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Recently, it has been reported that the inhibition of the strand transfer function of [1IV-1 integrase is necessary
1o obtain significant antiviral activity. Accordingly, several compounds typified by aryl 1.3-diketo acids that
can inhibit strand transfer reaction of 111V-1 [N have been identified. [n this work, we synthesized new 4-
hydroxy-5-azacoumarin-3-carbox(thio)amides (l1a-h) and evaluated for the inhibition of 111V-1 IN strand
transfer reaction with a brief SAR. Among synthesized, compound 1e was the most potent IIIV-1 [N inhibitor
with equipotent activity to that of L-708,906. Therefore, the 4-hvdroxy-5-azacoumarin ring can be considered
as a new scaffold in designing more potent of HIV-1 IN inhibitors for treatment of AIDS.
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Introduction

Human immunodeficiency virus (HIV) is the probable
causative agent of acquired immune deficiency syndrome
(AIDS), which is one of the world’s most serious health
problems.’ The number of people living with HIV/AIDS is
estimated to 38 million and approximately 3 million AIDS
death were reported in 2003. Several biological processes in
the life cycle of this virus have been targeted for anti-HIV
therapy. Accordingly. a number of anti-HIV drugs targeting
key enzymes for viral replication; HI'V reverse transcriptase
and HIV protease, has been approved for the treatment of
HI1V infected patients. However, since the efficiency of these
drugs is limited by the emergency of HIV mutants and
adverse side effects further development of different type of
drug is continuously required. Another important step in the
replication of HIV is integration of the viral DNA into the
host cell DNA. This step is catalyzed by the viral enzyme
HIV integrase (IN). HIV IN catalyzes two distinct reactions,
known as terminal cleavage at each 3' end of the proviral
DNA removing a pair of bases and strand transfer which
results in the joining of each 3' end to 5'-phosphates in the
target DNA. Such integration is essential for the production
of progeny viruses. As these reactions are essential for the
life cycle of viruses, integrase represents an attractive target
for treatment of HIV infections.*® HIV IN has also been
recognized as a safe target against HIV because there are no
similar enzymes involved in human cellular function.”
Recently, several aryl 1,3-diketo acids as exemplified by
compounds 1 that can inhibit strand transfer reaction of HIV-
1 IN have been identified as potent anti-HIV agent (Figure
1.2 The 1.3-diketo acid moiety of the compound 1 has been

postulated to be an essential part for the inhibitory activity of
HIV-1 IN strand transfer since these part is believed to
interact with catalytically important Mg®™ in the active site
of HIV-1 IN step.” Accordingly. the variations of structural
features of aryl 1.3-diketo acids have been made leading to
8-hydroxy-1.6-naphthyridine L, which mimic the metal
cation interaction site of the 1.3-diketo acid pharmaco-
phore.'*!!

In our continued study on the development of HIV-1 [N
inhibitors,'” we here disclose the synthesis of 4-hydroxy-3-
azacoumarin carboxamides or carboxthicamides 2. which
have an azacoumarin ring as a new scaftold of HIV-1 [N
inhibitors. We envisioned that 4-hydroxy-5-azacoumarin
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Figure 1, Evolution of coumann I11V-1 integrase inhibitor from
1,3-diketo acid.
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Scheme 1. Synthcsis of 4-hydroxy-3-azacoumarin-3-carbox(thio)amides.

ring can mimic HIV-1 [N inhibitory 8-hydroxy-1.6-naph-
thyridines Il since they have the same functional groups that
may bind with Mg ™. Furthermore, it is anticipated that
additional hydrogen bonds may be possible vii interaction
of carbonyl oxygen of lactone ring in 2 with polar residues
in the active site of HIV-1 IN. To investigate the influence of
substituentes on inhibitory effect we set the variations at
amide part in the design of inhibitors.

