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Abstract

Herein a series of Geniposide derivatives weregthesi, synthesized and evaluated as
protein tyrosine phosphatase 1B (PTP | B) inhilsitddost of these compounds exhibited
potentin vitro PTP1B inhibitory activities, the representatizeand17f were found to be the
most potent inhibitors against the enzyme witkyMalue of 0.35 and 0.41 puM, respectively.
More importantly, they showcased 4 to10-fold sélggtover SHP2 and 3-fold over TCPTP.
Further biological activity studies revealed thaimnpoundsl7b and17f could effectively
enhance insulin-stimulated glucose uptake withigoificant cytotoxicity. Subsequent
molecular docking and structural activity relatibipsanalyses demonstrated that the glucose
scaffold, benzylated glycosyl groups, and arylegiseifonic acid estesignificantly impact

on the activity and selectivity.
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1. Introduction

Protein tyrosine phosphatases (PTPs) play importdes in insulin signaling
pathway by dephosphorylating tyrosine residuesisalin receptor (IR) and related
downstream substrate proteins [1-2]. Protein tyr@gihosphatase 1B (PTP1B), the
first discovered PTP family member, is a key naegategulator and effective
therapeutic target for the treatment of type 2 elieb mellitus (T2DM)PTP1B is a
highly druggable target due to the presence adtserved and polar active pocket.
However, discovery of drugs that target PTPIB il atchallenging task due to the
presence of the highly homologous proteins suchGRTP and SHP2. Great effort
has been made, but none of the PTP1B inhibitore kawived through all three
phases of clinical trials, mostly due to their pselectivity and low bioavailability
[3-4].

Natural products are the abundant resources far discoveryGardenia
jasminoide<llis, a traditional Chinese medicine, has been presctibé@at T2DM
for several decades. This natural product contaioie than 40 ingredients, among
which geniposide was found to be the most activepmment [5]. Geniposidd-(g. 1),
a carbohydrate compound, has a good biocompayibiit spatial flexibility [6].
Genipin (Fig. 1), a natural product also derivamhfrtheGardenia jasminoideEllis,
is an excellent water-soluble cross-linker.[5,B8}h geniposide and genipin have
many pharmacological effects, such as anti-anxretyroprotective activity,
anti-Alzheimer’s disease, antithrombosis effeatdi-eumor effects and hypoglycemic

activity [9-13].
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Fig. 1. The structure of geniposide and genipin.



Studies showed that introducing hydrophobic grdipg. 2, 1) or phosphorylated
tyrosine (pTyr) mimics to a molecu(€ig. 2, I1) can enhance its binding affinity to
PTP1B and the cell membrane permeability [14,15}. @evious work also revealed
that arylethenesulfonic acid ester derivatives @@at as membrane-permeable
PTP1B inhibitorsig. 2, I11) [16-19]. In 2009, Zhang et al. demonstrated that
kinsenoside, an active compound coupled with agglycmoiety Fig. 2, 1V) has a
good inhibitory activity against PTP1B @&5.14uM) and high selectivity over other
PTPs [20].

The structure of geniposide is much similar to &msside. Our molecular
docking analysis of geniposide binding to the PTIRRiB. 3) indicates that the
glycosyl moiety of geniposide locates in the cdtalgictive site of PTP1B and forms
hydrogen bonds with Arg220, Ser215, Ala216 and &nZ his binding
conformation is much like that of the kinsenoside.

Based on the structural and binding conformatiamlarities between kinsenoside
and geniposide, we hypothesize that geniposideateres would offer inhibitory
activity towards PTP1B and the glycosyl group klly to be the key moiety in our
novel PTP1B inhibitors.

Herein, we report the design, synthesis, and etialuaf geniposide derivatives
as a novel class of potent and selective PTP1Biiioins. Specifically, to fine-tune the
hydrophobicity of geniposide, we benzylate its glyy groups and introduce a

variety of sulfonic esters mimicking pTyr analogslividually and collectively.
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Fig. 2. Representative PTP1B inhibitors.

Fig. 3. Docking of geniposide to PTP1B (PDB code 1AAX).Binding conformation of
geniposide in PTP1B. (b) Geniposide in the PTPliRasite.

2. Results and discussion
2.1. Chemistry

The synthetic routes of three series of genipodetevatives are outlined in
Schemes 1-3. Geniposide was hydrolyzed with 2 M LiOH solutiovernight to
afford compound. The hydroxyl groups df were protected by acetyl group in the
presence of A®© and AcONa under reflux for 2 h to gigeCompound® was
condensed with various amines with EDCI overnighgive intermediat8, which

was hydrolyzed with 2 M LIOH in 2 h to yield compuis4a-4g.



Compounds, 6, 7a-7b were synthesized in three steps starting frompgesidle.
The hydroxyl groups of geniposide were protectediubh BnBr treatment to develop
5. Subsequentlyp was hydrolyzed with 1 M NaOH solution to gigeCompound
was interacted with various amines to generate comgs7a-7b.

Compoundd7a-17f were synthesized according to the procedure itelician
Scheme 3. Esterification of genipin with different alcoholsas catalyzed by a drop of
hydrochloric acid to obtain compoungs-9c. Compound®a-9b were chlorinated by
PhSQCI to yield compound40a-10b. The halogen d®a-9b was substituted with
compoundll to givel2a-12b. Subsequently, compounila-12b was hydrolyzed
with 2 M LiOH to afford thel3a-13b. The coupling ofi4 with compound4.3a-13b
was carried ouby Wittig-Horner reactions to generate respective conmmpls15a-15b.

The final compound$7a-17f were synthesized by a condensation between comgoun
15a-15b and various amines.
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Scheme 1. Synthesis of compounds-4g. Reagents and conditions: (a) MeOH, 2 M LiOKOH
50 °C, overnight, 90%; (b) A©®, AcONa, reflux, 2 h, 68%; (c) EDCI, HOBT, DIPEBMAP,
DMF, r.t., overnight, 19%-27%; (d) THFD, 2 M LIOH-H0, r.t., 2 h, 86%-97%.
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Scheme 2. Synthesis of compounds 6, 7a-7b. Reagents and conditions: (a) BnBr, NaH, TBAI,
DMF, r.t., overnight, 42%; (b) MeOH, 1 M NaOH,®)|, reflux, overnight, 90%; (c) Amine, EDCI,
HOBT, DIPEA, DMAP, DMF, r.t., overnight, 32%-52%.
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Scheme 3. Synthesis of compound§a-17f. Reagents and conditions: (a) HCI, reflux, 7 h,
56%-98%; (b) PhSETI, TEA, DCM, DMAP, r.t., 40h, 48%-49%; (c),KOs, ACN, reflux, 12 h,
89%-91%; (d) MeOH, 2 M LiOH- }D, r.t., 30 h, 73%-90%; (e) NaH, THF, r.t., 12 B%+46%; (f)
HATU, TEA, DMF, r.t., 2.5 h, 23%-36%.

2.2. Inhibition of PTP1B

PTP1B inhibitory assay was performed on the symbkddigands according to
the known methodith sodium vanadate as a positive control [21-ZB results are
shown inTable 1, where we firstly introduced glycosyl ring to tbere structure and
verified the impact brought by different amidestbe inhibitory activity. Different
anilines were introduced to improve their hydrophgiyoperty 8a, 4b, 4c and4d).
Compared with parent compound geniposide£&600uM), all showed obvious
enhancement in activity with kgvalue ranging from 17.69 to 100 uM accordingly
with the increase of their cLogP values. An ethgup or an F- on the ortho- position

brings more positive effect to the ligand actiutiyan 2-methoxyl group. We further



introduced more bulky aromatic rings on the pasifpn of the aniline4e, 4f and
4g). They all generate moderate activity to PTP1Be bhst ligand of this series4g,
which has an 16, of 17 uM. However, the improvement is not significant.

Inspired by the former findings about increasingrophobicity of PTP1B
ligands, we tried to benzylate all free hydroxybgp of glycosyl moiety in the second
round of modification. As shown ihable 1, the modification brings significant
increase of hydrophobicity with cLog P value= 2.8;4vhich lead to great
improvement in ligand activitys( 6, 7a-7g) accordingly with 1@, value=0.35-0.68
uM. We made such an improvement regardless thereiffesubstituted amides
attached on the core structure. We then concluusdiie benzylation of the glysosyl
group weights more than the modification of thederbuilding block. The most
potent ligands aréa and7b, whose IGp values are 0.3pM and 0.40uM
respectively.

