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Synthesis of phenoxy-phosphoramidate mustard substituted sophoridinic derivatives
and their antitumor activities
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Abstract: Objective

their antitumor activities. Methods

To design and synthesize phenoxy-phosphoramidate mustard substituted sophoridinic derivatives, and to study
Sophoridine was used as the starting material to synthesize the target compounds 2a — 2e via
ring-opening, esterification and phosphorylation reaction. The inhibitory activity against S180, H22, K562, MCF-7, SMMC-7721, and
LoVo tumor cells was determined by MTT assay. Results Five targeted compounds were designed and synthesized, and their
chemical structures were confirmed by 'H-NMR and ESI-MS. The cell test results i vitro showed that all these compounds were more
sensitive to S180 and H22 cells, and were less toxic to normal cells L929. The activities of some compounds were higher than
positive control drug doxorubicin. Conclusion The targeted compounds have good antitumor activities in vitro, and compound 2b is
considered to be a promising candidate.
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Fig. 1 Synthetic route of target compounds

1 NE5RHF

Hiit: Bruker AC-P400 LRI AR ; VGZAB-HS
R ChED HRRAF]]; BB5060 CO, 1
FEFE (PEEBEF G2 A])D); Hit Tecan Infinite M200
FEEER G B A AL s MR B CPH MR A R A R
AT, RS 98%); ZRWA bt &FRH
HHRAT, FESE97%): MEmR. BLE R THEE.
HRETIT . FITHEEE A S Sk A T
IR HE >97%)s A it AR 4 2 #ral;
S180. H22. K562. MCF-7. SMMC-7721. LoVo.
L1929 40 [l [ 25 = 27 BE 2 B 40 % s 6RPMI 1640
K773 (Hyclone); MTT (Sigma-Aldrich); A2
M3 CHCRBUAED R AR A FD.,
2 AEEER
2.1 ERERS
201 3-HIESREL T (-E CEH ZUEREE (12) 15
B AR S TR A B RN I N R
502,60 g, 10 mmol) . [1] FI LT} (1.08 g5 10 mmol)
A120 mL Jo/KPUSOR, — 8% (1.21g, 12 mmol)
T 30 mL Jo/KPUZIRRE, ok 44 Fing] ik
RN, TLC MR N B2 54, sERt, JR 281
25, A - SRR AR (2 0 1) PR, RECgSr
BAENLEY) 1a (265 @), W 80.15%. 'H-NMR

(400 MHz, CDCl3) 6: 7.27 (t, J=17.7Hz, 1H, ArHD),
7.07 (d, J=74Hz, 3H, ArH), 3.79~3.53 (m, 8H,
CHy), 2.37 (s, 3H, ArCH;).

WED) 1b~1e Z /LKA, 48R0 T

2,12 34- T WIEOAE T (2- G &k ) ad B I A
(Ab) &R ZITmEEE 4 (2.60 g, 10 mmol)-.

3,4- " HIFEIK®Y (1.22 g, 10 mmol)y = 4% (1.21 g,
12 mmol) & WAL A4 1b (2.83 g), K 82.20%.
'H-NMR (400 MHz, CDCly) d: 7.12 (d, J=8.1 Hz,
1H, ArH), 7.07~6.90 (m, 2H, ArH), 3.74~3.52
(m, 8H, CH,), 2.25 (d, J=10.7 Hz, 6H, ArCH3).
2.1.3 3-GEEEREE Q- O EHE A (100 1)
G BT 4 (2.60 g, 10 mmol). 3-FEHEEIE
M (1.39g, 10 mmol). —ZJ% (1.21 g, 12 mmol)
RONAFEEY) 1e (3.09 g), W 85.70%. 'H-NMR
(400 MHz, CDCl3) d: 8.26~8.08 (m, 2H, ArH),
7.72 (d, J=7.3 Hz, 1H, ArH), 7.63 (t, J=8.2 Hz,
1H, ArH), 3.80~3.66 (m, 8H, CH,).

