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Rapid and Efficient Ultrasound-Assisted Method for the Synthesis of
2-Thioxo-2H-thiopyran and 2-Amino-6-thioxodihydropyridine
Derivatives
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Abstract A rapid and efficient ultrasound-assisted method for the synthesis of 2-thioxo-2H-thiopyran and 2-amino-
6-thioxodihydropyridine derivatives by the reaction of 2-(1-phenylethylidene)malononitrile and carbon disulfide or isothiocy-
anatobenzene catalyzed by NaOH has been developed. This protocol has the advantages of simple operation, short reaction
times, high yields, and environmental friendliness. The structures of all the products were characterized by 'H NMR, "*C
NMR, IR and MS techniques. The reported method is the efficient approach for the synthesis of 2-thioxo-2H-thiopyran and

2-amino-6-thi- oxodihydropyridine derivatives.

Keywords 2-thioxo-2H-thiopyran; 2-amino-6-thioxodihydropyridine; ultrasound-assisted; synthesis
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IR VAN 4 [ S AN & R AN 115,953 VAN
R AN ) P AN 415 4 ) v VA = R D B e
AR TN T, SESNANERTEMLE, EEE
SFFRT DA A5 S SN (8] B S e R, B Rk mp DA R
BBPE AL G0 260 T ME LR AR BN B8 R A 1 S A BAIE AT
BT FATR R S AR 2 H A AR T — &5
B AR AN, VRN TR RESE, A SO ikiE
B PARHE T 2-BRARHRFE -2 H-WE MG A 2- S k- 6- TR A Fk
JE AU AT AE P R A i

1 &R511R

BATTLA 2-[1-Cf FE 2R BT 2 250 — 15 (12) 5 ZHifh
BQ2) IS AE A A 3a (Bq. D) ABI, #R3F 7957 AL
FUXS LR, S5 R 1.

CHj
HsC  CN
o rt/U.S.
oN | cs, —HUS )
, NC | N
H
€ 1a H,NT 87 s
3a

R RFAHTEL

Table 1 Optimization of reaction conditions

Entry  Solvent Catalyst (10 mol%) Time/min Yield®/%

1 EtOH No 60 87
2 MeOH No 60 72
3 THF No 60 62
4  CH;CN No 60 65
5 Dioxane No 60 58
6 Toluene No 60 54
7 DMF No 60 82
8 H,O No 60 Trace
9 EtOH NaOH 60 92
10 EtOH EtONa 60 89
11  EtOH NaHCO; 60 80
12 EtOH K,CO;3 60 72
13 EtOH Cs,CO; 60 76
14 EtOH Piperidine 60 69
15 EtOH Et;N 60 65
16 EtOH NaOH 20 80
17 EtOH NaOH 30 92
18  EtOH NaOH 40 91
19 EtOH NaOH 50 92

“Reaction conditions: 2-(1-(p-tolyl)ethylidene)malononitrile (1 mmol), carbon
disulfide (1 mmol), solvent (10 mL) and the ultrasonic power 250 W, irradia-
tion frequency 40 kHz. ® Yield was determined by HPLC-MS.

BATE AR T HFIS OB, B 1 s
( 1, Entries 1~8)F[ LG H, B T H/KIEBAIA RS2
AL, e ENER(EE . BEE. USRI, 4
s 1,4- SN, RN N N-— F 3 F e B RE 45 31
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HEr =9, 052, H AR R 15 3] 003 & m
(87%). LT FH SN 1) 7 2 L R v v 1) JER R T A —
TRAGTRTE S REH A AR B IBOR, BT AR A E iR
NI 7. B S 5 5 T AR R N TR R (R 1,
Entries 9~15), &I 10 mol% K& A F AL
i, FEERA LR 92%. 1M A eI A AT, &
WRIRIR(FI W L) 2 SRR BRER AN K
PR B DIR ) H 2 A WU a: IRIE . = 24 8%), 193
7= A A A . BTRA, I 0 12 OB
AT N R B, 52T S NI 8] %o Js B FrD 52
SEIRFW, RNALE 30 min BT AT 5E K.

