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3',5'-Cyclic Dinucleoside Phosphates: Undesirable Intermediates in the
Phosphotriester Approach to Oligonucleotide Synthesis

By Jacques H. vaN Boowm,* PETER M. J. BURGERS, PETER H. vAN DEURSEN, and JAaN F. M. pE Roovy
(Gorlaeus Laboratoria der Rijksuniversiteit, Postbus 75, Leiden, The Netherlands)

and CorLiN B. RErse*
(Department of Chemistry, King's College, Strand, London, WC2R 2LS)

Summary Mild alkaline hydrolysis of (4a) gives the 3’,5'-
cyclic dinucleoside phosphate (5a); more drastic alkaline
hydrolysis of phosphotriester intermediates with free
vicinal 5’- or 3’-hydroxy functions [(4a) and (7b), or (6a)
and (8b)] leads to products with, respectively, 5" — 5'-
or 3’ — 3’- in addition to 3’ — 5’- internucleotide linkages.

WE have previously reported!;? a stepwise synthesis, by the
phosphotriester approach, of oligoribonucleotides involving
extension from the 5’-ends of the growing chains and leading
to fully protected intermediates such as (1). It was at
first envisaged that it might be possible to unblock (1) and
corresponding longer chain protected oligoribonucleotides
by a simple two-step process involving alkaline hydrolysis
(to remove the protecting groups from the 5’-hydroxy func-
tions and the internucleotide linkages) followed by acidic
hydrolysis (to remove the methoxymethylene and methoxy-
tetrahydropyranyl protecting groups) to give (2) and longer
chain unprotected oligomers with exclusively 3" — 5'-
internucleotide linkages. However, several years ago, we
observed? that if fully-protected diribonucleoside phosphates
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[e.g. (1)] were unblocked in this way, significant amounts of
the 5’ — 5’-isomers (3) were obtained in addition to the
desired products (2). We concluded?® that this result was
most probably due to the cyclization of the intermediate
5’-hydroxy derivatives (4) and showed?.? that the formation
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of 5" — 5’-isomers could be completely suppressed by
tetrahydropyranylation of the 5’-hydroxy functions prior
to the unblocking of the internucleotide linkages. We now
report the isolation for the first time of the putative inter-
mediate 3’,5’-cyclic dinucleoside phosphates (5) and provide
evidence for the hydroxide ion-promoted hydrolysis of (4)
[and hence of (1) unless the 5%-ester protecting group is
unusually stable to alkali] proceeding virtually exclusively
via (5).

The partially-protected uridylyl-(3’ — 5')-uridine deri-
vative (4a; Ar = 2-CICgH,), obtained* in good yield from
its 5’-O-p-chlorophenoxyacetate ester (la; R = 4-CIC4H,-
OCH,, Ar = 2-CIC4H,), was separated by chromatography
on silica gel into two pure diastereoisomerst which could be

uracil-1-yl
thymin-1-yl

t The presence of diastereoisomers of (4a; Ar = 2-CIC,H,) is due to the chiral phosphotriester group. A pure diastereoisomer of
2/,3’-0O-methoxymethyleneuridine, (see B. E. Griffin, M. Jarman, C. B. Reese, and J. E. Sulston, Tetrahedron, 1967, 23, 2301) was used
in the preparation of (1; B=B’=uracil-1-yl, R=4-CIC;H,OCH,, Ar = 2-CICH,).
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distinguished by t.l.c.} and *H n.m.r. spectroscopy. Treat-
ment of the less polar (Rp 0-29) diastereoisomer (8,) of
(4a; Ar = 2-CICiH,) with an excess of 0-1 M sodium hydr-
oxide in aqueous dioxan (4:1 v/v) for 6 min at 20 °C gave
the less polar (Ry 0-31) diastereoisomer (3,) of (5a) which
was isolated as a colourless solid in 559, yield. Under
similar conditions, the more polar (Rg 0-27) diastereoisomer
(8,) of (4a; Ar = 2-CIC,H,) was converted somewhat more
rapidly into the more polar (Ry 0-27) diastereoisomer (8,) of
(5a).§ The latter compound was isolated in 269, yield.
It is thus apparent that the cyclization reaction is stereo-
specific and it is reasonable to assume® that it proceeds with
inversion of configuration at phosphorus. The absolute
configuration at phosphorus has not yet been established
for either of the diastereoisomers of (4a; Ar = 2-CICgH,)
or (5a).

TABLE. Alkaline hydrolysis® of partially-protected dinucleoside
phosphates (4) and fully-protected 3’,5’-cyclic dinucleoside
phosphates (5)

Distribution
Experi- Diastereo-  of products®
ment Substrate isomer® % (2a) % (3a)

1 (4a; Ar = 2-CIC4H,) 3, 61 39

2 (4a; Ar = 2-CIC¢H,) 3, 80 20

3 (4a; Ar = 2-CIC{H,) 8, + 8 72 28

4 (5a) 8 58 42

5 (5a) 8, 79 21

6 (4a; Ar = Ph) 8, + &, 78 22

7 (4a; Ar = 2,4-Cl,C,H,) 8, + & 70 30

a With 0-1 M sodium hydroxide in dioxan-water (1:4 v/v) for
3h at 20 °C. P The less polar and more polar (higher and lower
Ryp) diastereoisomers are indicated by &, and §,, respectively
Mixtures of diastereoisomers of (4), obtained directly by deacyla-
tion of the corresponding fully-protected dinucleoside phosphates
(1) are indicated by §, + 8, ©As estimated by h.p.l.c. after
removal of the methoxymethylene and methoxytetrahydro-
pyranyl protecting groups.

