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Syntheses of 2-Amino-3,1-benzothiazines Catalyzed by Cationic
Ytterbium Complex

Feng, Shan'e Hua, Lu Yao, Zhigang Xu, Fan*
(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract 2-Amino-3,1-benzothiazine and its functionalized derivatives are known as useful compounds with a range of bio-
logical applications. A highly efficient reaction of o-aminocinnamate and isothiocyanates catalyzed by cationic ytterbium com-
plex [Yb(CH;CN)o]* "[(AICL4);]* *CH;CN under mild and solvent-free conditions was developed, which provides 2-amino-

3,1-benzothiazines in high yields and chemoselectivity.

Keywords cationic complex; ytterbium; catalysis; 2-amino-3,1-benzothiazine
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Figure 1  Structure of [Ln(CH;CN)s]**[(AICL,);]* *CH;CN

EAEBHES T R AL S DR, [R5 8
FIPHE 5 LACE P PR R DL R 2-2 B R IR IR
T EPI T ARG, BATT 206 B o - 2 Ak
A WIYD(CHACN)o ) [(AICL,)s] *CHsCN 4L 4B %
B R TR I A1 S B ERR IR TR B, DA 3806 il 2- 3 R
FFEIZR.

1 &R511R

B2, LL 0.5 mol%FHEM[Yb(CH:CN) I’ [(AICLy);]
CH;CN ML, ETLHEAIEOR, RN
i R B SRR K R R B S BEFE 50 CEAT 4 h )&,
JZ A% (TLC) R & 7R JFURF el B e 4. 43 515 21 1)
SN TN AL TR 0 S R 7 V2B e R ATTHA
BRI 2-F IR IFEE 3a, RN 93%(FK 1,
Entry 2). 5L, wsemk-2-fRERIL &9 4a 1R
55 — AT B G W AR . TR IE, B
SRR 2 R Yb(OTH); B FH T %&b, fEFRFEMZMET,
3a % KA 50%(F 1, Entry 1). B, 642 % 3a B
N &, FH BT 8 AL & W [YB(CH;CN)oJ® T [(AICL)s]
CH;CN 27 T8 Yb(OTS); IR FHE 2 AL, N
SR Em RN AER, BRAGEALR A E

AT T 5, R A[YD(CH;CN)o’ '[(AICL);]* *CH3CN
I M 0.5 mol%IZ T FFAE 22 0.1 mol%H, 3a [l E R
M 93%ME T T B3 87%, {H B s NI (A REK 2 5 h,
R ST 2 90%(F 1, Entries 2~5). B T# &
TALEWIY(CH;CN)o]* "[(AICL,);]* *CH;CN 2 H YbCl,
M AICL 78 LG R MR, RATHEXS 0.1 mol%
YbCl; 1 0.3 mol% AICl; IHEATEYES BIHET T %42,
ROLFERE SN 3a MRS USRS HIN 37%A0
29%(% 1, Entries 6, 7), —# Z ALK T [Yb(CHs-
CN)oJ* "[(AICL);*» CHCN FScHLI 90% N, iH]
FH B 1 s A4k & W [YB(CH3CN)oJ* " [(AICL,)5]* *CH;CN
FIE IR AE YOCLy A1 AICT, 3 e 4% 5 38 14035 1 1)
B, T A EVER, BDOYb &JERO R AERHE
TAJGE Lewis BRPE K KR M 45 2.

TEARACHI AT, FATEE T 0.1 mol% [Yb(CHs-
CN)o* " [(AICL,)s]  *CH;CN AL AR & FE A HERR 2. Fig 5
— RIS FIREE IR, R 2 FoR, RVJEYIEE
PEECUT HARREBUASHC AT O R . B RS0 75 28 S i
P 6 P S5 LY P S /S, TE 1 77 o AR E 2 iz
SR, AN PR SCR YA B 90% LA L. dnR A
FIRABE S 4 ALERER R 5L . H AR,
S FEIR EE JLF-45F(3 2, Entries 5, 7). JEYI %S 4]
BRNENS 2 B A — e S, an RIS T 05 R 4
Brist, RONUCRIER] 90%, 1 AbT 75 R ARALIT, [N 75
FEK RIS A1 ZE 20 h J5 AT IA 85%[F1I 4 (3R 2, Entries 3,
10). J5e 255 5 it SR 196 119 5 PR 2 2. 0 35 S B AU R I 5 o
FAARG. SRt U P B 1 s IS 1) 75 ZE K &2 20 b, P9k
RITAIE 92%; SRR O L8 1 = M FE 757 T7H &
70 C, WEZEK A 48 h, YA TTIA 80%(K 2, Entries
12, 13).

