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Synthesis and Biological Activities of a-Aminophosphonates
Derivatives Containing Thieno[3,2-c]pyridine
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Abstract A series of novel a-aminophosphonate derivatives containing thieno[3,2-c]pyridine (6a~6p), which have never
been reported in literature, were synthesized from thieno[3,2-c]pyridine-2-carbaldehyde, phosphate ester and aromatic amine
by the Mannich-type reaction. Thieno[3,2-c]pyridine-2-carbaldehyde (4) was produced via nucleophilic addition reaction,
reduction, substitution reaction, cyclization, formylation using 3-thiophene formaldehyde and 2,2-dimethoxyethanamine as the
starting material. The structures of all compounds have been confirmed by 'H NMR, '*C NMR, *'P NMR, IR and MS tech-
niques. The preliminary results of biological tests indicated that most of the title compounds exhibit relatively good anticancer
activity against EC109, HepG2 at the concentration of 50 pg/mL, especially compounds 6k and 60 have more than 90%
inhibitory rate against HepG2

Keywords o-aminophosphonate; thieno[3,2-c]pyridine; synthesis
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CHO CH,NHCH,CH(OCH;),

NH,CH,CH(OCHz),
0 T
s NaBH, s ]

=N
(/\C/ nBuL| / \/

s HP(O 0R1)

3

5a: R' = CHs, 5b: R' = Et, 5¢: R"= i-C3H;

R' = CHs, R? = H (6a), 0-CHs (6b), m-CHs (6¢), p-Cl (6d), 0-Cl (6e), p-NO; (6f); R' = Et, R? = p-CH; (6g), 0-CHs (6h), m-CHs (6i), 0-Cl (6j);
R" = i-C3H;, R? = H (6k), p-CH; (61), 0-CH; (6m), m-CH (6n), p-Cl (60), p-NO, (6p)

Scheme 1

AFETE, Dhorfk, AN 3al; Sihh—MIid 2 il i
TR ERIE — 20 /0 AT “ — 887 OV H A 2 H A4,
ZOT ik O KRR SO E! 10 SR “—E 7 ik
Ko Bl A DL RIS R AL, b FATTH A 2K
VESHIR A T “—4 & "1 A0 i, TLC BREZ RN, i
PR DR N T (.
1.2 HEMRELL S
1.2.1 4xshsig

IR e, £E 3430 em ™' BT (1) o6 W AT I S R 1)
N—H 4R 5h, 3100 cm™ ' FHUT K 7550 C—H {45
BN, 2976, 2926 cm ™' T Ay AT FF KL (1)
C—H 4y I, 1660, 1600, 1450 cm ™' FIIT & 5%
PRI ZE4R 2R T, 1230 em™ ! BHEE S P=0O ({458
S, 1105 em™ ' Lk P—O—C HIfH 4 e s i
I%, 890, 793, 650 cm ' [ JE KI5 IR C—H [T #ME iHh
3.
122 AxmkEIk At

LL 6k~6p A, HT P T 05 PR A5 [ A BELAE
P—O—C BEFEZBH, BRIRIE (1) 5 N6 43 Ak 12K
IR B e DX R 25 B DX, A RGNSy, DA F G AT
SR N Z FIE, 7 6g~6j F1 6a~6f AT ILHLE:, P
JRF a Wk AL EAIETE 4.66~4.96 28], HT
CH—NH [F1) A FER & AER, SEAEMZ I dd 1,
7E 0 4.75~5.35 2 [8], § 6.70~9.00 4 75 IR FZLIA_ A1)
FEPRIIL.
123 Juit

ESI-MS Kk, iy HArfh &3 45 1 7 M+
H], KEs2r I T [M+Na] & MM —H] -, X s
) 6k~6p Fl 6g~6j, #IESLWE LW 7T LIHEIN M,
it 2R 7 1.
1.3 hEVMREMENS

h T 5 A BE FE[3,2-c M IE PR FIAS [ A QS A 0 4k
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EOEYEYER I, KA MTT L 20 B & et B
PR PREAT T A E AR, LA DMSO % 711K
H bR PIC T AR B2 24 5 mg/mL (I, SR M
FERREL 3 MREERRIE, 2008 50, 10, 5 pg/mL, &
W52 I00F BB A I(EC109), A AT 41 i (HepG2) M
e 0 M A0 RCRE, LA S-S B E A Ay B ) R 24
Wy DR A LA P O AL 5 P F) 40 SR BT 6a~6p
FEWR LA 50 pg/mL IS ARG PR 45 R 3K 1.
R 1 ALY 6a~e6p (KM GNHIZ/%)

