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value for kg and ky,, is due to a change in interacting orbitals at
To
Electron transfer and back electron transfer involve different
pyrylium orbitals. In the forward direction an electron from the
carbon—boron bond is donated to the half-filled pyrylium HOMO,
while in the back direction an electron from the pyrylium LUMO
is transferred to the boranyl radical. We suggest that the aryl
groups mediate electron transfer by superexchange similar to the
way that bridging ligands appear to operate in bimetallic systems.!®
Thus strong overlap with the pyrylium HOMO enables a fast rate
for the forward direction, but for the reverse, a weaker interaction
between the LUMO and the occupied orbitals of the aryl groups
leads to a diminished maximum rate.
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(18) Crude estimates based on a classical mechanics model indicate a
maximum acceleration of 0.1 A/ps? and damping by viscous resistance of the
solvent in a few picoseconds. Also, ky is unaffected by changing the solvent
from benzene (n = 0.65 cP) to p-cymene (n = 3.4 cP).
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Although there is evidence that several thiophene derivatives
cause toxic effects,! very little is known not only on the molecular
mechanism of these effects but also, in a more general manner,
on the oxidative metabolism of the thiophene ring.2 Recently,
it has been shown that the hepatic cytochrome P450 dependent
oxidation of a diuretic drug, tienilic acid, and of its isomer with
the arylcarbonyl group on position 3 of the thiophene ring, 1, led
to the formation of electrophilic metabolites that covalently bind
to hepatic proteins® but the nature of which remained unknown,
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In an effort to determine the nature of these electrophilic me-
tabolites, we have undertaken the study of the metabolism of
thiophene compounds by rat liver microsomes in the presence of
a thiol-containing trapping agent.

This communication describes the initial results concerning the
study of 1 and of a simpler thiophene derivative 4. They provide
initial evidence for the formation of thiophene S-oxides as reactive
metabolites of thiophene-containing compounds and for the easy
reaction of these reactive metabolites with nucleophiles.

As reported previously,® oxidation of 1 by rat liver microsomes,
in the presence of NADPH, led to metabolites most of which
(70%) covalently bound to microsomal proteins, some unknown
minor metabolites (30%) being detected by HPLC. Incubations
under identical conditions but in the presence of nucleophiles like
glutathione or mercaptoethanol led to a dramatic decrease of this
covalent binding to proteins® and to a concomitant appearance
of new metabolites detected by HPLC. In the presence of 100
uM mercaptoethanol, only one major new metabolite, 2, appeared.
Despite its reactivity [i.e., 2 was rapidly and quantitatively
transformed into a new compound, 3, in acidic conditions (pH
=~ 1), and into other metabolites in the presence of excess mer-
captoethanol] metabolite 2 could be isolated by preparative HPLC
at neutral pH# The UV, mass ([M + 1]* = 407), and ‘H NMR?
spectra (Table I) of 3 clearly showed that it was derived from 1
by introduction of the S(CH,),OH moiety at position 2 (Scheme
I). The structure indicated for 2 was based on (i) its very
characteristic 'H NMR spectrum, with only one vinylic proton
coupled to two geminal protons (Hs), a singlet at 5.44 ppm for
H,, two sets of signals corresponding to the SCH,CH,O moiety,
and the signals of the Ar group almost identical with those of 3
(Table 1); (ii) its UV spectrum, which was pH-dependent and
exhibited bands as expected for a conjugated ketone at low pH
and for a highly conjugated anion at high pH (pK = 8.5); (iii)

(4) Microsomal incubations of 1, measurement of covalent binding, and
reverse-phase HPLC studies were performed as described previously.”

(5) Cagniant, P.; Cagniant, D.; Paquer, D.; Kirsch, G. In The Chemistry
of heterocyclic compounds, thiophene and its derivatives; Gronowitz, S., Ed.;
John Wiley and Sons: New York, 1985; Vol. 44, Part 2, p 119.
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Table I. 'H NMR and UV Characteristics of Metabolites 2 and 3

Communications to the Editor

'H NMR*

UV A\, nm

H, H, H;y Hy

OCH, Hy Hy (¢, mM"! cm™)

2% 544 (s, | H) 7.02(d, 34,1 H)Y 383457

745(d, 8.8, 1 H) 6.96(d, 88,1 H) 4.66(s,2H) 3.03(m,2H) 3.89(t6,2H) 292(6.4)pH 7.4

