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EE: L -SRI RERRTE FVRAC S rh R4, M B8 TR [Bmim]OH LT, BN T, LA 79.6%~84.1%
ARG AL T R PRI LS8 (Ma~T1f) , 2 IR, 'HNMR. “CNMR ik T/ W2kt . R A AL mems
WEPUREME (MTT ) BE 7 TSR TG R, S5 5R%0H . ZRIb ARt N B A (SGC-7901 ) A Jiida
YA (AS49) FIGFHIGIER, Hrb, AR BN ERY Ma, b X SGC-7901 A EMAHEFEITHI/EM
ICs 309 (12.940.9) pmol/L. (14.3£1.1) pmol/L; SFFUMIR: B HAR Mc. Nd X A549 HH BEE
P, ICso 510 (15.940.9) pmol/L, (14.2+1.3) umol/L,
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Synthesis and Antitumor Activity of Glycoside Derivatives
Containing Phosphonate M oiety
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Abstract: A series of glycoside derivatives containing phosphonate moiety (Illa~f) in yields of
79.6%-84.1% were synthesized by using a-hydroxyphosphonate and bromine substituted monosaccharide
as raw materials, alkaline ionic liquid [Bmim]OH as catalyst under microwave irradiation. Their structures
were confirmed by IR, '"HNMR and *CNMR. These compounds were tested for their in vitro antitumor
activities on some tumor cell lines by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
assay. The results indicated that all tested compounds could inhibit the proliferation of SGC-7901 human
gastric cancer cells and A549 human lung cancer cells. Among them, compounds IIla and IIIb containing
glucose fragment had better inhibition effect against SGC-7901 with ICs, values of (12.9+£0.9) umol/L and
(14.3£1.1) pmol/L, respectively. Compounds Illc and IIId containing galactose fragment showed more
remarkable activities against A549 with ICs, values of (15.9+0.9) pumol/L and (14.2+1.3) umol/L,
respectively.
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GHRIE LY BT IS, WA R T £ R R
Be AT AT b AT T PR s A R 1 SRR
ANTR) Z 90 1) g T T 137 A 9 240 R 0 Y A 1 B e %
P, L AN RSS2 B RO R
BILE a-XF ORI H L R — TR A o- 4B F AR JL
FEREIR — CERIATAE Y A B F MG, 2
P TR AE TR 253 DI RE L AT, (E AR — 2254
P SIRAM ST

WEVE N AR B ot ol ) iz M — A UL A
Y, MREZL, MR, WS EEENTINE
FEHEAE T4 2 UL DNA W3S B4R 1Ly 254
i, BEEEAE SN 411 — 43 T LAIR T B K A3 L R 5K
b1 72 N 1| 5 3 IS s A3 o e
ARG AT AL W TE BT 25 W 5 h A T
B, WE9E R BUAE & A WL 5 BLm s 259
HOBER - BE EAY R E RIS DNA Z54E 5 B
R SRR S 25 A T REL, AR PR b & 1
PEFT, Qe i Jes 245 4 B a1 % 5 W v B i i B 4t
G2 P1-88 4,

FeF AR BRI A G RN SCHERAR TS, A SCHLAE RT3
W TAEFEA L R FE T R Be i 254 & 81 FBDD )
Ik, TECHRIERIPTIRE G M R B - X SRR 3k T 3
JBE R — R -0 oA 3 T L B R — TR &5 4 5
AR A 7SR, BT B2 5) 0 R G 4 07
A, dE— PR BT E T, SR E T b
AL S

1 SRIGERSy

11 RAFEEE

A, CEILME . HERRE, b, EZ5ER
B2 A BRA 5 PO T 3R 1L ( TBAB ) | £085
WK, SR, =W, mhrd, ZmsiberA s ;
W BEER TG R 1P, S ¥ R R 28 6K T Ab
Hi; [Bmim]OH, fb2ral, LR Zy; HaritH
SRl B ol T == VL

