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Abstract—Solutions of 2-amino-3-aroyl-4,5-dialkylthiophenes in DMSO (dimethyl sulfoxide) undergo regioselective oxidation of
benzylic carbon under mild conditions. We describe three examples and propose a mechanism for oxidation.
# 2003 Elsevier Ltd. All rights reserved.
Some 2-amino-3-aroyl-4,5-dialkylthiophenes are allo-
steric enhancers of agonist activity at the A1 adenosine
receptor.1�7 Thus, this class of compounds are poten-
tially of use in the treatment of a variety of disorders by
increasing activation of the A1 adenosine receptor, for
example, the reduction of free fatty acid levels in blood8

and the protection of tissue from ischemic injury.9

Owing to the limited water solubility of the 2-amino-
thiophenes, DMSO is frequently used as the solvent in
stock solutions for pharmacological studies. In the
course of such studies we noticed that over a period of
weeks these compounds undergo conversion to complex
mixtures of products. Here we describe evidence from
1H NMR, 13C NMR, and LCMS that the oxidation of
benzylic carbons by DMSO is the initial step in this
transformation and that these compounds are suscep-
tible to biological oxidation by peroxidases. DMSO is a
popular solvent for many organic reactions due to its
polarity and is a reactant in the Swern10 and Pfitzner–
Moffatt11 and other oxidation reagents. To our knowl-
edge there are no reports of DMSO as an oxidant of
benzylic carbons.

Figure 1 shows the structures of the three 2-amino-
thiophenes used in these studies. Solutions of each (10
mM) in DMSO-d6 stored at 4 �C underwent analysis by
LCMS and 1H NMR periodically over a period of 4
weeks. Figure 2 shows the serial changes in the 1H
NMR spectrum12 of one representative compound,
ATL-527, that underwent a transformation to at least
one new compound characterized by two triplets at 2.29
and 2.85 ppm, with concomitant disappearance of
resonances of the starting material. At the end of 28
days, only a small amount of starting material
remained. Simultaneously, the amount of newly formed
product diminished, suggesting it underwent further
transformation(s).

Figure 3 shows the changes in the 13C NMR spectrum
of a solution of ATL-525 stored in DMSO-d6 for 25
days. Of the new resonances, that at 193.2 ppm is con-
sistent with a carbonyl group, suggesting that ATL-525
had undergone oxidation.

The LCMS analysis13 of solution of compound ATL-
527 in DMSO-d6 prior to its storage revealed a single
peak having a retention time of 19.5 min with molecular
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Figure 1. Structures of 2-amino-3-aroyl-4,5-dialkylthiophenes.
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ion (M+H)+ of m/z 308 and fragment ions at m/z 212
(very weak), 180 (loss of naphthyl group) and 155
(complete loss of the 3-aroyl substituent). LCMS ana-
lysis of that solution after 28 days of storage revealed
formation of a number of new compounds; the major
component had a retention time of 6.4 min, a molecular
ion (M+H)+ of m/z 322 and fragment ions of m/z 226,
194 and 155 (Fig. 4). The 14 unit increase in mass of the
product and the fragments is consistent with an oxida-
tion product. Other identifiable components in the
chromatogram had retention times of 8.7, 8.9, 10.2, 19.4,
and 19.5 min. The mass spectra of those compounds
contained molecular ions (M+H) of m/z 324, 340, 322,
324, and 340, respectively (Fig. 4). The amounts of
those components were not sufficient for NMR analysis.
However, their presence suggests the formation of
several intermediates, as shown in Scheme 2. Similar
observations were made for compound ATL-525.

Table 1 summarizes measurements by 1H NMR of the
rates of degradation of solutions of PD, 81723, ATL-
525 or ATL-527 in DMSO. PD, 81723 was the most
labile.

