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INTRODUCTION

Apoptotic cell suicide, or programimed cell death,
18 a fundamentally important biological process that
18 required to maintain the mtegrity and homeosta-
sis of multicellular organisms. Inappropriate apop-
tosis, however, underlies the etiology of many human
diseases, including neurodegenerative disorders,
antommunity, and cancer.” Caspases (cysteinyl
aspartate-specific proteinases), a family of cysteine
proteases, are among the essential components of
the apoptotic machinery, and are presently divided
into 10 families on the basis of their sequences,
phvlogenic similarities, and preference for the sites.
All caspases have a stringent requirement for cleay-
age after aspartic acid although the preferred tet-
rapeptide motifs recognized by various caspases are
different significantly.”® As proteolysis of caspase
substrate by caspase is one of the critical mecha-
nisms of apoptosis, the cleavage products of some
of these substrates are effects of apoptosis them-
selves. Based on the caspase cleavage site of sub-

strate, various caspase inhibitors such as z-VAD-fnik,
z-DEVD-fnik, z-DEVD-cnik, and Ac-DEVD-cho,
which exhibited a very good apoptotic effect as
caspase inhibitors, have been developed.™

Recently, we found that the neuronal microtu-
bule-associated protein Tau, wluch is the main com-
ponent of the neurofibrillary lesions found in
Alzhemmer’s disease (AD) and in other neurodegen-
erative disorders, 18 a substrate for caspase-3 in a
culture model of neuronal apoptosis, and that the
caspase cleavage site at the C-terminus of Tau has
418-DMVD-421.>" Because the identification and
characterization of critical caspase substrates are the
key to find new caspase-3 inhibitors, we further
investigate the role of lipophilicity in the structural
requirement of the DMVD miotif by attaching vari-
ous lipophilic moieties either at the side chain of the
aspartic acid or at the N-terminal amino group of
the aspartic acid. Here, we report synthetic meth-
ods of various lipophilic DMVD and DMVD-fink
denivatives and their biological activities as a novel
caspase-3 inlubitor.
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RESULTS AND DISCUSSION

Chemistry

The peptides 1, 2, 3, and 4 were prepared by solid
phase peptide synthesis (SPPS). Thus, tetrapeptide
TFA-DMVD-OH salt (1) was prepared by stepwise
clongation of the peptide chain from Fmoc-Asp
{OtBu)-Wang resin with the corresponding  acti-
vated cster of an amino acid using solid phase pep-
tide synthesis (SPPS). {ollowed by cleavage of the
resin with TFA in the presence ol radical scaven-
gers (2.5% cthancdithiol, 2.5% triisopropylsilanc)
(Scheme 1)." The purity of the crude peptide was
measured by 1IPLC, and the molecular weight was
identiticd with ESI-MS,

[n order to investigate the role of the lipophilicity
ot the N-terminal amino group on caspase inhibi-
tory activity, the Fmoc-DMVD-OII (2), where the
lipophilic Fmoc group was attached to the terminal
amino group in the aspartic acid group, was pre-
pared by using the same synthetic protocol of
TFA-DMVD-OII salt (1) without deprotection of
the N-terminal Fmoce group at the final step. The
diflerent ester groups were introduced mto the side
chain ol aspartic acid residue to increase lipophilic-
ity. The allyl ester and cyclohexyl ester as orthogo-
nal protecting groups for the B-carboxy] function of
aspartic acid were attached in the last step for the
synthesis of TFAIXOQAIDMVYD-OIL salt (3) and
TEAD(OcH)MVD-OI salt (4) (Scheme 1),

Since the peptidomimetic compound 16 cannot
be prepared by stepwise clongation of the peptide
chain, it was preparcd by the tripeptide-single amino
acid [3+1] scgment-coupling approach. The main
segment Fmoe-D{O-tBu)MV-OIl (17} was pre-
pared by the general SPPS protocol using 2-chlorot-
rityl chloride resin instcad of Wang resin. The
synthesis of the minor segment was first attempted
with fluorination of the corresponding methylke-
tonc 7 by modification of the reported method
(Scheme 2)." Thus, z-Asp(OtBu)-Ol1 (5) was con-
verted to the methylketone 7 via Weinreb amide 6.
The methylketone compound 7 was then converted
to the corresponding silyl enol cther 8, which was
rcacted with 1-(chloromethyl)-4-fluoro-1.4-diazabi-

