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It is known, that increasing of glucose level in the blood is an important factor at the risk of vascular complications in diabetes mellitus
type 2 development. Taking this into account, short-acting priming regulators of glycemia (meglitinides) are designed, such as tableted
sugar-reducing drugs with short acting insulin secretion stimulation. They are characterized by a slight decrease of glycohemoglobin
content, the risk of body weight gain and decrease of efficacy during long-term usage despite their effectiveness. The solution of this
problem can be as following: the creation of more effective drugs, which would contain known antidiabetic “pharmacophore” fragments
able to provide a long-term hypoglycemic effect and having a polyvectoral mechanism of activity and effect both on symptoms of the
disease and on disease etiology.

The aim of the work is targeted search of hypoglycemic isoindoline-1,3-dione derivatives and its hydrogenated analogues based on
rational design, structural similarity to metglitinides, molecular docking and traditional pharmacological screening.

Materials and methods: laboratory utensils and organic solvents, “Stuart Scientific SMP30” melting point apparatus, ELEMENTAR vario
EL Cube elemental analyzer, Bruker ALPHA FT-IR spectrometer, Varian-Mercury 400 'H NMR spectrometer, Agilent 1100 Series liquid
chromatograph, Marvin Sketch 17.21, AutoDockTools-1.5.6, Discovery Studio 4.0.

Results. The targeted search of hypoglycemic agents among N-substituted isoindoline-1,3-diones and its analogues based on the structural
similarity with existing active pharmaceutical ingredients, using molecular docking and traditional pharmacological screening was performed
in the work. Mentioned compounds were synthesized by the refluxing of phthalic anhydride and its analogs with aminoalkyl-(alkaryl-,aryl-)
carboxylic acids in the medium of the acetic acid. It was shown, that refluxing of 3a,4,7,7a-tetrahydro-4,7-epoxyisobenzofuran-1,3-dione
with glycine under the given conditions resulted the retro Diels-Alder reaction and formation of (Z)-4-((carboxymethyl)amino)-4-oxobut-
2-enoic acid. Elemental analysis, chromatomass-, IR- and 'H-NMR spectral methods were used to prove the structure and individuality
of the synthesized compounds.

Conclusion. A number of compounds were synthesized and chemically modified. Research of their hypoglycemic activity was carried out,
that raveled a number of high active substances. Certain “structure — activity relations” were established and the perspective directions of
their further chemical modification were substantiated.

CnpsimoBaHuiA nowyk rinornemiyHux areHTiB cepe N-3amilweHux i3oiHgonin-1,3-gioHiB Ta ix aHanoris
tO. B. MaptuneHko, M. C. KasyHiH, O. M. AHTunenko, €. A. CenisaHoBa, C. |. KoBaneHko, C. [1. TpxeunHcbkuin

Bigomo, Lo NiaBULLEHHS PIBHS TMHOKO3M Y KPOBi — BAXITMBUIA YMHHUK PU3NKY PO3BUTKY CyOMHHWX YCKMaZHEHb npu LyKpoBoMy AiabeTi 2
Tvny. BpaxoBytoum Lie, po3pobunu perynstopu rnikemii (MErniTUHIAW) — LyKPO3HWKYBanbHi 3acobu, MexaHiam Aii KoTpux cnpsiMoBaHwii
Ha CTUMYIIOBAHHS CeKpeLil iHCyniHy NpOoTAroM KOPOTKOro MPOMiKKY Yacy. Hesaxaroun Ha edeKTUBHICTb, AN HUX XapakTepHe He-
3HaYHe 3MEHLLEHHS BMICTY rrikoremMornobiHy, puank Habopy Macu Tina Ta 3HKEHHS e(heKTUBHOCTI Nif Yac TPUBANoro 3acToCyBaHHS.
BupilueHHs Uiei npobnemu MoxnuBe TiNbKy LUMSXOM CTBOPEHHS eheKTMBHILLMX Npenaparis, KOTpi 6 noeaHyBanm BiZoMi aHTUaiabeTuyHi
«thapmakodopHi» parmeHTH, WO 3naTHi 3abe3nedyBaTyt TpUBaNMUI riNOMMiKEMIYHWIA edeKT, BNMBATU HA CUMMTOMW 3aXBOPHOBAHHS
i MPUYNHY TX BUHUKHEHHS.

MeTa po60TH — CnpsiMOBaHWIA NOLLIYK MNOrMiKEMiYHUX areHTiB cepeq, NoXiaAHMX i30iHAoMiH-1,3-4ioHiB | MOro rigpoBaHNX aHanoriB Ha OCHOBI
paLioHanbHOro Au3aliHy, CTPYKTYPHOT NOAIGHOCTI A0 METIMITUHIAIB, MOMEKYNAPHOIO JOKIHTY Ta TPaaMLIiHOTO (hapMaKororiyHOro CKPUHIHTY.

Marepianu Ta meTtoau. JlabopaTopHuii Nocya Ta OpraHiyHi PO34MHHMKW, anapaTt Ans BU3HAYeHHs TeMnepaTypu nnasneHHs «Stuart
Scientific SMP30», enemenTHuit aHanisatop ELEMENTAR vario EL Cube, |4 cnektpometp Bruker ALPHA FT-IR, 'H AMP-cnekTpomeTp
Varian-Mercury 400, pignHHnin xpomatorpad Agilent 1100 Series, nporpamHe 3abe3neyeHHs Marvin Sketch 17.21, Hyper Chem 8.0.8,
AutoDockTools-1.5.6, Discovery Studio 4.0.

