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Caspase 3, a member of cysteine protease family, is well known as a major apoptosis effector and is involved
in cell death as a result of ischemic diseases such as stroke and myocardial infarction, therefore the inhibition
of caspase 3 may protect those apoptotic cell damages. During the high-throughput screening of the compounds
from the Korea Chemical Bank, berberine derivativearfdB), an isoquinoline alkaloid, have been identified

as potential inhibitors for caspase 3. Based on this finding we carried out molecular modeling study to identify
the pharmacophoric elements of berberine structure which interact with a substrate-recognition binding site of
caspase 3 and came up with several novel scaffolds. In this report, we will discuss the molecular modeling,
syntheses and the enzyme inhibitory activities of these novel compounds.
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Introduction ed insight into the design of selective compounds. In this
study, we have synthesized and biologically evaluated the
Deregulated apoptosis can cause several diseases whempiitative caspase 3 inhibitors, aiming at the identification of
is either excessive or insufficient. Tissue damage followingnovel scaffolds for caspase 3 inhibitors.
stroke or myocardial infarction is largely apoptotic, and
there is growing evidence that the inhibition of apoptosis can Design of a Scaffold for Nonpeptidic
lessen tissue damage and improve a patient's prospects. Caspase 3 Inhibitors
Although a wide variety of molecular and cellular events are
involved in apoptosis, most pathways converge onto a single A high-throughout screening of the compounds from the
family of enzymes, the caspases, leading to the breakdowiorea Chemical Bank in KRICT on the inhibition of caspase
of proteins in a proteolytic manner and ultimately cell 3 using 96-well plate format identified berberine derivatives

death?® A and B showing 67% and 64% inhibition at 30M,
Caspases (cysteinyl aspartate specific proteases) were firgtspectively (Figure 1).
identified in mutational studies usin@aenorhabditis We carried out a docking analysis using FlexX program

elegang® and to date, 13 mammalian members of thiswith these molecules and the crystal structure of caspase 3
family have been characterized including 11 members irobtained from PDB (code; 1GFW). All procedures were
human'** They can be subdivided into three groups basegerformed on Silicon Graphics workstation (Origin R1000,
on homology and substrate specificity: (1) caspases involved56 Mbytes memory, 2 CPU, 180 MHz IP27 processor) using
in inflammation (caspases 1, 4, 5, and 13), (2) initiatorSYBYL (v. 6.7) (Tripos Associate Inc.). The final docked
caspases which are found at the top of the signaling cascad®lecules with the lowest binding energiasl( -20.92 and
(caspases 6 and 8-10), and (3) effector caspases which a&e2; -20.13 kcal) were shown in Figure 2.

activated in further downstream (caspases 2, 3, aftl 7). The compoundA appeared to fit into the active site of
Caspase 3, a member of effector caspases, has been found#spase 3 by forming several interactions AL, H-bonds

be activated in nearly every model of apoptosis, thus offers awith Ser63, Ser65, Thr62, and Phe250A2); hydrophobic
attractive therapeutic target for the treatment of disordersontact with His121, H-bonds with Arg64, GIn161, Ser120,
involving apoptosis®t’

Because nonspecific peptide inhibitors have been reporte H'O
not to block apoptosis sufficiently, the prospect of caspas
inhibitors as drug candidates may largely depend on thiHo
selectivity as well as potenéy?! Recent studies on caspase
structure, specificity, and catalytic mechanism have provid-

"To whom correspondence should be addressed: Phone: +82-4 A B Berberine
860-7140; Fax: +82-42-861-1291; E-mail: seyoo@krict.re.kr Figure 1
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Figure 2. Docking the compound to the crystal structure of caspase 3 by SYBYL.
Eerl 20-C"D Eerl20-C0
Hbond (i arg0? i o -
Hi1 o
O ioqeraakan

AT 0H e

L T incraass ke

it 5 Fhedhs fpiOonGle

PSS it (52 fiydrophabic o 527
interactians

Figure 3. De novo design of isoquinolié-oxide derivatives and possible interaction sites with caspase 3.

and Tyr204. But those didn't look forming the H-bond with compoundA more flexible (Figure 3), (2) the addition Mgf

His121 or Cys163 at catalytic domain. Based on the dockingxide which may increase the ionic interaction with Arg207
model, we suggested to modify the berberine backbonat the active site, (3) transposition of catechol ring from 3- to
structure for improved interaction with the enzyme; (1) 1-position of isoquinoline for an additional hydrophobic
removal of the ethylene bridge connecting the isoquinolingnteraction with Try206 and Phe256 at the hydrophobic
and catechol rings to make the rigid ring skeleton of thepocket (S2), (4) removal of 7- and 8-OH in the isoquinoline
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moiety which may not interact with the active site, different (X =H, OCH,, €1, CN, NO,, Ph)

from the compouna itself. Scheme 3

From this analysis we designed and subsequently synthc
sized various 1-phenylisoquinoline derivatives. Besides thaype of compounds, we initially examined the Ulimann type
compounds directly connecting benzene and isoquinolin®f the reaction between isocarbostyril and bromobenzenes,
rings, we prepared the compounds with an amide or ethésut the reaction failed to give the desired ether compounds

linkage as a spacer between two rings. presumably due to the lack of nucleophilicity of the hydroxy
group in isocarbostyril. Alternatively, a substitution reaction
Chemistry between substituted phenols and 1-bromoisoquinoline was

tried and was successful to provide 1-phenoxyisoquinoline
1-Phenylisoquinoline derivatives We synthesized a series derivatives52-57 (Scheme 3).
of 1-phenylisoquinoline derivativés15by Suzuki coupling

reaction between various phenyl boronic acids and 1- Results and Discussion
isoquinolineO-triflate 7 using sodium carbonate as a base in
toluene/ethanol/water (Scheme*3 BubsequentiiN-Oxides The inhibitory effects on caspase 3 were determined at 20

