% 35 % % 6 A3 A 2 2 e CE AR BL 2% WO Vol.35 No.6

2022 4F 12 A Journal of Liaocheng University(Nat.Sci.) Dec.2022
XEYiYS 1672-6634(2022)06-0081-09 DOI 10.19728/;.issn1672-6634.2022040018

Wi R 3-2 L i MR 41T 2 By 1) 4 0 19 Bk T

RE® % FL.ERFELVEHEE,E B
LB B K2 VER TERBEE B OB TR % ST S R 4 230036
2ARCAR K RS2 B R AT 230036)

W BTSSR FEAFERTRITAY RITEMEREEFTR LA FARAAZHRESTRGLEMN,
VAR IR BR W BG L BR 2 ALK R, B BB 4 A& A Dieckmann FRALE T HFE B AR S Y, FRB e &
EA M E LE MEFRLERTENEBRREFTRF L, KHK2> BARLESHE 100 g« hm *H 2% 7 &
THHERL A LR ENREEE S mERILELARER, A 4b.dc.4d 4h 4] Fo 4k T T E 89
SEFIpH R A 100% S MFEHR 75.6%~93.3% ., FFRIMIE S-R AR BB EMT AN L FHEHBE
Fo b AABRITFHRESTE AEARLFHEDABNPRANLMELZEN SRR T RS HG 3
LA 2, 4-—RERSEAFTR CEA FRAA AL RAEAFPRTEN REERKER, ZMRT AR EH
e BR B RAC S VE A TR L E W AR T — IR,
Fellin] 3R BT AN R EER R L R
s K 0626.13; TQ450.11 e
ik bR A JF kR (B9 %) b RS (OSID) i

Synthesis and Herbicidal Activity of Novel3-Phenyl
Tetramic Acid Derivatives

CHAI Yuanging', YANG Ying?, WANG Xiaofei' , WEN Shigiang', LU Pei’

(1.Key Laboratory of Agri-food Safety of Anhui Province,School of Resource and Environment,
Anhui Agricultural University, Hefei 230036, China;2.School of Plant Protection,
Anhui Agricultural University, Hefei 230036, China)

Abstract In order to investigate the relationship between structure and herbicidal activity of teramic acid
derivatives and discover high activity compounds,a series of 3-phenyl tetramic acid were synthesized. The
target compounds were obtained from amino acid methyl ester hydrochloride by amide condensation and
Dieckmann cyclization successively. The herbicidal activities were screened against Echinochloa crusgalli ,
Digitaria sanguinalis , Brassica napus and Portulaca oleracea by foliar application test.Most of the target
compounds showed significant herbicidal activities against Echinochloa crusgalli,Digitaria sanguinalis ,
but had not herbicidal activities against Brassica napus and Portulaca oleracea at the dosage of 100 g *hm ™ *.4b,
4c,4d,4h,4j and 4k exhibited 100% herbicidal activity against Echinochloa crusgalli and 75.6% ~93.3%

activity against Digitaria sanguinalis. The 3-phenylteraminic acid derivatives reported in this study have
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good herbicidal activities against monocotyledonous plants and could be used as lead compounds. The

structure and herbicidal activity relationship showed that methyl, ethyl, isopropyl, cyclopropyl, cyclopentyl and
cyclohexyl at 5-position and 2,4-dichlorophenyl at 3-position of teramic acid exhibited good activity. This found pro-
vides a certain basis to search and development of new pesticide based on the structure of teramic acid.

Key words 3-phenyl tetramic acid;derivative;herbicidal activity;structure and activity relationship

0 Jl+

90 A 5 M TR TE A R ( Tenuazonic acid, R TeA)7E 1957 4F H Rosett™™ 45 A F 4 MBS AR 760 1 (Alternaria al-
ternata (Fr.) Keissler) B3R 00T 43 BIAH 51,1959 4 Stickings™ % A2 H 4544 2 3- £ W B e R 1 4R Ak &
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mat) 11 MRS (spirodiclofen) ) F4E AT 4 i (spiromesifen) ™™ DL & 46 1F 35 45 A JF & B9 T 400K BE 2, 1§ (spiro-
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%6 BRI L A T R 3R A e BR AT AR W BB IS R R 83

