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Abstract An efficient method for the synthesis of highly substituted
bicyclic pyridone derivatives containing the dithiocarbamate group is
reported via a one-pot three-component reaction of 2-(alkylthio)thio-
azlactones, diamines, and nitroketene dithioacetal in EtOH under cata-
lyst-free conditions. The reaction proceeds via a domino amidation—
intramolecular 1,4-addition-type Friedel-Crafts alkylation reaction to
afford the corresponding fused bicyclic pyridones with high yields and
diastereoselectivity.

Key words thioazlactone, nitroketene dithioacetal, bicyclic pyridine,
dithiocarbamate, catalyst-free

Among the various types of fused heterocyclic com-
pounds, bicyclic pyridone scaffolds are present in the struc-
ture of many biologically active compounds and natural
products.! Compounds containing these motifs show vari-
ous properties including anticancer,? antianxiety,? antile-
ishmanial, 4 antibacterial,® antifungal,® anti-HIV,” and anti-
inflammatory? activities. Various methods for the synthesis
of substituted bicyclic pyridones have been reported.’
Among them, the cyclocondensation of ketenaminals with
dielectrophiles such as propiolic esters,'® diethyl but-2-
ynedioate,!’ B-ketoesterenol tosylates,'> o-bromoenals,'

0 A NO,
X NH, HsCS.__SCH
. S+ R . ¢ HN | —
N:< M | EtOH s:< N {
S—R! 2 NO, reflux, 3 h s e R2

]
R 13 examples

R'=Bn, n-Bu up to 88% yield

R? = ~(CHy)2—, ~(CHz)3—, ~CHp-C(CHg)o-CHo—
Ar = 2-(NO2)CeHa, 3-(NO»)CeHa, 3-FCgHa, 4-CICeHa,
4-BrCgHs, 4-(CN)CgHg, 2,4-CloCgH3, 3,4-Cl,.CeHg

azlactones,'* itaconic anhydride,'®> and other compounds'®
are extensively utilized for the synthesis of libraries of bicy-
clic pyridones.

Dithiocarbamates are well known for their applications
as herbicides, fungicides, and pesticides in agriculture.!”
The dithiocarbamate group is also a valuable pharmaco-
phore that induces diverse biological activities when incor-
porated in a particular structure.'® Therefore, finding novel
methods for the synthesis of various heterocycles contain-
ing a dithiocarbamate group is interesting for biological
studies.

Heterocyclic ketene aminals are useful dinucleophiles
for the construction of fused heterocyclic compounds and
have been extensively applied in cascade reactions with di-
electrophiles for the synthesis of condensed nitrogen-con-
taining heterocycles.!?

Although there are many reports on the utilization of
azlactones in organic transformations,?° the use of thioaz-
lactones with similar active sites has received less atten-
tion.?! Lin and co-workers reported the synthesis of bicyclic
pyridone derivatives using ketene aminals and azlactones
in the presence of acetic acid.' Recently, our group has re-
ported a domino reaction for the diastereoselective synthe-
sis of novel alkyl 2,3-dihydro-3-oxo-1-aryl-1H-ben-
zo[f]chromen-2-ylcarbamodithioates and alkyl 3,4-dihy-
dro-2-oxo0-4-aryl-2H-chromen-3-ylcarbamodithioates via
the reaction of naphthols and phenols with thioazlactones
(Scheme 1, reaction 1).2% In continuation of our research to-
ward the synthesis of novel dithiocarbamates and their ap-
plications as intermediates in organic chemistry,?* we wish
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to report herein the synthesis of novel bicyclic pyridone de- Table 1 Optimization of the Reaction Conditions for the Synthesis of
rivatives containing a dithiocarbamate group from 2-alk- Bicyclic Pyridones 4a°
ylthio-thioazlactones, diamines, and nitroketene dithioace-
tal (Scheme 1, reaction 2).24 The presence of the dithiocar- o NG
bamatg and pyridone rpotlfs in a single skeleton may have a NN NH»  HCS. _SCH v,
synergic effect to provide a new class of heterocyclic com- N~ N AN \[ {
pounds with interesting biological activities. s : NO, HN NH
0 XA
S O
1) Previous work 22 1a 2a 3 @—/ a