Though the benzylation of the glycosyl ring sigraintly boost the PTP1B
inhibition activity, the molecular weight increasgabatly and became less drug-like .
We herein considered to use a smaller hydrophabigpyas a substitution. Not only
it could bring up similar chemical physical propetd the ligands as benzylated
glucose, but it has a much smaller size which m#ke@sompounds more drug-like.
Another modification is that a sulfonic estergpagr mimics was introduced to the
core structure. We hope the combination of thenvedlifications would bring about
more significant improvement to the ligand activiye therefore constructed genipin
derivatives as the third round modification. Aswhadn Table 1, genipin derivatives
(ICs50=0.41-13.15:M) with methyl or benzyl at Rposition and a sulfonic esters &t R
position exhibited better activity than genipin {4€500uM). On the contrary to the
previous two rounds of modification, the benzamige=atly affect the activity of the
ligands (7a vs9a, 17f vs9b). The benzamide modification boost the activitgiov
100 times. The best ligands of this serieslameand17f, whose 1G, values are 1.05
uM and 0.41uM, respectively. Based on the above findings, SARgeniposide

derivatives can be concluded as follows, benzyhadibthe glycosyl groups of



geniposide or introduction of sulfonic esters agrghimics to genipin can increase

the hydrophobicity of the ligand and achieve higtive PTP1B inhibitors.

Table 1 PTP1B inhibitory activities of genipin and genipgiesiderivatives
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17b ) - o -CH 4.634
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17c BﬁOO o VL@ -CH; 5.121 1.05
17d %H\@D VL@? -CH; 5.445 0.75
17e N ol Vl@ -Bn 4.538 0.99
176 knﬁo o v@#i@i -Bn 6.199 0.41

. ] ) - 0.046

Sodium vanadate
#Values are calculated by Indraw software;

® Values are means of triplicates, repeated twosime

2.3. Selectivity over TCPTP and SHP2

Those with excellent PTP1B inhibitory activity wdwgther assayed for their
selectivities over the other PTPs, TCPTP and SHR2.results are shown irable 2.
As shown inTable 2, most of the representatives of geniposide devieatdc & Q)
had no inhibitory activity towards TCPTP or SHPReTgeniposide derivativé)
showed moderate selective inhibitory activity oV&PTP and SHP2. Approximately
4-fold selectivity over TCPTP and 9-fold selecyvmiiver SHP2 were obtained.
Genipin derivativesl(tb & f) exhibited 3-fold selectivity over TCPTP and 44{bld

selectivity over SHP2.

Table 2 Inhibitory activities of geniposide derivatives BiP1B, TCPTP and SHP2

Compound IGo(uM)?

PTP1B TCPTP SHP2
Geniposide >500 >500 >500
Genipin >500 >500 >500

4c 18.27 >100 >100

4q 17.69 >100 >100

6 0.38 1.32 3.32

17b 0.43 0.95 1.24

17f 0.41 1.29 3.97

Sodium vanadate 0.046 0.014 NT

#Values are means of triplicates, repeated twosime
Sodium vanadates a positive control;

NT means not tested.



2.4. Effects of compounds on cell viability
In order to determine the cytotoxicity of gevsple derivatives, ten compounds

(5, 6, 7a, 17a, 7b, 17b, 17c, 17d, 17e, 17f) were selected to evaluate their effects on

Chinese Hamster Ovarian (CHO) cell viability. Thaalis given i able 3.

Table 3 Cytotoxicity of compounds, 6, 7a, 7b, 17a, 17b, 17c, 17d, 17e, 17f against CHO cells.

Compound CHO Ig (uM)?

5 42

6 >200
7a >200
7b >200
17a >200
17b >200
17c >200
17d >200
17e 62
17f >200

#Values are means of triplicates, repeated twostime

Overall, compounds, 7a, 7b, 17a, 17b, 17c, 17d, 17f exhibited low toxicity
against CHO cell-line. These results indicated thatnewly prepared PTP1B
inhibitors have no significant cytotoxicity.

2.5. Effects of compound&’b and17f on insulin-stimulated glucose uptake

It has been reported that PTP1B inhibition leads temarkable improvement in
insulin sensitivity and glucose metabolism [24]. Waluated compound§b and
17f on 2-NBDG uptake in HepG2 cells to determine tifiece As shown irFig. 4,
insulin-stimulated glucose uptake in HepG2 cells wareased by Pioglitazone
which was used as the positive control, and theeased percentages were 33.8%,
46.0%, and 63.5% at the concentrations of 5, 102&ndVl, respectively. The glucose
uptake in HepG2 cells was also significantly insexhby treatment with tested
compoundsi7b and17f). The increased percentages were 38.6%, 68% ab@69
for 17b, and 43.8%, 68.3% and 64.4% foff at 5, 10 and 20M, respectively. The

results were slightly better than the positive ooint
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Fig. 4. Effect of compound.7b and17f on insulin-stimulated glucose uptake. Each valas w

presented as mean +SD, n=3; (**) P<0.01 vs thelim$reated group.

2.6. Molecular docking study




conformation of compoundg in PTP1B. (b) Compoundly in the PTP1B active site. (¢) Binding
conformation of compounda in PTP1B. (d) Compounth in the PTP1B active site. () Binding
conformation of compoundl7f in PTP1B. (f) Compoundl7f in the PTP1B active site.

The representative compoundts 7a and17f were selected for molecular
docking studiesKig. 5). The glycosyl moiety of compourdy was found to locate in
the catalytic active site of PTP1B. The hydroxydgp on the glycosyl group formed
multiple hydrogen bonds with Ser215, Asp180, Ser224216, Phel81 and Arg220.
The diphenyl ether partially extended into the selemy aryl phosphorylation binding
site and established hydrophobic interaction wabesal residues including Lys35,
Arg46. The core structure of geniposide formedmaconjugation with Tyr45. These
multiple interactions determined the activitydgf The benzyl groups afa bound to
the peripheral hydrophobic surface of PTP1B, forimgdiophobic interactions with
Arg220, Asp180, and GIn261, which enhanced theibgdffinity with PTP1B. The
amide carbonyl formed two hydrogen bonds with Arghiée sulfonic acid ester
formed hydrogen bonds with Try45 and Lys119. Ini@aid, the benzyl rings on the
glycosyl group formed a-n conjugation with Phe181, which improved the bigdio
PTP1B. The sulfonic acid ester bif extended to the catalytic active site of PTP1B
and formed hydrogen bonds with Arg23 and Arg253ctvienhanced the binding
affinity. The diphenylether side chain formed hyglmobic interactions with Lys115
and Asp28. The benzyl groupsoff formed an-n conjugation with Phel81. Then,
the core structure of genipin formed a hydrogerdowith Ser215, which increased

the binding to PTP1B.



3. Conclusions

In this study, a series of geniposide and genipnivdtives were designed and
synthesized as potent and selective PTP1B inh#itddost compounds demonstrated
potent PTP1B inhibitory activity and moderate selgty over TCPTP and SHP2.
SARs study showed that benzylated glycosyl grougesmposide derivatives and
sulfonic ester as pTyr mimics on genipin derivagiagee vital for the enhancement of
hydrophobic property and activity. Molecular doakianalysis suggested the binding
mode and explained the reasons for better inhipaotivity and selectivity. We
further verified the effects of compounti# and17f on insulin-stimulated glucose
uptake with no significant cytotoxicity. This studgmonstrated a good strategy to
discover effective and safe genipin-based PTP 1Bbitains.
4. Experiment section
4.1. Chemistry section

All the starting solvents and reagents were obthfram commercial suppliers,
without further purification. PTP1B, TCPTP, SHPtgins were purchased from
Viva Biotech (Shanghai) Ltd. 1H NMR spectra wasorded on an Agilent 400 MHz
NMR. 13C NMR spectra was recorded on an Agilent ¥z NMR. Chemical
shifts were expressed in parts per million (ppnmyu@ing constants were in units of
Hertz (Hz). Splitting patterns describe apparenittipiicities were designated as s
(singlet), d (doublet), t (triplet), g (quartet),(multiplet) and br (broad).
High-resolution mass spectra (HRMS) and compoumidypdiata were acquired on an
Agilent 6200 TOF LC/MS system, UV detector (220 &3 nm). All the reactions
were monitored by Thin-layer chromatography (sitied aluminum sheets 60 F254),
which was conducted with Qingdao Huanghai (ChiA#)the crude products were
purified by column chromatography using silica @€0-200 mesh or 300-400mesh),
purchased from Qingdao Haiyang Chemical Co. Lttir&).
4.1.1. Synthesis of geniposidic acldl (

Geniposide (3 g, 0.00773 mol) was dissolved in ar@bh (25 mL) and
hydrolyzed with 2 M LiOH solution (8 mL, 0.01546 fhat 50 °C overnight. Then 1
N hydrochloric acid solution (10 mL) was added bgpas until the PH became a



weak acid. The reaction solution was concentratekureduced pressure to afford a
light brown solid (compound 1) in 90% yieftH NMR (400 MHz, CROD): § 7.43 (s,
1H), 5.64 (br. s., 1H), 5.08 (d=6.65 Hz, 1H), 5.02 (d}=5.09 Hz, 1H), 4.95 (d,
J=5.09 Hz, 1H), 4.92 (d]=5.48 Hz, 1H), 4.70 (§=5.48 Hz, 1H), 4.49 (d]=7.83 Hz,
1H), 4.44 (tJ=5.87 Hz, 1H), 4.08 (br. s., 1H), 3.90-4.02 (m, 381B4-3.42 (m, 1H),
2.91-3.16 (m, 6H), 2.57-2.70 (m, 2H), 2.45-2.48 {ir).

