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Studies on Deoxynucleic Acids and Related Compounds. IV. Syntheses of an
Octanucleotide containing a Recognition Site for Restriction Enzyme
Eco RI and of an Arabinosyladenine Analog
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An octanucleotide containing a recognition site for Eco RI and its arabinosyladenine
(araA) analog, dGGAATTCC and dGGaraAATTCC, were synthesized by the phosphotri-
ester approach with phosphoro-p-anisidate as the protecting group for 3’-phosphodiesters.
araA was converted to 5’-dimethoxytrityl-N,2’-O-benzoyl 3’-p-chlorophenyl phosphate
and condensed with N-benzoyldeoxyadenosine 3’-p-chlorophenyl phosphoro-p-anisidate
to yield the protected araAdAp. Other deoxynucleotide blocks (dAAp, dGGp) were
prepared similarly and condensed with a 5’-deblocked dTTCC block having the 3'-0-benzoyl
group after removal of the p-anisidate group with isoamyl nitrite.

Keywords——Eco RI site analog; arabinosyladenine containing deoxy ribooligonucleo-
tide; phosphotriester synthesis; phosphoro-p-anisidate; reverse phase high pressure
chromatography

Restriction endonucleases have been found in bacteria as protection systems, and they
have proved to be convenient tools for recombination studies of deoxyribouncleic acid (DNA).»
Restriction endonuclease Eco RI recognizes a selfcomplementary sequence dGAATTC and
cleaves it between the 8’-hydroxy group of deoxyguanosine and deoxyadenosine 5"-phosphate.?
Methylation at the N position of adenine adjacent to the axis of symmetry prevents cleavage
by the enzyme. The mode of action of this enzyme has been investigated by base substitu-
tion and by using a virus DNA with known sequences.® However, recognition of sugar
moieties in the cleavage site by Eco RI is not known. One report stated that the DNA strand
of DNA: ribonucleic acid (RNA) hybrid was cleaved by some restriction enzymes such as Eco
RI, Hind 111, Sal I, Msp 1, Hha 1, Alu 1, Tag I and Hae II1.9 Arabinosyladenine (araA)
is well known as an antagonist of deoxyadenosine and it is of interest to know whether or not
araA or araA-containing oligonucleotides are recognized by restriction enzymes. We describe
in this paper the synthesis of a deoxyoctanucleotide containing a recognition site for Eco RI
with araA substitution, dGGaraAATTCC. Since this enzyme has been shown to recognize
synthetic short duplices,® the present octanucleotide should be large enough to be recognized
by the enzyme. The synthetic approach involved the phosphotriester method with phosphoro
p-anisidate protection.’ The synthesis of the corresponding deoxyoctanucleotide dGG-
AATTCC is also described.

Protection and Phosphorylation of Arabinofuranosyl Adenine

AraA obtained by transglycosidation” was protected as shown in Chart 1 by perbenzoyl-
ation of 1 followed by O-debenzoylation with strong alkali to give 2 which was treated with
monomethoxytrityl chloride to yield bis-substituted compounds. The 3’,b’-substituted isomer
(3) was separated from the 2',5'-substituted compound (4) and these compounds were
benzoylated by treatment with benzoic anhydride in the presence of 4-dimethylaminopyri-
dine® to give the 2'-O-benzoyl derivatives (4) and (5), respectively. The assignment of
substitution position was performed by nuclear magnetic resonance (NMR) spectroscopy.
The NMR data are summarized in Table I. The monomethoxytrityl group of 5 was removed
by treatment with acetic acid in chloroform and N, 2'-dibenzoyl araA was converted to 5'-O-
dimethoxytrityl N,2'-dibenzoyl araA (7) with dimethoxytrityl chloride. 7 was phosphory-
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léted by treatment with p-chlorophenylphosphoroditriazolide.® Hydrolysis of the triazolide
on the phosphorylated product yielded the phosphodiester (8).

Synthesis of araA-containing Octanucleotide dGGaraAATTCC and Its Prototype dGGAATTCC .

