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ARTICLE INFO ABSTRACT

Article history: A series of vincamine derivatives were designedttssized and evaluated as pancrgitells
Received protective agents for type 2 diabetes mellitus. ™Mok the compounds displayepoten
Received in revised form pancreaticp-cells protective activities and five derivativeene found to exhibit 20~5@ld
Accepted higher activities than vincamine. Especially fomgmundsVin-C01 and Vin-F03, exhibited i
Available online remarkable E§ value of 0.22 uM and 0.27 pM, respectively. Thpancreaticf-cells

protective activities increased approximately 2esnthan vincamine. In cell viability assay,
compounds/in-C01 andVin-FO3 could effectively promot@-cell survival and protedi-cells
from STZ-induced apoptosis. Furtheellular mechanism of action studieemonstratedha
their potentp-cells protective activities were achieved by raging IRS2/PI3K/Akt signalin:
pathway. The present study evidently showed thatpomndsVin-C01 andVin-FO3 were two
more potent pancreatig-cells protective agents compared to vincamamel might serve .
promising lead candidates for the treatment of &pkabetes mellitus.
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1. Introduction function [5]. The mass off-cells is mainly regulated by
. . . apoptosis, size modification, replication and neagts. Among
Diabetes is one of the largest global health emeigen \yhich p-cell apoptosis determines the onset and rate GVI2
affecting over 300 million people worldwide [1]. Motilgan 90% progression [6]. A series of genetic alterationsluidng G
of the cases are diagnosed as type 2 diabetesusgli2DM),  rtein-coupled receptors, Akt, IRS2, PTEN, Fas/FagExb,
whi_ch causes significant morbidity and mortality.bdugh many g0 family and caspase family have been proved b
antihyperglycemic agents have been approved fotrd@ment  ysg0ciated witlf-cells apoptosis [7,8]. Therefore, the successful

of T2DM, such as biguanides, sulfonylureas, thiaiiogdiones, protection of pancreatif-cells from apoptosis may potentially
meglitinides, a-glucosidase inhibitors and insulin, they usually prevent T2DM [9].

have limitations and undesirable side effects [2jus, T2DM Clinically, several anti-diabetic drugs have beesed for
remains a significant unmet medical need. _ improving B-cells dysfunction, such as sulfonylurea derivative
T2DM is mainly cha_racterized by insulin resistance a”d(SUs), DPP4 inhibitors and incretin hormone GLP-1 agm[10-
dysfunction of pancreati@-cells [3]. Normally, f-cells can 131 However, none of them can successfully contabiterm
increase |nsuI|n. release to maintain normal gluctmiseranpe, _microvascular and macrovascular complications, mpatjents
once p-cells fail to compensate for the decreased insulin remain unable to safely achieve and maintight glycemic
sensitivity, T2DM may occur [4]. Thug;cells dysfunction plays  conirol [14]. Natural products are important sourcdslead

a crucial role in the progression of T2DM. Pancredticells compounds in drug development, the discovery ofiefit p-
dysfunction includes decreaspdtells mass and impairgtcells

OCorresponding author. e-mail: Ihhu@njucm.edu.crHil); e-mail: wangjy@njucm.edu.cn (J. Warfg); Wang, X. Lv andl. Xu contributed
equally.




cells protectors from natural resources attractehmattention.
Recently, many medicinal herbs and their extractsehbeen
applied in the treatment of diabetes and lots tf@acompounds
have been determined, such as curcumin and begjésal19].

In our previous work [20]the preliminary high throughput
screening (HTS) leaded to the discovery of a smmailecule
compound vincamine [21] which exhibited good protec
activity against STZ-induced apoptosis in panceegitcells. In
vivo pharmacodynamic evaluation indicated that amnme
showed significant effects on lowering the level a$ting blood
glucose, improving oral glucose tolerance, and efsing the
level of HbAlc and LDL in serum, restoring the histp}
structure of damaged islet of pancreas and inergagositive
regions of insulin on the models of STZ/HFD-indudgge 2

could be identified as the lead structure for fertistructure-
activity relationship (SAR) research and the discpwé more
potent B-cells protective agents for the treatment of type
diabetes mellitus.

2. Results and discussion
2.1. Design of novel pancreatic S-cells protective agents

Vincamine was obtained through high throughput séngen
and the structure-activity relationship was not cl&athis paper,
we focus on the structural modifications of vincaenito find
more potent pancreatig-cells protective agents. Based on the
comprehensive understanding of vincamine chemising
conducted systematic structural modifications a (€-14

diabetic mice andib/db type 2 diabetic mice. Based on its in position, designing and synthesizing 51 derivatiegésvarious

vitro and vitro efficacy, safety and simple struesj vincamine

types (Fig. 1).
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Fig. 1. Design of novel pancreatfzcells protective agents

2.2. Chemistry

The synthetic routes for the 51 compounds werectiegiin
Scheme 1-4. Firstly, dehydration reaction of conuiadly
available vincamine in the presence mra-toluenesulfonic acid
(TsOH) gave apovincamine, which was furthemrolyzed to
give the corresponding aciin-A. Then, esterification o¥in-A
with different alcohols in the presence of concerttasulfuric
acid (con.HSQ,) afforded the target compoun®$n-A01~A03
in good yields. While Vin-A was activated withpara-
toluensulfonyl chloride (TsCl) and subsequently gled with
different amines in the presence ofQQ; to afford the target
compound®/in-B01~B19 in good yields (Scheme 1).

Compounds/in-C01, Vin-D01~D05 andVin-EO1~E09 were
prepared according to Scheme 2. Treatment of vimwith

Activation of Vin-C01 with 4-nitrophenyl carbonate and
subsequently coupled with different amines gave amgds
Vin-EO1~EQ9 in moderate yields. As depicted in Scheme 3,
reaction of Vin-CO1 with phthalimide in the presence of
diisopropyl azodiformate (DIAD) and triphenylphospai(PPR)
afforded Vin-FO1, which was reacted with different acyl
chlorides to give the corresponding produdtn-G01~GO05.
CompoundsVin-F02~F05 were obtained by tosylation o¥/in-
FO1 and subsequently nucleophilic attacked by diffegenines.
Reaction of Vin-FO1 with 4-nitrophenyl carbamate and then
substituted with different amines to givén-H01~HO04.

All synthetic compounds were purified by chromatogiep
techniques (see the experiment section for detadsp

lithium aluminum hydride (LiAlH) produced the corresponding characterized by their spectroscopic datd-NMR, “*C-NMR
product Vin-C01, which was reacted with different acyl and MS).

chlorides to give the corresponding produ¢is-D01~DO05.
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Scheme 1. Reagents and conditions: (a) TsOH, toluene, reftuk, 92%; (b) NaOH, EtOH, reflux, 2 h; HOAc, pH43-96%; (c) ROH,
con.H,SQO,, reflux, 8 h, 74-81%; (d) TsCl,XOs;, DCM, r.t., 4 h; BR3NH, EtN, r.t., 3 h, 72-92%.

Vin-A01 Vin-C01
rsNH
Vin-E01~E09

Scheme 2. Reagents and conditions: (a) LIAIHTHF, -50 °C, 0.5 h, 96%; (b) focl, EtN, DCM, r.t.,, 2 h, 75-97%; (c) 4-nitrophenyl
carbamate, Py, DCM, r.t., 3 h,slﬁEHZ, DCM, r.t., 1 h; 43-65%.
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Scheme 3. Reagents and conditions: (a) phthalimide, BHWAD, THF, reflux, 1.5 h; NE-NH,-H,O, N,, 80 °C, 1h, 76%; (b) TsCl, O,
DCM, r.t., 5 h; BNH,, EtN, r.t., 8 h, 45-62%fc) R'COCI, DIPEA, DCM, r.t., 0.5 h, 80-90%; (d) 4-nitroplyenarbamate, Py, DCM, r.t., 0.5
h; RRNH,, DCM, r.t., 1 h; 75-87%.

2.3. Inhibition of apoptosisin INS-1 cellsinduced by STZ ECs,value. The relative protective activity and thesgE@alues
] ) o were summarized in Tables 1-3. On the basis of thesalts,
The pancreati@-cell protective activity of the 51 compounds following SAR has been derived to analyze the infageof the
against STZ-induced apoptosis was evaluated in INB183 |\ qifications on C14 position.
cells and vincamine was used as the positive conffbe Initial modification started from the eliminationf athe
pancreaticp-cells protection rate of vincamine at 2/ was hydroxyl groups on C14 position of vincamine giving
63%. We chose the compounds which showed strongef,qyincamineV\in-A01). In comparison to vincamin&|in-A01
protective activity than vincamine at 3M to determine the  ¢hawed much higher potency of inhibiting apoptosisiNS-1



cells with EG, of 5.03 pM. When changing the' Rubstituent,
the ester compound&n-A02 andVin-A03 with aliphatic groups
showed similar potency t¥in-A01 with EG;, of 5.44 uM and
455 uM, respectively. The amide compounds with bmal
aliphatic groups displayed higher potency {E€ 1 puM) than
vincamine, especially for compound/in-B03, it displayed a
significant EG, value of 0.20 pM. While compound&n-B05,
Vin-B06, Vin-BO7 and Vin-B08 which had long or large
aliphatic groups showed similar potency to vincamifide
introduction of hydroxyl at the end of the alipltagjroup did not
improve activity, for example, the potency\éin-B09 andVin-
B10 both decreased compared to their parent compgimdB04
andVin-B05. The activities of aromatic and di-substituted deni
compounds also decreased a lot, which indicateshtsaposition
is not suitable for modification of large groups.

Vin-C01, which was the reduction product &fin-A01,
showed potent inhibitory activity of apoptosis witBdz value of
0.22 uM. Thus, a series of esters and amino ed&igatives of

Vin-C01 were designed, synthesized and evaluated. As shown in

Table 2, the potency of the aliphatic ester compgsuiin-
D01~D04) improved a lot compared to vincamine, especidty
compound Vin-D01, it displayed potent activity with a
significant EGyvalue of 0.36 pM.

Small aliphatic amino esters derivativégn-E02~04 showed
increased activity compared to vincamine and it vedso
observed that the activity decreased with the irsereaf the
substituent chain length. The results\Gh-D05 and Vin-E09
showed that the aromatic ring is not conducive tintaa the
activity, which is consistent with the SAR of serieg@&ivatives.

Further, the hydroxyl group o¥in-COl is converted to the
amine group and a series of amine, amide and wdaatives
were synthesized to investigate the effect on thevigc As
shown in Table 3, amine derivativésin-FO2 and Vin-F03
which had methyl or ethyl group showed stronger égtthan its
parent compoundVin-F0l1, propyl and benzyl substituted
compounds and all the urea derivatives lost theneatic-cell
protective activity. While, most of the amide datives showed
improved activity compared to vincamine, except émomatic
substituted producVin-G05. The results of modifications on
C14 position indicated that structural modificasoran be
tolerable in this region and appropriate modificatis benefit to
improve the activity.

In general, most of the derivatives showed improveténcy,
however, the E€ value was not completely corresponding to the
strength of protective activity. The good news isttin the
modification of C14 position, several compounds wittyh
potency were obtained, especially for compoiid-C01 (0.22
pM) and Vin-F03 (0.27 pM), their pancreatip-cell protective
activity increased 2 times approximately than vincee. Overall
consideration of the Eg value and the relative protective
activity, compoundsVin-CO1 and Vin-FO3 were selected for
further investigation.

Tablel
The structures and the effects of compowidsA01~A03 andVin-
B01~B19 on STZ-induced cell death in INS-832/13 cells.

Protective

1 2p3
Compd OR'/NR°R activity®

ECso(HM)°

Vincamine

Vin-AOl

Vin-A02

Vin-A03

Vin-BO1

Vin-B02

Vin-B03

Vin-B04

Vin-B05

Vin-B06

Vin-B0O7

Vin-B08

Vin-B09

Vin-B10

Vin-B11

Vin-B12

Vin-B13

Vin-B14

Vin-B15

Vin-B16

Vin-B17

Vin-B18

Vin-B19

11.0+1.21

5.03+0.37

5.44 +£0.03

4.55+0.45

10.23 +0.85

0.66 £ 0.04

0.20 £0.02

0.37£0.03

9.40 £1.08

ND

10.76 £ 0.62

12.78 £0.47

0.96 £0.02

10.18 £0.35

ND

ND

ND

11.50 £1.05

7.10+£0.33

ND

13.17 £0.92

4.89+0.28

10.9+0.76




& The pancreati@-cells protection rate of vincamine at pM was ~ Table3
63%, “+” means the protective activity at 201 was stronger than  The structures and the effects of compowiits FO1~F05, Vin-
\/incamine’ “—” means the protective activity aﬁ]\ﬂ was weaker G01~G05 andVin-H01~H04 on STZ-induced cell death in INS-
than vincamine. 832/13 cells
b ECy, was measured by the MTT assay with seven conciemsa

(0.1, 1, 5, 10, 20, 40, 50 uM). Data were showmasnst S.E.M.

with three independent experimental replicates.

Table2
The structures and the effects of compowidsD01~D05 andVin-
EO01~EQ9 on STZ-induced cell death in INS-832/13 cells.

