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B oannoii cmamve paccmampugaromcea 6u0aKmueHble C60ICMEA CUHMEMUUECKUX COeOU-
HeHUIl, COOePIHCAUUX P-TAKMOHOBbIE U 2-NUPUOOHOBbBIE KOIbYA, KOMOPbIE RPOAGIAIOM WIHUPOKULL
cnekmp (hapmako0zudecKoil akmueHOCmu. Imu coeOUHEeHUs AGNAIOMCA CIPYKIMYPHbBIMU AHA-
J102aMU QIKAI0UOA cepheicuHa, evloesienHozo u3z pacmenusa Ceropegia juncea, u3eecmHnozo 8
mpaouyuoHHol uHouiickou meouyune. Cepneicun oonadaem ycnoKkaueaowum, nPomueo8ocna-
JIUMebHbIM, AHATIbZEUPYIOULUM U NPOMUBOAZEEHHBIM OeliCHEUeM, U0 Oelden e20 CUHMenu-
YyecKue npou3o0Hble NEPCREKMUBHBIMU 00beKMAMU 011 PA3PadOmMKU HOGBIX J1eKAPCMEEHHbIX
npenapamog. Ocoboe enumanue ¢ pabome yoeneHo NPou3eoOHvIM cepnedcuna, maxum kax C* u
N°, Komopbie ycunusaiom Kiemounsiii omeem na unmep@heponsl u U3GUPamenbHo UHZUGUPYIOm
axkmuenocms 208 npomeacomul maexonumarouwjux. Imu ceoiicmea 0enarom yKa3aHHvle coeouHe-
HUA NOMEHUUATIbHO NONE3HbIMU NPU J1eYeHUU UMMYHHbIX U 80CHAIUMENbHBIX 3000/1€6aHUlL, A
makyce npu cO30aHUL HOBBIX NPOMUBOONYXONEBbIX CPEOCHIE C MUHUMAIbHbIMU NOOOUHBIMU I(h-
thexmamu. B pamkax uccnedosanusn ovina nposeoena oyeHKa AHMUOAKMEPUATILHOU AKMUBHO-
cmu 37 HOBBIX NPOU3BOOHBIX CEPRENCUHA C UCNOIb306AHUEM Memoda Ougdy3uu é azap npu Oax-
mepuansHoil Hazpy3ke 20 MaH MUKPOOHBIX me/MA. IKChnepuMeHnbl nPOGOOUIUCH 6 Acenmuye-
CKUX YC108UAX C RPUMEHEHUEM IMAIOHHBIX WMAMMO8 KAK ZDAMHONOMNCUMESIbHBIX, MAK U 2Pa-
Mmompuuamenwvhvix o6axmepuii. Ilonyuennsle pe3yiomamosl noKazanu, Ymo coeOUHeHUA NEPBEOil
2pynnul 001a0a0m GbIPAIHCEHHOU AHMUOAKMEPUATLHO AKMUGHOCHBIO, 0COOEHHO 8 OMHOUIEHUU
Shigella flexneri, npu 3mom pao coedunenuii nposaeun ymepenuyio sgpgexmusnocms. Ilonyuen-
Hble OanHble NOOMBEEPHCOAIOM HEe0DdX00UMOCMb 0AIbHEHUX UCC/1e008AHUI AHMUOAKMEPUATb-
HBIX C8OIICHE RPOU3BOOHBIX CEPRENCUHA, OCOOEHHO NO OMHOUIEHUIO K 00J1ee WUPOKOil zpynne 2pa-
MOMPUUAMETILHBIX NAMOZEH08. IMO MONHCEN CROCOOCME06aMb CO30AHUI0 HOBbIX IPheKmusHbIX
AHMUOAKMEPUATIbHBIX NPEnapamos ¢ YayuuieHHbIM npoguiem 6e30nacnocmu u celeKmueHoCmu.
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This study explores the bioactive properties of synthetic compounds containing y-lactone

and 2-pyridone ring systems, which exhibit a broad spectrum of pharmacological activities. These
compounds are structural analogues of the alkaloid serpegin, originally isolated from Ceropegia
juncea, a plant known in traditional Indian medicine for its therapeutic effects. Serpegin has been
reported to possess sedative, anti-inflammatory, analgesic, and anti-ulcer properties, making its
synthetic analogues attractive candidates for the development of novel therapeutic agents. Among
the synthetic derivatives discussed in this work are compounds C1 and N5, which have demon-
strated the ability to enhance cellular responses to interferons and selectively inhibit the activity of
the mammalian 20S proteasome. These biological effects suggest that such derivatives may have
potential applications in the treatment of immune-related and proliferative disorders, with the
added benefit of potentially reduced side effects compared to existing drugs. The antibacterial
activity of 37 newly synthesized serpegin derivatives was evaluated using the agar diffusion
method under aseptic conditions, with a bacterial load of 20 million microbial cells per milliliter.
Both Gram-positive and Gram-negative reference bacterial strains were tested. The results re-
vealed that compounds from the first group exhibited noticeable antibacterial effects, especially
against Shigella flexneri, with several compounds showing moderate activity. These findings un-
derscore the significance of further research into the antibacterial properties of serpegin-based
compounds, particularly against a wider spectrum of Gram-negative bacteria. This could ulti-
mately contribute to the development of new and effective antibacterial agents with improved
selectivity and safety profiles.

Keywords: y-lactones, 2-pyridones, Cerpegine derivatives, synthesis, gram-positive bacterias, gram-

negative bacterias, antibacterial activity

INTRODUCTION

Cerpegine alkaloid, a fascinating naturally oc-
curring bioactive compound, has garnered significant
attention in medicinal and synthetic chemistry due to
its diverse pharmacological activities. Since the begin-
ning of 1990, with the isolation of Cerpegine from the
plant Ceropegia juncea, the development of synthesis
routes and studies of the biological activity of the syn-
thesized derivatives began and still continues [1-7].
The plant is used in traditional Indian medicine due to
its tranquillizing, anti-inflammatory, analgesic and an-
tiulcer properties [6].
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Fig. 1. Cerpegine
Puc. 1. Cepniexxun

It is known that Cerpegine molecule contains
v-lactone and pyridone rings (Fig. 1). Both occurs in
many bioactive compounds and officially approved
drugs’ molecules [8-20]. Thus, pyridone ring contain-
ing compound Huperazine A (Fig. 2a) is used in China
against Alzheimer’s disease, in USA as a nutraceutical,
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Fredericamycin A (Fig. 2b) is for human cancer chem-
otherapy, Camptothecin (Fig. 2c) has anticancer activ-
ity, Ripretinib (Fig. 2d), Tazemetostat (Fig. 2e), Do-
ravirine (Fig. 2f), Duvelisib (Fig. 2g) and Palbociclib
(Fig. 2h) are kinase inhibitors, so they are officially
approved anticancer drugs. Study of the 1999-2022 2-
pyridones' literature showed that 31% of works are
about anticancer, 31% antibacterial, 24% antifungal,
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7% anti-inflamatory, 4% o-glucoside inhibiton and
3% cardiotonic activities [13]. y-lactone ring contain-
ing compounds Xanthatin (Fig. 3a) is antibiotic, Iso-
deoxypodophyllotoxin (Fig 3b) is tubulin polymeri-
zation inhibitor, Encelin (Fig 3c) is fungal growth in-
hibitor and Arglabin (Fig 3d) is farnesyl transferase
inhibitor [20].