S
R
N OH Ar o o o <l (9)b
Ar s ¢ PTSA (10 mol%) Entry Catalyst (mol%) Solvent ~ Temp (°C) Yield (%)
— + 1 —_— L (o]
N\< 120°C e

S—R solvent-free 1 - EtOH r.t. NR
2 - CHCl, rt. NR
2) This work
3 - H,0 rt. NR
o A 4 - H,0 reflux NR
A/\H( NHz  HeCS. -SCHs EtOH, refux ~ HN ) NH 5 - EtOH reflux 88
<, v L T e
‘(S_R W NH, NO, 5 O I*jf 6 PTSA (30) EtOH reflux 64
n=1,2 R
o e s - 7 Et;N (30) EtOH reflux 45
a 1 Hal .
Scheme 1 Synthesis of novel dithiocarbamates and bicyclic pyridones (SRﬁf)tlgnhcondltlons' 1a (1 mmol), 2a (1 mmol). 3 (1 mmol), and solvent
containing a dithiocarbamate group b Isolat’ed y-ield,

A model reaction between thioazlactone 1a (1 equiv),

1,3-diaminopropane 2a (1 equiv), and nitroketene dithio- Table 2 Regioselective Synthesis of Bicyclic Pyridones?
acetal 3 (1 equiv) was examined to optimize the reaction
conditions. No reaction occurred at room temperature in o A NO:
water, EtOH, and CHCl; under catalyst-free conditions (Ta- ArA\(Z(S . F{;NHZ 608 SO grom HN | —
ble 1, entries 1-3), nor was there any reaction in refluxing N TNOZ e o g e
water (Table 1, entry 4). In refluxing EtOH for 3 h (Table 1, SR’ R
entry 5), a high yield (88%) of the desired product 4a was ! 2 3 4
obtained. Using an acid such as p-toluenesulfonic acid (Ta- A . - roduct Yield (2
ble 1, entry 6) or a base such as triethylamine (Table 1, en- ntry A roduct  Yield (%)
try 7) as possible catalysts for this reaction in ethanol 1 4-NCCeH, Bn ~(CH,)5- 4a 88
showed no improvement of the reaction yield. In addition, 2 4CCH, Bn ~(CH,)s- ab 36
varying other r'eactlon cgndltlons such as t.empe.rature,.ra— 3 24-CLCH, B ~(CHy)om 4c 83
tio of the starting materials, and reaction time did not im-

. . 4 3,4-ClGH, Bn ~(CHy)s- ad 85
prove the reaction yield.

After optimization of the reaction conditions, the scope 5 ZONGH,  Bn  ~(CHy)s- de 80
and limitations of this protocol were examined using vari- 6 4-BrCeH, Bn =(CHy)s- af 87
ous thioazlactones and diamines in the reaction with ni- 7 3-FCeH, Bn ~(CH,),- 4q 79
troketene dithioacetal 3 (Taple 2). We confirmed that thio- 8  34CLCH, Bn ~(CHy)o- ah 34
azlactones WIth electron—w1thdraw.1ng groups on the aryl 9 24-CLCH, B —(CHy), 4 -
group are suitable substrates for this protocol (4a-m), but

o ) . 10  2-O,NCH,  Bn —CH,-C(CH;),-CH,-  4j 78
those containing an electron-donating group gave an insep-
arable mixture containing only trace amounts of the de- 1 30NGH,  Bn  -CH;-C(CH;)-CH- 4k 80
sired product. Varying the substitution pattern from benz- 12 24-ClCH,  n-Bu  —(CHy); al 87
ylthio to butylthio on the thioazlactones gave similar yields 13 34-ClCH, n-Bu  —(CH,) 4m 89
(Table 2, entries 12 and 13). In addition, similar reactivities  Reaction conditions: 1 (1 mmol), 2 (1 mmol), 3 (1 mmol), in refluxing
and yields were obtained using 1,2-diaminoethane, 1,3-di- EtOH (5 mL) for 3 h.

