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Phenylalanine Derivatives
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Abstract With the aim of obtaining potential antitumor candidates with more efficiency and more economic value, eight new

small peptides based on phenylalanine derivatives were designed and synthesized. The target products were obtained via amino

protection, amide condensation, amino deprotection,

condensation, deprotection and condensation reactions with

L-phenylalanine used as the starting material. The structures of target products are confirmed by FTIR, '"H NMR, ®C NMR,
HRMS and elemental analysis. The antitumor activities of all target compounds are evaluated by thiazolyl blue tetrazolium
bromide (MTT) method. The results showed that all compounds exhibited moderate antitumor activities against hepatoma
carcinoma cell SMC7721. Compounds Se and 8b exhibited the strongest inhibitory activities against hepatoma carcinoma cell,
which could serve as lead compounds and provided valuable information for the further development of new antitumor agents.

Keywords phenylalanine; small peptide; antitumor activity tests; synthesis
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B F AT 005 2 LRI i A/ 5 PR R B, Sk BEL BB fieb g
PRRAIRIE 51228, MMk BIH R RS LR RE
FRAE N —Fh-& /N F IR B Ak, 2 AR L T &
Bz —, ARG e 4 e i A Kk oy AR
H, 40 Eagle ZEVTHANMRE IR 1%, R BRI 41 i %
L-ANRRMTFERERLIEFMBEMN 3~55 5. X
McCoy MM F2 5 bk & L-ZR AR IR,
RILANPAE K2 2] T B R, T3 LR AR
B mT DME A —Fa Rt Zia ik, s b, IR2 LK
SIRAT RN bR A A HI AR A, G0 L-2R P R
AT, LR R R 75 SR AT A, LR
FRTEERAT A DL K L- RN R R BT 1%, SR, 12K
P RAT A ) /N oy KSR AL & WD AE B s 7 T IS 1R
DA NRIE, FATRBAER LR NE R L-TA 2R
L-455 % 55 B o MoR 3 v 1 2 e R B R s
M R N B ARG A, R [ B R, 4
# T RV EHYMRIEER LKA RATED Ny
FRE, e —EREE LEE T L-RRNER AT
TS TERIWT I N 2.

ASCUN L-RNE IR A AR, G RCT 8 FhABE STk
T RN Z R AT AW KA = Iktb & 9. ek
AR, ATH =& AR 5 Rk g4 4l
(DCC/HOBT. CDI. EDCI. HATU %), FEAK T A
AR T NI IE] S i TR MG T S A ER A D
. [EIA FTIR. '"H NMR. “C NMR. HRMS A7t
F oSSR 7 B G M AT, ARSCEX H A 8
AN B EWREAT T PR s R, g AR,
FTE A &t FFRE 4P SMC7721 945 — 5E I3 I4E
F LAY Se K 8b X i 4H B i 4 FH e ot
1 ZR5TR
1.1 AR

AR E L0 Scheme 1 s, L&) 1a~1c¢ 2
H L-Z RS & TR AN #E BT & w A
JEZLTSCA, RLAEAGHR T T 0 5 P R S A B,k S o 2E
FRBFRAR 7 2. AfA & b fd F SRR, AR Ay
SR AR RS AL A, T EL AT DL R AR, R
RS AR R N EE R, ORI U, e
2a 1 2b B2 DL -2 608 ke dh 5okt R och
5 IR U T BE(Boc) M. R N R B = 2 AR
B, AR IERR AT KR, TR, JEH =
CEAE R B A AR 4R R EOE B BRI A, P
BocO 17151 W 2E %, BocOH, i BocOH Afa5E, ARk
T CO, FURUT BE, Rt/ N IE 3T, BT 21=)
2af12b. IR BARHSE S LI BR B R S B, {H R R %
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AR KRR, fEHI4 2a F1 2b i, o = 2 AE
Bl 2 SR A SR 5V (78% ~ 87%) A5 1R K, Hmlik#
93%LL L, EF T H L

1 &%) 3a~3b. 5a~5f Al 6a~6b 1517& ki 7K
R, LU= e, =SB 4E & 7 A AL 7).
B, EILERRE 1a~1c¢ BY 2a~2b [FRIE 5 = G X
TV R e - T RV T R A4, 53— 7 4-S R & (4-
R R SR N R IR AT AEY) 4a~4b MRS
BRI ERIBR IR T, TER T Ml sd, AT A B .
16 BRI R AR A, TR R i = R R R
fREF(E 0 “CLAR, HPLC BREZIEI, 2 h M 5ekE, i
B 30k 3ok v R s S R e 2 AR AR A, TG i
RIEAL. EALEW) Sa~5f 1 6a~6b K& AT, Bl
B 3a~3b AT EL, WL N AL, FrR
FAR. Forri H = SRR G AR AL T, 465 T R
NSRS fE(E T G AR R . S HAR S TR

tb&%) 4a~4b F1 7Ta~7b LAY 3a~3b
6a~6b 1E R 2614 N i 2s Boc (R4 JE il 1. AR —
A HFE(DCMTERE R, =5 4B (TEAEBL LRI 71, =
RO 7, HWEER A LT BT, Bk
BRI TS R AN S T IR B 7, B le A4 R 5 T 2
EETYARE, HBAERYN =R oRE. %8k
BRI T 0, PABRE rT15 207 5. i Boc B, BRI
WRPE LA AR, AR 2 2K S B 8] 5 H Boe ANRE
sealii, o Ee SERKEN R, mid o KESEL, RA
e &Y da~4ab [EAERBYIELA ny & nppa
npem=1: 6 1 24.5 L&Y Ta~Tb LN R N
ng: nrea - npem=1: 5.5 26.3.