ATk CH, Cl, HW (30 mL) BARIE L (100 mL) H FEAR UM A DMAP(1.83 .15 mmoD #1 EDC « HCI(2.88 g.
15 mmol) , Z J [a] iR IR G ¥ W R s i AT 2,4- SR LR (3.08 g, 15 mmoD) B9 JE/K CH, CL # i (15 mL) ,
SN 16 h g TLC BRER 2 50BN N 58 4. A WU 5% NaHCO; % (30 mL X %){5’5@‘ 3 W TR 4lK (30
mLX )VER 3 BB P A WU E T K Nay SO, b T4, ik s 4. @i 42 ik (EA.PE=1.

4L 15 F ] hk3a ~3g K R R EARIE RN 2,5- EF'%ZIKZAM(Z 46 g,15 mmol) , J v [} []
g ab e gomE . s A E TR (EAPE=1.2) 424, 5 3| 4 8] {431 ~3n ,
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5a~5d
Bl 3 R AL A9 O R B %
1.2.2 B ARtLa4hda ~4n 890 A RIS E R R fA3a ~3g (3 mmoD) & i 72 A CH, OH % (20 mL)
AARTEI (100 mL) H L B K 5 min JiF , 11 R A 30% CH; ONa ¥ (2.70 g.15 mmol) » 2% 2% T+ i % [l
T ORBEBE R 75 °C) L W 8 h 5 F TLC BRER 2 5B W 58 4, 1F HV% 20 2 350 5 8 i 28 J IR 25 511
CH; OH, A&7k (15 mL) . JF A 1 mol/L HCL #4735 H pH £ 2~3, fhy. A2k (EA:PE=2. 1D 24l
135 Hirtb & Wda ~Ag ;¥ PR3] ~3n 5 30% CH,ONa WS B ek Jy 1 s 3, SN IS5 5 h, )5 4b
PR b, Sl R AT (EA + PE=1: D424, 75 %] BArfb & %4h ~4n ,

3-(2,4- ZERIE) -A- SR HE L k- 2- 7 (4a ) AR ZL A A, 7 4 85040 i A : 96~99 “C ;' H NMR (600 MHz,
DMSO-d) 8:11.54 (s,1H),7.59 (d,J =1.7 Hz,1H),7.46 (s,1H),7.39 (dd.J =8.3,1.7 Hz,1H),7.27 (d.]
—8.3 Hz,1H).3.89 (s,2H),*C NMR (150 MHz,DMSO-d;) 6:173.3.169.8,135.2,134.1,132.7,130.3,128.9,
127.0,104.0,45.9, HRMS [ESI" ] for C;, H.CL,NO,[(M+H) " J.m/z Caled:243.992 7;Found:243.992 9,

3-(2, 4 ZEUR L) -4 FR BE-5- HY LR I bk-2- i (4b )+ G EIMA, 7 46 87 00 8 4 : 102~104 °C 3" H NMR (600
MHz,DMSO-d) 6:11.20 (s,1H),7.60 (s,1H),7.60 (s,1H),7.40 (dd,] =8.3,2.2 Hz,1H),7.27 (d.] =8.3
Hz,1H),4.04~4.00 (m,1H),1.29 (d,J =6.7 Hz,3H) ,”*C NMR (150 MHz,DMSO-d;) ¢:173.0,171.9,135.3,
134.3,132.7,130.2,128.9,127.0,103.1,51.9,18.9, HRMS [ESI* ] for C,; H, CLNO, [(M+H)" ], m/z Calcd:
258.008 3;Found:258.008 0,
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3-(2,4- ORI AR -5 £ FE ML U2 (4c ) - P EA, 778 82040 M5 212 97~99 *C ;' H NMR (600
MHz,DMSO-d;) §:11.15 (s,1H),7.61 (s,1H),7.59 (d,J =1.9 Hz,1H),7.39 (dd,J] =8.3.2.1 Hz,1H).7.26
(d,J =8.3 Hz,1H),4.02~3.96 (m,1H),1.84~1.79 (m,1H),1.62~1.56 (m,1H),0.86 (t.J =7.3 Hz,3H),"
C NMR (150 MHz,DMSO-d ;) 6:172.4,171.3,135.3,134.3,132.7,130.4,128.9,127.0,104.3,56.9,24.6,8.6.
HRMS [ESI' ] for C;, H;, CL,NO,[(M+H) " J.m/z Caled:272.024 0;Found:272.024 4,