aminopropane, and 2,2-dimethyl-1,3-diaminopropane. " Isolated yleld.
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The structures of all desired products 4a-m were con-
firmed by FT-IR, 'TH NMR, and 3C NMR spectroscopy and
CHN analyses (see the Supporting Information). The 'H
NMR spectra showed four characteristic signals; two sig-
nals between ¢ = 5.00-6.50 ppm for the aliphatic CH reso-
nances of the 3,4-dihydropyridone ring and two signals
above 6 = 9.0 ppm for the NH groups of the dithiocarbamate
and enamine moieties. The '3C NMR spectra also confirmed
the product structure; the chemical shifts for the carbonyl
groups of the pyridone ring being between 6 = 165-168
ppm, and the dithiocarbamate group between 6 = 198-201
ppm. Unequivocal evidence for the structure of bicyclic pyr-
idone 3f was obtained from single-crystal X-ray analysis
(Figure 1).24 The same structure patterns were assumed for
the other derivatives on the basis of their NMR spectro-
scopic similarities.

Cl2

c3

Figure 1 X-ray crystal structure of 4c (thermal ellipsoids set at the 40%
probability level)?*

A proposed mechanism for the formation of these bicy-
clic pyridones is presented in Scheme 2. The first event is
condensation of diamine 2 and nitroketene dithioacetal 3 to
give the isolable ketene aminal 5. According to the regio-
and stereochemistry of the products, it is conceivable that
the next event is the ring opening of thioazlactone 1 with
the nitrogen of ketene aminal 5 to afford intermediate 6 af-
ter tautomerism. Finally, an intramolecular Michael addi-
tion?® provides the intermediate 7, followed by subsequent
imine-enamine tautomerism to result in the desired prod-
uct 4.

In summary, we have reported an efficient protocol for
the synthesis of novel bicyclic pyridone derivatives via the
reaction of 2-(alkylthio)thioazlactones, diamines, and ni-
troketene dithioacetal in EtOH under catalyst-free condi-
tions. The reported method gives a straightforward route to

NO,

HN  NHp | |
/ H,CS™ “SCHj
2 3

EtOH
reflux, 1 h

/( HNY N
amidation reaction j

aza-ene reaction
(Michael addition reaction)

HNmN Os / 0
R N N S
\ »\s' (& )\\ R
N - S
N H H N
Ar O2N Ar
4 7

Scheme 2 A plausible mechanism for the regioselective formation of
bicyclic pyridone derivatives 4

novel category of highly substituted bicyclic scaffolds con-
taining pyridone and dithiocarbamate groups, both of
which are interesting building blocks for biological studies.

Available reagents and solvents were purchased from commercial
sources and were used without further purification. All 'H NMR and
13C NMR spectra were recorded on a Bruker 500 MHz/125 MHz spec-
trometer in DMSO-dg and chemical shifts are reported in ppm. IR
spectra were recorded on a Perkin-Elmer spectrum RX1 FT-IR spec-
trometer. Elemental analyses were conducted with a Perkin-Elmer
2400 Series I CHN analyzer. The X-ray diffraction measurement was
carried out on a STOE IPDS-2T diffractometer with graphite-mono-
chromated Mo Ko radiation. Column chromatography was performed
with 230-400 mesh silica gel.

General Procedure for the Preparation of Compounds 4a-m

A mixture of diamine (1 mmol) and nitroketene dithioacetal
(1 mmol) in EtOH was heated at reflux for 1 h. Then, the thioazlactone
(1 mmol) was added to the reaction mixture. Upon completion of the
reaction after 2 h, as indicated by TLC, the mixture was cooled to
room temperature. The reaction mixture was filtered, and the residue
was washed with hot water (5 mL) and then ethanol (2 mL) to give
final pure product 4a-m.

Benzyl {8-(4-Cyanophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexahydro-
2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4a)

Colorless powder, mp 220-222 °C; yield 0.43 g (88%).

IR (KBr): Vmax = 3187, 2976, 2233, 1720, 1623, 1325, 1150 cm™.

