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A New Method for the Synthesis of 1,3,4-Thiadiazine Derivatives
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Abstract An efficient method for the preparation of 1,3,4-thiadiazine derivatives has been reported. With 2,5-dihydroxy-
1,4-dithiane and a-chloroindole containing different substituents, 13 compounds were synthesized. The yields of the com-
pounds were above 82% except (E)-4-phenyl-2-styryl-5,6-dihydro-4H-1,3,4-thiadiazin-5-ol (3m). Furthermore, the proposed
reaction mechanism was discussed. The developed method features simple operation, mild reaction condition, environmentally
friendly, high yield and a broad range of substrate applicability. It provides a new way for the synthesis of 1,3,4-thiadiazine

derivatives.

Keywords a-chloroindole; 1,3,4-thiadiazine; synthesis
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Figure 1 Existing methods for synthesizing of 1,3,4-thiadiazine
derivatives
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1 #R51E
1.1 REFHHRK

DA N B GARIRTR (1a) AR SR, ST AR 2%
HATIRERGER 1). H5E, LA FRDCM)RET, 1.0
equiv.f) 1a 5 1.5 equiv.ff) 2,5- —F2FE-1,4- ~WELE(2a) LA
J 1.0 equiv.ff] = ZJZEGN)EZ R FHFER, PLo1%
IS ZR AR 2 H AR =4 3a(F 1, Entry 1). 4= Z &M H &
HE) 2.0 equiv.bf, FEEREGMIGHER(E 1, Entry 2). 4%
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N = O B2 3.0 equiv.F), FEREA HEAL
(F 1, Entry 3). BiJ5, 730755 7 TCAURAH & A WL
X I SEIRENR, 45 R R AE % R N A R
TEH, i = QR 4T, ToHLEIR(NaOH) X2, T
1 FH TCAL 55 BB R 40 (K, CO5) « B R H(Cs,CO5) LA A HL
Bk 1,8- %4 A —fR-7-1% (DBU)SCK B & (R
1, Entries 4~9). Nt —PRA P, 26 TANFE
) 2 82 5 77 4 PR 1 (MeOH) - N, N-— FF 35 F Bt fEi (DMIF) «
L (CHCN) AR (H,0), & ILAE — S H bt e B I
(3 1, Entries 10~13). tb4h, iRETRERLE R ER,
FIRQS5 ORI AR T, B RRUCR R R
R, WETH R TE I 232 M (GR 1, Entries 14~15). £
A UL RS R, W i N SR AU AR
51, 1.0 equiv.i a-ZACHE, 1.5 equiv.AY 2,5- —#FE-1,4-—
BEKEE 2.0 equiv.f = ZME{E=EIRQS C)&M T RN,
PL 95% I 15 2 H bRt &3 1, Entry 2).
R P& ERTAL

Table 1 Optimization of reaction conditions

@* O, L T
Shue

Entry  Base (equiv.)  Solvent tC Yield”/%
1 EtN (1) DCM 25 91
2 EtN (2) DCM 25 95(91) ¢
3 Et;N (3) DCM 25 95
4 K>CO; (2) DCM 25 72
5 Cs,CO;5 (2) DCM 25 75
6 NaOH (2) DCM 25 92
7 NaH (2) DCM 25 83
8 NaOMe (2) DCM 25 88
9 DBU (2) DCM 25 78
10 Et;N (2) MeOH 25 88
11 EtN (2) DMF 25 80
12 EtN (2) CH;CN 25 82
13 EtN (2) H,O 25 Trace
14 EtN (2) DCM 0 35
15 Et;N (2) DCM 40 95

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.10 mmol), 2a (0.15 mmol), base (0.2 mmol),
solvent 3 mL, reaction time 8 h; ®The conversion rate was tested by HPLC,
The disappearance of 1a was considered as the end of the reaction; ¢ Isolated
yields.
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Table 2 Research of substrate scope

ot T IS
DCM rt. Rt N'N\RZ
1a~1m 3a~3m
Entry R R? Product  Yield”/%

@Ls{ 3a 91
2 ) /Oi{ @Ls{ 3b 93
3 CI/©}?{ @Ls{ 3¢ 89
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SANEEE
s T e