Table 1 Anticancer activity of compounds 6a~6p (inhibitory
ratio/%)

Compd. EC109 HepG2
6a 6.8 35.2
6b 9.6 359
6¢ 79.9 76.9
6d 49.0 69.4
6e 51.2 69.2
of 61.8 33.9
6g 61.3 74.4
6h 59.0 72.0
6i 88.4 89.7
6j 84.9 78.6
6k 86.2 91.7
ol 80.2 76.5
6m 68.8 62.0
6n 77.4 64.8
60 86.6 92.0
6p 70.3 61.9

5-Fluorouracil 54.5 54.2

© 2013 Chinese Chemical Society & SIOC, CAS

WA AP P e SRR IR 1) 4E 50 pg/mL
WEER, A BAs e a WS man i AR 40 i)
RO A R e . e dY 6 (R'=Et
R’=m-CHj,), 60 (R'=i-C3H;, R*=p-CI)% £ 41 f
AR IC AT, WHIZ5 A 88.4%, 86.6%:; LIk
re T IR 7) S-RUBR MR I 5 T N A s 4 B g4
H, &4 60 (R'=i-C3H,, R*=p-CI)f# 2% B 5 4f,
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P ik 92.0%, HLUUEL AW 6k (R'=i-C3H;, R*=
H)M 6i (R'=Et, R*=m-CHy), FHI55 510 91.7%H1
89.7%, LA 45 R4 G TR G 450 5 35 1 1
KA T — @ L HdE, A€ MSHME, 3
ISR SIS IEAEBE T .

2 #ig

PR, g, BATBRE “«—MWE” &
422% Mannich [ N5 a-ZEBEIRIE, TCL BRERR MY,
Ll 5 FR M RIS 5 A RGP fie, 4R i T R I Tl B T S I
W, Hr R 8w, 7/ 'H NMR, C NMR, *'P
NMR, IR Fl MS X = g5 i AT 73R AE. #1950 T Hbrft
G, A Y B AT — o B T
HoA b &4 6k F1 60 Xk A AT 41 W Fry 4 1EE i 90% s
THEWAEY, HAE—DRMmE, X4 )54k
S N FEETBEWY I3, 2-c ] IE o-Z L IR IE AT A= (1) 45 K
PEACE BT B T Hepi.

3 XEIHN
3.1 UEHIKF

XTA4 Y5030 s A (i JE R 282 1E); Bruker
DPX-400 @ FAZMIARIU(TMS YEXFR); Bruker Es-
quire 3000 BB BEAARTHE{X; Shimadazuir-408 Y21
HR T 5E A ; Waters Micromass A 7] Q-Tof Micro™ &
YT, FEEMTEERI(200~300 H); LT
J T W AT RE S (GF254); 2K ] G /K B R B 1
P ARSI BT L e 24 3 O [ P 4y i Al 7).

32 LWHE
32,1 22-=F AN [(3-"E ) F ) The(1) 69 H] &

FRIL 22.4 g 3-WEWY IS, 26.6 g & Hk LMEYE — I,
0.2 g X} FIEEZRA R, 200 mL /K 1%, [l 3 h. A%
5°C, A 7.6 g M4SN, [FI%E 30 min, 85708, T
IKEEAR, T 18 ZEE(300 mL X 2)2HL, & AP
KRR T, WRAG1S 2 PRI L& 1.

322 N-2,2-=%F & HL)-4-F H-N-[(3-"E &) F A ]
KRR (2) 09 B AR,

I 35 g th&4 1, 200 mL Z1 215 T 500 mL [ )i
Barh, fE0 C RN 15.8 g = 2%, 30 g %f FREZREfli ok
A, WIRGEWIL N BERE 12 h RNEEHRIE, IR
187K, 0.1 mol/L #1R, YFIBRIRENYE, 2K 207, BT
PRI AR AT ZHT 70 &, A E iR ay 2.

