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ABSTRACT
Novel phosphoramidites (1,2) of appropriately protected

2'-deoxyinosine isosteres (I*) such as allopurinol 2'-deoxy-
ribofuranoside (4a) and 7-deaza-2'-deoxyinosine (4b) have been
synthesized. They were employed together with the phosphorami-
dite of 2'-deoxyinosine in solid-phase synthesis of d(GCI*CGC)
hexamers (12a-d). From thermodynamic data of these alternating
hexamers it was shown that allopurinol 2'-deoxyribofuranoside
destabilizes such duplexes less strongly than 2'-deoxyinosine.
Additionally, the phosphoramidite of 7-deaza-2'-deoxyinosine (2)
exhibits an extraordinary stability of the N-glycosylic bond.
Since the new phosphoramidites are structurally related to
2'-deoxyinosine, they can be used in the construction of hybri-
dization probes containing an ambiguous base.

INTRODUCTION
The degeneracy of amino acid codons is a severe problem if

synthetic oligonucleotides carrying the information of a certain
protein are used in a DNA cloning experiment. Mixed DNA probes

which contain a mixture of bases at the ambiguous position are

used to overcome this difficulty [1]. Alternatively,the incorpo-
ration of a modified base at the ambiguous position which allows
Watson-Crick base pairing with all four bases has been employed

[2,3].
From RNA codon-anticodon interaction it is known that ino-

sine is able to form base pairs with adenosine, cytidine,and
uridine [4,5]. These findings have been applied to 2'-deoxy-
inosine which was incorporated into oligonucleotides which were
then used as hybridization probes [2,3].

Due to the lack of the 2-amino group a dI-dC base pair is

less stable than dG-dC [6]. As a consequence oligomers con-

taining 2'-deoxyinosine exhibit a lower melting temperature when
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used in hybridization probes [21. Therefore, it is of interest
to search for other 2'-deoxyinosine analogues which can give rise
to an enhanced base pair stability or have other advantages over

2'-deoxyinosine.
In order to study this problem in detail we decided to

synthesize novel phosphoramidites of 2'-deoxyisosteres of 2'-

deoxyinosine. The protecting groups of these new phosphoramidites
were actually the same as those of regular 2'-deoxynucleosides
so that they can be used in automatic DNA-synthesizers.

In the following we present the synthesis of such phosphor-
amidites and their incorporation into alternating d(G-C) duplexes.
Furthermore, we compare thermodynamic data of several hexamers
containing such an ambiguous base.

RESULT AND DISCUSSION

Recently we have reported on the synthesis of the two novel
deoxyinosine isosteres 4a [7] and 4b [8]. One is the deoxyribo-
furanoside of allopurinol the other of 7-deazahypoxanthine. The
nucleosides 4a and 4b have been synthesized via the stereo-

selective glycosylation procedure which was developed in our

laboratory [9,101 on the basis of earlier observations on the
equilibration of halogenose (11,12] employed in nucleoside syn-
theses [131. As key intermediates 4-methoxy-1H-pyrazolo[3,4-dJ-
pyrimidine and 4-methoxy-2-methylthio-7H-pyrrolo(2,3-dI pyrimi-
dine have been used in a phase-transfer glycosylation reaction
[7,8]. The original low glycosylation yield of the latter due
to the loss of protected nucleoside during crystallization has
now been increased to 56 % of the toluoylated glycosylation
product employing phase-transfer techniques under the following
conditions: 4-methoxy-2-methylthio-7H-pyrrolo[2,3-d]pyrimidine
(500 mg) was dissolved in dichloromethane (30 mL) in the pre-
sence of tetrabutylammonium hydrogen sulfate (70 mg). After
addition of 50 % aqueous NaOH (5 mL) 1-chloro-2-deoxy-3,5-di-
0-(p-toluoyl)-a-D-erythropentofuranose (1.47 g) [14] in dichloro-
methane (10 mL) was gradually added under thorough mixing with
an Ultra-Turrax dispersion apparatus for 5 min. The work-up was

the same as originally described [8].
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The purine- and the pyrazolo[3,4-d]pyrimidine 2'-deoxyribo-

furanosides exhibit very similar UV absorption maxima in water

(4a: max 250 nm, c8300; 4c:A max 248 nm, £ 13000). The spectrum
of 4b was bathochromically shifted by about 10 nm (4b:A max

260 nm,e 10000) which is a common feature of pyrrolo[2,3-d]-

pyrimidine nucleosides. The 13C NMR data of the nucleosides are

almost identical to the non-base moieties (Table 1). According

to the amount and positioning of the nitrogens in the nucleo-

sides 4a-c these compounds exhibit different mobilities on TLC

(silica gel, E): Rf(4a) 0.45; (4b) 0.4; (4c) 0.2. These values

indicate that compound 4c (dI) is the most hydrophilic nucleo-

side of the three different isosteres whereas dc7I (4b) and
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Table 1: 13C NMR shifts of inosine derivatives in Me2SOd6a);
the first carbon number relates to pyrazolo[3,4-d]pyrimidine-,
the second (in paranthesis) to pyrrolo[2,3-d]pyrimidine- and
the third [in brackets] to purine numbering.

