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Abstract

Fatty acid binding protein 4 (FABP4) plays a caticole in metabolism and inflammatory processes
and therefore is a potential therapeutic targetifemunometabolic diseases such as diabetes and
atherosclerosis. Herein, we reported the identificaof naphthalene-1-sulfonamide derivatives as
novel, potent and selective FABP4 inhibitors by lgimg a structure-based design strategy. The
binding affinities of compound46dk, 16do and 16du to FABP4, at the molecular levegre
equivalent to or even better than that of BMS30940@ X-ray crystallography complemented by the
isothermal titration calorimetry studies revealkd binding mode of this series of inhibitors and th
pivotal network of ordered water molecules in tleding pocket of FABP4. Moreover, compounds
16dk and16do showed good metabolic stabilities in liver micnoes. Further extensive Wivo study
demonstrated thdbdk and16do exhibited a dramatic improvement in glucose apidl Imetabolism,

by decreasing fasting blood glucose and serum llpickls, enhancing insulin sensitivity, and
ameliorating hepatic steatosisobese diabeti¢db/db) mice.

Keywords. FABP4 inhibitors, FABP3 sparing, Structure-basesdigh strategy, X-ray crystallography.



H Introduction

Lipids are critical modulators that regulate thetabelic, inflammatory and innate immune processes
in intracellular and extracellular signaling coaoraliely [1]. As intracellular lipid chaperones ottya
acids shuttles, fatty acid binding proteins (FABB® a family of 14-15 kDa proteins that modulate
lipid fluxes, trafficking and signaling, and thudap important roles in lipid metabolism and
inflammation. At least ten members have been itledtsince the initial discovery of FABPs in 1972.
Each of them exhibits tissue-specific distributimmd is expressed richly in tissues associated with
active lipid metabolism (LFABP or FABPL, liver; IB® or FABP2, intestines; HFABP or FABP3,
heart; AFABP or FABP4, adipocyte; EFABP or FABPpBidermis; IIFABP or FABP6, ileum; BFABP
or FABP7, brain; MFABP or FABP8, myelin; TFABP oABP9, testis; LOC646486 or FABP12,
Human retinoblastoma cell lines) [2-@].is intriguing that these members possess onlgeraie
sequence homology ranging from 15% to 70%, butrtbeerall 3-D structures are very similar
[2,7,8].

Fatty acid binding proteins 4 (also known as AFA&PaP?2) is highly expressed in differentiated
adipocytes, macrophages and endothelial cells,irmgaced by insulin and/or insulin-like growth
factors-1 (IGF-1), fatty acids, as well as peroriseproliferator-activated receptpr{PPARY)
agonists [9-12]Epidemiological studies and animal knockout modalswed that FABP4 is crucial to
in many aspects of metabolic syndrome. For examplBP4  mice were protected from
obesity-induced insulin resistance, cardiovascdiaease and hyperglycaemia [13,14]. Ablation of
FABP4 in apolipoprotein E (ApoE)-deficient mice shel protection from atherosclerosis [11].
Additionally, the FABP4-deficient mice show redudgmblysis but increased lipogenesis [15]. FABP4
plays also an important role in carcinogenesish sag ovarian, prostate, bladder, breast, renal cell
carcinoma and other types of cancer cells [16]. FBBanother important member of the FABPs
family, is mainly expressed in cardiac as well kkdetal muscle tissues and has important roleglin ¢
proliferation, apoptosis and prevention of oxidatigtress. Silencing of FABP3 in embryonic
carcinoma cells led to reduced proliferation andnmted apoptosis [17]. Also, specific deletion of
cardiac muscle FABP3 in zebrafish resulted in apgiptinduced mitochondrial dysfunction and
impairment of cardiac development [18,19]. Accogiyn selective inhibition of FABP4 without
disruption of FABP3 is an important precondition develop druggable FABP4 inhibitors for the
treatment of metabolic syndromes, such as obés#ylin resistance, diabetes, and atherosclerosis.
To date, several classes of FABP4 inhibitors hagenbidentified and exhibited good inhibitory
potency, for example, pyrazole derivativel, (quinoline derivatives 2), indole derivatives J),
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pyrimidine derivatives 4), thiophene derivatives5), oxazole and imidazole derivatives, (7),
1,3,5-triisopropylbenzene derivative®) (Fig. 1) [20-28]. Among which, pyrazole compouhdas
been utilized as a chemical tool for FABP4 inhibitibothin vitro andin vivo [20]. In our previous
study, compound® bearing 2-((2-oxo-2-(phenylamino)ethyl)thio)aceticid scaffold, with an 16
value of 13.5uM (K;: 1.66uM) against FABP4, was discovered by virtual scregrf27]. Molecular
dynamics (MD) simulation and site-directed mutagé&estudies were carried out to identify the
binding pattern. Taking compoumdas a hit to perform a structural optimization &&R study led us
to design more potent inhibitors bearing naphthatersulfonamide scaffold. Furthermore, the X-ray
crystal structures combined with isothermal titratcalorimetry (ITC) revealed the binding mode of
compoundsl6d, 16dk, 16do, 16di with FABP4. We also performed a systematic study to validate th
potency and efficacy dfédk and16do both invitro and invivo, respectively.

HoocA

/

S0

1(BMS309403) 2 (ROB806051) 3 4
COOH
S e P et
° O
COOH
‘s a NH 4!? JN HN._O
/ T
D@O\ X O .
o]
(X=0) kc00H

5 (HTS01037) 7 (X-NH) 8 9

Fig. 1. Structures of representative FABP4 inhibitors.

B Resultsand discussion

Chemistry

Methods for the synthesis of compouridsand 14a-14g were outlined in Scheme 1. Commercially
availablel0a-10d were transformed to corresponding amino acid megkigr hydrochloridetla-11d

in good yields with the thionyl chloride/GABH system. Then the desired compourids {4a-14g)
were obtained through a two-step consecutive maciireatment of the intermediatéka-11d with
3,5-dichlorobenzoyl chloride or substitutive beremnfonyl chloride in dichloromethane at room
temperature resulted in the formation of correspundoroduct precursors. Subsequent sodium

hydroxide hydrolysis of the esters gave compourdsnd14a-14g.
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Cl Cl f
11an=3
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10a-10d 11a-11d 11d n=5 0

Cl cl 12

O*EI*O H,‘\,/(%COOH 13a R=3,5-C| 14a n=3, R=3,5-Cl 14f n=4, R=2,3,5,6-CH3
0=8=0 13b R=2,4,6-CHg 14b n=2, R=3,5-C| 14g n=4, R=2,3,4,5,6-CH3
R2+ e —b> X 13¢ R=2,3,5,6-CHg 14c n=4, R=3,5-C|
3 4/ ° R 13d R=2,3,4,5,6-CH, 14d n=5, R=3,5-Cl
13a-13d 14a-14g 14e n=4, R=2,4,6-CH3

Reagents and conditions: (a) SQ@H,OH, 0 °C to rt ; (b) (i11a-11d ,CH,Cl,, pyridine, 0° C to rt. (ii) NaOH, }D,
CH3OH, rt.
Scheme 1. Synthesis of Compoundg, 14a-14g

Compoundsl6a-16d and 16da-16dv were synthesized as described in Scheme 2. Tihtiaeaf
commercially available naphthalene derivatives wattiorosulfonic acid in chloroform led to the
formation of the corresponding naphthalene-1-syffochlorides (5a-15d), which were further

reacted witHL1c or amino derivatives using the same method asyththesis of compountP.

S0O,CI HN
a b o5=° 16a X=F
7 . . X=

OO 16b,X=CI

16¢ X=Br
X X 15d,X=0CH3

X
16a-15d 16a-16d

16da-16dv
& Reagents and conditions: (a) CI&IM, CHCE, 0 °C to rt; (b) (i)11c or amino derivatives, C)€l,, pyridine, 0 °C to

rt. (i) NaOH, HO, CHOH, rt.

Scheme 2. Synthesis of compoundéa-16d, 16da-16dv

Hit optimization and identification of compounds 16dk and 16do.

From our reported binding mode of compo@nhit) with FABP4 proteinthe aromatic ring is located

in a large hydrophobic region made of Y19, M20, V¥25, A33, F57, and A75. Also, it interacts
with the electron-rich phenyl ring of F16 viar stacking and the carboxylic acid group makes polar
interactions with R126 and Y128 (Fig. S4) [27].dn effort to obtain more potent FABP4 inhibitors,
the structure optimization was first focused onlihiker between the carboxylic acid and the aromati
ring of hit compound®, and the results were shown in Table 1. Reversiagthide and replacing the
sulfur atom with a carbon atom obtained the comddithof which the Kvalue is 4.32/M, worse

than that of compound (K;: 1.66uM). Interestingly, the activity is slightly improdenvhen the amide



(12) was changed into a sulfonamideld, K;: 2.55 uM). Subsequently, the length of the aliphatic
chain of 14a was explored and compourddc (K;: 1.19 uM) with four carbon atoms between the
sulfonamide and the carboxylic acid group was npatent than compoundsla, 14b and14d (Table
1).

Table 1. Inhibitory activities of designed compounds
COOH

Cl
Q | TCOOH
—> §NH
o]
' sa4d (n=2-5)
Compd. Structure Kum) 2
JCOOH
Cl 0, S
9 3/ 1.66+0.19
NH
Cl
COOH
12 o s 4.32+0.36
[e]
Cl
Cl COOH
[0)
Cl
cl COOH

14b QQ 6.51+0.31
$-NH
0

14c o 0 ﬁﬂ 1.1940.01

COOH
14d o\\( o ﬁrf 4.84+0.36

1 0.35+0.04

2Each compound was tested in triplicate and the alat@resented as the mean + SD.

Molecular docking (Schrodinger, Maestro suite) ompoundl4c with FABP4 (PDB code: 2HNX)
showed that the aromatic ring was located in aeldngdrophobic region and the carboxylate makes
H-bonding interactions with R126 and Y128 (Fig. 2Additionally, one oxygen atom of the
sulfonamide group forms additional two H-bonds wRY8 and Q95. We envisioned that the
introduction of more hydrophobic groups on the pheimg or using bulkier hydrophobic fragment

may improve the potency. To validate our hypothesiseries of sulfonamide compounds were
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designed and synthesized, and their inhibition§ABP4 were tested. As summarized in Table 2,
introducing more methyl groups on the phenyl rires\favorable, as the Malue ofl4e, 14f and14g,
with three, four and five methyl groups, respedyivés gradually decreased. Replacement of the
phenyl ring with a naphthyl ring further improvdtethydrophobic interaction. It's interesting thae t
substitution at the C-4 position of the naphthylgrihas a remarkable effect on target inhibition.
Compared to compoundl6a (K;: 2.16 uM) with a fluorine substitution, the inhibitory adties
increased when a chloringep, K;: 1.85uM), a bromine {6c, K;: 1.16uM), or a methoxy groupléd,

Ki: 0.59uM) was introduced at this position.

A e B Y128

R78

Jms :

Fig. 2. (A) The predicted binding mode of compoult with FABP4 resulted from a molecular docking (PBdle:
2HNX). (B)The X-ray crystal structure of FABP4 ioraplex with compound6d (PDB code: 5Y12). (C) An overlay
of the predicted binding mode of compoubdt (green) withthe complex structure of FABP46d (yellow). The

dashed lines in black represent hydrogen bonds.



Table 2. Inhibitory Activities of Designed Compounds

COOH

COOH
Q
O ‘CS‘)*NH — R*%*NH
O 14e-14
14c 16a16d
Compd. R K(uM) 2
14e Wﬁ;/ 2.69+0.07
14f )@i 1.9540.17
14g ﬁ( 0.91:0.11
2 ! :
16a 0 2.16+0.00
4
I
16b 1.85£0.18
Cl
16¢ 1.16£0.07
Br
16d 0.59+0.03
1 0.35+0.04

#Each compound was tested in triplicate and the al@aresented as the mean + SD.

To further elucidate the binding modes of thisesenf inhibitors, the high-resolution crystal stures

of FABP4 in complex with compourtbd were solved (PDB code 5Y12). As depicted in Fig, @&
naphthyl ring of compound6d occupies the large hydrophobic pocket and formgedd-face
Testacking interactions with the phenyl ring of FI®e carboxyl group is engaged in direct H-bonds
with R126 and Y128, together with two water-mediatébonds with R106 and Y128. In particular,
the sulfonamide group participates in many H-bogdimeractions with neighboring residues. In
detail, one oxygen atom of the sulfonamide groupfH-bonds with R78 as well as Q95, and the
second oxygen establishes a few water-bridged Hibwarith E72, A75 and R106. Besides, through a
water molecule, the NH group make H-bond interactiwith residues Y19, R78 and Q95.