3.2.3  HEwHF[3,2-c]HnE(3) 89 A,

10 g &9 2, 30 mL 1,4-— 4% /N34T 100 mL

JRBERF, IO 15 mL R ERER, M9 12 h. W R =,
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TR A, KA kR S R R R S e AR
W, &IAPUAE, ZEEN, 9B aneRsk, HEE
Bréatith, 79 1.5 g s it i 307

3.2.4  2-BEF R HH[3,2-c]PHh R (4) 49 h) &

135 g &% 3 wifide 200 mL PUSRIR i, 76
—78 ‘C NZZ18i N 44 mL 2.5 moleL™" IF | R4 1) IE
YOI, T nse B S B 5 min, RGN 8 g —H
FEENE, Wnoe R AR s —T78 CRHFE 1 h, HiZ:
AP, Sl BEEE 16 h, AV 0.1 mol/L [ #hFREvs,
AR5 HI AT NaHCO; i, CH,ClL K1 (100 mL X 2), &
HAEVAH, Z&LAN, FAEZraifh, 1910k K
A 4
3.2.5  LARER =53 A BEE(Sc)4d H) &

T 46 mL JC/K F I E T 100 mL T8 — ke
i, VKERBGREE<S C), S8 18 mL =S4,
2.0 hifhnseke, hEARUR N 2 h, H20KIE, F Wik
RIKE R, ZHER), BEZm, Wk 80~85 C
(1.35 kPa) K184y, WOF: 88.7%. [AIMLHIAG I wEfR — H s
MO BERR — 2B
3.2.6 B AR EE Y FT[3,2-c]PHIE a- R BB B
6a ~ 6p #1E8AR

I 1.63 g (0.01 mol £b. 54 4 F 100 mL [k,
BN 20 mL /K R, 1.09 mL (0.012 mol)#&H%, 3.17 mL
(0.015 mol) WAk — FNER Se, MU 12 h, 72827,
FIAEZHralith, 2 mikigitk ok 4 Hbs b &4
B2 BT A .

0,0~ 5 -a- KI5 Ik -a-BEW} I 3,2-c] L e -2- 3
LB IR TR (6a): TERSBIRYII, 773 60%. 'H NMR
(CDCls, 400 MHz) 0: 9.47 (s, 1H, ArH), 8.38 (d, J=6.88
Hz, 1H, ArH), 8.26 (d, J=6.48 Hz, 1H, ArH), 7.74 (s, 1H,
ArH), 6.98 (d, J=15.08 Hz, 2H, ArH), 6.68 (d, J=7.96
Hz, 2H, ArH ), 6.51 (t, J=13.20 Hz, 1H, ArH), 5.88 (t, J=
14.60 Hz, 1H, CH), 4.90 (dd, J=5.36, 21.48 Hz, 1H, NH),
3.53 (s, 6H, 20CH;); “C NMR (CDCl;, 100 MHz) o:
167.43, 159.40, 151.41, 148.19, 140.51, 137.13, 135.03,
129.23, 120.38, 117.22, 113.34, 52.51, 47.46; *'P NMR
(CDCls, 162 MHz) 6: 11.80; IR (KBr) v: 3430, 2974, 1662,
1454, 1400, 1234, 1051, 825, 763, 584 cm™'; ESI-MS m/z:
349.1 [M+H]", 371.1 [M+Na]". HRMS calcd for
C16H,7N,NaO;PS 371.0595, found 371.0593.

0,0 - H H-a-(2- BRI ) B JE-a-WEW) FF 3,2t
W -2- 5 L BRI (6b): 3 RS BLIR WL, 7% 57%.
'H NMR (CDCls, 400 MHz) 6: 9.36 (s, 1H, ArH), 8.35 (d,
J=5.44 Hz, 1H, ArH), 7.96 (d, J=5.52 Hz, 2H, ArH),
7.67 (d, J=6.24 Hz, 1H, ArH), 7.05 (s, 1H, ArH), 6.70 (d,

Chin. J. Org. Chem. 2013, 33, 1472~1477
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J=8.80 Hz, 1H, ArH), 6.18 (s, 1H, ArH), 5.77 (s, 1H,
CH), 4.83 (dd, J=5.2, 22.52 Hz, 1H, NH), 3.55 (s, 6H,
20CH;), 2.50 (s, 3H, ArCHs3); “C NMR (CDCl;, 100
MHz) 6: 159.04, 151.43, 148.25, 147.77, 140.29, 136.80,
135.12, 129.07, 120.38, 119.22, 114.52, 54.08, 47.59,
22.63; *'P NMR (CDCl;, 162 MHz) d: 11.34; IR (KBr) v:
3432, 3333, 3129, 2362, 1659, 1611, 1453, 1400, 1234,
1077, 757, 569 cm '; ESI-MS m/z: 363.2 [M-+H]" .
HRMS caled for C;;H;oN,NaOsPS 385.0752, found
385.0748.

