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O,0-Z e E-a-FE-a-(MRERELEH)- B E R B5 R
ARSI AEES

HeOR W' OREERS

(X EAERE 2R 18 563003)

(T LB AR S5y a3 563003)
C MR TP 5B 550025)

BERE B X%

WE AT FHBBPUMRESY, RA%AT NN-Z38 AR I EDCO S RE N %, BL 0,0-ZHikE-1-5
Fe- (UARIEEE) TS MR AR OIS R M JEURE 5 1 16 A HArd, Forb 12 MEA YR RIS, 48 IR, 'H NMR, °C NMR
FICE TR TG AL G PIEAT T G WA TR AE. I R T Z R S puMs s k. 45 REM: B9
AT — 58 H 0 Bl 40 i A/ Y, Hodb 2, 2k, 2m X SGC-7901 1) ICso fH 73514 18.8, 18.5, 24.5 pmol/L, X A-549 [
ICso 1E 435120 24.1, 29.0, 20.7 pmol/L, &7 HOBE I HUMRG I, (AR — D090 FRIEEA b, PIPHHR M ROE R,
KEEE  a-FRBLIRIRNE, GG ik, BuMiE

Synthesis and Antitumor Activity of O, O-Dialkyl-a-phenyl-a-
(substituted benzoylanoxy)-methylphosphonate

Yang, Jiagiang™* Gu, Qing” Shu, Bo® Song, Baoan® Liu, Jingzi®
(“ School of Pharmacy, Zunyi Medical College, Zunyi 563003)
(® Department of Biochemistry and Molecular Biology, Zunyi Medical College, Zunyi 563003)

(“ Center for Research and Development of Fine Chemicals, Guizhou University, Guiyang 550025)

Abstract In search of more effective anticancer agents, the title compounds were prepared via the esterification reaction of
o-hydroxyphosphonate and substituted bezoic acid with N,N'-dicyclohexylcarbodiimide (DCC) as condensing agent. Twelve
of them were reported for the first time. Their structures were clearly established by elemental analysis, IR, "H NMR and "*C
NMR spectra. The antitumor activities of target compounds were tested for the first time. The result indicated that they exhib-
ited certain antitumor activities, and compounds 2i, 2k, 2m showed more potent activities against SGC-7901 with ICsy values
of 18.8, 18.5 and 24.5 pmol/L, against A-549 with ICs, values of 24.1, 29.0 and 20.7 pmol/L. Meanwhile, preliminary struc-
ture-activity relationships of the title compounds were studied.
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a-hydroxyphosphonate; synthesis; esterification; antitumor activity
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BENE, N H TR AR . ZIR K, AT
SHRABIFU AR DUREIEVE Y1, BATAE AT x5
WA DI FUIER b, AR VR 45 M I B, R R
R BHEETINR a-FRIEBR RS R, W& T 16
A 0,0 JriF-a- F I -o- (UK F AR ) - TR R IR
Befir e, Horb 12 MU SR IARIE. T IR, #HE K
TCER T FLATRBEAT T 3RAL, JF B UOHZR S
UM PEREAT TS, & 2 WL Scheme 1.

P
— R R N
1@%0 - N OR
R I N
0

Scheme 1

1 ZR5E
1.1 BRA*

W SCER[ A, RER A A A R, AR
K WA Bk, A & IR 75 2R R 5 SR %
N7, [l =4 AT A S R T AR . DR, TR
MR M &, FRAT1ERE T4 DCC A FIVER T
il 0,0 B 1-F2 5 - (U ORI ) F LI 1 1 15 A ROR
IR — 20 OV A il H AR, DML AP 2a 104 ORI, &
FBABRE A AL A, HEALEIE AR TR o-F2
FEOR HUIE IR — C R EATERAL, RIS N I Al L
FER AR, Bk, T s VI R A, BRATERE T &
Rlig 5 46477 DCC, % BEE 3.2 1ike, 74
Y, HAR =5, RN RATHE 5T AN FEE R R
RIS, kR . A ke DU, R
fes K S Mo A TR, 45k 1. WK 1 v LA
H DU AR E U I, RN R A v, IR E
68.5%, MIEREIL TR B R B AN I, A J —
SRR =26, JCILAE R BRI IR 7R e
W EERAL 12.3%.
2.1 iEERT

