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Synthesis, Biological Evaluation of Novel f-Peptidyl Epoxyketone Proteasome Inhibitors

ZHANG Jiankangl, ZHUANG Rangxiaol, HU Yongzhouz(l.Xixi Hospital of Hangzhou, Hangzhou 310023, China;
2.College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310012, China)

ABSTRACT: OBJECTIVE To discover novel f-peptidyl epoxyketone proteasome inhibitors, evaluate their enzymatic
activities. METHODS According to the binding interactions of lead compound Carfilzomib with proteasome, the epoxyketone
group of Carfilzomib was retained in the drug design. A series of novel proteasome inhibitors were designed by combining the
retained epoxyketone group, f-amino acid using rational drug design strategies such as amino acid, bioisostere replacement.
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These compounds were synthesized through condensation, oxidation, reduction reactions, were tested for their enzymatic
activities in vitro. RESULTS Totally 8 novel f-peptidyl epoxyketone analogues were synthesized, confirmed by 'H-NMR,
ESI-MS, which exhibited moderate proteasome inhibitory activities. CONCLUSIONS f-Amino acid, which is an important
o-amino acid replacement, is anticipated to enrich the structure diversity of proteasome inhibitors.

KEY WORDS: proteasome inhibitors; f-peptidyl epoxyketone; synthesis; biological evaluation
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Fig. 1 The irreversible covalent interactions between epoxyketone group and proteasome
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Zhu SEIE T —RAIEH S-AFMR N RIS
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25z RN, Rk, 76 BIRBE TSR I,
MY Carfilzomib £5#4 T 5 & F R R BEAT I 45 &
R SGBEA SR B, IF SRR -2 26 1R B
B - BRI, BOFER T —RINEH f-BILRN
TR B RATEY) A R & H RS

- 1330 Chin J Mod Appl Pharm, 2015 November, Vol.32 No.11

SER L 2 AL 30 8 T B AR L i gk A
T 56 R T e B2 HE R R HEAT 45 K 0 12k
1 XEE5HF

Biichi B-540 & si{X (i 1 Biichi A%, HEA
22 1E); Briiker Avancenmx-500 YR RZAX (36
Briikker A #]); Esquire-LC-00075 74 J5i 143 (3£ [H
Briiker /A #)); Nanodrop 1000 5843 Y6 Y6 113
Thermo Scientific A 7]); AJRE ABFARINE K
L b 50 SRR JROK 2 RV 204 B G ) s v 2 i
TEAL GF254. REIR H $O87 Blere b TH R A 7
A HAR W N al.
2 BRFE
2.1 N-Boc-N'-HEE-N-H A J-(L)- &% (2) 1
=907

N-Boc-(L)-Leu(1l, 2.8 g, 12 mmol){#T 40 mL
Tk & HEE, A HOBt(1.6 g, 12 mmol)Fl
EDCI(3.5 g, 18 mmol), &< 30 min. BEEP,

oh R AR R 2452 2015 4F 11 A28 32 B2 11 3



SN0~ HC I JL
Boc. OH ——H Boc. N. MgBr Boc-
N O N
H HOB, EDCI H
(6] (0]
1 2 3
O ~ . L.
NaBH,, CeCl; -7H,0 Boc Ny mCPBA Boc.. Dess-Martin periodinane
H i
OH OH
4 5
o TFA 0
Boc<
oc g HN
6 7
B2 FAE B E kL
Fig. 2 Synthetic route of the epoxyketone fragment
R
™y
(Boc),0, NaOH = (0] 7
R\ ¢ _—
Boc<
10a-10f
R,
o _R,COOH )OJ\ 0 o
HOBt, EDCI Rl g g
(¢}
11a-11f 12a-12f 13220

a,R, =H; b,R,=2-Cl; ¢,R,=3-Cl; d,R, =4-Cl; e, R,=3-F; f,R, =4-OMe

13: R, = Pyrazin-2-yl,R, =H
16: R, = Pyrazin-2-yl, R, =2-CI
19: R, = Pyrazin-2-yl,R, =3-F

