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1,N6-Ethano-2′-deoxyadenosine (1) is one of the adducts formed during DNA reaction with the
antitumor agent, 1,3-bis(2-chloroethyl)nitrosourea (BCNU), and was synthesized and incorporated
into a site-specific deoxyoligonucleotide for the first time. The product 6-chloropurine-2′-
deoxyriboside (11) was prepared in high yield by the reaction of 2′-deoxyinosine (6) with SOCl2,
which then was derivatized to give compound 12 using tert-butyldimethylsilyl chloride, which was
then reacted with 2-hydroxyethylamine to produce compound 13 in 86% yield. Reaction of 13 with
(PhO)3P+MeI- in DMF gave the cyclized 1,N6-ethano derivative 10 in 67% yield. Desilylation of
10 with triethylamine trihydrofluoride in THF gave 1,N6-ethano-dA (1) in 91% yield. Tritylation
of compound 1 with DMT+BF4

- gave the 5′-O-DMT product 14 in 62% yield, which then was
phosphitylated with 2-cyanoethyl N,N-diisopropylchlorophosphoramidite, which yielded a 1:1
mixture of the diastereoisomers 15 in 71% yield. This fully protected compound 15 was incorporated
site-specifically into a 25-mer oligonucleotide. The coupling efficiency of ethano-dA phosphoramidite
was 93%. Enzymatic hydrolysis and analysis by HPLC confirmed the incorporation of ethano-dA
and base composition of the DNA oligomer. The latter is now under investigation for its biochemical
and physical properties.

Introduction

1,3-Bis(2-chloroethyl)nitrosourea (BCNU) is one of a
family of therapeutic nitrosoureas compounds used in
cancer treatment. Reaction with DNA leads to several
adducts, including saturated exocyclic adducts of adenine,
cytosine, and guanine (1,N6-ethano-A; 3,N4-ethano-C;
N2,3-ethano-G; and 1,O6-ethano-G),1 which resemble the
exocyclic etheno adducts formed from the reaction of the
chemical carcinogen, vinyl chloride, with DNA.2 In
addition, a cross-linked DNA is formed by BCNU between
the N-1 of G and the N-3 of C (1-(3-cytosinyl)-2-(1-
guanyl)ethane),3 which is believed to be the chemostatic
event.4

All of the possible cyclic etheno derivatives have been
synthesized (1,N6-etheno-dA; 3,N4-etheno-dC; 1,N2-etheno-
dG; and N2,3-etheno-dG) and studied for their biochemi-
cal effects in defined oligonucleotides (reviewed by Le-
onard5). Of the possible cyclic ethano compounds, all

have been characterized from the reaction of DNA with
BCNU.1 However, the first synthesis of an ethano
deoxynucleoside was only recently described by Zhang
et al., who synthesized and incorporated 3,N4-ethano-dC
(3) (Chart 1) into a site-specific oligonucleotide,6 which
enabled them to investigate how this type of adduct
affects replication. They reported that in vitro replication
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was completely blocked, indicating this adduct would be
lethal.7 However, no synthetic route has been described
for the synthesis of 1,N6-ethano-dA (1) and its incorpora-
tion into a site-specific oligonucleotide.

In this paper, we report for the first time the large-
scale synthesis of 1,N6-ethano-dA (1), its conversion to
the phosphoramidite 15 (Scheme 2), and site-specific
incorporation into a 25-mer deoxyoligonucleotide. This
oligonucleotide is currently being studied for its possible
mutagenesis and enzymatic repair as well as physical
properties.

Results and Discussion

To study the biochemical role of the 1,N6-ethano-2′-
deoxyadenosine (1) adduct, it was necessary to synthe-
size, on a large scale and in high yield, compound 1
(Scheme 1), to use as a precursor for the preparation of
the corresponding phosphoramidite. This was success-
fully incorporated in a satisfactory yield, site-specifically
in a defined 25-mer oligonucleotide.

