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Synthesis and antimicrobial evaluation of coumarin-based benzotriazoles
and their synergistic effects with chloromycin and fluconazole
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Abstract: A series of new coumarin-based benzotriazole derivatives were successfully synthesized via a
multi-step sequence of cyclization, etherification and N-alkylation, and were confirmed by 'H NMR, IR, MS
spectra as well as elemental analyses. All these synthesized coumarin compounds were evaluated for in vitro
antimicrobial activities against four Gram-positive bacteria, four Gram-negative bacteria and three fungi by two
fold serial dilution technique. The bioactive assay showed that all these prepared coumarin benzotriazoles
could inhibit the growth of the tested bacterial and fungal strains. Title compounds 11a—11e and 13a-13c
were more active than chloromycin on Proteus vulgaris ATCC 6896. Coumarin benzotriazoles 11a and 11b
displayed comparable antibacterial efficacy against Staphylococcus aureus ATCC 25923 and Micrococcus luteus
ATCC 4698 in comparison with reference drug chloromycin. Compared to fluconazole, compounds 11a—11d
displayed stronger inhibition on Aspergillus fumigatus ATCC 96918. Moreover, coumarin-based benzotriazoles
in combination with antibacterial chloromycin or antifungal fluconazole, showed notable antimicrobial efficacy
with less dosage and broader antimicrobial spectrum. More importantly, fluconazole-insensitive 4. fumigatus
and methicillin-resistant Staphylococcus aureus N 315 (MRSA) were sensitive to these combined drugs.
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Figure 1 Structures of some coumarin-based nitrogen-containing heterocyclic compounds with potent antimicrobial activities
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Figure 2  Structures of some benzotriazole derivatives as promising antimicrobial agents

CHs CHs
(b) = (d) =
— | - |
0”0 oher 070 o’HﬁN\ N

10a-e
10-11:a,n=2 b,n=3 ¢,n=4 d,n=5 e n=6

Br
CHs | S CHg | =
L © m J @ f\j@\ /\,L
N/
0% o 0 0" o 0 \\ND

12a-c

11a-e N

13a-c

12-13: a, 2-substituted b, 3-substituted ¢, 4-substituted

Reagents and reaction conditions: (a) ethyl acetoacetate, oxalic acid, 80 ‘C, 8 h; (b) alkyl dibromide, K,COs3, acetone, reflux, 6-7 h; (c)aralkyl dibromide,
K,CO:s, acetone, reflux, 5-6 h; (d) 1H-1, 2, 3-benzotriazole, K,CO3;, CH3CN, 6-10 h

Scheme 1 Synthetic route of target coumarin-based benzotriazole compounds



P B R RIS PO TR RIS AN R e i [ 4 T - 801 *

0+__0O o.__O 0__0
R |

SSRRO P

CH3 14 CHs

Figure 3  Structure of bis-coumarins
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Figure 4 The tautomeric form of 1H-1, 2, 3-benzotriazole as
well as their three resonance forms (A, B, C) in the presence of
base
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Figure 5 Thin layer chromatography of benzotriazole derivatives
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Figure 6 The IR data of carbonyl (C=0) target coumarin alkyl
benzotriazole compounds 11a-11e
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Table 1 Partial 'H NMR data of some synthesized coumarin
compounds (J)
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Table 2 In vitro antimicrobial activities of synthesized coumarin compounds 9-13 expressed as MIC (pg'mL™")

, b, st
* > ¢ *Minimum

inhibitory concentrations were determined by two-fold serial dilution method for microdilution plates. °A: Chloromycin; B: Fluconazole.
°S. aureus: Staphylococcus aureus ATCC 25923; MRSA: Staphylococcus aureus N 315; B. subtilis: Bacillus subtilis ATCC 6633;
M. luteus: Micrococcus luteus ATCC 4698; E. coli: Escherichia coli ATCC 25922; P. vulgaris: Proteus vulgaris ATCC 6896; S. typhi:
Salmonella typhi ATCC 9484; S. dysenteriae: Shigella dysenteriae ATCC 49550; C. albicans: Candida albicans ATCC 76615; S. cerevisiae:
Saccharomyces cerevisiae ATCC 9763; A. fumigatus: Aspergillus fumigatus ATCC 96918

Gram' bacteria Gram™ bacteria Fungi
Compd.
S. aureus MRSA  B. subtilis M. luteus E. coli P vulgaris S. typhi S. dysenteriae  C. albicans  S. cerevisiae  A. fumigatus

9 32 128 32 32 128 256 128 >256 128 128 128
10a 256 >256 >256 >256 256 256 128 128 256 256 >256
10b 128 256 128 128 256 256 256 >256 128 256 >256
10c¢ 256 128 >256 256 128 256 128 256 128 256 >256
10d 128 256 128 256 >256 >256 >256 256 128 >256 256
10e 256 256 128 64 >256 256 256 >256 256 256 >256
11a 4 >256 64 4 64 8 128 128 32 64 64
11b 2 >256 32 2 32 4 128 128 64 64 64
11c 16 >256 32 32 32 4 32 32 32 64 64
11d 16 >256 64 32 64 8 32 32 64 128 64
11e 32 >256 128 64 128 8 >256 >256 64 128 128
12a >256 >256 >256 256 >256 >256 >256 256 256 256 256
12b 256 >256 256 >256 >256 >256 >256 >256 256 256 256
12¢ 256 >256 256 256 >256 >256 >256 256 256 256 256
13a 64 >256 256 32 256 8 >256 >256 >256 >256 >256
13b 32 >256 256 64 256 8 >256 >256 256 256 >256
13¢ 64 >256 >256 64 >256 8 >256 256 >256 >256 256
A 4 16 8 4 8 16 4 4 - - -