Guided by the crystal structures of FABP4 in comphéth compoundl6d, we further focused on
modifying the aliphatic chain moiety and the elentc nature of the carboxyl group. In the firsipste

all or partial of the aliphatic chain moiety wapleeed with a benzene ring to reduce the flexibilit
8



(16da-16dh) so as to increase the compounds’ binding affisitagainst FABP4 (Table 3). The
carboxyl or carboxymethyl placed at the meta-positof the phenyl ring was better than at the
para-position 16da vs 16dd, 16db vs 16de). Changing the para-carboxylphenyl grodgda) into a
para-carboxylbenzyl onel@dc) improved the binding affinity from 1.28M to 0.76 uM, while
replacing the meta-carboxylphenyl groupsdd) with a meta-carboxylbenzyl onelgdf) or its
derivative (6dg) led to decreased binding affinity. In compariseith 16de, the addition of a
methylene between the phenyl ring and the carbgrylp (6dh) slightly increased the binding
affinity which indicated that the length of methyteand activities did not correlate very well. Next
on the basis of the most potent compouiedd, structural variations were conducted by mainly
introducing electron-donating or -withdrawing grsupn the phenyl ring to change the electronic
property of the carboxyl group (Table 3). Intenegly, only the small electron-withdrawing fluorine
atom at the C-416dk, Ki: 0.21uM) or C-6 @16do, K;: 0.20uM) position led to improvement of the
activities due to the increased salt bridge intéwadetween the carboxyl group and R126. The targe
electron-withdrawing group (6-Cll6dp; 6-OCH; 16dr) or electron-donating group (4-GHL6dl;
6-CH;s, 16dq) at these positions resulted in decreased bindgifiigjties, suggesting that steric clashes
of these substitutions with residues might occurédver, the attachment of two fluorine substitaent
at both the C-4 and C-6 position6@u) failed to increase the binding affinity compartm
compoundd6dk and16do. When the fluorine or chlorine was attached toGHe position {6dm and
16dn), their binding affinity were 2-3-fold less potecwmpared withl6dd. Replacing the benzene
ring with an electron-poor aromatic system sucla ayridine ring {6ds and 16dt) also reduced the
binding affinity dramatically. Intriguingly, neitihehe small electron-withdrawing fluorine atod6di
and 16dv) nor the electron-donating groud6€j) at the C-2 position resulted in more potent
compounds. All of these results indicated that giiadine ring or a big substitution at the phenyl
moiety was not tolerable. The replacement of arfieatom at the C-4 or C-6 position of the phenyl
resulted in compoundd@dk and16do) with higher potency that, but it is detrimental when the

fluorine was placed at the C-2 or C-5 position.



Table 3. Inhibitory activities of designed compounds

5
6 4
COOH Hn R @@
! HN COOH

N
0=8=

H
‘ 0=$=0 2
0 0=5=0
o
(0] ~ lo)
> 16d 16da-16dv ~ 16dd
Compd. R K(um) ? Compd. R K(uM) @
COOH i
16da @( 1.28+0.03 16dm @\ 1.15+0.09
g - COOH
Cl
16db @ACOOH 167002  16dn @\ 0.82+0.01
g - COOH
COOH F.
16dc /@( 0.76£0.02 16do @\ 0.20£0.01
N - COOH
Cl
16dd ©\ 0.40£0.02 16dp @\ 0.93+0.01
- COOH o= COOH
16de @y 0.84:0.02  16d @ 2.76:0.09
P COOH q AN co0m
HaCO
16df . /©\ 2124007 160r L >6.14
) COOH ’ COOH
N
16dg VCLCOOH >6.14 16ds P >6.14
! - COOH
N\
16dh Jij\A 0.580.01 16dt ® >6.14
- COOH - COOH
F F
16di Aoy 7758009 16du 1X 0.23£0.01
F - COOH
.
16dij /@cm >6.14 16dv /@[cow 7.38£0.15
F
F
16dk @[ 0.21£0.01 1 0.35£0.04
- COOH
16dI ) @f >6.14

COOH

2Each compound was tested in triplicate and the @l @resented as the mean + SD.

Structural and ther modynamic char acterization of 16dk, 16do and 16di binding to FABP4

To understand why incorporation of a fluorine ataithe C-4 or C-6 position of the phenyl ring was
favorable while it was detrimental with the 2-flimated benzene, the complex structures of FABP4
with 16dk, 16do and16di (PDB code:16dk, 5Y0F; 16do, 5Y0G; 16di, 5Y0X) were determined. As

depicted in Fig. 3, the naphthyl and sulfonamideugrof these three inhibitors formed the similar
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interactions with FABP4 as those found with compbiéd. Furthermore, compoundsdk and16do
which possess a fluorine atom at the C-4 positioth@ C-6 position of the phenyl ring have the same
binding mode within FABP4. However, the orientatiointhe phenyl ring of compountbdi shifted
due to the introduction of a fluorine at the C-3igon in this compound (Fig. 3A). We speculateat th
the 2-F substituent had clashes with the oxygem aib the sulfonamide group, which led to the
changed orientation of the phenyl. To test this, added a fluorine atom to the C-2 position of
compoundl6dk in silico, and the resulting distance between tided fluorine and one oxygen atom
of the sulfonamide group was 2.3 A (Fig. S3). Gitkee high electronegativity of both oxygen and
fluorine and the sum of the Van der Waals radiusvof atoms (2.99 A), the orientation of the phenyl
had to be altered to avoid the repulsive force &l as clashes between two atoms. Such an
orientation change of the phenyl ring caused tHe-shain movement of R126 together with F16, as
cationTt interactions are formed between these two resitigs 3B). The side-chain movement of
R126 weakened its H-bonding interactions with theboxyl oxygen ofl6di. Notably, a network of
the ordered water molecules surrounding compdl6ub was disrupted in the complex of FABP4
bound with16di (Fig. 3C and 3D). In comparison with the netwonkthhe complex structures of
FABP4-16dk and FABP416do, three water molecules around the carboxyl graspppeared in the
complex of FABP416di, resulting that the H-bonding interactions betwé®sn carboxyl oxygen of
16di and R106 was thus broken. This together with tleakened H-bond between R126 and the
carboxyl oxygen may explain why the binding affindf 16di to FABP4 was reduced compared to
that of 16dk or 16do.
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Fig. 3. X-ray structures of FABP4 in complex with composiédk (green) (PDB code: 5Y0F})6do (yellow) (PDB
code: 5Y0G) and6di (blue) (PDB code: 5Y0X). (A) An overlay of complsiuctures of FABP46dk, FABP4-16do
and FABP416di. Residues are shown in stick. Inhibitors are showmall and stick. The light blue shadow marks the
change of the phenyl ring and the adjacent residitbsa shifted side-chain. (B) The superimposedcstires of the
FABP4-16do and FABP416di complexes. (C) A critical water network in the cdexpstructure of FABP4:6do. The

water molecules are shown in red sphere. (D) Theigied water network in the complex structureABP4-16di.

To gain more insight into how the changes of thenghring orientations was well as the surrounding
water network affected the binding free energy 321 thermodynamic properties 4bdi and16do
binding to FABP4 in solution was investigated byClTneasurements. The averaged dissociation
constant (K), binding free energy4G), enthalpy 4H), and entropy term-T4S) resulted from three
independent ITC measurements on each compound heted in Table 4. Consistent with the

different binding patterns revealed by the compdaxctures, compoundlédi and 16do displayed
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significantly different binding thermodynamics. Theultiple H-bonding as well as hydrophobic
interactions ofl6do with the protein is in accord with the huge enplyggtH: -59.64 kJ/mol) resulted
from the ITC measurements, while it is much lessluli (4H: -25.87 kJ/mol) due to, as mentioned
above, the less interactions formed betwé6di, in particular the carboxyl groumnd FABPA4.
Although the binding of both compounds with FABPdrev mainly driven by the enthalpic term, the
entropy contribution to their binding were just opjte for two compounds. Binding of compound
16do to FABP4 exhibited a substantial entropic pen&ftylS: 25.72 kJ/mol), whereas in the case of
16di the complex formation benefited from the entragfect (-T4S: -4.38 kJ/mal). Accordingly, the
binding free energies for two compounds are clasedch other, but the enthalpic and entropic
contributions to the binding in two cases are daive. In comparison with6do, the lower binding
enthalpy and positive contribution of the entropy ¥6di binding to FABP4 could be ascribed to the
disruption of the H-bonds and the water-moleculevoek resulted from the orientation change of the

phenyl ring, and the releasing of three orderegtw@blecules from the network.

Table 4. Thermodynamic parameters I8di and16do binding to FABP4

Compd. K (M)? 4G (kJ/mol} AH (k3/mol} - T4S (kJ/mol§
16di (6.03 £0.31) x 168 -30.25+0.13 -25.87 £0.15 -4.38 £ 0.02
16do (1.40+£0.07) x 18 -33.92 £0.13 -59.64 + 0.53 25.72 £ 0.66

#Each compound was tested in triplicate and the al@aresented as the mean + SD.

The sdlectivity of representative compounds against FABP3 and other fatty acid targets

As FABP3 has important roles in cell proliferatiapoptosis and prevention of oxidative stress in
cardiac and red skeletal muscle tissues fhé],selectivity between FABP3 and FABP4 is a ctucia
issue for design of FABP4 inhibitors. Thereforeg thhibition of four compounds, which have good
binding affinity to FABP4, to FABP3 were examineddalisted in Table 5. Remarkably, our
compounds showed a good selectivity of FABP4 oM. It is even better than the selectivitylof
and 2 to FABP3. We then superimposed the crystal stractfrl6do bounded FABP4 with the
structure of FABP3 in complex with the palmitic d@¢o exploit the difference in the ligand binding
sites. As shown in Fig. 4, the sub-pocket for theryl ring of16do includes residues V115 and C117
in FABP4 but the corresponding residues in FABRS lat15 and L117, with a larger side-chain. It
seems that compouriddo would have clashes with these two amino acidsABA3. Therefore, the
inappropriate complementarity between the compoand the ligand binding pocket of FABP3
accounts for the weaker FABP3 activity I8do. Moreover, the selectivity afompoundslédk and
16do on other fatty acid targets was evaluated to ebecthe off-target effects. The results show that

13



none of them exhibit activity towards GPR40 (Frattyf acid receptor 1), GPR120 (Free fatty acid
receptor 4), DGAT1 (Acyl coenzyme A: diacylglycematyltransferase 1) and PPARPeroxisome
proliferator activated receptgy (see Table S3)

Table 5. Selectivity of representative compounds against FABP3

Compd. FABP4 K (uM)®  FABP4 IG, (uM)®  FABP3 1Gy (uM)? FABP3/FABP4
16dd 0.40+0.02 3.2240.17 >100 >31
16dk 0.21+0.01 1.69+0.12 >100 >59
16do 0.20£0.01 1.65+0.12 >100 >60
16du 0.23+0.01 1.840.10 >100 >54

1 0.35£0.04 2.82+0.35 40.83+3.27 14.5
2 0.087+0.002 0.71+0.06 4.6+0.41 6.5

2Each compound was tested in triplicate and the al&@resented as the mean + SD.
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Fig. 4. (A) The binding mode of Compouriddo in the pocket of FABP4 (PDB code: 5Y0G). (B) Thesrimposed
structures of the FABP46do complexand FABP3 (PDB code 4TKBJL6do and the structure of FABP3 were shown.
The ligand binding pockets are shown with theieiirmolecular surface.

Effects of 16dk and 16do on adipocytes.