¢ Reaction conditions: 1 (1.0 mmol, 1.0 equiv.), 2a (1.5 mmol, 1.5 equiv.),
EtsN (2.0 mmol, 2.0 equiv.), DCM (3 mL); ° Isolated yields.
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Figure 3 Proposed reaction mechanism
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31 E5EHA

HEIEHRH 500 MHz 4R {X (Bruker AV 500)
MsE, LL CDCly T, TMS NPER; =53 HE5 Bk
{X LC-HRMS (Agilent 6224 TOF LC/MS). SZ46 A Flik
TR T B A A2l Fel CGRFIFMY ErTs
TEHEAT AL 5 A .
32 o-SRERHERK

PA(Z)-N-E R A A IR (1a) 61118 76 250 mL [
BRI N-SUARTEEHE V(10 mmol, 1.5 equiv.),
BT MIMNT R & 70 mL. vkisdide, A
VESHEE N SRR 1.1 g (15 mmol, 3.0 equiv.), SN
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M1 h, FEHVKKER R, 3K G B RS — & 5
(25 mL X 3)AHL. A HUHF MR & 37K (25 mL X 2) 3k k.
ToKBRBREA T, 198, JEHET 5 St E T Rl 4 5
B3)(2)-N-ZEFEFATEEE 0.80 g, AMEK, IR 58%.
m.p. 128~129 C (lit." 129~131 C); '"H NMR (600
MHz, CDCl;) 6: 8.07 (s, 1H), 7.96 (d, J=7.4 Hz, 2H),
7.47~7.32 (m, 5H), 7.22 (d, J=7.9 Hz, 2H), 6.98 (t, J=
7.3 Hz, 1H); “C NMR (150 MHz, CDCly) o: 143.37,
134.47, 129.41, 129.22, 128.42, 126.43, 124.70, 121.19,
113.45.

3.3 1,34E_BRENEVNER

DL 2,4- " H-5.6- A -4H-1,3 49 "5 (3a) N
B, K5 (2)-N-FHZAZEE(1a) (1.0 mmol, 1.0 equiv.),
2,5- " §FFH-1,4- T EKE(1.5 mmol, 1.5 equiv.) Al = 4%
(2.0 mmol, 2.0 equiv.)¥& T 3 mL & H ke, EEE TH
$£ 8 h, TLC Ml e &5 s, & F K S mL, &
HGE 2 =0k, A IR N, AT & KB, Tk
FREREN T 5 IR 4 e T, RERCAE E AT 70 B [ V(A T BE)
B ZB8)=5 : 11153 257 mg 2,4- - HHK-5,6- 4~
4H-1,3,4-1E — W -5-F¥ (3a), HEE K, 2% 91%. 'H
NMR (500 MHz, CDCL3) d: 7.90 (dd, J=5.3, 3.4 Hz,
2H), 7.52 (d, J=7.9 Hz, 2H), 7.44~7.37 (m, 5H), 7.06 (t,
J=7.3 Hz, 1H), 5.78~5.71 (m, 1H), 3.29 (dd, J=12.7,
3.5 Hz, 1H), 3.23 (d, J=11.3 Hz, 1H), 3.13 (dd, J=12.7,
1.7 Hz, 1H); "C NMR (125 MHz, CDCl;) J: 146.33,
137.34, 131.77, 129.16, 129.04, 128.47, 125.66, 122.07,
115.86, 70.34, 30.18; HRMS (ESI) calcd for CysH;sN,0S
[M+H]" 271.0900, found 271.0906.

