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Abstract: To design and synthesize a series of novel scutellarein 4'-L-amino acid prodrugs with more potent
anti-oxidative activity and improved physicochemical properties. Scutellarein was used as lead compound,
according to successful experience of improving bioavailability of oral administration drugs by active transport
mechanism, principle of hybridization was used to introducing L-amino acid structural fragments at 4'-position of
scutellarein to design and synthesize target scutellarein 4'-L-amino acid prodrugs. The synthetic compounds
were tested on their physicochemical properties and in vitro anti-oxidative activity against H,O, induced oxidative
damage in PC12 cells. Five compounds were found to have more potent anti-oxidative activity than positive
control Vg.  Moreover the physicochemical properties of synthesized compounds were evaluated, and the results
revealed that L-amino acid ether derivatives are more stable (¢, 9-92 h) than their corresponding ester derivatives
(t12 0.5 h). Water solubility of scutellarein 4'-L-amino acid ester and ether derivatives were 1 796—4 100
ng-mL ™" and 27.7-81.1 ug-mL™" respectively, in comparison with scutellarin, the solubility of compounds 18, 19
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and 22, 24-27 increased about 120-280 fold and 2—6 fold respectively. All these results suggested that
L-amino acid prodrug strategy has significant potential in scutellarein prodrug design.

Key words: scutellarein; L-amino acid; anti-oxidative activity; prodrug

f] % £ %% (scutellarin, 1) & M\ EMEYIL] 540
- (Erigeron breviscapus) THEEII IS N5y, B
AY IR M SEMBI KRR FRAR i G 5 o0 8
21N 1 5014 0 = 2 D77 N s -9 £ S R WY
BN T U il T M 2 (0.056
mg-mL "), FRZESH AR AL (Beagle dog, 0.4%),
FEFE S T IR BRSO, BEt AT 88 2 F
APk BT AS & H i S AR IE T 2 R 2540 BusE T AR
Y, AIELWE. ERE. B LB S R L i o),
S IXBE Y 2 2R B 0 O T AT 3R 4R IR 2 I HEAL
PEBL, $im T AEMIETE, R EA MR 230 )
G HROEE RN, BATIAR s N IR
W9,

MR e 5 B D) # A R R W], 1k
&R RGN IERRS S 4808 L& %
LFEF T (scutellarein, 2), {Hi24] 335 L& F LA AE
dixt MR AR (7% in rats), /S 5)3% BB 5
Bl S, W EoR, LR 2R o e SIS
HEAT G5 R 5t A0 R BT 24 & H T A A 25 4k S At

gify e i BAT R X, HH A kA AR D L)X
JriiSCRRIRE . L, PEFA AT L E DT 55 43R
NG FHEY, BT D ma e i LUYA
B e 3L IR AR A S 55 B e i 7 o i I

B 12 Ji A O 1 A A T BEAR I 254

1 R W 3k SR 5 9 2k b R N AR T e Eh, FRER
W% E T (L-valacyclovir) (3) S8 H & (L-val-
ganciclovir) (4) B8R 48 = Bl 5 9% 5 5 5 1 e R
I AR B Ry B TE Pk, X B O BTN
H AP AEAEN L2 5 BT 259 7y 1 e AR
N RN bR A Mo A7 A R SRR s 4R-1 (hPepT1)
S A 0 I i o S i R AL 1

HIRR L2 IR DI AR EH TR 4 &R
TG 1) 45 K 5 DA A B35 Pk B 1 IR R AT 3 R B
U A o i I A5 00 25 1), AR LT S SR T
H G, GG L-2HERRTZY L-valacyclovir
5 L-valganciclovir 45 fRAE, 12 259 ¥% vk i
SERIPEE IR ERAE T T IR 447 BRI L-Z R
B, Wit a7 11 MT R ORI 4-L-2 R4
Y (E 1), W T HE A AT PCL12 414 AL
BT RG], JE2588 1 BT Bevl i 24 (1 34 1R )5t
PG Al G AR WOCERIRGE,  H ARG AP it
PRSI DA A A M U S 45 R LR 13