Fig. 2. Pyridone ring containing compounds
Puc. 2. Coenunenns, coaepskaie THPHIOHOBOE KOJIBIO

Fig. 3. y-lactone ring containing compounds
Puc. 3. COG)II/IHGHI/IH, coaepxKalue y-JJaKTOHOBOE KOJIBIIO

Finally, both y-lactone and pyridone rings con-
taining C! and N° derivatives of Cerpegine enhance
cellular response to interferons by pyrimidine biosyn-
thesis inhibition and also demonstrate selective inhibi-
tion of the post-acid activity of mammalian 20S pro-
teasomes [2, 7, 22].

In summary, we can say that synthesis and bi-
ological activity study of y-lactone and pyridone rings
containing compounds are important enough for fur-
ther drug discovery. Thus, the aim of our research is to
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synthesize the series of Cerpegine C! and N° deriva-
tives and conduct an antibacterial activity study.

DESCRIPTION

There are several good methods of Cerpegine
C! and N°® derivatives’ preparation [2, 3, 7]. Dozens of
them were successfully synthesized with good yields
by three-step synthetic route (Scheme). We also syn-
thesized new 37 Cerpegine derivatives with good
yields (52-92%) by the described scheme and con-
ducted the study of antibacterial activity.
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The antibacterial activity of the synthesized
Cerpegine C* and N® derivatives’ (Table 1) were stud-
ied using the “agar diffusion” method [23] at a bacte-
rial load of 20 million microbial bodies/ml of medium.
Gram-positive (Staphylococcus aureus 209P, Bacillus
subtilis ATCC 6633) and gram-negative rods (Shigella
flexneri ATCC 6858, Escherichia coli O-55) were used
as model bacteria to assess antibacterial activity. The
drug Furadonin was used as a positive control. Solu-
tions of the compounds and the control preparation were
prepared in DMSO with a concentration of 50 mg/ml.
The test substances were applied to Petri dishes with
microorganism strains inoculated with them, 0.1 ml
each. The results were recorded based on the diameter
(d, mm) of the zones of inhibition at the site of applied

substances after a day of growing the test cultures in a
thermostat at 37 °C.

The study of the antibacterial activity of the
compounds showed that the substances of the first
group exhibit antibacterial activity against gram-nega-
tive microorganisms, especially against S. Flexneri
6858. Among them, substances 8, 9, 12, 13 and 15 ex-
hibit moderate activity against all microorganisms used
in the experiment. Compounds of the second and third
subgroups demonstrate moderate activity (d15-20 mm)
against both gram-negative and gram-positive micro-
organisms. Among them, the most active are the com-
pounds: 16, 17, 25, 35 and 37. The antibacterial activ-
ity data are presented in the Table.

Table

Antibacterial activity of synthesized compounds
Taboauya. AHTHOAKTEPUAJIBLHAS AKTHBHOCTh CHHTE3HPOBAHHBIX COeUHEHUI

Compound Diameter (d, mm) of the zones of inhibition
Group N R S.aureus 209 p B.gggglls . ggége” Ed_?s"
©/ 0 0 17 12
%
0 13 20 13
0
I
%
O/ 0 17 22 13
F
%
©/ 0 17 22 15
CF,4
N@
I = 11 17 20 17
%/_F
©) 11 16 22 17
CO,Et
/©/ 11 0 20 17
%
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continuation of the table
1 2 3 4 5 6 7

g ) 12 16 18 16

14 13 17 18
I
18 18 18 18
¥
I
N 0 13 15 17
ﬁ\/@ 11 14 18 15
W 13 17 18 12
Et
X
| 10 17 17 12
N
N © 11 1 1 1
N 9 8 5
I
\O
12 17 17 12
. L
jN —
o %@w\ 14 17 17 12
0”0 §Ocoza 0 14 13 0
“‘(\/\o—< 11 16 14 12
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continuation of the table

B. subtilis | S. flexneri | E. coli
6633 6858 0-55

% 12 19 17 14

Group N R S.aureus 209 p

Furadonine 23 23 23 23

CONCLUSIONS logical research aimed at creating new multipurpose
therapeutics with enhanced efficacy and improved

The conducted study confirms the potential of "
safety profiles.

synthetic Serpegin derivatives as multifunctional bio-
active compounds with a broad spectrum of therapeutic EXPERIMENTAL
activity. It was established that molecules containing
y-lactone and 2-pyridone fragments possess not only
anti-inflammatory and analgesic potential, but also ex-
hibit selective inhibitory activity against the 20S pro-
teasome, making them promising candidates for the

General Information

IR spectra were obtained on a Specord 75 IR
spectrometer in KBr pellets. 1H and 13C NMR (300
and 75 MHz, respectively) spectra were recorded on a
development of novel anticancer and immunomodula-  Yarian Mercury VX 300 spectrometer in DMSO-d6-
tory agents. CCI4, 1:3, at ;&0 °C (unless otherv&.llse menthned), us-

The evaluation of the antibacterial activity of 1Ng TMS as internal standard. High-resolution mass
37 newly synthesized serpegin derivatives demon- ~SPectrawere recorded on a Waters Xevo G3 QToF in-
strated that several compounds exhibit significant ac- ~ Strument using ES source in a positive mode. All start-
tivity against Shigella flexneri, along with moderate ing compounds were obtained from commercial
activity against other tested bacterial strains. These sources and were used without additional purification.
findings underscore the relevance of further investiga-  All target compounds were synthesized and purified by
tion into this class of compounds for the development ~ well-known procedures [2, 3, 7].

of effective antibacterial agents, particularly in light of General methodology synthesis of 1-37 com-
the growing resistance of microorganisms to existing  pounds:
antibiotics. 0.001 mol of primary amine and 3 ml of xylene

