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Design, Synthesis and Biological Activity of Dipeptide Derivatives
Bearing Uracil Unit

Tang, Xuemei*’ Fan, Li“ Zhang, Zechao” Yang, Dacheng™*
(“ School of Chemistry and Chemical Engineering, Southwest University, Chongqing 400715)
(® School of Life Sciences, Southwest University, Chongqing 400715)

Abstract In order to explore a new type of anti-diabetic molecules, dipeptide derivatives containing uracil structural units
were designed. The key intermediate S-thymine-L-cysteine (IM-2) was obtained from uracil, paraformaldehyde and cysteine
through two step reactions, and then 16 dipeptide derivatives were successfully synthesized through amino protection, carbox-
ylation and amino acid coupling. All new compounds have been characterized by 'H NMR, '*C NMR and HRMS, and the
peroxisome proliferator response element (PPRE) activated activity, a-glucosidase-rat inhibitory activity and dipeptidyl pepti-
dase-4 (DPP-4) inhibitory activity were screened for all target molecules. The results showed that these molecules had weak
above-mentioned activities, meanwhile the change trend of a-glucosidase-rat inhibitory activity of these molecules is opposite
to that of PPRE agonistic activity and DPP-4 inhibitory activity. It maybe provides an idea for the research of designing novel
polypeptide multi-target drugs.

Keywords diabetes; uracil; dipeptide derivative; peroxisome proliferator response element (PPRE); a-glucosidase-rat
inhibitory activity; dipeptidyl peptidase-4 inhibitory activity

W R A — o DA vy R D 4 A £ 188 A PR
W, AR SBCOME SRR B, AR, KM
KGRI R R, AR BRBE RS 22 2017 4
MIgitt, KL 4.25 10 NEA RIBE & 3R 70 b sk = 555 B
FAHBUS R 1 B PR, HL O N B AE AN B,
WO SO R RRA L TR . AT I A R A

* Corresponding author. E-mail: hxydc@swu.edu.cn

ST — FROEFERE RS . — FRUIN 2, ek ke — W 2
(thiazolidinediones, TZD). «-7 % §# H Eg4IH57]. DPP-4
FOAFR S M v U AR -1 (GLP-1) 401 35 A A 267 b
P FIHSE E 1 2 (SGLT-2)4Ml 7 ) BARIX LI R 24
Ve S0 A R 1) 2 I RS B, (H e T LRI E
F, GnfpERE. OIS . DA . BBAmZ. O

Received November 30, 2018; revised January 26, 2019; published online February 19, 2019.
Project supported by the National Natural Science Foundation of China (No. 21542003) and the Natural Science Foundation of Chongqing City (No.

cstc2016jcyjA0421).

K HIRFH#FE 4 (No. 21542003)F1 E R 1T H S8 FH 3£ 4 (No. cste2016jcyjA0421) BB TTH .

1460 http://sioc-journal.cn/ A © 2019 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2019, 39, 1460~1468



Chinese Journal of Organic Chemistry

NOTE

JUURE B K% 25 245 75 3 Cn v ) S5 BRI 17 G i pR A 1),
ESIERIEEES N7 ot Sy & RN 7S P/
LKA ZH A NR L 5 R IRALK, BA

RS Z KA B R O 2 M. 7RI MR IR T AT
B, Lein SRR IR BRI RS
2, 2R H H BN, SN BIEZRTEKk
[k sz —3) GLP-1 324K 5h 77 % ZE ALK (exenatide)-
HIE] T RK (lixisenatide) £ R $7 & ik (liraglutide) # 2 £ Jik
T, CHEE 2 IS REDAMHER T 1
RUBE R VR . PRRIL, 2K T A BABIFH
EARE IR 1B (PTP-1B)HHI1EH(ICs A 2.9
umoleL "), IR H — 5& I HURE R 5 U0, DA PRy A
N EHA ) = IRATAE ) BUA kAT A UM B B E R
PUBE PRI VE (B 1), BRAT 0, R 22 Ko R
3 2 HA B R T 5

O._oBn
b ©
Fmoc\H N - NH,
o} KE:LO
OH
o
A (0]
Os__OH
0 y ©
N/\H/N\)J\N NH2
" H § < H §
b Bt
© 07 SoH
B
HN-N
N< N
N o)
QJKW
P
R” - H NN
Ph
c

B HAGORE RIS TR 2 Ik 2T 44451

Figure 1 Examples of polypeptide molecules with anti-diabetic
activity
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Figure 2 Anti-diabetes molecules containing uracil unit
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Regents and conditions: (i) (HCHO),, KOH, H,0, ice bath~50 ‘C, 70 h; (ii) L-cystein hydrochloride, 2 mol/L HCI; 50 °C, 50 h; (iii) Boc,0O,
KOH, H,0, ice bath~r.t., 20 h; (iv) CH;0H, SOClI,, ice bath~r.t., 6 h; (v) Fmoc-AA-OH, HOBt, DIC or DCC, DIPEA, THF, ice bath.
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Scheme 1 Synthesis of target compounds
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R R, 21 B TR, FEE5 7, W TM-c, TM-g
A TM-p, S iR (AR AE R ISR ER T 43%, RATRE
FEI R BL R AEAR DG, B, SRR IR I B ) e
LSRR AAT — 5 ARSI g S R R P AR oK
R4 E (i Trt, Boo) AR K, HAR~=W IR T
46%(1iN TM-¢, TM-e, TM-g, TM-n Fl TM-p), [ 2 %} i
H bR A& W 22 G v 5 0 o 1T SR A A
TM-a W 5 =1(86%).