C-6 C-7a C-3a C-4 - C-3
(2) (7a) (4a) (4) (6) (5)
[2] [4] [51 [6] [8] -

4a 148.1 153.3 106.2 156.8 - 134.9

4b 143.7 147.4 108.4 158.2 120.7 102.5

4c 145.4 147.6 124.4 156.2 138.2 -

5a 147.9 152.2 106.1 156.7 - 134.6

5b 143.5 147.1 108.3 157.9 120.3 102.3

5c 145.1 147.7 124.5 156.2 138.2 -

C-i' C-2' C-3' C-4' C-5 OCH 3

4a 84.0 38.1 70.9 87.7 62.3 -

4b 83.2 40.2 71.0 87.4 62.0 -

4c 83.5 39.8 70.4 87.8 61.5 -

5a 83.8 38.1 70.6 85.4 64.1 54.7

5b 82.8 40.4 70.6 85.3 64.0 54.9

5c 83.4 39.9 70.4 85.8 63.8 54.8

a)Chemical shifts (6) are relative to tetramethylsilane as
internal standard, signals of DMT-residues are not shown.

dc7z8I (4a) show similar hydrophobic behaviour.
A common feature of the deoxynucleosides 4a-c is their

identical pyrimidine ring structure. It can be therefore expec-

ted that 4a and 4b will show the same ambiguity as 2'-deoxy-
inosine with respect to base pairing. However, the interchange

of nitrogens as in compounds 4a and 4c or the lack of one

nitrogen as in compound 4b, can alter interactions between

adjacent bases in a DNA fragment both in the single-stranded

form and in the duplex structure. Moreover, the different polar-

ity of these bases can influence the amount of tightly bound

water to oligomers containing these 2'-deoxyinosine derivatives

[15].
In order to study these phenomena and to show the effec-

tiveness of the phosphoramidites in oligonucleotide synthesis,
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we decided to synthesize hexamers with an alternating d(G-C)-

sequence in which one of the novel nucleosides replaced a

2'-deoxyguanosine. From the thermodynamic data of d(GCICGC),
d(GCc7ICGC) as well as of d(GCc7z8ICGC) and from comparison
with d(G-C) it should be possible to decide which of the novel3
2'-deoxyinosine isosteres has advantages over 2'-deoxyinosine.

As a result of recent advances in oligonucleotide synthesis
such as the use of solid supports and the application of phos-

phoramidite methodology (161, the synthesis of the phosphorami-
dites 1 and 2 was a prerequisite. For the synthesis of the known
phosphoramidite 3 [17] the conditions of preparation were

studied and spectroscopic data were evaluated. In order to em-

ploy the nucleosides 4a-c in DNA-synthesizers their protecting
groups had to be compatible with those of regular 2'-deoxy-
nucleosides. The DMT-residue was therefore chosen for 5'-OH pro-

tection. This was achieved in pyridine solution with an excess

of 4,4'-dimethoxytrityl chloride in the presence of 4-dimethyl-

aminopyridine. The tritylated compounds 5a and 5b were purified

by flash chromatography [18] with dichloromethane-acetone. In

the case of 5c flash chromatography was omitted due to the imme-
diate crystallization of 5c from the reaction mixture by addi-
tion of a small volume of dichloromethane. As shown in Table 1

the DMT-derivatives exhibit very similar chemical shifts for the

non-base moiety in the l3C NMR spectrum. The downfield shift of
C-5' and the upfield location of C-4' of compounds Sa-c in rela-

tion to the unprotected nucleosides 4a-c confirm OH-5'-dimethoxy-
tritylation in all three cases. The purity of the materials was

confirmed by TLC and elemental analysis.
The conversion of the protected nucleosides 5a-c into the

phosphoramidites 1-3 followed a procedure which was originally
developed by Caruthers for regular nucleosides [19]. The phos-
phitylation was carried out using an equimolar ratio of chloro-
diisopropylaminomethoxyphosphine in anhydrous acetonitrile in
the presence of N-ethyldiisopropylamine. Under these conditions
the reaction was complete after one hour and the products were

purified from starting material by flash chromatography (silica-
gel 60H, solvent D). The materials of the main zone were isola-
ted as amorphous solids exhibiting signals at 150.01 ppm for
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compound 1, 149.8 ppm for 2 and 150.25 ppm for 3 in the 31p NMR

spectrum. Table 2 shows the 1H NMR chemical shifts of the phos-
phoramidites 1-3, confirming their structure. Since all three

phosphoramidites exhibit the same structure for the non-base
moiety it was expected, that the chemical shifts of this part
of the molecule would not differ significantly. As can be seen

from Table 2 this is the case for the signals of 2'-H/5'-H and

for those of the phosphoramidite residue. However, the H-1' sig-
nals exhibit differences in shielding; in particular,the chemical
shift of the purine compound 3 differs from those of the iso-
steres 1 and 2, indicating that the different nucleobases influ-
ence the anomeric centre of the molecule. All three phosphorami-
dites exhibit two peaks due to the diastereoisomeric location of

