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Synthesis and Biological Evaluation of Novel Non-covalent Peptidomimetic Proteasome Inhibitors

XI Jianjun, ZHANG Jiankang*, ZHAO Yanmei, HE Ruoyu, ZHUANG Rangxiao, PAN Jinming, HUANG
Weiwei, LIU Shourong*(Xixi Hospital of Hangzhou, Hangzhou 310023, China)

ABSTRACT: OBJECTIVE To design and synthesize a series of non-covalent peptidomimetic proteasome inhibitors, and to
evaluate their enzymatic activitiecs. METHODS A series of non-covalent short peptidyl proteasome inhibitors were designed
and synthesized with rational drug design strategies such as bioisostere and amino acid replacement based on the binding modes
of the non-covalent proteasome inhibitors with the proteasome. 2-Chloride benzyl amine was selected as the carboxyl terminal
group, and a six-membered ring was introduced into the peptide skeleton to increase the compounds’ stability. All the target
compounds were tested for their enzymatic inhibitory activities in vitro. RESULTS Totally 8 novel di- and tripeptidyl
analogues were synthesized, which were confirmed by 'H-NMR and ESI-MS. These target compounds exhibited moderate
proteasome inhibitory activities. CONCLUSION The proteasome inhibitory activities of the target compounds are influenced
by the length of the peptides and various amino terminal substituents. All the 8 compounds display different degree of
proteasome inhibitory activities in vitro. In a word, this study develops series of proteasome inhibitors with new structure type,
which will be helpful for the further development of this series of compounds.
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2 3 FI R R SR AR A 5 R A
EERAR, T 40 P >80% 8 11 R i1 R

SR Rk, 520 B A Th BE R B R
JE I ERE LN IR R YT 1K) — S B EE NS, 2 1 g

PR IR AR T AR E A 22 R AR IC AN
B BRI e M R X 2 AN AP 7R XA
AR EER T, EARAREOAIE 3 fiER
JFOKAEEPER) “FEME L), R iZid i iR EE N
—W. HFRREY, EARE SaMREY. SR
e T« AR T DL R LA 1) 22 o 5 22 2R R T e 4 D)
FR, HINREIEH 5 75 AELFE bR 72 P9 1) 2 R

A ) sy — M E L R R T 245

B Ixazomib(fb &40 1, 5K ILE 1)7E 2015
IR FDA #ibdE T 2 KB RER GIT, EH
Pl A 410 1) 700 7 O R SR R E T — 8. BIH AT
1k, Br Ixazomib &b, Rk b T 8 BgAA 40 il 55
&F Bortezomib Al Carfilzomib(tb 547 2 1 3, &5
H LR 1) U X 3 AN #RIE T St 45 & )

ELWH: BN E KRG H (20152013A03); M i B HHR135 H (20150733Q49)

EE®EN: BEE, B, wit, EELW
2y Tel: (0571)86481960  E-mail: zjk0125@yeah.net
(@sina.com

R E IR 2524 2017 4E 10 F 55 34 545 10 )

Tel: (0571)86481960 E-mail: 360550573@qq.com

XFFH, 5, Wit TAEEI

B W@ B, ML, 1
Tel: (0571)86481960  E-mail: 15r85463990

Chin J Mod Appl Pharm, 2017 October, Vol.34 No.10 - 1401 -



7, HOR S R i 1) O FEL 2R TS B B A B
TR R BRI BB, AT 4 3 R ) 3 1
{EL R T s I 1 A 8 A e S e A AR PR
I H AL 45 & 4 70 22 9 A AT s R, AR &
B2 R i AR SR A 45 R AR = S B e
YRR g, RE S AR PRI A
GRS, MNTEA T R A S0 A R A /N AN
R BFFRE™, AR G e A S

L AR g G A E A B AN, AR

TR R A BRSNS (a4, SR
1. Tk, BHERGEC UG 4 85, LR
LR BUAB SN I R B R v 2 [, RIS, A
LR 2R SIS TEIA AR BL, A 9 ik S
WEYxt 2 Fh ikl f i A BRI E vk, BETT B K
T RIS AN TTHURAT D, A i 2 A
H b &4 s I W 2~3