3 EARfLe 6 kL R

Fig.3 Synthetic route, structures of the target compounds

N,O- - SR I £ R £5.(0.98 g, 10 mmol)Fl - 714
H Z%(3.6 mL, 20 mmol) AN N, =M
3 ho MM 30 mL 1A ENFRE, 2 A VLE,
AN EL /K (30 mL X 1)¥E, To/KBRRMN T4, Wk
AT, AR B8 2.5 g EMBAR 204
Wk © 2B ZME=5:1). WHE 92%;: 'H-NMR
(500 MHz, CDCly): 6=5.04(d, 1H, J=8.5 Hz, NH),

R EBARRI 24525 2015 4 11 A28 32 55 114

14: R, = 4-Cyanophenyl, R, = H

17: R, = Pyrazin-2-yl, R, =3-Cl

15: R, = 2-Naphthyl, R, = H

18: R, = Pyrazin-2-yl,R, =4-Cl

20: R, = Pyrazin-2-yl, R, =4-OMe

4.66~4.72(m, 1H, CH), 3.76(s, 3H, CHs), 3.17(s,
3H, CHj), 1.65~1.71(m, 1H, CH), 1.36~1.49(m,
2H, CH,), 1.40(s, 9H, CH3), 0.92(dd, 6H, J=18.0,
6.5 Hz, CHj;); ESI-MS: m/z=275[M+H]".
2.2 (5)-2,6- - FF-4-(N-Boc & IE)-3-FFlH-1-1%(3)
& ik

JEAL 2(1.7 g, 6 mmol)i T 25 mL Jo/K PUA R
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R, BAGRYT, FRIRZE 0 C, EMIIA SN
SRR 11 DU SRR 5 7.(0.5 N, 9 mmol), 0 CJz
N6 he SOSIRNN 40 mL LFD S0k Ak 7K VA RURR BE
LR CFRQ20 mL X 3)FEHL, JoKBRER AN T8, %
ABREEA, FEEN B 1.1 g TaHPRY 3¢aTH
Wk: 2 W ZWE=20: 1), UL%E 70%;: 'H-NMR
(500 MHz, CDCl;): 6=6.07(s, 1H, =CH,), 5.87(s;
I1H, =CH,), 5.14(d, 1H, J=8.0 Hz, NH),
5.01~5.07(m, 1H, CH), 1.89(s, 3H, CHj),
1.63~1.76(m, 1H, CH), 1.40~1.52(m, 1H, CH,),
1.42(s, 9H, CH3), 1.22~1.42(m, 1H, CH,), 0.98(d,
3H, J=6.5 Hz, CHs), 0.90(d, 3H, J=6.5 Hz, CH;);
ESI-MS: m/z=256[M+H]".
2.3 (S)-4- B EE C1-[(R)-2- H 3 R A -2- 3 )-2-
(N-Boc Z3E)-1-1% i (6) ) A ik

JER 3(1.3 g, Smmol)iET 10 mL H EEAN
10 mL PYS IR R AR, ZARY, R
0°C, BERIIIA=/KASEMEI(2.8 g, 7.5 mmol) Al
AL 89(0.3 g, 7.5 mmol), 0 C M 2 ho I A 3 mL
UKBERR VK, DR ZEBRIER, h0 20 mL /KFRE,
LR CEEFREAN(20 mL X 3), JE/KBREREN T, Ik
ZABRVE R 5 4. 6B 4 T 20 mL & H
fe, BEIERZ 0°C, MARETARKFRO9 g
5.5mmol), 0 CN 3 he SN FIRR BR S 40
(15 mLX2)¥6, s ANZE, oK1,
JE 2R SR IR FIAFAL = o 5o BT A e 44 S Fae AN,
A EERNTE R, BHET 15 mL Z&H
b, BAMY, BIEE 0 C, IAR-59 T &4k
#(3.2 g, 7.5mmol), 0 ‘C/ M 10 he IBIEIIA
15 mL WABRREM, SHANE, WAagEHK
(15 mL X 1)¥8, Jo/KBREREA T8 J5 5 e 25 BV 741
FEEAT 3 8515 0.7 g TLEIRY) 6k @ 4R 4
fig=15: 1),