16-23andN-methyl iodide salt®27-34 were prepared using UM concentration of compounds (Table 1). As reference
m-CPBA in CHCI,, and excess iodomethane, respectively.compounds, we used 5-nitroisatin derivatividanethyl C
Demethylation reactions of methoxy substituted compoundsndN-benzylD compounds (Figure 4) which were reported
(17-19, 28-30) in the benzene ring were carried out with to be good inhibitors for caspase 3 withd©f 1 and 0.25
boron tribromide in anhydrous GEll, to provide the corre- pM.23 At 20 uM concentration, those compoun@sandD

sponding hydroxy substituted compoun24-26, 35-37). represented 82% and 95% of inhibition on caspase 3,
Isoquinoline-1-carboxylic acid phenyl amide derivatives  respectively.
Isoquinoline-1-carboxylic acid phenyl amide derivati@&s Initially we prepared various 1-phenylisoquinoline

43 were prepared by well established method from iso-derivatives8-37 modified from the basic backbone of the
guinoline-1-carboxylic acid via acid chloride followed by compoundA, which was identified as a caspase 3 inhibitor
the treatment with aniline derivatives (Scheme 2). Whe by the high throughput screening on samples from the Korea
Oxides44-48 andN-methyl iodide salt49-51 were synthe- Chemical Bank in KRICT (Table 1). Among 3,4-Dimeth-
sized as described above. The oxidatiorNtoxide of 4-  oxy- (17, 28) and 3,4-dihydroxyd4, 35) substituted 1-phenyl-
nitrophenyl derivative42, and N-methylation of 4-chloro- isoquinoline analogues with the same substitution pattern as
phenyl- 1) and 4-nitrophenyl derivatived?) were turned the starting compound\, only compound35 showed
out to be very resistant by unknown reasons. moderate inhibitory effect, 42%. While most of the disub-
1-Phenoxyisoquinoline derivatives To obtain the ether stituted compounds didn’t show significant inhibitory activi-



1006 Bull. Korean Chem. So2002 Vol. 23, No. 7 Eun-sook Kim et al.

oN 0 50) showed generally better inhibitory activities (59%, 48%,
on o 2 \@Zg:o 51%) than 3,4-dimethoxyphenylisoquinoline compounds
: @j&o N (17 (19%), 28 (22%)) (Table 1).
N ©) We also synthesized another series of compobads in
which an ether linkage was used as a spacer and found that
c D this series of compounds didn't show any inhibitory activities
Figure 4. Isatin derivatives known as caspase-3 inhibitors. on caspase 3.

Although few classes of compounds described in this report
ties, some of monosubstituted compounds represented rdid not show prominent inhibitory activities compared to
latively good inhibitory activities. 1ptMethoxyphenyl)iso-  known isatin type of inhibitors, we identified several novel
quinoline 11, 1-(p-methoxyphenyl)isoquinolin&l-oxide 19, scaffolds. The finding that the compounds with different
1-(p-hydroxyphenyl)isoquinolineN-oxide 26, and 1-p- spacers between the benzene and isoquinoline rings exhibit a
hydroxyphenyl)isoquinolineN-methylated compound37 wide range of activities requires further molecular modeling
showed 69%, 60%, 59% and 62% of inhibition atu®®, study for establishing the relationship between structure and
respectively. Monomethoxy substituted isoquinolihe activity.
oxide derivatived 8 (51%), 19 (60%) showed better inhibi- In conclusionwe designed several novel putative caspase-
tory activity (51%, 60%) than the corresponding dimethoxy3 inhibitors based on the active sites of the enzyme and
derivativel7 (19%). The relative location of methoxy group evaluated their inhibitory activities. p-Methoxyphenyl)-
didn't seem to influence the activity much as seet8iand  and 1-(n-methoxyphenyl)-isoquinoline derivatived0¢11,

19. 1819, 29 showed significant inhibitory effects (>50%).
The lower activities of the unsubstituted phenyl isoquino-Further modification for improved activity and the establish-
line 8 (7%) andN-oxide 16 (31%) than the methoxy sub- ment of structure and activity relationship are subjects for
stituted analogue$l (69%) and 19 (60%) indicate that the future works.
methoxy group might participate in the binding interaction
with the enzyme. Experimental Section
In addition, we have prepared a series of compounds with
an amide linkage between the benzene and isoquinoline ring Chemistry. Melting points were determined on a capillary
(44-51). 3,4-Dimethoxyphenyl amide derivative89( 45, melting point apparatus and are uncorrected. Anhydrous