Pe3ynbraTti. BukoHanm cnpsiMoBaHuii noLuyk rinornikemMiyHux areHTis cepeq N-3amilLeHux i3oingoniH-1,3-4ioHiB i Moro aHanoris Ha OCHOBI
CTPYKTYPHOI NOZIBHOCTi 3 HASIBHAMM aKTUBHUMM (hapMaLIEBTUHHUMM iHTPEOIEHTaM 3 BUKOPUCTAHHSIM MOMEKYNSPHOTO LOKIHTY, TPaaULIiiHOTO
chapmakonoriyHoro ckpuHiHry. Cronyku CMHTe3yBany B3aeMogieto (hTaneBoro aHrigpuay Ta ioro aHanorie 3 aMmiHoarkin-(ankapin-,apun-)
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Targeted search of hypoglycemic agents among N-substituted isoindoline-1,3-diones and its analogues

KapbOHOBMMM KMCNOTaMM NPU HarpiBaHHi B OLITOBII kKucnoTi. [NokasaHo, Lo npw HarpiaHHi 3a,4,7,7a-TeTparigpo-4,7-enokcnizobeHsody-
paH-1,3-4ioHy 3 riLMHOM Npy 3a4aHUX YMOBaX BiabyBaeTbCs peakuis petpo Jinbca—Anbaepa Ta yTBOpeTbCS (Z)-4-((kapbokeumeTun)
amiHo)-4-0kcobyT-2-eHoBa kucnoTa. bynoBy Ta iHAMBIAYamNbHICTb CUHTE30BaHWX CMOMYK JOBEAEHO ENEMEHTHUM aHasi3oM, XpomaTo-Mac,
I4- i 'H-AMP cnekTpanbHUMM MeToaaMMU.

BucHoBku. Y pesynbraTti JoCnidKeHb CUHTE3yBanm Ta XiMiyHO MoaudikyBanu psg CnonyK, BUBYMMM iXHIO TMOrMIKEMIYHY aKTUBHICTb,
BUSIBUNM Psifi BACOKOAKTUBHUX PEYOBWH, BCTAHOBUIM NEBHi 3aKOHOMIPHOCTI «CTPYKTypa — fis» Ta 00r'pyHTYBanu nepcnekTUBHi Hanpsmm
XiMi4HOI MogmdikaLii.

KntoyoBi cnoBa: kapGoHOBI KMCIOTH, MONEKYNSPHE [OK-MOAENOBAHHS, CUHTE3, MarHiTHO-pe30HaHCHA CMEKTPOCKOMIS, TiMOrmikeMivHi
3acobu.
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HanpaBneHHbI NOUCK rMNOrNMKeMUYeckux areHToB cpean N-3ameLleHHbIX M30MHAONMWH-1,3-4MOHOB M UX aHaNoroB
tO. B. MaptbiHeHko, M. C. KasyHuH, A. H. AHTuneHko, E. A. CenuBanosa, C. W. KoBaneHko, C. [I. TpxxeunHCKuii

3BECTHO, YTO MOBBILLIEHWE YPOBHS MHOKO3bl B KPOBW SIBMSAETCA BaXKHbIM (DAaKTOPOM pUCKa Pas3BUTUS COCYAUCTbIX OCIOXHEHUIA MpU
caxapHom anabete 2 Tuna. C y4eTom 3T0oro paspaboTaHbl KOPOTKOAENCTBYHOLLME PETYNATOPbI MUKEMUN (METTIUTUHUABI) — CAXaPOCHMXa-
IoLLMe CPefCTBa, MEXaHN3M AefCTBIS KOTOPbIX HAanpaBIieH Ha CTUMYIMPOBaHWE CEKPELIMM MHCYIMHA B TEYEHUE KOPOTKOrO MPOMEXYTKa
BpemMeHn. HecMoTps Ha apPeKTUBHOCTb, AN HAX XapaKTepHO HE3HAYMTENbHOE YMEHbLUEHWNE COAEePXKaHWS TMUKOreMornobmHa, puck
Habopa Macchl Tena v CHuxeHne 3MEKTUBHOCTN NPU ANUTENBHOM NPUMEHEHUN. PeLleHne 3Toi Npobnembl BO3MOXHO TOMBKO NyTEM
co3aaHua b6onee ahdeKTUBHbLIX NpenapaToB, 06beAMHAIOWMX U3BECTHbIE NPOTMBOAMAbETUYECKME «dhapMakoOpHbIe» )parMeHThl,
CnocobHble 06ecneunBaThb ANUTENbHbIA TMMOMUKEMUYECKNA SGOQEKT U BNMSTL HA CUMMTOMbI 3a601E€BAHMS M NMPUYMHBI MX BOSHUKHOBEHNS.

Llenb paboTbI — HanpaBneHHbI NOUCK MMMOTMIMKEMUYECKIX areHTOB CPeAM MPOM3BOAHbIX M3OUHAOMWH-1,3-ANOHOB Y MX TMAPUPOBAHHBIX
aHanoroB Ha OCHOBE paLyOHaNbHOMO An3aiiHa, CTPYKTYPHOTO CXOACTBA C METIIIMTUHWUAAMW, MONEKYMSIPHOMO AOKMHIa U TPaaMLMOHHOTO
(hapMaKoriormyeckoro CKpUHUHra.

Matepuanb! u meToabl: nabopaTtopHas nocyaa U opraHuyeckue pacTBOpUTENU, annapar Ans onpeaeneHns Temneparypbl NnaBneHns
«Stuart Scientific SMP30», anemeHTHbI aHannsatop ELEMENTAR vario EL Cube, VK cnektpomeTp Bruker ALPHA FT-IR, 'H AMP
cnektpometp Varian-Mercury 400, xwuakocTHbi xpomaTorpad Agilent 1100 Series, nporpammHoe obecneveHne Marvin Sketch 17.21,
Hyper Chem 8.0.8, AutoDockTools-1.5.6, Discovery Studio 4.0.

