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Abstract

The risk of cardiovascular events increases inviddals with elevated plasma triglyceride
(TG) levels, therefore advocating the need forcedfit TG-lowering drugs. In the blood
circulation, TG levels are regulated by lipoprotépase (LPL), an unstable enzyme that is
only active as a non-covalently associated homodiriiée recently reported on a N-
phenylphthalimide derivative1l) that stabilizes LPLin vitro, and moderately lowers
triglycerides in vivo (Biochem. Biophys. Res. Commw14, 450 1063). Herein, we

establish structure-activity relationships of 51 phenylphthalimide analogues of the



screening hitl. In vitro evaluation highlighted that modifications on tHahalimide moiety
were not tolerated and that lipophilic substituartghe central phenyl ring were functionally
essential. The substitution pattern on the cenprednyl ring also proved important to
stabilize LPL. Howeverin vitro testing demonstrated rapid degradation of the gbintinde
fragment in plasma which was addressed by replatiagphthalimide scaffold with other
heterocyclic fragments. Thia vitro potency was retained or improved and substadtce

proved stable in plasma and efficiently loweredspia TGsn vivo.
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1. Introduction

Coronary Artery Disease (CAD) is a medical term anpassing a set of conditions
responsible for the narrowing and hardening of #la@ssels. CAD is classified as the
world’s leading cause of death and, therefore,gitevention, control and treatment of its
associated risk factors remain essential.[1, 2] iRetance, the probability of developing
CAD increase significantly with age,[3] family hasy,[4] obesity,[5] diabetes,[6] high blood
pressure and/or high blood cholesterol levels.[KeWwise and even though it has long been
debated, hypertriglyceridemia is an independeri factor of CAD.[8, 9] Abnormally
elevated plasma triacylglycerol (TG) levels is eginently encountered lipid disorder closely
associated with other CAD risk factors.[10, 11]

Plasma TGs originate from exogenous and endogesmuges. Dietary TGs are packed
into large lipoprotein particles (chylomicrons)time intestine whereas endogenous TGs are
assembled into very low-density lipoproteins (VLDlis the liver. After entering the blood
circulation these TG enriched lipoproteins are pssed by lipoprotein lipase (LPL), a TG
specific hydrolase enzyme.[12-14] The released fedty acids and monoglycerides are

stored or directly utilized for energy productian adipose or muscle tissues, respectively.



The remnant lipoproteins are absorbed by the lorein the case of VLDL remnants, they
are further processed into low-density lipoproteirisL).

LPL plays a central role in the regulation of plasiG levels.[12, 15] The enzyme, which
is only active as an unstable non-covalently assedihomodimer, is produced and secreted
from parenchymal cells. LPL is then transported andhored to its site of action at the
luminal surface of endothelial cells in capillar[@éd] Several endogenous factors such as
angiopoietin-like protein (ANGPTL) 3 and 4 reguldtPL activity.[15, 16] ANGPTL3 is
reported to inhibit LPL[17] whereas ANGPTL4 dirgctbromotes the dissociation of the
active homodimer into inactive monomeric species[18

Causes for abnormally elevated plasma TG levelgaiteered into two categories: familial
and acquired hypertriglyceridemia.[10] Familial bypiglyceridemia is believed to be a
consequence of an accumulation of inherited déteter alleles in genes regulating
lipoprotein catabolism, including LPL.[19] The catioh is said acquired when it is induced
by environmental factors such as obesity, type a@betes mellitus or high alcohol
consumption. Lifestyle changes, e.g. low fat dmtysical activity and alcohol restriction
usually lower plasma TG levels in hypertriglycende patients; however, for patients for
whom lifestyle changes have been ineffective, nedio with fibrates, niacin and/or n-3
fatty acids may be necessary.[20]

Herein, we report on the design, synthesis anduatiah of small molecules that stabilize
LPL in the presence of ANGPTL4 and, therefore, pre\the dissociation and inactivation of
homodimeric LPL. As a result, a significant increas LPL-mediated hydrolysis was sean
vitro with a number of compounds. Structure-activityatieihships (SAR) based on the
screening hit were established and the optimizedpoands were found to be efficacians

Vivo.

2. Results and discussion



High throughput screening of 17340 compounds pexvithe foundation for this medicinal
chemistry program.[21] The screening hi{Figure 1a), a substituted N-phenylphthalimide,
was selected as starting point on the basis q@ositive effects on LPL stability. Compound
1 preserved LPL activity at 37 °C or when incubadédoom temperature with the enzyme in
the presence of ANGPTL4. Chemical diversity arodnhed N-phenylphthalimide scaffold
(Figure 1b) can be achieved by starting from rgadiVailable building blocks. All
compounds in the present study were investigatedffects on LPL activity and stability, in
the presence of ANGPTLA4, according to previouskcdéed protocols.[21]

The synthesis of was straightforward and in good yields (SchemeCbmpound2 was
converted to the corresponding acid chloride upeattent with oxalyl chloride. Thereatter,
coupling with p-toluidine provided3 in 90% vyield. Direct amination o8 with piperidine
under basic conditions yielddd94%).[22] Subsequent reduction of the nitro grasmg tin
dichloride in refluxing ethanol[23] or sodium bogatlide and palladium on charcoal in
methanol[24] affordedb in nearly quantitative yields. Finally, the condatisn reaction
between anilinés and a substituted phthalic anhydrid® (nh refluxing glacial acetic acid
gavelin 89% vyields.[25]

2.1. Relevance of the carboxylic acid

Compound7, which only differs from the selected hif) (oy the absence of the carboxylic
acid functional group, was also evaluated during frimary screen (Table 1).[21]
Interestingly, it could not preserve LPL activityhioh indicates that a substituent on the
phthalimide moiety (Rin Figure 1b) is essential. To probe the rolehef tarboxylic acid, a
set of compounds in which the carboxylic acid pnésel was moved or replaced with other
functional groups was first investigated (Table 1).

The synthesis of the N-phenylphthalimide derivaiellowed the synthetic route tb

(Scheme 1), using the appropriate phthalic anhgdddrivatives in the last step (83-97%



yields).[25] Some of the target compounds necdssitan additional transformation. The
methyl esterl2 was conveniently obtained in high yield (97%) bsacting 1 with
trimethylsilyldiazomethane.[26] The carboxamideideive 11 was synthesized by treatment
of 1 with oxalyl chloride to form the correspondingdichloride and the activated carboxylic
acid was then reacted with hexamethyldisilazane pravided 11 in 11% vyield after
recrystallization. Finally, microwave-assisted cg@on of 8 using copper cyanide as the
nitrile source gavao in 24% vyield.

The substances were subsequently evaluated falizéibn of LPL activity.[21] In brief,
ANGPTL4 and LPL were added to a phosphate buffértism containing the compounds
previously dissolved in DMSO and a detergent. Tlvetures were incubated for 10 min at
25 °C and the remaining LPL activity was determirtgd addition of a substrate mix
containing Intralipi. LPL-mediated hydrolysis was terminated after 46 amd the released
free fatty acids were quantified using a titratloh(NEFA HR2 from Wako Chemicals). All
enzymatic activity measurements were normalizedMSO controls where 100% represent
LPL incubated without ANGPTLA.

The effect of the compounds on LPL activity is suanized in Table 1. Solely\
contributed to a significantly greater enzymatidivaty. Indeed, a replacement of the
carboxylic acid by another small functional grouptlae position 5 of the phthalimide
(compounds/-12) resulted in the limited or absence of LPL-mediabgdrolysis. The low
activity of 11 at 25 uM underlined the importance of having amiacfunctional group
(carboxylic acid inl vs. carboxamide idl). It also demonstrated that electron-withdrawing
substituents have no direct effect on the compquuency. As expected from the initial
screen,7 was confirmed inactive. Similarly, moving the aaxplic acid to position 4 of the
phthalimide (3) completely suppressed the effect observed ¥orThese results are

conspicuous and evidence the need of having a xg@rbacid group at position 5 of the



phthalimide. Consequently, it was decided that gedelsigned compounds all should include
a carboxylic acid functional group at this position

2.2. Substituent scrambling

Efforts to optimize the screening hit then focusedthe substituents on the central phenyl
ring (R’ and R in Figure 1b). A series of seven analogues thesent a scrambling of the
two substituents around the central phenyl ringevgsmnthesized (Table 2). In addition, three
other substances where the 1-piperidinyl groupommound23 was replaced by a chloride
(14), a phenyl- or tolylamino derivativd% and16, respectively) were also analyzed.

Compoundd7-22 were prepared using the same synthetic route &shame 1 with use of
the appropriate starting materials. A differenttigtic strategy was however adopted for the
preparation of compound$5, 16 and 23, using 3-bromo-5-aminobenozoic acig4) as
starting building block. During the amide couplimond the direct amination reactions
(Scheme 2, steps a and b/c respectively), the tegieal amino group present 24 would
compete with the reacting amines and thereforeranegligible amount of homo-coupling
products would form. To circumvent this problé# was conveniently converted into the
corresponding formamidine product upon reactionhwihe Vilsmeier reagent.[27] A
subsequent amide coupling wigittoluidine formed25 (60%), in a one-pot procedure.
Compound25 was subsequently reacted with aromatic or aliphatnines under Buchwald
coupling conditions[28, 29] and after formamidineleavage in refluxing
ethylenediamine,[27] compound28, 29 and 30 were isolated in 53-73% yields. The
condensation reaction between the resulting amamek6 yielded the final products (50-
62%).

Modification of the substitution pattern @fgenerally proved detrimental, or at best non-
beneficial, for LPL stabilization (Tables 1 and Zhus, displacing theg-tolylcarbamoyl

substituent to position 2 of the central phenygrid9) did not improve the hit potency.



Moving the 1-piperidinyl group to position 23) or 6 Q0) of the ring considerably or
slightly reduced LPL activity, respectively. Intstgly, reversing the substituent8l)
resulted in a compound with low activity. Sterigatlongested compound$ and22 were
also demonstrated poorly active. Finally; showed a reduced potency compared to the
screening hit. As a result, the substitution pattd#rl was concluded as the pattern of choice
for LPL stabilization.

The set of modified derivatives @8 (14, 15 and16) also provided valuable information.
While 14 proved inactive, the replacement of 1-piperidibyl a phenylamino groupl%)
improved the potency of the compound in comparispn23. However, elongation of the
phenylamino substituent db with a methyl group16) caused a dramatic loss of activity,
thus suggesting that larger groups are not tolgrate

2.3. Substituent variation.

A set of 33 compounds with the 1,3,4 pattern oncévgral phenyl ring (cf. Figure 1) was
designed and synthesized (Table 3). N-phenylphthidé @1), despite the absence of a
carboxylic acid functional group, was added to thésies on the basis of its previously
reported hypolipidemic activity in mice.[30] Chaillging 31 in our in vitro assay would
indicate a similar or different mode of action thaur analogues. For comparis8g, the
carboxylated version d31, was also evaluated. The target compounds werhesined as
described in Scheme 1 using of the appropriatedimgjl blocks. For compoun84, O-
alkylation was achieved in 75% yield by treati®gvith the alcohol derivative under basic
conditions in DMSO.[31]

Table 3 presents the effect on LPL activity of @ne& combination of two modifications at
the central phenyl ring in respectidTable 1). Importantly, the previously report&dand
32 proved completely inactive under our experimentadditions, thus suggesting tHaand

the other active analogues might preserve LPL ii¢tiva a different mechanism.



The introduction of a more polar substituebit-64 and63) resulted in a complete loss of
LPL activity. Similarly,55, 56 and64 that have an electron donating or electron witvirg
group on the central fragment were not active. #swnot surprising to find that the
combination of two unfavorable modificationd5(and 46) resulted in inactive analogues.
Also, the replacement of the methyl group on thdbaaoyl substituent with a methyl-ether
(34) decreased the compound potency.

Continuing the analysis on the carbamoyl substtfitbe addition of a chloridel®) caused
a significant increase in potency. However, theesponding fluoride analogus® did not
exhibit any enhanced potency in comparison to tneesing hit. Likewise, trifluoromethyl
group in35 and49 did not contribute to LPL stabilization. Benzy(#4) and aliphatic 47)
substituents were found inactive and less poteant threspectively. Removal of the methyl
group @3) significantly reduced LPL-mediated hydrolysis wdes its shift 36) decreased
LPL activity. Interestingly, increasing the bulkgseof the substituenB7, 39-40 and 43)
proved favorable at 6.25 uM; however, the efficatythe compounds remained relatively
low (< 71% of control) at higher concentrations regaiteshe size of the substituent.

Substitution of the 1-piperidinyl moiety with a ptypamino group %7) was confirmed as a
beneficial transformation for LPL activity. Compam38, 41-42 and 58 showed similar
potencies a&7 and, therefore cumulative effects resulting framo favorable modifications
were not observed. Finally, the aliphatic derivesinvb9-62) provided valuable information.
Short aliphatic chains59 and 62) showed a detrimental effect on LPL activity wheerea
longer chain §0) enhanced the compound’s potency to stabilize LRawever, further
elongation of the tail§l) almost turned the compound inactive, thus, plive importance

of the length of the aliphatic chain.



Several compounds e.gll, 42, 58, reach a plateau at the two or three highest
concentrations tested. This could possibly be duew solubility or that these compounds
act as partial agonists.

2.4. Evaluation of then vitro plasma stability.

Screening hitl was selected as model compound for the absorptigstribution,
metabolism and excretion (ADME) profiling of the pdtenylphthalimide derivatives.
Unfortunately, 1 rapidly degraded during the initial plasma prot&imding study (2%
remaining after 4 h; see experimental section fetaitk). To verify the poor stability,
compoundl was incubated and sampled over 24 hours in hurfesma which showed a
short half-life (> = 1.5 h). The degradation mechanism was investighy LC-MS/MS and
the first and second metabolites were identifiedhas partially 65 and 66) and fully 6)
hydrolyzed N-phenylphthalimide derivatives (Tab)e Bhus,65 was formed predominantly
(51% after 24 h) whil&6 and5 were produced in lower quantities (24% and 23%r &t h,
respectively).

In order to establish whether the metabolites catiddbilize LPL, they were synthesized
and evaluated in our enzymatic assay (Table 4)idi&egners65 and66 were obtained by
addition of 5 to anhydride6 in acetic acid. After completion of the reactiohg ttwo
regioisomers were separated using HPLC. Despitéddaefiect on LPL activity at 25 uM,
compounds65 and 66 remained less potent thdn The second metabolit®)(was found
completely inactive in oun vitro assay. Although these results highlight the bersfeffect
of the rigid bicyclic scaffold over the ring-openetructures, investigations on the N-
phenylphthalimide compounds were discontinued a®ressequence of their poor plasma
stability. The previously reported plasma TG lowgreffect of compound in mice should

probably be reconsidered as the effect of a cdcfasubstancesl(+ metabolites) rather



than the effect ofl alone.[21] Consequently, the intrinsic potencycoimpoundl was
probably underestimated vivo.

2.5. Design and synthesis of compounds stableasnph

A set of compounds (Table 5) where the hydrolys@mip phthalimide fragment was
replaced by other bicyclic scaffolds was designed synthesized. The selected heterocyclic
rings included benzimidazold, benzofurary7, indole78 and indazol&0-82 derivatives.

Compoundr1 was synthesized in four steps starting from inegtiate5 (Scheme 3). The
aniline derivative was converted into aryl brom&i®(90%) via a Sandmeyer reaction.[32]
Halogen exchange using a copper-catalyzed procqutokeded aryl iodides8 in excellent
yields.[33] Benzimidazol&0 was prepared in moderate yields by direct aryatib69 with
68.[34] Subsequent methyl ester hydrolysis under chasinditions yielded the target
compound 71, 90%).

