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ABSTRACT: A series of 2-aroylthiophenes derived from tienilic acid by replacement of its CO®H
substituent with groups bearing various functions have been synthesized and studied as possible substrates
of recombinant human liver cytochrome P450s 2C9 and 2C18 expressed in yeast. Whereas only compounds
bearing a negative charge acted as substrates of CYP 2C9 and were hydroxylated at position 5 of their
thiophene ring at a significant rate, many neutral 2-aroylthiophenes were 5-hydroxylated by CYP 2C18
with keqt values of>2 min~t. Among the various compounds that were studied, those bearing an alcohol
function were the best CYP 2C18 substrates. One of them, com@widch bears a terminal O(Chi-

OH function, appeared to be a particularly good substrate of CYP 2C18. It was regioselectively hydroxylated
by CYP 2C18 at position 5 of its thiophene ring withKg value of 9+ 1 uM and akg, value of 125+

25 min1, which are the highest described so far for a CYP 2C. A comparison of the oxidati@n&f
yeast-expressed CYP 1A1, 1A2, 2C8, 2C9, 2C18, 2C19, 2D6, 2E1, 3A4, and 3A5, showed that only
CYP 2C8, 2C18, and 2C19 were able to catalyze the 5-hydroxylatiBnHdwever, the catalytic efficiency

of CYP 2C18 for that reaction was considerably highes/Ku value being 3-4 orders of magnitude

larger than those found for CYP 2C8 and 2C19). Several human P450s exhibited small activities for the
oxidative O-dealkylation o8. The four recombinant CYP 2Cs were the best catalysts for that reaction
(kcat between 1 and 5 mirt) when compared to all the P450s that were tested, even though it is a minor
reaction in the case of CYP 2C18. All these results show that comp®isd new, selective, and highly
efficient substrate for CYP 2C18 that should be useful for the study of this P450 in various organs and
tissues. They also suggest some key differences between the active sites of CYP 2C9 and CYP 2C18 for
substrate recognition.

Cytochrome P450s play a key role in the metabolism of inhibitory effects of sulfaphenazole toward CYP 2CA. (
exogenous compounds such as drugs. Their broad substrat®ther models derived from molecular modeling have pro-
specificity is now well-understood in terms of enzyme posed similar “pharmacophores” for CYP 2C9 substrates;
specificity (1). Cytochrome P450s of the 3A and 2C however, these models involve a hydrogen bond between a
subfamilies are the major isozymes in human livar 3). polar residue of substrates with a CYP 2C9 amino acid
To predict which P450 will be involved in the metabolism instead of an ionic interactior8¢ 10).

of a new biologically active molecule and to understand the  Genetic analysis of the CYP 2C subfamily shows the
structural basis that governs the specificity of a given P450 presence of at least seven genes with several allelic variants.
for a particular drug, it is important to determine the structure cyp 2C8, 2C9, and 2C19 are the isozymes of the 2C
of the substrate blndlng sites of the main human liver P450s. Subfam”y which are expressed at the h|ghest level in human
In the absence of crystal structures for such membrane-boundiver (2, 3, 11, 12). The fourth member of the CYP 2C
mammalian P450s, the use of a series of indirect methods,subfamily, CYP 2C18, appears to be expressed at a very
combining biochemical results, spectroscopic studies, andjow level in human liver {3, 14). However, CYP 2C18
theoretical models, is required. This has been successfullyseems to be a major P450 2C in the skin and in the lung as
achieved for CYP 2D6 (see, for instance, 4efnd references  judged from its mRNA levels1(, 16).

therein). In the case of CYP 2C9, a model for the interaction \yhereas specific substrates and inhibitors are known for
of this cy tochr.ome W'.th Its substrgtgs has bleen proposed oncyp 2C8, 2C9, and 2C19, and the nature of substrate active
the l?a5|s of b'I(I)Chem'Tal e}nd U\)(é|s||.ble and HhNMR <(15)| sites of CYP 2C9 and 2C19 begins to be understood thanks
results, as well as molecular mode ing €). In t at model, to the aforementioned studies—<10) and to recent results
CYP 2C9 §ubstrates, which most.oft'en are anionic ‘."lt pH using CYP 2C9-2C19 chimeric proteins and mutants7(

7.4, would interact through their anionic site with a cationic 18), almost nothing is known about the substrate active site

residue of the proteirs(-7). This model takes into account  ¢cyp >c18. Moreover, to date, no reaction has been shown
the major interactions that seem to explain the highly specific to be specifically catalyzed by this enzyn®.(
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Ficure 1: Structure of 2-aroylthiophenes synthesized and used in

this study.
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FiGure 2: Major forms in which the 5-hydroxy metabolites of
2-aroylthiophenes exist at physiological pH. Labeling was used for
IH NMR results.

2C18, which has been performed on a series of compound
derived from tienilic acid that have been synthesized for that
purpose. These results provide a first idea of the different

structural determinants that are involved in substrate recogni-

tion by CYP 2C9 and CYP 2C18. Moreover, they lead to
the first substrate that is specifically hydroxylated by CYP
2C18 with a very high catalytic efficiency.

MATERIALS AND METHODS

Chemicals

All the chemicals that were used were of the highest
quality commercially available. Tienilic acid and 2-(2,3-
dichloro-4-methoxy)benzoylthiophene were provided by An-
phar-Rolland (Chilly-Mazarin, France). 2-Parafluoroben-
zoylthiophene was purchased from Janssen.

Physical Measurements

UV —visible spectra were recorded on a Kontron Uvikon
820 spectrophotometer equipped with a diffusion spHete.
NMR spectra were recorded at 2 on a Bruker ARX-250
instrument; chemical shifts are reported downfield from
(CHjy),4Si, andJ values are in hertz. Labeling of the carbons
of 2-aroylthiophenes corresponding to the following H
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below are for®*Cl. Elemental analyses were carried out at
Centre Regional de Microanalyse (Paris).