Results and Discussion

Chemistry. T'he chemistry used to prepare the 4-hydroxy-

S-azacoumarin derivatives la-h is illustrated in Scheme 1.
The target compounds were synthesized by reaction of 4-
hydroxy-5-azacoumarin (4) with aryl isocyanate or arvl
isothiocyanates. The required intermediate 4 was prepared
by the slight modification of literature procedure.'? Reaction
of 2-hvdroxypicolinic acid with ethyl chloroformate follow-
ed by condensation with ethyl ethoxymagnesium malonate
afforded compound 2. This compound was directly sub-
Jjected to partial hydrolysis condition: treatment of potassium
carbonate in water to provide a hemiester of hydroxy-
picolnoylmalonic acid (3) in 35% yield for two steps. 5-
Azacoumarin ring was constructed by heating 3 at 130 °C in

Table 1. HIV-1 IN inhibitory activity of 4-hydroxy-3-uzacoumarin-3-carbox(thioYamides (1a-h)
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polvphosphoric acid to give 4 in 65% vield. The 3-carbox-
anudes or thicamides of azacoumarin (1a-h) were obtained
by the thermal reaction of 4 with arv] isocavanates or arvl
1sothiocvanates at 120 °C in DMSO containing triethyl-
amine.'?

Biological activity. The resulting 4-hvdroxy-3-azacou-
marin-3-carbox(thio)amides (1a-h) were assaved i vifro for
inhibition of HIV-1 IN strand transfer (Table 1)."*'° To
compare the inhibitory activity, L-708.906 (I) mn Figure 1
was prepared by using a known procedure® and the activity
data was included as a reference in the table. N-Benzyl-
carboxamide derivatives of azacoumarin (la-d) showed
moderate to good nhibitory activities for HIV-1 IN strand
transfer reaction. Among tested, 4-fluorobenzvl-substituted
azacoumarin (1b) showed the most potent inhibitory activity
(1Csq = 6.7 M) comparable to that of L-708.906 (1. ICx, =
5.5 yM). On the other hand, M-phenvl-carboxamide (1e) and
thiocarboxamide denvatives (1g-h) exhibited no activity
under the concentration of 300 #M ndicating that amide
carbony] and benzy] substituent in amide part are unportant
for inhibition of HIV-1 IN strand transfer reaction.

In conclusion. 4-hydroxy-3-azacoumarin-3-carbox(thio)-
anudes (1a-h) as novel HIV-1 IN mhibitors were svnthe-
sized and evaluated for the inhibition of HIV-1 IN strand
transfer reaction with a brief SAR. Among synthesized.
compound 1b was the most potent HIV-1 IN mhibitor with
equipotent activity to that of L-708.906. Therefore. the 4-
hyvdroxy-3-azacoumarin ring can be considered as a new
scaffold in designing more potent of HIV-1 IN mhibitors for
treatment of AIDS.

Experimental Section

Chemistry: general. All reactions were carried out under
nitrogen atmosphere. Flash column chromatographies were
performed with Merck Kiesegel 60 Art 9385 (230-400
mesh). All solvents used were purified according to standard
procedures. 'H and C NMR spectra were recorded on a
Gemini Varian-300 (300 and 75 MHz. respectively): chemical
shifts are expressed value (ppm) and coupling constants (J)
in Hz.

