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Synthesis of O,0-Dialkyl-a-phenyl-a-phenylsulfonyloxy-
methylphosphonate under Ultrasound and Their Antitumor
Activity

Yang, Jiagiang™* Gu, Qing” Hu, Yuewei’ 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 A series of O,0'-dialkyl-a-phenyl-a-phenylsulfonyloxy-methylphosphonates were synthesized from oa-hydroxy-
phosphonate and benzene sulfonyl chloride under ultrasound. Effects of different solvents, reaction time, reaction temperature
and ultrasound power on the yield were investigated. The optimum reaction conditions were obtained. The method has some
distinct advantages such as convenient, short reaction time and high yields. Their structures were clearly established by 'H
NMR, IR, MS and elemental analysis, and the fragmentation pathways of them were studied. Preliminary results in bioactivity
tests indicated that some title compounds exhibited better activity against A-549.

Keywords a-hydroxyphosphonate; sulfonate; ultrasonic synthesis; antitumor activity
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1 2007 % 223 L v A IR BTN o3 I ) XU
R TR A 0 b R S R R R R, A X e
Erp, BERERA TS DU 2530 4], 2 BX LeHGE Y
SIE, RATCARTIIRE SN SR, R A i 7 S HE SR 2
Pt & B, KT I A R S gk
(1R BR e B FH R PR ISR B 4, vt B — R AH B R
BefTAEY) B HEHUMRTE TERT ST, O TR, 4R
I IR), FBRATVRIEFE T 68 7 i S A A 12 i A B e i %
HARY), IF28AN A | N 4 A x) = 28 e . evt JE i
L Eq. 1, A %4 W, Scheme 1.
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1 ZRETE
11 ERA*
11,1 RZZEF A B A7dh = F 69750

CLEHAR) 3a GBI, 17552 T AR
=50, £E 50 mL =20 I 5 mmol H )44 1
115 mL %57, 0 “C R 6 mmol 1 [A]4& 2, 30 min Jill
Y, FIINANZ 403 mL, SN Y, TLC BREE, 30
h RMSEEE. O Nd 8, BRI IEDE, IR K
mL X 4)Pesk, RAGHE, RO, 5 R R
(MR TR © VR MEH=3 : 1], 5778, NEEFX
HARPI = 2 14 5 W3R 1.

Wit E 1 TUUEL, 45 MR NS, DA
NP ZRAEEE S, P, 1K 22.9%. 1X—SEihgh R
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R AFREFIR H R4 3a 77 1500
Table 1 The influence of different solvent on the yield of title
compound 3a

sl ] THF DMSO &Mkt HR

PR % 5.8 12.7 10.2 7.6 22.9

AT LMV SR T B S N LA B AR, 2 BT X LR
A, BREIRAN, HAx 4 M3, THE, DMSO, 5
HE) A AR R s R, SR 2 T R T )
I EIZRAZ AR RN, )ik 2 B 2 a5 I Re )
B, RIS KA, HEZ T g 4 2 S ) 4k
2 BEAE TR WSS, i bk, Bk 4 RAERT
R 0 SN I 77 AT 2% S N L AR DL R 2R i 77,
AR =2, (RREUR, FO RN K. %18
B AR T DU 2 AU, A S5, 40
Joi B NI T 50 05, E 296 b N R Az U A
W, O T EEENZ RN P, AR R R NI ), FRATT 2
TEE PR N AOZSR R IR N, I 5T AN A R
Z5AERT H AR 22 (1) 5.
1.1.2 A& B I FE3F B AR = R 670

PAJE/K FRZR s, il 75 O Vil 25 °C B
] 60 min, 75 ¥ 1E FERRS DIA R, W5 T AN D
(40, 60, 80, 100 W)XJ H 54 3a [1)7= 2500, W4 2.

