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Jlakmon-nupuoonoesle KOIbUa CO0EpIcam MHONCECHEO DUOIOZUYECKU AKIMUGHBIX MOJle-
KYJ1 BpUPOOHO20 U UCKYCCMBEHHO20 NpoucxoxycoeHus. Monekynsl, cooepiyicauwjuecsa 8 IMuUX 08yx
KO1buax, npeocmaenieHHble CEPREHCUHOM U €20 NPOU3BOOHBIMU, MAKXHCe OYOYM NPOAGIAND GbICO-
KyI0 duonozuyeckyro akmugnocms. Takyce HyHCHO NPUHAMb 60 6HUMAHUE, YMO KAK HAMYPAlb-
Hble, MAK U CUHMemu4ecKue Myabmu3amen|eHHble TaKMOHbl UMEIOMm 8bICOKYI0O OU0102UHeCKYI0
akmuenocms. Taxum oopazom, uccnedoeanusn é obnacmu MyabMuU3aAMeujeHHbIX TAKMOHO8 U
oanvHelluiue nPeepanieHus umelom enoane Konkpemuotii unmepec. Ilepeonauanvnvim smanom
ob11 cunmes 2-ayemunghypanonoeozo konvua. Ha cnedyrwouwiem smane, 6 pe3yibmame KoHOeHCa-
yuu Imunyuanoayemama c 2-ayemundypanonom no Kneeenazento, ovinu nosyuens 3-3ameuien-
Hble 1aKmonbl, Komopouie no oannvim ‘H IMP cnekmpockonuu npedcmasnarom coéoii cmecs E u
Z uzomepos. 3amem npu Hazpeeanuu 3-3ameuieHHbIX TAKMOHO08 C OUMEMUIPOPMaAMUO Oumemu-
nauemanem [IM®@A//IMA 6v11u nonyuenst 3-3ameujeHHble TAKMOHDL, COOEPHCAUiUe 6 CMPYKmype
Oouenoewtii hpacmenm. Cmepeocenekmuenoe npucoeounenue E 0v110 00napysceno ¢ nomouivio
'H AMP cnexmpa. 3amem noo oeiicmeuem coomsemcmeyrowezo amuna é pesyivmame peaxyiii
MEHCMONEKYINAPHO20 3AMeUuLeHU 00PA3YIOMCA COeOUHECHUA, CoOepycaujue NaKmMOHHYI0 U RUpU-
OUHOGYIO 2PYNNY, U30JIUPOBAHHYIO G-CB8A3bIO (cepnedcunonododnoe coeounenue). Ilpu nazpesa-
HUU 6 WieI0UHOIl cpede RPOUCXO0OUN 6HYMPUMOIEKYIAPHAA YUKTUIAUUA C 00PA306AHUEM HOBBIX
MPUKOHOCHCUPOBAHHBIX CUCEM U3-3a OJIUZKO020 PACHOJIONCEHUS YUAHOBOU 2PYRNbl NUPUOUHO-
6020 KObYA U YemeEepmMoil MEMUIbHOI ZPYRNbL TAKMOH068020 Koavya. Takum odpazom, pazpado-
mMan ONMUMANLHBLIL MEMOO CUHME3A CEPREHCUHONO0000HBIX coeOunenuil. /lannvle coeOunenusn
6bI3b16AIOM UHMIEPEC MEM, YN0 8 C60EeM CKeleme UMEIONn He MOIbKO KOHOEHCUPOBAHHYIO CUCHEMY),
HO U CRUPOUUKIIbL, ROINOMY MOZYI CIIYHCUMb 00beKMAMU 015 OAIbHEUUX UCC/1e008AHUIL.
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Lactone-pyridone rings contain many biologically active molecules of natural and artificial
origin. The molecules contained in these two rings, represented by Cerpegine and its derivatives,
will also exhibit high biological activity. It is also necessary to take into account that both natural
and synthetic multi-substituted lactones have high biological activity. Thus, research in the field of
multi-substituted lactones and further transformations are of particular interest. The synthesis of
such systems began with the synthesis of a 2-acetylfuranone ring. In the next step, condensation of
ethylcyanoacetate with 2-acetylfuranone by Knewenegel produced 3-substituted lactones, which
according to the NMP *H spectroscopy are a mixture of E and Z isomers. Then, when 3-substituted
lactones were heated with dimethylformamide dimethylacetal DMFA/DMA, 3-substituted lactones
containing a diene fragment in the structure were obtained. Stereoselective attachment E was de-
tected using the NMR *H spectrum. Then, under the action of the corresponding amine, the inter-
molecular substitution reactions produce compounds containing a lactone and pyridine group iso-
lated by a a-bond (serpegenous compound). Due to the proximity of the cyanide group of the pyri-
dine ring and the fourth blight group of the lactone ring, intramolecular cyclization occurs during
heating in the alkaline medium to form new tricondensed systems. Thus, an optimal method of
synthesis of serpegenous compounds has been developed. These systems are of interest because in
their skeleton they have not only a condensed system but also spirocycles. The connections them-
selves may be a promise for further exploration.

Key words: lactone, pyridone, synthesis, DMF / DMA, stereoselective, nucleophilic addition, nucleo-
philic substitution, active methyl group
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INTRODUCTION ase of SARS-CoV-2, which is necessary for virus rep-
lication [23].

Many natural and artificial biologically active
compounds contain the furanone ring, y-lactone, and
its derivatives [1-8] (Fig. la-c). The y-lactone ring con-
tains lactone sesquiterpenes (SLs), which are mostly
found in plants of the Asteraceae family [9]. These
compounds have various pharmacological applications
[10-13]. They show anti-cancer, cytotoxic, antibacte-
rial, immunoregulatory, and anti-inflammatory activities.

The pyridone ring and its derivatives are also
abundant in various natural and artificial molecules
[16-19]. The alkaloid cordipyridone A (Fig. 1d) has
anti-malarial activity [20]. It suppresses the growth of
the P. falciparum parasite. Another natural pyridone
alkaloid is fusapyridone A (Fig. 1e) which exhibits an-
tibacterial activity [21]. (£)-flavopucin (Fig. 1f) is an-

Fig. 1. Natural biological active molecules containing y-lactone
and 2-pyridone rings. a- arglabin [14], b- parthenolide [15], c-lac-

other natural pyridone compound that exhibits antibac-
terial and cytotoxic activity [22]. A study in 2021
showed that cordipyridone A, fusapyridone A, (+)-fla-
vopucin, and other natural compounds containing the
pyridone cycle inhibit coronavirus 2, the major prote-

ChemChemTech. 2024. V. 67.N 7

tucine [15], d-cordipyridone A [20], e- fusapyridone A [21],
f-(+) -flavopucin[22].
Puc. 1. [IlpupoaHbie GHOTOTHYECKH aKTHBHBIE MOJIEKYIIBI, COZIEP-
JKAIIHe Y-JIAKTOHHOE M 2-TIHPHAOHOBOE KONbIA. 8- apriabuH [14],
b- maprenomnun [15], ¢c- makryuus [15], d- kopaunupumon A [20],
e- pysamupunon A [21], f-(£)-paasomyius [22]
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Fig. 2. Cerpegin
Puc. 2. Cepnexnn

Not surprisingly, molecules containing pyri-
done-lactone rings will exhibit biological activity
[24-27]. A classic example of this is the natural alka-
loid cerpegin (Fig. 2), which was first isolated from the
extract of the plant Ceropegia Juncea [28]. The plant
has been used as a tranquilizer and anti-cancer and
anti-inflammatory agent. Cerpegin and its derivatives
are effective proteaosome inhibitors [29-30]. Proteo-
some inhibitors have a regulatory effect on both cyto-
toxic and cell-modulatory functions [31].

Finally, the great importance has the spiro-
fused polycyclic systems [32]. Similar molecules have
antimalarial [33], anti-HIV [34], antitubercular [35],
and MDM2 inhibitor [36]. That is why the synthesis of
these systems is an important task.

The molecules synthesized in this study are
thought to inhibit the proteasome.

DESCRIPTION

The main goal of the research is to study and
optimize the reactions of the synthesis of Cerpegin-like
substances. The synthesis started with the sequence of
(Scheme 1). 2-Acetylfuranone derivatives (4a-c) are
the starting material for synthesis. We get them in our
laboratory by two methods [37]. The first method is the
aldol-crotonic condensation of 1a-c keto alcohols and
ethyl acetoacetate (2) in the basic medium, followed by
a re-esterification reaction to form the 4a-c compound
[38]. However, in this method, the reaction takes quite
a long time and the yield of the reaction is quite low.
For that reason, our team gets the 4a-c compound by
the second method. In this case the condensation reac-
tion proceeds between keto alcohols (1a-c) and 2,2,6-
Trimethyl-4H-1,3-dioxin-4-one (3). With this method,
compound 4a-c is obtained with a faster and higher
yield. In the next step, under the influence of ammo-
nium acetate, the Knoevenagel condensation reaction
proceeds between the 4a-c compound and ethyl cyano-
acetate (5) [39]. The compound 6a-c is formed, which
is a mixture of E and Z isomers.

