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Synthesis of oligodeoxynucleotides containing
a single diastereoisomer of

a-(N2-20-deoxyguanosinyl)-N-desmethyltamoxifen
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Abstract—A phosphoramidite chemical synthesis of oligodeoxynucleotides containing a diastereoisomer of (E)-a-(N2-deoxygua-
nosinyl)-N-desmethyltamoxifen, a major tamoxifen (TAM)-derived DNA adduct in animal and women treated with TAM, was
described. The site-specifically modified oligodeoxynucleotide can be used for mutagenesis, DNA repair, and 3D structural studies
and also as standard for quantitative analysis of TAM-DNA adducts in animal and human.
� 2004 Elsevier Ltd. All rights reserved.
Tamoxifen (TAM, 1a; [E-1-[4-{2-(dimethylamino)-eth-
oxy}-phenyl]-1,2-diphenyl]-butene) is widely used in the
endocrine therapy of breast cancer and used as a pro-
phylactic agent for women at high risk of developing
breast cancer.1 However, administration of TAM is
associated with an increased risk of endometrial cancer
in women treated with TAM.2 TAM is metabolized by
phase I enzymes to N-desmethyltamoxifen (N-desTAM,
1c), 4-hydroxytamoxifen, tamoxifen N-oxide, and a-
hydroxytamoxifen (a-OHTAM, 1b).3 N-desTAM is
further metabolized to a-hydroxy-N-desTAM (1d). a-
Hydroxylated TAM metabolites, 1d and 1b, are O-sul-
fonated by rat and human hydroxysteroid sulfotransfe-
rases and react with the exocyclic amino group of
guanine in DNA via a short-lived carbocation interme-
diate, resulting in the formation of two (E) (fr-1 and fr-
2) and two (Z) (fr-3 and fr-4) diastereoisomers of the a-
(N2-deoxyguanosyl)-N-desmethyltamoxifen adducts
(dG-N2-N-desTAM 2b, the structures in Fig. 1) and a-
(N2-deoxyguanosyl)tamoxifen adducts (dG-N2-TAM,
2a), respectively. In fact, (E)-dG-N2-N-desTAM and
(E)-dG-N2-TAM adducts have been detected as major
DNA adducts in rodents, monkey and women treated
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with TAM.3 In the present study, we describe a phos-
phoramidite chemical synthesis of (E)-dG-N2-N-
desTAM-modified oligodeoxynucleotides that can be
utilized for exploring biological properties and three-
dimensional structure of dG-N2-N-desTAM adducts.
When following a protocol previously established for
the preparation of dG-N2-TAM-modified oligomer,4 the
synthesis of dG-N2-N-desTAM-modified oligomers was
not successful. Several modifications, including protec-
tion and deprotection of the secondary amino group of
N-desTAM and deletion of the capping step during
automated oligonucleotide synthesis, were required for
preparation of large quantities of (E)-dG-N2-N-
desTAM-modified oligodeoxynucleotide.

The secondary amino group of (E)-a-OH-N-desTAM 1d
was protected with a benzyloxycarbonyl moiety5

(Scheme 1). The protected (E)-a-NH2-N-desTAM 512

was synthesized from the compound 35 using the Mits-
unobu reaction5 followed by hydrolysis.7 The DMT-
derivative of 2-fluoro-(O6-trimethylsilylethyl)-20-deoxy-
inosine 68 was coupled with the (E)-a-NH2-N-desTAM
protected at the aminoethoxy functionality 5 to produce
compound 712 (Scheme 1). Hydrogenation using palla-
dium hydroxide9 (10%) at 50 psi for 48 h successfully
deprotected the benzyloxycarbonyl group to give the
free secondary amino compound 8.12 dG-N2-N-desTAM
phosphoramidite derivative 912 was prepared using
diisopropylammonium tetrazolide.10
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Scheme 1. Synthetic protocol for dG-N2-N-desTAM-modified oligodeoxynucleotides. Reagents and conditions: (i) ClCO2CH2Ph, Et3N, THF, rt,

