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PROCESS RESEARCH ON THE PREPARATION OF DMT PROTECTED

2′-O-METHOXYETHYLGUANOSINE FOR OLIGONUCLEOTIDE

SYNTHESIS IN THERAPEUTIC APPLICATIONS

Shabbir Ali S. Taj,1 S. Narayanan,1 S. Suman Meenakshi,1 Yogesh

S. Sanghvi,2 Bruce S. Ross,2 and Vasulinga T. Ravikumar2

1Isis Pharmaceuticals, Inc., Carlsbad, California, USA
2Shasun Chemicals and Drugs Ltd., Chennai, India

� An optimized process to synthesize DMT protected 2 ′-O-methoxyethylguanosine is described. A
key step involves the enzymatic deamination of a mixture of alkylated products to selectively afford
the desired material without resorting to chromatography for purification. This approach was scaled
up to kilogram quantities for use in oligonucleotide therapeutics.
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INTRODUCTION

Synthetically and chemically modified oligonucleotide analogues are
under going human clinical trials for the treatment of wide range of diseases
such as cancers, infectious, inflammatory and cardiovascular. Antisense
oligonucleotides are designed to inhibit the production of disease causing
proteins. To be able to inhibit the gene expression, the oligonucleotide
must reach the interior of the cell unaltered. In order to do so they should
be stable toward cellular nucleases. In addition they have to hybridize
with appropriate specificity and affinity to the complementary target RNA.
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Preparation of DMT Protected 2′-O-Methoxyethylguanosine 1025

Phosphorothioate oligonucleotides (ODN) developed as first generation
antisense drugs represent the most extensively investigated class of modified
oligonucleotides. Many of the oligonucleotides from this class have proven
potent and selective inhibition of protein expression in vitro as well as
in vivo. But, still few limitations such as lower binding affinity and some
of the toxicological side effects made it necessary to investigate further
structural changes to enhance the performance of these oligonucleotides.
To overcome the limitations of first generation antisense drugs, 2′-O-
alkyloligoribonucleotides have been developed recently as novel second
generation analogues with properties that enhance their therapeutic value.
They possess high chemical stability, resistant to degradation by nucleases
and forms hybrids of high thermal stability with complimentary RNA.
Among several 2′-O-modified oligonucleotides evaluated so far, 2′-O-(2-
methoxyethyl) modification possesses the best properties.[1–4]

2′-O-Methoxyethyl pyrimidine nucleosides have been scaled up to
large quantities via a novel regioselective ring opening of O-2,2′-cyclo-5-
methyluridine involving boron chemistry.[5] However, synthesis of 2′-O-
methoxyethylguanosine has not been straight forward. Direct alkylation of
guanosine is not desirable since it leads to preferential alkylation of base
moiety (O6-alkylation).[6,7] Several alternative approaches for 2′-O-alkyl
purines have been reported but not been scaled up so far due to various
reasons.[8–19]

Masking of the lactam functionality is necessary and is conveniently
done by converting it into an amino group viz. 2,6-diaminopurine ribo-
side (DAPR). Recently we reported an efficient large scale synthesis of
this compound.[20] This masked functionality could then be converted
back after 2′-O-alkylation by treatment with adenosine deaminase enzyme
(ADA).[21,22]

We report here a scalable route for synthesis of the title compound.
Synthesis is shown in Scheme 1. A series of experiments were carried out
to optimize various reaction parameters such as choice of solvents, base,
reaction temperature for key steps involved in the process such as alkylation
of DAPR and enzymatic step. The structure of 2′-MOE DAPR (2) was
established by x-ray diffraction method. This approach was scaled up to
kilogram batch size quantities for use in oligonucleotide therapeutics.

RESULTS AND DISCUSSION

Alkylation of DAPR

A key step for the preparation of title compound is the regio-selective
alkylation of 2′-position of DAPR. The 2′-hydroxyl proton of DAPR is more
acidic than the 3′-hydroxyl (predicted pKa value for 2′-OH is 12.9 and 3′-OH
is 14.2) and we took advantage of this difference for alkylation. Further,
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b) DMT Cl / lutidine

SCHEME 1 Synthesis of protected 2′-MOE guanosine.

DAPR is poorly soluble in many organic solvents and DMSO was chosen for
alkylation studies. Several bases like sodium hydroxide, lithium hydroxide,
potassium tert-butoxide were tried in addition to performing the reactions
at various temperatures (room temperature to 50◦C).