N, N-dimethylformamide dimethyl acetal
(DMF/DMA) is one-carbon block [40], which inter-
acts with compound 6a-c to form compound 7a-c.
Compound 6a has two active methyl groups, one at-
tached to the furanone ring and the other attached to
the carbon chain double bond attached to the furanone
ring. The second methyl group is more acidic, so with
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a high yield =CH-N(Me). group joins the second me-
thyl group. Compound 7a-c should theoretically have
4 isomers, but only two isomers in the *H NMR spec-
trum. The spin-spin interaction constant of the vicinal
hydrogens in the 4’ and 5’ positions is 12.5, which cor-
responds to the spin-interaction constant in the E posi-
tion hydrogens. From all this, we understand that only
trans isomers arise from the connection of DMF/DMA.
It is also interesting to note that the two methyl groups
attached to nitrogen at compound 7a-c are not equiva-
lent, as these methyls differ from each other in the *H
NMR spectrum. This phenomenon is explained by the
presence of a p-m coupling between the electron pair
nitrogen L. double bond, which complicates the rota-
tion of the bond and in this case the methyl groups are
already different.

PhMe, reflux, 12h

o
eto,c.
R _O 2 R! o NC._ CO,Et ii—/i:gm
RZI [ NaOEVEOH, reflux, 200 | o) 5 fY=( o
R® “OH EtaN, PhMe, reflux, 3h R NG7=0  NHiOAc AcOH. e\ <o
4a-c 6a-c

1a-c
el

N
o O)< Q\oi%&-‘
3 oA

/
—N
5
{ CN
R4
R? = CO,Et
R Ng7 S0

7a-c
R'= Me, R? +R%= -(CH,);- (a); R'= Ph, R? = R*= Me (b); R'= Ph, R? + R*= -(CH,);- ()
Scheme 1
Cxema 1

In the next stage, target cerpegin-like com-
pounds have already been obtained (Scheme 2). Unlike
Cerpegin, in these molecules, the pyridone-furanone
rings are connected by a single bond. This stage has
been implemented by our team in two ways, and those
methods have been optimized. The reaction was car-
ried out between different amines and compound 7a-c.
The reaction is initially carried out by intermolecular
nucleophilic substitution, with the removal of dime-
thylamine and the replacement of amine. An intramo-
lecular nucleophilic substitution then occurs, resulting
in the formation of the pyridone ring. In the first
method, the reaction was carried out in xylene, boiling
the reaction mixture for 10 h [41]. The reaction was
monitored by the release of dimethylamine. The first
method has a lower yield compared to the second
method. In the second method, the reaction was carried
out under pressure by heating the reaction mixture in a
water bath. This method produces quite high yields.

Continuing the research, our team noticed that
in the basic medium 8a-i they undergo intramolecular
cycling, aromatic-benzene, with the formation of aring
(Scheme 3). The y-lactone ring of 8a-n compounds in
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the 3rd position contains the active methyl group,
which is easily deprotonated by the action of the base.
An intramolecular nucleophilic coupling then takes
place, with the negatively charged methylene anion at-
tacking the partially positively charged carbon of the
pyridone ring nitrile group.

In the *H NMR spectrum of 11 compounds, the
C-5 amino group hydrogens chemical shift is broad in
the range of 6.5-10 ppm. The reason for the wide rup-
ture is the intracellular hydrogen bonds. Hydrogen
bonds are formed between the C-5 amino group hydro-
gen and the C-6 position carbonyl electron pair. With

R.M. Hakobyan et al.

the help of *H NMR, it was shown that when the tem-
perature rises, the hydrogen bonds are broken, and at
60 °C they disappear completely, leaving a sharp single.

/

—N R
N
Vi 74
CN fr \_ /=0
R’ — RNH,| *Ylenes, reflux, 10h A
R2 )= CO,Et 5 — RY™ CN
R o EtOH, 100°C, 5h R\ S0

8a-n,9a-l,

7a-c 10a-n

R'= Me, R? + R3= -(CH,)s- (8); R'= Ph, R? = R3= Me (9); R'= Ph, R? + R3= -(CH,)s- (10)

Scheme 2
Cxema 2

Table 1

Obtained compounds with corresponding yields
Tabnuya 1. Ilonyyennsnlie coenunenus (8a-n,9a-m, 10a-m) ¢ cooTBeTCTBYIOIIMMH BbIXOAAMH

R= R= }\(’j\; _ N
8a (78% R= Lo r="0) R= 5N
a (78%), 8b (76%) 8e (75%)
9a (82%) : 8¢ (72%) 8dl (78%) :

: 9b (77%), 10e (69%)
10a (87%) 10b (85%)
N R R:Z\LN’\ R= K\D R_Z/\LO)
] 89 (87%), Lo - -5
8t (711%) 9g (68% 8h (90%) B (68%), 8j (81%
9f (81%), 25 (8%, 10h (69%) 10i (73%) ] (81%)
10f (81%) 9 (73%)
rR= [
_ | A\ R= fOH N _ Nig
Re 9l (68%), 8m (83%), R=4 )
10m (87%)

O, R
N

NC
\ 7/ NaOH/EtOH
reflux, 10h

o~ ©

8a-i

Scheme 3
Cxema 3

Table 2

Obtained compounds with corresponding yields

Taobnuya 2. Moayyennvie coenuHenus (11 a-i) ¢ coor-

BETCTBYIOIIMMH BbIXOAAMH

R0 | TR | D
11a (69%) 11b (71%) 11c (63%)
=0 R= Lo )

0 0,
11d (71%) 11e (63%) 11¢ (68%)
R=4 Rﬂwgo R=LD
11g (79%) 11h (619%) 11i (59%)
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EXPERIMENTAL

General Information

IR spectra were obtained on a Specord 75 IR
spectrometer in KBr pellets. *H and **C NMR (300 and
75 MHz, respectively) spectra were recorded on a Var-
ian Mercury VX 300 spectrometer in DMSO-d6-CCl4,
1:3, at 30 °C (unless otherwise mentioned), using TMS
as internal standard. Elemental analysis was performed
on a EuroVector EA3000 instrument. Melting points
were determined on a Stuart SMP10 melting point ap-
paratus.

All starting compounds were obtained from
commercial sources and were used without additional
purification.

Synthesis of 3-Acetylfuran-2(5H)-one (4a-
c). Method I. Dissolve 2.4 g (0.105 mol) of sodium
metal in 50 ml of absolute ethanol, add 10.2 g (0.1 mol)
of 3-hydroxy-3-methylbutane-2-one (1a-c) and 16.9 g
(0.13 mol) of ethyl acetate (2). The resulting solution
is boiled in a return refrigerator for 20 h, after which a
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part of the solvent is removed, and the rest of the mass
is neutralized with 1:1 diluted hydrochloric acid. The
solution is extracted with diethyl ether (3x50 ml), dried
over sodium sulfate, then the solvent is removed, then
the residue is distilled under low pressure to obtain the
corresponding 4a-c lactone.

4-methyl-5,5-pentamethylene-3-acetylfuran-
2(5H)-one (4a): It is a well-known compound, yield
87%, mp 55-56 °C, bp 120-125 °C (3 mmHg).

4-phenyl-5,5-dimethyl-3-acetylfuran-2(5H)-
one (4b): It is a well-known compound, yield 90%, mp
59-60 °C, bp 130-135 °C (3 mmHg).

4-phenyl-5,5-pentamethylene-3-acetylfuran-
2(5H)-one (4c): It is a well-known compound, yield
92%, mp 65-66 °C, bp 135-140 °C (3 mmHg). The
physicochemical properties correspond to the litera-
ture data.

Method I1. 250 ml Toluol solution of 2.55 g
(25 mmol) of hydroxy ketone and 1. 1.31 g (13 mmol)
of triethylamine, add 2,2,6-Trimethyl-4H-1,3-dioxin-
4-one (3) 5.4 g (38 mmol). The reaction mixture was
boiled in a reflux refrigerator for 3 h, then left to cool,
neutralized with 1:1 diluted hydrochloric acid, ex-
tracted with ethyl acetate (3%100 ml). The combined
organic part is dried with sodium sulfate. After remov-
ing the solvents, the residue is distilled in a deep vac-
uum to obtain the corresponding 4a-c lactones.

Ethyl-2-cyano-3-(4-methyl-5,5-pentameth-
ylene-2-oxo-2,5-dihydrofuran-3-yl)but-2-ethanone
(6a): It is a well-known compound, yield 77%, mp 85-
86 °C.

Ethyl-2-cyano-3-(4-phenyl-5,5-dimethyl-2-
oxo-2,5-dihydrofuran-3-yl)but-2-ethanone (6b): It
is a well-known compound, yield 78%, mp 88-89 °C

Ethyl-2-cyano-3-(4-phenyl-5,5-pentameth-
ylene-2-oxo-2,5-dihydrofuran-3-yl)but-2-ethanone
(6¢): It is a well-known compound, yield 80%, mp 93-
94 °C. The physicochemical properties correspond to
the literature data.

Synthesis of Ethyl-2-cyano-3-(4,5,5-trisub-
tituated-2-oxo-2,5-dihydrofuran-3-yl)but-2-etha-
none (General procedure) (6a-c): 5.04 g (30 mmol)
of 3-Acetyl-4,5,5-trimethyl-2(5H)-one (4) and 3.73 ¢
(33 mmol) of ethyl ester of cyanoacetic acid (5) in 20 ml
of benzene solution add 1 g (13 mmol) ammonium ac-
etate, 2 g (33 mmol) of glacial acetic acid are boiled
with a Din-Stark water separator. After boiling for 12 h,
leave the reaction mixture at room temperature, wash
with 10 ml of concentrated brine, and extract with
3x20 ml of dichloromethane. Combine the organic
parts and dry with sodium sulfate. The crystals formed
after the removal of the solvents were washed with di-
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ethyl ether and then recrystallized from the hexane/eth-
anol (4:1) system.