Benzofuran and indole derivatives were preparedguiie synthetic route displayed in
Scheme 4. Cross-coupling reaction between aryl lm®6Y and trimethylsilylacetylene gave
72 in 60% vyields after cleavage of the trimethylsiybup.[35] A cascade reaction involving
a Sonogashira coupling between aryl iodi€ or 74 and acetylene’2 followed by an
intramolecular ring-closure yielded benzofurd@d, (67%) and indole76, 51%) derivatives,
respectively.[36] In this reaction the trifluoro&gdeaving group irv4 is needed for the ring-
closure to occur during the coupling. Subsequenhyhester hydrolysis yielded the targeted
benzofurarv7 (80%) and indol&8 (77%).

2H-Indazole derivative80-82 were synthesized according to a previously regartee-pot
three-component procedure (Scheme 5).[37] Withsabstrates, higher yields were however
obtained when the imine intermediate was synthdseparately. The imine was prepared by

refluxing 5 and79[38] in ethanol.
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The newly synthesized compounds were tested fdoiligation of LPL (Table 5).
Compound71 was evaluated as the weakest LPL stabilizer ofsémges with a moderate
effect on LPL activity at 25 pM. At low concenti@tis, the benzofuran scaffold 7@ proved
beneficial over the phthalimide fragmentlrand the indole derivativé8 appeared potent.
However, a drop in LPL activity was observed fotthbcompounds at 25 uM. The underlying
reason is most likely precipitation of the substendue to poor aqueous solubility. Indazole
isomers80 and 81 were found to have similar potency &sinterestingly, the shift of the
carboxylic acid from position B{) to position 6 80) did not affect the compound ability to
stabilize LPL. In order to verify the importance tfe carboxylic acid group in this
compound clas$82 was investigated and found inactive in agreemetfit the previous SAR.

The results depicted in Table 5 clearly demonsttatg heterocyclic fragments can
efficiently replace the phthalimide scaffold. Irder to validate our optimization strategy, the
drug-likeness of compoundd and80 was subjected to ADME profiling vitro (Table 6).
Unlike 1, the substances proved stable in human plasm&8%>s®ability). Both compounds
strongly bound to plasma proteins with < 0.01% esfineated unbound fraction (see
experimental section for details). The high protéimding indicates a limited tissue
exposure, which could be advantageous since LPbperating in plasma. The kinetic
solubility of compound§7 and80 was tested in phosphate buffered saline solutioeatral
and acidic pH (Table 6). Because of the presencipophilic substituents on their core
structure, 77 and 80 were expected to be poorly soluble in aqueous tisolu The
experimental measurements confirmed this hypothé&siszation of the acid function at pH
7.4 (< 2 uM for both substances) or the apparestopation of the different basic functions
at pH 1.2 (7 uM foi77; < 2 uM for80) did not significantly improve the solubility.

In vitro permeability was measured from transport ratessac€aco-2 cell monolayers as

previously reported.[39] Compound@@ (Pappvalue = 1.2 x 18 cm/s) andB0 (Pappvalue = 23
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x 10° cm/s) had a moderate and high intestinal permigaliil the absorptive, apical to
basolateral direction (a-b), respectively. Compkralermeability coefficients were obtained
in the secretory, basolateral to apical (b-a) dioec Calculation of the efflux ratiof(= b-a
Papp/ @-b Rpp indicated that no apparent active efflux integtemwith the transport of either
77 (E = 1.5) or80 (E = 1.4). Incubation in human liver microsomes shdwery high
metabolic stability fof77 (ty» > 80 h, Cly < 17 pL/min/mg) and®0 (ty2 > 80 h, Cly < 17
pL/min/mg) which thus indicates a very low risk faxidative metabolism in the liver.[40,
41] Compounds/7 and80 were also tested in freshly prepared human hep&i®cwhere
additional drug metabolizing enzymes are presedtvainere77 (ti = 40 min, Cly = 35
nL/min/1¢ cells) showed a higher degree of metabolism. htrast,80 (t, > 2 h, Cliy =
12 pL/min/1G cells) proved stable also under time vivolike conditions in the human
hepatocytes. In summary, the lead optimization staessful. Further, the compounds are
drug-like with regards to the predicted oral drpgee.[42]

Compound30, its regiosiomeBl1 and the screening hltwere then further investigateal
vitro by dose-response analysis and determination ofy E@lues (see the Supporting
Information for dose-response curves).sE@alues were found to be 6.0 pg0§, 5.0 UM
(81) and 6.6 uM 1) showing that the compounds have similar potenaies reach full
efficacy.

2.6. Previously reported hypolipidemic agents.

Our approach to the discovery of new and potenbtmglyceridemic agents offers the
advantage to assess timevitro evaluation of the target compounds. LPL is unstabid
difficult to handle. Thereforan vivo studies are often privileged. We wanted to ingedé
whether previously known lipid lowering compoundsuld stabilize LPL in our enzymatic
assay. As discussed above, N-phenylphthalifBidand thecarboxylated analogug? (Table

3), which belongs to the same class of compoundsiascreening hit, were inefficient in our
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assay thus suggesting thhtand the other active analogues preserve LPL #ctwa a
different mechanism thaBl. Other LPL activators (Figure 2), including Ilbpin[43, 44],
also known as NO-1886, some 5-fludrb-indole-2-carboxamides derivatives[45] and C10
that was recently reported as an LPL agonist pvasgrthe enzyme from inhibition by
ANGPTLA4[46] were tested in our system. None of ¢hegbstances proved active at 25 uM
in ourin vitro assay, confirming that the LPL-activating mechanrsisare different compared
to the stabilizing effects of the compounds desttiim this study.

2.7.In vivoinvestigation.

In order to compare tha vivo efficacy with thein vitro findings on our compoundg, 71,
77, 78, 80, 81 and vehicle only were administered through intriéapeeal (i.p.) injections to
mice (n = 8/group), once daily for 4 days (10 mgiagly weight per injection). Before the
last injection the mice were fasted overnight. @a hext morning they were given a last
injection and after 60 min they were challengedhvan oral olive oil gavage to monitor
postprandial lipid clearance. In the fasting st&fewas the only compound that caused
significantly lower TG levels than the vehicle cat(Figure 3). However, 60 min after the
gavage all animals but those receiving compalihdd significantly lower plasma TG levels
than the vehicle control. The low plasma stabitifyl, described above, is most likely the
reason for the modest efficacy of this compound.f1120 min, a similar pattern was seen
compared to vehicle control. At 180 min, the TG ueasl for most compounds were
significantly lower than for compourid These data demonstrate that compouiid37, 78,
80 and81 are superior to the previously reported compoiiridr accelerating postprandial
lipid clearance. In early studies, a single i.pe@tion was found to be less efficient than the
repeated injections for 4 days in lowering TG levglata not shown).

Potentially the TG lowering effect could the resatfttranscriptional activation.[47] To

address this we profiled compouBd for agonist activity against a set of nuclear ptoes
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(see Experimental section for details). For alleptors the E§ values exceeded 1Q{M.
These results supported our theory that the efficgacvivo of the compoundss due to a
direct effect on LPL.

The most commonly used drugs for lowering TG aeeini, fibrates and fish oil. We have
not benchmarked these drugs against our compouraisly because their mode of action is
different. All three currently approved drugs affé6 levels by lowering VLDL synthesis to
some extent,[48, 49] while our compounds appeard@ase the clearance of plasma TG. In
support of this we detected increased LPL actiintyhomogenates of subcutaneous white
adipose tissue for the most potent compounds aafBeh the lipid gavage (preliminary data,

not shown).

3. Conclusions

Compounds with greater potencies and stability tin@nscreening hitlj were designed,
synthesized and evaluat&d vitro. The SAR analysis illustrated the necessity ofitng\a
carboxylic acid functional group at the positiorfds 6) of the bicyclic ring. On the central
phenyl ring, we confirmed the substitution patteand evidenced the need of having
lipophilic substituents. Larger substituents at ¢taegbamoyl group were probed as beneficial
for the potency43). At position 4 of the central fragment, cyclicdamore rigid substituents
were not obligatory, and thus, amhexylamino group @0) added a favorable effect.
However, the length of the aliphatic tail was destoated as highly importan6] and62).
Unfortunately, additive effect of favorable mod#tons could not be evidenced. The
metabolic stability of the screening hit was alsgnsicantly improved by replacing the
hydrolysis-prone phthalimide scaffold by other hetgclic fragments. In addition to the
SAR analysis, we challenged previously reportedolyglyceridemic agents in our test
system and, consequently, we demonstrated that@mupounds have a different mode of

action on LPL activity than those previously repdrt Injections of the optimized lead
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compounds{l, 77, 78, 80 and81) to mice demonstrated that all compounds lowetashpa
TG levels after a lipid gavage compared to micatae with vehicle or with the previously
identified, but unstable, compoutd

In conclusion, we have developed novel TG lowedampounds that preserve the activity
of LPL via a mechanism based upon stabilizatiothefdimeric enzyme from inactivation by
ANGPTL4. Preliminary experiments in mice reveal®éattthese compounds can blunt a

postprandial elevation of plasma TG levielyivo.

4. Experimental section

4.1. General Chemical Procedures

LC-MS was carried out with a Waters LC system epedpwith an Xterra C18 column (50
x 19 mm, 5um, 125 A), eluted with a linear gradient of acetdiei in water, both of which
contained formic acid (0.2 %). A flow rate of 1.59.fmin was used and detection was
performed at 254 nm. Mass spectra were obtained @Water micromass ZQ 2000 using
positive and negative electrospray ionizatitith.NMR and*3*C NMR spectra were recorded
with a Bruker DRX-400 or DRX-360 spectrometer. NMRKoeriments were conducted at 298
K in DMSO-ds (residual solvent peak = 2.50 ppdH) and 39.52&C)). Compound®, 13,
14, 27, 33, 34, 36, 37, 44, 51, 55, 56, 57, 59, 64 andC10 were purchased from ChemBridge
Corp. or Sunblochem HB, analyzed with LC-MS, andduw/ithout further purification. All
target compounds were 95% pure according to HPLC UV-traces, except the-active

compound®, 13 and65 that were> 90% pure.

4.2. Synthetic Procedures
Procedure A: Synthesis of an acyl chloride and &agpto an aniline derivative

(Exemplified byg)
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A catalytic amount of DMF was added to a stirrellison of 2-chloro-5-nitrobenzoic acid
(2) (4.00 g, 19.85mmol) and oxalyl chloride (8.65 mL, 99.19 mmol)CM (50 mL) at O
°C under nitrogeratmosphere. After 20 min, the reaction was allow@dvarm to room
temperature and to proceed for a further 2 h. aetron mixture was concentrated, re-
dissolved in DCM anatoncentrated again. Triethylamine (13.83 mL, 9912Rol) andp-
toluidine (2.13 g, 19.85 mmol) were added to thederproduct dissolved in DCM (50 mL).
The reactionwas stirred for 5 h at room temperature under géno atmosphere. After
completion, the reaction mixture was diluted wiiCM and successively washed with HCI
(ag., 1M), NaHCQ (aq., sat.), water and brine. The organic phase dvied overMgSQO,,
filtered, and concentrated to dryness. The crudedenwas purified by column

chromatographySiO,, EtOAc/n-heptane, 7:3 -> 9:1) to gi@en 90% yield.

Procedure B: Synthesis of an aromatic amide pregpafom 3-aminobenzoic acid
derivatives (Exemplified B5)

Preparation of the Vilsmeier reagent: oxalyl chderi(404 uL, 4.63 mmol) was added
dropwise to a stirred solution of DMF (358 pL, 4®3nol) in DCM (5 mL) at O °C under
nitrogen atmosphere (note: a white foam is formifidje reaction was allowed to warm to
room temperature and to proceed for 30 min. 3-Argiflromobenzoic acid (500 mg, 2.31
mmol) in DCM (5 mL) was added to the Vilsmeier reagat 0°C and the reaction was
stirred for 1 h. Pyridine (561 pL, 6.95 mmol) wadded to the mixture at 0 °C and the
reaction was allowed to warm to room temperatufeerA30 min,p-toluidine (248 mg, 2.31
mmol) was added and the reaction was stirred farther 2 h. The mixture was then diluted
with DCM and successively washed with NaHC@vater and brine. The organic phase
was dried over MgSg£and concentrated to dryness. The crude amide wréged by column

chromatographySiO,, DCM/methanol, 5:1) to give5 in 60% yield.

Procedure C: Direct amination of aryl chlorides Wwiamino compounds (Exemplified 4y
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Piperidine (665 pL, 6.72 mmol) and triethylamine379 pL, 6.72 mmol) were
simultaneously added to a stirred solutiorBdfL.70 g, 5.85 mmol) in ethanol (15 mL). The
mixture was heated at reflux temperature for 5 fhthé reaction was not completed,
additional amine (e.g. 2 eq.) was added and thetiogawas allowed to proceed overnight.
After completion, the mixture was slowly cooled rmom temperature. The product was
filtered off, washed with cold ethanol and driedden vacuum to givel as a yellow

crystalline powder in 94% yield.

Procedure D: Direct amination of aryl bromides winiline derivatives (Exemplified by
27)

An oven-dried microwave tube was charged with Pd{AL mol%, 0.6 mg) and xPhos (3
mol%, 4.0 mg). The vessel was evacuated and bksckiith nitrogen (this process was
repeated 3 times). Degassed 1,4-dioxane (0.5 midagassed #D (4 mol%, 0.2 uL) were
successively added and the solution was heate@ & 8&or 1.5 min (dark green color). A
second oven-dried microwave tube was charged wat¥u (37.4 mg, 0.39 mmolR5
(100 mg, 0.28 mmol) anp-toluidine (35.7 mg, 0.33 mmol). The vessel wasceated and
backfilled with nitrogen (this process was repeadimes). The activated catalyst solution
was transferred from the first microwave tube itite second one using a degassed syringe.
Additional 1,4-dioxane (0.5 mL) was then added ideo to ease the stirring. The solution
was heated at 80-90 °C for 5 h. After completidr teaction mixture was cooled down to
room temperature, diluted with EtOAc, washed wititev and brine, dried over Mgg@nd
concentrated to dryness. The crude product wasiguuthy column chromatographiO,,

DCM/methanol, 95:5) to giva7 in 79% vyield.

Procedure E: Direct amination of aryl bromides wgiperidine (Exemplified b28)
25 (113 mg, 0.31 mmol), Copper (I) iodide (5 mol%,&8rhg), (R)-BINOL (20 mol%, 18

mg) and tripotassium phosphate (133.5 mg, 0.63 mmele charged in an oven-dried
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microwave tube. The vessel was evacuated and Headkiiith nitrogen (this process was
repeated 3 times) and piperidine (311 pL, 3.15 mnvak added via a degassed syringe. The
reaction was heated, solvent-free, at 110 °C fodayl The crude product was directly used in

the next step (formamidine cleavage) without furtnarification.

Procedure F: Formamidine cleavage (Exemplified3By

27 (81 mg, 0.21 mmol) was dissolved in ethanol (5 mhgl ethylenediamine (63 pL, 0.94
mmol) was added to the mixture. The reaction wasdtkeat reflux temperature for 6 h before
being concentrated. The crude product was puribgdcolumn chromatography (SiO

EtOAc/n-heptane, 1:1) to givgd in 93% yield.