3-(2,4- ORI -A-F2 -5 S TR B M I -2 (4 < LT L 72 3R 80 %0, M a5 : 95~97 °C 3" H NMR (600
MHz,DMSO-d;;) §:11.08 (s.1H),7.61 (s,1H),7.59 (d,J] =2.1 Hz,1H),7.39 (dd.J =8.3,2.1 Hz,1H),7.25
(d.J =8.3 Hz,1H),3.92 (d.J =1.2 Hz,1H),2.18~2.13 (m,1H),1.02 (d.J =7.0 Hz,3H),0.76 (d.J =6.8
Hz,3H)."*C NMR (150 MHz, DMSO-d;) &:172.8,170.8,135.4,134.3,132.7,130.3,128.9,127.0,104.6,61.3.
29.0,20.2,14.9, HRMS [ESI' ] for C;; H;; CLNO,[(M+H) " J,m/z Caled:286.039 6;Found:286.039 7,

3-(2,4- EORHD) -A-FE HE-5- N L ML 0 k-2 (de ) - I B FENAA, 77 8 8300, 445 45 : 96 ~98 “C ;' H NMR (600
MHz,DMSO-d ;) &:11.14 (s,1H),7.68 (s,1H),7.59 (d,J =1.1 Hz,1H),7.39 (dd.J =8.2,1.2 Hz,1H),7.25
(d.J =8.3 Hz,1H),4.01~3.96 (m,1H),1.81~1.75 (m,1H),1.50~1.44 (m,1H),1.43~1.31 (m,2H),0.90
(t,J =7.3 Hz,3H),"”C NMR (150 MHz,DMSO-d;) 6:172.3,171.7,135.3,134.3,132.7,130.3,128.8,127.0,
103.9,56.0,34.3,17.8,14.3, HRMS [ESI" ] for C,; H;; CL,LNO, [(M+ H)* ], m/z Caled: 286.039 6; Found:
286.039 4.

3-(2,4- R -4 PR HE-5- 5 T HE N 05 B2 (4 ) - 3 8 [ R 77 R 86 %0, M a0 97 ~100 C3'H NMR
(600 MHz,DMSO-d ;) 6:11.14 (s,1H),7.76 (s,1H),7.59 (d,J =2.1 Hz,1H),7.39 (dd,] =8.3,2.1 Hz,1H),
7.25 (d,J =8.3 Hz,1H),4.06~3.91 (m,1H).1.88~1.79 (m,1H),1.68~1.63 (m,1H),1.34~1.28 (m,1H),
0.93 (d.J =6.0 Hz,3H),0.92 (d.J =6.6 Hz,3H).,"”C NMR (150 MHz, DMSO-d;;) §:172.4,172.3,135.3,
134.3,132.7,130.3,128.8,127.0,103.5,54.8,42.1,24.9,24.2,22.1, HRMS [ESI" ] for C,, H;; CLNO, [ (M-
™ ],m/z Caled:300.055 3;Found:300.055 6,

3-(2,4- ORI -4-F2 FE-5- T FE I IE BhE-2- T (4g ) - G AR, 7258 85 %6, 15 1499~ 111 °C ;' H NMR (600
MHz,DMSO-d;) §:11.13 (s,1H),7.65 (s,1H),7.59 (s,1H),7.39 (d,J] =8.3 Hz,1H),7.25 (d,] =7.8 Hz,
1H),4.05~3.97 (m,1H),1.85~1.77 (m,1H),1.53~1.45 (m,1H),1.36~1.27 (m,4H),0.88 (t,] =5.8 Hz,
3H),*C NMR (150 MHz,DMSO-d;) 6:172.3,171.6,135.3,134.2,132.7,130.3,128.9,127.0,104.0,56.1,31.6,
26.5,22.5,14.3, HRMS [ESI' ] for C,, H;; CLNO,[ (M+H) " ],m/z Caled:300.055 3;Found:300.055 6,