90%, (ii) phthalimide, TPP, DEAD, rt, 48%, (iii) MeNH2 in EtOH, reflux, 94%; (iv) DMSO, Et3N, 75 �C, 73%; (v) Pd(OH)2 10mol%, ethylacetate,
Et3N, 50 psi, 78%; (vi) diisopropylammonium tetrazolide, P(N(i-Pr)2)2)OCH2CH2CN, 66%.
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Figure 1. Structures of (E)- and (Z)-forms of TAM metabolites and TAM-DNA adducts.
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The preparation of the dG-N2-N-desTAM-modified
oligodeoxynucleotide using the phosphoramidite pre-
cursor 9, by general method in the DNA synthesizer,
gave more than 90% of oligomer containing an acetyl
group. It was not possible to remove the acetyl group at
the secondary amino group of the side chain, which was
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obtained during the capping process, after the synthesis
of the oligomer in the DNA synthesizer. Therefore, the
capping step was avoided in the synthesizer. The desired
dG-N2-N-desTAM-modified oligodeoxynucleotides was
obtained by HPLC purification.4 This method success-
fully gave the required oligodeoxynucleotide containing
the dG-N2-N-desTAM. The coupling efficiency for
0.25 lmol scale synthesis was >85%, and resulted in
good yields of the oligomers.

The oligodeoxynucleotides (50-GAGGTGCXTGTT-
TGT, where X is dG-N2-N-desTAM as a single diaste-
reoisomer) were prepared by automated chemical
Figure 2. 32P-Postlabeling/HPLC analysis of dG-N2-N-desTAM-modified oli

and (Z)-forms (a mixture of fr-3 and fr-4) of dG3-N
2-N-desTAM (Z)-dG3-

oligodeoxynucleotides (50 ng, 50-GAGGTGCXTGTTTGT, where X is dG-N

N2-N-desTAMwere digested enzymatically, and labeled with 32P. Standards (

fr-1 (E) or fr-2 (F) of dG-N2-N-desTAM.
synthesis. The sequence of the 15-mer oligomer was
selected from codons 271–275 of P53 mutational hot-
spots. When the (E)-dG-N2-N-desTAM phosphorami-
dite 9 was used, two diastereoisomeric oligomers con-
taining fr-1 or fr-2 of (E)-dG-N2-N-desTAM were
separated by HPLC; the retention times of purified fr-1
and fr-2 of the modified oligomers were 31.9 and
37.6min, respectively. The molecular weight of dG-N2-
N-desTAM-modified oligomers was measured by LC/
MS/MS in negative ion mode. The spectra of 15-mer
oligomer containing a fr-1 or fr-2 of (E)-dG-N2-N-des-
TAM (50-GAGGTGCXTGTTTGT, where X is dG-N2-
N-desTAM) exhibited an ion at m=z 5025, identifying
godeoxynucleotide. Standards of a mixture of (E)-forms (fr-1 and fr-2)

N2-TAM were labeled with 32P and subjected on HPLC (A). 15-mer
2-N-desTAM) containing a single (E)-isoform (fr-1, B; fr-2, C) of dG-

D) were co-chromatographied with a product from oligomer containing
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the molecular mass as 5026Da. Several (E)-dG-N2-N-
desTAM-modified oligomers having different sequence
context have been successfully synthesized, and these
modified oligomers were also resolved into two diaste-
reoisomeric oligomers by HPLC.

32P-Postlabeling/HPLC analysis developed recently in
our laboratory11 can also be used to confirm the incor-
poration of dG-N2-N-desTAM into oligomers. As
shown in Figure 2A, standards of (E)- (fr-1 and fr-2) and
(Z)- (a mixture of fr-3 and fr-4) isomers of dG30P-N

2-N-
desTAM and dG3-N

2-TAM can be resolved in 50min.
The retention times of a DNA adduct from fr-1 and fr-2
of the modified oligomers were 19.8min (Fig. 2B) and
20.5min (Fig. 2C), respectively. When the DNA adduct
from oligomer containing fr-1 (Fig. 2E) or fr-2 (Fig. 2F)
was co-injected with the authentic standards (Fig. 2D),
the products were identified as fr-1 and fr-2 of (E)-dG30p-
N2-N-desTAM, respectively.

Thus, phosphoramidite chemical synthesis allows the
preparation of substantial quantities of oligomers con-
taining dG-N2-N-desTAM adduct(s) in virtually any
sequence context. These dG-N2-N-desTAM-modified
oligomers will be used for mutagenesis, DNA repair
studies, 3D NMR structural and crystallographic stud-
ies. Such modified oligomers can also be used as stan-
dards for 32P-postlabeling analysis to quantify dG-N2-
N-desTAM-DNA adducts in animal and human.
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