HARLE W& 2% G117, T &R &
2 (1) NIERHZRL 8% MR MR NI /K A, ¥4 EL g,
AN R AN RS, )5 2RI (18 7 2 4l
o, AT A TR A 2R A I R, RAF AR REE 97% KT
FLEITT (2)o Ph N-Boc-L-ZFEMR A &Y ik
2-IR OWEEY 3-1R-1-IN A 4-— W i FEnk g (DMAP)/
N, N'-“ICIERR i (DCC) & AT F 455133 N-
Boc-L-24 558 2-IR CHEPREL 3-IRIN IR . 275 SR

COOH OH O OH
H@O O 0 HO o)
| (]
H Ohro HO ¥
OH O OH O \’%
1 2

Scutellarin Scutellarein : HO O |
(o} 0] HO
H)N:t'g H)N\ N o OH © R=Alkyl
HoN™ N '\Il\ \NI HoN \N N L \HI n=0,2,3
0™ NH, Lo 0 NH,
0 0 Target compounds

3

L-valacyclovir L-valganciclovir

Nucleoside L-amino acid prodrugs

Figure 1 Designed L-amino acid ester prodrug of scutellarein as anti-oxidative agents
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Scheme 1 Synthetic route of target compounds
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Table 1 Physical properties and spectral data of target compounds
Compd. lee(l’;‘; IR/cm™ 'H NMR (400 MHz, DMSO-d) ESI-MS (m/z) Caliﬁiﬁn "

17 3570  3064,2925,2361, 12.62 (br s, 1H, 5-OH), 10.74 (br s, 1H, 7-OH), 8.73 (br s, 1H, 356.1 [M—H] 358.092 7
1740, 1668, 1610, 6-OH), 8.29 (d, J = 8.8 Hz, 2H, Ar'-H; s), 7.42 (d, J = 8.8 Hz, 2H, (358.092 1)
1579, 1503, 833 Ar'-H, ¢), 6.98 (s, 1H, Ar-Hy), 6.67 (s, 1H, Ar-Hs), 4.43 (m, 1H, CsH,NO; [M+H]"

COCHNH,), 1.33 (d, J = 6.8 Hz, 3H, CH3)

18 23.68  3071,2969,2361, 12.59 (br s, 1H, 5-OH), 10.61 (br s, 1H, 7-OH), 8.65 (br s, 1H, 384.2 [M—H] 386.124 0
1766,1655,1618, 6-OH), 8.18 (d, J = 8.4 Hz, 2H, Ar'-H; 5), 7.42 (d, J = 8.4 Hz, 2H, (386.123 4)
1579,1503,839  Ar-H, ), 6.95 (s, 1H, Ar-Hy), 6.65 (s, 1H, Ar-H;), 4.20 (d, J = 4.4 C20H0NO; [M+H]"

Hz, 1H, COCHNH,), 2.38-2.33 (m, 1H, CH(CHs),), 1.12 (d, /=72
Hz, 3H, CH3), 1.08 (d, J = 7.2 Hz, 3H, CH;)

19 41.44  3068,2959,2361, 12.57 (br s, 1H, 5-OH), 10.76 (br s, 1H, 7-OH), 8.74 (br s, 1H, 398.1 [M—H] 400.136 9
1767,1660,1582, 6-OH), 8.17 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.42 (d, J = 8.8 Hz, 2H, (400.139 1)
1503, 835 Ar'-H, ¢), 6.93 (s, 1H, Ar-Hy), 6.71 (s, 1H, Ar-Hs), 4.27 (m, 1H, C2Hp,NO; [M+H]"

COCHNH,), 1.96-1.79 (m, 3H, CH,CH(CHj3),), 1.05-1.01 (m, 6H,
2xCH3)

20 4020 3070,2967,2361, 12.57 (br s, 1H, 5-OH), 10.78 (br s, 1H, 7-OH), 8.76 (br s, 1H, 398.1 [M—H] 400.136 9
1767,1651,1574, 6-OH), 8.17 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.41 (d, J = 8.8 Hz, 2H, (400.139 1)
1503, 838 Ar'-H, ¢), 6.94 (s, 1H, Ar-Hy), 6.65 (s, 1H, Ar-Hs), 4.25 (m, 1H, C2Hp,NO; [M+H]"

