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Design, Synthesis and Herbicidal Activity of Diphenyl
Ether Aryloxyphenoxypropionate Derivatives
Containing Quinazolin-4-one Motif

LI Na, WANG Shumin, HAN Shibo, LEI Kang

(School of Pharmacy, Liaocheng University, Liaocheng 252059, China)

Abstract To develop a new aryloxyphenoxypropionate herbicide, a total of 19 diphenyl ether aryloxyphe-
noxypropionate derivatives containing quinazolin-4-one motif were designed and synthesized using sub-
structure splicing method based on the previous discovered QPP-I as the lead compound. Their structures
were confirmed by 'H NMR and "*C NMR. The herbicidal activity of the target compound was tested by
small cup plate method. It was found that the target compound had higher growth inhibition rate against
the monocotyledon Echinochloa crus-galli with the growth inhibition rate 81. 6% at the concentration of
10 pg/mlL, which was similar to the commercial herbicide quizalofop-p-ethyl. The results in a greenhouse

test showed that the growth inhibition rates of compound QPPD-16 on Echinochloa crus-galli, Digitaria
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sanguinalis, Pennisetum alopecuroides and Setaria viridis were 79. 6%, 83. 1%, 84.0% and 70. 0%, re-
spectively, under pre-emergence conditions at a dosage of 750 g/hm”. More importantly, the compound
QPPD-16 has a high safety for crops such as soybean and peanut. The results showed that compound QP-
PD-16 has the potential to be developed as a novel aryloxyphenoxypropionate herbicide and can be further
optimized as a lead compound.

Key words quinazolin-4-one; diphenyl ether aryloxyphenoxypropionate; synthesis; herbicidal activity; lead
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Fig. 3 Herbicidal activities (percent inhibition) of target compounds QPPD-1~QPPD-19

£1 &% QPPD-11 #1 QPPD-16 BERZH XMBREFMGIHIZR(%))*
Table 1 Herbicidal activities of compounds QPPD-11 and QPPD-16 in greenhouse testing (percent inhibition)®

AL D) ZEMAREE )
&Y I/ (g-hm™?)

e B3 PR 0 e i PR ok
1500 17.5+1.4 11.3%+2.1 84.5+2.6 91.7+0.9 6.3+1.5 0.0 63.8+£2.2 65.0%+1.7
QPPD-11 750 / / 61.4+1.7 73.3%+2.0 / / 29.4+3.1 31.6+2.4
375 / / 28.2+1.3 30.6+L5 / / 0.0 4,84+0.7
1 500 13.242.3 16.743.3 95.0%0.5 100. 0 0.0 0.0 69.2+2.6 88.5+2.0
QPPD-16 750 / / 80.6+1.1 83.140.7 / / 37.242.1 51.743.3
375 / / 33.942.0 47.5+2.6 / / 10.641.0 16.3%0.5

1500 45.6+1.1 50.0%1.7 100. 0 100. 0 11.5+2.1  19.0%3.3 100. 0 100. 0

FhingE R R 750 38.6+2.0 3L2+2.5 100. 0 100. 0 / / 100. 0 100. 0

375 20.440.5 17.1+1.6 100. 0 100. 0 / / 100. 0 100. 0
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Y1 QPPD-16 Xt B RL I E Jl B A= A 2835/ TF 80 %6 5 R i AL A B B 7014 s R R A B B s A Y
1.3 HAE P il et &2 e ks
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g/hm? FHE S NI T 6 B R ) 0 B L AR ek, BRI SL R A R RV (R 2) 4k EY
QPPD-16 X} 8 FRARI A2 H A1 6 FPEAT/NT 50 Yo B9 HiI/EH » Forb X BB | By Ji AR 8 L UM 2 SR
R AR B TR, AR AR R4 51 79. 6%, 83,1, 84. 0% 1 70. 0%, X IEHIMLA Y QPPD-16 HAA#KTE
MIBREGE . A E I & QPPD-16 MIfEY % 2t &I (& 3) . (L& QPPD-16 X £k . /NEZFIR
TEA B G AL 4R 83, 4%, 89. 0% N 86. 1%, MXFAEAE MR G R I 0. 0%, T LIk
RN LIE LAY QPPD-16 HA 3 58 IR B  EXAEYIAEA: K G 28 4 ] LIAE R — A e B PE 0 B
RS s Wittt —2 k.

F2 TELEEAIE 750 g/hm’ FIEEKET, L EY QPPD-16 BIBRE L MK F E I I ( %))
Table 2 Weed control spectrum testing of compounds QPPD-16 at the dosage of 750 g/hm’

under pre-emergence condition (percent inhibition)®

fea e =) TRE R A2 2 i ILges Pem ER% S
QPPD-16  79.6+1.7  83.1£2.3  840+3.5  70.0£2.1  46.8+3.0  51.3%£1.4  47.5+2.6  52.4£3.3
HiMER R 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0

TE B A =P AT SR 1 S B i
F3 FELEAIE.750 ¢/hm’ FIBEGET, L EY QPPD-16 IHEMAIIRG ZE (REGE(%))*
Table 3 Pre-emergence crop selectivity of QPPD-16 at the dosage of 750 g¢/hm’ (Injury inhibition)*