Table 1 Caspase 3 inhibitory activities of isoquinoline derivativeg(2)

N v Free form N-oxide N-methyl iodide
Compd Inh. % Compd Inh. % Compd Inh. %
Y H H 8 7% 16 31% 27 46%
X OCH; OCHs 9 17 19% 28 22%
O Ny H OCHs 10 53% 18 51% 29 53%
l_ OCHs H 11 69% 19 60% 30 29%
O CHs H 12 40% 20 57% 31 40%
cl H 13 24% 21 43% 32 31%
CN H 14 34% 22 44% 33 41%
CH(OH)(CH)sCHs H 15 41% 23 37% 34 34%
OH OH 24 13% 35 42%
H OH 25 23% 36 44%
OH H 26 59% 37 62%
v H H 38 31% 44 51% 49 51%
X@ OCH; OCHs 39 57% 45 48% 50 51%
NH OCH; H 40 63% 46 40% 51 44%
N cl H 41 7% 47 54%
@ NO, H 42 56%
OH OH 43 48% 48 32%
X H 52 < 5%
OCHs 53 < 5%
Cl 54 <5%
O~ Ns CN 55 14%
7 NO, 56 < 5%

OH 57 < 5%
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solvents were dried by conventional methods. Reagents afodium carbonate (0.3 mL). The reaction mixture was heated
commercial quality were used from freshly opened containerat reflux until TLC showed the completion of reaction (4 hr).
unless otherwise stateti NMR spectra were recorded on a After cooling, the reaction was washed with water and
Varian Gemini 200 or a Bruker DRX-300 spectroméfi.  extracted with ethyl acetate. The organic layer was dried over
NMR were obtained on a Bruker AMX-300 spectormeter.MgSQ;, filtered, and concentrated under reduced pressure to
Mass spectra were obtained with a JEOL JMS-DM 303emove all volatiles. The residue was purified by silica gel
instrument by using electron impact or chemical ionizationcolumn chromatography (ethyl acetate : hexanes = 3:1) to
techniques. give a desired compound.

General procedure for the syntheses of phenyl boronic 1-Phenylisoquinoline (85* mp190-191 °CH NMR (200
acid (1-6) To a solution of bromobenzene (1.39 mmol) in MHz, CDCk): & 7.51-7.68 (m, 8H), 7.88 (d, 1H), 8.09 (d,
THF (3 ml), n-BuLi (1.5 M in Hexane, 2.09 mmol) was 1H), 8.62 (d, 1H).
added at -78 °C. After stirring at that temperature for 30 min, 1-(3,4-Dimethoxyphenyl)isoquinoline (9mp 109-111 °C;
trimethyl borate (4.17 mmol) was added to the mixture. TheH NMR (200 MHz, CDCJ): & 3.94 (s, 3H), 3.96 (s, 3H),
reaction mixture was warmed up to room temperature and.00 (d, 1H), 7.23-7.28 (m, 2H), 7.52-7.71 (m, 3H), 7.86 (d,
stirred for an additional hr, then quenched with water,1H), 8.17 (d, 1H), 8.58 (1H, dd); MS 265 {M
acidified with 1 N HCI, and extracted with ethyl acetate. The 1-(3-Methoxyphenyl)isoquinoline (10 mp 111-112 °C;
organic layer was dried over Mg&Q@iltered, and concent- H NMR (200 MHz, CDCJ): & 3.85 (s, 3H), 7.05 (m, 1H),
rated under reduced pressure to give a white solid. The solid.30 (m, 2H), 7.4-7.7 (m, 4H), 7.84 (m, 1H), 8.16 (d, 1H),
was recrystallized from ethyl acetate-hexane to give theé8.6 (d, 1H).
desired compound as a white solid. 1-(4-Methoxyphenyl)isoquinoline (113 colorless oil*H

3,4-Dimethoxyphenyl boronic acid (1)mp 225-226 °C; NMR (200 MHz, CDCJ): 6 3.86 (s, 3H), 7.04 (d, 2H), 7.40-
'H NMR (200 MHz, CDCJ): & 3.93 (s, 3H), 3.98 (s, 3H), 7.76 (m, 5H), 7.80 (d, 1H), 8.17 (d, 1H), 8.56 (d, 1H).

6.97 (d, 1H,J = 8.0 Hz), 7.62 (s, 1H), 7.80 (d, 1Bi= 8.0 1-p-Tolylisoquinoline (12f” mp 170°C; *H NMR (200

Hz); MS 492 (M). MHz, CDCE): 6 2.46 (s, 3H), 7.31-7.48 (m, 2H), 7.51-7.71
3-Methoxyphenyl boronic acid (2)mp 208-209 °CIH (m, 5H), 7.86 (d, 1H), 8.12 (d, 1H), 8.60 (dd, 1H).

NMR (200 MHz, CDCY): $3.91 (s, 3H), 7.15 (dd, 1H), 7.43  1-(4-Chlorophenyl)isoquinoline (13)mp 166-167 °CH

(dd, 1H), 7.70 (d, 1H), 7.81 (dd, 1H); MS 402*(M NMR (200 MHz, CDCY): 6 7.47-7.71 (m, 7H), 7.86 (d, 1H),
4-Methoxyphenyl boronic acid (3)mp 210-211 °CH 8.03 (d, 1H), 8.59 (d, 1H); HRMS (}1239.0502 calcd. for

NMR (200 MHz, CDC}): 83.88 (s, 3H),6.99 (d, 2H,=9.0  CisH1¢CIN, found 239.0500.