Synthesis of 1-Subtituated-2-oxo-4-(4,5,5-
trisubtituated-2-oxo-2,5-dihydrofuran-3-yl)-1,2-di-
hydropyridine-3-carbonitrile  (8a-n, 9a-1,10a-n)
(General procedure): Method I: The mixture of 1.1
mmol primary amine . (1 mmol) 7a-c compounds are
refluxed in 1 ml of xylene for 10 hours, after which it
is left to cool. The crystals formed after freezing are
filtered, washed with diethyl ether, then recrystallized
from ethanol.

Method II: In a hermetically sealed tube add
1.1 mmol of the corresponding primary amine and
compound 7a-c (1 mmol) to 1 ml of ethanol i1 place in
an autoclave heated to 100 °C. After staying in these
conditions for 5 h, it is allowed to cool, after which the
autoclave is opened, the formed crystals are filtered,
and then hexane is washed with diethyl ether ina 1: 1
mixture. Then the corresponding compounds are sepa-
rated.

Synthesis of 7-subtituated-5-amino-3,3-pen-
tamethylenefuro[3,4-flisochinolidine-1,6(3H,7H)-di-
on (11a-i) (General procedure): 0.1 mmol 1-subtit-
uated-4-(4-methyl,-5,5-pentamethylene-2 (5H) -on-3-
yl) -2-oxo-1,2-dihydropyridine-3-carbonitrile (8a-i)
dissolve 2 ml in 1M of ethanol sodium hydroxide solu-
tion, reflux for 10 h, then filter the crystals, wash with
diethyl ether, and obtain the results of intramolecular
cycling.

Synthesis of Ethyl-2-cyano-5-(dimethyla-
mine)-3-(4,5,5-trisubtituated-2-oxo-2,5-dihydrofu-
ran-3-yl)penta-2,4-dienate:  (General procedure)
(7a-c). Compound 6a (10 mmol) and (1.3 g, 11 mmol)
DMF/DMA add to 20 ml of the xylene solution. The
resulting solution is refluxed for 3 h after cooling add-
ing 10 ml of hexane. The resulting crystals are filtered
and washed with diethyl ether.

Ethyl-2-cyano-5-(dimethylamine)-3-(4-me-
thyl-5,5-pentamethylene-2-o0xo0-2,5-dihydrofuran-
3-yl)penta-2,4-dienate (7a): Yield 93%, mp 142 °C,
green solid, IR spectrum, v, cm*; 1100 (C-O-C), 1698
(CO), 2100 (CN), *H NMR spectrum, &, ppm (J, Hz):
1.26t (3H, J=7.1, CHsCH,), 1.65-1.87m (10H,5CH>),
1.80s (3H,3-CHa), 3.21s (3H, N-CHs), 3.21s (3H, N-
CHs), 4.06q (2H, J=7.1, CH;0), 5.66d (1H, J=12.5,
CH), 7.06-6.98m (1H,CH), 1.33t (3H, J=7.1, CH3sCH>),
1.65-1.87m (10H, 5CH,), 1.94s (3H, 3-CHz3), 3.06s
(3H, N-CHa), 3.22s (3H, N-CHa), 4.17q (2H, J=7.1,
CH0), 7.06-6.98m (2H, 2-CH). Found, %: C 67.00; H
7.33; N 7.79. CxH2sN204. Calculated, %: C 67.02; H
7.31; N 7.82.

W3B. By30B. XuMus u xuM. TexHonorus. 2024. T. 67. Beim. 7



Ethyl-2-cyano-5-(dimethylamine)-3-(4-phe-
nyl-5,5-dimethyl-2-o0xo0-2,5-dihydrofuran-3-yl)penta-
2,4-dienate (7b): Yield 94%, mp 153 °C, green solid,
IR spectrum, v, cm *: 1100 (C-O-C), 1640 (C=C), 1700
(C=0), 2100 (CN), *H NMR spectrum, &, ppm (J, Hz):
1.31t (3H, J=7.1, CH3CH,), 1.48s (3H, 5-CHj3), 1.80s
(3H, 5-CHs3), 2.90s (3H, N-CHa), 3.18s (3H, N-CHj),
4.159 (2H, J=7.1, CH:0), 5.42d (1H, J=12.5, CH),
7.13-7.44m (6H, 5H, PH, 1CH),1.30t (3H, J=7.1,
CH3CHy), 1.59s (3H, 5-CHj), 1.71s (3H, 5-CHs), 2.98s
(3H, N-CHs3), 3.26s (3H, N-CHs), 4.19q (2H, J=7.1,
CH20), 6.80-6.90m (1H), 7.13-7.44m (6H, 5H,PH,
1CH). Found, %: C 69.50; H 6.40; N 7.30. C22H24N20a.
Calculated, %: C 69.46; H 6.36; N 7.36.

Ethyl-2-cyano-5-(dimethylamine)-3-(4-phe-
nyl-5,5-pentamethylene-2-oxo-2,5-dihydrofuran-3-
yl)penta-2,4-dienate (7¢): Yield 91%, mp 162 °C,
green solid, IR spectrum, v, cm™: 1100(C-O-C),
1640(C=C), 1700(C=0), 2100(CN), *H NMR spec-
trum, o, ppm (J, Hz): 1.11-1.23br (1H), 1.32t (3H,
J=7.1, CH3;CH,), 1.67-2.00m (9H, 5CH>), 2.88s (3H,
N-CHs), 3.19s (3H, N-CHs), 4.16q (2H, J=7.1, CH,0),
5.39d (1H, J=12.5, CH), 6.96-7.43m (5H, Ph), 7.17d
(1H, J=12.5, CH), 1.11-1.23bz (1H), 1.30t (3H, J=7.1,
CH3CHy), 1.67-2.00m (9H, 5CH>), 2.96s (3H, N-CHj),
3.26s (3H, N-CHs), 4.06-4.14m (2H, CH,0), 6.83d
(1H, J=12.5, CH), 6.96-6.96-7.43m (6H, 5Ph+CH).
Found, %: C 71.37; H 6.74; N 6.60. C25H2sN204. Cal-
culated, %: C 71.41; H 6.71; N 6.66.

1-cyclohexyl-4-(4-methyl-2-0xo0-1-oxospiro
[4.5]dec-3-en-3-yl)-2-0x0-1,2-dihydropyridine-3-car-
bonitrile (8a): Yield 78%, mp 186-188 °C, pale-yellow
solid, IR spectrum, v, cm*; 1550 (C=C-C=C), 1700
(C=0), 2200 (CN), *H NMR spectrum, 8, ppm (J, Hz):
1.19-1.98m (20H, 10CH), 2.10s (3H, CHs), 4.70tt
(1H, J=11.7, 3.3, NCH), 6.31d (1H, J=7.1-5-CH),
8.03d (1H, J=7.1, 6-CH), ¥*C NMR spectrum,d, ppm:
12.9,21,4 (2C), 23.8,24.5, 25.2 (2C), 31.17 (2C), 32.7
(2C), 54.8, 87.3, 103.2, 106.4, 114.4, 121.9, 139.3,
148.3,158.3, 167.3, 170.7. Found, %: C 72.05; H 7.10;
N 7.60. C22H26N20s. Calculated, %: C 72.11; H 7.15;
N 7.64.

