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Abstract: In order to develop more effective anti-tobacco mosaic virus (TMV) agents, 18 noval
oligopeptide chiral thioureas containing phosphonate moiety have been synthesized. Substituted
benzylamines, amino acids and dialkyl phosphonate were employed as the starting materials. C-to-N
synthesis strategy and coupling reagent O-benzotriazole-N,N,N',N'-tetramethylurea(HBTU) were used.
The structures of the target compounds were characterized by IR, ('H, *C, *'P, F) NMR and elemental
analysis. The Anti-TMV activities of target compounds were evaluated for the first time. The results
indicate that these compounds have a high therapeutic effect on TMV, and exhibit good anti-plant virus

activities. The curative rates of 5i, 5j and S5p against TMV were 52.6%, 55.7% and 56.1%, respectively,
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which were comparable to the curative rate (55.4%) of the commercial reference ningnanmycin.

Keywords: oligopeptide; chiral thiourea; phosphate; tobacco mosaic virus; antiviral activity
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Scheme 1 Synthetic route of target compounds 5a-5r
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Scheme 2 Synthetic route of intermediates 4a-4¢
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2.1 BRUEMREIRIE
HInMUEMEMALAMGE IR). ('Hy BCy *'Ps
F) NMR KGR W iE AR AR, HEdR T
0,0"-— 2.3 (3-(F I - H & Bk-L- 2% H & ) -
o-BRMRIL) 2K B IR S (5a): MRk, F5%K
91.6%, m.p. 179~180 C, [a]? =+57 (¢ = 0.12,
CHCL3); IR, v/em™: 3 291, 3 084, 3 065, 3 032, 2 982,
2928,2908, 1652, 1535, 1497, 1453, 1352, 1336,
1226, 1 050, 1 026; '"H NMR, &: 8.61 (s,1H, NH),
8.02 (s, 1H, NH), 7.93 (s, 1H, NH), 7.45~7.09 (m,
15H, ArH), 6.51 (dd, J=22.3, 9.2 Hz, 1H, NH), 6.38
(dd, J=22.2, 9.8 Hz, 1H, NCH-P), 4.93 (s, 1H,
NCH), 4.18 (dd, J = 26.5, 4.8 Hz, 4H, 20CH,),
4.03~3.83 (m, 2H, NCH,-Ar), 3.70~3.52 (m, 2H,

NCH, ), 1.09 (t, J = 7.0 Hz, 3H, CHs), 1.03~0.92 (m,
3H, CH;); °C NMR, 6: 183.7,171.5, 168.5, 137.9,
137.4, 135.1, 128.9, 128.5, 128.4, 127.6, 127.3, 63 4,
62.6, 61.9, 54.0, 43.4, 43.1, 16.1; *'P NMR, &: 21.2;
CyoH35sN,O5PS: 15 A C 60.17, H 5.72, N 9.99;
SEPAE C 59.78, H 6.05, N 9.62.

0,0'- N3k (3-(FF e - H & - L -2 H- &) -
a-BRRIE) 2K HERRES (5b): ARk, =X
81.5%, m.p. 155~157 'C, [a]¥ =+44 (c = 0.10,
CHCL,); IR, v/iem™: 3 295, 3 083, 3 064, 3 031, 2 969,
2935,1654,1541, 1497, 1454, 1355,1227, 1 204,
1063, 1012; 'HNMR, 6: 8.10 (d, J = 96.3 Hz, 2H,
2NH), 7.48~6.94 (m, 15H, ArH), 6.33 (s, 1H, NCH-
P), 6.21 (s, 1H, NCH), 4.06 (dt, J = 82.5, 52.6 Hz,
2H, NCH,-Ar), 3.52 (s, 2H, NCH,), 3.31 (s, 2H,
OCH,), 2.93 (s, 2H, OCH,), 1.57 (s, 4H, 2CH,),
1.40~1.35 (m, 2H, 2NH), 0.87 (d, J = 7.4 Hz, 6H,
2CH;); “C NMR, 4: 183.5, 171.5, 169.0, 138.0,
135.2, 129.0, 127.5, 127.1, 69.4, 69.0, 62.6, 53.8,
43.2,42.1,23.8,23.6, 10.1, 9.9; *'P NMR, ¢: 21.3;
C;H;0N,OsPS: 515 C 60.60, H 6.61, N 8.79;
S C 60.97, H 6.44, N 9.17.