Synthesis of 1,N6-Ethano-2′-deoxyadenosine (1).
Ludlum’s laboratory has isolated and identified several
adducts resulting from the reaction of BCNU with
nucleosides and DNA.8 Among them is 1,N6-ethano-dA.
However, the yields and the quantities obtained by this
approach were very low. Therefore, a total synthetic
method with high yield was necessary for biological and
biophysical studies.

Initially, we attempted the synthesis of this compound
by modifying Tong and Ludlum’s9 procedure in which
3′,5′-O-bis(tert-butyldimethylsilyl)-2-deoxyadenosine was
heated with 1,2-dibromoethane in DMSO in the presence

of anhydrous potassium carbonate. However, only a very
low yield of the desired product (1-2%) was obtained.

Although later Zhang et al.6 successfully synthesized
3,N4-ethano-dC (3) (Chart 1), the procedure was not
suitable as a synthetic route to prepare the 1,N6-ethano-
dA (1). In using this procedure, it was observed that
when the silylated deoxyinosine 7 was treated with
4-chlorophenyl phosphorodichlorate in the presence of
1,2,4-triazole in pyridine (Scheme 1), a fluorescent mate-
rial was obtained as the main product, whereas the
desired 6-(3-nitro-1,2,4-triazol-1-yl) derivative 8 was
recovered only as a trace component.10 An earlier report11

suggested the formation of fluorescent N-(purin-6-yl)py-
ridinium salts, such as 9, by phosphorylations in pyri-
dine. It was also found that the substitution of the
3-nitro-1,2,4-triazol moiety of 8 by 2-chloroethylamine did
not proceed as expected, and upon heating only traces of
the cyclized product 10 in a complex mixture were
detected.10 Since our results showed that the spontane-
ous ring closure is not as easily attainable as in the case
of ethano-dC6, we did not continue this route.

However, using a new and different synthetic route,
the desired compound 1 was obtained in high yield and
purity. The 6-chloropurine-2′-deoxyriboside 11 was pre-
pared according to the procedure published by Robins and
Basom.12 This compound 11 was then derivatized to give
compound 12 in 86% yield using tert-butyldimethylsilyl
chloride (Scheme 2), which was reacted with 2-hydroxy-
ethylamine to produce compound 13 in 64% yield. Iodi-
nation of the â-hydroxyl group of 13 with methyltri-
phenoxyphosphonium iodide13 in DMF at room temper-
ature for 30 min led to the spontaneous cyclization of the
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resulting N6-(2-iodoethyl) derivative, producing the 1,N6-
ethano-derivative 10 in 67% yield. Desilylation of the
latter was accomplished by a treatment with triethy-
lamine trihydrofluoride14 in THF. This protocol allowed
almost quantitative recovery of 1,N6-ethano-dA (1) in 91%
yield, whereas the typical tetrabutylammonium fluoride
silyl deprotection procedure6 necessitated several puri-
fication steps to free the product from tetrabutylammo-
nium fluoride residue. The 1,N6-ethano-dA (1) synthe-
sized by this method was analyzed by TLC, HPLC, 1H
NMR, 13C NMR, UV, electrospray/MS, FAB/MS, and
high-resolution MS (see the Experimental Section). The
UV of this compound 1 showed the same UV spectral
characteristics as that described by Tong and Ludlum:
3,9 pH 7 (λmax 262, λmin 235), pH 1 (λmax 262, λmin 235),
and pH 13 (λmax 269, λmin 239). The FAB/MS of product
1 showed a protonated molecular ion at m/z 580 MH+

and protonated base at m/z 162 BH2
+. All the data

collected were in agreement with the structure of 1,N6-
ethano-dA (1). This compound proved to be stable to all
the reagents and conditions used in the automated DNA
synthesis, and therefore its phosphoramidite was pre-
pared.