&) 8a A1 8b WG T2 Sa~5f LA,
Horr ke Frigin, SN B FE I B, s NI (R
Frig K, 4@t HPLC Wil wh € fefh S v 461
1.2 ELEsh

PLEARE A 8b . LAME R G, 7 3294, 2982,
1683, 1651, 1540, 1267 1 1224 cm™ ' B3 A R AF W i i ;
"H NMR GRS PR TG S A A 3 b AU
FTACAG SRR, 7E 8 1.15 AL IR t W (12H); KN
e CH, EWMERE T H T EENMHAEN, £ 0
2.91~3.11 kA H B £ Ei%(2H), NHCOO FEJE T H T 57+
PR HR T 5 1t PR O ) =34 R B, TR AL HY U
JKBEF YA CH EEJETF 3 7E 6 3.97~4.04, 422~
4.27,4.59~4.64, 4.69~4.75 A Bl L Eg, R T =4
RIEFRIERE I 6 7.18~7.32 AL EIE(TH)F 6
7.70 Ak BRI (2H) A 2 TR 24 R 2R A R I 2R A 1) 48 &
W 6 7.97 kEXUIE (1H), 5 8.16 ALXUE(1H), 6 10.24 b5
WEE(TH) M NH R &R T, R T =5 1 IR 454,
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| JL
e 13 ko

5a:R'=F, R2-06H50H2 5d: R" = CF30, R? = CgH5CH,

“NH, —] 5b: R'=F, R2 = CH,4 5e: R' = CF;0, R? = CHj3
o 5c:R'=F,R?=CH(CH3), 5f: R' = CF30, R? = CH(CHj3),

DCM/0 °C

P

7a: R1

B 1 RARATEMI N T HCE Bt 2k

Scheme 1 Synthetic route of the small peptides of phenylalanine derivatives

PC NMR B LIRS+, IRk 6 9.51, 18.44, 18.53,
22.49, 37.88, 48.78, 50.37, 55.26, 67.44, 119.34, 155.99,
170.48, 172.65, 173.02; 7538 6 121.15, 122.07, 126.89,
128.59, 129.62, 137.81, 138.42, 144.13. JCL&E /3 HT Anal.
caled for CyH3Ny: C 56.52, H 5.65, N 10.14; found C
56.54, H 5.64, N 10.16. U= maifE &, = o dmis
HRMS caled for CaHsFsN4NaOg [M+Na]® 575.2098,
[2M + Na] © 1127.4268, found [M + Na]* 575.2094,
[2M+Na]" 1127.4259. Ui#5 FRIEH. 44 FTIR.'H
NMR. “CNMR. JC&E/Hr. HRMS 504, 7850
Tt B 77 i 5 1) 1) TR
1.3 IBhEsE M

A SCR FH 28 L Fr YR A TR 1 1 DO 20 MR (MTT) BE 2
1%, AE M5 (camptothecin){E N BHMEXS {84, X HAxfb
G VAT T AR AP R E I, 3 AN T 4
SMC7721, HFrL&Y) 5a~5d A1 8a, 8b X Jit 53 4H ffa 184

Chin. J. Org. Chem. 2015, 35, 2429~2436

SRR AR AR 1 .

R 1 HEMCEYR A SMC7721 S5 40151 % (%)
Table 1 The inhibition rate (%) of the target compounds to
hepatoma SMC7721 cells proliferation

Concentration/(umolemL ")

Compound 05 ] 2 7
5a 3.94 14.66 21.99 35.15
5b 43.81 53.01 62.02 66.52
Sc¢ 21.15 34.40 48.37 54.61
5d 16.34 17.01 26.62 40.64
Se 47.66 61.11 73.83 82.17
5f 23.21 47.54 63.21 73.90
8a 24.43 33.59 39.27 55.59
8b 63.56 78.03 81.12 82.29

Camptothecin 81.04 83.92 84.47 86.79

© 2015 Chinese Chemical Society & SIOC, CAS

MFE 1 IRAES R T AE e ()T Bis e & W1E
2 umol/mL W5t B 4N SMC7721 HI38 5 R I H 84
(R R, e LI 5 A P ) 35 4 1) 25 SR A AR 75 58
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WS (2)FE SR A 4- =550 P SRS R 2R 1) 22 LT T 11
4- TN AR IS VI DUMR e R Ry, SR AT R
S5aME R AR T oA K. (3) 4- = P
F M ZHNACE W b 0 = ISR R U R I 1k 2
eI A R I h N IR K 5N AT BASR AL & 4 1Y
PUMRIETE. BEAh, FATRIAE RIS Se F1 8b 5=
BB P Al SMCT7721 BOHIHI e EIT, AR ATEAE
(RIS R 245470

2 ZEig

AL - E RN 4-F 25 1% (4- = 50 T A L 25 1%)
IR ERL, SEIEGY . BiE S By, BEE .
TR, BaAE2 0 RN, WITHEmRT —R5 8
AN KM SCHRARE I 2K T R IR AT /INGy TR, JE A
SCA IR SRR I SR Bl AR RT, I H RN
SR, HRAE R, SACEREEE. RS T, TR
TH =S E RS B e S48 57, IERASREERR 1)
56 B 2 AR IR 48 A1 N = S8 — Fh s A7
BIA], PR T RCAS . $2m 7%, ik T 5 B p
IR FIRAET T RN A, SN . YRS R
X250 I SRR, A= FEiE HPLC BREZMEI, #ie T
e B2 At, KA FTIR.'H NMR.”C NMR.HRMS
TG E A BT SRR 7 200 B AR L & P 25 H BEAT R A
UbAt, AR BT B A& Pt AT 1 i v
W, MR REW, Frf BAsb 5975 2 pmol/mL B X}
FHE4iE SMC7721 FIHEHE 2 I H A 4 s i e, 3
i Se A1 8b X 2N M AR A, 5 S ROG
S H S RO AR, TR B 25k S A, K
HAERMAT BRI T, s BT 29 T &
Pt — s B E.

