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Abstract

A series of tetrahydrocarbazole derivatives was designed and synthesized on the basis of the
AMP-activated protein kinase activator GY 3. All the synthesized compounds wer e screened
in HepG2 cell lines for glucose consumption activity and several of them showed potent
glucose decreasing activity. In vivo evaluation of the hypoglycemic and hypolipemic effects
indicated that 7a exhibited comparable activity with pioglitazone, but with a weaker
body-weight increasing effect. The pharmacokinetic profiles of 7a were also investigated.
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tetrahydrocarbazele-based scaffold
Indole-based scaffold potential AMPK activator
potent AMPK activator potent hypoglycemic andhypolipemic activities both in vitro and in vivo
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ABSTRACT: A series of tetrahydrocarbazole derivatives wadgdesl and synthesized on the basis of the AMP-atetdl/
protein kinase activator GY3. All the synthesizemmpounds were screened in HepG2 cell lines foragecconsumption
activity and several of them showed potent gluaes@easing activityln vivo evaluation of the hypoglycemic and hypolipemic
effects indicated thata exhibited comparable activity with pioglitazoneitlwith a weaker body-weight increasing effect. The

pharmacokinetic profiles afawere also investigated.

1. Introduction

The global incidence of type 2 diabetes (T2DM)
increasing rapidly, with a morbidity of 415 millioim 2015
(projected to rise to 642 million adults by 204@sulting in a
serious health problem worldwide [1-3]. T2DM s
characterized by insulin resistance (IR) and hylyeegnia,
which cause a series of chronic complications, saachipidic
abnormality, cardiovascular disease, hepatic andlrailure.
Therefore, maintaining blood glucose at a normegllés of
great importance for diabetic patients. Recent istudhave
proved that impaired handling of cellular energynieostasis
is closely associated with IR, lipid metabolism aather
metabolic syndromes [1,4]. On this basis, moleculest
regulate cellular energy metabolism will be a pimg
therapeutic choice for diabetes and hyperlipeniia [5

AMP-activated protein kinase (AMPK), which acts as
sensor for cellular energy status, plays a centod in
maintaining the energy and metabolic landscapeeti§ ¢6].
AMPK is a heterotrimeric complex comprised of highl
conserved catalytia and regulator/y subunits. The: andp
subunits exist as two isoformal(, a2 andf1, p2) and they
subunit exists as three isoformgl(y2, y3). Seven subunits
can theoretically combine to create 12 AMPK isofsravhich
show differential tissue distribution and functiofr-9].
Phosphorylation of Thr-172 located at the activatioop of
the kinase domain in the subunit leads to a 2-3 order of
magnitude increase in AMPK activity [10]. Once AMRK
activated, it stimulates glucose uptake in skeletalscle
through independent pathways in IR conditions [¥any
studies have demonstrated that AMPK mediates a eumb
pharmacological and physiological factors that ekeneficial
effects on T2DM [11]. In addition, the clinical age
metformin and rosiglitazone functionalize their iatiabetic
activitiesvia the indirect activation of AMPK. Thus, targeting
AMPK is an attractive strategy for the therapy @DM and
related metabolic syndromes.

Our previous work has revealed that the novel ied@sed
derivative GY3 possessed potent insulin-sensitizictjvity
[12] and excellentin vivo hypoglycemic and hypolipemic

efficacies. In addition, an anti-hyperglycemic macism
indicated that GY3 exerted its improvement on ghecand
lipid metabolismvia activation of the AMPK pathway [13].
Promoted by our continuing interest in exploringy@loagents
for the treatment of T2DM, we envisaged that
tetrahydrocarbazoles derived from GVia scaffold migration
may also be used as AMPK activators and thus, aspl
desirable hypoglycemic and hypolipemic activitidsrein, we
report our recent findings on the design, synthesmsl
biological evaluation of novel tetrahydrocarbazolesth
potent hypoglycemic and hypolipemic activities bathvitro
andin vivo.
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Fig. 1. Design of the tetrahydrocarbazole derivatives.

2. Results and Discussion
2.1 Chemistry

Using scaffold migration and structure-basedigie a
series of tetrahydrocarbazole-3-carboxylic acids warived
from GY3. As outlined in Scheme 1, the desired coamuls
7a-g were prepared from (4-(benzyloxy)phenyl)hydrazine
hydrochloride {) over 5 steps, which included the Fischer
indole synthesis, hydrolysis, benzylation, benzigia and
catalytic hydrogenation to give the key intermeslis
Subsequent reaction @& with various arylmethyl bromides
(R™-Br) or methyl iodide gave the target compouritsg
[14,15]. To evaluate the influence on the glucosereasing
activity of the configuration of the chiral carbatom attached
to the carboxy group, compounds)-7a and (-)-7a were
resolved from 7a via preparative chiral separation.
CompoundsBa-h were prepared fror8 via N-acylation with



aroyl chlorides, and aryl sulfonyl chlorides *®l) or N-
alkylation with arylmethyl bromides @FBr) under strongly
alkaline conditions (Scheme 2).
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Scheme 1 (a) Ethyl 4-oxocyclohexanecarboxylate;P, EtOH, reflux,
6 h; (b) NaOH, THF/HO, reflux, 18 h; (c) BnBr, KCO;, DMF, rt, 24 h;
(d) 4-chlorobenzoyl chloride, NaH, DMF, -10, 30 min, then rt, 5 h; (e)
Pd/C, H, EtOAc, rt, 4 h; (f) RBr, NaH, DMF, -10_J, 10 min, then rt, 3-6
h (CHl for 7g).
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Scheme 2(a) R-Cl or R-Br, NaH, DMF, -1001, 10 min, then rt, 24 h.

Scheme 3 shows the detailed synthetic route fopoamds
13ac. Starting from benzd][1,3]dioxol-5-amine 9), key
intermediatel2 was synthesizedia diazotization, a Fischer
indole synthesis and hydrolysis, which was subjkcte
various aroyl chlorides or aryl sulfonyl chloridg®-Cl) under
alkaline conditions to afford the desired targehpounds.
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Scheme 3(a) 37% HCI, 30% NaN© SnC}-2H0, H,0, 0-517, 5 h; (b)
ethyl 4-oxocyclohexanecarboxylate;R0,, EtOH, reflux, 6 h; (c) NaOH
(s), THF/HO (viv = 1:1), reflux, 7 h; (d) RCl, NaH, DMF, -101], 10
min, then rt, 5 h.
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2.2 Biological evaluation
2.2.1 Glucose consumption assay

The glucose consumption activities of all the sgsthed

compounds were screened in human hepatoma ceb line

(HepG2) at 18 M as previously reported [16]. As shown in
Table 1 and Fig. 2a, when compared to the controum
(DMS0), 10° M of metformin (Met) displayed an increase in
glucose consumption in HepG2 cell lines by 63.P% (0.01).
6-Benzyloxy-tetrahydrocarbazole-3-carboxyl ac&) ihduced
an increase in glucose consumption by 52.3%. Egliti a
p-chloro-benzoyl substituent on the NH of the
tetrahydrocarbazole scaffold can significantly iowye the
hypoglycemic activity 7a), with an increase of 82.5% in

glucose consumptionP(< 0.01). Various substituted benzyl
groups on the C-6 position were taken into consititan and
most of them showed a weaker glucose-decreasingitact
than 7a. Generally, substituents on the aromatic ring haf t
C-6 position exhibited negative effect on the gkeo
consuming activity {aversus 7d, 7e and7f), and it may result
from the steric hindrance, which blocked tixsigma weak
interaction of compound with AMPK (Fig. 7c and 7d).
Considering the oxidation of the benzylic methylgmeup, a
methyl substituted derivative7b was designed, which
indicated a comparable effect on glucose consumptiben
compared with the positive control metformin. Both
N-containing benzyl group derivative& and 7d displayed
moderate activity. A strong electron-withdrawing ogp
attached to the benzene ring such as T\ 6howed higher
hypoglycemic activity than those with a halogen sitbent
(7 (72.8%versus 68.8%). Next, various substituents on the
NH were evaluated and it was found that compouredsiig
an electron-withdrawing substituent showed higlativity in
glucose consumptior8é-c) than those with electron-donating
substituents &d-h), with compound8a exhibiting the most
potent efficiency (75.2% < 0.01). Besides, we also designed
several C-6, C-7 cyclized derivativd8ac. Disappointedly,
none of them showed comparable activity with thaeitpe
control metformin. Comparing the glucose consummptiata
of 7a with 8¢ 8a with 8f, 8b with 8c, 13b with 13¢ we could
conclude that compounds bearing an electron-withitig
group on the N-9 position displayed higher actititgn those
with electron-donating substituents. To asseseffeet of the
chiral configuration(+)-7a and(-)-7a which were separated
from 7a, were evaluated, and the levo ison(e)-7a showed
an approximately 1.4-fold higher activity than tldextro
isomer(+)-7a

Table L Glucose consumption activity in the HepG2 ciele$
over24hX £ s,n=4)2

Compound Glucose consumption Glucose consumption
(mM)° increase (%)
3 2.6320.61 52.3
7a 3.15+0.69 825
7b 2.80£0.527" 62.1
7c 2.55+0.62 475
7d 2.55+0.46 475
7e 2.91+0.50° 68.8
7f 2.98+0.82 72.8
79 2.60£0.45 50.5
8a 3.03:0.36' 75.2
8b 2.84%0.33 64.5
8c 2.770.59 60.3
8d 2.26%0.73 304
8e 2.29+0.41 32.7
8f 2.32+0.48 34.3
8g 2.46+0.52 422
8h 2.21+0.46 275
13a 2.68+0.53 55.1
13b 2.55+0.41 475
13c 2.430.47 40.3
(+)-7a 2.78+0.48 60.6
(-)-7a 3.21:0.53 855
DMSO 1.7340.25 -
Met® 2.83+0.3% 63.7

2 All the compounds tested at a concentration 6f KO
b Student's t test,P <0.05,” P <0.01 and™ P <0.001 versus the control sample.
© Met means metformin, test concentration? M.