It has been reported that genetic ablation or pheahgical inhibition of FABP4 can inhibit lipolysi
and increase lipogenesis in adipocytes [15,88].investigate the effects dfédk and 16do on
adipocytes, lipolysis assay, triglyceride assay @hded staining were carried out one by one.thirs
the cytotoxicity oflédk and16do were tested using MTT assay. As illustrated in Bifj, they had no
significant cytotoxicity up to 8@M in 3T3-L1 pre-adipocytes whilé at a concentration &0 uM
caused the death of ~50% cells. As shown in Fig. B#h compounds reduced glycerol levels in
mature adipocytes supernatants ap®band 50uM, exhibiting an inhibition of forskolin-stimulated
lipolysis in a dose-dependent manner. They alsaifgigntly increased intracellular triglyceride

content (Fig. 5B) and lipid droplets (Fig. 5C and)5uring adipocytes differentiation. The above
14



results suggested that batbdk and 16do could inhibit lipolysis and enhance lipid accuntids.
These results are in agreement with the inhibitmeiivity data ofl6dk and 16do on FABP4 and
consistent with the phenotypes of targeted FABRdtida in adipocytesyhich further conform that
16dk and16do are FABP4 inhibitors.
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Fig. 5. Compoundslédk and 16do inhibit lipolysis and increase lipid accumulatigh) Effect of compound46dk

and 16do on the release of free glycerol from forskolimvatiated mature 3T3-L1 adipocyte. Fully differentiht
3T3-L1 were incubated with either DMSO (control)ammpoundsl6dk and16do (25 uM and 50uM) for 24 hours,
then the supernatant was collected and its glydevel was measured by an assay kit. (B, C, D)dEf¢ compounds
16dk and16do on thelipid accumulation during differentiation. DMSO fdool), 16dk and16do (50 uM) were added
with differentiation induction media in the wholéffdrentiation period. At day 6, intracellular thygeride was
measured and oil red staining followed by quardtfam of the extracted oil red dye were perform&dafe bar =20
um.). *p < 0.05, *p < 0.01, ***p < 0.001 vs. control group. Values are presentethean + S.E.M from three
independent experiments (n = 3).

Stabilities of 16dk and 16do tested with in vitro microsomes

The stabilities of compoundi6dk and 16do in microsome were evaluated using liver microsome
preparations from mouse, rat, and human. It shdves both compounds were very stable in
microsomes (Table 6). The percentage of the paiemaining was more than 90% in rat and mouse
microsomes after 60 miMore than 70% of parent compounds were maintaiffied enetabolism in
human liver microsome. Furthermore, both compoundtabolized slowly with T, values ranging

from 4.66 to 24.6 h and showed low &lin all species. All of these data indicate thamnpounds
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16dk and16do have good metabolic stabilitiesliver microsomes.

Table 6. Microsome stability of 16dk and 16do.

Compd. Species T2 () Cln (ML/min/gprot) % parent @ 60 min
16dk Human 4.66 7.51 72.3
16dk Rat 11.1 3.15 93.4
16dk Mouse 24.6 14 96.9
16do Human 4.99 7.02 73.6
16do Rat 121 2.90 93.9
16do Mouse 14.3 2.4 94.8

& Mean percentage remaining of parent compoundsu{@)160 min after incubation with the indicated liver
microsomes.

In vivo efficacy of 16dk and 16do

The leptin receptor-deficierdb/db mice, with severe obesity and insulin resistarzoe their lean
littermates C57/BL6 were used to investigate thiecefof 16dk and 16do on glucose, lipid
metabolism and insulin sensitivity. As shown in.F8g, oral administration diédk and16do did not
show significant body weight loss and observabieoaalities of main organs such as liver, kidney
and pancreas, and relative lipid content of abdaaipose tissue at a dose of 100 mg/kg for a
period of 5-week treatment. In contrast, the wedhbting blood glucose levels @bdk and 16do
treated-groups were decreased 20-3b%). 6A). Glucose area under the curve (AUC) dyigiucose
tolerance tests (OGTT) in all groups after 2- andlegék compounds treatment reduced significantly
compared with the vehicle group, revealing a sigaift improvement in glucose metabolism (Fig.
6B-E). Insulin tolerance tests (ITT, Fig. 6F) alomgth the western blot (Fig. 8B) resulted in
significantly increased insulin sensitivity in tHe/db mice treated witli6dk and16do. Additionally,
compoundd6dk and16do could reduce the serum levels of ALT and AST (Fi§.and 7B), two liver
enzymes indicating liver damage, indicating an wmwpment of the compounds on liver function.
Furthermore16dk and16do treatment also significantly decreased serum $egtlriglyceride (TG)
and non-esterified fatty acid (NEFA) (Fig. 7C anB),7 suggesting the favorable effect of the
compounds on lipid metabolism. However, the levabtal cholesterol (TCH) was almost unchanged
(Fig. 7D). Compared with the lean mice, the vehiobateddb/db mice exhibited severe hepatic
steatosis (hematoxylin & eosstaining, HE staining) and inflammatory infiltratiqF4/80 staining
and F4/80 gene expression). Compouftiidk and 16do treatment could significantly reduce the
hepatic lipid accumulation (Fig. 8A) and inflammtdnfiltration (Fig. 8C) ofdb/db mice. The

staining and relative expression of F4/80 of thegask tissue in compounds-treated groups also
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revealed decreased inflammation infiltration, ame tirregular cell morphology seemed to be
improved somewhat after treatment witbdk and 16do (Fig. 8A and 8D). Meanwhile, hepatic
proteins of glucose-stimulated mice were colle@ad western blot was performed. The serine 473
phosphorylation level of Akt (protein kinase B, PKBs the key signaling node in hepatic insulin
action was significantly elevated, suggesting tepatic insulin resistance was ameliorated (Fig- 8B)
These results indicated that compoudfdk and16do could effectively improve glucose and lipid

metabolism disorder in obese diabelitdb mice.
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Fig. 6. Effects of compound$6dk and16do on fasting glucose level, glucose tolerance asdlin sensitivity indb/db
mice. db/db and C57 mice were treated with or without compaut@tlk and 16do (100 mg/kg) for 5 weeks. (A)
Fasting blood glucose levels were measured regu(@1E) After 2- and 4-week treatment, the miceavsubjected to
oral glucose tolerance test (OGTT). Glucose comagahs of indicated time points and the area uedere (AUC) of
OGTT were shown. (F) After 4-week treatment, mierevsubjected to insulin tolerance test (ITT), ghecose curve
was recorded.p<0.05, **p<0.01, **p<0.001 vs. vehicle group. Values are expressedemnm S.E.Mfrom eight

independent experiments (n = 8 animals/group).
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Fig. 7. Biochemical estimations of ALT, AST, TG, TCH, an&RA in the serum. (A—E) ALT, AST, TG, TCH, and
NEFA concentrations in the serum of the vehiclengound-treated and lean groups. All indexes werasomed using
assay kits. p<0.05, **p<0.01, ***p<0.001 vs. vehicle group. Values are given as mea8.E.M from eight

independent experiments (n = 8 aninmals/group).
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Fig. 8. Compoundd6dk and16do improve liversteatosis, insulin resistance, and attenuate imflatory infiltration of
liver and adipose tissue dib/db mice. (A) HE staining of liver and adipose tissue. (B)pRasentative blots of Akt and
p-Akt and histogram of the statistical results oé3férn blot analysis data in the liver. (C-D) Immstaining and
relative expression for F4/80 of liver (C) and amtip tissue (D)Scale bar =10@m. *p<0.05, **p<0.01, **p<0.001
versus Vehicle group. Values are given as mearfE#VBirom eight independent experiments (n = 8 amilsngroup).
Plasma protein binding

As animal efficacy of a compound is determinedtbynhibitory activity and exposure in tissuestto i
unbound, or “free” fraction, the plasma proteindiimgy experiment of compouriddk was conducted.
As shown in the Table 7, compouh@dk show a high plasma protein binding (98.53%) inrtfmuse
plasma at @M concentration. This provide a possible reasort tligh plasma protein binding

contribute to the high dose required in ouvivo study.

Table 7. The plasma protein binding rate of compound 16dk

Compd. Species Concentration % Bodnd

16dk Mouse uM 98.53%
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Propranolol Mouse uM 89.11%

29 Bound, Fraction bound; Mean percentage of tmaependent experiments.

Conclusion

In summary, we reported the identification of n&altene-1-sulfonamide derivatives as novel, potent
and selective FABP4 inhibitors. Systematic SAR erations resulted in the discovery of compounds
16dk and16do as potential FABP4 inhibitors for further develagmh In particular, crystal structures
of 16dk, 16do and 16di in complex with FABP4 together with the ITC studgvealed the binding
mode of these compounds and the importance of #terwnolecule network in the binding pocket of
FABP4. Furthermore, bott6dk and16do showed good metabolic stabilities in liver micnoss and

a dramatic improvement in glucose and lipid metabolin db/db mice. All these data indicated that
16dk and16do would be promising lead compounds for further dewment.

B Experimental section

Chemistry methods

All reagents and solvents were purchased from cawialesuppliers such as Adamas-beta®, Alfa
Aesar, Acros, Bide pharmatech, etc and used withether purification unless otherwise indicated.
Melting points were measured on a WRS-1B digitaltimg point apparatus. Flash chromatography
was performed on silica gel (200—300 mesh) andalimed under UV light monitor at 254 nm.
Nuclear magnetic resonance (NMR) spectroscopy wererded with a 400 MHz Varian or a Bruker
600 MHz NMR spectrometer at ambient temperaturen@bal shifts §) were expressed in parts per
million (ppm) downfield from tetramethylsilan, amdupling constantsJ) values were described as
hertz. MS was measured on Agilent 6120 quadrup&@éMS. High resolution mass spectrometry
(HRMS) determinations for all new compounds werngied out on AB SCIWX TRIPLETOF 5600+.
The purity of all the tested compounds was analymdg an Agilent 1200 HPLC system and were
conformed to be95% (Table S1).

General procedurefor the synthesis of intermediates 11a-11d

To a solution of amino substituted fatty acid datives10a-10d (10 mmol) in 20 mL methanol was
added thionyl chloride (20 mmol) dropwise under bzgh. After stirring at room temperature for
about 2 h, the solution was evaporated to givel#sired producttla-11d.

Methyl 4-aminobutanoate hydrochloride (11a)

White solid; yield 96.0 %:H NMR (400 MHz, DO) 6 3.46 (s, 3H), 2.79 (1] = 7.6 Hz, 2H), 2.28 (1)

= 7.3 Hz, 2H), 1.77-1.67 (m, 2H). ESI-MS: calcd fior+H-HCI] " m/z : 118.1, found: 118.1.
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Methyl 3-aminopropanoate hydrochloride (11b)

White solid; yield 98.0 %*H NMR (400 MHz, BO) & 3.70 (s, 3H), 3.24 (] = 6.5 Hz, 2H), 2.78 (1)

= 6.5 Hz, 2H). ESI-MS: calcd for [M+H-HCIn/z : 104.1, found: 104.1.

Methyl 5-aminopentanoate hydrochloride (11c)

White solid; yield 95.0 %H NMR (400 MHz, BO) & 3.64 (s, 3H), 2.95 (] = 6.1 Hz, 2H), 2.43 —
2.37 (m, 2H), 1.67 — 1.59 (m, 4H). ESI-MS: calcd[f/d+H-HCI]*m/z : 132.1, found: 132.1.

M ethyl 6-aminohexanoate hydrochloride (11d)

White solid; yield 96.0 %'H NMR (400 MHz, BO) 6 3.44 (s, 3H), 2.74 (] = 7.6 Hz, 2H), 2.17 (1]

= 7.4 Hz, 2H), 1.48 — 1.34 (m, 4H), 1.21 — 1.09 2#). ESI-MS: calcd for [M+H-HCIm/z : 146.1,
found: 146.1.

4-(3, 5-Dichlorobenzamido)butanoic acid (12)

To a solution of compoundla (154 mg, 1.0 mmol) in anhydrous gH, (10 mL) was added 3,
5-dichlorobenzoyl chloride (209 mg, 1.0 mmol) andigine (243.L 3.0 mmol) under ice bath. After
stirring at room temperature for about 8 h, thevesal was removed in vacuum. The resulting residue
was dissolved in NaOH (1 M) water solution (3 mhdaCHOH (3 mL) and stirred for another 2 h.
Then the solvent was removed under vacuum, andelidue was acidified to pH = 2 or below with
HCI (1 M) water solution. The solution was extracteith ethyl acetate twice and the combined
organics were dried over anhydrous sodium sulfatecancentrated in vacuum. The resulting residue
was purified by silica gel chromatography to gibe desired compound as a white solid (234 mg,
yield 85.0 %), mp 145-147 °CH NMR (400 MHz, DMSO&,) ¢ 12.09 (s, 1H), 8.69 (1] = 5.3 Hz,
1H), 7.83 (dJ = 1.9 Hz, 2H), 7.78 (t) = 1.9 Hz, 1H), 3.27 — 3.20 (m, 2H), 2.26J& 7.3 Hz, 2H),
1.77 - 1.67 (m, 2H). ESI-MS: calcd for [M - Hj/z : 274.0, found: 274.1.

4-((3, 5-Dichlorophenyl)sulfonamido)butanoic acid (14a)

The title compound was prepared frd@a and11a following general procedure for the synthesis of
compoundL2. White solid, yield 35.4 %, mp 169-170 6. NMR (400 MHz, DMSOds) 6 12.12 (s,
1H), 7.99 (tJ = 1.9 Hz, 1H), 7.97 (s, 1H), 7.77 @= 1.9 Hz, 2H), 2.81 (1) = 6.9 Hz, 2H), 2.22 (t]

= 7.3 Hz, 2H), 1.64 — 1.54 (m, 2H). ESI-MS: calod [M - H] m/z : 310.0, found: 310.0.

