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Abstract: The syntheses of novel glutathione derivatives as photoaffinity and fluorescent biochemical probes for the
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competitively inhibits the transport of leukomcne C,4 by the GS-X pump with an IC;, value of 0.40 pM, indicating

the existence of strong interaction between the probe molecule and the GS-X pump. © 1999 Elsevier Science Lid. All
rights reserved.

INTRODUCTION
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significant role in inflammation, oxidative stress, and xenobiotic metabolism by mediating the export of a variety
of organic anions such as glutathione disulfide, glutathione-metal complexes, glutathione S-conjugates, and
glucuronic and sulfuric acid conjugates from the cells in an ATP-dependent manner.! Recently, we have proven
that MRP1/GS-X pump participates in the drug resistance of cancer cells to antitumor prostaglandins (PGs)
(Figure 1), as supported by the following observations: (1) significant resistance of cisplatin-resistant HL-60
(HL-60/R-CP) cancer cells to an antitumor prostaglandin, A7-PGA | methyl ester (1); (2) actual ATP-dependent
transport of the PG—glutathione conjugate 2 by MRP 1/GS-X pump in inside-out vesicles prepared from the

resistant cells.? Furthermore, we have hypothesized that the resistance of MRPI-overexpressing cells to an
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pump.? As accumulates evidence for important cellular functions of GS-X pumps, great interest is directed
toward the elucidation of molecular mechanisms of GS§-X pump function involved in such biological events.
This paper describes the synthesis of novel glutathione derivatives as photoaffinity and fluorescent biochemical

probes with high affinity to the MRP1/GS-X pump protein.
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Figure 1. Export of a PG-glutathione conjugate through MRP/GS-X pump

RESULTS AND DISCUSSIONS

In principle, the biochemical probes require a high binding affinity toward target molecules. The GS-X
pump recognizes substrates with both glutathione and lipophilic moieties in the molecular structure.! Actuatly,
leukotriene C4 (LTCy4, 3) comprising a glutathione residue and a Cy fatty acid is an endogeneous substrate for
the GS-X pump.4 S-(2,4-dinitrophenyl)glutathione and S-alkylglutathiones inhibit the transport of LTC,

mediated hv the GS- Ynnmn in a competitive nner.4 The affinitv of the GS-X pump toward substrates well
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correlates with the length of alkyl chain, whereas the structure of the lipophilic part seems to allow wide
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ce for binding.# Based on such information, we have designed three kinds of potential GS-X pump-

toleranc
targeting probes, i.e., S-alkylated giutathione derivatives, §-{5-(4-benzoyiphenyi)pentyijgiutathione (4a), S-{7-
(3-azidophenyl)heptyl]glutathione (Sa), and S-[4-(1-pyrenyD)butyl]glutathione (6a), referred to GIF-0017, GIF-
0068, and GIF-0069, respectively. These compounds commonly carry a glutathione residue and alkyl chain
with a photophore at the end. The compounds 4a and Sa have been originally designed as probes for the
photoaffinity labeling of GS-X pump proteins.5 The benzophenone group has superior characteristics as a

photophore compared with other functional groups such as azides or diazirines. This is mainly due to its

radioactive tracer for the analysis of GS-X pump function. The corresponding esterified derivatives, GIF-
0019 (4b), GIF-0072 (5b), and GIiF-0071 (6b)}, are probe molecuies with high membrane- permeabmty The
G S-X pump recognizes its substrates at the active site located in the intracellular space and, therefore, the probe
molecules to be used for intact cells or in vivo system must be so designed as they can be brought into the cell
from the extracellular medium.” Highly polarized glutathione S-conjugates do not meat the criteria. However,

ester derivatives with carboxylate and carbamate moieties are lipophilic and neutral in electrical charge.
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Therefore, they are expected to penetrate the plasma membrane (0 e

to ernter cells. In the cell, these ester derivatives
readily undergo hydrolysis catalyzed by esterases to generate the corresponding active probe molecules.8
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5a: R' = R? = H, GIF-0068 6a: R' = R2 = H, GIF-0069
5b: R' = CHy, RZ = COOCH,, GIF-0072 6b: R' = CHg, RZ= COOCHg, GIF-0071