0,0 - W H-a-(3- R R L) 2 Jk-a-E W) IF[3,2-c Mt
W -2- L FRIL R IR TG (6¢): B CORSHRIRYITR, 772 55%. 'H
NMR (CDCls, 400 MHz) 6: 9.42 (s, 1H, ArH), 8.38 (d, J=
6.40 Hz, 1H, ArH), 8.24 (d, J=6.44 Hz, 1H, ArH), 7.71 (s,
1H, ArH), 6.85 (t, J=15.36 Hz, 1H, ArH), 6.51 (s, 1H,
ArH), 6.46 (d, J=7.92 Hz, 1H, ArH ), 6.33 (d, J=7.36 Hz,
1H, ArH), 5.79 (t, J=14.64 Hz, 1H, CH), 4.89 (dd, J=
5.56,21.56 Hz, 1H, NH), 3.57 (s, 6H, 20CH3), 2.07 (s, 3H,
ArCH;); *C NMR (CDCl;, 100 MHz) J: 159.20, 151.45,
148.07, 140.35, 138.34, 135.11, 129.14, 120.37, 118.30,
114.08, 110.49, 52.56, 49.06, 21.68; *'P NMR (CDCls, 162
MHz) 6: 11.64; IR (KBr) v: 3431, 2966, 2251, 2125, 1660,
1453, 1400, 1234, 1054, 823, 761, 615, 587 cm™'; ESI-MS
m/z: 363.0 [M+H]", 385.0 [M+Na]', 361.0 [M—H] .
HRMS caled for C;;H;oN,NaOsPS 385.0752, found
385.0751.

0,0~ W H-a-(4- AR 2 HE-a-EW) I [3,2-c]iE
WE-2- 35 L B iR (6d): B VRS AIR Y T, 7= 52%.
'H NMR (CDCls, 400 MHz) J: 9.48 (s, 1H, ArH), 8.41 (d,
J=6.48 Hz, 1H, ArH), 8.27 (d, J=6.44 Hz, 1H, ArH),
7.72 (s, 1H, ArH), 6.74 (d, J=8.52 Hz, 2H, ArH), 6.46 (d,
J=8.44 Hz, 2H, ArH), 6.34 (t, J=13.68 Hz, 1H, CH), 4.96
(dd, J=5.72, 21.64 Hz, 1H, NH), 3.54 (s, 6H, 20CH3); *C
NMR (CDClLy, 100 MHz) o: 158.57, 151.47, 147.20,
147.09, 140.52, 136.97, 135.14, 128.80, 120.39, 119.98,
114.75, 52.56, 47.44; 'P NMR (CDCls, 162 MHz) o:
11.52; IR (KBr) v: 3425, 2251, 1662, 1597, 1494, 1400,
1237, 1053, 824, 762, 626, 572 cm '; ESI-MS m/z: 383.2
[M + H] ", 381.5 [M — H] ~. HRMS caled for
C16H,6CIN,NaO5PS 405.0205, found 405.0201.

0,0"- W ik-a-(2-FAA L) 2 Sk -0- W) TF(3,2-c]hlt
W -2- 3 F LR IR TG (6e): 8 CORSHRIRYI, 773 51%. 'H
NMR (CDCls, 400 MHz) 6: 9.39 (s, 1H, ArH), 8.25 (d, J=
6.08 Hz, 1H, ArH), 8.04 (d, J=6.40 Hz, 1H, ArH), 7.81 (s,
1H, ArH), 6.97 (t, J=15.80 Hz, 1H, ArH), 6.54~6.61 (m,

Chin. J. Org. Chem. 2013, 33, 1472~1477
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3H, ArH), 5.53 (s, 1H, CH), 4.96 (d, J=22.60 Hz, 1H,
NH), 3.50 (s, 6H, 20CH;); '*C NMR (CDCl;, 100 MHz) §:
159.40, 151.22, 147.86, 141.33, 138.01, 135.12, 129.20,
119.77, 117.56, 110.89, 50.80, 47.46; *'P NMR (CDCls,
162 MHz) J: 11.87; IR (KBr) v: 3435, 3333, 3184, 2925,
1661, 1613, 1454, 1400, 1166, 1074, 783, 586 cm ';
ESI-MS m/z: 363.1 [M+H]". HRMS calcd for C;¢H -
CIN,NaO;PS 405.0205, found 405.0203.