Fmoc D(()lBu}—o

o~ I'moc=Val—01l
n h| — Fmoc-Mct—OH

~ Fmoc-Asp(OP)-OH

Fmoc-D(OPYMYD(OtBu) 0

<

P; LI, tBu, All, ¢llx

a, e ‘ o; Wang resin

1
TFA*H-DMVYD-OH 1
TFA*H DXOAIDMYD-OH 3
TFA*H-D(OcHx)MVYD-OH 4

Scheme 1, Reagents: (a) 25% piperidine in DMFE. 25 <C, (b)
HORT, DIC. DMA, 25%C. () 95% TFA in DCM.
cthanedithiol. wriisopropyisilane, water, 235 “C.

Fmoc—DMYD OH 2

0 o 0
H 1 §on, H
z N\Eu\OH a Z N\fLI'\I*OCH: 7z N%CH;
CO,Bu CO,MBu CO,tBu
5 6 7

l+
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¢ u Qf 4 8 ¢ _HN F
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CH, 2
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Scheme 2. Reagents:  (a) N O-dimethylhydroxylamine
hydrochloride, HIBTLL DIPEA, DUM. 25°C, () CH MgBr
(3.0 M solution in diethyl ether). THF, ~25°C. (¢}
TBDMS-OTT. EUGNC DM, 0°C, (d) F-TEDA-BF,. DMEF,
25°C, (e) 1) Pd=C. 3.4% formic acid. 25 °C, 2) 30% 1Br (in
acetic acid), cthanedithiol, 25 °C.

cyclo|2,2,2|octance bis(tetrafluoroborate) to give the
tluoromethy! compound 9. However, various attempts
tor the deprotection of z-group by hydrogenation
methods resulted in the gencration of many side
products.

Consequently, altemative synthesis was employed
to synthesize the desired product via nitro-aldol
condensation followed by oxidation (Scheme 3).
The t-butyl ester 12 was prepared from the direct
rcaction of carboxylic acid and #butanol in the
presence ol concentrated sulfuric acid on powdered
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OH OH
O,N O,N ON LN F
’ T 2. 1 b L + Fmoc-D(OtBu)MV-OH
CO,H CO,tBu CO,tBu CO,tBu 17
1 12 13 14
OH 0
_9 _ Fmoc-D(OtBu)MV-NH, F e Fmoc-D(OtBu)MV—NH F
15 CO,tBu 16 CO,tBu

Scheme 3. Reagenus: () 11,80, benrzene, -BuOIlL Mg8O, 25°C, (b 2-Fluoroethanol, (COCLy, DMSO. LGN, DCM,
-78~25°C, (¢) Raney-Ni, MeOIL 1. (45 psi), 25°C. () 1TOBT, DIC, DCM, 25°C. (e} (COCH.. DMSO. Et;N, DCM,

S78-25°CL

anhydrous magnesium sullate with 89% yicld. Con-
densation of the #-butyl ester 12 with fluoroacctal-
dehyde, which was first prepared from Swemn oxidation
ot 2-fluorocthanol in jw-site condition, gave the
nitro alcohol derivative 13 with 97% yicld, 1ydro-
genation of the nitro alcohol 13 over Raney-Nickel
gave the amino alcohol 14 with 52% yicld.™"
Finally, the main segment 17 and the minor seg-
ment 14 were coupled with DIC and 1TOBT condi-
tion to give the compound 15, which was subjected
to Swern oxidation to give the desired compound
16 alter purilication by reversed liquid column
chromatography. It is mteresting (o note that Dess-
Martin oxidation ol the compound 15 did not work
in this system.

Biological Evaluation

The biological activitics of the synthesized DMVYD
and DMVD-tink derivatives were cvaluated by
meagsuring LIMI release in cortical cell culture, and
compared to z-VAD-fink which is known to a good
caspasc inhibitor (7uble 1). All of the derivatives
were found to be inactive while the compound 2
only showed weaker activity compared to z-VAD-
tink. These results indicate that free carboxylic acid
at the side chain of aspartic acid is indispensable for
the activity while the terminal amino group can he
moditicd for better activity.