= IR 52%; "H-NMR(500 MHz, CDCl;):
0=4.84(d, 1H, J=8.5 Hz, NH), 4.25~4.37(m, 1H,
CH), 3.28(d, 1H, J=4.5Hz, OCH,), 2.87(d, 1H,
J=4.5 Hz, OCH,), 1.64~1.78(m, 1H, CH), 1.51(s,
3H, CH;), 1.40~1.52(m, 1H, CH,), 1.40(s, 9H,
CH;), 1.10~1.22(m, 1H, CH,), 0.94(dd, 6H, J=
16.5, 6.5Hz, CHs); ESI-MS: m/z=272[M+H]",
2.4 (S)-2-FF-4-H H-1-[(R)-2-F H I H-2-F£]-1-
B (7)) B Rk

th &% 6(1.1 g, 4 mmol)i& T 15 mL & H k¢,
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BWMA=ZRMZEEG mL), =M 1 he JEZE
BRI ST ERY, =BT NP R
2.5 (3-Boc &JE)-3-(HURIRIL) R (10a~100) 5 1%,
LA 10a Af: FH % (8a, 10.0 mmol, 1.1 g),
W2 %% (15.0 mmol, 1.2 )RR & (10.0 mmol,
1.0 )& TR, N 40 mL L8, In#k el
Wo RMNEMFEZER, €, EIEE LR,
PRETE, HL7fh 9a BT R 25 RN .
&% 9a(5.0 mmol, 0.8 g) 14 & 1k
(10.0 mmol, 0.4 g)¥#+ 10 mL PYEMLHEA 10 mL
KRGV, (Boc),0(6.0 mmol, 1.3 g)iFT
10 mL PSRRI 5 22 22 N F IRV, 2R R R
o YEZE RIS R, /K LL 1 N HCL W pH
% 2~3, LMRIEQOmL X3RN, AHESITE
To/KBRER AN T, I8 28 BRI 77145 1 4 [ 44 10a.
KA FRE T 545 10b~10f. 0F: 66%(two steps);
W5 5. 144~146 °C(CCHR: 143~145 CU®). 'TH-NMR
(500 MHz, CDCl3): 0=7.16~7.47(m, 5H, Ar-H),
5.44(brs, 1H, NH), 5.05~5.17(m, 1H, CH),
2.74~2.94(m, 2H, CH,), 1.42(s, 9H, CHs); ESI-MS:
m/z=266[M+H]" .
251 (3-Boc &IE)-3-Q-FAR)KEEA0b) A
A UCR: 61%(two steps); J&fi: 154~156 C;
'H-NMR(500 MHz, CDCl;): 6=7.30~7.42(m, 2H,
Ar-H), 7.15~727(m, 2H, Ar-H), 5.77(brs, 1H,
NH), 5.31~5.46(m, 1H, CH), 2.80~2.96(m, 2H,
CH,), 1.42(s, 9H, CH3); ESI-MS: m/z=300[M+H]".
252 (3-Boc & IE)-3-G-AAEIHAM(0e) HE
44, W 55%(two steps); &5 98~100 ‘C (3L
Bk : 98.5~100.7 "C!"l; "H-NMR(500 MHz, CDCL3):
6=7.22~7.36(m, 3H, Ar-H), 7.18(d, 1H, J=7.0 Hz,
Ar-H), 5.52(brs, 1H, NH), 5.01~5.15(m, IH,
CH), 2.77~2.91(m, 2H, CH,), 1.42(s, 9H, CHs);
ESI-MS: m/z=300[M+H]".
253 (3-Boc & Jh)-3-4-EFKEIL)ARR10d) F
44 UK : 58%(two steps); J&Ri: 173~175 C;
'"H-NMR(500 MHz, CDCly): 6=7.47(d, 1H, J=
8.5Hz, Ar-H), 7.38(d, 1H, J=8.5 Hz, Ar-H),
7.31(d, 1H, J=8.5 Hz, Ar-H), 7.24(d, 1H, J=8.0 Hz,
Ar-H), 5.43(brs, 1H, NH), 5.03~5.14(m, 1H,
CH), 2.81~2.97(m, 2H, CH,), 1.42(s, 9H, CHj);
ESI-MS: m/z=300[M+H]".
254 (3-Boc & IE)-3-G-HAEILH)AMR(10e) HE
o E BB 255 2015 4 11 A28 32 %58 11