et/ oK INEZ i pidan K
QPPD-16 83.443. 4 89.0+1. 3 86.1+2.1 0.0 0.0
KRR 100. 0 100. 0 100. 0 40.440.7 12.44+3.2
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ARSI T R 1 5 A A i sl Ak 2 4 08 T 22 it o AR A B JRT TCT A2 370 24 = L 4 R iy
L3 ZRAB I T R (200~300 ED T B AL T s BEREKTINR ] Bruker 500 BUAZ 4 4R, TMS
SR ARG VR s 75 2 R G B B T s A (X4 b 2o e, b st D
2.2 9k
2.2.1 fbsdh 2 894, TE 100 mL BUREHRIINA 2-25-5-F AR (k&% 1, 3.1 g, 20.0
mmol) \ FHLF R (1. 61 g, 22. 0 mmol) . =& (Et; N, 2.22 g, 22. 0 mmol) f1ZEE(EtOH, 30 mL),
SR ZRTE 80 “C R, 3 hy N &5 ARG N B =R L 1 A B IR B A UTTEY) . F 20 mL AT 20 mL 1E
CLt 585 Ve A, TR B 1 A IR G4 2(3.5 g, 73 82.5%) .,
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2.2.2 Aebhim3 s, BALE 2(2.1 g, 10. 0 mmoDIE T =4 M %i (CHCL, » 25 mL) 1, 4R a1 % i
INAREREER (SO.CL,, 1.46 g, 11. 0 mmoD) s IR RTE 60 C T 2 h /e M=%l o i & H — &1
$t (DCM, 30 mL) R, 283t 1L RS AL A PEAS , JC/K B IR A T4 DB Wk 4, SR 5 LAAT I ik / TR TR (V 2 V
=20+ D AVEMEH, S RER g kE sl A58 (@R 3(1. 0 g, =% 48.9%0),

2.2.3 A5 a4 R, TE 100 mL = HEMA R IMA G 3(2. 1 g, 10. 0 mmoD) iR HH (K, CO,
3.0 g» 22 mmoD Fl N, N-—HI ZH fifie (DMF, 20 mL) , RIVAKZRTE 70 °C FHiHE 1 h R85 H (R)-2-(4- %
FEAEEIHO IR 4 (1,82 g, 10 mmoD AR BIA R , 4REEAE 70 “C FHEFE 2 h. VIR R HE SR INA
100 mL 97K, 3FH 1 mol « L' EEERIH pH = 1. 0,78 K E M . gl i R, H 50 mL &
BT 50 mL IECREdEd . TR 3 A ARG 5(2.0 g, P#H 55,100,

2.2.4  BAReA % QPPD-1~QPPD-19 446 ., #1bG % 5(358 mg, 1.0 mmoD) ¥ T 5 kit (DCM,
30 mL) SRS IMA RS (254 mg, 2.0 mmoD . RMAKRRIEEMR FHFE 12 h )5, BRI B2k & 9 6
NGO HEEHAT T — 25 R0 .

B EY 6 T —EH HE(DCM, 30 mL) SRIGKIIMA = (151 mg, 1.5 mmol) \4-— H & JEML g
(DMAP, 12.2 mg, 0. 1 mmoD) Fl (5-(2-5 40 -2~ 3R HEE 7(279 mg, 1.0 mmoD) . KWK REZR
JEFHERE 12 h 5 KU 30 mL 1 mol « L™ MERER K A S AL SR BRI A HUZ , JOKBRIR AN T8, 95
FEHAR SR JE LIATMEE/ LR SR (V 2 V 2 30 = DR BEBEA, 286k I (5 A 24k, 75 31 1 6 R QPPD-1
(354 mg, *H57.200) . HEHBEEY QPPD-2~QPPD-19 WY& 5% 5 QPPD-1 #[H .

(R -3~ F k-6 -1 Al -4 - 2 4 B R -2 TN PR - 2l -5~ (2- U R 480 TR FI TR (QPPD-1) « 1 0 [
A B 45 136~139 °C 3% 57. 2% ;' H NMR (500 MHz, CDCly) §: 8.17 (d. ] = 9.1 Hz, 1H), 7. 83 (d,
J =8.1Hz, 1H), 7.50 (dd, ] = 8.0, 1.3 Hz, 1H), 7.33~7.30 (m, 3H). 7.26~7.21 (m, 1H), 7. 18
(d, ] = 8.9 Hz, 2H), 7.13 (d» ] = 8.0 Hz, 1H), 7.00 (d, J = 2.5 Hz, 1H), 6.95 (d, ] = 8.9 Hz,
2H), 6.82 (dd, ] = 9.1, 2.7 Hz, 1H), 5.63 (q, ] = 15.4 Hz, 2H), 4.85 (q. ] = 6.8 Hz, 1H), 3. 64
(s, 3H), 1.63 (d, J = 6.8 Hz, 3H);"“C NMR (125 MHz, CDCl,) &: 171.22 (s), 162.29 (d, ] = 3.3
Hz), 161.78 (s), 159. 75 (d, ] = 245.5 Hz), 155. 23 (s), 152. 14 (s), 149. 86 (s), 146. 03 (s),
143.07 (), 141.53 (s), 135.10 (s), 131.30 (s)» 128.59 (s), 128.15 (d, ] = 8.1 Hz), 128. 06 (s),
127.09 (s)s 122.94 (s), 122.85 (s)» 122.65 (s)s 119.85 (d. J = 8.4 Hz), 115.87 (d. ] = 23.0 Hz),
115.18 (), 111.85 (d, ] = 23.7 Hz), 73.10 (s, 63.71 (s), 28.89 (s), 18.54 (s),

(R -3~ FH -6 -1 WAl 4 24 B IR - 2-TH PR - 2l -5~ (3-SR 48U 50 TR HI TR (QPPD-2) - 1 8 [
A1 1 62~64 °C 3% 51, 4% ;" ' H NMR (500 MHz, CDCL,) 8: 8.18 (d. ] = 9.1 Hz, 1H), 7.81 (dt, ]
= 8.5, 1.7 Hzy, 1H), 7.33 (t, ] = 8.1 Hz, 1H), 7.30 (dd, J = 6.4, 1.6 Hz, 2H), 7.24 ~ 7. 21 (m,
1H), 7.18 ~ 7.15 (m, 2H), 7.08 ~ 7.06 (m, 2H), 6.97 ~ 6. 92 (m, 4H), 5.62 (q, ] = 15.4 Hz,
2H), 4.87 (q, ] = 6.8 Hz, 1H), 3.66 (s, 3H), 1.64 (d, ] = 6.8 Hz, 3H);"C NMR (125 MHz,
CDCly) &: 171.23 (s), 162.29 (d, ] = 3.5 Hz), 161.79 (s), 159.76 (d, ] = 245.4 Hz), 155. 31 (s),
155. 21 (s), 152,14 (s), 145.99 (s), 143.05 (s), 141. 81 (s), 135. 71 (s), 135. 13 (s), 131. 12 (s),
128.13(ds J = 9.9 Hz), 125.72 (s), 122.82 (s), 122.77 (d, J = 23.8 Hz), 120.91 (s), 119.86 (d, ]
= 8.7 Hz), 118.54 (s), 116.93 (s), 116.56 (s), 115.91 (s), 111.88 (d, ] = 23.8 Hz), 73.08 (s),
63.68 (s), 28.92 (s), 18.52 (s),

