ci .

RSB RR AL S & R R K562 MBRSE RIS

y ~ = *
M, e, EHA, FH, RIAY 98 k%m%k, WE 330006)

WE: B SRR BB XL SR at & f s dn itk KS62 AdpEMeydrhI1ER . 535 A FRAAHHZULA,
F2 I8 BB A BART B AR, BT FHRBRRE AR — A 9| # et , PR M. MTT i n 2 e AR R aE
MG e gE fm AR K562 tafe e dnhlER . 5R KT 10N FoMH — 2 aHEHR. & RAT —EHFHHEAH—
AT S E M0 BB K e A,

XHEE: MG R, BUEESY; A K562 i
FESHS: RI14.4 NEkFREE: A XERS:
DOI: 10.13748/j.cnki.issn1007-7693.2019.15.001

SIRAAST: A3k, HoIM, K&, 5. BBk RIS WA R AS K562 ta & a7 [1]. + B I R A 255, 2019, 36(15):
1857-1860.
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Synthesis and Anti-K562 Cell Activity of Phosphoramide Compounds

DU Fen, HUANG lJianxiong, HUANG Rui, ZHOU Yin, XIONG Yuanzhen*(Medical School of Nanchang University,
Nanchang 330006, China)

ABSTRACT: OBJECTIVE To synthesis and evaluate a series of novel phosphoramide compounds, and to evaluate their in
vitro inhibitory activity of leukemia in K562 cells. METHODS The target compounds were designed by using aryl amino as
active group while hydroxyproline as carrier moiety, they were synthesized by several nucleophilic substitution reaction, whose
structures were characterized, the inhibitory effects of which on human chronic myeloid leukemia cell line K562 were
determined by MTT assay. RESULTS Ten new compounds exhibited certain biological activity against K562 cells.
CONCLUSION A new class of phosphoramide leading compounds with certain anti-tumor activity is found.

KEYWORDS: chronic myeloid leukemia; phosphoramide compounds; synthesis; K562 cells

2 4 6 14 1 199 (chronic myeloid leukemia,
CML) 2 1 4 & I A [ 7 41 i st 4% 2 S 110 0%
PE R, T 2 IR WS 0 1) 77 (tyrosine  kinase
inhibitor, TKI)E M AT CML MIGKIGTT,
OER. BB RMES RSN, e th
AT EE. BaE AR, £H ARk,
T e e R4k S W02 5 BoAT RIS PR R W ARIE .
7 18 30 38 17 OL T e e 24 A ol 1 Il ) v A v T
TEHYHHD, B IO M 7 e 8 2H 23 Hh R Ak AH A Ak
KRR FEREIAE R, 256 B e IR e B 205 1
AL VLR A SR A A - R I S R A B d4
K5 A BN . BEEIREEE N1k, Bt
T R B A G, BET A R T X LE T H AR
Y, FRAE 7 HEH, WE T ENSA CML 41tk

K562 A3, it — 28 B FE 4R AL LA
1 &gk
1.1 (U 5ME

B A5 b AV 710 35 R R 2, e A8 T T
AR R4 . RY-1G 45 s A (REER I HT G
EALBE R A BR A F]); "H-NMR 1 BC-NMR(H 7%
TMS) 52 F 600 MHz ] ACF-600 Q %k =A%
(F&[E Bruker); il iz H MS/5975 Jii i (3£
Agilent).
1.2 AL

AR WL 1, BARGE M LR 1.
1.2.1  N-(0,0- %58 585 W ok i 3% )- Jx 20 -4- ¥ 3%
LA R (42, 4b)IE KD BERR — 2 FE(1a,
23.0 g, 152 mmol)E iR — NS (1b, 29.8 g,
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HO,
H.y NaOCl Q qr)ﬁr i
Y H O=P o
RO ORf —0 5  P-CI — 0 5 Rd 'R
R,0° OR, 1 1
R=:i-Pr 1la 3 R=:i-Pr 4a
R=Et: 1b 2 R=Ft: 4b

