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B S DKM 2,4-— B R S ER AR XL SR S AN AE YA 1%

THE  mELY HEEC ERWT x| R THE
O E AR AR dERT 100193)
CRIT R M 434205)

WEEL (0 R ORI 2,4~ T 1 1 P ATl R Jhe B S Ak 5 M R B b, B S-[4-2 2R () 2 1-2,4- K bk —— A v [v)
5 0,0-Z 5t 07 FEBABE B SR N A AR 2 T 38 NS AUN 0,0- i (57)5E-5-[4-2 R (F) H]-2,4- WK bk — [ it
fCREEL I AL A, Hg5iiid "H NMR, *'P NMR, IR, JCESHA X SEATHEE. 1A 9b: CiuHyoN;05PS,e
1/3H,0, M,=379.43, =&MW R, P-1 [0, a=0.82092(5) nm, b=1.79810(14) nm, ¢=2.0153(2) nm, a="72.289(8)°, f=
79.355(7)°, y=77.288(6)°, V=2.7421(4) nm’, D,=1.379 g/em’, Z=6, F(000)=1196, (Mo Ka)=0.397 mm ', §=1.031,
final R=0.0426, wR=0.0797. ¥I2L W)l e &5 REBHAED 0,0- = F FE-5-(4-Z FE AT )-2,4- 0K P4 bR — 1] 555 A2 Pk e
(7a), O- LH5-O-Z5HE-5-(4-28 2R 2)-2- B AX-2,4- WK I4ebk — i i A QTR AZ (9m) F1 0,0~ — 7 2k-5-(3- S ZE IR 2k )-2- 1 £R-2,4- K
Wk T A R E e (11@) 75 100 pg/mL R FEE R RS (R 114 43 7 4 75.4%, 80.5%, 81.7%, L 11 MG 4% def B i)
LDso {H7E 182.41~368.52 ng/mL 2 [i], FHL T RLIF A% duid k.

OCBRT  DKMIN-2,4- 0, BRACEEERG, MR RRISINMR G NN, G T

Synthesis and Biological Activity of Novel Phosphoramide with
Hydantoin

Wang, Jinmin“ Xu, Zhihong*” Han, Jintao® Dong, Hongbo*
Liu, Bin* Wang, Mingan™®*
(“ Department of Applied Chemistry, China Agricultural University, Beijing 100193)
¢ College of Agricuture, Yangtze University, Jingzhou 434025)

Abstract Based on the synthesis of phosphates and phosphorylamidates with hydantoin, thirty and eight new O,0-dialkyl-
(aryl)-5-[4-aminophenyl(benzyl)]-2,4-imidazolidinedione thiophosphoramide derivatives with hydantoin were synthesized by
the reaction of O,0-dialkyl(aryl) thiophosphoryl chloride with 5-(4-aminophenyl)- and 5-(4-aminobenzyl)-2,4-imidazolidine-
dione intermediates, and their structures were confirmed by "H NMR, *'P NMR, IR, elemental analysis and X-ray diffraction.
9b: C14H,0N3;03PS,21/3H,0, M,=379.43, triclinic, space group P-1, a=0.82092(5) nm, »=1.79810(14) nm, ¢=2.0153(2)
nm, a=72.289(8)°, f=179.355(7)°, y=77.288(6)°, ¥=2.7421(4) nm*, D,=1.379 g/em’, Z=6, F(000)=1196, u(Mo Ka)=
0.397 mm~', S=1.031, final R=0.0426, wR=0.0797. The preliminary bioassay showed that O,0-dimethyl-5-(4-amino-
phenyl)-2,4-imidazolidinedione thiophosphoramide (7a), O-ethyl-O-phenyl-5-(4-aminobenzyl)- 2,4-imidazolidine-dione
thio-phosphoramide (9n) and O,0-dimethyl-5-(3-aminophenyl)-2-thio-2,4-imidazolidinedione thiophosphoramide (11a) have
inhibitory rates 75.4%, 80.5% and 81.7% against Brasica campestris at the concentration of 100 pg/mL, while eleven com-
pounds showed excellent insecticidal activities against Myzus Persicae with the LDs, data in the range of 182.41~368.52
pg/mL, respectively.

Keywords 2,4-imidazolidinedione; thiophosphoramide; adenylosuccinate synthetase; biological activity
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(RIS T A AR JERE, TR A 2560 i T 0 Bk ek
%, RIVFRI B IR R SEAR FHL ] A B A 25 B
WU HIAT. R ERYE HA R & B (Adenylosuccinate syn-
thetase, AdSS) & A4 A= Kk 2 52 W 2 e 2 4 6 BT
OB, SR AR AR 24 8 RIS T R B B ) B AR 2
—MM, Nakajima 252 )R /K85 57 18 o 20 85 31— Pk A
74 Hydantocidin, ‘&% AdSS ZRILH HRZ 140 1E
M, iR S S AR Y, i HARRE, 2o B dE AT
KETSE. % Hydantocidin /EHBLH]. EAE IR HT
TEAAE FTE L R SR I AERR AdSS B IR A A 25 1) 1)
WESTES T ERUEREE O 5 A% Hydantocidin 2%
A B AR AT T T2 o, SR T £ .
FIRIF 5 RS, A IR ) AdSS 5 R ARSI K
HATAEYA TAEH AT T HEIR I, EUIEat EASE
46 == Hydantocidin 5'-Phosphate )45 f3RiE 1
IR BE IR FEFN F2 HE R SE K ek 2,4- AR IR TR 1.
TR 2 FIBEELIGER 3 S S &k, RIEB &Y
FLAT BT 1R o3 B R 7% R, DA Ay VDK AR ] B 0k 122
KA = A R TR 485 A 38 70 o B A AR A P TR D B S A,
55 AdSS-HHIFRIE AW A 45 1) LR FRAT 1A T B R T H 5
SRAF I 58— SO0 A SCE WAL AT 399 T4 A 3 L,
P 11 SR P A Aot TR 5 P o A ol PR e 75 48t LA il % i 284
T A I e Ak G, S0 A BN v oA e 2 P 2% Ry
WAk &Y, B bs &9 0 A e ok B A A R i 2k
Scheme 1 Fi7R.

1 ZR5E
1.1 EMHEK

PR 5-(4-S FE IR IE ) -2, 4- 0K Wbk — i (4) % FH X 4
3 % TS 5 A AN o R PR i P R SR A Y,
A PR 7 (0 SR AR AR T T, A0S s B
F CBEA NG 5 2T B R PR 35 70 7 O BR A1 Ak V20 S
—BE G T 5-(4-FFERIE)-2,4- DKMk i, iRk
34%, WAL, JLRMAS IR 5 R 6 S HSC
BR[12, 14, 1S107EE R, A T HCBAS [RGB 1 Ak 1k
Jiie A e T I B B oo AR s Ik s, SRS R TR
P11 F112 (Eq. 1), Hod 5-(3-E L HL)-2- R 48-2,4-mk g
Ob R (10) 75 B ik R P 28— 20 2K H s R A AL — A A
RAAEFRIATIAL O Rl i 45 JAE s 5 pr Bk Ao
A7, S5OCRR[17145 50 —8, REERH TEIER AL
Jii 3 B0 PR LA S5 I 1) DX ek i R 1 A A SR T
HHTE] A4 6 110 (135146 1 A DL SCR iR a6, L 45 b am ik i i
AR AR T AR, 76 AL & & e,
AN [ 8 R SR 75 e 10 S5 I i e DA B s i 2 e, 3
SN 2N AT LU 3 B K s N IS T, 8 T ) )
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[l
Rfc—oO(CHz)n NH
HN’§X

