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Absfract: A new cfXc~ent method for chemical S-phosphovlation
of synthetic oligonucleotides
is
described Accordmgly. 2-cyanoethyl3-(4,~‘-dimetho~~ri~lo~~)-2,2-di(etho.u)rcarbonyl)prop~l-1 /V/Wdiisopropyl phosphoramidite (1) was introduced as the 5’-terminal building block during the normal
chain assembly.Conventional ammonolysis gave rise to an oligomer protected at 5’-phosphate with a
dimethoxylnQlated tether. Al this step. the ohgonucleotide may be easily separated from truncated
impurities by RP HPLC. Successivedetritylation and brief treatment with aqueous ammonia gave the
oligonucleotide S’-monophosphate Alternatively, the yield of the last coupling may be quantified by
detritylation of the oligonucleotide stdl anchored to the solld support. Usual deprotcction then leads
directly to the 5’-phosphorylated oligomcr
INTRODUCTION
Oligonucleotides possessing S-phosphate group are required as valuable tools for gene construction,’
cloning,2 mutagenesis.’ the ligation chain reaction,4 and many other biological applications. Ofien, they are
prepared by Td kinase catalysed phosphorylation employing adenosine Vtriphosphate as a phosphate source.’
A number of methods have been reported that allow chemical 5’-phosphorylation
of pre-assembled
oligonucleotide precursor Some of them include preparation of modified nucleoside-based building blocks to
be attached at the last step of the oligonucleotide synthesis ’ Another strategy, based on non-nucleosidic
building blocks, seems to be more universal, since a single reagent may be employed. A variety of approaches
compatible with phosphotriester,’ H-phosphonate,’ methyl phosphonamidite’
or phosphoramidite’
chemistry
have been elaborated All of them suffer from the same shortcoming the efficiency of the final coupling cannot
be monitored by dimethoxytrityl response. In order to overcome this problem, a building block derived from
(4,4’-dimethoxytrityloxyethyl)
hydroxyethyl sulfone has been mtroduced lo Upon the completion of the final
chain elongation step, the 5’-derivatized oligonucleotide
possesses a 5’-terminal tether containing a
dimethoxytrityl
protecting group This can be used to determine the coupling yield by conventional
dimethoxytrityl assay Ammonolytic deprotection, however, results in p-elimination of the O-phosphorylated
hydroxyethyl sulfone fragment, and hence the dimethoxytrityl group is lost on release of the 5’-phosphate
group. Accordingly, performing dimethoxytrityl specific isolation of the oligonucleotide is excluded
It is well known that preparative RP-separation of oligonucleotide 5’-phosphates from the corresponding
non-phosphorylated material is often unsuccesstil The use of more eficient ion exchange chromatography is,
in turn, restricted by the length of the DNA fragment to be isolated

Therefore,

approaches that offer a
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selective isolation of the desired oligonucleotide

remain to be of particular interest, A family of methods, all

involving an “orthogonal” protection strategy of the S-terminal phosphate, has been elaborated. After the chain
assembly and ammonolytic deblocking, the orthogonal protection of the S-phosphate [t-buty1,“~L2 (4nitrophenyl)ethyl,13 2-(tritylthio)ethyl,‘4
or 2-(triphenylsilyl)ethy1’5]
remains unchanged. Being of moderate
hydrophobicity, the t-butyl and (4-nitrophenyl)ethyl
protecting groups enable efficient separation only for
relatively short oligonucleotides. In contrast, 2-(tritylthio)ethyl’4
or 2-(triphenylsilyl)ethy1’5 groups are more
hydrophobic than the dimethoxytrityl group, and hence the desired oligonucleotides may be very selectively
isolated by RF’ HPLC. After the purification, free 5’-phosphate monoester is released by
appropriate reagent trifluoroacetic acid,” or trimethylsilyl chloride12 for I-Bu; strong amine
others) for (4-nitrophenyl)ethyl;”
2 M Bu,NF/DMSO at 70 OC for 2-(triphenylsilyl)ethy1.15
tritylthioethyl groupI offers the mildest deprotection technique. To obtain the S-phosphate,

