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Synthesis of 3-Alkylthiol Pyrazoles via Regioselective Annulation
Reactions of Sulfonyl Hydrazines and Ketene Dithioacetals

Li, Yi Wan, Jieping*
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Abstract By using sulfonyl hydrazines and ketene dithioacetals as starting materials, the regioselective annulation providing
3-alkylthiolated pyrazoles has been realized in the low cost and easily available NaHSO, catalytst. The reactions were realized
in 1,4-dioxane medium and 80 ‘C heating, whereby a seris of 3-alkylthiol pyrazoles possessing N-sulfonyl structure have

been efficiently synthesized.
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VRIE A T A s TR 7 K JOE A S R A AT AR
T A U8, S AEAT B e Bl AT 45 2 5- PR R A
M(Scheme 1, A). TIAHEFL TAE, i8I i/ L AT,
PAMEAL ) KHSO, 7E SN B, I i 4 ks
B AR LA, VAASIR] 0 XIS SEEL 1 3-ehmi ks
FAL S5 ¥ (Scheme 1, B).
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Scheme 1 Synthesis of 5-methylthio- and 3-alkylthio-pyrazoles
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WU, EFE T BRARIAER 1a FOXT R 2R f
W Qa)ylE A, HEAT RS TR ot 78, 455 n
RPN, B, RH LA-ZENHERNNR, KSR
N 65 CHXI AR RN KHSO,. Bl . &bk, &b
W RTERE . =R RERRIEAT T 0L, SR =)
PR 2644 T B S SEAIE 52 KHSO, %A 724 3a F S 80 B A
I (Entries 1~6, % 1). BiJE, XH— &5 EA
ANTEIRR A (1) 8 WA WU FAIE A5, 45 R 80N
FEA% N IR/ F (Entries 7~11, % 1). #ETF#K,
5T KHSO, FE R I N 52, 25 5 7R AN 75 2
0.2 equiv.f¥] KHSO, 1F AT 3R LASRAS AN S5 5 1)
BRI 45 5 (Entries 12~14, % 1). #F3¥k, X
JEORHG AT B, RILLL 1a IS &, RI7E 1.2 549
R, ATIRARAN 1.5 R 1 1a USSP 1 &
KHSO, [ M4 [F 17> F(Entry 15, £ 1). Bk, PlkA
Beglt, XN FEHEAT TR, TE R B FE AR
80 ‘CI LAMEFF = #3818 1 H #x/” ¥ (Entries 16, 17,
x£1).
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Table 1 Optimization of reaction conditions

O SMe " TS N
+ TsNHNH, conditions N N
ZsMe ~/ ~SCH3

1a 2a 3a
Entry Acid Solvent 7/°C Yield®/%
1 KHSO, Dioxane 65 78
2 (COOH), Dioxane 65 74
3 FeCl; Dioxane 65 36
4¢ CuCl, Dioxane 65 30
5 CuBr Dioxane 65 48
6 TfOH Dioxane 65 Trace
7 KHSO, DMF 65 nr
8 KHSO, DMSO 65 nr
9 KHSO, MeCN 65 75
10 KHSO,4 PhMe 65 44
11 KHSO,4 EtOH 65 Trace
124 KHSO,  Dioxane 65 76
13¢ KHSO, Dioxane 65 74
14 KHSO,  Dioxane 65 74
15"¢ KHSO, Dioxane 65 78
16" KHSO, Dioxane 50 72
177¢ KHSO,  Dioxane 80 86

“General conditions: 1a (0.3 mmol), 2a (0.2 mmol), acid (0.2 mmol), in sol-
vent (2 mL), stirred for 2 h. * Isolated yield. ¢ CuCl,2H,0 was used. ¢ With 0.4
mmol of acid. ¢ With 0.1 mmol of acid. / With 0.04 mmol of acid. ¢1a (0.2
mmol) and 2a (0.24 mmol).

