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ABSTRACT

The synthesis and properties of oligodeoxynucleotides
(ODNSs) containing 2 '-O-(trifluoromethyl)adenosine (2)
are described. 2 '-O-(Trifluoromethyl)adenosine (2) or
NB-(benzoyl)-2 '-O-(trifluoromethyl)adenosine (6) was
obtained in 22 or 32% vyield by treating 2 '-O-[(methyl-
thio)thiocarbonyl]-3 ',5'-0-(1,1,3,3-tetraisopropyldisil-
oxane-1,3-diyl)(TIPDS)adenosine  (4) or N6, N6-(di-
benzoyl)-2 '-O-[(methylthio)thiocarbonyl]-3  ',5'-O-(TIPDS)-
adenosine (5), respectively, with pyridinium poly-
(hydrogen fluoride) in the presence of 1,3-dibromo-
5,5-dimethylhydantoin. Nucleoside 2 was incorporated
into DNA hexadecamers. ODNs that contained 2 reduced
the thermal stability of duplexes with their comple-
mentary DNAs but increased the thermal stability of
duplexes with their complementary RNAs. Furthermore,
ODNs containing 2 were slightly more resistant to snake
venom phosphodiesterase than an unmodified ODN.

INTRODUCTION

Many types of oligodeoxynucleotides (ODNs) that have beeg

dramatically increases the thermal stability of DNA/RNA
duplexes although it does not increase stability against nucleolytic
hydrolysis by nuclease®)( The stability of the duplex with a
2'-a-fluoro substitution could be due to the high electronegativity
of the fluorine atom, which shifts the conformational equilibrium
of the sugar to'3endo Shifting the conformation of the DNA
strand to 3endowill put it in a more RNA-like conformation and
will cause the hybridization properties to be more like those of an
RNA/RNA geometry.

Based on these findings, we envisioned that ODNs containing
2'-O-(trifluoromethyl)adenosine?] instead of 20-(methyl)-
adenosinel) may increase the thermal stability of duplexes with
their complementary DNAs and RNAs without reducing nuclease
stability (Fig.1).

In this paper, we demonstrate the synthesis of ODNs containing
2'-O-(trifluoromethyl)adenosine?}. The thermal stability of the
duplexes between these ODNs and their complementary DNA
and RNA strands and the stability of ODNs contairdragainst
nucleolytic digestion were also studied.

RESULTS AND DISCUSSION

nthesis

modified at their base, sugar or phosphodiester moieties have been

synthesized1(,2) and used for biological and biophysical studies;To synthesize ODNs containingy a 2-O-(trifluoromethyl)-
such as antisense studiés4). In particular, since we can easily adenosine phosphoramidite Uit needed. However, a method
introduce various substituents into tHep@sition of a nucleoside, for preparing2 has not been reported. Recently, Hiyarhal
ODN analogs containing variousrodified nucleosides have been reported that methyl xanthates R-OC(S)SMe are easily converted
synthesized and their biochemical and biophysical propertiésto trifluoromethyl ethers R-OGHby treatment with pyridinium
have been studied{22). Based on these studies, it is apparenpoly(hydrogen fluoride) (HF/pyridine) in the presence of 1,3-di-
that the affinity of ODNSs for their complementary DNA or RNA bromo-5,5-dimethylhydantoin (DBH) 28). Therefore, we
strands and the stability of ODNs against nucleolytic hydrolysiplanned to synthesiZusing Hiyama’'s method.

by nucleases, which are important factors for antisense molecules?’-O-[(Methylthio)thiocarbonylladenosine derivatid¢gwhich

are highly dependent on the properties of theuBstituents. For was a precursor d?, was obtained in 73% vyield by treating
instance, it has been reported tHaDzalkyl modifications such  3',5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3-diyl)adenosine

as 2-O-methyl and 20-allyl increase the thermal stability of [3',5-O-(TIPDS)adenosine]3j with n-BuLi, CS and Mel in
DNA/RNA hybrids as well as the stability of ODNs againstTHF at —78C (Scheme 1). The methyl xanth&eavas then

nucleolytic degradation by nucleasés-{,11-17). However,
2'-C-alkyl substituents such as@-methyl, 2-a-ethyl, 2-a-allyl

treated with HF/pyridine in the presence of DBH. The desired
2'-O-trifluoromethyl derivative2 was obtained in 22% vyield

and 2-B-methyl groups increase the stability of ODNs againsalong with 2,3-O-difluoromethylidene derivatived, which
nucleolytic degradation by '-8xonuclease, but reduce the would be derived via d 3 -cyclic thiocarbonate intermediate, in

thermal stability of DNA/RNA hybrids1(0,18). On the other
hand, Kawasakét al reported that the'2i-fluoro substituent