3-((3, 5-Dichlorophenyl)sulfonamido)propanoic acid (14b)

The title compound was prepared frd3a and11b following general procedure for the synthesis of
compoundl2. White solid, yield 39.1 %, mp 138-140 &l NMR (400 MHz, DMSO#dg) 6 12.34 (s,
1H), 8.00 (s, 1H), 7.96 (§ = 1.9 Hz, 1H), 7.76 (d] = 1.9 Hz, 2H), 2.97 (] = 6.7 Hz, 2H), 2.36 (1]

= 6.7 Hz, 2H). ESI-MS: calcd for [M - Hn/z : 296.0, found: 296.0.
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5-((3, 5-Dichlorophenyl)sulfonamido)pentanoic acid (14c)
The title compound was prepared frd®a and11c following general procedure for the synthesis of
compoundl2. White solid, yield 45.3 %, mp 131-132 *&1 NMR (400 MHz, DMSO#dg) 6 12.07 (s,
1H), 7.98 (tJ = 1.9 Hz, 1H), 7.90 (t] = 5.4 Hz, 1H), 7.77 (d] = 1.9 Hz, 2H), 2.78 (dd] = 11.6, 6.2
Hz, 2H), 2.16 () = 7.2 Hz, 2H), 1.54 — 1.32 (m, 4H). ESI-MS: cafod[M - H] m/z : 324.0, found:
324.0.
6-((3, 5-Dichlorophenyl)sulfonamido)hexanoic acid (14d)
The title compound was prepared frd3a and11d following general procedure for the synthesis of
compoundL2. White solid, yield 43.8 %, mp 130-131 6. NMR (400 MHz, DMSOds) 6 12.03 (s,
1H), 7.98 (tJ = 1.8 Hz, 1H), 7.87 (t) = 5.7 Hz, 1H), 7.77 (d] = 1.8 Hz, 2H), 2.77 (q] = 6.7 Hz,
2H), 2.15 (t,J = 7.3 Hz, 2H), 1.47 — 1.32 (m, 4H), 1.27 — 1.18 2H). ESI-MS: calcd for [M - H]
m/z : 338.0, found: 338.0.

5-((2, 4, 6-Trimethylphenyl)sulfonamido)pentanoic acid (14€)
The title compound was prepared frd8b and1lc following general procedure for the synthesis of
compoundl2. White solid, yield 76.5 %, mp 104-105 “EINMR (400MHz, CROD) ¢ 7.04 (s, 2H),
2.86 (t, 2H,J = 6.8 Hz), 2.63 (s, 6H), 2.32 (s, 3H), 2.20 (t, 2H 6.8Hz), 1.57 — 1.43 (m, 4HjC
NMR (100MHz, CROD) ¢ 175.8, 142.0, 138.8, 134.2, 131.5, 127.7, 123144,432.8, 28.6, 23.3,
21.7, 21.6, 19.5. ESI-MS: calcd for [M -H}/z : 298.1, found: 298.1.
5-((2, 3, 5, 6-Tetramethylphenyl)sulfonamido)pentanoic acid (14f)
The title compound was prepared frd3c and11c following general procedure for the synthesis of
compoundl2. White solid, yield 84.5 %, mp 118-121 EINMR (400MHz, CROD) ¢ 7.21 (s, 1H),
2.87 (t, 2H,J = 6.8 Hz), 2.56 (s, 6H), 2.30 (s, 6H), 2.19 (t, 2 6.8), 1.60 — 1.40 (m, 4HJC NMR
(100MHz, COOD) ¢ 175.8, 142.0, 138.2, 135.8, 135.0, 134.7, 125.41,8P.8, 28.6, 23.3, 21.6, 20.3,
19.6, 16.7. ESI-MS: calcd for [M - Hp/z : 312.1, found: 312.1.
5-((2, 3, 4, 5, 6-Pentamethyl phenyl)sulfonamido)pentanoic acid (14g)
The title compound was prepared frd8d and1lc following general procedure for the synthesis of
compoundL2. White solid, yield 79.3 %, mp 124-125 “EINMR (400MHz, CROD) 6 2.85 (t, 2H,J
= 6.8), 2.58 (s, 6H), 2.31 (s, 3H), 2.27 (s, 6H)L72(t, 2H,J = 7.2Hz), 1.60 — 1.40 (m, 4HfC NMR
(100MHz, CXOD) 6 175.8, 139.0, 136.3, 135.0, 134.4, 133.9, 127.4,48R.8, 28.6, 23.3, 21.6, 20.3,
17.8, 16.4, 15.7. ESI-HRMS [M - Hgalcd for GeH24NO,S: 326.1432, found: 326.1432.
General Procedurefor the Synthesis of Intermediates 15a-15d
Substituted naphthalene (5.0 mmol) was dissolvethbimL of chloroform, chlorosulfonic acid (658

21



pL, 10.0 mmol) was added under ice bath and stiimeébout 4 h at 0° C. The mixture was poured
slowly into 50 mL of ice water and extrated withdtacetate for three times. The combined organic
layer was was dried over anhydrous sodium sulfate @ncentrated in vacuum to git8a-15d,
which were used directly for the next step.

5-(4-Fluoronaphthal ene-1-sulfonamido)pentanoic acid (16a)

The title compound was prepared frd®a and11c following general procedure for the synthesis of
compoundL2. White solid, yield 85.2 %, mp 114-115 °t& NMR (400 MHz, DMSOds) 6 11.95 (s,
1H), 8.69 (dJ = 8.4 Hz, 1H), 8.21 (d] = 7.9 Hz, 1H), 8.14 (dd] = 8.2, 5.5 Hz, 1H), 8.01 (§,= 5.7
Hz, 1H), 7.90 — 7.73 (m, 2H), 7.49 (dts 10.1, 8.3 Hz, 1H), 2.76 (4,= 6.4 Hz, 2H), 2.04 ()= 7.0
Hz, 2H), 1.47 — 1.21 (m, 4H}3C NMR (100 MHz, DMSQdy) § 174.65, 159.66, 132.56, 130.08,
129.75, 129.47, 128.11, 125.50, 124.05, 121.39,14092.47, 33.45, 29.02, 21.94. ESI-HRMS [M -
H] calcd for GsH1sFNO,S: 324.0711, found: 324.0713.
5-(4-Chloronaphthalene-1-sulfonamido)pentanoic acid (16b)

The title compound was prepared frd®b and1lc following general procedure for the synthesis of
compoundl2. White solid, yield 80.6 %, mp 158-163 €L NMR (400 MHz, DMSOdg) ¢ 11.97 (s,
1H), 8.78 — 8.68 (m, 1H), 8.42 — 8.31 (m, 1H), 8-18.03 (m, 2H), 7.91 — 7.80 (m, 3H), 2.78 I

6.2 Hz, 2H), 2.05 (t) = 7.0 Hz, 2H), 1.43 — 1.26 (m, 4HC NMR (100 MHz, DMSOd,) 5 174.66,
136.50, 132.20, 129.45, 129.28, 129.22, 129.19,112928.24, 127.97, 125.96, 42.54, 33.46, 29.08,
21.94. ESI-HRMS [M - H]calcd for GsH;sCINO,S: 340.0416, found: 340.0414.
5-((4-Bromonaphthal ene)-1-sulfonamido)pentanoic acid (16c)

The title compound was prepared frd®c and11c following general procedure for the synthesis of
compoundl2. White solid, yield 68.6 %, mp 177-179 °t&l NMR (400 MHz, DMSOdg) 6 11.97 (s,
1H), 8.78 — 8.68 (m, 1H), 8.36 — 8.30 (m, 1H), 8-18.03 (m, 2H), 8.00 (dl = 7.9 Hz, 1H), 7.90 —
7.76 (m, 2H), 2.78 (q] = 6.2 Hz, 2H), 2.05 () = 7.0 Hz, 2H), 1.43 — 1.26 (m, 4HJC NMR (100
MHz, DMSO-ds) d 174.70, 136.49, 135.87, 130.95, 129.27, 129.16,002 128.93, 125.95, 125.67,
125.20, 42.54, 33.50, 29.08, 21.96. ESI-HRMS [M]- ¢dlcd for GsH;sBrNO,S: 383.9911, found:
383.9911.

5-(4-M ethoxynaphthal ene-1-sulfonamido)pentanoic acid (16d)

The title compound was prepared frdsd and11c following general procedure for the synthesis of
compoundl2. White solid, yield 56.9 %, mp 149-153 °t&l NMR (400 MHz, DMSOd) 6 11.96 (s,
1H), 8.59 (dJ = 8.5 Hz, 1H), 8.29 (d] = 7.8 Hz, 1H), 8.08 (d] = 8.3 Hz, 1H), 7.84 — 7.74 (m, 1H),
7.74 — 7.68 (m, 1H), 7.67 — 7.60 (m, 1H), 7.09Xd, 8.4 Hz, 1H), 4.06 (s, 3H), 2.69 @= 6.2 Hz,
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2H), 2.04 (tJ = 7.0 Hz, 2H), 1.43 — 1.23 (m, 4HYC NMR (100 MHz, DMSOde) 6 174.67, 158.97,
130.99, 129.23, 128.59, 127.56, 126.67, 125.75,182822.74, 103.22, 56.68, 42.40, 33.48, 28.99,
21.99. ESI-HRMS [M - H]calcd for GeH1gNOsS: 336.0911, found: 336.0909.

4-((4-M ethoxynaphthalene)- 1-sulfonamido)benzoic acid (16da)

The title compound was prepared fragd and methyl 4-aminobenzoate following general pdoce

for the synthesis of compouri®. White solid, yield 59.9 %, mp 226-229 °& NMR (400 MHz,
DMSO-dg) 6 12.68 (s, 1H), 11.11 (s, 1H), 8.66 {d; 8.6 Hz, 1H), 8.32 — 8.22 (m, 2H), 7.84 — 7.67 (m
3H), 7.64 (t,J = 7.6 Hz, 1H), 7.16 — 7.06 (m, 3H), 4.03 (s, 3HE NMR (100 MHz, DMSOdg) &
167.15, 159.77, 142.44, 133.06, 131.11, 129.16,9828126.94, 125.63, 125.56, 125.34, 124.53,
123.00, 117.45, 103.30, 56.80. ESI-MS: calcd for-[M] m/z : 356.1, found: 356.1.

2-(4-((4-M ethoxynaphthal ene)- 1-sulfonamido)phenyl)acetic acid (16db)

The title compound was prepared frd®d and methyl 2-(4-aminophenyl)acetate following gahe
procedure for the synthesis of compod2dWhite solid, yield 74.1 %, mp 216-218 & NMR (400
MHz, DMSO-ds) d 12.25 (s, 1H), 10.52 (s, 1H), 8.66 = 8.6 Hz, 1H), 8.25 (d] = 8.4 Hz, 1H),
8.18 (d,J = 8.4 Hz, 1H), 7.74 () = 7.6 Hz, 1H), 7.63 () = 7.7 Hz, 1H), 7.08 — 6.98 (m, 3H), 6.94 (d,
J=8.4 Hz, 2H), 4.02 (s, 3H), 3.37 (s, 2HC NMR (150 MHz, DMSOdg) § 172.42, 158.83, 136.08,
131.86, 129.85, 128.49, 128.29, 126.17, 125.64,9824124.16, 122.27, 118.57, 102.65, 56.09.
ESI-HRMS [M - HJ calcd for GgH;eNOsS: 370.0755, found: 370.0757.

4-(((4-M ethoxynaphthal ene)-1-sulfonamido)methyl)benzoic acid (16dc)

The title compound was prepared frd®d and methyl 4-(aminomethyl)benzoate following gaher
procedure for the synthesis of compoudWhite solid, yield 63.8 %, mp 227-228 *6.NMR (400
MHz, DMSO-dg) § 12.87 (s, 1H), 8.60 (d,= 8.5 Hz, 1H), 8.46 (] = 6.2 Hz, 1H), 8.25 (d] = 8.4 Hz,
1H), 8.06 (dJ = 8.3 Hz, 1H), 7.76 — 7.67 (m, 3H), 7.64Jt 7.6 Hz, 1H), 7.22 (d] = 8.0 Hz, 2H),
7.02 (d,J = 8.4 Hz, 1H), 4.03 (d] = 8.4 Hz, 5H).*C NMR (150 MHz, DMSOd,) 6 166.88, 158.48,
142.65, 130.60, 129.23, 128.78, 128.53, 128.02,2127126.86, 126.03, 125.10, 124.53, 122.11,
102.55, 56.06, 45.37. ESI-HRMS [M - Halcd for GgH1gNOsS: 370.0755, found: 370.0753.