R PRFRRIL

Table 1 Optimization of reaction conditions

H
N NHPh N S
NH, catalyst @L[\Y @[\I&
Ej/\A + PhNCS S+ Nepp
= COOEt 50 °C, neat
1 2a 3a COOEt 4a COOEt
Entry Catalyst Loading/mol% Time/h LC yield/%

1 Yb(OTH), 0.5 4 50
2 [Yb(CH;CN)o]* "[(AICL);]* *CH;CN 0.5 4 93
3 [Yb(CH;CN)o]* "[(AICL);]* *CH;CN 0.25 4 90
4 [Yb(CH;CN)o]* "[(AICL);]* *CH;CN 0.1 4 87
5 [Yb(CH;CN)o]* "[(AICL);]* *CH;CN 0.1 5 90
6 YbCls 0.1 5 37
7 AICl, 0.3 5 29

“ Reaction conditions: 1 mmol of ethyl 0-aminocinnamate, 1.2 mmol of phenyl isothiocyanate, 50 °C, neat.
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F£ 2 [Yb(CH;CN)o* [(AICL); P *CH;CN {4k A% 2 s Py A ik
LTG5 R TR R Y L

Table 2 [Yb(CH;CN)o]* "[(AICL);]* *CH;CN catalyzed reac-
tion of ethyl o-aminocinnamate and isothiocyanates
0.1 mol%
NH; [Yb(CH3CN)gJ**[(AICI,)3]* CH5CN
@/\ + RNCS
COOEt neat
1 2
CQ
S
3 “COOEt
Entry R Time/h Product Yield”/%
1 Ph 5 3a 90
2 p-FCH, 5 3b 91
3 p-CIC¢Hy 5 3c 90
4  p-BrCeH, 5 3d 93
5 p-0,NCeH, 5 3e 92
6 p-CH;C¢Hy 5 3f 93
7 p-MeOC¢H, 5 3g 91
8 m-MeOC¢H, 5 3h 89
9 m-CIC¢Hy 5 3i 85
10 0-CIC¢H, 20 3j 85
11 0-FC4Hy 5 3k 88
12 CH; 20 31 92
13¢ c-Hexyl 48 3m 30

“ Reaction conditions: 1 mmol of ethyl o-aminocinnamate, 1.2 mmol of isothi-
ocyanate, 0.1 mol% [Yb(CH3CN)o]* [(AICLy)s]* *CH5CN, 50 °C, neat. * Iso-
lated yields. 70 C.

BAEEIm RV, HE 1 PR S ) R i FUR
BRI, B e AR B2 AR 5. IX — I AR R DA
TEAGTI B AEAE T R ORI, BiiIK 5 1 f5 82 B ] K A AE
PIANJT ], — 2 BRI S AE AR Ok BRI I (R 3L
B, 53— N AR AR OB BRR T XU, 7RI
FHES T S WAL 2500 T B S B S 7 T AR BT AL 27 1%
P, IX AT i R R R 18 VI (HS AB) 13 B4R U 1) il B
(Scheme 1). F&T# LA R MAEFVE ST, S0 LT
OB BIBRAR 5 I, HAATIE I 5 B i EAL G A b A
i BTS2 R OUUEE, TR IS 9 5 R T 7 £ R A T S
B, WEALBRARE A S SAT N s, ARPE RIS, B
BB s BEAERE AL N R S BERE A, [ AR
Ik 5 BPR] R SiPE A, NOJE AT S JE T B K

CERORER, RESERE” BSOS, BRI S S 5 4 ]
Tk BUERE R B BB R, KA TN
S-Michael RSN, FRFRAE b ()44 B, e 2430 I o A
AR R 2- 5 B IR I P AR L, TE UG
.