Protective

b
Compd R activity? ECs (UM)
Vin-Fo1 H + 7.62+0.23
Vin-F02 .y + 1.60 +0.07
_ Vin-FO3 ~ +° 0.27 +0.05
Compd RINHR® P;gtti\e/ﬁii;’e ECs, (LM)°
Vin-Fo4 P - ND
Vin-DO1 Py + 0.36 £0.02
Vin-DO2 ~ + 6.84 +0.13 Vin-FO5 ©ﬂ; _ ND
Vin-D03 PR + 3.77+£0.56 o
Vin-Go1 \)J\; + 3.02+0.11
Vin-D04 YE + 1.74+0.03
0

Vin-G02 PN y + 8.70+0.13

Y
Vin-D05 ©/ — ND
o}

Vin-G03 X + 7.20+0.23
Vin-EOL =3 + 8.75+ 0.67
H,N
‘7_%‘ (6]
Vin-E02 \H/ + 1.65+0.11 Vin-Go4 %f + 4.40 +0.18
Vin-E03 /\N)’1 + 1.69+0.14 o
H Vin-G05 (j/ N - ND
Vin-E04 \/\H}‘L + 5.85 +0.47
0
Vin-E05 /\/\Nfa — ND Vin-HO1 JU — ND
H HoNT
Vin-E06 HO_~ = + 532+ 0.38 o
H Vin-HO2 \NJ\; — ND
H
Vin-EO7 Ho/\/\H/Lsz + 9.05 + 0.57 °
Vin-H03 — ND
[ )\ %, " /\NJ\;;
Vin-E08 N~ + 10.76 £ 0.35 H
H

o
\D Vin-Ho4 ©\NJ\; - ND
H

& The pancreati@-cells protection rate of vincamine at pM was
63%, “+” means the protective activity at 20 was stronger than
vincamine, “—" means the protective activity at 20/ was weaker
than vincamine.

b ECy, was measured by the MTT assay with seven conciemsa
(0.1, 1, 5, 10, 20, 40, 50 pM). Data were showmasnst S.E.M.
with three independent experimental replicates.

¢ The protective activity was 2 times more than simine.

Vin-E09 ©\N by
H

& The pancreati@-cells protection rate of vincamine at pM was
63%, “+" means the protective activity at 201 was stronger than
vincamine, “=” means the protective activity at 201 was weaker
than vincamine.

b ECy, was measured by the MTT assay with seven conciemsa
(0.1, 1, 5, 10, 20, 40, 50 uMpyata were shown as meanS.E.M.
with three independent experimental replicates.




2.4. Céll viability assay

To investigate the potential protection \6in-C01 and Vin-
FO3 againstB-cells damage, MTT assayas carried out in INS-
832/13 cells with or without STZ (0.4 mM) stimulus dan
vincamine was used as the positive control [22]. Apicted in
Fig. 2A and 2B)Vin-C01 andVin-F03 showed no effect on INS-

832/13 cells viability, whereas they could reverS&-induced
decrease in cell viabilityVin-C01 and Vin-FO3 achieved the
same effect at 1QM as the effect of vincamine at 2M in

reversing STZ-induced decrease in cell viabilittheTresults
demonstrated tha¥in-C01 and Vin-FO3 had the capability in
enhancing INS-832/13 cells viability against STZatmeent,
which was much stronger than vincamine.
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Vin-F03 (5, 10, 20uM) for 24 h, and then MTT assay was applied. (B)4882/13 cells were incubated witfin (20 uM), Vin-CO1 (5, 10, 20
uM) and Vin-F03 (5, 10, 20uM) with STZ (0.4 mM) for 24 h, and then MTT assagpsnapplied. (C) INS-832/13 cells treated as B were
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Fig. 3. Vin-C01 andVin-F03 protectp-cells through IRS2/PI13K/Akt S|gnaI|ng pathway (Alter incubation with STZ (0.4nM) andVin (20
uM), Vin-C01 (5, 10, 20uM) and Vin-F03 (5, 10, 20uM) in INS-832/13 cells for 24, the level of p-Akt was determined by AlphaLISA
assay. (B) INS-832/13 cells with or without STZ treant were incubated wittiin (20 uM), Vin-C01 (5, 10, 20uM) andVin-F03 (5, 10, 20
uM) for 24h, and then p-Akt was detected by Western blot. (), Vin-C01 and Vin-F03-inducedp-cell survival was measured in the
presence of wortmannin (M). (D) The level of p-Akt was detected by Westelot n INS-832/13 cells incubated with STZ (®oM) and
Vin (20 uM), Vin-C01 (5, 10, 20uM) andVin-F03 (5, 10, 20uM) for 24h in the presence of wortmanniny@®). (F, G and H) INS-832/13



cells were incubated with STZ (0vM) andVin (20 uM), Vin-CO01 (5, 10, 20uM) andVin-F03 (5, 10, 20uM) for 6 h, and then the activity
of Caspase 9 (F) and Caspase 3 (G) were examinegl emiresponding assay kits and the expressioneafzetl Caspase 3 (H) was detected
by Western blot. (E, I, J, K and L) INS-832/13 seMere treated with STZ (0mMM) andVin (20 uM), Vin-CO01 (5, 10, 20uM) andVin-F03

(5, 10, 20uM) for 24h. IRS2/PI3K/Akt signaling pathway-related proteifts L) were then assessed by Western blot, andmnR&lA
expressions of p21 (), Bim (J) and IRS2 (K) wereedtd by quantitative real-time PCR (qRT-PCR). Data whmvn as meansS.E.M.
with three independent experimental replicatesniBeant differences between groups are represeasetp < 0.05, *p < 0.01 and **p <
0.001, angb > 0.05 stands for no significance (ns).

2.5. Apoptosis assay 2.6.3 Vin-C01 and Vin-F03 regulated insulin receptor substrate
2 (IR
Next, we performed flow cytometry (FCM) analysis of
Annexin V-FITC/PI double staining to further invesgtte the Insulin receptor substrate 2 (IRS2) is an interfaedéween

protective effect oVin-C01 andVin-FO3 on INS-832/13 cells. activated tyrosine kinase receptors and the doeastrsignaling
As shown in Fig. 2C, these two compounds efficiendgrdased molecules including PI3K [25]. Thus, we performedevant
the mass of apoptotic cells induced by STZ (0.4 m¥ih-C01 assays to investigate whether IRS2 was the upstreatairp of
and Vin-FO3 achieved the same effect at 11 as that of PI3K/Akt signaling which responded to the regulatioiVin-
vincamine at 2QuM, which indicated that they had better effect CO1 andVin-F03. The results indicated that bot#in-C01 and
than vincamine in protecting INS-832/13 cells agai6¥Z-  Vin-FO3 reversed STZ-induced IRS2 reduction in either mRNA
induced apoptosis. or protein level in INS-832/13 cells (Fig. 3K and)3[lhus, we
concluded that IRS2 was in the upstream of PI3K/Admaling
responding to vincaming/in-C01 and Vin-FO03 regulation. In
2.6.1 Vin-C01 and Vin-F03 reversed the STZ-induced reduction addition,Vin-C01 andVin-F03 exhibited much better effect than
of p-Akt vincamine in reversing STZ-induced reduction of RS

2.6. Cellular mechanism of action studies.

Given that Akt plays an important role in the signgli 3. Conclusions
transductions off-cells growth and apoptosis [23], we next
investigated the potential regulation @in-C01 and Vin-FO3
against Akt signaling. Firstly, AlphaLISA-based assess
performed to investigate the potency of the two conmgls in
stimulating p-Akt. As indicated in Fig. 3A, both comymals
reversed STZ-induced reduction of p-Akt. Next, we @ened
western blot assay to further verify the AlphaLISAules As
shown in Fig. 3BVin-C01 andVin-F03 exhibited no effect on
p-Akt, while, they could recover STZ-induced reduetin p-Akt.
These results demonstrated thWan-CO1 andVin-F03 possessed
the capability of reversing STZ-induced reductidrpéAkt in p-
cells and their effects were much better than vineam

In conclusion, to develop effective drugs for treatment of
type 2 diabetes mellitus, 51 vincamine derivatiwese designed,
synthesized and evaluated. Among all the testedpoands,
Vin-CO01 and Vin-FO3 showed most potent pancreaflecells
protective effect with the Egvalues of 0.22 uM and 0.27 uM,
respectively. Further cell viability assay demoatstd thatVin-
C01 and Vin-FO3 effectively enhanced INS-832/13 cells
viability and protected INS-832/13 cells against Sfduced
apoptosis, and their effect were much stronger tirazamine. In
addition, we found tha¥in-C0O1 andVin-F03 could protect INS-
832/13 cells function by regulating IRS2/PI3K/Aktgsaling
pathway through the cellular mechanism of actiondistu
2.6.2 Vin-C01 and Vin-F03 promoted p-cells survival by Taking together, these results suggest #HatC0O1 andVin-F03
regulating PI13K/Akt signaling could be considered as two potential pancrgiatiells protective

ts for the devel t of 2 diabetes d
Considering that Akt is often regulated by PI3K iellc agents for the development of type 2 diabetes drugs

survival and growth, we further investigated whethigsse two 3. Experimental section

compounds mediateicells survival and p-Akt restoration were ) )

of PI3K dependence. As shown in Fig. 3C, MTT assmsult  3-1. Materialsand physical measurements
revealed that PI3K inhibitor wortmannin could impeédée
activity of Vin-C0O1 andVin-F03 in reversing STZ-induced cell
apoptosis. In additionthe western blot result (Fig. 3D)
demonstrated that these two compounds-mediated p-Al
restoration can be completely reversed by wortmaniimvas
obvious thatVin-C01 and Vin-F03 efficiently recovered STZ-
induced reduction of p-PI3K and their effects wenecm better
than vincamine (Fig. 3E).

Next, we investigated the regulation @fn-C01 and Vin-
FO3 against the downstream effectors of PI3K/Akt sigmgli
including FOXO1, GSKB, Caspase 9/3, Bim and p21 [24]. The
results showed tha¥in-C01 and Vin-F03 could reverse STZ-
induced reduction of phosphorylated FOXO1 (Ser256)/GSK3
(Ser9) (Fig. 3E) and deplete STZ-induced increasesnzyme
activity of Caspase 9/3 (Fig. 3F and 3G) and thegmdevel of
cleaved Caspase 3 (Fig. 3Hjloreover, they could also reduce
the elevation of Bim and p21 mRNA stimulated by STFg( 3l
and 3J).

Taken together, all results demonstrated ¥at-C01 and
Vin-FO3 could protect3-cells against STZ-induced apoptosis by
regulating PI3K/Akt signaling and their protectiaetivities were
much stronger than vincamine. 3.2. Chemistry

All cell culture reagents were purchased from Gibco
(Invitrogen, USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-

iphenyltetrazolium bromide (MTT), STZ, wortmannin,

B216763 and chloroquine were purchased from Sigrdaehl
company (USA). All chemical reagents were purchased fro
Sinopharm Chemical Reagent Co., Ltd. (China), Alfasake
Adamas-beta, J&K and TCI. All solvents were used withou
further purifications. Reaction progress was moeitiorusing
analytical thin layer chromatography (TLC) on preiea silica
gel GF254 (Yantai, China) plates and the spots wetected
under UV light (254 nm). Column chromatography was
performed on silica gel (200-300 mesh) from Yanthia).
Melting point were recorded on a WRS-1B melting poin
apparatus and uncorrectétt NMR and**C NMR spectra were
measured in DMS@ or CDCE solutions using an AVANCE I
400 spectrometer. Chemical shifts are reported scale (ppm)
relative to internal TMS,) values are given in Hertz, and spin
multiplicities are expressed as s (singlet), d tdet), t (triplet),
or m (multiplet). Low and high-resolution mass specivere
obtained in the ESI mode.



3.2.1. General procedure for the synthesis of Vin-AO1

To a stirred solution of vincamine (1.77 g, 5 mminl)toluene
(20 mL) was added TsOH (1.72 g, 10 mmol) at room twatpre.
The mixture was heated to reflux for 2 h, and TL@i¢ated that
the reaction was completed. After cooling to roomperature,
the reaction mixture was evaporated to dryness umdenum
and diluted with HO (20 mL). When the solution was basified to
pH 8 by 5% NaOH solution, a large amount of white dsoli
dissolve out. The precipitate was filtered and weshéh with
H,O (15 mL) and EtOH (3 mL), then dried under vacuumgite
Vin-A01 as a white solid (Yield 92%). m.p.: 163-1%5 HPLC:
98.2%."H NMR (400 MHz, CDCJ)  7.47 (d,J = 7.2 Hz, 1H),
7.23(d,J = 7.2 Hz, 1H), 7.19-7.11 (m, 2H), 6.15 (s, 1H), 4.44 (
1H), 3.95 (s, 3H), 3.38-3.33 (m, 1H), 3.29-3.21 (m, ,1Bip7-
2.99 (m, 1H), 2.63-2.58 (m, 2H), 2.53-2.48 (m, 1HP711.85
(m, 2H), 1.78-1.69 (m, 1H), 1.53-1.50 (m, 1H), 1.438L(m,
1H), 1.02 (tJ = 7.2 Hz, 3H), 0.98-0.97 (m, 1H))C NMR (101

(m2): 365 [M+H]. HRMS (ESI): m/z [M+H]® calcd for
CoiHoN,0,: 365.2229, Found: 365.2226.