0,0"- — W Jk-a-(4-THHE AR I ) 2 Sk -0- W) TF(3,2-c]hit
W -2- 3 FL R IR IR (6f): B RN BIRIT, 7% 50%. 'H
NMR (CDCls, 400 MHz) 6: 9.51 (s, 1H, ArH), 8.41 (d, J=
24.04 Hz, 1H, ArH), 7.77 (s, 1H, ArH), 7.58 (s, 1H, ArH),
7.19~7.29 (m, 3H, ArH), 6.99 (s, 1H, CH), 5.04 (d, J=
15.88 Hz, 1H, NH), 3.49 (s, 6H, 20CH;); *C NMR
(CDCl, 100 MHz) §: 159.94, 151.13, 149.09, 140.36,
138.80, 135.57, 129.10, 119.90, 117.61, 114.34, 110.41,
53.34, 47.86; *'P NMR (CDCl;, 162 MHz) §: 10.89; IR
(KBr) v: 3431, 3330, 2962, 1661, 1597, 1446, 1400, 1237,
1050, 974, 768, 683, 598 cm™'; ESI-MS m/z: 394.1 [M+
H]+. HRMS calcd for C;4H;sN3;NaOsPS 416.0446, found
416.0445.

0,0"- . L Hk-a-(4- W R R T ) 2 Jk-a- 8 Wy TF(3,2-c ]t
e -2- 3 F LR IR R (6g): s5 R FPIRM L, 72 61%. 'H
NMR (CDCls, 400 MHz) J: 8.98 (s, 1H, ArH), 8.37 (s, 1H,
ArH), 7.68 (s, 1H, ArH), 7.50 (s, 1H, ArH), 6.94 (d, J=
8.24 Hz, 2H, ArH), 6.63 (d, J=8.36 Hz, 2H, ArH), 5.11
(dd, J=6.16, 24.44 Hz, 1H, NH), 4.78~4.82 (m, 1H, CH),
3.96~4.14 (m, 4H, 20CH,CHj3), 2.18 (s, 3H, ArCH;),
1.21~1.25 (m, 6H, 20CH,CH3); >*C NMR (CDCl;, 100
MHz) 0: 147.25, 145.01, 144.11, 143.58, 143.45, 141.92,
129.86, 128.68, 120.90, 117.23, 114.09, 63.60, 53.84,
20.39, 16.30; *'P NMR (CDCls, 162 MHz) 6: 17.90; IR
(KBr) v: 3436, 3333, 3179, 2960, 1663, 1615, 1452, 1400,
1238, 1162, 1098, 929, 785, 714, 594 cm™'; ESI-MS m/z:
3912 [M+H]", 4132 [M+Na] . HRMS caled for
C10H,4N,05PS 391.1245, found 391.1242.

0,0~ L. H-0-(2- IR I B e -o-WE Wy FF[3,2-c] it
WE -2-J L R IR (6h): 3 RS BLIR W T, 7% 63%.
'H NMR (CDCls;, 400 MHz) §: 8.97 (s, 1H, ArH), 8.37 (d,
J=4.00 Hz, 1H, ArH), 7.67 (d, J=5.36 Hz, 1H, ArH),
7.49 (d, J=3.68 Hz, 1H, ArH), 7.01 (t, J=15.52 Hz, 1H,
ArH ), 6.47~6.57 (m, 3H, ArH), 5.12 (dd, J=5.00, 24.56
Hz, 1H, NH), 4.77~4.82 (m, 1H, CH), 3.94~4.22 (m, 4H,
20CH,CH;), 2.21 (s, 3H, ArCH;), 1.22~1.29 (m, 6H,
20CH,CH;); *C NMR (CDCl;, 100 MHz) 6: 147.09,

http://sioc-journal.cn/ 1475
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145.78, 145.19, 143.83, 142.13, 139.20, 129.21, 120.86,
120.32, 114.77, 110.82, 63.61, 53.45, 21.54, 16.34; *'P
NMR (CDCls, 162 MHz) 6: 19.71; IR (KBr) v: 3425, 2997,
1662, 1400, 1226, 1052, 824, 762, 627 cm ™ '; ESI-MS m/z:
3913 [M+H]", 389.0 [M—H] . HRMS caled for
C10H,3N,NaO;PS 413.1065, found 413.1060.