In conclusion, synthetic Serpegin analogues were added to 0.001 mol of the starting lactone-dia-
represent a promising direction for ongoing pharmaco-  minovinyl, and the mixture was refluxed for 15 h. Then
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3 ml of hexane were added, and the resulting crystals
were filtered. The crystals were recrystallized from
ethanol. Substances with the corresponding yields
were obtained.
1-ethyl-1-methyl-5-phenylfuro[ 3,4-c]pyridine-
3,4(1H,5H)-dione (1): Yield 65%, mp 196-198 °C, white
solid, IR spectrum, v, cm*: 1600.21, 1650, 1721,
1730.4, *H NMR spectrum, 8, ppm (J, Hz): 0.87t (3H,
J = 7.4, CHsCHy), 1.61s (3H, CHs3), 1.88-2.08m (2H,
CHsCHy), 6.56d (1H, J = 6.8), 7.39-7.57m (5H),
7.97d, (1H, J = 6.8), 3C NMR spectrum, 5, ppm: 7.28,
23.80, 30.65, 83.84, 98.45, 112.32, 126.37, 128.14,
128.64, 139.50, 145.89, 155.70, 165.31, 170.87,
HRMS (ESI, m/z) calcd. for CiHisNOs* [M+H]":
270.1130, found: 270.1141.
1-ethyl-5-(4-methoxyphenyl)-1-methylfuro[3,4-
c]pyridine-3,4(1H,5H)-dione (2): Yield 69%, mp 227-
229 °C, white solid, IR spectrum, v, cm™*: 1102.06,
1137.8, 1508.4, 1720.1, 1735.4, *H NMR spectrum, 3,
ppm (J, Hz): 0.86t (3H, J = 7.4, CH3CHy), 1.60s (3H,
CHs), 1.86-2.07m (2H, CHsCHy), 3.86s (3H, OCHs3),
6.52d (1H, J = 6.8), 7.00-7.05m (2H), 7.28-7.33m
(2H), 7.93d, (1H, J = 6.8), *C NMR spectrum, &, ppm:
7.27,23.83, 30.67, 54.9, 83.78, 98.23, 112.16, 113.82,
127.36, 132.17, 146.18, 155.90, 158.97, 165.39,
170.68, HRMS (ESI, m/z) calcd. for Ci7HisNO4*
[M+H]*: 301.1236, found: 301.1247.
1-ethyl-5-(4-fluorophenyl)-1-methylfuro[3,4-
c]pyridine-3,4(1H,5H)-dione (3): Yield 59%, mp 241-
243 °C, white solid, IR spectrum, v, cm™*: 1600.51,
1650.3, 1725.2, 1735.4, *H NMR spectrum, 8, ppm (J,
Hz): 0.86t (3H, J = 7.4, CH3CHy), 1.60s (3H, CHj),
1.87-2.08m (2H, CHsCHy), 6.56d (1H, J = 6.8), 7.23-
7.31m (2H), 7.43-7.49m (2H), 7.97d (1H, J = 6.81),
13C NMR spectrum, 8, ppm: 7.27, 23.79, 30.64, 83.90,
98.54, 112.30, 115.54, 128.52, 135.47, 145.98, 155.78,
161.54, 165.30, 170.97, HRMS (ESI, m/z) calcd. for
CisH1sFNOs* [M+H]*: 288.1036, found: 288.1042.
1-ethyl-1-methyl-5-(4-(trifluoromethyl)phe-
nyl)furo[3,4-c]pyridine-3,4(1H,5H)-dione (4): Yield
52%, mp 182-184 °C, white solid, IR spectrum, v, cm™:
1506.38, 1548.25, 1599.63, 1720.1, 1740, 3104.47,H
NMR spectrum, 8, ppm (J, Hz): 0.86t (3H, J = 7.4,
CHsCHy), 1.61s (3H, CHs), 1.89-2.09m (2H, CHsCH,),
6.62d (1H, J = 6.8), 7.71-7.81m (4H), 8.06d (1H, J =
6.8), 3C NMR spectrum, &, ppm: 7.24, 23.81, 30.60,
84.02, 98.93, 112.44, 123.11, 123.62, 124.89, 129.72,
130.34, 130.43, 139.89, 145.76, 155.68, 165.22,
171.22, HRMS (ESI, m/z) calcd. for Ci7HisFsNO3s*
[M+H]*: 338.1004, found: 338.1015.
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5-(3-(1H-imidazol-1-yl)propyl)-1-ethyl-1-
methylfuro[3,4-c]pyridine-3,4(1H,5H)-dione (5):
Yield 85%, mp 171-173 °C, white solid, IR
spectrum, v, cmt: 1530.1, 1529.6, 1580.9, 1720.4,
1735.6,'™H NMR spectrum, 3, ppm (J, Hz): 0.79t (3H,
J = 7.4, CHsCH,), 1.54s (3H, CHz), 1.80-2.01m (2H,
CHsCHy), 2.15-2.24m (2H, CH,CH>CH>), 3.93-4.10m
(4H, CH,CH>CHy), 6.40d (1H, J = 6.8), 6.82t (1H, J =
1.2),7.06t (1H, J=1.2) 7.52t (1H, J = 1.2), 8.04d (1H,
J = 6.8), BC NMR spectrum, §, ppm: 7.21, 23.87,
30.04, 30.68, 43.37, 46.13, 83.71, 98.15, 111.50,
118.30, 128.35, 136.57, 146.09, 156.10, 165.54,
170.04, HRMS (ESI, m/z) calcd. for CigH20N3Os*
[M+H]*: 302.1505, found: 302.1513.
5-benzyl-1-ethyl-1-methylfuro[3,4-c]pyridine-
3,4(1H,5H)-dione (6): Yield 83%, mp 161-163 °C,
white solid, IR spectrum, v, cm™: 1529.2, 1530.4,
1577.1, 1710.5, 1728.4,*H NMR spectrum, 3, ppm (J,
Hz): 0.79t (3H, J = 7.4, CH3CHy), 1.54s (3H, CHjy),
1.80-2.02m (2H, CHsCH>), 5.14d (1H, J = 14.0), 5.22d
(1H, J = 14.0), 6.43d (1H, J = 6.8), 7.24-7.39m (5H,
Ph), 8.19d, (1H, J = 6.8), *C NMR spectrum, &, ppm:
7.22, 23.81, 30.70, 50.80, 83.70, 98.19, 111.74,
127.28, 127.82, 128.09, 136.18, 146.05, 156.00,
165.45, 170.12, HRMS (ESI, m/z) calcd. for
C17H1sNO3s* [M+H]™: 284.1287, found: 284.1295.
Ethyl 4-(1-ethyl-1-methyl-3,4-dioxo-1,4-dihy-
drofuro[3,4-c]pyridin-5(3H)-yl)benzoate (7): Yield
67%, mp 257-259 °C, white solid, IR spectrum, v, cm™:
1101.06, 1138.4, 1508.44, 1547.28, 1593.67, 1717.0,
1735.34, 3067.20, '"H NMR spectrum, 8, ppm (J, Hz):
0.86t (3H, J = 7.4, CHsCH,C), 1.41t (3H, J = 7.1,
CHsCH20), 1.61s (3H, CHs), 1.88-2.09m (2H,
CH3CHC), 4.38q (2H, J = 14.0, CHsCH,0), 6.61d
(1H, J = 6.8), 7.54-7.58m (2H), 8.02d (1H, J = 6.8),
8.12-8.16m (2H), *C NMR spectrum, &, ppm: 7.27,
13.89, 23.78, 30.61, 60.36, 83.98, 98.88, 112.45,
126.59, 129.78, 129.95, 143.08, 145.56, 155.53,
164.22, 165.22, 171.11, HRMS (ESI, m/z) calcd. for
C19H20N05+ [M+H]+Z 342.1342, found: 342.1348.
1-ethyl-1-methyl-5-phenethylfuro[3,4-c]pyri-
dine-3,4(1H,5H)-dione (8): Yield 86%, mp 142-144 °C,
white solid, IR spectrum, v, cm*:1530.2, 1532.8,
1577.1, 1720.6, 1731.1, *H NMR spectrum, 5, ppm (J,
Hz): 0.77t (3H, J = 7.4, CHsCH,), 1.53s (3H, CHs),
1.61s (3H, CHg3), 1.78-2.01m (2H, CHsCH,), 2.97-
3.03m (2H, NCH2CHy>), 4.12-4.26m (2H, NCH,CH,),
6.27d (1H, J=6.8), 7.15-7.28m (5H, Ph), 7.83d (1H,
J = 6.8), ¥C NMR spectrum, &, ppm: 7.12, 24.01,
30.68, 34.31, 50.19, 83.59, 97.45, 111.48, 126.03,
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127.93, 128.46, 137.28, 146.10, 155.87, 165.50,
169.92, HRMS (ESI, m/z) calcd. for CigHaoNOs*
[M+H]*: 298.1443, found: 298.1454.
1-ethyl-1-methyl-5-(pyridin-3-ylmethyl)fu-
ro[3,4-c]pyridine-3,4(1H,5H)-dione (9): Yield 86%, mp
212-214 °C, white solid, IR spectrum, v, cm™: 1548.4,
1551.3, 1528.2, 1725.6, 1730.4, 'H NMR spectrum, §,
ppm (J, Hz): 0.79t (3H, J = 7.4, CHsCH>), 1.54s (3H,
CHa), 1.80-2.01m (2H, CH3sCHy), 5.17d (1H, NCHy),
5.25d (1H, NCHy), 6.46d (1H, J = 6.8), 7.29ddd (1H,
J=0.8,4.8,7.9),7.79dt (1H, J = 2.0, 7.9), 8.33d (1H,
J=6.8,7.9),8.46dd (1H,J=1.7,6.8), 8.64dd (1H, J =
0.8, 2.0), ®C NMR spectrum, &, ppm: 7.23, 23.76,
30.68, 48.80, 83.80, 98.49, 111.82, 122.95, 131.74,
135.65, 146.10, 148.53, 149.31, 156.06, 165.38,
170.31, HRMS (ESI, m/z) calcd. for CigH17N2Os*
[M+H]*: 285.1239, found: 285.1245.
5-(benzo[d][1,3]dioxol-5-yImethyl)-1-ethyl-
1-methylfuro[3,4-c]pyridine-3,4(1H,5H)-dione (10):
Yield 90%, mp 186-188 °C, pale-yellow solid, IR spec-
trum, v, cmt: 1121.4, 1542.8, 1550.3, 1722.8, 1735.1,
'H NMR spectrum, §, ppm (J, Hz): 0.78t (3H, J = 7.4,
CH3CHy), 1.53s (3H, CHa), 1.79-2.01m (2H, CH3CH),
5.01d (1H, J = 14.0), 5.11d (1H, J = 14.0), 5.95s (2H),
6.40d (1H, J = 6.8), 6.75d (1H, J = 7.9), 6.92dd (1H,
J=17,79),6.96d (1H,J=1.7),8.18d (1H, J=6.8),
13C NMR spectrum, 8, ppm:7.23, 23.81, 30.69, 50.56,
83.67, 98.16, 100.53, 107.68, 108.75, 111.69, 129.80,
145.83, 146.85, 147.26, 156.00, 165.46, 170.03,
HRMS (ESI, m/z) calcd. for CigHisNOs™ [M+H]*:
328.1185, found: 328.1191.
1-ethyl-1-methyl-5-(thiazol-2-yl)furo[3,4-c]pyr-
idine-3,4(1H,5H)-dione (11): Yield 61%, mp 230-
232 °C, white solid, IR spectrum, v, cm™: 1540.8,
1589.34, 1650.8, 1759.2, 3021, 3444.8,'H NMR spec-
trum, 8, ppm (J, Hz): 0.83t (3H, J = 7.4, CH3CH,),
1.63s (3H, CHs), 1.92-2.11m (2H, CHsCHy), 6.89d
(1H,J=7.3),7.54d (1H, J = 3.5), 7.70d (1H, J = 3.5),
9.21d (1H, J = 7.3), *C NMR spectrum, §, ppm: 7.19,
23.59, 30.42, 84.54, 100.81, 113.27, 119.51, 137.22,
138.91, 154.18, 154.34, 164.34, 164.53, 170.69,
HRMS (ESI, m/z) calcd. for Ci3H13N2O3S* [M+H]*:
277.0647, found: 277.0657.
1-ethyl-1-methyl-5-((tetrahydrofuran-2-yl)me-
thyl)furo[3,4-c]pyridine-3,4(1H,5H)-dione (12): Yield
74%, mp 119-121 °C, white solid, IR spectrum, v, cm™:
1542.1, 1572.31, 1655.3, 1748.3, 3526.9, 'H NMR
spectrum, o, ppm (J, Hz): 0.78t (0.5H, J = 7.4,
CHsCHy), 0.81t (0.5H, J = 7.4), 1.55s (0.5H, CHs),
1.56s (0.5H, CHs), 1.56-1.68m (1H, CHsCH,), 1.81-
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2.11m (5H, CHsCH,), 3.65-3.87m (3H), 4.07-4.15m
(1H), 4.22-4.32m (1H), 6.37d (1H, J = 6.8), 7.96d
(0.5H, J = 6.8), 7.97d (0.5H, J = 6.8), 3C NMR spec-
trum, 8, ppm: 7.26, 23.90, 24.99, 28.19, 30.72, 51.26,
51.42, 67.01, 75.72, 83.62, 97.32, 111.18, 147.02,
156.06, 165.52, 170.09, HRMS (ESI, m/z) calcd. for
CisH2NO4* [M+H]*: 278.1392, found: 278.1403.

