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Abstract: The synthesis of model reactive metabolites 4a–c by lead
tetraacetate (LTA) oxidation of arylnitrones 3a–c is described.
Compounds 4a–c react with deoxyguanosine (dG) to give N-ben-
zoylated C8-adducts 5a–c. Following debenzoylation with the het-
erogeneous system (sodium carbonate/methanol) leads to the
corresponding C8-adducts 6a–c.
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The chemistry of aromatic amines, amides and nitro com-
pounds is of considerable interest due to their carcinogen-
ic activity.1 Nitrones have figured prominently in both
synthetic2–6 and biomedical science.4,6,7 So far, most of the
work on nitrone utility has concentrated on the construc-
tion of heterocyclic rings,2 however, several examples of
biologically interesting molecules have not been noted.
Though nitrones and their reaction products have been
identified and extensively studied in carcinogenesis by
various workers,3,8 the literature survey has indicated fur-
ther scope for identification and other studies. In the inter-
est of the biological3,5,8 and physical properties9 of
compounds 4a–c, 5a–c and 6a–c, it is necessary to obtain
sufficient quantities by chemical synthesis. All the above,
prompted us to design a new route to synthesize adducts
5a–c and 6a–c via arylnitrones 3a–c (Scheme 1).

The N-hydroxyarylamines 2a–c, precursors for the syn-
thesis of 3a–c were prepared by the reduction of nitro
compounds 1a–c. Condensation of N-hydroxyarylamines
2a–c with benzaldehyde in ethanol gave 3a–c. The ni-
trones 3a–c were found to be light sensitive,10 decompos-
ing to aldehyde, amine, azobenzene, imine etc. Hence
they were stored in the dark until further use. 

N-Acetoxy compounds 4a–c were prepared by the lead
tetraacetate (LTA) oxidation3,4,11 of 3a–c in benzene. The
reaction appears to proceed through the intramolecular
1,4-acetyl transfer, leads to the formation of products, 4a–
c (Scheme 2).

Most reactions are temperature dependent and maintained
between –5 °C to 0 °C. Two of the three, 3a and 3c were

obtained as solids after purification, while 3b was an oil11

after distillation under reduced pressure. Compounds 4a–
c were stable in a freezer for several days. IR and 1H NMR
spectral data have confirmed the structures of 4a–c. IR ab-
sorption in the region � = 1762–1788 cm–1 was assigned
for ester C=O stretching frequency and the absorption at
comparatively lower region � = 1708–1714 cm–1 was as-
signed for amide C=O stretching frequency. The 1H NMR
peak in the region � = 2.16–2.25 was assigned for
OCOCH3 protons. Other spectral data were consistent
with structures of 4a–c.

The reaction of 4a–c with deoxyguanosine (dG) in sodium
citrate buffer of pH 6.9 gave 5a–c. They were confirmed
by the 1H NMR spectral studies. The absence of the very
important peak at � = 8.01, which was attributed to the
C8-H proton in dG12 indicated that substitution had taken

Scheme 1 Reagents and conditions: i) for 2a and 2b, Zn/NH4Cl, di-
stilled water, pH 6.5–7, 5% NaOH and for 2c 5% Pd-C/THF/abs.
EtOH/NH2NH2, 40 °C, 1 h; ii) PhCHO/EtOH or aq EtOH, r.t, 5–7 h;
iii) LTA /anhyd benzene, –5 to 0 °C, then r.t., 15 min; iv) 95% EtOH,
dG/2mM sodium citrate buffer of pH 6.9, 40–45 °C, 2 h, then 60–65
°C, 8 h; v) anhyd Na2CO3/MeOH, r.t., 7–8 h
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place at C8 position of the dG moiety. 1H NMR spectra
showed peaks in the region � = 10.38–10.72 and 6.38–
6.55 to NH and NH2 protons, respectively, of deoxygua-
nosine. This indicates that there was no substituent on NH
and NH2 in the dG moiety. Absence of one NH proton in
5a–c in the region � = 8.48–8.81 assigned for 6a–c con-
firmed the presence of a substituent on nitrogen atom of
5a–c. The disappearance of all active protons in NH and
OH upon the addition of D2O indicates that, NH and OH
in 5a–c are free from substituent. Other spectral data were
consistent with structures of 5a–c.

