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1. Introduction B,” serricornin® thromoboxane3, and cyclopentanoids with
. . _promising biological activities. Given their high importance,
Design and development of practical cascades that _provm%any classical methods such as Diels-Alder readtfdh,
maximum structural miscellany and intricacy with @ minimum sichael addition, Pummerer-type thioglycosylation reaction, and

number of straightforward synthetic steps for the rapid generati%arrangement of sulfonium ylidésave been developed.
of function-oriented molecules is a key goal in modern organic

synthesis. A pressing challenge for synthetic chemists is tblasson and co-workers have revealed the synthesis of
advance new protocols that are not only efficient, selective, anghosphono-substituted dihydrothiopyrans usiagphosphono-
high yielding but also rapid and eco-compatible. One approach tef-unsaturated dithioesters. However, one-pot multjpament
address this challenge involves the development of eco-friendgpproach to construct this privileged scaffold is still surprisingly
multicomponent  procedures.  Multicomponent reactiéns rare.

(MCRs) have experienced exponential growth over the past two Albeit the reported approaches are useful tools for the

decades and have become important tools for the rapid generation . . L
of molecular complexity and diversity with predefined synthesis of thiopyrans, most of them suffer from significant

functionality in chemical biology and drug discov&#in the limitations such as harsh reaction conditions, long reaction time,
pursuit of a more efficient and greener process, performing thoor Yields, production of wastes, and difficult workup
reactions without any solvent has appeared promfsing. procedure. Therefore, more general, efficient, rapid, and viable
routes are in high demand, and would be of great relevance to
man . \ V4 . lfoth synthetic and medicinal chemists. Prompted by the awe-
y of its derivatives possess useful pharmacologica

activities® They have been frequently utilized in the construction"SP!"N9 chemistry of f-oxodithioesters, on the basis of

of analogues of natural products such as tetrahydrodicranenoff@rosynthetic analysis, we envisioned that the scaffold of
dihydro-4H-thiopyran could be constructed via three-component

Thiopyran is a well-known privileged structural motif, as
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domino coupling of p-oxodithioesters 1, a,unsaturated 3 EtOH 25 30 min 80
aldehyde®, and amine8 (Scheme 1). 4 EtOH 80 30 min 32
5 DMSO 25 60 min 65

’ 6 H,0 25 24 h nre

ﬁ Swoe= 7 H,0 100 24 h nre

SRz \N“g SRz 8 none 25 5 min 92

9 none 40 15 min 45

10 None 15 60 min 76

Scheme 1. A proposed three-component approach to 5,6-dihydro-
4H-thiopyrans4.

2Reaction conditions: 1.0 mmol of eath 2a and3a; and 2 ml of each
solvent was usedlsolated yield°nr = no reaction.

2. Results and discussion

p-Oxodithioesters have received much attention asatiée Motivated by the above results, we investigated the model
building blocks in organic synthesfsOur recent efforts in the reaction under solvent-free conditions. To our pleasure, a
development of a novel synthetic strategy to construcbreakthrough result was achieved that is the desired thioggran
heterocyclic scaffold§ utilizing p-oxodithioesters as a key was obtained in 92% yield at 25 °C in 5 min (Table 1, entry 8).
substrate prompted us to investigate the present coupling reactidfext the effect of reaction temperature was also examined, and
with the aim to devise more general synthetic route for bioactivéhe results showed that increasing or decreasing the temperature
heterocycles. Thus, as a part of our recent research programdia not bring any improvement (Table 1, entries 9 and 10). It was
develop solvent-free new MCRS,herein, we report an easy observed that at elevated temperature (> 40 °C), the lower yield
access to 5,6-dihydroHéthiopyrans via one-pot three- of the desired product is due to a competitive formation of
component domino coupling ofg-oxodithioesters, a,f- thioamide!®® Hence, the optimal conditions were equimolar
unsaturated aldehydes, and cyclic aliphatic secondary amines ahounts ofla, 2a, and3a at 25 °C under solvent-free conditions
room temperature under solvent-free conditions (Scheme 2).  (Table 1, entry 8).With optimal conditions established, we then
investigated the scope and limitations of the reaction using
variousS-oxodithioestersla-m, «,f-unsaturated aldehyde@s-b,

Ar one-pot Ar 0 and secondary cyclic amin@s-e. The results are presented in

U . % . catalyst-free | R Table 2.
R! SR?  CHO solvent-free

t, 5 min §” “sr?
1a-m 2a-b 3a-e ’ 4
1a: R'=Ph, R2=Me; 1b: R'=2-BrC¢H,, R%=Me; 1c: R'=1-naphthyl, R?=Me; Table2 . . .
1d: R'=2-thienyl, R%=Me; 1e: R'=3-pyridyl, R*=Me; 1f: R'=3-MeOCH,, R%=Me; Synthesis of dihydrothiopyrards
1g: R'=Ph, R2=PhCH,; 1h: R'=2-furyl, R%=Me; 1i: R'=4-MeOCgHj, R?=Me; Epryy  Product Entry ~ Producd
1j: R'=3-(N-methylpyrrole), R>=Me; 1k: R'=isopropyl, R>=Me; (time in 2}'}'” gleld) (tlmlfw:?oT:—in‘ y(l)eld)
11: R'=4-CF3CgH,, R2=Me; 1m: R'=ferrocenyl, R2=Me; N «
2a; Ar=Ph; 2b: Ar=4-MeOCHj; fjf‘\Ph e
3a=piperidine; 3b=morpholine; 3c=1-phenyl piperazine; 1 O\l S7 > SMe 10 N(\N 7 SameN
3d=ethyl-1-piperazine carboxylate; 3e=pyrrolidine 4a (5, 92%) Ph” 4j (5, 94%)
Scheme 2. Synthesis of 5,6-dihydroHtthiopyrans4. Pho o Br Ph O

B-Oxodithioesters are not commercially sourced, aretew 2 Q . 83;) 1 N(\N 7 sme
synthesized by literature methdds.Initially, the three- ' Ph” 4k (5, 88%)
component model reaction of methyl 3-oxo-3-phenyl- Ph O ‘ Ph O
propanedithioatelf), cinnamaldehyde26), and piperidine 3a) ‘ O
was investigated w_ithout any _catalyst under varying condi_tions tlo O s sMe 12 N \ e
optimize the reaction conditions, and the results are listed in 4c (5, 85%) N\) 4|(5 o%)
Table 1. Interestingly, DCM and EtOH provided the desired o o o o

product at 25 °C (Table 1, entries 1 and 3). Increasing the

temperature decreased the yields drastically (Table 1, entries 2 |

and 4). The reaction became sluggish in DMSO and yield of thes O s~ “sMe 13 @ S She
H - 4d (5, 85%) EtO,C” 4m (5, 93%)

product decreased considerably (Table 1, entry 5). No reaction

occurred in HO at 25 °C as well as at 100 °C even after 24 h

(Table 1, entries 6 and 7). This might be due to insolubilit§- of Ph O

CeHa.OMe-p

=
jo]
S

Ph O

Cs . CeH4.CF3-
oxodithioesters in water. rjf%h Ndk P
5 [ ONTST Vsme 14 N
4n (5, 89%
oS 4es 95%) EtO,C” o )
Tablel Ph O
. . . . Ph O
Optimization of reaction conditiofs N
Ph PhoQ -~ Il dL Ph
conditions 6 N swenN” 15 N" 87 SCH,Ph
j\/ﬁ\ - % TSN dj\ " o (5' 92%) Et0,C” @ 4o (5, 95%3
Ph SMe CHO H NT>87  sMe
1a 2a 3a 4a Ph O Ph O
Entry Solvent Temp°C) Time Yield (%) ‘ R
- 7 [N s sMe 16 S
1 DCM 25 30 min 82 o] 495 92% ome