0,0"-Z 7 N3 (3-(F & -H = BE-L- R Ha
W) -a-B IR L) 28 HBE IR IG (Sc): BBk, =%
78.6%, m. p.203~204 C, [a]2? =+69 (c = 0.14,
CHCL,); IR, v/em™: 3 323, 3 269, 3 089, 3 031, 2 980,
2932,1678,1639,1537,1512,1453,1224,1001;
'H NMR, 6: 8.26 (s, 2H, 2NH), 8.03 (s, 2H, 2NH),
7.58~7.11 (m, 15H), 6.32 (d, J= 9.0 Hz, 1H, NCH-P),
4.73 (s, IH, NCH), 4.49 (s, 2H, 20CH), 4.31 (t, J =
30.3 Hz, 2H, NCH,-Ar), 4.11 (d, J = 5.7 Hz, 2H,
NCH,), 1.21~1.00 (m, 12H, 4CH;); '*C NMR,
5:171.4, 168.5, 138.0, 135.5, 129.0, 127.8, 127.3,
127.0,72.7, 72.4, 61.8, 53.7, 43.4, 43.1, 24.4, 23.9,
23.6,23.2; 'P NMR, 6: 19.4; C3;H3oN,OsPS: 5
f C61.31,H6.18,N 9.43; SZilllfE C 60.97, H 6.44,
N9.17.

0,0"-— .5 (3-(Ch R k- H & W -L- R H &
Mt)-a- B IR FE) 2K F IR R (5d): T fmfk, /=%
93.3%, m.p.74~75C, [a]X¥=+98 (c=0.11, CHCly);
IR, v/iem™: 3 294, 3 065, 3 033, 2 987, 2 931, 2910,
1673,1539,1510, 1221, 1204, 1049, 1 024, 977;
'H NMR, &: 8.68 (s, 1H, NH), 8.45 (s, 1H, NH),
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7.48~7.06 (m, 12H, ArH), 7.00 (s, 1H, ArH), 6.88 (s,
1H, ArH), 6.79 (s, 1H, NCH-P), 5.26 (s, 1H, NCH),
4.41~4.15 (m, 2H, NCH,-Ar), 3.95~3.70 (m, 2H,
NCH,), 3.59 (d, J = 6.8 Hz, 2H, OCH,), 3.39 (s, 2H,
OCH,), 2.35 (s, 1H, NH), 2.01 (s, 1H, NH), 1.22 (t, J =
6.1 Hz, 3H, CH;), 0.98~0.85 (m, 3H, CH;);
BC NMR, §: 183.7, 171.5, 169.0, 160.8, 137.1, 135.0,
133.8, 129.6, 129.1, 128.45, 128.0, 127.5, 127.3,
115.4, 115.1, 63.5, 62.8, 62.2, 53.8, 42.7, 42.2, 14.3,
12.0; *'P NMR, d: 21.1; ''"F NMR, 6: —115.7;
C,oH3,FN,OsPS: 15 {H C 58.24, H 5.45, N 9.51;
SEIME C 57.99, H 5.71, N 9.33.

0,0"- N3 (3-C0 R - H & E-L- R H &
T )-o- BRI ) 8 FH RS IR TG (Se): M ELEfK, 772
75.5%, m.p. 133~134 C, [a]? =+113 (¢ =0.13,
CHCLy); IR, v/em™: 3 290, 3 066, 3 036, 2 972, 2 938,
1673, 1540,1511,1454,1352, 1337, 1223, 1062,
1 010; '"H NMR, d: 8.00 (s, 1H, NH), 7.82 (s, 1H,
NH), 7.45~7.10 (m, 13H, ArH), 7.05 (s, 1H, ArH),
6.87 (d, J =29.2 Hz, 2H, 2NH), 6.35 (s, 2H, NCH-
P+NCH), 4.42~3.95 (m, 2H, NCH,-Ar), 3.80 (s, 2H,
NCH,), 3.64 (s, 2H, OCH,), 3.43 (d, J = 73.9 Hz, 2H,
OCH,), 1.62 (s, 2H, CH,), 1.43 (d, J = 12.9 Hz, 2H,
CH,), 0.79 (dt, J = 16.7, 7.4 Hz, 6H, 2CH;);
BC NMR, J: 183.8, 171.5, 168.6, 163.2, 137.1, 135.1,
129.5,128.9, 128.7, 128.2, 128.1, 127.3, 115.4, 115.1,
69.5, 69.2, 62.7, 53.8, 42.1, 23.9, 23.6, 10.2, 10.0;
P NMR, 6: 21.4; °F NMR, d: —115.8; C;,H;sFN,O;PS:
HHA{E € 59.36, H 5.87, N 9.12; SEZJ{E C 59.22,
H 6.09, N 8.91.