A IR 67%(two steps)s & M: 119~121 ‘C(X
Bik: 111.5~114.2 "CI")); "TH-NMR (500 MHz, CDCl3):
6=7.30(q> 1H, J=8.0 Hz, Ar-H), 7.07(d, 1H, J=
7.5Hz, Ar-H), 7.01(d, 1H, J=8.5Hz, Ar-H),
6.96(t, 1H, J=7.5 Hz, Ar-H), 5.48(brs, 1H, NH),
5.03~5.17(m, 1H, CH), 2.78~2.95(m, 2H, CH,),
1.42(s, 9H, CHs); ESI-MS: m/z=284[M+H] .
255 (3-Boc 4 E)-3-(4- F 4 FE 2K ) T R (10f)
A AR, IR 48%(two steps); & si: 153~
155 ‘C; 'H-NMR(500 MHz, CDCly): 6=7.21(d,
2H, J=8.5 Hz, Ar-H), 6.85(d, 2H, J=8.5 Hz,
Ar-H), 5.32(brs, 1H, NH), 5.01~5.10(m, 1H,
CH), 3.79(s, 3H, CH3), 2.81~3.01(m, 2H, CH,),
1.41(s, 9H, CHs); ESI-MS: m/z=296[M+H]".
2.6 N-Boc- fk(HUAC p-Phe-Leu)¥f 4 i (11a-11f)
(1A B

DL 11a Afl: &%) 10a(3.2 g, 12 mmol)i#
T 40 mL oK =& H &, I HOBt(1.6 g, 12 mmol)
A1 EDCI(3.5 g, 18 mmol), =i <% 30 min. FfRA,
&% 7(10 mmol) A1 — 5 P 3t Z k(3.6 mL,
20 mmol) IMA N, iR 3 he A 30 mL
ORI R SN RS, A VL=, AR R K
(B0 mLX 1), Je/KBREREAT, 0% RIS 5,
FEEMT S 3.9 g Ma(fMilE @ 28R ZHE=2 ¢
1) RARFETEBLEY Ub~111. [0 & 4;
W 92%; MM : 62~64 °C; 'H-NMR(500 MHz,
CDCly): 0=7.16~7.38(m, 5H, Ar-H), 6.14~6.23,
5.78~5.83(m, 60/40, 1H, NH), 5.72~5.77(m, 1H,
NH), 5.01~5.11(m, 1H, CH), 4.50~4.60(m, 1H,
CH), 3.25, 3.20(d, 60/40, 1H, J=5.0 Hz, OCH,),
2.89, 2.87(d, 60/40, 1H, J=5.0 Hz, OCH,), 2.64~
2.76(m, 2H, CH,), 1.49, 1.48(s, 60/40, 3H,
CHs), 1.43, 1.41(s, 60/40, 9H, CH;), 1.35~1.40
(m, 1H, CH,), 1.04~1.18(m, 2H, CH+CH,),
0.86~0.92, 0.78~0.84(m, 60/40, 6H, CHs); ESI-MS:
m/z=419[M+H]" .
2.6.1 N-Boc- — Jik (2-Cl-B-Phe-Leu) ¥ % il (11b)
A R 71%; #5450 124-126 'C; 'H-NMR
(500 MHz, CDCls): 0=7.27~7.39(m, 2H, Ar-H),
7.13~7.25(m, 2H, Ar~H), 6.55~6.61, 6.22~6.30(m,
50/50, 1H, NH), 5.85~5.93(m, 1H, NH), 5.30~5.38
(m, 1H, CH), 4.49~4.59(m, 1H, CH), 3.23, 2.86
(d, 50/50, 1H, J=5.0 Hz, OCH,), 2.64~2.78(m,
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3H, CH,+OCH,), 1.48, 1.45(s, 50/50, 3H, CHj),
1.41(s, 9H, CH3), 1.35~1.39(m, 1H, CH,), 1.07~1.19
(m, 2H, CH+CHy), 0.86~0.92, 0.71~0.77(m, 50/50,
6H, CH;); ESI-MS: m/z=453[M+H]".