YT DA B IR N S A T i, BRATTIE R I RN A
A 5 LAFEA (1 mmol). ARALER(1 mmol). E4H
1E44(0.1 mmol). ZEE(10 mL). #7548 5 I ThE N 250
W. %N 40 kHz, =8N

TERAR L FEAE T, BATFI B IS T 250 i
()5 ZRRALTR Q) SR (Bq. 2)& T — &% 2-Biftse
BL2H-VERGRTAED)(3), HAE R IR 2. WK 2 iTLLEH,
AR5 W 5T G 1 05 3 b T A2 W F 7 P AR
W R T IEUREE, AR R R MG R, BT O
HBT LAFE 30 min N8, N IR HERTE 88% LA . 5
ACE B PTG PR R G A T B SAR EE, s R [A] B &
GRS, ORI TR R, W0 3a KIAK, ARSI
S 30 min FEERAIER] 90%, EAHBEE, &M 120
min FEERATEE] 78%. AR, M RN I R
L, AR N TA], R — e

EtOH
HsC_  CN NaOH (10mol%)  NO~ X
— + CS§ — | (2)
R CN 2 rt./U.S. H2N S S
1 3

K2 AEHEAEEGAE AT 3a~3h 6K
Table 2 Synthesis of 3a~3h under both ultrasonic irradiation
and conventional method

Ultrasonic .
e Conventional
Entry Product R irradiation
t/min Yield/%  #/min Yield/%

1 3a  4-CH;C¢H, 30 90 30 90
2 3b C¢Hs 30 38 30 88
3 3¢ 4-CH;0C¢H, 30 92 30 92
4 3d 3-BrC¢H, 30 90 30 90
5 3e 4-FC¢H, 40 91 40 91
6 3f  4-BrC¢H; 30 95 30 95
7 3g 4-CIC¢H, 30 90 30 90
8 3h  Naphthalen-2-yl 45 89 45 89
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BT W) 2- R HE-6-TR A EE AN e T AR )
(5) (Bq. 3). LR IEK 3. WK 3 ATLLEH, %M
RS 71 768 75 I A 3E N R4, T LA AR 1) S SR (] P 43
R MR,

R1
S EtOH NC
HsC.  CN & NaOH (10 mol%) | N
— L T —— 3)
R CN 'il rt/U.S. HyN r}l S
1 R2 R2
4 5

FRATIHE M 12 S B2 [Py AT BEALER 9(Scheme 1): 75 37 H
B ZEEAE R TR H 2k 00 1, A e 5 6
Ak B B R R K A SRR N, 4 B, HAR R
TR AR =4
2 #Hig

TEB P RS AN AL TS, SN S
AR B R SRR T 11 B B S B R AR R AT, R 2-
T A FE -2 H-WE R AT 2~ k- 6- B AR B 3k — b e fiT 2k
VI & AR T — P BHE A I . O ERA AR
fE . SO P, R BRI . B R UF 55

3 SRR
31 RFISLE
F 5 Al AL SURMC RGBS AT i TXS B

A S GREE AR IE); 446K A Varian F-1000 7T
CLAMEREACIN E (KBr ), A% REER S A% i ki
K TE Agilent Inova-400 MHz 5% Agilent Vnmrs-300
MHz B G AEARACI 5E , DMSO-dg N¥E I, TMS A A x;
FUIELE Agilent 6410 —F 5 BRUY AT T il 2800 2, R H
HLIE % B FIR(ESDE R, e & T, B
m/z 100~700; 75 SL5G7E B 1l KQ-250E 7Y %% F it 7 %
TEVERE AT, B IR 40 kHz, DI 250 W. Fif
R R A sl b 2z at, 8 TR & 4lifk.