3-((4-M ethoxynaphthalene)-1-sulfonamido)benzoic acid (16dd)

The title compound was prepared fragd and methyl 3-aminobenzoate following general pdoce

for the synthesis of compouri®. White solid, yield 63.3 %, mp 236-240 °& NMR (400 MHz,
DMSO-ds) 6 13.00 (s, 1H), 10.82 (s, 1H), 8.67 {d+ 8.6 Hz, 1H), 8.25 (d] = 8.4 Hz, 1H), 8.21 (d]

= 8.4 Hz, 1H), 7.76 (1) = 7.7 Hz, 1H), 7.67 — 7.60 (m, 2H), 7.50 — 7.44 Ui), 7.32 — 7.24 (m, 2H),
7.07 (d,J = 8.4 Hz, 1H), 4.02 (s, 3HYC NMR (100 MHz, CDG)) 5 177.83, 164.21, 141.45, 137.26,

23



135.23, 133.86, 133.68, 131.56, 130.99, 130.36582927.66, 123.93, 108.03, 61.47. ESI-MS: calcd
for [M - H] m/z : 356.1, found: 356.1.

2-(3-((4-M ethoxynaphthalene)- 1-sulfonamido)phenyl)acetic acid (16de)

The title compound was prepared frd®d and methyl 2-(3-aminophenyl)acetate following gahe
procedure for the synthesis of compougdWhite solid, yield 59.0 %, mp 170-174 6. NMR (400
MHz, acetoneds) § 9.26 (s, 1H), 8.75 (dl = 8.6 Hz, 1H), 8.29 (d] = 8.4 Hz, 1H), 8.26 (d] = 8.4 Hz,
1H), 7.69 (tJ = 7.7 Hz, 1H), 7.59 (1 = 7.5 Hz, 1H), 7.16 (s, 1H), 7.06 {t= 7.8 Hz, 1H), 6.99 (d]

= 8.3 Hz, 2H), 6.90 (dJ = 7.4 Hz, 1H), 4.06 (s, 3H), 3.47 (s, 2H)C NMR (150 MHz, DMSOdg) 6
172.12, 158.86, 137.63, 135.73, 132.01, 128.70,5128128.29, 126.15, 125.58, 125.00, 124.16,
124.15, 122.25, 119.33, 116.54, 102.61, 56.08,MESI-HRMS [M - H] calcd for GgH16NOsS:
370.0755, found: 370.0751.

3-(((4-M ethoxynaphthalene)-1-sulfonamido)methyl)benzoic acid (16df)

The title compound was prepared frdsd and methyl 3-(aminomethyl)benzoate following gaher
procedure for the synthesis of compod@dWhite solid, yield 51.2 %, mp 200-205 & NMR (400
MHz, DMSO-dg) 6 8.54 (d,J = 8.6 Hz, 1H), 8.41 (1] = 6.3 Hz, 1H), 8.21 (d] = 8.2 Hz, 1H), 8.05 (d,
J=8.3 Hz, 1H), 7.70-7.62 (m, 2H), 7.58 1t 7.5 Hz, 1H), 7.29 (d) = 7.6 Hz, 1H), 7.20 = 7.6
Hz, 1H), 7.00 (dJ = 8.4 Hz, 1H), 4.01 (s, 3H), 3.99 (d,= 6.1 Hz, 2H)*C NMR (100 MHz,
DMSO-ds) d 167.04, 158.59, 138.13, 131.79, 130.73, 130.38,582 128.30, 128.12, 128.05, 127.78,
126.96, 126.11, 125.19, 124.58, 122.22, 102.64145645.43. ESI-HRMS [M - H]calcd for
C1oH16NOsS: 370.0755, found: 370.0756.

3-(1-((4-M ethoxynaphthalene)- 1-sulfonamido)ethyl)benzoic acid (16dg)

The title compound was prepared frdsd and methyl 3-(1-aminoethyl)benzoate following gahe
procedure for the synthesis of compod@dWhite solid, yield 59.7 %, mp 218-221 &l NMR (400
MHz, DMSO-ds) § 8.48 (d,J= 8.6 Hz, 1H), 8.40 (dl = 8.4 Hz, 1H), 8.12 (d] = 8.5 Hz, 1H), 7.95 (d,
J=8.3 Hz, 1H), 7.66 — 7.58 (m, 1H), 7.57 — 7.44 2H), 7.18 (dJ = 7.8 Hz, 1H), 7.04 — 6.96 (m,
1H), 6.89 (d,J = 8.5 Hz, 1H), 4.31 — 4.21 (m, 1H), 3.97 (s, 3H)L1 (d,J = 6.8 Hz, 3H)"*C NMR
(100 MHz, DMSO#€) ¢ 167.02, 158.50, 143.24, 130.91, 130.12, 130.0B,512 127.91, 127.65,
127.37, 127.00, 126.76, 125.92, 124.98, 124.52082202.45, 56.03, 52.43, 23.24. ESI-HRMS [M -
H] calcd for GogH1gNOsS: 384.0911, found: 384.0911.

3-(3-((4-M ethoxynaphthalene)-1-sulfonamido)phenyl)propanoic acid (16dh)

The title compound was prepared frathd and methyl 3-(3-aminophenyl)propanoate following
general procedure for the synthesis of compaltdWhite solid, yield 60.9 %, mp 161-162 °t
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NMR (400 MHz, DMSO#) § 10.27 (s, 1H), 8.44 (d = 8.7 Hz, 1H), 8.02 (d] = 8.5 Hz, 1H), 7.98
(d,J = 8.4 Hz, 1H), 7.51 () = 7.5 Hz, 1H), 7.40 () = 7.6 Hz, 1H), 6.86 — 6.74 (m, 2H), 6.67 (s, 1H),
6.60 — 6.50 (m, 2H), 3.80 (s, 3H), 2.41Jt 7.5 Hz, 2H), 2.14 (t) = 7.5 Hz, 2H)**C NMR (150
MHz, DMSO-g) ¢ 173.34, 158.85, 141.65, 137.63, 132.03, 128.78,512 128.27, 126.14, 125.60,
124,97, 124.18, 123.05, 122.23, 118.35, 116.20,61056.08, 34.71, 29.97. ESI-HRMS [M -"H]
calcd for GgH1gNOsS: 384.0911, found: 384.0913.

2-Fluor o-3-((4-methoxynaphthalene)-1-sulfonamido)benzoic acid (16di)

The title compound was prepared frd®sd and methyl 3-amino-2-fluorobenzoate following gahe
procedure for the synthesis of compod@dWhite solid, yield 53.3 %, mp 235-236 &l NMR (400
MHz, DMSO-dg) § 10.53 (s, 1H), 8.64 (d, = 8.6 Hz, 1H), 8.25 (d] = 8.2 Hz, 1H), 8.05 (d] = 8.4
Hz, 1H), 7.74 — 7.66 (m, 1H), 7.66-7.59 (m, 1HH37.46 (m, 1H), 7.45-7.38 (m, 1H), 7.12Jt

8.0 Hz, 1H), 7.01 (dJ = 8.5 Hz, 1H), 4.00 (s, 3H}*C NMR (100 MHz, DMSOdg) § 164.51, 159.12,
155.24, 152.65, 131.61, 128.80, 128.61, 128.39,8627126.40, 125.97, 125.79, 125.13, 124.44,
124.11, 122.35, 102.73, 56.25. ESI-HRMS [M - ldhlcd for GgHi13FNOsS: 374.0504, found:
374.0500.

3-((4-M ethoxynaphthalene)- 1-sulfonamido)-2-methylbenzoic acid (16d))

The title compound was prepared frd&sd and methyl 3-amino-2-methylbenzoate following gahe
procedure for the synthesis of compod@dWhite solid, yield 65.8 %, mp 183-187 &l NMR (400
MHz, DMSO-dg) 6 12.90 (s, 1H), 9.87 (s, 1H), 8.64 (= 8.5 Hz, 1H), 8.27 (d] = 8.3 Hz, 1H), 7.92
(d, J=8.3 Hz, 1H), 7.69 (] = 7.3 Hz, 1H), 7.66 — 7.60 (m, 1H), 7.46 J&s 7.4 Hz, 1H), 7.07 (] =

7.8 Hz, 1H), 7.02 — 6.96 (M, 2H), 4.01 (s, 3H).7$, 3H)*C NMR (100 MHz, DMSQds) & 168.80,
158.86, 135.91, 134.77, 133.07, 131.30, 129.43,7P28128.25, 127.57, 126.89, 126.35, 125.81,
125.16, 124.66, 122.35, 102.81, 56.24, 14.97. B8 [M - H] calcd for GeH16NOsS: 370.0755,
found: 370.0754.

2-Fluor o-5-((4-methoxynaphthalene)-1-sulfonamido)benzoic acid (16dk)

The title compound was prepared frdsd and methyl 5-amino-2-fluorobenzoate following gahe
procedure for the synthesis of compod@dWhite solid, yield 50.8 %, mp 220-222 & NMR (400
MHz, DMSO-g) § 10.71 (s, 1H), 8.61 (d, = 8.6 Hz, 1H), 8.23 (d] = 8.3 Hz, 1H), 8.12 (d] = 8.4
Hz, 1H), 7.74 (t) = 7.3 Hz, 1H), 7.62 () = 7.6 Hz, 1H), 7.47 (ddl = 6.2, 2.7 Hz, 1H), 7.24 — 7.16
(m, 1H), 7.13 — 7.06 (m, 1H), 7.03 @@= 8.5 Hz, 1H), 3.99 (s, 3H}*C NMR (100 MHz, DMSOd)

0 164.36, 159.17, 158.58, 156.06, 133.77, 132.18,612 128.51, 126.45, 125.09, 124.11, 122.48,
122.09, 119.48, 117.86, 117.62, 102.78, 56.27.HFAS [M - H] calcd for GgH13FNOsS: 374.0504,
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found: 374.0505.

5-((4-M ethoxynaphthalene)- 1-sulfonamido)-2-methylbenzoic acid (16dl)

The title compound was prepared frdsd and methyl 5-amino-2-methylbenzoate following gahe
procedure for the synthesis of compod2dWhite solid, yield 35.1 %, mp 214-217 & NMR (400
MHz, DMSO-<ds) 6 12.83 (s, 1H), 10.58 (s, 1H), 8.64 (t= 8.7 Hz, 1H), 8.23 (d) = 8.4 Hz, 1H),
8.13 (d,J = 8.3 Hz, 1H), 7.73 (t) = 7.8 Hz, 1H), 7.60 () = 7.9 Hz, 1H), 7.46 (d) = 1.8 Hz, 1H),
7.10-7.02 (m, 3H), 4.00 (s, 3H), 2.29 (s, 3HZ NMR (100 MHz, DMSOd,) J 168.06, 159.04,
135.45, 133.87, 132.15, 131.08, 128.56, 126.39,4025125.10, 124.25, 122.51, 121.84, 122.35,
120.64, 102.77, 56.27, 20.44. ESI-HRMS [M - Efjlcd for GgH1NOsS: 370.0755, found: 370.0754.
3-Fluor o-5-((4-methoxynaphthal ene)-1-sulfonamido)benzoic acid (16dm)

The title compound was prepared frd®sd and methyl 3-amino-5-fluorobenzoate following gahe
procedure for the synthesis of compod2dWhite solid, yield 54.8 %, mp 247-249 & NMR (400
MHz, DMSO-dg) § 11.14 (s, 1H), 8.61 (d,= 8.6 Hz, 1H), 8.27-8.21 (m, 2H), 7.75Jt 7.8 Hz, 1H),
7.62 (t,J = 7.6 Hz, 1H), 7.43 (s, 1H), 7.17 (@= 8.7 Hz, 1H), 7.10-7.02 (m, 2H), 4.01 (s, 3K
NMR (100 MHz, DMSOeg) 6 165.57, 163.14, 160.71, 159.40, 133.70, 132.48.772 128.43,
126.53, 125.15, 124.74, 123.94, 122.56, 114.77,081008.57, 102.8456.32. ESI-HRMS [M - H]
calcd for GgH13FNOsS: 374.0504, found: 374.0505.