Synthesis of the Phosphoramidite of 1,N6-Ethano-
2′-deoxyadenosine (15) and Its Site-Specific Incor-
poration into a DNA Oligonucleotide. Compound 1
has two hydroxy groups (3′- and 5′-OH) on the sugar
moiety. To incorporate this adduct in an oligonucleotide,
all reactive hydroxy groups must be protected. The first
attempt to tritylate compound 1 according to the stan-
dard methods with DMTCl16,17 failed. However, the
treatment of compound 1 with DMT+BF4

- 18 yielded the

5′-O-DMT product 14 in 62% yield in 1 h. Phosphityla-
tion of 5′-O-DMT-1,N6-ethano-dA (14) with 2-cyanoethyl
N,N-diisopropylchlorophosphoramidite19 yielded a 1:1
mixture of the expected diastereoisomers 15 in 71% yield.
This product 15 was coevaporated three times from dry
benzene and kept in a vacuum desiccator over P2O5 and
NaOH pellets before being used to make the desired
oligonucleotide. The fully protected compound 15 was
used to synthesize a 25-mer oligonucleotide as shown in
the Experimental Section. The commercially available
normal phenoxyacetyl phosphoramidite nucleotides (PAC)
were used in the synthesis of this DNA oligomer and
followed standard phosphoramidite chemistry. The over-
all yield was 87%, and the coupling efficiency of 1,N6-
ethano-dA phosphoramidite was 93%. The oligonucle-
otide was then deprotected under aqueous conditions by
using 28-30% ammonia for 1.5 h at 65 °C and then
purified by HPLC. The use of the PAC protecting group
allowed the deprotection of DNA oligomer in a shorter
time (1.5 h) than the standard phosphoramidite, which
requires several hours (8-16 h).

The composition of the DNA oligomer was confirmed
after enzymatic digestion to nucleosides, followed by
HPLC analysis, which showed that the modified base
survived the conditions used in the DNA synthesizer and
the deprotection procedure (Figure 1).

This new oligonucleotide-containing 1,N6-ethano-2′-
deoxyadenosine is being used to obtain information about
the repair, mutagenesis, and structural properties of this
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adduct. This should lead to a better understanding of
the cytotoxic and carcinogenic mechanisms of the effect
of BCNU.

In summary, 1,N6-ethano-dA, which is one of many
adducts formed from the reaction of the chemotherapeu-
tic agent 1,3-bis(2-chloroethyl)nitrosourea (BCNU) and
DNA, was synthesized on a large scale for the first time
and converted to its phosphoramidite. This compound
was then incorporated into a site-specific deoxyoligo-
nucleotide to be used for biochemical and physical stud-
ies.

Experimental Section

General Procedures. 1H, 13C, and 32PNMR spectra were
recorded in CDCl3, unless stated otherwise. Fast atom bom-
bardment (FAB) mass spectra were run in glycerin or thioglyc-
erin as matrix. Ultraviolet spectra were recorded in a spec-
trophotometer using 0.5 cm cuvettes. TLC was performed on
EM 5735/7 silica gel 60, F254 plates. Flash column chroma-
tography was carried out using silica gel 60, eluting with the
solvents indicated. Compounds characterized in this manner
were homogeneous by TLC analysis and gave NMR spectra
indicative of their purity. 6-Chloro-9-(2′-deoxypentafuranosyl)-
purine12 and 4,4′-dimethoxytrityl tetrafluoroborate18 were
prepared following published procedures. 2′-Deoxyinosine was
purchased from Sigma. Methylene chloride, benzene, pyridine,
and triethylamine were dried by distilling over CaH2. All other
anhydrous reagents and remaining chemicals were purchased
from Aldrich Chemical Co. (Milwaukee, WI) and used without
further purification.

HPLC. Solvent systems included solvent A (acetonitrile),
solvent B (triethylammonium acetate; 0.1 M, pH 7.0), and
solvent C (potassium phosphate buffer; 0.01 M, pH 4.5).
System 1. The oligonucleotide was purified using a PRP-1
C-18 semipreparative reversed-phase column (Hamilton Co.).
The initial concentration was 10% solvent A, 90% solvent B,

with solvent A linearly increased to 40% over 30 min at a flow
rate of 2 mL/min. System 2. Analysis of the enzyme digest
of the oligonucleotide was performed using a Supelcosil LC-
18-DB column (2.5 cm × 0.46 cm, 5 µm, Supelco, Inc.) with
0% solvent A and 100% solvent C. Solvent A was maintained
isocratic for 10 min and then was increased linearly to 12%
over 30 min, at a flow rate of 1 mL/min.