3-(2,4- AR H)-A- R - 1-F A4 R [ 2.4 ] BE-3-J5-2-1 (4h ) - 1 €8 B 44, 7= % 85 %6, 15 45 :103~105 “C;'H
NMR (600 MHz,DMSO-d) 8:11.09 (s,1H),7.70 (s,1H),7.60 (d,] =2.1 Hz,1H),7.40 (dd,] =8.4,2.2
Hz,1H),7.30 (d,] =8.3 Hz,1H),1.31~1.28 (m,2H),1.24~1.21 (m,2H),”C NMR (150 MHz, DMSO-d ;)
8:174.1,171.5,135.6,134.5,133.5,130.5,128.8,127.0,103.5,33.1,11.4 (2C), HRMS [ESI" ] for C,, H, Cl,NO,
[(M+H) " ],m/z Caled:270.008 3;Found:270.008 5,

3-(2,4- AR IO -4- R - 1-H 44 R (3.4 13F-3--2-T (41 ) - 1 €0 [ 4, 7 8 8894, 1 4 - 104~107 “C;'H
NMR (600 MHz,DMSO-d;) 6:11.28 (s,1H),8.03 (s,1H),7.59 (d,] =2.0 Hz,1H),7.41 (d,] =8.3 Hz,
1H),7.24 (d,] =8.3 Hz,1H),2.47 (dd,] =7.1,3.9 Hz,1H),2.35~2.29 (m,1H),2.16~2.11 (m,1H)."C
NMR (150 MHz,DMSO-d;) §:174.8,168.5,134.5,133.4,132.3,130.2,128.8,127.0,101.5,65.3,31.2 (2C),15.6.
HRMS [ESI' ] for C;; H;, CLNO,[(M~+H) " J,m/z Caled: 284.024 0;Found:284.024 1,

3-(2,4- R - 4- B -1 AR R (4. 4T T-3-M-2- T (45 ) - F 5 [ A, 72 3% 86 %6, 1 45, : 106~ 109 °C3'H
NMR (600 MHz,DMSO-d) 8:11.14 (s,1H),7.94 (s,1H),7.59 (d,J =2.1 Hz,1H),7.38 (dd,] =8.3,2.1
Hz,1H),7.26 (d,] =8.3 Hz,1H),2.09~2.03 (m,2H),1.82~1.72 (m,4H),1.62~1.58 (m,2H)."” C NMR
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(150 MHz,DMSO-d;) 6:173.2,171.0,135.5,134.4,132.6,130.4,128.8,127.0,102.4,67.8,36.7 (2C).25.2 (20),
HRMS [ESI" ] for C,, H;;CL,NO,[ (M+H) " ],m/z Caled:298.039 6;Found:298.039 5,

3-(2,4- PRI -A-F - 1- R A A [ 4.5 58 -3- M- 2- T (4k ) . (4 G LA, 77 3R 8190, 4% 45.. 105~107 “C3'H
NMR (600 MHz,DMSO-d) 6:11.05 (s,1H),8.17 (s,1H).7.59 (d,J =1.6 Hz,1H),7.38 (dd,] =8.3,1.8
Hz,1H),7.25 (d.J =8.3 Hz,1H),1.84~1.79 (m,2H),1.67~1.56 (m,5H),1.38~1.34 (m,2H),1.21~1.15
(m,1H),*C NMR (150 MHz,DMSO-d;) 6:175.2,171.1,135.5,134.5,132.7,130.3,128.8,127.0,101.9,60.5,33.
9 (20),25.0,22.1 (2C), HRMS [ESI" ] for Cy; H;; CLNO, [(M+H) " ], m/z Caled:312.055 3;Found:312.055
1,

3-(2,5- T H ORI -A- PR - 1- A A IR [ 2.4 ] P-3-Js-2- Tl (A1) . (L A, 7% 80 %0, M5 41 104~107 “C;'H
NMR (600 MHz,DMSO-d) 6:12.31 (s,1H).8.54 (s,1H).7.01 (s,1H).6.99 (s.1H),6.91 (d,] =7.5 Hz.
1H),2.22 (s,3H),2.17 (s,3H),1.33~1.29 (m,2H),0.97~0.93 (m,2H)."*C NMR (150 MHz,DMSO-d;) &
174.3,171.4,135.0,134.7,133.8,131.1,130.0,127.4,110.0,33.1,21.0,19.2,16.8 (2C), HRMS [ESI" ] for C,, H,;
NO,[(M+H) " ], m/z Caled:230.117 6;Found:230.117 7,