X-4 RUBCR IR SIE, RS AR R AT
FRZ> )3 Varian ZLAM GG (KBr R ). Varian
400 MHz AR (R CDCly, AR TMS ),
T2 H AN T ELX800 il MR, 3£

ABALER AT
1.2 Fik
LT
BN
Q

CHO HO._P<GEH:

N + HPO(C:Hs), %, ™

R// R//
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35 4%
OH OAc
HO % Ac0/Z A0 2
OH 20/ZnCl, > Br,/P > Br
Ho OH 100 C CH;COOHr.t. AcO  OAc
W s

OAc

AcO o) o
[Bmim]OH/TBAB 0
—_—

2115
MW, 900 W, 40 C AcO OAc

I + 1
X

L
R

I

Hrp, Ma: R=o-F, M jc=4%k%; Mb. R=p-F,
WEELTT=H %M ; Mc: R=o-FAEFIT=LFLHH; lld:
R=p-F, BEHIC=LFF; le: R=o-F, WEHIL=H
#EbE; If: R=p-F, W o=,

HE A T B & 2 B [S-6], hIRIA T
(A £ 7 1 2 IRk [ 14]

Plla W& RCAB, #F 0.820 g (2.0 mmol ) 7R
A ZREEA L. 0.156 g ( 1.0 mmol ) [Bmim]OH
WA AR B, A 0.644 ¢ (2.0 mmol )
PUT 3Rk EE (TBAB ), 0.556 g (2.0 mmol ) H[i]
& 1. 50 mL 4845 &% 50 mL Ziifbok ., Tiika il
W, REMIE I 900 W, IV IRIE 40 °C, N
60 min, fF1E/RN, SMEIEFR, WAl 15
M, HENrEdifk, BEREEY Ma, %R
EiRJr A b~ £,

Y 0,0'- . L F-a- (BB - AR FE)-a-(2',3',4',6'-
VU-O- it -p-D-NE i A 284 35 )- FH AR TE (TlTa) -
REOFEPWAR, 72% 84.1%, IR (KBr), vem™':
3045, 2963, 2930, 2821, 1751, 1681, 1640, 1533, 1427,
1382, 1248, 1226, 1074, 1031. '"HNMR (400 MHz,
CDCl3), d: 6.95~7.36 (m, 4H, ArH), 5.52 (d, 1H, J=
10.8 Hz, OCHO), 4.97~5.38 (m, 4H, 40CH), 4.13~
4.16 (m, 1H, PCH), 4.10~4.12 (m, 6H, 30CH,), 1.89~
2.08 (m, 12H, 4COCH;), 1.09~1.18 (m, 6H, 2CH;);
BCNMR (100 MHz, CDCly), d: 170.5, 169.9, 169.5,
169.2, 161.9, 136.5, 130.1, 129.9, 119.6, 115.7, 85.8,
73.2, 69.9, 67.8, 63.6, 63.5, 61.5, 20.7, 20.6, 20.5,
20.2,16.5, 16.4.,