1

—

Y

(0]
R1O\P‘*OO(CH) $NH —
2/n
R20/ HN’&X
2

y OoN Q
R'o_ll
\POO(CHZ)H—Q\\NH
/ N
X
3

RZHN
o]
R'O
o} SpP—al
"
NH RO
HoN (CH2)n
HN’&X CH3CN, reflux
4 n=0 X=0 NaHCO3
5 n=1X=0
6 n=1X=S8S
(0]
RO H 4\
Rzo/PiNO(CHz)n /KH
HN X
7a~7h n=0 X=0
8a~8m n=1X=0
9a~9n n=1 X=8
Scheme 1
S
0 RO || 0
NH po P C /,LH
N/&S CHaCN Ro\ﬁ N"s M
HN H reflux /PfHN
10 NaHCO3; Ro 1
O
S
CoHsOT_ /N\:
- N s
C3H7HN N

12

NI AR B A AMCR A B s, Bk L H AR
YR AE 23%~81% ).
1.2 HEMELE DT RIKEH

HArb &0 IR 3%, £E 3100~3500 cm ™' YEH A
A A N—H 359k W, 78 1710~1790 cm !
U R A LR Y =0 Wi, LAK A Ta i, 75 'H
NMR i, 30 o A% i L S o bl ) LA s b ok A=
FEF R b, Sy sl AR R R R I | R A
AT e i A L TH NMIR 3% B3 RN XS 2R T 545 B A 45
W8, R A 9b (ARG D3RS T 3
—BUESE; AE 9 8.50~7.70 3t [l A WL B E 11 Bk e 5t
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TR, M 'H NMR A & BIEE 515 P RS 4,
A H BN Jonn=14.7~17.0 Hz, U0 FAG FEEES I 4 ]
DL W S 2 Jpocn = 14.0 Hz. fEFTH L& 3P
NMR ™, (LA RAE & 56~70 Z 0], L5 #AR AT HLAR
RIS H) 3P NMR A28 — 80 57
SCUERL, A 8m, 9n AT 11 Hy TR IR AR DY
ANFE AASH [N 10 BT PE AL A4, DA IR PSR 24 34
5 WA T PR I R R X R e S R AR A,
PLFI4< PP NMR 4k, {HALA07 % 6 1 0.06~0.09 )
ZEgt. G 9b R ARA IR AT A iR = AN 1
— ARG TR 3 01 g, KPR PR L 4 R
B T 5K T I A BEA, 35 FH A0 1 0K PSRRI 241 1)
RE A, 4> F i@ N(1B)—H(1B)-O(1D),
N(2B)—H(2B)---O(1A)F1 N(2B)—H(2B)---O(1C)43¥If]
SUBETE BN A

N(1B)

C(2B)
oUB)C(EB) - BC(BB
(48)

~C(6B) &~ C(9B)

Bl 1 EY) 9b 1M R IR i L 5 T HERR A
Figure 1 X-ray structure and the packing diagram in the unit
cell of compound 9b

1.3 BREFMFHFEMN

BRELTE RIS I0 45 K WA 1, 7 100 pg/mL WK
N, SR AP R B P A, HAA A
) 7a, 9d, 9n A1 11a Xyl i AR KA B Fm il /E H,
IS5 N 75.4%, 66.1%, 80.5%F1 81.7%, k5%
R R H AR 1, FE R IR RIS R 2 R) 2 — AN FF 2L 17
&Y Ta~Th S5LEY 8a~8m FHMSE KIS TG
W 22 5, ISR T4k 54 9a~9n Fl 11a Xl
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S HNE T W& - TA SRR T e ey, 24
A B PRI HH — e B P, AR R AR e (1 41 61
FANT R RGBT R, R WX LAl SR P IR PR AL
TR YA L) R 2 ) R B R b 2. it ot
WF L AR UL, X O R R g 5 fmd A g P e 1 R o £ Tl
P G 25 A0 A 0 1 Bk i I A ) S M. (AR R
S, AT LA HURR /N Sk ki O i) H bs Ak S ik
AT T ARBIETEYITHE, & 1 R TERIIG s 45 1 8w,
7 300 pg/mL WAL N 11 AMEE Pl i 24 h R IESE
TR KT 70%, RIS R R BEvE, AT E
W0/ i o SRR 22, B DI S s g 25 L
(F 2)UFI T3X 11 AMEPR g i k Bg vk, eAr1m)
LDso {E 182.41~368.52 pug/mL 2 [8), W& w15k FE 24771 45
SRS, RRR UL, Fod 45 A U0 A R ol Ik e &5 0 & 1
R AETEATIA B3 S BRI TUN H i, E2 eI R
R B T B A, XN e S W A5 A IR A AR
PIAHR, J3— 071, 23 &A1 &4 9a~9n
1la %A WS 1R BENE, 78RS 15 1ot hER
K.
2 RS
21 E5RHT

Yanagimoto & T M4 s A (it FE TF R KL IE); Bruker
DPX 300 MHz 5 ILHRAX, TMS S N F5x, DMSO-d Jy %
71, °'P NMR LA 85% % by #1bx; Bruker IR-Tensor 27 £
A6 (KBr s Fri%); Agilent 1100 LC-MSD-Trap i
{X(ESI-MS); Bruker SMART CCD X 54 fiT5H1%; ST-02
TCER AL, ARSI BT AT 2T e R 75 Bt A T4
PR 27 AE7(200~300 H), BT DAy [ st 1 4y
Arall, JoAKEE T H TR Ab B
2.2 HEMKEIEH

5-(4- S A HE)-2,4- WK A i (4): 76 150 mL KeAf
H IR Z 17 g (0.283 mol), 40%M1 Z BRI 30 g
(0.162 mol), Z&1E/K30mL, FINA 20% (FiE 2 H) iR
40 mL, BEHEBSIFEBENR N S, BN 2
#H. RJEAE 250 mL = FURH, RIIAZEIR/K 100
mL. AR 37 mL (0.676 mol). JE % 20 g (0.333 mol)
Je LWEA N 35.5 g (0.238 mol), 7EfEFE N In#E 85~90
C, JFaRtetgm AN IR L 1) SRR - IR RV, 2 4
h ENSEEE, SRIGAECIELEE PR RN 16 h, WEIZ =
W, AT ORI B A, dhOE, Uedk, R A A,
R RDR AR 15 g, B 34%, m.p. 241~243 ‘C(X
fikE1?243~245 C). '"H NMR (300 MHz, DMSO-d;) J:
10.62 (s, 1H, NH), 8.18 (s, 1H, NH), 6.93~6.90 (m, 2H,
ArH), 6.57~6.52 (m, 2H, ArH), 5.14 (brs, 2H, NH,), 4.89
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R ACEY) T~12 BIBRE LR USRI H R 8L T3 /%)

Table 1 Herbicidal and insecticidal activities (inhibition or mortality rate/%) of compounds 7~12

Compd. B. campestris  E. rusgalli M. persicae P. xylostella| Compd. B. campestris E. crusgalli M. Persicae P. xylostella
Ta 75.4 0 20 0 8l 0 30.0 21 0
7b 452 10.0 12 0 8m 6.3 15.0 0 0
Tc 5.8 5.0 0 0 9a 0 0 11 0
7d 0 10.0 86 0 9b 54.7 0 18 0
Te 0 20.0 96 0 9¢ 0 0 15 0
7t 0 15.0 0 0 9d 66.1 0 0 0
7g 0 15.0 74 0 9e 0 10.0 0 0
7h 0 30.0 99 0 of 134 0 0 0
8a 0 0 16 0 9g 15.1 30.0 0 0
8b 17.7 5.0 15 0 %h 39.9 25.0 0 0
8c 0 0 86 26 9i 16.3 25.0 0 0
8d 0 0 0 0 9j 26.1 15.0 0 0
8e 27.2 10.0 85 0 9k 53.1 20.0 31 0
8f 0 5.0 98 52 91 0 5.0 0 0
8g 0 0 79 0 9m 0 0 0 0
8h 26.3 25.0 82 0 9n 80.5 40.0 30 0
8i 0 20.0 53 21 11a 81.7 0 18 0
8j 0 15.0 92 31 11b 41.5 0 20 0
8k 10.1 10.0 90 34 12 0 5.0 22 0