76 IR i, tL&TE 1640~1670 cm ' 2], 55
SR C=0 M4EIRIM 7 1450~1610 cm ' Z 7], 47
AR B ()RR C=C B 2R s i, 7F 1220~1300
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R AFREFIR H R4 2a 77 Z 500
Table 1 The influence of different solvent on the yield of title
compound 2a

L e L L

F= 2% 58.6 45.2 12.3 68.5 49.2

© 2013 Chinese Chemical Society & SIOC, CAS

em ' 200, HEARNK P=0 {R4iiRshR g, £ 990~
1100 cm™ ' 2 [8] 45 BEHE K P—O—C (& I 5 AL

A 'HNMR ¥, K3 EEAE 6 7.00~8.30 211,
G — MR B oA, 5 B R AHIE R CH
I H BTS2 208 R AR A, 29 PR AN )
X, AL AN FAE 6 6.10~6.50 2 [].

2.3 pREIEN

MFE 2 W] LA HY H AR A 0t Bl ik i) g 4 Jfa 2
I — 8 BB FE A T, R BOUREE A AL A
PRI A R FEE . SRt 59) 2, 2d, 2g, 2i,
2k, 21, 2m X ST 40 B (A-549) 165 A v M s i,
TH A 28 (R=C,Hs, R'=4-F, R*=4-CH;), 2m
[R=CH(CHs),, R'=4-F, R>=4-NO, %} A-549 [{14i%
PEREOR, 1Cso 27124 19.8, 20.7 pmol/L; 5 4 MLEWI%}
N B A0 HI(SGC-7901) RIS A A S PR o, 73 A
W) 2i, 2k, 2m, 20, 1fj 2i [R=CH(CH;),, R'=H, R*=
4-NO,], 2k [R = CH(CH;),, R' =H, R?=4-CH,]*}
SGC-7901 [ 41 il 7% 1 B 4F, 1Cso 43 %l 4 18.8, 18.5
umol/L; L&) 2f (R=C,Hs, R'=4-F, R*=H), 2g (R=
C,Hs, R'=4-F, R?=4-CH;)*} A [ 115 40 Jf (K-562) 15 5%
USRINERAIE N

* 2 WoRr, X} SGC-7901 HHNE AR 4 MbA
¥ R=CH(CHs),, [F]i} R* N 4-CH; 5 4-NO,, ifi R' %1
SR X K-562 FARUFENEER 2 MEEY R=
C,Hs, R' 4y 4-F; X A-549 BB AMHITT TR0 1 7 ML A
WP 6 MESYI R D H, R b 4 i BUfRY), HRP K%
M 4-CH; 8 4-NO,, 1 R LW E A LA 24, 2k, 2m
X A-549 F1 SGC-7901 14 8 41 o #1545 e e (1 40l A
Jl, Ry CH(CH3),, R* 24y 4-CH; 58 4-NO,. X L8545
FWI R* 4 4-CH; 5L 4-NO, I, B4k &k 2 56 il ik
1) T e A AT AL R AR T, R=CoHs % K-562 1l
TEPERUE, XF SGC-7901 #HIfE IR GY R K2
b CH(CHs),; R' A 4-F [R4b &) K 2 5 K-562 80 4%
LIRS P, TN A-549 TEMER UL AT, RP £ N
H.

MR 2 IR, BATIAE 2 H bRy e 40 i 0 1 5
FOTHE PR G R — LR P g 5 A — e 220, (e
IR YR I K P E DU it A Ay, AR
RGP LG R — P
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£2 Hisb&EWX A-549, SGC-7901, K-562 ] ICso fH
Table 2 ICs, values of target compounds for A-549, SGC-7901
and K-562

ICs¢/(umoleL ™)