HQ,

COOH 7\—)\ DCC,THF &r \( C00CHs
*c 000 N

ey
R40 OR1

R.
4a,4b ,o 0R1 R1" -Pr
_R2 DCC,THF =
RO OR COOH — TRo 0R1 @
4a,4b Ry=i-Pr: Sa—Se
R=Et: 9a-9d
R,=CH3, NO,

1 Hieyme e

Fig. 1 Synthesis of target compounds

152 mmol) il jx X -4-F2 2 -L-l & R (3, 20.0 g,
152 mmol)— I AIK(50 mL)H, VKK, H 30%
SEANET(1.S mL)WT pH £ 9, #H: FHA
R E1(20%, 70 mL), 5 B4k 42 ) N 30 min Ji5
HEMIREARNHERREMNG g, 28 mmol)
K B RSEEYIN pH A 2, A 20 g ALY
J5 218 RS ZEEL(100 mL, 2 1K), & 3FE LM,
Jo7K MgSOs T4, W4, 5% Ba 4 FH A i Tk /
LR O R 45 AR T B g R 4a B 4b(7 K 54%).
TLC W, RIFFINE-HEEE4 : 1), HER
o, HFr A RE=0.7.

Mp: 94~95 C: [a]=—45; 'H- NMR(600 MHz,
CDCly): 7.16(s, 1H, -COOH), 4.79~4.60(m, 2H,
-P(O)[OCH(CH;),],)» 4.46(t, J=6.7 Hz, IH,
-C(CO)H-), 4.39(m, 1H, -CH(OH)-), 3.37~3.23(m,
2H, -CHy-), 2.35~2.15(m, 2H, -CH,-), 1.32(m,
12H, -P(O)[OCH(CHs), o) EE 7 ik & AE CDCly
T BE R o
1.2.2 4-F 22 S 2 -5-WE M H R 2L T (5) I A B
¥ OB PR B8 (4.0 g, 0.03 mol)s 1, 4-—4H /N
(35 mL)A1 35 mL /K& T =30k, fEVKIB FHid:
15 min 5, MANBARZEETRZ(5.5 g» 0.03 mol),
k4N 0.5 h, FRAt R =R B 2.5 h G IMABLIR
(2.6 g, 0.03mol), [HE 1h, RMEEFRG, EIKE
TN KA pH Ny 8~9, HilE, T, ZFR 4B
EAN, BAGOERY 4-FF 325 FE-5- 158 W F iR
Ll .

Mp: 173~175 ‘C . 'H-NMR(600 MHz ,
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CD;CD,0D): 4.26(q, 2H, CH;CH,-), 2.52(s,
3H, CHs-), 1.32(t, 3H, CH;CH,-);: MS(m/z):
462(M"H)!

123 2-[1-(— A T S )-4- 2 L b g -2 -
e 3 1-4-FSEE WS- TR Z R (6) I & I
4a(4.0 g, 13 mmol) Al 4-F 25 Jk-5-ME ML HH iR 2,
fig(5, 22 g, 12 mmol) & T J& /K VU & Wk IR
(tetrahydrofuran, THF)H, #iiHE T n =3 ALk
% (dicyclohexylcarbodiimide, DCC)H] THF ¥
Wi, JBi2h 5, figd THF, MO M,
V€, VEWZ I 2 mol- L™ H,SO4. 5%NaHCOs.
DA AR AN A AT BE B, oK MgSO, T, it
P, WREZEBR KR LR L1, 15 A aPURE A,
LR O BREL T, 50 G,

Mp: 112~114 °C . '"H-NMR(600 MHz, CDCl5):
8.20(s, H, -CONH), 1.76(s, 3H, -CH;), 4.18(q
J=1.3Hz, 2H, -CH,CH3), 1.13(t, J=7.6 Hz , 3H,
-CH,CH;), 4.68(m, 1H, -CH(OH)-), 4.68(m, 1H,
-C(CO)H-), 4.56(m, 2H, -P(O)[OCH(CHjs),]5),
3.40~3.71(m, 2H, -CH,-), 1.91~2.22(m, 2H, -CH>-),
1.25~1.40(m, 12H, -P(O)[OCH(CHs),]5); MS(m/z):
186(M").

1.2.4  4-F2Hk-2-75 Jii FP g B g -1 -6 - IR — %
PG (8a~8e) I & K K 4a(4.0 g, 13 mmol) 15 &
(7, 1.3 g, 12 mmol)¥% T THF , i+ Fifgn DCC
(1) THF ¥, 4% 82 K29 2 h J5 i€, Jig 2 THF,
W8 BRI, TUE, S5 5 23 2 mol- L™ HaSO4-
5% NaHCO; LA S &AL A1 W e %, oK
MgSO, TH, uE, WIEZER KIS O OB,

BAEGYCIREAR, 28 8 EL 515 A EE
AR K 8a~8e.