Pesynbrathl. [poBeAeH HanpaBreHHbI NOWUCK rMMNOMIMKEMUYECKUX areHToB cpean N-3aMeLLeHHbIX U30UHAONWH-1,3-41OHOB U KX
aHarnoroB Ha OCHOBE CTPYKTYPHOTO CXOACTBA C CYLLECTBYIOLMMM aKTUBHBIMU hapMaLeBTUYECKMMU UHTPEAMEHTAMM C UCTIONb30BaHNEM
MOIEKYNAPHOrO JOKVHIa U TPaAULIMOHHOTO hapMakonoryeckoro CKpUHWHIA. YkasaHHble COeANHEHNS CYHTE3MPOBaHbI B3aMMOAENCTBUEM
¢pranesoro aHrMAPMAA M €ro aHanoroB ¢ aMMHOANKWII-(ankapun-,apun) KapboHOBLIMM KNCIOTaMU MPY HarpeBaHNUM B YKCYCHOW KMCMoTe.
lMokasaHo, 4To Npwn HarpeBaHwn 3a,4,7,7a-TeTparnapo-4,7-anokcum3o-, 6eH3odypan-1,3-anoHa ¢ MULMHOM NPU 3a4aHHbIX YCRNOBWSX
npoTekaeT peakuus petpo Aunsca—Anbaepa u obpasyetcs (Z)-4-((kapbokcumeTuin)ammHo)-4-okcobyT-2-eHoBas kucnota. CTpoeHue un
VHOMBWAYaANbHOCTb CUHTE3MPOBAHHBIX COEAMHEHWI A0Ka3aHO MeMEHTHBIM aHanu3oM, xpomato-macc, MK- n 'H-AMP cnektpanbHbIMu
meTodamum.

BbiBoabl. B pesynerate uccnegoBaHum CUMHTE3NPOBaHbI N XUMNUYECKN MO,EI,I/I(*)I/ILI,I/IpOBaHbI CoeauHeHud, npoBedeHbl UCCnenoBaHUa Ha
X TMNOIMNKEMUYECKY0 akKTUBHOCTb, BbISBIEH PAL BbICOKOAKTUBHbIX BELLECTB, YCTAaHOBIEHbI onpeaeneHHble 3aKOHOMEPHOCTN «CTPYK-
Typa — Aenctene» 1 060CHOBaHbI nepcnekTnBHble HanpaBneHnsa nx JanbHeNnLWen XMmMm4eckon MOﬂVId)VIKaLWIVI.

KnioueBble cnosa: Kap6OHOBbIe KUCNOThI, MOJ'IeKyﬂFIpHOIZ CTbIKOBKW MOAeNnmMpoBaHne, CUHTE3, MarHUTHO-pe30HaHCHadA CNeKTPoCKonus,
runornnkemMmnyeckne cpeactea.
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decreases. Meglitinides are being rapidly absorbed from the
gastrointestinal tract which led to a maximum increase of the
drug concentration in plasma after 1 hour. They are complete-

Introduction

It is known, that increasing of glucose level in the blood in
post-meal periods (postprandial glycemia) is separate and

very important factor at the risk of vascular complications
in diabetes mellitus type 2 development [1,2]. Taking this
into account, short-acting priming regulators of glycemia
(meglitinides) are designed, such as tableted sugar-reducing
drugs with short acting insulin secretion stimulation. The
release of an insulin additional amount during 3—4 hours
when it is necessary to normalize the sugar level in critical
post-meal periods is physiological and it reproduces the early
insulin secretion of healthy people. Prandial regulators are
taken only with the main meal because the pancreas don't
deplete so rapidly and stimulation of insulin releasing doesn't
always occur. As a result, the risk of hypoglycemic reactions

ly eliminated from the organism after 4-6 hours. This feature
provides better control of postprandial glycemia. Metglinides
are characterized by a slight decrease of the glycohemoglobin
content (HbA 1C, approximately 0.5-0.8 %), the risk of body
weight gain, that is also typical for sulfonylureas and decrease
of efficacy during long-term using despite the effectiveness
of meglitinides [3,4]. The solution of this problem can be
as following: the creation of more effective drugs among
different classes of heterocyclic compounds, the combination
of drugs, or drugs, that would contain known antidiabetic
«pharmacophore» fragments able to provide a long-term
hypoglycemic effect and having a polyvectoral mechanism

ISSN 2306-8094
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Fig. 1. Search strategy of hypoglycemic agents based on the structural similarity to the prandial glycemic regulators (I: repaglinide,

II: nateglinide, lll: mitiglinide).

of action and effect both on the symptoms of the disease and
on disease etiology of this problem [5—8].

So, the search of hypoglycemic agents among derivatives
of isoindoline-1,3-diones and its hydrogenated analogues
based on the rational design such as structural similarity to
meglitinides, molecular docking and traditional pharmaco-
logical screening is the aim of this work.

Results and discussion

The simultaneous combination of fragments alike to met-
glinide in one molecule is interesting because of its structural
modification and further pharmacological study of hypogly-
cemic action. The first stage of the work was to create virtual
combinatorial library consisting of 80 compounds. Structures
were also analyzed to determine possible interactions with
proteins that are responsible for the hypoglycemic action

mechanism (7able I). Such strategy is rational, taking into
account the availability of initial cyclic anhydrides (phthalic
and its structural analogues) and aminoacids. And what it
is important, that stated strategy provides the possibility to
synthesize different isoindoline-1,3-diones and its hydroge-
nated analogues connected through “linker” fragments with
the carboxyl function group (Fig. I).

A series of cyclic imides (2.1-2.4) were synthesized at the
subsequent stage of the study by the interaction of anhy-
drides (1.1-1.5) with glycine in the medium of acetic acid.
It's interesting to note, that interaction of 3a,4,7,7a-tetrahy-
dro-4,7-epoxyisobenzofuran-1,3-dione (1.5) with glycine,
revealed elimination of furan (the retro Diels-Alder reaction)
under the given conditions. Amide of maleic acid (2.5) was
isolated as an individual compound as the result of the men-
tioned reaction (Scheme 1).