#1

1.2 S¥5EH

TE RS b B A1) 24 4 I 245 00F 96 Fp O 6 AR 9 B ik
1) 16 MEAPIRAT A DpiE e, MR LK 2, H
Hh e S I A 2 B D 0 2 A4 OB TG A4 (PPRE) 3
TEPE o & E T Blg-rat 06 E. DPP-4 3 VER
R H B 1 2 W) 73 500 8 BT 254 Pioglitazone,
Voglibose LAK KR-62436. 41 kZ ¥ HFr% T # PPRE
PR ES, RAEWEY) TM-e(5F Val 4584 501
73 ) PPRE FHXTIENE L $] 40.69% (Pioglitazone
ft] PPRE BABNTEHEN 100%). R R, EIERRN
BEHUAREE R i 8 A RIS M I 4 s MR AR 22, IV HY
RS B AR BUR KR B (Tro b &

H¥r5T TM (¥l %

Table 1 Synthesis of the target molecules TM

Compd. Fmoc-AA-OH Coupling reagent Ratio” Scale/mmol Time/h Temp./C Weight/g Yield/%
TM-a Fmoc-Ala-OH DCC 1:1.1:1.2 2 7 26 0.952 86
TM-b Fmoc-Phe-OH DIC 1:1:1.2 2 22 17 0.846 69
TM-c Fmoc-Val-OH DIC 1:1:1.2 1 18 20 0.227 39
TM-d Fmoc-Leu-OH DIC 1:1:1.2 1 17 24 0.351 59
TM-e Fmoc-Ile-OH DIC 1:1:1.2 1 6 23 0.550 46
TM-f Fmoc-Thr(tBu)-OH DIC 1:1:1.2 2 6 26 0.945 74
TM-g  Fmoc-Asp(OtBu)-OH DCC 1:1:12 2 45 25 0.582 43
TM-h Fmoc-Lys(Boc)-OH DCC 1.05:1:1.2 2 6.5 27 0.871 61
TM-i Fmoc-Met-OH DCC 1:1.1:12 2 6.5 27 0.626 51
TM-j Fmoc-Pro-OH DCC 1:1.1:12 2 5.5 24 0.883 76
TM-k Fmoc-Tyr(tBu)-OH DCC 1:1.1:1.2 2 7 21 0.880 64
TM-1 Fmoc-Glu(OtBu)-OH DIC 1:1:1.2 3 8.5 17 0915 54
TM-m Fmoc-Asn(Trt)-OH DCC 1:1.1:1.2 2 5 19 1.013 60
TM-n Fmoc-His(Trt)-OH DCC 1:1.1:1.2 2 6 20 0.776 45
TM-o Fmoc-Gly-OH DIC 1:1:1.2 1 17 24 0.429 79
TM-p Fmoc-GlIn(Trt)-OH DCC 111012 2 6 18 0.696 41

“Ratio 7~ IM-4/Fmoc-AA-OH/Coupling reagent {1475 ) f 2 .
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(TM-m, TM-n, TM-p), 3 PPRE X #ahiE 4R 7
B, PR, /N BRI R4 FE AR L Bt LR O £ 4
B, BH AR Fmoce PN HABLE I, #ETEfESE
50 B A 22 1 2 T T SR

B & B H b T2 RS 2250, SEURER A
K. BUREE R X TR, 25 R M EMERIZ
AR, AR R X FIEMIERsem A . R 2 $
PPRE M X B sh il MEBE A, R ke 3L 0E i 201 S 1
BOR Y E M O A R (W TM-e >
TM-k), R & H KM EE ) 7§ (10 TM-n, TM-m,
TM-p, TM-k, TM-b) 13 PE#RAR 55. & A DLER fd i)
A&, A H & B (TM-0) Al A Z iR (TM-a) 45 14 56 11 7
T, HANEEGE RN, BRI RIS T, RATRH 7
KHEF AN TM-a, TM-e, TM-n J /AN AL () 5> T 5
PPARy FiiA 4 & 45 K938, 2PRG & A iE4T 3D xf4%, Hoxt
FEE L 4. % ECBE XS REY) Pioglitazone (1450 42 14,
TM-a 5> F ML/, RS R & A 52 s
ITH ML A, TM-n H K25, SRk A%
HMERIRZ, BEZAREREARE, KR SFEIE
PE(HHELAUE); T TM-e MUIBESEHAR/NEH, 5618
528 pioglitazone FHL, FIWH bE A 737 AHXTEL
TS I, (EE AT Pioglitazone, 53244 (LD
FEFERY 2, IS MEIE AR HA, HIi%35% 7 PPRE %
PRI PR SRR,

MFE 2 BT LLE H, B AR 1 o A B R
HE AN DPP-4 FMi 5 M ARAR 55, SR TR = Fhod M £ s
TEEI(ELS), WHRTLLE H, B RS ITE o- 1 % B G

B4 (LAY TM-a (a), TM-e (b), TM-n (c)Al Pioglitazone (d)
5 PPARy BCAA % & 454938 2PRG 117 3D TGl % 42 4]

Figure 4 3D predicted binding modes of compounds TM-a (a),
TM-e (b), TM-n (c) and pioglitazone (d) to 2PRG
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Table 2 PPRE relative activation, a-glucosidase inhibition and DPP-4 inhibition of target molecules