3 SEEESs
31 X5

J4 s K MPA-100 4= E 30065 mU G e G TR AR
E); e e R A Lt WXG-4 edei e, 'H
NMR 1 *C NMR 3% H Bruker-400 FAZ % 3L 4R A 52 (LA
CDCl; 8%, DMSO-d, i 71), LA TMS N #5; FTIR K H
FTIR-8400S %Y 21 4b Ot i 4% | %€ ; ESI-HRMS ¥ H
micrOTOF-Q IT PYAR AT~ €47 18] B RS 52 ;. Je R a4
KH Yanaco MT-3CHN ll %€ . & #§5(camptothecin) X} &
V(b AR AR I A A PR A mI 2 t), e Bk
IR BT AL B = A, A S BRI LAY, 1Y
PRI . ST 2 AT AT R A

A B DAt P 35 v R A LC-20A R4
B, WA 7% RATHAE—10i%; HPLC 704 %%
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4 Spursil C18-EP i #E:, %4 254 nm, FiahHN (&
) - V(ZIRZERIK) =170 : 30, JE 0.8 mL/ min.

3.2 {kEYMEIE

3.2.1 Aehdm 1a~1c 894 A%

P 1a Nfl: 500 mL A idkas . WETH. =R
LR AT R S A PY FOf R, N 240 mL 7K 16.8 g
(0.42 mo) EEALHN, PEFEVEME, PN 66.1 g (0.4 mol)
LKA, VKA, BEEERI 51.5 g (0.42 mol)54
R NG, HIEE/NT 5 C, WMnxtE)s, AE=x
kSR B, HPLC BREFIEI, 4 h R 5EEE, vK/K&EH),
1 10% HIEERRIATT pH N 2~3, H 2B ZBEZEH 3 IR,
HIHANUEF MRS KR, KRR T, &
JE R4 AT, BRI ED) 1a.

L-ZF 7 & Bk 5 79 R (1a): (3 60 B IR [ 4k, 4l
97.8%, W% 93.3%. 'H NMR (400 MHz, DMSO-d;) o:
1.06 (d, J=6.2 Hz, 3H), 1.14 (d, J=6.2 Hz, 3H), 2.80~
2.86 (m, 1H), 3.02~3.07 (m, 1H), 4.12~4.17 (m, 1H),
4.62~4.69 (m, 1H), 7.19~7.34 (m, 6H), 12.32 (brs, 1H,
COOH).

L-AREF HBE(LL - AR N RN (1b): IR
TR, 4H7E 97.1%, YK 94.5%. '"H NMR (400 MHz,
CDCly) &: 1.23 (d, J=6.2 Hz, 3H), 1.45 (d, J=7.2 Hz,
3H), 4.27~4.44 (m, 1H), 4.84~4.92 (m, 1H), 6.83 (brs,
1H, NH), 9.99 (brs, 1H, COOH).

L-B B S R (UL L-40 R N R (1e): iR 3E
HORYD, 4RF 97.1%, W 93.6%. 'H NMR (400 MHz,
DMSO-dy) 6: 0.86 (d, J=6.8 Hz, 6H), 1.14 (d, J=3.6 Hz,
6H), 1.97~2.06 (m, 1H), 3.82~3.87 (m, 1H), 4.70~4.77
(m, 1H), 7.06 (brs, 1H, NH).

322 fubdhm 2a 4= 2b 894

DL 2a Af: 1000 mL 256 Hi e WETH R
SRS AEE DY O, N 200 mL ZKAT 200 mL
PUSRIR, HEHE, A 101.2 g (1 mol)=Z %, A
82.5 g (0.5 mol) L-ZKNZEIR, Ktz T, itk
109.1 g (0.5 mol) Boc FREF(7AT 200 mL PUS LI H),
SRR E VKA, THRZE 30 °C, HPLC FREZINEMI, [N
5 h SERE, JRIEZE A, AN, FRRT R R T T
pH N2~3, & H I3 K, G IEHEVLEHREM

K, TOKBREREE T, o Wk4n e g, 13
FLAY) 2a.

Boc-L-ZK N AR (2a): HEREA, 40 98.1%, %
94.2%. m.p. 84.3~84.8 C(OCHAE 84.0~86. 0 C); 'H
NMR (400 MHz, DMSO-dg) 6: 1.32 (s, 9H), 2.81~2.87
(m, 1H), 3.01~3.05 (m, 1H), 4.09~4.15 (m, 1H), 7.07 (d,
J=8.4 Hz, 1H, NH), 7.19~7.29 (m, 5H), 12.62 (brs, 1H,

Chin. J. Org. Chem. 2015, 35, 2429~2436
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COOH).

Boc-L-H&IR(LA L-TN AR AIEED (2b): A REA,
4 97.8%, HH 93.1%. m.p. 82.2~82.8 ‘C(LHAH
80.0~83. 0 “C); 'H NMR (400 MHz, DMSO-d) 6: 1.21
(d, J=7.4 Hz, 3H), 1.36 (s, 9H), 3.88~3.95 (m, 1H), 7.04
(d, J=7.6 Hz, 1H, NH), 12.33 (brs, 1H, COOH).