H NMR (500 MHz, DMSO-dg): 8 = 2.05-2.07 (2 H, m), 3.49 (1 H, m),
3.61(1H, m),3.70 (1 H,m),3.97 (1 H, m),4.52 (1 H, d, ] = 14 Hz, CH,),
456 (1H,d,%=14Hz, CH,), 5.23 (1 H, d, 3 = 8.0 Hz, CH), 5.93 (1 H, dd,
J=8.0,7.5Hz, CH), 7.11 (2 H, d, 3 = 8.0 Hz, Ar), 7.28 (1 H, , 3] = 7.0 Hz,
Ar),7.35 (2 H, t, 3 = 7.5 Hz, Ar), 7.39 (2 H, d, 3] = 7.45 Hz, Ar), 7.70 (2 H,
d,3]=8.0 Hz, Ar), 10.11 (1 H, d, 3 = 7.0 Hz, NH), 11.45 (1 H, br s, NH).

SynOpen 2021, 5, 108-113
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13C NMR (125.7 MHz, DMSO-d;): & = 19.7, 39.4, 40.4, 40.8, 40.9, 60.0,
107.9, 111.1, 119.6, 128.1, 129.3, 129.7, 130.0, 133.3, 137.9, 143.8,
152.5,167.1,198.9.

Anal. Calced for Cp3H,iNs05S, (479.57): C, 57.60; H, 4.41; N, 14.60.
Found: C, 57.80; H, 4.45; N, 14.75.

Benzyl{8-(4-chlorophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexahydro-
2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4b)

Colorless powder, mp 220-222 °C; yield 0.420 g (86%).

IR (KBr): Vyox = 3184, 2980, 1716, 1619, 1103 cm!.

TH NMR (500 MHz, DMSO-dg): & = 2.04-2.06 (2 H, m), 3.48 (1 H, m),
3.63 (1 H, m), 3.69 (1 H, m), 3.96 (1 H, m), 451 (1 Hd, ¥ = 13.0 Hz),
456 (1H,d,%=13.5Hz),5.16 (1H,d,¥ = 7.5 Hz), 5.87 (1 H, dd, ] = 7.5,
7.0 Hz), 6.93 (2 H, d, 3 = 8.2 Hz, Ar), 7.28 (3 H, d, 3J = 8.1 Hz, Ar), 7.34
(2H,t 3 =7.6Hz Ar), 7.39 (2 H, d, ¥ = 7.6 Hz, Ar), 10.12 (1 H, d, 3 =
7.0 Hz, NH), 11.45 (1 H, br's, NH).

13C NMR (125.7 MHz, DMSO-d): § = 19.8, 39.4, 39.5, 40.6, 40.8, 60.3,
108.4, 128.0, 129.3, 129.3, 129.7, 130.7, 132.9, 136.8, 138.0, 152.5,
167.3, 198.8.

Anal. Calcd for C,,H,;CIN,O5S, (489.01): C, 54.03; H, 4.33; N, 11.46.
Found: C, 54.14; H,4.37; N, 11.22.

Benzyl{8-(2,4-dichlorophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexa-
hydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4c)
Colorless powder, mp 225-227 °C; yield 0.434 g (83%).

IR (KBr): Vypuy = 3357, 3205, 1712, 1623, 1379 cm-.

TH NMR (500 MHz, DMSO-dg): & = 2.06-2.08 (2 H, m), 3.49 (1 H, m),
3.60 (1 H, m),3.71 (1 H, m), 3.97 (1 H, m), 447 (1 H, d, 3] = 13.7 Hz),
4,61 (1H,d,% =13.7Hz),5.38 (1 H,d, 3 =7.5Hz),6.23 (1 H,dd, 3] =
8.5,7.5Hz),7.12 (1 H, d, 3] = 8.3 Hz, Ar), 7.24-7.28 (2 H, m, Ar), 7.31 (2
H, t, 3] = 7.6 Hz, Ar), 7.37 (2 H, d, 3] = 7.27 Hz, Ar), 7.51 (1 H, s, Ar),
10.24 (1 H, d, 3] = 8.0 Hz, NH), 11.42 (1 H, br' s, NH).

13C NMR (125.7 MHz, DMSO-dg): 8 = 19.3, 31.1, 37.1, 39.0, 40.3, 59.4,
108.4, 127.6, 128.0, 128.8, 128.8, 129.3, 130.4, 133.1, 134.7, 136.6,
137.7,152.3, 166.8, 200.0.

Anal. Calcd for C,,H,,CI,N,0,S, (523.45): C, 50.48; H, 3.85; N, 10.70.
Found: C, 50.75; H, 3.92; N, 10.82.