2.6.2 N-Boc- - Jik (3-Cl-g-Phe-Leu) ¥ 4 il (11¢)
TR . 79%: 'H-NMR(500 MHz,

CDCly): 0=7.17~7.25(m, 3H, Ar-H), 7.10~7.14(m,
1H, Ar-H), 6.28~6.34, 5.98~6.06(m, 50/50, 1H,
NH), 5.88~5.94, 5.50~5.58(m, 50/50, 1H, NH),
5.01~5.07(m, 1H, CH), 4.51~4.59(m, 1H, CH),
3.21,2.87(d, 50/50, 1H, J=5.0 Hz, OCH,), 2.55~2.67
(m, 3H, CH,+OCH,), 1.48, 1.46(s, 50/50, 3H,
CHs), 1.41(s, 9H, CHj), 1.32~1.38(m, 1H, CH,),
1.04~1.20(m, 2H, CH+CH,), 0.83~0.89, 0.76~0.81
(m, 50/50, 6H, CHj;); ESI-MS: m/z=453[M+H]".
2.6.3 N-Boc- . i (4-Cl-f-Phe-Leu) ¥ 4 i (11d)
F R R IR : 59%; 1 5. 129~131 °C; 'H-NMR
(500 MHz, CDCl3): §=7.23~7.31(m, 2H, Ar-H),
7.18~7.22(m, 2H, Ar-H), 6.24~6.30(m, 1H, NH),
5.82~5.92(m, 1H, NH), 4.96~5.00(m, 1H, CH),
4.47~4.55(m, 1H, CH), 3.22, 2.92(d, 50/50, 1H,
J=5.0 Hz, OCH,), 2.83~2.89(m, 1H, OCH,),

2.59~2.69(m, 2H, CH,), 1.48, 1.47(s, 50/50,

3H, CH;), 1.41(s, 9H, CH;), 1.36~1.40(m, 1H,
CH,), 1.09~1.19(m, 2H, CH+CH,), 0.85~0.89,

0.79~0.83(m , 50/50, 6H, CHs); ESI-MS:

m/z=453[M+H] ",

2.64 N-Boc- fik(3-F-f-Phe-Leu)¥F &fii(11e) &
PR % 62%; 'H-NMR(500 MHz, CDCl5):
0=7.22~7.28(m, 1H, Ar-H), 6.86~6.98(m, 3H,

Ar-H), 6.30~6.34, 5.95~5.99(m, 50/50, 1H, NH),
5.87(d, 1H, J=7.0 Hz, NH), 4.99~5.05(m, 1H,

CH), 4.51~4.57(m, 1H, CH), 3.23, 2.95(d, 50/50,
IH, J=5.0 Hz, OCH,), 2.61~2.75(m, 3H,

CH,+OCH,), 1.48, 1.46(s, 50/50, 3H, CHj),

1.42(s, 9H, CH3), 1.29~1.37(m, 1H, CH,), 1.11~1.21
(m, 2H, CH+CHy), 0.86~0.90, 0.78~0.82(m, 50/50,
6H, CH;); ESI-MS: m/z=437[M+H] .

2.6.4 N-Boc- i (4-OMe-f-Phe-Leu) 3 4 il (111)
HEECRY; WeE: 68%; 'H-NMR(500 MHz,

CDCly): 0=7.16(t, 2H, J=7.0 Hz, Ar-H), 6.78~6.86
(m, 2H, Ar-H), 6.04~6.06(m, 1H, NH), 6.02~6.04,
5.64~5.68(m, 50/50, 1H, NH), 4.93~5.01(m, 1H,
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CH), 4.48~4.54(m, 1H, CH), 3.77, 3.75(s, 50/50,
3H, CHs), 3.25, 2.92(d, 50/50, 1H, J=5.0 Hz,
OCH,), 2.81~2.87(m, 1H, OCH,), 2.59~2.69(m,
2H, CH,), 1.47, 1.46(s, 50/50, 3H, CHs), 1.40
(s» 9H, CHs), 1.33~1.37(m, 1H, CH,), 1.10~1.18
(m, 2H, CH+CH,), 0.79~0.89(m, 6H, CHj);
ESI-MS: m/z=449[M+H] .
2.7 T HK(EUAR B-Phe-Leu) 3 & i = 4 2 1R £
(12a~121) (1) £ il

A& Y) 11a~11£(10 mmol)iFT 40 mL & F
B, BWMA 20 mL =9 LMR . EiR &M 1h, J5
JEZEBRVEF, O 50 mL 28k, Hrih ik,
L. TS M 12a~12f. IZMH AL — B af
WEEZHT T2 RM.
2.8 (N-75 FIEEIE) Z Bk (BUAR -Phe-Leu) 3 4 I
(13~20) )& ik