The synthesis of 4a was accomplished by the sequence s
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basic conditions to afford the desired glutathione conjugate 4a.
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The next target, phenylazide derivative 5a was synthesized as follows (scheme 2). Wittig olefination of
the aldehyde 11 derived from 10 with the phosphorane generated from the phosphonium salt 12 gave the nitro
compound 13 having a long alkyl chain ester moiety. Hydrogenation and subsequent LiAlH,4 reduction of 13
afforded the aniline derivative 14. The amino group of 14 was readily converted to the photosensitive azide

function by Sandmeyer reaction. Conversion of the azidophenyl alcohol 15 to the glutathione conjugate 5a was
conducted via the bromide 16 in a si

romide n a similar manner to the preparation of 4a described above.
Scheme 1
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Scheme 2
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The fluorescent probe 6a was similarly prepared by the coupling of the bromide 18 derived from

commercially available 17 with glutathione in the presence of aqueous base (scheme 3). The esterified

derivatives, 4b—6b, were synthesized by the treatment of the corrcsponding glutathione conjugates with
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Biological Properties
Our preliminary biological experiments using inside-out vesicles prepared from HL-60/R-CP cells?

R a2 V] 1

showed that compounds 4a and 5a competitively inhibited the ATP-dependent transport of LTC, via the GS-X
pump in a dose-dependent manner with an ICs value of 0.40 and 3.1 uM, respectively (Figure 2A). Thus, it is
assumed that these compounds and LTC, share the same binding site of the GS-X pump protein. On the other
hand, the pyrene derivative 6a was unexpectedly less effective in inhibition of [SH]LTC uptake by the GS-X
pump (ICsp > 10 pM). The reason for the lower inhibitory activity of 6a is not clear at present, however the
molecular size of 6a may not match with the substrate binding site of the GS-X pump. Non-specific binding to
membrane lipids due to the high hydrophobicity of the pyrene ring of 6a may also be a possible reason.!0 The
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competitively inhibited by 4a (IC5g = 0.52 uM).1} This result inspired a hint of the possibility that the ceiiular
resistance of HL-60/R-CP cells to antitumor A7-PGA | methyl ester (1) could be attenuated by the coexistence of
4a.12 In fact, when the HL-60/R-CP cells were incubated with the PG 1 (5 pM) in the presence of 4b (10
UM), a cell membrane-permeable derivative of 4a, the cell proliferation was suppressed over 96 h (Figure
2B).11 Thus, it is strongly suggested that 4b permeated into the cell and subsequently hydrolyzed by esterase to
form 4a which competitively inhibits the extrusion of the GS-PG conjugate 2 from the cells through the GS-X
pump (Figure 3). The inhibition of the GS-X pump by 4b in cultured cells was verified by recently developed

GS-bimane assay, 9b where the GS-X pump activity was evaluated by measuring the relative fluorescence
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intensity of cells in a flow cytometer. In this assay, the efflux of the fluorescent GS-bimane conjugate 19 from
cells mediated by the GS-X pump is characierized as a function of the decrease in the fluorescence intensity of
the GS-bimane conjugate remaining in ceiis. Figure 4 depicts the time course of the fluorescence intensity of the
GS-bimane conjugate pre-loaded cells during incubation with or without 4b. In the absence of 4b, the
fluorescence intensity in HL-60/R-CP cells decreased along the incubation period. On the other hand, in the
presence of 10 uM 4b, the fluorescence intensity of cells decreased very slowly during the same incubation
period, suggesting that most part of the GS—bimane conjugate remained in cells due to inhibition of the GS-X
pump. Since 4b itself does not show any inhibitory activity for the transport of LTC, via the GS-X pump in

isolated membrane vesicles, these results support our idea that 4b inside the cell readi ily undergoes hydrolysis

nembrane these re uppo cadily ur oes hydrol
catalyzed by esterase and the resulting 4a blocks the GS-X pump {F:gure 3). In the cell, GSH and A7-PGA;
agtahlich o tharmadunanta acailibetizos weith tha £10 DY ameiiinata? cnd tha fon DO oo bao foamo e
establish a thermodynamic equilibrium with the GS—PG conjugate? and the free PG can be transported into

nuclei to induce p21, a cyclin-dependent kinase inhibitor, to induce cell cycle arrest in the G1 phase.11-13.14 4p
dose-dependently manifested its effect on the G1 arrest caused by the antitumor PG. Application of 4a and 5a
to photoaffinity labeling of the GS-X pump and its family, as well as in vivo study on anticancer effect of PGs
using the G.S-X pump inhibitor 4b, are in progress.
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Figure 2. (A) Inhibition of ATP-dependent transport of 3H-labeled LTC4 by GIF-0017 (4a) (l) and
GIF-0068 (5a) (A) in plasma membrane vesicles prepared from HL-60/R-CP cells. (B) The increased
antiproliferative effect of A7-PGA | methyl ester (1) (5 uM) on HL-60/R-CP cells in the presence of GIF-