3.2.5. (4'S13a9)-isopropyl 13a-ethyl-2,3,4",5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxylate (Vin-A03)

The product was a light yellow solid (Yield 74%). m.p73-
176°C. HPLC: 97.9%'H NMR (400 MHz, CDC))  7.46 (d,J
= 7.2 Hz, 1H), 7.27 (d) = 7.2 Hz, 1H), 7.17-7.10 (m, 2H), 6.08
(s, 1H), 5.34-5.25 (m, 1H), 4.14 (s, 1H), 3.37- 3.82 (H),
3.28-3.21 (m, 1H), 3.07-2.98 (m, 1H), 2.63-2.61 (H),2.53-
2.47 (m, 1H), 1.98-1.85 (m, 2H), 1.74-1.68 (m, 1Hp311.49
(m, 1H), 1.39 (dJ = 6 Hz, 3H), 1.37 (d) = 6 Hz, 3H), 1.31-1.26
(m, 1H), 1.01 (tJ = 7.2 Hz, 3H), 1.04-0.97 (m, 4H); ESI-MS
(m2): 365 [M+H]. HRMS (ESI): miz [M+H]® calcd for
Cy3H,9N,0,: 365.2229, Found: 365.2226.

3.2.6. General procedure for the synthesis of Vin-B01~B19

MHz, CDCk) 5 163.8, 134.1, 130.7, 129.0, 128.2, 128.1, 121.9, To a stirred solution o¥/in-A (322 mg, 1 mmol) in DCM (6

120.2, 118.2, 112.4, 108.6, 55.7, 52.5, 51.4, BV, 28.5, 27.2,
20.2, 16.3, 8.7; ESI-MSn{2): 337 [M+H]". HRMS (ESI):m/z
[M+H] " calcd for GH,sN,O,: 337.1916, Found: 337.1912.

3.2.2. General procedure for the synthesis of Vin-A

To a stirred solution 0fin-A01 (1.68 g, 5 mmol) in EtOH (10
mL) was added NaOH (2.04 g, 6 mmol) at room tempezatur
The mixture was heated to reflux for 2 h, and TL@idated that
the reaction was completed. After cooling to roomgerature,
the reaction mixture was evaporated to dryness umdenum
and diluted with HO (6 mL). When the solution was acidified to
pH 3~4 by acetic acid, a large amount of off-whitkdsdissolve
out. The precipitate was filtered and washed with Wit (15
mL), then dried under vacuum to gi%&n-A as a light yellow
solid (Yield 96%)."H NMR (400 MHz, DMSO#d,) & 7.41 (d,J =
7.2 Hz, 1H), 7.30 (dJ = 7.2 Hz, 1H), 7.09-7.02 (m, 2H), 6.01 (s,
1H), 4.19 (s, 1H), 3.26-3.21 (m, 2H), 2.97-2.89 (m, ,1P{p2-
2.60 (m, 2H), 2.53-2.50 (m, 2H), 1.85-1.79 (m, 2HK011.46
(m, 2H), 1.37-1.33 (m, 1H), 0.95-0.91 Jt= 7.2 Hz, 3H), 0.85-
0.78 (m, 1H); ESI-MSr{V2): 323 [M+HT".

3.2.3. General procedure for the synthesis of Vin-A02~A03

To a stirred solution of vincamine (354 mg, 1 mmaoi)
anhydrous ROH (6 mL) was added con.,80, (1 mL) at room
temperature. The mixture was heated to reflux for &nd TLC
indicated that the reaction was completed. Afteriogolo room
temperature, the reaction mixture was evaporatedirymess
under vacuum and diluted with,&8 (6 mL). When the solution
was basified to pH 8 by 5% NaOH solution, a large arhodin
white solid dissolve out. The precipitate was filteeend washed
with with H,O (10 mL) and EtOH (1 mL), then dried under
vacuum to givehe target compoundin-A02~A03.

3.2.4. (4'S13a9)-propyl 13a-ethyl-2,3,4',5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridine-12-
carboxylate (Vin-A02)

The product was a light yellow solid (Yield 81%). m.p89-
191°C. HPLC: 97.7%."H NMR (400 MHz, CDC}) § 7.46 (dd,J
= 8.8, 2.0 Hz, 1H), 7.24 (dd,= 8.8, 2.0 Hz, 1H), 7.17-7.10 (m,
2H), 6.11 (s, 1H), 4.36-4.28 (m, 2H), 4.15 (s, 1H) 733332 (m,
1H), 3.28-3.21 (m, 1H), 3.07-2.98 (m, 1H), 2.63-2.61, @H),
2.53-2.48 (m, 1H), 1.96-1.86 (m, 2H), 1.83-1.74 (1H),21.73-
1.66 (m, 1H), 1.53-1.49 (m, 1H), 1.42-1.38 (m, 1H)710.95
(m, 7H); °C NMR (101 MHz, CDG)) & 163.4, 134.0, 130.8,
128.9, 128.3, 127.7, 121.7, 120.1, 118.1, 112.8,51(%67.2, 55.5,
51.3, 44.8, 37.6, 28.6, 27.2, 21.9, 20.2, 16.24,18.7; ESI-MS

mL) was added TsCl (380 mg, 2 mmol) at room tempegafThe
mixture was stirred at room temperature for 4 h.eAft
completion, EN (303 mg, 3 mmol) and amines’M&NH (2
mmol) was added into the reaction mixture. Afteristy at room
temperature for another 3 h, the mixture was dilwtith DCM
(40 mL) and washed with @ (30 mL), saturated NE@G;
solution (30 mL) and brine (30 mL), then dried oamhydrous
N&aSQ,. The organic layer was filtered and evaporatedyoatss
under vacuum to obtain the desired crude produdtse
appropriate compound¥in-B01~B19) were obtained following
purification by silica gel chromatography.

3.2.7. (4'S13a9-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-indol o-
[3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-carboxamide
(Vin-B01)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light red solid (Yield 83%n.p.:
197-199°C. HPLC: 97.6%.H NMR (400 MHz, CDC)) & 7.46
(d,J=7.6 Hz, 1H), 7.38 (d] = 7.6 Hz, 1H), 7.18-7.10 (m, 2H),
6.38 (s, 1H), 6.02 (s, 1H), 5.82 (s, 1H), 4.15 (s, B:B7-3.32 (m,
1H), 3.28-3.20 (m, 1H), 3.07-2.98 (m, 1H), 2.63-2.60 @H),
2.52-2.47 (m, 1H), 1.96-1.83 (m, 2H), 1.76-1.65 (iH),11.51-
1.48 (m, 1H), 1.41-1.37 (m, 1H), 1.04-0.96 (m, 453 NMR
(101 MHz, DMSO€) 4 165.4, 133.3, 131.0, 130.9, 128.5, 121.2,
120.2, 119.6, 117.9, 112.2, 107.4, 55.3, 50.8,,43655, 29.1,
26.8, 19.9, 15.8, 8.4; ESI-M®n(): 322 [M+H]'. HRMS (ESI):
m/z [M+H] " calcd for GgH,N50: 322.1919, Found: 322.1915.

3.2.8. (4'S13a9-13a-ethyl-N-methyl-2,3,4",5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B02)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel82%).
m.p.: 186-188C. HPLC: 95.1%'H NMR (400 MHz, CDC}) &
7.46 (d,J = 7.6 Hz, 1H), 7.26-7.11 (m, 3H), 6.04-6.03 (m, 1H),
5.68 (s, 1H), 4.15 (s, 1H), 3.38-3.33 (m, 1H), 3.2833m, 1H),
3.03-3.01 (m, 3H), 2.63-2.61 (M, 2H), 2.52-2.48 (i),12.05 (s,
1H), 1.95-1.81 (m, 2H), 1.73-1.67 (m, 1H), 1.51-1.48 (H),
1.41-1.37 (m, 1H), 1.01-0.96 (m, 4HYC NMR (101 MHz,
CDCl,) & 164.8, 133.8, 131.7, 131.2, 129.3, 122.3, 12220,5,
118.6, 111.9, 109.0, 56.0, 51.7, 45.1, 37.4, 2Bi4, 26.7, 20.5,
16.5, 8.8; ESI-MSrtv2): 336 [M+H]". HRMS (ESI):mVz [M+H]*
calcd for G;H,¢N3zO: 336.2076, Found: 336.2074.

3.2.9. (4'S13a9)-N,13a-diethyl-2,3,4",5,6,13a-hexahydro-1H-

indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridine-12-
carboxamide (Vin-B03)



The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@2%).
m.p.: 210-212C. HPLC: 96.1%'H NMR (400 MHz, CDC)) &
7.46 (dd,J = 7.2, 2.0 Hz, 1H), 7.26 (dd, = 7.2, 2.0 Hz, 1H),
7.17-7.10 (m, 2H), 5.95 (s, 1H), 5.68 (s, 1H), 4.151(), 3.50-
3.48 (m, 2H), 3.38-3.33 (m, 1H), 3.28-3.20 (m, 1H)732.98
(m, 1H), 2.63-2.61 (m, 2H), 2.52-2.47 (m, 1H), 1.9821(m,
2H), 1.74-1.70 (m, 1H), 1.52-1.48 (m, 1H), 1.42-1.8Y, (H),
1.28-1.26 (tJ = 7.2 Hz, 3H), 1.04-0.96 (m, 4H))C NMR (101

MHz, CDCk) 6 164.0, 133.7, 131.9, 131.3, 129.3, 122.1, 121.9

120.4, 118.5, 112.0, 108.9, 56.0, 51.6, 45.1, B54), 29.4, 27.5,
20.5, 16.5, 14.8, 8.8; ESI-M$(z): 350 [M+H]". HRMS (ESI):
m/z [M+H]" calcd for G,H,N,0: 350.2232, Found: 350.2227.

3.2.10. (4'S,13a9)-13a-ethyl-N-propyl-2,3,4",5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B04)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel89%).
m.p.: 266-268C. HPLC: 96.7%H NMR (400 MHz, CDC)) 5

m.p.: 220-222C. HPLC: 96.0%'H NMR (400 MHz, CDC)) &

7.46 (dd,J = 7.2, 2.0 Hz, 1H), 7.28 (dd, = 7.2, 2.0 Hz, 1H),
7.17-7.10 (m, 2H), 5.66 (s, 1H), 4.36-4.28 (m, 1H)54(s, 1H),
3.37-3.33 (m, 1H), 3.27-3.20 (m, 1H), 3.07-2.98 (H),12.63-
2.61 (m, 2H), 2.52-2.47 (m, 1H), 1.97-1.80 (m, 2H),611.65
(m, 1H), 1.52-1.48 (m, 1H), 1.41-1.36 (m, 1H), 1.27Jd& 6.4

Hz, 3H), 1.25 (d,) = 6.4 Hz, 3H), 1.00 (tJ = 7.2 Hz, 3H), 0.96-
1.03 (m, 4H); ESI-MS rfv2): 364 [M+H]. HRMS (ESI): m/z

[M+H] " calcd for GgH;oN;O: 364.2389, Found: 364.2386.

3.2.14. (4'S,13aS)-N-cyclopentyl-13a-ethyl-2,3,4" 5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] -
naphthyridine-12-carboxamide (Vin-B08)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@1%).
m.p.: 152-154C. HPLC: 96.1%H NMR (400 MHz, CDC)) 5
7.46 (dd,J = 7.2, 2.0 Hz, 1H), 7.27 (dd, = 7.2, 2.0 Hz, 1H),
7.17-7.10 (m, 2H), 5.87-5.85 (m, 1H), 5.68 (s, 1H3944.40 (m,
1H), 4.15 (s, 1H), 3.38-3.33 (m, 1H), 3.28-3.20 (m, ,1Bip7-
2.98 (m, 1H), 2.63-2.60 (m, 2H), 2.52-2.47 (m, 1H},522.09

7.46 (d,J = 7.2 Hz, 1H), 7.27-7.25 (m, 1H), 7.17-7.10 (m, 2H), (m, 2H), 1.94-1.80 (m, 3H), 1.72-1.65 (m, 5H), 1.5261(m,
5.99-5.96 (tJ = 5.6 Hz, 1H), 5.67 (s, 1H), 4.16 (s, 1H), 3.50-3.332H), 1.44-1.37 (m, 1H), 1.02-0.96 (m, 4JC NMR (101 MHz,

(m, 3H), 3.28-3.21 (m, 1H), 3.07-2.98 (m, 1H), 2.6812(m,
2H), 2.53-2.47 (m, 1H), 1.94-1.82 (m, 2H), 1.78-1.78 (H),
1.68-1.62 (m, 2H), 1.52-1.49 (m, 1H), 1.42-1.37 (iH),11.05-
0.97 (m, 7H);*C NMR (101 MHz, CDC)) & 164.1, 133.7, 131.9,
131.1, 129.2, 122.1, 121.7, 120.4, 118.5, 112.8,91®%6.0, 51.6,
45.1, 41.8, 37.4, 29.4, 27.5, 22.8, 20.5, 16.46,18.8; ESI-MS
(m2): 364 [M+H]. HRMS (ESI): miz [M+H]® calcd for
Cao3H3gN3z0: 364.2389, Found: 364.2384.