Glp. 73.2 21.5 — — Glp. 73.2 21.5 — —
Ome. — — 100 100 Ome. — — 100 100
K2 LAY TR 8 Xl ) R R
Table 2 The toxicity of selected compounds 7 and 8 against M. Persicae
Compd. Progressive equation R LDso/(ugemL™) 95% CL
7d y=—8.32+537x 0.9950 302.49 296.20~308.91
Te »=0.98+2.60x 0.9930 200.98 180.16~214.66
7g y=—10.23+5.98x 0.9991 350.53 347.08~354.01
7h y=1.09+2.69x 0.9916 182.41 170.98~194.59
8c y=—8.10+5.27x 0.9955 304.56 298.57~310.67
8e y=8.47+541x 0.9930 309.63 302.16~317.28
8f y=2.67+3.23x 0.9855 235.38 219.27~252.67
8g y=—9.52+5.75x 0.9992 334.06 331.12~3337.02
8h y=—8.611+5.43x 0.9989 321.73 318.62~324.87
8i y=—10.334+5.97x 0.9913 368.52 360.17~377.08
8j y=3.17+3.40x 0.9947 251.35 239.71~263.56
8k y=28.31+45.45x 0.9909 276.03 263.68~288.96
Omethoate y=1.27+1.78x 0.9898 125.72 113.88~138.80

(s, 1H, CH); ESI-MS m/z: 192 [M+H]".

5-(4 RIENIE)-2,4- WK Membk W (5): LAZRINZ IR N
JEORE, 2 B SR T VRN OGS R N R R TS L
Wik 7 92U DU 3 2 T R O LR, R B T
NI S-(4-RHFETEHE)-2,4- K bk . /BT
HLREEFE 100 mL [RJE = LB A 2.35 g (10
mmol) 5-(4-fFEIE)-2,4- Kbk — i, 8 mL ZE18K,
22.5mL W, A 85 C. A 7.5 mL WAL,
FEAREEM. UMK 2.75 g IOV, TLC I, H
2R . AR, HhdE, JEET 5% MK
UM pH=8, B, BRI B, KB
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RS, kRS A, H 95% LB B 4 i A BTR
T RDR A 1.66 g, WO 81%. # s 169~170 C(X
BRE2167~168 °C). '"H NMR (300 MHz, DMSO-dj) o:
10.35 (s, 1H, NH), 7.85 (s, 1H, NH), 6.82 (d, J=8.4 Hz,
ArH, 2H), 6.45 (d, J=8.4 Hz, 2H, ArH), 5.04 (s, 2H,
NH,), 4.20~4.17 (m, 1H, CH), 2.74 (d, J=5.0 Hz, 2H,
CH,); ESI-MS m/z: 206 [M+H]".

5-(4-Z BE W k) 2- B AR -2,4- WK PR — 1 (6):
k7 92T ) R TN R N JEURL, 5 R SRR B A &
Rk 2 VA N'- G -5-(4-THFE )21 -4-
K Mk — I, 5 AR SRR AE T KA B B £ T R A B

Z

//\\
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5-(4-HHHE R HE)-2- B AQ-4- WK bk — . 7250 mL = R
HHBN S-(4-RHFE R HE) -2 AR -2,4- K bk — il 5.0 g (20
mmol), JC/KLEE 140 mL, ZE1#H/K 28 mL, L% 9.6 g,
WK 6.7 g, MBI, BEAE SV A REK, 7
AR, HE AR TLC W s Y 1I3ET, K2 30 min
G, JBURLRUE R, EAEEAE, YEE, HRERTE AT,
JEVEE 2SR AT A D B, SRS HIDE, FHZRTRK IR,
13BN BB R B4, TEA9 70 3.8 g, I 86%. M4
5203~204 ‘C; "HNMR (300 MHz, DMSO-d;) 6: 10.24
(s, 1H, NH), 8.86 (s, 1H, NH), 6.93 (d, J=8.4 Hz, 2H,
ArH), 6.55 (d, J=8.4 Hz, 2H, ArH), 4.54 (brs, 2H, NH,),
4.46 (dd, J=4.5, 6.0 Hz, 1H, CH), 3.03 (dd, J=4.5, 14.4
Hz, 1H, CH,), 2.89 (dd, J=6.0, 14.4 Hz, 1H, CH,);
ESI-MS m/z: 222 [M+H]".

5-(3- B KL N A )-2- Tt £R-2,4- K ME bR — i (10): 2
SCHR T VR T AR S R O JEURE 28 A A S I3 #6145 T i
FARH R, 4%k a2 E R A
RIREAE LR R R P YIS N'- LW HE-5-(3- R 3 2K
F5)-2-t AR -4- K Mgembk I, E 3R R AE TR K A it 2Tk
BEAF 31 5-(3-AH N Ak )-2- A A C-4-BR MR — . 7 250 mL
SRR BN 5-(3-i B 2R )-2- 1 A -2,4- K ML bk 7]
4.74 g (20 mmol), J/K LB 140 mL, 787#7K 28 mL, &
W#2 9.6 g, IEJREN 6.7 g, IR, W)z A% TLC
N HEAT, 101 90 min J, J5UBF A SE4TH 2R, i
g, IOWEPEGE, LAmERIE S AT, DEVEUE 2SR A R
RADRWAR, HhIE, FHOREBBKIEEK, THREREA
Ry AT A= 8 2.57 g, R 62%. 155 180~181 C; 'H
NMR (300 MHz, DMSO-d) d: 11.74 (s, 1H, NH), 10.35
(s, 1H, NH), 7.02 (t, J=8.0 Hz, 1H, ArH), 6.54~6.51 (m,
1H, ArH), 6.43~6.36 (m, 2H, ArH), 5.24 (s, 2H, NH,),
5.14 (s, 1H, CH). ESI-MS m/z: 192 [M+H]".

14 /N halk 0,0- e (07 ) FEmi AR I 5% SR 19]
Tk
23 BEFEHEY O0,0-ZH(F)E-5-M4-8E-F(F)
E]-2,4-BK e — BRI BRI R L EM 7T -9 IS X IEB
P

LI 8b A sk l, 2 skl e 50
mL P = AR 5-(4-5 R 5E)-2,4- Ik e
Wk i 0.41 g (2 mmol), NaHCO50.336 g (4 mmol), T4
& 30 mL, 0,0-—- ZEAAHEE S 0.75 g (4 mmol),
AL, IR TLCORBIAT A AR 31 L
1% LRI A Tk VG B R I 3 JRURHRE AT 2R, IRV 12
h, 5ROV, AR AE, M A R B, iE)
A LR R R AT B AR L 10 8~2 0 1 HEATRAE
VM, 250/ LT FE A S TR R T A 1R 0.397 g,

2190 http://sioc-journal.cn/
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B 56%, B 157~159 C. KA K ikl %415
FIRIULE T, 8,9,11,12.

0,0- 1 3E-5-(4-F FERIE )-2,4- 0K Ae0bk —— [l 5 £ ke
Bk (Ta): SEAEHIREA, B% 52%. mp. 207~208 C;
'H NMR (300 MHz, DMSO-d) 6: 10.72 (s, 1H, NH), 8.49
(d, J=15.2 Hz, 1H, NH), 8.29 (s, 1H, NH), 7.19~7.06 (m,
4H, ArH), 5.04 (s, 1H, CH), 3.63 (d, J=13.9 Hz, 6H,
OCHs); *'P NMR (DMSO-dy) 6: 69.93; IR (KBr) v: 3229,
3121, 1760, 1722 cm !, Anal. caled for C1Hi4N;04PS: C
41.90, H 4.48, N 13.33; found C 41.75, H 4.56, N 13.59.

