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The L-a-lyxopyranosyl (4'—3') oligonucleotide system shows cooperative base-pairing in spite of containing only five instead of the usual six
covalent bonds per repetitive backbone unit. In contrast, corresponding p-f-ribofuranosyl (4'—3') oligonucleotides do not show adenine—
thymine pairing under comparable conditions. The difference in pairing behavior relates to the conformation of the two systems’ vicinal
3',4'-phosphodiester substituents, which is diaxial in the lyxopyranosyl system and 3'-axial-4'-equatorial in the ribopyranosyl system.

The backbones of almost all oligonucleotidic nucleic acid where this number is seven. Although base-pairing strength
analogues that have become known in this decade containn these latter systems is distinctly lower than in their natural
the same number of six covalent bonds per repetitive counterparts, they still have the properties of informational
backbone unit as the natural nucleic acidenportant base-pairing systems.

exceptions are the (5-2') isomers of RNA and DNA>® In the context of our studies toward a chemical etiology

: of nucleic acid structure it seems relevant to the general
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gonucleotide systems behaved differently from the corre-
sponding (4'—2') systems and lacked the capability of
cooperative base pairing, since they contain only five, instead
of the usual six, bonds per backbone unit. Here we report
thatL-a-lyxopyranosyl (4—3") oligonucleotides-in marked
contrast to correspondingS-ribopyranosyl! (4'—3') oligo-
nucleotides—do show cooperative base-pairing. The lyxo-
pyranosyl (4—3') system is, as far as we are aware, the first
phosphodiester base-pairing system with a “shortened”
backboné (Figure 1).
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Figure 1. Idealized pairing conformations af-5-ribopyranosyl
(4'—2") andL-a-lyxopyranosyl (4'—2') strands and of the corre-
sponding (4'—3') isomers.

The preparation of base sequences containing-a33
phosphodiester junction in the3-ribopyranosyl and.-a-
lyxopyranosyl series (Figure 1) follows a pattern analogous
to that of the previously summarized synthesis of base

sequences in the (4'—2") pentopyranosyl series, using ben-

zoyl protection for the sugar’s extra hydroxyl grotfd:'*
The required building blockda,b and 2a—d containing a
free 3'-hydroxyl and a benzoyl-protectedr/droxyl group
(Figure 2) were prepared in both series from intermediates
previously used for the synthesis of {(4#2') oligomers'?
Characterization of base sequences was of the same standa
as previously adopted and descrilféé! specifically, all

(9) For a study on the six- versus seven-bond question in a series of
nucleic acid analogues that do not contain phosphodiester internucleotide
linkages, see: Stork, G.; Zhang, C.; Gryaznov, S.; SchulZ,gRahedron
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Figure 2. Intermediates used for the solid-support synthesis of
p-f-ribopyranosyl (1a,b) and-a-lyxopyranosyl (4'—3') oligo-
nucleotides (2a—d}?

oligomers were over 95% pure according to HPLC and had
the expected molecular weight according to the MALDI-
TOF spectruni®

Table 1 summarizes duplex stabilities in term3givalues
and thermodynamic data for duplexes of selected base
sequences of-a-lyxopyranosyl (4—3') oligonucleotides;

Table 1. T, Values of Duplexes of the-a-Lyxopyranosyl
(4'—3') Oligonucleotide Series (itC, c = 10 uM, 1.0 M NacCl,
in 0.01 M TrisHCI or 0.01 M NabBPQO,, 0.1 mM NaEDTA,
pH 7.0) in Comparison to Corresponding Values of the
p-f3-Ribopyranosyl (4'—3")p-f3-Ribopyranosyl (4'—2'), and
L-a-Lyxopyranosyl (4'—2") Seriés

T, (10UM) © C @—=39pl
1.0 M NaCl 0.15 M NaCl
pr pr pl pl AG AH  TAS
duplexes 450 453 4 453 25°C 25°C
Ag+Tg 455 <0 51.0 412 -10.0 -42.1 -32.1%**
Ap+Tp 676 740 67.0 -140 -51.8 -37.8%*
T4Ay 40* <0 496 175
ATy 27 <0 411 <5
(TA)y 40* 432 30.1 -6.3 -33.9-27.6
(AT), 38% 447 266 -6.1 -32.5-264
-TATTTTAA
ATAAAATT- 459 46.3 12.6
(CG)3 65% 451 -9.5 -42.5 -33.0
(GC); 62 350 -8.0 -34.3-263
-ATTCAGCG
rdrAAGTCGC- 67.6 619 390 -84 -249 -16.5

a8 Thermodynamic data are ofo-lyxopyranosyl (4'—3') series (1.0 M
NaCl, 0.01 M NaHPQO;, 0.1 mM NaEDTA, pH 7.0), determined from
plots of T~1 versus Ln (c)t® experimental error estimated ikH values
+5%. Legend: (*) in 0.15 M NaCl; (**) in 1.0 M NaCl.