0,0"-— 7N (3-Oh 8 i - H & Bt-L- 2K 1
ABL)-o-TIRIE) 28 F SRR I (50): Bk, 5=
% 77.8%, m.p.176~177 C, [a]¥ =+85(c=0.14,
CHCLy); IR, v/em™: 3 321, 3 289, 3 089, 3 067, 2 981,
2932, 1641, 1533,1511, 1222, 999; '"HNMR,
J: 8.98 (s, 1H, NH), 8.45 (s, 1H, NH), 8.32 (d, J =
33.4 Hz, 2H, NH), 7.48~7.06 (m, 14H, ArH), 6.79 (s,
1H, NCH-P), 5.26 (s, 1H, NCH), 4.40~4.18 (m, 2H,
NCH,Ar), 3.89~3.68 (m, 2H, NCH,), 3.59 (d, /= 6.8 Hz,
2H, OCH), 3.39 (s, 2H, OCH), 1.50~0.98 (m, 12H, 4CH);
BC NMR, §: 183.6, 171.6, 168.6, 160.7, 138.2, 135.3,
133.9, 130.3, 129.5, 128.7, 127.9, 126.2, 115.9, 114.5,
73.4, 62.3,55.3, 55.1, 43.1, 42.7, 24.7, 24.2, 23.6,

23.2; *'P NMR, J: 19.5; "’F NMR, J: —115.6;
C3 H33FN4OsPS: TH5.H C 59.36, H 6.30, N 9.12;
SEIUE C 59.22, H 6.09, N 8.91.

0,0'-— 2.3k (3-(FF & Fk-H 2 k- L- 2K T 2 19t ) -
o-TRIRES) RKH PR (Sg): A Ak, F=%
66.8%, m.p. 167~168 'C, [a]? =+47 (c = 0.10,
CHCly); IR, v/iem™: 3 292, 3 084, 3 064, 3 030, 2 983,
2927, 1653, 1539, 1454, 1225, 1049, 1 024, 976;
'H NMR, d: 8.35 (s, 2H, 2NH), 8.04 (s, 2H, 2NH),
7.52-7.09 (m, 15H, ArH), 6.51 (s, 1H, NCH-P), 5.39
(d, J=35.5 Hz, 1H, NCH), 4.39 (s, 2H, NCH-Ar),
4.10 (dd, J = 38.8, 23.9 Hz, 4H, 20CH,), 3.77 (s, 1H,
NCH), 3.57 (s, 1H, NCH), 2.99 (s, 1H, CHAr), 2.92
(s, 1H, CHAr), 1.06 (t, J = 7.0 Hz, 6H, 2CHj);
BC NMR, J: 183.2, 172.1, 168.2, 138.1, 136.5, 135.5,
129.4, 128.6, 128.1, 127.8, 127.3, 127.0, 63.7, 63.4,
59.8, 53.6, 43.4, 36.6, 16.2; *'P NMR, ¢: 21.3;
C3H37N,O5PS: 115 AH C 60.61, H 6.07, N 9.86;
S C 60.39, H 6.25, N 9.39.

0,0'-Z N3 (3-(F i k- H 2 Ik -L- 2K T 2 19t ) -
a-TR IR 3E) K HBEIR B (Sh): H &M A&, =%
71.4%, m.p. 148~149 C, [a]? = +54 (¢ =0.12,
CHCI); IR, v/iem™: 3 294, 3 084, 3 064, 3 031, 2 969,
2935, 1654, 1542, 1497, 1454, 1355, 1336, 1227,
1 063, 1 007; '"H NMR, 6: 8.32 (d, J = 44.4 Hz, 2H,
2NH), 7.99 (s, 1H, NH), 7.51~7.03 (m, 15H, ArH),
6.92 (s, 1H, NH), 6.49 (s, 1H, NCH-P), 5.29 (s, 1H,
NCH), 4.61~4.40 (m, 2H, NCH,-Ar), 4.38~4.15 (m,
2H, NCH,), 4.02~3.74 (m, 2H, OCH,), 3.62 (d, J =
30.8 Hz, 2H, OCH,), 3.19~2.85 (m, 2H, CH,Ar), 1.61
(d,J=11.1 Hz, 2H, CH,), 1.49~1.29 (m, 2H, CH,),
0.98~0.79 (m, 3H, CH;), 0.71 (t, J = 7.3 Hz, 3H,
CH;); ®C NMR, §: 183.2, 172.0, 168.1, 138.1, 136.5,
135.6, 129.4, 128.7, 128.2, 127.8, 127.5, 127.1, 69.2,
68.7, 53.8, 43.4, 39.5, 23.7, 10.3, 10.1; *'P NMR,
5:21.4; C3,H,y N4OsPS: 1H5HAEH C 61.15, H 6.87,
N 9.04; SZ{4 C 61.52, H 6.61, N 8.97.