treatment with an
(DBU, TBD, and
In this respect, 2the trityl-S bond

was selectively cleaved by aqueous silver nitrate or iodine Subsequent addition of dithiothreitol at pH 8.5
generates in both cases mercaptide ion which rapidly degrades to the target oligonucleotide S-phosphate and
ethylene sulphide.14
OEt
We now report on a new approach for the preparation of 5’0
iqr
phosphorylated oligonucleotides by using phosphoramidite building DMTrO
1
O-p-Nwipr
block 1 After the synthesis is completed, conventional ammonolysis
+I
Et0
0
O-CN
gives rise to the DNA fragment selectively protected at 5’-phosphate
group with a dimethoxytritylated tether. At this step, the modified oligonucleotide can be easily separated from
truncated impurities by reversed phase HPLC. Successive detritylation and brief treatment with ammonia
generate the 5’-phosphate group in more than 98% yield. Thus the method requires only those ancillary
reagents that are of daily use in the DNA synthesis. Alternatively, the yield of the last coupling could be
quantified by detritylation of the oligonucleotide still anchored to the solid support. Usual deprotection leads in
this case directly to the target 5’- phosphorylated DNA fragment.
RESULTS

AND DISCUSSION

Synthesis of the phosphorumidite
burlding block I. - The preparation of the building block 1 is outlined
in Scheme 1. The starting diethyl 2,2-bis(hydroxymethyl)malonate,
2, is commercially available or it can be
prepared from diethyl malonate in a yield of 75%.16 One of the hydroxy groups was 4,4’-dimethoxytritylated,
and the product, 3, was isolated by column chromatography and converted into phosphoramidite building
block 1 by treatment with (2-cyanoethyl) N,N,W,N’-tetraisopropylphosphorodiamidite”
in the presence of IHtetrazole. After aqueous work-up, 1 was obtained in a pure form by precipitation from toluene to hexane.

Scheme 1. i: a. DMTrCl / Py; b. Et,N / H,O; ii: a. (2-cyanoethyl) N,iL;n;‘.n;‘-tetraisopropylphosphorodiamid~te/ lH-tetrazole; b.
NaHCO, / H,O. DMTr - 4.4’-dimethoqtrityl
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Introducfion of 5’-terminal phosphate with the aid of phosphoramidite
1. - The compatibility of the
phosphoramidite 1 with the established oligonucleotide synthesis, as well as the usefulness of the resulting
DNA fragments in generation of oligonucleotide S-phosphates, was studied. First, by using standard coupling
protocol commercial thymidine derivatized solid support (0.2 pmol) was detritylated, treated with 1 (0.1 M in
MeCN) and excess of Wtetrazole,
and oxidised with iodine solution (Scheme 2). Measurement of the
coupling efficiency by conventional deprotection with 3% dichloroacetic acid in methylene dichloride showed
that detritylation reaction was completed in 5 min. Coupling yield, however, was found to be satisfactory
(99%). Subsequent ammonolysis gave a deoxynucleotide derivative which was compared with commercial
samples of thymidine and thymidine 5’-phosphate by ion exchange and RP HPLC. According to these
measurements the reaction mixture consisted of 99% thymidine S-phosphate, 7, and 1% thymidine. The ratio
of the starting material and product agreed with the result of the dimethoxytrityl assay

DMTrOiop

I

ii

AcOH

I Hz0

0
base

7
Scheme

2. i: a) DCA/CH,Cl,;

b) l/lff-tetrazole;

c) J,iFy/H,OITHF;

6
ii: a) DCA/CH,CI,;

b) NH,.H,O;

iii:

NH,.H,O;

base:

NHy

H20, MeNH2, 1.3-propanediamine. S - solid support
Next question was to clarify which step of the deprotection procedure is responsible for the conversion
of the S-tethered deoxynucleotide into the S-phosphate. First, it was found that the product pattern
significantly depending on whether the oligonucleotide
carries a 5’-terminal dimethoxytrityl group when
subjected to ammonolysis (Scheme 2). The formation of 7 was observed only when the solid support 4 was
detritylated before the final deprotection In contrast, when 4 having the 5’-OH group still dimethoxytritylated
was released and deprotected with either cont. aqueous ammonia, methylamine, or 1,3-propanediamine, the
conjugate 5 was obtained. Its structure was established as follows: (i) treatment with all 3 amines gave
products that coeluted on RP column; (ii) the products obtained by ammonia and methylamine
4 (lo-25 pmol) were shown to exhibit ‘H NMR signals of thymidine and the nonnucleosidic
stability of the ester groups in 5 towards ammonolysis and aminolysis is rather unexpected and
known behaviour of the alkyl ester function under similar conditions.” Detritylation of 5 with