2-(4-TRIFEFE)-4-F I -5,6- " F-4H-1,3,4- —IBR-5-iF
(3b): 323 mg, W 93%. 'H NMR (500 MHz, CDCl;) 6:
7.74 (d, J=8.4 Hz, 2H), 7.54 (d, J=8.4 Hz, 2H), 7.49 (d,
J=8.3 Hz, 2H), 7.39 (t, J=7.6 Hz, 2H), 7.07 (t, J=7.3
Hz, 1H), 5.73 (d, J=11.1 Hz, 1H), 3.28 (dd, J/=12.7, 3.3
Hz, 1H), 3.20 (d, J=11.2 Hz, 1H), 3.11 (d, J=12.7 Hz,
1H); *C NMR (125 MHz, CDCl;) d: 146.21, 136.29,
131.56, 130.62, 129.20, 127.07, 123.13, 122.33, 115.97,
70.38, 30.05. HRMS (ESI) calcd for C,sH4,BrN,OS [M+
H]" 349.0005, found 349.0007.

2-(4-F I IE)-4-F I -5,6- A -4H-1,3,4- " IBR-5-iF
(3¢): 271 mg, W 89%. 'H NMR (500 MHz, CDCl;) o:
7.87~7.76 (m, 2H), 7.50 (d, J=7.9 Hz, 2H), 7.44~7.31
(m, 4H), 7.07 (t, J=7.3 Hz, 1H), 5.74 (ddd, J=11.2, 3.4,
1.7 Hz, 1H), 3.29 (dd, J=12.8, 3.5 Hz, 1H), 3.19 (d, J=
11.2 Hz, 1H), 3.12 (dd, J=12.7, 1.7 Hz, 1H); *C NMR
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(125 MHz, CDCly) o: 146.20, 135.81, 134.84, 130.53,
129.20, 128.63, 126.81, 122.30, 115.94, 70.36, 30.09;
HRMS (ESI) caled for C;sH,4CIN,OS [M+H]" 305.0510,
found 305.0506.

2-(4-TFE I )-4- 8K -5,6- —F-4H-1,3,4-1E 5.
% (3d): 283 mg, F 90%. 'H NMR (500 MHz, CDCl;)
5: 8.30~8.22 (m, 2H), 8.07~7.99 (m, 2H), 7.52 (dd, J=
8.7, 0.9 Hz, 2H), 7.46~7.38 (m, 2H), 7.12 (dd, J=10.5,
4.1 Hz, 1H), 5.77 (ddd, J=11.2, 3.4, 1.7 Hz, 1H), 3.34 (dt,
J=12.6, 6.3 Hz, 1H), 3.21 (d, J=11.3 Hz, 1H), 3.13 (dd,
J=12.8, 1.7 Hz, 1H); *C NMR (125 MHz, CDCl,) §:
147.60, 145.97, 143.11, 129.30, 128.92, 125.92, 123.77,
123.05, 116.36, 70.67, 29.76; HRMS (ESI) calcd for
CisH1.N;05S [M+H]" 316.0750, found 316.0757.

2-(3-IR I IE)-4-FH-5,6- —F-4H-1,3 4-E —IE_5-JiF
(3e): 296 mg, WF 85%. 'H NMR (500 MHz, CDCl;) o:
8.03 (s, 1H), 7.80 (d, J=7.8 Hz, 1H), 7.50 (d, J=8.0 Hz,
3H), 7.40 (t, J=7.9 Hz, 2H), 7.28 (dd, J=9.4, 6.4 Hz,
1H), 7.09 (t, J=7.3 Hz, 1H), 5.76~5.67 (m, 1H), 3.26
(dd, J=9.8, 2.6 Hz, 1H), 3.24 (d, J=5.4 Hz, 1H), 3.09
(dd, J=12.7, 1.0 Hz, 1H); *C NMR (125 MHz, CDCl;) ¢:
146.17, 139.34, 131.80, 130.12, 129.92, 129.23, 128.53,
124.20, 122.76, 122.44, 116.07, 70.49, 30.00; HRMS (ESI)
caled for C;sH,BrN,OS [M + H] " 349.0005, found
349.0015.