Ethyl hemiester of 3-hydroxypicolinoylmalonic acid
(3). A solution of 3-hydroxypicolinic acid (13 g. 93.5 mmol)
and Et;N (26.1 mL, 187.2 mmol) in the mixed solvent of
1.4-dioxane and toluene (l:1. 160 mL) was stirred for 30
min. This solution was cooled to =5 °C and treated with a
solution ethvl chloroformate (17.9 mL. 187.5 mmol) in
toluene (40 mL). After stirring at 0 °C for 2 h, a solution of
ethyvl ethoxvmagnesium malonate (32 g, 140.3 mmol) in
toluene (30 mL) was added to the mixture. The mixture was
further stirred overnight at rt and then acidified to pH 3 by
addition of 3N HCI. The aqueous solution was stirred 30 min
and extracted with a mixture of benzene and chloroform
(1:1). The organic layer was dried over MgSOs, evaporated
under reduced pressure to give a brown oily residue. This
residue (ce. 33 g) was dissolved in water (100 mL) and
treated with K-CO; (19 g 140.3 mmol). The reaction
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mixture was stirred at 80 °C for 4 h. After the mixture was
completely cooled to 1t and the resulting orange colored
precipitate was filtered. The filter cake was washed with a
small quantity of methanol and acetone. The washed filter
cake was dissolved in water (100 mL) and acidified to pH 1-
2 by addition of 3N HCl. An orange colored precipitate of
flakes was filtered, washed with water, and dried in vacuo to
give 3 (8.28 g. 35%) as a vellow solid. '"H NMR (DM SO-dy)
6839 (IH, d,J= 5.7 Hz, pynidine-H6), 8.12 (lH. d. J=8.4
Hz. pyridine-H+). 7.98 (IH. dd, J = 5.7. 84 Hz. pyndine-
H7).4.12 2H. q.J = 6.6 Hz, -OCH,CH3). 1.22 CH, t. J =
6.6 Hz, -OCH.CH;). “C NMR (DMSO-dy) §209.0. 179.6,
163.4, 163.1. 152.5.139.3.1299. 1254.84.2, 38 4. 13.0.

4-Hydroxy-S-azacoumarin (4). A mixture of 3 (7.5 g,
29.6 mmol) and polyphosphoric acid (45.0 g) were heated at
127 °C until no more gas evolved. After cooling to rt. the
mixture was treated with water and stired to dissolve
polyphosphoric acid. Sodium hydrogen carbonate was
slowly added to the mixture with sturing until the solution
become ¢¢. pH 3. The resulting precipitate was filtered and
the filtered cake was washed with water and MeOH, and
dried to give 4 (3.19 g, 65%). 'H NMR (DMSO-dg) §8.63
(IH. d. /=45 Hz, H6), 789 (IlH. d. J = 8.7 Hz, H8), 7.72
(LH. dd. J = 8.7, 4.5 Hz. H7). 5.83 (IH. s, H3); “C NMR
(DMSO-dg): 166.1, 161.8. 150.9. 146.1, 133.9, 128.0, 125 4.
95.0.

General procedure for the synthesis of compounds 1a-
h. Solutions of 4 (300 mg, 1.84 mmol), triethylamine (0.77
mL, 552 mmol) and 1 equivalent of arvlisocyanate or
arvlisothiocyanate in dimethylsulfoxide (DMSQ, 5 mL)
were heated at 95 °C overmight. After cooling to rt. the
mixture was treated with 3V HCI and extracted with ethyl
acetate. The organic layer was dried over anhydrous MgSQOy,
concentrated. and purified by recrystallization from methanol-
chloroform and/or flash column chromatography (CHs;OH/
CH:Cl: = 1:10) to provide 1a-h.

3-(N-Benzylcarbamoyl)-4-hydroxy-5-azacoumarin {(1a):
The treatment of 4 (300 mg. 1.84 mmol) with benzyliso-
cvanate (0.23 mL. 1.84 mmol) according to the general
procedure provided the desired product 1a (81 mg. 15%). 'H
NMR (DMSO-ds) 69.76 (1H, t. J = 4.6 Hz. -<CONHCH:-),
873 (1H.d.J =33 Hz H6). 798 (1H. d. J = 8 4 Hz. HS8).
783 (1H. dd. J =84, 3.3 Hz, H7). 7.39 (3H. m. phenyl-H).
4.63 (2H. d.J = 4.6 Hz. NHCH-Ph). *C NMR (DMSO-ds)
6 1763. 1706, 161.2. I51.5, 147.7. 138.6, 133.3. 130.0.
129.2, 128.3. 128.0, 126.0, 94.7, 43 4.