(R -3~ k-6 G- WA A -2 AU B R - 2- PN R [ 2- B -5~ (- R AU 2R 3k TR (QPPD-3) « 1 5[]
K 5 64~ 67 °C; 7% 58, 0%;'H NMR (500 MHz, CDCly) &: 8. 17 (d, J = 9.1 Hz, 1H), 7. 84~
7.80 (m, 1H), 7.40~7.35 (m, 2H), 7.31~7.30 (m, 2H), 7.18~7.15 (m, 2H), 7.05 (d, ] = 2.6
Hz. 1H). 7.03~6.99 (m, 2H), 6.95~6. 92 (m, 3H), 5.67~5.49 (m, 1H), 4.85 (q, ] = 6. 8 Hz,
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1H), 3.66 (s, 3H), 1.62 (d, ] = 6.8 Hz., 3H);**C NMR (125 MHz, CDCl;) &: 171. 24 (s), 162. 26 (d,
J =3.5Hz), 162.19 (s), 159.71 (d, ] = 245.5 Hz), 155.22 (s), 153.09 (s), 152.14 (s), 145. 98 (s), 143. 06
(s)s 141.57 (s), 135.09 (), 130.88 (s), 130.45 (s), 128.13 (d, ] = 7.9 Hz), 122. 84 (s), 122.75 (d,
J = 23.8Hz), 121.87 (s), 119.84 (d, ] = 8.4 Hz), 116. 59 (s), 116.28 (s), 115.93 (s), 111.85 (d, ]
= 23.8 Hz), 73.10 (s), 63.73 (s), 28.93 (), 18.49 (s),

(R -3~ Y -6 - e b4l 240 35 % 4 2- TR PR - 2- i 55— (2- = 3l FH B R AU TR PR (QPPD-4)
P E W5 71~73 °C; 773 41.6%; 'H NMR (500 MHz, CDCly) §: 8.09 (d, ] = 9.1 Hz, 1H),
7.73(ds J = 8.5 Hz, 1H), 7.66 (d, ] = 7.8 Hz, 1H), 7.48 (t, ] = 7.8 Hz, 1H), 7.27 (1, ] = 7.6 Hz, 1H),
7.22(d, J = 5.5 Hz, 2H), 7.08 (d, ] = 8.9 Hz, 2H), 7.00 (dd, J = 12.9, 5.3 Hz, 2H), 6.86 (d, J
= 8.9 Hz, 2H), 6.82 (dd, ] = 9.1, 2.6 Hz, 1H), 5. 61~5. 44 (m, 2H), 4.78 (q, ] = 6.7 Hz, 1H),
3.55 (s, 3H), 1.55 (d, ] = 6.8 Hz, 3H); “C NMR (125 MHz, CDCl,) &: 171. 24 (s), 162.28 (d. ] =
3.5 Hz), 161.82 (s), 159. 71 (d. J = 245.4 Hz), 155.19 (s), 152.23 (d, J = 21.9 Hz), 145.98 (s),
143.06 (s)s 141.94 (s), 135.11 (s), 133.86 (s)» 128.13 (ds ] = 8.1 Hz), 128.03 (s), 127.78 (q, ] =
4.8 Hz), 125.47 (s), 123.99 (s), 123.24 (s), 122,98 (s), 122.74 (d, J = 24.4 Hz), 121. 84 (s),
119.82 (dy J = 8.8 Hz), 111.82 (d, J = 23.8 Hz), 73.02 (s), 63.64 (s), 28.87 (s), 18.50 (s).

(R -3~ F -6 -1 ol -4 i) -2 4 A 42 TR TR [ 2 -5 (3- =gl Y R AU IR TG (QPPD-5)
FA €2 144 5 45 25 63~66 °C 5 72% 43. 9% ;' H NMR (500 MHz, CDCIL,) &: 8.20 (d, ] = 9.1 Hz, 1H), 7. 83
(dt, J = 8.5, 1.8 Hz, 1H), 7.58~7.48 (m, 2H), 7.34 (s, 1H), 7.32~7.29 (m, 2H), 7.25 (d, ] =
7.7 Hz, 1H), 7.17~7.12 (m, 2H), 7.09 (d, J = 2.6 Hz, 1H), 6. 96 (dd, ] = 9.1, 2.7 Hz, 1H),
6.94~6.90 (m, 2H), 5.73~5.55 (m, 2H), 4.85 (q. ] = 6.8 Hz, 1H), 3.66 (s, 3H), 1.61 (d, ] =
6.8 Hz, 3H); “C NMR (125 MHz, CDCl;) &: 171. 21 (s), 162.28 (d, J = 3.5 Hz), 161. 59 (s),
159. 74 (d, J = 245.4 Hz), 155.08 (d. ] = 28.5 Hz), 152. 14 (s), 145.98 (s), 143. 05 (s), 141.97 (),
135.21 (s), 132.98 (q. J = 66.1 Hz), 131. 06 (s), 128.17 (s), 128.09 (s), 124.43 (s), 123.64 (s),
122.86 (), 122.82 (s), 122.66 (s), 122.26 (), 122.14 (q» ] = 7.3 Hz), 119.85 (d, ] = 8.4 Hz),
117.42 (q, J = 3.7 Hz), 117.05 (), 116.64 (), 115.90 (s), 111. 86 (d. ] = 23.7 Hz), 73.05 (s),
63.67 (s), 28.90 (s), 18.48 (s).