Similarly, methoxyethyl bromide, triflate, mesylate, and tosylate were
tried as electrophiles. At the end of this exercise it was found that
potassium hydroxide in DMSO and methoxyethyl bromide[23,24] as elec-
trophile worked the best. Thus, dissolving DAPR (177 mmole) and KOH
(194 mmole) in DMSO (1500 mL) (26 mL of DMSO per gram of DAPR) and
adding methoxyethyl bromide at room temperature initiated the alkylation
reaction. To push the reaction to completion, additional amounts of KOH
and methoxyethyl bromide (3 × 88 mmole) were needed. At the end of
6 hours, complete disappearance of starting material was observed. Analysis
by HPLC showed 55% of product formed with 11% of 3′-isomer, 24% of
bis-product and rest being higher homologues of alkylated products. All
volatiles were distilled out completely under high vacuum to afford the
crude product as a gummy material and was used in next step without
purification.

To establish the structure of 2′-MOE DAPR, a sample of pure material
was obtained by crystallizing twice from hot methanol. X-ray structure of
2′-MOE DAPR is shown in Figure 1.
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Preparation of DMT Protected 2′-O-Methoxyethylguanosine 1027

FIGURE 1 ORTEP diagram of 2′-MOE-DAPR.

Deamination of 2′-MOE DAPR

Adenosine deaminase (ADA) is known to catalyze the hydrolytic deam-
ination of adenosine, 2-aminoadenosine, and various other purine nucleo-
sides provided that a hydroxyl group is present at the 5′-position. ADA is
commercially available and is inexpensive at large scales.[25] A systematic
investigation of deamination reaction was undertaken changing variables
like concentration, buffer, pH, stirring, temperature, etc. The reaction
was twice fast at 50◦C as compared to room temperature but enzyme
was about 75% less stable. Stirring had no effect on rate but helped
precipitation of product from the reaction solution. The optimal pH was
6.3–7.8. Methoxyethyl bromide, 3′-MOE DAPR and potassium bromide did
not inhibit the ADA activity. However, 0.01 M zinc chloride completely killed
the enzyme immediately. Also, it was observed that ammonium phosphate
above 0.1 M was inhibitory. The rate of deamination of various nucleosides
is shown in Figure 2.

Alkylation of DAPR leads to a variety of products viz. 2′-MOE DAPR, 3′-
MOE DAPR, 2,3′-bis MOE DAPR and other polyalkylated products. Without
isolation of the desired product (2′-MOE DAPR), the crude mixture was
taken in phosphate buffer, pH adjusted to 7.2–7.4, adenosine deaminase
enzyme added and stirred at 35◦C for 70 hours. 2′-MOE guanosine crashes
out of the reaction solution selectively along with a small percentage (< 1%)
of 3′-MOE guanosine. Thus all other unwanted alkylated side products
stays in solution and gets removed during filtration. Low levels of 3′-MOE
guanosine that is carried along is removed at the next isobutyrylation step.
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1028 S. A. S. Taj et al.

FIGURE 2 Deamination rate using adenosine deaminase enzyme (for reaction conditions, see Experi-
mental; time in hours).

Thus the enzymatic step is a key stage where the desired product is isolated
without resorting to any purification technique like chromatography.

Isobutyrylation and DMT Protection

Protection of exocyclic amino group was achieved by standard method
of transient protection of hydroxyl groups with trimethylsilyl chloride
followed by addition of isobutyryl chloride.[26] After workup, the product
was washed with acetone to remove any undesired impurities including low
levels of 3′-MOE isomer. For efficient DMT protection of 5′-hydroxyl group it
was necessary to recrystallize the dimethoxytrityl chloride from hot hexane
before use. Lutidine was preferred over pyridine as base since it increased
the regioselectivity of the protection reaction (5′ over 3′ hydroxyl).

Thus, after optimizing all these steps, several syntheses were carried out
at hundreds of grams scales. This was further scaled up to a multi-kilogram
quantity to afford high quality product usable for therapeutic applications.
An ion pair-HPLC-MS analysis[27,28] of a 3 Kg lot produced is shown in
Figure 3 (chromatogram) and purity analysis in Table 1.

TABLE 1 IP-HPLC-MS analysis of (5) synthesized using optimized conditions

Quality of (5) Mass
Amount present

(%)

Purity 713.5 98.78
5′-DMT-N2-ibu-2′-OMe G 669.7 0.05
5′-DMT-2′-MOE G (-ibu + N 2-DMT) 945.4 0.25
5′-DMT-N2-ibu-3′-MOE G 713.7 0.10
Unknown impurity 903 0.25
Unknown impurity 1205 0.06
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FIGURE 3 A) HPLC-UV chromatogram of (5) made at kilogram scale; B) average mass spectrum of
tR = 24.144 min component in negative mode; C): average mass spectrum of tR = 24.144 min component
in positive mode.