COCHNH,), 2.07 (m, 1H, CH(CH;)C,Hs), 1.62-1.59 (m, 1H,
CH,CH;-1H), 1.41-1.37 (m, 1H, CH,CH;-1H), 1.06 (d, J = 6.8 Hz,
3H, CH(CHa)), 0.97 (t, J = 7.6 Hz, 3H, CH,CH3)

21 3024 3069,2965,2361, 12.58 (br s, 1H, 5-OH), 10.69 (br s, 1H, 7-OH), 8.83 (br s, 1H, 432.3 [M-H] 434.124 0
1757,1658,1587, 6-OH), 8.17 (d, J = 8.8 Hz, 2H, Ar-H; 5), 7.41-7.32 (m, 5H, (434.123 4)
1502, 836 Ph-5H), 7.18 (d, J = 8.8 Hz, 2H, Ar'-H,,¢), 6.90 (s, 1H, Ar-Hy), 6.63 Ca4HyNO; [M+H]

(s, 1H, Ar-H3), 4.59 (t, J = 6.8 Hz, 1H, COCH), 3.25-3.20 (m, 2H,
CH,Ph)

22 18.06 3061,2966,2361, 12.71 (br s, 1H, 5-OH), 10.62 (br s, 1H, 7-OH), 8.48 (br s, 1H, 428.2 [M-H] 430.150 2
1747,1661,1507, 6-OH), 8.13 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.13 (d, J = 8.8 Hz, 2H, (430.149 6)
1366,1241,832  Ar-H, ), 6.83 (s, 1H, Ar-Hy), 6.62 (s, 1H, Ar-Hs), 4.66-4.63 (m, CH,NOg [M+H]"

1H, CH,0CO-1H), 4.49—4.46 (m, 1H, CH,0CO-1H), 4.34 (m, 2H,
Ar'OCH,), 3.95 (m, 1H, COCH), 2.18-2.14 (m, 1H, CH(CHs),),
0.98 (d, /= 6.0 Hz, 3H, CHs), 0.94 (d, J = 6.8 Hz, 3H, CH3)

23 27.15  3059,2959,2361, 12.70 (br s, 1H, 5-OH), 10.65 (br s, 1H, 7-OH), 8.52 (br s, 1H, 442.1 [M—H] 444.165 8
1748,1660,1607, 6-OH), 8.03 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.11 (d, J = 8.8 Hz, 2H, (444.165 3)
1505, 1366,1243, Ar-H, ), 6.84 (s, 1H, Ar-Hg), 6.63 (s, 1H, Ar-Hs), 4.59-4.57 (m, Ca3HyNOg [M+H]
833 1H, CH,0CO-1H), 4.49—4.45 (m, 1H, CH,OCO-1H), 4.35-4.33 (m,

2H, Ar'OCHy,), 3.99 (m, 1H, COCH), 1.72—1.70 (m, 1H, CH(CHs),),
1.64—1.59 (m, 2H, CH,CH(CHs),), 0.83 (d, J = 8.0 Hz, 6H, 2xCH3)

24 2549  3062,2965,2361, 12.75 (br s, 1H, 5-OH), 10.75 (br s, 1H, 7-OH), 8.53 (br s, 1H, 442.2 [M—H] 444.165 8
1747,1660,1 608, 6-OH ), 8.03 (d, J = 8.0 Hz, 2H, Ar'-Hj_5), 7.11 (d, J = 8.0 Hz, 2H, (444.165 3)
1505,1367,1239, Ar-H, ), 6.83 (s, 1H, Ar-Hg), 6.64 (s, 1H, Ar-Hs), 4.66—4.63 (m, C23HeNOg [M+H]"
833 1H, CH,OCO-1H), 4.47-4.44 (m ,1H, CH,0CO-1H), 4.33 (m, 2H,