3.2 2-BRRRIRE-2H-IEREGTAEY 3 AR

7E 100 mL M HETZ A I 57 0 235 7 (1)
(1 mmol). —AALER2)(1 mmol). Z A LH(0.1 mmol)
K 10 mL %, HHEHE TS s v b, RN
R L T W LS T R P R R A R OK T, O
(TLO)BRER IR, [ 565 5 g, MRBiE, HOmE
45 AR B4R =) 3.

6- 52 H= -2- B AR Hk ik -4- o FH R k-2 H- B g -5- F J
(3a): FMOEMK, P7EF 90%. mp. 227~229 C (Lit.!*
m.p. 226 ‘C); '"H NMR (400 MHz, DMSO-dj) J: 9.20 (s,
2H, NH,), 7.44 (d, J=8.0 Hz, 2H, ArH), 7.31 (d, J=8.4
Hz, 2H, ArH), 6.72 (s, 1H, CH), 2.37 (s, 3H, CH;); "°C
NMR (100 MHz, DMSO- d) J: 198.6, 177.2, 158.8, 145.7,
140.8, 134.9, 133.5, 131.4, 121.5, 89.9, 26.6; IR (KBr) v:
3100, 2949, 2189, 1605, 1521, 1461, 1107, 837 cm ';
LC-MS m/z (%): 259.0 [M+H]".

K3 (EEAERMNAE T Sa~5f &R

Table 3 Synthesis of Sa~5f under both ultrasonic irradiation and conventional method

En Product R! R2 Ultrasonic irradiation Conventional
y Time/min Yield/% Time/min Yield/%
1 5a 4-BrC¢H, 4-CIC¢Hy 25 91 120 80
2 5b Naphthalen-2-yl CeHs 30 85 120 61
3 5¢ 3-BrCg¢H,4 CeHs 30 88 120 65
4 5d CeHs CeHs 30 92 120 65
5 Se 4-MeC¢Hy CeHs 30 89 120 70
6 5f Naphthalen-2-yl 4-CIC¢Hy 30 93 120 71

NH NH,
NCICN NaOH NCICN cs, NC ICN - NC s NC g
R1” CH, R1” CH, R S R S R N"Ng
3
1 lRZ—N:C:S

CN _

NC
R! S

ER1

NH NH,
R? 2
Ncﬁl/ — Ncﬁlﬁ
. | -
R s R N"Ng
5

A BEA) N

Scheme 1 Proposed mechaism
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6- A FE-4-TR I 2B AR R I 2 H-WE M -5- F 5 (3b): 3%
AR, F5% 88%. mp. 271~273 C (Lit* m.p.
268 ‘C); '"H NMR (400 MHz, DMSO-d) 6: 9.24 (s, 2H,
NH,), 7.52 (s, 5H, ArH), 6.71 (s, 1H, CH); *C NMR (100
MHz, DMSO-dg) 6: 198.9, 177.2, 158.8, 143.6, 135.8,
134.4, 133.5, 131.5, 121.5, 89.9; IR (KBr) v: 3289, 3101,
2210, 1643, 1541, 1428, 1293, 1007, 909 cm '; LC-MS
miz (%): 245.0 [M+H]".

6- 28 FE-4- X H A 2 2R -2 - R AR R i -2 H- W g - 5- HY
§(3c): FOE, 773 92%. m.p. 254~256 C (Lit.[%
m.p. 272 ‘C); '"H NMR (400 MHz, DMSO-dy) J: 9.16 (s,
2H, NH,), 7.51 (d, J=8.8 Hz, 2H, ArH), 7.03 (d, J=8.8
Hz, 2H, ArH), 6.73 (s, 1H, CH), 3.81 (s, 3H, CH;0); "*C
NMR (100 MHz, DMSO-d;) J: 198.1, 177.3, 166.5, 158.4,
135.6, 135.4, 131.4, 121.7, 119.7, 89.8, 61.0; IR (KBr) v:
3300, 3116, 2216, 1718, 1647, 1451, 1225, 1023, 825
em ' LC-MS m/z (%): 275.0 [M+H]".