Table 2: 1H NMR chemical shifts of the phosphoramidites 1-3
in CDCl3.

f1 2 3

CH3- 1.15 (m, 6H) 1.15 (m, 6H) 1.13 (m, 6H)
diisopropyl
H-C(2') 2.46 (m, 2H) 2.56 (m, 2H) 2.66 (m, 2H)
CH3O-P 3.28 (d, 3H, 3.28 (d, 3H, 3.29 (d, 3H,

J = 13 Hz) J = 13 Hz) J = 13 Hz)
3.37 (d, 3H, 3.37 (d, 3H, 3.37 (d, 3H,
J = 13 Hz) J = 13 Hz) J = 13 Hz)

H-C(5') 3.24 (m, 2H) 3.26 (m, 2H) 3.26 (m, 2H)
CH- 3.55 (m, 1H) 3.55 (m, 1H) 3.56 (m, 1H)
diisopropyl
CH30 3.73 (s, 6H) 3.75 (s, 6H) 3.74 (s, 6H)
H-C(4') 4.27 (m, 1H) 4.22 (mi 1H) 4.29 (m, 1H)
H-C(3') 4.80 (m, 1H) 4.67 (mi 1H) 4.68 (m, 1H)
H-C(1') 6.70 (m, 1H) 6.63 (m, 1H) 6.38 (m, 1H)
arom. H 6.64-7.4 (m) 6.75-7.4 (m) 6.74-7.3 (m)
H-C(3/5/7) 7.96 (s, 1H) 6.64 (m, 1H)
H-C(6/2/2) 8.01 (s, 1H) 7.89 (s, 1H) 8.01 (s, 1H)
H-C(2/6/8) 7.13 (m, 1H) 7.93 (s, 1H)

Chemical shifts (6) are relative to tetramethylsilane as inter-
nal standard.
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the P-OCH3 groups. These signals are further split by the 3J-
phosphorus-proton coupling with a coupling constant of 13 Hz.

The phosphoramidites 1-3 are fairly stable compounds and can be

stored as solid foams for months.

The incorporation of compounds 1-3 into the oligomers 12b-d

followed a method which has been already used in the synthesis
of the hexamer d(c7GpC)3 [20]. As solid support the modified

silica gel 8, carrying 5'-dimethoxytritylated cytidine via an

alkaline labile succinate-glycine linker, was used. Two glycine
residues were inserted between the 3-aminopropylsilyl-functio-
nalized macroporus silica and the 3'-succinyl residue in order

to ensure a high coupling yield during the first oligomerization
step [21]. Five alternating reaction cycles, beginning with the

phosphoramidite 7 and continuing with the amidite 6 were carried
out for the synthesis of the protected hexamer 9a. In the case

of the oligomers 9b, 9c, and 9d the third reaction cycle was

passed through by using the phosphoramidites 1, 2, or 3, instead
of 7. After deacylation and demethylation the purification of the

o 0 0 0 0
iBu 11 Bz 11' Bz 1t iBu BzDMT-dG -P-dc -P-dN-P-dc -P-dG -P-dc -Suc-Gly-Gly-ApSi

I I I I
OCH3 OCH3 OCH3 OCH3 OCH3

9a-d

DMT-d(GiBupcBzpNpcBzpGiBupcBz)-Suc-Gly-Gly-ApSi

lOa-d

DMT-d(GpCpGpCpGpC) DMT-d(GpCpc z8IpCpGpC)

lla llb

DMT-d(GpCpc7IpCpGpC) DMT-d(GpCpIpCpGpC)

llc lld

d(GpCpGpCpGpC) d(GpCpc7z8IpCpGpC) d(GpCpc7IpCpGpC) d(GpCpIpCpGpC)

12a 12b 12c 12d

N = position of modification
c7z8I = allopurinol 2'-deoxyribofuranoside

c7I = 7-deaza-2'-deoxyinosine
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Figure 1. HPLC elution profiles of the purified oligomers 12a
(a, gradient III), 12b (b, gradient IV), 12c (c, gradient IV),
and 12d (d, gradient IV) and the enzymatically hydrolysed oli-
gomers 12a (e, solvent I), 12b (f, solvent I), 12c (g, solvent
I) and 12d (h, solvent II). Digestion was performed with snake
venom phosphodiesterase followed by alkaline phosphatase (see
Experimental Section).