318 O A L P R o S Pl R

Fig. 1 Structures of the approved (1, 2 and 3) and representative non-covalent (4) proteasome inhibitors
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2.1.1  N-(N’-Boc-4-WR B & ) it 58 FF Bt fiz (7a) L
I2-2-2 8 (5a, 12 mmol, 1.49 g)#% T 50 mL & H
%, M\ HOBt(12 mmol, 1.62 g)#1 EDCI(18 mmol,
3.46 g), FiL M 30 min. FEEDE N-Boc-4-2 LR
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E(10 mmol, 2.0 g)F1 N, N- 553 Z.f%(12 mmol,

2.1 mLYMA R, Z i 2 he JIA 50 mL 41
MR EANTRE, SHANZE, WA A K
(50 mLX 1), Jo/KBREREAT-J5, JeloE RIS 7,

FEZEMT 85153 2.6 g AL TaCH MBS @ 408
LliE=1 1 1), RHFEFIESEEY Tb, 8a,

8b. It % 85%; "H-NMR(500 MHz, CDCl5): d: 9.40(s,
1H, pyrazine-H), 8.75(d, 1H, J=2.0 Hz, pyrazine-H),
8.52(d, 1H, J=2.0 Hz, pyrazine-H), 7.72(d, 1H,
J=10.0 Hz, NH), 4.17~4.07(m, 3H, H-3’, H-1’a,
H-5%a), 2.95(t, 2H, J=10.0 Hz, H-1’b, H-5’b),

2.00(d, 2H, J=15.0 Hz, H-2’a, H-4’a), 1.52~1.46(m,
11H, H-2’b, H-4’b, 3CHj); ESI-MS: m/z=328.9
[M+Na] .

2.1.2  N-(N’-Boc-4- Wk B¢ F )-4- i 2K ! I i (7b)
F A U 86%; 'H-NMR(500 MHz, CDCl;):
8: 7.79~7.76(m, 2H, Ar-H), 7.10~7.09(m, 2H,

Ar-H), 6.09(d, 1H, J=7.5 Hz, NH), 4.15~4.09(m,
3H, H-3’, H-1’a, H-5a), 2.89(brs, 2H, H-1’b,
H-5°b), 2.01(d, 2H, J=11.0 Hz, H-2’a, H-4’a),
1.46(s, 9H, 3CH;), 1.42~1.39(m, 2H, H-2’b,

H-4b); ESI-MS: m/z=345.0[M+Na] .

2.1.3  N-Boc-N-Mt W& FHBEFL IR W5 (8a)  H
A W% 83%; 'H-NMR(500 MHz, CDCly): &:
897 (d, 1H, J=2.0 Hz, pyrazine-H), 8.65(d, 1H,
J=2.0 Hz, pyrazine-H), 8.54 (s, 1H, pyrazine-H),
3.79(t, 2H, J=5.0 Hz, H-1’a, H-4’a), 3.62(t, 2H,
J=5.0 Hz, H-2’a, H-3’a), 3.56(t, 2H, J=5.0 Hz,
H-1°b, H-4’b), 3.49(t, 2H, J=5.0 Hz, H-2’b, H-3’b),
1.47(s, 9H, 3CHs); ESI-MS: m/z=314.9[M+Na] .

2.1.4 N-Boc-N’-(4-F 2% HI It 55 ) IR %2 (8b) 1 (A [#]
A R #: 97%; 'H-NMR(500 MHz, CDCly): §:
7.44~7.41(m, 2H, Ar-H), 7.13-7.10(m, 2H, Ar-H),
3.65~3.47(m, 8H, H-1’a, H-1°b, H-2’a, H-2b,
H-3’a, H-3’b, H-4’a, H-4’b), 1.48(s, 9H, 3CHjs),
ESI-MS: m/z=330.9[M+Na] .