0,0~ L H-0-(3- FH BRI B - - WE Wy 3, 2-c ]t
W -2- L FRIL B RR TG (61): TR BLRD I, 77 % 59%. 'H
NMR (CDCls, 400 MHz) 6: 8.97 (s, 1H, ArH), 8.37 (d, J=
4.00 Hz, 1H, ArH), 7.67 (d, J=5.36 Hz, 1H, ArH), 7.49 (d,
J=3.68 Hz, 1H, ArH), 7.01 (t, J=15.52 Hz, 1H, ArH ),
6.47~6.57 (m, 3H, ArH), 5.12 (dd, J=5.00, 24.56 Hz, 1H,
NH), 4.77~4.82 (m, 1H, CH), 3.94~422 (m, 4H,
20CH,CH;), 2.21 (s, 3H, ArCH;), 1.22~1.29 (m, 6H,
20CH,CH;); C NMR (CDCl;, 100 MHz) J: 147.09,
145.78, 145.19, 143.83, 142.13, 139.20, 129.21, 120.86,
120.32, 114.77, 110.82, 63.61, 53.45, 21.54, 16.34; *'P
NMR (CDCls, 162 MHz) 6: 19.71; IR (KBr) v: 3432, 3331,
3131, 1660, 1612, 1453, 1400, 1168, 776, 590 cm ';
ESI-MS m/z: 391.2 [M+H]', 413.2 [M+Na]". HRMS
calcd for C;oH,4N,O;PS 391.1245, found 391.1244.

0,0~ L Hk-0- Q- FANKIE) Z Fh-a- W) I [3,2-c]IE
W -2-Fk LB RRIR(65): 35 (R ARIRI T, 7% 55%. 'H
NMR (CDCls, 400 MHz) : 8.96 (s, 1H, ArH), 8.39 (d, J=
5.16 Hz, 1H, ArH), 7.66 (d, J=5.40 Hz, 1H, ArH), 7.51 (d,
J=3.72 Hz, 1H, ArH), 7.02 (t, J=16.12 Hz, 1H, ArH),
6.67~6.74 (m, 2H, ArH ), 6.55~6.58 (m, 1H, ArH), 5.41
(t, J=16.76 Hz, 1H, CH), 5.11 (dd, J=7.80, 24.64 Hz, 1H,
NH), 3.96~4.24 (m, 4H, 20CH,CHj3), 1.21~1.28 (m, 6H,
20CH,CH;); *C NMR (CDCl;, 100 MHz) J: 147.33,
146.96, 145.42, 142.76, 142.50, 135.00, 130.32, 121.22,
119.05, 113.88, 111.81, 63.99, 53.19, 16.43; *'P NMR
(CDCls, 162 MHz) J: 19.22; IR (KBr) v: 3431, 3330, 3168,
2987, 1661, 1597, 1446, 1400, 1050, 974, 768, 683, 598
cm'; ESI-MS m/z (%): 411.2 [M+H]". HRMS calcd for
C15H, CIN,O4PS 411.0699, found 411.0694.

0,05 N -0 R I H e -a-WEWT FF[3,2-c] ML E-2-
S L R G (6K): B AR BIR P T, PR 65%. 'H
NMR (CDCls, 400 MHz) d: 9.01 (s, 1H, ArH), 8.41 (s, 1H,
ArH), 7.70 (s, 1H, ArH), 7.50 (d, J=3.40 Hz, 1H, ArH),
7.15 (t, J=14.60 Hz, 2H, ArH), 6.76 (t, J=15.50 Hz, 1H,
ArH ), 6.69 (d, J=8.00 Hz, 2H, ArH), 5.31 (dd, J=8.40,
24.80 Hz, 1H, NH), 5.01 ~5.09 (m, 2H, CH(CHs),),
466 ~ 471 (m, 1H, CH), 1.12 ~ 136 (m, I2H,
20CH(CH;),); *C NMR (CDCl;, 100 MHz) J: 146.88,