B - - - - - - - - 1 2 128
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FHE RAN [, B FH B A s i = A R W RV 8 i
THUEER, s T HZiRE, e TR, 1
FHOC R RIE AL o idE— 205
24 BFEEFHFZMW 11a 5 13c 5ERRBERARE
BEEMAR

S 5 A ORI =M 11a 5K 13¢ BEHI P
WENNAZE R (R 4) R, &S FEARIE M HUE
W s AP IPT C. albicans S. cerevisiae K
A. fumigatus WEVE. FREEME (0.25~0.5 pg'mL ") TR
T A AR I = 11a 8 13¢ B AE A 2% 140
#ll C. albicans 1 S. cerevisiae W4, Kk, HHEIE
o5 5 F IR IE = I F ke o R RE Mk R F 24 )
KT T B 250 S 5k 1) . R IR B G
SRR M T R A I ) R, 4 R SR A A AR B B2
PRI AT ) Y
3 IhE

AL UL TR 2K 9 Rl 2 £ 0 N R R DR R 2
b Bl e 1H-1, 2, 3-8 FF =) N-BEAk Js B A5 ik
T RINFGERIF =P EY, LEWE s
IR. 'H NMR. MS #ERIIGCEMHTIESE . &Rk
Wt BT 03 ) 41 TR R I B S IR T AN [ R T A

e . Hodh BHArtb &%) 11a 1 11b $T S. aureus. M.
luteus Wi 5 FZ A M, AP 11a~11e Fl 13a~
13¢ ] P vulgaris "EKBEI T RHEZR, LAWY
1la~11d X} A. fumigatus FHIE AL T HREMe . K1
T LR AR I =R S WE AU E Y 259 R T
KT, AHFHE—2DE 9T, HEAh, PURL YA R 2
RS RN M S, U CE Y O R
JLRAAT 0 T 2~8 1%, Rl &F SR A TE =
HEBFRMH G WoRr i 2 EHT MRSA 351, X2
2y 25 AR VR TT MO B R AR . Ak,
B GUREMEIEE FH P 27 1) R BT A. fumigatus T5 1A 2
PR MSAL B A Bt il R AU N - A SRR
= 52 PR PR G 25 ) 1k R ELAS 3 — P IO,
LY S MR (AT

LI E S
1 UE5KFH
1.1 &8

JE R X-6 BURE S WA sl e A (il B R AL
1E); 404N 4% Bio-Rad FTS-185, Bruker RES100/S
(KBr J& }, IHR3E B 400~4 000 ecm™); B RGILARA:
Bruker AV 300 #Z iR (TMS WHR); i
LCMS-2010A (ESI HL & ¥5); JLE A HT{L: Carlo Erba
1106 BTG BT
1.2 K7

TR T Bl L) MR8y, OBEZIR S

Table 3 Combination effect of coumarin benzotriazole compounds 11a and 13¢ with chloromycin against eight bacteria

MIC/pg-mL ™"

MIC/pg-mL ™"

Bacteria FIC index Effect FIC index Effect
Chloromycin 11a Chloromycin 13c¢
S. aureus 1 0.5 0.375 synergistic 1 8 0.375 synergistic
MRSA 2 64 0.375 synergistic 2 64 0.375 synergistic
B. subtilis 2 8 0.375 synergistic 2 64 0.500 synergistic
M. luteus 1 1 0.500 synergistic 0.5 16 0.375 synergistic
E. coli 2 16 0.500 synergistic 2 32 0.375 synergistic
P. vulgaris 2 2 0.375 synergistic 4 2 0.500 synergistic
S. typhi 0.5 16 0.250 synergistic 1 32 0.375 synergistic
S. dysenteriae 1 32 0.500 synergistic 0.5 32 0.250 synergistic
Table 4 Combination effect of coumarin benzotriazole compounds with fluconazole on three fungi
] MIC/pgmL ™" MIC/pg-mL ™
Fungi FIC index Effect FIC index Effect
Fluconazole 11a Fluconazole 13c
C. albicans 0.25 4 0.250 synergistic 0.25 32 0.375 synergistic
S. cerevisiae 0.25 8 0.250 synergistic 0.5 64 0.500 synergistic
A. fumigatus 16 8 0.250 synergistic 16 32 0.250 synergistic
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We. et WA . 1H-1, 2, 3-K 3 = h HoAt i
WA Al BN A ZRIR . MR
W B GBI A S SR, R w4
R THRAR, "R VI REER 2 RA
"), FE . EAM. RMPI 1640 (Gibco BRL). M
WP MR« BifIE . FEIATRE . BERER B Jbntmid s
EVHEARE AT