4-(4-Methyl-2-oxo0-1-oxospiro[4.5]dec-3-en-
3-yl)-2-o0x0-1-(2,2,6,6-tetramethylpiperidine-4-yl)-
1,2-dihydropyridine-3-carbonitrile (8b): Yield 76%,
mp 201-203 °C, pale-yellow solid, IR spectrum, v, cm:
1650; 1700 (C=0), 2200 (CN); 3425 (NH), *H NMR
spectrum, 6, ppm (J, Hz): 0.7-2-br (1H, NH), 1.14s
(6H,2CHs5), 1.29s (6H, 2CH3), 1.42-1.54m (2H), 1.54-
1.66m (2H), 1.65-1.92m (10H, 7CH,), 2.09s (3H,
CHs), 5.25tt (1H, J=12.3, 3.0, NCH), 6,32d (1H, J=7.1,
5-CH), 8.00d (1H, J=7.1, 6-CH), *3C NMR spectrum,?,
ppm: 12.8, 21.4 (2C), 23.8, 28.0 (2C), 32.7 (2C), 34.2
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(2C), 42.7 (2C), 48.9, 50.9 (2C), 87.4, 103.2, 106.5,
114.3,121.9, 139.2, 148.3, 158.5, 167.3, 170.6. Found,
%: C 70.90; H 7.90; N 9.95. C25H33N303. Calculated,
%: C 70.89; H 7.85; N 9.92.
4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-
3-yl)-2-oxo-1-((tetrahydrofuran-2-yl)methyl)-1,2-di-
hydropyridine-3-carbonitrile (8c): Yield 72%, mp
182-184 °C, pale-yellow solid, IR spectrum, v, cm
1520 (C=C-C=C) 1650 (CON); 1720 (C=0), 2200
(CN), 'H NMR spectrum, &, ppm (J, Hz): 1.25-1.43m
(1H), 1.55-1.98m (13H, 7CH>), 2.10s (3H, CHa), 3.66-
3.89m (3H, OCH, OCHy), 4.15ddd (1H, J=10.1, 7.0,
3.0 NH?), 4.28dd (1H, J=13.1, 3.1, NHP), 6.27d (1H,
J=7.0,5-CH), 7.95d (1H, J=7.0, 6-CH), 3C NMR spec-
trum,d, ppm: 12.9, 21.4 (2C), 23.8, 24.9, 28.2, 32.7,
52.3, 67.0, 75.3, 87.4, 103.2, 105.7, 114.3, 122.0,
143.93, 149.40, 158.72, 167.31, 170.65. Found, %:
C 68.41; H 6.63; N 7.55. C21H24N704. Calculated, %:
C 68.46; H 6.57; N 7.60.
1-cycloheptyl-4-(4-metyl-2-0x0-1-0xo0spiro
[4.5]dec-3-en-3-yl)-2-2-0x0-1,2-dihydropyridine-3-
carbonitrile (8d): Yield 78%, mp 213-215 °C, pale-
yellow solid, IR spectrum, v, cm™*: 1500 (C=C-C=C),
1630 (CON); 1740 (C=0), 2200 (CN), *H NMR spec-
trum, 8, ppm (J, Hz): 1.25-1.44m (1H), 1.56-1.96m
(21H, 11CHy), 2.09ss (3H, CH3), 4.83tt (1H, J=10.0,
4.3, NCH), 6.30d (1H, J=7.0, 6-CH), 8.00d (1H, J=7.0,
6-CH), 3C NMR spectrum,d, ppm: 12.9, 21.3 (2C),
23.8,24.4 (2C), 26.5 (2C), 32.6 (2C), 33.7 (2C), 57.1,
87.3, 103.2, 106.5, 114.4, 121.9, 139.7, 148.3, 158.0,
167.3, 170.6. Found, %: C 72.50; H 7.45; N 7.40.
C23H28N203. Calculated, %: C 72.60; H 7.42; N 7.36.
1-(3-(1H-imidazole-1-yl)propyl)-4-(4-metyl-
2-0x0-1-oxospiro[4.5]dec-3-en-3-yl)-2-2-0x0-1,2-di-
hydropyridine-3-carbonitrile (8¢): Yield 75%, mp
237-239 °C, pale-yellow solid, IR spectrum, v, cm™:
1500 (C=C-C=C), 1630 (CON); 1740 (C=0), 2200
(CN), *H NMR spectrum, 8, ppm (J, Hz): 1.34-1.52m
(1H), 1.60-1.88m (9H, 5CH>), 2.20p (2H, J=7.0, CH.-
CH»-CHy), 3.96t (2H, J=7.0, CH,.CH,-CHy), 4.05t
(2H, J=7.0, CH,.CH>-CHy), 6.44 s (1H, CHa),
6.84(1H, ), 7.06s (1H, ), 7.38d (1H, J=7.4), 7.43d
(1H, J=7.4, 2CHa), 7.53s (1H, ), 6.6-9.6br (2H, NH>),
13C NMR spectrum,d, ppm: 21.7 (2C), 24.2, 30.1, 35.6
(2C), 43.4, 455, 829, 100.7, 102.5, 109.0, 118.3,
128.3, 135.2, 136.5, 138.5, 156.5, 160.2, 162.7, 168.0.
Found, %: C 67.38; H6.20; N 14.35. C2H24N40s. Cal-
culated, %: C 67.33; H 6.16; N 14.28.
1-(2-(1H-Indo-3-yl)ethyl)-4-(4-methyl-2-
0x0-1-oxospiro[4.5]dec-3-en-3-yl)-2-o0xo0-1,2-dihy-
dropyridine-3-carbonitrile (8f): Yield 71%, mp 230-
232 °C, pale-yellow solid, IR spectrum, v, cm*: 1500
(C=C-C=C); 1675, 1720 (C=0); 2200 (CN); 3100, H
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NMR spectrum, &, ppm (J, Hz): 1.27-1.41m (1H),
1.54-1.92 (9H, 5CH,), 2.06s (3H,CH3), 3.17t (2H,
J=7.1), 4.25t (2H, J=7.1, NCH>), 6.10d (1H, J=7.0, 5-
CH), 6.92-7.04m (2H, 5, 6-CH), 7.05s (1H, 2CH),
7.29-7.33brd (1H, J=7.9) and 7.51-7.56brd (1H, J=7.9,
4.7-CH), 7.62d (1H, J=7.0, 6-CH), 7.99s (1H, NH), **C
NMR spectrum,d, ppm: 12.75, 21.39 (2C), 23.85,
24.01, 32.7 (2C), 50.56, 87.38, 103.38, 105.66, 109.39,
111.12, 114.40, 117.63, 118.10, 120.59, 122.10,
122.82, 126.71, 136.10, 143.14, 149.20, 158.67,
167.35, 170.57. Found, %: C 73.15; H 5.95; N 9.85.
Ca6H25N30s. Calculated, %: C 73.05; H 5.89; N 9.83.
1-(Cyclohex-1-en-1-ylmethyl)-4-(4-metyl-2-
0x0-1-oxospiro[4.5]dec-3-en-3-yl)-2- oxo-1,2-dihy-
dropyridine-3-carbonitrile (8g): Yield 87%, mp 210-
212 °C, pale-yellow solid, IR spectrum, v, cm™: 1500
(C=C-C=C), 1630 (CON); 1730 (C=0), 2200 (CN), *H
NMR spectrum, 6, ppm (J, Hz): 1.25-1.42m (1H),
1.49-2.06m (7H, 10CH>), 2.08s (3H, CHs), 2.32t (2H,
J=7.2, CHy), 4.04t (2H, J=7.2, NCH), 5.36brs (1H,
CH=), 6.25d (1H, J=7.0, 5-CH), 7.94d (1H, J=7.0, 6-
CH), C NMR spectrum,s, ppm: 12.81, 21.36 (2C),
21.57, 22.18, 23.83, 24.60, 27.49, 32.68(2C), 36.33,
47.87, 87.33, 102.65, 103.37, 105.72, 114.28, 122.06,
123.63, 132.92, 143.06, 149.06. Found, %: C 73.05; H
6.90; N 7.45. C3H26N20s. Calculated, %: C 72.99; H
6.92; N 7.40.
4-(4-metyl-2-ox0-1-oxospiro[4.5]dec-3-en-
3-yl)-1-(3-morpholinopropyl)-2-oxo-1,2-dihydro-
pyridine-3-carbonitrile (8h): Yield 90%, mp 235-
237 °C, pale-yellow solid, IR spectrum, v, cm™: 1500
(C=C-C=C), 1630 (CON); 1740 (C=0), 2200 (CN), *H
NMR spectrum, 6, ppm (J, Hz): 1.25-1.44m (1H),
1.56-1.65m (2H), 1.70-1.96m (9H, 6CH,), 2.10s (3H,
CHs), 2.33-2.40m (6H, 3NCH), 3.54-3.59m (4H,
2CH;0), 4.04t (2H, J=7.0, NCH>), 6.27d (1H, J=7.0, 5-
CH), 8.05d (1H, J=7.0, 6-CH), °C NMR spectrum,3,
ppm: 12.84, 21.37 (2C), 23.83, 24.21, 32.67(2C),
48.14, 52.81 (2C), 54.67, 65.88(2C), 87.36, 103.44,
105.85, 114.32, 122.03, 143.46, 149.16, 158.69,
167.34, 170.56. Found, %: C 67.19; H 7.05; N 10.16.
C23H20N304. Calculated, %: C 67.13; H 7.10; N 10.21.
4-(4-metyl-2-0xo0-1-oxospiro[4.5]dec-3-en-
3-yl)-2-oxo0-1- (3- (pyrolidine-1-yl) propyl)-2-2-oxo-
1,2-dihydropyridine-3-carbonitrile (8i): Yield 68%,
mp 208-210 °C, pale-yellow solid, IR spectrum, v, cm™:
1500 (C=C-C=C), 1630 (CON); 1740 (C=0), 2200
(CN), *H NMR spectrum, 8, ppm (J, Hz): 1.27-1.43m
(1H), 1.54-1.65m (2H), 1.71-1.93m (13H, 8CHy),
2.10s (3H, CHs3), 2.42-2.48m (6H, 3NCHy>), 4.04t (2H,
J=7.0, NCH,), 6.26d (1H, J=7.0, 5-CH), 8.00d (1H,
J=7.0, 6-CH), ¥C NMR spectrum,d, ppm: 21.7 (2C),
24.2, 30.1, 35.6 (2C), 12.85, 21.37 (2C), 22.96 (2C),
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23.83, 26.70, 32.68(2C), 48.10, 51.90, 53.04 (2C),
87.34,103.46, 105.81, 114.32, 122.03, 143.35, 149.14,
158.63, 167.32, 170.56. Found, %: C 69.91; H 7.45;
N 10.57. Ca3H29N303. Calculated, %: C 69.85; H 7.39;
N 10.62.
1-(furan-2-ylmethyl)-4-(4-metyl-2-oxo0-1-0xo0-
spiro[4.5]dec-3-en-3-yl)-2-2-0x0-1,2-dihydropyridi-
ne-3-carbonitrile (8]): Yield 81%, mp 241-243 °C,
pale-yellow solid, IR spectrum, v, cm™: 1500 (C=C-
C=C), 1630 (CON); 1740 (C=0), 2200 (CN), *H NMR
spectrum, 8, ppm (J, Hz): 1.25-1.42m (1H)and, 1.55-
1.64m (2H)and, 1.69-1.92m (7H, 5CH), 2.09s (3H,
CHs), 5.20s (2H, CHy), 6.32d (1H, J=7.0, 5-CH),
6.37dd (1H, J=3.0, 1.8, 4-CH), 6.50d (1H, J=3.0, 5-
CH), 7.48d (1H, J=1.6, 3-CH), 8.05d (1H, J=7.0, 6-
CH), *¥C NMR spectrum,d, ppm: 12.9, 21.3 (20),
23.81, 32.6 (2C), 44.4, 87.45, 103.8, 106.4, 109.9,
110.2, 114.1, 121.9, 142.4, 142.6, 147.9, 149.6, 158.2,
167.3, 170.9. Found, %: C 69.18; H 5.59; N 7.74.
C21H20N204. Calculated, %: C 69.22; H 5.53; N 7.69.
4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-
3-yl)-2-oxo-1-(thiophen-2-yl,methyl)-1,2-dihydro-
pyridine-3-carbonitrile (8k): Yield 79%, mp 218-
220 °C, pale-yellow solid, IR spectrum, v, cm™*: 1550
(C=C-C=C), 1690, 1720 (C=0), 2200(CN), *H NMR
spectrum, 38, ppm (J, Hz): 1.24-1.42m (1H), 1.52-
1.60m (2H), 1.63-1.93m (7H), 2.07s (3H, 4-CHj3),
5.36s (2H, CH:N), 6.34d (1H, J=7.0, 5-CH), 6.97dd
(1H, J=5.1, 3.5, 4-CH), 7.24dd (1H, J=3.5, 0.9, 5-CH),
7.37dd (1H, J=5.1, 0.9, 3-CH), 8.24d (1H, J=7.0, 6-
CH), 3C NMR spectrum,8, ppm: 12.8,21.4 (2C), 23.7,
32.6 (2C), 46.5, 87.6, 103.5, 106.7, 114.2, 121.9,
126.3, 126.5, 128.0, 136.9, 142.7, 149.7, 158.4, 167 .4,
171.1. Found, %: C 66.40; H 5.35; N 7.40.
C,1H20N205S. Calculated, %: C 66.30; H 5.30; N 7.36.
4-(4-methyl-2-oxo-1-oxospiro[4.5]dec-3-en-
3-yl)-2-0xo0-1-(pyridine-3-ylmethyl)-1,2-dihydro-
pyridine-3-carbonitrile (8m): Yield 83%, mp 224-
226 °C, pale-yellow solid, IR spectrum, v, cm™: 1550
(C=C-C=C), 1650; 1700 (C=0), 2200 (CN), 'H NMR
spectrum, 3, ppm (J, Hz): 1.26-1.43m (1H), 1.50-
1.94m (9H, 5CH>), 2.08s (3H, CH3), 5.22s(2H, NCH),
8.37d (1H, J=7.0, 5-CH), 7.34dd (1H, J=7.8, 4.8, 5-
CH), 7.81dt (1H, J=7.8, 1.7, 4'-CH), 8.34d (1H, J=7.0,
6-CH), 8.49dd (1H, J=4.8, 1.7, 6'-CH), 8.65d (1H,
J=1.7, 2'-CH), ¥¥C NMR spectrum,d, ppm: 12.83,
21.39 (2C), 23.74, 32.56 (2C), 49.85, 87.68, 103.74,
106.83, 114.29, 121.85, 123.15, 131.17, 135.81,
143.28, 148.78, 149.44, 149.82, 158.79, 167.45,
171.27. Found, %: C 70.42; H 5.60; N 11.22.
C22H21N30s. Calculated, %: C 70.38; H 5.64; N 11.19.
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1-(2-(dimethylamino)ethyl)-4-(4-metyl-2-
0x0-1-oxospiro[4.5]dec-3-en-3-yl)-2-2-0x0-1,2-di-
hydropyridine-3-carbonitrile (8n): Yield 72%, mp
221-223 °C, pale-yellow solid, IR spectrum, v, cm™:
1500 (C=C-C=C), 1630 (CON); 1740 (C=0), 2200
(CN), TH NMR spectrum, 8, ppm (J, Hz): 1.28-1.42m
(1H), 1.56-1.64m (2H), 1.70-1.92m (7H), 2.10s (3H, 4-
CHzs), 2.26s (6H, 2CHsN), 2.59t (2H, J=6.0, N-CHy),
4.06t (2H, J=6.0, NCH), 6.25d (1H, J=6.9, 5-CH),
7.97d (1H, J=6.9, 6-CH), C NMR spectrum,3, ppm:
12.9, 21.4 (2C), 23.8, 32.7 (2C), 44.9 (2C), 46.6, 56.8,
87.3,103.21, 105.6, 114.3, 122.0, 143.6, 149.1, 158.6,
167.3, 170.6. Found, %: C 67.65; H 7.15; N 11.87.
Co0H25N30s3. Calculated, %: C 67.58; H 7.09; N 11.82.