6- 54 5 -4- 7] Y5 2R Bk -2- i AR Pk = -2 H- WO g -5 - FR IS
(3d): O, P75 90%. m.p. 238~240 C; '"H NMR
(400 MHz, DMSO-ds) 0: 9.27 (s, 2H, NH,), 7.75~7.70
(m, 2H, ArH), 7.54 (d, J=7.2 Hz, 1H, ArH), 7.47~7.44
(m, 1H, ArH), 6.71 (s, 1H, CH); *C NMR (100 MHz,
DMSO-dg) o: 194.3, 172.1, 151.9, 140.8, 133.4, 131.0,
127.7, 126.3, 122.3, 116.2, 84.7; IR (KBr) v: 3245, 3104,
2203, 1615, 1541, 1460, 1285, 1001, 917, 862, 692 cm ™ ';
LC-MS m/z (%): 3229 [M+H]". Anal. caled for
C1,H;BIN,S,: C 44.59, H 2.18, N 8.67; found C 44.76, H
2.12,N 8.76.

6- 2 FE -4- % F AR F -2- Tl A X Bk Ak -2 - T g -5- IR
(3e): K, P23 91%. m.p. 273~275 ‘C; '"H NMR
(400 MHz, DMSO-dg) J: 9.25 (s, 2H, NH,), 7.63~7.60
(m, 2H, ArH), 7.36~7.32 (m, 2H, ArH), 6.72 (s, 1H, CH);
C NMR (100 MHz, DMSO-dy) J: 194.0, 172.1, 163.6
(Jor=246.4 Hz), 152.6, 135.0, 131.1, 131.0, 126.5, 11 6.3
(d, Jep=21.7 Hz), 84.9; IR (KBr) v: 3350, 3200, 2178,
1640, 1528, 1446, 1270, 1200, 1135, 837 cm '; LC-MS
m/z (%): 263.0 [M+H]". Anal. caled for C;,H,FN,S,: C
54.94, H 2.69, N 10.68; found C 54.71, H2.76, N 10.51.

6- 2, FE -4- 0 P R F -2 Tt A X Bk Ak -2 H- T g -5- IR
(3f): FOEE, 77F 95%. m.p. 278~280 ‘C; 'H NMR
(400 MHz, DMSO-ds) 6: 9.29 (s, 2H, NH,), 7.70 (d, J=
8.8 Hz, 2H, ArH), 7.50 (d, J=8.4 Hz, 2H, ArH), 6.71 (s,
1H, CH); *C NMR (75 MHz, DMSO-d,) 6: 193.9, 171.9,
152.2, 137.6, 132.0, 130.5, 126.0, 124.0, 116.0, 84.4; IR
(KBr) v: 3384, 3120, 2198, 1629, 1539, 1284, 1137, 824
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em'; LC-MS m/z (%): 322.9 [M+H]". Anal. caled for
C,H:BIN,S,: C 44.59, H 2.18, N 8.67; found C 44.73, H
2.24,N 8.59.

6- % Jk -4- X G R Jk -2- it A Fk Jik -2 - 1R g -5- PRI
(3g): FMOMEER, 773 90%. m.p. 262~264 C; 'H NMR
(400 MHz, DMSO-dq) d: 9.29 (s, 2H, NH,), 7.58 (s, 4H,
ArH), 6.72 (s, 1H, CH); *C NMR (75 MHz, DMSO-dj) J:
193.9, 171.9, 152.2, 137.2, 135.3, 130.3, 129.1, 126.0,
116.0, 84.4; IR (KBr) v: 3285, 3008, 2214, 1689, 1540,
1441, 1189, 836 cm '; LC-MS m/z (%): 278.1 [M+H]".
Anal. caled for C,H,CIN,S,: C 51.70, H 2.53, N 10.05;
found C 51.91, H2.48, N 9.97.