2 DCM 40 30 min 40 E0,C A o
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p-MeO.CeHa  Q oh O iminium ion intermediaté\. Subsequently, Michael-type attack
[ Ph of enolic form ofg-oxodithioesterl to iminium ionA generated
Ph L . . . ..
8 NS seHPn 17 | open-chain intermediat®;, which could probably cyclize via its
ot an(s 93%) G‘ 405, 09 two possible rotamerB; andB, through pathway$ and !l to
’ furnish dihydrothiopyram and dihydropyrai, respectively. The
o p-MeOCeHy O intermediateB; undergoes regioselective cyclization by attack
Y, CoHaMe-p through sulfur via routé to give the desired dihydrothiopyrdn
9 ,O‘ woomg 18 s ' Swe exclusively in accordance with our previous restiftsThe
P ’ @ 4r (5,91%) alternative O-cyclization dB, via routell could lead to pyraB,

which was not observed even in trace during our investigations.

Ph O

#1solated pure yields.

In general, all reactions were completed within 5 minutes nd N
providing a range of valuable 5,6-dihydrbHhiopyransda-r in f . ('\NH . @ﬁ’fLW
83-96% vyields. Both electron-rich and electron-poor aryl groups 0" H g Kﬁ )
at the R position were well tolerated and showed very good 2 “J A S 1 SR
chemical yields of thiopyrangd. The reaction with extended Michaelladdition
aromatic grougc also proceeded smoothly providing the desired A S
thiopyran4c in 85% yield (Table 2, entry 3). In addition, good H A, 0
results were also obtained by usintgR hetaryl substituents such gf;\b/lsw = R
as 2-thienyl, 3-pyridyl, 2-furyl, and 3-(N-methylpyrrole) (Table ~N" O R! ~N |

~/ 82 I\\/

2, entries 4, 6, 9 and 11). Furthermore, aliphatic dithioddter §” SR

containing R as isopropyl group was also successful affording B
the productdl in 93% yield (Table 2, entry 12). Importantly, O'*’“““* pathll  s.attack | path
ferrocenoyl dithioestedm was also a viable substrate for this Ar s At O
approach affording the desired thiopyrgmin 96% yield (Table )

2, entry 16). A limited variation has also been made at the 2- and dLSR

4-position of thiopyran ring providing the desired thiopyran (f/N o5 R

derivatives in excellent yields (Table 2, entries 8, 10, 15, and 18). " ot formed
The results showed the good scope and generality of the various

starting substrates. Scheme 3. Plausible mechanism for the formationdof

Furthermore, to expand the scope of this reaction and to gain a
greater insight into the reaction, various primary amines, tertiary
amines, and acyclic secondary amines were also investigated BtConclusion
unfortunately, primary and tertiary amines could not trigger the
reaction in the desired direction even after 24 h, while acyclic
secondary amines showed a complex TLC pattern of several ve

close spots, which could not be isolated. This result limits th as beent d%velc_)ped for }_he f|rsft t'm%.t;]/!a c;ne-pot three-
scope of the reaction to some extent. The structurafomPonen omino  coupling ofp-oxodithioesters, a8

characterization ofia-r was achieved by spectroscopic ddtd ( unsaturated aldehydes, and cyclic aliphatic secondary amir_le_rs at
and*C NMR, IR, and HRMS) and unequivocally established by ©°™ temperature under catalyst-free and solvent-free conditions
the X-ray single crystal diffraction analy$isof one of the in excellent yle_lds. Importantl_y, for the flrst_tlme cyclic aliphatic
representative compound 3—benzoyl-2-methylsulfanyl-4-phenyl?ﬁgg;?;r:y ;mg:)zit?c?r? %eeQchzzﬁqogﬁéﬁg 'thr;eccﬁogucmj of
6-piperidino-5,6-dihydro-H-thiopyranda (Figure 1). conditions, short reaction time (5 min) flexible substitution
patterns, and easy purification make the protocol eye-catching for
academic research and realistic applications.

N7 s SR?
</ 4

In summary, a rapid and highly efficient regioselective
proach to densely functionalized 5,6-dihydkdthiopyrans

4. Experimental section
4.1. General

The starting materials were commercially available and used
as received without any further purification. All reagents were
weighed and handled in air at room temperatufke.
Oxodithioesters 1 were prepared following the known
procedures® Thin-layer chromatography (TLC) was performed
using silica gel 60 F254 precoated plates. Infrared (IR) spectra
are measured in KBr, and wavelength}s gre reported in cih
'H and™*C NMR spectra were recorded on NMR spectrometer
ol operating at 500/300 and 125/75 MHz, respectively. Chemical
Fig. 1. ORTEP diagram ofa. shifts @) are given in parts per million (ppm) using theidas
solvent peaks as reference relative to tetramethylsilane (TMS).
Coupling constantJj values are given in hertz (Hz). Mass

On the basis of results obtained, a plausible mechanism gpectra were recorded using electrospray ionization (ESI) mass

outlined in Scheme 3. We conceived that initially a reactiorsP€Ctrometry. The melting points are uncorrected.
between aldehyd®2 and secondary amirewould occur to give




4 Tetrahedron
4.2. General procedure for the synthesis of dihydro-4H- 70.54, 49.74, 44.38, 35.10, 25.90, 24.27, 18.14; HRMS [M*Na]
thiopyran (4a-r) calcd for G,H,sNOS;Na 438.0990, found 438.0996.

To a mixture of g-ketodithioesters1 (1.0 mmol) and 4.2.5. 3-Benzoyl-2-methylsulfanyl-6-mor pholino-4-phenyl-5,6-
cinnamaldehydeg (1.0 mmol), secondary cyclic amin8s(1.0  dihydro-4H-thiopyran (4e).

mmol) was added and the reaction mixture was stirred for the o, yellow solid, mp 117-118 °C; FT IR (KBr, S 2956,

stipulated period of time at room temperature. After completio . .
of the reaction (monitored by TLC), water (20 mL) was added t%%%?’( dl %43'7155194&1224'_7)’ %113147 E4M($n (32?_'0) '\gggfgcézn 56H)

the reaction mixture _followed b_y extraction WI!‘.h ethyl acetate (24.48 (ddJ; = 2.4 Hz,J, = 11.1 Hz, 1H), 4.31 (1] = 3.4 Hz, 1H),

x 10 mL). The combined organic layer was dried over anhydrou§ 67 (br, 4H), 2.84-2.67 (m, 4H), 2.45-2.25 (m, SHE NMR
Na,SQ, and then evaporated under vacuo. The crude residue thy MH’z cbcj;)- S '195 47’ 141,16' 13é 16 1‘33 67 132.16
obtained was purified by column chromatography over silica geﬁ?3 73 i28 58 i28 27 .1223 24' 1,28 05' 1é6 97' 6§ 20 66 ’73
using ethyl acetate/lhexane mixture as eluent to afford purgsj& ' 44_0'0’ ’ 34.5'5’ ' l7.7l8; ! HRI\'/IS, [M+*.H] éalcci for e

dihydrothiopyran. CasHeNO,S, 412.1399, found 412.1403.
4.2.6. 2-Methyl sulfanyl-6-mor pholino-4-phenyl-3-(3-pyridoyl)-