PL 13 9l MEE-2-FFR(1.5 g, 12 mmol)iE T
40 mL Jo/K —& i bE, A HOBt(1.6 g, 12 mmol)
A1 EDCI(3.5 g, 18 mmol), % N 30 min. FEH],
&Y 12a(10 mmol)Fl — 7R 3 2. %(3.6 mL,
20 mmo) IMA R N, iR 3 he MIA 30 mL
WA R AR, R ANE, WA K
(B0 mL X 1), To/KBREREN 08, BT FISC 7,
HENT 5545 2.8 g (L& 13CH MK - LR L TE=
1:1). RHAFFETTESEY) 14~200 F A
WZ: 66%:; 14 . 182~184 °C; IH-NMR(500 MHz,
CDCI3): 6=9.39, 8.94(d, 61/39, 1H, J=8.0 Hz,
NH), 9.37~9.39, 9.35~9.37(m, 61/39, 1H,
pyrazine-H), 8.73~8.75(m, 1H, pyrazine-H),
8.60~8.62, 8.56~8.58(m, 61/39, 1H, pyrazine-H),
7.22~7.42(m, 5H, Ar-H), 6.01, 5.96(d, 39/61,
1H, J=8.5 Hz, NH), 5.51~5.61(m, 1H, CH),
4.54~4.62(m, 1H, CH), 3.26, 3.19(d, 61/39, 1H,
J=5.0 Hz, OCHy,), 2.80~2.86(m, 3H, CH2+OCH,),
1.46, 1.44(s, 61/39, 3H, CH3), 1.34~1.42(m,
1H, CH,), 1.07~1.15(m, 2H, CH+CH2), 0.83,
0.74(dd, 39/61, 6H, J=10.0, 6.0 Hz, CH3); ESI-MS:
m/z=425[M+H] "o 4R 99.0%; WiAHZ1E: Waters
COSMOSIL 4.6 X250 mm, 5C18-PAQ; i K:: 270
nm; JiE: 1.0 mL-min™'; WEIHE: ZHE-/K(G58 :
42).
2.8.1  [N-(4-FFE) 2K B BE 25 ] — ik (B-Phe-Leu) ¥1 4
il (14) AR R 63%; M5 165-167 C;

-1334. Chin J Mod Appl Pharm, 2015 November, Vol.32 No.11

"H-NMR(500 MHz, CDCls): 6=8.85, 8.40(d, 55/45,
1H, J=8.0 Hz, NH), 7.93~8.03(m, 2H, Ar-H),
7.70~7.78(m, 2H, Ar-H), 7.24~7.36(m, 5H, Ar-H),
5.88(d, 1H, J=8.0 Hz, NH), 5.50~5.56(m, 1H,
CH), 4.52~4.58(m, 1H, CH), 3.22, 3.14(d, 55/45,
IH, J=5.0 Hz, OCH,), 2.80~2.92(m, 3H,
CH,+OCH,), 1.49, 1.47(s, 3H, CHj;), 1.36~1.44
(m, 1H, CH,), 1.01~1.07(m, 2H, CH+CH,), 0.88,
0.77(dd, 45/55, 6H,J=16.0, 6.0 Hz, CH3) ; ESI-MS:
m/z=448[M+H] . 4LJF: 99.2%.

2.82  [N-(2-Z5 H ik 3E)] — Bk (B-Phe-Leu) 3K & i (15)
AR R IR 55%; 145 169~171 'C; 'H-NMR
(500 MHz, CDCl3): 6=8.61, 8.12(d, 50/50, 1H,
J=8.0 Hz, NH), 8.38~8.47(m, 1H, Ar-H), 7.83~8.03
(m, 4H, Ar-H), 7.50~7.60(m, 2H, Ar-H), 7.21~7.43
(m, 5H, Ar-H), 5.99, 5.93(d, 50/50, 1H, J=8.0 Hz,
NH), 5.59~5.65(m, 1H, CH), 4.54~5.62(m, 1H,
CH), 3.26, 3.17(d, 50/50, 1H, J=5.0 Hz, OCH,),
2.78~2.90(m, 3H, CH,+OCH,), 1.49, 1.47(s, 3H,
CHs), 1.37~1.43(m, 1H, CH,), 1.03~1.11(m, 2H,
CH+CH,), 0.85, 0.75(dd, 50/50, 6H, J=18.5,
6.0 Hz, CH;); ESI-MS: m/z=473[M+H] . 4lifZ:
98.7%.

