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Saveral yesars ago Letsinger e.a.1 introduced B-bernzoylpropionyl as a protecting group in
nucleic acid chemistry and showsed that this group could be removed under nedtral conditions;
i.e. 0.5M hydrazine.hydrate in pyridine-scetic acis buffer (4:1 w/v] for 3 h. Unfortunately, the
N-protecting benzoyl groups on cytidine and adenosine provecd to be unstable under those condi-
tiDHSS. It is well known, however, that reactions initiated by nuclecphilic attack, e.g. of
hydrazine, on keto-functions, are much slower when the a-substituent is aryl instead of alkyl.
The reason for this decreased reactivity has hbeen attributed4 to the loss of conjugation between
the aryl and carbonyl functions in the ftransition state for hydrazine addition. We therefore
selected levulinic acid (4-oxo-pentancic acid] to replace B-benzoylpropionic acid as a possible
protecting group.

For this reason we prepared madel compound 1g_ta=u15 by reaction of 1§_£B:U)E (1 mmole)
with levulinic acid (2 mmeles), DCCT (2 mmoles) and 4—dimethylaminopyridine7 (10 mg} in dioxan
(10 m1) solution (yield 98%]). wWhen 1b (0.1 mmole) was treated with 9.5M hydrazine.hydrate in
pyridine-acetic acid (4:1 v/v, 1 ml), deblocking of the &'-hydrexy functicn was complefte within
2 min and 1g (B=U) could be recovered quantitatively. This experiment shows that levulinyl is a
hundred times more labile than B-benzoylpropionyl as a hydrazine-lablle protecting group.

Model compeund 1b (B=U} was stable under standard reactilon conditions in oligenucleotide
synthesis pia the modified triester methodﬁ, i.e. mild reductive conditions (Zn-pyridine-acid)
and during condensation reactlions which invalve arylsulphonyl-chlerides or -imidazelides. The
half-times of hydrazinolysis, under the conditions as described abave, of the N-protecting groups
on cytidine and adenosine arg 2% h and 4 h respectively for N-bhenzopyl and 10 h and 16 h respec-
tively for N-p-anisoyl. Furthermore, the phosphotriester moiety with Z-chlorophenyl as protecting
group has a half-life of ca. 2 days. These findinga indicate that the levulinyl group may be re-
maved selectively in the presence of the other types of protecting groups.

These resulis were encouraging enough to make us try, whether the levulinyl group would
also be useful in the synthesis of long oligonucleotides. To test this possibility, the synthesis
of the decaribonuclectide U-A-U-A-U~A-U-A-U-A was undertaken.

Compound Za [B=U]5, prapared in 62% yield by the dropwise addition of a solution of DCCT
(60 mmoles) in dioxan (50 ml) to a selution of 2"O*Emetthytetrahydropyranyl]uridineg {20
mmoles), 1,2-dimethylimidazole (10 mmoles) and levulinic acid (80 mmoles) in 2,B~lutidine (7 ml)
and dioxan (150 ml),was reacted fTogsther with §?, using 1-methylimidazole as a catalyst, to give
Zh (B=U]5 in 77% yield. Compound 2b (B=Aan15 was prepared analogously (38% yield over 2 steps).
To remove the 5'-levulinyl protecting group a 1M solution of hydrazine.hydrste in pyridine-acetic
acid (3:2 v/v, 30 ml) was added to a solution of 29_[B=Aan, 6 mmoles) in pyridine (30 ml). After
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Z min, the reaction was guenched by the addition, with coolirg, of pentane-Z,4-dione (B ml).
After work-up, Zg [E=Aan)5 was obtained as a homogeneous solid in 893% yield.

The crucial dinucleoside diphosphate 5a, which was used in sach step of the subseguent
block-condensations, was prepared from 2b (B=U} and Zc (=" by the modified triester methed.
Zinz (20 mmoles]) was added to a solution of 2b (B=U, 2.3 mmoles) and TPSCH (4a, 0.6 mmole) in
pyridine (29 ml}. After 3 min, sxcess Zn was filtered off. The filtrate — after dilution with
CHClé (100 ml) — was washed with 1M triethylammonium Licarbonate (TEAB, 100 mi) and 0.01M TEAB
(100 ml1l), and the organic layer was dried by repeasted evaporation with anhydrous pyridine. Te
the resulting sclution of the phasphodiester in pyridine (15 ml) was added 25_[B=Aan, 2 mmoles)
and 2,4,B*triisoprupylbenzenesu1phony1—4[5]nitru—imidazolideS (4h, TPSNI, 2.5 mmoles}. Work-up
of the reaction mixture after 15 h gave 5a in 8/% yileld. In the same way B8a was preparesd in
good yield by Zinc trestment of Zb (B=U) and subseguent ccupling, using TPSNLI (4b) as activa-
ting agent, with 1a [B=Aan]. Removal of the levulinyl group from 8a with hydrazine afforded Bb
as a homogeneous solid in 892% yield.