323 tub4s 3a A= 3b 895K

LA 3a fl: 1000 mL A HHEES . IR T RN
SRS AR DY O, N 200 mL Jo/K PUE K
W, BEFRE RN 22.2 g (0.2 mol)XH KM, FIIA 583 g
(0.22 mol)ft & 2a A1 60.7 g (0.6 mol)= 2%, vKEL¥A
ZAEF, W 307 g (0.2 mol) =& SAME, xR EAE
0 ‘CLLF, WEE, 2 10~15 C /3, HPLC FRIER W,
2 h JeNoeke, hUE, R 2R OB Rt AREE A
HLZF A NaHCO R Ve 1 Ik, A& Eh/K¥E 2k,
KT R B 0, VR0 e HH A R, R i T R 4
REMAY) 3a.

A-F IR NG -L-R N R R-Boc (3a): H Gy AR IE A, 4l
[ 98.5%, ULH 85.5%. m.p. 168.8~169.2 C; [aly +
29.8 (¢ 1.0, DMF); '"H NMR (400 MHz, DMSO-d) 6: 1.31
(s, 9H), 2.81~2.89 (m, 1H), 2.96~3.01 (m, 1H), 4.28~
4.34 (m, 1H), 7.09~7.32 (m, 8H), 7.60 (dd, J=8.9, 5.0
Hz, 2H), 10.14 (s, 1H, NH); “C NMR (100 MHz,
DMSO-dg) 6: 171.21, 159.69, 157.30, 155.88, 138.42,
135.82, 129.74, 128.51, 126.77, 121.57, 121.49, 115.84,
115.62, 78.57, 57.04, 45.85, 37.95, 28.63, 9.49.

4- =5 P I R L-L- R TN B2 -Boe(LA 4- =3 4
FOR N EED@D): Bk R EMA, 4 98.7%,
85.7%. m.p. 122.6~123.1 C; [a]y +40.7 (¢ 1.0,
DMF); 'H NMR (400 MHz, DMSO-dy) d: 1.32 (s, 9H),
2.82~2.88 (m, 1H), 2.96~3.01 (m, 1H), 4.29~4.35 (m,
1H), 7.16~7.38 (m, 8H), 7.63 (d, J=8.9 Hz, 2H), 10.20
(s, 1H, NH); "C NMR (100 MHz, DMSO-d;) d: 171.62,
155.92, 144.05, 138.72, 138.39, 129.77, 128.52, 126.79,
122.07, 121.10, 119.37, 78.60, 57.15, 45.79, 37.83, 28.63,
9.07.

3.2.4 b 4a A= 4b B9 AR

UL da Hfl: 500 mL BeAHIREA . RETH 2R
BEE VY O, N 160 mL & HkE, 68.4 g (0.6
mol) = 4HR, #+¥ 10 min, I 35.8 g (0.1 mol)fb&
Y 3a, $5 0 CJe N, HPLC BREZWAIN, #EHES M 4 h,
IR 75 H A A B =5 R, W, AR
FREENIA W pH A 7~8, H & AR =X, &I
AHLEFE A& SRR, TOKIEREE T, &5k
gile R, M S LR E LS, BE A 4a.
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-G R MG -L- 2K TH R R (4a): 11 (0 oK [ 44, 4l
97.7%, W# 86.5%. m.p. 189.4~190.1 C; [aly —+19.9
(c 1.0, DMF); '"H NMR (400 MHz, DMSO-d) o: 3.07~
3.19 (m, 2H), 4.16 (t, J=7.0 Hz, 1H), 7.16~7.34 (m, 7H),
7.52 (dd, J=9.1, 5.0 Hz, 2H), 8.35 (s, 2H, NH,), 10.53 (s,
1H, NH); *C NMR (100 MHz, DMSO-d,) o: 167.26,
160.21, 159.23, 158.91, 157.82, 135.36, 134.86, 130.00,
129.05, 127.72, 122.08, 122.00, 119.24, 116.15, 115.93,
54.77, 37.60.

4- =P IR IL-L- R AR (LA 3b A5 E(4b):
H R AR E A, 45 98.3%, ILF 86.6%. m.p. 106.3~
1069 C; [a]d +24.7 (¢ 1.0, DMF); '"H NMR (400
MHz, DMSO-dy) d: 2.72~2.77 (m, 1H), 2.99~3.03 (m,
1H), 3.55~3.61 (m, 1H), 7.19~7.31 (m, 7H), 7.72 (d, J=
9.1 Hz, 2H); *C NMR (100 MHz, DMSO-d) 6: 174.18,
144.05, 138.97, 138.55, 129.78, 128.61, 126.66, 122.03,
121.10, 119.37, 57.59, 41.42.

3.2.5 tLbd 5a~5f A= 6a~—6b 494 %

DL Sa Afil: 100 mL ZEAHFEE . AT =S54
RN S DY FOf R, InN 60 mL JE K DY Ak
W, BEPE R AN 2.58 g (0.01 mol)fb &4 4a, I 2.76
g (0.011 mol)fb &4 1a F13.54 g (0.035 mol)= 2%, UK
R SAET, WEhn 1.53 g (0.01 mol) =5V, FHIEE
fE0 CLLF, HPLC Ml s B, =i 2 h )R B sebe, o,
W IEVEH OB Ol se, SHAEVUER 20 mL B0
NaHCO; VWL 1 ¥, 50 mL M A& 2Kk 2 Wk, ToKER
FREE 1, Bl IR 40 793 2 [E AR F= i, 1l Z8 TR oA
LR R EE V(L TE)/ V(R ) =20/1], XA ik AT B 2
i, WHIBENAY) Sa.