0,0- L F3E-5-(4-F FERIE )-2,4- 0K Ae0bk [l 5 £ ke
WEf(Tb): SRR AR, R 53%. mop. 168~169 C;
'H NMR (300 MHz, DMSO-dj) 6: 10.72 (s, 1H, NH), 8.43
(d, J=15.2 Hz, 1H, NH), 8.29 (s, 1H, NH), 7.17~7.07 (m,
4H, ArH), 5.03 (s, 1H, CH), 4.07~3.96 (m, 4H, OCH,),
1.22 (t, J=7.4 Hz, 6H, CH;); *'P NMR (DMSO-d;) J:
64.53; IR (KBr) v: 3244, 3056, 1765, 1723 cm '. Anal.
calcd for C3H; sN;O4PS: C 45.48, H 5.28, N 12.24; found
C45.51,H5.26, N 12.19.

0,0- . (4- TR FE IR HL)-5-(4-5 e R L )-2,4- K ek —
i i A 098 TR i (Te): B €Ak K I 4R, R 23%. mup.
112~114 °C; "H NMR (300 MHz, DMSO-dj) 6: 9.60 (s,
1H, NH), 7.94 (d, J=16.8 Hz, 1H, NH), 7.47~7.39 (m,
4H, ArH), 7.33 (s, 1H, NH), 7.21~7.12 (m, 8H, ArH),
5.18 (s, 1H, CH), 2.59 (t, J=7.5 Hz, 4H, CH,), 1.64~1.54
(m, 4H, CH,), 1.37~1.27 (m, 8H, CH,), 0.88 (t, J=6.8
Hz, 6H, CH;); *'P NMR (DMSO-d;) : 57.51; IR (KBr) v:
3413, 3220, 1778, 1719 cm™'; ESI-MS m/z: 581 [M+H]".
Anal. caled for C3H3sN3O4PS: C 64.63, H 6.76, N 6.98;
found C 64.90, H 6.70, N 6.97.

0,0~ (2- AR HE)-5-(4-F FE IR 5L )-2,4- K e bk~ ]
IRACTEMERL(7d): R R EE, 1% 50%. m.p. 182~
184 C. '"H NMR (300 MHz, DMSO-d;) d: 9.60 (s, 1H,
NH), 8.32 (d, J=16.8 Hz, 1H, NH), 7.61~7.46 (m, 6H,
ArH), 7.40~7.24 (m, 7H, AtH+NH), 5.17 (s, 1H, CH);
3'P NMR (DMSO-dg) 0: 56.92; IR (KBr) v: 3424, 3200,
1759, 1718 cm . Anal. caled for C,1HcCLN;04PS: C
49.62, H3.17, N 8.27; found C 49.21, H 3.18, N 8.24.

0,0- - (2- AR HE)-5-(4-F FE IR L )-2,4- K e bk — ]
IR ACIEMENL (Te): BRI, 12 43%. mp. 212~
214 ‘C; '"H NMR (300 MHz, DMSO-ds) 6: 9.60 (s, 1H,
NH), 8.09 (d, J=17.2 Hz, 1H, NH), 7.49 (d, J=7.7 Hz,
2H, ArH), 7.42 (d, J=7.7 Hz, 2H, ArH), 7.32~7.25 (m,
5H, ArH+NH), 7.20~7.09 (m, 4H, ArH), 5.18 (s, 1H,
CH), 2.30 (s, 6H, CHz); *'P NMR (DMSO-d;) J: 56.87; IR

Chin. J. Org. Chem. 2013, 33, 2186~2195



Chinese Journal of Organic Chemistry

ARTICLE

(KBr) v: 3415, 3273, 1772, 1708 cm . Anal. caled for
C,3H2N;0,4PS: C 59.09, H 4.74, N 8.99; found C 58.98, H
4.70, N 8.98.

0,0- " (3- FRL A I )-5-(4- 5 T R Hk )-2,4- K DA gk —
i 7 4B IR Ml (76): B BBy AR [ A4, IR 25%. mup.
178~179 °C;'H NMR (300 MHz, DMSO-d;) J: 9.62 (s,
1H, NH), 7.99 (d, J/=16.9 Hz, 1H, NH), 7.46~7.39 (m,
4H, ArH), 7.35 (s, 1H, NH), 7.27~7.22 (m, 2H, ArH),
7.07~7.03 (m, 6H, ArH), 5.19 (s, 1H, CH), 2.30 (s, 6H,
CH;); *'P NMR (DMSO-dy) d: 56.95; IR (KBr) v: 3409,
3260, 1773, 1707 cm ! Anal. caled for Cy3H,N;0,4PSe
1/3H,0: C 58.34, H 4.83, N 8.87; found C 58.35, H 4.70,
N 8.92.

0,0- - (4-F A H)-5-(4- 2 FE R K )-2,4- 0K e bk —— il
I AR IZ (T): B by RIE A, W# 42%. m.p. 106~
108 °C;'H NMR (300 MHz, DMSO-dy) J: 9.64 (s, 1H,
NH), 8.15 (d, J=17.1 Hz, 1H, NH), 7.46~7.40 (m, 8H,
ArH), 7.35 (s, 1H, NH), 7.30~7.26 (m, 4H, ArH), 5.19 (s,
1H, CH); *'P NMR (DMSO-d;) d: 57.58; IR (KBr) v: 3428,
3243, 1772, 1722 cm™ ', Anal. caled for CyH;cC1LN;0,PSe
1/2H,0: C 48.76, H 3.31, N 8.12; found C 48.88, H 3.18,
N 8.16.

0,0- . (4-F LRI )-5-(4- 20 HE RS )-2,4- K g —
i) i A B8 TG e (Th): B OB OR [T A, R 35%. mup.
112~114 °C;'H NMR (300 MHz, DMSO-d;) 6: 9.62 (s,
1H, NH), 7.95 (d, J=16.8 Hz, 1H, NH), 7.46~7.39 (m,
4H, ArH), 7.35 (s, 1H, NH), 7.19~7.10 (m, 8H, ArH),
5.19 (s, 1H, CH), 2.29 (s, 6H, CH3); *'P NMR (DMSO-d)
5 57.62; IR (KBr) v: 3409, 3260, 1773, 1707 cm
ESI-MS m/z: 468 [M+H]". Anal. calcd for C,3HyNs-
04PS+1/2H,0: C 57.51, H 4.83, N 8.31; found C 57.51, H
4.87,N 8.31.

0,0-— I HE-5-(4-F FEEFE)-2,4- K Wbk — il 6 X e
[ (8a): AR 4, 1% 63%. m.p. 157~158 C;
'H NMR (300 MHz, DMSO-d) d: 10.42 (s, 1H, NH), 8.35
(d, J=15.3 Hz, 1H, NH), 7.87 (s, 1H, NH), 7.05~6.94 (m,
4H, ArH), 4.26 (t, J=4.7 Hz, 1H, CH), 3.61 (d, J=14.0
Hz, 6H, OCH,), 2.83 (d, J=4.7 Hz, 2H, CH,); *'P NMR
(DMSO-d) d: 70.01; IR (KBr) v: 3264, 3065, 1776, 1716
cm” L. Anal. caled for Cp,HN;O4PS: C 43.77, H 4.90, N
12.76; found C 43.80, H 4.87, N 12.76.

0,0- . L HE-5-(4-F FEFHE)-2,4- 0K bk —— sl £ ke
iz (8b): B IR 4, i 56%. m.p. 158~159 C;
"H NMR (300 MHz, DMSO-d;) d: 10.41 (s, 1H, NH), 8.27
(d, J=14.8 Hz, 1H, NH), 7.87 (s, IH, NH), 7.03~6.96 (m,
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4H, ArH), 4.24 (t, J=5.2 Hz, 1H, CH), 4.05~3.93 (m,
4H, OCH,), 2.82 (d, J=5.2 Hz, 2H, CH,), 1.20 (t, J=6.8
Hz, 6H, CH;); *'P NMR (DMSO-d;) J: 64.81; IR (KBr) v:
3280, 3063, 1780, 1710 cm™'. Anal. calcd for C;sH,N;-
04PS: C 47.05, H 11.76, N 5.64; found C 47.18, H 11.76,
N 5.61.