Synthesis of Tienilic Acid Deratives

2-Parachlorobenzoylthiophene, 2,3-dichloro-4-(2-thenoyl)-
phenol (), and 2-[2,3-dichloro-4-(2-thenoyl)phenoxy]ethanol
(6) were prepared by previously described proceduées (
19). Their'H NMR spectra were in complete agreement with
those reported previousl)

1-[2,3-Dichloro-4-(2-thenoyl)phenoxy]propan-2-&)( Chlo-
roacetone (4%L, 0.53 mmol) was added to a solution of
2,3-dichloro-4-(2-thenoyl)phend! (137 mg, 0.5 mmol) in
anhydrous DMF (1 mL) containing 0.57 mmol of }zOs.
After 3 h at 80°C, DMF was evaporated and the residue
dissolved in CHCI,. The organic phase was washed with
water, neutralized wit 1 N HCI, and dried over MgSQ
[2,3-Dichloro-4-(2-thenoyl)phenoxy]acetone was purified by
column chromatography (Si298:2 CHCl,/acetone) and
obtained as white crystals in a 70% yield: mp-&® °C;
H NMR (CDCl) 6 2.37 (s, 3H, CHCO), 4.64 (s, 2H, Cht
CO), 6.76 (d, 1H, |/, J=8.4), 7.11 (dd, 1H, b Js3= 3.6,
Jis=4.8),7.32(d, 1H, 5,J=8.4), 7.41 (d, 1H, Kl Jza =
3.6), 7.75 (d, 1H, Kl Js4 = 4.8). Anal. Calcd for GHio-
Cl,0sS: C, 51.08; H, 3.06. Found: C, 51.03; H, 3.11.

After being stirred for 3 min, a mixture of 60 mg of NaBH
in 15 mL of 1:1 MeOH/CHCI, was cooled to-78 °C (dry
ice/acetone), and a solution of [2,3-dichloro-4-(2-thenoyl)-

henoxy]acetone (60 mg, 0.18 mmol) in &, (1.5 mL)

as added. After the mixture had been stirred for 10 min,
the reaction was quenched (with 1.5 mL of acetone) and the
mixture allowed to warm to room temperature. The solution
was washed wit 1 N NaOH, extracted with C¥l,, dried
over MgSQ, and concentrated. CompouBdwvas purified
by column chromatography (S¥®8:2 CHCl./acetone) and
obtained in a 100% yield. Crystallization from diethyl ether
gave white crystals: mp 165L06 °C; *H NMR (CDCls) o
1.33 (d, 3H, CH, J = 6.4), 2.36 (d, 1H, OHJ = 4), 3.91
(m, 1H, CH, J=9 and 7.4), 4.07 (m, 1H, CKHJ =9 and
2.9), 4.28 (m, 1H, €IOH), 6.90 (d, 1H, K, J=8.4), 7.11
(dd, 1H, H,, Js3= 3.8,J45 = 4.8), 7.33 (d, 1H, K, J = 8.4),
7.41 (dd, 1H, H, J3s = 3.8,J35 = 1.2), 7.74 (dd, 1H, | Js4
= 4.8,Js3 = 1.2); MS (El)nVz (relative intensity) 330 (M,
50%), 272 (65%), 189 (43%), 111 (100%). Anal. Calcd for
C14H1:Cl0sS: C, 50.77; H, 3.65. Found: C, 50.82; H, 3.60.

1-[2,3-Dichloro-4-(2-thenoyl)phenoxy]propane-2,3-dig}.(
A solution of phenoll (160 mg, 0.59 mmol) in water (0.8
mL) containing sodium hydroxide (24 mg, 0.6 mmol) was
added to 25@.L of epibromohydrine and the mixture stirred
vigorously for 43 h at room temperature. The product was
extracted with CHCI, and dried over MgS® After removal
of the solvent, 1-[2,3-dichloro-4-(2-thenoyl)phenoxy]-2,3-
epoxypropane was purified by column chromatography

assignments is given in Figure 2. Abbreviations used for peak (SiO,, CH,Cl, as the eluent) and obtained as white crystals

description are s, d, t, m, bs, and dd for singlet, doublet,
triplet, massif, broad singlet, and doublet of doublets,
respectively. Mass spectroscopy (MS) was performed with

in 60% vyield: mp 115116 °C; *H NMR (CDCl) 6 2.88
(m, 1H, OCH, J = 4.8 and 2.8), 2.98 (m, 1H, OGHJ =
4.8 and 4), 3.41 (m, 1H, 180), 4.10 (1H, G,0Ar, J =

electronic ionization (El) on a Nermag R1010 apparatus. For 11.2 and 5.6), 4.40 (1H, i&;OAr, J = 11.2 and 2.8), 6.95

all compounds related to tienilic acid that contain two
chlorine atoms, all peaks corresponding to molecular ions
or fragments involving two Cl atoms exhibited the isotope

(d, 1H, Hy, J = 8.4), 7.10 (dd, 1H, b Jss = 3.8,Jss = 4.8),
7.32 (d, 1H, H, J = 8.4), 7.40 (dd, 1H, k& Jss = 3.8, Js
=1.2), 7.74 (dd, 1H, & Jss = 4.8, J53 = 1.2). Anal. Calcd

cluster shape expected for the presence of two Cl atoms (withfor C,4H10Cl,05S: C, 51.08; H, 3.06. Found: C, 50.97; H,

a M:M + 2:M + 4 ratio of 10:6:1);m/z values described

3.05.
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1-[2,3-Dichloro-4-(2-thenoyl)phenoxy]-2,3-epoxypro-
pane (46 mg, 0.14 mmol) was dissolved in dioxane (2 mL),
and NaOH (2.3 mL, 0.3 N) was added to the solution and
the mixture heated at 7075 °C for 54 h. The solution was
diluted with HO, extracted with CkCl,, washed with HO,
and dried over MgS® After recrystallization from CECly,
compound8 was obtained as white crystals in 53% vyield:
mp 121-122°C; *H NMR (CDCl) 6 2.02 (t, 1H, OH), 2.67
(bs, 1H, OH), 3.88 (m, 2H, CHDH), 4.18 (m, 3H,
OCH,CHOH), 6.93 (d, 1H, K, J=8.5), 7.11 (dd, 1H, W
Jiz = 3.6,J45 = 4.8), 7.34 (d, 1H, K, J = 8.5), 7.40 (dd,
1H, Ha, J3a = 3.6,J35 = 1.2), 7.74 (dd, 1H, K Js, = 4.8,
Js3 = 1.2); MS (El)mvz (relative intensity) 346 (M, 38%),
272 (72%), 189 (35%), 111 (100%). Anal. Calcd fouid; -
Cl,O,S: C, 48.43; H, 3.48. Found: C, 48.53; H, 3.50.

3-[2,3-Dichloro-4-(2-thenoyl)phenoxy]propan-1-&)(One
milliliter of 3-bromopropan-1-ol (11 mmol) was added to a
solution of phenoll (1.365 g, 5 mmol) in anhydrous DMF
(10 mL) containing 540 mg of N&Qs. After 3 h at 80°C,
evaporation of DMF, and extraction with GEl,, the residue
was washed with water, extracted, and dried over MgSO
Purification by column chromatography (SIQA—5% CH,-
Cly/ether) does not allow one to obtain purified compound
3. The acetylated derivative & was then prepared.