6- 24 Fik -4-(2- Z% Fk )-2- i AX e Fk -2 H- 1R W -5- PR G
(3h): HEOFE A, 77 89%. m.p. 264~266 C (Lit.!*
m.p. 276 °C);; '"H NMR (400 MHz, DMSO-dj) J: 9.24 (s,
2H, NH,), 8.15 (s, 1H, ArH), 8.03~8.00 (m, 3H, ArH),
7.62~7.60 (m, 3H, ArH), 6.80 (s, 1H, CH); >C NMR (75
MHz, DMSO-dg) : 194.4, 172.8, 154.4, 136.7, 134.5,
133.6, 129.8, 129.4, 128.9, 128.8, 128.2, 127.3, 126.4,
117.0, 85.7; IR (KBr) v: 3249, 2982, 2204, 1616, 1542,
1505, 1458, 1431, 1323, 1293, 951, 917, 857, 739 cm ';
LC-MS m/z (%): 295.01 [M+H]".

33 2-FE-6-MAHBRE_SMIEITE 5 MNERK

7E 100 mL )& PHETEIR A I T W 25 5 —iE (1)
(1 mmol). SFHFIREE(4) (1 mmol). FEALH9(0.1 mmol)
Je 10 mL L, FRE T E T8 5 R veas 1, 8=
IR HH T AR T PR BB e ds oK, B TLC BREE %
N, RN SEEE S HhUE, 19 EIUIIE, H OREE S 1T R4l
F#I=Y) 5.

2- B HE-4- X ROR B -1- %) R FE-6- i AR Bk Jik-1,6- —
SAIEIE-3-H i (Sa): B AR, 23 91%. m.p. 238~
240 ‘C; 'H NMR (400 MHz, DMSO-d;) J: 8.33 (s, 2H,
NH,), 7.66 (d, J=8.4 Hz, 2H, ArH), 7.43~7.40 (m, 4H,
ArH), 6.91 (d, J=8.4 Hz, 2H ArH), 5.98 (s, 1H, CH); "*C
NMR (75 MHz, DMSO-d;) d: 163.6, 153.1, 149.0, 148.5,
138.6, 131.9, 130.4, 130.3, 128.8, 123.0, 122.1, 122.5,
75.7; IR (KBr) v: 3441, 3284, 2193, 1624, 1597, 1568,
1486, 1141, 1009, 821 cm '; LC-MS m/z (%): [M+H]"
415.9. Anal. caled for CigH;BrCIN;S: C 51.88, H 2.66, N
10.08; found C 51.76, H 2.62, N 10.15.

2- G HE-4-(2-Z5Hh)-1- 2R F-6- T A R AL - 1,6- — Skt
mE-3-FE(Sb): A, 772 85%. m.p. 228~230 C;
'H NMR (400 MHz, DMSO-d;) 0: 7.69~7.51 (m, 5H,
ArH), 7.39~7.35 (m, 3H, ArH), 7.27 (d, J=7.6 Hz, 2H,
ArH), 7.14 (s, 2H, NH,), 6.84 (s, 1H, CH); *C NMR (75
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MHz, DMSO-d;) d: 182.5, 165.0, 161.8, 156.9, 147.5,
138.8, 132.9, 131.0, 130.8, 130.7, 130.1, 128.7, 128.0,
121.1, 117.2, 116.4, 116.1, 78.2; IR (KBr) v: 3458, 3212,
2209, 1611, 1583, 1526, 1481, 1286, 1234, 1020, 935, 821,
692 cm™'; LC-MS m/z (%): 354.1 [M+H]". Anal. calcd
for C»,H,sN3S: C 74.76, H 4.28, N 11.89; found C 74.91,
H 4.23,N 11.82.