0,0'-— RN B-(FI&HEE-H 2 BE-L- K2
Mk )-o- B IR 5L ) 2K H BRI (Si): o dhik, 73
70.4%, m.p. 72~73 C, [a]? =+76 (c = 0.11,
CHCl,); IR, v/iem™: 3 296, 3 085, 3 064, 3 031, 2 981,
2932, 1651, 1536, 1225,998; '"HNMR, o: 8.35 (s,
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2H, 2NH), 8.04 (s, 2H, 2NH), 7.38~6.90 (m, 15H,
ArH), 6.51 (s, 1H, NCH-P), 5.39 (d, J = 35.5 Hz, 1H,
NCH), 4.39 (s, 2H, NCH-Ar), 3.99 (d, J = 4.4 Hz, 2H,
20CH), 3.77 (s, 1H, NCH), 3.57 (s, 1H, NCH), 2.99
(s, 1H, CHAr), 2.92 (s, 1H, CHAr), 1.06 (t, J = 7.0
Hz, 6H, 2CH;); C NMR, ¢: 183.1, 171.8, 171.2,
137.9, 136.3, 135.7, 129.2, 128.6, 128.3, 128.1, 127.5,
127.1, 126.9, 72.7, 72.3, 60.4, 53.6, 43.3, 42.6, 39.2,
24.1,23.7,23.0; *'P NMR, d: 19.6; C3,H,;N,OsPS:
HHA{E C 61.91, H 6.28, N 9.35; Szl C 61.52,
H 6.61, N 8.97.

0,0'- = .5 B-ChF R - H & BE-L- R 2
1 )-a- i IR 3 ) 28 FREIR R (Sj): HtafEl ik, 77
98.7%, m. p. 75~76 C, [a]X = +107 (c = 0.12,
CHCl,); IR, v/em™: 3 291, 3 077, 3 065, 3 032, 2 987,
2931,1673,1604, 1542, 1511,1221,1049, 1 025,
976; 'H NMR, d: 8.24 (s, 1H, NH), 7.97 (s, 1H, NH),
7.47~6.77 (m, 14H), 6.44 (s, 1H, NCH-P), 5.28 (s,
1H, NCH), 4.36~3.84 (m, 4H, NCH,Ar+NCH,), 3.60
(d, J=56.9 Hz, 4H, 20CH,), 3.03 (d, J = 37.2 Hz,
2H, CH,-Ar), 2.19~1.86 (m, 2H, 2NH), 1.24 (dd, J =
13.2, 6.2 Hz, 3H, CH;), 1.01 (d, J = 1.8 Hz, 3H,
CH,); ®C NMR, J: 183.4, 171.9, 171.4, 163.3, 136.4,
135.5, 134.0, 129.8, 128.9, 128.5, 128.1, 127.1, 115.4,
115.2, 60.6, 60.1, 53.7, 42.8, 42.1, 39.1, 17.6, 14.4;
P NMR, 6: 21.1; “F NMR, d: —115.5; C3H;4FN,OsPS:
TH&HAE C 58.35, H6.13, N 8.87; LA C 58.62,
H5.90,NO9.11.

0,0"- A3k (3-C0f s M - H 2 -L- R T 2
T )-o- i IR 5 ) 2K FHBERR R (Sk): Bl 44, 723
94.3%, m.p. 95~96 C, [a]¥ =+131 (¢ =0.13,
CHCl,); IR, v/iem™: 3 294, 3 066, 3 032, 2 970, 2 935,
1652,1540,1511,1454,1353,1338,1223,1062,
1 009; 'H NMR, 6: 8.27 (s, 2H, 2NH), 7.82 (s, 2H,
2NH), 7.56~6.77 (m, 14H, ArH), 6.49 (s, 1H, NCH-
P), 5.30 (s, 1H, NCH), 4.39 (s, 2H, NCH,-Ar),
3.89~3.78 (m, 4H, 20CH,), 3.51 (d, J= 7.2 Hz, 2H,
NCH,), 3.02 (d, J = 54.6 Hz, 2H, CH,-Ar), 1.62 (d,
J=10.4 Hz, 2H, CH,), 1.50~1.41 (m, 2H, CH,),
1.00~0.83 (m, 3H, CH;), 0.73 (t, J = 6.2 Hz, 2H,
CH;); "C NMR, ¢: 183.3, 171.9, 168.2, 160.9, 136.4,
135.6, 133.9, 129.7, 129.3, 128.8, 128.2, 127.2, 115.5,
115.2,69.3,69.2, 60.1, 53.8,42.7, 39.4, 24.0, 23.8, 10.1;

P NMR, 6: 21.4; “F NMR, 8: —115.6; C3,HoFN,O5PS:
T C 59.59, H 6.01, N 8.94; SZill{E C 59.80,
H6.27,N 8.72.