To evaluate the concentration-effect of our synthet
tetrahydrocarbazoles in HepG2 cell lines, compoudga,
(+)-7a, (-)-7a, 7b, 7e and 7f were chosen and tested at three
concentrations, 0.1M, 1 uM and 10uM, respectively. As
shown in Table 2 and Fig. 2b, all the tested compsu
exhibited an obvious dose-dependent manner anththease



in the glucose consumption induced by the test camgs insulin-sensitizer pioglitazone treated group as fositive
was positively correlated to their concentration. control group,7a and8b were ingestedia oral administration
at a dose of 30 mg/kg. When compared with the

Table 2 Glucose consumption activity in the HepG2 ciele$ pioglitazone-treated group, GY3 aifd showed more potent

over24h (X £ S,n=3).

blood glucose decreasing ability, by 32.9% and %0.6

Glucose Glucose : . L. i
Compound Concentration consumption consumption r(—_zspectlvely, but only GY3 showed a statlstlcaib]ns‘lcant
(mm)? increase (%) difference P <0.05). 7a and 8b reduced blood glucose by
DMSO 0.5% viv 2012013 - more than 25% after 1 week, which was more poteah t
Met® 1mMm 3.22+0.35 60.4 , . L . .
0.1uM 259+0.10" 29.0 GY3. After 3 weeks’ continuous administratiata exhibited a
3 1uM 2.76:0.04" 37.2 satisfactory anti hpyerglycemic activity with a btb glucose
&T:L",\"A 22-9382‘-”fdlfz 418545 decreasing percentage of 28.0%, which was an ajppately
7a 1uM 2.6120.14° 30.2 2-fold higher activity than8b and GY3, but the result
10uM 3.47+0.17" 72.9 indicated no obvious difference versus the corgrolp.
0.1uM 2.04+0.93 1.79
(+)-7a 1uM 2.560.56 27.3 Table 3 Thein vivo hyperglycemlc activities ofa and 8b in
10uM 3.12+0.26 55.3 db/db mice & +
0.1uM 2.27+0.87 12.9 ,n= 9°
(-)-7a 1uM 2.72+0.94 35.6 Grou Blood glucose decreasing percenta (%)°
10uM 3.5410.73 76.4 P Single dose 1 week 2 weeks 3 weeks
0.1uM 2.11+0.21 4.89 0.5% CMC-Na 0.0+4.1 0.0+86 0.0+4.0 0.0+6.8
7b 1uM 2-6610-0{ 32.2 Pioglitazone 21.9+152 37.1+8.1* 345+16.0 .43714.9
10uM 3.39+0.32 68.7 GY3 329+11.2* 257+115  30.3+85* 135£9.0
0.1pM 2.01+0.47 0.11 7a 30.6 +13.9 29.3+14.5 19.6 +12.9 28.0 +12.0
7e 1uM 2.410.45 20.1 8b 155+7.2 28.9+170  163%127 143121
10uM 3.08+0.07 534 @ 0Oral dosage: 30 mg/kg; Student's t te&t< 0.05 versus control.
0.1uM 2.200.63 9.65 ® values were determined 3 h after the final adrtriai®n.
7t 1uM 2.55+0.15 26.8
10uM 3.02+0.53 50.2

- , After 3 weeks’ administration, the body-weighif the

bfﬂtljtd ;?jngtﬁiﬁofﬁ'iﬂ?;esfan'ﬂini?;'{ioﬁ_zﬁ(’Ol versus control compounds-treated db/db mice were also measureue(Pa
and Fig. 4). Among which, pioglitazone significanithduced

an increase in body-weight of 16.3® €0.001).7a showed

an increasing percentage of 10.4% 8bdxhibited the lowest
body-weight increase effect of 3.7%, which indicatan

obvious difference by statistical analysis verdus positive
con trol pioglitazone B <0.01). Notably,7a revealed an
apparent time-dependence for the increase in baghu

Table 4. The effect of7a and8b on the body-weight of db/db
mice (X+s =5

@

Glucose Consumption
(mmoliL)

Percentage body-weight increas)’ Compared
R R with the
P Group 1 week 2 weeks 3 weeks solvent
control (%)
0.5% CMC-Na 1.0+4. 21+2¢ 26+2¢ -
E Pioglitazone 6.7+34 11.6 £ 0.6% 13.7 £ 1.00xx 16.2
GY3 35+33 6.5+ 3. 5.9+4: 8.5
7a -1.6+36 3.9+3. 7.8+3.% 10.4
: 8b 08+3.F 0.8+3.7 1.1+3.3% 3.7

@ Oral dosage: 30 mg/kg; Student's t te§t,<0.05, ** P <0.01 and**
P <0.001 versus the solvent contrbIP < 0.05," P < 0.01 versus the
positive control.

® Values were determined 3 h after the final adrtiai®n.

(mmoliL)

Glucose Consumption
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Concentration-effect of the selected compoundsdp®? cell lines. 8 * %
2.2.2 Hypoglycemic and hypolipemic activities vivo FrR B VI SR o

Weeks 0
To investigate then vivo hypoglycemic activities of the  Fig. 4.(a) The effect of the tested compounds on the tegight of db/db
novel tetrahydrocarbazoles derivatives, compoutaiand8b, mice. (b) The increasing ratios of the tested camps.
which showed good effects on the glucose consumjtiche
HepG2 cell lines, were selected for further evaduain db/db
diabetic mice. As shown in Table 3 and Fig. 3, gsin0.5%
CMC-Na treated group as the blank control and the
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Fig. 3. (a) The hyperglycemic effects of the tested complsuafter a single dose. (b) The hyperglycemiccesfef the tested compounds after 1 week. (c)
The hyperglycemic effects of the tested compouffigs 2 weeks. (d) The hpyerglycemic effects oftdsted compounds after 3 weeks.

Further, we have also evaluated the hypoliperoiivities Contro 6.18+0.3 7.35£0.2
of 7a and 8b in db/db mice (Table 5 and Fig. 5a). After 3 Pioglitazone 6.98+0.24 7.89+0.35
weeks’ continuous administration, pioglitazone coul 67\;3 gg?fg'é“ 67(3';8%1494
significantly reduce the level of fasting _plasmglycerides at ab 6.08 + 0.45 6.91 + 0.49
a dose of 30 mg/kg when compared with the controlig 2 Oral dosage: 30 mg/kg, Student's t test, versnsa and P <0.05.

<0.05). Intriguingly, GY3 showed no effect on thiagma

triglycerides, while compounga revealed higher hypolipemic B prodose

activity with a reducing plasma triglycerides perage of @ e, B3 3week (b)s o i —
38.6% P <0.05) than that of pioglitazone (32.9%). To our % £ et

surprise, as a structural analogue7ef 8b showed no effect %1'5 § = s

on triglycerides. Meanwhile, the effect of the éebt S 10 § ®

compounds on the plasma total cholesterol in dbddie was -§°‘5 * x g I IL
also investigated (Table 6 and Fig. 5b). When coeghavith 3 g o= —

the control, pioglitazole and GY3 showed no obviaasvity * 00 > o & o o z °]‘.-pd-—-#
on the total cholesterol, whilga and8b exhibited remarkable iy Q@f N

activity for improving the fasting plasma total tsterol level @

after 3 weeks’ continuous administration: howevke, results Fig. 5. (a) The effect of the tested compounds on thengasiglycerides.
indicated no statistical difference £0.05) ' (b) The effect of the tested compounds on the asital cholesterol.