2.8.3  (N-Ab R -2- FH B 25 ) — Ik (2-C1-B-Phe-Leu) ¥&
A6 B EE A W E: 63%;: M AL
173~175 °C; 'H-NMR(500 MHz, CDCl;): §=9.70,
9.32(d, 55/45, 1H, J=8.0 Hz, NH), 9.34~9.36(m,
1H, pyrazine-H), 8.75~8.78(m, 1H, pyrazine-H),
8.63~8.65, 8.60~8.62(m, 55/45, 1H, pyrazine-H),
7.35-7.39(m, 2H, Ar-H), 7.18~7.22(m, 2H, Ar-H),
5.81~5.89(m, 2H, NH+CH), 4.54~4.62(m, 1H,
CH), 3.25, 3.17(d, 55/45, 1H, J=5.0 Hz, OCH,),
2.83~2.93(m, 3H, CH,+OCH,), 1.47, 1.43(s, 3H,
CHs), 1.35~1.41(m, 1H, CH,), 1.01~1.09(m, 2H,
CH+CH,), 0.85, 0.73(dd, 45/55, 6H, J=16.5,
6.0 Hz, CH;); ESI-MS: m/z=459[M+H] . 4lifZ:
98.9%.

2.84  (N-E g -2- FH 25 ) — Ik (3-C1-B-Phe-Leu) #&
A7) B, R 43%; B 178~
180 C; '"H-NMR(500 MHz, CDCly): 6=9.51,
9.15(d, 60/40, 1H, J=8.0 Hz, NH), 9.35~9.37(m,
1H, pyrazine-H), 8.75~8.77(m, 1H, pyrazine-H),
8.61~8.63, 8.59~8.61(m, 60/40, 1H, pyrazine-H),
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7.18~7.32(m, 4H, Ar-H), 5.96~6.00(m, 1H, NH),
5.51~5.57(m, 1H, CH), 4.57~4.63(m, 1H, CH),
3.24,3.20(d, 60/40, 1H, J=5.0 Hz, OCH,), 2.77~2.85
(m, 3H, CH,+OCH,), 1.47, 1.45(s, 3H, CHs),
1.38~1.42(m, 1H, CH,), 1.10~1.16(m, 2H,

CH+CH,), 0.86, 0.77(dd, 40/60, 6H, J=11.5,

6.0 Hz, CHj;); ESI-MS: m/z=459[M+H] . 4.

99.3%.

2.8.5 (V- & -2- H i 5% ) — ik (4-Cl-B-Phe-Leu) 31
A8 Bt U E . 48%; M AL

166~168 ‘C; 'H-NMR(500 MHz, CDCly): §=9.45,
9.02(d, 50/50, 1H, J=8.0 Hz, NH), 9.35~9.37(m,
1H, pyrazine-H), 8.75~8.77(m, 1H, pyrazine-H),
8.60~8.62, 8.59~8.60(m, 50/50, 1H, pyrazine-H),
7.20~7.36(m, 4H, Ar-H), 5.93, 5.87(d, 50/50,

1H, J=9.0 Hz, NH), 5.50~5.58(m, 1H, CH),

4.53~4.63(m, 1H, CH), 3.24, 3.17(d, 50/50, 1H,
J=4.5 Hz, OCH,), 2.81~2.87(m, 3H, CH,+OCH,),
1.47, 1.46(s, 3H, CHs), 1.38~1.45(m, 1H, CH,),
1.05~1.13(m, 2H, CH+CH,), 0.72~0.88(m, 6H,
CH3); ESI-MS: m/z=459[M+H] . 4iJF: 98.6%.

2.8.6 (N-HitBz-2-H1 1 5 — Ik (3-F-B-Phe-Leu)
Bi(19)  F A YR : 59%; 15 &: 154-156 C;
"H-NMR(500 MHz, CDCl;): §=9.53, 9.14(d, 60/40,
1H, J=8.0 Hz, NH), 9.36-9.38(m, 1H, pyrazine-H),
8.75~8.77(m;, 1H, pyrazine-H), 8.62~8.64, 8.59~8.61
(m, 60/40, 1H, pyrazine-H), 7.26~7.32(m, 1H,
Ar-H), 7.09~7.15(m, 1H, Ar-H), 7.00~7.04(m,

1H, Ar-H), 6.90~6.96(m, 1H, Ar-H), 5.88~5.92
(m, 1H, NH), 5.53~5.59(m, 1H, CH), 4.59~4.63
(m, 1H, CH), 3.25, 3.19(d, 60/40, 1H, J=5.0 Hz,
OCH,), 2.80~2.88(m, 3H, CH,+OCH,), 1.48,

1.45(s, 3H, CH3), 1.36~1.42(m, 1H, CH,), 1.08~1.14
(m, 2H, CH+CH,), 0.86, 0.76(dd, 40/60, 6H,

J=15.0, 6.5 Hz, CHs); ESI-MS: m/z=443[M+H]".
4ifF: 98.4%.