(R -3~} -6 Fp - Ak 4 i) 240 5 % 4 2- PR TR - 2 -5~ (4- = iU AP BE SR AU B0 TR P B (QPPD-6)
P40 A 5 9 05, 145~146 °C 577 % 47, 2% ;' H NMR (500 MHz, CDCly) &: 8.21 (d, J = 9.0 Hz, 1H),
7.83 (dt, ] = 8.5, 1.7 Hz, 1H), 7.68 (d, J = 8.6 Hz, 2H), 7.31 (dd, ] = 6.4, 1.6 Hz, 2H), 7.18
~7.12 (m, 4H), 7.11 (d, ] = 2.6 Hz, 1H), 7.01 (dd, ] = 9.0, 2.7 Hz, 1H), 6. 95~6. 90 (m, 2H),
5.69~5.52 (m, 2H), 4. 84 (q, ] = 6.8 Hz, 1H), 3.66 (s, 3H), 1.60 (d., ] = 6.8 Hz, 3H);"C NMR
(125 MHz, CDCly) 8: 171.23 (s), 162.27 (d. ] = 3.5 Hz), 161.24 (s), 159.74 (d, ] = 245.4 Hz),
157.56 (s), 155.21 (s), 152. 14 (s), 145. 98 (s), 143. 04 (s), 142. 15 (s), 135.18 (s), 128.15 (s),
128.09 (s), 127.77 (q» J = 3.6 Hz), 127.48 (d, ] = 33.0 Hz), 124.85 (s), 122.86 (s), 122.82 (s),
122.67 (), 120.25 (s), 119.85 (d, ] = 8.6 Hz), 117.32 (d, J = 33.2 Hz), 115. 90 (s), 111.87 (d, J
= 23.6 Hz), 73.08 (s), 63.66 (s), 28.91 (s), 18.48 (s),

(R -3~ -6 - R 4 i) 24 i % 4 2- P TR - 2 -5 (2- AU L R 46U ) 2R T R (QPPD-7) :
0 [EAR 5 45 138~139 °C 57 % 55, 3% ;' H NMR (500 MHz, CDCly) §: 8.15 (d, ] = 9.1 Hz, 1H), 7. 83
(dd, ] = 8.4, 2.4 Hz, 1H), 7.36~7.28 (m, 2H), 7.28~7.24 (m, 1H), 7.17 (d, ] = 9.0 Hz, 2H),
7.09 (dd. J = 7.9, 1.5 Hz, 1H), 7.06~7.02 (m, 1H), 6.99 (dt, ] = 9.2, 2.1 Hz, 2H), 6.94 (d, J
= 8.9 Hz, 2H), 6.82 (dd., J = 9.1, 2.7 Hz, 1H), 5.68~5.51 (m, 2H), 4.83 (q, ] = 6.8 Hz, 1H),
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3.77 (sy 3H), 3.65 (s, 3H), 1.60 (d, ] = 6.8 Hz, 3H);"”C NMR (125 MHz. CDCly) 8: 171. 23 (s),
162. 89 (s), 162.30 (d, J = 3.5 H2)» 159. 75 (d, ] = 245.5 Hz), 155. 25 (s), 152.17 (s), 151. 59 (),
145.98 (s), 143.05 (), 142.26 (s), 140. 97 (), 134.72 (s), 128.16 (d, J = 8.1 Hz), 127.95 (s),
127.07 (), 122. 80, 122.78 (d, J = 23.8 Hz), 122.65 (s), 121.51 (s), 119. 84 (d. ] = 8.6 Hz),
116.00 (s), 115.32 (), 114.82 (s), 113. 15 (s), 111. 85 (d, J = 23.7 Hz), 73. 08 (s), 63.92 (s),
55.84 (s), 28.91 (s), 18.52 (s),

(R -3~ -6 - R 4 i) 24 i % 4 2- PR TR - 2 -5 (3- AU L R 48U ) 128 T iR (QPPD-8) : 1
AR 45 5 79~82 °C377#% 51, 0% ;' H NMR (500 MHz, CDCl;) &: 8.16 (d, ] = 9.1 Hz, 1H), 7. 85~
7.81 (m, 1H), 7.34~7.28 (m, 3H), 7.16 (d, J = 8.9 Hz, 2H), 7.04 (d, ] = 2.4 Hz, 1H), 6. 97~
6.91 (m, 3H), 6.79 (dd, J = 8.3, 2.1 Hz, 1H), 6.63 (d, ] = 8.0 Hz, 1H), 6.60 (t, ] = 2.0 Hz,
1H), 5.62 (q. J = 15.3 Hz, 2H), 4.85 (q, ] = 6.8 Hz, 1H), 3.79 (s, 3H), 3.65 (s, 3H), 1.62 (d,
J = 6.8 Hz, 3H);"”C NMR (125 MHz, CDCl,) §: 171. 27 (s), 162.51 (s), 162.30 (d, ] = 3.3 Hz),
161.35 (s), 159.75 (d. ] = 245.4 Hz), 155.50 (s), 155.22 (s), 152,12 (s), 145.98 (), 143.05 (s),
141. 32 (s), 134. 94 (s), 130.79 (s), 128.15 (d, J = 8.0 Hz), 128.01 (s), 122.81 (s), 122.76 (d, ] =
23.8 Hz), 119.85 (d, J = 8.5 Hz), 116. 60, 116. 18 (s), 115. 91 (s), 112. 51 (s), 111. 84 (d, ] =
23.8 Hz), 111.03 (s), 106.75 (s), 73.04 (s), 63.80 (s), 55.49 (s), 28.91 (), 18.51 (s),