Scheme 1.
0O R
R
HZNWA\ COOH
COOH
N )n
AcOH, 6 h
o)
o 2.1-2.4,2.6-2.10
R = H, Me, i-Pr, i-Bu; n = 0-2
coon  NH.CH,COOH » Me, i-Pr, i-Bu;n =0
- COOH
‘ BN AcOH, 6 h
o)
COOH
\ HN COOH
N n
A= @( AcOH, 6 h

2.11-2.15
R=H,0OH; n=0,1
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Targeted search of hypoglycemic agents among N-substituted isoindoline-1,3-diones and its analogues

The results of the pharmacological screening of compounds
2.1-2.5 showed, that compound 2.4 (Table 1) is the most
promising for further structural modification. Taking into
account the above mentioned facts, the further strategy of
hypoglycemic agents search, was to modify the substituent
of the second position in compound 2.4 using various amino-
alkyl-(alkaryl-,aryl-)carboxylic acids. Especially when their
synthesis (like the previous compounds) was estimated to
refluxing of the starting compounds in the medium of acetic
acid during 6 hours. In this case, the individual imides were
formed with satisfactory yields (2.6-2.15, scheme I). It is
important, that aminoacids with branched alkyl substituents
or structural analogues of p-aminobenzoic acid didn't require
special reaction conditions.

Compound 2 is the result of the reaction, according to the
molecular ion [M+1] of LC-MS spectra, which confirms the
regioselectivity of the process. However, the imides 2.1-2.4,
2.6-2.15 formation was proved with the help of "H NMR
spectra for sure. Thus, in the spectra of these compounds
there were no signals of amide groups, except compound 2.5,
in which the signal of the amide proton resonated as a triplet
at the 9.44 ppm. In addition, the spectrum of compound 2.5
was characterized by two doublets at the 6.53 ppm and the
6.21 ppm with J = 12.7 Hz, which confirmed the presence
of -CH=CH-fragment with cis-geometry of the molecule
and the retro Diels-Alder reaction. Whereas, in the spectra
of compounds 2.1-2.4, 2.6-2.15, a specific set of signals was
recorded, this characterized the presence of different saturat-
ed isoindole cycle. Thus, in the spectrum of compound 2.1,
magnetically equivalent two proton singlets at the 7.87 and
at the 7.83 ppm at fourth, fifth, sixth, seventh positions were
recorded, that indicate its aromaticity. Instead, in the spec-
trum of compound 2.2 there was a two proton multiplet of
an unsaturated H-5,6 bond at the 5.86 ppm, a multiplet at the
3.17 ppm (H-3a, 7a) and two doublets at the 2.32 and at the
2.21 ppm with J = 14.2 Hz, due to the structure peculiarity
of the partial hydrogenated fragment of the molecule. In the
spectrum of compound 2.3, signals of protons of stereotropic
methylene group were additionally recorded at the 1.66
and at the 1.60 ppm with J = 8.4 Hz. A series of multiplet
signals in a strong field at the 3.52-2.18 ppm (H-3a, 7a), at
the 2.10-1.50 ppm (H-4, 7) and at the 1.54-1.19 ppm (H-
5, 6) were characteristic for the spectra of compounds 2.4,
2.6-2.15. In some cases they undergo further splitting due to
the presence of an asymmetric Carbone atom (compounds
2.7, 2.8, 2.10) and indicate the presence of a perhydroge-
nated isoindole cycle. It is also important, that compounds
2.1-2.15 have a characteristic singlet signal of the proton
of carboxylic acid in the range of the 13.81-12.01 ppm.
The aliphatic protons of compounds 2.1-2.4, 2.6-2.10 were
characterized by a “classical” multiplicity, which depend on
the proton environment and the presence of an asymmetric
center. Thus, the singlet protons of the -CH,- group in the
second position of compounds 2.1-2.4, 2.11 were recorded
atthe 4.60, 4.27,4.00, 3.85 and 4.02 ppm, respectively. The
addition of the aliphatic residue (compounds 2.7, 2.8) led
to the multiplicity change of the methylene groups (triplets

Table 1. Hypogycemic activity of synthesized compounds (%)

Hypoglycemic activity, %
Compounds LR -
mglkg | Starting 2h 4h 6h
level

Control - 100.0 93.5 103.7 95.1
21 25.0 100.0 76.6 791 90.5
21 50.0 100.0 87.8 79.7 94.1
2.2 25.0 100.0 117.6 101.1 113.7
2.2 50.0 100.0 166.7 168.0 98.5
2.3 25.0 100.0 112.8 90.9 103.3
23 50.0 100.0 92.8 88.0 924
24 25.0 100.0 67.9 76.7 76.7
24 50.0 100.0 65.2 75.8 714
25 25.0 100.0 105.0 91.0 96.5
25 50.0 100.0 104.4 95.8 98.4
2.6 25.0 100.0 61.6 56.4 54.8
2.6 50.0 100.0 97.2 90.3 104.0
2.7 25.0 100.0 111.0 82.0 84.8
2.7 50.0 100.0 108.9 97.5 90.8
2.8 25.0 100.0 81.6 925 829
2.8 50.0 100.0 100.8 90.2 922
29 25.0 100.0 108.7 86.5 84.7
29 50.0 100.0 934 90.6 785
210 25.0 100.0 921 97.1 94.6
210 50.0 100.0 77.7 90.4 98.5
2.1 25.0 100.0 90.2 87.8 88.6
2.1 50.0 100.0 98.0 121.5 128.5
212 25.0 100.0 91.8 82.8 99.6
212 50.0 100.0 86.3 93.9 96.8
215 25.0 100.0 90.1 934 94.7
215 50.0 100.0 87.9 90.8 97.3
Diaformine |150.0 |100.0 67.6 62.3 66.1

or multiplets) and the signal offset to the lower magnetic
fields (3.55—1.87 ppm). While, asymmetry center led to a
characteristic dissociation of the -CH- groups: quadruplet at
the 4.59 ppm (compound 2.6), doublets at the 4.14 and 4.60
ppm and multiplets at the 1.89—1.58 ppm (2.9, 2.10). Besides,
methyl group also undergo additional splitting: doublets at
the 1.37 ppm (2.6), doublets at the 1.08 and 0.80 ppm (2.9)
and doublets at the 0.95 and 0.90 ppm (2.10). The aromatic
protons of the compounds (2.11, 2.12) were registered as the
A_B_-system, with two doublets (H?, H® and H’, H’) at the
7.91,8.01 ppm and 7.34, 7.41 ppm, respectively. Replacing
of carboxyl group in the second position (compound 2.14)
led to the multiplicity protons change and they were not
“classical”, as multiplets at the 8.04 ppm (H-3), 7.65 ppm