Benzyl{8-(3,4-dichlorophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexa-
hydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4d)
Colorless powder, mp 189-191 °C; yield 0.445 g (85%).

IR (KBr): Vya = 3178, 3003, 1718, 1617, 1325, 1149 cm™".

'H NMR (500 MHz, DMSO-dg): & = 2.04-2.06 (2 H, m), 3.47 (1 H, m),
3.60-3.70 (2 H, m),3.99 (1 H,m), 451 (1 H, d, 3= 13.8 Hz), 4.61 (1 H,
d,*[=13.8 Hz),5.14 (1 H,d, 3= 7.0 Hz), 5.90 (1 H, dd, ] = 7.5, 7.5 Hz),
6.91 (1H,dd,J=1.9,83Hz,7.08 (1H,s),7.27 (1 H, t, 3] = 7.2 Hz, Ar),
7.34(2H,t,3=76HzAr),7.39 (2H,d,3 =73 Hz, Ar), 748 (1 H, d,
3]=8.2Hz, Ar), 10.19 (1 H, d, 3] = 7.5 Hz, NH), 11.45 (1 H, br s, NH).
13C NMR (125.7 MHz, DMSO-dg): 6 = 19.4, 38.9, 39.0, 40.2, 40.4, 59.6,
107.4, 127.6, 128.5, 128.9, 129.3, 130.6, 130.6, 131.1, 131.6, 137.6,
138.7,152.1, 166.7, 198.6.

Anal. Calcd for C,,H,,Cl,N,05S, (523.45): C, 50.48; H, 3.85; N, 10.70.
Found: C, 50.67; H, 3.95; N, 10.91.

Benzyl{9-nitro-8-(2-nitrophenyl)-6-oxo-1,3,4,6,7,8-hexahydro-
2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4e)
Colorless powder, mp 210-213 °C; yield 0.399 g (80%).

IR (KBr): Vpnyy = 3171, 2999, 1717, 1615, 1343 cm™.

H NMR (500 MHz, DMSO-d,): 8 = 2.07 (2 H, m), 3.49 (1 H, m), 3.61 (1
H, m), 3.76 (1 H,m), 3.98 (1 H, m), 4.50 (1 H, d, 3] = 13.5 Hz), 4.56 (1 H,
d,3=13.5 Hz),5.61 (1 H,d, ¥ = 8.0 Hz), 634 (1 H, dd, ] = 8.5, 7.0 Hz),
7.24-7.32(4H,m), 7.38 (2 H,d, 3 = 7.3 Hz, Ar), 7.51 (1 H, t, ) = 7.6 Hz,
Ar),7.60 (1H, t,3 = 7.4 Hz, Ar), 7.85 (1 H, d, 3] = 7.9 Hz, Ar), 10.27 (1 H,
d, 3] =8.0 Hz, NH), 11.42 (1 H, br s, NH).

13C NMR (125.7 MHz, DMSO-dg): & = 19.3, 35.5, 40.0, 40.2, 40.4, 59.1,
108.5, 125.0, 127.6, 128.8, 129.1, 1294, 129.6, 132.2, 133.9, 1374,
151.0,152.2, 167.0, 200.0.

Anal. Caled for C,,H,;N505S, (499.56): C, 52.89; H, 4.24; N, 14.02.
Found: C, 53.01; H, 4.28; N, 14.15.

Benzyl{8-(4-bromophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexahydro-
2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4f)

Colorless powder, mp 195-197 °C; yield 0.464 g (87%).

IR (KBr): Vimax = 3184, 2980, 1716, 1619, 1103 cm™.

'H NMR (500 MHz, DMSO-dg): 8 = 2.04-2.06 (2 H, m), 3.48 (1 H, m),
3.63 (1 H, m), 3.68 (1 H, m), 3.96 (1 H, m), 4.52 (1 H, d, ¥ = 13.7 Hz),
456(1H,d,¥=13.7Hz),5.15(1H,d,¥ = 7.5 Hz), 5.87 (1 H, dd, ] = 7.2,
7.2 Hz),6.87 (2 H,d, % = 8.1 Hz), 7.28 (1 H, d, 3 = 7.0 Hz, Ar), 7.34 (2 H,
t,3=7.5Hz, Ar), 7.41 (4 H, t, ] = 8.5 Hz, Ar), 10.14 (1 H, d, 3 = 7.0 Hz,
NH), 11.46 (1 H, br's, NH).