EXPERIMENTAL SECTION

Solvents and reagents were obtained from commercial sources. Re-
actions were monitored on Merck silica gel TLC plates (60F-254) and
visualized under UV light. NMR spectra were recorded on Bruker Avanc
300 MHz spectrometer (Madras, India).

2′-O-(2-Methoxyethyl)-2,6-diaminopurine Riboside

(2′-MOE DAPR) (2)

To a solution of KOH (10.9 g, 194 mmol) in DMSO (1500 mL) was
added DAPR (1) (50.0 g, 177 mmol) followed by gradual addition of
methoxyethyl bromide (24.6 g, 177 mmol) at ambient temperature. Three
equal portions of KOH (4.95 g, 88 mmol) and methoxyethyl bromide
(12.3 g, 88 mmol) were added after every hour intervals at ambient
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1030 S. A. S. Taj et al.

temperature. Reaction was monitored by HPLC and at the end of 6 hours
it showed complete disappearance of starting material. DMSO was distilled
out completely under vacuum and the residue was extracted with acetone
(2 × 500 mL). Solvents were distilled out completely under high vacuum to
afford crude product (76 g, 55% pure by HPLC). Crude product was directly
used for the next step without purification.

In case a pure sample of 2′-MOE-DAPR (2) is required, crude product
was dissolved in hot methanol (200 mL), column grade silica gel (25 g)
was added and stirred for 10 minutes at 60◦C. The hot slurry was filtered
and washed with methanol. The filtrate was stirred slowly with gradual
cooling to ambient temperature and the solid formed was filtered and
washed with methanol to furnish pure product (27 g, 45% yield) in 98%
HPLC purity. m.p. 182.6–184.7◦C; 1H NMR (d6-DMSO) δ 3.14 (s,3), 3.38
(t,2), 3.49–3.57 (m,2), 3.61–3.68 (m,2), 3.95 (d,1), 4.28 (d,1), 4.46 (t,1),
5.11 (d,1), 5.53 (t,1), 5.82 (d,1), 5.86 (s,2), 6.9 (s,2), 7.97 (s,1); 13C NMR
(d6-DMSO) δ 58.06, 61.75, 68.90, 69.22, 71.1, 80.97, 85.1, 86.1, 113.5, 136.2,
151.4, 156.3,160.1; IR (KBr) 1087, 1626, 3339, 3381, 3436, 3494 cm−1.

2′-O-(2-Methoxyethyl)guanosine (2′-MOE G) (3)

The crude reaction mass from previous step (76 g, 55% pure) was
dissolved in 0.1 M sodium phosphate buffer solution of pH 7.2–7.4 (500 mL)
and adenosine deaminase enzyme (75 mg) was added. The reaction mass
was stirred at 35◦C and the pH maintained between 7.2–7.4 by addition of
1 M solution of monosodium dihydrogen phosphate. Additional quantity
of enzyme (37.5 mg each time) was added after 24 and 48 hours duration.
Reaction was monitored by HPLC and at the end of 70 hours, HPLC of
the reaction solution showed complete disappearance of starting material.
Reaction mass was cooled to 10◦C, maintained for 2 hours, filtered, washed
with water (20 mL × 3) and finally with acetone. The material was dried
under high vacuum to afford the desired product as colorless solid (30.1 g)
in 49.9% yield. m.p. 244◦C (chars); 1H NMR (d6-DMSO) δ 3.16 (s,3),
3.39–3.41 (d,2), 3.48–3.58 (m,2), 3.88 (d,1), 4.23 (t,1), 4.35 (t,1), 5.0 (d,2),
5.79 (d,1), 6.48 (s,2), 7.97 (s,1), 10.67 (s,1); 13C NMR (d6-DMSO) δ 58.35,
61.3, 61.6, 69.21, 71.42, 81.6, 84.6, 86.1, 92.3, 116.9, 135.8, 151.6, 154.0,
157.1 IR (KBr) 782.7, 1226.8, 1697.6, 3224, 3341, 3345 cm−1.

N2-Isobutyryl-2′-O-(2-methoxyethyl)guanosine (4)