NN1I0 7ALY 710 .
0019 (4b) (10 uM).
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General. Nuciear magnetic resonance (!H and 13C) spectra were recorded on a JEOL JNM-A400
instrument at 400 MHz and 100 MHz, respectively. Chemical shifts are reported in parts per million (8) with
tetramethylsilane or the deuterium lock signal of the solvent (D20, DMSO-dg) as an internal standard. The
signal assignments of glutathione derivatives were done on the basis of the H,H-COSY measurement. Fast
atom bombardment mass spectra (FAB MS) were recorded on a JEOL DATUM JMS-700 instrument.
Analytical thin-layer chromatography (TLC) was performed on pre-coated silica gel plates (silica gel 60 Fys4,
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0.25 mm, Merck 5715) of reversed-phase silica gel plates (RP-18 Fzs4s, 0.25 mim, Merck 15685). Column
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reagents were used in commercial grade. Dichloromethane and dimethylformamide (DMF) were freshly distilled
over CaH, prior to use. Tetrahydrofuran (THF) was freshly distilled from sodium—-benzophenone ketyl.
[3H]Leukotriene C4 was obtained from DuPont NEN.

Synthesis of S-[5-(4-Benzoylphenyl )pentyl]glutathione (4a). To a solution of S-phenyl-1-pentanol (7)
(2.70 g, 16.4 mmol) in dichloromethane (100 mL) was added triphenylphosphine (5.16 g, 19.7 mmol) followed
by tetrabromomethane (11.0 g, 33.2 mmol) quickly at ambient temperature. After “.tirrinsz the mixture for a few
minutes, saturated agueous NaHCO3 (80 mL) was added to the solution

dichloromethane (50 mL x 3). The organic phase was washed with
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he mixture was extracted with

O“

and
rine, dried ove a.nhydrous sodium sulfate,
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2 g, 97%) as a colorless oil: TLC Re=0.43 (hexane); 'H
NMR (CDCl3) & 1.49 (1, J = 7.4, 7.4 Hz, 2H), 1.67 (1, J = 7.4, 7.7 Hz, 2H), 1.90 (1, J = 6.8, 7.4 Hz, 2H),
2,64 (t, J=7.7 Hz, 2H), 3.41 (t, /= 6.8 Hz, 2H), 7.19 (br d, J = 6.6 Hz, 2H), 7.20 (br t, J = 6.6 Hz, 1H),
7.3 (br t, J = 6.6 Hz, 2H); 13C NMR (CDCl3) § 27.8, 30.6, 32.7, 33.7, 35.7, 125.7, 128.3 (2C), 128.4 (20),
142.3.

Benzoyl chloride (2.22 mL 19.1 mmol) was added to a solution of anhydrous aluminum chloride (2.57 g,

19.3 mmol) in dichloromethane (60 mL) at 0 °C and the resulting mixture was stirred for 20 min. To this was

¥4 i
gei usi g nexane as eluent to nge the bromide 8 (3. 6

introduced the bromide 8 (3.62 g, 15.9 mmol) dissolved in dichloromethane (30 mL) grad .le at 0 °C and the
solution was stirred at ambient temperature for 22.5 h. Then the solution was poured onto an ice—conc. HCI and
o el e POTpIppgs [.e T LUy Ty PRRERrs R PR PR P <z

i€ mixiire was exiracied with dichioromethane (50 mL X 3). The organic dycr was washed with brine, dried
over anhydrous sodium suifate, and concentrated on a rotary evaporator. The crude product was purified by
column chromatography on silica gel (20:1 hexane/ethyl acetate) to afford the desired ketone 9 (4.57 g, 87%) as
a colorless oil: TLC Ry = 0.43 (6:1 hexane/ethyl acetate); 'H NMR (CDCl3) & 1.46 (tt, J = 7.4, 7.4 Hz, 2H),
1.64 (tt, J = 7.4, 7.7 Hz, 2H), 1.85 (tt, J = 6.7, 7.4 Hz, 2H), 2.66 (t, J = 7.7 Hz, 2H), 3.36 (t, J = 6.7 Hz,
2H), 7.23 (br d, J = 8.4 Hz, 2H), 7.39-7.45 (2H), 7.49-7.55 (m, 1H), 7.69 (br d, J = 8.4 Hz, 2H),
7.71-7.76 (2H); 13C NMR (CDCl3) § 27.8, 30.2, 32.6, 33.6, 35.7, 128.2 (2C), 128.3 (2C), 130.0 (2C),
130.4 (2C), 132.2, 135.3, 137.9, 147.4, 196 .4,