4-FR AR NG -L-R N A -L- 2K 9 28 9 7 A B (Sa): B8
AR [ A4, A 98.3%, WX % 84.6%. mp. 231.7~
2322 °C; [aly +12.6 (¢ 1.0, DMF); '"H NMR (400
MHz, DMSO-dg) 6: 1.04 (d, J=6.0 Hz, 3H), 1.11 (d, J=
6.0 Hz, 3H), 2.64~2.70 (m, 1H), 2.89~2.97 (m, 2H),
3.04~3.09 (m, 1H), 4.18~4.23 (m, 1H), 4.61~.67 (m,
2H), 7.13~7.30 (m, 13H), 7.57 (d, J=8.1 Hz, 2H), 8.25
(d, J=7.4 Hz, 1H, NH), 10.11 (s, 1H, NH); *C NMR (100
MHz, DMSO-ds) d: 171.99, 170.16, 159.77, 157.39,
156.01, 138.44, 137.79, 136.56, 129.72, 129.64, 128.60,
128.43, 126.91, 126.64, 121.63, 121.55, 115.87, 115.65,
67.46, 56.50, 55.17, 38.27, 37.95, 22.40; IR (KBr) v: 3299,
3275, 2980, 1689, 1652, 1532, 1510, 1289, 1219, 832, 699
cm” L. Anal. caled for CogHsoN,: C 68.42, H 6.15, N 8.55;
found C 68.45, H 6.13, N 8.57.

-G RE-L- R R e -L- N 2 e 5 AR 4a FT 1b
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RIFEEDSb): AR, S5 96.7%, IE 80.2%. m.p.
243.8~244.0 C; [a]d +12.5 (¢ 1.0, DMF); '"H NMR
(400 MHz, DMSO-dg) 0: 0.97 (d, J=7.1 Hz, 3H), 1.14
(dd, J=11.2, 6.2 Hz, 6H), 2.83~2.88 (m, 1H), 3.10~3.15
(m, 1H), 3.94~4.07 (m, 1H), 4.60~4.75 (m, 2H), 7.14~
7.27 (m, 8H), 7.65 (dd, J=8.8, 5.0 Hz, 2H), 8.32 (d, J=
8.4 Hz, 1H, NH), 9.99 (s, 1H, NH); °C NMR (100 MHz,
DMSO-dg) 6: 173.06, 170.20, 159.77, 157.38, 156.02,
137.88, 135.59, 129.71, 128.54, 126.85, 121.55, 121.51,
115.87, 115.65, 67.56, 55.00, 50.64, 38.08, 22.50, 18.50;
IR (KBr) v: 3292, 2981, 1689, 1653, 1536, 1511, 1220,
834, 699 cm '. Anal. caled for CpHyN5: C 63.60, H 6.31,
N 10.11; found C 63.62, H 6.30, N 10.12.

-5 RN -L- 2R TN 2 -L -5 2 T 7 TR R (A 4a A1 1c
RIFEEDSe): AR, 4 97.1%, BCE 79.2%. m.p.
209.3~209.9 C; [a]d +14.9 (¢ 1.0, DMF); '"H NMR
(400 MHz, DMSO-d;) 0: 0.73 (t, J=7.5 Hz, 6H), 1.16 (t,
J=5.5 Hz, 6H), 1.84~1.89 (m, 1H), 2.87~2.93 (m, 1H),
3.02~3.07 (m, 1H), 3.77~3.82 (m, 1H), 4.65~4.76 (m,
2H), 6.94 (d, J=8.8 Hz, 1H, NH), 7.11~7.28 (m, 7H),
7.56 (dd, J=9.0, 5.0 Hz, 2H), 8.11 (d, J=8.0 Hz, 1H,
NH), 10.07 (s, 1H, NH); *C NMR (100 MHz, DMSO-dj)
5: 171.65, 170.24, 159.74, 157.35, 156.32, 137.85, 135.56,
126.83, 121.47, 115.85, 115.63, 67.55, 60.70, 55.00, 38.17,
30.83, 22.46, 19.52, 18.59; IR (KBr) v: 3290, 2975, 1691,
1648, 1540, 1511, 1222, 833, 700 cm . Anal. caled for
C,sH3oN3: C 68.42, H 6.15, N 8.55; found C 68.45, H 6.11,
N 8.58.

4- =5 PR R R V- L- 2R T 21 - L- 2K T B TR B
(LA 4b A1 1a NJERNS): AR KRBA, 205 98.7%,
W& 83.0%. m.p. 203.2~203.9 C; [a]y +15.0 (¢ 1.0,
DMF); '"H NMR (400 MHz, DMSO-d;) d: 1.04 (d, J=6.2
Hz, 3H), 1.11 (d, J=6.2 Hz, 3H), 2.64~2.70 (m, 1H),
2.88~2.97 (m, 2H), 3.05~3.10 (m, 1H), 4.19~4.24 (m,
1H), 4.59~4.71 (m, 2H), 7.13 (d, J=8.6 Hz, 1H, NH),
7.20~7.33 (m, 12H), 7.67 (d, J=9.0 Hz, 2H), 8.30 (d, J]=
7.8 Hz, 1H, NH), 10.28 (s, 1H, NH); *C NMR (100 MHz,
DMSO-dg) 6: 172.09, 170.54, 156.03, 144.18, 138.46,
138.40, 137.75, 129.72, 129.65, 128.63, 128.44, 126.95,
126.64, 122.11, 121.16, 119.35, 67.46, 56.48, 55.27, 38.17,
37.96, 22.41; IR (KBr) v: 3282, 2980, 1689, 1651, 1533,
1280, 1243, 1223, 699 cm'. Anal. caled for CooHzoN;3: C
62.47, H 5.42, N 7.54; found C 62.48, H 5.40, N 7.56.