DMT-protected oligomers lla-d was accomplished by reverse-phase
HPLC (see experimental conditions). Removal of the DMT-residues
occured upon treatment with acetic acid for 20 min. The result-

ing oligomers 12a-d were purified again by reverse-phase chroma-

tography and obtained in the following yields: 12a (18%), 12b
(16%), 12c (20%) and 12d (13.5%). Figure la-d show the HPLC-

pattern of the oligomers 12a-d. The structure of the oligomers
was confirmed by hydrolysis with snake venom phosphodiesterase
followed by alkaline phosphatase (see Figure le-h). Quantifica-
tion of the nucleoside content was made on the basis of the ex-
tinction coefficients at 260 nm (see experimental procedures).
The values obtained by this calculation confirmed the contents

expected according to the structures of 12a-d.
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Figure 2. Normalizld melting profiles of (a) d(GpCpc7z8IpCpGpC)
(12b), (b) d(GpCpc IpCpGpC) (12c),and (c) d(GpCpIpCpGpC) (12d)
in H20, containing 1.0 M NaCl, 0.1 M MgCl2, and 60 mM Na-cacody-
late at pH 7.0. Strand concentration was 20 AM, At/Aiis the ra-
tio of absorbance at 280 nm at a given temperature (t) to the
initial temperature (i).

Melting profiles and thermodynamic data.
In order to confirm that the oligomers 12b-d form duplexes

under appropriate conditions melting profiles were determined in

aqueous 0.1 M NaCl in the presence of 60 mM sodium cacodylate

and 0.1 M MgCl2. As Figure 2 shows, cooperative melting was ob-

served for these oligomers indicating that a helix-coil transi-
tion takes place. As expected, all three oligomers exhibited a

lower T than that of [d(GpC)3]2 (Tm= 460C) at 20 AM oligomer
concentration. It is interesting to note that the Tm of

[d(GCc7ICGC)]2 is lower (23 C) than that of [d(GCICGC)]2 (270C).
However, the oligomer [d(GCc z ICGC)] 2 containing allopurinol

2'-deoxyribofuranoside shows an increased Tm value (30°C) com-

pared to the parent purine compound (27 C). To obtain a more

complete picture of the melting process, the Tm values were

measured at different sodium chloride concentrations. These data

are summarized in Table 3 and show that a high sodium chloride
concentration reduces the melting temperature for all four oli-

gomers [22]. Due to the low melting temperature of the modified
oligomers a full set of data could be only obtained up to a

concentration of 3 M sodium chloride. Various reasons can ac-
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Table 3: Melting temperatures of the hexamers 12a-d in water
containing 0.1 M MgC12 and 60 mM Na-cacodylate at various NaCl
concentrations, helix coil transitions were measured at 280 nm.a)

T ( 0C)m

1.0 2.0 3.0 4.0 5.0 M NaCl

12a 46 43 41 37 34

12b 30 26 22 19 -

12c 23 21 17 -

12d 27 24 21 17

a)oligomer concentration was 20 AM.

count for this decrease in the melting temperature. A high con-

centration of salt ions can remove tightly bound water from the

duplexes by solvation. Also salt ions can compete with the pro-

ton acceptor- and donator substituents of Watson-Crick base

pairs causing a break of hydrogen bonds. From the data of Table
3 it can also be concluded that an increase of the salt concen-

tration has a similar effect on the structure of all four oligo-
mers. According to earlier findings [23,24] that the octamerd(GC)4
does not show a B - Z transition at high salt concentration we

expected a similar behaviour for the hexamers (12a-d). Prelimi-

nary CD-experiments (data not shown) support this interpretation.
In order to determine thermodynamic data of the oligomers

12a-d the concentration-dependent changes of the Tm-values were

measured . The concentration was determined spectrophotometri-
cally at 260 nm using the following extinction coefficients for

the monomers: dG (11700), dC (7300), dc7I (10000), dc7z8I (6500),
and dI (7700). Summation of these values according to the se-

quence and correction by the hyperchromicity values yielded the
actual extinction coefficients of the oligomers which were then

used for the determination of the concentrations.
There are several different ways to analyse the Tm values

of the oligonucleotides in order to obtain thermodynamic para-
meters. A common procedure is the measurement of the Tm value

as a function of oligomer concentrations [25]. We have measured
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Figure 3. Plot of i/Tm vs. log c for the oligomers 12a (S-@),
12b (A-A), 12c (M-U),and 12d (0-0) in H20. All solutions con-
tain 1.0 M NaCl, 0.1 M MgCl2,tand 60 mM Na-cacodylate, pH 7.0.