4.1.2. Synthesis of 7-acetyl-1-(3,4,5,6-tetraaedtgniposidic acid?)

To the solution of compountd(2.6 g, 0.00695 mol) in acetic anhydride (20 mL),
sodium acetate (2 g, 0.024 mol) was slowly addetheated under reflux for 1 hour.
After the initial reaction was completed, water (BQ) was added, and the reaction
solvent was extracted with ethyl acetate (40 mL¥8g combined organic was
washed with saturated brine (30 mLx3), dried ovdryarous sodium sulfate, and
concentrated under reduced pressure to generatiel@ groduct. The crude product
was purified by silica gel column purification (pgeum ether: ethyl acetate=2:1) to
give compoun@ as a light yellow solid (3.05 g, 0.00522 mol) wétlyield of 68%.

'H NMR (400 MHz, CDCJ): § 7.53 (s, 1H), 5.87 (br. s., 1H), 5.20-5.27 (m, 1H)
5.09-5.17 (m, 2H), 5.02 (8=8.80 Hz, 1H), 4.88 (d]=8.22 Hz, 1H), 4.70 (d]=8.22

Hz, 2H), 4.22-4.29 (m, 1H), 4.19 (@2.35 Hz, 1H), 3.70-3.75 (m, 1H), 3.20-3.27 (m,
1H), 2.86-2.95 (m, 2H), 2.23-2.26 (m, 3H), 2.09Xe3.13 Hz, 12H).

4.1.3. General method for the synthesis of compGart

To the stirred solution of compou2d200 mg, 0.00034 mol) in DMF (3 mL),
EDCI (78 mg, 0.00041 mol), HOBT (55 mg, 0.00041 hawid DIPEA (0.2 mL,
0.00102 mol) was added, and stirred at room tenyoeréor 2 hours. Then organic
amine (0.00037 mol) and DMAP (63 mg, 0.00051 ma¥wadded, and continually
stirred at room temperature overnight. After thecten was completed, the solution
was added to ice water (30 mL) and extracted witklecetate (20 mLx3). The
combined organic solvent was washed with 1 N agsiedtic acid (20 mLx3), 1 N

agueous dilute hydrochloric acid (20 mLx3) and s&d brine (20 mLx3). The



organic phase was dried over anhydrous sodiumteutfancentrated under reduced
pressure, and purified by column chromatographgilica gel to afford compound

3a-3gin a yield of 19-27%.

4.1.3.1. 7-acetyl-1-(3,4,5,6-tetraacetate)-4-((pylearbamoyl)amide)geniposi@a

Yield 21%.*H NMR (400 MHz, CDCJ): 5 7.49 (d,J=7.43 Hz, 2H), 7.32 (d,
J=6.65 Hz, 2H), 7.18 (br. s., 1H), 7.10 (&7.83 Hz, 1H), 5.82 (br. s., 1H), 5.18-5.29
(m, 2H), 5.10 (tJ=9.98 Hz, 1H), 5.00 (=9.00 Hz, 1H), 4.87 (d]=7.83 Hz, 1H),
4.62-4.76 (m, 2H), 4.26 (d=11.35 Hz, 1H), 4.15 (d=11.35 Hz, 1H), 3.72 (d,
J=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1PB2 (dJ=9.39 Hz, 1H), 2.26 (d,
J=19.17 Hz, 1H), 2.15 (d=18.39 Hz, 2H), 1.94-2.03 (m, 14H).

4.1.3.2.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((2-fluoroplgbnarbamoyl)amide)geniposicb

Yield 21%."H NMR (400 MHz, CDCJ): & 8.28 (t,J=8.22 Hz, 1H), 7.40 (br. s.,
1H), 7.34 (br. s., 1H), 7.00-7.15 (m, 3H), 5.82 @r 1H), 5.18-5.29 (m, 2H), 5.10 (t,
J=9.98 Hz, 1H), 5.00 (1}=9.00 Hz, 1H), 4.87 (d]=7.83 Hz, 1H), 4.62-4.76 (m, 2H),
4.26 (d,J=11.35 Hz, 1H), 4.15 (dI=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br.
s., 1H), 3.02 (br. s., 1H), 2.82 (#9.39 Hz, 1H), 2.26 (d]=19.17 Hz, 1H), 2.15 (d,
J=18.39 Hz, 2H), 1.94-2.03 (m, 14H).

4.1.3.3.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((2-ethylphigrgrbamoyl)amide)geniposidie
Yield 20%.*H NMR (400 MHz, CDCJ): 5 7.84 (d,J=7.43 Hz, 1H), 7.32 (s, 1H),
7.20 (br. s., 2H), 7.06-7.14 (m, 2H), 5.82 (brisi), 5.18-5.29 (m, 2H), 5.10 (t,
J=9.98 Hz, 1H), 5.00 (1}=9.00 Hz, 1H), 4.87 (dl=7.83 Hz, 1H), 4.62-4.76 (m, 2H),
4.26 (d,J=11.35 Hz, 1H), 4.15 (dI=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br.
s., 1H), 3.02 (br. s., 1H), 2.82 #9.39 Hz, 1H), 2.60 (qI=7.56 Hz, 2H), 2.26 (d,
J=19.17 Hz, 1H), 2.15 (d=18.39 Hz, 2H), 1.94-2.03 (m, 14H), 1.29-1.38 (iH).3



4.1.3.4.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((2-methoxyphgEarbamoyl)amide)geniposide
3d

Yield 27%.*H NMR (400 MHz, CDCJ): 5 8.34 (d,J=7.43 Hz, 1H), 7.89 (br. s.,
1H), 7.35 (br. s., 1H), 7.01 (d=7.04 Hz, 1H), 6.94 (t)=7.24 Hz, 1H), 6.87 (d,
J=7.43 Hz, 1H), 5.82 (br. s., 1H), 5.18-5.29 (m, 25{)L0 (t,J=9.98 Hz, 1H), 5.00 (t,
J=9.00 Hz, 1H), 4.87 (d]=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H),
4.15 (d,J=11.35 Hz, 1H), 3.84-3.92 (s, 3H), 3.72 Jd9.78 Hz, 1H), 3.31 (br. s., 1H),
3.02 (br. s., 1H), 2.82 (d=9.39 Hz, 1H), 2.26 (d]=19.17 Hz, 1H), 2.15 (d=18.39
Hz, 2H), 1.94-2.03 (m, 14H).

4.1.3.5.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((4-phenoxyptEarbamoyl)amide)geniposide
3e

Yield 19%."H NMR (400 MHz, CDCJ): § 7.45 (d,J=8.22 Hz, 2H), 7.30 (t,
J=8.02 Hz, 2H), 7.16 (br. s., 1H), 7.07J£7.43 Hz, 1H), 6.93-7.01 (m, 3H), 5.82 (br.
s., 1H), 5.18-5.29 (m, 2H), 5.10 §£9.98 Hz, 1H), 5.00 (1)=9.00 Hz, 1H), 4.87 (d,
J=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H), 4.15 (d=11.35 Hz,
1H), 3.72 (dJ=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1#82 (d,J=9.39 Hz,
1H), 2.26 (d,J=19.17 Hz, 1H), 2.15 (d=18.39 Hz, 2H), 1.94-2.03 (m, 14H).

4.1.3.6.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((4-([1,1’-bienyl]-4-yloxy)phenyl)carbamoyl)a
mide)geniposid&f

Yield 26%.*H NMR (400 MHz, CDGJ): § 7.50-7.57 (m, 4H), 7.48 (d=8.61 Hz,
2H), 7.37-7.44 (m, 2H), 7.32 (8=7.43 Hz, 1H), 7.19 (br. s., 1H), 7.02 (&7.43 Hz,
4H), 5.82 (br. s., 1H), 5.18-5.29 (m, 2H), 5.10J49.98 Hz, 1H), 5.00 (1)=9.00 Hz,
1H), 4.87 (d,)=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H), 4.15 (d,
J=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1PB2 (d,



J=9.39 Hz, 1H), 2.26 (d}=19.17 Hz, 1H), 2.15 (d=18.39 Hz, 2H), 1.94-2.03 (m,
14H).