3.2.11. (4'S,13a9)-N-butyl-13a-ethyl-2,3,4 5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B05)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@6%).
m.p.: 259-261°C. HPLC: 93.5%H NMR (400 MHz, CDC)) 5
7.43 (dd,J = 7.2, 2.0 Hz, 1H), 7.22 (dd, = 7.2, 2.0 Hz, 1H),
7.13-7.06 (m, 2H), 6.31-6.24 (m, 1H), 5.60 (s, 1H}14(s, 1H),
3.43-3.28 (m, 3H), 3.23-3.15 (m, 1H), 3.04-2.95 (1H),12.60-
2.56 (m, 2H), 2.48-2.43 (m, 1H), 1.93-1.75 (m, 2HY21.61
(m, 1H), 1.58-1.51 (m, 2H), 1.45-1.42 (m, 1H), 1.38aL(m,
3H), 1.09-0.91 (m, 7H)**C NMR (101 MHz, CDG))  164.1,
133.6, 131.8, 131.0, 129.1, 121.9, 121.2, 120.8.3,1111.9,
108.6, 55.8, 51.5, 45.0, 39.7, 37.1, 31.4, 29.43,270.4, 20.1,
16.3, 13.7, 8.7; ESI-MSn{2): 378 [M+H]. HRMS (ESI):m/z
[M+H] " calcd for GsH3,N;O: 378.2545, Found: 378.2542.

3.2.12. (4'S,13a9)-13a-ethyl-N-pentyl-2,3,4",5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B06)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel88%).
m.p.: 227-230C. HPLC: 90.8%'H NMR (400 MHz, CDC}) &
7.47 (dd,J = 6.4, 2.0 Hz, 1H), 7.25 (dd, = 6.4, 2.0 Hz, 1H),
7.17-7.10 (m, 2H), 5.96 (m, 1H), 5.67 (s, 1H), 4451H), 3.54-
3.40 (m, 2H), 3.38-3.33 (m, 1H), 3.28-3.20 (m, 1H))732.98
(m, 1H), 2.63-2.61 (m, 2H), 2.52-2.47 (m, 1H), 1.9831(m,
2H), 1.82-1.80 (m, 1H), 1.77-1.67 (m, 1H), 1.65-1.68 @H),
1.52-1.48 (m, 1H), 1.37-1.34 (m, 4H), 1.05-0.98 (i),4.92 (t,
J = 7.2 Hz, 3H); ESI-MSntV2): 392 [M+H]". HRMS (ESI):m/z
[M+H] " calcd for GsH3N;O: 392.2702, Found: 392.2698.
3.2.13. (4'S,13a9)-13a-ethyl-N-isopropyl-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] -
naphthyridine-12-carboxamide (Vin-B07)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@5%).

CDCl,) & 163.6, 133.6, 131.8, 131.4, 129.2, 122.0, 12129,4],
118.4, 112.1, 108.9, 56.0, 51.7, 51.6, 45.1, 33342, 32.8, 29.3,
27.5, 23.9, 23.8, 20.5, 16.5, 8.8; ESI-M®&7): 390 [M+HT".

HRMS (ESI): m'z [M+H]" calcd for GgHsN;O: 390.2545,
Found: 390.2541.

3.2.15. (4'S,13a9)-13a-ethyl-N-(2-hydroxyethyl)-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [1,5] -
naphthyridine-12-carboxamide (Vin-B09)

The crude product was purified by flash chromatogyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yield9%).
m.p.: 191-193C. HPLC: 97.0%H NMR (400 MHz, CDC)) 5
7.45 (d,J = 6.4 Hz, 1H), 7.24 (d] = 6.4 Hz, 1H), 7.16-7.08 (m,
2H), 6.54-6.52 (m, 1H), 5.69 (s, 1H), 4.11 (s, 1H)73f7J = 5.6
Hz, 2H), 3.67- 3.59 (m, 1H), 3.56-3.49 (m, 1H), 3.431H),
3.33- 3.28 (m, 1H), 3.20-3.13 (m, 1H), 3.04-2.95 {iH), 2.61-
2.57 (m, 2H), 2.50-2.44 (m, 1H), 1.94-1.78 (m, 2H),411.62
(m, 1H), 1.51-1.43 (m, 1H), 1.42-1.34 (m, 1H), 1.0240(m,
4H); °C NMR (101 MHz, CDGJ) § 165.0, 133.7, 131.6, 130.9,
129.2, 122.2 (2C), 120.5, 118.5, 111.9, 108.9, ,685/9, 51.5,
45.0, 42.6, 37.4, 29.2, 27.4, 20.4, 16.4, 8.8; BSI{m/z): 366
[M+H]". HRMS (ESI): m/z [M+H]" calcd for G,H,gNsO.:
366.2182, Found: 366.2177.

3.2.16. (4'S,13a9)-13a-ethyl-N-(3-hydroxypropyl)-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-de] pyrido[ 3,2,1-
ij][1,5] naphthyridine-12-carboxamide (Vin-B10)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yield5%).
m.p.: 203-205C. HPLC: 95.1%H NMR (400 MHz, CDC)) 5
7.46 (d,J = 6.4 Hz, 1H), 7.24 (d] = 6.4 Hz, 1H), 7.17-7.10 (m,
2H), 6.52-6.49 (m, 1H), 5.72 (s, 1H), 4.13 (s, 1H)33f7J = 5.6
Hz, 2H), 3.69-3.54 (m, 2H), 3.36-3.31 (m, 1H), 3.2583(in,
1H), 3.06-2.97 (m, 1H), 2.62-2.56 (m, 2H), 2.53-2.46 (H),
1.96-1.85 (m, 2H), 1.83-1.78 (m, 2H), 1.75-1.64 (1H),11.53-
1.44 (m, 1H), 1.42-1.34 (m, 1H), 1.03-0.95 (m, 4H);-E5
(m'2): 380 [M+H]. HRMS (ESI): miz [M+H]" calcd for
C,3H30N30,: 380.2338, Found: 380.2336.

3.2.17. (4'S,13a9)-13a-ethyl-N-phenyl-2,3,4",5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B11)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yield2%).
m.p.: 176-178C. HPLC: 97.1%H NMR (400 MHz, CDC)) 5
8.08 (s, 1H), 7.56 (dl = 8.0 Hz, 2H), 7.49-7.46 (m, 1H), 7.30 (d,



J = 8.0 Hz, 1H), 7.28-7.27 (m, 1H), 7.14 @z= 8.0 Hz, 1H),
7.13-7.08 (m, 2H), 5.81 (s, 1H), 4.14 (s, 1H), 3.383m, 1H),
3.25-3.17 (m, 1H), 3.07-3.00 (m, 1H), 2.65-2.55 (iH),22.51-
2.46 (m, 1H), 1.95-1.78 (m, 2H), 1.74-1.64 (m, 1Hp1%1.47
(m, 1H), 1.38-1.34 (m, 1H), 1.03-0.93 (m, 4HC NMR (101

MHz, CDCL) § 162.0, 137.3, 133.6, 131.8, 131.1, 129.2, 129.1,

(2C), 124.9, 122.9, 122.3, 120.5, 120.3 (2C), 1,1813.8, 109.0,
55.8, 51.5, 45.0, 37.5, 29.2, 27.4, 20.4, 16.4, BSI-MS (/2):
398 [M+H]". HRMS (ESI):m/z [M+H]" calcd for GgH,gN3O:
398.2232, Found: 398.22328.

3.2.18. (4'S,13a9)-13a-ethyl-N-(4-methoxyphenyl)-2,3,4' 5,6,13a

-hexahydro-1H-indolo[ 3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] -
naphthyridine-12-carboxamide (Vin-B12)

The crude product was purified by flash chromatolgyap

(DCM/MeOH = 50/1) to give a light yellow solid (Yiel81%).
m.p.: 193-195C. HPLC: 93.5%'H NMR (400 MHz, CDC}) &
8.06 (s, 1H), 7.48 (ddl = 7.2, 2.0 Hz, 1H), 7.48 (d,= 8.8. Hz,
2H), 7.27 (dd,) = 7.2, 2.0 Hz, 1H), 7.13-7.08 (m, 2H), 6.77 {d,
= 8.8 Hz, 2H), 5.76 (s, 1H), 4.11 (s, 1H), 3.75 (s, 3435-3.30
(m, 1H), 3.24-3.16 (m, 1H), 3.05-2.98 (m, 1H), 2.6882(m,
2H), 2.49-2.45 (m, 1H), 1.92-1.77 (m, 2H), 1.72-1.62 (H),
1.47-1.44 (m, 1H), 1.35-1.32 (m, 1H), 0.97 Xt 7.2 Hz, 3H),
0.92-0.82 (m, 1H)**C NMR (101 MHz, CDCJ)  161.9, 156.7,
133.6, 131.8, 131.1, 130.4, 129.2, 122.5, 122.2,9.22C), 120.4,
118.4, 114.2 (2C), 111.9, 108.9, 55.8, 55.5, 5455), 37.4, 29.2,
27.3, 20.4, 16.4, 8.7, ESI-M3n(2): 428 [M+H]". HRMS (ESI):
m/z [M+H]* calcd for G;HzoN;O,: 428.2338, Found: 428.2333.

3.2.19. (4'S,13a9)-13a-ethyl-N,N-dimethyi-2,3,4' 5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [1,5]
naphthyridine-12-carboxamide (Vin-B13)

The crude product was purified by flash chromatolgyap

(DCM/MeOH = 50/1) to give an off-white solid (Yield 85%
m.p.: 268-27°C. HPLC: 94.8%H NMR (400 MHz, CDCJ) &

1.55 (m, 4H), 1.18-1.24 (m, 1H), 0.90-1.02Jt 7.6 Hz, 6H),
0.75-0.90 (m, 4H); ESI-MSn§2): 406 [M+H]. HRMS (ESI):
m/z [M+H] " calcd for GgH3eN3O: 406.2858, Found: 406.2854.

3.2.22. (4'S,13a9)-N,N-dibutyl-13a-ethyl-2,3,4' 5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5]
aphthyridine-12-carboxamide (Vin-B16)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@5%).
m.p.: 252-254C. HPLC: 93.8%H NMR (400 MHz, CDC)) 5
7.45 (d,J = 8.0 Hz, 1H), 7.10-7.27 (m, 3H), 5.10-5.20 (m, 1H),
4.19-4.25 (m, 1H), 3.52-3.61 (m, 2H), 3.26-3.39 (H),32.94-
3.08 (m, 4H), 2.67-2.74 (m, 2H), 2.50-2.54 (m, 1HP311.97
(m, 1H), 1.62-1.87 (m, 5H), 1.42-1.51 (m, 4H), 0.9081(m,
9H), 0.75-0.89 (m, 2H); ESI-MSn(2): 434 [M+H]. HRMS
(ESI): mz [M+H]" caled for GgHsNsO: 434.3171, Found:
434.3167.

3.2.23. ((4'S,13a9-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)(pyrrolidin-1-yl)methanone (Vin-B17)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a white solid (Yield 81%). pm.
185-187°C. HPLC: 95.5%'H NMR (400 MHz, CDCJ) 6 7.46-
7.44 (m, 1H), 7.12-7.09 (m, 3H), 5.32 (s, 1H), 4.8201H), 3.75-
3.62 (m, 2H), 3.38-3.30 (m, 2H), 3.29-3.22 (m, 1H))732.98
(m, 2H), 2.71-2.67 (m, 1H), 2.65-2.64 (m, 1H), 2.58722(m,
1H), 2.00-1.89 (m, 2H), 1.86-1.77 (m, 4H), 1.74-1.66 @H),
1.56-1.53 (m, 1H), 1.44-1.39 (m, 1H), 1.19-1.11 (i),10.99 (t,
J = 7.2 Hz, 3H);"*C NMR (101 MHz, CDGC)) 5 164.0, 133.4,
131.2, 130.4, 128.8, 122.4, 120.3, 118.5, 117.6.111108.4,
55.9, 51.8, 48.0, 46.0, 45.2, 37.2, 29.7, 27.59,284.4, 20.6,
16.4, 8.8; ESI-MSrtv2): 376 [M+H]". HRMS (ESI):mVz [M+H] "
calcd for G4H3oNsO: 376.2389, Found: 376.2385.

3.2.24. ((4'S13a9)-13a-ethyl-2,3,4',5,6,13a-hexahydro-1H-

7.45 (d,J = 7.2 Hz, 1H), 7.15-7.08 (m, 3H), 5.29 (s, 1H), 4.22 ( indolo[ 3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-

1H), 3.39-3.34 (m, 1H), 3.30-3.23 (m, 1H), 3.16 (s, ,3B{P7-
2.98 (m, 2H), 2.73-2.67 (m, 3H), 2.53-2.48 (m, 1HP8:1.90
(m, 2H), 1.85-1.68 (m, 2H), 1.57-1.53 (m, 1H), 1.4611(m,
1H), 1.22-1.14 (m, 1H), 0.99 @,= 7.6 Hz, 3H)°C NMR (101

MHz, CDCk) & 165.9, 133.4 (2C), 130.2, 128.9, 122.5, 120.4

118.5 (2C), 110.1, 108.6, 55.9, 51.9, 45.3, 37531,329.8, 27.5
(2C), 20.6, 16.5, 8.9; ESI-MSn(z): 350 [M+H]". HRMS (ESI):
m/z [M+H] " calcd for G,H,gN;0: 350.2232, Found: 350.2227.

3.2.20. (4'S,13a9)-N,N,13a-triethyl-2,3,4' 5,6,13a-hexahydro-
1H-indolo[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5] naphthyridine-12-
carboxamide (Vin-B14)

y)(piperidin-1-yl)methanone (Vin-B18)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yiel85%).
m.p.: 246-247C. HPLC: 99.2%H NMR (400 MHz, CDC)) 5

7.47 (d,J = 6.4 Hz, 1H), 7.25-7.10 (m, 3H), 5.30 (s, 1H), 589 (

1H), 4.30-4.22 (m, 1H), 3.91-3.63 (m, 3H), 3.41-3.84 (H),
3.31-3.25 (m, 1H), 3.09-3.01 (m, 1H), 2.80-2.68 (H),22.56-
2.50 (m, 1H), 2.02-1.94 (m, 2H), 1.83-1.44 (m, 9HR511.19
(m, 1H), 1.01 (tJ = 7.2 Hz, 3H); ESI-MSntV2): 390 [M+H]".
HRMS (ESI): mz [M+H]" calcd for GgHsN;O: 390.2545,
Found: 390.2542.