13C NMR (125.7 MHz, DMSO-dg): & = 19.4, 31.1, 40.2, 40.4, 40.6, 59.9,
108.0, 121.1, 127.6, 128.9, 129.4, 130.7, 131.8, 136.9, 137.6, 152.1,
166.9, 198.4.

Anal. Calcd for C,,H,;BrN,O5S, (533.46): C, 49.53; H, 3.97; N, 10.50.
Found: C, 49.84; H, 4.03; N, 10.62.

Benzyl{7-(3-fluorophenyl)-8-nitro-5-0x0-1,2,3,5,6,7-hexahydro-
imidazo[1,2-a]pyridin-6-yl}carbamodithioate (4g)

Colorless powder, mp 209-211 °C; yield 0.362 g (79%).

IR (KBr): Vinax = 3184, 2980, 1716, 1619, 1103 cm™".

'H NMR (500 MHz, DMSO-d,): 6 = 3.77 (1 H, m), 3.89 (1 H, m), 3.94-
4.05 (2 H, m), 4.50 (1H,d,3 =14 Hz), 458 (1 H, d, 3 = 14 Hz), 5.12 (1
H,d, % =7.7Hz),5.86 (1H,d,3%=7.0Hz),6.74 (1 H,d,3 = 10 Hz), 6.79
(1H,d,3=75Hz, Ar), 7.07 (1 H, t, 3] = 8.5 Hz, Ar), 7.25-7.29 (2 H, m,
Ar),7.33 (2 H,t,3 = 7.6 Hz, Ar), 7.38 (2 H, d, 3 = 7.3 Hz, Ar), 9.81 (1 H,
brs,NH), 10.22 (1 H, brs, NH).

13C NMR (125.7 MHz, DMSO-dg): 8 = 19.0, 37.6, 43.9, 44.7, 60.9, 106.0,
115.1, 127.6, 127.9, 128.0, 128.8, 129.2, 129.7, 131.0, 132.4, 138.0,
152.8,166.1, 199.1.

Anal. Calcd for C,;H;oFN,0O5S, (458.53): C, 55.01; H, 4.18; N, 12.22.
Found: C, 55.12; H, 4.21; N, 12.28.

Benzyl{7-(3,4-dichlorophenyl)-8-nitro-5-o0xo0-1,2,3,5,6,7-hexa-
hydroimidazo[1,2-a]pyridin-6-yl}carbamodithioate (4h):
Colorless powder, mp 210-212 °C; yield 0.428 g (84%).

IR (KBI): Vinax = 3324, 1706, 1637, 1330 cm™.

H NMR (500 MHz, DMSO-dj): 8 = 3.86-4.04 (3 H, m), 4.11 (1 H, m),
441(1H,d, ¥ =14.0Hz), 448 (1H,d, ¥ = 140 Hz), 530 (1 H,d, 3 = 8
Hz), 5.71 (1 H, d, 3 = 7.5 Hz), 6.77 (1 H, d, 3] = 7.0 Hz), 6.98 (1 H, s),
7.16-7.24 (4 H, m, Ar), 7.28 (2 H, t, 3] = 7.5 Hz, Ar), 8.37 (1 H, br s, NH),
9.17 (1 H, brs, NH).

13C NMR (125.7 MHz, DMSO-dg): 8 = 19.0, 37.6, 43.7, 43.9, 60.1, 105.9,

127.7, 127.9, 128.8, 129.3, 129.9, 130.9, 132.0, 132.8, 136.6, 137.5,
151.7,165.5,199.4.
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Anal. Calcd for C,;H;5CI,N,05S, (509.42): C, 49.51; H, 3.56; N, 11.00.
Found: C, 49.58; H, 3.60; N, 11.08.

Benzyl{7-(2,4-dichlorophenyl)-8-nitro-5-o0xo0-1,2,3,5,6,7-hexa-
hydroimidazo[1,2-a]pyridin-6-yl}carbamodithioate (4i)
Colorless powder, mp 192-194 °C; yield 0.428 g (84%).