3-(2,5- U BR B -4 K- 1- UK IR 4.4 ) T-3- -2 (4m ) - FLEG TR 756 8504 i 2 110~113 °C3'H
NMR (600 MHz,DMSO-d;) 6:12.08 (s,1H).8.25 (s,1H).7.00 (s,1H).6.99 (s.1H),6.91 (d,] =7.5 Hz.
1H),2.22 (s,3H),2.17 (s,3H),2.06~2.02 (m,2H),1.89~1.84 (m,2H),1.67~1.63 (m,4H)."”C NMR (150
MHz,DMSO-d ;) 8:175.67,170.24,135.26,134.63,133.75,131.01,129.94,127.29,99.43,65.39,36.67 (2C),24.42
(2€),20.98,19.19, HRMS [ESI" ] for C;s H;sNO,[(M+H) " ], m/z Caled:258.148 9;Found:258.148 4,

3-(2,5- I IR HL)-4- 0 3-1-H 4R 4.5 158 -3-Ji-2-F (4n ) . (B AR, 7= 2 8296, 5 #1:109~111 “C;'H

NMR (600 MHz,DMSO-d;) 6:12.06 (s,1H).7.95 (s,1H).7.02 (s,1H).6.99 (s.1H),6.91 (d,] =7.6 Hz,
1H),2.22 (s,3H),2.19 (s,3H),1.90~1.80 (m,2H),1.66~1.59 (m,5H),1.39~1.30 (m,2H),1.22~1.18 (m,
1H).*C NMR (150 MHz, DMSO-d;) 6:176.0,170.2,135.4,134.6,133.7,131.1,129.9,127.3,104.9,60.2, 32.2
(20),25.5,21.5 (20),21.0,19.2, HRMS [ESI" ] for C;; H,y NO, [((M+H)" J.m/z Calcd: 272.164 5; Found:
272.165 0.
1.2.3 B AFMLA&4h5a ~5d 896 &, TEFIRFMT G BUTE I BAREA Y 4(5 mmoD i f# 7E A 40 mL G
K CH,Cl, I 100 mL ATEIMH, BRI DMAP(0.92 g,7.5 mmol) fil EDC « HCI(1.44 g,7.5 mmol) ,Z
Ji 1) ER IR A AN 2, 2- —H TR (0.87 ,7.5 mmol) M 24 hJE A TLC BR 2 JFUR R B 58 48, J5 Ab
TR 1.2.1, @i 2L (EA « PE=2+ D43 e, 455 fja{k5a ~5d .

3-(2,4- AR -4-(2,2- W B T PRI ) -5- £ HE ML I -2 (5a ) « [ G, 77 28 7406, Wb i . 123~
126 °C 3'H NMR (600 MHz,CD,0D) §:7.54 (d.J =1.1 Hz,1H),7.38 (dd,] =8.2,1.3 Hz,1H),7.26 (d,] =
8.2 Hz,1H) ,4.64~4.57 (m,1H),1.93~1.88 (m,1H),1.68~1.63 (m,1H),1.59~1.54 (m,2H),1.17 (s,3H),
1.14 (s,3H),0.98 (t,J =7.4 Hz,3H),0.73 (t,J =7.4 Hz,3H),”C NMR (150 MHz,CD;0OD) §:173.3,171.0,
164.3,134.8,134.5,132.4,128.8,128.4,126.7,118.7,57.4,43.0,32.6,23.5,23.5,23.3,12.6,7.9, HRMS [ESI" ]
for Cis Hy CLNO;[(M+H) " ], m/z Caled:370.097 1;Found:370.097 3,