Entry AA Conc./(ug'mL ") cLogP tPSA PPRE relative activation/% a-Glucosidase inhibition/% DPP-4 inhibition/%
TM-a Ala 10.00 1.76  151.93 —1.87 28.86 —9.98
TM-b Phe 10.00 342 15193 5.51 28.41 —4.19
TM-c Val 10.00 2.65 151.93 27.08 17.91 —7.39
TM-d Leu 10.00 3.02 15193 13.72 —15.66 0.00
TM-e Ile 10.00 3.10 15193 40.69 —14.19 14.42
TM-f Thr(tBu) 10.00 2.83 161.16 10.86 2.176 —1.41
TM-g Asp(OtBu) 10.00 232 17823 9.75 15.68 —11.71
TM-h Lys(Boc) 10.00 145 181.03 —3.72 20.20 —16.50
TM-i Met 10.00 242 15193 14.96 —9.91 6.23
TM-j Pro 10.00 2.04 143.14 —2.79 —7.31 10.55
TM-k Tyr(tBu) 10.00 432 161.16 1.32 —7.53 10.36
TM-1 Glu(OtBu) 10.00 2.61 178.23 3.00 —6.23 6.59
TM-m Asn(Trt) 10.00 570 181.03 —9.62 —2.78 4.69
TM-n His(Trt) 10.00 6.37 169.75 —10.21 —3.59 0.87
TM-o Gly 10.00 1.20 151.93 3.92 —2.34 —4.75
TM-p GlIn(Trt) 10.00 5.99 181.03 —3.08 —1.43 1.99
Pioglitazone 0.78 333  68.29 100.00 — —
Voglibose 1.00 —4.85 153.64 — 92.38 —
KR-62436 0.30 —1.03 117.2 — — 73.11
Chin. J. Org. Chem. 2019, 39, 1460~ 1468 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1463
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Figure 5 Comparison graph of three kinds of target molecules
activities
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Schuchardt, WYL TH R AF), = LR (Hr4t,
R T AR RAL AT ), F AV A Ak U [
HI.
3.2 HEKEY TMHERK
3.2.1 AR 5-% T R E0 (5-HmU, IM-1) 49 %) &

250 mL [FJERH I KOH (4.38 g). 7K(150 mL),
VKIAEN, b N JRmEnE (11.23 g, 100 mmol), i+
W, JLordhfa, itim N 2 B B iEG.602 g, 120
mmol), ZEiRHFE0.5h)E, BT 50 CHIZKHGH, kel
e HEERHETLO) WM R PIEFE. RR4R S, B
SN, UK R 2 mol/L HCI WA pH=7, i
P, B E, MUE TR W ARG R LRSS
HCHR[24,251— 8.
322 PREMR S-RARCER -L-F Bk A BR 3B 3 (L-HCle
H-Cys(T)-OH, IM-2) % %] &

£ 250 mL B PRI L-F B2 R Sh e £
(4.710 g, 30 mmol) A 5-F2 H HL JREEIE (5-HmU) (4.260 g,
30 mmol)f&, —IRMEMAMKEE N 2 mol/L [ FR I 120
mL, 50 CH{FEM M, TLC Wi e M FE. [ Y, #5HE,
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A, Frih Ak, ik, T, RIS 7460 ¢ S-HAE
W I -L- 2 B &R # BR £ [HCI-H-Cys(T)-OH]™, Ui %
88%. m.p. 239~241 ‘C; IR (KBr) v: 3432, 3268, 3229,
3073, 2966, 2816, 1752, 1722, 1701, 1638, 1175 cm ';
API MS m/z: 268.0 [M+Na—HCI]", 246.0 [M+H—
HCI]".
3.2.3 PR N-B T & H K -S-F AR B -L-F Bk 2 BR
(Boc-Cys(T)-OH, IM-3)#% 4| %

7E 250 mL &M+ A HClsH-Cys(T)-OH (30
mmol)F17K 50 mL, vK/AKIEAEN, P FEEIMAGA
SAEAH KB 100 mL, F NN Boc,O (45
mmol), JIEE =R AR, TLC M s N RE, [ it
T PP 3 s FH S SR B K A T 4 S S pHL o e 4 R A
9 DL E. mMsEEESE, LBEREHL(30 mL X 3), /KZUKKIA
AH), FHRER 2 mol/L MR /KIEWR T pH % 3~4,
A E AT . T BE, JEPEE KRR mLX2), %H;
Ve 18 ZBEXEEL(20 mL X 4), & 3F 2 L EEABUR,
To/KBRERAN T8, 80 280 BN 70, R AR 50
mL £l (b.p. 60~90 C), A EMHTH. AGd %, Hh
U, FTSIEDFS R K G G BIEDT G, T, R
[f]44 Boc-Cys(T)-OH, [ & 441223,
324 FREAR S-PARRE R -L-F B £ PR T BS R 3
(HCI+H-Cys(T)-OCHj3, IM-4) %% %] &

£ 100 mL [FJKLHHIMANHFEE 50 mL, VKR4
H, HidE RN &P, InEESiEE 30 min, F4>
LA Boc-Cys(T)-OH, M= HEH: = S, TLC Hill
AR, R SEEE JE, YR 28T B0 ), TRARYIH
FEE 10 mL 708U FHBOEIEZR 2, B 3 KA HF
& HCL, JEMANTK OB, B, g, JEuET
J&, RI43 4k HCI-H-Cys(T)-OCH;, FIE AR, mp.
193.7~195.0 ‘C; ESIMS m/z: 260.1 ((M—CI]", 100).
3.2.5 HARL4E4 Fmoc-AA-Cys(T)-OCH; (TM)# 4!
%