The octanucleotides were synthesized by condensation of protected oligonucleotide
blocks. Preparations of the 3'-phosphodiester components (9) (Chart 2), and 3’-phosphoro-p-
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Chart 1
TaBLe I. NMR Data for Bis-dimethoxytrityl Compounds (3, 4, 5 and 6)
Signal
Compound
H-1/ H-2’ H-3’ H-4’
3 6. 40 4, 602 4,20
4 5,95 4, 500 4.20 3.92
5 6. 90 . 5,15 4,48
6 . 6.04 4,76 5.23 4,10
a) Narrowed by addition of D,0.
&) Decoupled by irradiation of H-1’ signal.
B , B
| v 0
OP-0O~ OP—NH@- OCH3
(Me0):TrO | > HO I
OAr . OAr ,
9 10

a: thymidin-1-yl

b: N-benzoylcytosin-1-yl
c¢: N-benzoyladenin-9-yl

d: N-isobutyrylguanin-9-yl

Chart 2
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TasLE II. Reaction Conditions for Condensations

3’-Diester 5’-Hydroxyl Reaction
component comgonen‘éy MSTe Py time Product %

(mmol) (mmol) (mmol) (mD) i) (mmol)
8 (1.5 10c (0.75) 1.5 5 75 [araAA]pNHCH,OCH;(11) 69
9d (3.6) 10d (2.4) 7.2 15 60 (MeO) Tr[GG]p(12) 63
9¢ (1.5) 10c (0.75) 1.5 5 75 [AA]pNHCH,OCH; 66
9d (4.0) dbzC(Bz) (2. 0) 8.0 20 60 [CC]Bz 85 :
9a (2.5) [CC]IBz(1. 65) 5.0 15 60 [TCC]Bz 67
9a (1.65) [TCC]IBz(1.11) 3.3 15 60 [TCCC]Bz(14) 77
12 (0.35) 11 (0. 415) 0. 664 10 60 (MeO).Tr[GGaraAA]H(15) 72
15 (0.217) 16 (0. 247) 0. 416 10 90 (MeO):Tr[GGaraAATTCC]Bz(17)56
12 (0.33) 12 (0.396) 0.634 10 60 (MeO) . Tr[GGAA]p 56
{MeO).Tr- 16 (0.155) 0.29 10 120 (MeO) . Tr[GGAATTCC]Bz 50
[GGAA]D
(0. 186)

{ ], all protecting groups are omitted except for the terminal ones.

(MeO),Tr[GG]D [araAA]RNHR (MeO),Tr[TTCC]Bz
12 11 14
| : | |
(MeO),Tr[GGaraAA]p HO[TTCC]Bz -
15 16

I

l
(MeO),Tr(GGaraAATTCC]Bz

17
l

dGGaraAATTCC

18

R=p-methoxyphenyl
p=p-chlorophenyl phosphate

Azeo

[CHsCN] %

Aseo

[CH:CN] %

20 (min)

Fig. 1. Preparative HPLC of dGGaraAATTCC
(a) and dGGAATTCC(b) on a Column (0.72X
25 cm) of Megapaksil C-18

Elution was performed with a gradient starting from

59, acetonitrile in 0.1 M triethylammonium acetate (pH 7)
to 259 acetonitrile in the same buffer during 30 min.

Chart 3
pC dp A G pT
a é
5 10 15 (em)
Fig. 2. 5-End Analysis of dGGaraAATTCC(a) and
dGGAATTCC(b)

The 5’-labeled octamers were digested with nuclease P1 and the
products were subjected to paper electrophoresis in 0.2 M mor-
pholinium acetate (pH 3.5) at 900 V/40 cm with markers.
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Electrophoresis (pH 3.5)