2 Zhig
2z F R, FRATLL 0.1 mol%lH B 7R +4k &4
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Scheme 1 Proposed mechanism

[Yb(CH;CN)o]* " [(AICL)s]* *CH3CN 1 g i 4 751 i 41 415
AHERAERR AP S O SR B 1 SO, B & iiAs
B 7 2-mAERIEE G, KIET —Ma s
VIR ROTE. 2 I A T A AR, SORE 2% AF
WA, THmANER, FERA RIFALEEEE 5
SRR, BT VE ARG bR 8 1 BH & 7 L AL RIAE
AL BT R

3 SNy
31 B 5IE

J% i HH Electrothermal Engineering Limited 8100 &
FIK 7 TG 52, ERETHEARALIE; "TH NMR AZREER
WK H Varian INOVA-400 AR BE SN E, LA CDCl,
RNEF, TMS AW, L BAER TR T RAH
Schlenk FABEAT.
32 EWiik

TET IR, % — 52 LR I N [Yb(CH;-
CN)oJ* " [(AICL);]* *CH;CN (1.0 mg, 0.1 mol%). 4%tk
RHEERR Z.B5(191 mg, 1 mmol). SFARFELEE(1.2 mmol),
76 50 CR#EFERN 5 h JFEhnK& b M, Ph—E &)
LR CERFERUR B =X, BHLZLATEIK Na,SO, T
WEHE A R Wb R LR R, BT =Y & eE AL E b
[ARBEFR: VCAMMES) @ (R 4T8)=10 @ 1]132] H Az~
W) 2B IR M.

2-QQ-FRAI-AH-FE I [1,3|MEWR-4)- 2.8 2. Ti6(3a): M
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BIHE

EK, P5ER 90%. mp. 112~113.55 C (Lit.™ m.p.
113~114 ‘C); "H NMR (400 MHz, CDCl;) 8: 7.57 (d, J=
8.0 Hz, 2H), 7.36~7.27 (m, 3H), 7.22~7.16 (m, 2H), 7.09
(t, J=7.2 Hz, 2H), 6.71 (br s, 1H), 4.51 (dd, J=8.8, 6.4
Hz, 1H), 4.14 (q, J=7.2 Hz, 2H), 2.83 (dd, J=16.0, 8.8
Hz, 1H), 2.75 (dd, J=16.0, 6.4 Hz, 1H), 1.22 (t, J=7.2
Hz, 3H).

2-(2- X R A R -4H- 2R IE[1,3] W R -4)- £ TR L TR
(3b): AMEEK, P73 91%. mp. 113~114 C (Lit.[*™
m.p. 112~114 °C); '"H NMR (400 MHz, CDCl;) 6: 7.43~
7.40 (m, 2H), 7.24 (d, J=7.6 Hz, 1H), 7.16 (d, J=7.2 Hz,
1H), 7.10~7.00 (m, 4H), 6.40 (br s, 1H), 4.50 (t, J=7.6
Hz, 1H), 4.13 (q, J=7.2 Hz, 2H), 2.84 (dd, J=16.0, 8.8
Hz, 1H), 2.76 (dd, J=16.0, 6.4 Hz, 1H), 1.22 (t, J=7.2
Hz, 3H).

2-(Q2- N AT R HE-2,4- A -1H-ZE 3 [1,3]¥E R -4)-
LR TE(3e): MK, 7% 90%. mp. 131~132 C
(Lit.""™ m.p. 130 ~132 C); 'H NMR (400 MHz,
DMSO-dg) 6: 9.72 (br s, 1H), 7.96 (m, 2H), 7.37 (d, J=8.4
Hz, 2H), 7.31~7.23 (m, 2H), 7.16~7.07 (m, 2H), 4.63 (t,
J=17.6 Hz, 1H), 4.07 (q, J=7.2 Hz, 2H), 2.76 (dd, J=
16.0, 6.0 Hz, 1H), 2.69 (dd, J=16.0, 8.8 Hz, 1H), 1.17 (t,
J=17.2 Hz, 3H).