the Tm values of 12a-d at about 8 different concentrations with-

in a range of 10 - 250 AM. Reciprocal Tm values have then been

plotted vs. log of oligomer concentration. Figure 3 shows a

graph obtained from the oligomers 12a-d. This graph allows the

calculation of the enthalpy AH from the slope and the entropy

AS from the intercept for each particular oligomer according to

equation (i): l/TM = 2.3 R log(c)/AH + AS/AH [26, 27, 28].
The energetic contributions to AH from duplex formation comes

both from hydrogen bonding and from stacking interactions with

adjacent base pairs. Since the difference in Tm values between

two different oligomers is proportional to the free energy

difference AAG between the two duplexes, the AAG values can be

calculated according to equation (ii): AAG = 2.3 RT Alog(c) [29].
The principal here is that RT times the difference in the log-
arithm of total concentration results in the same Tm for the

two different oligomers.
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Table 4: Enthalpy and entropy values for double helix formation
and data of hypochromicity of the hexamers 12a-d

Compd. T ( C)a) AH AS AG b) H (%)
m kcal/mol cal/mol-deg kcal/mol (280 nm)

12a 46 -65 -183 - 37

12b 30 -45 -129 -3.2 19

12c 23 -41 -118 -3.9 17

12d 27 -51 -149 -3.6 18.5

a) oligomer concentration was 20 FM; b) the values were. calcu-
lated at 42 °C.

The free enthalpy change (MAG) between the oligomer 12a and

the hexamers 12b-d (Table 4) reflects the stability of these

different duplexes in the environment of the aqueous buffer so-

lution and is directly related to the melting temperature. Due

to the different slopes of the curves of Figure 3 the calculated

values were all taken at a temperature of 42 0C. The enthalpy
change for the transition of the duplex to the single-stranded
form is most pronounced for the purine/pyrimidine oligomer
d(GC)3. Our AH value obtained from the melting of the oligomer
12a and determined in the presence of 0.1 M MgCl2 (Table 4) is

higher than that in the absence of Mg2+ ions [27, 28]. As one

would expect the corresponding purine/pyrimidine oligomer

d(GCICGC), lacking one exocyclic 2-amino group exhibits a much

lower enthalpy value. According to Table 4 some of the enthalpy
values do not correspond to the melting temperatures. As can be

seen,the oligomer 12b containing allopurinol 2'-deoxyribofurano-
side has a lower AH value compared to that containing 2'-deoxy-
inosine,but exhibits a higher melting temperature. This clearly
indicates that the entropy term plays an important part in the

process of duplex formation of 12b-c. From the AS values of
Table 4 which are obtained according to equation (i) it can be

immediately seen that the oligomer 12c which contains the most

hydrophobic inosine isostere (4b) exhibits the lowest AS value.
The oligomers 12b and 12d which have two polar nitrogen atoms

either at N-7/9 or N-8/9 show higher values. The low value of

12c compared to 12d may be due to a reduced amount of tightly
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bound water to this hydrophobic oligomer both in the single-

stranded form and in the duplex state of 12c. From the data of

Table 4 it can be also concluded that the relatively large AH

value together with a relatively large AS term accounts for the

high melting temperature of the oligomer 12b, containing allo-

purinol 2'-deoxyribofuranoside as ambiguous nucleoside.

Our findings demonstrate that the phosphoramidite 1 may be

an useful synthon for the preparation of oligodeoxynucleotides

employed as hybridization probes. It should be also emphasized

that the phosphoramidite 2 has a built-in stability of its

N-glycosylic bond. As could be shown from hydrolysis experiments
the deoxynucleoside 4b is not even cleaved in 1 N hydrochloric

acid at elevated temperature [30]. This finding can be related

to the fact that repair enzymes acting via transglycosylation

also do not cleave the glycosylic bond of 4b in high molecular

DNA [31]. As a result the phosphoramidite 2 is not only a syn-

thetic building block for incorporation of an ambiguous base in-
to DNA,but it has the extra potential of minimizing enzymatic

repair.

EXPERIMENTAL SECTION

Elemental analyses were performed by Mikroanalytisches La-

bor Beller (Gottingen, FRG). NMR spectra were recorded on a

Bruker WM 250 spectrometer; values are in ppm relative to tetra-

methylsilane as internal standard ( 1H and 13C) or to external

85% phosphoric acid (31P). Chemical shifts are positive when

downfield from the appropriate standard. UV spectra were recor-

ded on a Uvicon 810 spectrometer (Kontron, Switzerland). Thin-

layer chromatography (TLC) was performed on silica gel SIL G-25

UV254 plates (Macherey-Nagel, FRG). Flash chromatography was

performed with silica gel 60H (Merck, FRG) at 0.9 bar (N2).
Solvent systems for TLC: (A) CH2C12-acetone (9:1), (B) CH2Cl2-
acetone (7:3), (C) CH2Cl2-acetone (1:1), (D) CH2Cl2-ethylacetate-
triethylamine (45:45:10), (E) CHC13-CH3OH (85:15). Pyridine and