0,0"-— A& B-ChF o F ke - T2k -L- R A
AB)-a-BR IR L) 2K IR IR (S1): A ik,
% 95.0%, m.p.62~63C, [a]2?=+86(c=0.12, CHCly);
IR, v/em™: 3 300, 3 066, 3 032, 2 981, 2 931, 2 878,
1652, 1540,1511,1224,1102; '"HNMR, &: 8.37 (s,
1H, NH), 8.12 (s, 1H, NH), 7.48~6.97 (m, 12H), 6.86
(d, J=20.7 Hz, 2H, 2ArH), 4.53 (s, lH, NCH-P),
4.28 (s, 1H, NCH), 4.07 (dd, J = 14.3, 7.2 Hz, 2H,
NCH,-Ar+NCH,), 3.97 (s, 2H, 20CH), 2.97 (d, J =
56.4 Hz, 2H, CH,Ar), 2.29 (s, 2H, 2NH), 1.27~1.11
(m, 12H, 4CH;); *C NMR, ¢: 183.3, 171.9, 171.3,
163.2, 136.4, 135.9, 134.0, 129.4, 128.5, 128.1, 127.0,
115.4, 115.2, 72.7, 60.5, 53.6, 42.7, 39.3, 21.2;
P NMR, 6: 19.3; “F NMR, 8: —115.4; C3,H;oFN,O<PS:
THEAE C 59.62, H 6.46, N 8.47; SZill{E C 59.80,
H6.27,N 8.72.

0,0'-Z 0.3 (3-(F e He-L-TH = BE-L- K &
Ik )-a- BRI ) 2K B BE R IE (Sm): [ Ak, F22
92.6%, m.p.103~104°C, [a]29=+115(c=0.12,CHCl);
IR, v/em™: 3 300, 3 087, 3 064, 3 031, 2 985, 2 928,
2888, 1677, 1542, 1453, 1394, 1357,1203, 1025;
'H NMR, 6: 8.81 (s, 1H, NH), 8.58 (s, 1H, NH), 8.43
(s, 1H, NH), 7.47~6.98 (m, 15H, ArH), 6.27 (s, 1H,
NCH-P), 5.40 (s, IH, NCH), 4.54 (d, J=57.8 Hz, 2H,
NCH,), 4.24 (s, 1H, CH), 3.78 (d, J = 6.5 Hz, 2H,
CH,), 3.60 (dd, J=10.1, 6.6 Hz, 4H, 20CH,), 3.02
(d, J=3.3 Hz, 2H, NCH,), 1.92 (dd, J = 68.6, 32.5
Hz, 4H, 2CH,), 0.99 (dt, J=28.1, 6.9 Hz, 6H, 2CH;);
BC NMR, 6: 183.3,172.2, 171.5, 138.6, 136.1, 135.9,
129.4, 128.83, 128.2, 128.0, 127.7, 127.5, 126.8, 64.0,
63.5, 60.2, 57.6, 53.6, 43.0, 42.0, 38.6, 24.9, 18.4,
11.9; *'P NMR, 6: 21.5; C33H,N,OsPS: it51H
C 62.41, H 6.85, N 8.46; SEZl{A C 62.25, H 6.49,
N 8.80.

0,0- N5 (3-(CFIE - L-T = We-L- K A&
M )-o- i IR JE) 28 FHBERR R (Sm): I EA il 44, 722
90.2%, m.p. 117~118 C, [a]?¥ =+133 (c =0.13,
CHCI); IR, v/em™: 3 423, 3 087, 3 060, 3 033, 2 993,
2955,2 887, 1676, 1542, 1456, 1405, 1364, 1 203,
1 030; '"H NMR, d: 8.47 (d, J = 5.5 Hz, 2H, 2NH),
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8.23 (s, 1H, NH), 7.53 (s, 1H, ArH), 7.33 (s, 1H,
ArH), 7.27~6.99 (m, 13H, ArH), 6.35 (s, 1H, NCH-
P), 5.23 (s, 1H, NCH), 4.33 (d, J = 19.6 Hz, 2H,
NCH,), 4.20 (s, 1H, CH), 3.62~3.50 (m, 4H, 20CH,),
3.35(d, J=26.1 Hz, 2H, CH,), 3.10 (s, 2H, NCH,),
2.75~2.56 (m, 4H, 2CH,), 1.80 (dd, J = 71.0, 33.4 Hz,
3H, CH;), 1.49~1.33 (m, 3H, CH;); *C NMR,
5:170.8, 161.2, 160.8, 138.5, 134.3, 129.6, 129.2,
128.9, 128.4, 128.2, 127.6, 127.2, 126.7, 118.2, 115.3,
60.5, 58.8, 56.0, 53.4, 52.9, 42.8, 41.9, 38.3, 28.1,
24.6,22.1,17.5,11.7; *'P NMR, 0: 21.2;
CysHusN,OsPS: 115 H C 63.10, H 6.66, N 8.62;
S C 63.23, H 6.82, N 8.43.