22 WED9 KA

2.2 N-Tk & 3 AN -Boc- IR BE -4- B [t % (9a)
N-Boc-WKIE-4-F (16 mmol, 3.65 g)&E T 50 mL
SHUE, Ny AR 32 mL & H R, RS
2% 2% i N ML UE (40 mmol, 3.4 mL)F1 — & K
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(19.3 mmol, 1.5 mL), ZEi&&MN 0.5 h. K5, 2-
A LML (6a, 18.4 mmol, 1.75 g). = Z. (56 mmol,
8 mL) K ik i 4-— WU BRI e ¥ T & b 5 R
WA B ER SR, 2RO 6 he NI 5T
B 1 mmol-L™" #hM2(50 mL X 1)HIH Ik R S 4N
(50 mLX 1)¥E, Jo/KBREREATH, ok [ 1,
FEENT 7 B33 4 g BB 9aCbE @ LRE
ME=3:2), W& 82%:; RHRFFIIERILED
9b; 'H-NMR(500 MHz, CDCls): 6: 9.55(s, 1H,
pyrazine-H), 8.35(d, 1H, J=2.0 Hz, pyrazine-H),
8.23(s, 1H, pyrazine-H), 7.97(brs, 1H, NH),
420(brs, 2H, H-1’a, H-5"a), 2.88~2.79(m, 2H,
H-1’b, H-5°b), 2.45-2.50(m, 1H, H-3), 1.93(d,
2H, J=7.5Hz, H-2’a, H-4’a), 1.79~1.71(m, 2H,
H-2’b, H-4’b), 1.47(s, 9H, 3CHs3); ESI-MS:
m/z=328.9[M+Na]" .
2.2.2  N-(4- % 2K 3 )-N-Boc- K I -4- F Bt 1% (9b)
0 4R e 75%; "H-NMR(500 MHz, CDCl5):
5: 7.48~7.47(m, 2H, Ar-H), 7.20(s, 1H, NH),
7.03~7.00(m, 2H, Ar-H), 4.18(d, 2H, J=12.5 Hz,
H-1’a, H-5’a), 2.80(t, 2H, J=7.5 Hz, H-1’b, H-5’b),
2.39~2.35(m, 1H, H-3%), 1.90(d, 2H, J=12.0 Hz,
H-2’a, H-4’a), 1.77~1.71(m, 2H, H-2’b, H-4’b),
1.47(s, 9H, 3CHs); ESI-MS: m/z=344.9[M+Na]’,
23 a0, 11 f12 ARk

&% 7, 8 A1 9(10 mmol) 7 5l¥& T 40 mL —
B, BRI 20 mL =8OR, =iERM
1 ho P8R ZEBRIEF, M 50 mL Lk, Hri e
A4, EuE. TEARIFENMY 10, 11 F 120 1%
FPEYIARG I S AL EEA T R P .
2.4 N-Boc-T&R-2-E WL & (14)

N-Boc-(L)-: %2 (6 mmol, 1.39 g)iAT 25 mL
“EHFLE, M HOBt(6 mmol, 0.81 g)f1 EDCI
(9 mmol, 1.73 g), Z iR M 30 min. i RIHEL0E
(13, 5mmol, 0.6 mL)FI N, N-—5FF %2
(6 mmol, 1 mL)IIARIIE, ZiRKM 2he A
30 mL MR IR AN RS, 7 HANLZ, AR R
K (30 mL X 1)¥E, Jo /KB BREAT14 , Jok & [=1YScis 751,
FEENT 2 233 1.51 g A EaREE 140A 0 © 28
ZlE=8 1 1), Y& 85%; 'H-NMR(500 MHz,
CDCly): d: 7.36~7.33(m, 2H, Ar-H), 7.23~7.20(m,
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2H, Ar-H), 6.68(s, 1H, NH), 4.91(d, 1H, J=7.5 Hz,
NH), 4.52(t, 2H, J=6.0 Hz, H-1°), 4.13(s, 1H,
H-2%), 1.72~1.64(m, 2H, H-3"), 1.50~1.41(m,
10H, 3CH;, H-4), 0.95~0.91(m, 6H, 2CHj);
ESI-MS: m/z=376.9[M+Na] .
2.5 SRR 2-FENFE =M R K A5)

N-Boc-5E 2R -2-F T % (14, 10 mmol, 3.55 g)
BT 40 mL & b, BN 20 mL =5 4
FERPL 1 h, BRG], A 50 mL L7,
Prib Bk, ouE. RIS 15 %
NG — DA EEH T T R,
2.6 N-Boc-ZR TN 2R -5 2 B -2-FU R L 1) 5 i (16)