K2 HEAN TN HERY) 3a PRI E

Table 2 Yield of title compound 3a effected by ultrasound
power

TR /W 40 60 80 100

I Y% 20.1 45.7 60.5 66.2

© 2013 Chinese Chemical Society & SIOC, CAS

M6 2 T4, YL 40 WHE S 100 W, HARH~
HKH 20.1%3E 2] 66.2%. LT IR R R S TN
YE T PRI AR, BN RNV T3 S e,
ZAE RS SO N B W R B — e S BhVE D TR
K, R RE AL R IR I B =Rk, A Al AR
FREREAE ] g, EAA AT RN R AR, R R A
. TR A AN TR IR AT S B, Bt R P TR (1
K, PR IBERALERN, DI H 40 W SE S 60 W,
FERYER T 25.6%, 1RGSR ZBETE 20 W, PR
R 14.8%, 5.7%, IHLIRATHIE 100 W ok fefE W
=,

1.1.3 RS BF )% B 474h 7= F 69 %5 0h

PRl OV I 100 WL 1% 25 °C, HEEAR
SRV [ 3a P2 sE M. WK 3.

ME 3 TEH, E£30~150 min P, 77 ZBH N )R]
ER TG AN, RV ET ) AN 30 min £ 60 min, =2
WA, BT 37.6%; VAL 60 min #4490 min,
FEEYE T 1.8%, HMIMIEANRZ, 1 MM 90
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Table 3 Yield of title compound 3a effected by reaction time
SN E/min - 30 60 90 120 150
FER % 28.6 66.2 68.0 69.1 69.6

min FEK 150 min i, RIS I T 60 min, {H)™ %
PR AEUD, X 1.6%. LZEH%IE, TATESE 90 min Jy
et S I ]
114 RLid B B AR 5 F 49700

] 2 P N I 100 W BiF 1] 90 min, 25 %AN[]
IR BEXT H B 3a 7R E 5. WK 4.

4 AR H A 3a 7o B

Table 4 Yield of title compound 3a effected by reaction tem-
perature

S/ C 5 15 25 30 35
PR Y% 47 30.2 68.0 60.8 455

M 4 oLEH, BEE RVIEEN 5 CHmE 15,
25 C, HE =W 4.7%53 08N %E 30.2%. 68.0%,
PR T 25.5%, 63.3%; MU 25 F 35 C, FEE
A3 60.8%, BRAK T 7.2%, i [N 35 CIt, 7~
KER 45.5%. %45 KA AT LA PG RV A 2%
RS Sy R AT RS SV i oy, s WV 5 1) 1
SN T BEAT IR RO, il T B — e R, R
AR B RN KA, A4 = e B AR. Bk,
TAIHGE 25 C Ry fedd [ VIR S
1.2 EEREN

IR #4ls v UE H, HERYH R T C=C 45 4:3)
R T 1450~1610 em ' JHIT; 7 1250~1270 cm ' 2 /)45
AR P=0 MAaHR AN S=O faadeah Bl th BiAE
1180~1200 cm ' ZJal; £F 990~1050 cm ' 2 [A] 45 55
(1) P—O—C Wliele; Rl 55 3 | 1) C—H i)
W U AR B 2.

£ '"H NMR $dEd, HARY S R M0
BURRAE. R LA AEAE 6 7.00~8.20 2 [l;
W3 SRR P o A, A B (E A
5 5.60~6.20 Z [Al; BEIEIE L1 2 AN I S A
LML, WRE R Z RIS T A TEIR, =
(A7 BH LK, A PSP a S v — AN b T 2R3 1T
(LBHRIDX), AN B 2RIR, BrAk A7 RS AN ).

76 MS Fflirh, HArR M BRI, i S—
0, C—0 J C—P Z5HWi, (Al 20 H BRI
U, DAEAH) 3a Jy i, o SLmE B e ] e ) T 24 7 kAT
file®e, WK 1.
1.3 HiBhEiE M

HE S i T %0, 562 H AR Bl ik e 4 A
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Figure 1 The fragmentation pathway of compound 3a
A PGS . JCLMGE4) 3b, 3d, 3f, 3h Xt
Nt 958 4 L (A-549) PR 386 B 0 )3 P e i, 1Cso 233l A
20.2, 18.8, 18.1, 20.3 umol/L; H kr#xt N B ¥ 40 i
(SGC-790 1) MG B AMEAE — ML, I Im PR SR b il =4
H A=) 3b, 31, 31 (1) 1Cso 5351124 27.1, 25.6, 28.6 pmol/L.
BATEATLUE H, X A-549 JHIE PR I LAML B9
R' %A 4-F 8§ 2-OCHs, [HI R Ky n-C4Ho i, HFr¥st
A-549 [PAMENEPER 22 BRI ASFEIRT SGC-7901 1)
ST AN P AT ] B A