F2 o N-FHIEEE-3-Be B SE ISR AL & i A SR
Table 2 Synthesis of N-sulfonyl-3-alkylthiopyrazoles

SR?
0 SR? KHSO, (20 mol%)
4 © NZ
3. - e
RVU\/\SRz * R°SO,NHNH, 1,4-dioxane , 80 °C N /
/
R30,S R
1 2 3

Ts\
N—N

ArMSCW,

3a, Ar = p-toyl, 86% 3f, Ar = 4-BrCgH,4, 80%
3b, Ar = Ph, 83% 3g, Ar = m-toyl, 89%

3c, Ar = 4-MeOCgHy, 90% 3h, Ar = 3-CICgHy, 77%
3d, Ar = 4-FCgH,, 85% 3i, Ar = 2-naphthyl, 74%
3e, Ar=4-CICgHy, 81%  3i, Ar=3,4-Cl,CeHg, 72%

SO,R 3k, R = Ph, 83% R s
/ 31, R = 4-MeOCgH,, 82% N

TN 3m R=Me, 75% | N
Y 3n, R = Et, 78%

5 30, R=Bn, 88% 3p, R=H, 78% SEt

3q,R=Cl, 73%

SCH
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“Reaction conditions: 1 (0.2 mmol), 2 (0.24 mmol), KHSO4 (0.04 mmol) in
1,4-dioxane (2 mL), stirred at 80 °C for 2 h. *Isolated yield.
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T RIFMHERNE. 55—, AR B RY, G5
77 BRI (3k~31, 3 2) LA S e Bt 9t A (3m, 30, % 2)
PR P 12 s LA 1, BT AH LR =4, SE{E A
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Figure 1 Single crystal structure of product 3a (three commen-
sal molecules)
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(8 mLX3). ZHUTF A NG I 5 DL K BRBRAH T,
T SRR R A TR I R AR TR R 2. Bk ARl i
Je A s DU M R AN R CBRIR G P(V L V=10 © )ik
/%Tz%éﬁﬁiﬂﬁﬁ%

FF Tt 2k -5- o) Y 5 2 e - 1- 6 FF R it e - 1 - b e
(3a): Eélﬁx m.p. 91.2~92.7 C; '"H NMR (400 MHz,
CDCly) 6: 7.56 (d, J=8.4 Hz, 2H), 7.30 (d, J=8.0 Hz,
2H), 7.22 (d, J=7.2 Hz, 4H), 6.12 (s, 1H), 2.54 (s, 3H),
2.42 (s, 3H), 2.39 (s, 3H); *C NMR (100 MHz, CDCl5) ¢:
154.5, 150.3, 145.2, 139.7, 134.6, 129.7, 129.5, 128.5,
127.9, 126.3, 111.1, 21.7, 21.5, 14.2; ESI-HRMS calcd for
clnggNzozs2 [M+H]" 359.0882, found 359.0882.

FH it Ik -5- 2R - 106 H DR e 55 - 1 =T (3b): 1
'élfzIS, m.p. 105.3~106.7 ‘C; '"H NMR (400 MHz,
CDCLy) o: 7.56 (d, J=8.4 Hz, 2H), 7.48~7.38 (m, 5H),
7.22 (d, J=8.1 Hz, 2H), 6.16 (s, 1H), 2.55 (s, 3H), 2.40 (s,
3H); *C NMR (100 MHz, CDCl5) §: 150.0, 145.2, 129.8,
129.6, 129.5, 129.2, 127.9, 127.8, 111.3, 21.7, 14.2;
ESI-HRMS caled for Ci;H7N,0,S, [M+H]" 345.0726,
found 345.0726.

FFBE 22 -5 0] HH A 2 A - 1 - 0] HH R T e - 1 -t
ﬂfi.é(sc): 4 E4A, mp. 179.5~180.6 C; 'H NMR (400
MHz, CDCly) d: 7.54 (d, J=8.4 Hz, 2H), 7.33 (d, J=
8.8 Hz, 2H), 7.20 (d, J=8.0 Hz, 2H), 6.94 (d, /=8.8 Hz,
2H), 6.10 (s, 1H), 3.86 (s, 3H), 2.53 (s, 3H), 2.38 (s, 3H);
C NMR (100 MHz, CDCLy) d: 160.7, 154.5, 150.2, 145.1,
134.6, 131.2, 129.5, 127.9, 121.4, 113.3, 110.9, 55.3, 21.6,
14.2; HRMS caled for CsHsN,05S, [M+H]" 375.0832,
found 375.0831.