3-(N-(4-Fluorobenzyl)carbamoyl)-4-hydroxy-5-azacou-
marin (1b): The treatment of 4 (130 mg. 0.92 mmol) with 4-
fluorobenzylisocyanate (0.12 mL. 0.92 mmol) ) according to
the general procedure provided the desired product 1b (122
mg. 42%). 'H NMR (CDCls) §9.54 (1H, s, CO-NH-CH>),
880 (1H, d, J=3.9 Hz. H6), 7.75 (1H. d. J = 8.4 Hz, HS),
768 (IH.dd.J=84.45Hz H7). 738 QH. two d. /=8 4.
5.4 Hz. phenyl-H). 7.10 2H. two d.J = 8.7. 9.0 Hz. phenyl-
H). 4.67 (2H. two s. -NHCH--phenyl). *C NMR (DMSO-
dgy 6164.6, 164.2. 150.1, 144.6, 132.3, 128.5. 126.3, 100.7,
60.9. 14.0.
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3-(N-(4-Bromobenzyl)carbamoyl)-4-hydroxy-3-azacou-
marin (1c): The treatment of 4 (250 mg, 1.53 mmol) with 4-
bromobenzvlisocvanate (0.21 mL. .53 mmol) according to
the general procedure provided the desired product 1¢ (154
mg. 27%). "H NMR (DMSO-ds) §9.80 (1H, brt. /=6 Hz.
-CONHCH:-), 8.73 (IH. d. J=4.2 Hz, H6), 798 (1H. d,J =
84 Hz, H8), 784 (IH. dd, /=84, 4.2 Hz. H#7), 7.57 (2ZH. d.
J = 8.1 Hz, phenyl-H), 736 (2H. t. J = 8.1 Hz, phenyl-H).
4.59 (2H. d. J = 6 Hz, -NHCH:-); °C NMR (DMSO-ds) &
176.20, 170.7. 161.1. 1515, 1477, 1382, 1333. [32.1.
130.6. 130.0, 126.0, 121.0, 94.9. 42.8.
3-(N-(4-Methylbenzyl)carbamoyl)-4-hydroxy-3-azacou-
marin (1d): The treatment of 4 (300 mg, 1.84 mmol) with 4-
methvlbenzylisocvanate (0.27 mL, 1.84 mmol) according to
the general procedure provided the desired product 1d (80
mg. 14%). '"H NMR (DMSO-ds) 69.70 (IH. brt,/=6.0 Hz
-CONHCH:-), 8.73 (IH. d. J=4.2 Hz, H6), 797 (1H. d,J =
84 Hz, H8), 783 (1H. dd,/=84,4.2Hz. H#7), 7.28 (ZH. d.
J =76 Hz phenvl-H), 7.18 (2H, d, / = 7.6 Hz. phenyl-H).
4.58 (2H. d, J = 6.0 Hz, -NHCH:-phenyl). 2.30 (3H, s.
CH;phenyl-); °C NMR (DMSO-ds) 6176.4. 170.5. 161.2.
151.5. 147.7. 1372, 1355, 1333. 130.0, 1298, 1284
126.0. 94.6,43.1. 21 4.
3-(N-Phenylcarbamoyl)-4-hydroxy-S-azacoumarin (le):
The treatment of 4 (300 mg, 1.84 mmol) with phenyliso-
cvanate (0.21 mL. [.84 mmol) according to the general
procedure provided the desired product 1e (110 mg, 21%).