=Y 0,0'- . L e -a- (3 - AR I )-a-(2',37,4',6'-
VU-O- it J-p-D-NE i A 284 35 )- FH SRR (b)) -
RO FBAR, 7% 80.3%, IR (KBr), vem':
3038, 2962, 2931, 2823, 1746, 1685, 1651, 1532, 1430,
1377, 1246, 1231, 1062, 1022; '"HNMR (400 MHz,
CDCl3), d: 6.90~7.26 (m, 4H, ArH), 5.58 (d, 1H, J=
11.2 Hz, OCHO), 4.95~5.40 (m, 4H, 40CH), 4.12~
4.15 (m, 1H, PCH), 4.09~4.11 (m, 6H, 30CH,), 1.89~
2.07 (m, 12H, 4COCH;), 1.11~1.17 (m, 6H, 2CH;);
BCNMR (100 MHz, CDCly), d: 170.4, 169.9, 169.7,
169.6, 161.8, 130.1, 129.5, 124.6, 115.7, 115.5, 83.1,
73.3, 70.4, 68.2, 63.7, 63.6, 62.2, 20.9, 20.8, 20.7,
16.6, 16.5,
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VY-O- £, 1t 35-B-D- Mg > FURE L) - FH SRR g (e ) -
REOEFIRAK, 2% 79.6%, IR (KBr), vem™':
3041, 2966, 2934, 2823, 1758, 1685, 1651, 1531, 1426,
1379, 1251, 1230, 1063, 1025; 'HNMR (400 MHz,
CDCly), d: 7.12~7.26 (m, 4H, ArH), 5.55 (d, 1H, J=9.6
Hz, OCHO), 4.98~5.44 (m, 4H, 40CH), 4.12~4.16 (m,
1H, PCH), 4.02~4.10 (m, 6H, 30CH,), 1.90~2.06 (m,
12H, 4COCH3), 1.10~1.18 (m, 6H, 2CH3); *CNMR
(100 MHz, CDCly), 6: 170.4, 170.3, 169.6, 169.5,
130.1, 129.5, 128.8, 128.6, 127.7, 127.5, 83.3, 73.3,
70.5, 68.0, 63.4, 63.3, 62.1, 20.9, 20.8, 16.5, 16.4,

=W 0,0- . 0 -a-(5F - IR I )-a-(2',3",4',6'-
VY-O- .1t H5-B-D- Mg > FURE L) - R LR g (1d) -
REOFETIWAR, =% 83.8%, IR (KBr), vem™':
3036, 2958, 2920, 2833, 1764, 1681, 1630, 1523, 1437,
1369, 1266, 1232, 1054, 1019. '"HNMR (400 MHz,
CDCl,), d: 6.87~7.18 (m, 4H, ArH), 5.43 (d, 1H, J=9.2
Hz, OCHO), 4.88~5.12 (m, 4H, 40CH), 4.17~4.21 (m,
1H, PCH), 4.06~4.14 (m, 6H, 30CH,), 2.10~2.36 (m,
12H, 4COCH3), 1.15~1.43 (m, 6H, 2CH;); *CNMR
(100 MHz, CDCly), 6: 171.2, 169.3, 130.1, 129.8,
128.4, 128.3, 127.5, 127.4, 127.0, 84.2, 72.5, 70.3,
68.1,63.2, 63.1,22.5,22.4,16.3, 16.2,,

Y 0,0'- . 0 FH-a- (R - AR HE ) -a-(2',37,47,6'-
PY-O-Z, I JE-B-D- Mk g H 2 5% )- LR e ( Mlle ) -
RO FRWAR, 2% 81.5%, IR (KBr), vem ' :
3034, 2966, 2932, 2829, 1755, 1690, 1645, 1529, 1422,
1387, 1251, 1220, 1063, 1026. '"HNMR (400 MHz,
CDCly), §: 7.17~7.32 (m, 4H, ArH), 5.56 (d, 1H, J=
10.0 Hz, OCHO), 4.95~5.41 (m, 4H, 40CH), 4.12~
4.14 (m, 1H, PCH), 4.09~4.11 (m, 6H, 30CH,), 1.95~
2.02 (m, 12H, 4COCHs3), 1.13~1.16 (m, 6H, 2CH,);
BCNMR (100 MHz, CDCls), d: 174.5, 169.9, 169.6,
169.4, 130.2, 128.8, 128.6, 128.5, 128.4, 128.1, 127.3,
85.9, 73.2, 71.6, 69.9, 67.9, 63.6, 63.5, 61.7, 20.7,
20.6, 20.5, 20.3, 16.6, 16.4,