Table 5. The effect of the compounds on the plasma trigiges 2.2.3 Western blot assay

in db/db mice&tSE,nZS).al Western blot analysis was used to assess the btent
Plasma triglycerides (mM) mechanism of the tetrahydrocarbazoles on the hypegiic
Group Pre-dose 3 weeks and hypolipemic activities. Our previous work havealed
Contro 0.90 £ 0.0! 0.74 £0.0z that the lead compound GY3 was a potent AMPK atdiva
pioglitazone 0.76 £0.08 0.51+0.05* [13]. Thus, in this study, the effects of the synthesized
67\;3 8:;3;8:8,7 o.(5)217 i 38'515 tetrahydrocarbazoles on the phosphorylation of AN its
8b 0.97 +0.06 0.99 +0.14 substrate ACC were evaluated. As shown in Fighé,tésted
2Oral dosage: 30 mg/kg, Student's t test, versosa and P <0.05. compounds  significantly stimulated the phosphoiytatof

p-AMPKa (Thr172) and p-ACC (Ser79) in HepG2 cell lines at
10 uM when compared with the solvent control. Therefore
bioactivities of this novel series of tetrahydrdmmole
derivatives may originate from the activation ot tAMPK

pathway.
Table 6. The effect of the compounds on the plasma total

cholesterol in db/db micex(+ SE N= 5)2

Plasmatotal cholestero (mM)
Pre-dose 3 week:

Group




between R)-7a and AMPK (Fig. 7c). The carboxylic acid
group forms two key hydrogen bonds with the hingés
Alal14 and Phe82 from thesubunit, respectively [2ind the
Pacin [ ——— ————— | oxygen atom at the C-6 forms another hydrogen huitiithe

pr,-L\IPKa{TI.rUz)I — N —— — - — |

e e —

B e P P P T Pt hinge of Asnlll, which was also located in fhsubunit.

. Some non-hydrogen bonding interactions, sucl-asion and
Fig. 6. The effect of the tested compounds on p-AMPK ae. n-sigma, were observed in the 2D diagram (Fig. 7d).

2.2.4 Molecular docking studies Surprisingly, §-7a, the other enantiomer dafa, showed no

. . o ) hydrogen bond interaction with the hinges of AMPidanly

To examine the possible binding modesrafinto AMPK, formed some non-hydrogen bonding interactions (Fgand

docking analysis was performed using Autodock ahel t 7f) \which may explain the different hypoglycemitfeets
protein crystal structure of AMPK1(1y1 (PDB code, 5KQ5) observed for the different configurational isom@Fable 1 and

2).
[2] was selected. As shown in Fig. 7, the lead compdavid
forms a key hydrogen bond with the hinge of Ardidm
the a-subunit (Fig. 7a and 7b) and three hydrogen bowedar
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Fig. 7. The docking modes of GY3 arfa@ in the protein crystal structure of AMRKIB1y1 (PDB 5KQ5). (a) GY3 bound to AMPK. (b) 2D diagrarnthe
interactions between GY3 and the binding site of ¥ (¢) R)-7a bound to AMPK. (d) 2D diagram of the interactidretween R)-7a and the binding
site of AMPK. (e) §-7abound to AMPK. (f) 2D diagram of the interactidretween §-7aand the binding site of AMPK.



2.3 Pharmacokinetic Assay

To further evaluate thie vivo pharmacokinetic profiles of
the tetrahydrocarbazole3a was chosen and subjected to
Sprague-Dawley (SD) ratsia intravenous injection and
intragastric administration at doses of 5 mg/kg 28ang/kg,
respectively (Table 7, Fig. 8). As revealed in Ealdl 7a
showed a long half-life (6.46 h) and low oral bioiadaility
(20.2%). We concluded that the long half-time aow bral
bioavailability may be caused by the high lipotropgd
plasma protein binding QogP: 5.75, PPB: 100%,
ACD/Percepta 2015) and may provide new directiorrs fo
our further structure optimization based#m

was performed using EM separations percolated sjiela
0.2 mm layer UV 254 fluorescent sheets. Though the
spectral data was not very normative and integralstrof

the target compounds have been reported in ouriquev
patent [14].

411 Preparation of
9-(4-Chlorobenzoyl)-6-hydroxy-2,3,4,9-tetrahydro-id4rb
azole-3-carboxylic acig6)

411.1 Ethyl

6-(benzyloxy)-2,3,4,9-tetrahydro-1H-carbazole-3-oaxyla

te (2)[17]
To a of

solution (4-(benzyloxy)phenyl)hydrazine

Table 7. The pharmacokinetic profiles @ain SD rats & + s, n = ydrochloride {, 6.0 g, 0.02 mol) in absolute EtOH (150

Parametel iv (5 mg/kg) ig (20 mg/kg)
AUC,(mg-h/L) 39.57+1.12 31.97+7.02
AUC,.,(mg- h/L) 70.99+7.13 48.28+13.48

Cl (L/h/kg) 0.07+0.01 0.45+0.13

vd (L/kg) 2.70+0.13 9.98+2.84

Crnas (Mg/L) - 2.320.17

tmax (N) - 7.83+0.41
taz (h) 7.240.32 6.46+0.24
F (%) - 20.2
25 7a-iv 7a-ig
20 ?
E15 2
gm e

0 10 20 30 a 0 10 20 30 40
time time

Fig. 8. The mean plasma concentration-time curve obtaioedd in
SD rats (n = 6).

3. Conclusions

In this study, on a basis of our previous redeaesults,
we have designed and synthesized a series

mL) was added ethyl 4-oxocyclohexanecarboxylat®(4.
mL, 0.03 mol) and kPG, (3.00 mL, 0.05 mol). The reaction
mixture was stirred at reflux for 6 h and then coniedin
vacuo to give a crude residue, which was redissolved in
EtOAc (50 mL) and KO (50 mL), adjusted the pH to 8-9
with NaOH (aq. 2.0 M). The organic phase was collected
and washed with }D (50 mL) and saturated NaCl (50
mL), dried over NgSQO,. The solution was concentratéeu
vacuo and the crude residue was recrystallized from aipsol
EtOH to give a light yellow soli@ with a yield of 71.4%.
Rf: 0.54 (PE/EA = 3:1); M.p. 118-12@C; ESI-MS (m/z):
350.2 [M+HT.

411.2
6-(Benzyloxy)-2,3,4,9-tetrahydro-1H-carbazole-3-bakyli
c acid(3)[14]

2 (2.00 g, 0.06 mol) was dissolved THRKOH (20 mL,
vlv, 1:1) and NaOH (4.50 g, 0.11 mol) was added. The
resulting mixture was refluxed for 18 h. Removed the
solvent and the residue was redissolved ® H20 mL),

ofdjusted the pH to 4-5 with HCI (ag. 1.0 M). The

tetrahydrocarbazole derivatives. These compoundse wer precipitation was collected and dried over vacugite 3 as

evaluated as potential AMPK activatoida showed potent
in vitro glucose consumption activity in the HepG2 cell
lines, and goodin vivo hypoglycemic and hypolipemic
effects in db/db diabetic mice with a weaker body-\tig
increasing effect when compared with to
tetrahydrocarbazoles exhibited their bioactivitya the
AMPK pathway. Moreover, the pharmacokinetic profités
7a were also evaluated. A further SAR study basedais
presently being investigated.

4. Experimental Section

4.1 Chemistry

Reagents and solvents were purchased from varioué

chemical suppliers (Aldrich, Acros Organics, TCI Ainar
Alfa Aesar, Fisher, Engergy Chemical, Aladin) andreve
used as such without further purification. The flasfumn
chromatography was carried out over silica gel (200-
mesh).'H and™°C spectra were recorded on a INOVA 400
MHz spectrometer. Chemical shifts'idf NMR spectra were
reported in parts per million (ppm) downfield frorhet
internal standard M&i (TMS). Chemical shifts i"C NMR
spectra were reported relative to the central lifiethe
chloroform signal § = 77.0 ppm). Low-resolution MS

a white solid with a yield of 94.5%. HPLC purity 98%;
Rf: 0.42 (DCM/MeOH = 25:1); M.p. 215-217; '"H NMR
(400 MHz, DMSO#€s) 8 12.26 (s, 1H), 10.51 (s, 1H), 7.45 (d,
J=7.2 Hz, 2H), 7.37 (t] = 7.4 Hz, 2H), 7.30 () = 7.2 Hz,
1H), 7.12 (dJ = 8.6 Hz, 1H), 6.97 (d] = 2.0 Hz, 1H), 6.70
(dd,J = 8.7, 2.3 Hz, 1H), 5.06 (s, 2H), 2.86 (= 9.8 Hz,
1H), 2.76-2.64 (m, 4H), 2.16 (d,= 12.8 Hz, 1H), 1.83 (dd,
J = 12.6, 8.5 Hz, 1H)"*C NMR (100 MHz, DMSOQdy) 5
176.6, 151.9, 138.0, 134.6, 131.1, 127.6, 127.8,412111.2,
110.5, 106.7, 101.6, 69.8, 25.5, 23.7, 21.9; HRMESI):
m/z [M-H] calcd for [GgHigNO5]: 320.1287; found:
320.1286.

