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One-pot reaction for the synthesis of m’G*pppG and m’G’pppA
by using an activatable bifunctional phosphorylating reagent
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Abstract: A new bifunctional phosphorylating reagent 1 was prepared and employed for the syhthesis of the cap structure,
m'G*pppG and m'G pppA in large scale without using any prolecting groups starting from the corresponding
nucleoside-5"-phosphates.

It is well known that eukaryotic mnRNAs have the cap structure at their 5'-terminus, which acts as important
role in translation. The cap structure, m'G’ pppG can be applicd as the primer to the synthesis of the capped
RNAs". Therefore, the synthesis of m'G’pppG would be useful for the study on translation. However, the
synthesis of a large amount of m’G’"pppG could not be expecied to the separation procedure from the
enzymatically degraded products of mRNAs. To extend the study on translation, a convenient chemical method
for the synthesis of the cap structure, especially, m'G”pppG in large scale should be explored. Up to date, we
have reported several methods for the synthesis of capped RNAs®. In these methods, the protecting groups were
required and introduced to guanosine and 7-methylguanosine on the base and sugar moieties for masking of the
functional groups and also increasing the solubility of guanosine derivatives in organic solvents. In this paper, &
simple method for large scale synthesis of the cap structure without using any protecting groups was described.
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Unprotected guanosine 5'-phosphate(pG) and 7-methylguanosine 5'-phosphate(pm’G) are poorly soluble
in aprotic organic solvents so that reproducible results were not expected. To overcome the solubility problem,
we have examined 2 lot of polar organic solvents. Finally we found both of pG and pm’G were solved in a
mixture of 1-methylpyrrolidone(MPD)}-HMPA(3:1, vA). In the above mixed solvent, O-8-(5-
chloroquinolyl)-S-pheny] phosphorothioate 1 was proposed as a bifunctional phosphorylating reagent ¥. The
phenylthio and 5-chloro-8-quinolyl® groups were chosen as activatable groups. Since the phenylthio group
could be activated with silver nitrate and the 5-chioro-8-quinoly] group was activated with copper(Il) chloride,
unsymmetrical triphosphate, m’G’pppG by using 1 with pG and pm’G should be selectively obtained step by
step in one flask reaction.

First of all, bifunctional phosphorylating reagent 1 was synthesized as shown in Scheme 1: When a
mixture of one equiv of 5-chloro-8-quinolyl phosphate™ and 5 equiv of diphenyl disulfide in dry pyridine was
teated with 5 equiv of tributylphosphine at room temperature for 2 h®, a new type of bifunctional
phosphorylating reagent 1 was obtained. Compound 1 was extracted with chloroform and the solvent was
removed. Residual 0il was dissolved in dichloromethane containing 1.5 equiv of cyclohexylamine. After addition
of acetonitrile, the solution was concentrated and cyclohexylammonium salt of 1 was precipitated as white
powder in 84% yield”. It was stable enough in refrigerator.
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Next, compound 1 was successfully applied to the synthesis of the cap structure, m’G’pppG: A mixture
of 1 (0.41 mmol) and pG (0.41 mmol) was treated with silver nitrate (0.45 mmol, 1.1 equiv) in MPD-HMPA
( 3:1, v, 26ml) at room temperature for 5min. The phenyithio group was activated with a solution of silver
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nitrate in pyridine and AgSPh was precipitated. According to monitoring *'P NMR" and anion exchange
HPLC” analysis, the diphosphate 2 was formed quantitatively.

Without isolating 2, the resulting mixture was treated with pm’G (0.82 mmol, 2 equiv)'” and anhydrous
copper(I) chloride (276 mg, 5 equiv) in MPD at room temperature for 24 h. m’G*pppG was obtained in 55%
yield (193 mg) by use of a DEAE Sephadex A-25 column chromatography'". Although 5-chloro-8-quinolyl
group could also be activated at a relatively high temperature(60 C ) for 1 h, the yield of the main product,
m’G’pppG was decreased. On the other hand, when 1 was treated with copper(II) chloride before treatment with
silver nitrate, P'-S-Phenyl P*-guanosine-5'-pyrophosphorothioate (PhSppG) and 2 were formed owing to
activating both 5-chloro-8-quinolyl group and phenylthio group. Therefore, the order of addition of metal salts
is important for the selective synthesis of m’G”pppG.