3-(2,4- ORI -4-(2, 2- Z W BT R TR ) -5 5 P R ML Mg W2 (5b )« 8 [T A, 77 38 7200 M5 i - 118 ~121
"C3'H NMR (600 MHz,DMSO-d) 8:8.47 (s,1H),7.67 (d.J =1.9 Hz,1H),7.46 (dd,] =8.4.2.0 Hz,1H),
7.25 (d,J =8.3 Hz,1H).,4.41~4.35 (m,1H),2.04~1.96 (m,1H),1.52~1.45 (m,2H),1.10 (s,3H),1.07 (s,
3H),1.03 (d.J =6.9 Hz,3H),0.81 (d,J =6.4 Hz,3H),0.62 (t,J] =7.4 Hz,3H),”C NMR (150 MHz,DM-~
SO-d;) 6:173.3,169.7,162.9,134.3,134.1,133.2,129.1,128.4,127.5,119.9,61.2,43.2,32.8,29.3,24.6,24.3, 19.
9,15.6,9.1, HRMS [ESI* ] for Cyy H,; CLNO; [(M+H) " J,m/z Calcd:384.112 8;Found:384.112 4,
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3-(2,4- ORI ) -4-(2, 2- Z W T R -5 PN JEE ML g -2 (B¢ )« TG G MR WA L 77 38 7500, il . 125~
127 °C ;' H NMR (600 MHz,DMSO-d;) 6:8.54 (s,1H),7.67 (d,]J =1.9 Hz,1H),7.46 (dd,] =8.3,2.0 Hz.
1H).7.26 (d,J =8.3 Hz,1H),4.52~4.42 (m,1H),1.72~1.66 (m,1H),1.52~1.47 (m,2H),1.44~1.32 (m,
3H),1.11 (s,3H),1.08 (s,3H),0.90 (t,J =7.2 Hz,3H),0.65 (t,] =7.4 Hz,3H),"”C NMR (150 MHz, DM~
SO-ds) 8:173.4,169.2,163.7,134.3,134.1,133.3,129.1,128.3,127.5,119.1,55.9,43.2,33.6.32.8,24.6,,24.4,17.
9,14.2,9.1, HRMS [ESI" ] for Cyy H,;Cl, NO; [ (M+H) " ], m/z Caled:384.112 8;Found:384.113 2,

3-(2,4- A PER)-4-(2,2- 1 3 T R IS )-5-5% T 5 Mk % wbk-2-F (5d )« 11 8 B A, 7= 5% 70 %, 18 1. 116 ~
119 °C;'H NMR (600 MHz,DMSO-d;) 6:8.64 (s,1H),7.68 (d,J =1.9 Hz,1H),7.47 (dd,] =8.3,1.9 Hz,
1H),7.26 (d,J =8.3 Hz,1H),4.56~4.38 (m,1H),1.86~1.78 (m,1H),1.52~1.48 (m,2H),1.38~1.33 (m,
1H),1.11 (s,3H),1.08 (s.3H),0.92 (s,3H).0.91 (s,3H),0.65 (t,] =7.4 Hz,3H)."”C NMR (150 MHz, DM-
SO-ds) 6:173.4,169.1,164.3,134.3,134.2,133.2,129.1,128.3,127.5,118.9,54.8,43.2,41.4,32.7,24.9,24.6,24.4,
24.0,22.2,9.1, HRMS [ESI" ] for Cy Hy; CL, NO;[(M+H) " ], m/z Caled:398.128 4;Found:398.128 1,
1.3 BROGEIS PN
1.3.1 X ¥E 5XRE, HHK4EE . B 0 (Portulaca oleracea L) KW (Amaranthus retroflexus L) B
# (Echinochloa crus-galli (L.) Beauv) i3 (Brassica napus L) M5 & (Digitaria sanguinalis (L.) Scop) ¥
TR R A=A Y AR A 2 B A o B O = 4 0t BB Ak A - e AR SR AR AT A 9 ) (NY/ T 1155.
4-2011) A 2455 P AE DI S v D) R B 4 A0 - T MR I 2K SR
1.3.2 WEFFLRAE%, BT EMAL 4/5 iR+ A 2R KRR A BED 7 vk R
JICTRIBVE , FF - 4 57 4 Vi J5 5 19T Ak 2H 5 1 (L 3 2 B P G SR L TS B R RN S D) 4% 20 R A% T R
T AR AR/ 0.5~2.0 em, RIS 8 AR 3 B B 20138 S 4K AR ADIRAS , 2 50 1 0 5 R AT )
BRI B — B, 2550 R N 40 g chm 2 LRI IS A 1 0 HE R R 0 FE 4 B 1 2 0t
FTZEM W% AL B 3 R, YRR AN K F 2 AL I A SRR B T LA SRR g R T
IR S5 RAE ] Excel S8R TR AL L S 115