1.3 RIMAMEYEEN R AEEMER

AN GRG0 LG 4 R =2
PEBE: S4B ATCC 25923 ifif FF 48 FU AR 4241 B N 315,
i 2R A AT B ATCC 6633 FIRE I ER 1# ATCC 4698;
4 BRAEBIE R KA ATCC 25922, B JTEAT 1A
ATCC 6896, {FE¥01 1B ATCC 9484 FlIfi ¥ & 51 14
ATCC 49550; 3 BRILEE: (A& ER R ATCC 76615 BiR
WIERER ATCC 9763 X 5t R M AN S 1) A i 27 1T
ATCC 96918 HH P8 i K27 24 27 e Al o [5N BRAd T804 56
SRR AR
2 BEERUEW I~13 MER R LRI
2.1 7-BE-4-BEEFEZ R (7-hydroxy-4-methyl-2H-
chromen-2-one) (9)

A2 AT [R]JRA T 1R 150 mL FSH0R AR N
82K Wy (11.0 g, 100 mmol). LBt LR 4T (13.6 g,
100 mmol) FIER (5.2 g, 50 mmol), 80 CHifk 8 h
RN 54 (TLC BRERRN, JEIFH: A hlik- L%
L, viv=2:1), BHIR =, RNEIN VKK
F£ 10 min, AR ECE A, FE g, AR KR
o, MRS, BTE a0k 7-585E-4-H
HEHRETE (9) 154 g, /7F 95%; Hri 192~193 C
(CAS *5:90-33-5; SCHRP W75 45 184~185 C); 'H NMR
(300 MHz, CDCl;) 6: 13.47~13.41 (br, 1H, coumarin-
OH), 7.51 (d, J = 5.3 Hz, 1H, coumarin 5-H), 6.90~
6.88 (m, 2H, coumarin 6, 8-H), 6.15 (s, 1H, coumarin
3-H), 2.37 (s, 3H, coumarin-CHj;).

22 BFEEREKRERKY 10a~11e

221 7-Q-BRRZEE)4-BEEFEZE (7-2-bromo-
ethoxy)-4-methyl-2H-chromen-2-one) (10a) ¥ 7-}%
F-4-HIFEE (9) (1.6 g, 10 mmol). 1, 2- KL%
(2.2 g, 12 mmol). KIRH (2.1 g, 15 mmol) S A
(50 mL) B0 BB 74 EEE 1) 100 mL FAUH D,
JndkElst. Bide 5 hE RV 5E4 (TLC BRER R MY, i
T A BE—S7, viv=1 1) AHIR %0, k7%
(A G aNL I y ) g A N R 2 N B
(50 mLx3) %, GHAHAH, T7K NaSO, T8, &
a5, WERCAE g At (e SO g, vy =

1:1), fFAMOEE 7-Q-RACCHIE)-4-FIFUR
(102) 2.4 g, /73K 84%; Hiri 107~108 C (CHRP
ffi: 106~108 C).

222 7-G-BRRAEE)4-BEEFEZE (7-3-bromo-
propoxy)-4-methyl-2H-chromen-2-one) (10b) {L&
Y1 10b 4 RS AL S ) 10a 19HI%5 0510, 4G R
N T-FRF-A-FEEE T (9) (1.6 g, 10 mmol). 1, 3-
THFLE (2.4 g, 12 mmol). BERET (2.1 g, 15 mmol)
JNWE (50 mL). ZERAE kot GEmin: 4%
SEE— g, viv=1:4), 3 EA 7-G-RAC A
JE)-4-FIEF T E (10b) 2.6 g, 77K 85%:; M 83~
84 'C (SLHRPU: 83~84 C).

223 7-G-BRRTEH)-4-BFEFSTE (7-(4-bromo-
butoxy)-4-methyl-2H-chromen-2-one) (10c) L&)
10c 14 %S AL G 10a (1614 07k, Rk 5ok
T R4 IEFE E (9) (1.6 g, 10 mmol). 1, 4- 31
THE (2.6 g, 12 mmol) B IRH (2.1 g, 15 mmol) LA
N (50 mL). ZRERA:(OIEAIL e 2RO
Be—f ik, vv=1:4), fFEEFEEK 7-4- 1T H
F)-4-FHEF G R (10c) 2.7 g, 17 F 86%; M 66~
67 C (CHRPME: 66~67 C).

224 7-G-RRKEE)4-BEEZE (7-(5-bromo-
pentyloxy)-4-methyl-2H-chromen-2-one) (10d) 1t
H ) 10d 15 S LG Y 10a [ & 771%, BIR)R
BERy 7-F2F-4-FEEE T 2 (9) (1.6 g, 10 mmol). 1, 5-
RS (2.7 g, 12 mmol). BERET (2.1 g, 15 mmol)
PALJAE (50 mL). ZfERAEOREAi (GER: &
% L WE— A1 Wk, viv=1: 4), A 7-(5-1—ARL
AIE)-4-HIEFR T 2 (10d) 2.70 g, 75K 83%; K
67~68 C (LERPME: 67~68 C).