Procedure G: O-Alkylation of aryl chlorides and alol (Exemplified by the synthesis of
54)

3 (300 mg, 1.03 mmol) and potassium hydroxide (86g3 1.55 mmol) were dissolved in
DMSO (3 mL) and the mixture was stirred at room ggerature under nitrogen atmosphere.
2-(2-Methoxyethoxy)ethanol (147 pL, 1.24 mmol) wiaen added and the reaction was
heated at 60 °C for 1 day. After cooling to roormperature, the reaction mixture was
acidified with HCI (aqg., 5%). The precipitate walsefed off, washed with water and dried

under vacuum to give pure product as a yellow powd&5% yield.

Procedure H: Reduction of nitro compounds, methg@xemplified byb)

4 (800 mg, 2.36 mmol) and Pd/C (31 mg) was dissdbueppended in methanol (20 mL)
and stirred vigorously. NaBH?222.8 mg, 5.89 mmol) was added portion wise @vperiod
of 30 min and the reaction was allowed to perfomtil unydrogen gas release ended. If the
reaction was not completed, additional NaB¥hs added. The solution was filtered through a
pad of Celit& and concentrated. The crude product was purifieddtumn chromatography

(SiO,, EtOAc/n-heptane, 1:9 -> 1:1) to gigen 90% vyield.
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Procedure I: Reduction of nitro compounds, meth@dax2mplified byb)

SnC} (18.07 g, 80.09 mmol) was added to a solutiod (5.44 g, 16.05 mmol) in ethanol
(100 mL) and the mixture was heated for 3 h aturefemperature. After completion, the
reaction mixture was allowed to cool down to rocemperature. The mixture was then
diluted with water and, after removal of the whitalid using a Celifé pad, the product was

extracted with ethyl acetate. Pure product wasiogdsby crystallization.

Procedure J: Phthalamido compound synthesis byocgeldensation of phthalic anhydride
derivatives and amino compounds (Exemplified)by

5 (500 mg, 1.62 mmol) and 1,2,4-benzenetricarboxafibydride §, 311 mg, 1.62 mmol)
were refluxed in glacial acetic acid (2.5 mL). Afeeh, the reaction mixture was allowed to
cool down to rt. The product was filtered off, wadhabundantly with n-heptane and dried

under vacuum to give as a yellow powder in 89% yield.

Procedure K: Methyl ester synthesis (Exemplified2)y

1 (50 mg, 0.10 mmol) was dissolved in a DCM/methamotture (1.6:0.2 mL) and the
mixture was stirred at room temperature and unddtrogen atmosphere.
Trimethylsilyldiazomethane (2M in hexane; 62 pL12Dmmol) was added dropwise over a
period of 10 min. After the nitrogen gas releasdeel) the reaction mixture was diluted in
DCM. The organic phase was successively washed MaHCQ;, water and brine, dried

over MgSQ and concentrated to dryness to gi2eas a white powder in 97% yield.

Procedure L: Carboxamide synthesis (Exemplifiedy

A catalytic amount of DMF was added to a stirretigson of 1 (50 mg, 0.10nmol) and
oxalyl chloride (45 pL, 0.52 mmol) in THF (1 mL) @t°C and under nitrogeatmosphere.
After 30 min, the reaction was allowed to warm é@m temperature and to perform for a

further 4 h. Then, the reaction mixture was conegat!, dissolved in DCM antbncentrated
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again. The crude acyl chloride was dissolved in D@NNL) and the mixture was stirred at O
°C and under nitrogen atmosphere. Hexamethyldesila265 pL, 0.31 mmol) in cold DCM

(0 °C, 0.5 mL) was rapidly added to the acyl cldersolution and the reaction was allowed
to warm to room temperature overnight. After remafahe solvent, the crude product was
dissolved in acetone. The remaining solids weteréd off and the filtrate was concentrated.

Recrystallization in DCM gavl in 11% yield.

Procedure M: Cyanation of aryl bromides (Exemptifioy10)

8 (100 mg, 0.19 mmol) and Copper (I) cyanide (25@ 529 mmol) were charged in a
microwave tube and NMP (0.2 mL) was added. Theelegas sealed and the reaction, under
nitrogen atmosphere, was heated at 175 °C for Ahé.reaction was allowed to cool down
to room temperature and the mixture was dilutecetinyl acetate before being filtered
through a Celit® pad and concentrated. The product was purifiedodinmn chromatography

(SiO;,, EtOAc/n-heptane, 1:5 -> 1:0) to gi¥6 as a white solid in 29% vyield.

Procedure N: Synthesis of amides using phthalicydntie derivatives and amino
compounds (Exemplified &% and 66)
5 (1.1 equiv.) and 1,2,4-benzenetricarboxylic anlde®, 29 mg, 0.15 mmol) were stirred
in glacial acetic acid (2 mL) for 20 h at room tesrggure. After removal of the solve6f
and66 were separated by reverse phase HPLC (Acetoftfdeer: 4:6 -> 1:1, with 0.005%
of formic acid). The fractions containing pure caapd65 or 66 were combined and

lyophilized to give the regioisomers in 7% and 9%ds, respectively.

Procedure O: Synthesis of aryl bromides via Sanémeaction (Exemplified b§7)
A concentrated HBr solution (0.5 mL, 8 equiv.) vealsled dropwise at 5 °C to a suspension
of 5 (350 mg, 1.13 mmol) in acetonitrile (3.5 mL); alppale precipitate formed. Then, a

cold aqueous solution of sodium nitrite (1 equiv35 M) was added dropwise while the
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temperature was kept below 5 °C. A cold solutibnapper (I) bromide (340.6 mg, 2.1
equiv.) in HBr (0.5 mL, 8 equiv.) was added dropis the formed diazonium salt. The
reaction was stirred at room temperature for 1dhtaen heated to reflux temperature for an
additional hour. The reaction mixture was dilutathidCM and washed with brine. The
organic phase was dried over MgS(@iltered, and concentrated to dryness. The crae
purified by column chromatography (Si@radient EtOAc/n-heptane) to gi@é in 90%

yield.

Procedure P: Halogen exchange in aryl halides (Epired by68)
67 (600 mg, 1.6 mmol), copper (l) iodide (30.6 md, &quiv.) and sodium iodide (482 mg, 2
equiv.) were charged in an oven-dried microwave tdlhe sealed vessel was evacuated and
backfilled with nitrogen (this process was reped&édunes) and N,N'-
dimethylethylenediamine (34 pL, 0.2 equiv.) follaMey degassed 1,4-dioxane (2.1 mL)
were added via a degassed syringe. The reactiomeesd at 110 °C for 1 day. After
cooling down to room temperature, the reaction omexiwas diluted wittbCM and
successively washed with water and brine. The ocgamase was dried ov&tgSQ,, filtered
and concentrated to dryness. The crude was pubffezblumn chromatograph®iO,,

gradient EtOAc/n-heptane) to gi68 in 94% vyield.

Procedure Q: Direct arylation of methyl 1H-benziemdle-5-carboxylate (Exemplified by
70)
Methyl 1H-benzimidazole-5-carboxylatéd 30 mg, 0.17 mmol, 1 equiv§8 (143.2 mg, 2
equiv.), copper (I) iodide (65 mg, 2 equiv.), aradlgdium (1) acetate (1.9 mg, 0.05 equiv.)
were charged in an oven-dried microwave vial. Teesel was evacuated and backfilled with
nitrogen (this process was repeated 3 times) an®MiF (0.8 mL) was added via a degassed
syringe. The reaction was heated at 140 °C fory4.dafter cooling down to room

temperature, the reaction mixture was diluted tthyl acetate and successively washed
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with water and brine. The organic phase was dnedt MgSQ, filtered, and concentrated to
dryness. The crude was purified by column chronraggyy (SiQ, DCM/methanol, 95:5) to

give 70 in 56% yield.

Procedure R: Methyl ester hydrolysis

An aqueous solution of potassium hydroxide (37 mi} added to an ethanolic solution
of methyl ester derivative (25 mM). The reactiorkimie was heated to reflux temperature
for 1 day. After cooling down to room temperatunel dhe pH of the solution was set to 2-3
using HCI (ag., 1 M). The precipitate was filterefl, washed with cold water and dried

under vacuum.

Procedure S: Sonogashira coupling reaction of adkyderivatives with aryl bromides
(Exemplified byr2)
67 (0.11 mmol, 1 equiv.), copper (I) iodide (0.1 eqguand bis(triphenylphosphine)
palladium(ll) chloride (0.05 equiv.) were chargadan oven-dried microwave tube. The
vessel was evacuated and backfilled with nitrodlets process was repeated 3 times) and dry
DMF (1.2 mL) followed by triethylamine (2.0 equiwere added via a degassed syringe.
The reaction was allowed to perform for 5 min atmotemperature and
trimethylsilylacetylene (3.0 equiv.) was added. Téaction was heated at 60 °C for 2 days.
After cooling down to room temperature, the reactitixture was diluted with ethyl acetate
and washed with brine. The organic phase was drnedMgSQ, filtered, and concentrated
to dryness. The crude was dissolved in a methaH®&/fMixture (1:4) and potassium
carbonate (2 equiv.) was added. After overnightisy, the reaction mixture was diluted
with ethyl acetate and washed with brine. The argphase was dried over MgaQiltered,
and concentrated to dryness. The crude was pubffezblumn chromatography to yief@

in 60% vyield.
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Procedure T: Synthesis of Benzofuran and Indolevdgves via Sonogashira coupling
reaction of alkyne with aryl iodides (Exemplifieg42)

73 (0.11 mmol, 1 equiv.),72 (2 equiv.), copper (I) iodide (0.1 equiv.) and
bis(triphenylphosphine) palladium(ll) chloride (B.@quiv.) were charged in an oven-dried
microwave tube. The vessel was evacuated and Headkivith nitrogen (this process was
repeated 3 times) and dry DMF (1.2 mL) followedthgthylamine (2.7 equiv.) were added
via a degassed syringe. The reaction was heateer umidrowave irradiation conditions at
110 °C for 20 min. After cooling to room tempera&uthe reaction mixture was diluted with
ethyl acetate and washed with brine. The organasehwas dried over MgQCiltered, and
concentrated to dryness. The crude was purifie¢ddymn chromatography to givé in

67% yield.

Procedure U: Synthesis of 2H-Indazole derivatisefnplified by80)
5 (3 mmol, 1 equiv.) and9 (1 equiv.) were dissolved in ethanol (70 mL) amel mixture
was refluxed for 20 min. After cooling down to roasemperature, the formed precipitate was
filtered off, washed carefully with cold ethanoldagiried under vacuum. The preformed
imine (1.77 mmol. 1 equiv.) and cesium carbonat@ €fuiv.) were dissolved in dry,
degassed DMSO (80 mL) and the mixture was heat&datC. A freshly prepared DMSO
solution (4 mL) of copper iodide (0.2 equiv.) andlEDA (0.2 equiv.) was added to the
reaction vessel. Sodium azide (2.0 equiv.) was #ugled in small portions and the reaction
was stirred at 120 °C for 24 h. The brown mixtueswallowed to reach room temperature,
diluted in ethyl acetate and successively washdéd MCI (1 M), brine, dried over N8O,
filtered and concentrated to give a brown solide Thude solid was triturated with ethanol
and then ethanol was pipetted off. The solids wiesgolved in 50 ml of hot ethanol and the
product was precipitated with 200 ml of heptandeAtooling to ca. 10 °C, the solids were

vacuum filtered to giv80 in 56% yield. (Note: The reaction proved moreaéint when the
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imine was preformed. A one-pot procedure wherghallreactants were added together also

provided the desire product, albeit a lower reacéftiiciency.)

4.3. Tabulated compounds

1,3-Dioxo-2-(4-(piperidin-1-yl)-3-(p-tolylcarbamgphenyl)isoindoline-5-carboxylic acid
(1). 1 was synthesized by procedures A, C, H (or I) and J.

'H-NMR (400 MHz, DMSO#): & 13.80 (bs, 1H), 11.43 (s, 1H), 8.41 (dds 1.5, 7.7 Hz,
1H), 8.30 (dJ = 1.4 Hz, 1H), 8.05 (d] = 7.7 Hz, 1H), 7.88 (d] = 2.6 Hz, 1H), 7.66 (d] =
8.3 Hz, 2H), 7.56 (dd] = 2.6, 8.5 Hz, 1H), 7.43 (d,= 8.7 Hz, 1H), 7.18 (d] = 8.6 Hz, 2H),
2.95-3.05 (m, 4H), 2.28 (s, 3H), 1.62-1.73 (m, 4H%8-1.58 (m, 2H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.36, 166.35, 165.84, 163.92, 151.41, 136.40,
136.36, 135.41, 135.03, 132.49, 132.16, 130.57,3829129.07, 126.81, 123.77, 123.33,
120.80, 119.32, 53.70, 25.95, 23.29, 20.50.

ESI-MSm/zcalcd for GgH,sN3Os (M+H)" 484.18; found: 484.21.

5-(1,3-dioxoisoindolin-2-yl)-2-(piperidin-1-yl)-N-flylbenzamide 7). 7 was synthesized
by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO€): & 11.46 (s, 1H), 7.94-8.00 (m, 2H), 7.88-7.94 (m),2H
7.86(d, J = 2.5 Hz, 1H), 7.66 (d, J = 8.3 Hz, 2H), 7(8%l, J = 2.6, 8.5 Hz, 1H), 7.43 (d, J =
8.6 Hz,1H), 7.18 (d,J = 8.4 Hz, 2H), 2.95-3.07 (m, 4H), 2.28 (s, 3HB2L1.74 (M, 4H),
1.48-1.59 (m, 2H).

ESI-MS m/z calcd for &H,sN30s (M+H)" 440.19; found: 439.97.

5-(5-bromo-1,3-dioxoisoindolin-2-yl)-2-(piperidinyd)-N-p-tolylbenzamide 8). 8 was
synthesized by procedures A, C, H and J.
'H-NMR (360 MHz, DMSOds): 5 11.43 (s, 1H), 8.17 (d,= 1.8 Hz, 1H), 8.1 (dd] = 1.8,

7.9 Hz, 1H), 7.9 (dJ = 7.9 Hz, 1H), 7.85 (d] = 2.5 Hz, 1H), 7.66 (d] = 8.1 Hz, 2H), 7.54
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(dd,J = 2.7, 8.4 Hz, 1H), 7.43 (d,= 8.7 Hz, 1H), 7.18 (d] = 8.4 Hz, 2H), 3.01 () = 4.8
Hz, 4H), 2.28 (s, 3H), 1.61-1.73 (m, 4H), 1.48-1(68 2H).

ESI-MSm/zcalcd for G7H4BrNzOs (M+H)" 518.10; found: 518.11.

5-(5-amino-1,3-dioxoisoindolin-2-yl)-2-(piperidinyd)-N-p-tolylbenzamidedj.

'H-NMR (400 MHz, DMSO#€): 8 11.53 (s, 1H), 7.80 (d, = 2.6 Hz, 1H), 7.65 (d] = 8.4
Hz, 2H), 7.58 (dJ = 8.3 Hz, 1H), 7.50 (dd] = 2.6, 8.5 Hz, 1H), 7.40 (d,= 8.7 Hz, 1H),
7.18 (d,J = 8.3 Hz, 2H), 7.00 (dJ = 2.0 Hz, 1H), 6.86 (dd] = 2.0, 8.3 Hz, 1H), 6.56 (bs,
2H), 2.95-3.03 (M, 4H), 2.28 (s, 3H), 1.62-1.74 4H), 1.49-1.58 (m, 2H).