Gopgmmn — Gumpms s
R — X100%,

VESSITTE G
25 146 B 6 T

2 g hitie

2.1 LAY Ak

ARSI D) R P R R R £h A 4R JEURE S U £ BRAE EDC « HCl/DMAP /R F T 47 BERG 45 A 75 21
] f&3a ~3n , A4 Dieckmann B4 & B HLIRE AT OCER SN, (8 FH T 1 25 119 FF 2 O R IE S B A4 2 B oK, 78
HARGL A BRE PR BT T, 50 F 9 IR TR O B A B R L ) 280 b R R Ak 15 21 H AR & Pida ~4n 55 2,2- 21
BT RSO3 H AR k& ¥15a ~5d . 45 ¥5@ ' H NMR,"” C NMR,DEPT,HSQC fil HRMS 75 %
HRIE

fift BT LA & 705d i) 78" H NMR by 14 gl o, %Ry 25 2R F . R 1X,6:8.64 (s, TH) Jy e 3k
AN IR E R 6. 7.68(d ] =1.9 Hz, LD AZRIR A P @R 2Z (] i R 1 06,02 7.47 (dd
J =8.3,1.9 Hz, 1HD 1 6:7.26(d. ] =8.3, 1HD 435l g A B I 1 5 2 Wk B 450 0 IS i ok Y R R e, v 3 X
8:4.56~4.38(m, LH) Ay B Z514) 7 432 B 17 S 5% A U 2 Hh 05,00 1.86 ~ 1.78 (m, THD 2y SCHE b 1 ok HY 2k i
6:1.47~1.43(m, 1H) I 6:1.38~1.33(m, 1HD 385 - A3 H FE 4531110 1. 6:0.92 (s, SHD F 6:0.91 (s, 3H) H3Z
HE AP T BE 0650 :1.52~1.48 (m, 1HD S BRI 43 1 0 P RE 1Y 06, 0. 0.65 (1, ] =7.4, 3HD) Ry g 5L HB 43 e ize
it By B 0, 00 1.1 (s, SHD AT 621,08 (s 3HD Sy v fia] fit 19 A4 P 56 ) e
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*1 BHEKEWS5dE' H NMR,”C NMR.DEPT #1 HSQC B4 #1117

T2

o2 DEPT-135 HSQC

15C NMR 'H NMR
C1 127.5 \ \ \
C-2 128.3 7.47 (1H,dd CH 747 (2-HD)
C3 129.1 7.68 (1H,d) CH 7.68 (3-H)
C4 134.2 \ \ \
C5 133.2 7.26 (1H.,d) CH 7.26 (5-H)
C6 134.3 \ \ \
C7 118.9 \ \ \
C8 169.1 \ \ \
9 54.8 4.56~4.38 (1H,m) CH 4.56~4.38 (9-H)
C-10 164.1 \ \ \
c1 41.4 1.47~1.43 (1H,m)/1.38~1.33 (1H,m) CH, 1.47~1.43/1.38~1.33 (11-H)
C12 24.9 1.86~1.78 (1H,m) CH 1.86~1.78 (12-H)
C13 24.0 0.92 (3H,s) CH; 0.92 (13-H)
C14 22.2 0.91 (3H,s) CH; 0.91 (14-H)
C15 173.4 \ \ \
C16 43.2 \ \ \
C17 24.6 1.11 (3H,s) CH; 1.11 (17-H)
Cc18 24.4 1.08 (3H,s) CHs 1.08 (18-H)
C19 32.7 1.52~1.48 (2H,m) CH, 1.52~1.48 (19-H)
C-20 9.1 0.65 (3H,t) CH; 0.65 (20-H)

YC NMR s 45 th T 20 M0 XF Ry 20 AN JE . DEPT(1357) H il B3 12 20 W i e, 2 2 sk 19
MG, 5 A AAT AT 5 ZERURR A9 IE W i, 76 HISQC A48 T 3% 45 40 v i 438 A0 % 1 B 056 2R L B AR I
21, BAPRRESHr.5d T2 Co Has CLNO, (CMA+H] ) BE 20 T il 398.128 4, SE{E $47398.128 1,
LA DL b3 PR AT AR IE G 1454
2.2 BRI PEM &