1.1.3 Benzyl
6-(benzyloxy)-9-(4-chlorobenzoyl)-2,3,4,9-tetrahgeltH-c
arbazole-3-carboxylatés)

To a solution of3 (1.74 g, 5.42 mmol) in DMF
(anhydrous, 10 mL) was added NaH (60%, 0.54 g, 13.55
mmol) slowly, and then BnBr (0.71 mL, 5.96 mmol) was
introduced dropwise. The resulting mixture was dtireg
ambient temperature for 24 h. Diluted with EtOAc (B0D),
the mixture was washed with,@ (30 mLx3) and saturated
NaCl (30 mL), dried over N&Q, The solution was
concentrated in vacuo and crude produigtas used for the

spectra were obtained on an Agilent LC-MS 6120 next step directly without further purification. R0.35

instrument with an ESI mass detector, and the data we

(PE/EA = 5:1); M.p. 98-100C; ‘H NMR (400 MHz,

obtained in the positive or negative ion mode. High DMSO-ds) § 10.54 (s, 1H), 7.45 (dJ = 7.2 Hz, 2H),

resolution mass spectra were performed on WaterX&2-
QTof mass spectrometer. Melting points were detezthion
a Tektronix X-4 melting point apparatus. AnalyticELC

7.40-7.27 (m, 8H), 7.13 (d,= 8.7 Hz, 1H), 6.98 (d] = 2.2
Hz, 1H), 6.71 (dd) = 8.7, 2.4 Hz, 1H), 5.20-5.11 (m, 2H),
5.06 (s, 2H), 2.96-2.82 (m, 2H), 2.76 (dds 13.1, 8.3 Hz,



3H), 2.19 (dJ = 12.1 Hz, 1H), 1.95-1.85 (m, 1H)’C NMR
(100 MHz, DMSOsg) & 174.7, 152.0, 138.0, 136.4, 134.5,
128.5,128.0, 127.6, 127.3,111.2, 110.5, 106.4,21(69.8,
65.5, 25.5, 23.6, 21.8; HRMS (ESI): m/z [M+Hjalcd for
[CoH,eNO5] " 412.1904; found: 412.1904.

To a solution of crude produdtin DMF (anhydrous, 10
mL) was added 60% NaH (0.54 g, 13.55 mmol) at ‘@0
The mixture was stirred at ambient temperature mnn
and then 4-chlorobenzoyl chloride (2.50 mL, 20.06at)
was introduced. Maintained the reaction temperétnré h.

7.39 (t,J = 7.3 Hz, 2H), 7.32 (ddl = 8.5, 5.8 Hz, 1H), 6.99
(d,J = 9.2 Hz, 2H), 6.77 (dd] = 8.9, 2.6 Hz, 1H), 5.09 (s,
2H), 3.01 (dd,J = 19.8, 9.2 Hz, 1H), 2.95-2.85 (m, 2H), 2.80
(d,J = 5.3 Hz, 2H), 2.32-2.24 (m, 1H), 1.94 (dy= 17.0,
8.5 Hz, 1H);"*C NMR (100 MHz, CDGJ) ¢ 181.0, 167.8,
155.3, 138.8, 137.1, 135.9, 134.0, 131.2, 130.9).5,3
129.1, 128.6, 128.0, 127.5, 116.3, 115.5, 112.5,4,(70.5,
38.9, 25.8, 24.6, 23.5; HRMS (ESI): m/z [M-Hjalcd. for
[C,H,,CINO,]: 458.1169, found: 458.1165;

4122

Diluted with EtOAc (50 mL), the mixture was washed with g_4_chiorob N-6-(1-phenvieth -2 3.4.9-whvd
H,O (30 mLx3) and saturated NaCl (30 mL), dried over -ll(-l-carboargolzr-]?zroc);a)rbof(yli?: :Cni)(;?%)[(zz]y) e ydro

N&SQO,.
purified by column chromatography (PE/EtOAc = 4td)
afford 5 as light brown oil with yield of 25.7%. Rf. 0.73
(PE/EA = 4:1); M.p. 88-91C; 'H NMR (400 MHz,

DMSO-dg) & 7.66-7.52 (m, 5H), 7.47-7.28 (m, 9H), 7.13 (dd,

J=9.1, 5.7 Hz, 2H), 6.82 (dd,= 9.0, 2.5 Hz, 1H), 5.13 (dd,
J = 13.5, 7.3 Hz, 4H), 2.93 (d,= 12.8 Hz, 2H), 2.83-2.80
(m, 1H), 2.75-2.63 (m, 2H),2.11-2.04 (m, 1H), 1.96 =
14.7, 7.7 Hz, 1H)**C NMR (100 MHz, DMSOd,) & 174.2,
167.3, 154.8, 137.3, 137.1, 136.3, 135.4, 134.6,8,3.28.7,
128.4, 127.8, 127.7, 116.0, 115.3, 112.3, 102.5,685.7,
38.1, 25.6, 24.2, 23.2; HRMS (ESI): m/z [M+Hjalcd for
[C34H2sCINO,]*: 550.1777; found: 550.1777.

4114
9-(4-Chlorobenzoyl)-6-hydroxy-2,3,4,9-tetrahydro-idérb
azole-3-carboxylic aci@6)

A mixture of 5 (0.50 g, 1.09 mmol) and 10% Pd/C (0.10

g) in EtOAc (5.0 mL) was stirred under, dtmosphere at rt
for 4 h. Then the catalyst was filtered off, thevsolt was
removed to give a crude residue, which was recrizdll
from EtOAC/CHCI, (v/v : 1/10) to afford title compouné
as white solid with yield of 69.7%. Rf: 0.48 (DCM/MEICG=
20:1); M.p. 213-215C; 'H NMR (400 MHz, DMSO#d) &
12.35 (s, 1H), 9.24 (s, 1H), 7.62 (b= 8.6 Hz, 4H), 7.05 (d,
J=8.8 Hz, 1H), 6.76 (d) = 2.1 Hz, 1H), 6.58 (dd] = 8.9,
2.2 Hz, 1H), 2.86-2.58 (m, 3H), 2.49 (m, 2H), 2.04 Jd;
11.4 Hz, 1H), 1.67 (dJ = 21.4 Hz, 1H);*C NMR (100

MHz, DMSO-dg) 6 176.0, 167.2, 153.6, 136.9, 135.1, 134.6,

130.7, 129.7, 128.9, 116.1, 115.3, 112.2, 103.08,5%6.7,
24,5, 23.2; HRMS (ESI): m/z [M-H] calcd for
[CooH1sCINO,] : 368.0690; found: 368.0696.

4.1.2 General procedure for the preparation of conupals
7a-g

To a solution of6 (1.00 mmol) in DMF (anhydrous, 5.0
mL) was added 60% NaH (3.0 mmol) slowly at -1ID

under N atmosphere, and the resulting mixture was stirred

at this temperature for 10 min. Then various bebhzghmide

R-Br (1.00 mmol) was introduced dropwise. After the

addition, the mixture was stirred at rt for 3.0-6.0ndicated
by TLC). Quenched with NIl (ag.), the mixture was
diluted with EtOAc (30 mL) and then adjusted the pHi5
with HCI (1.0 M). The organic phase was washed wit® H
(30 mLx3) and saturated NaCl (30 mL), dried oves3@.
The solution was concentrated in vacuo and rectizstdl
from EtOACc to give desired compounda-g.

4121
6-(Benzyloxy)-9-(4-chlorobenzoyl)-2,3,4,9-tetrahgetH-c
arbazole-3-carboxylic acidra)

White solid; Yield 41.7%; HPLC purity 99.82%; Rf:32
(DCM/MeOH = 35:1); M.p. 180-182C; '"H NMR (400
MHz, CDCk) 3 7.63 (d,J = 8.5 Hz, 2H), 7.50-7.42 (m, 4H),

The solution was concentrated in vacuo and

White solid; Yield 56.5%; HPLC purity 99.10%; R¥:40
(DCM/MeOH = 35:1); M.p. 192-195C; 'H NMR (400
MHz, CD;OD) 6 7.61-7.52 (m, 4H), 7.39 (dl = 6.0 Hz,
2H), 7.31 (t,J = 6.0 Hz, 2H), 7.22 (dJ = 6.0 Hz, 1H),
7.02-6.99 (m, 1H), 6.86-6.85 (m, 1H), 6.69 {d5 7.2 Hz,
1H), 5.42-5.39 (m, 1H), 2.77-2.65 (m, 5H), 2.17-2(i,
1H), 1.84-1.78 (m, 1H), 1.59 (d,= 5.2 Hz, 3H):*C NMR
(100 MHz, CROD) § 168.6, 155.1, 144.5, 138.6, 135.5,
131.8, 130.0, 129.9, 129.5, 129.5, 128.4, 126.97.3.1
100.0, 89.6, 76.5, 26.8, 25.5, 24.9, 24.7; HRMSI(ES/z
[M-H]" calcd for [GgHxCINO,: 472.1314; found:
472.1315.

4123
9-(4-Chlorobenzoyl)-6-(pyridin-2-ylmethoxy)-2,3,4tBtrah
ydro-1H-carbazole-3-carboxylic acifvc)[ 14]

White solid; Yield 66.9%; HPLC purity 96.50%; Rf:31
(DCM/MeOH = 35:1); M.p. 200-203C; 'H NMR (400
MHz, CDCL) ¢ 8.63 (d,J = 4.8 Hz, 1H), 7.78 (1) = 8.0 Hz,
1H), 7.64 (dJ = 8.0 Hz, 1H), 7.48-7.38 (m, 5H), 7.29 Jt=
6.0 Hz, 1H), 7.03 (dJ = 1.6 Hz, 1H), 6.87 (dJ = 8.8 Hz,
1H), 5.32 (s, 2H), 3.04 (dd,= 4.4, 15.6 Hz, 1H), 2.92-2.77
(m, 2H), 2.62-2.49 (m, 2H), 2.23 (d,~= 10.4 Hz, 1H), 1.85
(s, 1H); ®*C NMR (100 MHz, DMSOd,) & 176.0, 167.3,
156.9, 154.6, 149.1, 137.1, 169.9, 135.6, 134.8,8,3.30.7,
128.9, 122.9,121.6, 116.3, 115.3, 112.3, 1020%,738.2,
25.7, 24.4, 23.3; HRMS (ESI): m/z [M-H]calcd for
[C26H20CINLO,]: 459.1112; found: 459.1104.