In conclusion, the lipophilic DMVD and DMVD-
tink derivatives were successtully synthesized by
using a SPPS method and [3+1] scgment coupling
approach. Biological results showed that free car-
boxylic acid at the side chain of aspartic acid in
DMVD is important for the neuroprotective activity.
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Table 1. Neuroprotective elTects of DMVD and DMVD-ink
Derivatives.”

Compounds NT LI release (%)

Staurosporin (100 nM} 4 44.88-4.94
7-YAD- [k 4 37.04=5.69

1 4 S0=
2 4 4234-1.76

4 4 S0

5 4 S0=

17 4 S0

“Cortical cell cultures (DIV 10~12) were exposed 1o 100
nM stavrosporin for 24 hr, alone or with 50 uM of DMVD
and DMV D-fink Derivatives. Neuronal death was analyzed
24 hr later by measuting 1.DH efflux into the bathing
media, mean = SEM {n = 8-12 culture wells per condition).
Experimental number.

EXPERIMENTAL

Instrument and Materials, Advanccd Chem'l'cch
Mode! 90 tablctop synthesizer was used for solid
phase peptide synthesis. Fmoe amino acids and res-
ins were purchased from Advanced Chemtech,
NOVA Biochem, and SENN chemical companics.
Other chemicals were purchased trom  Aldrich
Company. Solvents were purchased from Mallinek-
rodt and Fisher Scientific Inc. The miclting points
were determined on a Fisher-Johns apparatus and
are uncorrected. 'I1 NMR and “C' NMR specetra
were recorded on a Varian Gemini 200 spectrome-
ter at 200 Mllz and 50 Mllz. Chemical shifts are
reported in ppm (8) from tetramethylsilane as inter-
nal standard. TLC was performed on precoated silica
gel K254 plate (Merck). Flash column chromatogra-
phy was done by using Merck silica gel 60 {15~40
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um). HPLC were recorded on a Jasco 1580 series
(PU 1380, UV 1575, LG 13580-34, DG 1580-34) and
Waters 600 series (600 pump, 600 controller, 486
detector). HPLC columns were purchased from Wdac
Company {Peptide & Protein C-18) and BIO-TEK
instruments (PEAKMAX C-18). Mass spectra were
committed to the KIST. Following abbreviation are
used; ESI, electrospray ionization; TFA, trfluoro-
acetic ackd; DIC, 1,3-diisopropylcarbodiimide; HOBT,
1-hydroxybenzotriazole; HBTU, O-benzotriazol-1-
yI-N NN N’-tetramethyluromum  hexafluorophos-
phate; LDH, lactate dehydrogenase; SEM, standard
error means; HMTA, hexamethylenetetramine; Asp,
aspartic acid; Met, methionine; Val, valine; z, ben-
zyloxycarbonyl; Fmoc, 9-fluorenylmethoxycarbonyl;
fimk, flucromethylketone; cHx, cyclohexyl; All, allyvl;
t-Bu, t-butyl; EA, ethyl acetate; DMF, N N-dimeth-
vlformamide; DMA, N,N-dimethylacetamide; IPA,
isepropyl alcohol; DMSO, dimethyl sulfoxide; THF,
tetrahydrofuran; DCM, dichloromethane; DIPEA,
duisopropylethylamine; EtN, triethylanune; CH;MgBr,
nethylmagnesium  bromide; TBDMS-OTE, tert-
butyldimethylsilyltrifluoromethanesulfonate; F-TEDA-
BF,, 1-{chloromethyl)-4-fluoro-1,4-diazabicyclo[2,
2, 2]octane bis(tetrafluoroboerate).

General procedure of solid phase peptide syn-
thesis

1) Fmoc deprotection: Fmoc-AA-Resin was sealed
into a reaction vessel (25 mL), and was swollen in
DMA (2 min x 2). It was then washed twice with
DMEF and the Fmoc goup was deprotected by 25%
piperidine/DMF solution {7 min x 3).