2nd
r Homochromatography

st

Homochromatogr aphy

Electrophoresis (3.5)
1st

Fig. 3. Two-dimensional Homochromatography of Nuclease P1 Partial
Digests of d%?pGGaraAATTCC (Left) and d32pGGAATTCC (Right)

anisidate of deoxynucleosides (10) were as described previously.)) The phosphodiester of
araA (8) was condensed with N-benzoyldeoxyadenosine 3’-p-chlorophenylphosphoro-p-
anisidate (10c) to yield protected araAAp (11). Mesitylenesulfonyl tetrazolide (MSTe)l
was used as the condensing reagent. Other dimers, protected dGGp (12) and dAAp (13) were

synthesized by the similar procedures. The 3'-
terminal block (dTTCC) (14) was prepared by
condensation of NV,3'-0-dibenzodeoxycytidine!!)
with 9b followed by dedimethoxytritylation
and subsequent condensation with 9a. The reac-
tion conditions for these condensations are
summarized in Table I. Dinucleotides thus
obtained were also allowed to react to yield
the octamers, as shown in Chart 4. The fully
protected dGGp was treated with isoamyl ni-
trite! to give the 3'-diesterified dimer 12, which
was condensed with the 5’-deblocked dimer 11
or 13. The fully protected tetramers thus ob-
tained were treated similarly to give the 38'-

diesterified tetramers (e.g. 15). The protected

octamer (17) was synthesized by condensation
of 15 and 16. 17 was deprotected as described
previously? to yield the araA-containing octa-
nucleotide dGGaraAATTCC (18). The other
octamer dGGAATTCC was prepared by essen-
tially the same procedure. The deblocked
oligomers were purified by high pressure liquid
-chromatography (HPLC) on C, silica gel
(Fig. 1) and checked for purity by anion-
exchange HPLC. The 5-end analysis was
performed by labeling with [y-32p]ATP and

o °
B
-
‘ **. dimer

i
§ a trimer
®

monomer

(a) (b)

Fig. 4. Homochromatography of Products
obtained by Partial Digestion with Ven-
om Phosphodiesterase
(a) d**pGGAATTCC and (b) d32pGGara-
AATTCC ‘
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polynucleotide kinase followed by complete digestion with nuclease P1® as described
elsewhere.1® The results are shown in Fig. 2. The sequence of these octamers was
confirmed by mobility shift analysis'® using nuclease P1 (Fig. 8). As shown in Fig. 3, araA
was hydrolyzed to almost the same extent as dA. Partial digestion with venom phosphodi-
esterase of the araA-containing octamer accumulated the trimer under conditions where
dGGAATTCC was hydrolyzed to the monomer or dimer (Fig. 4). This may indicate that
araA is partially resistant to hydrolysis. Hydrolysis of dGGaraAATTCC with E. cor: will
be reported elsewhere.

Experimental

TLC was performed on plates of silica gel (Kieselgel 60 Fiysy, Merck).. For RTLC, silanized silica gel
(Kieselgel 60 Fy,, silanisiert, Merck) was used with the indicated solvents. Column chromatography was
carried out on silica gel (60H, Merck) under air pressure. For preparative reverse phase liquid chromato-
graphy, Cy silica gel (35—105 u, Waters) was used in glass columns, HPLC was performed on a JASCO
apparatus with an anion-exchange column (Permaphase AAX 2.1x500 mm) or a reverse phase column
(Megapak SIL C-18 7.2 250 mm).

5’-Labeling and nuclease P1 digestion were performed as described previously.110:1%)  For hydrolysis
with venom phosphodiesterase, a sample (ca. 34 549 including carrier RNA) was incubated with the enzyme
(1 g, Boehringer) in 0.01m Tris-HCI (pH 8.0, 15 ul) at 37°C for various periods’as described for partial
digestion with nuclease P1.24®)

N-Benzoylarabinosyladenine (2) araA (1) (6.0 g, 22.5 mmol) was dissolved in pyridine and treated
with benzoyl chloride (13.1 ml, 112.5 mmol) at room temperature overnight. Methanol (10 ml) was added
with cooling, and the mixture was concentrated. The product was extracted with chloroform (150 ml).
The organic layer was washed 3 times with water (50 ml), then concentrated. The residue was dissolved in
pyridine (90 ml) and ethanol (45 ml). The mixture was treated with a mixture of 28 NaOH (70 ml) and
ethanol (70 ml) in an ice bath for 50 min. Sodium ions were removed by addition of Dowex 50X 2 (pyridi-
nium form) (200 ml) and the solution was concentrated. The crystalline product (7.1 g, 85 %) was collected
by filtration. UV Apax nm (EtOH): 280. TLC (CH,Cly: MeOH=10: 1, Rf 0.16). RTLC (acetone: H,O=
7:3,0.78).