3-Chloro-5-((4-methoxynaphthal ene)-1-sulfonamido)benzoic acid (16dn)

The title compound was prepared frd%sd and methyl 3-amino-5-chlorobenzoate following gahe
procedure for the synthesis of compod2dWhite solid, yield 43.6 %, mp 223-226 & NMR (400
MHz, DMSO-dg) 6 11.13 (s, 1H), 8.61 (d} = 8.6 Hz, 1H), 8.27 — 8.20 (m, 2H), 7.80 — 7.73 (i),
7.66-7.60 (M, 1H), 7.56 (8,= 1.7 Hz, 1H), 7.40 (t] = 1.7 Hz, 1H), 7.25 () = 2.0 Hz, 1H), 7.10 (]

= 8.5 Hz, 1H), 4.02 (s, 3H53.C NMR (100 MHz, DMSOdg) 6 165.45, 159.43, 139.59, 133.62, 133.55,
132.47, 128.81, 128.43, 126.57, 125.16, 124.75,0624123.17, 122.68, 121.03, 117.19, 102.88,
56.37. ESI-HRMS [M - H]calcd for GgH13CINOsS: 390.0208, found: 390.0212.

4-Fluor 0-3-((4-methoxynaphthal ene)- 1-sulfonamido)benzoic acid (16do)

The title compound was prepared frd®sd and methyl 3-amino-4-fluorobenzoate following gahe
procedure for the synthesis of compod@dWhite solid, yield 62.5 %, mp 228-230 &l NMR (400
MHz, DMSO<ds) § 13.11 (s, 1H), 10.57 (s, 1H), 8.65 (= 8.6 Hz, 1H), 8.25 (d) = 8.3 Hz, 1H),
8.02 (d,J = 8.4 Hz, 1H), 7.86-7.80 (m, 1H), 7.74-7.68 (m,))1A67 — 7.59 (m, 2H), 7.20 — 7.11 (m,
1H), 7.02 (dJ = 8.5 Hz, 1H), 4.01 (s, 3HY’C NMR (150 MHz, DMSOds) § 165.72, 159.05, 158.36,
156.67, 131.42, 128.52, 128.24, 127.84, 127.22,2¥26125.77, 125.02, 124.76, 124.30, 122.22,
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116.17, 102.58, 56.15. ESI-HRMS [M -Hhlcd for GgH13FNOsS: 374.0504, found: 374.0504.
4-Chloro-3-((4-methoxynaphthal ene)- 1-sulfonamido)benzoic acid (16dp)

The title compound was prepared frdsd and methyl 3-amino-4-chlorobenzoate following gahe
procedure for the synthesis of compod2dWhite solid, yield 53.3 %, mp 235-239 & NMR (400
MHz, DMSO-ds) d 13.23 (s, 1H), 10.35 (s, 1H), 8.65 M= 8.5 Hz, 1H), 8.25 (d] = 7.6 Hz, 1H),
7.98 (d,J = 8.4 Hz, 1H), 7.83 (s, 1H), 7.71-7.65 (m, 1HK5#7.59 (m, 2H), 7.40 (d, = 8.3 Hz, 1H),
7.01 (d,J = 8.5 Hz, 1H), 4.01 (s, 3H}*C NMR (100 MHz, DMSOds) ¢ 165.93, 159.13, 134.03,
133.09, 131.40, 130.14, 130.14, 128.74, 128.23,6127127.23, 126.36, 126.36, 125.15, 124.80,
122.34, 102.70, 56.26. ESI-HRMS [M -Hhplcd for GgH;3CINOsS: 390.0208, found: 390.0213.

4-M ethyl -3-((4-methoxynaphthal ene)-1-sulfonamido) benzoic acid (16dq)

The title compound was prepared frdsd and methyl 3-amino-4-methylbenzoate following gahe
procedure for the synthesis of compod2dWhite solid, yield 51.0 %, mp 233-236 & NMR (400
MHz, DMSO-g) 6 12.81 (s, 1H), 9.91 (s, 1H), 8.65 (t 8.5 Hz, 1H), 8.26 (d] = 8.2 Hz, 1H), 7.94
(d,J=8.4Hz, 1H), 7.69 () = 7.4 Hz, 1H), 7.66 — 7.59 (m, 2H), 7.55 J& 7.8 Hz, 1H), 7.12 (d] =
7.9 Hz, 1H), 6.99 (dJ = 8.4 Hz, 1H), 4.02 (s, 3H), 1.90 (s, 3HC NMR (100 MHz, DMSOdy) 6
166.65, 158.92, 145.78, 138.70, 135.20, 131.40,8P30129.00, 128.66, 128.27, 126.69, 126.64,
126.37, 125.15, 124.62, 122.46, 102.76, 56.24,81FEBI-HRMS [M - H] calcd for GgH1eNOsS:
370.0755, found: 370.0759.

4-M ethoxy-3-((4-methoxynaphthal ene)-1-sulfonamido)benzoic acid (16dr)

The title compound was prepared frobdd and methyl 3-amino-4-methoxybenzoate following
general procedure for the synthesis of compdlthdWhite solid, yield 53.7 %, mp 229-231 °t
NMR (400 MHz, DMSO#dg) 6 12.70 (s, 1H), 9.78 (s, 1H), 8.69 (dr 8.5 Hz, 1H), 8.24 (d] = 8.4 Hz,
1H), 7.91 (dJ = 8.4 Hz, 1H), 7.78 (d] = 2.1 Hz, 1H), 7.72 — 7.66 (m, 1H), 7.65 — 7.59 Rid), 6.96
(d, J = 8.5 Hz, 1H), 6.82 (dJ) = 8.7 Hz, 1H), 3.99 (s, 3H), 3.18 (s, 3HC NMR (100 MHz,
DMSO-ds) 4 166.61, 158.80, 155.83, 131.09, 128.91, 128.23,952 126.65, 126.19, 125.89, 125.37,
125.07, 125.05, 122.72, 122.06, 111.15, 102.4622%5655.29. ESI-HRMS [M - H]calcd for
C19H16NOgS: 386.0704, found: 386.0708.

2-((4-M ethoxynaphthal ene)-1-sulfonamido)isonicotinic acid (16ds)

The title compound was prepared frathd and methyl 2-aminoisonicotinate following general
procedure for the synthesis of compoudWhite solid, yield 33.7 %, mp 294-297 *6.NMR (400
MHz, DMSO-ds) § 8.67 (d,J = 8.6 Hz, 1H), 8.27 (dl = 8.4 Hz, 1H), 8.22 (dl = 8.3 Hz, 1H), 8.11 (d,
J=4.7 Hz, 1H), 7.71 (1) = 7.4 Hz, 1H), 7.59 (1) = 7.5 Hz, 1H), 7.52 (s, 1H), 7.19 @3= 4.5 Hz,
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1H), 7.10 (d,J = 8.5 Hz, 1H), 4.02 (s, 3H}*C NMR (100 MHz, DMSQd,) § 165.45, 158.87, 153.01,
140.98, 131.76, 128.68, 128.34, 126.96, 126.23,0825124.59, 122.41, 115.57, 112.89, 111.71,
102.74, 56.27. ESI-HRMS [M - Htalcd for G/H13N0sS: 357.0551, found: 357.0554.

5-((4-M ethoxynaphthal ene)- 1-sulfonamido)nicotinic acid (16dt)

The title compound was prepared frobdd and methyl 5-aminonicotinate following general
procedure for the synthesis of compod2dWhite solid, yield 45.5 %, mp 252-255 & NMR (400
MHz, DMSO-dg) 6 13.49 (s, 1H), 11.13 (s, 1H), 8.64-8.58 (m, 2H318d,J = 2.5 Hz, 1H), 8.27-8.20
(m, 2H), 7.87 (tJ = 2.0 Hz, 1H), 7.76 () = 7.7 Hz, 1H), 7.63 ( = 7.7 Hz, 1H), 7.08 (d] = 8.5 Hz,
1H), 4.02 (s, 3H)**C NMR (100 MHz, DMSOd,) 6 165.63, 159.43, 144.73, 143.31, 134.59, 132.46,
128.82, 128.40, 126.72, 126.58, 125.63, 125.15,7D24123.96, 122.67, 102.91, 56.35. ESI-HRMS
[M - H] calcd for GH13N,0sS: 357.0551, found: 357.0551.

2, 4-Difluor 0-5-((4-methoxynaphthal ene)- 1-sulfonamido)benzoic acid (16du)

The title compound was prepared frated and methyl 5-amino-2, 4-difluorobenzoate following
general procedure for the synthesis of compaltdWhite solid, yield 60.8 %, mp 211-214 °t
NMR (400 MHz, DMSO#dg) § 10.47 (s, 1H), 8.61 (dl = 8.5 Hz, 1H), 8.26 (d] = 8.0 Hz, 1H), 7.96
(d, J = 8.4 Hz, 1H), 7.72-7.60 (m, 3H), 7.24 Jt= 10.3 Hz, 1H), 7.00 (d] = 8.5 Hz, 1H), 4.00 (s,
3H).*C NMR (100 MHz, DMSOdy) ¢ 163.57, 159.17, 157.81, 157.70, 131.60, 129.58,652
128.37, 126.39, 125.71, 125.12, 124.41, 122.35,1121115.68, 106.05, 102.71, 56.27. ESI-HRMS
[M - H] calcd for GgH1,F,NOsS: 392.0410, found: 392.0411.

2, 6-Difluor 0-3-((4-methoxynaphthal ene)-1-sulfonamido)benzoic acid (16dv)

The title compound was prepared frated and methyl 3-amino-2, 6-difluorobenzoate following
general procedure for the synthesis of compol®dwhite solid, yield 53.9%, mp 211-214 °&4
NMR (400 MHz, DMSO#dg) § 10.44 (s, 1H), 8.60 (dl = 8.5 Hz, 1H), 8.26 (d] = 7.9 Hz, 1H), 8.00
(d, J = 8.4 Hz, 1H), 7.74-7.68 (m, 1H), 7.67-7.60 (m,)1A31 — 7.19 (m, 1H), 7.07 {,= 8.7 Hz,
1H), 7.01 (dJ = 8.5 Hz, 1H), 4.01 (s, 3HJC NMR (100 MHz, DMSOdg) 5 161.56, 159.16, 155.01,
154.08, 131.58, 128.78, 128.62, 128.39, 126.41,8¥25125.15, 124.39, 122.38, 121.43, 112.58,
112.08, 102.75, 56.27. ESI-HRMS [M -Hhlcd for GgH1,F,NOsS: 392.0410, found: 392.0408.

In vitro FABPs inhibition assay

The inhibitory activities of the compounds agaifRétBPs were measured in a fluorescence-based
assay using the probe 8-anilino-1-naphthalene-siglfacid (1, 8-ANS) [29,30]. Briefly, 1@mol/L of

1, 8-ANS in 0.01M phosphate buffered solution (PBB, 7.4) was mixed with FABPs protein to a
final concentration of 1Qumol/L, then various concentrations of compoundsewadded and
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incubated for 3 min at room temperature. The flaoeace signal at 370 nm (excitation) / 470 nm
(emission) of the reaction mixture was then deteediwith a Flexstation Il instrument (Molecular
Devices, CA, USA). The Igvalue for compounds against FABPs were expressatean + standard
deviation (SD) of three independent experiments] aalculated by nonlinear regression using
GraphPad Prism software (San Diego, CA, USA)#ues were calculated according to the equation
in Jacobs et al [34]. Kvalues were determined as 1.4 pM by Scatchard ghatlysis using
recombinant human FABP4 protein. Compouhdwas purchased from APExBIO Technology,
Houston, USA. Compoungd was synthesized in-house according to referenceedtéh compound
was tested in triplicate and the data are preserstiéde mean + SD.

X-ray protein structure deter mination

Expression, purification, and crystallization ofceenbinant human FABP4 are described in the
Supporting Information. Crystals of complexes welgained via soaking apo-FABP4 crystals with 2
mM compounds in mother liquor overnight. The proldor data collection and data determination is
described in the Supporting Information.

I sothermal tritation calorimetry (ITC)

The ITC measurements were conducted at@With ITC200 instrument (Microcal, GE Healthcare),
and the resulting data were processed by the sappliicroCal Origin software package. Before
titration, the stock solution df6di or 16do was diluted to the concentration of 5081 and 1 mM,
respectively. The FABP4 was diluted to 50-188. The final concentration of DMSO in the reaction
buffer is 2.5% of the total volume. Titration ofettompound into FABP4 was performed using an
initial injection of 0.44uL followed by 19 identical injections of | with a duration of 4 seconds per
injection and a spacing of 120 seconds betweentiojes. The last ten data points were averaged and
subtracted from each titration to account for tlkeathof dilution (inhibitor into protein). Additioha
background experiments where buffer was titratéd the protein solution revealed no significant
shift in the baseline during the course of the mesments. Titrations were run in triplicate to emesu
reproducibility. In all cases, a single bindingesihode was employed and a nonlinear least-squares
algorithm was used to obtain change in enthalfif) (and binding constant (K). Thermodynamic
parameters were subsequently calculated with thraulla 4G = A4H — TAS = -RT InK and K=1/K,
where T, R4G, 4S and Kk are the experimental temperature, the gas constenthanges in free
energy, the entropy of binding, and the dissoadiationstant, respectively.