0,0"- — 53N % (3-(F I dk-L- Tl & Bt -L- 2K TN
Tk )-a-Bi IR JE) 28K FBERR IR (S0): M EEfE, /%
81.8%, m.p.89~90 C, [a]¥=+89 (c=0.12, CHCL);
IR, v/em': 3 301, 3 085, 3 064, 3 031, 2 983, 2 935,
2884, 1675, 1542, 1454, 1386, 1359, 1203, 999;
'H NMR, d: 8.83 (d, J=12.3 Hz, 2H, 2NH), 8.30 (s,
1H, NH), 7.98~6.59 (m, 15H, ArH), 6.19 (s, 1H,
NCH-P), 5.53 (s, 1H, NCH), 4.68 (d, J= 13.0 Hz, 2H,
NCH,), 4.46 (s, 1H, CH), 4.33 (d, J = 15.4 Hz, 2H,
20CH), 4.16 (s, 1H, CH), 3.36 (s, 1H, CH), 3.23 (s,
1H, CH), 3.05 (s, 1H, NCH), 1.98 (dd, J=81.3, 17.0
Hz, 4H, 2CH,), 1.40~0.88 (m, 12H, 4CH3); °C NMR,
5:183.6, 172.7, 172.6, 139.1, 139.1, 136.6, 129.8,
129.6, 128.8, 128.5, 128.4, 128.4, 127.3, 127.2, 126.7,
72.8, 72.4, 60.3, 57.8, 55.8, 48.2, 43.0, 39.1, 29.6,
25.1,24.3,23.5; 'P NMR, d: 19.9; C;5H,sN,O5PS:
H5H{E C 63.48, H 6.66, N 8.71; SZJME C 63.23,
H 6.82, N 8.43.

0,0"- = 5 (3-ChF 9 i = -L- I & Bt-L- R A
) -o-TR KAL) K H BEERER (Sp): A GE K, 7=
K 93.5%, m.p.97-98C, [a]¥=+121(c=0.11,CHCL);
IR, v/em'': 3 302, 3 085, 3 063, 3 031, 2 990, 2 953,
2887, 1690, 1542, 1453, 1404, 1357,1203, 1026,
720; '"H NMR, &: 9.03~8.50 (m, 2H, 2NH), 8.33 (s,
1H, NH), 7.19~6.92 (m, 12H, ArH), 6.72 (d, J = 8.7
Hz, 2H, ArH), 6.14 (s, 1H, NCH-P), 5.22 (s, 1H,
NCH), 4.56~4.02 (m, 3H, NCH,, CH), 3.87 (d, J =
7.1 Hz, 2H, CH,), 3.64 (dd, J = 19.5, 10.5 Hz, 4H,
20CH,), 3.15 (s, 1H, NCH), 2.96 (d, J = 13.5 Hz, 1H,
NCH), 1.81 (d, J=9.7 Hz, 2H, CH,), 1.69 (d, J =

30.6 Hz, 1H, CH), 0.91~0.81 (td, J = 16.0, 7.9 Hz,
6H, 2CH;); *C NMR, 6: 183.0, 171.6, 170.7, 160.5,
135.8, 135.4, 134.2, 128.5, 128.1, 127.6, 127.3, 126.5,
114.7, 114.5, 63.6, 63.1, 63.0, 59.9, 57.4, 41.8, 38.1,
29.1,24.6,20.6, 15.7, 13.8; *P NMR, d: 21.2; "F NMR,
0: —115.8; C33H,FN,OsPS: 1T5HH C 60.40, H 6.37,
N 8.95; Sl C 60.54, H 6.16, N 8.56.

0,0'- TR H: (3-ChF 9T I JE-L- T 2 BE-L- R A
ZAME)-a- T IREE) 2K SR IR (5q): HEFEE, 5=
K 539%, m.p.107~108°C, [a]29=+137(c=0.13, CHCL);
IR, v/em™: 3 296, 3 087, 3 065, 3 031, 2 970, 2 932,
2882, 1662,1539,1454,1383,1357,1222,1012;
'H NMR, 6: 8.66~8.49 (m, 2H, 2NH), 8.35 (s, 1H,
NH), 7.45~7.05 (m, 12H, ArH), 6.92 (d, J = 8.4 Hz,
2H, ArH), 6.07 (s, 1H, NCH-P), 5.25 (s, 1H, NCH),
4.51 (s, 1H, CH), 4.30 (d, J = 46.8 Hz, 2H, NCH,),
3.98 (d, J=58.8 Hz, 2H, CH,), 3.53 (dd, J = 51.6,
32.8 Hz, 4H, 20CH,), 3.05 (s, 1H, NCH), 2.92 (s, 1H,
CH), 2.20 (s, 1H, CH), 1.96~1.75 (m, 3H, CH, CH,),
1.38 (dd, J=17.7, 7.2 Hz, 2H, CH,), 1.21 (t, J=7.1
Hz, 3H, CH;), 0.98~0.60 (m, 3H, CH;); “C NMR,
5:173.1,171.0, 169.5, 160.8, 136.4, 136.1, 134.3,
129.2, 128.6, 127.2, 115.5, 115.3, 69.2, 68.8, 60.3,
59.1, 54.3, 47.3, 45.4, 36.8, 28.4, 25.0, 22.5, 21.1,
10.0, 9.9; *'P NMR, d: 21.6; '°F NMR, d: —115.9;
C;3sH, FN,OsPS: 544 C 61.34, H 6.77, N 8.02;
S C 61.57, H 6.50, N 8.21.