deprotection of
moiety 3. The
contrasts to the

80% aq. AcOH
for 30 min led, in 91% yield, to compound 6 which was characterised by ‘H and 31P NMR.
The phosphodiester 6 was found to be stable under neutral conditions. However, when treated with
diluted base, it was rapidly converted into thymidine 5’-phosphate 7. In order to estimate the half-life of this
reaction in the basic media, several experiments were carried out by using decreasing concentrations of
different aqueous amines. ammonia, methylamine, and n-butylamine. The reaction was too fast to be monitored
by RP HPLC in 1.0 and 0.1 M aq. solutions of these amines at ambient temperature

(>95% conversion in 15
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min). In O.OlM aq. n-butylamine, the half-life was found to be about 15 min, and a number of intermediates
were detected in the reaction mixture. None of them was accumulated at a marked extent, and the reaction was
smoothly completed in 3 h. Independent of the amine employed, the yield of 7 was repeatedly > 99.5%.
Sjmhesis
of the oligodeorynucleofide
5 ‘-phosphafes.
- Since these results seemed to offer a convenient
method for the 5’-terminal phosphorylation
of oligonucleotides,
they were verified by applying the
phosphoramidite 1 in the DNA synthesis. A protected oligonucleotide S-GAACATCATGGTCGT-3’
(8) was
assembled on the commercial solid support, and the phosphoramidite 1 was attached to its S-terminus to give
9. When standard protocol was employed (0.1 M 1 in acetonitrile, coupling time 25s), the coupling yield was
found to be greater than 98% and comparable with commercial phosphoramidites. As control samples, nonphosphorylated oligonucleotide
(10) and oligonucleotide
5’-phosphate (lla) of the same sequence were
prepared. To synthesise the latter, the reported method” using commercial PhosphoralinkTM reagent (Applied

Biosystems)lg was adopted. Upon conventional deprotection, the crude reaction mixtures were analysed by ion
exchange and/or RP HPLC. The retention times observed are collected in the Table 1

1

1%BS

Table 1. HPLC Retention Times (in minutes) of the
Oligonucleotides Prepared.
i
Oligoa

S-DMT-

10

10

llac,d

13

14

lbde

____
RPb
Ion exchangeb

26.2

21.2

20.3

25.8

22.9

20.3

--

23.5

28.6

--

23.5

28.6

a. For the structures,
consuit
Scheme
experimental
section;
c. Prepared
Coelute
when coinjected; e. Prepared

2; b. For the conditions
by reported
method;
by using 1

16

see
d.

!d-L.

6
E
1

pig. 1. RP HPLC

The deprotection

of the anchored oligonucleotide

lb
profile

1 .

-

1s is mli
of crude 13.

9 led generally to the same results observed with 4

(Scheme 3). If the synthesis was carried out in a DMT-Off mode (final detritylation for 5 min), the partially
protected oligonucleotide
12 underwent conversion to the 5’-phosphorylated derivative llb during the base
deprotection. In contrast, ammonolysis of 9 led to a stable DMT-On derivative, 13, which was isolated by RP
HFLC (Fig. 1).
It has to be emphasised that the detritylation of 13 under aqueous conditions does not markedly differ
from that of underivatized oligonucleotides. This contrasts to exceptional resistance of the dimethoxytrityl
protected9 andits analogues towards treatmentwith dichloroaceticacid in methylene dichloride,as mentioned
above. Conventional

detritylation

(80% aq. AcOH; 20 min) converts 13 into the corresponding alcohol 14,
(pH 5-7) for several days.
Oligonucleotide
14 could be rechromatographed by either RP (Fig. 2) or ion exchange chromatography. This
procedure, however, is not routinely required.

which was found to be stableunder neutral or slightly acidic conditions

When treated with diluted base, 14 was rapidly converted into 5’-phosphorylated oligonucleotide
llb.
Again, the use of aqueous ammonia, methyl- or n-butylamine in a concentration higher than O.lM led to
formation of llb

in a yield of 98.5 to 99.5% within 15 min (Fig. 3). The reaction mixtures contained 0.5 to
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of lower negative charge and higher hydrophobicity. Oligonucleotides
(Scheme 3) were found to be identical to the authentic 11s.
AcOH

DMTrO-[oligo/--8’-OH

1 HP

r

HO-~--3’-OH
10

DMTrO--(protect.-0

13

12
AcOH

I H$.J
R-NH2

3. i: a. l/lKtetrazole;

Scheme

I H#

b. I, / H,O / Py / THF; ii: 3% dichloroacetic

acid / CH,CI,.