0,0- . (4- I IR HE)-5-(4-F LA HE)-2,4- DR bk —
P i £ 098 1K i (8c): B €Ak K[ 4, W& 36%. mup.
169~170 °C; 'H NMR (300 MHz, DMSO-dg) J: 9.36 (s,
1H, NH), 7.76 (d, J=17.0 Hz, 1H, NH), 7.33~7.24 (m,
4H, ArH), 7.18~7.06 (m, 8H, ArH), 6.95 (s, 1H, NH),
4.40~4.36 (m, 1H, CH), 3.11 (dd, J=14.1, 6.3 Hz, 1H,
CH,), 2.98 (dd, J=14.1, 6.0 Hz, 1H, CH,), 2.29 (s, 6H,
CH;); *'P NMR (DMSO-dg) : 58.07; IR (KBr) v: 3321,
3219, 1778, 1709 cm !, Anal. caled for Cy4sHyyN;O4PS: C
59.87, H 5.02, N 8.73; found C 59.43, H 5.01, N 8.63.

0,0- —(1-Z555)-5-(4- 20 R H)-2,4- 10K s bk — 1] st
BN L (8d): by R A&, 2 28%. m.p. 171~172
“C;'H NMR (300 MHz, DMSO-dg) d: 9.37 (s, 1H, NH),
8.18 (d, J=18.0 Hz, 1H, NH), 8.14~8.11 (m, 2H, ArH),
7.94~7.97 (m, 2H, ArH), 7.80 (d, J=8.4 Hz, 2H, ArH),
7.48~7.62 (m, 10H, ArH), 7.27 (d, J=8.4 Hz, 2H, ArH),
6.94 (s, 1H, NH), 4.40~4.36 (m, 1H, CH), 3.11 (dd, J=
14.1, 6.3 Hz, 1H, CH,), 2.96 (dd, J=14.1, 6.0 Hz, 1H,
CH,); *'P NMR (DMSO-dy) 6: 57.17; IR (KBr) v: 3213,
3056, 1775, 1712 cm™'. Anal. caled for CsoH,4N;0,PS: C
65.09, H 4.37, N 7.59; found C 64.78, H 4.39, N 7.56.

0,0- R HE-5-(4- %0 FE WAL )-2,4- K Wbk —— il s X 1ok
Pz (8e): Bk AREA, U 44%. mp. 183~184 C;
'H NMR (300 MHz, DMSO-d) 6: 9.38 (s, 1H, NH), 7.84
(d, J=17.1 Hz, 1H, NH), 7.38~7.32 (m, 6H, ArH),
7.26~7.20 (m, 8H, ArH), 6.95 (s, 1H, NH), 4.40~4.37
(m, 1H, CH), 3.11 (dd, J=14.1, 6.3 Hz, 1H, CH,), 2.98
(dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR (DMSO-dj) o:
58.62; IR (KBr) v: 3337, 3112, 1763, 1714 cm™'. Anal.
calcd for C,H,N;O04PS: C 58.27, H4.45, N 9.27; found C
58.22, H 4.44,N 9.25.

0,0- . (2- LR KL )-5-(4- 2 FE R HE)-2,4- K ek —
P A B PR Ml (8): B A By R A A&, WX EE 55%. mup.
201~202 ‘C; 'H NMR (300 MHz, DMSO-d) J: 9.35 (s,
1H, NH), 7.91 (d, J=17.0 Hz, 1H, NH), 7.38~7.23 (m,
8H, ArH), 7.20~7.08 (m, 4H, ArH), 6.93 (s, 1H, NH),
4.40~4.36 (m, 1H, CH), 3.10 (dd, J=14.1, 6.3 Hz, 1H,
CH,), 2.97 (dd, J=14.1, 6.0 Hz, 1H, CH,), 2.28 (s, 6H,
CH;); *'P NMR (DMSO-dg) 0: 56.94; IR (KBr) v: 3214,
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3060, 1765, 1717 cm !, Anal. calcd for Co4HyyN;O4PS: C
59.87, H 5.02, N 8.73; found C 59.99, H 4.97, N 8.73.

0,0- . (2- 5 IR 5 )-5-(4-F FE 3L )-2,4- K I bk
T A A I (Bg): B Bk R T, WE 62%. mup.
158~159 ‘C; '"H NMR (300 MHz, DMSO-d;) J: 9.36 (s,
1H, NH), 7.63 (d, J=15.1 Hz, 1H, NH), 7.43~7.35 (m,
4H, ArH), 7.22~7.07 (m, 6H, ArH), 6.93 (s, 1H, NH),
6.90~6.86 (m, 2H, ArH), 4.39~4.35 (m, 1H, CH), 3.79
(s, 6H, OCH3), 3.09 (dd, J=14.0, 6.2 Hz, 1H, CH,), 2.95
(dd, J=14.0, 6.0 Hz, 1H, CH,); *'P NMR (DMSO-dj) o:
59.37; IR (KBr) v: 3274, 3064, 1765, 1705 cm™'. Anal.
calcd for Co4Hy4N3O6PS: C 56.14, H4.71, N 8.18; found C
56.02, H 4.72, N 8.18.

0,0- . (3- LR HE)-5-(4- B FE A HE)-2,4- K Ik —
P A QR It 2 (8h): B Ea R R [l A4, S0 58%. mup. 84~
86 ‘C; 'H NMR (300 MHz, DMSO-d;) d: 9.37 (s, 1H,
NH), 7.82 (d, J=17.0 Hz, 1H, NH), 7.34~7.21 (m, 6H,
ArH), 7.07~7.00 (m, 6H, ArH), 6.96 (s, 1H, NH), 4.40~
436 (m, 1H, CH), 3.10 (dd, J=14.1, 6.3 Hz, 1H, CH,),
2.97 (dd, J=14.1, 6.0 Hz, 1H, CH,), 2.31 (s, 6H, CH;); *'P
NMR (DMSO-d) d: 57.32; IR (KBr) v: 3400, 3290, 1761,
1720 cm'. Anal. caled for C,HyuN;O,PS: C 59.87, H
5.02, N 8.73; found C 59.80, H 4.98, N 8.72.

0,0- - (4-F A H)-5-(4- 2 HE R 5 )-2,4- 0K e bk —— il
I ARt Sl (81): B (b R IEA, WA 75%. mup. 185~
186 °C; 'H NMR (300 MHz, DMSO-dq) 6: 9.38 (s, 1H,
NH), 7.97 (d, J=17.0 Hz, 1H, NH), 7.41 (d, J=8.7 Hz,
4H, ArH), 7.33~7.20 (m, 8H, ArH), 6.95 (s, 1H, NH),
4.41~4.38 (m, 1H, CH), 3.10 (dd, J=14.1, 6.3 Hz, 1H,
CH,), 2.99 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR
(DMSO-dg) d: 58.11; IR (KBr) v: 3337, 3056, 1776, 1717
cm” L. Anal. caled for C,H,3CLN;O,PS: C 50.59, H 3.47,
N 8.04; found C 50.43, H 3.55, N 8.04.