1.2.4.1  4-F2 552K fric F I R b gt - 1 - 25 - iR — 5
PiliE(8a) Mp: 108~110 ‘C. 'H-NMR(600 MHz,
CDCls): 9.41('s , 1H, -CONH), 7.57(s, 1H, ArH),
7.56(s, 1H, ArH), 7.41(m, 1H, ArH), 7.31(m,
1H, ArH), 7.09(m, 1H, ArH), 4.13(m, 1H,

-CH(OH)-), 4.13(m, 1H, -C(CO)H-), 4.42~4.52(m,
4H, -P(O)[OCH,CHs],), 3.22~3.66(m, 2H, -CH,-),
2.22~2.42(m, 2H, CH,-), 1.28~1.38(m, 6H,

-P(O)[OCH,CH;],). *C-HMR(150 MHz, CDCls):
170.32, 138.16, 128.85, 123.96, 119.43, 72.52,
72.15, 71.59, 60.21, 55.21, 37.70, 23.84, 23.77,
23.56, 23.53; MS(m/z): 340(M").
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1.2.4.2  4-F3 52 [i] Y JOR e FF I Rk b g - 1 - - Tl
B — 5 75 & (8b) Mp: 84~86 ‘C . 'H-NMR
(600 MHz, CDCls): 9.48(s, 1H, -CONH), 7.41(s,
1H, ArH), 7.36(m, 1H, ArH), 7.18(m, 1H, ArH),
6.90(m, 1H, ArH), 4.66(m, 1H, -CH(OH)-), 4.65(m,
1H, -C(CO)H-), 4.45(dd, 2H, -P(O)[OCH(CHs),]»)»
3.21~3.38(m, 2H, -CH,-), 2.32(s, 3H, - CH;),
2.18~2.64(m, 2H, -CH,-), 1.26~1.38(m, 12H,
-P(O)[OCH(CH;),]5). *C-HMR(150 MHz, CDCls):
170.23, 138.72, 138.08, 124.75, 120.02, 116.49,
72.48, 72.15, 71.62, 60.16, 55.21, 37.65, 23.81,
23.77, 23.56, 23.54, 21.39; MS(m/z): 383(M").
1.2.4.3  4-FR5E-2- 400 FF 0K e HH g R bt v - 1 - 25 -
s — SNl (8c) Mp: 120~122 ‘C. 'H- NMR
(600 MHz, CDCls): 9.48(s, 1H, -CONH), 7.41(s,
1H, ArH), 7.36(m, 1H, ArH), 7.18(m, 1H, ArH),
6.92(m, 1H, ArH), 4.66(m, 1H, -CH(OH)-), 4.65(m,
1H, -C(CO)H-), 4.45(dd, 2H, -P(O)[OCH(CHs),]»)>
3.21~3.38(m, 2H, -CH,-), 2.322(s, 3H, -CHs),
2.18~2.64(m, 2H, -CH,-), 1.26~1.38(m, 12H,
-P(O)[OCH(CHs),]5): *C-HMR (150 MHz, CDCl5):
170.18, 135.55, 133.49, 129.32, 119.41, 72.40,
72.07, 60.19, 55.17, 37.77, 23.79, 23.76, 23.56,
23.53, 20.77. MS(m/z): 383(M").

1.2.4.4  4-F0 5L -2- % Y JE 25 i R g e b g - 1 - 5 - T
% — 5 PifE(8d) Mp: 125~127 C. 'H-NMR
(600 MHz, CDCls): 9.33(s, 1H, -CONH), 7.41(s,
1H, ArH), 7.44(s, 1H, ArH), 7.11(s, 1H, ArH),
7.10(s, 1H, Ar), 4.64(m, 1H, -CH(OH)-), 4.66(m,
1H, -C(CO)H-), 4.41(dd, 2H, -P(O)[OCH(CHx),]»),
3.25~3.38(m, 2H, -CH,-), 2.298(s, 3H, -CHs),
2.20~2.55(m, 2H, -CH,-), 1.25~1.38(m, 12H,
-P(0)[OCH(CH;),]»)- “C-HMR(150 MHz, CDCls):
170.18, 135.55, 133.49, 129.32, 122.26, 119.41,
72.40, 72.07, 60.19, 55.17, 37.77, 23.79, 23.76,
23.56, 23.53, 20.77; MS(m/z): 383(M").
1.2.4.5  4-F25E-2- 40 RH 3 2R i HH Mot S bt v - 1- ik - i
B — S lE(8e) Mp: 113~115 'C. 'H-NMR
(600 MHz, CDCl3), 11.18( s , 1H, -CONH), 8.75(m,
1H, ArH), 820(m, 1H, ArH), 7.65(m, 1H,
ArH), 7.15(m, 1H, ArH), 4.68(m, 1H, -CH(OH)-),
479(m , 1H, -C(CO)H-), 445m , 2H,
-P(O)[OCH(CHs),],), 3.41~3.57(m, 2H, -CH,-),
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2.2~2.52(m, 2H, -CH,-), 131~1.38(m, 12H,