2-(2- WP R IR A B -4H- 2R IF[1,3] W8 R -4)- £ TR L TR
(3d): A, P73 93%. m.p. 132~132.5 C (Lit.[*™
m.p. 130~132 C); '"H NMR (400 MHz, CDCl;) 6
7.45~7.40 (m, 4H), 7.30~7.28 (m, 1H), 7.17~7.07 (m,
3H), 6.95 (brs, 1H), 4.51 (dd, J=8.8, 6.4 Hz, 1H), 4.14 (q,
J=17.2 Hz, 2H), 2.83 (dd, J=16.0, 8.8 Hz, 1H), 2.75 (dd,
J=16.0, 6.4 Hz, 1H), 1.22 (t, J=7.2 Hz, 3H).

2-(2-XF A R FE -4 H-ZK [ 1,3]ME R -4)- £ 1R 2. 1
(3e): FME K, F5F 92%. mp. 156~157 C (Lit.1*™
m.p. 156~156.5 ‘C); "H NMR (400 MHz, CDCl;) 6: 8.14
(d, J=9.2 Hz, 2H), 7.63 (d, J=8.4 Hz, 2H), 7.27~7.23
(m, 1H), 7.15~7.05 (m, 3H), 4.48 (dd, J=8.8, 6.8 Hz,
1H), 4.08 (q, J=7.2 Hz, 2H), 2.77 (dd, J=16.0, 8.8 Hz,
1H), 2.68 (dd, J=16.4, 6.4 Hz, 1H), 1.16 (t, J=7.2 Hz,
3H).

2-(2-%F R Gk -4H- R 9 [1,3] W8 1R -4)- TR 4. B
(3f): AMEE, 77F 93%. mp. 117~118 C (Lit.1*™
m.p. 116~119 C); '"H NMR (400 MHz, CDCl;) 8: 7.43
(d, J=8.0 Hz, 2H), 7.30~7.28 (m, 1H), 7.20~7.05 (m,
5H), 6.66 (br s, 1H), 4.50 (t, J=7.6 Hz, 1H), 4.13 (q, J=
7.2 Hz, 2H), 2.82 (dd, J=16.0, 8.4 Hz, 1H), 2.74 (dd, J=
16.0, 6.4 Hz, 1H), 2.33 (s, 3H), 1.22 (t, J=7.2 Hz, 3H).
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2-(2-Xf AR IR R FE -4 H- TR FE[1,3]ME R -4)- 1R 2
B (3g): AEEMAK, 7F 91%. mp. 108~109.5 C
(Lit."™ m.p. 107~109 ‘C); '"H NMR (400 MHz, CDCl;)
5: 7.41 (d, J=8.4 Hz, 2H), 7.28~7.24 (m, 1H), 7.16~
7.04 (m, 3H), 6.88 (d, J=8.8 Hz, 2H), 4.49 (dd, J=8.0,
6.8 Hz, 1H), 4.13 (q, J=7.2 Hz, 2H), 3.81 (s, 3H), 2.83
(dd, J=16.0, 8.4 Hz, 1H), 2.75 (dd, J=16.0, 6.8 Hz, 1H),
1.22 (t,J=7.2 Hz, 3H).

2-(2- 18] FH AR DR R L -4 H-TK I [1,3]ME R -4)- TR &
fig (3h): AEE, 775 89%. mp. 87~88 C (Lit.l*™
m.p. 87~89 ‘C); 'H NMR (400 MHz, CDCl;) &: 7.38 (s,
1H), 7.28~6.94 (m, 6H), 6.64 (d, J=8.0 Hz, 1H), 4.50 (t,
J=7.6 Hz, 1H), 4.13 (q, J=7.2 Hz, 2H), 3.82 (s, 3H), 2.84
(dd, J=16.0, 8.4 Hz, 1H), 2.75 (dd, J=16.0, 6.8 Hz, 1H),
1.22 (t,J=7.2 Hz, 3H).