The unpurified compound was dissolved in 5 mL of CEICl
and cooled to OC. Pyridine (0.5 mL, 6.2 mmol) and then
0.5 mL of acetic anhydride (5.3 mmol) were added to the
solution. The mixture was allowed to warm to room
temperature, and then diluted with gE,, washed with 0.1
M HCI, and dried over MgS® Acetylated3 was purified
by column chromatography (SiOCH,Cl,): mp 60°C; *H
NMR (CDCls) 6 2.05 (s, 3H, CH), 2.20 (m, 2H, CH), 4.17
(t, 2H, OCH,), 4.32 (t, 2H, ¢1,0CO0O), 6.90 (d, 1H, K, I =
8.5), 7.10 (dd, 1H, W Js3 = 3.9, Jss = 4.9), 7.32 (d, 1H,
Hs, J = 8.5), 7.41 (dd, 1H, & Jss = 3.9, Js5 = 1.2), 7.73
(dd, 1H, H;, Js4 = 4.9,Js3 = 1.2). Anal. Calcd for GHi4
Cl,0O4S: C, 51.49; H, 3.78. Found: C, 51.32; H, 3.71.

The acetylated compound was then hydrolyzed in a
mixture of MeOH and HO (5 and 5 mL, respectively)
containing 240 mg of NaOH and refluxed for 1 h. The
solution was diluted with water and extracted with L.
The organic phase was dried over MgS&hd evaporated.
Compound3 (1.25 g) was obtained in a 75% global yield:
mp 90-91 °C; 'H NMR (CDCl) 6 1.81 (t, 1H, OH,J =
5.35), 2.13 (m, 2H, CK J = 5.8), 3.92 (m, 2H, E,0H, J
= 5.8,J = 5.35), 4.26 (t, 2H, CKDAr, J = 5.8), 6.92 (d,
1H, Hs, J = 8.5), 7.10 (dd, 1H, W Js3 = 3.9, Jus = 4.8),
7.33 (d, 1H, H, J = 8.5), 7.41 (dd, 1H, bl J3s = 3.9, Jss
=1.1), 7.73 (d, 1H, Bl Jss = 4.8,J53 = 1.1); MS (El)m/z
(relative intensity) 330 (M, 58%), 272 (60%), 189 (27%),
111 (100%). Anal. Calcd for £H1,Cl,0sS: C, 50.77; H,
3.65. Found: C, 50.74; H, 3.58.

4-[2,3-Dichloro-4-(2-thenoyl)phenoxy]butan-1-@) (4-Chlo-
robutan-1-ol (0.2 mL, 2 mmol) was added to a solution of
phenoll (100 mg, 0.37 mmol) in anhydrous DMF (1 mL)
containing 40 mg of Ng&COs. The mixture was heated at 80
°C for 6 h. After evaporation of DMF, the residue was
dissolved in CHCI,, washed with water, and dried over
MgSQ. After purification by column chromatography (SiO
95:5 CHCI,/AcOEt) and recrystallization from ether/cyclo-
hexane, 30 mg of compouritiwas obtained in 24% yield:
mp 80-81 °C; *H NMR (CDCl) 6 1.45 (t, 1H, OH), 1,81
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(m, 2H, CH), 1,97 (m, 2H, CH), 3.75 (m, 2H, E1,0H),
4.14 (t, 2H, CHOAr), 6.89 (d, 1H, K, J = 8.6), 7.10 (dd,
1H, Hy, Jsz = 3.8, 45 = 4.8), 7.32 (d, 1H, H, J = 8.6),
7.41 (d, 1H, H, J33 = 3.8), 7.73 (d, 1H, | Jss = 4.9); MS
(El) m/z (relative intensity) 344 (M, 6%), 272 (68%), 189
(24%), 111 (100%). Anal. Calcd for;¢H,4Cl,05S: C, 52.19;
H, 4.09. Found: C, 52.09; H, 4.12.
4-[2,3-Dichloro-4-(2-thenoyl)phenoxy]butyronitrile 4.
4-Bromobutyronitrile (11QuL, 1.1 mmol) was added to a
solution of phenoll (100 mg, 0.366 mmol) in anhydrous
DMF (1 mL) containing 40 mg of N&Os. After 3 h at 80
°C, DMF was evaporated and the residue dissolved ia-CH
Cl,. The organic phase was washed with water and dried
over MgSQ. Compound4 was purified by column chro-
matography (SiQ CH.Cl,). Crystallization from diethyl
ether gave white crystals in 77% yield: mp 13132 °C;
H NMR (CDCl) 6 2.23 (m, 2H, CH), 2.68 (t, 2H, CH-
CN), 4.21 (t, 2H, CHOAr), 6.90 (d, 1H, K, J=8.5), 7.11
(dd, 1H, H;, Jiz = 4, Jss = 4.8), 7.34 (d, 1H, i, J = 8.5),
7.41 (dd, 1H, H, Jss = 4, Jss = 1.2), 7.74 (dd, 1H, K Jss
= 4.8,Js3 = 1.2); MS (El)nVz (relative intensity) 339 (M,
38%), 272 (15%), 189 (20%), 111 (100%). Anal. Calcd for
CisH11CILNO,S: C, 52.95; H, 3.26; N, 4.12. Found: C,
52.67; H, 3.12; N, 4.05.
[2,3-Dichloro-4-(2-thenoyl)phenyl]butyl EtheB). 4-Bro-
mobutane (8Q«L, 0.74 mmol) was added to a solution of
phenoll (107 mg, 0.39 mmol) in anhydrous DMF (1 mL)
containing 45 mg of N#&O;. After 3.5 h at 80°C, DMF
was evaporated and the residue dissolved in@4 The
organic phase was washed with water and dried over MgSO
Purification of the residue by column chromatography ¢SiO
1:1 CHCl,/cyclohexane) afforded 128 mg (quantitative
yield) of 5 as white crystals: mp 4849 °C; 'H NMR
(CDClg) 6 0.99 (t, 3H, CH), 1.55 (m, 2H, CH), 1.86 (m,
2H, CH,), 4.09 (t, 2H, CHOAr), 6.88 (d, 1H, H, J = 8.5),
7.10 (dd, 1H, H, Jis = 4, Jss = 4.8), 7.32 (d, 1H, K, J =
8.5), 7.42 (d, 1H, W J3s = 4), 7.73 (d, 1H, H, Jss = 4.8);
MS (EI) m/z (relative intensity) 328 (M, 48%), 272 (77%),
189 (26%), 111 (100%). Anal. Calcd foréH1,Cl,0O,S: C,
54.72; H, 4.29. Found: C, 54.55; H, 4.25.