28% yield. On the other hand, whidhN6-dibenzoyl derivative
5, which was prepared by the reactiod @fith BzCl in pyridine,
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(Marriott’'s scale), 2.79 (Inamoto’s scale) and 3.97 (Mullay’s

N "He N e scale)] and OCHI[0.43 (Marriott’s scale), 2.82 (Inamoto’s scale)

¢ \JN ¢ \)N ar_1d 4.03 (Mullay’s scale)]2(7). Th_ese results were consistent

HO NN Ho NN with our results regarding the relative %N valuek @fand Ado.
° ° ODNs containin@ were synthesized on a DNA synthesizer by
. HO  OCF _the phosphoramidite methagi4. In this study? was incorporated
* : into a heptadecamer. The sequences of the ODN analogs
1 2 synthesized are shown in TalleThe average coupling yield of

8was 96% using a 0.12 M solution of the amidite i;CN with
a coupling time of 600 s. The fully protected ODNsu(tol)
Figure 1. Structures of modified nucleoside analogs. linked to the solid supports were treated with concentrated
NH4OH at 55C for 16 h and then subjected to C-18 column

] o ) chromatography; detritylation gave ODN&7{(2) in 20-77
was treated with HF/pyridine in the presence of DBFD2ri- 0D, units. Each of the resulting ODN analogs showed a single
fluoromethyl derivatives was obtained in 32% yield along with peak on reversed phase HPLC. Furthermore, ODMNmd 19
2',3-O-difluoromethylidene derivative0in 36% yieldN®-Ben-  \yere analyzed by electrospray ionization (ESI) mass spectrometry

zoyl derivative6 was used for the next reaction. To introdéce and the observed molecular weights supported their structures
into ODNs, the SOH group of6 was protected with a DMTr (\Materials and Methods).

group and the resulting was phosphitylated by a standard
procedure Z4) to give the nucleoside’-Bhosphoramidite in

81% yield. Thermal stability
Stable duplex formation with mRNA is one of the most important
NRIRE NHR! NHR' factors in antisense research. Thus, duplex formation by the
N SN NS <,N (N heptadecamerEl-21with the complementary RNA,-HUUG
AL ) A . N UAU UUG UUU UUC UJ-3 (22), was studied by thermal
,"7;0; e RO o . Koj denaturation in a buffer of 0.01 M sodium cacodylate (pH 7.0)
NS ) S 0_0 containing 0.01 M NaCl. One transition was observed in the
FOF melting profile of each duplex. Melting temperatuibg Yalues)
(IR =RE=R-H 2R'=R-RP-H o R'-H are listed in Tablé. The stability of duplexes containifigpr 2
s 2‘:22::'22;_“_30‘(2)55"‘; g, was dependent on the position and numbéraf2. Compared

with the control ODNL], ODNs12and17, which contained two
TIPDS - 11,3 teraisopropyldisioxane Oen molecules of or2 atthe 5end and near the-8nd of the strands,
13diyt slightly reduced the thermal stability of ODN/RNA duplexes. On
the other hand, ODNE3-16and18-21 which contained three
Scheme 1(a) (1) n-BuLi, CS,, THF, -78C, (2) Mel, -78C, then room  or four molecules df or 2, greatly increased the thermal stability
temperature, 73%; (b) BzCl, pyridine;@, then room temperature, 93%; of ODN/RNA duplexes. The duplexes became more stable as the
(c) HF/pyridine, DBH, CHClIy, —7§°(_2, then OC, 22 @) and 28%9) and 32 number of1l or 2 increased. TheATml [Tm(each ODN) _