N-diisopropylethylamine were distilled from KOH and stored over

4R molecular sieves. Dioxane was filtered through a bed of alu-

minium oxide (Woelm basic, grade I). Dichloromethane was dis-

tilled from P205 and then redistilled from CaH2' Acetonitrile
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was predried with K2co3 and then distilled from CaH2. Tetrazole,

4-dimethylaminopyridine and trichloroacetic acid were subli-

mated under reduced pressure. Snake venom phosphodiesterase

(EC 3.1.16.1., Crotallus durissus) and alkaline phosphatase

(EC 3.1.3.1., E.coli) were products of Boehringer (Mannheim, FRG).

2'-Deoxycytidine and 2'-deoyxguanosine were purchased from

Pharma-Waldhof (FRG). 2'-Deoxyinosine was purchased from Sigma

(St. Louis, USA). Fractosil (50 jmol of immobilized protected

2'-deoxynucleoside/g of solid support) was purchased from Bio-

syntech (FRG).
Melting experiments. The melting experiments were carried

out in a thermostatically controlled cell holder with a Shimadzu

210-A spectrophotometer connected with a Kipp & Zonen BD 90

recorder. The increase of absorbance at the appropriate wave-

length as a function of time was recorded while the temperature

of the solution was increased linearily with time at a rate of

20°C/h using a Lauda PM-350 programmer and a Lauda RCS 6 bath

equipped with a R 22 unit (MGW Lauda, FRG). The actual tempera-

ture was measured in the reference cell with a Pt-resistor. The

melting curves of Figure 2 and the salt-dependent experiments
were measured in Teflon-stoppered cuvettes with 1 cm light path

length. The melting temperatures at various oligomer concentra-

tions were determined in cuvettes with 0.2 cm light path length.

HPLC separation. High performance liquid chromatography

was carried out on a 4x250 mm (10 am) RP-18 LiChrosorb column

(Merck) using a LKB HPLC apparatus with two pumps (model 2150), a

variable wavelength monitor (model 2152), and a controller (model
2151), connected with an integrator (Hewlett Packard 3390A). The

solvent systems and gradients consisting of 0.1 M triethylammo-
nium acetate,pH 7,(A) and acetonitrile (B) were used in the

following order: gradient I: 10 min (25-40 % B), 5 min (40 % B);
gradient II: 15 min (20-35 % B), 5 min (35 % B); gradient III:

10 min (10-20 % B); gradient IV: 10 min (10-25 % B); flow rates

of gradients I-IV: 1 mL min 1. Solvent I: 6 % B, flow rate: 0.7

mL minm ; solvent II: 6 % B, flow rate: 0.4 mL min 1.
Mini-reactor for oligonucleotide synthesis. Solid-phase

synthesis was carried out in a HPLC LiChroCart-cartridge (25-4).

This cartridge was placed into a manu-fix 25-4 device (Merck,
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Darmstadt, FRG),equipped with a male and female Luer adapter.

The unit can then be connected with a syringe and a needle.

Determination of hypochromicity. The hypochromicity was

calculated by the formula: H = (e -e )/e x 100monomer polymer monomer
by enzymatic cleavage. The oligomer was digested with snake

venom phosphodiesterase in TRIS-HC1 buffer (0.1 M, pH 8.5).

Hypochromicity was calculated from the absorbance before and

after the cleavage.

1-(B-D-2'-Deoxy-erythro-pentofuranosyl)-5'-O-(4,4'-di-
methoxytrityl)-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one
(dc7z8I, 5a). Allopurinol 2'-deoxyribofuranoside (4a) (100 mg,

0.4 mmol) [7] was dried by coevaporation with anhydrous pyridine.
The material was dissolved in pyridine (30 mL), 4-dimethylamino-

pyridine (27 mg, 0.2 mmol) and 4,4'-dimethoxytritylchloride (270

mg, 0.8 mmol), dissolved in dioxane (10 mL),were added and the

solution was stirred for 2 h under nitrogen at room temperature.

The reaction was monitored by TLC (silica gel, solvent C). To

the solution 5 % aqueous potassium hydrogen carbonate (50 mL)
was added and the resultant was extracted three times with di-

chloromethane (100 mL). The combined organic layers were dried

with sodium sulfate, filtered,and the solvent was evaporated.