2-(2- 1A R R KE-4H- 2R IF[1,3] M R -4)- £ R L TR
(3i): AMEMAE, 77F 85%. mp. 107~108 C (Lit.[o™
m.p. 107~109 ‘C); 'H NMR (400 MHz, CDCl;) §:
7.74~7.69 (m, 1H), 7.33~7.29 (m, 2H), 7.24~7.04 (m,
5H), 6.76 (br s, 1H), 4.52 (dd, J=8.8, 6.8 Hz, 1H), 4.15 (q,
J=7.2 Hz, 2H), 2.83 (dd, J=16.0, 8.8 Hz, 1H), 2.75 (dd,
J=16.0, 6.4 Hz, 1H), 1.23 (t, J=7.2 Hz, 3H).

2-(2- AR E AR A -AH-F I [1,3|ME IR -4)- 4. T8 . T
(3j): ATEE, 77FE 85%. mp. 132~134 C (Lit.1*™
m.p. 132~132.5 ‘C); "H NMR (300 MHz, CDCl) 6: 8.42
(br s, 1H), 7.40~7.28 (m, 3H), 7.21~6.98 (m, 5H), 4.53
(dd, J=8.7, 6.9 Hz, 1H), 4.20~4.09 (m, J=7.2 Hz, 2H),
2.86 (dd, J=16.2, 8.7 Hz, 1H), 2.76 (dd, J=15.6, 6.6 Hz,
1H), 1.23 (t, J=7.2 Hz, 3H).

2-(2- 4B AR A KL -4H- 2R IF[1,3] MR -4)- £ R L TR
(3k): FMEE, F2F 88%. mp. 128~129 C (Lit.[™
m.p. 127~128.5 C); "H NMR (400 MHz, CDCl) 6: 8.37
(br s, 1H), 7.31~6.99 (m, 8H), 4.52 (dd, J=8.4, 6.8 Hz,
1H), 4.15 (q, J=7.2 Hz, 2H), 2.85 (dd, J=16.4, 8.8 Hz,
1H), 2.76 (dd, J=16.0, 6.4 Hz, 1H), 1.23 (t, J=7.2 Hz,
3H).

2-(2- W R Fe-4H-FEFF[1,3]8E-4)- 2R Z R 3)): A
B EE, 77 92%. mp. 137~138.5 C (Lit."™ m.p.
138~140 ‘C); '"H NMR (400 MHz, CDCl3) 6: 7.27~7.24
(m, 1H), 7.17 (d, J=8.0 Hz, 1H), 7.12 (d, J=7.2 Hz, 1H),
7.02 (t, J=7.2 Hz, 1H), 4.43 (t, J=7.6 Hz, 1H), 4.14 (q,
J=7.2 Hz, 2H), 3.09 (s, 3H), 2.75 (dd, J=16.0, 8.8 Hz,
1H), 2.68 (dd, J=16.0, 6.8 Hz, 1H), 1.23 (t, J=7.2 Hz,
3H).

2-2-M R -AH- R I [1,3]E 1R -4)- L TR OB

Chin. J. Org. Chem. 2017, 37, 3257 ~3261
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(Bm): AEEMAE, P2F 80%. mp. 94~96 C (Lit.[™
m.p. 93.5~95.5 C); 'H NMR (400 MHz, CDCl;) &
7.25~6.99 (m, 4H), 4.59 (br s, 1H), 4.43 (dd, J=8.4, 6.8

Hz,

1H), 4.14 (q, J=7.2 Hz, 2H), 4.07~3.97 (m, 1H),

2.75 (dd, J=16.0, 8.8 Hz, 1H), 2.69 (dd, J=16.0, 6.4 Hz,
1H), 2.15~1.13 (m, 13H).

4 BT KL (Supporting Information) L4547 3a~3m [
'H NMR [, X bt kAT DL 2 A1) ) 35 (http://
sioc- journal.cn/) b R %,
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