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Synthesis of 3,4-Biphenyl Coumarin Derivatives and Their Promoting
Effects on the Killing Activity of Natural Killing Cell
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Abstract A series of novel 3,4-biphenyl coumarin derivatives containing an amino side chain 1a~1e were synthesized using
salicylic acid as starting material via Fridel-Crafts acylation, then the microwave-assisted Perkin reaction and double Sy2 sub-
stitution reactions. The preliminary biological evaluation showed that compounds 1a~1e had significant promoting effects on
the killing activity of natural killer cell, and hold potential as immunomodulating agents.
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Ms)!'O 41 SP500263 (B 1), Xl I8 22 A4 6 ) L e
(MCF-) A3 IR 3R i R Hu /e UL felr, sese =& T
RN B I AMBEN 3.4- - FKIEF L EZ/ED
(1a~1e, Bl 1), HFr& MG YERA ST MCF-7 Hiii
FE(AS49) 40 s vE e, BT MR R RES h%
(s D) I, AW MR T b A W 1 S 28 R 55 1k
SERRI, LAY 1a~1e b s T bk 40 i i 34 5 4
ANUIE, AR Sl TR NKC 4 A s A
H, SRz YT e — 2B B0 /NG 1 G i
F. AR, Ak EERIE I 34- IR IER T R AT
W 18 B AT (Rt N %405 40 B ek R A a4 1.
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Figure 1 Structures of 3,4-biphenyl coumarin derivatives 1la~
1e and SP500263

1 ZRETE
11 34-ZHEEFTERTEM 1a~1e IEK

3,4- T RFHE G EATEY 1a~1e &N Scheme
1 Froas. RLZK A% 8 A0S F ik g 2 0 JRURE, 78 S AL
(ZnCL){#4L R 2t Fridel-Crafts FE3EA e NG 3] 2-F8 3
AL ORI (2). AEBE N LR, R A KA IR
ARG . I % E] 7= 1 10 JE DR 2 R A 1% )
Wi AE T W2 B A, AR RPIOR I 20 5Kk R K
Atk B, (LAY 2 5K LIRS Perkin [ WS F
WEY 3. ZR NV AETPBERE S 2 AT, SN ]
FELE IR 3~5 h 4550 %) 20 min, HCRR R,
—, AW 3 AE = BAGINBBr) VEFH T BB HE 15
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WEY 4, BERIEAMT, 52ROk R AR
RN, 13EMEY 5. (&Y 5 A5 RV SEAZE
RN, AT BAREAMEER 3,4- R/ T #
R 1a~1Te. %0 FcEUAR s N () ASE 7 Bl e s A4 45 1
R RARE A, RN TR 4E 5 3 15 min, WCRALE
64.7% ~ 86.4%. th & W4 M L IR(H A1 e
NMR). JFHE(ESI-MS)FIIG 2 7 155 7 VLA

0
COOH OCH;3
+ a +
OH OH OMe
2

Reagents and conditions: a) ZnCl,, POCI;, 65 ‘C, 2 h; b) Benzene
acetic acid, K,CO3;, Ac,0, M.\W., 130 C, 20 min; c) BBr3;, CH,Cl,, 0
‘C; d) BrCH,CH2Br, K,COs3, Acetone; e) RNH (3.0 equiv.), AgNO;
(1.0 equiv.), THF, M.W., 125 °C, 15 min

Scheme 1

1.2 &YX NK RMG4HAEE R RS 1ER

DA AR Ah 119 JW 400 P g 225 K R, s A P 92 398 5 77
VL2 Bt (pidotimod)! 7VE FH (1 40 H Ay BE 4 o) BEE, 038
TALE 3, 4 F11a~1e (5, 50 pmoleL ™ ")%f /) il NK k2
0 M A S PR R . AN N2 IR A 100%,
R R 1 PR, g5 RRY, S 2 b A M B
3,4- R O EATEY) 1a~1e 7RI EE R 6842
fRE NK 40 f R 3E 1k, AOiE T e s 113%,
96%, 129%, 61%, 119% (50 pmolsL™ )FI 106%, 78%,
35%, 36%, 34% (5 umoleL "), ARV E K IC % sif
(84%, 32%73 HIAE 50 F15 pumoleL ™ ")I/E M Bk, L,
A 1a Al 1b IS 1E ik JE R RAEMRIREE N, #RE S
FIOMEEE NK RS . hAh, fea ) 1a~1e 535