2-B4 -4 (A IR IR B -1- 2K - 6- AR PR 2 -1,6- — &AMk
mEiE-3-H g (Se): s AEFEE, 7% 88%. mp.>300 C;
'H NMR (400 MHz, DMSO-d;) d: 7.78~7.73 (m, 2H,
ArH), 7.62~7.58 (m, 3H, ArH), 7.53~7.49 (m, 2H, ArH),
7.27 (d, J=7.6 Hz, 2H, ArH), 7.18 (s, 2H, NH,), 6.85 (s,
1H, CH); *C NMR (75 MHz, DMSO-d,) 6: 182.7, 156.9,
146.8, 138.7, 133.0, 131.4, 131.1, 130.8, 128.6, 127.5,
122.3, 121.1, 117.0, 78.0; IR (KBr) v: 3448, 3366, 2212,
1653, 1617, 1544, 1485, 1313, 1181, 1009, 825, 695 cm ';
LC-MS m/z (%): 382.0 [M+H]+. Anal. calcd for CigH»-
Br,N;S: C 56.55, H 3.16, N 10.99; found C 56.63, H 3.20,
N 11.04.

2-F HE-1,4- R FR-6- T AR R HE - 1,6- A A L B -3-
HE(5d): #FEOEAE, 773% 92%. mp.>300 C; 'H NMR
(400 MHz, DMSO-ds) d: 7.61~7.53 (m, 8H, ArH), 7.29
(d, J=7.2 Hz, 2H ArH), 7.12 (s, 2H, NH,), 6.85 (s, 1H,
CH); “C NMR (75 MHz, DMSO-dy) &: 182.5, 157.0,
148.6, 138.8, 136.5, 131.0, 130.3, 130.0, 129.2, 128.7,
128.2, 121.1, 117.2, 78.2; IR (KBr) v: 3469, 3315, 2214,
1656, 1558, 1479, 1230, 1149, 1063, 836, 699 cm ';
LC-MS m/z (%): 304.1 [M+H]". Anal. calcd for CgHs-
N;S: C 71.26, H 4.32, N 13.85; found C 71.18, H 427, N
13.79.

2-5 B - 1- DR B -4- 00 FOR B -6- Bl A B 2k -1,6- — &4k
mEnE -3- F G (Se): 3 A [E &, =% 89%. m.p. 215~
217 “C; "H NMR (400 MHz, DMSO-dq) d: 7.61~7.49 (m,
5H, ArH), 7.35~7.28 (m, 4H, ArH), 7.07 (s, 2H, NH,),
6.84 (s, 1H, CH); >C NMR (75 MHz, DMSO-d) o: 182.4,
157.0, 148.5, 140.2, 138.8, 133.6, 131.0, 130.0, 129.8,
128.7, 128.5, 128.2, 120.9, 117.3, 78.2; IR (KBr) v: 3429,
3265, 2218, 1689, 1598, 1429, 1290, 1099, 1043, 826
em '; LC-MS m/z (%): 318.1 [M+H]". Anal. calcd for
CioH;sN3S: C 71.90, H 4.76, N 13.24; found C 72.04, H
4.81,N 13.16.

2- B - 1R IR HE-4-(2- 253 )-6- i APk 2L - 1,6- — &
AR iE-3-H 5 (50): B AR, 2 93%. m.p.>300 C;
'H NMR (400 MHz, DMSO-ds) 6: 8.20 (s, 1H, ArH),
8.07~8.00 (m, 3H ArH), 7.71~7.64 (m, 5H, ArH), 7.42~

512 http://sioc-journal.cn/
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7.35 (m, 4H, ArH+NH,), 6.98 (s, 1H, CH); °C NMR (75
MHz, DMSO-dg) d: 182.3, 157.1, 148.9, 137.8, 134.7,
133.7, 132.9, 131.1, 130.9, 129.0, 128.8, 128.1, 127.8,
127.3, 125.6, 121.1, 117.3, 78.5; IR (KBr) v: 3468, 3275,
2208, 1639, 1568, 1479, 1256, 1020, 945, 820, 743 cm ™ ';
LC-MS m/z (%): 388.1 [M+H]". Anal. calcd for Cy,H,-
CIN;S: C 68.12, H 3.64, N 10.83; found C 68.25, H 3.59,
N 10.76.

#HBh#1 Bl (Supporting Information) =4 i) % 1 3L R
SUE R, X LRk AT DL 3 AR T I3k (http://sioc-
journal.cn/) N,
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