4.2.1. 3-Benzoyl-2-methyl sulfanyl-4-phenyl-6-pi peridino-5,6- 56-dihydro—4)ll-|-thiop¥/Iran (4f)‘.) phenyl-3-(3-pyridoyl)
dihydro-4H-thiopyran (4a). '

Pale yellow solid, mp 122-123 °C; FT IR (KBr, cin 3028,
! ; 2937, 1639, 1574, 1253, 11834 NMR (300 MHz, CDCJ): &
2929, 1654, 1575, 1254, 11784 NMR (300 MHz, CDCI): 0 ggg (s, 1H), 8.63 (d) = 4.5 Hz, 1H), 7.88 (d) = 7.8 Hz, 1H),
7.69 (d,J = 6.9 Hz, 2H), 7.45-7.25 (m, 8H), 4.53 (.= 1.5 7557 18 (m, 5H), 7.09-7.01 (m, 1H), 4.51 (dgks 2.7 Hz,J, =
Hz, J, = 12.0 Hz, 1H), 4.32 (§ = 3.6 Hz, 1H), 2.78 (=52 19 7 4 1H) 4.39 (1) = 3.4 Hz, 1H), 3.68 (br, 4H), 2.80-2.70
Hz, 2H), 2.61 (t3 = 5.1 Hz, 2H), 2.36-2.23 (m, 5H), 1.55-145 (0" 410" 43557 (m. 5H)RC NMR (75 MHz, CDC): 0
(m, 6H); "C NMR (75 MHz, CDCJ): 9 195.58, 141.16, 138.24, 149 35 "167.88, 153.87, 151.70, 147.02, 136.12, 135.66, 133.99,
132.08, 130.05, 129.07, 128.74, 128.52, 128.32, 128.22, 126.9055 73 198 06 12710, 193.30. 69.02. 66.35. 48.67 4382

70.38, 49.77, 44.14, 34.72, 25.68, 24.13, 17.81; HRMS [M+H] 34 2917 28 HRMS [M+H]caled for GHN,0,S, 413.1352,
calcd for GaHNOS; 410.1607, found 410.1616. found 413.1360.

4.2.2. 3-(2-Bromobenzoyl)-2-methylsulfanyl-4-phenyl-6- 4.2.7. 3-(2-Methoxybenzoyl)-2-methyl sulfanyl-6-mor phol ino-4-
pipericino-5,6-dihydro-4H-thiopyran (4b). e e e a6 mor

Pale yellow solid, mp 111-113 °C; FT IR (KBr, 'é)n 3053,

Pale yellow solid, mp 142-144 °C; FT IR (KBr, E:’m 3037,
2046, 1610, 1491, 1251, 11784 NMR (500 MHz, CDC)): ¢
7.47 (d,J = 8.0 Hz, 1H), 7.21-7.16 (m, 3H), 7.10Jtz 8.25 Hz,
1H), 6.98 (t,J = 7.5 Hz, 1H), 6.91-6.90 (m, 2H), 6.58 (= 7.0

2.83-2.79 (m, 2H), 2.66-2.65 (m, 2H), 2.54 (s, 3H), 2.46-2.40 95 75 159,53, 141.15, 139.60, 133.44, 129.20, 128.61, 128.34,
(M, 2H), 1.58-1.56 (m, 4H), 1.47-1.44 (m, 2H)C NMR (125 158'30" 197,00, 121.42, 118.78, 112.64, 69.31, 66.73, 55.25,

MHz, CDCL): ¢ 191.62, 142.30, 141.89, 132.05, 129.68, 128'3948.72, 43.99, 34.49, 17.79: HRMS [Mialcd for G4H,NO,S,
128.01, 127.86, 126.75, 126.67, 124.23, 118.79, 72.16, 49.5441 1432 found 441.1431.

43.64, 34.32, 25.79, 24.21, 16.35; HRMS [M+Hhlcd for

C24H27BrN032 488.0712, found 488.0717. 4.2.8. 3—!36nzoyl-2_-benzy|Sulfar_lyl-4-(4-meth0xypheny|)-6—
4.2.3. 2-Methylsulfanyl-3-(1-naphthoy!)-4-phenyl-6-pi peridino- morpholino-5,6-dihydro-4H-thiopyran (4h).

5,6-dihydro-4H-thiopyran (4c). Pale yellow solid, mp 69-70 °C; FT IR (KBr, ¢t 3039,

Pale yellow solid, mp 161-162 °C; FT IR (KBr, cn 3016, 2946, 1624, 1566, 1282, 1178 NMR (300 MHz, CDCJ): &
2939, 1645, 1562, 1256, 1183 NMR (500 MHz, CDCJ): 6  7-60 (d,J = 7.2 Hz, 2H), 7.47-7.20 (m, 8H), 7.05 (> 8.4 Hz,
7.90 (d,J = 8.0 Hz, 1H), 7.79 (dd}, = 8.0 Hz,J, = 11.0 Hz, 2H), 2H), 6.89-6.76 (m, 2H), 4.43 (dd; = 3.0 Hz,J, = 12.0 Hz, 1H),
7.47-7.41 (m, 2H), 7.23-7.14 (m, 4H), 7.03-6.96 (m, 3H), 4.43.18-4.09 (m, 2H), 3.99-3.90 (m, 1H), 3.73-3.65 (m, 7H), 2.77-
(dd, 3, = 3.0 Hz,J,= 12.0 Hz, 1H), 4.15 (] = 3.5 Hz, 1H), 2.83- 2.68 (M, 4H), 2.34-2.13 (m, 2H)C NMR (75 MHz, CDCJ): 6
2.82 (m, 2H), 2.70-2.68 (m, 2H), 2.47 (s, 3H), 2.43-2.25 (m, 2H)§I.95.47, 158.43, 137.72, 137.07, 136.65, 135.44, 132.64, 132.26,
1.60 (br, 4H), 1.48-1.42 (m, 2H)'C NMR (125 MHz, CDGJ): & 129.23, 128.84, 128.27, 128.24, 127.17, 113.87, 113.65, 69.01,
195.05, 133.38, 130.16, 129.80, 128.51, 128.21, 128.03, 126.8§6.69, 55.10, 48.72, 43.23, 38.99, 34.49. HRMS [M+tdilcd
126.79, 126.08, 125.22, 125.07, 124.50, 71.11, 49.81, 43.4f0" CaoH:2NO:S, 518.1818, found 518.1822.
33.81, 25.38, 23.93, 16.82; HRMS [M+Halcd for GgHyNOS,

Pale yellow solid, mp 128-129 °C; FT IR (KBr, 'ém 3045,
2952, 1624, 1587, 1286, 11784 NMR (300 MHz, CDC)): ¢
7.29-7.20 (m, 7H), 7.08-6.99 (m, 2H), 4.47 (dd= 2.7 Hz,J, =
11.7 Hz, 1H), 4.29 (t) = 3.6 Hz, 1H), 3.74-3.67 (m, 7H), 2.80-