Ar'OCH,), 3.98 (m, 1H, COCH), 1.89 (m, 1H, CH(CH;)C,Hs),
1.47-1.44 (m, 1H, CH,CH;-1H), 1.30-1.23 (m, 1H, CH,CH;-1H),
1.05 (t, J = 6.8 Hz, 3H, CH(CH3)), 0.90 (d, J = 6.8 Hz, 3H,
CH,CH;)

25 4550 306529652361, 12.71 (br s, 1H, 5-OH), 10.65 (br s, 1H, 7-OH), 8.56 (br s, 1H, 476.1 [M—H] 478.150 2
1746,1658,1597, 6-OH), 8.04 (d, /= 8.8 Hz, 2H, Ar'-Hs_5), 7.23 (m, 5H, Ph-5H), 7.10 (478.149 6)
1502,1369,1242, (d, J = 8.8 Hz, 2H, Ar'-H, ), 6.84 (s, 1H, Ar-Hg), 6.62 (s, 1H, C26H4NOg [M+H]"
834 Ar-Hz), 4.51-4.10 (m, 2H, CH,0CO), 4.35-4.32 (m, 1H, COCH),

4.24-4.17 (m, 2H, OCH,CH,), 3.24-3.16 (m, 1H, CH,Ph-1H),
3.09-3.04 (m, 1H, CH,Ph-1H)

26 19.93  3065,2959,2361, 12.72 (br s, 1H, 5-OH), 10.58 (br s, 1H, 7-OH), 8.44 (br s, 1H, 456.2 [M—H] 458.1815
1746, 1656, 1 608, 6-OH), 8.03 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.13 (d, J = 8.8 Hz, 2H, (458.180 9)
1505, 1368, 1244, Ar-H, ¢), 6.84 (s, 1H, Ar-Hy), 6.61 (s, 1H, Ar-Hs), 433 (m, 2H, Ca4HosNOg [M+H]
832 CH,0CO0), 4.18 (m, 2H, PhOCH,), 3.98 (m, 1H, COCH), 2.13-2.10

(m, 2H, OCH,CH,CH,0), 1.71-1.58 (m, 3H, CH,CH(CH),), 0.87
(d, J= 6.4 Hz, 6H, 2xCHs)

27 2122 3068,2964,2361, 12.72 (br s, 1H, 5-OH), 10.58 (br s, 1H, 7-OH), 8.44 (br s, 1H, 456.2 [M—H] 458.1815
1743,1657,1608, 6-OH), 8.13 (d, J = 8.8 Hz, 2H, Ar'-Hj 5), 7.13 (d, J = 8.8 Hz, 2H, (458.180 9)
1505,1367,1243, Ar-H, ), 6.83 (s, 1H, Ar-Hy), 6.61 (s, 1H, Ar-Hs), 4.37 (m, 2H, Ca4HysNOg [M+H]

832

CH,0CO), 4.17 (m, 2H, PhOCH,), 3.97 (m, 1H, COCH), 2.13-2.10
(m, 2H, OCH,CH,CH,0), 1.45-1.40 (m, 1H, CH(CHj)), 1.27-1.21
(m, 2H, CH,CHj), 0.89-0.83 (m, 6H, 2xCHs)
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Table 2 The leakage rate of LDH of the scutellarein 4'-L-amino acid prodrugs and reference compounds.

F BRI kT s L E AR A
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THT 38 L FEH T 4-L-Z LRI &4 18, 19 /K
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G 22~27 KsbE (27.7~81.1 pgmL™") AT XL
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Table 3
L-amino acid ester prodrug and reference compounds.