ESI-MSm/zcalcd for G7Ho6N4O3 (M+H)" 455.20; found: 455.02.

5-(5-cyano-1,3-dioxoisoindolin-2-yl)-2-(piperidinyl)-N-p-tolyloenzamide 10). 10 was
synthesized by procedure M.

'H-NMR (400 MHz, DMSOdg): & 11.41 (s, 1H), 8.51 (s, 1H), 8.37 (dbi= 1.4, 7.7 Hz,
1H), 8.14 (dJ = 7.8 Hz, 1H), 7.87 (d] = 2.6 Hz, 1H), 7.65 (d] = 8.1 Hz, 2H), 7.55 (dd] =
2.6, 8.5 Hz, 1H), 7.44 (d, = 8.6 Hz, 1H), 7.18 (d] = 8.1 Hz, 2H), 2.98-3.05 (m, 4H), 2.28
(s, 3H), 1.63-1.72 (m, 4H), 1.50-1.58 (m, 2H).

ESI-MSm/zcalcd for GgHo4N4O3 (M+H)" 465.18; found: 465.38.

1,3-dioxo-2-(4-(piperidin-1-yl)-3-(p-tolylcarbamgphenyl)isoindoline-5-carboxamide
(11). 11 was synthesized by procedure L.

'H-NMR (360 MHz, DMSO¢g): & 11.44 (s, 1H), 8.33-8.43 (m, 3H), 8.05 {d= 7.8 Hz,
1H), 7.87 (dJ = 2.6 Hz, 1H), 7.79 (bs, 1H), 7.66 @= 8.3 Hz, 2H), 7.56 (dd] = 2.7, 8.6
Hz, 1H), 7.43 (dJ = 8.7 Hz, 1H), 7.18 (d] = 8.7 Hz, 2H), 2.98-3.04 (m, 4H), 2.28 (s, 3H),
1.64-1.72 (m, 4H), 1.50-1.58 (m, 2H).

ESI-MSm/zcalcd for GgHo6N4O4 (M+H)™ 483.20; found: 483.27.
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Methyl-1,3-dioxo-2-(4-(piperidin-1-yl)-3-(p-tolylchamoyl)phenyl)isoindoline-5-
carboxylate 12). 12 was synthesized by procedure K.

'H-NMR (360 MHz, DMSOd): & 11.42 (bs, 1H), 8.43 (d, = 7.8 Hz, 1H), 8.32 (s, 1H),
8.33 (s, 1H), 8.11 (dl = 7.8 Hz, 1H), 7.88 (d] = 2.5 Hz, 1H), 7.66 (d] = 8.1 Hz, 2H), 7.56
(dd,J = 2.5, 8.5 Hz, 1H), 7.43 (d, = 8.6 Hz, 1H), 7.18 (d] = 8.1 Hz, 2H), 3.95 (s, 3H),
2.97-3,05 (m, 4H), 2.28 (s, 3H), 1.62-1,72 (m, 4H%9-1.58 (m, 2H).

ESI-MSm/zcalcd for GgH,7NzOs (M+H)* 498.20; found: 498.07.

1,3-dioxo-2-(4-(piperidin-1-yl)-3-(p-tolylcarbamgphenyl)isoindoline-4-carboxylic  acid
(13).

'H-NMR (400 MHz, DMSOd): & 13.69 (bs, 1H), 11.43 (s, 1H), 7.90-8.10 (m, 3H35
(d, J = 2.6 Hz, 1H), 7.66 (d] = 8.3 Hz, 2H), 7.55 (dd] = 2.6, 8.6 Hz, 1H), 7.42 (d,= 8.6
Hz, 1H), 7.18 (dJ = 8.6 Hz, 2H), 2.98-3.06 (m, 4H), 2.28 (s, 3HH31.72 (m, 4H), 1.49-
1.59 (m, 2H).

ESI-MSm/zcalcd for GgH,sN2O0s (M+H)™ 484.18; found: 483.97.

2-(3-chloro-5-(p-tolylcarbamoyl)phenyl)-1,3-dioxoiadoline-5-carboxylic acidld).

'H-NMR (400 MHz, DMSO#): & 13.80 (bs, 1H), 10.37 (s, 1H), 8.44 (dd; 1.4, 7.8 Hz,
1H), 8.34 (s, 1H), 8.15 (8, = 2.22 Hz, 1H), 8.13 (dl = 7.7 Hz, 1H), 8.02 (] = 1.7 Hz, 1H),
7.82 (t,J=1.9 Hz, 1H), 7.64 (dl = 8.5 Hz, 2H), 7.16 (d = 8.7 Hz, 2H), 2.29 (s, 3H).

ESI-MSm/zcalcd for GsH1sCIN.Os (M+H)™ 435.07; found: 434.90.

1,3-dioxo-2-(3-(phenylamino)-5-(p-tolylcarbamoylgmtyl)isoindoline-5-carboxylic  acid
(15). 15 was synthesized by procedures B, D, F and J.
'H-NMR (360 MHz, DMSO#k): 5 13.76 (bs, 1H), 10.20 (s, 1H), 8.64 (s, 1H), §di®,J =

1.1, 7.4 Hz, 1H), 8.32 (s, 1H), 8.09 (d= 7.8 Hz, 1H), 7.63 (m, 3H), 7.42 {t= 1.5 Hz, 1H),

26



7.37 (t,J = 1.5 Hz, 1H), 7.29 () = 7.48 Hz, 2H), 7.19 (d] = 8.3 Hz, 2H), 7.15 (dJ = 8.3
Hz, 2H), 6.91 (tJ = 7.3 Hz, 1H), 2.28 (s, 3H).

ESI-MSm/zcalcd for GgH,1N3Os (M+H)" 492.15; found: 492.28.

1,3-dioxo-2-(3-(p-tolylamino)-5-(p-tolylcarbamoyhyenyl)isoindoline-5-carboxylic  acid
(16). 16 was synthesized by procedures B, D, F and J.

H-NMR (360 MHz, DMSO#€): & 13.02 (bs, 1H), 10.18 (s, 1H), 8.49 (s, 1H), &2 =
7.8 Hz, 1H), 8.32 (s, 1H), 8.08 (d= 7.8 Hz, 1H), 7.62 (d] = 8.1 Hz, 2H), 7.55 (J = 1.3
Hz, 1H), 7.36 (s, 1H), 7.28 (s, 1H), 7.06-7.17 @H), 2.27 (s, 3H), 2.24 (s, 3H).

ESI-MSm/zcalcd for GgH23N30s (M+H)" 506.16; found: 505.82.

1,3-dioxo-2-(5-(piperidin-1-yl)-2-(p-tolylcarbamgphenyl)isoindoline-5-carboxylic  acid
(17). 17 was synthesized by procedures A, C, | and J.

'H-NMR (400 MHz, DMSO#): 8 13.72 (bs, 1H), 10.33 (s, 1H), 8.39 (dcs 1.5, 7.7 Hz,
1H), 8.26 (s, 1H), 8.03 (d,= 7.7 Hz, 1H), 7.44 (d] = 8.3 Hz, 2H), 7.31 (d] = 8.8 Hz, 1H),
7.25 (d,J = 2.7 Hz, 1H), 7.19 (dd] = 2.5, 8.4 Hz, 1H), 7.06 (d,= 8.0 Hz, 2H), 3.28-3.38
(m, 4H), 2.22 (s, 3H), 1.54-1.71 (m, 6H).

ESI-MSm/zcalcd for GgH,sN3Os (M+H)" 484.18; found: 484.04.

1,3-dioxo-2-(2-(piperidin-1-yl)-6-(p-tolylcarbamqgphenyl)isoindoline-5-carboxylic  acid
(18). 18 was synthesized by procedures A, C, | and J.

'H-NMR (400 MHz, DMSOdg): 5 13.71 (bs, 1H), 10.38 (s, 1H), 8.41 {cs 7.6 Hz, 1H),
8.30 (s, 1H), 8.06 (d] = 7.8 Hz, 1H), 7.60 (] = 7.9 Hz, 1H), 7.40-7.51 (m, 4H), 7.06 (d=
8.0 Hz, 2H), 2.69-2.78 (m, 4H), 2.22 (s, 3H), 1241 (m, 6H).

ESI-MSm/zcalcd for GgH2sN30s (M+H)™ 484.18; found: 483.93.

1,3-dioxo-2-(4-(piperidin-1-yl)-2-(p-tolylcarbamgphenyl)isoindoline-5-carboxylic  acid

(19).

27



'H-NMR (400 MHz, DMSO¢): & 13.65 (bs, 1H), 10.33 (s, 1H), 8.38 (dds 1.0, 7.7 Hz,
1H), 8.25 (s, 1H), 8.01 (d,= 7.7 Hz, 1H), 7.44 (d] = 8.3 Hz, 2H), 7.31 (d] = 8.9 Hz, 1H),
7.25 (d,d = 2.7 Hz, 1H), 7.19 (dd] = 2.7, 8.8 Hz, 1H), 7.06 (d,= 8.4 Hz, 2H), 3.30-3.40
(m, 4H), 2.22 (s, 3H), 1.55-1.73 (m, 6H).

ESI-MSm/zcalcd for GgH,sN2Os (M+H)* 484.18; found: 483.97.

1,3-dioxo-2-(2-(piperidin-1-yl)-5-(p-tolylcarbamgphenyl)isoindoline-5-carboxylic  acid
(20). 20 was synthesized by procedures A, C, | and J.

'H-NMR (400 MHz, DMSO#): 8 13.79 (bs, 1H), 11.21 (s, 1H), 8.43 (dd; 1.5, 7.8 Hz,
1H), 8.32 (s, 1H), 8.09 (d,= 7.8 Hz, 1H), 7.87 (d] = 8.2 Hz, 1H), 7.67 (d] = 8.4 Hz, 2H),
7.38 (d,J = 2.0 Hz, 1H), 7.26 (dd] = 1.8, 8.4 Hz, 1H), 7.18 (d,= 8.5 Hz, 2H), 2.93-3.03
(m, 4H), 2.29 (s, 3H), 1.60-1.71 (m, 4H), 1.45-1(6§ 2H).

ESI-MSm/zcalcd for GgH2sN30s (M+H)™ 484.18; found: 483.97.

1,3-dioxo-2-(3-(piperidin-1-yl)-4-(p-tolylcarbamq@phenyl)isoindoline-5-carboxylic  acid
(21). 21 was synthesized by procedures A, C, | and J.

'H-NMR (400 MHz, DMSO#): 8 13.79 (bs, 1H), 10.10 (s, 1H), 8.45 (dd; 1.4, 7.7 Hz,
1H), 8.36 (s, 1H), 8.14 (d,= 7.8 Hz, 1H), 8.06 (dd} = 2.3, 8.5 Hz, 1H), 7.94 (d,= 2.2 Hz,
1H), 7.63 (dJ = 8.4 Hz, 2H), 7.33 (d] = 8.5 Hz, 1H), 7.15 (dJ = 8.6 Hz, 2H), 2.75-2.88
(m, 4H), 2.27 (s, 3H), 1.26-1.43 (m, 6H).

ESI-MSm/zcalcd for GgH,sN2Os (M+H)* 484.18; found: 483.97.

1,3-dioxo-2-(2-(piperidin-1-yl)-3-(p-tolylcarbamqgphenyl)isoindoline-5-carboxylic  acid
(22). 22 was synthesized by procedures A, C, | and J.
'H-NMR (400 MHz, DMSO#g): 3 13.79 (bs, 1H), 10.45 (s, 1H), 8.46 (dc& 1.5, 7.7 Hz,

1H), 8.36 (s, 1H), 8.14 (d,= 7.8 Hz, 1H), 7.63 (d] = 8.4 Hz, 2H), 7.46-7.54 (m, 2H), 7.31
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(7,3 = 7.7 Hz, 1H), 7.14 (d] = 8.5 Hz, 2H), 2.76-2.90 (m, 4H), 2.27 (s, 3HDPEEL.28 (m,
6H).

ESI-MSm/zcalcd for GgH2sN30s (M+H)" 484.18; found: 484.02.

1,3-dioxo-2-(3-(piperidin-1-yl)-5-(p-tolylcarbamqgphenyl)isoindoline-5-carboxylic  acid
(23). 23 was synthesized by procedures B, E, F and J.

'H-NMR (400 MHz, DMSO#): 8 13.75 (bs, 1H), 10.15 (s, 1H), 8.43 (dds 1.5, 7.8 Hz,
1H), 8.32 (s, 1H), 8.09 (d,= 7.8 Hz, 1H), 7.62 (d] = 8.4 Hz, 2H), 7.52 (t) = 1.6 Hz, 1H),
7.33 (t,J = 1.8 Hz, 1H), 7.21 (] = 2.2 Hz, 1H), 7.16 (d] = 8.8 Hz, 2H), 3.25-3.31 (m, 4H),
2.28 (s, 3H), 1.62-1.68 (m, 4H), 1.54-1-62 (m, 2H).

ESI-MSm/zcalcd for GgH,sN3Os (M+H)" 484.18; found: 484.21.

2-phenylisoindoline-1,3-dion&%). 31 was synthesized by procedure J.
'H-NMR (400 MHz, DMSO-@): 3 7.88- 8.02 (m, 4H), 7.40-7.57 (m, 5H).

ESI-MSm/zcalcd for G4HoNO, (M+H)" 224.06; found: 224.19.

1,3-dioxo-2-phenylisoindoline-5-carboxylic ac@R). 32 was synthesized by procedure J.
'H-NMR (400 MHz, DMSO#l): & 13.76 (bs, 1H), 8.41 (dd,= 1.4, 7.7 Hz, 1H), 8.31 (s,
1H), 8.09 (dJ = 7.7 Hz, 1H), 7.42-7.59 (m, 5H).

ESI-MSm/zcalcd for GsHgNO, (M-H)™ 266.05; found: 266.02.

1,3-dioxo-2-(3-(phenylcarbamoyl)-4-(piperidin-1yenyl)isoindoline-5-carboxylic  acid
(33).

'H-NMR (400 MHz, DMSO#): 8 13.77 (bs, 1H), 11.54 (s, 1H), 8.41 (dd; 1.5, 7.7 Hz,
1H), 8.30 (s, 1H), 8.07 (d,= 7.8 Hz, 1H), 7.90 (d] = 2.6 Hz, 1H), 7.78 (d] = 7.7 Hz, 2H),
7.57 (dd,J = 2.5, 8.5 Hz, 1H), 7.44 (d,= 8.8 Hz, 1H), 7.38 (dd] = 7.5, 8.5 Hz, 2H), 7.10
(dd, J = 7.0, 7.7 Hz, 1H), 2.96-3.09 (m, 4H), 2.58 Jgz 7.6 Hz, 2H), 1.62-1.74 (m, 4H),

1.49-1.60 (m, 2H), 1.18 (§,= 7.6 Hz, 3H).
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ESI-MSm/zcalcd for G7H23N30s (M+H)" 470.16; found: 469.98.

2-(3-(4-methoxyphenylcarbamoyl)-4-(piperidin-1-yigmyl)-1,3-dioxoisoindoline-5-
carboxylic acid 84).

'H-NMR (400 MHz, DMSO#): 8 13.73 (bs, 1H), 11.40 (s, 1H), 8.41 (dcs 1.4, 7.8 Hz,
1H), 8.30 (s, 1H), 8.08 (d,= 7.7 Hz, 1H), 7.88 (d] = 2.4 Hz, 1H), 7.69 (d] = 8.6 Hz, 2H),
7.56 (ddJ = 2.5, 8.6 Hz, 1H), 7.43 (d,= 8.6 Hz, 1H), 6.96 (d] = 8.6 Hz, 2H), 3.75 (s, 3H),
2.93-3.07 (m, 4H), 1.61-1.74 (m, 4H), 1.49-1.58 ).