A similar regioselective oxidation of benzylic methylene
group of 2-amido-3-carboethoxy-thiophene by K2Cr2O7

in acetic acid14 (Scheme 1) is a precedent for the oxida-
tion reported here. A number of attempts were made to
prepare the proposed oxidation product either by pro-
tecting 2-amino group as an acetyl/tBoc group followed
Figure 2. Sequential changes in the 1H NMR spectral data of ATL-527 stored in DMSO-d6.
Figure 3. Changes in 13C NMR spectrum of compound ATL-525 during 25 days of storage in DMSO. Arrows mark new resonances that appeared
during storage.
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by oxidation with K2Cr2O7 or through direct synthesis
from 1,3-cyclohexanedione. In all the cases the starting
material completely consumed to complex mixture with
no signs of desired product formation. In addition,
attempts to isolate pure oxidation product from both
ATL-525 and ATL-527 after extraction with ethyl ace-
tate followed by concentration and purification by silica
gel column chromatography or by preparative TLC
were unsuccessful due to the complexity of the mixture
of compounds.

The direct purification of DMSO solution of ATL-527
by preparative HPLC,15 led to isolation of partially
purified oxidized ATL-527. However, upon concen-
tration of the fractions complex mixture of products
resulted.

The detailed mechanism of the oxidation is still unclear.
It might occur by a radical, that is, single electron
transfer pathway, but we believe an ionic pathway is
more consistent with the slow reaction rate. Scheme 2
presents a possible mechanism for the oxidation.

Additional experiments examined the roles of dissolved
oxygen and temperature. Working in a glove box under
nitrogen, a stock solution of ATL-527 was made from a
fresh bottle of DMSO-d6 saturated with nitrogen. The
solution was transferred into a pair of NMR tubes and
the tubes were sealed. In a parallel experiment the ATL-
527 was prepared in DMSO-d6 saturated with oxygen.
One NMR tube of each pair was stored at 4 �C and the
other at ambient temperature. Analysis by 1H NMR
at room temperature over the next 4 weeks showed:
Figure 4. A. Top left: LC/MS Total Ion Count (TIC) showing peak associated with ATL-527 (Rt=19.5 min). Top right: MS/MS spectrum of parent
m/z=308 and daughters m/z=212, 180 (loss of napthyl) and 155 (loss of naphthoyl). B. Bottom left: LC/MS TIC of the sample at day 35 showing
peaks associated with ATL-527 (Rt=19.5 min) and major product (Rt=6.4 min). Bottom right: MS/MS spectrum of oxidized product parent
m/z=322 and daughters m/z=226, 194 (loss of napthyl) and 155 (loss of naphthoyl).
Scheme 1. Reported oxidation of 2-amido-3-carboethoxythiophene by
K2Cr2O7.
Scheme 2. Proposed mechanism of the oxidation by DMSO.
Table 1. Rates of degradation in DMSO
Compd
 % Oxidation to keto compound
7
 14
 21
 28 (days)a
PD 81, 723
 10
 50
 >90
 —

ATL-525
 10
 30
 40
 50

ATL-527
 15
 40
 60
 >90
aReactions were carried out in NMR-tube using DMSO-d6 as a sol-
vent, stored at 4 �C and thawed prior to 1H NMR analysis; product
formation was calculated by integrating the aliphatic protons with
the residual DMSO protons as an internal standard.
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(1) Degradation occurred in all four tubes, evidence
that dissolved oxygen does not play a critical role;
(2) The rate of degradation was about twice as
great in the samples stored at 4 �C and thawed to room
temperature for 1H NMR analysis compared to samples
maintained at room temperature suggesting the effect of
freeze-thawing in DMSO on oxidation, and (3) no
degradation occurred when methanol-d4 was the
solvent. Such results identify DMSO as the oxidant.
Scheme 2 presents a possible mechanism for the oxida-
tion. These results indicate that DMSO is not a suitable
solvent for stock solutions of 2-amino-3-aroyl-4,5-
alkylsubstituted thiophenes.

Since the chemical oxidation of 2-amino-3-aroyl-thio-
phenes was facile under mild conditions, susceptibility
of these compounds towards biological oxidation sys-
tems was studied. All three compounds were incubated
for oxidation with horse radish peroxidases (HRP) and
human liver microsomes (HLM).16 Table 2 demon-
strates half lives for these compounds as analyzed by
LCMS. All three compounds underwent decomposition
in about 60 s.17 At this time neither the mechanism nor
the product(s) of those degradations are known.