2) Coupling: Fmoc-AA-OBt {activated amino ester)
was prepared by mixing Fmoc-AA-OH, HOBT and
DIC in DMA in the same equivalent amount. The
nixture was stirred for 30 min before being used
for coupling reaction. The deprotected resin was
washed successively with DMA (20 mL x 3), IPA
(20 mL x 2), and DCM (20 mL x 3). After drying
the reaction vessel, the solution of Fmoc-AA-OBt
(3.0 eq.) was added for coupling reaction. The mix-
ture was shaken for 100 min at room temperature.
The resin was washed with DMA (20 mL x 3), IPA
(20 mL x 2), and DCM {20 mL % 3). Monitor cou-
pling efficiency by Kaiser test.

3) Resin cleavage: The resin was cleaved off with
TEA (92.5%), and water (2.5%) in the presence of
scavengers (2.5% ethanedithiol and 2.5% triisopro-
pylsilane) for 60 min.

Synthesis

TFA-H-Asp-Met-Val-Asp-OH salt (1). Fmoc-Asp
(OtBu)-Wang resin (0.7 mmole/g, 100~200 mesh)
was placed in a 25 mL reaction vessel, and the fol-
lowing steps were carried out: (1) deprotection of
the Fmoc group with piperidine/DMF (1 : 4, V/V, 7
nun x 3), (2) washing, DMA (20 mL x 4), IPA (20
mL » 2), and DCM (20 mL x 3), (3) coupling with
activated ester which was prepared from the reac-
tion of the comresponding Fmoc-amine acid (sequence,
Fmoc-Val-OH, Fmoc-Met-OH, Fmoc-Asp(OtBu)-
OH), HOBT (3.0 eq.), and DIC (3.0 eq.) in DMA
(20 mL), and (4) washed with DMA (20 mL x 3),
[PA (20 mL x 2), and DCM (20 miL x 3). The cou-
pling time was 90 min, and sometimes, double cou-
pling was applied. The completion of reaction was
monitored by the Kaiser test. After coupling each
residue to the resin step by step, the last Fimoc group
was removed by the protocol described above. The
resin was washed with DMA (20 mL x 4), IPA (20
mL x 2), and DCM (20 mL x 3). The desired pep-
tide was cleaved off by 92.5% TFA, 2.53% water
and scavengers (2.5% ethanedithiol and 2.5% tri-
isopropylsilane) for 60 min. The resin was filtered
and the TFA solution was concentrated under the
reduced pressure at room temiperature. The residue
was diluted with 8~10 fold volumes of cald ether to
give a white precipitate, which was then filtered and
washed with cold ether three times to afford the title
compound as a white solid. HPLC (0.1% TFA-
water: 0.1% TFA-acetonitrile = 91:9, Rt=5.7 min)
showed the 95% purity. ESTMS [M+H]™ nvz 479.

Fmoc-Asp-Met-Val-Asp-OH (2). The comipound
was prepared by the similar reaction described for
the synthesis of TFA-H-Asp-Met-Val-Asp-OH salt (1).
White solid. HPLC (0.1% TFA-water : (.1% TFA-
acetonitrile = 63:33, Rt = 6.2 min) showed the 96%
purity. ESI MS [M+H]* m/z 701.

TFA-H-Asp(OAll)-Met-Val-Asp-OH salt (3). The
compound was prepared by the sinular reaction
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described for the synthesis of TFA-H-Asp-Met-Val-
Asp-OH salt (1). White solid. HPLC (0.1% TFA-water
: 0.1% TFA-acetonitrile =80 : 20, Rt=4.0 min)
showed the 97% purity. ESI MS [M+H]* nvz 519.

TFA-H-Asp(OcHx)-Met-Val-Asp-OH salt (d).
The compeund was prepared by the similar reac-
tion described for the svnthesis of TFA-H-Asp-Met-
Val-Asp-OH salt (1). White solid. HPLC (0.1%
TFA-water : 0.1% TFA-acetorutnle =76 : 24, Rt =
4.7 min) showed the 97% purity. ESI MS [M+H]"
m/z 561.