0,0- . (4- TR FE TR HL)-5-(4-F FEAEHE)-2,4- K e ik
AR AR IR (8): B Aok R [ A, WE 69%. m.p.
180~181 °C; '"H NMR (300 MHz, DMSO-d;) 5: 9.38 (s,
1H, NH), 7.72 (d, J=16.8 Hz, 1H, NH), 7.33 (d, J=8.7
Hz, 2H, ArH), 7.25 (d, J=8.7 Hz, 2H, ArH), 7.14~7.08
(m, 4H, ArH), 6.97 (s, 1H, NH), 6.93~6.88 (m, 4H, ArH),
4.41~4.37 (m, 1H, CH), 3.76 (s, 6H, OCH,), 3.11 (dd, J=
14.1, 6.3 Hz, 1H, CH,), 2.99 (dd, J=14.1, 6.0 Hz, 1H,
CH,); *'P NMR (DMSO-dy) d: 59.37; IR (KBr) v: 3304,
3198, 1769, 1708 cm ™ '. Anal. caled for C,4H,sN;O4PS: C
56.14, H 4.71, N 8.18; found C 55.74, H4.72, N 8.14.

0,0- . (2- 5 FE)-5-(4- A FE T FE)-2,4- K bk 1
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I AUt 1 (8K): B o d R [l 44, e 45%. mp. 143~
145 °C; "H NMR (300 MHz, DMSO-d;) &: 9.37 (s, 1H,
NH), 8.18 (d, J=17.0 Hz, 1H, NH), 7.60~7.50 (m, 4H,
ArH), 7.41~7.22 (m, 8H, ArH), 6.95 (s, 1H, NH), 4.39~
435 (m, 1H, CH), 3.09 (dd, J=14.1, 6.3 Hz, 1H, CH,),
2.95 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR (DMSO-d;)
8: 57.19; IR (KBr) v: 3304, 3198, 1769, 1708 cm™'. Anal.
caled for C,H;gCLLN;O4PS: C 50.59, H 3.47, N 8.04;
found C 50.40, H 3.56, N 7.99.

0,0- " (4- I I )-5-(4- 5 T8 F )-2,4- K DA Ipk —
Pt A QB It fl2 (81): B (b AR [ 4, WO 42%. mup. 82~
84 ‘C; 'H NMR (300 MHz, DMSO-dy) 6: 9.38 (s, 1H,
NH), 7.78 (d, J=16.9 Hz, 1H, NH), 7.32 (d, J=8.4 Hz,
2H, ArH), 7.25 (d, J=8.4 Hz, 2H, ArH), 7.21~7.17 (m,
4H, ArH), 7.15~7.09 (m, 4H, ArH), 6.97 (s, 1H, NH),
4.40~4.36 (m, 1H, CH), 3.11 (dd, J=14.1, 6.3 Hz, 1H,
CH,), 2.97 (dd, J=14.1, 6.0 Hz, 1H, CH,), 2.59 (t, J=17.5
Hz, 4H, CH,), 1.64~1.54 (m, 4H, CH,), 1.37~1.27 (m,
8H, CH,), 0.87 (t, J=6.8 Hz, 6H, CH;); *'P NMR
(DMSO-d) d: 57.93; IR (KBr) v: 3319, 3220, 1773, 1712
cm . Anal. caled for C3,H,N;04PS: C 64.74, H 6.79, N
7.08; found C 64.60, H 6.63, N 7.08.

O- L. F5-0- 2R -5-(4- 5 FE R FE)-2,4- DK Wbk — i 1
ARIEMERZ(8m): SR ARE £, & 81%. mp. 91~92
‘C; '"H NMR (300 MHz, DMSO-dy) d: 9.38 (s, 1H, NH),
7.52 (d, J=16.1 Hz, 1H, NH), 7.36~7.31 (m, 2H, ArH),
7.24~7.11 (m, 7H, ArH), 6.96 (s, 1H, NH), 4.39~4.35
(m, 1H, CH), 4.22~4.19 (m, 2H, OCH,), 3.13 (dd, J=
14.1, 6.3 Hz, 1H, CH,), 2.82 (dd, J=14.1, 6.0 Hz, 1H,
CH,), 1.34 (t, J=7.2 Hz, 3H, CH;); *'P NMR (DMSO-d;)
8: 61.99, 62.08; IR (KBr) v: 3419, 3200, 1765, 1719 cm™;
ESI-MS m/z: 406 [M+H]". Anal. calcd for C,sH,N;0,PS:
C 54.23, H 5.30, N 9.61; found C 54.05, H 5.33, N 9.60.

0,0- " F HE-5-(4-F FE R HE)-2- i A R-2,4- K bk —— il
I AU Z (9a): B AAHIRIE A, WiE 48%. mp. 120~
121 ‘C; '"H NMR (300 MHz, DMSO-dy) : 11.44 (s, 1H,
NH), 10.02 (s, 1H, NH), 8.35 (d, J=15.3 Hz, 1H, NH),
7.03~6.94 (m, 4H, ArH), 4.50~4.47 (m, 1H, CH), 3.61
(d, J=14.0 Hz, 6H, OCH3), 2.88 (d, J=4.7 Hz, 2H, CH,);
3'P NMR (DMSO-dg) o: 70.57; IR (KBr) v: 3292, 3175,
1740, 1715 cm™". Anal. calcd for C;,H ¢N3O5PS,: C 41.93,
H 12.17, N 4.67; found C 41.86, H 12.13, N 4.64.

0,0-— LH-5-(4-5 H R HE)-2- B AR-2,4- K bk — ]
IRACIEMERZ(9b): AR, 1% 26%. mp. 156~
157 °C; '"H NMR (300 MHz, DMSO-d) : 11.42 (s, 1H,
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NH), 10.01 (s, 1H, NH), 8.26 (d, J=15.4 Hz, 1H, NH),
7.02~6.94 (m, 4H, ArH), 4.50~4.46 (m, 1H, CH), 4.09~
3.89 (m, 4H, OCH,), 2.88 (d, J=3.6 Hz, 2H, CH,), 1.20 (t,
J=6.8 Hz, 6H, CH3); *'P NMR (DMSO-dy) J: 65.54; IR
(KBr) v: 3353, 3241, 1762, 1742 cm™'. Anal. calcd for
C1sH2N;05PS,: C 44.32, H 11.07, N 5.49; found C 44.62,
H 11.13, N 5.46.

0,0- " N H-5-(4-Z FERFE)-2-m A2, 4- DK bk~ il
I ACBEEZ (9¢): B EHIRMEA, # 67%. mp. 131~
132 °C; '"H NMR (300 MHz, DMSO-d) 6: 11.43 (s, 1H,
NH), 10.03 (s, 1H, NH), 8.30 (d, J=15.8 Hz, 1H, NH),
7.02~6.95 (m, 4H, ArH), 4.50~4.47 (m, 1H, CH), 3.94~
3.81 (m, 4H, OCH,), 2.88 (d, /=4.8 Hz, 2H, CH,), 1.62~
1.55 (m, 4H, CH,), 0.85 (t, J=6.8 Hz, 6H, CH3); *'P NMR
(DMSO-dg) d: 66.01; IR (KBr) v: 3350, 3178, 1746, 1716
cm ', Anal. caled for CsHo4N3O5PS,: C 47.87, H 10.47, N
6.03; found C 48.10, H 10.41, N 5.99.

0,0-—(4-F H K I)-5-(4-F FE L) -2- B AR -2,4- K
PR bR A I Ml (9): R A [ A, IR 39%.
m.p. 216~218 ‘C; 'H NMR (300 MHz, DMSO-d) ¢
10.33 (s, 1H, NH), 8.94 (s, 1H, NH), 7.76 (d, J=16.9 Hz,
1H, NH), 7.31 (d, J=8.4 Hz, 2H, ArH), 7.24 (d, J=8.4
Hz, 2H, ArH), 7.19~7.06 (m, 8H, ArH), 4.60~4.56 (m,
1H, CH), 3.18 (dd, J=14.1, 6.3 Hz, 1H, CH,), 3.07 (dd,
J=14.1, 6.0 Hz, 1H, CH,), 2.29 (s, 6H, CH;); *'P NMR
(DMSO-dg) d: 58.07; IR (KBr) v: 3350, 3178, 1746, 1716
em ', ESI-MS m/z: 498 [M+H]". Anal. caled for
C,sH24N;05PS,: C 57.93, H 4.86, N 8.45; found C 57.79,
H4.92, N 8.31.