"H NMR (DMSO-ds) & 11.10 (1H, s. -CONH-phenyl), 8.77
(1H, d, /= 4.5 Hz. H6). 8.06 (1H. d, /= 8.4 Hz, HS), 7.88
(1H. dd, / = 84. 4.5 Hz. H7). 769 2H. d. J = 78 Hz
phenvl-H2.6), 745 (2H. t. J = 7.5 Hz, phenvl-H3,5), 7.24
(1H, t. J = 7.4 Hz, phenvl-H+); °C NMR (DMSO-ds) &
1744, 168.0. 1477, 137.1, 130.2. 1299, 1262, 126.0.
121.8.97.0.
3-(N-Phenylthiocarbamoyl)-4-hydroxy-3-azacoumarin
(1f): The treatment of 4 (300 mg. 1.84 mmol) with
phenvlisothiocyanate (0.22 mL. 1.84 mmol) according to the
general procedure provided the desired product 1f (120 mg.
22%). '"H NMR (DMSO-ds) & 13.02 (1H. s. -CSNH-pheny]).
868 (IH.d. J=44Hz H6). 792 (1H. d.J =83 Hz  HS).
7.75(1H.dd. /=83. 44 Hz H7). 6.75-7.12 (5H. m. phenyl-
Hy. “C NMR (DMSO-ds) & 1784, 164.6, 158.8, 150.4.
147.2. 137.2, 136.5, 129.2, 129.0, 126.6, 126.0, 124.2. 91 .6.
3-(N-Benzylthiocarbamoyl)-4-hydroxy-5-azacoumarin
(1g): The treatment of 4 (300 mg 1.84 mmol) with
benzylisothiocyanate (0.23 mL. 1.84 mmol) according to the
general procedure provided the desired product 1g (180 mg.
31%). 'H NMR (DMSO-ds) & 11.15 (1H. brt. .J = 5.4 Hz.
-CSNHCH»-). 871 (IH. d. /=45 Hz. H6). 799 (lH. d.J =
8.4 Hz, #8). 7.81 (1H, dd,J=84. 4.5 Hz, H7). 7.36 (5H, m.
phenyl-H). 494 (2H. d. J = 5.4 Hz. -NHCH--phenyl): *C
NMR (DMSO-ds) & 1903, 1627, 1599, 149.8. l46.6.
137.3. 1335, 129.1, 1288, 128.4, 128.0, 125.7, 109.0. 48.6.
3-(N-(4-Fluorobenzyl)thiocarbamoyl)-4-hydroxy-5-aza-
coumarin (1h): The treatment of 4 (300 mg. 1.84 mmol)
with 4-flucrophenylisothiocyanate (0.32 mL. 1.84 mmol)
according to the general procedure provided the desired
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product 1f (240 mg, 40%). '"H NMR (DMSO-ds) & 11.12
(IH.brt. /=54 Hz. -CSNHCH:-), 871 (1H, d,J=4.5 Hz,
H6).799 (lH.d.J=8.1 Hz. H8), 78] (IH,dd. /=8.1.4.5
Hz. H7), 7.48 (ZH. m, phenyl-A). 7.22 (ZH. m, phenyl-H),
493 (2H, d. J = 6.0 Hz. -NHCH--phenyl). *C NMR
(DMSO-ds) & 1904, 163.8. 162.5, 160.5. 15398, 1498,
146.6, 133.5, 130.4. 130.3, 128.8. 125.7, 116.0, 115.7. 109.1,
47.8.