The crude product was purified by flash chromatogyap 35 o5 ((4'S13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydr o-1H-

(DCM/MeOH = 50/1) to give a light yellow solid (Yiel@0%).
m.p.: 226-228C. HPLC: 98.4%'H NMR (400 MHz, CDC)) &

7.49 (d,J = 7.2 Hz, 1H), 7.18-7.28 (m, 3H), 5.24 (s, 1H), 480 (

1H), 3.78-3.81 (m, 1H), 3.66-3.67 (m, 2H), 3.33-3.86 (H),
3.07-3.20 (m, 3H), 2.12-2.31 (m, 4H), 1.68-1.77 (iH),11.09-
1.39 (m, 11H), 0.84-0.91 (m, 1H); ESI-M8Vg): 378 [M+H]".
HRMS (ESI): m/iz [M+H]" calcd for G H3N;O: 378.2545,
Found: 378.2542.

3.2.21. (4'S,13a9)-13a-ethyl-N,N-dipropyl-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-ij] [ 1,5]
naphthyridine-12-carboxamide (Vin-B15)

indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)(mor pholino)methanone (Vin-B19)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 50/1) to give a light yellow solid (Yield8%).
m.p.: 296-297C. HPLC: 99.5%H NMR (400 MHz, CDC)) 5
7.46 (d,J = 6.4 Hz, 1H), 7.19-7.10 (m, 3H), 5.37 (s, 1H), 540 (
1H), 4.28-4.16 (m, 1H), 3.86-3.68 (m, 7H), 3.39-3.84, (H),
3.29-3.23 (m, 1H), 3.07-2.98 (m, 1H), 2.66-2.65 (1H),2.53-
2.48 (m, 1H), 1.98-1.89 (m, 1H), 1.85-1.69 (m, 2HR711.53
(m, 1H), 1.45-1.42 (m, 1H), 1.21-1.13 (m, 1H), 0.99J(¢ 7.2
Hz, 3H); ESI-MS (V2): 392 [M+H]". HRMS (ESI):m/z [M+H]"

The crude product was purified by flash chromatogyap calcd for GiHzNzO,: 392.2338, Found: 392.2334.

(DCM/MeOH = 50/1) to give a light yellow solid (Yiel86%).
m.p.: 302-30£C. HPLC: 96.5%'H NMR (400 MHz, CDC}) &

7.46 (d,J = 8.0 Hz, 1H), 7.08-7.28 (m, 3H), 5.19 (s, 1H), 483 (

1H), 3.54-3.61 (m, 1H), 3.27-3.40 (m, 3H), 3.00-3.69 @H),
2.50-2.68 (m, 3H), 1.93-2.02 (m, 1H), 1.77-1.83 (iH),41.44-

3.2.26. General procedure for the synthesis of Vin-C01

To a stirred solution ofVin-A01 (1.68 g, 5 mmol) in
anhydrous THF (20 mL) was added LiAIK#75 mg, 12.5 mmol)
at -50C. The mixture was stirred at %D for 0.5 h, and TLC



indicated that the reaction was completed. A smalbunt of
MeOH was added to quench the reaction. The reactiaturai
was evaporated to dryness under vacuum and dilutdd kivD

1H), 4.94 (dJ = 14.4 Hz, 1H), 4.26 (s, 1H), 3.39-3.34 (m, 1H),
3.31-3.24 (m, 1H), 3.07-2.98 (m, 1H), 2.73-2.71 (HH),22.57-
2.52 (m, 1H), 2.31 (i) = 7.2 Hz, 2H), 2.00-1.91 (m, 1H), 1.80-

(20 mL), and then extracted with DCM (15 mL x 3). The1.71 (m, 2H), 1.68-1.61 (m, 2H), 1.48-1.40 (m, 2H)711.10

combined organic phase was washed wit©® H30 mL) and
brine (30 mL), then dried over anhydrous,8@,. The organic
layer was filtered and evaporated to dryness undeuwm to
obtainVin-C01 as a light yellow solid (Yield 96%). m.p.: 203-
204°C. HPLC: 99.9%H NMR (400 MHz, CDCJ) 5 7.68 (d,J

= 8.0 Hz, 1H), 7.46 (d] = 8.0 Hz, 1H), 7.21-7.17 (m, 1H), 7.14-
7.10 (m, 1H), 5.09 (s, 1H), 4.81 @7 13.2 Hz, 1H), 4.59 (d =
13.2 Hz, 1H), 4.12 (s, 1H), 3.32-3.27 (m, 1H), 3.2133rh, 1H),
3.04-2.95 (m, 1H), 2.73-2.67 (m, 1H), 2.63-2.61 (H),12.48-
2.44 (m, 1H), 1.90-1.73 (m, 2H), 1.71-1.62 (m, 1H}611.34
(m, 2H), 1.14-1.07 (m, 1H), 0.96 @ = 7.2 Hz, 3H):"*C NMR
(101 MHz, CDC}) § 135.6, 133.8, 131.1, 129.0, 122.3, 119.
118.3, 116.6, 112.5, 108.0, 62.5, 56.5, 51.7, 4%1, 29.7, 27.4,
20.5, 16.4, 8.8; ESI-MSn{z): 309 [M+H]". HRMS (ESI):m/z
[M+H] " calcd for GoH,sN,0: 309.1967, Found: 309.1960.

3.2.27. General procedure for the synthesis of Vin-D01~D05

9

To a stirred solution o¥in-C01 (308 mg, 1 mmol) and B
(202 mg, 2 mmol) in DCM (10 mL) was added acyl clderi

(m, 1H), 0.99 (tJ = 7.2 Hz, 3H), 0.92 (t) = 7.2 Hz, 3H); ESI-
MS (W2): 379 [M+H]. HRMS (ESI):m/z [M+H]" calcd for
C,HaiN,0,: 379.2386, Found: 379.2378.

3.2.31. ((41S13a9)-13a-€ethyl-2,3,41,5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
isobutyrate (Vin-D04)

The product was a yellow oil (Yield 93%). HPLC: 96.6%4.
NMR (400 MHz, CDC}) 6 7.46 (d,J = 8.0 Hz, 1H), 7.37 (d] =
8.0 Hz, 1H), 7.19-7.08 (m, 2H), 5.34 5 12.8 Hz, 1H), 5.17 (s,
1H), 4.92 (d,J = 12.8 Hz, 1H), 4.31 (s, 1H), 3.42-3.35 (m, 1H),
3.35-3.27 (m, 1H), 3.08-2.97 (m, 1H), 2.81-2.70 (H),2.63-
'2.50 (m, 2H), 2.02-1.91 (m, 1H), 1.83-1.70 (m, 2HK011.40
(m, 2H), 1.17 (tJ) = 7.2 Hz, 3H), 1.13 (] = 7.2 Hz, 3H), 0.99 (t,
J = 7.2 Hz, 3H), 0.97-0.92 (m, 1H); ESI-M8Vf): 365 [M+HT".
HRMS (ESI): mz [M+H]" calcd for G,HsN,O,: 379.2386,
Found: 379.2378.

3.2.32. ((41S13a9)-13a-€thyl-2,3,41,5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl

R,COCI (1.5 mmol) at room temperature. The mixture wagPenzoate (Vin-D05)

stirred at room temperature for 2 h, and TLC ingidathat the
reaction was completed. The reaction mixture wastedlwith
DCM (40 mL), and then washed with® (30 mL x 2), saturated
Na&a,CO; solution (30 mL x 2) and brine (30 mL), then driaer

The crude product was purified by flash chromatolgyap
(PE/acetion = 5/1) to give a light yellow solid (¥e/5%). m.p.:
83-85°C. HPLC: 97.2%!H NMR (400 MHz, CDC}J) & 8.00 (dd,
J=8.0, 1.6 Hz, 2H), 7.58 (d,= 8 Hz, 1H), 7.53-7.49 (m, 2H),

anhydrous Ng50O,. The organic layer was filtered and evaporated?.38 (t,J = 7.6 Hz, 2H), 7.20-7.11 (m, 2H), 5.55 (U5 13.2 Hz,

to dryness under vacuum to obtain compouXis-D01~D04.
While compoundVin-D05 was obtained following purification
by silica gel chromatography.

3.2.28. ((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
acetate (Vin-D01)

The product was a brown oil (Yield 97%). HPLC: 96.3%.
NMR (400 MHz, CDC}) 6 7.49 (d,J = 8.0 Hz, 1H), 7.40 (d] =
8.0 Hz, 1H), 7.12-7.21 (m, 2H), 5.37 5 13.2 Hz, 1H), 5.21 (s,
1H), 4.96 (dJ = 13.2 Hz, 1H), 4.23 (s, 1H), 3.35-3.40 (m, 1H),
3.23-3.31 (m, 1H), 3.01-3.10 (m, 1H), 2.67-2.77 (fH),2.50-
2.55 (m, 1H), 2.11 (s, 3H), 1.93-2.00 (m, 1H), 1.78%1(m, 2H),
1.42-1.50 (m, 2H), 1.11-1.19 (m, 1H), 1.01-1.04)(t 7.6, 3H);
ESI-MS (/2): 351 [M+H]". HRMS (ESI):mv/z [M+H]" calcd for
C,,H,7N,O,: 351.2073, Found: 351.2070.

3.2.29. ((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
propionate (Vin-D02)

The product was a tawny oil (Yield 95%). HPLC: 94.1%4.
NMR (400 MHz, CDC))  7.47 (d,J = 8.4 Hz, 1H), 7.38 (d] =
8.4 Hz, 1H), 7.20-7.11 (m, 2H), 5.34 @= 13.2 Hz, 1H), 5.18
(s, 1H), 4.94 (dJ = 13.2 Hz, 1H), 4.44 (s, 1H), 3.44-3.41 (m,
1H), 3.40-3.35 (m, 1H), 3.07-2.98 (m, 1H), 2.95-2.82 @H),
2.82-2.75 (m, 1H), 2.71-2.66 (m, 1H), 2.36-2.31 (1H),2.03-
1.94 (m, 1H), 1.88-1.83 (m, 1H), 1.82-1.73 (m, 1H}611.42
(m, 1H), 1.28-1.25 (m, 1H), 1.13 @,= 7.2 Hz, 3H), 1.05-1.03
(m, 1H), 0.99 (tJ = 7.2 Hz, 3H); ESI-MS(V2): 365 [M+HT".
HRMS (ESI): mz [M+H]" calcd for GaHxN,O,: 365.2229,
Found: 365.2224.

3.2.30. ((4'S 13a9)-13a-ethyl-2,3,4',5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
butyrate (Vin-D03)

The product was a yellow oil (Yield 96%). HPLC: 97.3%.
NMR (400 MHz, CDC}) 6 7.47 (d,J = 7.6 Hz, 1H), 7.37 (d] =
7.6 Hz, 1H), 7.18-7.10 (m, 2H), 5.35 5 14.4 Hz, 1H), 5.18 (s,

1H), 5.30 (s, 1H), 5.27 (dl = 13.2 Hz, 1H), 4.35 (s, 1H), 3.46-
3.41 (m, 1H), 3.38-3.30 (m, 1H), 3.11-3.02 (m, 1HB122.80
(m, 1H), 2.78-2.75 (m, 1H), 2.63-2.57 (m, 1H), 2.098L(m,
1H), 1.86-1.75 (m, 2H), 1.52-1.44 (m, 2H), 1.23-1.1% (H),
1.03 (t,J = 7.2 Hz, 3H); ESI-MSV2): 413 [M+H]". HRMS
(ESI): m/z [M+H]" caled for G;H,gN,O,: 413.2229, Found:
413.2225.

3.2.33. General procedure for the synthesis of Vin-EO1~E09

To a stirred solution o¥in-C01 (308 mg, 1 mmol) and 4-
nitrophenyl carbonochloridate (503 mg, 2.5 mmolDEM (10
mL) was added pyridine (237 mg, 3 mmol) at room terafure.
The mixture was stirred at room temperature for ag TLC
indicated that the reaction was completed. The i@achixture
was diluted with DCM (40 mL), and then washed witj)OH30
mL x 2), saturated NEO; solution (30 mL x 2) and brine (30
mL), then dried over anhydrous }$0,. The organic layer was
fitered and evaporated to dryness under vacuume Th
intermediate was dissolved in DCM (10 mL) and therinam
R°NH2 (3 mmol) was added. The mixture was stirred at room
temperature for 1 h, and TLC indicated that thectiea was
completed. The reaction mixture was diluted with DCGM (nL),
and then washed with .8 (30 mL x 2), saturated NaO;
solution (30 mL x 2) and brine (30 mL), then drieder
anhydrous Nz5O,. The organic layer was filtered and evaporated
to dryness under vacuum to obtain the desired cprdducts.
The appropriate compound¥if-E01~Vin-E09) were obtained
following purification by silica gel chromatography.