N-Boc-(L)- % TH & B2 (6 mmol, 1.59 g)i& T
25 mL & HF %, I\ HOBt(6 mmol, 0.81 g)ffl
EDCI(9 mmol, 1.73 g), =&/ 30 min. [EEIH
SEIR-2-A T =W OS5, 5 mmol, 1.84 g)
A N, N-—- 7R % 216 mmol, 1 mL)IIA & MR,
FIR SN 2 he I 30 mL M ABR R S AN RS, 4>
HAHE, WAE KGO mLX )Y, KRR
T, WERSOER, HENEEE22g 06
[ 16(F ik - LR CBE=3 1 1), & 88%:;
"H-NMR (500 MHz, CDCl3): 6: 7.36~7.15 (m, 9H,
Ar-H), 6.63(s, 1H, NH), 6.21(d, 1H, J=7.5 Hz,
NH), 4.94~4.93(m, 1H, NH), 4.48~4.40(m, 3H,
H-1’, H-5"), 4.32~4.30(m, 1H, H-2"), 3.09~3.01(m,
2H, H-6"), 1.50~1.42(m, 3H, H-3’, H-4"), 1.37(s,
9H, 3CH;), 0.90~0.86(m, 6H, 2CHj;); ESI-MS:
m/z=501.8[M+H]",
27 FHEAR-ZRR2-A TR IREM A
F(17)

N-Boc- & N 2 B - 7% 2 R -2- &~ 2 (16,
10 mmol, 5.02 g)i&T 40 mL 5 F %, ZEWIMA
20 mL =3 AR . IR 1 h, JEUEZEBRE A,
TIN50 mL W, Hril Ak, duE. s
FFEY) 7. GEIAGH S AT N —
W
2.8 1hLEY 18 K&K
2.8.1  N-[4-(W e -2-Fk FFY Bt flig i ) R W - 1- FH P ]
CTIRCEN R IR - R R)-2-F K e (18a) RN E R
B IR -2-F R L = O R (17, 2.1 mmol, 1.08 g)
T 5 mL S A S mL WRITRR R SN TR & TE
W, KB I =85(0.7 mmol, 0.21 g), &M
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15 min, 7 HAPZ, KZEHZEFFE(20 mLX2)
v, SIFANZE, KBBRNTE, EEZT,
B3 FHERE; LAY 10a(1.5 mmol, 0.48 g)¥E T
5mL Z&FHE, A NN-ZFHE 2.5 mmol,
0.5 mL), A% A RmE RN >E A H R
i JE IO\ BE R, RSN 1 he RIS
(30 mL X 1), Jo/KIREREN T8, JalE [Bl S 77,
FEENT B35 0.72 g A AE R 18a( LR 4.1K),
K FERETTES B4k A9 18b YUK 76%; 'H-NMR
(500 MHz, CDCls): d: 9.39(d, 1H, J=2.0 Hz,
pyrazine-H), 8.76(d, 1H, J=2.0 Hz, pyrazine-H),
8.52~8.51(dd, 1H, J=2.5, 1.5 Hz, pyrazine-H),
7.70(d, 1H, J=8.5 Hz, NH), 7.33~7.18(m, 10H,
Ar-H+NH), 6.98(t, 1H, J=6.0 Hz, NH), 6.61(d,
1H, J=9.0 Hz, NH), 5.02(d, 1H, J=6.0 Hz, NH),
4.51~4.45(m, 4H, H-1’a, H-5"a, H-11’a, H-11"b),
4.14~4.05(m, 1H, H-3"), 3.79~3.70(m, 2H, H-1"b,
H-5b), 3.15(dd, 1H, J=6.5, 12.5 Hz, H-7’a),
3.01(dd, 1H, J=6.5, 12.5 Hz, H-7’b), 2.94~2.82(m,
2H, H-6’, H-8’), 1.96~1.92(m, 2H, H-2’a, H-4"a),
1.59~1.24(m, 5H, H-9’a, H-9’b, H-2’b, H-4’b,
H-10%), 0.92~0.88(m, 6H, 2CHj;); ESI-MS: m/z
=633.8[M+H]".
2.8.2  N-[4-(4-Fi A< Fk Bk e ok ) WIR g - 1 - FHY T ik ] —
K CR I 2R -2 2R )-2- R (18b) 1 8 [ 44
% 62% . 'H-NMR(500 MHz, CDCly): d:
7.78~7.75(m, 2H, Ar-H), 7.34~7.32(m, 1H, Ar-H),
7.29~7.27(m, 2H, Ar-H), 7.25~7.18(m, 6H, Ar-H),
7.08(m, 2H, Ar-H), 6.91(t, 1H, J=5.5 Hz, NH),
6.55(d, 1H, J=8.0 Hz, NH), 6.21(d, 1H, J=3.0 Hz,
NH), 4.96(d, 1H, J=6.0 Hz, NH), 4.49~4.41(m,
4H, H-1’a, H-5’a, H-11’a, H-11°b), 4.15~4.05(m,
1H, H-3%), 3.78~3.72(m, 2H, H-1'b, H-5’b),
3.16(dd, 1H, J=6.5, 12.5Hz, H-7’a), 3.02(dd,
1H, J=6.5, 12.5Hz, H-7°b), 2.87~2.82(m, 2H,
H-6>, H-8’), 1.98~1.91(m, 2H, H-2’a, H-4’a),
1.77-1.73(m, 1H, H-10"), 1.58~1.47(m, 2H, H-2’b,
H-4’b), 1.29-1.20(m, 2H, H-9’a, H-9°b), 0.90(t,
6H, J=10.0 Hz, 2CH;); ESI-MS: m/z=649.8[M+H] .
2.9 N-Boc-st A MR-R A MR- 2R -2-F R IE )
EH(19)