4.1.2.4
9-(4-Chlorobenzoyl)-6-((3,5,6-trimethylpyrazin-2)gietho
xy)-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic idc
(7d)[14]

White solid; Yield 43.4%; HPLC purity 97.10%; Rf.60
(DCM/MeOH = 35:1); M.p. 93-95C; 'H NMR (400 MHz,
CDCly) 6 7.48-7.46 (m, 3H), 6.82 (d,= 2.8 Hz, 2H), 6.65
(dd, J = 2.4, 8.8 Hz, 2H), 5.04 (s, 2H), 2.91-2.87 (m, 2H),
2.82 (d,J = 10.0 Hz, 1H), 2.77-2.72 (m, 2H), 2.45 (s, 2H),
2.14 (d,J = 10.0 Hz, 2H), 1.82 (s, 2H), 1.26 &~ 7.2 Hz,
5H); *C NMR (100 MHz, CDG)) 6 175.1, 165.9, 152.5,
136.4, 135.1, 131.7, 131.4, 131.3, 130.8, 130.8.92
127.3, 117.6, 116.2, 112.5, 103.5, 60.8, 39.0,,3297,
29.4, 26.2, 23.7, 14.2; HRMS (ESI): m/z [M-Hjalcd for
[CagH25CIN3O,] s 502.1539; found: 502.1538.

4125
9-(4-Chlorobenzoyl)-6-((4-fluorobenzyl)oxy)-2,3,4t6trah
ydro-1H-carbazole-3-carboxylic acifVe)

White solid; Yield 65.0%; HPLC purity 98.25%; Rf:33
(DCM/MeOH = 35:1); M.p. 187-190C; 'H NMR (400
MHz, DMSO-d;) 6 7.64 (q,J = 8.7 Hz, 4H), 7.51 (dd] =
8.5, 5.7 Hz, 2H), 7.23-7.19 (m, 2H), 7.14-7.10 (m, 26i31
(dd,J=9.0, 2.5 Hz, 1H), 5.11 (s, 2H), 2.90 (m, 1H),2(d,



J = 9.9 Hz, 2H), 2.51 (dd] = 6.8, 5.1 Hz, 2H), 2.18-1.95
(m, 1H), 1.73 (m, 1H)*C NMR (100 MHz, DMSOQdy) &
175.9, 167.4, 162.8, 160.8, 150.0, 137.2, 135.%.03
133.1, 129.7, 128.9, 117.9, 116.2, 115.9, 115.4.21
103.0, 69.6, 38.1, 25.6, 24.5, 23.4; HRMS (ESI¥ fM-H]
calcd for [GHCIFNO,] : 476.1063; found: 476.1064.

4.1.2.6
9-(4-Chlorobenzoyl)-6-((4-cyanobenzyl)oxy)-2,3,4e%rah
ydro-1H-carbazole-3-carboxylic acif¥f)[ 14]

White solid; Yield 14.0%; HPLC purity 99.25%; Rf.22
(DCM/MeOH = 35:1); M.p. 199-203C; 'H NMR (400
MHz, CD,OD) ¢ 7.69-7.64 (m, 2H), 7.56 (§,= 8.0 Hz, 2H),
7.49-7.29 (m, 5H), 6.95-6.88 (m, 1H), 6.80 {d+ 9.2 Hz,
1H), 5.15 (s, 2H), 2.97-2.79 (m, 3H), 2.64-2.51 (rH}),2
2.19 (dJ = 13.2 Hz, 1H), 1.87 (s, 1H)®C NMR (100 MHz,

CD;OD) ¢ 155.6, 152.2, 144.3, 143.5, 136.5, 134.4, 132.1,

132.0, 131.9, 130.8, 129.9, 128.9, 127.8, 127.71.72
127.6, 127.5, 118.3, 112.4, 111.1, 110.8, 106.22.310
101.9, 101.2, 100.0, 68.9, 40.3, 25.9, 23.3, 2131;
HRMS (ESI): m/z [M-H] calcd for [GgH,oCIN,O,]™
483.1112; found: 483.1125.

4.1.2.7
9-(4-Chlorobenzoyl)-6-methoxy-2,3,4,9-tetrahydro-Hdr
bazole-3-carboxylic acid7g)[ 15]

White solid; Yield 28.9%; HPLC purity 98.90%; Rf:23
(DCM/MeOH = 35:1); M.p. 190-193C; 'H NMR (400
MHz, CDCL) § 7.49-7.39 (m, 5H), 6.88 (d,= 2.4 Hz, 1H),
6.76-6.73 (m, 1H), 3.84 (s, 3H), 3.02-2.86 (m, 3H),
2.65-2.55 (m, 2H), 2.36-2.21 (m, 1H), 1.90 (s, 1Hg
NMR (100 MHz, CDC}) ¢ 179.2, 165.8, 156.6, 136.4, 135.0,
131.8,131.4, 131.0, 130.7, 130.2, 128.9, 127.4,411116.0,
112.1, 101.2, 55.7, 38.5, 29.7, 25.9, 23.6; HRMSI\Em/z
[M-H]" caled for [G;H{;NO,CI]: 382.0846; found:
382.0846.

4.1.3 General procedure for the preparation of conupals
8ah

To a solution of3 (1.00 mmol) in DMF (anhydrous, 5.0
mL) was added 60% NaH (2.45 mmol) slowly at -10
under N atmosphere, stirred at this temperature for 10 min
Then various acyl chloride, sulphonyl chloride a@nbyl
bromide (R-Cl or R-Br) (1.20 mmol) was introduced
dropwise. After the addition, the mixture was stiregdt for
24 h (indicated by TLC). The mixture was quenchech wit
NH.CI (ag.), diluted with EtOAc (30 mL) and then adjusted
the pH to 4-5 with HCI (1 M). The organic phase was
washed with HO (30 mLx3) and saturated NaCl (30 mL),
dried over NgSQO,. The solution was concentratadvacuo
and purified by column chromatography (PE/EtOACE
2/1) to give corresponding title compourgish.

4.1.3.1
6-(Benzyloxy)-9-(4-fluorobenzoyl)-2,3,4,9-tetrahydiH-c
arbazole-3-carboxylic acig8a)[ 14]

White solid; Yield 29.4%; HPLC purity 98.36%; R¥:32
(DCM/MeOH = 35:1); M.p. 199-201C; 'H NMR (400
MHz, CDCk) ¢ 7.82-7.65 (m, 2H), 7.50-7.28 (m, 5H),
7.21-7.12 (m, 2H), 7.04-6.90 (m, 2H), 6.84-6.72 (thi),
5.11 (s, 2H), 3.00 (tJ = 8.8 Hz, 1H), 2.93-2.81 (m, 4H),
2.36-2.22 (m, 1H), 2.05-1.95 (m, 1HJC NMR (100 MHz,

CDCly) § 180.7, 167.8, 164.2, 155.2, 137.0, 135.9, 132.0,

131.9, 131.7, 131.3, 130.4, 128.6, 127.9, 127.%.Q.1
115.9, 115.4, 112.42, 102.3, 70.5, 38.9, 29.7, ,223%5;

HRMS (ESI): m/z [M-H]
442.1455; found: 442.1456.

caled for [GsH,,FNQ,]:

4,1.3.2
6-(Benzyloxy)-9-((4-chlorophenyl)sulfonyl)-2,3,4 @trahy
dro-1H-carbazole-3-carboxylic aci{Bb)[ 14]

White solid; Yield 74.0%; HPLC purity 98.80%; Rf:36
(DCM/MeOH = 35:1); Mp: 215-218; 'H NMR (400
MHz, DMSO<;) 6 12.42 (s, 1H), 7.88 (d] = 9.0 Hz, 1H),
7.80 (d,J = 8.7 Hz, 2H), 7.61 (d] = 8.7 Hz, 2H), 7.46 (d]
= 7.1 Hz, 2H), 7.39 (t) = 7.3 Hz, 2H), 7.36-7.30 (m, 1H),
7.11 (d,J = 2.4 Hz, 1H), 6.97 (dt] = 8.6, 4.3 Hz, 1H), 5.12
(d, J =11.9 Hz, 2H), 3.11 (d) = 17.9 Hz, 1H), 3.03-2.91
(m, 1H), 2.83 (ddJ = 15.3, 4.2 Hz, 1H), 2.78-2.61 (m, 2H),
2.27-2.16 (m, 1H), 1.93-1.81 (m, 1HJC NMR (100 MHz,
CDCl,) ¢ 185.1, 164.8, 148.6, 146.4, 145.4, 144.5, 140.2,
139.3, 137.7, 137.4, 137.1, 137.0, 127.5, 124.12.72
112.1, 78.9, 47.2, 34.7, 32.7, 32.6; HRMS (ESI)¥ fM-H]
calcd for [GeH,1:CINOsST: 4994.0827; found: 490.0828.