http://sioc-journal.cn/ 165



BHlLE

R ek

B T A FE ) ) N R 4 i) R Y AC-
TOAR BT 40 M . O 40 B I, 35 A S o 40 0 7 1 (1C 50 >
200 pmoleL "), $ERIZIAAWI g fe—FB B s sk
A 19/ T S BE R AT . T AS AT = e S ) i 110
34-TARIEFF G A 3R 4, BEATIE NK 0 00s ok,
F WA G I A BELE B2 Ak B W AE X NK 4 e i 76
AT, BP0 & B R AR AT

250 50 pmol-L*!
5 pmol-L™!

33

(=

(=]
1

150 4

[ [

N

4
N
RO +

100 +
%

Killing activity/% of NK cells

N

AMMNMMMNIMIMIUDODIDIDOG]R0AANNN
NNNNNNNNNNNNNNNaNEE

ANNNNNNNNNNNNNNNNNH

Y

93
S
1
OO,
NANNNNNNNNN
ANANNNNANNNNNNNNNN S

0 2 %.
untreated 3 4 la 1b lc

cells cells + compds

2 2| 2

—_
—_
o
o
o

2

(=N
3
2

imod

Bl1 a3, 4, 1a~1e FIULZE S/ L NK R A1
P P R 5
Figure 1 The effects of compounds 3, 4, 1a~1e and pidotimod

on NK cells killing activity

The concentrations of the tested compounds were 50 and 5 pmoleL ',
respectively. Data are means+SEM of at least three independent experi-
ments. *p<<0.05, **p<<0.01, ***p<70.001 with respect to the untreated
NK cells

2 Zi

ZE BTk, ARSCUOKMRR G ERE T R
FLL AR 3,4- K FEEHE EZATAED 1a~1e. (LAWY
la~1e A2 E ML NK i Mo/ 05751k, H a5 oo e st
AEAERE MR A, AR, (&) 1a~1e )
i NK 40 B 2805 0 PR B P IR T 22 B qinm, 3Rz 2k
WGP e — B BN o S g5 AT 7).
3 ZEIH
31 XESIRKH

T A Ay 5 CEM 23w ) DISCOVER S-
Class; %5 5t SGW® X-4 LB s A GIRLEE T ARAL 1E )l
5 Bl ILPR1E Fl BRUKER AC-P600 (600 MHz) % %
JLHRAGN %, TMS AR, BTk (ESDH Agilent G6300
B 7 BIF AR i 15 A A Ot % 43 At Hl HEKAEUS
(CHNO, rapid) 2 6 % 73 HT ;4 i)' % £ 1 BioRad
3550 FUBERR G 2 Z AT LR (200~300 H) ok 5 if
P 72 i AR SR A3 2 e drall, esKak
FIIHL 5 TR BE, 7Ky IR A K.
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32 ZWAHE
32,1 (2-FAFL)@E-TEAEFR) T ARQ)F 2-72
R B KBS (2') 896 AR

50 mL BJEFH I 414 mg (3.0 mmol)/K# 1R,
1.02 g (7.5 mmol) /K S ALEE, 7 mL — U A M, = e
20 min, JIA 326 pL (3.0 mmol)Zk Fk, fRFFMEIE
60~65 ‘C, M 2 h, $ [ MMHEIN 10 mL oKAK i HE,
LR CTE(10 mL X 2)ZH, A HUAHAR O H M RN sk R S 5M
Ve 22 HLAR T IR R P BT, AKUE, MR £ SR KT,
T 7K R 5 (M gSOy) T . il i T i 28 J B 22 5 1),
Tk AT JE BT [ V(AT ) - V(LR S liR) =60 : 1157 &1
340 mg th5Y) 2 A1 140 mg tb&4 2", LGSR E s
5 SCBR[18HRE A — 2