A solution of 9 (3.03 g, 9.15 mmol) in ethanol (110 ml) was mixed with glutathione (4.25 g, 13.8 mmol)
- i wroe addad amaacse Ta VT /A 1A 2T ) ab eonnn nnd tha
dissolved in Hzo (% i'ﬁL) To this was added agueous NaOCH {2 M, 14 muy) at room temperature and tne

mixture was stirred for 22.5 h. Then the solution was acidified with oxalic acid to pH 2 at 0 "C and the resulting
precipitate was collected by filtration. The solid was washed with water (15 mL) followed by ether (15 mL) and
then dried under vacuum to give the product 4a as a colorless powder (4.12 g, 81% yield): TLC (reversed-
phase) R¢=0.43 (4:1 methanol/water); 1H NMR (0.1 M phosphate buffer in D,0, pH 7.4) 8 1.22-1.38 (br,
2H, CH2), 1.40-1.60 (br, 4H, CH»), 2.18-2.38 (br, 2H, Glu(CpHy)), 2.40-2.70 (br, 6H, SCH;, ArCHp,
Glu(CyHy)), 2.86-2.92 (dd, J = 8.8, 13.8 Hz, 1H, Cys(SCH,Hp)), 3.03-3.08 (dd, J = 5.2, 13.8 Hz, 1H,
Cys(SCH,Hp)), 3.81 (d, 7= 17.2 Hz, 1H, Gly(CHHy)), 3.87 (t, J = 6.4 Hz, 1H, Glu(CaH)), 392, J=

17.2 Hz, 1H, Gly(CH,Hy)), 4.6 (br, 1H, Cys(CqH)), 7.14 (d, /= 8 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 7.44
s PN - alal $ VA N i 5 JENRS2r75 =3 3 3 VAl

(t, J=7.2 Hz, 1H), 7.53 (d, J = 8 Hz, 4H), 7.56 (d, J = 7.2 Hz, 2H); 3C NMR (D‘..SO—df) 6 26.9, 27.9,

288,302,312, 315,334,350, 41.2, 52.5, 53.1, 128.2 (2C), 128.3 (2C), 129.9 (2C), 130.4 (20),

29-7540 7535
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Synthesis of S-[7-(3-Azidophenyl)heptyl]glutathione (5a). To a solution of ethyl 8-hydroxyoctanoate
(10) (2.00 g, 12.5 mmol) in dimethylsulfoxide (70 mL) was added triethylamine (28 mL, 0.2 M) followed by
pyridine sulfur trioxide (14.7 g, 92.4 miol) at ambient temperature, and the solution was stirred for 1 h. The
solution was poured into water (100 mL) and the mixture was extracted with ether (100 mL x 4). The organic
extract was washed sequentially with saturated aqueous ammonium chloride, saturated aqueous sodium
bicarbonate, and then brine. The combined organic extracts were dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was distilled under reduced pressure to give the aldehyde

11(1.2 g, 61%): bp 74 °C (14 mmHg); 'H NMR (CDCl3) 8 1.26 (1, J = 7.2 Hz, 3H), 1.66-1.69 (4H),

Y 21_D AL fen YEIN Y AA D AQ (4 A12 7/~ T 11 HT n"l‘7
el L. OO (ML, LI}, L. LT (1), All) 1O Y, J = 1.4 11L, Lll}, Z. 11

)
1 -

" 1

A solution of lithium diisopropylamide prepared from diisopropylamine (129 mg, 1.27 mmol) and
butyllithium (1.66 M in hexane, 760 pL, 1.26 mmol) in THF (20 mL) was added to a solution of 3-
nitrobenzyltriphenylphosphonium chloride (12) (550 mg, 1.27 mmol) in THF (20 mL) at -20 "C under argon.
After stirring at —20 °C for 20 min, the mixture was added to a solution of the aldehyde 11 (104 mg, 0.66
mmol) in THF (20 mL) and the stirring was continued for 3 h. The reaction was quenched with saturated
aqueous ammonium chloride (50 mL) and the mixture was extracted with ether (50 mL x 3). The combined
organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered, and then concentrated under