Lett. 1995 36, 6387. See also De Mesmaeker, A.; Waldner, A.; Wendeborn,
S.; Wolf, R. M. Pure Appl. Chem1997,69, 437.

(10) Pitsch, S.; Krishnamurthy, R.; Bolli, M.; Wendeborn, S.; Holzner,
A.; Minton, M.; Leseur, C.; Schlénvogt, |.; Jaun, B.; EschenmoseHé.
Chim. Actal995,78, 1621. Bolli, M.; Micura, R.; Pitsch, S.; Eschenmoser,
A. Help. Chim. Actal997,80, 1901.

(11) Pitsch, S.; Wendeborn, S.; Jaun, B.; Eschenmosedeh.. Chim.
Acta 1993,76, 2161.
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correspondind, data of thep-S-ribopyranosyl (4—3'), b-4-
ribopyranosyl (4—2'), andL-a-lyxopyranosyl (4—2') serie$
are given for comparison. Base pairing in theé—a')
lyxopyranosyl series is additionally documentedThycurves
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Figure 3. UV T, curves for selected duplexes in thea- o L-oncentration

lyxopyranosyl (4—3') oligonucleotide series. Curves of (non-self- Figure 5. Mixing curvel for the pairing between fAand T in
complementary) single strands are also shown. For conditions se&ne | --lyxopyranosyl (4'—3') series (& 10 uM in 1 M NaCl
the footnote of Table 1. 0.01 M TrigHCI, pH 7.0;T = 20 °C).

(Figure 3), CD spectra (Figure 4), and a mixing cufve  pehavior of the (4'—3') lyxopyranosyl system is the ability

(Figure 5) of selected examples. The pairing is generally of some of its sequences to undergo intersystem cross-pairing

weaker than in the isomeric'(42') system and, above all, \ith DNA and RNA, a property shown by none of the
pentopyranosyl (4-2') systems investigated thus far. In this

s cross-pairing (Table 2) we observe a drastic difference in

T TP ATICAGED) |
15 (TAAGTCGC)-4'3"pl .
Table 2. T, Values of Cross-Pairing Duplexes Formed
N between.-a-Lyxopyranosyl (4'—3') Oligonucleotide Sequences
and Complementary DNA and RNA Sequences in the Rati® 1:1
duplexes T (10 uM)
4 3'-pl(Ag) + d(Ty) 42°
d(Ag) + 4',3-pl(Ts) —
20— 4.3-pl(A12) + d(T)2) 63.4°
302 10 230 250 nm 270 290 310 d(AIZ) + 4',3'-pl(T12) 1720
1B -ATTCAGCG
] TAAGTCGC- 4',3-pl(Ag) + r(Ug) 21°
] r(Ag) + 4',3"-pk(Tg) —
W \ LY R 4.3-pl(A1) +1(T12) 62.1°
E 0P 7 r(Ap) +4,3p(T12) —
A (N G e
O -10 \/ 4 3-p(TTAAAATA) + d(TATTTTAA) <5°
205 -\_r'/ : E’j'.p[ d( " ) + 4‘,3"[3]( " ) _
_305 S . 4" 3'-pl(ATTCAGCG) + d(CGCTGAAT) 28.6°
220 240 260 nm 280 300 320 d( " y 4+ 4.3-p( " ) 264°
Figure 4. (A) Temperature-dependent CD curves of a duplex in ac " ) + d( ! ) 363°
theL-a-lyxopyranosyl (4'—3") oligonucleotide series (temperature 431l " ) + ( " )y 42.0°
range 12—78C, intervals 6°C). For conditions see the footnote 2P . 4.3-pl( " ) 36‘50
of Table 1. (B) Comparison of the CD spectrh € 12 °C) of i ) + *20P :
duplexes derived from the sequeneeSTTCAGCG and—CGCT- K " ) + r( " ) 52.0°
GAAT (written in the 4—3', 4—2', or 3—3' direction) inL-a-
IyX(_)pyranosyI (4__’_3')1 L-a-lyxopyranosyl (4—2), RNA, and DNA aFor conditions see the footnote of Table 1. The symbalenotes that
series. For conditions see the footnote of Table 1. no T, was observed.

more base-sequence dependent. The observed pattern pointke stability of duplexes AfTn, depending on which of the

to a partial obstruction of pairing, presumably due to a less partner strands contain the pyrimidine and which the purine
than optimal fit between the partner strands. It is also bases. This is reminiscent of the analogous, yet less
probable that, depending on base sequence, more than @aronounced, phenomenon encountered in the intersystem
single pairing mode are involvéd A special aspect of the  cross-pairing within the pentopyranosyH£') family; there
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we conjectured that the phenomenon is related to backbone Since none of the members of the pentopyranosy+24)
adjustments via strand-specific changes of nucleosidic torsionoligonucleotide family show intersystem cross-pairing with

angles> The mixing curve for the '43'-pl(A)g-d(T)g cross-
pairing (Figure 6) indicates the formation of a (1:1) duplex

1.2 4
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% Concentration

Figure 6. Mixing curve™ for the intersystem cross-pairing between
3',4'-pl(As) and d(T) (for conditions see the caption for Figure 3;
T = 15 °C). Note the formation of a dupleX,d'-pl(Ag)-d(Ts) as
well as of a triplex 34'-pl(Ag)-2d(Ts).

as well as of a (1:2) triplex under standard conditions.
Intersystem cross-pairing with DNA and RNA involving the
antiparallel complementary sequenceATTCAGCG and
—CGCTGAAT shows unexceptional behavior; its strength
is comparable to that of correspondiimrasystem pairings
(Table 1, Figure 4).