6-Chloro-9-[3′,5′-O-bis(tert-butyldimethylsilyl)-2′-deox-
ypentafuranosyl]purine (12). 6-Chloro-9-(2′-deoxypen-
tafuranosyl)purine12 (11) (0.97 g, 3.6 mmol), tert-butyldimeth-
ylsilyl chloride (2.39 g, 4.4 equiv), and imidazole (2.16 g, 8.8
equiv) were dissolved in dry DMF (3 mL), and the mixture
was stirred at room temperature for 3 h. The solution was
then poured into 60 mL of water and extracted with CH2Cl2

(3 × 30 mL). The combined organic extracts were washed with
brine (30 mL) and dried over MgSO4, and the residue, obtained
after evaporation of the organic solvent, was purified by flash
column chromatography (CH2Cl2/MeOH/Et3N 20:0.1:0.1). The
product was obtained as a light oil in 86% yield (1.53 g): 1H
NMR δ 0.05 (s, 6H, Si(CH3)2), 0.07 (s, 6H, (CH3)2), 0.86 (s, 9H,
SiC(CH3)3), 0.90 (s, 9H, SiC(CH3)3), 2.45 (m, 1H, H-2′), 2.60
(m, 1H, H-2′), 3.81 (dd, 2H, H-5′), 4.02 (m, 1H, H-4′), 4.65 (m,
1H, H-3′), 6.45 (t, 1H, H-1′), 8.56 (s, 1H, H-8), 8.78 (s, 1H, H-2);
13C NMR δ -5.32, -5.52, -4.89, -4.71, 17.95, 18.39, 25.69,
25.91, 41.57, 43.53, 71.76, 84.87, 88.17, 132.31, 143.77, 150.81,
151.22, 151.81; HRMS calcd for C22H40N4O3Si2Cl [M + H+]
499.232 751, found 499.233 010; LRMS (FAB+) m/e 499 [M +
H]+, 155 [base + 2H]+; Rf 0.35 (CH2Cl2/MeOH/Et3N 20:0.1:
0.1).

6-N-Hydroxylamino-9-[3′,5′-O-bis(tert-butyldimethyl-
silyl)-2′-deoxypentafuranosyl]purine (13). Compound 12
(0.77 g, 1.5 mmol) was dissolved in anhydrous methanol (7
mL). Ethanolamine (0.47 g, 5 equiv, 0.46 mL) was added
dropwise and the solution allowed to reflux for 2 h. The
solvent was evaporated under reduced pressure, and the
resulting oil was dissolved in CH2Cl2 (25 mL) and washed with
saturated brine (3 × 10 mL). The organic extract was dried
over MgSO4, and after filtration and concentration the residue
was purified by flash column chromatography (CH2Cl2/MeOH/
Et3N 19.25:0.75:0.1) to give 0.5 g (64%) of 13 as an off-white
oil: 1H NMR δ 0.05 (s, 6H, Si(CH3)2), 0.07 (s, 6H, Si(CH3)2),
0.86 (s, 9H, SiC(CH3)3), 0.90 (s, 9H, SiC(CH3)3), 2.43 (m, 1H,
H-2′), 2.58 (m, 1H, H-2′), 3.77 (m, 2H, H-5′), 3.86 (m, 2H, CH2-
NH), 3.89 (m, 2H, CH2OH), 3.99 (m, 1H, H-4′), 4.59 (m, 1H,
H-3′), 5.85 (br, 1H, CH2OH), 6.42 (t, 1H, H-1′), 6.94 (br, 1H,
CH2NH), 8.16 (s, 1H, H-8), 8.35 (s, 1H, H-2); 13C NMR δ -5.60,
-5.52, -4.94, -4.76, 17.87, 18.29, 25.63, 25.84, 41.32, 43.60,
61.89, 62.48, 71.42, 84.23, 87.67, 110.39, 119.63, 138.04,
152.76, 154.80; HRMS calcd for C24H46N5O4Si2 [M + H]+