3.2.34. ((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
carbamate (Vin-E01)

The crude product was purified by flash chromatolgyap
(PE/EtOACc = 5/1) to give a light yellow solid (Yielt7%). m.p.:
128-130°C. HPLC: 97.9%'H NMR (400 MHz, CDC)) § 7.38
(d,J=7.6 Hz, 1H), 7.36 (d] = 7.6 Hz, 1H), 7.18-7.14 (m, 1H),
7.11-7.07 (m, 1H), 5.46 (d, = 12.8 Hz, 1H), 5.12 (s, 1H), 4.70



(d,J = 12.8 Hz, 1H), 3.96 (s, 1H), 2.74-2.69 (m, 1H), 2688  1.65-1.57 (m, 1H), 1.51-1.41 (m, 2H), 1.39-1.31 (iH),21.10-
(m, 2H), 2.43-2.35 (m, 2H), 1.89-1.66 (m, 2H), 1.682L(m,  1.00 (m, 1H), 0.97 (tJ = 7.2 Hz, 3H), 0.92 (tJ = 7.2 Hz, 3H);
2H), 1.40-1.29 (m, 2H), 1.06-0.96 (m, 4HJC NMR (101 MHz,  ESI-MS (/2): 408 [M+H]". HRMS (ESI):m/z [M+H]" calcd for
CDCly) & 157.0, 133.8, 131.0, 130.5, 129.0, 122.3, 11919,8,  CysH3.NsO,: 408.2651, Found: 408.2647.

1183, 111.9, 108.3, 64.5, 5.3, 50.4, 4.8, B0, 27.1, 204, 5, 59 sic 1329 130 ethyl-2.3.4%5,6,13a hexahydro-1H-

15.7, 8.8; ESI-MSr(V): 352 [M+H]'. HRMS (ESI):Vz [M+H]™ 140135 1 e pyrido[ 3,2, 1-ij] [ 1,5] naphthyridin-12-ylymethyl
calcd for GiH,eNsO,: 352.2025, Found: 352.2021. -yt et bt (Vi E00)

3.2.35. ((4'S13a9)-13a-ethyl-2,3,4',5,6,13a-hexahydro-1H- The crude product was purified by flash chromatolgyap
indolo[3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-yl)methyl (PE/EtOAC = 5/1) to give a light yellow solid (YieB56%). m.p.:
methylcarbamate (Vin-E02) 107-109°C. HPLC: 97.7%'H NMR (400 MHz, CDC)) & 7.37

The crude product was purified by flash chromatogyap (d,J= 8.0 Hz, 2H), 7.18-7.06 (m, 3H), 5.47 (& 12.8 Hz, 1H),
(PE/EtOAC = 5/1) to give a light yellow solid (Yiekll%). m.p.:  5.11 (s, 1H), 4.72 (dl = 12.8 Hz, 1H), 3.93 (s, 1H), 3.72-3.66 (m,
169-171°C. HPLC: 92.8%H NMR (400 MHz, CDCJ) 5 7.37-  2H), 3.37-3.27 (m, 2H), 2.78-2.70 (m, 1H), 2.67-2.5% (H),
7.32 (m, 3H), 7.15-7.12 (m, 1H), 7.10-7.05 (m, 1HL75(d,J=  2.54-2.48 (m, 1H), 2.47-2.35 (m, 3H), 1.86-1.77 (iH),11.66-
12.8 Hz, 1H), 5.07 (s, 1H), 4.67 (@= 12.8 Hz, 1H), 3.88 (s, 1H), 1.51 (m, 2H), 1.42-1.29 (m, 2H), 1.06-0.99 (m, 1HPE0(t,J =
2.76 (d,J = 4.4 Hz, 3H), 2.60-2.55 (m, 1H), 2.52-2.46 (m, 2H), 7.2 Hz, 3H); ESI-MS tV2): 396 [M+H]. HRMS (ESI): m/z
2.41-2.38 (m, 1H), 2.26-2.18 (m, 1H), 1.82-1.60 (H),21.56-  [M+H]" calcd for GaHzN3Os: 396.2287, Found: 396.2285.

1.49 (m, 1H), 1.44-1.26 (m, 3H), 1.03-0.99 (m, THRSOLJ = 55 45 (415 13a)-13a-ethyl-2,3.4% 5,6,13a-hexahydro-1H-

7.2 Hz, 3H);"C NMR (101 MHz, CDG)) § 156.9, 133.7, 131.2, : ' . = Ay
130.4,128.9, 122.2,119.7, 119.4, 118.1, 112.8,11®4.2, 55.1, '(gdr?;g[rﬁfy;rgg]yfyg;?ggﬁéé E{]/i[r};g(;‘%phthy”d'” 12-yhmethy!

50.1, 44.9, 36.7, 29.5, 27.3, 27.0, 20.4, 15.6, BSI-MS {/2):

+ ) + ) The crude product was purified by flash chromatolgyap
ggg 2[hfg2I4]FOI:rI]?dM§GE;EZSJI-)7;rV2 [M+H]" calcd for GaHzeNsO> (PE/EtOACc = 5/1) to give a light yellow solid (Yielt8%). m.p.:

98-100°C. HPLC: 95.4%H NMR (400 MHz, CDCJ) & 7.39-

3.2.36. ((4'S13a9)-13a-ethyl-2,3,4',5,6,13a-hexahydro-1H- 7.32 (m, 2H), 7.26-7.20 (m, 1H), 7.18-7.12 (m, 1H)177.05
indolo[3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-yl)methyl (m, 1H), 5.50 (dJ = 12.8 Hz, 1H), 5.11 (s, 1H), 4.67 (= 12.8
ethylcarbamate (Vin-E03) Hz, 1H), 3.92 (s, 1H), 3.67 (d,= 6.0 Hz, 2H), 3.39-3.25 (m, 2H),

The crude product was purified by flash chromatogyap 2.69-2.48 (m, 4H), 2.44-2.38 (m, 1H), 2.34-2.26 (iH),11.84-
(PE/EtOAC = 5/1) to give a light yellow solid (Yie&#%). m.p.: 1.75 (m, 1H), 1.73-1.48 (m, 5H), 1.42-1.30 (m, 2H)611.00
218-220°C. HPLC: 98.4%'H NMR (400 MHz, CDCJ)) § 7.49-  (m, 1H), 0.96 (tJ = 7.2 Hz, 3H); ESI-MSrt/2): 410 [M+H]".
7.46 (m, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.32 (d] = 7.6 Hz, 1H), HRMS (ESI): m/iz [M+H]" calcd for G,HsN;Os 410.2444,
7.16-7.12 (m, 1H), 7.09-7.06 (m, 1H), 5.51 Jd&s 12.8 Hz, 1H), Found: 410.2441.

5.07 (s, 1H), 461 (d} = 12.8 Hz, 1H), 3.89 (5, 1H), 3.26-3.19 (M, 5, 11 sic 1339 130 ethyi-2.3.415,6, 136 hexahydro-1H-

2H), 2.53-2.42 (m, 3H), 2.36-2.34 (m, 1H), 2.19-2.01, AH), - : 2 ex
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl
1.82-1.64 (m, 2H), 1.56-1.47 (m, 1H), 1.37-1.27 (i) 313 (, isopr0|[oy| 21 el oy (VE n-EOB;][ 5] naphthyr yhmethy

J=7.2 Hz, 3H), 1.03-0.95 (m, 4HYC NMR (101 MHz, CDG))

The crude product was purified by flash chromatolgyap
6 156.2, 133.7, 131.2, 130.5, 129.0, 122.1, 1191B,4, 118.2, . . . .
112.1, 108.2, 64.3, 55.0, 50.1, 44.8, 36.8, 35075.227.1, 20.4, (PE/EtOAC = 5/1) to give a light yellow solid (Yie&b%). m.p.:

0 . 1
15.5, 15.1, 8.7; ESI-MSn{2): 380 [M+H]". HRMS (ESI):m/z 225-227°C. HPLC: 96.3%:H NMR (400 MHz, CDC)) 6 7.37

+ i . (d,J=7.6 Hz, 1H), 7.35 (d] = 7.6 Hz, 1H), 7.26-7.06 (m, 2H),
+ : . : . .
[M+H] " calcd for G3H3gN3O,: 380.2338, Found: 380.2335 6.34 (s, 1H), 5.45 (d] = 12.8 Hz. 1H), 5.10 (s, 1H), 4.68 (=

3.2.37. ((4'S 13a9-13a-ethyl-2,3 4',5,6,13a-hexahydro- 1H- 12.8 Hz, 1H), 3.99 (s, 1H), 3.88-3.81 (m, 1H), 2.807ZM, 1H),
indolo[3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-yl)methyl 2.69-2.62 (m, 1H), 2.58-2.51 (m, 2H), 2.49-2.44 (H),11.89-
propylcarbamate (Vin-E04) 1.80 (m, 1H), 1.75-1.66 (m, 2H), 1.61-1.52 (m, 1H}0%1.32

The crude product was purified by flash chromatogyap (m, 2H), 1.28-1.24 (m, 1H), 1.14 (d,= 6.4 Hz, 6H), 1.07-1.03
(PE/EtOAC = 5/1) to give a light yellow solid (Yie@2%). m.p.:  (m, 1H), 0.96 (tJ = 7.2 Hz, 3H), 0.87-0.82 (m, 1H); ESI-MS
192-195°C. HPLC: 97.0%H NMR (400 MHz, CDCJ) 5 7.35-  (m/2): 394 [M+H]". HRMS (ESI): mz [M+H]" calcd for
7.32 (m, 3H), 7.15-7.11 (m, 1H), 7.09-7.05 (m, 1HRB(d,J =  C,H3 N3O, 394.2495, Found: 394.2491.

12.8 Hz, 1H), 5.08 (s, 1H), 461 (= 12.8 Hz, 1H), 3.89 (5, 1H), 5, 4> (415 1349 130 ethyl-2,3.4"5.6.13a hexahydro-1H-

3.19-3.09 (m, 2H), 2.56-2.45 (m, 3H), 2.36-2.34 (iH),12.21- indolo[3,2,1-de] pyri 5 e
,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-yl)methyl
2.13 (m, 1H), 1.84-1.63 (m, 2H), 1.56-1.43 (m, 3HB711.28 phenylcarbamate (Vin-E09)

(m, 3H), 1.03-0.92 (m, 7H)**C NMR (101 MHz, CDG) § o
156.4, 133.7, 131.2, 130.6, 129.0, 122.1, 119.D.4,1118.2 The crude product was purified by flash chromatogyap
1121 108.2. 643 551 501 449 428 ’3% »71 233 (PE/EtOAC = 5/1) to give a light yellow solid (Yie&D%). m.p.:

s L, e N s .4, I, .0, y .4, RoN 0 . 1,
205, 15.6. 11.4, 8.7 ES-MSn@): 304 [M+H]. HRMS (ES)):  196-199°C. HPLC: 98.9%’H NMR (400 MHz, DMSO) 9.80

H . . (s, 1H), 7.46 (dJ = 8.0 Hz, 2H), 7.43 (d] = 8.4 Hz, 2H), 7.30-
+ . . . . .
miz [M+H] " caled for GyHzNO;: 394.2495, Found: 394.2491. 3% (. 54, 7.13-7.08 (1, 14, 7.04 (= 7.6 He. 1H). 7.02-

3.2.38. ((4'S13a9)-13a-ethyl-2,3,4',5,6,13a-hexahydro-1H- 6.96 (m, 1H), 5.48 (d] = 12.8 Hz, 1H), 5.41 (s, 1H), 4.98 (ti=
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij] [ 1,5] naphthyridin-12-yl)methyl 12.8 Hz, 1H), 4.05 (s, 1H), 3.25-3.18 (m, 1H), 3.17831®, 1H),
butylcarbamate (Vin-E05) 2.97-2.87 (m, 1H), 2.59-2.53 (m, 2H), 2.45-2.38 (rH),11.86-

The crude product was purified by flash chromatogyap 1.70 (m, 2H), 1.66-1.51 (m, 1H), 1.47-1.41 (m, 1HB911.32
(PE/EtOAC = 5/1) to give a light yellow solid (Yie&2%). m.p.:  (m, 1H), 1.03-0.92 (m, 4H); ESI-MSn(2): 428 [M+H]". HRMS
166-167°C. HPLC: 99.8%'H NMR (400 MHz, CDCJ)) § 7.39  (ESI): m/iz [M+H]" calcd for G/HsN;O,: 428.2338, Found:
(dd,J = 7.6, 1.2Hz, 2H), 7.17-7.06 (m, 2H), 6.17-6.11 (iH),1 428.2334.

