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Abstract Starting from substituted heterocyclic aldehyde and acetylacetone, a series of new 4-methyl-3-acetyl-2-heterocyc-
lic-2H,3H-benzo|[f]-1,5-thiazepines 3a~31 were synthesized through 3-step reactions. The structures of the new products were

confirmed by '"H NMR, IR, MS and elemental analysis, and the imine-enamine tautomerism of the target compouds was inves-

tigated by means of "H NMR spectroscopy. Their antifungal activities were evaluated, and the results provides the inspiration

for structure-activity reationship of the benzothiazepines. Meanwhile, the structure of the main by-products of 3h was identi-

fied, and the possible mechanism of the by-products was proposed.

Keywords 1,5-benzothiazepine; heterocyclic; side reaction; antifungal activity
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EERERTAER) . WM AT AR M)A R R T HIV-1 S 1.

ARG INH — LR IEE 1,5- KR B A S A1 E
(1) AN BRI TS PEE ST, 84 G B H IR AE 2% 5 LG %R 1Y
PRIV I VA o = 7 N T /5 - ] St L7 7 S
FERRENT IR 1,5-2K I F R A% 84 &4, mad 4
AMIBE AR AR I, S LR R (S BR R RET AE BR R T
BB AEIVE T, LA Ak S A A A i 1
TR 254 Bl ey | RIS AR IR St
HECUF I E T, AL SAE W HE P, A
RPN TR, AR 29 R, Ko B
TS AW 2 4 Al sk, W T DUA S|
IR RN, BCE K AN, BRI R TR,
BT BIF AR R I 22 = B TR BRI P SN B T
L5- 2RI A A i, (H R AT IR E oL, T
b, ARSCREWCI . WEW SRS S IR 1,5-2R I A
FeE oy, DUSEI i S

IR PSR RN, JE K N TR) 24 H bRk A
3h RAESMR, i "H NMR, °C NMR, MS #i5E T 20
FEYIII R, SR T RN T REDIRE. HARLA Y

L ox
TP NG IE
RCHO + H2C\C*CH - R—CH=CZ
y 3 ECK
(0]
1a~1g

a: R=©\ b: R:QS c: R=<;£H3 d:

. RrR= [\ g R=

/&7CH3
9*CH3

Br.
. r= A\
: R=
R= D\ : HsC/Q\

HIA 2 Scheme 1.

1 HR5E
1.1 BfrLEY 3a~3I BEK
S LA R 1a~1g 1 2-50 FEFR R By (2 4-5-2-
GIEIRBR ) A kL, 280k I v i R 43 T IR A ik
H AR A Y 3a~31. S5 rh R L7 WEmy AR 2 7K Il 1a~
le 55 2-ZIRMIMY(EL 4-5-2-F FEIRMDY) S N LR 2%
5, {EBERRMEAL T, IR 4~6 h BIAT, 108 W ER
AR M 16~ 1g K 2B 1 RN AN T i o i) S K — 4
SN ABE  R A%: SRR ALK 1 i 1g &
2-BAERR W BEIA 5 N, 15 BIAH N H bR =4 3 Fl
3g, 1 1f Fl 1g 55 4-50-2- 2 FE IR0 3 S5 1 1R Pl 15 81 A
1) HARF= 48 3k 22 VR B0 EN A B SR
1.2 BfRCEYRYBIEESIE & T RFE R BT
Hbrtb &4 3a~31 AN A 3315~3348 cm ™!
J& N—H [ grdieshiolicls, 76 1638~1647 cm ' Lk
i C=0 Mpgideshmlicis. AR YA7 A Il 1

0
R [l
\ _C—CH; CH3OH
S—CHCH —_—
C—CH, Il
NH, I
2h~2l

© HsC™ 0 =
CHj Br.
ii R= Qg\ x=cl, k R=m\ x=cl, & R= /@\ x=cl
s H,c” S
Scheme 1
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3a~ 3L ALY 4a~ 41 P Fh SR AR ) ARV, AR M43
B B SR AR, IV TR T e TR AR )45 A A R
EEP(nﬁ%uﬁf’Hﬁ ARETE M E R, LMEEY) 3a H
%, W Eq. 1.