524.308 837, found 524.308 490 LRMS (FAB+) m/e 524 [M +
H]+, 180 [base + 2H]+; Rf 0.26 (CH2Cl2/MeOH/Et3N 19.25:0.75:
0.1).

1,N6-Ethano-9-[3′,5′-O-bis(tert-butyldimethylsilyl)-2′-
deoxypentafuranosyl]purine (10). Compound 13 (0.8 g, 1.5
mmol) was dissolved in anhydrous DMF (6 mL) containing
Et3N (5 equiv, 1.0 mL). The solution, cooled in ice bath, was
treated with methyltriphenoxyphosphonium iodide (1.6 g, 2.5
equiv) and stirred at room temperature for 45 min. The
mixture was then treated with anhydrous MeOH (2 mL) to
quench the residual phosphonium reagent. All solvents were
evaporated, and the oily residue was dissolved in CH2Cl2 (10
mL) and washed with NaHCO3 (5%, 5 mL) and saturated brine
(3 × 5 mL). The organic phase was then dried over MgSO4,
concentrated to dryness, and purified by column chromatog-
raphy (CH2Cl2/MeOH/Et3N 18:1:0.1) with a yield of 67% (0.52
g): 1H NMR (DMSO-d6) δ 0.06 (s, 6H, Si(CH3)2), 0.07 (s, 6H,
Si(CH3)2), 0.81 (s, 9H, SiC(CH3)3), 0.85 (s, 9H, SiC(CH3)3), 2.38
(m, 1H, H-2′), 2.78 (m, 1H, H-2′), 3.63 (dd, 1H, H-5′), 3.77 (dd,
1H, H-5′′), 3.87 (m, 1H, H-3′), 4.07 (t, 2H, J ) 9.5 Hz, CH2N-),
4.58 (m, 1H, H-4′), 4.68 (t, 2H, J ) 9.5 Hz, CH2Nd), 6.35 (t,
1H, J ) 6.5 Hz, H-1′), 8.65 (s, 1H, H-8), 8.76 (s, 1H, H-2); 13C
NMR δ -5.44, -5.33, -4.84, -4.63, 17.92, 18.38, 25.69, 25.94,
41.78, 44.17, 47.08, 62.69, 71.63, 85.30, 88.44, 117.01, 142.50,
143.52, 148.13, 151.11; HRMS calcd for C24H44N5O3Si2 [M +

Figure 1. HPLC profile of 2′-deoxynucleosides obtained as a
result of enzymatic digestion of the oligonucleotide that
contains 1,N6-ethano-dA (Experimental Section). HPLC was
performed using system 2. The retention times of the deoxy-
nucleosides are dC, 16.5 min; 1,N6-ethano-dA, 19.3; dG, 21.3
min; dT, 22.6 min; and dA, 24.9 min. The UV spectrum of 1,N6-
ethano-dA at pH 4.5 is shown in the inset.
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H]+ 506.298 273, found 506.298 020; LRMS (FAB+) m/e 506
[M + H]+, 162 [base + 2H]+; Rf 0.30 (CH2Cl2/MeOH/Et3N 16:
1:0.1).