0,0'-— 5N EE (3-CRH T G - L- I Bt -L- 7K
PR -o- B IR IE) 2K IR R (Sr): H A,
P25 82.4%, m.p. 83~84 C, [a]X¥=+107 (c=0.12,
CHCLy); IR, viem™: 3 299, 3 087, 3 066, 3 031, 2 980, 2 934,
2879, 1676, 1542, 1453, 1386, 1353, 1222,999;
'H NMR, 6: 8.73~8.55 (m, 2H, 2NH), 8.34 (s, 1H,
NH), 7.58~7.01 (m, 12H, ArH), 6.88 (d, J=12.5 Hz,
2H, ArH), 6.17 (s, 1H, NCH-P), 5.45 (s, 1H, NCH),
4.54 (d, J=37.1 Hz, 2H, NCH,), 4.30 (s, 1H, CH),
4.06 (d, J = 7.2 Hz, 2H, 20CH), 3.62 (s, 1H, CH),
3.46 (s, 1H, CH), 3.03 (d, J = 7.5 Hz, 2H, NCH,),
2.03~1.83 (m, 4H, 2CH,), 1.41~1.30 (m, 3H, CH;),
1.20 (t, J = 7.1 Hz, 3H, CH3), 1.17~1.08 (m, 3H,
CH,), 0.86~0.81 (m, 3H, CHs); *C NMR, 6: 183.3,
172.3, 171.2, 160.6, 136.4, 136.0, 135.9, 128.9, 128.5,
127.7,126.9, 115.2, 115.1, 72.6, 72.5, 60.4, 57.6,
53.6,42.3,42.0, 38.9, 28.3, 24.9, 24.2, 24.1, 23.2,
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21.1; *'P NMR, J: 19.8; '°’F NMR, J: —-115.7;
C3sH4 FN4OsPS: 11H5{H C 61.36, H 6.82, N 8.00;
SEIME C 61.57, H 6.50, N 8.21.

MR AR vT LLE H,  H b & Yk e A
JIRFE N-H A 4 4k 2 O I 7E 3 000~3 300 em ! 4k
BEiL; 7E 2 930~2 980 cm™ &by F LA R MR i
g, 7E1511~1 533 cm™ fIEAE ARKIF C=C 284k
Bl BRI C=S M 4i4E 3% H ILTE 1 349 cm™
BIE: #E 1222 cm ' AT 999 cm ' P AT 43 5 Y BRL
P=0 XA P-O-C FH 8 1) 4 e s W g s [+
75356 BRI C-H 45 IR SR IS A # AR B 2 .

£ '"H NMR i+, {7 #18 6 7.48~7.06 K
RIS b Ar-Hs BT U R0 5 1 e AR M A
. 52 HER R E RSB R B
g, HBLLE 5 6.79 MHIlL; o 4.68~4.46 kb AL &
U, JEMENGIE P S A E D B EIA BRI
P b (7 ANV R 52 3 P AR &34y, HIBTE
0433 [filr; 61.40~0.88 A AL HEIGE, NHIEEA.
22 Bt EMRNERK
22.1 RMNERNMEmEHEENYH LH
WG Sa A OB, 8T AN R TN
A . (E 50 mL =R H A A AE 3a (X =
H, R'=H, R>=Ph)(l mmol). 5 mL & 1 mL
=W, R FAT TR 5 min B0 E]
1A B F RS 4a (1.2 mmol), L TLC (JBITH V
(A& F R vV (FEE) =20:1) MM, 1h M
e RS B IR G ZE BRI T, AR TR
&, EN»E V(CEFE) V(R =60:1)
13 5a. AREFIRTH PR PIBCR R0 LR 1.