Oil red O gtaining and triglyceride assay

Compoundsl6dk or 16do (50 uM) were added at the beginning of 3T3-L1 differatitin induction
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and incubated in the medium throughout the difféation period (day 0-6), respectively. At day 6,
cells were washed in PBS and then fixed for 15 aiB7C with 4% paraformaldehyde. Cells were
then washed twice with PBS and stained with Oil-Redolution (0.5% isopropanol-dissolved Oil
Red O dye: water = 3:2; AMRESCO) for 30min, aftezirsing, the cells were washed with PBS and
observed by Olympus's fluorescent inverted micrpec¢OLYMPUS [X73). For quantification,
Oil-Red-O dye was dissolved in isopropanol and dimmwce at 500 nm was measured by a
FlexStation3 system (Molecular Devices, Sunnyv@la, USA). For intracellular TG measurement,
cells were washed and lysed as previously repdttediefly, cells were lysed with three repeated
freeze-thaw cycle(-80 and 37C) and then triglyceride content was determined bgommercial
enzyme assay kit (Mingdian, Shanghai, China).

Lipolysis assay

For forskolin-stimulated lipolysis, fully differeiated 3T3-L1 cells were cultured with DMEM for 4 h
followed by incubation with compound$dk or 16do (25 uM and 50uM) for 24 h. Then the cells
were washed twice with Krebs-Ringer Hepes buffdRBKl buffer,135 mM NaCl, 3.6mM KCI, 0.5
mM KH,PQ, 0.5 mM MgSQ, 2 mM NaHCQ, 1.5 mM Cad, and 10 mM HEPES, pH7.4)
containing 0.1% BSA and stimulated with 20 forskolin diluted in KRBH buffer for 2 h. Therdaf
culture supernatants were assayed for glycerolldewsing a free glycerol reagent kit (Applygen
Technologies Inc, China).

Liver microsomal stability assay

The tested compound (final concentration 0.1 pMsawent (0.01% DMSO) and 0.005% Bovin
serum albumin) was incubated with 0.33 mg/mL ingiddiver microsomes (liver microsomes of rats
and humans were purchased from BD Gentest; liverasdmes of mouse were purchased from
RILD). NADPH was maintained at 1 mM in 450 of reaction volume. The reaction was then
evaluated at 0, 7, 17, 30 and 60 min and was tatednby the addition of methanol. Samples were
centrifuged for 5 min at 15000 rpm and the supamtat were analyzed using HPLC-MS/MS.
Percentage parent remaining was calculated comsideercent parent area at 0 min as 100%.
Animal experiment

Male C57BL/KsJdb/db mice and their lean littermates were obtained fdatkson Laboratories (Bar
Harbor, ME, USA) and maintained in a 12 h lightideycle with regular chow diet and free access to
water. Male mice at 6 weeks of age were randomiigldd into 4 groups (n = 8 per group). Then, they
were given daily by lavage administration with thehicle (0.5% carboxymethyl cellulose)6dk
(100 mg/kg of body weight), aritbdo (100 mg/kg of body weight). Meanwhile, their Idd@termates
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were treated with vehicle in the same way as nowopatrol. Body weight was recorded regularly.
Every week, each group of mice were fasted forb@&fore their blood glucose were monitored using
tail vein blood with a glucometer (Accu-CHEK, Rothén week 2 and week 4 post-drug
administration, the mice were fasted for 12 h arid réspectively to perform oral glucose tolerance
test (OGTT) and insulin tolerance test (ITT) asvimesly described [36Briefly, for OGTT, the mice
were fasted overnight and given an oral glucosd (@5 g/kg) by gavage. The blood glucose was
measured in the tail vein using glucometer at Q, 3G 60, 90, and 120 min, the curve of blood
glucose was plotted, and the area under curve (AuKS) calculated. For ITT, after 6 h fasting, the
mice were given insulin (1 IU/kg) via intraperit@hénjection, and the blood glucose was measured at
0, 30, 60, 90min, and 120 min, the curve of bloattgse and the AUC were obtained .At the end of
the experimental period, the blood samples anddisamples were collected for following analysis.
Serum ALT, AST, TG and TCH levels were assayed raicg to the kit instructions with commercial
enzyme assay kits (Mingdian, Shanghai, China). iBeman-esterified fatty acid was also measured
using assay kit (Jiancheng, Nanjing, China) .Allineal experiments were permitted by the
Institutional Animal Care and Use Committee of Sitai Institute of Materia Medica (accreditation
number: 2015-01-WHY-13).

Histomor phology and | mmunohistochemistry

Tissue samples were fixed in a 4% buffered paradtitehyde solution immediately after dissection,
then embedded in paraffin wax, cut intuB-thick sections and stained with Hematoxylin andi&
Staining Kit (Beyotime, Shanghai, China). For immhistochemistry, F4/80 staining was performed
in liver and adipose sections using the rabbit golyal F4/80 antibody (Santa Cruz Biotechnology)
and MaxVision ™ HRP-Polymer anti-Mouse/Rabbit IHC Kit (Maixin, Faou, China) as a
visualization of macrophages infiltration, Brieflyssue sections were washed in phosphate-buffered
saline and incubated overnight at 4 °C with F4/80bady (1:50) and then treated with MaxVision
TM HRP-Polymer anti-Mouse/Rabbit IHC Kit for 15mah room temperature followed by incubation
with diaminobenzidine. The slides were countersi@iwith hematoxylin and images were captured
using Olympus's fluorescent inverted microscopeY(dBUS IX73).

Western blot analysis

Mouse liver tissues welgsed in RIPA Lysis Buffer (Beyotime, China) ana@udfied by centrifugation
(Eppendorf, Germany). Lysates were separated by-FREE, transferred to a PVDF membrane,
probed with primary antibodies and detected wittoseary antibodies. The primary antibodies used
were Akt Antibody and Phospho-Akt (Ser473) Antibofigell Signaling Technology, USA, 1:1000),
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and the secondary antibodies used were anti-ré@Bit(Jackson Laboratory, USA, 1:10000). The
blots were then visualized using chemiluminesce(fE€L) detection reagents (Thermo Fisher
Scientific). Data were analyzed by integrated optical density the relative density ratio of p-Akt
was adjusted to Akt and normalized to Vehicle group

Gene expression analysis

Total RNA were extracted from liver and adiposesues surrounding testis using TRIzol reagent
(Invitrogen, USA) according to the manufacturerstiuctions. For gene expression analysis, the
cDNA was obtained from total RNA using All-in-On®KA Synthesis SuperMix (Biomake, China)
according to the manufacturer’s instructions. mRIiE¥els were quantified by real-time PCR using
SYBR Green gPCR Master Mix (Biomake, China) andA®i VIIA7 Real-Time PCR machine
(Applied Biosystems, USAxccording to the manufacturer’s instructiombe amplification program
was as follows: initial denaturation at 95°C fom#h (Hold Stage), followed by 40 cycles of 95°C for
15 s, 60°C for 45s (PCR Stage),and 95°C for 1®¥C86or 1min ,95°C for 15 s (Melt Curve Stage).
The primer sequences were as follows: b-actin @tdwCCACGATGGAGGGGCCGGACTCATC,
and reverse: CTAAAGACCTCTATGCCAACACAGT), F4/80 (foard:
TGACTCACCTTGTGGTCCTAA, and reverse: CTTCCCAGAATCCAGTTTCC). The relative
expression level of F4/80 from liver and adipossue was normalized to the amount of b-actin
MRNA.

Statistical analysis

Statistical analysis of different groups was assg &y t test or one-way analysis of variance (ANQVA
followed by Dunnett’s test analysis, and a valup gf0.05 was considered significant.

Molecular modeling

The crystal structure of FABP4 in complex with paimacid was obtained from PDB Protein Data
Bank (PDB code 2HNX) for docking simulation. Theojgin was prepared with Protein Preparation
Wizard panel in Maestro 10.0. After adding the migsydrogen atom, all the crystallographic water
molecules were removed. Then the protein was stemfrtid several restrained minimization to relieve
static clashes using OPLS2005 force field. At |ts#, protein was adjusted and minimized up to 0.30
A RMSD. The size of grid box was defined as 15 A5<A x 15 A centered in the co-crystal ligand
using Receptor Grid Generation. Compounds for dagkiiere built using 2D Sketcher and were
prepared with LigPrep module. Molecular docking wasducted using glide module with standard
precision scoring (SP) mode. The Fig.s were geegénasing Pymol [37].

Plasma protein binding
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Plasma protein binding was performed as descrigdridak et al [38].

B Acknowledgments

This work was supported by grants from National Ukt Science Foundation of China (Grant
81473075 to Y.-X.L., Grant 81473262 to H.-Y.W., dachnt 81422047 to Y.-C.X.), the National Key
R&D Program of China (Grant 2016YFA0502301 to WZLand Y.-C.X.), Institutes for Drug
Discovery and Development, Chinese Academy of 8eigiGrant CASIMM0120164014 to H.-Y.W.)
and the State Key Laboratory of Drug Research ((3&8¥iM1803KF-05 to Y.-X.L.)

B Abbreviations

FABP, Fatty Acid Binding Protein; SAR, Structugativity relationship; 3-D Three-dimensional;
IGF-1, Insulin-like growth factors -1; 1, 8-ANS,a8lino-1-naphthalene-sulfonic acid; PDB, Protein
Data Bank; ITC, Isothermal titration calorimetryMB, dimethylformamide; DMEM, Dulbecco's
modified eagle medium; FBS, Fetal bovine serum; Mifiazolyl blue tetrazolium bromide ; DMSO,
dimethyl sulfoxide; KRBH buffer, Krebs-Ringer Hepésiffer; PBS ,Phosphate-Buffered Saline;
OGTT, Oral glucose tolerance test; ITT, Insuliretance test; AUC, Area under curve; ALT, Alanine
aminotransferase; AST, Aspartate transaminase; Triglyceride; NEFA, Non-esterified fatty acid;
TCH, Total cholesterol; HE staining, Hematoxylingsin staining. GPR40, Free fatty acid receptor 1;
GPR120, Free fatty acid receptor 4; DGARyl coenzyme A: diacylglycerol acyltransferase 1;
PPARy , Peroxisome proliferator activated receptor

Appendix A. Supplementary data

Supplementary data include supplementary Fig.s, GHRbalysis of all target compounds, protein
expression and purification, crystal structure aedermination, cell culture and cell proliferation
assay

Supplementary data related to this article carobad at

References

[1] G.S. Hotamisligil, Inflammation and metabolisdrdersNature 444 (2006) 860-867.

[2] M. Furuhashi, G.S. Hotamisligil, Fatty acid-Hing proteins: role in metabolic diseases and
potential as drug targets, Nat. Rev. Drug Discdi2008) 489-503.

[3] G.S. Hotamisligil, D.A. Bernlohr, Metabolic fations of FABPs—mechanisms and therapeutic
implications, Nat Rev Endocrindll (2015) 592-605.

[4] R.K. Ockner, J.A. Manning, R.B. PoppenhausernK WHo, A binding protein for fatty acids in
cytosol of intestinal mucosa, liver, myocardiumg arther tissues, Science 177 (1972) 56-58.

[5] J. Storch, A.E. Thumser, Tissue specific fums in the fatty acid-binding protein family, J Bio

33



Chem. 285 (2010) 32679-3268.

[6] R.Z. Liu, X. Li, R. Godbout, A novel fatty aciinding protein (FABP) gene resulting from
tandem gene duplication in mammals: transcriptiorrdt retina and testis, Genomics 92 (2008)
436-445.

[7] A.V. Hertzel, D.A. Bernlohr, The mammalian fatiacid-binding protein multigene family:
molecular and genetic insights into function, Treithdocrinol. Metab. 11 (2000) 175-180.

[8] A. Chmurzyiska, The multigene family of fatty acid-binding @ims (FABPS): function, structure
and polymorphism, J. Appl. Genet. 47 (2006) 39-48.

[9] S.A. Melki, N.A. Abumrad, Expression of the pdcyte fatty acid-binding protein in
streptozotocin-diabetes: effects of insulin deficig and supplementation, J. Lipid R&2 (1993)
1527-1534.

[10] R.J. Distel, G.S. Robinson, B.M. Spiegelmaatty acid regulation of gene expression. J. Biol.
Chem. 267 (1992) 5937-5941.