225 7-(6-RRCEH)4-FEFZTE (7-(6-bromo-
hexyloxy)-4-methyl-2H-chromen-2-one) (10e) ft#
Y 10e ME RS RAGY) 10a H14 775, AR
KR 7-5720E-4-HEEH T FE (9) (1.6 g, 10 mmol). 1, 6-
TUROEE (2.9 g, 12 mmol). BKERA (2.1 g, 15 mmol)
JAE (50 mL). ZeRERAE kgt el L
SR ilE, viv=1:4), 30K 7-(6-1RAK 5
H)-4-H IR T ZE (10e) 2.9 g, 77 F 84%; ik 56~
57 °C; IR (KBr) v: 3 088, 3 058 (Ar-H), 2 937, 2 952,
2 865 (CHy), 1 712 (C=0), 1 627, 1 579, 1 521 (aromatic
frame), 1 465, 1 378, 1 364, 1 100, 1 010, 994, 875, 841,
767, 721, 631 cm'; '"H NMR (300 MHz, CDCl;) o:
7.50 (d, J = 6.0 Hz, 1H, coumarin 5-H), 6.80~6.77
(m, 2H, coumarin 6, 8-H), 6.16 (s, 1H, coumarin 3-H),



- 806 * 2474244} Acta Pharmaceutica Sinica 2011, 46 (7): 798810

4.71 (t, J = 6.3 Hz, 2H coumarin-OCH,), 3.54 (t, J =
4.02 Hz, 2H, CH,Br), 2.35 (s, 3H, coumarin-CHj;),
2.12~2.09 (m, 2H, coumarin-OCH,CH,), 1.87~1.84
(m, 2H, CH,CH;Br), 1.58~1.53 (m, 4H, coumarin-
OCH,CH,CH,CH,CH,CH,Br); ESI-MS m/z: 341 [M+
2+H]" ('Br), 339 [M+H]" (Br); Anal. Calcd. for
CsHoBrO;: C 55.65, H 5.65; Found: C 55.69, H 5.60.

23 BEZRREXRF=M 11a~1le

23.1 7-Q-(H-FH=ZW-1-B)ZEE)4-BEFS
% (7-(2-(1H-benzo[d][1, 2, 3]triazol-1-yl)ethoxy)-4-
methyl-2H-chromen-2-one) (11a) 7£ 100 mL .3
I 1H-1, 2, 3-Z53F =M (0.7 g, 6 mmol). B EREN
(1.1 g, 8 mmol) & &Ji530 mL, N# %50 CHi: 1 h,
ik, frfERA B =R, HiA 7-Q- 1R &
S IE)-4-HEEF T FE (10a) 1.4 g (5 mmol), i N4k
SeEPE 9 h JE RNV SEAT (TLC BRER N, FEFFH: &
Pi—AM, viv=3":1). #Hs 28000 2 MG, Kk
MR 2 A 4, CHLCL, (30 mL x3) #£HL 3 ¥k, &3
AHUAH, JoK NaSO, T8k, W4, FEMFE %At
(BRI S AN, vv=3:1), FAAEREE 7-2-
(1H-ARIF = me-1-08) L5 0 )-4- R/ TR (11a) 1.3
g, IH 79%:; 5 185~186 C; IR (KBr) v: 3 093,
3 045 (Ar-H), 2 955, 2 926, 2 879 (CH,), 1 714 (C=0),
1 619, 1 573, 1 511 (aromatic frame), 1 396, 1 319,
1 300, 1 296, 1 150, 1 006, 990, 940, 870, 827, 786,
712 em™'; 'H NMR (300 MHz, CDCl;) 6: 7.86~7.84
(m, 2H, benzotriazole 4, 7-H), 7.49 (d, J = 5.7 Hz, 1H,
coumarin 5-H), 7.42~7.39 (m, 2H, benzotriazole 5, 6-H),
6.82~6.79 (m, 2H, coumarin 6, 8-H), 6.14 (s, 1H,
coumarin 3-H), 5.15 (t, J = 3.2 Hz, 2H, coumarin-
OCH,), 4.73 (t,J=5.4 Hz, 2H, benzotriazole-CH,), 2.38
(s, 3H, coumarin-CHs); ESI-MS m/z: 344 [M+Na]', 322
[M+H]"; Anal. Calcd. for C;sH;5sN;05: C 67.28, H 4.71,
N 13.08; Found: C 67.35, H 4.70, N 13.04.

232 7-G-(lH-ZH=#-1-B)REH)4-FEESZ
% (7-(3-(1H-benzo[d][1, 2, 3]triazol-1-yl)-propoxy)-
4-methyl-2H-chromen-2-one) (11b) {L54 11b 1
HHS R EY) 1a K% IE, IRsE 7-3-
AR I )-4-F LA U F (10b) (1.5 g, 5 mmol).