£ 100 g ~hm ™" ARG 2500 5 T o K50 A W v BRRE R 5 FE A I 5 3% 0P il S R DS e I i 1. 4b |
4c \4d \4h (4j Fildk X 5h ) 50 208 10020, 5 T KRR Y TeA (0.71 %), 5 AR XT B 24 i sk 2
(100 %6 ) 24 5 Xof B 14 i 5410 ) 2 43 501 A 93.3%6.89.0%6,91.3%0.92.2% .87.4 % Fl 75.6 % » &5 T RIR =9 TeA
(1.86%) . 4d %03 Ay fef M) FH 57.2 % .4k XM A @E T IR N 64.2% .

WA ROC BRI SRR 2R A S 3 0 2.4 TR KL 5 LR T L L 2 L TN R R R IR
SERNIR O BEE BB E ME 08 5 3 0 2,5- I BEOR IR O] W R R R 54 25 ABRES S TR K

3 i

ARG FH LS P 25 R0A KM, LR IR W) TeA Ry 56 A0 G W LA [ 25 0 17 2 B R HY IR 0k 1R 2 Ay e 1y i
B Z B A  Dieckmann 43 P BUER FIER A6 S0, G BT 18 ASHT AL 3- AR B R e IR 26 AT A= 97, i i H NMIR
“C NMR.DEPT,HSQC 1 HRMS %4589 2 AEXF H A5 A6 A ) 3EAT 86 10, 0F X LB B0 06 PE b AT T 0125 5, 45
WIS AL A R B RN T R A G M L HE P ab dc 4d (4h (4] Fak i T R ) fef EE R 3 100% .
BT RIR=H) TeA (0.710%) » 55 BA M % B8 24 i B 20 B (100 %6) #H 224 5 b 55 7% fef 7 4000 5 23 29 ) S 93.3%4
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89.0%.91.3%.92.2% .87.4 Y% 1 75.6 % , & T KIRF=H) TeA (1.86 %) A VE N S SAL G W0 I MBFsE (6. %I
RO R R SRR B R AR 3 R 2.4- PRI 5 O H 3K L 3 SRR 3R RT3 IR IR AN 3R
O JERT  BR BT MR 5 3 (0 2, 5-  H SR SE T, JC A B PR BT 1 s 4 0 5] AR 3L F IR K

2 BRUEHENAHRELGENESLR

fief FF A R (00 EARMER 22 (n=3)

Hirfb &9 i3 T3¢ R =)
—100 g/n —100 g/n —100 g/n —100 g/n
4a —1.2241.60 19.243.56 45.74:2.04 64.24-3.04
4b 2.544-9.34 34.64-2.08 93.34-1.37 100
4e 12.3+3.37 14.249.05 89.04:2.65 100
4d 22.843.86 57.245.42 91.3+2.19 100
4e —1.5242.55 25.9411.0 24,341.49 44.0+4.95
4f 23.5+3.77 42.6+5.24 73.3+3.97 80.9+5.13
4g —2.2343.56 —7.05+13.1 0.5104.06 —1.4147.45
4h 3.7443.84 —1.95+7.65 92.24-2.12 100
4 0.51047.40 8.894-14.3 22.14-4.49 84.04-2.43
4 —4.9048.11 9.94414.1 87.44-1.54 100
4k 64.24.25 29.1+12.8 75.642.91 100
41 —0.94046.99 0.64017.9 9.484-3.96 —0.2803.05
4m 3.8046.67 1.1743.35 —0.6306.04 2.40+2.08
4n 4.894-7.46 7.0043.79 30.147.16 14.346.47
5a 8.53+5.63 9.7245.29 3.274:0.59 6.464-3.23
5b 4.5740.450 8.964-4.78 8.0742.34 7.7742.33
5¢ 6.684-7.76 1.19220.200 2.5241.71 9.374:3.15
5d 3.67+3.16 4.1640.690 8.26+4.77 2.10E1.47
TeA —0.09027.10 71.4741.63 1.8623.64 0.71043.82
i i 5 ) 100 100 100 100
5 % X Wk
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