N-Boc-(L)-5= 2 B2 (6 mmol, 1.4 g)iFT 25 mL
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“&HFHE, A HOBt(6 mmol, 0.81 g)fl EDCI
(9 mmol, 1.73 g), XM 30 min. FEEPREA A
RR-RBR-2-A T =/ LR A7, 5 mmol,

2.6 )M N, N-—FHEZIE@6 mmol, 1 mL)IA
RN ZWIR 2 he N 30 mL V8RR R S04
ke, HANLE, MWAEHKGEGOmLX )3, T
KRR T4, W WA, MR 7 B 15 2
2.7 g FEIE R 19CH M © 2B OBE=2 1 1), IR
88%. '"H NMR (500 MHz, CDCls): &: 7.33~7.27(m,
5H, Ar-H+NH), 7.25~7.12(m, 6H, Ar-H), 6.92(brs,
1H, Ar-H), 6.66 (s, 1H, J=15.5 Hz, NH), 4.80 (d,
1H, J=15.5 Hz, CH,), 4.66~4.54(m, 3H, CH,+CH),
4.45(dd, 1H, J=16.0, 6.0 Hz, CH), 3.77(m, 1H,
CH), 3.31~3.28(m, 1H, CH), 3.04~3.00(m, 1H,
CH), 1.89~1.84(m, 1H, CH,), 1.69~1.43(m, 5H,
2CH,+CH), 1.32(s, 9H, 3CH3), 0.94~0.84(m, 12H,
4CH3); ESI-MS: m/z=614.9[M+H]".