N T HEAZE EAR SR A S rIPUE
WEPE, BATIERE A RUEW ISR A4 [0,0-7
Tt P -0 AR I - - (4B AR 2R PR IR A0 )~ R L R R IR 4 )

NG R A E Y AL IS 17T A-i %] SGC-7901 (1l
VERAR T HARY). S50 45 J Ul W IR I 1 e 141 %
SERIS AN A-549 FRITRIAE P A RSP0 R IR TG
TR — L AT SGC-7901 [MHNETEm 5, A
KA S PR RIS B fE ] RIS AR AL H X e
WA G RIF TR T FI 2%

2 it

RN, BOHER T — &R 0,0-"fikk-a-
BRI Fe-a- IR T I S PP R R IR R AT A4, DU HY 4
HA A LR, AR TR 100 W,
NS 25 °Cy WA 90 min. %A B VAR A VIR
B AR AR AR S5 R o, o
HARD)0S iR 4 . A-549 AT AR, 3E—2D
SR SR AT T IEAE R EE.
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#5 HEMLEWH A-549, SGC-7901 ] ICso {E (umol/L)
Table 5 ICsy (umol/L) values of target compounds for A-549
and SGC-7901

Compd. R R! R? 1Cs0
A-549 SGC-7901
3a. CHs H H 152.3 72.6
3b CHs 4-F H 20.2 27.1
3¢ C,Hs 2F H 65.5 41.7
3d CHs 2-OCH; H 18.8 39.2
3¢ i-CH; H H 121.5 46.3
3f i-CH; 4-F H 18.1 25.6
3g i-GH; 2-F H 74.4 34.8
3h  i-C3H; 2-OCH; H 20.3 30.2
3i »nCHy H H 79.5 139.1
3j »n-C/Hy 4-F H 29.3 36.5
3k n-C;Hy 2-F H 102.6 112.9
31 »nCjHy 2-OCH; H 28.8 28.6

A-i 26.5 21.6

¢ XA S0 B AT R AR A, 5 A IRAL LG, AR EREP<
0.05).

3 REIH
3.1 XESikH

E 111 KQ-500DE FYHsiE i v fs; X-4 T %
AEAY; Varian Z04861E1%, KBr & f; Bruker 400
MHz #Z LR (57 4 DMSO-dg); Agilent JiiE{X;

% Elementar Vavio-1I1 #4502 70 #T4%; ELX800 i F b
1%

TR RR R B, B NI AR T 48 KT g Ak
L LR ST e, H AT — DA

IE.
32 LWHE

RIEAA 1A RS L SCHR[20], HRIRAR 2 ()& S
FSCHR[21]. #F 5 mmol FHAMA 15 15 mL Jo/K A
50 mL =&UHH, UKERHE 0 CF, Wb 6 mmol Hri ik
2, 30 min HNEE, RN 3 mL =4%, SR)GH B
TEVEER T, IR 25 C. Pp% 100 W AE T N 90
min. 5258, UE, WARIDEEIEDE, JER A K(G mLX4)
Ve, WAEA N2, MR aBE. W EAE (SR
L) @ V(AR =3 1 1], #3774,

0,0~ L3 -0- 2R He-o- KT I AA I F L R IR R (3a):
WO FE W, 7% 68.0%. 'H NMR (400 MHz,
DMSO-d,) d: 1.03~1.15 (m, 3H, CH;), 1.22~1.36 (m,
3H, CHs), 3.75~3.92 (m, 2H, OCH,), 4.02~4.14 (m, 2H,
OCH,), 5.63 (d, J=14.8 Hz, 1H, PCH), 7.13~7.28 (m,
5H, Ar-H), 7.75~8.01 (m, 5H, Ar-H); MS m/z: 385 [M+
H]', 247, 243, 227, 157, 141, 137, 109, 77; IR (KBr) v:
3081, 2958, 2852, 1601, 1469, 1267, 1194, 1031 cm .
Anal. calcd for C;7H,;O¢PS: C 53.12, H 5.51, O 24.97;
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found C 53.31, H 5.18, O 24.91.
0,0"- = K -0-(4- F A KL -0~ Tk T A0 D P Jils 1
E(3b): IR AFA, 773 69.6%. 'H NMR (400 MHz,
DMSO-dy) §: 1.14~1.19 (m, 3H, CHs), 1.28~1.36 (m,
3H, CH3), 3.88~4.16 (m, 2H, OCH,), 4.22~4.36 (m, 2H,
OCH,), 5.67 (d, J=15.2 Hz, 1H, PCH), 7.06~7.23 (m,
4H, Ar-H), 7.96~8.02 (m, 5H, Ar-H); MS m/z: 403 [M+
H]', 265, 261, 245, 157, 141, 137, 109, 77; IR (KBr) v:
3084, 2983, 2885, 1606, 1481, 1265, 1191, 1026 cm .
Anal. caled for C7H,0FOGPS: C 50.74, H 5.01, O 23.86;