The compounds 5a–c were debenzoylated13 to form
products14,15 6a–c. Appearance of a peak in the region � =
8.48–8.81, attributed to the NH proton, and its disappear-
ance upon addition of D2O confirmed the structures of
products 6a–c.

In conclusion, the LTA oxidation of 3a–c to give 4a–c,
and their reaction with dG to form C8 adducts 5a–c can be
summarized as follows: (i) 4a–c are also reactive metabo-
lites like other N-acetoxyarylamines and amides reported
earlier,14–16 (ii) nitrones 3a–c are precarcinogens i.e., they
essentially require activation14 to produce the reactive me-
tabolites 4a–c. LTA is used as an excellent oxidant3 to ac-
tivate 3a–c into reactive metabolites 4a–c. This is a simple
activation pathway to obtain 4a–c via arylnitrones 3a–c.

TLC was performed with 0.2 mm silica gel GF254 (E-merck) with
fluorescent indication. The mobile phases used for TLC: CHCl3,
benzene, CHCl3–hexane (7:2), Et2O–hexane (2:1), MeOH–H2O
(7:3) and (9:1), EtOAc–hexane (2:1), MeOH, MeCN–MeOH (4:3),
benzene–Et2O (1:2). All HPLC analyses were performed with one
of the mobile phases: H2O–MeCN (6:1, 7:3 and 8.3). Compounds
were obtained from the commercial sources as indicated: zin dust
(E-Merck), NH4Cl (s.d. fine), hydrazine (s.d. fine), Pd 5% on acti-
vated carbon (E-Merck), dG (Aldrich), nitrobenzene (E-Merck),
4-nitrotoluene (E-Merck), 1-chloro-4-nitrobenzene (E-Merck),
LTA (Aldrich), benzaldehyde (E-Merck), silica gel-923 (Aldrich),
saphadex G-15 (Aldrich), sodium citrate (Aldrich), Al (E-Merck).
Melting points were recorded on SELACO 605 melting point appa-
ratus and were uncorrected. 1H NMR Spectra were recorded on

Bruker AMX-400, 400Mz, NMR spectrophotometer using CDCl3

and DMSO-d6 as solvent with TMS as an internal standard. IR spec-
tra were recorded on a Bio-Rad Win-IR spectrometer. Elemental
analyses were obtained on a Vario-EL instrument. Low temperature
reactions were carried out using cryostat model MRP 700. All
HPLC analysis were performed with Lachrom-2000 Merck-Hitachi
L7100 pump with RP18.250-4 mm column and UV Detector-UV-
VIS L7400.

Nitrones 3a–c; General Procedure 
Equimolar solutions of arylhydroxylamines17 2a–c and benzalde-
hyde in a minimum volume of EtOH or aq EtOH were kept at r.t. in
the dark for 5–7 h. When no precipitate had formed, the solution
was diluted with H2O until milky, warmed slightly to give a clear
solution and stored overnight at 0 °C. Needle like crystals obtained
were recrystallized to constant mp from EtOH or aq EtOH. The an-
alytical data of 3a,18 3b,19 and 3c6 were consistent with those report-
ed in the literature.

N-Acetoxy-N-benzoyl Derivatives 4a-c; N-Acetoxy-N-
benzoylaniline (4b);11 Typical Procedure
A solution of 3b (500 mg, 2.54 mmol) in anhyd benzene (10 mL)
was kept between –5 °C to 0 °C. Exothermic reaction took place im-
mediately on portion wise addition of LTA (1.60 g, 3.61 mmol).
The mixture was stirred for 15 min at r.t. Filtration of the white lead
diacetate precipitate and evaporation of the solvent at reduced pres-
sure yielded the crude product. Distillation of resulting oil under re-
duced pressure gave 4b.
1H NMR (400 MHz, CDCl3): � = 2.20 (s, 3 H, OCOCH3), 7.06–7.38
(m, 5 H, NC6H5), 7.6–7.80 (m, 5 H, COC6H5).