1476 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

146.09, 145.97, 145.10, 143.91, 142.13, 129.25, 120.81,
120.74, 119.12, 113.78, 72.48, 53.95, 24.01; *'P NMR
(CDCls, 162 MHz) §: 17.75; IR (KBr) v: 3436, 3334, 3192,
1660, 1612, 1468, 1454, 1234, 1170, 1104, 995, 781, 746,
590 cm™'; ESI-MS m/z (%): 405.2 [M+H]", 427.2 [M+
Na]". HRMS caled for CyHN,OsPS 405.1402, found
405.1400.

0,0'"- 53 N H-a-(4- TR ) 2 Sk -0 W) FF(3,2-¢]
nEnE -2- 55 L BERR IR (D) B RS HPRYI BT, /=% 63%.
'H NMR (CDCls, 400 MHz) d: 9.00 (s, 1H, ArH), 8.40 (s,
1H, ArH), 7.70 (s, 1H, ArH), 7.51 (s, 1H, ArH), 7.16 (t, J
=14.84 Hz, 2H, ArH), 6.70 (d, J=8.00 Hz, 2H, ArH),
5.14 (dd, J=6.72, 24.48 Hz, 1H, NH), 5.02~5.08 (m, 2H,
CH(CH,),), 4.89~4.93 (m, 1H, CH), 2.41 (s, 3H, ArCH3),
1.23~1.33 (m, 12H, 20CH(CHj3),); *C NMR (CDCl;, 100
MHz) 0: 147.11, 145.90, 145.77, 145.23, 143.59, 142.22,
129.38, 120.98, 120.90, 119.42, 113.93, 64.00, 53.53,
51.99, 16.43; *'P NMR (CDCls, 162 MHz) 6: 19.35; IR
(KBr) v: 3436, 3333, 3124, 1661, 1609, 1499, 1454, 1241,
1163, 1050, 1023, 879, 786, 751, 693, 592 cm™'; ESI-MS
mlz (%): 419.2 [M+H]', 441.3 [M+Na]". HRMS calcd
for CHpsN,O+PS 419.1558, found 419.1557.

0,0"- St N Hk-a-(2- AR L) 2 Sk -0- W) TF(3,2-¢]
NEE I -2k PG B PR IR (6m): B (RS AR W i, PR R
58%. 'H NMR (CDCls;, 400 MHz) 6: 9.00 (s, 1H, ArH),
8.45 (s, 1H, ArH), 7.84 (d, J=6.40 Hz, 2H, ArH), 7.50 (s,
1H, ArH), 7.29 (d, J=6.48 Hz, 1H, ArH ), 6.71 (d, J=
8.56 Hz, 2H, ArH), 5.05 (dd, J=7.20, 24.78 Hz, 1H, NH),
4.75~4.78 (m, 2H, CH(CH,),), 4.68~4.72 (m, 1H, CH),
2.26 (s, 3H, ArCH;), 1.21~1.35 (m, 12H, 20CH(CHs),);
C NMR (CDCl;, 100 MHz) d: 147.07, 146.26, 145.90,
144.01, 142.24, 139.27, 129.01, 120.46, 117.03, 114.60,
110.23, 68.54, 53.78, 52.00, 22.66; *'P NMR (CDCl;, 162
MHz) 6: 17.13; IR (KBr) v: 3432, 3330, 2984, 1663, 1598,
1446, 1400, 1239, 1052, 973, 819, 570 cm™'; ESI-MS m/z
(%): 419.2 [M+H]", 441.2 [M+Na]'. HRMS calcd for
C,H,sN,05PS 419.1558, found 419.1555.