BEIL AN 1 mmol HCI=Cys(T)-OCH;. 1 mL J&/K
VU BLIE(THF) 1 mmol DIPEA, VKR, HitdE. BeIm
NN Fmoc-AA-OH (1 mmol). HOBt (0.162 g, 1.2
mmol). JG7K THF 1.5 mL, $#i#; 5 min J5, BB EIEE
% DIC (0.2 mL, 1.2 mmol)Z A\ DCC (1.2 mmol), ¥Ki#
THERE 5L 0.5 h JE, BRA, TLC Ml SghFE.
SRNESERE, HHEERR AN EY, R AE 8T 2Bk THF.
AN IR B 25 mL, Hide/REMILEME, FIAG&E
IO 10%F B BR K VAW 20 mL, FIZIEEE 10 min, &
#H, 7. LR OFEEMKIH 0.5 mol/L NaHCO,/H,0 ¥
(15 mLX2). M1 NaCl ¥R (15 mL X 3)#k; A K
FEH R (10 mLX2)EH, &IFNE, THGEIK
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i b P AT B S, HAEE T (S8R LR/ A T Bk
CHCIly/CH;0H)#5 2| B A7 4>F TM.

45 WA R - L- D I - S- (160 J s B )- -~ Joe R Y
fig(TM-a): /=% 86%. m.p. 136~138 C; [a]7 —17.0 (c
0.1, DMF); '"H NMR (DMSO-d,, 300 MHz) d: 1.23 (d, J=
6.9 Hz, 3H, H-25), 2.73~2.85 (m, 4H, H-15, H-16), 3.62
(s, 3H, H-24), 4.10~4.27 (m, 4H, H-7, H-8, H-11), 4.47~
4.49 (m, 1H, H-14), 7.32~7.41 (m, 4H, H-3, H-4), 7.53
(d, J=7.59 Hz, 1H, H-18), 7.72~7.83 (m, 3H, H-10,
H-5), 7.88 (d, J=6.60 Hz, 2H, H-2), 8.39 (d, J=7.50 Hz,
1H, H-13), 10.84 (d, J=4.50 Hz, 1H, H-19), 11.16 (s, 1H,
H-21); *C NMR (DMSO-d,, 75 MHz) d: 172.9, 171.1,
168.2, 165.9, 163.7, 151.3, 139.4, 128.9, 127.7, 127.3,
127.1, 125.3, 121.4, 120.1 109.8, 65.7, 54.6, 52.1, 51.8,
46.7, 34.3, 32.2, 20.4; HRMS calcd for Cy7H,sN,0,SNa
[M+Na]" 575.1571, found 575.1564.

25 W SR I - L- 2R T I -S-( i JU e g )- L ok 2 R
H B (TM-b): 7% % 69%. m.p. 203 ~204 C; [a]]
—21.0 (¢ 0.1, DMF); '"H NMR (DMSO-d,, 300 MHz) ¢:
2.73~2.86 (m, 4H, H-15, H-16), 2.88~3.00 (m, 2H,
H-25), 3.64 (s, 3H, H-24), 4.11~4.27 (m, 4H, H-7, H-8,
H-11), 4.54 (s, 1H, H-14), 7.18~7.43 (m, 10H, H-3, H-4,
H-18, H-27, H-28, H-29), 7.61~7.65 (m, 3H, H-10, H-5),
7.93 (d, J=7.44 Hz, 2H, H-2), 8.62 (d, J=7.47 Hz, 1H,
H-13), 10.84 (d, J=4.53 Hz, 1H, H-19), 11.18 (s, 1H,
H-21); *C NMR (DMSO-d,, 75 MHz) d: 171.9, 171.1,
163.7, 155.8, 151.3, 143.8, 140.7, 139.4, 138.1, 129.3,
128.1, 127.7, 127.3, 126.3, 125.3, 120.1, 109.0, 65.7, 55.9,
52.2,51.8, 46.6, 37.5, 32.2, 27.5; HRMS calcd for C33Hj,-
N,O;SNa [M+Na]" 651.1884, found 651.1880.

25 W SR IR - L- A R Tk -S- (0 iR M g ) - L - 2= P 2 R
fig(TM-c): 723 39%; m.p. 160~161 C; [a]? —30.0 (c
0.1, DMF); '"H NMR (DMSO-d,, 300 MHz) J: 1.00 (d, J=
6.57 Hz, 6H, H-26), 2.78~2.87 (m, 5H, H-15, H-16,
H-25), 3.64 (s, 3H, H-24), 4.22~4.26 (m, 4H, H-7, H-8,
H-11), 4.50 (m, 1H, H-14), 7.30~7.44 (m, 5H, H-3, H-4,
H-10), 7.73~7.77 (m, 1H, H-18), 7.84 (d, J=7.47 Hz, 2H,
H-2), 7.89 (d, J=7.41 Hz, 2H, H-5), 8.46 (d, J=7.23 Hz,
1H, H-13); *C NMR (DMSO-d,, 75 MHz) J: 166.8, 166.5,
163.6, 156.8, 151.2, 139.4, 139.0, 137.4, 129.5, 128.9,
127.3, 121.4, 120.0, 109.7, 109.2, 59.4, 54.1, 48.6, 34.3,
31.2, 27.5, 23.3, 18.5, 17.2; HRMS calcd for CyoHj,-
N,O,SNa [M+Na]" 603.1884, found 603.1890.