WA 2: BIRY), 7% 50.0%. 'H NMR (600
MHz, CDCl;) 6: 3.88 (s, 3H, OCH3), 6.88 (t, J=7.8 Hz,
1H, ArH), 6.98 (d, J=9.0 Hz, 2H, ArH), 7.05 (d, J=8.4
Hz, 2H, ArH), 7.48 (t, J=7.2 Hz, 1H, ArH), 7.62 (d, J=
7.8 Hz, 1H, ArH), 7.70 (d, J=8.4 Hz, 2H, ArH), 11.98 (s,
1H, OH); MS (ESI) m/z: 251.1 ((M+Na]").

wEY 2 WY, =% 21.8%. 'H NMR (600
MHz, CDCl3) d: 6.85 (td, J=7.8, 0.6 Hz, 1H, ArH), 6.92
(dd, J=8.4, 0.6 Hz, 1H, ArH), 7.09 (dd, J=8.4, 0.6 Hz,
2H, ArH), 7.19 (d, J=7.8 Hz, 1H, ArH), 7.33 (t, J=7.8
Hz, 2H, ArH), 7.41 (td, J=8.4, 1.2 Hz, 1H, ArH), 7.95
(dd, J=7.8, 1.2 Hz, 1H, ArH), 10.41 (d, J=1.2 Hz, 1H,
OH); MS (ESI) m/z: 237.0 ((M~+Nal™).
322 4-(4-F IR HK)-3- KR Stk -2- B8R (3) 49
=y

10 mL OB P NN 348 mg (1.5 mmol) ik 54 2,
414 mg (3.0 mmol)KIRET, 249 mg (1.2 mmol) AKX LRI
600 puL LIREF. 1% 130 “C [ 20 min. JHZK B KN,
LR TR0 mL X 2)AHL, WA HUAH, WA frEhkoK
Ve, ToKBREREE T, i, WURRR AR, rERHE
WV MEE) @ (SR CTE)=3 © 11575545 320 mg fb
&Y 3. AMEE, PFF 64.0%, mp. 222.6~223.8 C;
'H NMR (600 MHz, CDCl;) &: 3.79 (s, 3H, OCH,), 6.82
(d, J=9.0 Hz, 2H, ArH), 7.03 (d, J=9.0 Hz, 2H, ArH),
7.13 (dd, J=7.8, 1.2 Hz, 2H, ArH), 7.17~7.20 (m, 4H,
ArH), 7.29 (dd, J=7.8, 1.2 Hz, 1H, ArH), 7.42 (dd, J=
8.4, 1.2 Hz, 1H, ArH), 7.53 (td, J=8.4, 1.8 Hz, 1H, ArH);
MS (ESI) m/z: 329.2 ((M~+H]"), 351.1 ((M+Na]"). Anal.
calcd for C,,H405: C 80.47, H 4.91; found C 80.36, H
4.85.
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323 4-(4-F 2R IR)-3- K AR etk -2- R (4) 69
AR,

25 mL [RJEFEIH I 328 mg (1.0 mmol)fb 54 3,
4 mL Bz ST PE, UKBHEE TR 4 mL KR 1.0
mol/L [ = IRALI 1) & B . TLC I s Y. 56 A%,
TKEEK. RINVEH CR ZBE(15 mL X 2)Z K, WA
BUAH, MOFnEr $hKTE, JoKGRBRBET 1. Hhik, Bk pR
WA 300 mg b B 4. AEREAER, 77 95.5%. mop.
295.0~297.0 °C; "H NMR (600 MHz, CD;0D) 8: 6.72 (d,
J=8.4 Hz, 2H, ArH), 6.97 (d, J=8.4 Hz, 2H, ArH), 7.13
(d, J=7.2 Hz, 2H, ArH), 7.18~7.21 (m, 3H, ArH), 7.28
(t, J=7.8 Hz, 1H, ArH), 7.33 (d, J=7.8 Hz, 1H, ArH),
7.44 (d, J=8.4 Hz, 1H, ArH), 7.61 (td, J=8.4, 1.2 Hz, 1H,
ArH); MS (ESI) m/z: 337.1 ((M+Na]"). Anal. calcd for
C,1H405: C 80.24, H 4.49; found C 80.18, H 4.60.