1,N6-Ethano-9-(2′-deoxypentafuranosyl)purine (1).
Compound 10 (0.26 g, 0.52 mmol), dissolved in anhydrous THF
(2 mL), was treated with triethylamine trihydrofluoride (332
µL, 2.01 mmol) and stirred at room temperature for 1 h. The
white slurry formed was evaporated to dryness, dissolved in
water, and neutralized with NaHCO3. The water was evapo-
rated, and the white solid was purified by flash column
chromatography (CH2Cl2/MeOH/Et3N 15:5:0.2) with a yield of
91% (0.13 g): 1H NMR (DMSO-d6) δ 2.31 (m, 1H, H-2′), 2.58
(m, 1H, H-2′), 3.56 (m, 2H, H-5′), 3.86 (q, 1H, H-4′), 4.41 (m,
1H, H-3′), 3.99 (t, 2H, J ) 10 Hz, CH2N-), 4.45 (t, 2H, J ) 9.6
Hz, CH2Nd), 5.02 (br, 1H, 5′- OH), 5.37 (br, 1H, 3′-OH), 6.31
(t, 1H, H-1′), 8.49 (s, 1H, H-8), 8.50 (s, 1H, H-2); 13C NMR (D2O;
TMS, ext standard) δ 39.03, 44.66, 48.22, 61.27, 70.78, 84.91,
87.51, 116.57, 143.42, 144.48, 148.96, 151.37; HRMS calcd for
C12H16N5O3 [M + H]+ 278.125 315, found 278.125 920; LRMS
(ES+) m/e 278 [M + H]+, 162 [base + 2H]+; Rf 0.28 (CH2Cl2/
MeOH/Et3N 15:5:0.2).

1,N6-Ethano-9-[5′-O-(4,4′-dimethoxytrityl)-2′-deoxypen-
tafuranosyl]purine (14). Nucleoside 1 (25 mg, 0.09 mmol),
DMT+BF4

- (35 mg, 1 equiv), and Li2CO3 (14 mg, 2 equiv) were
combined and dried under vacuum for 30 min. 2,6-Lutidine
(1 mL) was added, and the solution was allowed to stir at room
temperature for 3 h. The reaction was monitored by TLC,
which indicated the presence of starting material. More
DMT+BF4

- (35 mg, 1 equiv) was then added, and the reaction
mixture was stirred at room temperature for another 3 h
period. The mixture was diluted with CH2Cl2 (10 mL) and
filtered over MeOH (1 mL). The solvents were evaporated,
and the residue was purified by flash column chromatography
(CH2Cl2/MeOH/Et3N 18.5:1.5:0.1) to yield 32 mg (62%) of a
colorless oil: 1H NMR δ 2.50 (m, 1H, H-2′), 2.83 (m, 1H, H-2′),
3.28 (m, 2H, H-5′), 3.69 (s, 6H, OCH3), 3.97 (m, 1H, H-4′), 4.10
(m, 1H, H-3′), 4.14 (t, 2H, J ) 4.6 Hz, CH2N-), 4.60 (t, 2H, J
) 5.4 Hz CH2Nd), 5.37 (br, 3′-OH), 6.28 (t, J ) 6.3 Hz, 1H,
H-1′), 6.71 (dd, J ) 8.9, 2.0 Hz, 4H, H ortho to OCH3), 7.09-
7.35 (m, 9H, ArH), 7.66 (s, 1H, H-8), 7.76 (s, 1H, H-2); 13C NMR
δ 40.59, 46.56, 52.28, 55.06, 63.83, 71.19, 84.24, 86.09, 86.23,
112.89, 119.64, 126.59, 127.60, 127.99, 129.92, 129.96, 135.65,
137.56, 143.17, 144.57, 151.46, 158.27; HRMS calcd for
C33H34N5O5 [M + H]+ 580.255 995, found 580.255 410; LRMS
(FAB+) m/e 580 [M + H]+, 162 [base + 2H]+, Rf 0.27 (CH2Cl2/
MeOH/Et3N 18.5:1.5:0.1).