found C 50.66, H 5.34, O 23.80.
0,0"- = LK -0-(2- F A KL -0~ Tk W A0 o PR Il 1
E(3c): WHOEMIM, 7% 65.2%. '"H NMR (400 MHz,
DMSO-dg) 6: 1.08~1.20 (m, 3H, CHj), 1.25~1.39 (m,
3H, CHj) 3.77~4.15 (m, 2H, OCH,), 4.28~4.46 (m, 2H,
OCH,), 5.98 (d, J=14.8 Hz, 1H, PCH), 7.08~7.52 (m,
4H, Ar-H), 7.84~7.96 (m, 5H, Ar-H); MS m/z: 403 [M+
H]', 265, 261, 245, 157, 141, 137, 109, 77; IR (KBr) v:
3088, 2982, 2891, 1608, 1478, 1261, 1194, 997 cm .
Anal. caled for C7H,0FOGPS: C 50.74, H 5.01, O 23.86;

found C 50.89, H 5.22, O 23.73.

0,0"- . L -0-(2- AU HE DR i ) -0~ SR T 48 ik R
TERRIE(3d): R OFFE, 7% 52.1%. '"H NMR (400
MHz, DMSO-dy) d: 1.13~1.25 (m, 3H, CH;), 1.32~1.39
(m, 3H, CH3), 3.72 (s, 3H, OCH;), 3.87~4.02 (m, 2H,
OCH,), 4.12~4.29 (m, 2H, OCH,), 6.16 (d, J=15.4 Hz,
1H, PCH), 7.05~7.45 (m, 4H, Ar-H), 8.02~8.15 (m, 5H,
Ar-H); MS m/z: 415 [M+H]", 277, 273, 257, 157, 141,
137, 109, 77; IR (KBr) v: 3078, 2985, 2913, 1608, 1477,
1263, 1193, 1025 cm '. Anal. caled for C;sH,;0,PS: C
52.17, H5.59, 0 27.03; found C 52.35, H 5.51, O 27.25.

0,0"- . 5 TH Hs -a- 2 H - % Tl o 40 5 P 6 I 1922 i
(3e): AEE, 7% 67.3%. m.p. 70~72 ‘C; '"H NMR
(400 MHz, DMSO-d) d: 0.97~1.26 (m, 6H, 2CH;),
1.33~1.38 (m, 6H, 2CH;), 4.51~4.77 (m, 2H, 20CH),
5.67 (d, J=15.6 Hz, 1H, PCH), 7.10~7.32 (m, 5H, Ar-H),
7.94~8.12 (m, 5H, Ar-H); MS m/z: 413 [M+H]", 271,
255, 247, 165, 157, 141, 123, 77; IR (KBr) v: 3077, 2992,
2889, 1606, 1472, 1263, 1192, 1020 cm . Anal. calcd for
C1oHasO6PS: C 55.33, H 6.11, O 23.28; found C 55.38, H
6.50, 0 23.27.