Yeast Transformation, Cell Culture, and Preparation of
the Yeast Microsomal Fraction

The expression system used for human cytochrome P450s
was based on a yeast strain W(R) fur 1 previously described
(20), in which yeast cytochrome P450 reductase was over-
expressed. Transformation by a pYeDP60 vector containing
one of the human liver CYP 1A1, 1A2, 2C8, 2C9, 2C18,
2C19, 2D6, 2E1, 3A4, and 3A5 cDNA21—24) was then
performed according to a general method of construction of
yeast strain W(R) fur 1 expressing various human liver P450s
(25, 26). Yeast culture and microsome preparation were
performed by using previously described techniquzg.(
Microsomes were homogenized in 50 mM Tris-HCI buffer
(pH 7.4) containing 1 mM EDTA and 20% glycerol (v/v),
aliquoted, frozen under liquid JNand stored at-80 °C until
they were used. P450 contents of yeast microsomes were
200, 100, 40, 90, 40, 20, 40, 10, 200, and 40 pmol of P450
per mg of protein for CYP 1A1, 1A2, 2C8, 2C9, 2C18, 2C19,
2D6, 2E1, 3A4, and 3A5, respectively. Activities of CYP
1A1, 1A2, 2C8, 2C9, 2C18, 2C19, 2D6, 2E1, 3A4, and 3A5
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in yeast microsomes were 10 (ethoxyresorufin O-deethyla- 2-(2,3-dichloro-4-methoxy)benzoylthiophene (@M final
tion), 2 (ethoxyresorufin O-deethylation), 0.2, 1.9, and 1.8 concentration) as an internal standard and centrifugation
(5-hydroxylation of tienilic acid), 2 (4hydroxylation of (10 000 rpm, 5 min in an Eppendorf centrifuge), the clear
Smephenytoin), 5 (demethylation of dextrometorphan), 4 supernatants were analyzed by HPLC. HPLC analysis was
(6-hydroxylation of chlorzoxazone), and 1.8 and 1.2-(6 performed by an optimized modification of the previously
hydroxylation of testosterone) nmol (nmol of P450nin—1, described method3) on a Hypersil MOS column (&M,
respectively. 4.6 x 250 mm, Hypersil) with a gradient from A [0.1 M
Microsomal P450 content was determined according to acetate (pH 4.6)] to B (7:2:1 GG&N/CH;OH/H,O): A/B
the method of Omura and Sat?gj. The protein contentin  (83:17) from 0 to 1 min, and then at 1 min a linear gradient
microsomal suspensions was determined by the Lowryto 80% B in 21 min, and then at 22 min another linear
procedure 29) using bovine serum albumin as the standard. gradient to 100% B in 2 min (a flow rate of 1 mL/min). For
instance, in that system, retention times for compaogiadd
Enzyme Actiity Assay its metabolites 5-OF8, 5-OH-1, and1 were 21, 10, 9, and

Specific Actiities of the Different P450Specific assays 20 min, respectively.

for CYP 1A1 and 1A2 [ethoxyresorufin O-deethylati@ioy], Isolation of the Major Products of Oxidation of Tienilic

2C8, 2C9, and 2C18 [tienilic acid 5-hydroxylatioB81f], Acid Derivati by Mi f Yeast E ing CYP
2C19 [Emephenytoin 4hydroxylation @2)], 2D6 [dex- 283 ervatives Dy MICrosomes ot Yeast Expressing

trometorphan demethylatio83)], 2E1 [chlorzoxazone 6-hy-

droxylation @4)], and 3A4 and 3A5 [testosterones-6 Incubations were carried out at 28, using Erlenmeyer
hydroxylation @5)] were carried out by using previously flasks in a shaking bath for a total volume of 50 mL. The
reported procedures. incubation mixtures contained the yeast microsomal suspen-

Spectroscopic Measurement of 2-Aroylthiophene 5-Hy- sion, providing 0.1uM P450, 200uM substrate, and a
droxylation. Quantitation of 5-hydroxy-2-aroylthiophenes NADPH-generating system (1 mM NADP10 mM glucose
was based on a spectrophotometric methid) &dapted to 6-phosphate, and 2 units of glucose-6-phosphate dehydro-
yeast microsomes expressing CYP 2C9 in the case of tienilicgenase/mL) diluted in 0.1 M Tris-HCI buffer containing 1
acid (36). mM EDTA and 8% glycerol (final concentrations). After 20

Incubations for metabolic activity with yeast microsomes min, the reaction was quickly stopped by addition of 1 mL
were carried out at 28C, using glass tubes in a shaking of CH;COOH. After centrifugation (150@Xor 15 min), the
bath. The incubation mixtures contained the yeast microso-clear supernatants were purified by solid phase extraction
mal suspension, providing 02V P450, the substrate (as 0n Sep-Pak C18 columns. These columns were then washed
indicated in experiments), and a NADPH-generating system with water and eluted with a 98:2 GBH/NH,OH mixture.

(1L mM NADP*, 10 mM glucose 6-phosphate, and 2 units After partial removal of the solvent, the collected fractions
of glucose-6-phosphate dehydrogenase/mL) diluted in 0.1 Mwere purified by HPLC using the previously described
Tris buffer containing 1 mM EDTA and 8% glycerol (final ~ gradient.

concentrations). Activity assays were routinely initiated (

= 0 min) by incorporation of the NADPH-generating system RESULTS

into_ the incubation mixture after 3 m.in of.separate p(eincu- Synthesis of a Series of Compounds Related to Tienilic
bation at 28°C for temperature equilibration. A§ (0 min) — agid a5 Potential Substrates for CYP 2CT8enilic acid

and regularly af_ter, aliquots (140L) were tak_en and the (Figure 1, R= OCH,COOH) is a good substrate of CYP
reaction was quickly stopped by _treatment with0 OT a 2C9 with Ky and k.4 values for the 5-hydroxylation of its
cold CHCN/CH,COOH (10:1) mixture. These conditions  hinphene ring of 6:M and 2.4 min', respectively §). It
apply, unless noted otherwise, to all of the experiments p,q"heen shown that the presence of its carboxylate anion
described below. was essential for its recognition by CYP 208).(Recom-