1 2

Compd. R R R 7549 SGC-7901 K-562
2a C,H; H 4-NO, 34.8 56.1 43.2
2b C,H; HH 27.3 33.6 53.2
2¢ C,H; H 4-CH; 72.4 32.5 33.8
2d C,H; H 4-F 22.8 37.3 68.5
2e C,H; 4-F4-NO, 432 44.7 379
2f C,H; 4-FH 45.1 33.2 25.9
2¢g C,H; 4-F 4-CH;, 19.8 37.6 28.3
2h C,H; 4-F 4-F 134.5 98.2 55.3
2i CH(CH3), H 4-NO, 24.1 18.8 43.2
2i CH(CH;), H H 156.2 785 44.7
2k CH(CH3), H 4-CHj; 29.0 18.5 56.3
21 CH(CH;), H 4-F 29.5 32.4 115.8
2m CH(CH;), 4-F4-NO, 20.7 24.5 43.6
2n  CH(CH), 4-FH 432 61.5 52.1
20 CH(CH3;), 4-F 4-CH; 53.9 28.6 73.6
2p CH(CH;), 4-F 4-F 38.3 45.1 82.8

Cisplatin 8.6 7.1 17.5

2 %ig

Wi 4i47 DCC AR, Wil&m T —&R
b1 0,0 Hi Kk -a- R K -o- (PRI Y R AAU L )~ FR LIRS 1R
BEAT A, X H bR S vt S R B ek
A AT e I DN e 8 0 i G RV, U AL
G 21, 2Kk, 2m ARGFANENE T, BAAEE RO
. HE— DA S O R IR IE AR AT
3 XWEH
31 XEHIKH

X-4 BB S E AN Varian 2040614, KBr &
J; Bruker 400 MHz #ZHEILIR{CHF CDCL, MR
TMS); 1#[H Elementar Vavio-IIT %! ¢ 2 3 #11¢; ELX800
10 HI Eg FRAY.

TR AR R R i TR SCRR [22] 1k, AR 1 S
BCS WLSCHR 23], S B POs Rl T 4 Ab 2R,
N,N- 3R O Fem (DO TRl gz Tk 2w, $
RIS s alis o b s, HaiAT e —»
AbFE,

32 TWAHME

PRI R(10 mmol) 5 AA 1(10 mmol) ‘& T
50 mL = NI, A 20 mL Jo/K & i,
TEVK=3R4 0 CF, &M NN-Z3F R — i
(DCC) (9 mmol DCC %+ 10 mL JG7K CH,Cl,), 1 h i
SEHE EWL T HERE RN, TLC B R NV RE, 15~20 h )5
SN GhR T e 2 RA BRI IR AR, W R AR E AT
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[VCAMEE) @ LR OB =1 © 1], B~

0,0"- . . F-0- K Fh-o-(4- RS FE K F IR A 366 ) - R L
FRME(2a): Vs RS BRIRIA, P75 68.1%. 'H NMR (400
MHz, CDCl5) 6: 8.22~8.03 (m, 4H, ArH), 7.52~7.25 (m,
5H, ArH), 6.30 (d, J=13.2 Hz, 1H, CH), 4.06~3.87 (m,
4H, 20CH,), 1.20~1.08 (m, 6H, 2CH3); *C NMR (100
MHz, CDCl;) 0: 163.2, 150.8, 134.7, 133.5, 131.0, 129.9,
129.1, 128.7, 128.6, 128.5, 127.9, 127.8, 123.7, 70.8, 67.4,
16.4, 16.3; IR (KBr) v: 2995.4, 1649.1, 1566.2, 1514.1,
1246.0, 1031.9 cm™'. Anal. caled for C;sHyNO;P: C
54.97, H 5.13; found C 54.91, H 5.23.

0,0"- . L K -o- K K -0~ 2K FF I 4 2 — PR IO 12 1Y
(2b): TOKBIRAR, 775 65.3%. 'H NMR (400 MHz,
CDCly) 6: 8.07~8.02 (m, 2H, ArH), 7.54~7.21 (m, 8H,
ArH), 6.34 (d, J=13.3 Hz, 1H, CH), 4.11~3.87 (m, 4H,
20CH,), 1.17~1.02 (m, 6H, 2CH,); *C NMR (100 MHz,
CDCLy) d: 164.9, 133.5, 129.9, 129.3, 128.8, 128.7, 128.5,
128.4, 127.9, 127.8, 70.8, 68.1, 16.4, 16.3; IR (KBr) v:
2987.7, 1651.0, 1554.6, 1516.0, 1244.0, 1026.1 cm .
Anal. calcd for C;sH,,OsP: C 62.07, H 6.08; found C
61.98, H6.15.

