B R R FE MR 2020 4F 4 H 5 41 H 5 4 1)

http: //www.ajsmmu.cn
Academic Journal of Second Military Medical University, Apr. 2020, Vol. 41, No. 4

.« 429 -

DOI: 10.16781/].0258-879x.2020.04.0429
FhE—

Haom, TG, RER, I 44, WEE, KEK

- 1

A Z A BB R ITE MRt A R HIE N E AR EE

MR ER Y (3 FEERY) ARITHTAESMRLEEBE 2544 BE, L iF 200438

B EN

8 LIRESANE UG, Btam—IS 8 i T INBI AT AEY), IS MAE A B4R

PpatE. Fek RBEFY RIS RIS I RS 5E0N i B AR INEE H 3L, Il i Bl T a5 i sGE Ik T
b, BATE T ST I BT A D DAIBEERIK N B 40 S An ek, R 400 pmol/L ik 4804k U ORI
3 h @ EAE TR AN, LR FGE A A BT RE 253005 B AR i & PR A P A e pRp e . 4 & il
Hinb AL R R I ("THNMR, "CNMR ) R IE5 H B 7L (ESI-MS ) BiiiE. 9145 B9 I 4 P9 B 40
MR IEPEMNASE SRR, BRILGY) 4¢ 51 4 > HARLA PR A R R REEE A9 148 N K A A s v, Forb ik 54 de BD
3,3- ZHR(N-C [1,1- A |-3-FEHIE ) 2- FISENEEE ) WM. @& BRITEFI 45 L IR IR 4-

RN S 4- AT SNSRI BRI M R BOFERT — 3R 4K, BE 28 i M AS PN B 2 PR T

[XRR] RILEH;

[FESES] R9724 [XEktRERS] A

BT E R M B PR

[XEHRS ] 0258-879X(2020)04-0429-04

Synthesis and vascular endothelial cell protective activity of novel dithiodipropionamide derivatives
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[Abstract] Objective To design and synthesize a series of novel dithiodipropionamide derivatives based on precursor
captopril, and to investigate their vascular endothelial cell protective activities. Methods Based on the structure of captopril,
we designed and synthesized five dithiodipropionamide derivatives, whose mercapto propionamide and methyl side chain
were retained and the proline were modified. Human umbilical vein endothelial cells (HUVECs) were exposed to H,O,
at a concentration of 400 umol/L for 3 h. Then in vitro endothelial cell protective activities of the target compounds were
determined using captopril as the positive control drug. Results The target compounds were confirmed by nuclear magnetic
resonance spectroscopy (‘HNMR and “CNMR) and electrospray ionization-mass spectrometry (ESI-MS). Preliminary
results of vascular endothelial cell protective activity test showed that, except for compound 4c, all the four target derivatives
exhibited cytoprotective activity to different extents. The compound 4e, namely 3,3’-disulfide (N-([ 1,1’-biphenyl]-3-methyl)-
2-methylpropionamide) had the best activity. Conclusion The proline structure on captopril substituted by relatively large
hydrophobic fragments, such as 4-methylbenzylamine and 4-tert-butylbenzylamine, followed by dimerization, can improve
protective activity of vascular endothelial cells.
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AC-600P B A% ff; 3t 4 A 3K, ¥ 71 S DMSO-d,
o S i (CDCly) , W AR 0 U A 2 gk e R H
Agilent 6538 UHD Accurate-Mass Q-TOF LC/MS
JoT T A AT H 8% 55 L B BT 3% 43 AT (electrospray
ionization-mass spectrometry, ESI-MS ) ., A&k
N 4 2 ( human umbilical vein endothelial cell,
HUVEC) g 7t [ B2 Be L1 240 1 %2 . DMEM
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98% ) YT 2% E Sigma A .
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Fig1 Synthesis of target compounds 4a-4e

Et;N: Triaethylamin; EDCI: N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride; HOBt: 1-Hydroxybenzotriazole;

DIPEA: N, N-diisopropylethylamine

211 3-ZEBtmt-2-FHFR (2) thE & KH
RN K2 3.0 g (34.87 mmol ) ¥ T 50 mL Gk —
%ﬁﬁﬂk‘* AR = OB, SRR, %=
- BERE S AN T 50 mL oK A R
ﬁﬁl@a 5.3 g(69.63 mmol ) , FiRFFEN 15 h,
JE R ZE RS LR A LR, 53 3.8 gk
ALK A A 2
212 S (2-® H3-(4-F HEFXEEAHR) 3-%
REE) 2R ERDE (3a) WH & HE10g
(6.17mmol ) # %2, 1.8 g (9.26 mmol ) 1- £ F -
(3- WL ) Rt — W R iR ER . 1.25 ¢
(9.26 mmol ) 1- FHATF =M | 1.5mL N, N- —