5-(1,5-dimethyl-3-ox0-2-phenyl-2,3-dihydro-
1H-pyrazol-4-yl)-1-ethyl-1-methylfuro[ 3,4-c]pyridine-
3,4(1H,5H)-dione (13): Yield 60%, mp 217-219 °C,
white solid, IR spectrum, v, cm*: 1545.8, 1589.34,
1652.9, 1759.7, 3071.2, 3415.80, 3526.9, 'H NMR
spectrum, &, ppm (J, Hz): 0.82d (3H, J = 6.6), 0.86t
(3H, J = 7.4, CHsCH,), 1.61s (3H, CH3), 1.86-2.07m
(2H, CH3CHy), 2.25s (3H), 3.29s (3H), 6.56d (1H, J =
6.8), 7.32-7.37m (2H), 7.39-7.43m (2H), 7.48-7.53m
(2H), 7.87d (1H, J = 6.8), 3C NMR spectrum, 8, ppm:
7.34, 11.39, 23.63, 30.70, 35.06, 83.98, 98.52, 108.03,
112.03, 124.02, 126.40, 128.60, 134.29, 147.35,
151.92, 155.01, 159.67, 165.38, 170.82, HRMS (ESI,
m/z) calcd. for C21H22N304" [M+H]*: 380.1610, found:
380.1618.