N -Benzoyl-3’,5’-0-bis-monomethoxytritylarabinosyladenine (3)——2 (5.57 g, 15 mmol) was treated
with monomethoxytrityl chloride (11.12 g, 36 mmol) in pyridine (50 ml) at room temperature for 18h. An
additional amount (15 mmol) of the reagent was added and the reaction was terminated after 72 h by addition
of methanol (10 ml). The mixture was concentrated and the product was extracted with chloroform. The
chloroform solution was washed with water, concentrated and coevaporated (4 times) with toluene. The
residue was dissolved in chloroform (20 ml) and applied to a column (4.5 X 30 cm) of silica gel 60. Elution
was performed by the use of stepwise increases of ethanol concentration in chloroform (0.5—2%). The
product was identified by TLC (CHCl;: EtOH=25:1, Rf, 0.40) and precipitated with hexane from its solution
in chloroform (5.2 g, 37%). The 2/,5"-substituted compound (4) was obtained at the same time (Rf, 0.25)
(7.6 €,55%). 3: UV, Amax nm (EtOH): 280. NMR (CDCl,) d: 9.3 (H-N°¢), 8.26 (H-8), 8.22 (H-2), 6.40 (H-1’,
Jv .2 =2 Hz), 4.60 (H-2"), 4.20 (H-3', H-4), 3.75 (OCH,), 3.70 (OCH,). 4: UV Apex nm (EtOH): 280. NMR
(CDCly) 8: 9.38 (H-N¢), 8.70 (H-8), 8.22 (H-2), 5.95 (H-1', J1/.»» =6 Hz), 4.50 (H-2"), 4.20 (H-3'), 3.92 (H-4').

N ,2'-0-Dibenzoyl-3’,5’-0-bis-monomethoxytrityl Arabinosyladenine (5)——3 (3.6 g, 4 mmol) was treated
with benzoic anhydride (1.53 g, 6.75 mmol) and p-dimethylaminepyridine (0.55 g, 4.5 mmol) in chloroform
(50 ml) at room temperature for 18 h. Since the reaction was not completed, further amounts of the reagents
(0.5 g each) were allowed to react for 6 h and the the mixture was stirred with 0.5 KH,PO, (20 ml) and
chloroform (20 ml) for 10 min. The organic layer was washed 3 times with water (40 ml), then with 0.5M
KH,PO, (40 ml) and water (40 ml). " The solution was dried with Na,SO, and concentrated. The product
(3.55 g, 87%) was precipitated with hexane from its solution in chloroform. UV Ana.x nm (EtOH): 280. NMR
(CDCly) 6: 6.90 (H-1', Jy7pr=3.6 Hz), 5.15 (H-2'), 4.48 (H-8), 3.8, 3.65 (OCH,). TLC (CH,Cl,: MeOH=20: 1,
Rf 0.80), RTLC (acetone: H,0=7: 3, Rf 0.26).

5’-0-Dimethoxytrityl- N ,2’-0-dibenzoylarabinosyladenine (7) 5 (3.55 g, 3.48 mmol) was treated with
acetic acid (50 ml) in chloroform (10 ml) at room temperature for 12 h and at 30°C for 5 h. Acetic acid was
removed by evaporation and the nucleoside was crystallized by warming it with 95% ethanol (1.1g) The
second crop (300 mg) was obtained by addition of hexane to the concentrated mother liquor (5 ml) The
product (1.4 g, 2.94 mmol) was then treated with dimethoxytrityl chloride (1.18 g, 3.5 mmol) in pyridine
(15 ml) at room temperature for 1h. Methanol was added and the solution was concentrated. The residue
in chloroform (5 ml) was applied to a column (4 X 8 cm) of silica gel 60. Elution was performed with stepwise
increases of methanol concentration (0—3%) in chloroform containing 0.5% pyridine. The product (7)
was precipitated with pentane containing 10% ether (200 ml) from its solution in dichloromethane {15 ml).
1.82g(80%). UV Amax nm (EtOH): 280.NMR: (CDCly) 6,9.30 (H-N°¢),8.70 (H-8), 8.38 (H-2),6.80 (H-1', Jyor =
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4.2 Hz), 5.60 (H-2'), 5.75 (H-3"), 4.30 (H-4"), 3.54 (H-5"), 3.73 (OCHj,). Anal. Calcd for C ,H;N,Oq: C, 69.48;
H,5.05; N, 9.00. Found:C, 69.77; H,4.97; N, 8.60. TLC (CH,Cl,: MeOH=20: 1, Rf 0.51) RTLC (acetone:
H,0=7:3, Rf 0.40).