3- FF 0 25 -5 0o 93 R - 1- 0] B O Tk T - 1 - e
(3d): AEFEE, mp. 113.1~114.7 ‘C; 'H NMR (400
MHz, CDCl3) 0: 7.55 (d, J=8.4 Hz, 2H), 7.42~7.34 (m,
2H), 7.22 (d, J=8.0 Hz, 2H), 7.11 (t, J=8.4 Hz, 2H), 6.14
(s, 1H), 2.55 (s, 3H), 2.40 (s, 3H); *C NMR (100 MHz,
CDCLy) 0: 163.52 (d, J=249.8 Hz), 154.4, 148.9, 145.4,
134.5, 131.7 (d, J=8.5 Hz), 129.6, 127.9, 125.2 (d, J=3.5
Hz), 115.0 (d, J=22.0 Hz), 111.3, 21.7, 14.2; ESI-HRMS
caled for C;;H;cFN,O,S, [M—}—H]+ 363.0632, found
363.0630.

3- PP ik -5 50of G 4% i - 1- 0 R it gk - 1 - W
(3e): F{aEE, m.p. 96.8~98.2 C; "H NMR (400 MHz,
CDCly) 6: 7.56 (d, J=8.4 Hz, 2H), 7.40 (d, J=8.4 Hz,
2H), 7.34 (d, J=8.4 Hz, 2H), 7.23 (d, J=8.0 Hz, 2H), 6.15
(s, 1H), 2.55 (s, 3H), 2.40 (s, 3H); *C NMR (100 MHz,
CDCly) d: 154.6, 148.8, 145.4, 135.8, 134.4, 131.1, 129.6,

3892 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

128.2, 127.9, 127.6, 111.5, 21.7, 14.2; ESI-HRMS calcd
for C;;H;4CIN,0,S, [M+H]" 379.0336, found 379.0336.

3= F G 35 -5 X6f 9 0% 3 - 1- b Y S il i - L - T
3f): AMGE A, mp. 103.6~105.1 C; 'H NMR (400
MHz, CDCLy) §: 7.57 (d, J=2.4 Hz, 2H), 7.55 (d, J=
2.8 Hz, 2H), 7.27 (d, J=8.4 Hz, 2H), 7.23 (d, J=8.4 Hz,
2H), 6.15 (s, 1H), 2.54 (s, 3H), 2.40 (s, 3H); °C NMR
(100 MHz, CDCl3) J: 154.6, 148.8, 145.4, 134.5, 131.3,
131.1, 129.6, 128.1, 127.9, 124.1, 111.4, 21.7, 14.2; HRMS
caled for C;;H;sBN,O,S, [M+H]" 4229831, found
422.9831.

3- FF it - 5- (i) PR e 24 - 1 - 5% PR R A T 5 - 1 - ik e
(3g): AMEER, mp. 79.2~80.9 C; 'H NMR (400 MHz,
CDCLy) ¢: 7.57 (d, J=8.4 Hz, 2H), 7.33~7.27 (m, 2H),
7.24~7.17 (m, 4H), 6.13 (s, 1H), 2.54 (s, 3H), 2.40 (s,
6H); *C NMR (100 MHz, CDCls) 6: 154.2, 150.2, 145.2,
137.4, 134.7, 130.5, 130.3, 129.5, 129.1, 128.0, 127.7,
1269, 111.1, 21.6, 21.3, 142; HRMS caled for
C1sH1oN,0,S, [M+H]" 359.0882, found 359.0881.

3- Bt 35 -5- 1) G % k- 1- 6 R 25 ik T L - L i e
(3h): AE A, mp. 107.2~109.1 C; 'H NMR (400
MHz, CDCl;) 6: 7.61 (d, J=8.4 Hz, 2H), 7.46 (dt, J=
7.6, 1.6 Hz, 1H), 7.39 (t, J=8.0 Hz, 1H), 7.36~7.33 (m,
2H), 7.27 (d, J=8.4 Hz, 2H), 6.19 (s, 1H), 2.57 (s, 3H),
2.43 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 154.4, 148.2,
145.5, 134.4, 133.7, 130.9, 129.7, 129.6, 129.6, 129.1,
128.2, 127.9, 111.5, 21.7, 14.2; ESI-HRMS calcd for
C17H16C1N20282 [M+H]" 379.0336, found 379.0335.