4,1.3.3
6-(Benzyloxy)-9-((4-methoxyphenyl)sulfonyl)-2,3,4t&ra
hydro-1H-carbazole-3-carboxylic aci(8c)[ 14]

White solid; Yield 67.3%; HPLC purity 97.32%; Rf.64
(DCM/MeOH = 35:1); M.p. 203-206C; 'H NMR (400
MHz, CDCkL) ¢ 8.04 (d,J = 9.2 Hz, 1H), 7.67 (dd] = 2.0,
6.8 Hz, 2H), 7.46-7.43 (m, 2H), 7.41-7.37 (m, 2H),
7.34-7.32 (m, 1H), 6.96 (dd,= 2.8, 8.8 Hz, 1H), 6.89 (d,
= 2.8 Hz, 1H), 6.86-6.83 (m, 2H), 5.30 (s, 2H), 3(883H),
3.30-3.24 (m, 1H), 2.99-2.78 (m, 4H), 2.35-2.31 (tH),
2.05-1.95 (m, 1H);°*C NMR (100 MHz, CDGJ) ¢ 179.9,
163.5, 155.7, 140.0, 135.1, 131.1, 130.7, 130.4.62
128.5, 128.0, 127.5, 116.8, 115.4, 114.3, 113.3,2(070.5,
55.6, 38.7, 25.6, 23.8, 23.5; HRMS (ESI): m/z [M-Edlcd
for [Co7H24NOgS]-: 490.1324; found: 490.1326.

4.1.3.4
9-Benzyl-6-(benzyloxy)-2,3,4,9-tetrahydro-1H-carbée3-
carboxylic acid(8d)[ 14]

White solid; Yield 45.5%; HPLC purity 96.60%; R¥f:29
(DCM/MeOH = 35:1); M.p. 189-190C; 'H NMR (400
MHz, CDCk) § 7.47 (d,J = 7.4 Hz, 2H), 7.38 () = 7.4 Hz,
2H), 7.32-7.19 (m, 4H), 7.10-7.07 (m, 2H), 6.96 J&; 7.1
Hz, 2H), 6.85 (dd, = 8.8, 2.2 Hz, 1H), 5.25-5.14 (m, 2H),
5.10 (s, 2H), 3.11 (dd] = 15.2, 5.0 Hz, 1H), 3.01-2.92 (m,
1H), 2.90-2.74 (m, 2H), 2.67 (d,= 8.3 Hz, 1H), 2.33 (d
= 13.2 Hz, 1H), 2.09-1.99 (m, 1H}*C NMR (100 MHz,
CDCl,) ¢ 181.6, 153.1, 138.0, 137.7, 135.2, 132.2, 128.7,
128.5, 127.7, 127.5, 127.2, 127.2, 126.0, 111.9.810
107.6, 101.7, 70.9, 46.4, 39.9, 25.4, 23.9, 21.RMS
(ESI): m/z [M-HJ calcd for [G;H,4NO;]: 432.0309; found:
410.1756.

4.1.35
6-(Benzyloxy)-9-(4-chlorobenzyl)-2,3,4,9-tetrahydtdi-ca
rbazole-3-carboxylic acig8e)[ 14]

White solid; Yield 45.5%; HPLC purity 98.50%; R¥:26
(DCM/MeOH = 35:1); M.p. 178-180C; 'H NMR (400
MHz, CDCk) 6§ 7.47 (d,J = 7.2 Hz, 2H), 7.38 (ddl = 12.8,
3.6 Hz, 2H), 7.35-7.28 (m, 1H), 7.25-7.19 (m, 2HR67(t,J
= 5.6 Hz, 2H), 6.91-6.83 (m, 3H), 5.17 M= 3.6 Hz, 2H),
5.10 (s, 2H), 3.10 (dd] = 12.0, 5.6 Hz, 1H), 2.96 (dd,=
15.2, 9.6 Hz, 1H), 2.90-2.82 (m, 1H), 2.76 (dd; 12.0, 4.4
Hz, 1H), 2.70-2.59 (m, 1H), 2.37-2.29 (m, 1H), 2.1991.
(m, 1H);"*C NMR (100 MHz, CDCJ) ¢ 181.4, 153.2, 137.6,
136.4, 135.0, 133.0, 132.0, 128.9, 128.5, 127.7{.52



127.4, 127.3, 111.7, 109.7, 107.9, 101.8, 70.83,439.8,
25.3, 23.8, 21.2; HRMS (ESI): m/z [M-H]calcd for
[C,/H,5NOSCI] ™ 444.1366; found: 444.1367.

4.1.3.6
6-(Benzyloxy)-9-(4-fluorobenzyl)-2,3,4,9-tetrahydfdl-ca
rbazole-3-carboxylic acid8f)[ 14]

White solid; Yield 45.5%; HPLC purity 98.45%; Rf:41
(DCM/MeOH = 35:1); M.p. 189-190C; 'H NMR (400
MHz, CDCk) § 7.47 (d,J = 7.2 Hz, 2H), 7.38 (t) = 6.0 Hz,
2H), 7.31 (t,J = 5.6 Hz, 1H), 7.08-7.07 (m, 2H), 6.96-6.91
(m, 4H), 6.86 (ddJ = 7.2 Hz, 1.6 Hz, 1H), 5.20-5.16 (m,
2H), 5.11 (s, 2H), 3.10 (dd) = 8.0 Hz, 4.0 Hz, 1H),
2.99-2.94 (m, 1H), 2.88-2.86 (m, 1H), 2.80-2.76 (thi),
2.69-2.63 (m, 1H), 2.35-2.32 (m, 1H), 2.08-2.01 (tH);
*C NMR (100 MHz, CDGJ) 6 181.4, 163.0, 161.0, 153.2,
137.7, 135.0, 133.7, 132.1, 128.5, 127.7, 127.7{.612
127.6, 127.3, 115.7, 115.5, 111.7, 109.7, 107.8,8.070.9,
45.8, 39.8, 25.4, 23.8, 21.2; HRMS (ESI): m/z [M-Edlcd
for [Co7/H2sNO3F]: 428.1662; found: 428.1662.

4.1.3.7
6-(Benzyloxy)-9-(4-methylbenzyl)-2,3,4,9-tetrahyedkbl-ca
rbazole-3-carboxylic acig8g)[14]

White solid; Yield 45.5%; HPLC purity 98.32%; Rf:17
(DCM/MeOH = 35:1); M.p. 171-172C; 'H NMR (400
MHz, CDCk) 6 7.47 (d,J = 7.2 Hz, 2H), 7.38 (dd] = 12.8,
7.6 Hz, 2H), 7.34-7.28 (m, 1H), 7.13-7.04 (m, 4H),
6.89-6.83 (m, 3H), 5.18 (dl = 6.4 Hz, 2H), 5.10 (s, 2H),
3.11 (ddJ =15.2, 4.8 Hz, 1H), 3.00-2.91 (m, 1H), 2.89-2.76
(m, 2H), 2.72-2.61 (m, 1H), 2.37-2.28 (m, 4H), 21097
(m, 1H);13C NMR (100 MHz, CDGCJ) § 181.4, 153.1, 137.7,
136.9, 135.2, 134.9, 132.2, 129.4, 128.5, 127.77.5.2
127.2, 126.0, 111.5, 109.8, 107.4, 101.6, 70.92,489.9,
25.4, 23.9, 21.3, 21.0; HRMS (ESI): m/z [M-Hjalcd for
[CogH26NO;] : 424.1913; found: 424.1913.

4138
6-(Benzyloxy)-9-((2'-carboxy-[1,1'-biphenyl]-4-yl)athyl)-
2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic adigh)[ 14]

Light yellow oil; Yield 29.6%; HPLC purity 95.569%&f:
0.35 (DCM/MeOH = 35:1)'H NMR (400 MHz, CDC)) ¢
7.95 (d,J = 5.6 Hz, 1H), 7.56-7.53 (m, 1H), 7.48 (U5 6.0
Hz, 2H), 7.43-7.24 (m, 6H), 7.20 (@7 6.4 Hz, 2H), 7.07 (d,
J =2.0 Hz, 1H), 6.98 (d] = 6.4 Hz, 2H), 6.93 (dd] = 2.0
Hz, 7.2 Hz, 1H), 5.31 (d] = 13.2 Hz, 1H), 5.18 (d] = 13.2
Hz, 1H), 5.11 (s, 2H), 3.06 (dd, = 12.0, 4.0 Hz, 1H),
2.93-2.89 (m, 1H), 2.80-2.78 (m, 1H), 2.65 {ds 8.4 Hz,
1H), 2.48-2.42 (m, 1H), 2.28-2.25 (m, 1H), 1.97-1(88
1H); ®*C NMR (100 MHz, CDG)) ¢ 182.4, 173.5, 153.1,
143.3, 140.3, 137.7, 137.1, 135.5, 132.6, 132.0,7,3.30.7,
129.3, 128.8, 128.5, 127.7, 127.6, 127.3, 127.6,112111.86,
109.4, 107.9, 101.7, 70.9, 46.4, 39.9, 29.7, 25349, 21.6;
HRMS (ESI): m/z [M-H] calcd for [G4H,gNOs] : 530.1967;
found: 530.1968.