(=4

reduced pressure. The residue was 8 hmrted to column rhrnmamamnhv on silic 1 (9:1 hexane/e _hyl acetate)
o give 13 (110 mg, 60%) as a mixture of olefinic isomers (E/Z = 6:4): TLC f= .58 (4:1 hexane/ethyl
A,.,.‘A_ﬁs.-..\. l‘l’] ARAD (T Y NE 1+ F oo "7 LY ALY F o mumeons 1 s F . 7" 11. 211 I '.-.A».m N\
elaie); ‘n NMR (Ll 3) .25, J=7.2 Hz, 31, Z-isomer), 1.26 (, /= 7.2 Hz, 3H, E-isomer),
48-1.60 (2H cm 1 x - AT P r 7 -y

» —
.D-

H), 2.25-2.40 (4H), 4.12 (q, /= 7.2 Hz, 2H, Z-isomer), 4.14 (q, /= 7.2 Hz,
2H, E-isomer), 5.81 (dt, /= 7.4 and 11.6 Hz, 1H, Z-isomer), 6.36 (dt, J = 6.6 and 15.8 Hz, 1H, E-isomer),
6.45 (d, J= 15.8 Hz, 1H, E-isomer), 6.46 (d, /= 11.6 Hz, 1H, Z-isomer), 7.45 (t, /= 8 Hz, 1H, E-isomer),
7.50 (t,J = 8 Hz, 1H, Z-isomer), 7.56 (d, J = 8 Hz, 1H, Z-isomer), 7.62 (d, J = 8 Hz, 1H, E-isomer),
8.02-8.05 (m, 1H, E-isomer), 8.06-8.1 (m, 1H, Z-isomer), 8.11 (br, 1H, Z-isomer), 8.19 (br, 1H, E-
isomer).

H-(la n a i

2 (1 atom) 1n e presen © On Char coal, A mg) at am temperature I 1en e mixtu
wac filtarad theniiaoh calita nnd ~nnranteatad nedas sadiinad meacaiira Tha ragidia wae dicenlvad im THE 712 mal )
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and treated with LiAlH4 (139 mg, 3.67 mmol) at room temperature under argon. After stirring the mixture for 2
h, sodium suifate decahydrate (1.17 g) was added and the stirring was continued for 18 h. The resuiting
mixture was dried over sodium sulfate, filtered through celite, and then evaporated. The residue was subjected
to column chromatography on silica gel (3:1 hexane/ethyl acetate) to afford the amino alcohol 14 (469 mg,
93%). TLC R¢=0.28 (1:1 hexane/ethyl acetate); 'H NMR (CDCl3) § 1.30-1.40 (6H), 1.50-1.64 (4H), 2.51
tJ=177 Hz; 2H), 3.63 (t, J = 6.7 Hz, 2H), 3.50-3.70 (br, 2H), 6.48-6.55 (2H), 6.59 (d, J = 7.7 Hz, 1H),
7.03-7.09 (m, 1H).

To a solution of the amine 14 (370 mg, 1.78 mmol) in aqueous acetic acid (10 %, 20 mL) was added
sodium nitrite (255 me. 3. 70 mmol) at O °C and the solution was stirred for 10 min. Then sodium azide (357
sodium nirite (Lo0 mg, 2./ mmeol) at O C and (e soiution was stured Ior 10 mun. 1nen sodium azige (35
mary & AQ sl spac addad . tha ranation mivtiiea in tha dnsl PR PR AC Al £. R annta
mg, 3.4 MiiNo1} Was aadead {0 tne reaction 1 { inu COonti
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silica gel (2:1 hexane/ethyl acetate) to give the azide 15 (381 mg, 92%): TLC Ry=0.69 (1:1 hexane/ethyl
acetate); |H NMR (CDCly) o 1. 26—! .42 (6H), 1.52-1.68 (4H), 2.56 (t, J = 7.7 Hz, ZH), 3.63 (q, /= 6.1 Hz,
2H), 6.81-6.88 (2H), 695 (d, J = 7.7 Hz, 1H), 7.25 (t, J = 7.7 Hz, 1H).