210 FAMR-FHNAR-AR-2-FFRE=RM L
1% 2L 16 5(20)

N-Boc- 54 28 B8 - K T 2 R - 54 & TR -2- AR i
(19, 10 mmol)¥& T 40 mL 5 H ke, BWMA
20 mL =H 4R . ZEIRRM 1 h, IR BRG],
N 50 mL B, Hri A afEdgE, duE. TEm
FIE) 200 SN G M — S EERA T T —
W IR
2.11 1L &9 21a~f 1A
2.11.1  N-[4-( P M -2 FF P fi 22 ) Wi g - 1- F g 32 ]
SIRCRE R - 2R TN A R - 2 R )-2- R i (21a)
SRR -ANE M-SR -2-A N =5 LR
(20, 2.1 mmol, 1.32 @)#E T S mL Z&H LA 5 mL
AR R AR A, VKl RN =R
(0.7 mmol, 0.21 g), ¥K¥XFL 15 min, 73 H AL
2, KEHAZ&HEFEQOmLX2)%, &HAIZ,
ToKIRER N1, WEZAT, 193 RFRE: 1
4% 10a(1.5 mmol, 0.48 g)#& T 5 mL & ke,
I NN-— 5% 2 8#%(2.5 mmol, 0.5mL), 2RJ5
¥ A S F R R FH /b & S P B RS N B0
Wb, =R 1 he HAIEALEZ(30 mL X 1)k,
TR TR BN T8, W RIS R, A E M o 2543
F]0.72 g AEK 21a( & F e ¢ HEE=40 : 1),
KRR EAR R EY: 21b~f. R 66%:;
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'H-NMR (500 MHz, ds;-DMSO): 6: 9.18(d, 1H,
J=2.0 Hz, pyrazine-H), 8.87(d, 1H, J=2.0 Hz,
pyrazine-H), 8.79(d, 1H, J=8.0 Hz , NH), 8.73(m,
1H, pyrazine-H), 8.19(t, 1H, J=5.5 Hz, NH),
8.01(d, 1H, J=8.0 Hz, NH), 7.83(d, 1H, J=7.5 Hz,
NH), 7.45~7.42(m, 1H, Ar-H), 7.32~7.28(m, 3H,
Ar-H), 7.25~7.17(m, 5H, Ar-H), 6.53(d, 1H,
J=7.0 Hz, NH), 4.50~4.46(m, 1H, H-9"),
438~427(m, 3H, H-14’a, H-14’b, H-6"),
4.04~3.96(m, 4H, H-11°, H-3’, H-1’a, H-5’a),
3.05(dd, 1H, J=14.0, 4.5 Hz, H-10’a), 2.91(dd,
1H, J=14.0, 4.5 Hz, H-10’b), 2.84~2.73(m, 2H,
H-1’b, H-5b), 1.76~1.73(m, 2H, H-2’a, H-4’a),
1.62~1.28(m, 8H, H-2’b, H-4’b, H-7’a, H-7’b,
H-12’a, H-12’b, H-8’, H-13’), 0.89-0.79(m, 12H,
4CH3); ESI-MS: m/z=746.8[M+H]".

2.11.2  N-[4-(4- 5 7K 5= B T fl 22k ) Wi Mg - 1 - PR 7 0k
=IKRCGRR R - AR - AR )-2- F K % (21b)
FI AR, Y% 53.5%; 'H-NMR (500 MHz,
CDCly): o0: 8.32(d, 1H, J=8.5Hz, NH), 8.23(t,
1H, J=5.5 Hz, NH), 8.02(d, 1H, J=8.0 Hz, NH),
7.94~7.90(m, 2H, Ar-H), 7.88~7.86(d, IH,
J=8.0Hz, NH), 7.45~7.43(m, 1H, Ar-H),
7.33~7.22(m, 5H, Ar-H), 7.21~7.17(m, 5H, Ar-H),
6.54(d, 1H, J=7.5Hz, NH), 4.50~4.46(m, 1H,
H-9%), 4.38~4.27(m, 3H, H-14’a, H-14’b, H-6"),
4.05~3.92(m, 4H, H-11°, H-3’, H-1’a, H-5’b),
3.18(dd, 1H, J=14.0, 5.0 Hz, H-10’a), 3.06(dd,
1H, J=14.0, 5.0 Hz, H-10’b), 2.85~2.73(m, 2H,
H-1’a, H-1°b), 1.78~1.76(brs, 2H, H-2’a, H-4’a),
1.53~1.23(m, 8H, H-2’b, H-4’b, H-7’a, H-7’Db,
H-12’a, H-12’b, H-8’, H-13"), 0.89~0.77(m, 12H,
4CH3); ESI-MS: m/z=762.7[M+H]".