Preparation of Phosphodiesters (8 and 9)——9a, c, d were prepared as described previously? by reaction
with p-chlorophenyl phosphoroditriazolide for 1 h. Phosphorylation of 7 (583.4 mg, 0.75 mg) by the same
procedure required 2 h and 8 was used for condensation without purification.

General Methods for Condensations——The procedures were essentially the same as condensations using
mesitylenesulfonyl nitroimidazolide.)) Phosphodiester components were activated with MSTe at 30°C for
various periods of time (Table II). The reaction was terminated by addition of aqueous pyridine (50%)
and products were extracted 3 times with chloroform. The chloroform solution of dimers (e.q. fully protected
dGGp) was washed 3 times with 0.1m triethylammonium bicarbonate and once with water, and coevapor-
ated with pyridine, then with toluene. The residue in chloroform (10 ml) was applied to a/column (4 X 4.5
cm) of silica gel. The fully protected dinucleotide was isolated by repeated chromatography (3 times).
Dimers thus obtained were subjected to treatment with acid or isoamyl nitrite.?

The Octamer dGGaraAATTCC (18) ‘The fully protected octamer (17) was synthe31zed by condensa’cwn
of oligomers as shown in Chart 3 under the conditions give in Table II, and isolated by reversed phase chro-
matography on a column (4 X 85 cm) of C-18 silica gel. The sample was dissolved in pyridine (0.5 ml), acetone
(4 ml) and 0.1 M triethylammonium acetate (1 ml). - Stepwise elution was performed with a stepwise gradient
of acetone (acetone-0.1M buffer, 50—909%). The product was eluted with 75—809, acetone and acetone
was removed by evaporation. The product was extracted with dichloromethane from the aqueous phase
and washed with water. The solvent was removed and the residue was coevaporated with pyridine. The
octamer (17) was precipitated with pentane (60 mi) from its solution in dichloromethane (10 ml).. The yield
was 497 mg (566%). TLC (CHCl-MeOH, 10: 1, Rf 0.49), RTLC (acetone-H,0, 7: 3, Rf 0.08). An aliquot
(41 mg, 0.01 mmol)/was treated with 0.5M tetramethylguanidium pyridine 2-carboxaldoximate!® in aqueous
dioxane (50%, 4.2 ml) at room temperature for 40 h, then aqueous pyridine (20%, 5 ml) was added. The
mixture was passed through a column of Dowex 50 X 2 (pyridinium) (20 ml) and the column was washed with
20% pyridine (80 ml). The combined solution was concentrated and the residue in pyridine (10 ml) was
treated with concentrated ammonia (20 ml) at 60°C for 5 h. Volatile materials were removed by evaporation
and the residue was mixed with water (150 ml) and ethyl acetate (12 mlx 2). The aqueous phase was concen-
trated and the residue was treated with 80% acetic acid (30 ml) at room temperature for 1 h, then the acetic
acid was removed by coevaporation with water. The deblocked product (18) was dissolved in water (20 ml)
and the solution was washed twice with ethyl acetate (10 ml). The yield was 760 A,q0.  An aliquot (40 A4
in 40 ul of water) was subjected to HPLC (Fig. 1, a) and 18 (26 A,q) was recovered in a yield of 659%,.

The Octamer dGGAATTCC The synthetic procedure was essentially the same as described above.
The fully protected octamer was obtained by using the conditions shown in Table II.. An aliquot (40 mg,
0.01 mmol) was deblocked and the product AGGAATTCC (650 A,q,) was dissolved in water (0.65 ml). An
aliquot (35 A,40) was sub]ected to HPLC as shown in Fig. 1, b and the octamer (25 A,4) Was recovered in a

yield of 70%.
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