For all 2-aroylthiophenes that were found to be 5-hy- pinant CYP 2C18 is also able to catalyze the 5-hydroxylation
droxylated by yeast-expressed CYP 2C, contr'ols were carriedys tienilic acid but with a much higheiw value [150uM
out to show that_no hydroxylatlon occurred in the absence (31)]. To determine the role of the para substituents of the
of NADPH or with microsomes from control yeast (not 51| ving of 2-aroylthiophenes in substrate recognition by
expressing a human P450) in the presence of NADPH. The cyp 2C18 and 2C9, a series of compounds related to tienilic
hydroxylatlon of each '_substre_lte by yeast-expressed CYP 2C4¢id, in which the OCKHCOOH group was replaced by
was studied as a function of time and was shown to be linear gifferent substituents bearing various chemical functions,

for at least 15 min for all the compounds that were studied. \ere synthesized. Their synthesis from the phenol precursor
Therefore, the following activities were measured after 10 ¢ (R = OH) is described in Materials and Methods. The

min incubation periods. structures of the new compounds were established from their

. L - . IH NMR and mass spectra and elemental analysis (see
ggﬁ;ﬁg‘ffﬁ;&gﬂ (I)D)zggfll(E)Qp(r)cfesTslggII\I;:e':gtldMicrosomes Materials and Methods); they are shown in Figure 1.
Assay Used for Studying the P450 2C-Dependent 5-Hy-
In these experiments, incubations were carried out underdroxylation of 2-Aroylthiophenest has been reported that
the general conditions described above.tA(0 min) and many 2-aroylthiophenes are hydroxylated at position 5 of
regularly after, aliquots (200L) were taken and the reaction their thiophene ring by cytochrome P450s from liver mi-
was quickly stopped by treatment with 1@ of a cold crosomes. The corresponding 5-hydroxy-2-aroylthiophene
CH3;CN/CH;COOH (10:1) mixture. Following addition of = metabolites are easily detected by Ywisible spectroscopy
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Table 1: Comparison of the Abilities of Yeast-Expressed P450 2C9 Table 2: Kinetic Values Determined for the 5-Hydroxylation of
and 2C18 To 5-Hydroxylate Various 2-Aroylthiophene Derivatives ~ Various 2-Aroylthiophenes by Yeast-Expressed P450 2C18

Y " Keal Ky
s R Keat Kwm (min~1
: substrate R (min~Y) @M)  uMY

[¢] Ry
. — tienilic acid  O-CH-COOH 2.0+£0.3 150+10 0.01
5-hydroxylation activit§ 1 OH 48+04 11+1 043
compound R R. Rz CYP2C9 CYP2C18 2 OCH;, 17+£02 10£1 017
A - 3 O-CH,-CH,-CH-OHP 149+ 10 15+1 9.6
tienilicacid OCH-COOH CI ClI 19+01 14+0.1 4 O-CHp-CH,-CH,-CN 3.6+01 26+4 0.2
1 OH Cl Cl  06+01 14402 5 O-CHyCHyCHxCHs 33402 2942 0.1
2 OCHg Cl Cl <0.02 1.7+£0.2 - - .
cl H H <002 17403 2R refers to the para substituent of the aryl ring of various
F H H <002 0.8+ 0.2 2-aroylthiophenes (see Figure 1). Kinetic values were derived from the

— - rates of appearance of the 385 nm peak which is characteristic of the
? Initial rates in nanomoles of 5-hydroxylated product per nanomole ' 5_pyqroxy-2-aroylthiophene metabolite, in incubations of microsomes
of P450 per minute were measured after a 10 min incubation of f yeast expressing CYP 2C18 (QuM P450) in 0.1 M Tris buffer
microsomes from W(R) fur 1yea§t expressing ei_th_er CYP 2C9 or CYP containing 1 mM EDTA and 8% glycerol in the presence ef1D0
2C18 (0.2uM P450) in 0.1 M Tris buffer containing 1 mM EDTA 1 substrate and a NADPH-generating system. It was assumed that
and 8% glycerol in the presence of 100 substrate and a NADPH-  ygyes at 385 nm were identical for all 5-hydroxy-2-aroylthiophene
generating system, assumingeaat 385 nm identical for all 5-hydroxy-  metabolites (see the text). Values are the meastandard deviation
2-aroylthiophene metabolites (see the text). Values are the mean  from three to five independent experimeritét is noteworthy that the

standard deviation from three to five independent experimétisder 5-hydroxylation of3 is subject to an inhibition b@ in excess. It follows
the detection limit of the assay; it was determined that no activity could ¢|assical saturation kinetics for concentrations3asf <80 xM, and
be detected even in incubations using 300 substrate. inhibition by excess substrate at higher concentrations. The indicated

Km and ke values were deduced from Lineweavdurk plots for

at wavelengths around 385 nih9j. This spectral feature is concentrations o8 between 1 and 5aM.

due to the existence of 5-hydroxy-2-aroylthiophenes in a

highly conjugated anionic form at pH 7.4, because of their ~ Other compounds bearing various functions on para
low pKa (~3) (19) (Figure 2). This was the basis of the assay Position of the dichlorophenyl group were then synthesized
used for following the 5-hydroxylation of TA derivatives SO We could better understand the structural features recog-
by rat liver microsomes or by CYP 2C9 expressed in yeast Nized by CYP 2C18. All the compounds that were studied
(6, 19, 31, 36). The Amax and e(may values exhibited by ~ (1—9) were found to be 5-hydroxylated by yeast microsomes
5-hydroxy-2-aroylthiophenes are very similar whatever the €xpressing CYP 2C18 in the presence of NADPH, as they
nature of the substituents of the aryl group.x between ~ gave rise to the appearance of a peak around 387 nm as a
382 and 386 nm ane(Amay) between 27 and 30 mM cmr . funcnon of time. The U\vab}e spectra of_ the corresponq-
(19). Therefore, the 5-hydroxylation of compourtis9 can ing metabolites were almost |dent!cql. ThI.S S—hydroxylanon
be easily followed by UV-visible spectroscopy at 385 nm: of compoundsl—9 did not occur in identical incubations

it should lead to 5-hydroxy-2-aroylthiophene metabolites Put in the absence of NADPH, or in incubations using
exhibiting very similar UV-visible spectra. microsomes from yeast transformed by the pYeDP60 vector

) . not containing CYP 2C18 cDNA (data not shown). 5-Hy-
Comparison of the Ability of CYP 2C9 and CYP 2C18 To qroxyiation of 1—9 was shown to be linear as a function of

Hydroxylate Various Tienilic Acid Dewvatives at Position time for at least 15 min, and as a function of CYP 2C18
5 of Their Thiophene Ring#és a first approach, the ability  oncentration between 0.05 and Al (data not shown).