F1 AEBEFINERBIRCEY Sa WERaIFM
Table 1 Effect of different solvents on the synthesis of the
target compound Sa

sl &S pagiil &S
Solvent Yield/% Solvent Yield/%
ECkt VIR

n-Hexane 35 Acetone 61
2k 5T

Ether 57 Dichloromethane 95

PR 3 N,N-— F 2L it fi 75
Tetrahydrofuran DMF
Z i GiES

Acetonitrile 76 Toluene 63

0 CS, /[J\ 0 A o
i - ! OR I OR
OR N ™ EDNS N™ "POor “EtN  SCNTTPC

W ER 1 ATE W, RAARGEREKH L
G0 5a, HIERMZER K. HA UL & BN
PSR B, 3K 95%; T AR MR RN 2
KRR, PR 35%. IXATREE T A
() W8 A BRI R T 1 K TR IV A . AR AR P
ERANTE, T T B i 2 AR e
&G FEAA
222 WK a-RRAIEK T LA 4) hE kT
E O AIRAE TR LS TR AN — S
3 MG SR AR 4, FELRES T 3 BT IE )
W, DLIE/K SRV, )2 2k B R s N
TR = O, VKIS TR RN 2 h JE 43 )
I 4R 2.8 (B B A 5 = S B ) 1 TE/K S kTR
G, FAEVKIE FHRE SN 2 hU890, i B F L
K3, SR ER, =S ERRERE (68%) LR
R LI (51%) FHBRER A% IR 2 (18%) i, Uk
VA B B R IR R PR AR D, E A R A,
SR, ik, f2akH =S A& e
P o B U R R BRI (4) o

~OR

A = CICOOEt; CuSO,; POCI,
ExX 3 =PEk 4 SRS

Scheme 3  Synthesis of intermediate 4

2.3 BfMEWI TMV &4

& 2 HAE T LLE H: 7E 500 pg/mL Ik
AV TMV BA & B8 e i, #5
AEYIXT TMV SEAIGIT PR R B 2T 5
W2y TrmER. H, (& si. 55 5p Xt
TMV JEITPE AR (REBEFIHI2R) 73518 52.6%
55.7% 1 56.1%, FARYEFBCR (FE B3] %)

SN 57.8% 52.4% F1 50.6%, HEALAE A% 3R
(FEBEINHIZR) 205N 83.9%. 80.7% A1 72.3%. M
it L&, ZRHEWH, 4 X=p-F, R=Etik
i-Pr, R'\ R?=JF¥aRIF (RN 1, &
Yt TMV BTSSR E e m . L, 7RIS SEIA
FREE AR AR, SIS R P SRR DA B ol 2
FRIER T, ¥ W R e H AR A s
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*2 BEfRUEYRI TMV &S
Table 2 Anti-TMYV activity of the target compound
wEY) % R R R PRI 2R RIT R RCR BALAE R
Compounds Protection effect/% Curative effect/% Inactivation effect/%
5a H H Ph Et 23.9 39.4 42.6
5b H H Ph n-Pr 38.6 27.2 21.8
5¢ H H Ph i-Pr 49.2 353 37.0
5d 4-F H Ph Et 48.6 41.3 62.7
Se 4-F H Ph n-Pr 43.0 29.8 314
5f 4-F H Ph i-Pr 51.1 325 39.6
5g H H Bn Et 28.3 36.8 26.5
S5h H H Bn n-Pr 47.1 40.7 459
5i H H Bn i-Pr 57.8 52.6 83.9
5j 4-F H Bn Et 52.4 55.7 80.7
S5k 4-F H Bn n-Pr 29.2 334 53.8
51 4-F H Bn i-Pr 21.5 35.6 30.1
iR I
5m H L-(1,N)pyrrolidine Bn Et 31.9 49.3 34.0
R
5n H L-(1,N)pyrrolidine Bn n-Pr 24.5 34.7 45.5
I IR 5 .
50 H L-(1,Npyrrolidine Bn i-Pr 37.4 40.8 50.9
iR I
5p 4-F L-(1,N)pyrrolidine Bn Et 50.6 56.1 72.3
iR
5q 4-F L-(1,N)pyrrolidine Bn n-Pr 329 45.2 48.1
I IR 5 .
Sr 4-F L-(1,N)pyrrolidine Bn i-Pr 475 38.1 55.2
R
ningnanmycin 53.0 554 92.6
3 gn 'L% cytotoxicity, and antitumor activity of copper(II) and iron(II)

KR A Pt R, LR a- R .
BUARAS e BRI 2 PR TR R I I TR e B i 25 O it
BE, BT SRR I IR R AN 2 R 5 N BB
AREEFI, B RCT 18 AN B S K1t IR R 16 ot ik
T X HbR AP TMV 3SR 1%
BUEYEA BRI HP TMV i, RS
¥ 5§ (X=p-F, R=Et, R'=H, R*=L-Bn) 1 5p (X=
pF, R=Et, R'=[ili@RMN%EE, R*=L-Bn)Hl TMV K]
BITAE I ACR B, BAE— PR FENME
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