1H-1, 2, 3-Z5F =M (0.7 g, 6 mmol). TRERH (1.1 g,
8 mmol) LAK M 30 mL. ZrERF: itk alifth (Ve
) EA-NER, viv=3 1), HEGEK 7-G-(1H-5
=158 IR )-4-HEEF/ U (11b) 1.3 g, 7~
% 82%; MR 170~171 C; IR (KBr) v: 3 087, 3 065,
3 057 (Ar-H), 2 942, 2 921, 2 854 (CH,), 1 720 (C=0),

1 615,1510, 1 471 (aromatic frame), 1 388, 1 346, 1 328,
1268, 1173, 1110, 991, 940, 873, 810, 771, 744 cm ';
'H NMR (300 MHz, CDCl;) J: 7.88~7.85 (m, 2H,
benzotriazole 4, 7-H) , 7.48 (d, /= 5.2 Hz, 1H, coumarin
5-H), 7.41~7.38 (m, 2H, benzotriazole 5, 6-H), 6.83~
6.78 (m, 2H, coumarin 6, 8-H), 6.14 (s, 1H, coumarin
3-H), 4.98 (t, J = 6.7 Hz, 2H, coumarin-OCH,), 4.11 (t,
J=5.8 Hz, 2H, benzotriazole-CH,), 2.69~2.61 (m, 2H,
coumarinOCH,CH,), 2.40 (s, 3H, coumarin-CH,); ESI-
MS m/z: 358 [M+Na]", 336 [M+H]"; Anal. Calcd. for
CoH7N303: C 68.05, H 5.11, N 12.53; Found: C 68.01,
H5.11, N 12.58,

233 7-@-(1H-EH=¥-1-F) TEH)4-FEES
% (7-(4-(1H-benzo[d][1, 2, 3]triazol-1-yl)butoxy)-4-
methyl-2H-chromen-2-one) (11c) &% 11c K&
RS LG ) 1a 4 070k, G R 7-(4-5R4K
THEEE)-4-HIEFETE (10c) (1.6 g, 5 mmol). 1H-1, 2,
3-2KIE =M (0.7 g, 6 mmol). TREEHN (1.1 g, 8 mmol)
LK N (30 mL). R ATtk aifh, (eliifl): &
Y-, viv=3: 1), 13 AEREAA 7-(4-(1H-5FF = M-
1-35) THAE)-4- AR R (1) 14 g, 7% 83%;
Y& R 134~135 °C; IR (KBr) v: 3 092, 3 051 (Ar-H),
2 964, 2 945, 2 883 (CH,), 1 723 (C=0), 1 610, 1 566,
1 510 (aromatic frame), 1 442, 1 417, 1 390, 1 328,
1266, 1160, 1 011, 978, 960, 917, 884, 802, 723 cm ';
'H NMR (300 MHz, CDCly) J: 7.89~7.87 (m, 2H,
benzotriazole 4, 7-H), 7.50 (d, J = 7.5 Hz, 1H, coumarin
5-H), 7.40~7.37 (m, 2H, benzotriazole 5, 6-H), 6.83~
6.77 (m, 2H, coumarin 6, 8-H), 6.13 (s, 1H, coumarin
3-H), 4.84 (t, J = 6.8 Hz, 2H, coumarin-OCH,), 4.05 (t,
J=5.9 Hz, 2H, benzotriazole-CH,), 2.39 (s, 3H, coumarin-
CH;), 2.37~2.33 (m, 2H, coumarin-OCH,CH,), 1.91~
1.86 (m, 2H, benzotriazole-CH,CH,); ESI-MS m/z: 372
[M+Na]’, 350 [M+H]"; Anal. Calcd. for CyHoN;0s5;
C 68.75, H 5.48, N 12.03; Found: C 68.70, H 5.51, N
12.04.

234 7-(5-(1H-FH=M-1-B) L E)4-FEFE
% (7-(5-(1H-benzo[d][1, 2, 3]triazol-1-yl)pentyloxy)-
4-methyl-2H-chromen-2-one) (11d) &% 11d 11
HREZIEAGY) 1a ElS %, RimEEh 7-(5-
TR A KL )-4- LA T % (10d) (1.6 g, 5 mmol).
1H-1, 2, 3-43F =M (0.7 g, 6 mmol). TREEM (1.1 g,
8 mmol) M Z M 30 mL. ZHEfHE (b alift (BB
WA, viv=3 1), A G 7-(5-(1H-
HFE =13 A D) -4-F A G E (11d) 1.5 g, 7~
i 82%; A 121~123 C; IR (KBr) v: 3 094, 3 041
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(Ar-H), 2 955, 2 941, 2 894 (CH,), 1 711 (C=0), 1 619,
1 576, 1 464 (aromatic frame), 1 440, 1 409, 1 389,
1301, 1349, 1 288, 1 166, 1 011, 995, 953, 875, 832,
772, 710 em™'; '"H NMR (300 MHz, CDCl3) 0: 7.99~
7.96 (m, 2H, benzotriazole 4, 7-H), 7.49 (d, J = 6.3 Hz,
1H, coumarin 5-H), 7.41~7.38 (m, 2H, benzotriazole
5, 6-H), 6.81~6.77 (m, 2H, coumarin 6, 8-H), 6.13 (s,
1H, coumarin 3-H), 4.74 (t, J = 6.8 Hz, 2H, coumarin-
OCH,), 4.01 (t, J= 5.7 Hz, 2H, benzotriazole-CH,), 2.38
(s, 3H, coumarin-CHs), 2.15~2.10 (m, 2H, coumarin-
OCH,CH,), 1.87~1.82 (m, 2H, benzotriazole-CH,CH,),
1.58~1.56 (m, 2H, coumarin-OCH,CH,CH,); ESI-MS
m/z: 386 [M+Na]', 364 [M+H]"; Anal. Calcd. for
Cy1HyN30;: € 69.41, H 5.82, N 11.56; Found: C 69.37,
H5.83,N11.61,