t-Butyl 3-benzyloxycarbonylamino-5-(meth -
oxymethylamino)-4-oxobutanoeate (6). To a solu-
tion of N-benzyloxycarbonyl aspartic acid (1.00 g,
293 mmol) in DCM/DMEF (1:1, 20 mL) at 0°C
were added HBTU (1.30 g, 3.52 mmel) and DIPEA
(0.620 mL, 3.32 mmol). After N,0-Dimethylhy-
droxyvlamine hydrochloride {0.340 g, 3.52 mmol)
and DIPEA (0.620 mL, 3.52 mmol) were added to
the solution, the resulting reaction mixture was stirred
for 40 min, and then diluted with EA (30 mL). The
organic phase was washed with saturated NaHCO,
solution (40 mL x 2), water {40 mL x 3) and brine,
dried over anhydrous MgSO,, and concentrated to
give a residue, which was recrystallized from ether/
hexane to afford the title compound as a white solid
(1.17 g, 90.0% vield). mp 63 °C, '"H NMR (CDCl,)
& 7.40~7.30 (s, SH), 5.15~3.05 (s, 2H), 3.80~3.70
(s, 3H), 3.25~3.15 (s, 3H), 2.80~2.50 (m, 2H),
1.50~1.40 (s, 9H).

t-Butyl 3-benzyloxycarbonylamino-4-oxopen-
tanoate (7). To a solution of 3 M CH;MgBr in ether
{10.0 mL, 30.0 mmol) diluted with anhydrous THF
{50 mL) was added t-butyl 3-benzyloxycarbony-
lamino-5-(methoxymethylamino)-4-oxobutanoate
{2.00 g, 5.46 mmol) slowly at 0°C. After the reac-
tion mixture was stirred for 1 hr, 1t was quenched
with the selution of NH,Cl and H.O (1:1, 40 mL),
and then was diluted with EA (20 mL). The organic
phase was washed with water (20 mL x 3), dried
over anhydrous MgS0,, and concentrated to give a
residue, which was purified by column chromatog-
raphy (EA:hexane=1:3) to afford the title compound
as a colorless oil (1.45 g, 82.5% yield). 'H NMR
(CDCl,) & 7.40~7.30 (s, SH), 5.20~5.10 (s, 2H), 4.50
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~4.40 (q, 1H), 3.00-2.60 (m, 2H), 2.30~2.20 (s,
3H), 1.50~1.30 (s, 9H). "C NMR (CDCl,) & 26.8,
28.0, 36.9, 57.0, 67.1, §1.8, 127.9, 128.0, 1284,
135.9, 155.8, 170.1, 205.6.

t-Butyl 3-benzyloxycarbonylamino—<4-(t-butyld-
imethylsilyloxy)pent-d4-enoate (8). To a solution of
t-butyl 3-benzyloxycarbonylaminc-4-oxopentanoate
(1.00 g, 0.11 mmol) in DCM (20 mL) was added
Et;N (2 mL) followed by TBDMS-OTT (3.22 mL,
14.0 mmol) at -15°C. After the reaction mixture
was stirred for 40 min, it was diluted with EA (30
mL). The organic phase was washed with saturated
NaHCO, solution (40 mL x 2), water (40 mL x 3)
and brine, dried over anhydrous MgSO,, and con-
centrated to give a residue, which was purified by
column chromatography (EA: hexane=1:8, with 3
drops of Et,N per 100 mL of solution) to afford the
title compound as a yellow oil (0.70 g, 32% yield).
'H NMR (CDCl,) § 7.45~7.30 (s, SH), 5.20~5.10
(s, 2H), 4.55~4.40 (m, 1H), 4.40~4.10 (d, 2H),
2.65~2.50 (m, 2H), 1.50~1.40 (s, 9H), 1.00~0.85 (s,
9H), 0.30~0.10 (m, 6H).

t-Butyl 3-benzyloxyearbonylamino-5-fluoro-4-
oxopentanoate (9). After the solution of t-butyl 3-
benzyloxycarbonylamino-4-(t-butyldimethylsily-
loxy)pent-4-encate (0.27 g, 0.62 mniol) and F-TEDA-
BE, (0.260 g, 0.74 mmol) in DMF (4 mL) was stirred
for 3.5 hr at 0 °C, it was diluted with EA (30 mL).
The organic phase was washed with saturated
NaHCO, solution (40 mL x 2), water (40 miL x 3)
and brine, dried over anhydrous MgSO, and con-
centrated to give a residue, which was purified by
calumn chromatography (EA:hexane=1:4) to afford
the utle compound as a wlte o1l (0.09 g, 44%
vield). "H NMR (CDCL,) d 7.50~735 (s, SH), 5.20~5.10
(s, 2H), 5.30~4.95 (m, 2H), 4.75~4.55 (m, 1H),
3.10~2.80 (m, 2H), 1.50~1.35 (s, 9H).