0,0"- 53 N H-a-(3- FH R ) 2 Sk -0- W) FF(3,2-¢]
N -2-38 HH LIRS IR ik (om): B EARBRIRMI L, 7% 59%.
'H NMR (CDCls, 400 MHz) d: 8.99 (s, 1H, ArH), 8.39 (s,
1H, ArH), 7.68 (s, 1H, ArH), 7.50 (s, 1H, ArH), 7.04 (t,
J=15.24 Hz, 1H, ArH), 6.49~6.60 (m, 3H, ArH), 5.06
(dd, J=17.28, 24.84 Hz, 1H, NH), 4.75~4.78 (m, 2H,
CH(CH,),), 4.68~4.70 (m, 1H, CH), 2.24 (s, 3H, ArCH3),
1.23~1.37 (m, 12H, 20CH(CHj3),); *C NMR (CDCl;, 100
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MHz) J: 146.91, 146.14, 146.01, 144.05, 142.33, 139.18,
129.21, 120.23, 117.07, 114.77, 110.82, 72.79, 54.03,
52.47, 21.57; *'P NMR (CDCls, 162 MHz) 6: 17.31; IR
(KBr) v: 3435, 3288, 2979, 2928, 1663, 1604, 1489, 1448,
1241, 1176, 1104, 993, 891, 771, 719, 692, 601 cm™';
ESI-MS m/z: 419.2 [M+H]', 441.2 [M+Na]". HRMS
caled for Cy HysN,O5PS 419.1558, found 419.1555.

0,0"- 5 N -0 (4-F AR I ) 2 K -0- W) FF(3,2-¢]
I e -2-Jk L BEIR IR (60):  CARSFIRMI, 1% 52%.
"H NMR (CDCls, 400 MHz) ¢: 8.97 (s, 1H, ArH), 8.37 (d,
J=5.56 Hz, 1H, ArH), 7.66 (d, J=5.56 Hz, ArH), 7.46 (d,
J=3.72 Hz, 1H, ArH), 7.07 (d, J=8.84 Hz, 2H, ArH),
6.60 (d, J=8.88 Hz, 2H, ArH), 4.96 (s, 1H, CH), 4.98 (dd,
J=17.60, 3292 Hz, 1H, NH), 4.63 ~4.80 (m, 2H,
CH(CHjs),), 1.11~1.35 (m, 12H, 20CH(CHs;),); *C NMR
(CDCl;, 100 MHz) o: 146.87, 145.40, 144.75, 143.25,
142.52, 136.06, 129.21, 123.91, 121.00, 117.09, 115.00,
72.92, 54.13, 52.58, 23.79; IR (KBr) v: 3433, 3330, 3172,
2981, 2932, 1708, 1660, 1602, 1494, 1451, 1237, 1175,
997, 892, 820, 727, 653, 595 cm”'; *'P NMR (CDCl;, 162
MHz) 0: 17.17; ESI-MS m/z: 439.2 [M+H]". HRMS calcd
for CoHasCIN,O5PS 439.1012, found 439.1013.

0,0~ 7 N 3 -a-(4- T FE RS ) 2 Jk -a-WE Gy I 3,2-¢]
MEWE-2-5E AL IR IR (6p): B EORHIRMI T, /=% 49%.
'H NMR (CDCls, 400 MHz) &: 9.00 (s, 1H, ArH), 8.40 (d,
J=5.44 Hz, 1H, ArH), 8.05 (s, 1H, ArH), 7.70 (d, J=5.52
Hz, 1H, ArH), 7.51 (d, J=2.64 Hz, 1H, ArH), 7.28 (s, 1H,
ArH), 6.70 (d, J=8.56 Hz, 2H, ArH), 5.85 (d, J=6.72 Hz,
1H, CH), 5.12 (dd, J=17.76, 24.60 Hz, 1H, NH), 4.63~
481 (m, 2H, CH(CH;),), 1.23~1.25 (d, J=6.24 Hz,
12H, 20CH(CH;),); *C NMR (CDCl;, 100 MHz) o:
146.91, 146.00, 145.87, 144.89, 143.30, 142.11, 126.18,
120.81, 120.57, 119.00, 112.48, 87.95, 64.78, 8.61; *'P
NMR (CDCls, 162 MHz) d: 16.33; IR (KBr) v: 3436, 3333,
3131, 2928, 1662, 1606, 1452, 1239, 1176, 1106, 999, 843,
752, 592 cm'; ESI-MS m/z: 450.0 [M+H]", 477.1 [M+
Na]“. HRMS caled for CyHasN;OsPS 450.1253, found
450.1248.

B ASCH B S W A D S 56 R R
Sy e 2 B PG RO DR B S SE B, AR R ARATT 1
BN E Sy
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