1-cyclohexyl-4-(5,5-dimethyl-2-oxo0-4-phenyl-
2,5-dihydrofuran-3-yl)-2-oxo-1,2-dihydropyridine-3-
carbonitrile (9a): Yield 82%, mp 223-225 °C, pale-yel-
low solid, IR spectrum, v, cm™*: 1500 (C=C-C=C),
1630 (CON); 1740 (C=0), 2200 (CN), *H NMR spec-
trum, 8, ppm (J, Hz): 1.20-1.33 (1H, m, C¢Ha1), 1.40-
1,79 (5H, m, C¢Hu1), 1.67 (6H, 2xCH3), 1.82-1.95 (4H,
m, CeHu1), 4.62 (1H, tt, J;=11.6, J.=3.2, NCH), 6.34
(1H, d, J=7.0,=CH), 7.27-7.33 (2H, m, C¢Hs), 7.40-
7.46 (3H, m, C¢Hs), 7.97 (1H, d, J=7.0, N=CH), *C
NMR spectrum,d, ppm: 24.5, 24.7(2C), 25.1(2C),
31.2(2C), 55.0, 86.4, 103.3, 106.5, 114.2, 123.4,
127.2(2C), 128.4(2C), 129.6, 130.0, 139.6, 148.8,
158.1, 166.9, 170.2. Found, %: C 74.28; H 6.30;
N 7.26. C24H24N203. Calculated, %: C 74.21; H 6.23;
N 7.21.

4-(5,5-dimethyl-2-oxo0-4-phenyl-2,5-dihy-
drofuran-3-yl)-2-oxo-1-(2,2,6,6-tetramethylpiperi-
dine-4-yl)-1,2-dihydropyridine-3-carbonitrile (9b):
Yield 77%, mp 236-238 °C, pale-yellow solid, IR spec-
trum, v, cm*: 1500 (C=C-C=C), 1630 (CON); 1730
(C=0), 2200 (CN), 3421 (NH), 'H NMR spectrum, 3,
ppm (J, Hz): 0.7-2.0 br (1H, NH), 1.12s (6H, 2CHj),
1.25s (6H, 2CHs), 1.43t (2H, J=12.2, CH,), 1.67s (6H,
2CH.), 1.63-1.74m (2H, CH.), 5.17tt (1H, J=12.4, 3.0,
N-CH), 6.36d (1H, J=7.0, 5-CHa/), 7.27-7.33m (2H,
Ph), 7.41-7.47m (3H, Ph), 7.95d (1H, J=7.0, 6-CHa),
13C NMR spectrum,d, ppm: 24.7 (2C), 28.0 (2C), 34.1
(2C), 42.6 (2C), 49.0, 51.0, 86.4, 103.2, 106.6, 114.1,
123.3, 127.1 (2C), 128.4 (2C), 129.5, 129.9, 139.6,
148.8, 158.2, 166.9, 170.1. Found, %: C 72.85; H 6.97;
N 9.40. C,7H31N30s. Calculated, %: C 72.78; H 7.01;
N 9.43.