324 4-[4-(2-i% TEIL)FRHAK]-3- KK 5f kv -2-BR
(5)895 A%,

50 mL [F LM INA 314 mg (1.0 mmol)fL &4 4,
400 pL (5.0 mmol) 1,2- IR Z%%, 553 mg (4.0 mmol) i R
B, 10 mL JC/KAEE, MRS TLC W s 5¢ &
Il s B L 71, RERE AT [V CH ) @ V(LR Ll =
3011501 252 mg EY 5. AAFEE, 7% 60.0%.
m.p. 176.8~177.4 "C; "H NMR (600 MHz, CDCl5) J: 3.63
(t, J=6.0 Hz, 2H, CH,), 4.27 (t, J=6.0 Hz, 2H, OCH,),
6.84 (d, J=8.4 Hz, 2H, ArH), 7.05 (d, J=8.4 Hz, 2H,
ArH), 7.12~7.14 (m, 2H, ArH), 7.17~7.23 (m, 4H, ArH),
7.27 (dd, J=8.4, 1.8 Hz, 2H, ArH), 7.42 (d, J=7.8 Hz,
2H, ArH), 7.53 (td, J=8.4, 1.2 Hz, 1H, ArH); MS (ESI)
m/z: 4433 ((M+Na]"). Anal. calcd for Cp3H;BrOs: C
65.57, H 4.07; found C 65.42, H 4.01.

3.2.5 b4 la~—1le #9465

DAL e (4 A5 10 mL 3 & in Ak &
%) 84 mg (0.2 mmol) 4a, 62 uL (0.6 mmol) - Zfi%, 34 mg
(0.2 mmol)ilFR4, 2 mL PYSURNE, W 125 “Chn#t 15
min. RNV S 50 mL FEERRS, T3 BRE
Tk RAE 2 M (VA ) - (LR LHR) @ N(= L) =
75 125 1 210 519 53 mg th AW 1e.

FRFER /557 LIS %) 64 mg 1a, 55 mg 1b, 72 mg
le, 74 mg 1d.

4-[4-(2- M5 Wbk 2,4 R ) 2 R 1-3- 48 K it i -2- T
(1a): AMGEAR, 7% 74.9%. mp. 146.3~148.1 'C; 'H
NMR (600 MHz, CDCl;) 6: 2.57 (brs, 4H, CH,), 2.79 (t,
J=6.0 Hz, 2H, CH,), 3.73 (t, J=4.8 Hz, 4H, CH,), 4.08 (t,
J=6.0 Hz, 2H, OCH,), 6.82 (d, J=9.0 Hz, 2H, ArH), 7.02
(d, J=9.0 Hz, 2H, ArH), 7.12~7.13 (m, 2H, ArH), 7.16~
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7.22 (m, 4H, ArH), 7.27 (dd, J=8.4, 1.2 Hz, 1H, ArH),
7.41 (dd, J=8.4, 0.6 Hz, 1H, ArH), 7.53 (td, J=9.0, 1.8
Hz, 1H, ArH); *C NMR (CDCl;, 150 MHz) 6: 54.1 (2C),
57.3, 65.8, 66.7, 66.9, 114.4 (2C), 120.3, 121.5, 123.8,
126.6, 127.1, 127.3, 127.8, 128.4, 128.8 (2C), 130.7 (2C),
130.8 (2C), 134.3, 151.5, 154.9, 158.6, 161.6; MS (ESI)
m/z: 428.2 ((M+H]"), 450.2 (M+Na]"). Anal. calcd for
C,sHysNO,: C 75.86, H 5.89, N 3.28; found C 75.77, H
6.03, N 3.26.