4.1.4 Preparation of key intermediate
6,7,8,9-tetrahydro-5H-[1,3]dioxolo[4,5-b]carbazo8carb
oxylic acid(12)

4.1.4.1 Benzo[d][1,3]dioxol-5-ylhydrazine hydrochide
(10) [18]

A mixture of benzdf][1,3]dioxol-5-amine 9) (2.74 g,
0.02 mmol), HCI (conc. 8.90 mL) in & (30 mL) was
stirred at ambient temperature for 1.0 h. Theneddd 0-5°C
and 30% NaN@ (ag.) was added dropwise. After the
addition, the reaction mixture was stirred below C0 for 4

h. Another pre-prepared solution of Sp@H,0O in HCI
(conc., 13.0 mL) was injected slowly at‘0, followed by a
stirring at ambient temperature for 24 h. Filtemwd the
filter mass was collected, washed with cool water, E&4DH
ethyl ether in turn, and then driéavacuo to afford10 as a
yellow solid in 70.0% yield. Rf: 0.57 (DCM/MeOH = 30;
M.p. 159-162 C; ESI-MS (m/z): 153.0 [M+H]

4.1.4.2
6,7,8,9-Tetrahydro-5H-[1,3]dioxolo[4,5-b]carbazoearb
oxylic acid(12)

To a solution ofL0 (1.52 g, 0.01 mmol) in absolute EtOH
(60 mL) was added ethyl 4-oxocyclohexanecarboxylate
(2.00 mL, 0.03 mol) and 0O, (1.60 mL, 0.03 mol). The
reaction mixture was stirred at reflux for 6 h artent
concentratedn vacuo to give a crude residue, which was
redissolved in EtOAc (40 mL) and.& (30 mL), adjusted
the pH to 8-9 with NaOH (ag. 2 M). The organic phases
collected and washed with ,8 (30 mL) and saturated
NaCl (30 mL), dried over N&O, The solution was
concentrated in vacuo and the crude residue was
recrystallized from absolute EtOH to gild (2.59 g, light
yellow solid) with a yield of 90.4%. Rf: 0.57 (DCM/NDH
= 30:1); M.p. 151-153C; 'H NMR (400 MHz, CDCJ) &
7.64 (s, 1H), 7.64 (s, 1H), 6.85 (s, 1H), 6.85 (s), B76 (s,
1H), 6.76 (s, 1H), 5.90 (s, 2H), 5.90 (s, 2H), 4.25%4(m,
2H), 4.23-4.16 (m, 2H), 3.00-2.92 (m, 1H), 3.04-2(51,
6H), 2.86-2.73 (m, 4H), 2.28 (dd,= 9.8, 3.7 Hz, 1H), 2.28
(dd,J = 9.8, 3.7 Hz, 1H), 2.02-1.93 (m, 1H), 2.06-1.89 (m
1H), 1.30 (t,J = 7.1 Hz, 3H), 1.30 (&) = 7.1 Hz, 3H):°C
NMR (100 MHz, CDCJ) & 175.6, 144.0, 142.3, 130.4, 121.2,
108.7, 100.4, 96.9, 91.9, 60.5, 40.3, 25.7, 23294,214.2,
0.99; HRMS (ESI): m/z [M+H] calcd for [GgHigNO,]"
288.1236; found: 288.1238.

11 (0.86 g, 3.0 mmol) was dissolved THROH (20 mL,
vlv, 1:1) and NaOH (0.24 g, 6.0 mmol) was added. The
resulting mixture was refluxed for 7.0 h. Removea th
solvent and the residue was redissolved ® H15 mL),
adjusted the pH to 4-5 with HCI (ag. 1.0 M). The
precipitation was collected and dried owecuo to give12
(0.56 g, white solid) with a yield of 71.1%. Rf: 0.55
(DCM/MeOH = 30:1); M.p. 208-210C; 'H NMR (400
MHz, DMSO-d,) § 12.23 (s, 1H), 10.48 (s, 2H), 6.83 (s, 1H),
6.78 (s, 1H), 5.87 (d] = 0.5 Hz, 2H), 2.82 (qJ = 9.8 Hz,
1H), 2.72-2.61 (m, 4H), 2.13 (d,= 13.3 Hz, 1H), 1.85-1.73
(m, 1H); *C NMR (100 MHz, DMSOd,) & 177.0, 143.4,
141.7, 132.6, 130.8, 121.2, 107.5, 100.2, 96.94,926.0,
24.1, 22.3; HRMS (ESI): m/z [M-HTalcd for [G4H12NO,] ™
258.0766; found: 258.0771.

4.1.5 General procedure for the preparation of conypals
13a-c

To a solution ofl2 (2.00 mmol) in DMF (anhydrous, 10
mL) was added 60% NaH (5.00 mmol) slowly at -1ID
under N atmosphere, stirred at this temperature for 10 min
Then various acyl chloride or benzyl bromideé-@®&) (2.40
mmol) was introduced dropwise. After the additionge th
mixture was stirred at rt for 5 h (indicated by TLOhe
mixture was quenched with N8I (aq.), diluted with
EtOAc (30 mL) and then adjusted the pH to 4-5 witGlH
(1.0 M). The organic phase was washed wit K30 mLx3)
and saturated NaCl (30 mL), dried over ,8@, The
solution was concentrated vacuo and purified by column
chromatography (PE/EtOAc = 4/1 to 2/1) to give
corresponding title compound8a-c



4151
5-(Chlorobenzoyl)-6,7,8,9-tetrahydro-5H-[1,3]dioxaj¥, 5-
b]carbazole-8-carboxylic aciiL3a)[ 14]

White solid; Yield 0.69 g; HPLC purity 98.66%; Rf:35
(DCM/MeOH = 35:1); M.p. 269-27IC; *H NMR (400
MHz, CDCk) 6 7.62 (d,J = 8.4 Hz, 2H), 7.48 (d] = 8.8 Hz,
2H), 6.83 (d,J = 3.6 Hz, 2H), 5.95 (dJ = 1.6 Hz, 2H),
2.98-2.83 (m, 3H), 2.62 (dl = 5.6 Hz, 2H), 2.25-2.21 (m,
1H), 1.94-1.84 (m, 1H)*C NMR (100 MHz, CDCJ) ¢
178.0, 168.8, 145.9, 145.0, 139.3, 134.3, 129.54.312
117.5, 101.5, 97.6, 97.3, 39.4, 26.5, 25.3, 24012, HRMS
(ESI): m/z [M-H] calcd for [G;HsNOsCI]: 396.0639;
found: 396.0635.

4.15.2
5-((4-Chlorophenyl)sulfonyl)-6,7,8,9-tetrahydro-5H:, 3]di
oxolo[4,5-b]carbazole-8-carboxylic acid3b)[ 14]

White solid; Yield 36.5%; HPLC purity 96.20%; Rf:46.
(DCM/MeOH = 35:1); M.p. 219-220C; '"H NMR (400
MHz, DMSOd,) 6 12.36 (s, 1H), 7.83-7.78 (m, 2H), 7.61
(d,J = 8.6 Hz, 2H), 7.48 (s, 1H), 6.98 (s, 1H), 6.02 (#ld,
3.0, 0.8 Hz, 2H), 3.05 (d} = 16.8 Hz, 1H), 2.91 (d] = 8.7
Hz, 1H), 2.80-2.52 (m, 3H), 2.15 (d, = 13.6 Hz, 1H),
1.87-1.72 (m, 1H)*C NMR (100 MHz, CQOD) § 178.6,
147.6, 146.9, 141.3, 138.2, 134.6, 132.2, 130.R.112
120.0, 102.7, 98.5, 97.5, 40.4, 40.0, 27.0, 25407;2HRMS
(ESI): m/z [M-H] calcd for [GoH1sNOgSCI]: 432.0309;
found: 432.0310.

4.15.3
5-((4-Methoxyphenyl)sulfonyl)-6,7,8,9-tetrahydro-5H,3]
dioxolo[4,5-b]carbazole-8-carboxylic acid 3¢

White solid; Yield 31.2%; HPLC purity 98.52%; Rf.36
(DCM/MeOH = 35:1); M.p. 255-257C; '"H NMR (500
MHz, DMSO-g) 6 12.37 (s, 1H), 7.75 (dl = 8.7 Hz, 2H),
7.52 (s, 1H), 7.05 (dl = 8.8 Hz, 2H), 6.97 (s, 1H), 6.03 @,
= 4.0 Hz, 2H), 3.78 (s, 3H), 3.09 (d,= 18.2 Hz, 1H),
2.97-2.87 (m, 1H), 2.76 (d, = 15.3 Hz, 1H), 2.61 (dd] =
32.9, 17.7 Hz, 2H), 2.17 (d,= 12.6 Hz, 1H), 1.82 (s, 1H);
¥C NMR (125 MHz, DMSOd;) & 176.4, 163.9, 145.9,
145.1, 133.5, 130.2, 129.5, 129.1, 124.3, 117.%.41
101.7, 98.3, 96.1, 56.2, 38.5, 25.9, 23.9, 23.8M3IRESI):
m/z [M-H] calcd for [G;H1gNO,S]: 428.0804; found:
428.0804.