2.11.3  N-[4-(NH e -2- F ik 268 ) WIR P - 1- PP i ] = ik
CRRER- AN AR -2 R)-2-H ¥ Q1) Af
[ 4 % 68.3%; 'H-NMR (500 MHz, ds-DMSO):
o: 8.86(d, 1H, J=1.5Hz, pyrazine-H), 8.76(d,
1H, J=1.5 Hz, pyrazine-H), 8.69~8.68(m, 1H,
pyrazine-H), 8.22(t, 1H, J=6.0 Hz, NH), 8.01(d,
1H, J=8.0 Hz, NH), 7.84(d, 1H, J=8.0 Hz, NH),
7.46~7.42(m, 1H, Ar-H), 7.32~7.27(m, 3H, Ar-H),
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7.22~7.17(m, 5H, Ar-H), 6.61(d, 1H, J=7.0 Hz,
NH), 4.53~4.46(m, 1H, H-9%), 4.39~4.27(m, 3H,
H-14’a, H-14’b, H-6"), 4.08~4.02(m, 1H, H-11"),
3.64~3.61(m, 2H, H-3’a, H-4’a), 3.47~3.33(m,

6H, H-3’b, H-4’b, H-1a, H-1"b, H-2’a, H-2’b),
3.04(dd, 1H, J=5.0, 14 Hz, H-10’a), 2.88(dd,

1H, J=5.0, 14 Hz, H-10’b), 1.57~1.33(m, 6H,

H-12’a, H-12’b, H-7’a, H-7°b, H-13’, H-8"), 0.89~
0.77(m, 12H, 4CHs); ESI-MS: m/z=732.8[M+H]+.
2.11.4  N-[4-(4-5 2K FF I 22 ) Wik MR - 1- R 2 ) = ik
CRE R - AR EIR-C A R)-2-AF@21d) At
Ak, W% 41.9%:; 'H-NMR (500 MHz,

ds-DMSO): 6: 8.23(t, 1H, J=6.0 Hz, NH), 8.00(d,
1H, J=8.5 Hz, NH), 7.85(d, 1H, J=8.0 Hz, NH),
7.51~7.48(m, 2H, Ar-H), 7.45~7.42(m, 1H, Ar-H),
7.31~7.28(m, 5H, Ar-H), 7.22~7.14 (m, 5H, Ar-H),
6.59(d, 1H, J=7.5Hz, NH), 4.51~4.46(m, 1H,
H-9"), 4.34~4.26(m, 3H, H-14’a, H-14’b, H-6"),
4.07~4.03(m, 1H, H-11"), 3.56~3.34(m, 8H, H-1"a,
H-1°b, H-2’a, H-2’b, H-3’a, H-4’a, H-3’b, H-4’b),
3.03(dd, 1H, J=5.0, 14 Hz, H-10’a), 2.88(dd,

1H, J=5.0, 14 Hz, H-10’b), 1.55~1.29 (m, 6H,
H-12’a, H-12°b, H-7’a, H-7’b, H-8* , H-13"), 0.87~
0.78(m, 12H, 4CH;); ESI-MS: m/z=748.7[M+H] ",
2.11.5  N-[1-(PHk PR -2- T iig 7k 5k ) R Mg - 1 - P gt 5
ZIRCGER R - R TN 2R -5 & 1R )-2- F R X (21e)
A 4, IE 43.8%: 'H-NMR (500 MHz,

ds-DMSO): d: 10.77(s, 1H, NH), 9.35(d, IH,

J=1.5 Hz, pyrazine-H), 8.39(m, 1H, pyrazine-H),
8.36(d, 1H, J=1.5 Hz, pyrazine-H), 8.17(t, 1H,
J=5.5 Hz, NH), 7.98(d, 1H, J=8.0 Hz, NH), 7.83(d,
1H, J=8.0 Hz, NH), 7.45~7.43(m, 1H, Ar-H),

7.33~7.27(m, 3H, Ar -H), 7.25~7.17(m, 5H, Ar-H),
6.51(d, 1H, J=7.0 Hz, NH), 4.50~4.45(m, 1H,

H-9°), 4.39~426(m, 3H, H-14’a, H-14’b, H-6"),
4.05~3.99(m, 3H, H-1’a, H-5’a, H-11"), 3.05(dd,
1H, J=5.0, 14 Hz, H-10’a), 2.92(dd, 1H, J=5.0,
14 Hz, H-10’b), 2.74~2.64(m, 3H, H-1'b, H-5b,
H-3%), 1.79(d, 2H, J=11.5 Hz, H-2’a, H-4’a),