0,0"- 5t N K -a-(4- T K Fe)-a- leﬁ%%%h%ﬁqﬁﬂﬂ
FRHE(30): A, 775 69.2%. mp. 71~73 C; !
NMR (400 MHz, DMSO-d;) 6: 1.00~1.06 (m, 6H, 2CH3),
1.25~1.30 (m, 6H, 2CH;), 4.59~4.81 (m, 2H, 20CH),

http://sioc-journal.cn/ 2229



BHlLE

R ek

5.76 (d, J=15.8 Hz, 1H, PCH), 7.20~7.28 (m, 4H, Ar-H),
7.99~8.14 (m, 5H, Ar-H), MS m/z: 431 [M+H]", 289,
273, 265, 165, 157, 141, 123, 77; IR (KBr) v: 3073, 2980,
2915, 1606, 1474, 1265, 1197, 1010 cm™'. Anal. caled for
C1oH,4FOGPS: C 53.02, H 5.62, O 22.30; found C 53.37, H
5.60, 0 22.44.

0,0"- 5 N F-a-(2- T AR 3% )-a- Tl P A 55 FHY 56
WG (3g): RITOFPIW, 772 66.5%. 'H NMR (400
MHz, DMSO-dg) 6: 1.02~1.24 (m, 6H, 2CH3), 1.31~1.34
(m, 6H, 2CH3), 4.52~4.73 (m, 2H, 20CH), 5.78 (d, J=
16.4 Hz, 1H, PCH), 7.18~7.36 (m, 4H, Ar-H), 8.01~8.08
(m, 5H, Ar-H); MS m/z: 431 [M+H]", 289, 273, 265, 165,
157, 141, 123, 77; IR (KBr) v: 3099, 2983, 2919, 1606,
1488, 1259, 1194, 1021 cm ' Anal. caled for C oHy,F-
OgPS: C 53.02, H 5.62, O 22.30; found C 53.28, H 5.63, O
22.38.

0,0~ — 53 TN K5 -a-(2- F AR R IR K )-o- At 1 4 S
SRR IR (3h): RS E R, P 54.1%. 'H NMR
(400 MHz, DMSO-dg) d: 1.11~1.26 (m, 6H, 2CH,);
1.32~1.44 (m, 6H, 2CHs); 3.76 (s, 3H, OCH;), 4.61~
472 (m, 2H, 20CH), 5.83 (d, J=15.9 Hz, 1H, PCH),
7.02~7.45 (m, 4H, Ar-H), 7.88~7.96 (m, 5H, Ar-H); MS
mlz: 443 [M+H]", 301, 285, 277, 165, 157, 141, 123, 77;
IR (KBr) v: 3095, 2987, 2927, 1606, 1468, 1263, 1189,
1031 em™'. Anal. caled for CyH,,0,PS: C 54.29, H, 6.15,
0 25.31; found C 54.33, H 6.60, O 25.39.

0,0"- . 1F T Hs-a- K Kk - 2 Tk B 4 i PP 5 T 122
@3i): RIEOFFE, 7% 67.6%. 'H NMR (400 MHz,
DMSO-dg) §: 0.98~1.02 (m, 3H, CH;), 1.08~1.13 (m,
3H, CH;), 1.39~1.46 (m, 4H, 2CH,), 1.73~1.77 (m, 4H,
2CH,), 4.02~4.13 (m, 2H, OCH,), 4.25~4.47 (m, 2H,
OCH,), 5.85 (d, J=15.0 Hz, 1H, PCH), 7.10~7.31 (m,
5H, Ar-H), 7.89~8.12 (m, 5H, Ar-H); MS m/z: 441 [M+
H]", 299, 283, 247, 193, 157, 141, 137, 77; IR (KBr) v:
3089, 2985, 2889, 1610, 1456, 1266, 1193, 1021 cm .
Anal. calcd for C,HyO¢PS: C 57.26, H 6.64, O 21.79;
found C 57.37, H 6.55, O 21.82.

0,0"-1E | H-a-(4-F R I )-a- Tl T A 56 P 6
TR TG (3)): KB EFATR, 7% 68.1%. 'H NMR (400
MHz, DMSO-dg) d: 0.95~1.00 (m, 3H, CH3), 1.11~1.26
(m, 3H, CH3), 1.38~1.47 (m, 4H, 2CH,), 1.65~1.77 (m,
4H, 2CH,), 3.85~4.16 (m, 2H, OCH,), 4.23~4.44 (m,
2H, OCH,), 5.90 (d, J=15.2 Hz, 1H, PCH), 7.15~7.29(m,
4H, Ar-H), 8.01~8.08 (m, 5H, Ar-H); MS m/z: 459 [M+
H]', 317, 301, 265, 193, 157, 141, 137, 77; IR (KBr) v:

2230 http://sioc-journal.cn/
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3102, 2987, 2920, 1608, 1487, 1257, 1195, 1022 cm .
Anal. calcd For C,;H,sFO4PS: C 55.01, H 6.16, O 20.94;
found C 55.34, H 6.27, O 21.07.