ISSN 2306-8094
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Table 2. Types of investigated compounds’ interactions with amino acid residues of the target active center according to the docking

studies

Investigated proteins and types of interactions with amino acid residues

Compounds
DPP4, PDB ID - 2RGU

y-PPAR, PDB ID - 2XKW

HSD11B1, PDB ID - 3QQP

TYRS5472, SER630%, TYR6312,
24 TYR662?, TYR666°, ASN7102,
TYR6627, TYR6622, TYR547°

CYS285* SER342> SER342®

SER170>ALA172> LEU217°

ARG125* TYR547> SER630*

SER170> SER170> ALA172>

S§740°

26 TYR631% TYR662° TYR6667 CY&285* SER289* TYR183°
ARG125° TYR547+ SER630° . . . N 5 .
238 R e, ARG288* ARG288" ILE326 TYR183% TYR183* TYR177
ARG288° ER289* LEU340° N . .
N TYR662* TYR662* SER630° RG288>ARG288" RG288" S e e tSs .
9 PHE357> TYR547 TYR547° ILE341° ILE341> ALA292" Ao R 53 AL 180:
ILE326> MET329°
GLU205°, GLU2067, TYR662, . . .
Diaformine GLU205° TYR662°, SER630%, HI- CYS285, TYRA73", PHE282", | 5ER1700 SER170¢, LEU215°

TYR3272

a: hydrogen; b: hydrophobic; ¢: electrostatic.

(H-6),7.59 ppm (H-5), 7.24 ppm (H-4). Whereas, compound
2.13 with the carboxyl group in position 3, had “classical”
multiplicity with two doublets at the 8.42 and 7.68 ppm (H-6
and H-4), a singlet at the 7.98 ppm (H-2) and triplet at the
7.51 ppm (H-5 Ph). The compound 2.15 was characterized
by two doublets at the 7.87 and 7.20 ppm (H-6 and H-4),
multiplets at the 6.73—6.55 ppm (H-3) and singlet of OH-
group at the 6.80 ppm.

The preliminary screening of hypoglycemic activity was
conducted according to the standard method [9]. Results
showed, that compound 2.4 has the highest activity among
the corresponding isoindolylacetic acids (2.1-2.4) and reduced
the glucose level throughout the experiment by 23.3-34.8%
in dose 25.0 and 50.0 mg/kg (Table 1).

The modification of the molecule (compound 2.4) by
lengthening or branching of “linker” alkyl residue between
the heterocycle and the carboxylic group (2.6-2.10) wasn't
justified in all cases. Thus, insignificant hypoglycemic activity
was character for compounds 2.7-2.10, with reduction of the
glucose level on 2.9-21.5 % in doses 25.0 and 50.0 mg/kg
throughout the experiment. However, the compound 2.6
was the most active in the dose 25.0 mg/kg and reduced the
glucose level during 2 hours of the experiment on 38.4%. It
is important, that the hypoglycemic activity of compound
2.6 also maintained during 4 and 6 hours of the experiment,
thus exceeding the activity of drug-comparison, named
“Diaformin” at 5.9 and 11.3 % respectively. Replacing the
alkyl “linker” group on the alkaryl (2.11) and aryl (2.12, 2.15)
groups showed, that they also exhibit insignificant hypoglyce-
mic activity. These compounds don't decrease glucose level
reliably compared to the control.

Analysis of pharmacological screening and molecular dock-
ing results was carried out to establish promising directions
for further modification, which allowed to reveal the main
types of interactions of the most active compounds (2.4, 2.6,
2.8), mitiglinide and diaformine with the amino acid residues

of the active centers of the HSD11B1, y-PPAR and DPP4
proteins (7able I). These proteins were selected according
to the literature data, as the main targets for creation of drugs
for the treatment of Type 2 diabetes [10—12]. It was found,
that mitiglinide and compounds 2.4, 2.6 and 2.8 have common
types of interactions. So, with the DPP4, mitiglinide and the
synthesized compounds have the largest number of identical in-
teractions with the amino acid residues involved in forming the
complex in the active center of the protein. Namely, hydrogen
bonds and hydrophobic interactions with TYR662, SER630
and TYR547. In addition, such hydrogen bonds were observed
for the synthesized compounds: with TYR631, TYR666
and ASN710 — compound 2.4, with ARG125, TYR631 and
TYR666 — compound 2.6 with ARG125 and TYR666 — com-
pound 2.8. Compounds 2.4, 2.6, 2.8 and mitiglinide have such
same interactions with HSD11B1: SER170,ALA172, TYR183
and TYR177 (Fig. 2).

Thus, conducted investigations of hypoglycemic activity
allowed to identify a number of high active compounds, to
establish “structure — activity relations” and to substantiate
the perspective directions for their further modification. The
above will be solved by replacing of the carboxylic group on
carboxamide, sulfamide, sulfonylureas groups or modifica-
tion of the isoindole cycle itself.

Experimental part

Molecular docking. 11-4-Hydroxysteroiddehydrogenase
type 1 (HSD11B1, PDB ID - 3QQP), y-peroxisomal recep-
tor (y-PPAR, PDB ID - 2XKW) and dipeptidylpeptidase-4
(DPP4, PDB ID - 2RGU) were used as target proteins to carry
out molecular docking. These goals were chosen as the main
enzymes responsible for hypoglycemic activity [9]. Metgli-
tinide, repaglinide and nateglinide were used as reference
drugs. These structures were obtained from PDB-protein
bank for calculating affinity values.

Preparation of the ligand. Substances were constructed using
Marvin Sketch 6.3.0 and saved as mol. Subsequently, using
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Fig. 2. Visualization of affinity according to the docking a) mitiglinide with DPP4; b) compound 2.4 with DPP4; c) compound 2.6

with HSD11B1; d) compound 2.8 with y-PPAR.

the Marvin Sketch 6.3.0 program [13], they were optimized
with the help of the molecular-mechanical MM + algorithm
in conjunction with the semiempirical PM3 method of mo-
lecular modeling with the maximum number of cycles and
the Polak-Ribiere algorithm. Molecular mechanics is used to
obtain more realistic geometric values for most organic mole-
cules, due to the fact that it has a large number of parameters.
The next step was to re-optimize MM + -optimized structures
with using semiempirical PM3 molecular modeling method
and the preservation of molecules in PDB files. Using Auto
Dock Tools-1.5.6, PDBs were converted to PDBQT while the
rotational number of link options was typical.