of various tienilic acid derivatives to act as substrates of T5pje 2 compares thiy and ke values obtained for the
recombinant CYP 2C9 and 2C18 was _studled by following 5-hydroxylation of tienilic acid and compounds-5 by CYP

the appearance of 5-hydroxy metabolites by the procedurescis. |t shows that compounds bearing QCB(CH)s-
described above. Recombinant CYP 2C9 and CYP 2C18 CN, and O(CH)3CH3 para substituents are more efficienﬂy
were obtained from expression of the corresponding cDNA hydroxylated than tienilic acid, withy values 1 order of

in yeast strain W(R) fur 1 in which yeast cytochrome P450 magnitude lower and../Ky values 1 order of magnitude
reductase was overexpressed, as described previ®&ly ( higher than the values for tienilic acid. However, the most
24, 26). Yeast microsomes were directly used to measure spectacular result was obtained with compoGrbat bears
the CYP 2C9 and CYP 2C18 activities. Table 1 shows that a O(CH,);OH substituent. Thé.y value determined for its
CYP 2C9 was only able to 5-hydroxylate compounds bearing 5-hydroxylation (149 10 mirr?) is, to our knowledge, the
an anionic charge (at pH 7.4), such as tienilic acid or phenol highest one reported so far for a P450 2C. The catalytic
1, in agreement with previously reported resu@ (t failed efficiency of CYP 2C18 towar® is also illustrated by its

to 5-hydroxylate compoun@and the two derivatives bearing  k.o/Km value which is 26-1000-fold larger than those
a para Cl or F substituent mentioned in Table 1. Moreover, measured for all the other CYP 2C18 substrates.

CYP 2C9 was found to be a poor catalyst for the 5-hydroxy- ~ Comparison of Various Deratives of Tienilic Acid
lation of compounds3—9 (data not shown). By contrast, Bearing an Alcohol Function as Substrates of CYP 2C18.
yeast microsomes expressing CYP 2C18 catalyzed theSeveral analogues & all bearing an alcohol function on
5-hydroxylation of the three neutral compounds listed in the chain in the para position of the dichlorophenyl ring,
Table 1 as well as that of anionic substrates tienilic acid and were then synthesized to determine whether the presence of
1. These first results suggested that the active site of CYP such an alcohol function is important for recognition by CYP
2C18 was less selective toward anionic substrates than thaRC18. As shown in Table 3, the two primary alcohds,

of CYP 2C9. and 7, that have two and four CHgroups, respectively,
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Table 3: Kinetic Values Determined for the 5-Hydroxylation of
Various 2-Aroylthiophenes Bearing an Alcohol Function by
Yeast-Expressed P450 2C18

Substrate R Ky Ky Koo /Ky
(min™) (M) (min" . uM™)
6 0-CH,~CH,~OH 16+1 40+3 0.4
3 0-CH,~CH,~CH,~OH 149+ 10 1541 9.6
1 0-CH,~CH,~ CH,~CH,~OH 13+1 2+2 0.3
8 0-CHy~CH~CH, 25+3 5244 05
OH OH
9 0~CHy~CHy~CHj 43+3 2641 17
OH

aR refers to the para substituent of the aryl ring of various
2-aroylthiophenes (see Figure 1). Conditions were identical to those
described in Table 2.

between their ether and alcohol functions, the dohnd
the secondary alcoh@ all were efficiently 5-hydroxylated
by CYP 2C18. The corresponditkgy values were all larger
than 10 min? and varied between 13 and 43 minThe
Kwm values varied between 26 and a®1, and thekea/Ky

values were either similar or larger than the one described

for the 5-hydroxylation of tienilic acid by CYP 2C®Y

These results confirmed that the presence of an alcohol

function on the para substituent of the dichlorophenyl ring
is an important factor for recognition by CYP 2C18.
However, Table 3 also shows that alcol®is by far the
best substrate for 5-hydroxylation by CYP 2C18, with the
bestk.,randKy values and &../Kw value that is 5-30-fold

larger than those of the other alcohol substrates. When the

three primary alcohol§, 3, and7 are compared (Table 3),
it is clear that the presence of three giloups between the
ether and alcohol functions is optimal for efficient hydroxy-
lation by CYP 2C18.

Complete Study of the Hydroxylation of Alcol®lby
Recombinant CYP 2C18, Including Identification of the
Products.As these preliminary studies, based only on the
UV —visible detection of 5-hydroxy metabolites, indicated

Table 4: '"H NMR Characteristics of Compourland Its Major
CYP 2C18-Dependent Metabolite

4y cl b
3 o _CH, ,OH
/ HCl \CHZ \CH/Z d
R J a 9
S Hg:
o Hs

OH for 5-hydroxylated

H for compound3 compound3

Hs 7.41 (dd, 1HJ3, = 3.9,J55 = 1.1) 7.35 (d, 1HJ) = 4.8)
Hs  7.10 (dd, 1HJ43=3.9,J55 = 4.8) 5.95 (d, 1HJ = 4.8)
H5 7.73 (dd, 1H,]53: 1.1,J54: 48)

Hs  7.33(d, 1HJ=8.5) 7.4 (d, 1H) =7.8)
He 6.92(d, 1HJ=8.5) 7.25(d, 1H)=7.8)
Ha  4.26 (t, 2H,J=5.8) 4.36 (t, 2HJ = 6.5)
H,  2.13(m, 2H) 2.15 (m, 2H)

Hc 3.92 (m, 2H) 3.89 (t, 2H) = 6.8)
Hg 3.89 (t, 1H,J =5.35)

214 NMR spectra of compound and its major metabolite were
recorded in CDGland DO, respectively.

Cl Cl

a O(CH,);0H Q O(CH,);0H
& CYP2C18 1o a SOH-3
I s 3
(major)
o
]
a OH
{7 '
S ‘ (minor)
[o]
cl
cl OH
HO / \ 50H-1
S (minor)

Ficure 3: Various oxidations of8 catalyzed by yeast-expressed
CYP 2C18.

presence of NADPH. This compound exhibited an UV
visible spectrum typical of 5-hydroxy-2-aroylthiophenes, and
should be derived from the 5-hydroxylation bf

The CYP 2C18-dependent oxidation ®thus leads to a
very major metabolite X95% of the total metabolites)

that3 was the best substrate of CYP 2C18, a more completederiving from the 5-hydroxylation of its thiophene ring, and

study of the oxidation of3 by CYP 2C18 was then
performed. HPLC analysis of incubation mixtures3ofith

to two minor products (around 2% each of the total
metabolites) deriving either from the oxidative O-dealkyla-

microsomes from yeast expressing CYP 2C18 in the presenceion of its O(CHy)sOH chain () or from two successive

of NADPH revealed the formation of a very major metabo-
lite, further characterized as 5-hydro8y-and two minor
metabolites. One of these minor metabolites exhibited an
UV —visible spectrum and a retention time identical to those
of phenoll (Figure 1) which was previously prepared by a
nonambiguous method and completely characterized.