ESI-MSm/zcalcd for GgH,sN30g (M+H)" 500.17; found: 499.90.

1,3-dioxo-2-(4-(piperidin-1-yl)-3-(4-(trifluoromey phenylcarbamoyl)phenyl)isoindoline-
5-carboxylic acid 85). 35 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): 5 13.75 (bs, 1H); 11.66 (s, 1H); 8.42 (dds 1.3, 7.8 Hz,
1H); 8.31 (s, 1H); 8.08 (d, = 7.7 Hz, 1H); 7.99 (d] = 8.5 Hz, 2H); 7.85 (d] = 2.5 Hz, 1H);
7.76 (d,J = 8.7 Hz, 2H); 7.59 (dd] = 2.5, 8.7 Hz, 1H); 7.44 (d,= 8.6 Hz, 1H); 3.03 (t] =
4.6 Hz, 4H); 1.61-1.70 (m, 4H); 1.49-1.57 (m, 2H).

ESI-MSm/zcalcd for GgH,FsN30s (M+H)* 538.15; found: 538.21.

1,3-dioxo-2-(4-(piperidin-1-yl)-3-(m-tolylcarbam@ghenyl)isoindoline-5-carboxylic acid
(36).

'H-NMR (400 MHz, DMSO#€): 8 13.74 (bs, 1H), 11.44 (s, 1H), 8.42 (dd; 1.5, 7.7 Hz,
1H), 8.31 (s, 1H), 8.08 (d,= 7.7 Hz, 1H), 7.87 (d] = 2.6 Hz, 1H), 7.66 (s, 1H), 7.57 (dH,
= 2.6, 8.6 Hz, 1H), 7.50 (d,= 7.6 Hz, 1H), 7.44 (d] = 8.7 Hz, 1H), 7.26 (§J = 7.8 Hz, 1H),
6.93 (d,J = 7.4 Hz, 1H), 2.97-3.07 (m, 4H), 2.32 (s, 3HBH1L1.74 (m, 4H), 1.49-1.60 (m,
2H).

ESI-MSm/zcalcd for GgH,sN20s (M+H)* 484.18; found: 483.93.
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2-(3-(4-ethylphenylcarbamoyl)-4-(piperidin-1-yl)pt)-1,3-dioxoisoindoline-5-carboxylic
acid 37).

'H-NMR (400 MHz, DMSO#): 8 13.76 (bs, 1H), 11.47 (s, 1H), 8.41 (dd; 1.4, 7.8 Hz,
1H), 8.30 (s, 1H), 8.08 (d,= 7.7 Hz, 1H), 7.88 (d] = 2.5 Hz, 1H), 7.68 (d] = 8.1 Hz, 2H),
7.56 (dd,J = 2.5, 8.5 Hz, 1H), 7.44 (d,= 8.7 Hz, 1H), 7.22 (d] = 8.1 Hz, 2H), 2.96-3.07
(m, 4H), 2.58 (g, = 7.6 Hz, 2H), 1.62-1.74 (m, 4H), 1.48-1.59 (m)2H18 (t,J = 7.6 Hz,
3H).

ESI-MSm/zcalcd for GgH,7NzOs (M+H)* 498.20; found: 497.99.

2-(3-(Biphenyl-2-ylcarbamoyl)-4-(phenylamino)phgfiy3-dioxoisoindoline-5-carboxylic
acid (38). 38 was synthesized by procedures A, C, H and J.

'H-NMR (360 MHz, DMSO#g): 5 13.81 (bs, 1H), 10.02 (s, 1H), 9.13 (s, 1H), §ai® J =
1.6, 7.7 Hz, 1H), 8.34 (s, 1H), 8.11 (= 7.8 Hz, 1H), 7.7 (dJ = 2.3 Hz, 1H), 7.55 (d] =
7.6 Hz, 1H), 7.27-7.44 (m, 11H), 7.2 3t= 6.9 Hz, 1H), 7.13 (d] = 7.7 Hz, 2H), 7.02 () =
7.3 Hz, 1H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.84, 166.48, 166.46, 165.83, 144.00, 141.15,
138.99, 137.87, 136.61, 135.62, 134.77, 134.47,9P31131.22, 130.22, 129.43, 128.48,
128.34, 128.28, 127.86, 127.57, 127.11, 126.73,8723123.41, 122.31, 121.96, 119.85,
115.73.

ESI-MSm/zcalcd for G4H23N30s (M-H)™ 552.16; found: 552.26.

2-(3-(4-isopropylphenylcarbamoyl)-4-(piperidin-Iyythenyl)-1,3-dioxoisoindoline-5-
carboxylic acid 89). 39 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): 8 13.75 (bs, 1H), 11.51 (s, 1H), 8.42 (dcs 1.5, 7.8 Hz,
1H), 8.31 (s, 1H), 8.08 (d,= 7.8 Hz, 1H), 7.89 (dd] = 2.4, 3.2 Hz, 1H), 7.68 (d,= 8.7 Hz,

2H), 7.57 (dd,J = 2.6, 8.5 Hz, 1H), 7.45 (dd,= 2.7, 8.8 Hz, 1H), 7.25 (d,= 8.5 Hz, 2H),
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2.98-3.06 (m, 4H), 2.87 (hept,= 6.9 Hz, 1H), 1.64-1.74 (m, 4H), 1.51-1.60 (m,)2H21
(d,J = 6.9 Hz, 6H).

3C-NMR (100.5 MHz, DMSQCdg): & 166.35, 165.83, 163.83, 151.41, 143.60, 136.60,
136.36, 135.40, 135.02, 132.15, 130.59, 129.09,00129126.89, 126.71, 123.76, 123.31,
120.91, 119.46, 53.72, 25.96, 23.95, 23.27.

ESI-MSm/zcalcd for GoH29N2Os (M+H)* 512.21; found: 512.31.

2-(3-(3-ethylphenylcarbamoyl)-4-(piperidin-1-yl)pth)-1,3-dioxoisoindoline-5-carboxylic
acid (40). 40 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): 8 13.74 (bs, 1H), 11.53 (s, 1H), 8.42 (dd; 1.5, 7.8 Hz,
1H), 8.31 (s, 1H), 8.08 (d,= 7.8 Hz, 1H), 7.89 (dd] = 2.4, 3.2 Hz, 1H), 7.66 (s, 1H), 7.57
(dt,J = 2.5, 8.5 Hz, 2H), 7.45 (dd,= 2.9, 8.7 Hz, 1H), 7.28 (§,= 7.8 Hz, 1H), 6.96 (d] =
7.59 Hz, 1H), 2.97-3.10 (m, 4H), 2.62 (= 7.5 Hz, 2H), 1.64-1.76 (m, 4H), 1.50-1.60 (m,
2H), 1.20 (tJ = 7.6 Hz, 3H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.36, 165.85, 164.01, 151.46, 144.53, 138.89,
136.44, 135.43, 135.01, 132.15, 130.64, 129.07,0029128.91, 126.93, 123.79, 123.34,
123.11, 120.96, 118.71, 116.84, 53.75, 28.28, 22329, 15.48.

ESI-MSm/zcalcd for GgH,7N3sOs (M+H)" 498.20; found: 498.26.

2-(3-(4-ethylphenylcarbamoyl)-4-(phenylamino)phgiyB-dioxoisoindoline-5-carboxylic
acid @1). 41 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOds): 8 13.77 (bs, 1H), 10.30 (s, 1H), 9.24 (s, 1H), A8 J =
1.5, 7.7 Hz, 1H), 8.33 (s, 1H), 8.10 (b 7.8 Hz, 1H), 7.81 (d] = 2.2 Hz, 1H), 7.59 (d] =
8.4 Hz, 2H), 7.39-7.47 (m, 2H), 7.30-7.37 (m, 2AR3 (dd,J = 1.1, 8.6 Hz, 2H), 7.17 (d,

= 8.3 Hz, 2H), 7.01 () = 7.5 Hz, 1H), 2.57 (q] = 7.6 Hz, 2H), 1.16 (t] = 7.6 Hz, 3H).
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¥®C-NMR (100.5 MHz, DMSQds): & 166.57, 166.54, 165.83, 144.05, 141.20, 139.44,
136.61, 136.29, 136.00, 134.80, 131.96, 131.24,4829128.41, 127.80, 123.85, 123.39,
122.33, 121.92, 120.77, 120.51, 119.96, 115.7&7215.71.

ESI-MSm/zcalcd for GoH23N:0s (M+H)* 506.16; found: 506.20.

2-(3-(4-isopropylphenylcarbamoyl)-4-(phenylamin@pil)-1,3-dioxoisoindoline-5-
carboxylic acid 42). 42 was synthesized by A, C, H and J.

'H-NMR (400 MHz, DMSO#g): 5 13.77 (bs, 1H), 10.30 (s, 1H), 9.24 (s, 1H), §ai® J =
1.5, 7.7 Hz, 1H), 8.33 (s, 1H), 8.10 (b= 7.7 Hz, 1H), 7.81 (d] = 2.2 Hz, 1H), 7.59 (d] =
8.5 Hz, 2H), 7.39-7.48 (m, 2H), 7.34 Jt= 7.4 Hz, 2H), 7.23 (dd] = 1.0, 8.6 Hz, 2H), 7.21
(d, J = 8.6 Hz, 2H), 7.02 (] = 7.3 Hz, 1H), 2.86 (hepd,= 6.9 Hz, 1H), 1.19 (d] = 6.9 Hz,
6H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.53, 165.82, 144.08, 144.04, 141.19, 136.67,
136.36, 135.58, 134.76, 131.94, 131.22, 129.44,3928126.29, 123.82, 123.38, 122.31,
121.91, 120.78, 120.49, 119.95, 115.73, 32.91423.9

ESI-MSm/zcalcd for GiH2sN30s (M+H)" 520.18; found: 520.31.

2-(3-(biphenyl-2-ylcarbamoyl)-4-(piperidin-1-yl)pimd)-1,3-dioxoisoindoline-5-carboxylic
acid @3). 43 was synthesized by procedures A, C, H and J.

'H-NMR (360 MHz, DMSOe): 3 11.56 (bs, 1H), 8.42 (d, = 7.8 Hz, 1H), 8.32 (s, 1H),
8.25 (d,J = 8.3 Hz, 1H), 8.13-8.08 (m, 2H), 7.59 (dds 8.6, 2.7 Hz, 1H), 7.47 (d,= 4.7
Hz, 4H), 7.45-7.36 (m, 4H), 7.29 @,= 7.5 Hz, 1H), 2.70 (m, 4H), 1.25 (m, 2H), 1.02, (m
4H).

3C-NMR (100.5 MHz, DMSQCdg): & 166.34, 165.83, 163.38, 151.77, 138.42, 136.38,
135.43, 135.03, 134.67, 132.91, 132.16, 131.22,6130129.65, 129.01, 128.94, 128.03,

127.79, 127.70, 127.59, 125.08, 123.82, 123.35,34254.18, 24.94, 22.71, 21.06.
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ESI-MSm/zcalcd for GaH,7N3Os (M+H)" 546.20; found: 546.46.

2-(3-(benzylcarbamoyl)-4-(piperidin-1-yl)phenyl3idioxoisoindoline-5-carboxylic  acid
(44).

'H-NMR (400 MHz, DMSO#g): & 13.77 (bs, 1H), 9.99 (§,= 5.8 Hz, 1H), 8.41 (d] = 7.8
Hz, 1H), 8.30 (s, 1H), 8.08 (d,= 7.8 Hz, 1H), 7.89 (d] = 2.4 Hz, 1H), 7.52 (dd} = 2.5, 8.4
Hz, 1H), 7.24-7.44 (m, 6H), 4.54 (@= 5.7 Hz, 2H), 2.84-2.93 (m, 4H), 1.34-1.52 (m)6H

ESI-MSm/zcalcd for GgH,sN3Os (M+H)" 484.18; found: 483.94.

2-(4-Chloro-3-(pyridin-3-ylmethylcarbamoyl)phenyl)3-dioxoisoindoline-5-carboxylic
acid @5). 45 was synthesized by procedures A, H and J.

'H-NMR (400 MHz, DMSOe): 5 13.78 (bs, 1H), 9.21 (8,= 5.9 Hz, 1H), 8.58 (d] = 2.3
Hz, 1H), 8.47 (ddJ = 1.9, 4.7 Hz, 1H), 8.42 (dd,= 1.5, 7.8 Hz, 1H), 8.32 (s, 1H), 8.09 {d,
= 7.8 Hz, 1H), 7.76 (dddl = 1.7, 1.9, 8.0 Hz, 1H), 7.71 (@= 8.6 Hz, 1H), 7.60 (d] = 2.3
Hz, 1H), 7.57 (ddJ = 2.4, 8.6 Hz, 1H), 7.38 (dd,= 4.8, 7.8 Hz, 1H), 4.49 (d,= 5.9 Hz,
2H).

ESI-MSm/zcalcd for G,H14CINzOs (M+H)* 436.06; found: 436.22.

1,3-dioxo-2-(4-(pyridin-3-ylmethylamino)-3-(pyridB:
ylmethylcarbamoyl)phenyl)isoindoline-5-carboxyliccich (46). 46 was synthesized by
procedures A, C, H and J.

'H-NMR (400 MHz, DMSOdg): 8 8.99 (t,J = 5.7 Hz, 1H), 8.60 (s, 1H), 8.55 (s, 1H), 8.38-
8.52 (m, 4H), 8.29 (s, 1H), 8.06 (@= 7.7 Hz, 1H), 7.76 (d] = 8.0 Hz, 1H), 7.72 (d] = 8.0
Hz, 1H), 7.67 (s, 1H), 7.33-7.41 (m, 2H), 7.290¢; 9.1 Hz, 1H), 6.79 (d] = 8.9 Hz, 1H),
4.52 (d,J = 5.8 Hz, 2H), 4.46 (d] = 5.9 Hz, 2H).

ESI-MSm/zcalcd for GgH,1NsOs (M+H)* 508.15; found: 508.34.
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2-(4-(hexylamino)-3-(hexylcarbamoyl)phenyl)-1,3xdisoindoline-5-carboxylic acid4{).
47 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#d): & 8.42 (dd,J = 1.4, 7.8 Hz, 1H), 8.30 (s, 1H), 8.25Jt
5.6 Hz, 1H), 8.07 (dJ = 7.8 Hz, 1H), 8.03 () = 5.5 Hz, 1H), 7.57 (d] = 2.4 Hz, 1H), 7.3
(dd,J = 2.3, 8.8 Hz, 1H), 6.78 (d, = 8.97 Hz, 1H), 3.10-3.24 (m, 4H), 1.54-1.63 (rhl)2
1.43-1.52 (m, 2H), 1.35-1.42 (m, 2H), 1.22-1.34 {®H), 0.82-0.91 (m, 6H).

ESI-MSm/zcalcd for GgHasNzOs (M+H)* 494.26; found: 493.97.