Hz), 8.15 (d, 2H,J = 9.0 Hz); MS 402 (M. 4-Isoquinolin-1-yl-benzonitrile (14) mp 179-18CC; *H

4-Chlorophenyl boronic acid (4) mp 220-221 °CH NMR (200 MHz, CDCJ): 6 7.58 (m, 1H), 7.71-7.76 (m,
NMR (200 MHz, DMSQ)3 7.40 (m, 2H), 7.85 (m, 2HMS 2H), 7.82 (m, 4H), 7.96 (m, 2H), 8.63 (d, 1M)S 229 (M).

413 (M. 1-(Isoquinolin-1-yl-phenyl)pentan-1-ol (15)mp 201-203
4-Cyanophenyl boronic acid (5)mp 231-232 °CH  °C;*H NMR (200 MHz, CDCJ): 5 0.88-0.91 (m, 3H), 1.31-
NMR (200 MHz, DMS0):6 7.77 (d, 2HJ = 8.2 Hz), 7.92  1.44 (m, 4H), 1.75-1.86 (m, 2H), 3.45 (br, 1H), 4.71 (m, 1H),
(d, 2H,J = 8.2 Hz); MS 387 (M. 7.26-7.45 (m, 2H), 7.47-7.50 (m, 1H), 7.60-7.62 (m, 3H) ,
4-(1-Hydroxypentyl)phenyl boronic acid (6) mp 235-  7.64-7.67 (m, 1H), 7.85 (d, 1H), 8.07 (d, 1H), 8.55 (d,;1H)

256 °C;'H NMR (200 MHz, DMSO):5 0.83-0.86 (m, 3H), MS 291 (M).
1.21-1.40 (m, 4H), 1.56-1.74 (m, 2H), 4.49 (m, 1H), 7.23- General procedure for the syntheses of 2-oxy-1-phenyl-
7.36 (m, 2H), 7.70-7.91 (m, 2H); MS 570 {M isoquinoline derivatives (16-23) To a solution of 1-

Isoquinoline-1-O-triflate (7). To a solution of 1-hydroxy- phenylisoquinoline §&15) (2.50mmol)in CH,Cl, (10 mL)
isoquinoline (0.14 mmol) in dry pyridine (5 mL) was rapidly was addednCPBA (5.00 mmol), then the mixture was
added trifluoromethanesulfonic anhydride (0.14 mmol) at Ostirred vigorously for 3-10 hr. The reaction was washed with
°C. The reaction was stirred at 0 °C for 20 min and then waan agqueous solution of saturated NaH@@d extracted with
poured into water. The mixture was extracted with,ClE CH,Cl,. The organic layer was dried over Mggfitered,
then combined organic fractions were dried ovesSCa and concentrated under reduced pressure to remove all
Filtration and concentratioin vacuq followed by flash  volatiles. The residue was purified by silica gel column
chromatography on deactivated silica gel (Hexane : ethythromatography (ethyl acetate) to give a desired compound.
acetate = 5:1), gave the compound as a white solid. mp 2-Oxy-1-phenylisoquinoline (16}* mp 153-154 °CH
123-124 °C;*H NMR (200 MHz, CDCJ): 8 7.67-7.92 (m, NMR (200 MHz, CDC}): & 7.42-7.62 (m, 8H), 7.65 (d, 1H),
4H), 8.08-8.20 (m, 2H); MS 277 (M 7.79 (d, 1H), 8.27 (d, 1H).

General procedure for the Syntheses of 1-phenyliso-  1-(3,4-Dimethoxyphenyl)-2-oxyisoquinoline (17jnp 121-
quinolines (815). To a solution of an appropriate phenyl 123 °C;*H NMR (200 MHz, CROD): & 3.85 (s, 3H), 3.94
boronic acid (0.30 mmol) in toluene (2.8 mL), 1-isoquino- (s, 3H), 7.03 (dd, 1H), 7.11-7.21 (m, 2H), 7.60-7.77 (m, 3H),
line-O-triflate 7 (0.30 mmol) and tetrakis (tirphenlyphosphine) 7.97-8.03 (m, 2H), 8.30 (d, 1H).
palladium (0) (3 mole%) in EtOH (0.3 mL) were added, then 1-(3-Methoxyphenyl)-2-oxyisoquinoline (18mp 125-126
followed by the addition of a aqueous 2 M solution of °C;*H NMR (200 MHz, CDCJ): 4 3.83 (s, 3H), 7.04-7.08
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(m, 3H), 7.45-7.56 (m, 4H), 7.66 (d, 1H), 7.79 (d, 1H), 8.26(28) mp 227-228 °C*H NMR (200 MHz CROD): 5 3.88