The physical-chemical properties for scutellarein

*Apparent participation coefficient values (logP,,,) were carried
out in n-octanol/phosphate buffer (pH 7.4) at 37 C

Compd. Stability in PBS ¢,,2/h Solubiligl logPyy,*
pH 2.0 pH 7.4 /ng'mL
Scutellarin - - 14.4¥ -2.56
18 41 0.5 4100 1.32
19 46 0.5 1796 0.38
22 > 120 58.0 725 1.24
24 > 120 9.5 41.1 137
25 > 120 18.0 35.9 1.27
26 > 120 92.0 81.1 1.63
27 > 120 17.0 27.7 131

*The LDH leakage assay of

the tested compounds on PC12 cells treated with the defined concentrations for 24 h by MTT assay; "Each value indicates the mean = S.E.
of two samples (n = 4); °P < 0.001 vs control, 4*p < 0.01 vs H,0, group, P < 0.001 vs H,0, group; °P < 0.05 vs Vg group (20

pmol-L™")
NH2
OWOWNA-R
0
LDH release rate on PC12 cell /%
Compd. n R MTT assayi , The concentration for each compounds®
TCso/pmol L 1 pmol-L! 10 wmol L’ 20 pmol-L !
Control - - 30.53 + 1.49°
H,0, (1 000 pmol-L™") - - 80.47+1.13°

Ve - - 51.00£2.51" 48.64+3.75"" 45.61+0.82"

Scutellarin - - > 1000 47.67+3.15"1¢ 41.47+1.56" 38.7+1.94""¢
17 0 Methyl > 1000 70.98 + 1.58 69.84 +3.95 59.53+2.90"
18 0 Isopropyl > 1000 58.40+2.37"" 48.14+2.19™ 46.49 +2.69™
19 0 3-Methylpropyl > 1000 47.73 + 1.54™ 4136+ 132" 4039+ 1.04™" ¢
20 0 2-Methylpropyl > 1000 54.61+2.12" 46.74 + 447" 37.80+0.28""" ¢
21 0 Benzyl > 1000 47.83 +1.09™ 42.40 + 1.55™ 41.00 + 131"
22 2 Isopropyl > 1000 51.23 +0.87" 4436 +2.84™ 4321+ 1.64™
23 2 3-Methylpropyl >1000 48.48 +£3.11" 44.42 £2.47 41.97 £2.43™
24 2 2-Methylpropyl > 1000 45,02 +1.42" 4356 +3.12" 41.63+0.61"™"¢
25 2 Benzyl > 1000 52.63+1.677" 48.90+1.17" 42334090 ¢
26 3 3-Methylpropyl > 1000 54.02+1.50"™" 4796 +1.56" 41.41+0.70"" ¢
27 3 2-Methylpropyl > 1000 61.79+1.57" 57.37+3.41™ 56.51+1.04™"
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4'-L- 53 5L TR 6 25 A A W) B e TR AIG T A B 1 Tk 2 i
A, JCHRAE P PESAT NBRRAS ) f  E )
(t12) 0.5 h, AHMNIEERAE Y)W (1) 9~
92 h, %L RIERIT 8 L F AT 0 L-B AR IE 1T 245
WO B P AR e R 22, WIRE MR R IT s L E TN
AL AR R T AR SR 25 T W) v, B0 L-%&
IR Tk S Wiy 24 OB R e AR e, L AR R R AR
X R 2 AT BE A RN B PR E P IR IR 7K 43 e
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FT-ICRMS 54 ¥ il (APEX II, Bruker) JliE;
41 4M6HE FH Bruker Tensor 27 B 4T G4 I 58 (41
KX LC-10AVP 5 208 AH €435 {X. (Shimadzu, Japan)
Mg, 634 Hedera ODS-2 (4.6 mm x 250 mm, 5 pm);
Bio-Rad 680 ! fifi#{X (Bio-Rad, America); )2 i
il H (Bl 1), TR 7 (LT 40205
N ERHREL, HPLC 4% 90%), N-Boc-L-Z LR (4L
% 98%) W g R AEE IR AR, SRR
T F e 5 REE AL T B 22 F], DMAP. DEME Ji H
E 2 A Bl f 2 i R A R A . B AR b
200~300 H, H&EH A Hrai. PC12 41kl
b [ PR 2 R B e 2 A E RSO, 4R R E
4 H Sigma 2~ A ; DMEM (Dulbecco’s modifed Eagle’s
medium) F=HEEE SR 1 Gibeo A HE]; JRAIMLIE Y
HAUN DY = A0 CRM B R AR 3-4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) W[ Sigma % w); LDH %3R5 &0 H 7 it
HRMRHEAA R AT
1 B EIHEK
1.1 KR ZEH T 4-L-HRE S
1.1.1 6, 7-Z“HREFHFARIPIIRTEET ) KT
HLETIC0.2g(0.7mmol) W T 10mL ~HE —H
¥ (DME) ', i\ DMAP 0.1 g (0.81 mmol) F1
KR 0.49 g (21 mmol), 180 °C R Rl [ WV 2 he
WRIRE 7R, TR AW A RE R RE s o B (VBB
AOT-HEE 80 : 1 viv) HERERFT R AR 1K 0.22 g,