2-(3-(3-chloro-4-methylphenylcarbamoyl)-4-(pipendl-yl)phenyl)-1,3-dioxoisoindoline-
5-carboxylic acid 48). 48 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOe): 3 11.40 (s, 1H), 8.41 (dd, = 1.4, 7.7 Hz, 1H), 8.31 (s,
1H); 8.07 (dJ = 7.8 Hz, 1H), 8.02 (d] = 2.0 Hz, 1H), 7.82 (d] = 2.5 Hz, 1H), 7.57 (dd} =
2.6, 8.5 Hz, 1H), 7.49 (dd,= 2.0, 8.2 Hz, 1H), 7.41 (d,= 8.8 Hz, 1H), 7.35 (d] = 8.1 Hz,
1H), 2.96-3.06 (m, 4H), 2.31 (s, 3H), 1.60-1.70 4H), 1.49-1.57 (m, 2H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.42, 166.36, 165.83, 164.64, 151.37, 138.04,
136.44, 136.36, 135.41, 133.17, 132.15, 131.42,7130130.17, 128.97, 128.85, 126.53,
123.75, 123.31, 120.56, 119.28, 118.01, 53.56,223.28, 18.99.

ESI-MSm/zcalcd for GgH24CINzOs (M+H)* 518.14; found: 518.42.

2-(3-(4-methyl-3-(trifluoromethyl)phenylcarbamoybpiperidin-1-yl)phenyl)-1,3-
dioxoisoindoline-5-carboxylic acidl9). 49 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): 8 13.75 (bs, 1H), 11.52 (s, 1H), 8.42 (dcs 1.3, 7.6 Hz,
1H), 8.31 (s, 1H), 8.25 (d,= 2.2 Hz, 1H), 8.08 (d] = 7.7 Hz, 1H), 7.79-7.85 (m, 2H), 7.57
(dd,J = 2.6, 8.7 Hz, 1H), 7.45 (d,= 8.5 Hz, 1H), 7.42 (d] = 8.9 Hz, 1H), 3.03 (t) = 4.6
Hz, 4H), 2.42 (s, 3H), 1.61-1.69 (m, 4H), 1.49-1(66 2H).

ESI-MSm/zcalcd for GgH,4F3sN30s (M+H)* 552.17; found: 552.19.
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2-(3-(3-fluoro-4-methylphenylcarbamoyl)-4-(pipenel-yl)phenyl)-1,3-dioxoisoindoline-
5-carboxylic acid %0). 50 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOdg): 8 13.75 (bs, 1H), 11.46 (s, 1H), 8.42 {cs 7.8 Hz, 1H),
8.31 (s, 1H), 8.08 (d] = 7.8 Hz, 1H), 7.84 (d] = 2.6 Hz, 1H), 7.74 (dd] = 2.0, 12.2 Hz,
1H), 7.57 (ddJ = 2.6, 8.6 Hz, 1H), 7.42 (d,= 8.6 Hz, 1H), 7.35 (dd] = 1.9, 8.3 Hz, 1H),
7.28 (app tJ = 8.5 Hz, 1H), 3.02 () = 4.5 Hz, 4H), 2.21 (s, 3H), 1.60-1.71 (m, 4HY}&t.
1.58 (m, 2H).

ESI-MSm/zcalcd for GgH24FNzOs (M+H)* 502.17; found: 502.23.

2-(4-morpholino-3-(p-tolylcarbamoyl)phenyl)-1,3-glmsoindoline-5-carboxylic acidby).

'H-NMR (400 MHz, DMSO#): 8 13.75 (bs, 1H), 10.92 (s, 1H), 8.42 (dd; 1.5, 7.7 Hz,
1H), 8.31 (s, 1H), 8.08 (d,= 7.7 Hz, 1H), 7.77 (d] = 2.5 Hz, 1H), 7.67 (d] = 8.5 Hz, 2H),
7.56 (dd,J = 2.6, 8.6 Hz, 1H), 7.39 (d,= 8.7 Hz, 1H), 7.18 (d] = 8.5 Hz, 2H), 3.65-3.76
(m, 4H), 2.99-3.09 (m, 4H), 2.28 (s, 3H).

ESI-MSm/zcalcd for G7H23N20s (M+H)" 486.16; found: 485.93.

2-(4-(4-methylpiperazin-1-yl)-3-(p-tolylcarbamoytgnyl)-1,3-dioxoisoindoline-5-
carboxylic acid $2). 52 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOd): 5 10.97 (s, 1H), 8.41 (dl = 7.8 Hz, 1H), 8.31 (s, 1H),
8.05 (d,J = 7.8 Hz, 1H), 7.78 (s, 1H), 7.66 @@= 8.0 Hz, 2H), 7.56 (d] = 8.6 Hz, 1H), 7.40
(d, J = 8.6 Hz, 1H), 7.18 (d] = 7.9 Hz, 2H), 3.06-3.16 (m, 4H), 2.57-2.71 (m)ARI32 (s,
3H), 2.28 (s, 3H).

ESI-MSm/zcalcd for GgHo6N4Os (M+H)™ 499.19; found: 498.92.

2-(4-(2-methoxyethylamino)-3-(p-tolylcarbamoyl)pyigri, 3-dioxoisoindoline-5-

carboxylic acid $3). 53 was synthesized by procedures A, C, H and J.
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'H-NMR (400 MHz, DMSO¢): & 13.77 (bs, 1H), 10.01 (s, 1H), 8.43 (dcs 1.1, 8.0 Hz,
1H), 8.32 (s, 1H), 8.09 (d,= 7.7 Hz, 1H), 7.74 (m, 2H), 7.54 @= 8.1 Hz, 2H), 7.39 (dd]
= 2.3, 8.9 Hz, 1H), 7.13 (d,= 8.0 Hz, 2H), 6.89 (d] = 9.0 Hz, 1H), 3.57 ({] = 5.2 Hz, 2H),
3.33-3.40 (m, 2H), 3.31 (s, 3H), 2.27 (s, 3H).

ESI-MSm/zcalcd for GgH23N20s (M+H)" 474.16; found: 474.20.

2-(4-(2-(2-methoxyethoxy)ethoxy)-3-(p-tolylcarbahuyenyl)-1,3-dioxoisoindoline-5-
carboxylic acid $4). 54 was synthesized by procedures A, G, H and J.

'H-NMR (400 MHz, DMSO#€): 3 10.16 (s, 1H), 8.42 (dd, = 1.4, 7.8 Hz, 1H), 8.31 (s,
1H), 8.08 (dJ = 7.8 Hz, 1H), 7.91 (d] = 2.6 Hz, 1H), 7.56-7.68 (m, 3H), 7.39 (did= 8.9
Hz, 1H), 7.16 (dJ = 8.1 Hz, 2H), 4.39 (bt] = 4.2 Hz, 2H), 3.89 (bt] = 4.1 Hz, 2H), 3.62
(dd,J = 4.4, 5.6 Hz, 2H), 3.39 (dd,= 4.4, 5.0 Hz, 2H), 3.15 (s, 3H), 2.28 (s, 3H).

ESI-MSm/zcalcd for GgH,¢N2Og (M+H)* 518.17; found: 518.89.

2-(4-methoxy-3-(p-tolylcarbamoyl)phenyl)-1,3-dic@ndoline-5-carboxylic acidbb).

'H-NMR (400 MHz, DMSO#): 8 13.76 (bs, 1H), 10.15 (s, 1H), 8.41 (dd; 1.4, 7.8 Hz,
1H), 8.30 (s, 1H), 8.08 (d,= 7.7 Hz, 1H), 7.70 (d] = 2.6 Hz, 1H), 7.62 (d] = 8.1 Hz, 2H),
7.58 (ddJ = 2.7, 8.9 Hz, 1H), 7.34 (d,= 8.9 Hz, 1H), 7.15 (d] = 8.1 Hz, 2H), 3.96 (s, 3H),
2.27 (s, 3H).

ESI-MSm/zcalcd for G4H1gN20g (M+H)" 431.12; found: 430.97.

2-(4-chloro-3-(p-tolylcarbamoyl)phenyl)-1,3-dioxoiadoline-5-carboxylic acid5g).

'H-NMR (400 MHz, DMSO#): 8 13.79 (bs, 1H), 10.57 (s, 1H), 8.43 (dds 1.5, 7.7 Hz,
1H), 8.33 (s, 1H), 8.11 (d,= 7.7 Hz, 1H), 7.76 (d] = 8.6 Hz, 1H), 7.68 (d] = 2.5 Hz, 1H),
7.56-7.64 (m, 3H), 7.16 (d,= 8.4 Hz, 2H), 2.27 (s, 3H).

ESI-MSm/zcalcd for GaH15CIN,Os (M+H)* 435.07; found: 434.87.
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1,3-dioxo-2-(4-(phenylamino)-3-(p-tolylcarbamoylgplyl)isoindoline-5-carboxylic  acid
(57).

'H-NMR (400 MHz, DMSO#g): 5 13.77 (bs, 1H), 10.29 (s, 1H), 9.23 (s, 1H), §didl J =
1.5, 7.7 Hz, 1H), 8.33 (s, 1H), 8.10 (b= 7.8 Hz, 1H), 7.81 (d] = 2.1 Hz, 1H), 7.56 (d] =
8.4 Hz, 2H), 7.38-7.48 (m, 2H), 7.34 (dik 7.3, 8.3 Hz, 2H), 7.23 (d,= 7.6 Hz, 2H), 7.14
(d, J=8.6 Hz, 2H), 7.02 (] = 7.2 Hz, 1H), 2.27 (s, 3H).

¥C-NMR (100.5 MHz, DMSGdg): & 166.55, 166.52, 165.81, 165.33, 144.02, 141.19,
136.57, 136.10, 135.58, 134.80, 132.94, 131.95,2131129.43, 128.97, 128.42, 123.83,
123.37, 122.30, 121.91, 120.65, 120.52, 119.94,74120.49.

ESI-MSm/zcalcd for GgH,1N3Os (M+H)" 492.15; found: 491.97.

2-(3-(3-ethylphenylcarbamoyl)-4-(phenylamino)phgdyB-dioxoisoindoline-5-carboxylic
acid (8). 58 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOds): 8 13.77 (bs, 1H), 10.30 (s, 1H), 9.21 (s, 1H), &del J =
1.5, 7.7 Hz, 1H), 8.33 (s, 1H), 8.1 (= 7.8 Hz, 1H), 7.82 (d] = 2.3 Hz, 1H), 7.55 (] =
2.0 Hz, 1H), 7.51 (dd] = 2.2, 8.2 Hz, 1H), 7.39-7.48 (m, 2H), 7.34)(t 7.8 Hz, 2H), 7.21-
7.28 (m, 3H), 7.02 () = 7.3 Hz, 1H), 6.96 (d] = 7.6 Hz, 1H), 2.58 (q] = 7.6 Hz, 2H), 1.16
(t, J= 7.6 Hz, 3H).

3C-NMR (100.5 MHz, DMSQCdg): & 166.62, 166.54, 166.52, 165.80, 144.13, 144.05,
141.19, 138.63, 136.57, 135.58, 134.79, 131.94,2631129.43, 128.47, 123.83, 123.45,
123.37, 122.32, 121.90, 120.53, 120.01, 118.06,/6128.26, 15.55.

ESI-MSm/zcalcd for GoH23Nz0s (M+H)* 506.16; found: 506.24.

2-(4-(diethylamino)-3-(p-tolylcarbamoyl)phenyl)-id®xoisoindoline-5-carboxylic  acid

(59).
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'H-NMR (400 MHz, DMSO#g): & 13.72 (bs, 1H), 12.50 (s, 1H), 8.42 (dds 1.5, 7.7 Hz,
1H), 8.32 (s, 1H), 8.09 (d,= 7.6 Hz, 1H), 8.07 (d] = 2.6 Hz, 1H), 7.53-7.66 (m, 4H), 7.18
(d,J = 8.6 Hz, 2H), 3.19 (gl = 7.2 Hz, 4H), 2.29 (s, 3H), 1.03 Jt= 7.1 Hz, 6H).

ESI-MSm/zcalcd for G/H,sN20s (M+H)* 472.18; found: 471.95.

2-(4-(Hexylamino)-3-(p-tolylcarbamoyl)phenyl)-1,®xbisoindoline-5-carboxylic acid
(60). 60 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): & 13.78 (bs, 1H), 10.00 (s, 1H), 8.43 (dd; 1.5, 7.7 Hz,
1H), 8.31 (s, 1H), 8.09 (d,= 7.7 Hz, 1H), 7.74 (d] = 2.4 Hz, 1H), 7.68 (§ = 5.0 Hz, 1H),
7.54 (d,J = 8.5 Hz, 2H), 7.38 (dd} = 2.4, 8.8 Hz, 1H), 7.13 (d,= 8.7 Hz, 2H), 6.85 (d] =
9.0 Hz, 1H), 3.15-3.24 (m, 2H), 2.27 (s, 3H), 1(§tint,J = 7.0 Hz, 2H), 1.25-1.45 (m, 6H),
0.88 (t,J = 7.0 Hz, 3H).

¥C-NMR (100.5 MHz, DMSGdg): & 167.14, 166.76, 166.73, 165.81, 149.30, 136.52,
136.24, 135.56, 134.78, 132.66, 132.00, 131.91,0029128.93, 128.91, 128.16, 123.76,
123.31, 120.77, 120.75, 117.89, 114.91, 111.3884230.99, 28.48, 26.25, 22.08, 20.47,
13.91.

ESI-MSm/zcalcd for GgHogN3Os (M+H)" 500.21; found: 500.34.

2-(4-(decylamino)-3-(p-tolylcarbamoyl)phenyl)-1,@xbisoindoline-5-carboxylic acid
(61). 61 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOsg): 8 13.74 (bs, 1H), 9.99 (s, 1H), 8.43 (dd= 1.5, 7.7 Hz,
1H), 8.31 (s, 1H), 8.09 (d,= 7.8 Hz, 1H), 7.74 (d] = 2.4 Hz, 1H), 7.69 (] = 4.8 Hz, 1H),
7.54 (d,J = 8.4 Hz, 2H), 7.38 (dd} = 2.3, 8.8 Hz, 1H), 7.13 (d,= 8.4 Hz, 2H), 6.84 (d] =
9.0 Hz, 1H), 3.13-3.24 (m, 2H), 2.27 (s, 3H), 1585 (m, 2H), 1.15-1.45 (m, 14H), 0.85 (t,
J = 6.4 Hz, 3H).

ESI-MSm/zcalcd for GaHs/N3Os (M+H)" 556.27; found: 555.98.
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1,3-dioxo-2-(4-(propylamino)-3-(p-tolylcarbamoylghyl)isoindoline-5-carboxylic  acid
(62). 62 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSO#): & 13.74 (bs, 1H), 10.00 (s, 1H), 8.43 (dd; 1.4, 7.8 Hz,
1H), 8.32 (s, 1H), 8.09 (d,= 7.7 Hz, 1H), 7.75 (d] = 2.4 Hz, 1H), 7.71 (§ = 5.5 Hz, 1H),
7.54 (d,J = 8.4 Hz, 2H), 7.38 (dd} = 2.3, 8.9 Hz, 1H), 7.13 (d,= 8.1 Hz, 2H), 6.86 (d] =
9.0 Hz, 1H), 3.13-3.21 (m, 2H), 2.27 (s, 3H), 11589 (m, 2H), 0.98 (] = 7.4 Hz, 3H).

ESI-MSm/zcalcd for GgH23N20s (M+H)* 458.16; found: 457.87.

1,3-dioxo-2-(4-(piperidin-1-yl)-3-(pyridin-3-ylmegltarbamoyl)phenyl)isoindoline-5-
carboxylic acid 63). 63 was synthesized by procedures A, C, H and J.