R = H, CH,; n-C&

Thus, in a routine preparation of oligonucleotide 5’-phosphates, it is more than sufficient to purifjl and
detritylate 9, foilowed by treatment of crude 14 with concentrated ammonia for 15 min. Upon evaporation of
the reaction mixture, the desired product, 11 b, may be isolated by HPLC
as

P

1

L

0
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~__

_-__
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Fig. 2. RP HF’LC profile of crude 14
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min
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.
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Fig. 3. Ion exchange profile of crude 1 lb.

On mechanism of the St-terminal phosphate deprofecfion. - The conversion of 6,12,14 to 7,llb
proceeds very easily in aqueous amines. No data on the base catalysed reactions of 2 or its monoethers has
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been reported. Our attempts to rationalise the reactivity of 6,12,14 revealed that 2 and 3 are extremely
sensittve to the basic conditions. For example, 3 disappeared quantitatively within 30 mm when treated with a
catalytic amount of n-butylamine (0.1 eq ) in aqueous pyridine. The only W-absorbing
product detected
mixture was 4,4’-dimethoxytrityl alcohol (characterised by rH and 1% NMR). O,O-Alkylidene derivatives of 2
are, in turn, known to be smoothly hydrolysed with strong alkali to the corresponding dicarboxylates the 1,3dioxane moiety remaining intact.M Snnilarly, dimercapto analogues of 2 are, in both free and cyclic disulphide
form, resistant to the treatment with 1,2-ethanediamine.2’ These observations illustrate that the presence of at
least one unprotected hydroxy group greatly destabilises the 1,3-propanediol fragment of 2 and its derivatives.
Mechanistically the phenomenon could be explained as a two-step process. First, a retrograde aldol
reaction of 15 that generate an intermediate 16, may occur under basic conditions (Scheme 4).”