235 7-(6-(QH-FH=-M-1-B) EEH)4-BEES
% (7-(6-(1H-benzo[d][1, 2, 3]triazol-1-yl)hexyloxy)-
4-methyl-2H-chromen-2-one) (11e) {L&%) 11e 4
BAZ AL S W) a5 U705, IR J50RH 7-(6-1R 4K
CVAR IR )-4- LR G 2 (10e) (1.7 g, 5 mmol). 1H-1, 2,
3-KJF =M (0.7 g, 6 mmol). FKIRE (1.1 g, 8 mmol)
NS 30 mL. SRR (il (BEl RS-
W, viv=3:1), B AGEAEK 7-(6-(1H-AFF = Mk-1-
B LI )-4- A G (11e) 1.5 g, 7% 80%; J&
A 111~112 °C; IR (KBr) v: 3 089, 3 062, 3 048 (Ar-H),
2 940, 2 959, 2 760 (CH,), 1 709 (C=0), 1 614, 1 564,
1 510 (aromatic frame), 1 444, 1 390, 1 367, 1 256,
1 106, 1 018, 984, 950, 884, 820, 797, 747, 699, 625
cm'; 'TH NMR (300 MHz, CDCl;) 6: 8.01~7.98 (m,
2H, benzotriazole 4, 7-H), 7.50 (d, J = 5.6 Hz, 1H,
coumarin 5-H), 7.43~7.41 (m, 2H, benzotriazole 5,
6-H), 6.81~6.76 (m, 2H, coumarin 6, 8-H), 6.15 (s, 1H,
coumarin 3-H), 4.73 (t, J=7.7 Hz, 2H, coumarin-OCH,),
4.01 (t, J= 5.2 Hz, 2H, benzotriazole-CH,), 2.36 (s, 3H,
coumarin-CHjz), 2.15~2.10 (m, 2H, coumarin-OCH,CH,),
1.87~1.82 (m, 2H, benzotriazole-CH,CH,;), 1.58 ~
1.56 (m, 4H, coumarin-OCH,CH,CH,, benzotriazole-
CH,CH,CH,); ESI-MS m/z: 408 [M+Na]", 386 [M+H]";
Anal. Calcd. for C,,H»3N305: C 70.01, H 6.14, N 11.13;
Found: C 70.09, H 6.11, N 11.11,

24 BIEREFERUY 12a~12¢

241 T-Q-CREER)VEHEEHR)4-BEEZ R (7-2-
(bromomethyl) benzyloxy)-4-methyl-2H-chromen-2-
one) (12a) L&Y 12a A HSIAEY) 10a 1]
)5k, RIRIERY 7- R HE-4- PR TR (9) (1.6 g,

10 mmol). &8 ¥R (3.1 g, 12 mmol). BIRET (2.1 g,
15 mmol) LA 30 mL. &ERA G4l Uk
s S A —f MRk, vy =3:2), A EEA 7-2-
(IR FPIE) R4 JE)-4- LR T3 (122)2.92 g, /7%
81%; 132~133 °C; IR (KBr) v: 3 109, 3 055 (Ar-H),
2 967, 2 881, 2 780 (CH,), 1 713 (C=0), 1 655, 1 581,
1 500 (aromatic frame), 1461, 1405, 1362, 1250, 1 180,
1 200, 963, 889, 765, 741, 723, 710 cm'; '"H NMR
(300 MHz, CDCl;) 6: 7.51 (d, J= 7.7 Hz, 1H, coumarin
5-H), 7.39~7.31 (m, 4H, Ar 3, 4, 5, 6-H), 6.89~6.85
(m, 2H, coumarin 6, 8-H), 6.15 (s, 1H, coumarin 3-H),
4.89 (s, 2H, coumarin-OCH,), 4.22 (s, 2H, Ar-CH,Br),
2.41 (s, 3H, coumarin-CH3); ESI-MS m/z: 361 [M+
2+H]" (*'Br), 359 [M+H]" (Br); Anal. Calcd. for
CsH;5BrO;: C 60.18, H 4.21; Found: C 60.08, H 4.24,
242 T-G-(RERH)XREE)4-FEBIER (7-6-
(bromomethyl) benzyloxy)-4-methyl-2 H-chromen-2-
one) (12b) L&Y 12b G S AL G 10a 1]
/I, AR TR 4-HERT R 9) (1.6 ¢,
10 mmol). [A] ¥R (3.1 g, 12 mmol). BEERH (2.1 g,
15 mmol) AN 50 mL. ZehEfH: (el (e
) EAT—AMEE, viv=3 1 2), AR 7-3-(E
B KA )-4-HE R 3 (12D) 2.92 g, 7% 80%;
1535 127~129 C; IR (KBr) v: 3 091, 3 068 (Ar-H),
2 980, 2 931, 2 792 (CH,), 1 715 (C=0), 1 626, 1 578,
1 547 (aromatic frame), 1 434, 1 411, 1 332, 1 265,
1154, 1013, 956, 884, 780 cm '; '"H NMR (300 MHz,
CDCly) o: 7.52 (d, J = 7.5 Hz, 1H, coumarin 5-H),
7.46~7.29 (m, 4H, Ar 2,4, 5, 6-H), 6.87~6.82 (m, 2H,
coumarin 6, 8-H), 6.14 (s, 1H, coumarin 3-H), 4.88 (s,
2H, coumarin-OCH,), 4.11 (s, 2H, Ar-CH,), 2.39 (s, 3H,
coumarin-CHs); ESI-MS m/z: 361[M+2+H]" (*'Br), 359
[M+H]" (79Br); Anal. Calced. for C;3H;sBrO;: C 60.18,
H 4.21; Found: C 60.06, H 4.21.