4- — 55 F AR R e - L- 2 TR 2 1 - - T Tt S TR T (LA
4b 1 1b NJFER)(Se): FEIE M, 4E 99.1%, W
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81.1%. m.p. 213.8~2143 C; [aly +15.1 (¢ 1.0,
DMF); 'H NMR (400 MHz, DMSO-d;) d: 1.14 (brs, 9H),
2.85~3.00 (m, 1H), 3.08 (d, J=9.7 Hz, 1H), 4.01 (brs,
1H), 4.66~4.73 (m, 2H), 7.18~7.31 (m, 8H), 7.68 (d, J=
7.9 Hz, 2H) , 8.08 (d, J=7.1 Hz, 1H, NH), 10.17 (s, 1H,
NH); *C NMR (100 MHz, DMSO-d;) d: 173.13, 170.55,
156.01, 144.17, 138.39, 137.81, 129.69, 128.57, 126.88,
122.10, 121.13, 119.35, 67.55, 55.08, 50.58, 38.00, 22.49,
18.50; IR (KBr) v: 3292, 2983, 1686, 1649, 1539, 1510,
1264, 1220, 842, 700 cm . Anal. calcd for CpHygN;: C
57.38, H 5.44, N 8.73; found C 57.40, H 5.41, N 8.75;
HRMS caled for C,3H,cF3N3NaOs [M+Na]™ 504.1698,
[2M+Na]" 985.3528; found [M+Na]™ 504.1718, [2M+
Na]'985.3547.

4- =55 FFV AR R V- L -2 TR 2 T - L- 4800 2 S S TR R (LA
4b A 1c AEEHGH: BEMEE, G0 97.1%,
79.2%. m.p. 209.3~209.9 C; [a]y +15.6 (¢ 1.0,
DMF); 'H NMR (400 MHz, DMSO-d) &: 0.73 (t, J=7.2
Hz, 6H), 1.16 (t, J=5.8 Hz, 6H), 1.84~1.89 (m, 1H),
2.88~2.94 (m, 1H), 3.03~3.08 (m, 1H), 3.79~3.83 (m,
1H), 4.67~4.76 (m, 2H), 6.94 (d, J=8.8 Hz, 1H, NH),
7.17~7.32 (m, 7H), 7.67 (d, J=9.0 Hz, 2H) , 8.17 (d, J=
7.9 Hz, 1H, NH), 10.27 (s, 1H, NH); *C NMR (100 MHz,
DMSO-d) o: 171.73, 170.63, 156.32, 144.13, 138.43,
137.81, 128.55, 126.87, 122.09, 121.09, 119.34, 67.54,
60.67, 55.12, 38.08, 30.85, 22.46, 19.52, 18.60; IR (KBr)
v: 3298, 2978, 1690, 1649, 1540, 1511, 1271, 848, 700
cm” L. Anal. caled for CooHsoN;3: C 62.47, H 5.42, N 7.54;
found C 62.51, H 5.40, N 7.57.

4-3 AR -L- 2R TN 2 - L- T 2 BB -Boc(LA 4a £ 2b
JRE ) (6a): B AR E A, 4 97.8%, UHE 83.9%.
m.p. 1352~135.9 C; [a]d +17.4 (¢ 1.0, DMF); 'H
NMR (400 MHz, DMSO-dg) d: 1.10 (d, J=7.2 Hz, 3H),
1.35 (s, 9H), 2.90~2.96 (m, 1H), 3.03~3.08 (m, 1H),
3.90~3.95 (m, 1H), 4.62~4.67 (m, 1H), 6.97 (d, J=7.1
Hz, 1H, NH), 7.10~7.29 (m, 7H), 7.59 (dd, J=8.8, 5.0
Hz, 2H), 8.05 (d, J=8.0 Hz, 1H, NH), 10.17 (s, 1H, NH);
BC NMR (100 MHz, DMSO-dg) §: 173.12, 170.23, 159.76,
157.38, 155.57, 137.87, 135.61, 129.74, 128.53, 126.85,
121.64, 121.56, 115.85, 115.62, 78.68, 54.97, 50.48, 38.16,
28.65, 18.55, 8.90; IR (KBr) v: 3299, 2980, 1690, 1660,
1541, 1512, 1219, 1166, 836, 699 cm™'. Anal. caled for
Ca3HagNs: C 64.32, H 6.57, N 9.78; found C 64.35, H 6.54,
N 9.74.

4- =G WA FE R L-L- R T 2 - L- T 2 R -Boc(LA 4b
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A 2b AJEEH6Db): FERRE A, i 97.7%, Wi
80.5%. m.p. 213.8~214.0 C; [a]y +22.6 (¢ 1.0,
DMF); 'H NMR (400 MHz, DMSO-dg) d: 1.10 (d, J=7.2
Hz, 3H), 1.35 (s, 9H), 2.91~2.97 (m, 1H), 3.04~3.09 (m,
1H), 3.88~4.01 (m, 1H), 4.63~4.68 (m, 1H), 6.96 (d, J=
7.3 Hz, 1H, NH), 7.18~7.32 (m, 7H), 7.67 (d, J=9.0 Hz,
2H) , 8.06 (d, J=7.9 Hz, 1H, NH), 10.28 (s, 1H, NH); "*C
NMR (100 MHz, DMSO-d¢) o: 173.19, 170.57, 155.58,
144.17, 138.41, 137.79, 129.72, 128.56, 126.88, 122.08,
121.17, 119.35, 78.66, 55.03, 50.42, 45.89, 38.10, 28.64,
18.55, 9.55; IR (KBr) v: 3298, 2981, 1691, 1661, 1544,
1513, 1270, 1165, 850, 699 ¢cm ™ '. Anal. caled for CpsHag-
N;: C 58.18, H 5.70, N 8.48; found C 58.21, H 5.69, N
8.50.