mp 250~252 C, Y& 68.4%. 'H NMR (DMSO-dj,
400 MHz) &: 12.57 (br s, 1H, 5-OH), 10.41 (br s, 1H,
4-OH), 7.92 (d, J = 8.8 Hz, 2H, Ar'-H; 5), 7.56~7.53
(m, 4H, Ph-H), 7.46~7.44 (m, 6H, Ph-H), 7.04 (s, 1H,
Ar-Hg), 6.90 (d, J = 8.8 Hz, 2H, Ar'-H, ), 6.83 (s, 1H,
Ar-Hs); ESI-MS (m/z): 449.1 [M-H] .

1.1.2 6, 7-ZEERBIRFRIPTRTEHIT 4-N-Boc-
L-GRBEREE (7) 4WiR IR FET T 30 mg,
67 umol) ¥ T 5 mL PUEMEW (THF) ', WA N-
Boc-L-4i% % (18.6 mg, 81 umol) A1 DMAP (4 mg,
33 umol). RGN 3 mL N, N-3F L 3Em — W%
(DCC) (17 mg, 81 pmol) ¥ THF %, ZiHiHE4c 1
NN 14 he TLC Wil & JsUBH Ak 524 5, JskRik
R ABRYUAT M- LR OB e (7:1:5)
VR, e AT €1 43 B A3 B LR B AR A B
ARG LT 35 L T 4-L-S R REGRTAEY 30.6
mg, 7% 83%. '"H NMR (400 MHz, CDCl;) d: 7.93 (d,
J = 8.8 Hz, 2H, Ar'-Hj s), 7.62~7.60 (m, 4H, Ph-H),
7.42~7.40 (m, 6H, Ph-H), 6.98 (d, J = 8.8 Hz, 2H,
Ar'-H, ), 6.62 (s, 1H, Ar-Hy), 6.57 (s, 1H, Ar-Hj), 5.08
(d, J = 6.4 Hz, 1H, NHBoc), 4.21~4.18 (m, 1H,
CHNH), 2.34 (m, 1H, CH(CH3),), 1.47 (s, 9H, 3xCHj),
1.11 (d, ] = 6.4 Hz, 3H, CH3), 0.95 (d, J = 7.2 Hz, 3H,
CH,); ESI-MS (m/z): 645.1 [M—H] .

1.1.3 (JRCZEETA-L-HEEEE (18) KB T,
W Il (27 uL, 667 pmol) F1Z 85 (39 uL,
556 pumol) MIAZF| 2 mL LR LHEEH, {REFKEBH
RN 3 h, K2 TS B 4 B R AT 8 L FE T
AL REATAEY) (30.6 mg, 55.6 pmol) W T 1.5
mL ZMRLBEE, N LR NARR T, GhaLRFRK
RV RN 2 h SRR S N L T A SR, N 12 h,
ARGEEDUEEE, RNAARSEA . SO, e
UUUEH IR CFRVEE: 3 IRAF A s iR H AR =) 12
mg, F7H 56.1%. H AL GG 40 1 2dE WK 1.
1.1.4 BiRELEW17. 19~21 AR Hiskaw
17. 19~21 5 5ILL N-Boc-L-N &R+ N-Boc-L-55%
M2\ N-Boc-L-F5e% IR N-Boc-L- KN AR LA K 6, 7-
FRILGA M DR AP AT 3 SR H U A R, G 18
kA . HEREEY 17~21 (5608 5 A S W
*1.