1,N6-Ethano-9-[5′-O-(4,4′-dimethoxytrityl)-3′-O-[(N,N-
diisopropylamino)(â-cyanoethoxy)phosphinyl]-2′-deoxy-
pentafuranosyl]purine (15). The 5′-DMT-protected nucle-
oside 14 (68 mg, 0.12 mmol), dried over P2O5 and KOH over
high vacuum for 12 h, was dissolved in anhydrous CH2Cl2 (2
mL) and anhydrous Et3N (218 µL, 12 equiv) under N2

atmosphere. 2-Cyanoethyl N,N-diisopropylchlorophosphora-
midite (87 µL, 3 equiv) was added dropwise and the reaction
mixture stirred at room temperature for 1.5 h. It was then
treated with anhydrous MeOH (200 µL), diluted with CH2Cl2

(5 mL), and washed with brine (2 × 3 mL). The organic layer
was dried over MgSO4, evaporated to dryness, and purified
by flash column chromatography (CH2Cl2/MeOH/Et3N 19:0.5:
0.1) to give the product as a light yellow oil (65 mg) in 71%
yield: 31P NMR δ 149.37, 149.43 (diastereomeric pair); HRMS
calcd for C42H51N7O6P [M + H+] 780.363 846, found 780.365 110;

LRMS (FAB+) m/e 780 [M + H]+, 162 [base + 2H]+; Rf 0.24
(CH2Cl2/MeOH/Et3N 19:0.5:0.1).

Solid-Phase Synthesis of the Oligonucleotide. The
phosphoramidite of compound 15 (65 mg) was coevaporated
three times from dry benzene then was dried over P2O5 and
NaOH pellets in a vacuum desiccator for 48 h at room
temperature. This material was dissolved under dry nitrogen
in 2 mL of dry acetonitrile and used to synthesize the DNA
oligomer. Synthesis of the oligonucleotide was performed on
an Applied Biosystem 392 automated DNA synthesizer on a
1 µmol scale using phosphoramidite chemistry on a controlled
pore glass (CPG) support with an aminopropyl succinate
linker. Phenoxyacetyl phosphoramidites (PAC) from Phar-
macia were used to synthesize the DNA oligomer. The
synthesis followed standard protocol of the DNA synthesizer
for phosphoramidite chemistry, except for the two steps in
which the modified deoxynucleoside and the base after were
inserted. In the steps where the modified nucleotide and the
following unmodified nucleotide were incorporated, the time
of coupling was increased to 16 min and 10 min, respectively,
to maximize the coupling efficiency, which was 93%. The
overall yield of the synthesis of the oligonucleotide was 87%,
which was recovered as the 5′-dimethyloxytritylated derivative
and deprotected with 28-30% aqueous ammonia for 1.5 h at
65 °C to cleave off the nucleobase protecting groups. The 5′-
DMT-oligomer was purified by HPLC and eluted at 20 min
using a PRP-1 C-18 semipreparative reversed-phase column
(Hamilton Co.) using system 1. Detritylation of the pure
oligomer was accomplished by the treatment with 80% acetic
acid for 20 min at room temperature and then was desalted
on a Sep-pack C-18 column. Finally, the product was lyoph-
ilized on a Speed-Vac evaporator and dissolved in 1 mL of
deionized water. The amount of DNA measured using UV
spectrometry was 19.6 A260 units/1 mL. The resulting fully
deprotected DNA containing the modified base was reanalyzed
by HPLC and found to be a single product that has the
following sequence:

This sequence was originally taken from the polylinker region
of M13 phage. It has been used extensively in this laboratory
for mutagenesis and repair studies.

To confirm the compostion of the oligomer, about 0.45 A260

units was dissolved in 44 µL of freshly deionized water, 0.8
µL of 1 M MgCl2, and 3.5 µL 0.5 M Tris-HCl buffer (pH 7.5)
and digested with snake venom phosphodiesterase (2.5 µL) and
bacterial alkaline phosphatase (4.0 µL) at 37 °C for 16 h. The
digested mixture was analyzed on a C-18 reversed-phase
HPLC Supelcosil column (250 × 4.5 mm) using system 2.
Quantitation of the deoxynucleosides was on the basis of
integration of the peak areas at 260 nm, which confirmed the
base composition and the incorporation of the adducts, as well
as the spectrum of 1,N6-ethano-dA (Figure 1).
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