32.6 b4 Ta A= Th 694K

DA 7a ) 500 mL BAHFERS . RV TRA
B MIDY AR, N 168 mL & H B, 62.7 g (0.55
mol) = LHR, HiEFE 10 min, A 42.9 g (0.1 mol)fb &
Y 6a, #5510 °C, HPLC FREF N, 40 h KB 5EEE, %
A SRS RN SR AR, B, AR
BN pH A 7~8, A &P BEAEL 3 Ik, GHAL
JZ AN EhK e, ToKBRIBREE T, & e VR4 e
WA, HP= A CREE S g, BRI A Ta.

AT -L- 2K TR R -L-TH &R (Ta): [ (K} A [
1, 2l 98.5%, WHK 73.6%. mp. 193.7~1942 C;
[a]h +19.8 (¢ 1.0, DMF); '"H NMR (400 MHz, DMSO-
de) 6: 1.02 (d, J=6.9 Hz, 3H), 1.81 (brs, 2H, NH,), 2.89~
2.95 (m, 1H), 3.04~3.09 (m, 1H), 3.21~3.26 (m, 1H),
4.67 (brs, 1H), 7.13~7.28 (m, 7H), 7.58 (dd, J=9.0, 5.0
Hz, 2H), 8.14 (brs, 1H, NH), 10.16(s, 1H, NH); *C NMR
(100 MHz, DMSO-dg) 0: 176.05, 170.29, 159.80, 157.41,
137.73, 135.52, 135.50, 129.75, 128.52, 126.87, 121.75,
121.68, 115.86, 115.64, 54.43, 50.68, 38.62, 21.82; IR
(KBr) v: 3303, 1650, 1558, 1509, 1410, 1217, 834, 700
cm” L. Anal. caled for CigHyN;: C 65.64, H 6.12, N 12.76;
found C 65.68, H 6.09, N 12.73.

4- =G P IR L -L- R = BE-L- TN AR (LA 6b A
JEED(Tb): F R KA, 405 98.1%, % 72.2%.
m.p. 170.9~1713 C; [a]d +23.1 (¢ 1.0, DMF); 'H
NMR (400 MHz, DMSO-dq) d: 1.02 (d, J=6.9 Hz, 3H),
1.84 (brs, 2H, NH,), 2.90~2.96 (m, 1H), 3.04~3.09 (m,
1H), 3.22~3.27 (m, 1H), 4.69 (brs, 1H), 7.17~7.35 (m,
7H), 7.67 (d, J=9.0 Hz, 2H), 8.16 (brs, 1H, NH), 10.32 (s,
1H, NH); *C NMR (100 MHz, DMSO-dy) J: 176.11,
170.65, 144.18, 138.36, 137.68, 129.75, 128.55, 126.90,
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122.09, 121.26, 119.34, 54.53, 50.66, 38.52, 21.83; IR
(KBr) v: 3319, 3280, 1690, 1644, 1554, 1510, 1269, 1258,
1203, 1163, 843, 700 cm '. Anal. caled for CioHyN;3: C
57.72, H 5.10, N 10.63; found C 57.75, H 5.07, N 10.60.
3.2.7 tub4h 8a A= 8b 894k

PL 8a Affl: 100 mL A LS. RBETH =4
RO DY CO R, N 50 mL JE/K DY AR
M, FEEE I 1.65 g (0.005 mo)iL &) 7a, FEIMA
1.05 g (0.006 mol)ft. &4 1b F12.53 g (0.025 mol) = 2.},
VKERIRZE R, 0 0.63 g (0.0055 mol) =5 M, %
WEE—10 CLAN, Wk, fR¥F 0 CLLF =B, HPLC
FREZIAIN, 2.5 h J5 N5, g, IRV R 2B
e, GIFEHUZH 10 mL A1 NaHCO; ¥ 1 1%, 50
mL PRI K PE 2 IR, ToKBRIRERE T8, T8R4 15 2
(] AR ™= i, 1) 2 TR R N T/ PR E [V 2Tk )/ V(R
fE)=10/1], WA= ShdbAT B 45 4, A AR 2L S 8a.

QB T e -L- 5 TR R - L- T R - L- T I 5 7 T
(VL 7a F1 1b RNJEREN)(8a): A RE A, 40 98.3%,
% 65.6%. m.p. 231.4~231.9 C; [a]y +9.9 (¢ 1.0,
DMF); '"H NMR (400 MHz, DMSO-d) &: 1.15 (t, J=7.5
Hz, 12H), 2.88~2.94 (m, 1H), 3.04~3.09 (m, 2H), 3.92~
4.05 (m, 1H), 4.12~4.41 (m, 1H), 4.56~4.62 (m, 1H),
4.69~4.75 (m, 1H), 7.12~7.26 (m, 7H), 7.59 (dd, J=8.9,
5.0 Hz, 2H), 7.96 (d, J=7.0 Hz, 1H), 8.11 (d, J=7.9 Hz,
1H, NH), 10.03 (s, 1H, NH); “C NMR (100 MHz,
DMSO-dg) o: 173.00, 172.57, 170.11, 159.74, 157.36,
155.99, 137.87, 135.62, 126.86, 121.53, 115.83, 115.61,
67.45, 55.18, 50.40, 48.81, 37.99, 22.49, 18.52, 18.44,
8.93; IR (KBr) v: 3262, 2980, 1684, 1668, 1641, 1541,
1260, 1217, 834, 700 cm™'. Anal. caled for C,sHy Ny C
61.72, H 6.42, N 11.52; found C 61.74, H 6.41, N 11.55.