2′-MOE-G (3) (25 g, 73.3 mmol) was dried by co-evaporation twice with
dry pyridine (125 mL × 2). The reaction mass was dispersed in pyridine
(175 mL) and treated with trimethylsilyl chloride (47.6 g, 438 mmol) at
15◦C over a period of 30 minutes. The resultant slurry was stirred for
3 hours and then isobutyryl chloride (11.6 g, 108 mmol) was added neat
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Preparation of DMT Protected 2′-O-Methoxyethylguanosine 1031

over a period of 30 minutes. The temperature was gradually increased to
30◦C and maintained for 3 hours. The reaction was quenched by addition
of methanol (5 mL), the precipitated pyridinium hydrochloride salt was
filtered and washed with acetone. The filtrate was diluted with water (50 mL)
and pH adjusted to 7.1–7.3 using ammonium hydroxide solution. The slurry
was kept at ambient temperature for 12 hours, the solid obtained was filtered
and washed with acetone. Nitrogen gas was bubbled through the filtrate for
about 2 hours and concentrated at 60–65◦C under vacuum. The residue was
extracted with acetonitrile (200 mL) and the organic layer concentrated
under vacuum and the residue was treated with 10% aqueous acetone (275
mL) at 45◦C. The clear solution was cooled down to 0–5◦C gradually when
material starts crystallizing out. It was filtered, washed with acetone and
dried under high vacuum to furnish 4 (29.2 g, 97% yield) in 99.7% purity by
HPLC. m.p. 137–139.2◦C; 1H NMR (d6-DMSO) δ 1.10 (d,6), 2.76 (m,1), 3.15
(s,3), 3.41 (t,4), 3.53–3.71 (m,4), 3.92 (d,1), 4.29 (d,1), 4.4 (t,1), 5.09 (m,2),
5.89 (d,1), 8.29 (s,1), 11.70 (s,1), 12.10 (s,1); 13C NMR (d6-DMSO) δ 18.89,
30.73, 34.81, 58.04, 61.25, 68.94, 71.15, 81.56, 84.49, 86.10, 120.07, 137.59,
148.3, 148.94, 154.86, 180.19, 206.6; IR (KBr) 1102, 1564, 1602, 1719, 2921,
3257, 3384.1 cm−1.

5′-O-(4,4′-Dimethoxytrityl)-N2-isobutyryl-2′-O-(2-methoxyethyl)

guanosine (5)

N 2-Isobutyryl-2′-O-(2-methoxyethyl)guanosine (4) (25 g, 60.8 mmol)
was dried by co-evaporation with acetonitrile (125 mL x 2) and dissolved
in acetonitrile (150 mL) and 2,6-lutidine (21.5 g, 200 mmol) at 45◦C
under N2 atmosphere. Freshly purified 4,4′-dimethoxytrityl chloride (20.8
g, 61.4 mmol) was divided into four equal lots and added one by one at
every 30-minute interval. Reaction was monitored by TLC and at the end of
3 hours it showed complete disappearance of starting material. The reaction
was quenched by addition of methanol (3 mL) and all volatiles were distilled
out under vacuum. The residue was extracted with ethyl acetate (125 mL
× 2) and the organic layer washed successively with saturated sodium
bicarbonate solution (125 mL) and saturated brine solution (125 mL). The
organic layer was dried using anhydrous sodium sulfate and concentrated
to 25% volume under vacuum. The crude product was passed through
a silica gel column (approximate ratio of crude mass to weight of silica
gel is 1:15) and eluted with ethyl acetate:lutidine:methanol (95:1:4). The
fractions containing pure product were combined and concentrated under
vacuum to 25% volume and treated with 2% aqueous citric acid solution
(2.0 molar equivalent of lutidine was present in solution as estimated by
HPLC) at 0–5◦C for 30 minutes. The organic layer was washed successively
with water (75 mL), saturated sodium bicarbonate solution (75 mL), cold
water (75 mL) and dried. All volatiles were removed completely under
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1032 S. A. S. Taj et al.

vacuum. The viscous mass was triturated with hexane (250 mL) and stirred
for 3 hours. The colorless amorphous solid obtained was filtered, washed
with hexane (50 mL), and dried under high vacuum at 50◦C to afford
pure product (5), (37.7 g) in 87% yield and 99.8% product purity. m.p.
112.5–126.6◦C; 1H NMR (d6-DMSO) δ 1.10–1.28 (d,6), 2.71–2.78 (m,1),
3.11 (s,3), 3.41 (t,3), 3.60–3.67 (m,1), 3.72 (s,6), 4.01 (s,1), 4.33 (s,1), 4.48
(t,1), 5.2 (s,1), 5.94 (d,1), 6.79–6.84 (m,4), 7.19–7.35 (m,9), 8.1 (s,1), 11.82
(s,2); 13C NMR (d6-DMSO) δ 12.1, 12.3, 33.0, 53.2, 56.3, 58.0, 62.2, 67.5,
68.8, 69.5, 79.2, 82.23, 83.48, 83.8, 111.3, 118.6, 124.9, 125.9, 126.0, 128.0,
133.6, 133.7, 135.9, 143.0, 146.5, 147.1, 153.1, 156.3, 178.4; IR (KBr) 1251,
1607, 1681, 2932, 3191, 3373 cm−1.
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