The usefulness of TPSNI, which is easily prepared starting from TPSBIqU and 4(5)-nitro-
imidazole, should be pointec out in this study. In compsrison with TPSCI it gives far less
stlphonylation of the §'-hydroxy function of the incoming nucleoside and, besides, a higher
yield of the desired product is cobtained. Furthermore, block-condensations betwsen small and
large oligonucleotides are much faster (two times) with TPSNI as condensing agent than with

.12 or similar13 reactivity have

TPSC1. Recently, other reactive arylsulphonamides with lower
been introduced and successfully applied.

Tetranuclectide 7@ was preparsd analogously as described ahove for the synthesis of the
dinucleotide Sa. Thus, Zn-cdust [10 mmoles) was added, with siirring, to a solution of Sa (0.72
mnole) and TPSOR (4a, 0.18 mmole) in pyridine (5 ml). After 3 min, excess 7n was filtered off
and further processing afforded disster Sb. To the solution of 5b in pyridine (4 ml) was added
Bb {0.6 mmola) and TPSNI (0.7 mmole). After 18 k, another portion of TPSNI (0.3 mmole) was
added and after a total reaction time of 40 h, the mixture was werked up and chromatographed
to give 7a as a homogeneous solid in 72% yield. The levulinyl grodp was removed hy dissolving
7a (C.4 mmole} in pyridine (2 ml)} anc adding 1M hydrazine.hydrate in pyridine-ascetic acid (3:2
v/yv, 2 ml). After & nin at ZDD. the reaction was guenched by the addition, with cooling, of
pentans-2,4-dione (4 mmoles). Work-up gave 7o in 93% yield. In the same way hexanucleotide Ba,
octanuclantide 8a and decanuclseotide 10a were prepared by Zinc ireatment of 52 and subseguent
condensatinn of resulting 5b with ?2b, 8h and Sb respsctively. Relevant data are given in
Table 1.

Apart from the selective removel of the lewvulinyl group, we found three other properties
which will make this group very attractive for further use: (1} despite its non-lipophilic
character a reasonable cdrop in Ry value is observed upon its removal, which facilitates the
monitoring of this deblocking step (ses Table 1); (i1’ the reaction time for deprotection is
independent of the nature of the substrate14; this featurs is a great improvement over the use
of base labile protecting groups; in the latter case ths reaction time depends on the
sequen0915 as well as the lenght16 of the oligonusleotides; (iiil) the lewulinyl group is stable
under the conditions necessary for the removal of the phesphate protecting Z2-chlorophenyl
groups by fluoride ion; this property enables deblocking of the 2-chlorophenyl groups in

triester intermediates bearing ester functions on the 5°-position.
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TABLE 1
Synthesis of protected decandcleotides 19a and 10b.

3'-Phonaphate 5'-Hydroxy Product RF Remcval of the levulinyl group®
componant component

(mmoles) [mrales [yield]a] valuegj time product yield be]

5b (0.72) 6b  (D.BC) 7a [72%) .45 47 /b 93% 0.34

5b (0.45) 7h (0,325 Ba (89%) 0.45 4" &l Bl% 9.35

50 (0.25) 8b (0.125) Sa (74%) J.40 37 Els] 81% 0.30

ab [0.78) 9p  (D.085) 10a (B1%) 0.32 47 100 7B% 0,24

a) TPSNI [&9] was used in all candensation reactlons: bl On S85% DC Fertigfolien F1500 L3254
in chloraform-methancl (82:8 v/v}; o) Under the conditions as described in the text.

Thus, protected oligoribonucleotides 7a, 8a, 82 and 10s were completely deblocked by
treatment with {a) 0.05M tetrabutylammonium flucride in THFE/pyridine/water (8:1:7 v/v/v]), 3 eq.
per phosphate moiesty, for 15 hﬂB; (b} 25% ammonia for 48 h; and, finally, O0.01N HC1 {pH = 2)
for 2 n, to give [U*A]z, [J-A]S. iU*A)4 and fU-A]5 respectively in good yields {BD-95%, deter-
mined spectrophotometrically). The fidelity of the 3'-5' linkages was established by complete
digestion of the products with Pancreatic RNAse, snake venor phosphodiesterase and spleen
nhosphodigsterase to the expscted procucts in the correct ratios (deviations from the calcula-
ted ratios were less than 3%).

The levulinyl group has besn usec before as a protecting group, but the reported alks-
line deprotection procedures, [(a) sodium borohydride in dioxan=-water for 20 miﬂ’I7 and [(b)
hydrazine in btailing methanol for 3 hiﬂ, are unsuitable for the use in oligonucleotide

synthesis vig phosphotriester Intermediates.
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