460.1763, found 460.1767. 4.2.9. 3—(2—Fur0yl)-2—methy|st.llfanyl-4-pheny|-6-(4-
phenyl piper azino)-5,6-dihydro-4H-thiopyran (4i).
4.2.4. 2-Methyl sulfanyl-4-phenyl-6-piperidino-3- (2-thienoyl)-5,6-
dihydro-4H-thiopyran (4d). Pale yellow solid, mp 101-103 °C; FT IR (KBr, ‘c“m 3042,

2944, 1654, 1589, 1248, 118'H NMR (300 MHz, CDCJ): ¢

Pale yellow solid, mp 111-112 °C; FT IR (KBr, T 3028,  7.48-7.36 (m, 2H), 7.20-7.05 (m, 5H), 6.94-6.75 (m,5H), 6.47-
2932, 1661, 1567, 1251, 1174 NMR (300 MHz, CDCJ): 6 6.28 (m, 1H), 4.45-4.43 (m, 2H), 3.11-3.05 (M, 4H), 2.87-2.74
7.54 (br, 2H), 7.25-7.13 (m, 5H), 7.02 (br, 1H), 4.52 @ds 1.5  (m, 4H), 2.39-2.24 (m, 5H)**C NMR (75 MHz, CDCJ): ¢
Hz, J, = 11.1 Hz, 1H), 4.36 () = 3.1 Hz, 1H), 2.75 () = 2.5  182.96, 153.22, 151.02, 145.87, 142.18, 141.29, 132.76, 129.07,
Hz, 2H), 2.62 (tJ = 7.9 Hz, 2H), 2.47-2.23 (m, 5H), 1.54-1.45 128,51, 128.28, 126.88, 120.01, 117.79, 116.28, 112.24, 69.01,
(m, 6H); ®*C NMR (75 MHz, CDCJ): 6 188.03, 144.88, 141.13, 49.20, 48.38, 43.47, 35.22, 18.05, HRMS [M+Halcd for
139.68, 137.03, 134.37, 133.40, 132.74, 128.44, 127.72, 126.96,,H,,N,0,S, 477.1665, found 477.1671.



4.2.10.4-(4-Methoxyphenyl)-2-methyl sul fanyl-6-(4-
phenyl piper azino)- 3-(3-pyridoyl)-5,6-dihydro-4H-thiopyran (4j).

Pale yellow solid, mp 93-95 °C; FT IR (KBr, &t 3051,
2926, 1641, 1579, 1278, 11534 NMR (300 MHz, CDC)): &
8.84 (s, 1H), 8.64 (dJ = 3.3 Hz, 1H), 7.89 (dJ = 7.8 Hz, 1H),
7.25 (br, 2H), 7.13-7.10 (m, 2H), 6.94-6.81 (m, 6H), 4.59 Jgd,
= 2.4 Hz,J, = 11.4 Hz, 1H), 4.34 (t) = 3.9 Hz, 1H), 3.76 (s,

5
128.80, 128.73, 128.51, 128.18, 127.22, 127.11, 125.23,
125.20, 69.71, 61.52, 48.33, 48.04, 43.93, 43.51, 34.74, 17.46,
14.66; HRMS [M+H] calcd for G/HsgFsN,0sS, 551.1644, found
551.1652.

4.2.15.3-Benzoyl-2-benzyl sulfanyl-6- (1-car boethoxyl ) pi per azi no-
4-phenyl-5,6-dihydro-4H-thiopyran (40).

Pale yellow solid, mp 67-68 °C; FT IR (KBr, 6h1 3036,

3H), 3.16 (br, 4H), 3.00-2.85 (m, 4H), 2.71-2.63 (m, 4H), 2.452951, 1662, 1583, 1271, 116'H NMR (300 MHz, CDCJ): &

2.31 (m, 5H);*C NMR (75 MHz, CDGJ): § 193.44, 158.58,

7.59 (d,J = 7.2 Hz, 2H), 7.43-6.97 (m, 13H),4.56 (d,= 3.3

151.86, 151.03, 149.64, 145.99, 135.58, 134.57, 133.14, 131.78z, J, = 14.1 Hz, 1H), 4.19-3.85 (m, 5H), 3.43 (br, 4H), 2.71-
129.15, 129.09, 123.27, 120.07, 116.31, 114.12, 69.82, 55.18,63 (m, 4H), 2.30-2.21 (m, 2H), 1.25 {= 6.4 Hz, 3H);"°C

49.22, 48.44, 43.16, 34.96, 17.28; HRMS [M+Hhlcd for
C,9H3:N30,S, 518.1930, found 518.1938.

4.2.11. 3-(N-Methyl-2-pyrroloyl)-2-methyl sulfanyl-4-phenyl-6-(4-
phenyl pi per azino)-5,6-di hydr o-4H-thiopyran (4k).

Pale yellow solid, mp 154-155 °C; FT IR (KBr, ‘c]m 3048,
2916, 1638, 1584, 1228, 1172 NMR (500 MHz, CDCJ): ¢
7.29-7.26 (m, 6H), 7.21-7.09 (m, 2H), 6.97-6.94 (m, 2H),
(t, J=7.2 Hz, 1H), 4.54 (ddl, = 2.5 Hz,J, = 11.5 Hz, 1H), 4.36
(t, J= 4.0 Hz, 1H), 3.62 (s, 3H), 3.24-3.17 (m, 4H), 3.03-3.01 (m
2H), 2.93-2.89 (m, 2H), 2.41 (s, 3H), 2.33-2.31 (m, Zﬁ(j:
NMR (125 MHz, CDC)): ¢ 190.40, 141.27, 136.94, 133.79,

NMR (75 MHz, CDC}): § 195.31, 155.15, 140.55, 137.67,
136.62, 136.51, 135.97, 132.24, 129.16, 128.78, 128.46, 128.22,
127.94,127.16, 127.00, 126.91, 68.70, 61.34, 48.43, 48.17, 43.94,
43.38, 38.92, 34.47, 14.56; HRMS [M+H]calcd for
C3H35N305S, 559.2084, found 559.2087.

4.2.16.6-(1-Car boethoxy!) pi per azino-3-ferrocenoyl-2-methyl -

6.90'su|fanyl-4-phenyl-5,6-d| hydro-4H-thiopyran (4p).

Pale yellow solid, mp 147-149 °C; FT IR (KBr, ‘c]m 3041,
2922, 1632, 1561, 1245, 11684 NMR (300 MHz, CDC)): ¢
7.45-7.25 (m, 5H), 4.87 (br, 1H), 4.59 (br, 1H), 4.49 (br, 3H),
4.37 (br, 1H), 3.71 (br, 5H), 3.43 (br, 4H), 2.74-2.64 (m, 4H),

129.20, 128.50, 128.48, 128.23, 128.06, 126.90, 125.74, 123.18,38-2.22 (m, 5H), 1.25 (§,= 7.0 Hz, 3H)**C NMR (125 MHz,
120.52, 116.56, 110.28, 68.23, 49.48, 48.37, 44.18, 36.62, 34.84DCl,): ¢ 199.91, 155.33, 141.48, 137.64, 136.33, 128.95,

18.43; HRMS [M+H] calcd for GgH3,N;0S, 490.1981, found
490.1983.

4.2.12. 3-1sopropanoyl-2-methyl sulfanyl-4-phenyl-6-(4-
phenyl piper azino)-5,6-di hydro-4H-thiopyran (41).