(6) and 36%10); (d) DMTICI, pyridine, room temperature, 83%; (€) chloro- 1 control ODN11)] values for ODNs containing three or four
g:)gnogtf;xy)q,N-d||sopropylammo)phosphlne,N,N-dusopropylethylamlne, molecules ofl or 2 were 3.8-7.7C. Among the ODNSs that
222 B containedl, ODN 14, which contained four molecules bfat

intervals of three or four natural nucleosides, increased the

Before2 was introduced into ODNSs, the conformation of thethermal stability of ODN/RNA duplexes the ma&T¢,! = 6.2°C).
sugar moiety of2 was studied by'H NMR. The fractional On the other hand, among the ODNSs that conta?n@DN 20,
population of the N-conformer a® was calculated by the which contained four molecules@hear the 5end of the strand,
formula, %N <z 4/(J1 2 +J3 4) (25). Thedy » andJz 4 values  increased the thermal stability of ODN/RNA duplexes the most
of 2 were 6.1 and 2.7 Hz, respectively. Thus, the %N value wgAT,l = 7.7C). The AT2 [Tm(each ODN containing) —
estimated to be 31%. On the other hand, the %N values &f;(each ODN containing the same numbef)}fvalues were
2'-deoxyadenosine  (dAdo), adenosine  (Ado)  andalculated to compare the abilitiesloind?2 to stabilize duplex
2'-O-(methyl)adenosinel} have been reported to be 19, 36 andormation (Table1). Except for ODN19, the AT values
42%, respectively, based on an NMR stugl§).(Uesugiet al  increased as the numberdincreased. Therefore, nucleosiie
reported that there is a relatively good correlation between %has found to more efficiently stabilize duplex formation with the
and the group electronegativity of tHeo2substituentf6). These RNA than 1. Nucleoside2 most efficiently stabilized duplex
results imply that the group electronegativity of @Q@&-not very  formation when four molecules @fwere incorporated near the
large. Quite recently, we determined the group electronegativity &f-end of the strand (ODRO, ATy2 = 1.7°C).
the 3-OCF; substituent in ‘30-(trifluoromethyl)thymidine 27) The thermal stabilities of DNA/RNA duplexes containing
on the scales of Marriot28), Inamoto 29-32) and Mullay B3) nucleoside analogs with electronegative substituents at-the 2
from calibration graphs which correlated the group electronegativifyositions are often discussed on the basis ofj#hueheeffect
of various 3-substituents in'ZB-dideoxythymidine derivatives. between the electronegative substituents ehdf@he furanose
The group electronegativities of Og@Were calculated to be 0.38 ring (35-38). The electronegative substituent at tha position
(Marriott's scale), 2.64 (Inamoto’s scale) and 3.66 (Mullay’sshifts the conformational equilibrium of the sugar teei®do
scale), respectively, and were smaller than those of OH [0.4&hifting the conformation of the DNA strand tee®dowill put

8:R' =Bz, R* = DMTr, R® = —P-NiPro,
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Table 1.Synthesized ODNs and hybridization data

ODN-RNAS ODN-DNA%

ODNsP
Tn(°C) AT (°C)® AT2(°C)T  T,(°C) AT(°C)® AT2(°C)f

11 5'-AGA AAA ACA AAT ACA A-3' 59.8 - - 42.6 - -
12  5'-1GA AAA ACA AAT AC1 A-3' 57.2 -2.6 - 41.9 -0.7 -
13 5'-1GA AAA AC1l AAT AC1 A-3' 63.6 3.8 - 39.3 -3.3 -
14 5'-1GA AAl ACA AT AC1 A-3' 66.0 6.2 - 37.2 -5.4 -
15 5'-1GA 111 ACA AAT ACA A-3' 65.8 6.0 - 40.1 -2.5 -
16 5'-AGA AAA 1C1 11T ACA A-3' 64.4 4.6 - 38.0 -4.6 -
17 5'-2GA AAA ACA AAT AC2 A-3' ©57.4 -2.4 41.8 -0.8 -0.1
18 5'-2GA AAA AC2 AAT AC2 A-3' 64.2 4.4 39.1 -3.5 -0.2
19 5'-2GA AA2 ACA A2T AC2 A-3' 66.3 6.5 0.3 33.0 -9.6 -4.2
20 5'-2GA 222 ACA AAT ACA A-3' 67.5 7.7 33.9 -8.7 -6.2
21  5'-AGA AAA 2C2 22T ACA A-3' 65.4 5.6 30.0 "l2.6 -8.0

3Experimental conditions are described in Materials and Methods.

b1 and2 (Fig. 1).

