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SOLID PHASE SYNTHESIS OF THE 3'-TERMINAL NONADECARIBONUCLEOSIDE

OCTADECAPHOSPHATE SEQUENCE OF YEAST ALANINE TRANSFER RIBONUCLEIC ACID*

T. Sudhakar Rao, Colin B. Reese®, Halina T. Serafinowska, Hiroshi Takaku, and Giovanni Zappia

Department of Chemistry, King's College London, Strand, London WC2R 2LS, England.

Summary: The rapid synthesis of the 3'-terminal decaribonucleoside nonaphosphate and nona-
decaribonucleoside octadecaphosphate sequences of yeast tRNAAl2 by the phosphoramidite
approach on controlled pore glass is described; the synthetic products were found to be
identical to the authentic oligoribonucleotides, prepared by the phosphotriester approach in
solution.

Considerable progress has been made in recent years in the rapid chemical synthesis of
oligo- and poly-deoxyribonucleotides (i.e. DNA sequences) on solid supportsl. Progress has
also been made in the chemical synthesis of oligo- and poly-ribonucleotides (i.e. RNA

sequences) in solutionz’3

, but this is still a time-consuming and experimentally demanding
process. It is clearly a matter of great importance in connection with the development of
certain areas of biological research that synthetic RNA should become more readily accessible.
Several reports concerned with the rapid solid phase synthesis of RNA sequences have
already appeared4_8 in the literature. The choice of the protecting group for the 2'-hydroxy
functions is a matter of paramount importance in polyribonucleotide synthesis, and one of the
main considerations to be taken into account in its selection is that it should be stable
under the conditions required for 5'-unblocking. While all of the procedures so far
reported involve the use of acid-labile modified trityl protecting groups for the 5'-hydroxy
functions, the tert-butyldimethylsily14’8, 2—nitrobenzyl7 and tetrahydropyranyls’6 groups
have been used for 2'-hydroxyl protection in solid phase polyribonucleotide synthesis.
Although no satisfactory alternatives to modified trityl groups appear so far to be available
for the protection of the 5'-hydroxy functions, we believe that it is desirable also to pro-
tect the 2'-hydroxy functions with an acid-labile protecting groupg. As it seemed clear from

10,11 that the tetrahydropyranyl and methoxytetrahydropyranyl groups were insuf-

recent studies
ficiently stable under the acidic conditions required for the removal of the 4,4'-dimethoxy-
trityl (DMTr) or 9-phenylxanthen-9-yl (Px) protecting groups, we have developed the 1-[(2-
chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl [Ctmp, as in (11)] group12 for the protection
of the 2'-hydroxy functions in rapid RNA synthesis. We now report the solid phase synthesis
of the 3'-terminal decaribonucleoside nonaphosphate and the nonadecaribonucleoside octadeca-
phosphate sequences of yeast alanine transfer RNA (tRNAAla), using the phosphoramidite
approachlb and the Ctmp and Px groups for the protection of the 2'- and 5'-hydroxy functions,

respectively.
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Reagents: (i) (5), imidazole/MeCN; (ii) (6), CF3COnH/CHpClps (iii) Et,NF/MeCN; (iv) (7)/CsHuN: (V) (8), PrjNEt/cetrahydrofuran

The procedure for the preparation of the phosphoramidite building blocks is outlined in
the Scheme. The base-protected ribonucleosides [(9; B = 1), (9; B = 2), (9; B = 3) and
(9; B = &)1
tives [(10; B = 1), (10; B = 2), (10; B = 3) and (10; B = 4), respectively] in overall yields

were each converted in three steps into the corresponding 2'-0-(Ctmp) deriva-

of 39, 52, 57 and 387Z. The latter compounds were then converted into the corresponding 9-
phenylxanthen-9-yl derivatives (ll; B = 1 - 4) in good yields (78-88%), and these products
were allowed to react with 2-cyanoethyl di—isopropylphosphoramidochloridite14 (8), under
nitrogen, in the presence of di-isopropylethylamine in tetrahydrofuran solution at room

temperature to give the required phosphoramidite building blocks (12; B = 1 - 4) also in good