IR (KBI): Vpy = 3358, 3205, 1712, 1623, 1379 cm™'.

H NMR (500 MHz, DMSO-d): § = 3.41-3.47 (2 H, m), 3.96-4.03 (2 H,
m), 4.48 (1 H, d, 3 = 13.5 Hz), 4.50 (1 H, d, 3] = 13.5 Hz), 5.33 (1 H, d,
3/=7.5Hz),6.23 (1 H,dd,J=8.0,7.5Hz), 7.19 (1 H, d, ¥ = 8.4 Hz, Ar),
7.24-7.28 (2 H,m, Ar), 7.31 (2 H, t, 3 = 7.5 Hz, Ar), 7.36 (2 H,d, 3 = 7.5
Hz, Ar), 7.51 (1 H, s, Ar), 9.83 (1 H, brs, NH), 10.24 (1 H, d, ] = 8.0 Hz,
NH).

13C NMR (125.7 MHz, DMSO-d,): 5 = 19.0, 37.6, 44.4, 56.5, 60.0, 106.0,
127.6, 128.1, 128.8, 129.3, 129.4, 132.8, 133.1, 135.1, 136.4, 137.7,
152.6, 165.5, 200.0.

Anal. Calcd for CH,;3C1,N,05S, (509.42): C, 49.51; H, 3.56; N, 11.00.
Found: C, 49.58; H, 3.60; N, 11.08.

Benzyl{3,3-dimethyl-9-nitro-8-(2-nitrophenyl)-6-oxo-1,3,4,6,7,8-
hexahydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4j)
Colorless powder, mp 199-202 °C; yield 0.411 g (78%).

IR (KBI): Vyny = 3187, 1719, 1623, 1528 cm-1.

H NMR (500 MHz, DMSO-dg): & = 1.07 (3 H, m), 1.09 (3 H, m), 3.28 (1
H, m), 3.35 (1 H, m), 3.59 (1 H, d, 3 = 12.6 Hz), 3.70 (1 H, d, 3 = 12.6
Hz),4.51 (1 H,d, ¥ = 13.6 Hz), 457 (1 H, d, ¥ = 13.6 Hz), 5.64 (1 H, d,
3= 7.8 Hz), 6.41 (1 H, dd, ] = 7.9, 7.9 Hz), 7.22-7.27 (2 H, m, Ar), 7.31
(2H,t3=74Hz Ar), 738 (2H,d, ¥ =73 Hz, Ar), 7.51 (1 H,, 3= 7.5
Hz, Ar), 7.61 (1 H, , 3] = 7.5 Hz, Ar), 7.87 (1 H, d, 3 = 8.0 Hz, Ar), 10.27
(1H,d,? =80 Hz NH), 11.38 (1 H, br s, NH).

13C NMR (125.7 MHz, DMSO-d;): & = 23.8, 24.2, 27.4, 35.6, 39.3, 50.6,

50.8,59.0, 108.5, 125.1, 127.6, 128.8, 129.1, 129.3,129.4, 132.2, 133.8,
137.4,151.1,151.1, 167.3, 200.2.

Anal. Caled for C,H,5Ns0sS, (527.61): C, 54.63; H, 4.78; N, 13.27.
Found: C, 54.95; H, 4.93; N, 13.56.

Benzyl{3,3-dimethyl-9-nitro-8-(3-nitrophenyl)-6-o0xo-1,3,4,6,7,8-
hexahydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate
(4Kk)

Colorless powder, mp 216-218 °C; yield 0.422 g (80%).

IR (KBr): Vinax = 3187, 1719, 1623, 1528 cm™.

H NMR (500 MHz, DMSO-d;): 8 =1.10 (3 H, s), 1.12 (3 H, 5), 3.24 (1 H,
m), 3.42 (1 H, m), 3.60 (2 H, m), 4.52 (1 H, d, 3] = 13.5 Hz), 4.58 (1 H, d,
3]=14Hz),5.33 (1H,d,J=7.5Hz),),6.06 (1H,dd,]=7.5,7.5Hz),7.27
(1H,t3=75Hz Ar), 7.34 (2 H, t, 3] = 7.5 Hz, Ar), 7.36-7.39 (3 H, m,
Ar), 7.57 (1 H, t, 3] = 8.0 Hz, Ar), 7.72 (1 H, s, Ar), 8.15 (1 H, dd, ] = 8.0,
1.5Hz, Ar), 10.15 (1 H, d, 3] = 7.5 Hz, NH), 11.4 (1 H, br s, NH).