0,0"- . . He-0- K I or-(4- 1 JE 2 R AU ) — FFV L i
3T (2¢): LEREFIIA, 72% 59.4%. '"H NMR (400
MHz, CDCl3) : 8.03~7.98 (m, 2H, ArH), 7.59~7.56 (m,
2H, ArH), 7.39~7.24 (m, 5H, ArH), 6.38 (d, J=13.4 Hz,
1H, CH), 4.14~3.97 (m, 4H, 20CH,), 2.40 (s, 3H,
CH;Ar), 1.26~1.17 (m, 6H, 2CH;); *C NMR (100 MHz,
CDCLy) d: 165.0, 144.4, 133.6, 130.0, 129.3, 128.8, 128.7,
128.6, 128.5, 128.4, 127.9, 127.8, 126.6, 70.8, 67.3, 16.4,
16.3; IR (KBr ) v: 2985.8, 1653.0, 1566.2, 1435.0, 1246.0,
1024.2 em ™', Anal. caled for C1oH;05P: C 62.98, H 6.40;
found C 62.80, H 6.30.

0,0~ . 3-0- K F-a-(4- 52K H I A 2 )~ HH L e 1
Ba2d): JTCERFBE, 7% 62.7%. 'H NMR (400 MHz,
CDCly) 6: 7.86~7.82 (m, 2H, ArH), 7.39~7.35 (m, 2H,
ArH), 7.28~7.20 (m, 5H, ArH), 6.36 (d, J=13.3 Hz, 1H,
CH), 4.11~4.03 (m, 4H, 20CH,), 1.27~1.16 (m, 6H,
2CH;); *C NMR (100 MHz, CDCly) §: 164.1, 140.0,
133.5, 133.3, 131.3, 129.9, 128.9, 128.8, 128.7, 128.6,
127.9, 127.8, 127.7, 71.0, 67.3, 16.4, 16.3; IR (KBr) v:
2989.6, 1664.5, 1556.5, 1506.4, 1236.3, 1024.2 cm .
Anal. caled for C;sH,,FOsP: C 59.02, H 5.50; found C
59.21, H 5.37.

0,0~ 0. 3 -0-(4- 5 A H ) -a-(4-FiF I K FH R 4 A )~
FJE I 12 TG (2e): ¥ B CARS BABLAA, P2 66.3%. 'H

http://sioc-journal.cn/ 1115
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NMR (400 MHz, CDCl;) §: 8.05~8.08 (m, 4H, ArH),
7.25~7.23 (m, 2H, ArH), 7.08 (d, J=8.3 Hz, 2H, ArH),
624 (d, J=13.4 Hz, 1H, CH), 4.09~3.91 (m, 4H,
20CH,), 1.21~1.08 (m, 6H, 2CH;); *C NMR (100 MHz,
CDCly) d: 163.1, 150.8, 135.0, 134.4, 131.5, 131.4, 131.2,
131.0, 129.3, 129.2, 128.9, 128.8, 123.7, 71.0, 67.5, 16.4,
16.3; IR (KBr) v: 2997.3, 1668.4, 1556.5, 1506.4, 1236.3,
1018.4 cm™'. Anal. caled for C;sH;sFNO,P: C 52.56, H
4.66; found C 52.62, H 4.69.