The partially oxidized mixtures of ATL-525 and ATL-
527 in DMSO were shown to possess slightly reduced
allosteric enhancer activity of A1 adenosine receptor.

The oxidative lability of 2-amino-3-aroyl thiophenes
could hamper their therapeutic utility. The synthesis of
compounds in this class with structures resistant to
oxidation is the subject of ongoing investigation.
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15. Semi-preparative HPLC purification was performed on
Water’s 600 instrument attached to 996 PDA detector
using Advantage C18 reverse phase column (250�10 mm)
from Thompson Instrument Co (Clear Brook, VA).
The data was processed with Millennium32 software.
Initially a linear gradient elution conditions were utilized
to start with 10% acetonitrile (solvent A) and water
(solvent B) till 10 min at which the composition was 100%
acetonitrile. The column was further eluted with 100%
acetonitrile for 10 more min and then equilibrated.
The peak at 11.95 min, monitored at l=254 nm was
collected as oxidized product. Two additional major
fractions at 13.5 min. and 17.2 min were collected.
The later fractions at 17.2 min were of the starting
material.
1H NMR of partially purified compound (CDCl3): d 1.95
(m, 2H, CH2), 2.44 (t, 2H, CH2), 2.82 (t, 2H, CH2), 7.37
(dd, J=1.2, 6.4 Hz, 1H, ArH), 7.75 (d, J=8.1, 1H), 8.08
(brs, 1H), other aromatic protons could not be assigned.
This patially purified material when analyzed again by
LCMS revealed a small amount of oxidized material along
with the formation of three more major components with
Rt 12.2, 13.2, 14.0.
Table 2. Biological oxidation data
Compd
 Biological oxidation (half life in seconds)a
HRPb
 HLMc
PD 81, 723
 <60
 <60

ATL-525
 <60
 <60

ATL-527
 �80
 <60
a The half life data was obtained by monitoring the disappearance of
substrate by LCMS analysis in relation to an internal standard.

bHRP=horse radish peroxidase.
c HLM=human liver microsomes.
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16. BD Genset Corp. (Woburn, MA). supplied human liver
microsomes, Cat. No. 452161. Horseradish peroxidase
(HRP) was from Sigma (St. Louis, MO).

17. Fresh 10 mM stock solutions of ATL-527, ATL-525, and
PD-81,723 in DMSO were prepared daily.
Half-Life Studies with Horseradish Peroxidase.
Horseradish peroxidase (HRP) incubations were carried
out at 37 �C in a 0.1M potassium phosphate buffer (pH
8.0). HRP (2.5 units/mL) and 250 mM substrate was pre-
incubated with buffer, and the reaction was initiated by
addition of 1.1 mM H202. At various time points reactions
were quenched with 5% (v/v) catalase (5 mg/mL) and
tetraphenylethylene (TPE) as an internal standard was
added. After a few seconds, the proteins were separated
by the addition of 5% (v/v) of a 10% trichloroacetic acid
(TCA) solution and centrifugation. The supernatant
served for all succeeding analyses. The concentration of
substrate remaining at each time point was determined by
HPLC. The calibration curve of the internal standard and
drug was found to be linear in the range tested. The drug
half-lives (t1/2) under these conditions were determined
using a first-order approximation by plotting the natural
logarithm of the drug concentration versus time to give a
slope equal to-k. The t1/2 is equal to 0.693/k.
Half-Life Studies with Human Liver Microsomes.
Human liver microsome (HLM)-mediated oxidations
were carried out using 0.1M potassium phosphate buffer
(pH 7.4). The incubations contained 100 mM sub-
strate, 2 mM NADPH, and 12 mM MgCl2.6H2O.
Quenching the reaction and preparation of a protein-
free solution for analysis was as for the HRP-mediated
oxidations.
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