Y 0,0"- . 0 K -0-(F - AR I )-a-(2',3",4',6'-
VY-O- 2, Tt 55 -B-D-M Mg T 2 0535 - FH BE R R TiRC 11 £ ):
R OEEPIRAR, 722 80.7 %, IR (KBr), vem™':
3036, 2960, 2935, 2832, 1750, 1683, 1639, 1545, 1428,
1371, 1235, 1220, 1065, 1021. '"HNMR (400 MHz,
CDCly), J: 6.99~7.26 (m, 4H, ArH), 5.41 (d, 1H, J=
12.0 Hz, OCHO), 4.92~5.10 (m, 4H, 40CH), 4.13~
4.16 (m, 1H, PCH), 4.01~4.10 (m, 6H, 30CH,), 2.05~
2.31 (m, 12H, 4COCH3), 1.19~1.41 (m, 6H, 2CH;);
BCNMR (100 MHz, CDCly), 6: 170.5, 169.8, 129.6,
129.4, 128.9, 128.6, 127.7, 127.1, 127.5, 84.5, 72.6,

70.5, 68.0, 63.2, 63.1, 22.6, 22.5, 16.4, 16.3
1.3 £9iE N

KA MTT 3£ RUBEA xR, I Hbsfe
A XTI RE AN A-549 1 SGC-7901 Fiky 14 5 41 il 1
FH, Pi&E (Reed and Muench 3 ) 8 H 1C5 {H,

2 HR5iTie

21 REEHMERE
2.1.1  ABALH SRR 6 %

VNEHME G Y Ma 615 R0, %5 A ik
AT R RE ], S5 R ILE 1.

R RTINS K2 3 A5 R

Table 1 Effects of different catalysts on the reaction yield

NaOH K,CO; EtN  [Bmim]OH [Emim]CI-AICI,
FERY% 0 12.7 10.2 31.3 28.9

M2 1 AT LUE H, JoHLIE NaOH H T 1 Ko
ABEME HEIZ SN AT 5 TESSIRERTRER . — L .
[Bmim]OH , [Emim]CI-AICl; £ 5 &R B4, fig
P Z 5 U s R AT, e R R B
IR JEBEE = HARP 0 7= %, JLLA[Bmim]OH 4k,
HELRrEE, k5] 31.3%, AIfE)5E K N [Bmim]OH
VE R — R 252 T 119 Bronsted Gt B TR T 25 5
HE44E, Rz kA Hik, i
WA X % 2 L B B A AR A, Nk
[Bmim]OH My fb5 .

2.1.2 B FmAARIE RS HAT R L6 H R

Db &Y Ma Wl R 5], 2280k & 1k
[Bmim]OH JEE /R 4306 S W A 52, W3R 2 FiR o

F 2 M A P B A B R

Table 2 Effects of amount of catalyst on the reaction yield

x([Bmim]OH)/%
20 30 40 50 60
FEHR Y% 20.3 31.3 39.1 42.7 41.0

2 AL, Y4[Bmim]OH EE/R M 20%1
N2 50%, HERPI™ M 20.3 %8Em 5] 42.7%,
Y H R E 60%, KWK A —E K,
Jir DRI AT BB Ao 2 B B AR AR AE, S T )
fgife, BEART 7%, L, BARE FIRIRE /R
AT DA e, HRS A — s Y R
PR T B JEE IR 43 BUFE 50% R fefd: o
2.1.3 BB SR F R

H T A R, e RGP
teEY Ma MEIE RG], 5T 68 FRARMELE
AR, MR STaral . ARaF TR RO IR X
RS, 25 R 3,

MR 3 WAL, (Ol B A BRB AR F % S N 1Y) &
A, AR HARY P R KR R, Y S B R
10 min #4712 60 min, ;=% 22.5%H M F] 58.1%,
A, W& A — S K 2 70 min, J=%T0
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35 4%