I

~~~yq.G&~j\ \+j?/T~
15
16
Scheme 4. R = H, Dh4Tr, oligonucleotide; R’ = H, CH,. n-Bu.

17

HO-

One can expect that being a reversible reaction, the process should be facilitated by the presence of primary
amines or ammonia which are able to trap the released formaldehyde. Compound 16 should, in turn, be
extremely susceptible to the p-elimination reaction leading to 17 which is in the present case an oligonucleotide
S-phosphate. The other product may then tentatively be assigned as a diethyl methylenemalonate, 18. Finally,
the amine might be expected to undergo conjugate nucleophilic 1,4-addition to 18 to give 19.”
The stability of 6,12,14 under acidic conditions is expected: derivatives of 2 are known to stand weak
acids 24 Only when concentrated solutions of aqueous mineral acids are applied, 2 undergoes ester bond
hydrolysis followed by decarboxylation
ConcZzrs7ons.
- The non-nucleosidic building block 1 allows the efficient preparation of oligonucleotide
5’-phosphates by employing only the procedures and ancillary reagents adopted in the routine DNA synthesis.
The precursor of oligonucleotide S-phosphate contains a dimethoxytrityl protecting group and thus can be
easily isolated by RP HPLC. Subsequent treatments give rise to the target oligonucleotide S-phosphate in a
high yield within less than 1h

EXPERIMENTAL
General. - Diethyl2,2-bis(hydroxymethyl)malonate
and 4,4’-dimethoxytrityl chloride (rectystallised before use)
were purchased from Aldrich, reagents for oligonucleotide
synthesis from Cruachem, and (2[2-(4,4’dimethoxytrityloxyethyl)
sulfonyl] ethyl] (2-cyanoethyl) N,YV-diisopropylphosphoramidite
(PhosphoralinkTM)
from Applied Biosystems. Adsorption column chromatography was performed on Silica gel 60 (Merck). NMR
spectra were recorded on Jeol GX-400 spectrometer operating at 399.8 and 161.9 MHz for tH and 31P,
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were used as solvents, with either TMS as internal (IH) or H,PO, as

HPLC techniques. - The oligonucleotides
were analysed and isolated by RP chromatography (column:
Nucleosil300-5C18,
4.0x250 mm, Macherey-Nagel; buffer A. 0.05 M NH,OAc; buffer B: 0.05 M NH,OAc in
65% MeCN; flow rate 1.0 mL min-l, a linear gradient from 5 to 60% B in 30 min was applied for
dimethoxytrityl protected oligonucleotides, otherwise from 0 to 30% B in 30 min). Oligonucleotides which did
not contain dimethoxytrityl group were analysed by ion exchange chromatography (column: SynChropack AX300, 4.6x250 mm, 6.5 pm, SynChrom, Inc., buffer A: 0.05 M KH,PO, in 50% formamid; buffer B: A + 0.6 M
(NH&SO,; flow rate 1.0 mL min-1; a linear gradient from 25 to 85% B in 35 min. Semipreparative RP HPLC
was carried out on a Hypersil@ ODS column (5 pm, 10x250 mm) by using 0.05M aq. NaOAc as buffer A,
80% aq. MeCN as buffer B, and water as C at a flow rate 4 5 mL x mid’. Compound 5 was isolated
employing a linear gradient from 30 to 90% B in 30 min Desalting was performed on the same column eluted
initially with buffer A (IO min), then with water (10 min). The desalted products were obtained eluting the
column with a mixture of B and C (60.40% for 5 and 30 70 for 6, correspondingly).
were assembled on an Applied
Oligodeoxyibonucleotide
syufhe,sis. - The protected oligonucleotides
Biosystems 392 DNA Synthesizer using commercial solid support, phosphoramidite
chemistry, and
recommended protocols for 0.2 and 10 umol scale. A modified synthetic cycle was used for the preparation of
4 in 25 umol scale Accordingly, a mixture of lH-tetrazole and phosphoramidite solutions was delivered to the
column for 34 s. All the steps involving the delivery of MeCN, oxidiser, or capping mixture to column as well
as reversed flush steps were reprogrammed for the time longer as much as twice than that employed in ABI 10
umol protocol. The detritylation step was carried out by using two consequent “#14 (acid solution) to column”
steps (2x80 s), separated by a trityt flush step (7 s). Phosphoramidite I was used as 0.I M solution in dry