FZ M K 1.5 g (1234 mmol ) 4- FIEEAEHAA T 40 mL
Jok ZE W, RS EIR TR S
o RWSERUGE, WS AIA 50 mL —5HEE,

TR 5% Frigmait 2 Yk . 1A NaCLERTE 1K,
ToKBRBREN T8 IS T 22 BRAA ML ), R 53 B8
(FhEE - ZRZEE=10 = 1) BHAFKLL g
(4.15mmol ) , PIHACK 45%. 'HNMR (400 MHz,

CDCL, ) fk2#fi%%: 7.13 (q, J=8.1Hz, 4H) , 581
(s, 1H) , 438 (d, J=55Hz, 2H) , 3.08 (dd,

J=13.6, 7.7 Hz, 1H) , 2.82 (dd, J=13.6. 6.2
Hz, 1H), 240 (dd, J=13.8, 7.0Hz, 1H), 229 (d,
J=105Hz, 6H) , 1.19 (d, J=7.0Hz, 3H) .
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213 3,3- "% (2- FHE-N- (4-WHFE) WEL
) (4a) wy#l %  FREL0.9 g (3.4 mmol) Hr[A]
K 3a ¥+ 5 mL PUE KPR, 0 A 3 mol/L NaOH 7K
W 30 mL, RPN 6 h 5 A 2 mol/L fiit
BRI pH 2 6~7, AW EEAE 3 K, AIFAL
2, JOKBRRRE T, WEZEBRA VLA R, rERAE
e CamEE : CROGEE=5 1), R8I Hisfe
A 4a, I 69%., 'HNMR (400 MHz, CDCL,)
b 2% i #%. 7.16 (d, J=8.0 Hz, 4H) , 7.13 (d,
J=80Hz,4H),6.52(s, 1H), 6.42(s, 1H), 424~4.42
(m, 4H) , 294~3.12 (m, 2H) , 2.53~2.72 (m,
4H), 2.30(s, 6H), 1.20(d, J=6.5Hz, 3H), 1.14(d,
J=68Hz, 3H) . "CNMR (150 MHz, CDCl,) 1k
FA L. 173.95, 13648, 134.50, 128.67, 127.17,
4271, 4125, 4038, 39.55, 20.45, 16.74, 1645,
ESI-MS (m/z) : 4452 (M+H) ., C,H,N,0,S,
[M-+H] BN 445.197 8, SEl{E Ay 445.198 0.,

HAth AL A4 db~4de Y218 da 5 0T A A
214 3,3-2% (N- (4-mTHEFH) 2-FHEF
Briz ) (4b) B sE  FEEIR, IR 75%.
'HNMR (400 MHz, CDCl,) fb2#fif%. 7.25 (d,
J=8.0Hz, 4H), 7.13(d, J=8.0 Hz, 4H ) , 6.55(s,
IH) , 639 (s, 1H) , 425~433 (m, 4H) ,
3.03 (s, IH) , 2.89 (s, IH) , 2.60 (d, J=
8.5Hz, 4H), 1.21~1.30(m, 18H), 1.05(d, J=8.0
Hz, 3H) , 1.03 (d, J=8.0 Hz, 3H) . "CNMR
(150 MHz, CDCly) fb2={if%: 174.00, 149.82,
134.49, 126.94, 124.93, 42.61, 41.34, 40.38,
39.52, 33.87, 30.72, 16.83, 16.47, ESI-MS (m/z) :
5292 (M+H) ", CyHuN,0,8, [M+H] &l N
529.291 7, SEIM{E R 529.292 1.
215 3,3-"F (2-FHEN-(F2-HEFH) &
Briz ) (de) M4 FEAEK, B0F 82%.
'HNMR ( 400 MHz, DMSO-d, ) fb2#1i#: 8.62 (s,
2H) , 7.74~790 (m, 8H) , 7.41~7.50 (m,
6H), 451 (s,4H),2.77~2.99 (m, 6H), 1.12 (d,
J=8.4 Hz, 6H) . "CNMR (150 MHz, CDCl,)
b 2 {7 . 173.75, 13691, 13269, 131.89,
127.70, 127.35, 127.27, 126.01, 125.60, 125.45,
125.00, 42.02, 41.92, 39.87, 17.51, ESI-MS (m/z ) :
5172 (M+H) ', CHuN,0,8, [M+H] "2 14
9 517.197 8, SCMMEA 517.198 1.
216 3,3-Z% (N- (4T HFHE) 2-FHEF