I, R I At S O IsF ) P B BB 4 w8 7

0 5 4 i SN AR A B R RNV R R, B R
X N A AT —E R, Bl SO PR 500 W B T
F| 1000 W, 2ZM 58.1 %HEEEH] 74.0%, B TM
900 W | 1000 W, f=3A5fp &5 /IN | [, £ 900 W
FZS AR N YR e, MR 3 Hr AT L
Fil, MR RON R g A R, 2 R I
HENE 40 °C, FERBERIIA 84.1%, {HIE, #E—LTF
EIREEZE 50 °C, P7%A{L 21.5%, TLC IREFS/RN, &
1o R BN R B RT BE S e T 8 Z Rl R b i &k, Bk
BIF=a Rt — 00k ok, BRI SN
NIRFE 40 °C . I# 900 W, Bif[E] 60 min,

K3 BRI

Table 3 Effects of microwave conditions on the reaction

yield
Fisf 18] /min /W R /°C 72 Y%
10 500 20 225
20 500 20 29.0
30 500 20 35.3
40 500 20 42.6
50 500 20 55.9
60 500 20 58.1
70 500 20 58.8
60 600 20 60.4
60 700 20 64.0
60 800 20 69.7
60 900 20 733
60 1000 20 74.0
60 900 30 80.2
60 900 40 84.1
60 900 50 21.5
800 0 40 24.7

gi b, DABHME S AR [Bmim]OH LT,
5 i) LB R A B VLI 50% , I IR A
40 °C, FZRiSIEHN 900 W, S HE] N 60 min, &
RN ) e A B g 451
2.2 RIS

e IR JEE S, iAW 1745~1765 cm™
Z AR C=0 haafkshidg, FIAPILAAAE;
FE 1500 em™" 72 47 A Hr g e U] R R 3R C=C ‘i 424k
35 76 1200 cm™ FIE AT S5 A g, DDA
P=0 FF1E, 1E '"HNMR & d, fL2E i o
6.87~7.36 ZL A B T R IR A MR TI%, 5 —BARHL
BB F RSO —2; 7E 6 5.50 B LAY Y
I, ML AL CH JRT1&; 6. 2.00 24 1)
WAy 2, TR 366 1) FH L o 10

23 BhEEE
K AL BERR O A e (MTT ) X Birfb &
YIieAT 7RSI R TG I . 25 RNk 4 PR,

F 4 HIREE YA il 40 1Y 1Cs0 B
Table 4 1Cso values of target compounds for different
tumor cells

IC50, (umol/L)

&Y
A-549 SGC-7901
Ma 53.5+1.8 12.9+0.9
Mo 46.0+2.6 14.3+1.1
Mec 15.9+0.9 49.3+2.1
md 14.2.41.3 55.8+2.3
Me 30.3£0.7 27.8+1.2
me 28.1£1.0 22.6+0.9
I 5.6+0.7 5.240.8

ME 4 ATAEH, BisWXMEamE A-549,
SGC-7901 A5 — & [ FE AN H 16 P , BEAR T X B 259
Wi, MAAEPEE R BAS Y Ma ML Xt
SGC-7901 5 ILEA W He Mg i 1, 1Cso 4300 K
(12.9£0.9) pmol/L. (14.3+1.1) pmol/L; fb&#¥
c FTA Z5#g h & A UM B, X A-549 A3 8047
PIIGTEIRIAVE, 1Cso 285124 (15.940.9 ) pmol/L .
(14.2+ 1.3) pmol/L; & H &M By HArY)
M e £ X 7 000 3 958 440 il A-549 .SGC-7901 4%
BRI A 5 PR 2

3 it

TERTIRT S J6hE b, MRAETE Mk A B A R B,
TEBE AT, DABsE 3 PR [Bmim]OH R fifk
A, BT 6 MR A RSN
AT MR S IR SR . E AR A it i N firb 3 4
A —E S FEAM G, Hoh S A R By H bR
YIxF SGC-7901 MBI G R W2, & bFLpsE
B BRI A-549 AR FEAM G TG PER W . X
KA Y S SPUEVE A fr ik — 2 IRA
fifF5%

S 30k
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