75 PSR R R - L0 B It - S0 i s g )-L- 2 Jo 2 R P
B&(TM-d): 773 59%. m.p. 148~149 C; [a]7 —39.0 (¢
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0.1, DMF); '"H NMR (DMSO-d;, 300 MHz) 0: 1.00 (d, J=
6.51 Hz, 6H, H-27), 1.41~1.47 (m, 3H, H-26, H-25),
2.77~2.88 (m, 4H, H-15, H-16), 3.63 (s, 3H, H-24),
4.22~4.26 (m, 4H, H-7, H-8, H-11), 4.47~4.54 (m, 1H,
H-14), 7.34 (t, J=7.41 Hz, 4H, H-3, H-4), 7.43 (d, J=17.32
Hz, 1H, H-18), 7.71~7.74 (m, 1H, H-10), 7.84 (d, J=7.44
Hz, 2H, H-5), 7.89 (d, J=7.46 Hz, 2H, H-2), 8.42 (d, J=
7.41 Hz, 1H, H-13); °C NMR (DMSO-d,, 75 MHz) o:
167.9, 166.2, 163.6, 156.8, 151.2, 139.4, 139.1, 137.4,
135.4, 133.2, 129.5, 1289, 127.3, 123.9, 121.4, 121.2,
120.0, 109.7, 109.1, 54.5, 52.7, 48.6, 44.0, 34.5, 27.7, 23 4,
23.3, 23.1, 21.8; HRMS calcd for C3yH34N40;SNa [M—+
Na]" 617.2040, found 617.2047.

25 PR S S - L 7 5 S I - S-( i JU P g )- L~ o S P
FEE(TM-e): 7=% 46%; m.p. 199~201 C; [a]] —29.0
(c 0.1, DMF); '"H NMR (DMSO-ds, 300 MHz) 6: 0.80~
0.87 (m, 8H, H-28, H-26, H-27), 2.75~2.88 (m, 5H, H-15,
H-16, H-25), 3.61 (s, 3H, H-24), 3.92~3.99 (m, 1H,
H-11), 4.21~4.26 (m, 3H, H-7, H-8), 4.47~4.49 (m, 1H,
H-14), 7.30~7.34 (m, 1H, H-18), 7.39~7.44 (m, 4H, H-3,
H-4), 7.72~17.76 (m, 1H, H-10), 7.84 (d, J=7.56 Hz, 2H,
H-2), 7.89 (d, J=7.41 Hz, 2H, H-5), 8.48 (d, J=7.29 Hz,
1H, H-13); *C NMR (DMSO-d,, 75 MHz) d: 166.9, 166.5,
163.7, 151.2, 143.9, 139.0, 135.4, 129.5, 128.9, 127.7,
127.3, 123.9, 122.2, 121.4, 1212, 120.0, 109.8, 109.2,
58.7, 54.1, 48.6, 38.0, 34.2, 27.6, 24.4, 15.0, 11.9; HRMS
caled for CyHuN,O;SNa [M+Na]™ 617.2040, found
617.2040.

2j WA R BE-L-(O-BUT 2k~ 77 2 BE-S- (00 g % g )- L -
e it R R (TM-F): 72 R 74%, mp. 157~159C;
[l —12.0 (¢ 0.1, DMF); '"H NMR (DMSO-d;, 300 MHz)
8: 1.05 (d, J=6.06 Hz, 3H, H-26), 1.12 (s, 9H, H-28),
2.81~2.88 (m, 4H, H-15, H-16), 3.63 (s, 3H, H-24),
3.82~3.86 (m, 1H, H-25), 4.02~4.08 (m, 1H, H-11),
4.22~4.33 (m, 3H, H-7, H-8), 4.52~4.54 (m, 1H, H-14),
7.29~7.44 (m, 5H, H-3, H-4, H-18), 7.72~7.76 (m, 3H,
H-10, H-5), 7.89 (d, J=17.38 Hz, 2H, H-2), 8.28 (d, J=
7.20 Hz, 1H, H-13), 10.83 (d, J=4.59 Hz, 1H, H-19),
11.16 (s, 1H, H-21); *C NMR (DMSO-ds, 75 MHz) ¢:
170.9, 169.8, 163.7, 155.9, 151.2, 143.9, 143.7, 140.7,
139.4, 127.7, 127.1, 125.4, 120.1, 109.0, 73.9, 67.6, 65.8,
59.4, 52.1, 46.7, 32.5, 28.1, 27.4, 19.0; HRMS calcd for
C3,H3sN40SNa [M+Na]" 661.2303, found 661.2306.