H‘\

@[ / COCH3

(J@Héz’ﬁ'!)

(1)
COCH3

(]EHM‘J)

3a (M eGSR 1 FR. B 1) 4 S H
U530k 3a AT 4a TR FRIEEL; B 1(b)H PR ERLIE
3a I N—H Ffl S—CH &, WK% 4a ' CHCH 1 H.AH
AWM AE, B LI T e 3a Al 4a (1 ELBH1 A
301 e HHAEYBAAE AR A, oS
Ji RN e 5 AR S K R 1 Ll BB H bR 54010 2 A B
FEMATFTTA BT AR, A% R ] DMSO-d, Ml 7S
I H A S AT A A 5 I AN Jie () T AR, ET &)
FEGFLEABIAR /IS, P o W /s 1) = S S M g R o8 () A7 A
HAstb& Y1 MSESDE) B &AW [M] " 5L

(a)

M+ 1771
1.3 B E R & R N AR
TEA AL A Y 3h B RO, F MR 3.2.3 I Wi 4k
PR 3 h BPaT43 B AR =4, (R85 1% N 4k 2k n]
W, TLC ¥ I Nk #2, &I H FR7=4) 3h ik AR, If
ERGHAE Y 2, BEAE SO TR] A8 0 SCAE R — N B
&I, 17 hF3h2ﬁ'9€ 1R RN, SN 153
Friba¥ 1 A2, ik 'TH NMR, °C NMR F MS #fi5E T

112 145 *’JﬁuT
JOwS
cl N
2

2-(2-WBEy H)-5- 5 K FFEME(T): "H NMR (500 MHz,
CDCLy) d: 8.00 (d, J=1.9 Hz, 1H), 7.75 (d, J=8.5 Hz,
1H), 7.53 (d, J=3.5 Hz, 1H), 7.33 (dd, J=2, 8.5 Hz, 1H),
6.83 (dd, J=1.5, 2.7 Hz, 1H); “C NMR (500 MHz,
CDCLy) 0: 163.42, 154.42, 145.60, 134.25, 132.65, 132.40,
129.52, 126.67, 125.41, 122.49, 122.04; MS (EL, 70 eV)

miz (%): 252.5 ((M-+H]", 100.0).
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2- L 5S-SR JFBE ML (2): '"H NMR (500 MHz,
CDCly) 6: 7.94 (d, J=2.0 Hz, 1H), 7.73 (d, J=8.5 Hz,
1H), 7.33 (dd, J=2, 8.5 Hz, 1H), 2.84 (s, 3H); C NMR
(500 MHz, CDCly) 6: 168.96, 154.24, 133.90, 131.96,
125.19, 122.30, 122.07, 20.23; MS (EL, 70 eV) m/z (%):
184.5 ((M-+H]", 100.0).

1012 B ] BE A L 23 53] 4 Scheme 2 11 Scheme 3
FioR.

J4 8 Scheme 2 A1 Scheme 3 e NHLEE, AR 1 0
2 IR, S SR A 4-(2- W8Ny E)-3- T #5-2-
Wi, Jg 7 D IRAE S N HLEE, AT G (R 525

KA T ZBEN IR A, AR
RS AT TR SR AR R NI BIHERE, IR
ISR £ B A R B A Y 7E AR B B[] 2,290 min H LA 3%
U, XA S NI A S .

F W SCHRTT V4 T 4-(2-1E 5y -3 T 4 -2- Wi v
P OB IR 'H NMR (500 MHz, CDCly) 6:
7.64 (d, J=16 Hz, 1H), 7.41 (d, J=5.0 Hz, 1H), 7.30 (d,
J=3.5Hz, 1H), 6.97 (dd, J=5.0, 3.5 Hz, 1H), 6.53 (d, J=
16 Hz, 1H), 2.34 (s, 3H). TLC MO R [ N, £F s v
W ZA S A

TLC W5 SN R L5 BEWs B 1) H ARk & 46 in 4
FAF TS R A RIREIRI oA, 2 WA A 1) H Ak -4 W)
BRI RIS

IOy
Cl N= Cl

1.4 BirMELEMRIIEFMN

H AR &9 s il 25 1 Wos, aRE R EE
200 pg/ i, HAELEY) 36 % {4 S 2R (8.0 mm). AR
B AE B ER TR (7.0 mm) MG ACHT A2 BEBK B (7.0 mm) A7 59
PANHIE T, Soe B PRt ST SR 41 B 281 T AR
H.