12 KERZEHTA-L-HRBRCER 22)

1.2.1 N-Boc-L-# S5 E-2-; R E&EE K N-Boc-L-4i
AR (4.35 g, 20 mmol). 2-IR L (3.84 g, 25 mmol),
BT 40 mL TR TR, I N N-Z gkt
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BE (0.20 g, 1.6 mmol), EIHiFE R4, e
&4 DCC (4.12 g, 20 mmol) ) 30 mL — 5 FF eI
W, e, AR T EEAAA T R 24 he JEEART
IAEY), D ZEBREE I, RPN 30 mL LR &
fis, =10 ‘CHFE 2 h, JEBRAVED, IEBRAKIH 1% 1R
HWL 0.5% NaHCO; ¥l WA ER K ss,
K MgSO, T, 198, Wl ZE BRI, SRR Rk
R iy g alidh, (e AmB-Z Rl 15: 1),
BRI B AR 3.21 g, 77% 49.8%. 'H NMR
(400 MHz, CDCl3) 8: 5.15 (d, J = 8.4 Hz, 1H), 420~
4.27 (m, 3H), 3.77 (t, J = 4.6 Hz, 2H), 2.13 (m, 1H),
1.41 (s, 9H), 0.97 (d, J = 6.8 Hz, 3H), 0.92 (d, J = 6.8
Hz, 3H). ESI-MS (m/z): 224.1 [M+H]".

122 6, T-“EEFRHIRFRIFTRCEHIT 4-N-Boc-
L-SE R & B (11) 6, 7-REFHENHRI T R L%
70 (50 mg, 110 mmol), ¥+ 3 mL N-HJENE RS & il
(NMP) 1, RGN\ N-Boc-L- %A 15 -2- 1R £ K= ik
(41.0 mg, 167 umol). kR4 (36.2 mg, 110 umol) Fl
4A (1 A=0.1 nm) 43 FHiE0KL, 80 'C N HiHk S Y 4 ho
EHAERP S TREMA 5 mL =& F ke, K5 H
0.5% ERERV UL S X, B 22 NMP, fHHLZE2 1, oK
T BRBE T, VR IR 4, Bl R W) LAAT ik - £ 1R
CWE- R 70205 PRI, RERAE L o i
AR AR P79 23 mg, W& 32%. '"H NMR
(400 MHz, CDCL3) d: 7.82 (d, J = 8.4 Hz, 2H, Ar'-H; ),
7.63~7.60 (m, 4H, Ph-H), 7.44~7.37 (m, 4H, Ph-H),
7.02 (d, J = 8.4 Hz, 2H, Ar'-H, ¢), 6.63 (s, 1H, Ar-Hy),
6.57 (s, 1H, Ar-Hj), 5.04 (d, J = 8.8 Hz, 1H, NHBoc),
4.57~4.48 (m, 2H, CH,0CO), 4.28~4.25 (m, 3H,
Ar'OCH,, CHNH), 1.87~1.83 (m, 1H, CH(CH),),
0.98 (d, T = 6.8 Hz, 3H, CH3), 0.91 (d, J = 6.8 Hz, 3H,
CH;); ESI-MS (m/z): 692.2 [M—H] .

123 (TEZEEHT 4-L-HafE 2B (22) K
R, HUCK HEE (16 uL, 400 pmol) A ZHES (20 uL,
333 umol) AIAF] 2 mL L& LB, fRFFKEREHE
FERON 3 h, K2 BT RN 6, T-FRILAE IR AT 3 &
F1FJC 4'-N-Boc-L-4 R R £ FEiE (23 mg, 33.1 pmol)
WT 15 mL ZMROER)S, 3 Bk R NVAA RS, 45
SEARFRUKER M N 2 h, BRSO I TR A
RN 12 h, ARG EUE R, RIVAKRSES . &
LG T UTE - SRR S BRVER: 3 IRFFHE s ik H
bR 4 8 mg, WK 56.3%. HARELAWINIERE 7345
P 1.