-P(0O)[OCH(CH;),]»)- *C-HMR(150 MHz, CDCls):
177.40, 130.46, 128.89, 126.00, 124.77, 122.26,
72.61, 72.131, 71.99, 60.30, 55.45, 38.35, 23.84,
23.62; MS(m/z): 414(M").

125 &Y 9a~9d G K 4b(4.0 g, 13 mmol)
A s AR (7, 1.1 g, 12 mmol)¥& T THF
W, BEEE RN DCC Y THF %, M KZ1 2 h
JG e THF, $h3E, R 2 6% MR )5 5 5
2 mol-L™" H,SO4. 5% NaHCOs. SUALEH A1V T
Ve, To/K MgSO, T, 198, LR LBEE 4,
3 A B E AR K 9a~9d.

1.2.5.1  4-F5-2- O i FH B 2R mE g - 1 - - R — &
Bl & B (9a) Mp: 98~100°C . 'H-NMR
(600 MHz, CDCls): 9.41(s, 1H, -CONH), 7.57(s;
1H, ArH), 7.56(s, 1H, ArH), 7.31(m, 1H, ArH),
7.32(m, 1H, ArH), 7.09(m, 1H, ArH), 4.13(m,
I1H, -CH(OH)-), 4.14(m, 1H, -C(CO)H-),

4.42~4.52(m, 4H, -P(0)[OCH,CH;],), 3.22~3.66(m,
2H, -CH,-), 2.22~2.42(m, 2H, CH,-), 1.28~1.38(m,
6H, -P(O)[OCH,CHsly). "“C-HMR(150 MHz,

CDCls): 170.35, 138.08, 128.89, 124.07, 119.50,
71.48, 63.48, 63.20, 55.28, 37.98, 16.12, 16.08;
MS(m/z): 340(M").

1.2.5.2 4525k -2- [ H 266 25 frig HA I SR bt s - 1 - L - Tl
8 — Z 1§ 9b) Mp: 204~206 ‘C; 'H-NMR
(600 MHz, CDCls): 9.34(s, 1H, -CONH), 7.41(s,
1H, ArH), 7.37(m, 1H, ArH), 7.19(m, 1H, ArH),
6.91(m, 1H, ArH), 4.463(m, 1H, -CH(OH)-),