_ )o CHa o}
N+ (N NH
o 9 N-N"NH,
@r —P—OH + O-?-O-?-o 0.
2 equiv. HO OH
_ )o CH;, o
N NH
X % ¢
HN" NN 2ol N NN
CuCls (5 equiv) @*O—;O—g: —g:o o
MPD-HMPA / 1L
_ HO OH
m’GS'pppG

In a similar manner, when adenosine 5'-phosphate(pA) was employed in place of pG, m’G’pppA was
obtained in 53% yield'” based on 1 after the purification procedure.

In conclusion, it is noted that the procedure described here is very useful for the preparation of nucleoside
triphosphate derivatives which have occasionally crucial problems during the synthesis and several hundred
miligrams of the cap structure can be obtained. In addition, a mixed solvent of MPD and HMPA is remarkably
effective for the preparation of the cap structure. The new bifunctional phosphorylating reagent 1 would be
widely applicable to the synthesis of other polyphosphate derivatives. Further investigation is now in progress.
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Data of 1; 'H NMR (CDCl,, 27005 MHz) &8.61 (bs, 3H), 8.40 (dd, J=1.3, 4.3 Hz, 1H), 8.23 (dd, J=1.3, 8.6 Hz, 1H), .72
(d, J=8.6 Hz, 1H), 7.41 (dd, J=1.3, 6.8 Hz, 2H), 7.36 (d, J=8.6 Hz,1H), 7.05-7.22 (m, 4H), 2.63 (bs, 1H), 0.92-1.85 (m,
10H). *C NMR (CDCl,, 67.8 MHz) & 1489, 1474, 140.0, 134.9, 133.2, 1304, 128.5, 127.7, 126.7, 1264, 1242, 1217,
117.5, 50.1, 31.6, 25.1, 24.7. ™P NMR (CDCl,, 109.25 MHz) & 11.98.

P NMR data of 2 : ¥'P NMR (pyridine-ds, 109.25 MHz) & -11.17 ( d, J=18.6 Hz), -16.05 { d, J=19.7 Hz), 'P-chemical
shifts are given relative 1o 85% H,PO, as extemal standard.

Compound 2 and m'G’pppG were analyzed by using HPLC under the following conditions; column: Whatman Partisil 10
SAX (25 cm); flow: 1 mimin; buffer; a linear gradient of 5 mM KH,PO, (20% CH,CN, pH 4.1) to 0.5 M KH,PO,

(20% CH,CN, pH 4.5) for 30 min.

pm'G was prepared from pG and 4 equiv of CH;l in MPD for 8h. Afier CH,l was removed under reduced pressure, a small
amount of dry pyridine was added. Since pm’G was formed quantitatively by this procedure, it was used without further
Data of m'G pppG: 'H NMR (D,0, 270.05 MHz) & 7.99 (s. 1H), 5.88 (d, 3.3 Hz, 1H), 5.78 (d, 6.3 Hz, 1H), 4.65 (t, 56 Hz,
1H), 4.52 (1, 3.6 Hz, 1H), 4.20-4.48 (m, 8H), 4.03 (5, 3H). *P NMR (D;0, 109.25 MHz) & -10.93 (d, 184 Hz, P_and P,),
-22.50 (bs, Py ), *'P-chemical shifts are given relative to 85% H,PO, as extemal standard.

Data of m'G*pppA: 'H NMR (D,0, 270.05 MHz) & 8.42 (s, 1H), 8.19 (s, 1H), 6.01 (d, 59 Hz, 1H), 5.87 (d, 3.6 Hz, 1H),
4.66 (t, 5.6 Hz, 1H), 4.22-4.54 (m, 9H), 4.00 (m, 3H). P NMR (D0, 109.25 MHz) & -10.88 (d, 17.0 Hz, P, and P,),
2246 (1, 19.4 Hz, Py ), *'P-chemical shifts are given relative to 85% H,PO, as exiemal standard.
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