FH B 225 -5-(B-25 258 )- 1 0F FF 2T 9 22 - 1 H- G A (3.
EI@ITZIS, m.p. 126.9~128.4 °‘C; '"H NMR (400 MHz,
CDCly) 0: 7.91~7.81 (m, 4H), 7.58~7.52 (m, 5H), 7.19
(d, J=8.0 Hz, 2H), 6.24 (s, 1H), 2.57 (s, 3H), 2.38 (s, 3H);
C NMR (100 MHz, CDCl;) d: 154.6, 150.2, 145.3, 134.6,
133.6, 132.4, 129.5, 129.0, 128.3, 128.0, 127.9, 127.4,
127.3, 127.1, 126.7, 126.6, 111.7, 21.7, 14.3; ESI-HRMS
caled for CyH;oN,0,S, [M + H] " 395.0882, found
395.0882.

3- F i 2k -5-(3,4- SR IR )- 1% FR 2R T Ik 26 - 1 -t
M 3§): AME R, mp. 124.8~126.2 ‘C; 'H NMR (400
MHz, CDCl;) d: 7.61 (d, J=8.0 Hz, 2H), 7.53 (d, J=8.4
Hz, 1H), 7.46 (d, J=2.0 Hz, 1H), 7.33~7.26 (m, 3H),
6.20 (s, 1H), 2.57 (s, 3H), 2.44 (s, 3H); *C NMR (100
MHz, CDCly) 0: 154.6, 147.2, 145.7, 134.3, 134.0, 132.2,
131.3, 129.9, 129.7, 129.2, 129.1, 127.9, 111.6, 21.7, 14.2;
ESI-HRMS caled for C7H;sCLN,O,S, [M + H] *

Chin. J. Org. Chem. 2020, 40, 3889~3894
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412.9947, found 412.9947.

3- FBR JE -5 06 B 356 2 366 - 1 - S i 1 32 - 1 - ke e (3K):
4K, mp. 81.9~83.2 C; 'H NMR (400 MHz,
CDCly) 6: 7.71~7.66 (m, 2H), 7.57 (t, J=7.6 Hz, 1H),
7.45~7.40 (m, 2H), 7.29 (d, J=8.0 Hz, 2H), 7.23 (d, J=
8.0 Hz, 2H), 6.13 (s, 1H), 2.54 (s, 3H), 2.43 (s, 3H); *C
NMR (100 MHz, CDCl;) 0: 154.7, 150.4, 139.8, 137.6,
134.0, 129.7, 128.8, 128.6, 127.9, 126.2, 111.2, 21.5, 14.2;
ESI-HRMS caled for Ci;H7N,0,S, [M+H]" 345.0726,
found 345.0725.

3- i 25 - 5- o) Y O - 1 - 0 Y A R DR Tk - 1 -
e 3D): A E AR, mp. 179.5~180.6 'C; 'H NMR
(400 MHz, CDCl3) 6: 7.62 (d, J=9.2 Hz, 2H), 7.30 (d, J=
8.4 Hz, 2H), 7.22 (d, J=8.0 Hz, 2H), 6.87 (d, /=9.2 Hz,
2H), 6.12 (s, 1H), 3.84 (s, 3H), 2.54 (s, 3H), 2.42 (s, 3H);
C NMR (100 MHz, CDCLy) d: 164.0, 154.2, 150.2, 139.6,
130.3, 129.7, 129.0, 128.5, 126.4, 114.0, 111.0, 55.7, 21.4,
14.2; HRMS caled for CsHsN,O5S, [M+H]" 375.0832,
found 375.0831.

3- PG R - 50 B 3 2 - - PR G - 1 - ML P (3m):
@ 4K, mp. 89.9~91.1 C; 'H NMR (400 MHz,
CDCly) 6: 7.36 (d, J=8.0 Hz, 2H), 7.22 (d, J=7.6 Hz,
2H), 6.25 (s, 1H), 3.18 (s, 3H), 2.60 (s, 3H), 2.39 (s, 3H);
C NMR (100 MHz, CDCLy) d: 153.9, 149.7, 139.9, 129.5,
128.7, 125.8, 110.3, 41.7, 21.4, 14.2; ESI-HRMS calcd for
CoH sN,0,8, [M+H]" 283.0569, found 283.0569.

