Organic Process Research & Development 2003, 7, 917-920

Efficient Synthesis of Antisense Phosphorothioate Oligonucleotides: Evaluation
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Abstract:

Efficiency of phosphorothioate oligonucleotide syntheses could
be improved by increasing the concentration of dichloroacetic
acid in toluene to 10% from 3% (v/v) during the detritylation
step. It was also found that dichloroacetic acid is better than
dichloropropionic acid when compared at similar concentra-
tions.

Introduction

Phosphorothioate oligonucleotide synthesis has achieved,

considerable progreds? Typically, synthesis at scales up
to 600 mmol is performed in a cyclic manner on an
automated solid-phase synthesizer usifigyanoethyl-

protected phosphoramidite derivatives of protected nucleo-

sides, specifically 4,4'-dimethoxytrityl (DMT) protection of
5'-hydroxyl, benzoyl protection of adenine (A and
cytosine (d®?), and isobutyryl protection of guanine (8¢.

The synthesis is performed in a packed column solid-phase

reactor, frequently on a Pharmacia OligoProcess DNA/RNA

synthesizer. Deoxyribonucleoside phosphoramidite coupling

is highly efficient, utilizing a low excess (1.75 mol equiv)
of synthons, and coupling efficiency is very high (98.5
98.7%). The total synthesis run time is also remarkably low

(<7 h) for a 20-mer phosphorothioate leading to more than

2 kg of purified active pharmaceutical ingredient. Thus, for
pharmaceutical purposes the tetange scale is now re-

defined as oligonucleotide synthesis leading to one kilogram

or more of purified actie pharmaceutical ingredierfAPI).
Routine manufacture of antisense drugs for market is still
not optimal, however. As in all commercial drug manufac-

turing, the synthesis must always be made faster, better, an
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cheaper, and there are areas where this may be achieved.
One such example is the detritylation step. Historically,
removal of the DMT group was performed using a solution
of 3% trichloroacetic acid in dichloromethahd.ater, the
conditions were changed to 3% dichloroacetic acid (v/v) in
dichloromethané For manufacture of antisense drugs, large
volumes of dichloromethane were needed, and the solvent
is not environmentally friendly. Recently, we repofted

that halogenated solvent may be replaced with inexpensive
and industrially acceptable solvents such as toluene without
ompromise in product quality. Herein, we report a further
improvement, viz., replacement of 3% dichloroacetic acid
with 10% dichloroacetic acid in toluene.

Results and Discussion

During routine synthesis, we noted that considerable time
was required for detritylation step in each cycle. It is well-
known that acids are retained by DNA as well by the solid
support. Thus, we wanted to shorten net reaction time by
saturating the solid support more quickly. This could be done
in two ways, viz. ramping up pump speed to increase linear
velocity or by using a higher acid concentration. The former
choice was not preferred because as oligomers grow, more

mass accumulates and increases back pressure. Thus, as a

synthesis proceeds, high flow rates are difficult to maintain;
when flow is slowed, depurination increases. Hence, higher
concentration of acid is preferred. Initially, we tried 20%
(v/v) dichloroacetic acid but found the solution to be viscous,
leading to operational problems. After investigating all factors
we concluded that a solution of 10% dichloroacetic acid in
oluene (v/v) could be used to efficiently synthesize 20-mer
hosphorothioate oligonucleotides at large scale.

To demonstrate this protocol, a 20-mer phosphorothioate
oligodeoxyribonucleotide [PS-d(GTTCTCGCTGGTGA-
GTTTCA)] was chosen as an examptell syntheses were
performed on a Pharmacia Akta OligoPilot DNA/RNA
synthesizer using-cyanoethyl phosphoramidite synthons
(1.75 equivalents, 0.2 M in C}&N). 1H-Tetrazole (0.45 M
in CH3CN) was used as activator, and phenylacetyl disulfide
(PADS) (0.2 M in 3-picoline-CHCN 1:1, v/v), as sulfur
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Table 1. Oligonucleotide Synthesized Using 10% Dichloroacetic Acid

purified full lengt°

crude yield crude full length (%) purified full length® (n— 1)(%) P=S:P=0O P=S:P=0
deblock acid mg/umol (RP HPLC) (n— 1)(%) (CGE) (IP-LC—MS) (P NMR)  (IP-LC—MS)
10% DCA (4 cv) 6.64 72 91.3(1.7) 85.4 (1.5) 99.64:0.36 99.71:0.29

transfer reagerif1* Capping reagents were made to recom- sides?’~*6 many have limited applicability for automated

mended Pharmacia composition: Cap N:methylimida-
zole-CHCN (1:4 v/v), Cap B: acetic anhydridgyridine—

oligonucleotide synthesis on solid supports. We wanted to
evaluate dichloropropionic acid (DPA)Kp2.06 vs 1.29 for