Bl ) (4d) sty s e FEREE TR 77%.
'HNMR (400 MHz, CDCl,) fL24{37£%: 7.08~7.17(m,
8H), 6.76 (s, 1H), 6.58 (s, 1H) , 4.35 (s, 4H) , 3.08
(dd, J=10.2, 7.8 Hz, 1H), 2.94 (dd, J=10.7, 7.9
Hz,1H)2.63~2.79m 8H )1.53~1.54 m 4H ),1.30~1.34
(m, 4H), 1.18 (d, J=6.1 Hz, 3H), 1.11(d, J=
6.6 Hz, 3H), 0.91 (t, J=7.3 Hz, 6H) ., "CNMR
(150 MHz, CDCl;) 1t 2% i #%:174.07, 141.51,
128.01, 127.11, 42.68, 41.31, 40.32, 39.44, 34.65,
33.02, 21.73, 16.81, 16.48, 13.33, ESI-MS (m/z) :
529.2 (M+H) ", CyH,N,0,S, [M+H] 31 2 (i
529.291 7, SEINME R 529.293 2.
217 3,3-Z# (N-( [1,I’-FB K |-3-2HF &) 2-
FEAB ) (de) WEMERE AR, IR
83%, 'HNMR (400 MHz, CDCl,) fb2#if%: 7.54 (t,
J=7.0 Hz,4H),7.49(s,1H),7.38~7.47(m,7H),7.33(q,
J=6.7Hz, 4H), 7.16~7.26 (m, 2H) , 6.73 (d, J=5.3
Hz, 1H), 6.56 (s, 1H), 4.44 (s, 4H) , 2.91~3.10 (m,
2H),2.51~2.68(m,4H),1.17(d,J=6.3 Hz,3H),1.06(d,
J=6.8 Hz, 3H) . "CNMR (150 MHz, CDCl,) 1k %%
fikg: 174.17, 140.91, 140.13, 138.10, 128.44, 128.17,
126.82, 126.50, 126.00, 125.82, 125.55, 42.88,
41.28, 40.49, 39.50, 16.82, 16.48, ESI-MS (m/z) :
569.2(M+H) . Cy,H, N,O,S, [M+H] " it & i K
569.229 1, SEIME A 569.229 5.
22 RFEREHO, % HUVEC & H 89%h 43l
100, 200, 400, 600, 800 umol/L ¥ H,O, I ALFE
HUVEC, 3 h /W 4iE4s, FIH CCK-8 ikillx
HAAE R (n=3), Z5R500 (94.15£1.87) %.
(81.48+3.49) %. (63.884+2.86) %.
(42.17£645) %, (1335+1.13) %, =5 HXF R
HAMIAEEH N (100.0052.34) %, 4 H,0, %
e ) -4 100 pmol/L B, 200 pmol/L i}, HUVEC & —
P HO, IR EE$E 1 2 400 pmol/L B, 4l
TR R 65%, BB T WA 2 4 I T L W4 22 [5
FE PRSIV B G ;AR 2di i HLO, I Ak
£ 2 600 pumol/L 5%, 800 umol/L, AHMIFEHG R KR
FERFAR, e T LSS 20 A HH B T AR 4 il 4
FR R INET% o 25 53T, #EH 400 pmol/L 1) H,0,
SMAREE 3 h T A AR S O A A A
2.3 B ARSI 474 HUVEC #9 4% 37
& AL F O E0AE KO ) HUVEC #2: F F 96
LA, BEMLI K 4 41: IEF X HRAL, H RS 5
H,0, 5 S Wi BE B 21, BB 3% 24 h s ¥ il &%
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400 pmol/L ) H,O, K5 F- M ACEE 3 hy BHM:XT IR, 7€
100 pmol/L -RFEEFIPBEF 455 24 h s, 4l
400 umol/L 1) H,O, S5FRANHE 3 hy A254H, 167
100 pmol/L 5, 200 pmol/L HFrfb GG FRIR h 1+
24 h i, #N S 400 umol/L Y H,0, B IANEE 3 h,
FH CCK-8 Bl Aifs 3, 45 W% 1. Hisfkh
Yrda, 4b. 4d Fil de Xf A A5 T4 1) HUVEC 1
AAFERE R TEE, Hrp B Y de LAY TS
PEfRAL, AT H0, AbERAGREAIZ, 22 100 pmol/L
55200 pmol/L i fb &) de (R4 5, A MLAFE 1 257
SRR T 22.16% 1 14.43%.

#1 BRUEUXENLIFSH HUVEC BIRPES
Tab 1 Protective activity of target compounds on
oxidative damage of HUVECs

(%), n=3,x*Ls

Survival rate
100 umol+L ™" H,0, 200 umol<L "' H,0,

Compound

L-captopril 59.23+5.12

4a 78.74+4.98 72.42+5.66
4b 71.36+3.91 64.68+2.87
4c 49.53+6.44 54.09+6.52
4d 79.04+4.59 76.31%+7.18
4e 86.04+2.10 78.31+5.39

The survival rates of normal control group and model
group were 100% and 63.88%, respectively. HUVEC: Human

umbilical vein endothelial cell
3 3 i
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N B AN PR P A, DA IE & B R 2- ZR

BAURERR; M THaY4a, 4b, 4d, (L5
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