3- FEBR -5 06 B 3 2R - 1- 2 B I 3 - 1 - 1 e (3m):
H 4K, mp. 132.5~134.3 C; '"H NMR (400 MHz,
CDCly) d: 7.35 (d, J=8.0 Hz, 2H), 7.21 (d, J=8.0 Hz,
2H), 6.23 (s, 1H), 3.38 (q, J=7.2 Hz, 2H), 2.60 (s, 3H),
2.39 (s, 3H), 1.18 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 153.8, 150.5, 139.7, 129.6, 128.6, 125.9, 109.9,
49.2,21.4,14.3, 7.5; HRMS calcd for C;3H7N,0,S, [M+
H]" 297.0726, found 297.0725.

3- H i 2 -5 56 B O R - 1- 7% R T O - 1 - bt e
(30): HAEMK, mp. 184.3~185.8 ‘C; 'H NMR (400
MHz, CDCly) §: 7.37 (t, J=7.6 Hz, 1H), 7.31~7.24 (m,
2H), 7.01 (d, J=8.0 Hz, 4H), 6.71 (d, J=8.0 Hz, 2H), 6.01
(s, 1H), 4.59 (s, 3H), 2.63 (s, 3H), 2.32 (s, 2H); °C NMR
(100 MHz, CDCl3) d: 154.0, 151.4, 139.3, 130.8, 129.3,
129.2, 128.8, 128.1, 126.7, 125.6, 109.6, 60.2, 21.4, 14.3;
ESI-HRMS caled for CisHoN,0,S, [M+H]" 359.0882,
found 359.0883.

3- LA JE-5- 2R Tk 10 R R B g - 1L H-IEE R 3p). A
O E A, mp. 122.0~123.9 C; 'H NMR (400 MHz,

Chin. J. Org. Chem. 2020, 40, 3889~3894

© 2020 Chinese Chemical Society & SIOC, CAS

CDCly) 6: 7.98 (d, J=8.4 Hz, 2H), 7.79 (dd, J=8.0, 1.6
Hz, 2H), 7.42~7.34 (m, 3H), 7.30 (d, J=8.0 Hz, 2H),
6.43 (s, 1H), 2.99 (q, J=7.2 Hz, 2H), 2.39 (s, 3H), 1.38 (t,
J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) J: 155.4,
145.5, 143.5, 134.6, 131.3, 129.8, 129.2, 128.6, 128.2,
126.3, 106.5, 28.8, 21.7, 13.5; HRMS caled for
Ci1sHoN,0,S, [M+H]" 359.0882, found 359.0882.

3- ZUH F -5 X6 G - 1- 0 4 i G 3 - 1 - it e
(3q): BE A, mp. 139.8~141.7 “C; 'H NMR (400
MHz, CDCLy) d: 7.55 (d, J=8.4 Hz, 2H), 7.42~7.32 (m,
4H), 7.22 (d, J=8.0 Hz, 2H), 6.15 (s, 1H), 3.08 (q, J=7.2
Hz, 2H), 2.39 (s, 3H), 1.32 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCl3) §: 153.6, 148.6, 145.5, 135.8, 134.5,
131.1, 129.6, 128.1, 127.9, 127.7, 112.2, 25.9, 21.7, 14.6;
HRMS caled for CigHsCIN,O,S, [M+H]" 393.0493,
found 393.0492.

3- F i -5 k-4 2, T - 1 - S5 R R R 2 - 1 H1- T
W3r): [ EE A, mp. 106.8~108.0 C; 'H NMR (400
MHz, CDCl;) d: 7.88 (d, J=8.4 Hz, 2H), 7.34 (d, J=8.0
Hz, 2H), 2.81 (s, 3H), 2.45 (s, 3H), 2.43 (s, 3H), 2.42 (s,
3H); *C NMR (100 MHz, CDCl;) J: 186.8, 151.6, 146.1,
145.9, 134.61, 130.1, 128.0, 121.8, 21.7, 15.0, 12.6, 11.7;
HRMS calcd for C4H,,N,05S, [M+H]" 325.0675, found
325.0676.

%45 Bh A1 %l (Supporting Information) i =¥ 'H
NMR Al *C NMR 3 KAV A9 3a )5 SR, X 2eht
BEAT DL G 2% MASF1) 9335 (http://sioc-journal.cn/)_F R %K.
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