(12) The 3'-hydroxy derivative$a,b are intermediates already used in
the synthesis ob-A-ribopyranosyl sequencésThe 3'-hydroxy precursors
of 2a—d are prepared by regioselectivet®droxy monobenzoylation (2
mol equiv of benzoyl chloride, 5 mol equiv of pyridine, @El,, 0 °C, 30
min) of the 4-DMT-2',3'-dihydroxy derivatives which are obtained by
alkaline hydrolysis (2b, THF/ED (2:1), 15% aqueous NaOH,C, 2 h;
2a, K;COs, MeOH, 4°C, 4 h) of the 3benzoyl-2'-hydroxy derivatives
that are intermediates ofo-lyxopyranosyl (4—2') sequence%ln the2cd
series, the corresponding&cetyl (instead of'3benzoyl) derivatives were
hydrolyzed. For full experimental details on the preparation and charac-
terization of oligonucleotide sequences in tg-ribopyranosyl (4'—3")
andL-a-lyxopyranosyl (4'—3') series see a forthcoming paper by: Wippo,
H.; Reck, F.; Kudick, R.; Bolli, M.; Ramaseshan, M.; Ceulemans, G.;
Krishnamurthy, R.; Eschenmoser, Belv. Chim. Acta, in preparation.

(13) Pieles, U.; Zurcher, W.; Schér, M.; Moser, H.Ntcleic Acids Res
1993,21, 3191.

(14) Cantor, C. R.; Schimmel, P. Biophysical Chemistry; Freeman:
San Francisco, 1980; Part Ill (The Behavior of Biological Macromolecules),
pp 1135—-1139.
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DNA or RNA, the behavior of the-a-lyxopyranosyl (4—3")
system toward these natural systems is striking. One of the
general prerequisites of a system to undergo cross-pairing
with DNA or RNA could be that the backbone inclinatién
must be small, as is the case in B-DNAThe inclination in

the lyxopyranosyl (4—3') system is supposed to be smaller
than that in all the members of the pentopyranosi#-&)
family, as the conformational presentation given in Figure
1 suggest$® On the other hand, the fact that thelyxo-
pyranosyl (4'—3") system behaves as a base-pairing system,
whereas th@-ribopyranosyl (4—3') system does néf may
relate to the diaxial arrangement of the vicinal phosphodiester
functions in the lyxo system. The two phosphodiester
substituents in this conformation are as far apart from each
other as they possibly can be while being bound to two
adjacent carbons. This may be responsible for the violation
of the rule that oligonucleotide base-pairing systems should
have (at least) six covalent bonds per backbone unit. The
case calls for a corresponding loosening of the constitutional
constraints for backbone design in oligonucleotide chemistry.
In our own work, the findings about the-lyxopyranosyl
(4'—3") oligonucleotide system led us to extend the experi-
mental screening of base-pairing behavior of potentially
natural nucleic acid alternatives to the uncharted territory of
tetrofuranosyl (3'—2') oligonucleotides.
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(15) Pairing in the duplexes AT, (n = 8, 12) may well occur in the

Hoogsteen or reverse-Hoogsteen mode as opposed to duplexes containing
G and C bases, in which pairing is presumably in the Watgonick mode.
A determination would require the preparation of these duplexes in quantities
sufficient for NMR analysis. For the properties of a nucleic acid analogue
that pairs in the Hoogsteen mode see: Bolli, M.; Litten, J. C.; Schiitz, R.;
Leumann, C. JChem. Biol.1996,3, 197.

(16) Micura, R.; Kudick, R.; Pitsch, S.; EschenmoserAAgew. Chem.,

Int. Ed. 1999, 38, 680. A paper that will give a definition of the term
“backbone inclination” in terms of an algorithm for the derivation of
numerical values from X-ray structure data of oligonucleotide duplexes is
in preparation together with M. Egli (Northwestern University).

(17) In the B-type conformation of double-stranded DNA the (local)
backbone axis is approximately orthogonal to the (local) base-pair axis.

(18) Observations about the nonpairing of theibopyranosyl (4'—3")
system refer to adenirghymine pairing of the sequences A Tg, A4T4,
and T:A4; experimental details will be published ktely. Chim. Actal?

(19) Marky, L. A.; Breslauer, R. Biopolymers1987,26, 1601.
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