Preparation of protein. PDB files have been downloaded
from a data bank of proteins [14]. Discovery Studio 4.0 was
used to remove water molecules and ligands from the file. Af-
ter that, the proteins were saved as PDB files. Polar hydrogen
atoms were added and the protein was saved as PDBQT into
Auto Dock Tools-1.5.6. The search grid for docking the protein
was set as following: center x = -23.247, center y = 41.137,
center z=5.939,size x=12,size y=14,size z=10for3QQP;
center x=16.251, center y=6.145, center z=45.867, size x
=14, = 18 size y, size_z =20 for 2XKW; center x = 51.123,
center y=48.163, center z=37.781, size x=16,size y=12,
=12 size z for 2RGU [15]. Vina was used for proper docking.
Discovery Studio 4.0 was used for visualization.

Experimental chemical part. Melting points were deter-
mined in open capillary tubes in a “Stuart Scientific SMP30”
apparatus and were uncorrected. The elemental analyses
(C, H, N) were performed using the ELEMENTAR vario
EL Cube analyzer (USA). Analyses were indicated by the

symbols of the elements or functions within £ 0.3 % of the
theoretical values. IR spectra (4000-600 cm™') were recorded
on a Bruker ALPHA FT-IR spectrometer (Bruker Bioscience,
Germany) using a module for measuring attenuated total
reflection (ATR). "H NMR spectra (400 MHz) were recorded
on Varian-Mercury 400 (Varian Inc., Palo Alto, CA, USA)
spectrometers with TMS as internal standard in DMSO-d,
solution. LC-MS were recorded using chromatography/mass
spectrometric system which consists of high performance lig-
uid chromatograph “Agilent 1100 Series” (Agilent, Palo Alto,
CA, USA) equipped with diode-matrix and mass-selective
detector “Agilent LC/MSD SL” (atmospheric pressure chem-
ical ionization — APCI). The starting reagents and solvents
were obtained from commercially available sources and were
used without further purification.

The general method for the synthesis of compounds (2.1-2.15):
(0.01 M) Aminoalkyl-(alkaryl-,aryl-)carboxylic acid was
added to a solution (0.01 M) of the corresponding anhydride
(1.1-1.5) in 10 ml of glacial acetic acid. The reaction mixture
was heated and refluxed for 6 hours. Acetic acid was distilled
under vacuum after 10 ml of water was added to the residue,
cooled to 0° C., the precipitate was filtered and dried. It was
crystallized from methanol if it was necessary.

2-(1,3-Dioxoisoindoline-2-yl)acetic acid (2.1). Yield: 89.3 %;
Mp.: 193-196 °C; 'H NMR, & (ppm): 12.79 (s, -COOH), 7.87 (s,
2H, H-5,6), 7.83 (s, 2H, H-4,7), 4.27 (s, 2H, -CH,-); LC-MS, m/z =
206 [M+1]; Anal. Calcd. for C, HNO,: C, 58.54; H, 3.44; N, 6.83;
Found: C, 58.65; H, 3.52; N, 6.95.