4-(1-ethyl-1-methyl-3,4-dioxo-1,4-dihydro-
furo[3,4-c]pyridin-5(3H)-yl)-N-(thiazol-2-yl) benzene-
sulfonamide (14): Yield 60%, mp 304-306 °C, pale-yel-
low solid, IR spectrum, v, cm: 1543.6, 1572.26,
1678.4, 1755.84, 3095.5, 3147.1, *H NMR spectrum, 3,
ppm (J, Hz): 0.85t (3H, J = 7.4, CH3;CH,), 1.60s (3H,
CHs), 1.87-2.08m (2H, CH3CHy), 6.61d (1H, J = 6.8),
6.72d (1H, J = 4.7), 7.11d (1H, J = 4.7), 7.55-7.59m
(2H), 8.07d (1H, J = 6.8), 7.96-8.00m (2H), 8.08d (2H,
J =6.8), 12.50-12.90bs (1H, NH), *C NMR spectrum,
3, ppm: 7.31, 23.74, 30.60, 84.13, 98.98, 107.67,
112.28, 123.74, 126.49, 127.01, 141.93, 142.72,
145.91, 155.70, 165.38, 168.61, 171.27, HRMS (ESI,
m/z) calcd. for CigHi1sN3OsS;* [M+H]": 432.0688,
found: 432.0685.

4-(1-ethyl-1-methyl-3,4-dioxo-1,4-dihydro-
furo[3,4-c]pyridin-5(3H)-yl)-N-(pyrimidin-2-yl)ben-
zenesulfonamide (15): Yield 59%, mp 327-329 °C,
pale-yellow solid, IR spectrum, v, cm™: 1545.3,
1579.3, 1682.0, 1752.7, *H NMR spectrum, &, ppm (J,
Hz): 0.84t (3H, J = 7.4, CH3sCH>), 1.60s (3H, CHj),
1.87-2.07m (2H, CHsCHy), 6.63d (1H, J = 6.8), 7.02t
(1H, J = 4.9), 7.61-7.65m (2H), 8.07d (1H, J = 6.8),
8.17-8.21m (2H), 8.50d (2H, J = 4.9), 11.60-11.90bs
(1H, NH), C NMR spectrum, §, ppm: 7.30, 23.73,
30.56, 84.20, 99.12, 112.30, 126.88, 128.49, 140.61,
142.61, 145.83, 155.65, 156.69, 157.72, 165.40,
171.36, HRMS (ESI, m/z) calcd. for CaH19NsOsS*
[M+H]*: 427.1076, found: 427.1081.
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1-methyl-5-phenyl-1-vinylfuro[3,4-c]pyridine-
3,4(1H,5H)-dione (16): Yield 66%, mp 234-236 °C,
white solid, IR spectrum, v, em™: 1548.1, 1580.2,
1658.1, 1730.7, *H NMR spectrum, &, ppm (J, Hz):
1.73s (3H, CHs), 5.29dd (1H, J = 0.6, 10.7), 5.49dd
(1H,J=17.1,0.6), 6.09dd (1H, J = 10.7, 17.1), 6.59d
(1H,J=6.8), 7.38-7.42m (2H), 7.44-7.50m (1H), 7.51-
7.56m (2H), 7.99d (1H, J = 6.8), *C NMR spectrum,
3, ppm: 23.54, 82.77, 98.81, 110.96, 115.60, 126.34,
128.18, 128.67, 136.16, 139.44, 146.20, 155.75,
165.06, 169.89, HRMS (ESI, m/z) calcd. for
C16H12NO3* [M+H]*: 268.0974, found: 268.0984.

5-(4-methoxyphenyl)-1-methyl-1-vinylfuro[3,4-
c]pyridine-3,4(1H,5H)-dione (17): Yield 70%, mp 232-
234 °C, white solid, IR spectrum, v, cm™: 1125.4,
1544.1, 1570.3, 1650.4, 1730.8, 'H NMR spectrum, 3,
ppm (J, Hz): 1.72s (3H, CHs), 3.86s (3H, OCHg),
5.28dd (1H, J = 0.6, 10.7), 5.48dd (1H, J = 0.6, 17.1),
6.08dd (1H, J=10.7, 17.1), 6.55d (1H, J = 6.8), 7.00-
7.05m (2H), 7.27-7.32m (2H), 7.95d (1H, J = 6.8), 1*C
NMR spectrum, 8, ppm: 23.56, 54.91, 82.69, 98.57,
110.80, 113.85, 115.53, 127.34, 132.10, 136.21,
146.45, 155.95, 159.00, 165.11, 169.68, HRMS (ESI,
m/z) calcd. for C17H1sNO4* [M+H]*: 298.1079, found:
298.1087.

5-benzyl-1-methyl-1-vinylfuro[3,4-c]pyridine-
3,4(1H,5H)-dione (18): Yield 81%, mp 182-184 °C,
white solid, IR spectrum, v, em™*; 1548.2, 1570.8,
1650.5, 1732.4, 'H NMR spectrum, &, ppm (J, Hz):
1.66s (3H, CH3), 5.15d (1H, J = 14.0), 5.19d (1H,
J=14.0),5.22dd (1H, J= 0.6, 10.7), 5.22dd (1H, J = 0.6,
17.1), 6.02dd (1H, J =10.7, 17.1), 6.45d (1H, J = 6.8),
7.23-7.39m (5H), 8.21d (1H, J = 6.8), *C NMR spec-
trum, 8, ppm: 23.54, 50.85, 82.61, 98.52, 110.40,
115.36, 127.31, 127.89, 128.09, 136.10, 136.30,
156.03, 165.15, 169.16, HRMS (ESI, m/z) calcd. for
(:17H17N03+ [M+H]+Z 282.1130, found: 282.1141.

1-methyl-5-phenethyl-1-vinylfuro[3,4-c] pyri-
dine-3,4(1H,5H)-dione (19): Yield 84%, mp 162-164 °C,
white solid, IR spectrum, v, cm™: 1547.5, 1577.8,
1650.5, 1770.5, 'H NMR spectrum, 8, ppm (J, Hz):
1.65s (3H, CHg), 2.96-3.02m (2H), 4.16-4.22m (2H),
5.23dd (1H, J = 0.6, 10.7), 5.41dd (1H, J = 0.6, 17.1),
6.01dd (1H, J = 10.7, 17.1), 6.32d (1H, J = 6.8), 7.16-
7.79m (5H), 7.91d (1H, J = 6.8), *C NMR spectrum,
3, ppm: 23.62, 34.42, 50.14, 82.50, 97.89, 110.13,
115.33, 126.03, 127.93, 128.44, 136.35, 137.27,
146.31, 155.90, 165.17, 169.05, HRMS (ESI, m/z)
calcd. for ClnggNOsJr [M+H]+: 296.1287, found:
296.1297.
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5-(2-(dimethylamino)ethyl)-1-methyl-1-vinyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (20): Yield 72%,
mp 164-166 °C, white solid, IR spectrum, v, cm™:
1543.6, 1655.4, 1735.4, 1740.8, 3012.8, *H NMR spec-
trum, 8, ppm (J, Hz): 1.66s (3H, CHs), 2.24s (6H,
N(CHzs)2), 2.55t (2H, J = 6.2), 4.04t (2H, J = 6.2),
5.23dd (1H, J = 0.6, 10.7), 5.43dd (1H, J = 0.6, 17.1),
6.02dd (1H, J =10.7, 17.1), 6.39d (1H, J = 6.8), 8.00d
(1H, J = 6.8), ¥C NMR spectrum, §, ppm: 23.64,
44,99, 45.81, 57.18, 82.50, 97.65, 109.82, 115.26,
136.41, 146.90, 155.97, 165.26, 168.92, HRMS (ESI,
m/z) calcd. for C14H19N20s" [M+H]*: 263.1396, found:
263.1407.