(R -3~ F -6 -1 WAl R4 ) 24, R - 2-TH TR - 2 -5 (- AU R 48U 8 TR T TR (QPPD-9) : 1
A 75 5 76~79 °C 5773 53. 8% H NMR (500 MHz, CDCLy) &: 8.14 (d, ] = 9.1 Hz, 1H), 7. 84~7.79
(m, 1H), 7.34~7.28 (m, 2H), 7.17 (d, ] = 9.0 Hz, 2H), 7. 03~6. 97 (m, 3H), 6. 96~6. 91 (m, 4H),
6.86 (dd., J= 9.1, 2.7 Hz, 1H), 5. 67~5.51 (m, 2H), 4.85 (q» ] = 6.8 Hz, 1H), 3. 82 (s, 3H),
3.65 (ss 3H), 1.62 (d, ] = 6.8 Hz, 3H);”C NMR (125 MHz, CDCl;) &: 171. 26 (s), 163. 47 (s),
162.29(d, J = 3.3 Hz), 159.75 (d, ] = 245.4 Hz), 157.31 (s), 155.24 (s), 152.14 (s), 147.58 (s),
145.98 (s), 143.06 (s), 140.97 (s), 134,91 (s), 128.16 (d. ] = 7.9 Hz), 128.05 (s), 122.80 (s),
122.77 (d, J = 23.8 H2), 121.85 (s), 119.86 (d, J = 8.8 Hz), 115.94 (s), 115.92 (s), 115.39 (s),
115.36 (s), 111.85 (d. J = 23.7 Hz), 73.07 (s), 63.87 (s), 55.69 (s), 28.91 (s), 18.52 (s),

(R -3~ F k-6 G- WA -4 -2 AU B R - 2- N R [ 2T E-5-( 2, 3- AU IR TR (QPPD-10) :
G EMA 15 55 117~119 °C 5347, 7% ;' H NMR (500 MHz, CDCly) &: 8.17 (d, ] = 9.1 Hz, 1H), 7. 83
~7.79 (m, 1H), 7.40 (dd, J = 8.1, 1.3 Hz, 1HD, 7.30 (dd, J = 6.2, 1.4 Hz, 2HD, 7.25 (dd, ] = 14.1,
6.0 Hz, 1H), 7.20~7.15 (m, 2H), 7.05 (dd. J = 8.2, 1.3 Hz, 1H), 7.01 (d, J] = 2.7 Hz, 1H), 6. 98~
6.92 (m, 2H), 6.85 (dd, ] = 9.1, 2.7 Hz, 1H), 5.63 (q, ] = 15.5 Hz, 2H), 4. 87 (q, ] = 6.8 Hz,
1H), 3.65 (s, 3H), 1.64 (d, ] = 6.8 Hz, 3H);"C NMR (125 MHz, CDCly) &: 171. 20 (s), 162.24 (d, ] =
3.3 Hz), 161.25 (s), 159.70 (d, ] = 245.4 Hz), 155.21 (s), 152.13 (), 151. 28 (s), 146,03 (s), 143. 06 (s),
141. 81 (s), 135.23 (s), 134,93 (s), 128.20 (s), 128. 15 (s), 128.09 (s), 127.76 (s), 126.39 (s),
122.86 (), 122.72 (d, ] = 24.3 Hz), 120.83 (s), 119.82 (d, J = 8.5 Hz), 115. 94 (s), 115,39 (s),
111.81 (d, J = 23.6 Hz), 73.10 (s), 63.62 (s), 28.89 (s), 18.52 (s),

(R)-3-H 556 G- nas s mpfe- 4 -l -2 S B R - 2- I R [ 2- A 26-5-(2, 4-ZURAED PR IR (QPPD-11) : [
(A J5 1 65~68 C 5= % 45, 1% ;' H NMR (500 MHz, CDCly) 8: 8.18 (d, J = 9.1 Hz, 1H), 7.83
(d, J = 8.3 Hz, 1H), 7.51 (d, ] = 2.4 Hz, 1H), 7.34~7.27 (m, 3H), 7.18 (d, J = 8.8 Hz, 2H),
7.06 (d, ] = 8.7 Hz, 1H), 7.01 (d, J = 2.5 Hz, 1H), 6.95 (d, ] = 8.7 Hz, 2H), 6. 84 (dd, ] =
9.1, 2.6 Hz, 1H), 5.71~5.53 (m. 2H), 4.86 (q, J = 6.7 Hz, 1H), 3.66 (s, 3H), 1.64 (d., ] =
6.8 Hz, 3H);"”C NMR (125 MHz, CDCl;) §: 171.21 (s), 162.28 (d, ] = 3.2 Hz), 161. 35 (s), 159.75 (d,
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J = 245.8 Hz). 155. 24 (s), 152. 12 (s), 148. 69 (s), 146. 05 (s), 143. 06 (s), 141. 84 (s), 135. 18 (s).,
131.93 (), 131.05 (s), 128.78 (), 128.10 (s), 128.07 (d, J = 23.8 Hz), 123.63 (s), 122. 85 (s),
122.66 (s), 119.86 (d, ] = 8.6 Hz), 115.98 (s), 115.91 (s), 115.31 (s), 111.88 (d, ] = 23.7 Hz),
73.19 (), 63.65 (), 28.91 (s), 18.50 (s),