4154
(+)-6-(Benzyloxy)-9-(4-chlorobenzoyl)-2,3,4,9-tetyadro-1
H-carbazole-3-carboxylic acid(f)7a]

The title compound was obtaineda chiral preparative
column (CHIRALPAK IE, 25 cm x 0.46 cm,|mm). Flow
rate: 1 mL/min; Mobile phase:
THF/DCM/EtOACc/DEA=10/85/5/0.1; HPLC purity 99.32%;
Retention time 11.93 min; HRMS (ESI): m/z [M-HJalcd.
for [Co7H,1CINO,] : 458.1169, found: 458.117M]F = 39.7
(c =0.10, CHG)).

4155
(-)-6-(Benzyloxy)-9-(4-chlorobenzoyl)-2,3,4,9-telfiadro-1
H-carbazole-3-carboxylic acid(f)7a]

The title compound was obtaineda chiral preparative
column (CHIRALPAK IE, 25 cm x 0.46 cm,|mm). Flow
rate: 1 mL/min; Mobile phase:
THF/DCM/EtOACc/DEA=10/85/5/0.1; HPLC purity 98.54%;
Retention time 13.06 min; HRMS (ESI): m/z [M-HJalcd.
for [Co/H,1CINO,]: 458.1169, found: 458.1167u]f =
-38.7 (c = 0.21, CHG).

4.2 Biological evaluation

Metformin = was supplied by Zhejiang Octopus
Pharmaceutical Co., Ltd (Zhejiang, China), pioglitae was
obtained from Jiangsu Deyuan Pharmaceutical Cad, Lt
(Jiangsu, China).
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu
bromide (MTT) and BSA were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Glucose reagkits,
triglyceride reagent kit and total cholesterol gsk#é were
purchased from Nanjing Jiancheng Bioengineeringitiris
(Nanjing, China). In then vitro studies, Metformin, GY3
and test compounds were dissolved in DMSO and
formulated into 0.2 mM, 2 mM and 10 mM stock sauti
respectively. In thdan vivo studies, pioglitazone and test
compounds were prepared with 0.5% sodium carboxyrhethy
cellulose for animal experiments.

4.2.1 Cell culture and differentiation

HepG2 cells was obtained from the Cell Bank of the
Chinese Science Academy (Shanghai, China). Thes cell
were maintained in Dulbecco’s modified Eagle’s mediu
(DMEM) (25 mM D-glucose) supplemented with 10% fetal
bovine serum (Gibco BRL, Grand Island, NY) or newborn
bovine serum (Gibco BRL, Grand Island, NY) at 7 in a
humidified atmosphere with 5% GO Penicillin (100
units/mL) and streptomycin (100 mg/mL) were addedlto
media

4.2.2 Glucose consumption assay

HepG2 cells were grown on 96-well plates with 6 wells
left without cells as blank wells. After the cellsacked
80-90% confluence, the medium was replaced by
RPMI-1640 containing 11.1 mM glucose and 0.2% BSA
instead of serum. The assay was divided into tgreeps:
DMSO black wells group, metformin treated groups and
tetrahydrocarbazoles treated group. HepG2 cells wene
challenged with the tested compounds with a tre&4oh,
the glucose content in the medium was determinethéy
glucose oxidase method according to the protocaviged
by the manufacturer (glucose consumption = glucose
concentration of blank wells - glucose concentratibwells
plated with cells).

4.2.3 Hypoglycemic and hypolipemic activitiegn vivo

Ethics approval for animal experimentation was otsdi
from the Animal Ethical Committee of Zhejiang Unisiy,
Zhejiang, China (SYXK/Zhe/2012-0178). The animals were
treated in accordance with internationally acceptedocols.
Female db/db mice (SPF) were obtained from the Stang
SLAC laboratory Animal Co., Ltd (Shanghai, China)
(Approval number SCXK/Hu/2012-0002) were housed at 22
+ 2 °C and 55% =+ 5% relative humidity, with a dagkle of
12 h (19:00 to 7:00) and a light cycle of 12 h Q@7to
19:00). Eight-week-old db/db mice were used in the
experiment. The db/db mice were randomly divided fivte
groups, namely, model control group, pioglitazoreated
group, GY3 group, compound&, 8b groups. Each group
comprised five mice. pioglitazone-treated group ((39kg),
GY3 group (30 mg/kg)7a group (30 mg/kg)8b group (30
mg/kg) or water was intragastrically administered the
mice for 3 weeks, the model control (Model) groupsewve
treated with water. Body weight, randomly blood sugar,
fasting plasma triglyceride and fasting plasma ltota
cholesterol were recoded weekly to monitor any change

4.2.4 Western blot assay



The cells challenged with corresponding agents wereor Student'st-test. P-value of <0.05 was considered to be
collected, lysed in a lysis buffer (50 mM Tris-HGEO mM statistically significant.
NaCl, 2 mM EDTA, 2 mM EGTA, 25 mM NaF, 25 mM
B-glycerol phosphate, pH 7.5, 0.2% Triton X-100, Mm
PMSF, 10 mg nit leupeptin and 10 mg fhlaprotinin) and  Supporting Information
centrifuged at 10,000 x g for 30 min at'@, as previously
described. Equal volumes of cell lysates were resbbn 8%
SDS-PAGE gels, and then proteins were transferréd4to
mm pore PVDF membranes (Pierce Chemical) and blocke
for 1 h. The PVDF membranes were exposed to thgﬂ\cknowledgements

'H NMR and ®C NMR spectra for the target
compounds.

corresponding primary antibodies followed by the This work was financially supported ltlye National
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The AMPK-PF06409577 protein-ligand complex Guizhou Province (No. [2016]2819), the Joint Fouimateof
crystal structure (PDB ID: 5KQ5; 3.41 A) was choserite the Science and Technology Department of Guizhou
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Highlights in this manuscript

1) a series of novel tetrahydrocarbazoles were designed and synthesized.
The target compounds were screened for glucose consumption activities in
HepG2 cell lines, and most of them showed potent glucose decreasing

activities.

2) Compounds 7a and 8b were selected for further in vivo evaluation of
hypoglycemic and hypolipemic effects, and 7a exhibited comparable activities
with positive control pioglitazone, but with a weaker body-weight increasing

effect.

3) The western blot assay indicated these tetrahydrocarbazoles exhibited
the bioactivities via the AMPK pathway. The pharmacokinetic profiles of 7a

were also evaluated.
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1. 'H NMR and *C NMR spectra for thetarget compounds
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1. 'H NMR and *C NMR spectra for selected compounds
6-(Benzyloxy)-2,3,4,9-tetrahydro-1H-carbazole-3kmatylic acid 8)
'HNMR
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6-(Benzyloxy)-9-(4-chlorobenzoyl)-2,3,4,9-tetratordiH-carbazole-3-carboxylic

acid (7a)
'H NMR
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9-(4-Chlorobenzoyl)-6-(pyridin-2-ylmethoxy)-2,3 4¢@rahydro-1H-carbazole-3-
carboxylic acid {c)
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9-(4-Chlorobenzoyl)-6-((4-fluorobenzyl)oxy)-2,3;4e®rahydro-1H-carbazole-3-
carboxylic acid Te)
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6-(Benzyloxy)-9-(4-fluorobenzoyl)-2,3,4,9-tetralydH-carbazole-3-carboxylic acid
(8a)

'H NMR
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6-(Benzyloxy)-9-((4-chlorophenyl)sulfonyl)-2,3,4e¢®ahydro-1H-carbazole-3-
carboxylic acid 8b)

'H NMR
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9-Benzyl-6-(benzyloxy)-2,3,4,9-tetrahydro-1H-cadiaz3-carboxylic acid&d)
'H NMR
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6-(Benzyloxy)-9-(4-chlorobenzyl)-2,3,4,9-tetrahydig-carbazole-3-carboxylic
(8e)

'H NMR
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6-(Benzyloxy)-9-(4-fluorobenzyl)-2,3,4,9-tetrahydid-carbazole-3-carboxylic acid
(8f)

'H NMR
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6-(Benzyloxy)-9-(4-methylbenzyl)-2,3,4,9-tetrahytirbcarbazole-3-carboxylic acid
(89)
'HNMR
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6-(Benzyloxy)-9-((2'-carboxy-[1,1'-biphenyl]-4-ykthyl)-2,3,4,9-tetrahydro-1H-

carbazole-3-carboxylic acidf)
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5-(Chlorobenzoyl)-6,7,8,9-tetrahydro-5H-[1,3]diowpt,5-b]carbazole-8-carboxylic
acid (13a)

'H NMR
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5-((4-Chlorophenyl)sulfonyl)-6,7,8,9-tetrahydro-3H3]dioxolo[4,5-b]carbazole-8-

carboxylic acid {3b)

IHNMR
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5-((4-Methoxyphenyl)sulfonyl)-6,7,8,9-tetrahydro-BH3]dioxolo[4,5-b]carbazole-
8-carboxylic acid 13c)

IHNMR
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