. 15
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The half-succinate ester16 of the 2',5'-protected adenosine derivative (11; B = 1) was
attached to functionalized controlled-pore glass (CPG)17 in the usual way16 to give the loaded
support (13a). The nucleoside loading of (13a) was estimated to be 31 umol/g. The synthesis
of the 3'-terminal decaribonucleoside nonaphosphate sequence of yeast tRNAAla was undertaken

first. An Omnifit apparatus was used. At the end of 9 synthetic cyclesls, the solid
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support was subjected to a three step procedure20 that led to the release of the synthetic
oligoribonucleotide from the solid support and to its total unblocking. The aqueous products
were fractionated by ion-exchange liquid chromatography (LC) (Fig. la): the main peak (Rt =
11.5 min) was found to be homogeneous by LC on a reverse phase column and by gel electro-
phoresis (Fig. 2a). Furthermore, the electrophoretic mobility of this putative UpCpGpUpCp-
CpApCpCpA, synthesized on a solid support, was found to be identical [reverse phase LC and

gel electrophoresis (Fig. 2a)] to authentic material synthesizedz’21 by the phosphotriester
approach in solution. LC Analysis (reverse phase column) of the four ribonucleosides that
resulted from the total digestion of UpCpGpUpCpCpApCpCpA in the presence of snake venom
phosphodiesterase and alkaline phosphatase, revealed that, within the margin of experimental

error, they had been obtained in the expected proportions.
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FIGURE !: (a) LC profile (Hypersil APS column, eluted with FIGURE 2: (a) Gel electrophoretogram (visualized by ultraviolet
pH 6.8 potassium phosphate buffer) of the crude products light) of UpCpGpUpCpCpApCpCpA, synthesized by the phosphotri-
obtained in the solid phase synthesis of UpCpGpUpCpCpApCp- ester approach in solution (track 1), UpCpGpUpCpCPApCPCPA,

CpA; (b) LC profile (APEX ODS column, eluted with 0.1 M- synthesized on a solid support and purified by LC (track 2),
triethylammonium acetate (pH 7.0)/acetonitrile) of the ApUpUpCpCpGpGpApCpUpCpGpUpCpCpApCplpa, synthesized on a solid
purified products obtained in the solid phase synthesis of support and not further purified (track 3); (b) Gel Electro-
ApUpUpCpCpGpCpApCRUPCPGPUPCHCPAPCPCPA . phoretogram of purified ApUpUpCpCpGpGpApCPUpCPGPUPCPCPAPCRCPA,

synthesized on a solid support (track 4) and by the phosphotri-
ester approach in solution (track 5).
' . ; Ala
The 3'-terminal nonadecanucleoside octadecaphosphate sequence of yeast tRNA was syn-

thesiged on the loaded support (13a) in the same way. After the 18 appropriate cyclesls,
the same three step releasing and unblocking procedure20 was carried out to give putative
ApUpUpCpCpGpGpApCpUpCpGpUpCpCpApCpCpA. The aqueous products were analyzed by gel electro-
phoresis and found to migrate as a single ultraviolet-absorbing band that was appreciably
less mobile (Fig. 2a) than UpCpGpUpCpCpApCpCpA; after fractionation by LC on a reverse phase
column, this material was homogeneous (Fig. 1b). When the latter purified material was ana-
lyzed by gel electrophoresis (Fig. 2b), it migrated as a sharp band with a mobility identical

to that of authentic ApUpUpCpCpGpGpApCpUpCpGpUpCpCpApCpCpA, synthesizedz’21

by the phospho-
triester approach in solution. The proportions of the four nucleosides obtained after
enzymatic digestion (see above) were again as expected.

We believe that these preliminary studies clearly demonstrate the compatibility of the
2'-0-Ctmp and 5'-0-Px protecting groups in rapid RNA synthesis on a solid support. We further
believe that the results obtained suggest that the automated synthesis of RNA should now be as

easy and straightforward as that of DNA sequences.
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