1-(2-(1H-indole-3-yl)ethyl)-4-(5,5-dimethyl-
2-0x0-4-phenyl-2,5-dihydrofuran-3-yl)-2-oxo-1,2-
dihydropyridine-3-carbonitrile (9f): Yield 81%, mp
239-241 °C, pale-yellow solid, IR spectrum, v, cm™:
1550 (C=C-C=C), 1675 (CON); 1720 (C=0), 2200
(CN), *H NMR spectrum, 8, ppm (J, Hz): 1.14-1.28m
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(1H), 1.71-1.90m (9H, 5CH.), 5.14s (2H, NCH>),
6.32d (1H, J=6.9, 5-CH), 7.22-7.26m (2H, Ph),
7.39ddd (1H, J=7.8, 4.7, 0.7, 5-CH), 7.39-7.43m (3H,
Ph), 7.74ddd (1H, J=7.8, 2.3, 1.7, 4-CH), 8.20d (1H,
J=6.9, 6-CH), 8.46dd (1H, J=4.7, 1.7, 6-CH), 8.59dd
(1H, J=2.3, 0.7, 2-CH), 3C NMR spectrum,5, ppm:
21.4 (2C), 23.7, 32.8 (2C), 49.8, 88.1, 104.0, 106.8,
113.86, 123.0, 124.1, 127.1 (2C), 128.3 (2C), 129.3,
130.1, 130.9, 135.7, 143.0, 148.7, 149.3, 150.0, 158.3,
166.8, 170.7. Found, %: C 74.75; H 5.11; N 9.29.
C2sH23N30s. Calculated, %: C 74.82; H 5.16; N 9.35.
1-(cyclohex-1-en-1-ylmethyl)-4-(5,5-dime-
thyl-2-oxo-4-phenyl-2,5-dihydrofuran-3-yl)-2-oxo-
1,2-dihydropyridine-3-carbonitrile (99): Yield 68%,
mp 218-220 °C, pale-yellow solid, IR spectrum, v, cm:
1550 (C=C-C=C), 1680 (CON); 1740 (C=0), 2200
(CN), *H NMR spectrum, 8, ppm (J, Hz): 1.43-1.64m
(4H, 2CH,), 1.67s (6H, 2CH)), 1.82-1.98m (4H,
2CHy), 2.25t (2H, J=6.9, CHy), 3.98t (2H, J=6.9, N-
CHy), 5.16-5.21m (1H, CH=), 7.26-7.32m (2H, Ph),
7.38-7.44m (3H, Ph), 7.85d (1H, J=6.9, 6-CH), *C
NMR spectrum,d, ppm: 21.5, 22.1, 24.6, 24.7 (2C),
27.4, 36.1, 47.8, 86.3, 103.4, 106.7, 114.0, 123.5,
123.8, 127.1 (2C), 128.3 (2C), 129.5, 129.9, 132.7,
143.4, 149.5, 158.2, 166.8, 169.9. Found, %: C 74.92;
H 6.10; N 6.95. C2sH24N203. Calculated, %: C 74.98;
H 6.04; N 7.00.
4-(5,5-dimethyl-2-oxo-4-phenyl-2,5-dihy-
drofuran-3-yl))-1-(2-hydroxyethyl)-2-oxo-1,2-dihy-
dropyridine-3-carbonitrile (91): Yield 68%, mp 242-
244 °C, pale-yellow solid, IR spectrum, v, cm™: 1530
(C=C-C=C), 1675 (CON), 1730 (C=0), 2200 (CN),
3200-3400(0H), *H NMR spectrum, 8, ppm (J, Hz):
1.67s (6H, 2CHy), 3.67dd (2H, J=10.3, 5.2, OCHy),
3.95-4.01m (2H, N-CH,), 4.79t (1H, J=5.5, OH), 6.28d
(1H, J=6.9, 5-CH), 7.29-7.33m (2H, Ph), 7.41-7.46m
(3H, Ph), 7.89d (1H, J=6.9, 6-CH), 3C NMR spec-
trum,d, ppm: 24.7 (2C), 52.2, 57.7, 86.4, 103.2, 106.7,
114.2, 1235, 127.2 (2C), 128.5 (2C), 129.5, 129.9,
144.6, 149.7, 158.5, 166.9, 169.9. Found, %: C 68.51;
H 5.14; N 7.93. CxH1sN204. Calculated, %: C 68.56;
H 5.18; N 8.00.
4-(5,5-dimethyl-2-ox0-4-phenyl-2,5-dihy-
drofuran-3-yl)-2-oxo-1-(pyridine-3-ylmethyl)-1,2-
dihydropyridine-3-carbonitrile (9m): Yield 71%,
mp 238-240 °C, pale-yellow solid, IR spectrum, v, cm:
1500 (C=C-C=C), 1630 (CON), 1690, 1740 (C=0),
2200 (CN), *H NMR spectrum, &, ppm (J, Hz): 1.66s
(6H, 2CHy), 5.16s (2H, NCH>), 6.37d (1H, J=7.0, 5-
CH), 7.26-7.33m (3H, Ph+3CH), 7.40-7.45m (3H, Ph),
7.75dt (1H, J=7.9, 1.9, 4-CHpy), 8.24d (1H, J=7.0, 6-
CH), 8.47dd (1H, J=4.8, 1.9, 6-CHpy), 8.60d (1H,
J=1.9, 2-CHpy), 3C NMR spectrum,8, ppm: 24.7 (2C),
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49.8, 86.4, 103.9, 106.8, 113.8, 123.0, 123.2, 127.2
(2C), 128.5 (2C), 129.7, 129.8, 131.0, 135.7, 143.3,
148.7, 149.3, 150.1, 158.4, 166.7, 170.3. Found, %: C
72.58; H 4.79; N 10.52. C24H19N303. Calculated, %: C
72.53; H 4.82; N 10.57.
1-cyclohexyl-2-oxo0-4-(2-ox0-4-phenyl-1-ox-
ospiro[4.5]dec-3-en-3-yl)-1,2-dihydropyridine-3-
carbonitrile (10a): Yield 87%, mp 222-224 °C, pale-
yellow solid, IR spectrum, v, cm™: 1500 (C=C-C=C),
1650 (CON); 1700 (C=0), 2200 (CN), *H NMR spec-
trum, 6, ppm (J, Hz): 1.13-1.33m (2H), 1.39-1.65m
(4H), 1.68-1.93m (14H, 10CH,), 4.60tt (1H, J=11.8,
3.3, NCH), 6.29d (1H, J=7.1, 5-CH), 7.20-7.28m (2H)
and 7.37-7.45m (3H, Ph), 7.93d (1H, J=7.1, 6-CH), **C
NMR spectrum,d, ppm: 21.42 (2C), 23.7, 24.5, 25.1
(2C), 31.1 (2C), 32.8 (2C), 54.9, 85.0, 103.4, 106.5,
114.2, 124.2, 127.0 (2C), 128.2 (2C), 129.1, 130.2,
139.3, 148.7 158.0, 166.9, 170.5. Found, %: C 75.74;
H 7.04; N 6.50. C»7H2sN203. Calculated, %: C 75.68;
H 6.59; N 6.54.
2-0x0-4-(2-0x0-4-phenyl-1-oxospiro[4.5]dec-
3-en-3-yl)-1-(2,2,6,6-tetramethylpiperidine-4-yl)-1,2-
dihydropyridine-3-carbonitrile (10b): Yield 85%, mp
246-248 °C, pale-yellow solid, IR spectrum, v, cm™:
1550 (C=C-C=C), 1630 (CON); 1700 (C=0), 2200
(CN), 3350 (NH), *H NMR spectrum, 8, ppm (J, Hz):
0.83-1.50br (1H, NH), 1.11s (6H, 2CHs), 1.11-1.34m
(1H), 1.24s (6H, 2CHs3), 1.35-1.47m (2H, CHy), 1.70dd
(2H, J=12.0, 3.0, CHy), 1.72-1.90m (9H, 5CHy>), 5.15tt
(1H, J=12.0, 3.0, NCH), 6.31d (1H, J=7.0, 5-CH),
7.22-7.27m (2H) and 7.39-7.45m (3H, Ph), 7.90d (1H,
J=7.0, 6-CH), ¥C NMR spectrum,3, ppm: 21.5 (2C),
23.8, 28.0 (2C), 32.8 (2C), 34.1 (2C), 42.7 (2C), 49.0,
50.9 (2C), 88.1, 103.35, 106.7, 114.2, 124.2, 127.1
(2C), 128.3 (2C), 129.3, 130.2, 139.4, 148.7, 158.2,
167.0. FOUﬂd, %: C 74.25; H 7.31; N 8.70. C30H35N303.
Calculated, %: C 74.20; H 7.26; N 8.65.
1-(3-(1H-imidazole-1-yl)propyl)-2-oxo-4-(2-
0x0-4-phenyl-1-oxospiro[4.5]dec-3-en-3-yI)-1,2-di-
hydropyridine-3-carbonitrile (10e): Yield 69%, mp
208-210 °C, pale-yellow solid, IR spectrum, v, cm™:
1530 (HetAr), 1550 (C=C-C=C), 1650 (CON); 1730
(C=0), 2200 (CN), *H NMR spectrum, &, ppm (J, Hz):
1.14-1.30m (1H), 1.73-1.90m (9H, 5CH>), 2,10-2.23m
(2H, CH,), 3.88-3.97m (2H, N-CHy>), 4.03t (2H, J=7.1,
NCH,), 6.26d (1H, J=6.9, 5-CH), 6.79-6.80m (1H,
J=1,0), 7.01-7.02t (1H, J=1.2), 7.22-7.27m (2H) and
7.39-7.44m (3H, Ph), 7.48-7.49m (1H, imidaz), 7.91d
(1H, J=6.9, 6-CH), C NMR spectrum,s, ppm: 21.5
(2C), 23.7, 29.7, 32.8 (2C), 43.3, 47.1, 88.1, 103.6,
106.6, 114.1, 118.4, 124. 2, 127.1 (2C), 128.2, 128.3
(2C), 129.3, 130.1, 130.6, 143.3, 149.8, 158.4, 167.0,
170.7. Found, %: C 71.40; H 5.80; N 12.30.
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C27H26N40s. Calculated, %: C 71.35; H 5.77; N 12.33.

1-(2-(1H-indole-3-yl)ethyl)-2-0x0-4-(2-0x0-4-
phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydro-
pyridine-3-carbonitrile (10f): Yield 81%, mp 241-
243 °C, pale-yellow solid, IR spectrum, v, cm™: 1500
(C=C-C=C), 1630 (CON); 1740 (C=0), 2200 (CN),
3100 (NH), 'H NMR spectrum, 8, ppm (J, Hz): 1.12-
1.30m (1H), 1.71-1.91m (9H, 5CH>), 3.10t (2H, J=7.0,
CHy), 4.17t (2H, J=7.0, CH2N), 6.08d (1H, J=6.8, 5-
CH), 6.90d (1H, J=2.4, 2-CH(indol)), 6.94ddd (1H,
J=8.1, 7.0, 1.2 indol), 7.03ddd (1H, J=8.1, 7.0, 1.2 in-
dol), 7.20-7.25m (2H, Ph), 7.32dt(1H, J=8.1, 1.2 in-
dol), 7.41-7.46m (3H, Ph), 7.50d (1H, J=6.8, 6-CH),
7.49-7.53m (1H, indol), 10.62s (1H, NH), C NMR
spectrum,d, ppm: 21.5 (2H), 23.8, 24.0, 32.8(2C), 50.4,
88.00, 103.5, 105.8, 109.2, 111.1, 114.2, 117.6, 118.1,
120.6, 122.8, 124.3, 126.5, 127.1 (2C), 128.3 (2C),
129.2,130.2, 136.1, 143.1, 149.5, 158.3, 166.9, 170.5.
Found, %: C 76.10; H 5.60; N 8.63. Ca1H27N30s. Cal-
culated, %: C 76.05; H 5.56; N 8.58.