CH3CN (2:3:5, v/viv). Pharmacia PS200 dA Primer support DCA)*’ for detritylation because it has viscogitgimilar to
was used in all experiments. Amidite and tetrazole solutions that of dichloroacetic acid but is less acidic. Acid exposure

were prepared using anhydrous £HN (ca. 10 ppm EO)

time during the detritylation step must be minimized to limit

and were dried further by addition of activated 4 A molecular formation of depurinated oligonucleotide sequerfé&&IP-

sieves (~50 g/L). At the end of each synthesis, DMT-on LC—MS was used to quantify depurinated species present

support-bound oligo was first treated with a solution of in crude and purified oligonucleotide.

triethylamine:CHCN (1:1, v/v) at room temperature for 8 h Reactor design and solid support are crucial to successful
to remove thegs-cyanoethyl protecting grougdthen treated  oligonucleotide synthesis. In contrast to small-scale synthe-

with 30% aqueous ammonium hydroxide solution for 16 h sizers (e.g., ABI 394 RNA/DNA synthesizer) that typically
at 55°C to effect release from support and base deprotection.use silica-based solid support, medium-@D0 mmol) and

Yield (expressed in mg of oligonucleotigehol of support®),

3P NMR, and analytical RP-HPLC (full-length determina-

large-scale syntheses (>300 mmol) are most commonly
performed in packed-bed reactors on polystyrene-based solid

tion) data were collected for each synthesis. In addition, a supports. Phosphorothioate oligonucleotide [PS-d(GTTCTC-
portion of crude material obtained from each synthesis was GCTGGTGAGTTTCA)] was synthesized on an Amersham

purified by Gs RP-HPLC; the final DMT group was

removed and the final product analyzed by quantitative (19) The 91% full-length is typical when the entire DMT-on peak is collected.

capillary gel electrophoresis (QCGE}® and by ion-pair

liquid chromatography electrospray mass spectrometry (IP-

LC—MS) (Table 1).

Much higher purity €96—97%% full-length) is easily achieved by efficient
fractionation of the DMT-on peak. Fractionation of DMT-on peak results
in less than a 5% loss of full-length material.

(20) The purified full-length by IP-LEMS is less than CGE values since the
former analytical tool is efficiently able to distinguish and quantify process-

As Car.] be seen from data presented gbpve, a10% SOI'Ution related species such as depurinated oligonucleotides that comigrate in CGE.
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to run time using 3% dichloroacetic acid in toluene, thereby
providing a faster and cheaper method of manufacturing

antisense oligonucleotide drugs.
Evaluation of Dichloropropionic Acid. Efficient removal

of acid-labile 5-O-DMT protecting groups from support-
bound oligonucleotide is crucial to high product yield and ¢
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Table 2. Synthesis Parameters of Cycle Used on Pharmacia Akta OligoPilot synthesizer

step reagent volume (mL) time (min)
detritylation 10% acid/toluene (3 cv or 4 cv) 72 or 96 150r2
coupling phosphoramidite (0.2 M),H-tetrazole (0.45 M) in acetonitrile 10, 15 5
sulfurization PADS (0.2 M) in 3-picoline-C¥CN (1:1, v/v) 36 3
capping Ac,O/pyridine/CHCN, NMI/CH3;CN 24,24 2

Table 3. Comparison of oligonucleotide synthesized using dichloropropionic acid (DPA)
crude yield  crude full length (%) purified full lengtH® (%) (n—1) (%) P=S:P=0 P=S:P=0

deblock acid mg/umol (RP HPLC) (IP-LC—MS) (IP-LC-MS) (P NMR)  (IP-LC—MS)
10% DPA (3 cv) 6.56 72 79.1 11.2 99.78:0.22  99.81:0.19
10% DPA (4 cv) 6.60 73 80.6 7.7 99.74:0.26  99.77:0.23
10% DPA (4 cv) 6.62 74 81.3 7.6 99.74:0.26  99.80:0.20
10% DCA (4 cv) 6.58 73 85.5 1.4 99.70:0.30  99.75:0.25

(control expt)

Pharmacia Biotech Akta OligoPilot DNA/RNA synthesizer DCAVs DPA

closely resembling a production-scale synthesizer (e.g., APB  ,, -
OligoProcess). Primer Support PS 200 (1 mmol scale; 5.18 £
g, loading 193«mol/g; dA support from APB) was tightly

350 A
300 1

packed in a glass column (volume 24 mL). Details of the 250 [~ bca@cvy
synthesis cycle are given in Table 2. 200 —=—DPA(3CV)

Deblock solution (either 10% dichloroacetic acid or 10% —+—DPA(4CV)
dichloropropionic acid in toluene) was passed through the 1907 —*—DPA{4CV)