(d, 1H); HRMS 251.0946 (K calcd. for GeH1aNO,, found
251.0938.
1-(4-Methoxyphenyl)-2-oxyisoquinoline (19 mp 158-
159 °C;'H NMR (200 MHz, CDCJ): & 3.90 (s, 3H), 7.09
(m, 2H), 7.46-7.66 (m, 6H), 7.80 (m, 1H), 8.28 (d, 1H).
2-Oxy-1-Tolylisoguinoline (20)mp 156-157 °C*H NMR
(200 MHz, CDC}): 6 2.45 (s, 3H), 7.35-7.54 (m, 7H), 7.75
(d, 1H), 7.78 (dd, 1H), 8.27 (d, 1H); HRMS 235.0997'\M
calcd. for GeH1aNO, found 235.0986.
1-(4-Chlorophenyl)-2-oxyisoquinoline (21)mp 151-152
°C; 'H NMR (200 MHz, CDCJ): & 7.41-7.58 (m, 7H), 7.67
(d, 1H), 7.81 (dd, 1H), 8.24 (dd, 1H); HRMS 255.0451 )M
calcd. for GsH1oCINO, found 255.0430.
4-(2-Oxyisoquinolin-1-yl)benzonitrile (22)mp 179-180
°C; 'H NMR (200 MHz, CDCJ): & 7.35 (m, 1H), 7.52-7.89
(m, 8H), 8.20 (m, 1H); HRMS 246.0793 {(Mcalcd. for
CleHloNzo, found 246.0796.
1-[4-(2-Oxyisoquinolin-1-yl)phenyl]pentan-1-ol (23)mp
180-181 °C;*H NMR (200 MHz, CDCJ): & 0.89-0.92 (m,

(s, 3H), 3.99 (s, 3H), 4.24 (s, 3H), 7.18 (dd, 1H), 7.30 (m,
2H), 7.85-7.92 (m, 2H), 8.17 (m, 1H), 8.33 (d, 1H), 8.48 (d,
1H), 8.69 (d, 1H).
1-(3-Methoxyphenyl)-2-methylisoquinolinium iodide (29)
mp 187-189 °C*H NMR (200 MHzCDCl): 8 3.91 (s, 3H),
4.44 (s, 3H), 7.14-7.23 (m, 2H), 7.24-7.35 (m, 1H), 7.56-
7.64 (m, 1H), 7.72-7.85 (m, 2H), 8.04-8.12 (m, 1H), 8.28 (d,
1H), 8.54 (d, 1H), 9.13 (d, 1H).
1-(4-Methoxyphenyl)-2-methylisoquinolinium iodide (30)
mp 178-180 °C*H NMR (200 MHzCDCly): 8 3.95 (s, 3H),
4.43 (s, 3H), 7.20 (d, 2H, = 8.9 Hz), 7.63 (d, 2H) = 8.9
Hz), 7.80 (m, 2H), 8.04-8.12 (m, 1H), 8.26 (d, 1H), 8.50 (d,
1H), 9.10 (d, 1H).
2-Methyl-1-p-tolylisoquinolinium iodide (31) mp 191-
192 °C;*H NMR (200 MHz, CDCJ): 8 2.53 (s, 3H), 4.42 (s,
3H), 7.32-7.59 (m, 4H), 7.70-7.85 (m, 2H), 8.10 (m, 1H),
8.28 (d, 1H), 8.53 (d, 1H), 9.13 (d, 1H).
1-(4-Chlorophenyl)-2-methylisoquinolinium iodide (32)
mp 181-182 °C!H NMR (200 MHz, CDCJ): & 4.35 (s,

3H), 1.33-1.38 (m, 3H), 1.48 (m, 1H), 1.76-1.84 (m, 2H), 3H), 7.59-7.80 (m, 6H), 8.05 (m, 1H), 8.24 (d, 1H), 8.52 (d,
3.30 (br, 1H), 4.75 (m, 1H), 7.47-7.49 (m, 4H), 7.52-7.571H), 9.00 (d, 1H).

(m, 3H), 7.69 (m, 1H), 7.81 (m, 1H), 8.24 (d, 1MIS 306
(M").

General procedure for the syntheses of 2-oxyisoquino-
linylphenol derivatives (24-26). To a solution of the com-
pounds17-19 (1 mmol) in CHCI,, 1 M solution of boron

1-(4-Cyanophenyl)-2-methylisoquinolinium iodide (33)
mp 182-183 °CIH NMR (200 MHz, CDCJ): & 4.34 (s,
3H), 7.63 (d, 1H), 7.89-8.23 (m, 6H), 8.33 (d, 1H), 8.55 (d,
1H), 8.96 (d, 1H).

1-[4-(1-Hydroxypentyl) phenyl]-2-methylisoquinolinium

tribromide in CHCI, (1.5 mmol) was added at -78 °C. The iodide (34)mp 199-201 °C*H NMR (300 MHz, CDCJ): &

reaction mixture was warmed up to room temperature an€.88-0.90 (m, 3H), 1.33-1.38 (m, 3H), 1.44-1.46 (m, 1H),
continuously stirred for an additional hr, then quenched withl.78-1.86 (m, 2H), 3.44 (m, 1H), 4.35 (s, 3H), 4.87 (br, 1H),
water and extracted with GBl.. The organic layer was 7.61 (d, 2HJ = 3.2 Hz), 7.68-7.72 (m, 3H), 7.81 (dd, 1H),

dried over MgSQ), filtered and concentrated under reduced8.09 (dd, 1H), 8.27 (d, 1H), 8.50 (d, 1H), 9.00 (d, 1H).
pressure to remove all volatiles. The residue was purified by 1-(3,4-Dihydroxyphenyl)-2-methylisoquinolinium iodide

silica gel column chromatography (5% &bH in CH.CI,)

to give a desired product.
4-(2-Oxyisoquinolin-1-yl)benzene-1,2-diol (24np 110-

111 °C;*H NMR (200 MHz, DMS0)3 7.21 (d, 1H), 7.34-

(35). The compoun®5 was prepared from the same pro-
cedure for the syntheses of the compou2426 except
using the compound8 as a starting materiatnp 190-192
°C;H NMR (200 MHz, CRQOD): & 4.24 (s, 3H), 6.91-7.12