0,0- . (2- AR FE A HE)-5-(4-F I FE)-2- 5718 -2,4-
DK Membk M B A R 2 (9e): B (OB R TR, L 73%.
m.p. 168~169 C; 'H NMR (300 MHz, DMSO-d,) o
10.32 (s, 1H, NH), 8.96 (s, 1H, NH), 7.65 (d, J=16.9 Hz,
1H, NH), 7.43~7.33 (m, 4H, ArH), 7.22~7.10 (m, 4H,
ArH), 7.08 (d, J=8.1 Hz, 2H, ArH), 6.93~6.88 (m, 2H,
ArH), 4.59~4.55 (m, 1H, CH), 3.78 (s, 6H, OCH3), 3.16
(dd, J=14.1, 6.3 Hz, 1H, CH,), 3.04 (dd, J=14.1, 6.0 Hz,
1H, CH,); *'P NMR (DMSO-d) d: 59.28; IR (KBr) v:
3355, 3186, 1762, 1715 cm™'. Anal. caled for CoyHauNs-
nOsPS,: C 54.43, H 4.57, N 7.93; found C 54.61, H 4.62,
N 7.98.

0,0- " (4- W 41 FE R L )-5-(4- 8 FL N I8 )-2- AR -2.4-
DK IARHR — P A A i B e (9): (O R A, R 58%.
m.p. 183~184 C; 'HNMR (300 MHz, DMSO-ds) o:
10.34 (s, 1H, NH), 8.95 (s, 1H, NH), 7.71 (d, J=16.7 Hz,
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1H, NH), 7.32 (d, J=8.4 Hz, 2H, ArH), 7.24 (d, J=8.4
Hz, 2H, ArH), 7.15~6.90 (m, 8H, ArH), 4.60~4.57 (m,
1H, CH), 3.76 (s, 6H, OCH3), 3.18 (dd, J=14.1, 6.3 Hz,
1H, CH,), 3.09 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR
(DMSO-dg) d: 59.38; IR (KBr) v: 3367, 3210, 1755, 1715
cm . Anal. caled for CoyHouN3OsPS,: C 54.43, H 4.57, N
7.93; found C 54.37, H 4.56, N 7.91.

0,0-—(2-F H K H)-5-(4-F FE L) -2- i £ -2,4- K
PR bR ] 8 A 0 I i (9g): o B A i 4k, AR 59%.
m.p. 207~208 ‘C; 'H NMR (300 MHz, DMSO-d) J:
10.32 (s, 1H, NH), 8.92 (s, 1H, NH), 7.93 (d, J=16.9 Hz,
1H, NH), 7.37 (d, J=8.4 Hz, 2H, ArH), 7.32~7.23 (m,
6H, ArH), 7.20~7.08 (m, 4H, ArH), 4.60~4.56 (m, 1H,
CH), 3.16 (dd, J=14.1, 6.3 Hz, 1H, CH,), 3.06 (dd, J=
14.1, 6.0 Hz, 1H, CH,), 2.29 (s, 6H, CH;); *'P NMR
(DMSO-dg) d: 56.90; IR (KBr) v: 3398, 3270, 1775, 1712
em”'; ESI-MS m/z: 498 [M+H] . Anal. caled for
C»4sH24N;05PS,: C 57.93, H 4.86, N 8.45; found C 58.42,
H 4.95, N 8.25.

0,0- . (4-F R HE)-5-(4- 5 FE ) -2- T AX-2,4- DK g
Wbk — M A e (9h): B Ry R A A, W% 66%. m.p.
228~230 ‘C; 'H NMR (300 MHz, DMSO-dj) d: 10.34 (s,
1H, NH), 8.95 (s, 1H, NH), 7.98 (d, J=17.6 Hz, 1H, NH),
7.45~741 (m, 4H, ArH), 7.33~7.20 (m, 8H, ArH),
4.61~4.58 (m, 1H, CH), 3.18 (dd, J=14.1, 6.2 Hz, 1H,
CH,), 3.09 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR
(DMSO-dg) d: 58.10; IR (KBr) v: 3373, 3202, 1755, 1711
cm” L. Anal. caled for CpH;sCLN;05PS,: C 49.08, H 3.37,
N 7.80; found C 49.04, H 3.41, N 7.72.

0,0- (- A IH)-5-(4- T IR -2- B AR -2, 4- K 1
Wbk — M A A IR (91): Bk R 44, e 37%. m.p.
152~153 °C; '"H NMR (300 MHz, DMSO-dj) J: 10.32 (s,
1H, NH), 8.93 (s, 1H, NH), 8.18 (d, J=17.1 Hz, 1H, NH),
7.59~7.50 (m, 4H, ArH), 7.41~722 (m, 8H, ArH),
4.59~4.55 (m, 1H, CH), 3.17 (dd, J=14.1, 6.2 Hz, 1H,
CH,), 3.03 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR
(DMSO-d) d: 57.13; IR (KBr) v: 3230, 3160, 1765, 1712
cm '; ESI-MS m/z: 538 [M~+H] . Anal. caled for
CyH sCLN;O5PS,: C 49.08, H 3.37, N 7.80; found C
49.50, H 3.47, N 7.69.

0,0- —(3-H I K IE)-5-(4-F I ) -2-fi 8 -2,4-BK
e R ] A £ Tl I Jh2 (9): LB R I A, ISR 60%.
m.p. 180~181 C; 'H NMR (300 MHz, DMSO-dy) J:
10.32 (s, 1H, NH), 8.94 (s, 1H, NH), 7.81 (d, J/=16.9 Hz,
1H, NH), 7.34~7.22 (m, 6H, ArH), 7.09~6.99 (m, 6H,
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ArH), 4.60~4.56 (m, 1H, CH), 3.18 (dd, J=14.1, 6.3 Hz,
1H, CH,), 3.06 (dd, J=14.1, 6.0 Hz, 1H, CH,), 2.31 (s,
6H, CH;); *'P NMR (DMSO-dg) 6: 57.29; IR (KBr) v:
3285, 3190, 1765, 1715 cm™'. Anal. caled for CpqHyuN;-
05PS,: C 57.93, H 4.86, N 8.45; found C 57.85, H 4.88, N
8.38.

0,0- " FHE-5-(4-Z LW HE)-2-B AX-2,4- WK bk — 4]
TR AR (9K): s R R [ 44, % 55%. mp. 182~
183 °C; '"H NMR (300 MHz, DMSO-d) 6: 10.35 (s, 1H,
NH), 8.96 (s, 1H, NH), 7.86 (d, J=17.1 Hz, 1H, NH),
7.42~7.32 (m, 6H, ArH), 7.26~7.19 (m, 8H, ArH),
4.60~4.57 (m, 1H, CH), 3.18 (dd, J=14.1, 6.3 Hz, 1H,
CH,), 3.07 (dd, J=14.1, 6.0 Hz, 1H, CH,); *'P NMR
(DMSO-d) d: 57.58; IR (KBr) v: 3273, 3189, 1764, 1715
ecm ', ESI-MS m/z: 470 [M+H] . Anal. caled for
CaHyoN;305PS,: C 55.66, H 4.57, N 8.65; found C 55.73,
H 4.35, N 8.65.