€The complementary RNA:5[UUG UAU UUG UUU UUC U]-3 (22).

dThe complementary DNA:SI[TTG TAT TTG TTT TTC T]-3(23).

€ATp! = Ty(each ODN) -Ty(control ODN11).

fAT 2 = Tn(each ODN containing) — Tm(each ODN containing the same numbet)of

it in a more RNA-like conformation and will cause thethe thermal stability of the ODN/DNA duplex more than ODNs

hybridization properties to be more like those of an RNA/RNAcontainingl.

geometry. The ODNSs that containedtabilized duplex formation

with the complementary RNA more than those that contdined .. 1ar dichroism

although the group electronegativity of Og&smaller than that

of OCHa. Accordingly, factors other than tijaucheeffect also  To study the global conformation of duplexes, CD spectra of

seemed to contribute to the thermal stability of duplexeduplexes composed of ODNs containihgr 2 and either the

containing2. complementary DNAZ3) or RNA (22) were measured at 16.
Duplex formation by heptadecamdrs-21with the comple-  With DNA (23) as a complementary strand, the spectra of the

mentary DNA, 5d[TTG TAT TTG TTT TTC T]-3 (23), was  duplexes 11-23 15-23 and20-23 showed positive CD bands

next studied by thermal denaturation in a buffer of 5 mM sodiurat (282 nm and negative CD bands(248 nm, which were

phosphate (pH 7.0) containing 140 mM KCl and 1 mM MgCI attributable to B-like DNA conformation (Figa). Although the

One transition was observed in the melting profile of each dupleghapes of the spectra were similar to each other, the intensity of

Tm values are listed in Table All of the Ty, values for duplexes the positive and negative CD bands in the spectrum of the duplex

containingl or 2 were smaller than that of the control duplexcontaining2 was slightly less than that of the unmodified duplex

(42.6°C). Therefore, ODNs containin and2 decreased the (11-23 and the intensity of the positive CD band282 nm in

thermal stability of duplexes with the DNA. The stability of the spectrum of the duplex containthgras slightly greater than

duplexes was dependent on the number of modified nucleosidézat of the unmodified duplex.

The duplexes became less stable as the numbersanél 2 When RNA @2) was used as a complementary strand, the

increased. ThATq,! values for ODN44 and21 were 5.4 and  spectra of duplexed1-22 15-22and20-22 showed positive

—12.6°C, respectivelyAT2 values also became smaller as theCD bands af220 and 268 nm and negative CD band®a¥ and

number of2 increased. Therefore, nucleosiPlevas found to 246 nm (Fig.2b). Although the intensity of CD bands in the

destabilize ODN/DNA duplex more than nucleoside spectra of the duplex containi@gvas slightly less than that in the
When an ODN analog containidgr 2 forms a duplex with a  duplex containind and the unmodified duplex, the shapes of the

complementary DNA, methoxy and trifluoromethoxy groups ofspectra were similar to each other. Based on these results,

1 and2 should be accommodated in the minor groove, since theicleoside did not dramatically change the global conformation

2' position of a nucleoside is in the minor groove. The minopf ODN/DNA and ODN/RNA duplexes.

groove of a DNA/DNA duplex is known to be narrow and deep

(39). Therefore, methoxy and trifluoromethoxy groupd@ind  \clease resistance

2, which are partially incorporated into the ODNs instead of

dAdo, may not be well accommodated in the minor groove of th®everal studies have demonstrated thak8nuclease activities