4- =5 F AR B DR -L- 2R T U - L - TR A TG -L- TS 2 T
SER(CL 7b A1 1b SAJEEL)(8b): F Ry R AR, AfifE
98.5%, W# 66.8%. m.p. 223.2~223.7 C; [a]y +10.2
(c 1.0, DMF); '"H NMR (400 MHz, DMSO-d;) d: 1.15 (t,
J=7.5Hz, 12H), 2.91~2.96 (m, 2H), 3.06~3.11 (m, 1H),
3.97~4.03 (m, 1H), 4.22~4.27 (m, 1H), 4.59~4.64 (m,
1H), 4.69~4.75 (m, 1H), 7.18~7.32 (m, 7H), 7.70 (d, J=
8.8 Hz, 2H), 7.97 (d, J=6.8 Hz, 1H, NH), 8.16 (d, J/=7.4
Hz, 1H, NH), 10.24 (s, 1H, NH); *C NMR (100 MHz,
DMSO-dg) 6: 173.02, 172.65, 170.48, 155.99, 144.13,
138.42, 137.81, 129.62, 128.59, 126.89, 122.07, 121.15,
119.34, 67.44, 55.26, 50.37, 48.78, 37.88, 22.49, 18.53,
18.44, 9.51; IR (KBr) v: 3294, 2982, 1683, 1651, 1540,
1267, 1224, 845, 700 cm . Anal. calcd for CpsHsN,: C
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56.52, H 5.65, N 10.14; found C 56.54, H 5.64, N 10.16;
HRMS caled for CaHs F3N4NaOg [M+Na]® 575.2098,
[2M + Na] © 1127.4298; found [M + Na]* 575.2094,
[2M+Na]" 1127.4259.
3.3 MTT FEMiR ik &4 i E e
AR F EME I (MTT) bb 8380 52 B bRt &4 i 4
Ab BT R R L ik B B AR K BT N e 4 i
SMC7721, #FF] 96 fLIR, &FLZ) 5000 M2HAL, Fik
HVEE 4 DRTRRIKE S 518 0.5, 1, 2, 4 pmol/mL,
Tty 10K 95 A DS A5 #5 ZELRE o (RO BE ML (A) JR, %R
F A ST TR 40 SMC7721 BHE (4 R Bk AT 5
ffﬂfﬁ”%(%):(z‘l an—A mzm)/A =nX 100%

BOg AR RGBS R A R e R R R
R g IR B o 2 B3 2 I 5 A, RF IR 20T,

% Bi# &l (Supporting Information) fT & pk H btk &
PIRILLAN, AR A . R IR S a4 P s
L X LR AT DL H 2 AAAS T 1 35 (http://sioc- jour-
nal.cn/) | %K.

References

[1] He, P--J.; Ni, S.-X.; Wang, W.-Q, Jia, J.-B. Chin. Med. Biotechnol.
2009, 4, 288 (in Chinese).
(fr P, UK, o0 BTERE, T EEHAHEK, 2009, 4,
288.)

[2] Wang, J.; Xu, Q.-L.; Li, J.-M.; Zhang, E.-L.; Hu, M.-H.; Ye, W.-F,;

2436

http://sioc-journal.cn/

(3]

(4]

[10]

(1]
[12]

[13]

[14]

[15]

© 2015 Chinese Chemical Society & SIOC, CAS

Huang, W.-J. Chin. J. Org. Chem. 2014, 34, 2040 (in Chinese).
(CEA, Wk, XMW, kB, e, g, SE%E, A
AL F2, 2014, 34, 2040.)

Yin, P.; Hu.-M.-L.; Yan, X.-W.; Wang, Y.; Miu, Q.; Chang, X.-Q.
Acta Chim. Sinica. 2008, 57, 1693 (in Chinese).

GREE, AR, Mg, T5, Bk, B5E, P FIR, 2008,
57,1693.)

Yan, A,-X.; Tian, G-L.; Ye, Y.-H. Chin. J. Org. Chem. 2000, 20,
299 (in Chinese).

(F1EH, HEFS, M, Aaies, 2000, 20,299.)

Petrova, E. E.; Valyakina, T. I.; Komaleva, R. L. Bull. Exp. Biol.
Med. 2007, 143, 251.

Reardon, D. A.; Neller, M. Future Oncol. 2011, 7, 339.

Eagle, H. Science 1955, 122, 501.

McCoy, T. A.; Maxwell, M.; Neuman, R. E. Cancer Res. 1956, 16,
979.

Li, X.-Z.; Zhao, P.; Zhan, X.-P.; Liu, Z.-L.; Mao, Z.-M. Chin. J.
Org. Chem. 2015, 35, 167 (in Chinese).

CEATE, B, e, Qs BRI, AMies, 2015, 35,
167.)

Wang, Q.-D.; Xue, S.-J.; Shen, J.-F.; Cai, Z.-J. Chin. J. Org. Chem.
2008, 28, 521 (in Chinese).

(ERFR, BB, RN, #EME, A, 2008, 28, 521.)
Mishra, S.; Hamburger, A. W. Cancer Res. 1993, 53, 557.

Raida, L.; Rusinakova, Z.; Faber, E.; Szotkowska, R; Rohon, P.;
Skoumalova, L.; Divoka, M.; Pikalova, Z.; Indrak, K.; Langova, K.
Int. J. Hematol. 2014, 100, 6, 582.

Zhang, J.; Zhang, Y.-M.; Shan, Y.-Y.; Li, N.; Ma, W.; He, L.-C. Eur.
J. Med. Chem, 2010, 45, 2798.

Liu, A.-C.; He, X.-L.; Feng, J.-L.; Chen, L.; Zou, X.-D. World Pes-
tic. 2014, 36, 5 (in Chinese).

(K225, PRREE, SRR, MRiEE, 402K, R R %, 2014, 36,
5)

Keller, O.; Keller, W. E.; Look, G. V.; Wersin, G. Org. Synth. 1985,
63, 160.

(Li, L.; Lu, Z.)

Chin. J. Org. Chem. 2015, 35, 2429~2436