BRG] 15K AE S s Lookhp, Rl
75 2 BT R P A . DR AT A 0 R T U
KHHIE L DMSO, 1 H AR =#7E DMSO 3= 21¢
AN e R S R A, T A SIZ 56 = 7 0BT D00 2 1A P BRI
PRI S e T £ 4y, py e T HfE T, 1,5-2R AR A
B ATCH ) C=N LR v] BE e L 24 24,

2 it

ASCMZRIARERN B AI H , 5 RE T — R B
(R IRI . WEWY ZRFRIN 15-RIF A ST, 15
J H AR DI A BLSE A S IR ], 25 A5 B ™ 4 20 fif,
XL E 4 PR G R E T 53 BN mT RE K D
2. 'H NMR SR S0 I b e AR S s T A A
F AN G R A R i A, TifE DMSO R 3%
LU L S AAAE, 242RT DMSO A A F e i P
R, AL H AR S s s PERLs, 45 Ay
WFIL AR, HEWTME R T BE S 1L5-R I A A S Tk
Wit 2575141,

+ p
M cl H S cl N S
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3 WEH
3.1 UEHIKF

S5 U T-4 WA EAY, WLV ARIRIE; £04h
J i ] FTIR-8900 4T ANl s, KBr [k Fik; 'H
NMR F1'C NMR %4 i BRUKERAC-P 500 %4 #% fif St
s, ARG R, TMS S W ks; B0 A 55 [
PMG iS4 5 ; TG 438 Vario EL I JG #4047
A 5

B GR35 4 A 4, AR 38 RS 1l 1a~1g
Z B SCHR[ 1215 1 k.

32 TWAHE
3.2.2 fub4h 3a~—3g 494 Rl ik

la~1g Fl 2-Z BRI RV A 152 2a~2g, 1M
e HEATE] T HArr=¥) 3a~3g.

1E 50 mL AOE R 433N 1a~1g 3 mmol, G
JKFEE 20 mL, 2-2 A6 3 mmol, UKESER 0.1 mL,
EIBEEE 4.5 b SIRGR, A, P EAA, KL
g, HEMLEY) 3a~3g.

4- W I -3- £ B I -2-(2-WE Wy I )-2H 3H- 2K IF[£]-1,5-
A s (3a): 7% 31%. mp. 126~128 ‘C; 'H NMR
(500 MHz, CDCl;) §: 7.10~6.51 (m, 7H, ArH), 6.30 (s,
1H, NH), 5.86 (s, 1H, S-CH), 2.55 (s, 3H, COCHj), 2.28
(s, 3H, C=CCHjs); IR (KBr) v: 3339, 1639 cm™'; MS (EI,
70 eV) m/z (%): 301.9 ((M-+H]", 100.0). Anal. calcd for
Ci6HsNOS,: C 63.79, H 4.98, N 4.65; found C 63.92, H
4.84, N 4.50.

4- WAL -3- 20k -2-(3- 6 Wy Jik)-2H 3 H- 2K - [f]-1,5-
A4S (3b): 7H 32%. mup. 114~116 °C; 'H NMR
(500 MHz, CDCl;) §: 7.07~6.56 (m, 7H, ArH), 6.21 (s,
1H, N), 5.65 (s, 1H, S-CH), 2.55 (s, 3H, COCH3), 2.25 (s,
3H, C=CCHj); IR (KBr) v: 3339, 1638 cm™'; MS (EI, 70
eV) m/iz (%): 301.9 ((M+H]", 100). Anal. calcd for
Ci6HsNOS,: C 63.79, H 4.98, N 4.65; found C 63.70, H
4.85,N 4.45.