%) WA BR FE -L-(O- BT TR )~ R 4 24 Tt -S-( g e e
WE)-L- 2 Bt & IR 5 (TM-g): 7= % 43%, m.p. 116~
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119 °C; [a]7 —35.0 (c 0.1, DMF); 'H NMR (DMSO-d,
300 MHz) ¢: 1.38 (d, J=7.16 Hz, 9H, H-28), 2.64~2.84
(m, 6H, H-25, H-15, H-16), 3.63 (s, 3H, H-24), 4.21~4.31
(m, 3H, H-7, H-8), 4.45~4.47 (m, 2H, H-14, H-11), 7.31
(t, J=7.38 Hz, 2H, H-3), 7.39~7.44 (m, 3H, H-4, H-18),
7.65~7.71 (m, 3H, H-10, H-5), 7.89 (d, J=7.44 Hz, 2H,
H-2), 8.46 (d, J=7.38 Hz, 1H, H-13), 10.85 (d, J=4.83
Hz, 1H, H-19), 11.18 (s, 1H, H-21); *C NMR (DMSO-d,
75 MHz) 6: 171.0, 169.2, 163.7, 155.8, 151.2, 143.9,
143.7, 140.7, 139.4, 127.7, 127.1, 125.3, 120.2, 109.1,
80.3, 65.8, 52.5, 52.2, 51.3, 46.7, 37.6, 32.1, 27.7, 27.4;
HRMS caled for C;HiN4OoSNa [M+Na]' 675.2095,
found 675.2098.

27y A B e -(N- L T S B ik ) - L - 60 2, T -S- (I e v
WE )-L- 2 BE 2 B B S (TM-h): 72 % 61%. mop. 131~
135 °C; [a]] —31.0 (¢ 0.1, DMF); '"H NMR (DMSO-dj,
300 MHz) 6: 1.23~1.30 (m, 2H, H-26), 1.37 (s, 9H,
H-31), 1.60~1.75 (m, 4H, H-27, H-25), 2.77~2.89 (m,
6H, H-15, H-16, H-28), 3.63 (s, 3H, H-24), 4.10~4.12 (m,
1H, H-7), 4.22~4.28 (m, 3H, H-8, H-11), 4.47~4.49 (m,
1H, H-14), 6.79 (m, 1H, H-29), 7.32 (t, J=7.29 Hz, 2H,
H-3), 7.39~7.44 (m, 3H, H-4, H-18), 7.48~7.50 (m, 1H,
H-10), 7.72~7.74 (m, 2H, H-5), 7.89 (d, J=7.38 Hz, 2H,
H-2), 8.44 (d, J=7.41 Hz, 1H, H-13), 10.86 (s, 1H, H-19),
11.18(s, 1H, H-21); *C NMR (DMSO-ds, 75 MHz) ¢:
172.3, 171.1, 163.7, 155.6, 1512, 143.9, 142.6, 140.7,
139.4, 137.4, 1289, 127.6, 127.3, 127.0, 125.3, 121.4,
120.0, 109.7, 109.0, 77.4, 67.0, 65.7, 54.4, 52.0, 51.8, 46.7,
32.2,29.2,28.3,27.4,25.1, 22.8; HRMS calcd for CysHys-
N;sOoNa [M+Na]" 732.2674, found 732.2672.

75 WA B - L- B T I - S- (160 J s B )- -~ Joe R Y
Big(TM-i): 7235 51%. m.p. 195~198 C; [a]7 —45.0 (c
0.1, DMF); '"H NMR (DMSO-d;, 300 MHz) d: 1.85~1.90
(m, 2H, H-25), 2.08 (s, 3H, H-27), 2.45~2.50 (m, 2H,
H-26), 2.78~2.89 (m, 4H, H-15, H-16), 3.62 (s, 3H,
H-24), 4.17~4.30 (m, 4H, H-7, H-8, H-11), 4.47~4.49
(m, 1H, H-14), 7.32 (t, J=7.26 Hz, 2H, H-3), 7.39~7.44
(m, 3H, H-4, H-18), 7.60 (d, J=8.13 Hz, 1H, H-10), 7.73
(d, J=6.18 Hz, 2H, H-5), 7.89 (d, J=7.38 Hz, 2H, H-2),
8.47 (d, J=7.32 Hz, 1H, H-13), 10.84 (d, J=3.66 Hz, 1H,
H-19), 11.17 (s, 1H, H-21); *C NMR (DMSO-ds, 75
MHz) J: 171.0, 169.9, 163.7, 162.3, 151.2, 142.6, 140.7,
139.4, 137.4, 1289, 127.6, 127.3, 127.0, 125.3, 124.2,
121.4, 120.0, 109.7, 109.0, 65.6, 55.9, 54.5, 52.2, 46.7,
35.7, 32.2, 30.8, 29.6, 14.6; HRMS calcd for CaoHi,-
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N,40,S,Na [M+Na]" 635.1605, found 635.1611.

77 F S8 Pk - L- I 2 I - S- (6 R W )- L - 21 I 2 R P
B&(TM-j): 773 76%. m.p. 106~107 C; [a]7 —56.0 (c
0.1, DMF); '"H NMR (DMSO-ds, 300 MHz) &: 1.77~1.92
(m, 4H, H-25, H-26), 2.74~2.85 (m, 4H, H-15, H-16),
3.26~3.42 (m, 2H, H-27), 3.63 (s, 3H, H-24), 4.18~4.45
(m, 5H, H-7, H-8, H-11, H-14), 7.35~7.41 (m, 5H, H-3,
H-4, H-18), 7.59~7.69 (m, 2H, H-5), 7.88 (d, J=7.29 Hz,
2H, H-2), 8.58 (d, J=7.77 Hz, 1H, H-13), 10.83 (s, 1H,
H-19), 11.17 (s, 1H, H-21); *C NMR (DMSO-d;, 75
MHz) §: 172.1, 171.1, 163.7, 154.0, 151.2, 143.6, 140.8,
139.4, 127.7, 127.2, 125.5, 125.2, 120.1, 109.0, 79.2, 67.1,
59.6, 52.4, 52.0, 46.7, 32.2, 30.7, 30.0, 25.2; HRMS calcd
for C,oH30N40,SNa [M+Na]" 601.1727, found 601.1734.