Biological Test

Purification of HIV-1 integrase: Recombinant human
mmunodeficiency virus type 1 (HIV-1) integrase was
expressed in Escherichia coli and punified using a nickel-
chelated column in one-step manner, as described previ-
ously." Aliquots of HIV-1 integrase of 0.5 mg/mL as stock
solutions were stored at —70 °C until used.

Oligonucleotide substrates: Twvo 20-mer and one 18-mer
oligonucleotides whose sequences resemble the end of the
U3 LTR of HIV-1 viral DNA were obtained from Bioneer
Inc.. namely K16 (U5 LTR, +strand). ¥-TGTGGAAAA-
TCTCTAGCAGI-3". K17 (U5 LTR, -strand). 5-ACTGC-
TAGAGATTTTCCACA-3'. K16-2 (U5 LTR. +strand), 3'-
TGTGGAAA. and ATCTCTAGCA-3'. The oligonucleotides
were purified using 20% polyacrvlamide gel before use. In
order to construct the substrate for endonucleolytic reaction,
the oligonucleotide K16 of 50 pmol was labeled at the ¥
end, using of 50 #Ci [ *P]-ATP (3.000 Ci/mmol; 1 Ci=37
GBq: Amersham Life Science, Illinois. US.A) and T4
polynucleotide kinase (T4 PNK, New England Biolabs,
Beverly. Massachuetts. U.S.A.). The labeling reaction was
subjected to 10 mM EDTA. and heated to 75 °C for 15 mun
to mactivate T4 PNK. After addition of complementary
oligonucleotide K17 of 60 pmol, the reaction mixture was
boiled for 3 min and cooled down slowly. Labeled substrate
was separated from unincorporated nucleotide by passage
through a Biospin 6 (Bio-Rad. Hercules, California, U.S.A).
The substrate for strand transfer reaction was prepared by
labeling the oligonucleotide, K16-2, with T4 PNK and [}
*P]-ATP. The labeled KI16/-2 was amncaled with the
complementary oligonucleotide K17. The subsequent proce-
dures are same as described above.

In vitro assay: A standard assay for strand transfer activity
was carried out in the presence of potential inhibitor
containing 0.1 pmol of duplex oligonucleotide substrate
(K16-2/K17) and 13 pmol of HIV-1 integrase in 13 mM
Tris-HC1 (pH 7.4). 100 mM NaCl. 1 mM MnCls, 2 mM 2-
mercaptoethanol. 2.5 mM CHAPS. 0.1 mM EDTA, 0.1 mM
PMSE. 1% glycerol. and 10 mM imidazole in a total volume
of 10 #L. Inhibitors or drugs are mtially dissolved in 100%
DMSQ or ethanol. and added to the reaction mixture at 3%
concentration of solvent in the final volume. Reaction
mixtures were incubated at 37 °C for 60 nun and stopped by
the addition of 4 L of 95% formamide, 20 mM EDTA,
0.053% bromophenol blue, and 0.05% xylene cvanol FF. The
reactions were heated to 90 °C for 3 min and analyzed on a
20% denaturing polyacryamide gel. Reaction products were
visualized by autoradiography of the dried gel in a phospho-
image analvzer (GS-323. Bio-Rad). The strand transfer
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activity was evaluated by studving conversion of the 18-mer
oligonucleotides to the bigger ones.

Percent inhibition was calculated using the equation 100 x
[1 - (D-CY(N-C)] where C. N. and D are the fractions of 20-
mer substrate converted to strand transfer products for DNA
alone. DNA plus integrase. and mntegrase plus drug.
respectively, The ICsq value was determined by plotting the
drug concentration versus percent inhibition and determin-
ing the concentration that produced 50% inhibition.’®

Acknowledgement. T. H. Kwon and Y. J. Yoo are grateful
to the Mimistry of Education & Human Resources Develop-
ment for the support through the Post-BK21 program.

References and Notes

1. Barre-Sinoussi. F.. Chermann. J. C.2 Rev. F: Nugevre. M. T.:
Chemaret. S Gruest. I Dauguet. C.; Axler-Bhn, C.: Vezinet-
Brun, F.; Rowzioux. C.; Rozenbaum. W.: Montagmer. L. Science
1983220 868,

. Zhang. X.. Neamati. N.. Lee. Y. Ko Orr. Al Brown. R D
Whitaker. N.: Pommier. Y.. Burker. T. R.. Jr. Bioorg. AMed. Chem,
2001. 9. 1649,

3. Brown, P. O. Curr Top. Microbiol. Iimmunof, 1990. 15719,

4. Sakai, H.; Kawamura, M.; Sakuragi. I.: Sakuragi, S.; Shbata. R.:

Isimoto. A.; Ono. N.: Ueda, S.: Adachi, A. J Tirol 1993, 67. 1169,

5. Taddeo. B.: Haseltine, W. A Famet, C. M. J. I'mrol. 1994 68.

8401.
6. Engelman. A Englund. G. Orenstein. J. M.. Martin. M. A
Craigie. R. /. T7rol. 19958, 69.2729.

tJ

14

13
16.