13C NMR (125.7 MHz, DMSO-dg): 6 = 24.3, 24.3, 27.9, 39.4, 40.4, 50.9,
51.5,59.8,107.8,123.1, 123.5,128.0, 129.3,129.7, 131.0, 135.6, 137.8,
140.1, 148.8, 151.4, 167.5, 199.1.

Anal. Caled for C,H,5Ns0sS, (527.61): C, 54.63; H, 4.78; N, 13.27.
Found: C, 54.97; H, 5.02; N, 13.33.

Butyl{8-(2,4-dichlorophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexa-
hydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (41)
Colorless powder, mp 230-232 °C; yield 0.382 g (78%).

IR (KBI): Vynax = 3175, 1718, 1617, 1325, 1149 cm™'.

H NMR (500 MHz, DMSO-d): & = 0.90 (3 H, t, 3 = 7.3 Hz), 1.34-1.41
(2 H, m), 1.56-1.62 (2 H, m), 2.07 (2 H, t, 3 = 5.6 Hz), 3.15 (1 H, m),
3.25(1 H, m),3.49 (1 H, m), 3.61 (1 H, m), 3.72 (1 H, m), 3.98 (1 H, m),
538(1H,d ¥=79Hz),623(1H,dd, =78 78 Hz), 712 (1 H,d, ] =
8.4 Hz, Ar), 7.27 (1 H, dd, ] = 8.4, 1.9 Hz, Ar), 7.53 (1 H, d, ¥ = 1.9 Hz,
Ar), 10.0 (1 H, d, 3 = 8.0 Hz, NH), 11.42 (1 H, br s, NH).

13C NMR (125.7 MHz, DMSO-dg): 8 = 14.0, 19.3, 21.8, 31.3, 31.4, 34.5,
34.6,37.1,59.1, 108 .4, 128.0, 129.4, 130.4, 133.0, 134.8, 136.6, 152.3,
166.9, 200.6.

Anal. Calcd for C;qH,,Cl,N,0,S, (489.43): C, 46.63; H, 4.53; N, 11.45.
Found: C, 46.85; H, 4.67; N, 11.63.

Butyl{8-(3,4-dichlorophenyl)-9-nitro-6-oxo-1,3,4,6,7,8-hexa-
hydro-2H-pyrido[1,2-a]pyrimidin-7-yl}carbamodithioate (4m)
Colorless powder, mp 193-195 °C; yield 0.386 g (79%).

IR (KBr): Vimax = 3175, 3003, 1718, 1617, 1325, 1149 cm.

H NMR (500 MHz, DMSO-d,): 8 = 0.91 (3 H, t, 3 = 7.3 Hz), 1.36-1.43
(2 H, m), 1.59-1.65 (2 H, m), 2.05 (2 H, t, 3 = 5.5 Hz), 3.20 (1 H, m),
3.28 (1 H, m), 3.49 (1 H, m), 3.61-3.69 (2 H, m), 3.99 (1 H, m), 5.14 (1
H,d, 3 = 7.7 Hz), 5.90 (1 H, dd, ] = 7.4, 7.4 Hz), 6.94 (1 H, d, 3 = 8.2 Hz,
Ar), 7.07 (1 H, s, Ar), 7.51 (1 H, d, 3 = 8.2 Hz, Ar), 10.0 (1 H, d, 3 = 7.2
Hz, NH), 11.45 (1 H, br's, NH).

13C NMR (125.7 MHz, DMSO-d;): 8 = 14.0, 19.3, 21.8, 21.8, 25.7, 31.4,
34.4,39.1,594, 107.4, 128.5, 130.6, 130.7, 131.1, 131.6, 138.8, 152.1,
166.7,199.2.

Anal. Calcd for C,qH,,C1,N,0,S, (489.43): C, 46.63; H, 4.53; N, 11.45.
Found: C, 46.71; H, 4.60; N, 11.72.
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