4-H HE-3- £ e HE-2-(3- FH Ak -2-WE Wy B5)-2 H 3 H- R -
[A-1,5-FR A& L5 (3e): 775 27%. mp. 135~137 C; 'H
NMR (500 MHz, CDCly) §: 7.13~6.65 (m, 6H, ArH),
6.42 (s, 1H, NH), 5.71 (s, 1H, S-CH), 2.54 (s, 3H,
COCHj3), 2.31 (s, 3H, R-CH3), 2.27 (s, 3H, C=CCHjs); IR
(KBr) v: 3339, 1647 cm ™ '; MS (EL 70 eV) m/z (%): 315.9
([M—i—H]*, 100). Anal. caled for C;H;;0ONS,: C 64.76, H
5.40, N 4.44; found C 64.83, H 5.27, N 4.31.

4-F L 3- £ AL -2-(4- YR -2- WE Wy JE)-2H 3 H- 2R I
[f-1,5-FR 8455 (3d): & 26%. m.p. 110~112 °C; 'H
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NMR (500 MHz, CDCl;) d: 7.25~6.28 (m, 6H, ArH),
6.27 (s, 1H, NH), 5.81 (s, 1H, S-CH), 2.54 (s, 3H,
COCHj3), 2.29 (s, 3H, C=CCHa;); IR (KBr) v: 3335, 1639
cm '; MS (EL 70 eV) m/z (%): 380.9 ((M+H]", 100).
Anal. caled for C¢H4ONS,Br: C 50.53, H 3.68, N 3.68;
found C 50.39, H 3.81, N 3.61.

4- L3~ 2 L -2-(5- 1 k-2 Wy -2 H 3 H- 2K T F
[f-1,5-FR A L5 (3e): P2 26%. m.p. 133~135 C; 'H
NMR (500 MHz, CDCl;) d: 7.12~6.21 (m, 6H, ArH),
6.20 (s, 1H, NH), 5.75 (s, 1H, S-CH), 2.53 (s, 3H,
COCHs3), 2.27 (s, 3H, R-CH3), 2.24 (s, 3H, C=CCH3); IR
(KBr) v: 3337, 1638 cm™'; MS (EI, 70 eV) m/z (%): 315.9
([M—l—H]*, 100). Anal. caled for C;H;7ONS,: C 64.76, H
5.40, N 4.44; found C 64.88, H 5.30, N 4.27.

4-F I 3= 2 Pk -2-(2- MR g 5% ) -2 HL 3 H- 2K - []-1,5-
WAL (3): 7% 25%. mp. 101~103 C; 'H NMR
(500 MHz, CDCly) d: 7.14~5.69 (m, 7H, ArH), 6.19 (s,
1H, NH), 5.65 (s, 1H, S-CH), 2.54 (s, 3H, COCHj3), 2.26
(s, 3H, C=CCHjs); IR (KBr) v: 3315, 1643 cm™'; MS (EI,
70 eV) m/z (%): 285.9 ((IM-+H]", 100). Anal. caled for
CigH;sO,NS: C 67.37, H 5.26, N 4.91; found C 67.18, H
5.40, N 4.84.

4-HE-3- 2 L -2-(5- L -2- W IR 4% )-2 H 3 H- 2K T F
[A-1,5-FR A L5 (3g): 5% 29%. mp. 124~128 C; 'H
NMR (500 MHz, CDCl;) d: 7.12~5.49 (m, 6H, ArH),
6.29 (s, 1H, NH), 5.59 (s, 1H, S-CH), 2.52 (s, 3H,
COCHj3), 2.27 (s, 3H, R-CH3), 2.26 (s, 3H, C=CCH3); IR
(KBr) v: 3315, 1647 cm™'; MS (EI, 70 eV) m/z (%): 299.9
(IM+H]", 100). Anal. caled for C;H;;0,NS: C 68.23, H
5.69, N 4.68; found C 67.12, H 5.73, N 4.52.