Seung Uk Lee et al.

. Yuan. H.: Parill. A. L. Bioorg. Aed Chem. 2002, 10. 1469,
. Pais. G. C. G.: Zhang. X.. Marchand. C.. Neamati. N.. Cowansage.

K.. Svarovskaia. E. S.. Pathak. V. K. Tang. Y. Nicklaus. M.
Pommier. Y.: Burke. T.R.. Ir. J. AMed Chem. 2002 48. 3184,

. Grobler. J. A: Stillmocek. K. A Hu, B.: Witmer. M. V. Felock. P.

J.. Jr. Espeseth. A. 8., Wolfe, A. L.: Eghertson. M. S.: Bourgeois.
M.: Melamed. J.. Wai. I. S.. Young. S. D.. Vacca. I. P Hazuda. D.
1. Proc. Natl. dcad Sei, U7.5.4. 2002, 99. 6661.

. Zhuang. L. Wai. J. S.: Embrey. M. W.: Fisher. T. E.. Egbertson.

M. S Payne. L. 8., Guare, J. P, Huft, J. R, Felock, P. J., Jr.;
Vacea. J. P Hazuda. D. J.; Felock. P Wolfe, A. L. Stillmock, K.
A Witmer. M. V., Mover, G, Schleif, W. A.. Gabrvelski. L. J.;
Leonard. Y. M.: Lynch. J. J.. Tr.: Michelson. S. R Young. S. D. /.
Aed Chem. 2003, 46,433,

. Hazuda. D. J.. Anthony. N. I.. Gomez. R. P Jolly. S. M. Wai. J.

S.. Zhuang, L., Fisher, T. E: Embrev. M. W.. Guare_ J. P. Jr.;
Egbertson, M. §.: Vacca, J. P: Hu, J. R.: Felock, P. J.: Witmer. M.
V. Sullmock. K. A.. Danovich, R.. Grobler, J: Miller, M. D..
Espeseth. A, S.: Jin. L.: Chen. I.-W.: Lin. J.. Kassahun. K.: Ellis. J.
D.. Wong. B. K. Xu. W Pearson. P. G.. Schleif. W. A Cortese.
R.. Emini. E.: Summa. V. Holloway. M. K.: Young. S. D. Prec.
Nail. dcad Sci. U.S.4. 2004 101. 11233,

. (a) Lee. J. Y Yoon, K. J: Lee. Y. S. Bioorg. AMed Chem. Leu.

2003. /3.4331. (b) Lee, 8. U, Park. I H: Lee, J. Y.z Shin, C.-G.;
Chung. B. Y. Lee. Y. S. Bull. Kor: Chem. Sce. 2006. 27. 1888,

. (a) Dejardin. I. V2 Lapiere. C. L. Bufletin de la Societe Chimique

de France 1979, 2(5-6). 289. (b) Lapiere. C. L.. Dejardin. J. V..
Barbara, R. M. I7.S. Pat. 3.912 248 (November 11, 1973).

Lang. S. A., Jr: Cohen. E. J Org Chem. 1974, 39. 1008.

Oh. J.-W.: Shin. C.-G. Aol Cells 1996, 6,96,

Mazumder. A.. Uchida. H.: Neamati. N.. Sunder. S.. Wickstrom.
E.. Zeng. F.. Jones. R. A.. Mandes. R. F.. Chenault. H. K..
Pommier. Y. Molecular Pharmacology 1997, 51, 567.