To a solution of 15 (116 mg, 0.5 mmol) in dichloromethane (5 mL.) was added tetrabromomethane (442
mg, 1.33 mmol) followed by triphenylphosphine (232 mg, 0.89 mmol) quickly at ambient temperature. After
stirring the mixture for 10 minutes, saturated aqueous NaHCO3 (10 mL) was added to the solution and the
mixture was extracted with dichloromethane (10 mL x 3). The organic phase was washed with brine, dried over

anhydrous sodium sulfate, and then concentrated under reduced pressure. The residue was

7]
172]

ubjected to column

rhramataaranhy an cilica aal (N1 havanafathyl anatata) tn aiva tha hramide TK 1141 mo QKZNY TT O R .- N R0
wiRALIL llalu&.l.al.ﬂl] V11 dMva sbl L&V L HIVAGLIG/IVUIILEY L GG ] W slV\r LIV ULVIIIUL &R W (1571 llls, AN D p 39 W, Y uj Eadi ¥ S & v 4
A, I_- .,_-1-4.1_-. PR T ITF ATRAD 7T \ & 1 NOD 1 20 ALY 1 20 1 AL 7ALIN 1 £n 1 LA rALIN 1 09 1.~ ¥
4: aneé/enyl acetate); *r1 NIVIR (ULRI3) 0 1.£46-1.30 {411), 1.30—1.40 (&I1), 1.02—1.04 (211), L.00 (G, 4 =
6.8 Hz, 2H), 2.57 (t, /= 7.8 Hz, ZH), 3.38 (t, / = 6.8 Hz, 2H), 6.81-6.88 (2H), 6.95 (d, /= 7.7 Hz, iH),

7.25(t, J= 7.7 Hz, 1H).

A solution of 16 (311 mg, 1.05 mmol) in ethanol (16 mL) was mixed with glutathione (653 mg, 2.12
mmol) dissolved in HpO (6 mL). To this was added aqueous NaOH (2 M, 2.10 mL.) at room temperature and
the mixture was stirred for 15 h. Then the solution was acidified with oxalic acid to pH 2 at 0 °C and the
resulting precipitate was collected by filtration. The solid material was washed with water (50 mL) followed by
ether (50 mL) and then dried under vacuum to mve the desired product 5a (494 mg, 90% vy vield); TLC

icl SV k) &l LI LA X SR L2 LY e it 1ips AV

o) R.=NA1 (61 athanol/watery |H NMR (DMSO- rlﬁ\ R 1.2-1.35 (br AI—I\ 1415 (hr
7 LV 5 N A0 M 1 § i3 1.09 (Ui, Uil), 1.971.J (Wi
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{revercad.nha 2HNO
\l\-’ V\'l\.’\v‘“vyll“a\t Fa BEGRAINIAT VY QAT LY AR LNIVAAN \U YAV -~ £ ] ﬁll})
1.5-1.58 (br, 2H), 1.78-1.97 (m, 2H), 2.22-2.37 (m, 2H), 2.43-2.52 (3H), 2.56 (t, 2 Hz, 1H), 2.60
(dd, /=9 and 13.6 Hz, 1H), 2.86 (dd, /= 4.3 and 13.6 Hz, 1H), 3.31 (t, / = 6.8 Hz, ‘H), 3.68 (m, ZH),

4.39 (dt, J = 4.3 and 9 Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.92 (s, 1H), 7.01 (d, J = 7.6 Hz, 1H), 7.30 (1, J =

7.6 Hz, 1H), 8.36 (d, J = 9 Hz, 1H), 8.67 (t, J = 5.8 Hz, 1H); !3C NMR (DMSO-de) § 26.9, 28.1, 28.4,
28.5, 29.0, 30.7, 31.2, 31.5, 33.3, 34.8, 41.1, 52.5, 53.0, 116.4, 118.8, 125.2, 129.8, 139.1, 144.7, 170.1,
170.8, 170.9, 171.7; HRMS (FAB, NBA-Nal) m/z calcd for C,3H3,NgOgSNaz 589.1797, found 589.1823.