2-(4- AR L R R )-4- IR Jk-5.6- A -4H-1,3,4- 18 —
I5-5-E(3f): 246 mg, WTFE 82%. 'H NMR (500 MHz,
CDCLy) 6: 7.85~7.80 (m, 2H), 7.50 (d, J=7.9 Hz, 2H),
7.38 (dd, J=10.7, 5.3 Hz, 2H), 7.04 (t, J=7.3 Hz, 1H),
6.97~6.94 (m, 2H), 5.76~5.71 (m, 1H), 3.99~3.98 (m,
1H), 3.87 (s, 3H), 3.27 (dd, J=12.7, 3.5 Hz, 1H), 3.20 (d,
J=11.2 Hz, 1H), 3.14 (dd, J=12.7, 1.7 Hz, 1H); *C NMR
(125 MHz, CDCly) o: 160.45, 146.42, 131.83, 130.18,
129.12, 127.07, 121.81, 115.72, 113.83, 70.28, 55.41,
30.42; HRMS (ESI) caled for C;¢H;7N,S,0 [M+H]"
301.1005, found 301.1015.

4-(4-FIRIE)-2-HHE-5,6- —F-4H-1,3,4-16E —E_5-JiF
(3g): 261 mg, Y* 86%. 'H NMR (500 MHz, CDCl;) o:
7.90~7.85 (m, 2H), 7.46~7.39 (m, 5H), 7.35~7.30 (m,
2H), 5.67 (d, J=9.7 Hz, 1H), 3.27 (dd, J=12.8, 3.5 Hz,
1H), 3.24 (d, J=11.3 Hz, 1H), 3.13 (dd, J=12.8, 1.8 Hz,
1H); *C NMR (125 MHz, CDCly) J: 144.95, 137.12,
132.71, 129.25, 129.02, 128.51, 127.09, 125.69, 117.02,
70.43, 30.22. HRMS (ESI) calcd for C;sH;4CIN,OS [M-+
H]" 305.0510, found 305.0510.
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4-(4-TRIEFE)-2-FHE-5,6- A -4H-1,3,4-6 " IBR-5-iF
(3h): 310 mg, Y 89%. 'H NMR (500 MHz, CDCl;) 6:
7.90~7.81 (m, 2H), 7.50~7.36 (m, 7H), 5.67 (ddd, J=
11.4,3.1, 1.6 Hz, 1H), 3.27 (dd, J=12.8, 3.5 Hz, 1H), 3.22
(d, J=11.5 Hz, 1H), 3.13 (dd, J=12.8, 1.8 Hz, 1H); "*C
NMR (125 MHz, CDCly) &: 145.39, 137.10, 132.83,
131.94, 129.28, 128.52, 125.71, 117.40, 114.58, 70.37,
30.23; HRMS (ESI) caled for C;sH;sBrN,OS [M+H]"
349.0005, found 349.0011.

4-(4- AR BE R B8 )-2- TR -5 6- (-4 H-1,3,4-1E
IB5-5-F(3i): 310 mg, UWZ 92%. 'H NMR (500 MHz,
CDCly) 0: 7.84~7.75 (m, 2H), 7.43~7.34 (m, 4H), 7.00
(d, J=2.8 Hz, 1H), 6.90 (dd, /=8.8, 2.8 Hz, 1H), 5.37 (d,
J=4.6 Hz, 1H), 3.83 (s, 3H), 3.67 (dd, J=12.2, 1.8 Hz,
1H), 3.28 (dd, J=12.2, 3.8 Hz, 1H), 3.19 (d, J/=9.4 Hz,
1H); C NMR (125 MHz, CDCl;) §: 158.10, 137.87,
137.16, 134.32, 129.29, 129.09, 128.82, 128.37, 125.37,
115.09, 113.62, 70.54, 55.80, 31.27; HRMS (ESI) calcd for
C16H7N,0,8 [M+H]" 301.1005, found 301.1008.