4-{4-[2-(ME Mt - 1- 0 ) U RE 2R -3 - 2R B2 IRtk
W-2-1(1b): FEEAK, F=2% 67.0%. m.p. 139.7~140.9
‘C, '"H NMR (600 MHz, CDCl;) 6: 1.80~1.83 (m, 4H,
CH,), 2.63 (brs, 4H, CH,), 2.90 (t, J=6.0 Hz, 2H, CH,),
4.08 (t, J=6.0 Hz, 2H, OCH,), 6.83 (d, J/=8.4 Hz, 2H,
ArH), 7.01 (d, J=8.4 Hz, 2H, ArH), 7.12~7.13 (m, 2H,
ArH), 7.16~7.23 (m, 4H, ArH), 7.29 (dd, J=7.8, 1.2 Hz,
1H, ArH), 7.41 (d, J=8.4 Hz, 1H, ArH), 7.52 (td, J=8.4,
1.2 Hz, 1H, ArH); *C NMR (CDCl;, 150 MHz) §: 23.5
(2C), 54.6 (2C), 54.8, 66.7, 113.3 (2C), 121.6, 122.7,
123.6, 125.9 (2C), 126.2, 126.7 (2C), 127.8 (2C), 129.7
(4C), 133.4, 150.6, 153.8, 157.6, 160.7; MS (ESI) m/z:
4123 ((IM+H]"), 4342 ((M+Na]"). Anal. caled for
CysH,sNO;: C 78.81, H 6.12, N 3.40; found C 78.95, H
6.22, N 3.35.

4-{4-[2-( = L HE NG AR R BE ) -3- R BE R IR ik
-2-Fi (1e): A, P2 64.7%. m.p. 88.3~89.1
“C; "H NMR (600 MHz, CDCl;) d: 1.08 (t, J=7.2 Hz, 6H,
CH;), 2.64 (q, J=7.2 Hz, 4H, CH,), 2.88 (t, J=6.0 Hz,
2H, CH,), 4.04 (t, J=6.0 Hz, 2H, OCH,), 6.82 (d, J=8.4
Hz, 2H, ArH), 7.01 (d, J=9.0 Hz, 2H, ArH), 7.12~7.13
(m, 2H, ArH), 7.16~7.21 (m, 4H, ArH), 7.28 (dd, J=8.4,
1.8 Hz, 1H, ArH), 7.41 (d, J=8.4 Hz, 1H, ArH), 7.52 (td,
J=8.4,12 Hz, 1H, ArH); °C NMR (CDCl;, 150 MHz) 6:
11.4,11.6,47.7 (2C), 51.4, 66.2, 114.3 (2C), 121.3, 122.4,
123.6, 126.9 (2C), 127.2, 127.7 (2C), 128.8 (2C), 130.8
(4C), 134.4, 151.6, 154.8, 158.6, 161.6; MS (ESI) m/z:
412.2 ((IM—H]"). Anal. calcd for C,;H,;NO5: C 78.42, H
6.58, N 3.39; found C 78.46, H 6.49, N 3.37.

4-{4-[2-(WRWR-1-3) £ AL R AL -3 -2 6 R I g -
2-fi(1d): AEREAAK, 72F 86.4%. mp. 47.5~48.8 C;
'H NMR (600 MHz, CD;0D) §: 2.59 (brs, 4H, CH,), 2.77
(t, J=5.4 Hz, 2H, CH,), 2.90~2.91 (m, 4H, CH,), 4.07 (t,
J=5.4 Hz, 2H, OCH,), 6.85 (d, J=8.4 Hz, 2H, ArH), 7.02
(d, J=9.0 Hz, 2H, ArH), 7.09~7.10 (m, 2H, ArH), 7.14~
7.15 (m, 3H, ArH), 7.19~7.24 (m, 2H, ArH), 7.37 (d, J=
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8.4 Hz, 1H, ArH), 7.55 (td, J=8.4, 1.8 Hz, 1H, ArH); *C
NMR (CDCl;, 150 MHz) o: 44.8, 44.9, 55.2 (2C), 55.4,
68.5, 114.3 (20), 121.8, 123.1, 123.5, 127.1 (2C), 127.3,
127.9 (2C), 129.1 (2C), 130.7 (4C), 134.6, 151.1, 154.6,
158.6, 161.7; MS (ESI) m/z: 427.3 ((M+H]"). Anal. calcd
for C,7H6N,05: C 76.03, H 6.14, N 6.57; found C 75.92,
H 6.09, N 6.38.