446(m, 1H, -C(CO)H-), 4.47~449(m, 4H,

-P(O)[OCH,CH;],), 3.23~3.41(m, 2H, -CH,-),

2.32(s, 3H, -CHs), 2.19~2.65(m, 2H, -CH,-),

1.29~1.36(m, 6H, -P(O)[OCH,CHsl,). “C-HMR
(150 Hz, CDCls): 170.01, 135.54, 128.89, 133.67,
130.37, 129.41, 71.71, 63.53, 63.24, 60.35, 55.27,
37.90, 20.83, 16.19, 16.09; MS(m/z): 355(M").
1.2.5.3  4-F 5L -2- 408 B JE 24 g HH gt J5k it gt - 1 - - g
B Z.lE9¢) Mp: 194~196 ‘C, "H-NMR(600 MHz,
CDCls): 8.81(s , 1H, -CONH), 7.86(s, 1H, ArH),
7.19(m, 1H, ArH), 7.17(m, 1H, ArH), 7.05(m,
1H, ArH), 4.14(m, 1H, -CH(OH)-), 4.13(m, 1H,
-C(CO)H-), 4.46~4.51(m, 4H, -P(O)[OCH,CHs],),
3.27~3.45(m, 2H, -CH,-), 2.32~2.53(m, 2H,
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-CH,>-), 2.31(s, 3H, -CHs), 1.29~1.35(m, 6H,
-P(0)[OCH,CH;],): *C-HMR(150 MHz, CDCls):
170.40, 136.00, 130.46, 128.89, 126.00, 124.77,
122.26, 72.61, 72.13, 71.99, 60.30, 55.45, 38.35,
23.84, 23.62, 17.84; MS(m/z): 355(M").
1.2.5.4  4-F25E-2-5F AR O g FH g SR bt v - 1 - k- i
# — Z.l5(9d) Mp: 122~124 °C. 'H-NMR(600 MHz,
CDCly): 9.33(s, 1H, -CONH), 7.47(s, 1H, ArH),
7.45(s, 1H, ArH), 7.13(s, 1H, ArH), 7.12(s,
1H, ArH), 4.5(m, 1H, -CH(OH)-), 4.47(m, 1H,
-C(CO)H-), 4.5~4.62(m, 4H, -P(O)[OCH,CHs],)
3.38~3.42(m, 2H, -CH,-), 2.31(s, 3H, -CHs),
2.23~2.28(m, 2H, -CH,-), 1.32~1.35(m, 6H,
-P(O)[OCH,CH;]5); "“C-HMR(150 MHz, CDCl5):
170.01, 135.54, 128.89, 133.67, 130.37, 129.41,
71.71, 63.53, 63.24, 60.35, 55.27, 37.90, 20.83,
16.19, 16.09; MS(m/z): 355(M").
1.3 AWiE

RMPI-1640 /il 3 mL 10% FBS B A5k %
1 K562 g0ffirh, T 37 CI 5% CO, 1 746 15 97
24 h J5, BARBHRBENEOE B0 KR RIEHR
&, MONHT RMPI-1640(% 10% FBS/%{CHEIR,
B F e B AR KORAS R4 1k, il
RAFZTE 1.5x10* 4B, R T 96 FLIR
i, BT 5% CO, 57846, T-37 CHiFE 24 h % H.

1E 96 FLAR 1 1 52 36 4 i N A [R) 3 B2 AL 5 i
W, HMMEEWE 4 NIRE, S5 1x107,
0.5x107, 0.25x107, 0.125x10° mol-L™", 44 #
3IANEIL, FEEAMEXSRZ, BT 5% CO,:
RiFf6rh, F 37 CH:FE 72h, SHIIIN 1% MTT
W20 uL, FAMEIRG SRS G, 44 E 4h )G
FBEARAXT 490 nm AW 5E Y% FE(OD). THHAE
KT i 98 A A K B HIR 2, I I AR R SR A
AN ICso.
2 EERML
21 A
2.1 BEER R N ERECRR L-F2 I 2 R 1 & Ak
FHRE IR AN 5 R — S T G S B, SR 1 B
Bl FA, XERHME LS, TR
50%~54%.
2.1.2 MEREEERIA R KR R BRI L-
BREARE — S S A5, &5 A3 i
ki ek, H DCC MUbiAGH], Wi~ RS

-1860 -
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A7),
2.2 AWNENHE

10 NEALEYIXT K562 40 s EL3I1E
BARTEESIR Rel I kb & e, B 8d Gt
rEEREMES; (LEY 6 L K562 AHMITE 1SS,
Ui 1 F T oo E MR IR B T A R R W, B
FENEBRERIL T CEEBEIRER, AR WK 1. 40/
AT TR IR I 40 i R AN R B N, B
B B B A HEAER . &2 b, ARSRRI T
— W B — o B U I B I Ml 2 e AL
a0

R HLE I KS62 # ICs,
Tab. 1 [Csy of novel compounds against K562 cell

s R; R, ICso/umol-L™"
8a i-Pr H 0.383+0.021
8b i-Pr m-CHs 0.340+0.007
8¢ i-Pr o0 -CHj 0.193+0.021
8d i-Pr p-CH; 0.076+0.020
8e i-Pr NO, 0.990+0.068
9a Et H 0.493+0.022
9b Et m-CHj 1.050+0.056
9c Et o-CH; 1.0800.041
9d Et p-CH; 1.130+0.033
6 0.998+0.024

KW E e 0.050+0.006
e 0.079+0.006
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