Pale yellow solid, mp 94-95 °C; FT IR (KBr, ¢t 3017,
2944, 1636, 1572, 1284, 11634 NMR (300 MHz, CDC)): &

7.35-7.16 (m, 7H), 6.91-6.86 (m, 3H), 4.38-4.32 (m, 2H), 3.15-

3.11 (m, 4H), 2.95-2.80 (m, 5H), 2.47-2.37 (m, 5H), 0.99(d,
6.6 Hz, 3H), 0.82 (dJ = 6.6 Hz, 3H);"*C NMR (75 MHz,
CDCl): 6 203.10, 153.38, 151.06, 141.67, 129.10, 128.78
127.94, 126.99, 126.69, 120.11, 116.35, 69.17, 49.25, 48.1
42.61, 35.88, 34.31, 19.86, 18.87, 16.75; HRMS [M-+¢#icd
for CogHssN,0S, 453.2029, found 453.2028.

4.2.13. 6-(1-Carboethoxyl) pi per azino- 3- (4-methoxybenzoyl)- 2-
methyl sulfanyl-4-phenyl-5,6-dihydro-4H-thi opyran (4m).

Pale yellow solid, mp 140-141°C; FT IR (KBr, ¢t 3015,
2925, 1642, 1572, 1282, 116'H NMR (500 MHz, CDC)): ¢
7.77 (d,J = 8.5 Hz, 2H), 7.30-7.09 (m, 5H), 6.88 (U= 8.5 Hz,
2H), 4.52 (ddJ, = 2.0 Hz,J, = 12.0 Hz, 1H), 4.28 (] = 3.7 Hz,
1H), 4.13 (qJ = 7.1 Hz, 2H), 3.84 (s, 3H), 3.48-3.41 (m, 4H),
2.77 (br, 2H), 2.65 (&) = 4.7 Hz, 2H), 2.35 (s, 3H), 2.29-2.25
(m, 4H), 1.25 (tJ = 7.0 Hz, 3H)**C NMR (125 MHz, CDCJ): 6
194.55, 163.28, 155.35, 141.18, 136.27, 131.49, 130.46, 128.
128.39, 127.03, 113.65, 113.40, 68.62, 61.47, 55.43, 48.5
48.34, 44.33, 34.97, 18.04, 14.67; HRMS [MiHlcd for
C,7H35N,0,S, 513.1876, found 513.1901.

4.2.14.6-(1-Car boethoxy!) piper azino-2-methyl sulfanyl-4-phenyl -
3-(4-trifluoromethyl benzoyl)-5,6-dihydr o-4H-thiopyran (4n).

Pale yellow solid, mp 130-131 °C; FT IR (KBr, ‘c]m 3034,
2943, 1629, 1578, 1251, 116 NMR (500 MHz, CDC)): ¢
7.67 (d,J = 8.0 Hz, 2H), 7.59 (d] = 8.5 Hz, 2H), 7.38-7.17 (m,
5H), 4.52 (dd)); = 2.5 Hz,J, = 11.5 Hz, 1H), 4.33 (] = 3.7 Hz,
1H), 4.13 (9,J = 7.1 Hz, 2H), 3.49-3.41 (m, 4H), 2.77-2.65 (m,
4H), 2.37 (s, 3H), 2.32-2.27 (m, 2H), 1.25)& 7.2 Hz, 3H)}°C
NMR (125 MHz, CDCJ): ¢ 193.95, 155.33, 141.21, 131.43,
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128.44, 127.35, 81.10, 71.86, 71.21, 70.60, 70.27, 69.82, 69.02,
61.46, 48.20, 43.90, 34.73, 18.15, 14.65; HRMS [aéjlcd for
CagHaFeN,O5S, 590.1360, found 590.1360.

4.2.17. 3-Benzoyl-2-methyl sulfanyl-4-phenyl-6-pyrrolidino-5,6-
dihydro-4H-thiopyran (4q).

Pale yellow solid, mp 103-105 °C; FT IR (KBr, ¢ 3015,
2921, 1641, 1587, 1259, 11854 NMR (300 MHz, CDC)): ¢

7.67 (d,J = 6.6 Hz, 2H), 7.66-7.25 (m, 8H), 4.83 Jt= 5.8 Hz,

1H), 4.27 (br, 1H), 2.87 () = 6.1 Hz, 4H), 2.36 (br, 5H), 1.78
’g—)br, 4H); "*C NMR (75 MHz, CDCJ): ¢ 195.52, 140.93, 138.29,
133.69, 132.05, 129.00, 128.67, 128.50, 128.19, 127.38, 126.85,
67.49, 48.32, 44.18, 36.53, 24.18, 17.74; HRMS [M+t#icd

for C,3H,6NOS; 396.1450, found 396.1454.

4.2.18. 4-(4-Methoxyphenyl)-3-(4-methyl benzoyl)-2-methyl -
sulfanyl-6-pyrrolidino-5,6-dihydro-4H-thiopyran (4r).

Pale yellow solid, mp 88-90 °C; FT IR (KB, c':h1 3047,
2942, 1649, 1585, 1273, 116854 NMR (300 MHz, CDCJ): ¢
7.64 (d,J = 6.6 Hz, 2H), 7.25-7.15 (m, 4H), 6.80 (= 6.9 Hz,
2H), 4.83 (br, 1H), 4.19 (br, 1H), 3.75 (s, 3H), 2.87 (br, 4H), 2.36
(br, 5H), 1.78 (br, 7H)**C NMR (75 MHz, CDCI3):5 195.55,
158.35, 142.99, 135.39, 133.13, 129.42, 129.25, 129.16, 129.04,
8.96, 113.83, 64.44, 55.13, 48.18, 43.66, 37.02, 24.55, 24.20,
5.60, 17.85; HRMS [M+H]calcd for GgHzNO,S, 440.1712,
ound 440.1711.
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1. Experimental section

General methods
The starting materials were commercially available and used as received without further
purification. f-Oxodithioestersl were prepared following the known procedure. Thin-layer
chromatography (TLC) was performed using silica gel 60 F254 precoated plates. Infrared (IR)
spectra are measured in KBr, and wavelengtharge reported in cth *H and**C NMR spectra
were recorded on NMR spectrometer operating at 500, 300, and 125 or 75 MHz, respectively.
Chemical shifts ) are given in parts per million (ppm) using theidas solvent peaks as
reference relative to TMS). values are given in Hertz (Hz). Mass spectra were recorded using

electrospray ionization (ESI) mass spectrometry. The melting points are uncorrected.