The major metabolite (95% of total metabolites), which
exhibited an UV~visible spectrum characteristic of 5-hy-

droxy-2-aroylthiophenes, was produced in great amounts,

allowing its easy purification. For instance, incubations
performed on 2 mg o8 led, after purification by preparative
HPLC, to about 1.5 mg of this major metabolite. Its mass
spectrum, with a molecular peak at 347 (Mand*H NMR
spectrum (compared to that ®fn Table 4) were in complete
agreement with a 5-hydroxg-structure (Figure 3).

The third metabolite (around 2% of total metabolites)
exhibited a retention time and an UWisible spectrum
identical to the only metabolite obtained upon oxidation of
1 by microsomes of yeast expressing CYP 2C18 in the

oxidations (5-hydroxyt) (Figure 3).

Interestingly enough, similar HPLC and isolation studies
performed with CYP 2C18-dependent oxidations of alcohols
6, 8, and9 led to very similar results. In each case, the major
metabolite that was found>©0% of the total metabolites)
was derived from the 5-hydroxylation of the thiophene ring.
The!H NMR characteristics of the isolated major metabolites
are shown in Table 5. The minor metabolites observed for
6, 8, and9 were also the O-dealkylation produttand its
5-hydroxy metabolite (data not shown).

Oxidation of3 by Recombinant Human dér CYP 1A1,
1A2, 2C8, 2C9, 2C19, 2D6, 2E1, 3A4, and 3@xidations
of alcohol3 by microsomes of W(R) fur 1 yeasts expressing
the other principal human liver cytochrome P450s were then
studied, to determine whether this substrate was specific for
CYP 2C18. The HPLC chromatograms of the different
incubates showed the formation of five metabolites: the three
metabolites previously observed in CYP 2C18-dependent
oxidation of 3 (5-hydroxy3, 1, and 5-hydroxyt), as well
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Table 5: *H NMR Characteristics of the Major Metabolite Derived
from Hydroxylation of Substrate8, 8, and9 by Yeast-Expressed
P450 2C18

5-Hydroxylated 6 5-Hydroxylated 8 5-Hydroxylated 9
~0-CH,~CH,~OH OH OH OH
R® a b ~0-CH,~CH-CH, ~0-CH,-CH—CHy
a b ¢ a b ¢
H3 7.25 (d, 1H, J=4.8) 6.92 (d, 1H, J=4.8) 6.87 (d, 1H, J=4.8)
H4 5.35(d, 1H. J=4.8) 5.30 (d. I1H, J=4.8) 5.25(d, IH, J=4.8)
HS’ 7.28 (d, 1H, J=8.4) 7.23 (d, 1H, J=8.5) 7.15 (d, 1H, J=8.5)
H6 7.02 (d, 1H, J=8.4) 7.04 (d, 1H, J=8.5) 6.95 (d, 1H, J=8.5)
Ha 4.15 (t, 2H, J=6.2) 4.12 (m, 2H) 4.09 (d, 2H, J=6.0)
Hb 3.95 (t, 2H, J=6.2) 3.98 (m, 1H) 3.64 (m, 1H)
He 3.66 (d, 2H, J=5.0) masked by trace
impurities from HPLC

alH NMR spectra in RO. P R refers to the para substituents of the
aryl rings of6, 8, and9 (see Figure 1). Labeling of the hydrogens as
described in the legend of Figure 2.

72
641
561
481

£ 409

3 327
241
611 1 1
s-l l l
0 A

IAI  1A2  2C8  2C9 2CI$ 2C19 2D6

Ficure 4: Oxidation of 3 by microsomes of yeast expressing
various human liver P450s. The striped bars represent data for
5-hydroxy-3, the black bars8, and the white bar&. Activities are

in nanomoles per nanomole of P450 per 5 min. Conditions of Table
2 with 200uM 3.

as8, which is derived from a C-hydroxylation & and its
5-hydroxy derivative. The three major metabolites were
derived from three possible monooxygenations3ofthe
5-hydroxylation of its thiophene ring (5-hydrox3)-and the
hydroxylations of the (O-)8; and (O-CH-)CH; groups of

its O-alkyl chain ( and8, respectively). Figure 4 compares
the abilities of the various human liver cytochrome P450s
to catalyze those three hydroxylations. CYP 2E1, 3A4, and
3A5 were found to be unable to catalyze these hydroxylations
as no metabolite could be detected even after incubation for
30 min. CYP 1A1, 1A2, and 2D6 appeared to be poor
catalysts, only leading to the product of O-dealkylatibn
with very small initial rates £0.2 nmol (nmol of P450)
min~1]. The four members of the CYP 2C subfamily
appeared to be much better catalysts for the oxidatidh of
These four isozymes catalyzed the O-dealkylatioB ofto

1 with rates between 0.2 and 3 nmol (nmol of P43@hin~.
Interestingly enough, CYP 2C19 was the only member of
the CYP 2C subfamily to efficiently C-hydroxylag&with
formation of8 [1 nmol (nmol of P450)! min~1], the other
CYP 2Cs producing initial rates 0£0.1 nmol (nmol of
P450)* min~1. The four P450 2Cs catalyzed the 5-hydroxy-
lation of the thiophene ring o8 with very different rates
(Figure 4). To better appreciate the different efficiencies of
CYP 2Cs in catalyzing the O-dealkylation, C-hydroxylation,
and 5-hydroxylation of3, further experiments were per-

Table 6: Kinetic Values Determined for the Various Oxidations of
3 by Yeast-Expressed CYP 2TCs

kca{KM
Keat (mint
CYP (min~?Y) Kv M)  uM™Y)
O-dealkylation 2C8 2205 530+100 0.004
2C9 1.2+ 0.3 650+ 90 0.002
2C18 44+ 2 45+ 10 0.1
2C19 5+1 160+ 50 0.03
5-hydroxylation 2C8 0.4-0.1 180+ 70 0.002
2C18 125+ 25 9+1 13
2C19 17403 75+ 25 0.02
aliphatic hydroxylation 2C19 1605 190+ 70 0.005

aKinetic values were derived from rates of appearance of the various
metabolites of3 detected by HPLC from incubations under the
conditions described in Table 2. Values are the mearstandard
deviation from four independent experiments.

formed to measure th&y andk., values for these reactions
for each CYP 2C, by following the formation of the
corresponding metabolites by HPLC. Table 6 confirms that
the k.o Values determined for the O-dealkylation ®fhy

the four CYP 2Cs are similar (between 1:20.3 min* for
CYP 2C9 and 5t 1 mint for CYP 2C19). ThekcalKu
values varied between 0.002 miruM~* for CYP 2C9 and
0.1 min! uM~1for CYP 2C18, mainly because of relatively
large variations of th&y, values. As mentioned above, CYP
2C19 is the only CYP 2C exhibiting a significant C-
hydroxylation activity with formation 08. However, thek ./

Km value for that CYP 2C19-dependent reaction is rather
low (0.005 minmt uM™3).