2-(1,3-Dioxo-1,3,3a,4,7,7a-hexahydro-2H-isoindole-2-yl)acetic
acid (2.2). Yield: 70.1 %; Mp.: 102-105 °C; 'HNMR, 6 (ppm): 12.69
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(s, 1H,-COOH), 5.86 (m, 2H, H-5,6), 4.00 (s, 2H, -CH.-), 3.17 (m,
2H, H-3a,7a),2.32 (d,/=14.2 Hz,2H, H-4,7),2.21 (d,/=14.2 Hz,
2H, H-4,7); LC-MS, m/z=210 [M+1]; 4nal. Calcd. for C H, NO,:
C, 57.41; H,5.30; N, 6.70; Found: C, 57.49; H, 5.38; N, 6.79.
2-(1,3-Dioxo-1,3,3a,4,7,7a-hexahydro-2H-4,7-methanoiso-
indole-2-yl)acetic acid (2.3). Yield: 77 %; Mp.: 191-194 °C; 'H
NMR, § (ppm): 12.46 (s, 1H, -COOH), 6.04 (s, 2H, H-5,6), 3.85
(s,2H, -CH,-), 3.37 (m, 2H, H-3a,7a), 3.30 (m, 2H, 4,7), 1.66 (d, /
= 8.4 Hz, 1H, 8-CH,-), 1.60 (d, /= 8.4 Hz, 1H, 8-CH,-); LC-MS,
m/z =222 [M+1]; Anal. Calcd. for C H NO,: C, 59. 73 H, 5.01;
N, 6.33; Found: C, 59.82; H, 5.09; N, 6.41.
2-(1,3-Dioxooctahydro-2H-isoindole-2-yl)acetic acid (2.4).
Yield: 76.2 %; Mp.: 75-79 °C; 'THNMR, 8 (ppm): 12.01 (s, -COOH),
4.02(s,2H,-CH,-),2.93 (m, 2H, H-3a,7a), 1.78 (m, 4H, H-4,7), 1.45
(m, 4H, H-5,6); LC-MS, m/z =213 [M+1]; 4nal. Calcd. for C, H-
sNO,: C,56.8; H,6.20; N, 6.63; Found: C, 57.11; H, 6.29; N, 6.71.
(Z)-4-((Carboxymethyl)amino)-4-oxobut-2-enoic acid (2.5).
Yield: 59.9 %; Mp.: 115-118 °C;'HNMR, 6 (ppm): 13.81 (s,
1H, -COOH), 9.44 (t, 1H, -C(O)NH-), 6.53 (d, /= 12.7 Hz,
1H,=CH-COOH), 6.21 (d,J=12.7 Hz, 1H,=CH-C(O)NH-),
3.93 (d, J=5.4 Hz, 2H, -CH,-); LC-MS, m/z = 172 [M+1];
Anal. Calcd. for CH,NO,:C,41.63;H,4.08; N, 8.09; Found:
C,41.69; H,4.13; N, 8.12.
2-(1,3-Dioxooctahydro-2H-isoindole-2-yl)propanoic acid
(2.6). Yield: 30.5 %; Mp.: 149-151 °C; IR (cmt): 1744, 1676, 1405,
1188, 1083, 893,853,767, 736,619; 'HNMR, & (ppm): 12.67 (s, 1H,
-COOH),4.59 (q,J="7.1 Hz, 1H, -CH-),2.98-2.86 (m, 2H, H-3a,7a),
1.78-1.54 (m, 4H, H-4,7), 1.37 (d, /= 3.0 Hz, 3H, -CH,), 1.32-1.18
(m, 4H, H-5,6); LC-MS, m/z = 226 [M+1]; Anal. Calcd. for C, H-
sNO,: C,58.66; H, 6.71; N, 6.22; Found: C, 58.74; H, 6.82 ; N, 6.31.
3-(1,3-Dioxooctahydro-2H-isoindole-2-yl)propanoic acid (2.7).
Yield: 38,8 %; Mp.: 83-85 °C; IR (cm™): 3119, 2945, 2924,
2898,2857,1768,1738, 1668, 1532, 1452, 1394, 1334, 1302,
1288, 1253, 1197, 1178, 1162, 1138, 1098, 1062, 1048, 1034,
1000, 956, 926, 908, 894, 876, 836, 809, 781, 745, 688, 658,
644, 609; '"H NMR, 6 (ppm): 12.19 (s, 1H, -COOH), 3.55
(t,J=7.2 Hz, 2H, -CH,CH,COOH), 2.86 (m, 2H, H-3a,7a),
2.50-2.39 (m, 2H, -CH,CH,COOH), 1.76-1.63 (m, 2H,
H-4,7), 1.62-1.50 (m, 2H, H-4,7), 1.41-1.19 (m, 4H, H-5,6);
LC-MS, m/z = 226 [M+1]; Anal. Calcd. for C H, NO,: C,
58.66; H, 6.71; N, 6.22; Found: C, 58.77; H, 6.83; N, 6.29.
4-(1,3-Dioxooctahydro-2H-isoindole-2-yl)butanoic acid (2.8).
Yield: 95.6 %; Mp.: 90-91 °C; IR (ecm): 2945, 1705, 1667,
1455, 1440, 1402, 1376, 1344, 1198, 1162, 1145, 1066, 891,
865, 833, 810, 784, 763, 631, 613; '"HNMR, & (ppm): 11.85
(s, 1H,-COOH), 3.42 (t,J= 6.5 Hz, 2H, -CH,(CH,),COOH),
2.86 (m, 2H, -(CH,),CH,COOH), 2.18 (m, 2H, H-3a,7a),
1.89-1.70 (m, 4H, H-4,7, -CH,CH,CH,COOH), 1.69-1.58
(m, 2H, H-4,7), 1.41 (m, 4H, H-5,6); LC-MS, m/z = 240
[M+1]; Anal. Calcd. for C H NO,: C, 60.24; H, 7.16; N,
5.85; Found: C, 60.31; H, 7.22; N, 5.90.
2-(1,3-Dioxooctahydro-2H-isoindole-2-yl)-3-methylbutanoic
acid (2.9). Yield: 80 %; Mp.: 100-103 °C; IR (cm™): 3141, 2965,
2937, 2861, 1758, 1737, 1668, 1453, 1401, 1379, 1348, 1226,
1173, 1144, 1132, 1121, 1082, 1069, 1046, 981, 972, 897, 856,
830, 811, 781, 767, 741, 727, 714, 684, 654, 628, 615; 'H NMR,
S (ppm): 12.59 (s, 1H, -COOH), 4.14 (d, J = 8.3 Hz, 1H, -CH-