'H-NMR (400 MHz, DMSOd): § 9.89 (t,J = 5.9 Hz, 1H), 8.62 (s, 1H), 8.48 (@= 4.7
Hz, 1H), 8.4 (dJ = 7.5 Hz, 1H), 8.28 (s, 1H), 7.95 @@= 7.6 Hz, 1H), 7.77-7.84 (m, 2H),
7.51 (dd,J = 2.6, 8.8 Hz, 1H), 7.33-7.42 (m, 2H), 4.56 Jd= 5.6 Hz, 2H), 2.83-2.93 (m,
4H), 1.38-1.54 (m, 6H).

ESI-MSm/zcalcd for G/H24N40s (M+H)* 485.17; found: 485.41.

2-(4-bromo-3-(p-tolylcarbamoyl)phenyl)-1,3-dioxadistoline-5-carboxylic acidg4).

'H-NMR (400 MHz, DMSO¢): 8 13.78 (bs, 1H), 10.54 (s, 1H), 8.43 {c 7.8 Hz, 1H),
8.32 (s, 1H), 8.10 (dl = 7.8 Hz, 1H), 7.90 (d] = 8.5 Hz, 1H), 7.65 (d] = 2.4 Hz, 1H), 7.59
(d,J=8.1 Hz, 2H), 7.53 (dd = 2.3, 8.5 Hz, 1H), 7.16 (d,= 8.0 Hz, 2H), 2.28 (s, 3H).

ESI-MSm/zcalcd for GsH1sBrN,Os (M+H)™ 479.02; found: 478.81.

2-((4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyBbamoyl)terephthalic acid 6p). 65
was synthesized by procedures A, C, H and N.
'H-NMR (400 MHz, DMSOdg): 3 13.06 (bs, 1H), 12.20 (s, 1H), 10.62 (bs, 1H)58&,J

= 2.7 Hz, 1H), 8.10 (dd] = 1.9, 7.8 Hz, 1H), 8.05 (s, 1H), 7.95 Jds 8.0 Hz, 1H), 7.87 (dd,
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J=2.6, 8.8 Hz, 2H), 7.66 (d,= 8.4 Hz, 2H), 7.39 (d] = 8.7 Hz, 1H), 7.19 (d] = 8.5 Hz,
2H), 2.89-2.98 (m, 4H), 2.29 (s, 3H), 1.66-1.76 4H), 1.51-1.61 (m, 2H).

ESI-MS m/z calcd for gH,7N3Os (M+H)" 502.19; found: 501.92.

4-((4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyBdamoyl)isophthalic acideg). 66 was
synthesized by procedures A, C, H and N.

'H-NMR (400 MHz, DMSOeg): 5 12.20 (s, 1H), 8.34 (s, 1H), 8.24 = 2.7 Hz, 1H),
8.05 (d,J = 7.3 Hz, 1H), 7.88 (dd] = 2.7, 8.8 Hz, 1H), 7.77 (d,= 8.0 Hz, 1H), 7.66 (d] =
8.4 Hz, 2H), 7.38 (dJ = 8.8 Hz, 1H), 7.19 (dJ = 8.3 Hz, 2H), 2.90-2.98 (m, 4H), 2.29 (s,
3H), 1.66-1.75 (m, 4H), 1.51-1.61 (m, 2H).

ESI-MS m/z calcd for gH,7N3sOs (M+H)" 502.19; found: 501.96.

2-(4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenylHtbenzo[d]imidazole-5-carboxylic acid
(71). 71 was synthesized by procedures A, C, H, O, P, QrRand

'H-NMR (400 MHz, DMSO#ds): 8 10.63 (s, 1H), 8.44 (d,= 2.4Hz, 1H), 8.29 (dd] = 2.4,
8.9 Hz, 1H), 8.24 (s, 1H), 8.03 (d= 8.6 Hz, 1H), 7.81 (d] = 8.9 Hz, 1H), 7.66 (d] = 8.1
Hz, 2H), 7.41 (dJ = 8.4 Hz, 1H), 7.19 (d] = 8.1 Hz, 1H), 5.73 (s, 1H), 3.08-3.16 (m, 4H),
2.29 (s, 3H), 1.59-1.68 (m, 4H), 1.49-1.57 (m, 2H).

3C-NMR (100.5 MHz, DMSQdg): & 167.05, 165.45, 154.17, 151.28, 136.76, 136.52,
133.63, 132.87, 130.69, 129.92, 129.46, 128.55,2727126.01, 119.58, 119.48, 115.71,
115.47, 114.01, 52.43, 25.61, 23.43, 20.62.

ESI-MS m/z calcd for &H,6N4O3 (M+H)" 455.20; found: 455.24.

2-(4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyl)beofuran-5-carboxylic acid 77). 77
was synthesized by procedures A, C, H, O, S, TRand
'H-NMR (400 MHz, DMSOdg): 3 12.89 (bs, 1H), 11.15 (s, 1H), 8.25 (dc 2.3, 6.1 Hz,

1H), 8.01 (dd,J = 2.2, 8.6 Hz, 1H), 7.91 (dd,= 2.0, 8.6 Hz, 1H), 7.73 (d,= 8.6 Hz, 1H),
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7.68 (d,J = 8.5 Hz, 2H), 7.52 (s, 1H), 7.37 (= 8.6 Hz, 1H), 7.19 (d] = 8.3 Hz, 2H), 2.99-
3.06 (m, 4H), 2.29 (s, 3H), 1.61-1.69 (m, 4H), 11586 (m, 2H).

3C-NMR (100.5 MHz, DMSQCdg): & 167.42, 164.67, 156.52, 156.03, 152.13, 136.50,
132.52, 129.38, 129.14, 127.92, 126.49, 125.91,5123122.91, 120.55, 119.37, 111.04,
101.66, 53.55, 25.84, 23.35, 20.53.

ESI-MS m/z calcd for g&H,6N204 (M+H)" 455.19; found: 455.30.

2-(4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyl}tindole-5-carboxylic acid 78). 78
was synthesized by procedures A, C, H, O, S, T RndNote: methyl 3-iodo-4-(2,2,2-
trifluoroacetamido)benzoat@q) was used instead @5 in procedure T)

'H-NMR (400 MHz, DMSOd): 8 12.39 (bs, 1H), 11.98 (s, 1H), 11.36 (s, 1H), §29 =
2.4 Hz, 1H), 8.21 (s, 1H), 7.99 (ddi= 2.4, 8.3 Hz, 1H), 7.66-7.75 (m, 3H), 7.43 Jd; 8.6
Hz, 1H), 7.40 (dJ = 8.6 Hz, 1H), 7.20 (d] = 8.3 Hz, 2H), 7.03 (d] = 1.4 Hz, 1H), 2.96-
3.09 (m, 4H), 2.29 (s, 3H), 1.62-1.73 (m, 4H), 11469 (m, 2H).

¥C-NMR (100.5 MHz, DMSGdg): & 168.48, 164.80, 150.73, 139.77, 138.59, 136.53,
132.72, 129.51, 128.99, 128.58, 128.35, 127.00,7426122.93, 122.73, 122.05, 121.08,
119.56, 111.13, 99.74, 53.88, 25.95, 23.29, 20.61.

ESI-MS m/z calcd for gH,7N3Os (M+H)" 454.21; found: 454.20.

2-(4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyl}¥Rindazole-6-carboxylic acid8(Q). 80
was synthesized by procedures A, C, | and U.

IH-NMR (400 MHz, DMSOe): & 13.04 (s, 1H), 11.37 (s, 1H), 9.25 (s, 1H), 8.d7)(=
2.8 Hz, 1H), 8.37 (s, 1H), 8.21 (d#i= 2.9, 8.6 Hz, 1H), 7.85 (d,= 8.7 Hz, 1H), 7.70 (d] =
8.4 Hz, 2H), 7.62 (dd] = 1.2, 8.8 Hz, 1H), 7.48 (d,= 8.8 Hz, 1H), 7.20 (d] = 8.4 Hz, 2H),

2.99-3.07 (M, 4H), 2.29 (s, 3H), 1.62-1.72 (m, 4H%9-1.59 (m, 2H).
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3C-NMR (100.5 MHz, DMSQCdg): & 167.62, 163.86, 151.38, 148.17, 136.35, 134.85,
132.61, 129.65, 129.50, 129.38, 124.26, 123.30,0622121.57, 121.45, 121.07, 120.29,
119.39, 53.58, 25.87, 23.26, 20.49.

ESI-MSm/zcalcd for G/Ho6N4O3 (M+H)™ 455.20; found: 455.14.

2-(4-(piperidin-1-yl)-3-(p-tolylcarbamoyl)phenyl}¥Rindazole-5-carboxylic acid8(). 81
was synthesized by procedures A, C, | and U.

'H-NMR (400 MHz, DMSO¢g): 5 12.84 (s, 1H), 11.38 (s, 1H), 9.35 (s, 1H), 8.491H),
8.46 (d,J = 2.8 Hz, 1H), 8.20 (dd] = 2.8, 8.8 Hz, 1H), 7.82 (dd,= 1.6, 9.0 Hz, 1H), 7.77
(d, J = 9.3 Hz, 1H), 7.69 (dJ = 8.4 Hz, 2H), 7.49 (d] = 8.9 Hz, 1H), 7.20 (d] = 8.6 Hz,
2H), 2.99-3.08 (m, 4H), 2.30 (s, 3H), 1.63-1.73 &), 1.49-1.58 (m, 2H).

¥C-NMR (100.5 MHz, DMSGdg): & 167.46, 163.86, 151.18, 149.88, 136.32, 134.81,
132.63, 129.60, 129.37, 126.39, 125.08, 124.49,2824123.28, 121.96, 121.88, 121.53,
119.42, 117.26, 53.63, 25.84, 23.20, 20.49.

ESI-MSm/zcalcd for G7Ho6N4O3 (M+H)" 455.20; found: 455.08.

5-(2H-indazol-2-yl)-2-(piperidin-1-yl)-N-(p-tolyldnzamide §2). 82 was synthesized by
procedures A, C, I and U.

'H-NMR (400 MHz, DMSOsg): 5 11.50 (s, 1H), 9.12 (s, 1H), 8.48 (#= 2.8 Hz, 1H),
8.18 (dd,J = 2.9, 8.8 Hz, 1H), 7.74 (dd,= 8.5, 16.8 Hz, 2H), 7.69 (d,= 8.5 Hz, 2H), 7.47
(d,J = 8.8 Hz, 1H), 7.31 (dd} = 6.6, 8.9 Hz, 1H), 7.20 (d,= 8.8 Hz, 2H), 7.10 (dd} = 6.6,

8.5 Hz, 1H), 2.96-3.06 (M, 4H), 2.29 (s, 3H), 11623 (m, 4H), 1.48-1.58 (m, 2H).

3C-NMR (100.5 MHz, DMSQCdg): & 163.82, 151.01, 148.92, 136.38, 135.28, 132.59,
129.62, 129.41, 126.76, 123.05, 122.53, 122.07,8021121.59, 121.45, 120.89, 119.38,
117.38, 53.68, 25.92, 23.26, 20.51.

ESI-MSm/zcalcd for GgHo6N4O (M+H)" 411.21; found: 411.22.
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4.4. Enzymatic activity assay

All LPL activity measurements were performed usingalipid® as substrate as described
previously.[21] Compounds (1 pL in DMSO) or pure BM (in controls) were added to 49
puL of assay buffer (50 mM potassium phosphate pHc@ntaining 0.15 M NaCl and 0.01%
(v/v) Triton X-100). The N-terminal part (a.a. 284) of recombinant human ANGPTL4 (5
uL of 900 nM ANGPTL4 in assay buffer yielding a flr@ncentration of 75 nM) and bovine
LPL (5 uL of 180 nM LPL in assay buffer yielding a finalraentration of 15 nM) were then
added. Addition of Triton X-100 to the assay buffeas a derivative of our initial HTS
campaign to prevent the rate of frequent hittereea@smmended by Feng and Shoichet.[50]
In addition the detergent served to prevent pretipn of the compounds and also increased
the potency of ANGPTL4 in terms of inactivating L-Rithus lowering the tight-binding limit
of the assay. The mixtures were incubated for 19 ami25 °C in 96-well microtiter plates
(Nunc, Cat No. 236108) on an orbital shaker (608)r@he remaining LPL activity was then
determined by addition of 90 pL of substrate mixhwthe following final concentrations:
0.15 M Tris, pH 8.5, 0.1 M NaCl, 6% BSA, 5% heatdtivated rat serum, 16.7 units of
heparin/mL, and Intralipitl corresponding to 2 mg TG/mL. The LPL-mediated bjyghis
was stopped after 45 min by addition of Triton X310 a final concentration of 2.5% (v/v).
The released fatty acids were quantified usingkihéNEFA HR2 (Wako Chemicals). The
activity is reported as normalized percent of adnt((sample mean)-(mean negative
control))/((mean positive control)-(mean negatieatcol))*100 where the negative control is
DMSO+LPL+ANGPTL4 and the positive control is DMSCRL only. In the dose-response
analysis the ratio between LPL and the new batcANGPTL4 was adjusted to achieve the

same level of inactivation as in previous experitaen

4.5. Plasma protein binding
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We utilized Rapid Equilibrium Dialysis (RED) devigeserts which allow for short dialysis
times (2-4h) as compared to traditional method8H{}»and minimal drug consumption in a
96-well format. Pooled human plasma was providet)pgsala Academic Hospital and was
collected from two male and two female donors (soreking). In brief, 0.2 ml of the plasma
test solution with typically @M final compound concentration was transferred he t
membrane tube in the RED insert. Then 0.35 ml rsotphosphate buffer pH 7.4 was added
to the other side of the membrane. The 96-well Ipdae was then sealed with an adhesive
plastic film (Scotch Pad) to prevent evaporatione plate was incubated with rapid rotation
(7 900 rpm) on a Kisker rotational incubator at[3C for 4 h to achieve equilibrium.

A stability test of the test solution was also e (to allow detection of drug
degradation). For this, 106L of the plasma test solution (in a plastic vialar a sealed
plate) was incubated at 37C for 4 h (as long as the dialysis time). The plagest solution
was frozen directly after the administration tovene degradation. After incubation, the
contents of each plasma and buffer compartment reeneved and immediately frozen until
analysis. Prior to LC-MS/MS analysis the samplesawrixed with equal volumes of control
buffer or plasma as appropriate to maintain magnilarity for analysis. Plasma proteins
were then precipitated by the addition of methaiio#) containing Warfarin as analytical
internal standard. The plate was then sealed,iftegegd and the supernatant was analyzed by
mass spectrometry (LC-MS/MS). The following systemas used: Waters XEVO TQ triple-
guadrupole mass spectrometer (electrospray ioniza&Sl) coupled to a Waters Acquity
UPLC (Waters Corp.). For chromatographic separatiogeneral gradient was used (1%
mobile phase B to 90% over 2 min total run) on 8 GEH 1.fum column 2 x 50mm
(Waters Corp.). The mobile phase A consisted ofda¥tonitrile 0.1% formic acid and the
mobile phase B 100% acetonitrile 0.1% formic adide flow rate was 0.5 ml/min. FiyeL

of the sample were injected and run with the masstsometric settings reported in table 1.
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For analyses of plasma protein binding or Caco+pability a standard curve between 1-
1000 nM was prepared. No detailed method validatras performed and an accurate limit
of detection is therefore not known. The methods#mity was however very good with an

estimated limit of detection < 1 nM. Analysis ofechical/metabolic stability does not require
a standard curve since it is quantified on a nedabasis. Chemical/metabolic stability in

plasma was quantified on a relative basis.