7.42 (m, 2H), 7.94-8.09 (m, 3H), 8.37-8.43 (m, 2H), 8.69-(m, 3H), 7.89 (dd, 2H), 8.16 (m, 1H), 8.31 (d, 1H), 8.45 (d,

8.73 (d, 1H).
3-(2-Oxyisoquinolin-1-yl)phenol (25)mp 120-122 °C:
H NMR (200 MHz, CROD/DMSO0): 6 6.91-6.95 (m, 2H),

1H), 8.69 (d, 1H).
1-(3-Hydroxyphenyl)-2-methylisoquinolinium iodide (36)
The compound6 was prepared from the same procedure

7.03 (m, 1H), 7.42-7.77 (m, 4H), 8.06 (m, 2H), 8.32 (d, 1H);for the syntheses of the compourds26 except using the

HRMS 237.0790 (M) calcd. for GsH1:NO,, found 237.0785.
4-(2-Oxyisoquinolin-1-yl)phenol (26)mp 235-235 °C;
H NMR (200 MHz, CROD): & 7.00 (d, 2H), 7.36 (d, 2H),

7.63-7.80 (m, 3H), 7.98 (m, 2H), 8.28 (d, 1H).
General procedure for the syntheses of 1-phenyl-2-
methylisoquinolinium iodides (2734). 1-Phenylisoquinoline

compound29 as a starting material; mp 231-232 %€
NMR (200 MHz, CROD): & 4.22 (s, 3H), 7.02-7.07 (m,
2H), 7.19 (m, 1H), 7.58 (m, 1H), 7.81-7.96 (m, 2H), 8.19 (m,
1H), 8.34 (d, 1Hz), 8.49 (d, 1H,= 6.8 Hz), 8.69 (1HJ =
6.8 Hz).

1-(4-Hydroxyphenly)-2-methylisoquinolinium iodide (37)

8-15 (0.50 mmole) was dissolved in Mel (15 mL) and the The compoundB7 was prepared from the same procedure
reaction mixture was stirred for 6-24 hr at room temperaturefor the syntheses of the compourgds26 except using the
The resulting yellowish solid was filtered to give the desiredcompound30 as a starting material; mp 229-230 “Et

product as a yellowish solid.
2-Methyl-1-phenylisoquinolinium iodide (27) mp 184-
185 °C;™H NMR (200 MHz, CDCJ): & 4.39 (s, 3H), 7.6-

NMR (200 MHz, CROD): & 4.24 (s, 3H), 7.10-7.18 (m,
2H), 7.45-7.51 (m, 2H), 7.84-7.96 (m, 2H), 8.14-8.22 (m,
1H), 8.33 (d, 1H), 8.47 (d, 1H), 8.71 (d, 1H).

7.83 (m, 7H), 8.06 (m, 1H), 8.25 (d, 1H), 8.53 (d, 1H), 9.10 General procedure for the syntheses of 1-phenylcarb-