345 (21.2) pH 11

3 7.12(d, 58,1 H) 73(d,58,1 H) 7.37(d, 88, 1H) 697(d, 88,1 H) 4.66 (s,2 H) 3.33(t,6,2H) 3.93(t,6,2H) 240 (20.8), 277 (15.7),

" 358 (8.2)

92 and 3 as NH,* salts in D,O (3 mM, pH around 6.5); 6 in ppm/Si(CH,),, J in Hz. ®Data of the major diastereoisomer; the minor one (7%) was not completely
characterized but exhibited data similar to that of the major one (5.67 Hy;, 6.74 H; 7.42 Hy,; 6.95 Hy., 4.66 OCH;,; 2.89 Hy; 3.78 Hy»). “Slow exchange of 3.83 (dd, J = 20 and
3.4, 1 H) in D,O pH 6.5; rapid exchange of 4.57 (dd, J = 20 and 2, | H) in D,O pH 6.5 but slow exchange at pH 3 (easily observed). “Doublet (J = 3.4) in D,O because of

1.4

its transformation into 3 at pH 1, with loss of H,O, which is
well-known for dihydrothiophene sulfoxides;® and (iv) its mass
spectrum with a peak at [MH — H,0]* with the expected isotopic
cluster (2Cl) and fragments almost identical with those of the mass
spectrum of 3.7

Oxidation of 4 by rat liver microsomes in the presence of
NADPH led to sulfoxide § as a major metabolite. After identical
incubations but in the presence of mercaptoethanol and at pH
8.5, § was rapidly formed but was slowly transformed into a new
metabolite, 6. Identification of § and 6 were done by comparison
with authentic samples prepared by oxidation of 4 by H,0, in
CF,COOH and treatment of § by HOCH,CH,S™ in CH,OH ®

These results underline the great similarity between the path-
ways observed for microsomal oxidation of two thiophene deriv-
atives, 1 and 4. In the case of 4, the corresponding S-oxide was
stable enough (only in diluted solutions) to be detected. Nu-
cleophilic addition of mercaptoethanol to its double bond conju-
gated with the sulfoxide, which gave 6, was slow enough to be
followed by HPLC. In the case of 1, the structures of metabolites

(6) (a) Cava, M. P.; Pollack, M. J. Am. Chem. Soc. 1966, 88, 4112. (b)
Takaya, T.; Kosaka, S.; Otsuji, Y.; Imoto, E. Bull. Chem. Soc. Jpn. 1968, 41,
2086. (c) Buter, J.; Wassenaar, S.; Kellogg, R. M. J. Org. Chem. 1972, 37,
4045, (d) Jonsson, E. Ark. Kemi 1967, 26, 357. (¢) Klemm, L. H.; Merrill,
R. E.; Lee, F. H. W. J. Heterocycl. Chem. 1974, 11, 535. (f) Geneste, P.;
Olivé, J. L.; Ung, S. U. J. Heterocycl. Chem. 1977, 14, 953.

(7) The largest m/e peak of 2 corresponded to [MH - H,0]* due to its
fast dehydration under mass spectrometric conditions (CI, NH,).

(8) The chemical preparation and complete characterization of 8 and 6 will
be described elsewhere.

partial exchange of the 4.57 H even at pH 3, but quadruplet (/ = 3.7 and 1.5) in a CD,CN-D,0 (DCI) mixture where no exchange of Hy occurred. *In phosphate buffer pH

2 and 3 and the similarity observed between the metabolisms of
1 and 4 strongly suggest the intermediate formation of the
thiophene S-oxide A. Contrary to benzothiophene S-oxides,
thiophene S-oxides are very reactive species and very few of them
have been described so far.® Thiophene S-oxide A should be
particularly electrophilic because of the presence of the keto
substituent. Therefore, a Michael addition of mercaptoethanol
on C-2 of the double bond conjugated with a COAr and sulfoxide
functions should be very fast and lead to sulfoxide 2 after pro-
tonation of the intermediate anion at position 5. In the absence
of a thiol-containing nucleophile added to the incubation mixture,
A should react with nucleophilic residues of microsomal protein
amino acids, which would explain the observed covalent binding
of metabolites of 1 to proteins.’ Microsomal S-oxidation of 1 is
mainly catalyzed by cytochromes P450 since the formation of 2
and the covalent binding of 1 metabolites to proteins are almost
completely suppressed in the presence of classical cytochrome P450
inhibitors like CO. The consequences of the formation of this new
class of reactive metabolites (thiophene S-oxides) for the me-
tabolism and possible toxic effects of thiophene derivatives are
under study.
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