1-methyl-5-(thiophen-2-ylmethyl)-1-vinyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (21): Yield 76%,
mp 204-206 °C, white solid, IR spectrum, v, cm1:1538.6,
1644.8, 1655.4, 1730.8, *H NMR spectrum, &, ppm (J,
Hz): 1.65s (3H, CHs), 5.22dd (1H,J=0.6, 17.1), 5.31d
(1H,J=14.4),5.36d (1H, J = 14.4), 5.42dd (1H, J= 0.6,
17.1), 6.01d (1H, J = 17.1, 10.7), 6.45d (1H, J = 6.8),
6.94dd (1H, J = 3.5, 5.1), 7.20dd (1H, J = 1.1, 3.5),
7.31dd (1H,J=1.1,5.1), 8.25d (1H, J = 6.8) *C NMR
spectrum, J, ppm:23.52, 45.55, 82.66, 98.65, 110.33,
115.38, 126.11, 126.15, 127.63, 136.26, 137.59,
145.85, 155.73, 165.07, 169.29, HRMS (ESI, m/z)
calcd. for CisH13NOsS* [M+H]+Z 288.0694, found:
288.0704.

5-((2-ethylpyrrolidin-1-yl)methyl)-1-methyl-1-
vinylfuro[3,4-c]pyridine-3,4(1H,5H)-dione (22): Yield
78%, mp 138-140 °C, orange solid, IR spectrum, v, cm:
1548.4, 1638.9, 1652.3, 1740.8, 'H NMR spectrum, 3,
ppm (J, Hz): 0.99t (0.5H, J =7.1), 1.00t (0.5H, J =7.1),
1.65s (0.5H, CHs), 1.66s (0.5H, CHs), 1.52-1.88m
(4H), 2.19-2.37m (2H), 2.58-2.70m (1H), 2.84-2.92m
(1H), 3.05-3.11 (1H), 3.80-3.98m (1H), 5.22dd (0.5H,
J = 0.6, 17.1), 5.23dd (0.5H, J = 0.6, 10.7), 5.40dd
(0.5H, J = 0.6, 17.1), 5.43dd (0.5H, J = 0.6, 17.1),
6.02dd (0.5H,J=0.6,17.1),6.02dd (1H, J= 0.6, 17.1),
6.36d (1H, J=6.8),8.00d (1H, J = 6.8), 3C NMR spec-
trum, &, ppm: 13.47,22.94,23.71, 27.69, 48.66, 51.77,
52.92, 60.91, 82.45, 97.21, 109.55, 115.24, 136.47,
147.34, 156.25, 165.19, 169.05, HRMS (ESI, m/z)
calcd. for C17H23N203+ [M+H]+Z 303.1709, found:
303.1719.

1-methyl-5-(pyridin-3-ylmethyl)-1-vinyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (23): Yield 83%,
mp 226-228 °C, pale-yellow solid, IR spectrum, v, cm™:
1547.8, 1640.7, 1650.4, 1730.4, 'H NMR spectrum, 3,
ppm (J, Hz): 1.65s (3H, CH3), 5.18d (1H, J = 14.4),
5.22d (1H,J=14.4),5.23dd (1H, J=0.6, 10.7), 5.41dd
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(1H,J=0.6, 17.1), 6.03dd (1H, J = 10.7, 17.1), 6.53d
(1H, J = 6.8), 7.31ddd (1H, J = 0.8, 4.8, 7.9), 7.78dt
(1H,J=1.6, 7.9), 8.37d (1H, J = 6.8), 8.46dd (1H,
J=1.6,4.8),8.64dd (1H, J=0.8, 1.6), *C NMR spec-
trum, o, ppm: 23.48, 48.92, 82.91, 99.02, 110.37,
115.53, 123.09, 131.75, 135.71, 136.29, 146.54, 148.2,
149.35, 156.16, 165.33, 169.52, HRMS (ESI, m/z)
calcd. for CiHisN203" [M+H]": 283.1083, found:
283.1094.

1-isobutyl-1-methyl-5-(3-morpholinopro-
pyl)furo[3,4-c]pyridine-3,4(1H,5H)-dione (24): Yield
82%, mp 154-156 °C, pale-yellow solid, IR spectrum,
v, cm 1:1546.7, 1645.1, 1655.3, 1728.4,*H NMR spec-
trum, 8, ppm (J, Hz): 1.66s (3H, CH3), 1.87q (2H,
J =17.0), 2.32-2.38 (6H), 3.53-3.58m (4H), 4.02t (2H,
J=17.0),5.23dd (1H, J = 0.6, 10.7), 5.42dd (1H, J = 0.6,
17.1), 6.02dd (1H, J = 10.7, 17.1), 6.41d (1H, J = 6.8),
8.09d (1H, J = 6.8), *C NMR spectrum, 8, ppm: 23.56,
24.65, 47.19, 52.81, 54.70, 65.90, 82.49, 97.87,
109.97, 115.25, 136.38, 146.74, 156.05, 165.24,
168.96, HRMS (ESI, m/z) calcd. for CigH2N2O4*
[M+H]*: 319.1658, found: 319.1666.

5-(2-(dimethylamino)ethyl)-1-isobutyl-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (25): Yield 84%,
mp 134-136 °C, orange solid, IR spectrum, v, cm™:
1543.1, 1633.8, 1651.4, 1750.1, 3124.8, 'H NMR
spectrum, o, ppm (J, Hz): 0.84d (3H, J = 6.6), 0.92d
(3H, J = 6.6), 1.53s (3H, CHs3), 1.51-1.63m (1H),
1.68dd (1H, J = 6.6, 14.6), 1.90dd (1H, J = 5.8, 14.6),
2.56t (2H, J =6.2), 3.98-4.10m (2H), 6.38d (1H, J = 6.8),
7.98d (1H, J = 6.8), 3C NMR spectrum, &, ppm:23.33,
23.56, 23.79, 24.86, 44.98, 45.83, 46.00, 57.18, 83.53,
97.48, 110.91, 146.52, 155.94, 165.51, 170.61, HRMS
(ESI, m/z) calcd. for CigH2sN203" [M+H]*: 293.1865,
found: 293.1875.