5.42 (d,J=12.8 Hz, 1H), 5.12 (s, 1H), 4.75 @5 12.8 Hz, 1H),
4.02 (s, 1H), 3.23-3.11 (m, 3H), 2.93-2.85 (m, 1H}J822.54 (m,
3H), 2.52-2.45 (m, 1H), 1.89-1.81 (m, 2H), 1.75-1.67, @H),

3.2.43. General procedure for the synthesis of Vin-F01



To a stirred solution ofVin-CO1 (308 mg, 1 mmol),
phthalimide (22 mg, 1.5 mmol) and RRB94 mg, 1.5 mmol) in

3.2.47. N-(((4'S13a9)-13a-ethyl-2,3,4,5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-

anhydrous THF (4 mL) was added DIAD (303 mg, 1.5 mmol)yl)methyl)propan-1-amine (Vin-F04)

after stirring at room temperature for 15 min. Thixture was
heated to reflux for 1.5 h, and TLC indicated tha reaction
was completed. Hydrazine hydrate (2 mL) was added thed
reaction mixture was heated to reflux for anothdr dnder N
atmosphere. After completion, the
evaporated to dryness under vacuum and then diwitbdDCM
(50 mL). The organic layer was washed witfOH30 mL x 2),
and brine (30 mL), then dried over anhydrous,3@. The
organic layer was filtered and evaporated to drynesder
vacuum to obtain the desired crude product which fuaber
purified by silica gel chromatography (DCM/MeOH = 10t
give compound/in-FO1 as a red brown oil (Yield 45%). HPLC:
96.7%."H NMR (400 MHz, CDC)) § 7.54 (d,J = 8.0 Hz, 1H),
7.48 (d,J = 8.0 Hz, 1H), 7.25-7.13 (m, 2H), 5.07 (s, 1H), 4.80 (
1H), 4.18 (d,J = 14.8 Hz, 1H), 3.86 (d] = 14.8 Hz, 1H), 3.59-
3.54 (m, 1H), 3.50-3.43 (m, 1H), 3.10-3.01 (m, 2HB922.77
(m, 2H), 2.02-1.96 (m, 1H), 1.95-1.83 (m, 2H), 1.5801(m,
1H), 1.32-1.30 (m, 1H), 1.21-1.13 (m, 1H), 1.02J(& 7.2 Hz,
3H); ESI-MS (2): 308 [M+H]. HRMS (ESI): mVz [M+H]"
caled for GoH,Ns: 308.2127, Found: 308.2123.

3.2.44. General procedure for the synthesis of Vin-F02~F05

To a stirred solution o¥in-C01 (308 mg, 1 mmol) and TsClI
(953 mg, 5 mmol) in DCM (6 mL) was added amin&\R,

(3mmol) and EN (303 mg, 3 mmol) at room temperature. The

mixture was stirred at room temperature for 8 h, and
indicated that the reaction was completed. The i@achixture

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light-yellow oil (Yield 486
HPLC: 96.9%.'H NMR (400 MHz, CDCJ) § 7.50 (d,J = 8.4 Hz,
1H), 7.47 (dJ = 8.4 Hz, 1H), 7.19-7.09 (m, 2H), 5.00 (s, 1H),

reaction mixtureswa 4.16 (s, 1H), 4.14 (dl = 14.4 Hz, 1H), 3.67 (d = 14.4 Hz, 1H),

3.38-3.33 (m, 1H), 3.28-3.21 (m, 1H), 3.08-2.99 (H),12.79-
2.70 (m, 2H), 2.69-2.63 (m, 2H), 2.53-2.47 (m, 1HQ711.88
(m, 1H), 1.78-1.69 (m, 2H), 1.46-1.37 (m, 2H), 1.1691(m,
4H), 1.12 (t,J = 7.2 Hz, 3H), 0.99 (t) = 7.2 Hz, 3H); ESI-MS
(m2): 350 [M+H]. HRMS (ESI): m/iz [M+H]" calcd for
C,3H3N5: 350.2596, Found: 350.2591.

3.2.48. N-benzyl-1-((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-d€] pyrido[ 3,2,1-
ij][1,5] naphthyridin-12-yl)methanamine (Vin-F05)

The crude product was purified by flash chromatolgyap
(PE/acetone = 10/1) to give a colorless oil (Yie¥§. HPLC:
94.6%."H NMR (400 MHz, CDC)) & 7.49 (dd,J = 7.6,1.6 Hz,
1H), 7.46 (dd,J = 7.6,1.6 Hz, 1H), 7.43-7.40 (m, 1H), 7.27-7.24
(m, 4H), 7.18-7.10 (m, 2H), 5.19 (s, 1H), 4.18 Jd; 13.2 Hz,
1H), 3.78 (dJ = 13.2 Hz, 1H), 3.72 (s, 1H), 3.69 (= 13.2 Hz,
1H), 3.48 (dJ = 13.2 Hz, 1H), 3.33-3.28 (m, 1H), 3.20-3.13 (m,
1H), 3.07-2.98 (m, 1H), 2.71-2.58 (m, 2H), 2.52-2.47, (H),
1.91-1.72 (m, 2H), 1.71-1.64 (m, 1H), 1.44-1.31 (H),21.11-
1.04 (m, 1H), 1.00 (tJ = 7.2 Hz, 3H); ESI-MS rfV2): 398
[M+H]". HRMS (ESI):mvz [M+H] " calcd for G;H3,N5: 398.2596,
found: 398.2594.

was diluted with DCM (40 mL) and the organic layer was3.2.49. General procedure for the synthesis of Vin-G01~G05

washed with HO (30 mL x 2), saturated BaO; solution (30
mL x 2) and brine (30 mL), then dried over anhydrdigSO,.

The organic layer was filtered and evaporated tmesy under
vacuum to obtain the desired crude product which fuaher

purified by silica gel chromatography to give compdsVin-

F02~Vin-F05.

3.2.45. 1-((4'S13aS)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)-N-
methylmethanamine (Vin-F02)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a colorless ail (Yield 45%)PLC:
96.7%."H NMR (400 MHz, CDCJ) & 7.48 (d,J = 8.0 Hz, 1H),
7.46 (d,J = 8.0 Hz, 1H), 7.19-7.09 (m, 2H), 5.00 (s, 1H), 4.46 (
1H), 4.14 (dJ = 14.4 Hz, 1H), 3.68 (d] = 14.4 Hz, 1H), 3.38-
3.33 (m, 1H), 3.29-3.21 (m, 1H), 3.08-2.99 (m, 1H),422.63
(m, 2H), 2.53-2.48 (m, 4H), 2.48 (s, 3H), 1.97-1.90, (Hl),
1.77-1.67 (m, 2H), 1.46-1.43 (m, 1H), 1.31-1.25 (iH),11.17-
1.08 (m, 1H), 1.00 (tJ = 7.2 Hz, 3H); ESI-MS nfV2): 322
[M+H]". HRMS (ESI):mVz [M+H] " calcd for G;H,gN3: 322.2283,
Found: 322.2280.

3.2.46. N-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)ethanamine (Vin-F03)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light-yellow oil (Yield 536
HPLC: 98.5%."H NMR (400 MHz, CDCJ) & 7.48 (d,J = 8.0 Hz,
1H), 7.46 (d,J = 8.0 Hz, 1H), 7.19-7.09 (m, 2H), 5.00 (s, 1H),
4.16 (s, 1H), 4.14 (dl = 14.4 Hz, 1H), 3.68 (d] = 14.4 Hz, 1H),
3.38-3.33 (m, 1H), 3.29-3.21 (m, 1H), 3.08-2.99 (1H),12.74-
2.63 (m, 2H), 2.53-2.49 (m, 4H), 2.48 (s, 3H), 1.9961(m, 1H),
1.77-1.67 (m, 2H), 1.46-1.43 (m, 1H), 1.31-1.25 (iH),11.17-
1.08 (m, 1H), 1.00 (tJ = 7.2 Hz, 3H); ESI-MS ny2): 336
[M+H]". HRMS (ESI):mVz [M+H] " calcd for G,H3oN3: 336.2440,
Found: 336.2436.

To a stirred solution olVin-FO1 (307 mg, 1 mmol) and
DIPEA (193 mg, 1.5 mmol) in DCM (10 mL) was added lacy
chloride RCOCI (1.2 mmol) at &C. The mixture was stirred at
room temperature for 0.5 h, and TLC indicated thatreaction
was completed. The reaction mixture was diluted withvD@0
mL) and the organic layer was washed witfoH30 mL x 2) and
brine (30 mL), then dried over anhydrous,8@, The organic
layer was filtered and evaporated to dryness undeuwm to
obtain the desired crude product which was furthetifipd by
silica gel chromatography to give compoumia-G01~Vin-G05.

3.2.50. N-(((4'S 13a9)-13a-ethyl-2,3,4 5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)propionamide (Vin-G01)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel88%).
m.p.: 86-88°C. HPLC: 90.9%."H NMR (400 MHz, CDC)) &
7.46 (d,J = 8.4 Hz, 1H), 7.39 (d] = 8.4 Hz, 1H), 7.18-7.14 (m,
1H), 7.13-7.09 (m, 1H), 5.68-5.66 (m, 1H), 5.06 (s,,14J5 (dd,
J=15.26, 4.4 Hz, 1H), 4.35 (dd,= 15.26, 4.4 Hz, 1H), 4.17 (s,
1H), 3.38-3.33 (m, 1H), 3.27-3.19 (m, 1H), 3.07-2(88 1H),
2.73-2.67 (m, 2H), 2.53-2.48 (m, 1H), 2.20-2.14 (1H),21.95-
1.74 (m, 2H), 1.73-1.66 (m, 1H), 1.47-1.38 (m, 2H)611.07
(m, 4H), 0.98 (tJ = 7.2 Hz, 3H);"*C NMR (101 MHz, CDCJ) &
174.0, 133.7, 132.0, 131.3, 129.0, 122.6, 120.B.5,1117.6,
111.7, 108.3, 56.3, 51.5, 45.1, 42.1, 36.8, 29965,227.3, 20.4,
16.3, 9.9, 8.7; ESI-MSn{/2): 364, [M+H]. HRMS (ESI):m/z
[M+H] " calcd for GgH3oN5O: 364.2389, found: 364.2483.

3.2.51. N-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)butyramide (Vin-G02)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel86%).
m.p.: 92-94°C. HPLC: 96.0%."H NMR (400 MHz, CDC)) &



7.45 (d,J = 8.4 Hz, 1H), 7.39 (d] = 8.4 Hz, 1H), 7.16-7.08 (m,
2H), 5.84-5.82 (m, 1H), 5.05 (s, 1H), 4.73 (dd; 15.2, 4.8 Hz,
1H), 4.33 (dd,) = 15.2, 4.8 Hz, 1H), 4.12 (s, 1H), 3.33-3.29 (m,
1H), 3.20-3.12 (m, 1H), 3.05-2.96 (m, 1H), 2.71-2.68 @H),
2.48-2.43 (m, 1H), 2.17-2.05 (m, 2H), 1.92-1.73 (H),21.71-
1.66 (m, 1H), 1.65-1.57 (m, 2H), 1.45-1.37 (m, 2H),3t1.04
(m, 1H), 0.97 (tJ = 7.2 Hz, 3H), 0.89 () = 7.2 Hz, 3H);°C
NMR (101 MHz, CDCJ)) & 173.1, 133.8, 132.0, 131.6, 129.1,
122.6, 120.2, 118.6, 117.9, 111.7, 108.4, 56.47,545.2, 42.1,
38.6, 36.8, 29.7, 27.5, 20.6, 19.2, 16.4, 13.8, BR-MS (2):
378, [M+H]". HRMS (ESI):mvz [M+H]"* calcd for G Hs,NO:
378.2545, found: 378.2538.

3.2.52. N-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)isobutyramide (Vin-GO03)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel80%).
m.p.: 194-197C. HPLC: 91.2%H NMR (400 MHz, CDC)) 5
7.45 (d,J = 8.0 Hz, 1H), 7.36 (d] = 8.0 Hz, 1H), 7.16-7.07 (m,
2H), 5.75-5.71 (m, 1H), 5.05 (s, 1H), 4.75 (dds 15.6, 4.4 Hz,
1H), 4.30 (ddJ = 15.6, 4.4 Hz, 1H), 4.14 (s, 1H), 3.36-3.31 (m,
1H), 3.24-3.16 (m, 1H), 3.06-2.97 (m, 1H), 2.72-2.61, @H),
2.51-2.45 (m, 1H), 2.34-2.24 (m, 1H), 1.93-1.74 (H),21.73-
1.64 (m, 1H), 1.46-1.37 (m, 2H), 1.12 ®= 6.8 Hz, 3H), 1.09-
1.06 (m, 4H), 0.97 (tJ = 7.2 Hz, 3H);"*C NMR (101 MHz,
CDCly) 6 177.1, 133.8, 132.0, 131.7, 129.1, 122.6, 12013,6],
118.0, 111.8, 108.5, 56.5, 51.8, 45.3, 42.2, 3&HI7, 29.8, 27.5,
20.7, 19.7, 19.6,16.5, 8.8; ESI-M8Vf): 378, [M+H]. HRMS
(ESI): m/z [M+H]" caled for G H3NsO: 378.2545, found:
378.2539.

3.2.53. N-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)cyclopropanecar boxamide (Vin-G04)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1)) to give a light yellow solid (Yiel@5%).
m.p.: 112-114C. HPLC: 96.2%H NMR (400 MHz, CDC)) 5
7.47 (d,J = 8.4 Hz, 1H), 7.42 (d] = 8.4 Hz, 1H), 7.20-7.10 (m,
2H), 5.84-5.80 (m, 1H), 5.08 (s, 1H), 4.76 (dd; 17.2, 2.0 Hz,
1H), 4.39 (ddJ = 17.2, 2.0 Hz, 1H), 4.16 (s, 1H), 3.39-3.34 (m,
1H), 3.28-3.20 (m, 1H), 3.08-2.99 (m, 1H), 2.73-2.68 @H),
2.54-2.48 (m, 1H), 1.83-1.74 (m, 2H), 1.73-1.66 (iH),11.47-
1.39 (m, 2H), 1.31-1.24 (m, 1H), 1.14-1.06 (m, 1HP210.95
(m, 5H), 0.76-0.66 (m, 2H)**C NMR (101 MHz, CDG) §
173.7, 133.8, 132.1, 131.7, 129.1, 122.7, 120.8.6,1118.0,
111.8, 108.4, 56.5, 51.7, 45.3, 42.4, 36.9, 29785,220.6, 16.5,
14.9, 8.8, 7.5, 7.4; ESI-M3n(2): 376, [M+H]". HRMS (ESI):
m/z [M+H] " calcd for GH3N;0: 376.2389, found: 376.2383.