0,0"- . L. Fk-0-(4- R I )-0- A% FH R A e R BE i IR
Fe(2f): JCRBERA, 7% 61.5%. '"H NMR (400 MHz,
CDCly) 6: 8.04~8.01 (m, 2H, ArH), 7.36~7.26 (m, 5H,
ArH), 7.18~7.13 (m, 2H, ArH), 6.25 (d, J=13.5 Hz, 1H,
CH), 4.05~3.94 (m, 4H, 20CH,), 1.17~1.10 (m, 6H,
2CH;); *C NMR (100 MHz, CDCly) §: 164.9, 134.7,
134.6, 133.6, 132.2, 131.2, 129.9, 129.3, 129.1, 129.0,
128.9, 128.7, 128.6, 70.2, 67.5, 16.4, 16.3; IR (KBr) v:
2986.8, 1654.9, 1566.2, 1454.3, 1240.2, 1029.9 cm "
Anal. caled for CigH,FOsP: C 59.02, H 5.50; found C
59.14, H 5.53.

0,0~ L -0-(4- TR I )-a-(4- H I 2K H R 44 586 )~
IR IR 2g): TR B, 7% 62.1%. 'H NMR
(400 MHz, CDCly) 0: 7.94 (d, J=7.8 Hz, 2H, ArH),
7.39~7.22 (m, 2H, ArH), 7.15~7.04 (m, 4H, ArH), 6.24
(d, J=13.6 Hz, 1H, CH), 4.09~3.87 (m, 4H, 20CH,),
2.30 (s, 3H, CH;Ar), 1.18~1.10 (m, 6H, 2CH;); °*C NMR
(100 MHz, CDCly) J: 164.8, 144.5, 134.6, 134.5, 132.3,
132.2, 131.3, 129.9, 129.3, 129.1, 128.9, 128.7, 126.3,
70.0, 67.5, 16.4, 16.3; IR (KBr) v: 2987.8, 1668.4, 1554.6,
1456.2, 1317.3, 12402, 1026.1 cm '. Anal. calcd for
C1oH2,FOsP: C 60.18, H 5.67; found C 60.00, H 5.83.

0,0"- . LK -0-(4- 5 2K I )-a-(4- 50 2K F I 48 3 ) -
FEBERR R (2h): LR B AL, % 62.6%. 'H NMR
(400 MHz, CDCls) 8: 7.66 (d, J=8.5 Hz, 2H, ArH), 7.20
(d, 2H, J=8.5 Hz, ArH), 7.13~7 .05 (m, 4H, ArH), 6.13
(d, J=13.5 Hz, 1H, CH), 4.01~3.82 (m, 4H, 20CH,),
1.09~1.02 (m, 6H, 2CHs); *C NMR (100 MHz, CDCl5)
5: 164.0, 140.1, 134.8, 134.7, 131.9, 131.8, 131.2, 130.8,
129.3, 129.2, 128.9, 128.8, 127.5, 70.3, 67.5, 16.4, 16.3; IR
(KBr) v: 2987.8, 1660.7, 1558.4, 1506.4, 1230.5, 1029.9
cm !, Anal. caled for CsH9F,05P: C 56.25, H 4.98; found
C 56.21, H 5.08.

0,0"- 5 N F-a-TKFe-o-(4- il FE 75 F R AR 3 ) - F 3%
TIRIR(21): VT RN BIIAA, 7% 68.3%. "H NMR (400
MHz, CDCL3) 6: 8.25~8.19 (m, 4H, ArH), 7.39~7.15 (m,

1116 http://sioc-journal.cn/
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5H, ArH), 6.25 (d, J=13.0 Hz, 1H, CH), 4.07~3.87 (m,
2H, 20CH), 1.22~1.08 (m, 12H, 4CH3); *C NMR (100
MHz, CDCly) 8: 163.3, 150.7, 139.1, 134.8, 131.0, 129.9,
129.8, 129.3, 129.3, 129.1, 128.0, 127.8, 123.7, 71.7, 67.4,
24.3,24.0,23.5,23.2; IR (KBr) v: 2985.4, 1672.2, 1556.5,
1454.3, 1317.3, 1236.3, 10164 cm '. Anal. caled for
CaoHpsNO,P: C 57.01, H 5.74; found C 57.12, H 5.68.