(d, 1H).
1-(3,4-Dimethoxyphenyl)-2-methylisoquinolinium iodide

amoylisoquinoline derivatives (3842). To a solution of
isoquinoline-1-carboxylic acid (1.73 mmol) in g, (6
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mL), oxalyl chloride (8.66 mmole) was added during 5 min C;7H;4N2Os, found 294.0992.
at room temperature. After vigorous stirring for 10 min at 1-(4-Chlorophenylcarbamoyl)-2-oxyisoquinoline  (47)
that temperature, all volatiles were removed under reducethp 200-202 °C!H NMR (200 MHz, DMSO0):5 7.46 (d,
pressure. The residue was dissolved in@K(3 mL), to  2H), 7.70-7.79 (m, 5H), 8.06 (m, 2H), 8.27 (d, 1H), 11.12
which the mixture of an appropriate aniline (1.38 mmol) and(br, 1H);HRMS 298.05095 (M) calcd for GeH1:CIN,O,,
triethylamine (8.66 mmol) in Cl, (3 mL) was added found 298.0514.
slowly. After stirring for 1 hr at rt, the reaction was washed 1-(3,4-Dihydroxyphenylcarbamoyl)-2-oxyisoquinoline
with water and extracted with GHI,. The organic layer (48). The compound48 was prepared from the same
was dried over MgSg)filtered and concentrated under procedure for the syntheses of the compo@426 except
reduced pressure. The residue was purified by silica galsing the compound5 as a starting material; mp 159-161
column chromatography (hexane : ethyl acetate = 2 : 1) to giveéC; *H NMR (200 MHz, CDCJ): & 6.86 (d, 1H), 7.04 (dd,
a desired compound. 1H), 7.33 (d, 1H), 7.79-7.86 (m, 3H), 8.05-8.11 (m, 2H),
1-Phenylcarbamoylisoquinoline (38 mp 156-157 °C;  8.23 (d, 1H).
H NMR (200 MHz, CDCJ): 7.11-7.18 (m, 1H), 7.35-7.43  2-Methyl-1-phenylcarbamoylisoquinolinium iodide (49)*
(m, 2H), 7.63-7.85 (m, 6H), 8.47 (d, 1H), 7.69 (m, 1H), The compoundt9 was prepared from the same procedure
10.23 (br ,1H). for the syntheses of the compouri¥s34 except using the
1-(3,4-Dimethoxyphenylcarbamoyl)isoquinoline (39np compound38 as a starting material; mp 209-200 H NMR
108-109 °C;*H NMR (200 MHz, CDCJ): 5 3.89 (s, 3H), (200 MHz, CDCY)): & 4.53 (s, 3H), 7.29 (m, 1H), 7.41-7.46
3.96 (s, 3H), 6.89 (d, 1H), 7.2 (dd, 1H), 7.6-7.9 (m, 5H), 8.5(m, 2H), 7.96-8.09 (m, 4H), 8.24 (m, 2H), 8.49 (m, 2H).
(d, 1H), 9.72 (m, 1H), 10.27 (br, 1H); HRMS 308.1161\M 1-(3,4-Dimethoxyphenylcarbamoyl)-2-methylisoquino-
calcd. for GgH16N2O3, found 308.1163. linium iodide (50). The compound0 was prepared from
1-(4-Methoxyphenylcarbamoyl)isoquinoline (40%¥ mp the same procedure for the syntheses of the comp@uinds
146-147 °C;*H NMR (200 MHz, CDCJ): & 3.81 (s, 3H), 34 except using the compoud@ as a starting materiahp
6.93 (dd, 2H), 7.67-7.84 (m, 6H), 8.48 (d, 1H), 9.71 (m, 1H),201-202 °C;*H NMR (200 MHz, CDCJ): & 3.90 (s, 3H),
10.22 (br, 1H). 3.93 (s, 3H), 4.54 (s, 3H), 6.89 (d, 1H), 7.66 (m, 2H), 7.91-
1-(4-Chlorophenylcarbamoyl)isoquinoline (41)mp 153-  8.15 (m, 4H), 8.32-8.33 (m, 2H), 11.56 (br, 1H).
154 °C;*H NMR (200 MHz, CDCJ): & 7.32-7.36 (m, 2H), 1-(4-Methoxyphenylcarbamoyl)-2-methylisoquinolinium
7.66-7.88 (m, 6H), 8.49 (dd, 1H), 9.69 (m, 1H), 10.38 (br,iodide (51) The compoundl was prepared from the same
1H); MS 282 (M). procedure for the syntheses of the compo@¥e34 except
1-(4-Nitrophenylcarbamoyl)isoquinoline (42)mp 189-191  using the compoundO as a starting materiaipp 219-221
°C; 'H NMR (200 MHz, CDCJ): & 7.78-7.91 (m, 2H), 8.09- °C; 'H NMR (200 MHz, CDCJ): & 3.84 (s, 3H), 4.53 (s,
8.19 (m, 4H), 8.29 (m, 2H), 8.65 (d, 1H), 8.85 (d, 1H), 11.403H), 6.94-6.96 (m, 2H), 7.94-7.98 (m, 3H), 8.09 (dd, 1H),
(br, 1H). 8.17 (d, 1H), 8.30 (d, 1H), 8.40 (d, 1H), 8.50 (d, 1H).
1-(3,4-Dihydroxyphenylcarbamoyl)isoquinolin (43) The General procedure for the syntheses of phenoxyiso-
compound43was prepared from the same procedure for thefuinolines (52-57) To a solution of an appropriate phenol
syntheses of the compourigls26 except using the compound (1.92 mmol) in anhydrous dimethyl sulfoxide (3 mL) was
39 as a starting material; mp 108-109 96 NMR (200  added potassium tert-butoxide (197 mg, 1.44 mmol) slowly
MHz, CDsOD): 6 6.80 (d, 1H), 7.03 (dd, 1H), 7.40 (d, 1H), and the mixture was stirred for around 1 hr. 1-Bromoiso-
7.60-7.97 (m, 4H), 8.49 (d, 1H), 9.01 (m, 1H). guinoline was added to the mixture, and which was heated at
General procedure for the syntheses of 1-phenylcarb- reflux until TLC showed the completion of reaction (around
amoyl-2-oxyisoquinoline derivatives (448). The compounds 20 min-12 hr). After cooling, the reaction was washed with
44-48 were prepared from the same procedure for thewater and extracted with ethyl acetate. The organic layer
syntheses of the compountis23. was dried over MgSgQfiltered, and concentrated under
1-Phenylcarbamoyl-2-oxyisoquinoline (44jmp 190-191 reduced pressure to remove all volatiles. The residue was
°C; 'H NMR (200 MHz, CDCJ): 5 7.09 (m, 1H), 7.26-7.34 purified by silica gel column chromatography (hexane : ethyl
(m, 2H), 7.52-7.77 (m, 7H), 8.78 (d, 1H), 12.03 (br, 1H); acetate = 3: 1) to give a desired compound.
HRMS 264.0899 (M) calcd. for GeH1.N,O,, found 264.0905. 1-Phenoxyisoquinoline (52! mp 120-121 °CIHNMR
1-(3,4-Dimethoxyphenylcarbamoyl)-2-oxyisoquinoline (200 MHz, CDC}); 7.23-7.34 (m, 4H), 7.43-7.51 (m, 2H),
(45)mp 179-180 °C*H NMR (200 MHz, CDC{): 53.88 (s,  7.59-7.83 (m, 3H), 7.89 (d, 1H), 8.46 (d, 1H).
3H), 3.91 (s, 3H), 6.83 (d, 1d,= 8.7 Hz), 7.32 (dd, 1H = 1-(4-Methoxyphenoxy)isoquinoline (53) mp 112-114
8.7, 2.4 Hz), 7.43 (d, 1H] = 2.4 Hz), 7.64-7.80 (m, 4H), °C;H NMR (200 MHz, CDC}): 5 3.83 (s, 3H), 6.97 (d,
7.90 (d, 1H), 8.98 (m, 1H), 12.14 (br, 1H); HRMS 324.11102H), 7.00-7.30 (m, 3H), 7.60-7.77 (m, 3H), 7.97 (d, 1H),
(M*) calcd. for GgH16N2O4, found 324.1129. 8.45 (d, 1H); HRMS 251.0948 (W calcd. for GeH1aNO,,
1-(4-Methoxyphenylcarbamoyl)-2-oxyisoquinoline (46)  found 251.0946.
mp 218 °C;*H NMR (200 MHz,CDC})): & 3.82 (s, 3H), 1-(4-Chlorophenoxy)isoquinoline (54)mp 153-154 °C;
6.88-6.94 (M, 2H), 7.65-7.82 (m, 6H), 7.80 (d, 1H), 9.09 (m,*H NMR (200 MHz, CDCJ): 6 7.19 (m, 2H), 7.32-7.43 (m,
1H), 12.17 (br, 1H); HRMS 294.1044 {(Mcalcd. for  3H), 7.59-7.83 (m, 3H), 7.96 (d, 1H), 8.42 (d, IHRMS
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255.0451 (M) calcd. for GsH10CINO, found 255.0450.
4-(Isoquinolin-1-yloxy)benzonitrile (55)mp 170-172 °C;