2 R BRI -(O-U T ) -L- 1% R - S- (i JU s e )- -
bt R R (TM-K): 7% 64%. mup. 133~135 C;
[l —44.0 (¢ 0.1, DMF); '"H NMR (DMSO-d;, 300 MHz)
8: 1.17 (s, 9H, H-31), 2.76~2.99 (m, 4H, H-15, H-16),
3.25~3.12 (m, 2H, H-25), 3.64 (s, 3H, H-24), 4.10~4.15
(m, 3H, H-7, H-8), 4.28~4.32 (m, 1H, H-11), 4.52~4.53
(m, 1H, H-14), 6.80 (d, J=7.05 Hz, 2H, H-28), 7.22 (d,
J=17.38 Hz, 2H, H-27), 7.30 (d, J=6.89 Hz, 2H, H-5),
7.39~7.42 (m, 3H, H-3, H-18), 7.62~7.66 (m, 3H, H-4,
H-10), 7.87 (d, J=6.54 Hz, 2H, H-2), 8.61 (d, J=6.03 Hz,
1H, H-13), 10.86 (s, 1H, H-19), 11.19 (s, 1H, H-21); "*C
NMR (DMSO-dq, 75 MHz) d: 171.9, 171.1, 163.8, 155.9,
153.5, 151.3, 143.8, 140.7, 139.5, 132.6, 129.8, 127.7,
127.1, 125.4, 123.3, 120.1, 109.1, 79.2, 77.6, 65.8, 56.0,
52.5, 46.6, 36.9, 32.3, 28.5, 27.5; HRMS calcd for
C37H4N4O0sSNa [M+Na]" 723.2459, found 723.2462.

2j WA R BE-L-(O-BUT i)~ 45 2 BE-S- (60 g 1% 0 )- L -
B R R (TM-D): 773 54%. m.p. 135~137 C;
[l —43.0 (¢ 0.1, DMF); '"H NMR (DMSO-d;, 300 MHz)
8: 1.39 (s, 9H, H-29), 2.08~2.12 (m, 2H, H-25), 2.23~
2.28 (m, 2H, H-26), 2.74~2.88 (m, 4H, H-15, H-16), 3.62
(s, 3H, H-24), 4.08~4.29 (m, 4H, H-7, H-8, H-11), 4.48~
4.50 (m, 1H, H-14), 7.32 (t, J=7.26 Hz, 2H, H-4), 7.39~
7.44 (m, 3H, H-5, H-18), 7.55 (d, J=8.16 Hz, 1H, H-10),
7.73 (t, J=5.97 Hz, 2H, H-3), 7.89 (d, J=7.29 Hz, 2H,
H-2), 8.46 (d, J=7.29 Hz, 1H, H-13), 10.84 (s, 1H, H-19),
11.17 (s, 1H, H-21); *C NMR (DMSO-ds, 75 MHz) ¢:
171.7, 171.0, 163.7, 155.9, 151.2, 143.9, 143.7, 140.7,
139.4, 127.6, 127.1, 125.3, 120.1, 109.0, 79.7, 67.0, 65.7,
53.6, 52.3, 52.1, 46.7, 31.2, 30.7, 27.5, 25.1; HRMS calcd
for C33H3sN405SNa [M+Na]™ 689.2252, found 689.2253.
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2j F SR PR -(IN- = 2K H 8 ) - LR A6 Tk M - S- (P i e
WE)-L-2F Bt 2 B2 B S (TM-m): 7% 60%. m.p. 155~
157 C; [a]] —40.0 (¢ 0.1, DMF); '"H NMR (DMSO-d,
300 MHz) d: 2.54~2.73 (m, 2H, H-25), 2.76~2.89 (m,
4H, H-15, H-16), 3.62 (s, 3H, H-24), 421~4.47 (m, 5H,
H-7, H-8, H-11, H-14), 7.19~7.26 (m, 15H, H-30, H-31,
H-32), 7.32 (t, J=7.44 Hz, 2H, H-4), 7.41~7.43 (m, 3H,
H-3, H-18), 7.68~7.76 (m, 3H, H-10, H-5), 7.90 (d, J=
7.41 Hz, 2H, H-2), 8.46 (d, J=7.20 Hz, 1H, H-13), 8.55 (s,
1H, H-27), 10.84 (s, 1H, H-19), 11.17 (s, 1H, H-21); 1*C
NMR (DMSO-dq, 75 MHz) d: 171.1, 163.7, 154.0, 151.3,
144.8, 143.8, 140.8, 139.4, 128.6, 127.7, 127.5, 127.1,
126.4, 125.3, 120.2, 109.0, 69.4, 65.8, 52.1, 46.7, 30.7,
27.3; HRMS caled for C,Hs;NsOsSNa [M + Na] *
860.2724, found 860.2733.