It can be seen from the Table (experiments 1 and 2) that
alkaline hydrolysis of either diastereoisomer of (4a; Ar = 2-
CIC¢H,) and subsequent removal of the acid-labile protect-
ing groups led to a mixture of uridylyl-(3’ — 5)-uridine
(2a) and uridylyl-(5’ — 5’)-uridine (3a). It can also be
seen that different proportions of (2a) and (3a) were obtained
from each diastereoisomer. A comparison of the results of
experiments 1 and 4 reveals that the proportions of (2a) and
(3a) obtained from the less polar (§,) diastereoisomers of
(4a; Ar = 2-CICgH,) and (5a) were, within the limits of
experimental error, virtually identical. The proportions of
(2a) and (3a) obtained from the more polar (8,) diastereo-
isomers of (4a; Ar = 2-CICgH,) and (5a) (experiments 2 and
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5) were also virtually identical. These results indicate that
alkaline hydrolysis of (4a; Ar = 2-CICgH,) proceeds almost
exclusively via (5a) and that direct attack of hydroxide ion
on the phosphotriester group occurs, if at all, only to a
minor extent. A comparison of the results of experiments
3, 6 and 7 suggests that a similar situation obtains in the
alkaline hydrolysis of the corresponding phenyl and 2,4-
dichlorophenyl esters (4a; Ar = Ph and 2,4-Cl,CiH,,
respectively).

The present work adds emphasis to our earlier conclusion:?
it is essential in the phosphotriester approach to oligoribo-
nucleotide synthesis to protect terminal 5-hydroxy func-
tions with base-stable (e.g. tetrahydropyranyl) groups
before unblocking the internucleotide linkages. Similar
precautions are also necessary in the case of terminal
3’-hydroxy functions: thus treatment of (6a; Ar = 2-CIC,-
H,) first with alkali and then with aqueous acid gave (2a)
(88%) and uridylyl-(3’ — 3’)-uridine (129;). Protection of
terminal 5’- and 3’-hydroxy functions before unblocking is
equally necessary in the deoxyribose series: thus when
(7b; Ar = 2-CICH,) was treated first with alkali and then
with acid, a mixture of thymidylyl-(3’ — 5’)-thymidine
(81%) and thymidylyl-(5" — 5')-thymidine (18%) was
obtained and when (8b; Ar = 2-CIC¢H,) was unblocked in
the same way, a mixture of thymidylyl-(3" — 5’)-thymidine
(70%) and thymidylyl-(3’ — 3’)-thymidine (309%) was
obtained.q It is reasonable to conclude that alkaline
hydrolysis of partially-protected dinucleoside phosphates of
the types (6), (7) and (8) proceeds mainly via the corres-
ponding 3’,5’-cyclic dinucleoside phosphates but, so far, no
attempt has been made to isolate such intermediates.
When (6a; Ar = 2-CICgH,), (7b, Ar = 2-CIC¢H,) and (8b;
Ar = 2-CICgH,) were tetrahydropyranylated before un-
blocking, the dinucleoside phosphates obtained contained
solely 3’ — 5’-internucleotide linkages.

It should finally be observed that, in the case of longer
chain oligonucleotides corresponding to (4), (6), (7) and (8),
partial migration of the terminal internucleotide linkages
will occur unless the 3’- and 5'-terminal hydroxy functions
are both protected with base-stable groups during the
alkaline hydrolysis step. This conclusion should be
emphasized as it appears from recent reports in the litera-
ture® that its importance is not fully appreciated in several
laboratories in which the synthesis of oligonucleotides by the
phosphotriester approach is being undertaken.

One of us (J.F.M. de R.) thanks the Netherlands Founda-
tion for Chemical Research (SON) for support.
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1 T.l.c. was carried out on glass plates coated with Merck Kieselgel GF,g, in the solvent system CHCl;—MeOH (92:8 v/v).
§ The two diastereoisomers (3, and 8,) of (5a) could easily be distinguished from each other and from the corresponding diastereo-

isomers of (4a) by 'H and 3'P n.m.r. spectroscopy.

9 Alkaline hydrolysis of the phenyl ester of thymidylyl-(3’ —> 5')-thymidine has recently been reported (H. Rokos, A. Myles, W.
Hutzenlaub, and W. Pfleiderer, Chem. Ber., 1975, 108, 2872) to give 74 %, of thymidylyl-(3” — 5’)-thymidine together with 13 9] each

of its (3’ — 3’)- and (5’ —> 5")-isomers.
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