(R)-3-H 556 G- s s mpfe- 4 -l -2 S B R - 2- I R [ 2- A 6-5-(3 5 4- & URAED PR IR (QPPD-12) : [
O FEAR B3 5 71~74 °C 5723 42.5% ;' H NMR (500 MHz, CDCl;) &: 8.19 (d, ] = 9.0 Hz, 1H), 7. 82
(d, ] = 8.0 Hz, 1H), 7.47 (d. ] = 8.7 Hz, 1H), 7.30 (d, ] = 6.2 Hz, 2H), 7.17 (dd, ] = 12. 6,
5.7 Hz, 3H), 7.08 (d, ] = 2.1 Hz, 1H), 7.00~6.89 (m, 4H), 5.71~5.53 (m, 2H), 4.86 (q, ] =
6.7 Hz, 1H), 3.67 (s, 3H), 1.64 (d, ] = 6.8 Hz, 3H);"C NMR (125 MHz, CDCl,) &: 171. 21 (s),
162.25 (d, ] = 3.3 Hz), 161. 38 (s), 159. 74 (d, J = 245.4 Hz), 155.22 (s), 153.62 (), 152.12 (s),
146. 02 (s), 143.05 (s), 142. 10 (s), 135.20 (s)» 133.97 (s), 131.65 (s), 129. 26 (s), 128.12 (s),
128.08 (s). 122.82 (s), 122. 64 (s)s 122.38 (s)» 119.86 (ds ] = 8.7 Hz), 119. 72 (s), 117.15 (s),
116.71 (s), 115.92 (s), 111.86 (ds J = 23.8 Hz), 73.15 (s), 63.61 (), 28.92 (), 18.48 (s),

(R -3~ F -6 G- WA A -2 AU B AR 4 - 2- N R 2T E-5-(3, 5- AU IR TR (QPPD-13) : 1
A 1 05 68~72 °C 372 # 49, 3% ;' H NMR (500 MHz, CDCL,) §: 8.21 (d, ] = 9.0 Hz, 1H), 7. 85~
7.80 (m, 1H), 7.34~7.28 (m, 2H), 7.22 (t, ] = 1.8 Hz, 1H), 7.18~7.13 (m, 2H), 7.09 (d, ] =
2.6 Hz, 1H), 6.99 (dd, J = 9.0, 2.7 Hz, 1H), 6.97~6.91 (m, 4H), 5.63 (q, ] = 15.5 Hz, 2H),
4.88(q, J = 6.8 Hz, 1H), 3.68 (d, J] = 9.6 Hz, 3H), 1.66 (d, J] = 6.8 Hz, 3H);"*C NMR (125 MHz, CDCl;)
§: 171.21 (s), 162.27 (d, ] = 3.6 Hz), 160. 85 (s), 159. 74 (d, J = 245.5 Hz), 155. 90 (s), 155.19 (s),
152.13 (s), 145.99 (s), 142.33 (s, 136.26 (s), 135.29 (s), 128.11 (d. ] = 7.8 Hz), 125.58 (s),
125.58 (), 122.75 (d, ] = 22.2 Hz), 119.85 (d, J = 8.4 Hz), 118.90 (s), 117.50 (), 117.13 (s),
115.88 (), 111.87 (d, ] = 23.8 Hz), 73.11 (s), 63.56 (s), 28.94 (s), 18.53 (s),

(R -3~ F -6 - WA A R -2~ 40 B R - 2- PN R - [ 2l - 5- (2- S84 AUED) JR IR (QPPD-14) : 1
0 [ A5 45 55 138~140 °C 5725 53, 3% ;' H NMR (500 MHz, CDCly) 8: 8.17 (d, ] = 9.1 Hz, 1H), 7. 82
(dt, ] = 8.5, 1.7 Hz, 1H), 7.65 (d, ] = 2.3 Hz, 1H), 7.44 (dd, ] = 8.6, 2.3 Hz, 1H), 7. 31 (dd,
J=6.4,1.6 Hz, 2H), 7. 21~7.16 (m, 2H), 7.00 (d. ] = 8.6 Hz, 2H), 6. 97~6. 93 (m, 2H), 6. 85
(dd, J = 9.1, 2.7 Hz, 1H), 5. 70~5.53 (m, 2H), 4. 86 (q, ] = 6.8 Hz, 1H), 3.66 (s, 2H), 1. 64 (d,
J = 6.8 Hz, 3H);"*C NMR (125 MHz, CDCL,) &: 171. 21 (s), 162.28 (d, ] = 3.5 Hz), 161. 24 (s),
159.75 (ds J = 245.4 Hz), 155.24 (s), 152.12 (s), 149.23 (s), 146.04 (s), 143.05 (s), 141.85 (s),
135.19 (s), 133.86 (s), 131.74 (s), 128.20 (d, J = 7.5 Hz)» 128,11 (s), 123.99 (s), 122.76 (d, ] =
24.9 Hz), 119. 86 (d. J = 8.8 Hz), 119.15 (), 115,37 (s), 111. 88 (d, J] = 23.6 Hz), 73. 18 (s),
63.65 (s), 28.92 (s), 18.51 (s),

(R -3~ F k-6 - A A - -2 40 6 2R -2 TN IR - 2l -5~ (2- 4R T B 2R A0 8 T g (QPPD-
15) : PR s 45 5 75~76 °C 3772 50, 0% ;' H NMR (500 MHz, CDCly) §: 8.16 (ds ] = 9.1 Hz, 1H), 7.82
(dds ] = 8.4, 1.7 Hz, 1H), 7.50 (d, ] = 2.3 Hz, 1HD, 7.32 (dt, ] = 9.4, 3.2 Hz, 3H), 7.18 (d, ] = 8.8 Hz,
2H), 7.05 (d, J] = 8.5 Hz, 1H), 6.98 (d, ] = 2.6 Hz, 1H), 6.95 (d. ] = 8.7 Hz, 2H), 6.81 (dd. ] = 9.1,
2.7 Hzy 1H), 5.62 (q, ] = 15.4 Hz, 2HD, 4.86 (q. ] = 6.8 Hz, 1H), 3.63 (s, 3HD, 1.62 (d. ] = 6.8 Hz,
3H). 1.34 (s, 9H);C NMR (125 MHz, CDCl,) §: 171. 24 (s), 162. 29 (ds ] = 3.2 Hz), 162. 07 (s), 159. 74
(d, ] = 245.4 Hz), 155. 24 (s), 152. 13 (s), 150. 88 (s), 147. 22 (s), 146. 01 (s), 143. 08 (s),
141. 34 (s), 135.05 (s), 128.26 (s), 128.18 (d, J = 8.0 Hz), 128.05 (s), 126.41 (s), 125. 64 (s),
122. 86 (), 122.53 (d, ] = 23.7 Hz), 119. 84 (d, ] = 8.3 Hz), 115.89 (s), 115.59 (s), 114. 98 (s),
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111.84 (ds J = 23.5 Hz)» 73.03 (s), 63.76 (s), 34.78 (s), 31.26 (s), 28.87 (s), 18.62 (),