MeCN, with unaltered coupling time. The oligonucleotides were deprotected with cont. aqueous NH, (2h at
room temperature, then 7h at 55°C) analysed and isolated by HPLC. For S-DMTr-10 and 13, dimethoxytrityl
group was cleaved with 80% aq. AcOH for 20 min at ambient temperature, followed by analysis on both RPand ion exchange columns and RP-isolation of 10 and 14.
5 ‘-Phosphafe deprotectlon experrmeuts. - Aliquots of purified 14 (20 AU/mL; 50 5) were diluted to 250 uL
with aqueous solution of ammonia or appropriate amine, giving the following final concentrations: ammonia:
25%, 1.0, 0 1 M; methylamine. 1 0, 0 I M, n-butylamine: I 0, 0 1, 0.01 M. Samples (50 @) of the reaction
mixtures were taken after 15 and 30 min, evaporated to dryness, dissolved in water (250 yL) and analysed by
RP HPLC comparing retention times with those of 14 and lla. Additional samples (50 pL) were withdrawn
from the reaction in 0.01 M aqueous n-butylamine
analysed as described above

at 60, 120, and 180 min. The ahquots were treated and

Optrmised procedure for lsolatlon and final deprotecl!on of oligodeoxynucleotide
J’-phosphates. - A preassembled oligonucleotide 9 was ammonolysed to give 13 which, after removal of ammonia by evaporation,
was isolated by RF HPLC (Fig. 1) Dimethoxytrityl protection was cleaved as specified above, and 14 was
purified by RP HPLC (Fig 2) The fraction collected (cca. 0.4 mL) was diluted with cont. ammonia (2 mL),
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left at room temperature for 15 min, and evaporated to dryness The residue was dissolved in water (1 mL),
analysed by ion exchange chromatography (Fig.3) and subjected onto RP column. Pure llb was collected and
found to be homogeneous and chromatographycally
identical (Table I) to that prepared by the method
reported in literature. lo
Diethyl 2-hydroxymeihvl-2-(-I, 4’-dimethoxytrityloxymethy~malonate
3. - Diethyl 2,2-bis(hydroxymethy1)
malonate 2 (8 46 g, 38.4 mmol) was dried by coevaporation with pyridine (3x50 mL) and dissolved in a
mixture of dry pyridine (50 mL) and dioxane (50 mL). 4,4’-Dimethoxytrityl chloride (7.80 g, 23 mmol, 0.6 eq.)
was added to the stirred solution in small portions within 2h. The reaction mixture was stirred for 4h, after
which the reaction was stopped by adding methanol (0.5 mL) The resulting solution was neutrahsed with
triethylamine (3 6 mL) and evaporated in vacua to an oil The residue was dissolved in methylene dichloride
(200 mL), washed with water (3x50 mL), dried over N+SO,, and evaporated to dryness. The crude mixture
obtained was separated on a silica gel column (40x150 mm) eluting with a gradient of methanol in CH&I,
from 0 to 5%. Collected fractions were evaporated to dryness to give 8.77g (73%) of pure 3 as a white foam.
tH NMR (6, ppm) 7.40-7 38 (m, 2H, arom); 7 3 1-7. I8 (m, 7H, arom); 6.84-6.80 (m, 4H, arom), 4.22 (sx, 2H,
= 10.7 Hz, J3uAMe= 7 1 Hz, CH+XAHuO-C=O);
4.17 (sx, 2H, 52, = 10.7 Hz, J3nBMe= 7.1 Hz, CHsJ2AB
CH*IPO-C=O);
4.13 (br s., 2H, -CH,OH); 3.77 (s., 6H, 2xCH,O); 3.63 (s., 2H, -CH,ODMTr);
1.22 (tr.,
6H. J3 = 7 1 Hz 2xCH,). IR (h. cm-r): 3535 (vOH); 1732 (vC=O); 1251 (vC-O-C); 1608, 1582, 1509 (arom.).
Anal. Found: C, 68.73; H, 6.50% Calcd. for CJ0H3408: C, 68.95, H, 6.56%.
N,N-dir.sopropyl
(2-Cyanoethyl)
/2,2-brs(etho~carhony~-3-(4,4’-dimethox;vtri~~o~)propyi-I]
phosphoramidlte
1. - Alcohol 2 (650 mg, 1 25 mmol), predried by coevaporation with MeCN, and (Zcyanoethyl) N,N,N’,N’-tetraisopropylphosphorodiamidite”
(563 mg, I 87 mmol) were dissolved in dry MeCN
(1.5 mL) W-Tetrazole (2.92 rnL of 0.45 M solution in dry MeCN; 1.31 mmol) was added, and the mixture
was stirred for 20 mm in dry atmosphere at ambient temperature Aqueous NaHCO, (5%; 25 mL) was added,
and the mixture was extracted with methylene dichloride (100 mL). Extract was washed with saturated NaCI,
dried over NQO,, and evaporated to a white foam. It was dissolved in toluene (3 mL) and added dropwise to
dry hexane (75 mL) at room temperature. To remove solid impurities, the solution was filtered, the filtrate