1-(cyclohex-1-en-1-ylmethyl)-2-oxo0-4-(2-
oxo-4-phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-di-
hydropyridine-3-carbonitrile (10g): Yield 73%, mp
193-195 °C, pale-yellow solid, IR spectrum, v, cm™;
1550 (C=C-C=C), 1650 (CON); 1730 (C=0), 2200
(CN), *H NMR spectrum, 8, ppm (J, Hz): 1.13-1.31m
(1H), 1.43-1.62m (4H, 2CH);), 1.74-1.97m (13H,
2CH,+5CHy), 2.24t (2H, J=6.9, CHC), 3.96t (2H,
J=6.9, NCHy), 5.17br (1H, CH=), 6.21d (1H, J=6.9, 5-
CH), 7.20-7.26m (2H) and 7.37-7.43m (3H, Ph), 7.80d
(1H, J=6.9, 6-CH, *C NMR spectrum,d, ppm: 21.4
(2C), 21.5,22.1,23.7,24.5,27.4,32.8 (2C), 36.0, 47.8,
88.0, 103.3, 105.8, 114.2, 123.8, 124.3, 127.0 (2C),
128.2 (2C), 129.2, 130.1, 132.7, 143.4, 143.4, 149.5,
158.2, 166.9, 170.5. Found, %: C 76.40; H 6.47;
N 6.40. CosH2sN>03. Calculated, %: C 76.34; H 6.41;
N 6.36.

1-(3-morphlinepropyl)-2-oxo0-4-(2-oxo-4-
phenyl-1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydro-
pyridine-3-carbonitrile (10h): Yield 69%, mp 187-
189 °C, pale-yellow solid, IR spectrum, v, cm™*: 1200-
1300 (C-O-C), 1530 (C=C-C=C), 1650 (CON); 1720
(C=0), 2200 (CN), *H NMR spectrum, &, ppm (J, Hz):
1.12-1.30m (1H), 1.73-1.90m (11H, CH>+5CH,), 2.24-
2.33m (6H, 3NCH,), 3.46-3.52m (4H, 2CH,0), 3.96t
(2H, J=7.0, N-CH,), 6.22d (1H, J=6.9, 5-CH), 7.20-
7.27m (2H) and 7.38-7.45m (3H, Ph), 7.94d (1H,
J=6.9, 6-CH), *C NMR spectrum,d, ppm: 21.5 (20),
23.7, 23.8, 32,8 (2C), 48.2, 52.6, 54.6, 65.7, 88.1,
103.3, 106.1, 114.2, 124.3, 127.0 (2C), 128.3 (2C),
129.2,130.1, 143.9, 149.6, 158.4, 167.0, 170.6. Found,
%: C 70,98; H 6.62; N 8.84. CyH31N304. Calculated,
%: C 71.02; H 6.60; N 8.87.
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2-0x0-4-(2-0x0-4-phenyl-1-oxospiro[4.5]dec-
3-en-3-yl))-1-(3-(pyrolidine-1-yl)propyl)-1,2-dihydro-
pyridine-3-carbonitrile (10i): Yield 73%, mp 214-216
°C, pale-yellow solid, IR spectrum, v, cm™*: 1500
(C=C-C=C), 1630 (CON); 1740 (C=0), 2200 (CN), H
NMR spectrum, &, ppm (J, Hz): 1.13-1.29m (1H),
1.67-1.73m (4H, 2CH,), 2.46-2.51m (4H, 2N-CH),
2.70t (2H, J=6.2, NCH,), 3.98t (2H, J=6.2, NCH),
6.22d (1H, J=6.9, 5CH), 7.20-7.28m (2H) and 7.36-
7.45m (3H, Ph), 7.87d (1H, J=6.9, 6CH), *C NMR
spectrum,d, ppm: 21.5, 23.1(2C), 23.8, 32.9(2C), 48.1,
53.2(2C), 53.44(2C), 88.0, 103.4, 105.8, 114.1, 124.3,
127.1(2C), 128.2(2C), 129.2, 130.2, 143.6, 149.5,
158.2, 166.9, 170.6. Found, %: C 73.50; H 6.83;
N 9.18. Cz3H31N30s. Calculated, %: C 73.50; H 6.83;
N 9.18.

1-(2-hydroxyethyl)-2-ox0-4-(2-0x0-4-phenyl-
1-oxospiro[4.5]dec-3-en-3-yl)-1,2-dihydropyridine-3-
carbonitrile (101): Yield 62%, mp 235-237 °C, pale-
yellow solid, IR spectrum, v, cm®; 1530 (C=C-C=C),
1640 (CON), 1750 (C=0), 2200 (CN), 3300 (OH), H
NMR spectrum, 6, ppm (J, Hz): 1.13-1.30m (1H),
1.72-1.93m (9H, 5CH,), 3.61-3.69m (2H, CH.0),
3.92-4.00m (2H, CH:N), 4.78t (1H, J=5.1, OH), 6.23d
(1H, J=6.9, 5-CH), 7.23-7.29m (2H), 7.39-7.45m (3H,
Ph), 7.85d (1H, J=6.9, 6-CH), **C NMR spectrum,3,
ppm: 21.5 (2C), 23.7, 32.8 (2C), 52.1, 57.8, 88.2,
103.2, 105.9, 114.4, 124.4, 127.1 (2C), 128.4 (2C),
129.3,130.1, 144.7,149.8, 158.6, 167.2, 170.6. Found,
%: C 70.71; H 6.00; N 7.13. C23H22N,04. Calculated,
%: C 70.75; H 5.68; N 7.18.

2-0x0-4-(2-0x0-4-phenyl-1-oxospiro[4.5]dec-
3-en-3-yl)-1-(pyridine-3-ylmethyl)-1,2-dihydropyridi-
ne-3-carbonitrile (10m): Yield 87%, mp 229-231 °C,
pale-yellow solid, IR spectrum, v, cm™: 1550 (C=C-
C=C), 1620 (CON); 1730 (C=0), 2200 (CN), 'H NMR
spectrum, 8, ppm (J, Hz): 1.14-1.28m (1H), 1.71-
1.90m (9H, 5CH,), 5.14s (2H, NCH,), 6.32d (1H,
J=6.9, 5-CH), 7.22-7.26m (2H, Ph), 7.39ddd (1H,
J=7.8, 4.7, 0.7, 5-CH), 7.39-7.43m (3H, Ph), 7.74ddd
(1H, J=7.8, 2.3, 1.7, 4-CH), 8.20d (1H, J=6.9, 6-CH),
8.46dd (1H, J=4.7, 1.7, 6-CH), 8.59dd (1H, J=2.3, 0.7,
2-CH), ¥C NMR spectrum,s, ppm: 21.4 (2C), 23.7,
32.8 (2C), 49.8, 88.1, 104.0, 106.8, 113.86, 123.0,
124.1, 127.1 (2C), 128.3 (2C), 129.3, 130.1, 130.9,
135.7, 143.0, 148.7, 149.3, 150.0, 158.3, 166.8, 170.7.
Found, %: C 74.19; H 5.36; N 9.55. C27H23N30s. Cal-
culated, %: C 74.13; H 5.30; N 9.60.

