrous pyridine solution (30 ml) containing diisopropyleth-
ylamine (3 ml). This was added dropwise to an excess of dry ether
to precipitate the tetranucleotide (800 mg), which was further
chromatographed on a DEAE-cellulose column (95 X 2.8 cm; bi-
carbonate form). The product (column pattern not shown) was
eluted with an increasing linear gradient of TEAB (3 1. each of
0.05 and 0.30 M TEAB in 10% ethanol). Fractions corresponding
to the tetranucleotide were pooled and concentrated to an anhy-
drous pyridine solution (25 ml) and the mixture acetylated with
acetic anhydride (8 ml) in the presence of diisopropylethylamine
(1 ml) under standard conditions. Following normal work-up and
isolation, d-pT-ibG-bzA-bzA-0Ac was obtained in 13% yield based
on d-TPTE-pT-ibG.
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