CH(CH,),), 3.02-2.83 (m, 2H, H-3a,7a), 1.89-1.60 (m, SH, H-4,7,
-CH-CH(CH,),), 1.54-1.31 (m, 4H, H-5,6), 1.08 (d,/= 6.5 Hz, 3H,
-CH,), 0.80 (d, J = 6.5 Hz, 3H, -CH,); LC-MS, m/z = 254 [M+1];
Anal. Calcd. for C H NO,: C, 61.64; H, 7.56; N, 5.53; Found: C,
61.76; H, 7.63; N, 5.59.
2-(1,3-Dioxooctahydro-2H-isoindole-2-yl)-4-methylpentanoic
acid (2.10). Yield: 61.3 %; Mp.: 104-106 °C; IR (cm™): 3168, 2973,
2944, 2933, 2864, 1762, 1741, 1672, 1456, 1412, 1376, 1351, 1226,
1176, 1140, 1129, 1121, 1086, 1072, 1046, 991,969, 895, 852, 830, 812,
781,771,741,727,709, 683, 649, 629, 613; 'HNMR, 6 (ppm): 12.19
(s, 1H,-COOH), 4.60 (d,./= 8.3 Hz, 1H, -CH-CH,CH(CH,),), 3.52-
348 (m, 2H, H-3a,7a),2.13-1.87 (m, 4H, H-4,7,-CH-CH,CH(CH,),),
1.78-1.58 (m, 3H, H-4,7, -CH-CH,CH(CH,),), 1.49-1.31 (m, 4H,
H-5,6),0.95(d,/=6.5 Hz, 3H, -CH,), 0.90 (d,/= 6.5 Hz, 3H, -CH,).
LC-MS, m/z = 268 [M+1]; Anal. Calcd. for C,,H, NO,: C, 62.90; H,
7.92; N, 5.24; Found: C, 62.99; H, 8.03; N, 5.31.
4-((1,3-Dioxooctahydro-2H-isoindole-2-yl)methyl)benzoic
acid (2.11). Yield: 78.5 %; Mp.: 175-178 °C; IR (cm™): 2930, 2852,
2519,1771,1674,1608, 1574, 1555, 1512, 1448, 1415, 1391, 1355,
1334,1317,1278,1201, 1183, 1167, 1141, 1115, 1092, 1067, 1030,
1014, 982, 941, 924, 910, 829, 806, 786, 753, 695, 680, 646, 611;
'HNMR, & (ppm): 12.57 (s, 1H, -COOH), 7.91 (d, /= 6.8 Hz, 2H,
H-2,6 Ph), 7.34 (d,J= 6.8 Hz,2H, H-3,5 Ph), 4.60 (s, 2H, - CH Ph),
2.94 (m, 2H, H-3a,7a), 1.72 (m, 4H, H-4,7), 1.39 (m, 2H, H-5,6);
LC-MS, m/z =2 88 [M+1]; Anal. Calcd. for C, H NO,: C, 66.89;
H, 5.96; N, 4.88; Found: C, 66.93; H, 6.06; N, 4.95.
4-(1,3-Dioxooctahydro-2H-isoindole-2-yl)benzoic acid (2.12).
Yield: 74 %; Mp.: 227-229 °C; IR (em): 3121, 2939, 2923, 2899,
2854,1710,1669, 1603, 1510, 1447, 1433, 1416, 1371, 1353, 1301,
1231, 1206, 1188, 1162, 1125, 1111, 1083, 1058, 1030, 1013, 969,
951, 905, 889, 861, 845, 806, 786, 763, 738, 691, 672, 635, 624;
'HNMR, § (ppm): 13.01 (s, 1H, -COOH), 8.01 (d, /= 8.2 Hz, 2H,
H-2,6Ph), 7.41 (d,J=8.2 Hz, 2H, H-3,5Ph), 3.24 (m, 2H, H-3a,7a),
1.76 (m,4H, H-4,7), 1.39 (m, 4H, H-5,6); LC-MS, m/z =274 [M+1];
Anal. Calcd. for C H NO,: C, 65.92; H, 5.53; N, 5.13; Found: C,
66.02; H, 5.59; N, 5.21.
3-(1,3-Dioxooctahydro-2H-isoindole-2-yl)benzoic acid (2.13).
Yield: 88 %; Mp.: 275-282 °C;'H NMR, & (ppm): 12.92 (s, 1H,
-COOH), 8.42 (d, 1H, H-6Ph), 7.98 (s, 1H, H-2Ph), 7.68 (d, 1H,
H-4Ph), 7.51 (t, 1H, H-5Ph), 3.22 (m, 2H, H-3a,7a), 1.89-1.73 (m,
4H, H-4,7), 1.46 (m, 4H, H-5,6); LC-MS, m/z = 274 [M+1]; Anal.
Calcd. for C ;H NO,: C, 65.92; H, 5.53; N, 5.13; Found: C, 66.05;
H,5.61;N,5.23.
2-(1,3-Dioxooctahydro-2H-isoindole-2-yl)benzoic acid (2.14).
Yield: 52 %; Mp.: 192-194 °C;'H NMR, & (ppm): 12.87 (s, 1H,
-COOH), 8.04 (m, 1H, H-3Ph), 7.65 (m, 1H, H-6Ph), 7.59 (m, 1H,
H-5Ph), 7.24 (m, 1H, H-4Ph), 3.02 (m, 2H, H-3a,7a), 2.10-1.68
(m, 4H, H-4,7), 1.51 (m, 4H, H-5,6); LC-MS, m/z = 274 [M+1];
Anal. Calcd. for C, H NO,: C, 65.92; H, 5.53; N, 5.13; Found: C,
66.99; H, 5.62; N, 5.19.
4-(1,3-Dioxooctahydro-2H-isoindole-2-yl)-2-hydroxybenzoic
acid (2.15). Yield: 69.3 %; Mp.: 158-160 °C; 'H NMR, & (ppm):
9.42 (s, -COOH), 7.87 (d, 1H, H-6Ph), 7.20 (d, 1H, H-4Ph),
6.80 (s,1H, -OH), 6.73-6.55 (m, 1H, H-3Ph), 3.24-2.94 (m,
2H, H-3a,7a), 1.83 (m, 2H, H-4,7), 1.49 (m, 4H, H-5,6); LC-
MS, m/z = 290 [M+1]; Anal. Calcd. for C,.H NO.: C, 62.28;

157715

H, 5.23; N, 4.84; Found: C, 62.35; H, 5.34; N, 4.89.
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Synthesized compounds (2.1-2.15) are white or yellow
crystalline substances, insoluble in water, soluble in organic
solvents. They were purified by crystallization from methanol
for analyses.

Pharmacology. Hypoglycemia activity test. Study of hypogly-
cemic action was conducted on 124 Wistar white rats wich (male,
weight 260-280 g., age 3.5 month) obtained from nursery of PE
“Biomodelservice” (Kyiv, Ukraine). Experiments on animals
were carried out according to bioethics principles. Animals
selected after quarantine by random sampling were divided in
groups of 6 male —rats on the assumption of absence of external
signs of diseases and homogeneity by weight (+15 %). Experi-
mental animals were not fed during 12 hours before injection of
studied compounds. The weights of all animals were measured
before experiments. Intragastric injection of studied compounds
were conducted using atraumatic probe as water solution or
finely dispersed suspension stabilized by Tween 80 in dose 10
mg/kg. Intact and control groups obtained equivalent volume
of water by the same way. Hypoglycemic action of synthesized
compounds was evaluated via changes of glucose level before
and after injection of studied compounds. Measurements of glu-
cose level were carried out in 2, 4, 6 and 8 hours after injection.

Statistical analysis was done using standard software com-
plex, namely Microsoft Office Excel 2003 and Statistica® for
Windows 6.0 (StatSoft Inc., Ne AXXR712D833214FANY).
For each estimated value arithmetic mean (M), and standard
error of the mean (+m) were defined. During verification
of statistical hypothesis, null hypothesis were declined if
statistical criterion P < 0.05.
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