5'-amino-7'-cyclohexyl-1'H-spiro[cyclohexyl-
1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-dion (11a):
Yield 69%, mp 181-183 °C, yellow solid, IR spectrum,
v, cm 1 1530 (C=C-C=C), 1690 (CON), 1725 (COO0),
3380 (NH2), H NMR spectrum, 8, ppm (J, Hz): 1.22-
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1.97m (20H, 10CH,), 4.79tt (1H, J=11.6, 3.5, NCH),
6.42s (1H, CHar), 7.41s (2H, 2CHa), 6.71-7.54br (2H,
NH), 33C NMR spectrum,3, ppm: 21.7 (2C), 24.2,
24.7,25.4(2C), 31.4 (2C), 35.6 (2C), 52.5, 82.8, 100.9,
101.2, 102.4, 109.0, 130.8, 137.9, 156.7, 160.1, 162.1,
168.0. Found, %: C 72.18; H 7.20; N 7.60. C22H26N,0s.
Calculated, %: C 72.11; H 7.15; N 7.64.
5'-amino-7'-(2,2,6,6-tetramethylpiperidine-
4-yl)-spiro[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-
1',6'(7'H)-dion (11b): Yield 71%, mp 216-218 °C,
yellow solid, IR spectrum, v, cm®: 1585 (C=C), 1645
(CON), 1725 (COO), 3315 (NH), 3415 (NH2), H
NMR spectrum, 8, ppm (J, Hz): 0.83-0.97br (1H, NH),
1.14s (6H, 2CHs3), 1.30s (6H, 2CHs), 1.35-1.53br (1H,
5CHy), 1.39-1.49m (2H, CH.), 1,66dd (2H, J=12.0,
3.1, CHy), 1.70-1.87m (9H, 5CH>), 5.371t (1H, J=12.0,
3.1, N-CH), 6.42s (1H, CH- Ar), 7.39s (2H, 2CH- Ar),
9.48-7.52br (2H, NH,), ¥*C NMR spectrum,$, ppm:
21.7 (2C), 24.2, 28.1 (2C), 34.3 (2C), 35.6 (2C), 43.0
(2C), 50.9 (2C), 82.8, 100.9, 101.2, 102.3, 108.9,
130.7, 137.8, 156.6, 160.2, 162.2, 168.0. Found, %:
C 70.95; H 7.90; N 9.87. C2sH33N30s. Calculated, %:
C 70.89; H 7.85; N 9.92.
5'-amino-7'-((tetrahydrofuran-2-yl)me-
thyl)-spiro[cyclohexyl-1,3"-furo[3,4-f]isochinoline]-
1',6'(7'H)-dion (11c): Yield 63%, mp 193-195 °C,
yellow solid, IR spectrum, v, cm™: 1585 (C=C), 1645
(CON), 1720 (COO0), 3340(NH2), *H NMR spectrum,
3, ppm (J, Hz): 1.34-1.51m (1H), 1.55-2.07m (13H,
7CH,), 3.67dd (1H, J=4.4, 7.3, CHO), 3.79-3.89m (2H,
CH20), 4.07-4.23m (2H, NCHy), 6.42s (1H, CH),
7.35d (1H, J=7.4, CHar), 7.39d (1H, J=7.4, CHa/), 6.5-
9.9br (2H, NH,), **C NMR spectrum,d, ppm: 21.7
(2C),24.2,25.0, 28.2, 35.6 (2C), 51.0, 67.0, 76.3, 82.8,
100.4, 100.8, 102.5, 108.9, 136.2, 138.7, 156.6, 160.2,
162.7, 167.9, Found, %: C 68.46; H 6.63; N 7.64.
C21H24N204. Calculated, %: C 68.46; H 6.57; N 7.60.
5'-amino-7'-cycloheptyl-spiro[cyclohexyl-
1,3'-furo[3,4-flisochinoline]-1',6'(7'H)-dion  (11d):
Yield 71%, mp 231-233 °C, yellow solid, IR spectrum,
v, cmt; 1585 (C=C), 1645 (CON), 1725 (COO0), 3415
(NH2), "H NMR spectrum, 8, ppm (J, Hz): 1.31-1.51m
(1H), 1.52-1.95m (21H, 11CH,), 4.85-4.99m (1H, N-
CH), 6.41s (1H, CH.), 7.37d (1H, J=7.6, CHa/), 7.41d
(1H, J=7.6, CHa/), 6.8-9.8br (2H, NH), *C NMR
spectrum,d, ppm: 21.7 (2C), 24.2,24.7 (2C), 26.7 (2C),
33.9 (2C), 35.6 (2C), 54.7, 82.8, 100.9, 101.4, 102.4,
109.0, 131.3, 137.9, 156.6, 160.1, 161.7, 168.0. Found,
%: C 72.65; H 7.47; N 7.40. C23H2sN03. Calculated,
%: C 72.60; H 7.42; N 7.36.
7'-(3-(1H-imidazole-1-yl)propyl)-5'-amino-
spiro[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-
dion (11e): Yield 63%, mp 243-245 °C, yellow solid,
IR spectrum, v, cm™: 1530 (C=C), 1680 (C=0), 1720
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(C=0), 3320 (NHy), *H NMR spectrum, §, ppm (J, Hz):
1.34-1.52m (1H), 1.60-1.88m (9H, 5CH>), 2.20p (2H,
J=7.0, CH,.CH»-CHy), 3.96t (2H, J=7.0, CH2.CH>-
CHy), 4.05t (2H, J=7.0, CH,.CH>-CH>), 6.44 s (1H,
CHar), 6.84(1H, ), 7.06s (1H, ), 7.38d (1H, J=7.4),
7.43d (1H, J=7.4, 2CHa), 7.53s (1H, ), 6.6-9.6br (2H,
NH,), *C NMR spectrum,d, ppm: 21.7 (2C), 24.2,
30.1, 35.6 (2C), 43.4, 45.5, 82.9, 100.7, 102.5, 109.0,
118.3, 128.3, 135.2, 136.5, 138.5, 156.5, 160.2, 162.7,
168.0. Found, %: C 67.33; H 6.16; N 14.28.
C22H24N40s3. Calculated, %: C 67.33; H 6.16; N 14.28.
7'-(2-(1H-indole-3-yl)ethyl)-5'-amino-spiro|cy-
clohexyl-1,3'-furo[3,4-flisochinoline]-1',6'(7'H)-dion
(11): Yield 68%, mp 249-251 °C, yellow solid, IR
spectrum, v, cm%; 1530 (C=C), 1680 (CON), 1720
(CO), 3200 (NH) 3320 (NH2), *H NMR spectrum, 3,
ppm (J, Hz): 1.32-1.54m (1H), 162.-1.89m (9H,
5CH,), 3.13t (2H, J=7.3, CH), 4.19t (2H, J=7.3,
NCH.), 6.44s (1H, CHa), 6.93-7.08m (2H, 5!,6-CH),
6.99s (1H, 2-CH), 7.17d (1H, J=7.4) and 7.25d (1H,
J=7.4, 74-CH), 7.32d (1H, J=7.8) and 7.62d (1H,
J=7.8, 2CHar), 6.6-9.8br (2H, NH.), 10.59s (1H, NH),
13C NMR spectrum,8, ppm: 21.7 (2C), 24.2,24.7, 35.6
(2C), 49.2, 82.8, 100.7, 100.8, 102.5, 109.1, 110.1,
111.11, 117.8, 118.0, 120.6, 127.5, 126.7, 135.6,
138.5, 156.5, 160.1, 162.5, 168.0. Found, %: C 73.11,
H 5.94; N 9.80. CysH25N30s3. Calculated, %: C 73.05;
H 5.89; N 9.83.
5'-amino-7'-(cyclohex-1-en-1-ylmethyl)-spiro
[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-
dion (11g): Yield 79%, mp 225-227 °C, yellow solid,
IR spectrum, v, cm*: 1585 (C=C), 1680 (CON), 1720
(COO0), 3320 (NH2), 'H NMR spectrum, &, ppm (J,
Hz): 1.34-149m (1H), 1.48-1.87m (13H,
5CH2+2CHy), 1.87-2.07m (4H, 2CHj), 2.29t (2H,
J=7.1, CHy), 3.93-4.00m (2H, NCH), 5.37bzs (1H,
CH=), 6.42s (1H, CHas), 7.30d (1H, J=7.4, CHa),
7.35d (1H, J=7.4, CHa), 6.56-9.72br (2H, NH,), **C
NMR spectrum,d, ppm: 21.7 (2C), 22.3, 24.2, 24.6,
27.6, 27.6, 35.6 (2C), 36.7, 46.9, 82.8, 100.6, 100.8,
102.5, 109.1, 123.1, 133.5, 135.2, 138.5, 156.5, 160.1,
162.4, 168.0. Found, %: C 73.03; H 6.98; N 7.35.
C23H26N20s. Calculated, %: C 72.99; H 6.92; N 7.40.
5'-amino-7'-(3-morpholinen propyl)-spiro
[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7"H)-
dion (11h): Yield 61%, mp 238-240 °C, yellow solid,
IR spectrum, v, cm*: 1100-1200(C-O-C), 1585 (C=C),
1680 (CON), 1720 (CO), 3330 (NH), *H NMR spec-
trum, 8, ppm (J, Hz): 1.33-1.52m (1H), 1.61-1.93m
(11H, 5CH2+CH,), 2.30-2.40m (6H, 3NCH,), 3.56-
3.62m (4H, 20CH,), 3.97t(2H, J=6.9, NCH,), 6.42s
(1H, CHa), 7.36d (1H, J=7.3, CHa), 7.42d (1H, J=7.3,
CHa), 6.74-9.57 br (2H, NHy), **C NMR spectrum,3,
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ppm: 21.7 (2C), 24.2, 24.7, 35.6 (2C), 46.5, 52.8 (2C),
54.6, 65,9 (2C), 82.8, 100.7, 100.8, 102.5, 109.1,
135.6, 138.5, 156.5, 160.1, 162.6, 167.9. Found, %: C
67.18; H 7.16; N 10.25. C23H29N304. Calculated, %: C
67.13; H 7.10; N 10.21.

5'-amino-7'-(3-(pyrolidine-1-yl)propyl)-spiro
[cyclohexyl-1,3'-furo[3,4-f]isochinoline]-1',6'(7'H)-
dion (11i): Yield 59%, mp 236-238 °C, yellow solid,
IR spectrum, v, cm*: 1550 (C=C), 1670 (CON), 1720
(COO0), 3315 (NH,), 'H NMR spectrum, 8, ppm (J,
Hz): 1.27-1.43m (1H), 1.54-1.65m (2H), 1.71-1.93m
(13H, 8CHy), 2.10s (3H, CHs), 2.42-2.48m (6H,
3NCHy), 4.04t (2H, J=7.0, NCH), 6.26d (1H, J=7.0, 5-
CH), 8.00d (1H, J=7.0, 6-CH), 3C NMR spectrum,?,
ppm: 12.85, 21.37 (2C), 22.96 (2C), 23.83, 26.70,
32.68(2C), 48.10, 51.90, 53.04 (2C), 87.34, 103.46,
105.81, 114.32, 122.03, 143.35, 149.14, 158.63,
167.32, 170.56. Found, %: C 69.90; H 7.44; N 10.65.
C23H29N30s. Calculated, %: C 69.85; H 7.39; N 10.62.
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