5-(2,2-dimethoxyethyl)-1-isobutyl-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (26): Yield 79%,
mp 124-126 °C, white solid, IR spectrum, v, cm™:
1125.3, 1135.4, 1546.8, 1641.4, 1738.4, 1745.4, 'H
NMR spectrum, 8, ppm (J, Hz): 0.84d (3H, J = 6.6),
0.92d (3H, J =6.6), 1.54s (3H, CHs), 1.52-1.64m (1H),
1.69dd (1H, J = 6.4, 14.6), 1.91dd (1H, J = 5.8, 14.6),
3.372s (3H), 3.374s (3H), 3.99-4.10m (2H), 4.57t (1H,
J =5.3), 6.41d (1H, J =5.3), 7.93d (1H J = 6.8) *C
NMR spectrum, 8, ppm: 23.30, 23.56, 23.76, 24.78,
45.93, 49.90, 54.04, 54.13, 83.67, 97.89, 100.88,
111.02, 147.00, 156.13, 165.36, 171.05, HRMS (ESI,
m/z) calcd. for C16H24NOs* [M+H]*: 310.1654, found:
310.1664.
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5-(4-(dimethylamino)phenyl)-1-isobutyl-1-
methylfuro[3,4-c]pyridine-3,4(1H,5H)-dione (27): Yield
64%, mp 204-206 °C, pale-yellow solid, IR spectrum,
v, cm: 1548.3, 1637.8, 1740.0, 1755.1, 3128.4, H
NMR spectrum, 8, ppm (J, Hz): 0.91d (3H, J = 6.6),
0.96d (3H, J =6.6), 1.58s (3H, CHs), 1.58-1.70m (1H),
1.75dd (1H, J = 6.6, 14.6), 1.94dd (1H, J = 6.6, 14.6),
3.04s (6H), 6.52d (1H, J = 6.8), 6.80-6.88m (2H),
7.17-7.22m (2H), 7.90d (2H J = 6.8) *C NMR spec-
trum, &, ppm: 23.52, 23.64, 24.83, 40.13, 45.87, 83.74,
98.27,111.76,112.10, 126.68, 146.17, 149.36, 156.05,
165.46, 171.15, HRMS (ESI, m/z) calcd. for
Ca0H2sN205" [M+H]*: 341.1865, found: 341.1873.

Ethyl 4-(1-isobutyl-1-methyl-3,4-dioxo-1,4-dihy-
drofuro[3,4-c]pyridin-5(3H)-yl)benzoate (28): Yield
61%, mp 133-135 °C, white solid, IR spectrum, v, cm™
1111254, 1134.8, 1547.4, 1710.4, 1730.8, 1735.6, 'H
NMR spectrum, 8, ppm (J, Hz): 0.91d (3H, J = 6.6),
0.96d (3H, J = 6.6), 1.42t (6H, J = 6.1, CH3CH,0),
1.57s (3H, CH3s), 1.59-1.71m (1H), 1.77dd (1H, J = 6.4,
14.6), 1.96dd (1H, J = 5.8, 14.6), 3.38q (2H, J = 7.1),
6.23d (1H, J = 6.8), 7.54-7.58m (2H), 8.01d (1H,
J =6.8), 8.13-8.17m (2H) 3C NMR spectrum, 8, ppm:
13.89, 23.54, 23.63, 23.76, 24.74, 45.75, 60.35, 83.98,
90.06, 112.21, 126.65, 129.77, 129.96, 143.05, 145.41,
155.53, 164.21, 165.15, 171.80, HRMS (ESI, m/z)
calcd. for CiH24NOs™ [M+H]™: 370.1654, found:
370.1663.

1-isobutyl-5-(3-isopropoxypropyl)-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (29): Yield 82%,
mp 114-116 °C, white solid, IR spectrum, v, cm™:
1025.3, 1110.5, 1546.4, 1730.4, *H NMR spectrum, 3,
ppm (J, Hz): 0.84d (3H, J = 6.6), 0.92d (3H, J = 6.6),
1.11d (6H, J = 6.1), 1.53s (3H, CH3), 1.68dd (1H,
J = 6.6, 14.6), 1.86-1.97m (2H), 3.35-3.44m (2H),
3.52q (1H, J=6.1), 3.98-4.10m (2H), 6.40d (1H, J=6.8),
7.96d (1H, J = 6.8) **C NMR spectrum, 3, ppm: 21.63,
21.66, 23.38, 23.55, 23.77, 24.93, 28.55, 45.96, 46.56,
63.87, 70.53, 83.54, 97.75, 111.25, 146.11, 155.96,
165.44, 170.63, HRMS (ESI, m/z) calcd. for
CigH2sNO4* [M+H]*: 322.2018, found: 322.2026.