(R -3~ F k-6 G- WA A -2~ AU B R - 2- PN R [ 2- il k-5 (2- 584U S ) IR IR (QPPD-16) : 1
A 05 69~73 °C 372 % 52.1% ;' H NMR (500 MHz, CDCly) §: 8.17 (d, ] = 9.1 Hz, 1H), 7. 84~
7.79 (m, 1H), 7.31 (dd, J = 6.8, 2.0 Hz, 2H), 7.26 (dd, ] = 7.9, 3.0 Hz, 1H), 7.21~7.16 (m,
2H), 7.13 (dd, ] = 9.0, 5.1 Hz, 1H), 7.07~7.03 (m, 1H), 7. 01 (d, J = 2.7 Hz, 1H), 6. 98~6. 93
(m, 2H), 6.82 (dd, ] = 9.1, 2.8 Hz, 1H), 5.71~5.53 (m, 2H), 4. 86 (q, ] = 6.8 Hz, 1H), 3.66
(s» 3H), 1.64 (d, ] = 6.8 Hz, 3H);"”C NMR (125 MHz, CDCl,) &: 171.20 (s), 162.29 (d, ] = 3.4
Hz), 159.84 (d, J = 247.5 Hz), 159.75 (d, ] = 247.5 Hz), 155.25 (s), 152,14 (s), 146.14 (d. ] =
3.4 Hz), 146,04 (s), 143.07 (), 141.68 (s), 135.13 (s)» 128.16 (s), 128,11 (s), 128. 04 (s), 123. 90
(d, ] = 9.1 Hz), 122.76 (d, J = 23.6 Hz), 119.85 (d, ] = 8.4 Hz), 118.44 (d. J = 26. 1 Hz),
116.01(s), 115.67 (d, ] = 9.5 Hz), 115.71 (s)» 115.64 (s), 115.53 (s), 111. 86 (d. ] = 23.8 Hz),
73.18 (s), 63.69 (s), 28.90 (s), 18.52 (s),

(R) -3~ k-6 G- M WA -4 - - 2 S B R A 2- IR [ 2B AR -5-( 2, 4- VAL IR IR (QPPD-17)
P8 A 5 5 64~67 °C 5773 43, 0% ;' H NMR (500 MHz, CDCly) §: 8.14 (d, J = 9.1 Hz, 1H), 7.85
~7.78 (m, 1H), 7.34~7.28 (m, 2H), 7.17 (d, ] = 9.0 Hz, 2H), 7.09 (s, 1H), 7.03 (d, ] = 8.1
Hz. 1H), 6.94 (dd, J = 9.5, 5.8 Hz, 3H), 6.86 (d, ] = 8.1 Hz, 1H), 6.79 (dd, ] = 9.1, 2.7 Hz, 1H).,
5.61 (q» ] = 15.3 Hz, 2HD, 4.84 (q, J] = 6.8 Hz, 1HD, 3.63 (s, 3H), 2.34 (s, 3H), 2.09 (s, 3H), 1.60 (d,
J = 6.8 Hz, 3HD;"C NMR (125 MHz, CDCly) &: 171. 25 (s), 163.01 (s), 162.29 (d, ] = 3.5 Hz), 159. 75 (d,
J = 245.5 Hz), 155.26 (), 152.12 (s), 149. 87 (s), 145.99 (s), 143. 04 (s), 140,79 (s), 135.82 (s), 135. 04 (s),
132.59 (s), 130.10 (s), 128.30 (), 128,18 (s), 128.16 (s), 128.12 (s), 122. 85 (s), 122.80 (s), 122. 66 (s),
121.01 (s), 119.85 (ds ] = 8.4 Hz), 115.94 (s), 115.23 (s), 114.80 (s), 111.85 (d. J = 23.8 Hz),
73.06 (s), 63.88 (s), 28.88 (s), 20.81 (s), 18.46 (s), 15.93 (s),

(R -3~ F -6 G- A A - - 2~ 40 R R 4 - 2- AT R - [ 2l -5 (2- T -4 SR AU TR TR (QPPD-18)
P48 [T 5 425 05, 67~70 °C 57738 49. 6% 3 H NMR (500 MHz, CDCly) 8: 8.17 (d, ] = 9.1 Hz, 1H), 7.84 (d, ] =
8.2 Hz, 1H), 7.34~7.28 (m, 3H), 7.21 (dd, ] = 8.5, 2.5 Hz, 1H), 7.17 (d, J] = 9.0 Hz, 2H), 6.99~6. 90
(m, 4H), 6.83 (dd, ] = 9.1, 2.7 Hz, 1H), 5.70~5.51 (m, 2H), 4.84 (q. ] = 6.8 Hz, 1H), 3. 66 (s, 3H),
2.14 (s, 3H), 1.61 (d, J = 6.8 Hz, 3H);"*C NMR (125 MHz, CDCl,) §: 171. 21 (s), 162.28 (d, ] =
3.3 Hz), 162.24 (s), 159.76 (d, ] = 245.5 Hz). 155.25 (s), 152. 13 (s), 150. 81 (s), 146. 02 (s),
143.06 (s), 141.28 (s), 135.18 (s), 132.44 (), 131.84 (s), 131.17 (s), 128.21 (s), 128.13 (d. ] =
8.1 Hz), 127.80 (s), 122.86 (s), 122. 82 (s), 122.66 (s), 122.36 (s), 119.86 (d, ] = 8.5 Hz), 1
15.99 (), 115.44 (s), 115,17 (s), 111. 88 (d, J = 23. 8 Hz), 73. 15 (s), 63. 77 (s), 28. 90 (s),
18.46 (s), 15.98 (s),