2.1.4  A-HEA LR AL (-8 4 ) H AL B S
Ad) BIER BB 4 (2.60g, 10 mmol).

4-FR LR IR FE (1.52 g, 10 mmol) = 4% (1.21
g, 12 mmoD) [ N AL A4 1d(2.82 @), K 75.32%
'H-NMR (400 MHz, CDCl3) d: 8.08 (d, J=8.6 Hz,
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2H, ArH), 7.34 (d, J=8.8Hz, 2H, ArH), 391
(s, 3H, OCH3), 3.76~3.58 (m, 8H, CH,).
2,15 3- = AR OROE (- &) Uk I A
(1e) AR EITHENE 40 (2.60 g, 10 mmol).
- EIERY (1.62 g, 10 mmol). = ZJi% (1.21
g, 12 mmoD) X WA A1) 1e(3.05 g), W% 79.48% .
'H-NMR (400 MHz, CDCl3) 6: 7.54 (ddd, J=17.7.
9.2, 2.6 Hz, 4H, ArH), 3.89~3.54 (m, 8H, CH,).
2.1.6 T - BEBEIZEOTHRE Y Qa) WAk 1R
A ST T SOV IO A TR e (3.80 g,
12 mmol). =Z}% (121 g, 12 mmol) F1 80 mL Jo/K
N, =i, KA 1a (3.31g, 10 mmol) #
120 mL Jo/AK LB, R kR & VT, TLC
W N2 5E 4, gk, PR 2R LA, A
fik - ST (10D Yel, IS @RI EY
2a (496 g), WK 86.25%. ESI-MSm/z: 57433 [M+
H]". '"H-NMR (400 MHz, CDCL) 6: 7.21 (td, J=7.8.
34Hz, 1H, ArH), 7.14~6.94 (m, 3H, ArH), 3.66
(d, J=19 Hz, 3H, OCH3), 3.62~3.39 (m, 8H,
CHy), 3.24~3.12 (m, 1H, CHy), 3.02~2.72 (m,
4H, CH,), 2.53 (ddd, J=31.1. 182. 11.7Hz, 2H,
CH. CH,), 2.35 (s, 3H, CH,. CH;), 1.82~1.05
(m, 15H, CH. CH,).

EY) 2b~2e ZH LA, 4R MI0T:
2.1.7  BRE - B ET IR (2b) I R
EMR IS (3.80g, 12mmol). =4 (121¢g, 12
mmol). L&Y 1b (3.44 g, 10 mmol), & MNAFE]
A1) 2b(4.73 g), Y% 80.32% . ESI-MS m/z: 588.40
[M+H]" . "H-NMR (400 MHz, CDCl3) é: 7.03 (ddd,
J=28.5. 15.0. 6.2 Hz, 3H, ArH), 3.68 (d, J=
1.5Hz, 3H, OCH3), 3.63~3.38 (m, 8H, CH,),
3.19 (ddd, J=13.4. 9.3. 4.6 Hz, 1H, CH,), 3.06~
2.74 (m, 4H, CH,), 2.61~2.31 (m, 4H, CH.
CH,), 2.29~2.20 (m, 6H, CH,. CH3), 2.03 (ddd,
J=259. 13.1. 3.6 Hz, 1H, CH,), 1.96~0.68 (m,
15H, CH. CH).

2.1.8 FREHK - BBt T HF S Qo ME Rk i
EMRHEE (3.80g, 12mmoD). —4f% (1.21g, 12
mmoD). L&Y 1e (3.61 g, 10 mmol), Jx 155
B4 2¢(5.00 g), K 82.62% . ESI-MS m/z: 605.40
[M-+H]". "H-NMR (400 MHz, CDCl;) d: 8.07 (dd,
J=22.7. 8.8Hz, 2H, ArH), 7.68 (dd, J=348.
8.8 Hz, 1H, ArH), 7.53 (td, J=8.2. 3.4 Hz, 1H,

ArH), 3.67 (d, J=5.2 Hz, 3H, OCHj;), 3.61~
3.48 (m, 5H, CH,), 3.30~3.21 (m, 1H, CH,),
3.10~2.89 (m, 4H, CH. CH,), 242 (qdd, J=
34.6. 262, 13.8 Hz, 7H, CH,. CH3), 1.76 (dtd,
J=23.1. 16.3. 12.3 Hz, 10H, CH. CH,), 1.52~
1.22 (m, 5H, CH. CHy).
2.1.9 B - B ETTIIEY 2d) WA
EMRTEE (3.80g, 12mmol). =% (121g, 12
mmol). L&Y 1d (3.74 g, 10 mmol), 735
B 2d(5.47 20, WH 88.55% . ESI-MS m/z: 618.40
[M+H]". "H-NMR (400 MHz, CDCl3) J: 8.07 (dd,
J=8.6. 2.7Hz, 2H, ArH), 7.41~7.32 (m, 2H,
ArH), 3.95 (s, 3H, OCH3), 3.70 (d, J=2.8 Hz,
3H, OCH3), 3.65~3.44 (m, 8H, CH,), 3.24 (t,
J=93Hz, 1H, CH,), 3.02~2.82 (m, 4H, CH,),
2.52 (ddd, J=70.3. 35.5. 6.9 Hz, 7H, CH,. CH3),
1.86~1.29 (m, 15H, CH. CH,).
2.1.10 BUEDK - BEREE AT I (20 & T
EMREE (3.80g, 12mmol). =ZJ% (121g, 12
mmol). L&) 1e (3.84 g, 10 mmol), [N13E
151 2e(4.94 g), K 78.65% . ESI-MS m/z: 628.47
[M+H]". '"H-NMR (400 MHz, CDCly) J: 7.56~
7.33 (m, 4H, ArH), 3.62 (d, J=9.9 Hz, 3H,
OCH3), 3.59~3.35 (m, 8H, CH,), 3.15 (qd, J=
13.8. 4.1 Hz, 1H, CH,), 2.94~2.65 (m, 4H,
CH,), 2.59~1.88 (m, 6H, CH,. CH3), 1.82~0.95
(m, 16H, CH. CH,).
2.2 RSN TEE