0,0"-1E T H-a-(2-F AR Ik )-a- Tl T A 66 P66 i
MRME(3K): R AT, 7% 65.2%. 'H NMR (400
MHz, DMSO-dg) 6: 1.00~1.08 (m, 3H, CH;), 1.15~1.27
(m, 3H, CH;) 1.42~1.44 (m, 4H, 2CH,), 1.69~1.76 (m,
4H, 2CH,), 3.88~4.10 (m, 2H, OCH,), 4.20~4.47 (m,
2H, OCH,), 6.02 (d, J=14.8 Hz, 1H, PCH), 7.23~7.59
(m, 4H, Ar-H), 7.95~8.20 (m, 5H, Ar-H); MS m/z: 459
[M+H]", 317, 301, 265, 193, 157, 141, 137, 77; IR (KBr)
v: 3105, 2991, 2934, 1606, 1487, 1265, 1193, 1017 cm ™.
Anal. caled for CyH,sFOGPS: C 55.01, H 6.16, O 20.94;
found C 55.25, H 6.23, O 20.79.

0,0-Z1E T K-a-(2- AR L AR I )-o- A 1 4 A HH
SRR (3Y): IR BRI, 77 % 57.4%. 'H NMR
(400 MHz, DMSO-d;) d: 0.94~1.00 (m, 3H, CH3), 1.12~
1.24 (m, 3H, CH;), 1.41~1.44 (m, 4H, 2CH,), 1.69~1.76
(m, 4H, 2CH,), 3.67 (s, 3H, OCH3), 3.91~4.05 (m, 2H,
OCH,) , 4.12~4.35 (m, 2H, OCH,), 6.03 (d, J=15.4 Hz,
1H, PCH), 7.21~7.55 (m, 4H, Ar-H), 7.92~8.12 (m, 5H,
Ar-H); MS m/z: 471 [M+H]", 329, 313, 277, 193, 157,
141, 137, 77; IR (KBr) v: 3092, 2988, 2907, 1604, 1481,
1266, 1188, 1006 cm '. Anal. caled for CypH; O,PS: C
56.16, H 6.64, O 23.80; found C 56.27, H 6.75, O 23.46.
3.3  WEYIHII R E K

K MTT ¥ EAG ) B 454 3a~31 23 il i AT 444
BUMIR A0 M A-549C N il 41 ) SGC-7901 (A 1 Ji 41l Jid)
DT i EERI A 8 B 0D I . 0 R 40 B Ak,
Fl RPMI-1640 5389 CO, WA 37 C, 5% CO, 13
FERE N E 9%, WEEGN I 0.25%/8E 5 (A BETH th AL 4.
A 50 50 A 11 A ) 4 P, R E 96
FUb R, BEFLIEAR AN BB Ny 2 X 10° AN, fed il —51 0k
XA, AR, BeRoeien, K 96 FLIRE T
37 C, 5% CO, [MMFIE IR G FE. Frai e
J, WBRALA IR TR, ARG N & 20 ) 58 48
FEH(200 pL/AL), BAPEFIZS (O R ALINAS S 25 1) 58 42
R FRH(200 pL/AL), FHAHX BRI B AT BH 1k 25 25 5 1)
SEARE AL, MAR 6 NTAT. EEFEM TSR 72 b,
W B TH, BEFL NN 100 uL B FE I MTT (0.5 mg/mL),
JMASEFEFE T AEH 4 h 5, BESLFI0 100 uL 10%[1) SDS.
FHBNERFEAAVE R 12 h 5, SEUBCE 30 min, &Y
30 s, 7595 nm AN HEGFRACIE 1) OD 1H, LAMREE
SRR, A0 RAETE R O PR 2, P 057 (Reed
and Muench 2114 ICsofH, SR LE 5.
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