4.1.3.7.
7-acetyl-1-(3,4,5,6-tetraacetate)-4-(((4-(4-(tedtpl) phenoxy)phenyl)carbamoyl)ami
de)geniposid&g

Yield 24%.H NMR (400 MHz, CDCJ): & 7.43 (d,J=8.61 Hz, 2H), 7.31 (d,
J=8.22 Hz, 2H), 7.15 (br. s., 1H), 6.96 (&8.22 Hz, 2H), 6.89 (dI=7.43 Hz, 2H),
5.82 (br. s., 1H), 5.18-5.29 (m, 2H), 5.10J49.98 Hz, 1H), 5.00 (1)=9.00 Hz, 1H),
4.87 (d,J=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H), 4.15 (d,
J=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1PB2 (d,
J=9.39 Hz, 1H), 2.26 (d]=19.17 Hz, 1H), 2.15 (d=18.39 Hz, 2H), 1.94-2.03 (m,
14H), 1.29 (s, 9H).

4.1.4. General method for the synthesidasflg

Compound3(a-g) (50 mg, 0.00007 mol) were dissolved in THFEZH3 mL/1
mL). Then, 2 N aqueous lithium hydroxide solutiGr2(mL, 0.00042 mol) was added
and the mixture was stirred at room temperatur@ floours. Then 1 N hydrochloric
acid solution (0.5 mL) was added dropwise untilBh€to weak acid. The organic
solvent was concentrated under reduced pressurpuatifigéd by column

chromatography on silica gel to get compodadig in a yield of 86-97%.

4.1.4.1. 4-((phenylcarbamoyl)amide)geniposide

Brown solid, yield 86%6H NMR (400 MHz, CROD): § 7.54 (d,J=7.43 Hz, 2H),
7.32 (d,J=6.65 Hz, 2H), 7.18 (br. s., 1H), 7.10 (7.83 Hz, 1H), 5.82 (br. s., 1H),
5.18-5.29 (m, 2H), 5.10 (§=9.98 Hz, 1H), 5.00 (1}=9.00 Hz, 1H), 4.87 (dl=7.83
Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (#11.35 Hz, 1H), 4.15 (d=11.35 Hz, 1H), 3.72
(d, J=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1#B2 (d,J=9.39 Hz, 1H), 2.26
(d,J=19.17 Hz, 1H)**C NMR (100 MHz, CQOD): § 167.4, 147.3, 143.3, 138.3,
128.3, 126.7, 123.8, 120.9, 120.8, 115.6, 98.B3,9%6.2, 76.9, 76.4, 74.9, 73.5, 70.1,



67.8, 61.2, 60.0, 46.0, 37.7, 34.8. HRMS (ESI):c@afor G,H»7NOg [M+H]*
450.1759, found 450.1771.

4.1.4.2. 4-(((2-fluorophenyl)carbamoyl)amide)gersioe4b

Light green solid, yield 91%H NMR (400 MHz, CROD): § 8.28 (t,J=8.22 Hz,
1H), 7.40 (br. s., 1H), 7.34 (br. s., 1H), 7.0057(fn, 3H), 5.82 (br. s., 1H), 5.18-5.29
(m, 2H), 5.10 (tJ=9.98 Hz, 1H), 5.00 (1}=9.00 Hz, 1H), 4.87 (dl=7.83 Hz, 1H),
4.62-4.76 (m, 2H), 4.26 (d=11.35 Hz, 1H), 4.15 (d=11.35 Hz, 1H), 3.72 (d,
J=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1B2 (d,J=9.39 Hz, 1H), 2.26 (d,
J=19.17 Hz, 1H).13C NMR (100 MHz, CROD): 6 167.4, 147.3, 143.3, 138.3, 128.3,
126.7, 123.8, 120.9, 115.6, 98.7, 96.3, 76.9, 7®&4, 73.5, 70.1, 67.8, 61.2, 60.0,
46.0, 37.7, 34.8. HRMS (ESI): Calcd. fo,H,6FNOs [M+H] " 468.1664, found
468.9272.

4.1.4.3. 4-(((2-ethylphenyl)carbamoyl)amide)genigedc

White solid, yield 91%H NMR (400 MHz, CROD): § 7,84 (d,J=7.43 Hz, 1H),
7.32 (s, 1H), 7.20 (br. s., 2H), 7.06-7.14 (m, 2682 (br. s., 1H), 5.18-5.29 (m, 2H),
5.10 (t,J=9.98 Hz, 1H), 5.00 (1}=9.00 Hz, 1H), 4.87 (dl=7.83 Hz, 1H), 4.62-4.76
(m, 2H), 4.26 (dJ=11.35 Hz, 1H), 4.15 (d=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H),
3.31 (br. s., 1H), 3.02 (br. s., 1H), 2.82 §d9.39 Hz, 1H), 2.60 (g}=7.56 Hz, 2H),
2.26 (d,J=19.17 Hz, 1H), 1.29-1.38 (m, 3H}C NMR (100 MHz, CROD): 5 168.1,
147.6, 143.4, 140.3, 134.9, 128.5, 127.3, 126.8,6,225.9, 114.9, 98.7, 96.4, 76.9,
76.4, 73.5, 70.1, 61.2, 60.0, 45.9, 37.9, 34.2 213.5. HRMS (ESI): Calcd. for
CoaH31NOg [M+H]* 478.2072, found 478.2074.

4.1.4.4. 4-(((2-methoxyphenyl)carbamoyl)amide)gesige4d

Black solid, yield 879%H NMR (400 MHz, CROD): § 8.34 (d,J=7.43 Hz, 1H),
7.89 (br. s., 1H), 7.35 (br. s., 1H), 7.014d7.04 Hz, 1H), 6.94 (}=7.24 Hz, 1H),
6.87 (d,J=7.43 Hz, 1H), 5.82 (br. s., 1H), 5.18-5.29 (m, 25{10 (t,J=9.98 Hz, 1H),
5.00 (t,J=9.00 Hz, 1H), 4.87 (dI=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35



Hz, 1H), 4.15 (dJ=11.35 Hz, 1H), 3.84-3.92 (s, 3H), 3.72 d9.78 Hz, 1H), 3.31
(or. s., 1H), 3.02 (br. s., 1H), 2.82 (4:9.39 Hz, 1H), 2.26 (dI=19.17 Hz, 1H)*C

NMR (100 MHz, CROD): § 168.1, 147.6, 143.4, 140.3, 134.9, 128.5, 1228,7,
126.6, 125.9, 114.9, 98.7, 96.4, 76.9, 76.4, TRSL, 61.2, 60.0, 55.8, 45.9, 37.9,
34.9. HRMS (ESI): Calcd. for GH2oNOs [M+H]* 480.1864, found 480.1859.

4.1.4.5. 4-(((4-phenoxyphenyl)carbamoyl)amide)gesigiede

Green solid, yield 97%H NMR (400 MHz, CROD): § 7.45 (d,J=8.22 Hz, 2H),
7.30 (t,J=8.02 Hz, 2H), 7.16 (br. s., 1H), 7.07J7.43 Hz, 1H), 6.93-7.01 (m, 3H),
5.82 (br. s., 1H), 5.18-5.29 (m, 2H), 5.10J49.98 Hz, 1H), 5.00 (1=9.00 Hz, 1H),
4.87 (d,J=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H), 4.15 (d,
J=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 12B2 (d,
J=9.39 Hz, 1H), 2.26 (d]=19.17 Hz, 1H)>*C NMR (100 MHz, CROD): § 167.3,
157.6, 153.4, 147.4, 143.3, 133.9, 129.5, 126.2,84122.7, 122.6, 118.8, 118.7,
118.0, 115.4, 98.7, 96.3, 76.9, 76.4, 73.5, 7(112,60.0, 45.9, 37.8, 34.8, 29.4.
HRMS (ESI): Calcd. for @HsiNOyo [M+H]" 542.2021, found 542.2002.