0,0"- " 5t N K -a- R K -a- 2K I 4 Ik — PP 66 Il 1
(2§): TCOKTFIRAE, 72% 60.7%. 'H NMR (400 MHz,
CDCly) 6: 7.59~7.26 (m, 10H, ArH), 6.37 (d, J=13.3 Hz,
1H, CH), 4.14~3.96 (m, 2H, 20CH), 1.25~1.10 (m, 12H,
4CH3); “C NMR (100 MHz, CDCly) §: 163.8, 134.7,
133.5, 133.2, 131.1, 129.9, 128.9, 128.8, 128.7, 128.5,
128.0, 127.9, 127.8, 71.0, 67.4, 24.5, 24.3, 23.7, 23.1; IR
(KBr) v: 2984.1, 1664.5, 1566.2, 1454.3, 1319.1, 1238.3,
1016.4 cm™!. Anal. caled for C,0H,s05P: C 63.82, H 6.69;
found C 63.75, H 6.53.

0,0 " 5N Fk-0- I8 Fk-q-(4- L% FR R 40 L ) FE ARG
TERRIRQ2K): TR, 7% 65.4%. '"H NMR (400
MHz, CDCl;) &: 8.04~7.33 (m, 9H, ArH), 6.25 (d, J=
12.8 Hz, 1H, CH), 4.30~4.07 (m, 2H, 20CH), 2.39 (s,
3H, CH;Ar), 1.36~1.23 (m, 12H, 4CH3); *C NMR (100
MHz, CDCly) 8: 165.1, 144.4, 136.1, 130.2, 130.4, 130.0,
129.6, 129.2, 128.4, 126.0, 68.1, 67.3, 24.0, 23.5, 22.4,
21.7; IR (KBr) v: 2983.8, 1664.5, 1556.5, 1463.9, 1238.3,
1016.4 cm™!. Anal. caled for C,;H,,0sP: C 64.61, H 6.97;
found C 64.65, H 6.94.

0,0"- " 5 N Fe-a- A I - (4-F5UAS TP R S8 368 ) - PP L e
MREEQD: LR FB AR, 7% 62.5%. 'H NMR (400
MHz, CDCL3) 6: 7.96~7.57 (m, 4H, ArH), 7.46~7.24 (m,
5H, ArH), 6.36 (d, J=13.2 Hz, 1H, CH), 4.12~3.98 (m,
2H, 20CH), 1.29~1.13 (m, 12H, 4CH3); *C NMR (100
MHz, CDCly) d: 164.8, 124.2, 133.5, 131.9, 131.3, 129.9,
128.8, 128.5, 128.1, 128.0, 127.9, 127.8, 126.7, 70.8, 67.4,
24.9,24.3,23.8,23.3; IR (KBr) v: 2978.8, 1656.3, 1556.5,
1456.2, 1256.4, 1046.5 cm™'. Anal. calcd for CooH,4FOsP:
C 60.91, H 6.13; found C 60.99, H 6.03.

0,0'- - 53 TN Fk -a-(4- Fol R I )-o-(4- Fir§ & 2K A I 4
- L BERR IR 2m): R FTRK, 3% 67.6%. 'H
NMR (400 MHz, CDCl;) J: 8.15~8.08 (m, 4H, ArH),
7.31~7.18 (m, 4H, ArH), 6.24 (d, J=13.4 Hz, 1H, CH),
4.06~3.81 (m, 2H, 20CH), 1.20~1.06 (m, 12H, 4CH,);
C NMR (100 MHz, CDCly) d: 163.3, 151.8, 135.0, 134.0,
131.6, 131.4, 131.2, 131.0, 129.3, 129.2, 128.9, 128.3,
123.7, 71.0, 67.5, 24.9, 24.5, 23.7, 23.2; IR (KBr) v:
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2967.3, 1656.3, 1556.5, 1492.9, 1234.5, 1000.0 cm .
Anal. caled for C,0H,3FNO-P: C 54.67, H 5.28; found C
54.66, H 5.13.