243 T-G-(RERH)FRERH)4-RFEEIZER (7-¢-
(bromomethyl) benzyloxy)-4-methyl-2 H-chromen-2-
one) (12¢) &Y 12¢ MG S HALGY) 10a 11
#I7, RIEEE 7R I4-FILF TR 9) (1.6 g
10 mmol). %} ~FFE (3.1 g, 12 mmol). BIRH (2.1 g,
15 mmol) LA AW 50 mL, Z88E AT (73 By 2l ft
(Wemis: & sk, viv=3: 2), A0 RE 1k 7-4-
(R ) A 4K )-4- AR/ T30 (12¢) 2.92 g, /7%
79%; # A 117~118 C (CHAPMUH: 117~118C).
25 BERFEXF=M 13a~13c

251 7-Q-((IH-FEF=Zm-1-8) BE) XFRFEH)-
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4-BEFTE (7-2-((1H-benzo[d][1, 2, 3]triazol-1-
yl)-methyl)benzyloxy)-4-methyl-2H-chromen-2-one)
(13a2) (LB 13a AERSEAAEY 1a (161% 7
%, BIRIEURE 7-(2-(IR H R ) R A )-4- T R R L3R
(12a) (1.8 g, 5 mmol). 1H-1, 2, 3-2KFF- =M (0.7 g, 6
mmol). BERE (1.1 g, 8 mmol) A ZJF 30 mL. Z4E
AT i aiid (Pl & OT-NEd, viv=3:1), 1%
FI [ AR 7-(2-((LH- 48 FF = -1 56 ) T R ) 25 HT 44
)-4-H AT 2 (13a) 1.6 g, 77 81%; Ml 154~
155 °C; IR (KBr) v: 3 103, 3 064 (Ar-H), 2 958, 2 926,
2886 (CHy), 1722 (C=0), 1612, 1507 (aromatic frame),
1441,1424,1389,1371,1262,1222,1 143, 1 000,
983, 963, 809, 753, 730 cm'; '"H NMR (300 MHz,
CDCl;) o: 8.03~7.96 (m, 2H, benzotriazole 4, 7-H), 7.51
(d, J= 5.2 Hz, 1H, coumarin 5-H), 7.44~7.41 (m, 6H,
Ar 3, 4, 5, 6-H, benzotriazole 5, 6-H), 6.88~6.86 (m,
2H, coumarin 6, 8-H), 6.16 (s, 1H, coumarin 3-H), 5.48
(s, 2H, coumarin-OCH,), 5.16 (s, 2H, benzotriazole-CH,),
2.40 (s, 3H, coumarin-CHj); ESI-MS m/z: 420 [M+Na]’,
398 [M+H]"; Anal. Calcd. for CoHsN;O5: C 72.53,
H 4.82, N 10.57; Found: C 72.62, H 4.81, N 10.53,
252 7-G-(I1H-FFHF=m-1-E)BH E)FKHFH)4-
HEEFZTE (7-3-(1H-benzo[d][1, 2, 3]triazol-1-
yD)-methyl)benzyloxy)-4-methyl-2 H-chromen-2-one)
(13b) L& 13b (&AL EAEY) 11a & D7
%, BIRIERL 7-3-(IR AR A VAR )-4- A
# (12b) (1.8 g, 5 mmol). 1H-1,2, 3-2KFF =M (0.7 g,
6 mmol). BEIRHM (1.1 g, 8 mmol) & ZJfi% 30 mL. &
AT il alifl (DR SO —AM, viv=3":1),
AR 7-G-((VH-Z I = Me-1-5) FE) 2K HT 4
H)-4-FEFE T 2 (13b) 1.6 g, 77K 83%; M 158~
159 C; IR (KBr) v: 3 107, 3 078, 3 057 (Ar-H), 2 978,
2 913, 2 789 (CH,), 1 716 (C=0), 1 617, 1 552, 1 504
(aromatic frame), 1 423, 1 400, 1 334, 1 267, 1 154,
1 031, 1 001, 945, 828, 811, 764 cm'; "H NMR (300
MHz, CDCl;) ¢: 8.01~7.98 (m, 2H, benzotriazole 4, 7-
H), 7.51 (d, J=17.1 Hz, 1H, coumarin 5-H), 7.45~7.39
(m, 6H, Ar 3, 4, 5, 6-H, benzotriazole 5, 6-H), 6.88~
6.84 (m, 2H, coumarin 6, 8-H), 6.15 (s, 1H, coumarin
3-H), 5.44 (s, 2H, coumarin-OCH,), 5.13 (s, 2H,
benzotriazole-CH,), 2.39 (s, 3H, coumarin-CHj;); ESI-
MS m/z: 420 [M+Na]’, 398 [M+H]"; Anal. Calcd. for
Cy4H9N303: C 72.53, H 4.82, N 10.57; Found: C 72.47,
H4.77, N 10.62.