ODN/DNA duplex. Furthermore, since a trifluoromethoxy groupwere the major cause of the degradation of unmodified ODNs in

is larger than a methoxy group, ODNs contairdimgight reduce  serum. We examined the stability of ODNs contairfirsgyainst
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Figure 2.CD spectra of ODN/DNA and ODN/RNA duplexes at@5n 5 mM sodium phosphate (pH 7.0) containing 140 mM KCl and 1 mM MgODDN/DNA
duplexes and 10 mM sodium phosphate (pH 7.0) containing 10 mM NaCl for ODN/RNA du@pd3N/DNA duplexes: (—11-23 (- - -) 15-23 (- —)20-23
(b) ODN/RNA duplexes: (—11-22 (- - -) 15-22 (- —)20-22

complementary DNAs but increased the thermal stability of
duplexes with their complementary RNAs. Furthermore, ODNs
-9 3 ga cpntainingz were slightly more resistant to snake venom phospho-

- & diesterase than an unmodified ODN. These properties seem to make
ODN containing? a candidate as a novel antisense molecule.

i 2 3 4 5 6 7 8 8 10 11 12 13 14 15 16 17 18

1L

e
1o

MATERIALS AND METHODS

NMR spectra were recorded at 270 or 584)(at 125 13C) and

at 202 MHz $1P) and are reported in p.p.m. downfield from TMS

or 85% HPQy. J values are given in Hertz. Mass spectra were

obtained by the fast atom bombardment (FAB) method. Thin layer

chromatography was done on Merck coated plateg;dfe silica
Figure 3. Polyacrylamide gel electrophoresis 6#8P-labeled ODNs hydrolyzed  gel or the neutralized silica gel used for column chromatography

by snake venom phosphodiesterasi(lanes 1-6)14 (lanes 7-12) anti9 were Merck silica gel 5715 or ICN silica 60A, respectively.
(lanes 13-18). ODNs were incubated with snake venom phosphodiesterase for

0 (lanes 1, 7 and 13), 10 (lanes 2, 8 and 14), 20 (lanes 3, 9 and 15), 30 (lanes 4, . . - .
10 and 16), 60 (lanes 5, 11 and 17) and 120 min (lanes 6, 12 and 18¢ -O-[(Methylthio)thiocarbonyl]-3 ',5-O-(TIPDS)adenosine (4)

Experimental conditions are described in Materials and Methods. n-BuLi (1.68 M in hexane, 0.11 ml, 1.8 mmol) was added to a
solution of 3,50-(TIPDS)adenosine (200 mg, 0.4 mmol) in THF

snake venom phosphodiesterasé-@@nuclease. ODNEL 14, (5 ml) at =78 C and the resulting mixture was stirred at>Z8
and19were labeled at the-Bnd with32P and incubated with the ?Q;Er 10 min, €3 (0.23 ml, 3.9 mmol) was added to the solution

nuclease and the reactions were analyzed by polyacrylamide §&) the resulting mixture was sirred at <C8After 1 h, Mel
. . yzed Dy polyacty pl, 1.2 mmol) was added to the solution and the resulting
electrophoresis under denaturing conditioas) ((Fig. 3). In

ODNs14and19, the second nucleosides from thesds of the mixture was stirred at room temperature for 15 h. The mixture

strands aré@ and2, respectively. The phosphodiester linkages axyas diluted with ACOEt and washed with®fand then brine.
the B-sides ofl (5,6) and 2 were slightly more resistant to he separated organic layer was dried,@) and evaporated.

X : The residue was purified by column chromatography 4£SiO
hydrolysis by the enzyme than that of dAdo (Bidanes 5, 6, 11, hexane:AcOEt = 1:1) to giv& (171 mg, 73% as a white solid).

12,17 and 18). 1H NMR (CDCh) 58.28 (s, 1H), 7.94 (s, 1H), 6.53 (dd, Dt 2.3
| and 5.4 Hz), 6.08 (d, 1H,= 2.3 Hz), 5.87 (br s, 2H, Nj| 5.37
Conclusions (dd, 1H,J = 5.4 and 8.6 Hz), 4.20-4.03 (m, 3H), 2.61 (s, 3H),