t-Butyl 3-nitropropionate (12). To a vigorously
stimed suspension of anhydrous MgS0O, (20.1 g,
168 mmol) in benzene (1530 mL) was added con-
centrated H.SO, (2.34 mL, 42.2 mmol). After the
suspension was stirred for 13 min, 3-nitropropionic
acid (5.13 g, 42.3 mmiol) and tertiary butanol (20.1
mL, 210 mmol) were added. After the reaction mix-
ture was sealed with stopper and stirred for 20 hr at
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25 °C, it was quenched with saturated sodium bicar-
bonate solution {250 mL) and then stirred until all
MgSO, dissolved. The organic layer was separated,
washed with water {130 mL x 3) and brine, dried
over anhydrous MgSQ,, and concentrated to afford
the title compound as a vellow oil (6.58 g, 88.6%
vield). "H NMR (CDCl,) & 4.55-4.45 (t, 2H), 2.85-2.75
{t, 3H), 1.40~1.30 (s, SH); IR (cm™) 17404, 1564.9,
1375.4; “C NMR {CDCl,) 8 27.7, 31.9, 69.8, 81.9,
168.5.

#Butyl 5-fluoro-4-hydroxy-3-nitropentanoate (13).
Oxalyl chloride (0.62 mL, 6.84 mmol) and DMSO
(1.06 mL, 14.2 mmol) were added to DCM (15
mL) at -78 °C. The reaction mixture was stirred for
13 min and 2-flucroethanol (0.34 mL, 3.75 mmol)
was added to it. After the reaction mixture was
stirred for another 135 min, it was diluted with anhy-
drous DCM (50 mL) and then EtN (4.05 mL,
28.54 mmel) was added. Stirring was continued for
another 2 hr by which time the temperature changed to
room temperature. ~Butyl 3-nitropropionate (1.02 g,
5.75 mmel) was added to the reaction mixture and
stirring was continued for 2 hr. The reaction mix-
ture was diluted with DCM (10 mL) and was washed
with water {20 mL x 3) and brine. The orgamc
phase was dried over anhydrous MgSO, and con-
centrated to give a residue, which was purified by
short column chromatography (EA:hexane = 1:3) to
afford two isomers of the title compound. One (A)
is a vellow liquid and the other (B) is a white solid
(total vield 1.43 g, total % vield 97.24%). mp 76 °C
(isomer B), 'H NMR (CDCl,) A: 8 5.03~4.90 (m,
1H), 4.65 ~ 4.35 {g, 2H), 3.25~3.05 {m, 1H), 2.90
~2.75 (m, 2H), 1.50~1.35 (s, 9H). B: & 5.00~4.80
(m, 1H), 4.65~4.35 (g, 2H), 3.20~3.00 {m, 1H),
290~2.70 {m, 2H), 1.50~1.25 (s, 9H); IR {cm™)
3466.9, 1736.0, 1558.3, 1374.0. '*C NMR {CDCI,)
627.7,31.9,698,819, 1685,

+Butyl S5-fluoro4-hydroxy-3-aminopentanoate
(14). A solution of #butyl 3-fluoro-4-hydroxy-3-
nitropentanoate (2.2 g, 8.7 mmol) and Raney-Ni
(30% slumry in water) in MeOH (40 mL) was
hvdrogenated (45 psi) for 14 hr. The solution was
filtered through celite pad and then the solvent was
evaporated. The residue was purified by column

chromatography (methanol:DCM:hexane=1:2:2) to
afford the title compound as a yellow oil (1.00 g,
51.7% yield). '"H NMR (CDCl,) & 4.65~4.35 (m,
2H), 3.70~3.50 (m, 1H), 2.50~2.35 (m, 2H), 1.30~
1.40 (s, 9H); IR (em™”) 3424.0, 1729.0 1133.9. “*C
NMR (CDCl;) 8 28.2, 393, 49.3, 71.7, 84.1, 85.8,
171.0.