253 7T-G-(IH-FFHF=ZM-1-BHRE)FTHFH)-
4-FEEFESE (7-(4-((1H-benzo[d][1, 2, 3]triazol-1-

yl)-methyl)benzyloxy)-4-methyl-2 H-chromen-2-one)
(13¢) HEY 13¢ MERIZBILEY) 11a 16575
5, IR ERL N T-(4-QR ) AR A R )-4- T BE T 51
% (12¢) (1.8 g, 5 mmol). 1H-1,2,3-KFF =M (0.7 g,
6 mmol). FRRH (1.1 g, 8 mmol) K& M 30 mL. £
TR AE i 2t (WA S AT—Nld, viv=31:1),
O R AR 7-(4-((LH-28FF = - 1-55 ) BT ) 8 4
H)-4-FIFGHE (13¢) 1.6 g, 73 80%; M ri 151~
152 C; IR (KBr) v: 3 099, 3 039 (Ar-H), 2 980, 2 931,
2792 (CHy), 1 711 (C=0), 1 611, 1 540, 1 505 (aromatic
frame), 1 445, 1 410, 1 399, 1 322, 1 275, 1 186, 1 023,
985, 942, 884, 842, 771 cm'; 'H NMR (300 MHz,
CDCly) o: 8.02~7.99 (m, 2H, benzotriazole 4, 7-H),
7.52 (d, J= 5.3 Hz, 1H, coumarin 5-H), 7.47~7.41 (m,
6H, Ar 3,4, 5, 6-H, benzotriazole 5, 6-H), 6.87~6.85 (m,
2H, coumarin 6, 8-H), 6.14 (s, 1H, coumarin 3-H), 5.48
(s, 2H, coumarin-OCH,), 5.15 (s, 2H, benzotriazole-CH,),
2.37 (s, 3H, coumarin-CHs); ESI-MS m/z: 420 [M+Na]",
398 [M+H]"; Anal. Calcd. for C,yHsN;O5: C 72.53,
H 4.82,N 10.57; Found: C 72.39, H4.79, N 10.62.

3 RSN MIE SR

3.1 BEREFNESWERIMUAEREENR

FURRUED 9~13 ARSNGB PR
F IR A2 26 B Il PR S 56 % bn E 4k 2% 51 & (National
Committee for Clinical Laboratory Standards, NCCLS)
HEXF (A5 EURRRE 25880 « r R B BN S5 254
%M DMSO Vi Be i CERE, RIS EE MR i 15
ZUMIR A 256+ 128+ 64, 32, 16+ 8. 4. 2.
1. 0.5 F10.25 pgmL™". 2 T HEBR ¥ 5 DMSO X} A4k
PUAETE IR A 520, DMSO & &8 1K T 1%. L4 96
SR 12 S FLAE R BHPEXS AN 2y o Il R L) iz A
MRERENSELY . M NMHEIKE MIC,
ngmL ™) SRR S WPLAN T BE FT K35 o
32 BEZREUESWEIMIEEFMHENIK

FUEFNEY 9~13 RSN IR I MK
RIE AR, 2RI 256, 128, 64, 32,
16. 8. 4. 2. 1. 0.5 f110.25 uygmL™"

IRPUAN B PUEL R SEI AT IRAE 3 IR, e
) MIC {EAERRIC S i 22 BOR AL, FoB b ATk
HLERFAER M b PUsAEDETES R WA 2.

33 BERRACMESESREARAEEEMAR

ARG T A5 1) 7 5L 3R R 0F =M 11a A1 13¢ LA
BN DGR 1 1) MIC {H, 4l NCCLS BE 9T
YRS PE AR, RAIBUR . (FERARIF =
5 U IR O B 2N MIC 1Y) 18 /4, 1724 1



P B R RIS PO TR RIS AN R e i [ 4 T

+ 809 -

F 2 A5 F R ARG 11a 57 13¢ 5% H#
SR Y Ik 1y ) ey A2 A B ) o BRI RCR T FIC
(fractional inhibitory concentration) $& %K% #% . M3k

RN 3.
34 BEZFHF-USERMEBNEREEAR

P Tl ) 7 3R IR JF =W 11a BT 13¢ S G B

XA MIC {8, R0 E 7 5R AT
=ML g R M I U RS R MRS R ALK 4.

FIC $i5% = M5 I 25 )5 7 B ORF = MIC/Hk

SRZHEFEEEIF=WMIC + B 25 2 R 254
1) MIC/IEA H 2515 2 I 259 1) MIC (FIC f5%: <1
P AR L 1~2 A%, >2 AdsHitEHD.
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