In this paper, we described the synthesis and properties of OD 219350193‘; (;n égl—é)lig gj '\gs LECEE):%C;’) 52221 56%915650% 11593i2’17 4

containing 2O-(trifluoromethyl)adenosine 2f. 2-O-(Trifluoro- CEl
methyl)adenosing) or Né-(benzoyl)-2-O(trifluoromethyl)adeno- 17.3,17.1,16.9,13.2, 13.0, 12.8; E-LRME 599 (M).

sine B) was obtained in 22 or 32% vyield by treatirigd(methyl-
thio)thiocarbonyl]-35-O,-(TIPDS)adenosined) or N®,Nb-(diben-
zoyl)-2-O-[(methylthio)thiocarbonyl]-35-O-(TIPDS)adenosine
(5), respectively, with HF/pyridine in the presence of DBH. TheA solution of4 (780 mg, 1.3 mmol) and HF/pyridine complex
nucleoside2 was incorporated into DNA hexadecamers. ODNg12 ml, Aldrich) in CBCl, (10 ml) was added to a suspension of
containing? decreased the thermal stability of duplexes with theiDBH (1.5 g, 5.2 mmol) in CpCl, (10 ml) at —78C and the

2'-O-(Trifluoromethyl)adenosine (2) and
2',3-0O-(difluoromethylidene)adenosine (9)
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resulting mixture was stirred at@ for 3 h. The reaction mixture N6-(Benzoyl)-3-O-(dimethoxytrityl)-2 '-O-(trifluoromethyl)-
was poured into an aqueous saturated solution of NgHC@denosine (7)

(50 ml) and the mixture was concentrated under reduced .
pressure. The residue was purified by column chromatography, MXture of 6 (145 mg, 0.4 mmol) and DMTrCl (305 mg,
’9 mmol) in pyridine (5 ml) was stirred at room temperature.

; o X . 0 .
(SiOp, 12% EtOH in CHQJ to give2 (96 mg, 22% as a white o4\1‘_ter 12 h, ice—water and AcOEt were added, the resulting

) 0 ; g .
solid) andd (115 mg, 28% as a white solid). The physical data mixture was partitioned and the organic layer was washed with

2: 1H NMR (DMSO-dg) & 8.41 (s, 1H), 8.15 (s, 1H), 7.47 (br s, . .
2H, NHp), 6.23 (d, 1HJ = 6.1 Hz). 5.99 (d, 1H, OH,= 5.3 Hz), H,0 and brine, dried (N&0Oy) and evaporated under reduced

5.53-5.48 (m, 2H). 4.42 (m, 1H). 4.06 (m, 1H). 3.71 (ddd. 1Hpressure. The residue was pur_ified by column chromatography
J=36 4.6(and 12).3 Hz) g.sg (déd e g.e 7.0)and 12(.3 Hz), (5102 hexane:ACOEL=1.1) to givg246 mg, 83% a pale yellow
FABLLRMS miz 336 (MH): FAB-HRMS calculated for foam).'H NMR (CDCh) 58.99 (br s, 1H, NH), 8.68 (s, 1H), 8.11

C11H13FaN=0, 336.0919, found 336.0904. The physical data of" 1H), 8.04-6.78 (m, 18H), 6.31 (d, 18i= 5.9 Hz), 5.81

9: IH NMR (DMSO<dg)  8.33 (s, 1H), 8.17 (s, 1H), 7.39 (br s, (1 1H). 4.74 (m, 1H), 4.30 (m, 1H), 3.78 (s, 6H), 3.57 (dd, 1H,
° s - 1H), 'J= 3.6 and 10.8 Hz), 3.42 (dd, 1B= 3.8 and 10.8 Hz), 2.61

2H, NHp), 6.40 (d, 1H) = 2.4 Hz), 6.06 (m, 1H), 5.60 (m, 1H), » - 3.6 and 108 Hz

5.27 (t, 1H, OH,) = 5.4 Hz), 4.38 (m, 1H), 3.56-3.52 (m, 2H); ({d 1H, OH.J = 4.3 Hz).