1.57~1.30(m, 8H, H-2’b, H-4’b, H-12’a, H-12’b,
H-7’a, H-7b, H-13", H-8), 0.91~0.78(m, 12H,
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4CH;); ESI-MS: m/z=746.8[M+H] .
2.11.6  N-[1-4-(F K FE 1 ISt 25 ) IR g -4- FF 7 2
SRR CGRE R - R AR -5 2 R )-2- R (211)
K, e E 45%; 'H-NMR (500 MHz,
ds-DMSO): 6: 9.95(s, 1H, NH), 8.17(t, 1H,
J=6.0 Hz, NH), 7.98(d, 1H, J=8.5 Hz, NH), 7.83(d,
1H, J=8.0 Hz, NH), 7.63~7.60(m, 2H, Ar-H),
7.44~7.42(m, 1H, Ar-H), 7.33~7.29(m, 3H, Ar-H),
7.29~7.16(m, 5H, Ar-H), 7.16~7.11(m, 2H, Ar-H),
6.51(d, 1H, J=7.0 Hz, NH), 4.50~4.45(m, 1H,
H-9°), 4.39~4.26(m, 3H, H-14’a, H-14’b, H-6"),
4.06~3.98(m, 3H, H-1a, H-5’a, H-11"), 3.04(dd,
1H, J=5.0, 14 Hz, H-10"a), 2.92(dd, 1H, J=5.0,
14 Hz, H-10’b), 2.76~2.68(m, 2H, H-1’b, H-5’b),
2.49~2.46(m, 1H, H-3"), 1.75~1.73(m, 2H, H-2’a,
H-4’a), 1.57~1.30(m, 8H, H-2’b, H-4’b, H-12’a,
H-12’b, H-7’a, H-7’b, H-8", H-13), 0.90~0.75(m,
12H, 4CH;); ESI-MS: m/z=762.7[M+H]".
3 INEBRARHIEIE M

¥ 1 uL & BRI 77)(Carfilzomib  JyPH %
ZPPN NN 10 uL 24k iR AR (S pg-mL ™y,
B E 15 min. FEIA 39 uL EAMKIEY:
37.5 umol-L"' Suc-Leu-Leu-Val-Tyr-AMC. & (A i
KR RYI ) Tyr-AMC 51, Bt AMC,
FEWUROG 355 nm FURHHE 460 nm B 2544 A)
DLAS I 30 KBS 7= AMC 58 el Wi
B Wons e ME AR Ol . BT SEEG AR A [F] 2%
PEFEE AT 3 W SRIE 1.

®1 HEAEH A EEBENITHEE(X£s)

Tab.1 Proteasome inhibitory activities of the target

compounds (X *5) pmol-L™!
W& ICso
18a 0.77£0.14
18b 0.95+0.08
21a 2.09+0.18
21b 5.26+0.32
21c¢ 1.77+0.12
21d 4.1640.15
21e 1.84+0.04
21f 3.47£0.19
Carfilzomib (8.60+0.31)nmol-L™"!

M ERETEIRSE R AT WL, S 8 AN HAR
AL AR SR B AR AT A [R5 R 4 )3

Chin J Mod Appl Pharm, 2017 October, Vol.34 No.10 - 1407 -



PEo LA H A ST DU I, IKEE i) KA
XEEA B ZKik5Y) 18a. 18b
(<1 pmol- L™y 2 {3 il 1A 1) 310 1) 375 1ok 4 = ikt &
W 21a~f (>2 pmol-L™)4F . #eAb, & IEA M 1A
AR (R )Xo ¥ 1t A 52 < e -2 - AR A0 0]
AR AR T HE mE v, ihve-2- R0 11k
AW 18a. 21a. 21c¢ Al 21e HEPESSIOL T FH B ) %6}
FORFEEURIAL A Y 18by 21b. 21d Al 21f, XFb
ZER T REAE R AR -2- 0 B 2 NMEJE TR
HAMETEREZ SR EAEH. BAEFRL
H ) F A 0 ) RE M R 2
Carfilzomib AHIEAAAE— € 200, (HRERFK
TR AR LAY 45 & SR B O B AR 0 ) 4R 2 AR,
O JE SR PSP A . B H R MR S &
PR T K .
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