1-isobutyl-5-(2-methoxybenzyl)-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (30): Yield 87%,
mp 181-183 °C, white solid, IR spectrum, v, cm™:
1103.4,1125.4, 1548.4, 1740.8, 1750.8, *H NMR spec-
trum, 8, ppm (J, Hz): 0.85d (3H, J = 6.6), 0.93d (3H,
J = 6.6), 1.53s (3H, CHs), 1.53-1.65m (1H), 1.68dd
(1H, J = 6.4, 14.6), 1.90dd (1H, J = 5.8, 14.6), 3.89s
(3H), 5.07d (1H, J = 14.5), 5.13d (1H, J = 14.5), 6.40d
(1H, J = 6.8), 6.90dt (1H, J = 0.9, 7.5), 6.96dd (1H,
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J=0.9,8.3),7.19dd (1H, J = 1.7, 7.5), 7.27dd (1H,
J=1.7,8.3),7.99d (1H, J = 6.8), *C NMR spectrum,
o, ppm: 23.33, 23.56, 23.81, 24.74, 45.96, 46.93,
54.91, 83.61, 97.86, 110.20, 111.36, 120.03, 123.29,
128.94, 129.79, 145.94, 156.30, 156.82, 165.43,
170.74, HRMS (ESI, m/z) calcd. for CzoH24NO4*
[M+H]*: 342.1705, found: 342.1714.
5-(4-chlorophenethyl)-1-isobutyl-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (31): Yield 87%,
mp 158-160 °C, white solid, IR spectrum, v, cm™:
1553.8, 1549.1, 1730.4, 1745.1, *H NMR spectrum, 3,
ppm (J, Hz): 0.82d (3H, J = 6.6), 0.92d (3H, J = 6.6),
1.51s (3H, CHs), 1.48-1.58m (1H), 1.68dd (1H, J = 6.4,
14.6), 1.89dd (1H, J = 5.8, 14.6), 2.94-3.06m (2H),
4.10-4.27m (2H), 6.31d (1H, J = 6.8), 7.19-7.26m (4H)
1BC NMR spectrum, &, ppm: 23.41, 23.53, 23.73,
25.09, 33.51, 45.89, 49.91, 83.59, 97.79, 111.27,
127.94, 130.15, 131.47, 136.02, 146.00, 155.89,
165.44, 170.69, HRMS (ESI, m/z) calcd. for
C20H23CINOs* [M+H]*: 360.1367, found: 360.1372.
5-(3,4-dimethoxybenzyl)-1-isobutyl-1-methyl-
furo[3,4-c]pyridine-3,4(1H,5H)-dione (32): Yield 92%,
mp 129-131 °C, white solid, IR spectrum, v, cm™;
1121.4, 1215.6, 1547.6, 1550.4, 1720.4, 1740.8, H
NMR spectrum, 8, ppm (J, Hz): 0.84d (3H, J = 6.6),
0.92d (3H,J =6.6), 1.51s (3H, CHs), 1.51-1.63m (1H),
1.67dd (1H, J = 6.4, 14.6), 1.89dd (1H, J = 5.8, 14.6),
3.77s (3H), 3.79s (3H), 5.03d (1H, J = 14.0), 5.12d
(1H,J=14.0), 6.41d (1H, J=6.8), 6.81d (1H, J =8.2),
6.92dd (1H, J = 2.0, 8.2), 7.01d (1H, J = 2.0), 8.16d
(1H, J=6.8), 3C NMR spectrum, 8, ppm: 23.37, 23.58,
23.76, 24.77, 45.91, 50.56, 55.09, 55.13, 83.63, 98.26,
111.36, 111.49, 112.39, 120.69, 128.54, 145.68,
148.63, 148.79, 156.05, 165.44, 170.72, HRMS (ESI,
m/z) calcd. for Cx1H26NOs* [M+H]*: 372.1811, found:
372.1819.
5-(3-(cyclohex-1-en-1-yl)propyl)-1-isobutyl-1-
methylfuro[3,4-c]pyridine-3,4(1H,5H)-dione (33): Yield
78%, mp 204-206 °C, white solid, IR spectrum, v, cm:
1547.1, 1550.3, 1730.4, 1740.5, '"H NMR spectrum, 3,
ppm (J, Hz): 0.81d (3H, J = 6.6), 0.91d (3H, J = 6.6),
1.52s (3H, CHs), 1.47-1.73m (6H), 1.86-1.94m (3H),
1.97-2.03m (2H), 2.21-2.35m (2H), 3.93-4.13m (2H),
5.30t (1H, J = 3.8), 6.36d (1H, J = 6.8), 7.93d (1H,
J = 6.8), 3C NMR spectrum, 8, ppm: 21.58, 22.20,
23.37,23.53, 23.74, 24.58, 25.18, 27.49, 36.64, 45.94,
46.97, 83.46, 97.51, 111.11, 123.52, 133.08, 146.00,
155.79, 165.46, 170.45, HRMS (ESI, m/z) calcd. for
Co1H3oNOs* [M+H]": 344.2226, found: 344.2267.
1-isobutyl-1-methyl-5-phenethylfuro[3,4-c]pyri-
dine-3,4(1H,5H)-dione (34): Yield 89%, mp 169-171 °C,
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white solid, IR spectrum, v, cm™: 1538.4, 1542.6,
1730.4, 1850.4, 'H NMR spectrum, 3, ppm (J, Hz):
0.82d (3H, J = 6.6), 0.92d (3H, J = 6.6), 1.51s (3H,
CHs), 1.48-1.60m (1H), 1.68dd (1H, J = 6.4, 14.6),
1.89dd (1H, J = 5.8, 14.6), 2.96-3.05m (2H), 4.11-
4.29m (2H), 6.29d (1H, J = 6.8), 7.15-7.27m (5H, Ph),
7.80d (1H, J = 6.8), 3C NMR spectrum, &, ppm: 23.43,
23.52, 23.74, 25.10, 34.29, 45.91, 50.19, 83.56, 97.68,
111.24, 126.00, 127.91, 128.47, 137.26, 145.96,
155.88, 165.46, 170.65, HRMS (ESI, m/z) calcd. for
C20H24NO3* [M+H]*: 326.1756, found: 326.1766.
4-(1-isobutyl-1-methyl-3,4-dioxo-1,4-dihydro-
furo[3,4-c]pyridin-5(3H)-yl)benzenesulfonamide (35):
Yield 62%, mp 274-276 °C, white solid, IR spectrum,
v, cm % 1524.2, 1548.73, 1565.2, 1750.6, 'H NMR
spectrum, 8, ppm (J, Hz): 0.90d (3H, J = 6.6), 0.96d
(3H, J = 6.6), 1.59s (3H, CHa), 1.59-1.72m (1H),
1.75dd (1H, J = 6.4, 14.6), 1.95dd (1H, J = 5.8, 14.6),
6.62d (1H, J = 6.8), 6.70d (1H, J = 4.6), 7.09d (1H,
J = 4.6), 7.54-7.59m (2H), 7.96-8.01m (2H), 8.07d
(1H, J = 6.8), 12.73bs (1H), ¥C NMR spectrum, 3,
ppm: 23.50, 23.63, 23.78, 24.65, 45.75, 84.04, 99.09,
107.55, 112.05, 123.64, 126.48, 126.93, 141.86,
142.75, 145.69, 155.6, 165.22, 168.56, 171.90, HRMS
(ESI, m/z) calcd. for CxuH»N3O0sS,* [M+H]*:
460.1001, found: 460.1003.
4-(1-isobutyl-1-methyl-3,4-dioxo-1,4-dihydro-
furo[3,4-c]pyridin-5(3H)-yl)benzenesulfonamide (36):
Yield 66%, mp 237-239 °C, white solid, IR spectrum,
v, cmt 1520.8, 1548.6, 1565.2, 1750.6, 'H NMR
spectrum, 3, ppm (J, Hz): 0.91d (3H, J = 6.6), 0.96d
(3H, J = 6.6), 1.60s (3H, CHz3), 1.59-1.72m (1H),
1.77dd (1H, J = 6.4, 14.6), 1.96dd (1H, J = 5.8, 14.6),
6.63d (1H, J=6.8), 7.28s (2H, NH,), 7.56-7.61m (2H),
7.99-8.04m (2H), 8.10d (1H, J = 6.8), *C NMR spec-
trum, 6, ppm: 23.51, 23.64, 23.78, 24.70, 45.76, 84.05,
99.07, 112.05, 126.59, 126.92, 141.67, 144.28, 145.74,
155.71, 165.23, 171.91, HRMS (ESI, m/z) calcd. for
CisH21N20sS * [M+H]*: 377.1171, found: 377.1177.
Ehyl 5'-(1-isobutyl-1-methyl-3,4-dioxo-1,4-di-
hydrofuro[3,4-c]pyridin-5(3H)-yl)-[2,3'-bithiophene]-
4'-carboxylate (37): Yield 62%, mp 189-191 °C, yel-
low solid, IR spectrum, v, cm™: 1544.04, 1602.6,
1683.8, 1723.5, 1754.3, *"H NMR spectrum, 3, ppm (J,
Hz): 0.91d (3H, J=6.6), 0.96d (3H, J = 6.6), 1.03t (3H,
J =7.1), 1.60s (3H, CHs), 1.58-1.70m (1H), 1.77dd
(1H, J = 6.4, 14.6), 1.97dd (1H, J = 5.8, 14.8), 4.08q
(2H,J=17.1), 6.67d (1H, J = 6.8), 7.05dd (1H, J = 3.6,
5.1), 7.18dd (1H, J = 1.2, 3.6), 7.39dd (1H, J = 1.2,
5.1), 7.61s (1H), 8.05d (1H, J = 6.8), **C NMR spec-
trum, &, ppm: 13.15,23.43, 23.65, 23.76, 24.64, 45.62,
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60.29, 84.18, 99.11, 112.02, 123.22, 125.28, 126.52,
126.55, 128.55, 133.07, 135.73, 142.96, 146.55,
155.50, 160.68, 164.84, 172.51, HRMS (ESI, m/z)
calcd. for CzsH24NOsS;* [M+H]*: 458.1096, found:
458.1103.
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