FAB-LRMS m/z 316 (MH'); FAB-HRMS calculated for

C11H1oFoNs04 316.0857, found 316.0837. NE-(Benzoyl)-3-O-(dimethoxytrityl)-2 '-O-(trifluoromethyl)-

adenosine 30-(2-cyanoethylN,N-diisopropyl-
phosphoramidite) (8)

. o . After successive co-evaporation with pyridiig463 mg, 0.63
NS,N®-(Dibenzoyl)-2-O-[(methyithio)thiocarbonyl]-3",5-O-  1ymqly was dissolved in Gi€l, (5 ml) containingN,N-diiso-
(TIPDS)adenosine (5) propylethylamine (313pl, 1.85 mmol). Chloro(2-cyano-

ethoxy)(\,N-diisopropylamino)phosphine (280, 1.24 mmol)
BzClI (72ul, 0.6 mmol) was added to a solution4f100 mg, was added to the solution and the reaction mixture was stirred at
0.2 mmol) in pyridine (5 ml) at and it was stirred at room room temperature. After 30 min, aqueous saturated NataG®d
temperature for 12 h. Ice—~water and AcOEt were added, tifecOEtwere added to the mixture, the separated organic layer was
resulting mixture was partitioned and the organic layer wasiashed with aqueous saturated NakiC&hd brine, dried
washed with HO and brine, dried (N80O,) and evaporated (NapSOy) and concentrated. The residue was purified by column
under reduced pressure. The residue was purified by colunshromatography (neutralized Sidiexane:AcOEt = 1:1) to give
chromatography (Si§) hexane:AcOEt = 2:1) to gi2(150 mg, 8 (480 mg, 81% as a white foand}P NMR (CDCB) & 152.5,
93% as a white foam}H NMR (CDCk) & 8.75 (s, 1H), 8.21 152.2; FAB-LRMSm/z 942 (MH"); FAB-HRMS calculated for
(s, 1H), 7.88-7.35 (m, 10H), 6.55 (m, 1H), 6.13 (s, 1H), 5.3€48H52F3N70gP 942.3567, found 942.3569.
(dd, 1H,J = 5.5 and 8.5 Hz), 4.19-4.04 (m, 3H), 2.62 (s, 3H),
1.14-0.92 (m, 28H); FAB-LRM&vz 808 (MH"); FAB-HRMS  Synthesis of ODNs

calculated for GgHsoN5075,Siz 808.2690, found 808.2704. ODNs were synthesized on a DNA synthesizer (Applied

Biosystem Model 392) by the phosphoramidite met&df The

fully protected ODNs were then deblocked and purified by the
N6-(Benzoyl)-2-O-(trifluoromethyl)adenosine (6) and same procedure as for the purification of normal ODNg, (
NS-(benzoyl)-2,3-O-(difluoromethylidene)adenosine (10) i.e. each ODN linked to the resin was treated with concentrated
NH4OH at 55C for 16 h and the released ODN protected by a
_ -, DMTr group at the 5end was chromatographed on a C-18 silica
A solution of5 (250 mg, 0.4 mmol) and HF/pyridine complex g cojymn (1x 10 cm; Waters) with a linear gradient of MeCN
(5 ml; Aldrich) in CHCly (1(.) ml) was added to a suspension o rom 0to 30% in 0.1 M TEAA buffer (pH 7.0). The fractions were
DBH .(430 mg, 1.5 mm_ol) in C}Cl> (5 ml) at —/8C and_ the  concentrated and the residue was treated with aqueous 80%
resulting mixture was stirred atQ for 3 h. The reaction mixture  AcoH at room temperature for 20 min, then the solution was
was poured into an aqueous saturated solution of NaHC ncentrated and the residue was co-evaporated w@h Fhe
(100 mi) anhd the_ dmlxture Wa,s%. (éogcentlrated l:]nder reducq sidue was dissolved inpB and the solution was washed with
pressure. The residue was purified by column ° romator?_rap@fzo, then the KO layer was concentrated to give the deprotected
(i) oMt D 0 ghes 50 92 2 2 17 10281577 20(7) a5 e ok

) 0 . indi i i i

of 6: 1H NMR (CDCE) 39.09 (br s, 1H), 8.82 (s, 1H), 8.07 (5, 1H)1thr: ;nfrﬁgtesti;?eg).arentheses as OD units at 260 nm starting from