0,0- —(4- 0 F K F)-5-(4-F FE L) -2-fi AR -2,4- 1K
WA R ] o 38 S Ml (91): B R R T A4, IR 25%.
m.p. 100~101 C; '"H NMR (300 MHz, DMSO-d;) §:
10.32 (s, 1H, NH), 8.94 (s, 1H, NH), 7.76 (d, J=16.9 Hz,
1H, NH), 7.31 (d, J=8.4 Hz, 2H, ArH), 7.25~7.18 (m,
6H, ArH), 7.15~7.08 (m, 4H, ArH), 4.60~4.56 (m, 1H,
CH), 3.18 (dd, J=14.1, 6.3 Hz, 1H, CH,), 3.06 (dd, J=
14.1, 6.0 Hz, 1H, CH,), 2.59 (t, J=7.5 Hz, 4H, CH,),
1.64~1.54 (m, 4H, CH,), 1.37~1.25 (m, 8H, CH,), 0.88
(t, J=6.9 Hz, 6H, CH,); *'P NMR (DMSO-d;) 5: 57.94; IR
(KBr) v: 3315, 3220, 1774, 1710 cm™'. Anal. calcd for
C3,H,4N305PS,: C 63.03, H 6.61, N 6.89; found C 63.05,
H 6.60, N 6.91.

0,0- —(1-Z%H5)-5-(4- 2 H W 55)-2- B A -2,4- K Pk bk
R AR EE ML (9m): B Ok R B4, HiE 50%. mup.
186~187 °C; 'H NMR (300 MHz, DMSO-d) J: 10.35 (s,
1H, NH), 9.25 (s, 1H, NH), 8.21 (d, J=17.0 Hz, 1H, NH),
8.18~8.01 (m, 4H, ArH), 7.91 (d, J=8.4 Hz, 2H, ArH),
7.70~7.62 (m, 8H, ArH), 7.50 (d, J=8.4 Hz, 2H, ArH),
731 (d, J=8.4 Hz, 2H, ArH), 4.53~4.49 (m, 1H, CH),
3.19 (dd, J=14.1, 6.3 Hz, 1H, CH,), 3.09 (dd, J=14.1, 6.0
Hz, 1H, CH,); *'P NMR (DMSO-d,) J: 58.09; IR (KBr) v:
3430, 3129, 1769, 1705 cm ™ '; ESI-MS m/z: 570 [M+H]".
Anal. calcd for C30H4N;05PS,: C 61.60, H 4.58, N 7.07;
found C 61.71, H 4.33, N 7.07.

O- LH5-0-FHE-5-(4- 2 Ha 7 3 )-2- B £X-2,4- K Pk bk
T AR A I (9m): B R R A, W0 72%. mup.
152~153 °C; '"H NMR (300 MHz, DMSO-d) J: 10.32 (s,
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1H, NH), 8.94 (s, 1H, NH), 7.50 (d, J=16.1 Hz, 1H, NH),
737~731 (m, 2H, ArH), 7.20~7.11 (m, 7H, ArH),
4.58~4.55 (m, 1H, CH), 4.30~4.13 (m, 2H, OCH.,), 3.15
(dd, J=14.1, 6.3 Hz, 1H, CH,), 3.04 (dd, J=14.1, 6.0 Hz,
1H, CH,), 1.33 (t, J=6.9 Hz, 3H, CHs); *'P NMR
(DMSO-dg) 6: 61.97, 62.06; IR (KBr) v: 3378, 3252, 1769,
1709 ecm ', Anal. caled for C;sHyN;05PS,: C 51.29, H
4.78, N 9.97; found C 51.20, H 4.87, N 9.91.

0,0- " HAE-5-(3- 2 I AT )-2- 4 R-2,4- WK bR~ I
i X i It i (11a): o U EROIR AR, IR 42%. mup.
>250 ‘C;"HNMR (300 MHz, DMSO-d) 6: 11.82 (s, 1H,
NH), 10.43 (s, 1H, NH), 8.57 (d, J=14.7 Hz, 1H, NH),
7.27 (d, J=7.8 Hz, 1H, ArH), 7.08~7.05 (m, 1H, ArH),
6.99~6.95 (m, 1H, ArH), 6.82 (d, J=7.7 Hz, 1H, ArH),
5.29 (s, 1H, CH), 3.66~3.54 (d, J=14.0 Hz, 6H, OCHs);
3'P NMR (DMSO-dg) 0: 69.70; IR (KBr) v: 3226, 3029,
1747, 1703 cm™". Anal. caled for C;H 4,N305PS,+1/2H,0:
C 38.82, H 4.44, N 12.35; found C 38.54, H 4.70, N 12.67.

0,0-— LH-5-(3- 5 HE I HE)-2- i A2, 4- K bk — ]
AR (11b): B EERIR B AA, W02 32%. mup.>250
‘C; "H NMR (300 MHz, DMSO-d;) 6: 11.82 (s, 1H, NH),
10.42 (s, 1H, NH), 8.50 (d, J=15.1 Hz, 1H, NH), 7.26 (d,
J=7.8 Hz, 1H, ArH), 7.09~7.01 (m, 2H, ArH), 6.81 (d,
J=17.7 Hz, 1H, ArH), 5.28 (s, 1H, CH), 4.09~3.96 (m,
4H, OCH,), 1.21 (t, J=6.8 Hz, 6H, CH;); *'P NMR
(DMSO-dg) d: 65.06; IR (KBr) v: 3304, 3236, 1750, 1709
cm . Anal. calcd for C3HgN;O5PS, : C 43.44, H 5.05, N
11.69; found C 43.50, H 5.02, N 11.67.

O- L -N-TN 3 -5-(4-F8 FE R I )-2-1 £ -2,4- DK Pk b
CEARACEERR BR(12): R KRR, W 42%. mop.
>250 ‘C;"HNMR (300 MHz, DMSO-d) 6: 11.49 (s, 1H,
NH), 10.08 (s, 1H, NH), 7.17~7.07 (m, 4H, ArH), 5.94~
5.85 (m, 1H, NH), 4.54 (t, J=4.5 Hz, 1H, CH), 4.06~3.99
(m, 2H, OCH,), 2.96 (d, J=4.5 Hz, 2H, CH,), 2.88~2.82
(m, 2H, CH,), 1.45~1.38 (m, 2H, CH,), 1.26 (t, J=7.8
Hz, 3H, CH;), 0.83 (t, J=7.2 Hz, 3H, CH;); *'P NMR
(DMSO-dg) 6: 69.29, 69.23; IR (KBr) v: 3314, 3235, 1760,
1710 cm™ ', Anal. caled for C;sH»,N;05PS,: C 46.50, H
5.72, N 10.85; found C 46.54, H 5.85, N 10.77.

2.4 1L&1 9 BB IRLTE

1640 9b [F db A4 R B 1) IF C e/ A T 12 45 K
93] WARRTE T Bk 0.70 mm X 0.50 mm X 0.30
mm K/NREAE T Bruker SMART CCD IP PU[Ifi74:
IR, RTA SRR, Mo Ka (A=0.071073 nm)H4E,
18 97.2 KW FRIMTEIRWER. 76 20 24 6.5°~54.0°4
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FEl A SCER 21 36306 AMRTHT A, Ho 11951 AN AT S AT
[R(int)=0.0313]. fFH HEEH SHELX F2/7 i i 454,
JfHH SHELXL-97 /7R H e/ — ik idb AT 25t p 1.
&Y 9b (1 b g5 H 2 5: C14HpN;05PS,1/3H,0,
M,=379.43, =FHH R, P-1 ZFAEE, a=0.82092(5), b=
1.79810(14) nm, ¢=2.0153(2) nm, a=72.289(8)°, f=
79.355(7)°, y=177.288(6)°, V=2.7421(4) nm’, D.=1.379
glem’, Z=6, F(000)=1196, x(Mo Ka)=0.397 mm ', S=
1.031, final R=0.0426, wR=0.0797 (all data). 1L&%) 9b
(1 i R 45 1) O R A7 A8 IR & A 45 48 48 15 b, CCDC
901318.

25 HEHEMNE

R B3 1R P S LR R R AR, % s 2
SR PG H fish o AN SR 34T, HARSIESS 7 VAR 5K
6 B8 A 7 5 L SCRR[10, 11]. BRECATR duid v 23 51
PL & H B (Glyphosate, Glp) 1 4 1L 5k S (Omethoate,
Ome.) N X% 271
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