The most striking feature of Table 6 is the very high
efficiency of CYP 2C18 for the 5-hydroxylation &f when
compared to those of the other CYP 2Cs. This is illustrated
by the k.o/Ky value determined for this reaction which is
3—4 orders of magnitude higher for CYP 2C18 than for CYP
2C8 or CYP 2C19. Kinetic values could not be determined
in the case of CYP 2C9 because too little 5-hydr@xy-
formed. This high efficiency of CYP 2C18 is the result of
the k.ot Values being 2 orders of magnitude higher when
compared to those of CYP 2C8 and CYP 2C19 (125 tin
instead of 0.4 and 1.7 mif), and ofKy values that are about
10 times lower with CYP 2C18 than with CYP 2C8 and
CYP 2C19 (9+ 1 uM instead of 75+ 25 and 180+ 70

uM).
DISCUSSION

The above comparison of the aptitudes of several newly
synthesized compounds derived from tienilic acid to be
5-hydroxylated by recombinant CYP 2C9 and CYP 2C18
clearly showed that CYP 2C18 is much more permissive than
CYP 2C9 for nonanionic substrates. In fact, suppression of
the acid function of tienilic acid results in a dramatic decrease
in the rates of hydroxylation by CYP 2C9, whereas the
reverse is true for CYP 2C18 (Table 1). Several neutral
molecules derived from tienilic aci@-9, are 5-hydroxylated
by CYP 2C18 withk., values ranging from 2 to 150 mih
Among the products that were tested, those bearing an
alcohol function in theD-alkyl chain of the phenyl ring3
and6—9) gave the best results (Tables 2 and 3). Alcaol
which bears a O-(ChJs-OH substituent, is by far the best
substrate of CYP 2C18. Its 5-hydroxylation is characterized
by akearvalue of 149+ 10 mint which is, to our knowledge,
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preferred reaction as it is well-known that cytochrome P450s
easily hydroxylate €H bondsa to an ether function, the
carbon radical involved as an intermediate being stabilized
by the presence of the oxygen atom. Accordingly, this
reaction occurs with several P450s, CYP 1A1, 1A2, 2D6,
2C8, 2C9, 2C18, and 2C19, the levels of activity ranging
from 0.1 min! for CYP 1A2 to 5 mint for CYP 2C19.

The second possible mode of positioning3fwith the
thiophene ring above the heme iron in the active site (Figure
5), which results in the 5-hydroxylation 8f seems only to
occur with the three P450s, CYP 2C8, 2C19, and 2C18.
However, it is less favored than the first positioning in CYP
2C8 and 2C19. CYP 2C18 is unique in that it is the only
P450 that would greatly favor this second positioning over
the first one. This unique behavior of CYP 2C18 could be
the highest rate described so far for a P450 of the 2C due to the presence in its active site of a well-located protein
subfamily. Moreover, thé../Ky value determined for this  amino acid residue that is able to specifically recognize the
reaction is remarkably high (approximatively 10 mimM 1) O-(CH,)s-OH moiety. We propose that it could be a hydrogen
(Table 2). These results suggest that whereas CYP 2C9 isacceptor located in a position similar to that of the putative
particularly prone to recognizing and oxidizing substrates cationic amino acid residue of CYP 2C9 which would
bearing an anionic site, CYP 2C18 would prefer molecules recognize the anionic part of CYP 2C9 substrates. This would
bearing an alcohol function. This could be the result of the explain the high regioselectivity of CYP 2C18 and 2C9 for
presence of a different key amino acid residue in the substratetheir respective substrateésand tienilic acid. Many experi-
active site of these two cytochrome P450s. It has beenments to confirm this suggestion remain to be carried out.

CYP2C9

~CH, /e
HO  “cH,

CYP 2Cs

(0]

Ficure 5: Two main possible positionings 8fin the active sites

of CYP 2Cs. The main positioning & in the CYP 2C18 active
site is compared to that proposed for tienilic acid in the CYP 2C9
active site (from reb).

proposed that the CYP 2C9 active sife-(7) would involve

a cationic amino acid residue; our results would suggest that
the CYP 2C18 active site contains an amino acid residue
that is able to act as a hydrogen bond acceptor.

A more detailed study of the oxidation of compoudily
various recombinant human liver cytochrome P450s showed
that only the cytochrome P450s of the 2C subfamily are
really efficient for catalyzing the oxidation &. Most of
the human P450s that were used either are inactive (CYP
2E1, 3A4, and 3A5) or exhibit a low oxidative O-dealky-
lation activity leading to compountl (CYP 1A1, 1A2, and
2D6). It is noteworthy that CYP 2C8, 2C9, 2C18, and 2C19
also catalyze this oxidative O-dealkylation®#vith similar
rates k.atbetween 1 and 5 mii, Table 6). By contrast, there
is a spectacular difference in the abilities of the different
CYP 2Cs to catalyze the 5-hydroxylation & CYP 2C18
is by far the best catalyst for that reaction with a reasonably
low Ky value (9+ 1 uM) and a very highkes (125 + 25
min~1) for a P450 2C. From all the recombinant P450s that
were tested, only CYP 2C19 and CYP 2C8 catalyze this
5-hydroxylation, however, with a much lower catalytic
efficiency K.a/Km being 3-4 orders of magnitude lower than
in the case of CYP 2C18). Thus, compouhdppears to be
a very good substrate for CYP 2C18; the 5-hydroxylation
of its thiophene ring is regioselectively performed by CYP
2C18 with a rare efficiency. Compoun8 should be a
substrate of choice for the research of active CYP 2C18 in

various organs and tissues. Research in that direction is 13.

currently being carried out in this laboratory.

Again with regard to the different kinds of oxidation ®f
observed with recombinant human liver P450s, the afore-
mentioned results may be interpreted by considering two
positionings of3 in the P450 active sites (Figure 5). In one
of them, the O-(Ch)s-OH chain would be held above the
heme iron in the active site, enabling the hydroxylation of
the CH groupsa or 3 to the ArO moiety. This should mainly
result in the oxidative O-dealkylation observed with several
recombinant human P450s. This should be the chemically
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