Fmoc-Asp(OtBu)-Met-Val-Asp(OtBu)-fmh
(15). To a solution of Fmoc-Asp(OtBu)-Met-Val-
OH (17) (0.074 g, 0.12 mmol) in DCM (2 mL)
were added HOBT (0.016 g, 0.12 mmol) and DIC
(0.018 mL, 0.12 nmmol). After the reaction mixture
was stirred for 40 nun, #butyl 5-fluoro-4-hydroxy-
3-aminopentanoate (.02 g, 0.09 mmol) was added.
After the resulting mixture was stirred for 2 hr, it
was diluted with EA. The organic phase was washed
with saturated NaHCO, solution (10 mL x 2), water
(10 mL x 3) and brine, dried over anhydrous MgSO,,
and concentrated to give a residue, which was puri-
fied by short colunin chromatography (EA:hexane
=2:1) to afford the title compound as a white solid.
HPLC (0.1% TFA-water : 0.1% TFA-methanol =
30 : 70, Rt = 5 min) showed the 94% purity, ESI
MS [M+Na]* m/z 947.0.

Fmoc-Asp(OtBu)-Met-Val-Asp(OtBu)-fink (16).
To a cooled (-78 °C) solution of oxalyl chloride
(0.010 mL, 0.12 miniol) in DCM (5 mL) was
added DMSO (0.014 mL, (.24 mmol) slowly. The
reaction mixture was stirred for 13 min and the
solution of Fmoc-Asp(OtBu)-Met-Val-Asp(OtBu)-
finh (0.080 g, 0.10 mmol) in DCM (1 mL) was
slowly added to the reaction muxture. After the
reaction mixture was stirred for another 15 min, Et,N
(0.67 mL, 0.48 mmol) was added. Stirring was con-
tinued for another 2 hr by wluch time the tempera-
ture changed to room temperature. The reaction
mixture was diluted with DCM (10 mL) and the
organic layer was washed with water (20 mL x 3)
and brine. The organic phase was dried over anhy-
drous MgSO, and concentrated to give a residue,
which was purified by short column chromatogra-
phy (EA:hexane =1:2) to afford the title comipound
as a white solid. HPLC (0.1% TFA-water : 0.1%
TFA-methanol = 30 : 70, Rt=7 nun) showed the
93% purity. ESI MS [M+Na]” m/z 851 4.
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Fmoc-Asp(OtBu)-Met-Val-OH (17). The com-
pound was prepared by the similar reaction described
for the synthesis of TFA-H-Asp-Met-Val-Asp-OH salt
(1). White solid. HPLC (0.1% TFA-water : 0.1%
TFA-methanol = 30:70, Rt =3 min) showed the 98%
purity.

Cell Culture. By following the previously reported
nethod,” mouse neocortices were obtained from
embryonic day 14 fetal brans and triturated. Disso-
ciated cells were plated mn 24-well culture plates
precoated with poly-D-lysime (100 pg/mL) and lami-
nin (4 pg/mL) in Eagler’s minimal essential medivm
(MEM, Earler,s salts, glutamine- free) supplemented
with 21 mM glucose, 3% fetal bovine serum, 5%
horse serum, and 2 mM glutamine. Plating density was
adjusted to 3 hemispheres per plate (approximately
2.5x10° cells per culture well). The cortical cell cul-
tures were maintained at 37 °C in a humidified 3%
CO. incubator. For co-cultures of neurons and glia,
10 pM AraC was mcluded to cultures at DIV 7 when
glial cells were confluent under death neurons. Two
days later, cultures were shifted mto a growth
medium identical to the plating medium but lacking
fetal bovine serum and then fed every other day.

Neurotoxicity experiment. Experiments were
performed in cortical cell cultures {DIV 10~12).
For apoptotic injury, cultures were continuously
exposed to staurosporin or okadaic acid in MEM
supplemented with 21 mM glucose. Neuronal death
was analyzed 24 hr later by measuring levels of
LDH released into bathing media and scaled to the
mean LDH value released 24 hr after continuous
exposure to 500 UM NMDA (=100%) or a sham
wash {(=0%).
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