2.8.7  (N-M s -2- F 5 5 ) — ik (4-OMe-p-Phe-Leu)
W00 BB . 81%;: Mri: 165~
167 °C; 'H-NMR(500 MHz, CDCly): 6=9.37,

9.36(d, 52/48, 1H, J=1.5 Hz, pyrazine-H), 9.26,
8.80(d, 52/48, 1H, J=8.0 Hz, NH), 8.73~8.75(m,
1H, pyrazine-H), 8.58~8.60, 8.55~8.57(m, 52/48,
1H, pyrazine-H), 7.23~7.29(m, 2H, Ar-H), 6.81~

R EBARRI 24525 2015 4 11 A28 32 55 114

6.89(m, 2H, Ar-H), 6.01, 5.95(d, 48/52, 1H,
J=8.5 Hz, NH), 5.48~5.54(m, 1H, CH), 4.57~4.61
(m, 1H, CH), 3.78, 3.77(s,» 3H, CHs), 3.26,
3.21(d, 52/48, 1H, J=5.0 Hz, OCH,), 2.80~2.88
(m, 3H, CH+OCH,), 1.47, 1.45(s, 3H, CHj),
1.40~1.44(m, 1H, CH,), 1.10~1.16(m, 2H,
CH+CH,), 0.83, 0.77(dd, 48/52, 6H, J=12.5,
6.0 Hz, CH;); ESI-MS: m/z=455[M+H] . 4lifZ:
99.1%.
3 RN AR A ) A

¥ 1 pL 8 H B H] 55 (Carfilzomib {F 9 FH
PEXTIRZ5) I 10 L 24k (& (A EEA(S pg-mL ™,
LY4)HF, $FF 15 min. FIIA 39 pL & A EFAR
¥: 37.5 pmol-L™" Suc-Leu-Leu-Val-Tyr-AMC(LY4,
AR OKRIR YR
Tyr-AMC 751, Bt AMC, 7E#&% 355 nm
FUR S 460 nm [ 5644 0] LA B 7K 5 7= 4
AMC 5 ERSE,  WLERAEA HRT ii 2 4 1
', B LB IEAR R 25 1F N BB A 3T 3 1K,
P BB N B 28 45 B AL S DR E 9 10 pg-mL ™!
N 0 1) 2 PR A 2 SR LR 1

F1 EAAWEREN 10 pgmL™ By & & BRI H)

chymotrypsin-like) .

Tab. 1 The proteasome inhibitory rates of the target
compounds at the concentration of 10 pg-mL™'
HEm i #/%
13 6.07+0.06
14 12.25+0.14
15 9.86+0.25
16 0.83+0.62
17 21.37+0.70
18 5.68+0.46
19 26.83+0.64
20 8.32+1.29
Carfilzomib 8.60:1.40(nmol-L™", ICs0)

IR ZE R, FHYEZY) Carfilzomib [1) ICs
8 8.60 nmol-L™", 1 {5 HAR{L & M7E IR
10 pg-mL™" I 25 1 i 303 TR AR S AR
AR, SPEHMEZMMHLLES — 2. gt s
Y 13~15 AT LA, AS[E A Ry BUAR I G 14 5
ARIBK, HEMHNEEMEZEAS K S
V) 16~18 FIE1, Ry HUARKEAE ZRIA (1) 18] 57 B ¥ 14 A
e, TWLEARAL B EPE A 2, [ A A 3R T BRI
A 19 B ZEE] T (26.83+0.64)%, [AIFE
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,ﬁg}y‘l T Y "T"%/n\ . m‘ E *T ,f JCA% E/] /ﬁ lﬁz‘ =3 4& Crystallographic knowledge for drug development [J]. Chem
Rev, 2007, 107(3): 687-717.
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