0,0~ 5 N K -a-(4- TR )-a- 4 T IR A 0 — RO i
B3I (2n): JCERE ML, 725 62.0%. 'H NMR (400
MHz, CDCL;) 6: 8.04~8.01 (m, 2H, ArH), 7.42~7.13 (m,
7H, ArH), 6.24 (d, J=13.5 Hz, 1H, CH), 4.05~3.84 (m,
2H, 20CH), 1.17~1.10 (m, 12H, 4CH3); "*C NMR (100
MHz, CDCls) 6: 164.9, 134.7, 134.6, 133.6, 132.2, 131.2,
129.9, 129.3, 129.1, 129.0, 128.9, 128.7, 128.6, 70.2, 67.5,
24.8,24.2,23.6,23.2; IR (KBr) v: 2973.2, 1646.9, 1612.4,
1568.1, 1242.6, 1004.4 cm™'. Anal. calcd for CooH,4FOsP:
C 60.91, H 6.13; found C 60.80, H 6.32.

0,0"- — 51 TN Hk -a-(4- 3 A8 3 )-a-(4- L 2K PG 460
)~ HE B IR R (20): L ERGFIBAL, % 642%. 'H
NMR (400 MHz, CDCly) d: 7.94~7.90 (m, 2H, ArH),
7.49~7.10 (m, 6H, ArH), 6.24 (d, J=13.6 Hz, 1H, CH),
4.09~3.78 (m, 2H, 20CH), 2.30 (s, 3H, CH;Ar), 1.18~
1.11 (m, 12H, 4CH;); *C NMR (100 MHz, CDCl;) ¢:
164.8, 144.5, 134.6, 134.5, 132.3, 132.2, 131.3, 129.9,
129.3, 129.1, 128.9, 128.7, 126.3, 70.0, 67.4, 23.4, 23.0,
22.1, 21.6; IR (KBr) v: 2975.0, 1663.3, 1566.2, 1456.1,
1246.8, 1009.2 cm ™. Anal. caled for C,;H,FOsP: C 61.76,
H 6.42; found C 61.81, H 6.40.

0,0"- 5 N Hk-a-(4- SR T )-0-(4- 3R H IR 4L ik ) -
L BEIR IR (2p): LERFIRAA, 775 65.9%. 'H NMR
(400 MHz, CDCl;) d: 7.88~7.83 (m, 2H, ArH), 7.48~
7.26 (m, 6H, ArH), 6.31 (d, J=13.3 Hz, 1H, CH), 4.10~
3.93 (m, 2H, 20CH), 1.24~1.14 (m, 12H, 4CH,); "*C
NMR (100 MHz, CDCl;) d: 163.6, 134.8, 134.7, 134.1,
133.3, 131.8, 131.3, 129.4, 129.3, 129.2, 129.0, 128.7,
126.7, 70.4, 67.4, 243, 24.1, 23.7, 23.4; IR (KBr) v:
2980.3, 1655.6, 1556.5, 1490.9, 1456.2, 1257.1, 1049.4
cm” L. Anal. caled for CooHy3F,0sP: C 58.25, H 5.62; found
C 58.20, H 5.57.

3.3 {LERI I E MK

K MTT iE0 5 1 B AR 2a~2p 73 5l i AT 4441
PR A0 M A-549C N it 40 fitd) . SGC-790 1 (i 4 i)
K K-562( [ 1L 955 41 ) 1) 20 3 1 0 3e . 0 J8d 40 Jia A,
F RPMI-1640 £:7%4T- CO, B4+ 37 °C, 5% CO, HiFll
T R, WHEEANM] 0.25% 8 AR AL AR, K
A0 TR A R BT A0 ) S B P, A A
5X10°A/mL ¥ 96 FLEsFEM, 4L 100 L, K H,
A G HANFIRENEY), 25 4~5 AR, H4
2 3 ASTATIL, IR 1415 % AL (AR 9 BH
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PEXHIR). THIRIREIE, 5% CO,, 37 ‘C4AF FEEFE 48 h,
BN 5 mg/mL MTT % 10 uL, k85954 h)5,
% BiEW, RN DMSO100 pL il fi a2 (0 4
i, BERG R, TEEFAM. TARN K 570 nm 0
% (OD)E, VAU MR, 40 M A7 3 2 A P\ k22 1l il
2k, FP s59%:(Reed and Muench ¥22) 1157 ICs {8, 45 5 W
* 2.
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