General procedure for the synthesis of the dihydtethlopyran éa-r)
To a mixture ofs-ketodithioester (1.0 mmol) and cinnamaldehyde (drfol), secondary cyclic
amine (1.0 mmol) was added and the reaction mixture was stirred for the stipulated period of
time at room temperature (Table-1 of main manuscript). After completion of the reaction
(monitored by TLC), water (20 mL) was added to the reaction mixture followed by extraction
with ethyl acetate (2 x 10 mL). The combined organic layer was dried over anhyds8@Q, Na
and then evaporated under vacuo. The crude residue was purified by column chromatography
over silica gel (100-200 mesh) using ethyl acetate/hexane mixture as eluent to afford pure

dihydrothiopyran.
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2. Characterization data of the compounds

3-Benzoyl-2-methylsulfanyl-4-phenyl-6-piperidino-5,6-dihydr o-4H-thiopyran(4a): Pale
yellow solid, mp111-113 °C; FT IR (KBr, cfx 3053, 2929, 1654,
1575, 1254, 1179'HNMR (300 MHz, CDCJ): § 7.69 (d,J = 6.9

Hz, 2H), 7.45-7.25 (m, 8H), 4.53 (ddy = 1.5 Hz,J, = 12.0 Hz,

1H), 4.32 (tJ = 3.6 Hz, 1H), 2.78(t) = 5.2 Hz, 2H), 2.61 (1} = 5.1

Hz, 2H), 2.36-2.23 (m, 5H), 1.55-1.45 (m, 6&C NMR (75 MHz,
CDCl3): 0 195.58, 141.16, 138.24, 132.08, 130.05, 129.07, 128.74,
128.52, 128.32, 128.22, 126.90, 70.38, 49.77, 44.14, 34.72, 25.68, 24.13, 17.81; HRMS [M+H]
calcd. For G4H2sNOS; 410.1607, found 410.1616.

3-(2-Bromobenzoyl)-2-methylsulfanyl-4-phenyl-6-piperidino-5,6-dihydr o-4H-thiopyran

(4b): Pale yellow solid, mp 142-144 °C; FT IR (KBr, th
3037, 2946, 1610, 1491, 1251, 1176t NMR (500 MHz,
CDCl3): 6 7.47 (d, = 8.0 Hz, 1H), 7.21-7.16 (m, 3H), 7.10dt
8.25 Hz, 1H), 6.98 () = 7.5 Hz, 1H), 6.91-6.90 (m, 2H), 6.58 (d,
J = 7.0 Hz, 1H), 4.38 (dd}, = 8.0 Hz,J, = 12.0 Hz, 1H), 4.05
(br, 1H), 2.83-2.79 (m, 2H), 2.66-2.65 (m, 2H), 2.54 (s, 3H),
2.46-2.40 (m, 2H), 1.58-1.56 (m, 4H), 1.47-1.44 (m, 28 NMR (125 MHz, CDCJ): 6
191.62, 142.30, 141.89, 132.05, 129.68, 128.39, 128.01, 127.86, 126.75, 126.67, 124.23, 118.79,
72.16, 49.54, 43.64, 34.32, 25.79, 24.21, 16.35; HRMS [M4dd]cd. For GsH,-BrNOS,
488.0712, found 488.0717.

2-Methylsulfanyl-3-(1-naphthoyl)-4-phenyl-6-piperidino-5,6-dihydro-4H-thiopyran  (4c):
Pale yellow solid, mp 161-162 °C; FT IR (KBr, ch 3016,
2939, 1645, 1562, 1256, 11834 NMR (500 MHz, CDCJ): 6
7.90 (d,J = 8.0 Hz, 1H), 7.79 (ddl; = 8.0 Hz,J, = 11.0 Hz, 2H),
7.47-7.41 (m, 2H), 7.23-7.14 (m, 4H), 7.03-6.96 (m, 3H), 4.43
(dd,J;= 3.0 Hz,J, = 12.0 Hz, 1H), 4.15 (] = 3.5 Hz, 1H), 2.83-
2.82 (m, 2H), 2.70-2.68 (m, 2H), 2.47 (s, 3H), 2.43-2.25 (m, 2H),

S3



1.60 (br, 4H), 1.48-1.42 (m, 2H}3C NMR (125 MHz, CDGJ): ¢ 195.05, 133.38, 130.16,
129.80, 128.51, 128.21, 128.03, 126.87, 126.79, 126.08, 125.22, 125.07, 124.50, 71.11, 49.81,
43.40, 33.81, 25.38, 23.93, 16.82; HRMS [Mikhicd. For GsHsNOS, 460.1763, found
460.1767.

2-M ethylsulfanyl-4-phenyl-6-piperidino-3-(2-thienoyl)-5,6-dihydr o-4H-thiopyran (4d): Pale
yellow solid, mp 111-112 °C; FT IR (KBr, ci): 3028, 2932, 1661,
1567, 1251, 1172'H NMR (300 MHz, CDCY): 6 7.54 (br, 2H),
O 7.25-7.13 (m, 5H), 7.02 (br, 1H), 4.52 (dd,= 1.5 Hz,J, = 11.1

| \ S/ Hz, 1H), 4.36 (tJ = 3.1 Hz, 1H), 2.75 () = 2.5 Hz, 2H), 2.62 (1]

O S” “SMe = 7.9 Hz, 2H), 2.47-2.23 (m, 5H), 1.54-1.45 (m, 6HE NMR (75
4d MHz, CDCL): ¢ 1 88.03, 144.88, 141.13, 139.68, 137.03, 134.37,

133.40, 132.74, 128.44, 127.72, 126.96, 70.54, 49.74, 44.38, 35.10, 25.90, 24.27, 18.14; HRMS
[M+Na]" calcd. For GH2sNOSNa 438.0990, found 438.0996.

3-Benzoyl-2-methylsulfanyl-6-mor pholino-4-phenyl-5,6-dihydro-4H-thiopyran (4e): Pale

yellow solid, mp 117-118 °C; FT IR (KBr, c¢r): 2956, 2843 1648,
1594, 1247, 1171*H NMR (300 MHz, CDC}): 6 7.70 (d,J = 7.51

Hz, 2H), 7.49-7.44 (m, 2H), 7.39-7.23 (m, 6H), 4.48 (Hd 2.4 Hz,

J> = 11.1 Hz, 1H), 4.31 (] = 3.4 Hz, 1H), 3.67 (br, 4H), 2.84-2.67
(m, 4H), 2.45-2.25 (m, 5H)-*C NMR (75 MHz, CDC}): § 195.47,
141.16, 138.16, 133.67, 132.16, 128.73, 128.58, 128.27, 128.24,

N

O 4e

128.05, 126.97, 69.20, 66.73, 48.73, 44.00, 34.55, 17.78; HRMS [MeHlEd. For
ngHzeNOzSz 412.1399, found 412.1403.

2-M ethylsulfanyl-6-mor pholino-4-phenyl-3-(3-pyridoyl)-5,6-dihydr o-4H-thiopyran (4f):

Pale yellow solid, mp 122-123 °C; FT IR (KBr, ctin 3028, 2937,
1639, 1574, 1253, 11841 NMR (300 MHz, CDCY): ¢ 8.84 (s, 1H),
8.63 (d,J = 4.5 Hz, 1H), 7.88 (d] = 7.8 Hz, 1H), 7.25-7.18 (m, 5H),
|l 7.09-7.01 (m, 1H), 4.51 (dd; = 2.7 Hz,J, = 11.7 Hz, 1H), 4.39 (4]
o = 3.4 Hz, 1H), 3.68 (br, 4H), 2.80-2.70 (m, 4H), 2.43-2.27 (m, 5H);
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3¢ NMR (75 MHz, CDCY): ¢ 189.32, 167.88, 153.87, 151.70, 147.02, 136.12, 135.66, 133.99,
128.73, 128.06, 127.10, 123.30, 69.92, 66.35, 48.67, 43.82, 34.49, 17.28; HRMS' i)
For C22H25N20282 413.1352, found 413.1360.