IR (KBr): � = 1710 (PhC=O), 1786 (CH3C=O), 1482, 1502 (C–N),
1118 cm–1 (O–COCH3).

Anal. Calcd for C15H13NO3: C, 70.59; H, 5.10; N, 5.49. Found: C,
70.65; H, 5.02; N, 5.44.

N-Acetoxy-N-benzoyl-4-methylaniline (4a)
Obtained from 3a (500 mg, 2.37 mmol) and LTA (1.50 g, 3.38
mmol), as solid (592 mg, 93%); mp 120–122 °C.
1H NMR (400 MHz, CDCl3): � = 2.16 (s, 3 H, OCOCH3), 2.30 (s, 3
H, Ar-CH3), 7.02–7.18 (m, 4 H, NC6H4), 7.4–7.45 (m, 5 H,
COC6H5). 

IR (KBr): � = 1708 (PhC=O), 1762 (CH3C=O), 1486, 1508 (C–N),
1120 cm–1 (O–COCH3).

Anal. Calcd for C16H15NO3: C, 71.37; H, 5.58; N, 5.20. Found: C,
71.08; H, 5.55; N, 5.28.

N-Acetoxy-N-benzoyl-4-chloroaniline (4c)
Obtained from 3c (500 mg, 2.61 mmol) and LTA (1.70 g, 3.83
mmol), as solid (592 mg, 93%); mp 131–132 °C.
1H NMR (400 MHz, CDCl3): � = 2.25 (s, 3 H, OCOCH3), 7.12–7.60
(m, 9 H, Ar-H). 

IR (KBr): � = 1714 (PhC=O), 1788 (CH3C=O), 1488, 1502 (C–N),
1112 cm–1 (O–OCOCH3). 

Anal. Calcd for C15H12NO3 Cl: C, 62.18; H, 4.14; N, 4.84. Found:
C, 61.09; H, 4.24; N, 4.92.

dG Adducts 5a–c; N-(Benzoyl)-N-(deoxyguanosin-8-yl)-4-
methylaniline (5a); Typical Procedure
Significant modifications were made to the procedure used by Kriek
et al.20 in the synthesis of Gu-adducts.

Compound 4a (183 mg, 0.68 mmol) in 95% EtOH (15 mL) was add-
ed to dG (49 mg, 0.17 mmol) in a 2 mM sodium citrate buffer of pH
6.9 (30 mL) at 40–45 °C over 2 h and the mixture was stirred further

Scheme 2
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8 h at 60–65 °C. The reaction mixture was diluted with H2O (50 mL)
and the EtOH was evaporated. The aqueous phase was extracted
successively with Et2O (2 � 10 mL), butanol (3 � 10 mL) and EtOAc
(2 � 10 mL). The combined extracts of Et2O, butanol and EtOAc
were dried (Na2SO4). The crude product obtained on removal of sol-
vent was first purified over a silica gel column with MeOH–CHCl3

(7:2) and then chromatographed on sephadex G-15 with EtOH–
CHCl3 (7:3) to give the product 5a (6 mg, 9%). Analysis of the
aqueous solution by HPLC with H2O–MeCN (6.1) showed that the
product 5a was 99% pure.
1H NMR (400 MHz, DMSO-d6): � = 1.82 (m, 1 H, H2

1), 2.14 (s, 3
H, Ar-CH3), 2.60 (m, 1 H, H2

1), 3.61 (m, 2 H, H5
1), 3.82 (d, 1 H,

H4
1), 4.36 (m, 1 H, H3

1), 5.28 (s, 1 H, H3
1-OH), 5.82 (s, 1 H, H5

1-
OH), 6.24 (dd, 1 H, H1

1), 6.38 (s, 2 H, Gu-NH2), 6.92 (d, 2 H, Ar-
H), 7.55 (d, 2 H, Ar-H), 7.59–7.82 (m, 5 H, Ar-H), 10.72 (br s, 1 H,
Gu-NH).