[11] L. Makowski, J.B. Boord, K. Maeda, V.R. Babaé&uT. Uysal, M.A. Morgan, R.A. Parker, J.
Suttles, S. Fazio, G.S. Hotamisligil, M.F. Lintdrgck of macrophage fatty-acid-binding protein aP2
protects mice deficient in apolipoprotein E agaatbierosclerosis, Nat. Med (2001) 699-705.

[12] C.R. Hunt, J.H. Ro, D.E. Dobson, H.Y. Min, B.MSpiegelman, Adipocyte P2 gene:
developmental expression and homology of 50-flajlsequences among fat cell-specific genes. Proc.
Natl. Acad. ScilU. S. A. 83 (1986) 3786-3790.

[13] G.S. Hotamisligil, R.S. Johnson, R.J. DistBl, Ellis, V.E. Papaioannou, B.M. Spiegelman,
Uncoupling of obesity from insulin resistance ttgbua targeted mutation in aP2, the adipocyte fatty
acid binding protein. Science 274 (1996) 1377-1379.

[14] K.T. Uysal, L. Scheja, S.M. Wiesbrock, S. BemWeir, G.S. Hotamisligil, Improved glucose and
lipid metabolism in genetically obese mice lackai®R. Endocrinologg41 (2000) 3388-3396.

[15] (@) N.R. Coe, M.A. Simpson, D.A. Bernlohr, ated disruption of the adipocyte lipid-binding
protein (aP2 protein) gene impairs fat cell lipadyand increases cellular fatty acid levels. Jid.ip
Res.40 (1999) 967-972. (b) T. Garin-Shkolnik, A. Rudi€hS. Hotamisligil, M. Rubinstein, FABP4
attenuates PPARand adipogenesis and is inversely correlated WiBARy in adipose tissues.
Diabete$3 (2014) 900-911.

[16] (a) K.M. Nieman, H.A. Kenny, C.V. Penicka, Badanyi, R. Buell-Gutbrod, M.R. Zillhardt, I.L.
Romero, M.S. Carey, G.B. Mills, G.S. Hotamisligl,D. Yamada, M.E. Peter, K. Gwin, E. Lengyel,
Adipocytes promote ovarian cancer metastasis aond® energy for rapid tumor growth, Nat. Med.

34



17 (2011) 1498-1503. (B). Uehara, T. Takahashi, M. Oha, H. Ogawa, K. IzuEmogenous fatty acid
binding protein 4 promotes human prostate cancér pregression, Int. J. Cancer 135 (2014)
2558-2568. (c) A. Tolle, S. Suhail, M. Jung, K. gu@. Stephan, Fatty acid binding proteins (FABPS)
in prostate, bladder and kidney cancer cell lined the use of ILFABP as survival predictor in
patients with renal cell carcinoma, BMC Cancer 201() 302. (d) D. Lee, K. Wada, Y. Taniguchi, H.
Al-Shareef, T. Masuda, Y. Usami, T. Aikawa, M. OC&uly. Kamisaki, M. Kogo, Expression of fatty
acid binding protein 4 is involved in the cell gtmof oral squamous cell carcinoma, Oncol. Rep. 31
(2014) 1116-1120. (e) S.A. Abdelwahab, Y. OwadaKitanaka, A. Adida, H. Sakagami, M. Ono, M.
Watanabe, F. Spener, H. Kondo, Enhanced expres$iadipocyte-type fatty acid binding protein in
murine lymphocytes in response to dexamethasoagrtemt, Mol. Cell. Biochem. 299 (2007) 99-107.
() S. Guaita-Esteruelas, J. Guma, L. Masana, JrraBp The peritumoural adipose tissue
microenvironment and cancer. The roles of fattyl &inding protein 4 and fatty acid binding protein,
Mol. Cell. Endocrinol. 462 (2018) 107-118. &)Guaita-Esteruelas, A. Bosquet, P. SaavedrayrdaG
J. Girona, E.W. Lam,

K. Amillano, J. Borras, L. Masana, Exogenous FABRgteases breast cancer cell proliferation and
activates the expression of fatty acid transpastgins, Mol. Carcinog. 56 (2017) 208-217. (h) FnYa
N. Shen, J.X. Pang, Y.W. Zhang, E.Y. Rao, A.M. BolleAl-Kali, D.E. Zhang, M.R. Litzow, B. Li,
S.J. Liu, Fatty acid-binding protein FABP4 mechanisticallykls obesity with aggressive AML by
enhancing aberrant DNA methylation in AML celleukemia 31 (2017) 14341442,

[17] Y. Shen, G. Song, Y. Liu, L. Zhou, H. Liu, Xong, Y. Sheng, K. Cao, L. Qian, Silencing of
FABP3 inhibits proliferation and promotes apoptdsissmbryonic carcinoma cells, Cell Biochem.
Biophys. 66 (2013) 139-146.

[18] VY. Liu, G. Song, H. Liu, X. Wang, Y. Shen, Zhou, J. Jin, M. Liu, C. Shi, L. Qian, Silencing of
FABP3 leads to apoptosis-induced mitochondrial aysfion and stimulates Wnt signaling in
zebrafish, Mol. Med. Rep. 8 (2013) 806-812.

[19] X. Wang, L. Zhou, J. Jin, Y. Yang, G. Song,Shen, H. Liu, M. Liu, C. Shi, L. Qian, Knockdown
of FABP3 impairs cardiac development in zebra figlough the retinoic acid signaling pathway, Int. J
Mol. Sci. 14 (2013) 13826-13841.

[20] (&) M. Furuhashi, G. Tuncman, C.Z. GérgiinMakowski, G. Atsumi, E. Vaillancourt, K. Kono,
V.R. Babaev, S. Fazio, M.F. Linton, R. Sulsky, JXbl, R.A. Parker, G.S. Hotamisligil, Treatment of
diabetes and atherosclerosis by inhibiting fattg-dinding protein aP2, Nature 447 (2007) 959-965.
(b) T. Okada, M. Hiromura, M. Otsuka, S. Enomoto,NHyachi, Synthesis of BMS-309403-related

35



compounds, including {C]BMS-309403, a radioligand for adipocyte fattycabinding protein, Chem.
Pharm. Bull. 60 (2012) 164-168.

[21] H. Kuhne, U. Obst-Sander, B. Kuhn, A. ContaylSCeccarelli, W. Neidhart, M.G. Rudolph, G.
Ottaviani, R. Gasser, S.S. So, S. Li, X. ZhangGho, M. Myers, Design and synthesis of selective,
dual fatty acid binding protein 4 and 5 inhibitdBsporg. Med. Chem. LetR6 (2016) 5092-5097.

[22] T. Barf, F. Lehmann, K. Hammer, S. Haile, Exefs, C. Medina, J. Uppenberg, S. Svensson, L.
Rondahl, T. Lundback, N-Benzyl-indolo carboxyliagdsc design and synthesis of potent and selective
adipocyte fatty-acid binding protein (AFABP) intitnis, Bioorg. Med. Chem. Lett. 19 (2009)
1745-1748.

[23] R. Ringom, E. Axen, J. Uppenberg, T. Lundbadk, Rondahl, T. Barf, Substituted
benzylamino-6-(trifluoromethyl)pyrimidin-4(1H)-ones novel class of selective human A-FABP
inhibitors, Bioorg. Med. Chem. Lett. 14 (2004) 444452,

[24] A.V. Hertzel, K. Hellberg, J.M. Reynolds, A.€ruse, B.E. Juhlmann, A.J. Smith, M.A. Sanders,
D.H. Ohlendorf, J. Suttles, D.A. Bernlohr, Idergdtion and characterization of a small molecule
inhibitor of Fatty Acid binding proteins, J. Medh@m. 52 (2009) 6024-6031.

[25] R. Sulsky, D.R. Magnin, Y. Huang, L. Simpkird, Taunk, M. Patel, Y. Zhu, T.R. Stouch, D.
Bassolino-Klimas, R. Parker, T. Harrity, R. StoffBlS. Taylor, T.B. Lavoie, K. Kish, B.L. Jacobson,
S. Sheriff, L.P. Adam, W.R. Ewing, J.A. Robl, Pdtemd selective biphenyl azole inhibitors of
adipocyte fatty acid binding protein (aFABP), BigoiMed. Chem. Lett. 17 (2007) 3511-3515.

[26] H. Cai, Q. Liu, D. Gao, T. Wang, T. Chen, GnYK. Chen, Y. Xu, H. Wang, Y. Li, W. Zhu, Novel
fatty acid binding protein 4 (FABP4) inhibitors:rivial screening, synthesis and crystal structure
determination, Eur. J. Med. Chem. 90 (2015) 241-250

[27] H. Cai, G. Yan, X. Zhang, O. Gorbenko, H. WaMy. Zhu, Discovery of highly selective
inhibitors of human fatty acid binding protein4 @R4) by virtual screeningioorg. Med. Chem.
Lett. 20 (2010) 3675-3679.

[28] G. Floresta, V. Pistara, E. Amata, M. Dichiata Marrazzo, O. Prezzavento, A. Rescifina,
Adipocyte fatty acid binding protein 4 (FABP4) ibfibrs. A comprehensive systematic review, Eur. J.
Med. Chem. 138 (2017) 854-873.

[29] H.Y. Cai, T. Wang, J.C. Zhao, P. Sun, G.R. MdrP. Ding, Y.X. Li, H.Y. Wang, W.L. Zhu, K.X.
Chen, Benzbromarone, an old uricosuric drug, itdibuman fatty acid binding protein 4 in vitro and
lowers the blood glucose level in db/db mice, Agkermacol Sin. 34 (2013) 1397-1402.

[30] C.D. Kane, D.A. Bernlohr, A simple assay famtracellular lipid-binding proteins using

36



displacement of 1-anilinonaphthalene 8-sulfoniclg&nal Biochem. 233 (1996) 197-204.

[31] J. Cramer, S.G. Krimmer, A. Heine, G. Klebaylhg the price of desolvation in solvent-exposed
protein pockets: impact of distal solubilizing gpsuon affinity and binding thermodynamics in a
series of thermolysin inhibitors, J. Med. Chd@ (2017) 5791-5799.

[32] S.G. Krimmer, J. Cramer, M. Betz, V. Fridh, Rarlsson, A. Heine, G. Klebe, Rational design of
thermodynamic and kinetic binding profiles by op#img surface water networks coating
protein-bound ligandsl. Med. Chem59 (2016) 10530-10548.

[33] Y. Wang, H.Q. Lin, W.K. Law, W.C. Liang, J.Ehang, J.S. Hu, T.M. Ip, M.M. Waye, D.C. Wan,
Pimozide, a novel fatty acid binding protein 4 bitor, promotes adipogenesis of 3T3-L1 cells by
activating PPAR, ACS Chem. Neuroscb (2015) 211-218.

[34] J. Steven, C. Kwen-Jen, C. Pedro, Estimatibrharmone receptor affinity by competitive
displacement of labeled ligand: effect of concdidgraof receptor and of labeled ligand, Biochem.
Biopys. Res. Com. 66 (1975) 687-692.

[35] X. Zhang, J. Ji, G. Yan, J. Wu, X. Sun, J. igh&l. Jiang, H. Wang, Sildenafil promotes
adipogenesis through a PKG pathway, Biochem. BispRgs. Commun. 396 (2010) 1054-1059.

[36] J. Zhu, J. Huang, T. Wang, J. Ji, A. Hou, Har\y, Sanggenol F exerts anti-diabetic effects via
promoting adipocyte differentiation and modifyindjzokines expression, Endocrine 56 (2017) 73-81.
[37] W.L. Delano,The PyMOL molecular graphics system, versionl1.7.0; Schrédinger, LLC: New York,
2014.

[38] F. Reck, R. Alm, P. Brassil, J. Newman, B. @gje, C.J. Eyermann, G. Breault, J. Breen, J.
Comita-Prevoir, M. Cronin, H. Davis, D. Ehmann,Gé&lullo, B. Geng, T. Grebe, M. Morningstar, P.
Walker, B. Hayter, S. Fisher, Novel N-linked amiipggidine inhibitors of bacterial topoisomerase
type Il: broad-spectrum antibacterial agents wabduced hERG activity, J. Med. CheBd (2011)
7834-7847.

37



Highlights:

1. Compounds 16dk and 16do were discovered as selective FABP4 inhibitors using
astructure-based design strategy.

2. The X-ray crysta structures reveaed the binding mode of compounds 16d, 16dk,
16do, 16di with FABP4.

3. A systematic study was performed to validate the efficacy of 16dk and 16do both

invitro and in vivo.