4.6. Kinetic solubility

All testing was made from a 10 mM DMSO stock santand analysis with LC-MS/MS
as described below. Studies on solubility were qeréd in PBS (pH 7.4) and in an HCI-
adjusted PBS to low pH, approximately pH 1.2. Ttuelg was performed by addition oful
DMSO stock per 10@l buffer, (1 % DMSO, theoretical maximal detectabtdubility = 0.1
mM) and incubation at 37 °C for 2 h in sealed gldats. After the incubation an aliquot of
the solution was transferred to a glass vial inaed centrifuged at 10000 x g, 37 °C, for 20

min.

4.7. Caco-2 per meability

The Caco-2 study was performed in accordance withlighed protocols.[39] Caco-2 cell
monolayers (passage 94-105) were grown on permélblesupport and used for transport
study on day 21 after seeding. Prior to the expamina drug solution of 10M was prepared
and warmed to 37/C. The Caco-2 filters were washed with pre-warmadak+s balance salt
measurement (HBSS) prior to the experiment, ancedfieer the experiment was started by
applying the donor solution on the apical side. Traasport experiments were carried out at
pH 6.5 in the apical chamber, reflecting the pHtha intestinal lumen, and pH 7.4 in the
basolateral chamber reflecting the pH of the bloue experiments were performed at 37

"1C and with a stirring rate of 500 rpm. The receis@mpartment was sampled at 15, 30 and

46



60 minutes, and at 60 minutes also a final sampla the donor chamber was taken in order
to calculate the mass balance of the compound.

Directly after the termination of the experimene thiter inserts were washed with pre-
warmed HBSS and the membrane integrity was checKéds was performed by
transepithelial electrical resistance (TEER) meas@nt and by measurement of Mannitol

permeability, which is a paracellular marker usadiritegrity measurements.

4.8. Metabolic stability

The microsomal metabolic stability assay utilizembled human or animal species, liver
microsomes (LM) with supplemented cofactor (NADR®&i¥acilitate CYP reactivity against
target compound. Human hepatocytes (HHep) werélfrggepared at UDOPP (liver from
surgery at the academic hospital in Uppsala on ddime day). For incubation, target
compound (tM in the incubation) and LM (0.5 mg/ml) or hepattes/ (0.5 x 10 cells/ml)
were diluted in 0.1M phosphate buffer pH 7.4 (LM)Williams medium E (HHep). The
incubation volume was 156L. The reaction with LM was initiated with additiai NADPH
(ImM incubation concentration) in buffer or by thedition of cells with HHep. The
incubation times were 0, 5, 15, 40 min (in dupkcktr LM) or 0, 10, 30, 60 min (in duplicate
for HHep) and the reaction was quenched, at eaue toint, by addition of 10QL
acetonitrile containing Warfarin as the analyticéérnal standard. The plate was then sealed,

centrifuged and frozen at -20C until LC-MS/MS analysis.

4.9. Animal proceduresand in vivo experiments

Female C57B16/J mice (Taconic, Denmark) aged 8-€ks&vith an average weight of 18
g were used for thén vivo experiments (n = 8/group). The mice were housedoam
temperature with free access to tap water and atdrmddent diet at 12:12h light cycle with

the light off at 18.00-06.00. The mice were treated 3 consecutive days with 0.5 ml
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intraperitoneal injections of PBS (pH 7.4), DMSO43v/v) and Triton X-100 (0.2%, v/v),
containing 1 mM compound. On th& 8lay the mice were fasted 8 h from midnight and
injected a final & time in the morning. One hour after the final atjen the mice were given
a 0.2 ml oral olive oil gavage. Blood samples weo#ected from the tail vein in EDTA
coated capillary tubes at baseline and for everyn®® until 180 min. The blood was
immediately centrifuged (+4/C for 10 min at 1500 RCF) and the plasma was stateg0
[IC. After the final blood sample, the mice were gmed.

Plasma was analyzed with Trig/BG (Roche/Hitachi,nktaeim, Germany) in micro titer
plates according to manufacturer instructions.

The local animal ethics committee at Umea Univgrajpproved all animal experiments
(case number: A54/11).

Statistics were calculated using GraphPad Prismag@ad Software, Inc, La Jolla, CA) or
Student’s t-test for repeated measures unlessvageestated.

5. Nuclear receptor profiling

Compound80 was profiled at ten concentrations against theleaucreceptors FXR,
PPARx, PPAR), and RXRx for agonist activity using the Life Technologie3lectScreéh
Profiling Service (www.lifetechnologies.com). Fdt eeceptors EGy values exceeded 100

MM,

Appendix A. Supplementary data.
Supplementary data associated with this article lmarfound, in the online version, at

www.sciencedirect.com.

Notes
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Figure 1. a) Screening hit[21] and b) Chemical diversity on the N-phenylphthalienid

scaffold investigated in this study.
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Figure 2. Previously reported LPL activators tested in ouryematic assays dprolipim

NO-1886
(Ibrolipim)

(NO-1886); b) 5-fluoratH-indole-2-carboxamides and c) LPL agonist C10.
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Figure 3. Oral lipid gavage on wild type mice. Mice (n = &gp) were treated as indicated
once daily for 4 days with i.p. injections. One haiter the last injection mice were given a
200 pl oral lipid gavage. Plasma TG levels weresgtigated at the indicated time points.
Data for TG are mean values with standard devia#oane-way ANOVA Tukey’'s multiple
comparison test was used for statistical analysi* and *** correspond to p-values of

0.05, 0.01 and 0.001, respectively.
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HO,C
O,N cl a O,N [¢] b R N . o d | N N
on 9% NH 94% NH L 89% % NH
o o o o
2 3 6 1
c |: 4, R=NO,
95% 5, R = NH,

Reagents and conditions: (@YCOCI), DMF (cat.), CHCI,, 0 °C to rt, 2 hji: p-toluidine, TEA, CHCl,, 5 h.
(b) piperidine, TEA, EtOH, reflux, 5 h. (c) SnCEtOH, reflux, 3 h. (d) AcOH, reflux, 5 h.

Scheme 1. Synthesis of.
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26, Ar = Ph, 58%
27, Ar = p-Tol, 79%

Reagents and conditions: @DMF/(COCI), CH,CI,, 0
rt, 2 h. (b) ArNH, Pd(OAc), xPhos, Na®Bu, H,0, 1,4-dioxane, 80 °C, 24 h. (c) piperidine, GRiBINOL,
K3PQ,, 110 °C, 24 h. (d) ethylenediamine, EtOH, reflexh. (e)6, AcOH, reflux, 5 h.

Scheme 2. Synthesis ol5, 16 and23.

°Ctort, 1 hji: Py, 0

NHAr NHAr

29, Ar = Ph, 92% 15, Ar = Ph, 62%
30, Ar = p-Tol, 93°/ 16, Ar = p-Tol, 59%

o G
HO,C.
50% (o] NH
o
23

°C to rt, 30 miiii : p-toluidine,
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RO,C N
HoN N a R N MeO,C N c D N
< 2;03 o < 2;03 s T L~ QQ

< > NH 90% < > NH H 56% : ) N
b 67, R=Br d 70, R=Me
94% [ 68,R=I 90% [ 71,R=H
Reagents and conditions: aHBr, CH;CN, 5 °C,ii: NaNG, (aq.), 5 °Cjii: CuBr, HBr, 5 °C to rt, 1 h, reflux,
1 h. (b) Cul, NaN@ N,N'-dimethylethylenediamine, 1,4-dioxane, 110(RGNV), 1 d. (c) Pd(OAg) Cul, DMF,

140 °C, 4 d. (d) KOH, EtOHAD, reflux, 1 d.

Scheme 3. Synthesis o71.
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° ° MeO,C |

67 72 73,R=0H 75, R=Me and X = O (67%)
74, R = NHCOCF3 d |: 76, R =Me and X = NH (51%)

77, R=Hand X = O (80%)
78, R=Hand X = NH (77%)

Reagents and conditions: (@PdCL(PPh),, Cul, TMSA, TEA, DMF, 60 °C, 18hij: K,COs;, MeOH, 12 h. (b)
PdCL(PPh),, Cul, TEA, DMF, 110 °C, 10 min (MW). (b) KOH, EtGH.,0, reflux, 1 d.

Scheme 4. Synthesis o077 and78.2
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Reagents and conditions: (a) EtOH, reflux, 20 ribji: C$COs, Cul, TMEDA, DMSO, 100 °C, 30 min (MW).
ii: NaNs, 120 °C, 1 d.

Scheme 5. Synthesis 080.
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Table 1. Effect of carboxylic acid substitution on LPL stisation

% of control * (C in pM)
3.12 6.25 12.5 25

oo
. 90.0 93.8
1 ° 4 b NA NA© 4160 +163

EI\EN% ;@
7 s b NA NA NA NA

ID Structure

<

. O4gO

b NA NA NA NA

HN ¢
IO:EN O 11.4
9 o O;?;:? NA NA NA +15.8

“C@ﬁqo
10 o b NA NA NA NA

Wi@f@@
11 S b NA NA NA +3656

e
12 ° ) b NA NA NA NA

C
13 ) g NA NA NA NA

@See experimental section for details. NA: not activ




Table 2. Effect of substituent scrambling on LPL stabilipati

% of control ® (C in pM)
3.12 6.25 12.5 25

cl
gesgv
14 { NA NA NA NA
N
15 {%r NA 4.2 73.1 89.4
J +0.

b +2.3 +3.2

ID Structure

o

io|
+
o
©

9

HO b
% K@f{%ﬁ A 50 7.0 24.6

° 4 Q +08  +12 35
<
17 “°”°7(ﬁ NA NA NA fgé
o, Q 7.3
18 " Qfg NA NA NA :
OZ@ * 2 6
AV
HOLC.
w  TTOO o B %3
HN‘< >7 - -
@)
HO;C\©;§‘
813  79.0
2 6 ) Q NA NAT ss7 xao0
P ¢ Q 141
21 O NA NA NA
CL- £2.9
- O
H01R©:§
" Q 135
22 g O NA NA NA
@ Q +27
- 32.6
23 N{%ﬁ NA NA NA Tia

@See experimental section for details. NA: not activ
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Table 3. Effect of substitutions at the core fragment on LSdbilization

% of control ? (C in pM)

% of control ? (C in pM)

ID Structure ID Structure
uet 3.12 6.25 125 25 3.12 6.25 125 25
Qf Q O 66.8 73.0 69.8
31 ©§@ NA NA NA NA 48 5 ) Q NA sas 143 iea
7@;? C\g O 19.4 42.2 65.8
HOZC. i . .
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" 57.0 53.3 72.1
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35 5 ;Q NA NA 54.6 81.6 52 : é W NA NA NA NA
S b +0.7 +1.1 4
CF3
Hog:\CEi Ho,C- : ji 7
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v Q +52 +52 ° 4 Q
©;§ C\g O 32.4 36.5 47.0 q@f{%;p %
37 b NA g o ioa 54 S Q NA NA NA NA
CQ O m@;f .
)b 45 61.5 73.8 {%; e
38 ¢ Q @ NA i3 v38 13 55 6 ) b NA NA NA NA
(AT 55.6 71.0 53.1
39 ) t; NA gt 139 3% 56 6 ) b NA NA NA NA
20 7@2@@@ NA 9.2 63.4 710 57 Z @ﬁ{if NA 572 801 94.4
° Y ?“ +1.9 +16 +1.7 ° 4 é +8.6 +8.2 +11.1
HOLC, @ HOC. 110 — Q
a1 Q NA 37.6 60.3 60.0 58 CE«{; NA 443 63.9 52.2
° Iy +22 +3.8 +22 o g +1.2 +3.7 +6.6
VAR
Q A
nch\©:§ Q H%w I
N 44.1 59.1 52.5 QM 49.5
42 ¢ %; i NA 1 240 g 59 b b NA NA NA ea7
woe L A,
" O:((QO A 60.1 63.3 68.5 0 ©<§ C\g - NA 60.6 47.1 67.2
o ) d £23 £27 £3.4 ° £45 +38 +43
O o
g e 13.6 5.9 10.0 19.2
44 { Q v NA NA NA NA 61 b ) Q ven oia i1e i16
HOZC\©:§ HDZR@ig N/H_/
45 (' C\g o . Na NA NA NA 62 o % " NA NA +6(')24 fi‘é
O Q - -
. . -
e T
46 m - NA NA NA NA 63 4 pﬁ NA NA NA NA
) )
Ho; \©<§ ] HDZR@f
“ e SAKE 4.0 19.3 31.8 67.8 Q
47 { :2; %, ~ *06 32  £115 44 o4 > 4 b NA NA NA NA

@See experimental section for details. NA: not activ
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Table 4. Effect of the firsts and second metabolites on kRibilization

% of control * (C in pM)

ID Structure
3.12 6.25 12.5 25
NN—(\_//)—N
5 d "/” \ NA NA NA NA
HO,C.
@j o
HN—, —N
65 oon M NA NA NA 3838
J }_> +6.6
=
COH —_ /an
P IV NIV
woo {5 A 30.6
= o NH .
66 I NA NA NA +15.5

@See experimental section for details. NA: not activ
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Table 5. Effect of the new heterocyclic compounds on LPIb#gitzation

% of control ® (C in pM)

ID Structure
3.12 6.25 125 25
Hoe_~_R ;
@f :/"D 49.0
71 P NA NA NA . 1'7
Q Tl
Wl
77 D v NA 49.8 76.0 67.9
° +25 +35 +3.3
Q

HOLC. A~
QB .
I\\‘AH NQ 35.0 100.8 85.5 245

& ¥y %37 222 57 28

)
80 Ho,o” NN QD NA 16.0 75.6 97.0
° Q +1.9 +6.1 +6.2

HOLC. —
o1 CQNQ:HD NA 112 906 897
¢ +1.2 +6.2 +£6.4

2

CorO

82 Jf%”:? NA NA NA NA

#See experimental section for details. NA: not activ



Table®6. In vitro ADME parameters of hit compourddand optimized hitg7 and80

Solubility (M) Caco-2 P 457 (x 10° cm/s) Efflux PPB ? (%) CLin® (W/min/mg)
D pH12 pH7.4 (a-b) (b-a) E= :j; fu®  Stability HLM ®  MLM®  HHEP®
1 - 80 12 31 27 - 2
77 7 <2 1.2 1.8 15 <0.01 93 <17 - 35
80 <2 <2 23 31 14 <0.01 9% <17 <12 <10

? Abbreviations: By, (apparent permeability); PPB (plasma protein igyi fu (fraction
unbound); Clg (intrinsic clearance); HLM/MLM (human/mouse livericrosomes); HHEP
(human hepatocytes).
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Design and synthesis of novel compounds that preserve LPL activity.
Structure-activity relationships from a previously identified screening hit.
Pharmacodynamic and pharmacokinetic optimization.

Several compounds efficiently lowered plasma triglycerides in vivo.
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Compound 71
'H-NMR (400 MHz, DMSO-dg)
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Compound 77
'H-NMR (400 MHz, DMSO-ds)
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Compound 78
'H-NMR (400 MHz, DMSO-dg)
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it NSFE T i

S5



Compound 80
'"H-NMR (400 MHz, DMSO-de)
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Compound 81
'H-NMR (400 MHz, DMSO-dg)
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Compound 82
'H-NMR (400 MHz, DMSO-dg)
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Compound 1
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Figure S1. LPL activity in response to compound 1 under inactivating conditions

Compound 80
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Figure S2. LPL activity in response to compound 80 under inactivating conditions
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Compound 81
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Figure S3. LPL activity in response to compound 81 under inactivating conditions
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