100
50

column at each deblock step. Conductivity-based or UV-

based DMT yields were obtained when halogenated solvents

(dichloromethane or trifluorotoluene) were used. In contrast, 0 A‘C‘T'T‘T‘G' A' G'T'G'G'T'C'G'C'T'C'T'T'

UV-based but not conductivity-based detritylation yield SIS 3521 Bace S 5.5

information was available using solvents such as toluene or _ 3521 Base Sequence (3'-5) _ N

xylene. A total of four syntheses were performed, duplicate F79ure 1. Detritylation start time versus nucleotide position
. . . .~ in oligonucleotide.

syntheses with 4 column volumes (cv) of dichloropropionic

acid, one synthesis with 3 column volumes of DPA, and one , ,jeqtide was synthesized as DMT-on), it may be estimated
synthesis with 3 column volumes of DCA as control. The that, on average, ca. 2 mmol of acid per mmol of nucleotide

relative performance of deblock solutions was judged by o, sypport are retained. Thus, from data presented in Table
comparing both quantity and quality of oligonucleotide 3 " gichioropropionic acid is not strong enough to remove
product. For DMT-on/DMT-off purification of crude oligo- e pmT groups efficiently as shown by increased levels of
nucleotide, a g reversed-phase high-performance liquid (n — 1)-mers. The level ofr( — 1)-mers is reduced with
chromatography (RP-HPLC) method was used that allowed i rease in column volumes of acid, but dichloropropionic

facile separation of '5O-DMT-on oligonucleotide from  4:iq goes not give acceptable oligo quality when compared
capped failure sequences. The total DMT-on peak Was i, dichloroacetic acid.

collected for analysis without further fractionation.

During initial experimentation we noticed thatl cv of
deblock solution must be passed through the synthesis
column before the color of DMT cation is first observed in

Detritylation start time (m

Conclusions
In summary, we have demonstrated that it is possible to

) - ) use 10% dichloroacetic acid in toluene for efficient synthesis
the eluent. The first fractions of deblock solution that pass ¢ phosphorothioate oligonucleotides. This protocol was

through the synthesis column are largely depleted of acid g ;ccesstully transferred to manufacturing, and currently all
(due to retention by DNA and support) but contain @ et generation drugs (except Vitravene) as well as second-
significant concentration of DMT group$.Occurrence of generation APIs, viz.,’20-methoxyethyloligoribonucleotide

orange color (DMT cation) is associated with delayed elution phosphorothioates, are being manufactured using this condi-
of dichloroacetic acid. A plot of time when dimethoxytrityl tion.

cation absorption is first detected by UV versus cycle number

(position in the growing chain) shows a direct increase in Experimental Section

DMT cation front elution time with increasing number of  “General proceduresAll solvents were dried prior to use.

nucleotides bound to support (Figure 1). From the difference -pomical reagents were purchased from Aldrié. NMR

in delay between the first and 19th detritylation (the 20th spectra were recorded on a Varian Unity-400 instrument

(51) It was found that 4060% of total eluted DMT groups are in the “colorless” Operating at 162 MHz. RP-HPLC was performEd on a Waters
initial eluent. system (600E System Controller, 996 Photodiode Array
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Detector, 717 Autosampler). Mass spectra were acquiredflow rate = 10 mL/min/50% A from 8 to 9 min, 9 to 26

using a LCQ quadrupole ion trap mass spectrometer equippednin at 50%, flow rate= 1.0 mL/min,tg(DMT-off) 10—11

with an electrospray ionization source (Finnigan MAT, San min, tg(DMT-on) 14—16 min. The DMT-on fraction was

Jose, CA). For general synthesis of oligonucleotides refer collected and evaporated in a vacuum and redissolved in 50

to our earlier publicatiof? uL of water; the DMT group removed as described below.
Workup. Primer support (ca. 100 mg) was treated with Dedimethoxytritylation. An aliquot (30uL) was trans-

2 mL of NH,OH (30%) for 15 h at 55C, filtered and rinsed  ferred into an Eppendorff tube (1.5 mL), and acetic acid

with ethanol/water (1/1, v/v); the combined solutions were (50%, 30uL) was added. After 30 min at room-temperature

evaporated to dryness under vacuum. The residue wassodium acetate (2.5 M, 26) was added, followed by cold

dissolved in 20Q:L water. ethanol (1.2 mL). The mixture was vortexed and cooled in
HPLC Analysis and Purification. Analysis and purifica- dry ice for 20 min. The precipitate was spun down with a

tion of oligonucleotides by RP-HPLC was performed on a centrifuge, the supernatant was discarded, and the precipitate

Waters Nova-Pak fg column (3.9 mmx 300 mm) usinga  was rinsed with ethanol and dried under vacuum.

Waters HPLC system (600E System Controller, 996 Pho-

todiode Array Detector, 717 Autosampler). For analysis an Acknowledgment . .
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