The residue was applied to a 9x3 cm column (silica gel 60H, sol-

vent B) and separated by flash chromatography. Isolation of the

material of the main zone yielded colorless, amorphous 5a (150
mg, 68 %). TLC (silica gel, solvent C) Rf 0.75; UV (methanol)
xmax 235, 265 nm (e 26200, 11100); 1H NMR (Me2SO-d6) 6 2.27

(1H, m, H-2'a), 2.76 (1H, m, H-2'b), 3.05 (2H, m, H-5'), 3.71

(6H, s, 2 OCH3), 3.94 (1H, m, H-4'), 4.52 (1H, m, H-3'), 5.32

(1H, d, OH-3', J = 4.5 Hz), 6.55 (1H, dd, H-l', J = 3 Hz),
6.73 - 7.32 (m, arom. H), 8.07 (1H, s, H-3), 8.15 (1H, s, H-6).
Anal. Calcd. for C31H30N406 C, 67.14; H, 5.45; N, 10.10.

Found: C, 67.18; H, 5.44; N, 10.20.

7-(B-D-2'-Deoxy-erythro-pentofuranosyl)-5'-0-(4,4'-di-
methoxytrityl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one
(dc7I, 5b). The synthesis of compound 5b was carried out in the

same way as described for 5a. Compound 4b (250 mg, 1 mmol) [8]
was reacted with 4,4'-dimethoxytritylchloride (670 mg, 2 mmol)
in the presence of 4-dimethylaminopyridine (65 mg, 0.5 mmol) in
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anhydrous pyridine. Compound 5b (450 mg, 81 %) was obtained as

colorless,amorphous material. TLC (silica gel, solvent C) Rf
0.55; UV (methanol)Amax 235, 260 nm (e 24700, 15200) 1 NMR

(Me2SO-d6) 6 2.11 (1H, m, H-2'a), 2.29 (1H, m, H-2'b), 3.14 (2H,
m, H-5'), 3.72 (6H, s, 2 OCH3), 3.93 (1H, m, H-4'), 4.34 (1H, m,

H-3'), 5.35 (1H, d, OH-3', J = 4.4 Hz), 6.49 (1H, dd, H-1', J =

3.7 Hz, J = 7.2 Hz), 6.51 (1H, d, H-5, J = 3.6 Hz), 6.82 - 7.39

(m, arom. H), 7.18 (1H, d, H-6, J = 3.5 Hz), 7.9 (1H, s, H-2),
11.98 (1H, s, NH). Anal. Calcd. for C32H31N306: C, 69.43;
H, 5.64 ;N, 7.59. Found: C, 69.25; H, 5.76; N, 7.40.

2'-Deoxy-5'-O-(4,4'-dimethoxytrityl)-inosine (dI, 5c). The

synthesis of 5c followed the same route as described for com-

pound 5a. Purification employing flash chromatography was

omitted. Instead compound Sc was isolated from the oily reaction
mixture by addition of a small volume of dichloromethane. By

using 4c (250 mg, 1 mmol) and 4,4'-dimethoxytritylchloride (670

mg, 2 mmol) in the presence of 4-dimethylaminopyridine (65 mg,

0.5 mmol) colorless 5c (430 mg, 77 %) was obtained. TLC (silica
gel, solvent C) Rf 0.25 UV (methanol) A max 236, 275 nm (e 30000,

7800) H NMR (Me2SO-d6) 6 2.31 (1H, m, H-2'a), 2.76 (1H, m,

H-2'b), 3.16 (1H, m, H-5'), 3.72 (6H, s, 2 OCH3), 3.98 (1H, m,
H-4'), 4.42 (1H, m, H-3'), 5.37 (1H, m, OH-3'), 6.33 (1H, m,

H-1'), 6.77 - 7.33 (m, arom. H), 7.99 (1H, s, H-8), 8.19 (1H, s,
H-2). Anal. Calcd. for C31H30N406: C, 67.14; H, 5.45; N, 10.10.
Found: C, 67.06 ; H, 5.49; N, 10.18.

General procedure for the preparation of the phosphorami-
dites 1-3. The 5'-tritylated nucleoside was dissolved in anhy-
drous acetonitrile (5 mL) in a round bottom flask preflushed
with argon. Chlorodiisopropylaminomethoxyphosphine and diisopro-
pylethylamine were added by a syringe to the solution kept under
argon at room temperature. After 1 h the solution was added to
5 % aqueous potassium hydrogen carbonate (50 mL) and extracted
three times with dichloromethane. The organic layer was dried
over anhydrous sodium sulfate and evaporated, yielding a foam.
This product was purified by flash chromatography on silica gel
60H (column 10 x 3 cm, solvent D) affording the colorless, amor-
phous phosphoramidite.
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1-(B-D-2'-Deoxy-erythro-pentofuranosyl)-3'-O-[(N,N-diiso-
propylamino)methoxyphosphino]-5'-0-(4,44'-dimethoxytrityl)-1,5-
dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one (1). The reaction of

5a (300 mg, 0.55 mmol) with chlorodiisopropylaminomethoxyphos-
phine (0.12 mL, 0.6 mmol) in the presence of diisopropylethyl-

amine (0.35 mL, 1.65 mmol) yielded colorless, amorphous 1 (220

mg, 56 %). TLC (silica gel, solvent D) Rf 0.15 ; 31P NMR (CDC13)
6 150.01 ppm.