Synthesis of S-[4-(1-Pyrenyl)butyl]glutathione (6a). To a solution of 4-pyrenylbutanol (17) (800 mg,
2.92 mmol) in dichloromethane (20 mL) was added triphenylphosphine (920 mg, 3.51 mmol) followed by
abromomethane (1.94 g, 5.85 mmol) quickly at ambient temperature. After stirring the mixture for a few
dichloromethane (30 mL x 3). The combined organic phase was washed with brine, dried over anhydrous
sodium sulfate, and then concentrated under reduced pressure. The residue was subjected to column
chromatography on silica gel (96:4 hexane/ethyl acetate) to give the bromide 18 (889 mg, 90%) as colorless
powder: TLC Ry=0.35 (96:4 hexane/ethyl acetate); TH NMR (CDCl3) 8 1.97-2.09 (4H), 3.38 (t, J = 7.2 Hz,
2H), 3.47 (t, J = 6.5 Hz, 2H), 7.86-8.29 (9H).

A solution of 18 (300 mg, 0.890 mmol) in THF (9 mL) was mixed with glutathione (658 mg, 2.14 mmol)
dissolved in HO (0.6 mL). To this were added aqueous NaOH (1 M, 8.8 mL) and DMF (2 ml.) at room
temperature and the mixture was stirred for 44 h. Then the solution was cooled to 0 °C and acidified with oxalic
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(2H), 1.76-2.0 (4H), 2.20-2.42 (m, 2H), 2.57-2.68 (3H), 2.90 (dd, J = 4.4, 13.0 Hz, 1H), 3.25-3.35 (3H),
3.62-3.76 (m, 2H), 4.38-4.47 (m, 1H), 7.92-8.40 (10H, aromatic and NH), 8.70 (br t, / = 5.8 Hz, 1H);
HRMS (FAB, diethanolamine—Nal) m/z calcd for C3gH3;N30gSNa;z 630.1627, found 630.1609.

Synthesis of Esterified Derivative 4b. To a solution of 4 (1.00 g, 1.79 mmol) in a mixture of methanol
and benzene (1:4, 50 mL) was added (trimethylsilyl)diazomethane (2 M in hexane, 2.00 mL, 4.00 mmol) at
ambient temperature, and the resulting mixture was stirred for 1.5 h. The solution was concentrated under
reduced pressure to dryness, and the residue was dissolved in dichloromethane (60 mL). To this was added
methyl chloroformate (210 uL, 2.72 mmol) and the mixture was stirred at ambient temperature for 4 h. Then,
saturated aqueous sodium bicarbonate (50 mL) was added to the solution, and the mixture was extracted with

dichloromethane (50 mL x 3). The combined organic extract was dried over anhydrous sodium sulfate and
ayannratad tha racidize wac ciithiantad ¢ ~An l = Ahenmaatamranbieg Am ciling aal 117 havanalathel anarata) ta
LYapuUiaival. uiv 1UIUUL wad SUUJLLICU U VU usu.u Likuviliatvugiapily Uil suica Bvli\l/.4 ucuua.ucu; ll_yl d\'CLa ) u
give 4b (882 mg, 77% yield): TLC Ry= 0.42 (9:1 hexane/ethyl aceld[e) IH NMR (CDCl3) & 1.38-1.50 (m,

2H), 1.54-1.70 (4H), 1.95-2.05 (1H), 2.17-2.42 (3H), 2. 58 (dt J=2,7.6 Hz, 2H), 2.68 (t, J= 7.6 Hz,
2H), 2.78-2.85 (m, 1H), 2.94 (dd, J = 5.8, 14 Hz, 1H), 3.63 (s, 3H), 3.72 (s, 3H), 3.73 (s, 3H), 3.98 (dd, J
= 5.4, 18 Hz, 1H), 4.07 (dd, J = 5.6, 18 Hz, 1H), 4.4 (br, 1H), 4.53 (q, / = 7.2 Hz, 1H), 5.56 (br, 1H),
6.65-6.72 (br, 1H), 7.05 (br, 1H), 7.26 (d, J = 8.2 Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.56 (t, J = 7.6 Hz,
1H), 7.72 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 7.6 Hz, 2H); 13C NMR (CDCl3) & 28.1, 28.3, 29.3, 30.6, 32.0,
322, 33.6, 35.7, 41.2, 52.2, 52.3, 52.4, 52.5, 53.3, 128.1 (2C), 128.3 (2C), 129.9 (2C), 130.3 (2C),

132.1, 135.1, 137.8, 147.6, 156.8, 169.9, 170.6, 172.1, 172.5, 196.5; HRMS (FAB, NBA-Nal) m/z calcd
for C3,H,;N30SNa 666.2461, found 666.2456.