4.1.4.6. 4-(((4-([1,1-biphenyl]-4-yloxy)phenyl)dzaamoyl)amide)geniposidi

Brown solid, yield 91%H NMR (400 MHz, CROD): § 7.50-7.57 (m, 4H), 7.48
(d, J=8.61 Hz, 2H), 7.37-7.44 (m, 2H), 7.32 (&7.43 Hz, 1H), 7.19 (br. s., 1H), 7.02
(d, J=7.43 Hz, 4H), 5.82 (br. s., 1H), 5.18-5.29 (m, 2510 (t,J=9.98 Hz, 1H), 5.00
(t, J=9.00 Hz, 1H), 4.87 (dI=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz,
1H), 4.15 (dJ=11.35 Hz, 1H), 3.72 (dI=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s.,
1H), 2.82 (d,J=9.39 Hz, 1H), 2.26 (d1=19.17 Hz, 1H)*C NMR (100 MHz,
CDsOD): 6 167.3, 157.1, 153.3, 147.5, 143.2, 140.2, 13&0,Q, 128.5, 128.0, 126.8,
126.7, 126.3, 122.8, 122.7, 118.9, 118.3, 115.4,,%6.4, 76.8, 76.3, 73.4, 70.1, 61.1,
60.0, 45.9, 37.8, 34.8, 22.5. HRMS (ESI): Calcd.GgyH3sNO1 [M+H]* 618.2334,
found 618.2299.

4.1.4.7. 4-(((4-(4-(tert-butyl)phenoxy)phenyl)can@yl)amide)geniposicég



Green solid, yield 97%H NMR (400 MHz, CROD): § 7.43 (d,J=8.61 Hz, 2H),
7.31 (d,J=8.22 Hz, 2H), 7.15 (br. s., 1H), 6.96 (&8.22 Hz, 2H), 6.89 (d]=7.43 Hz,
2H), 5.82 (br. s., 1H), 5.18-5.29 (m, 2H), 5.10J49.98 Hz, 1H), 5.00 (tJ=9.00 Hz,
1H), 4.87 (d,J=7.83 Hz, 1H), 4.62-4.76 (m, 2H), 4.26 (&11.35 Hz, 1H), 4.15 (d,
J=11.35 Hz, 1H), 3.72 (d=9.78 Hz, 1H), 3.31 (br. s., 1H), 3.02 (br. s., 1RIB2 (d,
J=9.39 Hz, 1H), 2.26 (d]=19.17 Hz, 1H), 1.29 (s, 9H))C NMR (100 MHz,

CD:OD): § 167.3, 155.0, 153.8, 147.6, 145.8, 143.1, 1326,9, 126.3, 122.8, 122.7,
118.4,117.8, 115.4, 115.3, 98.7, 96.4, 76.7, 72, 70.1, 67.8, 66.9, 61.1, 60.0,
45.9, 37.8, 34.8, 33.7, 30.7, 22.4. HRMS (ESI)c@afor GoHagNO1o [M+H]*
598.2647, found 598.26109.

4.1.5. Synthesis of 7-benzyl-1-(3,4,5,6-tetrabggegiposide gompound 5)

To a stirred solution of geniposide (3 g, 0.007#8)rm DMF (150 mL), in an
ice-water bath, 60% sodium hydride (1.854 g, 0.84®®l) was slowly added. After
the mixture was stirred for 1 hour, benzyl bromi@& mL, 0.04638 mol) was slowly
added dropwise and stirred at room temperaturenaygr After the reaction was
over, the reaction solution was added to ice w@@0@ mL) and extracted with ethyl
acetate (200 mLx3), then the combined organic sohas washed with 1 N
hydrochloric acid solution (50 mLx2) and saturdbeitie (100 mLx3), dried over
anhydrous sodium sulfate and concentrated undeceedpressure to get crude
product. The crude product was purified by silieh@lumn (petroleum ether: ethyl
acetate=7:1) to give compound 5 as a colorles&li(fu667 g, 0.00318 mol) with a
yield of 42%.*H NMR (400 MHz, CDCJ): § 7.48 (s, 1H), 7.21-7.32 (m, 23H),
7.15-7.20 (m, 2H), 5.83 (br. s., 1H), 5.304d5.8 Hz, 1H), 4.86-4.93 (m, 2H),
4.75-4.84 (m, 3H), 4.44-4.64 (m, 7H), 4.19 (br2#), 4.11 (qJ=7.0 Hz, 1H), 3.65
(s, 3H), 3.40-3.48 (m, 2H), 3.28 (@57.4 Hz, 1H), 2.95 (t}=6.8 Hz, 1H), 2.87 (dd,
J=7.8, 16.4 Hz, 1H), 2.14-2.27 (m, 2H).

4.1.6. Synthesis of 7-benzyl-1-(3,4,5,6-tetrabggegiposidic acidgompound 6)



To a stirred solution of compound 5 (2.667 g, 03B ol) in methanol (20 mL),
1 N aqueous sodium hydroxide (6.36 mL, 0.00636 mval added and refluxed
overnight. After the reaction was over, the reacsolution was concentrated under
reduced pressure, and 1 N hydrochloric acid salukias added dropwise until the PH
to 1-2. A white solid precipitated, filtered andedf at vacuum to give compouid
(2.36 g, 0.017 mol) as a pale yellow solid, yiel®8%.'H NMR (400 MHz, CDGJ):
§ 7.48 (s, 1H), 7.21-7.32 (m, 23H), 7.15-7.20 (m),Z483 (br. s., 1H), 5.30 (d=5.8
Hz, 1H), 4.86-4.93 (m, 2H), 4.75-4.84 (m, 3H), 4484 (m, 7H), 4.19 (br. s., 2H),
4.11 (q,J=7.0 Hz, 1H), 3.40-3.48 (m, 2H), 3.28 (.7.4 Hz, 1H), 2.95 (t}=6.8 Hz,
1H), 2.87 (ddJ=7.8, 16.4 Hz, 1H), 2.14-2.27 (m, 2HJC NMR (100 MHz, CDGJ):
0174.9, 148.8, 140.3, 138.6, 138.4, 138.2, 138.9,914128.5,128.3, 127.9, 127.8,
127.7,127.5,127.4, 116.3, 99.3, 96.8, 84.3, 8li#4, 77.2, 75.5, 74.9, 74.5, 73.2,
72.4,68.5, 46.3, 39.1, 36.1. HRMS (ESI): Calcd.GgHs:010 [M+Na]* 847.3453,
found 847.3455.

4.1.7. General method for the synthesigab

Compounds (200 mg, 0.00024 mol) was dissolved in DMF (4 nthgn EDCI
(56 mg, 0.00029 mol), HOBT (39 mg, 0.00029 mol) 8BEA (0.13 mL, 0.00072
mol) were added and stirred at room temperatur@ foours. Then organic amine
(0.00026 mol) and DMAP (45 mg, 0.00036 mol) werdeatland stirred at room
temperature overnight. After the reaction was cangal, the solution was added to
ice water (30 mL) and extracted with ethyl acet@gemLx3). The combined organic
solvent were washed with 1 N aqueous citric acidn{®2.x3), 1 N aqueous dilute
hydrochloric acid (20 mLx3) and saturated brine if0x3), dried over anhydrous
sodium sulfate, concentrated under reduced pressareurified by column

chromatography on silica gel to afford compodaerb in a yield of 32-52%.

4.1.7.1. 7-benzyl-1-(3,4,5,6-tetrabenzyl)-4- (4-kfinylsulfonate

benzyl)carbamoyl)amide)geniposida



Light yellow solid, yield 32%'H NMR (400 MHz, CDCJ): § 8.07 (d,J=8.6 Hz,
1H), 8.01 (s, 1H), 7.19-7.43 (m, 29H), 5.93 (br1$1), 5.46 (d,)=6.2 Hz, 1H),
4.80-5.00 (m, 5H), 4.72 (d=10.9 Hz, 1H), 4.48-4.62 (m, 5H), 4.25 (br. s., 2H)
3.63-3.78 (m, 4H), 3.41-3.56 (m, 4H), 3.09J&46.8 Hz, 1H), 2.99 (ddl=8.2, 16.4 Hz,
1H), 2.39 (ddJ=5.4, 17.2 Hz, 1H), 0.83-0.93 (m, 3HJC NMR (100 MHz, CDGJ):
§163.1, 156.6, 143.5, 139.6, 138.5, 138.2, 1384,0, 137.9, 129.9, 128.9, 128.6,
128.5, 128.5, 128.4, 128.3, 128.0, 127.9, 127.9,9,227.8, 127.7, 127.7, 127.6,
124.7, 120.4, 108.4, 107.0, 99.7, 97.0, 84.5, 85, 75.8, 75.3, 75.1, 75.0, 73.5,
72.4,68.6, 67.9, 46.4, 38.4, 34.1. HRMS (ESI):c@afor GHesNO1,S [M+K]*
1086.38, found 1086.44.