3.2.3  4bA4h 3h~31 894 Rad ik

la~1e Fl 4-50-2-Z A0 [ B 1 5615 2] T 2h~
21, 2h~21 K451 WA AR H #5774 3h~ 31

7650 mL R LD, 25l 1a~1e 3 mmol, G
JKFEE 10 mL, 4-%-2-Z0 280 3 mmol, Zi FHiH:
1 min, HIGOHE, 98, BAEHFPREVEER, 92140659
2h~2l.

3- LM KL -4-(2-BE Wy )-4-(2- 5 Fk -4- B - R A FE )-2-
THA2h): P73 79%. m.p. 100~102 ‘C; 'H NMR (500
MHz, CDCly) 6: 7.40~6.47 (m, 6H, ArH), 5.61 (s, 2H,
NH,), 4.90 (d, J=12.0 Hz, 1H, CH), 4.76 (d, J=12.0 Hz,
1H, CH), 2.30 (s, 3H, CH3), 2.03 (s, 3H, CH5).

3- L PE Sk -4-(3-BE W) o )-4-(2- 1 Fk -4- B - FE At F )-2-
THIQRD): 7% 77%. mp. 110~112 ‘C; 'H NMR (500
MHz, CDCl;) : 7.41~6.42 (m, 6H, ArH), 5.63 (s, 2H,

http: //sioc-journal.cn/ 1469
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NH,), 4.93 (d, J=11.6 Hz, 1H, CH), 4.78 (d, J=11.6 Hz,
1H, CH), 2.34 (s, 3H, CH3), 2.01 (s, 3H, CHs).

3- LM HE-4-(3- F -2 Iy B )-4-(2- 24 F-4- Sl - Rt
F-2-THAR2)): 7#F 70%. m.p. 98~100 C; 'H NMR
(500 MHz, CDCl;) J: 6.91~6.48 (m, 5H, ArH), 5.63 (s,
2H, NH,), 4.82 (d, J=11.4 Hz, 1H, CH), 4.70 (d, J=11.4
Hz, 1H, CH), 2.37 (s, 3H, CH3), 2.39 (s, 3H, CH3), 2.05 (s,
3H, R-CHj).

3- LI -4-(4- YR -2- WHE Wy K )-4-(2- 24 i -4- G- IR Mk
H)-2-THA(2K): 773 83%. m.p. 124~126 ‘C; '"H NMR
(500 MHz, CDCl;) 0: 7.49~6.42 (m, 5H, ArH), 5.57 (s,
2H, NH,), 4.87 (d, J=11.6 Hz, 1H, CH), 4.63 (d, J=11.6
Hz, 1H, CH), 2.37 (s, 3H, CH3), 2.09 (s, 3H, CHs).

3- LB -4-(5- F - 2-WE Dy i )-4-(2- 2 e -4- - Rt
F-2-THA21): 775 89%. m.p. 89~91 “C;'H NMR (500
MHz, CDCl;) J: 6.85~6.39 (m, 5H, ArH), 5.59 (s, 2H,
NH,), 4.78 (d, J=11.5 Hz, 1H, CH), 4.65 (d, J=11.5 Hz,
1H, CH), 2.34 (s, 3H, CHs), 2.32 (s, 3H, CH3), 2.03 (s, 3H,
R-CH3).

7E 50 mL ()5 FOf 20 i _FiR 2h~212 mmol,
JoKHEE 20 mL, VKEEER 0.1 mL, [FI3% M Sh E K4,
AR, BTk, R RS S, SRS 3h~
3L

7- 5 -4 H HE 3= 20 B Bk -2-(2-WE Wy FE)-2H 3 H- 4 JF
[A-1,5-R & %25 (3h): =% 30%. m.p. 127~128 C; 'H
NMR (500 MHz, CDCl) §: 7.18~6.77 (m, 6H, ArH) 6.16
(s, 1H, NH) 5.82 (s, 1H, S-CH) 2.51 (s, 3H, COCH3), 2.28
(s, 3H, C=CCH3); IR (KBr) v: 3344, 1650 cm” L. Anal.
calcd for C4H4,ONS,CI: C 57.23, H4.17, N 4.17; found C
57.40, H 4.28, N 4.10.