2
3
IH NMR (200 MHz, CDCJ); 5 7.36-7.42 (m, 3H), 7.61-7.86 g-
6

(m, 5H), 7.98 (d, 1H), 8.38 (d, 1H); HRMS 246.0793"\M
calcd. for GeH10N2O, found 246.0786.

1-(4-Nitrophenoxy)isoquinoline (56)mp 191-193 °C!H 7.

NMR (200 MHz, CDCJ): & 7.39-7.43 (m, 3H), 7.61-7.86 (m, 8 _ _
9. Yuan, J. Y.; Shaham, S.; Ledoux, S.; Ellis, H. M.; Horvitz, H. R.

3H), 8.31 (d, 1H), 8.29-8.40 (m, 3H); HRMS 266.0691)M
calcd. for GsH10N2O3, found 266.0699. 0
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Cell 1993 75, 641.

10. Horvitz, H. R.; Shaham, S.; Hengartner, M. @old Spring

1-(Biphenyl-4-yloxy)isoquinoline (57)mp 152-153 °C;

H NMR (200 MHz, CDCJ): 6 7.30-7.47 (m, 6H), 7.58-7.81 11.
(m, 7H), 8.00 (m, 1H), 8.45 (d, 1H); HRMS 297.1154"\M
calcd. for GiH1sNO, found 297.1149. 12.

Molecular Modeling. All procedures were performed using ;3
SYBYL (v. 6.7, Tripos Associate Inc.) operating under Origin

R100. The X-ray crystal structure of caspase 3 was obtainett.

from PDB (code; 1GFW). The docking analysis was per-
formed using FlexX program and the complex exhibiting the

lowest binding energy was selected. The investigated ligandg;
were created as external aldimines starting from geometrit7.

cally optimized fragments from Tripos force field.

Biology. In vitro inhibitory activities on caspase-3 of the
compounds were determined by a modification of a manu-
facturer’s protocol (Peptron, Korea). Briefly, the compounds, o
were dissolved in dimethyl sulfoxide (DMSQO) as a 100 mM
stock solution. Enzymatic reactions were carried out in reac-

tion buffer (200 mM HEPES (pH 7.5), 20% sucrose, 0.2%720-

CHAPS, 10 mM DTT) containing 50 ng of active caspase—3/21
CPP32 (Medical & Biological Laboratories, Japan), .50

were conducted at 3%C for 1 h. The amount of released
fluorescent AMC was measured with Perkin-Elmer LS50B2
luminescence spectrometer at an excitation wavelength ofg
360 nm and an emission wavelength of 460 nm. As refer-
ence compounds, we usédtbenzyl-5-nitroisatin and\-
methyl-5-nitroisatin.
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