4-{4-[2-(TRWE -1-5) LA L PR 3 ) -3- 2R HE 2R ik e -
2-Mid(1e): F{AEAK, 7% 84.6%. m.p. 144.5~145.9 C;
"H NMR (600 MHz, CDCl3) §: 1.45 (brs, 2H, CH,), 1.62~
1.68 (m, 4H, CH,), 2.54 (brs, 4H, CH,), 2.79 (t, J=6.0 Hz,
2H, CH,), 4.09 (t, J=6.0 Hz, 2H, OCH,), 6.81 (d, J=8.4
Hz, 2H, ArH), 7.00 (d, J=8.4 Hz, 2H, ArH), 7.11~7.12
(m, 2H, ArH), 7.16~7.21 (m, 4H, ArH), 7.28 (dd, J=17.8,
1.2 Hz, 1H, ArH), 7.40 (d, J=8.4 Hz, 1H, ArH), 7.51 (td,
J=8.4, 1.2 Hz, 1H, ArH); °C NMR (CDCl;, 150 MHz)
23.1, 24.8 (2C), 54.0 (2C), 56.5, 65.5, 114.3 (2C), 122.1,
122.6, 123.7, 127.0 (2C), 127.3, 127.7 (2C), 128.9 (2C),
130.8 (4C), 134.4, 151.6, 154.8, 158.6, 161.6; MS (ESI)
m/z: 4263 ((M+H]"). Anal. caled for C,gH,;NO;: C
79.03, H 6.40, N 3.29; found C 78.99, H 6.28, N 3.31.
3.2.6 AWt R NK da it 4% & e %5 e@

/I BT AR T 0 A ) R A BUME B A AR
BALb/C /N, BRI 5 min, FHT 75% LB/
B 3 min, WEIEIE LBy TN BB I, HCH BN E TRy
FrlLrh, BYLARIT AR 2L, H RPMI-1640 B5 5715
Ve AL TR R v N 3 SRR £k 2% v K (PBS
TROMEE, RS AN f s, o 200 H IR, 75 EIf 4N
M ERCE T B0 1500 r/min 250 15 min. 3 2T
W, N Tris-NH,Cl %3 9 £i5 /K51 0.83 /100 mL %
1 FE (NHLCOH S 1 F518FH 2.06 g/100 mL (] Tris-HCl
W (pH 7.65)1R 4, I NH,Cl 73 pH {5 7.2)24# 4
S, FEFFE S min, DABRZLLANM, WL ST
Ay Loy Ry — 2 a oy B R, H RPMI-
1640 1% 777 1000 r/min 250> 10 min YESANML 3 ¥, LU
R R, ¥ R B0 A i BT R IR
t, 7537 C, 5% CO, HiFRAf 5 7% 2 hy, LARR 2 I HRE4H i,
WAL R N B (1) 440 A B 4 AR L 4 . & W i ettt
B, B TE, IEA BT 95%, &H.

AR /N BLNK G S 05 1 s FH DY FR S
MeE(MTT)VEIE NK AR A505 R, DL 7 vl
(170N STk B2 40 B A 2008 40 L, Y AC-1 (b L9 40 i) b
HEZ0 M, 5O 40 S A i 1) LUl (B/T) R 50 0 1, B
A5 4 T R A0 PR PR R A . R BRI BRI £ 40
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FIYAC-1 4180 154 5%/ NI, 100 TU/mL %L e
PEARAT 100 pg/mL 445 # 1) RPMI-1640 B3R h 5597,
YR B 5 43 K 5} 10° AN /mL F1 1X10° AN/mL. 75
96 FLANMIBTFEM T, TN 90 wL/FLIHHR B2 40 i Ak i
YAC-1 Zi M B A FL, M), Ak, 88 B350 4
HiFL(E, 90 uL, 5X10°A/mL)F#EH i FL(T, 90 uL, 1X
10° AN/mL) Ay 0 HEZH. R TR A LA 41 L 4 51
NAFAL AW, AESLAWRIE ) 5 A1 S0 pmoleL ™", AT A
IR DER 3R, BT 37 C, & 5%M CO, & T
I3 ESE 4 h JE4LIN MTT 10 pL (5 g/L)4RZE0EE 4 h,
ke B3, RIGEFLINA 100 pL DMSO ¥%fi# MTT H %%
DUBE, TR 2 95 T ST, AR 6 e I BGIR Se e Al
A5 B 52 570 nm 3K AR IEIE Asg ome AT A
(%)= (Ar+Ap—Awn)/ A1 X 100%.
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