7-(B-D-2'-Deoxy-erythro-pentofuranosyl)-3 '-0- [ (N, N-diiso-

propylamino)methoxyphosphinol-5'-0-(4,4'-dimethoxytrityl)-3,7-
dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one (2).The preparation of

2 was identical to the synthesis of 1. Compound 2 (200 mg, 51 %)

was obtained as colorless foam. TLC (silica gel, solvent D) Rf

0.3; 31 P NMR (CDC13) 6 149.8 ppm.

2'-Deoxy-3'-O-[(N,N-diisopropylamino)methoxyphosphino]-5'-
0-(4,4'-dimethoxytrityl)-inosine (3). Using the starting material

Sc (300 mg, 0.55 mmol) and following the same route as described

for 1,colorless, amorphous 5c (200 mg, 51 %) was obtained. TLC

(silica gel, solvent D) Rf 0.1; P NMR (CDC13) 6 150.25 ppm.

Solid-phase synthesis of the oligomers 12a-d. A mini reac-

tor was charged with 50 mg of the modified silica gel 8 contain-

ing 50 gmol immobilized 2'-deoxynucleoside/gram of solid sup-

port. The following reaction cycle was used for oligomerization:

(1) Detritylation by addition of 10 mL of a 3 % solution of tri-

chloroacetic acid in dichloromethane for 5 min.; (2) washing step

with dichloromethane (10 mL) and acetonitrile (5 mL); (3) drying
with argon for 5 min; (4) coupling with a 20-fold excess of nuc-

leoside phosphoramidite in 0.6 mL of a 0.1 M solution of tetra-

zole in abs. acetonitrile for 15 min; (5) washing step with di-

chloromethane (5 mL); (6) capping of unreacted hydroxyl groups

by addition of 2 mL of a mixture (1:1, v/v) of (a) dimethylami-
nopyridine (600 mg) in abs. tetrahydrofurane (10.7 mL) and (b)
acetic acid anhydride/tetrahydrofurane/2,6-lutidine (8:1:1,
v/v/v) for 5 min; (7) washing step with dichloromethane (5 mL)
and tetrahydrofurane/pyridine/water (40:20:1, v/v/v, 1 mL); (8)
oxidation by addition of a 0.1 M solution of iodine dissolved in

tetrahydrofurane/pyridine/water (40:20:1, v/v/v, 1 mL) for 1 min;

(9) washing step with tetrahydrofurane/pyridine/water (40:20:1,
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v/v/v, 5 mL), tetrahydrofurane (5 mL),and dichloromethane
(10 mL). Step 9 completed the addition of one nucleoside. The

oligomer was then elongated by beginning at step 1. The last re-

action cycle ends at washing step 9 omitting the capping proce-

dure at step 6. After drying with argon for 10 min,the reactor

was supplied with thiophenol/triethylamine/dioxane (1:1:2, v/v/v)
for demethylation and rotated for 90 min. After washing with

methanol (20 mL) and diethylether (20 mL) the polymer support
was poured into 50 mL of a 25 % solution of ammonia in water and

treated for 16 h at room temperature. The solution was then

decanted from the solid support and the base-protecting groups

were removed by storing at 60 °C for 10 h. After filtration the

solution was concentrated to 1 mL and the dimethoxytritylated
oligomers lla-d were purified by reverse-phase HPLC using the

gradients I or II. The collected fractions containing the 5'-

protected oligomers (second main zone) were evaporated and the

dimethoxytrityl residue was completely removed by treatment with
80 % acetic acid (5 mL) for 30 min. The acid was then removed by
evaporation under reduced pressure. The residue was dissolved in
5 mL of water and the solution was extracted with diethylether
(5 mL) for 5 times. After lyophilisation the hexamers 12a-d
were obtained as triethylammonium salt. The purity was checked
by HPLC using acetonitrile - 0.1 M triethylammonium acetate as

the eluting buffer (Figure 1). The purified products were dis-
solved in 1 mL of water and stored frozen at -20 0C.

Hydrolysis of the nucleotide oligomers with snake venom

phosphodiesterase. The nucleotide oligomer (about 1 A260 unit)
was dissolved in 1 mL of a 0.1 M TRIS-HC1 buffer pH 8.5 and
treated with snake venom phosphodiesterase (5 gg) for 2 h at
37 °C. After further incubation with alkaline phosphatase (5 gg)
at 37 0C for 30 min the mixture was analysed by HPLC with solvent
I or II as eluent. Quantification of the material has been made
on the basis of the peak areas divided by the extinction coef-
ficients of the corresponding nucleosides (£ 260: dG 11700, dC
7300, dc I 10000, dc z I 6500, dI 7700).
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