IR (KBr): � = 3390, 2925, 1684, 1638, 1600, 1516, 1455, 1102,
1050, 1024, 1002, 830 cm–1.

Anal. Calcd for C24H24N6O5: C, 60.50; H, 5.04; N, 17.64. Found: C,
60.50; H, 5.04; N, 17.64. 

N-Benzoyl-N-(deoxyguanosin-8-yl)aniline (5b)
Compound 4b (173 mg, 0.68 mmol) in 95% EtOH (15 mL) was
added to dG (49 mg, 0.17 mmol) in a 2 mM sodium citrate buffer of
pH 6.9 (30 mL) at 40–45 °C over 2 h and the mixture was stirred
further for 9 h at 60–65 °C. The remaining procedure was the same
as described for the synthesis of 5a to obtain the product 5b (4 mg,
6%). Analysis of the aqueous solution by HPLC with H2O–MeCN
(8:3) showed that the product 5b was 99% pure. The spectral data
were in agreement with that of an authentic sample.14

1H NMR (400 MHz, DMSO-d6): � = 2.02 (m, 2 H, H2
1), 3.75 (m, 2

H, H5
1), 3.93 (m, 1 H, H4

1), 4.44 (m, 1 H, H3
1), 5.35 (s, 1 H, 1 H,

H3
1-OH), 5.96 (s, 1 H, H5

1-OH), 6.33 (m, 1 H, H1
1), 6.45 (s, 2 H, Gu-

NH2), 6.91 (t, 1 H, Ar-H), 7.20 (t, 2 H, Ar-H), 7.72–7.82 (m, 7 H,
Ar-H), 10.63 (s,1 H, Gu-NH).

IR (KBr): � = 3345, 3206, 1686, 1600, 1564, 1498, 1355, 1098,
1052, 1030, 1000, 752 cm–1.

Anal. Calcd for C23H22N6O5: C, 59.74; H, 4.76; N, 18.18. Found: C,
59.63; H, 4.81; N, 18.22.

N-(Benzoyl)-N-(deoxyguanosin-8-yl)-4-Chloroaniline (5c)
Compound 4c (246 mg, 0.85 mmol) in 95% EtOH (15 mL) was add-
ed to dG (49 mg, 0.17 mmol) in a 2 mM sodium citrate buffer of pH
6.9 (30 mL) at 40–45 °C over 2 h and the mixture was stirred further
for 10 h at 60–65 °C. The remaining procedure was the same as de-
scribed for the synthesis of 5a, to give the product 5c (5 mg, 7%).
Analysis of the aqueous solution by HPLC with H2O–MeCN (7:3)
showed that the product 5c was 98.9% pure.
1H NMR (400 MHz, DMSO-d6): � = 2.06 (m, 1 H, H2

1), 2.49 (m, 1
H, H2

1), 3.71 (m, 2 H, H5
1), 3.92 (m, 1 H, H4

1), 4.42 (d, 1 H, H3
1),

5.37 (s, 1 H, H3
1-OH), 6.04 (s, 1 H, H5

1-OH), 6.34 (dd, 1 H, H1
1),

6.55 (br s, 2 H, Gu-NH2), 7.28 (d, 2 H, Ar-H), 7.58–7.74 (m, 5 H,
Ar-H), 7.78 (d, 2 H, Ar-H), 10.38 (br s, 1 H, Gu-NH).

IR (KBr): � = 3333, 2926, 1682, 1641, 1602, 1495, 1413, 1385,
1092, 1055, 1038, 1012, 826 cm–1.

Anal. Calcd for C23H21ClN6O5: C, 55.59; H, 4.23; N, 16.92. Found:
C, 55.62; H, 4.21; N, 16.99.

Debenzoylation of 5a–c to 6a–c; General Procedure
These compounds were prepared by the method of Underwood et
al.13 using heterogeneous system (Na2CO3/MeOH) for the deben-
zoylation of 5a–c. Spectral data are in good agreement with an au-
thentic sample.14,16b 
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