4.1.7.2.
7-benzyl-1-(3,4,5,6-tetrabenzyl)-4-(((4-phenoxypthearbamoyl)amide)geniposide
7b

White solid, yield 52%'H NMR (400 MHz, CDCJ): & 7.40 (d J=8.6 Hz, 2H),
7.25-7.33 (m, 19H), 7.24 (s, 6H), 7.20 §a4.7 Hz, 3H), 7.16 (d]=7.4 Hz, 2H),
7.04-7.10 (m, 2H), 6.96 (d=8.6 Hz, 4H), 5.84 (br. s., 1H), 5.30 (&6.2 Hz, 1H),
4.91 (d,J=10.9 Hz, 2H), 4.75-4.85 (m, 3H), 4.63 (&10.5 Hz, 1H), 4.44-4.56 (m,
5H), 4.20 (s, 2H), 3.56-3.73 (m, 5H), 3.37-3.49 8H), 2.99-3.05 (m, 1H), 2.83 (d,
J=8.6 Hz, 1H), 2.17-2.30 (m, 2H), 1.98 (br. s., 15E NMR (100 MHz, CDG)): 5
165.2, 157.6, 153.3, 147.2, 140.0, 138.5, 138.2,11338.0, 138.0, 133.4, 129.7,
129.2,128.4, 128.4, 128.3, 128.2, 128.0, 127.8,1A427.7, 127.6, 127.6, 123.0,
121.8, 119.7, 118.3, 115.6, 99.3, 95.8, 84.5, 8/&, 75.8, 75.2, 75.1, 74.9, 73.4,
72.4,68.7,67.9, 46.9, 38.3, 34.2. HRMS (ESI):c@afor GsHeiNO1o [M+Na]”
1014.4188, found 1014.4153.

4.1.8. General method for the synthesiSafc
Genipin (10 g, 0.044 mol) was dissolved in corresiiog alcohols&a-8c) (70
mL). The solution was catalyzed by two drops ofaantrated hydrochloric acid, and

then heated at reflux for 7 hours. After this reactvas completed, the solution was



concentrated under reduced pressure. A few drop\b$odium hydroxide solution
were added to adjust the pH to neutral, and themst extracted three times with
ethyl acetate. The combined organic phase was wdkhee times with saturated
brine, dried over anhydrous sodium sulfate, andeotrated under reduced pressure

to get compoun@a-9c in a yield of 56-98%.

4.1.8.1. 1-methoxygenip8a

Brown oily liquid, yield 98%‘H NMR (400 MHz, CDCY)): § 7.41-7.54 (m, 1H),
5.75-5.88 (M, 1H), 4.46 (d=8.2 Hz, 1H), 4.12-4.28 (m, 2H), 3.64-3.75 (m, 3H),
3.40-3.54 (m, 3H), 3.13-3.23 (m, 1H), 2.86 (d€8.5, 16.5 Hz, 1H), 2.59 (#=7.6 Hz,
1H), 2.06 (dd,J=9.0, 16.4 Hz, 1H).

4.1.8.2. 1-benzyloxygenip@

Yellow oil, yield 56%*H NMR (400 MHz, CDCJ): & 7.56 (s, 1H), 7.28-7.42 (m,
5H), 5.82 (br. s., 1H), 5.00 (d711.3 Hz, 1H), 4.60-4.72 (m, 2H), 4.23 (br. s., 2H)
3.68-3.77 (m, 3H), 3.13-3.27 (m, 1H), 2.74-2.94 (i), 2.69 (tJ=8.0 Hz, 1H), 2.08
(dd,J=9.0, 16.4 Hz, 1H).

4.1.8.3. 1-ethoxygenip®c

Brown oil, yield 97%H NMR (400 MHz, CDCJ): § 7.50 (s, 1H), 5.82 (br. s.,
1H), 4.53 (dJ=8.4 Hz, 1H), 4.25 (br. s., 2H), 4.03 (dit7.1, 9.5 Hz, 2H), 3.69-3.74
(m, 3H), 3.14-3.24 (m, 1H), 2.87 (td#1.3, 8.5, 16.5 Hz, 1H), 2.58 (8.0 Hz, 1H),
2.01-2.12 (m, 1H), 1.17-1.29 (t, 3H).

4.1.9. General method for the synthesi&Gaf-10b

Compounda-9b (0.044 mol), triethylamine (8.905 g, 0.088 mol)swhssolved
in dichloromethane (70 mL), and slowly added tozsgresulfonyl chloride (11.656 g,
0.066 mol) in ice water. After catalyzed by the iidd of DMAP (200 mg), the
reaction was carried out at room temperature fdneidrs. When the reaction was

completed, the reaction solution was washed withsbdium hydroxide solution (10



mLx3) and extracted with dichloromethane (30 mLX3)e combined organic
solvent was washed with 1 N hydrochloric acid soluind saturated brine (30
mLx3), dried over anhydrous sodium sulfate, cone¢et under reduced pressure
and purified by silica gel column chromatographgémerate compourifa-10b in a

yield of 48-49%.

4.1.9.1. 1-methoxy-2-(chloromethyl)genifla

Colorless liquid, yield 49%H NMR (400 MHz, CDCJ): § 7.52 (s, 1H),
5.95-6.01 (m, 1H), 4.51 (d=7.8 Hz, 1H), 4.20-4.25 (m, 2H), 3.73 (s, 3H), 3(57
3H), 3.24 (q,J=8.4 Hz, 1H), 2.91 (dd]=8.4, 15.8 Hz, 1H), 2.73-2.81 (m, 1H),
2.01-2.18 (m, 1H).

4.1.9.2. 1-benzyloxy-2-(chloromethyl)genifiio

Light yellow liquid, yield 48%H NMR (400 MHz, CDCJ): § 7.56 (s, 1H),
7.28-7.42 (m, 5H), 5.82 (br. s., 1H), 5.00Jd11.3Hz, 1H), 4.60-4.72 (m, 2H), 4.23
(br. s., 2H), 3.68-3.77 (m, 3H), 3.13-3.27 (m, 1R{Y4-2.94 (m, 1H), 2.69 (#=8.0
Hz, 1H), 2.08 (ddJ=9.0, 16.4 Hz, 1H).

4.1.10. General method for the synthesi$2af12b

CompoundlOa-10b (0.022 mol), p-hydroxybenzaldehyde (3.175 g, 0.0126)
and anhydrous potassium carbonate (4.561 g, 0.@B3was dissolved in acetonitrile
(50 mL) and the mixture was heated under refluxtbhours. After the reaction was
completed, it was concentrated under reduced measEhe residue was washed with
1 N sodium hydroxide solution (10 mL), and extrdoteth dichloromethane (30
mLx3). The combined organic solvent was washed tvithhydrochloric acid
solution, saturated brine and dried over anhydsmaum sulfate, concentrated under

reduced pressure to afford compou2d-12b in a yield of 89-91%.

4.1.10.1. 1-methoxy-2-((4-formylphenoxy)methyl)geri2a



Brown liquid, yield 89%H NMR (400 MHz, CDC}): § 9.90 (s, 1H), 7.83-7.86
(m, 2H), 7.50-7.55 (m, 1H), 7.01-7.05 (3%8.6 Hz, 2H), 5.96-6.03 (m, 1H),
4.69-4.84 (m, 2H), 4.53 (d=7.8 Hz, 1H), 3.74 (s, 3H), 3.56-3.60 (m, 3H), 3229
(m, 1H), 2.87-2.99 (m, 1H), 2.70 (7.6 Hz, 1H), 2.13 (dd=8.7, 16.9 Hz, 1H).

4.1.10.2. 1-benzyloxy-2-((4-formylphenoxy)methylijga 12b

White solid, yield 91%H NMR (400 MHz, CDCY)): § 9.79-9.87 (m, 1H),
7.69-7.79 (m, 3H), 7.53 (s, 1H), 7.15-7.25 (m, 46{89 (d,J=8.6 Hz, 2H), 5.92 (br. s.
1H), 4.97 (dJ=11.3 Hz, 1H), 4.57-4.75 (m, 4H), 3.69-3.73 (m, 38110-3.28 (m,
1H), 2.90 (dd,J=8.4, 16.0 Hz, 1H), 2.74 (#=8.0 Hz, 1H), 2.08 (dd]=8.6, 16.8 Hz,
1H).

4.1.11. General method for the synthesi$3af13b

To a stirred solution of compourd@a-12b (0.019 mol) in methanol (50 mL), 2 N
aqueous lithium hydroxide solution (47.5 mL, 0.088l) was added at room
temperature and maintained for 30 hours. Afterdaetion was completed, the
reaction solution was concentrated under reducesspre, and adjusted PH value to
1-2 with 1 N hydrochloric acid solution, and driedget compound 13a-13b in a yield
of 73-90%.