2-(W IR -2-3)-4- K Fk -5,6- — A -4H-1,3,4-188 — 15 -5-
% (3j): 226 mg, Y& 87%. 'H NMR (500 MHz, CDCl;) 6:
7.50 (ddd, J=9.6, 5.1, 0.7 Hz, 3H), 7.40~7.36 (m, 2H),
7.09~7.03 (m, 1H), 6.74 (dd, J=3.4, 0.7 Hz, 1H), 6.50
(dd, J=3.4, 1.8 Hz, 1H), 5.73 (d, J=7.9 Hz, 1H), 3.25 (d,
J=3.2 Hz, 1H), 3.23 (d, J=3.3 Hz, 1H), 3.15 (d, J=12.8
Hz, 1H); *C NMR (125 MHz, CDCl;) §: 150.47, 146.10,
143.19, 129.18, 124.12, 122.28, 116.02, 111.55, 108.14,
70.87, 30.01; HRMS (ESI) caled for C3H;3N,0,S [M+
H]" 261.0692, found 261.0690.

A- I 2-(ME g -3-55)-5,6- A -4H-1,3,4-18E " HE-5-
% (3k): 203 mg, Y& 85%. 'H NMR (500 MHz, CDCl;)
9:8.91 (d, J=2.2Hz, 1H), 8.37 (dd, J=4.8, 1.5 Hz, 1H),
8.05~7.87 (m, 1H), 7.52~7.45 (m, 2H), 7.36 (t, J=8.0
Hz, 2H), 7.19 (dd, J=7.9, 4.9 Hz, 1H), 7.05 (t, J=7.3 Hz,
1H), 5.78 (dd, J=3.2, 1.6 Hz, 1H), 5.48 (s, 1H), 3.29 (dd,
J=12.7, 3.3 Hz, 1H), 3.10 (dd, J=12.7, 1.4 Hz, 1H); *C
NMR (125 MHz, CDCly) 6: 148.92, 146.54, 146.13,
133.20, 132.75, 129.39, 129.18, 123.16, 122.19, 115.80,
70.24, 30.13; HRMS (ESI) caled for C4H;N;0S [M+
H]" 272.0852, found 272.0856.

Q- FED-TH HE-5,6- A -4H-1,3,4-1 B -5-[E(3)):
208 mg, i 88%. 'H NMR (500 MHz, CDCl;) d: 7.40~
7.27 (m, 4H), 7.01 (dd, J=9.6, 4.3 Hz, 1H), 5.69~5.56
(m, 1H), 3.22~3.08 (m, 3H), 2.50~2.32 (m, 2H), 1.82~
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1.69 (m, 2H), 1.06~0.98 (m, 3H); >C NMR (125 MHz,
CDClLy) &: 146.52, 136.21, 129.10, 121.59, 115.79, 69.32,
41.35, 30.34, 20.72, 13.63; HRMS (ESI) calcd for C;,H-
N,OS [M+H]" 237.1056, found 237.1066.

(E)-4- K Fe2- 4 2 H5-5,6- A -4H-1,3,4-1 . &_5-
F%(3m): 181 mg, W% 61%. "H NMR (500 MHz, CDCl;)
0: 7.54~7.47 (m, 4H), 7.38 (dd, J=11.8, 4.3 Hz, 4H),
7.32~7.29 (m, 1H), 7.07 (dd, J=10.5, 4.1 Hz, 1H), 7.02
(s, 2H), 5.70 (ddd, J=11.4, 3.4, 1.7 Hz, 1H), 3.27 (d, J=
11.5 Hz, 1H), 3.22 (dd, J=12.8, 3.5 Hz, 1H), 3.08 (dd, J=
12.8, 1.7 Hz, 1H); >C NMR (125 MHz, CDCL3) 6: 146.07,
136.37, 132.69, 131.06, 129.15, 128.78, 128.20, 127.97,
126.82, 122.40, 116.12, 71.03, 29.67; HRMS (ESI) calcd
for C;-H;;N,OS [M+H]" 297.1056, found 297.1050.

HBh# Rl (Supporting Information) Hirfb &%) 3a~
3m R R A RS NG R . X LR REET DL B A
AT 9 3k (http://sioc-journal.cn/)_E R %K.
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