124 BiRLEM23~2THER Histb &4 23~
27 5 HILL N-Boc-L-72 28 N-Boc-L-SE5e 2 i+ N-
Boc-L-ZK N R LA K 6, T-FRFE4H Y] 35 L & TF
TCMERL, HEALA Y 22 TS . HERLEW
23~27 WG o B B Wk 1.
2 RIMREATEEIEN
2.1 REEMHERIE

H PC12 403 A Ay R/ A0 A, 8 2 4 25
%09 5x10% AN/mL, RT 96 FLH (100 uL/fL), 37 C.
5% CO, BEFFEEFRIT B . F5 40 fo I BE J5 W 2 L3,
TN IR BERRERRRE 259 (15 104 50, 100 pmol-L™")
RTFRM, B PYR LR gR. T ngijE 24 h, I
22 135, N MTT (0.25 mg-mL™") JGILG 8 57 5L,
9% 4 h, W EREIFRML, AN 100 uL DMSO 3% 1l
Formazan %% 5hvaf#, 490 nm Ml € & FLWOG BEAE LAt
S B PEWR S (TCs)o S2B6 45 ILF 2.
22 WEEASIHRG PC12 HAERRIP1ER

RO E A K PC12 4, LAAESL 100 uL,
5x10*~10x10* 4~/mL R T 96 FLIFFRM, Hd557%
BCE 37 T 5% CO, B F2 i H I & 24 ho SEH 3 N IE
WAL, P R, nZidl. WdIERE RIS, I
IR, NIRRT, BN E R B2 R
FLIIA 100 pL () DMEM H: 53 A3 41 45 FL I 25
41000 pmol-L™" HyO, 17 FEW 100 pL, BHYEX 2
FEFLINAE A 1000 pmol-L ™" H,O, A2 20 pmol-L ™" 4
AF B IR 100 uL; N5 AL S 47 1 000
umol-L™" H,0, & 1. 10, 20 pmol-L™' ZiR{L A W1
R R 100 uL, 15 PC12 40 6 h J ] g kr 4SRRI
490 nm PWAAEFLOCEAE, THET LDH BE.
LDH K% (%)= LG LDH / (EiE# LDH + 2
fig# LDH) x 100%. &F/NETAT 3 7L, LI ELE 3
W BAEFM SPSS (13.0) Geit ik 34T /04T, L
ZER WA 2.
3 BRI
31 BEMMNE

ST 5 L EF U A-L-BIEREE . BT
3mg, %1 3 mL FEE IR fig &9, B 1 mL F R fif &%
WCE T 25 mL &8I, 37+ 1 C/AKRBFHAN pH 2.0
M pH 7.4 MBI TR 2T WOE W B2, ARl
BT 37 £ 1 CAKEH, TAFER R AHCEE, HPLC %
W GRshAl: FEE-0.1% R 50 : 50~100 : 0 v/v),
IR AR, TFEAE DI BRI (40)0 5K
WA R WE 3.
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32 ABENZE

I 88 ST I0 4'-L-2 R BT 4EY) 3 m,
H pH 7.4 122 MRS W0R A, % V1, 20 "CTSCE 8 h, AN
PeHE, WWAEFRE 1 h 5, FHOE Y L] i s
WG RE, WE 3 Wk, BCFIME, HbsEfh gt S
W, TR . LU EE R ILEE 3.
33 BEkSERERNE

W 88 £ I0 4'-L- 2R BET4EY) 3 m,
3NN 2 mL ¥ 0.15 mol-L ™" NaCl ¥ (1 2 mL iF
Vo, # A, RHE 10 min, B0, 22, WEZE (E¥
BZ)7) 5 12 NaCl #rmmee 5s f5a, WOGEE,
W3, WOP-BIME . AR BRAE th S A3 A0 N 1R i AH b5 7K
R (Cwh C k), WHRRMIEK I EREL LogP,,
H, SLR 4R 3,

Bift: 2 TS 2 MK T R WL T R
W S PMIGE, 18 IR R B A A
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