obtained was kept for 2h at -25°C in dry atmosphere. The solvent was decanted from the product precipitated
as a colourless oil. A fresh portion of hexane (50 mL) was added to the precipitate, the mixture was shaken,
and left at room temperature to settle down. The solvent was decanted, and the residue was dried fn vacua to
give 1 (850 mg, 94 %) as a colourless oil. 31P NMR (6, ppm)’ 148 3 T l.c. (Kieselgel 60 F,,,, MeOH-CH,CI,,
1:49): Rro.7.
Thymidme 5 ‘-/3-(4,4 ‘-dimethoxytrr~lo~)-2,2-di(ethoxycarbony~propyl-l~hosphate
(5).
Method A. Phosphoramidne 1 (1 .O M in MeCN) was coupled to thymidine derivatized controlled pore glass in
a 10 pmol scale After the completeness of the synthesis the solid support 4 was dried and treated with cont.
aq. NH3 for 2 days at room temperature The liquid phase was evaporated to dryness in vacua, the residue was
dissolved in 30% aq. MeOH and separated by semipreparative RP HPLC. The fraction containing the product
was evaporated to an oil, and the residue was desalted on the same column. The solvent was evaporated, the
residue was coevaporated

with MeCN (3x5 mL) and, finally, dried in vacua to give 10.2 mg (80%) of 5
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(sodium salt) as a white powder. ‘H NMR (DMSO-d,): 7.94, lH, d. J” HMe = 1.0 Hz (H-6); 7.27-7.37, 4H, m.;
7.17-7.24, 5H, m., 6.92-6.85, 4H, m (arom.); 6.22, IH, dd., J3 = 5.8, 7.8 Hz (H-l’); 4.35-4.30, lH, m., J* =
9.8 Hz, J’ = 2.9 Hz (H-S’); 4.30-4.25, 2H, m. (H-5” and H-3’); 4.01, 4H, q. J3 = 6.9 Hz, (2xCH,CH,);
3.83,
lH, m. (H-4’); 3 73, 6H, s. (2xCH30); 3.65, 2H, m (CH*-O-P); 3.48, lH, d., JzAB = 8.8 Hz (CH,HnODMTr); 3.44, lH, d., Jzm = 8.8 Hz (CH*Hs-ODMTr);
2.12, lH, m., and 2.02, 1H m., J22,,2~~
= 13.2 Hz (H2’ and H-2”); 1.84, 3H, d., J” MeH= 1 .O Hz (C5-CHs); 1.06, t., J3 = 7.1 Hz, and 1.05, t., J3 = 7.0 Hz, totally 6H,
(2xCH2CHJ).
MerhodB. The solid support 4 (25 umol) was prepared analogously to the method A and treated with 40% aq.
methylamine (25 mL) for 2h at room temperature. The reaction mixture was worked up, and the product was
isolated as described above to give 18.3 mg (86.2%) of 5 as a white powder which was identical to that
prepared by method A as evidenced by ‘H NMR and analytical RP HPLC.
Method C. Deprotection of the solid support 4 (0.2 umol) with 50% aq. 1,3-propanediamine (75 uL) for 12 h
at room temperature followed by evaporation of the liquid phase gave the single product, 5, which coeluted
with an authentic sample prepared by method A when coinjected on analytical RP HPLC.

Thymidine5 ‘-/jr-hydroxy-2,2-di(ethoxycarbonyJ)propylI@hosphate(6). Compound 5 (23.7 mg, 28 umol)
was treated with 80% aq. AcOH (25 mL) for 30 min at room temperature. The reaction mixture was
evaporated in vacua,coevaporated with water (3x5 mL), and partitioned between water (5 mL) and CH&
(15 mL). The organic layer was discarded, and the aqueous phase was extracted with CHzClz (3x5 mL). At
this step, the aqueous phase contained a detritylated product in >97% purity along with contaminating 4,4’dimethoxytrityl alcohol. Accordingly, the homogeneous product was isolated by semipreparative RP HPLC
within the desalting protocol.. Evaporation and final drying in vacuagave sodium salt of 6 (13.9 mg, 9 1%) as a
white powder ‘H NMR (DMSO-d,): 8.31, lH, s. (NH); 7.81, lH, d., fnMo = 1.0 Hz, (H-6); 6.22, lH, dd.,
J3,.2. = 6.1, J3r .2” = 7.8 Hz (H-l’); 4 28, lH, m. (H-3’) 4.19-4.06, m., 5’ = 9.8 Hz, J3 = 2.9 Hz (H-5’, H5”),
4.10, q., J3 = 7.1 Hz and 4.09 q., J3 = 7.1 Hz (2xCH,CH,) totally 6H; 3.88, lH, d., and 3.86, lH, d., JzAB =
12.1 Hz (CH*H*OH); 3.79 lH, m. (H-4’); 3.65, 2H, m. (CH2-O-P); 2.11, lH, m., and 2.04, lH, m., J22,,2,,=
13.3 Hz, J32,t, = 7.8 Hz, J32%3,= 5.5 Hz, J32..1.= 6.1 Hz, J3r3. = 2.7 Hz, (H-2’ and H-2”); 1.81, 3H, d., fMeH =
1.0 Hz (C5-CH3); 1.15, t., J3 = 7.1 Hz, and 1.14, t., J3 = 7.1 Hz, totally 6H, (2xCH&H,).
“P NMR (DMSOd6).-2.20.
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