3-(2-M ethoxybenzoyl)-2-methylsulfanyl-6-mor pholino-4-phenyl-5,6-dihydr o-4H-thiopyran

(4g): Pale yellow solid, mp 128-129 °C; FT IR (KBr, ch 3045,
2952, 1624, 1587, 1286, 1176{ NMR (300 MHz, CDCJ): § 7.29-

7.20 (m, 7H), 7.08-6.99 (m, 2H), 4.47 (d#}, = 2.7 Hz,J, = 11.7

Hz, 1H), 4.29 (tJ = 3.6 Hz, 1H), 3.74-3.67 (m, 7H), 2.80-2.69 (m,
OJ 4q OMe 4H), 2.43-2.24 (m, 5H)*C NMR (75 MHz, CDC)): 6 195.22,
159.53, 141.15, 139.60, 133.44, 129.20, 128.61, 128.34, 128.30,
127.00, 121.42, 118.78, 112.64, 69.31, 66.73, 55.25, 48.72, 43.99, 34.49, 17.79; HRMS [M]
calcd. For GsH27NOsS, 441.1432, found 441.1431.

3-Benzoyl-2-benzylsulfanyl-4-(4-methoxyphenyl)-6-mor pholino-5,6-dihydr o-4H-thiopyran

OMe (4h): Pale yellow solid, mp 69-70 °C; FT IR (KBr, chrt 3039,
2946, 1624, 1566, 1282, 11794 NMR (300 MHz, CDC)): ¢
O o 7.60 (d,J = 7.2 Hz, 2H), 7.47-7.20 (m, 8H), 7.05 ®= 8.4 Hz,

2H), 6.89-6.76 (m, 2H), 4.43 (dd; = 3.0 Hz,J, = 12.0 Hz, 1H),
s | . O 4.18-4.09 (m, 2H), 3.99-3.90 (m, 1H), 3.73-3.65 (m, 7H), 2.77-
o/ 4h \\© 2.68 (m, 4H), 2.34-2.13 (m, 2H}*C NMR (75 MHz, CDCJ): ¢

195.47, 158.43, 137.72, 137.07, 136.65, 135.44, 132.64, 132.26,
129.23, 128.84, 128.27, 128.24, 127.17, 113.87, 113.65, 69.01, 66.69, 55.10, 48.72, 43.23, 38.99,
34.49; HRMS [M+HTJ calcd. For GoH3,NOsS,518.1818, found 518.1822.

3-(2-Furoyl)-2-methylsulfanyl-4-phenyl-6-(4-phenylpiper azino)-5,6-dihydr o-4H-thiopyran
(4i): Pale yellow solid, mp 101-103 °C; FT IR (KBr, th

o 3042, 2944, 1654, 1589, 1248, 118#; NMR (300 MHz,
N o_ | cDCl): § 7.48-7.36 (m, 2H), 7.20-7.05 (m, 5H), 6.94-6.75
/
NS s (m, 5H), 6.47-6.28 (m, 1H), 4.45-4.43 (m, 2H), 3.11-3.05

©/N\) _ (m, 4H), 2.87-2.74 (m, 4H), 2.39-2.24 (m, 5Hjc NMR
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(75 MHz, CDC}): ¢ 182.96, 153.22, 151.02, 145.87, 142.18, 141.29, 132.76, 129.07, 128.51,
128.28, 126.88, 120.01, 117.79, 116.28, 112.24, 69.01, 49.20, 48.38, 43.47, 35.22, 18.05; HRMS
[M+H] " calcd. For G/H29N20,S,477.1665, found 477.1671.

4-(4-M ethoxyphenyl)-2-methylsulfanyl-6-(4-phenylpiper azino)-3-(3-pyridoyl)-5,6-dihydr o-
p-MeO.CgHs O 4H-thiopyran (4j): Pale yellow solid, mp 93-95 °C; FT IR
Y X (KBr, cm™): 3051, 2926, 1641, 1579, 1278, 1159; NMR
ﬁN s NgueN~ | (300 MHz, CDCY): 6 8.84 (s, 1H), 8.64 (dJ = 3.3 Hz, 1H),
'\'J 4 7.89 (d,J = 7.8 Hz, 1H), 7.25 (br, 2H),7.13-7.10 (m, 2H),
©/ 6.94-6.81 (m, 6H), 4.59 (dd; = 2.4 Hz,J; = 11.4 Hz, 1H),
4.34 (t,J = 3.9 Hz, 1H), 3.76 (s, 3H), 3.16 (br, 4H), 3.00-2.85 (m, 4H), 2.71-2.63 (m, 4H), 2.45-
2.31 (m, 5H);"*C NMR (75 MHz, CDCJ): § 193.44, 158.58, 151.86, 151.03, 149.64, 145.99,
135.58, 134.57, 133.14, 131.73, 129.15, 129.09, 123.27, 120.07, 116.31, 114.12, 69.82, 55.16,
49.22, 48.44, 43.16, 34.96, 17.28; HRMS [M*tdhicd. For GgH3N30,$,518.1930, found
518.1938.

3-(N-Methyl-2-pyrroloyl)-2-methylsulfanyl-4-phenyl-6-(4-phenylpiper azino)-5,6-dihydr o-

4H-thiopyran (4k): Pale yellow solid, mp 154-155 °C; FT

IR (KBr, cm%): 3048, 2916, 1638, 1584, 1228, 1178

NMR (500 MHz, CDCJ): ¢ 7.29-7.26 (m, 6H), 7.21-7.09

(m, 2H), 6.97-6.94 (m, 2H), 6.90 (= 7.2 Hz, 1H), 4.54

(dd, J; = 2.5 Hz,J, = 11.5 Hz, 1H), 4.36 (1) = 4.0 Hz,

1H), 3.62 (s, 3H), 3.24-3.17 (m, 4H), 3.03-3.01 (m, 2H),
2.93-2.89 (m, 2H), 2.41 (s, 3H), 2.33-2.31 (m, 2Hg¢

NMR (125 MHz, CDC}): ¢ 190.40, 141.27, 136.94, 133.79, 129.20, 128.50, 128.48, 128.23,
128.06, 126.90, 125.74, 123.18, 120.52, 116.56, 110.28, 68.23, 49.48, 48.37, 44.18, 36.62, 34.84,
18.43; HRMS [M+HTJ calcd. For GgH3:N30S; 490.1981, found 490.1983.
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3-1sopropanoyl-2-methylsulfanyl-4-phenyl-6-(4-phenylpiper azino)-5,6-dihydr o-4H-

thiopyran (4l): Pale yellow solid, mp 94-95 °C; FT IR
(KBr, cm™): 3017, 2944, 1636, 1572, 1284, 11&3;NMR
(300 MHz, CDC}): 6 7.35-7.16 (m, 7H), 6.91-6.86 (m, 3H),
4.38-4.32 (m, 2H), 3.15-3.11 (m, 4H), 2.95-2.80 (m, 5H),
2.47-2.37 (m, 5H), 0.99 (d,= 6.6 Hz, 3H), 0.82 (d] = 6.6

Hz, 3H); *C NMR (75 MHz, CDCJ): § 203.10, 153.38,
151.06, 141.67, 129.10, 128.78, 127.94, 126.99, 126.69,

120.11, 116.35, 69.17, 49.25, 48.15, 42.61, 35.88, 34.31, 19.86, 18.87, 16.75; HRMS [M+H]
calcd. For GgH33N-,OS, 453.2029, found 453.2028.