(R)-3-FH -6 - s s b4 -2 4 4 4-2- I R - 2 -5-(2, 4, 5- =GR A ) IR iR (QPPD-
19« FAAE IR s 15 25 81~83 °C 577 35. 4% ;' H NMR (500 MHz, CDCl,) 8: 8.19 (d, ] = 9.1 Hz, 1H),
7.82 (ds ] = 8.0 Hz, 1H), 7.59 (s, 1H). 7.30 (d, J = 5.9 Hz, 2H), 7.22 (s, 1H), 7. 18 (d, ] =
8.6 Hz, 1H), 7.04 (s, 1H), 6.95 (d, ] = 8.6 Hz, 2H), 6.87 (dd. ] = 9.0, 1.9 Hz, 1H), 5. 70~5.56
(m, 2H), 4.87 (q, ] = 6.7 Hz, 1H), 3.67 (s, 3H), 1. 66 (d, J] = 6.7 Hz, 3H);*C NMR (125 MHz, CDCl,) &:
171.21 (s), 162.27 (dy ] = 3.5 Hz)» 160.74 (s), 158.79 (s), 155.23 (8), 152.10 (s), 149.01 (s), 146.04 (s),
143.01 (s), 142.22 (s), 135. 32 (s), 132. 32 (s), 131. 97 (s), 130. 46 (s), 128.10 (d, ] = 9.7 Hz),
126.02 (s), 123.98 (), 122,76 (d, ] = 25.0 Hz), 119.85 (d, J = 8.6 Hz), 116.30 (s), 115,95 (s),
115.56 (s), 111.88 (d, ] = 23.6 Hz), 73.19 (s), 63.56 (s), 28.92 (s), 18.51 (s),
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2.3 BRELISPEM e

TMSEF-IL 7 AR 6 om ARG FRIL A4 —3K B 4% 5.6 cm AYIELR. A 2 mL —E W BRI SR
T BB — A FUMZRBK 2 AXT IR, SRIGREFNZ R 4~6 h AIMSERP T 15 K. 76 (28+1) “C N BEF R
66 h JE il EE MR RE S PRI AR A A R SR AR Fr A= 4 1 23 e A T A 4 400 8 B3R R 1P A S
K B AT IR A S I R (V) = (25 X IR AR I — AL B AR O /28 v IR AR K X
100% .

PR/ IR 7E 50 mL FYBEARIE R — 2 K/ — S BB Bk, SR 5 Tl — ik SARR K/ N —Si g 4t fm
N BC B L AR IR G PR I3 B — A FUMZE IR 128 FI0 R, SRS &Rl 28— S0 LS Rl 10 R, 75
(28 1) CHJEIIEFRENIEFE 66 h [5G BE bR . 820 B SRE T A5 P 0 BB 4 i i A A
TR AL G PR BR BT 1, B SRR 2 B = AFAT . IR 2 R (Vo) = (=5 X B bk
o — AL JE R D /25 U IR R iR X 100 %0,

TP 150 g AVURL B8 T AR 8 cm BYBDRL/ MR, KR . SR 15 UK 25 Rl 2
1~2 em WCEAERE Y., A BAME S PR T 100% DMFE i, 885 Ak I 80 G FE . 100 g/ L) i B .
it F AT ACKE BT AV TR B 208 M . 8 1 000 L/hm” B, LU 1 500 g/hm” BI57 &= WAL & 90 0%
TE T, LR A B 4l i X B . 14 K5 AR A A AR B 5, DL F ) 7 0 IOk 2 m 2530
ANSLEGH W E = AFAT. AN FE 1 500 g/hm® W BN B 0 35 BR S 06 1AL & W0 7E 750 F1 375 g/hm”
W R T — . IR 2 IR 3 (90 = (45 % R A i B — AL B () B B /25 A 0 R
R EEE X 100%,

SRR B K 150 g BPIORE 1B T EHA R 8 em MRV IR AR . SRJEH 15 UL ZEFh T Fidl =
1~2 em W CEAERE T . UMK B —.CO WS 7250 mE55 0B, 7% 1 000 L/hm” &R, L 1 500
g/hm” P55 P AR B 25t DR 2 b BRI D)7 o BR A . A SE g0l i o — A P47, 21
KI5 PR A ZE A R b R 6 o, DA F AR - BOR RN 2580, R 2 R () = (3 F X R
B — A PR A B D /8 PO IR A B <1005,

3 4

DL 2~ F-5-FUR W R R J50R) , 2 A IO A 1T 19 A1 s e b4 -8l 245 F4) 114) 5 2 S8R TR — R Tk TR Ak
G, HE5 2 H NMR AP C NMR #iE, 385/ MR TS50 R 2 204 50 50 & B, i 2R 406 W v B -1
Y EA B et Hob A% QPPD-16 78 HHEANE 750 g/hm” 2y s IF LT, SRR T R 2
F U R 0 A AR R0 79. 60,83, 1% ,84. 0% H1 70. 0%, iR RIFIE LI AL S WY — 2K
BERIA L HUREE R N 2,4 BURE R AE7, H R 4 2-Cl-4-F B AL A PG et . X 2ed) 28 R sk o
RPN FEYBGERREE T A HMEE . WA GBS EY 2 2 K. 5 QPPD-16 X 4EA4:
MREHEAZ2M, B AbEY QPPD-16 o] LIE Ry B R FUR R IR bR e b S Witk A Tt — 20
AL .
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