O B4 K1) S180. H22. K562, MCF-7.
SMMC-7721. LoVo f 1.929 4ifif, £ 0.25%/BHE
G, WRAT A i, S 10% /2 3 (1)
RPMI 1640 WA M 1X10°/mL, 50T
96 JLHR I, 4L 100 uL, F 37 C. 5% CO, N
H 24 he HHEEM T IMEAIL 6~8 d K REFH
S180 farBd Ml 1 K, 7R &M FHiEUEAK, H
PBS ik 2 k. FE 10%/N M ) RPMI 1640 3
PR ik B 421X 10%/mL BRI, BT 96
LI b, AL 100 pL, IIABRFERRER) 2a~2e %
W GRFERREE 23518 0.61, 1.22, 2.44, 4.88. 9.76.
19.53. 39.06. 78.12. 156.25. 312.50 umol/L),
FL 100 pL; X HEZE A 100 uL RPMI 1640 ¥, 7
37 C. 5%CO, I EAH TR 72 h, HFR4iN)G,
FFFLF I 10 pL MTT %59, F4k8:R59% 4 h, 5%
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2 BiEW, BEFLINA 150 uL DMSO, %% 1 min,
Al A RSP FR TR 58 A, (EREAR A B E 570
nm KeIIWOEIE (4D, THEAMEIE, DI R
FEAEE, RHEETRE, F0IZh 50% 1 B R A
1Cso0 22 LA N BHIE X HEA, AR IR 41 i £929 1
JIEPEE RS . AL S ) 2a~2e (PRSI
*1

JTETENR 1.

%= (4 an—A ) | (A gn—A 5

P03 W P s s G a7 1 7. <o 0 7
HArb &4 2a~2e 295+ S180 Al H22 40 bk AT 1R
SRDERENE AL TRPEXT IR Z R A, 4G
ICso fH7E 2.10~7.00 pmol/L.

BirL &Y 2a~2e BYIRIMBEE 4

Table 1 Antitumor effect of target compounds 2a — 2e in vitro

ICso/(umol-L™")

fe S1804Iffl  H22 4iffe K562 4l MCF-7 4 ffi SMMC-7721 48 1 LoVo 4l 1929 41
2a 2.34 2.63 12.72 26.68 26.44 23.06 66.56
2b 2.13 2.16 18.32 20.58 29.56 24.26 32.93
2¢ 6.86 7.00 26.86 63.44 86.24 44.87 94.55
2d 3.87 5.21 41.09 66.38 49.46 18.99 122.24
2e 2.13 4.14 20.42 23.03 25.60 18.75 32.61
LRI 29.20 36.51 17.23 0.44 1.22 0.15 0.23
3 iie RFSEHAY) 2b A LY 2a AHLL, L&D

XA 1a~1e 06, IR R & 45
P e IE I ETF IR ION AR It I 1) S5 4%
AR, T3 ZANER A Refl i N EAT, BTN
= CIERNEIE ) 538, (U = LG me IR 5E A4,
W5 Ja bRy 7, ARWFUIE R = O e ER; S
S AVE FIAL S N oy 52 %, S BEDU SR I VR 711
SN = 1) = e R I A DY SR MR v LA
TERMT A SO, A7 HERE HG AL B . 1P IR
o SN BRI AR I A Sy RS, T A
AT BUAREE I J LA SO, AT A D BT 2% (47 BHL
ANRS R R SANAE af A LN

P S180 i fukk, 3,4-— HAEEUCY) 2b & 3-
R TIEIARY) 2e HAT R A5 NS 1 6 T H22
Makk, G 2b HITETELh 2 R R 18 fi%.
XFF K562 Ak, 3-HEIRY) 2a 1L T2
FKILE, &Y 2b 52 RUWAEFREMY. BRZ
AN MCF-7.SMMC-7721 } LoVo 41 il LA 1R
S R VE I (ICso {3 N 044, 1.22. 0.15
pumol/L), {HZ 2 LU 2 % 1 % 41 il L929 [RAF AR
SEFNEIEYE (ICso [0 0.23 umol/L), XiiiHZ%
FICEGHT IR M £929 M k£, 1 2a~2e
HIREEREPERD IR A, TR IE R 40 1929
HIVEFIAREY (1Cso>32 umol/L), Horp 4-FF & FH S HY
R4 2d %F 1929 5t 55 (ICso {4 122.24 pmol/L) .

2b XF S180 Fl H22 (IS TEAL T4 &4 2a.,

ARSCEE T 5 AL R TR
BAT AR, FERT AT TARSMUR IR TET . A44h
A0 P A S R AT A S0kt S180 1 H22 41
MORR SRR, HCHER 4088 1929 #:1/NT-BHE X R
HERIE, W EYINERETE R T 22 A, 25
THEIE, WEY) 2b AW st S .
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