5 b. The esterified derivative Sb was synthesized from Sa according to the procedure for the synthesis of
4b. 5b: 91% yield; TLC Rf= 0.28 (9:1 hexane/ethyi acetate); 'H NMR (CDCls3) 8 1.29-1.42 (6H), 1.55-1.64
(4H), 1.95-2.1 (m, 1H), 2.1 4 (3H), 2.59 (t, J = 7.6 Hz, 4H), 2.81-2.87 (m, 1H), 2.97 (dd, /=6, 14

Hz, 1H), 3.68 (s, 3H), 3.75 (s, 3H), 3.76 (s, 3H), 4.0 (dd, J = 5.2, 18.4 Hz, 1H), 4.09 (dd, J = 5.6, 18.4
Hz, 1H), 4.39-4.49 (br, 1H), 4.55 (q, /= 7 Hz, 1H), 5.54-5.62 (br, 1H), 6.68-6.77 (br, 1H), 6.83 (s, 1H),
6.85 (d, J = 8 Hz, 1H), 6.95 (d, J = 8 Hz, 1H), 7.04-7.09 (br, 1H, NH), 7.25 (1, J = 8 Hz, 1H); 13C NMR
(CDCly) § 27.9, 28.5, 28.9, 29.0, 29.3, 31.0, 31.9, 32.3, 33.7, 35.6, 41.1, 52.2, 52.2, 52.3, 52.4, 53.3,
116.2, 118.8, 125.0, 129.4, 139.7, 144.7, 156.8, 169.9, 170.7, 172.2, 172.5; HRMS (FAB, NBA-Nal) m/z

caled for Co7H 4oNgOgSNa 631.2526, found 631.2529
LITT9U 08 ’
& b. The esterified derivative §b was synthesized from $a according to the procedure for the synthesis of
4b. 6b: 82% yield; TLC Ry = 0.58 (1:4 acetone/ethyl acetate); IH NMR (CDCl3) 8 1.73-1.9 (m, 2H),

PS8 2t ~ ro 1A~ TE

1.93-2.1 (3H), 2.15-2.4 (3H), 2.68 (1, J = 6.6 Hz, 2H), 2.8-2.9 (m, iH), 2.97 (dd, J = 5.8, 14.2 Hz, iH),
3.37 (t, J = 7.6 Hz, 2H), 3.65 (s, 3H), 3.70 (s, 3H), 3.71 (s, 3H), 3.96 (dd, J = 5.0, 18 Hz, 1H), 4.05 (dd, J
= 5.6, 18 Hz, 1H), 4.4—4.44 (m, 1H), 4.53 (q, J = 6.7 Hz, 1H), 5.57 (br, 1H), 6.7 (br, 1H), 7.0 (br, {H),
7.83-8.34 (9H); HRMS (FAB, NBA-Nal) m/z calcd for C34H3gN30gSNa 672.2356, found 672.2372.
Inhibition of ATP-Dependent Transport of 3H-labeled LTC 4 by S-alkylated glutathione derivatives.
Plasma membrane vesicles were prepared from HL-60 and HL-60/R-CP cells as described previously.® The
vesicles were incubated with 3H-labeled LTC,4 (10 nM) in the absence or presence of S-alkylated glutathione
derivativ

Q
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between radioactivities incorporated into membrane vesicles incubated with and without ATP.
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Effect of GIF-0019 (4b) on Antiproliferative Effect of A7-PGA; Methyl Ester (1). HL-60/R-CP cells
were incubated with A7-PGA | methyl ester (5 pM) in the absence or presence of 4b (10 uM), and the time

course of cell proliferation was followed. In the control, cells were incubated in the absence of A7-PGA | methyl
ester and 4b.

Inhibition of the GS-X pump activity by GIF-0019 (4b) in HL-60/R-CP cells (GS-bimane assay). The
GS-bimane conjugate was pre-loaded by incubating HL-60/R-CP cells with 20 uM monochlorobimane at 37 °C
for 20 min and subsequently cells were washed with the incubation medium.% The resulting cells were
incubated with (10 uM) or without 4b in the RPMI 1640 culture medium at 37 °C for 0, 30, 45, and 90 min.
The relative fluorescence intensity of cells was measured in an EPICS Elite flow cytometer equipped with an air-
cooled Helium-Cadmium laser for excitation and a 470-nm long-pass filter for emission. At every observation,

at least 1 x 104 palls were enhiected to the flow cvtametry
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The cell cycle was concomitantly arrested at the G1 phase without causing cell death. No inhibitory effect
was observed by the use of 4b alone for the cells.
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