75 -4- TP 32 20 W R -2-(3- WE Wy 32 )-2H 3 H- 7K FF
[f]-1,5-FR A5 (3i): 7% 32%. mp. 132~134 °C; 'H
NMR (500 MHz, CDCLy) d: 7.08~6.59 (m, 6H, ArH),
6.15 (s, 1H, NH), 5.61 (s, 1H, S-CH), 2.51 (s, 3H,
COCH,), 2.25 (s, 3H, C=CCH,); IR (KBr) v: 3325, 164
cm” L. Anal. caled. for C;¢H;4,ONS,CI: C 57.23, H 4.17, N
4.17; found C 57.36, H 4.04, N 4.10.

7-5-4- F L -3- T ke -2-(3- FF L -2-WE Wy -2 H 3 H-
AIFA-1,5-BRE A 55 (3f): 77 29%. m.p. 121~123 C;
'H NMR (500 MHz, CDCl) 6: 7.10~6.51 (m, 7H, ArH),
6.30 (s, 1H, NH), 5.86 (s, 1H, S-CH), 2.55 (s, 3H,
COCH;), 2.28 (s, 3H, C=CCH,); IR (KBr) v: 3342, 1641
em . Anal. caled forCy;H;sONS,CI: C 58.37, H 4.58, N
4.01; found C 58.48, H 4.51, N 4.16.

7- -4 F I3 L -2-(4- YR -2-WE Wy )2 H 3 H- I

1470 http: //sioc-journal.cn/
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TA-L5-BR A A5 (3K): 7% 35%. mp. 141~143 C;
'H NMR (500 MHz, CDCls) 6: 7.05~6.48 (m, 5H, ArH),
6.20 (s, 1H, NH), 5.78 (s, 1H, S-CH), 2.51 (s, 3H,
COCHj3), 2.29 (s, 3H, C=CCHj;); IR (KBr) v: 3348, 1647
cm . Anal. calcd for Ci6sH13ONS,CIBr: C 46.32, H 3.14,
N 3.38; found C 46.42, H 3.01, N 3.30.

7-G-4-F 32 2 -2-(5- P L -2-I8E Wy L )-2 H 3 H-
HKIFA-1,5-E IS B): 775 27%. mp. 135~137 C;
'H NMR (500 MHz, CDCls) &: 7.45~6.72 (m, 5H, ArH),
6.12 (s, 1H, NH), 5.72 (s, 1H, S-CH), 2.50 (s, 3H,
COCH,), 2.32 (s, 3H, R-CH3), 2.20 (s, 3H, C=CCHj,); IR
(KBr) v: 3337, 1636 cm . Anal. caled for Ci;H;cONS,CI:
C 58.37,H 4.58, N 4.01; found C 58.45, H 4.51, N 4.16.
3.3 {RIMAEEM

ARSI R W REIE AW HArb &4 3a~31 AT
PR VG PR I 5, DAGURR M o A, DA TR e AR
(B mm) RN R TR S5 IR AR TS PR R R/ 43931
S ECHERP R A OSERE BrERERE FrrERRFIIR A
FE), 4B R R AT A 28 SRR B R 4 0 (5 4 4
BRI AT I E

FALA Y 3a~31 ] DMSO e il BAS 7] (I3 S &R 401,
T B FES IN B 2 TE AL PR JE AR b, AR
(10 pL) & 258535 4 200, 100, 50, 25, 12.5 pg, B T=
AT DMSO K Ji £ F. Kt He 2440 e e P 2B 2
KB T RS [F] PR B R 1, T R n 21 468 3 T8 1
ARBREIELC S b, iR R A iR 10, 5, 2.5, 1.5,
0.250, 0.125, 0.0625 pg.

F B0 RS O B Rl ) M- AR T AR R 1k 10°
N/mL CFU, ¥ 0.2 mL %] M-H 3R A B, H L
PAE 2 o An 1)), SRIGH SR au s Tk b, T
BEALAE N 37 C B59% 24 h, MBOFI0RE R, L EE
PRIR, 05 25 R IS4
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