4.1.11.1. 1-methoxy-2-((4-formylphenoxy)methy!)fesi-5-carboxylic acid3a

Yellow solid, yield 90%H NMR (400 MHz, CDCJ): & 9.90 (s, 1H), 7.83-7.86
(m, 2H), 7.50-7.55 (m, 1H), 7.01-7.05 (#%8.6 Hz, 2H), 5.96-6.03 (m, 1H),
4.69-4.84 (m, 2H), 4.53 (d=7.8 Hz, 1H), 3.74 (s, 3H), 3.20-3.29 (m, 1H), 2899
(m, 1H), 2.70 (tJ=7.6 Hz, 1H), 2.13 (ddl=8.7, 16.9 Hz, 1H).

4.1.11.2. 1-benzyloxy-2-((4-formylphenoxy)methylijg®er-5-carboxylic acid3b
White solid, yield 73%H NMR (400 MHz, CDCY): 5 9.79-9.87 (m, 1H),
7.69-7.79 (m, 3H), 7.53 (s, 1H), 7.15-7.25 (m, 46189 (d,J=8.6 Hz, 2H), 5.92 (br. s.



1H), 4.97 (dJ=11.3 Hz, 1H), 4.57-4.75 (m, 4H), 3.10-3.28 (m, 12{P0 (dd)=8.4,
16.0 Hz, 1H), 2.74 (}=8.0 Hz, 1H), 2.08 (dd]=8.6, 16.8 Hz, 1H).

4.1.12. General method for the synthesi$5af15b

Compoundl3a-13b (0.017 mol) and ethyl
(diethoxyphosphoryl)methanesulfonate (6.194 g, 91921) was dissolved in
tetrahydrofuran (30 mL). 60% sodium hydrogen (2.640.051 mol) was added
slowly in portions and stirred at room temperatiorel2 hours. After the completion
of this reaction, the mixture was concentrated unelduced pressure, adjusted pH to
neutral with a 1 N hydrochloric acid solution andracted with ethyl acetate (30
mLx3). The organic phase was washed with satutaied, dried over anhydrous
sodium sulfate, concentrated under reduced pressudepurified with silica gel

column to afford compountba-15b in a yield of 42-46%.

4.1.12.1. 1-methoxy-2-((4-ethylvinylsulfonate phgmethyl)genipin-5-carboxylic
acid 15a

White solid, yield 429%H NMR (400 MHz, CDCY): & 7.65 (s, 1H), 7.55 (d,
J=15.6 Hz, 1H), 7.43-7.49 (nd=8.6 Hz, 2H), 6.94-6.99 (nd=8.6 Hz, 2H), 6.60 (d,
J=15.6 Hz, 1H), 5.98 (br. s., 1H), 4.65-4.79 (m, 2857 (d J=7.8 Hz, 1H),
4.08-4.26 (m, 2H), 3.59 (s, 3H), 3.19-3.28 (m, 12494 (dd,J=8.8, 16.6 Hz, 1H),
2.71 (t,J=8.0 Hz, 1H), 2.16 (dd]=8.4, 16.6 Hz, 1H), 1.32-1.44 (t, 3H).

4.1.12.2. 1-benzyloxy-2-((4-ethylvinylsulfonatermhe)methyl)genipin-5-carboxylic
acid 15b

White solid, yield 469%4H NMR (400 MHz, CDCY): § 7.69-7.79 (m, 3H), 7.55 (d,
J=15.6 Hz, 1H), 7.25 (s, 1H), 7.15-7.25 (m, 4H),95(8,J=8.6 Hz, 2H), 6.60 (d,
J=15.6 Hz, 1H), 5.92 (br. s., 1H), 4.97 (11.3 Hz, 1H), 4.57-4.75 (m, 4H),
4.08-4.26 (m, 2H), 3.10-3.28 (m, 1H), 2.90 (d€8.4, 16.0 Hz, 1H), 2.74 (#=8.0 Hz,
1H), 2.08 (dd,)=8.6, 16.8 Hz, 1H), 1.32-1.44 (t, 3H).



4.1.12. General method for the synthesi$7afd

Compoundl5a (0.00014 mol) and organic amine (0.00015 mol) diasolved in
DMF (3 mL), stirred in ice water bath. Then HATW(6g, 0.00017 mol) and
triethylamine (28 mg, 0.00028 mol) were added dimced at room temperature for
2.5 hours. After this reaction was completed, tlateon was added to ice water (30
mL) and 1 N hydrochloric acid dropwise solutiorPid =1-2. Yellow solids were
precipitated, filtered, and then purified by silgal column chromatography to

develop compoundi7a-17d in a yield of 27-36%.

4.1.12.1. 1-methoxy-2-((4- ethylvinylsulfonate
phenoxy)methyl)-5-((4-(p-phenyleneoxy)phenyl)anoaejpinl7a

Brown solid, yield 30%H NMR (400 MHz, CDGJ): 6 7.55 (d,J=15.4 Hz, 1H),
7.41-7.52 (m, 5H), 7.28-7.36 (M, 3H), 7.06-7.12 (), 6.94-7.03 (m, 5H), 6.60 (d,
J=15.4 Hz, 1H), 5.96-6.04 (m, 1H), 4.61-4.81 (m, 2857 (d J=7.8 Hz, 1H),
4.08-4.27 (m, 2H), 3.52-3.64 (m, 3H), 3.34-3.45 {iH), 2.86-2.97 (m, 1H), 2.78 (t,
J=7.9 Hz, 1H), 2.18-2.29 (m, 1H), 1.35-1.44 (t, 3¢ NMR (100 MHz, CDCGJ): §
165.2, 161.2, 157.5, 153.4, 147.9, 144.3, 138.8,31330.2, 130.0, 129.6, 124.7,
123.0, 121.9, 119.6, 118.3, 115.2, 115.2, 114.8,21®%6.5, 66.4, 57.0, 46.4, 38.7,
35.6, 14.1. HRMS (ESI): Calcd. for£E33sNOgS [M+Na] 626.1819, found 626.1815.

4.1.12.2. 1-methoxy-2-((4thylvinylsulfonate
phenoxy)methyl)-5-((4-p-diphenylether)phenyl)amgkipin17b

Brown liquid, yield 279%H NMR (400 MHz, CDC}): § 7.55-7.59 (m, 4H),
7.51-7.55 (m, 2H), 7.49 (d=7.4 Hz, 2H), 7.41-7.47 (m, 4H), 7.31-7.36 (m, 1H),
7.02-7.09 (m, 4H), 6.97 (9=8.8 Hz, 2H), 6.60 (dJ=15.6 Hz, 1H), 5.96-6.04 (m,
1H), 4.66-4.81 (m, 2H), 4.57 (d=7.8 Hz, 1H), 4.09-4.27 (m, 2H), 3.60 (s, 3H),
3.35-3.44 (m, 1H), 2.88-2.98 (m, 2H), 2.79J47.8 Hz, 1H), 2.20-2.31 (m, 1H),
1.38-1.45 (t, 3H)1.3C NMR (100 MHz, CD(): 6 165.2, 161.2, 157.1, 153.3, 150.5,
147.9, 144.3, 140.4, 138.6, 136.1, 133.4, 133.2,3,.330.0, 128.8, 128.4, 127.0,
126.9, 124.7, 121.9, 119.8, 118.5, 118.3, 115.3,6,102.2, 66.6, 66.4, 57.0, 46.4,



38.8, 35.6, 14.9. HRMS (ESI): Calcd. fose83NOsS [M+Na]" 702.2132, found
702.2127.

4.1.12.3. 1-methoxy-2-((€thylvinylsulfonate
phenoxy)methyl)-5-((4-(2-chloro-4-fluoro-phenyletker)benzeneamide)genidiic

Brown liquid, yield 36%6H NMR (400 MHz, CDCJ): § 7.37-7.58 (m, 7H),
7.17-7.23 (m, 1H), 7.07 (di=1.3, 7.7 Hz, 1H), 6.91-6.98 (m, 4H), 6.59 Jd15.4 Hz,
1H), 5.94-6.03 (m, 1H), 4.65-4.80 (m, 2H), 4.55Jd7.8 Hz, 1H), 4.09-4.25 (m, 2H),
3.58 (s, 3H), 3.36-3.42 (m, 1H), 2.90 (ddB.6, 16.2 Hz, 1H), 2.76 #=7.9 Hz, 1H),
2.22 (dd J=8.3, 16.3 Hz, 1H), 1.36-1.43 (m, 3H}C NMR (100 MHz, CDGJ): &
165.2, 161.2, 153.1, 152.7, 147.9, 144 .4, 138.8,5.330.7, 130.3, 130.1, 127.9,
125.4,124.7,124.5, 121.9, 120.2, 118.7, 118.3,311114.6, 102.2, 66.6, 66.4, 57.0,
46.4, 38.7, 35.6, 14.8. HRMS (ESI): Calcd. fagtz:BrCINOsS [M+Na]" 738, found
7309.