3.2.54. N-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)benzamide (Vin-G05)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel@6%).
m.p.: 126-129C. HPLC: 93.5%H NMR (400 MHz, CDC)) 5
7.84 (d,J= 8.4 Hz, 1H), 7.67 (d] = 8.4 Hz, 1H), 7.52 ()= 7.6
Hz, 1H), 7.47 (d) = 7.6 Hz, 2H), 7.35 ( = 7.6 Hz, 2H), 7.18-
7.08 (m, 2H), 6.43-6.40 (m, 1H), 5.13 (s, 1H), 4.88,0 = 15.2,
5.2 Hz, 1H), 4.60 (ddJ = 15.2, 5.2 Hz, 1H), 4.17 (s, 1H), 3.37-
3.33 (m, 1H), 3.26-3.18 (m, 1H), 3.07-3.00 (m, 1H),322.67
(m, 2H), 2.48-2.45 (m, 1H), 2.06-1.86 (m, 2H), 1.8731(m,
1H), 1.48-1.39 (m, 2H), 1.19-1.11 (m, 1H), 0.96J(t 7.2 Hz,
3H); ESI-MS W2): 412, [M+H]. HRMS (ESI): m/z [M+H]"
calcd for G/H;gN;0: 412.2389, found412.2384.

3.2.55. General procedure for the synthesis of Vin-H01~H04

To a stirred solution o¥in-FO1 (307 mg, 1 mmol) and 4-
nitrophenyl carbonochloridate (302 mg, 1.5 mmolDEM (10
mL) was added pyridine (158 mg, 2 mmol) at room terafure.
The mixture was stirred at room temperature forH).&nd TLC
indicated that the reaction was completed. The i@achixture
was diluted with DCM (40 mL) and the organic layer was
washed with HO (30 mL x 2), saturated Bao; solution (30
mL x 2) and brine (30 mL), then dried over anhydrdigSO,.
The organic layer was filtered, evaporated to dryresd then
dissolved in DCM (10 mL). To the solution was addedire
R®NH, and the mixture was stirred at room temperaturel for
After completion, the reaction mixture was diluted wDCM
(40 mL) and the organic layer was washed wil®H30 mL x
2), saturated N&O; solution (30 mL x 2) and brine (30 mL),
then dried over anhydrous pBO,. The organic layer was filtered
and evaporated to dryness under vacuum to obtairdésired
crude product which was further purified by silical ge
chromatography to give compounds-HO1~H04.

3.2.56. 1-(((4'S 13aS)-13a-ethyl-2,3,4" 5,6,13a-hexahydr o-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-
yl)methyl)urea (Vin-HO1)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yield6%).
m.p.: 208-216C. HPLC: 97.7%H NMR (400 MHz, CDC)) 5
7.40 (d,J = 8.4 Hz, 1H), 7.36 (d] = 8.4 Hz, 1H), 7.12-7.08 (m,
1H), 7.05-7.02 (m, 1H), 5.72-5.70 (m, 1H), 4.99 (s, 1495 (s,
2H), 4.46 (ddJ = 15.2, 4.8 Hz, 1H), 4.18 (dd,= 15.2, 4.8 Hz,
1H), 3.94 (s, 1H), 3.12-3.07 (m, 1H), 2.90-2.77 (m, ,2P{p1-
2.49 (m, 1H), 2.25-2.22 (m, 2H), 1.80-1.65 (m, 2HB311.53
(m, 1H), 1.39-1.30 (m, 2H), 1.03-0.96 (m, 1H), 0.93J(k 7.2
Hz, 3H); ESI-MS (V2): 351, [M+H]. HRMS (ESI):mVz [M+H]*
calcd for G;H»7N,O: 351.2185, found351.2180.

3.2.57. 1-(((4'S13a9-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H-
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl)-
3-methylurea (Vin-H02)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yield5%).
m.p.: 196-198C. HPLC: 98.4%H NMR (400 MHz, CDC)) 5
7.47 (d,J = 8.4 Hz, 1H), 7.43 (d] = 8.4 Hz, 1H), 7.18-7.14 (m,
1H), 7.12-7.08 (m, 1H), 5.05 (s, 1H), 4.95-4.90 (m,,2H57 (dd,
J =15.2, 4.8 Hz, 1H), 4.30 (dd,= 15.2, 4.8 Hz, 1H), 4.03 (s,
1H), 3.26-3.19 (m, 1H), 3.03-2.91 (m, 2H), 2.72 J& 4.8 Hz,
3H), 2.69-2.58 (m, 2H), 2.34-2.32 (m, 1H), 1.88-1.#8 @H),
1.71-1.62 (m, 1H), 1.45-1.37 (m, 2H), 1.10-1.03 (id),10.97 (t,
J = 7.2 Hz, 3H);®*C NMR (101 MHz, CDG)) 5 158.7, 133.8,
133.1, 131.4, 129.0, 122.6, 120.1, 118.5, 117.@.0,1108.2,
56.6, 51.5, 45.2, 42.9, 36.8, 29.6, 27.5, 27.%5,216.4, 8.8; ESI-
MS (m/2): 365, [M+H]. HRMS (ESI): m/z [M+H]" calcd for
CyH,9N4O: 365.2341, found365.2339.

3.2.58. 1-ethyl-3-(((4'S,13a9)-13a-ethyl-2,3,4",5,6,13a-
hexahydro-1H-indol o[ 3,2,1-de] pyrido[ 3,2,1-
ij]1[1,5] naphthyridin-12-yl)methyl)urea (Vin-H03)

The crude product was purified by flash chromatolgyap
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel85%).
m.p.: 198-200C. HPLC: 95.6%'H NMR (400 MHz, CDCJ) &
7.40 (d,J = 8.4 Hz, 1H), 7.35 (d] = 8.4 Hz, 1H), 7.10-7.01 (m,
2H), 5.50-5.47 (m, 1H), 5.36-5.34 (m, 1H), 4.97 (s,,1446 (dd,
J =15.2, 5.2 Hz, 1H), 4.20 (dd,= 15.2, 5.2 Hz, 1H), 3.88 (s,
1H), 3.16-3.04 (m, 3H), 2.88-2.81 (m, 1H), 2.77-2.7Q (H),
2.59-2.49 (m, 2H), 2.23-2.17 (m, 1H), 1.80-1.65 (iH),21.63-
1.53 (m, 1H), 1.37-1.25 (m, 2H), 1.00 Jt= 7.2 Hz, 3H), 0.98-
0.93 (m, 1H), 0.92 (t) = 7.2 Hz, 3H);"*C NMR (101 MHz,
CDCly) & 158.0, 133.9, 133.1, 131.3, 129.0, 122.8, 12018,4],
116.8, 112.1, 108.2, 56.7, 51.4, 45.2, 42.8, 673, 29.5, 27.5,



27.2, 20.5, 15.6, 8.8; ESI-M$2): 379, [M+H]. HRMS (ESI):  3.3.6. RNAisolation and quantitative real-time PCR

mz[M+H]" calcd for GaH2,N,O: 379.2498, found379.2493. INS-832/13 cells were plated into 96-well plates ateasity

3.2.59. 1-(((4'S13a9)-13a-ethyl-2,3,4",5,6,13a-hexahydro-1H- of 9x10 cells/well with overnight culture. The cells were
indolo[ 3,2,1-de] pyrido[ 3,2,1-ij][ 1,5] naphthyridin-12-yl)methyl)- incubated with different concentrations of corresping
3-phenylurea (Vin-H04) compounds for 24 h and washed in PBS, then total mRNA

The crude product was purified by flash chromatogyap cells were gathered using TRIzol Reagent (Invitroge8A).
(DCM/MeOH = 10/1) to give a light yellow solid (Yiel@7%).  Synthesis of first-strand cDNA was performed using E8uript
m.p.: 314-316C. HPLC: 98.8%H NMR (400 MHz, DMSOY» RT Master Mix (TaKaRa, Japan). The quantity of mRNAsw
8.52 (s, 1H), 7.58 (d] = 8.4 Hz, 1H), 7.43 (d] = 8.4 Hz, 1H), detected by quantitative real-time PCR (qRT-PCRhgishe
7.37 (d,J=7.6 Hz, 2H), 7.22 () = 7.6 Hz, 2H), 7.10 ({ = 8.4  SYBY Premix Ex Taq (Vazyme, USA). PCR primer sequences
Hz, 1H), 7.04 (tJ = 8.4 Hz, 1H), 6.90 () = 7.6 Hz, 1H), 6.43- are listed in Table 4.

6.40 (m, 1H), 5.15 (s, 1H), 4.57 (dii= 15.2, 4.8 Hz, 1H), 4.38
(dd,J =15.2, 4.8 Hz, 1H), 4.04 (s, 1H), 3.24-3.20 (m, 1H}.7-

3.08 (m, lH), 2.98-2.90 (m, 1H), 2.59-2.52 (m, 2Hn42239 Gene Forward primer (5'-3")
(m, 1H), 1.84-1.68 (m, 2H), 1.64-1.51 (m, 1H), 1.4801(m,

Table4. List of rat primer sequences used in RT-PCR assay

1H), 1.35-1.32 (m, 1H), 1.00-0.96 (m, 1H), 0.93)(t 7.2 Hz, IRS2 AGCTGGTGGTAGTCATACCC

3H); ESI-MS (W2): 427, [M+H]. HRMS (ESI): mVz [M+H]" p21 CAAAGTATGCCGTCGTCTGT

calcd for G;H3N,O: 427.2498, foundd27.2496. Bim CCAGGCCTTCAACCATTATCTC

B-actin GGAGATTACTGCCCTGGCTCCTA

3.3. Biological activity assay

3.3.1. Materials Gene Reverse primer (5'-3")
Wortmannin was purchased from Selleck. Antibody agjain IRS2 CAGGTTCATATAGTCAGA

IRS2 was purchased from Santa Cruz Biotechnologytiamdest p21 GTCTCAGTGGCGAAGTCAAA

of the antibodies were purchased from Cell Signaling Bim GCGCAGATCTTCAGGTTCCT

Technology (Boston, USA). Streptozotocin was purchdsad _
Solarbio (Beijing, China). Cell culture medium aswbplements p-actin GACTCATCGTACTCCTGCTTGCTG
were purchased from Hyclone (Logan, Utah, USA).

3.3.2. Céll culture 3.3.7. Western blot assay

INS-832/13 cells were cultured in RPMI-1640 medium Total proteins of cells were separated by SDS-PAGE and
supplemented with 10% FBS (Gibco, USA), 100 U/mL pelicil transferred from gel to nitrocellulose membrane (@&althcare).
100 mg/mL streptomycin, 2 mM L-glutamine, 1 mM Saoui Finally, after incubation with corresponding antiExdovernight,
pyruvate, 0.05 mMB-mercaptoethanol and 10 mM HEPES. All the signals of detected proteins were measured hyoriFa

cells were cultured in a humidified incubator with 390, at ~ 9200Multi with the West-Dura detection system (TanGhina)
37°C. (GAPDH antibody dilution, 1:5000; other antibodies tidn,

1:1000).

3.3.3. MTT assay o
3.3.8. Caspase 3 and Caspase 9 activity assay
INS-832/13 cells were plated into 96-well plates ateasity
of 4x10 cells/well. After overnight culture, cells were treat
with different concentrations of corresponding coomuds and
STZ (0.4 mM) for 24 h and then incubated with 0.5migMTT
for 4 h to form formazan crystals. Finally, thesgstals were
dissolved in DMSO and the absorbance were determinédta

nm.

INS-832/13 cells were cultured in white opaque 96-plkltes
at a density of 4xI(ells/well and grown overnight. The activity
of Caspase 3 or Caspase 9 in cells treated witregmonding
compounds was detected by applying Apo-ONE Homogeneous
Caspase-3/7 Assay and Caspase-Glo 9 Assay kit (Prdmega
according to the manufacture’s protocol.
3.3.4. Flow cytometry analysis 3.39. Smtistical analysis
Data are reported as the mean = S.E.M. The significa
difference between multiple treatments and the obnivas
analyzed using a one-way ANOVA with Dunnett's post-tpst.
values less than 0.05 were considered statistisaghjficant.

INS-832/13 cells were plated into 12-well plates ateasity
of 1x10¢ cells/well and allowed to grow overnight, then cells
were treated with different concentrations of coroesfing
compounds. The collection and treatment of cellsewearried
out using FITC Annexin V Apoptosis Detection Ki{KeyGEN
Biotech, China) according to the manufacture’s grot The

number of apoptotic cells was quantified by IntefidQue This work was supported by the National Natural Science

Screener PLUS (IntelliCyt, USA). Foundation of China (grant: 81773596), the Natureleixe
3.3.5. p-Akt (Ser 473) AlphallSA assay Foundation of Jiangsu Province (grant: BK2018082&tural
science foundation of Jiangsu Higher Education tun$bins
(grants: 17KJA360004, 18KJB350008), Program for @utding
Scientific and Technological Innovation Team ofndjsu Higher
Education Institutions, and the Priority Academicodtam
Development of Jiangsu Higher Education Institutions.
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lysates were collected to examine p-Akt (Ser473) emnby
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(PerkinElmer, USA). Appendix A. Supplementary data
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