8.05-7.53 (m, 5H), 6.13 (d, 1Bi= 7.6 Hz), 5.99 (br d, 1H), 5.63
(dd, 1HJ=4.4and 7.6 Hz), 4.71 (d, 18 4.4 Hz), 4.41 (s, 1H),
4.00 (brd, 1H), 3.79 (br m, 1H), 2.72 (br s, 1H); FAB-LRM3
440 (MHY); FAB-HRMS calculated for €H1705NsF3  Spectra were obtained on a Quattro Il (Micromass, Manchester,
440.1182, found 440.1189. The physical datd®f!H NMR  UK) triple quadrupole mass spectrometer equipped with an ESI
(DMSO-dg) 6 11.30 (s, 1H), 8.83 (s, 1H), 8.69 (s, 1H), 8.16—7.5&0ource in the negative ion mode. The HPLC-purified ODN
(m, 5H), 6.59 (d, 1H]=2.3 Hz), 6.21 (m, 1H), 5.69 (m, 1H), 5.30 samples were dissolved in aqueous 50% 2-propanol containing
(m, 1H), 4.51 (m, 1H), 3.64-3.61 (m, 2H); FAB-LRM% 420 1% triethylamine (10 pmol ODNI) and introduced into the ion
(MH*); FAB-HRMS calculated for gH16FoNsOs 420.1119,  source through a loop injector with a carrier solvent, 33% aqueous
found 420.1120. MeOH, flowing at 10 ml/min flow rate. About 15 scans were

Electrospray ionization mass spectrometry
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acquired in ariIl min period and combined to obtain smoothed 5
spectra. All molecular masses of the ODNs were calculated fro
the multiple charge negative ion spectra. The observed averarge
molecular masses df7 and 19 were 5076.00 and 5244.25, 7
respectively, and fit the calculated molecular weights (theoretical

Inoue,H., Hayase,Y., Iwai,S. and Ohtsuka,E. (1$&BS Lett 215
327-330.

Inoue,H., Hayase,Y., Imura,A., lwai,S., Miura,K. and Ohtsuka,E. (1987)
Nucleic Acids Resl5 6131-6148.

Shibahara,S., Mukai,S., Morisawa,H., Nakashima,H., Kobayashi,S. and
Yamamoto,N. (1989Nucleic Acids Resl7, 239-252.

average mo|ecu|ar masses) for these CompoundS, |e 5076.31 (feruinosso,C.J., Hoke,G.D., Frier,S., Martin,J.F., Ecker,D.J., Mirabelli,C.K.,

17, C1e0H192N73085F6P15) and 5244.31 (fot9, CreH190N73
Og7F12P15) within a commonly accepted error range for ESI MS,

0.01%.
10

Thermal denaturation and CD spectroscopy 1

Each solution contains each ODNu{@) and the complementary
RNA 22 (3puM) or DNA 23(3uM) in an appropriate buffer. The 12
solution containing each ODN was heated at®@fbr 3 min,

then cooled gradually to an appropriate temperature and used for
the thermal denaturation studies. Thermal-induced transitions bt
each mixture were monitored at 260 nm on a Perkin Elmer
Lambda2S. Sample temperature was increased BZOdN. 14
Samples for CD spectroscopy were prepared by the sarb@e
procedure used in the thermal denaturation study and specjra
were measured on a JASCO J720 Spectropolarimeter@t 15
The ellipticities of duplexes were recorded from 200 to 320 nniy
in a cuvette with a path length of 1 mm. CD data were converted
into mdeg/mol strands/cm. 18

19
Partial hydrolysis of ODNs with snake venom

phosphodiesterase

Each ODN labeled witb?P at the 5end (10 pmol) was incubated 21
with snake venom phosphodiesterase ((@)in the presence of
Torula RNA (0.15 ODBgg units) in a buffer containing 37.5 mM
Tris—HCI (pH 8.0) and 7.5 mM Mggltotal 20pl) at 37°C. At 23
appropriate periods, aliquots of the reaction mixture were
separated and added to a solution of EDTA (5 mMylGhen 24
the mixtures were heated at 2@for 5 min. The solutions were
analyzed by electrophoresis on 20% polyacrylamide gel containirg
7 M urea £0).

20

22
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