4.1.12.4. 1-methoxy-2-((€thylvinylsulfonate
phenoxy)methyl)-5-((4-(biphenylether)phenyl)amida)gin 17d

Brown solid, yield 329%H NMR (400 MHz, CDCJ): § 7.76-7.82 (m, 2H), 7.65
(d, J=7.8 Hz, 1H), 7.47-7.53 (m, 3H), 7.40-7.46 (m, 3HBO-7.40 (M, 2H),
7.19-7.25(m, 2H), 7.00-7.05 (m, 2H), 6.93 §d8.6 Hz, 2H), 6.57 (d)=15.2 Hz, 1H),
5.94-6.02 (m, 1H), 4.62-4.77 (m, 2H), 4.54 Jd7.8 Hz, 1H), 4.06-4.22 (m, 2H), 3.56
(s, 3H), 3.37 (qJ=8.2 Hz, 1H), 2.90 (dd=8.4, 16.2 Hz, 1H), 2.72-2.80 (m, 1H),
2.17-2.27 (m, 1H), 1.37 (8=7.2 Hz, 3H)**C NMR (100 MHz, CDGJ): § 165.2,
161.2, 155.4, 153.3, 148.0, 144.3, 138.6, 134.2,6.330.3, 130.0, 129.9, 127.7,
127.0, 126.5, 124.7, 124.6, 122.0, 120.0, 119.8,31115.3, 114.6, 113.3, 102.3,
66.6, 66.4, 57.0, 46.4, 38.8, 35.6, 14.9. HRMS JESdlcd. for G/H3sNOsS
[M+Na]* 676.1976, found 676.1972.

4.1.13. General method for the synthesis7af17f



Compoundl5b (0.00014 mol) and organic amine (0.00015 mol) MAX3 mL),
was stirred in an ice water bath, and then HATUr&y} 0.00017 mol) as well as
triethylamine (28 mg, 0.00028 mol) was added. Tirg¢ure was stirred at room
temperature for 2.5 hours. After the reaction wameted, the solution was added to
ice water (30 mL). Then, 1 N hydrochloric acid smn was added by drop until the
PH reached 1-2, a large number of yellow solidsiprated. The yellow solid was
purified by silica gel column chromatography to gexte compound7e-f in a yield

of 23-26%.

4.1.13.1. 1-benzyloxy-2-((4thylvinylsulfonate
phenoxy)methyl)-5-((4-(p-phenyleneoxy)phenyl)) herermide)genipii7e

Brown liquid, yield 23%H NMR (400 MHz, CDC}): § 7.69-7.79 (m, 5H), 7.55
(d, J=15.4 Hz, 4H), 7.25 (s, 1H), 7.15-7.25 (m, 6H),95(8,J=8.6 Hz, 4H), 6.60 (d,
J=15.6 Hz, 1H), 5.92 (br. s., 1H), 4.97 (11.3 Hz, 1H), 4.57-4.75 (m, 4H),
4.08-4.26 (m, 2H), 3.10-3.28 (m, 1H), 2.90 (d€8.4, 16.0 Hz, 1H), 2.74 (#=8.0 Hz,
1H), 2.08 (dd,J=8.6, 16.8 Hz, 1H), 1.32-1.44 (t, 3KC NMR (100 MHz, CDG)): 5
165.2, 161.2, 157.1, 153.3, 150.5, 147.9, 144.8,414.38.6, 136.1, 133.4, 133.1,
130.3, 130.0, 128.8, 128.4, 127.0, 126.9, 124.7,9219.8, 118.5, 118.3, 115.3,
114.6, 102.2, 66.5, 66.4, 57.0, 46.4, 38.8, 351®.1HRMS (ESI): Calcd. for
CagH3/NOgS [M+Na]" 680, found 681.

4.1.13.2. 1- benzyloxy-2-((éthylvinylsulfonatephenoxy)methyl)-5-
((4-(2-chloro-4-fluoro-phenylene ether)phenyl)amginipin17f

Brown liquid, yield 26%6H NMR (400 MHz, CDCJ): § 7.69-7.79 (m, 5H), 7.55
(d, J=15.6 Hz, 4H), 7.25 (s, 1H), 7.15-7.25 (m, 4H),9(8,J=8.6 Hz, 4H), 6.60 (d,
J=15.6 Hz, 1H), 5.92 (br. s., 1H), 4.97 (11.3 Hz, 1H), 4.57-4.75 (m, 4H),
4.08-4.26 (m, 2H), 3.10-3.28 (m, 1H), 2.90 (d€8.4, 16.0 Hz, 1H), 2.74 (#=8.0 Hz,
1H), 2.08 (dd,J=8.6, 16.8 Hz, 1H), 1.32-1.44 (t, 3KC NMR (100 MHz, CDG)): &
169.4, 165.4, 165.1, 161.2, 161.1, 153.2, 153.2,71948.0, 146.0, 144.3, 138.6,
137.5, 136.9, 136.5, 133.5, 133.4, 133.3, 130.8,2.330.0, 129.9, 129.8, 128.6,



128.5, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7,612427.4, 125.4, 124.7, 124.5,
121.9, 121.8, 121.4, 120.2, 120.1, 118.7, 118.8,311115.2, 114.7, 100.4, 66.6, 66.4,
66.4, 57.0, 46.4, 38.8, 35.6, 14.9. HRMS (ESI):c8afor GgHssBrCINOgS [M+Na]
814.08, found 814.24.

4.2. In vitro protein inhibition assays

The inhibitory activities of geniposide and genigerivatives against PTP1B,
TCPTP and SHP2 were determined with our publisliedgalure [16].
P-nitrophenylphosphonic acid (pNPP) was hydrolyagd®TP1B, TCPTP or SHP2 to
pPNP can be detected at 405 nm. Test compoundspsedesposed in 96-well micro
plates as 1.QL aliquots per well in DMSO. The protein enzymaigsay was carried
out in a total volume of 100L per well in assay plates with 75 nM recombinant
protein (PTP1B, TCPTP or SHP2), 2.5 mM pNPP, 10 m&25 mM NaCl and 1
mM EDTA (pH 7.1). After being incubated at room f@mature for 30 min, the
reaction was terminated by the addition of 2.0 NDNa50pL). Then the amount of
hydrolysis product, pNP, was monitored by detectibabsorbance at 405 nm.
Sodium vanadate was used as the positive comtituibition constants (I163) were

calculated from the enzyme progress curves usarglard mathematical models.

4.3. Cell viability assay

CHO cells were cultured in DMEM (10% fetal bovireram and 1%
penicillin-streptomycin solution) with 5% GQ@t 37°C. Each well of 96-well plates
was seeded with 5 x 1@ells. After 24 hours, each well treated with \iagy
concentrations of compounds. Then, the cells werebhated in DMEM (10% fetal
bovine serum and 1% penicillin-streptomycin solnfitor 24 hours with 5% Cg£at
37°C. Each well treated with 2@ MTT solution, and cells were incubated for
another 4 hours in the incubator at’8within a dark place. Then the medium was
removed and added 1x0 DMSO into each well. Finally, the optical densitgs

measured at 490 nm by a micro plate reader.



4.4. Effect of compounds on 2-NBDG uptake by HegeB2

The glucose uptake was assayed according tputalished method in HepG2
cells using 2-NBDG [18]. Cells were cultured in DME10% fetal bovine serum and
1% penicillin-streptomycin solution) with 5% CO23i°C. 5 x 104 cells were
seeded in each well of the 24-well plates. And eaehwas treated with different
concentrations of compounds for 24 hours. The nmeduas removed, and washed
with PBS twice. Then, the cells were treated willl hM insulin for 20 min, and then
50 uM 2-NBDG was added and maintained for 60 min. Tlue@se uptake was
measured by FACS Calibur (BD) F1 channel.

4.5. Molecular modeling

Interactions between ligands and PTP1B (PDB codé&X) are explained by
molecular modeling using GOLD Suite v5.0.1(CCDCntbadge, U.K., 2010).
Before docking was run, parameters were specijieatiressed. After the protein
was introduced, crystal waters and the ligand wemeved and hydrogens were
added.The binding site was defined to includeesidues within a 22.5 A radius of
the point 45.484, 14.573 and 5.329 as the centddS&ore was applied as a scoring
function and other parameters were set as stamigdadlt. 10 conformations were
produced after the docking runs were complete. 8rred to the 20 conformations

and selected the most reasonable docking confarnsasis our solutions.
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Highlight

Potent PTP1B inhibitors were designed and synthesized.

Most compounds exhibited excellent inhibitory activity (1Cs=0.35-64.74 uM).
The structure-activity relationship and molecular docking were studied.
Compounds 7a, 17b and 17f effectively enhanced insulin-stimulated glucose

uptake with no significant cytotoxicity.
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