%y PSR ik -(V'- = 2% R R )~ - 2 Tk -S-( IR i s
WE )-L- 2 bE 2 B2 B S (TM-n): 72 % 45%. m.p. 163~
165 C; [a]] —49.0 (¢ 0.1, DMF); '"H NMR (DMSO-d,
300 MHz) §: 2.73~2.95 (m, 6H, H-15, H-16, H-25), 3.60
(s, 3H, H-24), 4.14~4.50 (m, 5H, H-7, H-8, H-11, H-14),
6.90 (s, 1H, H-27), 7.06~7.42 (m, 21H, H-4, H-3, H-18,
H-28, H-31, H-32, H-33), 7.57 (d, J=8.07 Hz, 1H, H-10),
7.67(d, J=7.26 Hz, 2H, H-5), 7.90 (d, J=7.41 Hz, 2H,
H-2), 8.54 (d, J=6.87 Hz, 1H, H-13), 10.87 (s, 1H, H-19),
11.18 (s, 1H, H-21); *C NMR (DMSO-d;, 75 MHz) ¢:
171.1, 171.0, 163.7, 155.8, 151.2, 143.7, 141.5, 140.7,
139.4, 137.1, 129.2, 1282, 127.6, 127.1, 125.3, 125.3,
120.1, 119.7, 108.9, 75.5, 67.0, 52.4, 52.0, 46.6, 32.2, 30.7,
27.4, 25.1; HRMS caled for CyHuNgO;SNa [M+Na]®
883.2884, found 883.2881.

275 WV SR Bk ik - L H 20 - S-(I00 J ) - L- 22 JD 2 B HY
fig(TM-0): /=% 79%. m.p. 153~154 C; [a]? —18.0 (c
0.1, DMF); '"H NMR (DMSO-d;, 300 MHz) d: 2.74~2.89
(m, 4H, H-15, H-16), 3.64 (s, 3H, H-24), 3.68 (d, J=5.58
Hz, 2H, H-11), 4.20~4.30 (m, 3H, H-7, H-8), 4.51~4.55
(m, 1H, H-14), 7.33 (t, J=7.32 Hz, 2H, H-4), 7.40~7.45
(m, 3H, H-3, H-18), 7.58 (t, J=6.00 Hz, 1H, H-10), 7.72
(d, J=7.29 Hz, 2H, H-5), 7.90 (d, J=7.41 Hz, 2H, H-2),
8.45 (d, J=6.84 Hz, 1H, H-13), 10.84 (d, /=5.01 Hz, 1H,
H-19), 11.19 (s, 1H, H-21); *C NMR (DMSO-ds, 100
MHz) J: 167.3, 166.4, 164.3, 151.9, 144.6, 143.3, 141.3,
141.1, 140.0, 138.1, 130.1, 129.6, 128.0, 124.6, 122.0,
121.8, 120.6, 110.4, 109.7, 55.2, 54.5, 49.3, 45.1, 35.4,
31.3, 28.5; HRMS calced for C,sHysN4O,SNa [M—|—Na]+
561.1414, found 561.1411.
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2j F R PR HE -(N- = 2K W 8 ) - L -1 R T M - S-( P i vt
WE)-L-2F Bt 2 B FF G (TM-p): 7% 41%. m.p. 143~
146 C; [a]] —28.0 (¢ 0.1, DMF); 'H NMR (DMSO-d,
300 MHz) d: 176~1.99 (m, 2H, H-25), 2.34~2.36 (m,
2H, H-26), 2.74~2.89 (m, 4H, H-15, H-16), 3.61 (s, 3H,
H-24), 4.04 (t, J=5.52 Hz, 1H, H-7.), 4.23~4.30 (m, 3H,
H-8, H-11), 4.49 (s, 1H, H-14), 7.17~7.35 (m, 17H, H-4,
H-31, H-32, H-33), 7.40~7.51 (m, 4H, H-3, H-18, H-10),
7.74 (d, J=7.17 Hz, 2H, H-5), 7.90 (d, J=7.32 Hz, 2H,
H-2), 8.42 (d, J=7.26 Hz, 1H, H-13), 8.58 (s, 1H, H-28),
10.85 (d, J=4.86 Hz, 1H, H-19), 11.19 (s, 1H, H-21); "*C
NMR (DMSO-ds, 100 MHz) 8: 171.9, 171.3, 170.9, 163.6,
155.9, 151.1, 144.8, 143.7, 140.6, 139.3, 128.4, 127.6,
127.4, 127.0, 126.2, 125.2, 120.0, 109.0, 69.1, 65.6, 59.7,
52.3, 52.0, 46.6, 32.2, 30.7, 27.9, 27.4; HRMS calcd for
CusHisNsOgSNa [M+Na]" 874.2881, found 874.2888.
3.3 B EYREYEEMRR

A PEAIE AT 32 R PR PR U YR T, W &
PPRE MzhiE M o & WEEFEEINHE M & DPP-4
T T R E

PPAR [ B 7t (PPRE) ¥zl P i 10t S 4 Jt 2 % S
U807 VA A 225 SCHR[33), o8 %0 B F Bi-rat $0H) 750 57 1% 2
95 J5 R J SRS T VK A 2 25 SCHR[33], IR AR K -V
(DPP-LV) 1 il 751) 57 4 <2 56 Jif 1 Je SIEI6 J7 ¥ 7] 2 26 SCiik
[34].

BOA R R B 24 £ TR 25 BT U0 AR AR
gy BEAT B A PR E

3 Bh #4 ¥ (Supporting Information) ' [&] &1k & 4
IM-2 J% IM-3 {65 4 AL A4 TM-a~TM-p (11 'H
NMR, “C NMR fl HRMS B, X 2ppkba] DL 2k A
AF] WX 3k (http://sioc-journal.cn/) b R %,
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