6-(1-Carboethoxyl)piper azino-3-(4-methoxybenzoyl)-2-methylsulfanyl-4-phenyl-5,6-

dihydro-4H-thiopyran (4m): Pale yellow solid, mp 140-
141°C; FT IR (KBr, cm): 3015, 2925, 1642, 1572, 1282,
1167;*H NMR (500 MHz, CDGJ): 6 7.77 (d,J = 8.5 Hz,
2H), 7.30-7.09 (m, 5H), 6.88 (d, = 8.5 Hz, 2H), 4.52
(dd, J; = 2.0 Hz,J, = 12.0 Hz, 1H), 4.28 (1] = 3.7 Hz,
1H), 4.13 (gJ = 7.1 Hz, 2H), 3.84 (s, 3H), 3.48-3.41 (m,
4H), 2.77 (br, 2H), 2.65 (1 = 4.7 Hz, 2H), 2.35 (s, 3H),

2.29-2.25 (m, 4H), 1.25 (] = 7.0 Hz, 3H):**C NMR (125 MHz, CDGCJ): § 194.55, 163.28,
155.35, 141.18, 136.27, 131.49, 130.46, 128.60, 128.39, 127.03, 113.65, 113.40, 68.62, 61.47,
55.43, 48.52, 48.34, 44.33, 34.97, 18.04, 14.67; HRMS [M4dd]cd. For GiHzsN204S;
513.1876, found 513.1901.

6-(1-Carboethoxyl)piper azino-2-methylsulfanyl-4-phenyl-3-(4-trifluor omethylbenzoyl)-5,6-

dihydro-4H-thiopyran (4n): Pale yellow solid, mp
130-131 °C; FT IR (KBr, cil): 3034, 2943, 1629,
1578, 1251, 1162"H NMR (500 MHz, CDCJ): 6 7.67

(d,J = 8.0 Hz, 2H), 7.59 (d] = 8.5 Hz, 2H), 7.38-7.17
(m, 5H), 4.52 (dd, J= 2.5 Hz, J= 11.5 Hz, 1H), 4.33 (t,
J=3.7 Hz, 1H), 4.13 (q] = 7.1 Hz, 2H), 3.49-3.41 (m,
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4H), 2.77-2.65 (m, 4H), 2.37 (s, 3H), 2.32-2.27 (m, 2H), 1.25%t7.2 Hz, 3H)C NMR (125

MHz, CDCk): ¢ 193.95, 155.33, 141.21, 131.43, 128.80, 128.73, 128.51, 128.18, 127.22,
127.11, 125.23, 125.20, 69.71, 61.52, 48.33, 48.04, 43.93, 43.51, 34.74, 17.46, 14.66; HRMS
[M+H] " calcd. For G/H30FsN2OsS, 551.1644, found 551.1652.

3-Benzoyl-2-benzylsulfanyl-6-(1-car boethoxyl)piper azino-4-phenyl-5,6-dihydr o-4H-

O thiopyran (40): Pale yellow solid, mp 67-68 °C; FT IR
o (KBr, cm™): 3036, 2951, 1662, 1583, 1271, 1168
NMR (300 MHz, CDCY): ¢ 7.59 (d,J = 7.2 Hz, 2H),
ﬁ'\' S | O 7.43-6.97 (m, 13H), 4.56 (dd; = 3.3 Hz,J, = 14.1 Hz,
S
40 K@

oYNQ 1H), 4.19-3.85 (m, 5H), 3.43 (br, 4H), 2.71-2.63 (m,

o) 4H), 2.30-2.21 (m, 2H), 1.25 (@ = 6.4 Hz, 3H);**C
[ NMR (75 MHz, CDCh): & 195.31, 155.15, 140.55,
137.67, 136.62, 136.51, 135.97, 132.24, 129.16, 128.78, 128.46, 128.22, 127.94, 127.16, 127.00,
126.91, 68.70, 61.34, 48.43, 48.17, 43.94, 43.38, 38.92, 34.47, 14.56; HRMS'[baddd] For
CazHasN30sS, 559.2084, found 559.2087.

6-(1-Car boethoxyl)piper azino-3-ferr ocenoyl-2-methylsulfanyl-4-phenyl-5,6-dihydr o-4H-

thiopyran (4p): Pale yellow solid, mp 147-149 °C; FT IR
(KBr, cm™): 3041, 2922, 1632, 1561, 1245, 116d;NMR

(300 MHz, CDC}): § 7.45-7.25 (m, 5H), 4.87 (br, 1H), 4.59
(br, 1H), 4.49 (br, 3H), 4.37 (br, 1H), 3.71 (br, 5H), 3.43 (br,
4H), 2.74-2.64 (m, 4H),2.38-2.22 (m, 5H), 1.25 (£ 3.0 Hz,

3H); **C NMR (125 MHz, CDG): 6 199.91, 155.33, 141.48,
137.64, 136.33, 128.95, 128.44, 127.35, 81.10, 71.86, 71.21,
70.60, 70.27, 69.82, 69.02, 61.46, 48.20, 43.90, 34.73, 18.15, 14.65; HRM$4st]. For
CaoH34FeN05S, 590.1360, found 590.1360.
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3-Benzoyl-2-methylsulfanyl-4-phenyl-6-pyroldino-5,6-dihydro-4H-thiopyran  (4q): Pale
yellow solid, mp 103-105°C; FT IR (KBr, c): 3015, 2921, 1641,

1587, 1259, 1185H NMR (300 MHz, CDCJ): 6 7.67 (d,J = 6.6

Hz, 2H), 7.66-7.25 (m, 8H), 4.83 (= 5.8 Hz, 1H), 4.27 (br, 1H),

2.87 (t,J=6.1 Hz, 4H), 2.36 (br, 5H),1.78 (br, 4HYC NMR (75

MHz, CDCh): ¢ 195.52, 140.93, 138.29, 133.69, 132.05, 129.00,
128.67, 128.50, 128.19, 127.38, 126.85, 67.49, 48.32, 44.18, 36.53, 24.18, 17.74; HRMS
[M+H] " calcd. For GsH26NOS;396.1450, found 396.1454.

4-(4-M ethoxyphenyl)-3-(4-methylbenzoyl)-2-methylsulfanyl-6-pyr oldino-5,6-dihydr o-4H-

OMe thiopyran(4r): Pale yellow solid, mp 88-90 °C; FT IR (KBr,
cm™): 3047, 2942, 1649, 1585, 1273, 1183:NMR (300 MHz,
CDCl3): 0 7.64 (d,J = 6.6 Hz, 2H), 7.25-7.15 (m, 4H), 6.80 (4,

= 6.9 Hz, 2H), 4.83 (br, 1H), 4.19 (br, 1H), 3.75 (s, 3H), 2.87 (br,
4H), 2.36 (br, 5H), 1.78 (br, 7H}*C NMR (75 MHz, CDCJ): 6
195.55, 158.35, 142.99, 135.39, 133.13, 129.42, 129.25, 129.16,
129.04, 128.96, 113.83, 64.44, 55.13, 48.18, 43.66, 37.02, 24.55,
24.20, 21.60, 17.85; HRMS [M+Hgalcd. For GsH3gNO,S, 440.1712, found 440.1711.
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3. Copies of the'H and **C NMR spectra of all the new compounds
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